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BBEJEHUE

B nacrosmiee BpeMs MH(OPMaTHKA pA3BUBAETCS HEOOBIMANHO MHTEHCHBHO M
MHOTOILTAHOBO. BBICTPO BHEAPAIOTCS KOMMBIOTEPHEIE TEXHOJIOTHH B pasiHYHEC
cepsl HayKn, IPOU3BOJICTEA | YIIPaBIeHUs. B CBA3M ¢ IIMPOKAM paclpocTpaneHHeM
KOMIIBIOTEPHBIX CeTeli BO3HUKAET psiji mpobieM, KOTOphie HEOOXOMMO HCCIeJOBATE,
OLICHHTH M BhIpaboTaTh HanpasieHHe paGoTh! HA NEPCHEKTHBY.

3-1 MexnyHaponnas HaydHas xoudepenunsa «CeTeBble KOMIBIOTEPHBIE TEXHO-
norus NTECH'07» nocssinena akTyaIsHbIM BOIIPOCAM IIPOSKTHPOBAHKS, CONPOBO-
AKpeHus U npumenenns hardware, software u brainware 11 KOMITbIOTEpHBIX ceTell B
pasTHIHEIX ofnacTax.

Hapsny ¢ npoGremamMs KOMIBIOTEPHBIX KOMMyHHMKalui, paspaboTku napai-
MeTBHBIX aITOPHTMOB, TEXHONOTHH MPOEKTHPOBAHHSA [POTPAMMHEIX CPECTB H BO-
[IpOCOB HAEIKHOCTH, ocoboe BHHMaHUe yaeneHo NPHMEHEHHID KOMI'IH’DTEPI-H:IX TeX-
Honoruil B 06pazopanuu,

Ha xordepernun paboTamy cie/yionme CeKiuu:

® KOMIILIOTEPHEIE CETH H CHCTEMBI TENeKOMMYHUKAITHH;
napajulenbHas | pacnpeseneHnas o6paboTka qaHHbIX;
TEXHOJIOTHH NMPOSKTHPOBAHNA IIPOrPAMMHEIX CHCTEM;
KOMIBIOTEPHBIE TEXHOIOIHH B 06pasoBanuy;
3aIUTa HHGOPMAIUY B KOMIBIOTEPHEIX CeTsX,

Jlyqime n0K1a/Ibl, NpeCTaBICHHEBIE Ha KOH(EPEHLHIO, ONyGIIMKOBAHE B Aak-
HOM cOOpHHKE TPYHOB.



0 KOMIBIOTEPHOM MOJIEJIMPOBAHHH ITOXKAPOB
B KJIMEHT-CEPBEPHOM APXHTEKTYPE PACHETOB, OBPABOTKH "
BU3YAJIM3ALIAN PE3VIIBTATOB (Macrts 1)

JI.B. Baposuk, B.H. Kop3wok, B.B. Tapanuyk
Benapycs, r. MuHCK

TIpuBe/eHs! PACCMATPHBACMAs MATEMATHICCKAS MOJIEJb i HEKOTOPhIE AIrOpHT-
MHYecKHe 0cOGEHHOCTH ee peammsaiuu B cpexe cucremsl Mathematica, O6eyxna-
JOTCA COCTAaB H TPeGOBAHMS K CEpBHCY IPOrPAMMHOIO KOMILIEKCA [UH MOMETHPOBA-
HHsl JIECHBIX TOMAPOB B BA3YANM3aUHH Pe3yIbTaToB.

OCHOBHEIE OHSATHS TEOPHH JIECHBIX N0XkapoB. JICHEIM NOXapoM Ha3blBACTCA
ABJICHUE HEYNPABIAEMOro MHOIOCTaIMHHOrO FOPEHHA B OTKPBITOM MPOCTPAHCTEE HA
MOKPEITOH JIecOM IUIOIIAH, KOrAa HMEIOT MECTO B3aMMOCBASAHHEIe MPOHECCHl KOH-
BEKTHBHOTO M PA/[HAllHOHHOTO NMEPEeHoCa SHEPruH, HarpeBaHus, CYIIKH ¥ HpOHsa
JNECHBIX Topiounx Marepranos (JI'M), a Taxe ropesie ra3000pa3HLIX ¥ JOTOpaHne
KOHEHCHPOBAHHBIX MPOXyKTOB mupoimsa JI'M. Jlecbre MOKaphl pACIPOCTPaHAIOT-
¢S B pesyJbTaTe TOPEHMS JECHBIX FOPIOYHX MATEPUANIOB, K KOTOPEIM OTHOCHTCA MpH-
pOJIHEIE YTIeBONOPO/IHEIE TOMMEA, B HACTHOCTH: BETOUKH, XBOHHKH, JIHCTHA B KPO-
HaX [epeBbeB H ONMABIINE HA 3eMINO, & TAKKES HarmouBEHHEIH [OKpOB (TpaBa, KycTap-
HHKH, MOX, THIIARHAK), OOJOTHBIE PACTEHHA U Top®. B pesynbrate ropeHus JECHBIX
rOPIOMUX MaTepHaioB 06pasyioTes KOHEUHBIC POTYKTEl FOPEHHS — 3014 M HEJ0HOT
(COBOKYMHOCTS HEIOTOPEBIUKX JIECHBIX FOPIOYHX MAaTEPHAIOB, KOTOPhIC oborameHs!
yruepozom). Haj o4arom JIECHOro moxapa BOSHHKAET KOHBEKTHBHAS KOJNOHKA =
CTPY# HArpeThIX MPO/yKToB croparys JI'M (JacTuilsl Ca’kH | 30715l B BHJIC IBIMa).

[Ips MaTeMaTHIeCKOM MOJETHPOBAHHH NOXAPOB Ha TEPPHTOPHH, MOKPHITOH
necoM, 0OBMHO IPUHAMAKOT BO BHEMaHME JOCTATOYHO GonpIo#l KOHTPOMBHEIH 00%5-
€M CpeJIsl — 30HY II0apa, BHYTPH KOTOPOH MapaMeTphl COCTOAHUS CPEAE! B pesyilb-
rare 0GYCAOBICHHBIX NOXKAPOM (H3UKO-XUMIIECKUX TpeBpalIe Al OTINYAI0TCS OT

HeBO3MYIIEHHBIX 3HAYCHHH, ONpe/ieNIeMBIX IOTOAHBIMH YCTOBAAMI 1 THIIOM pacTi-
tenpHOcTH. HanBonee curpHOE H3MEHEHHe MapaMeTPOB COCTOSHHA CPEIhl MPOKCXO-
QAT B 4ACTH 30HBEI, HassBaeMol (pontoM moxapa. IToBepXHOCTB, OTAENAIOINAA
dpout ot Hecropesmux JI'M, HassBaeTCA BHOIIHER KpOMKO# (JpPOHTA JIECHOTO MO=
apa. Ee Mpoexuyst Ha MOJICTHIIAIONIYIO NIOBEPXHOCTE HA3hIBACTCA KOHTYPOM JICCHO
ro nokapa. BHENIHA KPOMKE, PACTIPOCTPAHSAIOMAACS 110 BETPY, HA3HIBACTCA e/~
He#l, a IPOTHB BeTpa — 3a/1Hel KPOMKOH (GPOHTA IECHOTO MOXKapa.

