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VIK 626/627

MeToauka pacyeTa 30HbI 3aTOIJICHH
M OLEHKH BBIHOCA 30JIOILUJIAKOBOTO MaTepHana CO 34.21. 547 - 2005

Nnpy rHAPOAHHAMHYECKOH aBapHH BsognTCs BiepBbie
Ha 3oiooTrBanax 13C

Jlatra BBeacHus — 2006 — 04 — 01

1. OBLLME NONOXEHUA

1.1. Hacrosaias Meroauka fipeaHazHadyeHa Jid pacyeToB MapaMeTpoR
BOJIHbl IIPOPBIBA NPH OULEHKE NMOCHCACTBUI M'MAPOAHHAMHYECKOH aBapHM Ha
sonouwnakoorBanax (3110). IlonyueHHble B pe3yasTaTe pacyeTOB XapakKTe-
PHUCTHKH MPOPBIBHOTO MOTOKA W 30HbI 3aTOIJICHHA HCHONB3YIOTCS IIPH COC-
TaBJIEHUM Ackyapauuu OesonacHocty 3O ana oueHku yuepba, BO3ZMOXHOIO
Bcaeacteue asapuu ' TC.

1.2. B Hacrtosiuice BpeMsl B CBSA3HM C pPa3BUTHEM YHCICHHBIX METOJOB H
KOMITBIOTEPHOH TEXHHKH B MUPOBOH 11PAKTHKE PacHeTOB XapaKTEPHCTHK BOJTHBI
[IpOPBIBA, KaK MPaBUJIO, UCIIONB3YIOTCH METOAbl, OCHOBAHHbIE HA YHCIICHHOM
PEUIEHHH YPABHCHHUI I'HAPOJAUHAMUKH [1].

1.3. JlaHHasg MeTOAHWKAa OCHOBaHA HA OJJHOMEPHOM HECTALHOHApPHOM
OMMHCAHHH TOTOKA H NEPEHOCHMOH UM cyOcTaHuuy (YacTuu 30iel). Hapsaay c
OAHOMEPHBLIMH CYLIECTBYIOT H JABYMEpPHbBIC (I1IAHOBBIE) METOAHKH pacuera
[IapaMeTPOB BOJHBI NPOpbIBA. JIByMEpHbIE MOAEIH MO3BOJIAIOT I1OJIYYHTh O0Jice

NNoAPOOHYI0 HHGPOPMALIMIO O XapaKTEPUCTHKAX MPOPBIBHOI'O NOTOKA, OAHAKO TH
MOAEIH TPeOYIOT 3HAYHTEIILHO OOJIBILINX PECYPCOB KOMITIOTEPA, H HX peanun3a-

1M CBSA3aHA CO 3HAYUTEIbHO DOJILIIMMH 3aTPaTaAMH MAILIHHHOTO BPEMEHH. JTH
00CTOATENBCTBA B PAJIE CIIYYaEeB JC/IAIOT HEPEAJIbHBIM HCIOJIb30BAHHE JBY-
MEPHBIX MJIAHOBBIX MOJAEJICH (ITPH pacpoCTPaHEHUH BOJIHbBI MPOPHIBA HA OOJIb-
LIME PACCTOAHHMSA TOPAIKA COTEH U ThICAY KHJIOMETPOB). NIt OTACABHBIX y4aCT-
KOB pacrnpoCTpaHEHHA BOJIHBI MPOPbIBA MCIIONb30BAHHE TUJIAHOBBIX MOJECIIEH
ABJIISAETCS BNOJHE onpaBAaHHBIM. TToapobHBIA 0030p CYylHIECTBYHOLIHX METOHK
H IIporpaMm IpuBeAcH B [1].

Hananne opuunanbHoe
Hacrosimuit CO He MoXKeT ObITh NOJHOCTELIO HJITH YACTHYHO BOCIPOH3BE/IEH,
THPAKHPOBAH M pacnpocTpaHeH 0e3 pa3lpenieHHA opranu3anuu-pazpadoTunka



1.4. Pa3zpaboTaHHbIid anropuT™M peuieHus CUCTEMBbI I dhepeHIIHaNbHBIX
YpPaBHECHHH, ONKCBIBAIOLIER THAPOAMHAMUKY NOTOKA (ypaBHeHHA CeH-BeHana)
M TPaAHCNOPT 30a0uUIakoBbiX MaTepuanos (3LLIM), no3BonscT pacCUHTHLIBATE
pacTEeKaHME NOTOKA IIPH JIH000H Tonorpahuu NpUIIErarued MECTHOCTH (Kak 110
CYXOMY PycCiy, TaK H TI0 PEKE).

1.5. Jlnda pacuera IMHAMUKH pa3BUTHUSA NTPOpaHa (B CBA3H CO CIOXKHOCTEIO
MaTE€MaTHYeCKOro ONHCAaHHA 3TOro rnpouecca), Kak rnpaBujo, HCNOJIb3YIOT
MpUONHKEHHBIC NTOAX0Abl, OCHOBAHHBIE HA O000LIEHHH HATYPHBIX JAHHBIX HIIH
pe3yJIbTaTOB 3KCIIEPHUMEHTOB

1.6. PazpaboTaHHas METOAMKA BEPU(PHUHPOBAHA HA MHOTHMX TECTOBBIX
MpUMepax, Jas KOTOPLIX UMCIOTCS NHOO aHaJIUTHYECKHE pelleHus, nudo
IKCIICPUMCHTANIbHBIC JaHHbIE. [IpoU3BEACHO TaKXKeE CONMOCTABIEHHUE YHCIICH-
HbIX PE3YJIbTATOBR ¢ HATYPHLIMH JAAHHBIMH 110 30HE 3aTOIUICHUA AJ1 KOHKPET-

Horo 31O,

|.7. JlaHHas METOAMKA MOXET HCIONb30BAThCA TAKXKE [l pacyeToB
NOCNEACTBHA r'HAPOANHAMHYCCKON aBapHH Ha TUIOTHHAX H Kackagax ['OC.

2. MATEMATUYHECKAA MOLEIIb PACYHETA
NAPAMETPOB BOJIHbI NPOPbLIBA
U TPAHCIMOPTA 3lLUM

PacyeT napaMeTpoB BOJIHB! NPOpPbLIBA B paMKax OJAHOMEPHOH MO/ETH
BBIMOJIHACTCA HA OCHOBE CUCTCMbI HECTALIMOHAPHBIX YPABHEHH MCIIKOH BO/bI,
KOTOpas MoxeT ObITh npeAcTaBiicHa B Buae [2,3]
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rne ¢t — Bpems; S — KOOpAWHATa BAOJIL HANpaBieHUs TeueHus, () — pacxol
Boabl; €2=CQ(H) — njaouiaab KHUBOIro CEYEHHU NOTOKA; H — oTMEeTKa CBOOOAHOH
noBepXxHOCTH Boapl, C = RY*n~!' — koaddpuument llle3u, onpenensemMbli no
dopMyne MaHHHHTra; n — KO3p(PHUHUEHT LWEPOXOBATOCTH; R = Uy —
TMAPABIHYECCKUH paJuyC;, ¥ — CMOUYCHHBIA NEPUMETP KHUBOrO CCUCHHSA;, g —



ycKopeHue ¢cBOOOAHOrO nafieHus; v\ — Ko3gPpuuHeHT TypOYIIeHTHOH BA3KOCTH;
F' — yaenbHblid MPUTOK BOAb! HA €AUHHULY JUTHHBI pycra (DOKoBasi IPUTOYHOCTD).

KosphyuueHT BA3KOCTH VI ang TedeHHH ¢ GosibiiMMH YucnaMu Peii-
HOJIbJICA B OCHOBHOM ONPEACIACTCA TYPOYJICHTHON BA3KOCTBIO KMIKOCTH B
NAHHOMH TOYKE ¥ MOXeT ObITh onpeacsncH Ha ocHoBe ¢opmynbl IIpanaTis
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L — macuitad TypOYyNEHTHOCTH.

B xauectBe Macuitaba TypOyJCHTHOCTH MOXHO IPHHATH, HANIpUMEP,
CPCAHION0 110 CeYEHUIO MYyOunny noroxka uiny 0,25 — 0,4 rmyOnHbl (OKOHYETEL-
HbiH BbIOOp MacuiTaba TypOyneHTHOCTH MOXKET OBITh Cc/IaH B PE3YJIbLTATE Ka-
JIMOPOBKH MOAEIH).

Beinoc 3onownakoBoro Marepuana w3 31O u pacnpenencHue ero Ha
OKPYKal1UeH MECTHOCTH MOIEC/HMPYETCA Ha OCHOBE ypaBHCHHS IEPCHOCA C
y4yeToM ocaxacHusa yacTHi 311IM u HepaBHOMEpHOro npogpuisg €ro KoH-
LHEHTpaUMUH 1O rMyOHHE. YpaBHCHHE, ONHUCHIBAIOLLIEE TPAHCIOPT B3BCLUCHHBIX
4aCTHI B NPEANOJNOKECHUH MAIOCTH KOHUSHTPALHH H B NPECHEOPEIKEHUH
ydpdexrom muddy3un no koopauHate s, umeeT Bua [4,5]
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rae . Vg —anHaMHuuyeckas ckopoctb,® = 0,4 —nocrosHHas KapMaHa,;

. =Fwc,y—-cB), (3)

Tl ¢ — OCpeAHEHHas Mo ceyecHHio koHueHTpauus 31LM (cpeaHss MyTHOCTB);
W ~ TrHapaBaHdeckas Kpynnocte 4dactdil 3ILUIM; ¢ - KOHUEHTpauHsa B3Be-
LLICHHBIX YACTHL[, COOTBCTCTRYIOINIASA TPAHCAOPTUPYIOLLEH ClTIOCODOHOCTH NOTOKA;
B - wmpuHa pycna ang otMetk H;, P~ ko3 @HUHEHT CBA3H NMPHAOHHOM
kKoHueHTpaumnu yactul 31LM co cpeaHent 110 CeYEeHHIO KOHLEHTpaLMEN.

