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BBEAEHUE

YenoBek Bcerna CTpEeMMICS NPEABHAECTD, MPENCKa3aTh, CIIPOTHO3H-
poBaTh mpeictaBiieHue O OymymeM. OmHako HMHTEHCHBHOE pa3BUTHE
KOHLeNUHiA 6yqyliero Hayanoch TOIbKO cO BTOpoH mnonoBuHel XIX B.
Hx aBTOpHI BHICTYyNANM BO BCEOPY)XHH CPEICTB COBPEMEHHONH UM HAaYKH,
3KCTpanonyupys TCHACHLUMHM Ppa3BUTHA HAYKH, TEXHHKH, KYAbTYphl Ha
CPaBHHTE/IBLHO OTJAJIEHHBIC NepcreKkTHBbl. Yallle BCEro aBTOPOB «pa3-
MBINUIEHHH 0 OyaymeM» HHTEPECOBANH YaCTHBIE MEPCIEKTHBBI OTACNb-
HBIX CTOPOH HAy4HO-TEXHHYECKOrOo M counuanbHoro nporpecca. Ilytu
Pa3’BUTHS YHEPreTHKH, POMBIIIUIEHHOCTH, CENIbCKOTO X034HCTBa, Irpato-
CTPOMTENLCTBA, TPAHCHIOPTA M CBA3HM, OCBOCHMA 3E€MIIM, 3IPaBOOXpaHe-
HHSI, KyNbTYPHI — BOT JajIEeKO HE NOJIHEIA nepeyeHb npobieM, CTOSBUIMX
B HEHTPE BHHMaHHUA.

B nanbHefteM, Kk Haqary BTOpOH MHPOBOH BOHHBI, pa3BHTHE Npel-
CKazaHHi o OyIyuieM 3aMeIHIoCh, HO Yxe B 50-x — Havane 60-x rogos
XX B. Hayanmace HHTEHCHBHas pa3paboTka HOBOH TEXHOJNOIMH NPOrHO-
supoBaHud. Tpu ¢akropa cnocobcTBOoBaNM 3TOMY. Bo-nepBhIX, nosBne-
HHE KOHIENIUHY HAYYHO-TEXHHUYECKOH PEBOMIOLUH, cHOPMYITHPOBAHHOM
B Tpyxax JIx. bepnana, H. Bunepa. Bo-BTOpBIX, BHEAApEHHE TCXHHKH
TIOMCKOBOTO U HOPMAaTHBHOTO NMPOTHO3HPOBaHHUA. B-TpeThHX, cTaHOBINE-
HMe COOTBeTCTBYOLICH ¢uaocotpckoii 6a3pl Kak OCHOBBI HOBOH CHCTCMBI
B3IJIA/I0B.

Hauano Hay4yHO-TeXHHYECKOH pEBOJIOLIMH BBHI3BANO NOSABJICHHE CO-
TEH Hay4YHBIX YUYpexJIeHMH M OTHENOB, 3aHUMAIOMMXCA pa3paboTkoit
«TEXHOJIOTHYECKUX» MporHo3oB, C koHna 60-x rofoB NporHo3MpoBaHHe
cTano Bce Oosiee OpPraHUYECKH BXOIUTH B CHCTEMB! IPOrPaMMHPOBAHUS,
IPOEKTUPOBAHHUSA M YNIPaBJIECHUA.

CeromHa 1noJ MPOTrHO3MPOBaHHEM B OOILIEM CMBICIE ITOTO CJIOBA
MIOHUMAETCH ClIEIHAIbHOE Hay4YHOE UCCIEeIOBaHHE, IPEAMETOM KOTOPO-
ro ABJIAIOTCS NEPCHEKTHBBI Pa3BHTHA ABJcHHuA. [Ipu 3TOM nporsos on-
penensercd Kak BEPOATHOCTHOE, HayyHO OOOCHOBaHHOE CyXAEHHE
0 BO3MOXXHBIX COCTOSIHHSIX TOTO WM HHOTO 00bekra B 6yxymeM u (unu)
00 anbTepHATHBHBIX IMYTAX M CPOKaX MX OCYILECTBIeHHs. B kauecTse
00BEKTOB NMPOrHO3WPOBAHHA MOIYT BBLICTYNATh HPOLECCH, ABICHHA, CO-
ObITHsA, Ha KOTOpHIE HanpaBleHa MO3HABaTeNbHas NpAaKTHYeCKas Aes-



TENBHOCTH YeNOBEKa. [IPOrHO3UCT UCXOAMT M3 TOro, YTO K SABICHHAM
OyQyuiero Hy>keH BEPOSTHOCTHBIH MOAXOA C Y4ETOM IHMpOKoro Habopa
BO3MOXHBIX BapHaHToB. IIpOrHO3HMpOBaHHE HCIIONB3YyeTCA s BhiOOpa
Haubonee BepOATHOro Wi HauboJsiee XeJaTeJIbHOrO ONTHMAJILHOTO Ba-
pHaHTa.

Beipensior nBa THna nporHo3oB [48]: nouckogsie (MccnenoBarensb-
CKHe, U3BICKATENbCKHE, TCHETHYECKHE U T. 1.) U HopmamusHble (IpO-
TPaMMHELIC, LIENEBBIE).

[TouckoBBIf NPOrHO3 COCTOUT B ONpPENENICHHH BO3ZMOXKHBIX COCTOS-
HUH O0BEKTa MPOTHO3MPOBaHUs B OydyIeM TNpH YCIOBHH COXPaHCHMA
CYILECTBYIOIUMX TCHIACHIHM.

HopMaTHBHEIH NPOrHO3 3aKIIOYAECTCA B ONPEAENeHHH IyTeH H CPO-
KOB HOCTH)XXEHHUA BO3MOXHBIX COCTOSHHI fABIIEHHH Ha OCHOBE 3apaHee
3aJaHHbIX HOPM, CTHMYJIOB, LIENCH.

B 3aBHCHMOCTH OT NPOMEXYTKa BPEMEHH, Ha KOTOpBIH pacCIHTaH
NPOTHO3, Pa3iiM4aloT ONEPaTHBHBIE (TEKYLIME), KPATKO-, CPEIHE-, JOAr0-
U CBEPXJ0JrOCPOYHEBIE IPOTHO3HI.

OnepaTnBHbIC NPOrHO3bI COJEPKAT, KaK NPaBWIO, AETaNbHO-KONH-
YJEeCTBCHHbIE OLIEHKH, KPaTKOCPOUYHbIE — OOIIHE KOJIHYECTBEHHBIE, Cpel-
HECPOYHBIC — KOJIHYCCTBEHHO-KAaYECTBEHHBIE, JOIMTOCPOYHBIE — KayecT-
BEHHO-KOJHYCCTBEHHBIE M CBEPXAOJrOCPOYHbIE — O0IIHE KaYeCTBEHHBIE
OLICHKH.

BpemeHHas rpagaiys MporHo3oB BeChbMa OTHOCHTEIbHA H 3aBHCHT
OT Xapaxrepa M LeleH NporHosa. B HEKOTOpBIX HAyYHO-TEXHHYECKHX
TIPOrHO3axX MepHoj| 3a0JIarOBPEMEHHOCTH JaXe HONTOCPOYHBIX NMpPOrHO-
30B MOXXET H3MEPATHCA CYTKaMH, a B T€0JIOTHH — MIJUIMOHaMH JIET.

B 3aBucHMocTH OT 00BEKTa HCCIEN0BAaHHA BBIAEIAIOT ECTECTBOBE/-
4eCKHE, HAYYHO-TEXHHYECKHE H OOLIECTBOBEAYECKHE (COLHANIBHO-IKO-
HOMMYECKHE) IIPOTHO3BI.

Ecmecmeogedueckue npOrHo3sl NOAPA3AEIAIOTCA HA MOATHIIBL:

1) Mereoponoruyeckue;

2) THOPONOrHYECKHE;

3) reonoruyeckue;

4) 6HONIOrHYECKHE;

5) menuko-Ononoruyeckue;

6) KOCMOJIOTHYECKHE;

7) GH3HKO-XHMHYECKHE NPOTHO3b! ABJICHHHA MHKPOMHUPA.



Hayuno-mexnuueckoe NMpOTrHO3UPOBAHHE HUMeEET LENBI (OPMHPO-
BaHHE BEPOATHOCTHBIX CY>KACHHH O NyTIX Pa3BUTHA HAYKH U TEXHHKH,
06 obecriedeHHH pecypcaMu M 00 3QGDEKTHBHOCTH Pa3sNUYHBIX albTep-
HATHB HAyYHO-TEXHWYECKOTO pa3BHTHA. B obllacTH Hayku OCHOBHBIMH
06bEKTaMH NPOTHO3HPOBaHHUSA ABNAIOTCS HauOoJee NMEPCNEKTHBHBIE Ha-
yuHble NpoO/IeMbl, BO3MOXHBIE NYTH U 3Q(PEKTHBHOCTh HX PEIICHHA.
B obnacTH TEXHHKM — KOHLENIMH €€ pa3BUTHHA, NPHHUMIBI ACHCTBUA
TEXHHYECKHX CHUCTEM, HX OCHOBHBIC NAPaMETPHI, CXEMBI H CTPYKTYPHBIE
peLIeHHS.

Obwecmeogedueckoe MPOrHO3HPOBAHHE BKJIIOYAET MPOrHO3bI KO-
HOMHYECKHX TNPOLIECCOB M ABNECHHHN, COLMOIOrHYECKOe MPOTrHO3UPOBa-
HHE, B KOTOPOM 00BEKTOM HCCIICNOBaHUA ABJACTCSA OOIIECTBO KaK COLH-
aNbHBIH OPraHM3M, a TaKXke aeMorpadHyeckHe, apXHTEKTYpPHO-TPalo-
CTpOUTEJNIbHbIE, BOEGHHBIE, IrOCYJapCTBEHHO-NPaBOBbIE H ApPYrHE BHIBI
NPOrHO30B.

B ocHOBE NPOrHO3MPOBAHHS JIEXAT TPH B3aHMOJONOIHSAIOIHE APYT
Jpyra ucToyHuka uHopMmauu o 6ymyuiem [48]:

— OLICHKa NEPCIIEKTHB Pa3BUTHA COCTOSHUS TMPOTHOZHPYEMOTO SB-
JIEHHs Ha OCHOBE OIbITAa C NIOMOLLBIO aHATIOTHH CO CXONHBIMH SABJICHUA-
MH H IIPOLIECCAMH;

— 3KCTpanoiums B Oyayuiee TCHICHHHUH, 3aKOHOMEPHOCTH Pa3BH-
THA KOTOPBIX B NIPOLIJIOM M HAaCTOSILEM XOPOLIO H3BECTHBI;

— Mozenb Oymyllero COCTOSHHA SIBJICHHSA, MPOLEcca, NOCTPOCHHAA
C YYETOM OXKHIAEMbIX MJIM JKENAaTEeNbHBbIX M3MEHEHHH pAla YCIOBHH,
NEePCNEKTHBH! Pa3BUTHA KOTOPBIX ZOCTATOYHO XOPOLIO H3BECTHBI.

Meroxn nporso3upoBanus npexactasnger coboit dopmy TeoperHye-
CKOTI'0 MIIM NPaKTHYECKOT O NMOAX0/1a, HANPaBIEHHOrO Ha NOJIyY€HHE KOH-
KPETHOTO PE3y/IbTaTa B Npolecce pa3paboTKH MPOrHo3a.

B HacTosmee BpeMs CO34aHO MHOTO METOAOB, NPOLELYp, IPHCMOB.
B «Pabouyelt kaure no nporsosuposanuion [48] memoowr npoznosuposa-
HUs pa3feJIeHbl Ha TPH IPYIIbI.

K nepso#t rpynme oTHeCEHBl CHHTYISAPHBIE, T.€. OTHENbHBIC (OAM-
HOYHBIE, IPOCThIE) METOABI NpOrHo3upoBanus. K HuM oTtHOCcATCA: mpo-
THO3HAas JKCTPaNO/LHs; HHTYUTHBHBIE (3KCIEPTHBIE) MeTOABI; MOpdo-
JIOTHYECKHUH aHaNK3; MPOTHO3HBIH CLEHAapHH; IPOTHO3HLIA rpad H «He-
PEBO Lenei»; MaTpPHYHbIA METO.

Bropas rpynna BiJIIOYaeT MaTeMaTHYECKHE METOMbl MPOTHO3HUPO-
BaHHsA: KOPPEIALMOHHbIH U PErPECCHOHHBIH aHANM3bl;, METOA IPYIIOBO-
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ro y4era apryMeHTOB; (aKkTOPHBIH aHaNH3; TCOPHA paclo3HaBaHHA 006-
pa3oB; BapHALIMOHHOE HCUHMCIICHHE; CNIEKTpalnbHbIA aHanu3; nend Map-
KOBA; 3J1€MEHThI anreOpbl JIOTMKH; TEOPHIO HIP.

K Tpetbeit rpymnmne oTHeCeHbl KOMIUICKCHBIE CHCTEMBI ITPOTHO3HPO-
BaHus. Mix npuMeHeHne 6b110 06YCIIOBIEHO CIOXKHOCTBIO COBPEMEHHBIX
COLMAJIbHBIX, TEXHUYECKHX M JKOHOMHYECKHX 0OBEKTOB IPOrHO3HMPOBa-
HHA. B oTeyecTBEHHOH U 3apyOexHOM NMpakTHKe NPOTHO3HPOBAHHUA Pa3-
pabGotaH pax takux cucteM. IIpH ux aHanHM3e K OCHOBHBLIM OMEpaLUAM
OTHECEHBI: OIPEIC/ICHHE COCTaBa MPOLELYP M CHHIYJIAPHBIX METOHOB,
BXOAAIMX B CHCTEMY, HX CTaHIapTHas NOCJIENOBATEIBHOCTb, JIOTHYE-
CKMe MpaBuiIa UX KOMILIEKCHPOBAHMA.

Hacrosiimas KHHra ImocBALLIECHA H3JI0XKEHHUIO METONOB M IpaKTHYe-
CKHMX IPHEMOB KPaTKOCPOYHBIX M JOJITOCPOYHBIX HPOTHO30B OCHOBHBIX
3JIEMEHTOB FHAPOJIOTHYECKOro PeXUMa BOAHBIX 06BHEKTOB CYILH.

IIpemweT H 3aJaYH Kypca, CBA3b ¢ APDYrHMH JHCUHILUIHHAMH

T'uoponozuyeckue npozHo3el — HaydHO OOOCHOBaHHBIE METOIbI
NPEACKa3aHUs PA3IHYHBIX JJIEMEHTOB PEXHMA BOXHBIX OOBEKTOB CYLIH.
Ha ¢opMupoBaHne BOAHOro M JIENOBOTO PEXHMOB BOLHBIX OOBEKTOB
BJIMAET OYE€Hb MHOTO pa3Ho06pa3HbIX (akTopoB, X GonblIas H3MEHYH-
BOCTb B IIPOCTPAaHCTBE M BO BPEMEHH OOYCIIOBIMBAECT OrPOMHbBIE TPYH-
HOCTH TIpH pa3paboTKe METOAOB IHAPOJOrHYECKOTO IPOrHO3MPOBaHHA.

I'upponoruyeckue ABICHHUS Pa3sBHBAIOTCA Ha TEPPHUTOPHAX PEYHBIX
WIH O3€PHBIX BOAOCOOPOB, OTIHYAIOIMXCSA Ype3BbiYaiiHo Oonbluoi He-
OINHOPOAHOCTBIO reorpadH4eckoll cpeabl, H SBIAIOTCA DPE3yTbTaTOM
KOMILIEKCA CIIOXHBIX IPOLECCOB, MPOUCXOAAMMX B atMoctepe, Ha Io-
BEPXHOCTH M B Tomuie 3emnu. M3ydeHne aTHX NMpOIECCOB MPOUCXOANT Ha
OCHOBE 00LIMX 3aKOHOB (PM3UKH H HEKOTOPHIX €CTECTBEHHBIX HAYK, TAKHX,
KaK METEOpOJIOTHA, KIIHMATOJIOTHsA, THAPOreosIorus, OYBOBEACHHE, Ieo-
mopédosorus B kypee «I'upponorus cymm». [1o3ToMy ypoBeHb pa3sBHTHA
TMAPONIOTHYECKHX NPOTHO30B OMNpPEAENACTCS YPOBHEM pa3BHTHA oOLuei
IHPOJIOTHH. YucHble, paboTalomie B 00NaCTH THIPOIOTHYECKHX MpO-
THO30B, TAaK)XE 3aHHMAIOTCA HCCIICNOBAHWAMH 3aKOHOMEPHOCTEH pa3BH-
THS NIPEACKa3bIBAEMbIX SABJIECHHH. DTH HCCENOBaHUA BIIIIOYAIOT KaK TEO-
PETHYECKHH aHaIM3, TAK M MPOBEAEHHE MOJIEBbIX KCNEPUMEHTOB H Ha-
6moaeHHit.

®akTopbl, ONPECAAIOIHE PEUHOR CTOK, €ro H3IMCHEHHE BO BpeMe-
HH, NOApPa3Je/NAIOT Ha ABE Ipynnsl. B nepsyio rpynny BiIo4aoT ¢ax-
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TOpBI, U3BECTHBIE K MOMEHTY BhHIIycka nporrosa. OHH MOryT OBITH
C pa3JIMYHOM TOYHOCTHIO OMPECICHB HIIH OLECHEHBI IO AaHHBIM Habio-
neHui. Bropas rpynma comepXuT ¢akTOpsl, HEM3BECTHBIE Ha NEPUON
3abJaroBpeMEHHOCTH NPOrHo3a. ['Maposornyeckue SBICHHS BO MHOTOM
OTIPEAENIAIOTCS YCIOBUAMH MOTOABI, U X NPEACKa3aHHE B PAAE ClIydacs
3aBHCHT OT CTENEHH Pa3BUTHA H TOUHOCTH METEOPOJIOTHYECKUX MPOTHO-
30B. B HacTosmee BpeMs METEOPOJIOrHA He MOXeT 00eCHednTh Haaex-
HBIMM KOJIMYECTBEHHBIMH NPOTHO3aMH OCHOBHBIE 3EMEHTH! IOrOJBI,
ocobeHHO ¢ 60ibILIOH 3a67aroBpEMEHHOCTBI0. DTO CKa3hlBAaeTCS Ha BO3-
MOXHOCTAX THAPONOTHYECKHX NporHo3oB. KpoMe toro, TO4HOCTH mpo-
THO3MPOBAHHSA 3aBHCHT OT HAJIHYMA, 06beMa H Ka4eCTBA HCXOMHBIX THI-
POMETEOPOIOTHYECKHX HaHHBIX HabmopeHuid. OrpaHHYeHHOCTb NaH-
HBIX, HX HEBBICOKas TOYHOCTH TAKXKe BJIMAIOT HA OMNpPABALIBAEMOCTb I~
POJIOrHYECKHX IIPOrHO30B.

KpaTkasi McTOpHYecKas CHpaBKa pPa3BHUTHA THAPOJIOrHYeCKHX
nporHo3oB B Poccuu

[TosBIEHHE THAPONOTHYECKUX NPOTHO30B B POCCHH TECHO CBSI3aHO
C 3alpoCaMH NPAKTHKH NPH ONpPENEICHHOM YPOBHE pa3BHUTHS THIpOJO-
THH M CMEXHBIX [HCUHILUIMH THIPOMETEOPONOTrHYecKoro Ipoduis.
B xonue XIX cromerms mns ofecriedeHus CyHOXOACTBa HHIKEHEpaMH
BonHoro tpaHcnopta J.J1. 'nycunsim, A .H. Keuuunckum u B.I'. Kreit-
6epoM ObLHM pa3paboTaHbl CIOCOOB! KPATKOCPOYHOIO NPOrHO3a YPOBHEH
BOJbI CYZIOXOIHBIX PEK. ITH UCCIELOBAHHUSA ONMUPAIKHCh HA YYET 3aKOHO-
MEpHOCTe#t nepeMellieHHs BOAHBIX Mace B pycie pekd. Ha p. Bonre 6bi-
J1a OpraHM3OBaHa peryispHas TtenerpagHas HHoOpMaLHUd O BBICOTE
ypoBHeH BoAbl, riybMHe Ha nepekarax. K coxaneHHIO, HE IONYy4YHB
IOJDKHOM MOAJNEPXKKH OT TMpPaBHTENBCTBA, CIyxk0a mnpenynpexneHus
NPOCYILECTBOBAJIA BCETO YETHIPE TOAa.

HssecThbiii pycckuii reorpag A.M. Boefikos nocie karacrpoduye-
CKH BBICOKOTO TOJIOBOZIbA HA pekax HEeHTpalbHOM yacTH Poccuy BecHOM
1908 r. nocraeui Bonpoc o HeoOX0AUMOCTH NIPOrHO3a BHICOTHI BECCHHE-
ro nonosoxsa. Ilpeackazanne nonosopui, no A.M. BoeiikoBy, n0mKkHO
0a3upoBaThCA Ha MCCIECOBaHUH paclpeneNieHus no miomany bacceiina
CHEXXHOIO TIOKPOBa, AOKAEBBIX OCAOKOB, HA M3YYEHHH NMpPOLIECCOB Tasd-
HHs CHEra, BpEMEHH J00eraHus TajgblXx M AOXKIEBBEIX BOX M HX NOTEPH.
OTH NpefnoKEHHU B TO BpeMs He ObIIH OCYIUECTBIECHBI. EXHHCTBEHHO,
4710 yaanoce chenats A.H. BoeiikoBy — 3T0 OpraHM30BaTh aHKETHBIHA
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cbop cBeneHHi OT JOOGPOBOIBHBIX KOPPECIIOHAEHTOB O CHEXXHOM ITOKpO-
BE, XapaKTepe BECHbI U BECEHHEM IIONOBOABE. AHKETHI PpacChUIaNIMCh M0~
CTOSSHHOW BOZOMEpHO#M KOMHCCHEeH AKaJEMHH HAayK, 3aT€M THIPOMET-
pHYECKO# YacThIO MHHHCTEPCTBA 3eMJICACNIHNA, a B ocnexyomeM — ['o-
CYHapCTBEHHBIM THIPONOTHYECKUM HHCTHTYTOM. COOp 3THX HaHHBIX
Obu1 npexpalled B 1935 r. B CBA3M ¢ IUMPOKMM pa3BHTHEM HaOIONCHHUH
Ha CeTH FOCYAAPCTBEHHMIX CTAaHIUM U ITOCTOB.

BcecToponnee u3ydeHHe BOAHBIX OOBEKTOB CYIIH, CO3NaHHE METO-
JIOB pacyeTa ¥ NPOTHO3a THMAPOJIOTHYECKHX XapaKTEPUCTHK Hadaloch
nocie opraduszauuu B 1919 r. Poccuiickoro (upiHe I'ocymapcTBeHHOr0)
rugponoruyeckoro HHCTUTYTa ('TH). Vike Ha cneayroumii rox npyu UH-
CTHTYTE 6BLIO YYPEXIAECHO THAPOJIOro-CHHONTHYECKOE 60po, npeobpa-
30BaHHOE yepes ABa roaa B Biopo ruaponorudeckux npenckasanuit. bro-
po nox pyxooncTsoM B. H. JleGemeBa BBINYCKano MpOTHO3B! BBHICOTHI
BECEHHETO MOJIOBOABA Ha KpPYNHBIX pekax EBpomeiickoit TeppHTOpHH
Poccuu: Boare, Kame, Oke, ony, Juenpe, [Ipunstu u ap. B ocHoBy
NPOTrHO30B ObIIH MOJOXKEHbl JaHHBIE O CHEXHOM IOKPOBE, BIIHTHIBAIO-
el cnocoGHOCTH MOYBHI M OXKMJAEMON «IMKIOHWYHOCTH BecHB. [lo-
Cle/iHAA XapaKTEPHCTUKA HCMOJb30BaJIaCk H3 JOITOCPOYHOro NpOrHo3a
IIOroJs! Ha BECHY.

Y¢n0BHO BBIAENAIOT CHECAYIOINE NEPHOAB! B PA3BUTHH T'MAPOJIOTH-
4yeckux nporHo3os. [lepemiit nepuon (1919 — 1930 rr.) xapakrepusyercs
HOBBIMH HCC/IEIOBAHHAMH, CBS3aHHBIMH C pa3paboTkoil rumposoruye-
CKHX NPOrHO30B, HanpaBIEHHbIMM B OCHOBHOM Ha pEIIEHHE YaCTHBIX
3agau. B atoT mepuon paboThl 10 COBEPIIEHCTBOBAHHMIO NPOTHO30B OX-
BaTBIBAIOT Pa3HbIC paiOHBl. 3HAYMTE/NbHBIE HCCICIOBaHHA B 00/1acTH
NpeACKa3aHHsA BOJIOHOCHOCTH ropHbix pek CpenHeit A3uu, HadaThle ewe
B 1911 r. 3.M. Onbnexonom, 6buin nponomkensl JI.K. JlaBblaoOBBIM.
B 1924 r. on pa3pabotan cxeMy opranusauuy HaOmozneHuit, Heobxoau-
MBIX [JIf IpeJCKa3aHHA BOXHOro pexxuma pek CpenHed A3uH.

B I'TH nomMuMo mporHosa BBICOTHI BECEHHETO MOJIOBOJBLA Ha KPYII-
HeIXx pekax Poccun B.JO. Buse Opina paspaboraHa meronmka Xoiro-
CPOYHOro NPOrHO3a BPEMEHM BCKphiTUs p. HeBbl Ha ocHoBe mosrocpoy-
HBIX mnporHo3zoB mnoroasl B.II. MynstanoBckoro. B nannueiiiuem
M.B. Jlosefiko u H.A. lllupkuHa McciieqoBanu CBA3b CPOKOB 3aMep3a-
HHs M BCKPBITHA pek POCCHH ¢ xapakTepHCTHKaMH aTMOChEpHOH LUp-
KyJUIIMH OCEHbIO M B NpefBeceHHuid mepuold. Ha Vkpaune B 1924 —
1927 rr. E.B. Onnoxos 1 B.A. HazapoB BbInoaHuIH paboThl 0 A0Jr0-
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CPOYHOMY NPOrHO3MPOBAHHIO BBICOTHI MOJIOBOARA J[HENpa H ero NpHTo-
KOB M KPaTKOCPOYHOMY IPOTHO3HPOBAHHIO YPOBHEH BOABI PEK TOTO Xe
6acceitna. K koHUY paccMaTpHBaeMoro mepHoja BO3HHKIA HEOOXOAM-
MOCTh B LIEHTpaJIN3aLMH THAPOJIOTHYECKUX MPOrHO30B I obecneyeHus
JAHHBIMHM Ha4aBIUErocs B CTPaHe KPYIMHOIo rMAPOTEXHUIECKOTO CTPOH-
TenscTBa. Jlo 3TOrO AN obecreyeHUs CTPOUTENBCTBA THIAPOIIEKTPO-
cranuud (Bonxoscko#t, Huxne- u BepxHecBupcko#, JIHenpoBckoit) H
BBITYCKa ONEPATHBHBIX MMPOTHO30B BHICOTHI NIONOBOIBS, CPOKOB BCKPBITHSA
M 3aMep3aHus pek ObUIH CO3AaHB! OIOPO THAPOJIOTHYECKHX ONOBELIECHHI.
Hx pa6oto#i pykoeogunu @ .M. beinun, B.H. Jlebene, A.B. OrueBckuii.
B 3TOT nepuoz npH BBUTYCKE FHAPOJOTHYECKHX MPOTHO30B HCIIONIB30Ba-
JIMCh B OCHOBHOM 3MIIMPHYECKHE 3aBHCHMOCTH M METOMBI JIMHEHHOM KOp-
pemsauun. B 1929 r. Obina co3gaHa rufpoMeTeoposioryeckas ciryxba
CTpaHBI.

Bropo#t nepuon (1930-1943 rr.) xapakrepusyercs opraHu3zalueid
B 1930 r. eAMHOr0 Hay4HOr0 M METOMMYECKOrO IIEHTPa B BHIE OTHAENA
THAPONOTHYECKHX MPOrHo30B U MHbopMaumu npu L{enTpansHoMm 6ropo
norozasl B Mockse. [To3nnee B 1936 r. 310 6r0p0o Ob1110 NEpEMMEHOBAHO B
Hentpansubiii uecTATyT HOroas! (LIUIT). C aroro xe BpeMeHN HauMHAET
IeicTBOBaTh M Cyx0a THIPOJOTHYECKHX NPOTHO30B NPH MECTHBIX
YNpaBICHUAX T'HIPOMETEOPOJIOTHYECKOH cmyxObl. ['maponoruyeckue
MPOTHO3b! TIOJYYaloT CBOE JaJbHEHILEE Pa3BHTHE H B MECTHBIX PETHO-
HaJIBHBIX opraHax. B 1940 r. mns HapomHOro X03AHCTBa CTpaHb! ObLIO
BbinyuieHO 40 000 mporHo30B U NpeayNpexXaCHHH.

U3 pabot u uccinenoBaHuit 3TOr0 nepuoja ciexyeT OTMETHTE pac-
YeThl X IPOTHO3bI 06bEMa H MAKCUMYMa BECEHHErO NOJOBOAbS METOJOM
BOJHOrO 6anaHca, OLEHKY NOTEphb TANOro cToka (paboTel b. A. Anoiwo-
Ba, [.Il. Kanununa, B.J[. Komaposa, O.A. Cnerrnepa U Ap.); pacyet
ruporpad)oB NOXKIEBHIX MTABOAKOB HAa OCHOBE TEOPHUH H30XPOH U METO-
Ila aeMeHTapHoro nasozka (paborst M.A Benukanosa, M.H. JIsBoBHua,
A.B. Oruesckoro, I''A. Canuna).

PazpabareiBasich METORBI AOJTOCPOYHOIO IPOTHO3a BCKPBITHA H
3amep3anua pek (I'.P. Bperman, I'.5I. Baurenreiim), nporsosa netrHero
croka (K.II. Bockpecenckmnit, M.HU. I'ypeBuu), croka TOpHBIX peK
(I1.M. ManrykoB ¥ ap.). B 10 xe Bpems ObUIO OoCywiecTBICHO 060061e-
HHE M U3[aHUe MaTepHanoB HabmiomeHui Ha pexax, a TaKkxe cBejeHHH
0 CHEXXHOM nokpoBe. JlaHHbIe 06 ypOBHIX U pacxofax BoAs! 6s1nu omy6-
NMKOBaHbl B paje M3jaHui «CBeleHHd 00 ypoBHAX BOIbI Ha pekax
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CCCP. Marepuansl no pexumy pek CCCP». Hayunsie 0600umeHna no
peXHUMy PeK OTHENBHbIX PaHOHOB cTpaHbl ObUIH cBefeHbl B «CrpaBod-
HHK 10 BoxHbIM pecypcaM CCCP».

HayuHo-MeToaH4eckoe pPYKOBOACTBO CIyx#60H TIMAPONOrHYECKHX
npordo3oB ¢ 1938 r. ocymectsisan [ocyaapcTBEHHbIN THAPONOTHYECKUH
HHCTHTYT. B rogsl Benukoit OteuecTBeHHOH BOHHBI paboTa CiryxObl
THAPOJIOTHYECKHX NMPOrHO30B OblNa HampasieHa Ha obecnedenue 6oe-
BbIX neiictBuit CoBeTckod ApMHM, HO U B 3TO TPYZHOE BPEMS METO/BI
IPOrHO30B BCE BPEMSA COBEPILIEHCTBOBAIHCE.

Tpernit nepuon B pa3sBUTHM THMIAPOJTIOTHYECKHX IIPOrHO30B, MpO-
JOJDKAIOLIMHCS 0 CHX Mop, Havajcs B 1943 r., koraa LleHTpanbHblii UH-
CTHTYT norogsl 6s11 npeobpasoBan B LIeHTpaTbHbIH HHCTHTYT IPOTHO-
30B. B 1965 r. llenTpanbHeiii HHCTUTYT NporHo3oB U O6beauHEHHBIH
BBIYHC/IMTENbHLIA LHEHTp AxageMMH Hayk [J1aBHOro yrnpaBiieHHA THA-
POMETEOPOJOTHYECKHH cTykObl OBLIM CBEACHb! B ONHO YYPEXKACHHE —
T'unpomereoponoryyeckuit HayuyHo-uccaenoBarenbckuii ueHrp CCCP
(c 1992 r. 'napometuentp Poccun). 'mapoMeTUeHTp SBIS€TCS IJIaBHBIM
Hay4HO-METOJHYECKHM ¥ ONECPAaTHBHBIM LIEHTPOM CTpaHBI MO BCEM BH-
JlaM THAPOMETCOPOJIOTHYECKHX MPOTHO30B.

B nocnieBoeHHblE robl HHTEHCHBHO Da3sBHBAIHMCh BOIHbIH TpaHC-
NOPT H JOPOXXHOE CTPOUTENLCTBO, Benach NPoKIaaKa HedTe- H ra3onpo-
BOJIOB, NPOBOAMIACH METHOpAlMA 3eMEfdb, CO3JABAJICA KacKal Kpym-
HEHIMX BOAOXpaHMAHLY HA Bomre, /lHenpe, CTPOHIHMCE THAPOIIEKTPO-
CTaHlMHU Ha pekax Cubupu — Bce 3To noTpebosano Hoiee riryboxoi pas-
paboTKH Hay4HO-METOAHYECKHX OCHOB I'MAPONIOTHYECKOIO IPOrHO3UPO-
BaHU, NIPUBENO K MOSBJICHHIO HOBBIX BUAOB IIPOTHO30B.

B cBa3u ¢ 3THM ObUIM 3HAYUTENBHO PACLIMPEHBI TEOPETHKO-IKCIIE-
PHMEHTAJIbHBIE HCCIEAOBaHMS [UIA T1yOOKOTrO BBISCHEHHS 3aKOHOMEp-
HocTel (OpMHPOBaHHS THAPOJOrHYECKUX MPOLECCOB B Pa3iUYHbIX QH-
3MKO-TeOorpapuueckux paiioHax crpaHsl. Ha ocHOBe 3TuUX HcclienoBaHUH
Oblny pa3zpaboTaHbl MaTEeMaTHYECKHE MOJENH POPMHPOBAHUA HOXKAEBO-
IO U TaJIor0 CTOKOB PaBHHUHHBIX M FOPHBIX PEK.

[Ipu npoBeaeHuy uccnexoBaHui, 00pabOTKE NAHHBIX, BBITYCKE MPO-
THO30B HAayaM WIMPOKO HCIONb30BaTh 3MEKTPOHHO-BBIYHUCIUTENBHYIO
TexHuKy. O603HauMICa HOBBIH 3Tan B pa3sBUTHU THIAPONOTHYECKHX HPO-
rHo30B. Crany pa3pabaTbIBaThCs CJIOXKHbIE MOLENH HOPMHPOBaHHS CTOKA
C MCMONBL30BAHHEM YpaBHEHHH I'MAPOAWHAMHMKH H MaTeMaTHYeCKOH ¢(u-
34KH. Briepsbie nossuancy paboTel N0 aBTOMAaTU3HPOBaHHOH 00paboTke,
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KOHTpPOJIIO M aHAIH3y ruaposormyeckoi uudopmannu. Ha pane kpynHbix
pex Oblna co3jaHa aBTOMAaTH3MPOBAaHHAs CHCTEMa MpPOTHO3a pPacxoioB
BOJIBI.

K uucny nanbonee 3HaUUTENBHBIX HAyUHBIX NOCTHXEHHH B obnac-
TH THAPOJIOFHYECKHX MPOTHO30B TPEThETO NEPHOAA MOXHO OTHECTH:

— MPOTHO3 PacxOfOB M YPOBHEH BOIbI, OCHOBaHHbIH Ha NpPHOIH-
KEHHBIX crnocobax pacyeTa HEYCTaHOBHBIIETOCS ABHXKECHHS BOMbI B pyC-
nax (paborer I'.Il. Kamununa, I1.U. Mwumokora, A.JIl. XKuaukosa,
JI.C. Kyumenra, A.T". Jlesuna u ap.);

— pa3paboTKy MaTeMaTHYECKHX Mojeneid (opMHpOBaHMS Tanoro,
JOMIEBOro M TANOAOKAEBOro CTOKa Ha OCHOBE MareMaTHYECKOro MoJe-
supoBanus (paboret }O.b. Bunorpanosa, I0.M. Jlenncosa, I'.Il. Kamu-
nuHa, B.JI. Komaposa, JI.C. Kyumenra, B. . Kopus, B.M. MyxuHa,
H.C. Heuaeso#i, E.T". ITonoa, E.I1. Yemepenxo,B.B. KoBanenko u zp.);

— MPOrHO3bl CTOKA MO PYCJIOBBIM 3alacaM H IMPHTOKY BOXBI B pedy-
Hyto cetb (pabotsl I'.I1. Kanunnna, A.W. Adanacsesa, }0.B. ['op6GyHo-
Ba, P.A. Hexxuxosckoro, B.U. CanoxHukosa u 1p.);

— KpPaTKOCPOYHBIE NIPOrHO3bI JIEJIOBLIX ABJICHHI Ha peKax U BOAOXpa-
HWIHILAX Ha OCHOBE pacyeTa TernooOMeHa BOAHOH MacChl HIIH JIEAAHOTO
HOKpOBa ¢ oKpyxaroweH cpenoit (pabotst JL.I'. llynskosckoro, B.B. -
otposud4a, C.H. Bynaroea, 5.M. I'na36ypra, E.H. CaByenkoBoii u 1p.);

— Pa3BMTHE U PEATM3alHIO TEPPHTOPHAIBHO-00IHX METONOB JOJTrO-
CPOYHBIX NPOTHO30B BECEHHETO CTOKA PAaBHHHHBIX PEK Ha OCHOBE paii-
OHHPOBAHMS TEPPUTOPHH MO ycnoBuaM ¢opMupoBanus croka (paboTsl
H.®. Bedanu, E.C. 3muesoit, I'.I1. Kanununa, B.JI. Komaposa, O.H. Kpe-
croBckoro, ILI1. Kysemnna, B.H. ITapmuna, ET'. ITonosa, M.C. Canosa,
E.II. YemepeHko u ap.);

— MccrneloBaHHsA 3aKOHOMepHOCTeH (QOpMHpOBaHHS THAPOJNIOrHYe-
CKHX NPOLIECCOB H MPOrHO3bI CTOKa ropHeiX pek (pabotel T. C. AGanbsaH,
A.H. Baxnosa, FO0.b. Buxorpagosa, }O0.M. Ienncosa, B.H. ITapuiuna,
B.M. MyxuHa, A.A. Xopwasa, 1.M. UepHoBa u ap.);

— CO3JaHHE METOJA HENPEPHIBHBIX KPAaTKOCPOUHBIX IIPOFHO30B pac-
X0110B (ypOBHEii) BOJABI B IEPHOX OTKPHITOrO pycia s PEYHBIX CHCTEM.
ABTOMATH3MPOBaHHBIf NPOrHO3 MPHUTOKA BOIBI B KAacKajX BOJKCKO-
KaMCKHX BoaoxpaHumuiy (paborer B.A. BenbuuxoBa, A.Il. Kuaukosa,
B.M. Kopns, JI.C. Kyumenta, H.C. Heuaesoit, E.I'. [Tonosa, E.IT. Yeme-
PEHKO H Ip.).
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YpoBeHb pa3BUTHA TMAPONOTHYECKON HAYKH B OTHOLIEHHH PaCKphl-
TH QUIMYECKOH CYIIHOCTH MPOLECCOB ElIE HE AaeT BO3MOXKHOCTH pe-
TYIApHO NOOMBATHCH dKENaeMOH TOYHOCTH IPOTHO30B. JTO CBA32HO CO
CIIO)KHOCTBIO M pa3sHOOOpa3HeM yCIIOBHH, B KOTOPBIX IPOTEKAIOT THAPO-
JIOTHYECKHE MPOLIECCH], HEPAaBHOMEPHOCTBIO HX Pa3BUTHA B MPOCTPAHCT-
Be U BO BpeMeHH. Henb3s He OTMETHTh M Cly4daiiHblil XapakTtep koneba-
HHs psaja ¢GakTopoB, BAMAIOIIMX Ha (OPMHpPOBaHHME TMIPOJOTHYECKHX
MPOLECCOB, HEBHICOKYIO TOYHOCTH M OTPaHHYEHHOCTb HCXOMHBIX HaH-
HbIX, HCIIOJIB3YEMbIX NPH pa3paboTKEe METOAMKH NPOrHO3HPOBAHMA.

Bnmwxaiiiyie 3amaus uccneqoBanuii B 007acTH rHIOpPOJIOrHYECKHX
MPOTHO30B CBSA3aHbl MPEXIE BCErO C YAOBICTBOPEHHEM BCE BO3PACTAIO-
KX 3aMPOCOB HX NMOTpebHTENEH, MOBBIIEHHEM HaJEKHOCTH THAPONPO-
rHo30B. PemieHue ux HeBo3MoxHO 6e3 6Gonee rimy6okHx HcClef0BaHHH
npoueccoB GOPMHPOBAHHSA CTOKA, Pa3BUTHA HOBBIX BHAOB H3MCPCHHH H
OLICHKHM THAPOMETEOPOIOrHYeCKHX BEJHYHH no miomaad. Heobxoaumo
JajbHeilIee pa3BUTHE aBTOMAaTU3HPOBaHHBIX CHCTEM NPOTHO3HPOBAHHA,
BK/IIOYas cOop, aHANM3, MAIMHHYIO 00paboTKYy.

Henp3s He OTMETHTH TaKke BaXKHOCTh KaK COBEpIICHCTBOBaHMA,
TaK U pa3paboTKH MPHEMOB MPOTHO3MPOBAHUA OCOOBIX ABIEHHUH, Cpean
KOTOPBIX BBIAEAMM NPOTHO3BI 3aTOPOB, 3a)XKOPOB JIbJIA, CENEBBIX MABOJ-
KOB, CXOJa CHEXHBIX JaBUH M Jp. Tpebyercs MOBBLICHTH HAJEXKHOCTh
NPOTHO30B JOXIEBBIX ABOAKOB, OCOOEHHO B JIMBHEONACHBIX PETHOHAX,
JONTOCPOYHBIX MPOTHO30B JIEKOBBIX ABJICHUH, MPOrHO30B paclipenesie-
HHS BECCHHETO CTOKAa M CTOKA 33 BEr€TALIMOHHBIHA IEpHOL.

3HaveHHne ruApPOJIOTHYECKHX MPOTHO30B AJIA PA3JIHYHbBIX
0Tpaciied IKOHOMHUKH

MHorue oTpacnu 5KOHOMHKH, NEATEIbHOCTh KOTOPBIX TECHO CBf3a-
Ha € HCIIOJIb30BAHHEM BOAHBIX pECYpPCOB, HYXKIAIOTCA B PA3JIMYHOIO poO-
Ja THAPOJIOTHYECKHX NporHo3ax. HagexHsli MPOrHo3 Mo3BOJILET ONTH-
MH3HPOBaTh XO3SHCTBEHHYIO HEATENBHOCTh C Y4ETOM NoTpeGHOCTEH
npousBoacTea. ObecnieyeHHe 3HEPreTHKH THAPOIIOrHYecKoi uHpopMa-
1Meil ¥ NPOrHO3aMM OCYIIECTBIACTCS B NIEPHOJ POBEECHUS KOMIUIEKCa
paboT Mo CTPOUTENHLCTBY M BO BpeMs 3KCILTyaTauMu THAPOTEXHUUECKHX
coopykeHus. CTPOHTEIBCTBO KPYIHBIX THAPOTCXHHYECKHX Y3JI0B IPO-
JODKAETCA HECKOJIBKO JIET. B 3TOT mepHox npH nepekpsITHH pycia, OT-
BENCHMH PEK, 3aIUMTE KOTIOBAHOB OT 3aTOILUICHHS KpaHHE BaXkKHbI MpO-
THO3bI OXXHJIaeMOif BOOHOCTH peK. Bo BpeMs 3KCIUTyaTauuu HApO3JeK-
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tpocTanuui (I"3C) nporHo3s! HCHONB3YIOTCA B LENAX ONTHMH3ALKH pe-
JKHMMOB PEryJMpOBaHMs CTOKa peK, HIA IUIaHUPOBaHUA BhIpabOTKH 3IeK-
TPOJHEPTHH U NPHHATHUS Mep M0 NMPOMYCKY NMAaBOJIKa Yepe3 THAPOY3IIbl.

'pomannoe 3HaYEHHE MMEIOT NONTOCPOYHBIC MPOTHO3bI MPUTOKA
BOABl B BojoxpaHwnumia KpynHeix ['OC. Ilpu oxumaemoMm 6Goibmiom
IpPHTOKE BOXABI NPOM3BOAMTCA MpPERNaBONOYHas CpaboTka BOJOXPaHH-
JIMIL C LIeJIbI0 CO3RaHUA CBOOOMHON €MKOCTH JUIA MpHeMa BOABI U H30e-
XKaHHUA XOJIOCTBHIX COPOCOB B MEPHOI €€ MHTCHCHBHOIO MOCTYIUICHMS.
B ycnoBHAX OXHI3aEMOro Majoro NPHTOKAa NPHUHHMAKOTCA MEpPHl MO
YMEHBIIEHHIO CPabOTKH M 3aNOTHEHHIO BOIOXPAHUIMILA IO BO3MOXHO
6onee BICOKHMX OTMETOK, obecnieunBast pabory I'OC npu GonbuieM Ha-
nope. [IporHo3sl npuToka BoAbl cocraBysiorcsa 1A Gonee 100 ruapo-
anexkTpocraHimil Poccun.

PeuHo# TpaHCHOPT HyXJIaeTcs B IIPOFHO3aX YPOBHEH BOIBI, PE3KO-
ro U3MEHEHHUS BOIHOCTH, JIEJOBOH OOCTaHOBKH. YPOBHHM (pacxojbl) BO-
OBl HA Y4acTKaX, TMMHTHDPYIOLHMX CYLOXOACTBO, ONPEACIIAIOT JONYCTH-
MYIO OCajIKy CyZHoB, Oapx M, CIEHXOBATENbHO, PEHTaOENBHOCTh NEPEBO-
30K. Ha MHOrHX pexax CyZOXOACTBO OCYLIECTBIACTCS TOJNLKO B IEPHON
nonoBojbsA. Bo3HukaeT HE06XOAHMMOCTh B YCTAHOBIEHHH CPOKOB HAcCTy-
IUICHUA CYAOXOOHBIX YPOBHEH Ha NMOgBEME MONOBOAbA M MOMEHTA Ha-
CTYNJIEHUs NpeleNbHBIX 3HAaYEHUH YPOBHEll Ha ero craje.

KpatkocpouHsle MporHo3sl ypoBHei BOIbl B IEPUOI HABHTaLlUH pe-
FYJSApHO MEPENalOTCA B AUCHETYEPCKHE CITYXOBI MApPOXOACTB H HUCIOIb-
3yI0TCA IIpH OMpEAENCHHUU CYNOXOIHbIX YPOBHEH Ha JHMUTHPYIOLIHX
y4acTKax pek.

OrpomHslit 06beM QHOYTIIyOHTENBHBIX paboT Ha pekax TpebyeT 3a-
6J1aroBpeMEHHOTO 3HaHHA HE TOJIBKO BOTHOCTH, HO H BO3MOXKHBIX PyCIIO-
BbIX AicpopMauui. B nepuon crnaga nonopozbs NPOBOIATCS MOATOTOBH-
TeJbHble PabOTHI C LEJBIO ONEPATHBHOrO HCIONB30BaHHA JHOYIITYyOHU-
TEJIbHON TEXHHKH.

Jina onpeneneHus MPOZOIHXKUTENBHOCTH HEPHONA MOATOTOBHTEND-
HbIX paboT HEOOXOMMM NPOTHO3 MHHHMMAJBHBLIX YPOBHEH B MEXEHHBLIH
nepuol. B Manosoxubie nepHoabl BOZHUKAIOT TPYAHOCTH B paboTe npu-
€MHBIX YCTPOHCTB BOZ03a00OpOB, YTO NMPHUBOAHT K HapYLICHHIO BOJIO-
cHabxeHHs paga roponos. B CBA3M ¢ 3THM BO3HMKAIOT NOTpeOHOCTH
B NPOrHO3ax Manod BOAHOCTU pek. J{nd necocrnasa HeoOXomuMel B OC-
HOBHOM IIPOTHO3bI MAaKCHMAaJIbHBIX YPOBHEH Talnoro u JX0OXIEBOro CTO-
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KOB, KOTOpbIE MTO3BOJIAIOT YCTAHOBHTh OTMETKH PAaCMOI0XKEHHUS 3ar0TaB-
JIMBAaEMOT O JIeCa Ha MPHJIEraloueH K peKe MECTHOCTH.

ITpy nnaHHPOBaHHH CPOKOB HAa4Yaa M 33aBEPLICHHA HABUralHH, pac-
CTaHOBKH CYZOB Ha 3MMHHE CTOAHKHM OOJIbILIOE 3HA4YCHHE HMEIOT Ipo-
THO3B! 3aMep3aHHA H BCKPBITHA pek, o3ep M Bojoxpanunuml. Ilpu pan-
HEM 3aMep3aHHH MHOTHE CyJa peyHoro ¢nora, 3aCTHTHYThIE B IyTH Jie-
Noo6pa3oBaHHEM, He YCHEBAIOT NOWTH N0 MecT 3UMHEH CTOsHKH. Jins
YBEHYEHNS IIMTEIPHOCTH HABHIallWH BO3HMKAET NOTPEOHOCTD NPOTHO-
3a HapacTaHMd JIbJa B Hayale 3UMbl H NPOrHo3a YMCHBIIEHHA NPOYHO-
CTH Nbfa BeCHOH. Ha 0CHOBE 3THX NPOrHO30B OCYLIECTBIAETCH NPOBOJ-
Ka CY/IOB C MOMOILBIO PEYHBIX JEJOKONOB. [IpOrHO3bI IEHOBLIX ABICHHIH
HEoOXOAMMBI TaKXkKe NPH CO3JAaHMH M IKCIUTyaTalUH JIEIAHLIX JOpOr,
Tiepenpas, BBINONHCHUH paboT O JIbAa.

Bonbuioe 3HayeHne M1 KOMMYHAJIbHOrO XO34HCTBa, aBTOMOOHIEL-
HOTO H XKEJIE3HOJOPOXXHOTO TPAHCIIOPTa, FOPHOAOOBIBAIOLIEH NPOMBILLI-
JICHHOCTH HMEIOT NPEAYNPEKACHNA O 3aTOIUICHUAX H HABOAHCHHSX.

MecTHbIE OpraHb! THAPOMETEOPOJIOTHYECKOH CITy#OBI CBOEBPEMEH-
HO COCTaBJIAIOT KaraJlor ONacHbIX OTMETOK (YPOBHEH) Ui rOpojoB, Ha-
CENEHHBIX MYHKTOB, HOPOT, MOCTOB, IIPOMBILITICHHBIX H IPYTHX 00BbEK-
ToB. Ha 0cHOBE nporHo3a ypoBHEH BOIB! YCTAHABIHBAIOTCA TUIOIAIH H
00BbeKThl, KOTOpble OYINYT MOABEPKEHH! 3aTOIUICHHIO. ODTO MO3BONAET
BOBpEMS NIPHHATbH MEPbI, CBOAILHE K MHHUMYMY yLIep6 OT CTHXHHHBIX
6encTeuit.

Cenbckoe XO34HCTBO HYKHAaeTcs INaBHBIM OOpa3’oM B NpOrHo3ax
BOJHOCTH TeppHTOpHH opormaeMoro 3emaenenusd. Ha ocHose aTux npo-
THO30B IIaHUPYIOTCA Pa3Mepsl IOCEBHBIX MIIOLIAKEH, PEXHM IOJIHBOB H
pacnpejeleHHe BOJBl MEXIY OpOCHTENIBHBIMH CHCTEMaMH. B manosox-
HBIE TO/BI BBOAUTCA CTPOTHH PEXHM BOJONOIB30BAHUS, H3bICKHBAIOTCA
JOTIOTHUTEIbHBIE HCTOYHUKH BOJOOOECIEUEHHU.

B 30He HeopolraeMoro 3emielenHs Ha OCHOBE NPOTHO30B BOIHO-
CTH YCTaHaBIMBAIOTCA IUIOMIAAM 3aTOIVICHHsA, onpeneiserca obbeM
CEbCKOXO03HCTBEHHOTO NONYCKa BOAbI M3 BOAOXPAaHHIIHIL,

[Tpornoser ocBo6GoXAEHNUS NOHM PCKH OT BOJAB! AAKOT BO3MOXHOCTh
YCTaHOBUTh BPEMS HAYaja MoJieBbix paboT Ha 3THX IJIOIALX.

[Iporso3pl 3arpA3HEHHA NOBEPXHOCTHBIX BOJ CIUC TOJNBKO BXOLAT
B ONEPATUBHYIO MpakTHKY. OCHOBOMH UL HUX SBJIAIOTCS MPOTHO3bI BOJHO-
CTH, 110 JAaHHBIM O KOTOPBIX MOYKHO CyJIMTh O KOHUCHTPAIMU TEX WM MHBIX
BELIECTB NPH NOCTOSHHBIX HIIH PAa30BbIX IPOMBILIIEHHBIX COpPOCaX B PEKH.
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Oco6eHHO crienyeT MOMYEPKHYTh CPaBHHTENBLHO HOBYIO PONb MpPO-
THO30B B OpraHu3aiuu 60p5651 CO CHEXXHBIMH JIAaBHHAMH, KOTODBIE, Ie-
PEKpBIBasA rOpPHBIC TOPOTH, MPEACTAB/AKOT YIrpo3y MHOTHM HACCJICHHBIM
MYHKTaM ropHeix obnacteil. C nomydeHHeM NpOrHo3a IaBHHOOTIACHOCTH
OpPraHH3YyCTCA PICKyCCTBeHHLIﬁ CXoa JIaBHH H 3a6naronpeMeHHo cocpe-
JOTOYHBACTCA CHEITOOYHCTHUTCIIbHAA TCXHHKA.

IlpuBenennsiii 0630p He OXBaTHIBAET BCE 001AaCTH HCIONb30BAaHMS
TFHIPOJIOrHYECKUX MPOTHO30B. Y BEJIHYEHHE 00BEMOB BOAONOTPEOnEeHHS
H BOIONONb30BAHHMA, OXPaHA IPHPOIHBIX BOJA BbI3BIBAIOT HEOOXOIH-
MOCTh pacuIHpeHus cepbl 1eITenbHOCTH THAPONPOrHO3UCTOB.

IlocraBnena u pemacTcsa 3agaya npeaABbIYMHCICHHA HOCHC}ICTBHﬁ,
K KOTOPBIM MOXKET IPUBECTH BO3ACHCTBHE YENOBEKA HA BOOHBIC PECYPCHI.

OpraHu3anus ¢ay»0bl THIPOJOTHYECKHX NPOTrHO30B
U HHpOpMalHH

PykoBomcTBo ruapoMereoposiorieckuM obecrneyeHHeM oTpacneit
SKOHOMUKM ocyuiectiser OenepanbHoe areHTcTBo Poceun mo rugpome-
TEOpONIOTMH, MOHMTOPHHTY OXpaHe OKpYy»xatoled cpemsl (PocriuopoMer).

Pabora cnmyxObl I'MIPOJOrHYECKHX NPOTHO30B OpraHH3OBaHa IO
aJAMHHHCTPATHBHO-TEPPHTOPHANIbHOMY NpuHUMIY. Bcs  Teppuropus
CTpaHBbl pa3AeneHa Ha OTJeNbHbIE paioHbI, 00CITy)KMBacMbIE TEPPHTOPH-
aNBHBIMH YNIPABACHUAMH IO THAPOMETEOPOJIOTHH, MOHHTOPHHIY U OX-
pane okpyxatoeit cpeasl (YI'MC). B atux ynpasneHusax uMmeercs 61o-
PO MOrojpl, B COCTaB KOTOPOT'O BXOIHUT OTAEN (CEKTOp, Fpynmna) ruapo-
JIOTHYECKHX IPOTHO30B, OCYIUECTBIIAIOILMH BLITYCK ONEPATHBHBIX TMA-
POJOTMYECKHX NPOTHO30B 110 BOOHBIM 00beKTaM AaHHON TEPPUTOPHH.

Ilpu xpynmHBIX THAPOTEXHHYECKHUX CTPO#Kax M B psaAec 0ONaCTHBIX
HEHTPOB CO3RAlOTCA ruapomMereoposorudeckue Oopo (I'MB). B I'Mb
€CTh THAPOJIOTHYECKHE IPYNibl, 00CIyXHBAIOMIUE MECTHbIE 3aHHTCpE-
COBaHHBIE OPraHH3alUM CBENCHUAMU O COCTOSHHHM BOAHBIX OOBEKTOB H
TOTy4acMBbIMH M3 GIOpO MOrofbl MPOTHO3aMH H NPEAYNpPEKACHUIMU 00
ONacHBIX ABNEHUsSX Ha pekax. HekoTopsle ruapoMeTOI0pO camMu BhINYyC-
KalOT KPaTKOCPOYHbIE NPOrHO3bl U MpPEOyNpeXxAeHUs, HeoOXOAUMBbIC
3aHHTEPECOBAHHBIM CTPYKTypam. B MeTonuueckoM OTHOWEHHM OHH
MOAYHHEHBI COOTBETCTBYIOLEMY GIOPO MOTOIHL.

I'uapomeTeoponoruyeckue o6CepBaTOPHH HA KPYIHBIX BOIOXPaHHU-
JIMIUAX BRHIMOJHAKT Takue xxe QyHkuunu, yro 1 'MB.
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IlpaBuTeNnsCTBEHHBIE OpraHbl, MHHHCTEPCTBA M BEAOMCTBA NOIY-
YaloT MHGOPMALHIO O TEKYLIEM PEXHME BOAHBIX 00BekToB M3 I'HMApo-
MeTtuenTpa Poccun.

KpaTtkocpouHsle rHApPOJOrHYECKHE NPOTHO3bI COCTaBIAIOTCA B OC-
HOBHOM MECTHBIMH ONEPaTHBHBIMH OpPraHaMH, a HOJITrOCPOYHBIE IO OC-
HOBHBIM BOZHBLIM 06BbekTaM — coBMecTHO YI'MC u I'MI] Poccun.

B 1990 r. semyckanocs 11 500 monrocpounsix u cesiuie 100 000
KpaTKOCPOYHBIX THAPOJIOTHYECKHX MPOTHO30B.

[Ipu noaroroBke MH(POpMALMH O TEKyuwleM M OyIyIIeM pexume
BOAHBIX OOBEKTOB MCHONB3YIOTCA HaHHBie HaOmomeHuit 6onee 3000
ruposiornyeckux nocroB. Kpome toro, ucnonsayercs uadopmauus o6
Ocajikax, BMXHOCTH M riy6HHE NpOMEp3aHHA MOYBHI, TEMIIEpAType
BO3JIyXa U BOMBI, 3al1acax BOIb! B CHEXKHOM JIOKPOBE M O IPYTHX THApO-
METEOPOJOTHYECKUX BENHYHHAX.

D¢ dekTHBHOCTh TMAPOIOTHYECKHX TPOTHO30B 33 MOC/ICOHHE HECA-
THJIETHA POC/Ia 33 CYET COBEPIUICHCTBOBAHHA METOHOB IIPOrHO3HPOBAHHA,
TIOSIBICHHS HOBBIX BHIOB NMPOrHo30B. Ciona jke MOXXHO OTHECTH M CHCTe-
MaTHYeCKHE KOPPEKTHPOBKH AOJIOCPOYHBIX MPOTHO30B, MO3BOJIAIOLIHE
YMEHBUINTh BO3MOXHBIH yliepO OT HeOlpaBAaBUIMXCS MPOTHO30B.

OxoHoMHYeCKHUit 3Q(PEKT OT HCIONIb30BaHUA [IPOTHO30B Haubonee
HIOJIHO NPOaHAIU3UPOBAH TONBKO AJIA NPOTHO30B IPUTOKa BOXIBI B BOJO-
xpanunuma. OnpaBapBaeMOCTh POTHO30B NIPUTOKa BOABI B BOJOXpa-
HUJIMILE 33 MeCSL, KBapTaJ M nonoBoase Ha kpynHeix I'OC 3a mHOro-
netHuii nepuion cocrasuia 80 — 85 %. PaccMaTtpuBasuch BOXOXpaHH-
amua Ha EBponeticko#t tepputopuu Pocenn, B Cubupu, Cpenseit Asuu
u Ha KaBkase. Omnbxku nporsosuposanus B 80 % ciydaeB ObuUIH MeHee
20 % ¢axTHueckoro 3Ha4eHHs MpUTOKa. OIHOKH KIHMaTHYECKOrO IPO-
rHO3a fojiee YyeM B JBa pa3a NpeBBIIANH OIIHOKH METOJUYECKOro Mpo-
THO3a.

T1porHo3p! NpUTOKa BOAB! K FHAPO3NEKTPOCTAHUUAM CIIOCOOCTBYIOT
JOMOJHUTENBHOH BLIPAaOOTKE 3NIEKTPOIHEPTHMH M 6ojee npaBHUILHOMY
IUTAHHPOBaHHIO €e BbIpaborku. JlononHuTenbHas BbIpaboTka 3MEKTPO3HEp-
run Peibunckoit I'OC 3a 11 mManoBomubIx net cocraBiwia 340 M kBT - 4,
410 paBHO 4 % Bceii BRIPaOOTKH 3/IEKTPOIHEPTHH 3a 3TH roasl. s Bu-
motickoit '3C nononnuTenpHas BeIpaboTka 3a cYeT MPOTHO30B NMPH ro-
J0BOH BbIpabOTKE 311€KTPO3IHEPruy B 2,3 Miupx kBT - 4 paBHa 7 %, unu
160 min kBT - 4.
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VBeanuenue Ha 1 Mecal 3a61aroBpeMEHHOCTH MPOrHO3a BECEHHE-
NETHEro HOJOBOAbS A1 MHHre4aypckoro BOJOXPaHWIMILA [OBHIILAET
B cpenHeM Ha 25 % BbIpaGoTKy 2JIEKTPOIHEPrHH.

3HaYUTENbHBIA 3KOHOMHYECKHH 3Q(DEKT OT HCIONB30BaHUA TMAPO-
JIOTMYECKHMX IPOTHO30B OTMEYaeTCsl B psAle APYTrux orpacnel (Tpawc-
HOpPT, BOAHOE M CENbCKOE XO3AHCTBO M T. A.). K coxaneHuio, B HacTos-
mee BpeMs HET BO3MOXHOCTH JaKe NPHOMMKCHHO OHEHHTh 3TOT 3¢-
¢ekT. 3a mocneqHHE rojbl MOYTH MOJHOCTHIO MCKIIHOYEHB! CTy4YaH BHe-
IUTAHOBBIX 3UMOBOK PEYHBIX CYNOB H3-3a HE ONMpPaBIABIIHXCA NPOTHO30B
3amep3aHus pek. IIporHossl nefOBHIX ABNEHHH Ha peKax IO3BOJIAIOT
npomauTh HaBurauuio Ha Bonre u Kame, Bonro-Bantuiickom BOAHOM
nyTH B cpenseM Ha 10 — 15 cyT. ocenbto u 15 — 20 cyt. BecHoii. 3a 310
BpPEM# IONONHHTENBHO MEPEBO3UTCA OKOIIO 4 MIIH T IPY30B.

MHorosneTHs#l onbIT CBUAETENLCTBYET 00 3dpdexTuBHOCTH 3abnaro-
BPEMEHHBIX NPERYNPEXICHUI O 3aTONNEHHAX M HABOJHEHHAX TrOpPOJOB
M HaceJIeHHbIX MyHKTOB, PacloJIOXeHHBIX 10 beperam pex.
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Faseal
BAbl U METOb!
rmaPoONIOrMYECKUX NPOrHO30B

1.1. Kaaccuduxanms ruipoiora4eckHx NporLo3os

B Hacrosiniee Bpems xIacCH(HKaLUA THAPOJIOTHYECKUX MPOrHO30B
OCYIIECTBIIAETCA HA OCHOBE CIIEAYIOLIUX JBYX OCHOBHBIX IIPH3HAKOB.

1) o 3a6naroBpeMEHHOCTH TI'MAPONOrNYECKUE NPOTHO3bI HOXpa3-
JEA0T Ha KpaTKOCpouHble U Jonrocpounsle. K kxpamrxocpounvim otHo-
CATCSt IPOTHO3E! ¢ 3abnaroBpeMeHHOCTHIO 10 10 cyT., ¢ Gonbmiei 3abna-
TOBPEMEHHOCTHIO (06b1YHO 1 — 2 Mecsna) — Kak NpaBHio, K 00120Cpoy-
HbiM. 3a671aroBpeMEHHOCTh KPaTKOCPOUYHBIX NIPOrHO30B JIEAOBBIX SBJIE-
HHH He MpeBBILAeT 5 — 6 CyT., TaKk Kak JHIIb Ha 3TOT NEPHOL MOXKHO
HOJYYHTh HAIEXKHBIH NPOTHO3 HEKOTOPBIX METEOPONOTHYECKHX BEIH-
YHH, HEOOXOOUMBIX I/ pacyera TemIoo6MeHa BOIHOH Macchl MIIH Jie-
JSHOTrO NMOKpOBa C OKpyxkarowen cpenoi. [Ipornose! exoBeIx ABAEHHH C
3absaroBpeMeHHOCTBIO 10 — 15 CyT. Ha3bIBAIOT CpeOHeCPOYHBIMU.

2) o npenckassiBaeMbIM FHAPOJOTHMYECKHM SBJICHHAM BLIIENAIOT
npozHo3bl 800H020 pescuma (YPOBHEH W pacxonoB BOAbI, o6beMa HIIH
CJI0 CTOKA) U NPO2HO3bl 1€008bLX A8NeHUll (CPOKH HX TOABJICHHUS, TOJ-
IMHB! H IPOYHOCTH JICASHOTO IIOKPOBA, OYHLIEHHUS OTO JIbJa 03€p M BO-
JOXPaHHIIHILL).

Pan aBTOpOB NpeiaraetT NOApa3AeNIATh MPOTHO3bI HCXOIA U3 YUeTa
IUIOIA/H, Ha KOTOPYIO OHH PAaclpOCTPAHAOTCA. ITO MOTYT OBITH J10-
KaibHble TIPOTHO3bI AJIA OTAENbHBIX CTBOPOB, NYHKTOB, YYaCTKOB pEK,
03€p U BOJOXPaHUIHLY U meppumopuanvHbie (GOHOBBIE) IPOTHO3bI, CO-
Jepaliie CBENEHHA 00 O0XMAAEMbIX SBICHHAX Ha 3HAYUTENbHBIX IO
pa3Mepy IUIOIAIsX.

