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YIK 626/627

MCTOHHKB pacycTa 30Hb! 3aTOIJICHHUS

M OLCHKH BBIHOCA 30/I0ILJIAKOBOTO MaTepuana CO 34.21. 547 - 2005
NpY rHAPOAMHAMHYECKOH aBapHH Bsoaurcs Bnepsble

Ha 3osoorBanax TOC

Jlara BBenenus — 2006 — 04 — 01

1. OBLLUE NONOXEHUA

1.1. Hacroswas Meroauka npegHasHayeHa i pacueToB NapamMeTpoB
BOJIHB! IIPOPBIBA MPH OLEHKE MOCNEACTBUH MMAPORHHAMHYECKOH aBapHM Ha
sonomnakoorBaiax (31O). Tonyyennsie B pe3ynsraTe pacHyeToB XapakTe-
PHCTHUKH MPOPHIBHOTO TMOTOKA W 30HBI 3aTOIUIEHHS HMCIOJIL3YIOTCH IIPH COC-
TaBlIeHNH Aeknapaunu 6eszonacuocty 3O ans oueHkyu ymepba, BO3MOKHOTO
BcneacTue aBapuu I'TC.

1.2. B HacTosuiee BpeMs B CBA3M C Pa3BUTHEM YHCICHHBIX METOJOB H
KOMITBIOTEPHOH TEXHHKH B MHPOBO# 1IDAKTHKE PACYETOB XapaKTEPUCTHK BOJIHBI
NpOpbIBA, KaK MPaBHIIO, HCTIONB3YIOTCS METOAbl, OCHOBAHHBIE HA YHCIICHHOM
peLIeHHH ypaBHEHHI rupoauHaMuky [1].

1.3, Jlannasg MeTOAHKAa OCHOBaHa Ha OQHOMEPHOM HECTALUHOHapHOM
OITHCAaHWH MOTOKA M MEPEHOCHMON MM cybcranumu (4actuy 3ombl). Hapany c
OHOMEPHLIMH CYLIECTBYIOT H JIByMepHbIe (ILUIAHOBBIE) METOAHKHM pacuera
[IapaMETPOB BOJIHEI TPOPHIBA. JIByMEpHBIE MOZIENH TTO3BOJIAIOT NONY4HTh Gonee
noxpo6Hy10 HHPOPMALIHIO O XapaKTEPHCTHKAX MPOPHIBHOrO MOTOKA, OHAKO 3TH
MozenH TpeOyloT 3Ha4YHTENbHO GONBIINX PECYpCOB KOMIIOTEPA, H HX peanH3a-
UM CBA3aHa CO 3HAYUTENIbHO OOJILIIMMH 3aTpaTaMH MAllHHHOTO BPEMEHH. OTH
obcToATENnBCTBAa B psifie ClIydyaeB JENal0T HEPEalbHbIM HCMONb30BaHHE [BY-
MEPHBIX IUIAHOBBIX MoJieNicii (IpH pacnpoCTPaHEHHH BOJIHBI MIPOPHIBA HA 60MNL-
LIME PACCTOSHHUA TOPAAKa COTEH H THICHY KMIOMETPOB). I OTAENLHBIX yyacT-
KOB pacnpoCTpaHEHHs BOJHBI MPOPbIBAa HUCIIONB30BAHHE TJIAHOBBIX MOJAENEH
SBJISETCH BNOJHE onpaBaaHHBIM, [Tonpo6HbIi 0630p CymecTBYIOUIHX METOAHK
H nporpaMm IipuBescH B [1].

H3nanne opnunanbhoe
Hacrosuuii CO He MoxeT GbITh NOJNHOCTLIO KJIH YACTHYHO BOCNIPOH3Be/ieH,
THPAXHPOBAK H pacnipocTpaHen 6e3 paspeuieHHs OpraHH3auMM-paspaborynka



1.4. Pa3paGoraHHblii anrOpHTM peuieHHs CHCTEMBI T depeHnanbHbIX
ypaBHEHHH, onuchIBalolel rupoarHamMuKy notoka (ypasHenus CeH-Benana)
M TpaHCIopT 3ojouIakoBelx Marepuanos (3LLIM), nos3ponsiet paccyuThIBaTh
pacTeKaHHe NoToKa NpH 110060 Tonorpadguu npunerarouie MECTHOCTH (Kax I1o
CYXOMY pycny, TaK H TI0 peke).

1.5. Jlna pacuera AMHAMHKH pa3BUTHS NPOPaHa (B CBA3M CO CI0XHOCTBIO
MareMaTHYeCKOro ONMHCAaHHA 3TOrOo npolecca), Kak MpaBuio, HCMOJIB3YIOT
NpHOAHIKEHHBIC TIOAXOAbI, OCHOBAHHBIE Ha 0O06LICHHH HATYPHBIX AAHHBIX HIIH
PE3yJILTaTOB IKCIIEPHMEHTOB

1.6. Pa3paboranHas McTOAHKA BepU(PHUMPOBAHA Ha MHOTHX TECTOBBIX
IpHMepax, Uil KOTOPbIX HMEIOTCs JIHO0 aHalNHTHYeCKHe peleHus, nubo
IKCIIEPUMCHTAbHBIC AaHHbIC. [IpOM3BEAEHO TAKXKE COMOCTABAECHHUE YHCIICH-
HBIX PE3YJILTATOB C HATYPHbIMH JAHHLIMH 110 30HE 3aTOIUICHHUA AN KOHKpET-
Horo 31HO.

1.7. laHHag MeTOAMKAa MOXET HCMONb30BATHCA TAKXKE AJIA PAacHETOB
NOCNEACTBHI rHAPOAMHAMHYECKOH aBapHHU Ha MIIOTHHaX M kackagax ['2C.

2, MATEMATUYECKAA MOAENb PACYHETA
NAPAMETPOB BOJHbI NPOPLIBA
N TPAHCMOPTA 3WlLUM

Pacyer napaMeTpoB BOJIHBI NPOPbIBA B paMKax OXHOMEPHOH MOIEIH
BBITIOJIHAETCA Ha OCHOBE CHCTCMBI HECTALIHOHAPHBIX YPaBHEHHH MCIIKOi BOABI,
KOTOpasi MOXeET ObITh NpencTaBneHa B Buae (2,3}
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rIe ¢ — Bpems; § — KOOPAMHATA BAOJb HampaBieHHs TeueHus;, () — pacxond
Bozbl; Q=Q(H) — miowaas XHUBOro cedeHHns NoToka; H — orMeTka cBoOOAHOM
nosepxHoct# Boasl; C = RYn~' — koadduument lllesn, onpenensemolii no
dopMyne Mauuuura; n — k03(Q(QHUHEHT WEpOXoBaTocTH; R = Qfy -
THApPABIHYECKUIt pafiMyc; ¥ — CMOYEHHBII NEPUMETP KHBOrO CCYCHHUA; g —
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yckopeHue cBo60oaHOro naseHus; v — koagduuuenT TypOyJIEeHTHOI BA3KOCTH;
F — ynenbHblit IPHTOK BOAB! HA €AMHHULLY JUTHHBI pycia (6oKoBasi NPUTOUHOCTD).

Koadpyunent Bsskoctd vT ans tedennii ¢ GonbmuMmu yucnamu Peii-
HOJIBACAa B OCHOBHOM onpesenacTcs TypOyJICHTHOI BA3KOCTHIO XHAKOCTH B
JIaHHOI1 TOYKE M MOXeT ObITh onpeaened Ha ocHoe (opmyins! [Tpanaras

vl ==Lu.,

TAC U, = |C—Q£|)\/—g_ — AWHaMHyeckas ckopocts, € = 0,4 —nocrosHnas Kapmana,
L — macurab TypGyneHTHOCTH.

B kauectse maciutaba TypOyleHTHOCTH MOXHO NPHHATH, Hanpumep,
CPEJHIOIO 110 Ce4eHHUI0 myOuny noroka miuu 0,25 — 0,4 myOuHbl (OKOHYATEB-
Hblit BbIOOp MacwiTaba TypOyneHTHOCTH MOXET OBITh cAeNial B pe3yJbTare Ka-
JIMOPOBKH MOAEIH).

BuiHoc 3onouinakoBoro Marepuana u3 31O u pacnpenencHue ero Ha
OKpyXaruei MECTHOCTH MOJE/HPYETCA Ha OCHOBE ypaBHEHHS NEpcHOCa ¢
ydeToM ocaxaeHds yactHu 3LIM u HepaBHOMEpHOro npoguis €ro KoH-
LCHTpauuy no rnyOuHe. YpaBHEHHE, ONHCHIBAIOLIEE TPAHCIOPT B3BCLICHHBIX
4HacTHLl B MPEANOJIOKEHHH MalloCTH KOHLEHTpalHH H B npeHebpexeHnu
s dexrom quddysuu mo koopauHare s, umeeT Bua [4,5]

ag;?)’*%%, 1. =Fwc,y-cB), (3)
Iie ¢ — OCpEeAHEeHHas Mo ceueHHto koHueHTpauus 31UM (cpenHss MyTHOCTB);
W ~ ruapasanyeckas kpynHocTs 4actdu 3LIM; c¢ - KOHUEHTpauHs B3Be-
LICHHBIX YACTHL, COOTBETCTRYIOLAA TPAHCHOPTUPYIOLiei CNOCOGHOCTH NOTOKA;
B - wmpuHa pycna ans ormetkn H; P, — x03(PHUHEHT CBA3H NPHAOHHOM
koHueHTpauuu yactuu 31LM co cpeaneii 110 CEYEHHIO KOHLEHTPALHUEiA.

