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| NHPOKOMMYHUKALMOHHbIE TEXHOIOM NN

EBTiowkuH A. B., EpemeeB A. B., Makeesa M. A.

ONEPATUBHASI TEMATUYECKASI OBPABOTKA JIAHHBIX JIMCTAHIIMOHHOI' O
30HAUPOBAHMUSI HA PACTIPEJAEJIEHHBIX BBIYUC/IMTEJBHBIX PECYPCAX

Ha npotsizkeHnH ocIeAHNX AECATHIETHI yenel-
HO pa3BMBAIOTCA KOCMHYECKHE METObl KOHTPOJA
NO’KapHOi 00CTAHOBKH B JIecax, NABOAKOB HA peKax,
COCTOSIHMA [OCEBOB, BJIAXKHOCTH MOYBOTPYHTOB
M APYruX NpUpOAHBIX pecypcos [1-4]. Pazsutue
CPEICTB BbIYMCAUTENBHON TeXHUKH, cetn UHTEP-
HET u nossilueHHe nponyckHo# cnocobHOCTH Ka-
HAJIOB CBSI3H M03BOJIMJIM MOBBICHTH ONEPATHBHOCTH
00paboTKM MCXOIHBIX AaHHBIX THCTAHLUOHHOIO
sonauposBanus 3emau (/[133) B uentpax mpuema
H300pakeHHH ¢ NPHPOAOPECYPCHBIX CIIYTHHKOB H
NpeaoCTaBHIM BO3MOKHOCTh ONEpaTHBHOM nepe-
a4y KOHe4HOH MHQOPMaLMM MIHPOKOMY KPYTY
nonb3oBateneii. [lisa onepaTHBHOM nepenavy MH-
dopmaunn cnyxkdam, 3aHHMAIOIUMCH TYLIEHHEM
NOKapoB HA JIECHBIX 3€MIAX M TEXHOTEHHBIX 00b-
eKTax, HeoOXOIHMO CYLIECTBEHHO COKPATHTh BpeMs
TeMaTuueckoil 06paboTKi HCXOOHBIX KOCMOCHHMKOB.,
3anaua onpeneneHns NPHHAAIECKHOCTH «rOpsSYero»
MUKCENs OrHA 3aJaHHOH 001acTH HHTEpeca XOpolo
(dopmanu3yercsa U BO3MOKHA MOTHAS ABTOMATH3ALIUA
npouecca 0e3 yuyacTus oneparopa.

bonbine 00beMbl MEPBHYHBIX KOCMOCHHMKOB
(1o 20 I'6), exenneBHo npuHUMaeMsbix B [{entpe J133
Oropekoro HUU undopMauuoHHbIX TEXHOMOTHIH
(FOHHUH UT), notpeboBanu pa3paboTKH crieliHanu-
3MPOBAHHOTO MPOrpaMMHOrO obecneyeHHs 11 HX
TemaTH4ecKoit 06paboTku, ycTpaHeHus u30bITOY-
HOCTH HH(OPMALIMK U MOATOTOBKH K HHTEPIPETALIHH
KOHEYHBIMH I10JTb30BATEAMH /1A TIPUHATHSA YIIPaB-
nenyeckux pemenni. Henons3osanue pacnpenenet-
HbIX BBIMHC/MTEIbHBIX PECYPCOB B JIOKAJIBHOH CETH
no3posigeT oneparuBHo obpabareiBaTh AanHble [[33
HA JTHLIEH3HOHHBIX NPOrPaMMHBIX MPOAYKTAX H pas-
padoTaHHOM NpPOrpaMMHOM ofbecnedeHHH B cpeaax
Windows u Unix B notousHom pexume. B pabore
pacCMaTpHBAETCH OMNBIT MOCTPOEHUS APXHUTEKTYPhI
aBTOMATH3HPOBAHHO CHCTeMBI 1o cOopy, 00paboTke,
riepe/iaye pasHOPOIHbBIX JaHHBIX Ha OCHOBE MOY/Tb-
HOH CTPYKTYpbl, MO3BOJISIIOIIMHA COKPaTHTb BpeMs
pa3paboTKH HOBBIX MPOrpPaMM MPH pacLIMPEHHH

(yHKLHIT CHCTEMbI MOHHTOPHHTA HJIM MOZEPHU3ALIHH
BbIMHC/IHTE/IbHBIX PECYPCOB.

C mons 2005 rona ocylecTBISETCA PEryIApHBIil
MpHEeM BCEMOTOAHBIX PajapHbIX H300pakeHHi co
cnyTHuKa EBpomneiickoro KocMH4Y€CKOTO areHTcTBa
ERS-2. Ilonoca 3axsara ckanepa SAR cocraBnser
100 kM, paspewmenne 12.5 M, HHTEpBal Mexay MNo-
710CaMH NEPEKPLITHA 3-€ CYTOK, NepHO/ MOBTOPEHM
NOACTYTHUKOBBIX Tpacc 35 CYTOK, HHTEpBaJ MOBTO-
pEeHHs BHTKOB C [IepeKpPLITHEM B IIOJIOBUHY Kajpa 17
cyToK. [IpHHUMAIOTCS CEaHChI TUTENBHOCTBIO 10 10
MHHYT, 4TO COOTBETCTBYET NpoTaKeHHOCTH 4000 kM.
Paspaborano nporpammuoe ofecriedeHue Ha A3bIKE
IDL s nakeTHOro TpaHc()OpMHPOBAHHKA CTAHAAPT-
HbIX Kajapos pasmepom 100*100 kM B npoexuuio
UTM u onepaTHBHOIO NOCTPOEHHUSA rEOIPHBA3aHHbIX
«KBHKJIYKOB» ¢ paspeuwieineM 150 M. Bpemennsie
3aTpaThl Ha MOCTPOEHHE OJHOIO IeONpPHBA3aHHOTO
Kazpa cieaylomue: reiepauuns B gopmat PRI u3
MCXO/IHO#T pafapHO#i roforpaMMbl Ha CrieLHaIM3HPO-
BaHHOM cepBepe Silicon Graphics “Challenge™ — 60
MHHYT, reorpancgopmupoBanue B nakere IDL 6.2
Ha cynepkoMnsioTepe SUN FIRE 15K — 15 MuHyT,
JIONPHUBA3KA B UHTEPAKTHBHOM PEKHUME 110 ONIOPHBIM
TOYKaM C MCIONb30BaHHEM KOCMOCHUMKOB LAND-
SAT-7 — 15 MunyT.

C 2004 roaa pa3spabarsipaercs uH(popMaLHOHHAs
CHCTEMA ONEPATHBHOTO OMOBELLEHHS O TIOKAPHOH 06-
craHoBke Ha TeppuTopuu XMAO 1s Takux norpedu-
Teseil Kak, He(TAHbIe KOMIIAHUH M TOCYapCTBEHHbIE
npuponooxpanubie cayx6sl [5-7, 10]. Co3pannoe
CepBHCHOE MPOTrpaMMHOE obecrneueHHe CHHXPOHH-
3upyeT c¢bop ucxonHbix n3zoOpaxkennii MODIS u
AVHRR c anTeHnHbix npueMHbix komiuiekcos THA-9,
«OIITOKC» n «CKAHDKC-M», ux nepegauy ais
obpabotku Ha cynepkommnbiotepe SUN FIRE 15K u
RAID-maccuB apxupauuu. Ilepsuunas obpaboTtka
npuHATHIX H300paxeHuii ckanepa MODIS B dopmare
pds Beimonusercs B nakete IMAPP B aBromarnueckom
peKIMe IO Mepe MOCTYIIEHHA HOBBIX BHTKOB. B
ClTyuae OJHOBPEMEHHOTO MOCTYILIEHUs HECKOJIbKHX
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BuTKOB 06paborka nanneix Ha SUN FIRE 15K npo-
BOAMTCS Ha pa3au4HeIX npoueccopax. O6iee uncio
MPOLECCOPOB BO BCEX J0OMeHax cocTasser 42 ¢ one-
patuBHOil mamaTeio 200 ['6. BIXOAHBIM MPOLYKTOM
nakera IMAPP aBnsiorcs uzobpaxenns B hopmare
hdf ¢ paspewenunem 250, 500 u 1000 M kannbposan-
Hbl€ B BETHYMHY OTPaKEHHOTO COTHEYHOIO NOTOKA H
PaaHOAPKOCTHYIO Temmneparypy. Ui AeTeKTHpOBaHuUA
04aroB MOKapoB Hcnons3yeTcs anroputM MODI14
pa3paborkn NASA.

Jlns noTouHoit aBTOMaTH3MpOBaHHOH 06paboTku
caumioB ¢ aaruukoB MODIS xocmHueckux anmnapa-
toB TERRA n AQUA paspabortano nporpamMmmHoe
obecneueHue Ha a3bike IDL. BxoanbsiMu napamerpa-
MH TEXHOJIOTHYECKOH LIeNOYKH ABTOMATH3HPOBAHHOH
obpabotkn aenswTcs: paiin canmka MODIS B dop-
mare hdf u ynpasnsiommii TekcToBslit (aiin. B ynpas-
nsiomteM Gaiine coaepikaTcs YrJiOBbIE KOOPAHHATEI
(parmeHTOB 00padaTHIBAEMOT0 CHMMKA, KOTOpbIE
HeoOXOMMO MOAY4YHTh B KOHLIe 00paboTKH, U Hylle-
BOH MEpHIHAH, UCNIONB3YIOUIUICA NpOrpaMMoil s
reorpauuecKoi NPUBA3KH CHUMKA 110 OpOHTAIbHBIM
JIAHHBIM.

TTpenBapuTeIbHBIM STanoM 00paboOTKH AaHHbIX
MODIS sBasiercss ycTpaHeHHe MPOCTPAHCTBEHHOIO
HCKa)KeHHs CHUMKa, Tak Ha3biBaeMoro «ddexra
6abouxu». bnarogapsa ocoboii reoMeTpUH CKaHHUpY-
tottero 3epkania garuukos MODIS u pacnonoxenuto
JINHEEK JeTeKTOPOB 3a [MOJIOBHHY 00palleHHs 3epKaa
(dopMmHpyeTcs dNMeMeHT NaHHBIX (CKaH), HOKPbIBAIO-
M Y4aCTOK MECTHOCTH MPOTsiKeHHOCThI0 10 kM
BIOJb TPACChl JABHKEHHS KOCMMYECKOrO amnmapara.
Takum 00pa3om, Kaxkaas CTOPOHA CKaHMPYIOIETO
3epKaJia oCylecTBaseT 0630p y4acTKa MECTHOCTH C
pasmepamu 2330x10 kM. Ilpu yrnax ckaHHpoBaHus,
Donpmnux 25°, HAYMHAET CKa3bIBATBCA KPHBU3HA
3eMIIH 115 KaHAJIOB ¢ KHIIOMETPOBBIM pa3peilieHneM,
a 14 KaHa1oB 6oiee BHICOKOTO pa3pelieHHs JTo Ha-
OntomaeTcsa U IpH MEHBUIHX 3HAYEHHAX YIJIOB.

Ha cnemyiomeM JTane NpoM3BOANTLCSA BhIpe3ka
HeoOXOOUMBIX (JparMeHTOB CHUMKA, FeONpPUBA3KA B
3a/laHHYI0 NPOEKLIMIO, YIydIleHHe KauecTa BU3ya-
JIM3ALMH CHUMKA MyTeM NPHUMEHEHHA CIeLHalbHO
paspaboTaHHbIX anropuTMoB (opmuposanus RGB
usobpaxeHuii. PesynsraTaMu aBTOMATH3UPOBAHHOM
ckBo3HO#H oOpaborkn cuumkoB MODIS sasasiores
(aiinbr 3-x popmaros: hdr\ENVI (conep:kuTt Bce ka-
Hanbl cuuMka), GeoTIFF (RGB), Jpeg (RGB).

IIpuMeHeHHe ONMHUCAHHOMH TEXHONIOTHYECKO Lie-
TNOYKH MO3BOJIAET 3HAUHTE/ILHO COKPATHTh BpeMs 00-
paGotku 36 kananeHbIX cHuMKOB MODIS, otkazarses
OT yCIIyT ONepaTopoB H OMEepPaTHBHO, HE 3aBUCHMO OT
BPEMEHH CYTOK, 1O Mepe MOCTYIUIEHHS JAHHBIX CO
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CIYyTHHKOB, nporoauTts obpaborky cuumkos. [Tpo-
rpaMMHoe obecrieueHne HamHCaHo Ha Kpocenargop-
meHHOM s3bike IDL M MOXKeT Hconb30BaThCs KakK B
cpene Windows, Tak u na UNIX-nnargopmax.

Jins ueneit MOHHTOPHHIA 3ePHOBBIX KyJIBTYp Ha
tore 3anaanoi Cubupu paspaboraHo nporpamMmHoe
obecnieuenne Ha si3bike IDL ans pacuera nucroBoro
ungekca LAl na ocHose gannbix ckanepa MODIS.
Bxoansimu nauHbiMH aBastotes daitn MODIS c pas-
peiterreM 250 M nocne o6padorku nakerom IMAPP u
(aitn nuaexca NDVI ¢ aHanoruyHbiM paspeleHneM,
paccuuTaHHbli no anroputmy MOD13 B nporpamme
1 OC Windows paspaborkn Gupmel CKAHDKC.
[Tepecuer 3nauenuii nuaexca NDVI B 3Hauenus nu-
crosoro uHaekc LAl peanuszoBan B paszpaboraHHOIH
NporpaMme ¢ HCIMOJIb30BAHHEM KYCOUHO-JTHHEHHOI
3aBHCHMOCTH, MPEIIOKEHHON aBTOPaMH a1ropuT™Ma
MODI15 (NASA) ans o6pabotku u3zobpaxeHHi
paaromerpa MODIS.

H3obpaxkennsa 3a pasnuyHbie JaThl MOCJIE MPO-
XOKIEHHUs MPOLEIYPEl FEONPHUBA3KH B MPOEKLHIO
ALBERS _WGS84 obpe3saHsl 110 €IMHOMY KOHTYPY
U COBMEILLIEHBI MTOKaHAIBbHO B popmare nakera ENVI.
Co3aanbl eAnHbIC KaJpbl H3 MHOTOBPEMEHHBIX H30-
Opaxennii | u 2 kananos ckanepa MODIS, a Taxxe
nnaexkca NDVI ¢ npocTpaHcTBEHHBIM pa3pellieHHEM
250 m. Jlns TeCTOBbLIX MOJEH pacCUUTHIBAJICS OCpel-
HeHHbIH JucToBOH MHaekec LAl B rpannnax kaxkaoro
nons. bespasmepusiii Bereraunonssli nHaexe LAI
JIMHEHHO CBA3aH ¢ OMoOMAaccoii 3eJeHON pacTHTENb-
HocTH. JIMCTOBOM MHAEKC onpenesseTcs Kak OT-
HOLIEHHE TJIOINAAH JINCThEB PACTEHMH K IUIONIaau
3eMJIH, 3aHHMaeMOH pacTeHHAMH. Brimonnanuce
©)KEZHEeBHbIE pacueThl OHONPOAYKTHBHOCTH SIPOBBIX
3epHOBBIX KYJIBTYP MO MOAU(UILHPOBAHHOI Moje-
au EPIC ¢ xoppeKTHpOBKOil pacHeTHBIX 3HA4eHHii
muctoBoro uHaexca (LAI) Ha ocHOBe CIyTHHKOBOMH
OLICHKH BereTauHoHHOro muuekca. Koppextuposka
MO CMYTHHKOBBIM H300pa)keHMAM npoBoAuTcs 3-4
pa3sa 3a BereTalMOHHbIH nepuoa 10 goctuxenus LA
MaKCHMATbHOTO 3HAYEHHA C YUETOM paspekeHHOi
obnaynocTH Haja Habmonaemol Teppurtopueil. Ha
OCHOBAHHH Pacy€TOB 110 MOJIEN OHOMPOTYKTHBHOCTH
EPIC nporno3supytorcs Guonornyeckas ypoxaiHocTh
KYJIBTYP M ONITHMAIIbHbIE CPOKH Hadasa yOopKH B pa3-
pe3se paiioHOB 1M cyObeKTa (enepainn.

LiBeTocuuTesnpBanubie u3odpaxkenns MODIS-
NDVI u ERS-2\SAR 3a pasuble n1aThl CbeMKH 0TOOpa-
xatoT MHorooopasue deHodas pa3sBUTHA 3€PHOBBIX
KY/IBTYP B pa3/ii4HbIX arpOKIHMaTHHECKHX 30HaX K0ra
Janaguoi Cubupu. Pasnuuna cBsa3aHbl CO CPOKAMM
CeBa B CBA3H C 3aTYKHOI BECHOI M HEPABHOMEPHOC-
THIO BBIMAJAEHUA OCAJKOB M0 TEPPUTOPHH B JIETHHE
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Mecsubl. JlocTOBEpHO BBIAENAIOTCA IPYIINbI MONEH
3aCesHHBIX OJHOH KYJIbTYpPOH M OTe/bHblE Napo-
Bhl€ 11014, Pa3HOBpPEMEHHbIE JaHHbIE BCEMOrOJHOTO
kocmuyeckoro paaapa ERS-2\SAR cpennero pas-
pELIEHHs MO3BOIAIOT ONMpPEAE/IUTh BHAOBOH COCTAB
KyJBTYP, C TOYHOCTBIO J10 11014, U BCell TEPPHTOPHH
tora 3anagHoit CHOMpH B TOKIUIMBBIE TO/bI ¢ 6O/Ib-
LIUM 4HCI0M 00nadHbIX aHek [8].

Anammns xocmocHumkoB MODIS 3a 3umunii ne-
puon 2005-06 rr. mo3BONHI YCTAHOBHThH KOOPAHHATDI
ropAIIMX ra30BbiX (PaKeI0B 110 CKUTaHHIO TIOMYTHOTO
HedraHoro raza Ha mecropoxaerusx XMAO. Koop-
IOHHAaTHI (PAKeJIOB ONpeaesIHCh [0 KaMHOpoBaHHOMY
B IIKaITy pajinOspKOCTHOH TeMneparypsl 20 kaHamy
ckanepa MODIS. Takke HCNO/MB30BAIHCH KOOPAHHA-
Thl «TOPAYHX» TOYEK, JI€TEKTHPOBAHHBIX I10 AJITOPHT-
My MOD 14 npu o6pa6oTtke nanubix ckanepa MODIS
B nepuoa ¢ oktabps 2005 r. no anpens 2006 r. Beero
omnpeaeneHsl koopauHatet 280 akenos, KOTOpsIe HC-
M0Jb30BaHbl 15 JIOKAIN3ALHH JIOKHBIX TMKCEJIOB M0-
’KapoB PH ONEPaTHBHOM MOHHTOPHHIE BO3rOPaHuii
B necax Ha teppuropiuu XMAO B noxapoonacHsiii
nepuo. I[To canmky MODIS 3a 20.12.07 BbisiBIeHEBI
32 HOBbIX razoBbIX (pakena Ha BHOBbL BBEJEHHBLIX B
IKCITyaTalHio M paHee pa3pabaTbiBaeMbIX He-
OTAHBIX MECTOPOKIECHHAX C YBEIHYESHHEM J00bIYH.
YTo4yHeHHe KOOpPAHMHAT ra3oBbIX (pakenos, a Takxke
KapTHPOBaHHE HOBBIX OyleT MPOJOIDKEHO B rocie-
OYHOLIHE 3HMHHE TTEPHO/bL.

Ha cepgepe http://dzz.uriit.ru peanusosan WEB
JIOCTYN K noxapHoii o6ctanoBke no 18 aBuaoraene-
Huam ABHAJIECOOXPAHBI XMAO, npuponHoro
napka CuGupckue yBanbl H JABYM TEPPHTOPHAM C
KOPHI0POM MarucTpabHoro Tpydbonposoaa. B cpene
ArcGIS noaroTopseHb! HEU3MEHAEMbBIE CIIOH KapTo-
OCHOBBI C KBAPTA/IbHOH CETKOI N1€COB, HACEIIEHHbIMH
MYHKTaMH M JOPOKHOH ceThio. Crnon dakensHbIX
YCTAHOBOK M0 CKMIAHKIO MOMYTHOTO ra3a v MokKapsl,
BbIB/ICHHBIE [0 KAKIOMY KOCMOCHHMKY, BKITIOYAIOT-
Cs B MHTEPAKTHBHOM PEXKHME NOJIb30BaTeIAMH.

BusyanbHblil aHATN3 HBETOCHHTE3HPOBAHHBIX
KOCMOCHMMKOB KOHEYHBIMH MOJIb30BaTENAMH TO-
3BONAET BBIABHTH OYaru MOKapoB, KOTOpPbIE HE
JOeTeKTUPYIOTCA ABTOMATHYECKHMH aJrOpHTMaMH,
OCHOBAHHBIMH HA IMPEBLIIIEHWN MOPOrOBbIX 3HAYE-
HHii TeMnepaTypbl B cpeiHeM HH(paKpacHOM KaHame
ckadepo MODIS u AVHRR. 210 20 1 3 xanaiusi
COOTBETCTBEHHO C JUVIMHHOM BOJHEI 3.4 MiMm. [iaa
GONBLINMHCTBA MOXKAPOB, HE 0OHAPYKHBAEMBIX aB-
TOMAaTHYECKH, TEMITEPATypa B «ropsllieM» IHKcene
JIEKHT B HHTEPBAJIe JUCIIEPCHH OT YPOBHA CPeJHHX
3HaueHHH B coceqHHX nmukcessnx. Kak npasuno, sto
HH30BbIE MMOKaphl B JIECY WIH HA No#Max pek B Be-

CeHHHH MepHoz ¢ Y3KUM (DPOHTOM OTHA W HAJTHIHEM
BII@XKHBIX FOPIOYHX MaTepHanoB MnpH 0OIbIION CKO-
pocTH BeTpa. BpeMeHHOI MHTEpBan OT OKOHYaHHS
npueMa KOCMOCHHMMKA 10 OTIIPaBKH YBEIOMJIEHHA
no E-mail cocrasnser 20 munyT ais aauasix NOAA
u 30 muayt ana ganaeix MODIS, BeicTaBnenue
xocmocHuMKa Ha WEB-cepeep npoussoanTcs uepes
3040 munyT. Bpemsa o6paborku cBA3aHO ¢ pasMepoM
NPUHATOrO BUTKA B 3aBHCHMOCTH OT yIJIa HAK/IOHA
OpOHTLI CIYTHHKA.

WEB-caiit paboTtaet noj ynpasjieHHeM cepsepa
Apache B onepaunonHoii cucreme Windows 2003 se-
rver. I3bIKH MPOrpaMMHPOBAHHA, HCITOJIb3yEMble ITPH
paspabotke nporpamm: Object Pascal, PHP, IDL, Py-
thon. MuTerpuposans! aunamuueckue dll 6ubnuorexn
qus paborel SHP, HDF, FTP, SMTP. Bee paspabotaH-
HbIE CEPBHCHI 110 NpHEMY, TeMaTnueckoi obpaboTtke,
pacchulkH onoseltenuii, renepauun HTML crpanun
peanH30BaHbI B BUIE OTJE/IBHBIX HE3aBHCHMBIX APYT
OT Apyra momynei. [Ins HEKOTOpPhLIX CEPBUCOB, Ha-
npumep, nepsuynas obpaborka B nakere IMAPP u
PAacchbIJIKH YBEIOMJIEHHH, MPeayCcMOTPEeHO Ay0nupo-
BaHue. Bce mporpamMMHuble MoaynH paboTaloT Hesa-
BHCHMO JpYr OT apyra. 9To o0yc/lIOBIEHO TeM, YTO
oOpaboTaHHbIe JJaHHbIE C OZIHOTO BUTKA MOCTYNAIOT HA
MOJIYJTH PacChUIKH YBEJOMJICHHI WM ITyOIHKaLIMK Ha
WEB-caiite B paznoe Bpemsi. PacueT koopanHaTt nuk-
ceneit orus, nocrpoenue SHP daiinos, noaroroeka
KapTOCXEM, 1IBETOKOMIIO3HLIHOHHbIX KOCMOCHHMKOB
BO3MOKHO ITPOBOAMTH M IIPH HAJIMYMH cOOEB B OZIHOM
H3 JJIEMEHTOB TEXHOJIOrHYeCKoif ernu o6paboTku Ha
pacrnpe/elleHHbIX BbIYHCIIHTENbHBIX pecypcax. Ha
puc. | npeacrasneHa cymmapHas nojkapHas o0cra-
HOBKa 3a uioHb 2008 . N0 AAHHBIM KOCMHYECKOIrO
MOHHMTOPHHTA [UIs OZIHOTO H3 aBHAOTICIEHHI CITyKObl
ABHAJIECOOXPAHBI XMAO.

Paspabotan nporpamMmHsiit Moaynsb opmuposa-
Hus oT4eTHOCTH B (hopmare Excel o nokapax netex-
THPOBAHHBIX o kocMocHUMKam MODIS u AVHRR.
B Bexktoprom SHP daiine kBapTaibHOMH CETKH JIECOB
XMAO B reorpatuueckoit cucreMe KOOPAHHAT CO-
JepyKUTCA aTpubyTHBHAsA HHOpMaLIMA 11 KaXKA0ro
kBaprana. Paiin nocTpoeH U3 NOTHTOHOB Pa3INYHOI
(opmbl. KaxkoMy NOAUroHy NpHCBOEH MAEHTH-
(ukatop B arpubytusHoi Tabauue. dna kaxaoro
JIETEKTHPOBAHHOTO 10 KOCMOCHHMKY IHKCEJIA OTHA
BBITIOJIHAETCS MOHCK MTOIUTOHA B KBAPTAJILHOI CeTKe
necoB, ITonyyeHHbIH HOMep MIAEHTH(UKATOpA MO-
JIMTOHA J1aeT BO3MOKHOCTh OMNpE/ENHTh B Tabuuie
arpuOyTOB HOMEp KBapTaJa, JIeCX03 M JIECHHYECTBO
IUIs KaKI0TO MOJIMTOHA COOTBETCTBEHHO.
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Puc. 1. Oro6paxenne Ha WEB cepsepe noxapHoii oGcTaHOBKH 110 aBHAOTAEIeHHIO Ypaii B uioHe 2008 r

[locpencTeom auHaMuueckux 6ubnuorek, rnpo-
rPaMMHBIM IMyTEM IPOMCXOANT MOHUCK HOMEpA KBap-
Tajla M CUMTLIBAHWE aTpuOYTHBHOH MHpOpMauMK
€ MOC/NEAYIOUIMM 3aHECEHHEM €€ B JHHAMHYECKH
dopmupyemeiii daiin B dopmare Excel. Crpykrypa
popMupyemoii TabaHIBl CONEPKHUT ClEAYHOIIHE
nonsA: Jara M BPeMs Moxapa, J1ecXo3, JeCHUYeCTBO,
HOMep KBapTaja, reorpadMueckue KOOpAHHATHI,
dBHAOTIEIICHHUE. 2T0 No3BONAET HOﬂp(}ﬁHO OMnHCaTh
MECTO BO3HMKHOBEHHS MIPE/INI01araéMoro BO3ropaHus
B OOILENPUHATHIX B JIECHOM X03AHCTBE TEPMHHAX, a
Takke (JOPMHPOBATh OTYETHbIE M CTATHCTHUECKHE
JIaHHBIE O MOKApax B paspese JeKalbl, MecaLa, roaa
TI0 JIECX03aM WIIH aBuaoTaeneHuam. [ oneparuBHO#
paboThI TaKsKe MPeaycMOTPEHO MPEAOCTABIEHHE ONH-
CaHHOI Bhile HH(OpMaALINK B TEKCTOBOM (hopmare B
noJjie JJIEKTPOHHOI O NHCbMa C pa3ieIEeHHEM 110 aBH-
AOTJIEJIEHUSM JUIS KaXK10T0 CIyTHUKOIO BUTKA.

B FOHUHM HUT ycraHoBieHbl pa3iuyHbIE THLEH-
3nonHble ' UC naxeTsl, B TOM YHC/IE MHOTOMO/IL30BA-
Tenbckas 1uHeiika npoayktoB ArcGIS ¢upmer ESRL
[Taket ArcGIS 9.2 obnanaer Habopom QyHKUMH 1
paboThl ¢ BEKTOPHBIMU AaHHBIMH. B ToM unciie peasnu-
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30BaHa BO3MOKHOCTb CO31aHHA TPOrPaMM-CKPHITTOB
Ha Oaze OubnuoTedHBIX (QYHKUMH BBINOJHAEMBIX
B (JOHOBOM pelkHMe. DTO MO3BONSET 338 KOPOTKOE
BPEMs CO3/1aBaTh HECIOKHbIE C TEXHHYECKOH TOUKH
3pEHHs NPOrpamMMbl NakeTHoOH 00paboTKHU BEKTOPHbBIX
JAaHHBIX.

Paszpaboran mporpaMmHbiii MOIY/Ib KOHBEpTa-
uuM BektopHoro SHP daiina, cogepixaiero B Buae
MOJIMTOHOB pe3y/ibTaThl paboThl AIrOPUTMA AETEK-
TUPOBAHHA 044aroB BO3IOPaHMs 110 JaHHBIM CKaHepa
AVHRR B aiin SHP B Buze touek. ['eorpaduueckue
KOOPJHHAThl TEMIEPATYPHbIX AHOMAJIHI1 BLIPasKEHbI
B KOOp/IMHATaX YIJIOB ITMKCEJs PacTpoBOro u3obpa-
JeHHs ¢ paspelenrem 1.1 km. MUcnonbs3oBanue koop-
JIMHAT Y3J10B MOJMIOHOB 714 JaNbHEHIIei MPOBEPKH
MPHHANEKHOCTH KOHTPOIHPYEMOil TepPHTOPHH,
COOTBETCTBYIOILIEIT IECHOMY KBApTAITY HIIH KOPHIOPY
Tpybonposona, Heyno6Ho. MaciuTtab kaprocxemsi He
1103B0J15€T 0TOOPaKaTh MHKCENb OTHA B IPAMOYTO/Ib-
HOii (hopMe, ONTHMATBEHBIM BEIIAAUT TOYEYHbII BHII,
COOTBETCTBYIOLIHI LeHTPY nukces. [IporpammHbli
MO/1y/lb KOHBEpTallHH NonuroHos B gopmare SHP
peanu3oBaH Ha sA3bIKe mporpammuposadus Python.
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Jlerxoe ucnonb3oBanue Qpynkuuii ArcGIS B cpene
Python, No3BoJIHIO peasn30BaTh aBTOMAaTHYECKOE
npeobpaszoBaHue MOJHIOHOB B TOYEYHBIH BUA. B
[anbHeiieM KoopauHarel Touek B hopmare SHP cuu-
THIBAIOTCA C NOMOLILIO Oubnuoreku pyHkumii “"Shape
Viewer Objects” paszpaborku Ecological Software
Solutions. KoopanHaTel 1eTeKTHPOBAHHBIX M10/KaPOB
3aHOCATCA B CTPYKTYPHPOBaHHbIH TEKCTOBBII (aiin
JUIs TocNeayomei oopaboTKH Ha PYTroM BbIYHCIH-
TEABHOM PECYPCE B JIOKAILHOH CETH.

Ha puc. 2 npeacTaBieHo OIHO H3 YBEAOMIICHHH
no E-mail 06 o6HapyeHHBIX NOKapax B TEXHOIOTH-
4eCKOM KOPHAOPE MaruCTpasIbHOro HedrenpoBoaa.

Peanu3oBaH anropHT™m nepesoja reorpaduue-
CKMX KOOPIMHAT M0XKapoB M3 TEKCTOBOTO BHAA B
daitn dpopmara KML. D710 no3BonseT BbIMOAHATD
MOCJIeAYIOUIHI MPOCMOTP ONEpPaTHBHOH MOXKApHOH
oOcTaHOBKH B mporpaMMHOM Komiuiekce Google
Earth. TTpu orxkpeituun KML caiina u3 nporpammsl
MOYTOBbIH KIMEHT MPOHCXOAMT ABTOMATHYECKAA 3a-

rpy3Ka JaHHBIX B nporpammHsiii komrieke Google
Earth. [Ipu macmrabupoBaHuM OKHa MpocMoTpa
oyaru noxapos oroOpaxatorcs Ha (oHE KpYIHO-
MacTaOHbIX kKocMocHHMEKOB Q-Bird ¢ paspemennem
10 0.6 M ¢ BU3yanusauueil KpOH JI€pPEBLEB, MTPOCEK
M JI0pOr.

Ob11ee YHCIO YBEIOM/IEHHH OTMPaBIEHHbIX 10
IEKTPOHHOH NouTe 00 00HAPYKEHHBIX MOXKapax Ha
TeppuTopun XMAO B pa3nuuHbie rojflbl COCTaBH-
no: 2005 r. — 4800, 2006 r. — 2025, 2007 r. — 2607,
2008 . — 1151.

Jlna MOHMTOpHHIa /1e10BOH 00CTAHOBKH pas-
paboTtaHo nporpaMmHoe obecnedeHue Ha a3bike [IDL
JUIS rEONMPHUBA3ZKH M BbIPE3aHHA M3 NOJHOTO BHTKA
(parmenToB no 3agaHHOM obnacTH MHTEpeca Koc-
mocHumkoB MODIS [9]. dna kaxagoro ¢gparmenTa
BBIIOJIHACTCA YIy4lIEeHHE KauecTBa BH3YaIH3aLUH
Kagpa MyTeM NpUMEHEHUS CHelHanbHo paspabo-
TaHHBIX AJITOPHTMOB OTJE/BbHBIX AN CIYTHHKOB
TERRA u AQUA. IIpn RGB-cuHTe3e nocruraercs

m ST PR o me TS otmar Ty - !&‘k}@(ﬁ
Jara Bpemx oot Hhspors
2007 4T - 1256 L A 1 2% 17 2400
20070717 - 1236 637 48 14407 62705 W2

G4

[Hepxaogsammend

MNat 9

Puc. 2. ¥YBenomnenue no E-mail o aeiictyiomux noxkapax B Kopuaope e renposoja
¢ npunoxenneM kaprocxemel 1 KML daiina ans npocmorpa B Google Earth
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HaubONbILMI KOHTPACT MEXK/Y JIe[ASHEIM MOKPOBOM
Ha pycllax peK, CHEroM Ha NMoHMe U OTKPBITON BOAOH.
liBeTocHHTE3MpOBaHHbIE H300pakeHus B (Qopma-
Te Jpeg ¢ paspemieHneM 125 M BEICTABIAIOTCA Ha
WEB-cepBep B aBTOMaTH4ecKOM pexXHMe [0 Mepe
obpaborku HOBBIX KocMocHHMKOB Ha SUN FIRE
15K. ®@opmupoBanue (pparMeHTOB TaKkKe BbINOTHA-
erca B popmarax TIF u ENVI qia qononsutensHol
00pabOoTKH B HHTEPAKTHBHOM pexkume. Pazpaborano
nporpamMmHoe obecneuenue s redepauuu HTML
CTpaHHl1l, BBICTaABJICHHA KOCMOCHHMKOB H BEKTOPHBIX
KapT B BHE MPO3payHbIX CI0EB B aBTOMATHHECKOM
pexume, [Ipn 2ToM TemaTHHeCKHe KapThl IO JaHHBIM
FHAPONOCTOB NOATOTABIUBAKTCA ONEPATOPOM H KO-
NUPYHOTCA BO BPEMEHHYIO TUPEKTOPHIO.

B nepuon nepoxona u negocrasa 2006 roga
MPOBOJMIICA aHAJIW3 COCTOAHUA JIEOBOH MOBEpX-
HocTH pek O6p 1 Upthii, O6ckoit ryObpr M akBaro-
pun Kapckoro mops no pagapHeiM H300paKeHHM
ERS-2\SAR u onTtudeckum n3o0paxeHUsM cKaHepa
MODIS ¢ paspemenuem 250 M. BpemenHoii un-
TepBajl MEXKIY IPONETaMH CIYTHHKOB B YTPEHHUE
uackl coctaBnsn 10-30 munyT. [IpoBeneHo HazeMHoe
KBa3HCHHXPOHHOE BU3yasibHOE jeiunpupoBatme
pajapHbIXx H300pakeHWi Ha paccToAsHHM 20 KM OT
r. XanTe-MaHcuiicka Ha pexax O6p n MUpthim. 3o
NO3BONUIIO OJHO3HAYHO YCTAHOBHTb, 4TO TEMHEIE
Y4acCTKH COOTBETCTBYHOT [7I4/IKOMY CHEKHOMY HACTY
Ha pEYHOM JIbAY H OTME/IAX, a CBCT/bIC — JIEJAHbIM
Topocam BbICOTOH 10 (.7 M M CHEKHBIM HaMeTaM
Ha MeJkux Topocax. Ha panapnom usobpaskeHun
ERS-2 3a 3.03.06 y4acTku neasHbIX TOPOCOB Oonee
KOHTPACTHBI, 4eM Ha CHUMKe 3a 7.04.06. B HazeMHBIX
HaO/IOICHHUAX B aripeie TakKe YCTAHOBJICHO, UTO TPo-
MCXOIMT pa3pylleHue JesaHbIX TOPOCOB H OTHOBpe-
MEHHO YBEJIHYHBACTCA LIEPOXOBATOCTHL HA CHEXKHOM
HacTe 3a cyeT TaAHMA. B pesynbrare ymeHbluaercs
KOHTPAcCT Ha BbIMTOJHEHHBIX MMOCJIE HACTYIUUICHHA OTTE-
nenei pagapHeix cHuMKax ERS-2 mesxay TopocHbIMH
Y4YaCTKaMH H POBHEIM JIbJOM U cHerom. Ha oceHnux
cunmkax MODIS Buano, uto 3amep3anue pexu O6b
NPOHCXOAHIIO0 HE OJHOBPEMEHHO Ha OonbuIIMx npo-
TAKEHHBIX y4YacTKax. DTO M ABJIACTCH NMPHYMHOM
00pa3oBaHHsA TOPOCOB H3 MOJIOAOTO JbAA B MEPHOL

nenoctasa. Ha n3obpaxenin MODIS 3a 20.05.06 Bbi-
AESII0TCA MOCEAHIE NEAHBIE [0/ M OTKpbITas BOAA
B NepHo J1eoxoaa Ha pexu O0b. YuacTku neasHbix
3aTOpPOB COBIMANAKT C MECTOIOJIOKEHHEM TOPOCOB,
BBIIEICHHBIX paHee Ha cHumke ERS-2 3a 17.03.07.
Kaxk npaBuno, TopocHble y4acTKH Jibaa 06pasyrorcs
nepes u3rubamu pex.

Bcenoronsbie paaapheie n3o0Opaxenus ERS-2
BO Bpemi jegoxona B mae 2006 rona onepaTtMBHO
00pabaTeIBaINCh H [epeJaBaINCh B TEUEHHE 2 HaCOB
nocne nposera cnytHuka B MUC XMAO nna nopu-
HATHA pemeuui‘l O CTENCHH ONMAacCHOCTH 3aTONNEHHA.
CoBMeleHHBIE C KAPTOOCHOBOMH TeOnpuBsA3aHHbIE
M KOHTpacTHpoBaHHbie kKocMocHUMKH ERS-2 mo-
3BOJIAKOT CnEeLHaIuCcTaM ruaponoraM JOCTOBEPHO
KapTHPOBATh MECTA CKOIJIEHHS NbJa U YUCTOH BO/IbI
B mo00e BpeMst CYTOK H CruiolHoH obnaunocti. Bo
BpeMA [IPpOX0KACHHA JIe00X04a H B TEUCHHE NaBOAKa
2007 r. napeska ¢parmentos MODIS nposoaunack Ha
pasnuuHble yyacTku pek O6u n Mpteima. [TaBoakoBas
obcraHoBKa BO Bpems senoxona 2007 r. B paiione
ciausgausa O6u u Uptenua noctynua na WEB cepsepe
http://dzz.uriit.ru.

IMpennoxenHslit nogxoa paspaborku mpo-
r'paMMHOI0 obecrneyeHHus ¢ HCMOJIb30BAHHEM JAHHa-
MHUYECKHX OMOIIMOTEK OTKPBITHIX H JINUEH3HOHHBIX
MAaKETOB MMO3BOJIAET CYLUECTBEHHO COKPATHTL BpEMA
OTIIAAKH HOBBIX CEPBHCHEIX MCU.IYJ'ICﬁ HCIOJHASMBIX
Ha pacnpeieiCHHbIX BbIYHCIHTENbHBIX pecypcax
B ABTOMATH3IHPOBAHHBLIX CHCTEMAX ONEPATHBHOIO
MOHHTOpPHHIA HA OCHOBE [JaHHBLIX AWUCTAHUHWOHHO-
ro 3oHaupoBaHuA 3emiu. [IpuHiun moaynsHOCTH
nporpamm no3soiun obpabareiBaTe pasHOPOAHBIE
JlaHHbIE, MOCTYNAIOIIHE C 3a€PKKOH 10 BPEMEHH,
MOBBICHIT HAOEKHOCTb paﬁOTbl dBTOMATH3HPOBAH-
HOW CHCTEMB! H HCKJIIOYHJ MOTepi0 MHPOPMALHH.
CoznaHHblil Ha OCHOBE pacnpeaeNeHHbIX BbIYHC/IH-
TEJIBHBIX PECYPCOB aBTOMaTH3HPOBaHHbII KOMILIEKC
TEMaTH4YeCKOIH oﬁpaﬁonm AJdHHBIX JUCTAHIITHOHHOI'O
30HOMPOBAHMSA H IEpenayd pe3ylbTaTOB KOHEYHbIM
MONb30BATENAM 1714 MNPHHATHA VIIPAaBJICHHYECKHX
peLIEHHH, NO3BOJIAET ONEPaTHBHO PELIaTh 3a/1a4H 110
KOHTPO/IK 3a NPHPOAHBIMH U TEXHOINCHHLIMH 00B-
€KTaMH Ha perHOHaJILHOM YPOBHE.
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BogoB H necax XMAO // Koutponab H peabuanTaunms
oKpyKaruieii cpeasl: Mar-nsl cumnos. / [log obur. pen.
M.B. KaGanosa, A.A. Tuxomupopa. VI MexmayHaponHslii
cumnosuyM. Tomck. 3-5 utons 2008 r. Tomck: Arpad-
[Ipecc, 2008. 384 c. C. 119-120.

lMonos 4. B.

ONEPATUBHOE YIIPABJIEHUE ITPOLIECCOM OKA3AHHMSA YCJIYT
C IPUMEHEHMEM PACIIPEJEJTEHHBIX HHTEJUIEKTYAJIbHBIX CUCTEM

Beenenune

B ycnoBHAX KOHKYPEHLIMH ¥ HACBIIUECHHS PhIHKA
Ha NEPBbIH MJ1aH BBIXOAHT KJIHEHT-OPHEHTUPOBAHHbIH
MapKEeTHHT, HaNpaBJICHHBIH HA TAKHE CTPaTern4eckue
L[€/IH, KaK YBEIIHYECHHE OOJTH PBIHKA, MOBLILIECHHE
npudbuin. I[Tponcxoasmme npoueccel o0ycnasan-
BaKOT HCOGXO,ZI,HMOCTI: MOMCKa H BHEAPEHHA HOBBIX
MH(POPMALIHOHHBIX TeXHONIOTHH s deKTHBHOIO
yIpaB/eHHs MPOLECCOM OKa3aHHs YCIyr, Harnpas-
JIEHHBIM Ha Y4€T M YJIOBIETBOpPEHUE noTpebHocTel
H npennhoeHHi& KIIHEHTOB.

CounanbHO-)KOHOMHYECKHE aCMeKThl ynpas-
JeHus ycayramu Oblim paccMoTpensl B paborax
K. Xakcesepa, b. Pennepa, P. Paccena, . A. To-
rynosa, A. U. Kurosa u ap. Bonpocam co3nanus
JKCNEPTHBIX W ABTOMATH3UPOBAHHBIX CHCTEM
yOpaBlIeHHs B HHAYCTPHH 30POBbA H KPacoThl
nocesawensl Tpyasl A. Xunsbepra, B. A. Burtuxa,
0. b. Ckobenesa, B. b. Tapacosa, b. I. Unbscosa u
ap. OnHako, B CHITy CIIOKHOCTH NpobJieMbl, MHOTHE
BOINPOCHl OCTAIOTCA OTKPBLITBIMH. B HacToAmMii
MOMEHT OJHHM H3 TaKHX BOMNPOCOB ABAACTCHA I110-
BoliiieHHE YHPEKTUBHOCTH OKa3aHHUs YCIyT 3a CUET
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MOAAEPKKH NPUHATHA PELIEeHUII TPH ONEepPaTHBHOM
YNPaBJI€HHH ITHM [TPOLIECCOM.

YcTaHOBNEHO, UTO B HACTOSIIEE BPEMS B ITpoliec-
ce NpefocTaBIeHHs YCIIYT, HalpHMep, B HHAYCTPHH
37I0POBBA H KPACOThI BO3HUKAET Pl NpodIieM, TAKHX
KaK: OTCYTCTBHE KOMIUIEKCHOH MH(OpPMALIHOHHO
CHCTEMbl, HHTEIPHpYIOLLEH NpefoCTaBIeHHE YCIyT,
BBICOKAs Pa3sMEPHOCTb AaHHBIX MCKIKYaeT MpH-
MEHEHHE TOYHBIX METO/]0B COCTABJIEHHA IUIAHOB;
CYLIECTBYIOIHE METO/bl COCTABICHHS IUIAHOB HE
YUHTBIBAOT crieun UKy okasanus ycuyr [1].

[IpoBenénHbIil aHaNN3 CyUECTBYIIUINX MPO-
rPaMMHBIX CPEICTB aBTOMATH3aLMH B HHIYCTPHH
3/10pOBbA M KPACOTH! MOKA3al, YTO K HEZOCTATKaM
CYLIECTBYOLIMX CHCTEM MOKHO OTHECTH ClIelyloLee:
OTCYTCTBHE (DYHKIHH COCTABIEHMA MJ1aHA OKA3aHMA
YCIIYT; OTHOCHTEJILHO BBICOKAA CTOHMOCTb; OTCYT-
CTBHE MHTErPAaLHH C JAPYTMMH CHCTEMaMH Y4ETa H
aHanu3a (PUHAHCOBO-X03AHCTBEHHOMH AEATENbHOCTH
opraHusauuu. B pesynprare ananusa mopeneil u
METOJ0B MOAAEPKKH NPHUHATHA PELICHHH M CO-
CTaBIECHHA IJIAHOB, MOKHO CHENAaTh BBIBOJA O TOM,
YTO COBPEMEHHBIH MaTeMaTHYeCKHil anmapar, uc-
nonb3yemslii 1ns BeiGopa anerepHaTHB, Tpebyer oT
nuua, npuauMatoiero pewenns (JITIP) aoctarouno
BBICOKOH MaTteMaTH4eCKoit KBaHbUKaLNH, KOTOPOIi,
KaK MPAaBHJIO, HE OTBEYAET MEepCOHAN B HHIYCTPHH
370pOBbS M KpacoTbl. Takke aHalW3 mokasan, 4uTo
METOIbl MPUHATHS PELIEHHH HMEIOT OTpeAEIEHHY IO
3aBHCHMOCTB OT MpeaAMEeTHOi 00/1acTH, NOITOMY
CYLIECTBYET HEOOXOAMMOCTD CO3AaHUA CIIEHATH3H-
POBAHHOH CHCTEMbI MOIEPKKH IPHHATHS PEILICHHHA
(TITIP), koTopas Obl OPHEHTHPOBAJIACH HA NPENPH-
ATHA MaJIOro U CpeiHero Ou3Heca HHAYCTPHH 310pO-
Bbs B KpacoTsl (1IpH3K).

YT1oObl BLIABHTH OCHOBHbIE (JaKTOPLL, BIUSIOLIHE
Ha nosbiieHHe IHPEKTHBHOCTH OKa3aHUA YCIYT B
HHIYCTPHM 370pPOBbA M KpacoTsl, Ob110 nposeje-
HO MapKeTHHTOBOE HCCIEIOBAaHHE MpPEeANOoYTeHHH
MOTEHIHANbHLIX KIHEHTOB TAKMX MNpPEeINpPHITHH.
PesynbTaTel NpoBEIEHHOIO HCCIIE0BAHUA NOKa3a-
JIH, YTO B COBPEMEHHBIX YCJIOBHAX HACBIILIEHHOCTH
PbIHKA YCJIYT MHAYCTPHH 30pOBbS KPacoThl, [1Jis
KIHEHTOB Ha BTOPOE MECTO rocie Keanaubukauu
KanpoB (KoTopas Obna M OyaeT OJHHM H3 CaMbIX
BayKHBIX (PAKTOPOB) BBIXOANT YUET HHAUBHAYATBHBIX
NpeanodYTeHHH, H, B YACTHOCTH, YYET npejroyre-
HHI OTHOCHMTEJIEHO BPeMEHH MPOXOXKAEHHS YCIYT.
[TpuueM, 114 GONBIIMHCTBA KIHEHTOB JKeaTeIbHO
TPaTHTh Ha MOJYYEHHE YCIYr KaK MOXKHO MEHbILe
BpeMeHH [2].

B cTarbe paccmarpuBaioTcst BONpockl pa3paboTkn
Hay4HO 00OCHOBAaHHOTO MPOrpaMMHOTO H HH(OP-
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MalHOHHOro 00eCneYeHus 1A NoBblIeHUs P dek-
THBHOCTH onepatuBHoro ynpasnenusa Ha [IpHU3K,
OKa3bIBAIOLIUX OCA3aEMBIE YCIYTH MOTpeOHTEAM.

Monoxenns KOHUEeNUAHA
ONepaTHBHOIO YNpaBJieHHs

ITpeanaraemas KOHUETLMA ONEPATHBHOIO YIPaB-
JIEHHA TPOLIECCOM OKa3aHHMA YCIYr OCHOBaHA Ha
NpHMEHEHHH MOAXO0AA aAanTHBHOIO ONEPAaTHBHOIO
YNpaBlIeHHA ¢ KOMOMHHPOBAHHBIM HCIO/b30BAHH-
€M TEXHOIOTHH pacnpeaenéHHOro HCKyCCTBEHHOIO
MHTEJIJIEKTa, METOIOB HCCIEJ0BaHUA ONepaluii U
MHOTOKPHTEPHAILHOIO NPUHATHS pelueHuii. Cucre-
Ma pa3paboTaHHbIX Mozesneil npeameTHoi obmacTu
NO3BOJIMJIA TIPOBECTH JAETAlbHBIH aHAIH3 mpoLecca
OKA3aHHsA YCIYT KaK CJI0MKHON CUCTEMBI C BBIABIICHHEM
OCHOBHBIX JIEMEHTOB H CBA3eH MEXIY HUMH.

Crneunduka okazaHHs ycIyr B 001aCTH 300pOBbA
M KPacoThl 3aK/II0YAETCS B CIEAYIOLIEM: IPOLIECC 00-
Cy)KHBaHHS KTHEHTA NpeacTasnseT coboii okazaHHe
KOMILIIEKCHOH YCITyTH, cocTostiieit u3 Habopa THIOBBIX
ycayr; Hamgue 60/b110ro pasHoodpasus NpeaocTas-
JIAeMBbIX MPEATMPUATHEM THIIOBBIX YCIIYT; OTCYTCTBHE
KECTKOH NOC/IE0BATENLHOCTH MNPEL0CTABIEHHS TH-
MOBBIX YCIYT (HaJH4YHe aJbTEPHATHB MPU OKa3aHHH
KOMIUIEKCHOH YCITYTH); BO3MOKHOCTb MHOTOKPATHOTO
MOBTOPEHHS THIOBBIX YCIYT B MPOLIECCE OKa3aHHsl
KOMIUIEKCHOH YCJIYTH; HEBO3MOKHOCTb MONy4YeHHs
YCIYrH 1Mo nepsomy TpeboBaHHIO, HEOOXOAUMOCTH
odopMmIeHHs NpeBapHTEIbHOM 3a8BKH HA OKa3aHHE
YCITyTH; HeoOXOANMOCTH NOCTPOEHHS IIaHa OKA3aHHs
YCIIYT; TeNIECHO OPHEHTUPOBAHHBIN XapaKTep OKa3bl-
BAEMBIX YCIIYT.

[IpoBeaéHHbIi aHANM3 NMO3BONMHII BBIACIHTL B
CTPYKType HH(OpMaLHK 0 MOTpeOHTENAX U yeIayrax
ynpaBisieMble H HeynpapifdeMble MEpeMeHHbIe, a
Takxke napamerpsl 3¢ dextusnoctu (puc.l).

Cxema onepatnBHoro ynpasinenus Ha [IpU3K
npejacTaB/ieHa Ha puc. 2. 3a OCHOBY CXEMbI B3sTa
MOJIe/h aJaNTUBHOI CHCTEMbI YIIPABICHHUA HICHTH-
¢dukaionHoro tuna. Cxema BKIIOYAET: MOACHCTEMY
ajianTailyH, COCTOSALY 0 H3 OI0KOB OLIEHKH 1 aHA/IN3a,
BbIPAaOOTKH YNpaBieHYeCKHX pelneHui, 6a3bl 3HaHUI
1 6710Ka MJIaHHPOBAHUA, & TAKIKE OCHOBHOTO KOHTYpa
YOpaBIEHHs, BKIIOYAIOMIEr0 PEryasaTop U oObexT
ynpasienus [3].

OOGBEKTOM yrpaB/IeHUs B CHCTEME SBJSETCS IPo-
uecc okasanusa ycrayr Ha [IpHU3K. Buauane paborsl
CHCTEMBI OcyluecTnisercs cobop uHdopmauuu o co-
CTOAHWH 00BEKTA YTpaB/IeHHs, 3aTEM 3aITyCKaeTcs Mo~
cucrema anantauuu. Cocrarnsercs pabouwii nia, no-
cIie 4ero B paboTy CHCTEMBI YIIPaB/ICHHA BKIOYAETCH
Gnok ouenuBanus., [11aH olleHHBaeTCs € TOUKH 3peHHs
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MHdopmaTuka. TenekommyHukauuu. Ynpasnesue
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Puc. 2. Cxema oneparusHoro ynpaeieHus Ha [IpH3K

JKOHOMHYECKHX KPHTEPHEB KaueCTBA. 3arem roTosoe
pacnucaHie BMECTE C IKOHOMHYECKOH OLIEHKOH no-
nazaet B 070K BoIpaOOTKH YITPABIEHYECKHX PELLECHHIL.
Ha sTom JTamne, Ha OCHOBE JKOHOMHYECKOH OLIEHKH,
BBIOHpPaeTCs BO3MOKHOE YIIPABIEHYECKOE PeLleHHe Ha
OCHOBe npaBwI 13 6a3sl 3HaHUH. B G10Ke Ha3HaYeHUs
W [JIaHUPOBAHHA Ha €ro OCHOBe pa3pabareiBaeTcs pa-
GouHii n71aH, TOCIIE 4ero npoLecc paboThl MOICHCTEMBI
ajanraunu nosropsetcs. [Tocne 3asepiuenus paGoTsl
noacucreMsl aganraiu, JIIP nogatotcs BapHaHThI
yIpaBleHYeCKUX PEeLIeHHIH C COOTBETCTBYIOLUIMMHU
nnadamu. [Tocne yTBepxkaeHus ynpaBieHYECKOro
pelueHus, COOTBETCTBYIOLIMII €My IUIaH MepeaaeTcs
HAa HCMONHEeHHE B 00BEKT yNpaBIeHHs.

Ilpen.rlaraemue MO1eJIH H METOAbI
NPpHHATHA pEI.I.IEHHﬁ

Ha ceroausaiHuii JeHb, B CBA3H C B3aHMO3aMeHsI -
€MOCTBIO YCIIYT H POCTOM HOMEHKIIATYPbl OKa3bIBae-
MBIX YCIYT, 3a/1a4a Ha3HA4YCHHA KOMILIEKCHBIX YCIyr
K/IHEHTaM CTAHOBHUTCS HETPHBHAJILHOH H BO3PACTAET
HeoOXOAMMOCTL MCIONB30BAHNA METOJOB HCCIen0-
BaHHs OnepaLHii.

Ilpeanoxen MeTol Ha3HAYEHHs THNOBLIX YCIIVT,
ONHPAIOLIMACA HA MAaTEeMaTH4ECKY0 MOIEIb ITOro
npolecca, 1 aJITOPHTM PeLIeHHs, YUHThIBAFOLIMI KO-
HOMHYECKHe aCleKThbl OKa3aHUs YCIIYT, O3BOJIAIOMINIA
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YIYHIINTE SKOHOMHUYECKYH0 000CHOBAHHOCTh LIEH, YTO
JlaeT KOHKYPEHTHbIE MPEUMYILECTBA NPEANPHATHIO
Ha peinke. Mcnonb3yercs Mozens 3aiauu o prok3ake,
YUYHTBIBAOIAsA B3aHMO3aMEHAEMOCTb H B3aHMOIONO-
HAEMOCTB YCIIYT, 4 TAKXKE BapbHUPOBAHUE KOTHYECTBA
HA3HA4YEHHBIX THIOBBIX YCIYT mpH (JOPMHPOBAHUH
KOMIUIEKCHOH ycinyru. Beiaensrores Tpy THNa npejisa-
PHTeNIbHBIX HA3HAUEHMH: NepBbIi THI — 00A3aTeIbHbIH
Ha0Op OKa3bIBAEMBIX YCIyT (HArmpHMEp, MoKa3aHHbIE
npu GonesHH mpouesypsbl), BTOPOH THN — Mpearno-
YHTaeMble KJIHEHTOM YCIYTH (HampuMep, MHOTHe
KENAFOT MOJTyHaTh MACCAXK, JAKE €CJIM OH He MOKa3aH
no Oo/e3HH) H TPETHIl — pOUHE YCIIyrH (HanpHmep,
o0lLeyKpeisoIHe NPOQHIAKTHYSCKHE POLEYPbI).
Bce npenpapuTensHbie HazHa4YeHUs pa3OuBaioTCcs Ha
TPH IPYNNbIL, OPH DTOM KaXKIOH rpynme Ha3sHaueHHil
9KCMEPThI IPUCBAHBAIOT BECOBhIE KOY(PQHIIMEHTDI.
PaspaboTana MaTreMaruyeckas MOAENb 3a/1a4H CO-
CTaB/IeHMA [J1aHa OKa3aHHs YCITYT KIIHEHTaM, KoTopas
yuuThIBaeT (popMaanu3oBaHHbIE TEXHOJIOTHYECKUE
OrpaHHYeHHs, HAKJIabIBAEMbIE HA TOT MpOILECC,
HHIHBHIYyaIbHbIE KpUTEpHH dY((PEeKTHBHOCTH KIIHEH-
TOB, a TaK’e OOLIHe A1 BCeX YHaCTHHKOB Mpolecca
oKkasaHus yeayr Kkputepuu adpexriprHocTH [4]. 3agaua
OTHOCHTCA K KJIACCY 3a71a4 TEOPHH MIP C HENPOTHBO-
MOMOKHBIMH HHTEpECaMH, a HMEHHO, K MIPaM ¢ co-
I71aCOBaHHBIM BEKTOPOM HHTEPECOB C 3aNpelIeHHbIMH
cutyatmsimi. HeobxoaumMocTs yaéTa HHIHBHIYATbHBIX



MHDOKOMMYHUKAUMOHHEIE TEXHONOMUK

MpeAnovTeHHid norpeduTeneil genaer 3a1a4y MHOIO-
KPHTEpHAJIbHON M HE pelIaeMod METOJaMH TEOpHH
MaccoBoro 00CTY)KMBAHH:A, B CBA3H C OTCYTCTBHEM
CJIy4aiHOCTH MOSABJIEHHA 3aABOK Ha 00CITy:KHBaHHE,
OpHMEHTAallHel He CTONbKO Ha Bpems OOCTY:KHBAHMSA,
CKOJIbKO Ha y4ET NMPEANOoYTEeHHH KIHEHTOB, a TaKKe
€CTECTBEHHOH reTepOreHHOCTH OKa3bIBAEMBIX YCIYT.
Takke OHa He pellaeTcs MeTolaMU TEOPHM PacIH-
CAaHHi, B CBA3H C HEOYEBHIHOCTBIO MCMOJIB30BAHNA
CBEPTKH [U1A PELIEHHA MHOTOKPHTEPHAILHOH 3a1a4u, a
YUET TEXHONOTHYECKHX 0COOEHHOCTEH OKazaHHA yCITyr
Ha NpeNpHATHAX HHIYCTPHH 310POBbA H KPAacOThbI He
MO3BOJISET PACCMATPHBATD €€ KaK 3aJa4y C BbITYKJIOH
obnacTeio JonmycTHMBIX peweHuii. Hanuuue HeBbl-
nyKi10ii 06nacTH JOMYCTHMBIX pElleHHH CBUAETENb-
CTBYET O HEBO3MOXKHOCTH pELICHHUs JaHHOIl 3aJa4n
METOIAMH JIMHEHHOTO MPOrPaMMHPOBAHHUA.
PaccMOTpHM mpHMep NPHHATHA peIUEHHH NMpH
ONepaTHBHOM YTPaBJIEHHH OKa3aHHeM ycIyr. B npo-
Hecce (OPMHPOBAHUA IUIAHA HEOOXOAHMO COMOCTa-
BHTb BPEMS OKa3aHHUA YCIYTH KOHKPETHOMY KITHEHTY
Ha KOHKPETHOM OOOpYIOBaHMH, B 3aBHCHMOCTH OT
€ro 3arpykeHHocTH. B pesynbrare dopMHpoOBaHHA
IUIaHa BO3MOXKHBI CIIEYIOIIHE CHTYallHH: He YAaJl0Ch
pacrnpeieNiTh Ha3HAYE€HHbIE YCITYTH A/ HEKOTOPhIX
KJIMEHTOB B CUJTY MOJIHOI 3arpy:KeHHOCTH 00opy/10Ba-
HMU3A, B PaCIIHCaHHUU [0y YHIINCh UTHTENIbHbIE IIPOCTOH
HekoToporo obopynoBanus. B nepeom ciryuae Tpeby-
€TCs THOO NPON3BECTH NepeHa3HAYeHHE KOMIUIEKCHOMH
YCITyTH, JIN0O YBEJTHYHTD IPOIAOIIKHTENBHOCTL padoThl
obopynoBanus. Bo BTopoM cnydae BO3MOXKHO COKpa-
LIEHHE MPOIO/IKUTENLHOCTH paboThl 000PYAOBaHH:A
IS CHUZKEHUs 3aTpar. B pesynsrare NpHHATHSA yNIpaB-
JIEHYECKOTO PEICHHS OCYILECTBIAETCA MOCTPOSCHHE
HOBOTO TJ1aHa OKa3aHHsA yciryT. [IpunaTue ynpasneHye-
CKHX pelleHHii Mo3BOoMseT NONy4HUTh IKOHOMHYECKHI
3(hexT 3a cuer cokpareHus npocTos 060pyI0BaHUS H
yBenuueHus npormyckHoi cnocodnoctu [TpM3K [5].
JocronHcTBOM pa3paboTaHHbIX paBui BbipaboT-
KH YNIPaBJI€HYECKHX PEILeHHI ABIAETCA TOT (haKT, 4TO
OHH OBLIH CO3/1aHbI HA OCHOBE NPOBEAEHHOTO MapKe-
THUHIOBOIO HCCIIEA0BAHHA NPEANOYTEHHH KITHEHTOB. A
TaK:Ke TO, YTO YIPABJIEHYECKOE PELIEHHE OCHOBAHO Ha
aHajuse MpeUIoKeHHbIX JKOHOMHYECKHX KPUTEPHEB
KauecTBa pa3paboTaHHOro IUIaHa, T.€. NPaBUIIO MpH-
MEHSETCs B Clly4ae NPeBbileHHs 3Ha9eHHs KpUTEpHs
Ka4yecTBa IJlaHa HEKOTOPOH NMOPOroBoi BeTHYHHBIL.

IpuMeHsieMble TeXHOJIOIHH pacnpee/ieHHOro
HCKYCCTBEHHOI'0 HHTE/LJIEKTA

B paGore paccmaTrpuBaloTcs JiBe OCHOBHbIE CO-
CTaBISIOIHE PEATH3ALHH OTIEPATHBHOTO YIPABIEHUS
OKa3aHHeM ycryT: Bo-nepBrix, popMaim3aus 3a1a4u
IUIAHUPOBAHUA, YHHThIBatOLIEl crielnduKy npeamer-
HO 00J1ACTH HHTYCTPHH 3I0POBbS M KPACOTL, PUBO-

JNUT K HEOGXO,IIHMOCTH HCIIOJIL30BAHHA CEMAHTHYECKH
BbIPA3HTEIbHBLIX CPEACTB OJ14 ONHUCAaHHA TEXHOMOIH-
4eCKHX OrpaHHYEHHI U NpeanoyTeHuii KimeHTos. Bo-
BTOpPBIX, BCE D0JIee COBEPILECHCTBYIOIIHECS CETEBLIE H
MHOrosA€pHbI€ TEXHOIOIHH, 3aK1aJbIBAEMbIE NAWKE B
0OBIYHEIE NEPCOHATIbBHBIE KOMITBIOTEPLI, MO3BONIAKOT
pelarts 3a1a4u MJ1aHHpOBaHHA HA HOBOM TEXHOJIOTH-
YECKOM YPOBHE. JTH AcHeKThl HAXOAAT OTPAXKEHHS B
TEXHOJIOIHAX OHTONOIHYECKHX 0a3 3HaHHIH U MHOTO-
AI'€HTHBLIX CHCTEM, OTHOCALIHNXCH K obnacTu pacnpe-
JenéHHOTO MCKYCCTBEHHOTO HHTEILIeKTa [6].

B ocHOBe TexHONOrHH pacnpesieN€HHOro HCKycC-
CTBEHHOIO MHTEJUIEKTA JIEHKAT: XOMMCTHYECKHMI noaxon
H NPpHHIHITBI CAMOOPraHW3allHOHHOIO YIIPABJIEHHA B
CIIOXKHBIX CHCTeMaxX. XONHCTHYECKHH TTOAX0H Moi-
pa3yMeBAaeT, YTO B CJIOKHOIH CHCTEME YACTHbIE JIMLA
(areHTBI) MOTYT OOBEIMHATLCS B TPYIIbI (XOIOHBI)
10 MHTEpECaM /U1 COBMECTHOIO peLeHHs obumx 3a-
Aau. [TpMHIMMIEI CAMOOPraHNU3aLIHOHHOTO YIIPaBIeHUs
HaKJIaabIBalOT ONpeienéHHEBIE OrPaHHYEHHS Ha CTPYK-
TYpy H (OYHKLHH pacrpe/ie/IiEHHON CHCTEMbI: areHTHO-
OpHEHTHUPOBAHHOE YIPaBJIeHHE, CYOBeKT-CYyObeKTHbIE
CHCTeMHBbIE OTHOILUEHHS, KOOMepaTHBHOE TOBe/leHHe
areHTOB M HaJIMYHE pacnpenenéHHoi 6a3pl 3HaHMI.

K HENOCTATKAM OHTOIIOMMYECKOro nNoaxoaa K pas-
pabotke 6a3bl 3HAHHH CUCTEMbI MO)KHO OTHECTH TO,
4TO Takoe abCTPakTHOE YHHBEpCalbHOE ONMCAaHHE
NPHBOAMT K HeobxoaumocTH obpadorku O6dnbLero
o0beMa TMNEepPTEeKCTOBBIX AAHHBIX, MPHBOAAILETO K
YBEJIMYEHH IO HAKJIA/IHBIX 3aTPAT, Y4eM 3TO MOIVIO ObITh
npu pa3paboTke crnelHaJIH3UPOBAHHBIX CTPYKTYP
JaHHbIX. [leHOH TakMX WHPOKHX BhIPa3HTEIbHBIX
BO3MOXHOCTEH ABasiercs 6ojee HU3Kas CKOPOCTh
aBTOMaTH4YeCckoi 0OpaboTKK HHCTPYKUHHA NpH pabote
C OHTOJIOrM4ecKoH Ga3oii 3Hanuii. OgHaKo npeHMy-
IIECTBA YHHBEPCAIBHOIO ONUCAHUS NMPOSABIAIOTCA B
CHTYyalMsX, KOrja HeoOX0AuMbl MOAH(DHKALIHK TeX-
HOJIOTHYECKHX [1apaMeTpOB OKa3aHMs YCIIYT, [PaBHII
NPHHATHS pelueHHil, HHpopMauHH 00 HHAMBHAYAIb-
HbIX MPEANOYTEHUAX KJIMEHTOB H T.11., IOTPEOHOCTS B
KOTOPbIX BO3HHKAET J0CTATOYHO YACTO HA JAMHAMHUYHO
PA3BUBAOLLUMXCSH MPEATIPUATHAX.

CnoxHocTh 00beKTa HCCae10BaHuA 00yCcIaBIn-
BaeT HEOOXOAMMOCTE MAKCHMabHO GoJlee NoMHOro
3a1efiCTBOBAHNSA JOCTYNHBIX BBIYHCIHTENbHBIX
pecypcoB Opranu3alyiH MPH pelleHHH 380441 IL1aHH-
pOBaHHS OKa3aHUA YCIYT, B pesy/bTare 4ero B pabore
MCIIOJIL3YETCs ceTeBast NOCTAaHOBKA 3a/1a4M, CBA3aHHAs
¢ TeM, KakuM oOpa3zoM MOxHO ¢ dexTHBHO pa3s-
AeNUTh OpPOLECC COCTABICHHUS MJ1aHA HA OTAelIbHbIe
MOTOKH, HCIIOJIHAEMbIE HA OTAENbHBIX MpoLieccopax
Y3/10B BLIYHCIMTENbHON ceTH opranu3auuu. Beibop
areHTHOH l'[apaﬂ,Hl"MbI HCKyCCTBEHHOFO HHTEJLIIEKTA
A pemeuuﬂ 3agavuH l'U'IaH.HpOBaHHﬂ OKa3aHHA ycayr
no3pojisieT HanboJiee MOJIHO YUHTHIBATE OCOOEHHOCTH
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MHudopmaTtunka. TenexkoMMmyHukauuun. YnpasneHue

OKa3aHHs YCJIYT, NPOSBIAIOIINECT B €CTECTBEHHOM
fapajiienu3Me 11aroB, OTHOCAIIUXCA K A€HCTBHAM
OTAeNbHbIX YYACTHHUKOB Mpolecca. ITO Mo3Bojser
npakTHiecky 6e3 ceMaHTHYECKOro pa3phbiBa nepeiTH
OT MOCTAHOBKH 33/1a4M B TEPMHHAX TEOPHH MIP K eé
peLIeHHI0 B paMKaX MHOTOAreHTHOH CHCTEMBbL.

PO/l KIIMEHTOB H THIOBBIX YCIIYT MOIEIHPYIOT-
Csl C MOMOUIBIO CNELHANIbHBIX HHTEIUIEKTYallbHbIX
areHTOB, KOTOpPbIE B3aUMOJIEHCTBYET ApYT ¢ APYTOM
Ha OCHOBE 3aJI0/KE€HHBIX NpaBui noseaeHus. [lan-
HbIil cocod peanusaluy MOAAEPKUBAET HA YPOBHE
cTpareruii «4enoBedecKue» IBpUCTHKH. Peanusyerca
QITOPUTM. MOAENHUPYIOLIMI NOBEAEHHUE NIOAEH B
NaHHOH «KHM3HEHHOI» cuTyauun. B arenTtoB 3ano-
JKeHbI TIPaBHJIA OBEAEHHA, CBA3AHHBIE C IPUHATHEM
pelleHHi M0 MOMCKY NOAXOAALIEr0 BPEMEHH s
MOJYYEHUS YCIIYT KIHEHTaMH, HA OCHOBE HTEPATHB-
HOTO MpOLIEcca COCTABNEHHA PaLHOHAILHOTO ILIaHa
TNOIYYEHHS YCITYT, HAYHHAA OT IPHMEHEHHA IBPHCTHK
«TIepBbIi MOAXOAANIMIT», KYTPACKa», C MOCIEAYHO-
et KOMMyHHKalHei 1 COBMECTHBIM COCTaBJIEHHEM
MJ1aHa MyTeM [eperoBOpoB MEXIY AByMs, TPEMs H
T. 1. areHTamMH. Takum obpa3som, MJIaHHPOBAHHE HE
npejcTasaser co0oii nocnegoBaTebHbI nepedop
BAPUAHTOB — MOMCK MJIET «CO BCEX CTOPOHY.

Ha puc. 3 npeacrasiies npuMep B3aHMOICHCTBHSA
areHTOB MPH COCTABIEHUH [JIaHA OKa3aHUs YCIyr B
clyyae, KOTa JByM KIMEHTAM HA3HAueHbl ABE OH-
HAKOBBIE YCIIYTH.

Peanu3auus pacnpenenénnoil
HHTEJUIEKTYAIbHOW CHCTEMbI

Paspaborano nporpaMMmHoe obecredyeHue i
MOAEPKKN NPUHATHA PelleHUi MPH ONEPATUBHOM

yNpaBleHHN OKA3aHUA yCIyr B BHAE NPOTOTHNA
pacnpenenéHHON uHTeNneKTyanbHoii cuctemst [TI1P.
[Tonb3oBarenamu MoayJieil perucTpanuy, yuéra 1 Ha-
3HAYEHMA YCITYT SABIAIOTCA JIMLA, OTBETCTBEHHbIE 32
HEMOCPEACTBEHHOE «BEJEHNE KIMEHTa» Ha NpeanpH-
aTuH. [ToNb30BaTENAMH HHTEILIEKTYAIBHOTO MOYIISA
OMepaTUBHOTO [IAHUPOBAHUA ABJIAIOTCA MEHEIKEPHI
CpeIHEro 3BeHa, OTBEYAIOLIHE 32 ONEPaTUBHOE YTIpaB-
NeHue okazaHueM yeayr [7].

B Mojyne onepaTHBHOrO IJIAHHPOBAHMS AreHThI
(YHKIMOHUPYHOT Ha areHTHO# mnardopme JADE B
cpene JAVA. B JADE peanu3oBaHa cHCTEMa ynpas-
JIEHNSA KU3HEHHBIM LIMKIOM areHTOB, @ KOMMYHHKa-
uHOHHAsS MH(PPACTPYKTYpa NMOLAEPKUBAET EIHHOE
HH(OPMALIMOHHOE MPOCTPAHCTBO BHE 3aBUCHMOCTH OT
(hM3HYECKOr0 PacToNIOKEHHs MPOrPAMMHBIX areHTOB.
JADE sBnsercs nnatgopMoil ¢ OTKPBITHIM KOAOM U
eé muuen3ua LGPL He npensaTcTByeT KOMMEPUYECKOMY
PacrnpoCTPaHEHHIO MPOIPAMMHOIO MPOAYKTa, HaIH-
caHHoro Ha 1o nnargopme. Cpena JAVA asnsercs
1aT(OpMHO-HE3aBUCUMOMH, YTO MO3BOJIAET HUCIONb-
30BaTh €& B TeTEPOreHHbIX BbIYUCIHTENILHBIX CETAX,
Oe3 HeOOXOIMMOCTH JINLIEH3UPOBAHNS PabOYHX MECT.

B3aumoaeiicTBHE MHTEIUIEKTYAIBHOTO MOILYJIs
¢ pa3paboTaHHO# OHTONOrMYeckoit Gazoil 3HaHuUi
ocyuectsisiercs cpeacreamu JADE. Beibop a3bika
MpeACTABICHHS 3HAHUII OCYINECTBIAJICA HA OCHOBE
MPOBEIEHHOIO aHATM3a, OCHOBHBIM KPUTEPHEM Bbl-
0opa OWL DL crana noaaepxKa CHCTEMEI JOpMaib-
HO-JIOFHYECKHUX BBIYHCICHHUIL, HA KOTOPBIX OCHOBAHA
paboTa nouckoBkIx areHToB. f3pik OWL DL, paspa-
00TaHHbIH KOHCOPLIHYMOM BEIYLIHX NPOH3BOAUTENEH
NpOrpaMMHOro oOecrneyeHus A1 BCEMHPHOH CETH
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Puc. 3. [Ipumep B3aumosneiicTBus areHToB
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W3C, asnsercs ae-(pakTo NpoOMBIIIIEHHBIM CTaH-
JapToM B 001acTH pa3paboTKH OHTONOrHuecKHX 6a3
3HaHHH. 3anpockl OCYIECTBIAIOTCA Ha A3BIKE 3a1po-
coB K BeO-oHTONMOrMAM SPARQOL.

S3pik OWL DL Xapaktepusyercst MOJAepKKoi
UCIIONb30BaHUs AECKPUNITHBHBIX Noruk. OaHoi u3
Hanbosiee BakHBIX 0COOEHHOCTEH NECKPHNTUBHBIX
JIOTHK, B OT/IHYHE OT HCHHC/IEHHS ITPE/IHKATOB NIEPBOTO
HOpAIKa, ABNACTCA CAENaHHbIH B HUX aKLIEHT Ha OCy-
LEeCTBUMOCTB JIOTUYECKOTO BbIBOJA. B cTaHZapTHBIX
CHCTEMaX JIOTHKH MEpPBOro Mopsaka Npeacka3aHHe
BpeMEeHH BbIpaOOTKH PEIIEHMA HAcTO OKa3bIBAETCH
HeBO3MOKHBIM. C Ipyroi CTOPOHBI, B AECKPUIITHBHBIX
JIOTHKAX BCE HAMPAB/IEHO Ha o0ecneyeHne Toro, YTo0b!
JIOTMYECKHii BbIBOZ, MOT ObITh BBINOJIHEH 3a Bpems,
NOTMHOMHAJIBHO 3aBHCALLEE OT pa3Mepa OIHCaHHIi, 3a
CHET OTKA3a OT HCMO/b30BAHHA OTHOIEHHSA OTPULIAHHS
H HCIIONB30BAHUS OrpaHH4eHHON (POPMBbI TH3BHOHKLIUH
10 ABHO 3a/1aHHBIM OOBEKTaM.

PaccMotpumM ocHOBHbIe 21eMeHThI si3bika OWL
DL, ncnonbs3yemble B OHTOIOTHYECKOH 0ase 3HaHHH
CHCTEMBI:

* CpeacTBa /U1A NOCTPOEHHSA HEPapXHH KJIacCoB 00b-
extoB (rdfs:subClassOf), nanpumep:
<owl:Class rdf:ID="Ycayra™> <rdfs:subClassOf>
<owl:Class rdf:ID="TIpouenypa™/>
</rdfs:subClassOf> </owl:Class>;
* OJJHOMECTHBIE MPEIUKATbI, ONPEISIAIOLINAE NPHHAT-
NIeKHOCTB dJIeMEHTa Kiaccy, HanpuMep: <Kauenr rdf:
ID="TleTpoB™ /=;
* IByMECTHbIE OTHOIIEHHS, CBA3bIBAIOLIME 1BA 00b-
exta apyr ¢ apyrom (owl:ObjectProperty, owl:Data-
typeProperty), Hanpumep:
<owl:ObjectProperty rdf:ID="umeer_na3snaue-
HHE >
<rdfs:domain rdf:resource: " #Knuenr’> <rdfs:range
rdfiresource: #[Ipouenypa’
</owl:ObjectProperty>
<Knuent rdf:ID="TleTtpos™> <umeeT HazHaueHHe>
<[Tpoueaypa rdf: ID="maccax”"/>
</umeeT_HazHaueHHe> </KnueHT>;
* OrpaHHYeHHBIH HaOOp CBOMNCTB, KOTOPhIE MOTYT
XapaKTepH30BaTh UCIIO/b3yeMblIe MPEAHKATHI, HANPH-
mep, TpansutusHocTs (TransitiveProperty), cumme-
Tpu4HOCTH (SymmetricProperty), yHKIHOHATBLHOCTD
(FunctionalProperty):
<owl:ObjectProperty rdf:ID=«necoBmecTimMa_c™>
<rdf:type rdf:resource="&owl;SymmetricProp-
erty” />

<rdfs:domain rdf:resource="#IIpouenypa” />

<rdfs:range rdf:resource="#IIpoueaypa™ /=

</owl:ObjectProperty>
<[Ipouenypa rdf:ID="PanonoBas_sanHa>

<necoBmectuma_c rdfiresource="#CepoBomopon-
Has_saHHa /> </[1pouenypa>;
* OrpaHHYEHHA U CBOHCTB, MO3BOJAMOIIHE Ofnpe-
JeNAThb KJIAcChl, OCHOBAHHbIE HA CYLIECTBOBaHHH
crneuH(pUUeCKuX 3Ha4YeHUH CBOHCTBA; HATPHMEP,
KapIuHaIbHOCTH cBolicTBa (owl:cardinality, owl:
hasValue):

<owl:Class rdf:ID="Knueunt">

<rdfs:subClassOf> <owl:Restriction> <owl:onP-

roperty rdf:resource="#Ycnyra"/>
<owl:mincardinality rdf:datatype="&xsd;non-
Negativelnteger™1 </owl:mincardinality>
</owl:onProperty > </owl:Restriction> </rdfs:
subClassOf>
</owl:Class>.

Mna ynanénnoro agMuHUCTpHpoBaHus B JADE
npeaycMOTpeH cneuuanbHbll TN areHta RMA
(«Sniffer»), KoTOpbIH MOKa3bIBaeT TEKYILLEE COCTOA-
HHe areHTHO# muardopMel U npeanaraeT Gorarkiil
HHCTPYMEHTApHIl IIs yrpaBieHus KoHpurypauuei
CHCTEMBl. AIMHHHCTPHPOBAHHE BO3MOKHO H C NO-
MOILbIO KOMaHAHOH CTPOKH M € MOMOLIbIO rpafu-
yeckoro uHTepderica. lns noaaepKKu BbINOIHEHHA
3afaHui WM paboT, KoTopbie 6a3HPYIOTCA Ha MOHA-
THH GH3HEC-TIPOLIECCOB, A TAKXKEe PAJia MEXAHM3MOB
JUIS OPraHu3aliMK CI0KHBIX pacnpeneneHui pabor,
HCIIONb3yeTCa nporpaMmHas Hazactpoiika WADE.
Ilpn 3anmycke €€ Ha y371ax BBIMHCIHTEIBHOH CETH,
3aIyCKalTCA areHThl, KOTOPLIE OTBEYAlOT 3a paboTy
JaHHoro yina («Daemon»). AAMHHHCTPUPOBAHHE CH-
CTEMBI OCYLIECTBIIAETCA IyTEM B3aHMOACHCTBHA ITHX
areHTOB CO CIeHaJbHbIM areHTOM KOH(HUIypaLHH,
3amylieHHbIM Ha cepeepe. [IpaBuia KoOMMyHHKalHH
MEJK/ly areHTaMHM OCHOBaHbI HAa MpPOTOKOJAX, Ipe/-
noxeHHBIX B crietdukaunsax FIPA - Mexnynapon-
HOl (penepanny no pazpaboTke HHTE/IEKTYalbHBIX
arenToB. B pa3paGoTaHHOli cHCTEME OCYILECTRAAETCA
MOHHTOPHHI COCTOSHUSA Kax 10 paboueli cTaHuuu ¢
Le1bI0 O0ecreueHns 0TKa30yCTOHYHBOCTH paboThl
HHTEJUTEKTYaIbHOTO MOIYIS.

K coxaneHHio, CyIECTBYIOIIME CHCTEMBI pac-
npee€HHOr0 MCKYCCTBEHHOINO MHTEJUIEKTa B 00-
JIACTH MHOIOAreHTHOT0 MOJIEJTHPOBAaHHUA, BKJIHOYasA
JADE, npeactasnsatoT coboit 6nbnuorexn QyHKUHH
JU1A pa3paboTKH MHOTOAareHTHBIX CHCTEM, Oe3 pea-
JM3aLMK ONB30BaTeNLCKOro HHTepdeiica. Benenue
3JIEKTPOHHOIO JIOKYyMEHTO000pOTa Ha NPEANPUATHH,
peasu30BaHHOIO B MOAY/ISX PErHcTpaluH, yuéra u
HA3HA4YEeHUA YCIIyr KJIMeHTaM, MPUBOIHT K HEoOXo-
auMocTH ayGnupoBaHus U obmeHa uHpopmaruei
MEK/1y OHTONOrH4eckoil 6a3oi 3HaAHHMI MHTEIIEK-
TyajlbHOrO MOJY/A ONEPATHBHOIO IUIAHMPOBAHHA
1 0a30i naHHBIX MOAYJEeH perucTpauuu, ydéta u
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HA3HAYEHHS YCIYT KIHEHTaM, peaju30BaHHbIX B
gHjie koH(urypauun 1C: [Mpeanpustue. 3amura
NEepPCOHATbHBIX AaHHBIX KIMEHTOB OCYLIECTBIAETCS
cpenctBamu | C:IIpeanpusatue. Ha puc. 4 nokasano
B3aHMOIeiiCTBHE MOJIYJIEH HA3HAYEHHA U MHOTOAreHT-
HOT'O NJIaHHPOBAHUA OKA3aHHsA YCIIYT.

Hccaenoanue 3pdeKkTHBHOCTH
pa3padoTraHHbLIX MojJe/elH H MeTO10B

[Ipumenenue pa3paboTaHHOrO METOAA MHOTO-
AreHTHOro MJIAHHUPOBAHUS MEPEHOCHT OCHOBHYHO
CIIOAHOCTh PELUEHHA 3a7a4d ONepaTHBHOrO Iuia-
HHPOBAHHA HA BOMPOCHI, CBA3AHHBIE C MOIAEPKKOH
KOMMYHHKaIHH MeKay 00beKTaMH MHOTOareHTHOM
CHCTEMBI M PALIMOHANIbHBIM paclipeie/IEHHEM areHTOB
10 MpoLeccopam y3/0B BhIYMCIHTENbHON CETH, YTO,
B CBOIO O4epe/ib, IBIAETCA HeTPUBHANILHOI 3aaueii,
Tpebytoiieii npoBeIeHHS BLIYUCIHTEIbHbIX IKCIEPH-
MEHTOB KaXK/1bli pa3 MpH H3MEHEHHH KOH(PHIYypaluu
BbIYHCINTEILHON CeTH W/HJIM MapaMeTpoB 3aja4yu
IJIJAHHPOBAHHA.,

[IpoeenéHHbIil aHANIN3 BbIYMCIHTENBHOH CIIOK-
HOCTH MMOKa3aJ1, 4TO areHTHbIH MOAXO0/ K pealn3aLuH
NO3BOJIAET ECTECTBEHHOE pacnapajiie/IMBaHHe aro-
purma. [Ipu Gonpmol pasMepHOCTH 3aJa4d MHOTO-
MPOLIECCOPHBII cOCcO6 BhIMOJIHEHHS 3HAUNTENLHO CO-
Kpaluaet Bpems Bbruucienuii. [1pyu ysennueHnu yncia
MPOLIECCOPOB BpEMs pacyeTa CyIIeCTBEHHO YMEHbIIa-
ercs, IpH JTOM Bce OOMBIIYIO POJlb HIPAIOT 3aTPAThI
Ha KOMMYHHKALIMIO MEXIy areHtamu. Bnusnue tux
3atpar Hanboee BEITMKO NpH paboTe cHCTeMBI B Cpefie

HHTepHeT, HanpuMep, B Hadajle OHH Jake NPHBOAAT
K CHIDKEHHIO d(¢eKTHBHOCTH MapaienbHOro Bbi-
TIOJTHEHHA, KOTOpast pH paboTe B BbICOKOCKOPOCTHBIX
ceTsx Ha nopsnok Gonbiue (puc.56). AHaNU3 nokasan,
YTO MPH ONEPaTHBHOM COCTaBJIEHHH Il/1aHa OKa3aHusl
YCIYT JKOHOMHYECKH 000CHOBAHHAA IUIOTHOCTh areH-
TOB BapBHPYETCS OT JIBYX JIO TPEX Ha OIMH NPOLIECCOP,
4TO MOXKET CIIY/KMTh /U1 PYKOBOIMTEA OCHOBAHHEM
JUIs TIPHHATHA PelleHHi O NepeKoH(UrypHpOBaHHH
BBIYHCIIMTENILHOM CETH MPEANPUATHS, B 3aBHCHMOCTH
OT U3MEHEHH YHclia 00CITY/KHBAEMbIX KJIHEHTOB.

Crneayer 3aMeTHTh, 9TO B pa3paboTaHHOH MeTo-
IOUKE MCIOJb3YIOTCS JOMYILEHHUS O TOMOT€HHOCTH
BBIYHC/IMTEbHON CeTH, B KOTOPOH MPOH3BOAATCH
pac4eThl (QH,HHEKOBI:]E XapakTEpPHCTHKH NMPOH3BO-
JUTEILHOCTH KOMITBIOTEPOB, OJWHAKOBas CKOPOCTh
nepeaayn cooOlIeHuil B CETH, BHE 3aBUCHMOCTH
OT MeCTa pacloJIOKEHHs Y3JIOB CETH M pa3Mepa
nepenaBpacMaix CDOG].I.[EHHE. OTCYTCTBHE 3aJ€PKEK
HA CHHXPOHH3ALHIO H Jp.), 4TO MOXKET NPHBECTH K
HEKOTOPOMY PACXOKIEHHIO MONYy4aeMbIX OLEHOK C
pe3ynbTaTaMi (yHKUHOHHMPOBAHHUS peajbHONH Bbl-
YHCJIHTETLHOM CETH.

Jaka0oueHHe

1. llpeanoxeHa KOHLENUHA ONEPATHBHOIO
yrpaB/ieHHs NPOLIECCOM OKa3aHHs YCIYI, OTIHYalo-
LIAsACA TeM, YTO OHA OCHOBAHA HAa CXEME alaTHBHOIO
OMEepaTHBHOTO YMPaBIEHUs ¢ KOMOMHHPOBAHHBIM
UCIIO/Ib30BAHHUEM TEXHOJOTHH pacnpeaenéHHoro
HCKYCCTBEHHOTO HMHTE/IJIEKTa, METONOB HCCIIEoBa-
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Puc. 5. Avanns 2pdeKTHBHOCTH MOJIeNIei H METO/I0B
a) 3aBMCHMOCTL BPEMEHH PacyeToB ()') OT KOJIH4ecTBa npoueccopos (x) s 50 kiaueHTos
6) DddexrusroCTh NapaIenbHOro BhinonHenus (v) 8 JIBC ot konmyectsa npoueccopos (x) ais 100 kineHTos
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NHpopmaTuka. TenekoMMmyHukaumu. Ynpaenexue

HHS OmnepalHii 1 MHOTOKPHTEPHAJIbLHOIO NMPHHATHA
PELLEHHI, YTO MO3BOJISET NOBLICHTH d(heKTUBHOCTD
OMEepaTHBHOIO yNpaB/eHHs 3a CueT yuera cneuuguxu
MPEeANPHATHI HHIAYCTPHH 3J0POBbA H KPAcOTHhI.

2. Pazpabotan MeTon MHTEJUIEKTYalLHOMH 1OI-
JEPKKH NMPHHATHA YNpaBIeHYECKHX pElleHHH, OT-
JIMYAKOIIMICA TEM, YTO OCHOBAH Ha: MPOBEAEHHOM
MapKeTHHIOBOM MCCJIEZIOBAHMM MpeAnoYTeHHUI
KJIHEHTOB, M103BOIMBLLIEM cOpMYTHPOBATH MpaBHIIa
BbIDAOOTKH YNPaB/IEHYECKUX PELUSHHUH, Ha aHalu3e
MpeLIOKEHHBIX 3KOHOMHYECKHX KPUTEPHEB KauecTBa
pa3pabOTaHHOTO [JIaHA, a TAKIKE HA METOIE MHOTO-
AreHTHOTO MJIAHUPOBAHMs, MO3BOMISAI0IEM Hanboee
MOJIHO YYHTBIBaTh OCOOEHHOCTH OKa3aHHs YCIIYT, IIPO-
ABJIAIOIUMECH B €ECTECTBEHHOM MapasuleNu3Me 1aros,
OTHOCAIIMXCSA K JCHCTBHAM OTAENbHBIX YYaCTHHKOB
rnpouecca.

3. Peanu3zoBano nporpaMmMHoe obecrneueHue —
MPOTOTHN pacnpeienéHHON MHTENNEKTyalbHO#I
CHCTEMbl MOAAEPIKKN TIPHHATHS PeLleHHil pH one-

PAaTHBHOM YIPAaBJACHHH OKa3aHHEM YCIIYI. OT1HYal0-
[eecs TeM, YTO B OCHOBE pa3paboTaHHbIX MOAYyJIEi
PErucTpaluH, y4eTa U Ha3HAYEHHS KOMIUIEKCHBIX
YCIYT KJIMEHTaM, peaIn30BaHHbLIX B BUIE KOH(Urypa-
uun 1C: Tlpeanpustue, HHTENNEKTYAIBHOTO MOIYIIS
OIEPAaTHBHOrO IJIAHHPOBAHHUA OKa3aHUA YCIOYI Ha
Oaze arenTHo# nathopmel JADE, a Takxke OHTONO-
ruyeckoii 6a3bl 3HaHUH Ha A3bike OWL DL, B KOTOpYIO
BbIHECEHA crieur(uKa paboThl NPEANPHUATHS, IEKHT
pa3paboTaHHbIH METO MHTEILUIEKTYaIbHO# MonaepXK-
KU IIPHHATHS PeLleHHi.

,H,H.HHOC HCCIIEJ0BAHHE OCYIUECTBIAECTCA MpPH
noanepxke rpantamu POOHU Ne 08-07-00495
“TexHOJIOTHH pacnpeaeNnéHHOr0 HCKYCCTBEHHOIO
MHTEJUIEKTA NPH MOMAEPHKKE MNPHHSATHA pelleHHH B
3a/ja4ax KajleHaapHoro ruianuposanus” u Ne 06-07-
89228 “CuctemMa noaaepKKu KOMMYHHKATHBHBIX
MPOLECCOB MPH BLITOJIHEHUH NPOEKTOB (hyHAaMeH-
TaJIbHBIX HCCJIETOBAHUH CJIOKHBIX CHCTEM Ha OCHOBE
MHTEJLIEKTYAIbHBIX MY/IETHATEHTOB .
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OLEHKA KAUECTBA BUJAEOW30BPAKEHUSA NMPU MEPEJAYE B CETH GSM

PbiHOK MOOMIBHOM CBA3M CErOAHA JOCTHUraeT
HACBILIEHHS: 110 JaHHBIM aHATHTHYECKHX KOMIIAHHUI
NPOHUKHOBEHHE MOOMIIBHOI cBA3M B Poccuu npesbl-
waet 100 % [1]. Ha aTom poHe paciumupenue crniekrpa
NpENOCTaB/IAEMbIX ONEPATOPOM CBA3M YCIYT M MO-
BBILIIEHHE WX KAYeCTBA CTAHOBATCA HEOOXOTMMBIMU
(akTopaMu B KOHKYpeHTHO# Gopse.

IToMHMO TaKHX PacrpOCTPaHEHHBIX MPUIIOKEHHIA,
KaK BUJIEOTEIE(DOHHS H IPOCMOTP BHICOKIIHIIOB, yCITy-
I'M Ha OCHOBE NEpeaadn BHACOH300paXkeHHs MOTyT
HaWTH NpHMEHEHHE B [PYrux cepax aesTeNbHOCTH
4e0BeKa, HAMpUMep B MPOMBILIIEHHOCTH (MOHHTO-
PHHT TEPPUTOpPHii NOBBIIIEHHOI ONACHOCTH, YIalleH-
HbIH KOHTPOJIb ra30BbIX H He()TeA0OBIBAIOILNX BhILIEK,
Tpy6OnNpoBO0B) M BHUE€OHAONIOAEHHH (KOHTPOIb
OMacHbIX YYaCTKOB aBTOAOPOI, OXPaHHbIE CHCTEMbI
U T. 1.). Pa3BuTHe cucteM MOOUILHOM CBA3M Hampas-
JIEHO HA CO3/IaHHE MEPEIOBLIX TEXHOOIHIl, KOTOpHhIE
MO3BONIAIOT MOATOTOBHTH 0a3y /1A peali3aliy TaKHX
YCIIYT, KaK nepezada BUAEOAaHHbIX. BaxHbIM dTanom
pa3BUTHA MOOHITLHOM CBA3M NPECTABIAETCA MePexo
K cuctemaM Tpetbero nokonenns 3G (3-d Generation).
Texnonoruu 3G npeaycMaTpHBaOT BHEAPEHHUE YCIIYT,
CBA3QHHBIX C Mepeauel BHACONAHHBIX, HO TPeOyIOT
pa3BepThIBAHUA HOBOH CETH CBA3M. B TO 5ke Bpems Hau-
Gonee pacrnpocTpaHeHHbIH CTaHapT COTOBOI CBA3H B
mupe — GSM. Yuncno abonentos ceteit GSM B mipe
npeesbiaer 80 % oT 00Iuero KoJau4ecTBa MoJb30Ba-
Tenel mobunsHOM cBa3K. Passutnem cucremel GSM
cTaza TeXHONIOIHs BbICOKOCKOPOCTHOTO PaJHOAOCTY-
na EDGE. [Ina suenpenns EDGE B cucreme GSM
TpeOyloTCs HE3HAYHTEbHbIE HIMEHEHHs KOH(Ury-
paumu cetu no cpasHenuro ¢ 3G. Texnonorus EDGE
NMPeOCTABIAET BO3MOKHOCTH 110 CKOPOCTH Nepe1adH,
conocTaBuMbie ¢ 3G, OIXOAAIHE /I OPraHH3aLHH
YCIIyT Ha OCHOBE MepeaadH BUACONaHHBIX.

IMokazarenu KayecTBa BHOEOYCIOYI

BaskHbIM YCIIOBHEM KOHKYPEHTOCHOCOGHOCTH
BHICOYCIYT ABJIACTCA Ka4yeCTBO CEpBHCA. KauectBo
npuema BHHGOIlfjoﬁpa}KeHHH 3aBHCHT OT MHOTHX

(hakTOpOB, B TOM YHCJIE OT THIA Mepe1aBaeMoii BUaeo-
HH(bOpMALIMH, HCTIONB3YEMOr0 BHICOKOAEKA, a TAKIKeE
OT XapaKTepUCTHK KaHana nepegadn. J{ns oueHkn
BIHAHUA TUX (AKTOPOB UCTIONB3YIOTCA YHCICHHBIE
OLUEHKH Ka4eCTBa BHOEOCHIHAIIOB.

OrpaHH4€eHHbIH 4YaCTOTHBIH pecypc, HEBBICOKHE
CKOPOCTH Iepeiaud B MOOMIBHOH CBSI3H BbI3BIBAIOT
HEeOoOXOIHMOCTh OnpeaeIeH s rPaHHYHbIX 3HAUYEHHi
Tpebyemoii mpomyckHOH cnocobHOCTH KaHana As
nepeaavu BHHCDHBDﬁpa}KCHHﬁ HYXHOI0 Ka4yecTea.
Eme onHuM BaxHbIM (DakTOpoM, BIMAIOIIMM Ha
KadecTBO BHAeou3oOpaxeHHs, cTajia MoMexosas
0o0cTaHOBKA B KaHaje MOOHMIIBHOH CBA3M, IOITOMY
HeoOXoMMa OlieHKa ee BIMSIHMS Ha repeiaBaeMbilii
BHIOEOCHIHa.

K ocHOBHBEIM mokazarensaM KadecTBa BHIOCOH30-
Opa’keHHsl OTHOCATCS YacTOTa KaapoB M MPOCTPaH-
CTBEHHOE paspelueHne. YacTora BOCIPOU3BOAMMBIX
KaJIpoB ONpeeNseT IIIaBHOCTh OTOOpakeHHs ABHMKE-
Hu#. OOBIMHO NPeanoaraoT, 4To B BuaeoTeaeGoHun
WJIH BHIEOKOH(EpEHLIHH TOIBKO YACTh W300pamkeHus
Oyner nBurarsca, U ObicTpoe aABHKeHHE OyaeT orpa-
HHYEHO OYEHBb Mallol yacThio H3oOpakeHus. [ns
TaKUX YCIYT, rie BHAeoH3o0paskeHHe OKa3bIBaeTcs
MaJIONOABHKHBIM, YCTAHOBIEHO: 4TOObI NpPaBHIib-
HO 0T06pa3HTb MNIaBHOCTb )IBH)KEHHFL JAOCTATOYHO
4acToThl Kaapos 10 15 kagpos/c. Tpebyemoe paspe-
HI€HHE B OCHOBHOM 3aBHCHT OT THIa suneomoﬁpa-
JKeHHUs, OOBIYHO NEepelaBaeMOro B paMKax AaHHOTO
cepsuca. Hanpumep, B ycnyre BuaeorenedoHHun
yaile BCEro nepegaercs n3oOpakeHHe rojaoBbl U
IJie4 4yejJ0BeKa. ,U,Ilﬂ 4J€KBATHOIO BOCNPHATHA TAKOI0
H306pa}KCHHH NPHHATO OJOCTATOYHBIM pa.:cpemeHHe
dopmata CIF (Common Intermediate Format — 06-
it npomesxkytounstit Gopmar) uan QCIF (Quarter
CIF). Bupeocurunan ¢opmara CIF obecneunBaer
NpOCTpPaHCTBEHHOE paspelueHue 352%288 nukcenos,
QCIF — 176%144 nukcenos.

C nenbio cHuKEeHHA TpeOOBaHHI K CKOPOCTH
fepeadu no KaHajly BHJIEOJdHHBIE KOMIPECCHPY-
10T. Onepanus BefeTcs ¢ NOMOLILIO CHELHATBHO
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paspadoTaHHBIX BHAEOKoAeKkoB. Ha ceroansiunuii
JIeHb co3/1aHo OosblIoe pazHooOpasHe cTaHJapTH-
3WPOBAHHBIX METOJOB KOJMPOBAHHA BHJIEOJAHHBIX,
B MOOMIBHOI cBsizu npuMenstoTcs MPEG-4 u H.263
[2]. DTH cTanaapThl AIANTHPORAHBI K CIeLIH(UYHBIM
0Cc0OEHHOCTAM CHCTEM IMTOIBH/KHOMH CBA3H — OHM 00e-
CIIEYHBAIOT O4E€Hb BBLICOKHE CTENEHH KOMIIPECCHH,
MPH KOTOPBIX JOCTUTAIOTCA CKOPOCTH Nepeiauy Bhjie-
oundopmaium 64 k6ut/c u MeHee. Buneokomnpeccus
BHOCHT ClelH(PMUECKHE HCKKEHUA B NIepelaBaeMoe
BHAcoH300pakeHne. Pe3ynbTaTel NpoBedEHHBIX
HCC/IEIOBAHHI NOKa3bIBAIOT, YTO XapaKTEPHCTHKH
CHCTEMbI BHEOKOMIIPECCHH CYILECTBEHHO 3ABHCAT
OT CO/IEP/KaHHs BHEOMAaTepHana, MoABEPrHyTOro
00paboTke. a TakuKe OT YPOBH: KaueCTBa KOAHPYEMOro
Buaeocuryana. OnpeneneHo, YTO CTENEHb CXKATH
MOXKET JocTHrarh 65 pas npu ypoBHe kauectBa V0
(ManonoaBHKHas BHaeoTene(OHUA, paspelieHHe
176%144), 36 pa3 npu yposHe kauectBa V1 (0ObruHas
Buaeotenedonusn, paspemenue 176x144) u 30 pa3s
npu yposHe kauecrBa V2 (BuaeokoH(pepeHuCBA3b,
paspeluenune 352x288).

Jns olieHKH KayecTBa BHMAEOM300paKeHUH MpH-
MEHSAIT CYOBEKTHBHBIH M OOBEKTHBHBII METOMbI.
CyObexkTHBHAs OLleHKa (POPMHUpYETCA IPyNnoH JKc-
MEpTOB, KOTOPbIE AAIOT COOCTBEHHBIE 3aKIFOYEHHA O
XapakTepHCTHKAX M300paKeHHsA Ha BBIXOIE TECTH-
PYEMOii CHCTEMbI MMYTEM CPaBHEHHA C HCXOIHBIM.
HcnbiTanus no3BOAsSIOT NOMYYHTh 3HAYEHHE CpeiHei
cyObexTnBHO# oueHkH — MOS (Mean Opinion Score)
[3]. CyObekTHBHBEIE OLEHKH paclpeiensorcsa mo
nsTHOANILHOI IKase.

OObeKTHBHAA OLEHKA TOTY4aeTCs MMyTeM CpaBHe-
HHS HCXOJHOTO BHAEOH300pakKeHHs U H300pakeHHA
Ha BbIXOjle TecTupyeMoii cuctemsl. [lna n3mepenns
UCMOJIB3YETCH MHKOBOE OTHOIUEHHE CHIHAJ/LIyM
PSNR (Peak Signal to Noise Ratio) [4]. OnenuBaetcs
PSNR mexay kaapaMu MCXOZHOH BHAEONOCIENO-
BAaTEJIbHOCTH M COOTBETCTBYIOIIMMH KaJpaMH Ha
BBIXOJIE CHCTEMBI.

C uenbio onpeje/ieHHs rpaHUYHBIX 3HAYEHHH
TpedyeMoil nponyckHO# crnocoOHOCTH KaHala,
HeoOXOAMMOH AN nepenavy BHAEOH300pakeHUs
HYKHOT'0 Ka4€CTBa, BbIMOIHEHO HCCIEI0BAHHUE 3aBU-
CHMOCTH Ka4ecTBa BHAEOH300pakeHNs OT CKOPOCTH
repeiayy BH/ICOJAaHHbIX [ Pa3HbIX yPOBHEH Kade-
cTBa. [Ipx 3TOM HCNONB30BAIOCH BOCEMb TECTOBBIX
BHEOMNOCIE0BATEbHOCTEH, HMEIOUIMX pasHble
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CIOXEThI ChEMKH, MPOCTPAHCTBEHHOE pa3pelleHue
M KONMYECTBO JIBMKEHMH M aeTalel B cueHax. Ha
pHC. | npeacTaB/IeHbl XapakTePUCTHKH 3aBUCHMOCTH
KauecTsa Buaeon300paxeHHii OT CKOpOCTH nepeaa-
4YH BHEOCHIHama npH yposBHax kauectsa VO u V2,
I'padukn oTpaxkarOT M3MEHEHHE KAYeCTBA BHCON30-
OpakeHHs /1 KaXKI0i TeCTOBOIf BHAEONOCIE10Ba-
TenbHOCTH (“AKkuiio”, * Buneonabmonenne
30aHUS” U T 4.).

[TosyueHHbie pe3y/nbTaThl MO3BONAIOT Onpese-

LLrTS

Kioap™,

JIUTh TPaHUYHbIE 3HAYEHUA CKOPOCTH Mepeaauu, pH
KOTOPBIX YXyALIEHHE KauecTBa BUAEOH300paKeHH,
BhI3BAHHOE KOMIIpeCcCHeil, 3aMeTHO He3HAUUTENNbHO!
juiA ypoBHs kadectsa VO — 32 kGut/c, 1 ypoBHs
kagectea V1 — 128 xbut/c, ans ypoBHs KayecTBa
V2 — Gonee 256 kbut/c.

BuusiHHe XapaKTepHETHK KAaHAJIA Nepeiavu
HA Ka4ecTBO BHACOH300pakeHUA

OcHOBHOE OrpaHM4eHHe I YPOBHA KauecTBa
nepeaaBaeMoro BuaeonzoOpaxkeHus — CKOPOCTb
nepefaun. BaxHyro ponb npH nepeiaye BH1eodaH-
HBIX HIPalOT U TAaKWe XapaKTePHCTHKH KaHana, Kak
OMIMOKH Mepeaaut H 3a1ep:KKH, BHOCHMBIE TPAKTOM.
OaHUM M3 OCHOBHBIX (PAKTOPOB, BbI3bIBAIOLIMX MO-
ABJIEHHE OLIMOOK nepenaqyu, ABJIAETCA MOMEXOBas
oOctanoBka B paauokanane. Owubku nepegauu
TIPHBOAAT K MCKaKEHHIO N300pakeHUs, NOABICHHIO
OLINOOYHBIX 6J10KOB, YMEHBILEHHI) YETKOCTH IPAaHHII
00beKTOB. 3a/1ep/KKN NPUBOAAT K CHHIKEHHIO IJ1aB-
HOCTH [IBHKEHHI BHACOCIOKETA, MOABIEHHIO CEPUH
OTJENBHBIX CHUMKOB, CJIai/10B.

PaccMOTpHM BJIMSIHHE OCHOBHbIX XapaKTepH-
CTHK KaHaja Tepejadd Ha MoKa3aTeNnd KadyecTBa
nepejaBaeMoro BHaeonsobpaxenus B cetn GSM
¢ rexnonorueii EDGE. Teopernueckue uccneno-
BAHHA NPOBOJHIIHCE C NMOMOLBI MMHTALHOHHOIO
MojeNHpoBaHKUA Ha 0a3e MpPOrpaMMHOIO MakeTa
Matlab®7.0. C nomowiplo JaHHOTO NMakeTa Oblna
co3/aHa UMHUTAaLMOHHAA MOAENE NNepefadn JaHHBIX,
B KOTOPO HCNOJIb30BaHbl METObl KOJHPOBAHUS H
npeobpaszoBarns HHGOPMALMOHHOIO CHIHana, CO-
otBercTBytomue cneunpuxauusm GSM/EDGE [8,
9]. Ana uccnenopanusg ObUTH BLIOPAaHBI HECKOILKO
Pa3/HYHBIX TUMOB KAaHAJIOB MepeaayH JaHHBIX
crangapra GSM/EDGE - E-TCH/F29, E-TCH/F32,
MCSS5 (EGPRS Packet data block type 9) ¢ Bbicokoii
MOMEXOYCTOHYHBOCTBIO.
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3asucumocTe PSNR oT ckopocTy nepenaun npn rpynune kaxpos IPPP...
Yposens ka4ecrsa VO (paspemenne QCIF, 5 kaapos/c)
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Puc. 1. 3aBHCHMOCTB KayecTBa BHACOH300PAKEHHS OT CKOPOCTH MEPEJAYH: a — YPOBEHb KauecTBa MaJIONOABHKHOM
suacorenedonnn V0, b — yposeHs KayecTsa BuieoKoH(pepeHLCBsizn V2

[To pesynbratam MccaeqOBaHUA MOIy4HEHA 3a-
BHCHMOCTb Ka4eCTBa BH1EOM300pakeHUs OT BEpOAT-
HocTh otnbok Ha 6ut (BER) B kanane nepenaun ans
Pa3HBIX YPOBHE Ka4ecTBa H Onpe/ie/ieHbl IOPOroBhie
3HayeHus BER B kaHane nepenauu, a TakKe YUCIeH-
Hble [10Ka3aTe/ 1 yXy/ILIEeHUs KauecTRa Buaeon3o0pa-
JKeHus (puc. 2).

ITokazano, uto npu ypoBHe omndok BER B
kanane 6onee 10~ 3HaueHNe OLEHKH Ka4ecTsa BUe-
onsobpaxkenus PSNR nanaet Bnnote 1o Hyns. Ipu
yposHe BER B kanane 10~ nusinne ommnbok nepe-
a4 MPHUBOIMT K 3aMETHBIM MCKLKEHHAM H300pa-
JKeHHs1, 3HadeHHe oueHkn PSNR (B 3aBHCcHMOCTH OT
ypoBH# KadecTBa) najaer Ha 3—12 nb no cpaBHeHH10

¢ ucxogusim. [Ipn yposue BER B kanane 10-° u me-
Hee BIHAHME OHOOK KaHala Ha BUAeoH3o0paxeHHe
CTAHOBMTCA NPAKTHYECKH HE3aMETHbLIM, 3HAUYeHHe
ouenku PSNR napnaer na 1-2 ab.

HccnenoBanus mokasajid, YTO CTENEHb BO3ICH-
CTBHA OIIMOOK HA YXyALIEHHE KauecTBa NMepenaBae-
MOTO BHIEOH300pakeHMs 3aBUCHT OT YPOBHS Kaye-
crBa Bujaeon3oOpaxkenus. C yBelHYeHHEM YpPOBHA
Ka4yecTBa BAMAHHME OLIMOOK Mepenady Ha KAa4ecTBO
CTAHOBHTCS DOJIEE 3aMETHbBIM.

Hanpumep, npu yposHe BER B kanane, paBHom
10—4, yxyamenue ouenkH kadecrsa PSNR npu
ypoBHe kauectBa V0 cocraBnsiet 3 nb, a npu ypoBHe
kauectBa V2-12 ab.
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Puc. 3. 3aBHCMMOCTD KauecTBa BUICOH300PaXKEHHS OT OTHOLICHHS CHIHAII/LIYM B KaHAJIC [epeiadn
Brmmonxeno uccnenoBaHue BIHAHUS IOMEXOBOH Taxum 06pa3zom, COrIACHO BbINOIHEHHBIM HC-

06CTaHOBKH B KaHA/Ie HA KAYECTBO BHAEOH300paxKe-  CIENIOBAHMAM U1l NPEIOCTABICHHsA Ka4eCTBEHHOIO
Hud (puc. 3). TlokasaHo, 4TO /Ui ManONOABIKHBIX  BUIEOCEPBHCA HEOOXOMMMO MPABHIBHO MOAOHPATH

BHAEOCHTHAIIOB 101y CTHMO HCTIONB30BAHNE KAHAOB  papaveTphl KAK CHCTEMbl BHAEOKOMIIPECCHH, TaK
¢ 601BLINM YPOBHEM NTOMEX, YEM JUISl BUACOCHTHAIIOB

¢ Dosee BHICOKHM YPOBHEM KaueCTBa.
Onpenenedsl 100yCTHMbIE BEIHYHHBI OTHO-
umeHna curian/mym B kaHane GSM, npu koTopeIx

M KaHana nepenaud. [Ipumep BIMAHUS MCKaKEHUI,
BHOCHMBIX BHIEOKOAEKOM H CHJIbHO 3aIUyMJIEHHBIM
KaHaJIO0M, Ha Ka4eCTBO BHAEOCHIHAIA MpeaCTaBlIeH

Ha puc. 4.
BO3MOJKHA OPraHH3alMA BHAECOCEPBHCA: MPH nepe-

Jaue BHIEOM300pakeHMii Ha ypoBHe kasecta V0
(ManonoaBukHasA BHaeoTeneOHUA) JOMYCTUMOE HuTtepec k BHespeHHIO yeiyr Ha Oase nepeaayu
OTHOILLIEHHE CHIHAJ/IIYM B KaHajle — He MeHee 15 BHIEOM300paskeHNit TOCTOSHHO BospacTaeT. Ha ocHo-
ab, mpu nepenaie BHACON300paKEHHii HA yPOBHE  pe MOJIy4EHHBIX PE3YJLTAaTOB HCCIEN0BAHUA MOKHO
KauecTBa V2 (BHAEOKOH(EPEHLICBA3L) OTHOLUEHHE yTBep/1ath, uTo B cetsix GSM/EDGE Bo3MOXkHa pea-
curHan/urym — Gonee 16 ab. JIM3alMs BUAEOYCTYT, He TpeOyIoLMX BbICOKOIO KaJe-

BbiBOabI
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crea n3oopaxenus. Kananel cetn GSM/EDGE moxkHo
HCIONB30BATh /15 NlepejauH BUaeon300paskeHui npu
MOHHTOPHHIE TEPPUTOPHIi MOBBILLIEHHOH ONACHOCTH,
yAajileHHOM KDHTpOIlE rasoBbiX H He(bTC,‘lOﬁb[BﬂlO-
IMHUX BBILICK, prﬁOﬂpOBOﬂ,OB, BH,E[EOHE!GJ'I}OILEHHH,
KOHTPOJIE ONacHbIX YYacTKOB aBTOILOPOI, B OXpaH-
HbIX cucTemax. [Toka3aHo, 4TO MPH OPraHH3aLHN

B
Puc. 4. Mckaxenus BHACOH300paXeHHs NPH nepeaaye HCXOAHOro BUACOCHTHANA (a); Ha BrIXoJe BHAeoKoaeKa (0);
[IpH 1epefaye no CHILHO 3allyMIIEHHOMY KaHally (B)

BH/IEOCEPBHCA HEOOX0aUMO MoaAGHpaTh napameTpbl
CHCTEMBI BHICOKOMIPECCHH C ydeToM TpebGyeMoro
YPOBHs KauecTBa Bueon300paxerus. 1 cHuKeHUs
HCKKEHMI BH1€OH300pakeHHs, BHOCHMBIX KaHAJIOM
nepeaayH, Hy;KHO obecredHBaTh YPOBEHb TOMEX He
HHKE JOMYCTHMOTO, YTO JOCTHTAeTCA IPH YaCTOTHO-
TEPPUTOPHAIILHOM ILUIAHHPOBAHHH.
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IIPUMEHEHUE METOJIA PAJIAPHON UHTEP®EPOMETPUM
JIJIA MOCTPOEHUS LIAU®POBBIX MOJEJIENA PEJIBEDA
A OLIEHKM CMEUWEHUH 3EMHOM MOBEPXHOCTH

C uensio npefynpexaeHua U CHUXKeHuUs yuepba
OT BIIMSIHUS PA3IOMHBIX CTPYKTYp Ha 00beKThl HedTe-
100b14M (TPYOOMPOBOBI, CKBAKHHBI, CTPOEHHS) 1PO-
BOHTCA MOHHTOPHHT Ha dTanax pa3pabOTKH H DKCIUTY-
atauuu MectopoxkaeHui. Komniexc uccnenopanuii,
MPOBOAMMBIX MPH MOMOLLH JaHHBIX JHCTAHIIMOHHOTO
30HMPOBAHHA 3EMJIH, ABIAETCA JONOJHEHHEM K Ha-
3eMHBIM I€0JIOrHYECKHM H Te0(H3H4YeCKHM paboTam,
BLITIONTHSIEMBIM He(hTe 10OBIBaIOIHMH KOMITAHUSIMH B
COOTBETCTBHH C TPEOOBAHHAMH YNPABJICHHS MO TeX-
HOJIOrHYECKOMY H JKOJIOrHYeckoMy Haasopy Pocrex-
Haj3opa. B HacTosllee BpeMsi Hapsly C KOMILJIEKCOM
reofe3nueckux paboT: Mo HHBENTHPOBKE, rpaBUMe-
TpuH, GPS-u3MepeHusaM, H3IMEPEHHAM JIOKaJIbLHOIO
MAarHHTHOTO 1oJs 3eMJIM NPHMEHAETCS BU3YalbHblii
aHaIK3 a’po- H KOCMOCHMMKOB ONTHYECKOro jaua-
nasona. Juddepenunanpuas HuteppepomeTpus Ha
OCHOBE PalapHOH CHEMKH C MOBTOPAIOIIUXCS OPOHT
KOCMHYECKOTO annapara — 3T0 COBpeMEeHHbIH crocod
JMCTAHLUMOHHOTO 30HAHPOBAHUS, MO3BOJIAHOUIHI
noay4ars ungpoBbie Moaenu penbeda n HabmoaaTh
AMHAMHKY MOJCTHUIAIOIIHX MOKPOBOB 3a BpeMA
MKy ChbeMKaMH. MI3BeCTHO ycneuHoe npuMeHeHHe
TEXHHKH /U1A 0OHapY/KeHHs NPOCAIOK IPYHTOB B paid-
OHAX YTONTbHBIX MAXT B AHIINH, HEDTAHBIX MOJEH B
Kanudopuun, kpynueix meranonucax EBpomnsl, 30H
3eMIeTpsceHHi H 1eHCTBYIOILMX BYJIKAHOB. DTO JaeT
OCHOBAHHE MCIO/Ib30BaTh JAAHHbII METO/ 1S OLIEHKH
JedopMarnii 3eMHOMH MOBEPXHOCTH B pailOHAX HHTEH-
cuBHOM HedTenoObun 3anagnoil Cubupwn.

B cooTseTcTBHM ¢ nporpammoil «KoMmnnekcHas
CHCTEMA reoIMHaMHYeCKOH 6e30MacHOCTH B 30HE Je-
srensHocTH OAO «Camomiopredreras» 3A0 HIITI
«llenTpom npuknaaHo# reoguHamukuny B 2001-2002
rojlax BbIMOJHEHbI padOThI O co3aanuio CaMoTaop-
cKoro reoguHamuueckoro momurona (CIIIT) [1].
3anagHo-Cubupckum punmanoMm HHCTHTYTa Hedre-
razoBoii reonorun U reodusuku (3CH UHIT CO
PAH) Ha ocHoBe reogesudeckux uamepenuit na CI /111
MOCTPOEHA MYJIb/IA OCEJAHNA 3a IEPUOA HaOMOAEHHH
¢ 2002 no 2007 roasl.

OcHOBHas Ue/lb HCCIEQ0BATENbCKOH paboThl
3aKI04aeTcs B OOHAPYKEHHH MOABHIKEK 3€MHOI
NOBEPXHOCTH, BHIYHCIEHHH HX a0COIOTHBIX 3HaYe-
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HHI ¢ ydeToM BesmuuH cMetuennit nynxros CI/II,
MOJIyYEHHBIX B pe3ynbTate HuBenupoBkH Il xnacca
TOYHOCTH. Takike IUIAHMPYETCS COMOCTABHTH I10-
CTPOEHHYIO KapTy CMELIEHHH ¢ MYJIBJION OCeaaHus
M TEM CaMbIM CENaTh BbIBOAbI O NMPHMEHHMOCTH
MHTEP(EPOMETPHYECKOrO METOAA LI OLIEHKH CMe-
LIeHHH 3eMHOH MOBEpPXHOCTH B palioHaX NHTEHCHB-
HOH HedTenoObI4YH, OAHMUM H3 KOTOPBIX ABJIAETCH
Camotiopckoe HepTAHOE MeCTOPOKAEHHE.

B kauecTBe MCXOHBIX JaHHBIX HCMOMbL30BaHbI 18
paaapusix kagpoB ALOS/PALSAR, nmonyueHHsle B
paMKax rpaHTa SInoHCKOro a3poKOCMHUYECKOrO areHT-
ctBa (JAXA). Kputepun Bpib0opa CLieH OCHOBaHbI Ha
OMNbITE, HAKOMJIEHHOM NPH MHTEPEpPOMETPHYECKOI
obpaborke nauubix ERS-2 u ENVISAT [2-5]. das
HCKJIIOUEHHA MACKHPYIOLIEro BJMAHHA CHEKHOIO
MOKPOBA HCIOJIL30BAMCH pe3yabTaThl cheMKH ALOS)
PALSAR npoBejieHHOH B IETHHIT U OCEHHHI N1EPHO-
ab1 2007-08 rr. [lapaMeTpbl 30HAMPYIOLIETO CHrHaa:
InuHA BONHEI 23 cM (L-anana3on), pexuM nBoiHOI
nonspusauuu (HH, HV), yron o63opa nosepxnoctu
38°, npocrpancTBennoe paspewerue 10 m. Iepuon
MOBTOPHOTO mpoieta coctasiser 46 cytok. Bribop
CIIEH MPOH3BEZIEH B COOTBETCTBHE C IIAHOM pabOThI
CIIyTHHKA, ycTaHOBIeHHBIM JAXA [6].

B pabore ncnonb3oBano nporpaMmHoe obecne-
uenne ENVI\SARScape, nossonstoliee nposoauTsb
nonHeiil UUKN auddepennnansHoil HHTEpdepome-
TpH4YeCcKoH 00paboTKH ¢ BOZMOKHOCTLIO HACTPOHKH
NapamMeTpoB pacyeTa OT/Ae/NbHbIX ITaros.

da3za uHTEpdeporpaMMbl, pacCYHTAHHAA NpH
HCMO/Ib30BAHHH Mapbl Pa3HOBPEMEHHBIX CHHMKOB,
CKJIAZbIBAETCA H3 HECKOJIBKHX COCTABJIAIOLHX:

Db =0 + @ + @ + &

topo def arm n-t ( I )

rae <Dmm — (hazossiit Haber 3a cuet 0630pa Tonorpa-
(pum oz Bymst pasHbiMu yraamu; O, — (pa3oBbiil Ha-
Oer 3a cueT CMeLeHHs TOBEPXHOCTH B EPUO MEKTY
ceemkamu; @ — (hasosblii Haber 3a cueT pasiuyus
JJTHH ONTHYECKHX MMYTEH U3-3a IIPETOMJIEHHA B cpene
pacnpocTpaHenus curiana; @ — Bapuauuu (assl
B pesyiabTaTe d1eKTpomarHuTHoro myma [4]. TTo-

CJHCHHE JBC COCTABJIAHOIIHE HE HECYT anJopmamm
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0 Tonorpaun MNOBEPXHOCTH, NOITOMY C MOMOLULIO
KOPPEKLHMH 1 QUIBTPALIMH HCKIIHOYAIOTCA.

4nB,
=—— 4+ O]

- z 2
Ar sin ©@ 2)

topo flat®earth *

rae B —nepneHauKyaspHas cocTasisiomas 6a3osoii
JIMHHH, COEMHAIOILEH NOIOKEHHs AHTEHHbI paaapa
TIPH MOBTOPHOH ChEMKE, KOHKPETHOH TOYKH 3€MHOI1
MOBEPXHOCTH; @ — yroa 0030pa MOBEPXHOCTH NpH
MepBOM MpoJieTe; A — JJIHHA BOJHBI CKAHUPYHOLLE-
ro U3JY4YEHHUsA; I — PACCTOAHHE MEHKIY AHTEHHOH M
TOYKOH HA NMOBEPXHOCTH; Z — BHICOTA MOBEPXHOCTH
Ha/1 ONOPHBIM danconaom; @, —npeonpese-
neHHas (asa, pacCUMTAHHAA M3 MOZENH OMNOPHOIO
AIHIICOoMnaa.

Yerpanenue Mewatoweit coctansomei @,
HEOOXOAMMO /U1 YMEHbIIEHHS BbICOKOYACTOTHBIX
nepexo/10B (ha3bl, BOZHUKAIONIHX Ha HHTEp(eporpam-
ME BCIEACTBHE PA3HHLILI PACCTOAHHA NPOXOAHMOIo
CHIHAJIOM NPH ChEMKE C PAa3HBIX NOMTOXKEHHH, a TaK-
K€ NEPEX010B BHOCHMBIX pelbe()OM MOBEPXHOCTH.
HUudopmanneii ans pacuera d, . MOKET CITyKHTH
uupposas mozens penseda (IIMP) Huzkoro paspe-
IIEHHA, B Ka4ECTBE KOTOPOH MOXHO HCMONb30BATh
GlobalTopo30 uin Bektopu3oBatHsie Tonorpagpuue-
cKue KapTel MaciuTados 1:100000, 1:200000. Pazmep
nukcena GlobalTopo30 coctasnser okosno 500 m s
CPE/IHUX IIHPOT, HETOYHOCTh MPHBA3KH M HCKAKEHHS
B MECTax CIUHBKH OTAEJIbHBIX HOMEHKIIATYPHBIX JIH-
CTOB KapT AENaloT dTOT penbed rpyObIM U MOTYT HC-
NopTuTh HHTephepoMeTprueckyto dasy. Oundposka
H30JIMHHH M OTMETOK BBICOT Ha TOnorpaguyeckux
Kaprax H JanbHeHas HHTEPNOJIALIHA C 1EJIBIO 0Ty~
4eHHS OIHOPOIHOI CETKH — J0CTAaTOYHO TPYAOEMKHI
MPOLECC, 4TO YBEIHYHBAET Bpems noctpoenus LIMP.
B xone untepdepomerprueckoii 06paboTku qaHHBIX
Pa3sHbIX COYTHHKOB YCTaHOBJIEHO, YTO HaAWJIY4LIHM
BApHAHTOM OMNOPHOro penbeda ABAAETCH MOBEPX-
HOCTb C TMOCTOSAHHOH BBICOTOH, 3HaYeHHE KOTOPOH
BhlYHCIseTcs Kak cpenHee u3 LIMP GlobalTopo30
Ha 00/1aCTh, MOKPHIBAEMYIO PaJapHBIM CHHMKOM. B
JTOM CITyHae HE BO3HHKAET HeoDOCHOBaHHBIX PE3KUX
BCILIECKOB d)a:]bl, a4 OCTATOYHbIC HEOMPEAECIIEHHOCTH,
BbI3BAHHBIE [IMANa30HOM perucTpauuu asel oTpa-
JKEHHOro curyasa pajgapom ot 0 10 27, yCTpaHsTCs
Ha JTane pa3BepTiH (assbl.

Benuunna cmelieHHs 3eMHOH MOBEPXHOCTH Ar
MPOM30IIE/IIEro 33 BpeMs ME 1y HOBTOPHBIMH CHEM-
Kamu oTpaxaercs B (ha3oBoi cocrasnstowmeii @, :

4
(Dﬁ‘e‘f = Tﬂ: Ar. (3)

N3 ypasnenuii 1-3 crnenyet, uro nHTepdepome-
Tpuyeckas (asza © copepkuT MHPOPMALIMIO KAK O
pensede, Tak u o cmewnenny. [Ipu 3rom CDW, MPOABIISA-
ercs TeMm Oosblue, yem Oonblie 3HayeHune B , .e. 4yeMm
Jianibllie HAXOANTCS CIYTHHK MPH CBOEM [MOBTOPHOM
MpoJIETE OT MEPBOIO MOJOKEHHS.

MakcuMaibHbLIM 3Ha4YeHHeM B , npH KOTOpom
BO3MOKEH pacuer MHTepdeporpaMmsl, SBISETCH
KpuTH4eckas 6aza B :

r

Artan ©
Bl ==5p

:
rae R — npocTpaHCTBEHHOE pa3pellieHHe B Halpas-
JICHHH HAKJIOHHOH AaNbHOCTH.

Jns ucnonsdyemoro pexkuma cbemkn FBD (Fine
Beam Dual) Benuunna kpurHueckoit 6a3bl cocTapisi-
et 6500 M. B ciyyae npeBbillieHHs 3TOTO 3HAYEHHS,
yto Habnoganocs was mapst cHUMKOB (19.06.2008 —
04.08.2008), Bo3HHKaeT HECOOTBETCTBHE Iepexoaa
thassl (0 — 27) nepenamy BbICOT Ha MeCTHOCTH. Pac-
yet LIMP Ha ocnose nanubix PALSAR nokasain, uro
YCIEIIHOe BOCCTAHOBIIEHHE pelibed)a BO3MOKHO [PH
JUIHHE NepneHAUKYIApHOIl cocTasnaioulei 6a3oBoit
nnuaun 6onee 3000 M, B NPOTUBHOM CITyHae BO3HHKA-
IOLIAs HEOIHO3HAYHOCTh OTPEAC/ICHHA OTHOCHTE/Ib-
HbIX BBICOT MPUBOIKT B 3HAYHTEJILHOH MOIPELIHOCTH
pesynbTara. Toraa Kak MOCTPOEHHE KapThl CMELIEHH
HEOOXOAMMO BBIMOJIHATEL TPH YCIOBHH, 4TO B He
npessiwaer 1000 M, B 9TOM cliyuae pa3HULA B yraax
0030pa MOBEPXHOCTH HE3HAYUTEIbHA, CHIHAI [PH
MEPBOM H IIOBTOPHOM IPOJIETE MPOXOANT MO GIH3KUM
MyTAM M 3a CHET DTOTO JOMOJHMTENLHO BO3PACTAET
NPOCTPAHCTBEHHAS KOPPEIALIUS CHIHAIOB.

KorepentHocts Coh aBNsS€TCA BEJIMYHHOW NpH-
MEHHMOCTH Mapbl PaAapHBIX CHUMKOB 15 HHTepde-
poMeTpHueckoii 00pabOTKH W YMEHBILAETCA B BHAY
MPOCTPAHCTBEHHOH W BPEMEHHOMN JEKOPpeNALHH H
LIIyMa BHOCHMOIO B CHI'HAJI [IPH PacrpoCTpPaHEHHH
1 OTPA/KEHHH OT NMOBEPXHOCTH:

$:55

Js.ST -85

rae S, M S, — KOMILIEKCHbIE 3HAYEHUS OTPaKEHHOro
CHrHalla jis nepsoro (master) u Broporo (slave)
CHUMKOB.

3HayeHHe KorepeHTHOCTH Onuskoe K | cBHae-
TENBLCTBYET O CTAOMABHOCTH HHTEP(EPOMETPHUYECKOH
(asbl, TOrAA KAk HU3Kas BENMYHHA O Pa3pylIeHHH
ta3bl perucTpupyemeix curdanos. Hecmorps Ha
3HAYMTENbHOE YBeIHUYEeHHEe BPEMEHHOI1 KOTepeHTHO-
CTH OTpaKeHHOro curHana L-auanazona (23 cM) nmo

Coh =
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cpaBHenHo ¢ C-auana3oHom (5.6 cM) COBMECTHBII
aHaIM3 PajJlapHbIX U ONTHYECKUX CHHMKOB MOKa3aj
Hu3koe 3HadeHue Coh (menee 0.25) ana obnacrei
3aHATBHIX T'YCTHIM XBOHHBIM JiecoM. [Ipu yBenuye-
HUH JUIHHEI 6a30B0i 1HHuM 10 3000 M HMeeT MecTo
H NPOCTPAaHCTBEHHAA AEKOPPENSLHH, MOITOMY He
Y/1aeTCH BOCCTAHOBUTE pelibed) H CMeLLeHHS 1A J1Iec-
HOH TEPPHTOPHH Y CEBEPHBIX M BOCTOYHBIX IPAHMLL
CamMOTJIOpCKOro TMLEH3HOHHOIO Yy4acTKa.

JUia ucKIoYeHHs BO3ACHCTBHA paspylUEHHOTO
niaM cnaboro curHana Ha pesynsrar o0paGorku Ma-
HUNYAUMK ¢ (hasoil npou3BOAATCS ¢ NPUMEHEHHEM
OTCEYEHHUA 3alUYMJIEHHBIX B BHIY AEKOppeNslHu
obnacteit uHTepdeporpaMMbl Ha OCHOBE BEIMYHUHBI
Coh. J1ns yeTpaHeHus cy4aiHbIX BbICOKHX 3HAYEHHUIT
Ha KapTe KOrepeHTHOCTH M OKOHTYPHBaHUs obnacreii
¢ paspymeHHoH ¢a3oil npUMeHAeTCA aJanTHBHbIH
¢uneTp. B xooe BeIUMCIEHHIT Mccen0BaHbI napa-
MeTphl (pUALTpaLMK M HaiiaeHsl Haubonee OMTH-
MajibHbIE 3HaueHHs (pasmep okHa 20x20 nukceneit,
noporosoe 3HadeHue (.20), n1pH KOTOPBIX 3HAYEHHUSA
pa3pyleHHoii (a3l He BIMAIOT Ha GopmHpoBaHME
OKOHYATENBHBIX PE3y/IbTaTOR.

Hnsa nocrpoenns [IMP u kapThl cMmeleHmii
Ha TeppuTopHio CaMOTIOPCKOro MECTOPOK/1eHH
HCIIONBL30BaHbl 16 ClEH, CHATBIX JIETOM H OCEHbK
2007-08 rr. Ha ocHoBe pagapHBIX KagpoB CHATBIX
ceHcopom PALSAR netom 2008 r cocraBnens 3
HHTep(epOMETPHYECKHE Naphl C TPOCTPAHCTBEHHOH
6a3oit 3500 M 1 nepuoaOM NOBTOPHOTO Mposnera 46
cyTok. Takue ycoBHSA CbeMKH ITO3BONAIOT Hanboiee
TOYHO BOCCTAHOBHUTL penbed) 3eMHOMH NMOBEPXHOCTH,
KOTOpBIH B JanbHei1lIeM MOXET ObITh MCIOL30BaH
JUIA pacueTa cMellleHHil. B KauecTBe Ha3eMHbIX KOH-
TPOJIbHBIX TOYEK MPH MepecueTe OTHOCHTENbHbIX
BbICOT B a0COMIOTHBIE YKA3aHbl OTMETKH BBICOTHI ¢
Tonorpauyeckux kapt macwraba 1:50000. [Ipu
CpPaBHEHHH C pesnbedloM, MOCTPOEHHBIM MO OLH(-
POBaHHLIM M30JMHHAM C TonorpaH4YeCcKUX KapTam
macmrada 1:200000, cpenHekBapariyeckas ommuoka
coctasnser 5.33Im.

HM3-3a 0TCYTCTBHA AaHHBIX 00 N3MEHEHHH BBICOT
nyukros CIZIIT 3a 2007-08 rr. H, OCHOBBIBasACh Ha
aHaJIu3e OTHETOB, CAEJAHO MPeINo0KEHHE, UTO
AHHaMHKa MyJababl ocenaHus 2007-08 rr. He3Hna-
4yuTenbHo oTnnyaerca ot 2006-07 rr. [Tostomy st
nocTpoeHus KapThl casukenuii 200708 rr. uernonnb-
30BaHbl HOPMaJlbHbIE BbICOTHI M BEPTHKAJIbHBIE CMe-
weHus, u3mMeperHsle Ha mynkrax CI/IIT B nepuoxn
¢ 2006 no 2007 rr. [1]. U3 obuero kosnuecrna 85
reoJMHaMH4eCKUX MyHKTOB BbiGpaHo 48 Ha ocHOBa-
HHU KPHTEPHA: KOrepeHTHOCThb, COOTBETCTBRYIOIIANA
ofnacTi B KOTOPO#H YCTAaHOBIEH pernep, J0JKHA
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npeBbilaTh noporopyw BenuuuHy (0.2), B 3TOM
ciayyae uHTepdepomeTpuieckas ¢aza yyacTByer
B pacueTe KapTel cmeuieHHH. [1o ganHbIM IeTHei
nosesoit ceeMkn 2008 ¢ ucronk3oBaHueM 3HAYEHUIA
HOPMaJIbHBIX BbICOT HUBEJIMPHbIX 3HAKOB 3a 2007 r/
noctpoena onopuasa LIMP Bricokoro paspeleHus,
KOTOpas B JajbHeillleM HCNOJAb30BaHA ANA yaa-
nenus (azoBoil cocTapistoLlei (D"W B Ipouecce
auddepenunansHoi HHTEphepoMeTpuuecKkoii 06-
pabotkn. [lepecuer pasosoii cocrasastomeii O,
NPOM3BEAEH C MCIOJb30BAHHEM BEPTHKAIbHBIX
CMelleHHil, u3MepernHblx Ha nynkrax CI/II. Ha
puc.l npuBeaeHbl KapTOCXeMa reoAHHAMHYECKHX
cMelleHnit no pesyiasTatam uHTepdepomeTpHue-
ckoii o6pabotkm nap cuumron (04.10.07 —06.07.08,
16.10.07 — 18.07.08) , a Tak:Ke NPOCTPAHCTBEHHBIE
npodunn yepes Mylably OCeJaHHA AN OLUEHKH
mMacmTaboB MOJBHKEK.

B xoame cTpykTypHO-reoMopd0i10ru4eckoro
obcnenoBanus GeperoBoil THHHH M 3epKaia 03ep
Camotnop ¥ KeIMBLI-DMTOp, IPOBOAMMOro COTPYI-
Hukamu 3CO HHTT CO PAH, BbisiBneHO cMelleHue
aKBaTOPHIi HA CEBEP B CTOPOHY MYJIb/bl OCEAaHUSA
[1]. B 10:kHOH 4acTH MPOHCXOAHUT OCYLIECHHE, a
B ceBepHOil o0BoaHeHHe NPUOPEKHOH MOJOCHI,
M3MEHAeTCH BMOBOI COCTAB PACTHTENIBHBIX MO-
kpoBoB. [Ipu npoBenenun nurepdepomeTpryecKkoi
obpaborkn ALOS/PALSAR ocobGoe BHumaHHe
YAENEHO TEPPUTOPHH BOKPYT 03epa KbiMbu1-2MTOp,
PACTIONOKEHHOI0 B KKHON yacTH CaMOTIOPCKOro
JIHMUEH3HOHHOTO Y4acTKa.

B cnyuae poaHbIX 00BEKTOB MMEET MECTO 10J-
HOE OTpa)KeHHe pajJapHOro CHrHana OT TIagKoif
MOBEPXHOCTH, YTO MPHUBOIHUT K PETHCTPALIMH HU3KOI
HHTEHCHBHOCTH O0pAaTHOro pacCesiHHs CHrHajga or
oTHX obnacteil. Ha n3obpaxenun nuxcenu, npu-
Hajjiexalue TakuMm obnactaMm, obmamawTt dojee
HU3KOH ApKOCTBIO, ueM nukcenu cywu. Jaunoe
(u3nueckoe BIEHHE 03BOJIAET BbIAEIHTH KOHTYPbI
03€ep, peK H OTKPLITO# BObI, 2 COBMECTHbII aHATH3
Pa3HOBpPEMEHHBIX PaJapHBIX CHHMKOB ITPOCJIE/IHTh
u3MeHeHHs Bo BpemeHu. CoBMelleHue reomnpu-
BA3AHHLIX KAaJPOB W MOCJIEAYIOLUHIT BA3yaIbHBIIi
HHTEHCHBHOCTH OTPaXKEHHs CKAHUPYHILIEro CHr-
Hana oT GeperoB He Jal HHUKAKHX Pe3yJbTaTOB.
UutepdepomeTpudecknii NogXoa U paccMoTpe-
HHE KapT KOF€peHTHOCTH (pHc. 2.) map paaapHbIX
CHHMKOB C MEPHO/IOM MOBTOPHOH ChEMKH 46 CYTOK
(04.07.2007 — 19.08.2007), 92 cyrok (04.07.2007 —
04.10.2007) u 1 rox (04.07.2007 — 06.07.2008)
NoKa3aj yBejuyeHHe 00IacTH ¢ HH3KOH BpeMeHHOI
KOrepeHTHOCTbIO Y CEBEPHOTO, CEBEPO-BOCTOUHOIO
 1okHOTo Oeperoe o3epa KeiMbL1-DMTop.
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Puc.l. a — kapra BepTHKaIbHBIX cMelleHHiT CaMOTIOPCKOTO MECTOPOMKICHH;
6 — npoduine AB; B — npoduns CD.
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Pesyneratsl quddeperunansHoil untepdepome-
rpun BhisBWIM Oofblliee OCelaHHe B CEBEPHOM YacTH

o B
Puc. 2. Kaprel korepenTHoCTH: 2 — 46 cyTok; 6 — 92 cyrok; B— 1 rog

03€pa 110 CPaBHEHHIO € KXKHOH. ITO XOPOLLIO 3aMETHO 110
BETMYHHAM cMmelleHuit Baons npoduns EF Ha puc. 3.
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Puc. 3. [Tpodune BepTHKANBHBIX cMeLeHu# o aunun EF

Kapra cMewennii, nosyyeHHas Ha OCHOBE pa-
JapHBIX KOCMOCHHMKOB, OTPaK4eT TeKylllee reoaH-
Hamuueckoe coctosHue CamMoTaopckoro HedTaHOro
MecToposieHus paspabarbiBaemoro Gonee 40 nert u
HAa Ka4eCTBEHHOM YPOBHE COITIACYETCA C MYNbJOH
OCelaHHs, TOCTPOEHHOH M0 JAHHBEIM Ha3eMHBIX Te0-
nesuyeckux uiMmepennii ua CIIT [1].

U3 nosydeHHBIX pe3ylbTaTOB MOXKHO CHENaTh
BBIBOIBI M CHOPMHPOBATH KPUTEPHH OTOOPA H NPH-
MEHHMMOCTH JaHHBIX IS MOCTPOEHUS Un(ppoBOi
MOZE/H penbeda MECTHOCTH M OLIEHKH BEPTHKAIIb-
HBIX CMELIeHHH MeTOAOM CIYTHHKOBOH pajapHOii
HHTEp(EPOMETPHUH:

® B yclI0BHAX crabopaculieHeHHOro peiibeda
JOMYCTHMO HCMOJB30BAHUE B KAaY€CTBE OIOPHOTO
penseda MoBEPXHOCTH C MOCTOSHHON BBICOTOMH;

* [pHMEHEHHe ceHcopa ¢ Gonbliei 1IMHOI
BonHbl (PALSAR, 23 cM) no3BossieT HCKIIOYHTL Ma-
CKHPYIOLLHE BIIMAHHE MEJIKMX PACTHTE/IbHBIX IOKPO-
BOB 1npH noctpoenun IIMP u pacuera cmeleHHii;
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e npu oOpaboTke CUrHaja OTPAKEHHOro OT
MOBEPXHOCTH MOKPLITOH I'yCTbIM JIECOM, TIPOMCXOHUT
paszpywieHue asbl B pe3ynsTaTe BpeMEHHOM H npo-
CTPaHCTBEHHOMN JAEKOppPEesALHH;

e nounrepdepomerpuueckum napam PALSAR
¢ npocrpaHcTBeHHOH (asoii 6onee 3 KM BO3MOKHO
noctpoenue LIMP, cooTBercTByOLIEH 110 TOYHOCTH
tonorpaduieckum kapram maciurada 1:50000;

® [pHMEHEHHE MeToJa NABYXIPOXOAHOH
anddeperunansHoi HHTEphEepOMETPUH 103BOJIAET
NOJYYHTh IJIOMIAAHOE NPEACTABIEHHE O CMelle-
HHUAX 3€MHOH MOBEPXHOCTH, MPOHCXOAALIHX HA
TeppuTOpHH paspabaTbiBaeMblX He(GTAHBIX MECTO-
POKAEHMI;

®  BENHYHHA BEPTHKAJIbHBIX MMOJABHKEK HA He-
(TAHBIX MECTOPOXKICHHUAX, ONpeAeasieMas METOI0M
CIYTHUKOBOH pafapHoil uHTepdepOMETPHH, COCTaB-
NS€T 10 2 CM B IO/,

Pabota BeImonHena npu nojaepxke rpanra 07/
JAXA/ASP No. 0704001.
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®OPMHPOBAHUE CETEBOI ONEPALIMOHHOM CHCTEMBI
JIUIA 3AIMINEHHOIO B3AMMOJIEUCTBUS
A PACITPEJEJIEHHBIX BbIYUCJIEHUN

C MOMEHTa 3apOX/IeHHA KOMIbIOTEPHBIX TeX-
Hosorui nporpammuoe obecneyenue (I10) passu-
BaeTCs B COOTBETCTBHMH C 3amMpocamH annaparHoi
ApXUTEKTYPbl, HOBBIX MAPAIUTM IPOrPAMMHPOBAHH,
¢dunocodekux acrnexkros B obmactu MHGOPMALHOH-
HbIX Texnosoruit. Cam npouecc pazsutus [10 yacto
CBOIMTCH K MHKPEMEHTAIBHOMY OOHOBICHHMIO MIIH
MOAHGDHKALINH yIKe CO3AaHHOTO MPOrPaMMHOro Ko
MyTeM HapaluMBaHUA (QYHKIHOHAILHBIX BO3MOK-
HocTell u paciuuperus obnactu npumeHenus. Takoe
passuTHe 00bsACHAeTCH HEOOXOIMMOCTBI) COXPAHEHHS
CTapbIX TEXHOJOTMH H NONB30BaTeeH, COXpaHEHHEM
3aTpavueHHOr0 TEXHOIOT aMH-IIPOrPAMMHCTAMH TPYAa
u cpeacTe paboronarens, KPHTHKOH HeCOBEpIUeH-
HOCTH HOBbIX TexHOJoTHH. Ho Ha camoMm nene 31TH
0oObACHEeHHS TpeAcTaBafioT coboil MHinbL onpasaa-
HHE BHYTPEHHEr0 KOPEHHOTO HECOOTBETCTBUS PaHee
coznanHoro [TO HOBBIM TEXHONOTHAM, TPYIHOCTAM,
CBA3aHHBIM ¢ nepexpanudukainein pazpaboTuHKoB,
KOMMEpPYECKUMH HHTepecamu U T. 1. [Ipennamepen-
HOe 1006HpoBaHHe yCTapeBUIMX WIIN NepCOHAaJIH-
3UPOBAaHHBIX TEXHOJIOTHH B NMPOM3BOACTBEHHOMH H
obpazoearensHoit cepax UT numaer cosparenei

ITO maneiimeii BO3MOXKHOCTH KAUECTBEHHON MOAEP-
HU3aLMH B COOTBETCTBHH C 3aNpOCaMH COBPEMEH-
HOM HaykH M TexHHKH. OnepalnoHHbIE CHCTEMBI
ABJAIOTCA HA CErOHS INTABHBIMH KOHCEPBATHBHBIMH
NPOrpaMMHBIMH PELIEHHSIMH, AUKTYIOLMMH CBOM
rpasu/Ia Npy CO31aHHH MPHKIIAHOTO MPOrPaMMHOro
obecnevyenusd. B nannoii cTaTbe, Ha NpUMepe pacrnpe-
JEeNIeHHOTO BUPTYaIbHOIO NPOCTPAHCTBA A1 MHOIO-
M0/1b30BaTE/ILCKOTO 3AUILEHHOr0 B3aNMOIEHCTBHA
B peajibHOM BPEMEHH PacCMAaTPUBAOTCA [PHHLMIIBI
M CTPATErHH CO3/aHHA OTKPLITOH ONepanHoOHHOMH
CHCTEMBI, a TAK)KE BO3MOJKHbIE CLIEHAPHH €€ TEXHH-
4eCKOI'0 HCIIOJHEHHS.

1. BupryaibHoe NpocTPaHcTBO
17151 MHOTOM0JIb30BATEILCKOT0 321IIHIIIEHHOT0
B3aumopneiicTeust “Kpecreancrso” [1]

Llens mpoekTa, noaaepxannoro Poccuiickum
(onzoM (pyHAaMEHTATBHBIX MCCIEJI0BAHHM, — CO3-
JaHHe BUPTYAJbHOTO MPOCTPAHCTBA UL MHOTO-
T0/1b30BaTe/IbCKOIO 3aINIIEHHOTO B3aHMOIEHCTBHUA,
KoTOpoe obecrnedHT CHHXPOHHYI0 paboTy Hax o6bek-
TaMH ONpeaeNeHHOH JOMEHHOH 00/1aCTH B peaIbHOM
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BPEMEHH ABTOMATH3HPOBAHHBIX ABTOHOMHBIX reTe-
POreHHbIX cHcTeM. B kadecTBe TAKHX CHCTEM MOTYT
BBICTYNaTh poOOTHI, CPEJCTBA CBA3H, KOMIIBIOTEPSI H
JIpyTHEe BBIYHC/IHTEIbHbIE YCTPOICTBA.

Cthopmysnpyem 0CHOBHBIE NPHHIHIIBL, KOTOPBIM
JOIKHO OTBEYATh CO3daBaemMoe BUPTYaJlbHOE MMpO-
CTPaHCTBO:

. CHHXpOHM3ALHA B3aMMOAEHCTBHIl JOJAKHA
OCYLUECTBIAATLCA C MOMOIUBIY €AHHOIO MoaenHpye-
MOr0 BHPTYAILHOTO BPEMEHH U MEXAHHU3MOB PeIlIH-
kauun (Replication).

2. besonacHocTh B3aMMOAEHCTBHA HOJKHA
ObITh Ha OCHOBE YPOBHS BO3MOKHOCTEH H BHINMOCTH
obbextoB (Object-capability model).

3. SI3BIK NpOrpaMMHUPOBAHHS U CHCTEMA B Lie-
JIOM I0/KHBI ObITB CIIOCOOHBI 3arpy KaTh, HCTIONHATS,
HIMEHATD U noAaepkuBarh camu ceds (Self-sustaining
System).

PeanusoBarh 5TH NPHHLMIBI B TOJHOH Mepe Ha
CYLIECTBYIOUIHX OMNEPallHOHHBIX CHCTEMaX HEBO3-
moxHo. ITosTomy Tpebyercsa cosmaHue NpUHIMITH-
allLHO HOBOH OTEpaLMOHHOMN CHCTEMBL. MeToasl co3-
AaHus Takxke OyayT OTIMYATECA OT CYLUECTBYHOLIHX
noaxonos. JIna BbIXoaa Ha 3adBIEHHbIC MPHHLMIIbI
HCTIOMB3YIOTCA MPOMEKYTOUHbIE CTYNEHH (Kak npH
3anycKke KOCMHYECKOro Kopabns), KOTophkie mocie
BbINO/THEHUA CBOMX (DYHKLMH OTOpachIBAlOTCS MpH
[EpPEXoe CHCTEMbI Ha HOBBII KaYECTBEHHBIH ypo-
BeHb. PaccmoTpum Gosee moapoGHO KaKabii U3
NPHHIMIIOB U CTYIEHH HX GOpMHPOBaHHA.

1.1. MogeaupoBanHe BUPTYa1bHOT0 BpeMeHH
H MexanusMsbl penaukauui(Replication)

EnvHuueil penaukaiuun B BUPTYAlbHOM MPO-
crpaHcTBe saBngerca Island (HanopoOumn moHsTHS
Vat B si3bike nporpammupoBadus E). Island B 06bex-

THO-OPHEHTHPOBAHHOM MPOTrpaMMHPOBAHHH MOYKHO
paccMaTpuBaTh Kak MeTa-00beKT C paclIHpeHHOH
MOJIEIbI0 HHKANCYIALMN, Gonee 3alMIleHHO, YeM
B TPaaMUMOHHOH mozaenu. Kakaslil yuacTHuk ce-
TEBOro B3aMMOJIEHCTBHSA coaepxuT pennuky Island
OIHH B OJIHH COBMAJAIOINYIO C APYTHMH Y4ACTHH-
KaMH. MexaHn3Mbl perIMKalHyu JOKHEl CTPOTO
rapaHTHpOBaTh COBIA/ICHHE PEMUIHK MO COOEPIKAHUIO
[2]. PaccmoTpum MexaHu3Mm peruinkauuu Gonee
noapo6Ho (puc.1). Coobumenns, noceinaempie 00b-
€KTaMH, KpOME COOCTBEHHOTO HMEHH, apI'yYMEHTOB,
ajpecara BKIHYAIOT B cels TakkKe WTAMIT BUPTY-
a7bHOIrO BPEMEHH, KOIJa 3TO COOOLICHHE AOKHO
ObiTh McnonHeno. IlocnenoBarebHOCTh TAKHX CO-
o0LIeHNIi, HAYIIHX Yepe3 MapLIpyTH3aTop, MOKHO
paccMaTpuBarh Kak r100ajlbHOe BUPTYAlIbHOE Bpe-
msa s Island, Tak kak 5T coofLieHHs ABNAIOTCA
BHEIIHUMH, AaTOMUYECKUMH, MPOMaPKHPOBAHHBIMH
CUETYHKOM peajbHOro BpeMeHH [3]. Mapmpyrtusa-
TOp — €JAMHCTBEHHBIH 00BEKT, KOTOPLIH ynpasiser
coo0LeHIsIMH, CreHepupoBaHHbIMH BHe Island. On
OIpeesseT, Koraa To HiTH HHOe CO00ILEeHHe JOIKHO
OBITH BBIMIOJIHEHO BO BPEMEHH, H OTNPABIAET €ro
konuu BeeM perinkaMm Island wepes xontposnep.
Kontponnep — 310 odbekT-uHTEepheiic mexay
OMNpEeIEEHHONH PENIMKOH M MaplIpyTH3ATOPOM.
B ero ¢yHKUMH BXOAMT ynpaBiieHHe BHEUIHHMH
COOOLIEHNAMH M3 PEIIHKH, NepeHanpasjieHHe
UX MapupyTH3atopy M obpatHo. Permku Island
HMEKT BHYTPEHHHE, NOTOBLIC K BBINIOJHEHHK) O4Ye-
peau cooOueHuH, yrnpasiseMble KOHTPOJIIEPOM,
HO OHHM HE MOTYT OBbITh BbINOIHEHBI 0€3 noaydeHus
ATOMHMYECKOTO COOOMEHNsT OT MaplIpyTU3aTOpa,
KOTOpOE 3aj1aeT BpeMeHHy1o rpanuily [4]. [Ipunnun
PEIUIHKALIMH MOJKET €CTECTBEHHO PEaIn30BaTh MOLIIb
MHOIOSIEPHBIX U CETEBBIX IUIATHOPM.
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Puc. 1. Mexanu3m peruinkaunu coobuienns
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1.2 Be3onacHOCTE B3aHMOJeliCTBHA
HA OCHOBE YPOBHSI BO3MO/KHOCTEI
u suaumoctu (Object-capability model)

O6bektnl BHYTpH Island obnanaror Temu ke npu-
BHJIETHSAMH B3aUMOJICHCTBHUSA, YTO U OObIYHbIE 00B-
ekTbl. OHM MOTYT MOCHUIATH COOOIIEHHA APYT APYTY
HAMPAMYIO, TOIePIKHBATEL 1100bIe THIBI CBA3el N
T. 1. TeM He MeHee 3TH OOBEKThI He MOTYT MOChLIATh
npsMble cOOOIEHHs APYTHM 3a npejebl BHAHMO-
ctu Island, Tak e kak u B 0OpaTHOM HalpBIICHHH.
s Toro utobbl mockLIaTh COOOIIEHMS 3a Mpeaebl
puaumocTtH Island, umeercs cneunanbHblii 00bEKT
FarRef, kotopsiii cymectsyer sue Island u paboraer B
KauecTBe MPOKCH-00BEKTa, HepeHanpaslisis cooOLIeHns
peanbHbiM 0ObeKkTam [5]. UMeHHO Takoil MexaHH3M
obecrneunBaeT 3alUTY B3aUMOJEHCTBHA OOBEKTOB
mes 1y pasnmuunbiMH [sland, BHemHuMH HHTepdelica-
MH, BaKHO OTMETHTB, YTO CYIIECTBYIOILNE CHCTEMBI
3alMTh! B3aUMOAEHCTBHA OOBEKTOB Oa3upyroTCs Ha
TIPHHIIHMAX JeIerHpoBaHus 00bEeKTaM Mpas A0CTyna
TEKyLIero nojis3osaress. [[poBepka NOUTMHHOCTH 00b-
€KTOB OCYIIECTRIISETCs [IPH MOMOLM anropuT™a ud-
POBaHMA OTKPLITHIM KITHOYOM MPH Ka’KI0M aTOMapHOM
B3auMozeiicTBHH. B nannoM e cryuae 6e30macHOCTb
B3auMozeicTus Oyner obecrneunBarscs 00ONACTHIO
BHIMMOCTH W BO3MOXKHOCTeH oObekToB Island.