['mapaBnryeckas KPYNHOCTh YACTHIL MaTepHUasa onpeaensaeTcs UHX Cpel-
HAM JIHaMETPOM d U NAOTHOCTHIO P, @ TAKXKE IUIOTHOCTRIO P M KHHEMaTHYEC-
KO BSI3KOCTBHIO BoAbl Vv [6]. IlpencenbHas KOHUEHTpaUUs yacTUL Marepuala
pacCUMTBHIBACTCA B 3aBUCHMOCTH OT (JOPMbl HX ABHXKECHHSA (BJICKOMBIC HJIK
B3BCLICHHbIC HAHOCHI) C NMOMOLLBIO OAHOH M3 H3BeCTHBIX dopmyn H.H. Jlesy,
B.C. Knopo3a, A.B. Kapayuwepa, B.H. I'on4apoBa (B nporpaMMHbIH KOMINIEKC,
OTIMCAHHBIIi HHXKE, BKITFOYEHBI HECKONIBKO GhopmMyin) [6].

CrsizaHHOe ¢ 3po3Hell unu BeinajgeHueM dactul 311IM uizmeHeHHe
reOMETPUH HACTH MOINEPEYHOrO CCUEHHUS, HAXOAALLECHCH HHXKE OTMETKH CBO-
OO HOI NOBEPXHOCTH BOJABI, ONPEAENACTCS COOTHOIUEHUAMM:



a__L w(c —c"™ cos8) ; a__k we™
d l-m dt 1-m

sin 0 (4)

roe 0 — yroa Mesxy BHELIHEH HOPMaJIbK K CEYEHHIO B JAHHOH TOYKE U OCBIO
Z, z,¥ — KOOpAWHATHI TOYKH ceucHus (puc.l); m — nopucrocts 3LIM.

Puc.1. [lonepeuHoe ceyenne noToka

HM3meHenue moiuaam xuBoro ceueHus do npu GUKCHPOBAHHON OTMETKE
cBOOO/IHOH NOBEPXHOCTH BOALI H 3a BpeMs d! B pe3ysibTaTe NMPOUECCOB pa3MbIBa
1 ocaxacHHs yactul 31LM onpenengercs Ha ocHOBaHHH (7) COOTHOIIEHHEM
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rne B =y -y ; z — OTMETKa IHa.

[TocnenHee BhIpaXKECHHUE NPEACTABIAET COOOH HCTOUYHUKOBBIN YJIE€H, HAXO-
OALMHACA B IPABOH 4acTH ypasHEHHH (3).

Koa¢duumenrt P ans B3IBCUICHHBIX HAHOCOB COIMIACHO PEKOMCHIALIUAM
[7] MOXET ObITh BLIYHCIIEH, HATIPHUMEP, 11O POpMYyIIe
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B cnyuae, xorjga CKOPOCTh ITOTOKa CTAHOBHTCS MEHBLIE CpBLIBAIOLIEH

ckopocth ans 3LUM U (U, = J2 V.,V — Hepa3MbIBaIOIas CKOpOCTh [6]) uiu
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npu orcyTCTBUY cinoa 311IM Ha aHe npasas 4acth ypaBHEHUS (3) MMEET BUJ

1y = —P.wcB , T. e. npOUCXOAHUT TONMLKO npouecce ocaxiaeHus 31IM.

[ paHH4HBIC yClIOBHMA Aj1A ypaBHeHHH (1) — (3) 3ajalores cleaylolium
obpa3zoM. B Hayane paccMarpuBaeMoro y4acTtka TpPacChl ABHMXKEHUS BOJIHBI
npopsiBa (s = s ) 3agaercs pacxon QO(s 1) = fQ(t) U KOHLUEHTpALUK pPa3MbI-
BaeMoro rpyHra ¢ (0,f) = f (). B xoH11e paccMaTpHBaeMOro y4acTka TpacCol IBH-
KeHHUA (s = § ) 3ajaeTcs kpuBas CBasu H(s 1) = H(()). HauyanbHbie yciio-
BUA i ypaBHeHHUH (1) — (3) crasarca B Buae O(s,0) = Q. (s); H(s,0)=H (s);
¢ (5,0) = c,(s). IIpn 5TOM B Ka’K0H PACHETHOMN TOUKE TPACCHI ABHIKEHMA 3a1AETCA
nepBOHaYalLHas reoMeTpHs ceueHus pycnay (s,z,0)=y (5,z); y (5,2,0)=y_(s,2).

[IpumenuTensHo k 31O, nockonbky Havyano TpaccHl BLIOMpaeTcs OT
ydacTka gaMObl HanmpoTHB NpopaHa, fQ(t) = 0, f(f) 3a1aeTCA HAa OCHOBE UMEIO-
IIUXCH AaHHBIX O KOHUEeHTpauuu 311IM B 31O (B cnyuyae oTCyTCTBHS TaKHX
NIAaHHBIX MOXHO noaarars f (1)=0).

B nanHo# MeroaMke NpelyCMOTpPEHA TaKXKe BO3MOXKHOCTb 3aJlaHUs Ha
BLIXOAE U3 NpopaHa koHueHTpauuu 311IM, coorBeTcTBYIOLIEH TPAHCIOPTH-
pytouier cnocobHocTu noroka. IIpu arom pacuer koHueHTpauuu 31IM npo-
M3BOAHUTCA TONMBLKO Ha npuicratouleH Kk 31O MecTHOCTH.

B 1aHHOH METOJIHKE TPAHCIIOPT I'PYHTA TeJa OrpaXxgaloluX COOPYXKEHHH
HE YYHTBIBACTCA, TaK Kak npeanonaraercd, 4yto o6neM BoiHOca 3[1IM 3Hauu-
TE€NBHO NpeBbilaeT 00beM rpyHTa U3 00pa3oBaBLIEroCa IpOpaHa.

3. AMHAMUKA PA3BUTUA NMPOPAHA

Pa3zsutHe ruapoanHamudeckod aBapuu Ha 31110 cBs3aHo ¢ npopsiBOM
HanopHoro ¢ppoHTa B fambax oosanopanus 3111Q0. ITpopan B Tene orpaxaaronieit
3110 naMbb1 0Opa3yercs, kak NpaBuIO, HE MTHOBEHHO, 2 Pa3BMBAETCA BO BpeE-
MEHM B 3aBUCHMOCTH OT KOHCTPYKUHH AaMOBI H TPHYHUH, NPUBEALIMX K aBAPHH.
JInHaMHKa pa3BUTHA NMPOpaHa OKa3bIBACT B CBOKO O4EPEAb BIHMAHHE HA Xapak-
TEPUCTHKH BOJIHBI IPOPKIRA.

B Hacrosuiee BpeMs CYLUECTBYET pAd MOAXOAOB /Ui yU€Ta JUHAMUKHU
PA3BUTHA NPOpaHAd B IPYHTOBOH MNnoTHHEe. OJIHHM M3 HHUX SABJISETCA MC-
110]Ib30BAHUE PACYETHBIX CXEM, TTOCTPOCHHBIX HA MOJCIHPOBAHHH TPAHCIIOPTA
yacTHL IpyHTA notokoM [3]. Takon noaxoa BecbMa [EPCNEKTHBCH, TaK KaK B
HEM YUYHUTHIBAKOTCA XapaKTEPUCTHKH I'pyHTa (pa3Mephl €10 HaCTHL, CBA3HOCTh
H T.J.), TEOMETPHYECKHE pa3sMepbl KOHKPETHON MJIOTHHBI, THAPOAHHAMHKA
noroka. Ero npuMeHeHue yCciaoXHAETCA, BO-NEPBbIX, HECOOXOAHUMOCTHIO aJarl-
TalMH U BEPUDHKAIIMU TIPHKMEHHUTENBHO K OyPHBLIM NOTOKaM C BBICOKOW KOH-
LHeHTpaUuHeH YacTul. Bo-BTopblX, CYLUIECTBEHHYH POJIb HAa Pa3BUTHE MPO-



paHa B FPYHTOBOH TIOTHHE OKa3blBACT NMPOUCCC 0OpyuLicHUsS (ONON3aHUS) CIo
oTKOCOB. KonuuecTBeHHAs OIIEHKA 3TOro npouccca Tpedyer pacMOTpeHHs J10-
[MOJIHHTEILHBIX THIOTE3.

Hpyroi noaxoji npeaycMaTpHBacT MPHMEHEHHE IMITHPHYECKHX (Pop-
MYJl Olpeje/icHUA Pa3MCPOB NPOPAHA H CKOPOCTH €0 Pa3BUTHS, NONYUCHHbIX B
pe3ynbrare 0000IIEHUS HATYPHBIX AAHHBIX U PE3YyJbTATOB 3KCNICPUMECHTOB.
[Tpumepsbl Hcnoib30BaHUA TAKOTO NOAX0Aa NMpuBeAeHs! B paborax [1] u [8]. B
4aCTHOCTH, corylacHo [1], dopMynel Ansg UTOroBOH (MaKCUMAJIbHOMN) LUHPHHD
rnpopaHa B8 (M) # 111 YCJIOBHOI'O BPEMEHHU €10 pa3BUTHA T (4) HMMEKT BHA:

B=066k,(V,H, ), T=0071W0"H, (6)

tae V, — o0bem w3nuBa, M'; [ — HauanbHOC 11PEBBILIEHHE OTMETKH BCPXHC-
ro Obeda Ha/l KOHEUHBIM NTOIOKEHHUEM J1HA NpopaHa, M. Koadduuuenr k, = 0,7
[IPH pa3BUTHH 11IpOpaHa, 00yCNOBIECHHOM (PUIIBTPALIMEH YECPE3 TCJO TUIOTHHDI, H
k,= 1,0 - npu obpazoBaHHH 1IpopaHa 3a CHET NCPEiBa Yyepes rpeOCHb MJIOTHHD
(1aMOBbI).