Vi3MeHeHHS XMMHYECKOr0 COCTABA M ArperaTHOro COCTOAHHSA B 30HE JIECHOrO
riokapa. [Ipa 1ecHBIX noXapax HMeeT MECTO 3 dexT 3aBIMICHHOCTH TePPUTOPHH,
BO3MOYXHO 06pasoBarue 06aKOB Ha/l 30HOH M0XKapa B Pe3yJbTaTe KOR/JCHCAIHN BO-
zsHOTO TMApa, obpasyromerocs npu croparny JITM. On3nKo-XuMHHECKHE npolieces!
B 30He NIeCHOTO HOXapa M TEIUIO- B MAacCONEePeHoC B MPH3EMHOM ClIoe armocepsl
pKTI0AioT (oM., Hampumep [1, 2]) mporpes, cymiky, mupomus JIM, cropanue mpo-
JYKTOB TMHPOIH3A; nmogseM HNPOOYKTOB rOpeHHA C BO3MOMKHBIMH KOHJIEHG&].{HGﬁ H
BBIMAJIGHHEM OCAJIKOB, &, C JIpyro# CTOpOHbL, ¢ BO3MOXKHBIMH Koarymsiuen, ce/ii-
MeHTarue YacTHII,
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Ipu maremarugeckom onncanuu ([1]) 6ynem cautats, 9to nec B Tponecce Imo-
Kapa npejicTaBiser cofoi MHOrodasHylo MHOTOSPYCHYIO MNOPHCTO-IHCIEPCHYIO
TPOCTPAHCTBEHHO-HEOJHOPOAHYIO CPejy, KOTOpas COCTOMT M3: CYXOro OpraHude-
ckoro BemiecTBa (00beMHas K018 @©1), BOAEI B KHAKO-KANENBHOM COCTOSHHH (p2)
CBA3AHHOH ¢ STHM BEIECTBOM KOHIEHCHPOBAHHOTO MPOAYKTA MHPONH3A (xoxcn-’
Ka, @3), KOHACHCHPOBAHHOTO MPOJYKTA rOPeHNs KOKCHKA (Teruia, @4), ra3oBoi daser
(¢5), macnepcrbix wacTuly caxu (@6), sonsl (¢7), kanens Boas! (¢8) Hax 04aroM Jec-
Horo noxapa. Ilpuvenm, 4to anements! JIIM (TOHKHME BETOYKM, XBOMHKH, JTHCTBA)
HMEIOT OJIHY TeMIIepaTypy, & rasosas U JUCHepcHas (assl — OPYTyIo) Mo n,.:mxnnem
BeTpa 3/IeMEeHThl Cpe/bl KomeGmoTes, a sbdext xonebannit stux snementos (aspo-
YTPYTOCTE CPeJikl) CKa3bIBAETCA TOMBKO Ha 3HAYEHHAX CHIIEI CONMPOTHBISHUA H KO-
apduumentos remio- u MaccooGmena snementor JITM c rasosoit dasoi, T.e. cpexa
CUMTAETCA KBAa3UTBEPAOH (moutu HejedopMHUpYIOmEHics NpH MOpsIBax B:?rpa). Ten-
lI0Basi SHEPrus, BRIENHBINASACS BO (POHTE MoXkapa B pe3yabTare cBOGOIHON U Bbi-
HYXCICHHOH KOHBEKLIMH K M3TyueHus, nepefaercs JII' M, KOTOpEIE HArPEBAIOTCH, Bbi-
CYMHMBAIOTCA H 38TEM PasNaraioTcs Ha rasoo0pasHEle TOPIOYHE U HHEPTHEIE npn’,qyx-
THI MHPONH32 H KOHJICHCHPOBaHHbIN ropioYHil MPOAYKT mupoiusa (KOKCHK), mocie
4ero ra3o00pasnbie H KOH/JCHCHPOBAHHEIE NPOAYKTE! CrOPAIOT, H IIPOLece uc,m'ropg-
ercs cHadana. Han ppoHTOM moxapa MMeeT MECTO KOHBEKTHBHAN KOTOHKE, KOTOPAs
BO3HHKAET B pesyisraTe CBOOONHON KOHBEKIMH U CONEPKHUT GOJLIIOE KOTHIECTBO
napoB Bojsl. ITocenHne MOryT KOHACHCHPOBATECH ¢ 0OPa3OBaAHHEM Kanenb BOMLI B
BEPXHHX, OTHOCHTENBHO Gollee XOMOMHBIX CIIOAX ATMOChEpE! Hax 30HOI mokKapa.

JlByxasHas AByXTeMIEpaTypHas MOJeNb JECHBIX noxapos. Jlms ympomeHus
TNOJNHOK CHCTEMBI YpaBHeHHUH TeILio- i MacconepeHoca B 30He JecHoro noxapa ([1])
HIDKE paccMaTpuBaetcs AByX(asHas MOeNh MOKapoB B OJHOM Apyce neca ([2]), Ha
OCHOBE KOTOPOH IpH HEOGXOAMMOCTH MOXHO COCTABHTH MHOTOSPYCHYIO Mﬂﬂéﬂb
3amucaB CHCTEMY YPaBHEHHI IS KO0 spyca Jieca ¢ 3a7aHueM Koacbcpmemm;
H HAYANBHBIX 3HAYEHUH NapaMeTpoB, a4 TAKKE, ONPEAEHHB WICHbI, ONHCHIBAIONIIE
ofMeH BellecTBOM, HMITYIIBCOM U Hepruell Mexny spycamu. B paccMaTprBaeMoit
HIKE MOJIS/IH JIEC MPE/ICTARIACTCH KAK OJIHOCHIOMHAs AByX(asHas cpeaa, COCTOAMAs
H3 BO3JyXa H ras000pasHBIX OPOAYKTOB IMPONM3a M ropeHus (rasosas (aza) u us
JISCHBIX TOPIOYHX MAaTepPHATOB 1 TBEPALIX MUponu3a H ropenus JII'M (teépaas daza).
B ¢usuko-maremariyeckoif Mozenn AByXdasHoll reTeporeHHOMN CMeCH HMeeM JByX-
KOMIIOHEHTHBI! KOHTHHYYM C JBIDKGHHEM a3z 1 ¢ MexdasHeM ofMeHOM Maccol
uMIynscoM u sHeprueit ([3]); rasopas dasa sBnseTcs MHOTOKOMIIOHEHTHOM cpe.uoii’
cocrosimeii u3 roprognx rasos (CO, H2, CH4 u jap.), Heroprouux rasos (CO2, N2 n
ap.), aucnepcHolt caxu u oxucanrens (02). Cyuraercs, 9T0 YACTHIEI .Imcne,pcuoﬁ
CaXH JIBHXYTCA BMECTE C ra30BoM ()asoi, MpH CropaHiy CaXku MpoLece TeroobMe-
Ha MPOXONAT GHICTPO U MOKHO PACCMATPHBATE TEMIIEPATYPY ra30B0i hassl, Teepnas
(hasa axke ABNIACTCS MHOTOKOMIIOHEHTHOH cocTosmeit u3 JITM, npoayxra HHPOJIH-
3a JIT'M - koxcuKa | 3071, g :