I'mapaBinucckas KpyNHOCTh YacTHI MaTEPHalIa ONpPEACIIAETCA UX cpen-
HHM IMaMETPOM d M NIIOTHOCTBIO P,  TAKKE MIOTHOCTBIO P, U KHHEMATHYeEC-
Ko#t BSA3KOCTHIO BOAb! v [6]. IlpencnbHas KOHUEHTPaUMsl YACcTUIL MaTepHaa
paccuMTBIBAETCS B 3aBUCHMOCTH OT (JOPMBI HX ABHXKEHHS (BJICKOMBIE MIIM
B3BCLUEHHbIE HAHOCKI) C MOMOLIBIO OIHOH U3 u3BecTHeIX hopmyn H.U. Jlesn,
B.C. Kuopo3a, A.B. Kapaywesa, B.H. l'onuapoBa (B nporpaMMHBbIH KOMIIEKC,
OMMCaHHBIH HIXKE, BKIIOUCHBI HecKoNbko Gopmyi) [6].

CrsizaHHOe ¢ 3po3Heii Wnu Bhnajgenvem yacrun 31HM usmenenue
reOMETPUH YaCTH NMONEPEYHOro CEYEHHs, HaXOAAILIEHCs HHXKE OTMETKH CBO-
601HOI NOBEPXHOCTH BONBI, ONMPEAENAETCA COOTHOIUEHHAMH:



dz P dy P .
—= ~c"™cos0) ; —=—5"—wc"*sin0 4
dt 1-m We=e ) d 1-m ’ “)

rae 6 — yron Mexiy BHeUIHeil HOpMANIBIO K CEUYCHHIO B IAHHOH TOYKE H OChIO
z; z,y — KOOpPAMHATHI TOYKH cedeHus (puc.1); m — nopucrocts 3LIM.

Puc.1. ITonepeuHoe ceyeHne NOToKa

W3meHenne miowmanq )KUBoro ceueHus do npu PHKCHpOBaHHOM OTMETKE
cB0601HOM NOBEpXHOCTH BOAbI H 3a BpeMs d! B pe3ysbraTe IPOUECCOB pa3MbIBa
H ocaxaeHus yactuu 311IM onpenensercs Ha oCHOBaHUH (7) COOTHOLICHHEM

H Y
dQ= ke dt j. WCpaxc SiN 0dZz — f W(C — Cpapc COSB)dy |=
l-m |, y

-k W(CpaxcV —cB)dt,
l1-m

rae B=y -y, 2z, — OTMETKa Ha.

[Tocnennee BoipaxkeHHe NPeACTaBALET COOO0H HCTOYHHKOBBIH WIEH, HAX0-
OALMIACS B IpaBOi yacTy ypasHeuns (3).

Koa¢dpuument P_ 118 B3BEWIECHHBIX HAHOCOB COITIACHO PEKOMEHIALIHAM
[7] moxer GbITh BHIYHCIIEH, HanpUMep, o Gopmyre
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B cayuae, xoraa CKOpOCTb IIOTOKA CTAHOBHTCH MEHBLIE CpbIBAIOLIEH

ckopoctu ang 3IM U (U, = J2 V., V — Hepa3MbIBalomas CKopocTs [6]) uiu



npu orcyTcTeuy cnos 31IM Ha aHe mpaBas yacTh ypaBHeHus (3) uMeeT BMA
Ty =~P,wcB , T. €. NnpOUCXOAHT TOJBLKO npouecc ocaxaeHus 3LUIM.

I'pannuHble ycnous ans ypasHenuit (1) — (3) 3ajaioTcs crieayonmm
ob6pa3oM. B Hayane paccMaTpUBaEMOro ydacTka TPAacChl ABMXKEHHA BOJIHBI
npopsisa (s = s, ) 3anaerca pacxon Q(s,, .0 = fQ(t) M KOHLIEHTPALHA pa3Mbl-
Baemoro rpyHta ¢ (0,£) = f(f). B koHLie paccMaTpHBaEMOr0 y4acTKa TPacchl ABU-
KeHus (s = s, ) 3anaercs kpusas cBasu H(s, 1) = H(Q). Hasanbhbie ycno-
Bus JUis ypasHennii (1) — (3) crasarca B Buae O(s,0) = Oy(s); H(s,0)=H(s);
¢(5,0) = ¢ (s). IIpy 5TOM B KX AOH PACUETHON TOUKE TPACCH ABMKEHUSA 3a/aeTCA
nepBOHaYaIbHAs FEOMETPHs cedenus pycnay, (s,2,0)=y, (5,2); y,.(5,2,0)=y_(5,2).

IMpumenurensHo k 31O, nockonbky Hauano Tpacchl BHIGMpaeTcs OT
ydacTka naMObl HaNpoOTHB NpopaHa, fQ(t) = 0; £(¢) 3anaeTCA HA OCHOBE MMEIO-
IUXCA NaHHbIX O koHueHTpauuu 3LIM B 31O (B cnyyae OTCYTCTBHS TakHX
RaHHBIX MOXHO nonarars f(1)=0).

B nanHO# MeToaMKe NPERYCMOTPEHA TAKXKE BO3MOXHOCTh 3aJaHHi Ha
BbIXOJE W3 npopaHa koHueHTpauuu 31IM, cooTBeTcTBYIOLIEH TpPaHCNOPTH-
pytouieit cnocobHocti noroka. ITpn atom pacyer konueHTpaunu 3LIM npo-
M3BOAMTCA TOJBLKO Ha npuieratoweit k 31O MecTHOCTH.

B naHHO# METOAKKE TPAHCMIOPT I'PYHTA TeJ1a OrpaXK AAIOLIMX COOPYKEHH
He YYHTHIBAETCS, TaK Kak npejnonaraercs, yto o6seM BeiHoca 3I1IM 3Haun-
TENLHO NpeBbitaeT 06beM rpyHTa U3 06pasoBaBuIerocs nMpopaHa.

3. AUHAMUKA PA3BUTUA NPOPAHA

Pa3sutue rugpopuHaMuyeckoi aBapuu Ha 31O cBf3aHO ¢ npopriBOM
HanopHoro ¢poHTa B fambax oosanosanus 3L1O. [Ipopan B Tesre orpaxaaoieit
31O nam6b1 06pa3yercs, Kak NpaBHiIO, HE MTHOBEHHO, a Pa3BHBAETCA BO Bpe-
MEHH B 3aBUCHMOCTH OT KOHCTPYKUHH JaMOBI ¥ IPHYKH, IPHBEALIMX K aBAPHH.
JluHaMHKa pa3BUTHA NPOpaHa OKa3blBaeT B CBOIO OYepelb BIHAHHE Ha Xapak-
TEPUCTHKH BOITHBI NPOPHIBA.

B Hacrosuiee BpeMsi CyLUECTBYET psiJ MOAXOAOB /Ul yyeTa JUHAMHKHK
Pa3BHTHA npopaHa B rpyHToBOM TuloTHHe. OJHHMM M3 HHX ABNSETCA MC-
HOJIB30BAHHE PACYETHBIX CXCM, MTOCTPOCHHBIX HAa MOJICIHPOBAHHH TPAHCIIOPTA
YacTHL rpyHTa notokom [3]. Takoi moaxon BecbMa NEPCHEKTHBEH, TaK KakK B
HEM YUHMTHIBAIOTCH XapaKTEPUCTHKH IPyHTa (pa3Mepsl ero 4acTHL, CBA3HOCTh
M T.JI.), FTEOMETPHYECKHE pa3Mepbl KOHKPETHOH MIOTHHbI, FTHAPOAHMHAMHKA
noroka. Ero npumeHenue ycioxHSETCs, BO-TEPBbIX, HEOOXOAUMOCTHIO ajar-
TaUMH U BePHOHMKAUHM NPUMEHUTENIBHO K OypHBIM IOTOKaM C BBICOKOH KOH-
ueHTpauuer yacTull. Bo-BTOpbIX, CYUIECTBEHHYIO pOJIb Ha Pa3BUTHE NpO-



paHa B rPYHTOBOH NMJIOTHHE OKa3bIBACT Mpoucce oOpyuieHus (ONoN3aHus) cro
0TKOCOB. KonnuecTBeHHas olleHKa 3TOro npouecca TpeGyer pacMOTpeHHs 10-
NOJIHHUTCNBHKIX THIOTE3.

Jpyroii noAxox npeaycMaTpHBacT NpHMCHEHHE SMIUpPHYECKHX dhop-
Myl OlpeicncHusA pa3MepoB NMPOpaHa U CKOPOCTH €r0 PasBUTHS, NONYUYCHHbBIX B
pesynbrare 0600UICHHS HATYPHBIX AAHHBIX U PE3yJbTaTOB 3KCIICPUMCHTOB.
ITpumeps! Hernonb30BaHMA TAKOrO MOAXOAA MpUBejAeHs! B paborax [1] u [8]. B
4acTHOCTH, cortacHo [1], hopmynbl [ MTOroBO# (MakCHMasabHOM) LWHPHHD)
npopasa B (M) H U1 YCIIOBHOIO BPEMEHH €ro pa3BHTHA T (4) HMEKOT BHI:

B=066k,(V,H, ),  T=0071W)YH;>, (6)

tae V,, - obnem n3nmBa, M*; H,— HayanbHOC 1PEBBILIEHHE OTMCTKH BEPXHC-
ro 6beda HajL KOHEUHBIM NIOJIOKEHHEM AHa NpopaHa, M. Kosdduument &, = 0,7
NpH pa3BUTHH NpopaHa, 00ycnoBAEHHOM (GpUIBTpalMeii uepe3 TCMO MIOTHHBI, H
k,=1,0 - npu 06pa3oBaHHH IpOPaHa 3a CHET IEPCIIMBA YEPE3 rPEOCHB NJIOTHHbI
(namoOmI).