B npeanonoxeHtyd, 4To npopaH 3a BpcMA aBapuH OyaeT pa3sMbIT J10
ocHOBaHHs AaMObl 31110 (mnun npu 3a1aHHU KOHEUHOH OTMETKH JIHA [TPOpAaHa) U
4YTO M3MCHCHHE LWHPHHBI [IpOpaHa BO BPEMCHH MPOUCXOAHUT I10 JUHCHHOH
3ABUCUMOCTH, COOTHOIUCHUA (O6) XapaKTEpH3YIOT 3aKOH M3MCHCHHA LIHUPH-
HbI NTpOpaHa BO BpeMeHH. JlaHHbIN NMOAX0A peaiM30BaH B HacToguie Meroauke.
JInst OUCHKH MakKCUMAaJIbHO BO3MOXHBIX NMOCACACTBHH OT THAPOJAMHAMHYECC-
KOH aBapHH MOXHO TaKX¢ 3a/1aBaTb YCIOBHE MTHOBEHHOTO 00pa30BaHHA TIPO-
paHa, UIHPHHA KOTOPOro OlpcaeaseTcs COOTHOWCHHEM (6) I HATYPHBIMH

JaHHBIMH 110 aBapHAM HA dHAJIOTHUYHBIX THAPOTCXHHUYCCKHX COOPYXKCHHIX.

4. YACNEHHbIN ANTOPUTM

PeuicHue ypaBHeHHH (1) — (3) B oOuieM ciyyac BO3ZMOXHO TOJIBKO HA
OCHOBE NPHUMCHEHUS YHCIICHHBIX METOHNOB. B nanHou Merojmuke anropHTm
YHCJICHHOI0 PCLUEHMA 3aJa4H CTPOMIICH CJIEAYIOUHUM obpasom (3]. Jlng auc-
KpPCTH3alUHHK MO NPOCTPAHCTBCHHON KOOPAHHATE § BROIAMJIACL Pa3HCCEHHAaA
HEepaBHOMEpHas CCTKa y3J10B. Mcnojib30BaHHUC HEPABHOMEPHOHU CCTKH MO3BONACT
0osiee MoApoOHO ONMUCaTh OTACAbHBbIE YYACTKH TPACChl TECYCHHA O€3 CYLIECT-
BEHHOTO YBEJHUYCHHA OOIICTO KOJHYECTBA PACYETHHIX TOYEK (Hanpumep, JUls
OnucaHusa pasMbiBa orpaxaarouieid namOosl 31HO). 3anmucy AMCKPETHLIX aHANO-
roB ypaBHeHui (1) — (3) npousBoinnacs o HEABHOH NPOTHBOIMOTOYHOH CXe-
M€ Ha OCHOBE METOJa KOHECYHbIX 00BEMOB, UTO O0OECICYHBAECT KOHCEPBATHB-



HOCTb YHCJICHHOH cxembl. [lns peuieHus nojy4eHHOW HEIHHCHHOH CHCTEMBI
PA3HOCTHBIX YPABHEHHH HCITO/1L30BAJICS JIBYXLIATOBbIi HEABHBIH aJIFTOPHUTM (11ar
(W(PCAUKTOP» — ABHLIH HA OCHOBE JIMHHEHHOH 3KCTpanoJIALUH MO BPEMEHH, Liar
CKOPPEKTOp» — HEABHBIN). JIMCKpeTHBIC aHanord ypaBHCHHH Ha HEABHOM [11a-
I'C pCllaiicL METOAOM MPOrOHKH AJIS OM0UHO-TPEXAHArOHAIILHOH CHUCTEMBI
ypaBHCHUH. [locTpocHHe 3 (PPEKTHBHBIX SABHBIX YHCJIEHHBIX CXEM BO3MOXKHO
rakxe Ha ocHose MUSCL peKOHCTPYKUHH napaMeTpoB 3aJ1a4yi Ha TPAHH KOHT-
POJILHOrO 0OLEMA.

5. BEPUOUKALUNA METOOANKUA PACHETA

PaszpaboranHast YHCJIICHHAs CXEMa AJis pacuera napaMcTpoB BOJIHBI
NpopsIBa B paMKax OJAHOMEPHOTO NOAX0/1a TECTHPOBAJNACh KAK HaA CYIIECT-
BYIOIHX AHAJIMTHUYCCKHX PEULICHHUAX, TAK H HA IKCIIEPUMEHTAJILHbIX JIUHHBIX.
Huxe npuBOAATCA HCKOTOPBIC NPUMEPB! BEPHPHUKALIMH METOAMKH pacycTa.

Pesynbratel pacueroB ajis 3ajgayn Crokepa [1] npH pa3jiMyHBIX COOT-
HOUICHUAX Haual'bHbLIX TJIYOUH J10 H MOCJHE IOTHHB! IMTOKa3zaHbl HAa PHUC.2
(X =s/h; T= r\/g/lf, — De3pasMepHble KOOPAHHATA U BpeMst; h = h, / h — 6e3-
pasmepHas rnyousa; V =V / \/EJI ~ Dc3pa3zmepHas CKopocTh). PacueTsl BbINOJ-
HSUIMCh Ha paBHOMEPHOH ceTke U3 200 y3nos, n =0, T= 50. UucaeHHbIC pelICHHS
XapaKTepHU30BaNMChL pazMaldbiBaHueM QpoHTa HAa 3 — 4 pacyeTHLIX y314d, Nnpu
3TOM YCTOHUYHUBOCTS pCHICHHA HAa0104a1ach B LIMPOKOM JHANA30HE H3MCHEHHA
MCXOAHBbIX IaHHBIX 3a4a4yM, B TOM UHCJIC H NIPH pacnpoCcTpaHEHHH BOJIHBI IPO-
pbIBa I10 CYXOMY pycCily.

Jlpyras recroBas 3ajlada — MOJICJIHPOBAHHUE THAPABJIMYECKOIO IPbIXKKa,
oOpasyrolierocs nNpu BTEKaHUH CBCPXKPHTHUECKOrO NOTOKA B IMOKOSWYIOCH
XUAKOCTb, B KAHAJIC NTOCTOAHHOIO NPSAMOYrOJbHOIO CEYCHUA 0€3 YKIIOHA H NPH
OTCYTCTBUH Tperua {n = 0) numocrpupyercs puc.d. Hucno Opyna Ha BXoae B
KaHan 3ajgasanoch paBHbiM Fr =319 (V' = 10 M/c), B HaYallbHBIII MOMCHT Bpe-
MCHH XHJAKOCTbh HAXOAHIACh B 1okoe¢. PasMEepHOCTHL pacy€THON CETKH COCTaB-
msina 101 y3en. AHalMTHYECKOE PCLUCHHE AJI PACCMATPHUBACMOrO NMpUMEpPa
[TOKA3bIBACT, YTO CKOPOCTH B ABHXKYUICMCA THAPABIMYECKOM NPLIXKKE JOJKHA
PaBHATLCS NNOJIOBUHE CKOPOCTHU BTEKAHHA MTOTOKA B KaHa . OTIHYHUE YHCICHHOTO
PELICHHUA OT aHATMTHYECCKOro He npeBbiano 0,03%.

ConocraBneHue pe3yibTaTOB YUCJICHHBIX PacueToOB C AAHHBIMH 3KCIICPH-
MEHTaJIbHbIX HCCIEA0BAHMH, NPHBEACHHLIX B pabotax [9,10], npeacraBneHo Ha
pHC.4. DKCNCPUMEHT NPOBOAMICA B NPAMOYIOJBHOM JIOTKE LWUHPHHOH 1,22 M
anunoH 122 M ¢ nocrosuubim yxionom 0,005. B cepeanne norka craBuinacs
[Ieperopojika, a BEpXHss 4acTh JIOTKA 3anonHanace soaoi. llpu stom y nepe-
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Puc.3. By MHCS rHapaBiHYeCKHl NMPbDKOK: Npodunu ¢BoOOAHOH
IHOBCPXHOCTH (@) H nNpodHIIH CKOPOCTH (O)

ropojakH (s = 0) ycranasnusanach rinyouna soaet 4 =0,305 M, a B Ha4ane j10TKa
— nyneBas myouHa. HyxHssa yacTh JoTKa 20 yaajleHUs Neperopoaku onliaa cy-
X0, DKCNEPUMEHTBI NMPOBOAHIHKCDH 1IPpH K0P PHUHMEHTAX LWIEPOXOBATOCTH 00-
nuuoBkH notka n = 0,009 u n = 0,05. IIpy MCHOBEHHOM YyAAJICHUH NCPETOPO-
KH NPOU3BOAHINCHL H3MCPCHHUSA OTMETOK BOJABLI B Toykax X = —100 u X = 0
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(X =s/h)). Ha puc. 4 nmoka3aHo Takxe CPaBHCHHUC MOJYUYEHHbIX YHCJICHHBIX
pe3ynbLTatoB ¢ AaHHbIMM pacucToB {10]. [IpuBeacHHOE conmocraBicHHUeE MOKa-
3bIBACT XOPOLUCE COIACOBAHHUE YHUCIEHHBIX PE3YNbTaToB KaK ¢ 9KCIICPHMCH-
TanbHBIMH JAHHBIMM, TAK M C JaHHbIMH pacueToB M3 pabors! [10]. OT Tpa-
JAHUUHOHHBIX TECTOBBIX PACUYETOB IS BOJIHBI NIPOPBIBA ITOT NMPHMCP OTIHYAETCH
TCM, YTO B HEM YUYTEHBI TPCHHUC M YKJIOH JIHA.