Cucrema ypasnenwiit ABymepHO# AByx(asHo# Moxenn mna apyca ([2]), mony-
HCHHAA UHTerpupoBaHMeM 110 BeIcoTe cros JI'M ucxognol TpexmepHoit c;{cTeM):;I
OCpeaHEeHHBIX N0 PeltHonbAcy ypaBHEHHMI ra30B0i AMHAMAKY npu chopMyIHPOBaH-
HBIX YNPOIIEHHAX, MOXKET OBITE 3aIucana B BHIE:
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dp,
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Vpasrenus (1 - 6) OIUCHBAIOT H3MEHEHH ra30Bo# dasky, (7 - 8) — TBepIOH , (9)
- HOPMUPOBOYHbIC U Ganancusie cooTHOmeHUs, [IprnaTs o6o3HaYeHmS: t — BpEMS;
%Y _ nexaprosmi koopauHaTsl p, p, T, E, V - napuuanssas mioTHOCTs, aBICHHE,
TeMIIePaTypa, [OHas SHEPTHA W CKOPOCTh I'a30BOH a3kl ? — obbémuasn g0 razo-

Q — CKOpPOCTb IMOCTYIUICHHA BEIECTBA B Ia30BYIO cpeny 3a cuér IIponec-
Tl

BO# (assl;

cos B TBEpHOH dase; & - TennoBbIieNeHAe B rasoBoil daze; — 110~
TOK BEMIECTBA, MMIYJILCA W SHEPrHH Ha BepxHel W HIDKHEH rpaHuIax cios JTM;
Cl, C2, ..., Cn — MaccoBEle KOHILEHTPALHH KOMIIOHEHT rasoBoit dassr; R1, R2, ...,

o)
Rn — CKOpOCTH H3MEHEHHS KOHLEHTPAIMH 33 CHeT XUMUYECKHX peaxiuif; ~C — KO-

sduumenT TypOyneHTHONR AHdYIHH; M, _ MOJNEKYISpHAS Macca i-oif KoMnoHeH-

T8I, (6) — ypaBHeHHEe COCTOSHHAA rasosoﬁ tbasu, R — yHuBepcanbHas rasosas IocTo-

m
suHas, / — noxasarteis agmabarsi; 2 =L — oOBeMHEIE IO KOMIIOHEHTOB

N A=A e
TRepzioit (assl (onpeAeNeHs! BhIIIE); PpJ

— HCTHHHBIE TJIOTHOCTH KOMIIO-
py=const ¢y j=l.m _
]

HEHTOB TBEpHO# a3kl — TEIIOEMKOCTH KOMITOHEHTOB
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T

J=1
Taep,ﬁoﬁ @a.'ﬂ:l' Rp" J {— TeM-

— CKOpOCTE H3MEeHeHHs 00beMHOI HomH '?71;

nepatypa TBEpIOH (assl; ~7 — TerurosbiAeneHue B TBEPHOH dase; s — yraosas cko-

pocts Bpamenus 3emmu; ¢ — sMmupueckuit koahdUUHEHT CONPOTHBICHHS PACTH-
TEBHOCTH; § — yensHas nosepxuocts JITM; £ — xosdduiment MOJeKyIApHOl Te-

IUIONPOBOZHOCTH B Tase; kr . ko3 duuuest TypGyneHTHON TeNIONPOBOAHOCTH;
4 q
x0(I7 =T") _ o6mer myauctoit sueprueil Mexay TBEpIOH K rasosoi daszamm; & —
K03 dHIHERT NOITIOIEHNAS H3TYIeHHS; ali=T) _ MexbasHeii TeroobMen; & —
koapduument rernoobmena; T — TeH30p TYPOYNGHTHEIX BA3KMX HanpsKeHui,
tij = vi(@Vi/xj + 8Vj/xi), vt - koaddumuenT TypOynenTHON BI3KOCTH; ¢ — NOCTONH-

nag Creana-Bonsnmana; L XapaKTepHOe PACCTOSHHE MexKIy aiemerTamu JIT'M.

HauansHbEle W rpaHHvHEIE YCIOBUS MOMYYAOTCS U3 YCIOBHM, HPHBEIEHHEIX B
([1]), mocne ocpeHeHHAs 10 BBICOTE SIPYCA.

Cxema YHCIIEHHOTO pemeHns MeToAoM paciiernenus. Cucrema ypasuenuii (1) -
(9) pemanacs YHCIEHHO ¢ MPUMEHEHAEM METOAA DACHICILUIEHHS 1O (DU3HIECKUM
npolieccaM, SBHEIX KOHEYHO-DASHOCTHBIX ANMpPOKCHMAlHH, A HMMEHHO, pemieHue
paccMaTpHBaEMOit CHCTeMBI Ha Jro0oM BpeMEHHOM HHTepBaie [tn, tn+1] ompenens-
ercs moaTamHo. Ha KaykzoM H3 3TanmoB PacCUMTHEIBACTCS YACTE MCXONHOM CHCTEMBI
YpaBHEHHI, ONHCHIBAIOMIAA TOT WM WHOM (H3HYecKu# mpolecc, a HaYaIbHEIMH
JIaHHBIMHE CITyXKaT pelieHHs, NOMyYeHHbIe Ha NpeasiaymenM sTamne, Bee sxopsime B
ypaBHeHHUH KO3((DHUIMEHTE BEITHCAIOTCS Ha BPEMEHHOM CJIoe i M YXKe paccanTan-
HOM TIpoMexyTogHoM, CHeTeMa pacineniisercs Ha CliedyIolue COCTaBIAIOmHe:

1 aran, Ieperoc rasooit dasst:

oF 0G(F) 0H(F)
= gass=ny ez =),
ot ox ay (10)
( pu \ ( pv
P i+ RpTY St £
pPu i=l M;' pvz-l-RpTi&
F=|pv |, G(F)= puv , H(F)= - M,
pPE - G WA
pull + RpuT y —- pvE+ RpvT » —L
e 23 23,
\ puC ) \ pvC /

2 srain. Y4er #3MeHEHHA AMITY/IbCa W SHEPTUHM 38 CHET PaCIIMpeHis TpyOKu To-
Ka:

B e
at ax af ay J-ij

3 oran. Vet BoIOmBaHMA CyGCTAHIMM HA BEpXHEH rpaHuLe:

(11
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U=s—, v= —_— - e
1 BBIMHC/ICHHE! i P P P \ ;
4 atan. Yuer MexdasHoro TpeHH:
- —c,sulf| 22 =], V] = e+
t .
5 sran, Yaer H3MeHeHHA HMITY/Ibca 38 cHeT yexopenua Kopuornuca:
£ 5 2a)yv, e =2au
ot ot 2 (14)
6 sram, Yder BmusHus TypOyJIeHTHOH BA3KOCTH, TENONPOBOAHOCTA H Huddy-
3HH