1.3. SI3bIK nporpaMMHupoOBaHHS
H cHCTeMa, cnocoOHbIe 3arPYKATh,
HCNOJIHATH, H3MEHATH H NOLIePKHBATH
camu cedn (Self-sustaining System)

B Takoii cucTemMe NporpaMMHCT, BRIYHCIIHTENILHOE
YCTPOHCTBO HIIM KOHEYHbIH MOIb30BaTeb 00NagaeT
NOJTHBLIM KOHTPOJIEM Haj BceMH ee gacTamu. Hu
O/IHA YaCTh HE ABJIAETCA CTATHIHOM, HH OJIMH aCTIEKT
CHCTEMBI He ABJISETCH paHee CBA3aHHBIM WK JKECTKO-
onpenenexHsM [6]. [Tporpamma, cosparomascs as
TaKOH CHCTEMbI, CTAHOBHTCS JIMIIL PACIIMPEHHEM
ee MCXoAHOH peanu3auun, CucTeMa 0HOpOAHASA,
TaK 4TO B HEH HET HCKYCCTBEHHBIX Pa3InyMil MEKIY
cpeaoil 3amycka, NPUIOKEHNEM HIIH A3bIKOM Npo-
rpaMmupoBanus. Takum 06pasom, ONMHCAaHHBIE BhILIE
BO3MOXKHOCTH Oy/IyT rapaHTHPOBaTh CO3JaHHOI one-
PALHOHHOH CHCTEME HJTH MPHIIOKEHUIO BO3MOKHOCTh
CBEPIIEHHS KOPEHHOTO CKa4KoOOpa3HOro pa3BHTHA
JlaKe Ha dTane peanbHoi dKkcruryarauuu. EqnHcTBeH-
HO€, YTO OCTAHETCA MOKa BHE A0CATraeMOCTH A
cHCTeMbl — 9TO annaparHas naatdopma (“kene3o™).
JlanHbiit npuHLMI OyAeT CBHAETENbCTBOBATE O BO3-
MOKHOCTSAX Peaii3aliMy HallMOHAJIbHOTO HITH COIIHO-
KyJbTYPHOIO aCMeKTa B CaMOMNOPOKAAIOIIEMCS A3bIKE
IIPOrpaMMHUPOBAHMA U ONEPALIHOHHOI CHCTEME.

2. Texuuueckas peanusauusi
cTyneHeil MpoeKTHPOBaHHS

PaccMOTpUM clieHapHii, 0 KOTOPOMY BEAETCS
pazpaborka I1O ans co3naHus pacnpeneleHHOro
BHUPTYaJIbHOTO npocTpaHcTsa [7]. B kadectse nnar-
(OpMBI HCTIONB3YETCH BHPTYalbHAA MALIHHA A3bIKA
SmallTalk, ananext Tweak/Croquet/E-Squeak.
BupryanbHas MallMHa JOCTYMHA U1 MHOXKECTBA
annapatHbiX naar(opMm, U KOHLENLUA ee padoThl
[103BOJIAET YaCTHYHO COOTBETCTBOBATH BHILIEH3IIO-
JKEHHBIM NMPHHIMIIAM B Mpouecce pazpadorku. Dak-
THUYeCKH BUpTyaiibHas mamuua SmallTalk paboraer
C JHHAMHYECKUM 00pa3oM ONepalMoOHHON CHCTEMBI
B OII€pPaTHBAHOH NaMATH, HATHCAHHOH NOMHOCTBIO HA
aspike SmallTalk. O6menne ¢ poanTensckoii onepa-
LIMOHHOMH CHCTEMOH OCYIIECTBIACTCSA MOCPEACTBOM
FFI 3annpocoB 1 NpUMHTHBOB, 3apaHee OTKOMITHIHPO-
BaHHbIX OHOMoTeK. BupTyansbhas mammna SmallTalk
OTKOMIHJIMPOBAHA N HE MOXKET MOAM(PHUIMPOBATLCA
B pexkume paboTel. Tem He MeHee CPEACTB A3bIKa
SmallTalk gocrarouno, 4ToObl ONpenenUTh B HEM
CaMOM [IMHAMHYECKYI0 BHPTYalTbHYIO0 MAallUHY H
ee A3BIK MPOrpaMMHPOBAHMS, YTO MO3BOIAET BECTH
JKCHEPHMEHT 110 3aABICHHOMY TPETbeMY NPHHIHITY
0 CaMONOpOoXKAaroIINXCs cucTemMax. OcyLiecTsasercs
3TO € NOMOILLBK OOBEKTHO-OPHEHTHPOBAHHOTO A3bIKA
pasmeTku a3bikoB OMeta [8]. Mcnons3oBanue Tex-
Honoruu SqueakNOS gaet BO3MOKHOCTE 3arpykaTh
KOMIIBIOTEP HEMIOCPEACTBEHHO ¢ 00pa3a onepalHoH-
HOii cucTtembl Ha SmallTalk. /lanHbie TexHOnOrHM
N03BOJIH/IN Pa3paboTaTh MPOTOTHI MPOrPaMMHOIO
pellIeHns UId pachpeaeIeHHOr0 BUPTYaIbHOIO Mpo-
cTpaHcTsa [7].

JU1si OJTHOTO COOTBETCTBHA MEPEYHCIIEHHBIM [PHH-
uMnam TpedyeTcs NepeBoll NOCTOEHHOIO MPOTOTHIIA
CHCTEMBI Ha 00beuHEeHHY10 00beKT-1aM0na (COLA)
win noaobnyto (Self/Klein) apxurextypy [6].

OJHHM U3 CLIEHAPHEB, HANIPUMEP, 10 KOTOPOMY
nasukercs pupma Google n Sun Microsystems, sBis-
eTca co3laHue nmoAoGHOMH onmepalHOHHONH CHCTEMBI
Ha OCHOBe BHMpTyanbHOH MmammuHbl JavaScript. no-
CTYIHO# ceiyac npakTH4ecKn Ha b0l niardopme
yepes MHTepHeT-0003peBaTenb. C MCNoab30BaHHEM
texnonoruu Google Caja [9] (peanusauns koHuern-
uuii 6e3onacHocTy K3 A3bika E Ha JavaScript), a3bika
OMeta Ha si3pike JavaScript u co3naercs JHHAMHYE-
ckas BupTyansHas mammHa Sun Lively Kernel [10].
Takas cuctema, kak Ge3onacHsiil JavaScript annier,
3amyckaercs 6e3 HHCTaJUIALMA B HHTepHeT-Opaysepe
1 npeacrapiger coboi MoaHOUEHHYIO miatdopmy
Juis T sKkcnepuMeHTOB B peajibHOM BpeMenH. Enun-
CTBEHHOE, 4TO €II€ OCTAETCA HEPEaTH30BaHHBIM B
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NaHHOM CLIEHApHH — 3TO peruiMkaumsa. Baxuo dto
IJIS [TOJTHOTO COOTBETCTBHS MEPEYUCICHHBIM HaAMH
TPEM MPHHLMNAM MOTPeOyeTCA TakkKe peannsaliis
BHPTYa/IbHOI Mamuuel JavaScript Ha oaHo#H U3 ca-
MOMNOPOKIAIIHXCH TEXHONOTHIA.

Hraxk, npusenem eie pa3 KOHCEPBATHBHBIE HIIH
yCTapeBaloLIMe napagnurMbl CYIIECTBYOLIUX onepa-
LHOHHBIX CHCTEM:

— CETEBOE B3aUMOJEHCTBHE €CTh HE YTO HHOE,
KaK 1o0o4Yepe/HOE BbINOIHEHHE KOMAHI U nepeaaya
JaHHBIX MEKIY CETEBBIMH Y3/1aMH;

~ BONPOCHI 0€30MacHOCTH PEIIAOTCA 3aKPhITHEM
WIH OTKPLITHEM HCXOZHOIO MPOrpaMMHOTO KOJAA M
CO3laHHEM NPOrPpaMMHbBIX CPEICTB 3aLIHTHI;

— OnepalMoOHHas cucTeMa sBiserca OaszoBoit
HEBHKHMOI OCHOBOH (“MeprBbiM Kogom™ [7]) s
C0O31aBaeMOro NPOrpaMMHOro odecreyeHms.

Hoenle napaaurmer:

— CETEBOE B3aMMOJIEHCTBHE M BBIMOIHEHHE KO-
MaHI NMpOMCXOAUT CHHXPOHHO, obmeH NpOoHCXOaMUT
CKOpee€ HE€ JaHHBIMH, & HCIIOJHAECMBIM KOJIOM H He-
BO3MOJKEH 0e3 BUPTYaIbHOTO BPEMEHH;

— OesonacHocTh Ga3UpyeTCs Ha NPUHLMITHATLHO
HOBOH H/I€€ H MEXAHH3ME B3aMMOIEHCTBHS 00BbEKTOB

(mpoBepka “CBOH-4YKOH ™ NPH KaKIAOM B3aHUMOJEH-
CTBHM), HE 3aBHCHUT OT 3aKPBITOCTH HJIH OTKPHITOCTH
MIPOTPaMMHOT0 KOZa H HeYA3BHMa [T arpeCcCHBHBIX
arak;

— OnepalMnoHHas CHCTeMa ABIAETCH ““KHBbIM
koznom™ [7], AHHAMHYEeCKH BHIOH3MEHAETCA B XOI€
paboThl, CTHpPas rpaHb MEKAY CODOH U MPOrpaAMMHBIM
NIpUIIOKEHHEM, (DYHKIIMOHAILHO 0becneanBast JINIlb
camonopoxaeHue 0ol ero 4acTH.

Taxum 0OpazoM, NPOHCXOAUT MEPEOCMBICTIEHHE
CaMOro MOHATHSA ONEPALMOHHOI CHCTEMBI, ee (PYHK-
M ¥ Ha3HauyeHUH. MOXKHO BBIIETUTE MHHHMAJILHOE
anpo pasmepom meHee 20 KGaiit, kotopoe conepxur
JIHIIB PEATH3ALHIO MEXaAHH3MA MOCBUIKH arTOMapHoro,
Ge3onacHoro, ¢ MOUIEPKKOit BHPTYaIbHOTO BPEMEHH
cooOleHus, onpeaeneHue o6bexTa, 1AMOaa-BEIYHC-
JICHHH M rapaHTHPYET CaMOMOPOKIACHHE U PA3BUTHE,
onpenensemMoe (PyHKUHAMH [IpeAMeTHOH 06macTh.
Vrpaenenue “xeneszom” 1 npoune (QyHKIHH, MPH-
MUCHIBAEMbIE€ paHee ONEPALHOHHBIM CHCTEMAM,
MOPOKIAITCA B pe3yibTaTe B3aHMOACHCTBHA H He
TpeOyIoT KEeCTKOro onpejeneHus B (QyHKIHOHAITE
AApa ONepalMOHHON CHCTEMBI, YTO MPHHIIMIIHAIBHO
BayKHO, HANIPHMED, 714 CO3JaHHA HAHOPOOOTOB.
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| TenekOMMYHUKALMOHHbIE CUCTEMbI

N KOMMNbIOTEPHbIE CETH

3akupos A. H., Kaprnos A. B.

WU CCHEIOBAHUE MPOBJIEM IOCTPOEHUSI COBPEMEHHBIX CHCTEM CBS3H

Cucrema MOHHTOPHHI A
H IHATHOCTHKH pacnpeneanTe/ibHbIX cereii

CyuiectByet GoMblIOE KOJHYECTBO METOAOB /IS
onpeaenenus mect nospexaernii (OMII) B nposogax
H Kabemsix, u Hanbosnee YPHeKTHBHBIM ABJIAETCH METOL
JIOKAIIHOHHOTO 30HAHPOBAHMS WK MeTo pediekToMe-
Tpuu [1]. B HacTosee Bpems peduieKTOMETpbI ABJIS-
HOTCA JOCTATOMHO YHHBEPCAIbHBIMH, MEPEHOCHBIMH,
nopTaTHBHBIMH npubopamu. OHAKO BCE T0CTOMHCTBA
pe(hIEKTOMETPOB MOKHO OTHECTH TONBKO K JTHHHIM
6e3 ornaex. [Ipy 30HAMPOBAHUH JIMHHUH ¢ GOIBLINM
KO/IMYECTBOM OTBETBJIEHHMII peieKTorpaMma CHIIbHO
yenoxHAeTca [2] 1 MeToz JIOKALMOHHOTO 30HAMPO-
BAHUA CTAHOBUTCS MPAKTHYECKH HETIPUMEHHM JUIs
ONpeaeICHHA MOBPEKACHHSA, NOCKOIBKY:

1. Bo3nukaeT MHOKECTBO OTpaeHHil u nepe-
OTPa;KEHHH OT OTBETBICHHH H KOHLIOB JIMHHH, 4TO
CHJILHO HCKaXKaeT nojyuaeMyio peduekrorpammy.

2. HeBO3MOXKHO OIHO3HAYHO ONPENEIUTE Ha
KaKoH BeTBH OyIeT HAXOAMThCA MOBPEKACHHBIIH yua-
CTOK, OCKOJIBKY pediexTorpamma gaet ueopmaiimio
TOJIBKO O paCCTOAHHH 10 MECTa NMOBPEKIACHHA.

Jlnst yeTpaHeHus HeOCTATKOB METO/IA JIOKALIMOH~
HOroO 30HAMPOBaHHA B JaHHON paboTe npeanaraercs
CHCTEMA CETEBOI'O MOHHTOPHHIA PacpeICIMTEIbHbBIX
amekTpocered. Peannsauus sToit naen Gasupyercs
Ha KOHLIEIIIMH HHTEIIEKTYaILHOTO 2IEKTPOMOZIeMa,
OIHOH M3 OCHOBHBIX (PYHKLMH KOTOpPOTrO sB/ISETCSH
OCYHIECTBJIEHHE NOCTOAHHOIO MOHHTOPHHIA CETH.
HurennextyanbHbiil dnexrpomonem (M2) — crauu-
OHapHOE YCTpOIicTBO, HA Da3ze KOTOPOIrO CTPOMTCA
ceTeBas CHCTEMa MOHHTOPHHIA M MArHOCTHKH pac-
Npee/IUTeNbHBIX ceTed, B KoTopoit UD saBnsercs
BeAyLMM 2jieMeHToM ceTH. Texunueckn UD ssnsercs
HMHTErpPHPOBAHHBLIM B OIHOM YCTPOIiCTBE MoOaeM +
JIOKATOP, HO (PYHKIIMOHAIILHO 9TO COBEPLUEHHO HOBOE
ycTpoiicTBo. MOHHTOPHHI NPOU3BOAMTCH MOCPE/l-
CTBOM OIPOCa TaK ke CTALMOHAPHBIX, MOAYMHEHHBIX
ycTpoiicTB — nepuepuiineix. PLC-Monemos.

OcHOBHOE Ha3HAYEHHE CETEeBOr0 MOHHTOPHH-
ra — JIoKalusaluusa noBpexIacHHbIX YHacTKOB B JlHa-
FHOCTHPYEMOH 31EeKTPOCETH.

Ecnu nunus Oyner umers Xots Obl OIHY OTHAFKY,
T. €. THHHA OyIeT COCTOATh BCEro JINILb U3 IBYX BeTRBEil,
TO METOJ MMIY/JILCHOTO 30HAHPOBAHAS HE YKaKeT,
HA Kakoil MMEHHO BETBH MPOM3OLLUIO MOBPEXkKIEHHE.
KomiuecTso oTnaek B pacnpeeuTeNbHbIX deKTPo-
JHEPreTHYeCcKHX ceTax MoxeT gocturars 10 u Oonee.
[TosToMy, moce UMITYILCHOIO 30HAHPOBAHHUS TAKOH
JIMHHH MONYYHTCS pedaekTorpaMma, mo KOTopoil
MPAaKTHYECKH HEBO3MOMKHO OyZIeT onpenenTk MecTo-
HaxoKJAeHHe 0OpbIBA M3-3a HANIMYHS OTBETBICHMUIA.

3ana4ya noucka oOpbIBA 3HAYUTEIILHO YIIPOCTHTCH,
€CJIH JTOKaTop OyJeT HCCIe0BaTh TOJIBKO TOT COOTBET-
CTBYHOIIHH NPSIMONUHENHHBIH YHACTOK MIH CErMeHT
CETH, I71€ NPOU30LLIO MOBPEKICHHUE.

[Tony4enne nokaTtopoM pedreKTorpaMmel Kako-
ro-TO ONpPEAENEHHOI0 y4acTKa CeTH MPaKTHYECKH
peann3yeMo, OIHaKO I 2TOro Heobxonuma HHpop-
MallHs O Ha4alle U KOHIIE COOTBETCTBYHOILEro yuacTKa.
Vka3zannas HHpOpMaIHA MOXKET ObITh TOTyYeHa, eCiH
B JIMHMH OYIyT OPHCYTCTBOBATH JOMOJHHTE/bHbIE
27IEMEHTbL, TPOH3BOALLHNE MPE/IBapUTENbLHOE, IPyboe
Ornpe/e/IeHHe MECTa MOBPEK/ICHHA, TAKMM 00pasoMm,
nokanusysa ero. CoorsercTByromas uH(popmauus
JomkHa OyoeT mepenaBaThes H. J., [MOCHE Yero H. 9.
NPO30HIHPYET COOTBETCTBYIOLIUA YHACTOK.

DeMEHTOM, JIOKATH3YFOIIHM MECTO ITOBPEKACHHS,
mozkeT sBiAThes PLC-Monem. OnpesenenHoe Komuye-
ctBo PLC-MoznemoB, pacnipesienieHHBIX 10 21eKTPOCeTH
Y CBA3AHHBIX MEKIY COOOH H C JIOKATOPOM 10 TeM 7Ke
CHJIOBBIM JIMHMAM 00pasyrot cBoeoOpasHyio ungop-
MalnoHHy1o cetb. Mndopmanueii B Takoii cet Oyayr
KOOPIHHATEI JIOKAIN30BaHHOTO yuacTka. Hanoxennas
Hjies MoJIoKeHa B OCHOBY CETEBOTO MOHHTOPHHTA.

Ha pucyHke | nokaszas npumep ceTH, cocTos1leit
u3 PLC-monemos (M) u U2 (L-mozem), HA OCHOBE
KOTOPBIX PEATH3YETCs HJIEs CETEBOI0 MOHHTOPHHTA.
B takoii cucteme L-moaem unu M3 coueraer B cebe
3 dysxan:

1. Mmonemuas dyHKIms,

2. dyHKLMs TOKATOPA;
3. pyHKIMA HEHTPATH30BAHHOIO YIIPABISHHUS

BCEil CeThIO.
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L ssoment M M

—

Puc. 1. [Ipocreiimas cers, peainsyouas ceTeBoii MOHHTOPHHT

OcHoBHas 3a7a4a CETeBOH CHCTEMBI, NMPEACTAB-
JIeHHOH Ha pHc. | — nokanu3auus 0OpbIBa MEKIY
3-m u 4-m PLC-monemom. Ha puc. 2 npeacrapnesa
COOTBETCTBYHOLIAS CXeMa CETEBOr0 MOHMTOPHHIA MPH
OTCYTCTBHH OGPHBOB B ITHHHH.

Kaxaerii PLC-monem MMeeT CBOi YHHKa/IbHbBIH
anpec. Ha puc. 2 aapeca npucBO€Hb! [0 NOPAIKY OT

BblLIENEkKALIero Kk HHkenexamemy PLC-momemy
(1,2,3.4.5).

L-monem otnpasnser B nuHUiO Mapkep (CM) ¢
nycteiM HHpopMmaunonubiM nosiem. Mudopmanuon-
noe none CM nosensercs nocie M1 u noasepraercs
H3MEHEHHIO 10 Mepe MPOJABMKeHHs 10 JuHuu. OT1-
paxenne CM Oyner npoucxoauts ot PLC-monema

M3

B

Puc. 2. Cxema MoHHTOPHHTa JinHHH Oe3 oOpbiBa

MS5. Ecmn undopmanmonHoe none orpaxkensoro CM
He Oy/eT nojBepraThCca H3MEHEHUAM B Ipoliecce 06-
PaTHOM peTpaHCIALMH, TO B KOHeYHOM uTore L-moaem
npumeT oT M1 orpaxkenssiit CM ¢ nHpOpMaLIMOHHBIM
T10J1eM, M0C/IeAHEe HIMEHEHHE KOTOPOTO MPOH3BOIH-
noce PLC-monemom M35, B Takom cinyuae, npuHaTas
L-moznemom undopmarus 6yaeT cBHAETEIbCTBOBAT
0 uenocTtHocTH cBaseil mexxay PLC-monemamu, a,
CJIEJI0BaTENbHO, H O LEJTOCTHOCTH CAMOH JIMHHH, 110~
CKOJIBKY OTpasKeHHE MapKepa MPOH30LUIO OT KOHIIA
JTHHHH.

HaubGonee npocTeiM 1Mo peanusaiun cnocobom
(opmupoBanua uHpopMauu B HHGOPMALHOHHOM
nose CM saBnserca OOLIKHOBEHHBIH HHKPEMEHT
conepkuMoro MHGopmauHoHHOro nojst. B Takom
C/lyqae MOXKHO CHMTATh, YTO HHOOPMALMOHHOE
nose orpaxkennoro CM Oyzer cosepxarh YCI0BHYIO
KOOPIMHATY TOTO CETMEHTa, OTKYJa MPOM30LLJIO OT-
paKkeHHe.

PaccMOTpHM cXeMy MOHMTOPHHIA JIMHHH, TIPH-
BEIEHHYIO Ha PHCYHKe 2, HO ¢ oOpbiBOoM uHUK. Ha
PHCYHKE 3 Npe/CcTaBIeHa COOTBETCTBYIOIIAN CXeMA.

B nannom cnyuae orpaxenne CM Oyzer npowuc-
XoauTh 0T M3, nockonbky (GpH3IUUECKH OTCYTCTBYET
cea3k Mexkay PLC-momemamu M3 u M4,

(o]l (WfeeBT

L1

L moment Mi M2

Ha pucynke 3 CM cxemaTH4ecKH Mpe/iCTaBieH
B BH/IE KaJpa, COCTOALIETO U3 3-X OCHOBHBIX MOJIEii:
a7ipecHoro, NISHTU(HKALMOHHOIO H HH()OPMAIIHOH-
Horo. nenTnukamoHHOE nosie oMeHeHo KaK «CM».
Hndopmaumonsoe nose a1 JaHHON CXeMbl COCTOUT
u3 3-x OuT M pacnonaraercs B KoHue kaapa. CM,
uaymmii or L-mMonema, He uMeeT HH(OPMALIMOHHOIO
noJst U ycaoBHO coaepkut «O». [Tepen perpancisium-
eif mikenexauemy PLC-monemy, uadopmaunontoe
nojie MOJBEPraeTcs HHKPEMEHTY, TAKHM 00pa3om,
(haKTHUECKH OCYUIECTBIACTCA HEABHBIH MOACUET
uenocTHelX ceazel. Perpancnsums CM Beiuenexa-
memy PLC-mozeMy ocyiuectsisieTcs 6e3 kakux-mubo
n3MeHeHuil B undopmaumontoM none. B pesynsrare,
L-monem u3 pucyHka 3 npumer oTpaskeHHbiii CM, HH-
thopmalHMoHHOE MOJIe KOTOPOro Oy/1eT coaepkars Ko/
011 unn 3 B necatnunom dopmare. 1ot akr Oyzer
rOBOPHTH O TOM, 4TO oTpazkenne CM nponsouio or 3-
ro PLC-monema B uens, 1 6yaer CBHAETE/ILCTBOBATE 00
obpeiBe Ha yyacTke Mexay 3-m 1 4-m PLC-moemom
(M3 u M4). Ecin paccrosiHine MeKIy COCEIHUMH
PLC-moaeMamu anpuopHO H3BECTHOE, TO PACCTOSHHE
J10 COOTBETCTBYIOLLEro y4acTKa Oy1eT paccunThiBaTh-
¢Sl OJITHO3HAYHO, UTO U OYyJeT ABNATLCA KOOPAHHATOH
JIOKQJIM30BaHHOIO y4acTKa.

—

Puc. 3. CxemMa MOHMTOPHHIA THHUH C OOPBIBOM
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[Tocne 3aBEpPUICHHUA IIHKJIa MOHUTOPHHIa n
JIOKaJIN3allHH MOBPEKIEHHOIO CerMeHTa npejara-
emas cuctema OyzieT BBOANTD B AEHCTBHE MEXaHU3M
JIOKALIMOHHOT'O 30HAMpOBaHH. JIOKkallMOHHOE 30HaH-
pOBaHHE YKa¥kKeT. B Mpeaenax TOYHOCTH H3MEPEHHI,
KOHKPETHOE PacCTOAHHE /10 MOBPEKACHHOrO MECTA.

OnucanHas Bbille MPOLENYPa MOKET NPOH3BO-
JIMThCA LMKJIMYECKH ¢ 4acToToi | pas 3a Gonbluoii
HHTEPBall BPEMEHH (Hanpumep: MHHYTY, Hac HJIH
CYTKH), HIIH BLIOOPOYHO B 11000€ Bpems, B 3aBUCH-
MOCTH OT BH/Ia 3aIpoca W/WIK MPH BO3HUKHOBEHHH
HeoOX0HMOCTH, 4TO He OY/IeT BIHATE HA BBINOTHEHHE
OCHOBHbBIX (DYHKIIHiT CEeTH.

Ha pucynxe 4 npuejieH npuMep TEXHHYECKOH
peanusaunn UD B Buze pyHKUMOHANBHOI O710K-CXe-
Mbl. B mamat Mukpo DBM xpaHuTCs Koz, BLIION-
HAKOLUHH QYHKINIO HE TOJIBKO LEHTPATH30BaHHOTO
YIIpaBJIeHHsA OCTaJIbHBIMHM OI0KaMH B MPHBEIEHHOH
CXeMe, HO W yIpaBlieHHA BCeil CeTeBOM CHCTEMOI
MOHHMTOPMHIA B 11€710M. MOHMTOPHHT CETH pealH-
3yercst nocpeacTsom Onoka Moaema. JlokanuoHHoe
30HIHPOBAHHE CETH OCYILECTBIAETCA MOCPEACTBOM
Onoka nokaropa.

[Ipuem 1 nepenaya B ceTh, Kak uudpoBoi HHGOP-
MaLHH, TaK H 30HAHPYIOLINX HMITY/IbCOB [IPOM3BOINT-
cs yepe3 00K rajibBaHHYECKOH pa3Ba3kH, QyHKLUSA
KOTOPOIo — M30JALHA annaparypsl OT BbICOKOIO ce-
TEBOro HanpspkeHus. [lepenaya JaHHBIX O COCTOSHHH
CETH B HHCI’IGT‘!CPCKHﬁ NIYHKT MOZKET IIPOH3BOAHTLCA
aBTOMATHYECKHM, Yepes ONpeeseHHbIH HHTepBal
BpeMenH, 6o no 3anpocy. JlanHas ¢yHKuA pea-
nu3yeTcs mocpeacTBoM Onoka MHTepdeiica cBA3M.
Hanuuue unrtepdeiica cBsi3u MO3BOIHUT TAKIKE BECTH
YAaJleHHOE KOH(UIypHPOBaHHE YCTPOHCTBA.

C ToYKM 3pEeHHA NPOrpaMMHO-annapaTHoM
rubKOCTH CHCTEMBI HCIOIb30BaHHE MHKPOCXEM
ITJIUC B xayecTBe OCHOBBI DJIeMEHTHOI Ga3bl s

NanoesaHn4yeckan

pa3paboTKH Takoll CHCTeMbl MPEACTABISETCH HAM-
6onee nepcrnextuBHbiM. CyllecTByiollHe Ha ce-
roauAwmAnii Aens Mukpocxemsl [JIMC nossonstor
ckoH(purypuposars Mukpo 9BM, noruky nokaropa
U MOJIeMa Ha OJIHOM KpHCTajuie. 9TO AaeT BO3MONK-
HOCTb YMEHBILHTh Pa3Mepbl H CTOMMOCTh KOHEYHOTO
mznenud. B wactoctn, ormerum [IJIMC npowus-
BoacTBa Altera cemeiictsa Cyclone. OcobeHHOCTBIO
JIJAaHHOTO ceMeilcTBa MHKPOCXEM SBIAETCA HATHYHE
Ha kpuctaie 610koB ObicTpoAeHCTBYIOILEH nams-
TH 3HAYUTESILHOTO pa3Mepa, KoTopas MOKeT ObiTh
CKOH(MTYpHpOBaHA C MPAKTHYECKH [TPOHU3BOILHOM
Pa3spAAHOCTLIO U THIAMHU JOCTYMA K COAEPKHMOMY.
Hanmnuue GpicTpozeiicTBy 01 NaMATH B KOHEYHOM
HTOTe MOKET ABHTHCA HEOOXOIMMBIM YCIOBHEM /IA
pa3paboTKH TAKOH CHCTEMBI, MOCKOILKY IS JOCTH-
/KEHHS UMEIOLLIMXCS HA CErOAHALIHHH JEHb TOYHOCTEH
(0.2 %) nokallMOHHOrO 30HAMPOBAHUA MOTpedyeTcs
ALl ¢ nocTarouHO BLICOKOI CKOPOCTBIY. OTMETHM
TaKKe, 4TO AJsl JOCTHIKEHHS CYIIECTBYIOUIMX Ha
CErofHAIHNA AeHb pa3pelarux cnocobHocTei
(1-3 M) MeTO1a TOKALIMOHHOTO 30HAMPOBAHMUS, MOYKET
norpebosarses AIlIl, ¢ aocrarouno Beicokoil npo-
M3BOAMTEILHOCTLIO. B 9TOM OTHOLEHHH npescTaB-
AsleTcs UHTEPEeCHBIM HCIOJIB30BAHHE MHKPOCXEMbI
ADCO08060 nponseoactsa National Semiconductors
[3], nocToMHCTBAMH KOTOPOI ABIAETCH HAlM4YHE
BcTpoeHHoii namati tuna FIFO ¢ ry6unoii 4 otcuera
AIlll, a Taxske OTHOCHTE/bHAA IPOCTOTA COITIACOBA-
Hiisl BHELLHUX UHTEPQEICHBIX LINHH.

Takum oBpazom, npeiaraemelii MeToa onpeje-
JIeHHS MECTOMONOKEHUsA MOBPEXKIAEHHUA B pacnpe-
JIeIUTENbHBIX CeTAX MO3BOMAET MpPeNBaPHTENILHO
JIOKATM30BATh OBPEK/IEHHbBIIH CETMEHT CETH [TyTeM
HENMPEPLIBHOTO MEPHOANYECKOr0 MOHHTOPHHTA CETH.
[Tpu 3TOM MOKHO PAKTHYECKH MTHOBEHHO Onpejie-
IHTh HAIHYHE MOBPEeXISHNA, OMHO3HAYHO YKA3aTh

Noxkarop

passBA3Ka

Mogem

Mukpo 3BM

!

HNHTepdenc ceasm

Puc. 4. @ynkunonansHas 610K-cXeMa HHTEIUIKTYAIBHOTO YMISKTPOMOZIEMA
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€ro KOOpAWHATY 1S NOCIeAYIOLIEr0 JOKAIHOHHOTO
30HAMPOBAHHA COOTBETCTBYIOLIETO CErMEHTAa W
nepeiiTH K JTOKALHOHHOMY 30HAMPOBAHHIO MMO-
BPEK/IEHHOTO CerMeHTa MOCIe ero HaeHTH(hHKALHKA
AnA ONpeac/IEHHA KOHKPETHOIO MECTOMOMOKEHHA
noppexaenus. [Ipu sTrom He Tpebyercs MHOro-

KPaTHOro COrIacoBaHHA YCTPOHCTB C BOJHOBBIM
COMPOTHBJICHHEM JIHHHH, T. K. OHH ABJIAKOTCA CTa-
uHoHapHbIM. bnaromaps nepHoanuecKkoMy onpocy
ynanenneix PLC-MoneM0B MOXKHO OpPraHu3oBaTh
(6e3 npoknagku J0NOMHHTENLHBIX KOMMYHHKALIHIA)
cucTeMy cOopa JaHHBIX.
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OCOBEHHOCTHY NIOCTPOEHUSI 1 ®YHKIIMOHUPOBAHUS
MOBWIbHBIX KB CETE# CBSA3N

Juanazon KB paauoBons, B omiuuue ot YKB
JAHANa3oHa, 10 HACTOALLEro BpPEMEHH He uMeeT cob-
CTBEHHBIX CeTel CBSI3M CO CBODOAHBIM JOCTYIIOM
MOJIb30BaTENEH.

Ilpu opranusaunu KB cBA3H ¢ NOABHKHBIMH
oovektamu ([10) BoszumkawT ocobenHo Gosblune
TpyAHOCTH. Jleno B ToM, uto I10, Kak npaBuio, HMEIOT
MaJiblil 3HepreTHYECKUii noTeHna, o0yCcnoBIeHHbII
€MKOCTBIO OOPTOBBIX akKymynstopos. [Tostomy Ha
Gopry 10 He Moryt ObITh YCTAHOBIJIEHBI MOILIHBIE
paauonepenatoimue ycrpoiicrsa. Kpome toro, raba-
puthl 11O B nogaenstomem GONbLIIMHCTBE CIydaes
HE Jal0T BO3MOMKHOCTH MCIOJIb30BATh BO BpeMms
nsuxkenus Ha Oopry I1O BeicokoaddexTnBHbie KB
nepeaalonne aHTEHHBL

Hecmotps na umerommecs Hepoctatku KB ka-
Haiael ceAzn (KC) cnocoOHbl MrpaTh BaXKHYIO poJib,
KaK B I'pa)aHCKHX BEIOMCTBAX, TAK H B CHJIOBBIX
CTPYKTYpax, 0COOEHHO B YCJIOBHAX 4pe3Bbl4ailHbIX
cutyanmii [ 1, 2].

CeroaHs akTyasnbHbl 3a/1a44 CO30AHMS KOHTHHEH-
TaJIbHbIX MOHMTOPHHTOBBIX cucTeM (MC), a B Gnvskaii-
eM OyyiieM — i r1o0ajlbHOr0 MOHHTOpPHHTA, 00CTy-
JKMBAIOILIErO NPOCTPAHCTBO BCEIO 3€MHOTO Iapa.

OnHO U3 BaKHEHWIHX M MEepPCHEeKTUBHBLIX Ha-
npasnenuii paseutua KB cucrem cBa3u — ynosner-
Bopenne norpebuocreit 8 KC pasnuunoro poaa
npocTpaHcTBeHHO paccpeaoroueHHbix MC. B crarbe
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[4] pemaercsa akTyaneHas npobiema opraHu3aluu
eJMHOH cHcTeMbl KOHTHHeHTaaeHbIX MC, B cocTas
KOTOpO# BXoAuT ceTh KB cBi3H ¢ yAaneHHBIMH pe-
TPaHCIATOPAMH.

DYHKIHOHANBHBIE BO3MOKHOCTH, OCHOBHbIE
poctouHcTsa cuctem KB cBf3n M npumepsl X HH-
TerpauHu ¢ APYrHMH CETAMH CBA3H PacCMOTPEHbI
aBTOpaMH B [3].

Hacrosuas cTarbs nocasiiueHa BONpOCam MoBbi-
LLIEHUS HAZIEXKHOCTH nepeaaun coobiuenmii no KB KC;
NpeUIoJKeHbI Takoke Hanbosee BaXKHbIE Mephl, M03BO-
JIAIOLIHMX CYLIECTBEHHO CHH3UTE MOLIHOCTb, KOTOpas
tpebyercs or KB nepenarunkoB mus obecneyenus
3a71aHHOro Kod(p(uUHeHTa UCIIPaBHOTO AeHCTBUS
(KHU) [6] KC, 4T0 B cBOIO O4epeab JaeT BO3MOMK-
HOCTh YMEHBIIUTH Bec, rafapuTbl U CTOMMOCTD
abonentckux cpeacte KB panuocsssu u no3sonser
ucnone3opate KB KC ans noctpoenus uHrerpupo-
BaHHBIX CO BCceMH cymecTByommmu cetamu (CCC,
COTOBBIMH, MMPOBOAHBIMH H 1p.) MOOHIBLHBIX CeTeil
JeKaMeTPOBOIl PAIHOCBA3HN CO CBOOOIHBIM TOCTYIIOM
M0JIb30BATENEIH.

KB ceru cBsizn
€ YlaJIeHHbIMH PeTPaHCAATOPAMH

IIpu onHol 1 TOi1 3xe MommHocTH KB nepenarunka
HAAeKHOCTh JOCTABKH COOOMISHHH 3aBHCHT OT pac-
CTOSHHS MEX1Y Mepe/IaTiuKOM H MPHEMHHKOM.



R N Ny R N R R, ™ RS S e TSSO T 0NN L. TR TS Yy Ty ™My TS ™Y e, ™Y Ty Ty T Y

‘ TEIIEKOMMYHHKGLI,HOHHHB CWUCTEeMbl M KOMNbIOTEPHbIE CETU

OueHb BayKHBIE C DTOH TOUKH 3PEHHs pe3ylb-
TaTel Hcenenopannii Hagexunoctn KB KC Ha pas-
AMYHBIX Tpaccax Okl onmybnukoBausl B 1967 roay
E. H. Kononuesoii [7]. [Tonyuennsie B [7] rpaduku
3aBHcHMOCTH MomHocTH KB nepenaTuikoB oT JUIHHBI
Tpacchl Npy 3aaHHbIX 3Ha4eHusax KM kanana ceasu
npuBeeHsl Ha pHcC. 1.

b h. nb
100
N\
80 Yo
N/ K= 99 %)
o
Sl KW= 95 %
40 M \
~N KHJI= 80 %
20
KW= 50 %
0 ‘\_—-‘" .
1000 2000 3000 4000 Lo |

Puc. 1. 3aBMCHMOCTD MOLLHOCTH MEpeIaTyHKa,
obecrneuMBalOLLEH 3a/1aHHYIO HAJEKHOCTD
nepegayu coobLIeHHH, OT JUTHHBI TPACChI

W3 pucynka BUAHO, 4TO C TOYKH 3PEHHSA JHEpre-
THYeckux 3arpar HamOonee Bbirognsl KB KC npo-
TsokeHHOCThi0 2000-3000 kM.

Pesynbrars uccnenopanuii [ 7] npuseny K noruye-
CKOMY BBIBOAY O LieslecooOpa3HocTH nocTpoenusa KB
CeTeH CBA3M C HCIONIb30BAaHHEM B3aUMOIEHCTBYIOIIMX
JPYT € ApYroM Ga30BbIX PETPAHCAATOPOB YaIeHHbIX
OT KOPPECMOHEHTOB Ha HauOosee OnaronpuaTHOE
71 PacnpoCTpaHeHHA JeKaMeTPOBBIX PaJMOBOJIH
paccroanue (2000-3000 km). B aToM cayuae oaus
peTpaHcasaTOp crocoben o6CIyKUBATH KOPPECIIOH-
JICHTOB HE TOJIbKO B OT/IE/ILHO B3STOM PETHOHE, HO H B
KOJTbLIE ¢ BHYTpeHHUM pagnycom 2000 KM 1 BHELTHUM
pagnycom 3000 xm. bazosbie KB perpancasTopsl
JIO/KHBI HMETh MOIIIHBIE nepefaTyuku (nopsaaka 10
KBT). koTOphie 00ecneyHBaoT J0CTATOYHO HAIEKHYIO
nepejaady cooluleHHil ¢ YIJIOTHEHHEM BO BPEMEHH
B pexume, Hanpumep, ¢asopoii (PM) uim oTHOCH-
TeabHOH (hazosoii MarunysnH (OOM, IODM) co
ckopocthio 500-1000 dur/c [1, 2].

[Tepsble waru 1o co3aannto IpheKTHBHLIX ceTeit
KB cBsA3M ¢ ynaneHHBIMH PeTPAHCIATOPaMH ObLIH
CHENaHBbl elle B cepelnHe Mpouutoro sexka. OqHako
B OTKPBITHIX M3JaHHAX Pe3yJbTaThl pa3paboTok 1o
MOHATHBIM NMPHYKUHAM [0JITOE BpeMs He myOnnKoBa-
nuck. M3 oTKpeITEIX MyOnuKaumii Ha4YaaIbHOro JTana
HC/Ie10BaHHH B )TOM HANpPaBJEHHH MOYKHO OTMETHTb
pabory [8], onybnukopanuyto B 1979 roay, B kotopoii
NPHUBEIEHbI pe3y/bTaThl HATYPHBIX HenbiTanuii KB

KaHana cBsa3d Mocksa — MIpkyTCck ¢ ydaneHHBIM OT
KOPPECNOHAEHTOB PETPAHCAATOPOM, PACIOJIOKEH-
HbiM B OMmcke. B 1985 roay Gbina onybnukoBaHa
ctatbs (9], B KOTOpOii OMHCBIBanach 30HOBas CETh
pPaIHOCBA3H C BLIHECEHHBIM PETPAHCIATOPOM.
CnpaBeUTHBOCTH Pajiu CIEIYET OTMETHTh, YTO aBTOP
crarbu [9] HeCKONBKO Mo3aHee B cBoeil MoHorpaduu
[6] nanemy nepBeHCTBAa HAEH OPraHH3aLHH 30HOBOH
CETH CBA3M C BHIHECEHHBIM PETPAHCIATOPOM OTAAI
npodeccopy E.®. Kamuey.

OpHuM U3 NyTeH, KOTOPBIM MIYT 3apybexHbie
creuualncThl, Takke Apiasercs opranusamns KB
peTpaHCIALMOHHBIX MyHKTOB. Hanpumep, B 0630pHo#
crarbe [ 10] ormeuaercs. uto B CILIA akTHBHO BeayTcs
paboThl 10 MCCIENOBAHUIO CETEH PeTPAHCIALIMOHHBIX
MYHKTOB B paMKax C03/1aBaeMOii aBTOMAaTH3UPOBaH-
Ho# cuctembl KB paanocessn. Cneunanucter CILIA
CHYHTAIOT. YTO CO3AaHHE TAKHX ceTeil MOBBICHT YCTO#~
yusocTh KB pPanHoOCBA3H, CHH3HT JHEPIETHYECKHE 3a-
TPaThl H MOBLICHT pa3Bea3aluiieHnocTs. [Iposenen-
Hbl€ aMEPHKAHCKHMH CMELHATMCTAMH HCCIIEI0BAHMNS
MOKA3a/IH, YTO [PH HATHYUH PETPAHCIATOPOB MOYKHO
HCII0JIb30BaTh MEPelaTuuKH, MOIIHOCTh KOTOPBIX He
npepocxoauT 10 BT (BMeCTO paHee HCMONB3yeMBIX
nepenaraukoB molHocTsio 10 kBT). [Ipeanaraemeie
MepBbI JAI0T BO3MOKHOCTD YIIPOCTHTE NepHEPHITHY IO
MPUEMOTNEPEAAOILY ) ANNAPATYPY, CHU3HTD €€ SHEp-
reTHYeCcKHi MOTEHIHal, a CIIe0BATe/bHO, rabapuThl
H BeC. TO O4EHb BA)KHO Ul nocTpoeHns ceteit KB
ceazu c [10.

B [1. 2, 6] noka3zaHbl BapHaHTb! MOCTPOEHMA
ceteii KB cBf3M ¢ yaaneHHbIMH PETPaHCIATOPAMH,
KOTOphie npu 5—6 Ga30BBIX peTpaHciATOpax odcmy-
KHBAIOT BCIO TeppuTopHio Poccun, a py 12 6a3oBbix
PETPaHCIATOPaX — BECh €BPA3UICKHIA KOHTHHEHT.

B npuHILmne, MOXHO NPEACTABHTE IM00aNIbHYIO
cers KB paanocssasn ¢ ynaneHHbIMH 0a30BbIMH
peTpaHcIATOpaMH, KoTopas oOCIy»KHBAeT BCe Mpo-
crpancTBo 3emmu [11]. [Ina aroil cetu Heobxoaumo
nopsjaka 80 peTpaHcIAsTOPOB, PACIOIOKEHHBIX KaK
Ha pasIH4YHbIX KOHTHHEHTAX, Tak H Ha 6}(5!}(, a TaKiKe
Cyaax, HaXOIALIMXCA B OTKPBITOM OKEaHe.

Huskockopoctubie KB kananpi
1J151 MOOHM/IBHBIX ceTell CBA3H

VYMeHbIIEHHA MOLIHOCTH epudepriHoro nepe-
JaTHHKa MOMKHO ,IIOﬁHTbCH CHHMMKECHHEM CKOpPOCTH
MAaHMUMYJIALHH, KOTOPOE YBEIHYHBAET OTHOLIEHHE
CHUHAJI/TIOMEXA B Ka)KJI0M OTAE/IBHO B3ATOM IEMEHTE
JAHCKPETHOIO coo0I1IeHNs U ABNIAETCA rapaHTHpOBaH-
HbIM METO/IOM MOBBILIEHHs MOMEX0YCTOHYHBOCTH
KC, ecin MOmHOCTE nepeaaTyMka OCTaeTcs Mmo-
CTOSAHHOM.
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Ouennm npesiensHo gonycrumoe B KB kanane
CBA3H CHH/KCHHE CKOPOCTH MAaHMIMYJISALHH CHUTHAJA.
bynem mcxoauTs U3 TOro, 4To MepHoa GLICTPLIX 3a-
MHpPaHHH CUrHAJIA HA MArHCTPAJIbHLIX PaHOTpaccax
NnpakTHYecKH He npesbitaet 4 ¢ [12]. EcrectBenno,
4TO JJAMTEIBHOCTh SEMEHTa COOOLIeHUA QOIKHA
OBITb BO MHOIO pa3 MEHbIlE MepHoAa 3aMUpaHuii
currana. bynem cunuTaTh, 4TO OTHOLLEHHE MOTYTIEPH-
of1a 3aMHPaHHIl K JTHTEIbHOCTH 1eMEHTa coobIe-
HHA JTOKHO ObITh Mopsaka aecatd. B aToM ciyqae
MaKCHMaJlbHO A0MyCTHMAsA BETHYHHA IJTHTEIbHOCTH
anemenTa Oyzer pasHa 200 mc, 9TO COOTBETCTBYET
MHHHMAJIbLHO JOMYCTUMOH CKOPOCTH MAHUITYIIALIAH 5
boxa. [lanee Gynet nokaszaHo, 4T0 ¢ TOYKH 3PEHHUS CHH-
XPOHM3ALIMH € HCTIOJIb30BaHHEM aOCOIIOTHOIO BpeMe-
HH 11es1eco0bpa3Ho BeIOpaTh CKOPOCTH MAHUITY/IALIHH
4 bona [ 1, 2]. Ecny cunrtark, 4TO OTHOIIEHHE CHIHAI/
IIYM YBEITHYMBAETCH MMPONOPLHOHATBHO CHHKEHHIO
CKOPOCTH MAHHITYJIALIMH CHTHATIA, TO SHEPreTHYECKHI
BeIurpsit npu UM u ckopoctu manunynsaunu 4 boaa
no oTHoImeHHI0 K YM co CKOpOCTBIO MaHHMYJIALIMH
50 Box Gyzer cocrapnats Gonee yem 10 ab.

ITpn HH3KOCKOPOCTHOH nepenade cooOieHuit
co croponsl 10 npuem curnanos 6aszoseim KB
PeTPaHCIATOPOM MPOM3BOAMTCA B PEKHME HacTOT-
HOTO YIUIOTHEHHS, IPH KOTOPOM B MOIOCE YacTOT
O/IHOMOJIOCHOTO TeneOHHOTO KaHAaIa MOXeT ObITh
pa3merteHo a0 800 HHANBHIYAILHBIX KAHAJIOB fepe-
Jla4d IaHHbIX.

Astop MoHorpaduu [3] ykaspiBaeT Ha HaH-
Oosee nepcneKkTHBHBIE HanpapieHus paspuThs KB
PaJMOCBA3H, MO3BONAIOIIHE MOBBICHTh KHBYYECTb,
MOMEXO03alIHIIEHHOCTh, ABTOHOMHOCTh, pa3Be/3a-
LMILEHHOCTh, MOOUIBHOCTE, JAEKTPOMArHUTHYIO
COBMECTUMOCTb M APYTHE MapaMeTphl JeKaMeTpo-
BLIX cHcTeM cBsizH. [TposeneHHslii B [3] ananus no-
Ka3bIBAET, 4TO MEPCNEKTHBbI pa3BUTHA BoeHHOH KB
PAIHOCBA3M CYIIECTBYIOT B paMKax CO34aHHA H [paK-
THYECKOTO MPUMEHEHHA KaK B TAKTHYECKOM, TaK H B
BBICUIMX 3BEHbAX YTPABIEHHS MapKa MOPTATHBHBIX
(manomomnbix) KB paanocranumnii (PTIP < 1-10
BT), nmeromnx y3xue (Af = 10-50 I'u) 1 cBepxy3kne
(Af = 2-10 I'n) nonockl nponyckaHus NPUEMHHKOB.

Curnans YM
¢ YACTOTHBIM pa3HeceHneM MOAHeCy X

YM curaan MoKHO NpeCcTaBHTh Kak 18a AM cur-
Hana, KOTOpbie NepeatoTes Ha NOAHECY X YacToTax
C MaHHMMYJISALUHEH B3aUMHO TPaHC(HOPMHPOBAHHBIMH
OMHApHBIMH NoCe0BaTeIbHOCTAMY, Eciy aeBuarus
yacToThl y UM curnana npeaenbHo Maza, TO IIpH HU3-
KOH CKOPOCTH MAHMITYJISLIMK MOAYIH KO03(dH1IMeHTOB
nepeaayM COCEAHMX KaHAJIOB, HAa KOTOPBIX nepeia-
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10Tca noauecymue YM curuana, npu ceaeKTHBHBIX
3aMHpaHuAX OyIyT CHIILHO KOppenHpoBaHbl. CHIBHO
KOpPPeIHPOBAHbIMHU B ITOM C/Tyuae OKaXyTcs H CTaH-
LHOHHBIE TOMEXH, KOTOPhIE NONAAI0T B OTH KaHabl,
TAK KaK KaJas CTAHLHOHHAA ToMeXa, KaK MPaBuilo,
Gyner nopaxkarsb 00a KaHana ¢ nofHecyummu. To ectsh
OTHOUIEHHE CUIHaj/ToMexa B 00OMX KaHanax [Uis
noanecymmx UM curuana craner npuOIH3HTENLHO
OZIMHAKOBLIM (OJHOBpPEMEHHO 100 XOpolHM, 110
rioxum). Ecim ke geBunaumio yactorsl UM curnana
B35Th 10CTATOMHO 60mbi10i (3000-9000 I'1r), To 1 KO-
s duLHenThl Nepeayn KaHaIoB (MPH CeNeKTHBHBIX
3aMHpaHHAX) s noaHecymux YM curnana u cras-
LIMOHHBIE IOMEXH B ITHX KaHanax 6yayT cnabo kop-
pesMpoBaHHBIMH. EC/M IpH 3TOM CHTHANBL, KOTOpbIE
nepeiaoTes Ha MOJHECYIUMX YacToTaxX, MPHHHMATh
MHIMBUIYabHO Kak 2 AM curnana, To mbl Oymem
UMETh €710 ¢ YHaCTOTHO-Pa3HECEHHBIM IpHeMOM AM
CUrHaOB. MeTO/Ibl CIOKEHHS ITUX CHIHAJIOB MOT'YT
ObITh pazau4HbiMH. Hanpumep, Ha puc. 2 npuBeeHbl
MoTy4eHHble MPH MOIEIHPOBAHHHU TPACCOBBIX HC-
NbITAHUI CHCTEM CBA3H rpaduky 3aBucuMocT KW /]
OT MOLIHOCTH CHTHAJIOB MPH YaCTOTHO-Pa3HECEHHOM
npueme AM CHrHanoB ¢ aBTOBBIOOPOM MPHHSATHIX
B LIe0oM cooOuleHuii U ¢ aBToBeIOOpOM Hambosee
JOCTOBEPHBIX JJIEMEHTOB Y HPHHATHIX COODIIEHHI
(ImocneeTEKTOPHOM CIIOKEHHH TeerpaMm).
BepoATHOCTE NOpakeHHsA KaHasia CBA3M CTaHLIU-
OHHOI1 TOMEXOii MPH NMPOBEICHHN BBIYHCIHTEIbHOIO
JKCcrepHMeHTa 3anasanack paBHoii 0.3. CnexrpanbHasn
MUIOTHOCThL MOIIHOCTH aTMOC(epHOro 1yma Ha BXozie
JEMOYISTOPa IPHEMHOI0 YCTpolicTBa ObL1a MpHHA-
Ta pasHO# | (B ycnoBHeIX eaununax). MO yposheii
CTaHIHOHHAIX nomex no oTHomenuto k CKO armoc-
thepHoro mwyma npuHuManock pasusim 60 a6, a CKO
CTAHLMOHHBIX nomex Opanocsk paBubiM 20 ab.
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Puc. 2. 3aBHCHMOCTE HAZIEKHOCTH MIEPeavH ANCKPETHBIX
coobumennii npu AM u UM OT MOILIHOCTH CHIHAJIOB
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M3 puc. 2 BuHO, 4TO HaHOOIIEE BBICOKYIO HAIEkK-
HOCTh nepenaun coobiieHnit obecneunBaeT nMpHeM
YaCTOTHO-Pa3HECEHHBIX AM CHrHa10B METOAOM
NIOCJIE/IETEKTOPHOT'O CI0KEHH (aBTOBBIOOP 1eMeH-
TOB). DTOT METOI YaCTOTHO-Pa3HECEHHOTO MpHeMa
curHanos 2AM naet sHepreTH4eCKHil BBIMTPBILI MO
CPaBHEHHIO ¢ OOBIMHOI OIHOKAHANILHON nepenayeil
UM curnana Ha yposue KUJI 50 % — oxono 7 ab, a
Ha ypoeue KH]1 85 % — oxono 28 ab.

PernonajibHo-pasHeceHHbIH NPHEM CHIHAJIOB

B [13] npeanoxken MeTOA perHoHaJILHO-pa3He-
CEHHOro NpuemMa CMr{ajios 633031:11\-‘[}1 PETPAHCIALH~
OHHBIMH [TYHKTaMH,

,HOI'[OJIHHTCHI:HBIE ﬂpHeMHhIE LIEHTPLI B KOJIH-
gectBe N pasMemarorcs B 00JacTH pacroioKeHus
Ga30BOro peTpaHcasTOpa, BOKPYT HEr0 M Ha paccTo-
sHuK 0T Hero A0 500 km. Kak/apiii 10M0IHNTEIbHbIH
MPHUEMHBIL LIEHTP CBA3AH CO CBOMM PETPAHCIATOPOM
BHEIIHHMH JTHHHAMH CBA3H (IPOBOAHBIMH, pajHoO-
peneiiHbIMH, CIYTHHKOBBIMH H T. I1.). 3a cyeT peru-
OHAJIbHO-PA3HECEHHOIO MPHEMA CHUIHAIOB MOMKHO
CYUECTBCHHO YBEJIHYHTb HANCKHOCTh nepeaaqy
coobimenuii 0T aoHeHTa B CTOPOHY YAAJIEHHOIO OT
HEro peTpaHcIATopa.

Ha puc. 3 B kauecTBe npumepa npejacrapie-
Ha CTPYKTYpHasa cXema CeTH KOpPOTKOBOII HOBOIH
PagHOCBA3H A8 NMepefadn AHCKPETHBIX COOOIIeHHH
C yZaneHHbIMH OT a0OHEHTOB peTpaHCIATOpaMH H
JAONOJHHTEIbHBIMH “pHEMHbIMH HCHTPEMH. OTa
ceTh MOXKeT 00CTYKHBATH TEPPHTOPHIO Beeli Poccuu
(mecTb 6a30BBIX PETPAHCIATOPOB, PACTIONOKEHHBIX,
HanpHMep, B crieaytonmx ropogax: Bonrorpane, Ve,
Omcke, KpacHosipcke, Ynan-VYie, BiaroBeiencke ).

Ha puc. 3 o6o3naueno: bPj — j-it GazoBslii peTpan-
caarop; [Ipnj — nononHuTenbHLIH N-if IPHeMHbIH LIEHTP
npu j-m 6azoBoM peTpaHcaaTope; Ai — i-it aGoHeHT.

Ecnu YCIOBHA CBA3H obecneunBaioT BEPOATHOCTD
nepenaun coobmenns Pl ot aboneHTa B cTOpOHY
0a30BOro peTpaHcnATOpa, BEPOATHOCTh HETpHEMa
coobmenus PO B 9TOM ciiyuae pasHa

PO=1-Pl. (1

Ecnu cunTaTh, YTO YCIOBHS NIPHEMA CHIHAJIOB OT
a60HCHTa BO BCEH DﬁﬂaCTH pacnoioxReHHa 10N0JIHN-
TEJIbHBIX MPUEMHBIX [IEHTPOB NMPHOIH3NTENLHO OIH-
HAKOBBEI (HO B3aHMHO HE3aBHCHMBEI), TO ¢ ydeTom (1)
seposTHocTh PO(1+N) onHoBpemeHHOro Henpuema
coobIeHns peTpaHcasITopoM U Bcemu N J10MOJIHH-
TeIbHBIMH MPHEMHBIMH LeHTpamu OyaeT paBHa

PO(1+N) = (1 - PI)N+1. 2)

M3 (2) cnenyert, uto BepositHocTs P1(1+N) npu-
eMa cooOueHHsA X0Ts Obl OIHHM ITPUEMHBIM LIEHTPOM
13 N WM peTpaHc/IATOPOM COCTaBHT

PI(I+N) = 1-PO(I+N) =1 — (1 = PI)N+1. (3)

Ha puc. 4 npusenen rpaduk sasucumocteii K]
KaHana cBA3H “aboHeHT — 0a30BbIi perpaHcusTop”
¢ N 10ono/IHUTEIbHBIMH MPHEMHBIMH LIEHTPAMH, OKpPY-
KaIOIMMH PETPAHCIIATOP U PErHOHAILHO-Pa3HeCeH-
HbIMH OT Hero Ha pacctosHue 100-500 km, or KHU]]
KaHana cBsi3u “aboHeHT — 6a3zoBblil peTpaHcnsTop”
0e3 1ONONHUTENbHBIX PErHOHAIBHO-PA3HECEHHBIX
MPUEMHBIX 1IEHTPOB.

¥
4 o o 1lpe I
Ipys ﬂph“np1 Mpss Tlpss Mpsr [ ] Ilpss Pes ® A,
L¥ ‘e 000 000 7 IMpes U
ey O Ag ’\ v Par
oA 000 ® A oA, .

Puc. 3. CrpykrypHas cxema ceTH KOPOTKOBOJIHOBOI PallMOCBA3H Ul NEPeNayH JHCKPETHBIX CO0OeH it
C yAaleHHBIMH OT a00OHEHTOB PETPAHC/IATOPAMH H AONOIHHTEIbHBIMHY IIPHEMHBIMH LIEHTPAMH
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Puc. 4. 3asucumocts KW/1 kanana casu ¢ N J10MOMHHTEIbHBIMH PErHOHAIBHO-PA3HECEHHBIMI
npueMHbiMH LeHTpamu o1 KHJL kanana cesizu 6e3 10MONHUTENBHBIX TPHEMHBIX LIEHTPOB

W13 npusenenHoro rpadguka BHIHO, 4TO B CIIydae
TUIOXHX YC/IOBHH CBA3H, KOI/IA O OIMHOYHOMY KaHATY
nepenaercsa Beero 40 % coobuieHuit, Haune BOChbMH
JONOHATEIBHBIX NPHEMHBIX LEHTPOB YBEJIHYHBaeT
MPOLEHT NMPHHATBIX cooblenuii 1o 99 %. Ecau no
oliMHOYHOMY KaHaty nepeaaercs 50 % coobuieHuid,
TO IIECTh JOMOJHHTENLHBIX NPHEMHBIX LIEHTPOB 00e-
crieunBaloT npuem Oonee yem 99 % coobmennii. B
YCIIOBHIAX CBA3M, KoTOphle B KB nuanasone cunraiorcs
YIOBAETBOPUTEILHBIMH, KOTA MO OIMHOYHOMY KaHAJTy
ceazu nepesaercs 70 % coobuueHnii, Hanuume Beero
TPeX J0NOIHUTEbHBIX IPHEMHBIX LIEHTPOB MOHHMAET
TMIPOLIEHT MPHHATHIX COOOMEHHH 10 3HaueHus 99 %.

H3BecTHEBI NpHBEAEHHBIE HA pHC. | 3aBHCUMOCTH
3HA4YEHHS MOUIHOCTH nepeaaTyMka, obecrneumBaio-
e 3a1aHHYI0 HaJeKHOCTh NpHeMa cooOLIeHHi oT
Anuubl Tpaccel. CpaBHMBAsA KPUBYIO HAIEKHOCTH,
coorseTcTBYOMYK 50%, ¢ KpHBOH HaaeKHOCTH,
COOTBETCTBYHOLIEH 99%, MOKHO BUIETH, UTO JHEpre-
THYECKHE 3aTparhl /LIS MEPEXOAA C MEPBOTO YPOBHS
HaJeXKHOCTH Ha BTOPOH COCTAaBIAIOT MPHMEPHO
43 nb, 1. e. nopsaka 20000 pa3 mo momuocTH. Takoro
poia IHEPreTU4eCcKHii BLIMIPLIII AT LOECTh J0-
MOJHHUTENBHBIX PHEMHBIX LIEHTPOB.

Henoab3oBanue abcoIl0THOIO BpeMeHn
IS HHKJI0BOH W 1M031€eMEeHTHOH CHHXPOHH3AHN

[Ipn Gonbmoi ATUTETBHOCTH IEMEHTOB CO-
obmmeHus (HHU3KOH CKOPOCTH MAaHMMYJIALMM) H Ha-
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JIMYMH BbICOKOCTAOMIIBHBIX ONOPHBIX TE€HEPATOPOB
(OT') pemnTh panHoHaNbHO NpoGIEMY TAKTOBOM
(Mo31neMeHTHOH) U LMKJI0BOH (MO3HAYHOM) CHHXPO-
HHU3ALHMH MOKHO 3a CYET MCNoab3oBaHus abcomoT-
HOTO TOYHOIO BPEMEHH, 4TO MO3BOIHT 00ECIEYHTh B
TEUEHHE JUIMTEJIBHOIO BPEMEHH ONTHMAJbHBIH MH-
TErpajibHbIH IPHEM CHIHAJIOB CPa3y JKe C PUXOA0M
MepPBOro d1eMeHTa coodieHns 6e3 JOMOTHUTEIbHbIX
3aTpaT BpPEMEHH Ha PeBapHTENbHYIO ITepeaady crie-
LHAJIbHBIX CHHXPOCHTHANO0B. [Ipn 3TOM HeKIOuaeTes
BIIHAHME A/UIMTHBHbBIX TIOMEX HA TOYHOCTh CHHXPO-
HU3aLMH, KOTOpas B JaHHOM CJIydae 3aBHCHT TOJILKO
OT CTaOMJIBHOCTH ITATTOHOB YaCTOTEI B MepeialoiieM
H IPHEMHOM YCTPOHCTBAX H TOYHOCTH OIpeeleH s
BPEMEHH PACIPOCTPAHEHHA CUIHAJA OT NepeJaTyuKa
JI0 TIPUEMHHKA.

JleficTBUTEILHO, BpEMsl pacnpoOCTpaHeHus CHr-
HaJla OT nepenaryuka 10 NPHEMHHKA HA pacCTOsSHHUE
2000-3000 kM coctapnser 7-10 mc. [Ipu 2ToM pas-
HOCTBb X0Za Jiy4eil He npeBocxoauT 4 mc. Bpems pac-
NPOCTPaHEHMs CHTHAJIA JIEIKO YYHThIBaeTCs THO0 Ha
nepeaaollen cTopoHe (nepegaiua CMrHaIoB ¢ onepe-
’KEHHEM M0 OTHOILEHHIO K aOCOMIOTHOMY BpeMeHH),
Au00 HAa MPHEMHOI CTOPOHE (pereHepallHsa CHIHAJIOB
C 3anasjbIBaHMEM [10 OTHOLLEHHIO K abCOMOTHOMY
BpemeHH). B oTom cnywae npu HM3KOH CKOpOCTH
MaHMITYJIALHH OMNOKA B ONpeaeNeHHH TOYHOTO Me-
CTOMOOKEHUSA (PPOHTOB ITEMEHTAPHBIX MOCHUIOK Ha
OCH BPEMEHH COCTAB/ISET €AMHHIIBI MPOLEHTOB 10



‘ TGJ'IQKOMMYHHKEUMOHHHE CUCTEMbI M KOMMBIOTEPHBbIE CETH

OTHOMICHHUIO K X JJIMTENbHOCTH. TaK Kak gake MpH
HAJIMUUHU TOJIKO COOCTBEHHBIX LIYMOB MPHEMHHKA
KpaeBbl€ HCKA/KEHHS Ha BBIXO/IE PELIAIOLIETO YCTPOii-
CTBa MOT'YT JIOCTHraTh 3Ha4eHui 5 %, To owmbka B
HECKOJIbKO MMPOLEHTOB MpPH ONpeieIeHHH MeCTOIO-
n0kKeHUs (JPOHTOB MPAKTHYECKH HE CKaKeTcd Ha
BEPOATHOCTH OIHOOK NpH NpHeMe coodILeHHI.

JluckpeTn3upys CHrHas Ha BbIXOJE JETEeKTOpa H
CYMMHMpPYA OTCHEThI HAa HHTEpPBaJe KaXkIOH d1eMeH-
TAPHOMH MOCHUIKH COOOLIEHHA, MOKHO OCYILECTBHTD
HauOosee NoMexoyCcTOHYHBbIl HEKOTEePeHTHBIH HH-
TerpajbHblii NPHEM CHIHATIOB.

B [14] paccMoTpeHbl BO3MOMKHOCTH HCIOIb-
30BaHHA a0CONIOTHOIO BpeMEHH Ul LUUKIOBOH M
M037EMEHTHOH CHHXPOHH3A1LIMU MPUEMHHKA U 1epe-
NaTyuKa.

OueHuM pacxoKIeHne MOMEHTOB BPEMEHH, COOT-
BETCTBYIOIIHX (DPOHTAM IJIEMEHTAPHBIX MOCHUIOK HA
nepeaen H NPUEMHOH CTOPOHAX, B 3aBUCHMOCTH
ot crabminbHOCTH Henosb3yembix OI Ecin Ha oBenx
CTOPOHAX PaIHOJIMHHN Mbl HMEEM TEPMOCTATHPOBAH-
Hble NEePHOAHYECKH [OACTPaHBAEMBIE (HAPHMED, pa3
B ron) kapuessie OI” ¢ fonTOBpeMEHHOI HeCTaOHIIb-
HOCTBIO, YUHTRIBAOLIEH cTapeHue KBapua, 5-10-8, To
B camMoM xyauuem ciayudae, korjaa Ol Ha nepenatoueii
U NPHEMHOI CTOPOHAX PaccTPOEHB! B MPOTHBOIO-
NOKHBIX HAMpPABIEHHAX OTHOCHTEIBHO TOYHOTO
HOMHHAJIa 4YaCTOThI, PACX0/KIEHNE BO BDEMEHH YaCcOB
Ha Nnepenaroleii U MPHEMHOI CTOPOHAX PAITHOITHHHH
nocjie MOMeHTa abCOMIOTHO CHHXPOHH3AUHHN OyaeT
YBEJIMYMBATLCS, KAK MMOKA3aHO HA pHC. 5,

To ecTh 3a CYTKH 4achl MOTYT pa30iiTHCh Ha
8 mc. 4to cocrasnsger 3,2 % OT WIHTENbHOCTH 37e-
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Puc. 5. MakcHMaibHOE Pacxox/IeHHE BO BPEMEHH YACOB
Ha [epeaatoiieii H MPHEMHOH CTOPOHAX PaJAHOIHHHH
B 3ABHCHMOCTH OT HHTEPBAJIA CHHXPOHH3ALIHH
NPpH OTHOCHTENbHON HECTADMIIBHOCTH
ONOPHBIX reHeparopos 5+10-8

>

MEHTAPHON IMOCHUIKH TPH CKOPOCTH MAHHITYIIALHU
4 bona. Ecnu He npeAnpuHAMATE CIeLHATLHBIX Mep
(TepMOCTATHPOBAHHS, IEPHOAMYECKOH MOACTPOHKH U
T. 1.), TO 3a CYET CTAPeHMs KBaplia J0JroBpeMeHHas
HecTabMIbHOCTE 9acToTel OI' MOKET NpeBOCXONHTL
BemnuuHy 104 [15]. B cny4ae, koraa takoro poaa
OI' ucnone3ytorcst B nepudepHiiHoM npuemornepe-
[alolleM YyCTpOHCTBE, TO PACXOXKIeHHE 4acoB Ha
nepenamooueii ¥ NpUEMHOI CTOPOHAX, aJeKBaTHOE
npeabIyLeMy CIyHar, MPOH30iiIeT Bcero 3a ofHy
MHHYTY.

Taxkum obGpaszom, A1 YAOBIETBOPUTENbHOM
paboThl pemawIuX yCTpPoHCTB, paboTalmux ¢
CHHXpOHH3aLHei B a0COMIOTHOM BpeMeHH, B ClTy4ae
HCIIONB30BAHHA B nepH(epHitHbIX nepegaryukax O
C OTHOCHMTEIbHO HM3KOH CTaOMIBHOCTBIO YaCTOTHI,
HeoOXOAMMO MPOHM3BOANHTE B3aAHMHYK CHHXPOHH3a-
LIHIO 44COB Ha Mepenaronei 1 NpHEeMHOH CTOpoHax
PaAHOIMHHMH C MEPHOOM, HE NPEBLIIAIOIIHM OIHY
MHHYTY.

Ecim ckopocTh MaHUNY ISA1IAK CHrHANA Oy1eT pas-
Ha 4 bona, To nepeaua BOCBMHIIEMEHTHOH KOIOBOK
KOMOMHALINK 3aiiMeT Be ceKyHbl. [Ipu 3ToM Havano
3HaKa OyzneT npuxoauThesa AMO0 HA HAYaN0 HeuYeTHOH
CeKyH/Ibl, THOO0 HAa HA4YaJI0 YeTHOI, 4To obseruaer
pelleHne 3a1a4 LUUKIOBOH CHHXPOHH3ALHH, Ha-
npuMep, Mo CPaBHEHHIO CO CITydaeM, KOrj1a CKOpoCTh
MaHHMyJIs1UK paBHa 5 Boa i Hauasio Kax10ro HOBOro
3HaKa “‘CKOJIb3UT OTHOCHTE/IbHO BPEMEHHOH CeTKH,
KpaTHOH OJHOH CeKyHJe.

®a3zoBasn MAHHNY/IfAIIHA CHIHAJIOB

[Ipu ®M B oranumne or ODPM He NPOMCXOAMT
rpynnupoBaHus owHOOK, H B 3TOM CYlIECTBEHHOE
npeumymectso PM nepex ODM. Uzbauthes xe
OT ciy4daeB HeBepHOii (a30Boil CHHXPOHH3ALHH,
Ha3biBaeMoi “oOparHoil paboroii”, mpu ®M moxHO
MNyTeM BBEIEHHS CHeLHalbHBIX JAOMOTHHUTENbHBIX
130BITOYHBIX CHMBOJIOB B KOJAOBYH) KOMOHHALMIO,
KoTopble HecyT B cebe MHDOpMaLHIo 0 HyneBo# (ase
cururana [16]. [Ipu 2ToM cHHIKaeTCa CKOPOCTh nepe-
Jaun coOOLIeHHs, T. €. YMEHbIUACTCS MPOMYCKHAS
CrnocoOHOCTh KaHAJIA CBS3H.

OpHako, Kak nmpasui10, H30BITOYHOCTE B KOJOBbIE
KOMOUHALIMH BCe PABHO BBOAUTCSA U1 OOHAPYKEHUA
omnbok. Jlerko npoBepuTs, YTO, HAPUMEP, NPH
oaHoKpaTHOH ®M M HEYeTHOM 4HCIE IEMEHTOB B
3HAKe U OJHOM H30bITOYHOM CHMBOJIE MPOBEPKH Ha
““HETHOCTE MJIM “HEYETHOCTH BO3MOKHO OJHOBpE-
MEHHO Peajin30BaTh KaK 0OHApYKeHHe B KOTOBBIX
KOMOMHALMAX HEYETHOTO 4Hcra omHnboK, Tak H Ha-
nuume “obpatHoit pabotel” B KaHase csa3n. B stom
cinyudae Ha oOHapyxenue “oOparHoit paboTel” npH
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npueme M cHrHAIOB He TPATUTCA JOMOTHUTENBHOM
H30BITOYHOCTH M CKOPOCTD Mepejiady COOOIIEHHH He
CHHIKaeTCA.

Ecnu e u3Ha4anbHO 4HCI0 HHOOPMALMOHHBIX
CHMBOJIOB HEYETHO M PABHO, HAl[PUMEp, CEeMH, Kak
310 umeet mecto B koge MTK-5, To cumBon nposep-
KH Ha “4eTHOCTh” MM “HEYeTHOCTh” JenaeT YHCIOo
37EMEHTOB B KOJI0BOH KOMOMHALIHHM Y€THBIM, YTO HE
JlaeT BO3MOMKHOCTH OJHOBPEMEHHO OOHAPYKHBAThH
HeYeTHOE YMCJI0 OMIHOOK B KOJOBBIX KOMOHHALIMAX
H (pMKCHPOBATH ABJIeHHE “00paTHOi paboTel” Ha Bb-
X0/1e 1eMOAYJIATOpa MPHEMHHKA.

B npenaraemom cnocode nepeaaun cooOImeHHi
meTtogoM M npu npueme coobLIeHHi 00beIHHSAIOT-
ca 3aaa4m oOHapyKeHus olHOOK ¢ OTHOBPEMEHHBIM
ofHapykeHHeM BO3MOKHOI HeBepHOil (azoBoit
CHHXPOHH3ALIHH,

Hanpumep, B ciiyuae 4eTHOro 4HMClla CHMBOJIOB
B KOJOBOM KOMOMHALIMK (HAanpuMep, BOCbMH) UIs
OpraHM3alHH HEYETHOTO YHC/a CHMBOJIOB, KOTOpbIE
Y4acTBYIOT B MPOBEPKE Ha “4E€THOCTL' WIIH “HedeT-
HOCTh” 4MCJIa JIEMEHTOB “eIMHML WM “Hynei’”,
BCE BpeMs MOKHO J06aBIATh OAMH JOMNOIHHTEb-
Hblil 371€MEHT, KOTOpbIH 3aMMCTBYETCS M3 4YMCIIA
JI1EMEHTOB NPEHMYIIECTBEHHO Y COCEAHMX KOJOBBIX
KOMOHHAUMH (NpeallecTBYIOMNX UK CAeAYIOMIHX
3a KOJIMPYEMOH 10C/Ie10BaTEIbHOCTBIO) U IPOU3BO-
ZIMTh NPOBEPKY Ha “U€THOCTH” WM “HE4ETHOCTh B
TpyIne CHMBOJIOB, COAEPIKALINX B ITOM Clydyae He-
HETHOE YHCJIO0 JIEMEHTOB (B HAIlleM MPUMEpe ¢ KOJOM
MTK-5 — neBsTH 3J1€MEHTOB).

OnHOBpEMEHHO NPH MOABJIEHHH HEYETHOTO YHCIIa
OIHOOK Ha OT/IE/IBHBIX HHTEPBAJIax, NPOBEPAEMbIX Ha
“geTHOCTH” (“‘HeueTHOCTDH”) “‘eauHuL” HIIH “HyNneH”,
HNPOMCXOAUT OOHAPYKEHHE OLIHOOK ¥ COOTBETCTBY-
Hime 3Haku “ctupawrces’” aekogepom. Creprhie
3HaKH MOTYT ObITh BOCHPOM3BEAEHbI MOCPEACTBOM
nepecnpoca rno KaHaity oOpaTHOI CBS3H.

B paccmoTpeHHOM mpHMepe BBEOEHHE OJHOIO
H30BITOYHOrO CHMBOJIA B KQXKAYK KOIOBYH) KOM-
OGMHALMIO MPOBEPKH HA “YeTHOCTh' HA HMHTEpBale
HEYETHOI0 YHC/IA YJIeMEHTOB MO3BOJIAET COXPAHUTh
OCHOBHYKO €ro ()yHKLHIO OOHapyxeHHs oHOoK B
OT/Ie/IbHBIX KOJOBBIX KOMOMHALMSAX U OJIHOBPEMEHHO
petunTs npobiemy obGHapyKeHUs U THKBHUAALIMH “00-
patHoii paboTel” npyn ogHOKpaTHOI DM, obecneunsas
TEM CaMbIM KOrepeHTHBII npuem (PM curianos, KOTo-
phiii Hauboee MOMeXoyCTOHYHB U3 BCEX H3BECTHBIX
METO/I0B MAHHITY/IALIHH.

B namem ciyyae oOuapyxenue “oOpartHoii pa-
Gotel” npu ®M obecneunBaer Haubomee nmomexoy-
CTOMYMBYIO nepeaady coodieHuii 1 He TpebyeT BBOa
CrelHaIbHbIX N30BITOYHBIX CHMBOJIOB, T. €. CKOPOCTh
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IIpH TAKOM METOE repeaaqyu cooOIIeHniH METOI0M
(ha30BOH MaHHNYIALMH HE CHUKACTCA.

Kputepun Gezommbounoro npuema 3HaKkoB co-
obmenus npu obHapyxkenun “odparHoii padorw’”
JOJKHBI BBIMOTHATLCA HA MHTEPBale BPeMEHH, KO-
TOPBIA COAEPKHUT JOCTATOYHO OOBIIOE KOTHYECTBO
KOZIOBBIX KOMOMHAaLHA. J11s 3TOro Ha BeIX0/1€ AeMOoIy-
AATOpa BKJIIOYAETCA MCKPETHAA THHHSA 3a1EPAKKH, KO-
TOpas pacCUMTaHa Ha ONpedeIeHHYIO [UTHTETbHOCTD
AHATH3HPYEMOTo (PparMeHTa coodIeH s.

AHEU'IH3&TOP COOTBETCTBHA KPUTEPHUAM Ka4e€CTBa
MPHHHMAEMOTO COODIIEHHA MOXKET OJHOBPEMEHHO
HCIMONB30BaThCA W 1A LMKJIOBOH CHHXPOHH3ALMH
JeKoziepa, MOCKOIBKY OH OMpe/ielisieT MOMEHT BBINOJI-
HEHHs YCJIOBUS YIOBJIETBOPEHHS KPUTEPHS KauecTBa
BO BCEX 3HAKaX Ha JOCTATOYHO OOJbILIOM HHTEpBaie
OMHApHOI MOCIEI0BATEILHOCTH, T. €. C JI0CTATOYHO
001b1110} CTENEHLIO BEPOATHOCTH ONPEe/ISeT HaYallo0
NPHHUMAEMOH B [JaHHBIH MOMEHT KOI0BOH KOMOH-
Haiuu. Takum oOpasom, paceMaTpiBaeMbii crnocod
nepejayH coodmennii metogom ®M apromMaTHueCcKH
obecrneunBaeT ¥ UMKIOBYIO CHHXPOHM3ALHIO JEKO-
Ziepa, 4TO BaXKHO U1 MHOTOJTy4eBbIX KaHAJIOB CBA3H
MPH BBICOKOH CKOPOCTH MaHMMYJISLMHK, KOraa u3-3a
“BCcTaBOK” M “BhINAZCHMH OTIE/IBHBIX IEMEHTOB
B MOMEHT CMEHbI HE3aBHCHMO 3aMHPAIOILHX JTyuei
MOKET MPOHCXOAHTE LHKNOBasA pAaCCHHXPOHH3ALHA.

PaccmoTpeHHBlil BapHaHT nepegadn cooOIeHui
metonom GM moxer ObiTh nenons3osad B KB ceTax
CBSA3H JUIS Nepe/iaqu COOOIEHNI CO CTOPOHbI Ha30BbIX
peTpaHcasTopos B cropony I110.

Takum obpazom BONPOCH! NOBLILIEHHS HAIEK-
HocTu nepenayn coobmenuii no KB KC u Bonpocs
CHIKEHHSA MOIIHOCTH MepeIaTdaKOB, PACIONAraeMbIX
uHa 110, npu ogHoBpeMeHHOM obecneyeHHH MpH-
emsiemoro KMJI KC cBsa3aHbl ¢ HEIbIM KOMIUIEKCOM
MEp, 4 HMEHHO!

— opranusauueit KB cetu cBa3u ¢ ynaneHHbIMH
Ha ONTUMAJILHOE C TOYKH 3PEHUA PaclpoCTpaHeHHA
JIEKAMETPOBBLIX PaJMOBOJIH PACCTOSHHE PeTPaHCIIA-
TOPaMH;

— NPEACIbHO BO3MOMXKHBIM CHHIKEHHEM CKOPOCTH
MaHMOynAUMM curnana Ha [10;

— 4aCTOTHO-Pa3HECEHHON nepenayel CUrHajioB
co ctopossl I10;

= opraumauneﬁ PETHOHANIBHO-PA3HECEHHOID
MpHEMa CHTHAIO0B 0a30BLIMH PETPAHCIIATOPAMH;

— HCMONb30BaHHEM a0COMIOTHOTO BPEMEHH A
TAKTOBOI M LIMKIOBOH CHHXPOHH3aLUH PaJHOCTaH-
umii ITO u 6a30BLIX peTPaHCIATOPOB PH MpHEME
CHI'HAJIOB cO cTopoHsl [10;

— HCTIONTb30BaHueM MoaemoB ¢ (PM npu nepenaye
co0OLIEHHIT CO CTOPOHBI DA30BELIX PETPAHCIATOPOB.
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OueHUM MHHUMA/IBHO HEOOXOAHUMY IO MOIIIHOCTE
nepenarunkos Ha [10. kotopas norpebyercs npu npu-
HATHU PAaCCMOTPEHHbIX MED MOBBIIIEHHSA HAACKHOCTH
nepeaqu cooduennii co cropomsi I10.

Kak rnokazaHo Bellle, HCIOIb30BAHHE YIATEHHKIX
PETPAHCIIATOPOB JIA€T OPHEHTHPOBOUHBIH BHINTPhILL
no momHocTH 30 ab. CHuikeHHe CKOPOCTH MaHM-
nynauny 10 4 boa no cpasHenuio, Hanpumep, ¢ 50
boxa aaer sHepreTuueckuii Boiurpeim 6onee 10 ab.
YacToTHOE pa3HECEHHE NEPEIAaBAEMbIX CO CTOPOHbI
ITO curunanos B cpeaHeM JaeT dHepreTHyYecKui
BeIMIpoill nopsaka 15 ab. Pernonansno-pasnecen-
HBIA NMPHEM CHTHAJIOB MOKET JaTh JHEPreTHYeCKHil
BbiMrpaim oxkono 40 nb. B pesynsrare TONbLKO 3TH
OrpaHH4YeHHBIE MEPBI IAKOT B CYMME DHEPreTHYeCKHi
BuIMIpei Gonee 95 ab. Ecnu npeanonoxurs, 4to
JHEPreTHYECKHE NOTEPH H3-3a HCMOIb30BaHuA Ha [10
HEN0CTaTOYHO IPPEeKTHBHBIX AHTEHH COCTABIISKOT

nopsaaka 20 ab, To UTOroBhIH YHEPreTHHECKHH Bbi-
UIPBILL OT COBOKYTIHOCTH NPHUHATBIX MEP COCTABJIAET
75 nb. U3BecTHO, 4TO BNOJHE YAOBIETBOPHTE/ILHBIE
pesyneTaTtel Ha KB Tpaccax maioT nepeaardymku
MoiHOCTEI0 |—10 KBT. YMeHblIeHHe HX MOLLHOCTH
Ha 75 ab naer 3HaueHMe MOIUHOCTH, PABHOE JOJISAM
1 mBt. [TonyueHHbli pe3ynbTar BeIrNSAWT (aHTa-
cTudeck. Ho HyKHO emle yuuThIBaTh TOT (hakT, 4TO
IpH OLEHKE YHEPreTHYECKOro BBIMIPBIIA HAMH HE
YUYHMTBIBAIHCH JONOIHHUTE/IbHBIE MEPbl NOBBILIEHHS
HageKHOCTH CBA3H, TAKHE, KakK BO3MOKHBII mpo-
CTPAHCTBEHHO- M MOJAPH3ALHOHHO-Pa3HECEHHbIH
NPHEM CHTHAJIOB, HCMOJbL30BAHHE KaHala 00paTHO#
cBA3u M ap. [TodToMy K MOMy4YeHHLIM pe3yibTaram
CleAyeT OTHOCHTLCA ONTHMHCTHYHO H, O4€BHIHO,
HUMEIOTCA BCE OCHOBAHHUSA JJIs POBE/IEHHs CTIelHalb-
HBIX HCCTIEI0BAHHIH, KOTOPBIE CITOCOOHBI MOATBEPAUTH
(MJIM OMPOBEPrHYTH) MOJYHUEHHbIE BLIBOILL,
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3Be3nuH C. B.

DOPMUPOBAHUE METPUK KOJIA MPOI'PAMMHO#M CHCTEMBI

Ceronust orpaciis pazpaboTku nporpaMMHOro
obecrieyeHns MepekHBAET CTaJHI0 OYPHOro pocTa.
HudopMalnoHHEIE TEXHOIOTHH [IPOHHKAIOT [TPAKTH-
YECKH BO BCC ACNEKThI KH3HCACATCIbHOCTH HAYHHAA
OT KPYITHBIX ITPOMBILLIEHHBIX CUCTEM H 3aKaHYHBast
MEJIKUMH MPOrPaMMHbBIMU CUCTEMAMH /UTs AOMALLIHHUX
Hyxk. KonmnuecTso nporpaMMHOro Koaa CTpeMHTE b~
HO pacTeT. B cBA3M ¢ 9TUM BO3HHMKAIOT MpobiIeMsl
MOJYYeHHA H AHAJIH3a KOJHYeCTBEHHBIX MOKa3aTeei
CHCTEMBI: pasMepa (B pasIHYHBIX H3MEPEHHX ), Kaue-
CTBA MPOrpaMMHOM cHcTeMbl M 1p. Takue nokasarenn
TIOMOIIIH OBl MOCTPOUTB TpoLiece (OPMaTH30BAHHOIO
OMNUCAHHA XAPAKTEPHCTHK MPOrPAMMHONH CHCTEMBI
H CYLIECTBCHHO YHNPOCTHTL KH3Hb aHAJIHTHKaAM H
paspaborunkam cuctem. OHAKO CYIIECTBYIOIINE HA
CEerofHAIHMIN JeHb cnocoObl MOMy4YeHHs M0100HbIX
noKasarenel — METPHK KOJa — HECOBEpILUEHHbl, 3TH
METPHUKH KOa ABIAIOTCH Hanbojiee MPUMHTHBHBIMHA
H3MEPEHHAMH HCXOHOIO KoJla M AN3aifHa CHCTEMBI H
MOTOMY HE MOTYT J1aTh 00BEKTHBHY 0 OlIeHKY. UTo0bI
pemuTh JTy npobieMy HeoOXOAUMO HCIOIbL30BaTh
KOMIUIEKC METPHK H CTPOHTH Oomee CI0KHBIE MO-
Ka3aTesH.

B nanHoii cratbe noiiaer peus o Haubosee THIHY-
HBIX METPHKax Kola W Au3aiiHa, a Takke criocodax
HX KOMIIOHOBKH C LIEJIBIO OTYHEeHHs COTIOCTABMMBIX
H3MEpEHHI.

Llean u 3a1a9n H3MepeHHil

IIpeskne uyeM CTPOHTH CHCTEMY METPHYECKHX
noKasareneil, Hy/KHO MOHAThb, KaKHe [ejn pecie-
ayrotes B utore. Kak ynmoMuHanocs Beiiie, CHCTEMBI
METPHYECKUX MOKa3aTe/eil npeaHasHavYeHbl 11
TOro, 4To0bl MOJYYHTh BO3MONKHOCTb OLIEHHBATH
nporpaMMHbie cHcTeMbl (popmainzoBanHo. Takas
BO3MOKHOCTB MO3BOJISET PELIHTH KAK MUHHMYM JIBE
Cepbe3HbIe NPOOIEMBI — OLEHHTh 00BEM CUCTEMBI C
LIE/IbI0 CPAaBHEHMS €€ ¢ APYTUMH CHCTEMAMH U Olle-
HHTb paboTy OJHOTO YeIoBeKa B KOMaH/IE.

ITepBas npobnema, npobnema oueHkn oObema
CHCTEMBI, BO3HUKAET IPH HEOOXOMMOCTH CpaBHEHHs
MPOrpaMMHOI CHUCTEMBI C APYTHMH MOJOOHBIMHU eH
cHCTeMaMH: “Kakas u3 cHeteM Gonbiue?”.

Bropas, Oonee akryanbHas, npobiema 3akiio-
4aeTCA B TOM, 4TO OOIbIIHE KOMITAHHH, CEPLE3HO
3aHUMAIOIHECs IPOMBIIUIEHHOI pa3paboTkoii npo-
rPaMMHOT0 0DecredeH s, BCEPbe3 3a1yMbIBAIOTCS O
TOM, KaKHM 00pa30M OLIeHHBATh TPY/] TOTO HIIK HHOTO
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corpyasuka. O6buHO Takas npobiema nossigeTcs
C pOCTOM KOJHYECTBA YENOBEK, 3aHATHIX B OJHOM
MPOEKTe MM KOTOPBIX KYPHPYET OAUH MeHemkep. B
TAKHX CHTVaLHax Oﬁbl‘{HO H3-34 HEXBATKH BpeéMEHH
HET BO3MOKHOCTH OLIEHHTh YeJI0BeKa He()OpMaIbHO,
4TO, HECOMHEHHO, BlIeUeT 3a coO0H ynpasieHueckue
OMIHOKH.

[lpapunsHas cucTeMa METPHK MOKET CTATh
He3aMEeHHUMbIM MOMOIIHHKOM TMPH PelleHud obe-
ux npobnem. OHa No3BOJsET OTBETHTH HA TaKHe
BONPOCHI: HACKOBLKO cuctema obbemHa (paimep)?
HACKOJIBKO CHCTEMa CBS3HA (0/IHA M3 METPHUK Kaue-
cTBa)? HACKOIBKO CHCTEMY TPYAHO MOAAEPKHBATEL H
pa3BuBaTh? KakoBbl Haubonee KPUTHUHBIE TOYKH B
MporpaMMHoOil cucteme?

PaCCMOTpHM NnoAxoabl peUIeHHd 3THX BO-
POCOB.

MeTpuku Koaa

Jlrobas cuctema METPHK MporpaMmMHoro obe-
CreueHus CTPOMUTCA Ha JJIEMEHTapHOM Habope
MeTpuK — Gazuce. Takue dneMeHTapHBIE METPHKH
HAYaIH MOABIATHCA etite B 70-€ rojibl, KOrna KOMIIbio-
TEPbI MOCTENEHHO HAYA/IN MPOHUKATh B 00OPOHHYH
MPOMBILINIEHHOCTD. 210 BpeMA MOXHO O3HAMEHOBATbL
KaK 510Xy pELIeHHst BCE oosiee U Ooslee CIOKHBIX
MaTeMaTHYeCcKHX 3aj1a4y ¢ npumeHennem DBM. [Tpu
PELIEHHH II]O,EI,OGHI:IX 3ajad, ClIOKHOCTh aJIFOPHTMOB
HenpeMeHHO pocna. C poCTOM CIOKHOCTH Kojia CTaJIo
pacTH 1 o01Iee KOMHYEeCTBO OUIHOOK B porpamme. B
CBSA3M C 9THM NOABHIIOCH HATIPABICHHE, KOTOPOE Ha-
4asno 3aHMMAaThCH AHAIM30M CYLLECTBYIOLIEro KoIaa.
Tak Bo3uukn MeTpukH. Ecnn roBoputs 06 o6bekTHO-
OPHEHTHPOBAHHOH TAapajuIMe, TO HJIEMEHTAPHBIMU
METPHKAMH KO1a MOTYT OBITh TAKHE METPHKHM, KaK 00-
[IE€ KOJIMYECTBO CTPOK KO (BKH}O'-Iaﬂ KOMMEHTAapHu,
MYCTBIE CTPOKH M T. 11.), 00111ee KOINYEeCTBO KJIACCOB,
o011iee KOMH4YECTBO METOIOB B KIAcCe M JIp.

Opnako umenHo B 70-e robl METPHKH Koza Mo-
JY4YH/IM OTpHLATEIbHbIe OT3hiBbI NpodeccuoHanon
H3-3a MX HEOOBEKTHBHOCTH, KOTOPBIEC YTBEPKAAIM,
YTO JIEMEHTaPHbIE METPHKH KO/1a MO3BOJIAOT BbIYHC-
JIHTb JIHIIL CPE3 NaHHBIX O COCTOAHHH NMPOrpaMMEI, a
HE LIEJIOCTHYIO KapTuHy. TeM He MeHee, pa3sBHUTHE 00-
JIACTH AHAJTTUTHKH NPOrpaMMHOTO KOJa Mpoa0JIKaeTCs
Y CEroJHA, M OCHOBHOE HAINpPAaBJIEHHE PA3BUTHA — 10-
CTPOCHHE KOMILIEKCOB H CHCTEM METPHK KOIa [JIA
00BEKTHBHON OLIEHKH NMPOTPAMMHOI CHCTEMBI.
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3anaua j1aHHOMH pabOTHI 3aKIIO¥AIach B MOCTPO-
€HHH CHCTEMbl METPHK KOJA, KOTOpas MO3BONSET
BBIYHCIINTH q)OPMEUII'BOB‘dHH bIC MOKa3aTe/In CHCTEMEI
10 IBYM KPHTEPHAM — OOBEMYCHCTEMbI H OLIEHKE
Tpyaa paspaborunka. Onnako 4ToObI pelnTh ITY
3ajla4y, HeOOXOIHMO OLEHMTH BCE JJIEMEHTapHbIC
METPHKH KOIa.

Kaaccudukauus MeTpuk Kona

Kax ynomunanocs Bbiilie, CyliecTByeT OrpOMHOE
KOJINYECTBO METPHK KOAA M Iu3aiiHa MmporpaMmHoii
cuctembl. Kaknas MeTpHKa peliaer cTpOro CBOK
3aj1auy. I1pu uenosnb30BaHUM TOM MM MHONH METPHKH
HYKHO YeTKO MOHHMMaTh, K KAKOH 001acTH Ka4yeCTBEH-
HOI0 H3MEpPEHHA OHa MPpHHAANEKHT. PaccmoTpm Me-
TPHUKH, KOTOPBIE MOKHO Pa3[e/INTh HA TPH IPYTIILL:

|.Pa3mep, o0beM mporpaMMHO#l cHcTeMBl. Ta-

KHE METPUKH OObIYHO OLIEHMBAKT 00BEM Mpo-

IPAMMHOH CHCTEMBI U1l CPABHEHHSA C IPYTHMH

CHCTEMaMH.

2.C10KHOCTh NTPOrpaMMHOIl CHCTEMbI. JTH

METPHKH 0OBIYHO XapaKTepPH3YHT CIOKHOCTh

JM3aiiHa 1 KoJa nporpaMMHoi cuctemsl. OTpu-

LiaTe/IbHbIE MOKA3aTeH MeTPHK 1aHHOH rPYTINb

OOBIYHO FOBOPAT O TOM, YTO HYKHO MEPECMOTPETh

OT/Ie/IbHBIE YACTH MPOrPAMMHON CUCTEMBI.

3.[NonaepxkuBaeMocTh. METPHKM 3TOH IPYIIIbI

0a3upyloTca Ha METPHKaX, KOTOpbIE OTPaXarT

CJIOKHOCTB CHCTeMBbl. MeTpHKH HoanepKuBae-

MOCTH XapaKTepH3YIOT NPOrpaMMHYIO CHCTEMY C

TOYKHM 3PEHUs NOTEHLHAIa K MOAH(HMKALIMK, UC-

NpaBaeHUIO OMHOOK U Pa3BHUTHIO MPOrPaMMHO

CHCTEMBI.

be3sycnosHo, Takas knaccuHKanMs HE MOKET
MPEeTEH/10BaTh Ha 3BaHHE HcUepnkiBatoliei. OaHako
B 1aHHOH paboTe TaKuX METPHK BIOJIHE J0CTATOYHO
U JaIbHEHIINEe pacCyk/IeHHA OyayT CTPOHTBCA Ha
Oase Tpex TUX IPYIN METPHK.

Metpuka “KoJuuecTBo CTPOK HCXOAHOTO
kona” (lines of code, LOC) onpenenser obiuee
KOJIMYECTBO CTPOK HMCXOAHOTO KO MPOrpaMMHOM
cucTeMbl. BhluHcasieTcs Kak KOJIMYECTBO CTPOK
s(pexTHBHOrO KOJA MPOrpaMMHON cHcTeMbl. [Ipu
BBIMHMCIEHHH JAaHHOMH METPHKH HE YUYHThIBAKOTCH
KOMMEHTApHH W CUTHATYpPbl IPOCTPAHCTB HMEH (na-
mespace). KJ1accoB, METOIOB, cBoiicTB. Kpome Toro,
HE YYHMTBHIBAKOTCA NMYyCThIE CTPOKH H HHCTPYKIUHH
HMIOOPTa NPOCTPAHCTB UMEH. B ononHenne K HTum
ycrnosuAM Hanbos1ee ONTHMA/IbHBIM [IPEACTaBIAETCA
NOXO0/, MPH KOTOPOM Mepei MOACHETOM METPHKH
NpoM3BOAUTCA (hopmMaTHpOBaHHE HCXOTHOrO Koaa
N0 3aJaHHbIM npasuiaM. K Takum npasuiaMm Moryr
OTHOCHTLCA Npasuiia oopminerus 6J10KOB YCI0BHOIO

nepexo/ia, BeTBIeHHi, unKnIoB. [IppMeHeHne Takux
NpaBuJl Mepel NnoJAcYeToM MeTpHK Mo3BonseT uibe-
AKaTh MCKAKEHHS 3HAYEHHUs METPHUKH B 3aBHCHMOCTH
OT CTHJIA HAMUCAHUSA KOJA.

Pesynbratom BblUMCIEHHS JaHHOH METPUKH
ABAETCA chipas oueHka oObema cucreMbl. Tem He
MEHEE 2Ta OLECHKA HE MOXKET HCIOJAB30BATHLCA Kak
O00bLEKTHBHOE 3HauYeHHe 00beMa CHCTEMbl B CHIIY
TOTO, 4TO OAMH W TOT ke (HYHKLUHOHAI CHCTEMBI MO-
HKeT ObITh PeaJM30BaH MHOKECTBOM COCOOOB, MpH
KOTOPBIX KOIHYECTBO CTPOK KOJIa, & CJIEI0BATENIBHO,
u metpuka LOC OyayT cHABHO OTIAMYATBCH JAPYI OT
apyra. OnHako HECMOTpPs HAa JAHHOE OrpaHHYEHHE
metpuka LOC moxkeT ucnons3oBarses Kak HasucHas
COBMECTHO C APYTHMH METPHKAMH KOAA /U1 NOTyye-
HUA 0OBEKTHBHOMH OLIEHKH 00beMa CHCTEMBI H IPYTUX
nokasaTeneii.

Merpuka “Ko/in4ecTBo KJaCCOB B NPOCTPAaH-
crBe uMen” (classes in namespace, CIN) onpenenser
CTPYKTYPHYIO J€KOMIO3ULIHIO CACTEMBI C TOYKH
3peHHUs Pacrpee/ieHus] KIIACCOB MO MPOCTPaHCTBAM
umeH. Taxke CIN onpeaensier o0beM NpOCTPAHCTB
HMEH, YTO MOKET XapaKTepH30BaTb NPOrpaMMHYIO
CHCTEMY C TOYKH 3PEHMs NEKOMMO3HUHH (PyHKLH-
OHaNbHEIX noacucTeM. [Ipu BeluMcaeHnn gaHHOMR
METPHKH OepyTca B pacdeT KI1acchl Co BceMu Moau(u-
KaTopaMu BuaMMocTH (public, private u ap.), cTpyk-
Typbl U IiepevncieHus. MeTpHka MOKET BBIYHCIATHCA
B JIByX PEKHMMAax — Ha OCHOBAHHH aHAJIN3a HCXOIHOTO
KO/1a CHCTEMbI HIIH HA OCHOBAHHH Pe3y/IbTHPYIOIIETO
BBIXOTHOTO MCNONHAEMOro (aiina, Pesynsrarsl Bbl-
YHCIEHHH B JaHHBIX CIIy4asX MOLYT OTJIHYATHCA.
Takoit adext MoxeT HabGIIONATECH H3-3a TOTO, YTO
HEKOTOpbI€E CPellbl pa3paboTKu MOIYT aBTOMATHYECKH
reHEpUPOBAaTh KIacChl B MOMEHT COOPKH CHCTEMBI
Ha OCHOBAHHH JIaHHBIX OT PA3JIMYHBIX AEKIapaTHB-
HBIX A3BIKOB nporpamMuposanud. [Ipumepom takoii
cpenbl moxkeT OpiTh Visual Studio 2005/2008. Ilpu
paspabotke BeO-npunoxkeHuil Ha 6aze ASP.NET B
pamkax Visual Studio co3natorcs aekiapaTHBHbIE
OMHUCaHHs BeO-CTPaHHILL, KOTOPhIE MMPH KOMMTHIIALIUH
NIPHJIOKEHHA TPAaHC(HOPMHUPYIOTCS B ABTOTE€HEPH-
pyembie Knacchl. OnHako Hanbonee mpaBHILHBIM
MIPECTABIIAETCA MOXO, IPH KOTOPOM TaKHE KJIACChl
He YYHTBIBAlOTCA, TAK KaK JaHHkI Kozl He paspabarsi-
BAETCHA MPOrPaMMHUCTOM, A 3HAYEHUS METPHKH MOTYT
H3MEHATHCA B 3aBHCUMOCTH OT PeaTH3aLiy KOMITHIIA-
Topa. [Ipx 5TOM B MOMEHT aHanN3a METPUKH MOTYT
HOSBAATHCA JTHIIHUE ITYMBI, KOTOPhIE MPENATCTBYHOT
00BEKTHBHOMY MOHHMAHMIO CHCTEMBI.

PesynbTatoM BeIYHMCICHUS JAHHO METPHKH, KaK
u MeTpukn LOC saBisercs ceipas oueHka odbema
CHCTEMBI M CTPYKTYPHOIl J€KOMIO3HIMH (yHKLIHO-
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HaJbHBIX TOJACHCTEM. Ha ocHoBaHuM 3THX AAHHBIX
MOKHO CTPOMTE MPEANONOKEHHA O 1E€KOMITO3UIINH
KOHKPETHBIX MOJICHCTEM porpaMmbl. TeM He MeHee,
KaKk W B cayyae ¢ merpukoit LOC, nannas meTpHKa
HE MOKET MCIMOJIb30BaThCad KaKk 00BEKTHBHOE H3-
mepeHne, OO TeOpeTHUHECKH MOKET 3aBMCeTb OT
CTHJISL IEKOMIO3HLIMM HCXOIHOTO KOAA KOHKPETHBIM
IPOrpaMMHCTOM H BbleTeHUA UM QYHKIHOHAILHEIX
0:10Kk0B B npocTpaHcTBa uMeH. OJIHAKO HeCMOTpPA Ha
ato metpuka CIN moxeT ucrnons3oBarbes B Kade-
cTBe 0a3uCHOI B COCTaBEe KOMILUIEKCHOH METPHKH,
onpejentoeii 06beM H CTPYKTYPHYIO LIEJIOCTHOCTh
CHCTEMBI.

Metpuka “KoanyecrBo MeroaoB B Kiacce”
(methods of class, MOC) onpeznenser crenens QyHk-
LMOHANBHOH Harpy3kH knacca. [Ipu Beiumcnenun
METPHKH [MOICYHTBIBAIOT KOJMYECTBO OMNepaluii
(MeToN10B) cO BceMM MOaM(HKaTOpaMH BHAHMOCTH
(public, private u ap.). Takas oueHka j1aeT noHMMa-
HHE TOI0, HACKOJLKO OOBEKT HaMOIHEH ONePaLusIMH.
CIHIIKOM BBICOKHE 3HAYEeHHS! METPUKH CHIHAIU3H-
PYIOT 0 TOM, 4TO KJjacc yepecuyp 00bLI0i 1 HeoO-
XOAHMMO NMPOM3BECTH CTPYKTYPHYIO JACKOMITO3HIIHIO.
Ilpn >TomM ogHMM H3 cnocoboB TpaHchopmauuu
KOZIa MOTYT BhICTYNaTh (pabpHUKH KJIACCOB U ApyrHe
HHCTAHUMHPYHOIHE mabaoHE NpOEKTHPOBAHHA
s obecnedeHUs (QyHKUMOHAIbHOH LIEJOCTHOCTH
MaJIeHbKHX KJIacCOB.

Pe3ynbTat BEIMHC/IEHUS JAHHOH METPHKH — ChIpas
OLIEHKA MEPErpyKeHHOCTH Kiacca onepauusamu. He-
CMOTPA Ha TO YTO /UIA OObEKTUBHOMN OLIEHKH JaHHasA
METPHKa MOJXOIUT C TPYIOM, OHA MOJKET HCIOJB30-
BATLCA KAK CHIHAJ1 0 HEDGXO}IHMOCTH JEKOMITO3HIIHH
oO0bekToB. [Ipn 2TOM BrONHE BO3MOKHO OMHMCATh
(opmanLHBII MOIX0/ K peaan3aliy TaKoH 1eKOMIT0-
suumy. Kak u npeasiayiime METPHKH, YCPEIHEHHOE
3HAYCHHE METPHKH MOC mokeT HCIOJb30BaThCH
KaK OIHO M3 0a3MCHBIX 3HAYEHHH KOMILIEKCHOTO M3-
MepeHHs o0beMa 1 CIOKHOCTH CHCTEMBI.

Metrpuka «llukiaomMaTuyeckasi CJ10KHOCTBY
(cyclomatic complexity, CC) nossonser onpeaeanTthb
CTeNeHb CIOKHOCTH JIF000i CTPYKTYPHOH €IHHHLIbI
MporpaMMHOI CHCTEMBI (MeTO, Kiacc, cOopka, npo-
E!CI'_). Ha ocHoBaHn# 3HauYeHWA JIaHHOH METPHKH MOXK-
HO BBIOpATh y4acTKH KOZ1a, Haubosee noaBep/KeHHbIE
PHCKY BO3HMKHOBEHHA OIIHOOK. MeTpuKy nosnesHo
AHANIM3HPOBATh KAK HA PAHHMX CTAJHAX MPOEKTa,
TaK U B MOMEHT, KOIZla NpoOeKT A0CTAaTOYHO 'SDC.TILIf:{.
Metpuka CC 0CHOBBIBAETCS Ha OLEHKE CI0KHOCTH
MoTOKa ynpasjienus rnporpammsi (control flow gra-
ph) # BeIYMCIAETCA HA OCHOBE OPMEHTHPOBAHHOIO
rpada, rae BhIYHCIUTENbHBIE ONEepaTophl MIH Bbl-
pakeHHs NPECTaBNAIOTCA B BUJE Y3/I0B, a nepejaya
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YMpaBJIEHUS MEKY y3namu — B Buzie ayr. [Ipu atom
d)opmyna BBIYMCJIEHUA THKJIOMAaTHYECKOH CIIOKHOCTH
BBITTIAJUT CIEAYIOINM 00pa3oM:

C=e—-n+p,

[71€ € —4HCTIo pedep; 1 — HHCII0 YIOB; P — YHCIIO COEIH-
HEHHBIX KOMIIOHEHT rpadia ynpasisioien J0rHKu.

Jns obuero noHMMaHHA CEMAHTHKH JaHHOH
METPHKH €€ MOMXKHO pacCMaTpHBaThk KaK KOJIHYECTBO
BETBJICHHH, KOTOPbIE MOKET MPOXOAHThL IPOrpam-
Ma, yBeJIMYEHHOE Ha eaHHMIly. Tak, HanpHumep, B
nporpamme Oe3 BeTBieHwuii 3Hauenue merpuxku CC
paBHO eIMHHLIE, B MPOrpaMMe C OZHHM YCIOBHBIM
OMepaTopoM — ABYM, U T. .

Pe3yanar0M OLCHKH )laHHOFI METPHKH CTAHOBHT-
CA 0OBbEKTHBHAA OLIEHKA CIIOKHOCTH CTPYKTYPHbIX
€IHHHI NnporpaMMHoli cuctemsl. [ToBbimenHbIe
3HAYEHHA METPHKH MOTYT CBOEBPEMEHHO OIOBECTHTh
pa3paboTuHKa 0 Ype3MepPHO BhICOKOH CIIOKHOCTH TOTO
HJIH HHOIO y4HacTKa KoIa ﬂpO]’paMMHOﬁ CHCTEMBI.
Taxum oGpaszom, ncronb30BaHKHe NPAMBIX ChIPBIX MO-
Kasaresieil JaHHOH MeTPHKH HMEET BaKHOE 3HaUeHNe
[U1s pa3paboTKH MporpaMMHbIX cuctem. Tem He MeHee
HECMOTps Ha NPAMOE IPUMEHEHHEe ITa METPHKA MO-
JKET OYEHB Y/I00HO HCMOIB30BAThCA A1 BEIYHCICHUS
Donee CIOKHBIX KOMITTIEKCHBIX METPHK.

Merpuka “CpsizHocTh KaaccoB™. Merpuka
CBA3HOCTB KJIacCOB MM 00beKkTOB (coupling between
objects, CBO) no3sonseT onpeaennTs CTENEHb CBA3-
HOCTH cucTeMbl. [loBbllIeHHBIE 3HAYEHHUS TAaHHOMH
METPHKHM MOTYT FOBOPHTE O UPE3MEPHOIl CBA3HOCTH
CHCTEMBI, KOTOpas MoABNAETCA H3-3a cnaboil MOIy/ib-
HOH MHKancynauuu. Takoe CBOHCTBO NpOrpaMMHOI
CHCTEMBbI MOKET NPHUBECTH K TPYAHOCTAM TIPH TO-
BTOPHOM MCIMONB30BAHMM Kona. JlaHHas MeTpHKa
MpeACTaBIAETCA MPAKTHYECKHM MOKa3aTeleM, Ha
KOTOPbIIl MOKHO OPHEHTHPOBATLCA MPH MOCTPOE-
HHUU H HepepaboTKe apXHTEKTYPbl MPOrpPaMMHOI
cucTteMbl. OOBIYHO CBA3HOCTB KJIACCOB — OJHH M3
nokasaresiei, 3a KoTopblii OOpIOTCH apXHTEKTOPbI
nporpaMmMHOro obecnedeHus npu paspaborke apxu-
TeKTypbl. OCHOBHBIE CIOCOOBI YMEHBIIEHHS CBA3HO-
cTH 00BEKTOR — Goree cTporas MHKANCYIIALHs JTOTHKH
B 00BEKTHI, nepecMoTpeHne paboThl aITOPHTMOB
C KOHLENTYaJbHOH TOYKH 3PEHHs M CTPYKTYpHas
nexommno3uumA. [Ipu sTom 1 cosznanus oObEKTOB
B TAKOM ciy4ae nospiaarorca Gabpuku oObLEKTOB,
KOTOpbIE MO3BONAIOT M30€KaTh JTUIIHEH CBA3ZHOCTH
B MOMEHT CO3[JaHHUA YK3EMIUIAPOB KJI1ACCOB.

Pesysnbrar BeIYMCIEHNS JAHHOW METPHKH HMeeT
BBICOKOE TpaKTHuHeckoe 3Haugenue. Mcmonb3osanue
€€ ChIPBbIX 3HAYEHHI MOYKET MO3BOIHTEL CHU3HTE CBA3-
HOCTh MPOrPAMMHOIl CHCTEMBI, a CIIEeJOBATENbHO,
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H CIIOKHOCTB, NMpHCYYO Koay. Heecmotps Ha 310
metpuka CBO moxkeT cTath Herioxum 6azucom ans
NOCTPOEHHS KOMILUIEKCHBIX METPHK, TAK KaK OTpaxKa-
€T OJIHY M3 MPAKTHYECKHX XapaKTePHCTHK KayecTsa
MPOrpaMMHOTO KOJa.

Merpuka “Kojin4yecTBo BbI30BOB onepauun”
(number of operations calls, NOC) no3sonsier onpene-
JIMTh KOJIMYECTBEHHBIH MoKas3aresib CBA3HOCTH CHCTe-
MbI B BUJIE BbI30BOB METOI0B. MeTpHKa NOACUUTHIBAET
TOJIBKO BBI30BBI TEX OMeEpaLuii, KOTOPLIE ONPEIeIeHbI
nons3oeareneM. Kpome Toro, BeI30B OHOI 1 TO# ke
OrepaLHy B paMKax OIHOr0 METO/1a YBEIHYHBACT 3Ha-
ueHHe METPHKH JIHIIbL Ha eauHuLy. Tak, ecin meton
ml( ) BbI3biBaeT MeTod mM( ) TPH pa3a B XOIe CBOEro
BBINOJIHEHMS, TO 3Ha4eHne MeTpukn NOC OyzeT paBHO
€/IMHHLIE; €CJTH K€ METOA M( ) BBI3BIBAETCS 10 OTHOMY
paszy u3 metonos ml( ), m2( ) u m3( ), To 3HaueHHe
METPHKH OyIeT paBHATLCA TPEM.

Hcnonb3zoBanue JaHHOH METPUKH B ChIPOM
BH/IE BECbMa PHCKOBAHHO. ADCOJIIOTHOE 3HaYeHHe
JaHHOH METPHKH MOJKET CYIIeCTBEHHO H3MEHAThCH
OT NMPOEKTa K NPOeKTY B 3aBHCHMOCTH OT ITOAX0A0B
K MMPOEKTHPOBAHHUIO H KOAHPOBAHHIO MTPOrPAMMHBIX
cucteM. Jlaxke B paMKax OHOH M TOMH K€ KOMaHIbl
pa3paboTYHKOB Ha HAEHTHYHBIX IPOEKTaX 3HAYeHHE
JaHHOH METPHKH MOXKET CYLIECTBEHHO OTIIHYAThCA
B cuny cyObeKTHBHBIX (PaKTOPOB, KOTOphIe OKa-
3bIBAJIM BJIMAHME [PH MOCTPOEHHH NPOrpaMMHOM
CHCTEMBI.

Taxum oOpaszoM, NpAMONH pe3yaLTaT BEIMUCTICHHS
metpuku NOC umeeT cOMHHTENBHOE NPaKTHYECKOe
3HAYEeHHE U OLEeHKH cucTteMmbl. Mcnons3loBanue
ChIPBIX MOKa3aTeneil 3Toif METPHKH MOXKET BBECTH
B 3a0my:x1eHHe U 00yCIOBHTL HEBEPHOE pelleHHe.
OaHako AaHHAs METPUKA B COBOKYTHOCTH C CyMMap-
HbIM 3HauYeHHeM MeTpUKH “KonnuecTBo MeTO10B B
knacce (MOC)” MmokeT aaTh OOBEKTHBHYH) OLIEHKY
CBA3HOCTH cHCTeMBI. Takoii mokasarenb HapaBHe ¢
MoKa3areseM LIUKJIOMATHYECKOM CI0KHOCTH MOXKET
ObITh OUEHbB M0J1E3€H U8 OLEHKH CHCTEMbI C TOYKH
3peHus ee JajbHelllero pasBUTHS U OOCIYKHB-
aHuA.

Metpnka “Iltydouna Hacinenosanua” Metpu-
ka “Cpennsas rnybuHa HacnenosaHus™ (average
hierarchy height, AHH) Beiuncnsiercs Kak cpejinee
3HayeHue rmyOMHBI HACIeAOBaHUA A71d BCeX Kiac-
COB CHCTEMBI, ONpeAe/eHHbIX nosb3opareneM. [Ipu
9TOM HE YUMTBIBAIOTCA KJACChI, CTOAIIME HE Ha
CaAMOM HHIKHEM YPOBHE HEpapXHH HAacledOBaHHS.
Bhbiuncnenne 1aHHOH METPHKH NMO3BOJISET OLIEHHTh
CIIOJKHOCTh CHCTEMbl HECKOIBbKO B MHOM pa3spese.
Bricokue 3nayenus merpuku AHH moryrt curua-
NH3UPOBATH O TOM, YTO APXHUTEKTOPLI MPOrPAMMHOH

¥

cucTeMbl cnumkoMm ysiaeknauck OOIl-npruemamu,
KOTOpBIE MOT'YT HETaTHBHO CKa3blBaThCs HA €€ Jallb-
HeillleM pa3BUTHH.

HecmoTps Ha TO 4TO HAc/IeIOBAHHE KaK OJHH H3
npuemoB OOI1 — Hy)KHas Bellb, OHO CYLIECTBEHHO
MIOBBIIIAET CBA3HOCTH CHCTEMBI, TIPH DTOM Takas
CBSA3HOCTh MOXET ObITh HE IMOJHOCTBIO OTPaKeHa
OCTAIbHBIMH METPHKAM, OLICHUBAIOLUIUMH CHCTEMY
C TOYKH 3peHHs CBA3ZHOCTH. YacTo npyu nocTpoeHnu
MPOrPaMMHOTO KOJa MOMKHO H30€KaTh IPHMEHEHHS
HAClle0BaHHsA M 3aMEHHTh €ro PaBHOLIEHHBIMU MTPH-
emamu. Harpumep, BMECTO 3TOTO MOAKHO HCIIOJIB30-
BaTh Takue noaxoisl, kak Dependency Injection u
loC-kouteitnepst. [Ipu mony4eHuHn paBHO3HAYHOM
peasn3alMy NPUMEHEHHE YKa3aHHBIX NMAaTTEPHOB
MOKET CHH3HTh peasibHblH NOKa3aTe/lb CBA3HOCTH
CHCTEMBI, @ 3HaYHT CHH3HTh PHCKH, CBA3AHHBIE C €€
CONPOBOKIAEHHEM. DTOT acmekT pa3paboTKH mpo-
rpaMMHOI CHCTEMBI MO3BOJIAET KOHTPOJMPOBAThH
merpuka AHH.

Pe3ynbTar BbIYHCICHHAA JAHHOH METPHKH, KaK
NIPaBHJIO, HCTIONB3YETCA B CHIPOM BHIE B NPaKTHYE-
CKHMX 3aJa4ax MOCTPOEHHs apXMTEKTYphl M pedak-
TopuHra. [TorydeHHble NMOKA3aTe/IH METPHKH TaKKe
MOYKHO PHMEHHUTH B 00JIee CI0KHBIX KOMITJIEKCHBIX
meTpHkax. OHaKO HCIOAb30BaHHE TAKMX METPHK
Ha 6a3e AHH mHorna 3arpyiHUTENIBHO, TAK KAK OHH
C/IMILUKOM CJIOXHBI 171 ObicTporo aHanuza. Kpome
TOro, HapAay C JAHHOH METPHKOH HHOIZIA BBIYHCIIA-
0T METPHKY CPEJIHEro YMciia K/JIacCoB-HaCEHHKOB
(average number of derived classes, ANDC). Ognako
3Ta METPHKA JaeT OLEHKY ¢ TOH e MO3HINH, 4TO
AHH, numb ¢ He3HAYMTETBHBIM OTKIOHEHHEM, T10-
JTOMY /ISl BBIMMCIICHHH B MEPBOM NPHOIHIKEHHH ee
MOJKHO OMYCTHTb.

Cana3anHan cucrema mMerpuk. Kak BuaHO u3
onHcaHusA OOJIBILIMHCTBA METPHK, OHH HOCHT CyObeK-
THBHBIH XapakTep W B ONPEAEICHHBIX YCIOBHAX MOIYT
Ae3uH(pOPMHPOBATH AHAIUTHKA O KOJIUYECTBEHHOM
MOKa3aTene TOro WIM MHOTO acHeKkTa MpOrpaMMHOM
CHCTEMBI. DTO CTAJI0 OCHOBHOH NMPHYMHOH Pe3KOro
criaja nonynaspH3alHi METPHK.

Tem He MeHee yKa3aHHbIE METPHKH MOXKHO HC-
MOJb30BATH KAK CBSA3AHHYIO CHCTEMY, YTO MOXKET
narb Gonee 0OBEKTHBHYIO OLEHKY OLEHHBAEMON
nporpaMMHO# cucTeme. CBA3aHHYIO CHCTEMY Me-
TPHK MOKHO CTPOHTB, OPHEHTHPYACH HA Pa3IniHbie
acnekThl. Tak, HANpHMEp, CBA3AHHLIE CUCTEMBbl Me-
TPUK MOTYT ObITh YHUBEPCAJILHBIMH, T. €. OTPAKAThL
COCTOSIHHE CHCTEMbI B LieJOM. B pyrux cay4asax
CHCTEMAa METPHK MOXKET OTPaXKaTh Kakoi-nmudo cne-
LH(pHUIECKHIi aCIEKT CHCTEMBI, HAPHMEP CII0KHOCTh
00CTY)KUBAHHSI UITH pa3MepbL.
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MHpopmatuka. TenekommyHukaumu. YnpasneHue

B naHHOi cTarbe paccMaTpuMBaeTCs cHCTEMa
METPHK, KOTOpasi 00BEKTHBHO OTpakaeT o0beM pas-
JHYHBIX HacTei CHUCTEMBI, a TAKKE INOBEPXHOCTHO
3aTparuBaeT acmeKT CIOKHOCTH CHCTEMBI.

J1ns Toro 4ToOb! MOCTPOUTE CBA3AHHYHO CHCTEMY
METPHK, PacloI0KHM METPHKH 00bEMa CBEPXY BHH3
(cM. puc. 1). Kpome Toro, ans oueHKH CI0KHOCTH K
ITOH CUCTEME 100aBNAIOTCA METPHKH CIOKHOCTH.

NOC TO07]  47.81
A 017 CIN 12| 242,54
CBO 0.42 MOC 2827 1242

LOC 015| 35123

cC | 5498

Puc. 1. Cea3annas cucTeMa METPHK

Kak BMIHO M3 onucaHuil meTpuk, Haubonee
NOABEPKEHB! CYOBEKTHBHBIM 3HAYEHHAM METPUKH
o0bema nporpaMmHoit cuctemsl. Hanpumep, ouens
TAAKENO OLIEHUBATH 00beMBbI CHUCTEMBI, OCHOBLIBAsACH
TOJIKO Ha KoJIM4ecTBe CTpok koaa. Ilostomy ans
NoNy4YeHHs: 00bEKTHBHBIX 3HAYE€HWH METPHKH He-
00X0aMMO BBICUHMTATh HX OTHoWeHHe. Takxke i
pacueTa 00beKTHBHOIO 3HAYEHHS C/IOKHOCTH BbIUHC-
JIAETCA OTHOLIECHHE ]J,HKJIOMaTH'—ICCKOﬁ CIIOKHOCTH K
KOJIHYecTBY CTPOK koaa. Kak u s nobbix apyrux
CHCTEM OLIEHKH, ¢ LeNbI0 NPaBHILHON HHTEpnpeTa-
LIHH MOJTyYEHHBIX 3HAYEHHH HEe0OXOINMO ONpeenTh
[NOPOrH BbICOKHX, HH3KHX H HOpMaﬂbeIX 3HAYEHHI.
Takne noporoseie 3Ha4EHHA MOIYHAKOT 0OBIYHO IKC-
NEPHMEHTA/IbLHBIM IMyTEM. J_IJI}I ITOI0 BBICHHTHIBAKOT
3HAYEHHA METPHUK Ha GOMBLIOM KOJIHYECTBE MPOEKTOB
H BbIBOAT CPEIHHIH pe3y/bTar.

Ha ocnose H3JIOMKEHHOI0 MOMKHO OTMETHTD, 4YTO,
HCIIOIB3YS KaKyro-TH00 CHCTEMY BU3YAIH3aLNH H [10-
CTPOEHHYIO CHCTEMY METPHK, MOKHO OYeHb ObICTPO
AaTh OUEHKY 1000l mporpammHoil cucteme. JTa
oueHKa OyzaeT BKIo4aTh B ce0st dKCNepTHbIH aHam3
0 CIIOKHOCTH H 00BEME CHCTEMBI.

Taxum obpasom, OblH paccMoOTpeHsl Hanbosee
THIHYHBIE METPHKH KO/a H NOCTPOEHA IKCIIEPHMEH-
TaJlbHas CBA3AHHAA CHCTEMa MeTPUK Koaa. Kak MolkHO
YBH/IETb, HE ObLIO MOCTPOEHO pealibHOE MpaKTHye-
CKO€ pelleHHe — HHCTPYMEHT U1 aHalin3a, He Obiin
YKa3aHbI COMOCTABHMEIE NTOPOroBbie 3HaueHus. Tem
HE MEHEe, LeJIbI0 JaHHOH cTarbu OBLIO MOKAa3arTh,
KakuM 06pa3oM MOMKHO MCHO/Ib30BaTh He “Chipbie’
3HAYEHHs, MOJyYEHHbIE B Pe3YJbTAaTe BhIYMUCIEHHA
METPHK., a CBA3aHHYIO cHcTeMy MeTpuk. Takas cm-
cTema nosponser donee 0OBbEKTHBHO OLEHUTH HC-
C/IEAYEMYHO CHCTEMY H MPHHATH COOTBETCTBYHIIIHE
yNpaBJIeHYECKHE PELIeHH.

»

BapuaHTOB NpakTH4eCKOro NpHMeHeHHs OLe-
HOK MOxeT ObITh odeHb MHOro. Ha ocHoBe Takux
nokasatesneil MEHEUKEphl BBICIIEr0 W CPEAHEro
3B€Ha MOrIYT [OeJlatbh BbIBOAbI O paﬁo"re CBOHX
NOAYHHEHHBIX. Kpome TOro, MOKHO BBIYMHCIIATH
JHAYEHHS ITHX MOKa3aTenel nepuoaAnIecKu H OT-
CJI€/KHBaTh, KAKHM 06}33301\1 H3IMEHACTCA CHCTEMA,
€C/IM KOJ HAaYHHAET CYIIEeCTBEHHO YCIOKHATHCH,
TO, BO3MOXKHO, CJIelyeT PacCMOTPETh BOTIPOC O €ro
YIPOLIEHHH.
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AJTOPUTM ONTUMHM3AIIMA CIIMCKOB COCEJHUX COT
B CETax GSM

KauectBo o0cmy:xnBanus aboHeHTOB B ceTH GSM
BO MHOIOM OINpEAENseTcs NpoLeaypaMy CeleKiHH/
pecenexiuu coT U dcTadeTHOH nepenayu (XIH10Be-
pa). JlaHHbie npoLeaypsl nepexoa BO3MOKHbI TOJIBKO
MEXKIy COTaMH, OITMCAHHBIMU B MOACHCTEME 6a30BBIX
cranumii (BSS) kak coceanue [1]: ans kax a0 coThi
orepaTop onpeJeNseT CIUCcoK cocenHux cot. [lanee
COBOKYMHOCTL CBfi3€il coTamH OyaeM Ha3elBaTh CO-
CEJICKHMH OTHOILIEHHAMH.

CocezckHe OTHOIIGHHA B PaJHOCETH Onpeje-
JIAKOT:

— Ka4ecTBO 00CTyKHBAaHHA MOOUILHEIX a00OHEeH-
TOB (MPOMYIIEHHbIE COCEICKHE OTHOLLIEHHS 3a4aCTyHO
BhI3BIBAIOT YXY/ILIEHHE KA4€CTBa CBA3H H NPHBOIAT
K 0OpbIBY 3BOHKA);

— YPOBeHb BHYTPHCHCTEMHBIX TOMEX (HEBO3-
MOKHOCTb BbINOJIHHTb X3HIA0BEP MPUBOAMT K TOMY,
410 paauokanan MS — BS (moOuibHas cranums
— Da3zoBas CTaHIMsA) MMEET BBICOKHH OMIKeT mo-
Tephb H, CleJ0BaTeILHO, MOIIHOCTH MEepeAaTuHKoB
MS u BS npessinawT MHHUMAaIbHO HEOOXOAHMBIE
3HaueH!:);

— JOCTYNHOCTb YCIYT CBA3H Ani aDOHEHTOB
(mponyIleHHBIE COCEACKHE OTHOILEHHS YBEIHYHBA-
HOT BEPOSTHOCTb «IIOTEPH» CETH H, CJIAOBATENBHO,
YMEHBIIAIOT AOCTYMHOCTh YCIYT CBA3H).

Bmecte ¢ TeM, H30BITOMHOCTE COCEACKHX OTHO-
LIeHHH NPHBOAMT:

— K YBEJIMYEHHI0 BpemeHH, Heobxogumoro MS
IUTs BBITIOJIHEHHS M TEPe/ladl Pe3y/ibTaToB H3Mepe-
HMH [0 COCEIHMUM COTaM M, Kak pe3yJbpTar, K pocTy
3a/1€PIKKH ITPHHATHS PEIeHHs O BbIIIOJIHEHHH XJH-
NOBepa; B «PyIIy pHUCKa» MONaaaroT abOHEHThI ¢
BBICOKOH MOOHIILHOCTBIO;

— K M30BITOUHBIM OTPAaHHYEHHAM NPH pacueTe
4aCTOTHO-TeppHTOpHabHOro mnana (UTIT) u pesyns-
THPYIOLIEMY YXYAIUIEHHIO KJIIOYEBBIX Mokasaresnei
kadyectBa cetH (KPI).

AHanu3 NoaxoA0B KOMNAaHUI-ONepaTopoB K
(HOpPMHPOBAHUIO COCENCKUX OTHOLUEHHH MoKasa,
YTO COCTABJCHHE CITHCKOB COCEIHHX COT 3a4acTylo
TIpOU3BOANTCA Oe3 yueTa ceTeBoii craTucTHKH. [Ipu
TNPHHATHH PELIeHHH KaK NpaBHIO OIHPAIOTCA Ha
pacyer paJHONOKPLITHA, NOJYHEHHBIH C HCMOAB30-
BAHHEM MPOrPAMMHBIX CPEACTB, H HA IKCNEPTHOE
MHEHHE COTPYAHHUKOB — HH/KEHEPOB MIaHHPOBAHHA
paaHOCeTH. 3HAUYHTENIbHOE BIHAHHE YEJOBEYECKO-
ro (akTopa ¥ 3aBHCMMOCTh PE3YNLTATOB OT TOY-
HOCTH HCIIOJB3yeMbIX MOJeNIeil pacrpoCcTpaHeHHS
PaZMOBOJIH HE NO3BOJIAIOT 00ecnednTsh ddeKkTHBHOE
M onepaTHBHOE (hPOPMHPOBAHME COCEACKHX OTHO-
HIeHHH,

VYkazaHHbIE HEJOCTATKH MO3BOJISET YCTPAHHTH
HCIOIL30BaHHE CETEBLIX H3MEpPEHHI, obecneyeHHBIX
npounsBoauTenem obopyaoeanus. Takum oOpa3oM, ak-
TyasibHbI pa3paboTKa H BHEPEHHE COOTBETCTBYOLIE-
rO AIrOPUTMA ONTHMH3ALHH CIIMCKOB COCEIHHX COT,
YUHTBIBAIOLIEr0 APXUTEKTYPY, METO/IbI ILTAHUPOBAHHA
U yNpaBiIeHUs TPA(PHKOM, NPHHATHIE B KOHKPETHOH
PaaHOCETH.

ANropuT™m, NpUBEICHHBIH Ha pUc. 1, HCnonb3yeT
HPHHLIMIBL, KOTOPBIE MOXKHO YCJIOBHO pa3ie/nTh Ha
o01iKe 1 YacTHbIE.

OO6umune npUHLKILL NpeanoaaraT BeiOOp co-
CEIHHX COT 10 KPHTEPHIO YPOBHA MEPEKPBITHA COT-
KaH/I11aTOB.

YacTHele MPHHUHUMbLI NPEANOIATaOT y4eT HH-
JUBHAYaNBHBIX 0COOEHHOCTEI KOHKPETHOH panno-
CeTH:

— CHMMETPHYHOCTb COCEACKHX OTHOLLICHHMI;

— HAJIMYHE Pa3HOPOJHBIX CJIOEB B COTOBOH CTPYK-
Type CeTH;

— UCIO/IBL30BAHHE COHANPAB/IEHHBIX CEKTOPOB B
pasHbIX CIOMX;

— METOIbl pacnpeieNieHns Tpaduka Mexay ciio-
AMH U T. L.
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1 >
Hamepenua CF
.
AHATHZ VPOBHA NEPEKPRTHA
COT, He CRBASAHHBY COCRICKHMH
OTHOWEHIAME
S un
.
(ObRapyEeHHE (OPONYIIEHHBXY
COCEACKHE OTHOWERHA
Y2 Fm_m
v
T Hobapnenue «nponyeRREES
| COCERCKHY OTHOIUEHHTR
(3 mecana) A—B
] ¥
. ¥
HaxonneRue cTaTHCTHER Mo
KONMHNECTEY NOMHTOK Hamepenua DAC
MWIHAOBEPOE
A—B $
Hamepenna AHanus YypOBHA NePEKPHTHA
Handover Adjacent Cell COT, CRAIAHREX COCERC KM MU
¥ OTHOWEHHAME
Ananus s¢PeRTHBHOCTH Voo Tas
COCERCKRE OTHOMEHKA o Tes
5‘_. L
' ObuapyxeHHe «IPpONYIHEHE XN
ObHapyxeHHe COCEACKHX OTHOIEHHA
Hesb QL KTREREX COCERCENK Y < Vo s
OTHOWERNT = o
0 45 < Oppusn_det_avg i
0 45 < Opprsn_dai_max Adanmuenme
3 L 3 ficanae

Popuuposanue cnucra Hesd e XTHBHEY COCEACKNX OTHOWIEEN R ANA yHAN cHHA

v

VYaaneuue mesddeKTHBHLEY COCEACKNY OTHOIEH R

1

Puc. 1. Cxema anropurMa onTHMH3ALMH CITHCKOB COCEIAHHX COT

Jlobapnenue «npoMyIIeHHBIX» COCEIHHX COT
Lie1eco00pasHO BBIMOIHATE 10 KPHTEPHIO YPOBHS I1e-
peKkpbiTHs coT-KaHauaaroB. CTporoe obLienpHHaTO
onpee/ieHHe YPOBHS MEPeKPLITHS COT B HACTOsIIEe
BpeMs oTcyTeTBYeT. DopManulyem J1aHHOE MOHATHE
¢ yueToM cneuu(puKH peiiaeMoi 3aa4m.

PaccmoTpum siBe coceanue cothl A u B (puc.
2): Cov A, Cov B — 30HbI IOKpLITUS cOT A 1 B, Serv
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A, Serv B — 30Hb1 006cayxkuanus cotr A u B, Ha rpa-
tuxe bechRxLev nokasaHel cpeHHE YPOBHH MTPHEMA
curtana BCCH-kananos cort paons npamoii AB; na
rpauke NMIOTHOCTH TpauKa MokKazaHa CpeaHss
IIOTHOCTH TpadHka, obcmykuBaeMoro coramu. [ pa-
HULBI 30H 0OCTy’KMBAHNS HAHECEHLI B COOTBETCTBHH
C YNpOIUEHHBIMH YCIOBHAMH XIHI0Bepa Gromkera
mowHoct (PBGT) (1) [2]:



‘ TeﬂeKOMM)“HHKaLI,HDHHbIB CUCTEMbI M KOMNbBIOTEPHLIE CEeTK

Serv A

L]
'l
"
'
i

bechRxLevA |

Cov B

]
L
L}
]

bcck&tfva |

nBA

Ag

cosifhen

SRV CE————— S

Puc. 2. OnpezenieHue ypoBHs 1nepekpbitis cot A u B

(1)

A — B : bechRxLevB = bechRxLevd + M arg inAB
B — A: bechRxlLevA = bechRxLevB + M arg inBA

Cymma Margin AB + Margin BA (nB) oGe-
CrieuMBaET FHCTEPE3UC, HEOOXOUMBIH /1A NpeaoT-

Bpall€HHA MUHI-MOHTA.

l'oBOpHTE O MEpeKphITUH JABYX COT MOXHO B
TOM Cly4ae, Koraa Tpa(uK OIHOH COThl HAXOIUTCH
B 30HE MOKPBITHA ApYyro# (IITPUXOBKA HA puc. 2).
[ToaTomy B KauecTBe Mepbl nepekpoiTHs coT A u B

MOXKHO MPUHATH A0MT10 TPA(QUKa COThI A, HAXOALLYHO-

T
sl B 30HE MOKPBITHS cOThbI B: —& rne T,z —Tpadmk
A
coThl A, HaxXoAfllMICA B 30HE MOKPLITHA COThl B;

T, — Tpaduk cothl A.

Dusndeckn T0 03Ha4aeT 10710 abOHEeHTOB
coTbl A, crnocoOHbIX NPHHUMATL CHUIHal COThI B.
BeezneHHoe takum oﬁpa?.om NOHATHE npeanojaraeT

BO3MOKHOCTE ACCHMETPHYHOIO NMEPEKPLITHA COT,

T T
xorma —2& o B4

Iy Ty

CreneHb NepeKpeiTHA COT B CHIILHOH Mepe
3aBHCUT HE TOJIKO OT YHEPreTHYeCKHX COOTHOIUe-
HUIi IPH PHEME CHIHAIOB, HO M OT pacrpejieeHus
Tpaduka B 30He obcmyxupanus. [Ipu konnuecTsen-
HOM OMNpEIE/ICHHH YPOBHS NMEPEKPhITHS MPOCTPaH-
CTBEHHbIE 00/1ACTH 30H NMEPEKPBITHA JOKHBI ObITh

B3BELIEHbI MJIOTHOCTBIO Tpaduka [3]:

D, (x, y)dxdy
(Covd CovB)
[ Dy (x.v)dxdy
(Covd )

T
A2 (2)
I

rae D, ( x, y) — IJIOTHOCTH pacnpeenenus Tpaduxa
COThl A.
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MudpopmaTtuka. TenekoMmmyHukauuu. YnpaeneHue

AnanTupyeM IOHSTHE YPOBHA NEPEKpPbITHA COT
MPHMEHHTETBHO K 3a/1aue ONTHMH3ALHHI COCENCKHX OT-
Hotuenuii. ITox ypoBHem nepexperruscotr AuB (Y, )
NPHMEM OTHOIIEHHE TpaduKa coThl A, HAXOAALIErocs
B TOH 4aCTH MOKPhITHA COTHI B, r11e ypoBeHsb cHrHana
coTbl B npy npieme npesbIIaeT ypoBeHb CHIHAIA COTHI
A, K Tpa MKy COTBI A, HAXOIAIIEMYCS B 30HE OKPLITHS
coTsl B (AnaroHanbHas [TPHXOBKA Ha pHUC. 2):

T
Yl oS8, (3)
AB T,

rae T,_p —Tpaduk coThl A, HAXOAALIMIHCA B 001aCTH
bcehRxLevA < bechRxLevB .

C yueroM MIoTHOCTH pacnpeneneHus Tpaduka
corAuB:

D, (x,y)-9 [hccthLevB (x,y) — bechRxLev , (x, _v)] dxdy

_Ty.p _ (CovarCovB)

) -
AR T,|

: (4)
D, (x, y)dxdy

(Covd M CovB)

rae 8, — (ynkuma Xosucaiiaa.
[Tosb3yAach BBEAGHHBIM ONPEICIEHHEM, KpHTEPHIt
BbIOOpa MOKHO chopMHUpOBATL B BHE:

Y Z Vjrushndit &)

1€ Yy, ooh add — NOPOTOBBIN YPOBEHb [IEPEKPBITHSA, IIPH
NPEBBIICHUH KOTOPOrO LeNeco00pasHo 100aBuTh
cocejickoe oTHoIeHne A — B.

Oumnbka npu npuMeHEHNH KpuTepus oOHapyKe-
HHS «IIPOMYILIEHHLIX» COCEAHHX COT (5) 3aBUCHT OT
TOYHOCTH M AKTYaJbHOCTH MCXOIHBLIX AaHHbIX. Hc-
[0JIb30BaHHE COOTBETCTRYIOLLIEH CETEBOH CTATHCTUKH
M03BOIAET IPPEKTHBHO MUHUMH3HPOBATh OLIMOKY H
MOCTPOHTB JIETKO PeaIH3yeMblii aJIrOPUTM.

BSS Nokia nomgep:xuBaet hyHKIIHOHATLHOCTh
CHANNEL FINDER (CF) [4], B paMKax KOTOpO¥i
aboHeHTCKHE TepMHHAJIbI CKAHHPYIOT 3a/laHHbII Ha-
60p 4aCTOTHBLIX KAHAIOB B HUCXOAAILIEM HANPaBIEHHH
H MepelaloT pe3yabTaThl H3IMEPEHHH BBEPX MO CETH.
ITO MO3BO/AET OLEHHTH XAPAKTEPHCTHKH YPOBHEH
CUTHAJIOB, NpuHHUMaeMbIXx MS oT obcayxuBaroLero
CEKTOpa H JIPYI'HX HE COCEIHHX CEKTOPOB:

— pacnpejeneHne YpOBHA CHrHana o0Ciyxku-
BAIOLIEr0 CEKTOpa (C KoMIeHcalHueil yrnpaBleHHs
MOLIHOCTBIO);

BSC s

— pacnpenenenue yposteii curdasios BCCH-ka-
HAJIOB CKAHHUPYEMBIX HE COCEIHHX CeKTOpPOB;

— pacnpejejieHHe pa3HOCTH ypoBHeil (ab)
CHIHanoB OGCHYH(HBH.IOI.I.IGFO H CKAHHPYEMOI'O CECK-
TOPOB.

LlennocTh coOpaHHBIX JaHHBIX OMpeaesnseTcs
penpe3eHTaTHBHOCTLIO BBIOOPKH, T. K. H3MEPEHHS
BBITIOMHAOT BCe aDOHEHTCKHE TEPMHHAIBL, 00CITY/KH-
BAIOILMECA HA JIAHHOM CEKTOpE B 3aJaHHblil repuosn
BpPEMCHH (KE.K Npasujao, B NEPHOA MAKCHMAJIBHOTO
Tpauxa). Takum obpa3zom, cobpaHHas CTaTHCTHKA
NOMHOCTBIO OTPAXkaeT peajbHyI0 IUIOTHOCTH pac-
npejeneHus aGOHEHTOB.

Jns peuenus 3agadyn oOHApYKEHUA «IIpOMy-
HMIE€HHBIX» COCEOHHX COT JOCTATOYMHO HCIOJIbL30BaTh
rpynny cueTyukoB CF, npeacTasisiiommux ructorpam-
MY pacrpejie/leHHs pa3sHOCTH YPOBHEH CHIHAIOB
paccMaTpHBaeMOii napel coT.

Paccmotpum coty A ¢ abonentom UA 1 nekoTo-
pyto yaanennyio coty B, BCCH-kanan kotopoii cka-
HUPYHOT aD0OHEHTCKHE TepMUHAIIBI B coTe A (puc. 3 ).
Cotel A 1 B He ABIAIOTCA COCEIHUMH: PEKHM CKa-
HHPOBaHMUA 00eCreuynBar0T BKIKOYEHHEM YacTOThI
BCCH-kanana cotsi B 8 Idle BCCH Allocation List

(BAL) cotei A [1].

3
F Serv //

»

Puc. 3. OBuapysxenne nponyueHHbIx coceneit npu nomoun ¢ynxkunonansuoctn CF
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AbGoHeHTCKMH TepMHHan GopMmupyer pe-
3y/NIbTaThl H3MEPEHHH M OTIPABIAET MX BBEPX MO
cetn. Koutponnep 6azossix cranumii (BSC) Bri-

4YHCHIAET Pa3HOCTh YpoBHEH RxlLevy — RxLev (ab),

A CLASS 1 CLASS 2

CPaBHHBACT €€ C YCTAHOBJEHHBIMH ONEpaTopoM

noporamu DB VALUE _LOW , DB VALUE _HIGH
(06o03nauenus Nokia) u dopmupyet rucrorpammy
(puc.4).

CLASS 3

o S

NUMBER_OF _SAMPLES IN CLASS I

|~ NUMBER_OF SAMPLES IN CLASS 2

o

Yucao omcyemos

i

<

/NUMBER_OF _SAMPLES IN CLASS 3

v

1

i -

DB _VALUE_LOW

DB _VALUE HIGH RxLevB - RxLevA, B

Puc. 4. I'ncrorpamma ui3mepennii CF

OuesnaHo, uto npu DB _VALUE _HIGH = 0 n1b

_ NBR_OF_SAMPLES_IN CLASS 3

" NBR_OF _SAMPLES _IN CLASS |+
+NBR_OF _SAMPLES _IN_CLASS_2 +
+NBR_OF _SAMPLES _IN _CLASS 3

(6)

AB

Takum o6pazom, anropuTM NpPOBEPKH YCIIOBHS
(5) moxer ObiTh peanu3oBad B Buie npocteix SQL
3anpocos Kk cratuctuke CF.

[Tepeiinem k npobieMe caHaluu CHHCKA CO-
ceaHux cot. Jlna nposepku >hdekTHBHOCTH Aeii-
CTBYIOIUHMX B PaMOCETH COCEJICKMX OTHOIIEHHH HC-
MOJIL3YIOT CTATHCTHKY 1O KOJIHMYECTBY H YCNEIIHOCTH
MONbLITOK X3H10BEPOB.

Jns nposepku s dexruBHOCTH coceacTsa
A — B Heo0x0aMMO paccMOTpeTh A0MI0 MOMBITOK
XoH10BepoB A — B 0T Bcero konuuecTsa MonbiTOK
MCXOJAINX C COThI A XIHIOBEPOB:

nﬂ" P

=

4

Man_aB,

i=]

Il

rae n,, 45— CyMMapHO€ YHMC/O MOMBITOK XJHA0BE-
poB A — B: N, — uIMHa CIHCKa COCEIHUX COT COThI
A; B,.. BN; — MONHLIH HaGOp COCEAHHX COT ANIA
coThl A.

Jns Toro, uto6sl cocenacTso AB Obu1o npu-
3HaHO HEedX(PPEKTHBHBIM [0/ MOMBITOK XIHIOBEPOB
A — B nomxHa ObITh HUXKeE nopora:

8,48 < Buresh dei - (8)

Jlng npakTH4YeCKOro NMpHMEHEHHs KpUTepHs
(8) HeoOXOAHMO YTOUHHTHL CMOCOO BHIYHCIEHHS
pemaroiei cTaTHCTHKH & ;5 . CpenHuii MPOLEHT No-
MbITOK XJH/0BEPOB 3a nepuoj 1-2 Hesenu no3sonaer
OLEeHHTb Y(PPEKTHBHOCTL COCECKNX OTHOLIEHMH,
BOCTPeOOBaHHBIX HA MOCTOSHHONH OocHOBe. B 3TOM
ciyuae (8) npumeT BHA:

5 _ n att _AB "
AB ave T N .
naﬂ_.ﬂ!.\"
i=1
M , ©)
2 M at_ABm
- m=1 <&

A thresh_del _avg

N
Z Z "m.'_:f.\'l

=1 m=1

e n,, 4z — YHCIO MOMBITOK XIH10BepoB A — B

B m-it 1eHb Hab110/1aeMOro nepuoa.

C apyroii cTOpOHbI, METO/L OOHAPYKEHUA He-
3(peKTHBHBIX COCEACTB J0KEH oDecrneynBaTh
COXpaHEHHE TeX COCEACKHX OTHOIIEHHI, KOTOpble
BOCTpeOOBaHbl HE HA MOCTOAHHON OCHOBE, a JIMIIL
MpH NEPHOAHYECKOM MEPEPACNPEEICHHH NOTOKOB
TpaduKa (Hanpumep, Mo BLIXOAHBIM AHAM). Jlns
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UHpopmaTtuka. TenekoMmMmyHukaumu. Ynpasnesuve

peLEHUs TOH 3aJa4d HeoOXOAMMO paccMarpHUBaTh
CTaTHCTHKY MakCHMajabHOro 3a Habnronaemblii re-
PHOZ NPOLIEHTA MOMBITOK.

B 3tom ciyuae (8) npumer Bua:

M au_aB,

N,
Z n:u.'_z(,\’m
i=l

=]

= Max < 8

AB_ max
m

thresh_del _max » ) ( 10)

m=1..M

CoBMecTHOE paccMOTpeHHE CpejHell  Mak-
CHMa/IbHOI JO/IH MOMBITOK XJHIAOBEPOB MO3BOJSAET
COXPaHHUTb T€ COCEJCKHE OTHOLUCHHA, KOTOPBIC
00ecreHHBaioT MOCTOAHHYIO, MO0 NEPHOAHYECKYIO
noTpeOHOCTh B BBITOIHEHNH 3HAYHTEIBHOIO KOJIHY€E-
CTBA MOMBITOK X2HA0BepoB. OHAKO CYIIECTBYET Psil
CHTyaLHii, KOrjla peaibHas He0OXOAMMOCTE COXpaHe-
HHSA HEKOTOPOTO COCECTBA COYETACTCS C OTHOCUTE Ib-
HO MaJIbIM KOJIHYECTBOM TOMBITOK XIHI0BEPOR:

— COCEICTBO HCNOJbL3YETCA )M BBIMOJIHEHUHUA
X3HJ0BEpa CNACEHUA H PEIKO MCTONb3YeTcs AJIA
BBITIOJIHEHHS X3HI0Bepa Ttuna better cell (PBGT,
Umbrella); xonnoBepsl cnacennst 06bIMHO HE MPH-
HaJIeKaT K OCHOBHOMY THITY XJHIOBEPOB H COOT-
BETCTBYOLLIMI1 IPOLIEHT ITOMLITOK, KaK MPaBsmIio, Oyaer
HEBLICOKHM:

— Majblil TIPOLEHT NONLITOK 00yC/0BNEH ycTa-
HOBJIEHHBIM HaOOPOM MapaMeTpoB /i AaHHOIO CO-
CE/ICKOr0 OTHOLICHHS;

— MaJiblif IPOLIEHT MOTMLITOK 00YCIOB/IEH BPEMEH-
HBIMH npo0ieMamu B paboTe ceTeBoro 06opya0BaHIs
(HanpuMep, He MPOXOAMUT CHIHAJIbHBIH OOMEH MEXKILY
KOHTpoIUIepamMu 6a3oBeIx cranunii (BSC)).

[IpeononeTs yKa3aHHYI0 TPYAHOCTb MO3BOJISIET
JIOTIOJIHHTENBHBIH aHAIW3 YPOBHA MEPEKPLITHA COT
- TAcB

Ts

Yip

[TpusnanHoe HedP(EKTHBHBIM COCEACKOE OTHO-
IEHHE MOKET OBITh YJAaIeHO TOJIBKO MPH BbINOIHE-
HHH JOTIOTHHTEIBHOIO YCIOBHA:

(11)

t1€ Yoo dey — MOPOTOBbIH YPOBEHb [EPEKPBITHSA; IPH
I[OC'IH)KCI‘;HH nopora Heoﬁmnumo YAaliuTb COCENCKOE
oTHOWEHHe AB.

BennuuHa nepekpuITHA COCEJHHX COT MOIKET
ObITh ONpe/ie/ieHa B COOTBETCTBHH C MPUHLIMMAMM, H3-
NoKeHHbIMH paHee, OHaKo, BMeCTO PyHKIHOHANb-
Hocti CF, ansa nmomyueHus HeoOXOAMMBIX BXOIHBIX
JaHHBIX CIEIYEeT UCTOIL30BaTh (yHKIHOHAIBHOCTE
Defined Adjacent Cell (DAC) BSS Nokia [4]. DAC

r r
Yi8 < Yirresh del »
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BeINOIHAET Te ke GpyHKuun, uto H CF, Ho oGbekTamu
H3MEpEHHii ABIAIOTCA COTBI, CBA3AHHbIE COCENCKHMHU
oTHOIeHHAMH. OTHUM U3 NPEeHMYILECTB CTATHCTHKH
DAC sBnsiercs BO3MOKHOCTB IIOCTOSHHOTO ee cOopa
Ha eKeIHEeBHOMH OCHOBeE.

