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O passaTnu MeToaMKKn PotepMena u peanusaiun
JBYMEPHOM KOMIIBIOTEPHOW MOJIEINA IIPOTrHO3a
pPacIpoCTPaHEeHN JIECHBIX ITOXKApPOB

1.B. baposuk, B.b. Tapanayk
Benopyeexuli socydapemaeniteiti yrugepcumemn

Paspationxg HayuMD oSCHTREHME XakABMINERNUEE MOgeTed PUCRpocmpaNGiIm SIS Rurcdpos neofeodiung ATa PACIMPENIA 8O-
HEEMER CHCIEA ROOOCEAT REMARMIGE Pninie, Roderaeniin RauACIAS INGHUPORANUA REGIAGRORCAPNUX Meponpimid, sgdatsmiasonmu
defiomandl Mo JuKEOCIN YPEREHANGTIHBET cumpayi o avcax, B pafoms agridtmasaig Modesh NPOAMOMT POCHIOCMIPAICHNA MCHBEE FOORITNaR,
(MARMMEGAA. FEHAMERITERANG & VEIORNAM, HPeOSRadaiM REPOSAM i TAPUCTEDNDIM MUCHURAGEEM MENAE MOCCUSOR, DeOBENNOCHLIN
perveghio u revame Peorpiimoy Sesapyen. Dpednoocmman ddpsdpias sodiis SeaR0mes ofofiud Hues MUPoNe MPUMEMINEMT IOV fid-
cxetl oduasgpnol sodess Pomepmend, CNIcaxsl RposRaMMHaR Pecitonion RUsTbmepion Modeal, cenodsl ipedolpalonyi, Raaccgsce N
U hopriuposTNIN meadueLe dansnar, Cordanibitl MPOSATUMIBET KOMAKTRS GECHIURGEM MOMTUPORGMIE I SUDATNIOINIG NE SACKIPONIBLY Kaf-
ALY MECTINOCIIT DML EorimG ACHOMN AONCHE, SRTOUTE AOIMANCHICHTI YEmc NEoHOpOONOY0 Pacrpaedeneiiin id HyRU oo PazTiunix
mumoR fecHonl pactumertiocmt o apeepad. Cosdarmiene apn proIpaGome ROTsMIAENOT MoSRTL MPOARAMMMIE MOSTH KMAGHRIG U SKCHOpMG
Sl danneey, GOPVNPMMIIA ¥ HCHANRIORTHUA HaFapa SParfuNEciX Walionon MAKsoe APRMEIUIOMER 8 YuiianmM Mpoyeoce npu npens-
AdRINL AUCHINAIN SHEYNARIaLIY & Benopyecnan SocMapomainiom IINEEDCnmemd i aspytsmemax Wpsandnon Mamesamion u umghop-
MEIRH, Sgpadierim.

Kinoneabie cooea: Modeupoacnie, Aol noscp, Rpoipammisil Remiuxe, wodats Famepmens.

On Rothermel’s model improvement and implementation
of two-dimensional computer model
of forest fire spread prediction

D.V. Barovik, V.B. Taranchuk
Belarusian Stare University

Development af sciemific-hased forest fire spread computer models is needed 10 ingwove decision-support systems as will as the quality of
Jire prevention planning mnd affectivenass of fire axtinguirhing aciony. This paper presents a foresd fire prediciion computer model adupied to ihe
conditions, dominani forest species, characioristic scales, fopography and climate of the Republic of Belarus, The proposed two-dimensional
moda! is a genaralization of widely wed semi empivical ene-climensional Rothermel's mode!, Compritar model software implementation, basics of
ingwt datan preprocessing, classifioation, and formarion are described, The developed saftware complex providas forest fire front dymamics
madeling and visualization on elecironic maps taking into accouni heterogensons distribution of different farest plunis and barriers i front of a
Jire, The software modwles for graphics data import and export, and for forming and wee of image templaie sers ave alse wed in de sudy process
while feaching specialization courses in the Belaruxian State University of the Department of applied mathematics and compuler sclence as well
as the (reagraphical Depariment,

Key words: modeling, forest fire, software complex, Rothermel 's modal,

112 Hay9HO 00OCHOBAHHBIX, YCTIELIHEIX Aei-
TBHH, HANPABNEHHBIX Ha NPC/yTpeKIeHHE
W MUKBHIALHE) NECHEIX TIoXapoB, Tpedyercs paspa-
GoTKA COOTBETCTBYIONIHX KOMITRIOTCPHEIX MOIEeH,
HX BKNKWYWCHHE B COCTAB CHCTEM TIOMLIEPHKH (IPHHS-
THA PEWCHMA 110 [IPEIOTEPALEHHIO YPEe3BLIYAHHLIX
CHTYalM# B accax W okpectiocrax. B pane mono-
rpatmli ¥ HaygHEX 0020pOB NPHHATA CACLYIONAs
knaccHdHkanma mogenel necHerx nokapos [1-4]:
TEOpETHYECKHE (MATEMATHUECKHE), IMITHPHUCCKHE
(cTarHCTHYMECKHE), TTONY IMITHRPHYECKML.

Teopernueckne moaenn GaznpyoTca Ha 3aK0-
HAX TA30BOH AMHAMHKM, TEIUVIOMACCOTIEPEHOCA H
OpYTHX (PyHAAMEHTANLHLX 3aKoHax (HInku, XW-
MWH, W 3AMACEIBAIOTCA, KAK MPABMIO, B BMIE CHC-
TeMbl JIHPPEPERITHATTEHEIX YPABHEHMHA B YACTHLIX
npoussoaubix. Bepudmkanms Takwx  monenei
BECHMA 3ATPYJAHHTCABHA, OMHAKO TOMEKO OHH, OIH-
Chinaa PAIBHTHEC MTECHOTO TMOMAPpda HAa OCHOBS 0b-
MHX 38KOHOB W ¢ YUeToM OONBIIOrD KOJIHHECTBA
dlﬂlﬂ‘ﬂpﬂn, MOZEOIAKT OTECHATE Ha BECbMA LUIHPO-

KHH kpyr BoTpocor [2, 4].