B pabore [3] npeanaraercs xinaccHPHLUUPOBATh NMPOTHO3BI HCXOS
U3 GUINYECKOH CYLIHOCTH U 3aKOHOMEPHOCTeH (HOpPMHpPOBaHHS THIApPO-
JIOTHYECKUX ABNICHUN. DTH NMPOTHO3bl OCHOBAHBI:

a) Ha y4eTe 3aKOHOMEPHOCTEH JBHXKEHHS BOJBI B PyCIIC PEKH;

6) Ha aHanuze nmpoueccoB GOpMHPOBAHMA CTOKa Ha ruromanu Gac-
CeiiHa,

B) Ha HCCJIE[IOBAHUH MPOLIECCOB aTMOCHEPHOHN LMPKY ALK, 00yCOB-
JIMBAIOLIHX NOTENIEHHE WM NIOXOJIOAAHHE Ha OOLIMPHBIX TEPPHTOPHSIX.
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IIpennaraemas kiacCHPUKaLKA HMEET CBOH TOCTOMHCTBA H HEXOC-
TaTKH, HO B TO € BpeMA B KaKOH-TO CTENEHH YCIOBHA, IIOCKOIBKY OT-
paXaeT ypOBEHb Pa3BHTHA I'MIPOJIOTHYECKHX MPOTHO30B Ha CEroAHsAM-
HU# IeHb. BronHe O4eBHAHO, YTO MO MEPE COBEPLWICHCTBOBAaHMs MpO-
THO30B H3MEHHTCH M HX KlaccubHKanus.

B naHHOM y4yeOHHKE aBTOpBI MPUAEPKHUBAIOTCA NPHHATOH B HaCTOSA-
miee BpeMs KiaccHHKaLMM, YYHTHIBAIOUlEH B2 OCHOBHBIX NpH3HaKa:
XapaKTep THIPOJIOHYECKOTO SBJICHHUA U 3a01ar0BpEMEHHOCTh APOTHO3a.

1.2. Buabl ruApoJIOTHYeCKHX NMPOrHO30B

K OCHOBHBIM BHIaM THAPOJOTHYECKMX TNPOTHO30B M1 BOIHBIX
00BEKTOB CyLIM OTHOCSTCS:

1) xpaTkocpoyHble NPOTHO3bl PacXO[OB H ypOBHEH BOABI Ha CYLO-
XONHBIX peKax; IPOTHO3bl XapaKTepHbIX pacxoioB (ypoBHe#) BOABI
(MaKCHMAaIbHBIX, CPEIHUX, MUHUMAIIbHBIX );

2) moarocpoyHble IPOTHO3bI CIEAYIOIHMX EMEHTOB BOHHOIO pe-
XKHMa peK:

— MaKCHMaJIbHBIE pacXOAsl X YPOBHHU MOJNIOBOAbS U NABOAKOB, a TaK-
e OMACHBIC YPOBHH U JUIUTEILHOCTD 3aTOILUICHHS MOMMBI,

— CTOK 3a IIEpHOJ NIONOBOAbS,

— CpefHHEe ¥ MHUHHMMAJIbHbIE MECAYHbIE YPOBHH BOJBI Ha CYNOXOX-
HBIX peKax,

— MEXEHHBIH CTOK,

— CTOK FOpHBIX PEK B paiioHaX OpOIIAEMOro 3eMiefeNus 3a Berera-
LIMOHHBIH U Oollee KOPOTKHE IIEPHOID,

— MeECAYHbIM, KBapTAIbHLIA H CE30HHBIK NPHTOK BOJBI B BOJOXpa-
HUJIHIIA;

3) nporHo3bI JIEIOBBIX SABICHMIA Ha pexax:

a) KpaTKOCPOYHBIE:

— CPOKHM HOSABJICHHUA II1aBY4€ro JbAa,

— CPOKHM Havalla JIeJoCTaBa,

— TOJILMHA IEJIHOTO IOKPOBa,

— YMEHBIICHHE TOJIHHBL 1 IPOYHOCTH NEASHOIO MOKPOBa,

— CPOKH BCKDBITHSA PEK,

— MaKCHMAJIbHBIE 3aTOPHBIC H 3aXOpHbIE YPOBHH BObI;

6) DoNrocpoYHLIE:

— TMOABJIECHHE bIA,

— CPOKH BCKDBITHA PEK;
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4) nporHo3sl JICAOBBIX ABJICHHH Ha 03€paxX H BOJOXPaHHIIHILAX:

a) KpaTKOCpOYHBbIE:

— CPOKH HayaJia Jiefoobpa3oBaHHs H JIEAOCTaBa,

— TOJILIMHA JIEASHOTO NOKPOBA,

— YMCHBILICHHUS TONIIMHBI X IIPOYHOCTH JIETHOTO NOKPOBA,

— Hecyme# criocoOHOCTH JICITHOTO NMOKPOBA H MPOXOAHMOCTH €ro
JUIA CY OB JIEOBOTO IUIaBaHU,

— CPOKOB pa3pyLIeHHs JIEJIHOr0 NOKPOBa M OYHIIEHHA OTO JIbAA;

6) nonrocpoynsre:

— CPOKOB 3aMep3aHHs,

— CPOKOB BECEHHETO pa3pyLIeHNs JbIa H OYMIICHHUS OT HETO.

1.3. 3aK0HOMEPHOCTH THAPOJIOTHYECKHX NPOLIECCOB
H MeTOJbl IPOrHO3HPOBAHUSA

upponoruyeckue ABJICHUSA pa3BHBAIOTCA HA TEPPUTOPHAX PEYHBIX
HIHM 03¢pHBIX BOAOCOOPOB, OTIIHYAIOIHXCA YpE3BLIYaHHO 6ONBILOH He-
OJIHOPONHOCTBIO Teorpahuyeckoit cpenpl, M SABIAIOTCA PE3yNbTaTOM
KOMIIJICKCA CJIOXHBIX MPOLIECCOB, NMPOHCXOAAILUX B aTMocdepe, Ha Mo-
BEPXHOCTH U B ToMuie 3eMiaH. ITa HEOAHOPOAHOCTL H TPOMATHOE YHCIIO
B3aMMOCBA3aHHBIX (PaKTOpPOB, BIMAIOMIMX Ha ycloBMA (opMHUpoBaHUs
TH/IPOSIOTHYECKOTO ABJICHHA, NPEIACTABIAIOT CO00H CIOXKHOCTD NpENBH-
JAeHHs 6yayLIero CoCTOSHHA BOXHOTO 06BbEKTA.

OcobennocTrio pexxuMa OoNbIIMHCTBA pek Poccuu sBisercs Hamu-
YHe XOpOLIO BBIPAKEHHOTO BHYTPHUTOJOBOTO LMKJIA H3MEHECHHSA CTOKa,
CBSI3aHHOTO ¢ pa3HOOOpa3HeEM KITHMaTHYECKUX YCIOBHIH JAaHHOTO (PU3UKO-
reorpadudeckoro paiiona. [lepuons! BLICOKMX BOX, BBI3BAHHBIC TAIHUEM
CHEra WM IMOCTYIUIEHHEM HNOXIEBHIX BOX, CMEHAIOTCS MAaJIOBOIBEM,
B TEYEHHE KOTOPOTO PEKH MEPEXOAAT B OCHOBHOM Ha NMMTAHHE IMON3EM-
HbIMH BofiaMH. CyliecTBEHHOE BIMAHHE Ha XapaKTep BOHOTO PEXuMa
Jaxe B MaJOBOJIHbIE NEPHOMABI (MEXEHH) MOXET OKa3blBaTh H3MEHYH-
BOCTb IOTO/HBIX YCIIOBHIA.

Peunoit crok npencraensier coboi CIOXHBIA MPUPOAHBIH Hpouecc,
o0yclOBICHHBIH BIHAHHEM KoMmiekca ¢m3nko-reorpaduueckux ¢ak-
TOPOB U XO34HCTBEHHOH AEATENBHOCTH YENOBEKA.

OcHOBHBIMU (hakTOpaMu CTOKa, ONMPEACNAIONIUMU €ro pa3BHUTHUE,
ABNAIOTCA KAuMamuyeckue akmopvl, HHOTAA Ha3bIBAEMBIC NepeMeH-
HbiMu  eudpomemeoponozudeckumu gaxmopamu. K HHM oTHOCATCA
OCafIKH, CHET03anachl, HCIAPEHUE, MHTEHCUBHOCTD CHEFOTAsHUSA U BOZO-
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oraaud. K nepemeHHbIM (pakTOpaM OTHOCATCA TaKKe BOJOIOIJIOTHTEIb-
Had M perynupymomas crocobHocTH bacceitna. Ilocneanne 3aBucsT or
KIHMaTHYecKux ¢akropoB. Ha obumeM ¢oHe BO3AEHCTBHA KIMMaTa Ha
¢$opMHpOBaHHE CTOKAa M €r0 06BEM OKa3bIBalOT BIHAHHE NOCMOAHHbIE U
omHocumenvHo nocmosxHble pakmopul. IHOrIa MX Ha3bIBAIOT gaxmo-
pamu noocmunaioweit nogepxnocmu. K HUM ClieXyeT OTHECTH pa3Mephl
u dopMy peuHoro Oacceiina, ero pensed), reonor1io, NO4YBbI, paCTHTEIb-
HBIH TOKPOB, CTENEHb O3EPHOCTH M 3aboyodueHHOCTH. Bimsanue s1tHX
(daxTopoB TEM 3aMeTHee, 4eM MeHblIe pa3Mepsl peyHoro OacceiiHa u
YeM KOpO4Ye MepHol, 3a KOTOpHI pacCMaTpHBacTICi 3TO BiMsAHHE. Panx
($aKTOpOB MOXKHO CUMTAaTh OTHOCHTENBHO MOCTOSHHBIMH, TaK KaK BbI-
pybka neca, ocymeHue 6oyoT, pacrnamika 3eMellb MOryT CyHIECTBEHHO
CKa3aThCad Ha BOJONONIOTUTENBHOM CIOCOOHOCTH pedHoro bacceiina.

Kimumar Bo3meiicTBYeT Ha CTOK He TOJbKO HENOCPEACTBEHHO, HO H
yepe3 MOCTOAHHBIE ¢u3uko-Teorpaduueckue (akTopbl: MOYBY, PacTH-
TEIbHOCTH, penbed. Bee 3TH akTophl HAXOAATCA B MOCTOSHHOM B3aH-
MOZEHCTBUH, OQHH U3 HHX CIIOCOOCTBYIOT CTEKaHUIO, APYTHE 3aMEIAIOT
CTOK M JaXKe MCKIIIOYAIOT BO3MOXHOCTh e€ro obpasoBaHui. IIpumense-
Mbi€ B FTHJPOJIOTHH METOALI IPOrHO3HPOBAHHS B TOH HIIM HHOM CTENMEHH
OTPaXKalOT 3aKOHOMEPHOCTH HCCIEXYyEeMBIX THAPOIOrHYECKMX MpoLec-
COB M NPEACTABIAIOT IO CYIIECTBY cIOCOOBI pemieHus npobiaeMsl npen-
CKa3aHHA THAPOJIOrHYECKOro ABICHHUA.

B ocHOBe MeTo/a HPOrHO3UPOBaHHA JIIOOOrO THOPONOrHYECKOTO SB-
JICHMA NIEXHT (QU3MYECKHIi aHAIM3 MPOLECCOB, 00YCIOBIMBAIOIHMX JaHHOE
sBiieHue. MeTon MpOrHO3UpOBaHMA YKa3biBacT Ha 1ieNeco0Opa3HOCTh TOTO
WIH HHOro 061Iero noaxona K peuieHuio 3afauu. Tak, MeToJ BoaHoro 6a-
JIAHCA OCHOBAaH Ha HCCNENOBAHHM B3aHMOCBSA3M MEXIY CTOKOM M OCHOBHBI-
MH daKTopamy, ero ONpemeNsIoIMMH, U LIHPOKO MPUMEHAETCA MpH Ipo-
FHO3aX CE30HHOTO CTOKa. HeKoTophle eI0BbIe MPOTHO3B! HCNOMB3YIOT Me-
TOJ| TEIUIOBOro (ananca, KOTOPHIH YUHTHIBAET TEIU1000MEH BOIHOM Macchl
WIH JIEAAHOTrO MOKPOBa C OKPYKalolLel cpenoi.

Ha 6a3e Meroma mporHo3upoBaHus pa3pabaTslBalOTCA T€ HIH HHbIE
IPaKTHYECKHE NMpHEMB! (METOJUKA) NPOrHO3HPOBAHHA IS KOHKPETHBIX
BOIHBIX OOBEKTOB MM TEPPUTOPHH, BKIIOYAIOIEH HECKOJIBKO PEUHBIX
6acceitnoB, obnagarommx QocTaTouHO# 061HOCTEI0. [IpH 3TOM HCONB-
3y€TCs KaK MaTeMaTHYEeCKHUi anmnapat, Tak H rpa¢uyeckue NOCTpOeHHUA.

O6s3aTeNBHBIM JIEMEHTOM Pa3paboTKH METOAUKH IPOrHO3MPOBaHHUS
ABILIETCS OLICHKA €€ MPaKTUYECKOH NMPUMEHUMOCTH H 3 (EKTHBHOCTH.
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Hcxons u3 GpU3NYECKO CYyIIHOCTH THIPONIOTHYECKUX ABIEHIH, Me-
TOJIbI IPOTHO30B MOT'YT OBITH CIEXYIOIIHMH.

— MemoOul, 0cHO8aHHbIE Ha UCCAEO08AHUU 3AKOHOMEPHOCMEN O6U-
Jcenun peuynozo nomoka. VIx ¢u3N4ECKOH OCHOBOHM ABIIAETCA TEOPHA
JBH)XCHHA TABORXOYHOH BOJIHBI, YPaBHEHHA BOAHOro OanaHca ydyacTka
PEKH WIH BCEH PEYHOH CHUCTEMBI, 3aKOHOMEPHOCTH MCTOLUCHMSA 3aMacoB
BOJ(BI B PEYHOMH CETH.

Cpenu 3T0# rpynmnsl XOpolllo H3BECTHBI METOHBI IIPOrHO3a Ha OCHO-
Be yueTa JoOeraHus BoABl OT BEPXHHX CTBOPOB N0 3aJaHHOTO HHXKHETO.
PacyeTHble COOTHOLIEHHS IPH 3TOM YCTAHaBIMBAKOTCA NPH PAa3IHYHBIX
YHIPOLICHUAX YPaBHEHHA HEPa3PHIBHOCTH M AMHAMHYECKOTO YPaBHEHHA.

K 3T0#t rpynme OTHOCATCA M METOABI NPOrHO3a PEYHOTO CTOKA II0
JAHHBIM O 3amacax BOJbl B PEYHOH CETH M NPOrHO3a rapaHTHPOBaHHEIX
ypoBHe# (pacXoOB) BOJBI Ha OCHOBE y4eTa 3aKOHOMEPHOCTEH HcTolle-
HH 3a11acoB BoJbI B 6acceliHe.

3abnaroBpeMEHHOCTL MPOrHO30B 3TOH IPYIMIBI — OT HECKOJIBKHX YacoB
JUIst HEOOMBILMX TOPHBIX PEK KO HECKOBKMX MECALEB UL KPYIIHBIX PEK.

— Memooul, ocHosaHHble HA UCCREO08AHUU 3AKOHOMEPHOCMel op-
MUPOBAHUA CIMOKA HE MONLKO 8 PYCN0B0U cemu, HO U HA NOWAdu 8000-
cbopa. x puanyeckoit OCHOBOH ABNAETCH ydeT TEMIOPH3HIECKHX NpO-
IIECCOB B 30HE adpalLlM ¥ Ha MOBEPXHOCTH MOYBHI. H3-3a 4pe3BbIyaiHOM
CIIOKHOCTH TNPOLECCOB, NMPOMCXOAAILMX Ha IUIOmWanH Bomocbopa, Hc-
NOJb3YIOTCS KaK MaTeMaTHYeCKHE MOAENH GOPMHUPOBAHHSA TOJIOBOABA H
MaBOAKOB, TaK M 3MNHUPHYECKHE 3aBMCHMOCTH, OMHCHIBAIOIIHE OTAETb-
Hble cocTaBnswomue Ganadca. McXonHBIMH AAaHHBIMHM SBIAIOTCS MaTe-
pHanbl METECOPOJIOrHYECKUX H THAPOJIOrHYeckux Habmonenui. IIpume-
HEHHE 3THX METOLOB JAcT MaKCHMallbHYyI0 3a0JaroBpeMEHHOCTb NpH
HCIONB30BAHNH KONHYECTBEHHOIO MPOrHO3a COOTBETCTBYIOIIHX METEO-
POJIOTHYECKHX BEJIMYMH.

— MemoOu!, ocHosanHble Ha pacueme 2RA6HBIX COCMABAAIOWUX 800-
Ho20 banarca 3a onpedenennuii nepuod. TeopeTHUYeCKOH OCHOBOH 3THX
METONOB ABJIACTCH ypaBHeHue BOAHOTO OanaHca. Mcnonesyiorcs mis
JIOKAJIbHBIX U TCPPHTOPHAIBLHBIX HOJIFOCPOYHBIX MPOrHO30B BECEHHETO
CTOKa PaBHHHHBIX PEK M BECEHHE-JIETHEr0 CTOKa rOpPHHIX peK. ToyHoCTh
MpPOrHO30B BHICOKAas AN pEK, Ha KOTOPhIX MOJI0BOAbE (GOpMHpYyETCS
B OCHOBHOM TallbIMH BOJAMH IIPH HE3HAYHUTCIBHOM Y4YacCTHH >KHAKHX
ocankoB. CloxHee NPOrHO3MPOBATh BECEHHE-JICTHHH CTOK FOPHBIX PEK
U3-3a KpaHHEH OrPaHHYEHHOCTH HCXOJHBIX JaHHBIX.

22



— Memoowi kpamkocpouHo20 npoeHo3a 1e008bIX ANEHUU, OCHOBAH-
Hble HA pacyeme menaoo6meHa 800HOU MACCbl UNU NE0AHO20 NOKPO8A
¢ oKkpyxcarowen cpedou. MeTeopoNorHYeCKHE YCIOBHS Ha NEPHOA OT
BBIITyCKa IPOTHO3a IO €ro OCYICCTBIICHHA OLICHHBAIOTCA 110 MPOTHO3Y
norogsl. [Ipu nporso3ax ymeHblIeHHs NPOYHOCTH JIENAHOIO NOKPOBA H
BCKDBITHS PEK YYHTBIBAIOTCA HApyLIEHHA MEXKPHUCTANIHYECKHX CBA3CH
B TOJILIE JIbia BCAEACTBHE 00pa3oBaHHs >XHIKOH (a3bl 3a CYET NPOHH-
KaloIleH B JIe CONHEYHOH pagHaLuH.

— Memoobl 0onzocpouHbix NPOzHO3068, OCHOBAKHbIE HA UCCNE0064-
HUU ammocgepruvix npoyeccos. ITH METOABI IPUMEHAIOTCSA NPH COCTaB-
JICHHHU JONTOCPOYHBIX MPOTHO30B JICAOBBIX ABIECHHA. YCTaHABIHBAIOTCA
TaKOKE CBA3M MEXIY XapaKTEPHCTHKAMH METEOPOJOrHYECKHX MOJIEH ce-
BEPHOTO MOJIYIIAPHA H CPOKAMH HACTYILICHH JIEAOBBIX SBJICHHH.

1.4, IIpuniMnbI CTATHCTHYECKOH OLleHKH 3(PPeKTHBHOCTH
METOJMKH H ONPaBAbIBA€MOCTH rHIAPOJOTrHYeCKHX MPOrHO30B

Ouenka 3¢ PeKTUBHOCTH METOAMKH IMPOTHO3HPOBAHMA MO3BONAET
YCTaHOBHTH BO3MOXXHOCTh €€ MpakTHyeckoro npuMenenus. Ilpu ouenke
3pPeKTHBHOCTH METOAMKHM M ONpABABIBAEMOCTH NPOTHO30B Tpebyercs
BBIMOIHEHHE BYX YCIIOBHIA:

1) momxHa 6biTh cOONMIOAEHa 00BEKTHBHOCTh CHCTEMBI OLIEHKH TpO-
rHO30B;

2) HeoOXOMMMO MMETH BO3MOXKHOCTH MPOBOAUTH CPAaBHUTEILHYIO
OLIEHKY.

BrinonHeHue nepBOro YCIOBHA CIIOCOOCTBYET COBEPILEHCTBOBA-
HMIO METOIUK MPOTHO3UPOBAHHA, 3 BTOPOE YCIOBHE IO3BOJIAET BHISBHTH
cpeau 60nbIIOro YHCIa METOAMK Haubonee 3pdeKkTHBHBIC.

IIpr oueHke NpPOrHO30B MPEATIONATACTCA, YTO OLIMOKH KaXIOro
MPOrHO3a chydalHel, @ MX pacHpefeNcHHe MOAYMHAETCS YPaBHEHMIO
HOPMaJILHOTO pacrpesiencHus. PacnpeneneHue norpemHocTed Npor€o-
30B HMeeT aCHMMETPHYHBIH XapakTep. Beerna ecth onpeaeneHHsii npe-
IeJl KX MHHHMaIbHBIX 3Ha4yeHUHA. OnbITHBIE JaHHblE MOKA3bIBAIOT, YTO
B npepenax obecneyenHoctd oT 10 mo 90 % pacnpenenenue omwnOOK
OJIM3K0 K HOPMaJIbHOMY. DTO M NO3BOJAET NpH oleHKe 3)(HEeKTUBHOCTH
METOIMKH ¥ ONpPABILIBAEMOCTH I'MIPOJIOTHYECKHX NPOTHO30B MCIIOIb-
30BaTh ypPaBHEHHE HOPMaJILHOTI'O PaclpeACIICHUA:
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p)=—1—e 7, (L)
o2n
rae p(x) — BEpOATHOCTH AAHHOTO OTKJIOHEHHA CNy4YaiHO# nepeMeHHOH
X OT ee HOpPMBI X; A — 3amaHHOEe 3HaYeHHE 3TOro OTKIOHEHHA; O —
cpelHee KBaIpaTHIECKOe OTKIIOHCHHE BEJIHYHHBI X,
O BEpOATHOCTH TOro, 4YTO MEPEMEHHas 3aKIIOYeHa B JHAna3oHE
(x £1,0), MOXHO CyAHTB NO NPEACTABNEHHBIM B TabNHMYHOM BHIE pe-

3ynbTaTaM MHTerpuMpoBanus ypaseHenus (1.1). B tabnuue nmpusomsrcs
3HA4YCHHA BEPOATHOCTH p(x t7,0), OTBEYAIOWME Pa3HEIM 3HAYCHHAM

A
t p =T roe ¢ P OTKJIOHEHHS OT HOPMB! B 10JiAX CPENHET0 KBaApaTH4ye-
(o)

CKOro. 3Has BEPOATHOCTh JOBEPHUTENHLHOIO MHTEpBAIa, MOXKHO NEPEHTH
K 00€CTIeYEeHHOCTH KpaifHHX B JAHHOM HHTEpBaJlc 3HAYEHHUI 0KHIaeMOit
TIEPEMEHHON TTO BHIPAKEHHIO!

1-p(x+tt 0
plx Z(J?+tp0')]=——p(2—p—) (1.2)
IUI BEPXHETO Mpeena,
1+ p(xtt o
plx>(F-1,0)]= 1+pE£1,0) (1.3)

2
IV HHOKHETO Ipenena.

[To 5TUM BBIPRXEHHAM MOXHO YCTaHOBHTh 00€CHEYEHHOCTh pa3-
NHYHBIX 3HAYEHHU# NpeACcKa3bIBaeMOH NepeMEHHOM.

B npenenax +0,674c 3akiodeHa NONOBHHA [UIOMANH HOPMUPOBaH-
HOH KpHBOH BOpMasibHOTO pacnpeneneHus. OTIIOHEHHE OT HOPMBI, PaB-
Hoe £0,6740, Ha3bIBAIOT 6EPOAMHBIM OMKIOHEHUEM, KOTOPOE NPHHHMa-
eTcs 32 HOMYCTHMYIO NOTPEIIHOCTb NMPOFHO30B Jj0n. B KPaTKOCPOUHBIX
NPOTHO3aX PacXoJ0B U YpOBHEH BOJBI B CITydae, €CIIH NPeqUICCTBYIONIAsA
BOIHOCTh B KaKOH-TO CTEHEHH MOXET ONpEAEATh POrHO3HPYEMYIO Xa-
PaKTEPUCTHKY, BEJTHIHHA Oy0q BEIYHCIIAETCS 1O HOpMYyIIE:

8,05 = 20,6740, (1.4

rne ¢, — CpeaHee KBAApaTHYCCKOC OTKIIOHEHHE H3MECHCHMUS ITPOTHO3H-

aon

pyeMoii BeMYHHBI 33 MEPHOJ 3361aroBpeMEHHOCTH NPOTHO3a OT CpEn-
HEro 3Ha4YEHUs 3TOr0 M3MCHEHHA:
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,fi(A A)z
El 1.5)

rae A; — U3MEHCHHE NPOTrHO3HPYEMOH BENHYHHBI 32 NIEPHOA 3abna-

rOBPEMEHHOCTH NPOTHO3a; A — cpefiHee 3HaUEHUE ITHX H3MEHEHHI; n
— YHUCJIO0 H3MEHEHHH.

B moirocpodHbIX NMpOr#HO3ax 3a AONYCTHMYIO MOrpPEHIHOCTh MpH-
HHMAaETCs BEPOSTHOE OTKIIOHEHHE

8. =+0,674c, (1.6)

oon

30eCh G — CpeHee KBaJPaTHYECKOE OTKIOHEHHE MPOrHO3UPYEMOro 3Ha-
YEeHHs BNIEMEHTA OT CPEAHEro:

(1.7)

rae ); — 3Ha4YCHHE HpO]‘H03pr€MOﬁ BCIAHYHHBI; Y — €€ CPCAHCE 3HAYC-

HHE; 1 — YUCIIO YWICHOB psja.

[Tpy BEIYHCAEHUH JOMYCTHMOMH MOrPELIHOCTH NPOrHO30B B 3aBUCH-
MOCTH OT JaThl BhIyCKa NPOTHO3a HCHONB3YIOT ¢opmyibl (1.4) umm
(1.6). Ecnu nporso3 BeIycKaeTcs 10 Hayasa nojoBobs, NaBOJKa, Bere-
TAllMOHHOTO TIEPHOAA, HOITYCTUMYIO NOTPELIHOCTD 33 YKa3aHHbIE MEPHO-
Ipl onpenensoT no dopmyie (1.6). Ecnu ke nporsos cocrasisercs no-
clie Hayaya epHoJia, TO HCIONb3YIoT dopmyy (1.4).

JomycTiuMast OrpenHoCTh NPOrHo3a MaKCHMAJIbHBIX PAacXol0B JO-
KIOEBbIX NaBOJKOB, MHHMMANBLHBIX YPOBHEH BOJIbI NMEPUONA HABHUI'ALMH,
3UMHE MEXEHH, OCEHHETO NIe000pa30BaHMsA onpeaeniercs no dpopmyie
(1.4). Tlo dopmyne (1.6) BEMHCAAETCA AOMYCTHMas MOrpEHMIHOCTH MPO-
rHO3a XapaKTCpHBIX YPOBHEH BECEHHHX JIEIOBBIX ABJICHHH, COCTABIAEMO-
ro 0 Havaia BeceHHel mpuObUTH BoIbl, o ¢opmyne (1.4) — Bo BpeMs
Pa3BUTHA [MOIOBO/BA.

3a IOMYCTHMYIO NOrpEeIIHOCTh NPOTHO3a CPEAHUX, MMHUMAIBHBIX H
MaKCHMaJIbHBIX YpOBHeE# (pacXONOB) BOAbI Ha KalCHOAPHbIE NEPHOIBI
NPHHHMMAETCS MeHpluee M3 3HadeHuit — 0,674c win 0,674c,. M3meHenue
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ypOBHE#R (PacxonoB) BoOIpl ONpPENENAeTcs KaK PasHOCTb MEXIY Havaib-
HBIM CPEJHHUM YPOBHEM (pacXoZOM) BOABI H XapaKTEpHbIM yYpoBHeM (pac-
XOI0M) BOZBI NIEPHOAA, Ha KOTOPBIH AaeTcs nporHo3. HayanpHeld pacxon
ONpEENAETCS B 3aBUCMMOCTH OT JaThl BBIIYCKa NporHo3a. Ecau nmporyHos
COCTaBJIETCS B NIEPBbIH J€Hb PaCUYETHOrO KaJCHAApPHOrO MEpHoAa, TO 33
HayalbHbIH PacxoJ] IPUHUMAETCS CPEIHHI PAaCXOJ 32 NMPELIeCTBYONIYIO
nexany. B ciyyae, Koraa IporHo3 COCTAaBJIETCS B CEPENMHE MM KOHIE
KaKoH-AM60 M3 MpemlIecTBYIOIIMX AeKal, 3a HayallbHbli Pacxos NpHHH-
MaeTcs CpelHMH pacXoj 3a Ty >ke aexanxy. Hanpumcp, IporHo3 cpeaHero
(MaKCHMAaJIPHOTO MM MHHHMAIIBHOIO) pacxoJa Ha NEepBYIO JEKaXy aBry-
CTa WM Ha aBrycT cocrapiserca 16 uiomt. Torna 3a HayanbHbIA pacxon
NPHHUMAETCS CpeJJHHI pacxon 3a BTOpYIO Ackaxy Hronsa. Ecim e mpo-
THO3 COCTaBJIAETCS B Havyasle kakoH-1nbo U3 AeKal, TO 3a HayaJbHbIH pac-
XO0J1 IPHHUMACTCA CPEJHHI pacxo/] 3a PeECTBYIOMYIO ACKay.
3ab1aroBpeMeHHOCTh KPAaTKOCPOYHBIX HPOTHO30B BPEMEHH HACTY-
IUICHU THAPOJIOTUYECKUX ABNCHUH (BOJHBIX U JIENOBBIX) ONPEACHACTCA
IIEPHOMIOM OT aThl BHIITyCKa MPOrHO3a O YKa3aHHOM B POrHO3¢ JaThl.
3a61aroBpeMCHHOCTb JOJITOCPOYHBIX [IPOTHO30B BOAHOTO H JIEAO-
BOTO PEXHMOB ONPEAENACTCS MO Pa3HOCTH MEXY AaTaMH BhIITYCKa IIPO-
THO32 H OKOHYaHHA WIIM HACTYIUIEHHA NPOrHO3HpyeMoro spjicHHs. Ha-
npuMep, NporLo3 obbema IMONIOBObA COCTAaBNEH 15 MapTa; OKOHUaHuE
n010BoAkA 20 uioHs. 3ab1aroBpeMeHHOCTh NPOTrHO3a paBHa 95 CyT.

Cpennss 3ab1aroBpeMEHHOCTh IIPOTHO30B, COCTaBAEMbIX 10 KOH-
KPETHOH METOoIMKe, paBHa cpeiHed 3ab1aroBpeMEHHOCTH BCEX IPOBE-
POYHBIX IPOTHO30B.

JomycTiMad NOTPELIHOCTL JOJITOCPOYHBIX NPOTHO30B BPEMEHU Ha-
CTYIUICHHA JIEJOBBIX ABICHUH B ITyHKTE ONPEAEIAETCS CICHAYIOILM 00pasoMm:

1) ecnn mporHo3 cocTaBnAeTCA paHblIE AAThl HACTYIUICHHS IIPOTHO-
3MpYEMOro ABJICHHS, TO AONyCTHMas NOrPELIHOCTD ONpeAensIeTCs Mo Bbl-
paxenuio (1.6); npu 3TOM HCHIONB3YETCA CpEHHEE KBaAPaTHYECKOE OT-
KJIOHEHHE JaT HaCTYIUIEHUS SABJICHHS OT CPEJHErO MHOTOJIETHETO;

2) ecy MpOrHO3 BHIMYCKAETCA II03)KE CaMO# paHHEH HaThl HaCTym-
JIEHHs TIPEICKa3bIBaEMOTO ABJIEHHA, TO JOMYCTHMAs MOIPELIHOCTL IIPH-
HMMaeTcd paBHOH BEPOATHOMY OTKJIOHEHHIO OT HOPMBI C YYETOM CO-
KPAILCHHOH aMIUIMTY/bl A, KOTOpas ONpeNesaeTcsa no pa3’HOCTH Mex-

Oy caMo# mo3jHeH NAaTOM HACTYIJICHHS NPOrHO3HMPYEMOrO SBJiEHMA M
JaTO¥ BRIMYCKa NPOrHO3a.
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Takum 06pa3oM, JONYCTHMAs NOTPELIHOCTH
A
3

6 =f|o;
i

M

C

TAE G — CpEefiHee KBAJPaTHYECKOE OTKIOHEHHE OT HOPMBI, a — oT-
HOLICHHE COKPAICHHOM aMIUIMTYABl K MHOrojeTHed. JonycTumas mno-
rpemtHocTs 6epercs u3 Tabiu. 2 Hacrasnenus [39].

IIporHo3bl BpeMEeHM HACTYIUICHHSA JE€JOBLIX SABICHUHN BBITYCKAIOTCA
JUIS IIYHKTA ¥ y4acTKa peKH, 03epa MM BOXOXpaHunuiua. B nocneanem
cydae NpOrHO3UPYyeTca OTHETbHO aTa Havala ABJICHHA M aTa ero pac-
NIPOCTPaHEHH Ha BeCh y4acToK. Hanpumep, ecinm BCKpBITHE peku Ha
yuacTke oxupaerca 11 — 14 ampend, To 3To 03HayaeT, YTO BCKphITHE
HayHeTcs 11 anpens, a BeCh y4acTOK pekH Bckpoetcs 14 anpens.

JormycTHMBbIE MOrPEIHOCTH KPaTKOCPOYHBIX MPOrHO30B AT HACTy-
IUICHUS SBJICHHI Ha3HA4alOTCA B 3aBHCHMOCTH OT 3a0aroBpeMEHHOCTH
TIPOTHO30B.

3a6naroBpeMeHHOCTS, CYT. 1-3 4-5 6-9 10-13 14 15
JlomycTiMas orpelHocTb, CyT. 1 2 3 4 5

Tlpu 3abnarospementoctd 6onee 10 cyT. ZOMyCTHMbIE MOTPELIHO-
CTH HE JIOJDKHB! NPEBBHIIATH JOMYCTUMBIX NOFPELIHOCTEH A8 JONro-
CPOYHBIX MIPOTHO30B, BBITYCKAEMBbIX Ha 3Ty XKe AaTy.

B KpaTKOCPOYHEIX MPOTHO3aX TONILMHBI NEATHOTO MOKPOBA HAKOTCH
cBelleHus 00 ee M3MEHEHHH 3a Nepuoj, 3a01aroBpeMeHHOCTH IPOTHO3a.,
JlomyCcTHUMBbIE NOTpPELIHOCTH IIPOTHO3a TONLIMHBI JIBAA ONpEAeIAoTCs
B 3aBHCHUMOCTH OT GaKTHYECKOTO U3MEHCHHS €€ 3HaUeHHUs 3a NIEpHOM OT
JlaThl BHIITYCKa NPOrHO3a JI0 AaThl, HA KOTOPYIO COCTaBIAETCS MPOTHO3.

dakTHUYeCKOE HIMEHEHUE
TOMMMHEI JILJA, CM
Honycrumas
MOTPEWHOCTE, CM

10 11-15 16-20  21-25  26-30 >30

+3 +4 +5 +6 +8 +10

HpOFHO3 CYHTACTCA OIIpaBAABUIMMCH, €CIIH abcomoTHas BEIHYMHA
€ro NnorpeItHOCTH MEHBILC HJIM PaBHA ZlOﬂyCTHMOﬁ.

ITocTosHHOC 3HauYCHHE IIOHyCTHMOﬁ NOrpe€HOCTH NPUBOAMUT K TO-
MY, 4YTO OIPABAABIUHECA IMPOTHO3bI HMCIOT pa3HYI0 TOYHOCTD. HpPI Ma-
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NIbIX 3HaYEHHAX NMpeACcKa3biBaeMoro croka (pacxona, obbeMa M T.1L.) JO-
IYCTHMas TIOTrPELHOCTS MOXET [JaXke NPEBBILIATE 3TO 3HAYEHHE.

Mepo#i TOYHOCTH METOMUKH [POTHO3UPOBAaHHA ABNAECTCA CPERHAA
KBaJpaTHYeCKas MOTPEIIHOCTh POBEPOYHBIX IIPOTHO30B, BBIYMCIIAEMAs

o ¢opmye

(1.8)

rac y;, H y,’ — COOTBETCTBCHHO (bakmqecxoe H NpEACKa3aHHOC 3Ha4c-

HHS, 1 — YMUCIIO YWIEHOB pAZAa;, m — YHUCIO cTeneHedl cBOOOMBI, paBHOE
YHCITY MOCTOSHHBIX B IPOTHOCTHYECKOM YPaBHEHMH.

Hcxops u3 Toro, 4to pacmpeneiieHHe MOrPElIHOCTEH MPOTHO30B U
pacmpezieieHde OTKIOHEHHIT THAPOJIOTHYECKHX BEJHUYHH OT HOPMBI
OJIM3KM K HOPMANbHOMY, 33 KPHTEPHIi TPUMEHHMOCTH U Ka4ecTBa MeTo-
JIUKH MPHHATO OTHOLIEHHE S/G, U S/G. DTH OTHOIIEHHS ABAAIOTCA TOKA-
3aTemsiMu 3PPEKTUBROCTH W TOYHOCTH NMpPOTrHO3UPOBaHUSA, HOO NMOKa3bl-
BAIOT BHIMIPHII B PACHPeEIEHHH NOIPEIIHOCTEH, KOTOPBIN JaeT METox
NPOTHO3HPOBaHMA 110 CPABHEHHIO C pacnpedeleHHEeM IMOrpClIHOCTEH
OpY NPUHATHU OXKMJACMON BEJIMYMHEI 110 €€ HOpPME MM HOPME M3MCHe-
HHA 32 epHo 3a61aroBpeMeHHOCTH POryo3a.

Metoauka DpOrHO3UPOBAaHUS CYMTAETCs MpHEMIEMOMH, ecinu olcc-
NEYEHHOCTh HONMYCTHMOM NOrpeIlHOCTH NPOBEPOYHBLIX MPOrHO30B HE
Menee ueM Ha 10 % npesbiniaeT 00ecneYeHHOCTh BEPOATHOTO OTKJIOHE-
HMS OT HOpMbI. Y4HTHIBast, YTO MOTPELIHOCTH ONpeAcieHus S U G 3aBU-
CAT TAKKE M OT YMCIIA WIEHOB PAZNA A, YCTAHOBJIEHBI CIEAYyIOLIHUE YCIIO-
BHMs IIPUMECHHMOCTH METOIMK NPOTrHO3UPOBaHMA:

opu n<15 S/o £0,70,
npu 15<n<25 8§/6<0,75,
npu n =25 S/e <0,80.

TOYHOCTH CBA3H MCXAy NpEACKa3bIBaCMbIM SABJICHHEM H €ro (bax-
TOpaMH XapaKTCPH3YET TaKKE KOPPCIAUHOHHOC OTHOLUCHHE!

p=1-(s/s }. (1.9)
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Jins NHHEHHBIX 3aBHCUMOCTEH KOPPEJSIHMOHHOE OTHOLIEHHE YHC-
JICHHO cOBHafaeT ¢ K03GGHUMEHTOM KOPpEsUUH ¥ = p. YMeHbIIeHue
cooTHOUIeHUs! S / G WM BO3pacTaHUC 3HAa4YEHHS P CBUJETENLCTBYET
0 HOBBILLEHHH TOYHOCTH MPOrHO3UPOBAHHS.

KadecTBO METOOMKH YCTaHABIHMBAETCA 1O BENHYHHE S/ © WM p
(rabn. 1.1).

Tabauya 1.1
IToka3arTe/ M Ka4CCTBA MCTOAMKH NPH n 2 25

Kateropus kauecrsa S/ OGecneyeHHOCTh ONYCTHMOMH
METOAMKH S P MOrPEHOCTH NPOTHO30B, Y%
Xopouas <0,50 >0,87 >82
Y noBneTBOpHTENbHAA 0,51 -0,80 | 0,86-0,60 81 - 60

ITpumeuanue. Tlpu uncne uneHos psaxa n < |5 TaGnuyHble 3HaYeHH S/C YMEHBLIAIOTCS
Ha0,],anmpu 15<n<25 nao,05.

OueHka IPpUMEHHMOCTH M Ka4yeCTB METOAMK NPOTHO30B BpPEMEHH
HACTYIUICHUS THAPOJIOTHYECKUX SBICHHH NPOU3BOAMTCS B 3aBUCHMOCTH
OT JaThl BBIMYCKa NPOTrHO3a:

a) NpH BHIMYCKE NPOrHO30B PaHbILEC CaMOH paHHEH NaThl HACTYIUIe-
HMS SBJICHHS — MO OTHOUIEHHIO S/ G;

6) npy BeIMyCcKC NPOrHO30B HA ATy B Mpejeliax MHOrOJIETHEH aM-
IUIMTY (6! HACTYIUICHUR SABJIECHHA — 1O COOTHOWEHMIO S / O, rie O —
cpelHec KBaJpAaTHYCCKOE OTKJIOHEHHE B MpPEAENax COKpAIICHHOH am-
TUIMTY B! (OT JaThl COCTABIIEHUS NMPOrHO3a HO CaMOH MO3JHeH Jars! siB-
JICHUSA);

B) METOOMKH, HE HUMCIOIIME (PUKCHPOBaHHOH AaThl COCTaBICHHS
NpPOTHO3a, OLCHUBAIOTCA MO CpejHeH KBAApPaTHMYECKOH MOIPEIIHOCTH
IIPOBEPOYHBIX NPOTHO30B B 3aBUCHMOCTH OT JOMYCTHMOM MOIPEUIHOCTH
Jandoro Meroza (tabn. 1.2).

Tabnuya 1.2
IMoxa3aTean Ka4ecrBa METOIHKH NPOrHO3a JaT

JlonycTiMas norpeHocTsb, CyT.
1 2 3 4 5 6 7
Xopowas npu S £ 0,7 1,5 2,2 3,0 3,7 45 5,2
Y nosneTBopHTENnbHas mpu S < 1,2 24 3,6 4.8 5,9 7,1 8,2

OueHka MeToMKH

29



OneHka METOAMK KpPaTKOCPOYHBIX TIMAPOJIOTMYECKMX NPOrHO30B,
HCNOJIB3YIOIMX TIPOrHO3bI 3JIEMCHTOB MOTOAbI (TEMIEpaTypa BO3AYyXa,
CKOPOCTb BETpa U Jp.), MPOU3BOAUTCA MO (aKTHUECKHM 3HAYCHHAM Me-
TEOPOJOrHYECKUX BENUUNH, MeTOMKa CUNTAETCS NMPUEMICMON LIS BBI-
nycKa IPOrHO30B, €CJIH MOrpeLIHOCTb NMPOBEPOYHBIX IIPOTHO30B B 85 %
CITy4aeB U3 UX 0OLIEro Yucna He NpeBHILIAET JOMyCTUMYIO. JlonycTumas
NOrpeUIHOCTh Ha3HAYaeTCs HCXOIs M3 cpelHeH 3abnaroBpeMEHHOCTH
[POTHO30B BPEMEHH HACTYIUICHHS OCEHHHX (4 CyT.) M BecenHHXx (6 cyT.)
SIBJICHHUH.

OlLieHKa TOYHOCTH MOXET HE COBINANATh C OLCHKON TECHOTHI CBS3H
yepe3 ko3¢ duuueHT koppensuuy. Hanpumep, CBf3b MEXIy COOTBCICT-
BEHHBIMU YPOBHAMHU JBYX NOCTOB PEKH MOMET XapaKTepH30BATHCH BbICO-
KUM KO3 (QHLHEHTOM KOPPENSLHMH, a OTHOICHHE S/0, 6IH3KO K SUHHIIC.
B oroMm ciyyac Metomuka He
JIa€T BLIUTPHIILA [10 CPABHCHHIO

M

o C IIPOTHO30M M0 CPCAHEMY M3-
100 2 MEHCHMIO YpOBIIS Ha HIDKHEM
e nocry 3a mnepuox 3abnarospe-

30 y/ MCHHOCTH NPOTHO3a.
s i/ Beicokoe 3HaycHUC Ko-
60 e 3Q@uLMCHTa KOppeNsuMH MO-
~ KET HMETh MCCTO HpH HalM-
20 . YHH CHCTEMATHYCCKHX OILM-
20 ] [ ° ./ 60K B CTOpPOHY 3aBBILICHHS

& A4 UIIH 3aHWKCHUSA.

el Ananus owM6GOK MpOrHo-

0 40 60 80 100 Po
0 60 %0100 P 3MPOBaHUA MOXET OBITH MpoO-

Puc. 1.1. Kpussie oGecneucnnoctu BCACH INYTEM  HNOCTPOCHHA
NOFpeIUHOCTEH nporHo3os (/) KPHUBBIX 00€eCcrneyeHHOCTH I10-
# OTKIIOHEHHUH OT HOPMBI (2). IPEILHOCTER NPOrHO30B U OT-

KIOHEHHH MpeACKa3biBacMOM
BEJIMYMHBI OT HOpMbI. Ha ocHOBE COMOCTaBJIEHHS 3THX KPUBBIX MOXHO
YCTAaHOBUTh NPEHMYIUECTBO, KOTOPOE HAalOT NPOTHO3bl [0 METOIHKE
B CPaBHEHHH C MPOTHO30M HO HOPME.

Ha puc. 1.1 npencraBnchsl KpuBble 00€CHCYEHHOCTH NOIPCLIHO-
crei nporuo3os (/) H OTKJIOHCHUH OT HOpMBI (2). IIpn nonycTumMo¥ no-
rpeuHocTy B 32 MM 00eCneyeHHOCTDb IIPOrHO3a MO MeTo/ly paBHa 86 %,
a IpM HCNoAb30BaHHKM HOPMBI — 50 %.
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1.5. ®opmbl BbINyCKa NPOruo3os

I'maponornyeckue sBICHHS, KaK YXKE OTMEYAJIOCh BBILIE, SBJISIOTCS
pe3yJIbTaTOM B3aUMOAEHCTBHS MHOTHX re0dH3u4eCcKHX MPOLECCOB, 1IpO-
HCXOMALIMX Ha TEPPHTOPHU PEYHBIX BOXOCOOPoB. OTMETHM HEKOTOpBIE
M3 HUX: TIOCTYIJICHUE BOMbI, €€ 3aJ€pXKaHne Ha IIOBEPXHOCTH OacceiiHa,
HHQUIBTPaNMA B MOYBY, HCIIAPDCHHE, CTEKAHHE ITO CKJIOHaM K PYCJIOBOMH
CeTH. DTH NpOLECcChl MPOUCXOAST B PasHOOOpasHbIX (U3MKO-Teorpadu-
YEeCKUX YCHOBHAX (NaHOWA(T, MOYBLI, TEOJOrHs U IHAPOreoNorHs, pac-
THTETLHOCTh, XO3AWCTBEHHAA LCATEIBHOCTh YelioBeka). TOUHBIA ydeT
BceX (aKTOPOB, BIMSAIOWMX Ha YCIOBHS (OPMHPOBaHHSA PEKMMA BOA-
HbIX 00BEKTOB, €CTECTBEHHO, HEBO3MOXEH. ClleMyeT y4ecTs TO, YTO 3a-
KOHBbl B3aMMOACHCTBHMSA DsAla IpPOLIECCOB, XapaKTep HMX HM3MEHEHHs BO
BPEMEHH HE M3YYEHBI MM M3y4eHBI HEAOCTATOYHO. POPMUPOBAHME I'HA-
POJIOTHYECKHX TIPOLIECCOB ABJICTCA MHOTOCTYMEHYAThIM, 60 Hemocpen-
CTBCHHBIC IPHYHHBI JI0OOro SIBJIECHHUSA, B CBOK O4Yepedb, MMEIOT CBOM
NpHYHHBL. B 3THX YCIIOBHSX NpH pa3paboTke METOAOB MMIPOJOrHYECKUX
IIPOTHO30B MPHXOAHTCS BEChbMa CYLICCTBEHHO, moayac rpybo, cxemaru-
3UpOBAaTh pPEajibHBIE MPOLECCH. JTO NPUBOAUT K TOMY, YTO METOXBI H
METOAUKH NPOTHO3UPOBAaHMS HE BCETZa JAIOT BO3MOXXHOCTH BBITYCKAaTh
TOYHbIE NMPOTHO3bl. BO3HMKaEeT HEOOXOAUMOCTh YCTaHOBJIEHHsS BEPOST-
HOCTH BO3MOXHBIX OTKJIOHCHHUI OT MPOTHO3UPYEMOM BENHYMHBI.

HeobxonuMo oTMeTHTB, YTO (akTOpEI, ONpeensiomye, HanpHuMeEp,
PEYHON CTOK, MOXKHO pa3Jie/IMTh Ha JABe rpynnsl. K nepsoit rpynmne or-
HOCSATCS T€, KOTOpble K MOMEHTY BbIIIyCKa NpPOrHO3a YX€ H3BECTHBI H
MOTYT ObITh KakuMM-TO 00pa3oM H3MEpEHb! MJIH KOCBEHHO OLICHEHBI.
Bropas rpynmna BKIO4YaeT, Kax IMpaBHIIO, HEU3BECTHBIC METEOPOJIOrHYE-
ckue ¢$akTophl, NEHCTBYIOIIHE B EpHON 3a0IaroBpeMEHHOCTH NMPOTHO-
3a. Ha naHHOM ypOBHE pa3BHUTHA METEOPOJIOTHH 3TH (HAKTOPEI HE MOTYT
OBITH NIPEOBBHIYHCIICHBI ¢ OOJLLICH 3a0JIarOBPEMEHHOCTHIO K MOMEHTY
BBIIIyCKa IIPOrHO3a.

B03MOXHOCTb THIPOJIOTHYECKUX NPOrHO30B 3aBUCUT OT ONpee-
JISIOLIETO BIHAHUA GaKTOPOB NEPBOH HIIM BTOPOMH IPYMIbI Ha IPOrHO3M-
pyemoe sBiaeHHe. Ecnu onpenensioliuMu GakTopaMu SBISIOTCA YXKe
M3BECTHBIE K Hayaly BBIYCKa NPOrHO3a, TO NPOTHO3 BIIONHE MOMKET
ObITh ocymiecTBiieH. IIpH 3HAUHTCIBHOM BIMAHHM Ha MPOTHO3HPYEMOE
ABleHHEe OyNylMX ycnoBHH Noroin! (pakTopbl BTOPOH IPyIIbI) NpPO-
THO3 HEBO3MOMKEH.
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OrtHomeHHe noTpebuTENcH K rUIpOIOrHICCKHIM TIPOIHO3aM HEO/Hla-
koBo. Ecnu ota mnbopMalms Kpaiiie HeoOX0IMMa M HCHONb30BaHHE €¢
OKa3BIBACT CYIIECTBEHHOE BIMsSHME HA NMPOM3BOJCTBCHHYIO JEATENHLHOCTD,
TpeOytotcs Oonee peranbHbie cBefeHUsA O OyMTyLIEM COCTOSIHHH BOXHOIO
obnekTa. B ciryyae e eciy 3TH JaHHbIE MPHHHUMAIOTCH JIHILL «K CBCACHHION,
JOCTaTOYHO OOIIEH XapaKTEPUCTHKH OXXHaacMoro sisieHus. Paiiee yxce or-
MEYaJMCh PUYUHBI, B CHITy KOTOPBIX NMPOTHO3 He MOXeT ObITh abCOMOTHO
TounbIM. K 3TOMY cricyer 106aBHTh, YTO JaXC OLCHKA OCYLIECCTBHBILCIOCH
SIBIICHMS TIPOM3BOIUTCSA C ONPCACNIEHHOM NOIPEeIHOCThIO. J1a omKbka CBS-
3aHa C MOIPCIIHOCTHIO U3MCPEHHS, BBIYHCIICHMSA, CXCMATH3aLHUCH SBICHHS.

ITporro3 nenecoobpasuo BblIycKaTh B TakoH ¢opme, Kotopas 6bl
HC NPOTHBOPEYHIIA BEPOSTHOCTHOH CYIHOCTH NMPEABLIYHCICHUSA U 1O-
3BOJIAJIa DOTPEOUTCHSIM TONyYaTh MakCUMyM 1coOXoauMoH Hupopma-
HHH 00 0XXKHMIACMOM PEXUMC BOJHOr0 0OBCKTa.

OcHoBHOH ¢ opMOii BhIpaXEHUS TIPOTHO3a ABSAETCSH OXHAAEMAS Be-
nuyuHa Yy’ (MaTeMaTHYECKOE OXMIAHME) C YKA3aHUCM BEPOSTHOM MO-

rpewocti . Ilpu onpenenenuy BEpOSTHOM NMOIPCIIHOCTH MPOTHO3a
pexoMennyetcs [39] npexBapUTENBLHO HCCICKOBATh 3aBUCHMOCTh OIIHO-
KH IIPOrHO3HPOBaHHA O OT IIPC/ICKAa3hIBaCMOM BEJIMYMUNBI, HUCIIONB3YS
rpa MK CBA3M :6‘ = f(y") . Eciu norpeinHocTH nporuo3a ciyyaiHsl 1 He
3aBUCAT OT ', TO HX BEpOATHOCTH onpeacisiercs [39] ucxons u3 nop-
MaJIbHOTO 3aKOHAa pacnpeelICHUS IO BhIPAXKCHHIO:

8, =1,5, ,»

(1.10)

rae O, — NOrpemHocTs, obecneycHyas na p %; t, — HOpMHPOBAHHOC OT-
KJIOHEHHUC 32[1aHHOH OBCCIEYCHHOCTH; 5, ., — CPEIsA KBaJPaTHICCKas

NOrpCIIHOCTh JaHHOI'0 MPOrHo3a, orpcaensieMas no (bOpMy.]'IC

S, y=f —é-;n s, (1.11H)
c

X
31ech A — OTKJIOHCHHE OT HOPMbl OCHOBHOTO apryMmeHra (He3aBUCHMOM
NIEPEMEHHOM), MO  KOTOPOMY  BBIMYCKAeTCHs  JaHHBIA  NpOrHO3
(Ax=x-x); o, — cpeqHee KBagpaTHMYECKOE OTKJIOHEHHE apryMeHTa
(Mepa M3MEHYMBOCTH BEJIMYMHBI X); § — CpEIHssA KBaIpaTHycckas I10-

rpeIHOCTh BCCH COBOKYNMHOCTH NPOBEPOYHBIX NPOTrHO30B; n — YHUCIIO
YJICHOB pANa, BXOAAIIHMX B 3aBUCHUMOCTD.
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A
Gyuxuus f( ~ ,n) onpeaenserca no tabn. 8 Hacrasienus [39].
c

X

Bepostraast norpeHoOCTb MPOrHO3HPOBAHMS BLIYUCILACTCS 110 hopMyiie
8, =0,674s, . (1.12)

Kpaitnve 3Hauyenus npejckassiBacMoH BEJMYHHBI B 3TOM Cllydae
O6ynyT paBHbI

Yooy =¥'£8, =y'£0,674s, ., (1.13)

rae y' — cpeamec 3HAaYCHHE OXKUIACMOI BEIHYHHbBL, O, — BEpOSTHAsA

Yi
[OTPELIHOCTb.
BepoATHOCT HAXOXKACHUA 0XKMIACMOH BEIMYMHDL y, ,, B HHTEp-

Bane y'+8, cocrasnser 50 %.

KBanuduumposanuslii norpebureas uHpopManuu o6 0xHAAEMOM
COCTOSHHH BOXHOTO 0OBEKTA HC TOIBKO HCIONb3YCT AAHHbIC O BETHUHHE

!

»', HO M YYHTHIBACT BO3MOXHBIC OTKJIOHCHMS B MHTCpBajie y'+3§, .

Hanpumep, BeccHHHI CTOK pexkd N oxuaaercs paBHsiM 50 MM mpu Be-
pOATHOMH norpemtHocTy +10 MM,

JIononHUTENIBHO K NPEACTaBICHHON MO 3TO# (opMe NpPOrHocTHYC-
CKOit MH)OPMAaLHH NPHBOAATCA MHOIOJCTHHC XapaKTCPHCTHKH: HOpMa,
MaKCUMYM U MMHUMYM.

Ipeanockika 0 HOPMaILHOM PaclpENCICHHH NOrPEHOCTEH Mpo-
THO3HPOBAaHUs NpUONMKeHHas. FI3BECTHO, YTO IMAPONIOTHYECKHE XapaK-
TEPHCTHKH Yalie BCCTO MMEIOT aCUMMETPHYHOE pacnpeleeHHE, XOTd
B npcaenax obecneyeHHocteir 10 — 90 % ux pacnpenenchue 6nu3ko
K HOpMaJbHOMY. BOT moucMy Hale)KHOCTL ompeneicHUs 06€CedeHHO-
CTH OYE€Hb MAIBIX M OYEHb OOJIBIIMX 3HAYCHWH NMpPECKa3bIBAEMOH BEIH-
YHHB! (B YCJIOBHAX HOPMAIBHOIO 3aKOHA) 3aMETHO CHHKAETCA.

Haubonec noaHo BEpOATHOCTHO#H CYI{HOCTU FMIPOJIOIHYECKHX SB-
JEHUHR OTBeYaeT cliexyiomas ¢gopma Bbimycka nmporso3oB. Oxxupaemas
TMIPOJIOTHYECKAs BENNYMHA MPENCTABIIAETCA B BHIE YCJIOBHOH KpHBOH
o6ecreyeHHOCTH WM B TaOJIMYHOM BHIE C yKa3zaHUeM 00ecreyeHHOCTH
pa3sNUYHBIX 3HA4YCHHH mNpelacka3piBaeMOH BeinduuHBL. Pacder opauHar
YCIOBHOH KpHBOH 06€CIIEYEHHOCTH NPOU3BOAUTCA 1o GopmyJie

Yo = Vi +AY =y, (1.14)
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30ECh p, — YCIOBHAS O0ECNEYCHHOCTDb, T.€. BEPOATHOCTH MPCBLILIEHHA
3a/IlaHHBIX 3HAUCHUH OXXHIaeMOH BeTHYHHBI HE B MHOTO;IETHEM paspese,
a B YCJIOBHSAX [-IO NPOrHO3a 3a/JaHHOH 00€CTIEYEHHOCTH.

Pesynbratsl pacueroB no ¢opmyne (1.14) npusenens! B Tabn. 1.3
Ha IpUMcpe NporHo3a pacxona BoAs! Ha Maid 1960 r. Ha p. Xonpe [8].

Tabauya 1.3
TIporuo3s pacxoos BojbI (M/c) 3a1anm0l ofecneycnocTH
npu Q' =275, 500 = 35,6 nas p. Xonpa. Maii 1960 r.
XapakTepucTHKa O6ecnieueHHoCTs, %
0, =0+1,59 ¢ 5 10 25 | 50 75 90 95
5o 1,64 | 128 | 0,674 0 ~-0,674 1,28 | - 1,64
275 +1,35,6 333 | 321 299 275 251 229 217

B npakruke THMAPOJIOrMYECKOTO NPOrHO3UPOBAHMA MOTYT BCTpe-
THTBCS CJTy4aH, KOTHa IOrpeliHOCTH IPOrHO3a B TOH MM HHOM CTENEHH
CBA3aHbI C Npe/CKa3biBaeMoi BenuuuHON & = f( y') . DTH 3aBHCHMOCTH,
KaK MpaBuJlo, HE JOCTaTOYHO TCCHBIE, HO HAIMYHC UX HE MO3BOJIAET CYH-
TaTh OMMOKY NpOrHosa ciayuyaiusiMu. OOuH U3 HPUOIIMIKEHHBIX CIIOCO-
60B onpeneneHHs BEPOATHOH MOrPCIIHOCTH MPOrHO3a [UIA 3TOTO CITydast
paccmatpuBaeTca B paborte [8]. CyTh €ro 3aKiio4aeTcs B CIEAyIOLIEM.
Psn abComOTHBIX NOTPElIHOCTEH MPOBEPOYHBIX NMPOrHO30B d,,9d,,...,8,
3aMEHSAETCA PAIIOM

Y|:8|/8;,‘Y2=62/8'2,'Y,,=8,,/ 8:1, (115)

rae 8, =y -y’ — MorpeuwiHoOCTh MPOrHo3a; &; — MOrPelHOCTh, CHATAs

c rpatdmka cBsa3u &= f(y').

HOHY‘ICHHLIC OTHOCHUTCJIBHBIC 3HAYCHHA ﬂOl"pelﬂHOCTCﬁ conocras-
NAOTCS C MpPEeACKa3blBaCMOW BENUYHHON NyTEM MOCTpOeHHs rpaduka
cBa3H Y= f(y'). [Ipu OTCYTCTBHM CBA3M MOIPEWIHOCTH paccMaTpUBa-
I0TCA KaK CilydaiHble. [{nd HOBOro psna ciydaiHelX BEIMYHH onpene-
JKOTCA: HOpMa v, CpeaHEE KBaAPAaTHYCCKOE OTKIOHCHHE ()'Y H €ro

MIpUBEAEHHOE (MHOTOJICTHEE 3HAYCHHE) 87 =0, Nnin-1.
[TorpemHOCTE NMpOrHo3a 3aaHHONH OOECHCYEHHOCTH BBLIYHCIAETCS
no gopmyine
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— 1
8,=1,8c,,
a COOTBETCTBYIOILAsA OXXMIaEMas BEIHYHHA — 110 YopMysie
o '
Yy, =y +t p8 c,,

rae y' — CpCOHCEC 3HAYCHHUE oXuaaeMon BCJIMYHAHBL, { — HOPMHPOBAH-

p
HOC OTKIOHeHMe, O’ — NOrpeluHOCTb, CHATas ¢ rpaduka CBA3M
—_ ?
B=r0".
HO HOHy"leHHBIM Ta6ﬂHquIM JN3aHHBIM MOXHO HOCTPOHTB yCHOB-

HyI0 KpHBYIO OOECIIEYCHHOCTH M ONPEIEIUTh BEPOSTHOCTh PEATM3ALIHA
0XHIaeMOH BEIHYHHBI B 1I0O0M 3aiaHHOM MHTEpPBAIC:

Pl <y <) yl=plly> )y -ply>0)y]  (116)

B cnyuae ecnu ucnone3yemas Ui MPOrHo3a 3aBHCHMOCTh YCTAHOB-
nexHa 6e3 yuera OTACHBHBIX, PE3KO OTKIOHAIOLIMXCA TOYEK M pacmnpenese-
HHe oHMb0oK MMeeT GOJbLIYI0 aCMMMETPHIO, CTPOMTCA KpuBas obecre-
YEHHOCTH MOrpenIHOCTCH NMporxo3a. [t 3Toro Bce MOrpelHoCTH pacrona-
ralorcs B yObIBaIOLICM MOPAIKE — OT HAHOONBIIEH NOMOXHUTENBHON K Hau-
GobIleH OTPHLATENBHON. 3aTeM BBIYHCIAIOTCH SMIHMPHUECKHE BEPOATHO-
CTH MPEBBIIUEHNA KOXAOT0 7-TO 3HAYEHUs IOIPEWIHOCTEH 10 dopMyrie

p. =% 1009, (1.17)
n+0,4
FI€ m — NOPAAKOBLIH HOMEp NOrPEIIHOCTH B YOBIBAalOIEM psAy; n —
of11ee YHUCI0 WISHOB psija.

ITocne 3TOro Ha TOrapu@MUYECKON ceTke U Cifydas aCHMMETpHY-
HOTO pacIpefesicHUs OIHUOOK CTPOUTCS KpHBask 0OECIEYEHHOCTH IMO-
rpeirHocTeH nporuo3os. OpAMHATH! YCIOBHOH KPHBOH 00€CrCueHHOCTH
omnpenestiorcs o popmyne (1.14).

[MoTpeburens ruaponornuyeckod HMHGOpMALUH YaCTO HHTEPECYET
He Haubojice BEPOATHOE 3HAYCHHE OXUAACMOH BENHMYMHBI, CHATOE
C MpPOrHOCTHYCECKOro rpaduka WIH MONTYyYEHHOE MO YPAaBHECHHIO, a ce
NpeenbHOe 3HAUCHHUE Yy, WIH Y. . B 4acTHOCTH, pH yCTaHOB/ICHHH

CTCIICHH 3aTOINUICHHA TCPPHTOPUH HeoOxoauma nufbopmaum O HaHBbIC-
el OTMETKE MAaKCHMAaJIBHOIO IMOabeMa YPOBHs BO/bIL. [MoxoGHeIe npo-
THO3bl HE HaAUUIM INHUPOKOIro NpHUMEHEHHUS B CBS3U C HX HEJOCTAaTOYHOMN
Teopemqecxoﬁ 000CHOBaHHOCTBIO M HEACHOCTBIO CIrIocoba ux OLCHKH.
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PaccMoTperHbie opMbl BhINyCKA [IPOrHO30B MPHMEHAIOTCA B OC-
HOBHOM B IOJIFOCPOYHBIX NPOrHO3aX.

B KpaTKOCpOYHBIX MMIPOJIOrHYECKUX NPOrHO3ax yaule BCEro Mpo-
THO3HPYETCS 3HAYCHHE BENMUHMHBI Y, KOTOPOC NOJDKHO OCYLIECTB-

JIATHCS B ONpejlesieHHbI MOMCHT BpeMeHH. Hanpumep, «ypoBeHb BOIbI
B pekc A B crBopc C Ha nsToe MIOHS OXHAAcTCa paBHbiM 242 cm». MHo-

Ir'Aa NpUBOAUTCH BCPOSTHASI TOFPCHIHOCTDL NPOTrHO3a 6}'0.:‘ .

OO0BIYHO OPOrHO3bl IKCTPEMANBHBIX (ha3 THAPOIOIHYECKOrO PEXH-
Ma BhbITyckalooTcs 6e3 ykaszaHHus cpokoB ocyutectsieHus. [IpeackassiBa-
I0TCS JIMIIb 0XKHAEMbIE 3HAYCHHUS M BCPOSATHAS MIOFPELIHOCTb.

B nporHoze MOXcT yKasbIBaTbCA HE OXKHIAEMOE 3HAYCHUC IMApONO-
THYECKOH BENUYHHBL, 3 KHTEPBaJ, BEPOATHOCTH [ONAJaHus B KOTOPHIA ITpH-
OmkeHHO paBHa 50 %. U B 3TOM cifyyae npeanosnaracTcs, Yro norpeuHoCTH
NPEBBYMCIICHHS PaCnpenessiOTCs 0 HOPMATLHOMY 3aKOHY, T.C.

ply£0,674s, )= ply£3, )= 50%.

Ota popMa ILIHPOKO HCMONBL3YETCS TAKXKE IPH BLITYCKE JOJTO-
CPO4HBIX IIPOrHO30B.

B otnensHbIX cnyyasx norpeOuTensM ruipoioruyeckoi HHpopma-
LMM coobLIaeTCs OXKUAacMoe 3HauCHKE ( y; ), BPEMs Cro OCYILCCTBIICHHS

!
(D), ), BepOATHBIC NOTPCIIHOCTHA BCIMYHMHBL y 1 Jiatht D(S, , Dy, ).