Takum obpasom, cymiecTByeT BO3MOKHOCTb
BbIYMCIIEHUA VY, KaK CpEIHEro 3HaueHMs 3a TOT XKe
NEpHOJ BPEMEHH, B TEHEHHE KOTOPOTO NMPpOH3BOAAT
aHanu3 YpHEKTHBHOCTH COCEACKMX OTHOIICHHMIL:

(12)

ol
Y. NBR_OF _SAMPLES _IN _CLASS_3_OF _ADJ _CELL,

NBR_OF _SAMPLES _IN_CLASS_1_OF _ADJ _CELL,  +

M

3| +NBR_OF _SAMPLES _IN _CLASS _

-

_OF _ADJ _CELL,  +
+NBR_OF _SAMPLES _IN _CLASS_3_OF _ADJ CELL

ITpu cocrapnenun cnucka HedQhekTHBHBIX
COCE/ICKHX OTHOLUEHHH, MOANekKAIIHX YAaJeHHIO,
CleAyeT NPUHATH BO BHHMAaHHE TEKYLIMH pasmep
BAL ananu3upyemsix cot. OueBUIHO, UTO yAATEHHE
Hea(peKTHBHBIX coceneld Haubolnee akTyansHO Ha
coTax ¢ neperpy:keHHbiMu BAL, T.e. Ha corax, rae
nmsHa BAL npubnuskaercs k Bepxueit rpanuie (32).
DTO NO3BONAET CHATH PA MpodIeM:

— neduunt ceoboaHoro pecypeca BAL 11s no6as-
JIeHHsA HOBBIX aKTYalbHBIX COCEACKHX OTHOLUEHHII;

— H30BITOUHOCTE OrpaHn4eHnii npu pacuere YT,
npuBOAsAIIan K yxynmenuio KPI;

— Gonbiias 3ajepkKa MNPUHATHA peleHHs O
XJHAOBEPE, YXYAWAIOIas Ka4ecTBO 00C/IyKHBaHHA
abOHEHTOB C BLICOKOI MOOMIIBHOCTBIO.

Hanpotus, Hannuue HedpeKTHBHBIX coceneii
Ha coTax ¢ maaeiM pasmepoM BAL (<6..12) ne
HMEET NPAKTHYECKH 3HAYHMMbIX OTPHLATENBHbIX M0-
CIIEACTBHH.

IlpuBeneHHbIe apryMeHTBI MO3BOJIAIOT CAENATh
BBIBOJ O LI€/1I€CO00Pa3HOCTH H3MEHEHHS IOPOroB,
MCTIONb3YEeMbIX IIPH BbIOOpE COCENCTB /U1 yAaIeHH)S,
B 3aBHCHMOCTH OT pa3mepa BAL.

AJITOPHTM ajanTalkH NOPOroB B panoCeTH MO-
KeT OBITh peann3oBaH ciaenyoimum obpazom:

|. Nuanazon anunsl BAL 0...32 pas6usaercs na
yeTbipe unTepsana: I (0..12), 11 (13..18), 111 (19..25),
IV (26..32).

2. Ecniu paccMmarpuBaeMsblii CEKTOpP NpUHAI-
JIEKHUT K MHTepBany I, Bce HcxopasiuHe cocenckue
OTHOLIEHHA COXPAaHAKTCHA BHE 3aBHCHMOCTH OT
addexTuBHOCTH.

3. Ecin cexTop NpHMHAUIEKHT K MHTEPBAIaM
IT -1V, yposuu noporos Bo3pacraioT. Hanpumep:



‘ TenGKOMMYHMKauHDHHbIE CUCTEeMbl U KOMMNbIOTEPHbIE CEeTKH

1
Tabnuua 2
Hureppan thre.\-.‘l _del_ave 5 thresh_del _ max amn's.’i_'de-‘
I 0 0 0
11 0.004 0.010 0.10
I11 0.006 0.015 0.30
I\ 0.008 0.020 0.40

W3 rabn. 2 cnenyer, uro nopor 3§, 4 » MC-
ﬂOHb3YEMblﬁ ITPpH MPOBEPKE BO3MOKHOCTH YaaJIEHUA

CYLIECTBEHHO TPEBBIAET MOPOr &, qa0 =0.005,
MCIO/b3yeMblil IPH 100aBIEHHH COCEICKHX OT-
HOWeHHil. 9T0 00yCNOBIEHO TeM, YTO COCEICTBO,
J00ABIEHHOE MEKIY COTaMH C HEBBICOKHM YpPOB-

HEM MEePEeKpPBITHA, JODKHO OBITH TapaHTHPOBAHHO
yoalieHo, B ciy4dae NpU3HaHWA NaHHOTO COCEACTBO
HedhdeKTUBHBIM.

Takum oGpasom, B cTaThe MOMy4YeHbl KPUTEPHH
nobasneHus “rnponyueHHsX” 1 yaaneaus neodek-
THBHBIX COCEICKHX OTHoLleHuil. HMcnonbiyemsiii
KPUTEPHIl YPOBHSA MEPEKPLITHS COT aganTHPOBAH
NPUMEHHUTENbHO K pelraemMoil 3agade. OnucaHbl
NPHHIHUIBLI UCIIOJIL30BAHUA HMMEolIeHcs ceTeBoil
CTAaTHCTHKH /1A nocTpoeHus >QQeKTHBHOro Bbl-
YHCJIUTEIbHOIO anropuTMa ONTHMH3AaUHH CIIHCKOB
cocenHHx coT. [IpennaraemMsbiit aropuT™ yuuThiBaeT
apXMTEKTYPY, METO/bI MIIAHUPOBAHUA W YTIPaBJIEHHA
TpahuKoM ceTH.

CINHCOK JIMTEPATYPbI

1. 3GPP TS 45.008 V7.5.0 (2006-9); Technical Speci-
fication Group GSM/EDGE Radio Access Network; Radio
subsystem link control (Release 7).

2. Kysneuor M. A,, llommyenxo /1. H., Peokkos A, E.,
Cusepe M. A, Xsunosep B cetsx GSM 900/ 1800/ Tpyast
MesxkayHaponHoii akanemuu ceasn. 2002, No 2.

3. 3aesnnbiii A. M. OCHOBBI PACYETOB 110 CTATUCTH-
yeckoii paagunorexHuke. M.: Cease, 1969.

4. BSC S12, Supplementary References, Nokia Elec-
tronic Document (NED).

Mopwunno I1. J1.

OUEHKA PONYCKHO#M CIMIOCOBHOCTH CETH MOBHWJIBHOM CBSI3M
(HA mpuMEPE CDMA2000 1X EV-DO)

Ha npakruke cers CDMA2000 1X EV-DO
CKOPOCTHOH NepejayH JaHHbIX HAKIaJblBAeTCHA Ha
cymecTyomyto cetb CDMA2000 1X. Ilpu pa3-
BEPTHIBAHHHU HAJIOKEHHOI CETH BO3HUKAET rpodnema
OLIEHKH MapaMeTPOB CecCHil CKOPOCTHOH nepegayuu
JaHHBIX.

[Tpn oueHke cpefHell CKOPOCTH Nepenadd B
NpsAMOM M OOpAaTHOM KaHaJax HCXOAMM M3 PaBHO-
MEPHOro pacrpejeneHHus aOHEHTCKHUX CTaHLUH B
3oHe obcmyxuBanusa. [Tonaraem, yTo paamnyc cekropa
6a3oBoii cranuuu cranaapra CDMA2000 1X EV-DO
COBMAJaeT C PagHycoOM ceKTopa 0a30BBIX CTaHLMIA
cranaapra CDMA2000 1X B ropoze.

B cetn CDMA2000 1X EV-DO otenka nporyck-
HOH crniocoGHOCTH 0OpaTHOrO KaHajla MOKa3biBaeT
CKOJIbKO a0OHEHTOB MOKHO B3STh Ha 00CITy:KHBaHHE,
4 OLEHKa NPOMYCKHOH COCOOHOCTH MpSAMOro Ka-
Hala XapakTepH3yeT KauecTBO 00CHyKHBAHMA ITHX
abOHEHTOB.

B nanno# cTaTbe NpUBOATCA PE3yJIbTaThl OLEHKH
CEKTOPHOIi nMponyckHoii cnocobHocTH 0OparHoro u
NpsAMOro KaHaJIoOB C Y4ETOM BHYTPHCHCTEMHBIX I10-

Mex, koauieHTa BIHAHNA COCEIHHX COT, IOTEPh
IIPH PacnpoCTPaHEeHHUH PaJHOBOIH, MApaMETPOB
CEKTOPH3aIlHH COThI, KOA((PHULIMEHTA 3arPpy3KH COT B
yac nanbomnsineit narpyskn (YHH) u ap.

ITpn oueHke nMpomycKHOH crmocoOHOCTH 00-
paTtHOro kauana OyJeM CUHTaTh, HTO MOMEXOBOE
BO3/ICHCTBHE HAa NMPHEMHMK 0a30BOH CTAHUMM MpH
MpHEME MOJIE3HOI0 CHIHAJIA OKA3bIBAIOT IIYM JIHHEH-
Horo Tpaxta npuemuuka (JITII) n curnanel cocen-
HHUX aKTHBHBIX a0OHEHTCKHMX cTaHuMii. OTHOIEeHHE
CHrHaJ/[OMeXa Ha BbIXO/le KOppessTopa NpHeMHHKa
MOZKHO OLIEHMTb U3 Bhipamenus [1].

85 2 _
q TEK
s B
— =% RX min .,.,F
BS . 3
k T (W —1)+ (M‘s _I)Pﬂ.!'rmni + rMsaka-mm:h
B o - F - F

rne kg =1,38x10 3 II/K — nocrtosHHas Boib-

umana; T = T, (W — 1) — wymoBas Temneparypa
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JITIL, T, = 290 K; W — koadduument wryma JITII.
(M, —1) Pg? .., — MOIIHOCTb B3aHMHbBIX TOMEX,
HCXOAALUMX OT aKTUBHbIX aDOHEHTOB JaHHOTO CeK-
TOpa JaHHOH COThl (C Y4ETOM TOTO, YTO MO OAHO-
MY W3 KaHaJOB Mepeaaercs Mojie3Hblii curuan);

3 M, Pﬁi‘?mm — MOLIHOCTD B3aUMHBIX ITOMEX, HCXO/S-
LIHX OT AaKTHBHBIX a00HEHTOB COCEIHHMX COT (CEKTO-
poB); 8 — KO3(p()UIHEHT BHOCHMBIX TIOMEX COCEIHHX
CeKTOpoB (coT); Ms — 4HCI0 aKTHBHBIX aDOHEHTOB
B cektope coTbl; AF — mmMpHHa crieKTpa CUrHana;

PBS

Rimin — TPEOYEMBbIi MHHUMANBHBIH YPOBEHD MOIL-
HOCTH cHrHanoB Ha Bxoje JITTI 6azosoii ctanuuu BS

(P2 >P% . P® —uayscreurensnocts JITII BS),
o — (hakTop aKTHBHOCTH YCIIYTH.
3ananumcs TpeOyeMbIM KaueCTBOM CBA3H H KO-
(hHLHEHTOM 3arpy3KH CEeTH H OLIEHHM YHCIIO KAHAJIOB
TpaduKa Ha CeKTOp (MM B COTE) NpH rnepegaye JaH-
HuIX. [loTeHnManbLHOE KOMMYECTBO MOMb30BaTeNei
moOunbHoro MuTepHera Haitaem s YUHH B cekrope
MpH YCIOBUH PABHOMEPHOTIO pacIipeesieHHst aDOHeH-
TOB 110 30HE 00CITYKHBaHHA /UIA 3HAYEHHMIT 3arpy3Ku
cetn 25, 50 u 100 %. B ycraHoBHBIIEMCS pexuMe
(yHKLMOHUPOBAHUE CeTh MO OOPATHOMY KaHaly
MOXKHO OINHCATL B BHAC MHOTIOKaHaJIbHOH CHCTEMBbI
maccoBoro obcnyxusauua (CMO) ¢ oxugannem u
ouepennio (Moaens Spnanra C).
Paccmotpim ciyuait eiMHHYHOrO 3anpoca,
nojaras, 4TO NPH 3arnpoce no oOparHOMY KaHaty

cuctema nepeaaet paiin pasmepom V', = 14 KGaiir =

114688 6uT. [TpakTHka nokaseiBaeT, 4To npu padore
B pexnMe MobuneHoro MurtepHera cpenHee Bpems
J0CTyNa K CHCTEME H CeTeBas 3aJepyKKa COCTABIAIOT
T, =3 ¢, cpeiHas 3a/iepXKKa Ha OPraHU3alHIo OUepe-
JI1 3aBHCHT OT CHCTeMbl OOC/TY:KHBAHHSA 3ANPOCOB

nons3opareneil 7’5, a BpeMms 3arpy3k — OT CKOPOCTH
nepeznaun B odparHom kanaine 7, . Onpenenum natep-
BaJ1 paboTel TalfiMepa “HeaKTHBHOCTH, 10 HCTEYEHUH

KOTOpOro kaxan paspsisaercs, 7, = 10 c.
CyMMapHOe KoiauuecTBO OMT, KoTOpoe mepe-
Aa€TCA NpH OJHOM 3anpoce MOKHO ONpPEAe/INTh 10

thopmyrne:
o
= Ve i BER%
X R 100%

e R — ckopocTh Ko/1a, XapakTepH3yolias BHOCHMYHO
H30LITOYHOCTD.
O1leHUM BpeMs 3arpys3Ku:

T, =—2
C
rae C — cKopocCTh nepeiadvu JIaHHbIX B 0OpaTHOM
KaHae.
OnpegenuM A0MYCTHMOE YUCI0 aOOHEHTOB
MoGunbHOro Muteprera N, B CeKTOpe ¢ yueToM 3a-

rpykeHHoCTH ceTH O = 25, 50 1 100 %. Pe3ynsraTsi

pacueToB MpHBeeHb! B Tabm. 1.

TabGnuna 1
Kosnuectso nonb3oBareieii MobuisHoro Hureprera, npuxoasmuxcs Ha cextop 6azoeoii cranuun B YHH

C, o, N, P_(N,M/p), A T, TATAT,, N,
KkhuT/c % KaH. Yo Ipa c ¢ abomn.
1 12,5 0.067 18,147 222
25 22 2 13,3 0.14 18.22 236
5 14.6 0,409 18,489 239
1 10,2 0,067 18,147 181
9.6 50 19 2 11 0,152 18.232 195
5 12,2 0,452 18,532 217
1 6.7 0,083 18.163 119
100 14 2 7.3 0.18 18.26 130
5 8.25 0.55 18,63 147
1 2.3 0.031 4,261 500
25 7 2 2,6 0,063 4,293 566
5 3,15 0.196 4426 685
1 1,75 0.039 4,269 381
153,6 50 6 2 2,05 0,084 4314 446
5 2,55 0.24 4.47 555
I 1,25 0,032 4.262 272
100 5 2 1,5 0,084 4.314 326
5 1.9 0.234 4.464 413
OG6o3HaueHua: A — KOTHYECTBO 3aMPOCOB B CEKYHTY, TTOCTYNAKMIHX OT OAHOTO MONB30BATENN; |/|L — CPEAHAA NPOIOIKHTE b~
HOCTb OGCTYKHBaHHA 0HOIT 3anBKH; N — KonmuecTBO Kananos; P (N, i) — BepoaTHOCTS Jafepiku goctyna; N = A (4,
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AHanM3 JaHHBIX TIPHBEAEHHBIX B Tabn. 1, mo-
Ka3bIBaeT, YTO YEM BbILIE CKOPOCTh Mepeayu, Tem
Oosibliee KOMHYECTBO Pas3pAloB nepenaercd B QUK-
CHPOBAHHOM BPEMEHHOM HHTEPBAJIC H TEM MEHbLILIAN
3aiepiKKa 3arpy3Ku gaitia B oOpaTHON THHHH CBS3H.
C yBenuyeHHEM KOJTHYECTBA KaHAIOB (MM C YMEHb-
IIeHHEM CKOPOCTH Mepeaaiu) B HHTepBane ot 5-22,
o0veM Tpaduka, mepenaBaeMoOro MoJb3OBaTelIeM,
HE YMEHBLIIAETCA B OIMHAKOBOH npornopuuu, 61aro-
Japsa MocTosHHOMY 3HavyeHuto napametpa T4. Ilpn
YBEJIMYEHHH CKOPOCTH Mepeaavu JaHHbIX YBEIHYH-
BAeTCA AOMNYCTHMOE KOIHYECTBO aﬁoucu'ron. H3-3a
3HAYUTE/ILHOIO YMEHBILEHH epeJaBaeMoro oobema
TpadHka B KaxK10M 3anpoce aboHeHTa.

B cucreme ckopocTh Nepenayuu 1aHHbLIX B 0OpaT-
HOM KaHalle IHHAMHYECKH PeryIHpyeTcs B 3aBHCH-
MOCTH OT 3arpy»K€HHOCTH CeKTopa 0a30BOH CTaHLIUH
TpaMKOM H YCIIOBHIl pacrpocTpaHEeHHs PaanOBOJIH
Ha Tpacce. To ecTh, NpH YBEIHYECHHH 3arpy3KH CeK-
TOpa pacTeT YpoBeHb HHTep(ePEHIIHOHHOIO IIyMa.
DTO NPHBOAMT JIMOO K YMEHBILIEHHIO 30HbBI 00CTYKH-
BAHHA H3-3a TOTO, YTO MOILHOCTB NepeaaryHka abo-
HEHTCKO#H CTaHLIHH HE JO0CTaTrO4YHa AJ1A obecneueHns
TpelyeMOro COOTHOLIEHNS CUTHAJI/IOMEXA Ha BXoze
npHeMHHKa 0a30BOH CTAHILIMH, THOO K YMEHBLIEHHIO
CKOPOCTH Nepeaadyd Npu 3aJaHHOH 30HE 00CIyKH-
BaHua. TakuM oOGpa3oMm, pacnipejesieHHe CKOpocTei

nepegadM JaHHBIX 0OpaTHOro KaHana MUMeeT BHJ
KOHLIEHTPHYECKUX OKPYKHOCTEH C LIEHTPOM B TOUKE
pacronokKeHus aHTeHHb! 6a30BOH CTAHUMH (B Jasb-
HelileM 30Hy, B KOTOpOii obecrieunBaeTcs O1Ha | Ta
JKe CKOpOCTh nepenayu, OyaeM HasbiBaTh CEIMEHTOM
30HbI 06CTy)KHBaHMS GA30BOH CTAHIIHH).

Pe3ynbTarhl MO3BONAIOT OLUEHHTH BEPOATHOCTH
HaxoXJeHHs aDOHEeHTOB B 30He 00CHyKHBAHHA
CEKTOpa M CPe/IHIOI0 MPOIMYCKHYO crocobHOCTh 06-
paTHOro KaHana.

OueHka MOMeXOBOTO BO3/IEHCTBHA MO3BOJSET
OMpefeIuTh CPeJHEe YHCIO AKTHBHBIX abOHEHT-
CKMX CTaHLMIl C pPa3sHBIMHM CKOPOCTAMH Nepead,
KOTOpbIE HAXOAATCA B ceKTope Ga30BOH CTAHIMM B
YHH. Buewnuii nepuMeTp 30Hb1 00CITYKUBAHUA 1718
onpeiesIeHHOI CKOPOCTH NepeiadH pacCUUThIBACTCS
U3 3Heprodananca oOpaTHOro KaHalla ¢ yueToM ycra-
HOBUBILIErocs pekuma (yHKIIMOHHPOBAHUS CETH M
MAaKCHMAJIBHO J0MTYCTHMOr0 KOJTHYecTBa a0OHEHTOB
moSunsHoro MuTepHeTa, B3aTHIX HA 00CIYKHMBAHHE B
CEKTOpe HAJIOKEHHOH ceTH. Pe3ynbTaTsl OLIEHKH KOJIH-
yecTBa aboHeHTOB MOOHILHOrO MHTEpHETa, KOTOPBIX
MOXKET B3aTh cekTop BS Ha oGcnyxkuBanune, BEposT-
HOCTh HaXOKAeHHs a0OHEHTOB B 30He 00C/TY)KHBAHHUS
[P COOTBETCTBYIOIINX CKOPOCTAX Mepeaiu JaHHbIX,
a TAKKe Cpe/IHss MPOIYCKHAs CIOCODHOCTH CeKTOpa
npe/jcTaBiaeHsl B Tabu. 2.

TaGnuua 2
Pacnpenenenne aloHeHTCKHX CTAHUMI B 30He obciyxuBanuna obparHoro kanaja
c Komuectso
CkopocTh nepefiads AaHHsIX, K6HT/C npoF::\{::‘:::as a0OHeHTOB Ha
- o]
[MTapametp CcrnocodHOCTh i fad
B CEKTOpe, npH 6, %
9.6 192 | 384 | 768 153,6 i it
25 50 | 100
BeposatrocTs
HAXOKICHHSA B 30HE 0.05 0,05 0,1 0.4 0,4 97.44 455 | 359 | 207
00CTyKHBAHHA
BeposTHocTb 3a1epxKH gocTyna — 2 %.

OueHHM NPONYCKHYIO CMNOCOOHOCTE MPAMOIo
kaHana. B cucreme CDMA2000 1X EV-DO 06-
CIyXHBaAaHHE aﬁOHEHTOB B NMpsAsMOM KaHalle oCy-
IECTBAETCA BO BPEMEHH MociejoBarebHo. D-
tdexTuBHOCTE cucteM CDMA2000 1X EV-DO npwu
paboTe B pekuMe nepeaadyd CKOPOCTHBIX JaHHBIX
obecnieynBaeTcs 3a CYer:

NpeAcKa3aHus JOIMYCTHMOH CKOPOCTH Nepenayn
M0 TEKYLIEMY COOTHOLIEHHIO CHIHA//TToMexa;

ajanTtaluu napameTpos paguonntepdeiica (Buaa
MOJAYSLHH, OTHOCHTEILHOH CKOPOCTH KOAHPOBAHHSA
H CKOPOCTH I€pe/ia4H ) B 3aBHCHMOCTH OT IIOMEXOBOI{
CHTYaLHH B TOYKe npuema MS;

CHELHAbHBIX AITOPUTMOB paclpeaeneHus TaiM-
CJIOTOB MEXK]Y MOJb30BaTENAMH ([IAHUPOBLIHKOB
KaHasaoB);

rHOPHIHOH CXEMBI ABTOMATHYECKH MOBTOPASMOTO
sanpoca (H-ARQ) u Bospacratonieii H30bITOHHOCTH
JOCPOYHOTO OKOHYAHHA MepelayH.

ITomexu Ha BXOI€E NPpHEMHHKOB abOHEHTCKHX
CTaHIHi, HAXOAALIMXCA B 30HE 00CITY)KHBaHHA Oa30-
BOH CTaHIHH, PEACTABIAIOT COO0H CYMMY MOMEX OT
6a30BbIX CTAHLMI COCEIHUX CEKTOPOB, T. €.:

K

Inc :zal‘k&‘nc ¥

k=1
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rae P, — MOUIHOCThL CHIHANOB cocenHuX 6a3oBbIX
craHuuit k; K — KOMHYECTBO COCEAHHX CEKTOPOB;
A,.— k03pPHIHEHT OPTOTOHANBHOCTH CHIHAJIOB,
MPHHHMAEMBIX OT COCEIHHX CEKTOPOB; L, — NOTEpH
pacnpocTpaHeHHs CHUTHAIOB, MPHHUMAEMbIX OT CO-
Ce/IHUX CEKTOpOB.

Taxum oOpa3zom, OTHOLIEHHE CHIHAN/TIOMEXA Ha
BXO/I€ NPHEMHHKA a0OHEHTCKON CTaHLMK M0JIb30Ba-
TeJiA MPU NPEIOCTAB/IEHHH YCITIYTH Mepeaady AaHHbIX
MOYKHO ITPEIOCTABHTE B BHIE!

sz B E’ oaPL
"N Rp™ <1 _+NW

W J0) (_HPL

RO™ S S S B LA, +NW
k=1

n=1

rae o'/’ — mommHoCTs Tyua Ha j Bxoae Rake npuemun-
Ka; J '—xomuuecTBo Rake mpHeMHHKOR B MOOHITBHOH
cranuun; W — monoca 4acTor, 3aHAMaeMas pajaHo-

CHTHANOM; R — CKOPOCTb Mepesaut AaHHbIX; P, )

(hakTOp aKTHBHOCTH YCIYTH; Nn — CMeKTpaibHas
MJIOTHOCTh MOLIHOCTH LIYMa JIMHEHHOro TpaKTa npu-
emMHHKa; P — MOIMHOCTH MepenaBaeMoro CHrHaja
0a30BOi CTAHLIHH.

B npsaMoM KaHalle B KaxKAblH MOMEHT BpPEMEHH
0o0CTy/KHBaETCA TOJILKO OIHH NOIb30BaTenb. Bpemen-
Has CTPYKTypa NPAMOro KaHajla COCTOMT M3 KaJapoB
(ppeiimoB) nnurensHoOCTHIO 26,6 Mc. Bee kaapsi
cocToAT M3 16 ca0TOB AIMTENBHOCTEIO o 1,67 Mc,

yto coorBercTByeT 2048 ynnam. [Nepenaya naHHbIX
B MPAMOM KaHaJie OCYLIECTBIAETCA Ha (PUKCHPOBaH-
HbIX 3HAYCHHAX CKOPOCTH MNPH PasIHYHBIX BHOAX
MOAYJIALMH U pasMepax nakeTtos (cnotoB). CkopocThb
H KOJHYECTBO CJIOTOB JUIA NepeiaqyH JaHHbIX Ha3Ha-
HaKOTCs MJAHHPOBUIMKAMH KaHAI0B B 3aBHCHMOCTH
OT YCJIOBHIi, B KOTOPBIX OKa3bIBAIOTCA MOJIH30BATEIIH.
brnaroaaps 3ToMy, KOTHYECTBO OIIHOOYHBIX NAKETOB
COKpallaeTcs H nponanaer HeoOXOAMMOCTb B MO-
BTOPHOH HX mepenaye. Takoe pelieHHe MO3BOAET
palHOHAILHO HCIONbL30BaTh PAIHOPECYPCHI CETH.

3ona obcmyxuBanus 6a30BOH CTAHLMHU MO Nps-
MOMY KaHaJly Iepejlaud JIEJUTCA Ha CErMeHThI, B
npeneinax KoOTopbix obecneurBaeTcs MakCMMaJIbHO
BO3MOXKHaA CKOpPOCTb MEpenadH, H UMEET BH KOH-
LEHTPHYECKHX OKPYKHOCTEH ¢ LIEHTPOM B TOHKE
pacronoKeHus aHTeHHbI 0a30B0ii cTanimy. Kaxaomy
3HA4YE€HHIO CKOPOCTH Nepeaavyy COOTBETCTBYET MHHH-
MaJIBLHO HEOOXOIMMOE COOTHOIIIEHHE CHIHAJI/TIOMEXA B
KaHane Tpaduka, Tpedyemoe 11 padoThl paaHOIHHHHI
C 3a[1aHHBIM KaYeCTBOM M HaleXHOCThIO. B Tabn. 3
[PHBOAATCH CpPEIHEE HMCIONb3YEMOE KOIHYECTBO
CIIOTOB TIPH MNepefade JaHHbIX OJHOIO 3arnpoca M 1o-
Ka3aTeJM CpeiHeH MpOoIyCKHOH CrocOOHOCTH CeKTopa
0a30BOH CTAHIIMHU IS Pa3HbLIX THIOB [UIAHHPOBIIHKOB
[IPH PABHOMEPHOM PACIIpeIe/IEeHHH MTOJIb30BaTelIel 1o
3oHe 06cykuBanus. Cenyer OTMETHTh, YTO MOBbI-
IIeHHE Ka4yeCTBa NPeJOCTABIEHHS YCIYT CKOPOCTHOH
nepeaadd JaHHbIX, T. €. NPUMCHCHHE IIaHHPOBIIH-
KOB KaHaloB ¢ Donee COBEPUICHHBIMHA alropuTMaMu
00CyKHBaHHA, MPUBOANT K YMEHBIIEHHIO CpeqHeH
MPOMYCKHOH cnoco0HOCTH CEKTOpa.

Tabnuua 3
Cpeanss nponycKHas crnocofHOCTb NPAMOT0 KAHAJA
. C §)
CxopocTs B KaHanax Tpaduka, kOuT/c R HNORNERISE CHORUYIICTR)
KOHT/C
[lapametp Tun miaHUHpoBIIMKA
38.4;76.8 1228,8; 1843,2
3072 614.4 921,6
n 153,6 ' H 2457,6 Round Equal Relative
Robin Latency Fairness
BeposatHocTh
HAXOK/AEHUA 0,19 0.17 0,28 0,2 0.16
B 30HE
410
7856,5; = L [Lrin =9
sy 272,1; 181,4; R
F, cnoros 3928,2; 1088,4 | 5442 | 3628 136.1
1964,1 ’
O6osnauenus: L /L — OTHOWICHHE MAKCHMAIBHOH H MHHHMAILHOM 3aepikek; F — cpe/iHee HCNOAb3yeMOE KOIHYECTBO
C7TOTOB TIPH Tepeiade JaHHLIX OTHOTO 3ampoca.
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Cucremy CDMA EV-DO no npamomy kaHany
MOYKHO OTHECTH K ogHoKaHanbHeIM CMO ¢ ouepensio,
T. €. K TAKHM, [JI€ 3aCTaB CUCTEMY 3aHATOMH, aGOHEHT
CTAHOBHUTCS B OY€pPelb H OKUAET 00CITYKMBAHHUS 10
Tex Mop, noka cucrema He ocsodoaurcs. [Ipn knac-
cupukannu CMO xapakTepHCTHKA PAMOTO KaHana
cucrembl EV-DO 3anuceiBaercs B Buge m/G/1 ¢
ouepeIbio. TO 03HAYAET, YTO BXOAALHI NOTOK — 11y-
ACCOHOBCKHIH, BpeMs o0C/IyKUBaHHUsA pacrpeseneHo
10 HOPMAJILHOMY 3aKOHY U B CHCTEME MMEETCS OIHH
kaHan obcnyxkuanus. Kaxkaplil nepenaHHblil kaap
COZICPIKHT JIBE YacTH — CiyxeOHOH HH(OpMALHH U
Tpatuka nonezosarend. Tpaduk nonb3osarens 3a-
Humaet 78,125 % nnutenbHOCTH Ka)10r0 Kazpa.

PaccMoTpuMm ciyuail, KOraa MCnosb3yeTcs ia-
Huposiuk Tuna Round Robin, koTopslii paBHOMEPHO
pacrnpejenseT pecypehl pagHOKaHana MeKI1y aKTHB-
HbIMH T10JIb30BaTE/SIMH.

Hcnons3ys navHble pacnpeaeneHus abOHEHTOB
no 3oHe o6cay:kuBanus (Tadu. 2), MOKHO omnpeje-
JNTBL TpeOyeMyto MPONyCcKHYH crocobHOCTh ceKTopa
6azoBoii cranuuu npsmoro kanana 8 YHH, atobsi

00CIy/KHTh 3aJaHHOE KOJIH4YeCTBO abOHEHTOB, B3sA-
ThIX Ha 0OcaykuBaHHe no obparHOoMy KaHamy. [Ipu
pacuere NpHHHUMAaeTCca BO BHHMAHHE, YTO CpEldHee
Bpems ceccun Tc = 67 MHH, KOJIHYECTBO 3alpoCoB
B cpeflHeM 3a ceccHro » = 15 ea./e, BER = 10-3,
CKOpOCTb Kozia ctanaaprtHas (1/5 wnu 1/3), cpeanuit
HHTepBal ycTaHoBaeHus ceccun Tyc ¢ = 1,5 ¢, cpen-
HHIT HHTEPBAJ yCTAHOBJIEHHA coeuHenus Ty coen =
0.25 c. Tpebyemas nponyckHas cnocobHoCTh (KOUT/C)
B MPSIMOM KaHajle paccuuThiBaeTcs no gopmyse

Wo» &S
Vi = _'T_' z Noy s
¢ k=l
riae »n — rpajauus CKOpocTei nepeaayu JaHHbBIX 110
npsivomy kaHaiy; W, — cpeanmii nepeaHHblii oGbem
Tpaduka B ogHoM 3anpoce ceccun W =40 Koaiitos.
B 1abn. 4 npuBeneHs! pe3ynsTaThl OLIEHKH Tpe-
Oyemoii nponyckHoii criocoOHOCTH cexTopa 6a30B0ii
cranuru B YHH u cpeaneit ckopocTy nepenaun gaH-
HBIX Ha 0ZIHOTO aDOHEHTA C YYETOM 3arpyKEHHOCTH
cetn O =25, 50 u 100 % Ge3 orpaHHHeHUs ITHHBI
O4epesH.

Tabnuua 4
Iponycknas cnnocobHoOCTE ceKTOpa
i Cxopocrs » xamamax Tpadmxa, x8wric
Nal 549681536 | 302 6144 9216 lmzﬁ&;?}; Hapaamry

Hen Voo | Nas Vs N Vs | N
ab af wuric | o6 | xfuvec | af | xburic | ab

Vi NHasme | Vime Vi 5 T2 A Vep
whurc | ab | sOuvie { xOuric| af ¢ Y |sbutc

455| 26 128,56 | 77 | 127341127 | 208,73 | 81

14981 | 73 | 11985 | 631,58 TIPT 100 | IPT

350l 62 101,73 | 61 110077 [ 101 | 16588 [ 72

11856 | 57 | 94234 |53894) 36 | 2688|855} 113

x| W 5936 | 35 | 5871 [ 58 | 9670 [ 41

.07 33 1 3526 131306] 04 0540|493 2878

OSozxanenua Nus - uncno afonexros » cexrope 3 YHH, Nusi- uncam afo rexror p cerm enm 3080 0 cOys HBanua co
CEOPOCTHIO L, 1- HOMeP CErMeNTA J0HN O0COYENBANKA, KO TOPaR COOTRe TCTEYET ONPeAEIE KNOK C 3D POCTH Nepess UK
o nEmx, Vii- tpeSyeman opo nyeENas cnoc 06 XOC TS, MPRIXOAMULA A Ha 60N KHTOB, e pe NAK LIHX DaNKKe B CBOE N
CermeNTe J0KM OOCAVEHBANNE, 5 - YNCNO MOMSOEATENEH B ONeperK Na cnoT, T2 - ppeMadampsEn b ovepemy, Z -
TAKMATHOCT BPeMeRHMX CID T8, Vop - CPeNNAA CROpOCT, MpRADLNUAZC R Ha afonex ™ b npawon xaxane, [TIP T -
n&pe pacTpe pesle Kie Tpad s

AHanu3 1aHHBIX, IPHBEAECHHLIX B Tabm. 4, noka-
3BIBAET, YTO MAKCHMAILHOE JI0MYCTHMOE KOJTHYECTBO
abonenToB MoOunbHOro MHTepHeTa B cextope 6a3o-
BOH cTaHIMH jocTuraet seauuuHsl 359. Tlpu stom
CpeHsAs CKOPOCTh MepPeiadn JaHHbIX, PHXOAAILAACH
Ha opHOro aboHeHTa, He npeBsimaer 113 kOut/c.
Ecnu uncno aboHeHTOB, B3ATHIX HA 00CTyKUBaHHE
no obpaTrHOMY KaHaly, NPEeBLIIIAET AONYCTHMYIO
BETHYHHY, TO HEOOXOAUMO YBEINYHTh NPONYCKHYIO
cnocoOHOCTE CeTH B IaHHOM paiioHe.

M3 Tabn. 4 takke BHAHO, 4TO MpH uHciae abo-
HEHTOB B cexTope 435 (cucTema 3arpyxeHa Ha 25 %)
TpebyeMas nponyckHas crnocoOHOCTh NpeBbIILaeT
MAKCHMAIIbHO JOIMYCTHMOE 3Ha4eHHe H3-3a 00Ib-
1IOro YHC/Ia aDOHEHTOB, B3ATHIX Ha 00C/IyKHBaHHE
no obpatHomy kaHaiy. I[ToaToMy norpebyercs nepe-
pacnpenenenune tpaduxa (ITP.T) mexay coceaHumu
0a30BBIMH CTAHIHAMH MOCPEACTBOM JcTadeTHOH
nepenain abOHEHTOB, HAXONALIHXCA B CEKTOpe Ha
rpaHHIIE 30HbI 00CTYKHBAHHA.
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B naHHO#l cTaTthe HM3ITOKEHA METOAMKA OLEHKH
NPOMYCKHOH CNOCOOHOCTH CeTH MOOM/IBLHON CBS3M
craugapra CDMA2000 1X EV-DO npu npeno-
CTABJICHHH YyCIyTr CKOpOCTHOﬁ nepejayy JaHHbIX,
YUHTBIBAIOIIAA BIUAHHE MHOTHX (akTopoB. [lanunas
METOIMKA MOKeT ObITh MCIONB30BAHA MIPH [LIAHHPO-
BAHHH HAJIOKEHHOH CeTH.

Kak nokasanu pesynbrarhl aHanuza, 00ablIoe
BIMSIHUE HA MPOMYCKHYIO CNOCOOHOCTh OKAa3bIBAKOT

ceTepas 3arpys3ka ¥ MpPHMEHCHHE IUIAHHPOBLIHKOB
KaHaloB ¢ Dolee COBEPIIEHHBIMH AJITOPUTMaMH
o0CITyKHBaHHS.

Ocoboe MecTo B OLIEHKE MapaMeTPOB 3arpy3KH H
Ka4eCTBa MPENOCTABIEHHUS YCIYT 3aHHMMAET CpeIHsAs
CKOPOCTb, NpUXOJAIascA Ha aDOHEHTa B NPAMOM
KaHase. YkazaHHbI (paKkTop MOXKET FOBOPHUTE O HeoOXo-
JUMOCTH YBEJIHYEHHA [TPONYCKHOH CIOCOOHOCTH CETH
B ONpeIeNIEHHOM palioHe 30HbI 00CTYKHBAHU.
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dworypos /]. B.

IIPUHLIMATIBI TOCTPOEHUS YHUBEPCUTETCKON CETH
C OTKPBITOM HH®PACTPYKTYPOM

Beeaenue

Co3zpanne M pallMOHAIBHOE HCTIOMB30BAHKE 00-
[IMX BBIYHCIIHTENIbHBIX PECYPCOB — OJIHA U3 BajKHEMH-
1IHX 3a71a4 HH(OpMaTU3aLHH B LeJIoM. BO3MOXHOCTE
MaciTabupoBaHus ceTeH, HHTerpauny Mex 1y coboi
YK€ CO3IaHHBIX CErMEHTOB HANPAMYO 3aBHCHT OT Bbl-
GpanHbix ceTeBbiX aargopm. Ocobyto aKTyalibHOCTh
yTa npobaema npuobpeTaet B npoduibHbIX By3ax. B
JIaHHOM CiTydae y4eOHOMY 3aBelIeHHI0 HeoOXOaHMOo
pemarh cpa3y HeCKOJIbKO 3a/1a4:

MOArOTOBKA CHELHaJIHCTOB (MIpOrpaMMHCTOB,
CHCTEMOTEXHHKOB, CMELIHAJIHCTOB 1Mo 6€30MacHOCTH
MH(OPMALIHH H 1P, ), 3a4ACTYIO B OTPbIBE OT PeaIbHBIX
MPON3BOICTB;

TMOMCK HCTOYHHKOB (DPMHAHCHPOBAHHSA;

COOTBETCTBHE TeXHH4ecKoi 0a3bl TpebGoBaHusIM
BpEeMeHH;

obecneuenue yHKUHOHHPOBAHUS H pa3BuTus [T
0TpacilH B pEeruoHe.

s aroro yyeOHOe 3aBeieHHe J0JKHO 001a1aTh
BbICOKOKJIACCHBIMH CIIENHATHCTaMH H3 4YHCJIa Mpo-
(heccopcko-npenoaaBaTe/IbCcKoro cocrasa, “pabouei
CHII0H" — CTyAeHTAMH M CpeaCcTBaMH pa3paboTKH.
OaHuM M3 TAKMX HHCTPYMEHTOB JOJKHA ObITh pac-
npeneneHHas ceTh, COCTOALIAaA H3 MOILIHBIX BbIYHC-
JIMTENBHBIX MALIHH, IeKBATHLIX UM ONEePalHOHHBIX
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CHCTEM M cpen pa3paboTku. Mcnons3oBanue Takoro
KOMILIEKCA MO3BOMUT y4eGHOMY 3aBeIeHHIO MOy4aTh
3aKa3bl, BLINOIHATH PealibHBIE POEKThI H IIOrPY/KATh
CTYIEHTOB B MPOHM3BOACTBEHHYIO cpeay Oe3 ymepba
Ui yueOHOro npouecca H ¢ OrpoOMHOI MPaKTHYe CKOH
MOJb30iH.

B kauecTBe peilleHHs MEpPeYHCIIEHHBIX 3ajay
npeanaraeTca MPOEKT BBIYMCIUTENBHOH CeTH By3a
(na npumepe dakynbreTa HHPOPMALMOHHBIX TeX-
HOJOTHI1 U BEIYMCINUTEILHON TEXHHKN YAMYPTCKOro
roCyIapCTBEHHOTO yHHBepcHTeTa — Yl 'Y, nmMeronlero
KOMTIBLIOTEPBI, CEPBEPHBIE ONEPALIHOHHbIE CHCTEMBI
Microsoft Windows Server 2003 SP2, kiaueHTCKHe
onepaunoHHble cuctembl Windows XP Professional
SP 2 u nuueH3MOHHBIE CpecTBAa pa3paboTKH, pac-
NpOCTPaHseMbIe U1 BbICIINX Y4eOHbIX 3aBe/leHnH ).
Macurtabbel 1aHHOH CETH COMOCTaAaBHMBI C CEThIO
KPYTHOTrO NPOMBIIIJIEHHOTO npeanpuaTus. Cueayer
TaKXKe OTMETHTh, YTO HCIIONbL30BaHHE CTYIACHTaMH
JHMLEH3HOHHOI0 MPOrpaMMHOTo obecrniedeHns, ycra-
HOBJIEHHOTO Ha (PAKYJIBTETCKHX CEPBEPAX, [TO3BOJISET
TOBBICUTB KYJIBTYpY OYAYIUHX CHELHATHCTOB M CO-
KpaTHTh KOMM4YeCTBO OIMOBOK B cO3aaBaeMoil MMM
NPOAYKLHH.

Hannumne naHHOro MHCTPYMEHTa JO/DKHO I[10-
poxaarh ocoOble COApYXkecTBa CTYyIEHTOB. Tak.
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HHHUIIHATHBHBIE CTYJEHTHI, [OJyYas OnpeieIeHHbIe
3aKa3bl, MOTYT GOPMHPOBATH COOCTBEHHbIE KOMAHIBI,
UCIONb3yA (aKyIbTETCKYIO CETh B KaUeCTBe CPeACTRa
paspaborku. O6paszoBaB coOCTBEHHBIE KOMIIAHUH
rocne OKOHYaHHs BY3a, OHH MOTYT MPOIOKATh HUC-
0/1b30BaTh YHHBEPCHTETCKYIO CETh M €€ PeCypChl.
B pesyabrare BOKpYr yHHBepcuTeTa obpasyercs
OusHec-oKpy)eHHe, Kotopoe Oymer “norpebuars”
BBIMYCKHHKOB COOTBETCTBYIOLIHX CIELHATbHOCTEN
1 cHabKaTh CTYEHTOB MpPaKTHYECKOH padoToi, uTo
SBJIAETCA HAEA/IbHBIM BADHAHTOM [UTA BY3a H BLICILIETO
o0pa3oBaHus B LIEA0M. DTO MO3BOIUT YHHBEPCHTETY
Y4acTBOBAaTh B BHITOIHBIX KOMMEPUYECKHX TPOEKTaX M
HOBBICHT TPECTHIK MPeNoaaBATEIbCKOM AeATENbHOCTH
cpenu OBIBIINX CTYAEHTOB, 00ECIeuHBas TeM CAMbIM
BOCITPOM3BO/ICTBO KaJpOB /U1l YHUBEPCUTETA.
OnucanHyio Bblllie ceTh aanee OyaeM HasbiBaTh
BBIMHCIIMTEIBHON CEThIO C OTKPBITOH HHPPACTPYKTY-
poil. “OTKPBITOCTL COCTOMT B TOM, WTO CTYAEHTBI, 00-
yqaroImecs 1l o0y4aBIIMecs B YHHBEPCHTETE, MOTYT
MCIOb30BATh CETEBhIE PECYPChI LIS PellieHuUs JTH00bIX
NPUKIAIHBIX 33184, UM H3BECTHO, KAK OPraHH30BaHa
CeTb, KAKHE HCIOJIb3YIOTCA MPOrpaMMHBbIE MPOIYKThI
H arnmnaparHsle cpeacTBa. Bmecre ¢ Tem yacTh JaHHOM
CeTH HErNoCpe[CTBEHHO HCIO/b3yeTcs B yueOHOM
MPOLIECCEe KaK TEXHHYECKOE CPeICTBO 00yUYeHHA.
CymecTBeHHBIM 31€Ch ABIAETCHA TO, YTO “OT-
KPBITOCTL'' He fABIAETCHA yrpo3oil OesomacHocTH
ceTH B LiesioM. B GonbiinHCTBe Cilyvaes kKoH(pHaAeH-
uuanbHOCTh HHGOPMALUK 0 MeXaHu3Max paboTsl,
00 HCnoNb3yeMBIX IPOTOKONAX, MOPTax,
crnocobax ayTeHTH(HUKALHH — ITO He-
oTbemsIeMas qacTh 0E30MaACHOCTH CETH.
PaccekpeunBanne 1aHHON HHpOpMaALIUK
CpPaBHMMO ¢ KOMIIPOMETALUMeH mapois
CTapuIero CHCTEMHOTO aJAMHHHCTPATO-
pa: 3HaHMWe jJeTajel ceTeBoil nepapxuu
MNO3BOJIAET B3ATH MOJA KOHTPOIIb BCHO
CeTh C yJaJeHHOro KOMMbIOTepa, a
pedb 0 ToM, 4ToObl JaTh HH(OPMALIMIO
0 CTpyKType (akylbTeTCKON CeTH CTy-
neHTam, BooOle He BeneTcs. Ha srane
epBOHa4YaJbHOro (yHKUHOHUPOBAHUS
BLIYHCIHTENBHOH CETH C OTKPBITOMH
HHppacTpykTypoii ee Ge3zonacHOCTh
obecrneynBaOT BCTPOEHHKBIC CTOHKHE
anropuTMel ayreHTHduKkaunn. B nans-
HeHmeM B cHcTeMy 0e3onacHOCTH
MOMHO BHOCHTb KOpPPEKTHBBI, HCIIOIb-
3ys TPEJUIOKEHHS M10JIb30BATE/ICH CETH,
00OHaApYKHMBIIMX B Heil “y3kue mecta’.
B 5ToM MexaHn3Me y4TeHa M NCHX0JIO0-
rHYECcKas CTOPOHA BONPOCA: HHKOMY H3

MOJIb30BaTeel He 3aX04eTCH Co3 HATEJIbHO MNOPTHUTHL
WJIH OCTABJIATH YA3BUMBIM HHCTPYMEHT, KOTOPbIH OH
ucrnons3yer B pabore.

1. CeThb ¢ oTKpBLITOH HHPPACTPYKTYPOIi

Texuuueckn unppactpyxrypy JIBC moxuo
paccmarpuBath ¢ ABYX nosuuuii. ITepsas (cm.
n. 1.1) — ¢ Toukn 3peHHs CTPYKTYpbl 0ObEeANHEHNS
KOMIBIOTEPOB B IPYMIbI M CBA3CH IPYNN MEKIY CO-
60ii, Bropas (myHKT 1.2) — ¢ TOukH 3peHus odbeune-
HHs BHYTpEHHEH ceT H BHelHero Murtepuera. [Ipea-
MOJIOKHM, YTO KOPHEBLIM ABJIAETCA JOMEH BTOPOIoO
ypoeua fitvt.ru, a nogzomensl adm.fitvt.ru, st.fitvt.
ru, test.fitvt.ru — 910 anMuHHCTpaTHBHAA, yuebHas u
TECTOBaA INOJACETH COOTBETCTBEHHO. O,ELHOSHa‘lHOC
COOTBETCTBHE IEMEHTOB (PH3IHYECKOH M JIOTHYECKOH
MHQPACTPYKTYP CETH B Ja/bHEHIIEM H3T0KEHHH 110-
3BOJISIET MCMOJB30BaTh TEPMUHBL “MOACETL H “TIOA-
JI0MEH”’ KaK CHHOHHMBbI.

1.1. BHyTpeHH:As CTPYKTYpa KaxKa0ro U3 Moal10-
MEHOB COCTOHT H3 OJIHHAKOBBIX 0a30BbIX JIEMEHTOB.
ITpu HEOOXOAMMOCTH B K¥K/10M M3 IOIIOMEHOB pa3-
MEIATCs CepBepa CO CrnelHu(PUUECKHMH POIAMH.
OO6mue HacTH CTPYKTYPbl MOJIOMEHOB Mbl pac-
CMOTpHM Ha mpumepe st.fitvt.ru, a cneunduyeckue
cepBepHbIE POJM I/ KaKAOH IMOICeTH ONHCAHEI
Huxke. Cxema nogaomena st.fitvt.ru npeacrasnena
Ha pHc. 1.

Kaxabii U3 Mo110MEHOB COIEP/KHT /1Ba KOHTPOI-
nepa gomeHa (DC) ¢ 6azo0ii qaHHbIX AKTHBHOIO KaTaso-

Puc. 1. Crpykrypa nomena st.fitvt.ru
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ra(AD), onuH cepsep paspeiuenus umes (DNS), oaun
DHCP-cepaep, onun Web-cepaep, 01MH MOIMMHEHHbIH
cepaep ceprudukatos (SCA), 0HH MeKCeTeBOH IKpaH
(ISA), ncnosib3yembli /U1 COeJIMHEHUS TTOJICETeH JApyT
¢ apyrom u ¢ Murepurerom. Pons DNS-cepsepa MoxHO
COBMECTHTE C PO/IbIO0 KOHTpOJLIEpa JoMeHa. ITo Jaaet
CIEYIOLIEE NPEeUMYIIIECTBO: Da3y TaHHBIX TOMEHHBIX
MMEH MOYKHO CHHTErpPUpPOBATh B AKTHBHBIH KaTalor 1
pa3pellnTh TONIbKO Oe30nacHblie 0OHOB/IEHHS 3anuCe
pecypcoB B 770 6aze. Takum o6pazom, TONBKO CTPYK-
Typsl ([0JIb30BATETH WIH KOMIThIOTEPBI ), IIPOLLIE/IIIHE
Ha KOHTPOJUIEPE IOMEHA MPOBEPKY, CMOTYT H3MEHATh
3aMUCH JIOMEHHBIX MMeH. D10 Ge3yC/lOBHbIN IUII0C
0e301macHOCTH, KOTOPhIH B MPUHIMIIE H30aBIAET CETh
oT arak Tuna redirect.

Hanuuyue DHCP-cepsepa o6a3atenbHO ML B
CTYJEHUYECKOH M TeCTOBOM NOACETAX, B AAMHHHUCTpA-
THBHOH MOACETH HaZOOHOCTH B YTOM CepBepe HeT.
B yuebunoii noacern neodxonumel DHCP-perpasn-
CIIITOPBI, TAK KaK BCE BaXKHblE cepBepa cocpejo-
TOYEHBI B OJJHOM TMOMEIIIEHHH, @ MapIIPyTH3aTOPhbl
no ymom4anuio He nponyckawot DHCP-tpaduk B
yaanenHeie cermeHThl. Ha Web-cepeepax pasmeina-
FOTCS BHYTPEHHHE CalThl hakyibTeTa, BUPTYaIbHbBIE
katanoru U FTP-pecypcel crynentoB. Web-cepsepa
pa3BepHyThI Ha OcHOBe TexHonorum IS 6.0.

IMomumnenHbIH cepBep CepTH(PHKATOB HCMONL3YET-
A JUIA BbLIA4U CepTHOHUKATOB KIHEHTCKUM KOMIIBIO-
TepaM M Ui ayTeHTHUKALIHH HX HAa KOHTPOILIEpe 10~
MeHa MpH noaxmodeHnH yepes VPN, 1o
0cO0EHHO aKTYaJIbHO JUIs CTYACHUYECKOH
NnoaceTH, Tak KaKk UMEHHO B HEH Takux
noAKIIoueHHnil GonbpIIHHCTBO. Takke
cepBep CepTU()HKATOB HCMONb3YETCA
J17151 BBLIAYH TEXHHYECKUX CepTH(HHKATOBR
cepBepam [OICeTH.

bpanamaysphl ycTaHaBIMBAIOTCA BO
Bcex noaceTsx. [Ipuyem B cryneHyeckoit
MOJACETH He MpernonaraeTcs Hajluuue
AEeMHIHTApH30BaHHOH 30HKI (DZ), a B
OCTIBHBIX NozICeTsIX OyAyT pazMeleHbl
ZIBA MEKCETEBbIX JKPaHa.

Heo6xoaumo yuecThb, 4TO mpH
donemom uncne VPN-noakmouennit u
HuTepHer-3anpocoB oaun [SA-cepsep
He crpaBuTCA ¢ paboTOMH, YTO BBI3OBET
HEONpaBIaHHLIE BPEMEHHBIE 3a/EPIKKH
B oroOpaxkennn Web-crpanuu u noa-
KJIIOYEHHH K BHYTPEHHHM pecypcam
cetn. Jlna pewenus 1ol npobnemsl B

cepBepoB, opraHuM3oBaHHbIX kak NLB-kmacrep ¢
O/IHUM BHPTYaJIbHbIM 1p-aIPECOM.

KimeHTckue koMnboTephl BO BCex nojaceTsix Oyay
HacTpoeHbl Kak kaveHtsl DNS, DHCP u Web-proxy
OIHOBpeMeHHO. B kaxknoi noaceT OyyT pa3BepHyThi
cepBepa K3MIUPOBAHUSA H ABTOMATHYECKOIro 0OHOBIIE-
HusA (SUS). Du ynxumn Moo otaats ISA-cepsepy,
€CJIM ITO HE BbI3OBET €ro Meperpysky. AnnapaTHbie
OpanaMayspbl H MAPIIPYTH3aTOPbl YCTAHABIHBATH HE
npeanonaraerca. B crynenveckoi nojacetH HeobXo-
UM KJIACTEP CEPBEPOB NPHIIOKEHHH, colepIKaluii
TPH-YEThIPe KOMMbKTEPA C YCTAHOBIEHHBIMHM HA HHX
JIMLEH3UOHHBIMH CpefaMH pa3paboTKH M JpYruMu
HEeOOXOIUMBLIMH CPEACTBAMH H KJ1acTep cepBepoB 6a3
AaHHbIx. Bee kactepsl npeanonaraercs OpraHu30Barhk
Ha ocHose TexHosoruit NLB. B cinyuae neobxomumo-
ctn Web-KnacTep MOJKHO OpraHM30BaTh, HCTIOJb3YS
OOBIKHOBEHHBIE «3€PKaa» U HACTPOHUB LIMKIHYECKYI0
paccTaHoBKY Ha cepeepax DNS.

AIIMHHHCTPAaTHBHAA MOACEThH ABJAETCSH KOMHMeil
yueOHOH 3a HCK/IIOYEHHEM KITACTEPOB NPHIOKEHHI H
0a3 nanHbIX. Tak:ke B OTOI ceTH HET HEOOXOAUMOCTH
B MaccuBe ISA-cepBepoB H HX HACTPOHKE B Ka4eCcTBe
Web-proxy. TeopeTuyeckn u B IaHHOH CETH MOMKET
BO3HHKHYTE HeoOxonumocts B DHCP-cepgepe, B
cllyyae ec/IM KOJIMYecTBO JOCTYIHBIX Ha Kadeapax
MOPTAaTHBHBIX KOMIIBIOTEPOB Pe3Ko Bo3pacTeT. BHy-
TPEHHAA CTPYKTYPa aIMHHHCTPATHBHOTO MO/IZIOMEHA
npe/cTaBieHa Ha puc. 2.

CTY/IEHYECKOH noaceTH HeobOXoaumo
pa3sBepHYTh MaccHs H3 ABYX-Tpex ISA-
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Puc. 2. Crpyxrypa nomena adm.fitvt.ru
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TecToBas nojcers siBNsETCA KOMMEH CTyneH4e-
CKOH IOJICETH € TOH JIMILb PasHHULIEH, YTO KITHEHTCKHX
KOMIIBIOTEPOB MaJI0, HET MACCHBA MEKCETEBBIX IKpa-
HOB M Kiactepa 6a3 nanubixX. [logunHeHHsbli cepsep
cepru(UKaTOB TECTOROI nojacern OyneT orpaHuyeH
B BO3MOKHOCTSIX: OH Oy/IeT BbljaBarh ceprudurars
TONbKO 111 ayTeHTH(PHKALUHK B Mpejenax MojaceTH.
CTyneHThI-aIMHHHCTPATOPBI 3TOI noAceTH He OyayT
HMETh aAMHHHUCTPATHBHbIX MOJTHOMOUHIi Ha BHELIIHEM
OpanamMayspe 1eMHJIMTAPU30BAHHOMH 30HbL.

1.2. [Ipennonaraercsa pa3feJuThb ceTb Ha TPH
HAaCTHU: BHYTPEHHIOK, BHEUIHIOW M CETh MEepuMe-
Tpa. Bo BHyTpeHHe#l noacetn OyayT HaXOAUTLCH
aJIMMHHCTPATUBHbIH W yueOHBIN NONIOMEHBI, BO
BHemIHel — nonb3oparenu MHrepHera u ynanenHsle
VPN-k/HeHTBl, B CETH nepuMeTpa — TeCTOBbIH moj-
JIOMEH M KOHTPOJJIEphl AOMEHOB CTYAEHYECKOH H
a/IMHHHCTPATHBHOI noJiceTel, HAXOAALIHXCA B COOT-
BETCTBYIOIIHX IEMHJIHTAPH30BaHHbIX 30HAX.

[IpuHuMn pasaeneHus ceTd Ha 30HbI 0OYCI0B-
JIMBAET ONpeAeIeHHOe KOIUYECTBO CETEBbIX UHTEp-

(eiicos Ha ISA-cepBepax ¥ KOHTPOJLIEPAX JOMEHOB.
B ISA-cepsepax ux noy:kHO ObITh HE MEHEE Tpex, a Ha
KOHTpOJUIEpaX IOMEHOB — HE MEHEE AByX. DTO Ble4eT
ornpeiesieHHbIe TPYIHOCTH NMPH BLIOOPE CTpaTeruy ip-
ajpecalyu, OpraHu3aluy KJIacTepoB H 00ecreyeHn
M30BITOYHOCTH, YUHTBIBas IPOM3BOJI B [IPeAOCTaBIIE-
HHUM NpOoBaiiiepaMy BHEIIHHX ip-apecoB.

Jlna BbInauyn cepTH(HUKATOB MOJYHHEHHBIM Cep-
BE€paM B ceTH HeOOXOIHMMO pa3BEepHYTh KOPHEBOil
cepeep ceprudukaunu (RCA). Kak 6a30Bbiii 371eMeHT
cucTeMbl 6€30MacHOCTH CeTH OH He OyaeT BXOAMTh
HH B KAKHE JOMEHbI H YCTAHABJIMBACTCH B OT/EJLHOM
noMelieHHH (;kenatenbHO B ceiide). Joctyn k Hemy
JO/DKeH ObITh TONBKO Y CTapllero agMHUHHCTpaTopa
ceTH. DTOT cepBep He NMOAKIIOYAETCs B KOPIOpaTHB-
HYI0 ceThb (haKyabTeTa, a 0CTAaeTCA H30THPOBAHHBIM,
BBIJAHHBIC K& UM CepTH(UKATH TO/KHBI yCTaHAB-
NIUBATHCA HA MOJAYMHEHHBIE CEpBepa cepTU(HKaLIHH
CTapIIHM aJAMHMHUCTPATOPOM CETH MPH MOMOLIH
MEPEHOCHBIX HOCHTEEH.

Cxema ceTH npeacTaBileHa Ha puc. 3.
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Puc. 3. Crpykrypa ceTn

Mex 1y aAMUHUCTPATUBHBIM U Y4eOHbIM NMOAI0-
MEHOM IPEN0IaraeTcs yCTaHOBHTh OIHOCTOPOHHEE
aosepue. B 9ToM citytae rosib30BaTesny, NpoLeamme
NpOBEPKY Ha KOHTPOJLIEPAX aAMHHHCTPATHBHOTO
nojuioMeHa, OyayT MMeTk J0CTYI K pecypcam yuel-
HOro nojiIoMeHa 0e3 NOBTOPHOIO OMO3HABAHHA, a
NoJb30BaTeAM yueOHOI MOACEeTH HYKHO ayTeHTH-
(HLMPOBATbCA MOBTOPHO MPH JOCTYNE K pecypcam
aJMHHUCTPAaTHBHOMH MOJCETH.

MesxceTeBble JKpaHbl OCTABIAIOT HACTPOEHHBIMH
110 YMOJIHaHHUIO, 4TO 03HAYaeT, YTO BCE MOPTHI U BCe
HPOTOKOJIbI CBA3M HA NEPBOM dTane OyyT 3aKphIThl
u 3anpetieHbl. OTKPbIBAKOT MOPTHI M YCTAHABINBAIOT
pasperuaroiine npasuia s MPOTOKONOB JIHIIE M0
Mepe HeoOXOAMMOCTH, MOC/e AeTaJlbHOr0 aHaIn3a
MCXOAIIIEro CETEBOro Tpauka B NOAJOMEHAX.

Jns obecneyeHns OTKa30yCcTOHYMBOCTH Ha
Web-cepBepax ycranapnusaior annapartbie RAID-5
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KOHTPOJIIEPBI H HE MEHEE YETBIPEX KECTKHX JHCKOB.
[poBoauTcsa TaKKe eKEMECAYHASN MOITHAST apXHBALHA
KOHTPOJLIEPOB JOMEHOB, KIIHEHTCKIX KOMIBIOTEPOB
a/IMHHUCTpaTHBHOTO noagomena, DNS-cepsepos,
Web-cepsepos 1 cepsepos 0a3 nanubix. Kpome toro,
NJIaHUPYETCA MPOBOANTHL Pa3HOCTHbIE apXWUBALHHU
YKa3aHHBIX 00BEKTOB B TeHeHHE HEQelH 110 YCTAHOB-
neHHOMY rpaduKky. Takas cTparerns apXuBalUuH Tpe-
GyeT GOMNBIIOro KOMUYECTBA CBOOOAHOIO AMCKOBOIO
MPOCTPAHCTBA, HO MO3BOJIAET BOCCTAHOBHTE CHCTEMY
nocine cbos 3a HaumeHbinee Bpems. Hocurenu ¢
ApXHBaM{ PEKOMEHIAYETCHA XpPaHHThL B HAICKHOM,
3aLIMILEHHOM MECTE.

OGcnyxuBaer ceTh KOMaHIA aAMHHHCTPATOPOR.
Ponu K100 W3 HHX JI0/KHBI OBITh Y€TKO Pas/ie/IeHbl.
Bo-nepBeix, HEOOXOIMMO BBIIEINTD FPYTIMY AIMHHH-
CTPATOPOR MOLIOMEHOB, Y KOTOpPhIX OyayT BceobbeM-
JIIOLIME [1paBa JOCTyNa B Mpele/iax cBOMX MOACeTel,
3aTeM CO3JaTh IPYTINY ONepaTopoB apXuBa — OHH OyayT
HMEThb BO3MOKHOCThL QDXHBHPOBATH M BOCCTAHABIIMBATD
cucTeMy nocie c6od B npesenax CBOMX MOAIOMEHOB, H
HAaKOHELl CO31aTh IPYIITY ONEPATOPOB CEPBEPOB — OHH
OyZyT CIeaHTh 32 TPOM3BOANTEILHOCTBIO CEPBEPHBIX
CHCTEM H OLIEHHBATh MOKA3aHHA CYETYHKOB, CPABHHU-
Bas UX ¢ “06az0Boi muHuei”.

B ceru nomxkeH ObITh OOMH WM ABA CTApPLUMX
aIMHHHCTPATOPa, HMEIOLLMX [1PaBa MOJHOIo A0CTyna
B rpezenax Beei cern. CoBMelaTh yKa3aHHbIE JOJDK-
HOCTH KpaiiHe He PeKOMEHIyeTCs.

[Tonb30BaTeny ceTn NONYHarOT paspelleHus Ha
J0CTyn K o0beKkTaM OT aAMHHHCTPATOPOB CBOMX
NOIOMEHOB. [To YMOMYaHHK) NIPH CO3/1JaHHH HOBO-
ro nojib30Bare/ia B dKTHBHOM KaTajJore s Hero
CO3JaeTca nanka npoguis, BLIEAAIOTCS MECTa Ha
Web-cepBepe corinacHo yCcTaHOB/IEHHOH KBOTE W
Jar0TCA paspelucHHA Ha 3amycCcK HEOGKOJ]HMBIX npo-
rpamm. OcTanbHBIE PECyPChl CETH OCTAKOTCA LIS HEro
3aKPBITLIMH, TOJYYHTh K HUM JOCTYI MOMKHO TOJIBKO
110 COINIACOBAHUIO C AAMHHHCTPATOPOM.

Crparerus ip-aapecaiuu, NpaBuia apXuBHPOBa-
HHUA, KBATH(PHKaHOHHbIE TPeOoBaHMsA K aIMHHHCTpa-
TOpaM CepBEepPOB U WiIEHaM APYTUX CePBHCHBIX TPYTII,
paspeliatoliue npasia OpaHaMayIpa, KBOTHPOBAHHE
JMCKOBOTO MPOCTPAHCTBA H [IPOYHE IeMEHThl Oe3-
OMacHOCTH N0JKHbI ObITh yTBepKIAeHBI B hopme
€IMHOTO JOKyMEeHTAa MPHKA30M JeKaHa i coBIoaaThes
HEYKOCHHTEIIbHO.

2. Konnenuusi peruoHa IbHo# nHpopMaTH3aUHK

B nacrosimee Bpems Qenepanbuas nporpamma
HH(pOpPMaTH3ALMK MPELyCMaTPHBAET MOAKIIOYEHUE
wkon Kk HHTepHeTy, HanHuue caiiToB MHHHUCTEPCTB
M BEIOMCTB M ApPYroe, HO He JaeT pPeKOMEeHJalHH
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U TOACHEHHH M0 MOBOAY KAHAIOB MOIKIIIOUEHHS,
XOCT-MAlIllHH U Npoyei TEXHUYEeCKOH COCTaBIsOLIEH
npouecca.

Heobxoaumo paspaborars ctanmapt, npeaycma-
TPHBAIOIIHH BHYTPEHHIOK H BHELIHIOW CTPYKTYPbI
BbIYMCIIMTEJIbHBIX CETEH B GIOD,}KCTHBIX OpraHu-
3aUMAX B 3aBUCHMOCTH OT MX THIIA, U NPUHSTH 3a-
KOHOJATeNbHbII AKT, JeNAOUIHH TAKYI0 CTPYKTYpY
opHLHaTLHOH.

Pa3zpaboTky TexHHuecKOl NOKYMEHTaluu s
KO/, OOJIBHHIL H MPOUMX YUPEKACHUH HEOOXOAUMO
Mpe10CTAaBUTh CIENAJINCTaM, BBICILNE K€ yieOHbIe
3aBEICHMA, TOTOBAIINE COOTBETCTBYIOIIHX NPOPHIIL-
HbIX CNICLIMAJIMCTOB, B COCTOSHHHU pa3paboTaTh Takue
NPOEKThl CAMM M MPEACTABUTh UX HA YTBEPKICHHE B
MHMHHCTEPCTBO 00pa3oBaHuA. BeluncaHTeNIbHAS CETh
C OTKpHITOH HH(ppacTpyKTypoii Ha Gaze dakynsrera
UTuBT Val'V sBnsercs nepsbiM TAKHM TIPOEKTOM.

Knwueroe 3BEHO CHCTEMBI — MNOJMHOLEHHBIH
nomeH (He caliT u He nopran!) daxynsrera, 3ape-
THCTPUPOBAHHBIH BO BCEMHPHOH ceTH MHTepHeT M
pasMelleHHbIH Ha COOCTBEHHOI XOCT-MalIHe, 00CITy-
KHBaeMO# cOOCTBEHHBIMH AJAMHUHHCTPATOPAMH.

Cern Ha 6Ga3e cepsepHbix npoaykroB Microsoft
JIErKO MHTErPUPYIOTCA APYT C APYTOM, MOITOMY MOCIIe
OpraHM3alMy CeTei Ha OCHOBE IOMEHOB B Pa3/IHYHbIX
YUPEKICHUAX Oﬁ'bCD.HHeHHE HX B e,ElHHl:Iﬁ JOMEH
— JIENI0 BPEMEHHU M JIOFOBOPEHHOCTH ¢ DanaHconep-
JKaTeslleM BHEIIHUX PErHOHAIbHBIX CeTeil CBA3M.
EnuHble ceTH NO3BOMAT CO34aTh Pe3epBHbIE LIEHTpa-
NMU30BaHHBIE XpaHWIHIIA HH(OPMALMK, TaKHe Kak
obwmue 6ubnHoTeuHsle GoH/bI, 3anHcH DAHKOBCKHX
onepanui, pa3aHuHble PEecTpbl M KaJacTpbl, opra-
HU30BaHHbIE B eJHHOM (opmate B 0OciyKHBaeMbie
eMHO00pa3Ho.

CroiikocTth anropurmos wndposanus u 1T, ue-
M07b3yeMbIX 15 ayTEHTH(HKALIMHK [0J1b30BaTeNeH 1
KOMIBLIOTEPOB, peann3oBatHoe Microsoft, monHocTsio
COOTBETCTBYIOT CeBEPOAMEPUKAHCKMM H 3aMajaHo-
€BpOMNEeHCKUM cTanaapraM 0e30MacHOCTH U BIIOJIHE
MOryT ObITh NPHHATBL B KAYECTBE PETHOHAJIbHBIX HITH
denepanbubix cranaapros B Poccun.

Pa3srpanuuenue npas 10cTyna Ha OCHOBE poneii,
rpynnoBoil npuHaanekHocTH 1 GaitnoBoii cucTemsl
—Haubonee rubkuit MeTO U3 BCeX BO3MOXKHBIX, [Tpu-
MEHEHHE €ro B BBIUYMCIMTENbHOI CeTH ¢ OTKPBITOM
HHOPACTPYKTYPOIl O3BOISIET HE TOJIBKO JIETKO YIIPaB-
JATh HMEHIMHUMHCAH H CO31aBaTk HOBLIEC THITOBEIE
00BEKTBI 6E30MacHOCTH, HO U 03 NOMOIHUTEIbHBIX
TpaH3aKUMH yaaaaTh 00beKTh 0e30MacHOCTH U3
katanora. K mpumepy, npu HoMxKHONH HHTErpaluu
ABTOMATH3HPOBAHHOH CHCTEMBI YIIPABIIEHHUS YHHBEP-
CHTETOM H JJOMEHA C AKTHBHBIM KaTanoroM yaaieHue
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COTPY/IHHKA H3 KaTaJlora rpH €ro yBOJILHEHHH aBTO-
MATHYECKH 3apeTUT AOCTYI €ro YYeTHOIl 3anucH K
00wuM 00BeKTaM M T. 1.

Hcnonb3oBanue TaKUX CETEH B BBICIIHX Y4€OHBIX
3aBECHUAX MO3BOJIHT BHEAPUTH JIEKTPOHHBIH CTY-
JeHYecKHil OMIIeT M 3a4ETHYIO KHUKKY — M1aCTHKO-
By10 Kapty ¢ (pororpadueii cryaeHTa, Ha MArHUTHOM
nonoce KoTopoi Oyaer 3anucaHa MHGOpPMALKI O
MpOCAYIIaHHBIX Kypcax, JK3aMeHalUHOHHBIX OT-
METKaxX, €KCIHEBHBIX OMO3JaHUAX M B3ATHIX B OM-
Gnuorexe kHurax. ITonoGHble MaacTHKOBBIE KapThl
MO’KHO BBECTH H [UIA Npernojasaresneil: OHH MOryT
ABIATLCA KIIIOYAMH K ayJIMTOPHUAM, 3alIHINEHHBIM
KOMIBIOTEPAM, 10 HUM MOYKHO M0J1Y4aTh JbIOTY NPH
NYTeLEeCTBUAX, OCEUICEHUAX My3eeB (heaepansHOro
3HAYEHUA U T. [I.

be3ycnoBHO Bce 2TO BO3MOMKHO TOMBKO B Cllydae
MPHHATHA COOTBETCTBYIOIMX HOPMATHBHO-TIPABOBBIX
4KTOB M JI0M7KHOro (JMHAHCHPOBAHWA MPOBOAHMBIX
pabor. [Ipoexr opranuszauun JIBC ¢ oTkpbiTO#H HH-
(pactpykrypoit apiasiercst 6a30BbIM W CTABHT CBOEH

LIE/IBIO HE TOIBKO OPraHM3alHI0 y4eOHOro npouecca,
HO M BO3MOJKHOCTb MOKAa3aTh KH3HECIOCOOHOCTh
J@aHHBIX CHCTEM Ha npakTHke. B 9ToM npoekre npea-
noyreHue npoaykram Microsoft Osu10 oTHaHO MO
CIIEYIOLHM TPHYHHAM:

pa3pabaTbiBaTh COOCTBEHHYIO CHCTEMY HAKJIAIHO,
K TOMY 7K€ 9TO IPUBONT K HECOBMNAIEHHIO (JOPMATOR
BBIXO/IHBIX JIdHHBIX B Pa3HbIX CHCTEMAX;

J0OUTHCS CXOXKHX PE3YIIBTATOB MOKHO TAKIKE NPH
NOMOLIM O€CIIAaTHBIX ONEPALlHOHHBIX CHCTEM H I1J1aT-
(hopM, HO 3T0 ObLIO Obl HELLENECOOOPA3HO, TOCKOIBKY
YoMypTcKHii YHHBEPCHTET AB/IAETCA AKaJAEMHYECKHM
napraepom Microsoft.

B oToii cBa3m Henb3A He OTMETHTH paborty Mi-
crosoft B oOnacTH ynpouleHHs HHCTPYMEHTapHA
HACTPONKH H JIOAJBHYIO MOJNUTHKY 10 OTHOLIEHHIO
K BY3aM B HacTH LI€H Ha NPOTrPAMMHBIE MPOMYKTBL
I'ubkocTth, MmacmrabupyemMocTh, 6€30MaCHOCTD,
KOHTPOJIHMPYEMOCTh, aA€KBATHOCTb — HEOCMIOPHMbIE
npeumyiectsa JIBC na 6aze npoaykros Microsoft
riepes aHaJIOraMH.
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OULEHKA BEPOSITHOCTHO-BPEMEHHBIX XAPAKTEPUCTHK
KJIACCA AJITOPUTMOB MEPEJAYU JAHHBIX
MO KAHAJIY C HE3ABUCUMBIMH OLLIMBKAMHU

B nacTosiuee Bpems 1is nepenadn HHGOpMaLun
B KaHAJIAX HU3KOrO Ka4ecTBa AKTMBHO IPUMEHSIOTCH
MPOTOKOIbI, MPEAYCMaTPHBAIOIIHE CHHXPOHHBIH
MpHeM NOBTOPEHHI1 KaHAIBHOTO Kapa C Noceaylo-
MM Ma)XOpHTApHbBIM HCIOPAaBJI€HHEM HCKa)XE€HHBIX
cumBosioB. Mudopmanus, noanexaiias nepejade —
wndpobnoku cucremsl WH(POBAHUS ¢ 3aKPbIThHIM
kaoueM. Coobmenne coctout n3 N Takux OlI0KOB,
3HaueHHe N MOKeT BapbHpPOBATLCS OT OJHOro Oy1oKa
JI0 HECKONBKHX AecsTKOB. [Tporokon obecneunBaer
BBICOKYHO TTOMEXOYCTOIYHBOCTb, OJIHAKO OCTAETCH OT-
KPBITBIM BOITPOC O €I'0 HAAEIKHOCTH. YT‘pO?.y co3aacT
BO3MOXKHOCTB TOrO, 4TO HHGOPMALIHA, TOIBEpTIIAsICH

B KaHale MCKaKEHHIO, MOKET ObIThb MpPH3HAHA MC-
THHHON. B pabGote npeanaraercs MeToaMKa pacuyera
BEPOSATHOCTHO-BPEMEHHbBIX XaPaAKTEPUCTHK NPHEMA U
oLeHKa HH(popMaLMOHHOM 6e30MacHOCTH MPOTOKOJIA
yepe3 BePOATHOCTH JIOKHOIO MpHeMa.

ANTopuTM nepeaavun AaHHbIX. OHUM K3 BaXK-
HEHIIIHX TAMoB Bbiﬁ(}pa NpoOTOKOIA NEpEaa4H ABIAET-
Cs ONpeieneHHe crocoda KaJapoBoH CHHXPOHH3ALIMH.
H3pecThsl Tpy criocoba kaapuposauus [3]: 3HakoBoe,
OuToBOE KaapuUpoBaHue ¢ (UIArOM U KAAPHUPOBAHUE C
YEKa3aHHEM [UJIMHbI Ka/lpa B 11OJI€ 3aroj10BK4a. Ka}i(llhlﬁ
M3 OTHUX CrIOCOOOB MMEET CBOM JOCTOMHCTBA W He-
noctatk. B peraemoit HaMH 3ajade npeaiaraeTcs
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CIeYOLUIHH OPUTHHAIbHBII METO CHHXPOHU3ALIIHA.
CHHXPOHM3AIMA YCTAHABIMBAETCA 110 CIIOBY 00MeHa
(CO), coctosimemy u3z 16 paspanos. [lepseie 7 pas-
pAZIOB OMNpeeAl0T KOIHuecTBO 6I0KOB B coobime-
HHUN, CIeyolIne 4 OnpeaensoT HOMep TOBTOPEHHS
cooOIeHHs, MocNeJHNe 5 — MPOBEPOUHBIE.

MakcHmMasbHO B ceaHce OHO COODLIEHHE MOKET
ObITh IOBTOpEHO 15 pas.

4 npoBEPOYHBIX pa3psaAa 3aNoNHAIOTCA OCTATKOM
LHKIHYECKOr0 KOAMPOBAaHHS NPEBLIYIINX Pa3psioB
nonuHoMoM x* + x + 1. [IpoBepounsiit paspsaa 16
COJEPIKHT MPOBEPKY HA HEYETHOCTH MPEIBLIYIINX
15-T1 pa3psaaos.

JInsa noBbIIEHHsA 1OCTOBEPHOCTH H BEPOATHOCTH
npuema CO noBropseTcs TpH pasa, 4To NO3BOIAET HA
fpHeMe MPON3BECTH MaKOPHTAPHOE HCHpaBICHHE
HCKa)KEHHBIX CHMBOJIOB.

Cnogro oOmeHa GopMHUpYeETCS Ha KasKa0M [OBTO-
peHHH cOOOIIEeHH .

B nauane nepBoro G10ka JaHHBIX HaxomsTcs 8
cykeOHBIX OuTOB, 32 HUMH uayT 120 undopmanm-
oHHBIX OUTOB. B nocnenuue 16 pa3psaaos 3aHocuTcs
OCTATOK OT LIMKJIHYECKONO KOAHPOBAHMA MPe/IbLIy LIHX
128 pa3panoB nonuHOMOM x'¢ + x'2 + x° + 1. Inuna
nepBoro 6J10Ka JaHHBIX, TAKUM 00pa3oM, COCTaBIAeT
144 paspana, AIMHA MOCNEAYIOMHX, He COAep KalInX
8 cnyxeOHbIX OUTOB — 136 pa3panos.

AJTopHTM npHeMa JaHHBLIX COCTOUT B Cley-
roueM:

1. [Tonck CO nyTem NpoBepKH MOCIEA0BATENb-
HOCTH M3 48 OHT, NOCTYNAKOLIMX U3 KaHasla, Ha Bbl-
MOMHEHHE YCJIOBHIA: YNCI0 MenparieHnii Ha 16 no-
3MUMAX 10/KHO ObITh He Goree 6; B Grnoke u3 16 Gur
COAEPIKUTCA HEMeTHOE YHCITO eMHHIL; OIoK 13 15 Gur
0e3 ocTaTKa AeIUTCA HA NOMHHOM x* +x + 1.

Eciu He BeIMOnHAETCH XOTA Obl OJIHO YCIOBHE,
nouck CO npogomkaercs nocie ordpachiBaHUA
camoro ctaporo 6uta u g1obasnaenus Hosoro. [Tpuem
CO onpenenser ynpasisiomy HHGOPMALHIO: MO-
noxenue cnenyromero CO u rpaHuiib! 610KOB.

2. lNposepka nHGOPMALIHOHHBIX 6I0KOB HA HAJTH-
yHe OHOOK Ae/IeHHeM Ha TTONHHOM X'¢ + x'? +x° + 1.
Jlenenue Ge3 ocTarka 0O3Ha4aeT MPaBUIbHbIH MpHEM
0r10Ka, a 1719 0AHOONOYHOTO COO0IIEHHS BIHOCHTCS
pelueHHe O IpHeMe JaHHBIX, NPHHATas HH(opMaLus
nepechuIaeTcA Ha CIeIYIOUIHi YPOBEHb IPOTOKOIIb-
HOro 0OMEeHa JaHHBIMH.

Ecau coobuienne Muoro6nouHoe, To aHaIU3HpYy-
IOTCA HA IETUMOCTE Bee O10ku coolLueHns, B ciyyae
npuema Bcex OI0KOB BBIHOCHTCSH PELIEHHE O npHeMe
cooliieHuns.

3. Ecnu ecth HenpuHAThIe OJI0KH, TO OCYIIECT-
BISETCA MEPEXO/l B PEKUM HAKOIUIEHHS M I0C/e-
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JYIOILEr0 MaKOPHTAPHOTO HCIIPABICHHS OLIHOOK B
3abpakoBaHHbIX O10KaxX.

4. I1pu Tpex noapsana 6pakoBkax G10Ka NPOU3BO-
JUTCSA MAKOPHTApPHOE HCIpaBIEHHE OMNOOK (romo-
coeaHueM 2 U3 3-X) U NpOBePAETCS, YAAIOCH JIH HC-
rpaBieHHe OUHOOK, MO AeIUMOCTH HCIPABIEHHOTO
On0Ka Ha nosiMHOM 16-0i1 cTeneH .

5. B cnydae Henpuema aHaIH3HPYeTCA MO MyH-
Ktam 2, 3, 4 yerBepThlii 610K H. ecnu UCMpaBleHNs
He NpPOM30LLIO, TO MNPOU3BOAATCH BCE OCTABLIHECH
rosiocoBaHus 2 u3 3-x.

6. [Ipu HakoneHnn naTH OJI0KOB U OTCYTCTBHH
npHeMa rojocoBaHus MPOLOIKAIOTCA, BKIIOYAsd
BapuaHT 3 u3 5-TH. U nanee, Bnnore 1o npuHema
naTHaanaTroro 610Ka, ¢ roJ0COBAaHHSAMH BILUIOTH 10
7 u3 13-Th.

Jlna pelienus nocTaBieHHON 3a1a4M — pacyera
BEPOATHOCTH JIOKHOTO TIPHEMA COOOLISHHS — Npea-
naraeTcs paccMaTpuBaTh NpOLECC MpHeMa Kak
MApKOBCKYIO 11€Mb. BO3MOKHbIE COCTOAHMS Llenu
cleylolHe:

0 — Hauano nepenauu;

| — npaBuabHbIA npuem GJ0Ka U CHHXpOMO-
ChUIKH;

2 — noxHelH npueM Onoka;

3 — nenpuem 6710Ka, NPHEM CHHXPOMNOCHUIKH;

4 — npaBUIILHLIN NPHEM O4YEPEIHOro MOBTOPA;

5 — 10’KHBIH MPHEM OUEPEIHOrO MOBTOPA;

6 — HenpueM OYepeHOTO MOBTOPA.

MaremaTudeckas MoAenb npolecca npuema
0[1HOOI0YHOTO coO0LIeHNA NpHBeaeHa Ha puc.l.
BepoATHOCTh NPAaBHILHOIO U JIOKHONO MpHEMa MpH
obpabotke i (i = 1...15) noBropenunii HaxoaUTCA
BO3BEJIEHHUEM MAaTpPHIIbI [EPEXOHBIX BEPOATHOCTEIH
B CTeneHn, pasuyo i. llpaBunsHomMy npuemy s
0HOGI0UHOrO cO00IIEHHS COOTBETCTBYIOT COCTOS-
HUS | 1 4, NOKHOMY MpHEMY — COCTOsSIHUA 2 U 5 Ha
pHcyHke 1.

BepoATHOCTH Ha nepBOM wLiare npuema:
HECHHXPOHM3aLHUA — Fy, = | — (q3 - 3;)(;3)'“.
NPaBHIILHBIH NPHEM COOOIIeHHs —
P|]1 = (q? + 3pq3)|6qm.
TIOJKHBIH MMpHEM CO0DIIeHNs —
g 1 2 i i =t
Py = (¢ +3pqg’ )"‘(27 (1= X Clag g™ 7)),
i=0
HEnpHeM coodlienns —
By = 1= Py = By = Fy,-

BepO}ITHOCTH NpaBHABHOTO, JIOKHOTO NpHEMaA H
HEMpHemMa CcoODIIeHHs rociie MEPBOIO MOBTOPA COOT-

BETCTBEHHO: P, =q'%,
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-

~

Py = Pryor =

BepoATHOCTb NPaBHIIbHOTO, JIOXKHOTO NpPHEMA U
HenpHema coobllleHHs TocIe 04epeIHOTO MOBTOpa H

Z («[44;0']‘;'44 15

=0

Py =1- Py — Py.

roa1oCoeaHus COOTBETCTBEHHO!

w/oq/

Puc. 1. I'padh BeposTHOCTEI nepexooB nenH Mapkosa npH nepegade 0JHOOI04HOrO COODLIEHH S

Pis = Prysp +(1— @' = Pryygr)

3
-2 Cu(-q =3¢ (¢ +3¢° )™ ) ==

i={) &

P,

fb

BeposaTHOCTHO-BpeMeHHbIE XapaKkTEPHCTHKH [0~
CTOBEPHOIO MpHeMa coobLIeHus, pacCUIUTAHHbIE 10

65"

B, = 14 = g = P ](q-‘ a1 3pq3 )l YKa3aHHO#H MeToauKe, NpuBeeHb! B Tabmuie 1.
Tabnuuoa 1
BepoatHocTs omHOkH GHTa
Ne nostopa
0,04 0,03 0,02 0,01 0,005 0,001
1 0,002597 0,011932 0,053496 0,234098 0,485293 0,865784
2 0,005188 0,023722 0,104130 0.413393 0,735077 0981986
3 0,476792 0,666679 0,853573 0.979075 0,998378 0,999999
4 0,725460 0.888788 0,982537 | 1 1
5 0,855931 0,962880 0,997905 1 1 1
6 0,924387 0,987596 0,999737 1 1 1
T 0,960304 0,995841 0,999955 | | |
8 0.979149 0,998591 0,99998 | 1 1 - 7
9 0,989037 0,999508 0,999984 1 1 1
10 0.994225 0,999814 0,999985 1 1 1
11 0,996947 0,999917 0,999985 1 | 1
12 0,998375 0,999951 0,999985 1 1 1
13 0,999124 0,999962 0,999985 1 1 1
14 0,999517 0,999966 0,999985 1 1 1
15 0,999724 0,999967 0,999985 1 | 1
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Puc.2. 3aBHCHMOCTE BEPOATHOCTH JIOAKHOTO IPHEMA OT HOMEPA MOBTOPEHNA COOOIUEHHS H BEIMYHHbI 0Ok Gura

Tabnuua 2
M rioHibER BepoatrHocTs omndkn Outa
0,04 0,03 0,02 0,01 0,005 0,001
1 1,18-10% 9.34-10" 5,13-10% 1,15-10 2,36:10" 1,04-10"
2 2.36:10™ 1,86-10"" 9,98-10" 2,02-10% 3,57-10 1,18-10"
3 3,53-10* 2,77-10" 1.46-10"" 2.7-10" 4,210 1,2-10%
- 4,16-10" 3,08.10" 1,53:-10% 2,72-10% 4.2.10" 1,2-10%
5 4,49-10" 3,19-10" 1,54.10% 2,72-10™ 4.2-10" 1,2.10%
6 4,66-10" 3,22-10™ 1,54.10% 2,72.10% 4,210 1,2-10%
7 4,75-10" 3.23.10% 1,54.10% 2,72:10™ 421077 1,2-10™
8 4,80-10" 3.24.10" 1,54-10 2,72.10% 4.2-107 1,2.10%
9 4,82-10"" 3,24-10"" 1.54-10" 2,72:10% 4,2-10" 1,2:10:%
10 4.84-10" 3.24-10 1,54-10% 2,72-10:% 4,210 1,2-10%
Il 4,84-10" 3,24-10" 1,54.10" 2,72-10 42-10" 1,2:10°%
12 4.85-10" 3,24-10% 1,54-10 2,72:10% 42-107 1,2.10%
13 4,85-10" 3.24-10" 1,54-10% 2,72-10% 4.2-10" 1,2-10™
14 4.85-10" 3,24.10" 1,54-10" 2,72:10% 4,210 1,2.10™
15 4.85-10" 3,24.10" 1,54-10% 2,72:10% 4,2-107 1,2-10%

PesynbTar pacuera BEpOSTHOCTH JOKHOTO
npyHemMa No yKa3aHHOH MeTOIHMKe NMpHUBEIEH B Ta-
Gnnue 2.

VKa3aHHY0 MOjelb HECJH0KHO 0000IuTE 1
18 cooOLIeHn, cocTOAMX Goee 4eM U3 OAHOro
010ka. CocToaHHA UenH And ABYXOJI0YHOrO co-
o0LeHus:

0 — Hauano nepenayM (HeT CHHXPOHH3ALHMN);

1 — npaBunbHbIH npuem ByX 6110K0B cOOOLIEHHS
H CHHXPOMOCBIIIKH]

2 — CHHXPOMOCHIIKA U OJIMH OI0K NMPUHATHI Mpa-
BHJILHO, BTOPOI 610K He MPUHAT;

3 — He npHHATHL 00a O/0Ka, CHHXPONOCKUIKA
[IPHHATA;
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4 — CHHXPOHH3ALMA, OAMH 610K OO0 IIeHN TPH-
HAT JI0AKHO, BTOPOii HE PHHAT;

5 — NOXHBIIH NpueM ABYX OIOKOB COOOIIEHHA H
CHHXPOTOCBITKH;

6 — NpaBHIIBHBII MPHEM HEAOCTAIOUIHX OIO0KOB
coobuieHns;

7 — HenpHeM HeZocTawIero 6J10ka coo0IeHNs
(cooluienne He NPUHATO);

8 — Her npuema ABYX OGI0KOB COOOLIEHHS, eCTh
CHHXPOHH3aIHN;

9 — noKHBIA npueM oaHOro OJI0Ka, HenpHem
BTOPOIoO;

10 — oKOHYATEeNbHBIH JTOXKHBIA [IPHEM.
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Puc.3. I'pad BepoaTHOCTEI nepexonos uenu Mapkosa npH nepejaye JAByX6104HOIo cOOOILEHHS

Jlna takoro cooOiieHHs MPaBHIbHBIN NpHEM —
310 cocTosHuA | 1 6, a noxkHbIH — cocTosHus 5 u 10
(puc. 3). BepoaTHOCTH BEPHOIO M JIOXKHOIO MPHEMA HA
i-M MOBTOPE TAK/KE HAXOIHTCA BO3BEICHHEM MATPHIIbI
NEepPeXOIHBIX BEPOATHOCTEN B CTENEHb, PABHYIO i.

BepoATHOCTH Ha NepBOM Liare npuema:

HecHHXpoHmM3aums — Py, = 1-(¢° +3pg”)"°,

BepHblil npuem oboux GnokoB coobuieHHs —
3 216 144 144

Foo =(q +3pg)"q g,
rpHeM 0HOTro 0/10Ka, HeTpHeM BTOPOro O/1oka —

Rlz = ':q-t + 3Pq1 }”’ * {,’144{1 — qIM - PF.-!LSE} ¢ 2 1

I : 2 i i
rae Pryr :,,]_,,'” ‘ZCMP qm )i
< i=0

HeBepHbIH npueM o0oux 6J0KOB —
Py =(q° +3pg*) (1= ¢ — Prygp)’.
JIOXKHBIH MPHEM OIHOrO OJI0Ka H HENPHEM JpY-
Toro —
Po = (¢ +3p4")°® - Pryse (1= 4" = Pryge),
JIOXKHBIH TIPHEM COOBIIeHHs —
Fos =1=Fyo = Foy = By = B3 — Fa -
BeposiTHOCTH Ha BTOpOM IlIare nmpHeMa, paHee
OMH OJIOK NMPHHST, BTOPOH — HET:
BEPHBLIH MpHEM, HENPHUEM M JIOKHBIH MPHEM
BTOpPOro 010Ka COOTBETCTBEHHO —

sz = qI‘H L]
144
Py =1-g = Prarse »
Py o = Prye -
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BepoaTHOCTH Ha BTOpPOM Luare mpuemMa, paHee
oba 651oKa HerpUHATHI:

BepHBIil npuem o6oux 610KOB moclie MoBTO-
288
pa— P =q7,
OJIMH H3 OJIOKOB BHOBb HE IMPUHST, a BTOPOi — pu-
HAT, HE NPHHAT U NPHHAT JIOKHO COOTBETCTBEHHO!

Py, = *?m“ _q144 = Pryse) -2,

144 2
Pg=(0-¢" = Pryse)™

_ 144
Py = Pryse (1 =g = Pryge) - 2,
COODILEHHE MPHHATO JIOKHO —
Piyg=1= P4 — Py — Py — Py.
BepoaTHOCTH Ha BTOpPOM Luare rnpHema, paHee
0aMH OIIOK MPHHAT JIOKHO, BTOPOit — HEMPHHAT: BTOPOi
610k onATh HenpUHAT — Pyg = 1 — ¢'* — Py o L CO-
00LIEHHE NPHHATO JIOKHO — Py = 1= Pyy.
BepoATHOCTH Ha MOCIEAYIOUMX 1IATax [puema
IpH OIHOM HETNPHHATOM OJIoKe:

npueM 0/10Ka ¥ CO0DLIeH s —

144
= L FALSE )Q ]

3 2
rae Q = g + 3pg~ — BEpOATHOCTb UCTIPABJIEHHUS UC-
KakeHHoro OuTa 6inoka. [lonaras, uto

1 3 ) 5 o
Pryise_vore = 27 (= Z Ciaa P oMy —
i=0

P =% +(1-qg"

BEPOSTHOCTh JIOKHOTO MCIIPABIEHHA MO TOI0COBa-
Huto, P=1-Q,
JIO’KHBIIH TIPHEM COOOLIEHUS —
_ 144
P? L1 PF.‘ILSE + {] -4 = PFALSE }PR4L.§“E—[-’OTE *
HempHueM HegocTatouwero 61oka H cooduie-
HUA — Py = 1= P = P .

BeposaTHocTH Ha noCeAyOLMMX Warax npH 0do-
UX paHee HeMPUHATHIX 0I0Kax:

oba 6;10Ka NMPUHATHL —
+(1= g™ = Prygp)’ 0™

OIMH HE PHHAT, 4 BTOPOH — MPHUHAT BEPHO, HE TIPH-
HAT MJIH TIPUHST JIOXKHO COOTBETCTBEHHO —

144 144 144
B=2g" (1 =g = P, =0 = Pryise vore )+
+2(1- ¢ - Prise Yo" a-o" - FALSE—VOTE )

. 144 2 144 2
Pg=(1-q"" = Pryse) (1 =0 = Pryrsr vore)
144 144
Fo=200=-q " = Pryoe ) Pryse (1 = O = Pryyr vore) +
£2(1-¢'" - Praise )zpr.usf-rom“ -o™
COOOIIEHHE PHHATO TOHHO —
Bs_wo =1-Fg —Fy — Fg — Py
BCpOﬁTHOCTH NPpH OJIHOM paHeEe JIOWKHO NMPHUHIA-

TOM OJI0Ke U HETPUHATOM BTOPOM: HETIPHEM BTOPOTO
Onoka —

= Rf-'_uss —vore)

Py =(1—¢g" - Pryrse X1 - o' - Pryise vore) »
c0001IeHHe MPHHATO JIOKHO —
Fy 1o =1- Fy.

Takum 00pasom, B paboTe MOTyIeHE! BRIPAKEHH
W MpoLeayphl IS BhIYHCIEHHA BEPOATHOCTH OIIH-
GouHoro npuema cooluIeHHil, BEPOATHOCTH 10CTO-
BEPHOTO TpHeMa, a Takke QyHKUMH pacnpeaeneHus
BPEMEHH IOCTaBKH COOOLLEHNA (3a4epiKKH B IPHEME)
B 3aBMCHMOCTH OT Cpe[HeH BepOATHOCTH OHMTOBOI
OLIMOKH KaHauia ¥ pa3Mepa coobuienus. [TpousseneH-
Hble pacueTsl (Tabauunt 1, 2 i pucyHok 2) xapakre-
PH3YIOT HCMONb3YEMBbIH METOJ MpHeMa Kak HaJeKHO
3ALIMIIEHHBIH OT JIOKHOTO npHeMa JaHHbIX.
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PagnoTtexHuka, aHteHHbl, CBY ycTponcTea

Cusepc M. A., aHnnosuy . A.

WUCCIENOBAHME BJIMAHUA BHYTPHCUCTEMHBIX ITOMEX
HA MHOTOUHTEPBAJIbBHBIX JUMHEMHBIX TPACCAX
LIU®POBBIX PAIMOPEJENHBIX JIMHHAN

B ycloBHAX HHTEHCHBHOTO Pa3BHTHA LH(POBBIX
ceTeil pagHMOCBA3M BCEX YPOBHEH BaXKHOM 3amaueit
CTAHOBUTCSH MNOBbILIEHHE 3P(PEKTHBHOCTH HCIIOMNb-
30BaHMS 4ACTOTHOTO pecypca. Pemenne »Toil 3aaaun
MpeayCcMaTpHBaeT IHPOKOE NMPHMEHEHHE TOBTOP-
HOTO MCIONB30BAHUA HacCTOT HA JNIEMEHTax cerei
WK Ha OTAENbLHBIX PaJHOIHHHUAX, YTO HEH30EkKHO
00YyC/IOBINBAET BAMSAHHE BHYTPHCHCTEMHBIX MOMEX
pazMuHOro npoucxokaeHus. [Ipu ucnons3oBaHuHK
JBYX4aCTOTHBIX [JIAHOB HAa MHOTOHHTEPBalbHbBIX
AUHEHHBIX TpaccaX uM(pOBLIX pagnopeneiHbIX
nunuii (LIPPJT) ¢ noctarounoii 3ursaroo6pasHocTbio
BHYTPHUCHCTEMHBIE [IOMEXH BO3HHUKAIOT H3-3a BIHSHHA
cHrianoB obparHoro Hanpasienus (COH).

HekoTopbie HacTHbIE PE3yIbTaThl HCCIE0BAHHA
ynpomentoi mozaesn BiausHusa COH na LIPPJI conep-
xatcs B [ 1], rae mpuBeneHbl 3aBUCHMOCTH BEJTMYMHBI
Jerpajialliy nopora NpHEeMHHKA OT XapaKTepHCTHK
HaIpaBIeHHOCTH MCTIOJIL3YEMBIX AHTEHH N YPOBHEH
MOLIHOCTH MepeaaT4HKOB.

Huke mpeacTaBieHsl pe3y/IbTaTbl BCECTOPOHHHX
uccnenopanuii BiuaHua COH ua L[PPJI ¢ ucnonk3o-
BaHHeM Gollee COBEPLIEHHOI MOIE/IH, TO3BONAIOLIEH
YHECTb Psll BECbMa BAXKHBIX JOMOJHHTENBHBIX (haK-
TOPOB, @ HMEHHO:

— 3aBUCHMOCTb ko2 duunenTa ommbdok BER. co-
OTBETCTBYIOIIErO CHITLHO MOPAKEHHBIM (O1IHOKaMu)
cekynzam SES, BER(SES) o1 ckopoctu nepeaauu
uHpopmanui [2];

— pa3IU4HLIA XapakTep BIHAHUA BHYTPHCHCTEM-
HbIX TOMEX M TEIUIOBOTO IIyMa Ha JHEPreTHHYeCKHe
napaMmeTpsl nHTepBana [3, 4];

— BIMAHHE aBTOMAaTHYECKOH PEryIMPOBKH MOII-
HocTH nepeaarunkos (APMII) na senuunny gerpa-
JalMK 3anaca Ha 3amupanus [4];

— e COH He TonbKO Ha Jerpaiaiuio sanaca
Ha 3aMHpaHUA, HO M HAa BEJIHYHHY CAMOT0 3amaca.

B obuem ciydae ¢ y4eToM BHYTPHCHCTEMHBIX
MOMeX 3arac Ha TUIOCKHE 3aMHpaHus Ha HHTEpBajie
ans BER(SES), ab, onpenensercs sBbipaKeHHeM:

M(SES) =P, — P_ (SES) - AM(SES), (1)

nop

3neck P, — cpeanuii ypoBeHb MPHHHMAaEMOIo
CHIHaJ1a PH HOMHHAJIBHOI MOIIHOCTH NepeAaTyHKa,
nbmM; Pm_r_(SES) — rapaHTHPOBAHHBIA MOPOr NpHeM-
uuka ans BER(SES), abm; AM(SES) — nerpaaauus
3anaca Ha IIIOCKHE 3aMHpaHHA H3-3a BJIMAHHA BHY-

TpucHcTeMHbix nomex Juis BER(SES), nb.
AM(SES) = lOIg( l,lO -0.1[Drop(SES) ~ Dnop Jl]]lfSESH)‘ (2)

rae Dmp(SES) — OTHOILIEHHE [MOPOrOBOH MOMIHOCTH
CHIrHajJa K CyMMapHOMH cpeHel MOIIHOCTH TNoMex
(moporoBoe OTHOLUEHHE CHrHan/momexa), ab, mpu
BER = BER(SES).

Dyiop(SES) = Puop(SES) - 7, (3)

I — ypoBeHb CYMMApHOIi Cpe/lHeil MOIIHOCTH BHY-

TPUCHCTEMHBIX momex, abm; D (SES) — nomycta-
MOE OTHOILIEHHE CHTHAJI/IIOMeXa, COOTBETCTBYIONIEE
BEJIMYHHE Jerpajaliny nopora npueMHuka 3 b npu
BER = BER(SES).

Jlna nanpapieHHs CjieBa HanmpaBo CPEIHAA CyM-
MapHas MouHocTh noMex ot COH na uHTepBane n,
,ELEM.. ONpeacnacTCa BhIpaKCHHUEM!

!’ _rz lolg( ] Ol}.]fﬂdn— Dr 4 lOU.!.‘m—‘M + “,.). (4)

1.l

B(4) I, o1y — CPEIHAS MOIIHOCTH MOMEXH OT

curuana odbparHoro HanpasieHHus 1-ro suaa, 1bm,

= T * G |r+Gnr_Bin—

nrn+ 1w n—1 {n—1 I L L(ln_ Im‘,{n + ]\!'(D)
L, (ns1yr — CPEMHSAS MOIUHOCTH MOMEXH OT CHIHAIA
obpaTHOro HanpasieHus 2-ro Bujaa, jabm,

=T‘u— +Gn—11r+Grn_Brlr_L

1 {

6)

arn+ 1 Ofn+ 1) “nrn+ !n-'(

B Boipaxenusax (5) u (6) UCNONB30BaHbI ClIEIy-
1omHe o0o3HaueHus: 7, — MOLIHOCTD Mepe1aTiHKoB
Ha uHTepBane n, 1bm; G, — koddduument ycune-
HHS aHTEHHBI HA MPAaBOM KOHLE WHTepBana n, ab:
B,, — k0d(p(HUUMEHT 3alMTHOro ACHCTBHA NPaBOi

aHTeHHbl HAa HHTepBane n, Ab; L — notepu csobos-
HOT'O NMPOCTPAHCTBA Ha HHTEpBaJe n, ab.
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L, = 92,44 + 20lgf + 201gR,

f— cpenHsis yacToTa HCToNbL3yeMoro auanasona, ['Ti;
R — nnuHa uaTepBanan, kM; L, . M L .y, —
JOMOIHHTENIBHBIE IOTEPH HA TPACCAX PaCIpOCTpaHe-
HHS TIOMEX OT CUTHAIOB 0OPATHOI'O HarpaBieHus 11
MpaBbIX aHTEHH COCeJHUX HHTepBaNOB, Ab; ykaszaH-
Hbl€ JIOMOJHHUTEIbHbBIE IOTEPH BKIIOYAKOT NOTEPH B
AHTEHHO-BOIHOBOAHLIX TpakTax (ABT), B ToM uncne
MIOTEPH B @HTEHHBIX Pa3BETBUTEISAX, B ra3zax TPOIo-
cipepel, a TaKKe BO3MOKHbIE TH(PAKIIHOHHBIE MIOTEPH
Ha COOTBETCTBYIOLINX Tpaccax pacnpocTpaHeHHs
MEIIarIIHX CUIHATIOB.
Ecnu npumensiercs panmopeneiinoe obopymo-
panue ¢ APMII, npu Beiunciaenun [nr.(n—l)r H
Ly (ni1yy CHACAYET MCMOJIB30BATH 3HAYEHHA MOLIHO-

cTei NnepeaaTiruKoB MEIAUINX CHIHAJIOB

Ty 1 = Loy = T, ATyprgprs

rae AT, ., —Ananaszon APMII (npusoauTcs B CrucKe
napameTpor obopyaosanus), 1b.

AHanoOruuHbIM 00pa3oM ONpeieNniaeTCs CpeaHss
CYMMapHasi MOLIHOCTE ITIOMEX Ha pacCMaTPHBAEMOM
MHTEpBaJle [/1s HalpaB/IeHUs CIpaBa HaleBo.

C ucronb30BaHHEM CeHANLHO pa3paboTaHHol
NPHKJIAZAHOMH MPOrpaMMbl BRINOJIHAIHCH OOLIMPHBIE
BBIYMC/IMTENbHBIE IKCIEPHMEHTHI, LEJIbI0 KOTOPhIX
ObLI10 HCCJICIO0BAHHE 3aBHCHMOCTH Oerpagauun
3anaca Ha 3aMHpaHHMd, 4 TaKKe caMoro 3amaca oT
XapaKTePUCTHK HANPaBIEHHOCTH HCIIOJIB3yeMbIX

25 -

[pipagayns 3anaca 1a amupasen, 46

4AHTEHH, COOTHOLIEHHA [JIHH COCEIHHX HHTEPBAJIOB
u avanazora APMII.

BeruncnurensHeie IKCINEPHMEHTBI NIPOBOAHIIHCH
LU THITHYHBIX YCJI0BHI MCMOIB30BAHUSA CPEIHECKO-
poctabix LIPPJI B Poccuu: amanason vactor 7 I'Ty
(cpeanss yactora 7,4 I'T'u) u nponyckHas cnocob-
HocTh cTBOna 34,368 M6ut/c (16E1). Ilpu 310M
paccMaTpUBaJIMCh AHTEHHbI PAa3sHBIX Pa3sMEpoB CO
CTaH1apTHBIMH, YIY4ILEHHbIMH H BBICOKHMH Xapak-
TEPUCTHKAMM HaIpaBIeHHOCTH.

[TomyuyenHble aBTOpaMu 3aBUCMMOCTH Jerpafalinm
3anaca Ha 3aMHpaHHA OT COOTHOILIEHHS [UTHH COCE/l-
HEro U pacCMaTpHBAEMOro HHTEPBAJIOB /Ul AHTEHH
anameTtpoMm 1,8 M co crannaptaeimu (B = 48 1b),
yayuiueHHbiMHu (B = 58 1B) u Beicokumu (B = 62 u
66 1b) xapakTepuCTHKaMH HANPABIEHHOCTH Npeil-
crapieHbl Ha puc. 1. [Ipn 5ToM BO Beex ciryyasx 1inHa
paccMaTpUBAEMOro MHTEpPBaja Moyiarajiach pPaBHOM
30 kM, a MOLIHOCTH NNEpeJaTYHKOB HA BCEX HHTEPBA-
Jlax CYMTAINCH PaBHBIMU 25 1bM.

3aBHCHMOCTH BEJHYHHbI JderpajaumHu 3lanaca
Ha 3aMHUPaHHsA OT JUIMHBl HHTEPBAJIOB I aHTEHH
auametpom 1,2, 1.8 u 2,4 M ¢ pasiHyYHBIM 3aLLIAT-
HBbIM EHCTBHEM B MPEANOI0KEHHH PABEHCTBA [UTHH
paccMaTpHBAEMOTO M CMEXKHBIX MHTEpBAJIOB H30-
Opaskens! Ha puc.2. COOTBETCTBYIOIIHE 3aBHCHMOCTH
AJIA 3anaca Ha 3aMHpaHMA NpeacTaB/ICHBl HA pHC.3.
Bo Bcex ciyuasx MOLIHOCTB MEPeJaTuHKOB Ha BCex
HHTEpBaJlax Mojarajlach OIMHAKOBOIl H paBHOM 25
abwm. IlpencTtapneHHbIe HA YTOM PHUCYHKE KPHBBIE
COOTBETCTBYIOT PeaJbHBIM JJTHHAM HHTEPBAJIOB MPH
MCNONb30BAHUN AHTEHH Pa3sHOIo JuameTpa.

B = 48 ab

B =58 a6

B =62a6

B8 =686 a6

c LAnme

0.5 0.75 ' 1.25

1.5 1.78 2

Puc. 1. 3aBHCHMMOCTH BEJIHYHHbI Jerpajjaiym 3arnaca Ha 3aMHpaHHd OT COOTHOLIEHHA JUTHH COCEIHEro
H paccMarpuBacMoro HHTEpBAilOoB [Uid AHTEHH C PA3HBIM 3alLIHTHEIM neiicreuem
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Puc. 2. 3aBHCHMMOCTH BEIWYHHBI J€rPaiailiy 3araca Ha 3aMHPaHHA OT JUIHHBI HHTEPBAIOB
UISl aHTEHH ¢ Pa3HbIMH XapaKTePHCTHKAMH HANIPaBICHHOCTH

o ——— ANt d =24
B =85 a6

- Aurrene d = 24 m
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. e . S I
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o 10 20 0 a0 50 a0 7o
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Puc. 3. 3aBHCHMOCTH BE/IMHHHBI 3a11aca HA 3AMHPAHMA OT JUTHHbI HHTEPBAJIOB
JUIA AHTEHH € PA3HBIMM XapPaKTEPUCTHKAMM HAIPABICHHOCTH
HOR}"-IEHHHQ 3aBMCHUMOCTH Jerpajauuu samnaca an ITOM MoJjiaraeTcs, 4To BO BCEX Claydaax

Ha 3amHpanus oT auanaszoHa APMIT nns anTeHH  UTMHBI COCEAHMX MHTEPBAIOB OAMHAKOBBI H PABHBI
auamerpom 1,8 M ¢ pasHbIM 3alMTHBIM AeifcTBHeM 30 KM, a MOILHOCTH MEPeJaTuMKOB Ha BCEX HHTEpBa-
npejacTasiensl Ha puc.4. J10B paBHbI 25 nbm.

Lepanium B0E W sy 45

o s o " 20 > 1
Ararumnie AFRII. afs

Pue. 4. 3aBHCHMOCTH Jerpalaliiy 3araca Ha 3aMupanus or auanaszona APMII
JUIA AHTEHH C Pa3sHBIM 3alUTHBIM AEHCTBHEM
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[TonyyeHHble pe3ynbTaThl MO3BOMAIOT CAEIATH
CJEAYIOLIHE BbIBObI:

Ja’Ke IpH HCIIOJB30BAHUH AHTEHH C BbICOKMMH
XapakTepHCTHKaMH HanpasieHHoctu (Tuna HP) c
B > 60 nb nerpanaums 3anaca Ha 3aMHpPaHHA MOXKET
JOCTHUraThb OONbIUINX 3HAYEHHH, NpEBBLIILAKIIIHX
5-7 ab, uto obycnoBnMBaeT ee o0A3aTENbHbI yUeT
NpH NMPOEKTHPOBAHHMH MHOromHTepBanbHbeiXx [[PPJI
C JBYXHAaCTOTHBIMH IIAHAMH TIPH MCIIONb30BAHHH
obopynopanus 6e3 APMIT;

NpHMEHEHHE CTAHAAPTHBIX aHTeHH ¢ B < 50
ab. B paccMaTpHBaeMbiX YCIOBHAX 00YCIOBIHBaEeT
Jerpajaumio 3anaca Ha 3amupanus Gosnsme 15 b,
YTO MO3BOMAET CJAENaTh BBIBOJ O HEJOMYCTHMOCTH
HCTOJIb30BaHUA YKasaHHbIX anTeHH Ha [IPPJ] ¢ aByx-
HacTOTHBIMM raHamu oe3z APMII;

C YMCHBILIEHHEM OTHOILIEHHA IJTHH COCEOHHX H
paccMaTpHBaeMOro HHTEPBAIOB BO3PACTAET HE TOMb-
KO BE/IHYHHA Jerpajaliiy 3arnaca Ha 3aMHpPaHus, HO U
CKOPOCTB €€ H3MEHEHHA NMPH TI00bIX KodhpuuHeHTaxX
3aLIMTHOTO JeHCTBHA AHTEHH;

NIPUBE/ICHHBIE HA PHC. | 3aBUCUMOCTH Jlerpafaiiu
3araca Ha 3aMMpaHus OT COOTHOLLIEHHS JJTHH COCETHHX
HHTEPBAJIOB MOATBEPIKAAIOT coaepkaimecs B [ 1] Bbi-
BOIbI, OZIHAKO HCTIONIBL30BAHHE YCOBEPILEHCTBOBAHHOM
mozenu BnusHust COH no3Bosiio NoBLEICHTE TOYHOCTE
OLIEHKH BeJIMYMHBI erpajaunu Ha -3 nb;

C YKOPOYEHHEM MHTEPBAJIOB B YCIOBHAX, KOTIa
UX JUITHHBI IPUMEPHO OAHHAKOBbI, HECMOTPS HA
ObICTpOe BO3pacTaHMe Aerpajalli 3amaca Ha 3a-
MHPAHHA NMPH HCTTOJIB30BAHHH AHTEHH Pa3sHOro jaua-
METpa H C pa3HbIM 3aLIMTHBIM ACHCTBHEM, BEJTHUHHA
3anaca Ha 3aMHpaHMs TaKKe BO3pacTaeT, XOTd H He
CTOJIb Pe3KO, NPHYEM DTO BO3pacTaHHE CHUIIbHEE
NPOSABJIACTCA UT AHTEHH C XOPOLUIHMH 3aLIMTHBIMH
CBOlCTBaAMM;

CJIO’KHBIH XapakTep 3aBUCMMOCTeH 3anaca Ha 3a-
MHpaHHA H €ro Jerpajaunn o1 COOTHOMEHUA ITHH
COCEIHHUX MHTEPBAJIOB H TAKHX B3aMMO3aBHCHUMBIX
napaMeTpoB HHTEPBAJOB, KAK MOIIHOCTH nepe-
JATYHKOB, THAMETPLI H KOI((DHULMEHTHI 3aLIMTHOTO
,[lf.‘.f‘ICTBHH HCIIONB3YEMbIX dAHTCHH, BbICOTHI MMOJABECA
aHTeHH, o0yC/IOBIHBAET aKTYyalbHOCTh 3a1a4 OMTH-
MM3aLIMH BbIOOPA YKa3aHHLIX NMapaMeTpPoOB C YYeTOM
0cOoOeHHOCTEl BCeX HHTEPBAJIOB MPH MPOEKTHPOBA-
H1K MHOTOMHTepBabHbIX LIPPI] ¢ 1ByXuacTOTHEIMH
MJaHamu;

ans 3pdexTHBHOro ocnabieHns noMex OT CHr-
HaJI0OB 00paTHOro HanpaBieHUs B PaaHOpeeiHbIX
CHCTEMaxX C aBTOMaTHYECKOH peryIMpoBKOH MoMI-
HOCTH nepeaaryukoB auanasoH APMII B OonbinH-
CTBE Cy4daeB [0mkeH ObiTh He MeHbiue 10 nb npu
ucnonb3osanuu anreHH HP u ve mensie 20 ab npu
HCMONB30BAHHH CTAHOAPTHLIX aHTEHH.
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UCCAEJOBAHUE HENTAPAMETPHYECKOI'O OBHAPYIKUTEJISI PATMOCHUTI'HAJIOB

Jlnst COBpeMEHHBIX PaJHOTEXHHUYECKHX CHCTEM
(PTC) oOnapyxeHHs, pa3iH4eHHs M OLEHKH napa-
METPOB CHTHAJIOB XapakTepHa paboTa B CIOXKHOM
nomexoBoii obcraHoBke. [loMexn BO3HHKAIOT H3-3a
OIHOBPEMEHHOH padOoThI BOIBLIIOrO YHCIA YCTPOHCTB
Ha O/IHOH M TO# K€ 4acToTe, MHOIOYHCIEHHBIX OT-
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pajkeHHii CHrHaja OT pa3AHYHbIX 0ObEKTOB, OrPaHH-
YE€HHOCTH 4acTOTHOTO JIHana3oHa, fpeaHaMepeHHO
CO3JaBaeMbIX HEMpHATE/IeM Nomex, coOCTBEHHBIX
LIYMOB CHCTEMbI M HEKOTOPbIX APYrHX OpHYHH. 3a-
HACTYH 3aKOH pacrpejesieHHs TaKoi CyMMapHOii
noMexH 3apaHee Heu3BecTeH. HensBecTHbIMM MOTYT
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OBITh TAaKJKe HEKOTOpbIE MApaMeTPhl IOMEXH, HANPH-
Mep aucnepcusa. Bo MHOrMX ciyuasx HEH3BECTHBI H
HEKOTOpLIE (a TO H BCE) MapaMeTphl CUHTHAJIA M JlaKe
3aKOoH ero pacnpeneneHus. OueBHIHO, YTO CHHTE3
pellalIero rnpaBuia HeoOX0AHMO OCYLIECTRISATS,
YUHTBIBasA BCE HALLM anpPHOPHbIE 3HAHUA 0 Habo1ae-
MBIX MpoLeccax. 3Ta COBOKYMHOCTh 3HAHHUIA B paauo-
TEXHHKE Ha3biBaeTCA anpHOPHOI HH(OpMaLHei, 1 B
3aBUCHMOCTH OT YPOBHA anpHOpHOH HHpOpMaLnu
TOT W/IH MHOH METO/ CHHTE3a Pellarollero npasmiia
NPHHATO CYUTATh ONTHUMAIIbHBIM.

Knaccuueckas Teopust ONTHMAIBHOTO CTATHCTH-
YECKOTO CHHTE3a MH(POPMALIMOHHBIX CHCTEM OCHOBBI-
BaeTcA Ha OOIIMPHBIX aNPHOPHBIX CBEACHMSAX O BEpO-
ATHOCTHBIX MOJE/IAX CHIHAIOB H MOMEX H O XapakTepe
UX B3aMMOEHCTBHA, a TAKKe O MOTEPAX, KOTOPLIMH
COMpPOBOK/AETCA Kax/10€e OIunGouHOe pelleHue B 3a-
Aavyax oOHapyKeHH:, pasaudeHHs (ki1accuHKanm)
M (MJIH) OLIEHKH napaMeTpos [1].

B ycnoBuax peanbHoro (pyHKLUHOHHPOBAHHSI
PTC 10BOABHO CI0KHO MOTYUNTH CTO/bL OOLIMPHBIE
cBeneHus o HabGmwonaemsix npoteccax. Jlwoboe ot-
KJOHEHHE BXOAHBIX XapPAKTEPHCTHK OT OMKHIAAEMbIX
(3apaHee pacCUHTAHHBIX) MOKET IIPHBECTH K TOMY,
4TO YCTPOHCTBO nepecTaHer ObiTh ONTHMANLHBIM, 4
BO MHOIHX Cy4asx aaxke u paboTocrnocoOHBIM.

B cBa3u ¢ otum Gonbinyio akTyalnbHOCTh NPHOO-
petaeT pa3paboTka U NpUMeHEeHHE METOIO0B MPeojI0-
NIeHNs BO3HHKAIOLIEH anpHOPHOH Heonpe/IeIeHHOCTH,
CymecTByeT 1Ba OCHOBHBIX M0IX0/1a K PEIICHHIO 3a-
J1a4 CTATHCTHYECKOrO CHHTE3a B YCIIOBHSIX allPHOPHO#
HEOoMnpeieNeHHoCTH [2].

[Ipn mapameTpuueckoii anpuopHoil Heomnpene-
JIEHHOCTH, Koraa ()YHKUHMOHANBHBIN BHI 3aKOHA
pacnpencieHHa BXOIOHBIX JaHHBIX HM3BECTEH, a
HEONPEIEIEHHOCTh BhIPAKAETCAd B HE3HAHUH napa-
METPOB 3TOI0 3aKOHA, 3a/a4a CHHTE3a pellaioniero
nMpasuia (B 4aCTHOCTH, 3ajaqa KinaccH(HKaLHMN)
MOKeT ObITh CHOPMYITHPOBAHA KAK 33/1a4a OThICKAHHs
TNpaBHJIa OPOBEPKHM CAOKHOH runoressl /, 0THOCH-
TeNLHO (B 00weM cirydyae) MHOTUX ansTepHatus H
i= 1, 11, 0 MHOTOMEPHOM H, BO3MOMKHO, BEKTOPHOM
napameTpe 6 HEKOTOPOro cemelcTBa pacrpe/eieHui
P={P(x), 0eQ, xe X}, rae Q u X — napamerpuue-
CKOEC H BbIGOpO‘IHOB NMpOCTPAaHCTBA, ABIAKLIHECH
obnactamu KOHEYHOMEPHOI0 €BKIHA0BA NMPOCTpaH-
crBa R"; x =(x, ..., x,) — Habmonaemas BribopKa;
P,(x) — 010THOCTL pacnpeneneHus HadmogaeMoi
BbLIOOPKH 10 OTHOIIEHHIO K G-KOHEYHOIT Mepe.

Tounoe 3Hanue napamerpa 0 HEU3BECTHO H, UTO
0coDeHHO CYIECTBEHHO, HE NPEANOIaracTc 3alanue
kakoro-nu6o ero anpuopHoro pacnpeaenenus. Gop-

MYJIHPYETCS JIMIUL P/l THIIOTE3 O MPHHAJIEKHOCTH
0  onpeenennoii o6nactu npoctpancrsa {2 . IIpo-
BepAEMbIE MMIOTE3bl HMEIOT BHL:

HO :0e QH{) (cutyauusa ¢ Homepom 0, uiu
HYJIEBOH KJ1acc);

Hi :0e QH. (cuTyauus ¢ HOMEpOM
I

1, m , wnn knaces! ¢ Temu e HoMepami), e QHn H
£ J, — HemepeceKalolecs 061acTH MPOCTPaHCTBa
Q) . cootsercrBytomue runorezam ; (B wacTHOCTH,

runorese Hl — CHIHaJ eCTh) H HO (cHrHana Her)
(I)HU O QHI = Q) .

I1pn HenapameTpHYeCKOii alpHOPHOIT Heonpe/e-
JEHHOCTH HEH3BECTEH CaM (PYHKUHOHANLHBIH BH]
3aKOHa pacnpeeneHus Habnr01aeMbiX AaHHBIX,
KOTOPBIH HENIb3A ONHUCATh KOHEYHBIM YHCIOM Ma-
pamertpos. [Ipu 3TOM Knacc JOMyCTHMBIX pacnpe-
JeNeHHUi MOKEeT BKIII0YATh BCE COOTBETCTBYIOLUHM
00pa3oM HOPMHPOBaHHbIE (PYHKLMH, KOTOPhIE HEMb35
MOCTaBHTh B OJHO3HAYHOE COOTBETCTBHE C KAKOMH-
160 obnacTeio eBkIMA0Ba npocTpancTea. 06 HTHX
(GYHKIHAX HMEIOTCA JIHIIL caMble 00LHe CBEAeHH,
uanpuwmep, uto cemeiicteo P € F' e F — knace
BCEX HENMpephIBHbIX (YHKUMIH pacrpeaeneHus. 3ToT
BH] HeOIlpeaeleHHOCTH TpeOyeT MHHHMAalbHBIX
anpHOPHLIX CBEACHHH H ABJIACTCH CAMBIM «MATKHM»
ClIy4aeM arpHopHbIX orpaHvyeHuii [2].

CyliecTByeT HECKOJbLKO NMYTEH NpeoaoneHus
anpHopHoii HeonpeneneHHocTH. OAMH U3 HUX 3a-
KJIKOYAETCs B CO3JaHHM aJanTHBHBIX aJIrOpHMTMOB,
CTPYKTYPa H NApaMeTphl KOTOPbIX MOI'YT H3MEHSThCS
B COOTBETCTBHMH C Pe3yJIbTaTAMH aHAIHM3a BXOIHBIX
nanneix. Ho B cHTyalny, Korjia HEM3BECTHBI HECKOIb-
KO MapaMeTpoB CHIHajJa MM lIyMa, Hin TeM Oonee
BH/ MX (DYHKLIMH pacripeie/ieHus, Co3jaHue 1 npuMe-
HEHHE aJaNTHBHBIX AJITOPHTMOB OKa3bIBAaeTCA KpaiiHe
CJIOKHBIM, @ HHOI/1a H BOBCE HEBO3MOMKHbBIM.

Jpyroit nyTe npeojosieHus anpuopHoil He-
OIpeIe/IeHHOCTH COCTOHT B pa3paboTKe aIrOPHTMOB,
HEYYBCTBHTEJILHBIX HJIH €N1a00 YyBCTBHUTENBHBIX K
CTaTHCTHYECKUM XapaKTePHCTHKAM CHIHAJIOB M 1Iy-
MOB. MHBapuaHTHBIE W HeCMeLleHHbIe (MoaoOHbIE)
ITOPHTMbI HE 3aBHCAT OT NApaMeTpOB pacnpenene-
HHUI CHTHAla M CMECH CHTHAJA C LIYMOM, HO 4YacTo
3aBHCAT OT BMAA pacnpeiesieHHl, 4To ABJIAETCA MX
HEOCTaTKOM.

HenapameTpnueckue aaropuTMsl CBOOOIHBI OT
3TOr0 HEJOCTATKA M HE 3aBUCAT HHU OT MAPAMETPOR,
HHU OT BHJa pacnpejenenuii. B c¢Ba3m ¢ oTum Hena-
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paMeTpHYECKHE METO/IbI IOBOIbHO YHHBEPCAIbHBI U
IIHPOKO MPHUMEHAIOTCS HA PAKTHKE.

Yamre Bcero juis peanu3alMy HemapameTpuue-
CKOrO alnropuTMa HCMONb3YKTCH HE abCOJIOTHBIE
3HaueHus HaOIIOAEHMIT WyMa M CMECH CHrHajia C
LIYMOM, @ OTHOCHTEIbHBIE, OCHOBaHHBIE 1HOO Ha
3HaKe, MO0 HA MOPALKOBOH cTaTHCTHKE, 1MO0 M Ha
TOM ¥ Ha APYTOM OJHOBPEMEHHO.

3HaKoBbi€ MpaBHjia NPENNONaraloT HaJIH4YHe
HYJIEBOTO YPOBHA, OTHOCHTEJILHO KOTOPOTO pac-
npeaeseHHe NoMexH CHMMETPHYHO, OITOMY YHCJIO
TIONOJKUTENBHBIX M OTPHIIATENLHBIX 3HAKOB B BbIOOPKE
paBHOBeposTHO 1 paBto 1/2 . ITpu nosneHuy nomo-
JKMTEIBHOTO CHIHAJIA BEPOATHOCTD MOJOKUTEIbHBIX
3HAKOB B BRIOOPKE CTAHOBHUTCS DOJIbILE BEPOATHOCTH
MOSBAEHHA OTPHLUATEIbHBIX, YTO U CBUAETEILCTBYET
0 HAIMYMH curHana [2].

B teopun panroBsix npasmi 3] BaskHeHnM mno-
HATHEM SBJISETCS NMOPAAKOBas crarucTuka. Eciu one-

MeHThI Habmonaemoii Beibopkn X = (x], - x,,)
paccTaBHTh B BO3pACTAlOLIEM MOPSAKE TaK, YTO
x) < ) ecu I< 10 oOpasyeTcs BaApHaLMOH-
HBIH pA x{l] < _r[zl Con % x(”).?)nememm 3TOrO

paaa ¥ Ha3bIBAIOTCA MOPAIKOBBIMH CTATHCTHKAMH.
Jlis BoIOOPKH M3 HENpEpBIBHBIX pacnpeeieHni
BEPOATHOCTh COBMajeHus AByX M Gonee BhIOOpoOuU-
HBIX 3Ha4YeHuil (&, CIeJ0BaTeNbHO, H MOPAIKOBBIX
CTATUCTHK) paBHa Hymo. [IpaBuna, ucrons3yonme
[OpSAKOBbIE CTATUCTHKH, HE 3aBHCAT OT (PYHKLIHH
pacnpejeneHus BENNYUH X U MMOATOMY SBISHOTCS
HermapamMeTpuyeckuMu. Panrom R snemenTa x, Ha-
3bIBACTCA €ro MOPAIKOBBEIH HOMEP B BapHAllHOHHOM
paay.

Haubonee npocThiM 1 yHUBEpCAIbHBIM SIBISIETCS
paHrosoe npasuio Bunkokcona, kotopoe u Oyaer
HCIIONIb30BaThCA B AaHHOI padote. CoracHo >ToMy
[PaBHIIY, PEILLEHHE B N10/1b3Y FHIIOTE3bl | 0 HATHYHK

n
CHIHala MNPpUHHMMAETCH, €C/IH ;;& >C rne RI. i

R — xOMIOHeHTE! paHrosoro Bektopa; C — noporo-
BOE YMCJIO, OMpeesieMoe BEPOSTHOCThIO OIIHOKH
nepsoro pozaa [2.3].

Onunm n3 Haubonee yaauHbIX MMyTeit onpesene-
HHS OLEHKH BEPOATHOCTHBIX XapaKTepHUCTHK OOHA-
PYAKMTENS ClIeyeT CUHTATh METOJ CTATHCTHYECKOH
HMuTauuu ¢ nomomsrw 9BM [2.4]. Koraa peub
HJIET O TAKOM MOJIEJIMPOBAHHH, TO HA €ro pe3ysbTar,
MOMHMO TaKHX MapaMeTpoB, Kak ObICTpOaeHCTBHE
DBM, KOnIHYECTBO ONEPATHBHON MaMATH, «ya000-
YUTAEMOCTb» ANTOPUTMA B MALLIMHHOM CMBICIIE, €r0
BBIYHMCIIHTENIbHAS €EMKOCTh, BiUseT BbIOOp crnocoba
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peanuzauuu ajropurma. B naweit padorte nns pea-
JIH3aUHHK aNropuTMa MOACTHPOBAHUA HCIOJB3YETCHA
marematuyeckuii naker Matlab R2007a, a umenno
ero npunokerue Simulink. 1o pemenne 6610 MPO-
JMKTOBAHO CJIEYIOUIHMH IIPEHMYIIEeCTBAMH JaHHOTO
NPHI0KCHNA 110 CPABHEHHIO C A3bIKAMH IpOrpaMMH-
poBanus (Hanpumep, C++):

1. Cranpapraas 6ubauorexa Simulink o6-
najaeT WHPOKHM HaboOpOM pa3IHYHBIX JJIEMEHTOB
(B TOM 4MCE M FEHEPATOPOB LIYMOB W CHTHAJIOB),
4TO H30aBafeT OT HEOOXOAMMOCTH MX CO3AaHHS,
4€M CYLIECTBEHHO YMNPOIIAET MPOLEece MOIAEIHPO-
BaHHS.

2. Panrossiii 0GHapyKNTENb, pealn30BaHHbII
¢ nomombo nakera Simulink, nerko moxer GbITh
MCII0JIB30BAH KaK 2j1eMeHT Qojiee CIIOKHONH CH
CTEMBI.

3. Moaens oGHapyKMTENA O4YEHb [IPOCTA B
YIPAaBICHUH H aHa/IH3e, Tak Kak obnanaer OOnbIIOi
HATIAAHOCTBIO.

IMocTanoBKa 3a1aun

Habmronarorest dunokTyupyroime, crarucrude-
CKH HE3aBHCHMBIE MMMY/bChl, OTPAXKEHHbIE OT M
(m > 2) 2neMeHTAPHBIX YYACTKOB pa3pelueHus 1o
AanbHOCTH (MK 1o yray). B orcyrcrBun obbekra
3TH HMITYJIbChl MMEIOT OHMHAKOBBIE, allpHOPH He-
H3BECTHLBIE CPEAHHE MOLIHOCTH, 4YTO COOTBETCTBYET
CPaBHHUTEIBHO MEUIEHHOMY M3MEHEHHIO CTaTHCTH-
4eCKHX CBOHCTB IyMOBOro ()OHa HA NPOTSKEHHH M
aHAJTM3HPYEMBIX YHACTKOB. 34KOH pacripeieseHus
wymoBoro (oHa u 3akoH (IIOKTyauui curiana
arnpHOPHO HEW3BECTHLL.

OcyuecTBaseTcs nociaeqoBaTeNbHbIH «po-
cmoTp» auctaHumu. [Tpeanonaraercs, 4yTo 0ObEKT
MOKET HAXOIAHUTHBCA TOJIBKO B NNOCIEAHEM., m-M, U3
M CPaBHUBAEMBIX YyUacTKOB jaanbHOCTH. [IpH 2TOM
UMIYJIbChI, OTPA’KEHHbIE OT Y4YacTKa IaJlbHOCTH,
CO/IEPKALIETO Le/lb, ONPEleIaOT ] CYMMONH ABYX
CTaTHCTHYECKH HE3aBHCHMBIX COCTABIANIIMX, OJHA
H3 KOTOPBIX COOTBETCTBYET OTPAKEHHIO OT 00h-
eKTa (Cursan), a apyras OTPaKeHHIO OT MECTHOCTH
(Lrym).

[TpousBoanTcs HekorepenTHas obGpaborka
NpPHHAMAEMbIX KoneOaHui. B MOMeHTBI BpeMeHH,
pasae/ieHHbIE MEPHOAOM ClIeJOBAHHA MMIIYJILECOB,
OepyTcs HE3aBHUCHMBIE OTCUETHI V), U X, OruOAIOLIIX
C BbIXOJa AETEKTOpa NpPHEMHHKA COOTBETCTBEHHO

Jil b i=lm—=1 y mro Ha0moaeMBIX YHAaCTKOB

JAIBLHOCTH B /- nepHol MOBTOPEHU, :
Pelienye 0 HanUUMY MM OTCYTCTBHM OOBEKTA NIPH-
HHMAaeTca 1no Ka)K,IlUMy OTﬂe.ﬂhHOMy Haﬁ.ﬂ]ﬂ}lﬂﬂl‘lﬂ)
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BEJIHYHH Y1 M X, IPEACTABIAIOMIHX COO0H HCXOOHYIO
BLIOOPKY.

Hcxoast M3 NpUHATBIX NMPeANnOChUIOK, 3aja4a
oOHapykeHUs MoxeT ObITh copmynHpoBaHa Kak
NpOBEpPKa CNOKHOH runoTessl ; 0 paBeHcTBe IIIOT-
HOCTEH pacnpe/e/IecHHA BepOSATHOCTEH BEHYHH }, H X
(CHI’HEU'IEI HCT) OTHOCHTEJILHO CIOKHOH AlbTEPHATHBLL
H,, cocTosiLiei B TOM, 4TO BETHYHHA X CTOXACTHYECKH
Oosblue BeIUYHH Vi (curHan ects) [2].

Onucauune aaropuTma odGHapyKeHHs!

B kadecTBe OCHOBBI /U1l MATEMATHYECKOI MOjIe-
JIH paHroBOro 0OHApYKHTENA MOCIEN0BaTENbLHOCTH
HMITYJICOB C HEH3BECTHBIM 3aKOHOM (hmioKTyaumit
Ha (poHE 1IYMOB C HEM3BECTHBIM 3aKOHOM pacnpese-
JIEHUS BO3bMEM QJITOPHTM BHAa [5]:

1, ecan S(§)> C

0, eciu S(I_E)S o
Ny | No m-1
S(®)= E_lrj = ; 2 e =y @

r71ie R — panroselii BekTop; /(") QyHKIIMA €AHHHYHOIO
CKa4Ka; X — «CHTHAIBHEII» OTCYET orubaromei npu-
HATOTO KOJIeOaHUs B M-OM YYAacTKE B j-blii MEpHOA
Haﬁfll-OIIeHHﬂ;_vU_ — «IIYMOBOH» OTCYET B /-OM y4acTKe

B j-biit nepuos nabmonenns; [ = 1,m —1.

B )= (1)

B stom ciyuae, cornacho [6], aTansl nonyueHus
QITOPHTMA MOZIC/TMPOBAHHA TAKOBLI:
1. O6pa3zopanne HE3aBHCHMBIX CHy4ailHBIX

BenHuUMH V; u X, [ = I,m—1. Bennunnsi Vi
ABNAKOTCH «IIYMOBBIMUY OTcYeTamMu orubaroiueit
MPUHATOrO KojeDaHHd, a BETHYUHA X — «CHTHAlIb-
HBIM» OTCYETOM.

2. Onpenenenne panra R BeIHYHHBI X Cpeau
BEJMYMH y,, ¥, |, X, PACCMATPUBAEMBIX KaK 3Je-
MEHTBI 0] HOil BbIOOPKH, MyTE€M HX NONAapHOTO
CpaBHEHHS.

3. Onpepgenenne nopora C.

4. CpaBHeHHe HalIGHHOro paHra R BEJIMUHHEL X
¢ noporom C.

5. Boruncnenue BeposTHocTH coObiTHH,R > C,
R <C , myrem N-KpaTHOTO NOBTOpPEHHM:A OMepaiuii
1, 2,3 u 4 npu onpesieNeHHbIX 71 1 BEPOATHOCTH O
JIOKHOH TPEBOTH [UI KaXA0T0 OTHOLIEHHS CHUTHAI/
LIYM g.

Pacuet nopora C npoMCXOIUT NPH 3a1aHHON O U
U1 JAHHOT'O PeLlalOIero NpaBuia OCyINeCTBIACTCA
no cnenyroueit popmyne [5]:

>
C
GZI_SZ_‘E;P(“HG]’ (3)
; I Nﬂ
£x (4)
e ciy[No (Mo +S—jm+D-1

rae P(S| HO) — pacnpeielcHHe CTaTHCTHKH 5

N
npu runotese /,, [ ] o3Hayaer uenyro 4acrs, a ( “)
J

o3mauaer uucno couerannuii uz IV, 0 moj.

Jns onpeneneHus BEpOSTHOCTH NMPaBHUIBHOTO
obHapyxenus [} no HaiiienHomy nopory C MOKHO
MOJIb30BaTLCA HOPMAaJIbHOM anmpoKcHMalueil pac-
npexenenus P(S | H,) crarucruku S npu runotese

H 1 Beposrruocn. B HaXO0AHUTCA U3 COOTHOLLUEHHA:
i Lo MELE) | (5)
olS | H))

[ = 2
expt /2dt — HKIHSHA
T ) pi*/ ¢y

CTAHAAPTHOI'0O HOpPMAJBHOI'O pacnpeiciieHus,

rae d(x) =

M(S | H) = mn,p (matemaTnueckoe OKHIaHHE
CTATHCTHUKH S)
G:(S | H[) = MNO |:p - mp’ + (m - llu}
(Aucrepcus CTaTHCTHKH S), B CBOKO OYepeb
p=Px>y)= j‘G(x)dF(x).
a= IG‘, (.\‘)dF (x) )

rae G(x) — pacnpeneneHHe CMeCH CHUIHalla i Lyma,
a F(x) — pacnipenenenue curuana [5].

B pesynbrare pacuera, KOTOPLIH OCYIIECTBIAICS
B Matemaruyeckom nakere Mathcad 14, 6butn nony-
YeHbl ceyoiiue pesynsrars (tabmn.l)

Tabnuua 1.

Mopor C 1 BeposiTHOCTE @

c a

188 8.28-10"
185 1.822-10"°
183 1.658-10"
160 10+
150 1.1:10°
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PaHroBas CTaTHCTHKA S (ﬁ ), HA OCHOBAHHH KO-

TOpOii (o anroput™y (1)) ocyiiecTpasercsa npHHATHE
peuieHus, Beiucasercsa no gopmyne (2), npu sTom
onopHas BblOOpKa, BBUAY OOBEKTHBHBIX MPHYHH,
(opMmHpyeTCcs npu KaxaoM HabmoneHuu [5).

Cxema panrosoro oOHapyKHTe/Is NPHBEICHA Ha
puc. 1. 3necs BReaeHsl 0603HaueHus: /| — netexrop;
BP — Bhiuncaurens panros; Y30B — yerpoiicTso
3anomMuHanua onopHoi BeiGopku; CC — cxema
cpaBHenns; CHU — cuetunk uuBepcuii; BPC — BoI-
YHCIHUTENL PAHTOBOH cTatucTuku: 3Y — 3anomuHa-
wouiee yerpoiictso; ITY — noporoeoe ycTpoicTBo.
Biok-cxema MonenMpyolLero ajropuT™a npuBeieHa
Ha puc. 2.

PaccMoTpeHHBII paHroBblii 0OHapyKHTENb npeji-
[ojiaraeT HekorepeHTHy10 o6pabotky, T. e. 06paboTKy
CHTHAJIOB MOC/e UX CBEPTKH (eCIH 30HIAMPYIOLIHMIA
CHMTHAJI CIOXKHBIH) U geTextupoBanus. [Tosromy 06-
HapPY/KHTENIb MOJKET NPHMEHATHCA OE30THOCHTEIBHO
K (popMe 30HIMPYIOLIETO CHIHaja (4acTOTHO-MO-
LYTHPOBAHHOTO, ¢ (a30BOil MaHUMy/siHeid U ap.).
Bansuus GOKOBBIX JENECTKOB CBEPHYTOIO CHIHana

B COCEHHMX KaHalaXx HAa BbIYUCIIEHUE PAHTOBOM CTa-
THCTHKH MOYKHO H30€KaTh, YBETHIHB BPEMEHHON HH-
TEPBAJI MEXK/1Y OIMMOPHOH U UccieayeMoi BbibopKkamn
Ha O/IMH-/IBA 3JIeMeHTa paspeltenus. Takum obpazomM,
OrpaHHYeHHs NPHHIHMITHAILHOIO XapakTepa 1o BHIY
30HIHUPYIOLIEr0 CUIHAMA /I PAHTOBOrO OOHApPYKH-
Tens OTCYTCTBYIOT [7].

AHAIN3 NONYYeHHBIX XapAKTePHCTHK

MozaenupoBasue paHroBOro 0OHapyKHTes Ocy-
LIECTBIATOCH MPH CIEAYOLIHX 3HAYCHHAX HCXOIHBIX
napameTpoB: m = 21, N, =9, uncno ucnbitanuii N
MEHAJIOCH B 3aBHCHMOCTH OT YPOBHS (1. YBeIHUeHHE
m csepx 30 He JaeT OLYTHMOTO BBIMTPBILIA B NOPO-
ropBoOM OTHOWIEHHUH cnrua.m’myM. ITO MO3BOJACT PEKO-
MEHIOBaTh [JIA MPaKTHKH uucino m ot 20 no 30.

Jlna noaTeepiaeHus Gakta, 4TO BEPOATHOCTh
JIOKHON TPEBOTH PaHroBoro obHapyx HTens He
3aBUCHT OT pacrpejiesieHHs 1ymMa Ha Bxoze, Obut
rnposezeH sxkcnepument. Ha Bxoa panrosoro obuapy-
KHMTENA NOJABAIHCh LIIYMBL, pacripeiei€HHbIE 10 3a-
koHaMm Panes u Paiica ¢ pasandHbIMH AUCHEPCHIME
Vv*. U3mepeHus Npou3BOAMINCH [UIS BEPOSTHOCTEH

1 -

1 BP :

— A Hr—> V30B -

1

: Yim Vimsl & & ot @@ T 0w B ek ¥ii :
1 x; 5

1 1

CcC ]

- ’ ) :

: » CC ]

' :

1

i i 1

1 . 1

1 1

1 1

: rhjm Bt » v ocosavsi & 6 38 8 @ 8 i hj; :

1 3 1

' cHU '

b B e eI [ e repra P

=cs===s=s=s=s===dess=smssssmeeeeg

:BPC . . " v ' | | :

1327 ¥ 1 !Imi! ' 1IN, I

" T - 3v ¥ T !

¥ = 1

1

1

1

1

]

]

1

ITyY

l Pemenne

Puc. 1. Cxema paHroBoro oGHapyxkuTes
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ITonyuenne ciaydalHBIX
BEMYHH X ;U

¥

Cpasncnnc.xjc Y+
1, ecma X ;>yy;

0, eci X ;<y;;

v

Pacuer r;, j=1, N,

v

Bhraucienue S(§)= %:rj
7=

¥
Cpapnenne S (R)> C

¥

N-KpaTHOE MOBTOPEHHE MPOASIaHHBIX OMEPaIHii

v

Pacuer P(S|H))

Puc. 2. biok-cxema MOICTIHPYHOLIETO aJINOpHTMA

a=10" u a=10*npu uncne ucneiTanuit N =
2-105 u N = 2-106 coorBercrBeHHO. [TonyueHHbIe
3aBUCHMOCTH Ui a = 107° npuBeneHsl Ha puc. 3.

Pac Paica
— w wm= = Tepperwueckoe sHauenwe (C = 150)
— w—Pacnpepenexse Panen

2.50x10" w—

5.00x10" = \ /

Bowst =TT I 1
1] 5 10 15 20 25
o?, abBT

Puc. 3. 3aBucuMocT of6?) Wis uiyma,
pacrpeneneHHoro no 3akosam Panes u Paiica
npu C = 150

W3 HUX BHAHO, YTO BEPOSATHOCTH JOKHOM TPEBOTH
0 pPaHroBOTO OOHAPYKHUTENA AEHCTBHTEILHO HE 3a-
BHCHT OT pacrpejejeHus wyma Ha sxoge. Ommune
3HAYEHHIH, MOJYHEHHBIX YTEM H3MEpeHHii, He npe-
Boiaet 8-10-5 u 4-10-4, B TO BpeMs Kak norpeui-
HOCTb METO[a CTATHCTUYECKOr0 MOJETUPOBaHMUA,
onpenenseMas no popmyie &= 1/VN, B Hamem
cnyuae paBusercs 2-107 u 2-10~ coorBeTcTBEHHO
g =107 u a=107[6].

3aBUCUMOCTH BEPOSATHOCTH MPABHIILHOTO
obHapykeHHs B OT OTHOMEHHUN CHUrHAI IIYM
6=101logP /P npuseiensl Ha puc. 4. Moje-
JAUPOBAHUE MPOM3BOJAMIOCH MPH CIEAYOUIHX
napamerpax: N = 105, C=150 (e = 107), C = 160
(a=10"), C =183 (¢ =1,68510") u C = I88
(a=28.28-10""). ITo nony4yeHHbIM 3aBHCHMOCTAM
MOKHO C/1e/1aTh BbIBO/. YTO YBeJIMYHBAs MOPOT, a
3HAYMUT U YMEHbILAs BEPOSATHOCTb JIOKHOH TpeBoO-
I O, OPH DOCTOSHHOM 3HAYEHHUH (, BEPOATHOCTh
npaBuiasHOro oOHapyxenus 3 Oymer ymeHbIIATH-
ca. Bribop mopora C Heo6XoouMo OCYIIECTBAATH
B 3aBHCHMOCTH OT NPHOPHTETOB B IOCTABIEHHOH
3ajade, HAPUMEpP, €CIH HeoOXOAHMO MHHHMH3H-
poBath o, To nopor C gomikeH ObITh MAKCHMATLHO
BO3MOKHBIH.
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Puc 4. BeposTHOCTS NPAaBHILHOIO 0OHAPYKEHHA
Jaka0uenne FalMOHHBIX, CBA3ZHBIX H TEIEeMETPHUYECKHX 3a/1a4ax

PaccMoOTpeHHBINH HemapaMeTpH4YeCcKHil paHro-
Bhlil 0OHapyskuTens o6nagaeT MOCTOAHHONH BEpOsAT-
HOCTBIO O JIOXKHOI TPEBOI'H B IIIMPOKOM [IHANa3oHe
N3MEHEHHIH CHIHAJIbHO-TIOMEX0BOI O0OCTaHOBKH.
BhicOoKMiT MaKCHMaIbHO OOCTHXKHMBINH YPOBEHb
o =282810" nenaet BO3MOKHLIM HCIIOJNL30BAHHE
3TOr0 OOHAPYKHTEA B CHCTEMAX, [/1€ OYeHb BBICOKA
eHa owuOGKkKU Broporo poaa. Pesynsrarel oueHkw
MOMEX0yCTOHUHBOCTH PAHIOBOI0 OOHAPYKHTENSA
MO3BOJIAIOT CAENaTh BLIBOJA O LENecoo0pa3’HOCTH
€ro HCMOJb30BaHUA B PaJHOIOKALIMOHHBIX, HABH-

oOHapyKeHHA, KNacCH(HKALHK U OLEHKH rnapame-
TPOB, KOIJa 3aKOHbI pacnpejereHHs MoMex H HX
HMHTEHCHBHOCTb MEHAIOTCSA BO BPDEMEHH H TEM CaMBIM
sarpyaHsoT dbdekTuBHoe DYyHKIHOHUPOBAHUE
pPaaHOTEXHHYECKHX CHCTEM.

MeToa cTaTHCTHYECKOTO MMHTALMOHHOTO MO-
JEeMpPOBaHHsl MMO3BOJIAET 3apaHee JaTh NPOrHOCTH-
YECKYH olleHKY ucnonbiopanus PTC B pasnuyHbIX
arnpuOPHO HEW3BECTHBIX CHIHAJbHO-MIOMEXOBBIX
CHTYyalUsAX, MOBBIAA TEM CaMbIM HaJEKHOCTH H
s dexTuBHOCTE UX PabOTHL
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bynan 6. T., Kpacosckuii H. A.

K BOnmPOCY O MOBBIIIEHUM TOYHOCTHU U3MEPEHUSI KOOPIUHAT

B npoiiiom Beke npu petieHny 3aaad H3MepeHus
KOOPAMHAT paJHOJIOKAIHOHHbIX, ONTHKO-TOKALHOH-
HBIX H IPOUMX H300paenuii oobekToB M B PP [1] 1 3a
py6exom [2] npuMeHsIICs alrOpHTM H3MEPEHNA KOop-
JIMHAT 110 KPUTEPHIO MAKCHMAITBHOTO MPARA0NOA00HA
(MIT), koTopsiii Gs11 HanbGosee NPoCT B annaparypHoi
peanu3zaumu. B To ke BpeMs OTMeuasoch M TOrAa
[3]. u B Haiwte Bpems [4], 4TO BO MHOIMX Ciydasx,
HanpuMep ‘‘cMasa’” u3o0paxeHHil, OrpaHUYEHHOTO
OTHOLLEHHA CHIHAI/IITYM H MIP., TOUHOCTh H3MEPEHH
KOOpAHHAT 1o kputepuio MII HenocTaTouHO BbI-
COKa. OﬂHaKD CPaBHHUTENIbHBIX OLIEHOK B/IMAHHA Ha
TOYHOCTb B YKA3aHHBIX Cy4asX IMPH H3MEPEHHH 110
kputepuio MI1 He npuBOAMIOCH, KAK HE MPUBOIHM-
70Ch CPABHUTEBHBIX OLEHOK TOYHOCTH JUIA Pa3HBIX
QJITOPUTMOB U3MepeHHs KoopauHat, CuuTanocs, 4To
H3MEPHUTEIH KOOPAMHAT, MOCTPOEHHbIE 10 APYTUM
KPHTEPHAM ONTHMAIBHOCTH, UMEHT MPHMEPHO
OJMHAKOBYIO TOYHOCTb M3MEPEHHUS, HO 3HAUHTENLHO
C/IO)KHEE B aNnapaTypHoH peamn3aiuy [5].

B HacToslee BpeMA yKe HET CTONb JKECTKHX
OrpaHM4eHHil Ha annapaTypHylO peaan3yeMocCTh
AITOPHTMOB M3MEPEHHs KOOPIHHAT, a TpeboBaHMA
M0 TOYHOCTH MX M3MEPEHHs BCE BO3PAcTaloT. ITO
00ycOB/INBaeT aKTyaIbHOCTh CPABHEHUS TOUHOCTH
u3MepeHus koopauHart no kputepnio MII u no kpu-
TEPUI0 MUHUMYMA CpeHeKBaapaTrH4eckoi omubKu
(MCKO), obfecneunBatoiiero MakCHMaJlbHYI TOY-
HOCTh M3MEPEHHS KOOPAHHAT, HO GoJee CIOKHOIo B
annaparypHo# peanusauuu. ITostomy B nanHoii cra-
Th€ CPABHHBAKOTCA TOYHOCTH U3MEPEHHA KOOPAHHAT

JBYMSI JITOPUTMAMH, ONTHMAJIbHBIMH IO TPaIHIIMOH-
Homy KpuTepuio MIT 1 no kpuTEepHI0 MaKCHMAILHOM
TOYHOCTH, T. €. o kpurepuo MCKO.

H3BecTHO, YTO NpU PEeLICHHH 33134 H3MEpeHHA
KOOPIMHAT J0CTATOYHON CTATHCTHKOM ABJISIETCS ano-
CTepHOpHas [UIOTHOCThL pacrnpee/eHus KoOpaAHHAT.

ITpu 9TOM OLleHKa KOOPAHHATH O0BEKTA B TEKY-
1eM Kajpe MoxeT OblTh NpeAcTaBleHa ¢ yueToM [6]

4epes anoCTePpHOPHYK MIOTHOCTE paclpeacicHHA

' anoeT (Iuk

u, ) BO3MOKHOIO k-ro COCTOAHMS KOOp-
aunar obbexral |, rae U, — BekTop-cTondell Texyiero

nzo0pakeHus,

(o)
u, [1‘“ - !'KA + ]]...., u, [fnk + L—"—%],

[~ pa3mep stanonHoro ctpoba [1]. Ouenka koopan-

HaThl 0ObeKTa npu H3Mepenuu no kpurepuro MIT :

";:MH = arg((max Pﬂnocr(fa.i + 1%)); (l)
npu u3mepenun no kpurepuio MCKO:

faMCKO = Z I::) k Panon:‘r (Io k
‘.

v.) @

Jlns nansHeiuero ananusa uenecoodpasHo ano-
CTEPHOPHYO TUIOTHOCTh NPEACTABUThL B BUAE:

P (R bo ) Bup (152 ) s @)

a) = Gy P, (@

yen
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1
rae P oAb ,) — QnpHOpPHas IIOTHOCTh PacrpeIeIeHns e/
.o " Lt T

koopaunar obvekra i ,; C)— HOPMHPYIOUIMH MHO- u, (/)

' (Onlik)
KHUTEb 5 . = J

Clb, Ce = 3 Pycn Um Lok C3 = exp| - A
o ]

Z P_vcu (L'rm |‘0i ] P-lll[! (’Ird' }
k
YCIOBHAA INIOTHOCTE pacnpeie/ICHHA TEKYILIEro H30-

Opaxenns Bekrop-cronbua a

OO6bIyHO IWIyM JETEKTHPOBAHUSA — aJAJMTHB-
HbIH HEKOPPENHPOBAHHBII rayccoBblil nmpouecc
Eer (1) = 4, (i) - {um (i)}, {..} cumBon crarucru-
HECKOI0 YCpPEOHEHHA MO MHOXKECTBY BO3MOJKHbIX
sHa4eHuit mwyma. Toraa ycnoBHyIO NaOTHOCTH pac-
[peaeseHnsl MOKHO NPEICTaBUTh Kak

Pyc.'l(ﬁT jok) =
3,1% ]
Y (uf (:’0 + j) = ﬂg(f})-
=C, exp| — j:ﬁ% h1 e

[y
20

rae C,— HOpMHpYHOIHA MHOKHTENb [6]; wu,()) -
ITaJ0HHOE H300pakeHHe 00beKTa; G ., — CKO myma

AerekTHposanus £ . (/) n300paxkenuns B HaOmonae-

MOM Kaape o, (i) = 1,{5.;0)} :

OGbIMHO NapaMeTpsl II0THOCTH pacrpe/iesieH s
lIyMa JeTeKTHpoBaHuda £ . (7) M0 NPOCTPaHCTBY HE
H3MEHSIOTCS, N0ITOMY O, (/) = G, .