MATIOMATBIKA

B IMNHPHYECKHE MOIENIAX CHCTEMATHIHMDYET-
CH PAN DALIELX O CKOPOCTH pacnpoCcTpaHeHMs nec-
HOO DHGPpE NPH H3MeHeNHM BHEF&HHUI‘D KOJIH-
YeCTHA TIAPAMCTPOR, onpeacisorcs koodduumen-
TEl KOPPENAMH 1O Kauuoi HesasMeuMOR nepe-
merHoH. [TpH TaKOM TOAXOAC HE VNMCLIBASTCA ME-
XAHH3M HABISHHA, MOMYHeHIbe COOTHOLICHHNA,
CTPOTO TOBOPH, HEe MOyt ObiTh pacnpocTpaHeHsl 3a
Npe/tesibl MPUMEHHMOCTH MCMO/BIOBAHHBIX CTATH-
CIMUCCKMX AdNLILIX, B paMKax nogobHe Momeneit
JAKT APOTHOD ¢ ONPEASeHUONl BEPOITHOCTEIO.

B noay:MnupHwecKHX MOAeANX A Olpeie-
AeHHA CKOPOCTH PacrpocTpaHeimna poirs noxa-
pa npuemekaroTes obinue 3akonn (CoxpanenHa
JHEPrHH, MACCHI M KOMHYCCTHA ABMMKENHA), KOTO-
phie 3AMHCHIBAIOTCH B BAWJIC YIIPOMICHLLIX SRRMCH=
MocTel, a cooTReTCTRYIOMME KOMhdMUMerTH no-
Gupatorca myTem ofobierias JKenepHMenTaIbIOH
urdopmarmi. TTormyamuupuueckue Moaen npu-
MCHHMME! B CHIVALMAX, [IOXOWHX HA Te, MPH KOTO-
psrx GeiH cobpannl 1 00o0weHEl ONBITHEIE QaH-
Heie. Takne MOJETH 3IAYHMTeNBHO NpPOle B BEPH-
(PHKALUMA DO CPABNEHMIO C TEOPETHYECKHMH, NpH
TOM OkKM Bosiee AIeKBATHEL N0 CPABHEHWIO 3MITH-
PHYECKHMHE MOIENAMH.

Moaenu YTIOMAHYTEIX KTACCOR CO3TABATHCE
HAMMHEA CO BTOPOH MONOBHHE! NPOLUIOIO Crojie-
THA JUTS LPOrnO3a BOBMKHOBEHHA M PA3BMTHA
JIGCHBIX [KOKAPOD BCeX THNOB, HO Gosblue Beero
BHHMOHMA YOEI410ch npofneMam NMporHosa QHHA-
MHKH HM3IOBLIX JeciibiX nokapos. [locTpoenst pan
MoJlenel, COCTORIIMX M3 CHCTEM YpaBHeHM,
BIUIIOMAIOLINX MNAPAMETPhl OKpy#katomelt cpeaml,
peabeda MECTHOCTH H KIHMATHYSCKWX YCIOBHH,
JECHOTD FOPrOMEro MAaTepHalia, M o3BOJINIOUHY
OUEHHTE CKOPOCTR PACTIPOCTPAHCITHA LOMKApPA, HH-
TEHCHBHOCTh TETUIORKICICHHA B 30H¢ (PPOHTA O~
PCHHA, ICOMETPHIO BuiropeBiued mnomwamad. Al-
T3 W OCOBEHHOCTH CYLICCIBYIOWIMX MOACNCH, d1-
TePATYPHLIE CChULKH NpoBeneHsl B paGorax [2, 4),
OTMETHM OCHOBHEIE,

Teoperwdeckne Momenm: W. Fons (1946,
CLUA}, H. Emmons (1964, CTIIA), H. Hottel » gp.
(1965, CLIA), C. Van Wagner (1967, Kanana),
P. Thomas (1967, BeanxoGpuranus), H. Anderson
(1969, CIIIA), J. Pagni and G. Peterson (1973,
CIITA), F. Steward (1974, CLLLA), T'.IT1. Tenumuu,
HII. KypGarckuii (1976, Poccua), 3.B. Koues,
AH. Cyxunun (1977, Poccun), H. Cekirge (1978,
CHIA), N. Fujii w ap. (1980, Anouna), A.M. I'pu-
meH (1981, Poccns), C. Huang and Y. Xie (1984,
CILIA), F. Albini (1985, CIIIA), N. De Mestre u
Ap. (1989, Asctpamna), R. Weber (1989, Arcipa-
mux), D. Croba u mp. (1994, Tpemwms), R. Linn
(1997, CIIA), P. Santoni and J. Balbi (1998,

Opauuma), M. Larini u ap. (1998, dpanumx),
J. Dupuy (1999, ®pauuma), J. Margerit and
0. Guillaume (2002, Mpainya).

Omnupudeckie moaeau: A, MceArhur (1966,
Ascrpanuns), T.IL Koposun (1969, Poceua),
Forestry Canada Fire Danger Group (1992, Kaua-
aa), D. Viegas wu up. (1998, llopryranna),
N. Cheney u ap. (1998, Ascrpanua), W. Hargrove
u ap. (2000, CLLA).