B npeanonoxenuu, 4to mnpopaH 3a BpcMs aBapuu OyaeT pasMbIT J10
ocHosaHus fam6b! 31O (M1 npH 3aaaHHK KOHEUHOH OTMETKHM JIHA IPOPaHa) U
YTO M3MCHCHHE ILHPHHBI [IPOPAHA BO BPCMCHH NPOHCXOMAMT 110 JHHCHHOH
3aBMCHMOCTH, COOTHOLIEHHA (6) XapaKTCPH3YIOT 3aKOH W3MCHCHHS LIMPH-
HbI IpOpaHa Bo BpeMeHM. JlaHHbIi MOAXOA pealn3oBaH B HacToswcH Meroanke.
Jlnst oLeHKH MakKCHMaJbHO BO3MOXHBIX MOCJIEACTBHIT OT MrMApOAMHAMHuCC-
KOH aBapMM MOXHO TaKXe 3a/1aBaTb yCIOBHE MFHOBEHHOTo 0Opa30BaHUs Mpo-
paHa, UIHPHHA KOTOPOro ONpPCAENACTCA COOTHOUICHHEM (6) HIIH HATYPHBLIMH
JIAHHBIMH 110 aBapHAM Ha @HAJIOTHUYHBIX THAPOTEXHHYECKHUX COOPYIKCHHSX.

4. YACNEHHbIW ANNFTOPUTM

Pewicne ypaBHenuii (1) — (3) B obuieM cnyyae BO3MOXHO TONBLKO Ha
OCHOBE MpPHMCHEHHUS YHCICHHBIX MeTonoB. B nanHol Meronuke anroputm
YHCJIEHHOI'0 pCIUEHHs 3aJa4yd CTPOWIICH cllelylolHM obpasom [3]. Jlns auc-
KPCTH3alHM MO NMPOCTPAHCTBEHHOH KOOpAHHATE § BROAMIIACL PA3HCCEHHAsA
HEpaBHOMEPHas ceTKa y370B. Mcnonb30BaHHC HEPaBHOMEPHOH CCTKH MO3BOAACT
6osee noxpo6GHO OMUCaTh OTAEJbHBIE YYAaCTKH TPAacchl TEHCHUA Oe3 cyuecT-
BCHHOTO YBEJHYEHUS OOLICTO KOJIMYECTBAa PACUCTHBIX TOYEK (Hanpumep, s
ONnHCcaHUA pasMbiBa orpaxkaarouleid AaMOp 31HO). 3anmHch AUCKPETHBIX aHANo-
rop ypasHenuii (1) — (3) npoussoauack NOo HEIBHOH NPOTHBONOTOUHOIM cXe-
MC Ha OCHOBE METO/la KOHEYHBIX 00BEMOB, HTO O6ecreynBaeT KOHCEPBATHB-



HOCTb YHMCJICHHOM cxembl. [l peuleHus nony4eHHOH HENHHEHHOH CHCTEeMBI
Pa3sHOCTHBIX ypaBHEHHIT HCTIOJIL30BAJICA JIBYXI1LIATOBBII HESIBHBIIH aropuTMm (wiar
«WIIPCANUKTOP» — ABHBLIH HAa OCHOBE JIMHEHHON IKCTPanossLUMyU N0 BPEMEHH, War
KKOPPEKTOP» — HEeABHBII). JIUCKPETHDBIC aHANOrH ypaBHCHMIT Ha HEABHOM ILa-
I'C PCLUANINCL METOAOM TIPOrOHKHU AN 0N0UHO-TPEXAHArOHANBHON CHCTEMBL
ypasHeHHHA. [TocTpocHHe 3(hd)eKTHBHBIX ABHBIX YHCIEHHBIX CXEM BO3MOXHO
rakxe Ha ocHoBe MUSCL pekoHCTpYKLUMH NapaMeTPOB 3a/1a4n Ha IPAHH KOHT-
posibHOro obnema.

5. BEPUOUKALIUA METOAUKU PACYETA

Pa3zpaboraHHas 4MCJICHHAs cXeMa JNs pacuera napaMcTpoB BOJIHBI
npopeiBa B paMKax OJHOMEPHOTO MOAX0/a TECTHPOBANACh KAK HA CYIlecT-
BYIOIMX AHAJMTHUYCCKUX PELICHHMAX, TAK H Ha DKCIIEPHMEHTANLHBIX NaHHbIX.
Huoxe npuBoasTca HeKoTopbic NpUMeEpbl BepHHKaLIMH METOAMKH pacucTa.

Pesynbrathl pacueroB gy 3agaun Crokepa [1] npu pasinnyHbIX COOT-
HOWICHHAX HauarbHbIX TMYOHH 10 W NOCHE MIOTHHBI MOKa3aHbl Ha pPUC.2
(X=s/h; T= r,lg/h]_— fe3pasMepHble KOOPAHHATA K BpeMs; h = h, / b — Ge3-
pasmepHas rybusa; V =V /M — 6e3pasmepHas ckopocTs). PacueThl BbIIoN-
HSJIMCh Ha paBHOMepHO#H ceTke u3 200 y3nos, n =0, T=50. UncneHHsle peticHus
XapakTepH30BanMCch pasmMaibiBanueM (poHTa Ha 3 — 4 pacyeTHLIX y3na, npu
9TOM YCTOHYHBOCTS pelIeHHs HabM0AaNach B LIHPOKOM AHANA30HE H3MCHEHHS
HCXOZHBIX aHHBIX 3a4a4H, B TOM UHCIIC H TIPH PacpOCTPaHEHHH BOJIHBI MPO-
pbIBa 110 CYXOMYy pycity.

Jpyras TecToBas 3ajaya — MOJICIHPOBAHHE THAPABIIMYECKOIO MPbDKKA,
obpasymouerocs nNpu BTeKaHHN CBCPXKPHTHYECKOrO NMOTOK2 B MOKOALLYIOCS
XKHAKOCTb, B KAHAJIE TTOCTOAHHOIO MPAMOYTOMILHOIO CevcHHs 6e3 yKJIOHA U IPH
oTCyTCTBHH Tperus (n = 0) namocrpupyertcs puc.3. YUneno ®pyaa Ha Bxoze B
KaHan 3ajzasanoch paBHbiM Fr =3,19 (V' = 10 M/c), B HayanbHblii MOMCHT Bpe-
MEHH XHAKOCTb HAXOAMIACH B NMokoe. Pa3MepHOCTb pacyeTHOM CETKH COCTaB-
nsna 101 y3en. AnanuTHYecKoe PCLUGHHME MU PACCMATPHUBAEMOr0 MPUMEPA
NI0Ka3bIBACT, 4TO CKOPOCTh B JBHXKYIICMCA FHIPABIMYECKOM NPLIKKE AOJDKHA
PaBHATLCH [10JI0BUHE CKOPOCTH BTEKAHI1s OTOKA B KaHai. OT/IHYHE YHCIICHHOTO
PCLUCHHA OT aHAJIMTHYECKOro He npesbiwano 0,03%.

ConocrapneHue pe3y/bTaToB YHCICHHBIX PACYETOB C AaHHBIMM JKCNEPH-
MEHTaJIbHBIX HCCEA0BaHMH, NpHBeacHHBIX B paboTax [9,10], npeacraeneHo Ha
pHc.4. DKCNCPUMEHT NPOBOJMICA B NPAMOYIOJABLHOM JIOTKE WHPHHOH 1,22 M
anunoit 122 M ¢ nocrosuubim yiionom 0,005. B cepeanne norka crasunach
TIEPETrOPO/IKa, 4 BEPXHSS YacCTh JIOTKA 3anojHanack Bogod. Ilpu aToM y nepe-
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Puc.3. [smxyutniics ruapasiinueckHit npebxok: npoduan cBodonutoi
1oBepxHoctH (a) u npodrIH CKOpocTH (6)

ropoukH (s =0) ycranasnusanach ry6una Boaet 4, =0,305 M, a B Hauane joTka
— Hynesas nry6uHa. HuxHss 9acTh 1oTKa 0 yAajeHHs neperopoaku Owina cy-
XOH. JKCrepuMeHThl NPOBOAMINCH IIPH KOG PHIIMEHTaX LIEPOXOBaTOCTH 00-
anuoBkM notka n = 0,009 n »n = 0,05. Ipu MTHOBEHHOM YAAJEHHUHU NCpPEropoa-
K{ MPOM3BOAHINCHL U3MCPCHHSA OTMETOK BOABI B Toukax X = —[00 u X =0
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(X =s/h)). Ha puc. 4 noka3’aHo TakKe CPaBHCHHC JOJYyHYEHHBIX YHCIIEHHBIX
pe3ynsTaToB © aaHHbiMu pacuctos [10]. IpuBejgeHHOE conocTaBicHHE MOKa-
3bIBACT XOPOLICEC COINIACOBAHHUC YHCHECHHBIX PE3YNIBTATOB KaK C OKCICPHMCH-
TanbHBIMH LAHHBIMH, TaK H C IaHHBIMHM pacyeToB U3 pabotwl [10]. OT Tpa-
JHUHOHHBIX TECTOBLIX PacHeTOB A BOJXHbI NIPOPBIBA ITOT MPHUMEP OTIMYAETCH
TCM, 4TO B HEM Y4TEHbl TPCHHC H YKJIOH AHA.