ITo cpaBHEHHIO € YCIIOBHOM IMJIOTHOCTbIO pacnpe-
aeneHus (4), anpHOpHas MIOTHOCTL PacTipeieIeHHs
(3) — nonorasa GyHKIMS OTHOCHTEILHO aprymeHTa
i, - [oaToMy ee 0ObluHO He yumThiBaroT [1-3, 6].
A1y pyHKIMIO TeM Gollee MOKHO HE YUHTBIBATE, TAK
KaK OHa HE HCMONb3YETCA OAHOBPEMEHHO B 00OMX
CpaBHMBAEMbIX anropurmax usmepenus (1) u (2).
['pynnupys cnaraeMeie B BelpaykeHHH (4), morydaem:

. - 4 " R“)ﬁ)
Iy k) . (‘tCT{Io k]c1 exp ;—

aer

{4

. (5)

rae C (i, ;) = exp| —-
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ITocToanusie C (i, ;) n C, COOTBETCTBYIOT
JHEPrHH TEKYIIETO H 3TAJOHHOTO M300pakeHHH.
OH#M He 3aBHCAT OT C1BHra U300pakeHHs Ha i, , OT-
CUHETOB, a 1A MPOCTOThI aHAJIW3a JOIMYCTHM, 4TO H HE
H3MEHAI0TCA OT Kaapa K kaapy. [Tooromy anropurm
M3MEpPEeHHsI KOOPAHHAT ¢ YYeTOM BblpaykeHuii (3),
(5) MOXKHO NpeACTaBHTL CIEAYIOIMUM 00pazoM: Mo
kpurepuro MII (1) —

i arg | max e —R“O 2
= X
ol g p diﬂ ] (6)

k
no kputeputo MCKO (2) —

, RGy )
> iok €Xp| —
k o

imcko = R .1::; 2 (7
> exp| —— :
& U;er
"r'!t'/
/2 :
rae R(jok)_: ur[flnk*-j_)lu"l(j)‘

o= Iy

()

Jlns ynoGeTBa aHAIN3a MOJKHO NIPUHATE 7, , = k.
Tak kak exp(.) — MOHOTOHHO BO3pacTaomas QyHKUHS,
TO MakCUMyM OT 2T0it (pyHkunu (8) coorBercryer
MakCHMyMy aprymenTa (8).

B cBaA3M ¢ BbIIEH3TOKEHHBIM, BhIpakeHue (6)
MOMXHO IIPENCTABHTL B BHIE!

iurr = arg (max R(i)) | (8)

rae i

!T%

R(i)= 2 u(i+)) u() (9)
;=-!3‘%

Anroputm u3mepenus no kpurepito MII (8) -
JIAETCH AITOPUTMOM JIMHEHHOH cBepTKH (9), mosTomy
UL 3TOrO AIrOPUTMAa MOXKHO HalTH KOMITAKTHBIE aHa-
autHueckue ouenkn CKO u3mepenns koopauHar:

\2
g (10)

O, =

S
o o
=T

-

Hanpumep, ¢ yuetom [1, 3] CKO u3mepenus
KoopauHar no kpurepuro MII - Besnunna, obparHas



PaawoTexHuka, aHTeHHbl, CBY ycTpoicTea

KpyTH3He nonoroi Bepunael ([1B) koppensunonHoi
(byHKUHH {ARUB/(AanB/Z)} BOIM3M MakcHMyMma

KOPPeNsLHOHHONH QYHKUMH [ —> i, :

Tg
{ARIIB/(AU'IIB/Z]}

e Gy = \/{(R(f“) - {R(, )}]3} ;

ARyy = R(iy) - R(i, + Aapg/2).

(1Y)

Oomn =

Jlng HaxokKIeHHSA OLEHOK MPU H3IMEPEHUH 110
anroputmy MCKO (7), ananoruunsix (11), Heobxo-
JIUMO JIMHeapu30BaTh (hyHKUHIO exp(x) . Hanpumep,
€C/IH pacCMaTpPHBATh Masble OTHOLIEHHSA CUTHAJL/ITYM

{R(0)
1 { /, <2 .ATAKKE B oﬁnacm HEHYJIEBbLIX 3HA~
=
aeT

sennii |i —iy| < I, dynxunn {R(i)}, T0 PyHKUMIO

exp(x — 1) (7) MOXXHO NPEJICTABHTD:

R() S W= <L,
exp &—l ~ O rer I 0| ’ (12)
et 0, = iy| > 1,

C yuetom annpoxkcumauuu (12) HenmHeHHBIH
QITOPHTM HAXOXKICHHS JHEPreTHYECKOr0 LEHTpa
anocTepHOPHOIl MIOTHOCTH pacnpeaencuus (7)
npeoOpasyercs K JHHEHHOMY aJrOpPHTMY HAaX0¥XK-
JIEHHA JHEPreTHYECKOro LEHTPa KOPpeasAlHOHHON

dyHKIHH:
len /2
S irG)

ry i=-len/2
loMCKO = —;m?; . (13)

. RG)

i==leq /2

rae lo; —pasmep crpoba noucka (CII) oobekra [1].
B stom cnyuae CKO m3mepeHHs KOOpPIWHAT B CO-
OTBETCTBUH C ajJroputmoM (13) sBiserca BepxHeil
ouenkoit CKO ontiHMansHOro aaropuTMa n3amepeHus
no kputepuro MCKO (7).

Kak ormeuanocs B [ 1, 3, 4], o1HO# U3 CylIecTBEH-
HeIX npuunH yBenundenus CKO npu usMepeHun no
kputepuio MII sBisercs “cmas” uzobpaxenns. s
Toro, 4toosl cpaBHuTL CKO u3Mepenus no kpurte-
puto MIT u MCKO *“cmaszansbX” ¥ “HecCMa3aHHBIX
n300pakeHui, HeOOXOAMMO HCMO/IBL30BaTh THUIIOBYIO
(hopmy H3oOpakeHHii “HecMazaHHbIX H300pakeHHH
1 THNOBOI “cMa3” nzobpaxenuii. Kak 8 PO [1, 3, 7],
Tak M 3a pybexom [2, 8], Tunooii dopmoii “‘Hecma-
3aHHBIX " H300pakeHHI OOLEKTOB ABJIACTCS NPAMOY-
ronsHas popma (puc. 1, a, crutolHas THHHS).

Uysi < fiy = o4,
g, (i) = : (14)
0,i > i, - %

Torpa sranoHHoe n300pakeHHe 00bEKTa MOKHO
NpeaCTaBUTh B BHIE!

g1
U, il € .
) |j| 2 (15)

u'](j) =
; /
ol >4

Jlns KOHKpeTHOCTH OLIEHKH BIMAHUA “‘cMasza’
uzobpakenus Ha popmy 1 CKO u3mepenus koopau-
HAT, pACCMOTPHM THIIOBO# ONTHYECKHI MPUEMHHK, B
KOTOpOM H300paxeHHe POpMHPYETCH KaK pe3yabTar
HAKOIJICHH: CBETOBOTO CHIHanNa u,, (i,#)B i —M a1e-
MeHTe (POTOMHILIEHH 3a BpeMs Kazipa 7', B IUIOCKOCTH
doToMuUILIEHN TPHEMHUKA B n — M Kazape [9]:

T‘I
u, (i) —Ti I[ W(0dt + & (). (16)

Tak kak [IpOUEeCcChl paccMaTpHBaKTCA TOJILKO B

TEKylleM Kaape n = [ %. ] TO KOOpAHMHATa Bpe-
a

MEHH BXOAHOro H300paxkeHud (16) B nanbHeiiiem

omyckaercs u, (i,1) = u,, (7).

Ecnu 00bekT HEenoABUIKEH, TO C Y4ETOM BhIpa-
seHuit (14), (16) craTHcTHYECKH YCpeIHEHHbIH Te-
KYILIHH CHIHAJ 1oBTopAeT GopMy BXOIHOIO CHIHANA
{u, (i)} = u,, (i) (puc. 1, a, cniomHas THHUA).

Ecinu e 00beKT ABHKETCS CO CKOPOCTHIO
v = Aa% , TO ¢ yueToM Bhipaskenuii (14), (16)
a

TeKylllee H300paKeHHe, CUUTBIBAEMOe ¢ (PoTOMHLLIEHN
npueMHuKa, “cMmasbiBaerca’” (puc. 1, a, wTpHx):

Acu

{uT(f)}=1 Y uyi+k). (17

H3BecTHO, 9TO K “cMa3y” ONTHUECKOro M300pa-
skeHus (17) npHBOAHT HE TONBKO ABHIKEHHE O0BEKTA,
HO 1 apyrue GakTopsl: aAudpakius 1 pachoKycupos-
Ka onTHkH, TypOynenTHoCTh atmochepsnt [3, 7]. K
“cMazy” paaHoIOKAIIMOHHOTO H300pakeHuA MPHBO-
JUT KOHEYHAA IHPHHA IHArpaMMbl HANPAaBIE€HHOCTH
u np. [3]. Bo Bcex cnyyasx “cmas” MoxeT ObITh
onpeaeneH rnoaobHsim o6pasom (17). Oaxako B aab-
HeleM OyIeT pacCMOTPeH NMpOCTOi paBHOMEPHbIH
“cmas’” m300paskenns (17), Tak Kak ero mpotiie y4ecTsb
ananutuyeckn npu onpeaenenuu CKO uimepenus
koopauHar (10).
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Ha puc.l, 6 npeacrasneHbl B3aHMHbIE KOp-
penaunoHHble GyHkuuu (9): stanonnoro m3obpa-
JKeHHA — C «HECMa3aHHBIM» TeKylIuM Hio0pake-
HueM (14)

i ] _
lR"{f]} _ (l 4 Rﬂ'l! Inl = '{0’ (18)

0,|:' —r'ol > b
U co “cMa3aHHBIM” TeKyluM n3obpaxenuem (17)
R (D} =

R i—i
Aa,, /2

{RH“}} ‘Ii = j:JI = Aac.\lfz‘

J AR i - i|<Be, /2. (19)

Aoy,
4,

Hna ouenkn CKO (11) no kputepuro MIT He-
00XOAMMO ONpEAEINTh KPYTH3HY KOPPEALHOHHOM
(byHKUMM Ha MOMOroi BepiunHe BOIH3H MaKCHMyMa
KOppeaAunoHHOH QyHkunu i — i . C yueTom Bbi-
paxenus (19):

rae RU = Ux;llu’ ARL‘MU = RO

(AR /(A /2))} » U2 ——Le/e (20)

’ IU/Q'-JKB + AaCM /4 )

rae Q,, —MaKCHMaJlbHOE OTHOLIEHHE CHIHal/
UIYM «HECMa3aHHOI» KOPPeIsSUnOHHOH (QyHKLMH,

Qalm = M’AQHB/E o tlIcl/QmB + Aacm/4‘
Og

[Moncrasnss 3nadenne (20) B Boipaxenue (11), no-
TyHaeTc:
Comn = xu /Q)Nn + Aucm /4 [21]
CKO usmepeHHs KOOpIHHAT, OfpeeseMas KaK
IHEPTETHYECKHH LEHTP KOPPEIALHOHHOH (PyHKIMH
(13), npu monesnsix curnasos (14), (15), (17) nmeer
KOMMAKTHOE aHAJIMTHYECKOE BhIPAJKEHHE!

(e /1 Y°

OoMcKko = lo / Q'm; T § (22)

Kak BuaHo u3 Beipaxkenns (22), CKO uname-
PEHHA IHEPreTHYECKOTO LEHTPa KOPPeIsUHOHHOI
¢yskuuu (13) naBapHanTHa K “cMmazy” uzobpakenus
oonekTa, B T0 BpeMa CKO n3mepenus no KpuTepHio
MII (21) nponopumoHansHa “cmazy’ u3obpaxe-
HUA. DTO MOXHO MHTEPNPETUPOBATH CIIEAYHOLLHM
oopasom. C ydetom Beipakenuii (9), (17) xkoppe-
nsunoHHas (GyHKUMA “cmazanHOro” n3obpaikeHus
(19) skBUBaNeHTHA KOPPENAUHOHHOH PYHKUMH
(18), npomenmei yepes HU3KOUACTOTHBIH (UIALTP
C anepTypou A, :
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by
I i 23)

“

{Rau)} = ~

o g Ag

CKO usmepenus no kputeputo MII (11) 06-
PAaTHO NPONOPLHOHATbLHA KPYTH3HE KOPPENALIHOHHO#

(dyHKLHH {Mns/( Aoy ,’2)} , TO €CTh IHEPIrHH BEPX-

HHX 4acTOT KoppealHoHHoH GyHkimn. [ToaTomy gem
00/bIle HH3KOYACTOTHbIE OrPaHHYCHHA KOPpeIALH-
OHHO# (hyHK1MH (23). TEM MEHblIIE YHEPrHs BEPXHUX
YaCTOT, TEM MEHbLIE KPYTH3HA {ARHB/(AanB /2)} H
Tem Goneire CKO n3mepenns.

HaoGopoT, anropuT™M H3MepeHHs JHep-
reTHYECKOro LIEHTPa KOPPENsUNOHHON (YHKUHM
(13) >kBHBaNEHTEH M3MEPEHMIO LIEHTPA HHIKHHX
MPOCTPAaHCTBEHHBIX YaCTOT KOPPENALHOHHOH
Gyukuuu R, (i) ¥ MO3TOMY MHBApHAHTEH K HH3-
KOYaCTOTHBIM orpaHuueHuaM (23). U3 Breipakenus
(22) cnenyer, uto CKO n3MepeHHs 3HEPreTHYECKOro
LIEeHTpa NMpONOpLHOHAIbHA pasMepy cTpoda MmoMc-
Ka [o;. B coorBeTcTBHE C annmpoxcumarmei (12),
MakCHMalbHbIN LienecooOpasHblil pasmep cTpoba
noHucKa Ilopp = 2/, MOITOMY MakCHMalbHOE 3Hade-
Hue CKO (22):

Sopcko = lo/ O \j% .

Ha puc. 1, B nokasaHa yc/10BHas IJIOTHOCTE pac-
npeaeseHHs: CIUI0IHOM THHHEH /1718 “HecMa3aHHoH
KoppenaumonHoi Gysknun (18), myHKTHpOM — A1
“cmazannoii” (19). B coorBetcTBHH ¢ puc. 1, B, OLIeH-

Ky CKO (22) moxHO ncnons3osath 1 kak oueHky CKO

(24)

no kputeputo MCKO (7), ecniu B kayecTBe pazmepa
cTpoba nmoMcKa NpUHATE [ = Aoy, . Toraa npu

THIOBBIX 3HAYEHUAX “‘cMa3za” Aoy < [, anroputm
usmepenus no kpurepuo MCKO (7) umeer MmeHbLIYIO
CKO omnbkn nzmepenus (22), uem CKO usmepenus
IHEPreTHHECKOTo LIEHTPAa KOPPesILIMOHHOH (yHKIHU
(24) npu oy = 21,. Do noarsepxkaaet, yro CKO
usMepenus (24) asasercsa Bepxueit ouenxoii CKO
nsmepenus no kpurepuo MCKO.

Ha puc. 2 crnnowHoil nuHueit npencrasnexHa
HopmupoBanHas 3aBucumocts CKO owmnbkn (24)
IpH M3MEPEHHH JHEPreTHYECKOTO LIEHTpa Koppes-
UHOHHOI (yHkuuK (13) NpH THMOBBIX 3HAYEHHAX
napameTpoB Buaeocurnana /[, = 20, 0, = 20 [1].
CKO wu3mepenus (24) B 3ToM ciayuae He Oolibiie
IMHUKCeJIs M He 3aBHCHT OT “cMa3za’ n300paKeHus, 4To
HpHEMIIEMO UIsl PeLIeHHsl NPHKIAAHBIX 3a/1a4.

Ha puc. 2 wrpuxom npeacrasieHa 3aBHCH-
mocte CKO n3mepenns (21), HOpMHpOBaHHAs Ha
snauenue (24) u va 100 %:
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e (i)}

a) Allcu
Uo
- -
- S
J' -
P e
0 fo~1o6/7 lo 1o%10/2 1

(R(1)}

0)

“ ARpp

U }0'19

P,c,.[uTlla]

Puc. 1. Ouenka 4yBCTBHTEIBHOCTH QITOPHTMA H3MEPEHHA K ““cMazy”’ miodpakeHus

&GMH (Aacu) = \/3/_2 100(1 + M;J%&J(ZS)

M3 BeipaxkeHus (25) BHAHO, MTO Jaxke MPH He-
Gonbiunx “cMasax’” uiobpakeHus

A“m/ = 0.4 (26)

orsocutensias CKO nsmepenns no kputepuio MII
yBe/nnuuBaercs B 4 paza (cMm. pHc. 2), XOTA IHEprus
“cMazaHHoro” cursana (17) npu 3ToM NoYTH He H3MeE-
uaerca. M naoboport, npu 3HaueHusx “cMasza’ (26) naxke
JBYKPATHOE YMEHbLIEHHE SHepruu curuana O, auiilb

Ha JICCATKH MPOLIEHTOB YBEJTHYHUBAET H OTHOCHTEILHOE
(26) n abcomortroe (21) 3navenns CKO usmepenus no
kputeprio MIL B 10 ke BpeMs TpaguIHOHHO CYMTA-
eTcs, 4To masHoi npuunHoi yBenuuenus,CKO npu
nimepeHu no kpurepuio MIT ssisercs orpannyeHHoe
OTHOLIEHHE CHrHAV/IIyMm [2, 5, 6].

PaccmoTpeHHbIi pUMep MoKasall, 4TO Bbl-
urpsiit no CKO npu u3mepennu no kpurepuro MCKO
MOJKeT JOCTHIaTh 3HAYEHHI TOPAIKA DECATH, daxe
€CJ/IM ucnonb3oBarh BepxHio oueHKy CKO usmepe-
Hus (24). Kpome TOro, BBIYHCIIMTENIbHBIE 3aTPaThl Ha
peayH3aLMIo PACCMOTPEHHOT0 AJITOPHTMA H3MEPEHHS
(13) comocTaBuMBI ¢ 3aTpaTaMi Ha peann3alHtio aj-
ropuT™a 1o kpureputo MIT (8).

89



HayuHo-TexHuyeckue BegomocTtu CMNGIMY 6' 2008.

MHdopmaTuka. TenekoMmmyHukaunu. Ynpasnesuve

HOMY MNpEeACTABJICHHK) O COBNAJACHHH C

800 CKO wn3mepenHs KOOpAHHAT M0 KpHTe-

CKO, % puto MIT u no apyrum onrTuMalbHBIM

700 = kputepusam [5]. Ecau ke nossiasercs

. i “cMa3”, TO 3HAYMTENbHO yMEHbLIAeTCH

400 * [0 BEPXHUX 4ACTOT KOPPEIsSLIHOHHOH

Je® 4 (yHKLMH, U KaK CJIe/ICTBHE, PE3KO YBEIIH-

500 - e yusaeTca CKO n3mepenus rno KpuTepuio

o7 MII. U naobGopot, npu Hannuuu “cmaza”

400 ’ HE N3MEHAETCA HN3KOYaCTOTHAA COCTAB-

o astowas, a nosromy CKO usmepenns no

100 L " kputepuro MCKO okasbiBaeTcst HHBapH-
L aHTHa K “‘cMasy’.

200 et = [TokazaHo, 4TO NMpH THNOBKIX

L napaMeTpax BHIEOCHIHala OCHOBHas

108 i NpHYNHA, MPHBOAALIAA K 3HAYMTE/IbHO-

$cmas”, rexd my yBeandennto CKO npu msmepenuu

2 no TpaaMuMoHHOMY KpHTepuio MII,

(=~

15

10

Puc. 2. 3asucumocts CKO usmepenuns ot “cmasa” u3obpameHHs

Takum oGpazom, MonyyeHbl aHATHTHYECKAs
koMnaxTHad ouerka CKO n3mepeHus xoopauHat
no TpagHuuoHHOMY Kputeputo MII u BepxHss
aHanuTHueckas kommnakTHas ouenka CKO npn us-
MEpeHHH [0 HeTpaauiinoHHomy kputepuio MCKO
[UTSA THIOBBIX M300pakKeHNH M THIIOBBIX HCKaKEHHH
cHraaza B Buae ‘cmasa’ u3obpakeHuil U orpaHu-
YEHHOTO OTHOWeHus curHan/mym. [Tokasano, npu
“cmasze” n3o0pameHns anocTepuOpHas MIOTHOCTh
pacnpenc/iecHusa CTAHOBHTCA l'IOJ]Ol"Oﬁ, IIPpH 3TOM
MPOHUCXOIHT YMEHBINEHHE O0/H BEpXHHUX 4HaCTOT
KoppensauuonHoi gyukunu. [Tokazano Takike, uto
CKO npu namepenun no kpurepuro MII obGparHo
NpONoOpPILUHOHATIBHO SHEPIHH BEPXHHX 4aCTOT, a MpH
u3mepennn no kputeputo MCKO nponopumnonaibHa
JHEPrHM HIKHUX HACTOT KOPPEIALIMOHHOH (PyHKIMH.
ITpu 91OM ecau HeT “cMa3za” uzobpaxenuit, o CKO
H3IMEPEHHA 110 KPHTEPHID MII oka3zwiBaeTcsa NHIlb
HemHoro 6onbine sepxHeit ouenkn CKO n3mepenns
KOOpAHHAT M300pakennii 00BLEKTOB MO KPHTEPHIO
MCKO, uTto npHMepHO COOTBETCTBYET TPAJAHIINOH-

ABJACTCA HE CTOJIBKO OrPaHHYEHHOE OT-
HOILIEHHE CHTHA/IIYM, CKOIBLKO “‘cma3z”
n3zobpakenus. Tak, nanpumep, CKO us-
mepeHus no kpureputo MIT npu “cmasze”
MOXKET YBEIHUMTHCSH B HECKONbKO pas, B TO BpeMs
KaK JHEPIrHA CHI'HaJla MOYKET OCTaBaTbCH Oe3 cyuie-
cTBeHHOro u3MeHenus. [Ipu >Tom BepxHAs oleHKa
CKO wn3mepenus xoopausar no kpurepuio MCKO
OKa3bIBAETCA WHBAPHAHTHA K “‘cMa3y” u3o0paxeHHs
H COCTABJIAET 3HAYECHHE NOPAIKA NMHKCENA, 4TO Jomy-
CTHMO NPH pelleHNH NPHKIATHBIX 3a1a4. Kpome Toro,
BBIYHC/IUTE/IbHBIE 3aTPaThl HA PeaTH3aLHI0 TaKoro
AJITOPHUTMA H3IMEPEHHMA OKA3bIBAKOTCHA COMNOCTABHMBI
C 3arparaMi Ha peainialuMio alropurmMa HiMepeHus
no kputepuio MII, 4To ABAAETCA TOTIONHUTENBLHBIM
apryMeHTOM 1A HCHOIL30BaHHUA ITOIO alropuTMa
npu U3MepeHun koopauHat obbekTa. IlonyuenHsle
pe3ynbTaThl MOTYT ObITh OCOOEHHO MMONE3HbI MpH
AHAJIN3E W CHHTE3€ ONTHKO-EKTPOHHBIX CHCTEM B
clry4dasax HEOGXD}IHMOCTH BBICOKOTOTHOTO H3MEPEHHA
KOOpIMHAT 00bEKTA, a Takxke B ciaydae 6OJIbLIOro
“cmasza” n300paXKeHHs M3-3a JUIMTEIBHOIO BPEMEHH
HaKorieHus nzobpaxenuii B8 rockoctd GoroMu-
IIEHH TPHEMHHUKA, OOJIBIIOH CKOPOCTH IBHIKEHHA
oOHapyKHBaeMOro o0bEKTa U APYrux (Gakropos.
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CucteMHbI aHanu3 1 ynpasieHune

UlepbixanuHa H. M., lNope4Hsii C. C.

[IPUMEHEHHUE METOIOB MHOIOKOMIIOHEHTHOI'O AHAJIM3A
AJisl PEIHEHUSA HEKOPPEKTHBIX 3AJ1AY

Beenenne

CornacHo onpeaeneHHIo KOpPeKTHOCTH 1o Aia-
Mapy 3aja4ya CYMTAETC KOPPEKTHO MOCTaBIEHHOM,
€CJIM €€ pelIcHHEe CYLIECTBYET H €IHHCTBEHHO, a
MaJI0€ M3MEHEHHE MCXOIHBIX JAHHBIX MPHBOIHT K
MajaoMy HM3MeHeHHIO pesynbraroB. IIpobGnema ne-
KOPPEKTHOCTH FOpasao CIOXKHEee, 4eM ITO CIIeIYeT U3
TpeX ycnoBHil JaHHOTO onpenenenus. Hanpumep, He-
KOPPEeKTHOIi 1o Anamapy fBNsieTCs 3a1a4a peLieHus
KBaJpaTHOIO YpaBHEHHA.

Hapsay ¢ >TMM MMEIOT MECTO CYIIeCTBEHHO
HEKOPPEKTHBIE 3a71a4H, HANMPHMeEp, 3aj7a4a HHTEp-
NOJALIMH H 3aJa4a npuﬁnnmenuoro OIpeneneHms
npenena no noBeJACHUI KOHEYHLIX TOANnocCieaoBa-
TEJbHOCTEH.

ITpu perieHHH HEKOPPEKTHBIX 33/1a4 NPHMEHHUMbI
pasiH4HBIC NOOXO1bI.

TpaauuuoHHbIH NOAX0A 3aKIOHaeTCs B Clelly-
HOIIEM: HEKOPPEKTHOCTE 3aJa4H — 3TO HEA0CTATOK
HH(pOpMALMK M HYXKHO B TOH WM HHOI (opme n0-
MOJIHUTE €€ anpHOPHOH uHpopmMameii [1-5].

Jlpyroii BO3MOXHBIH MMOAX0/1; HEKOPPEKTHAS 3a-
Jla4a — 9TO HEBHAMMAs! 33 MOTPELIHOCTHIO, 3a IYMOM
uHpopmaima. Heobxoaumo Haiitu criocoBkl ee pac-
wH(ppoBKH K nogasaeHus myma. OTCI0Aa BOZHUKAIOT
HJIEH MHOTOKOMITIOHEHTHOIO aHa/lIn3a, MOBTOPHOM
JKCTPaNOoJALMH, (PHILTPALIMH H T. I

lnes MHOrOKOMIOHEHTHOTO aHAIM3a 3aK/I0Ya-
€TCA B MpPEJICTaBICHUH 3aBHCHMOCTH MOIPELIHOCTH
OT mapameTpa JAHCKpeTH3auuH (HanpHMep, mara
WIH 9HC/Ia Y3/10B CETKH) B BHAE CyMMbl HECKOJIb-
KHX KOMIIOHEHTOB, KOTOPBLIE MOTYT UMETh pa3Hbli
xapaktep [6-8]. B psane cnydaeB Takoil BuI 3aBH-
CHMOCTH 000CHOBAH MaTeMaTHYECKHMH METOAaMH,
HanpuMep, pasnokenueM no Qopmyne Teiinopa.
DKCIEPHMEHT, OIHAKO, MOKa3bIBAET, 4TO He Bcer/a
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MHOTOKOMIOHEHTHOCTh MOAKHO OOBACHUTH MPAMBIM
npuMeHenHeM hopmy:sl Teinopa. 310 MHOTOKOMITO-
HEHTHOE NPE/CTABICHHE MOKHO CUNTATh AMPHOPHOIH
uHpopmauueit. B ommune ot ucnonsiloBaHusg J10-
MOJHUTENBHOIT anpuopHoil MHpOpMaLK, KOTOpast B
o01IeM clTyyae BAUSeT Kak Ha OLIeHKH MOrPeLIHOCTH,
TaK M HA CAMH PE3y/IbTaThl, IPUMEHEHHE PA3HBIX
aJrOpuTMOB [PH MHOTOKOMIIOHEHTHOM aHaan3e
HE JI0JKHO MPUBOJANTL K MONY4YEHHIO NMPOTHBOpE-
yamux Apyr Apyry aanHeix. HaobGoport, cpaBHenue
U MPOBEPKA HA HENPOTHBOPEUYHBOCTL PE3YNLTATOB
pasHeIX cnoco0OB aHanM3a MO3BOMAET MMOBBICHTD
JIOCTOBEPHOCTL NOJIy4eHHbIX OlleHOK. OTMETHM, 4TO
HETPOTHBOPEUMBOCTH PE3YIBTATOB CIEAYET HOHHMATh
KaK nepecedyeHue MHTEPBAJIOB HEONpeaeIeHHOCTH,
KOTOpbI€ MOPO/KIAIOTCA PHOMHKEHHBIMH 3HA4YeHH-
AMH H OLEHKaMH HX MOrpelIHoCTei, o1y 4eHHbIMH
pa3sHbIMU MeTozamu [9].

IlpencraBnseTcs nepcneKTHBHBIM HCIOL30BAThH
MIOAXO/BI H H/IEH, KOTOPbI€ NPUMEHAITCA B 001aCTH
HH(POPMAIIMOHHBIX TEXHOIOTHH, HANPHMED:

e paeHTHHKALINSA MATEMATHYECKOH MOJENH 110

pe3y/IbTATaM YHCIIEHHOTO JKCTIEPHMEHTA;

® 00paboTKa pe3y/IbTaToB IKCIEPUMEHTA MyTEM

4YMCIIEHHON (MIbTPALMH IS MOJABICHHS
HEHYKHBIX H BBIJCJCHHA T0JE3HBIX KOM-
MOHEHTOB;

® BU3yaIM3alUs Pe3ybTaTOB JKCOEPUMEHTA H

pacno3HapaHue o0pasos;

® HBPUCTHYECKHE KPMTEPHH JUTS NOAAEP/KKH ITPH-

HATHA PELIEHUS O JOCTOBEPHOCTH OLICHKH B
YCJIOBHAX HEONpeneleHHOCTH.

B cBa3M ¢ 5TUM npeanaraeTcs pasaennTh 3anaqy
aHaIM3a pe3ynbTATOR HA MO/A3a1a4H.

[Teppas — 510 00paboTKa pe3y/bTaTOB YHCICHHO-
ro JKCIIEPHMEHTA C MOTy4eHHeM /Ul JalbHeHIero
aHanM3a Mo BO3MOKHOCTH OO/bLIEro YHCIEHHOTO



CUCTEeMHbI aHanna 1 ynpaeneHve

marepuana. [IpuBeaeHHbIH Huxe o0wuii MeTon
pelieHns JTOH 3a1a4M Ha3BaH 4HMCIEHHOH (HIIb-
Tpauuei.

Bropas — aHanM3 noay4eHHoro nytem (uasTpa-
LMK YHCIEHHOTO MaTepHana /Ui MNOHCKa OTBETa Ha
BOIPOC: MOYKHO HJIH HEJTb3$5 J|OBEPATh MOJIY4YEHHbIM
ouenkam. TouHee, peub HAET O NPHHATUH PEILICHHSA:
OLECHKA NPHHHUMAETCA MM OTBEpracrcs. ,HJ'H! 3TOro
HeoOXxoauMa pa3paboTka KpHTepueB M MpaBWIl, Ha
OCHOBE KOTOPLIX NMpHUHUMAETcs 3To pelneHue. He-
o0xoaMMa Tak:Ke JKCIEpHMEHTaldbHas MpPOBepKa
JIAHHBIX MPaBHI, MOCKOILKY OHH C(OPMYIHPOBAHbI
Ha OCHOBE OMNpeaeJeHHEIX JOMYIIEeHU H OMIHpHYe-
CKHX 3HaAHHH.

TpeTbsa noasazaya — 3TO MpoBepka cHoOpMyIn-
pOBaHHBIX BBIBOJOB. B 0CHOBHOM, 9TO cpaBHEHHE C
pe3yabTaTaMH, MoJy4eHHBIMH HE3aBHCHMO IpPYT OT
Apyra pa3sHbIMH MeTozaMu. Bo3MOXKHO nmocTpoeHHe
pasnu4HBIX MaTEMaTHYECKHX MO}ICJ'ICFI 1A OLCHKH
BJIHAHHA KOJIHYECTBA MPOBEPOK HA HAACKHOCTbL pe-
synsrara [9]. [Ipu 2ToM 3aBbllIeHHE TOYHOCTH MpH-
BOJNUT K YBEIHYEHHIO JOCTOBEPHOCTH.

1. 3aga4ya HHTEPNONAHH

PaceMmoTpuM 3aaady uHTEpnonauuu (nepenecmu
onpedenerue) Gynkunu flx)= sinx. C To4kH 3peHuns
BBIYMC/IMTEIISA JTA 3aj1a4a BIOJIHE paspellinma, TaKk
KAK M3BECTHA MPOM3BOAHAA 3TON (PyHKUMH m0boro
HOPsJIKA, €€ JIETKO OLIEHHTh CBEPXY, H BMECTE C ITHM
CTAHOBMTCH BO3MOKHONH oueHka norpewmHocty [10,
11]. JlaHHBIIT MOMEHT ABASETCA K/IHOYEBbLIM JUIS Bbl-
YHUCIIHTENA, TAK KaK HMCHHO OLIEHKA NOrpelrHOCTH
NPHIAET YHCICHHOMY Pe3y/bTaTy HHPOPMALIHOHHY O
teHHocTs. Kpome Toro, nosipisiercsi BO3MOKHOCTD,
BapbUPYyA CTENEHbH HHTEPIOIALHOHHOIO MHOIO4J1€e-
Ha, MOJIOKEHHEM Y3JIOBLIX TOUEK, 100HBATLCA YTOOBI
NOrpeiiHOCTL HE MpEBbIlIaia 3aJaHHOIO 3HaA4YCHMWA.
C maremaTH4ieckoil M NMPaKTHYECKOH TOYEK 3peHHs
3aj1a4a HMeeT CMBICIL.

OO6was 3aaa4ya MHTEPINONALUHH (BBIYHCIECHUS
npubAHKEHHOTO 3HaYeHUs QYyHKUMH, 3a1aHHOH
TOJIBKO CBOMMH 3Ha49€HHUAMH B Y3JIOBBLIX TO‘-IKEI.X)
ABJIAETCA CYLMIECTBEHHO HEKOPPEKTHOMH, MOCKOIbKY
cylecTByeT beckoHedHoe uucao GyHKuii, rpadukn
KOTOPBIX MPOXOAAT 4€pe3 KOHEYHOEC YHCIIO TOUEK. C
YHCTO MATEMAaTHYECKOH TOUKH 3peHHs, Oe3 3agaHus
AononHuTeNbHON HH(OpPMalLMK ITy 3aJady pelarhb
HET CMBbICIA, MOCKOIbKY HEBO3MOKHO OLEHHTh
MOrpeiHoCcTh (OTHOCUTENIBHO Kakol (QyHKUHHM ee
OLIEHHBATh, €CJIH CYIIECTBYET MHOKECTBO Pa3HbIX
dyHKuHiA?).

[Tocne nossnenus DBM 3agaum mHTEpnons-
uuH (pyHKIMH, 3a0aHHBIX TaOIMYHO, HE MOTEPSIH
AKTYaJbHOCTH, MOCKOJBKY B pe3yiabTaTe 4HCIeH-
HOrO pelleHHs CJIOKHBIX 3a/ay rnojydaercs paj
3Ha4eHUH MCKOMOH (YHKIMHM NpH pas’HbIX 3Haye-
HHAX BXOJHOro napamerpa. [Tonyuenue Gonbioro
YHCIA TAKMX 3HAYEHWIl CONpAXKEHO C OONBIIMMH
3aTpaTaMy MalIHHHOTO BpemeHH. [IpumeHenne nx-
TEPNOJALHH MO3BONAET CYIIECTBEHHO YMEHBIINTh
9TH 3aTpaThl.

OcHoponosnaratolee 3HaueHHe 3aa4u HHTEprno-
AU 00BACHACTCS TAKIKE TEM, HTO MHOTHE METO/1bI
peLeHus 3aaay yucieHHoro auddepeHuHpoBaHus,
UHTErpHpOBaHus, peuleHus auddepeHunanbHeIX 1
UHTErpasbHbIX ypaBHEeHMI cBOAATCS K AHpdepeHun-
POBAHMIO U MHTEIPHPOBAHHIO HHTEPIONAIHOHHOIO
MHOTOUIIEHA.

HekoppekTHOCTE 0011€eil 3a1a4H HHTEPNOIALIHH
CBOJMTCA K TOMY, 4TO K MOJTY4YEHHOMY HaMH pelle-
HHIO 32/1a91 HHTEPIOIALHN MOKET ObITh NobaBneHa
HIpoH3BOJIbHAA (PYHKUHMA ((X), HMEOLIas HyJIEBbIe
3Ha4eHHA BO BCEX 3a/aHHBIX y3/IOBBIX TOUKAX.

MoskHo yka3aTh pasHble crnocoObl HCMOMb30Ba-
HHA HECKOJIBKHX CETOK JUIA MOBbILIECHHA HAAEKHOCTH
TNoJydaeMbIX pe3ynsratoB. Ecau pesysnsraThl HHTEp-
HOJIAILAH C HCIIOJIB30BaHHEM BYX CETOK COBMAJHM C
OLICHEHHOH MOTPELIHOCTBIO, TO Mbl yOeKIaEMCH, 4TO
runoteTHdeckas gobasouHad QyHKUMA (G(x) MMeeT
HYJIEBbIE 3HaYeHHA (B paMKax 3TOH MOrpeuIHocTH) 1
B y3/1ax HOBO# ceTkH. [Iposomkas 5TOT IKCIEPHMEHT,
MBI [PHXOAHM K 3aKJIIOYEHHIO, YTO (P(X) paBHA HYIIIO
Bee B GosiblueM H OoibiueM gnciie Todek. M3 3toro mel
JIeNIaeM BbIBOJI, YTO ITY IMIIOTETHUYECKYH) (DYHKUHIO
©(x) cnesyer NPHHATHL PaBHOH HYJIIO BO BCEX TOYKAX.

D10 He eCcThb MAaTeMaruueckKoe J0Ka3arelbCTBO,
MOCKOJIbKY KakoB Obl HM Obin Habop Touek, nmpu
1H000M KOTHUECTBE YHC/IEHHBIX IKCTIEPUMEHTOB OH
KOHEYEH, a 3HAYUT, MOXKHO BOOOPa3HTh (yHKUMIO,
PaBHYIO HYJIO BO BCEX y3/1aX BCEX CETOK, HO HE PaB-
HYIO HYJIIO TOJKIECTBEHHO.

IIpHHLIKI IPOBEPAEMOCTH PE3Y/ILTATOB, OLEHOK
¥ BBIBOJOB MMEET HE CTPOro JIOTHYECKOE, a CKopee
npaKTHyecKoe 000CHOBaHHE C MO3HLHH «3IPAaBOro
CMBICJIa», KaK 9TO MPHUHATO, HAPHMEP, B (PH3HKE.

Takum 0Opa3om, XOT# MOJHOCTEIO HCKIIOUYHTh
BO3MOKHOCTH OWHMOKH (HEMPaBUABLHOH OLEHKH
MOTPEIIHOCTH Pe3y/IbTaTa), CBA3AHHOH ¢ HEKOPPEK-
THOCTBIO 33/1a4H, Helb3s, HO €CTh ITyTH YMEHbILEHNSA
TaKoH BO3MOKHOCTH.

MHOTOKOMIOHEHTHAA MOZEIb MOrPemHOCTH
HHTEPIIOJIALNH anredpanyeckuM MHOTOUICHOM m-i
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MudopmaTtunka. TenekommyHukaumn. YnpasneHue

crenenn P, (x) dynkumn f{x), umerowmeii n+1 He-
NPEPEIBHYIO NPOM3BOAHYIO Ha ceTke X, j=l...., M
NpeacTaBIseTcs B cnenaytouem suae [ 1 2]

()

P()- 1) =~ T ) -
k+ n-m {"”.ﬂl
SRR R
k+m = oy 5
‘H (x=x)w(x).
e b,, = kg(r‘. -c) 4 J:ll_[:‘ P
(n+1)
)= LrHE] (=)™,

(m+ l)!(n -m)!

X CC € X Xk SNE Xy s

2. DuabTpauus

lleneio pUALTPaLIHK ABIAETCA YCTPAHEHHE Tep-
BOH COCTABJAIOUIEH MOTPEIIHOCTH HHTEPMOMSILUMH
8 (1) (B npeanonoxkeHuy, 4To oHa OOMbLIE APYIHX).
Torna yrouHeHHOe 3HaueHHe MOMKET ObITh MCIONb-
30BaHO Ul OLEHKH MOrPEIIHOCTH HHTEPMOJALMH,
aHaJIorMyHo npasuay Pyure.

CrpouTes 1Ba HHTEPHOIALHOHHBIX MHOTOU/IEHA
¢ MCnonb30BaHueM HabOpPOB Y37I0B OJHOH CETKH,
CMEIIEHHBIX Ha Iar OJIMH OTHOCHTENILHO APYTOro.

k+m  k+m

1)“} , X Yﬂ
" :Z Yi !I—! X, — rla
I#i
k+m+1  k+m+1
(2) X — X
P:': X)= Avl'
I ( ) i=k+1 r=kl_[+1 X=X
1=i
B coorBeTcTBHHM C (1),
A(m+1) k+m
(1) S (e)
By (x)=f(x )—T)!H(I"-‘ﬂr)‘---
hr(""’”(r_.)k-.ﬁm-.l

)= ) -y L1 (- ) -

CocraBHM JIMHEHHYIO KOMOHHALIMIO:
P(x) = ap,) (x) + BB, (x) = (a + B) £ (x) -
f{nn[] (l’.)

(m+1)! |

(2)
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aﬁ"(r - xﬁ“)+ Bﬁl(r - tf ) +...=

i norpedyem, uToObI CyMmmapHbIil KOY(PHHLHEHT ITPH
/(x) Gbin pasen 1, a BTopoe caraemoe B (2) pasHo
0. [Monyunm cucTemy IHHEHHBIX anrebpanHuecKux
YPaBHEHUiT OTHOCHUTENBHO O U f3:

a+f =1, ajlj:(t-xp}) [i'ul‘]:'-i”(wr-):F ]20.

PelieHue 1ol cCHCTEMBI:

(==~ Tgmii) ﬁ (x-x)

I=k+1

k+m k+m
(‘:_xk} (x_x;)_(x_""k.m-l)n(-’:_x:)
I=k+1 I=k+1
= X = Xl = Xpimsl — X
(—" '-‘k)‘ (-" = x}c‘m---l) Xpamel = X
B: X_I‘. - .T_IA_ .
(‘r_xk)_(x_xklmﬂ) Xhamrt — %k

Otcrona nonyunm hopmynny GpunsTparm:

- X X
P(x) = —kemil P“} v
(1) Xk+m+l — Xk " (r)+
(3)

+——t— P (x) = Py ().
Xeomel — X
dopmyna (3) npeacrasnser coboH pekyppeHT-
HOE COOTHOIIeHHe DHTKEeHa H MO3BOJIAET NOMYHHTh
HHTEPNOIALMOHHBIH MHOrowleH n+l-ii crenenu c
MOMOILIBIO IBYX MHOTOUIeHOB n-it ctenenu [10].
Takum o6paszom, nanHbIi cnocob (unsTpaunu
CBOAMTCA K MOCTPOCHHIO MHTEPNOIALHOHHOTO
mHorowiesa P, (x). [Tostomy cirenyromas dunb-
TPALHA COCTOUT B MOCTPOCHHH MHOTO4IIEHa P, 5 (x)

m+
M T. 1.
3. Kpurepuii pasmbITOCTH

ITockonbKy OLIEHKH MDOTPEIIHOCTH, MOIYYeHHbIE
¢ noMoIblo (punbTpauuy (3), cnpaBeIUBEL TOIBKO
B C/Tyae, KOorja MHorouieH Oosiee BLICOKOH CTeneHn
naer Gosiee TOUHBIA pe3ynsrar (a 3TO MOKeT ObITh
He TakK), TO HeoOXOIHMa NMPOBepKa CIpaBeaIHBOCTH
ITOrO JONYIIEHHS.

OLeHKOH MOrpeiHocTH npoaepnemoro 3HaYEeHHs

P (%) = Py (%)

l'Ipouecc YBEJIHYEHHA CTEIIEHH HHTEPITOJAALHOHHOIO

P, (x) cumraercs pasHocts A, =

m

MHOro4JjieHa MOKHO MpPOAOJIKHTL W IMOMTYYHTb 3Ha4C-
(1 ;

,(x).Passocts A = P, (x)-P,., (x)

ABJIACTCA OLIEHKOI norpemuocm OLICHKH I1OTPeILHO-

Hue P,

ctu. OTHOLIEHHE r HMMEET CMbICII OT-

HOCHTEJIbHOH PasMBITOCTH OLIEHKH IMOIPEeLIHOCTH.



CuctemHblin aHanus v ynpasnesue

IIpu noBTOPHBIX (GHUIBTPANMAX BBIMHCAAKOTCA
KO3 (HULHEHTBI PA3MBITOCTH

AU |Au IJ/A!;]|

(B o1 (2) = P oz (2)) /(B () = Py ()}

Ecam npu atom /) < r < 1, 10 u3menenne pe-

3ynbrarta (GHABTPALHH MAXKOPUPYETCH cxoasieiics
reoMmeTpuyeckoit nporpeccueii. [Ipu sTom ee cymmy
MO/KHO HCMO/IL30BaTh Kak NpeAcKasaHne HanOoIIb-
1Iero OTKJIOHEHHUs THIIOTETHYECKOro rnpejena or
BbIYHMCIIEHHOTO 3HAYEHHA.

Paccmorpum TPH BBIYMUCIIEHHBIX 3HAYEHHA

m+)() m+ j+1 ,\‘) P-»_,r*"('x)'

Pe3ynbTar BLIMHCIIEHHI NPEACTABIAETCA B BHIE
MHTEpBaja:

Y= Pm-_,r'-l (t) +

2

A[,,f} = Py (%) = Bui g (%)

m+j l

Ecnn cnpaseanuBa runoresza o MaxopaHTe B
BHJIE IreOMETPHYECKOi MporpeccHu ¢ OCHOBaAHHEM
r < 1/2, To npH NpoIOIIKeHUH (PHILTPALIMH Pe3yabTaT
BLIYHCIIEHHH He BBIHAET H3 YKa3aHHOIO MHTEpBaa.
CrenoBarensHo, OLIEHKA NOTPEUIHOCTH OyAET 10CTO-
BepHOil. [lns nosbimenus HagexHocTu B [6,7,8,12]
B KaueCcTBe KPHTEPHA HCHONb3yeTcs Gonee KecTkoe

yCJIOBHE :{’} < r < 1/3. [lpu sToM, yem Gosbluee

KOJTHYECTBO YHCE! r(I’ ) Bbramcneno u YAOBAETBOPAET

ITOMY YCIIOBHIO, TeM GOJIblie HAIEKHOCTD MOy YeH-
HBIX OLICHOK.

Cneayer OTMETUTh, YTO NPH HHTEPIOJALMHA
nosenenue B, (x) NpH yBeTHUEHHH j MOXKET He
YIOBJIETBOPATE naHHomy YCIIOBHIO, T. € Pa3HOCTH
TOIMHOMOB TIPH yBEIMYEHUH j YOBIBAIOT MEICHHEE
WJIH HeperyapHo. B 2ToM ciyuae B kauecTBe uccre-
JyeMOil 0CIeA0BATENIbHOCTH MOKHO HCTIO/B30BATH
3HAYEHHs [OIMHOMOB Yepe3 O/IHH, /IBA M T. [I. HOMe-
pa, €ciii 3Ta MOC/IeA0BATENbHOCTh YOBIETBOPAET
KpuTepuio pasmbitocTi. [Ipn 9T0M Bee npeabiayme
PACCyKAEHUA OCTAKTCS CPABELTHBBIMH.

BaxkHoil neranbio npuBeaeHHoro obocHoBa-
HUSL KPUTEPHS PA3MBITOCTH SBIAETCH HE TOIBKO
MakOpHpOBAHHE TEOMETPHYECKOI nporpeccueii,
HO M MPEeNoNoKeHHe O CYIIECTBOBAHUH Mpeena
nocnenosarenbHoctn P, (x) npm j—oo. [apa-
JIOKC 3aK/II0YAETCs B TOM, YTO MOCJIE0BATENbHOCT
P, (x), KaK nokaspIBaeT IKCNEPHMEHT, MOKET He
MMeTh Mpeena, aaxe, eCli NPeAnoIoKuTh 6ec-

KOHEYHOE pa3sBHTHE fpoliecca BelYHCIeHHi. B 2ToM
NpOABJIACTCA ,E(BOﬁCTBEHHDCTb NOBEACHHA pEIJ.IEHHﬁ
3a/1a4H HHTEPIOJIALMH (BCE XOPOILIO JI0 OMPEEIeHHOrO
MOMEHT4, a MOTOM BCE MOPTUTCS), YTO HE SABIAETCA
UCKIIFOYEHHEM, a CKOpee MPAaBHUIIOM MPH NPHMEHEHHH
PA3IHYHBIX HHCIIEHHBIX METOIOB. 3”!')" ,EIBOI:ICTBEH-
HOCTB ClIeJlyeT pacCMaTpHBaTh Kak (akT, MoATBep:K-
JEHHBI MHOYKECTBOM JKCMEPHMEHTOB, HanmpHMep,
KPHTHYECKOE 3Ha4YeHHE OTHOCHTEIbHOH Pa3MbITOCTH,
paBHoe 1/3, cHayana BO3HHKJIO KaK BbIBOJ1 M3 aHalIn3a
yHcieHHoro skcnepumMenta [ 12]. [Tooromy ocHOBHBIM
000CHOBAHHEM KPHUTEPHS Pa3MBITOCTH CHIEIyeT CHH-
TaTh JKCIEPUMEHTAILHOE, H LeIbI0 €r0 MPHMEHEHHA
SABJIACTCA YBEIIMYEHHC HANEKHOCTH OLECHOK, a4 HE
CTPOroe J0Ka3are/JbCTBO MX CIIPaBeAJHBOCTH.

4. YUncieHH bl IKCNePpUMeHT

JL1s TECTOBOrO YMC/IEHHOIO YKCNIePHMEHTa OBLTH
HCTIONb30BaHbI Pe3y/IbTaThl pacyeTa 3Ha4eHHil sin x B
TOYKE X = 0,1 C NOMOLIBI MHTEPNOIALIMHY HA CETKAX

x; =20n= , j=0,...,n ana n=>50, 100, 200,...,

n
6400. CteneHH MHTEPIIOTHPYIOLHX MOTHHOMOB M
u3mensunce ot 1 1o 30.

PesynbTarsl QUIBTPALHH H OLIEHKH TTOTPEIIHOCTH
yI00HO NPeACTaBNATEL HA rpaduKe B BU/E 3aBUCHMO-
cri — g § (aecaTHuHOro sjorapu)mMa OTHOCHTENLHOM
MOrPEIIHOCTH), T.€. TOYHOCTH, BLIPa)KEHHOM B KOJIN-
4eCTBE TOYHBIX AeCATHYHBIX 3HAKOB OT JECATHYHOIO
norapudma cTeneHH MOJIHHOMA M.

PesynbTaThl pacyeToB NpeACTABICHbl B BHIE
rpaukos (puc. 1). Ha xaxnom rpaduxe kpussie |
MNOCTPOEHEI MYyTEM CPaBHCHHA C H3BECTHLIM TOYUHBIM
IHAYEHHEM:

B (r) —sin x

d = f———
sin x

KPHBbIE 2 — CPABHEHHEM 3HAUYEHHI MOJIHHOMOB:

5 = | P () = P (v)
I mi() I

Puc. 1, a—T COOTBETCTBYIOT PasHOMY YHCIY Y3JI0B
(passomy wary cetku) n = 50; 100; 200; 6400.

W3 prcyHkoB BUAHO, 4TO nipu 77 = 50 yBeJIHYEHHE
CTENeHH HHTEPHNOIALNOHHOIO MOJMHOMA HE PHBO-
JHT K yBeITHYEHNI0 To4HOCTH; npu 11 = 100 TouHoCTh
ysenuuusaercs or ot 0 g0 8 3navammx umdp (npu
H3MEHEHHN cTeneHu monuHoma ot 1 go 30); npu
#n = 200 cHa4gana NPOHCXOIUT YBEIHIEHHE TOYHOCTH
a0 12 3HakoB, 3aTeM yMeHbLIEHHE TOYHOCTH; NpH
n=6400 a1 m > 7 TOYHOCTb YCTaHABJIMBACTCH Ha
yposHe 16 3nauamux uudp.
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14
12

1

6

0 ; : |
lgm 1.3

0 0.5 |
r

lgm L5

Puc. 1. 3aBHCHMOCTH 3HaYeHHH MOrPEIHOCTE HHTEPIOIALHOHHBIX IIOJHHOMOB PasHbIX cTeneHei or Ig m:
a-n=350;6—-n=100; 6 —n=200; 2 - n= 6400

[To 5THM pe3ynbTaTaM MOKHO CYAUTh O TOHHOCTH
OLIEHKH MOIPEIIHOCTH, KOTOpas Mo/iy4aercs B BUIE
Pa3sHOCTH 3HA4YeHHWI MOJMHOMOB Pa3sHbIX CTENEHEH.
OTMETHM, HTO HMEET MECTO 3amnasiblBaHHE OLEHKH
0 pa3sHOCTH 3HAYEHHI TIOJIMHOMOB OTHOCHTEILHO
TOYHOTO 3HAYEHHs B TeX C/Iydasdx, KOrJa TOYHOCTh
MHTEPIOJIALMH NPH YBEJIHYEHHH m pacTeT (0cobeHHO
2TO 3aMETHO Ha pHC. 1, 6, 2), KoTopoe 0OBACHAETCH
TEM, 4TO C MOMOIIIbLI0 00/Iee TOYHOTO 3HAYEHHS OLle-
HUBaeTcA MeHee ToyHoe. Kpome Toro. kak BHAHO
Ha puc. 1, a, 6, pa3HOCTH MOJHHOMOB B HEKOTOpPbIX

-lg 6_. e

d
i

lgm L5

Puc. 2. 3aBHCHMOCTB 3HAUCHMI MOrPELIHOCTEH HHTEPHOIALIHOHHBIX

Cay4asx MMEET aHOMAJbHO Majible 3HAYeHHS. JTO
MOKHO OOBACHHTH TEM, UTO (PYHKIIHA SIN X HeueTHas,
a MHTEPNONALHOHHbLIE NOJTHHOMBI COAEPIKAT YeTHbIE
COCTaBIAKOLIIHE.

ﬂﬂﬂ YBEIIHMYEHHA HAJACKHOCTH OLEHOK MOMXKHO
HCIMOJIb30BaTh MPOCTEHILHIE CIIOCOD CTATHCTHYECKOH
(GunpTpauMn — ycpeaHeHue Mo nape 3Ha4eHuii mno-
JauHomoB. Ha puc. 2 npuBeseHsl pe3ynbTaThl TAKOH
¢unprpaunn. CpaBuuBas puc. 1, a, 6 u puc. 2, a,
0 HETPY/HO OTMETHTH IMOBLIIEHHE TOYHOCTH Olie-
HOK.

dgdr—

] 0.5 1 lgm 1.5

[OJIMHOMOB PasHbIX CTerneHeit ot Ig m:

a-n=50:0-n=100
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CuCTeMHbI aHanus U ynpasneHue

Ha puc. 3 nokasaHsl pe3ynabTarbl HHTEPHOIALIMA
YHCTIEHHBIX pettenui 3aaa4un o onuax [13]. Kpusas /
[MOCTPOEHA ITYTEM CPABHEHHUSA C YTATIOHOM (MTOCKOILKY
TOYHOE 3HAYEHHE HEN3BECTHO), KpHBas 2 — CPABHEHU-
€M 3HaueHui MoJIMHOMOB, Kak M Bhimle. Buano, 4yto
MOTPEIHOCTh MHTEPIOJILIMH MOKHO YMEHBIIHTS 10
15-it 3Havainei nudpel. OrpaHHYeHHE B ITAHHOM CITy-
yae 00BACHACTCH KOTHYECTBOM paspsaa0B MAHTHCChI
YHCE B MAlIHHHOM IPEACTaBIEHHH.

-lgd

12
10
s o

[

5 10 15 m

Puc. 3. 3aBUCHMMOCTH 3HAYCHHIT NOrPEIIHOCTEI
HHTEPIIO/IALMH PELEeHHI 3a/1a4H O BOJIHAX OT m

CrnenyeTr OTMETHTB, YTO Pa3HOCTh MEIKIY OpaH-
HaTaMH TOHYEK ABIACTCA ASCATHYHBIM Jorapugmom
OTHOLIEHHsA OLEHOK norpewtHocteii. [TosTomy ot-

HOCHTE/ILHAS PA3MBITOCTD 7,/ ) nerko onpenensercs

u3 rpaduka. HanexHble OLIGHKH MOMy4aloTes MpH
J0CTAaTOYHO OOJBLIOM PACCTOAHHH MEHAY TOYKaMH
KpHBbIX (a HMeHHO, Gonbiuem lg 3 = 0,5, B cooTBeT-
CTBHH C NPUHATHIM BEIIIE KPHTEPHEM ).

5. Onpenesienne npeaena nociieoBaTe/ lbHOCTel

PaccMOTpHM 3aBHCHMOCTB MTOTPELIHOCTH BBIYHC-
JIEHHSI HEKOTOPBIM YHCIEHHBIM METOIOM HEKOTOPO#
BEJIMYMHBI Z, KOTOpAs 4acTO NpeICTaB/IsgeTcs B BUE
CYMMBI!
z,—z=en v et + A(n), @)
e Z — TOYHOE 3Ha4YeHHe; z — NpHOIHKEHHBIH pe-
3yJbTAT, MONYYEHHBII TPH YKCIE Y3J0BBIX TOYEK
(MM YHC/IE CJIaraéMbIX CYMMBI), PABHOM /] k1,...,
k, — NpOH3BOJIbHBIE H3BECTHBIE JEHCTBUTEIbHbIE
uncna (k, < k,<...<k).

Takyw 3aBHCHMOCTb MOIPEUIHOCTH HMEIT
MHOTHE MeTObl YUCIEHHOTO AH(DdepeHIpOBaHHS,
MHTErpHpOBaHuA W T. . Ecin npu pewieHuy 3ana-
YH MOJKHO JOMYCTHTh BO3MOMKHOCTh Pa3jIOKeHHA
¢ynxumii no dopmyne Teiinopa, 10 k; — 3T0 HacTs
pAna HaTypanbHBIX 4Hcel. Torza K 3ajaadue OLEeHKH
NpefeabHOro NpH 7 — © 3HAYEHHS Z MOXKHO M0-

JONTH Kak K 3ajiaye MHTEPNOIALHH 3aBHCHMOCTH
:-:(:c) oT mapamerpa x = I/n anrebpanueckum
MHOTOYJIGHOM € MOCIeAyoLeil sKkeTpanosiuuei 10
x = 0 (merton Pombepra, cm. [10, 11]). Apyroii noa-
X011, MPUBOAALLNH K aHAJIOTHYHOMY QJITOPHTMY, HO He
TPeOyIOMIHH LIEJIOYHCIEHHOCTH k; — 9TO YHCICHHAA
(punbTpaumnA, T.e. MNOCIEA0BATE/IBHOE YCTPAHEHHE
CTEeMNEeHHBIX CJlaraeMbliX CyMMbl (4) MpH COXpaHEeHHH
3HAYEHHA KOHCTAHTHI Z.

[Iycte uMeeTcss MOCAENOBATENbHOCTD
z,» 1 =1...,J BbMHCICHHBIX pe3yabTaros. [lpu
YBEIHYEHUH 71 B LIENOE 4HC/Io pa3, T.e. n=n Q"'
3amava (pMIBTPAIIHH PEIIAETCH TOMHO, HECMOTPSA Ha
HaJIMuMe HEeM3BeCTHol coctasimoweii A(n). Jlis

ITOTO pacCMOTPHM [Ba 3HaA4€HuA =z, , I, , BbIYHC-

-y
JIEHHbIE PHU HHCTIE Y3I0B, PABHOM 7, U n; = On,_,
COOTBeTCTBEHHO. COCTABMM JIMHEHHYIO KOMOHHALIHIO,

aHAJIOrn4Hy1o (2):

) -1 A=)
e = u'.i"'nj_] T B}"’rr, =

k & (/-1
=(u,_- +B}-):+(ajn,-_l’ + B “)cj S

(=Ll ::“ =z, ) u norpedyem, 4T0OHI,
cymMapHbii Kod(pduumueHT npu z 6bu1 paseH I,
a npu c_".f"“ pasen 0. Toraa o, = —(Qk' - l)_1 s
B, =1-a, Orciona nonyunm popmyny PpuisTpa-

LIHH, KOTOpAas B JJAHHOM CJIy4ae COBIMAJaer ¢ IKCTpa-
nonsiuMoHHoH hopmysnoii Puuapacona [10, 117]:

=0 _ -1

. . z, pi
e I )
) ) k
=1
[IpoBoas nmocinenoBaTenbHO (GUABTPALHIO MO
BCEM [1apaM COCEHHUX 3HAYeHHH z, , z, , MIOJTyYHM

OT(HIBTPOBAHHYIO 3aBUCHMOCTh, HE COAEPKALLYI0

..k’r
HiaeHac n

13 [ o, & ., 72 (), —k, (/)
2w g lam W & el v A4 (),

rae

n N Qkf Q""’
1) | -0 _ (/-1 B
C = a(_] +B;‘ ] =¢ .

/ F k
I=j+1,....I" g =1

3ameTnM, 4TO OT(HUILTPOBAHHAS MOCIE0-

BATENLHOCTH z./) CONEPIKHT HA OIMH WIeH MEHbIIE,
yem z/7". Eciu ona comepxkut Gombie 0aHOro
YIeHa, TO €€ TAKKe MOKHO OT(UIETPOBATh, YCTpa-
R.’

HHMB CTENMEHHYIO cocTasasiomyto ¢ n ' . Onepaunu
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(UIBTPALHH MOKHO MOBTOPATH MOC/IEA0BATENBLHO

,...,n " | ecnm mexonmas mocrnenoBatesb-
HOCTh COIEPKHT JIOCTATOMHOE KOMHYECTBO 4JIEHOB.

[naBHbiM orpaHuyeHneM s NMPUMEHEHHs pac-
CMOTPEHHOTO METOIA ABTIACTCSA HATHYHE HEM3BECTHOM
COCTaBIAIOLIEN norpemwHocT A(n).

Ecnu 3aBucumocts z o1 HMEET HEpEry/IApHYIo
COCTaBJIAOIIYI0, MOAY/Ib KOTOPOil OlleHHBaeTcs
cepxy BennunHOH A, To MOaynb HeperyaspHOi

L "
HacTH NMOIrpeuIHOCTH A{ ), cojepxkallencs B 3Ha4e-

L as
HHUAX .".'L ) > MPH KaZKI0H d)uanpaunH MOKHO OLEHHThL

CBEPXY CIEAYIOIHMM 00pasoMm:
(L-1) , AlE-1) &y
Atf":A”‘”-I—A + A =Q + 1
o -1 Qf -1
Jlns metona Pombepra, npuMeHseMOro K nocue-
J0BaTeIbHOCTH (4) (k=i), npousseaeHne:

Y A

[1(e* +1)/(e" -]

L=1

OTPaHHYEHO YHMCIIOM, NPHOIHKEHHO PABHLIM 8, T. €.
metoa PomOepra siBiseTcs yCTOHYHBBIM K MOrpei-
HOCTH HCXOZIHBIX JaHHBIX.

Pesynbrar pacuera ¢ OLEHKOH MOTrpemIHOCTH

npescTaBasercs B Bue uutepsana z = =/ + AU)

Al = 20— 2UY) Omomenne ) = IAE,-" ' ”/AL‘“

MMEET CMbIC] OTHOCHTENIbHOH Pa3sMBITOCTH OLIEHKH
NOrPeLIHOCTH, KOTOpas MCMONb3yeTcs /Ul NpoBep-
KH BBIINOJHEHHA KPHTEPHS Pa3MbITOCTH, KaK ObLIO
YKa3dHO BBbIILIE.

5. Pemtenne Kkpaesoii 3anaum
A5 IMHEHOTO 00bLIKHOBEHHOI 0
anddepenunansHoro ypagHenus
METO10M KOHEeYHBIX pa3HocTeii

[Tycte Ha oTpeske [a,b] Tpebyercs HaiiTh peure-
HHE JINHEHHOro AndpepeHIHATEHOrO YpaBHEHHA BTO-
pOro ropsaKa ¢ nepeMeHHbIMH KodphuimeHTamMu:

Y+ plx)y' +glx)y = f(x), (6)

YAOBJICTBOPAKIIEES CICAYIOIIHM KpaeBbIM YCJO-
BHAM:

ey(a) +e,y'(a) = c., dyb) +dyy'(b) =d, (7)

ley| + |es| # 0. |d)| +|d,| = 0.

d,

YucneHHoe pereHne 3a5a4H MEeTOA0M KOHEUHBIX
pa3sHOCTEil COCTOMT B HAXOXKAEHHH MPHOIHIKEHHBIX
3HAYEHHH y, ¥, ..., Y, HCKOMOI'0 peLIeHHs }(X) B y3/10-
BBIX TOYKAX X, X ,..., X . Icnosb3yem paBHOMEpHYIO
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CEeTKY, 00pa30BaHHYI0 CHCTEMOH PaBHOOTCTOAILIHX
y310B x; = x, +ih, i=0, 1, 2, ..., n. [Ipn 3TOM
X,=a, x = b, h=(b-a)/n. Annpoxcumupyem y'(x) u
»V"'(x) B KaXK10M BHYTPEHHEM Y3J1€ LEHTPaIbHbIMH
Pa3sHOCTHBLIMH MPOH3BOAHBIMH M Ha KOHLAX OTpE3-
Ka — OJIHOCTOPOHHMMH npou3sBoausiMu. [Ipu noa-
CTAHOBKE Pa3HOCTHAIX POU3BOAHBIX B (6) MOMTYYHB-
IIHECS PaBEHCTBa 00pa3yloT cucTemy 71 + | THHEHHBIX
anreOpaHyecKHX ypaBHEHMIl ¢ 1 + | HEH3BECTHBIMH
Yy Vi - ¥, € TPEXIHArOHAJIbHOM MaTpHLeil. Takum
obpa3zoM, uToObl HaiiTH NPUOIHXKEHHOE pelleHHe
auddepenunanbroii 3agaun (6), (7) HeodxoauMO
PELLNTb ITY CHCTEMY METO/I0M [POrOHKH.

B COOTBETCTBHH C aNNPOKCHMALIHOHHBIMH CBO#-
CTBaMH Pa3HOCTHBIX POH3BOIAHBIX 3HAYEHHE A, PABHO
2,ecmm ¢,=d,= 0, uin 1 B nPOTUBHOM Cllydae.

3apanumces pemenneM 3agauu (6), (7), Hanpu-
Mep, v =sinx, a = 0, b = /4. Torna nesas yactsb
ypaBHeHus (6) naet:

—sinx + p(x)cosx + g(x)sin x = f(x),
e, (8)
dysinb +d,cosh =d.

I

¢, sina + ¢, cosa

Onpegenas U3 >TUX paBeHCTB 3Ha4yeHns [(x), ¢
W d, MONTy4YuM KpaeBylo 3a1ady ¢ H3BECTHBIM TOYHBIM
PELIEHHEM, KOTOPOE MOMKHO HCTIOIB30BATE B KAUECTBE
TectoBoro. [Tycts:

i 2 6

X —— . q(x) = ——
4 =1 i) Vi-x?

Pe3ynbTatel (QHABTPALMH MOTY4YEHHBIX YHCIICH-
HbIX [dHHbIX [IPEACTABIEHBI HA pHUC. 4.

(9)

Y

16
14
12
10 4
8

o N B O

0 2 4 6 lgn s
Puc. 4. DuapTpanus pesyibTaroB Y4HCICHHOTO pelleH s
sana4it (8)~9) KOHEUHO-PA3HOCTHBIM METOOM.

[Ipamas v =19-2:-1gn

OTnuunTeNbHOH 0COBEHHOCTBIO YTHX pe3yilb-
TAaTOB [0 CPABHEHHIO C PACCMOTPEHHBLIMU B [7, 8]
3jaza4aMH 4YHCIIEHHOIO HHTCIpHPOBAHUA ABIACTCA



CucrtemMHblil aHanua 1 ynpaeneHue

ObicTpoe (~n®) yBelHUeHHE MOrPeLIHOCTH OKpyTie-
HUA NIPH BO3PACTaHHH A.

Jis cpaBHeHHMs pacCMOTPHM pellleHHe TOoH iKe
3a1a4u MeToA0M cTpesb0 (peaykuns k 3agavue Kom)
[10, 11] (puc. 5).

-]gé. —
16

14

12
10

o N BB O

T i

0 2 4 6 lgn 8
Puc. 5. @uaprpanus pesyIsTaToB YHCIEHHOIO

pewenns 3aga4n (8)(9) metonom crpensd.
[psamas y = 16,5-"2lg n

13 puc. 5 BUIHO, 4TO MOTPELIHOCTD OKPYTTICHHA
B [IBYX C/TyHasX BeJIET ce0s COBEPIIEHHO M0-Pa3sHOMY.
B MeTone cTpensb mexannsm o0pa3oBaHus norpel-
HOCTH OKPYITIEHHA TOT K€, 4TO H NIPH OJHOKPATHOM
PELIEHHH 3a/1a4H Ko (onpeﬂemiemﬁ CTaTuCTH4E-
CKHM 3aKOHOM HAKOIUIEHHA KBA3HCITy4aiiHO# rmorpen-
HOCTH, AHAJIOTHYHO YHCIEHHOMY HHTEIPHPOBAHHIO
byukumii [6, 8]).

6. AHa/In3 pe3yIbTaToB
YHCJIEHHOI0 IKCIIEPHMEHTA

ANropHT™ perieHus 3a1a44 METOJ0M KOHEYHBIX
pasHoCTeH COAEep/KUT AOMOJHMTENbLHBIH J1EMEHT
— pelleHue CHCTEMbl JHMHEHHbIX anreGpanueckux
YPABHEHHI1, 4TO H BBI3bIBAET BOIPOCH! O BO3ZMOMKHOM
BIMAHHU JOMOMHHTENbHOH norpemnocTH. Meton
MPOrOHKH 3aK/IHOYAETCA B BLIYHCIEHUN IPOrOHOYHBIX
KOO(MHLMEHTOB #; , V; HHCIONL30BAHHN PEKYPPEHT-
HOM 3aBUCUMOCTH ¥, = U; + V,¥;,| JJ18 ONpeaeIeHHs
MCKOMBIX BEJTMUHH ), B 0OpaTHOM INOpPs/IKE C/Ie10Ba-
Hug [ = n — I,n - 2,..., 1,0 . PexyppentHble (popMysibl
MOTyT crnoco6CTBOBAThL HAKOIUIEHHIO MOrPEIIHOCTH
OKpYT/IeHHSA, aHAJIOTHYHO YHCIEHHOMY HHTErpH-
poeanuto [6]. lns ycTpaHeHHs TOH BO3MOKHOCTH
OblLa NpeAnpHUHATA MOMbLITKA TPUMEHEHHS ONapHOro
cymMMHpoBanHsa, OJHAKO pe3ynbTaT Takoro BHIOH3-
MEHEHMsl aIrOPUTMA MPAKTHYECKH HE OTINHYAETCH
OT HCXOMHOTO.

Jpyroit npU4HHOH MOTrpPelIHOCTH MOKeT ObITh
0cobeHHOCTh MOC/IeN0BaTeIbHOCTEN u;, v, , MO-

T

CKOJIBKY U1 HX BBIYHCIIEHHA HCITOJIL3YETCA onepalimusa

nenenus. Ha camom nerne, ncene1oBaHHe MoKasbIBALT,
4To /Ui 3aja4u (8) ¢ yKasaHHBIMHM BBILIE 3aBHCH-
moctamu p(x), g(x) mpu aenennn 3HameHatenb
MeHsdeT 3HaK. YToObl yCTPaHMTh 3Ty BO3MONKHYIO
MPHYHHY MOrpelHocTy Oblna peleHa 3agaya (8) npu
p(x) =1, ¢(x) = 1.Kak nokasas uucneHnbiii oKkcre-
PHUMEHT, HAKJIOH TyHKTHPHOH NPAMOH He H3MEHHJICA.
[Tpousomen napanne/bHblil CABUI MPAMON BHU3 Ha
TpH eauHuLbl. Tem cambiM, H3Merenne p(x), ¢(x)
MPUBOAHT K H3MEHEHHIO TOJIBKO KOMDPHIMEHTA, HO
HE 3aKOHA HApPAaCTaHHA MOTPEIIHOCTH OKPYIIEHHA
3(n) = 8yn° npw yBenuuenun n.

Bcee ckaszaHHOE BhILIE 3aCTaB/SET MCKaTh Npu-
YHHY MOTPELIHOCTH B ApYroMm Hanpasiaenuu. B [6]
nmogobHas KBaJpaTHUHAA 3aBUCHMOCTb NOTPELIHOCTH
OKpYIJIEHHs OT n HaOmoaanachk npu (QUIbTPaLHH
pe3y/IbTaTOB BEIYUC/ICHHS BTOPOIi Pa3sHOCTHOMH Npous-
BO/IHOI. [TpH pelieHHH KpaeBoii 3a1a4H TakkKe BBIYHC-
JIAETCA BTOpas KOHEYHO-Pa3sHOCTHAaA NMpOH3BOIHAA.
[Ipu 2TOM MOTpelIHOCTE OKPYIJIEHUS ONpeaeIseTcs
ornepatueit BeluuTaHuA O1M3KNX 3Ha4YeHH QYHKIHH

= ——1 HPH BbIYHCJIIEHHH BTO-

2 7
LA
poil MPOW3BOAHOM, MOITOMY YBEIMUYMBAETCH Kak n°

Y, }A(n)' <

npu ysenudenun n. Ecnu s (6) ¢ (x) = 1, To n3mene-
Hue y"(x) Ha HEKOTOPYIO KOHCTAHTY YKBHBAJICHTHO
H3MEHEHHIO Ha 9Ty KOHCTaHTy peuterns y (x). Ecim
g(x) # 1,710 pesynsrarom Bosmywienns y" (x) Gyner

Gonee cnoxkuoe Bosmymenne y (x),uem A(n)/q(x)
U 93TO OTHOLLIEHHE MOKET ObITh HCIONb30BAHO TONBLKO
1A Tpy 00t OLIEHKH JAHHOTO BO3MYILIEHuUs. DTa rpy-
Oas oLleHKa, TEM HE MEHEE, MO3BOJAET YTBEPIKAATh,
410 YeM Gosbiue g (x), TeM MeHblle BIMAHHE MO-
rPEeLIHOCTH NPOH3BOAHOI Ha pewuenne. [locnennee u
TOATBEPIKAAETCS YUCIEHHBIM YKCIIEPUMEHTOM.

BoiBoabi

DKcriepuMeHTaNIbHAA NPOBEpPKa HAa TECTOBBIX
npUMepax nokasajia, 4To, HECMOTPS HA HEKOPPEKT-
HOCTb, IIYTEM MHOTIOKOMITIOHEHTHOrO @Halu3a M
MOBTOPHOH (PHABTPALIMK BO3ZMOKHO TMOJYYEHHE J10-
CTOBEPHBIX OLIEHOK MOTPELIHOCTH PAacCMOTPEHHBIX
3aj1a4, a NpeUIoKeHHbIH KPHTEepHil pa3sMbITOCTH M0-
3BOJISIET YCTAHOBUTh MPAKTHYECKH, MOKHO IOBEPATH
MOJIY4EHHbBIM OLIEHKAM WJIH HET.

MeToabl YMCIEHHOH (HIbTPALMH MO3BOAAIOT
HCCIIeIOBaTh Pa3IHYHbIe KOMITIOHEHTBI MOTrPEIIHO-
cti. Hanpumep, ycTpaHeHHe BIHAHUSA NOIPEIIHOCTH
YHCJIEHHBIX METOIOB I4eT BO3MOKHOCTb M3YUHTh
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XapakTep MOrpeliHOCTH OKPYIVIEHHs MPH pellieHun
pa3J'I.H'~IHb.[X 3aga4 BH‘{HCJ'LHTEJI]:HDﬁ MaTeMaTHKH.

B xauecTBe npumepa ObLI0 pACCMOTPEHO pelle-
HHE KpaeBoil 3agayu ais oObikHOBeHHOro AH(de-
PEHLHANLHOIO ypaBHeHus AByms metoaamu. [lpu
pelleHHH METOAOM CTpeb0 MorpemHocTb onpeje-
AA€TCAd MEXAHH3IMOM HAKOINIEHHA MOrpemHOCTH
OKpPYIJIEHHs TIPH BBIYHCIEHHH cyMM [6] (3aBHCHT

0T 4Hciaa p?KjﬁHCHHﬁ n no CTaTHCTHYECKOMY 3a-

KOHY KaK Jn). ITpy pelieHHH METOOM KOHEYHBIX
pa3HOCTE# YNC/IEHHAs TOTPELIHOCTh ONpeAenieTCs
MOrpelHoCThI0 YHeaeHHoro auddepeHunpoBanus,
CBA3AHHON C OKPYIJNIEHMEM 3HAYEHMIl MCKOMOIi
(YHKLHMH, KOTOpas i BTOPOil NPOU3BOAHOI oLie-
HuBaetca kak 10 Mp?, roe M — anuHa MaHTHCCHI B
JECATHYHBIX paspsiiax.
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Kmowwur A. 1O., KyaHeuos B. H.

NH®OPMAIIMOHHO-YTIPAB/ISIIOUIUE CACTEMBbI IIPUHATUS PELIEHUAT
HEJEYCTPEMJIEHHBIMU CYBBEKTAMHA

Hudopmaumonno-ynpaenatomas cucrema (MY C)
MM CyOBbeKT HH(OPMALIHOHHOIO YIIpaBieHHsA Npe/-
CTAB/IAET LIEHTPAJIH30BAHHOE MM pacrpeaeneHHoe
nioapas/ieneHue, BbINoNHsAolee GyHKIHN HHDOpMa-
LIHOHHOH NOAEPKKN HIIH HH(OPMALIHOHHOTO yTpaB-
JIEHHUA TPUHATHEM PELUEHHUIT AKTHBHBIMH CYObeKTaMu
OpraHu3alHOHHOH cucTeMbl ynpasnenus. UYC obe-
Cre4MBaeT pocT YPPEKTHBHOCTH YIIPABIEHHECKHX pe-
ueHHi 3a cyeT npuMeHeHHs GOPManbHbIX METOIOB 1
cpeacts 06paborku 1 oTobpakenus HHGOpMaLIHH,

CHCTeMBbl IPUHATHSA PELIeHHH NPeACTaBIAIOT
co00# LIeJIeyCTPEMIICHHBIE CHCTEMBI, T.€. CHCTEMBI,
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KOTOpBIE MPOSBIAIOT BOJIO, BBIOMPAKOT B COOTBET-
CTBHE CO CBOMMH LECIAMH IIPOGIICMI:I H 3a1a4H l'IpIr‘I-
HATHA pEIHﬂHHi:l., H CpEACTBA HX BbINMOJIHEHUA. B ITOM
Cllydae NpUHATHE PELIEHHA OCYIIECTBIACTCHA B NPO-
Lecce LeJeyCTPEMICHHOIO MOBEICHHSA JIHLL M TPYIIT,
AQHAJM3UPYIOLINX PelieHus M OCYLIEeCTBSIOMMX
BeiGop. LleneycTpemnentoe noseaeHue BKIKOYAET
B ceba (popMHpOBaHHE NTHLIAMH M PYIIAMH, OCY-
ecTBAAIOMIX BIOOp, Moenn cutyaluun Boibopa,
Ha OCHOBE KOTOPOﬁ OHH OLEHHBAKT CBOE LENCY-
CTPEMIIEHHOE COCTOAHHE. Ecmn LHENEYyCTPEMIIEHHOE
COCTOSIHHE MepepacTaeT B NpoleMHYIO CHTYALHIO,



CUCTEMHLIN aHanua u ynpaeneHue

MpUHUMMbI COMMacoBaHHOro ynpasneHus

BiopokpaTtuyeckas Cornacosasme WHdopmaumnoHHo-
ynpasnsiouias WHTEpecos ynpasnsiiowas
cucrtema cucTema

YnpasnsieMbi KOH(PNUKTHBIA NPOLECC NPUHATUSA
ynpasneH4Yeckux pelueHui no onpeaeneHHbIM
npobnemam

Puc. 1. Camoynpasnenne B nHGOPMaLHOHHOM KOHGIHKTE

KOTZa JIHIA H FPYNIkl, OCYIIECTBIAIOMMNE BBIOOD, HE
YIIOBIETBOPEHEI CBOMM COCTOSIHHEM H HE 3HAIOT, 4TO
MPeANPHHATE, TO BO3HHKAET HEOOXOAUMOCTh MpPH-
HATHA PELLeHHI.

CTpyKkTypa Hay4HOTO HMCCJIEJIOBAHHUA CO3JAHHUA
HH()OPMALIHOHHO-YTIPABIAIOIINX CHCTEM TPHHATHA
pelIeHHH LeneyCTPEeMICHHBIMH CyObeKTaMH MOKET
BBITTIAAETH CACAYIOUIHM 00pa3zom.

+  KonuenrtyanbHas cTaaus.

* Pa3paboTKa TeOpeTHYECKMX OCHOB M Me-
TOJ0B MPHHATHA PElIeHMH LeNeyCTPEeMICHHBIMH
cyowexramu B UVC.,

—  OcHosHble nonoxenns cozganua UYC u
NPHHATHA PElIeHHi LeNeyCTPeMIeHHBIMH CyOnhek-
Tamu.

—  Paspaborka metonos opmanmzanum u no-
CTAaHOBKA 3a71a4 MPUHATHSA PELIEHHIT Lie/ieyCTPeMIIeH-
HbIMH cyObexTamu B UYC.

— TlocTpoenne Mojeneil ONUCaHUS M OLEHOK
3 peKTHBHOCTH pellieHns 3a/4a4 NPHHATHS PeLeHHH
HeneycrpemieHHbiMi cybbexramu B UYC.

— Paspalotka MeTOIOB M ANTOPHTMHYECKHX
OpeanucaHuil peleHns 3ajad NpHHATHSA pelleHHH
ueneycTpemneHHbiMu cyObexramu 8 UYC.

*  Paspaborka HOBBIX HHOPMAUHOHHBIX TEX-
Honmoruit UYC M nmpoTOTHIIOB CHEUHAILHOIO mare-
MaTH4YeCKOro u nporpammuoro obecneuenus 8 UYC
00pa3oBaHus 1 HAPOAHOIO XO3ANCTRA.

Konuenrtyansnas craaus.

« [IpoTHBOpe4ne: HECOOTBETCTBHE MEKIY
TeopHel M NPaKTUKON MPUHATHA YIpaBIeHYECKHX
peLleHHH B COLIHAJIBHBIX H DKOHOMHYECKHX CHCTEMaXx,
npaktuyeckoe orcyrersue MY C B HaposHOM X03sii-

cTBe M 00pa30BaHHH HALlIEH CTPaHbl, HECOOTBETCTBHE
MEK/ly HaKOTUIEHHBIMH H MOTEHLHAJIbLHBIMA 3HAHH-
AMH 4e/IOBEYeCTBa M CYIECTBYIOIIEH NPaKTUKOI H
TEXHOJIOrHel NPUHATHS YITPABICHYECKHX PEIIeHHH.

*  IIpobGnema: kak NOCTPOHUTH HOBbIE, MOIH(DH-
LIMPOBATh CTapblie (JOpManbHbIE METOIbl H CPEACTBA
o6paborku n orobpaxkenus nHpopmauun, 9ToOBI
NOBBICHTB Y(P(PEKTHBHOCTH YIIPABIAIOILHX PEIIEHHIT
B HAPOJIHOM X03sHcTBe M 006pazoBaHUHK Hallel cTpa-
HbI, BK/IIO4as 60pe0y ¢ KOppynuHeil u B3STOUYHHYE-
CTBOM.

* [lenb uccnenosanus: paspaboTka METOL0-
JIOrMH MPUHATHA PElICHHH LeneyCTPeMIEHHbIMH
cybbexramu n coznanns MY C B HapoaHOM xo3siicTBe
u obpasoBanuu Hameil ctpansl. [Tobienne >ddex-
THBHOCTH MPHHATHS YIPABJIECHYECKUX PElIeHHI Ha
ocHoBe co3pania MY C u npuMeHeHns COBPeMEHHbIX
METOI0B W cpeacTB 00paboTKH U OTOOpaKEeHUS HH-
(opmaliH, KOTOpPBIE B TOM HHCIIE MO3BOJIAIOT BECTH
OoprOy ¢ KoppynuHei 1 B3ATKaMH.

Camoynpasienue B HHGOPMALHOHHOM
KoHpIHKTE

MYC no3Bonster ycKOPHTh NPOLIECC Pa3BHTHA B
MHTE/LIEKTYallbHble OPraHu3allii 3a CUeT MOCTOAH-
HOTO 3apOKAEHHA U pa3peleHHA KOHPIHKTOB MEKIY
HHTE/IEKTOM H BJIACTBIO.

[Tporiecc NMpPHHATHA COITIACOBAHHBIX PEIUEHHH
Mpe/ICTaBUM B CaMOM 00I1IEeM CiIydae, Kak MpoLece,
COCTOAIIMIT U3 CIEAYIOIMX TPexX 1aroB (puc. 2).

Ha puc. 2 npeacraeneHo: opManu3anus, KOMMYy-
HHKalMs cooOuieHuit (MpoeKTHpOBaHHE H WHTEpaK-
THBHOE HHpOpPMALHOHHOE B3auMoIeiicTBIE), BBIGOP
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Mopgene cuTtyauum cornacosa
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opa — Moferb LerneycTpemMneHHoro v

cornacoepaHHoro noeefleHMA akTUBHbIX Cyﬁ'bEKTDB

e

Puc. 2. [Ipouecc npHHATHS COMACOBAHHBIX PELICHHIT

AKTHBHBIM CYOBEKTOM HJIM PYMNOi yHpaBsioero
peLieHus.

Hanpagnenus TeopeTHYECKHX i MPHKJIAaAHBIX HC-
crie/10BaHHi HH(GOPMALIHOHHO-YIIPABJISAIOLIHX CHCTEM
MPUHATHA pelleHHiH aKTHBHBIMH CYOBEKTaAMM.

1. TeopeTnueckne OCHOBBI COLHAIBHO — IKOHO-
MHYECKHX HH(OPMALHOHHO-YNPABIAIOUIHX CHCTEM
C yueToM HenoBeueckoro (haxropa.

MeToasl opMannzalu U NOCTAHOBKH 3a1a4
MH(DOPMALIHOHHOIO YNPaB/IEHHA B COLMAIbHBIX M
IKOHOMHMYECKHX CHCTEMAX C YHETOM YE€J0BEYECKOro
daxropa.

MeTozbl M aNroOpHTMbL HX pelleHns, pa3padoTka
CNELHAIBHOIO MaTEMAaTHYECKOro H NPOrpaMMHO-
ro obecneyeHus COHHAIBHO — YKOHOMHYECKHX H
npo01eMHO-OPHEHTHPOBAHHLIX WH(QOPMALIHOH-
HO — YNpaB/soUNX CHCTEM B DKOHOMHKE M 00pa-
30BAHHH.

2. MeToap! HaeHTH(HKALIMH W IOCTPOCHHUS MO-
Jeneit cHTyauHii BeIOOpa ynpaBastolInX peLieHui
AKTUBHBIX CyOBEKTOB Ha OCHOBE PETPOCHEKTHBHOI,
TEKylLeH, IKCNepTHO# u cyObekTHBHOI MHbOpMa-
LIHH.

MeTonp! cornacoBaHHOH ONTHMM3ALMK Mpe-
CTaB/IeHHH aKTHBHBIX CYOBEKTOB O CHTYalUMsX BeiOOpa
YNPaBAsOUIMX peIleHHI.

MeTozbl renepauun ¥ otobpaxenus coobie-
HHH O CHTyauusax BbIOOpa yrpaBagioOlIUX pelleHHi
AKTHBHBIX CYOBEKTOB H METOIOB YIPABIEHUS ITHMH
COOOIIEHUAMH.

OpraHu3aunoOHHbIE CETH U CLEHAPHH KOMMY-
HHKALMKH M B3aUMOCHCTBHA AKTHBHBIX CYOBEKTOB
B MPOLECCE NMPHHATHS YNPaBAAIOUIMX PeLleHUI.
CueHapuy reHepalHH aJbTEPHATHB TBOPYECKHUX
pelleHHi, ajanTauui, apryMeHTalnu, pa3pelieHns
KOH(IHKTOB, NPHUHSATHS IPYNIIOBLIX PELIEHHH.

3. MeTomb1 HHTE UIeKTYaIbHOM MoIepKKu HHDOP-
MaLHOHHOIO YIIPABJICHHA MPHHATHEM YITPABICHYECKHX
pelleHHil, MAIKUX H FeHEeTHUECKHX AITOPHTMOB.
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[TpoGneMHO-OpHEHTHPOBAHHBIE HEUETKHE U T'H-
Opu/iHbIE COLMATBHO — YKOHOMHUECKHEe HH(pOpMalH-
OHHO-YMPaBIAIOLIHE CHCTEMbI M HEHPOHHBIE CETH.

PaccmoTpuM cHCTeMy MPHHATHA peleHHi, vc-
HOJI3YIOLLY 0 PACTUIBIBYATHIE CY/KASHHA, TOPOKIae-
Mbl€ MPEIOKEHHUIMH UX S3bIKOBOIO BBIPAKEHHUS.

CyxneHHe MOKET YTBEpKAaTh CBA3b MEXKIY
MPEeIMETOM H €ro MPH3HAKOM (CYKISHHS O LeAX 1 00
OrpaHHYeHHsX ), OTHOIICHHE MEKIY TPEIMETaMH (CYK-
ACHHUA O MPUYHHHO-CIIEACTBEHHBIX CBA3AX «ECJ/H....
TO...»), GaKT CyllecTBOBaHHs MpeaMera (CucreMa Ha-
XOIMTCS B OMNpeeIEHHOM COCTOSIHHH, OCYLIECTRIIEHO
OnpeieSIeHHOE YIIPaBIAIOIIEe BO3ACHCTBHE).

B 31OM Cciiydae Mbl MOXeM FOBOPHTE O PacILibiB-
4aThIX UEAAX, OFPAHHYEHHAX, TPHYHMHHO-CIISICTBEH-
HBIX CBA3AX, PELICHMAX H O COCTOAHUAX.

PaccMoTpuM MHOromaroBelii mpouecc npu-
HATHA pCI.IIEHHﬁ B paciulbiBYaTBIX YCIOBHMAX H 3a-
Jady onpejielieHUs MaKCMMHU3HPYIOLIEro peleHus
(P. bennmas, JI. 3azne).

Jlna ee pemeHns MOXKHO NMPHMEHHTh MPHHLKI
JHHAMHYECKOTO NPOrPpaMMHPOBAHMS.

PaccmarpuBas rnocneHHii war u nosTopss rnpo-
1lecc 0OpaTHBIX UTEpaLHii 0Ty4aeM CHCTEMY PeKyp-
PEHTHBIX YPABHEHHI1, COOTBETCTBYIOLMX HAXOMICHHIO
MAaKCHMH3HPYIOIIETO PEIIeHHA Ha KayKIOM Lare:

| war — popmanuzanus;

2 war — NpoeKTHPOBaHUE COODILEHHIH;

3 war — peaju3aius cooOIIeHHI;

4 war — BeIOOP yNpaBasAIOIEro pereHns.

3anaya onpeaesaeHns MaKCHMH3HpYioero dhop-
MAJIbHOIO PelleHUs HA TIEPBOM Luare:

pcl{,l"] =
(1
= Max(p,, (w) A M ((yn,w) —r y) A (¥osw))

well

)

Llenb — HaliTi Takoe 3HaYeHHe hopMaibHOro pe-
wenust we W, kotopoe obecrneunBaeT MakCHMAaIbHOE
3HaueHHe (PYHKLUNN NPUHAUICKHOCTH [ CYKICHHS O



CWUCTEeMHBI aHanua 1 ynpaenexHue

TOM, 4TO 1ieJ1b G OTHOCHTEJILHO COCTOSHHSA V' (pe3yb-
TaTa) JOCTUTHYTA M orpaHHyeHus C OTHOCHTEIILHO
(hOPMAILHOTO PellIeHNs W BbIITOJTHEHBI.

3adaua npoexmuposanus MaKCUMUsUpYIOue2o
coobueHUR Ha BMOPOM waze:

HG:(-'-' ) =
= Max(p. (¥) A R ((w. y) > z) A (w, ). 2)
ez C % G . i

[{ens npoekTnpoBaHus cooblueHus — co3gaTh
npeacraenenue popmansHoro pewenns y JIIP. Haii-
TH Takoe coollleHHe znpe Z, koTopoe obecneunBaeT
MaKCHMAlIbHOE 3Ha4YeHHe (DYHKLHH NPHHAUIEKHOCTH
[ CYKIEHHA O TOM, 4TO Uelb G OTHOCHTE/ILHO nepe-
JaBaeMoro cooOLeHus z€ Z J0CTHIHYTA M OrpaHH-
yeHHa C OTHOCHTEIBHO NPOEKTHPYEMOIO COODLIeHNs
ZNnpe Z BbIOITHEHDI.

3adaua ghopmuposanus (pearuzayuu 3a0ymar-
HO2O coobujenus) 6 npoyecce UHGOPMAYUOHHO2O
63aUMO0elCMBUA, MAKCUMUZUPYIOUe20 coobujeHus
Ha mpemvem waze:

Bea(r) =

=l\;1r:aéx{u(,: (2) A 1gs (((u y).z) - r) A (y.2)).

(3)

[lenp ynpasnsiioIero pelieHus — peaanu3oBarhb
(yoenutn JITIP) dopmanbhoe pelienne B npoiecce
uH(opMaLHoHHOro B3aumoneicTeus. Haiitu taxoe
nepenasaeMoe cooblueHue z& Z, KoTopoe odecrednBaeT
MAKCHMaAIbHOE 3HAYEHHE llJyH.KlU‘IH NpHHALIENKHOCTH
U CY/KIIEHHS O TOM, 4TO Liesib (G OTHOCHTENBHO BhiOOpa
re R nocruruyra (yoeannn) u orpanuyerns C OTHOCH-
TEeJILHO Nepe1laBeMOro COOOIIEHN ZE Z BBIOMHEHbL.

3adaua onpedenens MakCuMusupyioue2o peule-
HUA & npoyecce BbIOOPA HA HEMBEPMOM WALE:

H(_‘;‘t,f.] =
4
= Max(u. (r) A pga ((z.7) = £) A (zr). @)

Lleas — BeiOpare JIIIP Takoe 3HaueHue ynpas-
JAKLIEro peileHns r€ R, koropoe obecneduBaeT
MakcHMajibHOe 3HaueHue (PYHKLUMH NPHHAIEeK-
HOCTH 4 CY)KAEHHS O TOM, 4TO uenb (G JOCTHrHYTA
OTHOCHTENBLHO LeneBoii pyHKIHH 1 orpanndenus C
OTHOCHUTENILHO BbIOOPA 1€ R BBINOIHEHBI.

3adaua onpedenenusn coenaco8aHHO20 MAKCUMU-
FUPYVIOWYE20 Peutenus:

o (f) =
= %ﬂ?(“(._l (r) M ps“ ((z,r) - f) A (:, ’)]

Hes(f) = )

n

= Aw()om (£) 2 u(f; = max £, ().

i=

>

Llens — seibpats rpynne JIIIP takoe 3Hauenue
YIPaBISIOLIEro peleHns 1€ R, KoTopoe odecrieunsaeTr
MaKCHMAaIbHOE 3HaYeHHE (DY HKLIMH NPHHAVISKHOCTH
[ CY/KIEHHA 0 TOM, 4TO Leb rpynmbl G 1OCTHrHYTa
OTHOCHTEIBHO 1eneBoi (yHKUHn / BCeil rpynmsl,
PaBHOIi NPOM3BEAEHHIO (PYHKIHIH NPUHALIEKHOCTH
CyKAeHHH 0 TOM, 4TO 11eneBas (PyHKIIHA COOTBETCTRY-
tomero JITIP pasHa ee MakcHMalbHOMY 3HAYEHHIO,
npuuem O<pcei <l. pcei ABAAIOTCA JNeMEHTaAMH
(hopmanuszanuu NpHHLHINA KOMIPOMHCCA MEXKIY
uHTepecaMu otenbHbIX JITTP.

Ia kaxcoou sadavu pazpabameiéaromes me-
MOObI UX peuteHs, HopMatu3o6anHoe onucanue ux
peuienus.

~ [MpoexTupylorcs cooOueHHsa Aai aKTHBHBIX
CcyOBEKTOB.

PaspabatsiBaroTcs ClleHapHH HMHTEPAKTHBHOTO
HH(pOPMALIMOHHOTO B3aHMOeIICTBHA CNIELIHATHCTOB
no opManbHBIM METOAAM M HH(OPMALHOHHBIM
TEXHOJOTHAM C IKOHOMHCTAMH, TEXHOJOraMH,
NPOH3BOICTBEHHHKAMH, MEHE)KepaMH, PyKOBOJI-
CTBOM.

Pa3pabarbiBaloTCs CLEHAPHH I'eHEepaLlnH rpyn-
MOBBIX TBOPYECKHX PEILIEHHi 1o pa3paboTke aib-
TEpHATHB CNIOCOO0B JeHCTBHA H HX COCTABJIAIOLIHX,
CLIEHapHH aJanTaluH COrIacoBaHHbIX YNPABIAIOIIMX
PELIEHHH, HX NpEeICTaBIeHHil U MX apryMeHTalMH,
CLIEHApHH ynpaBieHHs MHAOPMAIIMOHHBIMH KOH-
IMKTAMH 110 MPUHHUMAEMbBIM PELLEHHAM, CLIGHAPHH
cOMMKEeHNs MO3MIMI W TOYEK 3PEHHA aKTHBHBIX
CcyOBEKTOB.

Lenu cozoanusn ousnec-unkyoamopa (yenu Teepl -
TV, mpancnopmuoit cemu Kanununckoeo pationa
Tsepckott o6racmu).

¢ l-a uens. Ilpoaykuus OM3Hec-uHKyOaTopa
ABJIAETCA BBICOKOTEXHOJIOTHUHOM.

¢ 2-a uenb. Bce CMIT orBeuatoT kpuTepusm
orbopa.

¢ 3-s yens. 3a 10 net Gyaer Beipaumieno 900
CIIM.

*  4-suensb. YIOBIETBOPHTEILHOE (PHHAHCOBO-
xo3siicTBeHHOe cocTossHrne CMIL.

*  5-a uens. JlocTUrHyThbI Bee TpeOOBaHHA 1O
Ounec-uHKybaropy.

*  6-1 uenb. YrpapleHHE OCYILECTBIISET Bhl-
OpaHHas yrpaBisiomas KOMIaHHs.

*  7-a uens. JkoHOMHYeCKasA 2 EeKTHBHOCTD
Ousnec-ukybaropa.

Pacnavieuamuie yenu Teepckoco obracmuoeo IT
OuzHec-uHkybamopa.

[lens Ne 1.

IlpoexT ABnAETCA OAHHM H3 MeponpHaTHii TBep-
ckoi 0oOmacTHOI LleeBOi NporpaMMbl NOIAEPIKKH
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MaJIoro NpeArnpHHUMATENbLCTBA B HACTH CO3JaHHA
HH(PaACTPYKTYPhl MOMIEPKKH CyObEKTOB Mamoro
MpeANpPHHAMATE/ILCTBA, @ TAK/Ke MEepBBIM HIATOM K
co3nanuio B Teepekoit obnactu IT-rexnonapka (IT-
knactepa). [TpoayKT, npon3BOANMBIH HHKYOHpYEMbI-
MH (HPMaMH — BLICOKOTEXHOIOTHYHBIH, HAYKOEMKHIl,
HHHOBaUHOHHBIH IT-npoaykt. DTo mporpammuoe
obecneuenune, 0bOpyaOBaHHE, YCIYTH 0 00YYEHHIO,
BHEJAPEHHIO H COMPOBOKICHHUIO, ABIAIOUIMECH KOM-
MEpPYECKHMH NPOEKTaMH, CHOCOOHBIMH TIPHHECTH B
OyaylieM 10X0/1 HJTH MOBBINIEHHE TEXHOIOTHYHOCTH
NPOH3BOACTBA.

PacnnbiBuaTol LleIH COOTBETCTBYET HeHeTKoe
MHOKECTBO.

Jlia ero mocTpoeHHAs pPaccMOTPUM MHOMKECTBO
OazoBbix 3HaueHHil X, coleprKaiias MHOKECTBO CO-
CTOSHMI MPOEKTA X, COOTBETCTBYIOLIMX MHOXECTBY
aNbTEPHATHB PEILeHHi N0 KOPPEKTHPOBKE, H MHO-
JKECTBO HEYETKHX 3HAYEHMIH 1IeJIH, COITTaCOBAHHOE C
MHOKECTBOM 0a30BBIX €€ 3HauUEeHHIA.

F={«uens He pocTurHyTan, «ueib AOCTUTHYTA
Ha 25 %», «aoctrxkenne uenn 50 % na 50 %o», uens
AOCTUrHYTa HA 75 %», «lenb JOCTUTHYTa» | .

Lna kasxcooco nevemxozo 3HAYEHUS MONCHO
nocmpoums Hevemxoe Muodcecmeo. Hac 6yoem
uHmepecosans MolbKo Cledyioujee Hevemkoe MHo-
JHCECMBO.

M (HeyeTKOe 3HAYEHHE=

="uenb AocTHUrHyTa” )=

:{.rl.r € X,u(x)= ()

= p(x,“uems xocmrHyTa”)} :

AHaJIH3 HCXOAHOTO NPOEKTa NoKasal, 4To Juana-
30H MPOEKTa He BKIIOYAEeT 3a1ad pa3paboTKu HOBbIX
HHHOBALlHOHHBIX KOHI.IEI'ILIHFI, COOTBETCTBYHOLIHX BbI-
COKOMY HAay4HO — NpakTuiyeckomy yposHio IT — npo-
AYKUHH H CO3IaHHIK0 HX MMPOTOTHNIOB.

Omo o3nayaem, 4mo nepedas yelub npoekma He
ayoem ewinonnena.

OTcyTCTBYIOT 3aja4u no pa3paboTke HOBBIX
HaY4YHBIX PE3YIIBTATOB. HX anpoﬁauuu Ha Mexiy-
HAPOIHBIX HAYYHO — MPAKTHYECKHX KOH(pepeHumsax
U MyOIUKaLMH B BeAYLIMX JKYpPHAJIaX Kak HalleH
CTpaHbl, TaK H 3a pyOekoMm.

[TosTomy Oblaa npoBeneHa KOPPEKTHPOBKA HC-
XOOHOTO MNPOEKTa, B Ipolecce KOTOpoil paspaboraH
JIOTIOJTHHTE/ILHBIH MPOEKT CO3IaHNA HOBBIX KOHIETIIIHI
HHHOBaLMOHHBIX I T-npoaykToB B BHAE HHDOPMALIMOH-
HO — YTIPABJISIOLIMX CUCTEM B SKOHOMHKH, MTPOMBILI-
JICHHOCTH H oﬁpmnauﬂu, H CO3aHHA NPOTOTHIIOB €10
CrelHaabHOro NporpaMMHOro obecrieueHus.

KOHI{(’H!{NR ynpasienusa npoeKkmom co30anus
Teepcrozo obracmuozo IT 6usne-unkybamopa.

Heuertkuia BbiGop MpocmoTp : KoppekTupoeka
npoekTa ) npoekra npoekTa A
> 3
1 1
¥ ¥
Uemnm |y MnaHuposaHve MpencraenexHne HeueTkuin aHanu3 YTeepxgeHue
npoekra npoekTa npoekra npoekTa npoekra

Puc. 3. KoHuenuus ynpasieHus npoexTom cosaanus Tsepckoro obmactaoro IT 6u3nec-uHkyGaropa

llocmanoexa zadawu npoexmuposanus ungop-
MayuoHHO-yRpasifdouwel cucmemsl YnpaeieHus
cozoanuem Teepekozo obracmuoco IT-6usnec-unky-
bamopa.

Heobxoaumo paspaborarh KOMOMHHPOBAHHYIO
UVYC, peanusyomyio Beille PACCMOTPEHHYH KOH-
LETNIHI0 U COCTOSALLYIO H3:

1. moacucTeMsl BBOAA HHAOPMALIMH O MPOEKTE
co3nannd OusHec-uHKybaTopa, rIaHHpPOBaHHU, CO3a-
HUS [PEICTABIEHHUIT 0 NPOEKTE, MPOCMOTPA NPOEKTa,
€r0 KOPPEKTHPOBKH H OTC/IE/KHBAHHUA;
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2. NOACHCTEMBI FPYNNoBOro oroGpaxkeHus
HH(pOpPMALMY NPEICTABICHUH [IPOEKTA U YTIPABICHHS
COOOIIEHHAMH O €r0 COCTOSAHHH;

3. noacucTeMa HeueTKOI OLEeHKH JOCTHKEHHS
11eJ1ei NMPOEKTa M BBITOJIHEHWS OrPpAHHYEHHIT Ha Bpe-
M M Ha PECYPChl CO31aHHA;

4. noacucTema aHann3a GMHAHCOBOM OTYeET-
HOCTH MHKYOHpYeMbIX cyOBEeKTOB MAJIOTO MpearpH-
HHMATeIbCTRA.

NYC nonxua obecneuuTsh NiaHUpOBaHHE
H KOPPEKTHPOBKY MpPOEKTa, ero mpejcTaBlieHHe



CuctemHsblih aHann3 v ynpaenexsune

akcnepram (wieHam (okyc-rpynmsl), popmMuposa-
HHE JIONOIHHTE/bHBIX COOOIIEHHIT 10 HX 3anpocaM,
BBOJ M 00paboTKy CyOBEKTHBHBIX OLIEHOK KCnep-
TOB, HX KOPPEKTHPOBKY B TpPOILIECCE TUCKYCCHH,
pacueT 3Ha4YeHHil (PYHKIHH NPUHAUIEKHOCTH CYK-

JIeHHH Ka)K10T0 IKCNEPTa ¥ rPyNnoBOro CyxaeHus
oxyc-rpynnel 0 gocTHKeHMH Leneil npoekTa
BbINOJIHEHHH ero orpanndenuii. Ha puc. 4. npen-
CTaBJIEHa CTPYKTYpa HH(OPMALHOHHO-YIIPABIIAIO-
el CHCTEMBI.

MpoGnemsl
ynpaeneHus

pynna cneywanucTos
no popmMmansHbIM MeToaam
M cpeacTBam
obpaboTku u oToGpaxeHun
WHhOpMaLIMK, U No
MHOPMAaLMOHHOMY J

\ B3auMoOencTBUIO

OpraHusaumoHHan
cucrtema
yrpasrneHus

v
4 Moacuctemsi \ ( MoacucTemMsl ) ( MHTepdeiic c )
HeyeTKoro oTto6paxeHus MHOPMaUUOHHOK
aHanu3a u Bbibopa UHhopmaumm n cucTemon
dopmanbHbIX ynpasneHus NPeanpuATUS U C
peLueHuin coobuweHnamMum o BHELUHUMK
thopmanbHbIX MH(POPMaLMOHHbIMMK
\_ ) . pelueHmsax

_) \ certamMu )

Puc. 4. Ctpykrypa nndopMaunoHHO-yIpasisiomeii cuetemsl

Paspabomxa mamemamudeckoli nocmanosku u
66100 MEMOOa KOHMPONA U KOPPEKMUPOGKU niana
coz0anua busnec-unkybamopa.

IBOMIOLIMA POEKTA B ITOM POLIECCE ONMUChHIBA-
€TCA C/IEIYIOLMM JIOIHYECKHM COOTHOILIEHHEM, TIpel-
CTaBJIAIOIIEM JIOrHYECKHMIT 3aKOH (TABTOJIONHIO).

’J(-\"._]) -

= p((x,1,) = x,00) A (x,.0,))

C‘-IHTE].C!\#I1 HTO 3aJaHbl Ha4allbHOE COCTOSHHE

i (HKCHpOBaHHOE BpPeMs OKOH4YaHHMs mpouecca N.

Torna 3ajada ynpaBneHHs IIPOEKTOM 3aKJII04aETCS B
HaXOKACHHH MAKCHMH3HPYIOLLIETO PELIEHN.

(7)

By (Xy_y) =
= lr\dax(p:v_‘_ {u__v_,_.) A Hevove (-\‘,_\r_‘....| )
I

Hoa-ve (xy ,._i] = (8)

.((_r‘\.-_‘..h‘.\- ) = Xy, 1-I]A
— “GV vl ?
Alxy ooty )

v=1L 2N,

His ee pemleHus MOXKHO MPUMEHHUTH TPHHIIKIT
JIMHAMHYECKOr0 MporpaMmMupoBanus. Paccmarpn-
Basl MOCJIC/IHMIT LIAr M TIOBTOPAS MPOLece 0OpaTHBIX
UTEpaluil MosyyaeM CHCTEMY PeKKYPEHTHBIX ypaB-
HEHHH.

Hev- (xy_,) =
= Max(py_, (uy_,) A M gtices (xx-va1)s
UN_‘_

MG'\'-*”(":.\’—\--'-] ) = (9)
({IN—\" Uy _y ) > Xy \.+|] A

. “G.‘\ e | s
’\(XN-V»“N_,.)

v=12..,N.

MakcumH3Mpyloliee pelleHne MoIyuaeTcs 1o-
ClIeQ0BaTE/IbHON MakcuMu3auueit uUN—v ¢ oMol
NoNy4eHHOro BbipaykeHus. [Ipuuem Ha ware (N-v)
OCYUIECTB/IAETCA NPOrHO3 COCTOAHUA MPOEKTa Mo
OTKOPPEKTHPOBAHHOMY IIaHYy npoexTa uUN—V Ha Imare
(N-v+1), T. e.

.’CN g = Ij:r’:“.“l (u_\r_‘, )., V= ]., 2. vy N._
v)

i (10)
u(;-"-‘ ("‘.\" —1'} = “G\‘:" ("-_'I\\"—_\1 : (",‘\'-- )

Memoo pewtenun zadaqu no ynpagnenuio npoex-
mom cozoanun ooracmuozo IT 6uznec-unkybamopa.

B ocHOBe MeTOa IEKUT CXeMa MOC/IeI0BATE b~
HOro aHaJn3a BApHaHTOB.

+  PasOuenne MHOXKeCTBA BAPHAHTOB pPeLIEHHI
38/1a4H Ha HECKOJIbKO MOJAMHOKECTB, KaXK/10€ U3 KOTO-
peix 061a1aeT JONOIHATENbHBIMH CHELH(PHYECKUMH
CBOHCTBaMH.
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*  Hcnonb3oraHue 3THX CBOHCTB /U1 TTOMCKA
JIOTHYECKHX MPOTHBOPEUHIl B OMMMCAHUH OTAEIbHBIX
MOAMHOKECTB,

*  Hckmouenne u3 NoMcKa TexX BApHAHTOB pe-
IIEHHH, B OMUCAHUM KOTOPBIX HMEIOTCH JIOrM4YeCKHe
NPOTHBOPEYHS.

B nawem ciay4ae pacrmmsqa'roe MHOQMKECTBO
pelleHuii pa3duBaeTCs Ha MOIMHOXKECTBA, COOTBET-
CTBYHOLIHE KaXK/I0H Lenan npoexrta. M3 noaMHOkeCTB
BLIOMpaeTCs NOAMHOKECTBO, COOTBETCTBYOLIIECE HAN-
MeHee TOCTHKHMOI 1estH. Jlamee 13 9Toro noamMHoxke-
CTBA BBIAENAETCA HEYETKOE MOIMHOKECTBO PeLLEHHIA,
U1 KOTOPBIX CTeneHb YOeKAeHHOCTH B IOCTHKEHHN
BhlEJIEH HOH LeH COOTBETCTBYET NOpOry, NPpHHATHI-
MH JHIIAMH IMPHHHMAKIIHMH PELIEHHA.

B oToMm ciyuae meton GyzeT 3akiiouaTbes B pea-
NH3AIMH Ceayouled HHTePaKTUBHOM CXeMBbl.

b PaH)KHPOBaHHB H4a K-OM LlIare Bcex ueneii no
CTENEHH MX JOCTHKHUMOCTH. Buifop HaumeHee no-
CTHKHUMOH.

* @oKyc—rpynna Ha OCHOBAHWM aHAIM3aA Mpea-
CTAaB/ICHUH NPOEKTa OLIEHUBAET (PDYHKLMIO NPHHA/-
JIEKHOCTH JTOH LIENH, T.€. CTENeHb COOTBETCTBHA
[Ie/TH HEYETKOMY 3HaY€HHIO «IOCTHTHYTa».

* Ha ocHOBaHMH MPOCMOTpA TIPOEKTa U CpaBHe-
HWA MOMYYEHHOIO 3HaYeHMs (PYHKUMM [IPUHAILIEK-
HOCTH € MOPOroM, COOTBETCTBYIOLHM YOeKAEHHOCTH
IPYIIbl IPHHATHA PELIEHHH, MOCIEIHAA TPUHAMAET
pelleHHe O KOPPEKTHPOBKE MPOEKTa HWIH O €ro co-
XPaHEHHH.

* B ciiyuae npuHATHA PELIEHHS O KOPPEKTHPOBKE
NpoeKTa, yay4LiaeM ero Ha K-oM 1iare MYTEM IJIaHH~
POBaHK AOMOJIHHTEILHOTO MOANPOEKTA, COCTOALLETO
H3 COBOKYNHOCTH HOBBIX 3aja4. Mel rpeanonaraem
[IPH 3TOM, 4TO 3TH 3a/1a4H NOMOT'YT JOCTHIHYTh pac-
cMarpuBaeMyto 1esib. OCcylecTBIseTcs TBOPYECKHii
He GopManu3yeMsblii MOMCK MAKCHMH3UPYIOLIEro
pelIeHHs HAa OCHOBAaHHM aHann3a cradbiX CTOpOH
MPOEKTa U BO3MOMKHOCTEI HOBBIX 3a1a4.

* B nporuBHOM ciyyae, MpoLece OCTAHABIHBA-
ercs.

B ciyvae koppextuposkn oKyc-rpyrina onpenie-
JIAET Ha K-OM 1are sHa4ueHue CI)YHKJ.IHH NpHHAAJIE’)KHO-

CTH PACIUIBIBYATHIX LIENEH W OrpaHNYEeHUH CTaporo 1
OTKOPPEKTHPOBAHHOIO NPOEKTOB, T.€. CTENEHHU COOT-
BETCTBHA OHOBPEMEHHO LEH HEYETKOMY 3HAYCHHIO
«IOCTUTHYTa» H OJHOBPEMEHHO BCEX OrpaHHYEHMl
HEYCTKHM 3HAYCHHAM «BBITIOJIHEHO».

* ['pynna npuHATHS peLleHnil CpABHUBAET HA K-
OM Luare 3HaueHus (PyHKIHIH TPHHAINEKHOCTH Lieneil
M OTPaHHYEHHH CTAPOTO U HOBOTO MPOEKTA.

* Ecin pasHocTh 3HaueHMil GpyHKUHM OpuHAT-
JIEKHOCTH PACIUIBIBYATBIX Lenell H orpaHuyeHHi
CTaporo # OTKOPPEKTHPOBAHHOIO IMPOEKTOB COOT-
BETCTBYET OKMIAHHIO IPYNIbI NPUHATHA PELIEHHI
O JOCTHIKEHHH LIEJH M BbIMOJHEHHA OrPaHUYEHHIT
[pPOEKTa, TO MPOEKT MPHHHMAETCA U NPOLIece OCTa-
HABJIHBACTCH.

* B npoTHBHOM ciyuae, npouecc nepexoauT Ha
mar (n-1).

B nanbheiiem uenecoodpa3Ho B HampaslIeHUH
npuknanaHoro uccaenopanuss UYC npunsaTus peue-
HHI aKTHBHBIMH cyObeKTamu paspaborars:

* METOABI M AJATOPHTMBI pELICHHA 3aa4 HH-
(hOopMaLlMOHHOTO YMPaBAEHHA B COLHMANLHBIX H
IKOHOMHUYECKHX CHCTEMAX C YUETOM UYESIOBEYECKOro
thakTopa;

N [IpOGJ'IEMHO-OPHCHTHpOBBHHbIe HEYETKHE
u rubpuanele couHanbHo-dKoHOMHUYeckue UYC u
HEf‘lpOHthE CCTH,

* CreuHalbHOE MporpaMmHoe obdecneyeHue.

BbiBoabl

* B cratbe paccmoTpeHa HEOOXOAMMOCTH H
CTPYKTypa HAyYHOIO HCCIIEIOBAHHS IO CO3JaHUIO
MH(OPMALMOHHO-YNIPABIAIOUIMX CHCTEM MPHHATHA
pelleHuii LeneycTpemienHbiMu cyobektamu. Ipen-
CTABJIEHA CXeMa CaMOYIIPaB/IeHHA B HH()OPMALIHOH-
HOM KOH(ITHKTE.

* M3nojkeHa KOHLENIMA YOPABICHUA MPOEKTOM
cosaanua Teepcekoro obnactaoro IT Gu3Hec-HHKY-
Oaropa,

* CchopMynMpoBaHa MOCTAHOBKA 3a/1a4H MPOEK-
THPOBaHUs HH(OPMALIHOHHO-YIPABJIIOLIEH CHCTEMBI
ynpasineHus cozganueMm Tepckoro obnactaoro IT-
Ou3Hec-nHKyOaTopa.
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CucTeMHbIid aHanua un ynpasneHuwe

JinE. K., Yeuypun /1. C.

OILIEHKA I'PAHHMII BO3BYK/JIEHUS MAPAMETPUYECKOI'O PE3OHAHCA
B CUCTEMAX JIEKTPOMEXAHUYECKOI'O MPEOBPA3OBAHUS
C PACHPEJIEJIEHHOM HATPY3KOM

Beenenue. Pacuer ycTOHYHBOCTH CHCTEM C
NepUOAMYECKHMH HECTALIHOHAPHLIMH NapaMeTpamMu
npenacrasaser co60i A0CTATOYHO CHOKHYIO 3a-
Jauy, TpeOyIOIIyl0 HCMONb30BAHUA HACBIIIEHHOIO
Mmartemartudeckoro anmnapara. Curyauus eme Gonee
OCJIOKHAIETCA B ClTyuae, KOIjla TOHMHOCTh OMMCaHUs
cucTeMsl TpebyeT cCHMTaTh HEKOTOPbIE ee apaMeTphbl
pacrpeeneHHbIMH, COOTBETCTBEHHO, HCMOIB30BATh
auddepeHuHanbHbIe YPABHEHHS B YaCTHBIX MpO-
u3BoAHbIX. [TonoOHas CUTYaLMst MOKET CIOKHTHCS
MpH JA0CTATOMHO TOYHOM MOCTHPOBAHHH YIEKTPO-
MEXAaHHYECKOH CHCTeMBbl “IBUrarenb-reHeparop”,
paboTaroniei Ha JUIHHHYIO JJeKTPHYECKYIO JTHHHMIO.
[TycTh renepaTopoM B Heil CIyKUT CHHXPOHHAs dJIeK-
TpHUYECKas MAILHHA, 4 POIb JBUTATENS UTPAET IeK-
TpHYecKas MALIHHA MTOCTOAHHOTO ToKa. [To106HEIMH
JNEKTPOMEXaHMHYECKHMMU CHCTEMAaMH SBIAIOTCA, B
YaCTHOCTH, KopabesibHble npeobpa3oBaTen NOCTOAH-
HOI'O TOKA aKKyMYJIATOPHBIX Garapeii B nepemMeHHbIH
TOK, NOTpebnseMblii CeThIO.

O6o3nauenus: U n / — HanpsyKeHHE H TOK B LETH
JBUraTtens MOCTOSHHOrO TOKa; R u L — akTHBHOE
COMPOTHBIIEHHE M WUHAYKTHBHOCThL JBHraTels 1mo-
CTOSHHOIO TOKa; an U M — Bpamaioumii MOMEHT
JIBHTATeNI U MOMEHT CONMpPOTUBIIEHHA reHepaTopa Ha
BaJly; () — YIJIOBasi CKOPOCTh Bpalll€HHs JABHraTens,
Basia M reHeparopa; / — Tok BO30yKIeHHUsA AKOps Ie-
HEpPATOpA; i — HATIPSIKEHHE B 11K HATPY3KH.

HasecTHO, uTO KOdPPHIMEHT B3aHMHON HH-
JYKUUH 0OMOTOK SIKOPSl M CTaTOpa sIBHOMOIIOCHOTO
CHHXPOHHOI'O NeHepaTopa ABJIAETCH NepuoAnIeCcKO
(hyHKIIMeil yT71a, OnpeaesioLero nojaokeHue potopa
OTHOCHTEIIBHO CTAaTOPa, IPHYEM HacTOTa H3IMEHEHHs
sToro kodduireHTa papHa yABOGHHOH 4acToTe
BpallleHus poTopa (B OAHOMOMIOCHOH MalIHHe). ITo
MO3BOJSIET MMPEANONATaTh, YTO MPH ONpe/leeHHOM
KOMOMHALIMHM MapaMeTPOB CHCTEMBI H LIeITH HArPY3KH
B CUCTEMEe MOXET BO3HMKHYTh mapaMeTpHuecKHi
PE30HAHC, KOTOPLIH MPOSBUTCS B HAPACTAIOLIMX KO-
ne0aHMAX 4acTOThl BPALIEHHS POTOPA OTHOCHTENBHO
HOMUHaJIbHOro 3Ha4deHus (06b1yno, 3000 06/MuH).
Tak, B paboTax M3BECTHOI0 Yy4E€HOrO-MOJHTEXHHKA
M.JL. JleBuniuteiina [ 1] u apyrux npoeaeHo obcTos-
TENbHOE MATEMATHYECKOE U IKCTIEPUMEHTANBLHOE HC-
Clle/IOBaHHE ABJIEHHUA MapaMeTPHUYECKOr0 pe3oHaHca

npu pabote cHHXPOHHOIT MauKHbl (0e3 ABHraTess)
Ha EMKOCTHYIO (KaK COCPeAOTOYEHHYIO, TAK H pac-
[OpeaeneHHyI0) HarpysKy.

Kak u3BecTHO, Hanbosnee TOYHO OMHCHIBAKOT
MPOTEKAIIIHE B IEKTPOMEXaHHYECKHX CHCTEMaXx
MpoLEecChl HeCTalHOHAPHbIE U HenuHelHbie audde-
peHLHanbHbie ypaBHenus [2]. 3agaya onpenenenns u
aHa/In3a yCTOHYMBOCTH NMEPHOANYECKHX IBUKEHH
B 9THX CHCTEMAax acHMNTOTHYECKHMMH WM Kadye-
CTBEHHBIMH METOJlaMH OTHOCHTCA K Kiaccy dyHaa-
MeHTa/lIbHbIX Npobiem u TpebyeT BecbMa BBICOKOH
maTematHieckoii kBanudukanuu [3]. OcobeHHOCTH
ABHOIMOIIOCHBIX CHHXPOHHbBIX MAlIHH 3aK/JHOYAETCA
B EPHOANYECKOH HECTALMOHAPHOCTH HX MOJEeH.
B obmem cioyuae pelleHHe TaKHMX ypaBHEHHH B
3aMKHYTOH (POpPME MOCTPOHTL HEMb3A, XOTS B HEKO-
TOPbIX CIIyHasX yAaeTcs MoCTPOHTS IpeodpasoBaHne
KOOPIMHAT, CBOIAIIEE HECTAIHOHAPHYIO CHCTEMY
K CTalMOHAPHOH (1A paccMAaTPHBAEMOro ciaydas
u3BecTHO npeobpaszosanue ['opesa-ITapka). Oanaxo
9TH CyHaH He OXBaThIBalOT BCEro MHOrooOpasus
PeKMMOB, BO3HHMKAIOIIMX B MEPHOAHYECKH HecTa-
LIHOHAPHBLIX CHCTEMAax MNpH y4eTe HEeJIHHEHHOCTH
HEKOTOPBIX XaPaKTEPHCTHK, NPH HECHMMETPHYHO-
CTH P&XKHUMOB U T.1. OTMETHM, HTO CTPEMJIEHHE 10~
JIY4HTh TOYHOE PElLIeHHE He BCera ONpaBAaHo, TaK
KaK 3Ha4YeHHs MHOTHX IapaMeTpoB BpAA JH OyayT
M3BECTHBI TOYHO. BOT mouemy B HCC/IeI0BaHHH ITHX
cucteM Y pHEeKTHBHBIM ABIAETCH MCNONL3OBAHHE
npubnikerusix Metonos. B paGore ncnonb3osan
OCHOBAHHBIH Ha MEPBOM FaPMOHHYIECKOM NPHOIIDKe-
HHH MeTOJ cTanuoHapusauuu [4], pazpaboraHHbii
npod. C. JI. YeuypuHbIM (KOTOPOMY TPHHALIEKHT
M cama ujes u3naraemMoro ucciaenosadus). Merton
HE OrpaHHYMBAETCA KAKMM-IHOO MOPAIAKOM OIH-
CBIBAIONIEr0 YPaBHEHHs H HMEET IeOMeTPHYECKYIO
1 PH3NYECKYI0 HHTEPIPETALIMIO.

Taxum o6paszom, 0coGEHHOCTAMH AaHHOH paboThl
ABISIIOTCA MPUMEHEHHEe METO/1a YaCTOTHOTO aHaTu3a
JUIA ONpe/eJeHHs YCIOBHH HEeyCTOHYHBOCTH pac-
CMAaTpHBAEMOH IEKTPOMEXAHNYECKOH CHCTEMBI,
HCCIeI0BaHNe COBMECTHOM paboThl ABUraTeNs U re-
HepaTopa npu paboTe Ha pacnpeeaeHHYI0 Harpy3Ky,
NpHUMEp pacyeTa yCIoBHii BO30YKIeHUs U KonebaHmii
MEepPBOro NapaMeTpUyeckoro pe3oHaHca B CHCTEME.
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Puc. 1. Cucrema “asurarens-reseparop” (117

1. MosenmpoBan#e 1eKTPOMeXaHH1eCKOoro
npeoGpa3oBareis

PaccMoTpHM cHCTEMy «ABHTraTe/lb-reHeparop»,
u3obpaskeHHY10 Ha puc. |. B paMkax npeamnosioxeHus
00 o1HO(AZHOCTH CUHXPOHHOH IEKTPHUECKOI MALITH-
Hbl (TEHEpaTopa), HETPYAIHO BBINHCATL CHCTEMY YpaB-
HEHMI1, CBA3LIBAIOIIYIO BBEICHHBIE NIEPEMEHHDIE!

Ja=Cyl - M,

U=RI+LI+Co

o

¥ st (D
oo

6144 !f? = er'i ¥

ot

r7e NPHHATBI clleyolue 0603HaYeHNS NapaMETPOB:
J — MOMEHT MHepuUMH Bajla H POTOPOB CHCTEMBI
«IBHTraTe/Ib-reHepaTop»; . — Yroj roBopoTa Baja;
C,,— 2NeKTpOMEXaHHYeCKas NOCTOAHHASA ABHTaTeNs;
C,—5neKTpHYeCKas NOCTOAHHAA ABUrarens; M— B3a-
HUMHad MHAYKTHBHOCTh 0OMOTOK cTatopa u siKops
reHepaTopa; Z — KOMIUIEKCHOE COMPOTHBIEHHE Ha-
IPY3KH (MMMeaaHc); / — TOK cTaropa reHeparopa.

M3meHeHnne B3aMMHOIO pacroIOKeHHs] OOMOTOK
CTATOpa M AKOPS, BBI3BAHHOE BPALLEHUEM TOCIIE/IHe-
ro, O4€BHIIHO, OTpaXkaeTcs B ToM, 4Tto M Heobxoaumo
cuuTarh nepuoanyeckoii ynkumeii Bpemenu. O6brHO
NPHHHUMAETCA HACATH3HPOBaHHbIN 3aKOH H3MEHEHHUs
M w 0M/ot BO BpeMeHH 1pH MOCTOSHHOH CKOPOCTH
BPALLCHHA BA/IA (), , KOTOPbIi H300paxkeH Ha puc. 2.

B nactosameit pabore npHHAT rnaakui BapHaHT
OTOM 3aBUCUMOCTH:

M(r)=C, sin .= C,, sinw 7,

rae €, — MakCHMMajlbHOE 3HAY€HHE B3aUMHOM
HHIYKLHH,

[Ipumensas k cucreme npeodpasosauue Jlamna-
Ca M nepexojs OT CHCTeMbl YpaBHEHHIl K OZHOMY
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OTHOCHMTEBHO YIJla MOBOPOTA Baa L, MOJIy4aem s
HY/IEBbIX HAYAIBLHBIX YCJIOBHI:

3 2 X cM
I Typoa+Typo+pa+ kW (p)|— pa +
da
oM (M) ., (M) , _
+T kW (p) 2r— 2 — | pra” +[”—) par= (2)
da | fa’ o,
L."
= c. ’
rae
Tl L RJ
by =| M|, T, ==, T}y = —
J R C.Cy

) 1
u W, (p) = — — nepenarounas GyHKUMSA OT HAMPS-

n
KEHHA K TOKY LEMNH Harpy3Ku.
Beuay Toro, uto B3aumHas MHAyKums M ecTb
(yHKIMA (MepHoaHYecKas) yIia mOBOpOTa, Ypas-
HeHue (2) sapaserca HenuHeHHbIM. PaccmoTpum

M(1)
N

v

ettt

mssassss s ——-————

: :
M : :
or A : . :
_ - e ———
' H H H
' 1 H :
: ! ! '
1 i i i
¥ T T T >
0 i /0 ! 21/t
! H
: 1]
e ——

Puc. 2. Xapakrep H3MeHEeHHsA B3aHMHOI
HHAYKTHBHOCTH BO BPEMCHH [IPH BPALUEHHH AKOPA



CucTeMHbIin aHanua v ynpaeneHune

YCTaHOBUBILIEECH [IBUKEHHE — BpallleHHe poTopa ¢
NOCTOAHHOM CKOPOCTBIO (. C 1I€/IbI0 HCCTIEI0BAHHS
YCTOHYHBOCTH BpallleHHA nepeiiaeM K ypaBHEHHAM

B BapHaLMAX: BBEAEM Masible OTKJIOHEHHA yria Ao
OT paBHOMEPHOro Bpamenus o= /. [lpu s>Tom (2)
3aMUIIeTCa B BUOE:

~2
TT"p z.\a+Twp Ao + pAa + ZkW(p)[ﬁM] oM Wy rAc + < k (p)[aM] P Ao+
da )| do” o
3 | i 3)
i , (aM\[(M) , (M \[*M amY
+T, kW, (p) —_| 0y +[—J Wy~ +[—;——] — (204 ) p +[—] “ Ao =
1alP w 0 aa )| aa® | P ( n)! oo p

B ypaBHeHHH (3) BCe 4eHbl, cofepiKalme Mpomns-
BOZHYIO B3aUMHOH HHIYKLHH, €CTh IEPHOAHYECKHE
usMmeHslomMecs mapaMerpsl. [IpoBenem aHanun3s
YCTOMUYMBOCTH YpaBHEeHHMS (3) B paMKax nepsoro 4a-
croTHOro npubnwxerus. [1ns »Toro npumeHnum npo-
Leaypy CTALHOHAPH3ALMH, CYyTh KOTOPOH, NOMHMO
moHorpauu [4] u3naranace B HeJaBHHX NyOnHKa-
uuax [HTB]. Onyckas mpoMeKyTO4HbIE BbIKIAIKH,
MpUBEIEeM KOHEYHOE YPaBHEHHUE IS MPUOIHKEHHOTO
onpejie/leHHs rpaHuiibl Bo30yKAeHHs IEPBOTo napa-
METPHYCCKOrO pe3oHaHca:

1
T,Typ +(T,u + ;T z)p3 +[1 +5ff]p -

1 » (1
+{;q?l,p“ + [59 + p(2T, }‘?) p+ pq} X )

x[——l-e_”} = (),
2

e g=k W (p)C % a p=jo,=j€V/2, rae  — uactora
H3MEHEHHA MapaMeTpa (B HalleM ciIydae OJHOMo-
N0CHO# MauHHbl Q=20 ).

VYpasrenue (4) MOXKHO paccMaTpuBaTh Kak Xa-
PAKTEPUCTHYECKHH MOTMHOM C DKCIOHEHIIHAIbHBIM
MHOJKHTEJIEM HEKOTOpOH NHHEHHOH CTalMOHApHOH
CHCTEMbI.

YenoBue paBeHCTBa HYJTIO JIEBOH 4acTH JKBHBA-
JIEHTHO YCJIOBHIO HAXOJKJEHHA HA rPaHHLIE YCTOHYH-
BOCTH CHCTEMBI ¢ 0OpaTHOH CBA3BIO, H300paKeHHOH
Ha pHC. 3, /1€ NPHHATO:

W(jQ) =
iﬂ,ff(jg}“zq
B 2 2 2 (5)
2 1)
]’:,T“(,: ] +[T“+%an][|j%]+(]+—qJ

W(p)

wiGe) [€—

Puc. 3. DKBHBaJIeHTHAA CXeMa U1 HAXOKICHHUA MPaHHULL
B30y KACHHA MEPBOT0 NapaMeTPHHECKOro Pe30HaHca

Takum 06pa3oMm, B COOTBETCTBHM C KPHTEPHEM

HaiikBucTa, paBHOMEpPHOE CO CKOPOCTBIO (0 _Bpa-
ICTEMbI JIBUIATEIb-T€H pH

400T¢ Ha LeNnb H KM C MepeIaToOuHON HK

W (p) pu 3aKOHE M3MEHEHWs B3aWMHON MHIVKIHH
M(1)=C, sin® ( HeYCTOIYNBO. ecau rojorpad
pas‘OMKHﬂOH nepenatoyHoi Gynkumun Wip)W (jo)
oxBateiBaeT To4YKy (—1: j0) Ha KOMIUIEKCHOIi mio-
CKOCTH.

[locnennee TakKe 03HAYALT, YTO U3 YCIOBHSA:
WG2)W, (@) = 1w W (jp) = — W(jQ02) (7)
MOYKHO HAHTH KPUTHYECKHE 4acTOThI (M aMILTUTY/AbI)
W3MEeHEHUs napameTpa, MPHBOAAIINE K BO3OYKICHUIO
MepBOro napamMeTpHYECKOro pe3oHaHca.

Jis ucnonb30BaHuA ypaBHeHus (7) 1S HaXoxK-
JleHusl [PaHML MapaMeTPHUYECKOro pe30HaHca HeoO-
XO[IMMO MMETh MepeJaToyHyI0 (PYHKLIHIO HArpy3KH
W (p), 9T0 B Cyuae pacnpeeeHHbIX ee napaMeTpoB
TpebyeT JOMOMHUTENbHBIX ycuuuii. [Tpusenem cno-
c00 MoTy4YeHus ee KOHEYHOMEPHOH anmpQKCUMalHH
B ClieLHabHOM ()OpMe TPaHCLEHAEHTHOIO BbIpakKe-
HHSI, TO3BOJIAIOIIEH JErKO MOPOkKAATh NPUOIHKEHHE
m000# cTeNneHH TOYHOCTH.

2. YacroTrHOe MOIE/IHPOBAHHE
pacnpenejeHHOH HATPY3IKH

B ynomunasiuemcs ciiyuae kopabenbHOH cucre-
MBI 2JIeKTPOCHAOKEHHUS MPOTIKEHHOCThL KabeabHbIX
Tpacc MOKET OOCTHraTh HECKOJILKHX COT METPOB.
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BBu1y KOMIAKTHOCTH pa3MellieHHs JIMHUI, CKpYyYeH-
HOCTH TOKOHECYIIMX 3KHJI B O0LIEM M30JIMPYHOLLEM
KOpITyce BO3HHKaeT HeoOXoaumocTs yuera s¢dexros,
CBOMCTBEHHBIX JIMHHBIM JIEKTPHYECKHM JIHHUAM
KaK CHCTEMaM C pacrnpeneneHHbIMH apaMeTpamH.

CucTeMsbl ¢ pacnpeneneHHbIMH MapaMeTpaMH
OMUCHIBAIOTCA JU((epeHIIHaTbHbIMH YPaBHEHUAMH
B HAaCTHBIX NMpou3BoaHbIX. [l npuMeHenns meroaa
CTallHOHApU3allHK HAC MHTEpeCcyeT He CTOMbKO odiee
pelieHHe 3THX YpPaBHEHMil, MoKa3blBalollee pac-
Mpee/ieHE MEPEMEHHbIX M0 MPOCTPAHCTBEHHOH H
BPEMEHHOH KOOPIAHHATAM, CKOJIbKO HYaCTOTHAsA Xapak-
TEPHUCTHKA (nepenarouHas PyHKIUMA) LIHHHON JTHHUA
OT OIpeeaeHHOro BX0Aa K ONpeieIeHHOMY BBIXOLY.
B nacrosilee BpeMs METOJ KOHEYHBIX JJIEMEHTOB
SABAAETCH OCHOBHBIM TPHEMOM, HCIOMb3YEMbIM HH-
JKeHepaMH /7131 pacyeToB. TeM He MeHee, B JHHAMH-
4eCKHMX 3a/1a4aX M MPH BBICOKOIl TOYHOCTH pacyeTa
0H TpedyeT OO/ILIIMX BEIYMCIHTEIbHBIX MOLLHOCTEH,
T.K. N0JIPa3yMEBaeT NOCTPOCHHE PEILEHHA B KAKIOM
y3ne ceTkH. BmecTe ¢ Tem, kak OyzieT nokasano HHKe,
U1 pAa OMHOPOIHBLIX 0OBEKTOB € pacTpe/ie/IeHHBIMH
fapaMeTpaMH 3Toro MoxHo Hibesxkats [6].

Tak, U1 JUIMHHOM 31EeKTPHUYECKOi TMHHUH, Npo-
TSUKEHHOH B10Jb OCH X, OMHCHIBAIOLIHE YpaBHEHHA
3aMUINYTCA Kak:

o . oi
T l ar

) : 3
i cu ©)
— =, —,

ix ot

rae u(x,r) v i(x.r) 0603HAYAIOT HANpPSAXKEHHE U TOK
B C€TH, & r,, [,, ¢, — MOTOHHBIE CONMPOTHBIIEHH,
HHIYKTHBHOCTb W €MKOCTh JUTMHHOH JIMHHH, COOT-
BETCTBEHHO [7]. DTH ypaBHeHus c/iefyeT AONOIHUTh
KpaeBbIMH YCIOBHAMH.

MoKHO nokasark, 4TO [PH BKIFOYEHHOH Ha KOHLIE
IJTHHHOM JIMHMM peaKkTHBHOH Harpyske R(p) nHTe-
pecyrolas Hac nepenatodHas QyHKUHS HAarpy3ku
W (p) MOKET MMETD CIIEAYIOUYI0 KOHEYHOMEPHYIO
annpoKCMMalH1 BUIA:

|

Wn(p) = , (9)

SN G i EN 4 cosh EN - R(p)

rae N obo3HauaeT KOINYECTBO AUeeK KOHEUHOMEPHOH
MoziesiH, § M Y— HEKOTOpPbIe APAMETPhl, 3aBHCSILHE OT
oneparopa p, (PH3H4ECKHX CBOWCTB €HHHULIbI JUTHHBI
JIMHHMH M BEIOPaHHOTO MOPsIKa aNTpoOKCHMAaLHH (Jie-
TaJlbHOE OMUCAHHE MOKHO HAWTH, Hanpumep, B [6]).
IIpn 4HCTO aKTHBHOM CONPOTHBICHHH I HAa KOHLIE
JUIMHHOM JIMHUK: R(p)=r ; NpH YHCTOH MHIIYKTHB-
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Hoct / : R(p)=1 p ; npu peakTUBHO# HAarpy3Ke Tuna
KonebaTenLHOro KOHTYpa:
Ler,p’ +1p+r,

R( ) = n-non <
F le,p” +1

B nocneanem cayuae npu N =0 oueBHIHO, 4TO
W’*(Pi) B TOUHOCTH coanfmaer ¢ nepenaTouHol QyHkK-
LHHEN COCPEAOTOHCHHOH HAIPY3KH.

B cayuae anuHHON 1uHUK yenoBue (7) NpUBOAMT
K YPaBHCHHIO BBICOKOIO NMOpAAKa C TPAHCUEHOCHTHLI-
MH YJI€HAMH H TOKE HE JOMYCKAET aHATTHTHYECKOr O
PEIIEHNA B IBHOM BHJIE.

3. Pacuer ycjoBHii BO30Y:KIEHHSI H YHCIEHHOE
MO/1eJIHPOBAHHE NAPAMETPHYECKOT0 Pe30HAHCA

[IpuBeseM npumep pacyeTa yciaoBHi BO30yxae-
HHs TAPAMETPHYECKOIO PE30HAHCA H OCLHIIOrPaM-
MbI KoJleOaHHH B YUHCIIGHHOM KCIICPUMEHTE.

du3nyecKne napaMeTphl 1A pacueTa TPUMepoB
BbIOMPAIHCh U3 AHAMA30HA HMEIOLIMX TEXHHYECKHH
cMmbicn. Tak, B KadecTBe ABHTarens ObLl BhIOpaH
JIBUraTtens nocTosHHoro toka 4P 112MVYXJI4 ¢
XapaKTepHCTHKAMU: HOMUHAITbHAS YaCTOTA BPALICHMA
®,= 3000 06/muH, MomHOCTL 5.5 KBT, Hanpsxkenue
nutanua U = 440 B u T.4. (cM. Karajor), B Ka4yecTBe
renepartopa — 'AB-4-T/230-M1 ¢ xapakTtepHcTHKa-
mu: Hanpsskenue u = 230 B, mowmHocTs 4 kBT, TOK
BO30yxKaeHnus sakopa / =3 A u t.a. (cM. karanor).
OO0wMit MOMEHT HHepunH Baja J NPHHAT PABHBIM
0.029 xrm* .

Paccmorpum pabory DMIT va nnmunyio (250m)
JIMHUIO ¢ napameTpamu: r,=le-6 Om/m, [, =le-5 'u/m,
¢,=le-8 ®/m. I1ycTh Ha KOHLE JIMHHH HMEETCA CO-
CpeaoToYeHHAs MHAYKTHBHAA Harpyska / =0.032 'n.
lpu sToM W (p) paccuuteiBaercs no (9). Ha puc.
4-a npusejiensl rojgorpadsl, a Ha puc. 4-6 — amrn-
TYIAHO-4aCTOTHBIE XAPAKTEPUCTHKH MepeaaTOYHbIX
bynxunii —W' (jo) u W(j€/2) B orpaHHYEHHOM
HECKOJIBKHMH MEepPBLIMH PE30HAHCAMH YacTOTHOM
JuanasoHe.

Pacyer nokasbiBaeT, 4TO NMEpBbIi NapamMeTpHye-
CKHMil Pe30HAHC BO3MOKEH B OKPECTHOCTAX IMEPBbIX
pe30HaHCHBIX YacToT: 10 5.91; ot 151.06 1o 151.49;
o1 302.99 10 303.19; 01 455.20 10 455.30 pan/c. Hau-
GonbiuHi HHTEPEC NPeJCTABIACT TPETHI PE30HAHC,
T.K. OH HAXOJNTCS B HEMOCPEACTBEHHOI OJIM30CTH OT
HOMMUHAaILHOI1 yacToTs! Bpamenus 300 pax/c.

4. YUncjeHHblii JKCIEPpUMEHT

Jlnsa npopeieHHs YMCIEHHOTO IKCNEPHMEH-
Ta HUCNOJIb30BAaINCh CTAHOAPTHBIE HHCTPYMEHTHI
MHTErPHPOBAHHA 3aJlaHHBIX B (popme O/OK-cXeM



CucTemHblil aHanusa u ynpasneHue
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Puc. 4. K pacuery ycinoBuii Bo30y&KI€HHA NEPBOTO
napaMeTpHYecKoro pesoHaxca npu pabore SMII
Ha JUTHHHY10 JTHHUKO (250 M); crutoluHas — npHBeIecHHAas
4ACTOTHAA XapaKTEPHUCTHKA CHCTEMbI € PACIpeleeHHOM
Harpy3koH —"' (j@); npepeiBUCTas — YaCTOTHAS XapaKTe-
PHCTHKA CTALHOHAPH30BaHHOIO WieMenTa W(j(22).

auddepenunansaplXx ypaBHeHHH Simulink
(eM. puc. 5), rae nepeaarounsie pyukuun W (p) u
W (p) onpenensiorcs Kak:

1

Ek|C§ (T::p + l)
Wi(p) = > ,
L,Typ  + Typ+1

%kicf, (57,p +3)

Wi(p) = - ;
! LTyp™ +Typ+1

a nepeaaro4nas pynkuus W(p) ects nepenaroynas
(hyHKIMA HArpy3KH, B JaHHOM Ciydae:

Wy(p) =W,(p) = = :
[M sinh EN + cosh EN - R('p)}
Y

Jlerko mpoBEpHTH, YTO B ITOM ciyuae (cM.
puc. 3):

W,(p)
W(p) = 2
- L+ W (p)W,(p)

COBMAJaeT ¢ HCMOIb3yeMoii Belle Gopmoii (5).

B cnyuae, xoraa nepeaarouHas yHKUNSA Ha-
rpy3KH He SBASeTCH APOOHO-PALIMOHAIBHBIM Bhi-
pajkeHHeM, NIPUMEHEHHE CTAHAAPTHOTO HHTepdeiica
Simulink HeBo3moxkHO. OaHAKO st TOro, 4To0bI
HaOM0aTh YCTAHOBHBLIYIOCS KapTHHY OQHOYA-
CTOTHOIO MAPAMETPHYECKOro Pe30HAHCA HET HeoO-
XOAUMOCTH HCIIO/IL30BATh NEPEAATOUHYIO PYHKLIUIO
(9) B TOUHOCTH, JOCTATOYHO BOCIIOJIB30BATHCH €€
annpoKcHMauneil B HHTEPECYIOLIEM HAC IHana3oHe
4aCTOT.

BKCHEPHMEHT NoKasblBaeT HaAJIH4YHE nepsoro
napaMeTpHuYecKoro pe3oHaHca (cM. puc. 6).

Wi(p)

Jaknwyenue

Y4er HecTallHOHAPHOCTH KO (D (DHULIHEHTa B3aHM-
HOM HHIYKLHH B MATeMaTHUECKOH MOIEH WIeKTPOMe-
XaHHYECKOH CHCTEMBI MO3BOJIAET HaXOOHUTh YCJI0BHA
MOTEPH YCTOHYHBOCTH €€ PABHOMEPHOIO BpalllEHHs
B (hopme napameTpuyeckoro pesonatca. [lossnenue
napamMeTpu4ecKoro pe3oHaHca UTl CHCTeMbl MALIHH
3aJaHHOI0 THOA 3aBHCHT OT BHOAA HArpy3KH, Ha KO-
TOPYHO OHM paboTalOT, NPHHYEM OCOOEHHO OMACHBIMU
ABJIAIOTCA CETH, UMEIOLIHE PE30HAHCHBIH MUK B paiio-
HE HOMHHAIBHOI CKOPOCTH Bpalll€HHs Bajla CHCTEMbI

' ot = Aumis) | mumis) _D
ShJF y denis) denis)
p Fon
Derwative w2 w3 Soope
numdsl |
dens)
w1

EN> o

Praduct

Sine Wave

Puc. 5. Cxema uncIeHHOrO 3KkcnepuMeHTa B cpese Simulink
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(ana oanotasHeIX MammnH). B cratee npeacrasiex
KaK caMm METO[ rapMOHHYECKOH CTallHOHApU3alliH,
KOTOPBIH MMO3BONAET PACCUHTLIBATEL 0O/IACTH HEYCTOMH-

YUBOCTH U1 TAKHX CHCTEM, TAK M CI1OCO0 MNOJIy4€HHA
HACTOTHBIX XapaKTEPHCTHK UIA Cliy4as Harpysku C

pacrpeeneHHbIMI apaMeTpaMu.
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XopbkoB B. b., XKuraHos H. K.

K BONPOCY O BHEJAPEHMH CUCTEMBI YIIPABJIEHUSA
PECYPCAMM MNPEAITPUATUSA

ITpu BeIOOpE CIOKHONH KOMILJIEKCHOH CHCTEMBI
YNpaBleHHUs pecypcamMH MPeAnpHATHS BONPOCH
2(hdexTHBHOCTH ee Ja/bHEHIIero HCMoNb30BaHHs, a
TaKkKe CPOKA OKYNAEMOCTH CTOAT Ha NEPBOM MeECTe.
MHOrOUHCIEHHBIE PUCKH, COMPOBOKIAIOIINE HE TOMb-
KO NPHHATHE PEILIEHHS, HO U IIPOLIECC €I0 PeaTH3aLHH,
MOIYT CTaTh CYLUIECTBEHHBIM MPENATCTBHEM Ha MMYTH K
yCnemHoi paboTe NMPOMbILIIEHHOTO NPEANPHATHS.

B 10 e Bpems cyuecTByeT paa yOeauTenbHbIX
JIOBOJIOB B 10J1b3Y TOT'0, 4TO 000HTHCE O3 COBpeMeH-
HBIX CPEICTB ABTOMATH3ALIHH YIIPABJICHHA NPOH3BOA-
ctBoM, Takux Kak ERP (Enterprise Resource Planning)

112

MPOMBILLIEHHOMY MPEANPUATHIO HE NPEICTABIIAETCS
BO3MOKHBIM [1, 3]. K ux uncny orHocstes: norpet-
HOCTB B [MOIY4YEHHH J0CTOBEPHON nH(OpMAaLHK 11
OMepaTUBHOIO NPUHATHSA YIPABISHYECKHX PELLEHHII;
He0OX0HMOCTh BCECTOPOHHETO KOHTPOJIA HaJl XO10M
MPOU3BOJICTBEHHOrO MPOIIECCa; MOUCK HOBBIX BO3-
MOKHOCTEH MOBBIMIEHNA KOHKYPEHTOCIIOCOOHOCTH
H KauyecTBa NpO/AYKLUHH; BBIXO] HA MEKIYHapPOAHBIiH
PHIHOK HHBecTHLMi [1].

CylecTByeT ABa OCHOBHBIX aCNEKTa, KOraa Juis
NPEeANPUATHA BONPOC BHEAPEHHUSA IIPON3BOICTBEHHOIO
ERP-moaymst cTaHOBUTCS 0COOEHHO aKTyasbHBIM.
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[lepBeblii acnekT — BHELIHWH, HJIH PHIHOYHBIN.
[pexnpusTie NOCTOSHHO CTAJKUBAETCH C TAKUMH
npobiaeMaMy, Kak HECOOTBETCTBHE 3aKa3a CPOKam
BBIMOJIHEHHA, a TaKKe 0TKa3 oT 3akaza. Kpome
TOTO, HECBOEBPEMEHHbBIC MOCTAaBKH MaTepHajIOB H
KOMILUTEKTYIOIHX, BHEIUIAHOBBIE 3aKa3bl KINEHTOB,
Opak u apyrue GakTopbl TakxKe CYLUECTBEHHO BJIMSA-
10T Ha Ka4eCTBO MPOLYKLHH U BbIMOJHEHNE MPOU3-
BoACTBeHHbIX mianos. K nannoii rpynne gaxktopos
OTHOCATCA TAKOKe CPOKH MOATOTOBKH NPOM3BOACTBA
npoaykiumn. Hanpumep, komnanus X obecneunaer
BBLIMYCK HOBOH MOZEJM aBTOMOOMIIEH eKerojiHo, a
KoMmnaHus Y — pa3 B AecATh J1eT. TeXHOoMIornuecKkHii
LUK pa3paboTKH HOBBIX MojeneH apromoOuneit Y
3aTpyAHAET CBOEBPEMEHHbIH BBIXO MPOAYKLHH Ha
PBIHOK W OTCTaeT OT ObICTPOpACTYIIHX 3aMpOCOB
norpedureneii. Beimenepeunciennsle (pakTopsl co3-
JAl0T CHTYALHIO, KOTa NPeANpUATHE He MOKET HIIH
HE YCIIeBaeT COOTBETCTBOBATh TPEOOBAHUAM PhIHKA,
BOBPEMS OTKJIMKATBCSH HA 3alpoChl KJIMEHTOB.

Bropoii acnekr — BuyTpennuii. Ha npeanpusrun
YACTO HE CYLIECTBYET YETKOIO NMPEACTABIEHHS O TOM,
M3 Hero CKaajblBaeTcs ce0ecTOMMOCTh NPORYKLHH.
duHaHCOBbIE CTYKObI KOMINaHHH He obecrieyeHsl
B nonHoM obObeme mHpopMmaumeil 1A ydeTa CBOHX
pacxo/0B Ha MPONU3BOACTBO MPOMAYKIIHH, B TOM YHCIIE
MaTepHAIOB, KOMILIEKTYIOIHX U JeTasei, BXOAALIHX
B MPOM3BOMMBbIE H3/ieiHs. B pase ciydaes npeanpu-
ATHE He HMeeT 3P eKTHBHBIX CPENCTB /15 TOro, 4TO-
ObI 4ETKO KOHTPOJIMPOBATHL H TUIAHHPOBATH 3arPy3Ky
000pyI0BaHHs, TPY/103aTPaThl U MOTPEOHOCTH B Chi-
pbe. 2T npobiieMbl TEM HIIH HHBIM 00pa3oM 3aBHCAT
0T peKTUBHOCTH IIaHUPOBAHHA NPOH3BOICTBA
H Npo3pa4yHOCTH OH3HEC-MPOLECCOB NPEANpPHATHA,
HAMpPHMEp €CJIH PYKOBOIMTENH TPOH3BOJICTBEHHOIO
OpeanpUsITHS He MoMy4aroT “npo3padHoi” uHdop-
MalMK 715 IUIAaHHPOBaHMA 1oTpedHOCTEH B ChIpbe,
KOMIUIEKTYIOIMX 1 00opyaoBaHuu n1u6o uudpopma-
LU MOCTYMAeT HECBOEBPEMEHHO U pa3po3HeHHO. B
clyuae eclIH OpeanpHATHE OLIYIIAeT HeLOCTATOK
ONEepaTHBHBIX JaHHBIX JUIA TOrO, YTOOb! YIPaBATh
CIIPOCOM, KOHTPOJIHMPOBAThL Ka4ecTBO M cebecTon-

MOCTb MPOAYKLUHH, CTOMT 3a1yMaThCs O BHEAPEHHH
ERP-cuctemsl Ha npoussoacTse [1].