Momyamnupuyeckre  momend: W, Trandsen
(1972, CIIIA), R. Rothermel (1972, CIIIA),
I'A. Hoppep (1979, Poccma), G. Griffin and
G. Allan (1984, Apcrpanua), R. Sneeuwjagt and
G, Peet (1985, Ascrpanma), B.I". I'yces (1986,
Pocena), J. Marsden-Smedley, W. Catchpole u mp.
(1995, Ascrpanus), J. Vega (1998, Hcnanua),
W. MeCaw (1998, Ascrpanmua), N. Burrows 1 ap.
(1999, Apcrpanus), P. Fernandes (2001, IMopryra-
M),

HecmoTpa Ha TO, ®rro pazpaboTaHo OKROMO MOMY-
COTHH Mozenelt HHIOBLIX IECHEIX NOXKAPOB, TONBKO
YeTHIpe H3 HHX [PUMEHAIOTCA B PadIMYHBIX Che-
UHATHIHPOBAHHEIX MPOTPAMMHEIX KoMrnekcax [4).
2ro svmapraeckie mogenw A, MceArthur (Ascr-
panus), Forestry Canada Fire Danger Group,
W. Hargrove (CILIA) M 1oJyIMnupHYCCKAs MO-
Aens Puqapna Porepmena (R. Rothermel, CIIIA)
[5] (6ubGauorpadmteckne ccuuikn gauw B [4]);
TEOpPEeTHYECKHX MoaeneH cpean HUX HeT.

Haunbonee pacnpocTpaHeHHas HAa CeroaHALIHHMA
JeHb NOAYIMNUPUYECKAR MOOETh PACNPOCTPaLIe-
HHA HU30BRIX MECHBIX NOXAPOB ORUIA counana Pu-
uapnom Porepmenom (R. Rothermel) [5] na ocHose
uael, wanowewwsrk B pabBore W. Frandensen.
B [1, 6] mogens P. Porepmesa Gewia ananTHposa-
HA VI YC/IOBHH DAcTIpOCTpAHEHWA HHW3OBBIX INec-
HBIX TIOKAPOB, MPHCYIMX PANVIMYHAIM PErHOHaM
CCCP. Henocratox meronuku P, Porepmena sa-
KJUOYAETCR B OTCYTCTBHH HBHOIO YYeTA 3AKOHOR
COXPAHEHHA MACCH M KONHYECTBA JIBHKCHHWY, B
Pe3yNETATE YEro NPHXOAMTCH HPHBICKATH PESIHY-
HBIE SMITHPHYECKHe COOTHOLIEHHA, HTC CHHIKAET
TOYHOCTE W ODNHOCTE TMPOTHO3a CKOPOCTH HOp-
MaTRHOTO  PACTIPOCTPAHEHHA JIECHOTO NoXKapa.
B sactHocTH, B pamkax 3moH MOJCTH He yiaerTcs
ONPENSIATE CKOPOCTD PACIIPOCTPALICHHA BEPXOBBIX
noxapoB [2]. Oauako, Gnarogapa OTHOCHTENLHOM
npoctore Merogukn P. Porepmena, ee nporpamm-
HBle PEeATHALHMH YCNeIHo BHeapeHsl B Goabinumil-
crBe necusrx cnyxb Cepepuoii Amepuxn. Ilosxe
Oplnn Bmnonnensl neodxoaumule nopaboTen Wi
yeaopui necoe Epponel. Tak kax monens agnaercs
OIYDIMOMPHUSCKOH, €8 [TPHMMEHEHHE B [POTrHO3aX
pacupocTpaHetins Noskapos B yeaosHax Cpenn-
SCMHOMODBEA HE NPHHECTIO HEMEINEHHOID YCIIEXA —
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moAgnobuaca ponrMi M TPYMOEMKHI npoltece 1o
¢¢ kaaubpoBke K HOBEIM yollopuam. B utore mo-
Aems P. PoTepMenna HCIONb3yeTCA HA CeTOMANTITHAL
neHb H B EBpone,

Lensto nannol pabore apnaercs obobimenne
apanTauEs Moiend PorepMena NMpuMEHHTCIBHO K
ycnoewaM jecos Pecnybimuku Benapycs, peajmsas
UHA B KOMUBIOTEPHOM KOMIUTEKCE TPOTHO3A pac-
MPOCTPAHCHHA JICCHOMO moxkapa. B npeanaraemoii
BEPCHH  YUMTBIBAIOTCA  YPOBEME  LAYMHO-
MPAKTHYCCKOA HOArOTOBKM TOMK3OBATEncl npo-
FPAMMHOTO CPEICIBA, MX BOIMOMHOCTH HHAIM3A
pellleHHH MPHIIAANLIX 3a0aH, & TEKKC B MHTEp-
hefic MOMBIOBATONA BKIIOMEHB! BOIMONHOCTH 3a-
JAHMA THITOB Npeof/TalAIoNHX TIOPO/ NSCHRX Mac-
CHBOB, XapaKTepHLIX MaciuTabos romamel, peis-
eda W KIMMaTa, YCTAHOBICHK AHANAIOHL! HAMEHC-
HHA mapaMeipoB Mogend Porepmens, HANOMHEHE!
COOTBETCTRYIOIHE TAGMHTE HOXOOUBIX JAHHENX
AAA MOIHDHIHPOBAHHEIX ANTOPHTMOR PacHueTa.