[pousBoausHch Taxke pacyeTsl MAPaMETPOB BOJIHBI MPOPHIBA JUTA IKC-
TIEPMMEHTaNbHBIX JAHHBIX, MPHBEACHHBIX B pabote [11], nonydycHHbIX B ipsamo-
YroJbHOM JIOTKE IUMPHHONW | M 1 gnuHoi 7 M, UMetoLLeM B HiKHEM Obede 30Hy
¢ o6paTHbIM YKi10HOM. [lnnHa Gaka, MoJeNMpYIOLIEro BepxHHii Obed, pasHa 2,25 M,
ry6uHa Boasl B HeM — 0,25 M. Koopaunara s = 0 orBevaet n1eBoi rpanuie Oaka,
110 TOUKH § = 3,4 M 1HO TOPH3OHTANBHO, A 1aJ1E€ HAYMHACTCA 0OPATHBI YKIIOH I,
= —10%. B nauaibHbIii MOMEHT BpeMeHN B HMXKHEM Obede Boabt Het, # = 0,01.
OTH AaHHBIC MHTEPECHBl TEM, YTO B MPOLECCE IKCIIEPUMCHTA B 0OJIAcTH C

;'— 056
0.5 Lo o { X=-100
’ e DKCIEPUMEHT
r o n=0,009
0.4 I B - \ @ n=005 |7
0,3 =1 el
02 | \}\
L ™. | T
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Puc.4. PacripocrpaHeHHe BOJIHBI IIPOPEIBA B HAKIIOHHOM JIOTKE C TPEHHEM:
---- —pacuer [10]; — PacyeT ¢ NOMOLLLIO IaHHOH CXEMBbI
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OOpaTHLIM YKJIOHOM  MOIYIO HPOHCXOMHTE B Pa3jIHUHBIC MOMCHTBI BPCMCHH
H 3aTOILICHHC, H OCyUIeHHC AHa JoTka. Ha puc.5 nokasanel pe3ynbTarsl pactc-
ToB ans Teccta No2 [11]. PazMepHOCTB pactcTHOH CCTKH 110 NpoAoabIioit koop-
AnHate BeiGnpanocs pasHoii 351. ConocraBncHue 3KCNEPHMCHTANBLHBIX JlaH-
HBIX M MOJIY4EHHBIX YHCICHHBIX PE3yJLTATOB MOKA3LIBAET UX XOPOLICC COIIa-
COBaHHE.

Pacuet ruapapaHueckoro npebkka B KaHajle MpsAMOYTOAbLHOTO CCUCHMA
0e3 yKJIOHA JIHA MPOBOAMICH [JIsi MApaMCcTPOB, COOTBETCTBYIOUIHX IKCHEpPH-
MCHTaJIbHbIM JAHHBIM, NIpiBeAcHHbIM B [12]. Innna kanana cocrasnsna 13,9 m,
pacxon Q = 0,053 M%c, wmpuna xanana 0,45 M, tay6una na Bxoae 0,064 M,
riy6una na spixofe 0,168 M, k03ppuuHCHT L1IEPOXOBATOCTH 1 3214BAJICA PAB-
ueiM  0,0085. Pacuets! nposoaunuce Ha pasHoctHoll cerke 140 y3noB no
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Puc.5. Baanmonciictsuc BonHbI MPOPBLIBA € HAKIOHHOMH MOBEPXHOCTDIO,
umeroei obpaTHbiif YKIJIOH:
O — 3KCNCPUMCHT; —— — pacyer
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npoaonsHoi koopauuare. Ha puc.6 1nokaszaHo conocTaB/IEHNE pe3ynbLTaToB
pacdera ¢ 3KCMECPHMCHTANbLHBIMH AaHHBIMH [12] npH pa3nH4yHOM 3alaHuy n.
Cneayet 0TMCTHTb, YTO BAMSIHHE BA3KOCTH B OCHOBHOM CKa3bIBACTCS HA HAKIIOHE
NpPbDKKa, 3 MOJIOKEHHE TOUKH Hauasia npbikKa (x = 1,5 M) npu 3ToM GaKTHUCCKH
HE HU3MCHSAETCA. '

h.om

0,16

L
0,14
0,12
0,10

0,08 I

006 0@ ¢ 0w s 4o 1ot b a e
01! 2 34 5 6 78 910 111213

S, M

Puc.6. I'napaBanyeckHii npehkoK B JOTKe 0e3 yKJIOHa:
0O — IKCMEPUMEHT; - pacuet npu v’ = 0 M¥/c;
- = =~ —pacuer npu v'=0,3 M¥c

6. NPUMEP PACHETA HATYPHOIO OBBEKTA

IIpumepoM MpakTHYECKOTO NPHMEHEHHS OMMUCAHHOH METOJHKH SBIIACT-
CSl PacyeT pacnpoCTpaHEHHs BOIHbI IPOPBIBA ITPH THAPOAHHAMHYECKOIT aBapUH
Ha 3LHO Ne 3 Ceposckoii I'P3C, ceasaHHoit ¢ BHe3anHOH npocajikoil rpedHs
namObl M3-33 HEMCIIPABHOCTH OTBOAMLICTO KOJUIEKTOpa. McxonHas nHdopMauus
0 MECTHOCTH M reoMeTpud AHa aansoro 3LIO BBogunace ¢ nomoulbko
KapTorpagmueckoro Marepuana, a HCXOJHBIE IapaMeTphl MPOpaHa OblN B3ATHI
13 OTYETA O NOCICACTBUAX UMEBLIEH MECTO Ha 3TOM o0bexTe aBapuu (ILIUpHHA
npopaHa — 20 m; mybuna — 4,25 m). TonorpaduueckuMH 0COBEHHOCTAMH
JIAHHOTO PacyeTa ABJISANNCE HAMYHE JOPOTH C BLICOTOH HACKIMH 1 M H IIHPHHOMN
NOJIOTHA 6 M y TOAHOXKHUA AaMOBl, @ TAKOKe HAJIMYHE 03epa Ha TPACCE BHKCHHA
NoToKa, OTH 0c00eHHOCTH NOTPebOBaNH MPHMEHEHHS HEPABHOMEPHOH CETKH C
KonuyectsoM y3noe 1000. YcroituuBoe uncneHHoe pelueHue npu oGumx 3ar-
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parax IpoLEecCOPHOrO BPEMEHH TOPs/Ka yaca ObUIO HOJIYYEHO NpPH napaMer-
pe Kypanra Cr = 1,0. CpaBHeCHUE TMOJTYUYCHHBIX YHCIIEHHBIX PE3yJILTATOB C
HATYPHBIMH JaHHBIMH 110 30HE 3aTOIUICHHS MPEACTaBICHO Ha puc.7.

7. NHCTPYKUMA NONb30OBATENA

7.1. NMoaroToBKa NCXOAHbIX AaHHbLIX

Hcxodnsle dannbie 0na paciema 8onbl npopsiea

1. Kapra ¢ ropH30oHTa1aMH MCCTHOCTH.

2. Kapra ormerok axa 31O Ha ocHOBe 1aHHbIX GaTUMCTPHUCCKON ChEMKH.

3. OrmeTtku Boasl B oTcTOHHOM nipysxe (npyakax) 31O u auana3zoH ux
KonebaHui.

4. XapaktepucTHkH MecTtHocTH BOnn3n 3UIO u no tpacce (rpaccam)
BO3MOMHOI'O PaclpoCTPaHEHHs BOJIHbI NMPOpPLIBA (HAJMYUE H OIHCAHHE Jieca,
CTPOCHHI1 M T.11.).

5. I1pu BO3MOXKHOCTH NoNaaHHs notoka nynsnst u3 31O B peky Heob-
XOJAMMBI XapaKTEPHCTHKH PEKH B paiiloHe BO3MOXKHOIO BraJIcHHA B Hee NMOTOKa H
BHH3 110 TEHEHHIO:

NPONONbHBIA NPo¢Ib AHA PEKH M OTMETOK €€ CBOOOLHOM MOBEPXHOCTH
B MEXEHb W 7Sl TTaBOKA 3a1aHHOI 06ECMEeUCHHOCTH (B COOTBETCTBHH € KIIACCOM
JleKnapHpyeMoro oobexTa);

Pacxol B peke CPeJHCMHOTOICTHHIH, B MCKEHb M IS 1aBOAKA 3aaHHOI
obcenedyeHHOCTH B MECTE BO3MOXKHOTO BMAJCHHUs MPOPLIBHOIO [OTOKA,

XapakTepHCTHKA JHA PeKH (CKaJIMCTOE, NecyaHoe, 3apocuiee H T.11.);

*emarenbHO WMCTh KPHBYIO CBSI3H PAacXOOB M OTMETOK CBODOAHOI MO-
BCPXHOCTH BOJbI JUIl CTBOPOB, PACMONOKEHHBIX BHH3 110 TEUYEHHIO HA 3HAYH-
TeJIkHOM PacCTOSIHUM OT CTBOPA BO3MOXKHOTO BMAJEHHSA NPOPLIBHOIO T10TOKA;

Kapra OTMCTOK J{Ha HJIM TIYOMH 1S PeKH.