VYnpasnss Bceit uHdopmanneil 0 NPoH3BOACTBE
NPOAYKLHH W CO3/1aBasi KOHCOJMIHPOBAHHYIO HH-
(pacTpyKTypy 2J1€KTPOHHOro oOMeHa JaHHBIMH C
nomoiibi0 ERP-cHCTeMBI, MOJKHO PELLIHTh MHOJKECTBO
npo0em MpenpHATHA, KOTOPhIE NPeICTaBIA0T cle-
Aytouiue O0KH 3a/1a4: MIaHHPOBaHHE MPON3BOACTBA,
y4eT, KOHTPOJ/Ib, AHAJIN3, IPHHATHE PELLEHUH.

D¢ dexTHBHOE pelleHHe ITHX 3a1a4 YKa3blBaeT
Ha HeoOXouMocTb BHeipeHus cuctembl ERP, onnako
clieyeT ONnpeae/HTh NMOPAAOK JeicTBHiH, BRIOpaTh
CTPaTeruio NpOM3BOACTBA, HANpPUMEp, YBEIHYHTh
pasMepbl IPOH3BOIHUMBIX MAPTHH, NOBBILIAs 3aTPY3KY
000pyAOBaHMs, HIIH COKPATHTh NAPTHH K paboTaTh ¢
HEIMOIHON 3arpy3Koi.

PaccMOTpHUM noaxos, no3BoiAiOUIHH MOBLICHTH
000CHOBAaHHOCTH NMPHHUMAEMBIX PELUCHHI H YIy4-
UIMThL KAYECTBO yIparieHus npeanpustueM. Ero cyts
3aKJIHOYAETCS B MOJIEJIMPOBAHHH (IPOMBILLIEHHOTO
NPEINPHATHA B BHIE IEMOYKH NOCTABOK IO MPHHIH-
ny cuctemHoit auHaMukH [2]. C ero nomolso noss-
NSIeTCS BO3MOXKHOCTh MPOAHAIN3UPOBATEL NpobaeMbl
KOMITaHWH B LIeJIOM, HAHTH 1 000cHOBaTh I pexTHB-
HbIE CrIOCO0OBI H3MEHEHHA CHCTEMBI YIIPABISHMA.

ba3oBoii MOgEnbI0 HCCIEOYEMBIX MPOLIECCOB
sIBISIETCS LENnovuKa MOCTABOK — HeKas CTPYKTypa,
BKJIIOYAKOLIAA YPOBHH H PEryJIHpPYEMbIE€ MOTOKH,
YNpaBJIeHUE KOTOPBIMH OCYIIECTBIAETCS C OMOIIBIO
nH(popMalHOHHBIX cBs3eit [3] (puc. 1).

Yposem,u(L‘) —9T0 CYMMHPYIOLLHI 2IEMEHT, Xapak-
TEPU3YHOILINIT POHUCXO/IAIIHE B CHCTEME HAKOTLIEHNA,
CKayKEM 3arachl MaTEPHAJIOB, & PeryJIHpYyeMbli MOTOK
(V) —neMeHT, XapaKTepu3yIoLHii IOTOK MaTepHasIoB,
€ro HanpaeJeHHe M ckopocTh. C MOMOIIBIO MOTOKOB,
HANPUMEP, MOJIC/THPYIOTCA ONEPALIMH, BBINOIHACMbIE
Ha cTaHkax. BoicTpoeHHas TakuM oOpa3oM Leno4vka
NocTaBoK oOnazaeT psAaoM oueBHAHBIX cBOMHCTB. Tak,
JUIS Hee CIpaBel/IMBO MPAaBUIO “y3KOro mecra’: Io-
TOK, IIPOXOJALIMH Yepe3 BCIO LENOUKY, ONpeiensercs
caMbIM MeJIIEHHBbIM ee 1emenToM. Kpome Toro, Ui
KOHTPOJIS MPOU3BOAUTENILHOCTH LIETTOYKH MOCTABOK

Vi V2

Vn

Pue. 1. 3ﬂeMGHTapHaﬂ HCIO4YKa MmocTaBoK
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BA/KHbI BXOMAIIMI M HCXOMALIMI MOTOKH M HE BAXKHBI
BHYTPEHHHUE (mpeanonaraercs, 4ro HHbopMauus o
COCTOSHMM YPOBHEH N3BeCTHA)

Jlas Toro utoGsl ONpeaenuTh HACKOJILKO GLICTPO U
aIeKBaTHO NPEeaNPHATHE pearupyeT (OTKJIMKaeTca) Ha
BHELLHHE BO3AEACTBHS (B HACTHOCTH, HA H3MEHEHHUE
crpoca), nocTpOMM MOJelib NoKasaTenel OTKINKa
cucTeMbl Ha ciipoc (puc. 2). XapakTepucTHKaMH JjaH-
HOMH MOZIE/IH ABIAIOTCA: BpeMs peakuuu 7r — cpeaHee
3ana3jgblBaHMe OTKJIMKA HA W3MEeHEeHHEe BHENIHUX
yCI0BUH (BpeMs OT mpHema 3akaza 10 OTTPY3KH),
AMILTHTY/IHbII 0KA3aTeNb OTKINKA A, — OTHOLIEHHE
AMIUTHTY/IbI OTKJIMKA A | K aMIUINTY/IEe H3MEHEHHs Ha
BXOaE A, 8pemenHou nokazamenv omkauka I, — ot-
HOLLIEHHE NPOAOKHTEIbHOCTH OTK/IMKA T K BpeMeHH
H3MEHEHHS BXOAHOIO AeiicTeus T,

Takum obpazom,

T
i A S 9 1
A T (1)

PaccMOTpHM 211eMeHTapHY10 CHTYALMIO peakiiui Ha
CHpOC MPOH3BOACTBEHHOTO MPEANPHSITHS KAK CHCTEMBI.
B ciayuae ecin BHELIHUMI CIIPOC He MPEBBILLAST NPoH3-
BOJCTBEHHBIX MOLIHOCTEH (Wnp = const) npeanpusTus
(puc. 3) m cradbunen (nokasarens cripoca Ac = const), T0
ouepek 3aKa30B TaksKe cTabuiibHa, 1 3aKa3, PHHATHIN
CErofHs, OTrpyKaercs yepe3 Bpemsa To.

COOTBETCTBEHHO, B C/Iyuae YBEeTHYEHHS MOKa3a-
TenA cnpoca Ac MPH HEM3MEHHBIX MPOH3BOACTBEHHBIX
momHocTAX (Wnp = const), a TakKe MOpsiIke BHINOI-
HEHHA 3aKa30B, BpeMs OTKJIHKA YBEJTHIUTCA TIPONOp-
LIHOHAJILHO YBETHYEHHIO [TOKA3aTeo Copoca:

T; o A )

B HEKOTOPBIX CcIoy4HasAX, KOraa rnokKasarteljlb
Ac # const, nng COKpallleHHd BpEMEHH OTKJIMKA Le-
HCCOOﬁpa?»HO H3MEHATH OUEPEAHOCTL BBIMOJIHEHHA

I 3 I:
Cnpoc

3aKa30B, a TAKKE NMPOM3BOACTBEHHBIE MOUIHOCTH
Wl‘[p, CKJIaAbIBalOLIMECA M3 COCTABA M KOJMYECTBA
000py/1I0BaHMA, HOMEHKIATYPbl MPOLYKLUHH, ¢ 00b-
€Ma WU TPYAOEMKOCTH, a TAaKKe BpeMeHH paboThl
obopynoBanus.

C uenpio cokpaueHus nepeHananok odopy-
JI0BaHHsA 3aKa3bl JOKHBI BBITOJIHATHCA HE B TOMH
110C1e10BATE/IbHOCTH, B KAKOH OHH OBbLIH NMPHHATHL.
KntouesriM dakTopom 31ech ABIAETCA pa3Mep 3a-
IYCKaeMbIX B IPOH3BOACTBO MAPTHIi: ONpeae/IeHHbIE
paboThbl HA JTaHHOM CTaHKE He OYIyT BBITIOIHATLCA 10
Tex Mop, MNoKa He HabepeTcs J0CTaTO4HbIH 00beM 3a-
ka30B. [TockonbKy Bro/iHe BEpoATHO, 4TO TpebyeMoro
oObeMa HabpaTh HHKOTA HE YACTCS, HCTIONb3YHTCH
OrpaHM4eHHs Ha BpeMs OJKHAaHHA (IepPHO/1 KOHCOIH-
JaluH), 10 HCTEYEHHH KOTOPOro MMEHOLLASCS MapTHs
3aKa30B 3alyCKAaeTCs B IPOH3BOICTBO.

C ucnonb3oBaHHEM AaHHOTO noaxoia, noas-
JAETCA BO3MOXKHOCTH ONPENE/INHTh PAJ KIHOYEBBIX
noKasareneid AeATeJIbHOCTH, HCIONb3YEMbIX IS
dHaM3a NpHHHUMAEMbIX pEIIIEHﬂﬁ, 4 TakKe Nnapame-
TPBbl, HA KOTOPbIE BO3MOKHO OKa3bIBaTh BIIHsAHUE. 13
JHarpaMMbl puc. 2 O4eBHJHO, 4TO 2((eKTHBHOCTH
padoTEI CHCTEMbI JOCTHIAETCA MPH:

A, —1ul,—1 (3)

NyTeM yBEAH4YEHHs napamerpa A M yMEHbIICHHA
napamerpa 7,

Juarpamma puc. 4 WITIOCTPHPYET CHTYALMIO,
KOI/1a, COOTBETCTBYA YCIOBHAM (3), Bpems oTkinka 70
COKpaIaeTcs 3a CHET HIMEHCHHA NMPOU3BOACTBEHHBIX
MOILHOCTEH, a TaK/Ke O4epeIHOCTH BBIIOJIHEHHS 3a-
Ka30B. B coOTBETCTBHH C MOKa3aTeIsAMH AHATPAMMBI
puc. 2 npu yeennueHHH Ac (2 U 3) 1714 coKpauieHus
To npuMeHsAETCS NPHHLMIT YBEIHHYEHUA Mapamerpa
Wnp, a Takke U3MEHEeHUE MOPA/AKA BLINOJIHEHHS
NPHHATBIX 3aKa30B.

OTKIHK CUCTEMBI

&

Bpems T

T,

h 4

Puc. 2. TTokasarenu OTKJIMKA CHCTEMBI
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Puc. 4. Orkimk Ha HecTabHIIBHBIH CIIPOC ¢ H3MEHEHHEM TIPOH3BOACTBEHHbBIX MOLLHOCTEH
H O4EepPEeIHOCTH BhIIOJIHEHHA 3aKa30B
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BriBonsi

1. TTopbimas > QeKTHBHOCTD yIIpaBaeHHs Mpe-
npusTHem nyteMm BHeapeHus ERP., neobxoaumo
peanH30BaTh LEHTPANTH30BAHHOE IJIAHHPOBAHHE CO-
Omronas CaeayoIyo HepapXxHIio:

KBapTalbHBIN MJIaH MPOH3BOACTBA,

MECSYHBIH MPOM3BOJCTBEHHbI [L1aH,

OCHOBHBIC KaJICHOAPHBIE MJIaHBI TPOH3BO/ACTBEH-
HBIX HO,IIP&SJIE!.TIEHHﬁ,

niaaH noTpebHOCTeN B pecypcax.

MecsyHble NPOM3BOACTBEHHBIE MJIAHBI CO-
CTaBJIAKTCAH [NPOH3BOACTBCHHO-JHCNETUHEPCKHUM
OTIOEJIOM MpEeAnpHATHA HCXOAA H3 OUEPEHOCTH
cOOPKH KPYITHBIX y3710B H LIMK/IOB UX H3TOTOBJIEHHS.
OcHOBHBIE KalleHIapHbie MIaHBl pa3padbarsiBaloTCA

COOTBETCTBYIOIIHMH OTAEAMH MPOH3BOACTBEHHBIX
noapasneneHuii. OnpenensoTcs ypoBHH NPHOPUTETA
BBIXOZa JeTaseii, Ha OCHOBE 4ero (JOPMHPYIOTCA [PO-
H3BOJICTBEHHbBIE 3a1aHHA C YIE€TOM HOPM BPEMEHH M
TPYJOEMKOCTH H B COOTBETCTBHH C YCTAHOBJIEHHOM
TEXHOJIOTHEH H3rOTOBJICHHS.

2. Onepupys 8 ERP-cucteme Takumu 1aHHbIMH,
KaK COCTaB M3[e/Hs, LHKI H3TOTOBIEHHS, 3arpy3Ka
000py10BaHHA MPEACTABIACTCA BO3MOMNHBIM MPH-
MEHATH NPEII0OKEHHBIH METOJl MOJEIHPOBAHHS,
KOTOPBIl MO3BOJIAET MOBLICHTh 3(PPEKTHBHOCTD
YNpaBjieHHs NPeANpHATHEM MYTEM LEHTPaIn30-
BAHHOIO MOAXO0JA K IUTAHHPOBAHUIO H YMEHbBILIEHHEO
BPEMEHH OTK/JMKA B 3aBHCHMOCTH OT KoneOaHHA
crpoca.
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fonockokos K. I1.

ABTOMATU3UPOBAHHASI CACTEMA MCHBITAHHI B CTPYKTYPE
CHCTEMBbI YITPABJIEHUSI KAYMECTBOM

Bo3spacTatonias cliokKHOCTb IEKTPOHHOMH TEXHH-
KH H pacIIMpeHne 00IacTH ee MpuMeHeHHs o0yco-
BHJIH HEOOXOAUMOCTL OOecrneveHus yCTOHYHBOCTH
napaMeTpoB CHCTEM K BO3AEHCTBHIO Pa3IHUHBIX
(akTOpoB: MEXaHHYECKHX, KIMMaTHYECKHX, Bpe-
MeHHBIX ¥ ap. OauH U3 cnocoGoB AOCTHKEHHS TAKOMH
YCTOHYHBOCTH — [IPOBEICHHE BCECTOPOHHHX MCTIbITA-
HUH M31€/Mil KaK Ha CTaIHH M3TOTOBIEHHUS FOTOBOTO
oOpasia, Tak u B npolecce MPoOU3BOCTBA.

B nocneanue roabl B MCHBITAHUA EKTPOHHOM
TEXHHUKH BKJIIOUHJIH HE TONLKO MPOBEPKY NapaMeTpoB
1Mocjie HaCTPOHKH M PErYIHPOBKH, HO H MPOBEPKY
YCTOHUMBOCTH (CTA0OMIBHOCTH) THX MapaMETPOB 1104
AelicTBHeM JecTabHIM3HPYOIHX (haKTOPOB, a TaKkKe
MPOBEPKY HX CTAOMILHOCTH BO BPEMEHH (MCIIBITAHNA
Hd HANEKHOCThb, JOATOBEYHOCTH, paboTocnocob-
HOCTh, COXPaHAEMOCTB).

CoBpeMeHHbIe U3IeTHA CONEPKAT B CBOEM CO-
cTase D0JbII0e KOTHYECTBO AKTHBHLIX M MMACCHBHBIX
snemeHToB. K OCHOBHBIM KOMIOHEHTaM H3Aenuil
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3NEKTPOHUKH OTHOCATCS MPHOOPLI U U3AeHs, IPH-
MEHAEMbIE B PAJHOTEXHHYCCKHX CHCTEMAX, CTﬂﬁH-
nM3aropax HanpspKeHui, O10Kax nuTaHug W 6J1oKax
yNpaBIeHHA CHCTEMaMH ABTOMATHYECKOH 3alllHThI
JABHTATENA.

Hannuue Gonbioro koau4ecTBa JIeMeHTOB
B Pa3s/IMYHbIX EKTPOHHBIX H3JENHAX MPHUBOAUT
K TOMY, YTO NPH HECOOIIONEHNH Olpeae/eHHbIX
KOHCTPYKTHBHBIX MEpP BEpOSTHOCTH OE€30TKa3HOI
paboThl, HANpPUMep, PaAHOIIEKTPOHHON annaparypbl
CTaAHOBHTCAH HH3K0ﬁ, H OHa HE MOMKET }’JIOBJleTBOPSITb
NIPeabABIAEMBIM TPeOOBAHUAM.

OyHKIHOHHPOBAHHE JAEKTPOHHON anmnapa-
Typbl OCHOBAaHO HA HCIOIb30BAHUH JJIEKTPOHHBIX
MPOLECCOB, MPOHCXOAAUINX BHYTPH CTPYKTYP
cocraBnsawimKux ee vacte. Koncrpykuus obecne-
YHBAET HOPMAJibHbie YCIOBHA (PYHKIHOHHPOBAHUS
KOMIIOHEHTOB u3nenuii B uenoM. [Ipu stom B jera-
nax l(OHCprK].IHﬁ [IPOHCXOOAT l'IpOU,ECCI:l oTBOAA
H pacceBaHuda Telna, BKpaHHPOBaHHﬂ MArHHTHBIX



CUCTEeMHbI aHanua u ynpasneHue

M JIEKTPUYECKMX MOJeH, H3MEHEHUs YNpPYTHX H
Heynpyrux aedopmaunii v jap. B komMnoHeHnTax
JNIEKTPOHUKH KPOME JJIeKTPOHHbIX, 00ecrnednBao-
X ee (PyHKIHOHHPOBAHHE, MPOTEKAOT MPOLECCHI,
XapakTepHble U1 J1I00bIX MaTepHaoB: NepeHoca
sewectsa (auddysuda, anexrpoauddysns); xumu-
YECKOT0 B3aMMOJEHCTBUA Pa3IHYHBIX MAaTepHasoB
Mesxkay coboit M ¢ oxpyKaroleil cpeaoii (peakunn
OKHMCJIEHHA, 3aMELICHHA, BOCCTAHOBIEHUA U Ap.);
M3MEHEHHS KPHCTAIUTHYECKOH CTPYKTYpBI (KpHCTa-
JIH3aLMA, PEKPHCTATH3aIHA) U T. 1. Bee npoleccst,
NPOUCXOAALINE B HACTAX, COCTABAIOIINX anmapa-
TYPY, 1O XapakTepy BIAMSHHMA Ha M3/eNIHE MOXKHO
XapakTepH30BaTh KaK oOpaTuMbIe U HeoOpaTUMBIE.

DnexTpHiecKas cXema, KOHCTPYKLMA H TEXHOO-
rUs U3TOTOBIEHHMSA YMEKTPOHHOIO M3/1€THA JOJ/KHBI
obecrieunBarh TaKoe MPOTEKaHHE MPOLECCOB, MPH
KOTOPOM H3MEHEHME €ro CBOHCTB B ONpPEACIEHHBIX
YCIIOBHSIX B TedeHHe TpedyemMoro BpeMeHH HapaboTKH
HE JI0JKHO NMPHBOANUTH HU K BDEMEHHOH, HH K OCTO-
SAHHO# notepe paboTOCNOCOOHOCTH.

CrOKHOCTB POEKTHPOBAHHA YCYTYOIAETCA TEM,
4TO B OOJIBIIMHCTBE C/Iy4HaeB IEKTPOHHBIE H31e/THA
paboTaloT B pa3HYHbIX YCIOBHAX OKpY:KatoLieit cpe-
Ibl (pa3aHYHbIe TEMIEPATYPA, AABJIEHHE, BIAKHOCTh
U T. 11.). YKa3aHHble BO3AeHCTBHIS OKPYKaIOLLEH Cpejibl
0coOeHHO XapaKTepHbI U151 ANEKTPOHHOM aNnaparypsi,
KOTOpas 10o/kHa Oe30TKa3Ho paboTarh NpH HATHYHH
OonplIMHCTBA NMpuBeaeHHbIX (axTopos. [Juanazon
Kosie0aHHA TEMIEPATyphl OKPYKaKOIIEro BO3AyXa
MOsKeT cocTaBnaTh oT —40 10 +50 rpaaycos.

[IpenenbHble 3HAYEHHS MAapaMeTPOB BHELIHHMX
YCIIOBHIA U1 Ka’KI0T0 BHIA YIEKTPOHHOTO 000pya0-
BaHMA yKa3biBaloTcs B cooTBeTcTBYIOMEM ['OCTe.

MexaHnueckue UCTbITaAHUA 2EKTPOHHOIo 000~
PYAOBaHMA N0O3BOMAIOT BBIABUTE HANHYKE 1e(EeKTOB,
OnpeaenHTh AHHAMHYECKHE XapaKTEPHCTHKH HC-
TbITHIBAEMBIX H3AENI, NPOBECTH OLEHKY BAHAHHSA
KOHCTPYKTHBHBIX (JAKTOPOB Ha MapamMeTphl Ka4eCTBa
obopynoBaHus, NPOBEPHTL COOTBETCTBHE TpeOoBa-
HHUAM MMApaMeTPOB aNmapaTypbl MPH MEXaHUYECKOM
BO3JEHCTBHH.

Hcnpitanue Ha BAOPOYCTOHYMBOCTh MPOBOJIAT €
LIEJTbIO MPOBEPKH CMOCOOHOCTH M3AE/THI BBINONTHATD
cBOM (hyHKIMH H COXPAaHATH CBOM MapaMeTphl B rpe-
Jenax 3HAYeHHH B YCIOBHAX BHOPALMH B 3aJaHHOM
JIHANa30He 4acTOT H YCKOPEHHI.

Hcnbitanus Ha ylapHyO MPOYHOCTb MPOBOAAT
C LI€JIbIO MPOBEPKH CMOCOOHOCTH H3IAETHA IPOTHBO-
CTOATBH Pa3’pymaroLIeMy BO3ASHCTBHIO MEXaHHYECKHX
YapoB, COXPaHATh CBOM MapaMeTpsl B npeaenax
yKa3zaHHBIX B HOpMatuBax. [IpH 3TOM MCHbIThIBae-
MYIO annaparypy MoABepraioT BO3AeHCTBHIO MHOTO-

KPATHBIX MJIM OJIHHOYHBIX Y1apoB. XapaKTepHCTHKH
PEXHMOB HCIIBITAHMH (MHKOBOE YIapHOE YCKOpEeHHe
H 4YHCIIO ynapoa) 3aal0TCA B COOTBETCTBHH CO CTE~
MEHBIO JKECTKOCTH HCTILITAHHH.

McneiTanns Ha Bo3jeiicTBHE aKyCTHYECKOIo
IymMa MpoBOAT C LIE/IBHO ONpe/le/ieHus CIOCOOHOCTH
IEKTPOHHBIX M3EJIMH BBINOAHATL CBOH (DYHKLHH,
COXpaHAA MapaMeTpsl B Mpeaenax HOpM, YKa3aHHbIX
B CTAHAApTax Ha W3/IEJIHs, H IPOrpaMMbl UCTIBITAHHIH
B YCJIOBUAX BO3AEHCTBHS MOBBILIEHHOTO LIYyMA.

B ornnuue oT Apyrux BUIAOB BHEIIHUX BO3/Eii-
CTBHH (HArpy3okK), AEHCTBYIOIMX Ha JJIEKTPOHHYIO
anmnaparypy, y aKkyCTHYeCKOH Harpy3kH €CTb CBOH
0COOEHHOCTH: HIHPOKHIl CHEKTP YaCTOT, H3MEHSIO-
HHXCA OT €AHHHIL Ir'epll 10 HECKOJIbKHX KHWJIOTEpLL,
ciyyaifiHbplil XapakTep H3MEHEHHs BO BPEMEHH W
NPOCTPAHCTBE, pacripejie/IeHHbIH XapakTep BO3aei-
CTBHA, 3aBUCALIMI HE TOIBKO OT YPOBHSA 3BYKOBOIO
JaBJIEHNS, HO M OT IUIOLAAK u3aenus. PesoHaHcHOe
ABJIEHHE IEMEHTOB JJIEKTPOHHOMN anmnaparypel,
BO3HHKAIOIIEE B pe3y/IbTaTe BO3ACHCTBHA aKyCTHYe-
CKOTO IIYMa, Yallle BCEro MposBaseTcsa Ha 4acToTax
1500-2000 T'w.

Knumaruueckue UCTIBITaHUS NPOBOAAT 1 [IPO-
BepkH paboTocnocoGHOCTH U (MIH) COXpaHEeHHs
BHEIIHEro BHAa M3AENHI JNEKTPOHHOH TEXHUKH B
npejenax, yCTaHOBJIEHHBIX B HOpMAarHBax, B YCJIO-
BHAX M (MIHM) rocje BO3AEHCTBHS KJIHMATHYECKHX
(axTopoB.

Haubonee 10CTOBEPHYIO OLEHKY [HaeT OIBIT IKC-
[1yaTauuy HWIH HCOBITAaHHUA M3IE/IUH B YCIIOBHAX,
HMHTHPYIOIIHX JKCIUIYaTalHOHHbLIE BO3JI€HCTBHA.
ITpakTHYecKku HEBO3MOKHO MPH HCIBITAHMSX TOTHOC-
ThI0 HMUTHPOBATh BO3MOJKHBIE YCIOBHS JKCILIyaTa-
uMy. MHOro/leTHHH ONBIT [MOKA3BIBAET, YTO MOXKHO
OIrpaHUYHMTBCA JIHUbL ONPEeAC/I€HHBIM KOMILIEKCOM
CTaHJapTHBIX KIIHMaTH4YEeCKUX HcnblITanuii. [Tpocteie
H YHHBEPCAJIbHLIC OHH OCHOBAHLI HA DMITHPHYCCKHX
NPHHIKIIEX H, HE HMUTHPYA pealbHBIX YCIOBHIH JKC-
IUTyATALHH, TIO3BOJISIOT NOJYYUThL HYKHYIO HH(pOpMa-
LMIO B KpaTuaiilnie cpoku. ITO JOCTHraeTes 3a CueT
YBEJIHYEHMs HATPY30K H UX IJTUTEILHOCTH.

HenpiTanus Ha BO3AEHCTBHA MMOBBIMEHHON M
MOHUKEHHOH TEMINEPATyp NPOBOAAT C LIEJIBIO OTIpeie-
JeHUs crnocoGHOCTH HNIEKTPOHHOTO 060py10BaHHS
COXPaHAThL CBOM [IApaMeTPbl H BHEIIHHIi BUJI B TIpe/ie-
JlaX HOPM H M0CJI€ BEPXHEro W HHJKHEro 3Ha4eHHi
TEMIIEPATYPhL.

UcneiTanne Ha BO3jeiicTBHE MOHMKEHHOIO ar-
Moc(epHOro AaBieHIs MPOBOIAT C LETbIO [IPOBEPKH
cnocoOHOCTH WIEKTPOHHLIX M3A€IHIH BLINOJHATh
CBOM (DYHKLIMH B YCIIOBHAX YXYALUEHHSA TEIIOOTAA4YH
H BO3IMOKHOCTH NEperpesa.
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MeneiTaHus Ha BO3AeiCTBHSA MOHMKEHHOTO
arMoc()epHOro JaBjieHuA MPOBOIAT INOO MPH HOp-
MaJIbHOH TeMIeparype HCIbITaHHil, 160 npu Bepx-
HEM 3HAYEHMH TEMIEpaTypPhbl IS MCILITHIBAEMBbIX
H3]e/IHii, 3aNHCAHHBIX B CTaHJapTax.

[TponomxnTenbHOCTD HCMBITAHMIE, KAK TPABKIIO,
He npesbimnaeT 30 MuH. B oTAeABHBIX Clyyasx Mo-
KT yCTaHAaBIMBATLCA JUTMTENbHOE, Dollee ABYX-Tpex
4acoB BO3/1€HCTBHE MOHMIKEHHOTO aTMOCcdepHOro
JaBIEHH.

HUcnwiTanne Ha BDTiﬂCﬁCTBHE MNOBBILIECHHOIO JaB-
JIEHHUS BO3IyXa MW APYToro rasa npoeoasr B Gapoka-
Mepax C 11e/1b0 MPOBEPKH YCTOHYHBOCTH NapaMeTpoB
H COXpaHEHHA BHEIIHEro BHAA U3EHI B YCIOBHAX
MOBBILIEHHOIO aTMOC(EPHOTO JaBICHHS.

Ilens mcneiTaHMi Ha BO3AEHCTBHE CTATHCTHYE-
CKOTO HAPAaBIHYECKOro JaBJIeHHs — OnpeaeieHue
paboTocnocoOHOCTH anmnaparypsl B yCIOBUAX MIpe-
ObIBaHUS 101 BOJOH.

Crabunsuocts (6ecnepeboiinocTs) dyHKIM-
OHMPOBAHMA SIEKTPOHHOI anmaparypsl CBsizaHa ¢
YCTOHYHMBOCTBIO COCTABISAIOIIHNX €€ KOMIIOHEHTOB
(31meMeHTOB) K BO3AEHCTBHAM pa3nHYHOTO poja Ha-
IPY30K, B IEPBYIO O4€PE/Ib WIEKTPHUECKNX N MEXaHH-
uecKkHX. BenmmiuHa yKkazaHHbIX HATPY30K Onpeaenser
CpPOK HapaOOTKH M3JenHsl.

YenoBus cyLIecTBOBaHMA M3/eJIMi MOIKHO MOJI-
pasIe/IuTh Ha YCJI0BHA XPAHEHHS, TPAHCTIOPTHPOBKH
HX K MECTY NPUMEHEHHA H YCIIOBHA JKCILTYaTalluH.

O'-IEBI-‘IIIHO, HYTO OJHHM H3 ITIaBHBIX TEXHHHYC-
CKHX MOKaszaTesied HM3IeNnHil 3MeKTPOHHOH TeXHHKH
ABJIAETCA €€ HAaJeKHOCTh, KOTopas B O0LIeH Caox-
HOCTH 3aBHCHT OT HAJE€KHOCTH KOMIUJIEKTYHUIHX
INEMEHTOB (2NEKTPOBAKYYMHBIX H TBEPAOTE/bHbIX

IEKTPOHHBIX ).

Takum o6pazom, 4TOOBI NOBBICHTE HAIEKHOCTh
1 paboTOCTIOCOOHOCTD, M3/1e/Hil NEeKTPOHHOIT TeX-
HUKH, HEOOXOAUMO 3HATh MEXaHH3M BO3JeHCTBHH
BHEIIHHUX M BHYTpeHHHX (akTopoB. B Dasze gaH-
HBIX aBTOMATHU3HPOBAHHONH CHCTEMBbI YIPaBIACHHA
KauecTBOM HeoOXOJMMO MMeTh MaTeMaTH4eCKHe
MOJIEIH BIMAHHUA BCEX MEPEYHCIIeHHbIX BO3Ieii-
CTBMI M npe/BHAeHbs W3MeHeHuit paboTtocnocod-
HOCTH KaK B MEPHOJ MCMbITAHUII, TAK U B MEPHO
IKCIUIyaTalHNH.

[pouecc co3naHua H3AeMHIi WIEKTPOHHOI TEXHH-
KW MOYKHO MpeACTaBUTL B BUae cxeMkbl (puc.l). Tpu
CTa/lMH — MPOEKTUPOBAHHE NPOH3BOACTBOM JKCILTyaTa-
LIMA U31€THH BKITIOYAIOT B €0 TPH B3aHMOCBA3aHHBIX
npouecca: obecnedenne TpedyeMoro KauecTsa usje-
A, KOHTPOJIb KaY€CTBOM H YIPaBICHHE Ka4eCTBOM.
DTa nocnea0BaTeNLHOCTE NPHCYILA CO3AAHHIO KaK
CJIO/KHBIX /IEKTPOHHBIX H3/IEJIHil, B POLIECCE KOTOPIX
Y4acTBYIOT HECKO/IbKO NMPEANPUATHIL, TAK H TPOCTBIX,
MNPOU3BOJACTBOM KOTOPBIX 3aHMMAeTcs LIeX, Y4acToK
HJIH OTIepaTop.

Obecneyenne Ka4yecTBa HAUMHAETCS [IPH (opMy-
JIMPOBAHUM TEXHHYECKOI0 3a1aHus Ha pa3paboTky.
YpoBeHb KauecTBa, [UIAHUPYEMbIii TEXHHYECKHUM 3a-
JIaHUEM, C O/IHOH CTOPOHBI, J0/17KeH ObITh IOCTATOYHO
BBICOKHM, 4TOOBI YI0BIETBOPHUTL TPpeGOBaAHUIM HOTpe-
OuTens, a ¢ APyroi — COOTBETCTBOBATH TEXHOIOIHYE-
CKOMY YPOBHIO COBEPIIEHCTBYHLLETOCS POU3BOICTBA
1 OBITh IKOHOMHYECKH cOANTAHCHPOBAHHBIM.

Takum obpasom, NpH COCTABIEHHH TEXHOJOIH-
YECKOro 3ajlaHus 3aKIajbIBalOTCH Te TeXHHYeCKHe
TEXHOJIOTMYECKHE MapaMeTphbl, KOTOPble B JajbHeH-
11eMOYly T ONpeeniaTs Ka4eCTBO H3AEeIHs.

118

[Mporssogcreo
i Decn eesite K =y
Vi
J
SrIUTyaTatint
PLihanewune Konrposs
Yrpasnenmne |
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CucremMHblin aHanu3 u ynpasneHue

HbIX TEXHOTOrHYECKHX OMepaLHsix — TeKyLLUero 1
[IPUEMOYHOIO CTATHCTUYECKOrO KOHTPOJIS.

Ortciona O4eBHIHA CBA3L MEKIY CHCTEMOIl
YIIpaBieHHs KAYeCTBOM H CHCTEMO# ypaB/ieHns
TEXHONOTHYEeCKHMH MPOLECCaMH.

[Toa aBTOMATH3MpPOBAHHOH CHCTEMONH HC-
nbitaunid (ACH) Oynem moHnmars nporpaMmHo
annapartHbii KOMIUieKkc Ha 0aze cpeacTB HCIbI-
TAare/lbHOH M3MEPUTENLHON H BBIMHCIIUTENILHOH
TeXHHKH, MpeJHa3HAYeHHbIH 1Sl BBINOIHEHHS
KOMIUIEKCHBIX HCIBITAHMIT H3EIHI JIeKTPOH-
HOoil TexHukn. ACH npeanasznauena ana obe-
criedenus 3hdexTHBHOrO (PYHKUHOHHPOBAHKS
UCIBITATENLHOIO 000pPYIOBAHMS YTEM AKTHB-

HOTO BbINOJIHEHHS (DYHKLIMIT YIIPABICHHSA TEXHO-
JIOTHYECKUM MPOLIECCOM HCIbITAHHA.

B Takoii cucteMe OCyIECTBIAETCA PErucTpa-
uud, cbop, nepepaborka U aHanu3 nHGOpMaLMK
HeoOXOAUMOI U1 peann3auny (GyHKIHHA ynpas-
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Puc.2. Mozesib aBTOMaTH3HPOBAHHOH CHCTEMBbI
MCIbITAHHH H3/1E/IHH NIEKTPOHHOH TEXHHKH

ITponecc pa3paboTKH HOBOTO IEKTPOHHOTO H3-
JeUs CONPOBOXKIAAETCH IIHPOKUMH HCIBITAHHUAMH
MaTepHayoB, Y3JI0B W CaMHX HM3JeNHi, HMEIOLIHX
Gonbloe 3Ha4YeHHe 11 HOPMHPOBAHHA KayecTBa.

VYrpasienue Ka4ecTBOM M3ENWil Ha ITane npo-
M3BOJICTBA ABJIAETCA TAK/KE BaKHBIM 3BEHOM B €1H-
HOH cucTeMe ynpaBrneHus Kadectsom. Mcmonbsys
pe3ynbTaThl aHann3a HHQOPMALINH, NONTYYeHHbIe
MpH KOHTpPOJE Ka4ecTBa NMPHUMEHAEMbIX MaTepHa-
JIOB, TEXHONOIMYECKHX IMpoLeccoB, 000pya0BaHHs
M TOTOBBIX M3/EIHI MOKHO YNPABIATH TEXHOIOIH-
YECKHMH MPOLIECCAMH, KOHTPOJIHPOBATh PEAKHMBI H
BO3/1€HCTBOBAaTh Ha pa3paboTKy WM MOAEPHHU3ALHIO
M3/1e/IHii, BbIITyCKaeMbIX B HacTosulee Bpems. s
MPOM3BOACTBA JIEKTPOHHOH TEXHWKH XapaKTepHbl
ABe 0COOEHHOCTH: Ype3BbIYaHHAA CIOKHOCTh TeX-
HOJOTHYECKOTO MpolLecca H KPYNHOCEPHHHOCTD
MPOM3BOACTBA, KOTOPbIE MO3BOIAIT YP(HEKTHBHO
NPHUMEHATH Pa3INYHbE CTATHCTHYECKHE METO/bI
KOHTPOJIAL.

Tak. ecnn nns oGecnedeHus 3aJaHHOTO YPOBHS
KaueCTBOM B MPOH3BOACTBE IIHPOKO NPHMEHAETCA
MPHEMOYHBII CTATHCTHYECKHH KOHTPOIb, TO A
YIpaBieHHUs TEXHOJIOIHYECKHMH MPOLECCAMH HC-
MO/IL3YETCs TEKYILMI NPeayTPeInTelbHbIi KOHTPOIIb,
a B iexax 6osb110i# (et nomyuaeTcs oT BHEAPEHHA
METOI0B COBMEILLEHHOrO KOHTPOIIA Ha B3aHMOCBS3aH-

JIeHUs, a TaKoke HH(POPMALIMHK, XapaKTepH3yIoLei
padoTOCIOCOOHOCTh HCTBITHIBAEMBIX H3ETHH
3MEKTPOHHON TEXHUKH B Pa3aM4HBIX YCIOBHAX
JKCIUTyaTalMu. ABTOMATH3UPOBAHHAA CHCTEMA
HCIBITAHUH MOKeT OBITb MpPeACTaBIeHA CIedy-
Io11e Moaensto (puc. 2).

Ha pucyuke U,,U,,....U, — paboumne me-
CTa MCMNBLITAHHHN, OCHALIEHHBIE CIELHATbHBIM

OGOPYHOBaHHCM H CpEeNCcTBaMH KOHTPOJA]

Vi,Vs, ..., Vy — u3mepenus QUKCHPYIOLIHNE PeKHMBI
MCTIBITAHMiT  Z, M MapameTpbl HCTBITHIBAEMBIX H3-
aenuii Yy .

YopaBneHHe peKHMaMH HUCMBITAHHH M KOH-
TpOIs MapaMeTpoB H3JeNHil OCYLIeCTBIsSETCA Kak
4BTOHOMHO, T4K W LEHTPAJIH30BAHO C MMOMOUIbIO
MCIIO/THHTE/IBHBIX YCTPOHCTB Wi, W, ... Wy, .

OO01mas cxeMa CHCTeMbl YIIPaBIeHHs KauyeCTBOM
H3Ee/IHH TEKTPOHHON TEXHHKH MOKeT ObITh npes-
CTaBlieHa B cleytouieM Buje (puc. 3).

Opana u3 BaKHEHIINX XapaKTepHCTHK, orpeae-
nsemasi B MPOLECCE MCMBITAHHNA JEKTPOHHOH Tex-
HHKH, — ee HaJeKHOCThb. Kak CBOHCTBO nizesnus oHa
3aKJa/1bIBAETCA MPH pa3padoTke M o0ecrnednBaeTcs B
MpOLIECCE €r0 U3rOTOBIEHHS.

Hcenerranus, B pe3ynsraTe KOTOPBIX OLIEHNMBAETCH
3a/I0KEHHAsA B M31E]IME HAJIEKHOCTh, HA3bIBAIOTCH HC-
MbITAHUAMH Ha HaJEKHOCTh. [Ipn HTHX HenbITaRMAX
(puxcupyroTcs HapaboTka, MOMEHTBI BOSHHKHOBEHHA
OTKa30B, 00lllee YHUCIO OTKA30B, PEKMMBI paboThl,
NPHYHHBI BOSHHKHOBEHHSA OTKA30B.

119



HayuHo-TexHnyeckue segomocTtu CINEIMY 6' 2008.

NHdopmatuka. TenekommyHukaumu. YnpaeneHume

ATTecTamEs

ACY

ACH3T ™

= \1

|

UK:.uJ ‘]

Hnfopmame o gamwcrss sraress
"

T‘

Puc. 3. O0mas cxema yrpasjieHHs Ka4eCTBOM H3CIHIT AEKTPOHHOH TEXHHKH

Bricokas HaaeKHOCTb COBPEMEHHBIX H3IeNnuit
NEKTPOHHOH TEXHHKH, CIel0BaTelbHO, HEOOIb-
IO YHCJI0 MX OTKA30B HA MUCIBITAHUIX 3aTpPY/IHAET
nojy4eHHe AOCTOBepHON MH(OpMALMH O HadEK-
HoctH. [ToaToMy Haspena HeOOXOAMMOCTh CHH3HTD
TPYI0EMKOCTh HCTIBITAHMIT, KOTOpasi BO3pACTAET HpH
HCIO/IL30BAHHH CTATHCTUYECKHUX METO/I0B, OCHOBaH-
HBIX Ha OTIpejlesIeHNH WK MOATBEPIKIeHHH 3aJaHHOH
MHTEHCUBHOCTH OTKA30B.

CHHM3UTb TPYIOEMKOCTb MUCIBITAHMH M3/1enil
JNEKTPOHHOM TEXHHKH, a CIeI0BaTesILHO, U ceDecTou-
MOCTb MOJKHO [Ty TE€M YCKOPEHHSA UCTBITAHHH, IPUMEHSAS
(hOpCHPOBAHHBIE PEKHMbI H METO/TBI IPOrHO3HPOBAHHSL.
Taxum oOpazoM, nocTpoeHne NoACHCTEMBI HCITBITAHHIT
H [TPOrHO3HPOBAHMS NOKA3ATE N HAIEIKHOCTH M3eHI
MEKTPOHHOH TEXHMUKH — aKTyaJbHas 3a/a4a, Harpas-
JieHHas Ha obecrieyeHne OObeKTHBHBIMH JaHHBIMU O CO-
CTOSAHHMH H3EIHH U1 YNPaBICHHA UX Ka4eCTBOM.
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XantypuHckuii A. H.

OBECNEYEHUE BE30OMACHOCTHM ITPHU YIIPABJIEHUM
CJIOKHOM TEXHUYECKON CUCTEMOM HA OCHOBE
JJOT'HKO-BEPOSATHOCTHOI'O METOJIA

C pocTOM CII0KHOCTH COCTaBa MOJACHCTEM HC-
cliedyeMbIX OOBEKTOB pPacTeT YHHUKaJIbHOCTh Bbl-
MOJHAEMBIX HMH (PYHKLUHH M, COOTBETCTBEHHO,
OTBETCTBEHHOCTh 3a Pe3yibTaThl (DyHKLMOHHPOBa-
Husi. OQHOH M3 OCHOBHBIX TMPEANOCHIIOK TEOPHH
yMpaBieHHs SBAAETCA MPEANOCHUIKA O TOM, 4TO
YIPaBIATH — 3HATHT NPEIBHAET, YMETh ONpPEe/IHTh
peanbHyio NOTPeOHOCThL B TOM MIIM HHOM JEHCTBHH,
OLEHHUTH LenecooOpasHOCTb NMPHHUMAEMBIX pelle-
uuit. Obecneyenne 6e30MacCHOCTH MPH YNPaBIEHHH
ucciaeayeMbIMH 00beKTaMH, B KaueCTBE KOTOPbIX
BBICTYMAIOT C/I0XKHbBIE TEXHHYECKNE CHCTEMBI, MOKET
OCYIIECTBIATLCA HA OCHOBAHMHM aHA/IM3a H OLIEHKH
HX TEXHHYECKOro cOocToAHHA. B cBA3M ¢ 2TUM ana-
FHOCTHPOBaHHE TEXHHYECKOTO COCTOAHHSA CIOKHBIX
TEXHHYECKHX CHCTEM H NPOrHO3HPOBAHHE MOCICI-
CTBHIl BO3MOKHBIX MpeaaBapuHHBIX CUTYyaLHH pac-
CMATPUBAETCS KaK HeOOXOIMMBIH HJIEMEHT 1polecca
(yHKUHOHHPOBAHHA CHCTEMBI YNPABIEHHS HCCIe-
ayeMeIMH oObekTaMu. IloaToMy OcHOBHas 3anaua
JUIA peanu3aliy AHarHOCTHPOBAHHA OINpe/le/IAeTcs
ynpexaawlie opuMeHTalunell ynpasjieHus Ha BO3-
MOJKHbIE H3MEHEHHs B Pa3sBUTHH cocTosHus. [lepe-
YHCIIeHHBIE Bhile (haKTopsl H MPOGIEeMbI OTpaKarOT
AKTyalbHOCTh M MPAKTHYECKYH 3HAYHMOCTh 3a/1a4H
obecneverns 0€30MaCHOCTH MPH YIIPABIEHHHM CIIOK-
HOH TEXHHYECKOH CHCTEMOM.

Jns pemeHHs OTMEYEHHOH 3a]1a4M MOIYT MC-
N0JIL30BaTLCs pasnuutbie Metoast [ 1.4, 5 u ap.]. IMpo-
BeJIEHHbIi aBTOPOM aHaN3 nokasan 3(pdexTnBHOCTD
JIOFHKO-BEPOATHOCTHOIO METOA JIVTA OCYHIECTBICHHA
JIMarHOCTHPOBAHHA CIOKHBIX TEXHHYECKHX CHCTEM.
HccenenyeM NpUMEHHMOCTb JaHHOTO METO/1A HA NPH-
Mepe CJIOKHOH TeXHHYEeCKOH CHCTEMBI, B Ka4CCTBE
KOTOpOii OyjiemM paccMaTpHBaTh IUIABYUHi KpaH.

Jlornko-BepoATHOCTHBIH METO/ IHArHOCTHPOBAHHSA
1 OLIEHKH PHCKOB IPH YIIPABISHHH IUIABYYHUM KPaHOM
MOzKeT ObITh PEAJIM30BaH CTAHJAPTHO — B BU/IE Y€ThIpeX
MOCIEN0BaTEIbHO BhINONAHAEMbIX dTanos [1.2]:

1. Popmann3oBaHHAA MOCTAHOBKA 3a/1a4M, Mep-
BHYHOE CTPYKTYPHO-JIOTHYECKOE MOJIETHPOBAHHE.,

2. TTocTtpoenne norudeckoi (GyHkuun padoro-
CMOCOOHOCTH CHCTEMBI.

3. [locTpoenne pacueTHOH MareMaTHYeCKOH
MO/E/H CHCTEMBIL.

4. BeinonHEHHE Pac4ETOB CHCTEMHBIX BEpOAT-
HOCTHbIX XapaKTePHCTHK.

Jlornyeckas ¢yHkuua paborocnocobHoCTH
(®PC) cuctemsl ynpaBleHHA IUIABKpaHa ompeje-
AsieTcsi Ha OCHOBE €ro CTPYKTYPHOH CXeMbl M 3a-
JaHHOTO JIOTHYECKOro Kputepus. B Texnonorusx
ABTOMATH3HPOBAHHOIO MOJENIHPOBAHUA JIOTHYECKHE
®PC onpenensroTcs aBTOMaTHYECKH, HA OCHOBE MPO-
rPaMMHBIX peaH3aliii COOTBETCTBYIOLIMX METOLOB
u anroput™oB [1-4]. AnbTepHaTHBHBINH BapHAHT
nocrpoeruss ®PC moxeT ObITh NMpEACTaBIEH anro-
putMoM penakcaumu Helipoceresoil (HC) monenn
Xondunaa K CBOEMy JHEPTETHYECKOMY MHHHMYMY.

[Ipu ucobiTaHusX HOBOro 00OPYIOBAHHA IUIAB-
KpaHa MJIM IKCIUIyaTalHu dJIEKTPOTEXHHYECKOro
WIIH 27IEKTPOMEXaHHYeCcKoro o0opy1oBaHus B He-
HaO/MIONaBIIMXCA paHee YCIOBHAX BHELIHEH Cpeibl
BCTPeYalOTCA CHTYALHH, Korjga Oonbuoi odbem
HH(OPMALIUH, HA OCHOBE KOTOPO#H HEOOX0AUMO oCy-
IIECTBUTh AMATHOCTHPOBAHHE, NPEJCTABIEH B BHE
NPHYHHHO-C/IEICTBEHHBIX OTHOIEHHH. CBA3H MOTYT
OBLITh KaK MONMOMKHTEIbHbIE, TAK H OTPHUATEIbLHBIE.
[TonoxkuTeNnbHAA NPUYHHHO-CIEJCTBEHHAs CBA3b
MEIY JIByMs KOHLIENITAMH CYIIECTBYET B TOM CITyyae,
ecnu yBeiaudeHue (YMEHbIIEHHE) KOTHYECTBEHHOM
XapakTEpHCTHKH OOHOIO napamMeTpa npHBOIHT K
yBEJIHYEHHI0 (YMEHBUIEHHIO) BEJIMYUHBI JIPYroro
napamerpa. B ciyuae, koraa yBennueHue (yMeHbliie-
HHE) OJHOIO MapaMeTpa NPUBOIHT K YMEHbLIEHHIO
(YBEIMYEHHIO ) APYTOTO, UMEET MECTO OTPHLATEILHAS
CBA3b.

PaccMoTpuM npolieccel, NPOUCXOAAILINE B CH-
CTEME BJIEKTPONPHBOAA MEXaHHM3Ma NodbeMa MpH
H3MEHEHHH MOMEHTA CONPOTHBIIEHHS HA BaJTy acHH-
xponHoro asurarens. [Ipu pocte 3TOr0 MOMEHTa H
CHHMIKEHHH HacTOThl BPALUEHHs POTOPA MOI0KHTE b~
Has oOpaTHas CBA3b 10 CKOPOCTH B COOTBETCTBHH CO
CBSA3bIO a=kap obecriednBaeT yMEHbIIEHHE YACTOTHI
TOKa CTaTopa (CHHXPOHHOM 4aCTOThl BpAILEHHs 015
CTaTopa), uTo, B CBOK) OUEPE/Ib, TPUBE/ET K elile 00/Ib-
IeMy YMEHbLIEHHIO 4acTOThI BpalieHna potopa. [Ipu
COXpaHEeHHWH aAMIUTHTYIbl MUTAIOIIEro HaNpAKeHH
MOCTOAHHOH YMEHbIIEHHE YacTOThl €ro NPHBEAET K
poCTY 3/7eKTpOMarHuTHOro MomenTa AJl n npubnu-
JKEHHHK €10 K 3HaY€HHHK MOMEHTA COMPOTHBIIEHHUA.
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Ha pucyHke | npuBe/ieHa KOTHUTHBHAsA MOJIEJb
CXeMbl YIpPaBIeHHA IIeKTPONPHBOIOM MeXaHU3Ma
BblIeTa cTpensl muasyvero kpana [TK-12050. B ka-
4eCTBE MOJIEJIH B AITOPHTME MOMCKOBOTO IHArHOCTH-
POBAHHA BLICTYNAET aBTOACCOUHATHBHAA HeﬁPOHﬂaﬂ
ceTb ¢ OOparHBIMH CBA3AMH — AuHamuyeckas HC
Xondunga. Kaskasii napamerp npeameTHoit obnactu
paccMaTpHBaeTCA KaK OT/Ie/IbHbIH HEAPOH TaKoi CeTH,
a ko3 (pHIHEHTbI CBSI3ei MEIK/TYy HUMH — KAK CHHAIITH-
qeckue Beca. [laHHbIH MOAX0/ K TOMCKOBOMY JIHArHO-
CTHPOBaHHIO, MCIOML3YIOIHI IKCTPANOIMPYIOLLHe
HEHPOHHbIE CETH (ABIAIOIIMECH PA3HOBUIHOCTHIO
HelpoceTeBbIX MOJIe/IeH acCOLMHATHBHOH MaMsTH),
npeanoxken Kocko [2,6].

KoruutHBHas KapTa BASETCA CPeACTBOM Mpe-
CTaB/IeHHs 3HAHUH JKCIIepTa, JIHOO IPYIIIL] IKCTIEPTOB
B COOTBETCTBYHOIIEH npeameTHoit obnactu. [Tonod-
HbI€ KOTHHTHBHBIE CXEMbl HMEIOT MHOTO MPHIIO/KE-
HUI1, OZIHAKO BCeX MX 0ObeAnHAeT OHA OCOOEHHOCTD
— NpHBJIEYEHHE JO0NOMIHNUTENLHOH HHOpMALUK 1S
(hopMHpOBaHHA KOTHHTHBHOH CXEMbI.

3anaua opmanuszaunu Ha nepsom stane JIBM
COCTOHT B YCTAaHOBJIEHHH MHOKECTBA napameTpos,
ofpeeNMouX NpeAMeTHYI0 001acTb U XapakTep
cBazeil Mexay Humu. Mcrnons3oBaHue B KauecTBe
MO/IE/TH CUTYALIMM KOTHHTHBHOM KapThbl (HeHpOHHOI
CeTH) MO3BONAET eCcTeCTBeHHbIM o0pa3zoM o0beau-
HATL 3HAHHA HECKOJbKHMX HCTOYHHKOB Ans Oonee

a/IeKBaTHOIO ONMucaHus npeameTHoi obnactu. Hel-
POCETEBbIE KOTHHTHBHBIE CHCTEMbI, B PAjie CHTYALIHi,
MOTYT ObITh HE3AMEHUMBIMHU [IPH HCTILITAHUSX HOBBIX
0o0pa3loB TeXHUKHU, Tam, rae ucxoaHas wHpopma-
LW NPEeACTaB/IEHa, NPe/Ke BCEro, NAHHbIMH U3
JKCIUTYyaTallHOHHO-TEXHHUYECKOH AOKYMEHTAlUHH H
CBEACHHAMH CNCUMATIHCTOB COOTBETCTBYIOLIHX 006-
nacreit. [lpennaraemelii anropuT™M UMeEeT OTIHUHE
B MOPAJIKE BbIBOAA AHArHOCTHYECKHX CYKIAEHHH OT
npeasayinux cucrem [3,4,6].

ANTOPUTM OMnpeeneHus KOHEYHbIX TEXHHYECKHX
cocTodHui ¢ Hcnons3opanneM HC c obparHbiMu
CBA3SIMH COCTOMT M3 HEThIPEX ITanos [6].

1. Ha nepBom sTane anropurMa AUArHOCTHPO-
BaHMA (pacno3HaBaHMsA CHTYalHH) onpejensercs
Ha0bOp NapaMeTPOB KOrHHTHBHOI KapThI, XapakTepH-
3YI01IeH NpeaAMEeTHYI0 001acTh — CBOHCTBA CUCTEMBI
“mexHuveckoe cocmoanue niasKkpana - akmopul
enewnent cpedsl”. B cTpokax Tabnmuel Kpatko 3a-
nuceiBaeTcsa (popMmynuposka napamerpa B dGopme
HMEHH CYILECTBHTEIBHOr0 HaualbHOH Gopmel (MOp-
tdonoruu pycckoro a3bika). MMeHa KOHIENITOB MOTYT
ObITh HA3BAHHAMHM HE TOJBLKO ABIEHHIT OOBEKTHBHOM
nelcTBUTENBHOCTH “Harpy:xeHHOCTB dnemeHTa”,
“CocrosaHune garyuka’” H T.1.,), HO H JEHCTBUA H CO-
crostaus (“Poct sHepronorpebnenus™, “YMeHblleHHE
HarpyxeHHocTH n3aenus”, “M3amenenue remneparyp-
HOMH JAHHAMMKH 00MOTKH cTatopa”™ U T. 1.).

0.1

Puc. 1. KorHuTHBHAsS MOZIenb 4acTH CXEMBI YIIPABISHHS YIeKTPONPHBOAOM MEXaHH3Ma BbIIETa CTPEIIb
MlaBy4ero KpaHa
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2. Onpenensercs XapakTep H BETHUHHA IPHYHH-
HO-CJIEJICTBEHHbIX 3aBUCHMOCTEH MeXK Ty napameTpa-
MH BBEJEHHOTO paHee crucka. KorHHTHBHAsA KapTta
CHTYALIHH [MOJIHOCTBIO 33/1a€TCA CBOEH MaTpHLei CBs-
3eit W]i,j]. DneMeHT W, JaHHOH MATPHIIBI ONpeneseT
CBA3b OT i-TO napameTpa K j-My. Tak, ec/iu B OCHOBE
JKCTPANONHpYHoLIeii HEHPOHHOMN CETH HCMOb30BaHA
CHHXPOHHAs CeTh ¢ HenpephiBHON (DyHKUHEH aKTH-
BALMH — rHNEepOOIHYECKHM TAHTEHCOM C 00IacTBIO
3HageHnii [-1,1] (mubo curMoMaHONH palHOHANLHOH
(hyHKUMEI), TO MEKMapaMeTPHUECKas CBA3b MOKET
[PUHUMaTL OECKOHEHYHOE MHOKECTBO 3HaY€HWH B
uHTepBaze ot —1 a0 1. [Ipu sTom 3Hauenne koddhu-
uuenta w, =0 03HayaeT OTCyTCTBHE CBA3M. B ciyuae
HAJINYHA HECKOIBKHX JKCIEPTHBIX OLIEHOK, TO €CTh
HAJIMYHS HECKONbKMX C(HOPMHPOBAHHBIX MATPHII
k03 uLHeHTOB, pe3ylnbTHPYIOMHH Kod(dHLINeHT,
OIpe/IENIAIOIIHI MEKITAPAMETPHYECKYIO CBA3b, BbI-
YHCJIAETCA B COOTBETCTBUHU C BbIPAKEHHEM:

N
2 wi

H’Ezl:l N rf=1:~_"'V—~ (l)

rae N — KOJIMuecTBO MaTpuil Ko3(D(HUIIMEHTOB, yda-
CTBOBABIIMX B OMHCAHHUH MPEIMETHOH 00IacTH.

3. Ha tperbem JTane aaropurMa oCyIecTBIIETCA
(hopManH30BaHHbIH BBOI BOMPOCA B KOMITLHTEPHYIO
cuctemy — CIITIP cuctemsl yrnipasieHHs ¥ JIHArHOCTH-
posanus 1uiaBkpana. OCHOBHOE OTIIMHUE AIrOpUTMa
COCTOMT B TOM, YTO KOHLIENTHI MpeAMeTHOi obnacTu
MOTYT HMETb He TOJILKO BETHYHHY BIIMSIHUS HA IpyTHe
HapaMeTpsl CHTYalHu, HO U 001a1al0T CBOHCTBOM
- npoucxoxienna dakropa. [lonb3oBaresnto AnarHo-
CTHYECKOH CHCTEMbI MOTYT OBITb H3BECTHBI JTHIIb
HEKOTOPbIe KOMIIOHEHTHI ((haKTOpEI) BXOAHOTO BONPO-
cutensHOro sekropa B[i], i = 1... ..k, rae k— konuuecTBo
onpe/ie/IeHHbIX napaMeTpoB. B cooTBeTCTBYIOIMIHNX 110~
3unmsx (B rpade «Hanpasnenne n3meHneHus» ) Bonpo-
CHTEILHOTO BEKTOPA OH MOJKET BLICTABHThL HEKOTOPhIE
senuunHel. Hanpumep, ecnu BoicTarieHHoe B Tabnuie
3HauyeHue B[i]=-1,i € R (R — MHOXeCTBO [TapaMeTpPOB
BOIPOCHTENLHOIO BEKTOPAa M3BECTHBIX MONb30BaTE-
o), To HedopManM3OBaHHAS MOCTAHOBKA BOMpOCA
3BYUHT TAK: «OTpeeuTh CIAeACTBHE B BHIE COCTO-
sHus KoHUenToB B[/], j € R, npeameTHO# obnacTH, B
cllyuae ec/i MMeeT MecTo MaKCUMalbHas Aerpajaius
(ymagok) B[] - ro akropa Habn10AaEMOI CHTYALIHM.
B rpade «J/lonroppemeHHOCTh (pakTOpa» Hanuuue
€/IMHHALIB] YKA3LIBAET HA OTHOCUTEIIBHBIN CPOK HATHHHS
(hakropa. MubiMu cioBamu, (pakTop Bo3aeicTByeT u3-
BHE, H JUTHTEJIbHOCTB €ro BOMCEI“ICTBM Ha CHTyaluHO
MpEeBBIIAET [UTHTEILHOCTD MEePEXOIHbIX MPOLECCOB,
MPOMCXOASIINX B CHCTEME (HEHPOHHOH ceTH), B

pesynsrarte ero Hanuuus. Hanpumep, daktop «yse-
JTHYCHHE HATPYKEHHOCTH 3J1EMEeHTa MEeXaHWUYEeCKOi
KOHCTPYKLMH» SBISETCH BHEIIHHM MO OTHOILEHHIO
K ONMHCaHHI0 (YHKIHOHHPOBAHUSA DIEKTPONPHBOIA
JIaHHOTO arperara, OluCchIBAeMOH KOTHUTHBHO# KapToi
BHYTPEHHHX KOHLenToB. Clie0BaTe/bHO, B CTPOKE
nanHoro (axropa rpadsi «/lonroppemeHHoOCTh GakTo-
pa» HeoOXOAHMO NOCTABHTL eAHHUIYY. B cirydae eciu
KOHLIETTT, PEaKIMIO CHCTEMBL, HA KOTOPLIH HE0OX0ANMO
OIPENEINHTb, IBASETCS BHYTPEHHUM U KPATKOBPEMEH-
HO BO3JAEHCTBYOWINM (hakTopoM, (Harmpumep hakrop
“TloBsllueHHE TEMIEPATYPhl B pe3y/IbTaTe MOBbIIeH-
HOro TokonoTpeGneHna’” B CHTyallMH OMHCHIBAKOLLIEH
JUHAMHKY OTPabOTKM 2IEKTPOMEXaHW4EeCKUM 000-
PYIOBaHHEM YIPaBIAOWIMX BO3ACHCTBHI) B JaHHOM
rpade HeoOX0AUMO MOCTABUTH HOIb.

4. Ha 3akIi0uHMTEABHOM JTare alropHrMa ocy-
wecTBIsieTes, cobeTenHo, auarnocTuposanue. Ha
BXx0J| HelipoHHO#H cetn Xondunia nopaercs dopma-
JIM30BaHHBII BEKTOP-BONPOC C NPU3HAKAMH CPOKOB
BO3/eiCTBUA COOTBETCTBYIOLIMX (DAKTOPOB.

Hcnonsszyemas auckpetHas cetb Xonduina ume-
eT ClIeyHOIINe XapaKTePHCTHKH (PHCYHOK 2):

Tmm

Uy

Puc. 2. Heitponnas cets Xontuina ¢ BB U=F(U.LT),
rue U — BeKTOp BBIXOIOB HEHPOHOB; / — BEKTOP BEIHYHH
cmetenuii; 7 — matpuua kondguunesTos
CHHAINTHYECKHX CBA3Ei

l. OauH cnoi NEMEHTOB (BXOAHBIE 3JIEMEHTHI,
npejcTaBisolMe BXOAHOH o0Opasel, He Yy4YMThIBA-
10TCH).

2. Kaxplii DJIeMEHT CBA3BIBAETCA CO BCEMH
OPYTHMH 3]IEMEHTAMH, HO IEMEHT HE BCErja CBi-
3bIBAETCA C CAMHM CODOiA.

123



HayuHo-TexHuyeckue segomoctu CMEIMY 6' 2008.

‘HHQ}ODMGTMK& TenekoMmyHukauuu, Ynpasnexue

3. 3a oguH war oGHOBASETCH TOJILKO OAMH 3Je-

MEHT.

4. DneMeHTB! OOHOBIIAIOTCS B CITyHaHHOM TTOPSI-
K€, HO B CPEIHEM KaK[blil JIEMEHT JOIDKEeH OOHOB-
JATBCA B OJIHOH M TOH Ke Mepe (4acrore).

5. BeiBoJ 27€MEHTA OTpaHHYeH 3HAYEHHAMH OT
010 l.

Cerb Xondunaa spasercs peKyppeHTHON B TOM
CMBICIE, YTO 18 K&KA0r0 BXOAHOIO 00pasiua BbiXoa
CEeTH MOBTOPHO MCIMONB3YETCA B KauecTBE BBOAA 0
TeX Nop, noka He OyaeT JOCTHUCHYTO YCTOHYHBOE

COCTOAHHE.

[1pu nonaye na sxon HC sextopa P,, onuceisa-
IOLIETO CHTYALHI0, KOMITOHEHTHI BEKTOpa COCTOSIHUH
HEHpOHOB ceTH ¥ = (u,,...,u ) NPHHAMAIOT CTaLHO-
HapHbie 3HaueHus X, = (¢ ,....0" ). KoodduunenTs
CHHANTHYCECKHUX CBA3CH, MPH 3TOM, H3MCHATCA Ha
BEJIMYHHY:

ij=Lr, k=1N,

k_k
AT » 00
rae A > 0 — napametp penakcaunu HC B Xoae npeas-
ABNEHNA kK —TO NpHMepa npeaMeTHOl obiacTy;

r — KOITHYECTBO KOHIIENTOB NpeAMETHOI 06-

NacTH.

Cunras uis NpoCTOTHI T, =0 1o nauana popmu-
POBAHHA MOJIE/H, 110C]IE OKOHYAHHS NPOLEIYPHI MO
BCEM NPUMEPaM [POTOKO/IA HAOMIOAEHHI ITPeIMETHOI
00/1aCTH MOAY4HUM:

)
Nk kK =5 E

Ty = Xi'®igp bi=Lm
k=1

rae ko3 uHeHTs! [ 3aBHCAT OT IIHTENBHOCTH 00~
yuenus. Jlunamuka coctosiHuil HeHpOHOB q.u K0a¢-
(MIHEHTOB CHHANITUYECKHUX CBA3EH W, OTHCBIBAETCS
YPaBHEHHAMH:

dy;

.
dt P

B auckperHoii Mozenu coctosHue g = @f pea-
JM3YET YCTOHYMBBIH 10KaIbHbBII MHHUMYM JHEPryH
CHCTEMBI, ECJIH YHCIIO IPUMEPOB NPOTOKOIIA HAOIO-
HeHuit HeBenuko [5,6]:

A <

0.14 C,

rae A - KOH4eCTBO 3alOMHHAEMBIX CHTYALHIl B IHa-
THOCTHPYEMOI MpeaMeTHO obnacTi, C — KOMTHYECTBO
HEHPOHOB B CETH.

C noMoIIbIO CETH OCYILECTBIIAETCH UTePALMOH-

HOC BbIYMHC/IC€HHE BXOIHBLIX CHIHAJO0B OO MOMEHTAa
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JOCTHKEHHA YCTAHOBHBILErOCs COCTOAHHA, OO
JIOCTHKEHMA MOPOra 0CTaHOBA (MOCIeIHee BO3MOKHO
B CJTy4ae BO3AEHCTBHA BHEIIHHX (hakTopoB). B ciyuae
HaJIM4us BHYTPEHHHX (hakTopoB B GOpMYIHPOBKE BO-
npoca CeTh Yallle, YeM B cIyuae BHellHero (akTopa,
nepeHieT B yCTOHYHMBOE COCTOAHNE, TaK KaK HCXOIA
MX XapaKTEPHCTHK TOMOJIOTHH MEKIIapaMeTPHUECKHX
cBs3eil, MaTpuLa Kod((PHUNEHTOB CHHONTHYECKHX
CBA3€il CeTH MMEET HYIH HA ITIABHOH IHAaroHalH
w,=0,i=1,....k, k—uuncno HeHipoHos (napame’rposl,
a TAaKXe HE Hapyllaercs Mpouecc eCTeCTBEeHHOH
OCUMIUIALMY CETH K JHEPreTHHECKOMY MHHHMYMY.

[Tycts mons3oBatens chopMyIHpOBa CleayiO-
wuii BxoaHoMH Bektop B =[00,9 0 0 0 0 0]. Uubmvmn
CJIOBAMH, I0OJIb30BATEI0 HW3BECTHO, 4TO (akTop BO
BTOPO#i MO3HIIMH BXOJHOIO BEKTOPA BO3JCHCTBYET B
MO3UTHBHOM HaIpaBJeHHH (HapaBiIeHHH POCTa WK
pasBHTHA) HA CHTYALMIO MPH YNPaBIE€HHH, ONHCAH-
HYH0 paHee Ha stane (popmanuzauuu JIBM.

Kak nmoseayr cebs ocranbhbie daxkropsl (napa-
METpbI), OMHCBLIBAIOIINE KOTHHTHBHY O KapTy, B po-
uecce (QyHKIIMOHHPOBAHUA CHCTEMbI “mexHuyeckoe
COCMOsHUE NIABKPAHA - (hakmopwl enewneli cpeost”
TpebyeTtca y3Harth. B npouecce QyHKINOHHpOBaHKA
HeilpoHHAas CeTh PEKOHCTPYHMPYET COCTOSHHE HE0-
CTaMIIHUX KOHLENTOB 110 CIEAYHIIEMY aJITOPHTMY:

|. HauanbHas nHHUMAIH3AHS HEHPOHOB CETH:

a;(0) = p;, B ciyuae i € R,

2
ai(0) =0, B cayuae i & R, @

rie R — MHOKeCTBO (DAKTOPOB, NOBEIEHHE KOTOPBIX
M3BECTHO MOIbL30BATENH;

a - BbIXOJ i - 10 Heiipona, A(0) =B =[0090
0000].

2. Boluncnenue nociaeayommnx CoOCTOSHMI Heli-
poHoB a(t+1) cetn s Beex i = 1.....k, k- konu4ecTBO
KOHIIENTOB, ONpe/e/ieHHbIX Ha dTane (PopMaIH3alHH
JIBM:

k

a,-(! + l) =f Z “i’({) Wij |»

i=l

ij=1k (3

rae f{x) — GyHKIMA akTHBAUMH HEHpPOHA BHJIA:

. e.r_e—.\
x)=——om,
1) =55

4)

nmbo

f(x)=—, (5)
1+ |\'|
B 3aBUCMMOCTH OT 0ObeMa U XapakTepa Mexnapame-
TPHYECKHX CBA3EI.
3. Vnep:kanne BeIHYMHBI H HANPABICHHA BO3-
neiicTus (hakTopa B CIIyHae ero BHEIIHEro MpoHC-
XOKIEHHA ([JOITOBPEMEHHOIO BO3IEHCTBHUA):
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ai(t+1)=B[i], npn A1[i] =1,

k
ai(t+1)=7 Zaf(f)wy' . (6)

J=1

i,j =1k upudl[i]=0,

rae A1 — BeKTOp MPOMCXOKIeHHA (PAKTOPOB, HIH
BPEMEHH BO3EiICTBHA HA CUTYALIHIO.

Dransl 2 1 3 anropuT™Ma BhIIOIHAIOTCA 10
JOCTHKEHHA CETBIO YCTOHYHBOIO COCTOSAHMA, JIHOO
JIOCTHKEHHA NPOrpaMMHO 3aJaHHOIO MpPEIesILHOro
3HAYECHHMs YHCIIA HTEPaLHH.

JIns MaTpHlLbl MeXKTIapaMeTPHYECKUX CBs3ei
paccMaTpHBAEMOro npuMepa:

0 00 1 =110
-10-100 11
0 00 00 10
w=0 01 00 00,
0 0 -100 00
I 00 1 0 01
1 00 1 0 0 0]

M CHIMOM/IHOH (PYHKLIMH aKTHBALIMH Pe3y/bTaThbl JHa-
FHOCTHPOBAHMA COCTOSHHMH CleayOlue:

ceTh cTabMIM3MpOBanach nocie 56-ro Takra B
CIIEIYIOLLEM COCTOAHHH:

1 — napeskHoe ynxkunonuposanue bO cHuxa-
erca qo — 0,051;

2 — MOMEHT CONnpoTHBIEHHA Ha Bany AJ] ocTaetcs
Ha 3adukcuposanuom yposse 0,9 B TeueHnH Bcero
BpPEMEHH OCLMIALNH HEPOHHOM ceTH;

3 — nedopmarins MEXaHHYECKOH XapaKTepPUCTHKH
cHikaerca go — 0.365;

4 — JKECTKOCTDb XaPaKTEPHCTHKH TI0 CKOJIbKEHHIO
cumkaercs 10 — 0,472;

5 — koappunpenT HaxoxaeHNH AJ] B HOMHHAIb-
HOM pekume Bospacrtaer 10 0,048,

6 — 2NeKTPOMAarHuTHLII MoMeHT A/l Bo3pacTtaet
1o 0.368;

7 — wacToThl TOKa cTatopa so3pacraert 10 0,578.

B cnyuae BHemHero xapakrepa BO3J€HCTBHA
(haKTOpOB CeTh, TOMOJIOrHA KOTOPOIi chopMHpOBaHa
IKCIIEPTOM, MOMKET HHUKOIIA HE JOCTHIHYTh YCTOH-
YHBOIO COCTOAHHMA. B naHHOM ciydae, pesynbrarsl
OCHH/UIALIMA CETH MOYKHO MPHHATH 32 OTBET C CO-
OTBETCTBYIOLIEH MHTepnpeTauueil pelyasTaToB: "B
pesyibmame 6030eicmeus UeCmHo20 gaxkmopa,
cumyayus 6 npeomemuotl obaacmu umeem pao He-
VCMOUYUSHIX CMEHAIOWUX opye opyvea cOCmosHul,
COOMBEMCMEYIOUUX OUHAMUKE COCTNOAHUN HEUPOHOS
(napamempos) "

Taxum 0Opa3zom, NOCTaHOBKA 3a1a4H MOUCKA HaH-
GoJiee BEpOATHOIO HCXOIa HAOMIOAAEMOi (BO3MOKHO,
npeaasapuiiHON) CHTYaLMH, 4 TAKOKE OLIEHKA BeposT-
HOCTH €€ HACTYIUIEHMH Ha OCHOBE MCIOJb30BaHHA
JIOTHKO-BEPOATHOCTHBIX METOI0B H HEHpOCEeTeBOro
Gasuca a1 NpoBeeHUsA BLIYMCICHHMH MpeacTaBis-
1oTcs Oonee HarmsAHO M MH(POPMATHBHO. B ocHOBe
Kiacca pa3paboTaHHBIX alrOPUTMOB IMOHCKA MyTeH
pasBUTHA NpeaaBapHiiHON CHTYalLlMH Ha OCHOBE
JMHAMHYECKHX ceTell Xormduiaa jexuT runoresa o
TOM, 4TO peanu3auus aedexra OyaeT ocyulecTBIeHa
B COOTBETCTBHH ¢ Hanbosiee BEpOATHOMN CTpaTerue.

CITHCOK JIMTEPATYPbI

1. Maprano /Ixk. TexHonornyeckoe NMporHo3nposa-
Hue, M.: Mup, 1985. 469 .

2. 'nan @., Mioppeii Y. [Ipakriueckas onrrumusanms
/ Tlon pen. A.A. Tlerposa. M.: Hayka, 1986. 341 c.

3. Benruens E. C. Teopus sepostHocTi. M.: Boicuuas
wkosa, 1969. 462 c.

4. Jlapuuer O. H. YenoBeko-MalinHHLIE MPOLEAYPBI
NPHHATHA peluenuit (0030p) // ABTOMaTHKA M TeIeMeXaHu-
Ka, 1971, Ne 12.

5. Makapoe H. M., Ozepuoii B. M. [Ipunsitie peie-
HH3L O BbIDOpE BADHAHTA CIIOMKHOI CHCTEMbI YIpaBieHus //
ABTOMATHKA M Teslemexanuka, 1971, Ne 3.

6. Paiit M. Heiipounsie cetn. llep. c anrn. C. H. bo-
pucosa / [Ton pen. [Mpaurmusunu 5. M. M.: Ileno, 2001.
412 c.

125



4

BbluncnutenbHbie MallHbI

n nporpaMmmHoe obecnevyeHmne

ConHywkuH K. C.

MoaEab NPOM3BOAUTEJIBLHOCTA DBM C YUETOM BBICTPOIENCTBUS
LHEHTPAJIBHOT'O ITPOLIECCOPA (HA IIPUMEPE 3AJIAYM ADPOJAMHAMMKH)

Bcero 3a nonroaa — ¢ centabpa 2007 no mapt
2008 romza — NpOH3BOANUTENLHOCTL MNATHAECATH
cambix MomHbix 9BM Poccun n CHIT yBennum-
Jachk B TPH pa3sa, O YEM CBHACTENLCTBYET CHHCOK
“Top50 — Cynepromnbitotepsi” (http://supercompute-
rs.ru). 21o 6ecnpeLieIeHTHBIA POCT 3@ BCIO HCTOPHIO
CYNepKoMITbIOTepHOH oTpacian Poceuu. [To Cankr-
[MerepOypry pocT eme 3HauMTenbHee, B 3.2 pasa: ¢
1.8 mo 5.8 TFLOPS nukoBo# Npon3BOAHTENIBHOCTH.
B ykaszaHHBIH CIHCOK BOT yiK€ B TPeTbel pelaKkiuu
MOJPSA/L BXOJAT TONBKO KacTepHbie DBM, BbiTeCHHB
Gonee noporue matuHel ¢ 00LIEH NaMATLIO.

B ycloBHAX pe3sKoro pocra BbIYHCIHTEIbHBIX
MOIIHOCTEH BO3HHKaeT NoTpedHOCTL B aHA/IN3e
shdeKTHBHOCTH K HAYYHO 060CHOBAHHOM CO3JaHHH
HOBBIX BBIYHCJIIHTEIILHBIX MALIHH.

B opraHmsaunax M yupekaeHusx OHIAKeT k-
ObIX MPOEKTOB, B TOM 4Mcie npu 3akynke IBM,
OrpaHi4ecH, Mo2TOMY CTaBHTCA 3al1a4da A0CTHYL UIA
cO37aBaeMOH MallMHbBI MAKCHMaJILHOH MPOM3BO-
AUTENBHOCTH. B MaTeMaTH4eckol MOCTaHOBKE 3TO
3aja4a OnTHMH3ALMH, 4 UMMCHHO MOHCKAa MHHHMY-
Ma KpPHTEPHS “‘CTOMMOCTB/IPOH3BOAMTENLHOCTD
Ha MHOMKECTBE BO3MOXHBEIX KOH(puUrypaumuii
9BM [3].

OTta jaga4dya BECbMa CIO0XKHad. nPOCTpaHCTBO
BO3MOXHBIX KOH(purypanuii 9BM muoromepso, u
11 NPOBEICHHA ONTHMH3ALHMH HeoOX0ANMO UMETh
BO3MOKHOCTb COMOCTABUThH KaXIOMY 3EeMEHTY
3TOr0 MHOIOMEpPHOToO NMpOCTPAHCTBA 3HAYEHHE KpH-
TepHsA “'CTOHMOCTh/MPOH3BOANTEILHOCTL . [Liis 9TOT0
HYKHO /U1 KasK10il KOH(GUIypaLuu onpeaensTs Kak
CTOMMOCTB, TAK U MPOH3BOAHUTE/IBHOCTb. ITH BenH-
4YHHbI H3BECTHBI TOJIBKO /11 BECbMd OIrpaAHHYE€HHOIO
yucna 9BM, kotopbie ObUIH peanbHO CO34aHbl W
HPOU3BOAMTENLHOCTh KOTOPBIX YAAM0Ch H3MEPHTD.
Jns GonbunxcTBa ke koH(pHUrypauuii 9BM JTn Be-
JTHYHHLI HEH3BECTHBI, H HX HEOOXOAMMO OMpeAensiTh
MpH MOMOLH MOJETHPOBaAHUA.

BMmecte ¢ Tem ana coppemennbix OBM Ttakue
MOJ€IH NPaKTHYECKH OTCYTCTBYIOT. VuuteiBas
TEMIIbl Pa3BUTHA OTPACAN H IMOSBJIEHHUS HOBBIX
APXHUTEKTYP LEHTPaIbHbIX MPOLECCOPOB H APYIHX
KOMIIOHEHTOB MallHHbI, MOOEIH [NPOH3BOAHTEIIbHO-
CTH H CTOHMOCTH JO/DKHBI PETY/IAPHO OOHOBIATHCH
1 nononusThes [1].
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JLia nocTpoenus Mojenel Npon3BOAUTETLHOCTH
KnactepHbix 9BM HeobGxonumMo cHauana Hay4qHThCS
CTPOUTE MOJENH O0JIee MPOCTHIX 00BEKTOR, B YACTHO-
CTH, OJIHO- U MHOTOMNpoueccopHbix IBM, Beinonxs-
FOIIHMX POJib 0a30BbIX BHIMHCIHTEILHBIX OI0KOB (TaK
Ha3bIBAEMBIX “y3/10B”") KJIACTEPHLIX MALIHH.

B nanHoii cTatbe npeasaraeTcs MOJeNb MPOU3-
BOAMTENLHOCTH OjIHONpoLeccopHoii 9BM Ha 3ajaue
a’poJAHMHAMMKH, YUHTBIBawIaa ObicTpoaeiicTBre
LEHTPaIbHOIo MpoLeccopa.

Cospemenusie I9BM cTposaT B COOTBETCTBHH C
KOHIIENIHEH, KOTOPas XPaHHTCA B MAMATH POrpam-
Mbl 1 npemnoxena (gon Heiimanom. Cornacuo eit
3JIEKTPOHHO-BRIYHCIIHTENLHON MaLIHHOMH B riponecce
BBINOJTHEHHSA IPOrPAMMBbI BBINOIHACTCSA LIMKITHYECKH
cleayoIui Habop 1aroB:

1) BbIOOpKa OuepeaHOIl KOMaH/bl U3 NAMATH;

2) BbuIOOpKa JAHHBIX U3 NAMATH, HEOOXOAUMBIX
JU1S1 BBIMOJTHEHUST KOMAHIbI;

3) cobBCcTBEHHO HCMONHEHHE KOMaHIbl;
4) 3anuch pe3y/bTaToB BLIMOIHEHHs 00paTHO B
MaMsTh.

[Tpu >TOM Bpems COOCTBEHHO HCMOTHEHHA
KoMaHjbl (1. 3) onpeaensercs ObICTPOAEHCTBHEM
neHTpansHoro npoueccopa (LIIT), a Bpems, 3arpa-
4YUBAEMOE Ha BCrOMoraresbHble onepatuu (. 1, 2,
4), onpenenserca ObICTPOASHCTBHEM MMOICHCTEMBI
NamsTH, COCTOSALIEH M3 ONEPATHBHOIO 3allOMHHA0-
mero yerpoiictea (O3Y) 1 kol-naMsaT pa3inuHbIX
YPOBHEM.

B cBsA3M ¢ 9THM npeanaraeTcs KOHLENTyaJlbHas
MOJIeb BBINOIHEHUS nporpaMmel Ha DBM, cornacuo
KOTOpPOii BpeMs, 3aTpaueHHOE HA ee BbIIOHEeHHE,
COCTOMT M3 JIBYX HacTeil: BpeMms, B TEUEHHE KOTOPOro
MNPOHCXOIHIIO BBIMOJHEHHE KOMaHI LEHTPAJIbHBIM
NPOLECCOPOM (7, ), ¥ BPEMS, B TE4EHHE KOTOPOIo
npoucxoamsa padbora ¢ noACHCTEMOI NaMATH — uTe-
HHE H 3a1ch (1, ).

Bo Bpems pabotel nporpaMmsl nipoueccop 3BM
BLIMOJIHAET NOTOK KOMaH1, 3aeHCTBYSI /U151 BbINO/IHE-
HHA KaX/10H KOMaHIbl JOCTYHbIE (DYHKIIHOHANIbHBIE
ycrpoiicTBa. HacTh KOMaH/ BBINOMHACTCA 32 OQMH
TakT padots! LII1, yacTs Tpedyer HECKOILKHX TAKTOB.
Cospemennsie L[] sapasioTes cynepekaispHbIMAE, T. €.
COJIEPIKAT HECKOJIBKO (PyHKUIMOHAIBHBIX YCTPOHCTB,
Kotopeie moryt paborars mapamnensHo. Ecau
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anroputm 310 no3ponset, L{I1 moxer onHoBpemMeHHO
3d/1eMCTBOBATh HECKOJIBKO TAKHX YCTPOHCTB. B aTOM
c/lydae 3a OIMH TAKT MOKHO BBINOJIHMTh HE OAHY
KoMaHny, a Gonee. Bpems 1, paBHO JUIHTEIBHOCTH
Bcex TakToB LII1, HeoOXOAMMBIX 1Sl BBINOMHEHMA
NpOrpaMMbl, H ONPeAe/sAeTcs Kak KOJTMYeCTBO TAKTOB,

AeneHHoe Ha TakToBylo vacrory LIT: ¢, . = —proe
f CPU
Konuuectso Takro C,,,. 3aBHCAT OT MHOTHX (hak-

TOpPOB, BKTHOYasA CIEedYyHOIIHE:

— pasmep 3a4a4M (KOTHYECTBO €€ BXOJHBIX
JaHHBIX). Yem Gosblie BXOAHBIX JaHHBIX, TEM 00JTb-
we C

roc ¥
gt crnoco0 3arucH alropuT™Ma Ha S3BIKE TPO-
IPAMMHPOBAHHS ¥ CHOCOD TPAHCIAIHM TEKCTA TPO-
rpaMmbl B MALIMHHBIE KOkl Hanpumep, TeXHOMOrMH
ONTHMH3ALUKWH, BCTPOCHHBLIE B KOMITWIATOPEI, MO3BO-
JIAFOT COKPATHTh KOJTHYECTBO MAIIWHHBIX HHCTPYKLIMH

B MPOrpaMMe, 4TO BEAET K COKpallleHUI0 YHCia He-
0bxoaumbIx TakToB C,, .. JIpyrue TeXHOnOrnu no-
3BOJIAIOT 3alIHChIBATE HHCTPYKIIHH MAIUHHHOIO KOJAa
B (hopme, A0oNycKalollel napauienbHOe HCIIOTHEHNE
Ha cynepckanapabix LII. 310 Takke npuBoaMT K
YMEHBIIEHHIO YyHucia Taktos C

proc ?

—tun npumensiemoro [I1, a umenno cocras u
KOJIMYECTBO ero (DYHKLIMOHANILHBIX YCTPOHCTB H MX
BO3MOKHOCTH paboTtarhk napaiuiensHo. CoBpeMeHHbie
cynepckansipasie LT cniocobubl BEIMOAHATE 10 Ye-
ThIpEX KOMaH/1 3a TaKT, YTO MO3BOJIAET 3HAYHUTENLHO
YMEHbIIHTE 001ee urcno TakToB LI, Heobxoaumbix
A1 pELICHHA 3a0a4H.

Bpewms paGoTel ¢ noacucTeMoi naMsaTi onpeje-
nsiercs caemaytomum o6paszoM. Eciiu 1uis1 BeIMONTHEHUS
KoMaH[bl TpeOyloTcs omnepaHbl, HAXOAAHECS B
namsati, LI sarpysxaer ux, npesxie 4em npoaoIKUTh
BBITIOJIHEHHUE KOMAHbl. 3arpy3Ka 3aHuMaeT paszinud-
Hoe Bpemi. Ecnu Tpefyemble naHHBIE HAXOAATCA B
O3V, 3arpy3ka MOKeT 3aHAThL Bpems, paBHoe Gonee
yem cotHe TakToB [I1, B TeueHHe KOTOPbIX NOIE3HYI0
paboty 3BM BeinonusaTh He Oyner.

Bpewmsi, koTopoe TpebyeTcs aus JocTyna K suei-
K€ MaMATH, HAa3bIBAETCH NATEHTHOCTBIO JOCTYIMA.
Jna nopwimenus s¢gdextusHocTH paborst IBM
JJATEHTHOCTB HC’OGXOL[HMD CHH¥KATh. O,ElHH H3 CIio-
coboB — npuMeHeHHe ObICTPOACHCTBYIOIIEH KO-
namsaTH, oOBIYHO [JBYX-TpeX YpOBHeil mepapxui,
e XpaHATCS HEAaBHO MCIOJb3OBAaHHbIE JaHHBIE.
JIaTeHTHOCTD MpH 1OCTYNE K KILU-NAMATH NEPBOro
ypoBHs coctasnser eguHuiibl Taktos LI, Broporo
YPOBHA — AECATKH TAKTOB.

O6ee Bpems, 3aTpadeHnoe DBM Ha oxuaa-
HHE JI0CTyNa K NaMATH, COCTOUT, TAKAM 00pa3oM, 3
CJIEZLYIOIIMX CIaraeMbIX:

tmem = tray Nrane + 21N -

3neck gz, — NATEHTHOCTb MPH AOCTYyIE K
O3V, Npy — KonM4ecTBO OOpalleHHii K MaMsTH,
3aBepuMBIIMXCA focTynoM k O3Y; ¢, — naTeHTHOCTD
J0CTyNa K KILI-NaMATH YPOBHA i; N, — KOJIM4ECTBO
o0paieHHii K TaMsTH, yI0B/IETBOPEHHBIX KLII-[TaMs-

ThH YpOBHA i (“nonaganue B k311", “cache hit”).
B cnyuae O9BM c HeoaHopoaHoii opranmsa-

uueit noacucremsl namsatH (Non-Uniform Memory
Architecture, NUMA) noGasnsercs eiie ogHO clia-
raemMoe: fyp N vins » TA€ Ty — JATEHTHOCTD 0~
cryna K namst cocesnero LT, Ny, —KonH4ecTso

oOpatueHui K Hel.
KonuuectBo obpamenuii Kk pasiHuHbIM
YCTPOHCTBAM MOJCHCTEMbI NAMATH (T. €. 3HAYEHHUA

N gape » Ny ) onpenenser oO11yi0 BeTHYHHY 3a/IePK-
KM CHETa, CBA3aHHYIO C OrPAHHYEHHBIM ObICTpOJEIi-
CTBHEM MojcHcTeMbl MaMsATH. OHAKO KOHKPETHbIE
3HAYEHHS STHX BEJIHYMH 3aBHCAT OT MHOKeCTBa (hak-
TOPOB, B [EPBYIO ouepeb. 0T THna 9BM, anropurma
H BXOJHBIX JaHHBIX. Tak, ¢ yBeJHYEHHEM pa3mepa
K31I-NaMATH OOJIbILE 3aNPOCOB CTAHET BBINOIHATLCA
Oe3 neoOxoaumoctu obpawenus k O3V, nostomy

N,; Oyner yBenuuHBarhcs, a Ny, — YMEHbLIATh-

cst. Cl0KHOCTh BHOCHT H TO, YTO 1A pa3HbIX THIIOB
OBM 3HayeHus NaTEHTHOCTH pasnuuHbl. s uc-
cIef0BaHUNA B JTOH 00JACTH NPHMEHSIOT METOIbI
HUMHTALIHOHHOIO MOJETHPOBaHMA.

Hrak, 06e KOMIIOHEHTBI BpEMEHH BbINOTHEHHS
nporpamMmel (7,,,. W f,,, ) CYIIECTBEHHO 3aBUCAT
ot THna DBM, anroput™a v €ro BXOAHBIX JAHHBIX.
O6o3nauuM obliee BpeMs BBINOTHEHUS IPOTPAMMBI

uepes fepy

C
=L - (1)
Jeru

E('P{-" = 'rprm‘ + rJﬂrn-m

Obo3HaueHHe t-p;; BEIOPAHO NO CETYOIIEH TPH-
qyuHe. CoBpeMeHHbIe MHOT03a1aqHbIe ONepPAllHOHHbIE
CHCTeMBI PabOTAlOT B peskiMe pa3fie/ieHns BpeMeHH.
Kax0i n3 pabotalomux B cHCTeMe 3a1a4, BKO4as
AJIPO ONEPALMOHHON CHCTEMBI, [I00YEPE/IHO BhLIEIIs-
ercs HeOOIbIIOH KBAaHT BPEMEHH, B TEYEHHE KOTOPOIo
3a/1a4a MOKET 3aHHMMATh LIEHTPATbLHBINA TPOLIECCOP.
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MHpopmatuka. TenekoMmMmyHUKaumn. YnpaeneHue

O6mas ATHTETBHOCTh BCEX KBAHTOB, KOTOphIE MO-
TpeboBaHCh IS 3aBEPIIEHHS 3a1a4H, TPATHIIMOHHO
HA3bIBAETCH NpoueccopHbIM BpeMEHEM., 33'[']38'—[EHH]:IM
sapadeit (anrn. “CPU time™). Takum obpaszom, 060-
3HAYEHHE [-p;; CIOKHIIOCH HCTOPHYECKH, XOTS U HE
O4€Hb YIAYHO; CAEAYET OTAHYATD €0 OT 7, .

B MHOrozajauHsIX OnepaluoOHHBIX CHCTEMAX C
YMEHBIIEHHEM HaK/IaqHBIX PACXOAOB. CBA3AHHBIX
¢ paboTOii OnepalMOHHONH CHCTEMBI H CTOPOHHHX
II]JOFpaMM, ACTPOHOMHHYECKOE BpPEMA BBITIOJIHEHHHA
YMEHBILAETCA W CTPEMHTCA K npoleccopHoMy. Be-
JIMYHHY MPOLECCOPHOTO BPEMEHH, 3aTPa4€HHOr0 MpH
BBIMMOTHEHHH 330341, MOMKHO MOJYYHTb C MMOMOIIBH
CHCTEM yUeTa pPeCypCOB, ABIAIOLIHXCA YacTbIO Ole-
PALHOHHOH CHCTEMBL.

Ilpupenennas Beime Gopmyna 3ajgaeT mare-
MATHYECKYI0 MOAE/b /1A BPEMEHHW BhINOJHEHMS
nporpamMmsl Ha 9BM. Tak kak Bpems BbINOJHEHHS

onpenensier GeicTponeiicteue IBM Ha 3amaue [2],
TO MBI HMEEM €10 C MOJEINBIO IPOH3BOAUTEILHOCTH
BBIMMCANTEBbHON Matniel, Mnentudununposars mo-
JieJIb MOJKHO € TIOMOLIBIO dKeriepuMenTa. Mccreayem
Mpolecc YUCIAEHHOr0 MOAeaupoBaHus obTekaHus
Ky30Ba aBTOMOOHISA ¢ y4eTOM TYpOyJeHTHOCTH.
3anada (cM. [4]) pemaeTcs METOLOM KOHEYHBIX
00BEMOB C YHCJIOM siueek rpumepHo 3,6 muan. s
uccieaoBanua ucnoassyem 2BM Ha ochose LII1
“AMD Opteron 254". Byem BapsMpPOBATHL TAKTOBYHO
gactory LIl B npenenax f.p;, = 1000-2800 MI't u
M3MEPATH MPOLECCOPHOE BPEMS I, . 3aTPAUYCHHOE
JIJ18 HHCJIEHHOI0 MOOCNIHpOBaHHA, B JJAHHOM ciy-
yae — /U1 BBIMOJHEHHS 25 MTepauMil anropurma.
bynem Ttakyke BapbupoBarh ObicTpoaeicTeue O3V
fora(DRAM Clock) nytem H3MeHeHHs TaKTOBOMH
gyactotel O3Y. PesynbraTel 2KCcriepUMeHTa CBEIEM
B TabiuLy.

Tabnwmua 1

[lpoueccopuoe Bpemsi /oy, , €, 3aTPAYEHHOE HA YHCIEHHOE MOJLEITHPOBAHNE, B 3aBHCHMOCTH
oT TakToBbIX yactor LI u O3V

Takroeas wactora LI fp;, , ITn Joray - MI't

200 333 400
1.0 1975 1894 1882
1.8 1249 1127 1110
2,0 1166 1029 1016
2.2 1097 978 942
24 1043 915 882
2,6 1015 855 819
2.8 958 847 776

Cornacho opmyse (2) Mbl 3a1aBajlH 3HAYEHHS  MOJIENIAM COOTBETCTBYET 3HAUECHHE C pyoe =1655-10°

Jepy W MOMyuamH B XoI€ JKCTIEPHMEHTA 3HAYEHHA

teprr- Teneps Tpebyercs Haiith 3navenus C H

proc
lynem - TIOCKOJIBKY Mbl TAKKe BapbHPOBAIH OBICTPO-
aeicreue O3V, To dakTHUeCcKH HCCIeI0BaNH TPH
OBM c oaaum u tem xe tumom LI, Ho paznuuHbIMH
Tinamu O3Y. [ToaTomy Ham HeoOXxoaumo naeHTH H-
LIHPOBATEL TPH MOJIE/IH NPOH3BOAUTENBHOCTH C O/THHM

U TeM e 3HaveHuem C TaK KaK 3Ta BEJIM'HHA He

'J']J'\‘}(.' 2
3aBHCHT oT ObicTponeiicTeus O3Y.

O6paboTas JKcniepUMEHTAlIbHbIE JaHHBIE Me-
TOJIOM PErPECCHOHHOIO aHATH3A, MOIY4aeM, 4TO BCEM
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takToB LII1. Jlanee nns Tpex pasHeiX 3Ha4eHHil TaK-
ToBo# yactoTel O3Y — 200, 333 1 400 Ml nonmyuaem
3HAYEHHA [

mem *

194 ¢. Kak Buaum, npy noBeleHnH ObicTpoaeiic RIS

paBHbIe COOTBETCTBeHHO 347, 225 1

O3V Bpems, 3aTpaueHHOE BXOIOCTYI0 HA OJKMIaHHE
nocryna k O3Y, cokpauaercs.

Ha pHcyHKe npHBeaeH NpHIMEp COIacoBaHHs
MEMKAY IKCINEPHMEHTAJIBHBIMH H MOJE/IbHBIMH JaH-
HbIMH /1118 TAKTOBOMH YacToThl namati 400 MI . /Ins
OCTaJbLHBIX CJIy4aeB PUCYHKH aHAJOTHYHBI.
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Puc. 1. 3aBHCHMOCTB MPOLECCOPHOrO BPEMEHH, 3aTPa4€HHOrO HA pacuer,
ot takToBo# Yactorsl LI[1: skcniepument (mouxu) u monens (aunus).
Takrosas yactora O3Y — 400 MI'y

Cornacro monenu npu napametpax LIITu O3Y,
ofecrneduBaIINX UX MakCHMaibHOE ObICTpOAEH-

ctue ( fepy = 2.8 T [z, =400 MI'n), Bpems,

3aTpayeHHOe Ha paboTy C MOJACHCTEMOH MaMATH,
cocrasiser 25 % ot obmero Bpemenu cuera. Poct
MHTEHCHBHOCTH BBIYHMCIEHHIl (HampuMep, 3a cHer
nosbleHns TakToBoi yactorsl L) Bexer k pocry
HAarpy3KH Ha NMOIOCHCTEMY IMAMATH.

Ecnu noauare Takrosyto yactoty LII1 B 18a pasa,
He YBeJHYHB MpH 3ToM ObicTpozeiicTeue O3V, T0
BpeMs cyeTa yMEHbLINTCA Toibko B 1,6 pasa, npu
5TOM Bpemsi paboTsl ¢ noacucremoi namatu Oyaer
cocTapiATk nopsaaka 40 % ppemenu cueta. B Taxoi
CHUTYallHH TMOJACHCTEMA MaMATH CTAHOBUTCH “y3KHM
mectom™ DBM. YUrobel u3bexars rnogobHoro amc-
Oananca, npoussoautenn 9BM conposoxaaior
NoBbIILIeHHE CKOPOCTHBIX XapakTepucTuk LIIT anano-
T'HYHBIM MOBBIIIEHUEM XaPAaKTEPUCTHK MOACHCTEMBI
NamsAaTH; MOje/Ib 0OBACHAET ITO MOBEICHHE.

D10 0OBsACHEHHE BepHO 1 B Gonee obieM ciydae.
Tax, B coBpemenHbIX npoueccopax ““AMD Barcelona™
B pamkax oaHoro LT paGoraer ueTbipe BEIYHCIUTE -
HBIX A1pa. DTO TAKAKE BE/IET K POCTY MHTEHCHBHOCTH
BBIMHC/ICHHH H TOBBIIIEHHIO HATPY3KH Ha TMOJCHCTEMY
naMaTH. [1oCKOIBKY YBETHYHTE CKOPOCTHBIE XapaK-
TepucTHKH O3V Ob110 3aTPYIHATENLHO € TEXHOIOTH~-
4eCKOH TOYKH 3peHus, TO BO H3bexanue qucdbananca
npoussoauTens go6asun B coctas LIIT tpernit ypo-
BEHb KOLI-MAMATH 3HAYHTEIHHOTO 00beMa; MPH ITOM
J10714 3anpoCOoB, YAOBJACTBOPACMbBIX H3 KI3IU-NaMATH,
BO3pocna (BenuuuHa N, ; B KOHLENTyalnbHOH MoJie-
JIH), CNIEZI0BATENILHO, YIA/I0Ch TOBBICHThL CKOPOCTHEIE
XapakTepHUCTHKH MOICHCTEMbI MAMATH B LIEJIOM.

B kauectBe HanpaBieHHH AajibHEHIIHX HC-
CHEeI0BAHMH MOKHO HAa3BaTh MOHCK 3aBHCHMOCTEH,
CBA3BIBAIOIINX MapameTpsl mogenu C .. H I,,, €
napamerpamMu DBM u peiraemoii 3agauu.
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ConnywkunH K. C.

MOJEJIUPOBAHUE COBOKYITHOI CTOMMOCTH BJIAJEHUS
BBIYUCJIUTEJIBHOM CUCTEMOM *

OueHKa CTOMMOCTH UTpaeT BAXKHYIO POIb B
npouecce npoexktupopanus IBM. U3 neyx DBM
o] OI.!,HHaKOBOI:'I MNPOHU3BOJAMTENBHOCTBI) HA 3a1a4e
[1] cneayer mpeanovects Ty, CTOMMOCTBH KOTOPO¥i
menbiue. [Ipn 9TOM crneayeT yuumThiBaTh HE TOJNBKO
CTOMMOCTB NpHOOpeTeH s, HO U HKCILTyaTallHOHHbIE
34TparThl. 2
B aHTrIHHCKOM f3bIKE CYILIECTBYET TEPMHH
“Total Cost of Ownership» (“TCO”, cm. [0]), KoTO-
pelil BolLE B IMpOKoe yrnoTpeblieHHe B cepenuHe
XX BeKa B 3KOHOMHKE MPOMBILUIEHHOCTH, a B KOHLE
1980-x roioB — 1 B HJKOHOMHKE MH(DOPMALIMOHHBIX
TexHOa0rHii, Tak, B HHPOPMaLIHOHHBIX TEXHOJIOIHAX
THM TEPMHHOM O0003HAYAIOT CYMMY CIEAYIOLIHX
57EMEHTOR: CTOHMOCTB NPHOOPETeHMs aNMapaTHOTO
obecriedeHns M JTMUEH3MIA Ha NPorpaMMHoe obecre-
YeHHe, CTOMMOCTL HH(pACTPYKTYpPSI (31aHMi, nome-
ILIEHHiT), 3aTpaThl HA OTUIATY TPyAa 00CITYKHBAIOLIErO
nepcoHana u ero o0yueHHe, ynylieHHas BbIroaa H3-3a
NPOCTOECB BIYHCIHTEIIbHLIX CHCTEM H JIP.

B pyccros3buHoi muTepaType o0IuenpHHaTas
H YCTOABLIASACA TEPMHHOJIOIHA OTCYTCTBYET, OJHa-
K0 Haubonee GIM3KMM aHAIOrOM CleIyeT CUMTATh
TEPMHH “COBOKYIHAs CTOMMOCTL B/IAfeHHA ', Npei-
JIO’KEeHHBIIi, HarpuMep, cioBapem [0].

B pannoii ctathe TepMHH “COBOKYTNHAA CTOH-
MOCTE BJIaJICHHA  MMOHHMAaeTcs aBTopom Gonee y3Kko,
4 HMCHHO, KaK CyMMa CTOHMOCTH HpHOﬁpBTeHHH ar-
MapaTHOro odecrnevyeH s BhIYUCIHTEIbHOH CHCTEMbI
H 3aTpaT Ha JJIEKTPONUTAHHE M OXJIAKAEHHE STOH
BBIYHCIHTENbHON CUCTEMBL

CraTbs NOCBALIEHA AHAJIW3Y COBOKYITHOM CTO-
UMOCTH BJIaJIeHUs BEIYHCIHTENLHOMR cucTemoii (BC),
Ha MMPHMEPE BLICOKOMPOHU3BOAHTEIbHBIX KIACTECPHBIX
cynepDBM, u Bolpocam MOCTPOSHHSA COOTBETCTBY-
I0IHX MaTeMaTHYeCKHX Mozenei. (B nanHoil ctatee
TEPMHHB! “BhIMHC/AHTENbHAA cHCTema» U “DBM™
yrnoTpebnsoTea Kak paBHO3ZHAYHBIE).

Onna M3 OCHOBHBIX 3aja4 NPOEKTHPOBAHUA
(CHHTE3a) BEIYHCIIHTE/ILHBIX CHCTEM — MOHCK TaKoi
koH(Hrypaun komnoHentos BC, kotopas ynosiet-
BOPAET HAJTOKECHHBIM OIPaAHHYCHHAM (Hanpumep, Ha
MUHHMAIbHY0 IIPOU3BOAHTEIBHOCTE H MAKCHMAITb=
Hy1o ctoumocts BC) M gocTaBisier MaKCUMyM HIIH
MHHHMYM HEKOTOPOMY HHTErpaJbHOMY KPHTEPHIO

spdextnroct BC. [Ipumep takoro kputepus —
“uena [3a eaunniy | npoussoautensHoctd IBM™, on
Oosee U3BECTEH KaK “COOTHOIIEHHE CTOMMOCTB/ MPo-
H3BOIUTENBLHOCTE . YTOORI HailTH 3HAYeHHE KpUTEpHS
Ans KOHKpeTHOoi DBM. Tpebyercs pazgenuts cTou-
mocth DBM Ha ee npoussoautensHocts [0]. DroT
noaxon Oyaer gajnee MPOAEeMOHCTPHPOBAH.

3anaua onTHManbHOro npoexkruposanus BC
CBOJINTCS, TAKUM 00Pa30M, K 3a/1a4e ONTHMH3ALHH, a
HMEHHO — [TOMCKY MHHUMYMa KPHTEPHS “CTOMMOCTB/
MPOM3BOANTEIBHOCTE» HAa MHOKECTBE BO3MOKHBIX
KoH(purypauui kaactepusix 9BM [3]. Dra 3agaua
— BecbMa CJI0kHA. [TpoCcTpaHCTBO BO3MOKHBIX KOH-
¢durypanuii 9BM MHOroMepHo, H Uls NpoBeaeHUs
ONTHMH3ALMH HEOOXOAMMO HMETh BO3MOKHOCTh CO-
NIOCTaBHTh KaXKIOMY /IEMEHTY ITOT0 MHOTOMEPHOIO
NPOCTPAHCTBA 3HAYEHHE KPUTEPHA “'CTOHUMOCTB/IIPO-
H3BOJAMTEILHOCTD .

[Tpn 3TOM HeoOX0AMMO 15 KasK 10 KOH(UTY-
palnH ONnpeaesTh Kak CTOUMOCTb, Tak H IIPOH3BO-
JIUTEIbHOCTE. ITH BETHYHHBI H3BECTHBI TOJILKO IS
BechbMa orpaHuueHHoro yncna IBM, koropbie Oblin
peasibHO CO3/1aHbl H MPOH3BOANTENBHOCTH KOTOPBIX
yaanock u3Meputs. s GonbiunHeTBa KOHDHUrypaunii
DBM 9TH BeTHYHHBI HEH3BECTHEL, U MX HEOOXOAUMO
OnpeieNiATh NPH NOMOIIN MOJEIHPOBAHHUA.

PaccMOTpHM KOHIENTYalbHYH MOJAENb CTO-
umoct IBM. B nepsyi ouepens HeoOXOaHMO
BbIABUTL (haKTOPBI, BIHAIOLINE HA COBOKYIMHYIO
cToMMOCTh BaageHus. CtouMocTs npuobpererus
BBIYMCIUTENBHOH CHCTEMBbl CKIAABIBAOTCA H3
CTOMMOCTH QnnapaTHoro H nNporpaMMHoro ooe-
crevyeHHs, a TakkKe HHQPACTPYKTYPbI: CHCTEMbI
6ecnepeboiinoro anexrponutanns IBM u cuctemsl
oxnaxenus. Croaa e BXOIHT H CTOUMOCTE BBOJA B
IKCILTyaTalnio: COOPKH, NOAKITIOHEH S, HACTPOIKH H
T. 4. DKCIUTyaTallHOHHbIE 3aTPAThl BKIIIOYAIOT B cebs
OOBIYHO CTOMMOCTD YIEKTPOIHEPrHH (1oTpebnsemMoi
Kak DBM, Tak 1 ee CHCTEMO# OXJIaKIEHHS ), 4 TAKKE
CTOMMOCTb IUIAHOBOTO H BHEIIAHOBOTO TEXHHYECKOTO
O0CTy/KHBAHUS — YCTAHOBKH HOBBIX BEPCHI CHCTEM-
HOTO M MPHKJIAIHOIO NMPOrpaMMHOro odecreueHHs,
MEJIKOrO PEMOHTA C MOMOILBIO THIIOBBIX JJIeMEHTOB
3aMEHbl M JIp.; HEMANyl0 4acTh 3[€Ch COCTABIAET
oruiara Tpy/a repcoHana.

* Pabora nonepkana rpaHtom npasurensera Cankr-TletepGypra ang Mosonsix yuensix 3a 2008 ros.
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DKCIUTyaTallMOHHEIE 3aTPaThl paclpeaesioTcs
Ha Beck cpok cimyx0s1 BC. Ota rpynna 3arpar tpyHee
Mo/LIaeTcs y4ery, YeM CTOMMOCTh npuoOpeTeHuns,
B pe3ynbTare 4ero npH CpaBHHUTEJIBHOM aHallH3e
COBOKYMHOH CTOMMOCTH BlafieHus AByX pasHeix BC
MOTYT OBITh NO/Ty4€eHbI TPOTHBOPEUUBBIE PE3YIILTAThI.
[Ipumep KpuTHHUECKOro aHain3a TakoM npobiems
MOKHO Ha#TH B [0].

M3 cocTaBnAomMx COBOKYITHON CTOMMOCTH
BJIaJIeHUs Mbl OyaeM paccMaTpHBaTh CTOMMOCTb
npuodpeTeHus anmnaparHoro obecrnedeHus U WH-
(bpacTpyKTyphl, @ TaKiKe CTOMMOCTh noTpediseMoi
31EKTPOIHEPTHH. DTU COCTABAIOLINE BHOCAT CYIIe-
CTBEHHBIH BKJIaJ B MTOTOBBIH PE3yJILTAT H XOPOLIO
NOJAaKTCA YUETY.

CroumocTs anmaparHoro obecnedeHus onpe-
aensieTcs KoH(urypamsmeii DBM, T. e. KonyecTBOM
crniocoOoM cesi3u OII0KOB, BXoasILHX B ee cocTas. [Tpo-
MBIILJIEHHOCTD BbIITYCKAET IHMPOKYH0 HOMEHKIATypy
YCTPOHCTB BBIYHCIHTEbHOH TEXHHMKH, BbINOJIHA-
HIHX ponb O1oKoB npu nocrpoennn IBM. OnHako He
mobas koHdurypauus DBM, T.e. KOMOMHALNA YTHX
61'101(08, BO3MOKHA H UMECT CMBICIIL. HDBTOMY npu
npoekTHposaand 9BM orpannumBatoTcs paccMoTpe-
HHEM MHOKEeCTBa JIOMYCTHMbIX, paboTocnocobHbIxX
KoHpHurypauui DBM, npuroaHselx s peHieHHs
TpﬁﬁyEMOﬁ jagadyH, XOTd KOJMIHMYECTBO 3JIEMEHTOB
TAKOro MHOMKECTBA BCE PABHO BEJIMKO M HaCTO HMEET
OLIEHKY TIOPAJKa COTEH.

Y Beaymux npou3BoAHMTENEH BbLIYMUCIH-
TEJIbHOH TEXHHKH HMEITCH HHCTPYMEHTA/IbHBIC
MporpaMMmHbie cpejicTBa (KOH(UrypaTopsl), aBro-
MaTusupylomre paboty npoexrTuposuinka JBM.
Komnaunus “Hewlett-Packard” npeanaraer uesnsiii
psil pa3spO3HEHHBIX YTHIIHT, 4aCTh KOTOPBIX AOCTYITHA
yepe3 Web-unrepdeiic, a yacTb ycTaHaBINBaeTCH Ha
pabo4ee MecTo npoekTHpoBiMKa. [IpuMepom mokeT
CIYKHTh HHCTpyMeHTanbHOe cpenctso “HP Blad-
eSystem Sizer» [0]. Komnauus “IBM” npennaraer
nporpammHoe cpeacto “Standalone Solutions Con-
figuration Tool” (“IBM SSCT") (ycranaBnusaeTcs
Ha pabouee MECTO MPOSKTHPOBIIHKA).

IlenHocTh MOAOOHBIX HHCTPYMEHTANBHBIX
CPEICTB 3aKIIOYAETCA B TOM, HTO C MX NMOMOUIBIO
MOKHO CITPOEKTHPOBATH FAPAHTUPOBAHHO paboTOCHOo-
cobuyto konpurypaumo SBM. B unctpymenraibshbie
CpeaCTBa TAKXKE 3aJI0KEHBI IIPOCTC]:]I.LIHC MOIEIH
CTOMMOCTH NpHOOpeTeHHs U dHepronoTpedneHus
BLIYHC/IUTENBHBIX CHCTEM, [03TOMY B XOje Mnpo-
E€KTHPOBaHUA MOJKHO Cpa3y ONpENe/]HTh CTOMMOCTh
npuobpererus IBM ans norpedureneii CLLA. Ota
CTOMMOCTb HE SBJISIETCH OKOHHATENbHOH: KpyIHble
KOMIIaHWH HCnonb3yloT auddepeHiupoBanue 1ieH

1O rpymnaM noxKynarenei, Hanpumep kommnanus IBM
MpeJOCTaBIAET CKHAKH 00pa3oBaTeIbHbBIM YUpeK-
nenuam. Kpome Toro, npoaykuus npu rnocraBke
TIPOXOIMT Yepe3 LIENOYKY NOCPEAHNKOB (CHCTEMHBIX
HHTerpaTopoB — aHril. “solution providers™), Kaxblii
W3 KOTOPBIX yBelIHuuBaeT croumocts DBM ans no-
TpebuTens. _

M3 cxa3aHHOro ¢ O4EBHAHOCTBIO CIIEAYET, YTO
HEKOTOPO# eIMHOMH MOIEIN CTOMMOCTH IPHOOpETeHHA
BC ne cymectsyet. B ycnoBusix peIHOUHOH JKOHOMH-
KH cyliecTByeT MHOKecTBO M (anmi. “manufacturer’)
npoussoauteneii BC, muoxkectso S (anmi. “solution
provider’) KOMIaHHI-IIOCTABLUIHKOB H MHOKeCTBO C
(anrn. “configuration™) qonmyctumsbix KoHGHUrypaimii
BC. TloteHunanbHO BCAKas KOMIAHHA-MOCPEIHUK
MOKET 3aHHMaThCA MOCTAaBKOW 00OpyOBaHHA JIHO-
60ro Mpou3BOAUTENS, U C MOMOLIBIO 060pPYIOBaHUS
BCAKOTO MPOM3BOAUTENS MOKHO 00ecneduTs 1106yio
Tpebyemyo kondurypauuio BC. [Toaromy obuiee
4YHCI0 KoMOMHAUMH (TPOM3BOAHTE b, MOCTABIIHK,
KOH(pHUIypaLusa) paBHO MPOM3BEACHHIO MOIIHOCTEHH
MHO)KecTB M, § u C 1 HMeeT OLEHKY NopAaKa Je-
CATKOB ThICHAY.

JleHCcTBHTEIBHO, KOMIHYECTBO KPYITHBIX MUPO-
BbIX MPOH3BOAHTEsCH BHIMHCINTENbHONH TEXHHKH
(MomHOCTH, MHOKecTBa M) cocTaBisgeT MopsAaKa
necstu (IBM, Hewlett-Packard, DELL, SGI, Tyan,
SuperMicro u z1p.), KOJTHYECTBO KOMNaHHH CHCTEM-
HBIX HHTErpaTopos B Poccuu (MOIHOCTE MHOKECTBA
S§) cocraBnsaeTr Takke He MeHee gecATH. MHbIMHA
cloBaMM, Ha Kaxayw koHpurypauuwo BC moxker
MOTEHLMAIBHO MPUXOAUTHCA MOPAIKA COTHH pa3s-
JIMYHBIX BAPHAHTOB KOMOHMHALMH (MPOH3BOIUTENb,
NOCTABIIUK), KAXKIOMY H3 KOTOPBIX COOTBETCTBYET
cBos ctoumocts BC.

dopmanbHO 118 KaXKIA0H KOHHrypauuu ¢ e
C MOUCK MHHHMAaJbHOW CTOMMOCTH NpHOOpeTeHns
CBOIMTCS K ITOMCKY Ha MHOKeCTBe KOMOHHALW (rpo-
W3BOIMTEIb, MOCTABIIHK ), OHAKO HA PAKTUKE TAKOH
Crnocod He NPUMEHSeTCS BBUIY €ro 4pe3BblyaiHOM
TpyAaoeMKkocTH. BMecTo 31010, Kak npaBuio, BeIOH-
PaloT ¥ MPOHM3BOIMTENA, H MOCTABUIMKA HA OCHOBE
TeX HJIH HHBIX (JAKTOPOB, HAIPUMEp PemyTaLlHH ITHX
KOMIaHuil UK oObluaes ae10Boro 06opoTa, npuHsi-
ThIX Y 3aKa34HKa.

Jlanee MpoeKTHPYIOT HECKOJIbKO BAPHAHTOB
koH(uryparmu BC, npurofHsix s pelieHus 3a1a4u
3aKa34MKa, U CONOCTABAOT C ITHMH KOH(HTypaLHiAMH
CTOMMOCTb NpHOOpeTeH s (110 JaHHBIM KOMIIAHHH-TIO-
CTaBIIMKA) H IPOM3BOIMTEILHOCTh HA THIIOBOH 3a1a4e
3aKa34yHKa (Mo JaHHBIM OLIEHOYHOIO TECTHPOBAHHSA HIH
MOJIE/IMPOBAHKA ). 3aTeM BbIMHUCIIAIOT 3HAYCHHE KPHUTe-
pHs LieHbI TIPOH3BOIHTEIBHOCTH, PA3IETHB CTOMMOCTD
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NHpopmaTuka. TenekoMMmyHnkaumn, YnpasneHue

BC Ha ee npom3BOANTENLHOCTL HA THITOBOM 3ajaye.
OntnmanbHoi Oyner Ta korndurypauns BC, koropoii
COOTBETCTBYET MHHMMA/IbHOE 3HAYEHHE KPHTEPHS.

[Ipn »ToM B kauectBe croumoctn BC xena-
TEJIbHO UCIOB30BATh HE CTOUMOCThL MPUOOpPETEHNUS,
a COBOKYITHYIO CTOMMOCTB BJla[IeHHsl MITH 110 KpaitHei
MEpPE VUHMTRIBATHL BAKHbLIE KOMITIOHEHTHI JKCIUTYara-
LIMOHHBIX 3aTpar: 3aTparel Ha snekrponuranue BC
H €€ OXJIaK/IEHHE B TEYEHHE CpoKa C1yxObl; onara
Tpyaa o6CIyKHBAIOLIEro NepcoHaa; JIMIEH3HOHHBIE
OTYHUCJIEHHA 3a MCIOJIb30BAHKE MPOrpaMMHOro ode-
crneyenusd [0]. Hampumep, no pasHeIM JaHHBIM, SHep-
rornoTpedIEHHE TOIBKO CUCTEMbI OXJ1aK 1eHHS MOKET
coctasnath o1 30 10 50 % Beero snepronorpebiaeHus
ueHTpa obpaboTku aaHHbIX (M. [0-0]).

ITepeiineM K KOHKPETHBIM MOJEJISIM CTOMMOCTH
BC na npumepe knactepusix cynepDBM. [Tomuep-
KHEM €llle pa3, 4TO BBUAY MHOrooOpa3us NpoH3BO-
JHTENIEH ¥ MOCTaBIIUKOB BLIYHCIHTEILHOH TEXHHKH
HE CYLIECTBYET €IMHOH CTOMMOCTH KOHKPETHOH
BbIYHUCIIHTENLHON CHCTEMbI; MPH MPOEKTHPOBAHHH
KoHKpeTHOH IBM HeoOxoamuMo pykoBOACTBOBATHLCA
JaHHBIMH O CTOMMOCTH, TIOJTy4€HHBIMH OT BbIOPaHHBIX
npousBoauTenel u nocrapinkos. Hac uaTEpecyior
B MEPBYIO oyepelb 00lIHe 3aKoHbI (JOPMHPOBAHHSA
COBOKYIMHOH CTOMMOCTH BIAJIEHHS, Ka4Y€CTBEHHBIE
(opMbl KpHBBIX H T. A. JLns Toro 4robbl npogemMoH-
CTPHPOBATh KOHKPETHbIE NPHUMEPbI CTOMMOCTH, MBI
OyaeM MCNONB30BaTh HHCTPYMEHTAILHOE CPEICTBO-
koHuryparop komnauun “Hewlett-Packard™ [0].

Knactepusie DBM cocTodT U3 CleAyIOMIHX
KOMITOHEHTOB: TOJIOBHOH y3en (Y3/Ibl) — CIYKHT s
YNPAaBJIEHHA BbIMUCINTEILHBIMH y3/IaMH H Ha3HAYEHHS
MM 3a]1dHHI1; BBIUHCIIHTEILHEIE Y3I1BI (HEMOCPeICTBEH-
HO BBINOJIHSIOT PacyeThbl); BHIYHCINTEILHAS CeTh LIS
CBA3H Y3/10B; CHCTEMA XPAHEHU JAHHBIX: KOMITOHEHThI
UH(PaCTPYKTYpbl (KOHCTPYKTHBHBIE OJIOKH H CTOHKH
1A pasMelnenus obopynosanus, cuctema Gecnepe-
GOIHOIo MEKTPONHTAHHSA, CHCTEMA OXJIAKICHUSA).

[Tpoexruposanue kinacreproit IBM HauunawoT
¢ BoIOOpa KOHGUIYPALMH BBIYHCAHTEIBHBIX V3II0B,
o ouepean N00aBiss OCTAIbHbIE KOMIOHEHTHI, 3a-
BEpIIaeT npoexkTHpopanne IBM Bribop noaxoasimx
CHCTEM IEKTPOMHTAHMUA M OXNAKICHHS HCXOIS M3
snepronotpebnenns 3BM. B cuny muHorooGpasus
BO3MOKHBEIX KoH(urypauuii 9BM onpaspano cos-
JaHHE CreLHaTu3HPOBAHHOTO HHCTPYMEHTA Mpo-
EKTHPOBILMKA — CHCTEMbl dBTOMATH3MPOBAHHOTO
NpoeKTHpOBaHuA Kknactepubix 9BM ¢ nopaepixkoii
000pyA0BaHUS PAa3HBIX POH3BOINUTENIECH.

B xo71€ NpOeKTHPOBAHHA U1 BRIYUCIUTEILHOTO
Y3714 4allle BCEro BApbUPYIOT CIEAYIOLIHE APAMETPbI:
THII HEHTpalbHOro npoueccopa (LIT) (nanpumep, Intel
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Xeon 7200, 7300 unu 7400); xonuuecTso saep (00bu-
HO 2, 4 unu 6); Taktopast yactora LI (manpumep, 2,13;
2,40; 2,66 I'Tu); kommuectso L1 B y3ne (06bruno 1,
2 win 4); TN 000pPYAOBAHMA BBIYMMCIIMTENLHON CETH
(Hanpumep. “Gigabit Ethernet” nnm “Infiniband™);
KOHCTPYKTHBHOE McnonHeHue y3na. CodeTaHne dTHX
11apaMeTpoB ONpeAeieT TAKHE XapaKTePUCTHKH Y31a,
KaK ero CTOMMOCTb MpHOOpeTeHus U YHepronorpe-
Orenue, 4TO B CBOKO OMepelb BIHAET HA COBOKYITHYIO
CTOMMOCTB Bi1asieHus DBM.

YT0 KacaeTcs KOHCTPYKTUBHOIO MCHOIHEHMS
y3/1a, TO KOJHYECTBO A0NYCTHMbIX KOHQHUrypa-
uuil 371€ck BecbMa Benuko. Hanpumep, komnanus
“Hewlett-Packard™ npennaraer xax oOmenpuHATbI
CTAHIAPT HCIIOJIHEHUS — CEPBEp WHPHHOI 19%» 1 BbI-
cotoit B oany eauuuuy (1U, ot anr. unit), paBayto
1,75”, Tak 1 pa3paboTaHHBIH €10 ABTePHATHBHBIH
BAPHAHT — KOHCTPYKTHBHBINH OJIOK LIMPHHOI 19»
1 Beicotoit 10U (T. H. Blade Enclosure), npenna-
3HAYEHHBIH JUIA BEPTHKAJIBHOIO pasMELIEHHUS B HEM
BOCbMH TOJIHOPa3MEpHBIX “cepBepoOB-ie3BHii” (0T
anr. Blade server) uimm 16 yMeHbLIEHHOMH BBICOTBL
BeinyckaeTcs TakiKe KOHCTPYKTHBHBIH 610K BBICOTOMH
6U, B KOTOPOM FOPH30HTAIBHO PA3MELLAKTCS YEThIPE
H BOCEMb CEPBEPOB COOTBETCTBEHHO.,

PaccmoTpuM B KauecTBe npuMepa CTOMMOCTh
BBITHC/IHTE/IBHOTO Y3714 HA OCHOBE COBPEMECHHBIX
[IT “Intel Xeon 7400™, B cocTaB KOTOPOro BXOIAT
OIMH YKECTKMI MCK M YCTPOHCTBO (OHONOPTOBBIHH
aganTep) BeUHCAUTEALHOI ceTn “Infiniband”. Ko-
JTHYECTBO ONEpPaTUBHON mamsaTH B y3ne OymeMm pac-
cuuThIBaTh U3 yenoeus 2 ['baiita na ogno aapo. [Ipu
3TOM BapbHPYEM TAKUMHU MapaMeTpamMH y3ia, Kak
komn4aectBo saep LT, takroas wactora, konuuecTso
LII1 B y3nie. launsie komnanun “‘Hewlett-Packard» no
CTOMMOCTH y371a (Ha okTa0pb 2008 r. Mozens — cep-
Bep-nessue “BL680c G5”) nonyueHs! ¢ noMouso
yrunuTe! [0] u cBenenst B Tabn. 1.

B tabn. | mozens LIl npuBeaena no Ho-
MeHknatype komnanun “Intel”. OGo3nauenus:
P_,, — aHepronorpebnenne oanoro LII, Br;
cpy— TakToBas yactora LI I'Tu; C -~ konuyecTso
anep B oaom LUIL S, | — pasmep kaw-namsit Tpethero
yposus, Mbaiit; C_, , — koanuectso LI B cepsepe;
C,,, —croumocts cepsepa, gonn. CIIA; P, —ouep-
ronorpebienne cepsepa, Br.

PaccmoTtpuM Tenepb METOAMKY CO31aHHSA MO-
[€NH COBOKYITHOM CTOMMOCTH BJIaZIeHNs KIaCTepHOI
OBM na ocHoBe cepsepoB “BL680c G5”. (B uenax
ynpoieHus OyaeM Y4YHTbIBaTh CTOMMOCTh TOJILKO
psaa KOMIIOHEHTOB).

YKka3aHHBIE CepBepbI MpeIHA3HAYEHBI 1A yCTa-
HOBKH B KOJIMYECTBE 8 IIT. B KOHCTPYKTHBHEIH 010K
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Tadnuua |
Moauduxaunn cepsepa “HP BL680c G5”
Mone:“’ un P"_N; J{“‘PE C“""‘ S.'__f C{ P C.fcn' P‘m-
' 2 11256 282
E7420 90 2,13 4 8
4 15931 476
2 1221 286
E7430 90 2.13 4 12 6
4 17851 483
7
E7440 90 24 4 16 2 13536 289
4 20491 490
2 13536 263
L7445 50 2,13 4 12 353
4 20491 437
2 15814 333
E7450 90 24 6 12
4 26493 539
2 16774 324
L7455 65 2,13 6 12 _
4 28413 468

(*“Blade Enclosure» momenu “c¢7000) Beicoroii 10U.
B crannaprHoii cToiike BoicoToii 42U MokeT ObITh pas-
MelleHo 10 4-X Takux O/10KOoB, T. e. 32 cepBepa.
JlaHHble O HEOOXOAMMOM KOJTHYECTBE, CTO-
MMocTH npuobpererus u 06 FHepronoTpebieHnn
KOHCTPYKTHBHBIX KOMITIOHEHTOB KjacTepHoii DBM,
cocroseii H3 N BEIMHCIHTEIBHEIX Y3IOB, [IPHBEAEHE]

B Ta0n. 2; cuMBOJ [x] 0003HaYaeT HANMEHBLIIEE LIeI0e
4HCIIo, GoMbllee WIH PaBHOE X.

Taxum 06paszom, A1 BEIYHCIIUTEIBHBIX Y3710B
(anrn. “compute nodes”) ¢ crommoctbio C_ (cM.
1abn. 1) croumocts N y370B H HeOOXOAHMBIX KOH-
CTPYKTHBHBIX KOMIIOHEHTOB

Cey = NC,,,, +[ N 18]16258 +[ N /32]1249

Tabnuua 2

KoHCTpYKTHBHBIE KOMIIOHEHTHI KJacTepHoii 9BM

KOMIIOHEHT Konuuectso, CTOMMOCTB, JHepronorpebaeHHe,
) IIT. nosn. CHIA Bt
Koncrpyxkrusaetiit 610k (“Blade Enclosure™) [N/B] 16258 422
Croiika BeicoToii 42U [N/32] 1249 0

AHanornuHeIM 00pa3oM PacCYHTHIBAIOT U DHEP-
ronorpebienne y31os: Py = NP,,, +[ N /8]422.
B cayuae nmpumeHeHHs cepBepoB O0MIENPHHATOrO
cTaHJapTa McrnonHeHHs (He Tpebyromme 11 cBOeii
YCTAaHOBKH KOHCTPYKTHBHOTO G10Ka), TO BTOpbIe
cnaraemsle B BeipakeHuax wia C . u P, nonaraior
PaBHBIMH HYITIO.

Jasa obecneuenus snexrponutanus IBM
HeOoOXOAHMO NMpHMEHeHHE T. H. MCTOYHHKOB Oecrie-
peGoitnoro nutanus (MBIT). Cranaaprom ae-dakto
Ha pbIHKE fABJIAETCA NPOAYKUMs Kommanuu “APC”
(American Power Conversion). Mogens “Symmetra
PX BbirmyckaeTcs B HECKOIBKHX MOAH(HKALMAX, pa3-
nHYaIMxca obecrneunBaeMoii MoiHoCcThIO (10-80
kBT ¢ marom 10 kBt). KonctpykrusHo moandukanmnm
MomHocTbio 1040 kBT BrINONHEHB! B BUIe OJHOMH
CTOMKM BbICOTOH 42U M 10MyCKalOT HapaliMBaHHe

moinHoct o 40 kBt B mpouecce 3KCrlyaTauuu
nytem AobasieHus GJ10KOB, a MOAM(HKALIHK MOLI-
HOCTBIO 50-80 kBT BhINOJHEHBI B BUIE ABYX CTOEK
u gonyckawoT Hapamusanue 10 80 kBt. CtoumocTts
HBII “Symmetra PX” npuseaena B tabn. 3.

Tabnuna 3
HBII “Symmetra PX” komnanuu “ApPC”

Mommuocts, kBT CroumocTs, qomn. CHIA
10 22300
20 28500
30 34600
40 40800
50 54000
60 59700
70 65400
80 71100
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Bribop MBIT MPOM3BOIAT MCXOAA U3 IHEPro-
notpebnenns BoiuucauTensHoro obopynosauus. C
TOYKH 3PEHHS MAaTEMaTHYeCKOH MOCTAHOBKH — 3TO
3ajaya komOHHATOpHOH onTuMu3aunu. Hanpumep,
motHocTh B 100 kBT Moker GbiTh A0CTHIHYTA KOM-
ounaumeii UBIT B 20 u 80 kBt, nubo ¢ nomouisio
asyx HBII no 50 kBt. IlepBeiii BapHaHT HECKOIBKO
AELIEBIIE U 3aHHUMAET TPH CTOHKH BMECTO YETBIPEX, HO
JONyCKaeT HapallUBaHHEe MOIIHOCTH TONMbKO 10 120
kBT B7mecto 160. ITpu BeiGope, Takum 0Opa3om, npHu-
XOIAMTCA YUHTBIBATH CYIIECTBYIOIINE OrPaHHYEHHS 1
nporHo3el passutus. [To uroram Beibopa onpeaensior
CTOMMOCTb CHCTEMBI 31eKTponuTanus C, .

Js eeibopa MBI momnocTsio cebiiue 80 kBT
MOJKHO TaKIKE BOCTIOIB30BATLCA T. H. “TIOMIOLIAOIIMM
anroput™om”. HauMmeHbInas ynenbHas CTOHMOCTD
HBII B pacuere Ha KBT MOMIHOCTH — Y MOAH(DHKALIMH
mouHocThrO 80 KBT. [Toromammuii anroputM Bei-
pemut cronbko MUBIT no 80 kBT, ckonbko HeobXoaumo
JUTS MOYTH [OJIHOTO MOKPBITHS NOTPeOHOCTH B MOLL-
nocti P, (t.e. | Py / 80000 | wrr., re | x | oGosua-
4aeT LIeTYI0 9acTh YHCIIa), OcTaBIIascs noTpeGHOCTh
8 MowHocTH (10..70 kBT) 6ynet obecneuena ogHum
u3 UBII no tabn. 3. Hanpumep, ans Harpysku B
115 kBt 6yzner Boibpan | UBIT mouwnocTeio 80 kBT
H OIIMH — MOIIHOCTBLIO 40 KBT.

KIT/] nctounukoB OecnepeboitHOro MHTaHHA
MEHBbIIIE eIMHHLIbL, U B polecce paboThl 4acThb Mo-
TpeOIseMOil HMH MEeKTPOIHEPIHH HE NepeaaeTcs
obopynoBanuio, a Beugensercs B Buae terna. KI1/] za-
BHCHT B MIEPBYIO ouepeas oT ctenend Harpy3xu B,
M JUIS peaiibHbIX YCIOBHI JKCIUTyaTaLUM COCTABIAET
90-95 %:; Takum obpa3zom. Ha TernoBsie notepu UBIT
npuxoautcs 5—10 % snexrposnepruu, norpebisemoi
UM u3 cetu. [Ipumem, uto temnossinenenune MBI
npuOIMKEeHHO cocTapasger 5 % OT MOIIHOCTH Moa-
KIII04eHHOTo 06opyaoBanus: Fpg = 0.05F,, .

Cucrema OXJIAKACHHA CIYAKHT I8 OTBO/1a
TerUTa U3 MoMerleH s ¢ yctaHoBneHHoi DBM u moxer

HMETB pa3/iuHoe yeTpoiictso. CTonmMocTs nprnodpeTe-
HUS TAKHX CHCTEM Mbl HE pacCMaTpUBaeM (MpUHHMAaeM
C..y = 0), onHako ux sHepronorpebieHne TaKke
BHOCHT BKJI/l B OKCILTYaTallHOHHbIE PACXOIbI.
ITpumem dHepronoTpebieHHe CHCTEMbI OXJ1akK-
JICHHs PABHbIM TTOJJOBHHE TEMJIOBBIAEIEHHA 000pya0-
Banusa OBM: P, = 0.5(P.y + Pyps ) - Torna obuee
IHEPronoTpedIeHHE BIMHCIIHTEIBHBIX Y3/I0B, CHCTE-
Mbl OXJIaKaeHus U Terossle norepu UBII coctassaT
Powr = Fen + Fups + Bt = 1,575 - Fey . Tlpn uene
AEKTPO3HEPruH P, 3a KBT4 M KpyIIocyTouHO# pabo-
Te DBM cTOMMOCTB 211€KTpOdHEpriy 3a T 1eT JKCILTy-
arauuu cocragur C, = 8760 -7 - P, + 1000 - p, .
Eme oauum BHIOM pacxonoB ABIAIOTCH
pacxonbl Ha pasmewenne 9BM. Bosmoxkubl 1Ba
BAPHAHTA: BBIAEIHTL H 000PYLOBaTH MOMEIIEHHE
(kanuTansHble pacxoasl C, ) M 3aTeéM OCymiecT-
BJIATh COJEPKAHHE MOMELIEHUS (HAPHMED, PEMOHT
— OKCIUTyaTalHoOHHbIe pacxoasl C = ). apeH0BaTh
IO B CTOPOHHEM LieHTpe 0O6paboTKu JaHHbIX
(oxenuryaraunonssie pacxoasl C ). Ilnara 3a apenay
cocrapnser aas CIIIA nopsaka $1000 3a kaxayio
CTOHKY B MecAL. B 3Tom ciiydae cucTeMbl 31eKTpoTiu-
TaHHA 1 OXJIaXKAeHuA B coctase DBM He TpebyroTcs
(C{.’PS = Cmo.‘ =0; Pfom! = PCN ), TaK Kak Mx quHK'
LIMIO BBITIOTHAIOT COOTBETCTBYHOLLIHE CUCTEMbI LIEHTPA
o0paboTku naHHbIX. B 1aHHO# cTaTthe pacxomsl Ha
pasmerueHne IBM He yvuuTeiBaloTCs.
Cosokynnas ctoumocts Braaenus 3BM C,
COCTOMT W3 KAl TAJIbHBIX 3aTpaT Ha npuobpeTeHHe 060-
pyaoBauma C, ... = Coy + Cpypg + Cpppp + Chypipg MIKC-
TUTyaTalMOHHBIX PACXOA0R CUM =€ +€ . *+C -
ITpuBenem B Tab. 4 nony4eHHbIe ¢ MOMOILIBIO
MOCTPOEHHOIH MOJETH XapaKTePHCTHKH K1aCTePHOH
DBM Ha ocHOBE BbIYHMCIINTE/BHBIX Y3JI0B B MOAK(DH-
Kauuu ¢ yeteipbMma LIT “Intel E7450 ", B Tom uncne
¥ COBOKYTHYIO CTOMMOCTS BIaJIEHMS B 3aBUCHMOCTH
OT KOJIMYECTBA BBIYMCIHTENbHbBIX y310B. Cpok 3Ke-
[U1yaTaluy — TPH rofa.

Tabnuua 4
XapakTepHCTHKH KiaacTepHoii IBM B 3aBHCHMOCTH 0T KOIHYECTBA Y3JI0B
Kommuectso R
yinoB N peak total capex aper rotal

16 3,7 14.9 479 953 40 482 520 435

32 74 29.8 942 557 80 964 1 023 521

64 14,7 59,6 1 868 914 161 929 2030843

128 29,5 119.3 3727328 323 858 4051 186
256 59,0 238.6 7454 656 647716 8102372

512 118,0 4772 14903 612 1 295 432 16 199 044
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I
Ob6osnagenns: R, — NHKOBad MPOM3BOIH-
teapHocTh DBM, TFlops; P, —snepronorpebnenue
OBM u undpactpykrypsi, kBT; C, pex — KANHTATbHBIE

sarparsl, gomn. CHIA; €, — skcruryaraunoHHbie
pacxozpt, goan. CLUA; C, | —CcOBOKyNHas CTOUMOCTD
pnagenus, goa. CIIA.

Kak crenyer u3 pe3ynbTaToB pacyeToB 1O
mozenu, ans kpynHeix 9BM skcnnyaraunoHHbie
pacxo/ipl Ha HIEKTPOIHEPIHIO 3a 3 rojia SKCTUTyaTaluH
COCTaBIAIOT nopszka 8 % oT COBOKYIMHOM CTOMMOCTH
BIaJACHHA.

Jlist OBM ¢ nMHKOBO# MPOM3BOANTENLHOCTBIO
B 59 TFlops BeluaucauTensHOEe 000py/1I0BaHHE 3aHH-
MaeT 8 cToek (11d CpaBHEHHSA — B AHAJIOTHYHOM 110
NPOM3BOAHTENLHOCTH cynepkomibioTepe “CKHUD-
MI'V”, sropom no npoussoauTensHocTH B Poccun

u crpanax CHI, s pasmentieHHst BBIMHCITHTEILHOTO
obopynoBanus npuMeHeHo 14 cToex; Takoe pasnuine
CBS32HO € ObICTPBIM Pa3BUTHEM MHKPOIJIEKTPOHHKH,
B 4aCTHOCTH, B o0nactu paspaborkn LIIT).

Hna kpynaeix 9BM (¢ 64 yanamu u Oonee)
KOJIMYECTBO CTOEK C CHCTEMOI DJIEKTPONUTAHHA CO-
crapiset 1/3 or obiero uncna croexk. MHTerpanbHbiii
kpuTepuii kadectsa 3BM — 1iena 3a eaunuiy (1 TF-
lops) nuKoBO# mpon3BoanTenbHOCTH — 118 DBM
Ha ocHoBe paccMotpernoro LT “Intel E7450» co-
crasser nopaaka 137 000 gonn. CIIIA. PacueTsl no-
Ka3blBalOT, 4TO 115 DBM Ha ocnose apyrux LI (cm.
Tabn. 1) 270 3HaYEHHE BhIINE, C/IEAOBATENLHO, OHH
MEHEee ONTHMAJIbHBI, TAK KaK 00X01ATCA JOPOKe.

C aBTOpOM MOKHO CBSI3aThCA 1O aapecy ks@
spbstu.ru.
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MaTtemaTtunyeckoe Mmoaenu poBaHME: MeTOdbl,

aJIrTOPUTMbI, TEXHOJ10TNI

Ademugosa Jl. A., Kupakosckuii B. B.

METObI KIACTEPU3ALIUM OFBEKTOB HA OCHOBE HEYETKMX MHOKECTB
BTOPOI'O THITA U TEHETHYECKOI'O AJITOPUTMA

MeTOﬂhl KJlaCcTepHus3alMd Ha OCHOBE LICIEBBLIX
GYHKUMIT HCMONB3YIOTCA, YTOOB MHHHMH3HPOBATH
paccTosHHe MeXIy OOBEKTOM M MPOTOTHIIOM Kja-
cTepa (TaKMM KaK TOYKA, JIMHHSA, THIEP3UIHIICOHT H
T. I1.) M ONIPEJIENIHTDL MapaMeTPhl NPOTOTHIIA — LEHTP
iy paanyc. Ecm MHOXKeCTBO 00BEKTOB COCTOMT M3
KOMIAKTHBIX KJIACTEPOB M KaK/IbIH KJIacTep pazyMHO
OT/IEIAM OT JIPYTHX, JKEJaTe/bHbIH Pe3yabTaT K1acTe-
pPH3aLHH MOXKET ObITh [MOJY4YEH C NOMOIUBH HETKOI'O
anroput™a c -cpeanux. OHaKo B MpaKTHYECKUX 3a-
Jauax MHOKECTBA O0BEKTOB PEIKO ABIAIOTCH TAKHMH.
HauGonee u3BecTHBI aIropuTMbl KIacTePH3ALHH,
OCHOBAHHbBIE HA YYeTe TOTo MM HHOT'O BHJIA Heonpe-
NEeNeHHOCTH: AJITOPUTM HEe4eTKHX ¢ -cpeaHux (fuzzy
c-means — FCM-anropu™), aaroputm BO3IMOK-
HOCTHBIX ¢ -cpenHux (possibilistic ¢ -means — PCM-
anroput™). FCM-anroputm no3sonisier mojy4uThb
AJICKBATHBIE PE3YNbTATHI KIACTEPH3ALHH B Ciyydae,
KOT1a MHOKECTBO O0BEKTOB COMIEPIKUT MEpEceKaro-
muecs kiactepst [ 1, 3]. Pesynsratel KnacTepusaumm
OCHOBaHbI HA HEYETKUX (PYHKUMAX NPHHALIEKHOCTH,
HCTIOJIB3YIOIIMX OTHOCHTE/IbHbIE PACCTOAHISA 0ObEK-
TOB OTHOCHTEJ/IbHO LIEHTPOB KiacTepoB. Tak, 00beKT.
PpacnonoKeHHbI JaJeKo OT LEHTpa KiacTepa, BHO-
CHT MEHBIIMIT BKJIaJ B MPOLEIYpPY MOMCKA LIEHTPOB
KIacTepoB, 4eM OObeKThl, pacrnonoKeHHble GIH3K0
K ueHtpy knacrepa. Ognaxo FCM-anroputm pado-
TaeT XOpOoIlo, ECITH MHOKECTBO 00BEKTOB COACPIKHT
KIacTephl Mogo0Horo odbema runepchepuyeckoi
thopmsl, 110106HO# MTOTHOCTH WM MOAOOHOI MomI-
HOCTH. Ec/iH KnacTephl B MHOKECTBE 00BEKTOB HMEIOT
pa3HyI0 MI0THOCTh, 00BEM HIIH MOLLHOCTS, TO paboTa
FCM-anroput™Ma MOXET CYIIECTBEHHO 3aBHCETH OT
Boibopa da3zsuduxaropa m [3]. Ecnu oowem kia-
CTEPOB B MHOMKECTBE 00BEKTOB VBEIIHYHMBACTCH HWIIH
4HCJI0 0OBEKTOB B KazK10M KJIacTepe YMEHbIUACTCA,
TO HEUETKas CTeleHb NPUHAAIEKHOCTH 11 OOBEKTOB
B Kiactepe Oyzet u3mensatscia. B FCM-anropurme
M3MEHEHHE HEYETKOH CTENEeHH MPUHALICKHOCTH
s 00BEKTOB MOXKET MPHUBECTH K HEXKENATETbHOMY
HCKAKEHHIO Pe3y/bTaToB KJIACTEpH3alliH.

PCM-anropHT™ no3BonseT yIy4IHTh Pe3yIbTaThl
HEYETKOH KIIACTEPH3ALIMH B CITyHae, €CJIH MHOKECTBO
00BEKTOB COAEPKHUT aTHIHYHbIE OOBEKTHI, 3a CUET
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ocnabieHust CBOICTBA KIACTEPHOM OTHOCHTEILHOCTH
H ydeTa CBOHCTBa THIHYHOCTH. OHAKO pe3ybTarhl
KIacTEpH3alHH C HCIOJIL30BAHHEM JDTOI0O alropurma
TaKk/Ke CHJIBHO 3aBHCAT OT Bhibopa aszudmkraropa
m ¥ 3HAYEHHH “IHMPUHBI 30HBI N, (j = l,¢ ), ecn
KJIACTEPhl B MHOKECTBE OOBLEKTOB MMEIOT PA3HYIO
MIOTHOCTb, 00BEM MM MOIIHOCTb.

B ciayuae npumenenun oanoro gasszudukaropa
m npeanonaraercd, 4to FCM-u PCM-anroputmei
OCHOBaHBI HaA HCNMOJB30BAHHH HEYETKHMX MHOMKECTBA
nepporo Tna (HMT1). Ucnonb3oBanue HHTEpBaJib-
HbIX HEYETKHX MHOXkecTB Broporo tuna (MHMT2)
MO3BOJAET BBECTH B paccMoTpeHue asa (azsnduxa-
TOpa my W m,, CYIWECTBCHHO YIY4YIIHB PE3yIbTaThbl
KJ1aCTEPU3ALIHH.

FCM-aaroputm

FCM-anroput™m — uTepauHOHHBIH aaropHT™M,
BLIUHCAAIOMUN HedeTKne (GyHKUMH MPUHAIIEKHO-
CTH U1sl OOBEKTOB U ApAMETPhI LIEHTPOB KJIACTEPOB
B COOTBETCTBUM ¢ (DYHKLHAMH NPHHAIEKHOCTH.
(DYHKIMH NPHHALICKHOCTH HIPAIOT POJb BECOBBIX
k02(hpHLHEHTOB, NpeacTaBsis CTENeHb BKIaaa 00h-
€KTa, 3aBUCAILYIO oT Beibopa dazsudukaropa m, B
OLIEHKY LeHTpoB Knactepor. FCM-anroputwm onpene-
NSET JOKaIbHO-ONTHMAJILHOE HeueTKoe pasbueHue,
OMHCBIBAEMOE COBOKYMHOCTHIO (PYHKUMIA npuHa/-
JIeXKHOCTH, M LEHTPBI KIacTepoB. [l mony4eHus
a71eKBaTHBIX PE3y/IbTATOB HEHETKOi Kj1acTepu3aiun
HeoOX0AMMO MHOTOKpaTHoe BhinonHedune FCM-an-
ropHTMa TMpH 3aJaHHOM YHC/IE KIaCTepOB IS pas-
JMYHBIX MCXOOHBIX HEYEeTKUX pa3OMeHHil ¢ Lesbio
MPHHATHA OKOHYATEILHOIO PELIeHNs O pe3ybTaTax
knacrepusauui [ 1]. FCM-anropurm na ociose HMT
peajau3yeT MHHHMH3ALUIO LeNeBoil (pyHKLHH:

(S "

J(U,V)= § E(u, (.v,))m -d_i

1
(u,(x)=1Vi=Tn),
/=

rae U =[u;(x;)] — HeueTkoe c-pa3buenne
MHOXeCTBa OOBEKTOB {x;| Ha OcHOBe (yHKuUMIi



‘ MaremaTuyeckoe MogenMpoBaHve: MeTodbl, anroOpuUTMbl, TEXHONOr MK

npHHAANEKHOCTH u, (x,); V = (v,..., V) — LUeHTPBI
KknacTepos; d ; — EBKIMAOBO pacCTOAHHE MEXKITY LICH-
TPOM Kzactepa v; M 00beKkTOM X, : d, = "x,. =5 ||

— thazzuduxarop (me R, m > 1); ¢ — konu-
YeCTBO KJIAcTEpPOB; 7 — KOJHYECTBO OOBEKTOB;

i=Ln;j=1le.

FCM-anropuT™ npeanojaraeT BbITOJHEHHE
CAEAYHIIHNX aroB:

1. HHHL[HaJI.H?ﬂJ.lPIS{ Ha4Ya/IbHOI'0 HEYETKOro pas-
ouenns U = [u; (x;)].

2. BluncieHHE LIEHTPOB KJIACTEPOB:

=§(u;(x;)’"-x;) gu,-(x,-)’". (M

3. Beruncrienne HOBbIX (DYHKIMI NPHHALTEHK-
HOCTH:

uj (%) =1 g,(d;: /i )ﬁ

4. lllarn 2 u 3 noBTOPAKOTCS A0 TEX MOP, NOKA
HE GYJIGT BBIMOJIHEHO 3aJlaHHOC YHCIIO HTEpa-
uui s uau He OyJaeT JOCTHrHyTa 3aJaHHas TO4-
HOCTh |J(U v)-J'(U, V)l e, rae J(U,V),

(U.V) — 3HAYEHHHA LeneBOil (QyHKIHMM HA IBYX
rocJjie/I0BaTebHbIX HTEPALHIX.

PCM-anropurm

B cinyuyae BO3MOXKHOCTHOH MHTEPIPETALMH He-
onpejenieHHOCTH MoxeT ObiTh ucrnons3oBan PCM-
anroputm Ha ocHoe HMTI1 [4]. PCM-anroputm
OCHOBaH Ha MHHHMH3ALIMH I€1eBOH (YHKIMH BHAA!

J(U.V)=

:ZZ(“.f(‘ )) d5; + gl 3i(1_“ ))m, (

j=ti=l / =

2)

e U = [u; (x; )] —BO3MOKHOCTHOE ¢ -pasOHEeHHE MHO-
/KeCTBAOOBEKTOB {x; | HaOCHOBE (YHKIIHI THIIHUHOCTH
u(x); V= (Vs V) — LEHTPBI KIACTEPOB;
d ; —paccTOsHNE MEKITY OOBEKTOM X; H LICHTPOM Kild-
crepa v;3 m ~ dassudukarop (m e R, m > 1); n,
(j= Le ) — “lmMpHHa 30HbI", onpeaensloas pac-
CTOAHHE, HA KOTOPOM 3HaueHHe QYHKLUNH THITUIHOCTH
obbekTa j-my knactepy pasHo 0.5; ¢ — KOIHYECTBO
K/IACTEPOB; 11 — KOJIMUYECTBO OOBEKTOR KJIACTEPH3ALIMH;
j=Le;i=1n.

[Ipu knacrepusaumu ¢ ucnonb3opanueM PCM-
anmroputma Ha ocHoBe HMT1 or6paceiBaetcs orpa-

3
uuuenne » u;(x;) =1, kotopoe obecneumnsaer
J=1

BhITTONIHEHHE TpeOOBaHUS O TOM, 4TO Ui 1H06oro
oObekTa x; (i = 1,n) cymMa cTeneHel NpuHAUIEK-
HOCTH BCEM KJlacTepaM J0JIKHA paBHATHCA 1.

[Tpu MuHMMH3AUKK LeneBoi (yHKuuH (2) BO3-
MOKHOCTHBIE (YHKLMH THUIMYHOCTH MOrYT ObITb
BBIYHCJIICHBI KaK:

2

u, (x) =Y |1+ (d; /n, )" |. 3)

Vpasuenue (3) onpenenser (yHKUHIO THIHY-
HOCTH O00BEKTa X;, KOTOpas mpejacTaBaseT coboii
abcomoTHOE PACCTOAHHE MEKIY UCHTPOM KiacTepa
v, U 00beKkToM x;. DYHKUMH THIHYHOCTH u, (X, )

/
YAOBJIETBOPAKT OrPaHHYCHHIO!

iw}, (x,-) =1 (J=NLe).
i=l

KOOpI.lHHﬂThI I_ICHTPOB KJIaCTepOB HaAXOOATCH Tak
ke, kak B FCM-anropurme nHa ocHose HMT1 B coot-
setcTBuu ¢ hopmynoii (1). PCM-asiroputm Ha ocHOBe
HMT]1, rax xe, kak 1 FCM-anropurm Ha OcCHOBe
HMT1, — uTepaunOHHEII alNTOPHTM.

Heonpeneaennocts ¢aszuduraropa

FCM-anroputm aeT XOpOLIHE Pe3y/IbTaThl Kia-
CTEPH3AaLliH, €CIIH KJIAaCTEPhl HAEHTHYHBI [0 CTPYK-
Type U IUVIOTHOCTH. MaKCHMa/IbHO HEYETKHE CTETNEeHH
NPHHAUIEKHOCTH — TaM, I71€ O0bEKThI Pacrol0kKeHb
Ha OJIHHAKOBOM PAcCTOAHHMH OT LIEHTPOB KJIAacTEPOB
(cpeaHss BepTHKalbHAA JIMHUA HA pHc. |). DTH 00B-
eKTbl OyIyT OKa3blBaTh MEHbLIEE BIMAHME Ha MIpoLIe-
Jypy MOHMCKA LIEHTPOB KJIACTEPOB, YEM T€, KOTOpPbIE
y/aleHbl 0T 9TOH BEPTHKAIBLHOH JINHHH.

BeprHxanbHas THHHA ONpeleseT rpaHuLy pe-
meHn: 00bEKThI, PACNOIOKEHHbIE C/ieBa (Crpasa) OT
Hee NpHHAANEKAT Knactepy A4, ( A, ). Pazsudukarop
m OIpeAensieT MaKCHMabHY HEYeTKYI0 00nacTs.
OObIMHO XOpOlINE Pe3y/IbTaThl HEYETKOH KlacTepu-
3aLMH JJOCTHTAOTCA TIpH m = 2.