Marepuan m metoast. Meroguka Porepmena
HA OCHOBE [IOCTATOMHO MPOCTLIX GopMya oTBEUaCT
HA BOMPOC, KAKOBA TIPOrHO3MpYeMas CKOPOCTL
PACPOCTPAHEHHA HH3OBONO /€CHOIO TOXKApa B
3EBHCHMOCTH OT CKOPOCTH BETpa, THTA W BJIAIOCo-
ASPHAHHA PUCTHTEIBHOCTH, & TAloKe pembeda me-
CTHOCTH. Tlepeuncnum WCXOLBIE MAPAMETPRI [10-
myaMnupHyeckolf monenn Porepmena:

th, K2IM' — 38118C NeCHEIX TOPIOYMX. MATEPHATOR
(JI'M) 1A MecTHOCTH B AGCOMICTHO CYXOM COCTOSHHH,

&, M — rmyGuna cnoa JITM;

o, M — yaensuas nosepxuocts JITM;

h, Joe/xcz - TennoTeopHas cnocoBHOCT CYX0ro
ropio4ero;

P K2iM' — IUIOTHOCTE TOPIOMEro MATEpPHANA B
abCcomoTHO CYXOM COCTONHHM,

M- snaroconepxanne JIT'M;

Sy — Maccopas JONH BCEX MHHEPAIbILIX Be-
wects B JITM;

S; — maccosaf OonA HPPEKTHBHEX MMHEPWIL-
HBIX BELUECTB;

U, m/c — ckopocTs BeTpa Ha Cepe/iiHe BBICOTHI
[LIAMEHH;

tg@ — TAHIeHC yriia HAKIOHA pesbeda;

M, — xpHTHYECKOe BIATOCOASPIKAHNE — MHHM-
MATEHOS 3nayeHue Brarocogepxanva JIIM, npw
AOCTHNEHHH KOTOPOTO MOPeHHE MPEKpAIlaeTCa.

B opurvHambHOM BHAE B MOJIENH HCTIOMBIYETCA
bpuTanckas cucrema mep, 1o GOpMynaM MOJENA
Potepmena (5] paccumrriBaeTcs ckopocTs pacrpo-
CTpaHeHHA noxapa B ¢hym/mun. B paspaborannom
KOMILTEKCe NIPHHATH PasMepHOCTH eNHHHI] CHCTO-
Mel CH. 3amerum, wro wcnosssoeamme waGopos
3AITHCAHHBIX MapameTpoB Mojlens Porepmena He
yaobHo Ha npakraxe. CreupanucTs! mo upesssi-

YAHARIM CHTYALHAM OIPAHHYCHLL B BOIMOMKHOCTAX
OTIEPHPOBATE, 4 TeM Dosiee onpeaensaTs HA MECTHO-
CIH cneuuduyecKne BETHYHHEL, TAKHE, Kak, KpH-
THHESCKOE BIArocOJepsaHHE, ¥OCiIkHAY [NOBCDX-
HOCTH CJ/IOA TOPIOMHX MAaTEPHATOE ¥ 1.1 B ux pac-
NOPEKCHHH ©CCTE KAPTH JTCCHOIO Y4acTKa, BO3-
MOKHOCTEL BHIYANLHOTO HAOMOJICHHA HA MEeCTHO-
CTH, AaHHBIE 0T MeTeocyk0. ITosroMy B peannia-
LH paipaboTanHoi KOMNEIOTEPIIOH MOJETH nepe-
YHCTEHHBIC [IAPAMETPLL MOJEIH ABHO HE MPHCYT-
CTBYIOT, & BRMHC/ANKTCH 4epes apyrHe (mocTyn-
HElE) TapaMeTph! K (DAKTOpbI; OpegnaraeTcs We-
None30BaTE Apyroi «Gasucy nepemeHHsix. Pazpa-
GoTaHHAA KOMITBHYTCPHAR MO/E/b COCTOMT W3 TTpo-
FPAMMHBIX MOMYICH ofecnedenns HHTEPAKTHRHON
paGoTEl, NpPHEMA HCXOJAHKIX TONOTrpadHYecKHX
Aanueix 13 FHC, pacvuera npornosibix nosmoseHmi
¢$porra nomapa, rpapudeckofl BUIYATMIALM
¢porma na anexTpoHHON Kapre, sxenopra 8 I'MC, a
TAIOKE HeoTBeMNeMOH uyacTbio asnserca Gasa mas-
IbiX HAGOPOB XAPAKTEPHCTHK ANS BCEX THNOBEIX
KIMMATHYECKHX YCNOBHIA W napameTpos JIT'M.

B paGorax [2, 7-8] nokasano, uTo cymectoyer
CBA3E MONKAY TeKyWHM Brarocofepikaimem M,
KOHKpeTHOro THma JI'M R koMrviekcHnM nokasa-
TeJIEM TOPHMOCTH Jeca:

M, =as4b,

1
T )
rae a u b — sMnuputdeckHe KOHCTAHIRI, onpeae-
AgEMBIC A KOHKpeTHRIX THTOB JII'M;

4 — NMOKA3aTeIE CKOPOCTH BBICYILMBAHMS,

h — MHNMMATIEHOE 3HAYMEHHE RJIANOCOOEPKAHHA
AAHHOTO THna JII'M B ecTeCTHEIMBIX YCAOBHAX;

I' = mnpexe ropumoctr BT, Hecreposa [7-8],
onpejle/seMeli 10 hopmMyne:

L
=3 TJ(T,-T,), (2)
J=l
suecks I; — TeMnepaTypa so3ayxa B 14 u B rpagycax
no Llemsceo;

Ty — TouKa pockt B 14 4 B rpagyeax no Llanscmo;

H — YHCIO CYXMX CYTOK (CYTOK © OCAKAMH Me-
Hee 3 MM). B ¢ cyTrn, KOrIa TemMmeparypa Boazy-
xa TI; wan pasuocts (7} - Ty) OTpHUATE/1bHAR, HA-
PacTAHHe NOKA3ATENA NPUHAMASTCA PABHLIM HYITIO.