[Tpon3BoaMIIHCH TAKIKE pPacyeThl IapaMETPOB BOJIIHBI IIPOPHIBA JIJIS IKC-
[ICPHUMECHTANBHBIX JIAHHBIX, TPUBCACHHBIX B padoTte [ 11 ], nojy4CHHBIX B IpAMO-
YIOJIbHOM JIOTKE IUHPHHOH | M U 1nuHO#i 7 M, UMEIOLLIEM B HHXKHEM Obe(e 30HY
¢ oOpaTtHbIM yKIOHOM. [liMHa Oaka, MoaenMpyroLIero BepxHui Obed), paBHa 2,25 M,
rnyouHa Boas! B HeM — 0,25 M. KoopanHara s = 0 oTBeyaer n€BoH rpaHuue 0aka,
J10 TOUKH § = 3,4 M IHO TOPH3OHTANBHO, & AaJice HAYHHAETCA OOPATHBIH YKIIOH i,
= —10%. B Ha4aJbHbIH MOMEHT BPCMEHH B HHKHCM Obede Boabl HeT, 1 = 0,01,
ITH AAHHBIC MHTEPECHbl TEM, YTO B MPOLIECCE IKCIIEPUMCHTA B 00sacTH C

h 0,6 - [
0.5 (X =-100
’ IKCHEPHUMEHT
o n=0,009
0,4 \‘. H:Q,OS )
0,3
0 =
0,1 !
0,0 U PR | A 1 A

- 8 i J ke
0 100 200 300 400 500 600 7 700

] Yo ——
0,58 Bl Ny — -
e L
0.4 R __ s e
0,3 Tvale e
02 b X0 i il
JKCIIEpHUMENT s = X
0.1 || an=0009 | |
I\ ®n=005
0,0 . \

FR— — L -d L d i L
0 100 200 300 400 500 600 T 700

Puc.4. PacnpocrpaHeHHe BOJIHBI [IPOPBIBA B HAKIIOHHOM JIOTKE C TPEHHEM:
- -=-- —pacyer [10]; — pacyeT € NMOMOLLbIO JaHHOH CXEMb!
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OOpAaTHLIM YKJIOHOM MOIJIO HPOUCXOUUTL B Pa3JIHYHbIC MOMCHTBI BPCMCHH
1 3aTOIUICHHC, H OCYWEHHe JaHa jjoTka, Ha puc.S nokasaHb! pe3ylibTarhl pacuc-
TOB Juis Tecta Ne2 [11]. PasMepHOCTB pacyCcTHOR CCTKH 110 IPOAOILHOR KOOP-
JHMHATC BbIONpanocs paBHoH 351, ConocraBiacHUEe 3KCMEPHMCHTANLHBIX JaH-
HBIX M 1OJIYYCHHBIX HHCIICHHBIX PE3YJLTATOB MOKA3bIBAET UX XOPOLICC COIvIa-
COBaHHE,

PacyceT ruApaBIHUCCKOIO MPbDKKA B KaHAJIC NPAMOYTOJLHOTO CCUYCHMS
0€3 yKJIOHA JIHA NMPOBOAMICA AJIA NAPaMCTPOB, COOTBETCTBYIOLIHX 3KCICPH-
MCHTaJlbHbIM JJaHHBIM, NIpHBcIcHHBIM B [12]. [Innia kanana cocrannsna 13,9 m,
pacxon () = 0,053 m'/c, mmpuna kauana 0,45 M, mmydouHa na Bxoae 0,064 m,
riydounsa nHa sbixoae 0,168 M, ko3 pUIHCHT UICPOXOBATOCTH 1 3a1aBAJICS paB-
HeiM  0,0085. Pacuetrsl npoBOJAHIHCHL HA pasHOCTHOW ceTke 140 y3710B no

f1. M
0,18

0,16
0,14
0,12
0,10
0,08

0,06
0,04

0

h, M
0,18
0,16
0,14

s

I L B L

0 5 10 15 20 25 30 35 40

Pic.5. B3aumMogeHcTBUC BONHLI NTPOPLIBA C HAKJIOHHOH NMOBEPXHOCTLIO,
UMcIouled oOpaTHLIH YKJIOH:
O — J3KCINEPUMCHT;, = — pacuer
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NpoJioasHON koopauHate. Ha puc.6 nokazaHo cOnocTtaBJIEHUE pPe3yJIbTATOB
pacdyeTa ¢ 3KCINCPUMCECHTAbHBIMM JAaHHBIMH [12] npH pa3HYHOM 3aJaHUH N,
CNeyeT OTMCTHTD, YTO BJIMSIHUE BA3KOCTH B OCHOBHOM CKAa3bIBACTCS HA HAKIIOHE
MPbDKKA, a NOJIOKEHHE TOYKM Hayasia npbikka (x = 1,5 M) npu 3ToM pakTHUYCCKH
HE U3MEHSETCA.

h. M

0,16

0,14

0,12

0,10

0,08

0,06 aln
0 1 2 34 5 6 78 9 10 11 12 13

S, M

Puc.6. I'mapaBnHYe€CKHit NIPBDKOK B TOTKE 6€3 yKJIOHA:
[0 - PKCNEPUMEHT, - pacyet npHu v’ = 0 M¥/c;
—~ = = —pacuer npH v’=0,3 M¥c

6. TPUMEP PACHETA HATYPHOIO OB BEKTA

[IpuMepoM NpakTHYECKOrO NMPUMEHEHHS ONTMCAHHON METOAUKH ABIISET-
CS pacyeT pacnpoCTPaHEHHUS BOJIHBI IPOPBLIBA MTPH THAPOAHHAMHYECKOH aBaApUH
Ha 31O Ne 3 Ceposckoii I'PIC, cBA3aHHO# ¢ BHE3aNHOM NMpocaakoil rpedbHs
AaMObl M3-3a HEMCIIPABHOCTH OTBOAALLETO KOJUIeKTOpa. UcxonHas nHpopmalius
O MECTHOCTH W reomMeTpuu AHa aaHHoro 3UIO BBoaMIacs ¢ NOMOUILIO
KapTorpaduyeckoro Marepmnasna, a HCXOoAHbIE [IapaMeTphl MpopaHa ObLJIN B34 THI
H3 OTYETAa O NMOCJCACTBHAX HMEBLIEH MECTO Ha 3TOM 00bekTe aBapuu (1LIMpHHA
npopaHa — 20 M; mybuHa — 4,25 m). TonorpaguyeCkMMH 0COOEHHOCTAMH
JAaHHOTO PacycTa ABJISAIMCH HATHYHE JOPOrH C BBICOTOH HACBIITH 1 M M LIMPUHOH
MOJOTHA 6 M y NMOZHOXHUA AaMOBbl, a TAK)KE HAJIMYHE 03€pa Ha TPACCE ABHIKCHHS
[IOTOKA. ITH 0COOEHHOCTH HOTPeOOBaI IPUMEHEHH HEPABHOMEPHOH CETKH C
KojsirdyecTtsoM y3noB 1000. YcToHunBOE YHCNEHHOE pelleHHE TpH OOLIMX 3aT-
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parax nmpouecCOPHOTO BpEMEHH I110psA/Ka yaca OblI0 MNOJYYEHO NPH NMapameT-
pe Kypanra Cr = 1,0. CpaBHCHME MOJYUYECHHBIX YHCIEHHBIX PE3YyjbTaTOB C
HAaTYPHBIMH JaHHBIMH 110 30HE 3aTOIUICHHUS MPEACTaBJICHO HA puUC.7/.

7. MHCTPYKUMUA NONb30OBATENA

7.1. NoaroToBKka NCXOOHbIX AaHHbIX

Hcexooduwsie oannbie 0as paciema 60AHbL NPOPLIEA
. Kapra ¢ ropu3oHTanaMu MECTHOCTH.
2. Kapra ormerok aHa 31O Ha 0CHOBE JaHHbIX 0aTHMCTPUUCCKON ChEMKH.

3. OTMETKH BOAbI B OTCTOHHOM Tipyike (npyjakax) 3LLUO u jmana3zoH ux
KojaebaHui.

4. XapaktepUCTHKU MecTHOCTH BOAM3n 31O u no tpacce (rpaccam)
BO3MOXXHOIO paclpoCTPAHEHUS BOJHEI MPOPbIBA (HAJIMYUE H ONMCAHUE JIeca,
CTPOECHUH M T.11.).

5. Ilpu BO3MOXKHOCTH 11onaiaHus noroka nynsibl U3 31O B peky HEoOD-
XOJIHMBI XapPaKTEPHUCTHKH PEKH B pAHOHE BO3ZMOXHOIO BIaJICHHUA B HEE MTOTOKA H
BHH3 [10 TCUCHUIO;

POAOJAbHBIN NPoHIIb IHA PEKH U OTMETOK €¢ CBOOOHOM MOBEPXHOCTH
B MEXXCHb M JUIsl ITABOKA 3aJaHHOH O0CCIIEUCHHOCTH (B COOTBETCTBHH C KJIACCOM
NEKJIapHPYEMOro 00LEKTA);

pacxo/l B pCKC CPEAHCMHOTOJICTHHIA, B MCXKEHb W JUJIS NNaBOAKA 3aaHHOMH
00CCNEeUYEHHOCTH B MECTE BO3MOXHOTO BIIAAEHHUSA MPOPLIBHOIO II0TOKA;

XapaKTEpPHCTHKA IHA PEKH (CKaJIUCTOE, NTECYAHOE, 3apOCLIEC H T.1.);

KEJIATENbHO UMCTh KPUBYIO CBSI3U PAaCX0J0B M OTMCTOK CBOOOJIHOH MO-
BCPXHOCTH BOAbI AN CTBOPOB, PACHOJOKEHHBIX BHH3 110 TEYEHHIO HA 3HAYH-
TEJIbHOM PAacCTOSHUM OT CTBOPA BO3MOKHOIO BIAJICHHA IIPOPBIBHOIO I10TOKA;

KapTa OTMCTOK AHA WJIH INYOHUH JJIA PCKH.