FCM-anropuTs MOXKET aTh [1J10XHE Pe3yIbTaThl
KJIACTEPH3aliK MPH BbIOOPE HECOOTBETCTBYHOILETO
dazzudukaropa m M3-3a pa3In4HA B IVIOTHOCTH HITH
obbeMe Mexkay Kiactepamu [3].

WneanpHas cHTyauHs — MOITyUeHHE MAKCHMAllb-
HOM HeuyeTKOH o0nacTH ¢ HUPOKOH J1eBOl M y3KOi
npasoii nogobnactamu (puc. 2). Takas MakcumanbHas
HeueTkas 001acTs He MOKET ObITh MMOJay4YeHa ¢ no-
Moo FCM-anroputma Ha ociose HMT1 BBuay
enuHCTBEHHOCTH (a3szudukaropa m .
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¥

lk
N
A\

Puc. 1. MakcumanbHas HeueTkas 001acThb g KIacTepoB
oHHaKkoBoro o0bema (azsndukaropa M

£

¥ ¥z

/W

Puc. 2. enarenbhas MakcHMalibHas HedeTkas o6nacthb
JUIA KJIACTEPOB Pa3sHoro odbema

Y100kl YyNpapnATh HEONPEAENCHHOCTBIO, CYIIe-
CTBYIOLIEH MPH 3a1aHHH MAKCUMAILHOH He4eTKol 00-
nactu B FCM-anroputme, He0OX0AHMO HCIIOJIL30BATh
asa (azsudukaropa m; 1 m, VIS paCUIMPEHHUS MHO-
#ectpa o6bexToB Ha UTHMT?2 [3]. DTa MakcumasbHas
HeyeTkas 00nacTh ABNACTCA HEONPEIeNeHHOH, TaK
KaK [MOCTPOEHA ¢ MOMOIIbIO ABYX (a3z3udukaropos
m M m,, OPEACTaBIAIIMIHX Pa3IHYHbIe CTENeHH
HE4YeTKOCTH [3].

Henonb3oBanne HHTEPBAINBHbIX
HEYeTKHX MHOKECTB BTOPOIo THIA

ITepeuunas QyHKUMS NPHHALIEKHOCTH .J
00BeKTa X; MPH ONHCAHWH HEOMPENENeHHOCTH C
nomompio HHMT2 moxer ObiTh onpeaeneHa Kak
HHTepBaJlbHAA (GyHKIHSA MPHHAIEKHOCTH CO BCEMH
BTOPHYHBIMH CTENEHAMH MEPBUYHBIX (YHKLHIH MPH-
Ha/IIE)KHOCTH, PABHBIMH 1.

Torna UHMT2 X mowker 6biTh npezncrasneso
Kak [3]:

X,

P ((x.u).jg (xu))| vx e X,
Cvued, c[01],) ¢ (vu) =1

[Ipn onpeneneHnn MHTEPBAIbHBIX MEPBHYHBIX
GyHKUMI NPHHAIEKHOCTH 00bEKTa X; PaCCMOTPHM
HHIKHIOKO 1 BEPXHIOI0 HHTepBaIbHbIe (YHKIIHH NPH-
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HAVIE)KHOCTH, HCIIOIbL3YyA 1Ba PasIH4HbIX 3HAYCHHUA
daz3udukaropa m:

(3.
)

uf (I‘- 3

I
g_;(x,.) = ;
]

¢ -
rae uf (x;) =1/ X (d, /dy)m1, p=1,2.
k=

dyukuun npuHaanexsoctn Buga (4) u (5)
OMpEeAendOT H COOTBETCTBYIOIMH eMy “OTIeuaToK
HeonpeaeneHHoctu” FOU . Ha puc. 3 npuseaen
npumep MHMT?2, “ornevarox neonpesenenHoctu”
KOTOpOTO OKpallleH B YEPHBIH 1IBET, 1S cay4as IBYX
KIacTepoB npu my, =2 U m, = 5.

Hcnons3zosanne dassupuxaropos m, u m,,
ONpe/eNIAOUIHX PA3IMYHBIE CTENIEHH HEYETKOCTH,
NPUBOIHT K Pa3/IMHHBIM LENeBbiM (YHKLHAM, KO-
TOpBIE CIIEAYET MHUHUMHM3HPOBaTh Ha ocHoBe FCM-
AIrOPUTMA IIPH m = my U m = m, :

I (UF) = 33 () (5)" - 3,

Jj=li=1

e n

Liler) =%

(uj- (.r;.))ml di ;

AHanoru4HeIM 00pa3oM onpeaensioTcs ase
uenesele Qpynkuuu s PCM-aiaroputMma npu npu

i=l

m=m U m=m,:

T (UF) = 23 (1) (x)" 2 +

J=1i=1

+i “.ri(l ) (“f))ml ’

j=1 i=l

Z(“r’ (x; ))mz dj;

li=

M";

Iy (U,Y) =

J

I - u; (x, ).)m".

n
1

A n

+
M

[lpu o>Tom B Kkadectse u’ (x;) B popmynax

(4) u (5) ucnonpsyerca PyHKUHH THIHYHOCTH MO
topmymne (3).

VnpasieHHe HeonpeaeieHHOCThIo ha33uduka-
TOpa /m OCYIIECTBIIAETCSA C MOMOILBIO: BbIYHCIICHHS
LIEHTPOB KJIACTEPOB H MOJY4E€HHUA YETKOTr0 pa3OHeHHs
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JUIS IPMHATHA KOHEYHOTO pElIeHHUs O pesyabTaTax
Knactepusauuu [3].

Lentpoun HMTI ans n o6bekToB MoxkeT ObITh
BBIYHCIIEH 110 hopmye:

v = Z Z f(u(.rl )) g

ulx, ]EJ_‘] ufx, IEJ‘Ir
FOUr
"'BWKWWJ
09 IEOCTRL
08t e e P PR R
L] L} i 1 L}
06f-- -k R o S et BEE
gprosacheodoncdient -
T e TN, SR R
1 " L} L} "
IS0 S
01f--3==-F-=4---F--1

00 01 02 03 04 035 06 07 08 09 1

Puc. 3. “"Orneyarok HEONPEACIEHHOCTH

zu:am,=2um2:5

Hns UTHMT2 B dopmyne (7) MOKHO 3aMEHHTH

sce f(u(x;)) (i=1n)Ha 1 n ucnonssosars Ty
dhopMyny Ans HEYeTKOH KiacTepu3alMH, BBeAs 10-
MOJHUTENLHO B (POPMYITY HEUETKYIO CTENEeHb m :

e Y o T [1"11;;( r}:;f '"}‘{8)

ulx, )e 4y ulx, j-'-J'I'

B pesyneTate OLEHWBAEMBbIE LIEHTPhI KJIACTEPOB
NPEACTABIAKTCA HHTEPBAIOM vy = [v;, v, ] [3]. Ilpu
OLIEHKE [IEHTPOB KJ1aCTePOB 1ieJ1eco00pa3Ho UCTIONb-
30BaTh HTEepalnoHHbIH aroput™ Kapanka-Menaens
[3. 5].

HUrepaunonnsii aaropurm Kapunka-Mennenn

Urepaunonnstit anroputm Kapuuka-Mennens
NO3BOJIACT ONpeeanTh ABa “BnoxkeHHbX HMT1 — L
M R —Buytpu FOU UHMT2 X .Mmuoxecta L u
R MMeT MHHUMAJILHO H MaKCHMAallbHO BO3MOXK-
HbIil UEHTPOMABI v, M v, B X COOTBETCTBEHHO.
[TycTh 1A KaA10ro u3 00bEKTOB KIACTEPU3ALHH X,
(i = 1,n) 3a71aHbl 3HAYEHHS BCEX ¢ XapaKTEPHCTHK,
M3MEpEHHbIE B HEKOTOPOH KOAHYECTBEHHOMH LIKale:

X; = Xy 00m0 X i

v = i(x, . u{.r,-_))/zn: u(x,). (6)

i=1 i=1

ITo npusLmMITy pactuupenns uentponn HMT2 X
BbIYMHCIACTCA KaK:

u(x”))/ [z ()] Su(x)| m

Anropurm Kapuuka-MeHzens 118 noucka
MAKCHMYMa Vv, LIEHTpa KJIacTepa v; HMEET BHI:

1. Ina MHOXKECTBA OOBEKTOB X; = (X;,..., X;,

(i = i. n ) BEIYUCIAKTCA c]JnyuHu MPHHAJIEKHOCTH

B cooTBeTcTBUH ¢ hopmynamu (4) u (5).
2. Boibupaercsa 3nauenne dazzunduxaropa m
(mroGoe u3 my U m, ).

3. Borukcnsercst LeHTPoHA v = (V) ) no

flo:se=» v_:r':;
dopmyne (6) u u, (x;) = (u; (x;)+u, (x,_))/.'l.

4. BeinosiHA€TCA COPTHPOBKA MHIEKCOB 7
00BeKTOoB (i = 1.n) No Kaoii XapaKkTepHCTHKe [

{1 = ﬂ} ) MO BO3pacTaHHIO:

Xips=er X o .Ym......x

nls e ng *

5. Ilo kaxpoii xapaktepuctuke / (/ = 1.q) Bbi-
[MOJIHAETCA MOUCK uHaekca k (1 € k < n — 1) Takoro,

<V, <
9TO Xy S Vi S Xy -

6. Jlns Bcex n 0ObEKTOB BBIMMCIAIOTCS (PYHKLIMS
NPUHALIEKHOCTH: ecin i < k10 u; (x;) = u,; (x;);
MHave — u, (%) = ;_,- (x;)-

7. BoluMcasieTcs UeHTPOHA s V), 1o (opmyne
(8).

8. Ecim v = v}, TO [ -5 KOOpAMHATA LEHTPA
-ro K/iacTepa CYMTAeTCA BBIYUCIEHHOI H OCyIEeCT-
BiseTcs nepexos K wary 9. B npotuBHOM ciyuae
MonaraeTcs, 4To vy, = vj; U OCYIIECTBISETCS nepe-
XOZ1 K Iary 5 ans yrouHeHus [ - KOOpAMHATHI j -ro
Kiaactepa.

9. Ecnu / < ¢, TO HOMEp KOOPIHHATLI YBEIH-
4yHBaeTcs Ha eaAMHHLy: [ = [ + | M ocyliecTBageTcs
nepexon K mary 5 s yTouHeHus /[ -il KoOpuHaThl
Jj -ro knacrepa. Ecnn [ = ¢ , cunTaercs, 4To npoiie-
J1ypa BLIYHCIICHHS Maxcnmyma v, LUEHTpa KiacTepa
Vv, 3aBeplIeHa U vy = \ = {1 M)

MuHHMYM V; LUEHTpa KJacTepa v; BhIYHCIACTCH
AHAJIOrHYHBIM 00pa30oM ¢ 3amMeHoH JelicTBMii wara 6
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Ha crenytomee: ecnu i <k, 1o u, (x,) = u;(x;);
uHave — u, (x;) = u, (x;).

PesynsTupyromee unrepeaabnoe HMTI1 mosker
GbiTh 3amucano B Buae: v, = 1,0/[v;, v, |. Yerkoe
3Ha4YEHHE 711 [EeHTpa KiaacTtepa V}- HAXoOOHuTCA C Mmo-

MOILBIO OMepaLuy “roHHxkeHus Tuna' [3]:
v

;= (vL + vR)/Z.
“Yerkoe pazduenue” B FCM-anropurMe Ha 0CHO-
e MHMT2 HaxoauTcst B COOTBETCTBUH € MPABHIIOM:

1

“Eema (u; (x;) > w, (x;))mns ¢t = 1,..,c m j # 1,710
X, OTHOCHTCA K Kiactepy ;.

[Tepen BeinosHeHuem “uyeTxkoro pasduenus”
He0OXOIMMO BBIMOMHHUTL “MOHHKEHHE THMA™ 174
dynxunii npunamieKHocTH 0GbeKTOB U, (X; ), HC-
MOJIb3ys JIEBBIE U MPaBbie (DYHKLMH NPHHAIEKHOCTH
(uf (x;) muf (x;)). “Tlommwkenne THIA» MOKET GbITH
BBITIOJIHEHO TaK:

u; (x,) = (u’f (x;) + uf [x,-])/.?, j= Lo.c.

g (%)=

|7 (x;), ecom x; menonsyer @, (x; ) ana vf_

wylx;

u; (x;), nnave

G (5) = Ty (x) /q,

[E:' [.1;.),6(:111—1 X;) HCHIOAB3YET U

uy (,\"-)21

i ('ri' ) A v:::

u, (x;), unave

BoiuucanuTensHas ClIOKHOCTh aJrOPHTMa Kiia-
crepusauuu Ha ocHope UHMT2 ne npesbiiaet
O(n’), a QA pANa NPAKTHYECKHX CIyHaeB MOXET
6biTh oneHena kak O(n”) [3]. Cnenyer oTMeTHTS,
o FCM- u PCM-anroputmsel Ha ocHose MHMT?2
apnsercs obobmennem coorsercrylomux FCM-
H PCM-anroputmoB Ha ocHose HMTI1 npwu
m o= m.

T'eneTHvecKuil aJIroOpuT™M NOKUCKA
ONTHMAJLHOH KUMﬁIIHﬂl[HH napamerpon
AJTOPUTMOB KJacTepH3anuH

Y100l HAHTH ONTHMANBHYIO KOMOHHALIHIO
tazsudukaropos m; u m, ana FCM-anroputma Ha
ocHose HHMT2 u ontumansuyro komOuHaLuw das-
3u(UKATOPOB my, M, U 3HaYEHHH “LIMPHHBI 30HBI"
n,(Jj= Lec ) cleiyeT HCNob30BaTh COOTBETCTBYIO-
A} reHeTH4IeCKHi anropuT™ [2].

140

Jns FCM-anroputma XpoMoCcoMa MOKET ObITh
3agaHa B BHAE: s = (m,m,), a ana PCM-anroput-

ma: s = (my,my,"My,....n,), rae m,m, € (Lm,, 1:
tmiax P min
] rllf' ] ( J = l:- c )1 fnmu_‘- ) rl.;

— HEKOTOPbIE JeHCTBUTE/IbHBIE YHCIA.

& min
m <m;m; €n;

max

un’
Ecau mis mamuuanmsauun PCM-anropurma Ha
ocaore MHMT?2 ucnonb3yroTcst pesysbTaThl KIACTEPH-
3alMH, NoayyeHHsle ¢ nomMollbio FCM-anropurma Ha
ocHose MTHMT?2, To xpomocomy uesiecoobpasHo rnpes-
CTaBUTh B BHIE: 5 = (1;,..., N, ) . B kauecTpe ynxumu
COOTBETCTBHSA CIIEIYeT HCMONL30BaTh OOIIMIT rurne-
poOBeM, KOTOpbIii 10/KeH ObITh MUHUMH3HPOBAH:

H = i(det(nf))%,

j=1

1 n T
g =L (s-v)- ()
i i=l
rae Rj — KOBapHanHOHHas MarpHua J -T'o Klacrte-
pa. JI)- — KOJIHYE€CTBO 00BLEKTOB KjlacTepH3alHuHu,

OTHECEHHBIX K j-My KiacTepy; V, — BEKTOp

KOOpPIHMHAT LEHTpa j-ro Kaacrepa: x; — BEKTOp
KOOPAMHAT (OLIEHOK MO KPUTEpHAM) i -r0 00BEKTa;

det ( R; ) — OIpeaeaHTelb KOBAPHALIMOHHON MATPHILbI
J -ro knacrepa; n — ofuiee KOIMUeCTBO 0ObEKTOB;

¢ — KOIMYeCTBO Kiactepos; i = 1,n, j=1,c.
CrietyeT OTMETHTB, YTO 00BIMHO 001LIHi1 THNepo0s-
eM H HCIIOAL3YETCA V1A OLICHKH KaueCTBa KJIacTepH-
3allMM HA OCHOBE K/JACCHYECKOTO YETKOTO aliropuTMa
¢-cpeannx. OHAKO B JaHHOM CJIyHae HEBO3MOMKHO
HCMOMB30BAHUE KJIACCHYECKNX MTOKa3aTe el KauecTsa
KJaCTepH3alliy BBUIY HATHUIMA IBYX (ha33udHKaTopoB
m; ¥ m,. Beibop poauTens 3akmodaercs B BbiOOpe
XPOMOCOMBI, MAKCHMH3UpYIOLIei (PyHKLIMK COOTBET-
cTBUS H , U3 JIBYX CITydaiiHO BbIOpaHHbLIX. 3aTeM jBe
BEIOpaHHbIE TAKHM 00Pa3’oM XPOMOCOMbI-POANTESA
HCMOIb3YIOTCA B ONepalHy ckpemmnsanus. [Tpu otom

BbIOMpAeTCA BEPOATHOCTh CKPELIMBaHUA P. W reHe-

pupyertcs ciaydaiiHoe uncno N_. Ecom P. > N_, 10
cIyqaitHbiM 00pa3oM BeIOUpaeTCs TOUKA CKPEeInBAHHS
Z W BhINOJAHAETCA cKkpeitnBanue. [Ipu BoinonHeHun
OIEpaLMy MYTALMH BbIOMPAETCS BEPOATHOCTh MYTa-

umun P,

m

P, > N, .T0ciay4aitHbiM 00pasom BbiGHpaeTcs TouKa

U reHepupyeTcs ciryqaitHoe uucno N, . Ecin

MYTAalHH z H BBIMOJIHAETCS MyTalus.

[Ipu peamu3aunuy reHETHYECKOTO aITOPHTMA HC-
M0JIb3yeTCs OAHOTOYEHHOE CKPELIHBAHHE, & My TALIHH
rnojsepraercs He Gojee OHOro reHa.
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Torza reneTHYeCKHMiT aITOPUTM MMEET BHJL:

1. CayuaiineiM oOpa3om co3aaercs HavanbHas
nonynsauua pasmepa P . [lpu 2TOM BhINOIHAETCA
POBEPKA YCIOBHA: 11, < Ml .

2.1lpyu g <G (G m g — MakCHMallbHOE M
TeKyllee KOJIMHECTBO reHepalmil reHeTHYeCcKoro
a.’ll"OpHTMa) anAa Ka)KjJ,Oijl XPOMOCOMBI BBIYMHCIAETCH
(GyHkuus coorsercTBus H u cozmaercs P/2 nap
XpOMOCOM-POANTENEI.

3. BeinonHAwTCA Onepaluy CKpelHBaHHA U
MyTalMu A0 Texylueil nonynsuuu. [Ipu oTom BbI-
NOJIHASTCA MPOBEPKA YCIIOBHA: my < M, .

4. Coszpaercs monynsuus pasmepa P, no-
MOJIHEHHAs XPOMOCOMaMH-AETbMH B KOJIHYECTBE
P* P, 3atem P* P. XpoMOCOM C XyILIHMH 3Haye-
HUAMH (PYHKLHH COOTBETCTBUA /{ OTOpAchIBAIOTCA.
[Ipn g < G ocyuecTBiIseTcs nepexon K wary 2.

5. BoiOupaerca myuinas XpoMocoma, KoTopas
MaxkCHMH3HpYeT pyHKuMI0 H . Jlns kanaoro obbekra
OMNpeeNnAeTcs ero NPHHALIEKHOCTE K KIacTepaM.

Ecnu xpoMocoMa npeicTaBieHa B BHJE:
§=(Ns..y M) s TO TPOBEPKA YCAOBUA 1y < My
MpH CO3JaHMH HA4aj]bHOH MOMYIALHMH H NPH BbI-
MOJHEHHH ONEpalHi CKPEIIHBAHHA H MYTAalMH HE
BbIMOJIHAETC.

IMpenaraembie METOIbI KJIACTEPU3ALIMH, Peasi-
3ylolIHe COBMECTHOE MCIMOIb30BaHHE AJITOPHTMOB
kiactepusannu Ha ocHoBe MHMT?2 u renetnueckoro
ANrOpHTMa, MO3BOMIAOT YYUILHTE Ka9€CTBO KIIACTepH-
3aLHH MHOXKECTBA OOBEKTOB, COIEPKAILIET0 KJIACTEPhI
CYIIECTBEHHO Pa3HOIl TUIOTHOCTH, CYLIECTBEHHO pa3-
HOTO O0BEMa MM CYIECTBEHHO Pa3HOH MOUIHOCTH.

IKCNEPUMEHTATbHBIE Pe3yabTaThl

Hwxe npueeneH npumep, 1eMOHCTPHPYIOLIHIA
3 PeKTHBHOCTL MPUMEHEHHS FEHETHYECKOro 11
FCM-anropurma Ha ocioe MHMT2 B cnyuae
MHOKECTBa 00BEKTOB, COAEPIKAILEro TPH KjacTepa
pa3HOH MOILHOCTH.

Knactepsl npeacrasistor codoi MHOkKeCTBa 00b-
€KTOB, KOOPIMHATBI KOTOPBIX ObLIM CreHEPHPOBAHbBI
C MCIOJIb30BAHHEM HOPMAJILHOTO 3aKOHa pacrpeje-
nenus ¢ uentpam (10, 50), (50, 50) u (90, 50). [Ipu
5TOM MpPH TeHepaluy MepBoil U BTOPOH KOOpAMHAT
00BEKTOB NEpPBOTo H TPETHETO KJIACTEPOB HCMOIb30-
BAJIHCh HOPMaJIbHbIC 3aKOHBI PACTIPEIC/ICHUS, MMEIO-
11He OAMHAKOBBIE aHcniepcui. KoopanHatsl 00beKToB
BTOPOro KJIACTepa UMEIOT CYIIECTBEHHO OOBIIYIO
JaucnepcHio no obenm koopanuatam. [lepsblii 1 BTO-
poii Knactepsl cogepikar 1o 35 00beKTOB, a BTOpOii
knactep — 130 obbexToB (Ha puc. 4 00bEKThI pa3HbIX
KJIaCTEPOB MOMEYEHbl MapKepaMH pa3Hoi hopMbi).

[Tpu Mcnob30BaHNMK HETKOTO ANTOPHTMA ¢ -CPejl-
Hux u FCM-anroputma Ha ocHose HMT1 nipu pasnmu-
HBIX 3HaueHuaAX dazzudukaropa m omubKa KIacTepu-
3alMM COCTABIAET OT JEBATH OOBEKTOB (/U1 YETKOro
ANropHTMa ¢ -cpeiHuX) M Boine. O6wmii runepodbem
H 1 pe3y/bTarTos KIACTEPH3aLIMH C HCTTO/b30BaHHEM
4ETKOIO aJiITOpUTMa ¢ -cpeaHux coctasun 350,616,
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Puc. 5. PE3lehTaTbl KJIacTepH3alHH ¢ HCNIOJIb30BAHHCM

FCM-anropurma va ocaose HMT1 npu M = 2

Ha puc. 5 npuBeseHs! pe3yabTaTbl KiacTepusa-
1K ¢ uenons3opanueM FCM-anroputma Ha OCHOBe

HMTI1 npu 71 = 2, npu 9ToM ommbKa K1acTepH3a-
umH paBHa |3 06beKTaM (LIEHTPbI KJIaCTEPOB NoMeYe-
Hbl KBA/IPaTHBIMH MapKepaMH ¢ OebIM 3aroHeHHEM).
[Tpumenenne FCM-anroputma Ha ocHose MHMT2
npu m; = 108,813 u m, = 112,174, naliaeHHBIX C
MOMOILBK EHETHHYECKOrO aAropuT™Ma, NO3BOJIHIIO
YMEHbBILHTh OMKOKY KIacTepu3aluu 10 naTH 00b-
extoB (puc. 6). Ilpn stom obmmit runepoduem H
JUISl pe3yJIbTaToB Kiactepusaumu coctasua 330,144,
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Puc. 6. Pesynbrars! K1acTepH3alHH ¢ HCIIOIB30BAHHEM
FCM-anropurma Ha ocnope MHMT2
npu my = 108,813 u m, = 112,174
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Puc 7. Pesynbrarsl KlacTepH3alHK ¢ HCMONbL30BaHHEM
PCM-anropurma va ocHose THMT2

upu m; = 108,813, m, = 112,174,
N, = 115,411, n, = 148,455 u n; = 117,808

Unnuuanniauus PCM-anroputma Ha OCHOBe
WHMT?2 ¢ nomollbio pe3ynsTaTtoB KilacTepu3ailHi,
noaydeHuslX aas FCM-anropurma Ha ocHOBe
WHMT2, no3ponuna yMeHbIIUThL OMHOKY KiacTe-
PH3alHH 10 YeThipeX 00beKToB, a O0LIMil rHNepodh-
eM H [Ans pe3ynsTaToB KJIACTEPH3ALUH COCTABHII
311,776 (puc. 7).

Takum oOpa3oMm, HCIOIB30BaHHE AJITOPUTMOB
Knacrtepuszauuu Ha ocHose MHMT2 nozsonu-
10 YMEHBIUMTh OWUOKY knactepuszauuu ¢ 4.5
o 2 %.

[Ipennaraembie METOABI KNACTEPHU3ALIMH, PEATH-
3YIOLIHE COBMECTHOE HMCMONB30BAHNE AIrOPUTMOB
knactepusauuu Ha ocHose MHMT?2 u renernueckoro
aNTOpUTMa, MO3BOJIAIOT A/IEKBATHO MPEACTABIATEL W
YNPaBIATH HEONPEIENEHHOCThIO, KOTOPas BO3HHKAET
NpH aHATH3e MHOXKECTBa 00bEKTOB, 00Pa30BAHHOTO
M3 KJIACTEPOB CYLIECTBEHHO PAa3HOM MJIOTHOCTH,
CYHIECTBEHHO PA3HOTO 00beMa HJIM CYLIECTBEHHO
pa3Hoii MOIHOCTH.

Ha TecToBeIX npuMepax 10Kka3aHa Leaecoodpas-
HOCTB HCIOJIb30BaHns obuiero runepobbema H kax
MOKa3aTeNA Ka4eCTBa KIacTepH3aLum.

B pesynbrare ynaerca onpenenuTs Oonee To4HOe
NOIOKEHHE LIEHTPOB KIaCTEPOB, H, CIEA0BATENbHO,
YAYHYIINTh Pe3yabTaThl KiacTepusaunu. [IpumMene-
HHE FE€HETHYECKOro aJropuTMa Mo3BojseT HAUTH
OTNITUMAJTbHYH0 KOMOMHALIHIO IapaMETPOB AJITOPHTMA
knactepusaiuu Ha ocHore MHMT2, obecneunsaio-
UIYKO 4[€KBATHBIE Pe3y/IbTaThl KIACTEPH3ALMH, YTO
TNOTBEP/KAAETCS MUHUMAIILHBIM 3HAYEeHHEM (yHK-
LIMK COOTBETCTBUA H .
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®domuyesa C. T.

MEXAHM3MBI TEHEPALIAY KJIFOYEN B UEPAPXMYECKHMX
CHCTEMAX 3AHNIATBI HH®OPMAIIHH

Beenenmne

B kaxioil cucreme 3amMThl MHGOpMALIUK, KaK
C TOYKH 3peHHs HAIEKHOCTH, TAK U C TOUKH 3peHHA
ONTHMAJALHOCTH (byHKL[,HOHHpOB&HHﬂ CHUCTEMBI, OCO~-
00 3HaYMM MeXaHW3M reHepanuu Knodeil. B 1annoi
CTaTbe aBTOPOM PaccCMaTPHBAETCH PEKUM padoThl
HEPAPXHUYECKOH CHCTEMBI COBMECTHON KPHMTO- H
HMHTO3AMLIMThI HHq)OpMaL[HH C UCNOJIb30BAHHUEM
aJIbTEPHAHTHBIX KOJI0B HA Tare reHepaluy q-HIHbIX
KJII04€BbIX MOCIEI0BATENLHOCTEHH.
KpHNTOCTOHKOCTE JAHHOH HepapXH4ecKon
CUCTEMBI 3aBHCHT OT KadecCTBa redHeparopa, no-
pOXkKAA0IMEro MnocjlieJoBaTelbHOCTh BEKTOPOB
B =(B.B,....0,) . ABIAOMHKXCA KIIOYAMH JaHHO#
cucteMpl. OTMETHUM, YTO CYHIECTBYIOT [UIMHHBIE
anbTepHaHTHBIE KOOkl HaA GF(q): (g >> 2), 1e-
sauue Ha rpanuie Bapmamosa-I'unGepra. U ecnu
ISl ABOMYHBIX KIIIOYEBBIX MOCIEN0BAaTENbHOCTEMH
H3BECTHO JOCTATOYHO MHOI'O Ka4E€CTBEHHBIX C KPHII-
TorpaduuecKoi TOUKH 3pEeHUsl FEHEPATOPOB, TO s
ofuero ciyqas, koraa g >> 2, OlleHKH NapaMeTpoB
KayecTBa reHepaTopoB paccMaTpUBaUCh Maso M
6e3 npeanoKeHHH HX KOHCTPYKTHBHOMN peanu3alui.
[TosToMy 31€CH paccMaTpUBalOTCH FeHepaTopbl ¢
-MHBIX KJIHOYEBBIX MOCJIEI0BATELHOCTEN H OIMH H3
MX TapaMeTpoB — JIMHEHHasA CI0KHOCTh KIIIOYEBOil
nocjien0BaTelbHOCTH. Bhicokas nuHeiiHas cliox-
HOCTbB ABJIACTCA HCOS){OIIHMBIM, HO HE J0CTATOYHBIM
CBOMCTBOM XOpolIeH KIH4eBOH Mociie0oBaTelihb-
nHocti. Takue napamerpsl, Kak npoduib JHHEIHOI
CJI0/KHOCTH, a TAKKe CG&J’I&HCHPOB&HHOCTI: (-HYHBIX

1 1 1 1

By % % n

2 e 2 2
H=|a oy a3 n
- - | 1

& of! & « &

B, 0 0 0 0

e o,,..., o, —pasIHIHbIe 21eMenThl nons GF(g™),
u By....B, — HeHyzneBble dneMeHThl U3 GF(g").
A(a, ) aBngerca nuHeiHsIM kogom Han GF(g) c
napamMeTpamMu: IJTHHA — /1, PA3MEPHOCTb k = n — mr,
MHHHMaJIbHOE paccTosiine d = r + 1.

B kadecTBe MpoOLEdypbl 3alHThI HCIIOIL3YETCH
aNTOPUTM KOJHPOBaHHA MCXONHOH nMHbOpMaLUH

KIHO4YEBBIX ﬂOCHC,ElOB&TEJIbHOCTCﬁ paccMaTpUBaroTCA
B JIpyrux paborax astopa [1].

1. CrpykTypa nepapxu4eckoii cHeTeMbl 3aHTHI

Panee B [2] ObU1a paccMOTpeHa MHOTOYPOBHEBAs
CHCTEMa COBMECTHOH KPMNTO- M MMHTO3ALLMUThI HH-
(dopmallMi, OCHOBAHHAS HA aJNbTEPHAHTHLIX KOIAX,
KOTOpas J0IMyCKaeT HEOTPaHHYEHHOE YHCIIO YPOBHEN
MOAYHHEHHOCTH No/b30BaTeeii reonH(popMaOHHOI
CHCTEMBI 1 MX pa3/HYHbIE CIIOCOOBI FPYIIIOBOIO B3au-
MOZICHCTBHS, B TOM HHCIIE U B PEXKHME KBOpyMa.

[Ipn obecrievenun 3amHThl HHOOPMALIHH TaKOi
CHCTEMOI C HCIIONB30BAaHHEM AIBTEPHAHTHBIX KOIOB
Haj KoHeYHbIMHU nossmu [anya GF(g™) rpannus
JUIs BEPOATHOCTH YCNELIHON NOAMEHBI ONPEIENsoTCs

"
4

BRIDAKEHHEM p = ¢ ° , TIPH DTOM HHKHSS IPaHH-
L@ YCMEHIHOro MPOYTEHMA HCXOAHOH MH(OpMALHU

p=q (rae ¢™ — AnuMHA KOAOBOIO C/I0BA AJlb-
TePHAHTHOTO KO/Ia, /" — YHCJIO IPOBEPOMHBIX CHMBOJIOB.
an ITOM BCE MOJIL30BATCIH CHCTEMbBI HMEKOT HHIAHMBH-
JlyaJibHble KIIHOYH OIHHAKOBOH 1tHHBL Kintoun mMoryT
ObiTh BbIOpaHbl MO0 CAMHMH MO/1L30BATENAMH, THOO
HA3HAYEHbI KAYKAOMY M10/1b30BATE/IO aIMHHHCTPATOPOM
cucTemsl. B ofmem ciydae Ko MOXKET COCTOSTh U3
JABYX 4acteii, Tak HasbiBaeMblX PIN u PIC: s xpane-
HHS Ha TBEPJIOM HOCHTEJIe (Smart-kapTa), v 14 BBOJ1a
npH Bxoze B cucteMy. Mnentuduxanms noas3osaress
OCYILIECTBIISIETCA M0 COBOKYITHbIM JaHHBIM.

AnbTepHaHTHBIH Koa A(a, B) onpeaensercs Kak
KO/ C MPOBEPOYHOH MaTpHIIeii:

—.‘fM +r-m+1

(=]
@

0 B, 0
0 0 B; 0 0|=Xxy, (3)

0 0 0 0 B,

ANNbTEPHAHTHLIM KOIOM [JIHHBI N. B kauecTse aBro-
MaTHYECKH TeHEpPHPYEeMbIX KIIoHel HCIoIb3yeTcs
BekTop B = (B, B5,..., B, ), ABISIOIMICS INATOHATIBIO
matpuusl Y B (3). Hepapxuueckas cuctema aBiseTcs
CHCTEMA C HeMNpepbIBHOH CMEHOM KITHoua, T. €. B pam-
Kax CHCTEMbI MPEANONTHTENIEH TIOTOKOBRIH reHeparop
kmoya. [lomyueHHble B pesyibraTe KOJOBBIE CIOBa
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CKnaaeiBalotTca B GF(g) ¢ NpOM3BONLHBIMH (-HY-

HBIMH BEKTOpaMH JJIHHLI N M BECA HE bonee

rae d — MHHHMaJIbHOE PAcCTOAHHE HCMOJIB3YEMOIO
= i

[ d r
Koaa —

ZJ' Ha Gonee BbICOKHX YPOBHAX

HEPAPXHH HCIOJB3YIOTCA KOAbI C OONBIIMMH 3Haue-
HHAMH d, uMelomue OONBIIYI0 KOPPEKTHPY IOLLYH)
CnocoOHOCTS.

KoncTpykTBHO B JaHHOII cTaThe paccMaTpuBa-
€TCA reHepaTop HeJIMHEHHBIX M0C/Ie/10BaTeIbHOCTEI,
(hopMHpYEMBIX C MOMOLILI (DYHKIHHA HeTHHEeTHOMI
BHEIIHEH JIOTHKH /11 KOMOMHHPOBAHHUSA JJ€MEHTOB
[OCJI€10BaTeILHOCTH, CHUMaeMoii ¢ Bbixoaa JIPCOC
(hunbTpyrowmii reneparop).

Cremyer 3aMeTUTb, 4TO MPHU HCTOMBb30BAHHH ITHUX
MOCIEI0BATEILHOCTEH B KAUeCTBE KJIIOYEBbIX BaKHOIM
ocTaeTcd 3ajlada HaXOXKASHMA HeluHeiHo# dyHK-
MM KOMOMHMPOBaHMSA, MPHU KOTOPOit (hopmupyeTcs
BBIXOHAaA MOCJACA0BATENbHOCTh C ACHMITOTHYECKH
ONTHMAJIbHBIMH KOPPEISHHOHHBIMH CBOHCTBAMH.
Jlns aiBonvHOrO ciy4as B [4] B KauecTBe HEJTMHEITHOM
(hyHKLIH KOMOMHHPOBaHKA ObLIa NpeIokKeHa OeHT-
tdyHKuA, obnanaoiias cBOHCTBOM PABHOMEPHOCTH
CHEKTpa MpH ee pa3/oKeHHH B AUCKPETHOM Oa3zmce
Vonma-Anamapa. Bepxuss rpanuna nuHeiHO#

% % . TAC

CIOKHOCTH Ana GenT-ynkumii L = )
;

i=1
n— nnuHa JIPCOC. Otmernm, uto GeHr-npeodpaso-
BAHHIl /U151 HEYETHBIX N HE CYILECTBYET.

2. Ouenxa BepXHeil rPaHUIb] THHEHHOH
CJI0KHOCTH (-HYHOr0 GHILTPYIONIEro
reseparopa

OnHUM M3 OCHOBHBIX KPHTEPHEB HANEKHOCTH
3aLIMTHI IPH HCMOJIb30BAHMH MOTOKOBBIX KPUIITOCH-
CTeM — JIMHEeIHaA CII0JKHOCTh KIKYeBOi nociemnosa-
TE/IbHOCTH

Onpeodenenue 2.1 [S]. JIMHEHHOH CIOKHOCTBIO
HA3bIBAETCSA HAMMEHbILIAS [UTHHA JIMHEHHOTO perucTpa
casura ¢ odparaeiMu ceszamu (JIPCOC), nopoxaa-
IOLIETO TAHHYIO MOCIIe0BATEIbHOCTD.

Onpenenenne BeJITHYHHEI JIHHEHHOH C0KHOCTH
NPOM3BOANTCA C HOMOLIBIO PEKYPCHBHOIH MPOLIEAYPBI
bepnexamna—Mecchu [3], B pe3ynsrate KOTOpOii Ha-
XOIUTCS THHEHHBIH PErucTp MHHUMAILHON JUTHHBI,
NOpOKAAIMIMI 3aJaHHYIO MOCIEI0BATENBHOCTD
(nuHeiHbIA JKBHBaIEeHT). XOpOUIHe KIIIOYeBBIE TI0-
CNIE10BATE/IBHOCTH HMEIKOT JIMHEHHYIO CIOKHOCTD,
NpH KOTOPOi CO3[aHHE JIMHEHHOrO 3KBHBAJIEHTA
CUMTAETCH BLIMHCIMTEIBHO HEBO3MOKHBIM (~107).

[Tepen paccMOTpeHHEM CHCTEM MOTOKOBOTO HIH()-
pa, reHepUPYIOLLIHX KIKOUEBbIE OC/IEN0BATEILHOCTH
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C BBICOKOH JIMHEITHOH CI0KHOCTBIO, BBEIEM JApYyroe
onpeae/ieHHe THHEHHOH CI0KHOCTH, IKBHBAJIEHTHOE
nepsoMy. C 3TOH L0 3aMeTHM, YTO KIII0UeBas Mo-
CJIEI0BATENLHOCTb, 110 ONPEJIENIeHHIO €CTh HEKOTOpas
JIMHEHHas peKyppeHTHasA MM0C/1e10BaTeIbHOCTh:

S"‘& = ﬂ‘._l.S‘ = + ﬂk_:_s 2 + ik ﬂn.\'" + a,

n+k n+k

rae n = 0,1,...,

a; € GF(q), 0<j<k-1;s; e GF(qg).

JIuneiiHas peKyppeHTHas MOCJAe10BaTEb-
HOCTb § Ha3bIBaeTCs OAHOPOAHOMH, ecnH a = (.
Taxoii mocnenoBaresbHOCTH MOKHO OJHO3HAYHBIM
06[)330]\'1 MNOoCTaBUTh B COOTBETCTBHE MHOIOUJIEH
Sy =k +a 2k
Ha3bIBAETCHA Xapakmepucmu4yeckum MHOTQOYJIEHOM
3TOH nociaenosaresibHOCTH. [TockoIbKyY ta} Takxke
3a1al0T Hanuuue obparHbix cessei B JIPCOC, no-
POJKAAIOLIEM [TOCIEI0BATENLHOCTD § , TO MTHHEHHY IO
CJIOKHOCTD MOC/IEA0BATEILHOCTH § MOKHO Ofpee-
JINTh KaK CTeneHb MHHHUMAILHOIO XapaKTepHCTHYE-
CKOro MHOTOYIEHA 3TOM nocneqoBare/lbHOCTH.

Onpeodenenue 2.2.:  JInHelHOH CIOKHOCTHIO
MOC/IE10BATENILHOCTH HA3BIBAETCH CTeNeHb MHHH-
MaJIbHOr0 XapakTepUCTHYECKOro MHOTOWIEHA TOM
MOC/IE10BaTE1bHOCTH.

OnpenenuM BepXHIOK JAOCTHKHMYI IPAHHILY
N5 IMHEHHOH CIOKHOCTH KJIIOYEBBIX [10C/IEI0Ba-
TeIbHOCTEH, MOPOKIAAEMBIX CHCTEMOM MOTOKOBOIO
mndpa, COCTOALLEH U3 OJHOTO JTHMHEHHOrO perucTpa
C/IBMIra ¢ OOpaTHBIMH CBS3SMH, 3a/1aBAEMbIM IPHMH-
THBHBIM MHOTOYJIEHOM g(X), B KOTOPOIi C MOMOIIbIO
HeIMHEHHOH QYHKIMH F KOMOHHHUPYIOTCS JJIEMEHTBI
NOC/IeA0BaTENbHOCTEH, CHUMAEMBIX C Pa3IMYHBIX
Pa3psoB ITOr0 perucTpa.

Jlna sToro BBeaem cieaytoine obo3HaueHus:
g(x) — HopMupoBaHHbI Muorounen nag GF(g);
deg(g(x))=n; S(g(x)) — MHOXECTBO BCEX JIMHEHHBIX
OIHOPOHBIX PEKYPPEHTHBIX MOCIE10BATEIBHOCTEN,
JUIs KOTOPBIX g(X) ABNAETCA XapaKTepPHCTHYECKUM
MHOTIOYJIEHOM.

MotuHocTs MHOMKeCTBa S(g(x)) paBHa ¢", T e.

-1 ;
+a; + .+ @ X + ag  KOTOPBIH

S(g(x)) conepuT poBHO ¢" Nocnea0BaTebHOCTEI,
COOTBETCTBYIOLIMX BhIOOPY ¢" pa3nHuIHbBIX 3HAYCHMIT
BEKTOpA HAYAJIBHOTO COCTOAHHMSA.

[TycTh G| —noCnen0BaTeNbHOCTD G\, G}, Opas ..
a O, — NOCIHENOBATCIbLHOCTH G0+ T21: 09254
Hag noneM GF(g). OnpenesuM UX MOUYJIEHHOE
NpoU3BEAEHHUE G, * 0, KaK nocleaoBaTe/IbHOCTD
Gy * G0, Oy * G31,G12 * Gaa,y... . AHAJIOTHYHO OIIpE-
AEIHETCA NPOH3BEIACHHE 11060ro KOHEYHOro 4YHc/a
NOCAe10BaTeLHOCTE.
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BBemem B paccMOTpeHHE HECKOTbKO MHOTOH-
neHoB Haj noneM GF(g) u COOTBETCTBYIOLIMX MM
MHOMECTB MOCJIe10BaTeIbHOCTE !

gi(x), ..., g, (x);
S(g(x),.... S(g,(x)).

O6o3nauaum S(g(x))-..- S(g(x)) — MHO-
KECTBO I0C/Ie10BaTeIbHOCTEH, MOPOKAECHHBIX
BCEMH NPOHM3BEACHHAMH BHIA ) - .. -0, I'le
o; € S(gi(x)), i=1L1.

B [5] noxasano cneayiolee yTBepKIeHHE.

Teopema 2.1. Ecrm g,(x),..., g,(x) — HOPMHPO-
BaHHBIC MHOrouwIeHsl Haa GF(q), He ABIAOILKECH
KOHCTAHTAMH, TO CYIIECTBYET HE ABIAIOLUIMHCH KOH-
CTaHTOH HOPMHUPOBAHHLIH MHOTO4IEH A(x) Han GF(g)
Takoi, 4to S(g,(x)) - ... - S(g,(x)) = S(h(x)).

M HBIMH c/TOBaMH, TPOH3BEIeHHE 11000r0 KOHEY-
HOTO YHCJIA PEKYPPEHTHbIX MOCJIE0BaTeIbHOCTEH
nan GF(g) camo sBnsiercs TMHEHHOH peKyppeHTHOM
nocrienosarensHoCThIO Haa GFg).

O6ozHaunm  g,(x) v ... v g,(X) — HOPMHPOBAH-
HbIH MHOIO4YJI€H, KOPHAMH KOTOPOTO ABJIAIOTCH pas-
JIHYHBIC IEMEHTBI BHIA O - ... &, , [1€ o, — KOpPeHb
MHOTO4JIEHa g, (x) M3 MOJiA pasioKeHHs MHOTO4IeHa
g (x)-...- g(x) nang GF(q).

Hanpumep:

gi(x) = x’ + x +1; ero kopuu a,.af e GF(2*);

2-(x)
MHuorounen:

g(x)-g(x)=(xF +x+ D) +x+1)

2 42 3 :
umeer kopan v-' v v VI8 V0 e GF(2°).
Toraa

g (x) v g,(x) =

=(x- v Nx— v x= v Nx— v Nx— vi0 )

x=v1%)
H3BecTHO Takke cieayoLlee yreep:xkaeHue [3].
Teopema 2.2. Tlyete g(x),..., g;(x) — HOpMUPO-
BaHHble MHOrowieHsl Haja GF(g), He ABaAlOMIMECH
KOHCTAHTAMH H HE HMMEIOIIHE KPaTHBIX KOpPHEH.
Torna

S(2(x)) - S(g,(0) = S(&(x) V ... v g/(x).

Teopemur 2.1. u 2.2. 6yaem HUcnonb30BaTh B
uHTepecyloueM Hac ciyqae. [lycte g(x) — npu-
MHTHBHBIH MHOrouneH Han GF(q); deg(g(x))=n:

iy
v.v,...v!  —ero pasnnuHsle KopHu H3 GF(q").

O603HaunM S(g(x)) - ... - S(g(x)) = (S(g(x)*.

k —commoxcumenet

3 36 5 3
X"+ X+ 1, ero KOpHH Oy, 05.05 € GF(27).

Torna u3 Teopem 2.1 u 2.2 cienyer:

(S(g(x)' = S(g(x) v ... v g(x)) = S(h(x)),

k—21emenmos

rae h(x) — HOPMHPOBaHHBIH MHOTOYJIEH Haj Mo-
nem GF(q), KOpHAMH KOTOpPOro SBJISIOTCS BCE pas-

i it

AuYHBIE dneMenTH BHaa v/ - vI v
i; e{0n- 1}; rae v?’ — KopeHb MHOTOWIEHA g(X)
M3 [10715 pa3noKeHUss MHOTo4JIeHa gk (x) van GF(q).
3aMeTHM, UTO M0J1e Pa3IoKEHHs MHOTOWIeHa g* (x)
nan GF(g) ectb GF(q"), tne n = deg(g(x)). Torna

fl 2 Tk
viav? L vt =

2.1

- \«"IN” +kaf +.. =k”q"_|

e GF(¢q");
ky +ky + ..+ k, = kii, € {O,n—1};k € {0,k}.

Crenenb MHOro4IEHa /1(X) €CTh YMCIIO Pa3JIMYHBIX
aneMeHToB BHaa (2.1).

Jlnsa nokasarenscTBa OCHOBHOTO YTBEPIKAEHHA
ITOr0 NOAPa3Aena, ONpeAeAIOIEro JIHHEHHYIO CI0/K-
HOCTh KJIHOYEBOH T10C/IEI0BATEIbHOCTH OTOKOBOIO
mnpa, aBTopom chopMyIHPOBAHbI U TOKa3aHbl He-
CKOJIBKO BCTIOMOTATENbHBIX pe3ynbTaTtos [1].

Jdemma 2.1. TlyeTs g(x) — NpUMHTHBHBII
muorounen Haa GF(q); deg(g(x)) =n c xopus-
wi v,vi,...v?" w3 GF(¢"). Tlycts b — no-
¢cle10BaTeLHOCTL U3 MHOKecTBa S(h(x)), rae
h(x) — HopmupoBaHHbIit MHOroweH u3 GF(g), xop-

HAMH KOTOPOTO ABIAKTCS BCE PA3JIMYHbIE JJIEMEHTBI

a'

2 e :
Buga v? v - vT i el0,n-1}; .Toraa

CYHMIECTBYIOT MOCIEA0BATENbHOCTH &), d5,....d; H3

S(g(x)) Takue, 4TO b = @) - C2dy - ... - €4y , THE
e GF(q), Jj =Lk,

¢y = const, c

J
Beenem eme aBa onpeeneHHs:
Onpedenenue 2.3.

B=ayq" +aq +..+a, ,¢""' - pasnoxenue

n—|

gucia B no crenenn ¢. Torna cymmy Y g

OyIeT Ha3bIBaTL BecoM yucha B. =0

HycTos

= wi(B)

Onpeoenenue 2.4. Habop |k, };’zl OyneM Hasbl-
BaTh HEHYJEBBIM, €CIIM XOTA OBl OJHO 3HaYeHMe K,
OTJIHYHO OT HYIIS.

Toraa MOKHO 10Ka3aTh CIEAYIOULYIO IEMMY.

Jlemma 2.2, Tlycts ki, ky, ..., k, — IpOM3BOIbHbIE
eJIble MOJ0KHUTENbHBIE YHCIA MK HYIH, CyMMa
KOTOpbIX paBHa k :

ki +ky + ..+ k,=kikel{0, L. .k}.i=Lmk <n).
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[Iyctn

0 1 n-1 :
ayg +ayg +..+a, q =

B < q."' = [;a:. e {O,L‘? =] l}"

j=0n-1-

PasIOKEHHE qHCIA B no crenenu g, nOpHYEM BEC
yucna B NPHHHUMAKT 3HAYCHHA U3 JHCKPETHOIO
MHOMXECTBa

wi(B)e ik, k — (g - 1),k — 2(q = 1), ... k— I(g - 1)},
rne k—l(g-1)>02k—-(+1)g-1.

s el n
Torna cymecrtsyeT HenyneBoii Habop {k,- }

i=l

» AT
KOTOpOro k, + gk, + ... + q“"k" = B(mod(g" - 1)).

ITo onpenenennto 2.2 1HHEHHasA CI0KHOCTS M0~
CNIEIOBATEILHOCTH b | YIOBIETBOPSAIONIEH YCIOBHAM
Aemmbl 2.1, ecTh cTeneHb MHHHMAJILHOTO XapakTe-
PHCTHUYECKOIO MHOro4sieHa h(x), KOpHIMH KOTOPOIo
ABIIAIOTCA BCE pa3iM4HbIC 1eMeHThl Buaa (2.1).

Toraa u3 nemmbl 2.2, criefyeT, 4TO YUCIO pas-
AMYHBIX UenbiX B (B < ¢" — 1), y1OBIETBOPAIOIIMX
TpeboBaHMAM TeopeMbl 2.2, paBHO

&CIC; s

71 CYMMHPOBAHHE BEJETCA MO BCEM PasIMyuHbIM
g-1
ey Iy_1 » TAKHM, UTO Z:‘j - f=d;
i=1
Ae itk k—(g-1),...k—1I(qg -1},
k—1Ug-1)>02k-(+1)g - 1).

Jlemmsbr 2.1 1 2.2 no3gonsioT c¢hoOpMyTHPOBATE
creyiolee yTBepiKI1eHHe.

Teopema 2.3. Ilycth g(x) — NpUMHUTHB-
HbIH MHOrousneH Han GF(q); deg (g(x)) =n c
kopuamu v,ve,..v!  u3 GF(¢"). Mycts
d,,d,,...,a; — MPOU3BOJILHbIE 10C/IEN0BATENLHOCTH
u3 S(g(x)). Torna nuHeiHas CIOKHOCTb MOCHENO0-

L Ol
=iy +iy +oHiy gy

hils;

BATENLHOCTH b = @, + @, - ... @; HE NPEBOCXOIUT
BETHYHHBI
< el 3 fg-1
L< Z—| C!!Cn—i, Cﬂ—”-l—i':+...-!'¢__:]'
fafy ey iy j=A

raed € tk.k — (g —1),...k — (g — 1)}, altakoe, uto
k=lg-1)>02k—-(+1)g-1).

Crnedemeue 2.1. Ilyctb g(x) — IPAMHTHBHbIHA
mHorouneHn Han GF(2); deg(g(x))=n. llycth

dy,d,, ..., d; — MPOU3BOJILHBIE OCNENOBATENBHOCTH
u3 S(g(x)). Torna nuHeHHas CIIOKHOCTb TOCHIEN0-
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BATEJILHOCTH b = a, -

=1}
v

* 4, He MPEeBOCXOAUT

k
BEJIHYHMHBI L < ZC‘,‘: .
i=1
3. Ouenka HHKHel rpaHubI
JHHEHHOH CT0KHOCTH (-HYHOT0
(UILTPYIOLIEro renepaTopa

PaccMOTpuM ciydail cyMMbl ABYX WIH He-
CKOJILKMX PEKYPPEHTHBIX MOCNEI0BaTEIbHOCTEH.
O6o3nauum uvepes S(g,(x)) + S(g,(x)) MHOKECTBO
BCEX MOC/eNOBATENILHOCTEN BHAA &, + @, , Iae
a, € 8(g,(x)), a, € S(g,(x)). Takoe onpenene-
HHE CyMMbI [IOCIIE0BATEIbHOCTEH pacpoCTpaHseT-
cs Ha 000 KOHEYHOE YHCIIO CaraeMbix.

Teopema 2.4.[5]. Ilyctb g(x),..., g, (x) -
HOPMHUPOBAHHbBIE MHOrO4YJIEHbl HAJ MOIEM
GF(q), He ABAAKOIIMECH MOCTOAHHBIMH, TOI/A
S(g(x)) + ... + S(g,,(x)) = S(c(x)) rae ¢(x) — Hop-
MHPOBaHHLIH MHOIO4JIEH, ABIAIOIIHICA HANMEHBILIHM
0O0LIMM KPaTHbIM MHOIOWIEHOB g, (X), .... g,,(x) . Ecn
MHOTO4/IEHbl g;(X) M g,(X) — B3aHMHO NPOCTbIE
HOPMHpPOBaHHbIE MHOTOWIeHbI Hall GF(g), He sBIsitO-
IHecs KOHCTAHTAMH, TO UMEET MECTO COOTHOLLIEHHE
S(g,(x)2,(x)) = S(g,(x)) + 5(g,(x)) .

IMycTs g(x) — NPUMUTHBHBIH MHOrOYJIeH H3
GF(q),deg(g(x))=n. Tlycts a,,a,,...,d, nocnenosa-
TENBHOCTH M3 S(g(Xx)) KOMOHHHUPYIOTCS € MOMOIIBIO
HeauHeHHol dyHkuun F (moaunom JKerankusa):

I
F:ZC.'"-’(_:; (3.1)
=

i

e f, = H @ M; o M ={1,2,..n};
ieM,

Q.Mj cM; I=L1q4"; ¢, ¢; € GF(q),
j=1i
10J1e BEIYUCIIEHNH — KoHeuHoe noie GF(q).
Onpeoenenue 3.1. Henuneiinas dyuxuns F ume-
€T NOPAAOK HEelHHEHHOCTH A, ecnu Kakoe-mubo u3
ciaraeéMbiX, BXOJALLIHX B F.. COOCPKHT MAKCHMAJIbHO
4HCII0 COMHOXKHUTEIIEH, paBHOE K.
Ecnu nopsanok venuneitnoctu pynxumu F k = 1,
TO 1o Teopeme 3. 1. nosmyuaem TPHBHAJILHBIH pe3yiib-

n
Tat: b = Zé‘- € S(g(x)) u b numeer TMHEHHYIO
i=1
CIIOKHOCTL PaBHYIO 1, KaKk U Y Kax10il u3 nocieno-
BaTeJbHOCTEH @, .

Teopema 3.2. Tlycts b — nocienoBatelb-
HOCTBb M3 MHOXkecTBa S(h(x)), rae h(x) — HOpMHU-
poBaHHbIi MHOrousneH u3 GF(g), KOpHAMH KOTO-
poro ABJAKOTCA BCE PA3MHYHLIE DJIEMEHTHI BHIA

vl v e i.el{0,L.,n—1}.

; Tornoa
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CymecTByeT HenuHeiiHas Gynkuusa F suga (3.1)
NOpsAKa HEJHHEHHOCTH HE NpeBBILIANIIero A, ¢
NOMOIIBH KOTDpOﬁ nocaenoBareasLHOCTE 5 Nnopox-
JlaeTcs MpH KOMOMHMPOBAHMH MTOCTIEA0BATEILHOCTEH
n3 S(g(x)), rae g(x) — npUMMTHBHBIH MHOTOUYIEH HALl

GF(q), deg(g(x)) = n ¢ xkopasmu v.v? . v?  u3
GF(q").

[Jokaszannas teopema 3.2 no3BoiafeT yKazaTh
HHIJKHIOK TOCTHKHMYIO TPaHHLly JTHHEHHON ClIoXK-
HOCTH IMOCJIeI0BATENILHOCTEH YKA3aHHOrO Kiiacca
HENHHENHBIX (yHKLHI.

Teopema 3.3. Ilycth g(x) — NPUMHTHBHBIH
mHorouned Haa GF(q); deg (g(x))=n. v — ero
nepBooOpasHelii KopeHb € GF(g"). Ilycts b — no-
ClIel0BaTENbHOCTE U3 MHOXkecTBa S(h(x)). rae
h(x) — HopmupoBaHHbIi MHoroq€nen u3 GF(q), xop-
HAMH KOTOPOTO ABIAIOTCS BCE PA3THUYHEIE JIEMEHTBI
puga v7 -vi - ovE i; €{0,l,...,n-1},

IIycte h(x) = h(x)-hy(x)-...-y(x). rae
h_;.[x] — pa3NuuHble HENPHBOAUMBIE MHOIOUJIEHBI;
f =1L deg(h;(x)) = L;. Torpa nuHeiiHas cnox-

HOCTb TNOCIEI0BATENbHOCTH b yAOBIETBOPSAET He-
paBeHcTBY L 2 min(L,).
J
Ipumep. Tycts g(x) = x* + x + | nopoxaaer
nocnenoparensHocts @ = 100010011010111. Ee

nuHeiiHas cnoxHocTk n = 4. Ilyets a,,ay, a, — no-
CIIEA0BATEAbHOCTH, ABAAKIIHECH LUHKIHYECKHMH
CIBHMIaMH d :

110001001101011:
a, = 111000100110101;
7 [11100010011010.

i~
I

&S
[

Torna ¢ nomombio (GYHKULHH
F=a,+ay+a,+a,-a +a,a +a, +a) no-
JYYHM PE3YIbTHPYOWYK MOCAEA0BATENbHOCTh
b =101101101101101 nuHeiiHas CIOKHOCTH KOTO-
poii pagHa 2 < n = 4, T. K. MUHIMAaJIbHBIA XapakTe-
PHCTHYECKHiT MHOTOY/IEH MOC/IE0BaTENLHOCTH b

5
hx)=x"+x+1.
4. llpenenbHble 3HAYEHHS THHEHHOH CIT0XKHOCTH

[Tycts nopsaok HenuHeHoOCTH (pyHKUMH F G0/b-
me eauHMibl (£ > 1), H UMEKTCA JIBa Claraemsix
MOpPsAAKA HETHHEHHOCTH m | K.

b =ca .- c, @ < S(gx))",

by=c,a, ..-c,a, eSgx), ¢,

hh Je Ak h

e GF(q).

JInneiinas CAOKHOCTBL MOC/ENOBATEILHOCTH by
pasHa L, , a nocineoBatenbHocTd by — L, .

Ilyets L, w L, yOooBIETBOPAIOT HEpaBeH-
CTBY B OLI€HKAX, 3ajJaBaeMbIX Teopemoii 2.3 mus
COOTBETCTBYIOIINX MOPAAKOB HETHHEHHOCTH m U K.
PaccmoTpum cieayroline INCKPETHbIE MHOMXKECTBA
LEJIBIX YHCE:

A =tk k—(g—-1)...k —L(qg-1)};

A, ={mm—(q—1),..m—1L(qg—-1)}:

rne k-Lg-1D>0=2k—-( +1)(g-1)

m—=UL(g—=1)>02z=2m-(, +1)qg-1).

ITycte k = m . Torga, ecnu:

1) 4 N 4, =3, T0 MMHEIHHAA CIOKHOCTD 110CIIe-
JIOBATENLHOCTH b = 5, + 52 L=L +L,;

2) 44 (4 N4, =A4,), To nuHeliHad

CH0XKHOCThL MOCAEAOBATENBHOCTH b = b + b,

L=1,

O6061mKM nonyueHHbIe pe3yabTaThl B CAETYO-
uieit reopeme.

Teopema 4.1. Ilycte g(x) — NpUMHUTUBHBIH
mHorouneHn Hag GF(g); deg (g(x)) = n. Ilycts
@y, @.,... — MOCJENOBATENLHOCTH M3 S(g(x)) KOMOHHH-
pytorcs ¢ nomotubio pyHkunn F Buaa (3.1), kotopas
COZIEPIKUT criaraeMsie Mopsiika HeJinHeHocTH &, k - 1,
k- (q - 2). Torna nuHeliHas CIOXKHOCTb BBIXOAHOI
MOCAeN0BaTeNBLHOCTH, 3a1aBaeMOoi 2Toil PyHKLME,
He MPEeBBIIAET MAKCHMAJIbHO BO3MOXKHYH0 JTHHEHHY O
CIOKHOCTD [UIA IaHHOTO Kiacca (pyHKUMit:

L< 3 CHC2 . v sCH

L n—i n=(i +ia+... 40, _3)
Tz, ,:t:,-_;’ék

f=1

W3 nosmyueHHOI BbI1lIE OLIEHKH JIETKO NMOTYYHTh He
TOJIBKO BEPXHIOK MPAHULLY JTHHEHHON CIIOKHOCTH /115
JABOUYHBIX KITHOYEBBIX [MOCTIEI0BATE/IbHOCTEH, HO M CI1O-
co0 MOCTPOEHHA MOC/IE0BATEILHOCTEH, JIeKALIHX Ha
BEPXHEH rpaHHlIe KaK [UIs JBOHYHBIX, TAK U I8 q > 2
[6]. HeoOXoauMbIM YCIIOBHEM JOCTHXKEHUS BEpXHEH
IPaHHLIBI ABJIAETCA HAMHHE B HEJIMHEIHOH DyHKIMH
KOMOMHHMPOBAHHS CIAraeMOro ¢ NOPAAKOM HeJHHei-
HocTH k. B uacTHOCTM eciii B KauecTBe HeJIMHEeHOMN
Ifl)}(HK_LlHH KOMGHHHPOB&HHH HCIIOJb30BATL NOJIHHOM
Kerankuna, comepxauiuii craraembie ¢ MOpsAIAKaMH
HEJTHHEHHOCTH 0T | 10 A BKIIIOMHTEIBHO H MOPSIKOBbIH
HOMEpP COMHOXKHUTENIEH B KaKa0M U3 C1araéMbixX mojam-
HoMa JKerankuna passiHuex, To KJI0ueBas rocieosa-
TENBLHOCTB CTPOTo cOAIAHCHPOBAHA K HMEET XOPOLLHH
npodune JHHEiHHON cnoxHocTH. JloKkasarenbcTBo
JIAHHOTO YTBEpIKIeHH paccMoTpeHo B [ 1].
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Cneocmeue 4.1, Tlyetb g(x) — NpHMHTHBHBII
mHorouneHn Haa GF(2); deg (g(x)) =n. IlycTs
a,, d,, ... — nocnenoBarenbHOCTH U3 S(g(x)) KomMOuH#-
pYI0TCA ¢ moMombio pyHkumu F eunaa (3.1), koropas
COZIEPKHT CrlaraeMele MopsKa HeluHeAHocTu k, k - 1,
k-(g-2). Torna nuHeHHas CIOKHOCTb BBIXOAHOI
TIOCJIE/I0BATE/IbHOCTH, 3a/1aBAeMOH ITOH (PyHKLIHEN,
HE IPEBLIIAET MAKCHMAIbHO BO3MOIKHYO JIMHEHHY O
CIIOKHOCTB Ul JAHHOTO Kiacca (DyHKIIHIH:

Taxske HeOOXOAUMO OTMETUTH ClIEAYIOLIEE,

OueBHAHBIM BEPXHHM [PEAEIbHBIM 3HAYEHHEM
JMHEHHOH CIIOKHOCTH PeKYPPEHTHOH mnociejoBa-
TENLHOCTH sABNAeTcs ee nepuon. [lpu komOMHHpO-
BaHMH rocienoBarensHocTei u3 S(g(x)) ¢ noMoliuso
hyuxuun F Buaa (3.1) pesynstupyromas nocieno-
BAaTENBHOCTH HMeeT nepuoa T = ¢" — |, MOCKObKY
g(x) — npuMuTHBHBII MHorowreH Haa GF(g); deg
(g(x)) = n. U3 Teopemsl 4.1. cneayer, 4To pe3ynsTi-
pyHoILas Moc/e0BaTelbHOCTh Oy1eT HMEeTh JIMHEH-
HYIO CI0KHOCTh, PABHYIO €€ MEPHO/Y B C/Iy4ae, it
NopAAoK HeJuHelHHocTH QyHKUMH F k = (¢ — n.
[To3atomy npyu orpaHHYEeHHU NOPAIKA HETHHEHHOCTH
k < n npeaensHOE 3HAUEHHE JTMHEIHON CIIOKHOCTH
MOC/I€A0BaTENbHOCTH, MOIYYEHHOH C MOMOIIBH
¢dyuxunn F Buzaa (3.1), paenoe nepuoay T, MOKeT
OBITH JOCTHIHYTO B cllyqae, Koraa ¢ = 2, k = n.

Crnexyer OTMETHTb, HTOMPH ¢ > 2 MOPALOK HEllH-
HEHHOCTH (DYHKIIHH BHEIIHE#H TOrHKH MOJKET NPEeBbI-
IAaTh 3HAUYEHHUE 1 B TOM CJIyHae, eciii ¢ HEeKOTOPOro
¢ -MYHOTO paspsia perucTpa cABHra B QYHKLIHIO
BHELIHEH JIOPHKH BXONT OoJiee 0HOTO OTBOJA C Be-
COBBIMH MHOXHUTeIsIMH b, € {1,2,...,¢ — 1} . Onnako

q-1
b, = [15 = q — 1 € GF(q) ,nostomy pe3ynsTupyio-
i=1

IHH MOPAJ0K HETHHEHHOCTH (PYHKUMH BHEIIHEH
JIOruKH He npesbiiuaet r7. CrefoBarenbHo, THHEHHAS
CJIOKHOCTh MOKET JIOCTUTHYTh CBOEii BepXHeii rpa-
q" -1

g-1
k = 5 3HaueHue

HHLBI IPH kK = n W UMeeT 3HaueHue L =

Hanpumep, ans ¢ =5,  n =35,

L paBno 781.

5. OueHka KoJlHYecTBA M0C/1e0BATe/IbHOCTeH
€ MAKCHMAJILHON JHHEeHHOH CJI0KHOCThIO

OueHNM KOJIHYECTBO MMOCJIE€I0BATENBbHOCTEH ¢
MAKCHUMaJlbHOH MHMHEetHOH cI0KHOCTEIO L. [Tockosb-
Ky L ABJIACTCA CTENEHBK) MUHUMAIIBHOIO xapaxrepn-
CTHYECKOro MHOrouJieHa A(x) nocnenosare/ibHOCTEI
13 MHOXecTBa S(A(x)), paceMoTpuM paznoxenue A(x)
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Ha HEMPUBOIMMBIE MHOTOUIEHEI. OTMETHM, uTO /A1(X)
O OMpeNeNeHHI0 He MMEeeT KPAaTHLIX KOPHEH, OTKy/1a
CIIE[YET, YTO BCE HENPHBOAHMBIE MHOI'OYJIEHBI, Ha
KOTOpPbIE OH Pa3araeTcs, pa3IuyuHbl:

h(x) = h(x)-...- h(x):deg h(x) = L;

r

YL =L

1

L.:

iy

deg(h(x)) =

=

KHH(IIOI:! nocaeaoBaTe/IbHOCTH U3 MHOMKECTBA
S(A(x)), MOKHO OJHO3HAYHO MMOCTABUTH B COOTBET-

d(x)

CTBUE MPABHJIBHYIO 1po0b ) rae ¢(x) — MHO-

rowieH, 3aAalolHii BEKTOP HAYAIbHOTO COCTOSHUS.
Ob1ee KONHYECTBO TakuX aApobeit N, = ¢° — 1. U3
s1oro MuoxecTsa S(A(x)), BhIAETHM MOIMHOKECTBO
Takux nociaepoparensHocteil u3 S(A(x)), kaxnoii u3
KOTOPBIX COOTBETCTBYET IIPABHIIbHAS HECOKpaTHMasl
v
hix
OyzeT orpeensTh KOJIWYECTBO MOC/EN0BATETLHOCTEH
¢ MaKCUMaJbHOH JTMHEHHOH CI0KHOCTBIO L.

W(x)

1pobb . MouHocTe 2TOro mogMHOKeCTBa

Hecokpatumyto 1pobb —— MOMKHO NPeACTABUTE
B BHIE: h(x)
Yx) _ i) | valx) & w,.(x)‘me
h(x) hy(x) 7y (x) h.(x)
wi(x) # 0, deg(y,(x)) < deg(h(x)), i=1r,

a4 CyMMHpPOBAaHHE MPOM3BOANTCI B KOHEYHOM I0JIE
GF(q). TlockonbKy kaxiablid u3 h(x), i= Lr
HETIPHBOIMM, TO Kaxaas M3 NMpaBHIIbHBIX Apobei
h(x)
apoBeii s h(x) pasro g™ — 1, tae L, = deg(/y(x)).
Otcroza nojiy4aem, 9TO 4HCIO NOCIE0BATEIBLHO-
cTell ¢ MakCMMaJabHOH JTHHEHHOH CIOKHOCTBIO L

N =TJ@" - 1.
i=1

Jlns nanbHerInMX paccy:KaAeHnit HaM noTpedyeT-
€5 BBECTH B paccMoTpenne pyHkuno MebGuyca 4 psin
YTBEPIKIEHHUIH, CBA3aHHBIX C HEil.

Onpedenenue 5.1 [5]. Oynkumneit Mebuyca na-
3pIBaeTCA (DYHKLUMS | HAa MHOKECTBE HATYPA/IbHBIX
qHCeN, OnpeesiemMas pAaBeHCTBAMH:

HECOKpATHMA, H YHCJIO TAKHX HECOKPATUMBIX

l,ecrm n = 1,

k
=1)", ecnmu n — npousBeeHHEe A
e (=1 po
Pa3THYHBIX MPOCTRIX HHCEN,

0. ecnmu n genuTcs Ha KBajgpar

HEKOTOpPOTO MpOCTOro 4WHCIA.
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Yucno I,(n) HOPMHMPOBAHHBIX HEMPHUBOIHMAbIX
MHOTO4wIeHOB cTeneHH 7 B noie GF(q) 3anaetca dop-

. 1 nyg 1 nid
mynoit I (n) = — —-g =- d)g"c.
ynoii 1,(n) HE“(d} ’%m )q
Hanpumep. 4MCI0 HOPMHPOBAHHBLIX HENPHBO-
AMMbIX MHOrouneHoB ctenenn 20 B GF(q):
1,(20) =

10

_ 1| uMg® +u@)g" + p(d)g” +
20| +u(5)g* + p(10)g> + p(20)q

1 20 10 4, 2
(=g ~ 4" 4%
20 q q q q

Ornpesesinm, Kak M3MeHHTCs yncao N nociaenosa-
TEeMBLHOCTEH C MAKCHMATLHOH JTMHEHHOMN CIIOHHOCTBIO
L. nony4yaeMbIX KOMOMHHPOBAHMEM C MOMOIIbLIO
¢yuakunn F Buaa (3.1) nocnenoparenbHocTed M3
S(g(x)) (rne g(x) — NPUMHUTHBHBIH MHOIOWIEH Haj
GF(g)), npn yBenM4eHHH XapaKTePHCTHKH 11014 ¢:

i I_I(r(f -1 ]_lth =})
3 2 =2 =1 . fwl -
lim 7~ = lim ™ 7 lim . =
g r j’I\:l g e q — gz q
[T - L |
) i1 " = . —_—) =
= lim~— = lim[ [0 - ) = [Ttlim(! - ) = 1.
g—= l'—[qi g—minl q 1=l g q
i=l

Ecnu Bua MHOTO4YIIEHA /i(X) HEM3BECTEH, 4 H3BECT-
Ha JHIlbL ero CTeneHb L, TO YHUCIO MocCIe10BaTe/Ib-
HOCTEH ¢ MaKCHMasIbHOM JTHHEIHOHN CIoXKHOCThIO L
MOZHO OLICHHTh CJISIYIOINM 06pa3oM:

L-1
N2 [Z Ll-L
i=1
rae [ (i) — YMCIO HENPHBOAUMBIX MHOIOYJIEHOB
crenenu i Haja nonem GF(g).

1,(i) = 12 wd)g’?,  u(d) - dynxums MeGuyca.
LT

HU3sectHo [5], uro [ (i) 2 l_{q" == 1)g'"?
i
Cornacuo teopeMe 2.5 monydaem, 4TO
limL = =, rae n = deg(g(x)).

=0

Torna
Ll
}imN = Pm [E LG)|-L|2
[~ —0 i=l y

L-1 _ -
> lim [Zifq’—ff—l)q"'-)]—L -

Lol =11

Onnako:
L-1 1 . s
Z{;{q’ -@{i-1g"*)-L
i=1
Iim 7 = lim =
e Ny e gt -1
L1q =@ -Dg"? :
= i = 0.
i § i(g" - 1)

CnenoBare/ibHO, KOJIMYECTBO MOCIEA0BATENb-
HOCTEH ¢ MaKCUMAabHOH JTHHEHHON CI0KHOCTRIO B
npeaene OECKOHEYHO BEIMKO H B Mpesene CPpaBHUMO
¢ OOIIMM YHCIIOM TOCIEI0BaTeNbHOCTEN C XapaKTe-
PHCTHYECKHM MHOIO4JIEHOM /1(X).

3akawueHue

Jlnst MepapXu4ueckoil CUCTEMBbI 3alHThl HH(Op-
MALIHH B CTAaThe HPHBCJIEHM Beprxn H HHIKHAA
rpaHuLibl JIHHEHHON CI0KHOCTH MOCIEIOBaTellb-
HOCTEll, Moay4YaeMbIX B Pe3yNbTaTe HEIHMHEIHOTO
KOMGHHHPOB&HHﬁ ¢-HYHBIX m-nocneﬂosarenbuocreﬁ.
CYHHTLIBAEMBIX C Pa3z/IMYHbLIX BbIXOA0B OAHOIo H TOro
K€ JIMHEHHOI0 PErnCTpa CABUIOB ¢ 00paTHBIMH CBA3A-
MH. B 4acTHOCTH, BhIpaKeHHE UIA BEPXHEH rPaHMIIbI
MUHEHHOH CN0XKHOCTH 3a/aeTcs BhIpakKeHUeM:

i
L < Z C::C::—i] s C’:—_lf|"’f':+---+’., 0

e
LR B S_t i J<k
i=1

rae n — anuHa JIPCOC: k — nopsaaok HeauHel-
HOCTH (pyHKUMM KOMOMHHUPOBAHHSA, G-XapakTe-
puctuka nonga anya. ITokazaHno, 4TO KOnH4Ye-
CTBO MOCJIEJ0BAaTENIbHOCTEH ¢ MAaKCHMMaJlbHOM
JAUHEHHOH CIIOKHOCTBIO B Mpeaese OeCKOHEHHO
BEJIMKO H B INpelene CPaBHHUMO ¢ OOLIMM YHCIIOM
MOCNAe10BaTEIbHOCTEH ¢ XapakTEepHCTHYECKHM
muorousieHom h(x). Belpaxkenue ans HuAHeil rpa-
HHILIBI JTHHEHHOH CIOKHOCTH 3a[1a€TCs BbIpaKeHUEM

L' = min(L,), rae L, = deg(h)(x), j =Ll
i

h(x) = h(x) - hy(x) - ...- ly(x) — XapakTepHCTHYE-
CKHil MHOTOUJIEH KIHOUYEBOH MOCIeN0BATEILHOCTH,
hj(.r) — pa3nu4HbIE€ HEMPHBOIHMBIE MHOIOYJIEHLI.

. . -
IMpuuem L = min(L;) MokeT ObITh MEHBbILIE M.
i

CdopmynHpoBaHbl YCI0BUSA, NPEIbABISEMbIE K He-
nUHeHHON (PYHKLMH KOMOMHUPOBAHUS, IIPH KOTOPhIX
JIMHEIHas CI0AKHOCTB [10CI1e/1I0BaTENLHOCTH YAOBIET-
BOpAET BepXHeH rpanuiie. Boipaxenue 1U1s BepXHeit
rpaHHllbl JIHHEHHOH CI0XKHOCTH MPHHLHIIHAILHO
yKazblBaeT crocod Beibopa HeauHelHOoH (QyHKIMH,
C TOMOLIBK KOTOPOH reHEepHpYIOTCs MocieaoBa-
TeIbHOCTH ¢ MaKCHMaJbHO BO3MOMKHOH JHHEHHOH
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CIIOKHOCTBIO JUIS 3aJIaHHOTO MOPAAKA HEIHHEH-
HOCTH (pyHKuUMH kOMOMHUpoBaHHA. B uacTHOCTH,
MNOJIHHOM }Kel"aJIKHHa, HCI’IOJII:'SYEMI:Iﬁ B Ka4e€CTBC
HeJIHHeHHOH QYHKUMH KOMOMHHPOBAHUSA, [10/DKEH

COIepIKaTh CllaraeMele C MOpsAKaMy HEMHHEHHOCTH
0T | 110 k BKJIIOYMTENBHO, PHYEM NOPSIKOBbIi HOMEP
COMHOKHMTEJIEH B KAK0M M3 CIaraeMbIX MOJIHHOMA
Kerankuna J10mKeH ObITh Pa3THYEH.
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METOI OUEHKHA KAYECTBEHHBIX XAPAKTEPUCTHK
OBBEKTHO-OPUEHTHPOBAHHBIX I[TPOI'PAMMHBIX IMPOAYKTOB

ObGecneuenne BBHICOKOIO KauecTBa MPH pas-
paboTKe MporpaMMHbBIX MPOAYKTOB — OHA U3
Ba)KHEHIIMX 3ajady pa3paboTKH, M, B TO e Bpe-
Ma, cnoxHelimas npoGnema. [ns onpenenexnus
Ka4yecTsa paspabaTbiBaeMOro Npoaykra Tpedyercs
OLIEHKA €ro Ka4YeCTBEHHbIX XapaKTePHCTHK, KOTOpPhIE
MOMKHO pa3OMTh Ha /1BA MHOKECTBA: BHYTPEHHHE H
BHEIIHKE. BHeIIHHE XapaKTEepHCTHKH ONMpPEesoT
HOTpCGHTCﬂbCKOE Ka4eCTBO CHCTEMBI H BHIAMMBI
nosp3oBarento. K HUM OTHOCATCA B IEPBYIO ouepeib
HaJleKHOCTh, Oe30nacHOCTh, (PYHKIIMOHAIBHOCTD,
MPOU3BOANUTENBHOCTD, JPrOHOMHYHOCTD. BHYTpeHHHE
XapakTepHcTHKH Oosiee BayKHBI IS pa3paboTYHKOB,
TaK KaK OKasbIBAaIOT CYLIECTBEHHOE BJIMAHME HA TO-
TpeOHTEILCKOE Ka4eCTRBO H IKOHOMHYECKHE 3aTPaThl
npu paspabotke. BHYTpeHHUMH XapakTepUCTHKAMH
SBJIAIOTCSA NEPEHOCHMOCTD, ITOHATHOCTE, MOIH(HIIK-
PYEMOCTb, MOYJILHOCTB, [MO/IBEPKEHHOCTDb OLIHOKaM,
y10OCTBO COMPOBOAKIACHHUS U T. 1.

33,36‘{3. OLIEHKH Ka4€CTBEHHBIX XapPaKTEPHCTHK
MOJKET CTaBHThCA HA Pa3HBIX CTaAMAX pa3paboTKH.
Haubonee npocto ona moxer ObiTh pelleHa Ha 3a-
BEPLIAIOIINX TaNax, KOraa B HaJIMIHH HMEETCA YiKe
rOTOBbIH MPOrPaMMHBIH MPOAYKT WU GObLIAsK €ro
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4acTk. BHelmnee KayecTBO NMPOLYKTa OLEHWBAETCH
MyTEM TECTHPOBAHHA, IIPH KOTOPOM OCYILECTRBIIA-
H0TCA HENOCPeNCTBEHHbIE HA0MIONeH S U H3MEepeHIe
BHEIIHUX XapakTepucTUK. OleHKa BHYTPEHHHX
KauyeCTBEHHbIX XapaKTePHUCTHK ABIACTCA 3HAYUTEIb-
HO Oonee CNOKHOM 3amade, MOCKOJIBKY JUIA ITOTO
HY/KHO BBIMOJIHATh HHCIEKLIMI0 HCXOAHOTO Koda. DTy
paboTy 0ObIYHO BBIMOIHSET FPYIIINA BbICOKOKBATH(M-
LIMPOBaHHBIX DKCIIEPTOB, 4TO TpeOyeT 3HAUNTEIbHBIX
sxoHOMHUecKux 3arpar (1o 3040 % ot obueii cro-
MMOCTH pa3paboTkH).

OaHako olieHKa Ka4eCTBEHHBIX XapaKTePHUCTHK
Ha 3aBEPLIAIOLLIHX dTanax pa3paboTKy 10 CYTH SBJISET-
CA MPOCTO KOHCTATAllHEH NOCTHIHYTOIO YPOBHS Kave-
cTBa. 3HauuTeIbHO GoMiee BaXKHOM 3aauei ABISETCH
OMIpe/IeNICHHE, 4 TOUHEE, NPOTHO3HPOBAHHE KAYeCTBEH-
HbIX XapaKTEPUCTHK MPOAYKTA Ha GoMee paHHUX dTarnax
pa3paboTKH, B YACTHOCTH, Ha ITare MPOeKTHPOBAHMSL.
AKTyanbHOCTb 2TOH 3a1a4d OYEBHIHA, MOCKOILKY
CBOEBPEMEHHOE YTOUHEHHE XapPAKTEePUCTHK MTO3BOIUT
MIAHUPOBATh MEPOTIPHATHA 1O YIYUILIEHHIO KaYyecTBa
Oyaymero npoaykra B npouecce pa3paboTkH, a He
110C/Ie OKOHYAHHA MPOEKTa. 3TO MOJKET CYILECTBEHHO
CHHM3MTB 3aTPaThl HAa pa3padboTKy.
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IIJIH dBTOMATH3alUHH OLECHKH Ka4€CTBCHHBIX
XapaKTepPUCTHK POrPaMMHOIO NPOAYKTa HeoOXoau-
MO PEIINTh CHEAYIOIINE 3a/1a4u:

. OnpenenuTb COCTaB XapaKTEPHCTHK, MO
KOTOPBIM ClIe[lyeT KiacCH(pHUHPOBATHL
MpOrpaMMHBIi MPOYKT.

[TocTpouTs MOIENb MPOrPAMMHOIO NPO-
IyKTa, N0 KoTopoi OyaeT oLeHHUBATLCA
€ro Ka4uecTBo.

3. Pewnts 3a1auy KnaccH(pHKALUK NOCTPO-
€HHOI MOIenH no BeIOpaHHBIM XapakTe-
PHCTHKaM.

B pa3snuuHbIX HCTOYHHKAX MPHBOAUTCA MPH-
MEPHO OJHMHAKOBbLIH Ha0Op KaueCTBEHHLIX Xapak-
TepUCTHK Mporpammuoro obecneuenus [1, 2, 3]. B
pe3yisTaTe aHaau3a ObUIM BBISBJIEHBI CeAyIOLIHE
Hanbonee obliHe XapakTEPUCTHKH, PELUAOLIMM
oﬁpa30M BIHAKOLINE Ha Ka4e€CTBO MpOrpaMMHOIO
MPOAYKTAa:

1. CaoxuHocth peanaunsaunu (complexity,
CPLX(X)) — otpaxaeT 00beM 3aTpaT MarepuasbHbIX
H HE/J10BEYECKHX PECYPCOB, HEOﬁXO)lHMhIX J18 TIEPBO-
Ha4aJIbHOM peaH3aliH NPOEKTa.

2. Caoxuocte Moaepuusaunn (volatily,
VLTL(X)) — otpaxaeT o0beM 3aTpar, KOTOpbIE [O-

(o]

TpebyroTest U1 pa3BuTHsA (PYHKLUMOHANBHOCTH MPO-
rpaMMHOIO NMPOOYKTA.

3. CaokHOCTH cOnMpoBOKIAeHus (mainte-
nance, MNTN(X)) — orpaxkaet oObeM 3arpar, He0O-
XOAMMBIX /1 NOAIep/KaHus B pabotuemM COCTOSHHH
[pOrpaMMHOro npoaykra 6e3 usmeHeHus ero (pyHk-
IIHOHAJILHOCTH.

4. TloaBepxenHocts omndkam (weakness,
WCK(X)) — nokasbiBaeT KOJMYECTBO OLIMDOK, KOTO-
pble MOTYT ObITh JOMYIIEHbI MPH pealn3aluuH npo-
rpPaMMHOIO MPOAYKTa pa3paboTUUKAMH.

5. Bo3MoXHOCTbH MOBTOPHOFO HCHO.Ib30-
Banus (recycling, RCCL(X)) — oTpaxaer cTeneHb
IOTOBHOCTH npoema K IIOBTOpHOMy HCMONB30BAHHHD
JUIsl PEAZIM3ALHH JIPYToro NporpaMmMHOro npojayKkra B
TOH K€ npeaMeTHOH o0nacTh.

Kasnas u3 nepedHcieHHbIX XapaKTepHCTHK He
BBIYHCIIAETCA KOMHYECTBEHHO, a4 OHPE,ILCJBIGTCSI HEKOTO-
pOii IMHIBUCTUYECKOI BETHYHHOI (XOpOLIO, J10ITyCTH-
MO, I710X0 1 T./1.). [ToaTomy B pamkax JaHHOIo noaxoaa
XapaKTePHCTHKH [PeAIaraeTcs ONpeieaTh KaK JHHI-
BHCTHYECKHE NepeMeHHbIe ¢ (PUKCHPOBAHHLIM HAabopoM
TepmoB. Hanpumep, xapaxkrepuctuka VLTL(X) — cnox-
HOCTb MOZIEPHHU3ALMK — MOMKET ObITh MpencTaBieHa
HabopoM TepMOB, MoKa3aHHbIX B Tadm.1.

Tabnwnua |

3uavenusn xapakrepuctukn VLTL(X)

Ha3paHue Tepma

Onpenenenne Tepma

[TpoeKT He MOJICPHH3HPYEM

3aTpaThl Ha MOJCPHH3AIHMI0 MPOTPAMMHOTO MPOAYKTA PaBHEI HIH
Gonbie, YeM peajH3alig HOBOTO NPOAYKTa ¢ MOJSPHH3IHPOBAHHOM
(YHKIIHOHATEHOCTBIO

[MpoekT TpyIHO MOZEPHHIHPYEM

ITpi MomepHH3aUMH TPOTPAMMHOIO MPOAYKTa MeHsiercs Gonbiue
CTaporo Kojia, 4em 100aBIseTcs HOBOTO

IMpoexT MoepHA3NpYEM

ITpu MOEepHH3AIHN MPOrPAMMHOTO NpoayKTa nobasnseTca Oonbie
HOBOTO KOJId, 4EM H3MEHSIETCH CTAPOro

[IpoeKT nerko MogepHH3HpYeM

[Tps MOAEpHH3AIIMH MPOrPAMMHOTO MPOIYKTA 100aBIsAETCA TONBKO
HOBBIH KOJI

Cneaylomui mar B peIieHuH 3a1a4u OLEHKH
Ka4yecTBa — MOCTPOEHHE MPOEKTHOIH MOJIENH, HE0DXO0-
JIMMO#, U181 TOrO YTOOB! MPECTABUTE pa3HOo0pa3HbIe
H Pa3pO3HEHHbIE COCTABIAIOLIME pazpadbaThiBaeMOro
MPOAyKTa B €INHOM (popmanunsme.

B pamkax ganHo#l paboTel paccmarpuBa-
I0TCA TOJBKO 00BEKTHO-OPMEHTHPOBAHHBIE MPO-
rpammusbie npoayktst (OOIIIT), nockonbky 3Ta

METOI0JI0THS HA TEKYLLMI MOMEHT SIB/ISIETCA CAMON
pacnpoCcTpaHEeHHOH M B JOCTATOYHO#H Mepe (popma-
JIN30BAHHOH.

[IpoeKTHYIO MOJIE/Ib MOAKHO CTPOHTh Ha pas-
HBIX JTanax pa3paboTKu: NpH NPOEKTHPOBAHUH, [TPH
KOJHPOBAHUH, U NPH TecTUpoBaHnK. Ha paznuuHbix
stanax paspaborkun OOIII cosnarorcs pasnuunbie
apreaxTel, mokazanHsle B Taba. 2.
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Tabauua 2.

Apredaxter OOIII

Jran

ApredarTni

Ananus TpeboBaHHil K cHCTEME

JluarpaMMBl BADHAHTOB MCOIL30BAHHSA, B3aHMOACHCTBHS, AHATPAMMBbI
knaccos, karanoru C-tpeboBannii

I[IpoexTHpoBanie CHCTEMHOI
apXHTEeKTYPh

JnarpaMMel pa3BepThIBAHHSA, THATPAMMBI KOMITOHEHTOB, TEKCTOBBIE OIHCAHHUA
apXHTEKTYpHI

Ananmns TpebopaHHii K NMPOrpaMMHEIM
CpeJicTBaM

JlnarpaMmbl KOMITOHEHTOB, TEKCTOBbIC ONHCaHHA TpeboBaHMii

IIpoexTHpoBaHHE MPOrpaMMHOIT

,IlHarpﬂMMb] KOMITOHEHTORB, JIHATpaMMBl KITACCORB, THATPAMMBI B3aAUMOJICH -

CTBHA, JHATPAMMEI

APXHTEKTYPBI ApPXHTEKTYPbI

COCTOSHHIA, AHArpaMMsl NakeTOB, TCKCTOBBIC OMHCAHHA

Texuuueckoe NMPOCKTHPOBAHHE

OrpaMMHBIX CPEICTB %
e p HBIX peIleHHH

JInarpaMmel KI1accoB, IHArpaMMbl B3aHMOACHCTBHS, AHATPAMMBI COCTOSHMIT,
MPOTOTHIIBLI MOIB30BATEILCKHX HHTEp(deiicoB, TEKCTOBOE OMHCAHNE MTPOEKT-

[IporpammupoBanne H TeCTHPOBaHHE

NporpaMMHBIX CpE/ICTB # MpOrpaMMHeTa

JlHarpaMMel K1acCOB, THAarpaMMEI B3aHMOJIECTBHS, IHArPaMMbl COCTOSHHMI,
MPOrpaMMHLIH KO/, CUEHAPHH TECTHPOBAHHA, PYKOBOJICTBO MOJIB30BATENA

CGopka mporpaMMHBIX CpeICcTB

bruHapHbie HCTOTHAEMEIE U pecypeHbie daiiibl

M3 nepeuncienHbIX apTedakToB HAHOOIBILHIH
HHTEpeC MPeACTABNAT Mo/UIaoImHecs opMainsa-
unH apTedakTsl, 8 IMEHHO AHarpaMmbl (B HOTAaLMH
UML [3]), nporpaMmHubIif Kog ¥ OHHAPHBIE HCMON-
HAeMble (aiisl.

Ha ocHoBe NpoBeIeHHOTO aHATH3a OCHOBHBIX
apreakToB NpoeKTa ObLIH BhIABICHbI CEMAHTHYECKH
3HaurMple noHATHA OOIIIl u cea3n mexay HumM,
YCTAHOBIEHBI COOTBETCTBUA MEKIY NMOHATHIMH B
pasaMyHbIX apredakTax M MOCTpOeHa eaHHas mpo-
eKTHaa metamojenb. [ToHaTHs MeTaMoaenu 1 CBsI3H
MEXIY HHMH B HOTaLHH aAHarpammsl kiaccos UML
2.0 mokasausl Ha puc. 1.

Juarpammer UML BeIrofiHO OTIM4AIOT OT ApY-
rux apTe()akToB MPOEKTA, MOCKOIBKY OHH CO3IAk0TCS
Ha caMmbIX paHHHX dTanax pa3padotku. [Tostomy mx
aHAIH3 MO03BOIAT OTOPOCHTE Hed(deKTHBHbIE Npo-
€KTHbIE PELIEHHs HA PaHHEH CTaaHH pa3paboTkH.

[Tocrpoenue monenu OOIII ua ocHose aua-
rpamm UML 10/1&HO npou3BoAHTLCS B /1B HTANA.
Ha mepBoM 2Tame aHanM3HpylOTCA CTaTHYeCKUe
UML-monenu — AnarpaMMbl KOMIIOHEHTOB, [TAKETOB
u Kknacco. [Ipu 9ToM onpenenaioTCs dJIEMEHTEI, CO-
OTBETCTBYIOIIHE NMOHATHAM METAMO/ENH «IIPOEKT,
«IPOCTPAHCTBO MMEH», «THI AaHHBIX», «IJIEMEHT
JAHHBIX?, «(DYHKLHA-LICHY.

Ha sTopom sTane npoBOAMTCS aHAIN3 AHHA-
MHYECKHX MOJEel — IHarpamMmm Iocje0BaTeIbHO-
cTei u koonepauuii. [To HuM nocrpanBaercs 4acts
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MOJIEJIH, OTHOCALIAACA K BHYTPEHHEMY OMHCAHHIO
(yHKINH-11eHOB.

[Toctpoenne xonkpetHoit moxemn OOIIII Ha
OCHOBE NPOrpaMMHOr0 Ko/1a TAKKe BHINOIHIETCS 3a
JBa wara. Ha nepsom mmare ocyuecTBiseTcs nocTpo-
€HHE IEPEBa CHHTaKCHYECKOoro pa3bopa Koaa. KoTopoe
10 CTPYKTYPE CXOIHO C MPeIaraeMoii MeTaMoebio,
HO He COAEpPKUT 00paTHLIX CCHUIOK. BmecTo Hux
YKa3bIBalOTCA HJIEHTH(UKATOPSI, 3aldaHHbIE B KOJIE.
Ha BTopom 1mare npoM3BOAHMTCS paspelieHne UMeH
HIEHTU(PHKATOPOB, H MOCTPOSHHOE AEPEBO CHHTAK-
cuueckoro pasbopa npeobpasyercs B MeTaMO/eb.

Hroroseimu apredakramu npoexkra OOIIII
ABIAKOTCA ABOHYHBIE HCTOHsAeMble (aiiibl, KOTO-
PBI€ NPEACTaBIAIOT OO0 MOCIeI0BATEILHOCTh KO-
MdH/1 [TPOLIECCOPA HIIM BUPTYaIbHOH UCIIOMHAIOMEH
Cpellbl, @ TAK/KE COXPAHEHHYH MeTauH(bOopMaLnio o
BHYTpeHHeil cTpykType nporpammsl. Jlist Gonbiunu-
CTBa COBpeMeHHBIX ratgopm, Bkmouas Win32-npu-
noxenns, cobopku NET, nakers Java, pazpaboransl
MCXAHH3Mbl MAHHNYJIHPOBaHHA H aHAIW3a BBILIEYTIO-
MAHYTOIH MeTanHopMaliueil, KOTopsie HOCAT o0liee
Hazsanue pedaexcus. C momMombio pediekcuu MOKHO
nojgyuarb HHGOpMaLHo 06 onpeneneHHbIX THIAX
JIaHHBIX BHYTPH HCMOJHAEMBIX (aiisIoB, CBOMCTBAX,
NnoaAx, METOAAaxX ONpPEIC/IEHHBIX B HUX H TaKUM 00-
pa3’oM CTPOHMTHL KOHKpeTHYI0 mozaens OOTIIT.

Jnsa kaxaoro aHaaH3HUPYeMOro MpoeKTa
C MCHOJb30BAHHEM OMHCAHHBLIX BhIIIE apTedakTos
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Puc. 1. Metamozens npoekra OOIIIT

CTPOHMTCH KOHKPETHAad MOelb. ABIAOLIAsCA BO-
naomeHneM meramonenu. [lepsonayanbHo Mozaens
cTpouTca Ha ocHose auarpamm UML, a 3arem no-
MOJHAETCA M YTOUHAETCS HA OCHOBE JAHHBIX, MOTY-
YaeMbIX B Pe3y/IbTaTe aHajlaHu3a MMporpaMMHOro Koja
H OMHAPHBIX UCTIONHAEMBbIX (aiiios.

3anaqy onpeneneHHs Ka4eCTBEHHBIX Xapak-
tepuctuk OOIIIl mMokHO cBecTH K 3azaue OTHe-
CEHHS [MMPOEKTHOH MOJENH K OAHOMY H3 KJIAacCOB
kadecTBa (knaccuukauuu). OQHAKO PELIHTh ITY

3a/1a4y HEMOCPEACTBEHHO C UCMOIb30BaHUEM rpada
POEKTHOIT MOJIe/IH J0CTAaTO4YHO cnoXkHO. [ToaTomy
npeacTaBifgeTcs 1e/1eco00pa3sHbIM BEIMHCIHTE 110
rpadyy KonuyecTBeHHble MeTpuKH. Toraa 3anaya
KJacCH(PMKAUUH MTPOEKTHOH MOJENH CBOAMTCH K
3afa4e Kj1accH(HKAIMH BEKTOpAa KOJHYECTBEHHbIX
XapaKTePHCTHK.

Ha ceroansmnmii neds paszpaboraHo gocrarod-
HO MHOTO HaDOPOB METPHK IS IPOrPAMMHBIX MPO-
€KTOB, H 110 MHOTHM M3 HHUX yke coOpaHa 10cTaTo4Has
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HCTOpHYECKas M aHAIMTHUYecKas HHPOPMALHA I
pa3IMUYHBIX TUTIOB NpoekToB. [TpuMepamu 1Mpoko
HCOOIB3yeMbIX HabopoB MeTpHK ABoTes QMOOD
(Quality Model for Object-Oriented Design), MOOSE
(Metrics for Object-Oriented Software Engineer-
ing), MOOD (Metrics for Object-Oriented Design)
u MOOD 2 [4].

Ha ocHoBe mpeanaraeMoii mMmeTamojelH
OOIIIT MOXHO 10CTaTOMHO OBICTPO M YPPEeKTHBHO
OCYUIECTBIATh pacyeT METPHYECKHX MOoKa3aTenei.
,[l.TI}I ITOrO JOCTATO4YHO MPHUMEHHTH anmnapar pejis-
UHOHHO# TeopuH 6a3 ganHbIX. CTPYKTYpa MeTamo-
JeM MOKeT ObITb MHTEPNPETHPOBAHA KAK CXeMa
PENALHOHHON 0a3bl JaHHBIX, B KOTOPOH 4OMONHH-
TEJbHO YYHTHIBAKOTCA CBA3H THMA ollllee-4acTHOe
(nacnenosanue). [locnennee peanusyercs oaHUM U3
TPEX THIOBLIX pelIeHHH 00bEeKTHO-PEeNALHOHHOTO
orobpaxenus [5].

3anaya onpeae/ieHHUs Ka4eCTBEHHBIX XapaKTe-
puctik OOII umeet cneayioume 0cobGeHHOCTH:

1. ObbexT K1accHHUKalMK NPECTABIEH BEKTO-
POM HETKUX BEJIMUHH — 3HAYEHHIT METPHK MPOEKTHOH
MOJICJIH NPOrpaMMHOro obecneyeHus.

2. Pesynbrar pelieHus 3ajadu — IMHIBUCTHYE-
CKas BeTHYHHA — 3HAYEHHE XapaKTEePHUCTHKH,

3. He onpenenensl 0IHO3HAYHBIE 3aBUCHMOCTH
MEHY 3HAYCHHAMH METPHK IIPOGKTHOI:I MOJE/IH H €€
XapaKTEpPHCTHKaMH.

Crnoi 1 Cnon 2

4. CymecTByeT OrpaHHYEHHOE KOJIHMHYECTBO
AOCTYIHBIX B OTKPBITOM BHAE JAHHBIX O METPHKaXx
[MPOCKTOB H OLCHKAX HX YCIECUIHOCTH.

Jlna pemenns nocrasieHHoMN 3a1a4u npeia-
raeTcs NpHMEHHTD I0AX01, OCHOBaHHbIH Ha KOHLIETI-
LMK HEYETKHUX HEHPOHHBIX MPOAYKIHOHHBIX CETEH.
B kavecTBe OCHOBHOH BBIOpaHA CTPYKTypa CeTH,
npeanoxennas Banrom n Mennenem (L.-X. Wang
J.M. Mendel) [6].

HeuweTkas npoaykuuonHas cet Banra-Men-
J1end peanu3yeT HeYeTKY 10 NPOAYKLHOHHYIO MOJIEb,
OCHOBAHHY!0 Ha npaBuiax ¢ MISO — cTpykTypoii:

Ecmux ecre A H... Hx ectv A H... Hx  ects
A TOyecrs B, i=]....»n

Kpome Toro, BeimonHAeMbli JaHHOIH HeveTKoH
HElPOHHOI NPOIYKIIMOHHOMN CETHIO AITOPHTM HEUETKO-
ro BbIBO/IA Oa3upyeTcs Ha C/CAYFOLIMX MMOMOKEHHUAX:

1. BXozHble nepeMeHHbIe ABIAIOTCS YeTKHMH.

2. OyHKUMH OPHHAUIEKHOCTH BCEX HEYeTKHX
MHOXKECTB MpejcTaBistoTes GpyHkuueii ["aycea [6].

3. Hederxass UMIUIMKALIMA — HEYETKOE MPOM3-
BeJeHHE.

4. T-HopMma — HeueTKOe NPOU3BEAEHHE.

5. AKKyMyJIHpOBaHHE AKTHBH3HPOBAHHBIX 3a-
KJIKOYEHHMH NpaBuil HE NPOBOANTCA.

6. Meton nedassudukainu — cpeiHuil LeHTp.

CTpykTypa npuMeHseMoil He4eTKoi HelpoH-
HOH CeTH MPEACTaBIeHa YeThIpbMA CI0AMH (pHc. 2).

Cnon 3 Cnon 4

Puc.2. CtpykTypa HeilpoHHOI ceTH
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Cnoit 1 Beinonnsier dazznuKauHio BXOIHBIX
NEPEMEHHbIX X, (j = /,...n). DIEMEHTBI ITOTO CJI0A
BBIYHC/IAIOT 3Ha4eHHA (QYHKUMI NPHHALIEKHOCTH
K, (x"), 3a[aHHBIX TAyCCOBBIMH (DYHKLMAMH MPH-
HaUISKHOCTH ¢ napameTpamu @, u b . B cnoe 2,
KOJIM4ECTBO YJIEMEHTOB KOTOPOTrO PABHO KOJIHYECTBY
npasun B Oase, OCyUIECTBASETCSH arperupoBaHue
cTereHed MCTHHHOCTH MPEANOChUIOK COOTBETCTBY-
I0IHX npaBui. B cioe 3 nepsbiii HEHPOH CITYKUT A
AKTHBH3ALIHH 3AK/TFOYEHMI NPAaBHII ¢, B COOTBETCTBUM
€O 3HAYEHUAMH ArPerMpoOBAHHAIX HA ITPEIBIIYILEM CII0e
CTeneHei HCTHHHOCTHU MPEoCkUIOK npasuil. Bropoit
HCE[)OH CJ10A BBIMTOJIHACT BCIOMOTaTe/IbHLIE BLIYMHUCIIE-
HHA 1A nocnenyroiuei nedassundukanun pesynsrara.
Cr0ii 4, COCTOALLIMIA H3 OTHOTO AIEMEHTA, BHINOJIHAET
Jeazzndukaniio BEIXOTHON NepeMeHHOiH.

[TapameTpHYECKUMH CIOAMH CETH SBIAIOTCS
NepBbIii U TPETHIT CI0H, 8 HACTPaNBAEMBIMH fapame-
TPaMH CJIY’KaT COOTBETCTBEHHO MapaMeTphl TEPMOB
MOCBUIOK M 3aKJTIO4eHHH a, bﬁ.n ¢,

Takum oOpa3oM, HEHETKYID HEHPOHHYIO MO-
Jedb MU MEXaHW3M HEYEeTKOro BhIBOJAA I JaHHOH
HEeueTKOH HeHPOHHON NPOAYKUHOHHOH CETH MOXKHO
NPeICTaBUThb ClIEAYIOMNM 00pa3om:

I—lBI' {)’} = Sup“-l'_"' {.-"'}T“.«f,—bﬂ,. (M} =

xeX

= Sup{u_{ (x)- “A,—&E,{y)} =
v\'E.\.’

= Supin (x) -1y (x) - pg (1)} =
xeX )

= supius I[ T, () py (x;))-

xeX =1

B nannom Cl1y4ae BXOIHLIE MEPEMEHHBIC

XXy X ABASKOTCS YETKHMH, ITO3TOMY BBIpa’K€HHE

NPUHHUMAET CJASIYIOLINI BHI;
m
My () =g W[ ]n, ().
, L4

Tak kak aKKyMyJIHPOBaHHA aKTHBU3HPOBaH-
HBIX 3aKJTHOYEHHH MPABUII HE NPOU3BOAUTCH, 4 METO-
Jom jehazsudukalig SBIAeTCA METOL CPEAHEro LieH-
Tpa, T0 Aea33ndHIMpOBaHHOE 3HAYEHHE BBIXOAHOI
nepeMeHHOH onpeaenserca no Gopmye:

n
2. | arg maxp, (m, ()
i<l ¥ : ’

y = -

=l

m

2 | argmaxp, (g (D[ w, (x))
¥ i i Y

i=1

n m

> g I B (x))

i=l =1

C yueToM TOro, 4To MaKCHMaIbHOE 3HA4YEHHE,
KOTOpOE /i, (V) MOKET NPUHATEL B TOUKE arg max fl, .
(v), paBHO €AMHHULIE, BbIPAXKEHHE PUBOAUTCA K Clle-
AYIOLEMY BHIY:

> | arg maxp, (D[ Tw, (x))
v |F=l Ul

i=1
2In, &)

i=1 j=I

yb=

B namem ciyuae QyHKUIHH NPHHAAIEKHOCTH
BCEX HEUeTKUX MHOKECTB MPEACTABAAIOTCS (hYHKIIH-
eit 'aycca, noaToMy BhIpaKeHHE NPUMET BUI:

X, —ay
by

nom
2lle
i=l j=1

3aech ¢, d — COOTBETCTBEHHO LIEHTPbI H ILIMPH-
Ha rayccoBbiX (DyHKIIHI, NpeacTaBAsIOMHNX QyHKIHU
NPHHAIEKHOCTH HEYETKHX MHOKECTB B, 3aKio-
YeHHil PaBMI; @, b, — COOTBETCTBEHHO LEHTPbI M
IHPHHA rayccoBbiX QYHKUMH, NpeacTaBIsiOmINX
(hyHKIMH NPHHAIOKHOCTH HEYETKHX MHOKECTB A,
NPEANOCHLUIOK MPABHIL.

OO6yueHue HEHPOHHOI CETH OCYIIECTBIIAETCS
MeTOAOM 0OpaTHOro pacrnpocTpaHeHHs OWHOKH
[6], myTemM KOpPEKTHPOBKH MapameTpoB MepBOro u
TPETHLETO CIIOEB.

[IpeanoxkeHHbldl MOAXOA NMO3BOJIMUT OCY-
HMIECTBHTh HEMPEPLIBHYIO OLEHKY KaueCTBEHHbIX
XapaKTepUCTHK MMPOTPaMMHOIO MPOAYKTa Ha BCEX
yTanax pa3paboTKH, 4TO B CBOIO O4epe/ib YIPOILaeT
1 MO3BOJIAET MOBBICHTH YPPEKTHBHOCTE MPHHHMAaE-
MBIX TIpH pazpaboTke NporpaMMHoOro obecneyeHus
pelueHui.
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Hernawes A. B.

PA3PABOTKA METOJIA TAPAMETPHYECKHUX XAPAKTEPHCTHK
JUIS MOJAEJIMPOBAHMSI HEJTMHEWHBIX PAIMOTEXHUYECKHUX YCTPOMCTB

OrpomHy10 posib CEroAHA HIPAlOT PAAHOTEXHHYE-
CKHE CHCTEMBI, NpeaHA3HAYE€HHbIC 114 paanocBa3H,
paaHOIOKalHH, paJHo- H TENEBH3HOHHOIO BEIIAHHUA
H Apyrux uenei. Hecmorps Ha LIMpOKOe BHEApPEHHE
LH(POBBLIX METO0B nepeiadH 1 06paboTKM CUIHATIOB,
OCHOBOH BCEX JTHX CHCTEM OCTAlOTCsA aHAJIOrOBhIE
YCTPOHCTBA H Y3/1bl, KOTOPbIE CTPOATCA HA JNIEKTPOH-
HbIX KOMITOHEHTax, 00JaJaiuX HeIHHEHHOCTLIO.
Bo MHOrMX ycTpoHcTBax, HanpUMep yCHANTENbHbIX,
HETHHEHHOCTD ABJISAETCS HEJKEeIareIbHbIM Ka4€CTBOM,
M €€ CTPEeMATCH ClelaTb KaKk MOXKHO MeHbne. Pag
IpYrux y3J10B pajHOTEXHHYECKHX CHCTEM, TAKHX
KaK MOIYNATOPhI, JETEKTOphl. npeodpasoBarenu u
VYMHOMXHTEIHN HaCTOThl, MNPHHIHIIHAIBHO ABISKTCA
HEJTMHEHHBIMH. 115 NpaBUIILHOIO KOHCTPYHPOBaHNS
Tex M JAPYrHX YCTPOMCTB HeOOXOMMMBbI aJeKBaTHbIE
METO/IbI aHAJTH3a W MOAE/THPOBAHHA, MO3BOJIAKOLIHE
YYHTLIBATH HeJIMHEeHHOCTh XapakTepHCTHK C BOIMOK-
HO GoMbLIEH TOYHOCTBIO.

M3 u3BecTHBIX cnocoboB HCCII€OOBAHHA HE-
JMHEHHBIX YCTPOHCTB JIMLIb HEMHOTHE HAXOIAT
pHMEHEHHE NPH TPOEKTHPOBAHUH PAAHOMIEKTPOH-
HOH TexHMKH. M3 aHanWTHuYecKMX H3BECTEeH MeTol
¢ynxunonansHeix psgoB Bonsreppa (PB) [1]. He-
JOCTaTKOM €ro ABJAETCA TO, YTO CIIOKHOCThL BBIMHC-
JIeHHA saep pada ObICTPO YBEIHYMBAETCH C POCTOM
HX nopsanka. PeanbHO MeTOI MPUMEHHM, KOrjaa He-
JIMHEHHAA 3aBHCHMOCTL OMNHCHIBAETCA MOJIMHOMOM
3-ro, MAKCHMYM 5-10 MOPSAIKOB. ITO COOTBETCTBYET
HeOO/bIION HENMHEHHOCTH, YTO MMEET MECTO MpH
MAaJbIX BXOAHBIX BO3/IEHCTBHAX. Ecnu ucnonbsosars
metoa PB npu 3HauuTensHOl HemmHEHHOCTH, CXO-
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JMMOCTh (PYyHKLIHOHAILHOTO psija YXYAIAeTcs 10
MOJTHOTO PacXokKAEHHsI.

B cBA3M ¢ TPYAHOCTBIO NPUMEHEHNS AHAJIMTH-
4ECKHX METOIOB pacnpocTpaHeHHe HAXOAAT METO/IbI
YHCJIEHHOTO aHa/IM3a U MOIESIHPOBAHHS C IOMOIILIO
NaKeTOB KOMIBITEPHbIX nporpamM. OIHUMHU H3
nepBbiX ObUIM H3BECTHBI BepCHH nporpamMmsl PSpice
H CXOIHBIE C HHMH, KOTOpPbI€ BEIYT HCCIEI0BaHHE
HENHHEHHBIX YCTPOHCTB BO BpeMeHHOI o0macTn
[yTEM YHCIEHHOro peuenus auddepeHunanbHbIx
ypapHenuii. Hepocrarok Takoro noaxoaa — CJIOwxK-
HOCTb [OJYYE€HHA pe3yjbTara B yCTaHOBHBLIEMCSH
peKHMe, KOTOPbIH 4allle BCero MpeacTaBlIAeT MH-
Tepec Ha npakturke. K Hegocrarkam Takxke OTHOCAT
TPYAHOCTh NPUMEHEHHS METOAA Ui aHaiu3a M
MOJIEJIHPOBAHHUA YCTPOHCTB € pacnpeaenéHHbIMH na-
pamerpamu. 1o 5THM B ApyruM npHYHHaM Bee 601b-
lIee pacrnpocTpaHeHHe HaxoauT nmaker Microwave
Office [2]. opHeHTHPOBAHHBIH HA TPOEKTHPOBAHHE
ycrpoiicts ananazoda CBY. B Hem mcnonb3yrores
JBa ajJropuTMa HeTHHEHHOro MOJeJIHPOBAHM:
meton PB, npumenseMslii 11s ycTpoiicTs ¢ Manoi
HETMHEIHOCTBIO, U METOJ rapMoHuieckoro Gamanca
(I'B), koTopslii apeKTHBEH B yCITOBHAX CHIILHOI He-
JIMHEHHOCTH M JAeT pe3yNbTar 1 YCTAHOBHBILETOCH
pesxuma. M3Bectnel Henoctatku metoaa ['b: oTknnk
HEJIMHEHHOr0 YCTPOMCTBA MPEeACTABIAETCA B BHIE
CYMMbl OFPaHHYEHHOTO YHCIA FAPMOHHK, BXOHOE
BO3I€HCTBHE JOIIKHO COCTOATH U3 HEOOMBILONO YHCa
TapMOHHYECKHX (DYHKLUMH; 1181 MHOTHX peasibHbIX
ycTpoicTB anroput™ pacxoautcsa. K stomy cneayer
100aBHUTh, YTO HA KAaXK/OM IlIaTe PellieHns MPOU3BO-
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auTes obpalleHHe MaTPULL 3HAYHTEILHOTO pa3Mepa,
MO3TOMY CTAHOBHUTCH 3aMETHOI MOrpelHOCTb BBIYHC-
nenui. [Ipn ManbIX HeIMHEHHOCTAX METO JaeT He-
JIOTYCTHMBbIE OLIMOKH, 4TO U MOTPebOBAIO BBeASHHS
8 Microwave Office nononuurensno metona PB.

IMocranoBka 3agaun. TpeGyercs paspaborarh
TEOpPETHYECKHE MOJOKEHHS H CO3[aTh aIrOPHTM
pacueToB Uil METO/a, MO3BOJISIOIIET0 BECTH AHAIN3
U MOJENHpPOBaHHE IIMPOKOro KI1acca HelHHEeNHBIX
YCTPOHCTB B peskumax O0JbIIOH 1 Masoii HelTMHeHHO-
crh. Pemenue naHHo# 3a1a4m npeiaraeTcs OCyllecT-
BJISITH HA OCHOBE METO/1a, HA3BAHHOTO ABTOPOM CTATHH
METO/IOM NnapameTpHueckux xapakrepuctvk (I1X) [3].
HenunxeiiHble 21eMeEHThI YCTPOHCTBA NPeACTaBIAIOTCS
KaK napaMeTpH4ecKue, y KOTOPhIX [lapaMeTpbl u3me-
HAIOTCA M0J1 AHCTBHEM MPUIIOMKEHHBIX HAMPSKEHHI
1 TokoB. [epexoaHas i HMIYILCHAS XAPAKTEPHCTHKH
YCTPOICTBa CTAHOBATCS MIEPEMEHHBIMH BO BPEMEHH,
T. €. mapaMeTpU4ecKHMHu, YeM 1 00yCII0BIIEHO Ha3Ba-
uue. B [3] nokazano, 4T0, COBMECTHB TAKOH IMOAXO0/
C METOZIOM NOC/Ie10BaTeIbHLIX MPHOIHKEHHI, MOXK-
HO BECTH aHAIH3 (MOJEINPOBaHHE) TIPON3BOJIBHBIX
YCTPOMCTB, COMEPIKAILMX HEJTMHEHHbIC 3BeHbs. Pelue-
HHE HAXOIHTCA B BHIE ABYX MTEPALIHOHHBIX MPOLIE-
AyP, KOTOPbIE MOKHO O0BLEIMHHTE. 32 0CHOBY MOKHO
B3sTh AU hepeHInalIbHbIe YPABHEHHS YCTPOHCTBA,
6o MCNoIL30BaTh HEMHEHHbIE reHepaTopbl TOKA
1 oac. Hanbonee nepcrieKTUBHBIM ABISETCH MPH-
MeHEeHHe MHOromepHoro npeoOpasosanus Jlaraca
(MITJI), uto no3Bonser paboTark ¢ KOMIUIEKCHBIMH
nepeaaTo4HbIMH (PyHKLIHAMH YCTPOHCTB, Ha OCHOBE
OMepaTopHOro METOa.

Cnocob uccaenoBaHus yCTpoHcTBa 3aBHCHT OT
TOrO, UHTEPECYIOTCS JTH PE3YILTATOM, MOIYUYeHHbBIM
B repexoaHoM aubo ycTaHoBUBILEMCS pexxume. [lst
JTHHEHHBIX CHCTEM aHAJIN3 BEYT COOTBETCTBEHHO BO
BpeMeHHOH WM yacToTHOH obnacTax. [Ipu ananuse
HENMHEHHBIX YCTPOHCTB B YCTAHOBHUBLIEMCS PEKHME
Haubonbunit adexr naer komOGuHaUMS onepaLuii,
MPOBOJAMMBIX B YACTOTHON H BpPEMEHHOI o0nacTax.
3710 00BACHAETCA TEM, YTO HElWHEHHBIe YIEMEHTbI
CXEMbI MOKHO JOCTAaTOYHO IOJIHO OMMCaTh TOMbKO
BO BpeMEHHOI 001acT, a U1 ONUCaHUs TMHEHHBIX
uerneit 6onee ynobHo yactoTHoe onucanue. Hanpu-
mep, B MeToze ['b Takoii npuHUMN peanu3yeTcs yepes
pa3bueHue ycTpOICTBA HA IMHEHHYO H HEJIMHEHHYIO
HaCTH, CBA3b MEKIY KOTOPBIMH OCYLIECTBIAETCA
gepes psaa touek [2]. B pesynwsrare hopmupyercs cu-
cTema U3 ypaBHEHHI, 3a4acTyIO BECbMa rPOMO3/IKas,
peleHue KoTopoii TpefyeT oOpallleHHs MaTPHLIBLI HA
KaXK7IOM Luare.

B npeanaraemom metoze ITX ucnonssyercs apy-
roit noaxoz. CocTaBngercs oneparopHoe ypaBHeHHe

(B0 HECKOJIBKO YPaBHEHMIH ) THHeAPH30BAHHOH CH-
CTEMBI, NOCTPOEHHOE Ha OCHOBE CXeMHOI (yHkunn. B
HEJTHHEITHOM peXKUME B 9TO YPABHEHHE BKIHOUYAOTCS
C/laraeMble BBICIIHX MOPAAKOB, KOTOPbIE CBA3AHbI C
NMepeMeHHbIMH HaCcTAMH [MapaMETPOB YCTPOICTBa.
Jns oroGpaxkenus Takux uacrteil HauGonee ynobHo
ucnonb3oBatk MITJL. ¥YnoGcTBo 3akmouaeTcs B TOM,
4TO B OTIIMYHE OT OJAHOMEpPHOro npeobpazoBaHus
Jlannaca (I1JI) ans otoOpakeHus nponsBeaeHHIl
BPEMEHHBIX (PYHKLHII BMECTO ONepauuH CBEPTKH
H300paKeHHH UCIIONbL3YETCH MPOU3BEAEHHE COMHO-
AKHTEJIEH C Pa3IHYHBIMH KOMILJIEKCHBIMH apryMeHTa-
MH. [TocKoIbKY aHATHTHYECKNE BhIPAYKEHHA 3aKOHOB
H3MCHCHHA NAapaMeTPOB, KaK MpaBHIIO, HEM3BECTHLI,
A8 HHUCIIEHHOIO pellieHHus TaKHX MHOIOMEpPHBIX
yPaBHEHHuIi Ucnonb3yeTcs KOMOMHALMA onepauuii
BO BPEMEHHO# M yacTOTHOH obnactax. Hennueiinbie
onepalud YMHOKEHHs NepeMeHHBIX COMHOKHTENEH
MPOBOAATCA BO BPEMEHHOMH o0nacTh, a Bce JNHHEi-
HbI€ OMEpalMM, BKIKOYas HAX0XKIEHHE OTKIHMKA
JIMHeapH30BaHHOI cxeMbl — B 00nacTi n3obpaxeHuit
Jlannaca. B ycranosusiemcs pexume [11 samenstor
npeobpasoanuem ®ypbe, T. €. MPOBOAAT ONEPALIHH
B 4acTOTHOI obnactu. [lna nepexona u3 BpeMeHHOH
001acTH B 4AaCTOTHYIO M OOPAaTHO MPH YHCIEHHOM
AHaJIH3¢e CIEOYET HCIIOAB30BaTh NPAMOE H OﬁpaTHOB
GricTpoe npeobpaszosanue @ypoe (BIID). Pelnenue
MHOTOMEPHOTO YPABHEHMS HAXOJAHTCA B BUIE CYMMbI
KOMIOHEHT Pa3/INYHbIX MOPAIKOB, 15 BBIYHCICHHA
KOTOPBIX MPHMEHAETCS METOA MOCIEeN0BATENbHEIX
npubIHKEHNH, peann3yeMBblil 4epe3 HTEPALNOHHY IO
npoueaypy.

PaccMOTpHUM Ui IpUMEpPa THITOBYHO CXEMY [IH-
o[IHOro npeodpasosarens 4acToThl (puc. 1).

D

M\E&O
/

Puc. 1. Tunosas cxema auoaHoro npeoOpazoBaTes
4aCTOThI

Kontyp L. ,! . HACTPOEH HA YacToTy BXOI-
HOro CHMTrHana. B Hero BK/AKYEH HCTOMHHK 2I0C
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CHrHajla 8‘4(1‘) . BHYTPEHHEE CONMPOTHRIEHHE KOTO-
POro 00LEAUHEHO C COMPOTHBICHHEM MOTEPL KOHTY-
pa B Biie pesuctopa ¥, . Terepomnn €,(f) Bxmouen
NociaeaoBaTeibHO € CHIHaJIbHbIM KOHTYPOM. Ero
conporuBieHue ¥, ana ynqo6ersa u3oOpakeHo
psioM ¢ npeoGpasyiomum auogom L . Beixommoe
HaNpsKEHHE CHUMAETCA ¢ HArpy304HOr0 KOHTYpa
L_,! _, R_, nactpoennoro na mpomexyTounyo
yacToTy. Cxema sBASeTCS YIPOLIEHHOM, T. K. B Hel
HE OTPaKEeHbl HaCTHYHOE NOAKIIOYEHHE UCTOUHUKA
H HArpy3Kku 1A obecneveHus cornacopanus. Curnasn
# HanpsKeHHe reTepoIMHA UMEIOT BH/l FapMOHHYE-
CKHX (DYyHKLMI:

e()=U,  sin(2n f.t),
e.(t)=U, .sin(2n £, t)

rae Um c? f;

curnana, U, ,, f; — cootserctsento, rerepomun-
HOTO HANpPsKeHHs. PA3HOCTH ABYX 4ACTOT PaBHA Mpo-

MEKYTOUHOMH JacToTe: f :,@ = fj — f( Juon npen-

m2ez

— aMIUTHTyJa U 4acToTa BXOJHOIO

CTaBIIEH B BH/IE 3KBHBAJIEHTHOH CXEMBI, COCTOSILLEH 13
COEIMHEHHBIX Mapasule/IbHO HeTHHEeHHOH aKTHBHOMH
[OPOBOAUMOCTH M HEJMHEIHOH eMKOCTH. AKTHBHAN
IPOBOIMMOCTS 3aJ1aHa YNPOILLIEHHOH BOJIETAMIEPHOI
xapaktepucTukoi (BAX) Buaa:

i,(u,)=1,| exp % =1, W

!

rae IU — TOK HacbllleHHs P—HN nepexona;

v, = 0.026C— TEMMepaTypHbIH MOTEHLIH-
an. [lockonbky nmepexoa HaXoAMTCS NpeUMyLle-
CTBEHHO B OTKPBITOM COCTOSHHH, MOKHO CUMTATh,
YTO €MKOCTh HOCHT AU Y3NOHHBIH XapakTep

C&,(u‘,) =TJ -d14/du4 ; THEe ‘L'4 — TMOCTOSH-
Has BpEeMEHH JHO0a, onpeesaioiias ero 4acToTHele

csoiicTra. [IpoBoaumocts anopaa g4(£l4) npu
pacyeTax OyZeT 3ajdaHa Kak OTHOLUEHHE TOKa K Ha-

npsskeHuo w3 (1), a B Touke U= 0 e¢ snauenne
= difdul, .

OneparopHoe ypaBHeHHE THHEAPHU30BAHHOMN
CXeMbl OTHOCHTENILHO HANPsHKEHUA Ha JHoj1e

U1+ (g5 +5-C,) Zs(5) ]| = E,u(9) (2)

re U,(s) — wusobpaxenne nanpsxkenus Ha
AMOLE;
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E,.(5) = E,(s)+ E(.{s)/(l + srC, + .s'ELNCN);

Zyg(s)=r.+(r+sL, )/(l+s r.C, +s LC. ) +

+ sf_,{/(m L,/R+s"LC,)-

CYMMAapHO€E CONPOTHUB/IEHHE BCEX 3BEHBEB, BKIIHOUYCH-
HBIX [OCIIEA0BATEILHO C JHOIOM.,

Jlns pemieHus MCnonb3yeM METOA MOC/Iea0Ba-
TenbHbIX Npubmkenuii. [Tonoxum s 1MHeapu3o-
BAHHOMH CXeMbl g, = g,,.C, = Cyp.10e g,,.Cyy —
3HaueHHUsl NPOBOAMMOCTH M €MKOCTH AHOAA TNpH
HyJIeBOM HanpsbkeHuu. Hailaém n3 (2) uzodpaxenue
HA4Ya/IbHOH BEPCHH HANpPSKEHUS Ha JHOE

Us0)(8) =
= Em[s)/[l + (gdu + .vCaD)ZZ(.\')]..

ITepeiinem BO BpeMeHHYI 00JacTh, IPUMEHHB,
BMecTo obpatHoro npeoOpazosanus Jlannaca 06-
parnoe npeobpazopanue Gypre (OI1D), 1. e. noacra-
BHB /() BMECTO KOMIUIEKCHOTO aprymenta S . Ilo
HAHIEHHOMY HaNPSKEHUIO U (7) v npusenensbiM
3aBUCHMOCTSAM [1OJIY4HM HAYAIIbHBIE 3AKOHBI H3MEHe-
HUSA MPOBOMMOCTH 1 EMKOCTH 84({1)(’)5 Cwm(t)‘

Kasplii M3 HUX npecTaBHUM B BUIE CPEIHEIH U riepe-
MEHHOMW 4acTel W 3anuiieM HX H300paKeHus:

- L
o) = ooy + 8o~(0)(t) > Gy)(5) =

= &aep0) T Go<(0)(5)

Co0) (1) = Cop0) + Co~(0)(®) —Et— Coo)(8) =

= Copoy + Co~(0)(8)

Cumson <——> 0003HaYaeT B3aHMHOE COOTBET-
CTBHE OpHrHHaIa 1 u3obpaxenus. Cieayer 3aMeTuTh,
UTO €, p(0y> Cocpoy NPEACTABAAIOT COOOM MOCTOAH-
HbIE KOYP(PHIHEHTBI, OTOMY HET HEOOXOIMMOCTH
3AMHCHIBATD X KAK g, .0y /5 + C, (0 /5 - TlOCTE 3TOrO
Mo aHaJo0THy ¢ (2) COCTaBUM MHOTOMEPHOE ypaBHe-
HHE 151 EePBOil BEPCHH HAMPSIKEHHS HA JIHOJIE:

Uy (515 $24--) %

x {H'[g.up(m"' (5y+85+. -rm-p(m] Zys(8+85+...) + =
A Gy 0@ (5i+52+...)Co0) ()] Zs (s 45+ ,+;)} !
=E,.(s).

31ech KOMILUIEKCHBIH apryMeHT epeMeHHbIX Ya-
CTel NPOBOAMMOCTH H eMKOCTH 0003HaueH OTAe/IbHOM
OykBoii Z Bo u3bexkaHue nyTaHuisl. Pelenue 51oro
YPaBHEHHA npeacTaBaseT cobol (yHKINOHANLHBII
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pAl, COCTOSIMI W3 CIIATAEMbIX PA3JIMYHBIX MOPs/L-
koB. [Ipu nepexozne BO BpeMEHHYIO 00nacTb Takke
MOMy4aeTCs Psa 3 BpEMEHHBIX (PYHKLIMIH:

(3) L
Uy (0= “o:|1{")+"au|{”+“am“)---* >

(4)

L (1 .
«— U, (s }*'(-’(u n("i ?1)+U,,<1,(S| 834 83) ..

Cnaraemoe nepBoro nopsiaka pewenns (4) sieas-
eTcsl IMHEeHHBIM, eT0 H300pakeHHe HaXOAMTCA TaK JKe,
KaK B JIMHEAPH30BAHHOH LIETH:

,{,“.[5} = Jﬁﬁ[s‘)K (s, gdm{ﬂl'Cthplﬂl) (5)

rae K,(s,g,C) = 1/[I+ (g + sC)ZE(s]] — NHHei-
Hbli KO (ULIHEHT nepeaay OTHOCHTENBHO Hanps-
JKEHUS HA JHOJE, 3aBHCALIUH OT CPeIHUX 3HAYEHHI
NPOBOANMOCTH H eMKocTH. M306paxkenus BbicIINX
MOPAKOB MOJIy4aoTCs NpUpaBHUBaHKEM B (3) cnara-
€MbIX OJIHOTO MOPsJIKA: B JIEBOH 4aCTH HEN3BECTHBIX,
B MpaBoH — u3BeCTHBIX. BTOPOi M TpeTHi nopsaaku
HalpPAKEHUA:

Usin(81: 5)== r{}::l(““i}[Gd-%'m(‘sl)+SICd—~{01[SE):|x

% Zs (517+53) K (514525 89 (0 Cdrpun)

. (6)

U
Uy (51555, 83) =

X[Go~:u|(33) + (5 + 5, )Ca--{ln(ss)] x

xZg (8 + 8 + 85)K, x

u:l;(“h §5) %
(7)

x () + 83 + 53, 85 cp(0) Cdr.'p[f}l]'

Bce geiicTBus npoBodATCA MO MpaBHIaM pa-
6otbl ¢ MILJI. Bonee BricokHe MOPAAKH HAXOAATCA
niofo6Ho (6), (7), KaKAbL1 CleayIOIINi MoayyaeTcs
M3 npeapaymero. [{ukn BelumMcIeHnil 3aKaHYHBa-
eTcs NPH J0CTHKEHHH TpeObyeMoil TOUHOCTH, KOIja
HanpsKeHUe CAelyIOLEro nopsjka HMeeT npeHe-
Opexknmo manytw peanuuny. Co BTopeiM U Gonee
BBICOKMMU TMOPSIKAMH AEHCTBUA BBIMOIHAIOTCSA B
Heckosnbko JTanoB. Hanpumep, B (6) cHauana no
1300pazKeHHI0 NEPBOrO MOPAAKA HAXOAAT ud“,(r)
H MPOM3BOAHYH) du,,m(t)/dr 3areM MPOU3BEACHHA

I 1 .
”f:{}n[”gawm“) H [d"clu]n(")/d’] Co-(oy(1) . Hanee
NepexXosT B 4aCTOTHYIO 00/acTh (HAXOAAT Crek-
TPbI NPOM3BEIEHHI), YMHOKAKOT HA MPOH3BEICHHE
Zs (JO)K,(JO, 8 p(0ys Cocpro)) ¥ CHOBA NIEPEXOIAT BO

BpEMEHHYI0 00/1aCTh, HAX0aA um}(f) C MOMOILLBIO
OI1®. AHAIOrHYHO NOJTYHAIOT BCE BHICILNE MOPSAIKH.

O6pasyerca nanpsaxenue U 4“](3‘ ) B BHIE CyMMbI
(4). ITo 3ToMy HaNPsYKEHHUIO HAXOJAT HOBbIE BEPCHH
3aKOHOB W3MEHEHHS MMPOBOAMMOCTH H EMKOCTH:

L
(1) = opy 8o-n(1) 4
L } . s
— G(J(l}{s) = gdr.‘p{” + G{)*—(lj[‘s‘)

, i
Comy() = Chpqy + Co—y(f) &——>

(—L—AC“[”(S) =,

dep(l) G Ct"‘-(l '(S)

a Takxe HOBbI Kod(pduuneHT nepenaumn
Ky(5, 85 cp1)s Cacprry) » MOCIIE HETO NPUCTYNAKOT K
BBIYHCICHHIO BTOPOro NpHOINKEHHA HanpsKeHus,
JIefiCTBYs TaK ke, KAK B MEPBOM LIMKIE BhIYHCIIE-

HHH:

3 L
“dp]{f) udp (r}+1:o( ,{r)+u“"'3}(t)._,<—>

L ll}

«— U 0 ](s‘]]+U‘,< }(si,s‘,)+U‘,( (815 82, 53).

OnucaHHyI0 Mpoueaypy MOBTOPAIOT HeoOXoamu-
MO€ YHCJI0 pa3, BhIUMCIAA TpebyeMoe KOJIMYECTBO
npubnukeHnil. s KOHTPONS pe3ynbTaTtoB BbiMHC-
JIEHH 1TOCIIE KaKI0ro 1IMK/I1a BEIYUCIIAETCA pasHOCTL
¢ npeabLAymuM HanpspkeHueMm. [Ipu HopManbHOI
CXOMMOCTH 9Ta Pa3HOCThL MOCTOAHHO COKpallaeT-
cs. BeiunciaeHns npekpamaroT, Koraa oyepeaHas
PasHOCTb CTAHOBHUTCA MEHBIUE, YEM JONMyCTHMad
norpetwHocTb. Takum 006pa3oM, BLIYHCIMTENbHBILI
a7ArOpHTM COCTOMT M3 ABYX MPOLELYp Nnociaeno-
BATEJIbHOTO NPUOIHKEHHS, “BJIOKEHHBIX™ O/IHAa B
Apyryto. BHyTpeHHsd npoleaypa HanpaBjieHa Ha
BBIYMHCJIEHHE HAMNPAYKEHNA HA HEJTHHEHHOM JJIeMeHTe
IPH OTIPe/IesIeHHbIX 3aKOHAX H3MEHEHHS HEJTHHEHHBIX
napameTpoB. Llenbio BHELIHEH npoueayphl ABISETCS
HAXO0KJ/ICHHE TAKHX 3aKOHOB H3MEHEHHA NapaMeTpos,
[pH KOTOPBIX MOIY4aeTCs HANPSIKEHHE, B TOYHOCTH
COOTBETCTBYIOLLEE YTHM 3akoHam H3MeHenus. [lo-
CNEOBATEIbHOE BLIMOJHEHHE ONMCAHHBIX LHKIIOB
MOKeT norpeboBarh OONBLIIOT0 YHC/IA BhIMUCITH-
TeJIbHBIX OllepalMii U 3HAYUTEILHOrO BpeMeHH. [lns
COKpALlleHHs PACYETOB MOYKHO YHECTh, 4T0 Tpebyemas
TOYHOCTBb BBIYHCICHHA ﬂpHﬁJlHﬂ(BHHﬁ TEM MEHbIUE,
yem OnnKe K Havaly nocsienosarenbHocTi. [Toatomy
JUTsi TIepBOTO MPUOIHAKEHNS MOXKHO OTPaHUYHTLCH Bbl-
YHUCJIEHHEM MEPBOro MOpsAIKa, /Ui BTOPOro — HaiTH
CYMMY TEpPBOr0 H BTOPOTrO MOPSAAKOB H T. J1., YBeJIN-
yuBas Ka)i()lhlﬁ pa3 4HCIO MNOPAJAKOB Ha CAHHHILY.
[TonyueHHble BhIPAKEHHA PHOOPETYT ClEAyIOIIHE
¢dbopmsl. Beipaxienue HavalbHOro npuOIMKEHHS
OyzneT MMeThb MpeKHUA BUIL:

u{,(,,,(t)e—-L—rU,,w,(s) = E e (8)K (5,850, Co0) -

Emy GyayT COOTBETCTBOBATE 3aKOHBI H3MEHEHHS
NpOBOOAHMOCTH H EMKOCTH —

L)1) = &, [“mm(”]qa(mm =Gy [“o(m(”]’
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1 HX H300pakeHnA:

G(0)($) = 85 op0) + G 0y(5)s

Ctil!}l(s} = C(J epl(0) * Cdﬂﬂl(‘g} .

[lepBoe npuOAHKEHHE K HANPAYKEHHUIO HA AHOME
nosny4uTcs noao6HeIM 00pa3zoMm, U OyaeT cocTosTh
TOJIbKO M3 KOMIIOHEHTHI [IEPBOIO MOPSIKA:

Uy (1) & L > Uy (s) =
= E?W{S]Kd(s, -gocpw}'cmpl_m)

CootBeTcTBYIOIHE 3AKOHBI H3MEHEHHs [1POBO-
AMMOCTH M €MKOCTH HaXOIATCA MOZOOHO Ipe/ibiay-
M. Bropoe npubnmkenne OyneT cOCTOATH M3 ABYX
cllaraeMaIx;

Usa)($1) = {E-ms(“"‘l K, (5| + &oep(1y» Cocpy ) =
"E}A‘s{sl)Kﬂ (‘!"I s o ep(1)» Cflrp{l i) *

} (8)
"[G‘Hl1(52)+5|(a~¢_n(3:)] Zs (5 +57) %

XK‘) (SI+S2' g()c'p“l" ('ncpfll )}

*

3necs CHMBON {} obo3HagaeT nepexoa ot
MHOTOMEPHOTO H300paskeHus K ogHoMepHOMY [3].

Cnenyrwoulee npubmnkenue Oyaer coCTOATh U3
TPEX ClaraeMplX, COOTBETCTBYIOIINX KOMIIOHEHTAM
Tpex NOPAIAKOB:

Unm(sl) = {Eaxe (SI)KcJ (SI »8aep(2)» G, cpl(2) ) -
—E,.(s)K, (Sl'gm‘p(:l’ Cdcp(."ll } x
{Gr)-{3l[sz)+slctl‘~(zl(.sl):lZE(S]+‘TZ)K:J %
X (SI+SZ' gdcw{l}!‘ Cf)cp{ll ) # E?Ns (51) %
"Ku(sl s 8aep2)> Coop2) )[detll(sz)"'SIC:J-—(I;(SE)]X
X Zy (s+5, )Kd(sﬁs:, 8oep2yCacp(2) J"
X[Gaq'z:{ss JHs 1+, )Cd~{z:(33)] “
X Zs(s+5,+5;)K, (31+52+53~ 8aap(2)2 Cocp2) )} .
CtpykTypa BCex cieayiomunx npuOankeHuii
OyzeT cTpouThCA M0A00HBIM 0OPa30M, YHCIIO Clara-
€MbIX OyIeT yBEJIMYHBATLCS BCAKHI Pa3 HA eMHHMILY.
C y4eToM TOro, 4To npHOIMKEeHHI OYAeT 10CTaTOYHO
MHOI'O M Pa3sHHIIA MEXIY HUMH JO/KHA YMEHbIIATh-
Csl, AOMYCTUMO B BeipaxeHHax (8), (9) n Becex cremy-
IOIMX NPHOIHIKEHNI TPOM3BECTH 3aMEHY HOMEPOB

BEPCHIl H3MEHEHUA NMPOBOJAMMOCTH H EMKOCTH U MX
CpeIHHX 3HAYEeHH!
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Uri{Zl(Sl) = {En'a(sl)xd (Sl-‘ Soep(l)» Gy ep(l) ) =

- EM‘H (.Sl ]Kr} (5! » 8o cp(0)* Cd(pl'ﬂ}) ~
X [Go-u1(52)+5|Ca~mf31.):| Zy(s) + 87) %

*

x K, (Sl+32’gdt‘ptli’(“dcpill]}

U8 = {E}xﬂ (5))K, (51’ 8oep2)» Cocp(a) ) =
—E,u(5))K, (Sl!gdvpll}' Cacpm) ¥

x [Gaq21(5:)+3|Ca-(:1(33 )} Zs(5;+8,) x

x K, (.s'|+s3, g,,(_ﬂm.Ct,mm) + E,..(5)x

<K, (SI-‘gdt'p(U]l? Coep(0) )[Ga=tll(.52 )+51Coq1 :(L"z)}‘
x Zs(5,+5,) K, (s|+sz,gﬂ pyCacp(ly )x

x [G,,‘(z,{s;)-i{.s'lﬂ-.s'z )Cﬁ,m‘z,{s;)] Zs (8)+55+5;) x

) .
x K, (-’-‘1+33+S3, 8oep2)r Cocp(2) )}

B sTOM BapuaHTe Bce BhIpaKeHHMs B3aUMHOM
NOJCTAHOBKOH CBOAATCH K €IMHON HTepaluOHHOM
npouenype:

Ud (ﬂ}(sl)=E'3X€ (S] )Kd (SI' 8a0» Cﬂﬂ)‘ (10)

Uoy(51) =E, s (5K, (51~ £ ep(0y» Cocp(o) ) , (11)

U.-l(h(SI )= {Em(5| )'Ka(sl-gm-pu —1)-‘Cd eplk—1) ) =

Uk [Gf}-(.k (82)+51Cy 4 1)(52 )]Zs (s;+5,)(12)

% Ko(-"'t*-":sgacp(&--11:C.up<k 1 )} s pu k> 1.

IIpu sTom kakjoe ciaeaywoniee NpudiaHKeHue
BBIYMCI/IAETCSA HA OCHOBE IMPEIbIAYILETO.

Kak u B moGom cnyuae npumeHeHus metoaa
NOCJe10BaTeNbHLIX NPUOIHKEHNH, BaXKHEHIIHM
ABNSAETCS BOMPOC O ero cxoaumoctH. [Ipu npous-
BOJIbHBIX 3aBHCHMOCTAX NMapaMeTpoB HelTHHEiTHBIX
JIEMEHTOB OT HaNpsAKeHHH H TOKOB PEUIHTh ITOT
BOTIPOC TEOPETHYECKH HE NPENCTABISAETCH BO3MOMK-
HbIM. [T09TOMY, Kak OOBIMHO JenaeTcs B UHCICHHBIX
aJropuTMax, OLUEHKAa CXOJAMMOCTH [OJIKHA TMPO-
H3BOIHTBCH METOAOM MpoOHBIX BhruMcaeHuii. He
paccMarpHBas 9TOT BONPOC NnoApoOHO, OTMETHM,
4TO B ONUCAHHOM BApHaHTE METO/L AaJIeKO He BCeraa
o0ecrieunBaeT CXOQUMOCTh MPH TPedyeMbIX aMIUI-
Tyaax BO3ACHCTBHH Ha cxemy. [lna paciimupenus
00/1aCTH CXOAMMOCTH ClIe/lyeT PHMEHSTh CII0COObI,
pa3paboTaHHble OIS MTEPALUMOHHBIX YUCICHHBIX
anroputMoB. CaMblif MPOCTOH 3aKIIOYAETCA B TOM,
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4TO B BhIpaskeHHH (12) BMECTO mpeablayllero npu-
OnukeHus “4(k-|)(t)(L)U4(k—n(S) caemnyer
OpaTh B3BEUIEHHYIO CYMMY JBYX NpPeabIAYIIHX
0 - u4(k_,,(t) +(1-90)- u4{k_,,(r) .rae 0 <1
BolOupaeTca MetoaoM npod. Kak nokasana npakTu-
Ka, nperioxenHas moanduxaius meroaa ITX oka-
3piBaeTCA IPHEKTUBHON NPH MPAKTHYECKH JTHOOBIX
AMITMTYAAX BXOIHBIX BO3AEHCTBHIA.

Bcee mpeabiaylliee NpHBOAMIOCH A8 PEILICHHS
MHOTOMEPHOIO ONEPATOPHOIO ypaBHEHHUs, COCTAB-
JIEHHOI0 OTHOCHTEIBHO HANPAKECHHUSA Ha HEJIMHEHHOM
JnemenTe — anoje. [Tpn HaTHHMH B CXeMe HECKOIbKHX
HETHHEIHBIX )IEMEHTOB CJIelyeT COCTaBIAThL U pe-
1IaTh COOTBETCTBYIOIIEE YUCIO0 ypaBHeHHil. OqHako
Ha NPaKTHKe HeOOXOAMMO ONpeeNsTh HANPAXKEHUS U
TOKH B Pa3/IM4HBIX TOYKaX CXEMBbI, TPeACTAB/IAIOIINX
uHtepec. B npeobpasosaresie 4acToThl 3TO, HaNpH-
Mep, HanpsKeHHe Ha Harpy304HOM KOHType. [{1s ero
HAXOK/AEHHS MOJKHO BOCIMOIb30BaThCH OOBIYHBIMH
METOIaMH TEOPHH Lienei, HanpuMep, UCHoIb30BaTh
COOTHOILIEHHE!

uH{I)é——!—“——bU”(.s} =

, 3)
= [Eue(8) = Up(5)] Z,(5) /25 (5)
rae Z,(s) = .\'LH/(l +sL,/R, + s:LRCH) — cormpo-
THBJIEHHE HArpy304HOro KoHTypa. Bosmoxen ajib-
TEPHATHBHBIH CrOCO0 BLIYHC/ICHHA HANPAKEHUs Ha
Harpyske: Haiias n3oOpakeHHe (CIEKTP) TOKA Hepes
JIHOJ1, YMHOKHTB €0 Ha KOMILIEKCHOE COMPOTHBIIEHHE
Harpy304HOro KOHTYpa M nepeiTH BO BPEMEHHYIO

00nacTe. BakHbIM ABIAETCS TO, YTO, HAHAA BBIXOJ-
HOE HanpskeHHe IBYMS ONMHCAHHBIMM cnocobamu
M CPaBHHMB pe3ylbTaThl, MOJYHaeM CpeiacTBO Oe3-
OIHO04HOr0 KOHTPOJIS MOTPEIIHOCTH BLIYHCIIEHHH,
B Mpejesax NPUMEHHMOCTH HCIOIb3YEMOH MOJEH
HETMHEHHOTO YIEMEHTA.

[To onucanHoi MeToanKe ObLAN MPOBEEHBI
pacHeTsl /U1 CXeMbl npeoOpa3oBaresis, H300paKeH-
HO#l Ha puc. 1. [lapamMeTpbl HETHHEHHOTO JJIEMEHTA
BbIOPaHbl COOTBETCTBYIOLUIMMH BbICOKOYACTOTHOMY
JIHOJ1Y IIMPOKOTo MPUMEHEHHs U3 KpemHus. YactoTta
retepojuHa Beibpana 100 MI'u, Hecymas uacTo-
Ta curiana — 90 MI'u, npoMeKyTo4Has 4acroTa
f,, = 10 MI'u. Ha puc. 2 u306pakeHo HanpskeHHe
Ha 1oje NpH ammumTyae rerepoauna U - = 0,9 B,
aMIUIUTY/le FapMOHMYECKOro BXOAHOTO BO3/IEICTBHA
U, =0,15B.

Ha puc. 3 npusezneHa opma BEIXOIHOTO Hanps-
JKEHHSA H NMOTPELIHOCTD €ro BbIYUCIICHHA, HE!FI,IIEHH&SI,
KaK OMHCaHO BbIIIE, B BUJIE PA3HOCTH BBIXOJHBIX Ha-
npsAKEeHHH, NoTyYeHHBIX IByMs ciocobamu. Buano,
YTO MOTPELIHOCTh CYLIEeCTBEHHO MeHbine | MxB .
JlanHoe 3HAYEHME MONYYEHO MPH YMCIIE UTepaluil
N = 140 . Ipn Gonbliem yucie HTepalHii norpen-
HOCTB MOXKET OBITh CHH/KEHA 10 CKOJTb YTOJHO Masiol
Benn4uuHbL. Ecnn jke TpeboBaHHA K TOUHOCTH HE TaK
BLICOKH, MOKHO 3HAYMTE/IBHO YMEHBIIWTE YHCIO
urepaumnii. Cneayer MMeTh B BHIY, 4TO 3a CYET NpPH-
meHenus Gosee 2¢peKTHBHBIX METOOOB yITydIIeHHS
CXOIMMOCTH MOMKHO A00MTbCS CYILECTBEHHOIO CHH-
JKEHHS TTOTPELIHOCTH BhIYMCICHHUIL, XOTA 3TOT BONIPOC
B JJlaHHO# paboTe HEe HCCeN0BaIC.

<
L

jnp. 4

Puc. 2. HanpsskeHHe Ha JHO/E MPH aMILTHTYaX reTepoIiHa H rapMOHHYECKOTO BXOHOTO BO3/EHCTBHS
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Puc. 3. @opma BBIXOIHOTO HANpsKeHHs (a) U NOrPeLHOCTh ero BeiaHcIeHHs (6)

OpHuM M3 HEJOCTATKOB CYLIECTBYIOIIMX Me-
TONOB MOJE/IHPOBAHUA HEJHHEHHBIX YCTPONCTB
ABJIAETCS TPYAHOCTb MOJYYEHHA pe3ynbTara MpH
BO3IEHCTBHH CJI0KHOH (JOPMBI, HAPHMEP, CUrHAJIA
€ 4aCcTOTHOH Moayasuueii. B nporpammax, nocrpo-
€HHBIX Ha OCHOBE YHCJIEHHOr0 pelueHns auddepen-
LUManbHBIX YpaBHeHHH (PSpice u ap.), 210 cBsa3ano
¢ HEOOXOIMMOCTBIO BBIYHUCIEHHS OYEHBb OOJIBILIOIO

4yycaa 3HaveHwuil, a B metone I'b HaknaasiBaeTcs
OrpaHHYCeHHE Ha KOJHYECTBO NAPMOHHYECKHX CO-
CTABJIAIOILUX B CMIEKTPE BXOJHOTO curHana. Meron
ITX cBoGoaeH or aTHX HenocTaTkoB. [l uinmocTpa-
LMK Ha pHC. 4 H300pakeH OTKIIHK nMpeoOpa3zoBarens
4acTOThl Ha CHIHAJl C FAPMOHMYECKOI 4acTOTHOM
MOJYJIALHEHN, @ HA PUC. 5 — CNEKTPbl CUTHAJIOB HA
BXOIE M BBIXOJIE.

0.08 | r ‘
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Puc. 4. Ok npeoGpasoBarens 4aCTOTH HA CHTHAJI C FAPMOHHYECKOH YacTOTOH MOMY/IALHI
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Puc. 5. Cnexrpel curuanos a

162

— Ha Bxone, 0 — Ha BeIXOIE



MaTemaTtuyeckoe MoaenupoeaHue: MeToabl, anropuTMbl, TEXHONOTMK

=

Ha pucyHKax BHIHBI XapakTepHbie HCKaKEHUS
BPEMEHHOH (DYHKLMH 3a CYET NMapa3suTHOH aMILIu-
TyAHOH Monynsiiuu (puc. 4) u ornbatoueil cnexkrpa
NPHY NPOXOKIEHHH Yepe3 H30npaTeIbHyH0 LeNb — Bbl-
XOHOH KonedarenbHbI KOHTYP (pHC. 5).

ITomyuenHbIe pe3ynbTaThl HOCAT HLTHOCTPATHBHBIE
xapakTtep. OHH MOKa3bIBAIOT BO3MOKHOCTE IPUMEHEHH
meToza [1X g aHanH3a 1 MOIETHPOBAHKA JOCTATOMHO
CJIO/KHBIX CXeM (IIpeoOpa3oBaTehb YacTOThl PeICTaB-
aset coboit 1ensb 5-ro NOpsIKa ¢ AByMs HeTHHEHHBIMH
napaMeTpamH), pH 9TOM HE HAK/IA/IbIBAETCH NPHHLIH-
NHANBHBIX OTPAaHHYEHUH HA YPOBEHb HEJIMHEHHOCTH
J/IEMEHTOB H HA CTIIEKTPAJIbHBIH COCTAB BXOAHOIO BO3-
aeiicteus. B pabote He 3arparupalics BONpOC O mpH-
MEHAEMBIX MOZE/IAX H CXEMAaX 3aMEILIEHHS HEJIHHEHHBIX
IEMEHTOB, HO B PAMKaX HCMOJIb30BAHHOH MOJIEH 110-
IPELIHOCTE METOIA MOJKET OBITE ClIe/IaHa CKOJIb YTOQHO
masioi. XoTs B JAHHO# CTarhe M He CTABHJIACH 3a7a4a
aHajau3a HeJIMHEHHOro YCTpOHCTBA B NMEPEXOIHOM
peKHUMe, Takas BO3MOKHOCTB CYIIECTBYET; OHa Oyzer
paccMaTpUBaThCA B JalbHEHIHNX MyOIHKaLHsX.

3akmiouenne. B cTarbe npeuiokeH METO Mojie-
JIMPOBAHMA M AHAJIM3a HETHHEHHBIX PagHOTEXHHYEe-
CKHMX YCTPOIiCTB, Ha3BAHHBLIH METOIOM MapameTpH-
yeckux xapaktepuctuk. OH obnagaer cleayommmMu
JAOCTOMHCTBAMHM Mepe/] CYLIECTBYIOIHMH METOAAMH
KOMIBIOTEPHOI0 MOAETHPOBAHMA: [03BOJIAET HCCIe-
J10BaTh paboTy LIMPOKOTO KJ1acca paauoTeX HHYEeCKUX
YCTPOHCTB, B KOTOPhIX HMEIOTCS CXEMHbIE 3IeMEHThI
Pa3s/IHYHBIX YPOBHEH HEJIHHEHHOCTH, BO3MOXKHO
MCCJIE/IOBAaHHE OTKIMKOB Ha BXOJHbIE BO3AEHCTBMSA
CITOKHOMH (DOPMBI; pe3yNbTaTaMH ABJISIOTCS HE TOMbKO
HHCJICHHBIE K CIIEKTPA/IEHBIC XapaKTEePHCTHKH BbIXOI-
HBIX CHI'HAJIOB, HO H HX BPEMEHHbIE (DYHKIIUH; XOTS
paccMOTPeHHE MPOBOAMIOCH U1 YCTAHOBUBLLIETOCH
pexuma padoThl YCTPOHCTBA, CYILECTBYET BO3MOIK-
HOCTb aHaJIu3a B MEPEXOIHOM peKHME.

PazpaboTaHHbIil METO/I MOXKET CIIYKHUThL OCHOBO#M
co3ganus d(pPeKTHBHOro mnakera KOMMbIOTEPHBIX
[porpaMMm /18 aBTOMaTH3HPOBAHHOIO MPOEKTHPO-
BaHHA PaJIHOTEXHHYECKHX YCTPOMCTB Pa3lHYHOIO
Ha3Ha4YeHM.
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DuHcTepbyw L.