B sapucHMocTH oT BRIYMcersoro maveris I Bel-
JeNAIOT CNEIYIONTHE KIACChl noskapHoi OrNacHOCTH:

* [ xnacc (I' no 300) — oTeyTeTBHE ONacHOCTH;

e [I gnacc (I' or 301 mo 1000) — wmamax
TOXKAPLIAS ONACHOCTE;

¢ [l wmace (I’ or 1001 go 4000) — cpennss
MOAAPHAA OMACHOCTE,

¢ IV xnace (I' or 4001 no 10 (00) — Beicokas
MOAPHAR OMACHOCTE,
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¢ V knace (T 6omsime 10 000) — ypespuivainan
ONACHOCT S,

Takum obpazoM, mokHO oboiiTHes Gea Heobxo-
AHMOCTH oy o [ a3 Ha MECTHOCTH SKCOSPHMEH-
Taneio onpeaendrs M. TEro MomHO BBIpazuThL 408
KOHKPETHOrO Npeodaanaroiero THNA PACTHTEMBHO-
CTH FEPE3 MIBECTHLIA KIACC HOMAPHOH OIACHOCTH.

Kak w M), GONBIIHHCTBO APYTHX NApaMeTpoR
Moaend PorepMena OTHOCATCA HEMOCPEACTREINIO K
xapaxreprerHkam JITM. Eenu MX HMCAOBLIC 3HA-
YEHMA UiH HAHBONGE YACTO BCTPEMAIOIMXCH THIION
PACTHTEIIRHOCTH B KOHKPETHOM PerMoH¢ HKCIicpH-
MEHTAIBHO  ONpeleneHsl, KiaccuGuuHpoOBassl,
creernl B Talnuusl, coxpaueHst b Dase JaHHBLX,
TOUMA MOMKHO OMEPATHBHO MCOOALIORALN: IOTORBIE
nabopns B pACHETAX 1O AJANTHPOBAIIOR MOMCITH H
APOIrHOIHPOBATE CKOPOCT PACTIPOCTPANCHHA JTec-
HOI'O IOKAPA B KOHKPETHBIX YCIOBHAX.

IlpurumMan Takol noaxon 3a ocHORY, B IIpO-
IpaMMUHOM KOMTUTEKCE IR pacuera HPOIrHO3HBIX
. noaoxkeunit PpoHTA MOMKAPA NOALIOBATELO HE0b-
X0guMo BbIOpars (Manasars) ITHITS CHEAYIOUIME
1APAMETPEI:

e Tun pacturensnoctd (prGOp BApHARTA M3
Gadkl AUHHLIX).

o [Knace noskaprolt omackoeTw (1, 1L LI, TV, V).

¢ CxopocTb BeTpa (H €0 HATIpAKNEHKE).

e Tawredc yrna cxnoa (yder ocobeHnocTeli
penbeda, i paRFHFHON MecTHOCTH He Tpelyerca),

Buibop 43 faini JJAHHBIX THMOB PacTHTE/ILHO-
cti, Hanbonee Gun3knit K KOHKPETHEIM YCTOBHAM,
BrinonHAeT oneparop (nonssosarenes I1K), ocno-
BEIBAACH HA CBOMX ONbLITE H IHAHWAX.

TpuMepsl THIOB PACTHTENBHOCTH, BKUOYCH-
HErX 8 Ga3y gaHHBX [9] (na aaHAs MOMEHT B CO3-
jarnoM ITK yvreno 65 puion):

o 303 - Jlmopafuuky, COCHOBBIH N8 peaKHii,
AEPeBLA MOJIOJBIE H CPE/IHEBOIPACTHBLE,

e 406 - 3encHrie MxH, enoBelii nec rycroi,
AEpeBrbA CNeibie H iepecToiHere.

* 507 - Ouay XBoOM, €IOBBLIH NEC peaxn,
AEPeBbA MOIOALIC M CPEIHCBOIPACTHEIE,

e 710 — Kycrapuwkn, THCTEEHREIN Nec rycToi,
JEPEBLA CrebIe U nepecTolnnie.

s 802  OuwxoNkl TECO3ATOTOBOK, COCHOBEIH
TICC TYCTOEL, fepepsa cneihie W epecTolHbE.

s 901 — Muuepanu3osBaHHAA TTONOCA, NOJAHA
Ocy paCcTATENEHOCTH.

¢ 903 — Boguas nperpaaa (peka, 03epo U T.IL).

Haspaune (omicanne) THOA pPacTHICIBHOCTH
pmovaetT B cebd mpeobnagarolini THN I'OPHOYHX
MATEPHANIOB HHOKUED ApyCca Jeca (MXH, KyCTapHH-
KH, OITaJT | Ip.), npeobis a0y Nopogy Aepesh-
CH, HX BO3IPACT M CTenells COMKHYTOCTH KPOH.

TTosicHUM, 3a4eM 1IPH MOJETHPOBAHHM HH3OBO-
ro NeCHOTO IIOMAPH yKAIBIBATE THI BEPXHEro spy-
ca jeca, Do HeolX0OHMO MO JIRYM TIPUMHHAM.
Bo-nepprix, & Mojenu Porepmena ¢aenyer 3aga-
BATH CKOpOGTH Re1pa [/ Ha BEICOTE CUPe/IHHE M-
meHn. Kak npaniio, WIBeCcTHL Jalitikie ¢ MeTeo-
CTAHLIMH, PACCUHIAHHEIE HA ONpe/ie/IeHHOR BhICOTE
(10-15 m) saz panuntnoi MosepxuocTsio. Kakosa
6yaeT CKOPOCTL HCTPA B HHIXKHEM Apyce neca, 3a-
BHCHT OT IYCTUTH KPOH AEpeBLEs, COPTOR /iepeBh-
¢B (€CTH IH NpoaynaeMili MPOCBET B MMAKHEM APY-
ce neca WaH HeT). id OUEHKM CKOPOCTH BeTpa B
COBIAHHOM MPOTPAMMHOM KOMTITEKCE Y4MThIRAIOT-
CA ABH YWCIIOBRIX MTApaMeTpa;