6. Pa3pe3sl orpaxaatoiueii 1aM6b1.

7. XapakrepHCTHKH aBTOMOOHIBHBIX M XKENE3HBIX 10pOr (BLICOTA HACHIITH
Y WHPHHA), a TaKKe JPYrHX NpensTCTBUH, pacrnonokeHHbix BOau3u 31O nnn
TepeceKaloluX TPacCy PacnpocTpaHEeHHsS BONHBI NIPOPLIBA.

8. Ykazanue Ha kapTe MECTHOCTH 00BEKTOB, Ha KOTOpbIE ciiciayeTr obpa-
THTb 0CO0OE BHHMAHHE NIPH pacyeTe NapaMETPOB BOMNHBI POpPbIBA (0OOLEKTHI,
nMemwue 6oNnbUIyI0 MaTepHanbHYI0 LUEHHOCTh; MECTa CKOIUIEHHS JIIOAEIT;
00BEKTHI, KOTOPBIE MOTYT CIIyXHTh HCTOYHHKOM 3KOJIOTHYECKOH OHACHOCTH).
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9. Xapakrepuctaku 31LIM: n10THOCTE, MOPHCTOCTE, CBA3HOCTD, MPaHy-
JIOMETPHYECKHIA COCTaB, KaKoii Yroib UCTIONB30BaJICs (HanpuMep: Ky3HEUKHH).

Bce ormeTku 10mKHBI 6BITH NaHBI B OIHOH CHUCTEME BBICOT.

MecTo BO3HHKHOBEHHS aBapHM 3aJaeTCi Ha OCHOBAHMH aHaIH3a COC-
TosHHA orpaxpaaromeii 31O nam6si. [Ipeanonaraemas Tpacca pacnpocrpaHe-
HHs BOJIHBI NPOpBIBA 33[a€TCS Ha OCHOBaHMM KapTel npuieratomeit x 3110
MECTHOCTH: 3aal0TCA KOOpAHHATH X,Y Touek cedyeHHil TpacChl, B KaXaA0M
CCYEHHMH 33JaI0TCS KOOPAHHATH! MPaBOTo M JIEBOrO Kpas NpH pa3NHYHEIX 3Ha-
YEHHAX OTMETOK noBepxHocTH MecTHocTH. B 3UIO Takxe 3azarorcs koopau-
HaThbl X, Y TOYEK CEYEHHH M B KaX<1OM CECYEHMH — KOOPUHHATHI MPABOTO H JIe-
BOTO Kpast IPH pa3THYHbIX 3HAUEHHUAX OTMETOK MOBEPXHOCTH JiHA. J[ns ciydaes,
KOT/1a 3ajlaHHe MpeAnoNaracMol Tpacchl pacipocTPaHEHHs BOJIHb! POPHIBA HE
NpeACTaBNSETCS BO3MOKHLIM, CJICAYET HCIONb30BaTh MCTOANKH, OCHOBaHHbIE
Ha JIByMEepHOM (IJIAHOBOM) OTNHCAHHH MPOPLIBHOIO MOTOKA.

7.2. Onucanne NporpaMMHOro Komnekca

Jlnst peanusaimu pa3paboTaHHO# YUCIEHHONH METOIMKH pellieH s 3aj1auH
pacrnpocTpaHeHMs BOJIHBI TIPOPBIBA C YYETOM AMHAMMKM Pa3BHTHS NpopaHa B
I'PYHTOBBIX THAPOTEXHHUYECKHX COOPYXKEHUAX OblI pa3paboTaH nporpaMMHEIi
KOMIUIEKC, BKJIFOYAKOUMH 6a3y JaHHBIX, 06€CIEUHBAIOLLYIO LEHTPAIH30BAHHOE
XPaHEHHE HCXOLHBIX JAHHBIX.

IMporpaMMHbIH KOMIUIEKC MpeHa3HauyeH Ul paboTsl Ha EPCOHAIbLHOM
komnbtoTepe B cpesie MS Windows 95/98/NT4/2000. [Ins HopMansHoii paGoThl
NPOrpaMMHOro KOMIUIEKCa HEOOXOAHUM MepCOHaNIbHBI KOMIBIOTCP Kiacca
Pentium-II u Beime ¢ 06beMOM omnepaTHBHOH MaMATH He MeHee 64 M6. s
YCTaHOBKH NpPOrpaMMHOTO KOMILIEKCA M pa3MElICHUsl Pe3y/bTaToB pacyeToB
JOKHO ObITh BbIAEICHO HE MeHee SO MO IMCKOBOro MpOCTpaHCTBa, pHYeM Ha
KOMIIbIOTEpE AODKHA ObITh TipenycranoBieHa cpefna BDE (Borland DataBase
Engeneering) s paborsl ¢ 6azamu pauubix. IlocneaHsas nocrabiseTcs
COBMECTHO C TAKHMH NporpaMMHBIMH npoaykramu ¢upmsl Borland (Inprise),
kax Delphi (Bepcus 2 u Bbiue) uan C++Builder (mo6as Bepcus), u nocne
yCTaHOBKHW 3aHuMaeT nopsiaka 10 M6 auckosoro npocrpaHcta. Cam
MIPOrpaMMHBIH KOMIIIEKC npeactasisiet coboii onun EXE-daiin (WavePro.exe,
cnieunanbHbie DLL 6ubnuoTekn eMy He HYXHBI) H OT/I€/IbHYIO MAaNKy ¢ HMEHEM
DataBase, rae xpaustca ¢aiinsl 6a3bl TaHHBIX.

3anyck 1porpaMmsl oCylLecTBIseTcs ¢ nomollslo ¢aina WavePro.exe
MyTEM aKTHBH3ALMH MBIIUKOH COOTBETCTBYIOLLCH “HKOHKH”, TIPH 3TOM Ha 3KpaHe
MOHHTOpA NOABIISETCS CICAYIOLIee MEHIO
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Kaxcaiplii IIyHKT 3TOr0 MEHIO HMEET BCTPOEHHOE (BBIMaaoLiee NpH ero
aKTHBH3alUMK) MeHI0. Takas CTpyKTypa HaraAHOTO YNpaBleHHs MPOrPaMMHBIM
KOMILIEKCOM MO3BOJISIET:

ynpasnsrb 6a30#i JaHHBIX (T.c. IPOCMATPHBATD ONMCAHUC H NIAPAMETPBI
n060ro rHAPOTEXHHYECKOro o6beKTa, AN KOTOPOrO BBINOMHAJICA pacuyer,
BBOJHMTh U PEAAKTHPOBATh HOBbIE 0OBEKTHI);

3anycKaTh NpOrpaMMy Ha CHET M, HC OCTaHaBIHBas €€, CJICANTH 3a
TEKYIUUMH pe3y/sTaTaMH pacyeTa (B pexkHME MYJIbTHILTHKALHH);

ynpaBliaTh OKHaMH, B KaX/JOM M3 KOTOPBIX HaXxoauTcs rpaduuyeckas
HHOpMauHs;

BBIBOOHTH Ha 3KpaH B BUJE rpadMKOB M KapT 3aTOILICHHA MH(OPMaLHIO
N0 TEKYLIEMY pacyeTy M pacueTy, BLIIOIHCHHOMY paHee H COXpaHEHHOMY Ha
KECTKOM JAHCKE;

penaxkTupoBaTh rpadHKH M KapTbl 30H 3aTOMJIEHHS (MEHAThH LIBETa 3aK-
packH, MacluTabb! 110 KOOPAHHATHBIM OCAM M T.N.), H3MEHATH MOAMNKUCH MOX PH-
CYHKaMH, YBeIHunBaTth (Zoom) HeobxoauMele 0bacTh rpadMKoB;

ne4atath rpadHKH H KapThl 30H 3aTONJICHHA HIIH COXPaHATH HX B (aitne
¢opmara BMP, JPEG, EMF.

Iocne BBoaa HeobxoaMMO# HEX0AHOMH HHpOpMaLH B 6a3y HaHHBIX (CM.
paszaen 7.4) 3anyck mporpaMMbl Ha pacyeT MpoH3BOAHTCA AH6O ¢ NMOMOLIbIO
dbyHkuuoHansHo# knasuin F6, nubo ¢ MOMOLIBIO MBIIUKH HaXaTHEM Ha
noAnyHkt <PacueT> B MyHKTE OCHOBHOIO MeHI10 <BbinosHnTs>, OCHOBHOE OKHO
3a/layd pacyeta BOJHBI MPOPLIBA MOCNE 3anycka NpOrpaMMbl HMEET BHI,
noka3aHHpl Ha puc.8. 3aeck M nanee nONL3OBATENL MOXKET YNPABIATH XOHOM
BBINOJIHEHHA 3aJa4H C IOMOLbIO AHATIOTOBBIX OKOH.