6. Paspesnl orpaxaarouicd 1aMObl.

7. XapaKTepHCTHKH aBTOMOOHJIBHBIX U XEJIE3HBIX JI0POTI" (BLICOTA HACKIITH
U LIMPHHA), & TAKKE JAPYrHX NPENATCTBUM, pacrookeHHbix BOIM3u 3LIO unu
[IEPECCKAIOMUX TPACCy PaclpoOCTPaHEHUS BOJIHBI IIPOPbBIBA.

8. YKa3aHue Ha KapTe MECTHOCTH O0BLEKTOB, Ha KOTOpbIC CICAYyeT 0Opa-
THTb 0CO00C¢ BHHUMAHHE MIPU paCHETE NapaMETPOB BOJIHEI NIPOPbIBA (00LEKTDI,

UMEKOUIHE OONbIUIYI0O MATEPUATIBHYIO LEHHOCTh;, MECTa CKOIUJICHMS JIFOJACH;
0OBEKTHI, KOTOPBIC MOTYT CJIYXHUTh HCTOUHHUKOM 3KOJIOTHYECKOH ONMAaCHOCTH).
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9. XapakrepucTuku 31M: n110THOCTE, MOPHCTOCTD, CBI3ZHOCTD, MPaHY-
JIOMETPUHECCKHH COCTAB, KAKOH YIOJIb UCTIOIB30BAJICS (HANpUMEP: KY3HEUKHH).

Bce orMeTKH JI0JIKHBI OBITH JaHBI B OJJHOH CHCTEME BBICOT.

MecTo BO3HUKHOBEHHS aBapyvu 3aJaeTcs Ha OCHOBAHHMH aHajiM3a CcOC-
TogHus orpaxaaroued 3O namObl. [Ipennonaraemas Tpacca pacrnpocrpaHe-
HHUS BOJIHBI NIPOPLIBA 3aJ1a€TCs HA OCHOBAHHWH Kaprhl npuieraromied k 31110
MECTHOCTH: 3aJal0TCA KOOPAHHATH X,Y TOYEK CEYEHUH TPACChl, B KaXJ/OM
CCYEHHH 3aJal0TCH KOOPAMUHATHI MPABOI0 M JICBOTrO Kpas NPH pa3IUYHEIX 3Ha-
YEHHAX OTMETOK MOBEPXHOCTH MeCTHOCTH. B 30O Takxke 3aparorcst kKoopau-
HaThl X, Y TOYEK CEYEHUH H B KaXKAOM CCHEHHUH — KOOPAHHATHI NPABOTO H JIE-
BOT'O Kpas IMpH pas3InuHbIX 3HAYEHUAX OTMETOK MOBEPXHOCTH JIHA. /Ins cityuaes,
KOr/la 3a/laHue NpeanoaracMou Tpacchl pacrpoCTPaAaHEHUs BOJIHb] IPOPHIBA HE
NPEACTABIAETCS BOIMOXKHLIM, CJIEJIYET HCIO/Ib30BaTh METOAUKH, OCHOBAHHbBIE
Ha JBYMEPHOM (IJIAHOBOM) ONTHUCAHHH MPOPBIBHOIO MOTOKA.

7.2. OnucaHnMe NporpaMMHOro Komnnekca

JList peanusauuu pazpaboTaHHON YUCIIEHHOH METOJIMKH pelICHMS 3a/1auH
pacnpoCcTpaHeHHs BOJIHBI IIPOPBIBA C YYETOM AHHAMHMKH Pa3BHUTHS NpopaHa B
I'PYHTOBBIX THAPOTEXHHYECKHX COOPYKEHUAX OblT paspabdoTaH nporpaMMHBINA
KOMIUIEKC, BKAKOYAKOUMK 0a3y JaHHbIX, 00€CNeUHBAIOILYIO LEHTPAIM30BaAHHOE
XPAHCHHE HCXOAHBIX JAHHBIX.

[IporpaMMHBIH KOMINUIEKC NpeaHa3Ha4yeH Juid paboThl HA NMEPCOHAIIbHOM
koMretoTepe B cpene MS Windows 95/98/NT4/2000. JIns HopMansHOH paboThI
[IPOrpaMMHOI0 KOMIUJIEKCA HEOOXOOHUM MEepPCOHAaNIbHBIM KOMIILIOTCP Kjlacca
Pentium-1I 1 Beimie ¢ 00bEMOM ONEpPAaTUBHONW MaMATH He McHee 64 MO, [lns
YCTAHOBKH MPOIrpaMMHOI0 KOMIUJIEKCA U PA3MELUCHHS PE3YJIBTATOB PacCyETOB
JOJKHO ObITH BbIZIEJECHO HE MeHee S0 MO AUCKOBOTO NPOCTPAHCTBA, NPHYEM HA
KOMIIBbIOTEPE AO/DKHA ObITh npeaycraHosiicHa cpena BDE (Borland DataBase
Engeneering) mus paborel ¢ 6a3amu ganubix. llocneansas nocraBaseTcd
COBMECTHO ¢ TAKMMH NPOrpaMMHBIMH npoaykramMu ¢upmbl Borland (Inprise),
kak Delphi (Bepcusa 2 w Bbiie) unu C++Builder (mobasa Bepcus), u nocne
YCTAaHOBKHW 3aHUMaeT nopsaka 10 M6 auckosoro npocrpancrpa. Cam
[IpOrpaMMHBIN KOMILIEKC MpeactapmnsieT coboi onuH EXE-¢daitn (WavePro.exe,
crieuasibHblie DLL OMONHOTEKH €My HE HYXKHBI) M OTJICJIBHYIO [TANKYy C HMEHEM
DataBase, rie xpausarcs ¢pannsl 0a3b! TaHHBIX.

3anyck nporpaMMbl OCYUIECTBIISICTCS C nNOoMOLblo ¢daina WavePro.exe
yTEM AKTHBU3ALIMH MBIIUKOH COOTBETCTBYIOLIECH “HKOHKH , IPH 3TOM Ha IKPaHE

MOHHTOPA NOABJIACTCH CJIICAYIOLICC MCHIO
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EA Wave 2.37

_Gann  Bononwve  Oign Madvk Enf T

Kakaib1if MYHKT 3TOr0 MEHK MMEET BCTPOCHHOC (BBINAAAIOLLEES NPH €ro
aKTUBH3allMH ) MCHIO. Takas CTpYKTypa HaVIAAHOTO YIIpaBJICHUA NPOrPAMMHBIM
KOMILIEKCOM MO3BOJISET:

yrnpasasath 0a30i AaHHBIX (T.€. NPOCMATPUBaTh OJIIMCAHUC H NIApPaMETpHI
JIO00ro rHaApOTEXHUYECKOro oObeKTa, AN KOTOPOTO BBITIOJHAJCA pacyer,
BBOJAMThL U PEAAKTHPOBATh HOBbIE OOBEKTHI);

3allyCKarhk NporpaMMy Ha CHET H, HE OCTaHaB/IMBas €€, CICIAHUTH 3a
TEKYyLUIUMH Pe3yJbTaTaMH pacueTa (B peXXHME MYJIbTHINIMKALIHH);

YyOpaBisaTh OKHAMH, B KaXJOM M3 KOTOPBIX HaxoAMTCA rpaduyeckas
HHPOpPMaLIUA;
BLIBOAUTL Ha IKpPaH B BHJAE rpadMKOB U KapT 3aTOIUIEHHA HHGOPMALHIO

10 TEKYLIEMY pacyeTy HIIM pacyeTy, BLIITOJIHCHHOMY paHee H COXpPAaHCHHOMY Ha
KCCTKOM LHCKE;

peAaKTHPOBaTh rpa)MKH H KapTbl 30H 3aTONJIEHUA (MECHATh LBETA 3aK-
pacKu, MaciuTadb! 10 KOOPAWHATHBIM OCAM H T.I1.), H3MEHATH NOANUCH IO PH-
CYHKaMH, yBeAnunBaTh (Zoom) HeobxoauMble oOmacTh rpadHKoB;

neyararb rpa)MK{ M KapThbl 30H 3aTOIUICHHA HJIH COXPaHATDH WX B daie
¢opmara BMP, JPEG, EMF.

[Tocne BBOAA HEOOXOAMMOH HCXOAHON HH(POpMaLIMH B 6a3y HaHHBIX (CM.
pa3aen 7.4) 3anyck nporpaMMbl Ha pacyeT NMPOMU3BOAHTCH NHOO ¢ NMOMOULILIO
dYHKUHOHANBHOH KnaBHlK FO, 100 ¢ NOMOUIBIO MBIIIKH HAXaTUEM Ha
NOANYHKT <PacueT> B NyHKTE€ OCHOBHOro MeHK0 <BbInonHUTL>, OCHOBHOE OKHO
3a/layd pacyeTa BOJIHbI MPOpLIBA IOCJE 3allyCcKa NnporpaMMbel HMEET BHI,
NoKa3zaHHbBIH Ha pUC.8. 31eCh W Aaliee N0JAb30BATCAb MOXET YIIPABJIATH XOI0M
BBINMOJIHEHUA 3aa4H C MOMOIIbIO THAJIOTOBbIX OKOH.