Zgy M — CPCIHAR BBICOTA APCROCTOA,

f— ka/m’ = ofnemizan MIOTHOCTS 110J10TA Teca,

Bo-RTOPBIX, 3HALIME THIIA /TECA H €r0 BOIpACcTa Ja-
€1 JONOTHHTENBHYH0 HIQOPMALIIO O HIDKHEM Apyce
neca. B CNieNbiX W MEPeCcTORHRIX XBOHHBIX Jiccax B
HIKHEM SpYee Neca HeMa0ewH0 HAKATUIHBACTCH croi
onpene/icHHON TOMUMHE] OIAJIA HTOMOK, B JIHCTBEH-
HBIX fecax — onaja nuereen. B 3aBHCHMOCTH OT
KTAMaTHYeCKOH TOMoCckl, CTENEHW  COMKIYTOCTH
KPOH MOMKHO € HEKOTOPOH TOMHOCTEH) AIIPHOPH OIl-
PEIENMTE H MX COCTOAHWE - NIAKHBIA neperioi
(enaforopamblil) KM XOpOLIO BhICYIICHHRIH onaa,

Knaccudukanms THNOB PACTHTCILHOCTH H ON-
pedeneHHe UX XapakTepHCTHK ~ JT0 BEChMa TPYIO=
3aTpaTHas TPOUEAypa, oanako 3mo peamsuo [10].
JokasaTenscreoM cayadt «anbbom» [11] rHnos
pacTHrensHocTH (¢ hotorpadguamu) pervona Cka-
Jauerex rop CLUA, B cosy@arHOM HaMu IK jurs
PARNTWMHLIX THIOB PACTHTEIRHOCTH HCNOIL30BAHE
CNPABOYHEIE OAHHLIE, XAPAKTEPHEIE JIAHCHM.

Tabnuua

IepencEb ncx:nnnmx aannbx Mogean PoTepmMena 1A HEKOTOPHIX THIOE PACTHTEALHOCTH

Kon | o, keind | oo} | I T/ poraid | dm | My Sr Zi M fixed
303 Wi 2000 (17991200 300 (0,2 [ 03 | 0,02 15 0,07

406 1,0 2500 [19664800] 300 [ 0,00 | 05 | 0,02 15 0,24

507 0,3 6000 |18828000] 512 | 0,00 | 03 | 0,02 10 0,09

710 | 0225 | 6560 [18409600] 512 [ 0,60 [ 02 | 0,02 20 0,08

802 0,9 4920 18409600 512 [ 070 [ 02 | 0,02 20 0,08

901 0 0 0 0 0 0 0 0 0 ]
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Pue. Saannradcekan popma KOHTYPa MHIOBOM0 JIECHOT0 NOMKAPA.

Maa Tuna 901 B Tabn. ykasauw nynessie 3nave-
Hus xapawrepueTak JIFM, uro coorsercrsyer ot-
CYTCTBHIO MOPIOMHX BEUICCTH, NOIKAP HENOCpeIcT-
BEHHO 10 HHM HE PACTIPOCTPALIAETEA,

Ewe oguoil ocobeHrocibo MOAHDHKALHE Mo-
Jend PoTepMena swineres Bonpoe, kakuM ofpasom
PACCTMTBIBATE CKOPOCTH (DPOHTA noMmapa u jumwy-
MEpPHOM ciiyuay, OpHrHHATEHAA MOJETH OJIHOMEPHA,
A PeIyIRTAIOM CC NPHMEHEHHA FRIACTCH UMD
CKOPOCTE PACHPOCTPAHEHHA PPOHTA 1OMUPA B 11A-
NMPAKICIIHY BETPA Q.

B npeamnaraemol moaM(HKauMKH KOMOBIOTEp-
Hoii Mogenw pacnpocipatgiiHe (QPoHTA ToWApA
NPOrHOZHPYETCA HA MAOWIALH, PACHETHI MPOHIBO-
JATCA COTTACHO TPMRRIELHBIM HIDKE YPABHCHHNM.
(OfocHOBAHHEM TAKOI'O AITOPHTMA cIykaT [abino-
JCHWA, 9TO HWI0BOW nowap B ogHOpoAHOH opejie
pacpocTpanaeTes snHneoM (pue.). C Gosmno#
TOMHOCTERD  ToNobNoe  npubnwkeHue MOATREp-
AIAAKOT MPOBCICHHBIE PACHeThl NO TEOPETHICCKOH
moaenw [3].

B Hay"HOH IHTEpaType HET SAMHOTD TTOX0/1A B
onpeaenenns GopMynel, OTTHCEIBAIONICH BELHYMIL)
4 b, ¢ snannca. B [12] npusogures cpasiuTeNb-
LI AHATHZ CYIHECTRYIONIHX NOAXOJOB H Npeana-
FAeTCA WX CHHICH, HCNOAB3IYEMBIH B peaTH3oBan-
HBIX afanTHPOBAHHOM anropHTMe u [TK:

e @, 1+ 1B
LB’ 2 HB

s (3}

LB =0,936exp(0,256607) +
+0,461 exp(—0,154817) - 0,397

LB+ LB? -]
LB-+yLB* -1’

e w,  paccuMTadHHas no mogenn Porepmena
CKOPOCTL PACTIPOCTPAHCHHA (PPOHTA MOKAPE B LA
npasneHu serpa .