[MporHo3upoBaHue BPEMCHH HACTYIUICHUS JICHOBBIX SBICHHUIT OCy-
LIECTBJIACTCA B Mpejesiax JaT HAacTYMIEeHUs oaHoH u ToW xc ¢as3bl Ha
rpaHuuax yyactka. /[nMHa yvacTka TakoBa, YTO pa3HMlA B AaTax HC
IOJDKHA MpeBblliaTh 3-x cyT. B kayecTBe npuMcpa npuUBCACM ClCAYIO-
wud nporHo3: «Jlenoxon Ha yyactke peku A ot nyHkrta b 1o nmyHkra B
HauHercs 20 — 23 mapra ...».

Mo 3anpocy norpeburens coobulacTcs Aara, 10 KOTOPOH Jle10Xo/a
OXXHJaTh He CleayeT.

Jpyrum BHAOM IHOpPOJIOTMYECKOH MPOrHOCTHYECKOH MHbOpMaumu sB-
JIAIOTC KOHCYyNbTaumMd. KoHcymsTanms 00 OXuIaeMbIX THMAPOJOTHYCCKHX
ABJICHWIX — 3TO MpeCKa3aHHe, BHIPOKEHHOE B KAYECTBCHHOM Bujle. Yacto
JJI KOHCYJIbTAaLMH MCMONb3YIOTCS METOIMKH, HE COOTBETCTBYIOLIHE KpHTE-
pusiM 3(eKTMBHOCTH IPOTHOCTHYECKUX MeTomoB (cM. Tabnm. 1.3). B koH-
CY/IbTAlMAX BBLACISIOT TPH Ipajaiu OyIyluero COCTOSHUA THIpONoruye-
CKOM BEMMYKMHBI: MeHbIle (HWKe, panbiue) HopMbl ¥’ < 0,80y , okoso HOp-

Mol 0,80y < y' < 1,20y u Bbie (6onsuie, no3aHee) Hopmst y' > 1,20y .
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Fnasa 2
rMmagPONOrM4ECKAS MHOOPMALIUA

2.1. Haznauenue u cojep:kanue ruaposiorndeckoi Hupopmauuu

HcTOYHUKOM CBEJCHHH O COCTOSHUM TIOBCPXHOCTHBIX BOJA CYILUM
(pck, 03cp, BOJAOXPaHHMIIHIN) SBIAIOTCA HAOMIONAEHHMS, BBIIONHAEMbIE Ha
CCTH CICUMANBHBIX THAPOJIOTHYECKHX MOCTOB, YHUCIO KOTOPbIX COCTaB-
nseT HECKOJIBKO ThicA4. bonbumHCcTBO HabmonaTenbHbIX NYHKTOB
OIIOPHOH I'MAPOJIOTHYECKOH CETH HAXOAUTCHA B BeAcHHM PepepanbHOTro
areHTcTBa PoccHu 1o ruApOMETEOPONOTHH, MOHUTOPHHIY H OXPaHE OK-
pyxalowwci cpeasl. Ha 3Tux myHKTax NpOM3BOAATCS HabMoOACHUs 3a
pa3HoOOpasHbIMH 3NEMEHTaMH THAPOJOrHYECKOTO pEXHMa BOAHBIX
00BEKTOB (YPOBCHB, PaCXOA BObI, TEMIIEPATypa BOAbI, A€AOBbIE U IP.).

[uaponoruycckuit peXkMM BOAHBIX OOBEKTOB CYIIH YpE3BBIYAHHO
W3MEHYMB, YTO CBA3aHO C U3MEHUYMBOCTBIO MOFOAHBIX YCIOBMH Ha Tep-
PHMTOPHH PEYHBIX H 03epHBIX GacceitHOB.

OrpoMubIH MaTepHal, COOpaHHBI Ha CETH I'MAPONOTHMYECKHX Ha-
OnroJaTCNbHBIX MYHKTOB, MCHONB3YETCS MPH PEXHMHBIX 0000LIEHHAX
0 BOAHbLIM 0OBCKTAM M JUIsl TIONIOJIHEHMS CBEJEHMH cBOJa AaHHBIX ['o-
cynapcrBeHHoro BopHoro kanacrpa (I'BK). Mtorom pabotel mo usyue-
HUIO PEXHMa BOJIHbIX OOBEKTOB SBHIIOCH CO3aHHE PAAa CIPaBOYHHKOB,
Bkmovaomux «CeecHUs 00 ypoBHAX BOAb), «CIpaBOYHHK MO BOA-
HBIM pCCypcaM» OTACHbHBIX PCFHOHOB, «MarepHanbl 10 pexuMy pek
CCCPy». Ot cnpaBouyHHKH 00001MIH MaTcpHansl HaOMOAEHHUI 3a me-
pron c¢ 1881 mo 1935 r. [lozauce ruaponoruyeckas uudopManus my6-
JMHKOBaNach B Tpyaax u crnipaBounukax ['BK, rakux, kak «I'uaponoruyde-
CKuit exeronHuk», «ExxerofHsie aHHbIE O PEXHUME U PECYPCAX NMOBEPX-
HOCTHBIX BOJ CyLUH», «OCHOBHBIE I'MIPOJIOTHYECKHE XaPAKTEPUCTUKHY.

HanHble HaOmoaeHMH 3a COCTOAHHEM IOBEPXHOCTHBIX BOJ CYLIM
HeoOXO/IMMBI Ul MHOTHX NOTpeOUTENeH B LENAX HAWTYYLIEro MCIOJb-
30BaHHsl BOAHBIX PECYPCOB B NPOU3BOJCTBEHHBIX YCIOBHAX IPH CJIO-
XUBLICHCA THIPONOrH4YecKoil o6cTaHOBKE. DTH [JaHHBIE MCHONB3YHOTCS
OpH PELIEHUM BOIPOCOB, CBS3aHHBIX C HayaJoM (OKOH4YaHMEM) HaBUIa-
LMH, OCYIIECTBICHHEM CYJIOXOACTBA, paboTOii JICNOBBIX Mepenpas, Mia-
HUpOBaHHEM 3a0opa Bo/ibl B OPOCHTENbHBIE CHCTEMBI U T. A.

CaejleHnst 0 COCTOSHHH NOBEPXHOCTHBIX BOJ CYLLIH COCTaBIISIOT OC-
HOBY MCXOJIHOH I'MApONOruyYeckoi HHpopMauuu, HeobxoauMoH s co-
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CTaBJICHHS, BBINTYCKA KPaTKOCPOYHBIX M JOJIrOCPOYHBIX MPOTHO30B BOA-
HOTo U 1eJ0BOro pexuMoB. OCHOBHBIMU NTOTPEOUTENAMH THAPOIOrHYE-
CKHX MPOTHO30B M HH(OPMALMH SBIAIOTCS THAPOIHEpreTHka, BOAHOE
XO034HCTBO, BOAHBIH TPaHCIIOPT, UPPHIalUA H BOJOCHabXEHHE, CENBCKOE
Xo3siHcTBo. KOMIIEKCHOE HCHOJIB30BAaHHE BOJHBIX PECYPCOB IPCCIICAY-
€T uenb Hanbonee LenecoodbpasHO U C HAUMEHBILMMH 3aTpaTaMHM pCLIaTh
3afayM 1enoro psaa norpeburenei. BrinmonHeHue 3THX 3a8ay yCIIOXHS-
€TCsl HaNMYHEM MPOTHBOPEYHBOCTH MX HHTepecoB. Tak, ang pabotsl
THAPOIHEPreTHKH XOJIOCTblE COPOCHI NPHBOAAT K MOTEpPEe B BLIPAbOTKE
3JIEKTPOIHEPIHH, B TO BPEMsI KAK OHH HEOOXOMUMBI JUI BOXHOTO TPaHC-
nopra, pplOHOTO X03sHCTBa U B CAHUTAPHBIX LENsX (CrocoOCTBYIOT yaa-
JIEHHIO ECTECTBEHHBIX H aHTPONOTreHHbIX OTXO/IOB).

Henb3s HE OTMETHTH pONb THAPONOTHUECKOH HHPOPMALMU A 3a-
61aroBpeMEHHOTO NPEAYNPEXICHHA O BOSHHKHOBEHHH CTUXHUHHbIX M-
POJIOTHYECKUX SABICHUN ¥ OMOBCILEHHM 00 DKCTPEMANBHO BLICOKOM 3a-
Ips3HEHHH MIOBEPXHOCTHBIX BOJ Cylud. Ha ocHOBE 3THX JaHHBIX MPHHH-
MaIOTCst MEpBbI [0 CIIACEHHIO JIIONEH, MaTepHaibHbIX LIEHHOCTEH, BBINON-
HSAIOTCS MEPOINPHATHSA MO CHIXKEHHIO yuiep6a OT CTUXHIHBIX SBJICHUH.

B nonsarue «eudponocuueckas ungpopmayus» BXoaut cbop, obpa-
60TKa M nepeflaya JaHHBEIX O COCTOSIHUM BOJHBIX OOBEKTOB 3aMHTCPECO-
BaHHBIM OpraHH3aLHsM.

2.2. AudopmannonHan cerb CTAHIMII H NOCTOB,
cocTaB Ha0moxeHHil, nepegaya HHGopMauun

CBemeHHA O TEKYIIEM COCTOSHHH BOHHBIX OOBEKTOB MOCTYNAIOT
€ 4acT JEHCTBYIOIIMX CTaHUMH M MOCTOB ONOPHOH I'MAPONIOrHYECKOH
CeTH. DTH CTAaHLHMH M MOCThI Ha3bIBAIOTCA uHgopmayuonneimu. I1pu op-
raHu3alMd HHOOPMALIMOHHOM CETH HCXOIAT U3 HCOOXOAMMOCTH BCECTO-
POHHET0 M3y4YeHHs peXHMa BOAHBIX 00BEKTOB, NOTpeOHOCTEH HAPOJHO-
X038HCTBEHHBIX OpraHM3alMH, CIyKObl IMIPOJIOrMYECKHX MMPOTHO30B H
HallMyHs CPEACTB CBA3M.

[npponornyeckas uHdopMaLus MO COACPIKAHHIO M MOPAJKY ce Me-
penayH B ONepaTHBHO-NpOU3BOACTBEHHbIE opranu3aunH (OI10) Pocrua-
poMeTa MOApa3fie/seTCy Ha PEryNSpHYIO, MU30AUYECKYIO U IKCTPEeH-
Hylo. K perynspHod uHbopManuu OTHOCATCA CIEAYIOLIME CBCACHHUA:
YPOBEHb BOJbI H XapPaKTEPUCTHKA €r0 M3MEHEHHUS, TEMNEPATYPa BOABI U
BO3/TyXa, XapaKTEPUCTHKA JICIOBbIX SBJICHHH MM COCTOSHUS PCKH, TON-
IIMHA JIbJa, BbICOTa CHEra Ha JibJy, KOJHYCCTBO OCaAKoB M Jp. YacTe
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3THX JaHHBIX OTHOCHTCS K €XEIHEBHBIM, CTaHIApPTHLIM, OOHOCPOYHBIM
HAOMIOACHUAM HAa CMIPOIOTMYECKOM NOCTY (CTaHUMH) 3a TEKYIIHE Cy-
tkd. CocTaB IepefaBacMbIX CBCACHUHM, CPOKH M ajipeca MX Hepenayu
OCYLIECTBJISIOTCA IO 3apaHee YTBEpKAEHHOMY miaHy opraHoB OIIO
Pocruapomcra. TenerpaMmsl ¢ perynspHoi THApOJIOrHYecKoi HHpop-
MalMeH COCTaBJISIOT B KOJUPOBaHHOM BHJE.

Pezynapnas ungpopmayus BKIlouaeTcs B rHAponoruyeckue Gronne-
TEHH TEPPUTOPHAIIBHBIX TMJPOMETEOPOJIOTHYECKHX UEHTpOB. Paspabo-
TaHa TOJHAs M COKpallleHHas (OpMbl THAPONOTHYECKOro OHOMIETEHS.
IMonnas ¢opma BeIyCKaeTcs B Hanbosee BaXkHbIe ce30HHI roaa. Ha pas-
HUHHBIX peKax — 3TO BecHa M oceHb. OCHOBY OlojUIeTeHs cocraBnseT
KapTa peuHoii cetu obcnmyxuBaeMoro paioHa. Ha kapre y Kaxzaoro rua-
POJIOrMYECKOro nocra (CTaHLMH) YKa3blBAa€TCS YPOBEHb, PACXOA M TeM-
mepaTypa BObl, a TaKXXe TOJIIMHA NbAA, THI JIECAOBBIX SBIACHHHA H IpY-
r'Ue XapaKTCPUCTHKH pexxuma. Jlaercs kpaTkuii 0630p rHApONIOrHYecKo-
ro peXXUMa peK, 03ep H BOJOXPaHHIIHIN,

ITepeyeHs MaTcpHanoB, OMEUIAEMBIX B OIOJIIETEHAX, M HX MaKEThI
npuBoAATcs B «PyKOBOACTBE MO ONCPAaTHUBHOMY T'HIPOMETEOPONIOTHYe-
CKOMY 00CTY>KHBaHHIO HAPOJHOXO3AHCTBEHHBIX OpraHu3aLuiy» (1962 r.).

K snuzoouueckoii ungpopmayuu otHocsTC cBeleHHs 00 ypOBHAX
BOJIbI, BOJIHEHHH Ha 03€pax U BOJOXPaHMIHILAX, HHTEHCHBHOM Apeide
JIbJIa B HAaNPaBJIEHUH THAPOTEXHUYECKUX COOPY>KEHHH U Jp.

Cocras snu3onuyeckoil HHGOpMaNKK 3aBUCHT OT CKJIAJIbIBAIOILEH-
Cs THAPOJNOrHyeckoi obcraHoBKH M 3anpocoB morpedureneii. Coop u
pacnpocTpaHeHHe 3MH30AUYECKOi HHGOpPMAalMH CTaHUMH H MOCTH! Ha-
YHHAIOT No pacnopsbxeHHio pykosoactea OIIO Pocrumpomera. [lns
3THX CTaHuM# (DOCTOB) B IUIaHax MH(OpPMaLMH yKa3blBaeTCsl NepedeHb
ABJIEHHUH, afpeca, NOPSNOK MOAa4YM TeJIeTpaMM, KPHTEPHH IEpexoja Ha
paboty B pexxumMe HHGOpMalOHHOro nocra. TenerpaMMbl COCTaBIAIOT-
Csl OTKPBITHIM TEKCTOM C MHJAEKCOM CPOYHOCTH «LITOPM», aJpecoM Op-
raHu3alMy, KyAa OHa nopaerca. B tekcre npuBOasATCS CBENEHUS O Bpe-
MEHH Hayania, OKOHYaHHS ONACHOTO SBJICHHS, €r0 HHTEHCHBHOCTH. Bo-
nee OETaNbHO C BOIPOCAMH COAEPKaHHA, MOPAIKOM COCTAaBJICHHA U Me-
penaym cBeJcHUH 00 OmacHBIX ABJICHHAX MOXHO O3HAaKOMHTCA B « MHCT-
PYKLMH rHAPOMETEOPONOruyeckuM cranuusam (AMCI, mocram) mo uH-
¢dopmanuu 06 onacHbx ABIEHHAX» (1984 r.).

K sxcmpennoti unghopmayuu 0 CTHXHIAHBIX THAPONOIHYECKHX SABJIE-
Husax (CI'Sl) otHocsTCs:
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— YPOBHH BOJbI (IIPH MOJIOBOABSAX, AOKACBBIX MABOJKAaX, 3aTOPax),
npesblNatoiKe 0cobo onacHbie (BLICOKHE) YPOBHH BO/Ibl U1 KOHKPET-
HBIX HACENCHHBIX NMYHKTOB M XO3SMHCTBEHHBIX OOBEKTOB. YPOBHH BOJbl
OIIPEJEIAIOTCS TEPPUTOPHANIBHEIMH YIPABJICHUAMH MO THAPOMETEOPO-
JIOTUH, MOHUTOPHHIY M OXpane okpyxatoue# cpeasl (YIMC):

— YPOBHM BOJIB! HHXXE [IPOEKTHBIX OTMETOK BOJI03a0OpHBIX COOpY-
XKCHHH W HaBMraUMOHHBIX YPOBHEH Ha CYAOXOIHBIX pekax B TeyeHue 10
IHe#l u bosnee,

— paHHee oOpa3oBaHME NEAOCTABA U IMOABJICHUE JIbJA Ha CYAOXOJ-
HBIX peKax, 03epax U BOAOXpaHHIHUILaX (TIOBTOPSIEMOCTBIO HE YallE, YCM
onwuH pa3 B 10 ner);

— CeJIH, YrpOXKalolUe HAaCeNEeHHbIM ITYHKTaM, CaHaTOPHO-KYpopT-
HBIM KOMILIEKCaM, JKEJIE3HBIM H aBTOMOOMIBbHBIM oporaym, JIDII u apy-
MM OOBbeKTaM;

— CXOJ CHEXHBIX JIaBHH, YrpOXalOWIMH HaCENEeHHLIM MyHKTaM, Ca-
HAaTOPHO-KYPOPTHBIM KOMILIEKCAM, XEJIC3HBIM M aBTOMOOM/IBHBIM JOPO-
ram, JISII u npyrum coopyKeHusM.

ITporHo3s! BO3HUKHOBEHHS CTUXUHHBIX THJIPOJIOTHYECKHX SBJICHUIH
(CT'Al) coctapasioTcs NPOrHOCTHYECKUMM opraHamu Pocrugpomera Ha
OCHOBAHMH MH(OPMALMK OT CTaHLMI M MOCTOB, B TOM YHCIC BCAOMCT-
BEHHBIX, a TAIOKE MAaTEPHAJIOB KOCMHYCCKHX ChCMOK.

TeppuropuanbHble yNpaBi€HHs YTOYHSIOT NEPEYCHb M KPHUTCPUH
CI'S ¢ yueToM MeCTHBIX (pM3HKO-reorpapHIecKiX yCIOBH.

DKCcTpeManbHO BbICOKOe 3arpssHenHe (OB3) noBepXHOCTHBIX BOX
cyum o6ycnoBlIeHo aBapHitHBIMH U 3aJIOBBIMH BhIOpocamu (c6pocamu)
sarpssusromux Beuiecrs. CereBble noapasaenenus Pocruiapomera npu
yCTaHOBJICHHH (aKTa WM NpHu noixyyeHHH undopmaumu o OB3, asa-
pHiHOM BbiOpoce (cOpoce) 3arpsa3HAOIUX BCIIECTB NEPCAAIOT 3TH CBE-
JIEHHS] HEMEIJICHHO B 3apaHee YCTaHOBJICHHBIC OPraHbl, B TOM YUCIE Te-
jerpadHO C OTMETKOH «WILITOPM».

OnepaTHBHO-NPOU3BOACTBEHHBIE OpraHu3auuu Pocruapomera yc-
TaHABIHBAIOT CXEMY JOBEACHUS NPEAYNPEXKACHUA O CTHXMHAHBIX THAPO-
JIOTHYECKUX SABJICHHAX H MHOpMauuu 00 SKCTPCMANbHO BBICOKOM 3a-
IPA3HEHHH NMOBCPXHOCTHBIX BOA [0 OPraHOB BaCTH, OpraHu3auui H
Hacenenus. Kpome toro, B kaxxgom OITO paspabGoTaH nopsaok ¥ cxema
THAPOMETEOPOIOFHYCCKOro obecneyeHus: paboT Mo JIMKBHIALMH KpYII-
HbIX aBapHii, KaTacTpod M CTUXMHHBIX OGeACTBHIA.
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Ioxpo6HO 0 nopsaaxe AeHCTBUH opraHu3auui U ydpexneHuit Poc-
CMAPOMCTa NPY BO3HMKHOBCHHMH CTHXHMHHBIX SBNEHUH M 3arpsA3HEHHM
OKPYaIOIIICH CPCAbI M3JIOXKEHO B pyKoBomsiueM JokymeHTe «Ilonoxe-
HHC O MOpsAKE ACHCTBMI OpraHu3alMi M ydpexaeHuMH Pocruapomera
IIPY BO3HHKHOBEHHM CTHXMHHBIX TMIPOMCTCOPONOTHMYECKHX H renuore-
o(pH3HIECKUX ABJICHUMN, 0OHAPYXCHUA 3KCTPEMANbHO BBHICOKOTO 3arpss-
HeUMs OKpYXalolleH cpenbl ¥ JMKBUAALUM NOCIEACTBUN aBapHH, KaTa-
crpod u ctuxuitnbx Oenctuit» (P11 52.88.340 — 93).

Perynspnas 1 okcTpeHHas ruapoioruycckas uHGopmanus nepesa-
cres no tenerpady (paauno) B koauposannoM Buae (Koa ans nepenauu
CHIPOJIOTHYECKHX HaOMOAECHHHA Ha pCKax, o3epax M BOJOXPaHHMIHMINAX
KI-15). KonupoBaHue NaHHBIX HaOMIONEHHM MO3BONSET NPENCTABUTH
OGIIMPHYIO THMIPOJOrHYCCKYI0 HHGOPMaUHMIO B BUAC HECKONbKHX LHG-
POBLIX IPYIIN, yAOOHBIX A nepeaayy no tenerpady 1 paano. Koaupo-
BaHHC M paciiMpOBKa NPOCTHI M 3aHUMAIOT MaJI0 BPEMEHH, YTO M03BO-
nsiet ObicTpo nepenasath gauHsie B OI10 Pocruppomera ans cocrasie-
HMS TPOrHO30B M ONCPaTHBHOrO obccreyeHns NMOTpeOMTENCH IHAPOIIO-
FHYCCKOH HHPOpMaLUCH.

Ko COCTOMT M3 BOCBMHM pa3feioB: B HYJICBOM pasfleliec AaeTcs UH-
JIeKC 110CTa, JjaTa u CpoK HaOJIIOICHMIA; TMepBbIH pa3fiesl — OCHOBHOH —
COJICPXHT JITaHHbIE €XEIHEBHBIX OJHOCPOYHBIX CTaHJAPTHBIX HaOmoze-
HHi; pa3Jiesisl OT BTOPOro JO HICCTOTO AONOJIHMTCIbHBIE K NEPBOMY
pazucny. B aTux pasnesnax KOAMPYIOTCS CBCACHHS 00 M3MEPEHHBIX pac-
XO/Iax BOJB!, O BETPC, BOJHEHUH Ha 03Cpax M BOJOXPAaHMIMINAX, O MPH-
TOKC BOAB! B BOAOXPAaHMJIHIIA, O CPEAHUX H IKCTPEMAaNbHbIX YPOBHAX H
pacxo/iax BOABI 33 ONpE/IeNCHHbIE NEPHOABI U Ip. DTH CBEAECHUS Iiepe-
JTA10TCS TONBKO B TOM CIIy4ae, €C/IM 3TO HpeXyCMOTPEHO IUIAHOM Mepe-
Jayu HHGOpMalMH C YYETOM 3asBOK NOTpeOHTENCH.

CenbMoii pasfen npeaHasHayeH AN Nepeaayy CBENCHUH O CTUXHIA-
HBIX THAPONIOrHYeCKuX sBleHusaX. Kaxawii pasgen coctout us mudpo-
BBIX, MATH3HAYHBIX rpynn. IIoCTOSHHBIN HOMEp Ipynmbi onpelenser ee
coaepxkanue. CocTaB AaHHBIX THApojoruyeckod uHboOpMauuMm, noje-
XauMxX nepejaye mo KoAy, MX MEPHOAMYHOCTH, CPOKH H afipeca mepeaa-
Y4 TenerpamM ycranasnupalorcss YI'MC. TenerpaMMbl O CTUXHIHBIX
THIPOJIOTHYECKHX SABJIECHUSAX NMEPENAIOTCS C MHAEKCOM IITOPM» U IPH
HEOOXOAMMOCTH CONPOBOXAAIOTCSH TEKCTOBLIM COOOMICHHEM.

TexcToBas yacTh TenerpaMMbl COAEPXKHUT [JaHHBIE O Hayalle, yCuile-
HHMU WM OKOHYAHMH SBJICHHS, KOJMYECTBCHHLIE XapaKTEPUCTHKH, CBe-
JIEHHS O NPHYMHEHHOM yuuepOe, IPHHUMAEMbIX MEPAX U Ip.
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2.3. OcnoBHbBIC HAlIpaBJEHHS NEPECTPOHKM
HrpopmMalHoOHHOro obccrieyenust THAPOJIOI HICCKHMH XAHHBIMH.
ABTOMaTH3anus 00paboTku, cozganue 6aHKOB JaHHbIX,
NePCNeKTHBLI Pa3BUTHS

B 1977 r. 6b110 NpHHATO pelleHKEe O CO3JMAHHH U Pa3BHTHH aBTOMA-
THU3MPOBAHHOH HH(OpMALHOHHON CHCTEMBI ["0CyAapCTBEHHOrO BOQHOTO
xanacrpa (AUC I'BK).

Bo3spacraromue maciutabbl MCNIONB30BaHUS BOXHBIX PECYpPCOB, He-
00XOAUMOCTb YCKOPEHHSA HayYHBIX UCCIICAOBAaHMH I10 OLIEHKC U MPOrHO-
3aM peXMMa, KauecTBa U UCMONL30BaHUA BOX TpeOyeT Gonbiuero Konu-
YyecTBa MCXoAHO#H HH(popManuu. BrinonHEHHE 3THX 3a4a¥ BO3MOXKHO
Jquuwb npu cozpanuu AVC I'BK ¢ npuMeHenHeEM COBpEMCHHOM KOMIIBIO-
TEPHOM TEXHOJIOTHH.

AMC I'BK - 3to cucrema cbopa, KOHTpOJIs, XpaHeHHs, 00paboTku
JAHHBIX O BOAHBIX OOBEKTaX, pecypcax, pexHMe, KayecTBe U HCTONb30-
BaHUH BOA, a TAKXE JOBEICHHS 3THX JaHHBIX A0 HOTpCOUTEINS, HCNOb-
3yIoulas COBPCMEHHBIE TEXHHYECKHE, HH(OPMALMOHHBIE H IPOrpaMM-
HbIE CpencTBa [56].

Ilensto nepecTpoiiki HB(GOpMAMOHHON CHCTEMBI ABIICTCS IIOBbILLE-
HHE OICPATHBHOCTH obecredyeHHs Hal[MOHAJIBHOTO XO03iHCTBa HeobXxomu-
MBbIMH JaHHBIMH ITyTEM PacLUMpEHHs COCTaBa IIPEJCTaBJBIEMbIX MaTepHa-
JIOB, YCKOPCHHA MX 06pabOTKH ¥ NOArOTOBKH K HCNOJb30BaHHIo [23, 27].

[To Bumam cobupaeMo#t, oOpabaTriBaeMoOil, XpaHUMON M BblIaBac-
Mot urbopmauuu AUC I'BK pasgensercs Ha TpH CaMOCTOSTCIbHbIE
noacucreMsl; «lloBepxHoctHble Boab», «IloaseMmuslie Boas», «Mcmoins-
3oBaHue Boay [19].

[Moncucrema «IloBepXHOCTHBIE BOABDY BKJIIOYAET CIECAYIOLIME BULBL
uHbOpMaUUH:

- «BoaHble pecypcbl, MX KayecTBO M HCIIONBL30BAHHEY» (OAaHHBIC
KOMILJIEKCHOH OLIEHKH BOJIHBIX PECYPCOB);

— «Pexu 1 KaHaJb» (TaHHbIE O THPONIOrHYECKOM PEXUME BOIOTOKOB);

—~ «O3epa M BOAOXPaHHJMILA» (JaHHBIE O IMAPOMETEOPONIOrHYE-
CKOM peXHMe BOAOEMOB);

— «KayecTBO NOBEPXHOCTHBIX BOJ CYLIH» (THAPOXHMHYECKUE MOKa-
3aTeNM KayecTBa BOJ BOJOTOKOB M BOJIOEMOB);

— «Mops ¥ MOpPCKHE YCThsl pek» (JaHHbIE O TMIAPOMETEOPOIorude-
CKOM pEeXHME M T'MAPOXHMHUYECKHE [OKa3aTENH Ka4ecTBa BOJX NpHOpEXK-
HBIX YaCTeil OTKPBITBIX MOPEH, BHYTPEHHHX MOPEH M MOPCKHX YCTHEB PEK);
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— «Jleauukmn» (KaTaJOXKHbIE CBEAECHHS O JIEHHKAX);

— «Cenn» (xapakTepHUCTUKH CENEONACHbIX paiOHOB M MPOLUEAIIHX
ceseit).

OcuoBusie ¢pynkuun AVC I'BK:

- IOAroTOBKa HHGOPMAUMHU K BKIIOUEHHIO B UH(popMannoHHyIo Oa-
3y C NpeJBapUTENbHBIM COOPOM, KOHTPOJIEM, NEpBUYHON 00paboTkoi 1
3aHCCEHHUCM BXOIHBIX AaHHBIX Ha MAIIHHOYHUTAEMbIC HOCHTEIH;

— BeieHHe MHGOPMaUMOHHON 0a3bl, B GYHKLHMIO KOTOPOH BXOAMT
HaKOIUIEHUE, YUeT, ofecrieyeHne COXPAaHHOCTH JaHHbIX;

— noBeaeHue HHGOpMaLMHK 10 NOTpeOUTEN, BKIII0Yas IPHEM U pe-
THCTPAUMIO 3aNpOCOB NONb30BaTeNeH, NOMCK M 00paboTKy HaHHBIX
C UEAbIO NMONYYEHHs 3anpauiBacMoi HHpopMauuu: nyOnukanus, THpa-
*upoBaHue HHPOpMaLHH.

PaccmorpuM Gonee noapoOHO nepecTpoiixy HH(popMauHOHHOTO
ofecrieyeus rUAPONOrHYECKUMH AaHHBIMH MO NOBEPXHOCTHBIM BOIAaM
Ha npHMepe pasfiena «PekH M KaHalbl».

HcrounnkoM HHOOPMAUHMOHHON 0a3sl AaHHBIX MO THAPOJOruye-
CKOMY PEXHMY peK SIBIFIOTCH pe3yibTaThl HaOmoaeHuit Ha BCcH cra-
LIMOHAPHOI1 CCTH I'MAPOMETEOPOJIOrHYECKOi CIyxObl U YacTU CeTH ApY-
rux BeJOMCTB. Jljisi Toro 4roObl aBTOMAaTH3HPOBaTh NEPBHYHYIO 0Opa-
60TKy, KOHTPOJIb M HAKOTUIEHHE JAHHBIX HaOMoAeHHUH, MOCHeAHHE 3aHO-
CATCS B CHIEHWAJIbHBIC MOJICBbIC KHMXKH (Tabnuusl, Onankn). Kumkkn
npucnocobnensl Uis nepesoca HHGOpMaUUKH Ha MAIIMHOYMTAaEMble HO-
cureni. 'naponoruyeckue CTaHIMH OCYIUECTRIAIOT KOHTPOJb MOAHOTHI
U IOCTOBCPHOCTH MOCTYNUBIIEH HHGOPMALHMHU, MEPEHOC €¢ Ha MAIIMHO-
YHUTaEMblC HOCHTENM H Nlepcaayy Ha BHILIEIEKALHUil YPOBEHb.

TeppuropuanbHbie M perHOHaIbHBIE CICLHATH3HPOBAHHBIE IEHTPBI
Beaenus ['BK ocymectrnsior:

— cOOp M KOHTPOJIb JOCTOBEPHOCTH NMOCTYNHaloeH uHpopManuy;

— obpaborky HHpOpMauuu H Mpcobpa3oBaHHE BXOJHOH HH(OpMa-
uun AWC I'BK B xpanumy1o;

— nepefady MWHPOpPMaLMH yCTAHOBIEHHOI'O COCTaBa Ha BhIILIEIC)Ka-
UM YPOBCHb;

- obcnyxuBanue 1107b30BaTeNel HHGOPMaNMEH MO MX 3apOCaM.

ArromaTu3uposanHas 06paboTka, KOHTPOJIL M HAKOIICHHUE JaHHBIX
CHAPOJIOTHYECKHX HAbGMO/(CHUH Ha pekax ocyuiectsiuserca ¢ 1978 r.

Hcrons3oBanuce cicayiouye GopMbl aBTOMaTH3UPOBAHHOTO KOH-
TPOJIsi LIOCTYNIHBLIEH HH(OPMaIHH:
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— KOHTPOJIb MONHOTHI HHOPMALIUH;

— CHHTaKCHYECKHUH KOHTpOJb, BKJIIOYAIOIMH Habop npoucayp mo
HpOBepKe MPaBHILHOCTH MPOU3BOACTBA U3MCPCHUIA, 3aNUCH B IICPBUY-
HBIX JOKYMEHTaX, COOTBETCTBUS HaHECCHHOMN Ha TEXHHUYCCKHI HOCHTEIb
HHGOpPMALH JaHHBIM [EPBOUCTOYHHKA;

— CMBICJIOBOM KOHTPOJIb, YYUTHIBAIOUMI 3aKOHOMEPHOCTH M3MCHEHMI
3/IeMEHTa BO BPEMEHH M NPOCTPAHCTBE, B3AUMOCBS3b MEX/1Y OTAC/IbHBIMH
3NIEMEHTaMH, CBSI3U OTAEbHBIX JIEMEHTOB C HH(OPMALMOHHBIM MacCHBOM
u ap. Paspaborano 6onee 20 METOAOB CMBICIIOBOTO KOHTPOJIA.

B oTmenbHBIX Cly4YasX CJIOXHBIX THIPOJOTHYCCKUX TPOIICCCOB
OKOHYATENBHOC pElIeHHEe O KayecTBe MHPOpMauHH NMpPHHHMAEICs Crc-
HHANUCTOM,

Tocne BRINOHEHHS KOHTPOIS OCYLICCTRIASETCS aBTOMaTU3MpOBaHHas
nepBuyHas (MecsiyHas) obpaboTka AaHHbBIX HabmoAeHUH. Pesynbrars Me-
CsiyHOM 00paboTKy AaHHBIX HAKAIUIMBAIOTCS Ha MarHWTHOM Hocurene. 1o
3aBepIICHHH IO BbINONHsETCs rojgosas obpaborka uudopmaimu. Obpa-
60TKa JaHHBIX 110 YPOBHAM, TEMIIEPATypEe H MyTHOCTH BOJIbI, H3MCPEHHBIM
pacxoiaM BOZBl H HAHOCOB, JICIOBBIM H3MEPEHHUSM MONHOCTBIO aBTOMATH-
3upoBaHa. FiTorom nepBuuHOi 00pabOTKH ABJIAIOTCS MECAYHbIE U T'OJOBLIC
TabIMLB] SNIEMEHTOB BOJHOTO PEeXHMa PeK, a TAlOKE MOJHBIC M MPOKOHTPO-
JIMPOBAHHbIE CBEJCHUA O PEeXHUME peK, KaHAJIOB, NpeHa3Ha4YCHHbIE JUIA
JIOJIFOBPEMEHHOr0 XpaHeHHs HHbopMaluK B BHAC (HaiIOB B S3bIKC OHUCA-
Hus gauHbix (OL). Bee 3t cBemenus BMOYaroTcs B HHGoOpMaIMoniyio
6a3y 6aHKa qaHHBIX «[ MAPONOTrHs — peKu ¥ KaHaIbI».

Bo Bcecolo3HoM Hay4HO-HCCNENOBATEIbCKOM MHCTHTYTC I'MJ[POMC-
Teoponoruyeckoi uuHdopmamu — MHUpOBOM  LEHTpE JIaHHBIX
(BHUHUI'MHU — ML) — 611 co3aan 6aHK JaHHBIX MO FHAPOJIOrHYCCKO-
MY pEeXHUMY PEK H KaaJOB.

baHk #aHHBIX NpegHa3sHayeH UL LEHTPAJIM30BaHHOIO 00CTyKHBa-
HHS Pa3NHYHBIX yupexaeHud Pocruapomera, NMPOEKTHBIX M Hay4qHO-
HCCNEeJOBATENLCKUX OpraHH3alMi CTpaHsl.

B undopmanmonnyio 6a3y aroro 6aHKa BXOIAT TPH ceMciicTBa mMac-
CHBOB (apXUBOB):

— pe3ysbTaThl HEMOCPEACTBEHHBIX HAOGMIONCHHHA Ha T'MApONOrHYe-
CKHX NOCTax ¥ M3MEPEHHH B FHPOJIOTHYECKHUX CTBOPaxX C Hayaja apTo-
Matusanuu 06paboTKH JaHHBIX HAOMONCHUH;

— cpelHHE CYTOYHblE W ACKa[Hble 3HAYECHHMsA IEMCHTOB DPEKUMA
peK, oryOIIMKOBAaHHBIE B FTHAPOJIOrHYCCKUX CKETONHHKAX;
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— CPEHHE MECSYHbIE, CPEIHUE FOM0BLIE M SKCTPEMANBHBIC 33 IO H
¢a30B0-0JHOPOAHBIE MEPHOABl TOJa 3HAYCHHS 3JIEMEHTOB PEXHMa 3a
BECh MEpHOA HaOMOJCHHI M CBEAEHHA O TMAporpadUYecKHX Xapakre-
PHCTHKaX BOJOCOOpOB pek, OmyO6iMKOBaHHbIE B CripaBouHHKE «OCHOB-
HBlE THAPOJIOTHYECKHE XapakTepucTHKH» ¥ B H3lanusx 'BK «MHoro-
JIETHHE JaHHBIEY.

oapobHbIe cBeneHMs 0 cocTaBy OaHKa MMAPONIOTHYECKHX JaHHBIX
npeacTaBiieHsl B Tabm. 2.1.

Tabnuya 2.1

Cocras unpopmaunoHHoii 6a3sl 6aHka AaHHBIX «HAPONOrHA — PeKH H KaHaJbI»

MaccHB AaHHBIX

ONEeMEHTHI peXxXHMa pex

1

2

ﬂaHHblC HEMOCPEACTBCHHBIX H3MCp€HHﬁ 1 HaOmoneHni

T'uapomerteopono-
rHYeCKHe Habmro-
JIEHHS Ha NOCTax

VpoBeHb BOABI, IEAOBBIE SABJICHUSA, TOMUHHA JIbJa, BHICOTA CHE-
ra Ha JbIy, COCTOSHHE BOZHOIO 0OBEKTa B MEPHOL OTKPHITOTO
pycia

Hamepenus pac-
XOZia BOABI

Pacxox BoAB!, MNOIAAbL BOJHOTO CEHEHMA, MIOWAAb NOrpyxe-
HHA JIbla ¥ LWIYTH NPH M3MEPEHHH PacXofa, CKOPOCTb MOTOKa,
YKJIOH BOAHOH TMOBEPXHOCTH, JaHHbLIE MPOMEPOB MIIYOHMH M M3-
MepeHHH Ha CKOPOCTHBIX BEPTHKAAX, CMOCOO M3MEPEHHA W
METOJL BEIYHC/IEHHSA pacxoaa

MyTHOCTB BOABI
€HHHYHas

IIaHHblC MSMCpCHHﬁ MYTHOCTH BOZBI MO CpOKaM H36IHOJICHHFI,
NapaMeTpel nepexona ot eTHHUYIHO N MYTHOCTH K cpem{ei’x

HN3mepenus pac-
X0/l B3BEIMEHHBIX
HaHOCOB

Pacxou B3BELICHHBIX HAHOCOB, PACXOJA BOABI, CPEAHAA MYT-
HOCTb ¥ MYTHOCTb KOHTPOJIbHOH NPOGHI, CBEAEHUS O MECTe H
0CO6EHHOCTAX H3MEPEHHS PacXo/ia HaHOCOB

I'panynomMerpuuc-
CKHH cOCTaB H
MJIOTHOCTB HAaHO-
coB

Copnepxanue yacthl (% mo Macce) auamerpom ot 0,001 MM u
Mmenee o 1000 - 500 MM, nnaMerp Hanbonee KpYNHBIX YaCTHL,
nuameTp SO u 90 %-Ho# obecreyeHHOCTH, coaep)KaHHe opra-
HHYECKHX BEILECTB, MIOTHOCTh YAaCTHLL JOHHBIX HAHOCOB B €C-
TECTBEHHOM 3aleraHud, CBeJeHHs O (ale BOAHOTO pexuma
MYTHOCTH BOZAbI B NEDPHOX H3MEPEHHS, O MECTOMONOXKEHHUH
cTBopa u cnocobe orbopa npob

OCPCIIHCHHLIC 3Ha4YCHHUA

ExenHeBHbIE
YPOBHH BOZBI

Cpennue CyTOYHbIC, CPENHHE, BHICLIME W HH3LIHE MECAYHBIC H
TOAOBbIC 3HAYECHHS YPOBHA BOABI 33 KaXABIH rOK, JaThl 3KCTpe-
MAaJIbHBIX 3HA4YEHUHN

EsxenuesHbie pac-
XOZBI BOJBI

Cpezmne CYTOYHBIE, CPCAHHE, BRICIIHEC H HH3IUHE MECAYHBIE H
ronoBbIC 3HAUYCHHUA PAaCXOZOB BOALI 32 KaKablH roa, natbi HaH-
©0bLIINX U HAHMEHBLIHX PacxoJI0B BOABI 33 roa

Temneparypa
BOIIbI

Cpennne nekagHble 3HAYCHHA TEMIIEPATYPbl BOABI 33 KAKIBIH
Mecsll rofia, [iaTa Nepexoa Temiepatypel ol yepes 0,2 °C oce-
HBI0, HaHOOIbLLIasA 33 TO TEMIIEPaTypa BOJIBI M JIATA €€ HaOMOAeHHs
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Oxkonuanue maba. 2.1

1

2

BrIcoTa cHera Ha
}19:3%

CpenBue 3a KaXIyI0 NeHTaXy XOJOAHOro NEpHOa rojia 3Have-
HHS TOJILUMHEI JIbA M BBICOTA CHETa Ha JIbAY

Cpemme, JKCTPCMAJIbHBIC 32 TOA U cbaaoao-ozmoponﬂue NEepHOabl roaa 3HAYCHHA

XapakrepHsie
YPOBHH BOZBI

Caenenus 06 YPOBHE BOAB! 32 NEPHUOABI BECEHHETO NIEA0X01a,
JIETHE-OCCHHEr 0 NepHoaa, NeproAa OTKPLITOrO pycia, BhICUIHE
H HH3IIHE YPOBHH 3a roxg

Cpennue Mecay-
HBIE pacxoabl
BOJXBI

CpCIIHHC 3a KaXIblit Mecal 1 CpPEAHHE TOAOBBIC pacxoAb! BOIAbI

Hanmensmne
Pacxo/ib! BOJbI

HaumeHbiune 3a rog, neTHWH M 3UMHHI IEpHOABI Pacxoibl
BOJIbI, 1aThl HX HaOMIOACHUSA

MakcuManbHble
PacXoJ sl BOABI H
CJIOH CTOKa 33
NOJIOBObE

Haubonsiune CPCOHECCYTOYHBIE H CPOYHBIE pacXxoAbl BOABI H
JAatel UX HabmoneHus 3a NEPHOABI MOJIOBOABA, CPEAHHE CIIOH
CTOKa 3a N0.I0BOAbE

JoxnaeBoii naBo-
JOYHBIH CTOK

[peanaBofoyHble pacxombl, HAHOONBIUHE, CPEAHECYTOYHBIE H
CpOYHbIE PacXoAbl BOABI 32 NEPHOAbI MABONKOB, NAThl Havaia,
HaHGOJIBLIETO PACXONA H OKOHYAHHMS JOXIEBBIX MABOXKOB, HX MPO-
JIOJDKHTENBHOCTD, CJIOH CTOKA 32 BeCh MICPHOJL, TaBOAKA M JI0 €10 TTHKa

Jlenoskle ABNEHUS
Ha peKax

Jatsl ¥ 3HaueHHsA YPOBHSA BOJbI, NMOABJIEHHUSA JIeNOBbIX 06pa3o-
BaHHii, HaYaJla OCEHHEro IIyroxoja M JAeX0XoNa, Havyaia Jiefo-
CTaBa, Hayajla # OKOHYaHUA BECEHHUX JICAOBbIX ABICHUN

Cpenuue pacxoms!
HaHOCOB

Cpemme MECAYHBIC H TOXOBBIC PACXOAbl HAHOCOB

Haubonsune
Pacxozbl B3Be-
IIEHHBIX HAHOCOB
W MyTHOCTH BOJBI

Haubonbmne cpenHne CyTouHble pacxo/ibl HAHOCOB, MyTHOCTH
BOABI H YHCJIO JIHEH B rody ¢ MyTHocTelo Gonee 50, 100, 200,
500, 1000, 5000, 10 000, 50 000 r/m’

I'unporpaduye-
CKHE XapaKTepH-
CTHKH Bogoc6opoB
pex

PaccrosiHue nyHkTa HabMIOAEHHA OT HCTOKA, YCThS M Hanbonee
YOAICHHON TOYKH DPEYHOH CHCTEMbl, YKJIOH DEKH, IUIOLAafb
BOAOCOOpa, CPEAHAS BBICOTa BOAOCOOpa, CpelHHit YKIOH BONO-
cbopa, rycrora pycioBOi CETH, 03EpPHOCTb, 3a00JOYEHHOCTb,
JIECHCTOCTh, PaclaXxaHHOCTh, OJIEACHEHHE, TUIOWIAaAb OCYILCH-
HBIX 3eMeJTb CENTbCKOX03AHCTBEHHOTO HCIIOIL30BAHHS U JIECOB

BaHK maHHBIX, Kak H OOMBLIMHCTBO APYFHX PEXHMHO-CIIPAaBOYHBIX
MaTepHallOB, XPAaHHTCS Ha TEXHMYECKUX HOCHUTENAX, YTO OOBACHAETCS
BO3MOXHOCTBIO KOHLEHTPUPOBaHUs Gonblioro o6beMa AaHHBIX Ha Hei
1 ynobctBom apxuBHOro xpaHeHus. IlononHenue HHGOPMaLMOHHOM
6a3bl 6aHKOB OCYLUECTBIISETCS 3a CYCT AAHHBIX TEKYIUMX HaGIIOAeHHI
Ha THAPOJNIOrHYECKHX I0CTax.
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[TepBas ouepens GaHka JaHHBIX «['MApONOrHA — PEKH M KaHANBD)
ObLT1a BBEEHA B NPOMBIILUIEHHYO 3KCTnyaranuio B 1986 r.

O6cmyxuBaHie norpeOuTeNedl JaHHBIMM PEXHMHO-CIIPABOYHOTO
GaHKa 110 THAPONIOrMYECKOMY PEXHUMY PeK OCyilecTBiseTcsa myTeM dop-
MHPOBAHHA U BbLIAaYH MHPOPMALHH B BUAE:

— KONHM JaHHBIX HHPOPMALIMOHHOH 6a3bpl HA MATHUTHOH JIEHTE UK
B BH/IC DACNI€4aTOK;

— TabJHL C JAaHHBIMH O CXKEAHEBHBIX YPOBHAX H pacxojax BOMBI 3a
npouleKil ron B o6beMe CBeAeHUH cepu «EXXeroaHble NaHHbIE» H
cBelieHHs 06 H3MEPEHHBIX PaCXOAaXx BOJbI;

— TabNUYHO-CIIPaBOYHBIX MATEPHATIOB O TEKYIUEM PCKHME pEK
(exceMecsuHble TaOMMLBLI YPOBHA BOAbI, H3MEPEHHBIX PACXOLOB BOAbBI H
HAHOCOB, €XXEIHEBHOIH MYTHOCTH BOJBI, KaHHBIX JIEJOBBIX H3MEPEHHH).

BBINONHAIOTCA TaKXe 3aiBKH IO KOIMHPOBAHHIO HIIH BhIOOpKE HH-
cdopmanuu u3 6a3el naHHbBIX. CPOK BBINONHEHUs 3a4BOK MOTpebuTENnei
OT HECKOJIbKHX JHEH 10 omHoro Mecsua. CocraB vHpopMaLHOHHOMH Ga-
3bl 6aHKa co BpeMeHeM OylieT pacLUMPATHCS.

C uenbio MOBBILIEHHS ONEPAaTHBHOCTH 0OCTyXuBaHUs Haubonee
4acTo 3anpaliMBacMas HHG)OPMaLKUS XPaHUTCS Ha YCTPOHCTBAX NpPsSMOTro
mocryna. Jina yno6crsa mosb30BaTeNel MOATOTOBICHBI JOMONHUTENb-
HEIE CBEJCHHS B BHJIC KaTaJIOrOB U ONMCaHHus 6a3bl JaHHBIX.

Jansreitinee yckopeHue JioBeeHus nHGOpMaLMu 10 norpeburenci
BO3MO)XKHO JIMLUb IIpH AeueHTpanu3auuy obpaborku. K obpaborke ruapo-
JIOTHYECKHUX NAHHBIX NPHBJIEKAIOTCS M TEPPUTOPHATBHLIE YIPaBACHHU.

3TO MO3BOJIUT aBTOMATH3NPOBATh!

— MOATOTOBKY ONEPaTHBHOH HHGOPMALMHU U MPOrHO3bl BOJHOIO M
JIEJIOBO-TEPMHYECKOr0 PEXHMa PeK;

— NOJyYeHHE NaHHBIX IO PEXHMMY peK uYepe3 6HOpo pacyeToB M
CIIpaBOK.

CoxpaueHne BpeMeHd 00pabOTKH rHAPOIIOrHYECKHUX JaHHBIX M A0-
BEJICHHE MX 110 OTpebuTeNneil MOXET ObITh JOCTHIHYTO IIOCIE COOTBETCT-
BYIOLLEro OCHALIECHHs THAPOJIOTMYECKMX craHumii. Ha rumponoruueckux
CTaHUMAX NpeanoyaraeTcs OCYILECTBIATh NMEPBUYHBIA KOHTPOJb, 0Opa-
GOTKy HaHHBIX HAGIIOACHUH, BLIYHCIICHHE €XEHEBHBIX PACXOJ0B BOMBI U
CTOKa HaHOCOB. JTa MHGOPMAalMA B ONpeJeneHHble CPOKU OyeT BBICHI-
NaThCA B PETHOHANLHBIA MJIM TEPPUTOPHANLHBIA BBIYHCIHTENbHBIA LEHTD
JUIs TIOMOJIHEHHS MacCHBOB HHGOPMaLIHOHHOM 6a3bi 6aHKOB JaHHBIX.
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Fnasa 3

KPATKOCPOUHBIE NMPOrHO3b!I PACXOAOB
U YPOBHEN BOAbl,

OCHOBAHHBIE HA 3AKOHOMEPHOCTSIX
ABWXEHUA BOAbl B PYCNE

B ocHOBe METOOUMKH 3THX NPOTHO30B JIEXHT yYET 3aKOHOMEPHOCTEH
JIBMXEHHsI PYCNIOBBIX MOTOKOB. 3abaroBpeMEHHOCTh NPOrHO3a ONpExe-
JNAeTCs BpEMEHEM TIEPEMEILEHHS BOJHBIX MAacC Ha pacCCMaTPHBAEMBbIX yya-
CTKax peK M 3aBHCHT OT CKOPOCTH TEYEHHS, IPOMEXYTOYHOIO MPHTOKA H
¢opmbl maBoaxoB. 11 KPYMHBIX paBHHHHBIX PEK OHa MOXXET COCTaBJLATH
10 cyr. u Gonee s HEOONBIIMX TFOPHBIX — BCErO HECKONLKO 4YacOB.
B Hacrosiiee Bpems TakHE NPOrHO3bl ABIAIOTCA Haubonee pacmpocrtpa-
HEHHBIMH M HCIIOJIB3YIOTCS U CBOEBPEMEHHOIO OnoselicHus o6 onac-
HBIX YPOBHAX B NEPUOA NPOXOXKIACHUS TABOAKOB U NMONOBOALS, obecneye-
HHS HOPMaNbHOH paboThl CyAOXOACTBa, NpenckasaHus (GopM BOJH I0-
IYCKOB B HIDKHMX Obedax ruJpodsIeKTpOCTaHLMHi U T. A.

ITporHocTHyecKue 3aayy peLIaloTCs Kak ANl OECIIPHTOYHBIX, TaK U
JUIs IPUTOUYHBIX Y4YacTKOB pek. BTopoil ciyyait ssnsercs Gonee cnox-
HBIM, TaK KaK TOMHMMO pacueTa TpaHcdhopMalHH naBoaka Tpebyer yyera
BJIMSHHMA Ha €ro GopMy H pa3MEPHI IPOMEKYTOYHOTO MPHTOKA.

Kak M3BeCTHO, NpH YCTAaHOBMBIUEMCS ABH)KCHHH XapaKTCPHCTHKH
NOTOKA Ha pacCMaTPHBAEMOM Y4acTKE HE M3MEHSIOTCS C TEYCHHEM BpeE-
MEHH.

B npupoze MbI IPaKTHYECKH HHKOTJAa HE HMEEM YCTAHOBHUBILETOCS
JBHXKEHHA B peKe, MCKIII0Yas MePHOX JUIMTENIBbHOHN 3aCyXH C paBHOMEp-
HbIM TPYHTOBBIM nuTaHHeM. K ToMy e IUI1 NpaKkTHKH T'HAPOJIOTHYE-
CKHX DacyeToB H NPOTHO30B HaHOONbLLIMH MHTEPEC NMPEACTABISIOT He-
pHOZBI NPOXOXKACHHUS NMaBOAKOB M nonosoaud. Takum obpaszom, meTo-
JONIOrMYeCKHEe OCHOBB! MPOrHO30B, PaCCMATPHBAEMbIX B JAHHOM riaBe,
CNIpaBe/UIMBBI I8 HEYCTAaHOBHBILETOCS MEMJIEHHO H3MEHSAIOLIErocs
ABHXXCHHSA, NPOABAOIErocs B GopMe ANMHHBIX BONMH. JaunHbiMu Ha-
3BIBAIOTCA BOJIHBI, JJIMHA KOTOPBIX BO MHOTO pa3 MPEBBILAET ITyGHHY
TIOTOKA, XOTSA BBICOTA BOJIH MOXXET OBITH AOCTaTOYHO OONBLIONH 1O CpaB-
HEHHIO ¢ NEPBOHAYaIbHON ri1y6HHOH. C MONHBIM OCHOBAaHHEM K JUIMH-
HBIM BOJIHAM MOXXHO OTHECTH BOJIHBI NIOMYCKOB, ITABOJKOB ¥ NONIOBOAMH.
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3.1. TeopeTnieckHe OCHOBBI ABHKECHHUSA MONYCKOB, MABOJKOB
H NOJIOBOXHH

Ilonycku — UCKYCCTBEHHOE YBENHYEHHE PAaCXOXOB BOABI B HEKOTO-
pom crBope Bo3MyLIeHHs (B ctBope ['3C) s ueneit 3HEpreTHKH, Cymo-
XOICTBA, OPOIUCHHA M T. A. JJIMTENLHOCTD MOIYCKOB MOXET BapbHPO-
BaTh OT HECKOJIbKMX YacOB JIO HECKOJILKAX HEJENb.

ITonoBoapss ¥ MABOAKH HABIAIOTCA pE3yNBTATOM HHTEIPUPOBAHHS
CTOKa C OTHEIbHBIX yacTel Bogocbopa. B mMecrax BmafieHHs HPHTOKOB
NOCTYNAIOT COCPEJOTOUCHHBIE 0OBbEMBI BOMIBI, B PE3YJITATE YEro IMPOUC-
XOOMT MHTephEPEHUHs NaBOJOYHBIX BOJH, YacTO IPHBOAALIASA K CyIe-
CTBEHHOMY BHIOM3MEHEHHIO ()OpMEI NMaBOAKA MO MYTH MEPEMEILEHHA
B [IpefesiaXx HCChexyeMoro yyactka pekd. Cumraercs, uro Ha Gecripu-
TOYHBIX Y4YacTKax MaBOAOK yxe cHOpMHPOBAJICH H CHEXYET pacCMaTpH-
BaTh JIHLIb €r0 PaCIPOCTPAHEHHME 10 PEKE.

Ilonosodbe — 3TO €KEroJHO MOBTOPSIOLIEECH AIUTENLHOE H 3HAYM-
TENIBHOE YBEHYEHHE PacXoha BOJBI, CONPOBOXAAOLIEECS MOBBILICHHEM
YPOBHS H (KaK MpaBHJIO) BBIXOJOM BOJ Ha moiiMy. Ha kpymHbIX pekax
IUITHHA BOJIHBI TIOJIOBOAbS MOXET COCTaBJIATH COTHM KuioMerpoB. Ha
Oonswoi yactu Teppuropur Poccun monosoase GopMupyercs 3a cyeT
CHEroTasHuA.

Ilasooku npencrasnsiotr coboi Oonee kparkoBpeMeHHoe (Ho Gonee
MHTCHCHBHOE) YBEIMYEHHE PacXOJOB M YPOBHEH BOJBI, BOHHKAOLIEE
HEpEryJPHO B pe3yJIbTaTe KaK CUJIbHBIX AOX/IEH U IMBHEH, Tak U ObICT-
pOro TasiHUsA CHEra WM JICAHHKOB BO BpeMs 3UMHHX orrenened. Ilpu
3HAYMTENBHBIX pa3Mepax Boxocbopa NaBOAKH MOryT HabOmaThCs
aue Ha ero yactH. [Ipy karacTpoduueckux naBogKax MaKCHMalbHblC
pacxozp! (YpOBHH) MOT'YT IPEBOCXOJUTh TAKOBBIC NIPH NOJOBOJBE.

XapakTep MEAJICHHO MEHSIOILErOCs] HEYCTAHOBUBLIECIOCS JIBHXKCHHS
BOJbI OMpeReNAeTCS MaKCHMaJIbHbIM 3HauyeHHEeM OTHOLIEeHHA abcomroT-
HOro 106aBoYHOro NPOROJIBHOrO YKIOHA (iy) K NEPBOHAYATLHOMY YKIJIO-
Hy NP yCTaHOBMBLUEMCS ABWxeHuH (iy): (max|i, [/i ). Tlpa manom

3HaYeHMH 3t1oro otHouwerus (< 0,03 — 0,05) kpHBY pacXoXOB MOXHO
CYMTATh NPAKTHYECKH OJAHO3HAYHOM M COBMAjAIOLIEH C KpUBOH A1s yC-
TaHOBHUBILErocs ABEeHUsA. OOBIYHO TaKOH pEeKHUM ABHXKECHHS Ha3bIBa-
eTca Kéasuycmanosuswumcs. bonee Toro, ans AOCTATOYHO KOPOTKHMX
Y4aCTKOB PEKH MOXKHO TOBOpMTH M 00 OOHO3HAYHOCTH KPHBOH pacxo-
JI0B, YTO, KaK OyJieT noxa3aHO HHXe, MO3BOJSAET NPHMCHATh AOBOJIBHO
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Puc. 3.1. Hepa3pbIBHOCTb HeyCTaHOBHBILETOCS IBHXEHHA:
] HayasbHas MOBEPXHOCTH BOABI; 2 - MOBEPXHOCTL BOJbI Y€PE3 HHTEPBa df

IpoCThIe CIOCOOBI pacyeTa MepeMeleHHs MaBoAOYHHIX BOJH. KBasuy-
CTaHOBMBILICECH JBHXKEHHE HaONIONaeTCH NPH IOJOBOALE M JOBOJILHO
4acTO NpH MaBOAKaxX. YpaBHEHHE HEPa3PHIBHOCTH MOXKHO MOJNYYHTH Ha
OCHOBaHHH 3aKOHAa COXPAHEHHS Macchl B OECKOHEUHO MajioM MpOCTpaH-
CTBE MEXIy ABYMs IONEPEYHbIMH CEYEeHHAMH pekH (puc. 3.1).
O6o03nauuM pacxon Bozbl yepe3 (J, IUIOWAAL HKHUBOTO CEYEHHs Ye-
pe3 o, CPEAHIOW CKOPOCTh B HeM 4epe3 V, NTyOHHY H LIMPHHY NMOTOKA
yepe3 h u B cootBeTcTBEHHO. [IpH MeIEHHO MEHSIOLUEMCS HEyCTaHO-
BUBHICMCS ABM)KCHHU PaCXOA C PaCCTOSHHEM U3MEHACTCS CO CKOPOCTHIO
00/ ol , rmybuHa co BpeMeHeM M3MeHseTCs co ckopocthio Oh/ot. To-

raa U3MEHEHHE pacxola B BbIAENEHHOM MpPOCTPaHCTBE 32 MHTEpBal d!
cocraeut (0Q/0l)dldt , a cooTBeTCTBYIOILCE NpHpalleHHE 00beMa BOIb

Oyner pasHo BdI(Oh/0t)dt . Cymma npupainenus obbema BOIbl M 00-
LLIEr0 H3MEHEHHUs PacXo/ia AOJDKHA ObITH PaBHA HYJIIO:

Ball 2" i +[ 92 \atar = 0. G.1)
ot ol
Cokpatus Ha dldt, nosy4um:
ohn) (80)
B + =0 3.2
( ot ) ol 3-2)
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HIIH

oo 00 _
[E] + (—aTJ =0. (3.3)

Tak kak B JaHHOM cedeHnu Q = v, To ypaBHeH#e (3.3) MOXHO ne-
penHcaTh B BUAE:

0w dwv) _, (3.4)
YR

HIH
90 ,,99 x99 _y, (3.5)
ot a1 "l

Ecnu uMeeTcs MpoMexyTOUYHbIH OOKOBOH NMPUTOK g, TO YpaBHEHHE
(3.3) 3anuceiBaeTca B BUJE:

cw 80
—q =0, 3.6
ot Tar 4 36)
HIH
b0 30
9w 00 _ 37
ot " o1 ¢ @7

BuimienpuBencHHsie  GOpMyJisl MPEACTABIAIOT pasHele  (HOpPMBI
ypaBHEHMsI HEPa3pHIBHOCTH B YCJIOBHMSAX HEYCTAHOBHBILErOCsA MOTOKA H
sBisoTca  uddepeHunansHoi GopMoi 3amucH YpaBHEHMS BOJHOTO
6ananca.

JluHaMHu4eckoe ypaBHEHME JUIS HEYCTAHOBMBILUErOCS JBHXKCHHS
656110 MmoJTyueHo ByccHHEeCKOM Ha OCHOBE MOJNOXEHHA O PaBEHCTBE BCEX
CHJI, AEHCTBYIOIMX Ha EAUHHLY Macchl xuaKocTH [3]:

I,=F+G, (3.8)

rae / — ykIoH BOZHOH NOBEPXHOCTH; F — cuibl conportusienns; G — cu-
JIbl MHEPLIMH; g — YCKOpPEHHE CBOOOIHOro NajeHus.

[IbezomeTpuyeckuid YKIOH / MOXHO NpPEACTAaBUTh B BUIE Pa3sHOCTH
MEX/Ty YKJIOHOM NPH YCTAHOBHBILEMCS PEXHME i, H JOGABOUHBIM YKIIO-

N dh
HOM, BOSHHKAIOUIEM IIpH NPOXOKACHHH NaBOXOYHOH BOJIHEI gl- .
1,=i -2, (3.9)
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rae h — rnyOuHa noToka.
Cuny CONpOTHBIICHHS MOXXHO BBIPa3HTh 4Yepe3 YKIOH TPEHMs cle-

LyouM obpasom:

VZ

F= 3.10
L (3.10)

rHAe v — cpeanss ckopocth noroka; C — koapduument esu; R — rua-
paBIHUECKHI pagnyc; g — YCKOpEeHHe CBOOOLHOrO MageHHA.
Cunbl HHEPUMM MOXHO NPEICTaBUTH B TAKOM BHJE:

G= ov +v ov .
ot ol

ITepBoe crnaraemMoe NMpONOPUHOHANBHO CHIIaM, 3aTPaYHBAaEMbIM Ha

HpPEOI0IEHHE COMIPOTHBIECHUS H3MEHEHHIO CKOPOCTH B CEYEHHH, BTOPOE —

cunaM, 3aTpauyudBaeMbIM Ha U3MEHEHHe cKopocTd mo anuHe. C yueToM

(3.8) — (3.11) ouddepenunansHoE ypaBHEHHE, XapaKTCPHU3YIOLIEC yCIo-

BHE ABHXXEHHS PEYHBIX BOJH M Ha3bIBAEMOE YPaBHEHHEM JHUHAMHYECKO-
ro paBHOBECHS, IPHHMMACT BHA

o dh v* 10v vov
=== = +- = 4+ -—= .
dl C?R got goaol
Tlockonpky B ciyyae HEYCTaHOBHMBLUETOCS ABHXCHHUA I'TyOHHa MOTO-
oh

(3.11)

(3.12)

Ka /1 3aBHCHT OT / M ¢, IOJIHYIO IPOU3BOAHYIO MOXHO 3aMEHHTH Ha

Takum 06pa30M, HECYCTAHOBHBIUCECCA MEUJICHHO H3MEHAKLUEECA
JABMOKCHHE BOAB!I B OTKPBLITOM DPYCJI€ IIpH HAJIUYHH 00K0BOrO IPpHTOKa
OIHKCHIBAaeTCsA CHCTEMOH N depeHIHanbHbIX YpaBHEHHH:

oh Vv? 10v vov

LTS
6w+6Q=q
ot 0l

Ipn otcyrcTBHM 6OKOBOI NPHTOYHOCTH BTOPOE YpaBHEHHE CHCTe-
Mbt (3.13) npunumaert sug (3.3).

VYpasrenus (3.13) nomydeHs! npu CAeayOUMX OCHOBHBIX JONYLIE-
HMAX:

(3.13)
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— paccMaTpHBAETCA OJIHOMEPHOC MEIUICHHO H3MEHSIOLICECH JIBH-
JKEHUE NOTOKa,;

— NMPHMHUMACTCS MIPOCTATHYCCKHMA 3aKOH Pacnpeienenus JIBUKE-
HHA, T.€. HE YYUTHIBACTCA M3OBITOUHOE J1aBICHHE, BO3HHKAIOLIEE 33 CUCT
YCKOPEHHS 4aCTHLL BOAbI HO BEPTHKANH (NPHHHUMAEETCH TEOPHS MENKOM
BOJIbI, KOIZIa JUIHHA BOJIHBI Ha HECKOJIBKO NOPAAKOB OonbILe IyOUHBI);

— YKJIOH THa CHYHTACTCS MAJIBIM IO CPAaBHEHHIO C EANHULICH.

BaxxHbIM ABIISETCS NEPBOE JIOMYIIEHHE, TOCKONBKY IIPH PE3KUX M3-
MEHCHUAX cedeHHs (MpH HATMYMH IKPOKHX NMOHM) U IIPH KPYTHIX H3TH-
6ax CKOpOCTH MOTYT CYIIECTBEHHO pa3nu4arsci. Bropoe u Tperbe no-
MYLIEHHUS BBIIEPKUBAIOTCSA NPAKTHYECKH BCETaA.

Pemenne cucteMsl HeMMHEHHBIX AU depeHUHANbBHBIX YPaBHEHUH
r'uIep60NIMYECKOTO THIA B YACTHBIX MPOU3BOJHBIX CONPSKEHO € 0OJIb-
LIMMM TPYXHOCTAMM M NPH pa3paboTKE NMPOrHOCTHYECKHUX CXeM ee JIHOO
HHTErpUpYIOT Pa3sHOCTHBIMH METOJaMH, JHOO NMPUMEHAIOT pa3JH4HbIC
MOJIM(PHKALKH ITHX CUCTEM.