[Mepen HauanoM BHIIOMHEHHS PacieTa MOXKHO MPOCMOTPETh FEOMETPHIO
BCEX pacyETHBIX CEYEHMil Tpacchl BONHBI npophiBa. IIpyH BEINOIHEHHH npor-
paMMBbI Ha 9KpaH MOHHMTOpPA BLIBOAMTCS H3MEHSIOWMIACA BO BPEMEHH rpapmk
H3MEHEHHSA OTMETKH CBOOOHOI 1OBEPXHOCTH BOJIbI B 33BUCHMOCTH OT KOOPAH-
HaThl BAOJAb TPACChl pacrpoCTpaHEHHs BOJHBI NpopbiBa (puc.9) M, npH Heob-
XOAMMOCTH, B OTHEJIBHOM OKHE — NPOoQHIb OAHOTrO M3 BEIOPaHHBIX PaCYETHBIX
cedyeHuii Tpacch! (HadayIbHBII U TeKyluit — ¢ yyeToM aedopMauuii aHa).

Kak 6a3a jaHHBIX, TaK W BCTPOEHHBIH pellakTop rpad)uKkoB, peAaKkTop UX
Ne4aTH U JPYruc KOMMOHEHTH! rpadHyueckoro HHTepdeica Nons30BareNs HMEIOT
Gonbuioe KOMMYECTBO “‘BCIUILIBAIOIIMX MOACKa30kK” (aHanormyHo MS Word),
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KOTOpble BMCCTEC € 3alr0j0BKAMH KHOIMOK M OKOH pelakTHPOBaHWS 1103BOJIS-
10T paoTaTs ¢ NporpaMMHbIM KOMILIEKCOM Oe3 yacToro obpauleHHs K HHCT-
PYKLHH,

7.3. Basa AaHHbIX TTMAPOTEXHUYECKUX OOBLeKToB

Jlns pacuyera mapaMeTpoB BOJIHbI NMPOPbIBA KOHKPETHOTO I'MAPOTCXHH-
yeckoro obnekra (Hanpumep, 31110) Tpcbyercs Gonbiuoit 06beM HCXOUHOI
nHdopmMaunn: Tonorpadudeckas OCHOBA, MAPAMETPLI IPYHTA OrpaxkAarollei
naMObl M 30M1bl, ONHCAHKC UH(OPMALIMHK, KOTOPYIO HEOOXOAHMO MOJYYHTH B
pesynbTare pacucToB H T.A. OnicpaTHBHbI BBOA, KOHTPO/b, KOPPEKUHA H Xpa-
HEHHE TakoH HHOpPMaLUMH Ha COBPCMEHHOM YPOBHE TpeOyIOT MCIOb30BaHHSA
TexHonoruit 6a3 naHHeix (bJ1). TIporpamMMHBIii KOMNNEKke ang pacuera
NapaMeTpoB BOJHbI MPOPbIBA B OQHOMEPHOM MPHONIMKEHHH HCIIONB3YET peis-
LHOHHYIO (MHOroypoBHeBY10) bJl, cTpykTypHas cxema KOTOpOii npeacrasicHa
Ha pHc.10. ba3a nanHbIX npeacTasnset coboit HAbOp CBA3ZAHHBIX TabNHL, IpHYEM
roaoBHOH sBaAsercs Tabauua (CMHUCOK) FRAPOTEXHHUYECKHX 0OBLEKTOB, AN
KOTOPBIX BBIMOJIHAIOTCA PacyeThl BOJNHBI NpopeiBa. B Tabnmuuax 2-ro ypoBHs
XpaHHUTCA UHDOpMaLUs:

O PAacroNOKEHHH 3alaHHbIX CTBOPOB (CEYEHHUH) pycila HIIM TPacchl, 10
KOTOPOil MOXET pacipoOCTPaHATLCA BOJIHA NPOPBIBA, H KPATKOE ONUCAHHE 3THX
CTBOpOB;

0 PacnoIOKEHHH, PaCX0oax H BPEMCHH BIJIIOUEHHS NPUTOKOB (NocrneaHee
J1aeT BO3MOXHOCTb YNPaBNATh JUHAMHKOH OOKOBOH NMPUTOYHOCTH);

0 KPHBOH CBfI3H OTMETKH CBOOOIHOH MOBEPXHOCTH C PAcXoAOM B MOC-
JIe[IHEM CTBOpE;

O KOOPAMHATAX KOHTPONbHBIX TOYEK, B KOTOPbLIX I0JIb30BaTENlh XOYCT
NONYUHTH rpaduyecKyro HHPOPMALIUIO 0 AMHAMHKC OTMETOK, INYOHH, CKopocTei
TEYEHHS, PACXON0B, KOHLCHTPALH#H 30/1bl H HAHOCOB H T.I.

O KOHTPOJIBLHBIX MOMEHTaX BPEMEHH, [Uls KOTOPSIX MOSb30BATENb XOYET
nony4YuTh rpaduyecKyo HHGoOpMaLHIO O pacnpeie/ieHHH BAOIb TPACChl
pacnpoCcTpPaHEHHUs BOJHBI MPOpPbIBA INTYOHH, CKOPOCTEil TeYeHHUs, pacxoios,
KOHLIEHTPALHii 30JI6I H HAHOCOB U T.1.

B/l Bkntouyaer B ceba Tonbko onHy Tabnuuy 3-ro ypoBHs, B KOTOpOii
XpaHATCA KOOPAHMHATHI TOYEK, 3a4aloluX Npoduib JeBoro H npasoro Gepera
CEYEHHH pycrna M 3aBHCMMOCTb K03(GHUMEHTa LIepOXoBaTOCTH B Gopmyle
MaunHnHra ot rmy6uHsl notoka. Takas TablHUa eCTh Y KaXJA0ro 3aJlaHHOTO
NOJIL30BATENEM CEUECHHS TPacchl (CTBOPA).
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Jlna ynobcTa UCII0b30BaHUA H YMCHBIIECHHS BCPOSTHOCTH OUIMOOK B
6a3y NaHHBIX BKJIOYEHDI CCAYIOILHE CPEACTBA:

KOHTPONL IIPaBUILHOCTH BBOAUMOH MHGpopMmauun (popmar uucen,
HEJIONYUIEHHE HEe3all0JHEHHBIX MOJIEN, AMANa3oH JOMYCTHMBIX 3HadeHMI
NapaMeTpoR);

3ajaHue “110 yMONYaHHIO NPUEMIIEMBIX 3HAYEHHH 11apaMEeTpOB BLIYHC-
JIMTENBLHOTO aJIrOpUTMa;

rpadgHyeckoe npeacTaBlieHHe TabJIHUHBIX NaHHLIX HCIIOCPEACTBEHHO B
npolecce X BBOJA;

KONHMPOBAHHKE U BCTapKa B 0a3y JaHHBIX € IOCIEAYIOLIEH KOPPEKTHPOBKOH
BCEX [1aPAMETPOB M CBA3aHHbIX TA0IHL THAPOTEXHNUYECKOTO 0OBCKTA, OTAENBHBIX
CCUYEHHIT ero Tpacchl HiTH Todek no 6eperam 3Tux ceueHuit (pexxum “Copy-Paste™).

basa paHHBIX MHTETPHPOBAaHA B NPOrPAMMHBIH KOMILIEKC [Uls pacdera
napaMeTpoB BOJIHBI MPOpBIBa, 0COOEHHOCTH paboTsl ¢ Hell onucaHsl B 11.7.4.

*
Talumua ruaporexHnecknx 00bexT0B
HazsBanue, kpaTkoe onucaHue, BpeMs U aara 3aHecenus B b/
OcHogHblE TapaMeTpbl 00BEKTa H PACYETHOTO ANMOPHTMA
®usuyeckue cpoictra 30as1 3O

Onucanne reoMeTpHH
pyciaa

Koutpoas

Tabnuua
KOHTPOJILHBIX
MOMEHTOB
BpEMEHH

Tabnuna
KOOpAHHAT
KOHTPONIBHbIX
TOYEK

TaGimua 3a1aHHBIX
ceueHui pycna (CTBOPOB);
KOOPJMHATH! OIOPHOH
TOYKH, ONHCANHE

Tabnuua, sanaonas
KpHByIO CBA3H
OTMETOK C pacXxolaMH
Ha NpaBoii rpaHuiue

Tabnsua koopauHaT
TOYEK, ONPEREAIOUNX
npodub ceueHHi
¥ k03¢ ULHEHTOB
LIEPOXOBATOCTH

NPHTOKOB
{MCTOYHHKOB)
¢ yKa3aHHeM
BpPEMEHH HX
BKJIIOUEHHS'

Puc.10. CrpykrypHas cxema 6a3b! JaHHBIX MHAPOTEXHHYECKUX OOHEKTOB
(3Be3104KaMN IoMeueH yposeHs Tabauy B BJ1)
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7.4. MopsapaoK NOATrOTOBKM MCXOAHBLIX AaHHLIX

Jna toro, uro6sl nonactbk B 6a3zy AaHHBIX Haxo nHO0 Haxarb QyHK-
UHOHAIBHYIO KnaBHly F5, 1160 B OCHOBHOM MEHIO LIENKHYTh MBIIIKOH Ha
COOTBETCTBYIOLIEM MYHKTE. YnpansieHue 6a30ii JaHHBIX OCYLUIECTBIAETCS C
MOMOLIBIO 0KHA, 0OpMIIEHHOrO B BHIE OIIOKHOTA, OTAENBHBIC CTPAHHIBI KOTO-
poro npeacrasieHbl Ha puc.1l — 14. Coxpanenue nauusix B B/l mpoucxoaut
ABTOMATHYECKH NPU HAXKaTHH KHONKH «OK» Wiy 3akpbITHH okHa «basa JaHHBIX».
IperycMorpeno 610KMpoBaHHE NEPENHUCTHIBAHHSA CTPaHUL GIOKHOTA HIIM 3aK-
pbITHS Bcero okHa «ba3a JaHHBIX» NMPH HENMPaBUILHOM WJIM HEMOJHOM BBOJIE
undopMaiiiHu o ruipoTexHHyeckoM obbekre. I'padmky Ha puc.13, 6 (cTpanuua
6nokHOTa «TOUKH CeYCHMH») MOKa3bIBAIOT NMPOGHIIH JIEBOrO WM NPaBoro
6eperos, wiH npopuns koddduuneHTa WEPOXoBaTOCTH, a rpad MK Ha CTPaHULE
6s1oxkHOTa «['paHniHBIC YCIOBHA» NpeACTaBaser coboi KpHBYIO CBA3H B NocC-
JIeTHEM PacyeTHOM CTBODE.