Peaynsrars n ux obeysenne. Kparko nepe-
HHCITHM AMTOPWTMHUCCKHE OCHONRK KOMNBIOTEPHOH
smogenu, paborsl oneparops. [Moassoparens npo-
rpaMMAOIO Komiiexey («l’acyer M BMayanusauus
AHNAMHKY Necuoro noxkapar — BY.QJIBH 00095)
BLIGOPOM M3 MEHIO 3AJAET NAPAMETPEI METCOPOLIO-
ruMeckol o6cTaHOBKM (Knace 1omapHol onacros
CTH, CKOPOCTE W HATIPARICHHUC RETPA), JAIPYIKAET
3 FHC anekrpoHnyio Kapry Jieclioro yqacTka,
BHEHPH.’ET H3 'ﬁﬂﬁ-ﬂ JaHHBX OCHOBHOR THI JIRCHINLN
TOPIOMHX MATepuanos B oBNacTH MOAC/HPOBANK
H ua yqactrax ¢ apyrumu tenamu JITM wim ux
OTCYTCTBHEM (BOJHBIC MPETPazbl, JOPOIH, HOIAHNI
M ap.) — Ha YYaCcTKAX «HCOAHOPOUHBIX BRIKOYE-
HHAR, DakTHYeCKW 3ajaHue KOHQHTYpalmd no-
noGnacredt crROMTCA K «obpHCOBKE» HX I'PAHHL
MENOKOA 1A siekrponnol kapre, Janee oTmeva-
Ores SaUKCHpoBalHEe OPMBI OMATOE BOIrOpa-
HHA necHOro noxapa. JUis pacucros nporiosnodd
hopMEl PPOHTA TIOWAPE HCTIONBIYETCH CXEMA (KO-
HEOUWHBIX aBTOMaTORY. OO14CTh  MOJACAMPOBAHKA
MOKPBIBACTCH PARHOMCPHOR CeTROH, HYelKy KoTo-
poil MOTYT NPHITHMATE 3HAYCHMS “Cropeiay, «ro-
pHT, «ne ropenas. B KmKOBIH MOMEHT BPeMEHH
KOHTYD NOoMapa ONpelendercd COBOKYITHOCTRID
wropmmux» sucek. [To ananoruM ¢  BOJHOBLIM
npuHuHnoM Todirenca (Huygens) upuasto, vro
Kagras aqeika diponTa moskapa 3a BRIDpaHHL
JWUCKPET EPeMEHH NMOopo#IacT CRoMH «wadmoH pac-
IIMpeHMa» (ATMPOKCHMALIHA 3JUTHICA, PACCHTRI-
BAEMOT0 MO 3AMHCAHHBIM dopmMynam), dopma wad-

1B =

(4)
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TIOHa ONPpENEmdeTcd B 3aBHCHMOCTH OT KOHKDET-
HerX THOR JITM B pazHex auyejfikax. B pesyibrare
pacyeTa 1a BBCHEHHON CeTRE MIOIIAIH Neca A4eH-
KH KaTeIrOpHWi «He ropenas BOIHIH QpoHTa Meus-
KT crarye. PHKCHPYIOTCA HOBBIE KOOBL COCTOAMMA
HYCCK {GUHUK}"I'JHDGTB “cropenay, «IoOpHT?, «He
ropedian); OupeenseTes pe3yIsTHPYIOIHHA nepu-
METP LPOrHOZHPYCMOre ouara (M HeCcKOJAbKMX
OYAroB) NoMApPa 1M NPOJIOIKCHHA PACUCTOR,
JIOTIONHUTENEHO B HACTOMLIEM LIPOIPAMMHOM
KOMITIEKCE PEAIH30BAIA BOIMOMUOCTE COUOCTAR-
LeHWA BAPHMAHTOBR NPOrHOSH  PACOPOCIPAHCHWA
necHoro noxapa sONM3M npensaTeTeMi M «npeoio-
nernar X dponroM. llpumeieman cxema «xiic-
TOUHONO ABTOMATA» MO3BOJIMET 6e3 OTHe/IbHRIX
YIOUHCHHIE MOZeNnUpoBaTe «orubanne» npensrer-
BHit OTHOCHTENLHO GONLLIOH IUOWALH (HANPHMED,
nonsH). bGomee cnojHBIM SBASETCHS BONPOS MPO-
rHO3a MPeoJONeHHA YIKHUX MPOTIKEHHMX yaacT-
KOB IUTONIA/IH, TAKHX, KAK PY'ibH, JOPOrH, MHNCPH-
JIH3OBAHHBIE TIOJOCK., B 3aBHCHMOCTH OT pasMepon
«HEOMHOPOAHBIX BEMOMCHAID, MOTOTHLIX YCI0BHH
H penbeda MECTUOCTH NMOMKAD MOKCT MPEKPATHTECA
unH npoaomxarses. JII'M na nporweononoxHoOR
CTOPOHE TIPENATCTEMA MOCYT 3aIOPCTLCH 34 cveT
PAIAAITAOHAOTD TennoBoro BodjefcTera (porTa
noaapa (JIOCTATOMHO TPOJOIKHTENBHONO [0 Bpe-
MEHH 1A BhCYiHBaius W Harpesanus JII'M o
TEMTICPATYPHI CAMOBOCIVIAMCHIEHHA) WITH BCIIEACT-
BHC KOHBEKTHBHOIO TMEPEHOCA N0 BO3AYXY 10pS-
ux yactuil [2]. B meroouke PoTepmesa oTRETa Ha
AHHAIA BOLIPOC HET, MepevncieHHsle (haKTophl He
yuHTBIBAKOTCH. B mporpammHom komnnekce «Pac-
YET H BHIYATHIAUMA THHAMHKH JECHOrO Nomapar
npu asanuie noJoOHRX cHTyalmit npemiaralores
ZBAa BAPHAHTA 110/[TOTOBKH TporHoia. llo nepsomMy
BAPHAHTY, OPHEHTHPOBAHHOMY HA IOJIBIOBATENA,
BITAZICIOWETD OCHOBAMW MATEMATHYECKOTO MOJe-
TTMPOBANKA, OMEPaTop AMLKCH Y4YHIBIBATE PEKO-
MEHIATWH, Kak noaobpars BpeMelHoil AUCKPeT, OT
JHAYCHHA KOTOPOTO 3ABHCAT paimep wabnoHa
pacmwperns u ero dopma. Ilpu Takom noaxone
NPeBAPHTENEHO CNEOYET MPOCMOTPETHL 3anpoTo-
KOMHpOBaHHBIE B O3e JIaltbIX PE3yNLTATH BRIYHC-
NHTENLHBIX DJKCIEPHMMENTOR [10  TCOPCTHWYECKOH
Mopeny [3], B cONpPOBOAHTENLLUOH NOKYMEHTAHH
A 3MEKTPOHHOM PYKOBOACTBE MPHBENEHLI MOACHE-
nus. Bo eropoM Bapuanre (wnarypHoe unaGmone-
HHEw) MpeAnaraeTcs MPOBOAHMTE PacueT B /1BA TNa-
ra: ¢ DazoBEIMH 3HAYEHHAMH BPEMEHHOTO THCKpe-
Ta TOABKO J0 MOMeHTa noaxoaa tpoura noxkapa K
HHEONHOPOIHOMY BETIOYCHHIORY, TANCe © YTOUYHC-
HHAMH JKCOEPTH HIH 110 PEATEHOMY PA3BHTHEO CH-
TYALUHH HA TCPPHTOPHA. DJKCHEPTHOE 3aKIMOYMEHHE
0 ToM, OyIer N1 NpeoanieH) NpeniarcTeHe, NpH-