[lepen HayanoM BHITIONHEHHUSA paciyeTa MOXHO MPOCMOTPETE FEOMETPHIO
BCEX PACYETHBIX CEYCHMH TpacChl BOJIHBI NpopeIBa. IIpH BBINOJHEHHH NpoOr-
paMMbl Ha JKpaH MOHHTOpPa BbIBOAUTCH H3MEHSIOWMHCA BO BPEMEHH Ipa(HK
H3MEHCHUA OTMETKH CBOOOAHON MOBEPXHOCTH BOJbI B 3aBUCUMOCTH OT KOOP/IH-
HaThbl BAOJIb TPACChl pacrpoOCTpaHEHUA BOJIHBI NMPOpbIBA (pHC.9) M, pH HEOO-
XOAHMOCTH, B OTAEJIBHOM OKHE — NPOdHIb OQHOrO M3 BEIOpAHHBIX PACUETHBIX
CCUEHMH Tpacchl (Ha4aJbHbINH U TEKYIUUH — C yYeToM aedopMallMi 1HA).

Kak 6a3a jaHHBIX, TaK W BCTPOEHHBIA pelaKTop rpaduKoB, peAaKTOp HX
Ne4YaTy ¥ JPYrue KOMIOHEHTb! rpaHUeCcKOro HHTepdeica rnoas30BaTesna HMEKOT
OonblIOe KOJMYECTBO “‘BCIBIBAIOIIMX NOACKa30K~ (aHanoruyHo MS Word),
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KOTOpPbIE BMECTE C 3ar0JIOBKAMH KHONOK M OKOH PENaKTHPOBAHUS T103BOJIS-
0T paboTaTh ¢ NPOrPAMMHBIM KOMIUIEKCOM 0€3 yacToro oOpauecHus K HHCT-

PYKUHH.

7.3. Baza AaHHbIX TIMAPOTEXHUYECKUX OOTBLEeKTOB

s pacuera nMapaMeTpoB BOJIHBI MPOPLIBA KOHKPETHOIO I'MAPOTCXHH-
yeckoro obbnekra (HanpuMmep, 3LLO) Tpedbyerca Oonbiod 00bEM UCXOUHOH
HHpopMauuu: Tonorpaduieckas OCHOBA, MAPAMCTPhl I'PYHTA Orpa)kKAalolleii
naMObl M 30/1bl, ONHCAHUC UHPOPMALMH, KOTOPYK HEOOXOAHUMO MNMOJYYHUTHL B
pe3yabTare pacyeToB H T.4. OnepaTHBHbll BBOA, KOHTPO/b, KOPPEKLUHA H Xpa-
HEHHE TaKOH HH(OpMalLIHH HA COBPCMEHHOM YpPOBHE TpeOylOT HCII0JIb30BaHHA
TexHojiorui 6a3 jgaHHwix (bJl). IlporpaMMubBIl KOMNNEKC i pacuera
MapaMeTpoB BOJIHbI MMPOPHIBA B OAHOMEPHOM TNPHOJIMXEHHH HCNONB3YET pes-
LIHOHHYI0 (MHOTOYypOBHEBYI) bJl, CTpyKkTypHas cxeMa KOTOpPOH mpeacTaBiicHa
Ha puc.10. ba3za gaunbIx npeacrasasetr cob0i HabOp CBA3aHHBIX TabNHLL, TPHYEM
roJIOBHOH siBNgeTcd Tabnuua (CrNUCoK) rMAPOTEXHUYECKUX ODOBECKTOB, JJIA
KOTOPBIX BBINIOJIHAIOTCA pacyeTbl BOJHBbI npopsiBa. B Tabinuax 2-ro ypoBHs
XpPaHUTCA HHPOPMALIUA:

O PacnojOXEHHH 3aJaHHbIX CTBOPOB (CEYEHHM) pyCila HIIM TPACCHI, 110
KOTOPOH MOXET pacnpoOCTPaHATLCA BOJHA NPOPBIBA, H KPATKOE ONMCAHUE ITHX
CTBOPOB;

O pacnoIOKEHUH, pacxoiax v BPEMEHH BKIIKOUEHHUSA ITPUTOKOB (MOC/ICAHEE
aeT BO3MOXHOCTb YIPaBNiTh JHHAMHKOH OOKOBOH MPUTOYHOCTH);

O KPHBOH CBSI3H OTMETKU CBOOOJHOH NMOBEPXHOCTH C pacxoidoM B MOC-
ACAHEM CTBODE;

O KOOPAWHATAX KOHTPOIbHBIX TOYECK, B KOTOPBIX I0Jb30BaTE/lbh X0YCT
NOAYUYHTb IPAPHUCCKYIO HHPOPMALIMEO O AUHAMHKE OTMETOK, INTYOUH, CKOPOCTCH
TEYEHHUS, PACXOA0B, KOHUCHTPALHUH 30/1bl H HAHOCOB H T.JI.

O KOHTPOJIbHBIX MOMEHTaX BPEMEHH, /Ul KOTOPLIX MOJb30BATENL XOYET
MOJIYYUTh IpaduuecKkyrw HHPOpMALMIO O paclipee/IcHHU BAOJNb TPACChl
pacnpoOCTPAHEHHUA BOJIHBI MPOPbIBA NIYOHH, CKOPOCTEH TE€YEHHA, PaCcXoa0B,
KOHIIEHTPALMH 30JIbl H HAHOCOB M T.[.

b/l Bxiawuaer B cebs TOJLKO OAHY Ta0nuUy 3-ro ypoBHS, B KOTOpO#H
XpaHATCA KOOPAHHATHl TOYEK, 3a4al0lHX NPOo¢uIIbL JIEBOrO H NpaBoro depera
CCHYCHUH pyciia U 3aBUCUMOCTL KO3 ¢dHLHEHTa LIEPOXOBATOCTH B GopMyiie
MaHHHHra ot rmyOuHbl noroka. Takas TabnuuUa €CTh y KaXXA0ro 3aJlaHHOTO
MOJIB30BATENIEM CEUECHHUA TPacChl (CTBOPA).
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Jl1d ynoocTsa UCIONb30BAHUA U YMCHBLIIEHHA BCPOATHOCTH OUIMOOK B
O0a3y NaHHBIX BKJIIOYEHB! CIIEAYIOUIHE CPEJICTRA:

KOHTPOAb IPABUIIBHOCTH BBOJAMMOH HHpopMauuu (dopmar uyucesn,
HCAONYUICHHE HE3AallOJHCHHBIX TIOJIEH, AHANA30H AONYCTHMbIX 3HAYCHHH
MapaMeTpoB);

3aJaHAC 110 YMOIYAHHUIO NMPHEMIEMBIX 3HAYEHUU [1apaMETPOB BBIYHC-
JIMTENBHOTO AJITOPHUTMA;

rpaguyeckoe NpeACTaBICHUC TAOJIMUHBIX AAHHBLIX HCMOCPC/ACTBEHHO B
NPOLECCE UX BBOJA;

KOIIMPOBAHHE U BCTaBKa B 0a3y JaHHBIX C MOCIEAYIOLIEH KOPPEKTUPOBKOH
BCEX [1apaMETPOB M CBA3AHHBIX TAOIHL THAPOTEXHHUYECKOTO 00BEKTA, OT/IENBHBIX
CCUYEHHH €ro TpacChl MIIK TOYEK N0 OeperaM 3THX ceueHUH (pexnmM “Copy-Paste™).

baza paHHBIX MHTErpHpOBaHa B MPOrPAMMHBIN KOMILUIEKC JJ1sl pacycTa
napaMeTpoB BOJIHBI MPOPBIBA, 0COOCHHOCTH pabOThI ¢ HEll onMcaHbl B 11.7.4.

Tabunua ruApoTeXHHYCCKHX 00bEKTOB
Ha3zpaHHe, KpaTKOE ONUCAHHKE, BPEMs U JaTa 3aHeceHHA B b/
OCHOBHBIC TApaMEeTPbl 00BEKTA H PACYETHOIO arOpHTMa

Pduzudeckue cBOHCTRA 30061 31110

'- -------------------------- -

Onucanue reoMeTpHu

pycia g

KoHTpoab

----J

.

Tab Tabnuua Tabnuna
40/InHa 3d/1aHHBIX KOOPAMHAT KOHTPOJILHBIX
CEYEeHHH pyci1a (CTBOPOB); KOHTPOIbHbIX MOMEHTOB
KOOPJAHHATH! OMOPHOMH — BpEMEHM
TOYKH, OTIHCAHHUE Y, N
. . S S
| )
i I
| |
1 :
I I
: s & X 2q ) RN
Ta6 Tabnuua, zagawouias Tabnuua
KOOPAHI
TO‘?EE Hnl:? eﬂgiim;ﬂx FPYEYTO ERAH pHISIO® |
» OHP b OTMETOK C pacxol1aMH (HCTOYHHMKOB)
Mpo UL CEYCHUM .
Ha IpaBoOH IrpaHuiLe C YKd3dHHCM
M KO3(PDHIITHEHTOR BPEMEHU X
LIEPOXOBATOCTH \_ Y, |
\ . BKJIKOUEHU S
|

_____ —— N Y

Puc.10. CrpykrypHas cxema 0a3bl JaHHBIX MMAPOTEXHUYECKUX OOBEKTOBR
(3B€37104KaMH NIOMEYEH ypoBeHb Tabnui B B/1)
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7.4. [lopAanoOK NOArOTOBKM MCXOAHLIX AaHHbIX