MeTtons! pacyera HCYCTaHOBMBLUErOCS JBHXXEHHS BOIBI B OTKPHITBIX
pyci1ax MOXHO pa3feSIuTh Ha CTPOrue (IeTalbHble WIH TMApPOAWHAMHYC-
CKHe) H ynpoueHHble. CTPOTHC METO/bI B CBOIO O4epe/b NEJATCA Ha JIH-
HCHHbIC M HENHHCHHBIC. B iMHeHHbIX MeTonax anddepeHLnanbable ypas-
HCHHUS B YaCTHBIX IIPOM3BOJHBIX THHeapu3yloTcsa. K HenMHEHHBIM OTHO-
CATCA TAKHC MCTOJIbl, KaK MCTOZ XapaKTCPHCTHK, CETOK, MTHOBEHHBIX pe-
KMMOB H T. Ii. B ynpouicHusix MeToax (Haubonee 4acTo HCHONIb3YEMBIX
B 'MJIPOIIPOTHO3ax) cucreMa ypaBHenui (3.13) HEMOCPeNCTBCHHO HE MH-
TErpUPYCTCs, @ 3AMCHACTCS YIPOLIEHHOH MOIENBIO SBJICHHS.

Illnpokoe npuMEHEHHE YNPOLICHHBIX METONOB BBI3BAHO pSAJIOM
NPHYHH:

— BBIBOJ, CaMOM CHCTEMBI CJIc/1aH MPHU psjie JOMyIIEHHH;

— pellecHHEC BO3MOXKHO, €CIIH B HayalbHbIH MOMEHT BPEMCHHU H3-
BECTHO paclIpe/ic/icHue pacxo/oB (ypoBHeil) BoJb! 10 JuinHe pekd. On-
HaKO NPH OrpaHHYCHHOM YHCJIC MYHKTOB HaOMIOACHHUH 3TO MOXET OBITH
CJ/IeJIaHO BeCbMa NPHOIIIKCHHO;

— B pEallbHBIX YCJIOBHAX TOYHOCTh JAHHBIX MO CTOKY YacTO HCBBI-
COKasl, a CBeJCHUHN Mo MOPHOMETPUH H IHAPABIIMKE ABHO HEJI0CTATOYHO.

OTH NpUYHHB] OOBACHAIOT TOT (AKT, YTO PE3y/bTATH PACYETOB M0
YIPOLUCHHBIM ¥ THAPOAMHAMHYECKUM MCTOIOM OHM3KH 110 TOYHOCTH.
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Bce Merosbl nporHo3a pacxonoB (YpoBHEH) BOJIBI, (pH3HUCCKOH OC-
HOBOH KOTOpBIX ABNAeTcA cucTeMa ypasHeHuH (3.13), MOXXHO pa3OHMTh
Ha TPH OCHOBHBIC IPYIHIbL:

1) meTonpl, B KOTOPbIX B IBHOM BHJE HE YYHTHIBACTCA XapaKTICp
PacIIacThIBaHHs IABOJOYHOMN BOJIHDI,

2) Meronbl, OCHOBaHHBIC Ha NPHONMKCHHBIX YPaBHEHHAX TpaHC-
¢dbopMaLHH aBOJIOYHBIX BOJH;

3) Meronsl, OCHOBaHHbIE Ha YHCICHHOM HHTCTPHPOBaHMHU YpaBHE-
Huii Cen-BeHnana.

CornacHo NpHHATOH TCPMHHOJIOTHH, IICPBBIC JIB€ IPYIIbI MCTOJIOB
OTHOCSTCH K KaTerOpuMM YNPOILCHHBIX METOJOB, TPETh — K KATCTOPHHU
«ctporux». Haubonce mMpoxoc pacripoCTpaHCHHE TNMOJYYHIH MCTOIBI
TNIEpBOH IPYNIIbI H CPEOH HUX METOJl COOTBCTCTBEHHBIX YPOBHEH (pacxo-
Z0B). OCHOBHBIM ROCTOMHCTBOM 3TOIO MCTOHA IPOTHO3a ABIAETCA €I0
IPOCTOTa X BO3MOXXHOCTH peaji3allii NpH OIPaHHYEHHOM 00BbeME HC-
Xo/iHO# MHpopMaumu. Haumyynime pe3ynbrarsl NONYYalOTCA, €CIH CTe-
[ICHb HECTALMOHAPHOCTH PEXHMMa OCTACTCA OTHOCHTENIBHO OJMHAKOBOM
OT naBojika K naBojky. Korna Heobxoauma paspaboTka METOAMKH MpPO-
rHO3a B YCJIOBUAX PE3KHX H3MCHCHMH ypOBHCH (pacxoloB) BOJbI U 3Ha-
YHTCIBHOM pAcIUIaCThIBaHMH I1aBOJIOYHBIX BOJIH (HalpUMCp, NpH IIO-
nycKax BOAbI M3 BOIOXpAaHHIMING), IPUMEHEHME MX HeaddexkTuBHo. B
ITHX CITy4asX HCNONb3YIOTCA METOXbI BTOPOH IPYIIbI.

Jlns pa3paboTkn NMpOrHOCTHYECKHX pekoMeHaauuH Ha 6a3e MmeTo-
JIOB TpeTheH rpynmsl TpeOyeTCs onpelelicHHas MOATOTOBKAa B 00J1acTH
NpHKIaJHOH MaTeMaTHKH U nporpammupoBanus. Kpome toro, Heob6xo-
JUMO pacroarath A3HHBIMH O MOPGOMETPHYECKHX H THAPaBIHYECKHX
XapaKTCpPUCTHKax pycia. Mcnonb3yloTcs OHM, KaK IPaBH;I0, TOJNBKO VI
3aperynUpOBaHHbIX U OCOOCHHO BaXKHBIX B HAPOJHOXO3SHCTBCHHOM OT-
HOILEHHHU peK, rac HabmoaaroTcs Manble MM AaXe oOpaTHBIC YKIOHBI
BOJHOH MOBEPXHOCTH.

3.2. MeToa co0TBETCTBEHHbIX YPOBHCH (PACX010B) BOABI

B MeTone cOOTBETCTBECHHBIX YPOBHCH (PacxofOB) BOIBI 3aKOHO-
MEPHOCTH ABWKEHHS NaBOJOYHOH BOJIHBI OTpaXaloTcs B Hanbosce npo-
cro¥ dopme.

OcHoBHOE conepyKaHHE METOJa 3aKII0YaeTCA B YCTaHOBJICHHUH OM-
MUPHYECKUX CBA3CH MEXAY COOTBETCTBCHHBIMH YPOBHAMH (pacxojiaMu)
BOJB! B BEPXHEM (BEPXHHMX) M HH)KHEM cTBopax. Ilpu Hanuuuu uHOp-
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Mauu o6 ypoBHsX (pacxonax) BOIbI B BBIIIEJIEKALIMX CTBOPAX MOXHO
npenckasars, KakuM OyAeT ypoBCHb HIIM PacXOX BOABI B IPOrHO3HOM
(umxHeM) crBope. 3a61aroBpeMEHHOCTh NMPOrHO3a ONpENEeNseTCS Kak
pa3sHOCTb MEXIY CPOKaMM HACTYIUICHHd COOTBCTCTBCHHBIX YDOBHEH
(pacxo/10B) BOABI B YKa3aHHBIX CTBOpax, KOTOPYIO Ha3bIBAIOT gpeveHeM
oobezanua (1). Coomeemcmeennvimu yposHAMU (pacxo0amu) BOAbI CUHU-
TAKOTCSA YPOBHU (Pacxolbl) ONHOM M TOH *ke (a3bl NaBOAKA Ha BEPXHEM H
HIDKHCM CTBOPAaX Y4acTka peku (MHKH, BNaJHHBI, YPOBHH Ha IOJBEME H
cniane ¥ T.A4.) JlaHHBIH McTon rporxosa seisicrcs npubmmkeHHbIM. Oc-
HOBHOC €ro JOIYIIEHHE 3aKII0YacTcs B HAIHYMHM OJHO3HAYHOM 3aBHCH-
MOCTH BpcMEHH Jo0OeraHus ot YpoBHA (pacxo/ia) BOJb! B BEPXHEM CTBOpC.
Meron COOTBCTCTBEHHBIX YPOBHEH (pacxomoB) MPUMEHHMM, KOTAA HET OC-
HOBaHHMI OXXHIOATH 3aMCTHOI TpaHCcGHOPMallH BOJIHEI.

Kak otMedanochk Bblille, JJIHHA NAaBOXOYHBIX BOJNH OYEHb BENHKA.
Tak, naxxe BechbMa NPUOSIDKEHHBIC MOACYETHI MOKA3BIBAIOT, 4TO IJIA
CpeAHUX U GONBIIMX PCK OHA COCTABJAET OT HECKONBKUX COTCH JIO He-
CKOJIBKHX TBHICAY KMJIIOMETPOB. B TO ¢ Bpems BbICOTa OJOBOAMH (a TEM
6onee [OXKIEBBIX MAaBOAKOB) OOBIYHO HE MPEBHILIAET HECKOJIBKMX MET-
pos. Beneacreue atoro 3HaucHue 100aBOYHOrO yKJIOHA BOJHOH NMOBEPX-
HOCTH HECOM3MCPHMO MEHBLIC €€ YKJIOHA IIPH YCTaHOBHBLIEMCS PEXHME
ip. IlpeHeOpexxUTEenbHO Maikl H MHECPUMOHHBIE WICHBI (BTOPOC W TPEThe
cnaraeMsble MpaBoif YacTH ypaBHEHUs JBY>KeHUs). Takum obpa3oM, npH-
ONMMDKEHHBI pacyeT ABMXKEHHUS MAaBOJIKA MOXHO BBIIIONHHUTH, B3B 33 OC-
HOBY YPaBHEHHEC HEpPa3pbIBHOCTH U YPABHEHHE BHXKCHHS, ONHCHIBAEMOE

dopmynoi Q = oC NRI . B stom ciyyae [2, 3}

S0 , 00 _
ar ~ a1 T (3.14)
o= f(Q).

IMponuddepenuuposas Bropoe ypaBHenue cucremsl (3.14) no Bpe-
MEHH

do _ (00 )ogQ G3.15)
at 00 ) ot

U NOACTABHB €0 B YPaBHCHHUC HEPA3PbLIBHOCTH, MOITYYHM
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dw 00 00
{6QJ =g (3.16)

YpasHenue (3.16) sBnsgercs JMHCHHBIM YpaBHEHHEM NEPBOrO IO-
ps/iKa M peuraercs, HanmpuMep, METOJIOM XapaKTepucTHK. Torma momy-
YHM:

ot dl__ dQ

00

JlanbHeHIuuH XOX pEUICHUs YNpPOILACTCS, €COH NPHHATH, YTO Hi-
TCHCHBHOCTH OOKOBOTO NPHTOKA 32 BPCMs IPOXOXKICHHS I1ABOJIKA H3MC-
HSAETCS BECbMa MEJIEHHO. TOria MOXXHO CHUHTAaTh, YTO BEIMYMHA g ABILI-
eTCs UMb GYHKUHEH pacCTOSHUS .

B nrore npuxonuM K ypaBHCHHIO

I
OQui =0y i+ [qdl, (3.18)
0

(3.17)

KOTOpOE H ABNSETCH OCHOBHBIM YpaBHEHHEM METOJIa COOTBCTCTBEHHbBIX
YPOBHEH (PacxomoB) BOMBI.
U3 (3.17) umeem
dQ =gqdl. (3.19)

OueBUAHO, YTO pacxo] B N000OM CTBOpE NMOTOKA ABNseTC QyHKUH-
et KoopAMHaT cTBOpa | ¥ BpeMeHH t, T.e.

o=f09. (3:20)
Muddepenuupys (3.20), nosyyaem

£Y 4Y
dQ =—"—dl +—/—d. 3.21
Q ol ot (321
Moacraenss (3.20) B (3.21) u ¢ yuerom (3.16), umeem
ow )00 o0
dl = - |— == dl +—=at, 3.22
7 {q [ag)az} a1 (322)
a nocne npeobpa3oBanuii —
Do 4 _ (3.23)
0Q dt
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dl
IMpuHuMas BO BHHMaHME, YTO —— — CKOPOCThL NEpeMEIleHHs pac-
t

CMaTpHBacMOT0 pPacxoja BOAbl, Vo — (CKOPOCTb IBHXXEHMA IIaBOAKA),
Hoay4aem

o _ 1 (3.24)
oQ Vo
ymHOXas 00e yacT Ha dl,
o0 g g (3.25)
oQ Vo
Taxum obpasom, u3 (3.25) caenxyer, 4To
) !
r=[de= Ja—mdl (3.26)
H ) 99
HITH, 3aIKCBIBas B KOHEYHBIX PAa3HOCTSX,
=y B0 4 AW (3.27)
-1 A Q A Q

rae AW — usmeHeHue o0beMa BOIbl HAa yyacTKe / NpH U3MEHEHUHU Cpefl-
HEro pacxoaa Ha AQ.

Onpcaenenne BpeMmeHu joberanus t no (3.27) He mpexacTaBuser
0coOBIX TPYIOHOCTEH, KOrga uMeloTcs Kpusble 06bemMoB. CyHICCTBYET H
LENBIA pAN APYTHX cIOcO60B, 0 KOTOphIX OynmeT ckasaHo panee. Ocra-
HOBMMCS Ha COOTHONICHHHM MEXIY CKOpOCTbiO HoberaHus pacxonma vg
(cKOpOCTBIO ABMXKCHHS MABOAKA) M CKOPOCTBIO TedeHHs Bonsl v. Ecnu
NPHHATH BO BHMUMAHHE, YTO B KaXKAOM CTBOpE MMEETCs ONHO3HAYHAsA
CBSI3b MEXAY PacxoJoM BoAbl () M IUIOMIANbl0 XKHUBOTO CEYCHHA ®, Ya-
CTHYIO NpPOU3BOAHYIO B (3.24) MOXXHO 3aMECHMTb IOJIHOH, TOrAa Ioy-
49HM, YTO

do
= —. 3.28
Ve dw ( )
IockonsKy st i000ro ceycHus
g=vo, (3.29)

TO nocie AupHepeHIMPOBAHHS M JeJieHUs Ha d ® MOIyYUM
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dQ:an;i (3.30)

do I
HIIH
dv
=v+m—. 331
Vo =V do ( )

CuMras, YyTO mnepeJBHXCHUE NABOJAKA CYTh MEUICHHO HM3MEHSIO-
IIeecs: HEYCTAHOBUBLIEECH NBHXKCHUC, IS BBIPAXKCHHS CPCHHEH CKOPO-
CTH TEYEHHS MOXXHO HCI0/Ib30BaTh popmyity lesn—Manunra:

1 1/6 ’ .
v= h h i, 3.32
cp cp ( )

rae n — k03¢ GUUHEHT LIEPOX0OBATOCTH; | — YKIIOH ITOTOKA.
B suipaxcennn (3.32) ruapasnuyeckuit panuyc (Jus pycna 6osnbioi
LIMPHHBI) 3aMCHEH CpeaHeH TTyOHHOMN NOTOKa Ay,
Juddepenunpys (3.32), umeem
2y,
dv=-""h1PiVap. (3.33)
3n *
Beipasum xapakrep cBA3M MeXy LIHPHHOH pekH B ee H riayOuHoMH
h napabonoit B = ch™ , Toraa 3anuiuem

® =ch™, (3.34)
THE C H M — TOCTOAHHbIE KOIQPULIHEHTHI.
JAudpdepenuupys (3.34), nmeem
do =c(m+ 1) h" dh. (3.35)

IMocne moncranoBku (3.33) u (3.35) B (3.31) momyyum oxoHYATENB-
HOE BBIPAXXEHHUE JUIS CKOPOCTH ABMIXKEHHSA NABOJKA!

vy = v(l + %f—li) . (3.36)

U3 (3.36) Buano, 9ro npu modoi popme pycna vp > v (HOCKOIBKY
Bceraa m > 0). OnHaKko 310 CHpaBEIMBO NPHM NOCTOSAHHBIX YKIIOHE NO-
TOKa H K03 (HIUHEHTE LIEPOXOBATOCTH.

B ecTecTBeHHBbIX yCIOBHAX pelko ObIBaeT, 4ToObl NpH KoneOaHHsAX
PacXo/I0B 3TH XapaKTePHCTUKU OCTaBaIMCh HEM3MEHHBIMHU. B Takom ciy-
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dv<0n
[0

dv
4ae, IIPU OXHOM PacXojic MOXeET ObITh o > 0, a ipu apyrom
®

COOTBCTCTBEHHO Vg >V H Vg <V.
AHanu3 ¢GaKTHYECKUX NaHHBIX MO 47 y4acTKaM pek NOKa3biBaer,
Vo
v
HOpPsJIKa EAUHULBL. JINd yqacTKOB OOJBIIMX PEK JUANa3oH U3MEHCHHS
3TOro OTHOLIEHHS Cyxactca u cocrapiser 0,70 — 1,25, Takum o6pazom,
C HEKOTOPbIM IONYUICHHEM (4acTO BMNOJHE NpHEMIIEMBIM 1A Lienei
pAacyeTOB U MPOrHO30B) MOXKHO CUHTATh, YTO CPCAHAS CKOPOCTh TEYEHHS
[IOTOKa paBHa CKOPOCTH IBMXXCHHUSA 11aBOJKA.

YTO OTHOILIEHHE xonebnercs or 0,4 10 2,2 U B CpeTHEM COCTaBJIAET

3.3. CnocoGb1 nporHo3a Ha 6ecPHTOYHBIX H C/1a00NPUTOYHBIX
y4yacTKax pek

Hcxons m3 npeanocsuUlKH O MOCTOSHCTBE pacnpenencHus mo Gac-

M
s ~ H, !
ceiiHy MoAyJie cToka ———— = const, MOXKHO 3anucaTth [2]:

B,/I-T

M F -M  _F -
b= Mo Fy Q= Qi _ Qup =const=a, (3.37)

MB, 1 -T]'; QB,I—I QB,I—T

rne M,, — cpeaHuit MOIynb CTOKA Ha BOJIOCOOPHOH MiIomaaH 10 HMKHE-
ro creopa F, B MOMCHT BPCMCHHU f; M, . — CpeAHHH MOZYy/Ib CTOKA Ha
B0JIocOOpHOM MIOIMAa/IM 10 BEPXHEro CTBOpa Fy B MOMEHT BPEMEHH f — T;
Qw1 Qs . — PACXOIbl B HHXKHEM H BEpXHEM CTBOpaX B MOMEHT f H f — T,
Onp,c — 0O1IMH NPOMEXYTOYHBIH IPUTOK Ha y4acTKe; T — BpeMsa pobera-
HHS Ha y4acTke; o — KOY(PGULUHEHT NMPHTOYHOCTH.

C yueroM (3.37) ocHOBHOE (TCOpETHYECKOE) ypaBHEHHE METOLA CO-
OTBETCTBCHHBIX YpOBHeH (pacxonos) Bofwl (3.18) moxer 6viTh mpeobpa-
30BaHO B pacyeTHOE MyTEM MPUOIHKEHHOTO YyeTa G0KOBOH NPHTOYHOCTH:

)
fgdl=0,, ~a0,, ., (3.38)
0

rae o — ko3 uuHeHT 60KOBOM IPHUTOYHOCTH.
Moncraeus (3.38) 8 (3.18), nonyyum:

0., =(1+a)Q,, . (3.39)
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WJIH, TaK KaK o — const,
Ot =f(Qs 2)- (3.40)

AHaJIOTHYHYIO 33BHCHMOCTb MOXHO MOJYYHTh, HCIIONH30BaB HH-
¢dopmaruio 00 ypoBHAX BOJIBI.

H3 paccMatpuBacMoi TCOpUHM NBHKCHHMA NaBOAOYHOH BOJIHBI MOX-
HO NpE/IOJIOKUTE CYLIECTBOBAaHUE OJTHO3HA4HOM cBa3u Q = f{H). Torna,
BbIpa3HB aHANWTHYECCKH YPABHCHHUSA KPHBBIX PacXoJOB Ul BCPXHCTO H
HHXKHETO CTBOPOB, Oy1eM UMETh:

Q.= (a H,+b), (3.41)
Qo= (c Hy + )", (3.42)

rae Qu, Os u H,, H; — pacxosibl U YpOBHH BOIbl B HH)KHEM H BEPXHEM
CTBOpax COOTBETCTBEHHO; a, b, n, ¢, d, m — 10CTOAHHBIC KOIGPUUHEHTHI.
Moacrasus (3.41) u (3.42) 8 (3.39), monyuum

(aHy, + b)Y —(1+a)cH,, , +d)". (3.43)

B/ 1

[IpunsB ans npocToTsl » = m (CIPaBECUIMBO /NI CTBOPOB € OJMHA-
KOBBIMH MONCPCYHBIMH NPOPHIAMU), HANIEM, 4TO

1in 1/n
Hﬂ,l :_(l-’-—a)._C_IIBJ . +(l_+g_)__(u.).:ﬁlja'/ . +Y’ (344)
a a
i/n I'n
roe B=(l+01) c ny= (1+a) (d—b).
a a

Taxum o6pa3om, no ananoruu c (3.40) npu yCIOBHH MOCTOAHCTBA [3
u v, OyaeM uMmerb

Hy,=f(Hyy o). (3.45)

3aBucumocTtH (3.40) u (3.45) npuHATO Ha3bIBaTh CBA3AMH COOTBET-
CTBEHHBIX PacxolOB H YpOBHeH BOABI AN OECNPHTOYHBIX U ciabompu-
TOYHBIX y4acTkoB pexd. Hano 3ameturs, yto 3aBucumocts (3.45) nony-
yeHa U3 (3.40) ¥ MMEET MECTO TONBKO IIPH YCTOHYHUBBIX KPHBBLIX Pacxo-
JIOB B BEDXHEM M HIDKHEM CTBOpax. B CBA3M C 3THM METOJ COOTBETCT-
BEHHBIX YPOBHEH BOJBI NPaBUIbHEC Obl HAa3bIBaTh MCTOJIOM COOTBETCT-
BEHHBIX PaCXONOB BOAbI, OZIHAKO B CHUY TOro, 4to cBa3b (3.45) nayana
HCTI0NB30BATLCA B MPOTHOCTHYCCKOM NpakTUke (paBaa, 6¢3 cOOTBETCT-
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BYIOLICTO TEOPETHUECKOro OOOCHOBaHMA, @ HA YHUCTO 3BPUCTHYECKOM
ypOBHE) 3HAYHTENLHO PaHbLIE, YeM 3aBUCHMOCTD (3.40), a Tarke noTo-
My, 4TO TIPOTHO3bl YPOBHEH MOIYT NaBaThCs JUIA y4acTKOB, obecneyeH-
HBIX JIMILG BOJOMEPHBIMH HaONMIOAEHHAMM, METON TPHHATO HA3bIBATh
MemoOOM COOMEemCmeeHHbIX YPOGHe.

Bpems poberanus (t) Ha 6ecnpuToynoM (cnaGompuTOUHOM) ydacT-
K€ PEKM 3aBHUCHT OT JUIHHBI y4acTka (/), yposHs Boasl (H), ykioHa Boa-
HOH moBepxHocTH (), PopmMsl nomnepeusoro ceuenus (K), mwepoxosaro-
cTH pycna (n), T.€.

1= f(I,H,1,K,n). (3.46)

Ecnu paccMaTpuBaTh KOHKDETHBI y4acTOK PEKM W MonaraTh, YTO
napaMeTpsl K H n u3MEHAIOTCS B 3aBHCHMOCTH OT YPOBHA BOIbI, TO BbI~
paxenue (3.46) ynpouaercs 4 IPHHUMAET BUA

t=f(H,I). (3.47)

OCHOBHBIM CIIOCOOOM ONpPCAENEHUsT BpeMEHH NoOeraHds sBisieTcs
NOCTPOEHHE COBMEUICHHBIX TIpahHKOB KoneOaHHA YpOBHEH (pacxomoB)
BEPXHETO M HIKHEro CTBOPOB M BBLIEICHHE HA HHMX COOTBETCTBEHHBIX
ypoBHe# (pacxonos). I[lox coomeemcmesennvimu yposHamu Bogb! MOHAMA-
10T oHOpoaHsie 10 ¢ase ypoBHH, U KOTOPBIX XapaKTEPHO IPOXOXAEHHE
4yepe3 BEPXHHMM M HIDKHHI CTBOPBI OJIHOTO M TOTO K€ MOMEPEYHOr0 CEUCHUS
nasozxka. Ha rpadmkax BHUIEIAIOT MAaKCHMYMBI M MUHHMYMbI B XOZIE YPOB-
Hs BOAB! U TOYKH neperu6a. Ha HyxHeM cTBOpe yuacTka ¢a3oBOOZHOPOA-
Hble YPOBHM HaONIONAIOTCA HECKOJILKO MO3KE, YeM Ha BepxHeM. Bpems
JoOCraHMA ONPCACIAIOT KaK pa3sHOCTh HACTYIUIEHHS COOTBETCTBEHHBIX
YPOBHEH Ha BEpPXHEM H HIXXHEM CTBOpax. 3aTeM CTPOAT rpaduid CBA3U
COOTBETCTBCHHBIX YPOBHEH BEPXHETO H HWKHETO CTBOPOB M BpeMeHH 106e-
raHMs MEXITy HUMH B 3aBHCHMOCTH OT ypOBHEH BOIbI B BEPXHEM CTBODE.
Ecnu 3akoHOMEPHOCTb M3MEHEHHsI BPEMEHH NOOEraHMs OT YPOBHS BOZbI
YCTAHOBHTH HE YAA€TCs, TO BIYHCILIIOT €ro CpEIHee 3HaueHHe, KOTOpoe U
onpenenser 3abnaroBpeMeHHOCTh nMporHo3a. CyIUECTBYIOT H OpyTHE CIO-
cobbl onpeneneHus BpeMeHH Jo0eranus BoApl: M0 CpeiHel CKOpOCTH Teye-
HMJ Ha y4acTKe, Ha OCHOBE IIPHHLIMIIA HAMMEHBILMX MOTPELIHOCTEH, C 110-
MOUIBIO KPHBBIX pacxozos [8, 52], ¢ ucrnonb3oBasHeM Ko3(HIMEHTOB
B3aUMHOI KOPpEJLILMH, PACCUMTBHIBAEMBIX IO GopMyJIe
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N-J

Z(Hn,jﬂ)‘ —ﬁu)(lls.j _Hs)

1 5

HHysy —
O N -6 o, O,
" .

, (3.48)

rae 8 — 3agaBacMblii BpEMCHHOH CIOBHT; N — IUIMHA UCIIOJIB3YCMBIX PAXOB
Habmonenuit 32 ypoBHAMM BOABI Ha HWHEM H, u BepxHeM H, cTBOpax;
o,, ¥ O, — CPCOHHE KBAaAPaTHYECKHC OTKIOHCHHA YPOBHEH BOJIbI

B HIDKHEM M BEPXHHX CTBOPax OT COOTBCTCTBYIOMIMX HopM H , u H .

Benuuuna 8, COOTBETCTBYIOIIAN MaKCHMAJIbHOMY 3HaucHMIO R, u Oyaer
COOTBETCTBOBAaTh HCKOMOMY BPEMEHH JOOCraHus.

Ilpy 3HAYHTCNILHOM pacIIACTHIBAHUM I1ABOJIOYHBIX BOJIH BMECTO
(3.40) u (3.45) cTpositcs 3aBUCUMOCTH BHAA

0. = /0, +80,), (3.49)
Hyo=fH, o0 0H), (3.50)

rae AQ, u AH, ~ COOTBETCTBEHHO INONPABKH Pacxoia ¥ yPOBHs BOMB! Ha
pacniacTeIBaHUE BOJIHBI [1ABOAIKA.

IIpu6auxkeHHO 3TH MOMPaBKH MOTYT OBITH YYTEHBI YEPC3 3HAUCHHSA
PacXomOB H YPOBHE#H BOIbI B BEPXHEM H HH)KHCM CTBOPAX 33 HEKOTOPBIH
HPOMEXYTOK BPEMEHH:

AQ, = [(Qy>0.1)>
AHB =f(HB‘,,f1“_,).

Vyer xone6anuit 60KOBOH NPHTOYHOCTH MPOU3BOAUTCS KOCBEHHO
IyTEM MOCTPOCHMS rPadUKOB CBS3H COOTBETCTBCHHBLIX YPOBHCH M OCaji-
KOB, BbINAAAIOLIMX HA MUIOILA/H Bogocbopa.

3.4. Cnioco0bI MPOrHO3a HA MPUTOYHBIX YYacTKAX peK

IIpuTouHbIME yyacTKaMH OOBIYHO CYHMTAIOTCA TAaKHE, HA KOTOPBIX
J0J1s TIPOMEXYTOYHOTO NpUTOKa coctaBnseT He Meree 20 %. llpu pas-
paboTke cioco60B MPOrHO3a ypoBHei (Pacxo/108) BOAbI [Ist IIPHTOUHO-
TO y4acTKa HUCIOJb3yeTCA KapTa M30XPOH pYCJIOBOTO BpcMcHH xobera-
HuA Bonpl B GacceiiHe 10 3aMbIKaiowero creopa. Bpems noberanus Ha

.
H30Xp0HbI - JIHHHH C OAHHAKOBLIMH 3HAYCHHAMH BPEMEHH DYCJIOBOrO noberanus.
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NPUTOYHOM YYacCTKE, KpoMe NepCYUCIcHHbIX ¢akTopoB (m. 3.3), 3aBu-
CHT OT MHTCpCpPEHUHH NaBOJIOYHBIX BOJH, IPOXOASIIMX MO PUTOKAM
H T7IaBHOH peke. B 3aBUCHMOCTH OT yCAOBHH (POPMHMPOBAHHS CTOKA
B pa3nHyHbIX YyacTax GacceiiHa MOryT BcTpeyaThesl pasnuyHbIC BapHaH-
ThI HaJIOXXCHHS NMaBOMOYHBIX BOJH. HeoTHOBpeMEeHHOCTh MPOXOXAEHH S
BOJIH [1aBOJKOB Ha IJIaBHOI PCKE M ce NMPHUTOKaX 3HAYMTENLHO 3aTpyl-
HACT omnpejeneHue BpeMedd nobcranus. Ha puc. 3.2 npencraBinensl
TPH BapHaHTa MHTCPQCPCHLMH NABOJOYHBIX BOJH I Y4acTKa C Of-
HHUM IIPUTOKOM.

N\ " N\
INSC| RO TR
VENNIZANTRN

0 8 16 24 320 8 16 24 320 8 I

N
N\
\.

Puc. 3.2. Cxema HalIOXCHHS NAaBOAOYHBIX BOJIH:
1 - BepxHuwuii cTBOp, 2 - HHXKHHIA CTBOp, 3 CTBOp Ha NPHTOKE.

BapuaHnty «a» COOTBETCTBYET Ciy4aH, Korza BpeMs moberaHHs He
HCKa)XEHO BIMSHHEM I[IPUTOKA, HA CXeMe «6» BHUIHO, YTO BpeMs fobera-
HUs 3aBBILLCHO, M, HAKOHELl, CXEMA «8» MILTIOCTPUPYET, YTO pacyeTHOE
BpeMs no0eraHus MOXeET OpPHHATH Jaxe
OTPHLATENILHOC 3HaYEHHE NMPH Heydere Iie-
PEABHXXKEHHA TABOAOYHON BOJIHBI MO IIpH-
TOKY. B cBs3u ¢ 3TMM npu onpeneneHuu
BpeMcHH Joberanns HeoOXOOMMO YYHTHI-
BaTb XOJA YpPOBHeH (pacxod0B) BONbI Ha
npuTokax. Ha npakTuke onpenencHue Bpe-
MeHH foberaHusi 06bI4HO IPOU3BOIMTCS NO
CpenHEH CKOPOCTH JBH)KEHHUS MaBOLKOB Ha
6eCcHpUTOYHBIX MAM CNAbONMPHMTOYHBIX y4a-
cTkax. PaccMoTpuMm npuMep OmNpencsacHMs
BpeMCHU JoOeraHus Ui Yy4acTKa pekH  Puc. 3.3. Cxema npHTOYHOrO
C OIHUM mpUTOKOM (pHcC. 3.3). ydacTxa pexH.
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Heobxomumo onpenenuts BpeMs obceradus BoAbl OT MOCTOB B U B,
JI0 HIbKHEro cTBopa H. Bribepem npomMexyTodHsle 6ecripurounsle (cnabo-
TNPHTOYHBIC) YYacTKu B| ~ B|, B, — B,, H — H', u Wi KaXao0ro u3 HUX
BpeMs noOeraHus ONpeJIc/iuM 110 COOTBETCTBEHHbBIM YpPOBHAM. 3Has BpeMs
moberanust Ty _p , Tg—p,s Ty—y W UIMHY KaOXIOrO yyactka lg._p

/ By=By > ly_y, ONPENENsieM CPEQHIOID CKOPOCTh IBHXKCHMS NaBOIKOB Ha
_ 15i B _ [B'z B _ IH-H’
Y4aCTKaX Vg _p =———, Vgo_p, = s Vyoy =
Th Tpy- 8y TH-n
TO ONpefieiieM CPeHIO CKOPOCTh npobera BoAb! I y4acTkos B) — H u
Bz —-H:

. [locne 3to-

- Vg tVyy _  Vg—p YV
vﬂl—H _—'_2'_—— H VBZ——” ‘-—*—_—2 ..

BpeMs noberanus BOABI OT BEPXHHX CTBOPOB JIO HHXXHETO ONpEAe-
JSETCA KaK

Jlannpie 0 BpemMeny Jo6eraHus no OTAEAbHBLIM Y4acTKaM PEK HaHo-
CAT Ha KapTy (CXeMy) pe4HOH CETH M NPOBOJAT u30xpoHsl. KapTel H30-
XPOH MOXKHO CTPOMTB IUIsi NIEPHOJIOB pa3Hoi BOAHOCTH pek. Ha npakTu-
K€ HMCIIONB3YETCs JBA OCHOBHBIX CIOCOOa MPOrHO30B 10 MCTORY COOT-
BCTCTBEHHBIX YPOBHEN: rpaQMHECKUH H aHATIUTHYECKUH.

I'paduyeckne CBA3M MPUMCHSAIOTCA Ul Y4aCTKOB C OJXHHUM IIPHUTO-
koM. Hanbonee npocTeie 3 HUX HMEIOT BUI

Hu.l =f(Hnl,l-tl’H32.l-‘t2)’ (351)

rae H, , — ypoBeHb BOALI B HY)KHEM CTBOPE YYACTKa B MOMEHT BPEMEHH I,

H a1.i-v » — YPOBCHDb BOJIBI B BEDXHEM CTBOPE I7IaBHOM PEKH B MOMCHT  — Tj;

H 83,1, YPOBEHB BOJIBI HA IPOTOKC B MOMEHT  — T,.

3abnaroBpeMEeHHOCTh NMPOrHO3a OyneT paBHA MUHUMAIBHOMY Bpe-
MeHH J1oberanus Boabl. Jis nocTpoeHus rpagukoB UCHONB3YIOTCS NBa
puema.
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B nepBoM ciTyyae Ha OCsX KOOPIHMHAT OTKJIA[BIBAIOT YPOBHH BOZBI
BEPXHHUX CTBOPOB, a Y TOYEK ITHIIYT COOTBETCTBYIOLIME HM YPOBHH HHXX-
HCTO CTBOPA, IO 3HAYEHMSAM KOTOPHIX HA nojie rpadHka NpPOBOIST H30-
muuun (puc. 3.4). IlporsozupyemMselii ypoBeHb B HHXHEM CTBOpPE OrIpe-
JICTSIIOT ITyTCM HMHTEPHOJALHE MEXIY U3ONHHHUAMH B 3aBHCHMOCTH OT
3HAYCHHUH COOTBETCTBEHHBIX YPOBHElH B BCDXHUX CTBOpax.

IIporHo3upyeMeld ypoBeHb BOIBI B HIDKHEM CTBOpE OIpEXENseTCs
NyTeM HMHTEPNoONAnuMHM. BTOpo# BapmaHT OTNHMYAEICH OT IEPBOTO TEM,
4TO Ha OCH abcLHMCC OTKIIA[bIBAIOTC YPOBHH BEPXHETO CTBOpA Ha IJIaB-
HO# peke, a Ha OCH OPJHHAT — YPOBHU HI)KHEIO. Y TOYCK BBHINHCHIBAIOT-
€5 3HAYCHMA YPOBHCH Ha DPHUTOKE, 110 KOTOPHIM NPOBOIATCS H3OJMHHH
(puc. 3.5).

H,,,, cM
550¢

600
asor 55

0
500
350t 450
400 48
. N e
250F 350 )
300
150.250\\\

kS re e A A 1 L A
IS0 250 350 450 550 H, cM 150 250 350 450 S50 H,cm

Puc. 3.5. CB43b COOTBETCTBEHHBIX
YPOBHEH TpeX NOCTOB.
I{udps! y H30mHHMI — ypOBEHB BOABI
Ha NPATOKE
B TomMm Cliy4a€, KOorga BO BXOJIHbIX CTBOpAaX HMEIOTCS HOAaHHBIC
O pacxonax BOIbl, YHCJIO CTBOPOB MOXXHO HE OTrpaHHYHBATE. Taxkue cBA3H
umerot BUx (puc. 3.6)

Puc. 3.4. CBs3b COOTBETCTBEHHBIX
YPOBHe# Tpex MOCTOB.
VY H301MHHH  ypOBHM HHXHEro CTBOpa

O, = f(é:l 0u0)s (3.52)

H,=f (iHB,,-t), (3.53)

i=]

A€ n — YHCJIO BXOAHBIX CTBOPOB.
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Hoyon 3aBucumoctp (3.53) ucnonesyer-

P Csl, KOrZla B NYHKTE POrHO3a HET JAaH-
300 HbIX O pacxopmax. Hcmosns3oBaHue B
v Ka4ecTBE MPEAUKTOpa CyMMBl COOTBCT-
/7 CTBEHHBIX PACXOJOB IO3BOJISET BBECTH
H TPCTHIO NEPEMEHHYIO, HapUMep He-
YYTCHHBIH BXOXHBIMH CTBOpaMH 6GOKO-
7 j=> BoH mnpurok. KocBeHHO cro MoOXHO
o 0 s Tw ZO, Y4ECTh C IMOMOLIBIO METEOPOJIOrHYC-

i=1\
o CKHX AKTOPOB. Torzxa CTaHaBJIMBA-
Puc. 3.6. Ceass yposHeii p. JInenpa erc iHCHhEOCTb BYIa y
y ¢. Peunua (F1;, (+3)) ¢ cymmoii cooT- 13 A
BETCTBECHHBIX PaCXOLOB BOIBI

n
p. Muenpa y r. Xo6una u p. Bepesu- Qu,: = fl:Z Qsi,’_T , (nl X + n, h‘r ):] , (3.54)
i=2 i=l
Hel y T. CBeT:I0TOpCKa (I%Qi ,) '
i=l

140

rac 1, — K0obUIMEHT CTOKa OCaKOB
X, 0oO6yCnOBIMBAaOLIMX INPOMEXYTOY-
HBIH CTOK; T2 — KOIQOHIMCHT CTOKa TaJbIX BOJ A, Y4aCTBYIOIIHX
B GOpMHMpPOBAHHH ITOTO NPHTOKA.

BxonHelc (BEpXHHE) CTBOpPHI BHIOMpAIOTCA TakKMM 006pa3zoM, 4ToObI
BpeMs JI00eranys OT KaKAOTo M3 HMX IO HMXKHEro cTsopa ObulO npu-
MEpHO ONMHAaKOBhIM. B TOM cnydae, koraa BbIOpaTh Takue CTBOPBI HE
yZHaeTcs, COOTBETCTBEHHbIE PACXOIbI HAXOAATCA MO0 C yYeTOM BpeMCHH
Ao6eraHust OT KaXI0ro BXOAHOrO CTBOPA, MO0 MHTEpPNONSLHEH pacxo-
JOB MO peKaM, Ha KOTOPBIX T'MIPOMCTPHUUYCCKME CTBODPBI PACIIONOKCHBI
BBILIE U HIDKE H30XPOHBI, ONpPEIC/AIOEH NMPHHATYIO 3abnaroBpeMeH-
HOCTb NPOrHo3a. JLis HHTEpnonsuuu yao0HO Mons30BaThes rpadukamMu
HapacTaHHA IWIOILAH BOA0cOopa MEK Iy THAPOMCTPHYCCKHMH CTBOPaMH

0 =0, —%(QZ ~0). (3.55)

rae (), — pacxol BOJABl Ha 3ajaHHOW H30XpOHe; () M (0, — pacxonsl
B CTBOPAX, PaclOJIOKEHHBIX BBIIIE H HHXKE JAHHOH H30XPOHBI, f; — NpH-
palIcHHe NIoILAIH Bofocbopa Ha y4acTKe MEXKIY H30XPOHOMH U HHXHHM
CTBOpOM; [ — NpHpauleHHe IIOWaad Bogocbopa Ha ydacTKe MExIy
BEPXHUM U HIKHMM cTBOpaMH. MHorzaa mid ydera GopMbl naBoAO4HOM
BOJIHBI HCIOJIB3YIOT JRaHHbIC 00 YPOBHE BOJIBI B HMDKHCM CTBOpPC B MO-
MEHT BblIIyCKa nporHo3a (puc. 3.7):
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H,. yem

H,, =f(iQni,_‘,H,,,_T). (3.56) 1000 |
i=l ’

9004
-1 800
Ananutiyeckuit cioco6 npornoza 800 BF I 1001
110 METOAY COOTBETCTBEHHBIX YPOBHEH ég‘ﬁf'/‘ =600
7 600, 5
3aK/II04aeTCs B NMOCTPOCHHM YpaBHEHUH =3
i SO F 400
MHOXCCTBCHHOM JMHEHHON perpeccmd, A
IZIc B Ka4CCTBC apryMCHTOB HCIIONB3Y- ¥ 300
IOTCS COOTBCTCTBEHHBIC PACXOLbl WIM | HeZAi%0
YPOBHH BOIBI Ha BEPXHMX cTBOpax ped- |
HOH CHCTEMBI: 3
oy
n
— I 2 3 4 530, nc vk
Hu,l - Zai’Qsi,g—xi +b > (357)
i=l

Puc. 3.7. CBs3b 217 NporHosa ypos-

2 HS BOZIB! B HHXKHEM MYHKTE PEKH 1O
_ ! !
Hu.l - z%ai 4 IIB -1 +b', (3‘58) CyMME PacXOMOB B BEPXHHX ITyHKTaX.
= Iludpst y u30nuHHH - ypOBEHD BOIbI
ree a, d', b, b' — Kod(pdHUUMeHTHI B HHXKHEM ITYHKTE Ha JaTy BITyCKa

o MpOrHO3a.
YpaBHEHHH PCTPECCHH. P

B Tex cimyvasx, xoraa NpogoibHbIA YKIOH peKH U BpeMs no6Geranus
3HAYUTENHHO H3MEHSIOTCS NP Pas3iu4HBIX YPOBHAX, HCIIONB3YIOT He-
CKOJIBKO YpaBHEHMH JUIfl ONPCHCICHHBIX JMaNa30HOB BBICOTHI ypOBHEH
MM XapaKTcpHBIX (a3 pexuma.

3.5. HIporno3sl ypoBHeH H pacxo0B BO/ibl, OCHOBAHHbIE HA
NpHOJMAKENHBIX YPaBHEHHAX TPaHcOPMAIHH BOJIH NABOJKA

ITpu nepemenicHuy aBOLOYHOM BOJIHBI BHH3 IO TEYCHUIO HA OTHO-
CHTENBHO JUIHHHBIX Y4acTKax pcK oTMc4acTcs c¢ tpaHchopMauus. [lpu
JTOM HabNIOJAETCS CHHIKCHHE BBICOTHI NIaBOJIKA H YBEIHYEHHE ErO Mpo-
IOJDKHTENHHOCTH.

OCHOBHBIMHM NPUYMHAMH PACIUIACTHIBAHMSA MAaBOAOYHOW BOJIHBI fAB-
JAKOTCA:

— pa3nu4yue MEXAY YKIOHAMH B T060BOH M THIIOBOH YacTAX BOJHBI,
IPUBOAsALICE K BO3PACTAHHIO CKOPOCTH B MEPHOA MOABEMA MABOAKA M
0o0ycnoBneHHOe JOOaBOYHBIM YKIIOHOM,;

— perynupymrouee BIHAHHE pYyclla U MOHMBI, NMPUBOAAILCE K AKKY-
MYJIALMH YaCTH BOABI B (a3e MOAbEMa M OT/a4H CC Ha Craje NaBOaKa;
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— aKKyMyJAUMSA BOABI B YCThSIX BMNAJAIONIMX pEK B OpelciiaXx 30H
NoAnopa.

[TomMumo nepeyncneHHsIX $HAKTOPOB HA pacIUIaCTHIBAHME NMAaBOAOY-
HOM BOJIHBI OKa3bIBalOT BIHAHHE MOp(OMETPHUYECKUE, THIIPABIHYECKHC
XapaKTEPHCTHKH, HAJIMYHE NICPCMEHHOIO IMOJIopa, KOHGHUrypauus pyc-
J1a B IIaHe (4acToTa CY)KCHHUH, pacIIHpeHuii), 60KOBasi IPUTOYHOCTD H AP.

CloXHOCTH MpoLecca HEYCTaHOBUBILETOCS BHXKCHHUS BOJIbI B pa3-
HOOOpa3HBIX YCIOBHSAX €CTECTBCHHBIX pYycel, OTCYTCTBHE MM OrpaHH-
YEHHOCTb JaHHBIX 00 MOPGOMETPHH M THIAPABIMKE HCCICHYEMBIX y4a-
CTKOB pek 00yCnoBIMBAIOT HEOOXOZMMOCTh MATH MO MYTH CYMIECTBCH-
HOMH CXEMaTH3alMH PacyeTa paciiacThiBaHHs NaBOLOYHOMA BOJHEI.

PaccMoTpuM nepeMenieHHe OXMHOYHOM BONHBI, 6¢3 HOKOBOH mpu-
TOYHOCTH, NPH OIIPCAECIICHHOH 3aJaHHOH 3aKOHOMEPHOCTH HM3MEHCHMS
XapaKTEPHCTHK pycCila 10 JUIMHE PEKH.

B ocHoBe pacuyera HEyCTaHOBHMBIIEroCs, IVIABHO H3MCHSIOCTOCH
IBHXKCHHS BOABI B OTKPBITOM pYCI€E JIEKHUT HCIONB30BAHHE ypaBHEHUIH
AuHamudeckoro pasHoBecus (3.12) u HepaspeiBHOCTH (3.7), BIepBbIE
nonydyeHHbix CeH-BenaHoM. Pemienue 3toit cucremsr muddepeHumuans-
HBIX YpaBHEHHH TrunepOOJUYECKOro THUMA COMNPSHKCHO € OONBIIMMHU
TpyAHocTamu. HeobxonuMo pacnionarats CBEICHHAMH O PacNpe/leNCHHH
pacXomOB H YPOBHCH BOIbI H O LCJIOM psaac MOPGOMETPHUYCCKHX, MHI-
PaBIHYECKUX XapaKTEPUCTHK 1O AJIMHC peKH. B ycnoBHAX orpaHHYeH-
HOTO YHCNA IYHKTOB HaOMIONCHHH 3TH NaHHBIE CCTECTBCHHO OTCYTCT-
BYIOT WIH MOTYT OBITh YCTaHOBJICHB! BECbMa NPUOIHKCHHO.

Kpome Toro, cucrema nuddepeHimanbibX ypaBHCHHH BBIBEICHA
NpH psje AONMYLIEHWH: PacCMarpHBaeTCs OJHOMEPHOE HEYCTaHOBUB-
1Ieecs ABHXXEHHE, CKOPOCTh TEYCHUS NPUHUMACTCA OJUHAKOBOIH BO BCCM
nonepeyHoM ceycHud. [TocKOABKY IpH PE3KMX M3MEHCHMAX IUIOLIAJM
CEYEHHS ¥ KPYThIX U3rubax pyciia CKOpOCTh NIOTOKA MO HMIHPHHE PCKH CY-
LCCTBEHHO pa3JIM4yaeTcs, JBIKCHHE IPUHUMACTCA IUIABHO HM3MEHAI0-
IIMMCH, 4TO MO3BOJSIET HE YYHTHIBATH MCCTHBIC MOTEPH Hamopa. Cuilsl
COMpPOTHBJICHHS BBOMATCS B YPaBHEHHE B TaKOM XK€ BHIE, 4TO H JUIA PaB-
HOMEPHOTO IBHXXEHHS, TaK KaK OTCYTCTBYIOT JAaHHBIC, KOTOPBIE MTO3BOJIH-
a4 O6b1 MX ONPEREINTH HHBIM IYTCM.

Bce BhlICH3N0OKCHHOE OOBACHAET NPUYMHY TOrO, YTO CHCTCMA
ypaBHeHHu# (3.12) u (3.7) HenocpeACTBCHHO HE HCIIONB3YETCs, a 3aMCHS-
€TCs IpUOIIKEHHBIMA METOJIaMU pacdeTa TpaHchopMalMH NaBOOYHOM
BOJIHBI. JTH METObl OCHOBaHbl Ha NPHUMEHEHHU JTHHEHHBIX nubdepeH-
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nHaasHBIX ypaBHeHHH. IIpocroTa pacyeroB CBsA3aHa C OTKa3oM OT Je-
TAJILHOTO 33JIlaHHUA HEKOTOPBIX XapaKTEPHCTUK UCXOAHOH HHpopMaLuu.

BoNBIIMHCTBO MPUOIMMKEHHBIX METOOB OCHOBAHO HA COBMECTHOM
PCIUEHHH YPaBHEHHs BOIHOro OanaHca ydactka pekd (YpaBHEHHS He-
DPa3phIBHOCTH) H YPaBHEHHS IHHAMMYECKOrO PABHOBECHS (IBMXKEHMS)
yamie Bcero B popme KpuBOiH 06bEMOB — 3aBUCHMOCTH 06beMa Boabl W
ot pacxona Q. Hcnonb3yercs cpenHui, cpeaHEeB3BEWEHHBIH pacxol BO-
Ibl HJIY PacXOZ BOABI B HHOKHEM CTBOPE ONPEACIECHHOr0 y4acTKa.

Kpusas o6reMoB W = f{Q) aBngercs 060011eHHOH XapaKTepHUCTH-
KOH, oTpakaiouiel 0cobeHHOCTH MOPGHOMETPHH H THAPABIMYECKOTO CO-
NPOTHBJICHHSA y4acTKa PEKH.

3aBHCHMOCTh MEXIY OCPEOHEHHOW JJIA y4acTKa MUIOIAJbIO IONe-
PEeYHOro CEeYeHHs peKkd ® U Haubospuien riyOMHoH Hp,, MOXHO 3amu-
caTh U1 LIMPOKOTo pycina napabonu4eckoi ¢opMsl B BUAE:

w=aH__ (3.59)
rae m>0.
TToo6HOE BBIpaXKEHUE ONMCHIBACT CBS3b MEMXIY PAacXogoM Boasl O
U HauGonswiueit rTyOuHON H o,y

Q=bH!, . (3.60)

U3 dopmyasr le3n HETpyAHO yCTaHOBHTH, YTO 1 BCeraa Oosblie
CIMUHHIIBL.
U3 Bripaxenuii (3.59) u (3.60) umeem:

a

= bmln

omn, (3.61)

YMHOXHB 06€ 4acTH Ha JUIMHY y4acTka L, mojy4uM 3aBHCHMOCTD

0o06BeMa BOABI OT PacXoja:
a min
w —meQ L. (3.62)

Ilpu m/n = 1 xpuBas 06beMoOB OyneT NpeACTaBIEHA NMPAMOM, 4TO
03HAYa€eT NOCTOAHCTBO CKOPOCTH TEYEHHS, @ CIEXOBATENBHO, 1 BPEMEHH
noberanus Ha ydactke. OTMeUeHHOE CBOHCTBO KpHBOH 06BEMOB MO3BO-
JIMJIO MCMONB30BaTh €€ NpPH pacyerax MNMEpeMENICHHs BOJIH MONYCKOB H
NaBOAKOB Ha peKax.

KpuBas 06156MOB MOXET MCTIONB30BATHLCS U B HEIBHOM BHIE.
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XapaxkTep MeUIEHHO H3MEHAIOIIErocs HEYCTAHOBHBLIETOCSA IBHKE-
HHS BOJBI B OTKPBITHIX MOTOKAX OMNPENENACTCS MAaKCHMAIbHBIM 3Ha4Y€HH-
€M OTHOIIECHUS a0COMIOTHOM BENHYMHBI JOOABOYHOrO YKJIOHA i, K YKJIOHY
TNpH YCTaHOBUBILEMCS IBHXKEHHUH iy, T.€. IAPAMETPOM Y = maX | iy | /.

Ecmu y > 0,03 — 0,05, T.e. 106aBOYHBIH YKIOH COM3MEPHM C Ha-
YaNbHBIM YKJIOHOM, TO MMEET MECTO HEOAHO3HAYHOCTh KPHBOH pacxo-
JIOB H PAcIUIaCTbiIBaHHE BOJIHBI NMAaBOAKA. Takue ycaoBHA HabmoaoTcs
[P PE3KHX KPaTKOBPEMEHHDBIX HABOJIKAX, MOMYCKaX H Ha CPaBHUTENBHO
JUIMHHBIX Y4acTKaX PaBHHHHBIX PEK B IEPHOJ NOJOBOAbS.

N3MeHeHne CKOpoCTel Te4eHHs MO ANMHE PEKH OOBIYHO HEBEIHKO
H MOXET OBITh 3HAYUTENBHBIM JIMIUG HA YHAaCTKaX PE3KOT0 H3MECHEHHSA
TIONEPEYHOrO CeYeHHs. TaK)ke HE3HAYMTENBHO U3MCHEHUE CKOPOCTCH BO
BPEMEHH NPH NEPEXOIe OT CTBOPA K CTBOPY. JTO NO3BOJACT HE YYHTHI-
BaTh MHEPLIMOHHbIEC WICHB! B YPaBHEHHH XHHAMHYECKOTO PaBHOBECHS U
IpH pacyere TpaHcGopMaLMH NABOJIOYHOH BOJIHBI MO JJIMHE PEKH HC-
10/b30BaTh ypaBHeHue Lle3n.

OT1nensHO MOXKHO BBIZENHTH 30HBI PE3KOr0 HEYCTAHOBHBILETOCS
nsrxeHus 863y 'OC npu nonyckax CyTOYHOTO peryJlHpOBaHHS; y4a-
CTKM PCK CO 3HAYUTENBPHBIMH M3MEHEHUAMM ceyeHUs (0coOCHHO B Ciy-
Yyae HaJIH4us IUHPOKOH MOMMBI); YYaCTKH pEK, HAXOAAIUMECH MOJ BIIMsA-
HHEM NEPEMEHHOro noxanopa. Bo Bcex 3THX citydyasx Henb3s npeHebpe-
raTb WHEpUHOHHBIMH WieHaMH. IIpy momyckax M3 BOIOXpaHHIHIIA
B HWKHeM 6bede ['OC HavanbHBIH YKIOH BOJHOH NOBCPXHOCTH GNH30K
K HYJIO H OTHOWIEHHE MaX | iy | /iy MOXET OBITH 3HAYHTENbHBIM.

B npakTuke NporHo3oB pacxoNOB M YpPOBHEH BOABI JUIA ydera
TpaHchOpMaLMH MTABOJOYHOH BOJIHBI YallC BCErO HCHOJB3YIOTCS IMPH-
OmKeHHbIE aHANUTHYCCKUE, rpadoaHanuTHYECKHE U rpaduyeckne Me-
TOABL. 3TH METOZBI OCHOBAHBI HA COBMECTHOM PELIEHMH ypaBHEHHUs BOJI-
HOro 6anaHca y4yacTka PeKd H ypaBHEHHs JHHAMHYECKOro paBHOBECHS B
¢$opme xkpuBO# 06BEMOB HIIH KaKOr0-1M00 HHOTO BBIPAXKEHHUS.

[IpubnuxeHHbIC METOABI pacyeTa OCHOBAHB! HA HCIOJIb30BAHUH KaK
JVHEHHOH, TaKk M HENMMHEHHOH Moaeny TpaHchopMauuy NaBoOmOYHOH
BoHel. Mcnone3yercs ypaBHEHHE Hepa3pblBHOCTH, NPOMHTETPHPOBaH-
HOE MO JJIMHC PEKHM, M AMHAMHYECKOC YpaBHeHHEe 0e3 HHEepLHOHHBIX
YJICHOB!

dwidt + Q —q =0, (3.63)

70



W =f(0), (3.64)

rae W — obbeM BOABI Ha ydacTKe JUTHHOK L; O u g — pacXoAs! BOABI BO

BXOJIHOM H BBIXOJHOM CTBOPaX y4acTka;, ) — B3BCLICHHbBIA HAa y4acTKe
PEKH PacXoZ BOABI.

Jluneiinbie Moaenu TpancGopmauum Jist 6eCHPHTOUYHLIX YYaCTKOB

Memoo Mackunzam. Pa3pabotan B ciyxb¢ rHAPOIOrHYECKHX NpPo-
rHo30B CUIA u BrepBbie NPUMEHEH JyiA p. MackHHraMm, oT KOTOpOH H
HOJIy4YHJI CBOE Ha3BaHHe. B ocHOBe MeToza IEXXHUT COBMECTHOE pELIEHHE
ypaBHEHHsI BOJHOTO OanaHca B KOHEYHLIX Pa3HOCTAX M 3aBUCHMOCTH
o6beMa BOIbI OT B3BEILICHHOI'O pacxoja:

Ot py It gy (3.65)
2 2
W=10=1[kQ+(-kql, (3.66)

rae Oy ¥ Ok, gy ¥ g, Wy 1 W — COOTBETCTBEHHO pacXOfibl BOJIb! B BEpXHEM
M HIDKHEM CTBOpax M 00beMb! BOJbI Ha OECIIPHTOYHOM y4YaCTKE Ha Hayallo
M KOHEI pacyeTHOTrO HHTEpBana BpeMeHH Af; T — rapamerp, UMEIOIMi pas-
MEpHOCTb BpeMeHH, OMH3KUH 110 CBOEeMY 3HA4YEHHIO K BpCMEHH JoberaHus
Ha y4acTke; k — K03 PHIUMEHT, OTPaXAIOLIHIA OTHOCHTENLHOE BIUSHUE pac-
xomoB (J H g Ha 06bEM BOABI NIPH HEYCTAHOBMBIUEMCS pexHME. 3HauYeHHe
koaduumenTa k nexwr B npenenax 0,25 <k <04.

[TapameTpsn! £ 1 T OoNpeCsIOTCS MyTEM NOCTPOEHHUS rpaduxa 3aBu-
cuMOCTH 06beMa BOIBI Ha Y4aCTKE€ OT CPEIHCB3BCLICHHOI'O pacxola
(3.66) npu paznuyHBIX 3HaueHHAX koddduuMenTta k. 3HayeHue k, npu
KOTOpOM CBsi3b ONM3Ka K OIHO3HAYHOM W JIMHEHHOH, MPUHUMAETCs 3a
pacyeTHOe I/ AaHHOro yyactka. Ecnu npu mo60oM 3HaYeHHH k 3aBHCH-
MocTh (3.66) ocraercs HeJIMHEHHOH, TO MOCICAHION ACIAT Ha 4acTH,
B NpEAEax KOTOPHIX KPHBOIMHEHHbBIE OTPE3KH MOXHO 3aMEHUTD IIPSAMBI-
MH. TaHreHc yriia HakJI0Ha 3TOH NPSIMO# NPeACTaBIIAET CO00i BEIHYKUHY T.

HNoncrasnss B ypaBHeHne (3.65) Bmecro W sripaxenue (3.66) u
pelIas OTHOCHTENLHO gy, MONyYaeM:

gx=coQxt+ ¢ 10ut C2qu, 3.67)
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tk — 0,5A¢ o = tk +0,5At c _1—1k—-0,5A1
T—tk+05At" ' t-tk+0,5At° 7 t—tk+05Ar

rae ¢, =-—

Heobxoaumo cobiroieHHE YCNOBUA ¢p+ ¢+ c2= 1.

PacuerHbiii MHTEpBaJI BpEMEHH PEKOMEHIYETCS TIOROUpaTh B Ipejic-
nax 2tk < Af < 21(1 - k), ecnmu At < 27k, To mapametp ¢p < 0, a npu
At>21(1 - k) ¢, <0. Orpannyenne no BeIGOPY MHTEpBaJa BPEMEHH
ABJIACTCA HEJIOCTATKOM METOJA, TIOCKOJIBKY AJ11 GONIBIIMHCTBA peK UMe-
I0TCA I@HHBIE MO CTOKY JIMILD 33 CYTKH.

Pa3zmepbl yuacTkoB, Ha KOTOpble pa3buBacTCs pycioBas CeTh, HE
MoryT ObITh OAMHAaKOBBIMH. OTCIOA M Pa3HBIM JIOJDKEH OBITH IIar mo
BPCMEHH, a 3TO YCJOXHACT pacuethl. [Ipu Gonpmmx 3HaueHHIX Af Ha-
pyUIaeTcs MPEaNnoChUIKa JUHCHHOIO H3MEHEHHS PacXxoAa BOJBI B BEpPX-
HEM CTBOpE 3a pacu4eTHbIH HHTEPBAJI BPEMEHH.

Meroa MackuHram pexOMEHIYeTCs MPUMCHATH Ha KOPOTKHX Oec-
NPHTOYHBIX Y4acTKaxX pPEK CO CPABHHUTEJILHO MJIABHBIM H3MEHEHHEM pac-
XOZIOB BOJIbI B NMEPHOA UX Bo3pacTaHHus. IIpH pe3skoM yBelnHYEHHH pac-
XOJIOB BOIbI B BEPXHEM CTBOPE BHLIYHCIEHHBIE pacXos! BOJBI HHIKHETO
CTBOpa MOTYT OBITH OTPHLATEIbHBIMH.

Ilpu ucnons3oBanuu Belpakenus (3.67) nn14 nporsHosa 3HayeHUE
KOHEYHOr0 pacxofia BOIb! B BEPXHEM CTBOPC 3a IICPHOJ 3a0J1aroBpeMeH-
HOCTH NIPOrH03a NMPUHUMAETCS 3a Ha4aJbHbIH pacxoy,.

B TocynapcTBeHHOM ruaposnorudeckoM HHCTHTYTe [40] ¢ uensio
NpeCKa3aHUs pacxo/ia BOALI B HIDKHEM CTBOpE GECIIPUTOYHOTO y4yacTKa
NPEVIOXKEHO JIMHEHHOE YPaBHCHHE, AHAJIOTMYHOC YPAaBHEHHMIO METOZa
Mackunram.

Ha tpanchopmanuio maBOROYHOH BONHBI YYHMTBIBAETCA BIMAHHE
crexyronmx ¢pakropos:

~ 3HaYUTEJILHOTO MU3MEHEHHs pacxoja BOJbl B BEPXHEM CTBOpE 3a
UHTEepBaI BpeMcHHU T, paBHBIH BpeMeHH foberanus Ha y4acTke T;

— pa3nu4Horo o6beMa BOABI B NpeJieNax y4yacTka IpH OTHOM M TOM
e pacxoje BOAbl B BEPXHEM CTBOpC.

[pu BEIBOJIE PACUETHOrO YPABHEHHUS TAKOKE HCMONB30BANHUCH YpaB-
HEHHE HEPa3PhIBHOCTH M IMHAMHYCCKOE YPaBHCHHE.

YpaBHEHHC UMCET BHLI:

qx = k1O + k2 Qi+ ksg, (3.68)
30€Ch Ky, ka, k3 — k02D HLIHEHTHI, OCTaNbHBIE 0003HAYEHHS NPEXHHUE.
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3abnaroBpeMEHHOCTE MPOrHO3a — HHTEPBANl BpeMeHH | — NpUHUMa-
€TCs paBHbIM BpeMeHH noberaHus Ha yyactke T = L/v (L — winHa yvacr-
Ka, V — CpeNHsa CKOPOCTb TEYEHHs B MONEPEYHOM CEYEHHH U IO JUIHHE
yuacTtka). [To oTHowmeHuto 7/1 ycTaHABIMBAIOT BENHUHHY KO3 HLHEH-
Ta k; [40]. KoadduuuenT k; ompenenserca mo JaHHBIM HaOmONCHUH
¢ MOMOILBIO rpaduKa CBS3N:

Aq - kAQ =f(Qu— qu), (3.69)

rae Ag = gx— g, a AQ = O — O,,. TaHreHc yrna HaknoHa cpeHel TMHUH
cBa3H (3.69) paBeH 1 — k3, a KOIPPULUHEHT k| BHIYMCIAETCA MO BBIpaXKe-
Huw k) = 1 — (b + k3).

Memoo Kanununa—Munoxosa pazpabotan B ['mapomernentpe Poc-
cum. IIpu ero paspaborke ObUIO MPHUHATO, YTO KPHBasA PacXOAOB BOIELI
B CTBOpE HEOJHO3HAYHAa: PacXoj BOAHI sABiseTcA GYHKLMEH HE TONBLKO
YPOBHS, HO ¥ YKJIOHa BOJHOH noBepxHocTH. [l pacyeTa Tpancdopma-
¥ NABOXOYHOW BOJIHBI peKa pa30MBaeTCAd Ha XapaKTEPHbIE YYacTKH.
Kaxxaplil y4acTok AOIKEH UMETh TaKylo ANUHY L,, 4To6Bl ypOBEHb BOJIBI
B CTBOpE Ha CepellMHE y4yacTKa Obln Ob OJJHO3HAYHO CBA3aH C PACXOIOM
BOIbl B HIXKHEM CTBOpE, OrpaHuyMBalomieM ydactok. Ha stom ydactke
HMeeTCs TAKKe OJHO3HAYHas CBA3b MEXIY 00BEMOM H PacXoIOM BOIBI
B HIDKHEM CTBOpe, T.e. W =f(0,).

JinuHa XapaKTepHOro y4yacrka ofnpenensercs no gopmysne:

—i;ZQ— , (3.70)

X

rae Q, iy — COOTBETCTBEHHO PAacXOZ BOAbI H YKJIOH BOAHOH MOBEPXHOCTH
NpH YCTaHOBMBIUEMCS IBH)KEHHHM PEYHOro notoka; AH/AQ — oTHoLIeHHe
NPHPALICHHI YPOBHEH M pacX0JIOB BOJbI, CHATHIX C KPUBOH Pacxo/I0B.
3aBUCHMMOCTb 00beMa BOJIBl HA XapaKTEPHOM YYacTKE OT pacxoja
BOJIbI B HIDKHEM €r0 CTBOpE NpUHKUMaeTcs NuHeHHoi. OHa uMeeT BUA

W=+ X (371)
q

e T — BpeMs Ao6eraHus Ha XapaKTEPHOM Y4acTKe.
Iloncrasus 3Hauenue g u3 opmyinsl (3.71) B ypaBHeHHe Gananca
BOJIb! HA y9acTKe (Hepa3pbIBHOCTH)

(Q-q)dt=adw, (3.72)
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NOJIYYHM
o=1w. "
T dt

Beipaxenne (3.73) npencrasiser coboii muHeiiHoe nuddepeHuu-
aJIbHOC ypaBHCHHE NepBoro nopsaka. Ero pemenne npu T = const umMeer
BHI

(3.73)

t
W,=c J' Oel*dt+C |, (3.74)
0

rae W, — o6beM BoJbl Ha Y4aCTKE B MOMEHT BPEMEHH ¢ () — IPHTOK BO-
Ibl Ha Y4acTOK (pacXoX BOAbI B BEPXHEM CTBODE); C — OCHOBaHHE HaTy-
panbHbIX JorapumoB; T — Bpems goberanus Ha ydacrtke; C — nocTosH-
Has MHTEIPHUPOBaHHUS (€C/IH MHTErPHPOBAaHHE OCYLIECTB/IACTCS B HNpEHe-
nax ot 0 mo ¢, o C ~ o6bem Boabl W, B HayanbHBIi# MOMEHT BPEMEHM
t=0).