HAMAESTCH  CTELMANMCTOM, KOTOPHH YIHTEIBAET
KoHDM ypalo dpoHTa, WKMpHHY H QopMy «HeoN-
HOPpOOLOre BEIHCHHD, «YT0 aTAKHY MOGKADA Ha
Opendrcisie, HAUpARTEHHS W CHTY BETPd, ‘IMIL
JUM. B cayuae «naryproe Habmiogenqen sxcnept
BBOOHT lia CXEME JICCHOTD MAaCCHBA HOBOC OHH-
IAEMOe NoAVMEHHE (PPOHTa (A 3TO MOMKET OLITL H
yike Habmonaemoe Mo pearnHoMmy pazeutHio YC),
MPUHUMAET ero 3a «laHKCHPORAHHEBIIN OFar mo-
JKapa ¥ TPOJOMKAST pacyeT NPortvsa cro pacnpo-
CTPAHCHHA.

Jakmomenne. Cosgad npOrpaMMHBIA  KOM-
ineKe «Pacuer W BHAVATHIALHA JHHAMMKH JICCHO-
ro no:xapa», obfecieyHRAOINMA MOJETHPOBAHHE B
PCANTLHOM BPEeMEHH PacnpoCipaHenHd JecHBIX Mo-
WAPOB C YUSTOM HEOTHOPOLHOIO PacipeAcIeHHs
HA NYTH OCHA PUAIHYHEIX THIIOB JIECHOH pacTH-
TeMeHOCTH M nperpaa (lpocek, pyuses). Ilpeano-
MenHoe passirve Mogenn Porepmena n peanwo-
BAHHBIH HA ee OCUOBE MPOTPAMMHBLE KOMIVIEKC
MOCYT NPHMEHATHCH A Pellenns paia MpHKnam-
HBIX 3a0a4: MPOrHoda JIHHAMHKH PA3BHTHR W 110-
CABOCTHHA JICCHOTO NoMapa, OUCHKH TMOMAapHOI
OMNACHOCTH /IECHOI0 YHACTKA, pacHeTa MIouiaieH u
[IEPAMETPOB YMACTKOB BLIMOPEBINETO neca, Hayy-
HOro 0BOCHOBAHMA [IPOTHBOMOMKAPHBIX MEPOIIPHA-
THH, NOMOIIH B TPHHATHH PEUICHHH 1O npUMeHe-
HUK) CHI M CPEACTB TYITCHWA, peKoMeniauni mo
MECTY, HAMPAWICHHIO W XAPAKTEPHCTHKAM CcO3Ja-
BACMBTX NECOTIOJKAPHLIX PAIPHIBOE H 3AC/OHOB,
cBopa 1 xpaucHns craTHcTH4eckol HH(opMawy o
JIECHBIX TOMADPAX, BHAYATHIAUMH HpPeInhiMARHBIX
CHTYAUMA B  PasnHYHEIX  [COMHDOPMALIHOHHLIX
cucremax. Co3laHikie pH paspaloTke KOMMBIO-
TEPHOM MOTETH MOYJH HMTIOPTA W IKCIOPTA Ipa-
dHUHeCKMX JAIBGLIX, OpPMUpOBAHKA W HCTIOML30BA-
Hua Hafopa rpadmyeckHx matnonos GopmanHio-
papel, obo0EHsl W BRIIOMEHB! 1A HIYUEHHA B
yueGupie TporpaMMel JIMCIHIUTHH CICLMANHIAIHE
B beaopycckoM TocynapcTBeHHOM YHWBEpCHTETE
HA (aKYNETETAX NPHKIA/HON MaTeMATHKH H HH-
opmarikn, reorpaduHecKom.
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