(13)

U v,
w=|" k=]
@Ei[ﬂﬁ}i[ﬁﬁ] fi e
o o\ o) &\ &) e \C D), (15)
7 aramn, Vuer XUMHUEeCKIUX PeaKiiyii: ]
5 a ] 6 i : = —"_
20, p2r=Rypi=hun Bb=Ri=ln=1 C,=1-3.C
(16)
ar = 9T,
pcv_=Q’ pc _=Qt
a9 2P "'. (a7

3neck (16) - M3MeHeHNE MACCHl M MACCOBEIX KOHUSHTpAIMH B ra3oBoH (ase U
06BeMHBIX f0Jel KOMIOHEHTOB TBepoi (assl 3a cHeT XMMHYECKHX peakuui, (17) —
W3MeHEHHe TeryI0Boll SHEePrHy 38 CUeT XUMHUYeCKHX peakuui. Kpurepuli npexpartie-
HuA ropents: obsemuas gona JITM cTaHOBATCH MEHBIlE HEKOTOPOro (3a/1aBaeMoro)

KpuTHYecKoro 3Havenus ¥ o(x, 3,029 (x.).
8 oran. Vuer mexdassoro TemioobmMeHa 1 06Mena TyqucToi sHeprued:
c,pi—r =a(T, -T)+ ko (T} -T*)-20T"
: 3
. o1}
Zp;‘;a_,rcw'_'“i“ =—a(T; —T)—W(T.‘ e Tq)
i = : (18)
9 3ran, Berducienue NaBieHHs B3 YPaBHEHHA COCTOAHMW:

T ol
¢ WM, (19)

PasHOCTHAS CXeMa /U1 pelleHus ypaBHeruil matemaruteckoi mogeny. [Tpu mo-
CTPOGHHH PA3HOCTHBIX ANIPOKCHMANHI HA OCHOBE ONMMUCAHHON CXeMBI pacilleIeHAs
OCHOBHYIO TPYJIHOCTE TPEICTaBIACT peald3allii NepBoro sTana — BHIOOp anpoKCH-
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Malue, obecriedHBalomel JOCTATOYHO TOYHKIH PAcueT NPHOIHKEHHOro pelmeHns
HeJIMHEHHBIX ypaBHeHui neperoca. Ilepronavansuo (apyrue anmnpoKCHMAIH, Mo-
AuGUKAUAH TPAIUITHOHHBIX CXEM SBISIOTCS NPEAMETOM OTACNbHON pabotsr) ans
ANNpOKCHMAaIMH ypaBHeHu# cucteMsl (10) npuMerseTcs sBHAs PasHOCTHAS cXeMa Ha
ABYXTOYEHHOM OPHEHTHPOBAHHOM IO HANDAB/IEHHIO ITOTOKa Mabnone ([4]). Ilpu an-
TpOXCHMAlMH BeeX ypaeHeHu# (10) — (19) npoussoaHble Mo BpeMeHU 3aMEHATHCH
PasHOCTBIO BNEpeJ, MPOH3BOJHEIE N0 APOCTPAHCTBEHHEIM IEPEMEHHEIM B ypPABHCHH-
aX (15) — BeIpaskeHHUAME THIIA

o oW Wiy —Wiy W, =W

sl - bl ties s : e M i-LJ
i ® (Kinr2,g e K112, T );’Ax,
o oW Wi =W, Wi =W,
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Ommcanuas cxema peamusosana B cpene KTC Mathematica. [Tpu pacuerax ye-
JIOBHE YCTOHYMBOCTH KOHTPOIMPOBAJIOCH IyTEM COMOCTARIEHHS PE3yIIETATOB, TI0My-
HeHHBIX C PasHBIME 3HAY€HMAMH BPEMEHHOIO Iara, & TaKKe COOTHOIEHHEM

At 1

min(AnAy) - 4 _

Hasnagenne nomyqaeMsix B pacHeTax pesysibTaros — GOpMHpoBaEKe 6ashl 3Ha-
Hu# (B3) 13 KOMIIEKTOB PACCYUTAHHBIX PU PA3HBIX 3HAYEHHUAX IapaMeTpoB 3agaqdu
THIOBBIX YHCACHHBIX pemeHuil. OHM MACHTHOHIMPYIOTCS TPeMs IPYNIaM| napa-
MeTpos: xapakTepucTakamu JI'M KoHKpeTHOTO yyacTka neca (HaGopsl Mo yMomda-
HHO MOTyT GBITH MOMyHeHs! B3 oTAeNbHON B3), reomerpheif HeTourmKa BO3TOpPaHHs
H KIAMAaTHYECKUME yCTOBUAMH. PacyeThl NPOBOAATCS Ha MOLIHOM CepBepe IO 3a-
npocaM, MHUIMWPOBAHHBIM 3aDETHCTPHPOBAHHBIMH IM0JB30BATE/IAMH, Pe3y/isTaThl
pacyeToB B yHHGHMUMPOBAHHOM /IS CIIPOSKTHDOBAHHOH a3kl 3Hammil opmare (B
ASCII xoauposKe) /1 ONpe/ieNIeHHEIX BPEMEHHBIX CIIOEB, SHCIIO KOTOPHIX, KaK npa-
BHJIO, SHAYMTE/IBHO MEHBINE, YEM YHCIIO PACUETHEIX, COXPAHSIOTCS HA BHEIIHEM YCT-
poicree,

Pabota ¢ B3 poamoikHa MIMPOKOMY KPYTY 3aperHCTPUPOBAHHEIX B CHCTEME CIie-
[HAMCTOB-TIPEIMETHHKOB, KOTOPEIE MOTYT AHAM3HPOBATh H COIOCTABIATE PACCHH-
TAHHBIE /U1 PA3HBIX NAPAMETPOB PELICHHS, HHTEPAKTHBHO (QOPMHUPOBATH rpadude-
CKHE HIUTIOCTPAITAH K3 KIHEHTCKUX IPHIOKEHHH,

m;.ux(l U, | +cﬂ,)
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0 KOMITBIOTEPHOM MOJIEJTHPOBAHUH ITOKAPOB
B KJIMEHT-CEPBEPHOI APXHTEKTYPE PACYETOB, OBPABOTKH H
BH3YAJIM3AIINM PE3VJIIBTATOB (Yacts 2)

J1.B. Baposux, B.H. Kopsioxk, B.5. Tapantyk
Benapycs, r. Muuck

OGcyknaroTes cocTa B TpeGOBAHMS K CEepBHCY Pealu30BAHHOIO B Cpefie CHc-
templ Mathematica mporpaMMHOTO KOMILTEKCA IS MOJSIHPOBAHMA JECHBIX TOXKa-
POB ¥ BU3yaIu3alui Pe3yIbTaTos.