CosmectHoe peiueHie ypaBHeHui (3.71) u (3.74) npusoauTt x ¢op-
MyJie 711 pacyeTa pacxola BOIAbI B HHXKHEM CTBOPE XapAKTEPHOTO yd4a-
CTKa B MOMCHT BPEMCHH I:

!
g, ==c " 07 +0, &, (3.75)
T H
0

34€Ch Q" — pacxoll BoAbl B HH)XXHEM CTBOPE y4yaCTKa B Hayane pacyct-

HOTO HHTEpBala BpeMeHH Af = f; OCTaJIbHBIC 0003HAYCHHUS TIPEXKHUE.
[Ipu nocrosuHoM npuroke ) = const 3a BLIOpaHHLIN pacueTHBIN
UHTEpBaN BpeMeHH ypaBHeHue (3.75) npuBHMacT BHA;

gy =0, (1-e" )+ g,e2", (3.76)

HIN
g =q, +(0, -q,)(1-¢), (3.77)
3aeck O, — HayalbHbIA pacxoll BOJIbl B BEPXHCM CTBOPC y4yacTka (06BIYHO

OMNpEIEIAIOT CPEIHUH pacxo/] BOIbI 32 PaCYCTHBIH HHTCPBANI BPEMEHH).

Ilepsoe cnmaraeMoe BeipaxkeHus (3.76) ecrtb GYHKUMA NPUTOKA
C BCPXHEro CTBOPA y4yacTKa, a BTOpOE€ — 3aKOH HCTOLUCHHA B CiIy4ae OT-
CYTCTBHS IIPHTOKA.

74



HOCKOJ’IBKy TNPpOXODKHTCIBHOCTh PACYETHOIO HHTCpBajla BPEMCHH
Al )

At u Bpemsa foberaHus T NPUHUMAIKOTCA NOCTOSHHBIMH, TO (l -e
k = const u pacyeTHOE ypaBHEHHE YIPOIAETCS

9 =9,+(0.-q.)k (3.78)

B npakTiueckux pacyerax TpaHcGopMaluy BONHEI MaBOAKA HA Xa-
PaKTEpHOM Y4YacTKE PEKH NPHTOK BOJIbI 3afacTCs B TaOAMUYHONW MMM B
rpaduyeckoit popme. Brruncnennsiit no dopmyne (3.78) pacxonx Boaw!
LI KOHLIa IIEPBOT0 HHTEpBalla BpEMEHU B HHXKHEM CTBOpPE NMPHHHUMACTCS
32 HaYaJIbHBIH PacxoA BOZBI 1A CIERYIOWEro HHTEPBaNa BPEMEHH H T.J.
PacyeThl BRINONHAOTCA IIOCAEAOBATENLHO OT OXHOrO XapaKTepHOro y4a-
cTka x apyromy. Heobxoaumo, uyrobsl Bpemsa goberanys Ha BCEX ydacT-
Kax OBIIO OMMHAKOBBIM U OTH Y4aCTKH OBITH Cl1abONPHTOYHBIMH,

[Ipy HaMYHK HECKONBLKUX XapaKTEPHBIX YYAaCTKOB PacXojl BOJbI
B KOHIIEC IIOCICHETO M3 3THX y4YacTKOB (#-T0) MOXHO pacCYHTaTh IO

¢dopmye:

n-1

q=Q—A’—(i] e = Opls), (3.79)
t{n-1)1\ 1

rae O — pacxon BOABI B BEPXHEM CTBOPE MEPBOTO XapaKTEPHOTO y4acT-

Ka, At — pacyeTHbIH MHTEPBAJI BPEMEHH; /1 — YHCJIO XapAKTEPHBIX Y4acT-

KOB; T — BpeMs fo6GeraHus BOIbI Ha XapaKTEPHOM Y4acTKe; ¢ — MOPSAKO-

BBIIf HOMED CAMHHLIBI BPEMCHH JUI KpHBOH JoOeraHus.

Beipaxkenue, cTosice MHOXHUTENEM Npd (), Ha3LBaeTCs TPaHC-
tdopmaunonroit pyHkuMed (byHkuuel BIHSHHUSA), HIH KpHBOH gobera-
Hui, ¥ obo3Havaercs p(t). Kpusas nobGeraHus MOKasbIBAET MOCICAOBA-
TENBHOCTh HOOeraHus MO HMXKHEro CTBOPA JONEH pacXonda BOABI, MpO-
wequielt yepes BEpXHUit CTBOP 3a pacYETHBIH HHTEPBAT BPEMEHH.

DyHkiMsa p(t) onpenenseTca AByMs NMapaMeTpaMH # U T M Ha3blBa-
eTcs dsyxnapamempuyeckou. ITH NapaMeTphl Hallle BCETO YCTaHABJIH-
BAaIOT MOXOOPOM C HCIIONB30BAHHEM HAHHBIX O PAacXodax BOMABI B BEPX-
HeM (BXOZHOM) M HIDKHeM (BBIXOJHOM) CTBOpax JUI1 HECKOJbKHX Na-
BOJIKOB MM nonoBonui. HayanbHoe 3HaueHue napamMerpa # yCTaHaBJIH-
BAETCs MO BBIPAKEHHIO!

n=-——, (3.80)
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rae L — [iMHA paccMaTpHBaeMOro ydacrka; L, — [UIMHa XapakTepHOro
yuacTka, onpefenseMas no gopmyine (3.70).
3HaueHHe T BHIYMCICTCH MO GopMyre:

= At'/(n-1), (3.81)

rae At' — CHBMT B CPOKaxX HaCTYIUICHHS MaKCHMAJbHbIX PaCXOLOB BEpX-
HETO ¥ HIDKHETo CTBOPOB, BHIPAXKEHHBIA B MPUHATHIX PACYETHBIX AHHH-
L[aX BPEMEHH.

OnTtumanbHble 3HaYEHNS NMAPaMETPOB KPMBOH A00eraHus yCTaHaB-
NUBAIOTCA U3 YCNOBUS HAWUTYHWIEro COBNANEHMS PACCYMTAHHBIX U Ha-
OmoneHHbIx ruaporpados.

[Ip OTCYTCTBHM KPHBBLIX PAcXOIOB BOJBI B BEPXHEM M HHXKHEM
CTBOpaX MapaMeTp A BLIYUCIACTCA O 3aBUCHMOCTH [52]:

n=2Li, /h~2AH, Ik, (3.82)

rae L — jnuHA yyacTKa peKH; iy — YKJIOH BOXHOM IOBEPXHOCTH IPH yC-

TAHOBMBLIEMCS PEXHMeE;, h — cpenHas riyb6uHa Ha yyactke; AH; — na-
JICHHC YPOBHS Ha YYacTKe MIMHOH L NpH YCTAaHOBHBILEMCS PEXKHME
C rITyGHHO#M & .

3HayeHHe MapaMeTpa T MOXHO OMNPCAENUTh 1O MPUOIHKCHHOH

¢dopmyne:
t=L/(1,3vn), (3.83)

TIe V — CPedHss CKOPOCTh TEYEHHUs Ha Y4acTKe.

Omnpenensemas no ¢opmyne (3.70) mnuHa XapakTepHOro ydacrka
3aBHCHT OT PacXoja BOABI M IIPH 3HAYHUTEIBHBIX KOJIEOAHHAX PacxXonoB
MOXET OTnH4aThcd B 2-3 pasa. PekoMeHmyeTcs NMpUHHMATh CPEIOHIOIO
IUTHHY XapaKTEPHOTO y4acTKd, YTO, ECTECTBCHHO, CKaXXETCH Ha pe3yiib-
TaTax pacyera.

Meron KanuHuHa—MuNIIOKOBa HCXOAMUT M3 YCIOBHMS HAJIMYMS JH-
HCHHOM CBA3M MEXIYy 00bEMOM M PacXoAOM BOABIL, H €My NPHCYLIH Te
e TPYAHOCTH, YTO M Merogy MackuHraMm B CiIydae KpMBOJHHEHHOH
¢opMbl KpHBOH 0OBEMOB.

B. Y. Kopens npemnoxun cieQyIomui alropuTM onpegesieHus na-
paMeTpoB KpUBOH d00eraHus (n U T) NPH OTCYTCTBHUH H3MEpEHHH pac-
XO0J1a BOABI B HIOKHEM cTBOpe [33].
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[NpeamonaraeTcst CyLECTBOBAHHEC OJHO3HAYHOM CBsI3U MEXKIY pac-
XOAaMH U YPOBHSIMH BOMBI B IICPHOJ| OTKPLITOrO PyClia B BUE

Q=a(H-H,)", (3.84)

ric Hy — ypOBCHB BOJIBI, IPH KOTOPOM PAacXOJ( PaBEH HYJIO, MIIH OTMCTKA
IHa B 3aMBIKAIOILEM CTBOPE; d U M — IAPaMETPBbl CBS3H.
[Iponorapudmuposas BeipaxeHuc (3.84) nmocne psaa npeobpasosa-
HUH, OH nonyuyun QopMymy s pacyera CpefHeH KBaJpaTHYCCKOH
OlMOKY ONpeNeNcHUs YPOBHA BOAb! IO PACCYHTAHHBIM PAcXOfaM BOIbI:

S=D,- K}, /D, (3.85)

rae K, — B3aMMHBbIii KOPPC/ISIMOHHBIH MOMEHT psiloB; h=In(H - H,)
=InQ; D, u D, — nucniepcus 3HaueHu# h U g COOTBETCTBEHHO.

Pacxozp!l BOJIBI 3aMBIKAIOLICTO CTBOPA OMPCHEASIOTCA 110 JaHHBIM
0 pacxoAax BCPXHEro BXOXHOIO CTBOpa M KpHBOH moberaHus, mapamer-
pbl n W T 3amaiorca. Ilo HOMYYCHHBIM pPacxXOfaM YCTaHaBIMBAIOTCH
YPOBHH BOMB! 3aMbIKaIOLIEro CTBOpa. [Ipouenypa yCTaHOBICHHS ONTH-
MaJILHOTO 3HAYEHHs 1aPaMETPOB 7' M T OCHOBAHA HA HAXOKACHHH MH-
HuMyMa PyHkiuu (3.85).

PacueTsl moka3aiM, YTO paCCMOTPEHHBIN NPHEM MO3BOJSCT JOCTa-
TOYHO HAJEKHO ONpPENENATh HapaMeTpbi KPUBBIX JOOEraHuUA.

Memoo xpusvix dobezanusa s MOJCIH, NpPEACTaBIAOLIENR COOOH
JIMHEHHYIO CTALMOHAPHYIO CHCTEMY C COCPEI0TOYEHHBIMH MIapaMETPaMH.

Cas3b MEXIY XapaKTEpPHCTHKAaMHK BXON@ B 9Ty cucteMy O M BbIXOza
U3 Hee ¢ MOXHO NMPEACTaBUTh B BUJIE YCIIOBHBIX OMepatopoB [8]:

Li(g) = LAQ), (3.86)

TAC ONepaTopsl
n n-1

Li= a2 AN ) L )}

m-~1
d m-]

aff) u b(f) — nocrosHHbie BO BpeMEHU KOIPDHULMEHTHI, HE 3aBUCSLIKC
orQugq.

L2=bm(z):T: +b, (1) === +..+ by(t), (3.87)
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Pewennem ypaBaeHus (3.86) mpu HyneBLIX HadanbHBIX YCIOBUAX
ABNsETCA MHTerpan [roamens:

4(t) = [0(x) plt - 1), (3.88)
0

rae g(f) — pacxox Boxb! B HIXKHEM (BBIXOZHOM) cTBOpe; ( (T) — pacxon
BOZBI B BEpXHEM (BXOIHOM) cTBOpE; p(T) — KpuBas noderanus (QyHkuus
BIIUAHMSA).

Kpuras goberanus onsoMonansua (puc. 3.8) u ¢ yBenuueHueM Bpe-
MEHH CTPEeMHTCS K Hyio. [iowmans paBHa elMHHULE, 3THM CaMbIM OTpa-
KACTCs YCJIOBHE COXpaHeHHs obnema
BOJIbI HA YYaCTKC.

Ipu BeiBoge gopmyas (3.81) mo-
NararT, 4To OOKOBOHM MpPHUTOK Ha yya-
CTKE NPAKTHYECKH OTCYTCTBYET, a Ha-
YabHBIH PacXoX BOIbI HAa BCEM IPOTH-
JKEHHH y4acTKa paBeH Hymo. HHTerpan
JlloaMens He YYMTBIBAET pPYCIOINON-
MCHHBI BOJOOOMEH M NpPHMCHAETCS

Puc. 3.8. O6wwit Bux KpHBOi OpH pacyerax HCYCTaHOBMBLIErocs
noberanmus. IBWOKCHMS HA y4acTkax co cnabopa3Bu-
TOH noHMoH.

[IpOrHO3 pacxoji0B BOABI B HHXHEM CTBOpE CabONpPHTOYHOrO y4a-
CTKa CBOAMTCS K TpaHCopMaumu pacxofa BOJbI, MPOXOASILETO 4epes
BEPXHHH CTBOP, C IIOMOLIBIO KpHBO#H noberanus mo (3.88).

Bripaxkenue (3.88) B KOHCUHBIX Pa3HOCTAX M3BECTHO IOZ Ha3BaHM-
€M «reHeTuyeckas GopMyna CTokan:

q,= Z,P Qi - (3.89)
J=

I)

Ecnu npuHaTs B BRIpaXeHUH 11 p(T) paCUETHHIH MHTEpPBAJ BpeMe-
HM DaBHbIM BPEMCHM H00EraHus Ha XapaKTEPHOM YYacTke, T.c. Af = T,
a OTHOIUEHHME //T 0003HAYHTH Yyepe3 m, TO MOTYYHM BBIPDKCHHE «CTaH-
IapTHOH KpHBoi noberanus» B Bunae gopmyinst [Tyaccona

mn—le—m

p(M= (

T (3.90)
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Jluneiinble Mogenn TpanchopManuu Jist NIPHTOYHBIX YYACTKOB

ITon MpUTOYHBIM y4aCTKOM IIOHHMAETCs Y4acTOK, Ha KOTopoM Go-
KOBOH IPHTOK cocTaBisieT He McHee 10 % oT cToka BXoAHOro (BepxHe-
ro) crBopa. BoKkoBO#H MPUTOK MOXKET OBITH COCPEROTOUEHHBIM B Cly4ac,
€CIIH NPHUTOK OT BMajaloulel Ha y4acTok pekd cocraBimaer bonec 25 %
CYMMapHOTO IpPHMTOKAa M HE MeHee 15 % oT croka BXOXHOro CTBOpa.
OnbITHBIE pacyeThl ITOKA3alH, YTO HELenecooOpasHO HCNONIb30BaTh 6o-
jiee ABYX KPYNHBIX NPHUTOKOB. B NMpOTHBHOM CiTy4ae CTOK HEKOTODBIX
NPHTOKOB PEKOMEHXYETCH CYMMHpPOBaTh C PacXOJaMH B BEPXHEM MM
HIDKHEM CTBOPAaX Y4acTKa C y4eToM OJIM30CTH paclloNIOKEHHA HX K OX-
HOMY M3 3THX CTBOpOB. EC)IH Xe CTBOpbI Ha NPUTOKAaX pacloONOXEHSB!
JaneKo OT MeECTa BMAJCHHA B INIaBHYIO PCKY, TO YYMTHIBaTh MX BKJaJ
MO>HO 110 COOTHOLICHHIO TUIOLIajIeH X BoocOopoB.

Meroxp! porHo3a u pacyera TpaHcHOpMaLMH MAaBOXOYHOH BOJIHBI
IPH COCPEAOTOYEHHOM OOKOBOM NPUTOKE OCHOBAaHb! HA HCHOJIL30BaHUH
YaCTHBIX KPUBBIX J0OETaHUs OT KaXKIAOro BXOAHOTO CTBOpa Ha NIPHTOKE
[52].

Pacyet pacxona BoAbl B 3aMBIKAIOLIEM CTBOPE BBINOJIHACTCS IO Bbi-

PaKEHHIO:
m I N
9= ZK,‘ZZP@'QBJ,: -+l (3.91)

i=l d=l ;=1

TAC M — YUCIO YYMTBIBAEMBIX BXOXHBIX cTBOPOB; K; — xoddduuueHr
CTOKOBOH NPHBOJKU KaXKIOTO BXOXHOIO CTBOPA; iy — OPAMHATHI 4acT-
HOH KpuBOH noberanus ang i-ro BXOZHOro cteopa; ,; — pacXxoA BOZbI
i-r0 BXOJIHOTO CTBOPA; / — YHUCIIO OTPe3koB KpUBOH cBi3u W = fQ); riy—
MaKCHMAaJIbHOE YHCIIO 3HaYMMBIX OpAMHAT KpHBO# moOeraHus mis i-ro
oTpe3ka KpuBoit 00bEMOB.

Kod¢¢uumeHT CTOKOBOH IPHBOJKH OIpEAEHSeTcs IS KakKAoro
BXOAHOTO CTBOpa IYTEM COINOCTaBJIeHH 00BLEMOB NAaBOAKOB (BOJIH IIO-
JIOBOZBbS) BXOJIHBIX ¥ BBIXO/IHBIX CTBOPOB.

[TpomexyTouHyI0 miowaas BoAOcOOpa, HE OCBELIEHHYIO NaHHBIMH
HabJoNCHUH 33 CTOKOM, paclpeleiialoT MeXIy BCEMH BXOIHBIMH CTBO-
paMu, onpelenss Uis KaKIOro BXOZHOTO CTBOPa COOTBETCTBYIOLLHE
k03¢ PuuMeHTs! N0 NIOMIaIM:

Ki=1+£lfi(i=1,2,...,m), (3.92)
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rae f,; — nnowans Bonocbopa, HE OCBEIICHHAA A3HHBIMH HabNIIOACHUI,
OTHECCHHAs K i-My BXOIHOMY CTBOpY; f; — Inomans Bogocbopa Ko i-ro
BXOIHOTO CTBOpA.

JUa xaxaoro naBoaxa onpeiciisaior KodGGHLUHCHT HeBA3KU banaH-
€a C Y4eTOM yCTaHOBJEHHBIX kK03 HUIICHTOB MO IIoaaiM Bojiocbopa:

K"’I ZWJ EK[‘IVVI“’ (I=l;2>"N)’ (3‘93)

rae W, - obrem CTOKa B 3aMBIKAIOILIEM CTBOpE A j-ro maBoaka; W, —
00beM CTOKa i-ro BXozia /1 j-ro 1naBojika; N — YHCIIO 1aBOJIKOB.

B ciryqac 6051b110H H3MCHYMBOCTH 3HaYeHUH ko3duumenra K, ot
NaBoJIKa K MaBOAKY noabuparoTcs T¢ 3HaucHUA K;, KOTOpHIE NAKOT Hau-
MCHBLIMH pa3Opoc 3HaueHu# ko3dduuHeHTa HEBA3KH OanaHca.

KoadduuueHT cTokOBO# NPUBOAKH paBEH

K, =K, K,, (3.94)

3neck K, — cpeaHee apupMeTHYCCKOE 3HAYCHHE KOOQ(PHUUHCHTA HCBA3-

KH OanaHca o BceM MaBOJKaM.

KpuBas noberanus nns KaxJI0ro BXOJHOTO CTBOpa ONpelensercs
TaK ke, KaK U U1 6eCIpUTOYHBIX Y4acTKoB. C 3TOH HEJIbIO UCIIONb3YIOT
aHATUTHYECKOE YpaBHCHHE KpUBOH noberanus Kannnnna—MunokoBa.

IIpu pacnpeseneHHOM NPUTOKE 3HAYHTENBHAS €r0 YacTh MOCTYIIACT
CO CKJIOHOB M no HebonbiMM pekaM. PacnpeneneHHbiii NPUTOK yYHTBI-
BaeTcs, ecnu oH cocrasnser 50 % u Oonsine cymMmapHoro GokoBoro
NPHUTOKA U He MeHblIE 25 % cToKa B BXOJIHOM CTBOpE.

Pacuer TpaHchopMaiuu naBogOYHOH BOJHBI B 3TOM CIIydae OCyIIeCT-
BJIICTCS C TIOMOILbIO KPHBBIX I0OEraHHs IS PacXoJiOB BO BXOOHOM (BCPX-
HeM) CTBOpE yJacTka py(t") ¥ U1 pacxonoB 60KOBOTro NpHTOKA pe(T):

al0)= 10, =), ()" fac— el . 399)

KoopavHate! kpuBbIX RoGeraHus GOKOBOrO MPHTOKA JUIS YEeTHIPEX
THIIOB €T0 paclpene/ieHHs Mo AJNHMHE y4acTka (PaBHOMCPHOC, JIMHEHHO
BO3pacTaiouiee, JMHEHHO yOBIBAIOIICE, OMUCHIBAEMOC CHMMCTPHYHOMH
napabonoii) npusoaarcs B pabore [52]. Tun pacnpenencHus 60KOBOro
NPUTOKA YCTaHABIHMBAETCA 11O XapaKTepy CTPOCHHS PYCIIOBOH CeTH Ha
oy Bogocbopa.
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BokoBOH NpPHUTOK Ha y4YacTKE PEKH Yallle BCETO ONMpPERENACTCS MO
JaHHbIM O CTOKE MaJblX pek. Jis Manblx pek ¢ OnUM3KNM BPEMEHEM [0-
Oeranus ¥ OJHOPOJHBIMU YCIOBHAMH (HOPMHPOBAHHSA CTOKA CYMMapHbIH
OOKOBOMH NPHTOK HA YYaCTKE PEKH paBeH

g6 = %Z:II(Q.-/f,-), (3.96)

rae F — obimas npoMexyToyHas IIOIaas; f; — MIOoWans MabiX pek; n —
YUCIIO MAJIbIX peK; O; — pacxoi BOABI i-i Mano# peku.

[Ipy modrH oOMHAaKOBBIX IUIOWIAAAX Manblx pek ¢opmyna (3.96)
HMeeT BHI

qGZ[F/(.f]+f2+"‘+fn)]§Qi' (3.97)

BokoBo# NPUTOK MOXKET OBITH YCTaHOBNEH ITyTEM OTHECEHHS MOLY-
JI8 pacxona MaJloi peKH K TAroTciouled (OXHOPOAHOH no (QU3HKO-reo-
rpadU4eCKMM YCJIOBHMAM) YaCTH Iomanu bacceita

96 =—Q'~Fl +&FZ+...+Q’LFH, (3.98)
f‘l f 2 n
rae F\, Fy,..., F, — inowanu, TAroTeol1e K cTBopy 1-i, 2-if u 1. 1. Ma-
JIOM PEKH.
dopMyna IpUMEHATCs NMPH pacycte 6OKOBOro MPUTOKA BOABI MPH
pelKof ceTH NMyHKTOB HabmoleHW# 3a OonblyMe MHTEpBallbl BPEMEHH
(neHrama, Aekana), KOraa HCPAaBHOMEPHOCTH PAcrpEfC/IEHHs CTOKa Mo
IUIOLIAAH CBSA3aHa C HCOJMHAKOBBIM KOJIMYECTBOM BBINANAIOIIMX OCAIKOB.
Pacuetr 60k0BOro NMpUTOKA 10 paccMaTpuBaeMbiM Gopmyiam aBis-
eTcs npuOIMKeHHbIM, YTO MOXKET IPHBECTH K HeBs3Ke OanaHca 3a nepH-
oX nmaBojika. B cBsA3M ¢ 3TUM BelMuKHHA GOKOBOrO MPUTOKA YMHOXKAETCA

Ha cpenHee 3HayeHue Koddduuuenta HeBs3kd Oananca K, koTopblit
JUIS KaXK[OTO NaBOAKA BBIYUCIIAETCA MO BHIPAXKEHHUIO

K =Wy Wsi, (3.99)

rae Wy u Wy, — COOTBETCTBEHHO HaKTHYECKOE H PACCYHTAHHOE 3Ha-

yeHne 60KOBOro NPHTOKA 32 NAaBOAOK.
TouHocth pacdycra NpUTOKa BOABI 3aBUCHT OT Bb]60pa peKk-aHaj1o-
ros. Yerkue PEKOMEHAAUHHA O YCTAaHOBICHHIO HeOoOXOAUMOTO YHCIa
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MaJIbIX PEK, MX PENPE3eHTaTHBHOCTH H Pa3MELICHHS 1O INIOMIAAH OTCYT-
ctBytoT. [Ipeanonaraercs 6oL O6accelH (MM Cro YacTb) pasac/iHTh
Ha HECKOJIbKO OJHOPOJIHBIX IO YCIOBHSIM (POPMHUPOBaHHUS CTOKA 4aCTCH:
PaBHHHHYIO M TIOJYTOpHYIO, 3aJIECEHHYIO H OTKpBITY10 H T. 1. Ha xax-
JIOH M3 BBIACICHHBIX YacTeH NPHUTOK IIOACYMTHIBacTCcA otacnsHo. [Ipu-
3HAaKOM pENpe3CHTaTHBHOCTH ABISICTCA HAJIMYHC TCCHOH CBA3HM MCXKIY
3HAUCHUAMH CPEOHMX MHOTOJICTHHX CJIOCB CTOKA 3a I1aBOJIOK (II0N0BO-
Ibe) peku-aHanora Y; u 60abLwoH pexy Y .

Bonee TuwiatenbHpl aHaNM3 OCYHICCTBAACTCA MO CPEAHUM CYTOY-
HbIM MOJIYJIAM CTOKa pek-aHanoroB. [1oJipoGHO 3TOT crioco® u3noxcH
B pabore [40].

OnpeneneHue MpPHTOKa BOJII B PYCHOBYIO CCTh OCYHICCTBIIACTCA
TaKXKe 1O YPaBHEHHIO BOJHOro OajiaHca y4acTKa peKH C UCMOJb3OBAHH-
€M KpHBOH 00BEMOB!

05(1)=0,5[q(0) + (¢ - Ar)]- 0,5[0() + Ol - Ar)]+
+[w(e)-w( - an)) e, (3.100)

W(t) = f1Qus. (0], (3.101)

rae q(f) u QO(f) — pacxo BOAbl B 33aMbIKAIOLIEM U BXOJHOM CTBOpax co-
OTBCTCTBCHHO; Af — HHTEpBan BpemeHu; W(f) — 06bem BOABI B pyClOBOH
CCTH Y4acTKa peKH Ha Aaty f; (ps — B3BCLUCHHBIH pacxoj BOIb! Ha yya-
CTKC PEKH.

Hcnone3oBanue ypaBHeHHH BOXHOrO OajiaHca Juii ompclcaeHus
MPHUTOKA BOJBI 1iENICCO00pa3HO IIPU COM3MECPUMOCTH Pacxoji0B ODOKOBOTrO
NPHUTOKA C PACXOJOM B BEPXHEM CTBOPC H B CIly4ac, CCIM MHTCPBAJ Bpe-
MEHH NPEBBILIACT WIH PaBeH BpeMcHHM J00craHus Ha yyacTke.

Henuneiinble Moxeau TpanchopMaluy 1aBOI0YHONH BOJIHbI

HenuneiiHple Mofenyu Taioke OCHOBAaHBI HAa COBMCCTHOM pCIIEHHH
YPaBHCHHSA HEPa3PhIBHOCTH H AHHAMHYCCKOrO YPaBHCHHMS B Clydac He-
JIMHEHHOU 3aBUCHMOCTH W =f( ().

Joctatodno npocroi rpadoaHanuTHYEcKuit crocod, NpennoKeH-
Hbiit P. JI. l'ynpudeM, OCHOBaH Ha MCHOJIb30BAaHHM YPaBHEHHS BOAHOTO
6ananca 6ecripyTOYHOro y4acTka, peo6pa3oBaHHOrO K BHAY:
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W, W,
Q“+QK+(T —q“Jz A +q,. (3.102)

,ZIJ'IH PEUICHHA 3TOr0 YpaBHCHHA 3apaHCE CTPOHTCA BCIIOMOT aTCJ1b-
Hasl 3aBUCHMOCTD
WAL+ q=f(q). (3.103)

[To106HYI0 3aBUCHMOCTH HECJIOXKHO MOCTPOUTD, OIPECIHB JIEBYIO
yacTh ypaBHeHus (3.102).

[IpumMep pacyera TpaHcQOPMAUMH BONHBI NABOAKA IpadoaHaNHUTH-
YCeCKUM crmocoboM 3auMCTBOBaH U3 pabothl [46].

Tabauya 3.1
T'padoanannTHuecknii cnocob pacuera TpanchopmMausy BOIHbI NABOIKA
PacyeTHbli 0 2%, 20,

HHTepBan VRRL YL 4x
1 2 3 4 5

1-# 50 920 1000 (40)
2-# 80 962 1050 44
3-hurta 160 1082 1202 60

B nepeoit rpade tabn. 3.1 npuBomsTcs noOpsOKOBLIE HOMEpa pac-
YETHbIX MHTCPBAJIOB BpCMCHHU. B mpuMepe NPHHAT MOTYyCYyTOYHBIH MH-
TepBai 3a 8 u 20 4. 3HaucHHA PacXoH0B BORb! B BEPXHEM CTBOPE yyacT-
Ka B 3TH CPOKH I10MelilcHb! B Irpady 2, a hakTH4ecKuil pacxoll B HIXKHEM
CTBOpE Ha KOHEIl pacycTHOro MHTepsana (40 m’/c) nau B rpade 5. Ilo
3Ha4YEHHIO DTOr0 pacxoja ¢ NMoMombio 3aBucuMoctH (3.103) onpenens-

K

eTCs 3HauCHHE +¢,=1000 M’/c (3amucano B rpady 4). 3naucHuc

2w,

—"' —g,, TIpHBCJIEHHOC B TIpade 3, YCTaHOBJEHO MO BBHIPAKEHHIO

W
( AT : + q") -2g, =1000-2-40=920 m’/c. CymMupyeM pacxomsl

IIPUTOKA HAa HA4aJji0 ¥ KOHCL paCcYe€THOro HHTEpBaja X 3HAYCHHUC, IIOMCE-

2w
wieHHoc B rpady 3; onpcnenseM 3HaYeHHe TK + ¢, K KOHIly I€pBOro
t

vHTepBana BpeMehH (50 + 80 + 920) = 1050 m’/c.
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3areM no 3TOMy 3HAaYEHMIO M BCIIOMOTaTEIbHOH 3aBHCHMOCTH Ha-
3
XOIMM Pacxof BOAbI HHXHCro ctBopa (44 m°/c). Tlocne 3Toro BhIYMCS-
pi/4

At

eM —g, Ins BTOporo uureppana speMenu (1050 — 2 - 44) = 962

2w,
M’/c. AHATIOTHYHBIM HyTEM ONpENCsEM 3HAYEHHS Zi+qx paBHoE
'

(80 + 160 + 962 = 1202) m’/c, a 3aTeM pacxox HHXKHero creopa (60 m’/c)
HT. IO
CucreMy ypaBHeHHii OanaHca M 3aBUCHMOCTH oOheMma OT CpcIHe-
B3BELICHHOr0 Pacxoja BOJBI HA YYacTKC PEKH MOXHO 3amucaTh B clie-
IYIOLIEM BHIE:
2, ~W,)
At

w = £{0). (3.105)

Kpusyio 06beMoB 3agatoT B TabnnuHoH ¢opme. Pewcnue 3ot cuc-
TEeMbl METOJIOM MTEPALMi 3aKIIl0YaeTCs B cenylouicm. Ha nepsoMm arane
3HaYEHHE HCKOMOTO PacXOAa ¢y o NMPUHMMAIOT PAaBHLIM 3HAYEHMIO pac-
X0Ja B HayallbHBIi MOMEHT BpeMeHH g,. [1o 3HayeHHI0 3TOro pacxopa ¢
KpHBOH 00BEMOB onpenensioT W, U BBIYMCISIOT NPaBYIO 4acTh BbIpa-
xeHus (3.104). DTo Mmo3BONAET YCTAHOBHTH NMPHUONHMKCHHOC 3HauCHHE
Gx,1- ECIIH pa3sHOCTH ¢ — gy MEHbLUE 3aJaHHOH TOYHOCTH BHIYUCIICHUH
O, TO 3HAaYCHHE ¢, | MPHHUMAIOT 33 OKOHYATENHLHOE, B IPOTHBHOM CIIy-
4ae (o 3AMEHAIOT gy |, H pacyeT MOBTOPAETCA. 3HAYCHME O PEKOMEH-
ayercs npuHuMathb paBHbiM 0,001 Oy

q. =Qu + QK — 49y — (3104)

3.6. PacueT (nporxo3s) pacxonos u ypoBHel BOIbI
HAa 3aperyJiMpOBaHHBIX y4acTKaxX pex

Ha xpynspiX 3aperynupoBaHHBIX pekax ¢ OONblIOi H3MEHYUBO-
CTbI0 MOP(OMETPHUYECKUX M MMAPABIUUYECKUX XAPAKTEPHUCTHK pycna 1o
JNIHHE PeKH NPUONMKEHHBIC METO/BI pacyeTa HEYCTaHOBHBLICTOCS [BH-
XKEHHA BObI YaCTO HE AAKOT HAZEXHBIX pe3yJibTaToB. BosHukaeT HeoO-
XOJMMOCTb HCIOJIb30BaHUs ypaBHeHHIH CeH-BeHaHa.

YucnenHoe MHTErpUPOBAHHE 3THX YPaBHEHHUH OCHOBAaHO Ha MC-
NOJIb30BaHHM KOHEYHO-Pa3HOCTHHIX MeTonoB [33, 34]. Ipumenenune ux
BO3MOXXHO JIMIIb [IPM HAJIMYUHK JaHHBIX HaOJIIOACHUH MO ANHMHE peKH 3a
YPOBHAMH H pacxofamu Boasl. [Ipu 3Tom Tpebyercs:
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a) paspabGorarh 3((GCKTUBHYIO KOHEYHO-PA3HOCTHYIO CXEMY YHC-
JICHHOrO HHTETPHPOBAHUS CHCTeMBbI ypaBHeHHH (3.12) u (3.7);

6) paspaborars criocobbt onpeaeneHuss MOpHOMETPHIECKHX H THJ-
PaBIHYECKHX XapPaKTCPHUCTHK pyclia;

B) YCTaHOBHMTb COOTBCTCTBYIOIIHE HAauaNbHBIE M rPAaHUYHBIE YCJIO-
BHA [IPH YCIIOBUU OTPaHUYEHHOCTH JaHHBIX HAOMIOACHHH.

IIpu uncneHHOM
HHTETPUPOBAaHUH
ypaBHenuii CeH-Be-
HaHa Yalle BCEro Hc-
NoNb3YCTCA JHMCKPCT- 2'j_+|l. 2j+ )i 2{:}
Has CCTKa TOYEK, B 2/ AT
KOTOpPO#H JUIMHAa peKH
X Y BpPeMA ! 3aMCHsICT-
ca mwaramu Ax u At A%
(puc. 3.9), a mpouz- i M
BOJHBIC — Pa3HOCT-
HBIMH OTHOLICHHUAMM.

INoncraBuB pa3HOCTHBIC OTHOLICHHS B AuddepeHuManbHble ypaB-
HEHMs, TIONYYHM CHCTEMY anreOpanyeckux ypaBHeHuH. Peuienne sTo
CHCTEMB! JaeT BO3MOXXHOCTL HaMTH 3HaueHMe (), H B y3/1aX CCTKH B
KaX/Iblii MOMEHT BPCMCHH .

I[Ipn ¥cnosb30BaHMM Pa3HOCTHHIX CXEM NPHMEHSIOT SBHbIE U HEAB-
HBIC CXEMB! pelICHHH. B sBHOH CXeMe MOCNIENOBATENbHO BBHIYHCIAIOT
3HAYCHHUA AJI KAKHOTO y3ia ceTkd. Ee npeumylecTsa B MPOCTOTE pac-
4yeTa M BO3MOXHOCTH NporpaMMupoBanus. CymleCTBEHHBIM HEAOCTAT-
KOM $BHOH CXEMbl fABISCTCS HE0OXOOMMOCTh pacyera 3a HHTCPBaJIbI
BpPEMEHH He 60Jice HECKOJIbKMX MHHYT. Y CTOHYHBOCTb CXEMb] BHIMOJNHS-
€TCs IPH ONpPEICICHHOM COOTHOLICHUH MEXKAY LIATaMH CETKH:

cAt/Ax<1, (3.106)

t

2j+2.

0| o

Puc. 3.9. IlpamoyronbHas ceToyHas 06aacTh.

rae ¢ =v+.'gh — CKOpPOCTb NepeMELICHHs BONHBI (V — CKOPOCTh Teue-

HMS, h — cpenHss rTyOuHa nMOTOKA).

B HessHOM cxeme perueHHMe CHCTEMbI YPaBHEHMH OCYILECTBISAETCS
IV BCEX Y3NIOB B ONpCIC/ICHHBIH MOMEHT BpeMcHH. Bo3moxHa Heyc-
TOHYHBOCTD, €CJIH HE BHIIOJIHAETCS YCIIOBHE
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ar<E 3 (3.107)
g \i,

Ot1MmeTHM, YTO CHCTEMA Pa3HOCTHBIX YPAaBHCHHH B 3TOM Clydae He-
JMHEHHA M BO3HHKaeT HEoOXomuMocTp npuberaTe K e JHHeapu3aluH,
YTO CHIKACT 3PPEKTHBHOCTH NPHUMEHEHHS HEABHBIX CXEM.

BO3HHKHOBEHHE HEYCTOMYHMBOCTH BO3MOXHO BCIIEACTBHE IOABJIC-
HHS HOBBIX BOJIH, HE CYLIECTBYIOLIMX B HAYaNbHBIX YCIOBHAX.

Iis KpaTKOCPOYHOrO IIPOTHO3HUPOBAHHUS PACXOMOB H YPOBHEH BOJbI
Ha pekax Bonre u Hpreime wucnons3oBanace sBHas cxema Jlakca—
Benppoda. B 3710ii cxeme ucnonp30Banuchk pa3HOCTHBIE OTHOLIECHHUS (CM.
pHc. 3.9) Ui HEUETHBIX 1LATOB N0 BPEMEHH:

. N~ 1 .. ..
& _ y2j+Li)- E[y(zj’lf {) —y(?-Jt -1)]

4 B 3.108
ot At ( )
ox 2Ax
I Y€THBIX 11AaroB 10 BpEMEHH!
Q=}’(2]+21)—y(2_],1), (3110)
ot 2A1
4 = y2j+Li+D-y@j+Li-1) , (3.111)
ox 2Ax

rae i, j — HoMepa TO4EK CETKH IO OCSAM X M { COOTBETCTBEHHO; ¥ — YCJIOB-
Hoe 0603HaueHue HCKOMBIX QyHKuMiA H, Q.

YCTONYNBOCTE CXEMbl OTMEYAETCs NPH BBINOJIHEHUH HEPAaBEHCTB
(3.106) u (3.107).

BaxHoll 3amavedl npH 4HUCICHHOM HHTEIPUPOBAaHUM YpPaBHEHUH
Cen-Benana sBnsercs 3ajlaHHEe HayalbHBIX M TPaHHYHBIX YCIOBMIA.
OO6BIYHO 3aal0T Pacxodbl H YPOBHH BOJBI IO AJHHE UCCIEAYEMOTO y4a-
CTKa B Ha4aJIbHBI MOMEHT BPEMEHMU:

H(Oai)qu;(i)I/:O’ Q(Oai):Q¢(i)|!=0 (i=0’ la 29 s M)> (3112)

rae Hy(i) u Qy(i) — ¥3MepeHHbIe YPOBHM U PaCXO/ibl BO/bI IO AJIMHE y4a-
crka. [llar uHTErpHpoBaHHs MO JUIHHE NPHHMMAIOT paBHbIM OT 1 mo 10
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KM, B CBA3H C 4YeM Ui YCTAaHOBJICHHSA 3HaueHHH H U O B y3Nax CETKH
HEO6XOMMO MPOM3BOAUTHL MHTEPHOALMIO. IIpH OrpaHM4YEeHHOCTH HaH-
HBIX 00 U3MEpEHHBIX pacxoiax ux onpenensior no ¢opmyine Hlesu, uc-
NoJb3YA NOJNyYyeHHbIE 3HaYeHus ypoBHeH Boasi H(0, i).

B kxauecTBe rpaHHYHOrO YCJIOBUS B BEpXHeM (HayaJbHOM) CTBOpE
3ajaercst ruaporpag cToka My rpaduk xoja ypoBHed Boabl. HinkHssd
rpanuua (i = M) BbIOMpaeTCs Ha 3HAYMUTENHEHOM PAaCCTOSHHH, TIE Npo-
uecc TpaHcHOopMalMK BOJTHBI 3aKOHYHMIICS ¥ MOXHO HUCNONB30BaTh OHHO-
3HAYHYIO KPMBYIO PACXOJOB. OTO YCIOBHE MOXHO 3allHCaTh B BUAC

Q(,M)=fTH(j, M)]. (3.113)

PewieHye pa3sHOCTHBIX YpaBHEHHH Npu coOmopeHuH ycnosuit (3.112)
u (3.113) st kaKXIO0ro MOMEHTa BPEMEHH j NPHBOJMT K BBIYMCIICHHIO pac-
XOJOB M YPOBHCH B KaXIOH TOYKE | pacCMaTpHBaEMOTO YYacTKa.

3a011aroBpcMEHHOCTH NIPOrHO3a OLICHUBAETCA 110 COOTHOLIEHHMIO!

8~ 0,185Axi/v, (3.114)

ric 8 — 3ab1aroBpeMeHHOCTh B U IIpH Ax B KM, a v — B M/C.

HecnoxxHo yCcTaHOBUTB, UTO IPH CKOPOCTH TeueHus 1-2 M/c Tonbko
Ha paccrosHum 130 — 150 kM 0T BepxHel rpaHuLbl MOXET OBITh TOCTHT-
HyTa CyTOYHas 3a0JIarOBpCMEHHOCTb.

3aganue mopdoMerpuUeCKHX H THAPABIHYECKHX
XapaKTepHCTHK pyce

PemieHye pasHOCTHBIX anrefpaudyeckdx ypaBHeHMit TpeOyeT 3aiaHus
bynkumii o(H, x) u K(H, x), rae o ~ 1iomajis nonepe4ysoro ceyenns, K —

MOAYJIb pacxona (croka) (K = wc/R ). Penxas cers HabnmroneHuit orpasu-
YHBAaeT BO3MOXHOCTh YCTAHOBJIEHHS 3HaYeHUH o u ocobenHo K. [Ipuxo-
IUTCS ONpENCNATh MX 3HAUCHHA ITyTEM MHTEpPIOSUMH, YTO MPHUBOMMT
K SBHO HEJIOCTATOYHOH TOYHOCTH PacyueTa PaCXo[0B ¥ YPOBHEH BOILI.

B pa6orax [33, 34] ¢pynxunu o(H, x) u K(H, x) onpeaensnucs my-
TEM pelIeHHs 0OpaTHBIX 3ajay 1A ypaBHeHuii CeH-Benana. [lpu Hamn-
YHH JaHHBIX M3MCPEHHH PacXoL0B BOJBI BO BXOJHOM H BBIXOJHOM CTBO-
pax u 6onee 9acTeix HabIIONEHKH 32 YPOBHEM BOIbI MO JAIHHE paccMaT-
PHBaEMOro y4YacTKa MOIYJIb Pacxoja 3aMEHsAeTcs Ko3pQuuueHToM wie-
poxoBatocTH n B hopmyne 1llean—MaHHuHTa.
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Oynxunn o(H, x) 1 n’(H, X) NPEACTABISIOT B BUE PasioXeHuit mo
nonuHoMaM YeGnimena:

w(H,x)zsﬁ:;ODs(x)ws(H), (.115)
n*(H,x)= ZJ:PS(x)q/S(H), (3.116)
S-0

rae Ds(x), Ps(x) — x00hQUUMEHTB! Pa3NOXKCHUS; W S(H ) — MOJMHOMBI

YeObslituena s-ro nopsaka.

KoadduumeHTs! pasnoxeHus onpenensiorcs i N cTBOpOB, COOT-
BCTCTBYIOLIMX MecTaM H3MepcHus ypoBHs Bojsl. CooTHOoweHus (3.115)
1 (3.116) NoACTaBNAIOT B YpaBHEHHS, NMOJNYYECHHbIE MyTEM HHTETrPUpO-
BaHua quddepeHunanbHbIx ypaBHeHuit (3.12) u (3.7) 6e3 nHepUUOHHBIX
YICHOB:

:{{w[H,x(x, T, )]-olxH(x,T; )t = T;j[Q(o, 1)-Q(L,1)- AQ(e)]dr, (3.117)

:I(ng‘“f) (o H)ax =HO,0)-H(L),  (3.118)

rae AQ(f) — notepr Ha pacyeTHoM y4actke pexH, (AQ() = (1 - K) Q (0, 9);
K — oTHoweHue 00BEMOB BOJB B 3aMBIKAIOLIEM M BXOAHBIX CTBOpAx);
(0, 1), H(0, ¢) — pacxonsl ¥ YpOBHH BOJIbI BO BXOJHOM ct1BOpE; Q (L, 1),
H(L, t) — pacxoasl ¥ YPOBHH BOZB! B 3aMBIKAIOLICM CTBOpeE; B — miupuHa
pycna; n(x, H) — koapduuuent mwepoxosarocTu I1lesan—Mannnnra. Io-
cie 3aMEHBI MHTETpajioB CYMMaMH TNO0;1y4aloT JIBC CHCTCMbI JIMHCHHBIX
anre6pavyecKkux ypaBHEHUH, COOTBETCTBYIOIIMX YypaBHeHuaMm (3.7) u
(3.12), 3anucanHbIM i1 M MOMEHTOB BPEMCHH.

C uenblo MOJMyYeHHS YCTOHUHMBBIX PEIICHHH HCIOJB3YIOTCA pery-
nspusupytomui anroput™ A. H. Tuxonosa. bonee acranpHoe n3nosxe-
HHE 3TOro crnocoda MOXXHO Haifth B pabotax [33, 34].
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Fnasa 4

NPOrHO3bl CTOKA

No AAHHBIM O 3AMNACE (OBbEME) BOAb!
B PYC/TIOBOW CETU BACCEMWHA

MU NPUTOKE BOAblI B PEYHYHO CEThb

4.1. O6mue noyoxkenus. TeoperHueckue NPeANOCLUIKH MeTORa

3anacel Boabl B PYCJIOBO¥H ceTH bacceiiHa CylLeCTBEHHO H3MEHSAIOT-
Csl BO BPEMCHH IIOf BIMAHHEM B OCHOBHOM MCTEOPOJOTMYECKUX YCIO-
Bui. OHH pe3Ko BO3PacTalOT B NEPHOAbI CHETOTAasHUSA U BBINAJCHHUS 3Ha-
YHTEIHHOTO KOJIHYCCTBA XKUAKUX ocagkoB. Xon koncbanus obbema BO-
Ibl B PYCJIOBOH CCTH KPYITHOH pPEkH CXONCH C ruaporpadoM croka: He-
6onpioit 06beM BOABI B HayaJiC MOJOBOIbSA, €r0 BO3PACTAHHE B IIEPUOL
CHCTOTafgHMSA 1O MAaKCHMAJIbHOTO 3HA4YCHHA W NOCICAyloUlce IUIABHOE
CHIDKCHME pYCNIOBBIX 3amacoB. Ha Teppuropun HeGonpiunx OacceiHoB
0o0BEM BOZIBI B PYCIIOBOH CETH 3a IEPHOJ] MOJNIOBOMBA U3MCHACTCS HE Tak
IUIaBHO, HO Y 3IcCh OH B OCHOBHOM IIOBTOPSACT XOJ{ CTOKAa B 3aMBIKal0-
ILIEM CTBOpE.

B MomeHT Hanbosbluero 3anmonHeHus pycnoBas ceTh B HacceitHax
nnomasio 6onee 100 000 kv’ BMemaet 1o 60 — 80 % cyMMapHOro cTo-
Ka r1o10Bozbs. Ha MansIx pekax ¢ miomasio Bogoc6opa 3000 — 5000 kv’
HanboJbIINEe pycloBEIe 3amackl coctaBnaioT or 10 no 15 % ot obuero
BeceHHero croka. Ha HauGonblilee 3amojiHeHHE PpYCIIOBOM CMKOCTH
BIIMSIOT TaKXKe CKOPOCTb TEUCHHMS, HAIMYKE NOiMBI U ce pasmepsl. [Ipu
IPOYHMX PaBHBIX YCIOBHAX Ha PCKaX C MEHbiIEH CKOPOCTBIO TCYCHHSA
HabmnronaroTcs Oonee 3HAYUTEIBHBIC PYCAOBBIC 3aMackl BOJBI.

Mexny MakcHManbHBIM OOBCMOM BOZIbI B PYCIOBOH CETH M HaH-
O0JIBLIMM PACXOIOM B 3aMBIKAIOLLEM CTBOPE OTMEYAeTCs NMpsiMast CBA3b.
MakcumanpHbIH 06bCM BOIBI B PYCJIOBOH CETH HACTYMNAcT PaHbIlC Mak-
CHMyMa CTOKa. JTa 3aKOHOMCPHOCTh MCIOJIb3yeTCs NMPH NPOrHo3c HaM-
6osbLIero pacxona BECCHHETO CTOKA 10 PYCIIOBHIM 3anacaM.

O0beM BOfIbI B pyCIIOBOH CETH B 3HAYUTENBHOM CTENCHH Ompe/iesis-
€T MOCIEAYIOLIME PacX0Ibl BOJB! 3aMBIKAIOLIErO CTBOPA, YTO H I103BOJIA-
CT MCHONB30BaTh JaHHBIC O 3aracax BOAbI IpU OPOTrHO3e cToka. OaHako
npH OZHOM M TOM € 06BbEME BOIBI €r0 pacmpeliefieHHe 1Mo pyCcoBOH
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cetn GaccefiHa MOXET ObiTh Pas;IHYHBIM, ¥ OTO OTPA3UTCH Ha OXHKAaAe-
MBIX pacxoax B 3aMbIKAIOILCM CTBOPE.

Pacnpenenenuc obbema BOIBI B PYCIIOBOH CETH IOXYMHCHO ONpe-
JENICHHON 3aKOHOMEPHOCTH, CBS3aHHOH C YCIOBHAMHM IOCTYNIEHUA H
CTEKaHHs TallONH MM JOXKIACBOH BOABI B BONOTOKH Pa3HOTrO IOPAMKA.
B uccnenosannsx ['oCyHapcTBEHHOrO FHIPONOTHMYECKOrO WHCTUTYTA
(ITH) B xauecTBE XapaKTEPUCTHKU pacnpelencHus o0bemMa BOJBI B Ie-
PHOJ MOJIOBOAbSA NIPUHUMAI0Ch OTHOIIEHHE 0ObeMa B OfHOM — Tpex oc-
HOBHBIX pekax W) k obeMy o6beMy BoJbI BO BCeit pyciioBoii cetu bac-
ceiina W.

T4 JaHHBIC IPEACTABILIOT 3HAYNTENbHBIN HHTEPEC, TIOCKONIBKY U3-
3a OrpaHHYCHHOCTH YMC/IA ITYHKTOB THIPOMETPHYECKHX HaOIIONCHHI
104ac NPUXOIUTCA YYUTHIBaTh OOBCMBI BOAB! TONBKO IJIaBHOH pPEeKH H
OCHOBHBIX IIPHTOKOB.

B nepuon $hopMHpoBaHHS BECCHHETO IOJIOBOABS HabJoacTcs cre-
KaHHe Tajoi BOMbI CO CKJIOHOB BO BCE BOJIOTOKM PycioBoit cetu Gacceii-
Ha. B mocnenyroieM Maibie peku B CBA3M ¢ HEOONBIIMM BPEMEHEM J0-
6eraHus OBICTPO OMOPOXHAIOTCA U NPOMCXOAUT KOHLCHTPALMS BOMBI
CHayaja B CpPEIHEH, a 3aTeM H B KPYITHOH pyCIIOBOH CETH.

B HayaneHeId nepHo M0JI0BOAbS, KOFAa Tajgas BOJAA [OCTYNAET BO
BCC BOJOTOKH, OTHOWEHHE W/ Hebonbluoe, MUHUMANBHOC €ro 3Hauc-
HHe HabmonaeTcs B JeHb HaHOONBIIEr0 MPUTOKAa BOABI B PYCIIOBYIO
cerb. Ilo Mepe yMeHbIIeHHS NMPHUTOKAa M KOHIEHTpaLMH Boxbl B Oonee
KPYTHBIX BOJOTOKAaX 3TO OTHOLICHHE YBEJIMYHBAETCA IO MOMEHTa Ha-
CTYIUICHHA MaKCHMalIbHOIO CTOKa B 3aMbIKalollEM cTBope. B mepmon
crnafa MOJIOBOABA OTHOWIEHWE W(/W COXpaHAETCA NMOYTHU MOCTOSAHHBIM.
Ammuryna xonebasuit W\ /W B nepuod nojoBoxbs TeM Gonblie, 4yeM
KpynHee 6accelH M 4eM LIMpE MOMMBI Ha OCHOBHBIX pekax. OTMeycH-
HbIC 33aKOHOMEPHOCTH IMOKAa3bIBAIOT, YTO B IIEPHOJ| Cafa HOJIOBOIbS Ha
KPYNHBIX PEKax MOXHO OrPaHHYHTHCSA JaHHBIMH 00 06beMe BOIBI TONb-
KO INIaBHOH PEKH K OCHOBHBIX IPUTOKOB.

PaccMoTpuM TeopeTHYecKHE NPENTIOCHUIKH METOJA.

Brinenum B 6acceiiHe pekH y4aCTOK, OTPaHHYCHHbBIN HIDKHUM (TIpo-
THO3HbIM) CTBOPOM M BEPXHHMH CTBOpaMH, BpeMs H00eraHus BOABI OT
KOTOPBLIX [0 HI)KHEro CTBOpa paBHO T. B oCHOBY mporHosa cpeamero
pacxoia BOJbl HHXKHETO CTBOPA MOMOXKEHO NPUOIMIXEHHOES ypaBHCHHC
BoAHoro 6ananca:
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T+1 Tit
ZQ»!At:WT+quta (41)
T T

T+t
roc ZQH At — CTOK qepes HWOKHH CTBOp Bbl6paHHOl‘0 Y4acCTKa pE€KH OT
T

MoMeHTa BpeMeHu I (ata BBHINyCKa HpPOTHO3a) 0 MOMEHTa BPEMEHH
T+ 1; W; — 3anac (o6beM) BOZBI B PyCIOBOH CETH BBIOPAHHOTO y4acTka

T+t

PEKH B MOMEHT BBINTYCKa IIPOrHO3a; ) gAt! — NPUTOK BOABI B PYCIIOBYIO
T

ceTh B Mpenieniax AaHHOTO yJyacTka pekH 3a nepuon ot T oo T+ 1.
Ipeanonarasi, YTO MOJ3CMHBIA CTOK Maj0 M3MEHSETCA, a NPHUTOK
HOBEPXHOCTHERIX BOJ 3a MepHOJ 3a01aroBpeMEHHOCTH IIPOTHO3a HE3Ha-
YuTeNeH N0 CPAaBHEHHIO C 06EMOM BOMB B PYCIIOBOH CCTH, BBIPAXKEHHE
(4.1) MOXXeM 3anUcaTh B BUIE
Tt

;Q"Az = f(w,) 4.2)

Ota 3aBUCUMOCTh HMCMOJB3YETCS AJIA MPOrHO3a CPEeOHEro pacxona
BOJIbI 32 BpeMA T (MeHTa/a, Aekaaa) IMyTeM YCTaHOBIICHUS CBA3H:

Ou,.. ~ f(7;), (4.3)

3pech Oy — CPCAHMH Pacxo/l BOIBI B HIDKHEM CTBOpE 3a nepuon 7' + T

3abnaroBpeMEHHOCTh NPOTHO3a IO 3TO 3aBUCHMOCTH PaBHa I10JI0-
BMHE CpeIHero BpeMeHH nobGeraHus (t/2) pycinoBoro croka OT BCPXHHX
CTBOPOB N0 HmxkHero. Vicrions3oBanue BrlpaxkeHus (4.3) BO3MOXHO JHILB
B YCJIOBHSX HEOOMBIIIOTO 110 CPABHEHHIO C 3a11acOM BOJIbI B PYC:IOBOH CETH
NpPHTOKa BOABI 3a MepHoi 3abnaroBpeMeHHocTH mporHosa. [NomoOHele
YCJIOBHS OTMEYAOTCS B IIEPHOJIBI JIETHEH M 3uMHel MexeHd. Hawryuinme
Pe3yIbTaThl POrHO3HPOBAHHS MOJIYEHb! Ha peKax JICCOCTCIHON H CTeN-
HOH 30HH. B aTHX GacceliHax mocje OKOHYaHHA HENPOLOJDKHTEILHOrO
CHErOTasHUA MPUTOK BOABI B PEUHYIO CETh HE3HAYUTEIBHBIH.

3aBucuMocTsb (4.3) MOXXeT OBITh HCIIOIB30BAHA U B CIIyYac CYILECT-
BEHHOr0 MPHUTOKA, HO MAJIOH €70 M3MEHUYUBOCTH M3 rOfa B TOJ.

B nepuoabl BECCHHErO IOJNOBOIBA M TOXAEBHIX IABOJKOB HMEET
MECTO HHTEHCHBHBIH NPUTOK BOIbl. Ero 3Hayenue 3a mepuon 3aGnaro-
BPEMCHHOCTH H3MEHAeTCA B Oonbliux mpelcnax. B Takux ciydyasx He-
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00X0aHUMO YYHTBIBATh BJIHAHHE NMPHTOKA ITYTEM NOCTPOCHHSA 3aBHCHMO-
CTH BHJA

Ou,.. =S (Wr.0r.0), (4.4)

30€Ch g, -— IIPUTOK BOJBI B PYCJIOBYIO CE€Tb 3a IICPHOJ 3a6naroapc-

MCHHOCTH NPOrHO3a.
C yBenuycHHEM NEPHOJA, HA KOTOPbIH BBITYCKACTCA NMPOrHO3, po:lb
3ar1acoB BOJbI YMEHBIIAETCA M BO3pAcTaeT 3HaY€HHE NPHTOKA.

4.2. OnpeaeneHue 3anacoB BOAbI B PYCJIOBOH ceTH

O61eM BOIBI B PYCIIOBOI ceTH OacceiiHa Ha JaTy BBLINYCKa MPOrHO-
3a 0OBIYHO OMpeneseTcs Kak cymMMa 06beMOB BOAbI Ha OT/AC/IBHBIX y4a-
CTKax:

W=W,+W,+.+W,=3W, 4.5)
i-1
rae W, — o6beM BOZIbI Ha i-M y4acTKe; 7 — YUCJIO YYaCTKOB.

Ha xaxaoM i-M y4acTke pexu 00beM BOIBI MOXCT OBITH BBIYHUCIICH
T10 THIPOMETPHUYECKUM [aHHBIM HITH 10 KPUBEIM 06beMOB. OOBEM BOJIBI
Ha OECHPHTOYHOM Y4YaCTKE PeKH NpPH HAIMYMM OTPAHMYMBAIOLIMX JTOT
Yy4acTOK CTBOPOB ONPCIEIACTCSA 10 CPEOHEMY pacxolqy HHXHero (J, M
BepXxHero (J, CTBOPOB U BpeMeHH 10GeraHua MEXIY HUMH, T.€.

W =01-86 400 = Qggr .86 400, (4.6)

I/IC pacXojl BOJIbI — B M’/C, BpeMs 10GCraHHs — B CYT., a 0GBCM — B M.
Cpenunit pacxosi BOIbI ONpPEC/CTCA MCXONA M3 NPCANOCHUIKK JIH-
HEHHOTO pacnpe/ieNeHHs pacXoloB BOJb! IO JUIMHE y4acTKa. 3Ta Mpeuo-
ChUIKa CIIpaBeUTHBA 71 YYaCTKOB ¢ BpeMeHeM poberanus He 6osee 5 CyT.
Ha npuTO4YHOM y4acTke pekH 00beM BOABI BBIYHCILIETCA IO QOp-
MyJie

/4 =£—22—Q—B?-86 400, 4.7

rac ). 0, — cyMMa pacXOJOB BEpXHHX CTBODOB Y4YacTKa; T — CPCIHee
BpeMs 106€raHus OT BEPXHHX CTBOPOB 10 HHIKHETO.

3HayeHHe T OMpeleNdeTcs Kak cpelaHee apHMETHUYCCKoe, eCiu
BOAHOCTh PEK B BEDXHHX CTBOpAaX y4acTKa IIPHMEPHO OJMHAKOBa; B NpPO-
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THBHOM CJIy4a€ CpE€OHEC BpCMs noberanus onpenensacTes Kak CpeaHe-
B3BCLICHHOC I10 BBIPAXKEHHIO!

T=X___ (4.8)

TOE m — YUCTIO BEPXHHX CTBOPOB Y4AaCTKa; T, — BPEMs PYCIIOBOIro lIOGCF&HPDI
OT A-ro BEPXHETO CTBOPA YYacTKa [0 HIDKHETO CTBOpa; O, — CPeOHEMHOro-

JIETHHIA PacXOf B BEPXHEM A-M CTBOpE y4acTkKa.
BoiyncnuB 06beM BOABI Ha y4acTKe, MOXHO MOCTPOHUTH KPHBYIO

obvemoB W = f( Q).

PaccMOTpHM HECKOJIBKO CHOCOOOB MOCTPOCHHSA KPHBOH 00BEMOB.
B ocHoBe 0HOT0 H3 CrOCO60B NMOCTPOCHUS KPHBOH 06BEMOB JIEXKHT HC-
[OJIb30BaHHC CPEJHEB3BEIIEHHOIO Ha y4yacTKe PeKH pacxofa Boabsl Q.

[Tpu He3HAYUTEILHOH KPUBU3HE JIMHHUH PacXodOB BOAbI IO AJMHE MpPH-
MEHSIOT 3aBHCHMOCTb BHJIa

w=10. (4.9)

Bpems nobGeranus t OINpPEAENACTCA MO CpeqHel CKOPOCTH TeYEeHHS
t=L/v,rae

v =aQ%%i%® (4.10)

3mech a — mapaMerp, onpelenseMbii no gaHHaeM P. A. Hexuxosckoro
[40] B 3aBHCHMOCTH OT OTHOLIECHHS CPEAHEH IIHPUHBI PEKH B M0JI0BOILE
K cpeqHel [MpHHE B MEKEHb MM OT OTHOIICHHS CpeXHeH IIMPUHEI pe-

KM B k cpenHel MakcuMalbHOM rimybuHe A, Ha y4acTke NpH HaHHOM

pacxome Q; i — cpenHHi YKJIOH BOJHOH OBEPXHOCTH Ha y4YacTKe B Me-
XKEHB, %o.

CpenHeB3BeLIeHHbIH Pacxo/] Ha MIPUTOYHOM Y4YacTKe PeKH onpene-
JIAETCA C YYETOM THIIa IPUTOYHOCTH (pHc. 4.1).

B ciyuae paccpenoroyeHHOro 60KoBOro MpuTOKa MpH HAPACTAHMU
mwiomanu OacceiiHa Oonblleii YacThiO B HMXKHEH II0JIOBHHE Y4YacTKa
(puc. 4.1, a) pacxoJ1 BLIYUCIAETCA N0 BHIPAXKEHHMIO:
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Puc. 4.1. CxeMa NpHTOYHBIX y4acTKOB pek.

~

Q=rQ, +(1-r)Q,, (4.11)

rae r — K03 GHIMEHT, OTpaXKaloIHi YAENbHOE BIHAHHE PACXOJ0B BEPX-
HEro M HWXKHETO CTBOPOB y4acTKa, PaBHbIA

r=tlbg - A , 4.12)
2| L F

rne Ly v F| — anuHa ¥ miomaas BoAocOopa BEPXHEro MOAYYacTKa COOT-
BETCTBECHHO; L 1 F' — TO %e JUI% BCErO y4acCTKa.

W3 Beipaxenus (4.12) BMOHO, YTO Ha NMPHTOYHOM YYacCTKE PEKH,
B OTNIHYHE OT OECPHUTOYHOTrO, BIMAHME HIXKHECTO CTBOpa MOXET OBITH
HE TONBKO 00iIblle, YEM BEPXHEro, HO M MeHbIlE. Tak, npu npeuMmyunie-
CTBCHHOM YBEIMYCHHH PacXola BOAbI B HIDKHEH MONIOBHHE y4acTKa KO-
sdpduuueHT npu Q, bonbiue, yeM npu Oy, H Ha000POT, IPH HApacTaHHH
mtontau 6accefiHa, B OCHOBHOM B BEPXHCEH yacT y4acTka (puc. 4.1, 6),
k03¢ HUUKEHT » MeHbILIE npy Oy,

Ecnu Ha ponro Bnajamolled Ha y4acTKE ONHOH pPEKU IPUXOAMTCS
Gonee monoBuHL! NpHTOKa (pHC. 4.1, 8), K03DPHLUHUEHT pacCIUTHIBAETCH

no gopmyie:
_L_(1_L Os (4.13)
2 (2 L)g’ '

rae Qg 1 Qg — oOwMit 1 COCPETOTOUCHHBIH pacxon 60KOBOro MPUTOKa
Ha ydacTke; L — 1iuHa Bcero y4yacTtka (puc. 4.2).
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B oxHopoaHsix ycio- .
BUAX (OpPMHpPOBAHHUS CTOKA D r_{_,:__.:—_—:f_'_'
OTHOLLEHHE pacxooB
Q¢/ Qs MOXHO 3aMCHMTh

OTHOIWIEHHEM  mowagedl S r——mm 1
BomocGopoB F\/F, rae F —
Jioimaab Boz(ocﬁopa BINna-
AAKOUIETr0o KpYyNHOro Iipu-
TOKa. B aTOM ciiy4dac IpH
BMAJEHUHU [IPUTOKA B Bepx-  Puc. 4.2. Mamenenns pacxonos BOABI Ha y4acTke

Hell OJOBHMHE yuacTka PEKH MPH COCPENOTOUEHHOM 6oxoBoM npuTOKE. L,

CIILHOE BIHSHHE pacxoga ~ AHHA BEPXHETO MOZYHACTKA 0 YCTbA BrIaZaio-
ya p A et pexu; L, paccTosHHe IOyCThA Blajatotieit
Qs menbluC, pacxona Oy, a PEKH 710 HUXHero cTBopa yyactka; C D - cocpe-

NpY BNAJCHAM B HIKHEH IOTOYEHHEIH 60KOBOMH MPHUTOK (.
IOJIOBHHE — Ha060pOT.