Moaeiab EARLIEST DEADLINE FIRST NPUOPUTETHOI'O
OBCIYKUBAHUSA 3A8BOK B CETSX HLR/HSS

IMocTanoBka 3aaauu

JloMaiuHHii perucTp MecToHaxoKaeHHs aboHeH-
Ta HLR sipisietcs teHTpassHeIM 31eMeHToM 6a30B80ii
cetht GSM/UMTS. B cTposiunxcs B COOTBETCTBUH
¢ apxutextypoii [P-Multimedia Subsystem (IMS)
NepCcrneKTUBHBIX ceTaX MoOuabHoil cBa3u HLR 3a-
MEHAETCH TaK Ha3bIBAeMbIM CEPBEpOM a0OHEHTOB J10-
matHei cet HSS, KoTopblii ABIsSETCA B M3BECTHOM
cmeiciie pacwupenuem HLR, npeacrasnss coboii
coueranue peructpa HLR, nenrpa ayrentndukaunu
(AuC) u HoBbIX aboHeHTCKHX a3 JaHHBIX (TAK Ha-
3piBaembix IMS Data). HLR/HSS Bknrouaer B cebs

BCIO 8JIMHHHCTPATHBHYIO HHPOPMALIMIO [0 KAKIOMY
abOHEeHTY, 3aperncTPHPOBAHHOMY B JTOi CETH, HH-
(hopmMaLHIo 0 pa3pelleHHbIX yeIyrax # HHOpMAaLHIO
0 TEKYILEM MECTONOJI0KEHHH MOOHILHOH CTAHLINH
B (hopMe ajipeca CHrHAINU3aLUH TEKYILEro roCTeBOro
peructpa mectononokenus VLR (Visitor Location
Register).

B koHTeKCTE 1aHHOMH CTAaThbH BA/KHO 3aMETHTE, 4TO
uaeonorns ysna ynpasienus yeayramu SCP (Service
Control Point) B knaccuueckoii MHTen1€KTYaIBHOI
cetu (MC), pazpaboranHoil nepBoHayaIbHO JJIs
ceTel (PMKCHPOBAHHOMN CBS3H, MEPELLIA B PErUCTPHI
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MecTononokeHns MobunsHoro abonenrta HLR u
VLR. H3nauansuo peructp HLR ncnone3opancs s
npenocTaeneHus 6a3oroii ycayru reneh)oHHOM CBA3H
H obecreyeHHs POyMHHTA TeNIe()OHHOTO COeAHHEHHS,
a TAKKE [U151 3/IEMEHTAPHBIX JONONHHTEbHBIX YCIIYT.
Cmyauml PEBOIHOLIHOHHO HM3MEHWJ1ACh C BBEOCHH-
em Customised Applications for Mobile networks
Enhanced Logic (CAMEL), 6naroaaps yemy HLR
CTaj MIpaTh CYIIECTBEHHYI pOJib B OpPraHH3aiiiu
POYMMHTA YCIIYT, BKJIIOUYas BHUPTYANbHYIO YaCTHYIO
cets VPN, ynpasnenune mobuisHoctsio (Mobility
Management) u 1p.

VBenuueHHe KOTHYECTBA COXpaHsAeMbix, o0Opa-
OaThIBaEMBIX H MepeJaBaeMbIX MEXAY JJIeMeHTAMH
CETH JaHHBIX U NMOCTENEHHOE MOBLIILIEHUE CIIOKHOCTH
yeayr TpeOyeT oT 00BbeKTOB NpeaoCTaBlIeHHA yCIyr
HE TOJBKO HapalllHBaHHE HX peCypCOB, HO H HOBBIE
METO/Ibl YIPABIEHUS YCIyraMH Ui ONTHMATEHOTO
MCIIOB30BAHKUA pecypcoB. BeneacTeue yBeanueHus
qucIa U pasHooOpasus ycinyr B ceTsX MOOHIbHOM
cBA3H OOJIBILOE KOTHYECTBO CETEBBIX YIEMEHTOB B3a-
umonencTeyet ¢ cepepom HLR/HSS u renepupyer
MOTOKM PazHOPOHBIX 3as80k Ha HLR/HSS.

Taxum obpazom, npuopurerHoe obcnyxuBaHue
3aiBoK B HLR/HSS u ananus BepostHocTHO-BpeMeH-
HbIX XapaKTE€PHCTHK DTOT0 00CITy/KHBAHMS MIPEACTAB-
JIAETCA BEChbMA NEPCNEKTHBHBIMH 3aJa4aMH caMoOTo
Onuxkaiimero OyayIero ¢ TOYKH 3peHUs oneparopa
M CepBHC-MpPOBaiiaepa Mpu pocTe MYyJIbTHCEPBHC-
Horo Tpaduka u pasHooOpa3us yciayr MOOHJIbHOM
CBA3H.

[TnanupoBanmne 3aaa4 ¢ NPUOPHTETAMHE SIBIISETCH
OOHHUM H3 HauboJIee yacTo MNPHMEHAMBIX H XO0poHio
MCCJIE0BAHHBIX MOAXOA0B B 00IACTH CHCTEM pe-
anbHOro BpemeHH. O61wnM juist GONbILIMHCTBA ITHX
NOAXON0B ABJISETCA HalW4Me cTaTHuecKux adco-
JIIOTHEIX H OTHOCHTEJIbHBIX MpuopHUTeToB [ 1], Taioke
ucnonb3zyeMeix i aHanusza HLR/HSS. Ho nosbie
BO3MOKHOCTH NPOLECCOPHOH TEXHHUKH MO3BOJIAIOT
AHHAMHYCCKH nepepacnpenciiaTe NPHOPHTETHI B
peansHOM BpeMeHH. B nanHO# cTaTthe npeacrasieH
O/IMH M3 HOBEHIIMX M HHTEHCHBHO O0CY/KIAEMbIX Me-
TonoB — Earliest Deadline First (EDF) ¢ anHaMHuHBIM
pacrnpeeneHHeM NPHOPHTETOB.

Meton Earliest Deadline First

B metone EDF npuopuTeT BbI30Ba nnpucBanBaeTcs
JMHAMHYECKH, MPHYEM HAHOO/IbLIHI MPHOPHTET Bbi-
CTABJIAETCA BBI3OBY, Y KOTOPOIO OCTAI0CH HAMMEHb-
HIee BpeMs 10 CPOKa 3aBepuIeHHs 00CIy/KHBaHHI.
s 5T0ro HEOGXOAMMO ONpeaeIHTh AUPEKTHBHbII
CPOK d BBI30BA, /O KOTOPOro BHI30B J0/KEH 00s3a-
TenbHO ObITh 06cnyxen. B nansueiimem, 2TOT cpok
donycmumoit 3adepoicku OynieM Ha3bIBaTh “AeIaiiy,
[Tocne moGoro coObITHA B CHCTEME, KOTOPOE H3MEH:-
€T Ha60p BbI30BOB, IUVTAHHPOBLIMK 3aja4 Ha3HaqdaceT
BBICHIHI NPUOPHTET 3a4a4e C OnuNCauutiM CpPOKoM
ucnonnenus (aurin.: earliest deadline).

Ha puc. | rpaduyeckn npeacrapneHo AMHaMH4-
HOE€ HM3MCHEHHE 3HAYMMOCTH BBI30OBOB B O4HEpEaH,
OINnpeaenaomeiics B 3aBHCHMOCTH OT BPEMEHH [10-
CTYTIIIEHHA H 3HAYEHHUA nennaiiua BbI30BOB.

5-5 T T L] T
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Puc. 1. Ilpumep npuopurernoro obenyxusanns N = 15 Bbi30B0OB 110 MeTony EDF
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3Be3/104KaMH Ha puc.] OTMEUYEHbI NOCTYILIEHHUS
Bbi3oBoB B HLR/HSS — mMomeHnT Bpemenu nocty-
IUIEHWUs BBI30Ba B cucTeMy (abcumcca) M 3HadeHHE
aeanaiina (opauuara). B npuseaenHom Ha puc. ]
MpUMEpe NPUCYTCTBYIOT BbI30BbI MATH Pa3HbIX Ka-
TCFOpHﬁ HJIH, BEpHEE, ﬂ,e,[u’l?.lﬁHOB CO 3HaAYEeHHEM:
1; 1.5; 3; 3.5; 5 enunnu Bpemenu. Ksagparukamu
OTMeYEHbl MOMEHTbI OKOHYAHH 00CITYKUBAHUS BbI-
30Ba U ocBOOOKIEHUs obcayKuBalolero npubopa.
3EI.!.[1TPHXOBEHHBH JIHHHUA H306pa}xam OoCTaBlICECA
BpeMs [, JIOMYCTHMO# 3a/epKKH /10 3aBEpIICHHS

00C/Iy;KMBaHHUA BbI30BA 7, KOTOPOE YMEHBLIAETCA
OTHOCHTEJIbHO BPEMEHHM npeObiBaHHA !, BbI30OBa B
cucteme: /, = d, —t, (mpeacTaBneHo Ha puc. 2).
Cunraem, 4To nocryrnenusd Beizosos B HLR/HSS
NOJAYMHAIOTCS NYACCOHOBCKOMY 3aKOHY, a 3arpyska
cuctemel p = 0,9. YnpoulenHo 11s npuMepa Ha
puc. | BpeMs o0cmyKHBaHUA KayKI0r0 Bb130Ba — OHA
enuHuua spemenu. Haxoxsiuiics B ocHOBE 3TOro
uzobpaxkenus anroput™ meroga EDF ¢ npuopu-
TETHbIM MpEpbIBAHHEM OOCIYKHBAHMA PeaJn30BaH
aBTOpPOM nporpaMMHuo ¢ nomoisio MATLAB.

fo— I —p—— Ly -
« d, o
; P,
e o »
| 1 T i i »
MOCTYIUICHWE  TEeKYUIHii JACHANANH  NOCTYIJICHHE t

BLI3OBaA 1 MOMCHT

BBI30Ba 7 BBI3OBA 11+

Puc. 2. BpemenHnsie napamMeTpsl 3asBOK OTHOTO MPHOPHTETA

HanoMuuM, 4TO AMCUMIUIHHON OBCIyKMBAHMA
¢ NPHOpPHUTETAMU ABJIAETCA TaKas, IPH KOTOPOIl mo-
CTyNaloLiHe BbI30BbI AENATCA HA KATErOPHH M Bbl-
30BbI HoJI€€ BLICOKOI KaTeropuu npu o0cayKUBaHUH
HMeIOT Kakue-mHbo nmpeumylecTBa (MPHOPHUTETHI)
nepel Bbi3oBaMH 0o0jiee HM3KOH KaTEropuH, M He
HMEIOT MPUOPUTETOB, €CJIM HU OJIMH W3 MOCTYNa-
IIMX BHI30BOB HE HMEET KAKHX-THOO MpeHMyIlecTB
B 00C/TyKHBAHUH NIEPE/l IPYTHMH.

[Ipeanonaraem, 4To KJ1aCChl BHI30BOB PACoOIOKe-
Hbl 110 MPHOPHTETY r € { 1.2.... R}, npudem r =1
€CTh CaMBblii BLICOKHH IIPHOPHTET H, COOTBETCTBEHHO,
r =R ecTb camblit HU3KMIii. ECIIH BBI3OBbI OTHOCATCSA
K OJJHOMY M TOMY K€ KJIACCY WJIH, HHBIMH CJIOBAMH,
MIPHOPHTETY, TO BHYTPH KJjiacca MopsaoK o0cmyxH-
BAHHA BBI3OBOB ABJIACTCA MOPAIKOM MOCTYIUIEHHA
BBI30BOB B cucTeMy no npuHuumy FIFO.

Cpentee BpeMs 00CTyKHBAHUA BbI30BOB KJ1acca
r, W, , COCTOMT H3 TPEX KOMIIOHEHTOB:

R _ £ oo
W, =Wy+) Nir L +Y Mir 2
i=1 Woi= o s (1)
=Wy + Wy + Wy
riie MepBoe cjlaraeMoe — CPeHEE OCTATOYHOE BpEMA
W, obcnyxuBaHHA BbI30BA, HAXOIALIErocs B 00-
CITy)KHBaKoLIeM npudope; BTOpoe — cpelHee Bpems
W, obcnyXHBaHNS BBI30BOB B OUYEPEIM, KOTOPLIE
00CTyKHBAKOTCA [0 PACCMaTPHBAEMOTO BbI30Ba (ITO
BBI30BbI TOTO JK€ HJIH BBICLIETO IPHOPHTETA OTHOCH-
TENBHO MPHOPHUTETA ) PACCMATPUBAEMOI0 BbI30BA);

a TpeThe — cpeHee Bpems W, oOcinykKuBaHUS Bbi-
30BOB BBICILIETO MPHOPHUTETA, KOTOPBIE MOCTYNAIOT B
CHCTEMY BO BpeMs OXKHMIaHUA 00CTyKHBaHHA pac-
CMATPHBAEMOro BbI30Ba.

DOra (popmyna cripaBe/UIMBa TakikKe NpH MeETojEe
EDF, tak kak, cornacto [2], hopmyna aeiicTBuTebHA
JU1A BCEX JIMCLMIUIMH 00CTy/KHBAaHMA, HE3ABUCALIIHX
0T BpeMeHH 00C/Ty’KMBaHHA BLI30BOB, B O/THOKAHANb-
HBIX CHCTEMax MaccoBoro obcnyxkusanus (CMO). B
CBA3K co crieundukoit Meroaa obenyxkupanus EDF
HeoOX0IMMO ONpedeNnTh Kak cpeanee 4ucno N,
BBbI30BOB [PHOPHTETA i, KOTOpbIE Y/K€ HAXOMATCH B
OUepEe/H MPH MOCTYIJIEHHH PACCMATPHBAEMOIO BhI30-
Ba IPHOPHUTETA r, TAK U CPEJIHEE YHCIIO M, BBI30BOB
NPHOPHUTETA i, KOTOPbIE NOCTYNAIOT B CHCTEMY BO
BpeMs O3KHAaHHA 00C/Ty/KHBaHHA PacCMaTPHBAEMOT0
BBI30BA [IPHOPUTETA . [1; 0003HAYAET UHTEHCHBHOCTD
00C1y)KHBaHHA BbI30BOB NPHOPHUTETA .

Mogaenas Earliest Deadline First

Tenepb npeacTaBuM MaTEMAaTHYECKYIO MOJIEb
s CMO tana M/G/1 ¢ aucunnanHoi o6cyxu-
Banusa EDF, onupasce Ha pesynsrarsl pabotst [3].
Hanomuum, urto cumsonuka M/G/1 xapakrtepu-
3yeT CHCTEMY C OdYepelnsiMH, e pacrnpeiesieHue
HE3aBHCHMBIX NMPOMEKYTKOB MEKAY BbI30BAMH,
MOCTYNAIOIHMH B CHUCTEMY, ABIAETCS IKCIOHEH-
LHaJbHBIM (MapkoBCKHM, M) u pacnpeneneHue
BpeMeHH 00CIyKUBaHUS SBIASETCS MPOU3BOILHBIM
(anrn.: general, G). Kpome Toro, npeanonaraercs,
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4TO B CHCTEME HAXOJMTCA OAMH 00CIYKHUBAIOIIHH
npubop (1).

B kauectBe MpuMeEpa [id BbIBOAA COCTABJ/IEHHA
NepeMeHHbIX ‘}G.;r H E:_r [TPEJCTaBUM CHCTEMY C
AByMs notokaMu Bbi3oBoB R = 2. [Ipeanonaraem,
4TO BbI30BbI OTOKA »* = | UMEIOT MEHBILIE JAOMYCTH-
MOr0 BPEMEHH, YEM BhI30Bbl BTOPOTO MOTOKA, AJIA
OCBOOOKIEHNS BBI30BA W3 CHCTEMBI HJIH, BEPHEE B
3TOM KOHTEKCTE, [0 Hadaia oOCIyKMBAHHA BbI30Ba:
d, < d,, Tak KaKk He Npeanonaraercs rnpepbiBaHus
obcnyxusanus Bbi30BoB, [Ipn Metone EDF, Bpems
00CTyKMBaHKA BBI30BOB HE I0JKHO BIMATH HA AHHA-
MHYHOE OfIpee/IeHHE IPHOPHTETA Ka’KI0ro BbI30Ba
B oyepeaH (M B o0cmyxuBatolem npudope).

[TocTynarowmii BeI30B notoka r = 1 gomkex
KIaTh OKOHYATEIbHOTO 00CIY/KHBAHHA BCEX Bbi-
30BOB TOTO CaMOIO MOTOKA + = 1, yiKe HaxOOALIHX-
Ci B CHCTEME: K"u = MW, , rae, B obwmeM BuIe,
A, —MHTEHCHBHOCTb MOCTYIJICHHUS BbI30BOB [OTOKA
r 1, cpaBHuBas ¢ popmynoii (1), W, —cpenree pems
00CTYHBaHHS BBLI3OBOB MOTOKA 7.

CoOTBETCTBEHHO, BLIZ0BBI, MOCTYNAKLIHE 10CIIE
paccMaTpHBAEMOro BhI30Ba NMOTOKA » = 1, 06cnyxku-
BAIOTCSA TONBKO TIOCIIE €r0 0CBOGONAeHHs M| = 0,
M1 = 0. U3 Beex BBI3OBOB NOTOKA 7 = 2, HAXOMS-
LIHXCA B CHCTEME, B CPEIHEM PaBHBIX A,W,, obcay-
KHBAKOTCA TOJIBKO TE 10 PACCMATPHUBAEMOTO NOCTYTIa-
FOLIETO BhI30Ba MOTOKA 1= |, y KOTOphIX abCOMOTHBILI
Ze/UTaiH MEeHbLIE WIH paBeH Je1aiHy paccmaTpHBa-
eMOroBbI30Ba N2,| = A, - max (0, W, — D, ).BBTOM
C1ydae, BhI30BbI MOTOKA JO/KHBI ObUTH Obl OKHATh
CBOEro (OKOHYATENILHOIo) 00CITYKHBAHHUA HE MEHee
BpeMend D, | = d, — d, . BepoaTHOCTb TOTO, pHCYT-
CTBYIOT JIH BOOﬁIﬂ.e BbI30BbI MOTOKA I = 2 B CHCTEME
nocje npoMexyTka [, |, 3aBUCHT B 3HAUHTEIbLHOM
CTETEHH OT CPEIHETO BPEMEHH NMpeObIBAHHSA BbI30BOB
3TOro MoToKa B o4epenn W, .

PaccMoTpuM Teneps TOT ciyuaii, KOraa mocry-
naeT BhI30B NOTOKA » = 2. B cooTBeTCTBHM C YyC/10-
BHEM, 4TO d|, < d,. NOCTynawuuii BbI30B MOTOKA
r =2 IOIKEH JK1aTh OKOHYATEIbHOTO 00CTyKHBaHHA
BCEX BBI30BOB MOTOKA I = |, y/Ke HaXOAAIIMXCA B
cucteme N = AW, . Kpome Toro, BbI30BbI TOTOKA
r=1 00cnyXHBaIOTCA 10 PACCMaTPUBAEMOIO BbI30BA
NOoTOKa r = 2. KOTOpBIE NOCTYNAKT HA CUCTEMY He
MO37Ke, YeM MPOMEXYTOK D, | H 10 CPEHEro Bpe-
MEHH npeﬁbmaﬂnx BBI3OBOB JTOI'0 NOTOKA B OYEPEIH
W, ¢ MOMEHTa IOCTYMJIEHHS pPaccMaTpUBaeMoOro

BHI30Ba M2 = A, - min [WZ,DEJ). AHaTOTHYHO
C MpEIBIYIINM cIy4aeM, nonyunm Nao = AW,
Miz = 0.
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Has Ni, n M;, dopmupyercs obliee Bbipake-
HHE B 3aBHCHMOCTH OT KJIAcCa I pACCMAaTpPUBAEMOro
BhLI3OBA:

- W, l<is<sr

Nir = , (2)
l,-max(O.W,—D”), r<i<R

— A, -min|(W..D, ), 1<i<r

Mj'r: i ( r r‘l) ! (3)
0, rE< i <R

Koodduument ucnons3osanus p, obcenyxkupa-
rouiero obbexra Opu odpadoTke BLI3OBOB IOTOKA F
obpasyercst p, = A, /p, . TIpUMeHss BbILLIEH3IOKEH-
HEBIE PE3YNLTAThl K Hexoasuiei dopmyne (1), cpeanee
BpeMs NpeObiBaHUA BbI30BOB MOTOKOB #= | Hr=28
ouepeau npu R =2:

W, =Wy + p¥ +py -max(O,Wz = D:.l)*

Wy, =W, + [91W1 + PzWZJ +py - min (W3’ D3-‘)'

O6mee BeIpakeHHe cpeiHero BpemeHu npebbisa-
HHSA BbI30BOB KaKI0r0 MOTOKA »* B O4EpPEIH:

W =W, +{Zr:p‘W‘ + ZE: P, max(O,FK - D, ,)] +
i=} i=r+l

(4)

"'ZP: rnin( W.,D_ ,.)‘

B paborte [3] npeanoxen metox npeobpazosanus
thopmynbl (4) Takum 06pazoM, 4To0bI OHA CTAJIA IPH-
€MJIEMO} 171 HTEPATHBHOTO BhiuHCaeHus. [Ipumenss
3aKOHOMEPHOCTh min (a.b) = a — max (0,a - b),

BBIPAYKACTCA CpeaHee BpeMA npeﬁhmaum BbI3OBOB
MNOTOKA » B OYEPEIH TAKHM oﬁpasomz

b p‘”"}

r<isR

W, =W, +[ > pW -
l1sisR

+Z p, max (0, W, - Dm_)-t- > p, min ( W,_.Dm.)=

r<isR I<i<r

=W, +lpﬂj|— Z P, [W: —max(O.W:. - D:'.r)}*'
-p

r<is<R

Y, p,min(W,.D,,)=
I=f=r

LT 3 b, min(W,-.DJ.r)]+

_I -p r<isR
+ 2 p;min(W,.D, ).

I<i<r

[Mpeanonaras, uro Bce W, HM3BeCTHHI 1A k:
L < k < R, BoipaxkeHnue opMyIsl (5) B KBapaTHbIX
CKoDKax CTaHeT MOCTOSHHOH Benn4nHoi C, a;, CTOMT
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3a p; U by 3a D, ,, W, onpeznensercs myTeM peieHHs
YPaBHEHHS BHAA!

X=C+ ) amin(X,b)npu R2L>1. (6)
I=k<L

Onupasces Ha paGoty [3] Buaum, uto ypas-
HeHHe (6) MMeeT HCKIIOYHTEIbHO OQHO pelleHne
Z = lim X, mepan {X, |
Xy =0 u

X,,=C+ Y amin(X,b), (7
lsk<L

HeN onpeaenaeTca uepes

PHYEM YUHTLIBAETCS MPHOPHTETHBIN 3aKOH COXpa-

Henus juis CMO tana M/G/1;
R p_Hf::]‘ p < l
Z prwr =41 = p 2 (8)
=l o0, p=1

KOTOPBIi J0Ka3aH, B YaCTHOCTH, B [2], r1e p — cym-
MapHasa Harpyska, COCTaBJIEHHAs M3 BCEX Pr- Co-
rmacHo [2], ana mwoboii cuctemsr M/G/1 u moboii
OTHOCHTEJILHOMH COXpaHstoLLeil paboTy JHCLIMILTMHEI

00cnyKUBaHUA JOIKHO BBITOIHATLCA paBeHCTBO (8).
HupiMu cnosamu, dopmyna (7) cayKuT aas nocie-
noBatenbHOro pacueta W, , naunnas ¢ Wy, o W, ,no
HTEPALIHOHHOMY METOOY. ITocne TOro, ¢ NOMOUBH
paBeHcTBa (8), BBIYHUCIAETCA NOCAEIHHH dneMeHT W)
BeKTOpa pewienus {W, | .

BMmecTo JIHHHOrO MaTeMaTHYeCKOro aoKasa-
TEJIbCTBA TOTO, YTO YIEMEHThI psiaa { X, | ABIsIOTCH
KaK MOJIOJKHTEIbHBIMH, TaK H cTaOMIBHO BO3pac-
TAIOUIMMH C YBEJIMYEHHM MHIEKCa 11 M CTPEMATCH K
BepXHEMY [0pory, 3aeck npuBoauTces rpadux (puc. 3)
HTEpaLMOHHOrO Npollecca Nno BelpakeHuto (7).

I'pacuk nHa puc. 3 — pesynbrar pacueTa KOHKPETHO-
ro gucnoBoro npumepa it metoaa EDF ¢ 5 notokamu
Pa3HOro NPHOPHTETA M B KAXKIIOM CJIy4ae COACPHKHT 9
WTEPALIHOHHBIX LIMKJTOB. KoneuHoe 3HaueHHe uTepaum-
OHHOTO LIHKJIA NPUOIH3HTENIBHO NpeacTaBIsieT coOoH
3HAYEHHe CpPeJHero BpeMeHH rpedbIBaHUsA BbI3OBOB
MOTOKA ' B QUepe/id IIPH OIpeie/IeHHOMH 3arpy3ke 00-
ciy:xuBatolero npudopa. B Buae npumepa, cpeitee
BpeMs MpeObIBAHMA BBI30BOB BBICIIETO NMPHOPHTETA
B ouepenu npubmmzutensHo 0.9 enuuul BpemeHH, a
HH3LIEro 0Koso 7.7 eIHHULL BpEMEHH.

W, W, W Wy Wy n (X}, . (W)

B T T L] L T L] L] T
-\.“-""_P_
i ) il -
P
’/'
/
6+ /f’ i
5 = v l’; . -4
/
I
4t / E
|"—}..r
3t/ ]
//
2 3 4 5 6 7 8 9

Puc. 3. Pesynbrar urepalHOHHOIO npoLiecca U1 HOJTyHeHHs CPeHero BpeMeHH npebbiBaHHs BLIZ0BOB
HATH NOTOKOB B 04epein
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CpaBHHTe/ILHAS OLIEHKA METO10B
npuopureTHoro odbcayxusanusa RMS u EDF

Teneps cpaBHuBaeM JiBa hyHIaMEHTANBLHBIX Me-
ToOa OGCJ'IY)KHBHHHS CO CTATHYECKHMH H C JTHHAMHY -
HbIMH npHopHTeTamMu: MeTo Rate Monotonic Sched-
uling (RMS) ¢ metonom EDF. CpaBHenue BKiIouaeT
KAaTeropuu: crnoco0HOCTh K MIAHUPOBAHMIO 3a1ad,
cTabH/IBHOCTD MPH KPATKOBPEMEHHOI H OCTOSAHHOI
Neperpy3Ke, CI0KHOCTh TEXHHYECKOH peann3ainm.

RMS sBnsercs MeTo1om 00CTyKUBAHUSA C CTATH-
4ECKHMMH NMpUHOpHTETaMH [ 1] 1 cuuTaeTcs yMeCTHLIM
JUTA HE3aBHCHMBIX NEPHOIHYECKHX 3a1a4, HMEHLIHX
CPOK UCIIOIHEHNA d; (JIe[U1aiiH), paBHBIM nepHoay F,.
T.e.. BbI30B 0/17K€H OBITL 00CTY;KEHHBIM B Ipeaenax
TepHO/Ia HCTIONHEHHA: d; = F.. Bel30BaM ¢ MEHbIIH-
MU MEPHOJAMHM Ha3Havaercs OO/bLIMHA MPHOPHTET.
Ha puc. 4 u 5 conoctaBneHs! CYUHOCTH METOIOB
RMS u EDF.

o4yepeau BbI30OBOB,

; 1 FIFO
CyMMapHbIA ofcnyxu-  NOTOK
noToK ‘ sawowmin  obeny-
MOCTYNaLKUX npubop  KeHHbIX
i N .

il Bbi30BOB

Puc. 4. Mozens o6cirykuBaHHs BbI3OBOB 1O AHcHHILIHHE RMS co crarnueckumu npuopurerami [ 1]

CYMMapHbIiA oyepenb BbI30OBOB,
NoTOK COpPTUPOBaHME M0
NOCTYNatoLmx neaonanHy
BeI30OBOB T e AT R ket ey

I obcnyxu-  NOToK

| BaKLLMIA obcny-
f npubop EHHbIX

BbI30BOB

Puc. 5. Mogens obenmyxuBanus Bbr30BoB 1o aucuniinie EDF ¢ iHHAMHYECKHMH HPHOPHTETAMH

Cornacto [4], He3aBUCHMBIE MEPHOAHYECKHE
BbI30BbI, IUIAHUPYEMBIE ¢ nmomoublo RMS ¢ npu-
OpPHMTETHBIM NpephiBaHHeM 00CIy:KHBaHUA, BCeraa
VIOBNETBOPAIOT AeaiH, eCJIM cyMMa 3arpy3ok 06-
CIIYKHBaIOIEro npudopa BLI3OBAMH HeE TIPeBbIlaeT
npejena HCHOoNb30BaHHsM:

Prus = 2% < R'(% B 1)-

rae x; Bpems o6ciyKHBaHUS BBI30OBOB /-OT0 MOTOKA.
D70 BRIpAKEHHE ABIAET cOO0H NOCTATOUHOE YCI0BHE
17151 JOCPOYHOTO 0OCITYKHBAHMS BCEX MEPHOIHYECKHX

9
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BBI30OBOB, NNOCTYNAKILHNX B CHCTEMY. B COOTBETCTBHH
¢ 9THM, Beeraa MetonoM RMS Hazexno nnanupyemo
J0CPO4HOE 00CTYKHBAHHE TP YTHIM3ALMH CHCTEMbI
He Gounblue:

(10)

lim n -

(¥2-1) = In(2) = 0,693.
n—pot

O4eBHAHO, 1A p > | HE CYIIECTBYET BBITOIHH-
MOI0 aJIrOPHTMAa IUTAHHPOBAHMA 3a/1a4, He [TPeBbILIa-
FOILLErO CPOKa /1 MOIHOro 00CTYKHBAHHSA BEI30BOB,
Jns cnydas p < 1, BbUIOJIHHMOCTh [UIAHHPOBaHMs
3a/1a4 3aBUCHT OT XapaKTEPHCTHK MOCTYNAKIIHX
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MOTOKOB 3a/1a4 H TAKIKE OT AJIFOPUTMA [LIAHHPOBAHHA
3a/1a4.

Beimreckaszantoe cornacyercs ¢ paboroii [ 5], rae
Takke nokasaso, uro meroa EDF onrtumanen ais
HE3ABHCHMBIX NEPHOIMYECKHX BbI30BOB MMEHILHX
CPOK HCITOJIHEHHA PABHBIM MMEPHOLY, T.€., BBI30B 101~
JKEH 3aBEPLIHTLCA B MpeIenax MepHoAA HCITOIHEHNA:
d;, = P.. He3aBucHMBIE NEpHOIHYECKHE 3aJauM,
ranupyemsie ¢ nomotuso EDF, Beerna yaosnerso-
PAIOT CPOKAM HCIOJHEHHA, €C/IH CYMMa 3arpy30K He

npessiaer 100 % :

R X
. S 1
PEeDE Emin(f’-.d,) {h)

IMocneanee BbIPA’KCHHE MOAYEPKHUBACT, 4YTO, B

ciy4ae d, < P, nonmyctumas 3arpy3ka ymeHbluaer-

]

R X; X;
CA Ha Ap = Z F - T , €CJIH BCE MNEPHOONYECKHE

i=l i i
BbI30BbI OCTYNAKT NPH ¢ = ( ¢ HaYalbHbIM CMelle-
Haem ¢, = 0 pua Vi = 1,..., R, KaK ¥ ObLIO TaKxke

JOIYILEHO MPH paccMoTpeHuu s RMS.

bonee Toro, U3 2TOro BeIpakeHHs CleyeT eie
TOT BaxHbI (akT, uto, Aaxe npu 100-npoLeHTHO
sarpy3ske obcrmyxusatomero npubopa, meron EDF
HaiaeT niax 00CayKHBAHHA BBI30BOB M [IPHOPHTET-
HOTO npepbiBaHUs 00CTYKMBAHHUSA, YIOBIETBOPAS
CPOKaM HMCTIONIHEHHA, €C/IN TAKO# IIaH CYIUEeCTBYET.
BaxHo oTMETHTB, 4TO 2TO cBOlHcTBO mertona EDF
JCHCTBUTEILHO HE TOJBKO IS HE3aBUCHUMBIX Ie-
PHOAMHMECKHX BbI30BOB, HO M a1s A00oro Habopa
HE3aBHCHMBIX 3a/1a4 NPH HCMONb30BAHUH OHOTO
obcnyxkuBatouero npudopa.

ITpu Ha3BaHHBIX BbIlIE YCIOBHAX (MEepHOLHYE-
CKOE MMOCTYTUJIEHHE BbI30BOB, ¢, = 0 mma Vi = 1,... R
npu t = 0), EDF umeer oco6oe croiicTBO, KOraa
CHCTEMa HAXOAMTCS B NOCTOSHHON meperpyske
prpr > | : cpennnii nepuon P, ocsoboxkaeHus 06-
paboTaHHOTO BbI30BA H3 CHCTEMBI YBEIHHHBAETCA M0
Mepe pocTa neperpysku: E = pepr P . 270 O3HauaeT,
YTO BbI30Bbl HU3KHX MPHOPHTETOB HE HCKIIIOYAKTCA
H3 06CIY/KHBAHMA, KAK [10 NPaBHIaM NPH METOAAX ¢
(ukcupoBaHHbiMH npuopuTeTaMu. RMS, no ceoeii
CYLIHOCTH, MOXKET MOTHOCTBIO MPENATCTBOBAThL 00-
CIY/KMBAHHIO BbI30BOB MEHBLIHX MPHOPUTETOB MPH
M3BECTHBIX YCIOBHAX, €C/IM CHCTEMA HAXOAMTCH B
MIOCTOSAHHOMH neperpyske ppys > 1.

B urore, noseaeHHe TUX ABYX METOAOB TPH-
OPHTETHOTO 0OCTY/KHBAHHS B COCTOAHHHU MOCTOAHHOI

HEPErpy3KH CHCTEMbI BO3MOKHO npeackasars. Ho,
OLIEHKA O MPEMMYIIECTBE METON0B CHIILHO 3aBUCHT
OT NMPHJIOKEHHS, JIEJKALLEr0 B OCHOBE.

ITpu kparkoBpeMeHHOH neperpyske CHCTEMB,
RMS moxet obecnieunsarh COOMOASHHE J0CPOYHOTO
00CTy’KHBaHHS BBI30BOB C BHICLIHMH PHOPHTETAMH,
B TO BpeMs Kak EDF no3BonuT BeI30BaM 3a1epyKUBaeT
HECMOTPA Ha KJIAcC BLI30BA.

Meton EDF umeer eute apyroe npenmy1ecTso.
OH reHepupyeT 3HAYNTENbHO MEHbIIE aAMUHHCTPA-
THBHBIX HAKJIAAHBIX pacxoaos (auri.: context-switch
overhead), B cBsa3u ¢ tem, yro EDF tpebyer npu
YBEJIMYEHUH HArpy3KH 3HAYHMTEILHO MEHbIIE TpH-
OPHTETHOIO TMpephIBaHHA 00CTyKHBAHHA, HeM COOT-
BeTcTBeHHbII MeTox RMS.

ClOKHOCTb TEXHHYECKOH pean3aliy ajiropur-
Ma IUTAHHPOBAHHA 3a1a4 3aBHCHUT B IIEPBYIO OUepeb
OT nexaileii B ero OCHOBE ONepalMOHHON CHCTeMbI
(OC). TpaauuuoHHO pa3pabaTbiBAIOTCHA MMPOMBILLI-
nensble sapa OC ¢ MPHOPUTETHBIM MEXaHH3MOM,
Gasupysicek Ha Hyxzaax meroga RMS, nanpumep, c
OTHOCHTEJIbHO MaJIbIM KOJTH4ECTBOM NIPHOPHTETHBIX
ypoBHeil. OBbIuHO npenycMoTpeHo He Gonbiae 256
yposHeii. Peanusauus merona EDF na takom anpe
4acTo MPHBOMT K CBOEMY MPEaeNy, TAK KaK 3TO 03Ha-
4aeT, YTO 3ajABKAM BbIICIACTCA TOJBKO 256 pa3HbIX
OTHOCHTENBHBIX JeIaiiHOB /, .

Kpowme toro, B omnune o1 RMS npu EDF neo6-
XOAMMO JMHAMHYecKoe npeolpa3oBaHue e UiaiHOB
B IPHOPHTETEL. B Xyamem ciyyae, npH MoCTYIUIEHHH
HOBOH 3aABKH B CUCTEMY, IIPHOPHTETHI BCEX 3aABOK,
HAXOMSIIMUXCS B CHCTEME, JAOMKHbI ObITH mepecyu-
TaHbl, YTO MOKET MPHUBOJNTEL K JOMOIHHTEIbHBIM
HaKJIaZIHBIM PAcXo1am.

BriBoabl

B nanHo#i cTaThe npe/cTaBIeH MaTeMaTHYeCKHif
NOJAXO/1 /U1 BBIYHMC/IEHHS BPEMEHH MpeObIBAHUS 3a-
aBok B cucreme HLR/HSS ¢ ancumnnunoii obcmy-
susanus EDF, 6asupytomuiics Ha ananuse cpeaHero
3Ha4eHHs. DTOT MATEMATHYECKHIi annapar no3soiser
OBICTPYIO OLIEHKY MOBEIEHHA CHCTEMBI, HA KOTOPYIO
MOCTYNAET MPOHU3BOJILHOE KOIHYECTBO MOTOKOB C
OrpaHHYEHHEM 110 JeANaiHY.

Kax 6onee BbICOKas, B CpPABHEHHH C IOMYJISIPHBIM
metonoM RMS, ytunusauus, tak u Gonee rubkas
0bpaboTka anepHOAHYECKUX 3a8BOK (JlaKe B CHTY-
auuu nepesarpysku) genaetr EDF npuroaneim ang
NMPHMEHEHHA B CHCTEMAX PeajbHOTO BPEMEHH, Kak
B cepeepe HLR/HSS.
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MOJEIN U AJITOPUTMBI AJJAIITUBHOT'O YITPABJIEHMS
KAJIPOBOM IMTOJUTUKOM MPEJNPUSITHSI

Muposo#t kpu3uc orpasuics Ha Poccuiickux
OPeANpHATHAX, BBIHYANB HX COKpalarh 06beMbl
NPOM3BOJCTBA, a 3HAYUT, M CHUKATh PACXOAbI HA
COJep/KaHHE LITATA COTPYAHHKOB M YNpaBleHHE
nepcoHajoM. B nouckax cTaGuinbHOCTH BBICOKO-
KBaTH(QUUHPOBaHHbIE PADOTHHKH HAYMHAIOT MOMCK
paboTel HAa MPEATIPHATHAX, T/1e CMall He TaK 3aMeTeH.
Kanposeim cnyxbam npuxoautcs uckath ¢ ¢ek-
THBHBIE MYTH pelleHus 3a1auu obecnieyeHus He-
00XOHMOTO YHCICHHOTO W Ka4eCTBEHHOIro COCTaBa
KaJpoB [pH OTHOBPEMEHHOM CHHKEHHH M3/IEPIKEK Ha
YTIPaBJICHHE TIEPCOHAIOM H CHUIKEHHH MOOWIIBHOCTH
NepcoHana.

IIpH BO3HMKHOBEHHM TPYAHOCTEH ¢ NOMCKOM H
noa00poM MepcoHana, a Takske ¢ aeKBaTHOH OLEHKOI
H PaCCTaHOBKOH paOOTHHKOB, BOSHHKAET PHCK Tepe-
PHIBOB B paboueM MpoLecce, YT0 MOKET MPUHECTH
3HAYNUTE/IbHBIC yGL[TKH.

Bo3snnkaeT HeoOX01HMOCTb OLIEHUTh PACX0/bl Ha
VAEPKAHHE KITIOUEBbIX COTPYIHHKOB, JKOHOMHIO ITPH
BBICBOOOKIEHNH MAJIOTIEPCTIEKTHBHBIX PaOOTHHKOB, a
TAKIKE CIIPOrHO3HPOBATH NOTPEOHOCTL B pa0OTHUKAX
C Y4€TOM BO3MOXKHBIX M3MEHEHHH KOHBIOHKTYPbI
phIHKA TpyZa.

CoBpeMeHHLIE MOZIENIN CTPATEr HYeCKOro YIpaB-
JIEHUs MEPCOHAIOM He MMPeanonaraT H3MeHeHus
KaapOBOH MOJMTHKH B Mpolecce paboThl Mpeanpu-
artug. HenonbloBanue Takux Moaesiel B YCIOBHAX
HeCTaOMIBHOTO PLIHKA TPYAa WK MPH M3MEHEHHH
CTpATErM4EeCKHX Liefeil NpeaAnpuaTus He MpeacTaB-
JISIETCA BO3MOMKHBIM [10 MPHYHHE UX HEAOCTATOYHOMH
riubkocTn. [Ipeanaraembie MOZIENN U AJITOPHTMBI [10-
3BOJISIIOT YYECTh M3MEHEHUS KOHBIOHKTYPb! PbIHKA
TPy/la H CTpaTerH4yecKux Lenedl NpeanpuaTHa U HX
BJIHAHHE HA YIIPaBIIEHHE KaapaMH.
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WndopmaionHas Mozesis KaapoBOil MOJUTHKH
OpEANpHATHS

Mozenb KaapoBOii MOJIMTHKH MOXKET ObITh Npe-
CTaBJICHA B BHIE:

Spol =<G, P, L>,
rae Spol — kaaposas nonntuka; G — HeaH KagpoBoii
MOJIMTHKH; P— NPUHIMILL, OCHOBAHUSA /151 IPHHATHA
pemennii; L — orpanuyeHus.

Lemn MOKHO MpeaCTaBUTE B BHIE HEPapXuu:

G = <Ge, Gd, Gs>,
rne Ge — cTparerMveckue LeaH OpPraHU3alHi;
Gd — nenmn noapaszaeneunnii, Gs — uenu corpya-
HHKOB.

OrpanuveHHs 3a0al0TCi COCTOSHHEM PbIHKA

TPyZa U TPYIOBBIM 3aKOHOAATENLCTBOM:

L =<8q, Sp, C, L>,
rae Sq — HaJM4YHMe CIeHAIHCTOB HAa PhIHKE TPYAa;
Sp — NpPOrHO3bl HAIMYHA CMELHMAIMCTOB Ha PhIHKE
Tpyaa; C — xoHKypenuus; L — Tpynosoe 3akoHoma-
TEINBCTBO.

[TpuHUMOBI KaAPOBOH NOMHTUKH HalPaB/ICHbI
Ha JOCTHKEHHE LeNneH nmpeianpusTUs, MOTYT Y4Hd-
ThIBATh MHTEPECHl PADOTHHKOB, H OrPAHHYHBAIOTCH
COCTOAHHEM PbIHKA TPyJa M 3aKOHOAATENbCTBOM.
Takoe npencrapienue KajapoBoii MOJIUTHKH MOXKET
ObITh HCMOJNB30BAHO JUIA Pa3spabOTKM M CpaBHEHHA
3(hheKTHBHOCTH LieeBLIX MPOrpaMm 1o pabore ¢ Ka-
JpamH, a TaKKe UiA pa3paboTKu CHCTEM MOTHBALIHH
M OIUIAThI TPYyaa.

IpencraBum cHcTeMy ynpaBlieHHs NEPCOHATIOM
NPEINPUATHA KaK JeATeIbHOCTh 10 peain3alnu
KaZpOoBOM MOANTHKH:

Shrm = <Spol, Mhrm, Ghrm, E>,
rae Shrm — cucrtema ynpaBieHHs NEPCOHAIOM;
Spol — kaaposas nonutuka; Mhrm — MeTozas paGors
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¢ nepcoHasoM; GSs — LeaH CHCTEMbI YIPaBieHHS
kagpamu; E — 3tdexkTHBHOCTL paGOTEI CHCTEMBI, T.€.
CTeleHb JOCTHKEHH Lieseil ynpasieHus.
Mhrm = <Gm, Am, Im>,

rae Gm — uens ynpasjieHus kaapamu: Am — 1eicTBHA
no peanusauuu merona; Im — BiugHHEe NpUMEHEHHS
METO/1d Ha HELIEJIEBbIC NAPpAMETPhbl CHCTEMBI YIIpaBJIic-
HMS Kazpamu, T.e. 1o6ouHoe AefCTBHE, KOTOPOe MOXKeT
OBITH KaK OIArONPUATHBIM, TAK U HEXKETaTeTbHbIM.

JlaHHOe npejacTaBieHHe METOAOB KaJApoBOMH
paboThl MOKeT ObITh UCIIONB30BAHO MPH pazpaboTke
[UlaHa peaju3alMy KaapoBod nonutuku. Mogens
MO3BOJIAET CPaBHUBATH [IPOrHO3UpyeMblil addexT or

OpHUMEHEHHs Pa3InyHBIX METOIOB, @ TAKKe CyMMap-
Huli 3deKkT OT npUMeHeHNs HECKOIBKHX METOIO0B,
T.€. CO31aBaTh LIE/IEBbLIE Ka}lp()Bhle nporpaMmmai.

Hccenenosanue npobiem B yrnipaB/ieHHH KagpamMH
TPEANpPHATHI M METO/bI PHHATHS PellleHHH Mo3BO-
JIMJI0 HAaKOMUTh 6a3y npeneseHToB, KOTOPYIO MOXKHO
WCMOJIb30BATh [UISl NOAJAEP/KKH MPHHATHS KaapOBBIX
pewtenni (puc. 1). Jlna GecnpeueseHTHLIX npobiem
MLIYTCSA METObI PeLlIeHH s, KOTOPbIE HEMOCPEICTBEH-
HO BIMAIOT HA APAMETPhbl, KOTOPbie HEOOXOAUMO H3-
MEHHTh. B ciiyuae HeBO3MOKHOCTH NPUMEHHTE paHee
UCHOIb30BABIHIMECS METO/IbI PA3PAbATHIBAIOTCS HOBBIE
METO/1b] H LIEJIEBbIE Ka/POBbIE MPOrPAMMBbI.

YacTtHele cnyvaun

______ =1 KAApOBbiX PELIeHWA Ha

KOHKDETHOM NPeanpusaTHiA

Mpobnema 1 Mpobnema 2

Mpobnema 3

npobneMa

|
: Hosas(HeTnnnyHas)
!

Metog petueHus 1 Metop pelueHus 2 MeTtoq pewennna 3 I

; Hoewin metog
peweHus

Puc. 1. BapuanTsl pewieHus npodiem B yIpaBICHHH KaJpaMyu ¢ HCIOIb30BAHHEM QaHHBIX O [IPEeLeAeHTax

Mozeb a1aNTHBHOTO YIIPABJACHHA KAAPAMH
npenpusiTH

YnpapneHue KaJpamMH ¢ HCTIONIb30BAHHEM TNpPei-
jnaraeMoi KOHUENTYaldbHOH MOJENH yIpaBieHHA
KaapamH nmpeanpuaTHs (puc. 2) nosponser obecrne-
YHTh MOJIEPKKY NMPHHATHA KaJpOBbIX PEUICHHI W
YUYHMTBIBaTh BAHAHHE KOHBIOHKTYPbI PhIHKA TPY/A Ha
COCTOSIHHE KaApOBOro MOTEHLHANa NPEANnPHATHS.
Beibop ynpapnsioimero Bo3AeHCTBHS OCYLIECTBIS-
€TCs Ha npeueaeHTHoH moaenu. [Ipu nporxosupo-
BAHHM PE3Y/LTATOB MMPHHATHA KAaPOBBIX pPeLICHHH
HCTIOIB3YIOTCA ANTOPHTMBI JTAHHPOBAHHUA Kapbephl,

NPOrHO3UPOBaHNA MOTPEOHOCTH B KAZAPAX 1 ANTOPHTM
OLIEHKH KaJPOBBIX NEPECTAHOBOK.

B kauecTBe aganTHpyemMoil MoIenH ynpasie-
HHA KaJpaMH BLICTYNAET MpeJIOKEeHHas MOJelb
yIpaBleHHs KaJpoBOH MOJMTHKOH NpeAnpHATHA.
Ilpu HEBO3MOKHOCTH IPHHATDL pPellleHHe U BLIOpaTh
YOpapIsIIee BO3ICHCTBHE HA OCHOBE HAKOIICHHOI
Oa3bl MpeLE/IeHTOB pa3padaThIBAKOTCA HOBbIE METO/1bI
KajpoBoii pabotel n uenesbie mporpaMmsl. [Tocse
peanu3aluny pa3paboTaHHOTO METOAA M OLEHKH pe-
3ynAbTaTa HHGOPMAIHA O METOJE 3aHOCHTCA B Da3sy
NpeLeJeHTOB.

BapwaHTbl
pasenTua Mogene
Mporxoa “ YNpaeneHnsa te
Kagpamm
[ ¥ »
yﬂpaa"e::‘:“”e Kagposbie PeaynsTtaTr
Ynpaenexue ::;we pecypchbi » (COCTORHWE CUCTEMBI
MEPONPUATHA npegnpuaTa ynpagneHus Kkagpamu)

PeiHOK TpyAaa

Puc. 2. KOHUENTyanbHAs MOJE/b aaITHBHOIO YIPABICHUA KaIpaMH MPEAPHATHS
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Ouenka ypdexTuBHocTn
KaJIpOBBIX MEePecTaHoBOK

[Iposenenne olleHKH pacxogoB Ha MEPECTAHOB-
KY KaJpOB MOKET ObIThb MONE3HBIM MPH NPUHATHH
pelueHnii 00 yBOJILHEHHH COTpYAHHKAa W O BhIOOpe
KAHIHaTa HA ONpee/IeHHYI0 NOIKHOCTh. B cnry-
aluuM, KOrjaa UeHHbIH COTPYAHHMK YBOJIBHSETCH MO
cOOCTBEHHOMY JKENaHHIO, & PEANPHATHE HE TOTOBO
K €r0 yXOJ1y, MOXKHO MOMbITATbCA YAEPKaTh ero (rno-
BBICHB 3apIUIaTy WM YIy4IIHB YCI0BUA Tpyaa), 1ubo
YBOJIUTE €10, U OPUHATL HAa €r0 MeCTO APyroro. 1o
MOZKET ObITh COTPY/IHHK M3 Pe3epBa Ha OCBOOOAMBINY-
H0CA I0JKHOCTh (COTPYAHUK MPOXOAHI MOATOTOBKY,
HEOOXO0IMMO Y4eCTh yKe MOHECEHHbIE PacXolbl),
b0 NepcrneKTHBHAIH CrienHanucT, padoraroummii
Hé NPEANPHATHH U NPOXOASALIHI NOATOTOBKY MO He-
CKOJIBKMM HanpasjieHHsM. Bo3mozkeH Haém coTpya-
HHUKA H3BHE, 9TO NPEAIOJaraeT pacxoibl Ha MOMCK,
OLIEHKY, @ TAK/K€ ajaNTalui0 HOBOTO COTPYAHHKA K
pabote Ha npeanpuaTun. Eciu HexenareabHblil co-
TPYAHUK YXOJHT MO COOCTBEHHOIH HHULIMATHBE, MTPO-
MCXOAMT DKOHOMHSA PACXO0B Ha KOMIIEHCALIHOHHbIE
BbIILIATHL.

Pacxoibl conmyTCTBYIOLIHE KAAPOBIM MEPEMEILIE-
HHAM MOKHO pa3OuTh HA IPYyNIbL:

1) TIlpuem na padory.

3aTparbl BpeMeHH Ha 0()OPMIIEHHE JOKYMEHTOB,
oriara BpeMeHH paboThl cny:x0bl nepconana, no-
TpayeHHOro Ha opopmieHHe 10KyMeHTOB. B ciyuae
npuemMa Ha paﬁmy MEHEKEPOB BBICIIETO 3BEHA BO3-
MOYHBI CYLLECTBEHHbIE PACXO/Ibl B CBA3M C H3MEHE-
HHEM o01eii cTpaTernu opranusaumy. Taxke cMeHa
PYKOBOJMTEIA 4ACTO O3HAYAET CMEHY KOMAHJBI, a
3HAYMT H COMYTCTBYIOLIHE pacXosl. Pacxoakl Ha nmoj-
FOTOBKY B pe3epB: BBOAHOE 00yueHHEe CreLHaiucTa,
3aTpaTkl BPEMEHH CIELHAINCTAa KaapoBOil ciaymObl
Ha BbIOOP M BBIIBHKEHHE COTPYIHHKA B pe3eps (yxke
MOHECEHHBIE PACXO/lbl, 3aMHCLIBAIOTCS B CTATHIO
ONpaB/laHHbIX 3aTpar).

2) VYBombHEHHE

3aTpaThbl BpEMEHH COTPYAHHKOB KaApOBOIi CITy k-
Obl Ha O(hopMIEHHE IOKYMEHTOB; 3aTpaThl BpeMEHH
PYKOBOJCTBA Ha NpoBeaeHHe Gecelbl O MPUYMHAX
YBOJIbHEHHA; pPacxo/bl HA KOMIIEHCALlHOHHbIE BhI-
[J1aThl.

3) TIlpouue 3aTparsl

K HuM MoxHO OTHECTH 3aTpaThkl CBA3ZAHHBIE C
BPEMEHHBIM 3aMeIlIeHHEM, COXPAHEHUEM He3aKPhIThIX
BaKaHCHH, MPHBICYEHHEM CTOPOHHHX CIELIHAIUCTOB,
H JIpyTHe.

IlpeanaraeMeiii anropuT™ oueHkH 3¢ (eKTHB-
HOCTH OCHOBAH Ha MOACYETE MMPAMBIX H KOCBEHHBIX
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PacXOI0B HA MPHEM, YBOJILHEHHE M NepeMelleHne
COTPYIHMKOB MPEANPHATHS.

1) TlpocTeie KagpoBbie nepecTaHOBKU. K HUM
OTHOCATCA: NPUEM COTPYJIHHMKA Ha paboTy B CBSA3M
C pacliMpeHHeM INTarTa; yBOJbHEeHHE pPaOOTHUKA B
CBSI3H € COKPALIEHHEM IUTATA; YBOJIbHEHHE PabOTHHKA
— [NPHEM HOBOI'0 Ha BAKAHTHOE MECTO.

O¢eKTHBHOCTb MPOCTHIX MEPECTAHOBOK OLE-
HUBAETCA KAK MAaKCHMallbHaf BBIFOAA OT HOBOIO
Ha3HA4CHUA:

Ei =x1* A+ x2*C+x3*Comp,

rae A — COOTBETCTBHE KaHOugaTa OJOKHOCTH
(6azoBsie TpeGoBaHus);

C — JKOHOMHSA 3aTpaT Ha MOWCK, aAanTalHIO U
yBelm4eHue 3apaboTHoil M1aTel HOBOro paboTHHKA;

Comp — sononsuTeNnbHbIe TpeOOBaHHS, ONpee-
JIIEMBIE LIEJAMH KaJIpOBOH MOMHTHKH M NEPCHEKTH-
BaMH Pa3BHTHA.

x1, X2, X3 — NpHOPHTETHI COTNACHO BhIOPaHHOI
Ka/IpOBOH MOMUTHKE:

Ecm x1 > X2 — 10 111610 NpeAnpHsATHE ABIAETCA
TMOBBIMICHUs Ka4€eCTBA MPOIYKTOB HIIH YCIIYT, peliaro-
UMM OYAYT KOMIIETEHIIHH PabOTHHUKOB;

Ecnu x2 > x1 — uenvio npeanpuatus Asnsercs
CHHKEHHE M3EpIKeK;

m
Comp = Z ai ¥,
i=n+l
Ecnn x3 >=x1 +x2, T0 uensio npeanpuaTHa aB-
JIeTCs IOCTHKEHHE MAKCHMAJIbHOIO MPEeHMYIIeCTBa
B KaJpOBO#H MOIHTHKE.

n
A= Zai * ci;
i=1

rae ai — OLEeHKa COOTBETCTBHSA [0 OJHOMY M3 Tpe-
OoBaHHmii; Ci — 3HAYUMOCTH TPeOOBaHUA LTS TAHHOI
JOJIKHOCTH.

_ Cmax-Ci

© Cmax |

(&

rae Ci — 3atpartsl Ha nepectanoBky, Cmax — Makcu-
MaJlbHasA BEJIMYMHA 3aTPaT CPe/IM BCeX BAPHAHTOB.

2) llenouka kanpoBBIX MEPECTAHOBOK: YBOJIbHE-
HHE, IPHEM H nepemelnieHye pabOTHHKOB B pa3iHy-
HBIX KOMOMHALMAX, 3a/1eHCTBOBAHBI IBA pabOTHHKA
u Gornee.

CpaBHHBAIOTCA BCE BO3MOKHbIC BAPHAHTSI [1epe-
CTaHOBOK. B naHHOM cilyyae KaHIHZATOB Ha OJHY
JIOJKHOCTB MOKeT ObiTh D0JIee 0HOTO, OLIEHHBAIOTCA
3aTpaThl peanM3aluy Kax/10ro U3 BApHAHTOB Iepe-
MeLUEeHHH. YUHUTBIBAETCA TAKKe YPOBEHb KaJApPOBOi
HNEPECTAHOBKH B JlepeBe JO/IKHOCTEH, COIIacHo
IITATHOMY PACIUCAHHIO. BaskHOCTE NepemenieHus Ha
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Ha"ano

BriGop npuopuTeToB Kaaposor nomaTakn X1,X2,X3

Y

PopmamH3alms TpeGoBaHHi, MPEIBABISEMBIX K
PabOTHHKAM PasAHYHBIX JOJDKHOCTCH

Y

Coop nudopMmaly o nporpaMMax odydeHHs perHona

HCT

yueOHbBIX 3aBCACHHAX
PErHOHA CCTh HEOOXOIHMBIC
YuCOHBIC IPOTPAMMEI

PazpaboTka OIIEHKA CTOWMOCTH W
HEOOXOIHMBIX YIeOHBIX KagecTna yueOHBIX
IPOrpaMM TIPOTPaMM

VBeIHUCHHE YHCAA BO3MOKHBIX BAPHAHTOB NEPECTAHOBOK
3a CYET [UIAHHPOBANHS 00YYCHHS

Ouenka 3PPEKTHBHOCTH |1
pa3sIHYHBIX BADHAHTOB KAAPOBBIX NMEPCCTAHOBOK
Her aocrarouno
MWpPCKTHBHBIX BAPHAHTOB

NePeCTaHOBOK

Buibop nanbonee
pdexTunHOro BapnanTa
NepecTaHOBKH

Haiizen npuemaembii
BApHAHT KaapoBoii
[punsTie W pearH3anus ACPCCTaHOBKH
peLICHHS O
TNEPECTAHOBRE

¥

[L1annpoBaHue Kapbepbl COTPYAHHKOB

BEPXHEM YPOBHE [1epeBa JI0JIKHOCTEH (T. €. pyKOBO/Is-
lMe JOHKHOCTH) BbIlIE, YEM BAXKHOCTh MepeMere-
HUA HA HWKHEM YpoBHe (paboune crnelHanbHOCTH).

LeMo4Ky; yl — BaXKHOCTb MNE€PECTAHOBKH Ha J1aHHOM
YPOBHE JlepeBa JOKHOCTEH.

= 2 L yi*E, 0 AAroput™ oueHkH P ekTuBHOCTH
= Z PR ( KA/1IpOBbIX NepecTAHOBOK

i=1

rae En — 2 dexTHBHOCTh peann3allin BapHaHTa Ewe na srane cobecenoBaHnua 0 nmpHeMe Ha

(nenouku nepecranosok); Ei — addexTuBHOCTh
peanu3aliK NpocToi NepecTaHOBKH, BXoAALLEH B

paboTy y KaHIHIATOB BO3HUKAIOT BONPOCHI O Mep-
CMEKTUBAX HX KapbepHoro pocta. Hanuume Taxux
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NePCrIeKTHB MOTHBUPYET COTPYAHUMKOB paboTaTh
¢ MAakCHMaIbHOH oTna4yeH, ofydaTbes, coBeplieH-
CTBOBATH CBOM HaBbikH. [Inan kapsepHoro pocra,
COCTABJIEHHBIH ¢ MAKCHMAJIbHBIM Y4E€TOM HHTEPECOB
paboTHHKA, ABIAETCA 3aJOTOM TOrO, YTO MEPCreK-
THBHBIH COTPYJAHMK HE MOKHHET MpEeANpUsTHE MpH
MOSIBJIEHHH TPE/I0KEHHH OT KOHKYPHPYHOLIHX Opra-
Hu3auui. B mMaciutabax opranuzaimm 9T0 o3Ha4yaer
ofuiee CHWKEHHE TEKYUKH KaJpOB M CBA3aHHBLIX C
Heil m3nepiexk. [Lnan kapbepHOTro pocTa MOKET GbITh
COCTAaBIICH KaK I OTAEAbHBIX COTPYJAHMUKOB, TaK H
AN rpyni corpyanukos. [Inan coctouT 3 Tpaek-
TOPHH MEPEMELIEHHA 10 JOKHOCTAM B LITATHOM
pacnHCaHuy, [JIaHa 3a4HUCIICHHS B KaJpOBbIH pe3eps,
00yueHus, MOBbIILIEHUA KBANH(DMKALIMH, aTTECTALHH,
a TaK e OLICHKH PacXo/10B, CBA3AHHBIX C 00yHeHHEM
COTPYIHMKA H OTCYTCTBHEM Ha paloueM mecTe B
nepuon obyuenus. [IpumeHeHne aIropuT™Ma OLEHKH
2 HeKTHBHOCTH KaJPOBBIX MEPECTAHOBOK MO3BOIHT
COKpAaTUTh MPEIoaraeMble pacxo/bl Ha KaapoBbie
MEpECTAHOBKH €LlE Ha ITarne IIaHHPOBAHHA Kapbephl
COTPYAHHKOB.

“a’]aHHPOBaHHE ﬂOTpEﬁHOCTH B Kajapax

HenocrarkaMi H3BECTHBIX METOIOB KajpoOBOrO
JIAHUPOBAHHA ABJIAKTCA Oonbmas 3aBHCHMOCTh
OT PETPOCNEKTUBHBIX JaHHBIX H HEBO3MOKHOCTE
TPOTHO3HPOBATL COOTBETCTBUE NOTPEGHOCTH Mpejl-
NpHATHA B KaZpax BO3MOMKHOCTAM pPbIHKa Tpyia.
[Ipepnaraembiii METOI MPOrHO3HPOBAHHS MOTPED-
HOCTH B KaJIpaX OCHOBaH Ha KOMOHHALIMH H3BECTHBIX
CTAaTHCTHYECKHX METONOB H Y4YeTe KOHBIOHKTYpHI
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pbIHKa TPyaa. JIns yuera KOHbIOHKTYPbI PhIHKA TPYA
HEOOXOIMMBI CBEAECHHA O KOHKYPEHLIMH B OTPAC/IH H
CMEJKHBIX OTPACIIAX, CBEACHHA O IJIaHAX MOArOTOBKH
BbINYCKHHKOB BY30B H O J0JI€ BbIITYCKHHKOB, Kela-
IOIIMX YCTPOUTBCA MO cneunanbHoctd. s yuera
BHYTPEHHHUX IBHKEHHH KaJpOB HCOIB3YIOTCS airo-
PHTMbI UIAHUPOBAHHs Kapbepbl M OLIeHKH Y dexTns-
HOCTH KaJIpOBbIX N€pPeCTaHOBOK.

[TpeanokeHHble MOIENH W ATTFOPUTMBI PEATH30-
BaHbl B «ABTOMAarH3MpOBAHHOI cHUCTeMe yrnpasie-
HUSL KaJAPOBOH MOMUTHKOH npeanpusatus». Cucrema
npeaHaiHa4yeHa 118 KOMIIIEKCHOH dBTOMaTH3alHH
YTpaBJieHHs KaapamMH NpeAnpusSTHs H OCYILEeCTBIsAET
MPOrHO3HPOBAHHE W MOANEPKKY NPUHATHA Kaapo-
BbIX pemeHuii. OTKpbITas apXUTEKTYpPa CHCTEMBbI
MO3BOJIAET HACTPOUTL MOAY/Ib NPOrHOZUPOBAHUS HA
OUEHKY (PPeKTHBHOCTH HECTAHAAPTHBIX KAAPOBLIX
nporpaMm, pa3’paboTaHHBIX H HCIOJb3yeMbIX Ha
OPEANPHUATHH. DTO JaeT BOZMOKHOCTh CPABHUBAThH
3 dexT OT yke peanH3oBaHHBIX KaAPOBBIX MEpO-
NpUATHIA, U npeanonaraemsiii 3¢ dext ot peasinzanmn
MHPOBBIX NPAKTHK yrpasienus nepconanom (HRM),
HH(OPMAIIHMA O KOTOPBIX €CTh B CHCTEME.

Pa3paboTka « ABTOMaTH3MPOBAHHOH CHCTEMBI
YNpaBJIeHHS KaJpOBOil MOTHTHKOH MpPeanpHATHI»
Obina noaaepxkada @OHIOM COAEHCTBHS Pa3BHTHIO
MaJbIX (hopM mpeanpusTHii B HAYYHO-TEXHHYECKOH
cepe. [Tonyueno cBuaeTenscTBO 00 0pHLMANLHOI
perucrpaiuud nporpammst s O9BM Ne 2007612313,
BeilaHHOe DenepanbHoii cayxk00i Mo HHTELIEK-
TyaJbHOH COOCTBEHHOCTH, MATEHTAM H TOBAPHBIM
3HaKaMm.
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CeHTsikoB B. A.

MATEMATHYECKASI MOJIEJIb LIEHTPOBEXKHOTO POTOPHOI'O
OBOPYJIOBAHHUSA YIAPHO-OTPAJKATEJ/IBHOI'O THIIA

CymecTByeT MHOKECTBO MEXaHHMHECKHX
YCTPOICTB ¢ OLICTPOBPAIIAIOIIMMHUCS HACTSIMHU, B
KOTOpbIX 1HOO ObICTpOBpalLaoascs 4acTh (po-
TOp), MO0 Te MM WHbIE TIOALUIMITHUKN OCH poTOopa
MOJABEPraTCcAd BHEUIHAM AHHAMHYECKHM HIIH
KHHeMaTH4YeckuM BosgeiictBusam. Hanpumep, B [1,
2] onuchiBaeTcs KamHenpoOuaka ¢ ObICTpOBpalla-
fouHMHcs yacTamMH. BoibpanHas kuHemaTHyeckas
cxema ApoOHIKH HYKIAETCA B MATEMATHYECKOM
000CHOBaHHHN AN €e ONTHMH3ALHH, B YACTHOCTH,
MCKJIFOYEHMS KaKHX-TO DJIEMEHTOB, H3MEHEHHUS MX
(hopMBbI MM BBEIEHHA HOBBIX TEMEHTOB.

AKTYaJIbHOCTb TeMbI 00bsCHAETCH HEOOX0IHMOC-
TBIO MATEMATHYECKOTO H PaCUeTHOIO COMPOBOXKACHHSA
ycremHoil paboTel APOOMIKH M €e JalbHeHInero
COBEpLICHCTBOBAHHA. DTH 3HAHHA MOTyT ObITh I0-
Jly4eHbl Ha OCHOBE pa3paboTKH MaTeMaTHIECKOi MO-
JI€/TH KOHCTPYKLHH B BH/IE CHCTEMBI OOBIKHOBEHHBIX
autdepeHIHanbHBIX YPABHEHHIT U e pelleHus.

B KOHCTPYKIHH JpOOMIKH BbIICHATCA NATh
Ten: uenTpobexHast mydra (M), vus (T) u Bepx (B)
KapaaHHoro Bana, potop (1) u srynka (BT) .(puc. 1).
BeiGpanHbie Tena MOABMKHON CHCTEMBI APOOHIKH
npeanonararoTes abconTHO KecTkuMU. Tena B3a-
MMO/ICHCTBYIOT C KOPITYCOM M IPYT C JAPYIOM 4epes
CBA3YIOLIHE YIEMEHTHI: IIAPUKOBbIE MOAIIHIHHKH
MYy(TbI M CHIOBOIO YJIEKTPOIBHTATE]IS, IOIUIHITHAKH
W [LUTHLL B KAPIAHHOM Basle, CKaThli BO3YX B Onope,
MOALIMITHHKH LIEHTPYIOLIET0 Y3713 H PE3HHOBOE KOJIb-
110. JleHcTBHA CBA3YIOIINX IEMEHTOB ONTMCHIBAIOTCH
JIHHEHHBIMH BA3KOYTIPYTHMH CHJIAMH € MOCTOSHHBIMH
YOPYTOCTAMH i BA3KOCTAMH, BBoATCA 0003HaueHUS
[IABHBIX BEKTOPOB CHJI H MOMEHTOB B3aHMO/IEHCTBHSA
MATH BbIJIEIEHHBIX DJIEMEHTOB KOHCTPYKUMH. BekTo-
pbi cun obo3unavaroTes OyKBOi R C COOTBETCTBYIO-
[IIHM HH/IEKCOM CIpaBa BBEPXY; BEKTOPbl MOMEHTOB
o6o3Hauaiorcs GykBoii R C COOTBETCTBYIOIIHM
MHIEKCOM CMpaBa BBEPXY H yKa3aHHWEM CJIEBA BHH3Y
0JIK0CA NIPHIIOXKEHUS MOMEHTA (pHC. 2).

CxeMa KOHCTPYKUHH ApOOHIKH U BblOpaHHbIE
CHCTEMbI KOOPAHHAT NpeJCTaBlIeHbl Ha PUC. 1.

Jlns onucanus ABHKEHHA CHCTEMBI aOCOMIOTHO
WeCTKHX Teql B [5] pazpaboTaHa cHcTeMa BEKTOPHBIX
00bIKHOBEHHBIX JAH((epeHLHalIbHBIX YPaBHEHU.
dopma ypaBHEHHI NI03BOJIAET HAPALINBATL KOJIHYE-

CTBO TeJl B cucTeme Oe3 orpaHuueHuil. B cucreme
Belaensercs i-e teno. Emy npemmwecrtsyer (i-1)-e
Teno, 3a HUM caeayer (i+1)-e.

Hcenons3yeTes NPUHLIAN OCBOBOKAaEMOCTH: pe-
AKLIHHW cBA3ei paccMarpHBarOTCA KaK BHEUIHHE CHJTbI,
TaK 4YTO KaKI10€ T€JI0 CHCTEMbI MOJKET H3Y4UaThbCA KaK
cBoboanoe. [Ipu >ToM J0MKHBI OBITH ONpEAeIeHbl
CHJIbl M1 MOMEHTBI peakiuil cBsi3zeil Kak ¢ npeaslay-
UM, TAK H C NOCISAYHOLIHM TEJIOM CHCTCMBI.

CornacHo [5] BeKTOpHbIE YpaBHEHHUS JABHIKEHHS
OHOIO M3 Ten — UeHTpoOekHOi MydThI («M») 3a-
MHCLIBAIOTCS CAEAYOINUM 0Opa3om:

oM = mM .5, + 7™ + RO ~ RM,

M TEM mO . wmM
o‘,L = o,,L t o R o, R

rae

M M -0 —{] -M
D‘r =mM .g%, g% =3aM,

™M _ BMEM | =M M =M
o, L" =0,070" +® x(uue ® )

Peakumm cBsizeil onpeaesnsiorcs BbIpaKeHHAMU:

50 _ Bk
R =R Cnon 3
x(Xp COS Yy — Zpe SINYyy + yBag )T -
m T — Zum TMm MPM
M
Cnp‘wJ Cnon X

. =M
X(xy 8Ny + 2y cOsYy — Loy )T,
FO = K o

Oy R = Oy R

“M M  —/[B: =M M M.

> ~Cron®yl ™ —NpYml Cnon mk S

=M RM M
—RM = (R - R )TV +
(BTRM + R — Ry ) ¥

+(arRY + RY)EY

=y R M M M u
j:"lnonar Bro, My + by (“TR: + Ry ) -G Ry ]‘
M\ =M
(U.R + CRY — arRY )T +
+ [ar 0, :-]_izu i ﬁ.{;for!B?' +dr Ri” - by (RlM = BTR:M ):| K

BHeuine cuiibl OMNpeAenAOTCA BhlpaKEHHAMM!
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“ L___ KadeHHs

0.0
21
A- ILIMpOTa MecTa,

@" - yroBas CKOPOCTB
BpauleHUs 3EMIIH.

Puc. 1. Cucrembl KOOPAMHAT H PAIHYChI-BEKTOPEI
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Puc. 2. CunoBoe Bo3zieiicTeue Ha My Ty HH3a KApIAHHOIO BaJia
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o =g,
oy EEM .- OIT'“ + M,},,J?M + Ok"M.

DneKTpoABHraTeNnsb HASATH3HPYETCS CBOHM MO-
MCHTOM B BHJIC BbIPA/KCHHUA:

—da(l+1

rne M, — MakCHMaJbHbIi MOMEHT JABHraTes,
M, >0; a — noctosHHbI1 KOd(hhHLMEHT pasroHa
asurarens, a >0, Ty — NPOMEKYTOK BPEMEHH OT
MOMEHTA BK/IHOUEHHs ABUTATENsS 10 MOMEHTa MOoj-
K/IH04eHHs UeHTPoOekHOH MydThl, Ty > 0.

Monokurenbusie Beanuunsl R u , R
onpenendaT “KEcTkHe” peakuuu My(pTel ¢ HU30M
KapAaHHOro Baja: CHIAa BAOIb OCH KapAaHHOTO
Bajia OT My(ThI (BBEPX), MOMEHT BOKpPYI OCH Kap-
JAHHOT'O BaJsia B MOJIOYKNTEIbHOM HAINPABIEHUH A
opra j’.

Ynennr —B; - OT*.R;J HOr - ‘.R;'f YYHTBIBAKOT
KOHCTPYKIHIO KaplaHHoro coeauHeHus. Cxema
CHJIOBOTO BO3JEHCTBHA Ha My(TY NpeicTaBieHa Ha
puc 2.

AHANOIM4YHO 3aMHCHIBAIOTCH BEKTOPHBIE YPaBHE-
HHS 1A OCTa/IbHBIX TeJl.

Ha ocHOBe BEeKTOpPHBIX ypaBHEHMH JABHKEHHS
MOABHKHOH 9acTH APOOHIIKH 3alHChIBAKOTCSA OOBIK-

HOBeHHbIE An(ipepeHHaIbHble YPABHEHHS U1 TIATH
ycaoBHO TBepapIX Ten (M , T, B u BT).

ITaTe nap BexTOpHBIX ypaBHenmii natot 30 cka-
AspHbIX Au(depeHnnanbHbiX ypaBHEHHH BTOPOro
MopsaKa Kakaoe.

Ha ocHoBanuu “kecTkux” cBsizei MexIy Te1aMH
30 ckanApHBIX ypaBHEeHUI pa3ONBAIOTCA HA TPYIILI,
KOIJZa 110 TOMY HJIH MHHOMY HAalpaBIeHHIO THHEHHOro
H YIJIOBOTO JIBUAKEHHMH Ipynna kak Obl ONHMCHIBAET
ABHIKEHHE OHOTO TBEPAOIO Tesa.

Berigenennsie rpymnmbt ca3siBaores ¢ 18-10 Hesa-
BUCHMbIMH HCKOMBIMH TI€PEMEHHBIMH BETHIHHAMH.
I'pynnel ckanspHBIX ypaBHeHUIl npeobpasyrorcs B
cuctemy |8-1i o6bikHOBeHHBIX AndipepeHInanbHbIX
ypaBHeHHH Kaxaoe 2-ro nopsaaka. Cucrema ypaBsHe-
HUIl MpeqHa3sHaueHa Mid onuchiBaHus |8-TH Hewus-
BECTHBIX (DYHKIIMI1 BpeMEHH, KOTOPbIE ONpeaensoT
KOH(HUIYPALMIO MOABHKHON CHCTEMbI APOOHIIKH B
CTaTHKe, Ha XOJOCTOM XOIy M NMpH ApOOIeHHH Mo-
POIBL.

BeoasTcs kparkue 0003HAauYeHUS MOCTOAHHBIX
BEJAMYHH, KOAPPHIHEHTOB NPH HEH3BECTHBIX H
UX MPOM3BOAHBIX, A TAK)Ke NMPaBbIX HacTeil ypas-
HEHUIi.

Jna ynobcerBa obpautenus ¢ cuctemoi 18-ti
anddepeHHaibHbIX YPABHEHHI BBOMSTCS HOBbIE
0003HA4YEHHA HCKOMBIX BEIMYMH: X ,...X .

CBa3e MeXIy TBEPALIMH TENaMHU, CKAIAPHBIMH
YPABHEHHSAMH M HEM3BeCTHbIMHU OTOOpakeHa B Ta-
Onuue.

Cxema obbeIHHEHHA

1
E HL‘IMC]JH. H Uﬁbcﬂ.ﬂﬂeﬂllﬁ CKAJIAPHBIX y]JaBHeHIiFl H 0603”3"](3""5{ HCKOMBIX KHHEMATHYECKHX napamMeTpos.
o
b
=]
=3
b4 o} ey — [ -
z w| & | « g | | B Ela| BN &« | B
2 z 6 = 5 g 5 £ | 5 | & < 3
= = = = = = = = = = = = =
] s = E g s g = g g = = g
3 T 5 e 5 T g = g T g = =
:_!_‘ o= = = i = =
3
o)
M 1.1 1.2 " 1.3 14 | % | 15 1.6 P
Yum X, T m X,
X, X,
T 2.1 2 23 2.4 25 2.6
Xum M ar Br
B 3.1 X, 2 33 X, 3.4 X. 35 3.6 X,
Vi )
: . B
1 4.1 42 X, 43 44 v | as | x, | 46 |
xll] ’ x]l
, .
B | 51 | Usr | 52 Ver | 53 | w..x | 54 | Msr | 55 | Var | 56 | Mar
xl‘ xi-l BT 1 xlﬁ KI" xIH
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[Ipumeuanue:

Xpps Vags Zaps @pgs Yar s By — THHENHBIE M YITIOBBIE
nepemMenieHHus LUeHTpoOekHOI My(Thl B KOpmyce;
Oy, By — YIIOBbIE NEPEMEIIEHHS HH3a KapJaHHOro
BaJla OTHOCHTENBHO MY(ThI; y5,8 — nAHHEHHOE H
YIJI0BOE NepeMellieHHs BepXa KapIaHHOro paja oT-
HOCHMTENILHO HH3a; o, [, — YIJIOBble NepeMelleHus
PoTopa OTHOCHTENBHO BEpXa KapAaHHOIO BaJa;
Ugrs Vgrs Wers Agrs Vs Mgr — THHEHHBIE H YITIOBbIE
nepeMelleHHs BTYJIKH OTHOCHTEIbHO KOpIyca.

Cucrema audepeHUHANbHBIX YPAaBHEHHIl 3a-
MUCHLIBACTCA B BHJIE:

8
Z{a,-r-x', +b;x; +cyx;) = F; + g,

j=1
rie i — NOPAAKOBLIII HOMEp YpaBHEHH,
i=12..18 j — NOpAAKOBBIiH HOMEpP HC-

KOMO#H HeM3BEeCTHOH BenuuuHsl, i =12,..,18;
o by — K0dhUUMEHTBI NPH HEM3BECTHBIX M
X MPOM3BOAHBLIX (MOCTOAHHBIE H MEepeMeHHBIE);
F, —npaBble 4acTH YpaBHEHHIT C THHEHHBIMU YIeHa-
MH; & — MpaBble HACTH YPaBHEHHI C HETHHEHHBIMH
YJICHAMM.

Takum oOpa3zom, popMHpYETCS MaTeMaTHIeCKas
MOJIe/b MO/IBMIKHBIX YacTeil ApoOHIKH B BUE CHCTe-
MBI BOCEMHAILATH 00bIKHOBEHHBIX An(deperumnans-
HbIX YpaBHEHHI BTOPOro MOpAAKa ¢ HEJTHHEHHBIMH
“THPOCKOMHYECKMMHU " dIeMEHTaMH.

Maremariueckas MOJE/b MOKET ObITh HCITOJb30-
BaHa /UId pelICHHA ypaBHEHHﬁ CTATHKH H JHHAMHKH
no 18-TH HCKOMBIM KHHEMATHYECKNIM napameTpam u
no 6-TH COCTABHLIM KHHEMATHYECKHM napamMeTpam

JIBHIKEHHsl poTOpa Ha ocHoBe DBM.

a
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AHAJIM3 COBMECTUMOCTHU UHTEIPUPYEMBIX MTH®OPMALIMOHHBIX
CUCTEM NPEANPUATUA ITPH NIOMOIUHA E-UCHUCJIEHUA

BBenenune

Ha mio6oM coBpeMEHHOM MPEANPHATHH IKCILTY-
aTHPYIOTCA JECATKH pasaHUHbIX MH(OPMaLMOHHbIX
cHcTeM. DTO CHCTEMbI PAa3HOTO Kjlacca, paspaboTaH-
Hbl€ HE3ABHCHMBIMH KOMAHAMH NPOrpaMMHCTOB C
HCIOb30BaHUEM Pa3HbIX TEXHOIOIHIi M IPOTOKOJIOB
nepefaul JAHHBIX, H3HAYAJIBHO HE MpelHa3HauaB-
wHecs s copmecTHoil pabotel. Co BpeMeHeM
YCIAOKHAKIUMECH TPOU3BOJACTBEHHBIE NMPOLIECCHI
NpeAnpUATHS HAYHHAIOT TpedoBaTh COBMECTHOIH pa-
0OTHI paHee He3aBUCHMbIX CHCTEM, H BCTaeT 3aJa4a
HHTErpaluy KOPNOPaTHBHBIX MPHJIOKEHHNH TIPH 110-
MOLIM YHHBEPCAIbHOH HHTEIPaLMOHHOH 1at(opMbl.
Hesasucumo ot BeiGoOpa mocrasuivka naaropmsi

O/1Ha U3 3aj1a4, KoTopas 00s3aTebHO BCTAHET B X011€
HHTErPALIMOHHOTO MPOEKTa — M3y4eHHe KOMILIeKca
CYIIECTBYIOIIEro Ha MPeANpUATHH MPOrPaMMHOIO
obecnieyenus ¢ 1e1bl0 000CHOBAHMS BO3MOKHOCTH
OpraHu3alMy EKTPOHHOIO B3aHMOIEHCTBHA BCEX
CHCTEM H BKIIOYEHHMA MX B €IHHYIO Cpeay HCHoJ-
HeHHsA Ou3Hec-mpoueccoB. Ha mpakTuke 2Ty 4acTh
aHannla npeanpuaTus npoBoaat 6e3 (opmanbHoOro
OIMUCAHUSA CHCTEM, aHAJIU3 UX COBMECTUMOCTH Mpo-
MCXOAMT B MPOLIECCE MOCTPOCHHS IHHAMHYECKHX
mozenei OM3HEC-MPOLECCOB, YTO 3a4dCTYIO MPHBO-
JIUT K HEOOXOHMOCTH JI0NIOJTHUTENLHON pa3paboTky
HeAOoCTalUX HHTepdeiicoB K CHCTEMAaM, a 3Ha4uT,
cMmelleHuio rpadnka pabot. AHaIH3 COBMECTHMOCTH
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CHCTEM HAa PaHHHUX HTanax Mo3BOJIUT 3aJI0KUThL pa3-
pabotky sTux unTepdeiicoB B nian pador U Gosee
TOYHO TUIAHHPOBAaTh Pa3pabOTKy BCEro KOMILIEKCA.

[MocTpoenne MonesIn NpeANPUATHS HA IPUMepe
xomnanuu Murepencrems

ﬂﬂﬁ peLIeHus OMUCAHHOM 3aaqy npeajaraercs
NOCTPOUTL MOIEIb NPEANPUATHA C TOYKH 3pEeHHUA
HCTIONB3YEMBIX HA NPEeanpHATHH HH(POPMALIMOHHBIX
CHCTEM. DTa MOJIe/b 10/KHA OMHCHIBATH MPEAOCTaB-
JNISEMbIE KaXK10i MHTErpHPYEMOI CHCTEMOH JaHHble
H HX CTPYKTYPY, KPOME TOr0, MOJEIb JI0JIKHA SIBHO
yKa3biBaTh, KAKMM CHOCOGOM MOMKHO M3BlIeYb He-
00XoaHMBIE JaHHbBIE H3 HH(OPMALIMOHHBIX CHCTEM.
[TycTs 3anaHO, 4TO HCIONL3YETCA HHTETPALIHOHHBII
Opokep, 00palaMMIHCA K BHEUIHUM CHCTEMaM
npH nomomu agantepos. Torna BXoasiiui ypo-
BeHb abcTpakiuy Opokepa MO3BOJISET CMOTPETH HA
[aHHble, MOMy4YaeMble U3 BHEIIHHX CHCTEM, KaK Ha
00beKThl HEKOTOpLIX Kiaccos [1]. Knaccel, kak u3-
BECTHO, ONPEACnAT CTPYKTYPY H NOBEACHHE CBOUX
sk3emmpoB. He 3arparuBas ceifuac Tembl nose-
JeHnA 00BLEKTOB, OTMETHUM, YTO CTPYKTYpa KJaccoB
OyzleT COOTBETCTBOBATh TOH CTPYKType, B KOTOpPOIt
AaHHBIE HaM NpeaoCTaBlIAET (nan U3 KOTOpPOIro Mbl
MX M3BJIEKAEM) HHTErpupyeMas cucrema. Takum 06-
pa3oM, BHEIIHAA, HHTErpHpyeMas cucTeMa /s Hac
CTAHOBUTCA ““HEPHBIM SLLIHMKOM ™, IPEAOCTABIAIONINM
CBOM MouYKy 00CMyna aHAIOTUYHO cnocoly, KOTo-
PBIM NpeIaraeMoMy Teopreil 00beKTOB, KOTOPYIO 1
HCIIONb3YEM B KaueCTBE WHCTPYMEHTA MOCTPOSHHS
MOJEIH KOMIUIEKCA CHCTEM NPEANPHATHAL.

AjanTupyem onpejeneHus Teopu o0bexTos [ 1]
K paccMaTpHBaeMOMY CIIyHaw MHTerpauuu uHdop-
MaUHOHHBLIX cHCTeM. Touku docm)-'fm K cepsucam
— Habop MeTO0B, CTPYKTYpa KOTOPLIX H3BECTHA H
KOTOPbIE MOKHO BBIMTOIHATH H3BHE. Touku JAoCTyna
HE BKJIIOUYAKT B cebs ONnMcaHue HernocpeicTBEHHO
HCMOJIHAEMOI'0 Koaa u 3aKJIHOYEHHON B 3TOT KOa J10-
ruxn. O aGCTPAKTHBI, TAK KaK OMPEIesISIOT TOJbKO
MPOTOTHIELI U1 Ka/KA0I0 METONA, TO €CTh Ha3BAHMSA
METOJ0B H THIIbI APryMEHTOB H BO3BpallaeMbIX
3HAYEHHH METO0B, a TaKxke 00LIHe ONMMCAHUS TOTO,
KaK NpUMeHATh Kaxabli meton [2]. Touku nocryna
6bIBalOT NpenocTaeaseMsle 1 TpebyeMbie.

ﬂGKTGPGMRGHO\? onucanue — 3To OIIHCAHHE TOHEK
JA0CTYNa KOMIIOHEHTOB kak Habopa abcTpakTHBIX
METO/IOB ¢ yKa3aHHEM THIIOB BXOJHBIX MapamMeTpoB
H BO3BpamlaeMeIX 3HaueHuil. Takke B nexiapaTHB-
HOE ONUCAHHE MOKET BXOOWTh KPATKOE OMHCAHHe
MeTO0B. JleKinapaTHBHOE ONHUCAHHE KOMIOHEHTOB
CAYKHT JUIS NOCTPOeHHs 001leil KOMIIOHEHTHOI ap-
XHTEKTYPhI KOMILJIEKCA, ONTHCAHHUA OTBETCTBEHHOCTH
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Kax/10i U3 komnoHeHT. lIpu 2Tom He paccmaTpuBsa-
€TCA pean3atiis KOMIOHEHThI 1 METOIOB, BXOAALLIMX
B MPEAOCTABIAEMbIE € TOYKH 10CTYNA,

Onepayuonnoe onucarue — 510 ONNCaHNe TOYEK
JOCTYTIa KOMITOHEHTbI, COAEpIKalee ITOMHMO 3aroJioB-
KOB METOIOB €l11¢ H KPaTKOe OMHCAHNE AIrOPUTMA 1A
KazK10r0 U3 5THX MeTo10B. OnepalHoHHOe OnHUcaHue
HeoOXoaAMMO 1A Goee AeTaTbHOTO IPOEKTHPOBAHHUA
KOMITOHEHT CHCTEMBI, HX (pyHKIMOHAIBHOCTH [2]. Bee
CHCTEMBI ONHMCBLIBAIOTCA C TOYKH 3PEHHSA MpPEeICTaB-
JSieMBIX TOYEK J0CTYNA K cepBucam. [l onucanns
TOYEK J0CTyna ucnofib3yercs 1060il GopManbHbii
nmoaxoa. B MHpOBO# MpakTHKe A8 dTOTO Ha4MHAET
NPUMEHATLCA C-UcUUcIeHue. s npocrotel Oyaem
MCTOIb30BATH G-UCHHUCIIEHUE ¢ THITAMH. DTO BO3MOK-
HO, TAK KaK TOYKH J0CTYNa KOMIIOHEHTa COAepKar
METO/Ibl KaK OOBEKTHI KIacCHYeCKOH Teopuu 00beK-
ToB. KoHeuHo, 11 NOJTHOTO COOTBETCTBHA 0ObEKTaM
HEe0o0X0AUMO, 4TOOB! TOHKH A0CTYHA COASPIKaH ele
M CBOHMCTBA, M B MPUHLIKIE MPOCTBIE TOYKH AOCTYIIA
MOKHO ObLIO OBbI Npe/ICTaBIATh Kak Habop CBOHCTE,
HO /U1 OOLIHOCTH MBI 9TOTO fAenath He Oynem. C apy-
roii CTOPOHBI, Hac/le10BaHHe U NOAUMOpPGH3M, KaK 1
JIPYTHE IEMEHTbI 3TOH TEOPHH, B HALLIEM Cllydae He
MCTIOIB3YIOTCA, 4TO HE OTPAHHYHBAET OOILHOCTD.

byaem cuurars, 4TO:

Humepgpeiic={Memod , Memoo, ..., Memoo,

Memoo =

ctxl) A(llapavempll:Tunll),

AHapamempl2:Tunl?2), ..., A(Haparemp Im:
Tunlm) Bozepam: Tun

Tun, m onpeaensTC 418 Ka)XA0ro METOAA.
AHaIOTHYHO ONMUCHIBAOTCA Tpebyemblil nuTepdeiic
HumepghenicTpet. [lanee:

Humeepupyemeotiit Komnonenm = {Humep-
Qeiic,, ..., Humepgpeiic, HumepgeiicTpeo ... Hu-
mepdpeiicTped }.

3arem, Mbl MOJKeM c(HOPMYITHPOBaTH ONEpaLHi
HaJ TOYKaM# JOCTYTA.

Onepauns 1. PaBeHcTBO TOUEK AOCTYMA.

ITycTs ecTh ABe TOUKH A0OCTYNA,

Humepepeiic, ={Memoo,,, ...., Memoo .} w Hu-
mepgpeiic ,={Memoo,,, ..... Memoo, ;.

Humepgpetic, =Humepghec, ecin BbINONHACTCS
clielyrolee ycjaoBHe:

Humeppeuc +Humpeic ,=Humepdgpeiic,=Hn-
mepghelic.,.

HeoGX0aMMO OnpeenTh CIOKEH e TOUeK 10~
CTyMna H PaBeHCTBO METOOB.

Onepaiius 2. PapeHCTBO METOMIOB.

byaem roBopuThb, 4TO METOA

Memoo ,=¢(x,) A(llapamemp  :Tun,)...
A(llapamemp, :Tun, )b rt, paBeH meTomy
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Memoo,=¢(x,) A(llapamepm, :Tun,)..
A(Ilapavemp, :Tun, ) b,: rt, ecnu

ITapamemp, =Ilapamemp,, rt, = rt, m, = m,
Tun, = Tun, ans moOwiX i=1.m,

OnpeznenuM OnepaLnio cI0KeHHA TOHEK 10-
cTyna.

Onepauus 3. CnokeHHe TOUEK JOCTYNA.

ITycTb ecThb JBE TOYKH JOCTyMNA:

Humepdpeiic, ={Memod , ...., Memoo ,,} w Hn-
meppetic ,={Memoo,, ...., Memoa,,}.

Toraa cymMmo# ToO4EK JOCTYMa

Humepdpeiic,+Humepgpeiic,

Ha3bIBAETCA

Humepdpeiic, = {Memoo,,, ...Memoo  },

Memoo,, . {Memod,, ..., Memoo,, Memoo
..... Memoo,,} u npu smom

Meemoo, # Memoo; ons nobbix x uy

Jlanee onpenennM HepaBEeHCTBO METOIOB.

Onepauust 4. HepaBeHCTBO MeTONOB.

bynem ropopuThb, 4TO METOA

Memoo ,=¢(x,) A(llapamemp  :Tun,)..
A(llapamemp, :Tun, ) b.: rt, ne paBeH MeToay
Memoo,=¢(x,)

A(llapamemp, :Tun,)...i(Ilapavemp, .:Tun, ,)
bt

ecsM X0Ts Obl OJIHO M3 YCIIOBHI

Ilapavemp, = [lapavemp?2,, rt, = rt, m, = m,
Tun, = Tun, (i=1.m)

HE BBITIOJIHACTCA.

Onepauus 5. Bxokienue uarepdeiicos

Bysnem rosoputh, uTo MHTepdeiic Uutepdeii-
cTpe6 Bxomut B untepdeiic Murepdeiicl, ecnu s
moboro Metoza uz MurepdeiicTpeb naiinercs meton
Hurepdeiic, Takoii, 4TO ITH METO/BI TOXKIAECTBEHHO
passbl. T. e. nycTh:

HumepgpeiicTpe6 = {MemoodTpeb,, ... Memoo-
Tpeb,},

Humepdpetic={Memoo , ... Memoo }.

Torna HrumepdgpeticTpeo sxonut B Humepdetic,
ecnu

Vi e[l,n] 3j €[l m]: MemooTpe6, = Memoo,.

Bxoskenue tpeGyemoro uHTepdeiica B npeo-
CTaBIIAEMblii ONpe/iengeT BO3MOKHOCTh B3aUMOZIEH-
CTBHS KOMIIOHEHTOB. TO ecThb eclM KOMMOHeHT M,
umeeT Tpebyemetit uutepdeiic HurepdeiicTped, a
KOMMOHeHTa M, — npenocTaBnsemslii nHTEpQEiic
Hurepdeiic, u npu srom UurepdeiicTped sxoaut B
HnTtepdeiic, To MOXKHO CKa3aTh, 4TO KOMIOHEHTHl M,
1 M, B3aHMOZIEHCTBYIOT KOPPEKTHO. [2] DTOT nozxoxn
B NEPBYIO Ouepelb MO3BOIMT abCTParupoBarses OT
THNA W CTPYKTYphl uHTepeiica. 310 MOKeT ObITH
web-metoz, AP wim npocto daiin Ha JKeCTKOM JHCKe.
B TepMHHAX MpeTOKEHHOTO annapara — 3710 MpocTo

2

METO/1 CO CBOMMHM apryMEeHTaMH U THIIOM BO3Bpallae-
moro 3Hauenus. Kpome Toro, Takoi noaxoa no3soauT
Ha 3Tarne aHaJinia CYILUECTBYIUINX CHCTEM BbIABHTH
OTCYTCTBHE HEOOXONMMBIX KOMITIOHEHTOB.

[NokaxxeM npumep MOCTPOEHHS MOAEIH AnA
paccMaTPUBAEMOro KOMILIEKCa CHCTEM Ha mpumepe
komnanuu MuTepcucrems.

Ecnu Mbl HMeeM KOMITIOHEHTHY0 MOZieNb, TO, HC-
noJib3ys GopMasbHbie METOIbI, MOXKEM ONPENEINTD,
HACKOJIBKO KOPPEKTHO MOTYT B3aMMOJAEHCTBOBaTh
CHUCTEMBI KOMILIEKCA, T. €. eclu Bce Tpebyemsbie
TOYKH JOCTYTIA BXOIAT B COOTBETCTBYIOLIHE MpPENo-
cTaB/sieMble TOUKH, TO HE BOZHUKHYT KOJUIH3HH [PU
nepenade ¥ 06padoTKe JaHHBIX B pacCMaTpPUBAEMOi
HHpOpMaLHOHHOI cucTeme. ONHIEM KOMIOHET
ISCPerson, npeacrasnsomuii coboii 6a3zy naHHBIX
COTPYIHHKOB KOMIaHuu. st NpOCTOTHI H3IOKEHNS
3nech U ganee ybepem He3Hauumble HHTepeich
peasbHOr0 KOMIOHEHTA, CBA3AHHbIE C OTIYCKaMH,
CepBHCHBIMH (DYHKLMAMH U IP.

ISCPerson=|

CosnarsCorpynuuka = ¢(s) AM(HMma: String)
M®amunns: String) A(TTapons: String) A(Otaenenue:
{“SE",”Sales”,”Support”,”CO”,”"TM”,”"M”})
MomxraocTs: String) M Tenedon: String) A(Iloura:
String) A(IToapaszmenenume: String) AMOrnyck: Inte-
ger) A(Vmanen:Boolean) b : Integer;

CosapareOT1aen= ¢(s) A(Haspanme: String)
MMenemxep: Integer) MIlogunnenue: Integer) b
: Integer;

Usmenutsllapons= ¢(s) (Mnentudukarop: In-
teger) MCrapsiitllapons: String) A(Hosgiiillaposns:
Integer) b, : Integer;

CorpyauuxlloMnentnduxaropy = ¢(s) (Maenru-
¢uxarop: Integer) b, : ResultSet;

CorpyaunkIToMmenn = ¢(s) (Mma”™ String) b
~ ResultSet;]

(QueBHIHO, YTO ITOT KOMIIOHEHT NMPOCTO Mpeo-
CTABJIAET pa3/IMYHbIe METOABl 11 paboTel ¢ Gaso
JAaHHBIX COTPYAHHKOB. PaccmoTpum n1000ii Kommo-
HEHT, KOTOPBIi HCTIob3yeT 6a3y JaHHbIX COTPYIHHKOB
Kommnatuuu. [I1s Haiero mpumepa o4eHb XapakrepHa
CHTYAalINs, KOT/Ia MOABHICA HOBBIT COTPYAHHK. DTOT
COTPYIHHK BHOCHTCS B Pa3HbIE CHCTEMbI Pa3/IHYHBIM
00pa3oM, MOCKOIbKY B KaK/10H H3 HHUX OH HMEET CBOH
NpPHUPOILY U CTPYKTYPY. PacemoTpim, Hanpumep, To4-
KH gocrtymna, npeaoctasngemble CRM cucTeMoi.

TRS.Crm=

[CosnarslTonssosatens = ¢(s) AM(Mms: String)
M®amuaua: String) A(Jlorun: String) A(ITapons:
String) A(Otaenenue: {*17,727,73774”757,76,"7"})
MAomxuocTs: String) A(Vaanen:Boolean) b_ : In-
teger;

cmus
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CosnareOtaen= ¢(s) AM(Haspanue: String) b :
Integer;

W3amenursllonbsoBarens =¢(s) M(Maentudukarop:
Integer)A(Mms: String) M®amunus: String) A(JTorun:
String) A(ITapons: String) A(Otnenenne: {<17,727.73
774775067, T7 ) M domkaocTs: String) A Yoanen:
Boolean) b : Integer;

HamenntuOraen= ¢(s) MHnentuduxarop: Inte-
ger) MHassauue: String) b : Integer;

3anpoc=¢(s) A(Texer: String) M Mmal Tonb3oBarens:
String) A(ITapons: String) b, : ResultSet;].

B 7TOM KOMMNOHEHTE TaKKe eCTh TAKas CYIIHOCTb,
KaK ro/ib30BaTe/lb, HO, €CTECTBEHHO, CTPYKTYpa €ro
ornuyaerca. Kpome nmMeHu U amunun kommnoHeHt
TpebyeT HMeHH MONb30BATENA U NAapOJis, MOCKOIBKY
MPEANoNaraeTcs ylajleHHbli A0CTYN K 9TOMY KOM-
MOHEHTY M3 HesaluHileHHbIX cereil. Kpome Toro, B
CTPYKTYPE, IPHHATOH B ITOH CHCTEME, OTAE/Ibl HyMe-
PYIOTCS, @ HE HAa3bIBAIOTCA M0 UX OYKBEHHBIM KO/IaM.
HakoHew, npHHATO JONOMHHTENBHOE 0003HAYEHHE
JUIA ellie He ONpee/IMBIIHXCSA COTPY/IHHKOB — BbIHE-
CEHO B OTAEIBHBIH HOMEP OTACICHHE MO YMOIHAHHIO.
Haxoneu, psan napamMeTpoB B aHAJIOTHYHOM METO/IE
MpOCTO OTCYTCTBYeT. Teneps MOCTPOHM OTepalHOH-
HOE OMUCAHHE ITOTO Ke KOMIOHEHTA.

TRS.Crm=

[CosparellonszoBarens = ¢(s) M(Mmsa: String)
M@amunus: String) A(Jlorun: String) A(ITaposs:
String) MOtaenenue: {*17,°27 73" 74”75 76>,"7"
1) A(Jlomkuocts: String) M(Vaanen:Boolean) (TRS.
CrmTpe6.CoznarsCorpyanuxa( Mms,Damusms,[Tou-
ta,[Tapons. FN ConvertDepartment(Otaenenune).-
JomxHocTs, Ynanen)):Integer.

CosnareOtraen= ¢(s) M(Haspauue: String)(TRS.
CrmTpe6.CoznarsOtaen(Hassanue)): Integer

Msmenntsllonssosarens = ¢(s) MU aentudukarop:
Integer)A(Mms: String) AM(@amunus: String) A(Jlorus:
String) ATlapons: String) MOtaenenne: {*17,727,73
"4 SR 6N T ) MdomkHocTs: String) A Voanes:
Boolean) (TRS.CrmTpe6.U3menntsCorpynunka(U-
ma. @amuns, [Toura,[Tapoas.FN ConvertDepartmen-
t(Ornenenne), Jomxnocts, Yaanen)): Integer.

Cosnars/leiictBue = ¢(s) AM(Ha3zsanue: String)
MJaraCosnanusa: Date) A(/lara3akpsitus: Date)
MOnucanwne: String) M(Tun: String) A(Onoselienne:
String) A(Ynaneun:Boolean) b_ : Integer;

MamenntOTtaen= ¢(s) MUnentnduxkarop: Inte-
ger) MHaspanue: String) (TRS.CrmTpe6.Usmenuts
Ornen(Unentudukarop, Hazpanue)): Integer.

3anpoc=q(s) A(Tekct: String) A(MmalTonbzosaresns:
String) MITapons: String) b, : ResultSet:].

[Tpumenss ananornuHbie OpHUEMbl U1 BCEX Me-
TO10B HHTepdeiica, Mbl OOHAPYKHBAEM, YTO BIOJHE
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MOXKEM onpeaenuTh Tpedyemblii uutepdeiic ang Ha-
ero komnoxnexTa. Mrak, Hexoas U3 onepauuoHHOro
ONMHCaHHA MOKHO MOCTPOUTH (POPMATILHOE ONTHCAHHE
unrepdeiica TRS.CrmTpeb, koropsiii onpeaenser
HEOOXOAHMMBIE JUIA LEJOCTHOH paboThl KOMIIEKca
CHCTEM TOYKH JIOCTYMA.

TRS.CrmTpe6=

[Cosnarellonb3oBarens = ¢(s) AM(Mms: String)
M®@amumna: String) A(Jlorun: String) A(Ilapons:
String) M(Otaenenue: {*17,727.737,74” 57 767,°7"})
MHAomxkHoets: String) A(Ynanen:Boolean) b, : In-
teger;

CosnateOTtaen= ¢(s) AM(Haspanue: String) b._:
Integer;

Hsmennrsllonb3osarens =¢(s) MM nentnduxarop:
Integer)AM(Mms: String) M(Pamunus: String) A(JTorun:
String) A(ITapons: String) M(Otaenenune: {17,273
T4 5677 M domkHocTs: String) A Yaanen:
Boolean) b : Integer;

MamenutsOraen= ¢(s) MHaeatuduxarop: Inte-
ger) A(Hassanue: String) b__ : Integer;

3anpoc=¢(s) M Texct: String) A(Wmsl lons3osarens:
String) A(TTapons: String) b, : ResultSet;

Cosnarp/leficteue = ¢(s) A(Hassauue: String)
A(HaraCosmanus: Date) A(/lara3axpeiTus: Date)
AMOnucanne: String) A(Tum: String) A(Onoseiuenne:
String) A(Yaanen:Boolean) b_ : Integer:].

Buano, uto aBa MeToaa Ham ellle He 3aKpLUIH
NpeaoCTaBaseMbIMH HHTEp(eHcaMH, B TO BpeMsl Kak
OCTaBIIHECs METOIbl MONHOCTBIO BXOAAT B MPeEo-
CTaBisgeMble TOYKH JocTtyna. OfpatuMes K Apyrum
KOMIIOHEHTAM 34 HEOOXOAMMbIM “CTPOHTENIBHBIM
MarepHaiom’ .

AHanOrMYHBIH aHANKU3 JAPYTUX KOMIIOHEHTOB
NpeanpuaTHsa MOKa3blBaeT, B 4aCTHOCTH, YTO KOM-
noHeHT WRC B gocTaTo4HO# CTerneHd HajeleH
HeOOXOIMMbIMU TOYKAMH J0CTYyNa. PaccMoTpum mx
noapobHee:

WRC=

[CoznarsllpoGrnemy = ¢(s) A(Ha3zsanue: String)
MMaraCosnanus: Date) A(/lata3akpeiTus: Date)
MOnucanue: String) A(Bepcus: String) A(Knuewr:
Integer) A(Kontakr:Integer) AM(Crnenytomee/leficTaue:
Date) bcu'l,'m : Boolean;

Cosnars/IeiicrBneBlIIpoGneme = ¢(s) A(Hazsauwue:
String) A(/laraCo3nanns: Date) A(Onucanue: String)
A(Tun: String) b_ : Integer;

OcymecteutnlTonck = ¢(s) A(3anpoc: String) b
: ResultSet;

... {ocTanbHbIE MeMeHThl MHTEpheiica} .

Torna muteppeiic TRS.Crm moauduunpyercs
ceayomuM obpazom:

ocn
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TRS.Crm=;

[Co3narsllons3osarens = ¢(s) MUms: String)
M®amunus: String) A(JTorun: String) A(TTapons:
String) MOrnemenue: {17,727 73" 74" 57 76" 7"
}) MHomxknocts: String) A(Ynanen:Boolean) (TRS.
CrmTpe6.Co3znarsCorpynuuka(Mmsa, @amunus, [Tou-
ta,[Tapons,FN ConvertDepartment(Otnenenune),-
Homxxocts, Yianen)):Integer;

CosparsOtaen= ¢(s) AM(Hazpanne: String)(TRS.
CrmTpe6.CoznarsOtnen(Ha3sanue)):Integer;

Hsmenutsllons3osarens =¢(s) M nenruduxarop:
Integer)A(Mmsi: String) M @amunns: String) AM(JTorun:
String) M(ITapons: String) AM(Otaenenue: {<17,72”."3
47 5 6”77 MdomkHoceTs: String) A(YoaneH:
Boolean) (TRS.CrmTpe6.U3menntsCotpyaunka(H-
mst,Damunus, [Toura,ITapons, FN ConvertDepartmen-
t(Otnenenne).JomxHocts, Yianen)): Integer;

Cospars/leiicteue = ¢(s) A(Hazpanne: String)
MHaraCosnanns: Date) A(dara3axpeiTus: Date)
MOmnucanue: String) A(Tun: String) A(OnoeiueHue:
String) A(VYnanen:Boolean) (TRS.CrmTpe6.Co3nars-
HeiicreueBlIpoGneme(Hassanne, JlaraCo3nanns, Jla-
taCosznanus. Onucanne, FN Convert Types(Tun),0,0))
: Integer;

HamennteOtaen= ¢(s) MUaentuduxarop: Inte-
ger) MHassanue: String) (TRS.CrmTpe6.M3menuts
Otaen(Moentndukarop, Ha3pauue)):Integer;

Zanpoc=¢(s) M Texer: String) M(Mmsllons3zosarens:
String) A(TTapons: String) (TRS.CrmTpe6.Ocyiue-

creuTellonck(3ampoc,” system™,”sys™)): Result-
Set:].

[Mpusoauts MoandUUMPOBAHHYIO TPeOyeMylio
TOYKY AOCTYIA yiKe He HYKHO, 10CTAaTOYHO 00paTnTh
BHMMAaHHE Ha TO, 4TO TpeOyeMble METO/Ibl Haii1eHb
W TAKKE€ BXOAT B MPEAOCTABIACMbI KOMIIOHEHTAMH
meToabl. Takum o0pa3oMm, CyMMBl TOYEK AOCTYyMa
ISCPerson+WRC gocrarouno, 4todbsl 06pa3oBaTh
CyMMapHEIil HaOOp METO0B, B KOTOPLIH BXOIUT Tpe-
oyemas Touka gocryna TRS.Crm. [Tostomy MoxKHO
CYHTATh I0KA3aHHBIM, YTO B3aHMOAEHCTBHE CHCTEM
C TOYKH 3pPEHHA CHHXPOHHM3alMH Mob3oBarenei B
KOMIUIEKCE BO3MOMKHO H 0OecreunBaeTcs CyuecTBy-
FOLLMMH TOYKAMH JIOCTYTIA.

Jakaouenue

Hcnonb3ys ykasaHHYIO METOAMKY, MOXKHO Ha
JTane aHanu3a MpeanpHATHs MPOBEPUTH COBMECTH-
MOCTB HCIMOIL3YEMBIX HH(OPMALIMOHHBIX CHCTEM H
UX MOPHIOAHOCTbL IS OCYLIECTBJIEHHA HHTErpalinH
OpH MOMOLIH COBPEMEHHBIX CPEJICTB, TAKHX KaK HH-
TerpanmoHHeie Opokepsl. Tak Kak MHTErpalHOHHbBIE
MPOEKTHI O4€Hb CIOXKHBI H TPEOYIOT 3HAYUTESILHOIO
BJIOKEHHS PECYpPCOB, MOAOOHBIH aHATH3 MO3BOJMT
CYLIECTBEHHO COKPATHThE PHUCKH HEYCINENIHOIO BHE-
JIpeHHs HHTerpannoHHoro Gpokepa nmyTem CBOEB-
PEMEHHOr0 BbISBIEHHS OTCYTCTBHA HEOOXOIMMBIX
unTepdeiicoB M 3a/10KHTh B IPOEKT BPEMA HA UX
pa3paboTKy.
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JIOrHKO-JIMHIBUCTUYECKOE MOJAEJTMPOBAHUE IMPOLECCA
HHAUBUAYAJBHOI'O MPUHATHA HHBECTHIITMOHHOI'O PELLIEHHUS

[lpoiecchl HHAMBHIYAILHOTO MPHHATHSA HHBE-
CTHUHOHHOTO PELIEHUS — ONpejesiole yCloBue
5> (peKTHBHOrO YNpaBIeHHA aKTHBaMH, pELICHHA
OpPraHM3alHOHHBIX BOMNPOCOB M pacrpeieieHuns
pecypcos. Jluuo, npunumaromee pemenne (JIITP),
ONepHpyeT ONpeneIeHHbIM HabOpPOM YeTKHX BHY-
TPEHHHX MPABHIL, 4 PABHO H30MPATEIbHO aHAIM3HPY-
€T CHTHAJIbl, PeaK1Hs Ha KOTOPbIE COITIACHO JIMYHOMY

HCTOPHYECKOMY ONBITY A0JXKHA COOTBETCTBOBATDL
NPHHATOH HHAMBHAYaJIbHOH “TOProBoH cucTeme’
PriHOYHbIE YCIOBUSI MOBBIIIEHHOH HeomNpeaesleH-
HOCTH ABJAKTCA OJOMNOJHHUTE/IbHBIM obocHOBaHMEM
HeOOXOQMMOCTH y4yeTa U CTPYKTypH3aluH (aKTopos
npuHsTHA pemeHns. KonoccanbHas nHpopmanu-
OHHasg M30bITOYHOCTL M HATpy3Ka, COMHHTEIbHOE
onucanue coObITHI M TOJIKOBAaHHE CHUTHANOB, (haKkT
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OINEPHPOBAHUA TIPHBIEHEHHBIMH CPEJICTBAMH — 3TH
W ApyrHe GakTopbl CTABAT Moa Bompoc Gyayuee
HHIHBHIYaIbHOrO NPHHATHA PELISHHS B HbIHELIHEM
€ro MPOSBICHHH.

HHBECTHHHOHHBIQ PELICHHUA HE/b3d CBECTH K
paspsijly OUeHKH HHBECTHIIMOHHBIX MPOEKTOB. B cuity
BBICOKOI JIMKBHIHOCTH (DOHIOB OHH NPHHUMAKTCA
CHCTEMAaTHYECKH, a H3-3a BLICOKOTO YPOBHS pHCKA
— obaymanno. [IpuHATHE HHBECTOPOM WM CHEIH-
AIHCTOM YTIPaBJIAIOLICH KOMIAHHH PELIeHHS OCy-
LIECTBJIAETCS M0 BIOJHE ONPEJEICHHBIM IPaBHiIaM,
KOTOpbIE NPEICTABAIOT cob0ii paccMOTpeHuUe 1 aHa-
JIM3 KOJIMYECTBEHHBIX WM KaueCTBEHHBIX (JAKTOPOB
HApATy ¢ HAKOTUIEHHBIMH 3HAHHAMH. 3TO MOXKET ObITh
KaK YeTKO OPraHH30BaHHaA CTPYKTYpa B BHE CHEIIH-
aJIM3MPOBAHHON KOPMOPATHBHONH HH(OPMALIMOHHOH
CHCTEMBI, TAK W JIHYHbIE MPEANOUTEHHUS, KOTOPhIE B
HeopMann30BaHHOM BH/E MOTYT ObITh BHIPAKEHD
JOCTATO4HO PACIUILIBUATEIMU OHATHAMHM, HATIPHMEP:
“moporo”, “BeposTHEE BCero, CTOMT npuodpectu”
u T. A. [IpuuaTne pelueHuit MO0 MHBECTHPOBAHMIO
OCIIOKHACTCH Pa3IHYHBIMHA (AKTOpaMH, TAKHMH,
KaK THI1 HHBECTHLINH, OrpaHM4eHHOCTb ¢HHaHCDBhIX
pecypcos, puck [1, 21].

910 3HauuT, uto JI[IP pacnonaraer neobxomm-
MbIM HHCTPYMEHTAPHEM [UIf CKOpeiilleil peakiun
Hd BCEBO3MOKHbLIE BHELLIHHE C{}ﬁhITHS, a TAKIKE UCTO-
PHYECKHM arnmapaToM, CoAepsKalliM B cede JaHHbIe
JUISL THIATE/IbHOIO TEXHHYECKOrO aHaIn3a. DTO TakKe
O3Ha4aeT, YyTo UMetoIHiics Habop npaBuI B TH0OOM
cjIy4dae YTBEPKIACH, 4 UX KOJIHYECTBO — KOHEYHO,
MOTOMY HTO PHCK HEYIA4YHbIX HHHIHATHBHBIX Ma-
HUITYJIALMNI ¢ AKTUBAMM B DTOM CJTydae BO3pacTaer,
4ero ynpasnAroLas KOMIaHus, HanpHMep, NO3BOIHTh
ceDe He MOKET.

B nons3y koneuHocTn konuyecTBa (hakropos B
paMKax OTAEIbHO B3ATOTO HHBECTHIIMOHHOIO pelile-
HHA CBUIAETEILCTBYET H 3aBCPLUCHHOCTE MpoIllecca,
MOCKOJIbKY TAKOE pPelleHHe, UCXO0I KOTOPOTO MOKET
OBITb W NMOJIOKHUTEIbHBIM, TAK U OTPHUATEIbHBIM,
B MTOre BCErga npHHHmaercs. [lelicTBUTENBHO, 10
NOTEPHU AKTYAIBHOCTH PEelIeHUs TPOXOINT KaKOH-TO
NEePHO/1 BpEMEHH, TO €CTh PABHOMOILHOE MHOKECTBY
paccmaTpHBaeMbiX (PAKTOPOB MHOKECTBO eQHHHIL
BPEMEHH, KOTOpOE MO OnpeacneHH KOHEYHO.

MuoxkecTBOM (haKTOPOB MPHHATHA HHBECTHLIK-
OHHOTO PEIIEHHs B JaHHOM CIy4ae MOKHO CUHTATh
COBOKYITHOCTb OMHCAHHIT cOOBITHIT H ABNTEHNIT BHEILI-
Hel cpe/ibl, OKa3bIBAIOIINX BIHAHUE HA €10 KOHEYHBIH
pe3yasrar. Criextp Bocnpuaumaemsix JITIP dakxtopos
HEBEPOATHO LIMPOK: OT HETKO CTPYKTYPHPOBAHHOTO
HCTOPHYECKOro anmnapara a0 TEOpHH Xaoca Vuneam-
C€a, 0 4EM CBHIACTENABCTBYHOT MHOTOYHCIIEHHLIE Mpe-
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ueaeHTbl Hed(PEKTHBHOTO YIpPaBICHUA AKTHBAMH.
[TonoGubie onucanns MoryT (opMUpOBaThes Kak
JAHYHO MHHUHATOPOM PELICHHA, TAK H cneuMaan-
3UPOBAHHOH MHTENIEKTYaIbHON HH(pOPMALIMOHHOI
CHCTEMOH, CO3AaHHOH ¢ MPHBJICYEHHUEM IKCIIEPTOB,
MPOrpaMMHCTOB H HHKEHEPOB M0 3HAHHUAM.

CymecTByeT MHOKECTBO (DAKTOPOB NPHHATHA
HHBECTHIIHOHHOTO pPEelIeHHd, ONHCAHUE KOTOPBIX
HEPEIKO CONMPAXKEHO C ONEepHPOBAHHEM [JIaHHLIMH
B paMKax pas3JM4YHOIO poaa HeoNpeae/leHHOCTei.
[Tpu3HaHHbBIT aBTOPUTET B 001ACTH HEYETKO-MHOKE-
cTBeHHoro ananuza Henocekun A. O., onpegenser
“IBa YKPYNHEHHBLIX BHMa HEONpPEAEIeHHOCTH KakK
OTCYTCTBHE TOYHOI'O 3HAHHA OTHOCHTEJILHO COCTO-
SAHHUA NAPAMETPOB PbIHKA (HEACHOCTh) H HEYETKOCTh
maccm:buxaunn TEKYLIEro NMoJIOKEHMA SMHTEHTA H
COCTOSHHS PBIHKA JaHHOH LeHHol Oymarn™ [2, 10].
On )ke cnpaBeUIMBO CHell HEONpeaeleHHOCTh He-
OOXOIMMBIM YCTIOBHEM CYIECTBOBAHUS PBHIHKA, Bbl-
3BaHHBIM €0 MHOTO()aKTOPHBIM M PA3HOCTOPOHHHM
BIIMAHHEM Ha MTOTOBOE NPHHATOE PELIeHHE.

[Iponiecc npuHATHA HHBECTHLIMOHHOTO PELIEHUS
TECHO NEPEIVIETEH ¢ AaHATTHTHYECKHMH npoueccamMu
MO3HAHHMSA — B JAHHOM Clly4ae NpHOOpeTeHHA H30H-
parteibHbIX 3HAHHH O TeKYILEi phIHOYHON CHTYALHH,
OJIHAKO NPH ITOM BO3MOKeH ekt pedrexcun, npu
KOTOpPOM KapaAHHaJIbHbBIM M3MEHEHMAM MOXKET OBITH
MOABEPrHYT BeCh HCTOPHYECKHIT aNTapar, a He TOJIbKO
cymectBytouuii nactpymentapuii JITTP. ITpaktuka
NPElEeeHTOB — HCKIoUeHHH U3 olliero npasuia —
o0sazaeT 3HAYHTENbHOIH AEMOPAIN3YIOIIEH CHIION.
DTOT MOMEHT MPEACTABNAET COOOH OIMH U3 [TIABHBIX
(akTOpoB HEOOXOAHMOCTH ONpEAeIeHHA YeTKOro
BHYTPEHHEr0 periiameHTa NPHHATHA pEUJCHHﬁ KakK
3a710ra OOBEKTUBHON OLIEHKH MPONCXOIALLIETO.

[Tpu npuusTHH BO BHMMaHHe Kaka0ro (paktopa
(haKTHUECKH MPOMCXOMMUT CIEAYIOIIEe: CAeJ0BaHHE
OIpeaeJICHHOMY alropuTMy COOTBETCTBHI M mpa-
BHJI, OPHEHTALNA HA ONPEAEIEHHYI MPEAMETHYIO
00671acTh, B JAaHHOM CITydae YNpaBieHHe akTHBAMH, U
(opMHpOBaHUE pe3yIbTaTa CPABHEHMS, a KAK COBO-
KYITHOCTH pe3ynbTaToB — ob1ero pewmenus R. Mexonas
U3 YEro ITH JEHCTBUS MOKHO MPEACTABHTh B BHIE
3HAHUH, NOCKOJBKY Ha KayKJ10M JTare BbIMNOJIHAKTCA
Bce ykasaHHsble ycnoBuA. Toraa pemenue R ecThb
KOHEYHO€ MHOKECTBO 3HAHHUH, IZie 3HAHHE — COBO-
KYITHOCTb JIOPMHYECKHX [PABHI 1 JaHHBIX.

Jl1 paccMOTpeHUst MHOJKECTBA €ro HeoOX0IUMO
34/1aTh, YTO MOKET OBITH C/I€/IAHO PA3HBIMH CTIOCO0a-
MH. Tak, MOKHO NMepeuHCIHTh JIEMEHTEI KOHEYHOIO
MHOXKeCTBa:

Ri= {ly Aysis A} (D
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rjle 71 — €ro MOIUHOCTb, 8 A — pasIM4HbIC 3HAHMS.
MokHO Takke 3a71aTh YHHBEpPCAJIbHOE MHOMKECTBO
(yHuBepcyM), KoTopoe Oyjer ABIATbCA 001aCTBIO
orpeeneHuit MHOYKeCTBa 3HaHMIl, 0cOOEHHO eclun
ang opManu3alMKi KaueCTBEHHBIX 3HAHMH pelleHo
HCNONb30BATE MPHHLMITEI HEYETKHX MHOMXKECTB. He-
4ETKOE MHOKECTBO — ITO MOMNbITKA MATEMaTHYECKOH
dopmanusaimu HeueTKoi HHpopMAalIMH 1714 NOCTpoe-
HHA MATEMAaTHYECKHX MOIEICH. B ocHoBe 31010 MOH#-
THS JIEKUT NPEACTABIEHHE O TOM, YTO COCTAB/IAIOLIHE
JIaHHOE MHOKECTBO 2JIeMEHTHI, 00nasaonme oo1nm
CBOMCTBOM, MOTYT 00/1a/1aTh THM CBOHCTBOM B pa3-
JNYHOM CTeneHu H, CJIEQ0BATE/ILHO, IPHHALICKATD K
JIAHHOMY MHOKECTBY C pa3/IM4HOMN CTEMNEHbIO.

Ecnmn yuecTs HalM4ME ABYX KIHOYEBLIX YCIOBHIA
paccMOTpeHHA (DaKTOpa — YBEpeHHOCTH (CTerneHH
JOCTOBEPHOCTH, COOTBETCTBHA pea.m,ﬂoﬁ pbl.l-lO‘lHOﬁ
CHTYyallHH — 10 MHEHHIO 3!((:[16])’1'&) H 3HAYHMOCTH
(ycnoBusi CBOEBPEMEHHOCTH peakuuH Ha coOwiTHe,
MPHYEM HE CTOJIBKO B pPAMKaxX HHIMBHIYAILHOIO [TPH-
HATHA PELUEHHA, CKOIBKO C YIETOM MACCOBOM JIOTHKH
MOBEJEHHA), TO 3HAHHE A MOKHO MPEACTABUTH B
BHUJIE TEpMA:

<, | CEIE > 2

rae C¥ u I} — daxTopsl 10CTOBEPHOCTH H BAXKHOCTH
3HAHMSA, COOTBETCTBEHHO, 4 k 1 / — NOAMHOXECTBA B
pamxax MHoxecTBa (paxkropos n [3, 12].

[Mpu dopmannzauuu naHubiX (AKTOPOB POIb
TNPHBIIEKaEMbIX JKCIIEPTOB CBOAMIACK OBl K pacnpese-
JIEHHIO BECOBBIX KOX(h(PHLIHEHTOB, H HA OCHOBAHHH 3a-
J1aBAEMBIX YETKHX 3HAYEHMH W3 MHOXKECTB (JaKTOpOB
Onpeeaanch Obl CTENEHH YBEPEHHOCTH.

Ecm ke paccMaTpuBath (HopMaTH3aLHIO ONUCAH-
HBIX (PAKTOPOB KaK JTal CO3aHNs HHTEIUIEKTyaIbHOM
MHGOPMALIHOHHOH CHCTEMBI (110 3aBEPLICHHH JTANoB
MACHTHHUKALMY W KOHLENTyaln3alun), Toraa npu-
BJICYEHHBIE JKCIIEPThI OTBEYaaH Obl 3a HANOIHEHHE
Oa3bl 3Hanui. Kateropus “6a3a 3Haumii” B 1aHHOM
KOHTEKCTe — Habop MpaBHJl W JaHHBIX, JOCTYTHBIX
MHHIIHATOPY HHANBHIYAIbHOTO MPHHATHA PEICHNA.
Toraa ee HarloIHeHHE CBOANIIOCH ObI K ONpene/eHHIo
YHCJ0BOr0 3HAYEHHsA, NPUCBAHBAEMOI0 HEKOJIHHE-
cTBeHHbIM (hakTopam u3 auanazona [0, 1] (daxTu-
ueck — (DYHKIIHS NPUHALICKHOCTH), TPHYEM YeM
3HaueHHe O/HsKe K 1, TeM Bbillle ero 3Ha9MMOCThb IS
JIIP [2, 30].

Utoroesie (hakTophl YBEPEHHOCTH MOTYy4aeMbIX
pelIeHHH [IaBHbIM 00pa3oM OTPakaiT MOPALOK
JOCTOBEPHOCTH Pe3yJIbTara, a HE €ro TOYHOCTh, YTO
BIIOJIHE MPUEMIIEMO BO MHOTHX 3a/1a4ax.

Hanpumep: < ECJIN < 1Ib P® cHM3MT cTaBKy
pedunancupoBanus Ha 0,25 % >, TO, < Ge3 yuera

npoynx (hakTopoB, KOTHPOBKA KOPMOPaTHBHBIX Oymar
KOMIaHHH, MOJb3YIOUIeHcs KOMMEPYECKHUM Kpeau-
TOM, BeIpacTeT >| 0,95 | 1 > WJIH < ¢ yueTom dakropa
JIOTIOJIHUTENBHBIX TO3UTHBHBIX COOBITHI — pocT OyzeT
Oosiee HHTEHCHBHBIM > | 0,9 | 0,8 >,

[TpuBnieyeHne SKCMEPTOB — HEOOXOAMMOCTh MpPH
pelIeHHH KOMIUIEKCHOH CTpaTerHdYeckoil 3agauu,
MHOKECTBO YIEMEHTOB KOTOPOH C TPYAOM NOAAAETCA
aHanu3y ¥ (opmaan3alnu cCOOCTBEHHBIMH CHIIAMH.
Yacto namarte JITIP 3ameHsieT eMy CTPYKTYpHpPO-
BaHHbIH HCTOPHYECKHH ammapar, npuoOpeTeHHbIe
HABBIKM — perJaMeHTHPOBAHHBIH MHCTPYMEHTapHi
NPUHATHS PELICHUs, 3 HHTYHLIMS — pacnpeaeneHue
KO3 (ULHEHTOB YBEPEHHOCTH.

WuauBuayansHas 0asa 3HaHWH B 2TOM ciydae
MOKeT OBITH NpEeACTaBIeHa MHOKECTBOM (hakTopoB

~k . i.
yBepeHHOCTH C, M 3HAYUMOCTH [, :

Hamenenne crasku pedu-

0,95:; 1
HaHCHPOBaHHA

Huzkuit 00seM TOpros 0,9; 0.7

MuTeppenus (nokynka/ mpo-
JIaja KONOCCAJIBHOTO 9HCIa 0.9; 1
OTHOTHITHBIX Oymar)

3asBICHHE O CKOPOM MpPO-

senennn PO 0.35; 0.8

Ynaunoe nposenenne [PO 0,9; |

B nannom ciyuae mHaMBHOyanbHas Ga3a 3Ha-
HUH — 9TO COBOKYMHOCTL OLEHOK OTHOCHTEIBHO
COJIEpIKALLMXCSH B HEH MPaBu M (JaKTOB — OLIGHOK UX
JAOCTOBEPHOCTH H 3HAYHMOCTH. ObbIueH cucTemaTu-
4eCKHH IepecMOoTp CTPYKTYPbI OTOH COBOKYITHOCTH B
CBSA3H ¢ U3MEHEHHeM (pPAKTOPOB BHEIHEH Cpe/bl HIK
OIMHCAHUA TOrO W HHOTO coObITHA. Jles10 B TOM, 4TO
BCET/1a CYLLECTBYET PUCK KOH(IMKTA TPAAHLIMOHHOIO
ONMMCAaHUA CHTyallMH M HOBOTO B3I7IAJa, 0COOEHHO
€CJIM MMEET MECTO NMPOTHBOMNOIOKHBIH OKHAAHHAM
WUHBECTOPA TPEH1, TOMHOMKEHHbIM Ha (pakT ynpasse-
HHA MTPHBJIEYEHHBIMH CPEACTBAMH.

Tax, ecnm *enaHne WHMUIHATOPA MPHHATHA
pelieHns n30aBUTHCA OT JeLIEBEIOIIMX' Kopnopa-
THBHBIX OyMar BCTynaeT B KOHGUIMKT C 0CO3HAHHEM
CKOpPOI KOPPEKLIHH PbIHKA W COOTBETCTBEHHOI He-
00X0/IMMOCTBIO MOBPEMEHHUTD € NPOaKeit, TO B 5 TOM
ClTyuae 3aJeHCTBYIOTCSA pas/nyHbie OLEHOYHbIE CH-
CTEMBI, COCTABIAKOIINE OCHOBY MpoLecCa aHanusa.
B nannom cinyuae pewenne JITP, “pasaupaemoro”
MPOTHBOPEYHAMH MEK/Y OCO3HAHHBIM BHIOOPOM M
HEOCO3HAHHOH MepeoleHKoil, noasepxkeHo 00b-

IIOMY PHCKY.
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PaccMoTpenHoe MHOKeCTBO PaKTOPOB NPUHATHS
MHBECTHLIHOHHOTO pemeHus GopMHpyeT orpeiesieH-
Hyi0 cTpykTypy Hacnegosauus “ECJIU — TO™. [1pu
TOMNBITKE MPOEKLHH JAHHOTO MHOKECTBA HA CHCTEMY
OTHOLLIEHHiT MOKHO TNOJTYHHTh COBOKYTHOCTh ITPABHII
NPHHATHA PCLIEHUA, 3a]IJaHHBIX B pPaMKax MHOKECTBA
(paxTopoB. DakTOPEI ONpPEAENAIOT ONUCHIBAEMbIE
OOBEKTHI, HX 3HAYEHHs M XapaKTePUCTHKH, MpaBuiia
OMnpe/Ie/A0T METO/Ibl MAHHNYIHpOBaHHS (hakTOpamMu
B paMKax BeIOpaHHOI nmpeameTHoi obnactu. [Ipoek-
LK COBOKYNHOCTH (hPaKTOPOB HA BHILIEYIOMAHYTYIO
CHUCTEMY OTHOLIEHWH npeanonaraer Oonee Tia-
TeJIbHbIH aHAIH3 NPHUYMHHO-C/IC/ICTBEHHBIX CBS3eH,
HEBOJILHO Hapylias TeM CaMbiM YCTAHOBUBIIMHACSH
Oananc Mexkay 2pHEeKTHBHOCTBIO H ONEPATHBHOCTHIO
NPHHATHSA PELIEHUH.

[TonyueHHOE MHOXKECTBO MPABHI IPHHATHA Pe-
LIEHUA MPE/ICTABIAET CODOH CHCTEMY HAacIeA0BaHusA
METOIOB HX MCIOJL30BAHKA M YCIO0BHH uX dopmu-
pPOBaHMA, HA3bIBAEMYIO MHOKECTBOM METAlNpPaBHII.
“MeranpaBuia He NPUHUMAIOT HENOCPEACTBEHHOTO
y4acTus B npouecce GOPMHPOBAHMS pacCyKie-
HHH, a OMPEeAeNnsAOT NPHOPHUTET BbIMOTHEHHUS WIIH
UCK/II0Yal0T U3 paccMOTpeHus o0blYHBIE MpaBHia
M BBIOJIHAKIOTCA B nepByio ouepeas” [4, 46]. B
CBOK OYepeab MEXaHM3MOM JIOTHYECKOrO BBLIBO-
a ABJIACTCA MPOoLeaypa MOMCKA pelieHus 3a1aquH,
HCMOB3YIOMAas MHOKECTBO (hakToOpoB, npaBui M
METAnpaBul, KOTOPbIMU PacmosaraeT JHIO, MpH-
HHMalolllee pelIeHHe.

Bce MHOKeCTBO onKMcanmii, 21eMEeHTOB, JaHHbIX,
KoTopeIMH pacniosiaraet JITIP, moxeT cTaTh KinrueBbIM

(hakTopoM NPHHATHSA PeleHns, ¢ OAHOH CTOPOHBI, 1
(akTopom nepecMoTpa cobCcTBEHHOIT Ga3bl 3HAHMI,
a paBHO 00yu4eHus — ¢ apyroi. byayun Hedopmanu-
30BaHHbIMH, JIAHHBIE YJIEMEHThl HEMOCPeICTBEHHO
CBOMM HanuuueM (GopMmHUpyroT 6a3zy U HeoOXOaH-
MO€ YCIIOBHE Ul CO30aHHA HHTEIJIEKTyalbHOH
MHPOPMALIMOHHON CHCTEMBI TIOJAAEP/KKH MPHHSATHS
HHBECTHUMOHHBIX petieHuii. CTpeMuTenbLHOe pas-
BHTHE HHPOPMALIMOHHBIX TEXHOIOr M1, HAbIIOaeMoe
CerojHs, 3aJaeT JOCTATOYHO BBICOKYHO IUIAHKY IS
NPUKIAAHOIO HHCTPYMEHTApus BooOIe U s CH-
CTEM MOIEP/KKH NMPUHATHSA PelIeHil B YaCTHOCTH.
Onnako, Ha TaHHBII MOMEHT JIaKe NPH YCIIOBHH CY-
LIECTBOBAHHSA JKCIEPTOB B OMHCAHHOMN MpPeIMeTHOMI
001acTH NpoLIecC TPHHATHS PELICHMI MOXKHO BCE elle
O0XapakTepPHU30BaTh KAK HHAWBHIYAIbHBIH,

PakTophl NPUHATHA MHBECTHLIHOHHBIX pelle-
HHH B PBIHOYHBIX YCIOBHSX HEONPEAEIEHHOCTH
TpeOyloT yuera H CTPYKTypH3auuu. BosmokHOCTh
HX (hopMaIH3aLMK, KPOME TOTO UTO HX COBOKYIHOE
KOTHYECTBO MNMOANACTCHA CHETY, a TAKIKE €€ aJeKBaT-
HOCTb HCTOPHYECKOMY 3a1pOCy, YUHThIBAs HIHPOKHE
TEXHOJIOrHYeCKHE BO3MOKHOCTH, MOKHO 000CHOBATH
HbIHELITHHUM PA3BHTHEM MHXKEHEPHH 3HaHMit. Haimune
CNEUNAIHCTOB N0 pa3paboTke MHTEICKTYa bHBIX
HH(OPMALIHOHHBIX CHCTEM, IPOrPAMMHUCTOB 110 pas3-
paboTKe HHCTPYMEHTAIbHBIX CPEJICTB, & TAKKE IKC-
MEepPTOB B NaHHOH 00/1aCTH NMO3BOJIAET PACCHMTHIBATH
Ha CO3JaHue MPOTOTUINOB NMOJOOHOH CHCTEMBI Ge3
y4eTa B JaHHBIA MOMEHT (DAKTOPOB 3aHHTEPECOBAH-
HOCTH OTIpeeNIeHHBIX CTPYKTYP B 00JIalaHHH MOHO-
HOJIbHBIMH NIPABAMH HA MX JKCILTyaTaLHIo.

CIIHCOK JIMTEPATYPbI

1. ByszoBa H. A., MaxoeukoBa I'. A., Tepexosa B. B.
Kommepueckas ouenka musectiunii / [Toa pen. B. E. Ecu-
nosa CII6.: [Turep, 2004.

2. Hemocexknn A. O. HeueTKo-MHOKECTBEHHBII aHa-
13 pucka oHNoBLIX HHBecTHUHH: MoHorpadus. Cesam,
2002.

186

3. Bepemarnn H. K., llens A. Jlekinu o maremari-
YECKOIl TIoruKe H Teopun anmropurmos. Y. 1. Havana reopun
muoxkects / MIITHMO. M., 1999,

4. Mypomues /I. M. BBenenne B TEXHOMOTHIO KC-
neprueix cuctem. CIIGIY UTMO. CI16., 2005,



ONEeKTPOHMKA, TEXHONIOrMKY NPON3BOACTBA
MaTepManoB 3N1IEKTPOHHOMN TEXHUKUN

Ocunos A. M., Kosznosckuii 3. 0., CeneaHeB b. U.

®DOPMUPOBAHUE JUOJHBIX CTPYKTYP C BAPBEPOM LLOTTKM
HA APCEHMUJE TAJL/IUA

Beenenune

[Tpu peanusaumm 3amATHBIX ycTpoiicTB (3Y) Ha
jmonax ¢ 6apwepom otku (JIBIL) ognum U3 Hau-
Honee s dhexTHBHBIX crIOCOOOB CHUKEHNSA MTOPOTOBOI
P, ¥ npocaunBatomeiics P MomHOCTH ABASETCS
YMEHbIIEHHE BBICOTHI MOTEHLHAILHOrO Oapbepa Ha
rPaHuLEe METAJLI-IONYTIPOBOAHHK (@ I[1].

Ymensbluenue Boicotsl 6apeepa IlorTkn (BII)
MOKET ObITh IOCTHIHYTO HECKOIbKHMH CMIOCODAMM:

— NPHMEHEHHE Y3KO30HHBIX MOIYTIPOBOIHHKOB
InAs, InGaAs u ap.;

— XHMHY€eCKas WIH IiasMeHHas obpaboTka mo-
sepxHocti GaAs nepea hopmupopasuem GapbepHOi
metammsanuu [2];

— ynpaBlieHHe YPOBHEM JIETHPOBAaHMSA MOIYTIPO-
BOJHHKA B NPUIIOBEPXHOCTHOIH obnacTh (Henocpen-
CTBEHHO noj GapbepHol MeTan3aunei) [3];

— HCIOJIb30BAHKE CTPYKTYP C d-neruposanuem [4].

[TepBblit cioco0 B 3HAYMTENBHOH CTENEHH Mpe-
CTaBJAET HAY4HBIH HHTEPEC, HO B HACTOALIEE BPEMA
MaJONpUMEHHM B MPOHM3BOJCTBEHHOM NMpaKTHKe,
MOCKO/IbKY TEXHOJOTHA Y3KO30HHBIX MaTepHaioB
npumennTenbHo K CBY-onekTpoHnKke cpaBHUTENBHO
MaJto u3yieHa.

Bropoii crioco6 npoct B peanusaluu, HO UMe-
eT KpaiiHe HH3KYI0 BOCTIPOH3BOAMMOCTh M Maliblii
JaunarnasoH perynuposannd seicoTsl bl Kpome Toro,
IpHHUMas BO BHMMAHHE, YTO XMMHYECKHE H [1a3-
MeHHble 06paboTKH YMEHbILAIOT BhICOTY Oapbepa 3a
cHeT M3MEHEHHs [UIOTHOCTH MOBEPXHOCTHBIX COCTO-
AHMH, 1aHHBIH cnocol obnagaeT HeCTaOHIBHOCTBIO
BO BPEMEHH, 4TO TAK/Ke HEraTHBHO OTPAKAeTCs Ha
napaMeTpax npuoopa u ero HaJeKHOCTH B LIEJIOM.

4
n
ﬂ+
Sydep Sycdep
noano>xKa noanoxKa
Tun 1 TUN 2

B nannoii paGote cTaBuTCA 3a/1a49a HCC/IELOBAHHA
BO3MOKHOCTH noaydenus auonos llorTkn ¢ manoi
BbICOTOH Oapbepa Ha apceHM/e rajjiufd, WCIOAb3yA
HauboJIee HHTEPECHBIE C MPAKTHYECKON TOUKH 3PEHUs
TPeTHil U 4eTBEPThIH CIOCOOE! YMEHbUIEHHUS BRICOTHI
Hapbepa 1loTTKH.

3!(0]10]1“ MEHTaAJIbHasl 4acThb

TpaHcnoOpTHbIE XapaKTEPUCTHKH KOHTAKTOB
METa/LI-M10JYTPOBOAHHK, H3TOTOBJIEHHBIX B YHCTBIX
JMUTAKCHAIBHBIX HIH CBEPXBBICOKOBAKYYMHBIX YCIIO-
BHSX, AB/IOTCA XOPOILO H3yueHHbIMH. TokonepeHoc
B OCHOBHOM OIpEJIENIAETCSA NapaMeTpaMu MOTEHIIH-
anbHOro 6apeepa [loTku B nonynposogHuke BOIM3H
rpaHuibl ¢ MetasioM. B wactnoctu, ana GaAs c
yMepeHHO# KOHLeHTpauueii ynekrpoHos (<10 cm™)
BILI nmeet Bricoty B npeaenax (0,8-1,0) oB nns nau-
GoJee TEXHONOrHYHBIX METAJLIOB, HCMOb3YeMbIX MPH
topmuposanun bl B MpoH3BOACTBEHHOI MNPaKkTHKE
(Au, Ti, W, Pt u ap.).

B HekoTopbIX mpeenax BbcoTy Hapbepa MOKHO
H3MEHATH MMyTeM CHJIBHOIO JIEFHPOBAHHA MOJIYTNpO-
BOJIHHKA.

[Ipu uccnenoBaHMH BO3MOKHOCTH YNpaBieHHs
BeicoToi BIII uepe3 cunbHOe nerupoBaHHe MOIY-
MPOBO/IHHKA HAMH ObUIH HCCIIE0BaHbl Pa3H4YHbIC
CTPYKTYPHI, NpeJcTaBleHHble Ha pUCyHKe | U B
Tabnuue 1.

CtpykTypel THNOB 1-3 mpejacraBasioT coboi
cayuyail CHIBHOrO 00BEMHOI0 JErMpOBaHUA NO-
nynposoaHuka. Ctpyktypa tHuna 4 (Co CKpbITHIM
n’'-cioem) sBIseTCA “KIaCCHYeCKOH MPH M3rOTOB-

nenun J1BIL.

nt n-cnown
nt
nN-crnow
6ychep Sydhep
noano><ka noanoXKa
Tun 3 TUN 4

Puc. 1. DnuTakcHalibHbie CTPYKTYPbl, MCIIO/Ib3YeMble 1A u3rotosnenus JbILI
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) -
Tabnauua |
IMapamerpel n'- # N-CJ10€B MHTAKCHAIBHBIX CTPYKTYP
Tun cTpyKTYpBI Konnenrpauus n+, cm-3 Tomuuua n+, HM Konnenrpanus n, cm-3 Tonmmmna n, HM
THI | 81018 200 - =
THT 2 8-1018 400 - -
THIT 3 2-1018 250 1,8:1017 250
THI 4 8-1018 200 1-1017 100

Puc. 2. Tononorus auonos ¢ 6apsepom otrku

Ha ctpykrypax tunos 1—4 6sin cdopmupoBan
TectoBeii Bl ¢ Tomonorueii, npejcrasieH ol Ha
puc. 2.

O6mas nnomans BII ansa kaxaoi TecToBoi
CTPYKTYpbl cocTaBuna 64 mkm?. B kauectse Gapbep-
HOH MeTa/UTM3allHH HCNoJb3oBanack cuctema V-Mo-
Au. Takas cuctema obnagaeT TEpMOCTOHKOCTBIO H
OT/IMYAETCA Maaoil aerpajaunueil mapaMeTpoB BO
BPEMEHH MPH CYLIECTBEHHON JNEKTPHYECKOH Ha-
rpyske. Ha nonyuennsix o6pasuax BII Obiin cHATHI

BAX Oapsepa npu npsmom cMmernenun. Mamepenus
MPOBOIMIIHCH B PEXKHME OTPAHHYEHHS MO TOKY 10
60 MA, 4TO MO3BOJISET MCCIIENOBATH 3ABUCHMOCTD
TOKa OT HanpsikeHus B auanasone o 2 B. ITo oke-
MEPUMEHTAILHBIM JAHHBIM C HCIIOJIb30BAHHEM Me-
Toauku @ykyu [5] 6bu1a BbINONHEHA YIKCTPAKLMS 114~
pamerpos bl Ha yyacTke Manbix TokoB (10 2 MA),
YTO [MO3BOTHIO HCKITIOYHTH BIHSIHHE CONPOTHBIIEHHA
Oa3pl Anona. B Tabnuue 2 npuBeaeHs! 3HaYeHUs na-
pameTpog BIII ans uccnenoBaHHbIX CTPYKTYD.

Tabnuua 2
Mapamerpsr BII Me-n+ cTpykTyp (BbicOKHI YPOBeHb 00bEMHOI0 JIETHPOBAHNS)
T 1 ™I 2 THIT 3 Hn 4
IMapamerp BIII (n*, 200 um, (n*, 400 aM, (n’, 250 HM, (n, 100 g™,
810" em™) 8-10" em™) 2:10% cm?) 1-10" em)
Koadduiment HenearsHOCTH N 2,05 2,10 1.49 1,09
Beicota bapeepa @, 9B 042 0,41 0,64 0,86
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1

bonee apekTHBHOTO CHHIKEHHS BRICOTHI Oapbepa
MOJKHO JIOCTHTHYTb, HCTIOJIb3Ys TPUIOBEPXHOCTHOE
nernposanHe nonynposoanuka. C >Toif Henbio B
KadecTBe OapbepHOH METa/uIM3alMH HaMu BeIOpaHa
cucrema Ge-Au. TToacnoit repMaHns BhICTYNaeT B
KauecTse Jerupyroiueii npumecu. [pu BeicokoTemne-
paTypHOM OT/KHTe NPOHCXOAnT auddy3us repmanus
BrIyOb MONYNPOBOAHKMKA, CO31aBas BOIM3H MOBEPX-
HOCTH 00/1aCTh € BLICOKHM COJEPKaHHEM JIEIHPYIO-
1ieif mpuMecH.

[Ipn mpoBeieHHH 3KCIIEPHMEHTA YCTAHOBICHO,
YTO PEKMM OTKHTa (TeMIIepaTypa i BpeMsa npouecca)
CyLIeCTBEHHBIM 00Pa30M MOXKET NOBIHATHL HA Napa-
MeTpsl bapbepa.

B kadecTBe TecTOBOI1 HCMONB30BaIaCk CTPYKTYpa
THMNa 3, Ha KOTOPYIO ObLIa HAaNBIJIEHAa CUCTEMA METall-
noB Ge-Au. Jlo npoBeaeHus oT:kura Beicota 6apbepa
cocrasnsia 1,49 aB.

ITocne omxura npu temneparype 300°C B Te-
yeun 30 MuHyT BhicoTa Gapbepa yMEHBIIHIACh 10
0,32 5B. JlononHUTENbHEII OTKHUT B TeueHHH 20 Mu-
HYT NPHBEN K YMEHBLIEHHIO BbICOThI Oapbepa 0,31 3B.
[Ipn 3TOM CylIEeCTBEHHO YXyAIIHACH KOdPPHIIMEHT
HeuneanbHocTn Gapbepa — ¢ 1,49 oH yBemumiIcs 10
1.85 1 2,03 COOTBETCTBEHHO.

Haneueimui oTkur npu temneparype 300°C
[PHBEJT K HE3HAYNTEILHOMY H3MEHEHHIO apaMeTpoB
Oapbepa lllorTky, a noBBILIEHHE TeMMepaTypsl 10
330°C npuseno k npeodpazosanuto Gapwepa LloTTin
B OMHYECKHH KOHTAKT C BbICOKHM KOHTAKTHbIM CO-
NPOTHBIIEHHEM H HEJTHHEHHOCTBIO.

Jlna uccnenosanua xapakrepuctuk JBII na
CTPYKTYpax ¢ 0-71erHpOBaHHEM MCIMO/Ib30BANACK
CTPYKTYpa, NpHBEICHHAS HA PUCYHKe 3.

B 1aHHOI CTPYKTYpe BMECTO NPHIOBEPXHOCTHO-
ro JernpoBaHUA repMaHHeM, HConb3yeTca 3-Cloi,
pacronararoLuics Ha PACCTOAHNH B HECKOJILKO HAHO-
METPOB OT MOBEPXHOCTH CTPYKTYphL. biiarofaps Tomy,
YTO JIETHPOBaHHE PEAIH30BAHO HEMOCPEICTBEHHO B
rnpoliecce MUTAKCHATTBHOrO pocTa, obecneynpaeTcs
cyuiecTBeHHO (osee BbICOKas CTOHKOCTb K Temile-
PaTypHBIM BO3IEHCTBHAM H MeHbIIAas Ne(eKTHOCTh
MOTYNPOBOAHMKOBON CTPYKTYphl. [Ipornosupyercs
1 Gosee BbICOKas BOCTIPOH3BOANMOCTb MapaMeTpoB
Bl1I. Ynpasnenue BoIcoTOii Dapbepa OCyILECTBIAETCA
3a CYET 3MEHEHHA TOIIIMHEI N'-CI0A.

Hcxonnas cTpyktypa 8-cioem Oblia YCI0BHO
nojeneHa Ha ob6IacTH ¢ Pa3nHYHBIMH BpPEMEHAMH
TpaBieHus n-cnod. Ha cTpykrype 6bU11 H3rOTOBIEHbI
TectoBele cTpyKkTyphl Bl 1 npoBeneHs! u3mepenus
ux BAX.

Beicora Gapbepa 11 HCXOHO# CTPYKTYPBI CO-
crasuna 0,70 >B, koo duumnent nenaeansnoctu 1,2

Jlnst cTpyKTyphl, NOATPABIEHHOH B IEPEKHCHO-AMMH-
a4HOM PacTBOpE B TEUEHHH 2 CEKYH BeICOTa Oapbepa
cocraBuna 0,45 9B, kodddHiumenT HenneanbLHOCTH
1,6. JIna cTpYKTYpbl, MOATPABIEHHON B TEYEHHH
4 cexyH BbicoTa Oapbepa coctasuna 0,42 3B, koag-
¢dpuument Hengeansuoctu 1,7.

n - cnow

A -cnow

n-cnown

n+

Bycpep

noAnoXka

Puc. 3. Crpykrypa ¢ 8-erupoBaHHeM

JLnsi OLEHKH BO3MOMKHOCTH MCIOJb30BaHHA M0~
nyusennbix JIBII nposenensr n3mepenus npocayu-
BaloIIEeHCA MOILIHOCTH Pnp npu nogade Ha sxon 3V,
peanu3oBaHHoro Ha mccneayemuix JIBII, sxonno
HenpepbiBHOH MomHocTH | BT Ha wactore 6 ['Tw.

[TpocaunBalomascsa MOUIHOCTD , 13‘np [UIA 3aluT-
HBIX ycTpoifcTe Ha auogax [IoTTKH H3roTOBAEHHBIX
Ha GaAs n-tuna cocrasuia okono 250 mBt. Hc-
Ho/ib30BaHue 00beMHO JerupoadHoro GaAs n'-tuna
MO3BOJIMJIO CHU3UTB TOT napametp Ao 120 mBT. Ha
CTPYKTYpax C NPHIOBEPXHOCTHLIM JETHPOBaHHEM
yAanoch MOJYYHTh YPOBEHb NPOCAYHBAIOIIEHCH
MmouHocTH 50 MBrT.

Haunyu4ime pe3ynbrarbl JOCTHTHYThI ITPH HC-
MM0JIb30BAHUM CTPYKTYP € O-JIESTHPOBAHHEM, YPOBEHb
IpOCaYHBAIOIIEHCA MOIMHOCTH COCTaBHI MEHee
20 mBrT.

Obcyx/1enne pe3yibTaToB

Tunosele 3nauenus napametpos bl Ha cTpyKTy-
pe thuna 4 (“kraccHueckas’” CTPYKTypa) COCTaBIsioOT
n=109u¢, =0,862B.

W3 tabnuu 2 BHAHO, YTO HCHONb30BaHHE 00b-
€MHOTO JISTHPOBaHMs MOMynpoBoaHHKa (>10"™ cm™)
MO3BOJIAET YMEHBIIHTEL BEICOTY Oapbepa no (0,40-
0,65) 9B, onHako npu 3ToM yBesnuuBaeTcsa ko3 phu-
LUHEHT HeuaeansHocTH 10 (1,5-2,1). TTpu aTOM, Hem
CHIIbHEE JIErHPOBAH MOTYNPOBOAHHK, TEM MEHbIIe
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BhiCOTa Oappepa M Bellle KOYpdHLHEHT Henmealls-
HOCTH. YMEHbILEHHE BLICOThI Gapbepa 00ycioBIeHo
IKPAHUPYOIHUM JelicTBrueM n'-cinos. [Tockombky
npu peanuzauun Bl Ha cunsHOnerupoBaHHoOM
MoIyNpOBOIHHKE YBEIHYHUBACTCS BKIIA/] TYHHEILHOM
COCTaBIAOIIEH TOKA, TO COOTBETCTBEHHO YBEIHYHBA-
€TCA H MOKA34aTCJ/Ib HEHMACAIbLHOCTH ﬁapbepa, HCIIOJIb-
3yemblii npu onncanuu bl nexoas u3 Tepmononesoii
IMHUCCHH HIEKTPOHOB. TOIIHHA €108 N HE BIMAET HA
napameTpsl Oapeepa.

JlanHbie Tabnuis: 2 TakKe YKa3bIBAlOT, 4TO Honee
bheKTHBHBIM ¢noco0OM yMeHblLeHHus BbICOTLI BIII
SIBMIAETCA JIOKA/ILHOE [PHIIOBEPXHOCTHOE JIErHPOBAHHE.
[Ipu dToM B npunoBepxHOCTHOH oGnact (Ha pac-
CTOSIHMM HECKOILKHX HAHOMETPOB OT MOBEPXHOCTH)
BO3HHKAET oﬁnacn., UMEILLas CYyIECTBEHHO Oonee
BBICOKHH YPOBEHb JIErHPOBAHHA, 4eM HCXO/IHbIil MaTe-
puan, ycuineas 2¢dexT JKpaHHPOBAHUSA 101 KOHTAKTA
eute Oosbllie, YeM B CITydae O0bEMHOIO JETMPOBAHM.
OnnHako, napameTphl 6apbepa U3MEHSIIOTCA [PH TEMIIE-
patypHOM Bo3aeicTBUH. Bricota Gaphepa ymenbiaeT-
Csl, BEPOATHEE BCET0, M3-3a YBEIHYEHHS COACPIKAHHS
repMaHuA B IPUMIOBEPXHOCTHOM Crloe 3a cueT Anudy-
3UH, a KOIPOHIHEHT HeNAeATEHOCTH VBEJIHYHBAETCS

B pe3yibTaTe YCHJICHHA TYHHEIbHOH COCTaBIAIOIICH
ToKa. B ciydae, korma mimpHHa noTeHIHanbHOTO Ga-
pbepa CTAHOBHMTCs KPHTHYECKH Manoii (Temneparypa
330°C) B pe3synsrare oboraiienns repmaHueM, spdexrt
TYHHEJIMPOBAHHA CTAHOBHTCSA npeobnagarommm u BILI
YTpauHBaeT Brinpsamisiomnme cBoiictea. Kpome adex-
T4 TYHHEJIHPOBAHHA HMEET MECTO TAKIKEe XMMHYECKOe
s3anmoeiicTane GaAs n Ge, 4To TakoKe Crioco6CTBYeT
BO3HHKHOBEHUIO OMHYECKOTO KOHTAKTA.