[lepBoHauanpHOE pacnpelncicHHe OTMETOK CBOOOJHOM MOBEPXHOCTH
BOZBI MOYKHO 10O 3a1aTh Ha cTpaHHuke 610kHOTa «CeueHuns», b0 paccYHTaTh
C MOMOLLBIO PELICHHA CTALHOHAPHOM 3a/lauy MPH M3BECTHOM HA4YaabHOM pac-
X0Jl€, 3a71aB COOTBETCTBYIOLHE NPU3HAKH HA CTPaHHUKe «['paHHYHBIE YCIOBHAY.

Bsoa nagpopmanunn B 6a3y JaHHBIX UMECT ONPEXCIIHHbIE 0CODEHHOCTH.
[ BBOOA napameTpoB HOBOTo 00bekTa (a Tak xe Juld BrIGopa H3 CNHCKa OHOTO
M3 BBEICHHBIX paHee) ClieAyeT nepeittd Ha 1-10 cTpaHuuky GnoKHOTa penak-
tupoBanus b/l (puc.11). BBoa HOBOro o6beKTa OCyIECTBIAETCS KHONKOMR «+»
Ha naHenske Hapuraropa Bl (oHa ciipaBa HaBepxy, nox Heil Haamuck «OOBEKT
co3zaH»). 3aTeM B MycTo# CTPOKE CIHCKA I'MIPOTEXHHYECKNX OOBEKTOB ClElyeT
BBECTH JII000E HazBaHUE 00BEKTA, 8 B OKHE BHH3Y MOXXHO BBECTH €TI0 CI0BECHOE
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AAHHLIX T polexHVN(.‘(l(M)( obwexton

ObbeKT |n8P8M

BonHa npopuea B npuaMaTuuecKcM pycne

- |l|Bonxa npopuisa no crarbe Wcropuka b.J1

) BonHa npopwina no crarbe Komaposa A'A' B
1 r unpasnmueckui npumox nocne Gucrporoxa
5 \' norox C PE3KUM paciiMpeHues B NnaHe (lllxonbum(oa)
‘ | HaknoMHER NOTOK ¢ TpeHuem N'2 NA CTAThLYU.
E Hukie Typunckan | POC (Tpacca 1 - ¢ KapTon Ha)
l HumnHe-Typunckas TPIC (Tpacca 1

no'10 ppexum OTMETOK NaMBLi He M 1 Delfa
O7MeTkW OHa 3IIIO 010 NaHHLIM BATUMOTPUGCKON ChBMKH..

Puc.11. Okno «ba3a naHHBIX» NPOrpaMMHOIO KOMILIEKCa pacyeTa NnapaMeTpoB
BOJIHBI IIPOPBIBaA: cTpaHHLA «OOBEKTHIN

OfHCaHHe HeorpaHHueHHOH Jnnbl. MHorna ynobxee Hoblil 06bekT nepenenars
13 yxe umerollerocs oobekra B bJ1. B 9ToM city4yae MOXHO HCMIONL30BaTh KHOTIKH
«KOIHPOBATh» U «BCTABUTL» — OHH pacnoNoxkeHbl Hal KHonkoi «OK» B npaBoM
HiKHeM yry. JlanHble Ha naHensx «O0bexT co3nany» U «OObEKT COACPKHATY
3aNONHAIOTCA AaBTOMATHYECKH H HE TIOUIEXAT PEAAKTHPOBAHHIO,

Tlocne BBoxa Ha3BaHHA 1 ONHCaHHA 06BEKTa MOXHO NEPEHTH Ha BTOPYIO
cTpanuly 6noxHora penaktupoBanus B/l (puc.12, a). [lapameTps: L_epx ul
OrpaHUYMBAIOT [UIMHY pacyeTHO obnacTH B BEpXHeM M HikHeM Obedax (mx
HaJIo 3aJlaBaTh C noMouwsio kaproi). [Tapamerp H_m — 3TO Haua/lbHas OTMETKa
B BepxHeM Obede nepea ruiotHHo#M wim gambo#, ITapamerpom «Crymenue»
MOXHO 3a1aThb 6ojice MEIIKY10 CETKY B paHoHe npopasa (s = 0), npu 3a1aHHH €70
pasHbiM 1,0 cetka Gymer paBHoMepHoi. Ilapamerpamn «Bpemsay, «llar no
BpeMeHH» H «MTepaunn» 3a7al0TCA, COOTBETCTBEHHO, oflllee BpeMs pacyera,
MaKCHMAaNbHbIH (C TOMKH 3peHUA HEOOXOAHMOH MONb30BaTE/I0 NOAPOGHOCTH
pacuera) war Mo BPeMEHM M KOJIMYECTBO MTepauud meronaa (anropurm
paborocnocoben u 6e3 HTcpaumit — MOXHO 3aAaTh 3ech «!», HO ¢ HX yBenu-
YeHHEM CHHXKaloTcs TpeGoBanus k napamerpy Kypaura). O — pacxon Bronb
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Puc.12. Oxio «ba3a 1aHHBIX» MPOrpaMMHOrO KOMIUIEKCa pacucra napaMeTpoB
BOJIHBI IpopbIBa: ctpaHuubl «[Tapamerpsy (a) W «Ipynt/3ona» (6)



‘rpacchl pacTekanns notoka: s 3LLIO oH, kak npaBuio, Hynesoii, a Uist IOTHHBI
3JIEKTPOCTAHIIMU PABEH HAYaNbHOMY pacxoiy B HixHeM Obedc. [lapamerp
KypanTa MoxHo BeiOupatsh B inanasone ot 0,5 no 3,0. [Tepsoe 13 31ux 3HaueHui
3an0xeHo B b/l «11o yMonuaHHIO»: 0HO rapaHTHPYCT YCTOHYMBOCTD pacycra, HO
TpebyeT ans BuruHcnenuii bonbiie Bpemenn. Bropoe 3xayenne (3.0) MoxHO
YTOUHHTB NpH NPOOHBIX pacyeTax. [Ing ocTanbHbIX 1apaMeTPOB PCKOMEHAYCTCS
HCIIOJL30BaTh NapameTpsl, 3anoxenusle B b/l no ymonuanuio. C nomotusio
kHonku [L, 1 Ha 3TO# e CTPaHKIIC MOXHO MOMY4HTh JUIMHY PacycTHOI obmactu
BJ10J1b HCKPHBJICHHOI TPACcChl pacTEKaHHUs MO MONYYEHHBIM C MOMOLIBIO KAPThI
KOOPAHHATaM CE4CHHIA, 3alaHHbIX Ha cTpaHuLe 6nokHora B/ «CeucHusi».

Ha ctpanunue 6nokHora peaaktuposanus 6a3sl aanHblx «'pynt/3ona»
(cM. puc.puc.12, 6) MOXKHO M3MCHHTL cpedHnue TapaMeTphl YacTHU, a TaKXkKe
BKJIIOYMTB/BBIK/IIOYHTb PacyeT TpaHcmopra 3oibl M Aedopmaunu pycna. [lpu
3aJlaHUK 3HaueHus napamerpa «KoHueHnTpauus» Ha maHenu «3ona», pas-
HBIM HYJIIO, KOHUGHTPALHMA YacTHLL 30/1bl B CEYCHHH NPOPaHA PaCCYMTHIBAETCSH
Mo TPaHCNOPTHPYIOLLEH COCOOHOCTH NMOTOKA, B NPOTHBHOM Cllyyae — MC-
TN0J1b3yeTCS BBECHHOE B 3TOM OoKkHe 3Hauenue u3 B/l (obbemHas 6e3pa3mepHas
KOHLIEHTPaLHs).