B cnyyae cnusHMA peK MPHUMEPHO OJHOTO pa3Mepa (puc. 4.1, &) npu
OMpee/IeHHH CPEJHEB3BEIICHHOTO PacXo/ia yYMTBHIBaeTcs BpeMs nobe-
raHHd Ha OTACHBHBIX MODYyYacTKax M IUIOmazM Hx OaccciHOB. Yxe
B OKOHYaTEJbHOM BuAe ¢(oOpMyna i BBIYMCICHHA 00beMa BOLBI Ha
y4acTKe pacCMaTpHBacMOro THNA UMEET BUL:

W=(tl '*'Ts)Qal +("2 +T3)Qsz +b(Qu = 0a “Qaz)’ (4.14)

I I

T, 1 F, F.
rae b=23+2 (‘c,+12)];+(12+r3); , (4.15)

3I€Ch T;, T2, T3 — BpeMs HoberaHus Ha momy4acrtkax; F — obmas mio-
mwaznb yacTHoro 6acceiiHa; F; u F, — nnomany 6acceilHOB IBYX BEPXHHX
HOXYYaCTKOB.

Ha He6onbLinx pexax, OrpaHHYESHHBIX OIHHM CTBOPOM, YIAJICHHBIM
or ucroka Ha 80 — 100 kM, KpuBYI0 00BEMOB PEKOMEHAYETCA YCTaHaB-
JMBaTh MO BETBH CIIaJa MaBOJKa. 3TO JOMyCTHMO B CiIydyae, €Clii IpH-
TOK BOIbl B PYCJIOBYIO CETh B IICPHOJ CMaaa OTCYTCTBYET MM M3 roja
B I'0Jl COXPaHAETCS NPUMEPHO MOcTOsHHBIM. TIpH aTHX ycnoBuax nocie
HpeKpallcHUA IPUTOKA BOAKI B PYCIOBYIO CeTh 00BEM CTOKa, MPOXO.s-
IfUit Yepe3 3aMbIKAOIMI CTBOP OO KOHIIA NABOAKaA (3a BLIYETOM 00beMa
NPHUTOKA FPYHTOBBIX BOA), paBeH 00beMY BOJbI B PYCIIOBOMH CETH.
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B peanbHbIX yCNOBHAX B IICPHOJ Craja NOJOBOIbA B PYCIOBYIO
CCTh MOTYT MOCTYMAaTh Tajble M JOXICBbIE BOAsl. Torma o6beM BOABI
B PYCJIOBOH ceTH OyJeT BKIOYATh H 00BEM MIPHTOKA B PYCJIOBYIO CETh.
C uenbi0 UCKIIOYEHHS BIMSHHS MPHUTOKA HCIIONB3YETCH CIEAYIOLIHH
crmoco6. BeibupaeTcs HECKONIBKO YCTOHYMBBIX KPHMBBIX CIIaAa B TOJbI
C JIPYXHBIM H BBICOKHM BECEHHHM IIOJIOBOZABEM. 3a BpeMs Criaja IoJjo-
BOIbA CTPOAT rpadHK CBA3M CPEOHHX CYTOYHBIX PacXoIOB BOZABI CMEX-
HeIx aued O = Q). Ha rpajuke co cTopoHsl ocH (J, MPOBOIUTCA
orubaromas kpuBag. 3ta orubatoimias B HHXXHEH 4aCTH OPHEHTHPYETCA
Ha TOYKY, COOTBETCTBYIOLIYIO PAacXOMy yCTOHYHMBOIO IPYHTOBOTO MHUTa-
Hus O, (puc. 4.3).

a) 6)
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Puc. 4.3. CxeMa nmepecTpoeHus HHxHeit orubarouleii KpHBoii Ha rpaduke CBA3U
Q1«1 =AQ)) (a) B xpuByI0 cnana nasoxka Q, (6).

C nomompio 3TOi KPHBOI NMPOM3BOIUTCA NOCTPOCHHE KPUBOH Cra-
zJa. Jina aroro, ucnons3ys HauOoJipluee HavaubHOE 3HAYCHHE pacxoia
Oy, ompenensieM mo orubaromeit KpUBOH Ha OCH OPIMHAT COOTBETCT-
Bylolice eMy 3HaueHue (. Taxum ke o6pazom o () ycranaeinusaeM (>

U T. A. YcranosuB 3HayeHue Oy, O, 0s,..., Orp, CTPOMM KPHBYIO CNIAJa.
OrtcueT BpeMeHH BEAETCA OT AHA HACTYIUIeHHs pacxona Op.

4
CyMMa pa3HOCTEH eXeIHEBHBIX PacX0f0B Z(Q, —Q,,) OT KoHUua

I

cmajga f 0 MOMEHTa ! (XO& Ha3ax) NMPEACTaBIACT Pa3HOCTh 0OBEMOB
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W, — Wy, cooTBeTcTBYIONYIO pacxoxy Q. Otciona o6seM BoAbI Ha JaTy
! paBeH

w, =864002(Q, ~0,)+¥, = 1(0). (4.16)

I
INoctponM 3aBucumocts W, = f ( ,) 3a pAJ JIET ¥ YCTAHOBHUM Cpel-

HIOI0 KPHBYIO 06BEMOB.

Ha y4actkax pek, OorpaHHYEHHBIX I'MAPOMETPHYECCKHMH CTBOPAMH,
KpuBas OOBEMOB YCTaHaBIIMBAETCA C MCIONB30BAHUEM YPAaBHEHHA BOJ-
Horo 6asnaHca:

AW = Q At +qgAt— 0 AL, 4.17)

rae AW — usMeHeHHe o6beMa BOABI Ha YYACTKE 3a NEPUOJ MEXIY Ha-
YaJIbHBIM M KOHCYHBIM MOMEHTOM BpeMeHH; Oy ¥ O, — CpeHUI pacXxon
BOJbI COOTBETCTBEHHO B BEPXHEM H HH)KHEM CTBOPAX 3a 3TOT XKE NEpH-
0ll; g — CpelHHii 6OKOBOH NMPHUTOK HIH CTOK B PEKY Ha y4YacTKE MEXIY
BEPXHHM M HHXXHHUM CTBOPaMH.

BoKOBO# MPUTOK OmpenenseTcs 1o JAHHBIM O PAacXOAax BOABI, BIIa-
JAOUIMX Ha ydacTke pek. EcnM Ha y4acTke, KpoMe NMPHUTOKAa, Ha KOTOPOM
H3MEPAIOTCS PacXO/bl, BIAAAOT HeOObIINE PEKH, TIe HE BeOyTCs Habio-
JeHus, oOmmi pacxon G0KOBOTO IPUTOKA BHIMHCIIETCS HO BHIPAKEHHIO!

g6 = (1 + K) Qup, (4.18)

rae Onp — Pacxoji BOIbI, BIAJAIOIETO HA YYacTKe NpHTOKa; K — kod¢-
buLHeHT, onpeaenaeMblii U3 ycoBHs banaHca 3a NaBOAOK:

K=Wy—Wy— W) Wyp, (4.19)

rae W, Wy u Wy, — 06BbeM BOZBI 33 NEPHOX NMABOAKa COOTBETCTBEHHO
B HIDKHEM, BEPXHEM CTBOpaxX U Ha MPUTOKE.

IMocnenoparensHo cyMMHpys M3MEHEHHA o6beMa BOIb! 1O BHIpa-
xeHH1o (4.17) Ha MOMEHTBI BPEMEHH !, {3, I3 K T. 1. H OTHECH BBIYMCIICH-
Hble 06BEMBI K CPEAHEMY pacXody BOABI Ha ydacTke  HIM K 3HaYECHHIO
pacxonia HIKHEro creopa (J, 3a 3TH XK€ AATbl, MOXKEM IMOCTPOHTH KpH-
By10 o0semMoB W = f{Q ) unu W = Q).

Ilpu ycraHoBNEeHHMH 3THX 3aBMCUMOCTEH HCHIONB3YIOTCS MaBOAKH
C HHTEHCHBHBIM NMOABEMOM H CMaJIOM H PasHbBIMH MakcuMyMamHu. Pacue-
Thl MOTYT BLITIONHATECS 32 BECh NaBOJOK MJIH TONBLKO 3a BPeMs €ro cna-
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na. B nocnenseM cnydyae cyMMHpOBaHHe 00beMa BEICTCS XOAOM Hasajl
OT KOHLa Craja NaBoAka K ero Hadamy. 3THM CaMbIM yJacTCs YMEHh-
INTh OWKMOKY ompezciacHHA o6beMa BOABI Ha Yy4acTKe NPH HETOYHOM
onpeaeneHny 60KOBOro NMPHTOKA.

Kpussie 065CMOB 32 pAX XapaKTEPHBIX JIET HAHOCAT Ha OJHH Ipa-
¢$uK, IPHUBOJIA MX K OHOMY IPOM3BOJIBHO BEHIOPAHHOMY pacxoxy. 3aTeM
npoBoAAT orubarolylo 1no Haubolicc HAKIOHHBIM YYacTKaM KpHMBOH
K OCH PacxooB. JTa KpHBas OTBCYACT YCIOBUAM OTCYTCTBUS HNH He-
3HAYHUTCIBHOTO [IPHTOKA BOJbI B PYCIOBYIO CETh.

Noxpobuee cnocobsl onpeaencHus o6beMa BOIbI B PYCIOBOH CETH
GacceiiHa M HOCTpoeHHUs KPUBOI 00beMOB IpuBoOATCs B paboTtax [8, 52].

PaccMoTpeHHble cnocofsl NO3BOJIAIOT ONPCICIATh 3alachl BOJBI
TOBKO B TOH YacTH pYC/IOBOH CECTH, KOTOpas OCBELICHA JaHHBIMH MYHK-
TOB rMApoMeTpuycckux Habmoneuuit. O6seM Boxbl B Meskoi, a yac-
THYHO M B CPEIHEH PYCIIOBO# CCTH MPAaKTHYECKH HE YUUTBIBAETCA.

C uenbio OLCHKH MOJHBIX 3aMIaCOB BOJbI UCTIONB3YETCA PAX MOACICH
CTPOCHUA PedHOlt ceTd. B HX OCHOBE JIEXHT AeNCHHE PEYHOH CEeTH Ha Mo-
TOKM OINPCIENICHHOTO MOpsA/Ka. DJICMCHTapHbIE HEPa3BETBICHHbIE pyCa,
HOJIy4aIOIHCE BOLY HENOCPEACTBCHHO CO CKJIOHOB, OTHOCATCA K BOLOTO-
KaM 1epsoro nopsaka. CTok Ha OTHX BOJOTOKax HabmonacTcs NepUOaH-
YCCKM BO BPEMA BECEHHErO CHErOTasHHUA M NPH HOPMUPOBAHMHM 3HAUH-
TEJIBbHBIX TABOAKOB JINBHEBOTO MpOUCX0XxacHMA. CIIMBasCh, 3TH BOJOTOKH
JAlOT HayaJo BOJNOTOKaM BTOPOrO IIOpsAAKa, KOTOpbic 00pasyloT peKH
TPETHEro NOPAAKA M T. I

Bogoroku onHoro nopsigka MMeEOT ONM3KHME FUAPABIMYCCKHE H
MOpP(POMETPHYECKHUE XapaKTCPHUCTHKH, KOTOPBIC B3aUMOCBA3aHbLI M OT-
PaXaloT NPHUCYILHC UM OCOOCHHOCTH.

O6beM BOzIbI B PEHHOM CeTH ONpeersercs 1o caenyomen popmyne:

W=I| N1(01+12N2(D2+...+I,.N,,(D,,, (420)

rae I, N, ® — COOTBETCTBCHHO CpeAHAs [UIMHA, YHCIO U CPeXHsAs IUIO-
11a/1b )XHBOI'O CEYEHHS BOLOTOKOB COOTBETCTBYIOILCIO NOpAaka (MHAEKC
YKa3bIBacT Ha NOPSAOK BOJOTOKA).

IIpu pacyere o6beMa BoAbl MO BeipaxceHuIo (4.20) cpenuue xapax-
TEPHCTHKU NIOTOKOB OJIHOTO MOPAIKA H HX YHCIIO JUI1 PCK, HaYMHasd ¢ 6-ro
NOpsIAKa, ONPERENAIOTCA MO CHpaBOYHHKY «[MIponoruyeckas U3yyeH-
HOCTb», a JUIA IIOTOKOB MEHBIIErO MOPSJIKa — Ha OCHOBE COOTHOIUCHHH
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MEXIY XapaKTepPHCTHKaMK [IOTOKOB Pa3sHOTo MOPAAKA, YCTAHOBJIECHHBIX
H. A. PxxanuusiasiM u 0606menHsIx 0. B. TopOyHoseM [49, 52].
3TH COOTHOLIEHHA UMEIOT CHEIYIOIUI BUA:

1=l /K", (421)
N, ={(2,077-0,077n)/[2,077 - 0,077(n + a)l}N,, K2, (4.22)
©p = Oy 0,013087-087 5 qa (4.23)

30€Ch Iy U lyag, Ny M Npig, Op M 0,44 — COOTBETCTBEHHO CPENHAS JJIMHA, YHC-
JIO M CpeAHsAA IUIOLIAAb XKUBOTO CEUCHHA BOJOTOKOB A-TO U (n+a)-ro mo-
paaKoB; K| — COOTHOWICHHE MEXIY JUTHHAMH IOTOKOB CMEXHBIX MOPAIKOB,

IMapamerp K, paBen 1,83 s pex CTENHO# M JECOCTCIHOM 30HBI,
1,41 — necno#t 30ub1 1 1,26 — 3abonoucuubIx OacceiHoB; K> — COOTHO-
LICHHE MEXCTY YHCJIOM MMOTOKOB CMEXHBIX MMOPARKOB. ITOT KO3IPPHUIIHCHT
H3MECHACTCS B 3aBHCHMOCTH OT MECTONONOXeHHS BaccefHoB oT 2,5 10 4.

3aBucumoctu (4.21) — (4.23) npubnuxeHHbIe, MOCKONBKY MOJyYe-
HBI 1711 IEPHOJa MEXXEHH U FIPH BBICOKOI BOJHOCTH MOTYT U3MEHATHCH.

P.A. HexXOBCKHH JUIS ONPCACTIEHHS MOIHBIX PYCNOBBIX 3aMacoB BO-
bl BBIAEIIAET KPYIHYI0, CPEIHIOIO H METIKYIO PYCIIOBYIO ceTh DacceitHa [40].

BeigeneHne KpynmHOW pYCIOBOH CETH IPOM3BOAMTICS C Y4ETOM pas-
Mepa Gacceitna. B Gacceiinax momasio B npenenax 15000 — 100 000 kv’
B Ka4eCTBE BEPXHHX IPaHHYHBIX CTBOPOB U3OHUpAIOTCA CTBODHI, yIAICH-
HbIE OT HCTOKOB Ha 100 xm. s pek ¢ F > 100 000 kv’ BepXHHE CTBODHI
ynajieHsl oT ucToka Ha 150 xm; ans HeGonpuux pek ¢ F < 15 000 KM’
PECKOMEHIYETCA UCIMO:Ib30BaTh IPAaHUYHBIE CTBOPHI, YAAIEHHBIE OT UCTO-
ka Ha 50 kM. HHXHHM CTBOpPOM ABJNSETCSA 3aMBIKAIOILMA CTBOP paccMar-
puBaeMoro bacceitHa.

Hon cpennell pycioBoii CeTbIO MOHMMAIOTCA BCE OTPE3KH PYCIIOBOH
CHCTEMBI, OTPaHMYCHHBIHA CBEPXY CTBOPaMH, YOAICHHBIMH OT HCcTOKa Ha 10
KM, a CHH3Y, B 3aBICHMOCTH OT IUtomaay 6acceitna, — Ha 50, 100 wm 150 kM.

K Menkoit pycioBo#i ceTH OTHECEHBI MaJblc peKH C JJIMHON MeHee
10 kM u 10-kunoMeTpoBbIe BEpIIMHBI CpEAHHX U Gonbmux pek. Cxema
pacdJICHEHHS PYCJIOBOM CETH MOKa3aHa Ha puc. 4.4.

Brinenennas kpynHas pyciioBas ceTh pa3OuBaeTcs Ha Y4acTKH, JUIs
KaXXIOT0 M3 KOTOPBbIX 00bEM BOIbI OINpENEIAETCS O CPEHEMY PACXOXy
¥ KpHBOH 06BEMOB, HO Yalle 0 CPCIHEMY PAaCXOXy M BpeMEHH jlobera-
Hus (4.6), (4.7).
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Puc. 4.4. Cxema pacusieHeHHs PyclIoBo# ceTH bacceiiHa:
a wua Gonswne (1), cpennue (2) u Mainsie(3) peku; 6 - Ha kpyndyio (/), cpeatiomno (2)
¥ MenKy0 (3) pycioByio CeTb.
L — nnnHa peku. N — YHCRO DeEK.

Ha npuTouHOM y4acTke CpPeIHMH B3BCIUECHHBIH pacxon Q) onpene-

nfeTcs B 3aBUCHMOCTH OT THNa OOKOBOH NMPHTOYHOCTH — PACCPEHOTO-
YEHHOTr0 WM COCPENOTOYEHHOro. DTHM CaMbIM YYHUTHIBACTCSH BO3MOX-
HOCTb HEMHCHHOrO M3MEHEHHUs pacxofia Mo JIMHE PekH, OCOOEHHO Ha
TMPUTOYHBIX YYacTKax B Clydae, €CiM pacxof 6OKOBOro MpHTOKa mpe-
BBILIAET PacxXol B BEPXHEM CTBOPE Y4acTKa.

IIpu OTCYTCTBHH IyHKTOB THAPOMETPHYECKUX HabMOACHHH Ha yya-
CTKaX KpYIHOH pPYCJIOBOH CCTH CPEIHHH pacxo]l YCTaHaBIMBAacTCA OX-
HUM U3 CHEAYIOIHX CIOocO60B:

— IMHEHON HHTEPHONALHEH PAaCXOROB M0 JUIHHE PEKM NpH He3Ha-
YHTENBHOM GOKOBOM MPHTOKE;

— JIMHEHHOM MHTEPIIONALMEN MOAYJIEH pacxola 1o UIMHe PEKH HIH
N0 MNOWanK BORocGopa npM HE3HAYMUTENBHOM GOKOBOM TNpPHTOKE Ha
y4acTke;

— 110 PAcXOAY BOJbI HA pCKe-aHanore ¢ y4eToM COOTHOLICHUA M0-
wazei Bogoc60pos;

— [0 CpeHeMy MOIYJIIO PAcX0[Ja HECKOJbKHX PEK-aHalloroB [UIA
KOHLIEBBIX Y4acTKOB PEK.

B cpenneit u Menkoit pycnosoit ceTu 06beM BOABI (10° »*) onpene-
ngeTcs no popmyc:
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W =dAMN, (4.29)

cp.mM
rie A — napaMcTp, BBIYHCISEMBIH 1O BHIPAXKEHHIO
A=0,0100,5n, fy + 10 f10 + -+ Ngp fo0 + 057,60 f100) 5 (4.25)

371ECh My — YHCIIO UCTOKOB HJIH Oblliee YHCIIO PYCEN B CHCTEME; Mg, Mg,
..., Rigp — YHCIIO CTBOPOB, YIJAJICHHBIX OT HCTOKOB pex Ha 10, 20, ...,
100 xM™; /o, fio, ---» floo — CpeaHsAs IOWAAb BOLOCOOPOB IO 3THX CTBOPOB;
M — cpenmmii Moayns pacxona [M/(c-kM®)] HeGONBLIMX PEK-AHATIOrOB,
IUIOIAnH BoJOCOOpa KOTODBIX 3aBHUCAT OT YAAICHHOCTH TIPAHMYHBIX
CTBOPOB OT MCTOKOB; V — CPEIHAS CKOPOCTb T€UEHHs (M/C), onpenese-
Mas o ¢popmyuie (4.10).

Ipu noncyere yucna pex wiMHo# 6onee 10 kM HCMONB3YIOT CHPaBOY-
HUK «[Haponormyeckas W3y4eHHOCTb», a I ONpENENeHUS YMUCia PeK C
umHo# MeHee 10 kM Hcnonb3yroTcs pexomenpauuu P.A. Hexuxosckoro
0 uMcne 3THX pex Ha 1000 kM® TIIONIAM B Pa3M4HBIX NPHPOHBIX 30HAX
(TyHzpoBas, IeCHas, IeCOCTENHasA, CTENHAA, OTYITyCThIHHAN).

IMapaMeTp A 1% peK paBHHHHBIX PaHOHOB MIOMAALIO > 25 000 kM’
MOYHO NPHOIHXEHHO YCTAaHOBHTD 110 opMye:

A=CF+D, (4.26)

roe C u D — mapaMeTpbl, ONpeAenseMble B 3aBHCUMOCTH OT NPUPOIHOH
30HBI ¥ AMana3oHa CpefHeil U MeIKoH pycloBoH ceTd; F — obwmas I1o-
1113/ib, COOTBETCTBYIOLIAsA CPEAHEN H MEJIKON PYCJIOBOH CETH.

Caenyer OTMCTHTE, YTO 00BhEM BOJIBI, BHIYHCIICHHBIH HA OCHOBC MO-
JEJIH CTPOCHHA PEYHOH CETH, IO CYLIECTBY MPEJACTaR/IieT cob0i HHIEKC
pycioBeix 3anacoB. Heobxoamumo onpenenuts k0ddduLHeHT nepexona
OT 3TOro MHACKCA K 3aracaM BOZbI B PYCIOBOH CETH, YCTaHOBJICHHBIM 1O
YPaBHEHHIO BOLHOro fanaHca.

4.3. IIpor1o3n! ¢cTOKa MO JAHHBLIM 0 PYCJIOBBIX 3aMacax
H NPHTOKE BOABI B PEYHYIO0 CeTh

B OCHOBC MporL€o3a CTOKa B YCJIOBHAX OTCYTCTBHS MIIH HE3HAyu-
TENBHOrO NMPHUTOKA IOBEPXHOCTHBIX BOJ JIEKHUT 3aBUCHMOCTH BHa (4.3).
IMonoGHas 3aBHCHMOCTbL HMCIMOJBL3YETCA B MNEPUOABL! NETHEH M 3MMHEH
MEXEHH JUIA IPOrHO3a CPEAHEro pacxojia BOAbI 32 HHTEPBAN BPEMEHH OT
5 mo 15 cyT. 3abnaroBpeMEHHOCTb IIPOrHO3a CPEAHETO pacxola 1o AaH-
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HBIM HCCIIENOBaHHI HECKONBKO MCHbLIC BPCMEHM HoOcraHus BOJbl OT
BCPXHMX CTBOPOB IO 3aMBIKAIOILICTO CTBOpa, HO Oonbliie BpeMceHM nobe-
raHus oT LEHTpa TshkecTH Gacceiina. Ha npaktHke 3a61aroBpeMEHHOCTH
IPOrHO3a YacTo NMPUHHUMAETCH paBHOK oblieMy BpeMeHH noberanus py-
COBOTO CTOKA.

B nepHon BeceHHEro no;s0BOJAbSA M JIOXKIEBBIX IMAaBOJKOB IIPUTOK
BOJ(bI B PEYHYIO CETh B MOCIEAYIOUIMH NOCIIE BRITYCKa IIPOTHO3a MEPUOL
BECbMa CYILCCTBCHHBIN, H B 3TOM CiTy4ae IJid NMPOTrHO3a HCIOJIb3YETCS
3aBMCHMOCTb BHJA (4.4).

C yBemuyeHnmeM 3a061aroBpeMEHHOCTH IIPOTHO3a YMCHBIIAETCA
pOJIb 3amacoB BOIbI C PYC:IOBOM ceTH Wr M BO3pacTaeT BIMAHHMC Mocic-
OYIOIEro MPHTOKa gr+.. IIpOrHO3HpOBaHHE CPEIHCTO pacxoia BOIbl B
3TOM Cily4yae Yalle BCCro OCyecTBIACTCA 110 YPaBHEHHUIO BU/IA

Or.. =YWy +Bqr, (4.27)
rie y — yriaoBod kodpduuueHT HuxHeH orubarouied npsIMOi JTMHUK Ha
rpaduke cB3U Oy, = f (Wr ); gt — IPUTOK BOJBI B PYCIOBYIO CETh, Bbi-

YHCIAEMBIH 10 YPaBHEHHIO BOAHOro OajaHca WIIM 10 JaHHBIM O CTOKE
MajibIX peK Ha MOMEHT BbINycka MPOrHo3a; 3 — yriaooii ko3¢duuucHr

cpeaucii tuHuH Ha rpaduke cBasu Q.. — YWy = f(qr).

3aBucumMocTs (4.27) ocHOBaHA Ha MPCANION0OKEHMH, YTO IIPEACKa3bl-
BacMbli CpeIHHH PacXoi BOABI ONMPCICNACTCS, C ONIHOH CTOPOHBI, Hayallb-

HBIM 3anacoM BO/bI B pyCJIOBOﬁ CCTH, a C IIperif'l — NOCICAYIOHIUM CYM-
T4z

MapHBIM ITIPHTOKOM 3a NEPHOL 336IIaI‘OBpeMCHHOCTH IIpOrLo3a Zq , KOTO-
T

pblﬁ 3aBHCHT OT 3HAYEHUA NIPUTOKA gT, T.C. HMECTCA CBA3Db

T+1

;q = f(qr)- (4.28)

Ecnu xe cBa3b Buna (4.28) OoTCyTCTBYET, /LIS NIPOTHO3a CPEIHEro
pacxonxa MpHMEHACTCA Ipyroe YpaBHEHUE:

QT&-t = YWT + qT+T’ (4'29)
roe dr.: — ﬂOCHe}IlelnHﬁ IPUTOK BOABI B PYCHOBYXO CE€Tb, KOTOpblif'l
BBIYHCIIACTCA II0 Pa3HOCTH MEXIY (baKTH‘leCKHM QT+I H YCTAaHOBJICH-

HBIM 110 rpaduky cBasu Qp,, = f(W; ). [lo noNyHEHHBIM JAHHBIM CTPO-
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AT rpaduK CBA3M CMEXHBIX 3Ha4eHHH ¢,. = f(q,_. ). YpaBHeHHE s
NPOrHO3a CPEIHErO PACXO/ia TOrAa MMeeT BHL

_Q_Tﬂ = YWT + f(qT—t) (430)

OrnpeneneHne MPUTOKa BOAbI B PYCJIOBYIO CETh MOXET ObITh OCYILEC-
CIBJICHO HA OCHOBE 3KCTpANOJLILMH 3HAYCHHS ¢r HA IEPUOX ACHCTBUA
TNPOrHO3a criocoboM NMHEHHON MM HENMMHEHHON TeHAeHIMH (cM. 1. 4.4).

JlaHHble 0 3amacax BO/IbI B PYCJIOBOH CETH HCMOJBb3YIOTCA TAKOKE NPH
NpOrHo3e MaKCHMAJILHOIO  a)
pacxoza BOJAbl M BPEMEHH CTO Donas, wcer
HacTymicHus. Jlata Belmycka
[IPOrHO3a OTHOCHMTCH K MO-
MEHTY HacTYIUICHHS MakKCH-
MaNIbHOTO CTOKa MaJIbIX PeK.

[Muk nonoBoirs Ha Ma-
JBIX peKax HacTyNaeT Heox-
HOBDEMCHHO, YTO BBI3BIBACT
HEONpPEIENEHHOCTh B BRIGOpE
Iatel  BblIycka IPOTHO3a.
B oatom crnywae omnpenenstoT
CPCIHIOK ATy HaCTYIUICHUS
MaKCHMAaJIbHOTO CTOKa MaibIX
pek. Haubonee mokazarens-
HBIMH SBJISIOTCS MAalbIC PEKH,
PacnONOXCHHBIE B FOXKHBIX
YacTAX KPYUHBIX OacCeiHOB.
Ha atux pekax MHK nososo-

07000 2000 3000 4000 000 ",
Ibsi HACTYNaeT paHblle U 3a-

61aroBpeMEHHOCTh  [IPOrHO3a Puc. 4.5. Peka [Ipunsats - r. Mo3sips.

YyBEIU1IHBACTCA. 3aBucumocTH Q. = f (Wo) uAT = f (W0)~
[Io pycnoBbIM 3amacam,

BBIYHCIIEHHBIM Ha CpEIHIO
JIaTy HACTYIUIeHHS HauGoJb-
LIEro CToka Wy MalbIX pe, MaKCHMAJIbHBIM pacxoaM Ormay M Pa3HOCTH

Hudps! y Toyex  rozsl.

B IaTax HACTYILICHUS IHMKa [OJOBOIbA PACUCTHOM PEKH M Ha MasbIX pe-
kax AT ycTaHaBIHMBaIOTCs 3aBUCUMOCTH (pHC. 4.5):
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O =), (4.31)
AT= f(w,). (4.32)

3aBucuMocTs (4.32) He BCeria AOCTATOYHO TCCHas. B 3TOM ciryyae
3ab1aroBpeMCHHOCTL TIPOTHO3a NPUHMMAETCS PaBHOR CPEJHCMY 3Haue-
HHIO caBura AT.

MakcuManbHbIi IPUTOK JUIS BCCH PCYHOM CCTH, pasfelcHHON Ha N
YYacCTKOB, MOXET ObITh BBIYUCIICH I10 YPABHCHHIO:

n
gAt=Q,At+) AW, (4.33)
1=1
rae g u J, — COOTBCTCTBEHHO CPCAHHI NPUTOK BOABI H CTOK 4EPC3 HMXK-
HUH CTBOp 3a BpeMs At; AW — nsmeHeHHC 06beMa BOJB! B PEHHOM CCTH
3a TO )K€ BpeMs, OTIpeensaeMoe TI0 THAPOMETPHYECKHM JIAHHBIM.
[IpuTok Bombl HA OCCIIPUTOYHBIX YYacCTKaX BbIYHCHAETCA 1O Qop-
Myne:
gAt = Q At —Q, At + AW, (4.34)

4 Ha [MPHUTOYHOM Y4YaCTKC paCyCT NNPUTOKA OCYHICCTBIIACTCA 110 BBIDAKCHHUIO:

n

gAt =Q At => O, At + AW, (4.35)

TZI€ 71 — YHCJIO BEPXHHUX CTBOPOB Ha BHIOPAHHOM YYaCTKE PEKH.

4.4. Ilporuo3sl ypoBHeii H pacxoao0B BoAbI C1IOCO60M TeHXEHLMH
H 110 KPHBbBIM cIiaja

B ocnoBe cnocoba TEHACHIMM JICKHT IKCTPANONALHUS XOHa YPOB-
Hel MMM pacxolioB BOAbl HAa HEKOTOPHIA NEPHON BPEMEHH, MCXOIS U3
yuyeTa 3aKOHOMEPHOCTCH H3MCHEHMSA CTOKAa 32 NEpHOJ, NpeulecTBYIO-
IMH MOMEHTY BblIlycka mporso3a. Crnioco6 y4YHThIBaC€T HHEPUHMOHHBIC
CBOMCTBa THAPOJIOTHYCCKHUX SMBJICHHH COXDaHATb TCH/ACHLHMIO CTOKa
B TEYCHHE MOCIEYIOUEro BPEMEHH. JTO CBOHCTBO OCOOEHHO NPHCYILE
KpYNHbIM PEKaM, a TaKXkKe BOJIOTOKAaM, BBITEKAIOIMM H3 03cp. B xone
YPOBHCH (PacXolOB) TAKUX PCK NpPU HC3HAYUTCIHHOM MPHUTOKE BOJBI
OTMEYAIOTC MPOJOKUTENbHBIC NMEPHOAb OJHOHAIMPABICHHOIO H3Me-
HeHHs cToka. JIMHeHHas SKCTpanojslHsd OCHOBAHA Ha NPEIOIIONKCHHH
[OCTOSHCTBA IPajieHTa pacCMaTpHBaeMOH BCIMYHMHBI BO BPEMCHH, T.C.
AH/At = const unn AQ/At = const. Ha ocHOBe 3T0ii IpeAnoCkHIIKY yCTa-
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HaB/IMBAIOTCSA CBA3M MEXIY M3MEHEHHSIMH NPOrHO3UPYEMOH BEIMYHHBI
3a KOpOTKUH (MpeaecTByIOMuit) U Gonee MTebHbIH (I10CIe Iy FOLHi)
nepHo/ibl BpeMcHH, Hanpumep, Af ., = flAH7). TlonobHble cBA3H cTpO-
ATCS OTACIBHO /Il BCCEHHETO MOJIOBOJBS U nepuoaa Mexenu. 3abnaro-
BPEMCHHOCTh NPOrHO3a OIIPCIAENAETCS YCTOHYHBOCTHI0 H3MEHEHHNH NpO-
THO3UPYCMOH BEJHYMHBI BO BPEMCHHM M OOBIYHO He MpeBhiLIaeT 3 — 5
cyT. Ha Maneix pekax ¢ KOPOTKHMH IO NPOXOMKUTENBHOCTH Koneba-
HHSIMH CTOKa MPOTrHO3 crnmocoOoM JIMHEHHOH TeHAeHLIMH HedQEKTHBEH.

[IporHo3 cToka B 1epHOJ Crajia BECEHHETO MONIOBOAbLA HIM TOXKAC-
BBIX MABOAKOB B YCIIOBHAX OTCYTCTBUA MIHM HE3HAYHUTENHHOrO NPUTOKA
B PYCJIOBYIO CETh OCYLIECTBIISAETCS € NOMOLIbIO KpHBBIX criaga. CTok pek
B 9TO BPCM$ OTIPC/ICASETCS 3aKOHOMEPHOCTAMH MCTOLICHHS PYCIIOBBIX H
NOJ3EMHBIX 3amacoB BOAbl. PexkuM cTOKa B mepHol chaja NoJ0BOAbA
(naBosaka) 3aBHCHT OT MHOFMX (PaKTOpOB: CyMMAapHBIX 3allacOB BOJbI
B PYCIIOBOH CCTM Ha MOMCHT Hadajia Clajia, XapakTepa MX pacnpenene-
HMs, KOJIHYCCTBA OCaJKOB B nepuoj cnaya. KOCBEeHHBIM moka3zarenem
ofiiero 3amaca BoJibl B pyCilOBOH CCTH AB/ISCTCA MAKCHMANIbHBIR pacxon
(ypoBenb) BoAsl. B psjic crnocoboB NpOTHO3MPOBAHUS YUYHUTHIBAETCS
TOJILKO 3TOT [10Ka3aTcib.

Hcnonb3yeMble ans NpOr#o3a 3aBUCUMOCTH MoryT ObITb rpaduue-
CKOTO M aHaJIMTHUYEeCKOro Buja. Yalue Bcero MpUMEHAIOTCS rpaduyeckue
cnoco6bl, OCHOBaHHbIE Ha OCPCIXHEHHH HJIH THIIM3aLUH KPHBBIX CIIafa.

K.IT. BockpeceHckuit [Uisi NpOrHO3a CTOKA Ha craje nojosoabs Ce-
sepHoit [{Bunbt, Beraerip:, Kamsl, Batku, Bernyru u apyrux pex npea-
JIOKHN CTPOUTH THIOBYIO KPHMBYIO CHafa KaXIOH PEKH MO eXEroaHbIM
OTHOCHTENILHBIM KPUBbIM. Pacxombl BOJAB! BbIpaXalOTCsA B J0JAX OT MaK-
CHMMAJIBHOTO, @ BpeMs OT Hayala Claja — B Z0JIAX OT OOILEH MPOMOIIKH-
TENBHOCTH cnaga. 1o 3TMM JaHHBIM CTPOHMTCSH CEMEHCTBO OTHOCHTENIb-
HBIX KPHMBBIX Caja BUHAA:

O,/ Qe = f(t11,) - (4.36)

B mosne 3THX OTHOCHUTENBHBIX KPHMBBIX YCTaHAaBJIMBAETCH THIIOBas
WM CPEHsS MHOTOJNICTHAS KpUBas craja.

Hcnons3zoBanne THNOBOW KPHUBOH Claja OCHOBAHO Ha M3BECTHBIX
JaHHBIX O MaKCHMAalbHOM PAacXONE M pacxojie BOAbl YEpe3 HECKOIbKO
CYTOK ! mocjie Havasa cnana. [To otHowesno O/ On,yx C TUIIOBOH KPUBOIA
crnaja CHUMAETCs 3HAYCHHC !/, U ONPENEACTCH NMPOACIHKHTENBHOCTD
crnajga. 3aTeM IO BBIYUCICHHBIM 3HAYEHUAM I/l YCTaHABIMBAKOTCS CO-
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orgeTcTByIoUMEe BENHYUHBL OF/Omax U BBIYHCISIOTCS Pacxoibl BOALI HA
cnage nonoBogpa (naBogka). Cnoco® y4YMTBIBACT TCHJICHIMIO M3MCHC-
HMS pacxo/ia BOAb! B HAYaJIbHBIH IICPHOA CNaja.

A.B. OrueBckuii NpeasIoXKUNl YCTaHABIHMBaTh HCCKOJBKO THIOBbLIX
KPHBBIX CHaja Ans OnpeciCHHbIX 3HAYCHHH MaKCHMAJIbHBIX PacXo/ioB
BOAIbI. DTHM CaMbIM KOCBCHHO YYHMTHIBACTCS Pa3IMYMC B 3aracax BOJbI B
PYCNOBOH CETH M HHTCHCUBHOCTH UX Pa3rpy3KH.

AHanuTHYECKHE CMIOCOObI IIPOrHO3a OCHOBAHbI TAKXKE Ha UCIIONB30-
BaHUH YPaBHCHHH KPHBBIX CHajia:

O, = O exp(-at), (4.37)
O, = Qo /(1 +B0)*, (4.38)
O, = Opnax Xp(—kt?), (4.39)

rIe ! — 4HCJo AHEeH OT Hayana craja; a, B, k — napaMeTpbl, 3aBHCsiLHe
OT CTPOEHHs PEYHOH CETH, PaCNpEAE/ICHHS B HEH 3a11aCOB BOJIbI M YCIIO-
BHH HX MOINOJIHCHHUS.

B cB#3H ¢ exeroiHbIM H3MEHEHHEM 3a11aCOB BOJIbI MEHAIOTCS U 3Ha-
4eHUS CPEAHMX 3a MEPHOJ CNana napamcTpos. JIna ux onpejiencHus yc-
TaHaBJIMBAIOTCS CBA3H BHAA

a=fw)wmp=fw), (4.40)

rae W — 3amac Bosl B pyClIOBOH ceTH Ha JIaTy NPOXOXICHHA MaKCH-
MaJIbHOTO Pacxoja.
Ipy Hanuuuu cBA3u Mexay W U Qpax HCIIONB3YIOTCA 3aBUCHMOCTH

@ = [(Quax) 111 B = f(Qprex, AX), (4.41)

rae AX — KOIMYECTBO OCaqKOB B IECPHOX CHaza IOJIOBOIALA B OTKIIOHE-
HHAX OT HOPMBI.

Hns yyera H3MEHUHBOCTH NAapaMeETPoB a, 3, kK B NCPUOL criajia crpo-
AT 32 psAf AeT rpaduKy CBA3K

a,/a=f(@) nmmB,/B=s0). (4.42)

YcraHapnuBaeTca CpenHsas kpupas BuAa (4.42), no koTopoi onpe-
JenseTcs 3HayeHMe NapaMeTpoB 3a MepHoJl Chajna. 3aTeM IO OJHOH M3
¢dopmyn (4.37) — (4.39) pacCUHTHIBAIOTCA OXHMIACMBIC PACXOIbI BOJBI
B IIEPHOJ CNaja NONTOBOJbA.
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frasa5

MATEMATUYECKME MOOEN

OOPMUPOBAHUA CTOKA U UX UCNOJIb3OBAHUE
B TMAPONTOrMYECKNX NMPOrHO3AX

TpanuiMoHHBIC MCTOABI T'MAPOJOrHYCCKUX TIPOTHO30B, Oa3upyio-
IIMCCs HA JOCTaTOYHO IIPOCTHIX aHAIMTHYCCKUX WNH rpaduyeckux 3a-
BHUCHMOCTSX, HECOBCPLICHHBI U HE CIIOCOOCTBYIOT NasibHEHILIEMY pa3BH-
THIO MCTOJOB MPOI'HO3HPOBAHHUS.

TeopeTHuECKHE M DKCIICPUMEHTANbHbIE HCCIEAOBaHHUs YCIIOBHH dop-
MHPOBaHHS TaJlOr0 M JIOKJCBOIO CTOKOB, NPOLCCCOB CHErOTAsAHHsA, BOAO-
OTZHAYH M3 CHEXHOI'O MOKPOBA, NPOABHKEHHSA BIIard B I10YBE, NIepeMelLie-
HMS I1aBOJIOYHBIX BOJH, HX TpaHC()OPMAHHWH CBHIETENLCTBYIOT O LIMPO-
KOM IIPUMEHCHHM MaTEMaTHYCCKUX MCTOAOB B rujponorun. [pocreitmas
TEOpCTHUCCKas cxeMa (Mo;ICIb) GOpMHUPOBaHHS CKIOHOBOTO CTOKA 6blia
pazpaborana M. A. BenukanoseiM B 30-x rojax mpouuioro cronerus. Ha
€c OCHOBE YCTaHOBJIEHA reHeTHYecKas GopMyna CToKa, KO Cero BpeMeHH
HCIIONb3yeMast B 00:1aCTH THIPOJIOTHYCCKUX PacyeToB M nporHozos. Of-
HAaKO MaTCMaTHYCCKOC MOJICIMPOBAHMC B LIMPOKOM CMBICHE 3TOTO MOHSA-
THS CTa510 pa3BHUBaThCs JiMub B 70-x rogax, yemy cnocoOCTBOBaJI IJIaB-
HBIM 00pa3oM HaKOIUIEHHBIH ruaponorucii oOlmpHsIi GpakTHYECKHiA Ma-
TCpHas. DTOT MaTepHa IOCIYXHJ CBOCro poaa QyHIaMEHTOM julf pas-
paboTku MaTeMaTHyeckux Mojesiei gopmuposanus croka. Kpome Toro,
HCMAIOBXXHOE 3HAYEHHC HMENO TMOABAECHHE BHIYMCIIHTENBHBIX MAlHH,
cnocobHeIx 06pabarbiBaTL OrpoMHbIC 00beMbl HHGOPMALIHH.

B 3TH ronm! HOCTCIICHHO OCYILCCTBIACTCA MEPEXO] OT ONHCAHUA
OT/E:IbHBIX MPOLIECCOB CTOKOOOpa30oBaHUs K CO3NAHUIO 3aMKHYTbIX MO-
OeNeH, ONMCHIBAIOIMX BeCh LUMKI GOpPMHpPOBaHHMA CTOKA OT NOCTYMIe-
HHS BOJIbI HA BOXOCOOP /10 IPOXOXKIACHHUS CTOKA B 3aMBIKAIOIIIEM CTBOPE.

Mamemamuueckoii modeb10 Ha3bIBacTCS COBOKYITHOCTh MaTEMaTH-
YECKHX M JIOTHYECKHX COOTHOLICHMH, C MOMOIIBIO KOTOPBIX YCTAHABIIHU-
BAaIOTCs KOJIMYECTBEHHbIE ¥ KaYECCTBCHHBIC XapaKTEPHCTHKH H3Y4aeMoro
npouecca. MaremaTHyeckie MOAENH CTalH, C OXHON CTOPOHBI, CPENCT-
BOM OIIMCaHMs M BOCIPOU3BCICHMS ECTCCTBEHHOrO mpolecca, a ¢ Apy-
rofl — CpeaCTBOM OOBCIHUHCHUS OTACHBHBIX PE3yILTATOB HCCNEIOBAHUH
B LCIIOCTHYIO KapTHHY (GOpMHpOBaHMsA cTOoKa. M3yuyenne ruaponoruye-
CKMX SBJICHHH C IIOMOLUBIO MOJICIHPOBAHHS IO3BOJNAET OTHOCHTEIBLHO
OBICTPO OCYINECTBUTH MPOBEPKY MOJIEIM Ha OCHOBE COTOCTABICHHUA
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C HaTYpHBIMHM JaHHbIMH. B mpouccce MOUENHPOBaHHs BbISABIACTC HC-
00X0O¥MOCTh MOCTAHOBKM HOBBIX “KCIIEPUMCHTOB, YTOYHACTCS MNpO-
rpaMma MpOBEACHHUA CIELMATH3UPOBAHHBIX THAPOIOrHUYCCKHUX Habmo-
neHuii. B cBolo oyepenn, pe3yabTaThl 3KCIICPHMCHTHPOBAaHHA ClIOCOOCT-
BYKOT Pa3BUTHIO H COBEPLICHCTBOBaHHIO MOJICICH.

MarteMaTudeckue MOAENM II03BONSIOT pelIaTh KakK JHarHOCTHYC-
CKHe, TaK M NPOTHOCTHYCCKHE 3aJayH; TOYHOCTh BRIXOAHOH HMH(OpMa-
UMH B NEPBYIO OuYepelb ONPCACIACTCS KAYCCTBOM MCXOMAHBIX NAaHHBIX H
CTENEHbIO JIeTAIH3aUMH (PHU3HUCCKUX TIPOLIECCOB, OIHMCHIBACMBIX CaMOH
MOJENbI0. YPOBEHb CXEMATHU3aLHH PCAJIbHBIX IIPOIICCCOB, OMUCHIBACMbIX
ypaBHEHHAMH MaTCMaTHYeCKOH (H3MKM M TMIPOJHWHAMHKH, ONPEICIA-
eTcq UenbM panoM (GakTopoB, BaXXKHCHIUMM M3 KOTOPBIX ABJIACTCA BO3-
MOXHOCTb HCIOJIb30BaHUA pa3paboTaHHON MOJEIM B OICPATHBHOH
npaktike. COBEPUICHHO OYEBHIHO, YTO XApPAKTED Pa3BHTHsA MPOLIECCOB
Ha BOocOOpE 3aBUCHT OT MHOXECTBA FMAPOQU3INUCCKHMX XapaAKTEPUCTHK
HOJACTHIIaONLeH MOBEPXHOCTH, KOTOPHIM CBOHCTBEHHA ABHas MPOCTpaH-
cTBeHHas u3MeH4YHBOCTh. [loapo6Hoe omucanue GU3HYECKHX 3aKOHO-
MepHocTeH mporueccoB GOpMHPOBAHUA CTOKA B OT/IC/IbHBIX TOYKaX ped-
Horo 6acceiiHa YacTo He MPE/CTaBIAETCA BO3MOXKHBIM H3-3a OTCYTCTBHS
JaHHBIX H3MEPEHHH. DTO MPEHATCTBYET PEANM3aLMH CTPOTHX METOXOB H
3acTaBjs€T MATH IO MyTH Pa3pabOTKH KOHLCHTYAIbHBIX MOJCIICH, yuH-
TBHIBAIOIUMX MPOCTPAHCTBCHHBIE HEOJJHOPOAHOCTH B HHTETPAJIbHOM BHIE.
KoHcTpynpys mMaTeMaTH4YecKylo MoJieib, HCCICIOBATE/lb, C OJHOH CTO-
POHBI, CTapaeTcs JOCTATOYHO MOJPOOHO omucarts lporecchl GopMHUpO-
BaHHA CTOKa Ha Bogocbope, ¢ Apyroi — HE NEPEyCIOXHHTh MOJICNb, Na-
MATYs 0 TpeOOBaHMAX K €€ NNPAaKTHYECKOH PCaTM3yEMOCTH.

IIpu ucnonp30BaHMH MOLCIMPOBAHMA JUIS PCIICHUA NPOrHOCTHYC-
CKHX 3a1ay HeoDOX0MMO HMETh B BH/IY CIEAYIOIICE:

— Ka4eCTBO INIPOTHOCTHYECKHUX PEKOMEHJaUMid BO MHOTOM 3aBHCHT
OT METEOPONOTHYECKOH 0OCTaHOBKH, KOTOPas CJIOXHTCA YXKe Iocie Ja-
ThI BbINYCKa NPOTHO3a;

~ TOYHOCTb 3THX METOAMK HE JOJDKHA YCTYNaTh TOYHOCTH IIPOCTHIX Me-
TOAHMK, OCHOBaHHBIX Ha MPHMHLMIIAX HHEPLMOHHOCTH (CIIOCO0 TCH/ICHIMIA);

— 3Ha4YMMBIA C TOYKH 3PEHHA 3a61aroBPEMCHHOCTH MPOTHO3 MOXET
OBITb JaH U1 CPENHMX M KPYIHBIX BOJOCOODOB.

Hanuple cnenuouyeckue ocOGEHHOCTH ONPE/IENAIOT KOHUENIHH, Ha
OCHOBE KOTOPbIX KOHCTPYHPYIOTCS MaTEeMaTHYCCKHC MOJICITH: OTHOCHTCb-
Has IPOCTOTA H HEBLICOKaA TPEOOBATCILHOCTD K MCXOAHOM HHGOpMaliH.
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OOBIYHO MCTOAMKA COCTOHT M3 KOMILIEKCA MaTeMaTHYECKUX MOJie-
-Ici (110/1MOIeNicH ), KOTOPBIC XapaKTEPU3YIOT MPOLECChI, TPOUCXOALINC
B Gaccciine peku # B ec pyciie. OueBuiHOe cTpeMieHHe Gonee noapobHO
OnmHUcaTh BaXKHBIE MPOLECCH U CXEMAaTHYHO NPENCTaBHTh MEHEE 3HaYH-
MbIC HC BCET'Aa HaXOAUT NPAKTHYECKOE BOIJIOLIEHUE KaK B CHIIY CIELH-
¢bukun permacMoil 3agayM, Tak ¥ MO NPHYHHE OPAHHUUYEHHOTO HHpOpMa-
uHoHHoro obecnedenua. Kpome toro, copMenieHue noapoOHEHIIMX MO-
Jicnei YaCTHBIX IIPOLIECCOB B €IAMHYIO CHCTEMY B MTOTE YacTO NPHBOAUT
K HCYIOBJICTBOPHTCIBHBIM pe3ynbraTaM. B cBolo ouepens, upe3MepHoe
YNIpOUIEHHE MPHUBOAMT K yTpate 3 deKTHBHOCTH NPHMEHEHHS METOLO-
JIOTHM MaTEMaTHYEeCKOro ONHCaHUA. BaKkHBIM MOMEHTOM ClemyeT CuH-
TaTh COTJIACOBAaHMC CTCIIEHM CXCMAaTH3ALWH MOAENH H CaMHX HaHHBIX,
OCYLUECTBIISEMOE C HCTIONL30BAHHEM METO/IOB ONTHMH3ALMH.

B moboit MaTcMaTHuYeCKkOit MOZAeNH GOPMHPOBAHUA CTOKA NIPUCYT-
CTBYCT LIEMbI# P/l IaPaMETPOB, MPU3BAHHBIX 0TOOpaXkaTh 0OBCKTHBHBIC
xapaxTepucTHku Bojiocbopos. XKenarensHo, 4roOpl Gonblias UX 4acThb
MMeNa KOHKPETHBINA (M3HYCCKHi CMBICT 1 OblIa 3a1aHa anpuopH. Yucno
OIITHMH3HMPYCMBIX [1apAMETPOB JIODKHO ObITH MHHMManbsHbIM. Hanex-
HOe pellcHHe 3aa4yl obcclieynBaeTCs NpH NMPaBHILHO BHIODAHHBIX Ha-
YanbHBIX OLEHKaX IapamMeTpoB, KOrHa AMana3oH UX M3MEHEeHHs Quinye-
CKH 0OOCHOBaH.

B 3HauMTENbHBIH CTENCHHM YCMEX FHAPOJOrHYECKHX MPOrHO30B 3a-
BHCHT OT KadecTBa IPOrHo30B mnoroisl. Hexoropble NpOrHOCTHYECKHE
METO/Ibl, B OCHOBY KOTODBIX NOJIOXEHB MaTeMaTHYeCkHe MOJENH, Mpe-
AYCMaTpHBaIOT HCIOJIB30BAHMC IIPOTHO30B METEOBCIMYMH. JTO HaeT
BO3MOXXHOCTh YBCIMYHMBATh 3a0IaroBpeMEHHOCTh THAPOIOTHYECKHX
NPOrHO30B. B 4acTHOCTH, IUIA MpPOrHO3a JOXIEBBIX NMABOAKOB MOTYT
6BITH MCIIONB30BaHb! CBCACHUA O NMPEACTOAIUX OCajikaX, TeMIepaType
BO3ayxa ¥ T.A. O/HaKO HaJ0 UMETh B BHIY, 4TO C yBelnyeHHueM 3abna-
TOBPEMCHHOCTH PE3KO CHMXacTCA 3((EeKTUBHOCTh NMPOrHO30B MOTOABI.
OTUM BO MHOroM 00BACHAETCA TOT (AKT, YTO MaTeMaTHYECKHE MOJETH
NPHMEHSAIOTCS B OCHOBHOM IPH pa3paboTke KPaTKOCPOUHbIX NPOTHO30B.

Peanuzaums MareMaTHYcCKMX MoOJeENel [NA pelledus MPOrHOCTH-
YECKHX 3a1a4 HOJDKHA OCYIIECTBIATRCA C YY4ETOM psna cneuupuyecKnx
ocobeHHOCTEH:

— B pCaJibHBIX YCIOBHAX NPHXOAMTCS UMETH AENO C JOCTATOYHO Or-
PaHHUYCHHBIM HHQOPMAaLHOHHBIM O0ECTIEUEHHEM;
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~ HCronb3yeMas ornepaTuBHas MHGOpMalus, Kak [paBUIlo, 110 TOY-
HOCTH H IOJTHOTE 3HAYUTEILHO YCTYNIACT PEXHUMHOM;

— HeoOXOMMa BBICOKAs TOYHOCTH MCTOJA, TaK Kak cro 3¢ ¢dcKTHUB-
HOCTb OLICHHBACTCS OTHOCHTENBHO HHCPLHOHHOTO IIPOFHO3a;

— NpaKTHYCCKUH pe3ynpTaT Hauboyec 3HaYMM, KOTia MPOrHO3 Ja-
eTcA UL ROCTaTOYHO KPYIHBIX PEYHBIX BOROCOOPOB;

— Ha MOMCHT BbINYCKa IPOrHO3a HC M3BCCTHBI OyAyLIME METCOpo-
JIOTHYCCKHE YCIIOBHUS, OT KOTOPBIX B GOJBILON CTCICHU 3aBHCHT yCrelI-
HOCTH IIPOTHO3a.

Bce cka3zaHHOE BiIMAET KaK Ha KOHIICTIIMH, IIOJIOXKEHHBIE B OCHOBY
MaTeMaTHYeCKHX MOJEIICH, Tak U Ha ux cTpykrypy. Hago otmeruts, 4yro
ycnemHoe GyHKLHOHHPOBAaHHUE MOJICIIH HE MOXET ObITh obccricueHo 6¢3
HaJIMYHA XOPOIIO 0TpabOTaHHOH Mpoueaypbl udenmuduxayuu, MO Ko-
TOpOii Yallle BCETO MOJPa3syMCBaETCA YCTaHOBJICHHC CTPYKTYPbl MOJCIIH
H OIpeJieliCHHE €C IapaMETPOB.

OxoHyaTenbHbIH BHIOOD MOZENM JUIS pCIICHHUS 3aJaud Ui KOH-
KpeTHOro Bofocbopa MoxeT ObITh CHENaH JIUILb M0CIE CPaBHHUTEIbHBIX
pacycToB C HCIIOJIB30BAHHEM Pa3NIMYHBIX MozeneH (noaMoe:ck).

B kpaTkoCpOYHBIX MPOrHO3ax HCIOJB3YIOTCS IIPCHMYIIECTBCHHO
oemepMuHuCmu1ecKue Mooeau, B KOTOPbIX IIOCTYJIMPYCTCS O HO3HAYHAS
CBS3b BXOMHBIX Y BHIXOIHbIX TAHHBIX.

B HacTosiee BpeMs CyLIECTBYCT JOCTaTOYHO G0JIBILOE KOJTHYCCTBO
HCCIICIOBaHKM, MOCBALICHHBIX KaKk COOCTBCHHO pa3paboTke MareMmaTH-
4ECKHX MOJENEH, Tak U HX NPUMCHCHHIO B THJIPOJIOTHYECKHX MPOrHO3ax
[10, 13,16, 17, 28, 31, 33, 34, 38, 45].

B ofnacTi MaTeMaTHYeCKOro MOACIMPOBaHU HOPMHUPOBAHHUS pey-
HOTO CTOKa MOXHO BBUICIHTb TPH OCHOBHBIX HAlIPaB;ICHUS, OT.IMYaI0-
IMXCA HCNOJNB3YyeMOH HCXORHOH (anpHOpPHOH) M SKCNCPHMEHTAIbHOM
(amoctepuopHoii) HHpOpManHeH:

1) Mozenn, NpH KOHCTPYHPOBAHHM KOTOPBIX alpHOpHas HHdopma-
OMs O CTPYKTYpE M NapaMeTpax I'MAPOJIOrMYCCKOM CHCTCMbl MpaKTHYe-
CKH HE HCMONb3YyeTcs (TUAPONOTHYecKas CUCTEMA PaCCMAaTPHUBACTCS KaK
«QYEPHBIA AMHKY);

2) KOHLENTYaJIbHbIC MOIC/H, CO34aBaCMbIC B YCIOBHSIX, Koraa (u-
3HYECKHE MNpEJACTABICHHA O THAPOJIOTHYECKO¥ cucreMc (dusmueckas
MOZiefb) HEOMPEACIICHB! H HETOJIHBI, OJJHAKO MMCETCS PAJl alpUOPHBIX
3aBMCHMOCTEH WM TMNOTETHYCCKUX CBA3EH, KOTOpBIC MOTYT OBITH MPH-
MEHEHBI IPH ONpCIENeHHH CTPYKTYPhl MOJIESTH U cE [1apaMeTpOB;

110



3) ¢us3HKO-MaTEeMaTHYECKHE MOJEIH, OCHOBAHHBIE Ha AOCTATOYHO
HOJHBIX GHU3UYECKHUX NPEACTABICHUAX H ONMHUPAIOILUEC Ha H3MepsIeMble
XapakTepuCTHKH Bojocbopa (Mcrons3yioumMe IJIaBHbIM 00pa3oM amnpH-
OpHYyI0 HHPOpMaLUIO).

Takoe neneHyc ABIAETCA NOCTATOYHO YCJIOBHBIM, TIOCKOIbKY MHOTHE
peanbHbie MOLCIH NOCTPOEHBI C UCTIONb30BaHHEM HECKONBKUX ITOIXOIOB.

B Mojnenu THna «4CpHOTO AMIMKa» B SBHOM BUJE OTCYTCTBYET OIH-
CaHME 3JIEMEHTApHbIX MpoLieccoB Ha Bopocbope. CTpykTypa Mozenu
OlIpefieNscTCs BHJOM OIleparopa, 00ecnevuBalolero COOTBETCTBHE
(bakTHYECKHX M pPacCYHTaHHBIX HaHHLIX Ha BeIXoje. Mcmonb3yemsle
B MOJeNM KO3QPHUUMEHTHI PEAKO UMEIOT QPUUYECKYIO HHTEPIIPETALHIO.
K 3toMy THIy MoJeael MOXXHO OTHECTH U TaK Ha3bIBaCMBbIE eMKOCMHbIE
mooenu. CuntaroT, yto GacceiH obnamaer HEKOTOPBIM OOBEMOM, pery-
JMPYIOUIMM CTOK. DTOT O0BEM NPENCTABMIAIOT COCTOAILMM U3 OTHCIbHBIX
T0CJICOBaTENbHO-IapAJLICABHO COCIHHEHHbIX eMKocTeit. [Ipouecc Hc-
TCKaHHUs BOABI U3 CMKOCTEH OMMCHIBACTCS JIMHEHHBIMH WY HENUHEHHBI-
MH 3aBHCHMOCTSAMH.

KoxuentyanbHble MONENH KOHCTPYHPYIOTCS C YI€TOM pa3iUYHBIX
OpelNCTaBNeHHM 0 CTOKOOOPAa3yIONIMX Npoleccax U SMIHUPHYECKHX CBS-
35X MEXTY 3JICMEHTaMHM MOAENH. OTO HPHHIMIHAIBHO BaXKHO, TaK Kak
O0oNBUIMHCTBO NapaMETPOB MMeeT KOHKPETHBIH GU3HYECKHiA CMBICI, YTO
NI03BOJIACT ONpPEHENMTh AMANa30oH MX M3MeHeHHd. Eme omHo# BakHOH
0COOCHHOCTBIO KOHUENTYaNbHBIX MOJENEH ABAAETCA TO, YTO COCTOST
OHHM U3 NOAMOJENEH, YUCIO ¥ BUA KOTOPBIX MOXET ObITh ONpeaeneH Io
pe3yJbTaTaM aHalM3a yCIOBHH (GOpMHPOBaHHMS CTOKAa B JAHHOM DETHO-
He. O6BIYHO HaeTCs onucaHMe Mpolecca BOJONONaYH, TOTEph, nepepac-
NpesfeNeHus Biard B NO4YBE, ITOBEPXHOCTHOINO M BHYTPUIOYBEHHOTO
NPHTOKA K PYCJIOBOHM CETH, TpaHchOpMalMu NPUTOKA B ruaporpad pac-
yeTHoro crBopa. CreneHb AeTanu3alMu U crnocobbl onucanus Qusnue-
CKHX TIPOLICCCOB OMNpEJEIAET NOBOJILHO IMPOKHH CriekTp pa3paboTaH-
HBIX K HACTOSAIIEMY BpEMEHH MoJieneil.

B 3aBucuMocTH OT crocoOOB y4Yera HepaBHOMEPHOCTH HCXOAHOM
MHQOpMaIMH M XapaKTEPHCTHK CaMOT0 BOAOCOOpa BHIAENAIOT KOHLEMN-
TyalbHblE MOJEH C COCPEOTOYEHHBIMH H pacrpene/ieHHBIMH NapameT-
pamu. B Mozenmax ¢ cocpeoTOYEHHbIMH NapaMeTpaMH peasibHbIH BOMIO-
cOop 3aMeHsIeTC HEKHM T'MIOTETHYECKHM BOAOCOOPOM C MOCTOSHHBIMH
MHTErpaJisHbIMH XapaKTepUCTHKaMH. B 3ToM ciyyae HEoOHOPOIHOCTDH
BXOAHOH HH(POpMaLMHU B SBHOM BHJE He yuHThiBaeTCA. O4eBUAHO, TAKOE
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JONYILEHUE CIpaBeIMBO JIMIIB Ui Hebonabiux Bopocbopos. [Mpume-
HEHHE MoJeNel ¢ COCpeIOTOYCHHBIMH NapaMeTpaMH I8 KPYIHBIX BO-
J0cOOpoB MpepmnonaraeT MX PpEANH3ALMIO JUIA YacTHbIX OacceidHOB
(npenBapHTENBHO BBHIAENEHHBIX U OTHOCHTEIBHO OZHOPOIHBIX). 3aTcM
CTOK C 3THX 6GacceifHOB OMHHMM M3 crioco6oB TpaHchopMmaluH mpeobpa-
3yeTcs B rufporpad B 3aMbikarolieM cTBopc. Takoi Moaxon BO3MOXCH
JIMIB NPH HAIMYHM THIPOMETPHYECKHX CTBOPOB Ha 4acTHBIX Oaccel-
Hax. B npoTHBHOM cirydae HEpaBHOMEPHOCTb YUHTHIBACTCA MYTEM BBE-
JIEHHA B KOHLENTYaNbHYIO MOJE/b 3JIEMEHTOB MOJEJIel C pacnpeicIieH-
HbIMH mapaMeTtpamd. OHAaKO Tako# MOAXOJ MpPH CO3XaHUM KOHLENTY-
aNIbHBIX MOAENEH NPHUBOJAMT K 3HAYMTENILHOMY YBEIHYCHHIO YHMCNA MNa-
paMeTpoB, KOTOpbIE OOBIYHO MPUXOAUTCA OMPCACHATE MO BEChbMa Orpa-
HUYEHHBIM MCXOIHBIM [JaHHBIM. B mpakTHKE MPOrHO3MpOBaHMA 3ayac-
TYIO HPEANOYTEHHE OTAACTCS MOJCNIAM C COCPENOTOYCHHBIMU NapaMeT-
paMH, kak boJiee IPOCTHIM U BO MHOTHX CJTy4asix JalOL{UM BIIOJIHE HPH-
eMJIEMBIE pe3ynbTaThl. B QU3NKO-MaTCMAaTHYECKUX MOJCHSAX HPOLECCHI
ONHUCHIBAIOTCS AU PEpeHUHANBHBIMA YPABHCHHAMH B YaCTHBIX MPOH3-
BOIHBIX. Benencteue aToro Takue Mozeny B MPUHLIKIE ABJISIOTCA MOJC-
JAMM C pacnpeneneHHbBIMH napaMeTpaMi. OHH MCNONB3YIOTCS Kak JUis
OIMCaHHA MPOLECCOB, NPOTEKAIOLIMX Ha BoAocbope, Tak M JUIA MpOLEC-
COB IIEpPEMEILCHUA BOABI IO pyciay. BonsIMHCTBO napamMeTpoB QU3HKO-
MaTeMaTHYeCKHX MOJEJeH UMEET ABHYI0 GU3HYECKYIO HHTEPNPETALHIO.
B cpaBHEHHH ¢ MOAENAMH C COCPEIOTOYCHHBIMU 1apaMCTpaMu Moodenu
C pacnpedeieHHbIMU napamempamu COACPXKAT MCHBIIE JONYIICHUHA H
obnaparot Gonbiuei anpuopHoit HHGopmauuei. B naHHOM ciyyae yna-
eTcs MONY4YHTh OoJiee KAYECTBEHHOE OIMCAHUE BCETO TMAPOJIOTMYECKOTO
uukna. K coxalieHu10, ClNOXHOCTH, CBS3aHHBIC C JCTaIbHBIMH U3Mepe-
HHSAMH MPOCTPaHCTBEHHOIO paclpe/lejieHHs XapaKTepHCTHK Bogocbopa
H pycna, JeNaloT MOIENM C pacrpeleleHHbIMH MapaMeTpaMH HElocTa-
TOYHO KOHKYPEHTOCHOCOOHBIMH B NPOrHO3ax (IO CPaBHEHHIO C MOJe-
JSAMHM C COCPEXOTOUYEHHBIMH NAPAMETPaMH).