Jlns Toro, uroOwsl nonacrtb B 0a3y JaHHbIX Hago JHOO HaXarh (PyHK-
LHOHAJIbHYIO KiaBHluy F5, nMbo B OCHOBHOM MEHIO LIEJKHYTh MbIIIKOH Ha
COOTBETCTBYIOUIEM NYHKTE. YnpapiacHHe 0a30il JJAaHHBIX OCYLECTBAACTCS C
[TOMOLIBIO OKHA, OPOPMIIEHHOTO B BHAE OJIOKHOTA, OTAENIbHbIE CTPAHULB! KOTO-
poro npeacrasiensl Ha puc.l1 — 14, Coxpanenue naHusix B b/l npoucxoaur
ABTOMATHYECKH NPHU HAXaTHU KHONKH «OK» Uiy 3aKpbITHH OKHa «ba3a faHHbBIX».
[IpenycMorpeHo OTOKHPOBAHUE NEPETUCTBIBAHUSA CTPAHMIL OIIOKHOTA HIIU 34K-
PLITHS BCEro OKHa «ba3za JaHHBIX)» MPH HEINPABHUJIBHOM MJIM HEMOJHOM BBOIE
HHpOpMallHK O THAPOTEXHHUYECKOM o0BexTe. [ paduku Ha puc.13, 6 (cTpanuua
onokHoTa «TOUKH CEUYCHHI») NOKA3BLIBAKT NPOPUIIH JIEBOTO HIIM IPABOIQ
Oeperos, win npoduns k0dGGULUHEHTA WIEPOXOBATOCTH, a rpadMK Ha CTPAHHULIE
Os10kHOTa «l paHHYHBIC YCJIOBHA» NPEACTABAACT COOOH KPHBYHO CBA3H B I0C-
JIEAHEM PacCYETHOM CTBOpE.

O L LR
S '.l"...:

i il 8 A

[IeppoHayanbHOE pacnpenescHue OTMETOK CBOOOIHOM TOBEPXHOCTH
BOJ1bI MOXKHO JTH0O 3a1aTh HA CTpaHHuKe O10KHOTa «(CeYeHHA», MMD0 pacCUUTATh
C MOMOUIbIO PELICHUA CTALIMOHAPHOMW 3a/Ja4y NPH H3BECTHOM HA4yalbHOM pac-
X0J1€, 3aJ1aB COOTBETCTBYIOLIHE NPU3HAKY HA CTPAHHUKE «I'paHHYHBIC YCIOBHAY.

Beoa nngopmauun B 6a3y JaHHBLIX UMEET ONPELECIHHBIE OCODEHHOCTH.
J1i1s BBOAA napaMeTpoB HOBOTO 00bEKTA (a Tak xe U1 BEIOOpa H3 CNUCKA OJHOTO
M3 BBCJCHHBIX paHee) CICAYET NEPpeHTH Ha |-10 ¢cTpaHHuKy OJOKHOTa penak-
tupoBaHus bJ] (puc.11). BBox HOBOro oobekra OCyECTBIAETCA KHOIIKOH «+»
Ha rmaHenbske Hapuraropa b/l (oHa cripaBa HaBepxy, oA Heil HaaANUCh «OOBEKT
CO3/1aH» ). 3aTeM B yCTOM CTPOKE CITUCKA I'MAPOTEXHHYECKUX OOBEKTOB ClIE/1yeT
BBECTH JIEOO0OE Ha3BaHHE OOBEKTA, 4 B OKHE BHH3Y MOXXHO BBECTH €0 CJIOBECHOE
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| SIOTOK C pe3kuM pacilimpeHuem a8 NnaHe (lllxoanumB)
Z_'f_ | HaknomHeit noTok ¢ TpeHuem N'2 [inA CTATbM.
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Puc.11. Okno «ba3za naHHbBIX» NMPOrpaMMHOIN0 KOMIUIEKCA pacyeTa napaMeTposB
BOJIHBI I1pOpbiBa; cTpaHUuLd «O0BbEKTHI»

ONHUCaHHUE HEOrpaHHUeHHOH AnuHbl. MHorna ynobHee HoBbIN 00bEKT Nepeaienars
H3 yxe nMerwllicrocsa oobekra B b/1. B 310M ciiyyae MOXKHO HCTOIL30BAaTh KHOITKH
«KOIHUPOBATH» U «BCTABUTb» — OHH PACIIONIOXKEHBI Ha KHONKOoK « OK» B npaBoMm
HHXXKHEM yry. JlaHHbie Ha naHensax «O0bekT co3gan» U «OOBEKT COAEPX AT
3a0JIHAIOTCA AaBTOMATHYCCKH M HC MOJICKAT PEIAKTHPOBAHMIO.

[locne BBOaa Ha3BaHHA M ONIUCAHUA OOBEKTA MOXHO IIepeHTH HA BTOPYIO
cTpaHuny OsiokHoTa penakrtupoBanus b/l (puc.12, a). [lapameTtps! [.mm,‘l ur
OrPaHUYHMBAIOT J/IMHY pPAc4yeTHOH 00J1aCTH B BEPXHEM H HHXHEM Obedax (mx
a0 3aJaBaTh C MOMOLBLID KapTel). [lapaMeTp HWt — 3TO HayajibHas OTMETKA
B BepXxHeM Obede nepea 1iioTtuHoi Hiau aambou. Ilapamerpom «CryuieHue»
MOXCHO 3a/1aTb O0J1ce MENIKYHO CETKY B paHOHE npopaua (s = 0), npu 3aaaHUH €TO
paBHbIM 1,0 ceTka Oyaer paBHomepHoH. IlapameTrpamu «Bpemsy, «lllar no
BpeMeHU» U «HTepauun» 3a4al0TCA, COOTBETCTBEHHO, 00lllee BpeMs pacyerTa,
MaKCHMaJbHbIH (C TOYKH 3pEHHA HEOOXOAHMOH MOJIL30BATEIIO NOAPOOHOCTH
pacyeTra) war rno BPEMEHW H KOJNMYECTBO HTEpauui Merona (alropurm
paboTocnocobeH H 6€3 uTepaluMit — MOXHO 3a4aTh 3/1eCh «1», HO C UX YyBEH-
YEHHEM CHHXKatoTca TpeOoBaHHusa k napamerpy Kypawra). (), — pacxon Baosb
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Puc.12. Okuno «baza naHHbIX» IPOrpaMMHOI0 KOMILIEKCa pacucra rnapaMeTpos
BOJIHLI TpOpbIBa: cTpaHuubl «[lapamerpo» (a) U «I'pyurt/3ona» (6)
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Tpaccel pacTekanus notoka: ans 3110 oH, kak npaBuiio, HyNneBOH, a AJs NJIOTHHBI
MNIEKTPOCTAHIIMK pPaBeH HavYanbHOMY pacxoay B HuxHeM Obedc. [lapamerp
Kypanra MOXXHO BbIOMpaTh B iuanazone ot 0,5 no 3,0. IlepBoe U3 21TuX 3HaYUCHUH
3aJ10:K€HO B b1 «110 yMOJIIUaHHIO»: OHO rapaHTUPYCT YCTOHUYMBOCTh PacycTa, HO
TpecOyeT ans BuIYUCIHEHUH Oosbilie BpeMeHU. Bropoe 3HadyeHue (3.0) MOxkHO
YTOUHHTB NPH NPOOHBIX pacycTax. s oCTaJibHbIX 11apAMETPOB PCKOMEHAYECTCH
HCITOJIL30BATh NapaMeTpel, 3an0xkeHHble B b/l no ymonuanuio. C noMolb1o
KHOTIKH [L ] Ha 3TOH Xe CTPAHHIIC MOXHO MOTY4HTh JUIMHY PaCyCTHOH 001aCTH
B/10J/1b HCKPHBJICHHOH TPACChl pACTEKAHHWA 10 MONYYEHHBIM C NTOMOLILIO KAPThI
KOOpAHHATAM CEYECHHH, 3aJlaHHbIX Ha cTpaHHue OnokHoTa b/l «Ceuenusin.

Ha ctpanuue 6nokHoTa peaaktupoBadHus 0a3el gaHHblX «[pyHT/30na»
(cM. puc.puc.12, 6) MOXKHO M3MEHHUTb cpedHue NapaMeTphbl HacTHU, a TaKXKe
BKJIIOYHTB/BBIKJIIOYHUTL Pacye€T TpaHCNopTa 305bl U aAchopMmauuu pycna. [lpu
JalaHHH 3HAuYCHUs napaMerpa «KoHUeHTpauusas» HA ma”HeaH «30/1a», pas-
HbIM HYJI}O, KOHUEHTpALHA YacTHL, 30J1bl B CCHEHHH NMPOpaHa pacCUMUTLIBAETCS
Mo TPAHCHOPTHPYIOLIEH CNIOCOOHOCTH NOTOKA, B NPOTHBHOM CJ1y4yae — HC-
M0JIbL3yETCA BBEJICHHOE B 3TOM OKHe 3HaueHue U3 b (obbemMHas Oe3pasmepHas
KOHLEHTpALIUA).