CHsTast ¢ KapTe! MECTHOCTH Tonorpaduyeckas nHopmauus 3aKyIaabl-
Bacrcs B 6a3y naHHBIX Ha cTpaHiiax «CeueHus» U «Touku ceuenuii» (puc.13).
B BepxHe# JIcBOH 4acTH 3THX CTPaHHML UMEIOTCH MAaHENH HaBHraTtopoB 6a3bl
JAHHBIX, @ TAK € KHOTKH «KOMUPOBaTb» M «BCTAaBUTL». J[lns BCTaBKM MIH
yAaJleHHs CEYEHHH HIIM TOUYEK CEYCHHI MOXHO TaKXKe HCMONb30BaTh KJIABHUIH
[Insert] u [Delete] Ha xnaBuarype. Homepa ceyenmii (tabnuua na ctpanmuue
«Ceuenns») He 06s3aTeNIbHO AODKHBI MATH C IIAroM Yepe3 1: MX uensb — 3a8ath
NOPAAOK PACNONOXKEHHS CEYCHHUIt Ha Tpacce pacTeKaHHA, KOTOPbIH NPH CHIILHO
HCKPHBJIEHHOH Tpacce He Bcerna ouesuieH. Koopannare X v Y B 3To# Tabnuue
OIpeAENsIOT NOJ0XKEHHE TOUCK TPAcChl (ONOPHBIX TOHEK) — KAK NPABHIIO, HO HE
BCEraa, 3T0 TOYKM ceyeHUH ¢ HaubGonbuwel rmybuHoi. Hayano orcuera satux
KOOpPZHHAT MOXeET OblTh BHIGPAHO NPOM3BOJIBHO — 3TO BIMSAET TOJILKO HA OCH
KOOPAMHAT MOCTPOCHHBIX KapT. KolnuecTBo BBEIEHHBIX TOUEK, ONPEAESAIOUINX
Ka)XJ0€ CeYeHHe, BBOAUTb HE HAJO0 — OHO NOACYMTHIBAETCS aBTOMATHYECKH.
Hauanbheie oTMeTkH cBOGONMOH NOBEPXHOCTH BOAbI H,  TakKKe BBOAATCS B
Tabnuue (puc. 13, 6), Ho oHH ByayT HCIIONIB30BaHbI, TONBKO €CJIH He Oyaer 3ajaH
peXHM pacyeTa HayasbHOTO Npoduns cBoOOHONH NOBEPXHOCTH (CM. ONHCAaHHE
crpaHuubl «I'paHHuHble ycioBua»). GopMa ceyeHmii, a Takxke kod3GPHUHEHT
LIEPOXOBATOCTH /1 3a/1a€TCs B TAONMYHOM BHAE H KOHTPOIIUPYETCS aBTOMATHUYECKH
M3MEHAIIMMCA rpadMKOM Ha cTpaHuLe b1okHOTa pefakTupoBatus BJl « Touku
ceueHui» (puc.13, 6). B atoii Tabnnue H — 310 OTMETKa TOYKH (B NEpBOi TOUKE
ryGuHa Hanbonbwas), a B, B, — pacCTOAHHA OT ONOPHOH TOUKH 10 HeperoB.
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Puc.13. Oxuo «ba3za ganubix» NporpaMMHOrO KOMILICKCA pacteTa napaMeTpoB BOIHbBI
npopsiea; crpanuubl «Ceuerns» (@) n «Touku ceuenui» (6)
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OnHO U3 HUX MOXET OBITh OTPHLIATCIILHBIM, €CIIH TOYKA C Haubosbiueii ryonHoH
HE COBMAJAET C OMOPHOH TOUKOH ceueHus. B nmocnegnem cronbue (Manning)
3agaercd Kod3gQHUUHEHT 1EpOXOBAaTOCTH 1 (A1 pycsla H NOWMBI MOTYT OBITh
3afaHbl pa3auuHble KOG duimenTs! 7). C NOMOILBIO YNIPOLIEHHOTO HABUTaTOpa
Ha 31Oo# Xe cTpaHnuke (OH Ha naHenn «CeueHHe») MOXHO OBICTPO MEpeHTH K
COCe/HEMY CEYEHHIO, a C TMOMOLLbIO KHOIOK Ha maHenu «I'paduk» MOXHO
H3MEHHTh HHGOPMALMIO, AN KOTOPOH BHINOAHAETCS TPaPHUecKuil KOHTPONb:
¢dopma steBoro Gepera ceueHus, npaBoro Gepera WIK BepTHKaNbHBIN Npodunb
K03()pHLUHEHTa 1LIEPOXOBATOCTH 7.

Ha nocnenuux ayx crpaHuiax 6noksora pepakruposanus BJ1 (puc.14)
BBOAUTCA HHbOPMALHSA:

0 KpHBOii CBA3M pacxoloB ¢ IyOMHAMH Ha npaBoH rpaHuue (B BuAE
TaGnuLb! Ha puc. 14, a); BeeneHHas HHPOpPMaUMsA aBTOMAaTHYECKH OTOOpaxKaeTcs
Ha rpaguke;

0 OOKOBBIX NPHTOKaX U MOMCHTAX BPEMEHH, C KOTOPHIX OHH Ha4HHAIOT
“paborars”;

O pacnojIOXEHUH KOHTPOJBHBIX TOYEK BAOMb PacYETHOM Tpacchl (Je-
Bas Tabnuua Ha puc. 14, 6); B 3THX Toukax OyleT BBINOMHATLCS 3alOMHHaHHE
Pe3yJBTaTOB pacyeToB VI NOCTPOCHHS IrpadHKOB OTMETOK, PaCXOJ0B H T.A.;

0 KOHTPOJIBHbIX MOMEHTaX BpeMenH (mpaBas TabiMua Ha puc. 14, 6); B
3TH MOMEHTHI BpeMEHH OyIE€T BBHINOIHATLCS 3aIOMHHAHUE PE3YJIBTATOB pacue-
TOB /i1 MOCTPOEHHUA IpadHKOB OTMETOK, PACXO/OB H T.A.

Hocne 3aBepuienns BBoaa HHPOpMaLHH HEOOXOOHMO 3aKphIThb OKHO
(6nokHoT) penakTHpoBanus 6a3sl AaHHbIX KHonkoH [OK] wmm [X].

7.5. O6pa6oTka nony4YeHHbIX pe3ynbLraTos
(nocrnpoueccop)

Iocie 3aBepuieHus pacyera rpadHueckyio HHPOPMALUIO 0 NapaMeTpax
BOJIHBI 1IPOPBIBA (30HY 3aTOIUIEHH, AHHAMHKY U3MEHEHHS OBEPXHOCTH BOAbI,
H3MCHEHHS CKOPOCTH MOTOKA M Pacxoa, JHHAMHKY H3MEHEHHS OTMETKH JHA U
T.IL.) MOXHO NIPOCMOTPETH Ha KPaHE MOHHTOPA H BBIBECTH Ha ITE€4aTs C NUMOLUbIO
BbIOOpa COOTBETCTBYIOLIMX NOAMYHKTOB B IYHKTE€ OCHOBHOIO MeHIO <®ain>.
Jlna Bcex rpadMKOB M KapT 30HbI 3aTOIUICHHA MPENyCMOTPEHB! OOIIHpHBIE
BO3MOXHOCTH PEAAKTUPOBaHHSA (IIOIPHCYHOYHOIO TEKCTA, I1apaMETPOB JIMHHIH,
pa3MeTkH oceil M T.4.). KpoMe Toro, umMeercs BO3MOXKHOCTS “Zoom” — BBIAE/ICHUS
C TIOMOLIBIO MBILIKH M YBEIHYEHHA Mo0oro ¢gparmeHTa rpadMka MiaM KapThl.
Hurepdeiic BcTpOEHHOro pesiakTopa JOCTaTOMHO NIPOCT U He TpedyeT NosSCHEHHH
(xak u unTepdeiic 6a3bl JaHHBIX, OH MOCTPOEH B BUJE OKHA-OJI0KHOTA).
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14 Baaa aHHBIX FAZPOTEXHAUCCIAR 0B BEKTon

Puc.14. Oxno «ba3a faHHbIX» NpOrpaMMHOrO KOMIUICKCA pacueTa napaMeTpoB BOJIHBI
npopriBa: cTpaHuLbl «[ panuunbie ycnoBus» (a) u «Kourponb» (6)
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I'padnueckuit unTepdeiic (nocrnpoueccop) NO3BOIAAET MNOCTPOHTS,
npH HeoOXOAHMOCTH,OTPEAaKTHPOBATh M HANeyaTaTh:

rpadHKH 3aBUCHMOCTH pacxoia M OTMETKH CBOOOAHOH MOBEPXHOCTH
OT BpeMEHH B 000H TOYKE Tpacchl pacHpOCTPaHEHHA BOJIHBI IPOPBIBA;

rpadUKH 3aBUCHMOCTH OCPEIXHEHHBIX 110 CEUCHUSM TPACChl CKOPOCTEH
NOTOKa OT BpeMeHH B JIK0OOIH TOuKe,

rpaduKH 3aBHCHMOCTH pacxo/a, OCPECAHEHHOM MO CEMEHHIO CKOPOCTH
NOTOKAa M OTMETKM CBOGOJHOIM MOBEPXHOCTH OT KOOPAHMHATHI BHOJIb TPACCHI
B OO0 MOMEHT BpeMeHH;

rpadUKH 3aBHCUMOCTH OT KOOPAHHATH! (IJ1s 3aJaHHBIX MOMEHTOR Bpe-
MEHH) U OT BpeMEHH (Ans 3afaHHBIX KOOPAMHATAMH KOHTPOJBHBIX TOYEK)
OCPpEHEHHBIX I10 ceueHUsM Oe3pa3sMepHbIX KOHUEHTpPALHii B3BEIIEHHBIX YacTHIL
30J1bl;

rpadHKH 3aBHCUMOCTH OT BpeMeHH 06beMOB XKHAKOCTH, HAHOCOB, 30J1bl,
npoLIeIINX Yepe3 BhIOpaHHbIE CEUEHUS TPACChl;

KapTy 30Hbl 3aTOIUIEHUs B JI00OH MOMEHT BPEMEHM C yKa3aHHEM
1160 TekylunX ry6buH 3aToneHus, TH00 MaKCHMAJIbHBIX [1yOHH 3aTOMICHHUA
OT Hauajia aBapuM 10 BbIOPaHHOrO MOMEHTA BPEMEHH.
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