Kak yxe roBopujoch, MareMaTHYECKME MOJEJNH, ONUCHIBAIOLIME
THAPONOTHYECKHI LMK, BKIIOYAIOT ONpEieneHHOe YUCHO NMapaMeTpoB.
[IpakTHueckas peanusauus Mo6OH MoeaM HCBO3MOXHA 6e3 ce HICH-
Tudukauuy. ONTHMaNbHas CTPYKTYpa MOJCICH THHA «YEPHOTO SIIHKa»
onpenensercs B npouecce uaeHtndukaumu. CTpyKTypa KOHLENTYaib-
HBIX M (H3MKO-MAaTEMaTHYEeCKMX MOJECH YacTO 3ajacTcs anpHOpH,
a MACHTHOHKALHMA CBOAMTCA [0 CYTH K OLCHHBAHHIO NapaMeTpoB. Beu-
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JIy OrPaHHYCHHOCTH M HH3KOH TOYHOCTH MCXOIHBIX JNAHHBIX [UIA ONpene-
JIEHMS MapaMeTpPOB INHPOKO HCHONB3YIOTCA METOBI ONTHMH3alMH. YcC-
TOWYHBOCTH MapaMCTPOB MOXKET ObITh MOBBILIEHA 33 CYET NMPHBIICYEHHA
anpHOpHOHN MH(OPMALMH, KOTOpas ONPENeNseTCs KaueCTBOM U KOJIMYECT-
BOM JIaHHBIX, 0COOEHHOCTAMH MOJEIH, KBaTH(HKAIHEH HCCIIEXOBATCIIA.

[pu npaBHiabHOK HMICHTH(HUKALMM CHCTEM PaCXOXICHHEC MEXIY
(GaKTHYECKMMH M INPOTHO3HBIMM JAHHBIMHM JODKHO OBITh MHHMMAallb-
HeiM. [locnenHee UMeeT MecTO B CIy4ae MaKCHMAaJbHOrO NpHOMKEHHS
CTPYKTYpbl Y NTapaMeTpOB MOJENH K HaKTHYECKHM JaHHbIM. BrinonHe-
HHC JTHX YCJIOBHI MOXXET NPHBECTH K YCIOXKHEHHIO MOJEIH, MOABIIE-
HUIO HETOYHO ONPEAENIAEMBIX NMapaMETPOB, BO3PACTAHHIO CTy4aHHbBIX
oumbok. BozHukaeT npobneMa yCTaHOBICHHUS ONTUMAIBHON CIOYKHOCTH
MOJZIC/IM M ONTHMAJIbHBIX 3HAYEHHH IapaMeTpoB, NPH KOTOPBIX 3a/jaHHas
GbyHKUMA, 3aBHCAIAA OT CXOAMMOCTH (aKTHYCCKHX M PACCUMTAHHBIX
JaHHBIX, JOCTHraeT MHHUMyMa. Takylo QYHKUHIO HAa3bIBAIOT Kpumepu-
emM onmumu3sayuu, UM Kpumepuem Kavecmsa.

B KadecTBC KPHTEPHUA ONTUMHM3ALHMHU Yalle BCETO MCMOMB3YIOT CYyM-
MY KBaJpaTOB OTKJIOHCHHA GaKTHYECKUX U PaCCUMTAHHBIX 3HAUCHHUI:

2
max -

K(a)= ﬂX(t)—Xp(t)] dr (5.1)
0

rae X(1) u X, (¢) — bakTHyecKHe H pacCUMTaHHble 3HAYEHHS X COOTBETCT-

BEHHO.

Bo3MoxHbIC Npeaesbl H3MCHEHUS apaMETPOB YCTaHABIIMBAlOT MC-
Xomd U3 (H3IMYECKHUX COOOpaKeHHH, HATYpPHBIX, 3KCICPHMCHTAIBHBIX
JAHHBIX H 6alaHCOBBIX COOTHOLICHHH.

Mertonsl ONTHMH3ALMM OPH HOCTATOYHOM 00BEMe HHbOpPMalMU
NO3BOJIAIOT HAXOAUTh 3HAYCHHS IIapaMCTPOB, ONH3KHX K PaKTUUCCKHM.

J11 KOHUCTITYaNbHBIX MOAENCH MOXHO BBIIEIHTL HEKOTOpBIE 00-
I{MC NIPHHLHUNGI TAPaMCTPH3aLIHH:

1) yacTs mapaMeTpOB OIIPENC/ISIOT METOAAMH TMAPOJIOrHYCCKOro
aHA/IM3a HEMOCPCACTBCHHO HO JAHHBIM HM3MCPCHHUN OCHOBHBIX COCTaB-
JSIOIMX BOTHOro GanaHca, XapaKTCPUCTHK MOYBBI H T. 1.,

2) NMpoM3BOAAT MPUOIH3UTCIBHYIO OLEHKY OCTaBIUMXCS IapaMeT-
POB M BO3MOXHBIE IPAHUIBI UX U3MCHCHH,

3) Hcnonb3ys BXOAMBIE M BBIXOIHBIC [aHHBIEC, NPHONHKCHHEIE
OLIEHKH, YTOYHSIOT METOIOM IIpo6 U omHUOOK;
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4) npoBepsAIOT YCTOHYHUBOCTH IIOJYYCHHBIX OLICHOK HA HE3aBHCHU-
MBIX JaHHBIX.

Merozp! onTHMH3alKH, pcalM3ycMble B aBTOMAaTH3HPOBaHHBIX I1PO-
Le/Typax, H03BOJIIOT HaXOJMTh MHHUMYM (YHKLIMH MHOTHX MICPEMEHHbIX
(ueneBoit QyHKuMKM — KpHUTEpUS KayecTBa). OObIMHO MHHHMH3HPYCTCH
CpCIHss KBaJpaTHYECKas NOrpCIHOCTh PAaCYCTHBIX (NPOrHO3HBIX) 3HAYe-
HMH pacxXonoB BOABI B 3aMblKaromieM crBope. llpouemypa onpenenenms
NapaMCTpOB METONAMH ONTHMH3aUMH NpH HICHTHOHKaMu (H3MKO-
MaTeMaTHYeCKHX MoJesieH 3aMETHO YCIOXKHICTCH B OCHOBHOM H3-3a
6071pL1I0H TPYIHOCTH PACYETOB LI MPOAOIDKMTENBHBIX NIEPUOIOB BPEMEHH.

B cuiy psna o6bCKTHBHBIX U CyOBEKTHBHBIX IPHYHH TOYHOCTD pac-
YETOB N0 MAaTCMAaTHYCCKUM MOJENIAM MOXET OBITh HELOCTATOYHOH g
obecneueHus s¢dexkTuBHOCTH Nporuo3oB. OnpeAcncHHOC NOBBILICHHE
3¢ }exTUBHOCTH NPOrHO30B JOCTHraeTCa 3@ CYET NPUMEHCHHMS HEKOTO-
pHIX MPOUEAYP HX KOPPCKTUPOBKH. Tak, ONCPATUBHBIA aHANU3 [OrpElI-
HOCTEH MPOrHO3a M03BOMACT OCYLICCTBIATH KOPPEKTHPOBKY [1ApaMETPOB
(xa;mbpoBky Mozenu). IlonoxurensHsiit d$¢eKkT JaeT M ABHBIH yyer
HayalbHBIX YCJIOBHH, OCHOBaHHBIH Ha WUCNONB30BaHMH HHTerpaia Jlioa-
MeJis JUIs CITy4ast HeHYJIeBbIX HadyalbHBIX YCIOBHH.

Ha V BcecorosHoM ruaposnorudeckoM cwesfe [17] 6puin chopMynu-
pOBaHb! OCHOBHbIC TPCOOBaHHA K MaTeMarH4eCKHM MOIEC/IAM TMOPOJOTH-
4ecKHX npoueccos [17]:

— HCo0X0/IMMOCTh 0TOOpaXKeHHs] OCHOBHBIX 3aKOHOMepHocTeit ¢op-
MHpOBaHHS CTOKa, y4yeTa NMpPOCTPaHCTBCHHO-BPEMECHHOH H3MEHUYHBOCTH
METCOPOJIOTHYCCKUX (PAKTOPOB H CTOKOOOPA3yIOIHX CBOHCTB NOICTH-
JIAIOLLICH NOBCPXHOCTH;

— ONpeICsiCHUE ONTHMANBHOM CIIOXKHOCTH MOJCIHH, HCKIIIOUCHHUE €¢
YCIIOXKHEHHS M BO3MOXHOCTH IOSABJICHHS HCONPEEIECHHBIX 1apaMETPOB;

— YYCT pEJIKOr0 COYeTaHHs (haKTOPOB, ONPEAENAIOIIMX CTOK HIIH
IpYrHe XapakTCPHCTHKH;

— HCIIOJIB30BAHHE B KAYCCTBC BXOAHBIX NaHHBIX B OCHOBHOM Mare-
pHaNoB CTaHIAPTHHIX HAOIIONEHHIA;

— 6J0KH MOJIENH MO BO3MOXXHOCTH JOJDKHbBI OMHCHIBATECA C OIMHA-
KOBOH IOAPOOHOCTHIO H TOYHOCTBIO;

— BO3MOKHOCTb JallbHEHIIEro COBEPIICHCTBOBAHMUS MOJEIIH.

Obmas moxmens (GopMHpOBaHHA CTOKA NOKHA ONMCHIBAaTh Clie-
ZYIOIHHE OCHOBHBIE THAPOMETEOPOIOTHYECKHE TIPOLIECCHI:

~ CHETOTassHHE M BOLOOTAAYY U3 CHEra, JMHAMHKY TEILIO- H BJaro-
NIEPEHOCa B CHEXKHOM ITOKPOBE;
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— HHQUIBTPALMIO BOBI B MCP3IYIO H TAIYIO NIOYBHI, IEPEHOC TEMIa
H BJIard B [I0YBOTPYHTAaXx;

~ B3aMMOJCHCTBHE NOBEPXHOCTHBIX H MOA3EMHBIX BOX;

— TpaHC(HOPMALIKIO KHIKHX OCAJKOB B [IOYBOIPYHTAaX M Ha MOBEPX-
HocTH bacceliHa;

— HCnapeHye M TPaHCIIUPALHIO Ha Boxochope;

— TpanchOpMaLHMIO MOBEPXHOCTHOTO M BHYTPHUIIOYBEHHOTO CTOKa
B PCYHOH CTOK.

B nocnennue rons! B Hame# crtpake u 3a py6exxoM paspaboraHo He-
CKONBKO MAaTEMaTHYECKHX MOJeNncH (GOpMHPOBaHHS TAlOro M J0XIECBOrO
cToka. Ha ux ocHoBE MpPCANOXEHb! METOXB!I ABTOMAaTH3MPOBAHHBIX KpaT-
KOCPOYHBIX MPOrHO30B CXKCIHCBHBIX PAacXOlOB. AHauu3 pe3ynbTaToB
nporsozupoBadus no 10 moxensM, paspaboranubiM B Poccuu, CLIA,
SINOHMH, TIOATBEP/ I BO3MOXHOCTH MCHOJIB30BaHHA OONLLINHCTBA U3 HHUX.
YCHEUHOCTh MPOTHO3UPOBAHHSA BO MHOIOM 3aBHCUT OT TOYHOCTH HCXO[-
HbIX JaHHBIX ¥ BO3MOXKHOCTH y4eTa BHOBb NOCTYTIAlOLIeH HHOpMailUH.

Ipouecc MaTeMaTHYECKOrO MOJAEIMPOBAHMA Ha YPOBHE COBPEMEH-
HBIX 3HAaHUH BKJIIOYAET clieaytouue stans! [17]:

— II0CTaHOBKY 3aJlaui M BbIOOp THIIa MOZAENH;

— bopMynHpoOBaHHE CTPYKTYpHI MOJCIH Ha OCHOBE aHANH3a 3aKO-
HOB, CBA3BIBAIOILIUX OCHOBHBIC IAPAMCTPHI;

— MOJrOTOBKY MCXO/IHOH HHQOPMALIMM U NIPEACTABICHHUE €€ B COOT-
BETCTBYlOLUCH popme;

— NIPOrpaMMHUpPOBAHHUE;

— [IPOBEPKY IIPUMEHHUMOCTH MOZENH Ha OCHOBE COIIOCTABJICHHSA pe-
3yJIbTaTOB MOJIENUPOBaHHS C (HaKTHYECKUMH TaHHBIMH;

— TUIAHUPOBAaHHE M OCYLIECTBJICHHE YHCIICHHBIX OKCIICPHMEHTOB
C MCHOIb30BaHHEM HMUTALIMOHHBIX PACUETOB,;

— HHTEPIPETALMIO PE3YIbTaTOB HMHUTALMOHHOIO MOJIETHPOBAHHS,;

— MPaKTHYECKOE HCTI0/IB30BAHHE PE3YNHTATOB MOLETIUPOBAHHUA.

Pa3ButHe MeTOA0B MaTEMAaTHYECKOr0 MOACIHMpPOBaHus Tpebyer Ha-
nH4HA 6aHKOB JIAHHBIX THAPOJIOTHYECKOH, METEOPOJIOrHYECKOi H arpo-
¢bus3ndeckoit unpopmanpu. CosnaHue NHomoOHBIX GaHKOB HEBO3MOXHO
6e3 aBToMaTH3auuu c6opa H 06pabOTKH rMAPOMETEOPOIOTHYECKON HH-
¢opmaimu. Ha 6a3c mMareMarndecKux MOJENEH CO3MAt0TCS BO3MOXHO-
CTU BHEJIPEHHS B MNPAKTHKY aBTOMAaTH3HPOBAHHBIX CHCTEM BBINYCKA
ONEPATHBHBIX I'MAPONIOTHYECKUX IIPOTrHO30B.
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I'naBa 6
KPATKOCquHbIE MPOrHO3bl PACXOAOOB
N YPOBHEN BOAbl BOXXAEBLIX NMABOAKOB

6.1. 3axoHOMepHOCTH (POPMHUPOBAHHSA J0XKIECBOT0 CTOKA

[IporHo3 ROXHEBBIX IAaBOJKOB SBIACTCA OJHHM M3 BaKHCHIIMX Ha-
NpaBICHUH TUIPONIOrHYECKHX MpPOrHo3oB. Ecnmu paccMaTpuBaTh 3eMHOM
wiap B LENOM, TO MOYTH Ha 70 % ero TeppHTOpHH MaKCHMAJIBHBIC paCXOIbI
BOJIBl OTMEYAIOTCS MMCHHO BO BpeM#A IPOXOXKACHUS HOXKIEBBIX MTABOAKOB.
BTOpBIM Ba)KHBIM MOMCHTOM SIBJIETCSl TOT (aKT, YTO, KaK NPaBHIIO, HOX-
JICBBIC T1ABOMIKH BO3HMKAIOT BHE3AIMHO, NO3TOMY Jaxe HebGonbluas 3abnaro-
BPEMEHHOCTh HX NpEICKa3aHHUsA BO MHOTHX CITydasiX IO3BOJIIET COXPaHUTh
3HAYHTENBHBIE MATEPHATIBHBIE LCHHOCTH M »KHM3HH mojel. Ha reppuropuu
Poccyn nporHo3 DoXIEBbIX TABOJIKOB OCOOCHHO aKTyaIeH ;UL JIMBHEOIAC-
HbIX pallOHOB, K KOTOPBIM B NEPBYIO OYCPCIAb MOXHO OTHECTH JlanbHui
Boctox u YepaoMopckoe nobepexnse Kaskaza.

Pacuer u nporuo3 JOXICBBIX MABOAKOB NPHUHATO CYUTATH ONHOM U3
TpyAHCHIKX npobireM rHAPOIOTHH, KOTOpas BIIOJIHE YAOBICTBOPHTENb-
HOT'O PCIEHMS HE NONYYHJIa U 00 HACTOALLErO BpeMeHH. PopMHpOBaHHE
JOXJEBOr0 CTOKAa Ha BOAOCOOpE ABIAETCA CJIOKHBIM MHOIO()aKTOPHBIM
npoucccoM. Bonee Toro, on Moxer 6biTh 1M CpEHIIMPOBaH Ha PR Ya-
CTHBIX I1IPOLIECCOB, B CBOKO OYEPEAD PETyIHPYEMBIX B3aHMOOOYCIOBNEH-
HBIMH TIPMYMHHO-CIEACTBEHHBIMHM CBS35MM B TpaHMLax peysoro Oac-
ceitHa. PopManH3anMs ITHX NPOLECCOB C LENbIO NPEACTABICHHA QU3H-
4eCKH JIOCTOBEPHOH KapTHHBI (POPMHPOBAHMS CTOKa MOXET OBITH Moiy-
4YeHa MYTEM COCTaBJICHHA cUCTeMbl AudGepeHUHANbHBIX YpaBHCHHH,
OIMCBIBAIOIIMX YC/IOBUsS JABH)KEHHA BOABI 1O CKJIOHAM H PYCIOBYIO
TpaHchOpMalHIO, ypaBHCHHS TYpOYJICHTHOrO TEMI00OMCHA H TEIUIOBO-
ro GanaHca [ OLEHKH MCIIAPEHMs, YPABHCHUH XapaKTCpH3yIOMMX SB-
nenus MHGUIABTpauMH M T. 1. O@HAKO COBMECTHOE pCILUEHHE CTONb
CIIOXXHOM CHCTeMBI TH(GEpEeHIIHANbHBIX YPABHEHHH B YacCTHBIX MPOH3-
BOJIHBIX 3aTPYAHEHO KaK B CHJIy YHCTO MAaTE€MAaTHYECKHX TpPYIHOCTEH,
TaK M M3-3a HEAOCTATOYHO PENPC3CHTaTHBHOH MH(pOpMauuy 06 ocamkax
(xonH4YecTBE, HHTEHCHBHOCTH, PaclpeReIeHHH 110 BPEMCHH M IPOCTPAH-
CTBY), a TAKXXC KpaliHE OTPaHHUYCHHBIX M HM3KMX IO TOYHOCTH JAHHBIX
O BOJIOIIOrNIOTHTENBHOM crioco6HOCTH pedHbIX GacceiHoB. Takoe rono-
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XEeHHe TIPUBOIAMT K HeoOXOAMMOCTH NPHHATH PAN JNONMYLIEHHWH NpH pe-
meHuH cucteM AHbdepeHIMaNbHbIX YPaBHEHHH, IPH peald3aluy Ma-
TEMaTHYECKUX MOJEJCH C COCPENOTOYCHHBIMU [TAPAMETPaMH H TIPH BHI-
paboTke NPOrHOCTHYECKHX PELIEHHH Ha OCHOBE MOCTPOEHHS KOAKCH-
anpHOM (COOCHOH) CHCTEMBI IPadHUKOB, MO3BOJAIOLIECH YHECTh OCHOBHBIC
crokodopmupyomue GakTopsi.

CyecTByeT J0CTaTOYHO G0JIBLIOE KOTHYECTBO CIOCOO0B IPOrHO3a
JOOXIEBBIX MABOJAKOB, KOTOPBIC C HEKOTOPOH HONEH yCIOBHOCTH MOXXHO
NOApa3EINTh HAa TPH OCHOBHBIE IPYIIIIBL:

— cnocobbl, OCHOBaHHbIE Ha NMPHMEHEHHH 3MITMPHYECKHMX 3aBHCH-
MocTeit OXKAEBOro CTOKa OT 0CaAKOB M (haKTOPOB BOJOMOIJIOIIEHHS

— cnoco6bl, OCHOBaHHBIE Ha HCIIOJIb30BAHHH JAHHBIX O MPUTOKE BO-
Ibl B PYCIOBYIO ceTh 0acceifHa, BBIYHCICHHOM IO MMAPOMETPHYECKHM
JaHHBIM;

— (H3MKO-MAaTEMATHYECKHE MOMIEIM, OMHMCHIBAIOIIME MPOUECCHI
¢dbopMupoBaHHs CTOKa Ha Bofocbope ¥ TpaHCGHOPMALIHIO ero Mo pyciy.

Peanu3anus TOro MM MHOro IOAXOXA NPH PELICHHH MPOrHOCTHYE-
CKOH 3aayd BO MHOIOM OIpEAeNAeTcs 0oOBEMOM M KayeCTBOM HMEIO-
weics uHpopmalmM, a Taioke 0coOEHHOCTAMH (OPMHMpOBaHMS CTOKA
B KOHKPETHOH (pU3HKO-reorpaduueckoit 30He.

DopMHPOBaHHE CTOKAa HOXKICBBIX MaBOAKOB ONpeReNnsercs Clie-
JIYIOIIMMH OCHOBHBIMH ITPOLIECCAMH:

— NIOCTYIUIEHHEM BOJIbI Ha TOBEPXHOCTH MOYBBI;

— MOTEpSAMH JOXIEBBIX BOJ HA BIMTHIBAHHE B IIOYBY, MOBEPXHOCT-
HOE 3aJIepXKaHUe U UCTIAPEHHE NIPH CTCKAHHH BOIBI 110 CKJIOHAM;

— CTEKaHHEM BOJIBI C MOBEPXHOCTH Boxocbopa;

— CTEKaHHEM BOZABI [10 PyC/aM pex.

XapaxTepHo# 0COOCHHOCTBIO NOMIEBBIX [1ABOAKOB ABJIAETCS MX IEHe-
THYECKas HEOJHOPOMHOCTB, MOJ KOTOPOH MOApasyMEBAIOTCS pa3iMyHble
ycnoBus MX GOpMHPOBaHHSA, IMHAMHKH Pa3BUTHA U PEXHMA CTEKaHHS.

6.1.1. I'enesuc 0oacoesvix na8ooKos

Hau6onee nmonxasg reHernyeckas kiaccHGHUKaMa BULOB CKIOHOBO-
ro croka, npemioxenHas A. H. bedaunn [7], Beirnsmur cnexyromum 06-
paszom:

1) cTox paBHHH NpH IMyOOKOM 3aneraHHH IPYHTOBBIX BOJ, BO3HM-
KaroLMid oT KoXJAeH 6onee MHTECHCHBHBIX, YeM MOBEPXHOCTHAS (HILT-
paius («IOABELIECHHKI» CTOK);
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2) NOBEPXHOCTHBIH CTOK C PaBHHH, BO3HHKAIOUIMH NpH IOABEME
IPYHTOBBIX BOJ K MOBEPXHOCTH («IIOANEPTHI» paBHUHHBIH CTOK);

3) HagMEp3NOTHBIA CTOK GONOTHO-TYHAPOBBIX BOX (MpEeHMYIIECT-
BEHHO MOBEPXHOCTHBIH) H CMEIUAHHBIH OONOTHBIN CTOK;

4) «noxBeleHHBIH» TOBEPXHOCTHBIH CTOK T'OPHEIX PaiOHOB;

5) «noxnepThii» MOBEPXHOCTHHIA CTOK C TOPHBIX CKJIOHOB, BO3HH-
KaIOIIKH Noc/e HAChIECHUS PBIXJIBIX OTJIOXKEHHH, JICKAIUX Ha OTHOCH-
TEJIBHOM BOJOYNIOPE KOPEHHBIX MOPOL (MAM HAa MEP3IIOTE);

6) «KOHTAKTHBIH» CTOK B CJIOE PHIXJIBIX OTJIOXKEHMH, HMEIOLLMH pa3-
nn4YHbIe GOpMBI (APEHAXKHEIH, XWIBHBIH, IUTACTOBBIN U T. 11.);

7) BHYTPHIIOUBEHHBIH CTOK paBHHH.

OtpenbHbie BUABI CTEKAHUS YACTO COYETAIOTCSH, MEPEXOIAT U3 OX-
HOro BuJa B Jpyrod. K HacTosiweMy BpEMCHHU U NMEPEYHCNECHHBIX Te-
HETHYCCKMX THIOB pa3paboTaHbl NpUOIHMKECHHBIE TEOpHH (POpPMHpOBa-
HHs CTOKa, OOLIMM HENOCTATKOM KOTOPBIX CIEXYET CYHUTATh HEYYET
BPEMEHHOr0 3aIep>KaHusA BOJbI Ha BopocOope.

Haubonplueid CIOXKHOCTBIO FeHE3HCA CTOKAa OTIMYAIOTCA GacceiHbI
FOpHBIX peK. 31ech Hanbosee YacTo BCTPEYAETCH KOHMAKMHbIU CIMOK, KO-
T3 JOXKACBAs BOZA, JIEKO NMPOHMKAf Yepe3 PHIXJIBIE MOPOASI, CTEKAET MO
KOHTaKTy C MAJONPOHHLAEMbIM CIOEM CO CKOPOCTBIO, BO MHOIO IIpEBBI-
IIAIONIEH CKOPOCTh TPYHTOBBIX BOA. BMmecTe C TeM, Ha TOPHBIX CKJIOHAX
obpasyeTcs U nosepxHOCHHbIY CMOK. DTO HPOHCXOAUT TOTAA, KOrJa HH-
TEHCHBHOCTB 0K IPEBOCXOAUT HHTEHCUBHOCTH BIIMTHIBAHUA H B ClTydyae
HACbIIEHHs PBIXJIBIX MOYBOrpYHTOB. CKOPOCTH IIOBEPXHOCTHOTO CTOKa
CYIUIECTBEHHO BBILUE, YEM KOHTAKTHOIO, IPHYEM €0 MAKCHMYM HACTynaeT
N03/IHEE MAaKCHMYMa JIOX/IA, KaK [TPaBHIIO, Ha HHTEPBaJI, PaBHBIH MOJIOBHHE
BpEeMEHH Ro0eraHus BOfBI, B TO BpeMs KaK MakCHMyM BTOPOTO — JHMIIb
C OKOHYaHHeM Hoxns. B ofiiieM Bujie ruporpad MOBEPXHOCTHOIO CTOKa
HMMEET BOTHYTHIE OYEPTaHHs, @ rHaporpad) HOMIOBEPXHOCTHOTO XapaKTepH-
3yercs Gonee paBHOMEPHLEIM 1OJTBEMOM U NMPAKTHYECKH JTHHEHHOH BETBBIO
cnaza. MoxxHO BBIIENHTE TPH OCHOBHBIX THIIA TOPHBIX CKIIOHOB [7]:

~ 3aJleCCHHBIE YYaCTKH C IpPOBaNbHbIM BIHTBHIBAHHEM, TIE NOXKAC-
BBIE BOJIbl 00pa3yrOT KOHTAKTHELH CTOK;

— 3alleCEHHBIE YYAaCTKH, Ileé HHTEHCHBHOCTH JIHBHEBBIX OCANKOB
MOXET MpPEBBIIATE MHTCHCUBHOCTH BIIMTBIBAHHA, B PE3YNBTAaTE HErO
NIOMHMO «NOJBELUEHHOr0» CTOKa 00pa3yeTcs H NOBEPXHOCTHBIN;

— OTKpBIThIE MAJIONPOHHLIAEMbIE TOPHBIE CKJIOHBI, TA€ Npeobnanaer
«TOJBELUECHHBIH» MOBEPXHOCTHBIH CTOK.
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Ha Ge3snecHsIX paBHHHHBIX BOZOCOOpax c riaybOKHM 3aneraHueM
TPYHTOBBIX BOJ (hOpMHpOBaHHE MABOAKOB NMPOMCXOAUT 3a CYET «IOABC-
LIEHHOTrO» [TOBEPXHOCTHOro BojxooOpazoBanus. Hecousmepumo Man
BHYTPHMIIOYBEHHBIH CTOK, KOTODBIH IO HaHHBIM 3KCIICPHUMCHTAIbHBIX
HCCIIEXOBaHHH COCTABJIACT COTHIC NOJNH IpolieHTa OT obmiero. B 3oHe
crenci (GOpMHpOBaHHE IOXAEBOIO CTOKAa BO MHOTOM OHpCIENACTCS
cneuuduxor mpouecca noreps. Ha Tsoxensix moysax cnabopacuiicHeH-
HBIX IUIOCKMX PAaBHHH BENIMYMHA MOTEPh OMPCACHAETCS NMOBEPXHOCTHBIM
3acp)KaHHCM, B pe3yJbTare YCro ruaporpadbl naBoOKOB XapaKTCpH-
3YIOTCS pacIIaCTAHHOCTBIO M CIJIaXKEHHOM BepxHeH yacthio. B ycno-
BUSX 3HAYMTENBHBIX YKIOHOB M BBIP@XCHHOH pPaCulICHEHHOCTH
OCHOBHOI IPUYHHOH NOTEPH ABNACTCA NOBEPXHOCTHOE BIUTHIBAHHE.

Ha paBHHHax necHOit 30481, cornacHo Knaccudukauuu A. H. Beda-
HH, BCTPEYACTCs IATh TUIIOB CTOKA: IIOBEPXHOCTHBIH («MOABCLUCHHBIHY
H «IORNEPTHIH»), BHYTPUINOYBCHHBIH («NOABCIUCHHLIH» H «HOANEp-
THI») K OOJIOTHEIH.

B cBa3u ¢ HerimyOOKUM 3ajieraHUeM TPYHTOBBIX BOX B 3TOH 30HE
npcobnaanaomuM ABILICTCS «(HOONEPMbLUY NOBEPXHOCMHBIY CMOK, U BO-
noobpa3oBaHKE ONPEACNACTCS HE CTOJIBKO Pa3sHOCTHIO OCAfKOB M BIH-
TBIBAHH#, CKOJIBKO OCOOCHHOCTSAMM MPOCTPAHCTBCHHOTO pacrpe/cicHHs
€MKOCTH 30HBI adpPalMU U CJIoeM JOXKAS B nepuon noaronneHus. Ha He-
6osbLUMX OTKPHITHIX BOAOCOOpax HOPMHUPYETCS M «nOOBEUEeHHbIIY UG-
Hegou cmok. Jlaxe ruaporpadsl JHMBHEBBIX OCaJKOB pacIiiacTaHBhl,
a «OCTphIC NHKH» OTMEYAIOTCS JIUILG Ha MaJIbIX BOJOTOKAX.

Ha 3anecennsix Bonoc6opax noBEpXHOCTHBIH MPHTOK COMPOBOXAA-
eTcs BHYTPHIIOYBCHHBIM, a JINBHEBOH — MOJABELUCHHBIM BHYTPHIIOYBEH-
HBIM, OJHAKO OOBIYHO MaKCHMYMbI (GOPMHPYIOTCS BOJAMH IIOBEPXHOCT-
HOTO NPHTOKA.

[MpocTediunii MexanusM (GopMHPOBaHMS NABOJKOB MOXET ObITH
NpEACTaBICH B BHAE TaK Ha3bIBacMOH IeHeTH4YeCKoH (GopMysbl CTOKa
(MeTona H30XpOH).

6.1.2. l'enemuyeckasn gpopmyaa cmoxa

JaHHas cxeMa GOPMHUPOBaHUS HOXKAEBOrO CTOKA MPEANONaraet psj
CYUIECTBEHHBIX NOMYILIEHHIA.

Cuuraercs, yTo Ha Boxoc60Op MIOWAABI0 F HENpepsIBHO, HAYyKHAs
C MOMEHTA f, pPABHOMEPHBIM CJIOEM BBINANAIOT OCAJKH.
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Bpems, 3a KoTopoe cToKooOpa-
3yloIas 4acThb OCAaIKOB OT Haubonee
yHANeHHOH TOYKM Bojocbopa noberaer
[0 3aMBIKAIOLIEro CTBOpa, Ha3bIBAeTCA
bacceiinogbimM (CyMmapHsiM) epemeHem
O0obezanus t.

BribupaeTcs pacueTHas €OHMHMLA
BpeMeHH At < T ¥ miowans OacceitHa
pacuineHseTcs Ha eAMHUYHBIE TUIOIAIH,
CTOK C KOTOPBIX NPOUCXOIMT 32 MHTEp-
Ban At (puc. 6.1).

Puc. 6.1. Pacunenenue sogocGopa KonuuecTBO €OHMHMYHBIX IJIOLLA-

Ha eMHHYHEIC IUIOWAAM CTCKAHHA.  nejf cTEKaHHUs ONpeaeseTcs 1o gpopmy-

ne n = 1 /At. I'paHniaMu KaxIo0H U3 HUX

SBNAIOTCA NMUHUH, COEHHSAIOIHE TOYKH C OANHAKOBBIM BpeMEHEM n00e-

raHus (M30xpoHamu). MeTon no3BONAIOLIMA MOJYyYHTh KaK KayeCTBEH-

HYIO0, TaK ¥ KOJTMYECTBEHHYIO KapTHUHY pacyeTa M NPOTHO3a CTOKa Ha3bl-
BaETCS MemoOOM U30OXPOH.

CroKk B nepByIO €AMHHLY BPEMEHH MOC/IE HaYasla BRINALACHHUA OCal-
KOB IPOUCXOMHT JIMLIb C IUTOIIAMH fi:

Ql=fi(x~p)l1 (61)

rie (x — p) — a¢pdexTHBHBIH coii ocagkoB (CNOH OCagKOB C YYETOM IO-
Tepb, KOTOphIE, KaK M OCAaIKH, CYUTAIOTCA PAaBHOMEPHO PacNpeneneH-
HBIMH N0 MowagH); O, — pacxoh B 3aMBIKalOLIEM CTBOpe GaccedHa
B MOMEHT BPEMEHH 1.

Bo BTOpYO €IMHHIYY BPEMEHH CTOK OCYLIECTBIISAECTCH YKE C IIOMIA-
JeH f| ¥ fo COOTBETCTBEHHO, O3TOMY

Q,+AI =fl(x_p)1+A1 +f2(x_p)t' (62)

Ecnn crok nmpoucxomMt ¢ ruomany Bcero Bomocbopa, TO AN €ro
OLEHKH II0CJIE JJIEMEHTAPHBIX NPeoOpa30BaHMil MOXHO NONY4UTh GHOp-
MyTy:

Ql =f| (x - p)! + fz(x - p)l—Al +..+ fn(x - p)(«(n-l)A!
HIIH
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0 ='§ﬁ(x — D - 6.3)

VpapHenue (6.3) Ha3bIBaeTCs ceHemuyeckou ghopmynoli cmoka.

Beiiensior ABe OCHOBHBIC (ha3sl cTOKa ¢ miowaad OacceiiHa —
CKJIOHOBOE CTEKaHHE M PYCJIOBOH CTOK.

CknoHoBoe Bpems noberaHus T, ONpenensercsd 4Yepe3 CPeRHION
CKOPOCTh CKJIOHOBOTO CTeKaHHA (II0 MOBEPXHOCTH U BHYTPHMIIOUBEHHBIM
IMyTeM) V| 1 HaubOoNBIIYIO JJIMHY CKIIOHa [:

5 TI, . (64)

AHanoru4Ho onpenensercs CpeHee BpeMs pycnoBoro noberaius T,

T, =—, (6.5)
v
Ifie Vv — CPERHsAs CKOPOCTb IBHXKEHHA NMAaBOAKa B PYCIOBOH ceTH; L —
HauboJpHIas JUTHHA pycila IO 3aMBIKAIOLIErO CTBOPA.
Torna GacceliHoBoe BpeMs noOeraHusa T paBHO CyMMe T, U T; (3a
BBIYCTOM ONHOHN Pac4ETHOH €IHHHMLEI BpeMEHH Af):

T=1 +T,- At (6.6)

Croco6 seiBoa ¢hopmyisl (6.3) asnsetcs ynpoiuieHHbIM. [TyTa nBu-
XEHHUS INEMEHTApHBIX 00HEMOB BOIBI JJaXKe C COCETHHX MEXKH30XPOH-
HBIX TUIOLIAZEH MOTYT 3HAUYMTENLHO OTIHYaThes. B nponecce dopmupo-
BAHHUS CTOKA IOJNIOXEHHE H30XPOH HE OCTAETCS NMOCTOSHHBIM, @ U3MEHs-
eTcs KaK BO BPEMCHH, TaK M Mo muoinajau. HenpephiBHO MEHAIOTCA pa3-
Mepbl IUIOINAAH, [TOKPBITEIC BOJOH, a B YCIOBHAX NpPEBBIMIEHHS WHTCH-
CHBHOCTH BITMTBHIBAHHA HaX HHTEHCHBHOCTBIO MOXAA 4acTh OacceifHa
MOXET He HMETh IOBEPXHOCTHOTO CTOKa. BeneacTBue 3T0ro nocrpoeHue
H30XPOH BCTpevaeT GoMble TPYAHOCTH.

CyllecTBEHHBIM HEJOCTATKOM PacCMOTPEHHOH CXEMaTH3aLUM Npo-
uecca GOPMUPOBAaHHA CTOKA ABAAETCA TOT (akT, YTO PacCMaTPHBAIOTCA
NOTEPH TONBKO BO BPEMA NOXIA, B TO BpeMs KakK HHQUILTpALMS MPO-
JOIDKaeTcs ¥ NPH €ro npekpaliesud (Ha ¢ase crajfa CToka).

dopmyna (6.3) mo cytu sBisercs rederuyeckoil gopmynoit Hac-
CeHHOBOFO CTOKa M OMMCHIBAET BECH NPOLIECC CTOKA OT MOMEHTA BbiNa-
OEHHA OCaJKOB O MOMCHTA CTOKa 4Yepe3 3ambikalomuii ctBop. OnHaKo
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NpH OAMHAKOBOH BenuuuHe OaccecHHOBOTO BpeMcHHM Jo0craHus T BeiH-
YHHBI CKJIOHOBOTO M PYCNOBOro BpeMeHH jpoOeraHus MoryT ObiTh pas-
nuyHbl. PajfenbHbld BBIBOJ reHeTHUYecKMX (OpPMYN A CKIOHOBOTO ¥
pycnoBoro cTokos ©Op11 Beinonsed K0.M. Anexuneim [2], onHako oH Ho-
CHT CKOpEe YHCTO TEOPETHYECKMH MHTEpEeC, TaK KaK CYILIECTBEHHO YC-
JIOKHSET peLliCHHE 3a1a4H.

Bonbiioc paclipocTpaHeHHe MONy4YHia IeHeTHyeckas Gopmyia
M.A. BenukaHosa [3], pekoMeHAOBaHHAA 11 OIIMCaHHA (GOPMHPOBAHHA
CKJIOHOBOTO CTOKa:

T ow
q—of(x-p)&dr, 6.7

rIc ¢ — PacXoA Ycpe3 CKIOHOBYIO H30XpoHy (T = 0); T — Bpems noberanus;
® — MIOLIajlb, OrPAHUYEHHAS M30XPOHOH T M OpOBKOH pycna; (x — p) —

ow
Pa3HOCTb OCa/IKOB M NOTEPH 3a €/IMHHUUY BPEMEHH; el yHkumus go-

GeraHus, BHPAKAOLIAL H3MCHEHHE MEXH3OXPOHHBIX (€XUBUMYHBIX) IO~
wanei no BpeMenu foberanus.

TakuM 0Opa3oM, pacXof CKJIOHOBOTO CTOKAa g — CyMMa OJHOBpe-
McHHO paoferarommx oO0bECMOB BOABI C Pa3sHOYNAICHHBIX EIMHUYHBIX
TiowaneH cTekaHus. s ICHETMYECKH HEOJHOPOAHOIO CKJIOHOBOTO
CTOKa, HalpuMep, B FOPHBIX YCIOBHSAX, CIELYeT YYUTHIBATH MCXaHH3M
(bopMHpPOBaHHS HE TOILKO NOBEPXHOCTHOTO CTOKA, HO M IPEHaXKHOTO {7]:

0w 0w,
0= [X-R)rdus JB-R)G e, 68

rge T, H T — MOBEPXHOCTHOE M KOHTAaKTHOE BpeMs AoOcraHus;

ow

X

— ¢yHkuuyu noberaHus NOBEPXHOCTHBIX M KOHTAKTHBIX BOX; P, u
K

Py — un¢unpTpauus MOBEPXHOCTHAs W B OTHOCHTEJbHBIH BOAOYNOP

(B exHHHULY BpCMEHH).

IlepBbiif MHTETPaN AaeT BO3MOXHOCTH OLIEHHTH CKIOHOBBIH IPUTOK
MIOBEPXHOCTHOIO CTOKa, BTOPOH — KOHTakTHOro. CnetyeT OTMETUTh, YTO
reHetuyeckas gopmyna (6.8) cnipasensuBa 11 GOPMHPOBAHHS CKIOHO-
BOT'O CTOKa JUIi YMEPEHHOIO NOBEPXHOCTHOTO BIMTHIBAHHA, B MIPOTHB-
HOM CllyYa€ MMCEET MECTO JIMIUb KOHTaKTHbIH CTOK (NepBBifi HHTErpan
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B (6.8) craHoBHTBbCA paBHbBIM Hymo). Kpome Toro, seipaxenue (6.8)
CIIpaBEAIMBO [UISl YCIIOBUH OTCYTCTBHS IOANEPTOrO CTOKA.

CxcMa M30XpOH HE OTpaXKaeT M (PUIHYECKHH NPoUecC BPEMEHHOMH
aKKyMyJALMHM C nocnexyoweit Bogoornaueit. H. ®. bedanu pexomen-
IyeT B IPUMEHCHUHN K KOHTAKTHOMY CTOKY MOHATHE «U30XPOHbI» 3aMe-
HHTb NIOHATHEM U3OXPOHHBlE NOBEPXHOCMU», KOHPUTYPAUHH KOTOPBIX
ONPENENIAIOTCS MHOXECTBOM JIOKAIBLHBIX OCOOCHHOCTEH IOYBEHHO-
reoJIorHYecKoro CTpoeHHs CKIOHOB. B cBoe BpemMa M. A. Benukanos He
PEKOMEHAOBA HCITONb30BaHUE METOJa M30XPOH IS PYCIOBOTO CTOKa,
CYHTas B 9TOM CiTy4ae HCOOXOXMMBIM YYHTHIBATh 3aKOHOMEPHOCTH M€~
peMelleHH TaBOLNOYHOM BOMHBI Mo pycity. OOHAKO BIOCNEACTBHH
CTPYKTypa reHerudeckod ¢opMynsl Oblna npUMeHEHa W IS ONHCAHHS
MeXaHH3Ma GOPMHUPOBaHHA PYCIIOBOrO CTOKa!

t
QI = i(’Yt-x —Pr-r )dl’
0 5»1;’) p p
3nech xpuBas CKIIOHOBOro fo0eraHus 3aMcHEHa KPHBO# pYyC/IOBOTO
noberanus, NpUYEM CUHTAETCA, YTO BPEMA CKIOHOBOTO J00eraHus pas-
HO HymO. B pcanbHbIX YCIOBHAX NPOOIDKUTEIBHOCTh CKIOHOBOFO CTO-
Ka MOXET JIOCTHIaTh HECKONBKHX CYTOK. B 3ToM ciyuae mpaBomepecH
CNeYIOIUi BUR F€HETHYECKOH HOPMYIIBI PyCIIOBOTO CTOKA:

.[_ q, tp (6.10)

(6.9)

p*

o

THE ¢, ., — BCIMUYMHA MPUTOKA B PEUHYIO CCTh B MOMEHT / — Tp; S0
[
¢yukuusa noberanus (f — nuomaab, OrpaHHYEHHAss U30XPOHOH Ty Tp —
BpEMS pYyCIIOBOro A00eranus).
Ipyu yyere akkymynsauuu (B gase mombeMa maBoika) M cpaboTku

(1a cnape) uenecoodpa3Ho HONB30BATLCA GOPMYIIOi:
I —““Y 41, (6.11)

rae Y, — byHKuusa BogoobMeHa (axxymynxmm).
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o

[IpousseneHue _8T Y, — $yHkuus, npeobpasyiomas CKIOHOBBIH
P
TIPUTOK B pacxonsl B 3ambikaromieM creope. Popmyna (6.11) ucnons3sy-
€TCs [N PEK € APKO BHIPAXKEHHOM IMPOKOI MOMMOM, Iie BENUKO BIMA-
HHE PYCJIO-IIOAMEHHOro Bo1ooOMeHa.

dynkuus Bog00OMEHa MOXET OBITH ONpeEnesieHa BecbMa IMpHOmH-
)KEHHO, IO3TOMY B IIPOTHOCTHYCCKOM NpaKTHKE reHeTHdyeckas Gopmyna
B peaakiuuy (6.11) He momyumnaa MHUPOKOTO paclpOCTPaHEHHS.

Crporo roBopsi, CKOPOCTH PYCIO-IIOMMEHHOrO IOTOKAa B IpoLecce
NPOXOXKACHHS NaBOAKAa HE OCTalTCi MocTosHHeIMHM. Ilo Mepe pocta
YPOBHS NIPOMCXOAMT yBelM4YeHHE IOJH MOMMEHHBIX BOA B oblLieM pac-
XOJIe, 4TO MPUBOAMT K YOhIBaHHIO ckopocTel TedeHns. Hanbonsuiee xe
3aMe/yieHne CKopocTeit Habmomacrcs B MEPHOJ Cliaja, MOC/IE BO3Bpa-
IEHHA NOTOKA B PYCIIO0. YYET HENOCTOAHCTBA CKOPOCTEM MOXKET OCyLIe-
CTBIATBCA NYTEM NOCTPOCHMS WHTErPaNbHBIX KPUBBIX HoOeraHus ans
NaBOJIOYHOH M MEXEHHOH CKOPOCTEH C LENBI0 HAXOXICHHA MEXH30-
XPOHHBIX IIIOWAACH uHTepnonsumei. CymecTBYIOT H ApyTrue NyTH yde-
Ta [IEPEMEHHBIX CKOPOCTEH.

O60b1enune reserudeckoit GopMymnbl CToKa IUIA ONMCAaHU MpOLEC-
ca pOpMHPOBaHHS PaCXONOB BOABI B 3aMbIKAIOILIEM CTBOPE B pE3yJIbTaTe
BBINABIIMX HA BOXOCOOD OCafKOB MPUBOIMT K BHIPAKEHUIO

0, = [(x = p), . r(t, ), 6.12)
0
o

rae r(t,1) = g

3nece KpuBbie r(f, T) ABIAIOTCA XapaKTEpPUCTHKOH OacceiiHa (cM.
puc. 6.1), koTtopas oTpaxkaer kak MOpHOMETPUYECKHE, TaK U THIAPABIIH-
yeckHe ycnoBus. Takum obpasoM, 3agaya pacyeTa U MpEeNBBIYUCIICHUSA
NaBOJOYHOrO CTOKa CBOAMTCH K pacyeTy OCaAKOB, OTEPb BOMABI U KpH-
BBIX K00eraHus cToKa.

[IpHeMbl BBIYHCIICHHSA COS OCAaAKOB, BBIMANAIOLIMX HAa IOBEPX-
HOCTh acceitHa, noapo6HO M3naraloTcs B Kypce FHAPONIOTHH, IOITOMY
3aeck 00 3TOM OyJeT CKa3aHoO OYCHBb KPaTKO.

Hanbonee ynotpebuMbIM Ui pacyeTa CPEIHEro Clos OCAaAKOB Ha
Bozoc6bope SBNAETCA METOM H30THET U Croco0 B3BCLUMBAHUSA (NPUAAHUA
HEKOTOPOro «Beca» Ha moxa3aHus kaxaoi craduuu). [Ipun moctpoenun
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H30THET YYUTHIBACTCA XapakTep peibeda u KoHOUrypauus Borocbopos.
C ux MOMOUIBI0 MOXHO NOJYYHThH CBENECHHS O KOJHYECTBE OCAJKOB Ha
NEeCHOH M noneBoi JacTsax Boxocbopa, Ha MEXHU30XPOHHBIX MUIOLIAJLX
T. 1. [Ton BecoBsiM k03 huumeHTOM 00bIYHO HOHUMaeTCs Oe3pasMepHast
XapaKTEPUCTHKa, BBIYHCNIsAEMasi KaK OTHOLICHHC TJIOIA/H, JUI KOTOPOi
HM3MEpPCHHUS JAHHON CTAaHLHH SIBJIIIOTCS DENpE3CHTaTHBHBIMH, KO BCEH
rnomany. Cnoco6 B3BEIIMBAaHMA OCHOBAH Ha HAHECEHHH M30JIMHUI paB-
HOTO yIAJICHUs OT CTAHLHH, OJHAKO B 3TOM CJIy4ae HE YYHMTBHIBAIOTCH
reorpa¢uyeckue ocoOGEHHOCTH TeppuTopuu. OnpeneneHde BECOBBIX KO-
3¢ PUUIHEHTOB MOXKET OBITH OCYILECTBIICHO 10 PE3yNBTATAM KOpPDEIALIHU-
OHHOIO aHAIH3a MOKa3aHMH JOXIEMEPHHIX ITyYHKTOB C BENHYHHOH CTO-
ka. B oToM cinydae Tpebyercsa HasM4uHe CTaHUMMH, pacloNnoXeHHbIX B 6ac-
ceiiHe Oonee MIM MeHee paBHOMEpHO. K coxaneHHio, coBpeMeHHas
OCaJIKOMepHas M IOBHOrpadHyeckas Cerb HE JaeT JOCTATOYHOH WH-
¢dbopManMH O MPOCTPAHCTBCHHO-BPEMEHHOH CTPYKType MOJCH 0CaJKoB.
VYiy4LCHHE CHTyalMH MOXHO OXHJIATh B CBA3H C Pa3sBHTHCM B MOCIeE-
Hec BpEMs OMHOTO M3 METOIOB NHCTAHUHOHHOTO 30HIMPOBAaHHA — pa-
IHOJIOKALIMOHHOTO METONa M3MCpeHHs OcalkoB. B Hacrosiuee BpeMs
B psJic NaBOAKOONACHBIX pafiOHOB CTpaHb! NPEAINONaracTcs YCTaHOBUTD
PaJMONIOKALIMOHHEBIC KOMIUICKCH! JUIS M3MCPEHHS OCAIKOB € LETBIO NO-
BBILICHNS HAACKHOCTH ONICPATHBHBIX HPOrHO30B JIOXKAEBOT0 CTOKA.

6.1.3. Ilomepu 002c0e6bix 800 HA NOBEPXHOCMHOE BNUMbIBAHUE

Baxueitmeil npobneMoi npu peanu3aluH NPOTHO30B JIOMKIEBOrO
CTOKa fIBNsETCS pacyeT norepb. [lomepu cmoxa — 310 CyMMapHoe (3a
HEKOTOpPBIH MHTEpBAN BPEMEHH) KOJIHYECTBO BOABI, BpEMEHHO MU 6e3-
BO3BPATHO 3aJICPXKAHHOE B MOBEPXHOCTHBIX H BHYTPHUIIOYBEHHBIX CMKO-
CTAX, & TAKXKE HCNapHUBILCECs C IUTOUIany Bopocbopa.

IToBepXxHOCTHOE 3afCpXKaHHE ONpPCHCIAETCS B OCHOBHOM (PU3HMKO-
reorpaduveckuMy xapaKkTepUCTHKaMH BogocOopa: penbedoM M pacTu-
TENBbHOCTBIO, @ TAKXKC CTENEHBIO BOAONPOHMLAEMOCTH BEPXHETO CJIOS
rpyHTa. 3ajiepkaHue BHYTPH IIOYBBI 33BHCHT OT BOJOYACPXHBAIOUICH
CIOCOGHOCTH M BIaXHOCTH rpyHTOB. Mcnmapenune ¢ miomanu 6acceitna
onpenenseTca Kak QU3nKo-reorpapHIcCKUMH XapaKTEpPHCTHKAMHU BOJIO-
c6opa (03epHOCTHIO, 3260I0YCHHOCTHIO, BU/JIOM PAaCTUTCALHOCTH), TaK H
METEOPONOrHYECKUMHU (PaKTOpaMH: TEMIEPATYPOil H BIAXHOCTBIO BO3-
IyXa, CKOPOCTBIO BETpPa M CONHEYHOM paguauueii. M3 omHoro rnepeuns
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(aKTOpPOB MOXHO CHCNATh BHIBOJ O CIIOXHOCTH IPOOJEMB! pacyera Io-
TEpb Ha BOJOcOOpeE.

B npaktHke pacueToB M NPOTHO30B HOXXLEBBIX HABOJKOB OOBIYHO
npeHebperaloT TakoH COCTaBJLIOLIEH NOTeps, Kak ucnapenue. C oqHoH
CTOPOHBI, 3TO OOBACHACTCA CPaBHHMTENBHO MAaJIOH RONEH HcnapeHus
B BEMMYHMHE CYMMAapHBIX MOTEPb, C APYro# — Ype3BbIYAHHOM CIIOXKHO-
CTBIO ONpEJCNICHUA 3TOH XapaKTCPHCTHKH C yY4ETOM €€ NPOCTPaHCTBEH-
HO-BPEMEHHOH MU3MEHYHBOCTH.

O6was BeaMyHHa MOTEPH JOXKIEBOro CTOKa P MOXET ObITh BhIpa-
K€Ha KaK pa3sHOCTb MEXIy OcalkaMH X U CTOKOM Y

P=X-V. (6.13)

YacTto mnorepH CTOKa BBIPaXAIOTCA dYepe3 KO3(QPUUUEHT CTOKa
n = Y/X, onHako, Haoo 3aMETHUTh, YTO JOMYLUEHHE O MPOMOPLHOHAILHO-
CTH OCaJKOB M CTOKa B INOJHOH Mepe CNpaBeVIMBO JMLIb B YCJIOBHAX
HAIMYUA BHIPAKEHHBIX HOPM «IIOAMEPTOTO CTOKAN.

JloxneBoit cToK, GOPMHUPYIOLIMI IaBOJIOK, ONPEACIACTCS N0 MO-
CTPOCHHBIM THApOrpadaM IIyTeM BHIMJICHCHHS I'PDYHTOBOTO MMHTAHHUA H
uuieiia KpUBBIX crmaga NpeJbIAyIUUX MaBojKOB. Jlig MepBOro naBoAKa
00bIYHO MPUMEHACTCS TOPH3OHTANILHASA Cpe3Ka MO BCIMYHMHE MPEAnaBo-
OOYHOTO pacxofa. JTO CHpaBEIMBO, TaK KaK THIPABIMYECKHU CBS3aH-
HbIC PYHTOBBIC BOJIbI, HAXOAALIMECS B NMOANOPE HAa MOJbEME NABOMKa,
3aTeM B ¢ase cmaja, cpabarsiBatorcs. J{ns HOXANMBOro mepuona ¢ Ha-
JIOXEHHBIMH JIPYT Ha ApYyra I1aBOJKaMH YIA€TCH BBLACIUTH JIUIIL Me-
YKCHHBIC pacxofbl Iepell HayalloM M B KOHIIE Bcero mnepuoja. B ciyuyae,
ecnid MHQUIBTPAUMOHHBIH MOTOK TOJNBKO KOMIICHCUPYET CpaboTky
IPYHTOBBIX BOJ, [UI BCCX NMaBOJIKOB NIPHHHMACTCA MOCTOSIHHAS BENHYH-
Ha pacxofia rpyHTOBOTO NMUTaHHS.

Kaxk npaBuiio, oCHOBHBIE IIOTEPH AOXAEBOrO CTOKA CBS3aHB! C HUH-
¢bunsTpauueil BOAB B MOYBY, a NOTEPU Ha NOBCPXHOCTHOC 3aCpKaHUC
YUYUTHIBAIOTCA KOCBEHHO MOCPEJCTBOM MApaMCIPOB B 3MIMPUYCCKHX
¢bopmynax. [Tog MHTEHCHBHOCTBIO MHQUIBTPaLHH (CKOPOCTBIO BIHTHI-
BaHMsA BOABl) IIOHUMAETCS KOJIMYECTBO BOABI, IIPOCOYMBHICHCSA B IIOYBY
3a eaMHHUY BpeMcHH. MHOHUILTpauus — 3TO CIOXHBIH MPOLECC HHUCXO-
JALLIEr0 ABMOKEHHS BOJB! B IOYBOIPYHTaxX IOJ JEHCTBHEM CHIIBI TPaBH-
TalKM, CONMPOTHBICHHS M MONEKYIAPHBIX CHJI NPH HAIHYMM B NOpax
MOYBB! 3aIEMJIEHHOrO BO3AyXa. JleTanbHOE NPCACTABICHHUC O JAHHOM
NpoUECCce MOXKET ObITH MOMY4€HO JIMIUb [IPH NMPOBEACHUH PaboT Mo Hc-
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a) 6)
i MM/Mun i MM/MuH
1,6 1,0

1.2 0.8
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0 10 20 30 4.0 50 My O 10 20 30 40 SO MuH

Puc. 6.2, M3meHeHHe HHTEHCHBHOCTH HHQUILTPaLMH NPY pa3NHYHOi HHTEHCHBHOCTH
IOXIA (a) 1 HadalnbHOR BIAXXHOCTH NOYBLI (6): / cyxas mo4Ba; 2 B.IaXHas NMOYBa

KyCCTBEHHOMY [OMCECBAHHIO HA OMBITHHIX IUTOLIaaKax. MOXKHO BblC-
JIMTH TPU OCHOBHBIE (a3bl HHOUIBTPALMY: OTHOE MOIVIOLIEHHE JOXIe-
BOH BOJIbI, CHHXKCHHE MHTEHCHBHOCTH MHOHIBLTPAUHH U OTHOCHTENBLHO
HOCTOSTHHOIT (YCTaHOBHBILICHCS ) HHTEHCHBHOCTH QUIbTpanuH (puc. 6.2).

BaxuniM daxtopom, onpenensaionmm $opMy KpHBOH HHQHIbTDA-
LMH, SBISIIOTCS CTENEHb MPEALIECTBYIOUIETO YBJIAXXHCHHS IIOYBBI H HUH-
TEHCUBHOCTb BBINAJCHHA OCaAKOB. BrojHe MOHATHO, YTO YeM MEHbLIE
NehHULIHT BIXXHOCTH NMOYBLI M 4eM GoJbLIe HHTEHCHBHOCTD JIOXKISA, TEM
COOTBETCTBEHHO pe3de OyAeT NMPOMCXOIUTh CHHXKEHHE WHTCHCHBHOCTH
nHpHIbTpauuy. B 3HaunTENbHON Mepe npouece HHOHAbTPALYH 3aBUCHT
M OT MEXaHUYCCKUX, M OT BOJHO-PH3HYECKUX CBOHCTB IOYBHI.

Teopuu muHbUIBTpaLuH NMOCBALEHO OOMBLIOC KOJIMYCCTBO MCCIE-
JOBaHMH, B KaXOM H3 KOTOPBIX NpPEIOKEHA Ta MIIM MHAs CXeMaTH3a-
LM TOYBOrpyHTOB. [.A. AJIleKCEeBBIM NpEUIOKEHA MOAEIb TPYHTa
B BHUJE TOHKOKaNWISAPHbIX HECOOOIIaIOMMXCS TPYOOK HOCTOSHHOTO
JAMaMETpa MpH AOMYIIEHHH, YTO MOBEPXHOCTb MOYBBI MOKPHITA TOHKHUM
CIOEM BOABI. 3aKOHOMEPHOCTb H3MCHEHHS CKOPOCTH BIHMTBIBAHHA BO
BPCMCHH PacCMaTpHBaIach Ha OCHOBE COBMCCTHOTO PEILEHHS YPaBHEHHS
BOJIHOTO GaJlaHCa M YPaBHCHHA ABHXXCHUS BOJbI B IIOPaX MOYBOIPYHTOB.

CxopocTs BIHTBIBaHHMs BOIBI OMHCBHIBAETCA M3BECTHOH (opMynoit
Hapcu:

i=KoJ, (6.14)
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rae Ko - xoapduument dunprpaumnn; J — ruapaBiIMyYcCKui YKIIOH, paB-
Hel#i J = 1 + A/L (L — riry6uHa KONOHKY BIMTBHIBAHUSA; A — KalIWULAPHLIN
Hamop).

Torna (6.14) npunuMacT BUL,

h
i=K,|1+—|. 6.15
(i+2) 619
Ecnu 3anucars ypaBHeHHe BogHOro 6anaHca:
ddL = idt, (6.16)

rie d — neGuuHT BIaXXHOCTH NMOYBLI, TO U1 L nomyyuMm

1 {
L =— |id:. 6.17
3 ! (6.17)

0

!
OGosnauus yepes V = [idf KOMHUECTBO BOJBI, BIMTABIUCHCA B 04~
0

BY, NOJIY4HM

K hd

i=K,+ (6.18)

N3 (6.18) BHOHO, YTO MHTECHCHBHOCTL MHOMIBTPAUMK NPSAMO MPO-
NOPLUHOHAMEHA AChHLUTY BIAXKHOCTH INMOYBBl U 0OpaTHO NPOHOPLHO-
HaJIbHA KOJIMYECTBY BIHTAaBILEHCSA BOIBI.

Bbrlpasxas CKOpOCTb NCPEMELLEHHUS KOJIOHKH BIIUTHIBAHUA i

dL i
= —=— 6.19
l a d 6.19)
¥ coBMeCTHO pewas (6.18) u (6.19), nomy4daem:
daL _ K, (1 i ”_) (6.20)
a d L

a nocne HHTErpuposanus (6.20) 6yxeM HMeTs:
2
(=2 —L-~ln(1+L) ~ % l(% . (6.21)
K, H H Koyl 2\h
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CoBMmecTHOC pelucHHC ypaBHenuit (6.18) u (6.21) npuBoaur k us3-
BecTHOI ¢opmyne I'.A. A’iekceesa:

(6.22)

Cor:tacHo 31Ol QopMyne, unmencugnocms uHuiIbmpayuu IBIseT-
cs (QyHKUHCH BPEMCHH M 3aBUCHT OT CBOHCTB MOYBLI (KaNHJUIAPHOrO
Hanopa 4 koddduurcHTa QUIbTPANMH) H €€ Ha4aJIBHOTO YBIAXHEHHUS.

®dopmyna (6.22) cupasennuBa Ui ciyvas riiyOOKOro 3ajeraHus
rpyHTOBBIX BoA. KpoMe Toro, npu ce BhIBOJE HE YYHMTHIBAJIOCH H3MEHE-
HHE BeIMYUHBI KOodhduIcHTa QUIBTPALMH 110 I'TyOHHE M BIMAHME Ha
HEro MHTCHCHBHOCTH BblalcHus 1oxui. A. H. bedann paspaboran teo-
PMIO BIIMTBIBAHHS JUIS MOJICIM 1I0DOBOTO I[POCTPAHCTBA, NMPEICTABIECH-
HOI'0 BEPTHKAILHBIMH MHUKPOIIOpAaMH ¢ OTXOAALIMMH OT HHX BOJOCHBIMH
KaIHJLISPaMH.

[TostyucHHblC ypaBHCHHS AIIIPOKCHMHPYIOTCS C MOMOILUBIO [BY-
4ICHHOM CTCIICHHOM 3aBMCHMOCTH (NIpHUeM Juld ;T060ro 3akoHa BETBIIE-
HUA 110p). DTO I103BOICT NPHHATH

i=K, +ti;', (6.23)
rne Ko — ycTaHOBMBIIASCS MHTEHCHBHOCTb MHOMIbTpauuu; A — napa-
METp MHOUIBTPAlMH, CBA3AHHBIA C YBJAXKHCHHEM; n — IOKa3aTellb pe-
JQYKIMH BOMTbIBaHMA (00bI9HO m3MmcHsercs oT 1/3 no 3/4 u B cpenHeM
Onu3ok k 1/2).

Agcrpanuiickuit yucusiit J]. ®unun, paccmorpes aHbOy3HOHHYIO
TEOPHIO UHPUABTPAIIMH, y4e:l NOIOTHUTEILHOE TPABUTALMOHHOC MOJIE.
WM npennoxena dpopmyna:

SC

1=K0 +21—0.5,

(6.24)
rac S, — koaddurment copOruu.

ABTOp paccMaTpHBall TOJILKO JIBa 4WieHa CTeNeHHOro paga. PopMy-
na (6.24), Tak xe kax ¥ dopmyina [ A. AnekceeBa, BhIBEAEHA NMPH AOITY-
LICHHH, YTO IIOBEPXHOCTH MOYBBI IIOKPbITA CJIOEM BOJAbI. JIpyruM BHIOM
IMIMPUYCCKUX GOPMYN MHTCHCHBHOCTH MHQUILTPaUUH ABILitOTCA op-
MYJIbl 3KCHOHCHLIHAIILHONO THIIA.
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Amepukanckuit ruaposor P. Xopton npemioxun hopmyiy
i=Ky+(ip—Ky)e ™, (6.25)

rae ip — HaYanbHasgs MHTEHCHBHOCTb MH(PUIbTPAMK; ¢ — KO3 HIMEHT,
3aBHCALMHA OT MHTEHCHBHOCTH AOXKAS.

[To P. XopTOHy, 3Ha4Y€HHS ip ¥ ¢ 3aBHCAT OT XapakTepa II0YBbl H
neduLuMTa BIXKHOCTH ee BepxHero ciof. OOmMM HCOOCTATKOM NpUBeE-
JICHHBIX BbIILE GOPMYJ ABJISACTCS TO, YTO OHH B SIBHOM BHJC HE YUHMTHI-
BAIOT HHTEHCHBHOCTD JOXAA.

E.I'. [lonoBbiM nonyueHa dhopMyna, UCIpaBagIOUIast 3TOT HEAOCTa-
ToK. Ha ocHOBe momyieHusI, YTO M3MEHEHHUC HHTCHCMBHOCTH HHOHIBT-
pauuH NMPONOPUHOHATBHO CaMOH HHTCHCHBHOCTH M 33BHCHT OT KOJIMYeE-
CTBa OCagKOB M C YYE€TOM TOrO, YTO HayajlbHas HHTEHCHBHOCTb HH-
bunbTpalMK paBHa HHTEHCUBHOCTH A0XKAA, Oblna 1nonyyeHa popmyna

~ht
i=K,+(h-Kpe? , (6.26)

31eCh A —~ HHTEHCUBHOCTb 0CanKoB; d — ACQHHUIMT BIaXHOCTH MOYBBI; f —~
BpEMS OT Hayasa JOXKAA.

B (6.26) yxe B SBHOM BHJI€ BXOUST HHTCHCHBHOCTb JOXAS W BEIH-
YHHa JeuUIHTa BIaXHOCTH CJI0s OYBBI, HACKIIIEHHE KOTOpOro obecre-
YHBaeT CTaOUIBbHYI0 HHTCHCHBHOCTD HHOUWIBTPAIMH.

®opmMmyna (6.26) cnpaBe/IHBa B YCIOBHAX MOCTOSHHOW MHTEHCHB-
HOCTH OCaJKOB. JInid HepaBHOMEPHOr0 BO BPEMCHH JOXIf HHTEHCHB-
HOCTh HHQUILTPALMH BHIYKCISAETCA IO GopmyIie:

i=Ky+(h=Ky)e X0, (6.27)

rfe hp — HHTCGHCHBHOCTb HOXXIA B MOMEHT OKOHYaHHA (a3pl MONHOro
TIOTJIOLIEHHS OCAJKOB; X — KOJMYECTBO OCaJKOB, BBINABIINX K MOMEHTY
BPEMEHH ; Xy — HadalbHOE MOMJIOLICHHE OCAJKOB; 0L — IIapaMeTp, 3aBH-
CALMH OT AeHILHTA BIAXKHOCTH NOYBbI H €C CBOHCTB.