CTpyKTypbl ¢ 5-TerupoBaHHEM H3HAYAIBHO OPHEH-
THPOBaHbI HA PACYETHOE YMEHBILIEHHE BRICOTHI Gapbepa,
MCXOIA M3 MapaMeTpoB CTPYKTYphl. OnHAKO, K TAKHM
CTPYKTYPaM MNpeabABIATCA CYLIECTBEHHO Doliee
BBICOKHE TPeOOBaHUA MO KaueCTBY MX M3IOTOBJIEHHS.
Tomuunk! CIOEB TAKHX CTPYKTYP COCTABIAIOT €HHHIIbI
HAHOMETPOB, I'PaHHLIbl MEKY C0AMH (npoduiu ne-
I'MPOBAHUA) JOKHBI OBITh MAKCHMAJILHO PE3KHUMH.

B Tabnune 3 npuBeeHs! JaHHBIE 1S CPABHEHHA
napametpoB OapbepoB 1LIOTTKH, H3rOTOBIEHHBIX Ha
Pa3Iu4HbIX THNAX CTPYKTYp. M3 Tabnuiisl BUOHO, MTO
HaMJy4LIHE COBOKYITHBIE XapakTepucTHKH Oapbepa,
Maibli KOO(PPHLMEHT HEHACANBHOCTH W MaJjlas Bbl-
cota Oapbepa, JOCTUralOTCA NPH HCIOAb30BAHHN
CTPYKTYP € O-/IerHpOBaHHEM.

Tabnuua 3

[apamerpsi Gapbepos LLIOTTKH, H3TOTOBJIEHHBIX HA PALIHYHBIX THHAX CTPYKTYP

Texnonorus nirotoBnenus R ehiomeea - Boicora 6apsepa . 2B Mpumeuanne
HI1eAILHOCTH N
JBLI na GaAs 1.06 0.86
n-THMa
JIBLLI Ha ofkemHO Ternposan- BosmokHo w3MeHeHHe BBICOTHI Dapbepa
, 1.5-2.10 0,64 - 0,41 ,
oM GaAs n'-Tuna B 3aBHCHMOCTH OT KOHIEHTPAIHH N
BosmokHa 1ocTaTouHO MpocTas peani-
BT s ann(}BEPXHDFTHO 1,85-2,19 0,32 - 0,28 sauua JIBII ¢ Manoii BLICOTOH, BHICOKHIT
nerupoanHoM GaAs n'-Tuna
KO OHIHEHT HEHTeATBHOCTH
JBII Ha cTpykTypax c 8-ne- 16— 1.7 0.45 - 0.42 IMapamerpet B 3anaiorcs Ha sTane
THPOBaHHEM pOCTa CTPYKTYPhI

C ToYKM 3peHHs MPaKTHYECKOH pean3aiumu 3a-
IIMTHBIX YCTPOHCTB Ha aAnonax ¢ bapsepom llloTTiu
KpoMe BeNHuuHbl Gapbepa i 3HaueHns Kod(hpuurenTa
HEH/IEAIbHOCTH OOJbIIOE 3HAYEHHE MMEIOT TAKKE
3HaYeHHE CONMPOTHBIEHUA Oa3bl 11o/a 1 ero dapwep-
Has EMKOCTb, OrpaHHYMBAOLLAasA pabounii HaCTOTHLIH
AHanasoH.

BuiBoabl

Hexonsa u3 nomydeHHbIX JaHHbIX MOMKHO Cjle-
JlaTh BbIBOM, 4TO npH peanu3aiuu CBY 3amuTHbIX
YCTPOHCTB Ha AHozax ¢ 6apbepom LLlorTkn Hanbonee
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MEPCHEKTUBHLIMH ABJIAIOTCA CTPYKTYPBI C O-J€rH-
pPOBaHMEM, MO3BOJIAIOIINE PEATH30BATh AHOMABI C
Gapbepom [1loTTkH € y4Ineii COBOKYNHOCTbIO apa-
METPOB, BK/II04as TAKHE BaKHbIE KAK BhicOTa Oaphepa
1 KO3(hPHLIMEHT HENIeaIbHOCTH.

Peanu3oBaHHbIe HA TAKOTO THNA CTPYKTypax 3a-
LIHTHBIE YCTPOHCTBA 001a0al0T HAHMEHBLIUM YPOB-
HeM NpOoCaunBaloIeiics MOLIHOCTH M HAMJTY4llUei
OrPaHHYHTEILHOH XaPAKTEePHUCTHKOH 10 CPABHEHHIO
C 3alIHTHBIMU YCTPOHCTBAMM Ha anoaax ¢ faphepom
IIOTTKH, H3rOTOBIEHHBIMH HA CTPYKTYpax APyroro
THMA.
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ONEPATOPHBII METOJI PACYETA MOJIOBOI'O PACIIPEJEJEHUSA MOIIHOCTH
B MHOI'OMOJOBOM BOJIOKHE C PE3KUMH HEOJJHOPOJHOCTAMHU

Beenenue

B muoromonosom (MM) cBeToBOAE MOKHO
BO30YyIHMTh pa3HbIi MOJIOBBIH COCTAB, OT O4EHb “'Y3KO0-
ro” pacnpeneneHus MOLIHOCTH 1o moxam (PMM),
OMH3KOro K OJHOMOIOBOMY PEKHMY, 10 “HIHPOKO-
ro” pacnpezneneHus ¢ paBHBIM BO3OYXKICHHEM BCEX
MOJ1, KOTOPbIE MOTYT PACTIPOCTPAHATLCA B CBETOBOJIE
[1]. Ha npakTike MM BONOKOHHBIH TPAKT nepeaaqn
4acTO COAEPIKHT Pe3KHE HEOTHOPOIHOCTH, TAKHE KAK
coennHeHns BonokoH. [Ipm 3TOM MOJOBBIN cOCTaB
M3TyueHHA, BO30Y/KICHHbBIH HCTOYHUKOM Ha BXOJE
BOJIOKHA MOKET 3HAYHTEIbHO H3MEHAThCA B [poLiecce
pacnipoctpanenus. M xapakTepucTHKH BOTOKOHHOTO
TpakTa, TaKHe KaK 3aTryXaHue, Kodo(hHuueHT npomy-
CKAHMSA, TOTEPU B COSIMHEHHAX U T. 1., CYILIECTBEHHO
3aBUCAT 0T PMM pacnpocTpaHsaiomerocs B BOJIOKHE
n3aydenns, OHako B OOLICNPHHATLIX HHKEHEPHBIX
pacueTHBIX COOTHOILEHHAX 1A napameTpos MM Bo-
JTOKOHHBIX TPakToB BenuunHa PMM He BXOAMT (Kak
NPaBUIIO, MOAraeTcs paBHOMEpPHOE BO30YKIACHHUE
Bcex mMoj) [2], a 3HAYMT, HE YYUTHIBAETCS HE TONBKO
BO3MOKHOCTb BO30Y’KI€HHA Ha BXOJE BOJIOKHA pa3-
Hbix PMM, HO ¥ M3MEHEHHsS MOJOBOro COCTaBa Ha
NPOTAKEHHH TPAKTa.

['oBops 00 aKTyanbHOCTH NPOOIEMBI, OTMETHM,
4TO B 00/IaCTH COBPEMEHHOH ONTHYECKOH BOJOKOH-
HOH CBA3H BOCTPeOOBAHHBIM CTAJ0 MOCTPOEHHE
BBICOKOCKOPOCTHBIX MHOTOMOJIOBBIX JIHHUH, 0Gectie-
HHBAKOLIMX FHrabHTHBIE CKOPOCTH NepeJayH AaHHbIX

(ot | I'6uTt/cex n BeE). B KauecTBe NpHMepa MOXKHO
npHBecTH AeiicTBytoluue cranaaptel: Gigabit Ethernet
(cranpapt IEC 802.3z), Fiber Channel, 10 Gigabit
Ethernet (cranpapr IEC 802.3ae) [1, 3]. Bo3mox-
HOCTB nepeaavi HHHOPMALIMH ¢ TAKHMH CKOPOCTAMH
obecneunBaeTcs KOMOMHHPOBAHHEM IIHPOKOMO-
JIOCHOrO MHOIOMOJ0BOIO BOJIOKOHHOIO CBETOBOjA
C BbIOPAHHBIM TOTYNPOBOJAHHKOBBIM HCTOYHHKOM
(KaK MpaBHJIO, 9TO — MOBEPXHOCTHO-H3/Iy4aloIIue
na3zepsl ¢ BepTHKaabHbIM pesonatopom VCSEL),
IpH KOTOPOM J0CTHIaeTcs HEKOTOPOE CEIEKTHBHOE
B030yK/IeHHEe MHOTOMOJOBOIO CBETOBOAA, obecre-
4MBAIOIEe MAKCHMMalbHYIO MONOCY MPONYyCKaHHUA
[2]. Kpome Toro, B cOBpeMeHHOH MpakTHKE 4acTo
BCTpeuaeTcst HeOOXOAMMOCTD PacyeTa i NoCTPOeHNUs
[POTAKEHHBIX BOTOKOHHBIX TPAKTOB, COAEPIKALIHX
CEPHIO MOC/IeI0BaTENbHBIX COSIHHEHHIA.

PacueT xapakTepHCTHK MOJ00HBIX CHCTEM He-
BO3MOsKEH Oe3 yuerta 3aBucumoctd PMM ot cniocoba
BO30y K 1eHHs BOJIOKHA U peobpa3zoBaHuA MOJIOBOTO
cOCTaBa B MECTAX PE3KMX BOJOKOHHBIX HEOIHOPOA-
HocTeil. Haxoxienune XxapakTepuCTHK TAKMX TPAKTOB
HE OCBELICHO B JINTEPATYpE, a CAOKHOCTb CTPOroro
pacuera pe3ko BO3PacTaeT OT YHC/A COEJIMHEHHH B
cocTaBe TPAaKTa, YTO JIeaeT aKTyalbHbIM HCIONbB30-
BaHHE METO/Ia, MPeICTaBICHHOrO Jaee.

IMocranoBka 3ana4n
[Ilpo6aema yuera PMM B paMkax cTpororo

TCOPETHUECKOI0 pacCMOTPEHHNA CBA3aHA C TEM, 4TO
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H3BECTHAs BOJIIHOBAfA TEOPUSA PACHPOCTPaAHEHHs H3-
aydeHus B MM cBetoBoae [4] He HaeT npAMBIX M
OTHOCHTE/IbHO MPOCTBIX peleHuil ang npeobpaszo-
BaHHA MOIOBOTO cocTasa. B BonHOBO# Teopun PMM
3a/1a€TCs ABYXIapaMeTPUIEeCKHM MACCHBOM aMILITHTY]
JTMCKPETHBIX MO, [1151 onmHcaHns KOHKPETHOI HeOHO-
POIHOCTH BOJIOKOHHOTO TPaKTa HEOOXOIMMO PeIlnThb
CJIOXKHYIO 3amaqy ornpeeneHns ko3 pHuHeHToB cBa3H
BCEX MO M pacyera aMILTHTY/, MOJ [10CJ1e HEOAHOPO/1-
HocTH. [locne pemenus ToH 3agauM, BHIYHCIIEHHUS
PMM Bce paBHO OCTaHYTCS 3aTPYAHUTENBHBIMH, 110-
CKOIBKY KOd(huumenTs! cBsizn Moa OyayT conepikarh
HHTErpajbl NEPEKPLITHS CIOKHBIX pacnpeacneHui
nojeil MO, a caMo KOJIHYeCTBO PachpOCTPaHsIO-
Hxca Mo B TunoBeix MM cBeTOBOZax JOCTHraer
10 HeckonbKHX coreH. Bonee TOro, aHaJIHTHYECKHe
BLID@XKEHHA 1A Moneif MO M3BECTHBI TONIBKO UL
Clly4deB CTYNEHYaToro u mnapabdonudeckoro npodm-
J1el 1oKasareis npenoMIeHUs BOJOKHA MPH YCIOBHH
MOHOXPOMaTHYECKOT0 M3IY4YEHHS MCTOYHHKA. YUeT
CHEKTPaJbHbBIX KOMITOHEHT cnaﬁoxorepeumblx HC-
TOYHHKOB (MHOIOMOJIOBBIX JIA3€POB HIIH CBETOIHO/IOB)
BbI3bIBAET elle Oo/bline TPYAHOCTH. PaccMoTpeHue
JIaHHOM MPOO/IEMBI HA OCHOBE Ty4€BOii TEOPHH ABJISI-
€TCA MEHee CTPOTUM, HO (ollee HAITISAHBIM, OJHAKO U
B 9TOM CIY4ae COXPAHAKTCA yKa3aHHbIE TPYIHOCTH.

C y4eroMm CKa3aHHOTO, 1S MOMYYEHHS MPH-
EMIIEMbIX B IIPAKTHYECKOM NMPHMEHEHHH MOJIeeii,
uesnecoobpa3Ho Mcnonb30BaTh NPUOIHKEHHBIE
cnocobbl ananu3a MM cBeTOBOJIa, B YACTHOCTH,
NpeAcTaBIeHHe MOJOBOI0 KOHTHHYYMa, B paMKax
KOTOPOTO MHOKECTBO AMCKPETHBLIX MOI B BOJIOKHE
3ameHsieTcs KOHTHHYYMOM. B 3T0ii Monenn xapakrep
PMM 3anaercs ckanapHoi (DyHKIMeH HenpepbIBHOrO
MOJIOBOIO napameTpa. ¢ KOTOPOH CBsi3aHbl pacripe-
NleJIeHHe MHTEHCUBHOCTH B [MOMEPEYHOM CEYEeHMH,
0011as MOIIHOCTD M APYTHe XapaKTePHCTHKH H3ITy-
4YEHHA, PACNPOCTPAHAIOLIETOCH B CBETOBOAE. DTOT
TIOZIXOJ1 ABJIAETCS YIPOIIEHHLIM, HE MO3BOJIAET OIM-
chiBaTh (pazoBsie HPPEKThI, CHEKITBI U T.II. ABJICHMA,
HO B 3HAYMUTEJILHON CTENEeHH CHIKAET OTMEYeHHbIe
TPYAHOCTH MPHMEHEHMS CTPOTOif TEOPHH.

[Ipeacrasnenne MOIOBOrO KOHTHHYYMA ObLIO
Pa3BUTO M YCHEIIHO NPHMEHANOCH, HAIPUMEP, NPH
nocrpoeHuH Teopun MM pednexkromerpuueckoro
natauka [5], npu paccMoTpennn npodieMsl noTeps
B coeauneHHH MM Bonokos [6, 7]. Oaunako nosHo-
LEHHOE pelenne Bonpoca o npeobpaszosanuun PMM
nonyueHo He 6bu10. OTMETHM TAK K€, UTO /11 OMHca-
HHA COBpEMEHHOM cTannapTusauuun PMM, meTo108 1
YCTPOHCTB yHH(DHKaALIMK H3MEPEHHI XapaKTePHCTHK
MM BOJNIOKOH TaK ke MPHUMEHAETCA HAEOJOTHA MO-
JI0BOTO KOHTHHYYMa [9].
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Hanee B pasagene 3 cTaTbd paccMOTpPEHBI
OCHOBHbIE NONOKEHHs (PopMann3mMa R-KOHTHHYYMA,
npejacrasienHoro B pabore [5]. B pasgene 4 pac-
CMATPUBAKOTCA NPUHIIMITEI pacyeTa npeodpa3oBaHus
PMM, npoucXoasiero B COEANHEHUH BOJIOKOH C
PE3KHM M3MEHEHHEM JIHaMeTpa M YHCJIOBOH anep-
TYpBl, Npo(puILHON QYHKLHH, & TAKKE NONEPEUHBIM
CMELIEHHEM OCH BONOKOH, T.K. 9TH HEOAHOPOAHOCTH
HanOosee XapaKTepHBI U1 CThIKOB CBETOBOIOB. /laH-
HbIH aHanu3 Gasupyercs Ha OpMaIH3IMe MOJOBOTO
KOHTHHYYMa TEOpPHH, NPE/ICTABIEHHOI B padoTe 5],
passuBaeT M obobmaer pesyabrarsl pabors [7]. B
HTOre, NPEACTaBIIEH oneparop npeodpazosanus PMM
Ha HEOJHOPOJHOCTAX 00ILIIero BHAA, C MOMOLILI) KOTO-
POro MOKHO pacCUMTaTh PACHpeie/IeHHE MOIITHOCTH
10 MOJaM B MPOHM3BOJILHOM CEYEHHUH BOJIOKOHHOTO
TpakTa. bonee nospobHo npouecc Moy4eHus JaHHo-
ro oreparopa paccMoTpeH B padote [8]. B pasnene 5
Npe/ICTABIEHbI IPUMEPLI PACYETOB Npeobpa3oBaHms
PMM B coeHeHnH BOOKOH, COIEpIKAILIeM cpasy He-
CKOJILKO TUTIOB HEOIHOPOZHOCTEI, H npeobpazoBaHme
PMM B cocTaBHOM TPAKTe € HECKOJIBKHMH M0CJIE/10-
BATE/IbHBIMH COEIMHEHUSMH PA3HBIX BOIOKOH.

IMpubankenne Mo10BOro KOHTHHYYMA

Jlanee GyyT MCronb30BaThCA AaHHbIE W3 pabo-
Tbl [5], B KOTOPOIi MPHBE/IEH OMH M3 CAMBIX MOJIHBIX
1 00001IEeHHBIX BAPHAHTOB onncanus MM BonokHa
C MOMOLIBK MOJOBOTO KOHTHHYYMA.

Bynem paccmatpuBaTh rpagHEHTHOE MHOIO-
MOI0BO€ ONTHYECKOE BOJIOKHO, CTPYKTYpa KOTOPOTO
OMHCHIBAETCA CIEAYIOUIHMH THIOBBIMH XapaKTepH-
CTHKaMU: Paauyc CepAlEeBHHbI — @, OTHOCHTEIbHAA
PasHOCTb KOYPDUIIHEHTOB NPETOMIIEHHS CEPILIEBH-
HBI B 000JI0YKH — A, TONepeyHas 3aBHCHMOCTE T0-
Ka3aTels NpeIOMIICHUS: 7°(F), T/1€ 1 — PACCTOSHUE OT
ocH ceToBoza. [TapameTp A BBOANTCS CTAaHAAPTHBIM

2 2 2 »
obpazoMm: A = (n& - NG ]/2:1{- . [I1€ N _— aKCHabHbIi

MOKas3aTesb NPEJIOMIEHUs BONOKHA, 1 — NOKa3aTelhb
npesnomaeHHs 000710ukH. 3aBUCHMOCTL #7(r) onpejie-
nsieTes yepes npoduabnyo pynxumio fir): m(r) = n .’
(1-2-A:Ar)).

YacTo paccMaTpHBaeTCs MOZIEb BOJIOKHA ¢ TaK
Ha3pIBaeMbIM a-nipoduiem. B takom ciyuae f{r) =
= (r/a)®, ana “crynenyaroro” u “napabonuueckoro”
BOJIOKHA O = 0 H L = 2, COOTBETCTBEHHO.

B nannoii paboTte Mbl He paccmaTrpuBaem
[OTEPH ONTHYECKOH MOUHOCTH U YpeKThl B3a-
MMOAEHCTBHA MO B MPOLIECCE PACTIPOCTPAHEHHS
U3IYYEHUs 10 BOJIOKHY, T.e. rmosaraeM, uto PMM
B BOJIOKHE M3MEHSETCS TOJIBKO BCIIEACTBHE PE3KHX
HEOJAHOPOIHOCTEMN.
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B pamkax dopmanmnsma R-KOHTHHYYMa BMECTO
JIMCKPETHBIX MOIOBBIX IPYTIN ¢ 0000IEHHBIM HOME-
poM M monaraeTcs HaJMuMe KOHTHHYYMa MOZL (MO0~
BBIX IPYIIN) ¢ HENPEPLIBHLIM napameTpoM R [S]:

R =L 1——@—% ; (1)
2A An” - n;

rae B — nocToAHHAA pacrnpocTpaHEHHA MOIOBOM
TPYNIbI; A — IJIHHA BOJIHbI B BAKYYME.

B takom Buae mapamerp R moxer ObiThb cormo-
CTaBJIeH ¢ HOPMHPOBAHHBIM 0000LIEHHBIM HOME-
pom MojoBoii rpynnet M, (M, =MM, . e
M — MakCHMaibHO€ YHMCIO MOAOBBIX IPYIII, CHO-
cOOHBIX pacOpoCTpaHATLCA B cBeToBoAE). CBA3b na-
pameTpa R ¢ HOpMHPOBAHHLIM HOMEPOM HJIH JTyHY€BbIM
HHBAPHAHTOM MOJIOBOH IPYTIIbI B ClTyHae a-npoguis
umeeT Bug [8]*

i

R =M, 2

s l—za[ﬁ] cos’ 0

R a

R = — - . @
A (2)

rae © — yron my4a no OTHOHIEHHIO K OCH BOJIOKHA B
TOYKE C KOOPJHHATOH 7.

Pacnipesnenenue MOLHOCTH 110 MOJaM B pam-
Kax R-KOHTHHYyMa 3a1aeTcs HerpepbiBHO#H (yHKIN-
eii p(R). [TonHas MOMIHOCTE ONTHYECKOTO H3TY4YeHHA
B BOJIOKHE!

|

P = [p(R)-m(R)dR, (3)

0

rae (yHKUMA MOZOBOM MIOTHOCTH m(R) yIHUThIBAET
M3MEHEHHE KOJIMYeCTBAa MO/l HA €IMHHUILY HHTEepBaJa
napaMeTpa R, BCJIEACTBHE W3MEHEHHMS KOJIHHECTBA
MOJ1 B MOJIOBBIX TpyTinax. 1a ()yHKLHS onpeiesercs
rapaMeTpaMy CBeTOBO/IA COITIACHO BhIpaXKeHHIO [5]:

S, _f"‘}th
m(R) = 2= &ﬁ"‘ ~-R- i ) , (@)

rae f'(R?) =a-R** — dyHkums, odpatHas npoduiib-
HOH, /U1sl cTeneHHOro npoduis noxasarens npe-
JIOMIICHHA.

[Tonepeunoe pacnpeneneHne HHTEHCHBHOCTH
MOKHO HaiTH U3 PMM [5]:

2 2 1
1(r)= 22" [ p(R)-R-dR. (5)
AN ()

M3 (5) BHIHO, YTO COMNIACHO MOZEIH MOJOBOIO
KOHTHHYYMa, MOJIOBasi TPYyMNa ¢ napaMeTpoM R naet
PaBHOMEPHBII BKJIa/l B HHTEHCHBHOCTb H3JIy4eHHA B
npeznenax kpyra paauycom /' (R?). B THIOBBIX BOSIOK-
Hax obnacts R < (.2 cooTBeTCTBYET OCHOBHOH MOJIE.

[IpuBesenHoe BbIlIE ONMHCAHHE MOAOBOIO
cocTasa, OYeBHAHO, 3HAYUTEJILHO NpOLIEe, YEM B
CTPOroi Teopuu AHUCKpeTHbIX moja. Heobxoaumo
OTMETHTh, 4TO MOJE/Ib KOHTHHYYMa HE YYMThIBAeT
HECHMMETPHYHbIE MOMNEPEYHbIE pacrnpeiesieHus no-
Aei, nonApu3aumio 1 Ga3bl UITY4EHHA MOJ, YTO He
MO3BOJIAET a/IeKBATHO OMHCATh HHTeP(epeHMOHHBIE
H TTOJIAPU3ALHOHHbBIE (P(EKThl, CIIEKIIOBYIO KAPTHHY
1 nogoousle sisnenus [ 10]. OnHako npu paccMoTpe-
HHH MOIIHOCTHBIX XapaKTePUCTHK H3JIyUeHHs TaKas
MOOenb ageKkBaTHO onuceiBaer PMM u3nyueHus B
MM BonokHax ¢ Gonbuum M, .

Onepartop npeoGpa3oBaHus pacnpeae/eHus
MOIMHOCTH 110 MOAAM HA HEOAHOPOIHOCTAX

B teopuu, npeacrasienHoit B [5] Ha ocHoBe
thopmanuiMa R-KOHTHHYYMA BBEI€HO Npeobpa3opa-
Hue PMM, Bei3BaHHOE (UIyKTyallHsAMH NapaMETPOB
ceetoBoja. OaHAKO NpeanoaaraeTcs TOJbKO Me-
nexHoe (“aguabarnyeckoe’’) U3IMEHEHHE NapaMeTPoB
BOJIOKHA, IPY KOTOPOM OTCYTCTBYET CBA3b MOI.

B pa6ore [6]. nocesieHHo noTepsam mpu
cThIKOBKE BYX MM CBETOBOZIOB € NONEPEYHBIM CME-
LLIEHNEM, MO-BHIHMOMY, BIIEPBbIE ObLIO NPEIOKEHO
HCTIONb30BaTh MOZENb KOHTHHYYMA C PacIpeie/ieH -
em p(R) u HaiiT onepatop npeodpasoBaHus (yHKLIHH
PMM & Takom cewennH. OjHako paccmorpenue [6]
OrpaHHMHYHBAIOCH OJIMHAKOBBIMH MapabosiMyecKHMH
BOJIOKHAMH, M TMPHBEAEHHBIE B paboTe aHaIHTHYe-
CKHMe BhIpaXKEHHMS He NO3BOJAIOT HaxoauTs PMM
nocne CThiKa.

Haubonee 6iu3kum K npejiaraeMomy rnoaxomy
ABJISIETCS aHANIN3, NIpHUBeAeHHkIH B pabote [7]. B neit
paccMarpUuBalOTCs MOTEPH HA CTHIKE JBYX BOJIOKOH C
MPOU3BOIIBHOM, HO OJIMHAKOBOMH /U KasK10ro H3 HHUX
npoduiIbHOM (DyHKIIMEH, M I0MyCKaeTCs M3MEHEHHE a
1 A. AHaIH3 IPOBOJAMTCS B pAMKax JTy4eBoH TEOpHH,
HO C YY€TOM KOHTHHYaJbHOI'0 H3MEHEHHS JIy4eBOro
HMHBAPHAHTA, YTO SABIAETCA HEKOTOPBIM aHAJOrom
METO/1a MOIOBOTO KOHTHHYYMa. B pabote nomyuensi
BhIPaKEHHA U PacyeTa MoJHbIX 0TepPh MOIIHOCTH
B COEIMHEHHH, HO OT/IENBHO npeobpazosanne PMM
He BbiaeneHo. [TpumenenHslii B [7] npuHumMn yyera
reOMEeTPHHECKHX MTapaMeTpOB JIyHeii P MpoXoxie-
HHH CThIKA NPEACTABIACTCA MOHATHBIM, HAITIAAHBIM
1 3¢ dexTUBHBIM.

Takum obpazom, ¢ yHETOM NPUHLIMIIOB MOJ0-
BO-JTy4€BOi 9KBHBAJIEHTHOCTH, Mbl MOAM(DHIIMPOBAIIHN
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1 0000 IMIH aHAJIN3, TPHBEAEHHBIN B [7] 1a cityuas
(opMaIM3Ma MOTOBOTO KOHTHHYYMa, OIIHCAHHOTO B
paszene 3. ¥ MOJYYHIH OMepaTop npeodpazoBaHHs
PMM st cThika JBYX CBETOBOAOB C Pa3HBIMH 4,
A (unu yMcioBbIMH aneprypamu — NA = n.+/2A
), npohHIbHLIMI (QYHKLUHAMH f(r) ¥ NONEPeYHbIM
cMmelenueM oceil. CxeMaTH4eCKH, COeJHHEHHE BO-
JIOKOH C pa3HbIMH MapaMeTpaMH WILTIOCTPHPYETCs
Ha pucyHke 1. Bonee nogpoGHoe obocHoBaHKe mO-
Jy4yeHHs oreparopa npueeaeHo B pabore [8].

B obmeit dpopme oneparop H npeoGpasyrouimii
PMM p (R) BO BXOIHOM BONIOKHE K pacnpe/IeNeHHIo
P,(R) = H(p,(R)) B BBIXO/THOM BOJIOKHE HMEET ClIey-
touuit Bz [8]:

e

P2 (R) = —2— x

TP

A . (6)
n fi'(F)
% Id‘PZ I Py (R'(r,\¥5)) radry
0 0

S

Ay ngy “\a;

+fl("|(":vq’2)

a4

Hupexcel «1» OTHOCATCA K BXOTHOMY BOJIOKHY,.
a «2» K BBIXOIHOMY (110 HANPABIIEHHIO PACTIPOCTPaHe-
HHA H3ITYHCHHSA), 7', W, — LIATHHAPHYECKHE NO/ApHbIE
KOOPAMHATHI B CE4E€HHH BBIXOAHOIO BOJIOKHA. DyHK-
uma r (7, '¥,) B (7) umeer Bua [8]:

ni(n,¥,) = Jrzz + (ua, )3 ~2r, (ua, )cos ¥, , (8)

rae u — BEJIHYHHA MONEepe4yHOro CMelleHuA oceH
BOJIOKOH, HODMHPOBAHHAs HA PAJNYC d,.

ITosichuM (pu3HYECKHIl CMBICI OomepaTopa.
MoHOCTL HEKOTOPOH MOJOBOI IpyMIbl ¢ napame-
Tpom R BO BTOPOM CBETOBOjIE (DOPMUpPYETCs U3 H3ITY-
YEHMl pa3HBIX MOIOBBIX TPYIII IEPBOTO CBETOBO/A.
AprymedT R’ pynxumun PMM noa nHTErpanoM umeet
CMBIC/I TAPAMETPA MOJIOBO# IPYIIibl BOJIOKHA |, H3-
JTydeHHe KOTopoii mpeobpasyercs B MOAOBYIO IPYIIIy
¢ mapameTpoM R Bo/OKHA 2 B JaHHO#H Touke (r,, '¥,)
cedenus cThika. MuTerpan 6epercs no obnactu Topua
BTOpOro BonokHa. CTPyKTypa HHTErpalia u ero npese-
Jibl 00€CNeYnBaloT «cOOP» BKIIAIOB OT BCEX MOJOBBIX
rpyni BojiokHa | B MogoByto rpynny R BojokHa 2 ¢
yuerom PMM nepsoro BonokHa p (R”).

B cnyuae Bonokna ¢ a-npodunem Gopmysnsl
(6) 1 (7) ynpoiarores:
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=
P2 (R) =
b n aRY™ ) 9)
B e | 8 R'(ry, ¥, )) rndr,
= bl Rl e
R‘Q:ﬁ- "_ia!_,__‘il,u')(
A| ﬂ2 a

x (’—2] +u’ —2»i-ucos(‘l’3)

d,

I'1aBHOE JOCTOMHCTBO MOIYYEHHOTO OMEepaTo-
pa— npocras avanuTHyeckas Gopma. OH cnpaBeInB
ISl TPOM3BOJBHOTO MPO(UIA KaXK/A0r0 BOJOKHA,
YUHTBIBAET Pa3/IMYHLIE BUIBI PACCOITIACOBAHMIT napa-
METPOB COeHHEeHHs 0e3 OrpaHHYueHHUs HA BEJTHYHHY
paccornacosaHuii. Onepatop padotaeTr ¢ J1HObIM
su0M Bxoanoro PMM. TocnenoBarensHoe uenoms-
30BaHHE JAHHOIO orneparopa mo3BojfeT paccHuTarb
usmeHeHus PMM, moumHocTH B pacnpenelieHus
HHTEHCHBHOCTH TIOCJIE MPOXOKAECHHA HECKOJIbKHX
CTBIKOB C paccoriacoBaHHeEM.

Pacuer npeobpasoBanuss PMM nas coenunenns
ABYX BOJIOKOH, a TAKIKe VI JIHHHH, COdep Kaulei
HECKOJIbKO M0C/1e10BATEeIbHBIX COeHHEHHI

B pacyeTax HMCNnoJb30BaJIMCh JIBA MOAEIb-
HBIX THNA BXoAHOro PMM: «IkcnoHeHUHAaNbHOE»
p,(R) = exp(—p R?), rae p, ABIAETCA NapameTpom, i
«cpesanHoe» pacnpeaeneune p (R)=1npu R<R,
Aanee npu R> R, p, (R) nuneiino caipkaercs 10 0 npu
R = 1. B npuBeeHHbIX HHIKE IPHUMEPAX NapamMeTpsl
BxoaHeiX PMM cocrasasior p = 0,5 u R,= 0.8, nx
H300pakeHne NMpUBEAEHO HAa pHCYHKaX | («cpesan-
Hoe» PMM) u 2 («3KCNIOHEHIHAIBHOE) ).

PacueTbl npoBeaeHb! Ul CBETOBOAOB, COOT-
BETCTBYHOIIHMX MHOTOMOJOBBIM BOJTOKHAM (hUPMBbI
Corning u OFS, napaMeTpbl KOTOPBIX NPUBEIEHBI B
Tabnuue 1, ans iMHBL BONHBL H3mydeHus 850 Hm.
[Tpumenens caenyomue 0603HAUYEHUA: o — CTe-
neHb (GyHKIMH Tpoduis nokasarens npesoMIeHus;
d. — anametp cepaueBuHbl (Mkm); NA — uncnosas
aneprypa U »n — 3hdexkTuBHbI rpynnoBoil nokasa-
TeJsb MpEJOMIICHHS (COOTBETCTBYET MOKA3aTelio Ha
OCH BOJIOKHA).

Tabnuua 1

[apamerpsr MM BOI0KOH, MO/IeJIHPYEMbIE B pacyeTax

BOJIOKHO o d., MM | NA n
Corning 50/125 20 |50 0.2 1.49
Comning 62.5/125 | 2.0 | 62.5 0.275 | 1.496
OFS 100/140 2.0 100 0.29 1.497
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Pacuet usmenenus PMM p,(R) conpososkaan-
CA pacueTaMu HOTCpb MOLIHOCTH Ha COCIHHECHHAX,
BLIYHCJ/ICHHBIX KaK OTHOLICHHE MOJIHON MOILIHOCTH
A0 M NOCJe CThiKa.

A 5 (R)m, (R)dR
1B fo@mba

A [ pRm(R)aR

[7le MOIHOCTh BhIYHCIAIACH 10 dopmyre (3) ¢ yue-
ToM (4).

Ha puc. 1 npezicrasieHsl pe3y/ibTaTbl MOIEIH-
POBAaHHS TIPOXO/KIECHHA CBETOBOTO H3JTYHEHHS CO «Cpe-
3aHHeiM» PMM, uepe3 coeautenue BojokoH 50/125
MKM - 62.5 MKM C MONepeYHbIM OCEBbIM CMEILIEHHEM:
HaBepXy MPeICTaBJIeH CXEMATHYHbIH BH/1 COEAMHEHMS,
CHH3Y — H3MeHeHne PMM nipu pasinuuHbIX BeTHYHHAX
paccomacoBanus. Ha rpaduke Taioke ykasaHbl COOT-
BETCTBYIOILNE BEJIHYHHBI OTEPh MOILHOCTH L.

HeobxoauMo OTMETHUTh, YTO B paccMarpHBa-
€MOM COEIMHEHHH OJHOBPEMEHHO MPHCYTCTBYIOT
HECKOJIbKO BH0B HEOJHOPOAHOCTEH: BOJIOKHA OT-
JIMYAITCA 110 JHaMeTpaM, YHCIOBBIM alepTypam,
BENMYHHE IIOKa3aTeNns MpeTOMJICHHA, a TAKKe CO-
€/IMHEeHbI C MOTEPeuHbIM paccornacoBannem. Tem He
Mmenee, oneparop npeobpazosanus PMM (9) nosso-
JIA€T y4ecThb BIMAHHE BCEX ITHX HEOJHOPOAHOCTEM.
[lokaszatenpHo oTcyTcTBHe notepb (L=0.004 aB),
B pacdeTe OMEpaTOPHBIM METOAOM COEJIMHEHHA C
nonepeyHsiM paccornacosanueM u = 0.3a,. Xots
BeJIHYMHA CBHTa BOJIOKOH JOCTATOYHO BEJIMKA, 10-
Tepeil HeT, T. K. N3/TyYeHHE MePexXoaHT U3 BOJOKHA ¢
MEHbIIHM PaJHyCcOM M YHCIOBOH anepTypoii B BO-
JIOKHO ¢ 0ONBILIMM paJinycoOM M anepTypoi, MpH4YeM
Cep/leBHHA NEPBOro BOJOKHA €LIE€ HE BBIXOIMT 3a
rpaHHlLibl CEPLIEBUHBI BTOPOTO.

62.5/125, ny, NA>

axomHoe PMM

PMM nocne
SOCHHCHIA
P(R) sxomoe PMM P(R) sxomHoe PMM P(R) sxozHoe PMM

1.0 L0

0.8

08
L = 0.004 16 \

\ L =058 1B

1.0

| 0.8

L =263 b

0.6 | |
\ PMM nocne coemHeHHs ,

S PMM nocne coenmHeHns N
0z w=03a, 02 w=0.5a,

\
\ .. /
\ [
\

PMM nocne coeamHeHAs

\
\
: — 1=0.8: \ \
| / 4

|1 |

0 0.2 0.4 0.6 0.8 1o o0 02 0.4

R

0.6 0.8 10 0 0.2 0.4 0.6 0.8

1.0
R R

Puc.1. Cxema coennnenus Bonokon 50/125-62.5/125 (ceepxy), uamenenne PMM u norepu mouwnoctn L(ab)
B HEM MPH Pa3HbIX 3HAYEHHUAX NapaMeTpa paccoriacoBaHus (BHHU3Y)

[TonyueHHbie pe3ynbTaThl MOKHO CONOCTABUTH

C N3BECTHLIMH BhIPAJKEHHSAMM U1 OLIEHKH [OTepb B

COEIMHEHHAX BOJIOKOH C NONEepPeYHbIM PaccoriacoBa-

aueM (12), pasusivMu auameTpami (13) U 9HCIOBBIMH
aneprypams (14) [2]:

L, =10-1g(1- 8 u/3m); (12)

L =10-1g[(a,/a))*], a/a < 1; (13)

L =10-1g(A,/A) = 10-lg[(NA:!NAl}3], AJ/A<1. (14)

CTOMT OTMETHTb, 4TO BhlpaxkeHnus (12)—(14)

KOPPEKTHBL TOJLKO /IS Cily4as paBHOMEPHOIO BO3-

OyiK/aeHHs BCEX MOJL B MHOTOMOIOBOM napabonnye-

CKOM BOJIOKOHHOM cBeToBoze. [1oaTOMY BEJIMYMHBI,

NOJIY4eHHbIE C X TOMOLIBIO MOKHO HHTEPIPETHPO-
BaTh, KAK OLEHKH CBEPXY [UISl PE3YJILTATOB pacuera
no dopmynam (11), (3) u (4). [Ipuuem npu pacuere
cnelyeT OTIEeNbHO 3a/1aBaTh B COOTBETCTBYIOIINE
BBIPAJKEHHA MAPaMETPhbl PAccOIacoBaHusA Mo aMa-
METpY, YHCIIOBOI anepType COeIHHAEMBIX BOJIOKOH,
H MONEepeYHOMY CMEILICHHIO MEXIY HHMH, a 3aTeMm
CIOKHTh pe3ynbTathl. JlanHbie BLIYHCIEHHA, 14
n300pakeHHOro Ha puc.] ciydad, 4alT cleaylolHe
NOTEPH MOLIHOCTH B coeauHenusx: (1) u = 0.3a,,
L . =2.1041b,(2) u=0.5a, LW”= 3.227 nb, 3) u

P

= 0.8qa,, LM"= 5.764 nb, uTo 3HAUMTENBLHO OOMBIIE
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MHpopmaTtuka. TenekoMmyHukaumu. YnpasneHue

3HAYEHHIL, MOJYYEHHBIX C MOMOLLIBI0 OepaTopa Ipe-
oOpaszoBauns PMM, yunThiBaioLIero ceIeKTHBHOCTh
Bo30ykieHns MM BostokHa.

Jlanee paccMOTpHM MpHMEp pacyeTa COCTABHO-
ro MM TpakTa ¢ HECKOJIbKUMH COEAMHEHHUAMH BOJIO-
koH. Ha pucyHke 2 npezcrasieHa cxema BOJIOKOHHOI
JIMHHH COCTOAILEH M3 YEThIPEX MHOIOMOI0BbIX BOJIO-
KOH, COEIMHEHHBIX CJIeIYIOIHM 00pa3oM: BOIOKHO
Ne 1 (50/125 mxm) — Bonokno Ne 2 (50/125 MkmM)
— onokHo Ne 3 (100/140 mxm) — BomokHo Ne 4 (62.5
MKM). Kpome Toro. B coequHenun Bosiokod Ne 1 i Ne 2
HMEET MECTO MOMEPeYHOe PACCOrIAcOBaHKUE C Napa-
metpom u#,=0.3a,; coeaunenne BonokoH Ne 2 u Ne 3 ne
HMEET [0MNEPEYHOro pACCOMIACOBAHNA; 4 COEINHEHHE
BosokoH Ne 3 u Ne 4 umeeT nonepeuHoe paccornaco-
Banue v, = (.5a,. Takxke na pucyHke 2 npeJcTaBieHbl

pPe3yibTaThl pacHeTa H3MEHCHHA BXOJHOI0 2KCIO-
HeHIHaIbHOro PMM npu npoxomaeHHH yKa3aHHbIX
BOJIOKOHHBIX COEIHHEHHIi, a TaKiKe COOTBETCTBYIO-
LIHE MOoTepH MOIHOCTH L. B nmannom ciydae pac-
4eT NPOBOAMJICH MOCPEICTBOM TOCJIEA0BATENLHOIO
MPHMEHCHHA OTICJIBHBIX ONEPATOPOB U1 KaKI10Io 13
TpeX BOJIOKOHHIX coeuHenuii. Ha pucynke 3, PMM
B KaKJ10M M3 BOJIOKOH COCTaBHOH JIMHUH N300pakeHbl
Ha OJIHOM rpaduke (ciepa), U MOKa3aHO HapacTaHHue
NMOTEPs MOLIHOCTH MPH NPOXOXKACHHH COEIUHEHHH
(cnpaBa). BeluHClIeHHs MOCPEACTBOM OLIEHOYHBIX
tdopmyn (12)—(14) paror creayoumwmii pesyabrar:
L (1-2)=1.276 ab, L.(2-3)=02b, L (3-4)
=6.943 1B, me(oﬁmue) = 8.219 1b u 3HauKuTEBHO
MPEeBbILAIT PACCYHTAHHbIE ONIEPATOPHBIM METOIOM
J15 CENEKTHBHOIO BO30YKIEHUS BOJIOKHA.

I

50 NA 100 mrm, ns, NA; 62.5 MEM, Ry, NA,
BXOIHOE MEKM, Ny, i — o IS ——————
PMM T 50 miem, n;, NA; = P E Nod s HTOroBOE
- 5 i e i PMM
T §a=a;
Uy
p(R) coemmHenne |-2 p(R) coemMHenHe 2-3 p(R) coemHenne 3-4
I | I I ' T = | —[
sxoasoe PMM L3 =0ab
fw"‘\.\ = | | 0.8 L 1 N PMM &
\ Lis =075 1B PMM 8 ™ BonokHe Ned
12=0. -
0.6 " 0.6 N\ Bouie Ne2 0.6 ‘ —‘—
/] >\ \L Lag = 1.495 1B
0.4 / 0.4 |—— / \ \ (.4 N i ‘
02— PMMas { \ 02 PMMas N, 02t iaies \ |
BonoKHE Ne2 ‘ Bonokxe Ne3 | \ BonokHe Nod
S— | : L ! ] | N

(0.6

0.2

0 02 0.4 0.8 R 0 0.2 0.4 0.6 0.8 R 0 0.4 0.6 (1%.] R
Puc.2. Cxema BosiokonHo# inunn 50/125-50/125-100/140-62.5/125 (ceepxy),
M COOTBETCTBYIOWME H3MeHeHHs PMM B tpex coennHeHnsx (BHH3Y)
pP(R) L, nb
1.0 >
BX0ogHOoe PMM I
0.8 (B BonokHe Nol) _ | COC/HHEHHE
p : 1.5/~ BOJIOKHa Ne2 ¢
PMM N MM BN 5 BOJIOKHOM Ne3
Ne3 —— BOJIOKHE Ne
-\ : \ -
0.4 r \‘r'~ \
/! i i Ne3 — No4
02 + R 1 |
coeUHEHHE BOJIOKOH Nel i Ne2
0 | N — 1 ] J
0 0.2 0.4 0.6 0.8 1.0 0 Z 2 z3

R

pacCcToOAHHUE B10JIb OCH BOJIOKHA

Puc.3. 3aBucumoctn PMM puc.2, Ha osiHoM rpadimke (cneBa) 4 COOTBETCTBYIOUIHE MOTEPH MOLIHOCTH (Cpapa)
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‘ ONeKkTpoHWKA, TEXHONOMMW NPON3BOACTBa MaTEPWanoB 3NEKTPOHHON TEXHUKN

JakioueHue

B crarbe npeacrasien oneparop npeobpa-
joBanus PMM, ¢ noMous0 KOTOpOro, HCXoas M3
BxoaHoro PMM, MOxHO npHOIMKEHHO PacCUHUTATh
MOJIOBOE pacnpeneneHHe B [MPOU3BOJIbHOM CEYeHHH
MHOIOMOZIOBOI'O TPAKTA, COAEPKALLIETO PEIKHE BOJIO-
KOHHbIE HEOJJHOPOJHOCTH C PaccoriacoBaHHEM [IHa-
METpOB, YHCIOBBIX anepTyp, npodueil nokasareus
NPeIOMIIEHHA, a TAKKE C MONEePeuHbIM Paccoriaco-
BAHUEM OCEil BOJIOKOH.

[TpennoxeHHbIi MeTOZ 00Na1aeT ClIeTyIOIH-
MH JIOCTOMHCTBAMM: PACYETHbHIE BLIPAKEHUSI HMEIOT
MPOCTOH aHATMTHYECKUIl BHI, pacdeT He Tpedyer
OOJIBIIMX BBIYHCIIHTENILHBIX MOIIHOCTEH, B OJHOM
oneparope MOKHO OJHOBPEMEHHO YYHMTHIBAThH BJIH-
AHHUE HECKOJIBKMX HEOJHOPOAHOCTEH pa3sHOro THIa,
oneparopHas (gopMma BeIMHC/IEHHH N03BOJAET pac-
CMATPHBATEL COCTABHBIE BONOKOHHBIE TPAKThI. Pac-
yer PMM paer BO3MOKHOCTL ONPENE/HTh MNOTEPH

MOILHOCTH B COEJMHEHHAX BOJOKOH, YTO OCODEHHO
aKkTyanbHo Ha npaxtuke. [To cpaBHeHHIO ¢ M3BECT-
HbBIMH OLIEHOYHBIMH BbIpaKeHHAMH 1114 COE,H,HHEHHﬁ
CBETOBOIOB, HpEJIJ'IO}KEHHblﬁ cnocob pacHeTa no-
3BOJISIET 3HAYHTE/ILHO YBEJIMYHTh TOHHOCTH OLEHKH
NnoTrepb MOLUIHOCTH. 910 JOCTHraeTcsa 3a CHeT y4era
CeJIeKTMBHOIO BO30Y)K/IeHHsI MOZOBOIO COCTaBa M3-
JAy4eHHA B BOJIOKHE, M H3MeHeHus PMM npu peskux
BOJIOKOHHBIX HEOJHOPOAHOCTAX (CMOTPHTE CpaBHE-
HME MOTepb MOIIHOCTH NMpPH pacyete 1o Ghopmyiam
(11), (3) n (4), n (12)—(14) B paznene 5).

[TonyuenHble oneparopsl NpeoOpa3oBaHUs
PMM moryT GbITh B JajJbHEHIIEM HCTIO/IB30BAHbI HE
TONBKO /11 OLlEHKH MOoTephb B coeanHeHusx MM go-
JIOKOH (B TOM YHCIIE MHOTOKPaTHBIX COEIMHEHMAX),
HO M JIUIA pacdeTa MoJioChl MPOIYCKaHHA B COCTABHbIX
TpakTax, a Tak K€ A1A paCCMOTPEHHA JAPYTrHX CIIOMK-
HBIX 3ajad, Ij1e HeoOxoauM yuet usmenennd PMM B
MM BOJIOKOHHOM TpakTe.
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4

NHPOopMaUMOHHBbIE 1 TENEKOMMYHUKALIMOHHbIE
TEXHONOrMM B 06pa3oBaHnmn

Epmakos A. B.

OCOBEHHOCTH MYJIbTUCEPBUCHOM CETH JJIsi CACTEMbI OBECITEYEHUS
YYEBHOT'O IMPOLIECCA

Beenenne

CoBeplueHCTBOBAaHHE CHCTeMbl 0o0pa3oBa-
HHA — BAXXHOC HanpasJI€HHE B Pa3BHTHH 06u1e-
ctBa. OgHUM u3 Y PEeKTHBHBIX HHCTPYMEHTOB
NOBBILIIEHWUA Ka4yecTBa y'—leﬁHOl‘O npouecca cuura-
eTCsd MCIOJIb30BAHHE COBPEMEHHBIX TEXHHYECKHX
cpeAcTB. JIns TIeKIUMOHHBIX 3aHATHI TEXHHYECKHM
CPEeACTBOM CTAHOBHTCA KOMIUIEKC YCTPOHCTB IO
oToOpakeHHI0 MyIbTUMeAHITHONH HHDOpMALIHK
(rojnoc, naHHble W BHAEO). DTOT KOMILIEKC CO-
CTOHT M3 JIBYX KOMIIOHEHTOB. HCpBMﬁ KOMIIOHEHT
“npucyTcTBYeT” B ayAMTOpHH: OONbILOI JKpaH,
NEPCOHANIbHBIC KOMNBLIOTEPHI, 3BYKOBbLIE KOJOHKH
u ap. Bropoil KOMOOHEHT — 9TO MYJILTHCEPBHCHAS
ceTh “NOABOAHAN 4ACTH aiicOepra™ — TeXHHYECKHUX
CPE/ICTB, OHA HAXOIUTCs BHE MOJIA 3PEHHUs Mperno-
nasartess ¥ ydamuxcs. IMEHHO 3TOMY KOMIOHEHTY
CHCTEMBI MOAAEPKKH 00pazoBaHUs MOCBALIEHA
JlaHHasl CTaThi.

Texuoaorudeckas 6a3a ceTn

MynsTHcepsucHas ceTs (MC) MoxkeT ObITh peasin-
30BaHa Ha 6a3e pasHbIX TeXHONOrHid. B nocnenume rojel
BeylIei TeHeHuHei co3anus v paseutiua MC crana
konuenuus NGN (Next Generation Network — cers
CIE/LYIONUIEro MOKONEHHA). BONbIIHHCTBO NPOEKTOB
noctpoenust MC pa3nnyHOro HazHa4eHUs OCHOBAHO Ha
naesx NGN. OueHkn dTHX MPOEKTOB CBHETETLCTBYIOT
0 TOM, YTO NAKETHBIE TEXHOIOTHH, COCTaB/LAIOLIHE Gazy
NGN, no3eonstor 100MThCS CYILECTBEHHOTO YKOHO-
muydeckoro ahdexra 3a cuer 3aMETHOTO CHHXKEHHS
IKCILTYaTalHOHHBIX pacxonos [1].

MNnee NGN cBoiicTBEHHEI HEe TONBKO 10CTO-
HHCTBA, HO M HenocTaTku. Menonbidyemble B Hei
NakeTHbIE TEXHONOTHH MO3BOMAIOT MHTErPUPOBATh
cpeacTBa nepejayd, KOMMYTAUUH H 00pabOTKH HH-
dopmaunn, npeacrasnenHoii B MC Tpems Buzamu:
peub, JaHHbIE, BHaeo. HeoOxoaumo obecneduTs
O4eHb BBICOKYK HA/IKHOCTh WHTErPabHOW CETH,
TaKk KakK ee OTKa3 MPHBOIMT K MOTEpe BO3MOKHOCTH
oOmeHa Bcemu Buaamu uHdopmanun. Kpome Toro,
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MakeTHbIE TEXHOJIOTHHU B PAZE CIyHaeB MOTyT cylle-
CTBEHHO CHH:KATh KadeCTBO 0OcyKuBaHus Tpaduka,
uupkynupytoiero 8 MC.

Ot aBa obcrosTenbCTBA AOIKHBL ObITH TiIA-
TEJIBLHO U3YYEHBI ¢ y4eTOM 0COOeHHOCTEH NoCcTpo-
ennss MC ans noaaep:Kku cHcTeMbl 0Opa3oBaHus.
Crpyktypy MC 00pa3oBaTebHOIrO yupeskieHus
MOJKHO MPEACTaBUTh COBOKYITHOCTBIO JIOKAIbHBIX
CeTei, KOTOpbIE PacnoyIO/KeHbl B MOMEILEHHAX AT
JAEKUHHA WIH MpaKTHYeCKNX 3aHATHi. [IpuHINANBL
B3aMMO/IEHCTBHSA TAKUX JIOKaIbHBIX CETEH XOPOIIO
usyuensl [2]. Kpome Toro, nannomy ¢pparmenty MC
HE MPHCYIIH KakHe-THOO cyllecTBEHHbIE, Xapak-
TepHBIE 11 cHCTeMbl 00pa3oBaHus 0coOeHHOCTH.
OHM MOTyT NpOABUTHLCSA YK€ B MPAHHLAX JIOKAIb-
HOIf CeTH, TO €CTh Ha TEPPUTOPHH JIEKIHOHHOIO
HOMeLIeHHS.

Mogeinb ceTH B TeKIHOHHOM MOMeIeHnH

Monene paccmarpuBaeMoi ceTH uenecoobpas-
HO TpeACTaBuTh B ToH (opme, KoTopas no3Bonser
NpoaHaJIH3MPOBATh OCHOBHBIE MPOLECCHl 0OMeHa
uHpopmanueil npu obyuennu (cMm. pucynok). Ona
COCTOMT M3 ABYX ()parMeHTOB: (parmMeHT A Hi-
JIOCTPUPYET MPHHIUINBL TPAJHLHOHHOIO crocoba
obmena ungopmaimeii npn odyuenuu, pparment b
OCHOBaH Ha HCIIOIB30BAHHH BO3MOKHOCTEH, KOTOpbIE
npenoctasnsiores MC.

Ob6a dparmenTa BKIIOYAKOT HCTOYHHK HH(DOpP-
maunu W, pyHKUMK KOTOPOro OGBIMHO BHIMOMHAET
npenoaasarens, # N nOpueMHHKOB HHQOpPMALNH
IT — rpynn y4eHUKOB. Mexay MCTOUHHKOM W NpH-
€MHHKaMH HHOPMALIHH cylecTByeT Hekas cpeaa C,
qepes KoTopyto nepejaercs nudopmauus. B obiuem
CIydae — 2TO BO3AYIIHOE NMPOCTPAHCTBO, Yepes Ko-
TOPOE MPOUCXOANT ODLIEHHUE JIEKTOpaA ¢ ayIUTOpHEil.
Cpena MCOBITHIBAET BHELIHHE BO3ACICTBHA, HAMPH-
MEp IIyMbl, H3MEHEHHE OCBEIIEHHS, TeMnepaTypa B
AyIUTOPHH M JIpYTHE (haKTOPbI, MEIIAIOLIHE BOCITPH-
ATHIO HHOPMALIUH.



‘ UHpOopMaUMOHHBIE U TENEKOMMYHUKALWOHHbIE TEXHONOr M1 B 0BpazoBaHnn

Buewmnue
BO30eHCMEUA

C F(t) — Ad(t)

I, f:rff}

I fon)

[y /w1

A) Moaens TpaammmonHoro cnocoba obmena nadopmMaumneii npu o0yHeHn#

Brewriue
8030€lCBUs

Ji)+v(y

Sat)+va(n)

Sn)+vn(t)

B) Monene odmena nadopmanneii npu odyuenuu ¢ ucnonssosanuem MC

Mojenb OCHOBHBIX MPoLEccoB 0OMeHa nH(opMaLnei nmpu obyyeHHH:
A — TpagHIHOHHBIM criocoboM; b — ¢ ucnonszosanuem MC

Hudopmauus, kotopas coodlaercs JeKTOpoM,
MOxeT ObITh OnHcaHa yHKIUHEH F(l) Buemnue
BO3/1eHCTBUS MOJKHO MPEICTABUTD C TOMOLIBIO (PYHK-
uwnn AD(7) . Mockonsky BHemHHE BO3AeiicTBUSA
MMEIOT OTpHLATE/lbHbIE MOCHEACTBHSA, DYHKIHIO
ADM(7) uenecoobpaszuo BeiGpath Tak, 4To6HI Ha
seixoze cpeasi C pesynbrar mor GbiTh npencTas-
nen pasuoctsio F'(1) — AD(?). Kaxawiit us N
00y4aioIIHXCcsl HHIMBHAYAIbHO BOCOPHHHMAET I10-
nyuernyw undopmauuio. s Moaenn A yposeHb
BOCIPHATHA XapakTepusyeTcs (yHKLIHell f;‘(t)s
ans koropoit i =1,2,..., N . Hexoropsie o6yua-
IOLIMECs 33/1al0T BOMPOCHI JeKTopy. Takas BO3MOK-
HOCTb HAa PUCYHKE MOKa3aHa [/ BTOPOro MPHEMHHKA
uHpopmaimn. I[Ipouecce nepenadn cooTBeTCTBYIOMIEH
uHdopmauun 114 06oux (pparMeHToB MOETH 000-
3HAYEH KaK (pz(t).

@®parment b comepKHT MyIbTHCEPBHCHBIH
kommieke (MK), Bknrodammuii Bce TeXHHYECKHE

CpeicTBa, MOCPEACTBOM KOTOPBIX MepeaaeTcs /10-
MONMHHUTENbHBIH 00beM HHOPMALIHH, OMTHCHIBAEMBIH
dynxumeit V(7). MK sBnsercs TeM KOMIOHEHTOM
MC, KOTOpBIil HEMOCPEACTBEHHO NMEPEeNaeT U MpH-
HUMaeT HHPOPMALNIO, HeOOXOHMYIO JUIA TIpolLiecca
o0yueHus.

Crnenyer noguepknyTh, 4o MK nonesen u jek-
TOpY (HanpuMep, HATOMHHAHHE HEKOTOPBIX (DAKTOB H
MPeCTABIEHHE CIIOKHOTO rPA(HHECKOro MaTepHaa),
u ayauropun. Kpome toro, MK MoskeT cny’KHTh O4eHb
s¢dexkTHBHBIM CpeacTBOM OpraHuzanuu “obpaTHoi
CBA3H  ayAMTOPHH M JIeKTopa. YuuThiBas, 4yto MK
NO3BOJIACT IMOBBICHTD '3(1)(beKTHBHOCTb YCBOEHMUA
WH(OPMALIHH, HO YTO ITOT TPOLECC HHANBHIYAJIEH,
J18 KaXJOro MpHEeMHHMKa MHGOpMAalMK BBOAHTCS
byHkims ﬂ(!) +v; (7). OueBuano, uto cnarae-
Mble vf-(t) onpeaensaot 3 dextuBrocTs MK 1 MC
B LEIIOM.
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MudopmaTtuka. TenekoMmyHukaumm, YnpasneHvme

KayecTBo obcay:kuBanus rpadpuka

Eciu He y4UTBIBATH JKCTPAOPIHHAPHEIE COOBITHA
(noxkap B ayIMTOPHH, 3€MIETPSICeHHE H UM MTOA00HbIE
(akTopel) Monens obyueHHs, COOTBETCTBYIOIIAA
tdparMeHTy A, MOKET CYMTaThCA abCOMIOTHO Ha-
AeKHOIL. DTO 3HAYMT, YTO BesuunHa KodpduumenTa
rotoBHOCTH K paBHa enuHuue. Koadduuuenr ro-
TOBHOCTH /U1t hparmenTa b mokeT ObITh Onpenenex
TAKHM COOTHOLIeHHeM [3]:

_Tr
Tp + Ty’

K (1)

rae TP — 9TO Bpems, Koraa obmen uHdopmaiu-
eil posmoxkeH (pabGorocnocobHoe cocTOAHHE);
T; —Bpewms, koraa oomen HHbopMaLHeil npexkpaia-
erTcd (COCTOAHME MPOCTOsL).

Anmnaparno-nporpammisie cpeacrsa MK u MC
B LEIOM 00/1a1al0T KOHEYHOH BEIHYMHOH Hajex-
HoctH. CrenoBarensHo, ana mogenu b K, < 1. 3ro
03Ha44aeT, YTO HeOOXOIUMO 3a1aTh HEKOTOPYIO HOPMY
Ha koo duument rorosroct K | kotopas Gyaer
YIOBIETBOPATL TPeOOBaHHAM CHCTEMbI 00yYeHuUs.
Hunexc “OPT” — ot crnoBa “onTHMaIBHBIH " — yKa3bl-
BaeT Ha TOT BakT, uto Hopma K7*7 BuiGupaercs kax
KOMIPOMHCC MKy cTonmocThio MC 1 1omycTHMBIM
BPEMEHEM MPOCTOA TEXHUHECKUX CPeICTB 00yUeHHs.
B Hacrosiiiee Bpemst o6ienpunsToit Hopmoit K2
crana BennunHa 0,99999 [4]. [pu Takoit Bennuune
kod(dHULHEHTa rOTOBHOCTH 3a OJIMH roJ| BEJIHYHHA
T}; He NPEBBLICHT MIECTH MHHYT, B Y4eM MOXKHO ybe-
JIMThCS, NpoBeas pacyeTt no gopmysne (1).

Cyuwecrsennas ocobennocts MC 3axmrodaercs
B TOM, 4YTO B HeH HH(OpMalus BCeX BHOOB Ipejl-
CTaBleHa B (JopMe nakeToB. DTH MAKETHI MOIYT
3aJep:KUBaTLCA npH nepeaade yepes MC. [das
AelcTByIOLel cHcTeMbl O0YYeHHs THTEIbHOCTD
3aJepKKH npH obMeHe MHGOPMALMK ONpeaenseT-
Cid CKOPOCTBIO pacnpOCTpaHEHHA 3BYKA H MOKET
cuuTaTthbes paBHoil nymo. [Jns MC Takoit noaxon
HerpaBoMepeH. [Ipy HEKOPPEKTHOM MPOEKTHPOBa-
HUH CETH 3a/IeP/KKa JOCTABKH MAKETOB MOMKET CTaTh
OWIYTHMOH M B PAJE C/Iy4YaeB HENpUeMIEeMON s
obmena napopmarmeii [5].

[Naket npn nepemerennn or Toukn M k MHo-
kectBy Touexk I1 npoxoaur K ¢a3 obenyxnu-
Banns. Ha xaxmoit J —9 dase obeaykuBanus
(j =1,2,..., K ) cpennee Bpems 3anep:xku nakera
cocTaBiseT penuduny [ i Cpennss cymmapHas 3a-
nepxka [6]: '
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T=3t,. (2)

K

J:

Bennuuna [ j OTPENIENACTCA WHTEHCHBHOCTBIO
MOCTYNAKIIErO N0TOKA NakeToB A j W MHTCHCHB-
HOCTBIO MX 00CITy/KUBaHHS LI i

1
t=—. (3)
LA

HeobGxoaumo 3azath HEKOTOPYHO HOPMY Be-

. 2 OPT
JIMYMHBL cpefiHeil cymMmapHoit 3anepikkn 1 \
KOTOpas Oy[eT yIOBIeTBOPATh TPeOOBaHUAM CHCTE-

OPT
Mbl o6yuenus. [Tapa K277 u T onpesenser

OCHOBHbIE MMOKa3aTe/M Ka4ecTBa 00CIy)KNBaHHA B
MC. DTy nokasarenau cieayeT JOTIONHHTL ABYMs
HOpMAaMH.

C semuuunoii K7
yCTpaHeHus oTkasoB 1, o~ OueBunno, uto 7, < T};.
C yuerom pa3sBHTOIl CHCTeMbI JUArHOCTHKH OTKA30B

CBA3aHa NJMUTENBHOCTH

B MC MokHO cunTarh, 4to 7, = T};. Bennunna T()
KOCBEHHO OINpeJesseT 3aTparhl HA JKCIUIyaTaluio
MC. Yem “ixecTue” TpebOBaHUS KO BpEeMEHH yCTpaHe-
HHA OTKA30B, TEM BbILIE DKCILTYATALlHOHHBIE PACXO/bI.
JlanHO€ yTBepIKAeHHEe OCHOBAHO HA HEOOXOIUMOCTH
MOIEP/KKH COBPEMEHHOH CHCTeMbI AWArHOCTHKH H
CO/IEpPKAHHA TPYNIbl BhICOKOKBANM(UIMPOBAHHBIX
CMELHATHCTOR 110 00C/IyKUBAHHIO BCEX aNMapaTHO-
nporpaMmusix cpeacts MC.

OPT

Benuuuny 1 [1eJ1eco00pa3sHO JOMOIHUTh
JOTYCTUMOH BEPOATHOCTHIO MOTEPH MAKeToB TT .
OTH NOTEPH NMPUBOAAT K yTPaTe HEKOTOPOi YACTH HH-
(hopmauun. B Tex ciyuasx, Koraa notepsHbl NakeTsbl,
B KOTOPBIX NEpeJaBaIHCh JaHHbIE, CYLIECTBYET BO3-
MOZKHOCTb MEpecrpoca Henoay4eHHoH HHdopMaLim.
[Ipu notepe nakeToB, B KOTOPBIX NEpeIaBaIiCh Peib
M BHIEOH300paKeHHUsA, BO3MOKHOCTB Mepecrnpoca
HCcKIoueHa. EciM qois noTepsHHBIX MAKeTOB He-
BEJIMKA, TO KAYECTBO Mepesa4yu peun 1 Buaeonzobpa-
KEHMH MpaKTHYeCKH He yXyauuaercst 1 aboOHeHT He
omymaeT Kakux-nmmbo Heynobere. CrnenosarelsHo,
HeOoOX0AMMO 3a1aTh HEKHIl IOPOT 10 MOTEPAHHBIX
MAKETOB T, MPEBbILIEHHE KOTOPOTO HeJb3s CHHTATh
AONYCTHMBIM.

B pexomenpaumax MexayHApoOAHOro col3a
IEKTPOCBA3N 3a7aHa HopMa m < 107, Jna aToit
BEJIMYMHBI JOKHEI ObITh BbIOpPaHBI 3arpyska ceTd
p H KOJIMYECTBO MECT [l OKUJAHHA B O4Yepean Ha
obpabotky A . uToObl cOGIIOAAIOCH OrPaHHYEHHE HA
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I

JI0/1K0 MOTEPSHHBIX nakeToB. BennunHa b onpeje-
nsercs otHomenuem » k ) . Hepasencrso b<1
aBnseTcs o0A3aTe/ibHBIM YCIOBHEM YCTOHYMBOI
paboThl CHCTEMBI MACCOBOT0 OOCTYKMBAaHUSA C OXKH-
nanueM. B [ 7] npuBeneHo BeipaskeHHe, CBA3bIBAIOLIEE
nokasareiu bu 77 ¢ HOPMOIi Ha BEPOATHOCT NOTEPH
naketoB A:
v+l
R @
M3 cooTHowmeHus (4) moxeT ObITh HAMAEHO TO
3HaueHHe M, [UIA KOTOPOro NpH H3BECTHOI 3arpyske
b seimonnsercs OrpaHH4YeHHE HA BEPOATHOCTH MO-
TEpH NAKETOB:

b

Ay ——
v=___l__p“—_‘“)_]_ (5)
AYP

Jlns peuleHuss NpakTHYECKHUX 3aj]ad pe3yibTar
pacuera, cojepkaliunii uudpsl nocne 3anATo, 101-
JKeH OBITh OKpYIVIEH [0 1EJOro 4Hcaa B OombIIyio

CTOPOHY.

OcobeHHOCTH HCNOJIL30BAHHUA
(YHKIHOHATBLHBIX BO3MOKHOCTEH ceTH

AHAIN3 CTATHCTHYECKHX AAHHBIX, KACAOLMAXCH
HCNOJL30BAHHUA Cl)yHl(u}lOHaﬂbeIX BO3MOKHO-
creii MC o0uiero Ha3Ha4yeHHs, CBHAETENIbCTBYET
0 ctabuibHOCTH MHOrMX 0a30BBIX MOKa3aTenei.
Bo-nepBbIx, Tak Ha3bIBaeMble MEPUO/bI (HJIM 4acChl)
HanOobIIell HArpy3KH BO3HHKAIOT B OJHO H TO XKe
BpeMsi CYTOK, MOKHO BbUIC/INTDb [€Hb HEIEH, KOorja
Tpaduk MakcuMaieH. AHaJI0r HYHBIE TTPOLIECChI MOK-
HO Habmo#aTh, B3SB 32 €HHUILY BPEMEHH MECHL H
rofi, 4ToObl BLIAEIHTh HEJIENI0 UM MHOH HHTEpBal ¢
MaKCHMaibHOH Harpy3koi. Bo-Bropsix, cooTHolIe-
Hus Mexay oGbemamu uH(poOpMaLMKu pasHoro poza
(peub, 1aHHBIE, BHIEO) TakKe cTa0MILHEL B-TpeThux,
3a UCKJIIOYEHHEM Mepenaun HH(POPMALMOHHBIX MO-
TOKOB, KOTOPbIE 110Ipa3yMeBatoT MOJy4€HHE OTBETOB
(HanpuMep, NMpH TEJEroN0COBaHNUH), MEKIY HCTOY-
HHKOM H COBOKYTHOCTBIO IPHEMHHUKOB HH(OpMAaLIHH
[pPaKTUYECKH OTCYTCTBYET “o0paTHas CBA3L .

i nosiokeHus, xapakrepHsie s MC obiero
HA3HAYeHHS, HMEIOT crieunduyeckue ocobeHHOCTH
B CHCTEMe nojuIep:KKn obpasosanus. [Ipuuem oco-
OeHHOCTH B 3HAYHTEILHOIH Mepe HOCAT CyObEKTHB-
Hbiil xapaktep. OHu cBsA3aHbl ¢ KBagupukanmein
npenojaasaresisa U €ro npeanovYTeHHAMH B HCIOJTb-
30BaAHHM TEXHHYECKHX CPEICTB NMpPH MPOBEACHHH
JAHATHIA.

[Tepuoabl Haubonblueil Harpysku (aaxke ais
OJHOTr0 M TOTO K€ JIEKTOpa) MOryT 3aMeTHO pas3-
JMYaTHCA B 3aBHCHMOCTH OT PaccMaTpHBaeMOro
Bonpoca., Kpome Toro, npu noBTOPEHHH 3aHATHA
C ApYTo# rpynnoi npenoaaparesib MOXeT MEHATH
cnocof U NopaA0K NpeJCTaBIeHns MaTepHana, 4To
cnocoOHO paJnKalbHO H3MEHHTb BPEMs, B TEHEHHE
KoTOporo HadOmwzaeTcsa nepuoa HauOoNIbIIEH Ha-
TPY3KH.

CoorHoteHust Mexay odbemamu uHbopmaluu
pa3HOTO poja TaKKe HeCcTaOMIbHbBI H KAK MHHHMYM
1o TpeM npuunHaMm. Bo-nepBrix, BakHbIM hakTOpOM
SIBJISIeTCA YPOBeHb Ga30BbIX 3HAHMI O0YHaIOIIMXCH.
Bo-BTOpBIX, NpeanoyTeHus npernojaBarens TakKe
BJIMAKOT Ha 00ObEeMBl PasHBIX BUAOB HHOPMAIlHH,
nepeaasaemoii uepes MC. B-TpeTbux, HaMuHe CBe-
JeHuit o u3yuaeMoii Teme B pa3nuuHOH hopme u ux
JOCTYIHOCTB JUIsA NPENOJaBaHHA BAHAKOT Ha XapaKkTep
HH(OPMaLIHOHHOTO OOMeHa.

Iletns “obparHoii cBs3u™ B cucTeme oOyueHHS
UTpaeT BaKHYIO poiib. Be3ycnoBHO ONbIT npenoja-
BATE/A U €r0 MPHUBLIYKH JOMHHUPYIOT npu BeiOOpe
MPHHLIMIOB MOCTPOEHHA CHCTEMBI “*00paTHOIl CBA3H™.
Basuas ocobennocts MC 3armoyaercsa B TOM, 4TO
OHa [03BOMIAET NOBLICHTE MpheKTHBHOCTS “00paTHO#
cBsi3H” 3a cueT ABYX (akTopoB. Bo-nepBbix, MOKHO
OBICTPO NPOBOANTE PA3HOrO POjia OMPOCH, BKIHOUasA
NpoLeayphl TECTHPOBaHHSA. Bo-BTOpBIX, npenonasa-
TeJIb MOKET Ha 9KpaHe CBOEro KOMIbIOTEpa NoJry4arh
UH(OPMALIHIO 110 CAMbIM Pa3HbIM ACMEKTaM JIEKIHH
(HanpuMep, Mo HE COBCEM MOHATHBIM MOMEHTAM B
M3JI0KEHUH MaTepHasia M A0NyLIEHHbIM OIMOKaM B
cdopmynax unu rpadukax).

HecoMmuenHno psa ocobennocreit MC Oyaner
BbIABJIEH B mpouecce ee skcmnyaraunn. C oToil
TOYKH 3PEHHA O4€Hb MOJE3HBIM MOKET CTATh 0OMEH
MHEHHAMH MEKIY NpPernojaBaTeAiMH, HCMONb3Y-
WHIMH (yHKIHOHATbHBIE BO3MOkHOCTH MC, 13
pa3sHbIX yueOHbIX 3aBe/ieHHH. Takke MHTEPECHbIE
JlaHHble MOIYT ObITh MMOJIyYEHBI TIPH ONpOCE pas-
HBIX IPYIII, DPOXOAAIIHX 00yueHHe B ayInTOPHIX,
000pPYAOBAHHBIX COBPEMEHHBIMH TEXHHYECKHMH
CpescTBaMHU.

BoiBoabl

MynbTHCEPBHCHYIO C€Th U1l COBPEMEHHO# CH-
cTeMbl 0Opa3oBaHus lienecoobpa3HO co3gaBaTh Ha
ocHoBe koHuenunn NGN, koTopasi OpHEHTHPOBAaHA Ha
oOmen Bcemu Buaamn nHdopmauuu B hopme IP-nake-
ToB. [IpennoxenHas Moaenb MyJIbTHCEPBUCHOM CETH
YUHTBIBaeT 0cOOEHHOCTH NH(POPMALIMOHHOTO 0OMeHa
B CHCTEMe 00pa3oBaHHs M MO3BONSACT OLEHHBATDH ee
KaueCTBEHHbIC MOKa3aTeNH.
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CBEJIEHUS1 OB ABTOPAX

BAKVYJIUH Cepreii lOpbeBuu — acnupaHTt
kaenpel kubepHeTnkn MOCKOBCKOro MH)KEHEpHO-
(usnueckoro nHcTUTYTa ([OCYymapcTBEHHOrO YHH-
BEpCHUTETA).

BYJIAHW Bopuc Tuboposuu — npodeccop kade-
Jpbl MYJBTUMEINA TEXHOJIOTHI YpanbCcKkoro rocy-
JapCTBEHHOTO TeXHH4ECKOro yHupepcuteTa — YIIU
um. IlepBoro npesugenta Poccun b. H. Enbuuna,
JIOKTOP TEXHHYECKHX HayK.

['OJIOCKOKOB Kosncrautun [lerpoBuy — 10-
1eHT Kadeapsl HHOOPMALIHOHHBIX CHCTEM B HKOHO-
muke Cankr-Ilerepbyprekoro rocy1apcTBEHHOIO HH-
JKEHEPHO-IKOHOMHYECKOT0 YHHBEPCHTETA, KAaHIUJAT
TEXHUYECKHX HAYK, JOLEHT.

JAHHUJIOBHUY Jimutpuii Anjpeesud — acnu-
paHT Kadeapsl paaHonepesalmuX YCTPOHUCTB H
cpencts noapmkHoiH cea3u Cankr-IlerepOyprekoro
TOCYIAapCTBEHHOIO YHHUBEPCHTETA TeJeKOMMYHHKa-
uuit um. npod. M. A. bonu-Bpyesuua.

JEMHIOBA Jlunua AHaronbeBHa — AOLEHT Ka-
(henpbl BEIMHCIHTENLHON H NPUKIIAJIHON MAaTEMaTHKH
Ps3aHCKOrO rocyapCTBEHHOro pajHOTEXHUYECKOIO
YHHBEPCHUTETA, KaHAMIaT TEXHUYECKHX HayK, [10-
IIEHT.

JIEEHUCOB Cepreii JIbBoBuu — npoeccop kape-
Apbl HHPOPMALIMOHHBIX TEXHOJIOTHIi B 9KOHOMHKE 1
opraHu3auMu npou3BozacTBa MeanoBckoro rocyaap-
CTBEHHOTO YHHMBEPCHTETa, KaHIAMAAT TeXHHYECKHX
HAYK, J1OLIEHT.

JOTI'YPOB Jlenuc BnaguMupoBHY — cTapiumit
npernogasarenb kKadeapsl HHGOPMATHKH M MATEMATH-
KH YIMYPTCKOro rocyapcTBeHHOTO YHHBEPCHTETA.

EBTIOILIKHH Apkaanii BuktopoBuu — Beay-
MU HayYHBIH COTPYOHHK 1a0OpaTOpHHU CeTeBbIX
nHpopmaunoHueix TexHonornii Oropckoro HUU
MH(OPMALIMOHHBIX TEXHONOTHH, KaHAXAAT (PU3MKO-
MATEMATHYECKHX HayK.

EPEMEEB Amuapeit BrnaanMuposud — acnu-
paHT naGopaTopHH CeTEeBbIX HHYOPMAHOHHBIX
texHonoruil FOropeckoro HUM undopmanmoHHbIx
TEXHOJIOTHi.

EPMAKOB Anexceii BaneHTOBHY — Ha4aIbHHUK
ynpasnenus uudopmaruzauuu Cauxr-Ilerepdypreko-
ro rocyJapCTBEHHOIO YHHBEPCHTETA TeJIeKOMMYHH-
kauuii um. npod. M.A. bonu-bpyesuua.

ECHUIIOB Anton BraauMMpoBH4Y — acIHpaHT
Kaenpsl HHGOPMALIMOHHBIX H YNPABIAIOLINX CH-
crem Cankr-IletepOyprekoro rocy1apcTBeHHOIo
MOJUTEXHHYECKOTO YHHBEPCHTETA, MArHCTP TEXHHKH
W TEXHOJIOTHH.

JKUT'AHOB Huxkonaii KoHCTAHTMHOBMY — 3a-
BeayrowWnii Kadeapsl HHPOPMATHKH H NMPHKJIATHOIN
MaTeMaTHKH TBEPCKOro rocyaapcTBEHHOrO TEXHH-
YeCKOTO YHHBEPCHTETa, AOKTOp (u3HKo-MaTeMaru-
4eCKHX Hayk, npogeccop.

JKYPABIIEB Apcenuii FOpsesuu — ctapmmi
npenoaasarens kageapsl HHGOPMALIHOHHBIX TEXHO-
JIOTHii B JKOHOMHKE M OpraHM3allii NpOM3BOJCTBA
MBaHOBCKOTO rocy1apcTBEHHOI0 YHHBEPCHTETA.

3AKHWPOB Aiinap HauneBuu — numkenep kage-
apsbl paanopu3ukn KasaHcKoro rocynapcTBeHHOro
YHHBEPCHTETA.

3BE3/IMH Cepreii BraanuMHpoBHY — ACCHCTEHT
kadenpsl nHpopmatuku HOxHo-Ypansckoro rocynap-
CTBEHHOTO YHHUBEPCHTETA, aCIIHPAHT.

KAPIIOB Apxanuit Bacunbesuu — npodeccop
kadeapsi pagnopnznki KazaHcKoro rocyaapcTBeHHO-
ro yHMBEPCHTETA, JOKTOP (PM3UKO-MaTeMaTH4ECKHX
Hayk, npodeccop.

KMPAKOBCKHI Banepuii Bnagumuposu — re-
HepabHblit qupexrop OO0 «ITpomrpaxkaaHnpoekT»
(r. Pa3ann), KaHAMIAT TEXHUYECKHX HAYK.

KIJIIOLIUMH Anekcanap HOpbeBuu — aoueHT
katenpsl MHGOPMALHOHHBIX CHCTEM TBepckoro
rocy1apCcTBeHHOI0 TEXHH4YECKOT0 YHHBEPCHTETA,
KaHIHAAT TeXHHYECKNX HayK, JOLEHT.

KO3JIOBCKHI Dxnyapa IOpbesuy — acnupant
HHCTHTYTA JIEKTPOHHBIX H MH(QOPMALMOHHBIX
cucteM HOBropoiackoro rocynapcTBeHHOro yHH-
BepcuTeTa MMeHH Spocnasa Myzaporo, HHKEHEP-
koHcTpykTtop 3A0 “HIIII “[lnanera-Aprami»
(r. Benukuit Hosropon).
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KOTOB HMBan OneroBuy — acnupanT kadeapsl
paanodusnku Cankr-IlerepOyprekoro rocynapeTseH-
HOTO MOJMTEXHHYECKOr0 YHHBEPCHTETa, MarucTp
TEXHUKH H TEXHOJIOTHH.

KPACOBCKWH Hukonaii Anapeesuu — accu-
CTEHT Kadeapsl MyIbTHMeIHa TEXHOIOTHH Ypaib-
CKOTO rOCY/IapCTBEHHOIO TEXHHYECKOro yHHBep-
curera — YIIM um. Iepsoro npesuaenta Poccun
b.H. Expunna.

KY3HELIOB Baagumup Hukonaesnu — 3aBeay-
101 Kadenpoit OyxrajaTepckoro yuera, aHaau3a u
aynuTa TBepcKOro rocyaapcTBeHHOIO TEXHHYECKOTO
YHHBEPCHTETA, JOKTOP TEXHHYECKHMX HayK, Nnpo-

teccop.

KYPAKHWH Oner BasepbeBHy — acnUpaHT Ka-
(benpsl paanonepenanNX YCTPOHCTB H CPEACTB
noasukHOi ceasu Cankt-Ilerepbyprexoro rocynap-
CTBEHHOTI0 YHHBEPCHTETA TEJIEKOMMYHHKALHNH HM.
npo. M.A. bouu-bpyesuua.

JIAIITEB Banepuii BUKTOpOBHY — MOLEHT Ka-
deapbl aBTOMaTH3HPOBAHHBIX CHCTEM 00pabOTKM
HH(OPMALIHH 1 yIIPaBIIeHHsS ACTPaXaHCKOIo rocyaap-
CTBEHHOTO TEXHHYECKOTO YHHBEPCHTETA, KaHIuaaT
TeXHHYECKHX HAyK, JOLEHT.

JIU EH Ksan — crapummii uccienoBaresb KOM-
nanun Samsung Electro-Mechanics, FA Team, Pro-
duction Engineering R&D Institute, SEMCo. Ltd,
KaHIUJAT TeXHHYECKHUX HayK.

JIMOKYMOBHY Jleonnn Bopucosuu — go-
HeHT Kadeapel paaHou3nKu paanoH3HYeCcKOro
(axynsrera Canxr-Ilerepdyprekoro rocyaapcrse-
Horo ITonuTeXHUYECKOTO YHUBEPCHTETA, KAHIMIAT
(hU3HKO-TEXHHYECKUIT HAYK.

JIVIIEPA MOPHJLIO Ilabno Aunban — acnu-
paHT Kadeapbl pagMonepenaloinX YCTPOHCTE U
cpencts noaBHxKHOH cBa3H Cankr-IletepOyprckoro
rocy1apCcTBEHHOTO YHHBEPCHTETA TEJIEKOMMYHHKa-
uuit um. npod. M.A. bonu-bpyesuua.

MAMNCTPEHKO Bacunnii AnapeeBny — npo-
pextop no uHdopmatusanun OMckoro rocyaap-
CTBE€HHOIO TEXHHYE€CKOI'O YHHBEPCHTETA, 3aBEOYI0-
mHi kaeapoi cpeacTs CBA3M U HHPOPMALMOHHOH
6€30MacHOCTH, JOKTOP TEXHMYECKHX Hayk, Mpo-
theccop.
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MAKEEBA Mapus AnekceeBHa — HAy4HbIii
cOTpyaHHK Jnaboparopuu uHGOPMALIHOHHO-KOCMH-
ueckux TexHonorui KOropeckoro HUH undopmarn-
OHHBIX TEXHOJIOTHIA.

MOPO30OB Anexcanap Bacuineesuu — Ha-
YaJlbHHUK OTHE]a aBTOMATH3HPOBAHHLIX CHCTEM
yMpaBlieHus, CTapliuii npenojasarens Kadeaphl as-
TOMAaTH3HPOBAHHBIX cHCTEM 06paboTKH HH(OpMAaLIHH
W ynpapiaeHHs ACTPaxaHCKOTO rOCYJapCTBEHHOIO
TEXHHYECKOTO YHUBEPCHTETA.

HEJI3MEB Cepreii Hukonaesnu — accHCTeHT Ka-
(heapsl cHCTEM aBTOMaTH3HPOBAHHOIO MPOEKTHPOBA-
HHS 1 [TOMCKOBOTO KOHCTPYHpOBaHHs Bonrorpaackoro
rocyaapCcTBEeHHOIO TEXHHYECKOI0 YHUBEPCHTETA.

HEHAIIIEB Anexcanap BacunseBuy — nouent
Kaeaps! paanosnekTpoHuku CypryTckoro rocy-
JlapCTBEHHOro yHuBepcurera XaHTbl-MaHcHiickoro
asToHOMHOro okpyra (XMAQO) — Orpsi, kanaumar
TEXHHYECKHX HAyK, JOLEHT.

HHUKHUTHUHA Anekcanapa BukropoBHa — crap-
1M npenogasaTenb Kadeapbl paguonepesaroimux
YCTPOHCTB M CPEICTB MOABHIKHOH paanoCBA3H
Canxkr-ITeTepOyprckoro rocyrapcTBEHHOrO YHHBEp-
CHTETa TeJIEKOMMYHHKaLMi UM, npod. M.A. bonu-
bpyesnua.

HUKHTHH Anexcanap Huxonaesny — nauasb-
HUK IPYIIIB ONTUMH3ALNHE PAIHOCETH AeNapTaMeHTa
pasBuTus C3® OAO «Mera®on», KaHAHAAT TEXHHU-
YEeCKHX HaykK.

OCHIIOB Anzpeii MuxaitlioBuy — HayaJIbHHK
Hay4HO-TexHHueckoro oraena 3A0 “HIII “TInanera-
Aprann” (r. Beauxuii Hosropon), marucrp.

CEJIEBHEB bopuc MBanoBu4 — aupexrop HH-
CTHTYTa IEKTPOHHBIX H HH(OPMALIMOHHBIX CHCTEM
HoBropoackoro rocyiapcTBEHHOTO YHHBEPCHTETA
umenn Slpocnapa Myzaporo, 10KTOp TEXHHUYECKHX
Hayk, npodeccop.

CEHTSKOB Buaagumup AsiekcaHaposuy — J10-
ueHT kadenps! Beiciueii matematuku Cesepo-3a-
MNagHoro rocyaapCTBEHHOro 3a04HOT0 TEXHHUYECKOIo
YHHBEPCHTETA.

CHBEPC Mctucnas ApkaibeBHY — 3aBeIy HOLIHIT
Ka(enpoil paquonepeIaoInX yCTPOHCTE U CPeICTB
noasukHoI cBa3u Cankr-IletepGyprekoro rocynap-
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CTBEHHOTO YHHMBEPCHTETA TeJEKOMMYHHKALMH HM.
npod. M.A. Bonu-BpyeBuua, 10KTOp TEXHHYECKHX
Hayk, npogeccop.

CHUJIOPOB IOpuii EsrenseBuu — npodgeccop
Kadeapsl paIHOTEXHHKH M TEJEKOMMYHHKaLH
Canxt-ITeTepOyprckoro rocyaapcTBeHHOIO MOJIH-
TEXHHYECKOIO YHHBEPCHUTETA, [JOKTOP TeXHHYECKHX
HayK, npogeccop.

COJIHYUIKHWH Koncrantun CepreeBuy — Bey-
LK NPOrpaMMHUCT IIaBHOrO MHMOPMAaIIHOHHO-BbI-
upcanTensHoro kommekca Caukr-IlerepOyprekoro
rocyaapcTBEHHOTO MOMHTEXHHYECKOro YHHBEPCH-
TeTa.

CYCJIOB Huxkonaii BukropoBu4 — acnupaHt
kadenpel HHOOPMALMOHHBIX CHCTEM W TEXHOJIOIHil
Bonoroackoro rocyalapCTBEHHOI0 TEXHHYECKOro
YHUBEPCHTETA.

[TOIIOB [lennc BnaaumMupoBuy — JOKTOPAHT,
AOUEHT Kafbeﬂ,pbl BLIYHCIIMTENILHON MaTeMaTHKU M
knbepHeTukn Y(PUMCKOro rocy1apcTBeHHOTO aBH-
AllHOHHOIO TEXHHYECKOI'0 YHHBEPCHTETA, KaHauaar
TEXHHYECKHX HAyK, JOLEHT.

[TOPEYHBIN Cepreit Cepreesud — accHcTeHT,
acnupanT Kadeapbl KOMNLIOTEPHOH MaTeMaTHKH
Y¢umMcKoro rocylapcTBEHHOI0 aBHAllMOHHOIO TeX-
HHYECKOr0 YHHBEPCHTETA.

GEJIOCOB /Imutpuii Butansesuy — 3amecTuTeb
npopeKTopa Mo Hay4Hoi paboTe, 0UEHT Kadeapsl
CpeACTB CBSi3M U MH(pOPMALMOHHON Oe3onmacHoOCTH
OMCcKoro rocyapcTBEHHOr0 TEXHHYECKOTO YHHBEp-
CHTETa, KaHHAAT TEXHHYECKHX HayK.

®UJIATOB AnrtoH BaneHTHMHOBHY — acmupaHT
1abopaTtopuy ceTeBbIX HHPOPMALMOHHBIX TEXHOIOTHI
HOropckoro HUHM nupopMaLMOHHbBIX TEXHOTOTHH,

GUHCTEPBVYII litedan — acnupanT kadeaps
CHCTEM KOMMYTALIMH H pacripeesenns nHpopMaLnu
Cankr-IletepOyprckoro rocyapcTBeHHOr0 yHHBEp-
cuTeTa TeleKOMMYHHKauuil uM. npod. M.A. bonu-
bpyesuua.

®OMUYEBA Ceetrnana I'puropbeBHa — 3a-
Beayowas kadgeapoii HHPOPMALMOHHBIX CHCTEM
U TeXHONorHit Hopuibckoro HHIycTpHaabHOTO HH-
CTHUTYTa, KAHAHOAT TEXHHYECKHX HayK, JOLEHT.

XAJIEEB Hnsaap UnbxamoBu4 — cTyaeHT Kade-
apsei paanodusnku Cauxr-IlerepOyprexoro rocyaap-
CTBEHHOTO MONUTEXHUIECKOTO YHHBEPCUTETA.

XA3AH Buranuii JIeBoBu4 — noueHT Kadenpsl
cpeicTs cBA3M H HHbOpMauuoOHHOH Ge3omacHOCTH
OMCKOI'O rocynapcrnenuoro TEXHHYECKOro yHH-
BEPCHTETa, KAHIWOAT TEXHNUYECKUX HayK, CTapIIMii
Hay4Hblil COTPYIHHK.

XAJNTYPUHCKUIN Anekcanap Hukonaesuu
— acnupaHT Kadenpsl «Apromatuka» Cankr-Ilerep-
Oyprekoro rocy1apcTBEHHOIO YHHBEPCHTETA BOAHBIX
KOMMYHHKALIHH.

XOPbKOB Bsuecnap bopHcoBHY — acnUpaHT
kadenpel HHGOPMATHKHY U MPUKIATHON MAaTEMATUKH
TBepcKoro rocylapcTBEHHOTO TEXHHYECKOTO YHH-
BEPCHTETA.

XPOMOB Banentnsn BacuinbeBH4 — JOLIEHT Ka-
denpbl HHPOPMALMOHHBIX H YIPABIAIOIIMX CHCTEM
Cankrt-IleTepOyprekoro rocynapcTBEHHOIO MOINTEX -
HHYECKOro YHHBEPCHTETa, KaHAMAAT TeXHHYECKHX
HayK.

IIIEPBIXAJIMHA Haranus Muxaiinossa — no-
LIEHT, JOKTOpaHT Kadeapsl KOMILIOTEPHOH Marema-
THKH Y (DHMCKOro rocyapcTBEHHOTO aBHALHOHHOTO
TEXHHUYECKOr0 YHUBEPCHTETA, KaHAUAAT (PHU3NKO-Ma-
TEMATHYECKHX HAYK, JOLEHT.

HIYMHUJIOB Anaronuii BnangnmupoBuy — cTy-
JeHT Kadeaphl paMOTEXHHKH 1 TEIEKOMMYHHKAIHH
Cankr-ITetepOyprekoro rocyaapcTBEHHOIO MOJUTEX-
HHYECKOTO YHHBEPCHTETA.

YEYYPHUH Jleonnn CepreeBuy — 3aBeayrOLIHH
Kaepoil TEOPeTHYECKUX OCHOB MHHOBATHKH CaHKT-
[TeTepOyprckoro rocyaapcTBEHHOIO MOJHTEXHUYE-
CKOr0 YHHBEPCHTETa, KAaHJHIAT TEXHHYECKHX HAYK,
JOLICHT.
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AHHOTALIMM

Ertromikun A. B., Epemees A. B., MakeeBa M. A.
OINIEPATUBHASI TEMATUYECKASI OBPABOTKA
JAHHBIX TUCTAHIUUOHHOI'O 30HINPOBA-
HUA HA PACTIPEJIEJIEHHBIX BRIUMCIIUTEJIb-
HBIX PECYPCAX.

PaccmoTpeHsl mpoOiieMbl OniepaTuBHOM TeMaTH-
geckoil 00pabOTKH JaHHBIX TUCTAHIIMOHHOTO 30H/I1-
poBaHUs 3eMII U3 KOCMOCa MPUMEHUTEIHHO K MOHH-
TOPUHTY YPE3BBIUANHBIX CUTyallid Ha PETHOHAIEHOM
ypoBHe. PaccmarpuBaeTcss MpUHIKMI MOCTPOCHUS
ApPXUTEKTYPHl aBTOMATU3HPOBAHHON CUCTEMBI 110
cOopy, 00paboTKe, mepeadyu PasHOPOIHBIX JAHHBIX
HA OCHOBE MOAYJIBHOHN CTPYKTYPBHI, TTO3BOJISFOIIHIA
COKpAaTHTh BpeMsl pa3pabOTKH HOBBIX IPOTPAMM IIPH
pacumpeHud GYHKIHKA CHCTEMBI MOHUTOPUHTA FITH
MOJICPHU3AIH BBIYHUCIIUTENBHBIX PECYPCOB.

CYIIEPKOMIIBIOTEP. OBPABOTKA JIAH-
HBIX. JUCTAHIUMOHHOE 30HANPOBAHUE
3EMJIU. BEIYUCIIUTEJIBHBIE PECYPCBI

IMonos /1. B. OIIEPATBHOE VIIPABJIEHUE
[MPOLIECCOM OKA3AHUIA YCIIVI C IIPUME-
HEHUEM PACTIPEAEJEHHBIX UHTEJUIEKTY-
AJIBHBIX CUCTEM.

Crarbs MOCBSILEHa CUCTEMATH3ALUU PE3yNbTa-
TOB, CBSI3aHHBIX C pa3padOTKoil MH(POPMAITMOHHOI
CHCTEMBI MOAIEPKKN NPHHATHS PEIICHUH JUId To-
BBIIICHUS 3()(DEKTHBHOCTH OKA3aHUS YCIYT Ha MpH-
Mepe MpeIPHATHI HHAYCTPUH 30POBbS H KPACOTHL.
PaccmatpuBatoTcs 1Be OCHOBHBIE COCTaBIISIOIINE
peanm3aly ONepaTUBHOTO YIIPABICHNS OKa3aHHEM
YCIIyT. Y YUTHIBAEMBIC aCIICKThI HAXOISAT OTPa’KCHHUE B
TEXHOJIOTHSIX OHTOJIOTMYECKHX 0a3 3HaHMIT 1 MHOTO-
areHTHBIX CHCTEM, OTHOCSIIUXCS K 00IacTH pacmpe-
JeTIEHHOTO HCKYCCTBEHHOTO MHTEIUICKTA.

TIOJIJTEPXKKA TTPUHATUSA PEIIEHUNA.
OITEPATUBHOE YIIPABJIEHUE. OHTOJIOI'U-
YECKAS BA3A 3HAHWI. MHOTOATEHTHAS
CUCTEMA.

Kypakun O. B. OLIEHKA KAUECTBA BUJIEOU-
30BPAKEHU S ITPU TIEPEJJAYE B CETHU GSM.

PaccMoTpeHsI pe3ysibTaThl UCCIICIOBAHNS 3aBHCH-
MOCTH TOKa3aTesiell KauecTBa BUICOU300paKEHUS OT
XapaKTePUCTHK KaHaja repenadu B cetd GSM.

BUIEOTEJIE®OHUS. CUCTEMBI MOBUJIb-
HOM CBSI3U. OLEHKA KAUECTBA BUJIEOU-
30BPAXXEHNI.

Estiomkun A. B., ®unaros A. B. I[ITPUME-
HEHUE METOJIA PAJIAPHON UHTEP®EPO-
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METPUN 1JIA ITOCTPOEHUSA ITUDPOBBIX
MOJIEJIE! PEJILE®A U OLIEHKU CMEILEHUI
3EMHOM [TOBEPXHOCTH.

B crathe paccMOTPEHBI M pPEIICHBI MPOOIEMBI
MPUMEHECHHSI METO/Ia pajlapHOi HHTepPepoMeTprun
JUTSL TOCTPOCHHS MUPPOBBIX Mojelell penbeda u
OIICHKH BBICOTHBIX CMEIICHUI HA TEPPUTOPHH He-
¢dranbix Mecropoxxaenuit 3anagnoi Cubupu. Ilon-
BEJICH UTOT HAKOIUICHHOTO OIBITA 10 MU3YyYEHUIO U
aJanTaluu TEeXHUKH pacyeTa MHTepdeporpamMm
IpH pagapHOi CheMKe 00JacTeil CO CIIOKHBIM, C
TOYKHU 3peHUs HHTepdhepoMeTpuuecKoit 00paboTKH,
nangmadTom (6om0Ta, TYCTOU Jiec, TOpPSIHUKH).
[TpoBeneHo cpaBHEHHWE C pe3ylbTaTaMH TEOIC3H-
YeCKHUX M3MEpPEHUN U JaHa OlleHKa MPUMEHUMOCTH
OIHMCaHHOTO METOJA.

PAIAPHAA MHTEPOEPOMETPU . PEJIBE®.
LW DPOBBIE MOAEJIN.

Cycnos H. B. ©OPMUPOBAHHUE CETEBO
OINEPALIMOHHOI CUCTEMBI J1J151 3AILAILIEH-
HOI'O B3AUMOJEMCTBU S U PACIIPE/IEJIEH-
HbIX BbIYMCJIEHUIA.

B crarbe mpencrasineH Marepuall, HalleJIeHHbIN
Ha UCCIIE0BAaHUE OCHOBHBIX IPUHLUIIOB CO3AaHUS
CETEBOM ONEPALIMOHHOM CUCTEMBI 171 3aILAIIEHHOTO
B3aUMOJICHCTBYSI U PaCIpPEAEICHHBIX BBIYUCICHUN.
IIpuBonsATCSA TEXHUYECKHUE 3TAIlbl HA IyTH K ITOJHOM
peain3aluy 3asBICHHBIX IPUHLIUIIOB.

OIIEPAIIMOHHAA CUCTEMA. BUPTYAJIb-
HOE TITPOCTPAHCTBO. ITIOPOXJAIOIIEE
IMTPOIr'PAMMUPOBAHUE. PACIIPEJIEJIEHHBIE
BBIYNCIIEHN . OTKPBITBIE CUCTEMBI.

3axupos A. H., Kapnos A. B. CUCTEMA MO-
HUTOPUHIA 1 IUMATHOCTUKU PACIIPEJE-
JINTEJIbHBIX CETEN.

B crarbe paccMoTpeH MeTOJ JUArHOCTUKH pac-
MPEJeTUTENLHBIX AIEKTPOCETEH Ha OCHOBE MOHUTO-
pHUHTA CETH C TIOMOIIBI0 BEAYIIET0 UHTEIEKTYallb-
HOTO 3JeKTpomoziemMa U Beaombix PLC — MoneMoB.
[IpennoxeHa arraparHas peanu3anusi METOA.

[MOBPEXIEHWE. MOHUTOPHUHI. JUATHO-
CTUKA. UHTEJUIEKTYAJIbHBIA SJIEKTPOMO-
JEM. PLC-MOJIEM.

Maiictpenxko B. A., ®enocos JI. B., Xazaun B. JI.
OCOBEHHOCTH ITOCTPOEHUA 1N ®YHK-
[IUOHMPOBAHUS MOBUJIBHBIX KB CETEU
CBAA3MN.
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PaccmoTpena Bo3MOXHOCTH oOecriedeHus Bbl-
COKOoHaJziexxHo# nByctopoHHeil KB pannocssasu c
MOJBM)KHBIMH 00bEKTaMHU.

MOBWJIBHBIE CETU CBA3U. CETU KB CBA-
31. ®YHKIIMOHUPOBAHUE CETU.

3Be3qua C. B. POPMHUPOBAHUE METPUK
KOJIA TTPOTPAMMHOM CUCTEMBL.

B crarne PacCMOTPEHBI HpO6J’IeMI:-I aHaJIn3a Ka-
yecTBa Koza. Crienad 0030p CyIIECTBYIONIUX METPUK
KOZa N NpOaHAJIM3UPOBaHA UX MPAKTUYCCKasd HCH-
HOCTbD. Ha OCHOBaHHUU HOJIy‘leHHI:IX peSYJII)TaTOB I10-
CTPOCHA HOBAsg CUCTEMA METPUK, KOTOPpas MO3BOJISACT
O6’I>GKTI/IBHO OLICHUTH CI/ICTeMy.

METPUKU. U3MEPEHHNS. KAUECTBO
KOJIA. TIPOTPAMMHBIN KOJI. OLIEHKA ITPO-
T'PAMMHOM CUCTEMBI.

Hukutnnaa A. B., Hukutua A. H. AJITOPUTM
OIITUMM3AIINN CIIMCKOB COCEIHUX COT
B CETAX GSM.

B crarse paccMOTpeHsI IIpoOneMsl IIaHNPOBa-
HUSI 1 ONTHMU3AIMU COCEACKHUX OTHOIIEHUH B CETH
GSM. OnincaHbl IPUHITAITE HCTIONB30BaHUS CETEBOM
CTaTHUCTHKY TIPH OLIeHKEe 3P (PEKTHBHOCTH COCENCKIX
oTHoueHu. IIpennoxkeH anropuT™M ONTHUMH3ALUU
CIHCKOB COCEIHUX COT.

GSM. PAIMOCETh. COCEJHUE COTHI.
SODEKTUBHOCTDL. CETEBAS CTATUCTUKA.
N3MEPEHUS. OIITUMU3ALISA.

Jlynepa Mopunno II. A. OHEHKA TIPO-
IIYCKHOM CITOCOBHOCTU CETH MOBMJIb-
HOW CBSI3U (HA IPUMEPE CDMA2000 1X
EV-DO).

B crarbe u3noxxeHa METOANKA OLIEHKHU MPOIYCK-
HOU CIIOCOOHOCTHU CETU MOOUIBHOM CBSI3U CTaHapTa
CDMA2000 npu npefocTaBiIeHUH YCIIyT CKOPOCTHOM
nepenauy JaHHBIX.

CDMA2000 1X EV-DO. IIPOIIYCKHAA
CIIOCOBHOCTh. MOBWJIbHBI UHTEPHET.
OLIEHKA. KAYECTBO OBCIIYKIBAHUM L.

Hiorypos . B. TIPUHIUIIBI TIOCTPOEHUA
YHUBEPCUTETCKOI CETU C OTKPBITOH
MH®PACTPYKTYPOIL.

PaccmarpuBaercs psaa nmpobiaeM, BO3HUKAIOIIUX
IIPY OpraHU3aLUH OOIINX CETEBBIX pecypcoB. B kaue-
CTBE PELIEHUS NPEAJIOKEH IPOEKT BEIYUCIUTEIHHON
CETH C OTKPBITOIl MH(PACTPYKTYPOIl — ¢ OTKPHITOH
nHpopManmen 0 GU3HYECKON U JTIOTUIECKOH CTPYK-
Typax cetu. OOCYKIar0TCs BONPOCH 0€30MacCHOCTH
Taknx cerell. PaccMoTpeHBI mpeaMeTHas o0iacTs,

HEOOXOAUMOCTh M MEPCHEKTUBBI MPOEKTa, JaHO €T0
TEXHUYECKOE OIUCAHHUE.

JIOKAJIBHBIE BBIYMCJIMTEJIBHBIE CETH.
JOMEHELI. OBIIME PECYPCBI. THOPACTPYK-
TYPA CETU.

Xpomos B.B., Ecunos A.B. OLIEHKA BEPO-
ATHOCTHO-BPEMEHHbBIX XAPAKTEPUCTHUK
KIJIACCA AJITOPUTMOBIIEPEJAYN IAHHBIX TIO
KAHAJTY C HE3ABUCHUMbIMU OLINBKAMMU.

IIpu nepenaue JaHHBIX MO KaHajgaM ¢ OOJBLINM
YPOBHEM IOMEX, BBI3BAaHHBIX, B YACTHOCTH, PAJIHO-
3JIEKTPOHHBIM POTUBOACHCTBHEM, YACTO HCIIOIB3Y-
IOTCSI KOZIBI C IOBTOPEHMSIMU. B cTathe paccMoTpena
METOJIMKA pacyeTa BepOSTHOCTHO-BPEMEHHBIX XapaK-
TEPUCTHUK U OIICHKA HAJICKHOCTH JITOPUTMA Mepeladn
JAHHBIX 10 TAKHIM KaHaJaM.

HAJAEXHOCTbL. IIEPEJAYA OJAHHBIX.
JIOXHBIM [TPUEM. BEPOSITHOCTbh. MOJIEJIH-
POBAHME.

Cusepc M. A., lanmnosuy [. A. UCCJIEJIOBA-
HUE BJIMAHUA BHY TPUCUCTEMHBIX TIOMEX
HA MHOT'OMHTEPBAJIBHBIX JIMHEMHBIX TPAC-
CAX LIUDPOBBIX PAIMOPEJIEMHBIX JIMHUIA.

IIpencraBieHbl pe3ynbTaThl UCCIEI0BAHUS BIU-
HUSI CUTHAJIOB 0OPaTHOIO HAalpaBJIEH!s Ha TMHEHHBIX
Tpaccax udpobix PPJI npu ncnons3oBaHum qByX4a-
CTOTHOI'0 IUIaHa paclpeesieHus 4yacToT. B npouecce
HCCIIeI0OBaHUs HCII0Ib30BaHa YCOBEPLIEHCTBOBAaHHAS
MareMaruieckas MOJelb OLIEHKH AeTpaJalliy 3anaca
Ha 3aMUpPaHMs], YUNTHIBAIOIIAS] XapaKTEPUCTUKHU Ha-
MIPaBJICHHOCTH aHTEHH, COOTHOIIEHUS JUTUH COCEIHUX
WHTEPBAJIOB U IWala30H aBTOMaTUYECKON PEeryIupOB-
KU MOIITHOCTH IepelaTYuKOB.

JIBYXYACTOTHBIN IJIAH. CUTHAJIBI
OBPATHOI'O HAIIPABJIEHUA. JETPAOALIAA
3AITACA HA 3AMUPAHUSA. DODPEKTUBHOE
OCJIABJIEHME TTOMEX. BBIUMCJIMTEJIBHBIE
OKCITEPUMEHTHIL.

Cunopos 1O. E., lymunos A. B. UCCJIEJIOBA-
HUE HEITAPAMETPUYECKOI'O OBHAPYXXUTE-
JIA PAIUOCUTHAJIOB.

PaccmoTpeH HenapameTpuiecKuii paHroBbIi 00-
Hapy>KUTeJb PaJOCUTHAJIOB B LITyMaX C HEU3BECTHBIM
pacmpeznesnenueM. Ero noMexoycToiuuBoCTb OlIeHeHa
C TIOMOIIBIO METO/Ia CTATUCTUYECKOTO MMUTAIIMOHHO-
ro MozenupoBanus (Meton MonTe-Kapiio).

OBHAPYXEHUE CUT'HAJIOB. AITPMOPHA A
HEOIIPEJJEJIEHHOCTbB. CTATUCTUYECKOE
NMUTAINOHHOE MOJEJIMPOBAHMUE. PAH-
I'OBBIE ITPABUJIA.
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bymau b. T., Kpacosckuit H. A. K BOITPOCY
O IIOBBIIEHKMUW TOYHOCTU U3SMEPEHU A
KOOPJVHAT.

[Ipu n3mepennn koopanHAT 0OBEKTOB B paJno-
JIOKAIMOHHBIX, ONITHKO-JTOKAIHOHHBIX U TIP. CHCTEMax
TPAAULIAOHHO CUUTAETCS, YTO HAWITYUIINM H3Me-
pHUTeNneM KOOPIUHAT W IO MPOCTOTE ammaparypHoOit
peanu3anyy, ¥ 10 TOYHOCTH U3MEPEHUS KOOPIUHAT
SIBIIETCST I3MEPEHHUE 110 KPUTEPHIO MAKCHMAIILHOTO
npaBaonono6us. [loka3aHo, 4To BBEICOKAast TOYHOCTD
HU3MEPEHUs] KOOPAMHAT TaKUM H3MEPHUTEIEM COOT-
BETCTBYET JIUIIb HEHUCKA)KEHHBIM (JOpMaM CUTHAJIOB.
[Nomy4eHa BepXHss OIEHKA CPEAHEKBAIPATHYECKOM
OIIMOKU M3MEPEHHs N0 KPUTEPUIO €€ MHUHUMyMa
IUTSL TUTIOBOH (DOPMBI ¥ THITOBBIX UCKaXKCHUH (POPMBI
CHTHAJIOB THIIA «CMa3ay U300pakeHHH.

CPEJHEKBAJIPATUYECKAS OLINBKA.
«CMA3» U30BPAXKEHUS. ATIOCTEPUOPHAS
I[IJIOTHOCTD PACITPEJEJIEHM S1. KOPPEJIALU-
OHHAS ®YHKILNM .

Mepsixanuna H. M., ITopeunstii C. C. [IPUME-
HEHME METOJ1IOB MHOI"OKOMIIOHEHTHOI'O
AHAJIM3A U PEIHEHUS HEKOPPEKTHbBIX
3AJIAY.

[Monxonsl 1 MeTonB!l (PUIBTPAIIH YHCICHHBIX
pe3yabTaTOB MPUMEHSAIOTCS NIPU PELIEHUH 3a1ad
HMHTEPIOJAIUM U ONpeNeIeHUs MIpeaeia o KOHed-
HOH MOCNEN0BaTEIbHOCTH, YaCTO MCIOIb3yEMbIX
B NPUKJIAJHBIX YUCIEHHBIX UCCIEJOBAHUAX, HO
ABJISAIOIUXCA MAaTEMAaTHYECKH HEKOPPEKTHBIMH.
ITokaszaHo, 4uTO, HECMOTpSI HA HEKOPPEKTHOCTh, Ha
OCHOBE MHOTOKOMIIOHEHTHOW MOJEH NPaKTUYECKH
BO3MOKHO IIOJIy4EHHE HAJEKHBIX OLIEHOK MOrpell-
HOCTH YHMCJIEHHOTO PELIEHNS YKa3aHHBIX 3a/1a4.

YUCJIEHHBIN DKCITEPUMEHT. ®UJIBTPA-
Ys1. HEKOPPEKTHBIE 3AJJAYU. PASMBITOCTD
OIEHOK.

Kimrommna A. 10., Ky3uenos B. H. UTHOOPMA-
LUOHHO-YITPABJIAIOUIME CUCTEMBI ITPU-
HATWS PELIEHUI LEJIEYCTPEMJIEHHBIMU
CYBBEKTAMM.

B crarpe paccMoTpeHa He0OXOIMMOCTE CO3IaHUS
nHGOPMaIMOHHO-YIIpaBisIonmx cucreM. OHu obe-
CIIEYMBAIOT POCT dPPEKTUBHOCTH YIPABICHICSCKHX
pelieHuit 3a cueT npruMeHeHust HOpMaIbHBIX METOIOB
U cpeAcTB 00pabOTKH 1 0TOOpaKeHUS HH(POPMAIIHH.
W3noxeHa KOHIETIIHS YIIPaBICHUS IPOESKTOM CO3/1a-
Hus Teepckoro obnactaoro IT 6u3Hec-uHKyOaTOpA.

NHO®OPMAIIMOHHO-YIIPABJISAIOIIA S
CUCTEMA. TIIPUHATHUE PELIEHUM. AKTUB-
HBIE CYBBEKTHI. OTIPEJEJIEHUE MAKCUMU-
SUPYIOUIETO PELIEHUS. COTJIACOBAHUE
NHTEPECOB.
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Ju E. K., Yeuypun JI. C. OIJEHKA TPAHUI]
BO3BYXIEHUA ITAPAMETPUTYECKOI'O PE30O-
HAHCA B CUCTEMAX DJIEKTPOMEXAHUNYE-
CKOI'O ITPEOBPA3OBAHN A C PACITPEJIEJIEH-
HOM HATPY3KOIA,

Hccnenytorcs yclnoBus MOTEpU YCTONYHMBOCTH
CHUCTEMBI JIEKTPOMEXAHUYECKOTO MpeoOpa3oBarTes
(BMII) npu yueTe HecTallMOHAPHOCTH B3aUMHOM HH-
JIyKTUBHOCTH OOMOTOK SIKOpSI U CTaTopa reHeparopa
Y pacmpene’IeHHOCTH NapaMeTpOB LEMH Harpy3KH.
B paMkax o1HOYACTOTHOTO MPUOTUIKEHUS TTOTYICHBI
yCIIOBHS BO30YXKICHUS TIEPBOTO MapaMeTPUIECKOTO
pe3onanca rpu pabore DMII Ha 1ienm Harpy3Ku pas-
JIUYHOTO BUJA C KOHEYHOMEPHOW YaCTOTHOU MOJie-
JIBIO JUIMHHOW »nekTpudeckoit nuHuu. [IpuBoasrcs
pe3yNIbTaThl pacdeTa W YUCICHHOTO IKCIEPUMEHTA
Ha peaJIbHBIX NCXOHBIX JaHHBIX.

[TAPAMETPUYECKHWM PE3OHAHC. YCTO-
UMBOCTB. CUCTEMBI C PACITPEIEJIEHHBIMU
ITAPAMETPAMMU. DJIEKTPOMEXAHUKA.

XopwkoB B. b., XKuranos H. K. K BOITPOCY
O BHEJAPEHUU CUCTEMBI YITIPABJIEHI S PE-
CYPCAMMU ITPEATIPUSATHUA.

B crarse paccMarpuBaeTcs METO¥KA BEIOOpa U
ONITHMH3ALIIH ABTOMATH3UPOBAHHOM CHCTEMBI yIIPaB-
JICHUSI pecypcaMy MPEATPHATHS Ha TPOU3BOICTBE,
OCHOBaHHAs Ha METOANKE MOJICTUPOBAHIS ITPOMBIIII-
JICHHOTO TIPEITPHUATHS B BUIE IIETTOYKH OCTABOK.

YIIPABJIEHUE. METOJUKA. BHEJIPEHUE.
SOOEKTUBHOCTD. IINTAHUPOBAHUE IIPO-
N3BOJICTBA.

T'omockoxos K. [T. ABTOMATU3NPOBAHHA S
CUCTEMA MCIIBITAHUI B CTPYKTYPE CU-
CTEMBI YIIPABJIEHN S KAUECTBOM.

B HacTosmieii cratee paccMaTpUBaOTCS BOIPOCHI
[IOCTPOEHHUS MOJCUCTEMBl YCKOPEHHBIX HCIIBITAHUN
W3IEIIUNA JIEKTPOHHON TEXHUKHU I IPOTHO3UPOBA-
HISI TEXHIIECKOTO COCTOSHIS, KOTOPAst TOJDKHA OBITH
COCTABHOM YaCThIO aBTOMAaTU3MPOBAHHOW CHUCTEMBI
yIpaBJIECHUS KauyecTBna.

KAYECTBO. UCIIBITAHMA. ABTOMATU3U-
POBAHHbIE CUCTEMbI UCITBITAHUIA. CUCTE-
MA VIIPABJIEHA KAYECTBOM.

Xanrypunckuit A. H. OBECIIEUEHUE BE3-
OIIACHOCTH I1PY VIIPABJIEHUU CJIOXKHOM
TEXHUYECKOU CUCTEMOM HA OCHOBE
JIOTUKO-BEPOSITHOCTHOI'O METO/IA.

B cTaTbe u3n0XeH MOAXOA K IMOCTPOEHHIO
Joruyeckoit GyHKkuMH paboTOCIOCOOHOCTH ua-
THOCTHPYEMOU CUCTEMBI HA OCHOBE JUHAMHYECKOU
HelipoHHOIl cetn Xondunna. HelfpoceTeBoii 6a3uc
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JTamna MOCTPOCHHUS (YHKIIMH PaboTOCIOCOOHOCTH
JIOTUKO-BEPOSTHOCTHOTO METO/[a TI03BOJISIET UCTIOJTb-
30BaTh AITOPUTM B aBTOMATH3UPOBAHHBIX CHCTEMAaX
yIPaBJICHHUsI TEXHUISCKUMH 00bEKTaMU UITH BCIIOMO-
raTejbHBIX CUCTEMAaX PEalbHOTO BPEMEHU.
TEXHUYECKAS CUCTEMA. JIOT UKO-BEPO-
SITHOCTHBI METO/I. IMATHOCTUKA. HE-
POHHAS CETh. CUCTEMBI YITIPABJIEHUSL.

Comnymxkua K. C. MOJIEJIb ITPOU3BO/IM-
TEJIbHOCTU 5BM C YUYETOM BbICTPOJIEN-
CTBUA UEHTPAJIBHOI'O MTPOLIECCOPA (HA
[MPUMEPE 3AJJAYN ADPOJUHAMMUKN).

[IpennoxxeHa MmaremMaTuueckas MOJENb IPOU3BO-
JIUTEIBHOCTH OHOTpoIieccopHOoit OBM Ha nmpumepe
3aJa41 a3poANHAMUKU. Mozienb moapaszaenser ooiee
BpeMsI cdeTa Ha BpeMs paboThl IICHTPaJIbHOTO MPO-
Lieccopa v BpeMs OXKHJIaHUA TOCTYTIICHUS JaHHbBIX U3
noacucteMsl namsaTi — O3Y U K3LI-TaMATH.

9BM. ITPOU3BOJUTEJIBHOCTb. MOJEJIb.
ABPOJUHAMUKA.

Comaymkua K. C. MOJJEJIMPOBAHUE COBO-
KYITHOM CTOMMOCTH BJIA JEHU S BLIUUCIIH-
TEJIbHOW CUCTEMOI.

PaccmoTrpena meTonnka HOCTpOEHUS! MaTeMaru-
YeCKHUX MoieNiel ctouMocTr cyriepOBM u KpymHBIX
BBIYUCIUTEIBHBIX KOMILIEKCOB. [Ipennokena Moienb
CTOMMOCTHU KjlacTepHOi cynepOBM Ha ocHOBe co-
BPEMEHHBIX 6-7€pHBIX LIEHTPAJIbHBIX IPOLECCOPOB
xommanuy “Intel”.

BBICOKOITPOM3BOAUTEJIbHBIE BbIUMC-
JIEHUA. CYIIEPOBM. KITACTEPHAS1 9BM. Ob-
A CTOUMOCTD BJIAJEHMA. MOJEJIb.

Hemunosa JI. A., Kupaxosckuii B. B. METO/1bI
KIIACTEPU3AIIMN OBbEKTOB HA OCHOBE
HEYETKNX MHOXECTB BTOPOI'O TUIIA U
IT'EHETUYECKOTI'O AJITOPUTMA.

PaccmarpuBaeTcs npuMeHeHHe alropuTMOB KJla-
CTepHU3aIlii Ha OCHOBE HEUETKUX MHOYKECTB BTOPOT'O
tuna. JIns onpenencHus onTUMaIbHOW KOMOWHAIIMH
MapaMeTPOB aJITOPUTMA KIIACTePHU3AIIMHY NIPEJiaraeT-
Cs1 ICTIOJIb30BAaTh TEHETHUYECKUIN aJITOPUTM.

AJITOPUTM KJIIACTEPU3ALINN. HEUETKOE
MHOXECTBO BTOPOI'O TUITIA. AJITOPUTM
KAPHUKA-MEH/EJIA.

®omuuesa C. I MEXAHU3MbI 'EHEPALIN
KJIFOUEM B MEPAPXUUYECKUX CUCTEMAX
3AIIUTHI THOOPMAILINUN.

B crarbe paccmarpuBaeTcs pexuM paboThl uepap-
XMYECKOM CHCTEMbI COBMECTHOM KPUIITO- U UMHUTO3a-~
OIUTH TH)OPMALIUH C UCTIOIb30BaHUEM aJIETCPHAHT-
HBIX KOJIOB Ha 3Tarle T'eHepaLuy (-UYHbIX KIFOYEBBIX

ITOCIIe0BaTeIbHOCTEH. 1T JaHHOM CHCTEMEI B CTaThe
TIPUBEICHBI BEPXHSISI ¥ HIDKHSS TPAHUIIBI JIMHEHHOMN
CIIOXHOCTH TIOCJIEIOBATEIBHOCTEH, MOTy4YaeMbIX B
pe3ynbTare HeTMHEMHOTO KOMOMHUPOBAHUS ¢-UIHBIX
rnocnenoBarenbHOCTeN. [loka3aHo, YTO KOJWYECTBO
IIOCJIeIOBAaTEIIbHOCTEH ¢ MaKCUMAaJIbHON JTHHEHHOM
CJIOKHOCTBIO B Ipejiesie 06CKOHEYHO BEIIMKO U B ITPEIe-
JIe CPAaBHUMO C OOIIM YHCIIOM TTOCIIEI0BATEIEHOCTEH
C 3aJJaHHBIM XapaKTEPUCTUYECKUM MHOTOUIICHOM.
CdopmynupoBaHbl yCIOBUS, TPEIbSIBIIEMBIE K HE-
JUHEHHOHN (PYyHKIIMM KOMOMHUPOBAHUS, TIPH KOTOPHIX
JIMHEWHAs CJIOKHOCTH TIOCTIEIOBATEILHOCTH YIOBJIET-
BOpSICT BEpXHEH TpaHUIIE.

CUCTEMBI 3AINNTHI TH®OPMALIWN.
KO bI. KOPPEKTHUPYIOIIUE OILIMEBKH. KJIIO-
YEBBIE ITOCJIEJJOBATEJIBHOCTHU. JIMHEUHAS
CJIOXHOCTD KJIIFOUEBBIX ITOCJIEAOBATEJIb-
HOCTE.

Jlanrres B.B., Mopo3zos A.B. METOJ] OLIEHKU
KAYECTBEHHBIX XAPAKTEPUCTHUK OBBEK-
THO-OPUEHTHUPOBAHHBIX ITPOT'PAMMHBIX
ITPOAYKTOB.

B crarbe npensioskeH METO| OLIEHKH KauyeCTBEH-
HBIX XapaKTePUCTHUK O0OBEKTHO-OPHEHTUPOBAHHBIX
MIPOrPaMMHBIX TIPOYKTOB. 3a/1a4a OIEHKH CBOIUTCS K
3aj1a4e HeYETKOM KiTacCH(DUKAIMU IPOSKTHON MOJIEIN
MIPOrpaMMHOTO MpoAyKTa. J{is perenus 3a1auu Kiac-
cu(HKaIMU TpeajiaracTcsl UCIONIb30BaTh anmapar
HEYETKHX HEUPOHHBIX ceTeil Banra-Menpaens.

KAYECTBEHHBIE XAPAKTEPUCTUKMU.
METPUKU. HEUETKUE HEMPOHHBIE CETU.
ITPOEKTHA MOJIEJIb.

Henames A. B. PASPABOTKA METOJA ITA-
PAMETPUYECKHUX XAPAKTEPUCTUK AJIA
MOJIEJIMPOBAHU A HEJIMHENHBIX PAINO-
TEXHUYECKUX YCTPOMCTB.

PaspabarpiBaeTcst METON aHATN3a U MOJIEIIUPOBA-
HUSI HEJIMHEUHBIX YCTPOWCTB, HA3BaHHBII METOIOM
MapaMeTpUIeCKUX XapaKTepuCTUK. HeauHeiHbIe
AJIEMEHTHI pACCMATPUBAIOTCS KaK MapaMeTpUIecKue,
aHaJM3 BEJETCS C WCIIOJIIb30BAaHUEM MHOTOMEPHOTO
npeoOpazoBanus Jlamnaca. Paccmorpenne Benércs Ha
MIpUMeEpe JTUOTHOTO TPE0OPa30BaTEINS YACTOTHI.

HEJIMHEMHBIE YCTPOMCTBA. MOJIEJIN-
POBAHUE, ITAPAMETPUYECKUE XAPAKTEPU-
CTHUKMU. ITPEOBPA3ZOBATEJIb YACTOTEL.

OuncrepOyw LLI. MOJEJIb EARLIEST DEAD-
LINE FIRST ITPUOPUTETHOI'O OBCIIY XVBA-
HU 3ASIBOK B CETAX HLR/HSS.

B cratbe mpenctaBieHa MoeNb HEHTPATBHOTO
CETEBOI0 JIEMEHTA B CETIX MOOMILHOU cBs13u GSM
n UMTS Ha ocHOBe MeTo/ja MIIaHUPOBAHUS OYEPEIN
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Earliest Deadline First (EDF). [Ipeanaraercs noaxon
K MaTeMatuueckoMy onucanmio Meroga EDF 6e3 npe-
PBIBaHUsT 0OCITYKUBAHMS 3asIBKOM, OPHEHTHPOBAHHBIN
na HLR/HSS.

TEJIEKOMMYHUKAIIMOHHBIE CUCTEMBI.
TEOPHU S TEJIETPA®UKA. MOJAEJIMPOBAHUE.
IMPUOPUTETHOE OBCJIY>KMBAHUE. OIITHU-
MU3ALNSL.

Henzues C. H. MOAEJIM U AJITOPUTMBbI
AJIATITUBHOI'O VIIPABJIEHUS KAJIPOBOH
TIOJINTUKOM TTPEJIITPUATHAL.

B crartee paccMOTpeHBI cIOCOOB! MOBBIMICHUS
3¢ PEKTUBHOCTH U CHIDKCHHUS U3AEPKEK YIIPABICHUS
Ka/IpOBOH OMUTHKON mpeatpusTus. [IpeacraBieHst
pa3paboTaHHBIC AITOPUTMBI IJIAHUPOBAHUS KaJIpo-
BBIX PECYpCOB HPEINPHATHS W OLEHKH dPQeKTrB-
HOCTH KaJIpOBBIX NTEPECTaHOBOK.

AJIATITUBHOE VIIPABJIEHUE. KAJIPOBA S
I[NOJINTUKA. VIIPABJIEHUE ITEPCOHAJIOM.
SODPEKTUBHOCTbD.

CenrsxoB B.A. MATEMATUYECKAS MOJIEJIb
HEHTPOBEXXHOI'O POTOPHOI'O OBOPYIOBA-
HUSA YVIAPHO-OTPAXKATEJIBHOI'O TUTIIA.

B crarbe omuchIBalOTCS BEKTOPHBIE ypaBHE-
HUS JBWKCHUS MOIBMXKHBIX YacTed npoOwmiku. Ha
X OCHOBE 3alMCHIBAETCS B OOIEM BHJIE CHCTEMa
nuddepeHInaIbHBIX YPaBHEHUH, MO3BOJISIONIAs
WCCIICIOBATh ABWKCHHS U CTATUYCCKHUE TTOJIOKCHUS
3JIEMEHTOB JIPOOHITKH.

JAPOBUNJIKA. BEKTOPHOE YPABHEHUE.
CUCTEMA JUODOEPEHIIMAJIBHBIX YPABHE-
HUI. MATEMATUYECKASI MOJEJIb.

Bakynun C. 0. AHAJIN3 COBMECTUMOCTU
NUHTETI'PUPYEMbBIX MHOOPMAIMOHHBIX
CUCTEM IPEAIIPUATHSA ITPU ITOMOILIU %-
NCYUCIIEHNA.

B cratbe paccmarpuBaercs nmpobnema HHTETpa-
UM KOPHOPATHBHBIX NPUIIOXKEHUIL. CTaBUTCS 3aa4a
aHaJM3a HHTETPUPYEMBIX IPIIOKEHHI Ha COBMECTH-
MOCTb U MIPEAaraeTcsl HCIOoNb30BaHUE I aHAIN3a
MEeTO/1a TIOCTPOCHUs (PopManbHOI MOJIETH KOMILIEKCa
MPOrpaMMHBIX CUCTEM MPEINPUATHS C UCIIOIb30Ba-
HHEM G -UCUHCIICHUS.

UHTEI'PALIMA. 2-UCHUCIIEHUA. TEOPUA
OBBEKTOB.

Kypasnes A. 0., lenucos C. JI. IOI'MKO-
JJUHITBUCTUYECKOE MOJEJINPOBAHUNE
MMPOLECCA MHANBUAYAJIBHOI'O ITPUHATUA
WHBECTHULIMOHHOI'O PEIIEHUA.
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B crarbe mogHMMaeTcs Bompoc (opManusanin
(haKTOPOB MPUHSATUS MHBECTULHOHHOTO PELICHUS B
paMKax MHAMBUAYAIbHOIO (MHBECTOP, CHELIUAIUCT
YIIPaBIISFOIICH KOMITAHHH ) MX PACCMOTPEHHS 1 aHAJIN3A.
W3110eHBI OCHOBHBIE MOMEHTBI KACATEIBHO ITEPCIIEK-
THB Pa3BUTHS JAHHON (POPMBI IPUHATHS PEIICHUSL.

MHBECTHULIMOHHOE PEITEHUE. ®OPMA-
JIN3ALUA. JIOTUKO-JIMHTBUCTUYECKOE
MOJIEJIMPOBAHUE. UHTEJIJIEKTYAJIbHBIE
NHOOPMAIIMOHHBIE CUCTEMBEIL.

OcuroB A. M., Ko3znosckutii . 1O., Cenesnes b. 1.
OOPMHNPOBAHUE INOJHBIX CTPYKTVYP C BA-
PBEPOM IIOTTKN HA APCEHUJE I'AJIJINA.

B cTarbe paccMOTpeHbI IPAKTUUECKUE CIIOCOOBI
(hOpMHUPOBAHUS AUOAHBIX CTPYKTYP C MAJIOH BBICOTOM
6apbepa LllorTkn Ha apceHupe ramus. [IpuBeneHsl
SKCIIEPUMEHTAJIbHBIE JAHHBIE.

BAPBEP NIOTTKHU. APCEHU T'AJUINA. TU-
OJHBIE CTPYKTVYPLIL IMOABI HIOTTKMH.

Kotos . O., JInoxkymosuu JI. b., Xanees 1. N.
OIIEPATOPHBII METO/1 PACUYETA MOJIOBOI'O
PACITPEAEJIEHUA MOIIHOCTHU B MHOT'O-
MOJJOBOM BOJIOKHE C PE3KMMUW HEO/JJHO-
POJHOCTSIMMU.

B crarbe paccMoTpeHa mpoblieMa ydera cesek-
THUBHOTI'O B036y)KJIGHI/I$I 1/13J1yqu1/1$[ B MHOI'OMOJ0OBOM
BoJIOKHE. [IpeiokeH onepaTopHbIA METOJ] pacdyera
W3MEHEHUH HadyallbHOTO paclpeielIeHus MOIIHO-
CTH TI0O MOJIaM PACIIPOCTPAHSIONIETOCS U3TYYCHHUS,
BCJIEJICTBHE PE3KUX BOJIOKOHHBIX HEOJJHOPOIHOCTEH.
[TpoBeneHo YrcIeHHOE MOICTMPOBAHKE U CPABHCHHE
C pe3yJ'H)TaTaMI/I BI)I‘II/ICJ'IGHI/Iﬁ C IIOMOIIIBIO U3BCCTHBLIX
OIICHOYHBIX (hopMyIT.

MHOT'OMO/JIOBBIE BOJIOKOHHBIE CBE-
TOBO/Ibl. CEJIEKTUBHOE BO3BYXX/JEHUE.
PACITPEJAEJIEHUE MOIIHOCTU 1O MOJJAM.
HEOJHOPOJHOCTL. COEAMHEHUE BOJIO-
KOH. OITEPATOP ITPEOBPA3OBAHM .

Epmakos A. B. OCOBEHHOCTU MVJIbTHU-
CEPBUCHOM CETHU JIJIs1 CUCTEMBI OBECIIE-
YEHHWA YYEBHOI'O ITPOLECCA.

B crarpe mpennoxkeHa u 000CHOBaHAa MOAETH
MYJIBTUCEPBUCHON CETH, MPEJHA3HAYCHHOM sl 00-
yaeHus. V310KeHBI aclieKThl BBIOOpa MOKa3aTelnei
KadecTBa 00CTyXKMBaHUS TpauKa U BBIICTICHBI 0CO-
OeHHOCTH, O0YCIOBICHHBIE chepoil mpUMEHEHHS
CeTH.

MVJIBTUCEPBUCHAA CETbh. KAUECTBO
OBCIIY XMBAHUA. OBPATHA S CBA3b. CUCTE-
MA OBYYEHUA.
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Annotation

Yevtyushkin A. V., Yeremeev A. V., Makeeva
M. A. OPERATIVE THEMATIC PROCESSING of
REMOTE SENSING DATA on THE DISTRIBUTED
COMPUTING RESOURCES.

Problems of operative subject data processing of
remote sounding of the Earth from space with refere-
nce to monitoring of emergency situations at regional
level are considered. The principle of construction of
the architecture of the automated system on collection,
processing, transmissions of the diverse data on the
basis of the modular structure is considered, allowing
to reduce time of development new programs at the
extension of functions of monitoring system or upg-
rade computing resources.

SUPERCOMPUTER. DATA PROCESSING.
REMOTE SOUNDING OF THE EARTH. COMP-
UTING RESOURCES.

Popov D. V. OPERATIONAL SERVICE MAN-
AGEMENT WITH THE USE OF DISTRIBUTED
INTELLIGENT SYSTEMS

The paper is devoted to systematization of the
results obtained by authors and aimed to informa-
tion decision support system development due to
providing an effective operational service mana-
gement on the example of an enterprise of health
and beauty industry. The two basic constituents of
operational service management are considered.
These aspects are reflected in the technologies of
ontological knowledge bases and multi-agent sys-
tems, related to the area of the distributed artificial
intelligence.

DECISION MAKING SUPPORT. OPERATION-
AL MANAGEMENT. ONTOLOGICAL KNOWL-
EDGE BASES. MULTIAGENT SYSTEMS.

Kurakin O. V. VIDEO QUALITY ASSESSMENT
WHEN TRANSFER IN GSM NETWORK

Research results of relationship between video
quality indicators and GSM channel characteristics
were considered.

VIDEO TELEPHONY. MOBILE COMMU-
NICATION SYSTEMS. THE ESTIMATION OF
QUALITY OF THE VIDEO IMAGE.

Yevtyushkin A. V., Filatov A. V. APPLICATION
OF RADAR INTERFEROMETRY FOR DIGITAL
ELEVATION MODEL CONSTRUCTING AND
ESTIMATION OF EARTH SURFACE DISPLACE-
MENTS ON WEST SIBERIAN OILFIELDS.

Problems of application of radar interferometry
for digital elevation model constructing and dis-
placements estimation of oilfields in West Siberia
are examined and resolved in this article. Experience
of study and adaptation of interferogram computa-
tion technique due to radar observation of area with
difficult landscape (wetland, dense forest, peatbog)
from the point of InNSAR processing are summarized.
Compare with geodesic survey results is conducted
and estimation of applicability of InSAR technique
is done.

RADAR INTERFEROMETRY. THE RELIEF.
DIGITAL MODELS.

Suslov N. V. FORMATION OF THE NETWORK
OPERATING SYSTEM FOR SECURITY INTERA-
CTION AND DISTRIBUTED COMPUTATION.

The article describes the work which is done with
the support of the Russian Foundation for Fundame-
ntal Research, which aim is to study the constructing
principles of the creation of the network operating sy-
stem for secure interaction and distributed computing.
Technical steps towards the complete implementation
of the stated principles are also presented.

OPERATING SYSTEM. VIRTUAL SPACE.
GENERATING PROGRAMMING. DISTRIBUTED
CALCULATIONS. OPEN SYSTEMS.

Zakirov A. N., Karpov A. V. DISTRIBUTIVE
POWERLINES MONITORING AND DIAGNOS-
ING SYSTEM.

In this article distributive power lines diagnosing
method is considered on base of network monitoring
by master intellectual PLC modem and slave PLC-
modems. Hardware implementation of suggested
method is offered.

FAULT. MONITORING. DIAGNOSING. IN-
TELLECTUAL PLC MODEM. PLC-MODEM.

Majstrenko V. A, Fedosov D. V., Hazan V. L. FEA-
TURES OF CONSTRUCTION And FUNCTIONING
MOBILE HF COMMUNICATION NETWORKS.

Possibility of maintenance highly reliable bilat-
eral HF radio communications with mobile objects
is considered.

MOBILE COMMUNICATION NETWORKS.
NETWORKS HF OF COMMUNICATION. NET-
WORK FUNCTIONING.

Zwezdin S. V. FORMATION OF METRICS OF
THE CODE OF PROGRAM SYSTEM.

211



HayuHo-TexHu4eckme segomocTu CM6IrMy 6’ 2008.

MHdopmaTumka. TenekommyHnkaumm. YnpasneHme

In the article are considered problems of the anal-
ysis of quality of a code. Reviewed existing metrics of
a code and their practical value is analysed. Using this
results constructed the new system of metrics which
allows to appreciate program system objectively.

METRICS. MEASUREMENTS. QUALITY OF
THE CODE. THE PROGRAM CODE. THE ESTI-
MATION OF PROGRAM SYSTEM.

Nikitina A. V., Nikitin A. N. ALGORITHM OF
OPTIMIZATION OF LISTS OF THE NEXT CELLS
IN NETWORK GSM.

The clause deals with the problems of neighbor
relations planning and optimization for GSM radio
access network. The principles of network statistics
usage for neighbor efficiency estimation are described.
Neighbor list optimization algorithm for GSM radio
access networks is offered.

GSM. RADIO ACCESS NETWORK. NEIGHB-
OR CELLS. EFFICIENCY. NETWORK STATISTI-
CS. MEASUREMENTS. OPTIMIZATION.

Lupera Morillo P. A. ESTIMATION OF THR-
OUGHPUT OF A NETWORK OF A MOBILE CO-
MMUNICATION (ON EXAMPLE OF CDMA2000
1X EV-DO).

In clause the technique of throughput estimation
of a mobile communication network CDMA2000 is
stated by granting services of high-speed data tran-
smission.

CDMA2000 1X EV-DO. THROUGHPUT. MO-
BILE INTERNET. ESTIMATION. QUALITY OF
SERVICE.

Dugurov D. V. PRINCIPLES OF CONSTRUC-
TION OF A UNIVERSITY NETWORK WITH AN
OPEN INFRASTRUCTURE.

The problems arising at the organization of the
common network resources is considered in article.
The project of the computer network with an open
infrastructure (with the open information on physical
and logical structures of a network) is offered as the
decision of the problem. Safety issues of such netw-
orks are discussed. The subject domain, necessity and
prospects of the project are considered, its description
is given.

LOCAL NETWORKS. DOMAINS. SHARED
RESOURCES. NETWORK INFRASTRUCTURE.

Hromov V. V., Esipov A. V. THE ESTIMATION

OF THE PROBABILITY-TIME CHARACTER-
ISTICS OF ONE CLASS OF DATA TRANSFER

212

ALGORITHM IN THE CHANNEL WITH INDEP-
ENDENT ERRORS.

The codes with recurrences are often used at data
transmission on channels with a high level of the
noise caused, in particular, by radio-electronic coun-
teraction. The design procedure of is probability-time
characteristics and an estimation of reliability of one
data transfer algorithm on such channels is considered
in this article.

RELIABILITY. DATA TRANSFER. INCORRE-
CT RECEPTION. PROBABILITY. MODELING.

Sivers M. A., Danilovitch D. A. RESEARCH OF
INTRASYSTEM INTERFERENCE INFLUENCE
ON MULTIHOP DIGITAL MICROWAVE LINKS.

Results of comprehensive analysis of disturbing
backward signal influence on digital multihop micr-
owave links with linear topology in case of dual-fre-
quency plan of channel arrangement are presented in
the stated material. Improved mathematical model of
estimating the degradation of fade margin that inclu-
des directional radiation pattern of antennas, relation
of neighbouring intervals and range of automatic
transmitter power control was used during research.

DUAL-FREQUENCY PLAN. DISTURBING
BACKWARD SIGNAL. DEGRADATION OF FADE
MARGIN. EFFECTIVE NOISE ATTENUATION.
COMPUTING EXPERIMENTS.

Sidorov Yu. E., Shumilov A. V. RESEARCH OF
NONPARAMETRIC RADIO SIGNAL DETECTOR
INVESTIGATION.

The article describes a nonparametric rank detect-
or of radio signal in the presence of noise of unknown
distribution. The noise resistance of the detector is
estimated using statistical imitation modeling (Monte
Carlo simulation).

DETECTION OF SIGNALS. APRIORISTIC
UNCERTAINTY. STATISTICAL IMITATING MO-
DELLING. RANK RULES.

Budai B. T, Krasovsky H. A. TO A QUESTION
ON INCREASE OF ACCURACY OF MEASURE-
MENT OF CO-ORDINATES.

At measurement of co-ordinates of objects in rad-
ar-tracking, optiko-lokatsionnyh and so forth systems
traditionally it is considered that the best measuring
instrument of co-ordinates and on simplicity of har-
dware realisation, and on accuracy of measurement
of co-ordinates is measurement by criterion of the
maximum credibility. It is shown that the split-hair
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accuracy of measurement of co-ordinates such mea-
suring instrument corresponds to only not deformed
forms of signals. The top estimation mean-square
measurement errors by criterion of its minimum for
the typical form and typical distortions of the form of
signals of type «smaza» images is received.

MEAN-SQUARE ERROR. «<SMAZ» IMAGES.
APOSTERIORI DISTRIBUTION DENSITY. COR-
RELATION FUNCTION.

Sherykhalina N. M., Porechny S. S. APPLICATI-
ON OF METHODS OF THE MULTICOMPONENT
ANALYSIS FOR THE DECISION OF INCORRECT
PROBLEMS.

Approaches and methods of numerical results
filtration for the problems of interpolation and appr-
oximate limit determination using finite sequence are
utilized. These problems are frequently used in appl-
ied numerical investigations, but are mathematically
incorrect. It is shown that in spite of incorrectness,
it is practically probable the reliable error estimates
obtaining of numerical solution of these problems on
the base of multicomponent analysis.

NUMERICAL EXPERIMENT. FILTRATION.
INCORRECT PROBLEMS. ESTIMATE FUZZIF-
YING.

Klyushin A. U. Kuznetsov V. N. DECISION-
MAKING INFORMATION-MANAGEMENT SY-
STEMS MADE BY ACTIVE SUBJECTS.

The article considers the necessity of Informat-
ion-Management Systems creation. These Systems
provide the effective increase of management decisi-
ons on the account of application of formal methods,
ways of processing and reflection of information. The
article gives the conception of management by the
Tver-Regional IT business-incubator project.

INFORMATION-MANAGEMENT SYSTEM.
DECISION-MAKING. ACTIVE SUBJECTS. DE-
TERMINATION OF MAXIMIZED DECISION.
COORDINATION OF INTERESTS.

Lee Y. K., Chechurin L. S. EVALUATION OF
BOARDERS OF PARAMETRIC RESONANCE
EXCITATION FOR ELECTROMECHANICAL
COMMUTATOR SYSTEM WITH DISTRIBUTED
LOAD.

Stability loss conditions for electromechanical
commutator (EMC) with time-variant stator-rotor
winding inductance and distributed load are studied.
The first parametric resonance conditions for EMC
with different loads are derived by one-frequency
approximation using finite-element frequency model

for long electric line. Example of calculation and
numerical simulation experiments based on actual
technical data are presented.

PARAMETRIC RESONANCE. STABILITY.
DISTRIBUTED PARAMETER SYSTEMS. ELEC-
TROMECHANICS.

Khorkov V. B., Zhiganov N. K. IMPLANTATI-
ON’S TECHNIQUE OF AN ENTERPRISE RESO-
URCE PLANNING SYSTEM.

In given article the technique of a choice and
optimization of the automated enterprise resource
planning system on the manufacture, based on a tec-
hnique of modeling of the industrial enterprise in the
form of a chain of deliveries is considered.

MANAGEMENT. TECHNIQUE. IMPLANT-
ATION. EFFICIENCY. PLANNING OF MANUF-
ACTURE

Goloskokov K. P. THE AUTOMATED SYSTEM
OF TESTS, AS A COMPONENT OF A CONTROL
SYSTEM OF QUALITY.

Questions of construction of a subsystem of the
accelerated tests of products of electronic technics
for forecasting a technical condition which should
be a component of the automated control system of
quality are considered.

QUALITY. TESTS. THE AUTOMATED SYS-
TEMS OF TESTS. THE CONTROL SYSTEM OF
QUALITY.

Halturinsky A. N. The SAFETY AT MANAG-
EMENT of COMPLEX TECHNICAL SYSTEM
ON THE BASIS OF the LOGIC-LIKELIHOOD
METHOD.

In clause the approach to construction of logic
function of working capacity of diagnosed system
on the basis of dynamic neural network Hopfilda
is stated. The neural network the basis of a stage of
construction of function of working capacity of a
logic-likelihood method allows to use algorithm in
the automated control systems of technical objects
or auxiliary systems of real time.

TECHNICAL SYSTEM. The LOGIC-LIKELI-
HOOD METHOD. DIAGNOSTICS. The NEURAL
NETWORK. CONTROL SYSTEMS.

Solnushkin K. S. COMPUTER PERFORMA-
NCE MODEL INCORPORATING CPU SPEED
(WITH AERODYNAMICS APPLICATION AS AN
EXAMPLE).

A mathematical model is proposed to describe
performance of a uniprocessor computer when solv-
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ing an aecrodynamics problem. The model divides the
CPU time into processor time, when a CPU is busy,
and memory time, when CPU is waiting for data to
be transferred from the memory subsystem — RAM
and caches.

COMPUTER. PERFORMANCE. MODEL.
AERODYNAMICS.

Solnushkin K. S. MODELING OF SUPERCOM-
PUTER TOTAL COST OF OWNERSHIP.

A method for constructing mathematical models
for supercomputer total cost of ownership is introd-
uced. A sample mathematical model is proposed to
describe a total cost of a computer cluster, based on
the modern 6-core Intel CPUs.

HIGH PERFORMANCE COMPUTING. HPC.
SUPERCOMPUTER. COMPUTER CLUSTER.
TOTAL COST OF OWNERSHIP. TCO. MODEL.

Demidova L. A., Kirakovski V. V. OBJECT
CLUSTERING METHODS ON THE BASE OF
TYPE-2 FUZZY SETS AND GENETIC ALGO-
RITHM.

The application of clustering algorithms on the
base of type-2 fuzzy sets is considered. To define op-
timal parameters combination of clustering algorithm
it is offered to use the genetic algorithm.

CLUSTERING ALGORITHM. TYPE-2 FUZZY
SET. KARNIK-MENDEL ALGORITHM.

Fomitchova S. G. THE MECHANISMS OF
KEYS PRODUCTION IN HIERARCHICAL SY-
STEMS OF PROTECTION OF THE INFORMA-
TION.

In given clause the author considers an operating
mode of hierarchical system joint crypto-and imito-
protection of the information with use alternates codes
at a stage of generation q-ary key sequences. For the
given system in clause the top and bottom borders of
linear complexity of the sequences received as a res-
ult of a nonlinear combination g-ary sequences, read
out with various outputs of the same linear registers
of shifts with feedback are resulted. It is shown, that
the number of sequences with the maximal linear
complexity in a limit is infinitely great and in a limit
compared with the general number of sequences with
the set characteristic polynomial. The conditions sh-
own to nonlinear function of a combination at which
linear complexity of sequence satisfies to the top
border are formulated.

SYSTEMS OF THE INFORMATION PROT-
ECTION. ERROR CORRECTING CODES. KEY
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SEQUENCES. LINEAR COMPLEXITY OF KEY
SEQUENCES.

Laptev V. V., Morozov A. V. METHOD FOR
OBJECT-ORIENTED SOFTWARE QUALITY AS-
SURANCE AUTOMATION.

Method for assessing quality characteristics of
object-oriented software (OOS) proposed in this
article. Quality assurance for OSS boils down to fu-
zzy classification of design model of software. This
problem solved using Wang - Mendel fuzzy neural
networks.

QUALITY CHARACTERISTICS OF SOFTW-
ARE. SOFTWARE METRICS. FUZZY NEURAL
NETWORK. DESIGN MODEL.

Nenashev A. V. DEVELOPMENT OF THE
METHOD OF PARAMETRICAL CHARACTERI-
STICS FOR MODELLING NONLINEAR RADIO
ENGINEERING DEVICES

The method of the analysis and modelling of the
nonlinear devices, named is developed by a method of
parametrical characteristics. Nonlinear elements are
considered as parametrical, the analysis is conducted
with use of multivariate Laplace transformation. Co-
nsideration conducts on an example of the converter
of frequency on the diode.

NONLINEAR DEVICES. MODELLING. PAR-
AMETRICAL CHARACTERISTICS. CONVERTER
OF FREQUENCY.

Finsterbusch S. MODEL EARLIEST DEADLI-
NE FIRST FOR PRIORITY SERVICING OF TASKS
IN NETWORKS HLR/HSS.

In this article the model of central network eleme-
nt Home Location Register / Home Subscriber Server
(HLR/HSS) in mobile networks GSM and UMTS is
presented. The model is based on queuing discipline
Earliest Deadline First (EDF). The EDF method ope-
rates with dynamical priorities and takes into account
the deadlines of arriving tasks. Moreover, focused on
the considered case of HLR/HSS, the approach for a
mathematical description of non-preemptive method
EDF is offered.

TELECOMMUNICATION SYSTEMS. TEL-
ETRAFFIC. MODELLING. PRIORITY-SERVICE
DISCIPLINE. OPTIMIZATION.

Nedziev S. N. MODELS AND ALGORITHMS
OF ADAPTIVE MANAGEMENT OF ENTERPRISE
PERSONNEL SELECTION.

In article ways of increase of efficiency and dec-
rease in costs of management by enterprise personnel
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selection are considered. The developed algorithms
of planning of personnel resources of the enterprise
and an estimation of efficiency of personnel shifts
are presented.

ADAPTIVE MANAGEMENT. PERSONNEL
SELECTION. MANAGEMENT OF THE PERSO-
NNEL. EFFICIENCY.

Sentyakov V. A. THE MATHEMATICAL MO-
DEL OF A CENTRIFUGAL ROTORS BLOW-RE-
FLECT STONE-BREAKER.

In clause describe vector equations of motion mo-
bile parts of stone-breaker. The differential equations
compositions in general solution. The mathematical
model permits to investigate a question about all
motions of the stone-breaker.

STONE-BREAKER. VECTOR EQUATION.
SYSTEM OF DIFFERENTIAL EQUATIONS. MA-
THEMATICAL MODEL.

Bakulin S. Y. INTEGRATED INFORMATION
SYSTEMS INTEROPERABILITY ANALYSIS ON
THE BASE OF ¢-CALCULATIONS.

The clause is devoted to the problem of integr-
ation of enterprise applications, the task of analysis
of integrated application interoperability is set, and
the usage of the formal enterprise apllications model
construction method on the base of c-calculations is
stated.

INTEGRATION. INTEROPERABILITY. EAL
BPEL. c-CALCULATIONS.

Zhuravlev A. Y., Denisov S. L. PERSONAL IN-
VESTMENT DECISION LOGICAL-LINGUISTIC
SIMULATION.

This article considers the personal investment
decision problems to be analyzed as long as the per-
spective on the intelligent information systems to be
replaced by.

INVESTMENT DECISION. FORMALIZAT-
ION. LOGICAL-LINGUISTIC SIMULATRION.
INTELLIGENT INFORMATION SYSTEMS.

Osipov A. M., Kozlovskij E. J., Seleznev B. 1.
FORMING SCHOTTKY-BARRIER DIODE ON
GALLIUM ARSENIDE.

In article practical ways of forming Schottky-ba-
rrier diode with small height on gallium arsenide are
examined. Experimental data are brought.

Schottky-barrier. gallium arsenide. Schottky-ba-
rrier diode. diodes ShottkY.

Kotov 1. O., Liokumovich L. B., Hadeev I. 1.
OPERATOR ANALYSIS OF MODAL POWER
DISTRIBUTION IN MULTIMODE FIBERS WITH
ABRUPT INHOMOGENETIES.

In clause problem of radiation selective excitation
in multimode fibers is considered. Operator calcula-
tion method for variations of propagating radiation’s
initial modal power distribution due to abrupt fiber
inhomogeneities is introduced. Results of numerical
simulation and its comparison with calculations by
well-known empirical formulas are provided.

MULTIMODE FIBERS. SELECTIVE EXCITA-
TION. MODAL POWER DISTRIBUTION. INHOM-
OGENEITY. FIBER JOINT. TRANSFORMATION
OPERATOR.

Ermakov A. V. FEATURES OF THE MULTIS-
ERVICE NETWORK FOR SYSTEM of MAINTE-
NANCE OF EDUCATIONAL PROCESS.

In article the model of the multiservice network
intended for training is offered and proved. Aspects
of a choice of indicators of quality of service of the
traffic are stated and the features caused by sphere of
application of a network are allocated.

MULTISERVICE NETWORK. QUALITY OF
SERVICE. FEEDBACK. TRAINING SYSTEM.
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