B wactu | pabotsl onucaHa AByX(asHasn JBYXTeMIepaTypHas MaTemaTaecKas
MOZEJ JIECHBIX TIOKAPOB, MCMOB3yeMas /UL TIOATOTOBKY K HanonHeHus 6assl 3Ha-
gwit (B3) KOMIIIEKTOB THIOBBIX YHCIEHHBIX pemteHui. COOTBETCTBYIOIAE PacHeThl
IIPOBOAATCA Ha JOCTATOYHO MOIIHOM KOMIIBIOTEpe. Pe3y/bTaThl PacueToB B yHHQU-
HMPOBAHHOM /15 CIIPOSKTHPOBAHHOA Gaskl 3HAHMH (opmate COXPaHMIOTCS Ha BHEII-
HEM YCTpOMCTBE — 3aNMCHIBAIOTCA HHTETPaNbHbIE OKA3aTeNH U CETOTHEIC dynximu
YUCIEHHEIX PelIeHUH 1 ONMpeJeleHHbBIX BPEMEHHBIX CIIOCH. OproBpeMeHHO (op-
MupyeTest KoMTUIeKT u fononnsercs B3. ITpuem 1 aHATH3 MBQOpPMAITAH H3 Ga3kl 3Ha-
il BOSMOXHBI IMHPOKOMY KpYyTY 3aperHCTpHpOBAHHBIX B CHCTEME CHELHATHCTOR—
TpeIMETHHKOB, KOTOPhIE MOTYT AHATH3HPOBATH 1 CONOCTABIATE PASMEIICHHEIC B Ka-
TANore paccYHTAHHBIE VA PA3HEIX NAPAMETPOB PEIIeHMs, HHTEPAKTHBHO dbopmupo-
BaTh rpaduuecKie MILTIOCTPALIH H3 KITHEHTCKIAX IPAIOKEHUH,

K mMenT-cepBepHas apXUTEKTypa IporpaMmeoro komruiexca, Maremaruieckoe
MOJISTHPOBAHUE TEXHOTEHHLIX YPE3BEIMAMHBIX CHTYallui, I B HACTHOCTH, JCCHBIX H
TOP(hAHBIX TOKAPOB ABIIETCA BaXHelell KOMIOHEHTOH CHCTEM MO/MEPXKKH MpPH-
HSTHS PeLIeHNH, SKCTIePTHEIX CHCTeM, HCHONb3YeMBbIX NIPH NPOSKTHPOBAHHH, AHATH-
3¢ NMPOMBIIUIEHHOH 6e30NACHOCTH H KONOTHYECKOH O0GCTAHOBKH. CooTBeTcTBYIO-
e KOMIBIOTEPHEIe MOMENH HYKHBI [UIA IPOTHO3a PasBHTHA Ype3BbIaiHOi CUTya-
[JHM HA KOHKDETHBIX OBBEKTaX, ECHBIX MACCHBAX, Miomamix, PaspaboranHsle Ma-
TeMaTHUecKHe MOJIe/H JeCHEIX Hoxkapos (Hanpumep, [1, 2]) ABIMOTCS OUCHb CIOXK-
HBIMHE, BBIIOJHEHHE pacdera Jioboro BapuaHTta TpebyeT MHOTO BpeMEHH JaXe Ha
JIOCTATOYMHO MOUIHBIX 3NEKTPOHHBIX BRIMMCIIHTENEHEIX MAlllHHAX. COOTBIETCTBy}OII[BB
KOMIIBIOTEpHBIE ~MOJEIM TOKA MOTYT NpPHMEHATHCA TONBKO  aBTOpaMH-
paspaboTYMKaMH, ¥ He OPUEHTHPOBAHE! Ha BKIIOYEHHE B TeonH(OpMaMOHHEIE CHC-
remst ((HC) wim cacTeMBI 0TOOpaXeHHs ONePaTHBHON 00CTaHOBKH.

TpecTaBiseTcs, 9T0 COBPEMEHHBIH YPOBEHD WUT paer BO3MOXHOCTH INPOEKTH~
POBAHMS | HATIONHEHHS 043 3HAHMA TUTOBLIX HHCICHHBIX peleHui 3a1a4 re0dKono-
run, paspaborku i Bmouenus B ['VIC ynpomeHHbX HHKEHEPHBIX mozneneit, hopmu-
pOBaHHS KOMIBIOTEPHBIX IKCIIPECC MOeNel PATHIHBIX TPHUPOJHBIX sanenni, Kom-
NBIOTEPHEIE MOJIENH MOTYT b (eKTHBHO CO31aBATRCA Ha MIaTdopme Kakoi-1ubo u3
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CHCTEM HHTEIUICKTYRIIBHBIX BEIYUCICHUHN, IJle HX MOKHO NPOEKTHPOBATE KAK HHTE-
PAKTHBHEIC C BO3MOXHOCTSMH (IOAKIIOYEHHD) OHEHOK U3 Oaskl 3Hammit. Bo3MOX-
HEIM TIPHHIHAIOM QYHKIMOHUPOBAHHS CHCTEM AB/IFeTCA ObecesenHe paﬁm L
A€TAMH Ha PasHEIX YPOBHAX. MaTeMaTHKH-NPAKIANHEKH CO3AIOT # G BO! : ::;;
KOMIBIOTepHBIE MOAenH, CriennalncThl-IpeAMETHHKY, upemmnp%eﬁ -
BEPHOM TPHIIOKEHHH, PAGOTAIOT ¢ MOZE/NAMHA IO OJHOMY M3 PEIATAEMEBIX C ef,ﬁ-
pueB. Ha TakoM ypoBHE MOIB30BATENH HCTIOMB3YIOT CHOTEMY M KOMITBIOTE m,;g MO-
AN KaK «HePHBIH AIIMK», HEe OTBIEKA’CH HA HX (MATEMATHYECKYIO naq:n:;xy» no-
Jy4al0T BRIXO/HBIE IAHHEIS, BADEUPYA BXOLHYI0 HHOOPMALMIO, IIpHYeM paﬁom;o'r B
TPUBLITHOM /U cebs cpefe. [list HA3BAHHEIX 3alla% — 3TO PerTaAMEHTHEIS JAOKyMeH-
TH, TaO/MIEL, KApThl M CXeMEL AIMHHHCTPATODH CHCTEMEI oﬁecnemam?:;na-
MEHT H YCJIOBHA JOCTYNA AL APYTUX noibiopaTenei, paboraomux ¢ B3 u3 wmient-
CKHX NpHNOXeHwd. Ha TakoM ypoBHe pacuersl N0 MareMaTHYECKHM MONENAM He
TMPOBO/IATCH, PE3Y/IBTATEl HIBNCKAIOTCA M3 HANONHEHHON Gaskl 3HaHUY i o6pabarsi-
BAIOTCH, JULH 9€ro B CHCTeMe JIOIDKeH GhITh JOCTYNeH AOCTATOYHO MIMPOKHMi Habop
THHOBLIX GyHKIKE 06paboTKy 1 BU3yaIH3alMHy, & TAKKe CPEACTBA ABTOMATHYECKOTO
g:gu;npomm H 3aIOMHHAHMA MOZTyJIell Crelau3HPOBAHHEIX AITOPHTMOB 06pa-
Tpy TakiX TpPeOOBAHMAX K AJITOPUTMUYECKOMY H IPOrPAMMHOMY 0GeCIeqeH IO
ocobast pois OTBOAWTCHA NPOEKTHPOBAHHIO M paspafoTke cepBHCa HpOrpaMMHEIX
KOMIUTEKCOB. 3a/1a9 CO3AaTeNIM KOMIBIOTEPHBIX MOZEIEH yCIOKHAOTCH TpeboBa-
HUAMH THIA - NPOEKTHPOBAThL M paspalaThiBaTh CHCTEMBI HAO Ha MPOTPAMMHEIX
1aThopmax, Tie MaTeMaTHUeCKHe BEIMHCIEHHS BEITONHAIOTCS SAPOM, uHTepdeiic
MOXET HaCTpauBaThCs (aNalTUPOBATECS) CAMHM IONE30BATENeM, BO3MOXKHA peai-
3anps paboTsl B KIMEHT-cepBEpHOH apxurextype. OmHOM M3 CHCTEM, Y/IOBIETBO-
psromeii chopMyTHPOBAHHEIM TpeGOBAHMAM ABNASTCS CHCTEMA KOMIIbIOTEPHOI an-
reGpsi Mathematica. B meii MaTemaTndeckue BEIKIAZIKH, NPeoOGPa3OBAHES H yrpo-
INCHHAA BRIPKCHHH BRINONHAIOTCA MOCIE 3aNUCH YpaBHEHNMI, ycnoBmil B QyHKumii B
TPATUIHOHHON MaTeMaTHYecKoll HOTaluu camol cucremoit. IlpakTnka nocieRHIX
JIeT MOATBEPKAACT IQPEKTHBHOCTE PUMEHEHNS CHOTEM HHTEIUIeKTYANBHBIX BEIYHC-
neHuli NPy pelleHnH 3a/1a9 MaTeMaTHIECKOH (U3MKH, MEXaHUKH CIUTOIHBIX CPel, B
9ACTHOCTH, MEXAHHUKH MHOrO(AasHEIX PEarnpyiONmX cpejl, TeMIo- | Macconepenoc’a.
Omumem npepnaraemsiii pernamMenT (yHKIMOHUPOBAHKS TPOIPAMMEOTO KOM-