CHATas ¢ KapTh! MECTHOCTH Tonorpadudeckas HHboOpManHsa 3aKjiajbl-
BacTCs B 0a3y naHHbIX Ha cTpaHullax «CeueHHus» U « Touku ceueHui» (puc.13).
B BepxHEH JICBOM YaCTH 3THX CTPAHHML] UMCKTCH MAHEIH HABHUraTopoB Oasbl

NAHHBIX, @ TaK )€ KHOINKH «KONUPOBaTb» W «BCTABUTH». [l BCTAaBKH WM
YAANEHUS CCYCHUHR MM TOUYEK CEYCHUH MOXHO TAKXE€ HCNOJb30BaTh KJIABUUIU

[Insert] u [Delete] Ha xnasuarype. Homepa cedeHui (Tabivua Ha CTpaHHULE
«CedeHHs») He 00A3aTeNIbHO JOMKHBI HATH C 11aroM 4yepe3 1: ux uenp — 3a1aThb
MOPANOK PACHONOXEHHA CEYEHUH HA Tpacce pacTEKaHUA, KOTOPBIH NPH CHIILHO
HCKPHBJIEHHOH Tpacce He Bcerna oyeBuieH. KoopauHatel X' ¥ Y B 3TOH Tabnuue
OIpEAEIIAIOT NOJOXKEHHE TOUEK TPACCHI (OTIOPHBIX TOYEK) — KAK NPABUIIO, HO HE
BCEraa, 3TO TOYKH CedyeHUH ¢ HaubonbweHd myOuHoH. Havano orcuera atux
KOOpAHHAT MOXET ObITh BHIOpAHO MPOHM3BOJIBHO — 3TO BIIUAET TOJIBKO HA OCH
KOOPAUHAT NOCTPOCHHbIX KapT. KOJIMYECTBO BBEACHHBIX TOUEK, ONPEAECNAIOUINX
KaXkJ0€ CcueHHe, BBOAUTL HE HALO — OHO NOACYHMTBLIBACTCA aBTOMATHYECKH.
HayanbHblie OTMETKH CBODOAHOW MOBCPXHOCTH BOAbI H  TaKKe BBOAATCS B
Tabnule (puc. 13, 6), Ho OHH OyaAyT HCIIOIB30BaHbI, TOJIBKO €CJIM He OyaeT 3a/1aH
PEXHM pacueTra HayalibHOro npodusns ¢BOOOAHON NMOBEPXHOCTH (CM. OITUCAHHE
cTpaHuubl «l paHHUYHbIE YCIOBHA»). POpMa CEUEHHMH, a TaKKe KOIQPHLMEHT
LLIEPOXOBATOCTH 1 3a/1a€TCA B TAOJIMYHOM BUAE U KOHTPOJIUPYETCS ABTOMaTHUECKH
HU3MEHAIOILUMCA rpad)MKOM Ha cTpaHuLe 0s10KkHOTa penaktupoBaius bl « Touky
ceueHu» (puc.13, 6). B atoit Tabnuue H - 3T0 OTMETKA TOYKH (B NEpBOH TOUKE
rnyOuHa HanOoablas), a B, B, — pacCTOAHHA OT ONOPHOH TOYKK 10 Oeperos.
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Puc.13. OkHo «ba3a ganublx» NporpaMMHOro KOMIUIEKCA pacHeTa napaMeTpOB BOJIHbBI
npopsiBa; cTpaHuybl «CeueHun» (a) u «Touku ceueHun» (6)
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OnHO U3 HUX MOXET OBITh OTPHLIATEIKHBIM, €CJIM TOYKA C HauOOJ1b11IEH IMYyOHHOH
HE COBMAaJacT ¢ ONOpHOH To4YKoH ceyeHud. B nocnegneM cronbue (Manning)
3ajiaeTcad KO3QpPUUHMEHT 1EPOXOBATOCTH n (/1A pycaa H MOWMBI MOTYT OBITh
3a71aHbl pa3siHYHbIe KO3hGUUHEeHTH! 7). C NOMOILBIO YITPOUIEHHOI'0 HaBHTaTOpa
Ha 3TO# XKe cTpaHuuKe (OH Ha rnaHean «(CeyeHne») MOXHO OBICTPO NMEPEHTH K
COCEJHEMY CEYEHHIO, a C MOMOILbI0 KHOMOK Ha naHeaH «I'paduk» MOXHO
M3MEHHUTL HHPOPMALIUIO, N1 KOTOPOH BEINOJHAETCS TPaPUIECKHH KOHTPOIb:
¢opma sieBoro Oepera ceycHus, npaBoro dOepera WIM BEPTHKANBHBIA NPOQHIIL
KO3((PHILHEHT LIEPOXOBATOCTH 1.

Ha nocneaHux aAByx crpaHuuax 6nokdora pegakruposanus b/l (puc.14)
BBOAUTCA HHPOpMaALIUA:

O KpHMBOiH CBS3H pacxoldoB C MyOMHaMHM Ha NPaBOH rpaHHLEC (B BHIE
Tabnuusl Ha puc. 14, a); sBBegeHHas HHPOPMaLHA aBTOMaTHUYECKH 0TOOpaXkaeTcs
Ha rpaguke;

0 OOKOBBIX NMPHUTOKAX U MOMECHTAX BPEMEHH, C KOTOPbIX OHH HAYHHAaIOT
“paborars’;

O pacnoJIOKEHUH KOHTPOJILHBIX TOYEK BAOJb PacHETHOM Tpacchl (Jie-
Bas Tabnuua Ha puc. 14, 6); B 3TUX TOUKaX OyLAET BHINOJHATLCA 3aIOMHHAHHE
PEe3yJbLTATOB pacueToOB I NMOCTPOCHUSA rpadHKOB OTMETOK, PaCXOIOB U T.A.;

O KOHTPOJbHbIX MOMECHTAX BpeMeHH (npaBasg Tabnuua Ha puc. 14, 6); B
3TH MOMECHTBI BPEMEHH OYJIET BHINOIHATLCA 3aTIOMHHAHUE PE3YJILTATOB pacHue-
TOB /11 NTOCTPOEHHUA IpaUKOB OTMETOK, paCXOAOB H T.I.

[Tocne 3aBeplueHHs BBOJIa HHPOpMaLIMH HEOOXOAMMO 3aKpBITH OKHO

(6nokHoT) penakTupoBaHua 6a3nl AaHHbIX KHONKOU [OK] nim [X].

7.5. O6paboTka nonyyYeHHbIX pe3ynbLTaTosB
(nocTnpoueccop)

[locne 3aBepiuienys pacuera rpadpuyeckyo HHPOpMaUHIO 0 napaMeTpax
BOJIHBI ITPOPHIBA (30HY 3aTONJIEHHUA, AHHAMHKY HU3MCHCHHS MOBEPXHOCTH BOJLbI,
H3MCHCHHA CKOPOCTH ITOTOKA M pacxoja, JHHAMHKY H3MEHEHHUS OTMETKH JHA U
T.I1.) MOXXHO MPOCMOTPETDH Ha IKPAHE MOHHUTOPA H BBIBECTH Ha M1€4aTh C MOMOLLbIO
BbIOOpa COOTBETCTBYIOLIHX NOAINYHKTOB B IYHKTE€ OCHOBHOI'O MeHIO <®ain>.
s Bcex rpadMKOB M KapT 30HbI 3aTOMJICHHUA MPEAYCMOTPEHBI OOIIMPHBIE
BO3MOXHOCTH pEeAaKTUPOBaHUA (IOJAPUCYHOYHOIO TEKCTA, I1apaMETPOB JIMHHM,
pa3MeTKH oced U T.4.). KpoMe Toro, MMeeTcs BO3BMOXKHOCTD “Zoom’ — BbIJIEJIEHUA
C TIOMOIIBIO MBILIKY H YBCIHYEHHS NI000ro (parMeHTa rpayMka mjid Kaprbl.
Hurepdeiic BcrpoeHHOro perakropa A0CTaTouHO NPOCT U HE TpebyeT NosiCHEHHM
(xak ¥ uHTEepdenc 0a3pl JaHHBIX, OH MOCTPOEH B BUJE OKHA-OJIOKHOTA).
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Puc.14. OKHO <<533:a NaHHBIX» MPOrpaMMHOI0 KOMIUICKCA pacuera rnapaMeTpoB BOJIHLI
[pOpLIBA; CTPpaHULbl «[ paHUuHbIe yCi10BHA» (a) U «Koutposb» (6)
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['padpnueckuit uHTEepdeiic (nocrupoueccop) NO3BONLAET IMOCTPOHTD,
pH HEOOXOAUMOCTH,0TPEIAKTHPOBATL U HaINeyararh:

rpadvKH 3aBUCHUMOCTH pacxoga H OTMETKH CBOOOMHOH TOBEPXHOCTH
OT BpPEMEHH B IHOO0H To4YKe Tpacchl pacnpoOCTpPaHEHHA BOJIHBI MTPOPLIBA;

rpaMKH 3aBUCHMOCTH OCPEIHEHHBIX 10 CEYEHUSM TPAcChl CKOPOCTEH
NMOTOKa OT BPEMEHH B JIIOOOH TOYKE;

rpadgMKH 3aBHCHMOCTH pPacxo/a, OCPECAHEHHOH [0 CEYEHHIO CKOPOCTH
NOTOKa MU OTMETKH CBOOOAHON IMOBEPXHOCTH OT KOOPAHWHATHI BIOJb TPACChl
B JIIOOOI MOMEHT BpPEMEHH;

rpadMKH 3aBUCUMOCTH OT KOOPJAHHATHI (111 3aJaHHBIX MOMEHTOB Bpe-
MEHH) H OT BpeMcHH (aAnsd 3aaHHbIX KOOPAHHATAMHU KOHTPOJBHBIX TOYEK)
OCPEIHEHHBIX 110 CEUCHUAM Oe3pa3sMepHbIX KOHUEHTPAIMH B3BECLICHHBIX YacTH1]
30J1bI;

rpad Ky 3aBUCHMOCTH OT BPpEMEHH 00BEMOB KHAKOCTH, HAHOCOB, 30J1bl,
NPOLICAIIHX Yepe3 BIOpAaHHBIC CEUEHHUSA TPACCHI;

KapTy 30HBbl 3aTOIJICHUMA B JII0OOH MOMEHT BPEMCHHM C YKa3aHHUEM

00 TeKyUHX rmyOHH 3aTonjaeHus, 1100 MakKCUMaNbHBIX IT1YOHH 3aTOIMACHUSA
OT Hadajla aBapyH A0 BLIOPAHHOIrO MOMEHTA BPEMEHH.
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