IUIeKCA MOJIeTMPOBAHMSA JIECHBIX N0XapoB. Ha pucynke | mpuBesiena cxema apxu-
TEKTYPEI KOMIUIEKCa!
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Puc. 1. YrpomienHas cxeMa apXHTEKTYphl IPOrPaAMMHOIO KOMILIEKCA

Ha ximmenrckux pabounx Mectax (opmupyercs i otupasisiercs (IIpH yC/IOBUH,
YTO MOJNB3OBATENh 06MATaeT COOTRETCTRYIOMMMM IPABAMH) 3aIIPOC K CepBepy — TPH
rpymitsl napaMeTpor: xapakrepucruky JII'M KOHKPETHOTO yHacTKa jeca, FeOMeTPHS
HCTOYHMKA BO3ropaHus U o0hexTa, mapaMeTpsl KiuMaTudeckux ycrnoewit. Ha cepse-
pe YHOBNETBOPAIOUIMY KPHTEPHAM 3aIpoca BapHaHT W3BNeKaeTcs W3 6asbl 3HaHW,
eCIIH MONXOAANIEro BAPHAHTA HeT, TO OH PACCYUTHIBAETCA [0 KOMIBIOTEPHOH Mofe-
14, VindopMmauus oTHpaBigercs MONB30BaTeTI0 B yHH(HUmposaHHOM dopmare.
CepBic, HHCTATTHPOBAHHLIA Ha KIMEHTCKAX TPHIONKEHHAX, nossonseT obpabarni-
path uabopManuio i3 6askl 3HAHKUH B HECKONBKHX (opMax, BKIOYatomux Tabmmy-
HBIE JaHHEIE, TPAQUKH, KapTsl IVIOTHOCTEH ¥ M30MMHAHN, KapTh! BEKTOPHEIX nojeH 1
AHEMAITHEO.

Bulnuorexa Mojyneit BH3yanu3alWH JaHHEIX HUCNEHHONO MOJENHPOBAHWUA B
cucteme Mathematica, Ananus u o6obmenne Mozeel re0KONOrHH MO3BOMSIOT BEI-
JIEMHTE CNEYIONIHe OCHOBHBIE TpeOOBaHHA K MPOIrpaMMHOMY CEpBHCY BH3yalH3a-
LMH: AByMepHas H TpexMepHad rpaduka ¢ Noagnep:KKol BEIBOAa ()POHTOB M FPAHWI
(sampuMmep, KOHTYPOB, 30H ITOPaKeHUs, IPAHUI 001aK0B TAMEIBIX YTIEBOAOPOLIOB,
(POHTOB HE3OBOTO ¥ BEPXOBOTO MOKAPOR), M3ONMHANK HUPPOBHIX MOTeH PacCHUTEI-
BAEMEIX pacrpeneneHuil TeMIeparyphl, AaBleHHs 438, KOHIEHTPALH KOMIIOHEHTOR
ra3oBoii (a3pl, YACTHI ABIMA, CAXH, KallelleK BOALI U Op., BEKTOPHEIX Tonel cKopo-
cTel (kaxJas cTpenaKa B COOTBETCTBYIOMLIEH TOUKe MPOPHCOBEIBAETCS COHANpaBieH-
HOJM ¢ BEKTOPOM CKOPOCTH ITOTOKa, @ €¢ JUTHHA NPONOPIMOHAIEHA BEMYHHE CKOPO-
CTH).

Bcee nepeuncirenHble BHAR rpadHyeckoro NpeCTaBICHHS JaHHEIX (OMHChIBae-
MbIX Gysxumamy win Tabnuuso) 8 KTC Mathematica mMoryT 6sITh peani3oBaHbl, HO
B npaMoyronsHeIX obnacrax (gns 3D - B napannenenunenax). Hmxke onucansl pas-
paboramnble MOYJIH, TO3BONAIONIHE (popMHpOBATh M300paKeHus B 00acTAX, Orpa-
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HHYEHHEBIX KpHBOJHHEHHBIME rpaHnlaMy (nopepxHocTamu). Manoxkenune maerca ama
2D rpadmku (1a nnockocTn), obobmenne Ha ciyqait 3D (npocTpancTso, HEKapTOBLIE
KOOP/IMHATHI) Jenaercst ananorudHo, T.K. B KTC mourtn Bee omuu a1 2D u 3D rpa-
¢uxu omrHakoss ([3]).

Cucrema Mathematica comepxut HaGop CTaHIAPTHLIX CPEICTB BU3YaITH3ALHH
IOBYXMepHOH rpahuku B cle[ylOMuX MOAX0JaX: KOHTYPHEIE KApTEI (M30JHHHK), Kap-
THI IUIOTHOCTEH, BEKTOPHBIE MO, AeMOHCTpalua 3pomonuy (anumManus). Ocoben-
Hocteio rpaduxu B KTC saBnsercs To, 410 orobpakkeHHe NMPOMCXOOMT B MPAMO-
yroJisHOH 06/acTH, HeT BOSMOXHOCTH BhIIeNeHns nojgobnacrel u sxmogenni. [To-
SCHHM 3TH TEPMHUHBEL

TMogo6nacTs — y4acTok (4acTh MIOCKOCTH), OTPaBHYEHHEL 3aJaHHBIM BO BXOI-
HOIt KapTe (cxeme) He HMEOIMIAM CaMoIepecede i KOHTYpoM (ToMaHo#) co creim-
aIBHO I8 Hero HasHadeHHBIMM aTpuGyramu, OCHOBHON CMBICH BBeJIEHUS HOHATHI
nopgo6racty ofycnoBnen 0cobeHHOCTAMHA aNMpPOKCHMAIWK B Hel CeTOMHBIX (yHK-
nuii, Eciu BXogHas KapTa CONEPIKAT nMoAobnacTy, To NpH NOMYHeHHH H BH3yaIH3a-
Uy UuGPOBOTO MO 3HAYCHHA CETOYHOH (YHKUWHM PACCUMTEIBAKOTCS TONBKO BO
BHYTPEHHHX y371aX CeTKH (KpoMe y3/OB, IONaJaloliHX BO BKIIOYEHHS), MpHYeM B
Kaxo¥ nofobnacTH pacder BBIIONHAETCS 1O Beelt COBOKYMHOCTH ONOPHBIX TOYEK
$askl JaHHBIX cO 3Havenrem obpabareiBaemoro napaMerpa, ITO JaeT BO3MOKHOCTE
TIpH ANIpoKcUManny 1o00oro MUGPOBOro IMoNs pasmeniTs Ha 4acTH/y4acTKH BCIO
COBOKYIHOCTB HCXOMHEIX JaHHEIX, HAIIPUMED, ECITH eCTh anpUOpHas HHQOPMALHA 0
HE3aBHCHMOM I10BEJIEHAH BOCCTAHABIMBAEMBIX QYHKIIHI Ha OTACIEHEIX y4acTKax.

Brmouenne — ydacTox (4acTh MIOCKOCTH), OFPAHAYEHHEIH 3aJaHHEIM BO BXOJ-
Holt KapTe He MMEIoIMUM camonepecedeHnii KOHTYpoM (oMano#). Baytpr moboro
BKIIIOYEHHS MOI'YT HAXO/HATACS BIOXKEHHEIE MOXO0IACTH, KOTOPBIE HE NOIKHBI HMETh
Tiepecede i ¢ HX coepKalliMK BKIFOYeHNIMH, Bo BIIOYeHHAX pacter nudposo-
ro mons, (HOpMHPOBaHNE W3OMHHMH, 30H OTHOCHTETPHOH OJHOPOIHOCTH HE MpOM3-
BOJUTCA.

Busyamusanug kapt B nogobnacTsx ¢ KpABOIMHEHHON rpannAlel. Peaiuszosana
crenyrolas METOIMKA [N BU3yaln3aLyy KOHTYPHBIX KapT U KapT IUIOTHOCTeH B O
HOCBA3HEIX O0nacTax, He SABIMIOIMMXCH TpsMoyronbHuMu. [lonb3oBatens sapaer
rpasrier 06nacTH BH3YANM3ANMY B BHJE CIMCKA KOOPIMHAT BepIIHH 3aMKHYTOTO
MHOrOyrojisHUKa (OrpaHHYe s Ha BRITYKIOCTE MHOTOYTOJIBHUKA HE HAKIABIBAIOT
Cst), HIMPHHY M BHICOTY MPAMOYTONBHON KapThl, MOCTPOSHHON CTAHAAPTHRIMH Cpel-
craMu Mathematica, Taxumu kak ContourGraphics umu DensityGraphics. ®opmu-
porarue n3oOpaskenus B nogobnactTa ofecneynBaeT ANITOPUTM ¥ COOTBETCTBYIONIUH
Moxyns contourCut, KOTOpEIH BO3BpallaeT KOOPAMHATHI BEPUIMH JBYX 3aMKHYTHIX
MHOTOYTONBHEKOB, “ofpamisaromux” obnacTs Busyanuaund. [Ipu Hanoxenun sTHX
MHOTOYTO/IBHHKOB LBeToM (oHA Ha o0bIYHOe M300pakeHHe M3ONMHHMN AIM KapTy
nnorHocreit, hopmupyemerx dynakmmsvu KTC, nocruraercs adidext Busyanuzanyn
3amaHHON KapTel B TpeGyemolt obnactu. JIocTOMHCTBOM TAKON METONMKH SABISETCA
TO, YTO ee MOXKHO MPHMEHATh K H306pakenusM (kapTaM), 3aJaBaeMBbIM CTAHIAPTHEI-
Mu rpaduueckum obbexramu cuctembl Mathematica. Ilpu atoM, MoxkHO Hemons30-
BaTh MoOLIe OMIKK (CBOHCTBA, HACTPOMKH) 3THX rpadHKOB: MacmTabupoBanue, OK-
packa, BEIBOJ| KOOPAMHATHEIX Ocel, TMHWM ceTkH, ee KanuGpoBKH, HagnHcell, 3aro-
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JIOBKOB, /ierenasl B T. n. Asroparm contourCut onucan B [4]. Hanoxenue muoro-
YTO/BHAKOB HA TPAMOYIOBHEI rpaduk UBeTOM (OHA MPOH3BOAHTICH HENOCPEACT-
BerHO (Qynkuued Show uim gepes ee onumo Epilog. ®yuxuumeit Line Moxer 651b
BBIBE/ICHA YKA3EIBAEMbIM CTHIEM H rpanuua obmacty. Tawke dynxumest Show (wima
ee onuuedt Epilog) Ha momydeHHyI0 KapTy BHIBOAATCA 3a/1aBAEMBIMH LBETAMH ¥ CTH-
JISMH BCEBO3MOMKHEIE KOHTYpA, lpaHHIb], THHHU PA3METKH, & ECITH Tak n0baBieHHyio
no061acTh 3aKpacHTh [BeToM (OHE, MOMYYHM MoJ0ONAcTs THNA «IRIpKay (BH3ya-
JIM3alHs B MHOTOCBA3HBIX 001acTsX).

Ha pucysKe 2 NpHBe/CH NpUMep BU3YANH3allHH H30IUHKH U 30H B N0A004CTH
(rpamuua nogobnactu — koHTYp Bpectckoii obnacti Pb, nerenia se BrIBOAATCA, T.K.
E(POBOE TONE HEe KOHKPETHIUPYeTCs), IPMUeM KPOMe U30MHHUA Ha CXeMe MoKasa-
Hbl HaHeceHHBIe BHYTPEHHHE KOHTYpa-TpaHHLIbl (B JaHHOM [IPHMEpE IPAHHLIE aaMH-=
HHCTPATHBHBIX PaOHOB).

Busyanu3auus BeKTOpHBIX nofeh. Jns orobpaxkenus BeKTOPHEIX mone# B 06-
JACTAX CIOMKHON KOH(UIYpallii BeKTOpHOE Mojie GOpMUpPYeTCs OQHON U3 CTaHAapT-
aex Gyskuuit (manpumep, ListPlotVectorField), manee B momydensoM obnexte
Graphics ygamsuorcs Bee BeKTOPEI (06BexThl Arrows), KOTOpEle He IONAajaioT B 00-
JlacTh MoAenupoBanus (T.e. YAATAIOTCS Bee BeKTopa BHe nogobuacth). g pearusa-
IMH TAKOTo anropurMa 00paboTkH cTaH apTHOro H300paKeHHs 3aIPOrpaMMHPORaHA
6ubnuorexa Modelling.m. (onscanue anroput™a jaHo B [4]).

Puc. 2, IIpaMep H301HHUA B KapTh!
IUTOTHOCTH NID MoaodmacTH

Puc. 3. TIpuMep KapTEl BEKTOPHOT'O
o4 10 Noo0IaCTH ¢ BRITIOYSHUEM

Wso6paxenne Ha PUCYHKE 3 IEMOHCTPUPYET HEKOTOPEIE BO3MOYKHOCTH Gubimo-
texi Modelling.m. [lpusesen npyMep BH3YATH3ALHA BEKTOPHOT'O MO, H30MHHMIHA,
HAJIOKeHHBIX Ha KapTy 30H B nogobnacTy ¢ BroYeHneM. B npuMepe nono6imacts —
cXeMaTH4HO m300pakenHas miomans Pecrybmuku Benapycs, sxmouenue — Mun-
ckas 061acTs.

JIuTepaTtypa

1. T'pumme AM. Obmpe MaTeMaTHYECKHE MOJGTH JIECHBIX U TOPYSHBIX MOKAPOBR H
ux npuaoxkeHna // Yemexn mexauuxu. 2002, Ne 4. -C. 41 - 89,

180

2. Kynemos A.A. MareMaTHYeCKOE MOJIE/IHPOBAHKE B 3a7a4aX NPOMEILILTEHHOI Ge3o-
NacHOCTH ¥ 3Kojoruu. // MH(pOpManuOHHEIe TEXHONOTHH M BRIYMCIHTENbHEIE CHCTEMEL
2003. Ne 4. -C. 56 - 70.

3. Moposos A.A., Taparayk B.b. IIporpaMMupoBaine 3aa4 YHCICHHOTO 8HATH3A B
cucreme Mathematica: Yue6. nocobue.— Mu.: BI'TIV, 2005. -145 ¢.

4, bapouk JI.B., Tapasuyk B.b. bubnuotexa Moayseii BH3yanusauuy HayIHEIX
naHHEIX B cicTeme Mathematica // Mingopmarusanus obpasosanus. 2007, M 2, -C.
24 -31.

AHAJIH3 YTPO3bI YTEYKH HH®OPMAIIHHA B 3JIEKTPHYECKHX
KAHAJIAX ITEPEJAYH IIU®POBLIX JAHHBIX 3A CYHET
«BY-HABA3BIBAHH S»

0.K. Bapaunoscknii, A.@. MeabHuK
Benapycs, r. Munck

3apava 3aIUTEI KOMMepHeCKoi TaliHb! Ipu obMere uHbOpManueld B OTKPBITEX
ceTsiX Hepeady NaHHbIX THIA MHTepHeT, KaK NpaBuilo, PEIaeTes MyTeM HCIOons30-
BAHUSN CTOUKHX ANTOPHTMOB MU(POBAHUA, YTO B GOMLIIUHCTREE CITYYaeB He OCTABII-
€T LIaHCOB TPEThEH CTOpOHe JemmdpoBars NnepexpadeHHsle coobmenus. B ¢z ¢
ITHM €IWHCTBEHHBIM TEXHHYECKUM crocobom monydenus xoTs 6s1 wacty undopma-
IIUH SBISETCS MEPexBaTt IO TeXHHMeCKUM KaHalaM yTeuks nHbopMamyn noboynsx
3MEeKTPOMAarHMTHEIX H3nydennii (TI9MH), Bosaukatomux npa obpaborke uadopMa-
IHA B OTKPEITOM (He3amugpoBaHHOM) Bie 0 (WiH B tiponecce) mudposadus, Ha-
npumep, ananmsupys IIOMM kpunTorpadH9eckux yCTpOHCTB, MOXKHO CYIUTH O
JNHHE KT04a, alTOpHTMe MH(POBAHMS, BRIONHAEMEIX HHCTPYKLMAX B MUKPOTIPO-
neccopHeIx yerpoiicrsax u ap. B CIIA cymecrsyer 3akpaiThiit cramanapr HIJACK,
pernaMeHTHpPYIOMHH KOHTPMEPE! 110 MOGOYHEIM H3NyUeHHsM Tipu obpaGotke u mme-
penade IUGPOBEIX CHTHaNoB. IloMuMO 5TOro, cymectByer TexHonoras Soft
TEMPEST ckpeiTolf nepefaus famHbIX mo kamamy [IOMU ¢ npumeHenuweM mpo-
rpaMMHBIX 3aKtamox [1].

OmHEM H3 METONOB OpPraHM3AIMH TeXHHIECKHX KAHANIOB YTeUKH HHGODOPMAIMH
SBISETCH BBICOKOYACTOTHOE HapslbiBanue («BU-napasnianuer). Ilpu peanmwsanuu
METO/Ia B IMHUI0 YTEUKY MOAAETCs BEICOKOYACTOTHBIN 30HUpYIONMii curnai, Yac-
tora BY chrrana 3aBHCHT Kak OT MapamMeTpoB 3IeMEeHTOB COTNIACOBAHMS TMHAY CBi-
31 (HanmpHMep, NapaMeTPOoB COIMAcyIOMHX TPaHC)OPMATOPOB), TAK W XApAKTEPUCTHK
HeJTHHEeHHBIX 3IeMEHTOB, HA KOTOPBIX MOXeT IMPOHCXOIATh MOMYNAIHS 30HANPYIO-
IEro CHrHana ¢ HecymuMH HHQOPMALMIO HH3KOYACTOTHEIMH CHIHAJAMHM, BO3HH-
KAIOIIMMH, HATIPHEMeED, 38 CYeT MHKPO(hOHHOro 3ddexTa WiH NPH Halmwwy nobou-
HBIX 3JIeKTPOMATHUTHEIX H3nydeHuit. IIpu 2T0M, HH3KOYACTOTHBIN ¥ BEICOKOYACTOT-
HbI{{ CHrHANEI, B3AUMOAGHCTBYA, 00PA3YIOT CHOMHYI0 MONHHOMHYIO 3aBHCHMOCTE,
PesynpTHpYIOMMif CHTHAT NEPeXBATEIBASTCA OPraHH3aTOPOM KAHATA YTEUKH,

OrpickaHne YacTOTH! YTeIKH MHOPMALUY SBIAETCH BeChbMa CI0XKHON 3anageli
BBHIY M3Jy4eHMH XOMIbIOTEpa B IMpPOKoii nonoce wacror, Kommsiotep kax ofbexr
TeXHWIecKoH# 3amuThl MHOOPMALMK SBISETCH CHOKHON CHCTEMOM, COCTOSIEH M3
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