Cro¥i HauanbHBIX NOTEPL ONPC/ICIIACTCS NPAMBIM PacieToM MO XO-
ay ocaakos. Popmyna (6.27) npeacrasiserca Haubonee (U3HYECKH
060CHOBaHHOM, TaK KaK YYHTHIBAacT TOT (aKT, YTO MHTCHCHBHOCTb BIIM-
THIBAaHHS B HayaJle JOXIA MOXCT ObITh BHICOKOH Kak NMpH CYXOM, TaKk H
MPH BIaXHOH NOUBE.
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6.1.4. Ilomepu 002icOe8b1X 800 HA NOBEPXHOCMHOE 3A0EPICAHUE

ITon 10BEpXHOCTHRIM 3ajiepXaHHEeM P, IMOHUMAETCa CIOH BOJBI,
pacxonylomuics Ha 3ano;iHeHHe OeccTOYHbIX Jcnpeccui penbeda M
mukpopenseda. C 0JiHOM CTOpOoHSI, pe:ibed onpencsisieT NPOIODKUTEb-
HOCTh JIOOETaHUA BOJIB, C JAPYI'OH -- BOA033aLEPKUBAIOMYIO CIIOCOOHOCTD
Gacceiina. Kak npasuno, roreps Ha HHGUILTPAUUIO IPEBOCXOIAT TaKO-
BblE Ha NMOBEPXHOCTHOC 3ajicpXKaHHe, M TOJAbKO Ha IUIOCKHX paBHHHAX
C TSHXKEJIBIMH TOYBAMH MOXHO Habmoaars oOpaTHylo KapTUHY. Bemuka
pOJIb ITOBCPXHOCTHOIO 3afICpXKaHHA B JICCHOH PaBHUHHOW 30HE H30bI-
TOYHOrO yBiIaxHcHMA. HauMeHee cyiiecTBCHHA 3Ta COCTaBIAIOLIAs I10-
TEpb 1IPH KPYTHIX CKJIOHAX M 6ONBIIOH pacu;IeHEHHOCTH penbeda. YacTs
JIOXKIIEBOH BOJIBI PacXo/yercs Ha CMayMBaHHE PACTUTEIBHOTO MOKPOBA.
Bennuuna 3ajepxuBaeMoi BOJbI MOXET ObITh BBIYHCIIEHA N0 GopMyIie

X

P =(P+kEt)1-¢ " ¥ |, (6.28)

rae P, u P, — BbICOTa €O 3alicpXKaHusi U COOCTBEHHO CMayMBaHHUA Ha
eHHUIYY uIommaan Oacceiita, II0OKPBITOr0 PaCTHTENbHOCTHIO; K — BETHYH-
Ha OTHOLICHHMS IUIOIIA/M TOBCPXHOCTH PAcCTUTENBHOrO IIOKPOBa K ILIO-
LIagy, IOKPLITON pacTHTCIABHOCTBIO; E — HHTCHCHBHOCTb HCIApPEHUS
€ NOBEPXHOCTH PACTUTC/IBHOTO IOKPOBa (Ha €JHHHLY IUIOIAAN 3TOH 1o-
BCPXHOCTH); ! — IIPOJIOJDKUTENBHOCTD HOX/A; X — KOJIMYECTBO OCAJIKOB.

Jlunelinas cxema cXeMaTH3auWMM MUKpopenbeda M03BONMIA
A.H. bedann no;qyyuts ypaBHEHHE JUIS KOJIMYECTBA BOAbI, 3aJCPXKH-
BacMO¥ Ha NOBCPXHOCTH OacceiiHa B 3aBHCUMOCTH OT YKJIOHA:

P, = P (1 - ci), (6.29)

. L
rae P,n — MakcumannHasg CMKOCTb 3afICpXaHHusA; [ — YKIOH; CIE;

Az — cpesiHan Tiry61Ha Jenpeccki; L — paccTosHHE MeXIY ACTIPECCUAMM.
Iupoxoe pacnpocTpaHcHHC nony4yuna Gopmyia 3KCIIOHCHUHAb-
Horo Buna E.I". Tlonosa:

X-1

P=P| 1-e " |, (6.30)
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rae Py — Hekortopas reomopdonoruucckas xapakTepucTika GacceiiHa,
onpenensemas Kak CJI0id BOIbI, 3aep)KMBacMON Ha IORCpXHOCTH Hac-
cefiHa NpHM MOJIHOM 3anojHEHHH Bcex Oeccrounbix yriybnenmi; X —
CJIOH OCafiKOB; / — KOMMYECTBO BOAbI, H3PACXOOBAaHHOC HA BIIUTHIBAHHUE
(wHUIbLTPaLHUIO).

B ochoBe ¢opmyinst (6.30) nexxut npeacrasnedne o GyHKUHH, Bbl-
paxalouied pacnpenencHue NeHCTBYIOWMX mowagei croxka. Obbenu-
HeHue popmy (6.29) u (6.30) NpUBOAUT K NONYUCHHIO YPAaBHCHUS:

X-1

P =P _(1-cif|1-e 207 | (6.31)

3

OueBuaHo, 4To BenuyuuHa P,, upu i = 0 paBHa Py,
U3 ypaBHeHus (6.31) MOXHO onpelncauTh MHTCHCHBHOCTH NMOTCPH
Ha 3aJiepXKaHHe:

Xt
_dh _m dX-D)

K 3
dt dt

(6.32)

I'lpu MOCTOSHHOH BEJIMYUHE HHTCHCUBHOCTH BO}.lOO6p830BaHPiH

h = . u3 (6.32) nomyyaem

hs

-3

K. =he ™. (6.33)

3 s
6.1.5. ITomepu cmoka Ha noysenHoe 3adepicatue.

Tlon nousenHbIM 3anepxaHueM H, MOHUMAIOT CNOH BOJBI, pacXomye-
MBIH Ha YBNXXHEHHE fIOYBbI OT IPEIaBOAOYHOM 0 HaUMCHBILEH Braro-
eMKocTH. C 310ro MOMeHTa COOCTBEHHO M BOZHHKACT MOONOBEPXHOCMHbIL
cmok. Io pe3ynbTaTam sKciepuMeHToB ObLIa NoMyucHa GopMyna

H3 = (al - azlw)]l,,, (634)

rJe a; H a; — MapaMcTphbl No4Bkbl; /, — MOILHOCTB PBIXJIBIX OTJIOXKEHHIA;
Iy — HHOEKC YBNAXECHHHA.

Cpennnit no nuowaam cloi 3afepxaHusi 3aBUCHT KaK OT CTECHEHH
OPEJIICCTBYIOLIETO YBIAXXHEHHsI IOYBOTPYHTOB, TaK M OT OCaJIKOB.
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VYMenpiaronieecs BAMAHUE OCAaJAKOB HA IMOYBEHHOE 3aaCpKaHHE
MOXHO ONHUCaTh YpaBHEHHUEM

dH, = "), (6.35)

rae dH, — npupauieHue 3aaepXXaHus B Pe3y/bTaTe BhLIMAACHUA CII0S KO-
xaa dX; I, — HavanbHbIA HHACKC yBnaxHenns; (1, + H,) — xapaxte-

pU3yeT BAaXKHOCTh HOYBBI B PacYETHOE BpeMs; m — MapaMeTp, 3aBHCA-
LMH OT MAKCHMaJILHOH €MKOCTH 3a/i€PXKaHHA.

UnterpupoBanue (6.35) npu HayanbHbix ycnosMsx H, |, H
X |;y=0 TIPMIBOIMT K dopmyne

H, =Z1In(mXe ™ +1), (6.36)
m

rae o — k03 OUIHEHT, YUHTHIBAIOIIKH XapaKTep paCTUTENBHOCTH.
Bennuuia 1MOYBEHHOrO 3aiepkaHus 3a MHTEpBal BpeMEHH Oyder
paBHa pasHOCTH MEXAY 3HAYCHHAMH 113 Ha KOHE1l H Ha4yaJjl0 HHTEpBaJia.

6.1.6. Xapaxmepucmuru ysnasxcHenus 6accetina

Baxio#t xapakTepUCTHKOH U1 OLICHKM MOTEPh M B KOHEYHOM CYETe
LU TIPC/IBBIYMCIICHUSA CTOKA SABJIAETCH CTENEHb YBIAXHEHHA BEPXHETO
cnos noussl. HenocpencrscHHOE onpesesieHne Biaro3amnaca H €ro u3me-
HEHHMS B IIOYBOIPYHTAX B L(EJIOM JUIA peyHbIX GaccelfHOB BeChMa 3aTpya-
HHUTEJIBHO M3-32 HEHOCTATOYHOCTH JAHHBIX HM3MEPEHHMH BIaXHOCTH.
B cBs3u ¢ 3TMM MHOrAA NpUOEraloT K OLlEHKE BJaro3amnacoB MO ypaBHE-
HHI0 BOAHOrO OanaHca METPOBOIO CHIOSA MOYBOIPYHTA:

Wy=W,+X~Ypos—P-E, (6.37)
rae Woun W, — 3anac Boasl B METPOBOM CIIO€ ITOYBB! COOTBETCTBEHHO HA
KOHEI[ ¥ HA4aJlo pacyeTHOro UHTepBana BpeMeHH; X, Yo, E — ocankH,
CTOK M MCIapeHHe (3a 3TOT e MHTepBai); P — KOIHYECTBO BOJbI, TPO-
COYMBUIEHACSH B HHXKEJIEXKALIUE CIJIOH.

Yacro Bennunsa P He yYUTHIBAETCS, Tak Kak ypaBHenue (6.37) npu-
MeHsercs npu W, < W, rae W, — HanMeHbllas BIaroeMKOCTh METpO-
BOFO CJIOS NOYBOIPYHTOB.

H3MeHeHHe BIaXHOCTH TIOBEPXHOCTHOTO CIIOSA TOYBHI B YCIOBHSAX
OTCYTCTBHA ROXIEH MOXET OBITh NpeCcTaBneHO GpyHKUKEH BHIA:

133



W, =W, -we™ +w, (6.38)

roe W, — 3amac Bjiaru Ha MOMCHT BpCMEHH !, W, — Ha4anbHbIH 3amnac Bia-
TH; W — TIpeneibHas BIOXHOCTh HCCYIUCHHS; 1 — rapaMcTp, 3aBHCALIHA
OT TEMIICpaTyphl BO3IMyXa ¥ XapaKTcpa HOYBhI.

®opmyna (6.38) mMo3BOIAECT BECTH IOCYTOHHbBIN pacycT 3aliaca BJarv B
noyse. OHaKO JaKe TaKOH BechbMa IpUOIDKEHHBIH c1iocob pacycra HeBo3-
MOJKEH IIPH OTCYTCTBHM HETIOCPEACTBEHHBIX HaOMOACHHUH 3a BIOKHOCTHIO.

B cBs3M ¢ 9THM B IIPaKTHKE I'MAPOJIOTHYECKHMX [IPOrHO30B IIIMPOKOE
pacrpocTpaHCHHE MONYYHIIH KOCBCHHBIC OIICHKH CTCIICHH YBIIaXXHCHHS
OacceliHOB, OCHOBaHHbBIC Ha MCIOJbL30BAHHH CBeIeHMHA 006 ocaakax 3a
IOCTATOYHO JUTMTCIIBHbIH IPEAIIECTBYFOILUHA NEpHO/L BPEMCHH:!

Iy=ax 1 ax,+ ... + ax,, 6.39)

rae [y — HHAEKC YBIaXHCHHUS; Xy, X2, ..., Xy — KOJINYCCTBO OCA[KOB, BbI-
NaBIUMX COOTBETCTBCHHO 32 MEPBBIC, BTOPBIC U T.J. CYTKH 10 PacHeTHO-
ro OHA; a), 4y, ..., A, — KO3QOUIHMCHTBI, ONpEIC/sICMbIC B 3aBUCMMOCTH
oT dusmnko-reorpadHyYECKNX yCI0BHii 6acceHa H BpCMCHH.

Ha ocHoBe BOmHO-62NaHCOBBIX COOOpaXk€HHH M JaHHBIX JIKCICPH-
meHToB H.®. Bedann npemioxuna BoIpakeHHE WUI MHACKCA YBIAKHE-
HHUA B BUIIC CICAYIOILEr0 MHOTOUJICHA:

Iy = aixoinat axina—ye+ asxpe-1 + asxi2 4 asxy s+
+ aexe-10t axy1-20 tagxai—30 * AgxX31a0t GQreX41-so +
+ anXs10 T aiaxg1-80 T A13x81-100- (6.40)

Peanusanus ¢opmynsl (6.40) mpeamo;iaract HCHOJb30BaHHE HH-
¢dopmanuu 06 ocankax 3a 100-cyTouHbIif HHTCPBaJ JIO PacCYCTHOM JIaThl.

Koappnuments! a; 6epyrca u3 tabn. 6.1 no cpeneit 3a i-i uHTep-
B BpEMCHH TEMIIEpaType BO3AyXa.

Ja ocenHero nepuoaa (npu cyxoi noyse) 06bLIYHO BBOJATCA I10-
NpPaBKH, YYHTHIBAIOLIME MUTpaiuio Biaru cau3y. [Ipu Temneparype Bo3-
xyxa Gonee 10 °C MHOEKC YBIaXKHEHHMA PEKOMEHIYCTCS PacCUMTHIBATH
no ¢opmyne

4 9 14 30 60
I,=X,+07YX,+05 X, +03Y X, +0,2) X, +0,1> X,, (6.41)
2 5 10 15 31
rae X| — KONMH4EeCTBO OCAIKOB 3a PCMIICCTBYIOMIHUE CYTKH; 2 X; — cyMMa
0CaaKoOB, BbINIABHIUX 34 COOTBCTC’I‘BleH.lHﬁ TnepHoa.
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Tabauya 6.1
Koy duunenrs! a;, onpejicanemsie 110 cpeHe 3a i-H HHTEPBaJ BPEMEHH
TeMieparype BO3ayxa

Ne Hurepsan, Temneparypa BO3EyXa, 'C

n/n CyT. 0 5 10 15 20
1 0 1/12 1,0 1,0 1,0 1,0 1,0
2 1/12- 1/6 1,0 1,0 1,0 0,90 0,85
3 1/6 1 1,0 1,0 0,90 0,80 0,80
4 1-2 1,0 0,9 0,70 0,60 0,58
5 35S 0,72 0,65 0,60 0,50 0,45
6 6 10 0,62 0,56 0,50 0,40 0,34
7 11 20 0,55 0,45 0,38 0,30 0,17
8 21 30 0,50 0,38 0,27 0,17 0,06
9 31 40 0,46 0,33 0,19 0,09 0,01
10 41 -50 0,41 0,27 0,13 0,05 0,00
11 51 60 0,37 0,23 0,09 0,03 —
12 61 80 — 0,17 0,04 0,00 —
13 81 100 — 0,11 0,01 — —
JUia yIpOLICHHBIX PacucTOB Hauua npUMeHeHne dopMyna

1, => KX, (6.42)

riie X; — cyMMa OCaZKOB, BHINABILIMX 32 { IPEALICCTBYIOIMX CYTOK; K; —
KO2hHIHEHT, 3HAYCHUS KOTOPOTO H3MEHSIOTCA B 3aBUCMMOCTH OT TEM-
nepartypsl Bo3yxa B uatepsaie ot 1,0 go 0,88.

OO6bIYHO pacyeT MHIICKCOB YBIAXHEHHUS OCYILCCTBIAETCHA IO JaH-
HBIM OTJCJIbHBIX METECOCTAHUMI C MOCHEAYIOIMM OCPEAHEHHEM TIO Tep-
putopuu bacceitna.

KocBeHHBIE XapaKTEepUCTHKH NPEAUIECTBYOMIEr0 yBIaXHEHHS HC-
HOMB3YIOTCA KaK [N ONPCAC/ICHUA HauyaJIbHBIX NOTEPh OCAJKOB IpH pac-
4YeTe HHTCHCHBHOCTH MHOHIbTpaLMH, TaK H JUIS PELIEHHUs OCHOBHOH 3a-
Jayu — NpOrHO3a HOXICBOTO CTOKA HAa OCHOBE MOCTPOEHHSA CHUCTEMBI
KOaKCHAJIbHBIX 3aBUCHMOCTEH.

6.2. 'padoanasnTUdeckne cnocodbl MPOrH03a CTOKA
AOKIAEBBIX NaBOJKOB

Haubonce nmpoctbiMu cltoco6aMy NPOTHO30B HOXKIEBBIX MABOAKOB
aBnAoTcs rpadoananuTuyeckue. Ux paspaborka BkIOYaeT qBa OCHOB-
HbIX 3Talla: NOCTPOCHHC 3aBHCUMOCTEH [UIS ONpeleneHMs CTOKa 3a Ma-
BOJIOK M pa3paboTKy MeTOIa Mpe/IBBIYHCICHHS PacXonoB (YPOBHE#H) BO-
JbI MABOAKA.
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Peunoii Gacceiin xapakTepu3ycTcss OOJBILIOH NPOCTPAaHCTBEHHOM
HEPaBHOMEPHOCTHIO OCAJIKOB M MOTEPh CTOKA. B CBA3M ¢ 3THM ycnemnoe
NOCTPOEHHE 3MIHPHYCCKHX 3aBHCHMOCTEH MUl onpenelicHus obbema
CTOKa 3a NMaBOAOK MOXET ObITh BBIIOJIHEHO JUL1 OTHOCHTENIBHO HEBGOb-
IIHMX 1O IUIOMAIH peYHbIX 6acCEHHOB.

B nporHocTH4ecKOHN NMPaKTHKC HIMPOKO HCIMOJB3YIOTCS JIOKAIbHBIE
3aBHCHMOCTH CyMMAapHBIX NMOTEPh HJIM CJIOSl NABOJOYHOrO CTOKa OT On-
pepenstomux daxropo. B oToM cnyyac omHo u3 Hambonee ynorpeb-
JIIeMbIX 2HATHTHYECKUX BbIpaXKEHHI 3anuchIBacTcs B BUE [45]:

¥

Y=X-PFl|l-e P |, (6.43)

rae X - cnoii 0caakos; Py ~ MAaKCHMaJIbHO BO3MOXXHBIC ITOTEPH NpH JaH-
HOM YBJIaXKHEHHH ITOYBbI.

TexHuka NpPeABLIYUCICHUSA COS CTOKA 3a I1aBOJOK 3aKII04acTCs
B crenyomeM. 1o raHHpIM MHOTOJNETHHX HabmoJeHHH GOopMHpPYIOTCH
BPEMEHHBIC PANbl OCaAKOB U IIABOJAOYHOI'O CTOKA, IIPHYCM H3BECTHBLIMH
B THAPOJIOTHH METORAMH OCYILUECTBIICTCS CPE3Ka CTOKa HAa BCIMYHHY
rpyHTOBOro MuTaHud. 3areM no (6.43) Bbryucisercsa 3HaueHus Py. [Ipo-
H3BOIMTCS TILIATENBHBIA aHANM3 JUIA BBIABICHHUA (PaKTODOB, ONpeAc/A-
IOLUX MOTEPH.

Kak mokassiBaeT MpaKTHKA, INIABEHCTBYIOIUMM (akTOPOM IOTCPh
SBJIACTCA CTENCHb INpPCAUICCTBYIOLIETO YBJIaKHCHHS NO4YBbL. OlLEHKOH
NoCJeAHEeR MOTYT CITYXHTh paCCMOTPEHHBIC BblIIlle KOCBCHHBIC XapaKTe-
puctukHi. KpoMe Toro, 310 MoryT 6b1th JehHLUTE WK 3aMachkl BIard B
NIOYBE, PaCCUMTAHHBIE 110 JIaH-
HbIM O  NIPCHAILCCTBYIOIMX

Yum -’
0OCagKax U chapemm, a B HEC-
KOTOPBIX CiAy4asXx — YpOBHH
I
30 60 TPYHTOBBIX BOJ WIM MApejuie-

CTBYIOLIME DPACXOAbl BOAbI B
pacuetHoM crBope. OOwmi
BHJ 3aBHCHMOCTH Ui IIPOTHO-
3a MaBOJOYHOr0 CToKa Y oOT
ocankoB X ¥ HHACKCA Mpelie-

Puc. 6.3. 3aBucuMocTs cToka nasoaxa Y CTBYIOLICTO  YBIAXKHCHUSA Iy
OT KOJIMYECTBA OCAKOB X ¥ HHAEKCA (anBeler Ha puc. 6.3)

MPEAWCCTBYIOLIETO YBIAKHEHUA MOYBBI 1 w-

2 P N
20 40 60 80 100 X mu
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Jlpyroii cioco6 rpa¢uyeckor KOppesiMi OCHOBAaH Ha [IOCTPOEHHH
SMIMPUYECKHX MHOro()akTOpHbIX KOAKCHanbHbIX 3aBMcHMocTeH. [Ipo-
THO3BI CTOKA 33 FICPUOJI IOXKAEBOT0 NAaBO/IKA C MCMONIb30BAHHEM KOAKCH-
aIbHBIX IPadHKOB NPUMEHSIOTCS M 3a pybexoM. B kadectse aprymes-
TOB Yallle BCEr0 MCHONB3YIOTCA HHIOCKCH! NPEIUICCTBYIOIMNX OCagKOB
(XxapakTepH3ylOT Ha4ajbHYIO BIIRXXHOCTH IOYBBI), KOIHYECTBO M MpO-
JOKHTENBHOCTh OCaIKOB, CE30H U T. I.

INpuBs3ka no BpeMenu GOpPMHPOBaHHA NaBOAKa Hcobxonuma s
KOCBCHHOTO Yy4YeTa YCJOBHMI HCIapeHMs, COCTOSHHSA PacTHTEIBHOTO IO-
KPOBa M CENbCKOX03AMCTBEHHBIX yroauil. MHorza uenonb3yroT TeopeTH-
YECKUE NPEANOCHUIKA, 000CHOBBIBAIOIHE BHJI 3aBUCHMOCTEH CTOKA (MM
HOTEPD) OT AeHCTBYIOMIKHX (aKTOpOoB. B 11e0M ke JaHHBIH McTOH ABIA-
ercsa Bce ke aMnupuueckuM. IloctpoeHHs NMpOH3BOAATCS B IJIOCKOCTH
4eTBIPEX KBagpaHTOB (pHC. 6.4).

I

| // : |

X v w040
vine vy .

8
o

£y
s
.
D

P o

e 20
bl 0
40
. \
Puc. 6.4. 3aBHCHMOCTS U1 pacyeTa NoTeph CTOKA 32 NaBOAOK.
B kBagpaHTax MPHBENEHEI CBA3M: @) MOTEPb CTOKA C HHAEKCOM YBIaXHEHHS
Iw M BpeMeHeM NpoxoxkaeHus naBoaxa (UHPL! y THHKH — MecALlbl); 6) To-
Tephb CTOKA C NMPOAOKHTEIBHOCTBIO A0XAA (UMPBI Y TUHUIH — NPOTOTKH-

TENBHOCTh ROXKAA B Yacax); 6) NOTEPb CTOKA C ocaakaMH (UHGpHI y JIHHHIE —
OCaKH B MHJUIMMETDAX); 2) PaCCYHTAHHBIX H GaKTHYECKHX MOTEPb CTOKA.
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OG6EIYHO BMECTO CJI0A CTOKa HCHONB3YIOT MOTEPH, MOMyYacMble Kak
pa3sHOCTh CJOA OCaAKOB H CJIOS CTOKA 3a NAaBOAOK, @ 3aTCM IMEPEXOAAT
K cToKy. [lepBOHAUANBHO, MOTEPU CTOKA CBA3BIBAIOT C HUHACKCOM MpEXR-
ILIECTBYIOILErO YBIAXXHEHHA M CE30HOM rofa (Mecsl, HOMep HEAeIH OT
caMo# paHHEH IaThbl IIaBOJKA WM OT Hadasa roaa). B nose To4ek CTpOMT-
cs1 ceMEHCTBO KpHUBHIX (pHC. 6.4, a). Ilo 3Toi 3aBUCHMOCTH ONpPEAENAIOT
MIOTEPU H COOTHOCAT HMX C (PaKTHYECKHMM 3HAYEHHAMH IOTEph Ha Clie-
nyioiem rpaguke. Bosne Touex Ha HOBOM rpagMKe BBHIIIHCHIBAIOT 3Hade-
HUA TIPONOJDKMTENBHOCTH OCagKOB M MPOBOAAT CEMEHCTBO KpPHBBIX
(puc. 6.4, 6). Janee no nByM rpadukaM HaxOAAT BbIYHCNCHHBIE 3HAYCHHA
NI0TEpPhb ¥ CHOBA CBA3BIBAIOT UX C ()aKTHYECKHMH 3HAYCHHAMH M KOJIHYeE-
cTBOM ocaznxoB (puc. 6.4, ¢). B nocnenHeM kBagpaHTe CTPOSAT CBS3b Bbi-
YHCNEHHBIX NoTeph P ¢ dakTHueckumu Py (puc. 6.4, 2). ToukH HOMKHBI
PaBHOMEDHO pacnoJiararscs 1o 06e CTopoHbl OGHCCEKTPHCHI NPAMOTO YTIjia.

B npoTHBHOM ciTy4ae OCYIIECTBJIA}OT NPOBCPKY BCEX IOCTPOCHHH
H, BO3MOXHO, [I0-HHOMY TPOBOJAT JHHHMH cBi3u. Ha ciaenylowem stane
CTPOUTCS HOBas CHCTEMa COOCHBIX IpadHKOB, IJic MepBble JiBa rpaduka
ocraTca 6e3 U3MEHEeHHH, a TPEeTUH 3aMeHACTCS JUIS TIOJY4YCHHS HEmo-
CPEACTBEHHO 3Ha4YeHHUH cToKa. [IpeobpazoBaHue OCYILECTBIAIOT UCXOAN
u3 ycnosus OanaHca, NpH KOTOPOM CTOK PaBEH KOJMYCCTBY OC3jIKOB
MHHYyC notepu (puc. 6.5).

B TOM cirydae, KOT/Ia 3aBUCHMOCTb MOTEPb CTOK2 OT BPEMEHH IPO-
XOXXIEHUA MaBOJKAa IOCTPOMTh HE YHAETCsA, HCMONABL3YIOT CICHYIOLIMH
npueM. CHavana CTOK 3a IEPHOJ IAaBOAKA CBA3BIBAIOT ¢ Hanbonee Bax-
HbIMH (aKTOpaMH — CJIOEM OCaIKOB M HHICKCOM YBJIOXHCHHSA, a 3aTEM
YUYHMTHIBAIOT M OcTanbHble (akTopsl. CHOXXKHOCTH MOCTPOCHHUA KOAKCH-
aJIbHBIX IpaMKOB 3aKJIIOYAeTCA B TOM, YTO CBSA3b MEXY CTOKOM (MM
HOTEPAMMU) M KOKOBIM K3 PacCMaTpHBacMbIX (PAKTOPOB B OTACIBLHOCTH
noctaToyHo cnabas. M 3meck B nepByio oyepeas BaKHO, YTOOBI pacmo-
JIOXKCHHE JMHHH CBS3M HE IPOTHBOPEYHIO OOLIMM INpENCTaBICHUAM
0 BHJIE HCCEMyeMO# 3aBHCHMOCTH, BBITCKAIOIMM M3 PU3UYCCKHX Npen-
CTaBlICHUH O mpolecce GOPMHUPOBaHHA HOXKAEBOro croka. OycBHAHO,
YTO C YBEJIHYEHHEM HHAEKCa NpPEIIICCTBYIOWIETO yBIaXHEHHA (ocan-
KOB) NOTEPH CTOKA NOJDKHBI YOBIBATH, IPHYEM 3aBUCHMOCTb 3Ta OOBIYHO
KPUBONIMHEHHAA. Y4YCT Ce30HA, B KOHEYHOM CYETE, XapaKTepH3yeT YB-
JIQKHEHHOCTh MOYBBI, M NMO3TOMY C €€ POCTOM YMEHBLIAETCA BIHSHME
HHJCKCA NPEJILECTBYIONMX OCaAKoB. TakuM oOpa3oM, NHHHH Ha COOT-
BETCTBYIOILEM Ipaduke NOIDKHBI OBITH Kpyde. 3aBUCHMOCTb MEXIY CTO-

138



a) 2)

W Ve um .

70470

203030 D s0 70 &0 90 100

L]

LIS AR LY

Puc. 6.5. 3aBHCHMOCTB WIS pacyeTa CTOKa 3a MaBOAOK. B KBaZpaHTax mpHBEAEHEI CBA3H:
a) NoTephb CTOKA C HHIAEKCOM YBJIaKHEHUS [y H BpEMEeHeM NPOXOXKACHHA NABOJKA
(undpo y sunuit  Mecsunl); 6) NOTEPb CTOKA C NPOAOTKNTEILHOCTHIO AOKAS
(unpsl y IMHHI -- IPOXODKUTENBHOCTH JOXAA B 4acax); 8) CTOKA ¢ OCafKaMU
KOM U MPOJOIDKUTCIBHOCTBIO OCaKOB OOpaTHas ¥ OOBbIMHO MPAMOJIH-
He#Has. [Ipu mocTpoeHuu cBa3u (puc. 6.4, 6) HCXOMAT U3 BUIA 3aBHCH-
MOCTH CTOKa OT 0CafKoB. JIHHUM OOBIYHO KPHBOJIMHEHHBI, a PacCTOAHHE

MEXIY HHUMH JOJDKHO YMEHBIIATHCA C YBEIHYEHHEM OCaKOB.

TIpuHUMI NOCTPOCHUSK COOCHBIX rpadUKOB NpEANOsaracT Hoove-
PEAHBIA H HE3AaBHCHMBIH y4eT ¢aKTopoB CTOKa, MEXAY TeM 3¢ ¢ekT Ka-
XJIOTO M3 HUX HEOJHO3HAYEH M OIPEJe/AETCS COUYETAHHEM OCTAIBLHBIX.
['paduku cTpoATCA MO CpesHHMM JUIA GacceiiHa XapaKTEepUCTHKaM H HE
YYHMTBHIBAIOT XOI NOXsA. BecnenacTsue 31oro B peasibHBIX YCIOBHAX NPH
HEPaBHOMEPHOM PACHPEIENEHHH OCAaJJKOB 3HAYCHHSA CTOKA 4acTo IOJY-
4aloTcs 3aHMKEHHBIMH. IJocne ycraHOBIEHHS 3aBHCHMOCTH CTOKA 3a
[IaBOJOK HETPYAHO MEPEHTH K HNPOrHO3y BHICOTHI NIABOAKA, IIPEACTaB-
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N0y rpadHK CBA3M MEXAY CIIOEM CTOKAa M HAWBBICIIMM YPOBHEM
BOZIbI.

Hano ormeTuTs, 4TO 3a61aroBpEMEHHOCTh JAaHHOIO METOJIa TIPOTHO-
3a Jia Heboablux GacCeHHOB HEBEIMKA, TAK Kak B OTOM CIIy4yae Malio
Bpems noberanus JOXKICBOH BOJBI O 3aMbIKaloIero cTBopa. J{ng ysenu-
YCHHA 3abMaroBpCMEHHOCTH IIOSIL3YIOTCS IIPOTHO3HBIMH BCIMYMHHAMU
OXHJIaEMBIX OCAIKOB.

JI11 mporyosa pacnpenesieH|s: CTOKa JIOXKACBOro MaBOAKA MCIOMNb-
3yetcs MO0 ¢AMHUYHBIA 11aBOJIOK, MO0 KpuBas noberanus. C aTo#t we-
JbI0 Ha KaXX/blH pacyeTHBI MHTEPBAJ BPEMCHH BBIYUCIAIOTCA HHTE-
rpajibHbie CYMMbI OCaJIKOB, Ha4HHasi C IEPBOro MHTEpBala BPEMEHH, CO
CTOK0OOpa3ylomuMH ocaakamu. 3ateM o rpadukam (6.4) u (6.5) onpe-
JICASIOTCS COOTBETCTBYIOLIME UM HHTErpalibHble CYMMBI CTOKA, pa3HO-
CTH KOTOPHIX H ABJIAIOTCA CINOSAMM CTOKA B K&KAYIO €IMHMILY BPEMCHH.
Hanee ocymectBisgercs ux nmpeobpa3oBaHHE C MOMOINBIO CIHHHYHOTO
naBojaka (kpuBoii goberanus) B rujporpad, COOTBETCTBYIOIMH ocaj-
KaM, BBIIAaBIIMM K MOMEHTY BBbINyCKa NIporHosa. JlaHHylo mpouenypy
HOBTOPAIOT € NOTyYeHHEM HOBOW HHbopMmauuu 00 ocanxax. Eciou
B XOJIE OCa/IKOB €CTh NEPEPHIB, TO BHIYUCAECTCA HOBBIH HHIEKC YBIaXHe-
HHUS, a CyMMHPOBaHHE OCaIkOB HAYUHHACTCA C HOBOTO MOMEHTA BPCMCHH.

6.3. [Iporuo3sni 102K1€BOro CTOKA MO CyMMAPHOMY NPHTOKY
B Pe4YHYI0 CeTh H N0 0caKam

Jannetit Meton npepnoxen M.U. IN'ypesuuem [26] U MoxeT npume-
HATBCA UL POrHO30B HOXKAEBOTO CTOKa ¢ GacceifiHOB OOJIBILHMX U cpel-
HHX peK.

[1Inpoko M3BECTHAsA IeHETHYECKass GOpMyJia CTOKa yYHTBIBACT JIMILIb
OCHOBHYIO COCTaBIIAIOLIYIO CTOKa €O Beero 6acceiiHa — NPUTOK B PEYHYIO
CeTh, MPOMUCXOMAILIMI Ha CKIOHAX GacceiiHa Ha NIEPBOM 3Tale npolecca
¢bopmupoBanus croka. Ha BTopoM asTane, npu CTCKaHHH 110 PEYHOH CHC-
TeMe, TIPHTOK IOJ BIMAHHEM OGEperoBOro M pyciioBOTO PEryIMpOBaHHSA
TpaHcpopmupyercad B crok. Takum 06pa3oM, ecilM BEJIHYHHY INPHTOKA
OLICHHBATb N0 CTOKY MajibiX pek (HanpuMmep, MeTonoM HacceHHOB-HHIM-
KaTopoOB), TO I Majblx DacceHHOB BEIHYMHA CYMMapHOro MpHTOKa Oy-
IEeT BKIIOYaTh XapaKTEPUCTHKH BOR0OOMeHa (PycrloBbIC MOTCPH M BEPX-
HETPYHTOBOE IIMTaHHE) U PETYIUPOBAHHE PYCIIAMH MalbIX PCK.

Torzma cTok B 3ambIkaroieM cTBope 6onbLIOi pexd OymeT cKiajbi-
BAaThCA H3 YETHIPEX COCTABMISAIOIINX:
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Yi=zyi-t+Yrm—an+AYT’ (644)

rae Y; — BenMuMHA cToka OONBIIOH pekH 3a i-H HHTEPBAl BPEMEHH,
%y« — CYMMapHbIH IPHTOK C MalblX pPeK 3a i-H MHTEPBal, CABHHYTHIH
Ha3aJ OTHOCHUTENbHO CTOKa B 3aMBIKAIOILEM CTBOpPE Ha BpeMs nobera-
HHS; Yo — TIy6OKOE IPYHTOBOE MTAHHE; Ypn, AYr — pyCiiOBBIC IOTEPH M
pycnoBas TpancdopManus Ha 60610 peke.

OcHOBHasi COCTaBNIAIOIIAsA CTOKa — HNPHTOK B PEYHYIO CHCTEMY —
MOXKET ONPENCNATLCA ABYMA crniocobaMH: no cmoKy ¢ bacceiHos manbix
pex u no ocaokam. Pe3ynbratsl anpobaluy nepsoro crnocoba noxasany,
YTO MpPH BHIPAXKEHHOH HEPABHOMEPHOCTH BBINANEHHA OCAJIKOB 110 Gac-
celiHy HeoOXOAMMO HCNONB30BaTh OONBIIOE KOMHMUECTBO OGacceHHOB-
nHaMkKaropos (bacceiiHoB Mansix pek). Crok ¢ 6acceliHa-uHAMKaTOpa
PacrnpoCTpaHieTCs Ha TATOTEIOIlYI0 (CXOAHYIO IO YCIIOBUAM ero ¢op-
MMpPOBaHHUA) K HEMY IIOMIA/b, KOTOPask Ha3BaHa CMOKOOOHOPOOHOU.

CTOK ¢ Ka)I0# M3 n CTOKOOJHOPOJHBIX IUIOIIANCH MPUHAT PaBHbIM
CTOKY ¢ OacceHHa-MHAMKATOpa y;, YMHOXKEHHOMY Ha BEIMYHHY OTHOLIE-
HUs CTOKOOHOPOIHO¥ Nnouany F; k miomanu 6acceina- unankaropa f:

k==t (6.45)

Jlna Bcero GacceifHa CyMMapHBIH MPUTOK, 06pa3oBaBILIMil CTOK B 3a-
MBIKAIOLIEM CTBOpE 3 i-H HHTEPBAJI BPEMEHH, BLIMHCIIAETCA 110 hopMmyne

Zyi—r = klyl,i—'q + k2y2,i—12 +..t knyn,i—fr,, ’ (646)

TIe Ty, T2, ..., Ty — CPEAHEE BpEMA NOOETaHHA OT LIEHTPa KaXIOH CTOKO-
OIHOPOJHOM IUIOMWIAAM 10 3aMBIKAIOLIETO CTBOPA.

INpu npuMeHeHuM BTOporo crnocoba — pacyera NIPUTOKaA [0 OCaIKaM —
HCNOJb3YyeTCs paBEHCTBO

Vi=Qh + @k .+ Qb (6.47)

rae h — crokoobpa3syroias 4acTb OCaJAKOB; ( — OpAMHATH! rpaduka 3ne-
MEHTApHOIO NPHTOKA B PEYHYIO CHCTEMY, ONpeeNseMble Ha OCHOBE 3a-
KOHOMEPHOCTH UCTOLICHHSA CTOKA; M — NPOJOJOKHTENILHOCTD IIPUTOKA.
OG6p1yHO CcTOKOOOpa3yromas 4acTh OCAAKOB DPACCHHTBHIBACTCA IO
$opmyne
h =X—pc+.YBnb (648)
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rae X — 0Caaku; p. — CyMMapHbIE NOTEPH; Yym — BO3BPATHAA 4acThb IO-
Tepb, XapaKTepu3yeMas BEepXHErPYHTOBBIM IIHTaHHEM.

Hapo oTMeTHTB, 4TO /i OTIPENENSETCS C YUETOM 3aePXKUBAIOILETro H
PETYJIHPYIOIIEro BIWAHHSA CKJIOHOB OacceilHa, NpOsBIAIOIIETocs Kak
TIpY CTEKaHUH BOABI IO MOBEPXHOCTH, TaK U MpPH €€ ABMXCHHH B TOJILE
NOYBOIPYHTOB. BcreAcTBMe 3TOrO0 NPHUTOK BOABI B PEYHYIO CHCTEMY
pacTAruBaeTCs 110 BPEMCHH, TIPHYEM

Q1> 2> ... > Qpy, (6.49)

o tgt . +@,=1. (6.50)

VcnoBus TpaHchopManuu 0cagkoB B IIPHTOK, KOra Bpems jobera-

HMS HE OpeBblilaeT eaMHULY BpeMeHH (T < T), YTo CIpaBelUIMBO Uit

CKJIOHOB 6GacceliHOB MaJibIX peK (HJIM MEXH30XPOHHOH IUIOILAAN), MOTYT

OBITH YUTEHBI CIETYIOIMM 00pa3oM.

[IpuToK OT OCajmKoB, BBHIMABIIMX 33 ONHH i-H MHTEpBall BPEMEHHU

(pasHOBpeMEHHBIM TIPUTOK EIHHOBPEMEHHBIX BENMYMH OCAOKOB), pac-
CYHTBIBACTCH 10 clienyloued popmyne:

Yip :(pl(X_pc +yarn)i.i +(p2(x—pc +yarn)i,i+l +
+q)m(X_pc +ysm)i,i+m—l' (6.51)
3)ICCI> H HUXE HHIAEKC p 10 H nocjie 3anATOM 03HAa4YaeT COOTBETCT-
BEHHO, 4YTO OCaAKH M NOTCPH HIIKH NPHTOK PasHOBPEMCHHBI; HHICKC i
nepen 3anATOH — HHTEPBaJ BbIIIAACHHUS OCAJKOB, 4 MNOCIC 3angaToO# — HH-

TepBaJl NpUTOKa. Eciii CYUNTaTh p. M Vgry PABHBIMH HYIIIO, TO CNOH 3¢-
(bEKTHBHBIX 0CaJKOB X;, MOXHO BBIYHCIIHTE MO BHIPAXKEHHIO

Xip = X, +0,X,,+..t0, X (6.52)

ii+m-1*

[IpuTok 3a ONMH i-H MHTEPBAJI OT OCAAKOB 32 PSA MpPEMIIECTBYIO-
IMX MHTEPBANOB (€AMHOBPEMEHHBIH IIPUTOK Pa3HOBPEMEHHBIX BEJIHYHH
OCaIKOB) BBIYHCIIAETCS MO BHIPAXKEHHIO

yp.i = (‘pl(X_pc +ynm)i,i +(PZ(X_pc +ysrn i-li +
+(pm(X_pc +yam )i-m+l,i’ (653)
a cro#t 3¢ PEeKTHBHBIX OCaZKOB — 10 aHAIOruH ¢ (6.52)
X im0 X+ QX i+ 40, X, (6.54)
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IpuBeneM psn paBEeHCTB Ui Cy4as, KOraa TpaHcdopMalusa oca-
KOB B [IPHUTOK NPOMCXOAMT Ha CKJIOHaxX 6onbioro 6acceiiHa, pacuicHEH-
Horo Ha N uacreit ¢ noberanueM BHyTpH Kaxaoil (Tt < 7). CymMapHblii
¢ bacceiiHa mpUTOK OT OCAaJKOB 3a OAWH i-H HHTEepBal (CyMMapHbIi pa3-
HOBPEMEHHBIN MPUTOK EAHHOBPEMCHHBIX BEHYHH 0CaKkoB) 6yaeT

ip=kiyiptkayipt ... +knyip (6.55)
a CyMMapHblit ci10#i 3¢ GEKTUBHBIX 0CaIKOB
ZXi,p = kl)(i,p + kZA’i,p +oF kN){i,p (656)

B (6.55) u (6.56) mputok y;, ¥ ocaaku JX;, BEIYHCIAIOTCA 110 (op-
MynaM (6.51) 1 (6.52) COOTBETCTBEHHO.

CymmMapHslif ¢ 6accefiHa NPUTOK 33 OIMH i-H MHTEpBAJ BPEMCHH OT
OCaJIKOB 3a PsJ MPCALIECTBYIOLUMX HMHTCPBAIOB (CyMMapHBIH CIMHO-
BPCMCHHBIH NPHUTOK Pa3HOBPCMEHHBIX BEIMYMH OCAZIKOB) PACCYMTHIBA-
ercs no ¢popmyne

2ypi=kiypitkaypit .. tknypi (6.57)
a o61wmii cnoii 3 peKTHBHBIX 0cankoB ~ 1o popmyiie
th,i = k] Xp',- + kz x,,,i +..+ kN xp,,-, (658)

A€ yp.i ¥ Xp; OnIpenensiores mo (6.53) u (6.54).

B uTOre MOXHO 3anMCaTh BBIPKCHHS A OLCHKH 3PCKTHBHBIX
0CaJKOB U NpUTOKa € OaccciiHa, 0Opa3oBaBILIEro CTOK YCPE3 3aMbIKalo-
IMH CTBOp (€AHHOBPEMEHHBIH CTOK CYMMapHBIX pa3sHOBPEMCHHBIX Be-
JIMYUH NIPUTOKA M OCAJKOB)

2Xii =k Xpi+ by Xpin + ..o + kv Xpinn (6.59)

i = kiypit kaypir ¥ ..+ knypinst. (6.60)

B mocneasux ABYX paBeHCTBaX MHACKCH i, i — 1,..., i — N + | o3Ha-
Ya0T, YTO MO0 OTHOWCHMIO K CTOKY Ycpe3 3aMbIKAIOUHHA CTBOP BEIHYH-
HBbI IPUTOKA C OTAEILHBIX YacTei Oaccelina sSBNfOTCA pa3HOBPEMCHHbI-
MH. OHAKO MO OTHOLUCHHIO K OCaZKaM Ka)1oi yactu OacceiiHa OHHU
€IMHOBPEMEHHBI.

3ajaya ydyera moTeph HOMKIAEBOrO CTOKAa NPM NpPOrHO3€ CTOKA IO
ocajkaM sBiseTcs Haubonee TpyaHOH. O6BIYHO 3TH NMOTEPH XapaKTEpH-
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3YIOTCS BENMYUHOM x03gduyuenma cmoxa, KOTOPHIH BBIYMCIAETCA Kak
OTHOLIIEHHE CTOKA B 3aMBIKAIOIIEM CTBOPE K OC3JKaM, BHINAJAIOLUIMM Ha
Teppuropuio Oacceiina. Takoil k03QHULHMEHT ABISETCA XapaKTEPHCTH-
KOM He TOJIBKO II0TEph CTOKA, HO ¥ TpaHC(OpMalMK IIPHTOKA PYCIOBOH
CHCTEMO#H, KOTOpas 3aKJII049acTCA B TOM, YTO Ha [IOJBEME NaBOJKa YacTh
BOJb! 3aTPayMBaACTCA Ha 3aIIOJIHCHHE PYCIOBBIX €MKOCTEH, U BEIHYMHA
k03¢ dHuHeHTa CTOKa OKa3hIBAETCA 3aHW)KEHHOH, a Ha Claje NpH omno-
POXXHEHHH PYCJIOBBIX €MKOCTe# — 3aBhllleHHOH. TakuMm obpa3om, ko3d-
GHMUMEHT CTOKA JaeT HEMPaBUIbHOE NPECTABICHHE O BETHYHHE NIOTEPb.
Jna uCcKIoYeHHs BIUAHHUA pycnoBod TpaHchopmammu M. U. I'ypesu-
4yeM NMpeIokKeHa Apyras XapaKTCPUCTHKA NOTepb — K0ddduyuenm npu-
moka. OH BBIYHC/IAETCA KaK OTHOIUIEHHE NMPHUTOKA B PEYHYIO CETh, MOA-
CYHTAHHOTO 10 CYMMapHOMY CTOKY ¢ 6acCeiHOB MajIbIX peK, K 0caakaM

p=Y.yIY X.

OTHolueHHe
Z pi (6.61)
ZX

XapaKTEepU3yeT Pa3HOBPEMEHHBIE MOTEPH NpH HOPMHUPOBAHHH CyMMap-
HOTO €IMHOBPEMEHHOT'O MIPUTOKA, a OTHOLIEHHE

% ;v( 2 (6.62)

XapaKTEepPU3yeT eJUHOBPEMEHHBIE TIOTEPH IIPH (OPMHPOBAHHHM CyMMap-
HOT'O Pa3sHOBPEMEHHOro Npuroka, OTHOIEHHE

D Ve (6.63)
Z X,

XapaKTepU3yeT NMOTEPH PasHOBPEMEHHOTO NPHTOKA, CHOPMHPOBABILErO
€IMHOBPEMEHHBIH (3a i-i MHTEpBaN) CTOK Yepe3 3aMbIKaIoLIMi CTBOP.

I'nmy6okoe rpyHToBoe nutanue aua 6onbimux GacceitHoB Y., paBHO
Pa3HOCTH MEXTy MpefeNbHbIM MHHHUMYMOM CTOKa Ynin H CyMMOH nipe-
AENbHbIX MHHHUMYMOB CTOKa C 0acCeiHOB MaJIbIX PEK X Vmin, ONpeEHeIise-
MOH MeTooM 6accefHOB-MHAUKATOPOB.

IIpunsB Y., = const, IpOrHOCTHYECKYIO 3aBUCHMOCTh MOXHO Ipea-
CTaBHUTh KaK CBA3b TPEX [IEPEMEHHBIX
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Yi=fQyis D), (6.64)

rae O — xapakrepucTHka pa3BUTHA (as3bl MPUTOKAa M CTOKA, OTPAXKalo-
mas pycnoBoe perynupoBanue. [Ipumep Takoi CBA3M MpPEACTaBlIEH Ha
puc. 6.6.

Cpenuss nuHuA cuCTe- .
MbI ipH @ = 0 cooTBETCTBYET 300
CHTyalluM, KOT[a pYCJI0BOE
PEryIHpOBaHHEe TNPAKTHYECKH
OTCYTCTBYET M ONHCHIBAECTCH
paBEHCTBOM 200

Y, = kpn Z_)’i—« + Yirn, (665)

rae kyn — K03pdHUHEHT py-
COBBIX mNOTEPL (BETHYHHA

100}, 7
OCTaTKa MOCNE PYCIOBBIX IMO- L i 7 ,
Teph, TNPUXOMALIErocs Ha ! _/_j"‘ -2
~ ya ad ]
eNuHUNY TpuTOKa). B neBoii L B
4acTH pHC. 6.6 OTKJIOHCHHE e
OT JMHHH DaBHbIX 3HAUYECHUH 0 100 00 Ly, M

BBepx (Y; > 2yi.) oOBACHsET-
s TeM, UTO Yo > an ¥ BOZO- l;Hi 6.6. Huxusas vactb 3aancuM0vcm
o i = 12y, (Y;— Zyi)] ana bacceitna

oOMeH TOJIOKHTENBHEIH, B p. LlHenpa 10 r. Peunu.
nparoi (¥; < Xyi.) — BHM3, Ludpst y Touek — pasHoctH Y — Ly, ; [ — nuruK
TaK Kak an > Yqn B BOXOOO- CBSA3H, 2 — JIMHUA PABHBIX 3HAYEHUI.
MCH OTpI/I[IaTCJ'ILHLIﬁ.

Pycnosoe perynupoBaHHE XapaKTepU3YeTCS BEPTHKAILHBIMH OT-
KJIOHEHMSAMH OT CPeJHEH JIMHUHU CBA3H. FIHTEHCHMBHOCTDL pa3BUTHSA (a3bl
TNPHTOKa ONHCBIBACTCA PA3HOCTBIO:

A2y = 2Yin1— LYiv (6.66)

Kak nokasanu pacyeTbl, CymECTBYeT NOCTATOYHO TECHAs 3aBHCH-
Mocth AY; = fAYy). B GONBLUMHCTBE CTYYaeB HMEET MECTO M CBA3b AY;
= f{Y; — 2yi), TA€ ¥; — CTOK B 3aMBIKAIOLIEM CTBOPE B JI€Hb COCTABIIECHHS
nporHo3a. [locnenHss 3Ha4MTENBHO Jy4llle XapakTepudyet ¢asy, 0co-

6eHHO NpH ee CMeHe oT noabeMa K cnaxy. C yyeToM CKa3aHHOro, 3aBH-
CHMOCTb (6.64) MOXHO MPENCTaBUTH B BUIE

Y= aY} + (kpn - a)zyi—r"' Yeens (6.67)
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TI€ a — BENMYMHA PYCIOBOTO PETYJHPOBAaHMsA, NPUXOAAIIAACA Ha €IU-
HHUL PasHOCTH Y — 2y«

JIng MHOTHX GacceiHOB BIOJHE NPHEMIIEMBIMH MOTYT OKa3aThCA H
CHCTEMBI NapaJUleNbHbIX THHHUM, YIOBIETBOPAIOIIMX YPABHEHHIO

Yi=alyica + (1 —a) Zyict Yo, (6.68)
WM JlaXe 3aBUCHMOCTH BH/IA
Yi=a¥+ (1 - a) Syie (6.69)

HanoxenHas cxeMa GOpMHPOBaHHs IIPHTOKA BOABI B PEYHYIO CETh
MO>XET ObITh HCIIONB30BAHA JUIA MPOrHO3a CTOKa ¢ OONBIUNX U CPERHUX
GacceitHOB (3a MeHTaay, AeKamy U T.A4.) 10 CyMMapHOMY MPHTOKY B ped-
HYIO CETb H IO OCaJIKaM.

B nepsom cny4ae mi mporHo3a cToka HCHOJIB3YETCA DPaBEHCTBO
(6.67), rme OCHOBHBIM apryMEHTOM SBIIETCS CyMMAapHBIH CTOK MajbIX
pek (6acceHHOB-MHAHKATOPOR), MOJCYUTAHHBIK C yYETOM BPEMEHH IO-
GeraHus 10 3aMBIKAIOLLEr0 CTBOPA (2Vi-r). s BHIYHCIEHHS CYMMapHO-
FO CTOKa ManblX pek 6acceliH KpymHO# peku NEeauTcs Ha Psl CTOKOOJ-
HOpOJHBIX MJI0LIAfEM.

Ipu nporHo3e cpefHero AeKajHoro croxa gopmysy (6.46) ang on-
pelieNieHHs CyMMapHOro CTOKa MaJiblX PeK MOXKHO NpPENCTaBUTh B Clie-
ZYIOUIEM BUJIE:

Vi =k’ ko T 4ty T, (6.70)

ny'lj—r,,+| ?

rae j — JaTa BbIMYCKa MPOTHO3a (IOCHAEAHHE CYTKH IIPEAUIeCTBYIOLICH

. J-Tp+10
ReKansl); Vi o

— crok ¢ bacceifHa-uHaukaropa l-if crokoomHopon-
HOH NJIOLIAAH, MOACYMTAHHBIN 3a NMEPHOA OT JAaThl j — T) + 1 10 matel
j -1+ 10.

CTOKOOIHOPOMHBIE MIIOIIAAM A AEKaAHbIX MHTEPBAIOB OOBIYHO
He npeBbmaloT 6 — 8 Thic. kM’. B mpenenax xaxuao# Takoi miomam
BbiOMpaerca (kemaTensHO Onu3k0 K ee LEHTPY) OacceiH-MHAMKATOp
mnomansio 100 — 500 kM*. Mcnosib308aB cXeMy H30XPOH, MOXHO orpe-
JeNUTh cpeiHee BpeMs NOOEraHMA OT KaXIOH CTOKOOZHOPOJIHOM ILIO-
LIaAH 0 3aMBIKAIOLIEro CTBOPA.

[Ipn nporHo3e no cToky ¢ 6acceliHOB-HHIUKATOPOB MONHBIA CTOK
no $akTH4eCKMM AAaHHBIM MOACYHUTHIBACTCA TONBKO C TEX CTOKOOHHO-
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POIHBIX IUIOWIAzeH, BpeMs NoOeraHus OT KOTOpbIX He MeHee 3abnaro-
BpEeMEHHOCTH nporro3a. Co CTOKOOJHOPOAHKIX MUIoIaneH, BpeMs nobe-
raHus OT KOTOPbIX MEHbLIE 3a0aroBpeMeHHOCTH NPOTHO3a, CTOK MOA-
CYMTBHIBAETCS 33 HETIONHBIA pacyeTHBI MHTEpBal BpeMeHH. Takum 06-
. pasoM, CYMMapHBIH CTOK MaibIX PeK, MOACYUTAHHBIH MO HaKTHYECKUM
IOaHHBIM B MOMEHT INIPOTHO3a, COCTaB/SET BEJIUYHHY HEMOJHOTO CyM-
MapHoro croka. s nomyde-
HMs BEJTHYHHBI MOJNHOTO CyM-
MAapHOT0 CTOKa MCTIONb3YHOTCS
CBS3M BHAA

2y =S yi5). (6.71)

IToHATHO, YTO 4YE€M MEHbB-
e 3a0IaroBpeMEeHHOCTs MIPo-
rHO3a, TeM MOJOOHbIE 3aBHCH-
MOCTH TecHee. 3aBHCHMOCTb
(6.71) ctpouTcs MO AaHHBIM O
CTOKE MaJIbIX PEK 3a NpOULIbie 0 500 1000 1500 2000 ZyT} m'ic
TOMe! OTACHBHO M4 KDIUIOM  p, 6.7. 3aBHCHMOCTH MOJTHOTO CYMMapHOTO
3a0/1arOBPEMEHHOCTH MPOTHO32  pasoBpeMEHHOTO NPHTOKA B PEUHYIO CHCTEMY
M MOXeT ObITh pa3JIHYHOH ULt 6accefina p. [lnenpa no Kuescxoit '3C
¢a3s nogvema u cnana. [Tpumep 32 (i + 1)-10 nexaxy OT HENMOJIHOM BETHYHHDBL
TaKOﬁ 3aBUCHMOCTH TIOKa3aH Ha €ro H XapakTepyCTHKH (1)3351 pexunma:

I - nonwewm, Il - cnan.
puc. 6.7.

ITpu nporHo3se croka Mo CToKy ¢ 6acceifHOB-MHANKATOPOB OTHAAAET
HEOOXOMUMOCTb YY€Ta TAKOrO CJOXHOTQ MJIA ONpelcAeHHSA 3JICMEHTa,
Kak rmorepu ocaaxoB. K coxalleHH1o, B HacTOsILEE BPEMS CETh HaOIO-
JCHHH 32 CTOKOM MAaJbIX PEK SBHO HEJOCTATOYHA, YTO BBI3LIBAET €CTECT-
BEHHbIC 3aTPyJHEHMs IIPM peEanH3alliM INAaHHOTO METOAa NpOrHO3a.
B cBA3M ¢ 3THM BO3HHKAET HEOOXOAMMOCTH pa3pabOTKH METOJOB IpO-
rHO3a JOXJIEBOTO CTOKA IO OCA/IKaM.

PaccMoTpuM Takoii crmoco® NMporHosa JOXKIEBOr0 CTOKAa C HCIIOJb-
3oBanneM Qopmyinsl (6.69). Koadduuuent npuroka (p,) paccHuTbIBaET-
ca mo ¢opmyne (6.63). IIpuTok B peyHyw0 CHCTEMY BBIYHCIAETCA H
[IPEICKA3bIBACTCSA N0 BBIPAKEHUIO:

2Vix = Py LXire (6.72)

2}',,, sile

I
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C yuerom (6.72) dopmyna (6.69) npuHuMaeT BUX
Yi=aY;+ (1-a) py Txie (6.73)
J1s nporuosa nexagHsIX K03pQUIMEHTOB NPUTOKAa MOXKHO HCIIONb-

30BaTh 3aBUCHMOCTb MX OT CYTOYHOrO Pa3HOBPEMCHHOTO NPUTOKA 2V« ,
BBIYHC/IEHHOIO C Y4E€TOM BPEMEHH NoberaHus:

Py =f (2-0)- (6.74)

Jns npeonosieHys TPYyAHOCTEH, CBA3aHHBIX C ONCHKOM CYTOYHOro
NPHUTOKa IO HEJOCTaTO4YHOH HHQopMaLuM O CTOke ¢ 6accciHos-
HHIMKaTOpOB, Licaeco0bpa3HO HCHONB30BaTh paBeHCTBO (6.69), koTopoe
JUIA CyTOYHBIX HHTCPBAIOB BDEMCHH MPUHHUMACT BHJ

Yi=aY+(1-a) 2y, (6.75)
OTKyZa
YYo= (6.76)
l-a

PeTtpanchopManus CyTOYHOTO NPHTOKA IO NAHHBIM O CYTOYHOM
CTOKC B 3aMBIKaIOILEM CTBOpe OacccilHa MCKII0YaeT HeoOXO0ZHMOCTh
HCIIO/IB30BaTh HEMONHOLEHHYI0 HHGOPMALHIO O CYTOYHOM CToke ¢ Hac-
CEHHOB-HHAMKATOPOB. bonee Toro, 310 AaeT BO3MOXHOCTh OaBaTh IpO-
THO3bl B YCIOBHAX PEIKOH CCTH HabI10ACHMH Ha MalblX peKax M Jaxe
NP HAJIMYHH BCEro 2—3-rOIUYHBIX HaOIOJEHHUH 3a JOKIEBHIM CTOKOM.

Bropoii apryMeHT NpOorHOCTHYCCKOH 3aBUCHMOCTH — CpEIHHE B3BE-
HIeHHbIe N0 Oacceiiny ocagkm (2x;.;) YUMTHIBAIOTCS JMb 0O GbakTuyc-
ckuM gJaHHbIM. [Ipu paspaborke merola NpOrHO3a ycCTaHaBIMUBAETCS
CBSI3b HEMOJHBIX OCAIKOB, MOJICYMTAHHBIX TONBLKO MO OaHHBIM HHQOP-
MallMOHHBIX CTaHUMi (C y4eToM 3abJIarOBPEMCHHOCTH IPOrHO3a),
C MOJHBIMH OCaiKaMH MO JAaHHBIM BCEX METEOPOJIOTMYCCKHX NMYHKTOB
6acceiiHa:

in—r =f(z xiH_e: )’ (677)

TAE 2x;-; — TONHBIE OCAJIKH, MOACYHUTAHHBIE IO BCEM METEOPOJIOTHYE-
CKMM MyHKTaM GacceiiHa; 2. x|T — HCIIONHBIE OCAlKHM, NOJACYMTAHHBIE

JHIUL 1O JAHHBIM HMHGOPMAIHOHHBIX METCOPOJIOTHYECKHX ITyHKTOB.
IIpaxkTHka noka3sana, YTo Jaxe, KOrJa YHCI0 HHPOPMAUHOHHBIX TYHKTOB
B HECKOJIbKO pa3 MeHbille, 4eM uX oliee uucno, cBa3b (6.77) octaercs
TECHOM H yCTOHYHBOH.
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Cnemyer OTMETHTb, YTO JAHHBIH METOJ MPOrHO3a MOXJICBOro CTOKa
110 TIPUTOKY M TO OCaJKaM MOXHO IIPHMEHATb K OONBLINM U CPCIHHMM
PaBHMHHBIM pexaM Iuiomansio 6oee 10 000 kM’ NpH HEKaxHOH, MEH-
TaJHOH HMIIM CYTOYHOH CAMHHMLIAX BPEMCHH.

6.4. MaremaTuyeckHe MoJeJH POpPMHPOBAHHSA
H0Xx/eBbIX NAaBOJKOB

B nocnennue 30 net B Hamei crpane u 3a py6exoM BEIMCH Hcclle-
JIOBaHHUA, HanpaBJeHHbIE Ha pa3paboTKy MojeseH CTOka, KOTOPbIE MOX-
HO Ob110 GBI HCIIONB30BaTh B ONEPAaTUBHOM NMPAKTHKE NPOTHO3HPOBAHHUS.
[NepBoHayanbHO ObLNa co3maHa MoAacns (GOPMHPOBAHMS JAOXKAEBBIX Ma-
BOZAKOB, B KOTOPOH Y4HTBIBAJIMCh OCHOBHbIE CTOKOOOpasyiowue HakTops!
¥ THAPOodH3NYECKHE XapPaKTEPHCTHKH NouBbl. Ha ocHoBe 3THX Mozenci
HOSBHJIaCh BO3MOXHOCTBH KPaTKOCPOYHOTO NPOrHO3a JOXKAEBOrO CTOKa.

JlanuM KpaTKOC OTNMCaHHE MOJEICH N0XKIEBbIX NaBOJKOB, pa3pabo-
TaHHBIX 32 pybexoMm. Haubonee usBectHo# sBnsercs CreHdopackas
Mozens GOopMHpOBaHHMA NOXAEBOTO croka, mocTpoenHas H.T. Kpay-
¢opaom u P. K. JIuHcneemM Ha OCHOBE AETANBHOTO ONMCAHMSA JJIEMCH-
TapHIX MPOLECCOB CTOKOOOpa3oBaHus Ha BoxocOope [34]. Ha puc. 6.8
HpeIcTaBieHa ee OI0K-cxeMa.

Monenb sBasercs obuiedf, ¢ COCPENOTOYEHHBIMH MapaMETPaMH.
B 3aBucHMOCTH OT MOIH-
¢uKaMM OHa BKIIOYACT — Ocaoku
ot 20 mo 34 mapameTpoB,
60JIBIIMHCTBO M3 KOTOPBIX
3aa10TCA U3 HU3MYECKHX

cooOpaxkeHHH H yToyHA- |  Ewwocme Maowads Ges
(] 4
0TCA  myTeM  noaGopa. gepxiest 3onmt nomepe
Mozgens npeaHasHaueHa
IUIA pacyeTa CTOKA 3a 4Ya- = Honcpmocmueijemos -
MKOCMb
COBBbIE HHTCpBaJLl. B HaH- - sacneis 3ome e

Oonee HeTabHOM BapH-
aHTE pacueTa Ha BXOA MO-
JarTCA YaCOBLIC OCaIKH,

Eukocmy 3016

CyTOYHas TeMHepaTypa, . 2PYHMOBHIX 600 Tpyumoatii cmox
padHauMsa, BETEP, MECAY-
HOE WIM CYTOYHOE HCIia- Puc. 6.8. Brok-cxema Crendopackoit Moxe:an

penne. Boxoc6op ycios- $hOpMHpOBaHHS TOXKACBOIO CTOKA.
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HO JIEIATCA Ha TPH PETYNHPYIOIINEC €MKOCTH: BEPXHAA 30HA, HIDKHAA
30Ha2 H 30Ha TPYHTOBbIX BojA. CYMTaeTCs, YTO NOBEPXHOCTHBI CTOK
dopmHpyeTcs Ha MIOLIafM, IAC HET MPOCAYUBAHUA B BEPXHEH 30HE.
BHyTpunouBeHHsl# CTOK oOpasyercs B HHKHEH 30HE H BMeECTe
C TIOBEPXHOCTHBIM ¥ IPYHTOBBIM hopMupyeT oOmmii cTok. PacyeT ucna-
PEHHUA BEHETCA C KAKIOH €MKOCTH. B peanbHbIX yCHOBHAX OHa TPYAHO
NpHUMEHNMA HU3-32 M3NMIIHEH ACTaNU3alMH, OCOOEHHO NPH ONMHCAHUH
NPOLIECCOB, MPOHCXOMSLIMX B IIOYBE, H CKOpEE NPEACTABIAET TEOPETH-
YeCKHH HHTEpeC.

Mojensio ¢ cocpeOTOYCHHBIMH NapaMeTPaMH ABJISCTCA U MOIAENb
A. Noymn u O’ Jonnena. Aprops! ynpoctuiin CTeHQOpACKYI0 MOENb H
YMEHBLINIM KOJMYECTBO NMapaMeTpPOB IO TPHHAIUATH, AEBATH M3 KOTO-
PBIX ONITHMH3UPYETCA B aBTOMaTHYCCKOM pexxume. MoJienb npesioxeHa
IUIL MaJIbIX ¥ cpeaHux BojocOopoB. Ha Bxoze 3amaroTcs Ocaik, HCa-
PCHHE U CTOK (TIpH PeXXUME ONTHMH3alMHK) 33 OOHH B T€ JKC NPOMEXYT-
K{ BpeMeHU. PacyeTHBIit HHTEPBAN BPEMCHH BapbUPYET OT 3 4 KO CYTOK.

B Mopenu 1lIbHbCcH npeanosnaranock, YTo NpH GOPMHPOBAHHHU J0-
KICBOIO CTOKAa B YCJIOBHAX BJIQKHOIO KJIMMAaTa NOTEPH DAaBHBI KOJHUE-
CTBY BOJbI, TEPAIOWEMYCS Ha YBIaXHCHHE IMOYBBI IO BIKHOCTH, paB-
HO#H noneso# BnaroeMkocTH. OCTaBIIasAcs YacTh OCALKOB HICT Ha oOpa-
30BaHKE MOBEPXHOCTHOTO CTOKA WM, MPOHMKasA B IiTy0okMe CIOM moy-
Bbl, OPMHpYET IPYHTOBBIH CTOK.

Jlnsa ydera mpoCTpaHCTBEHHOW M3MEHYHMBOCTH Je(QHUHTA BIIaXKHO-
CTH TNIOYBbI CTPOHTCA CBA3b

’

b
%:1- 1—’-"%] , (6.78)
w

rae f— nnoiage, Ha KOTOPOH MaKCHMMallbHasA BJIarOEMKOCTb PABHA Wiax;
F — nnowans Bcero Bonocbopa; w' M b — IMIHpHYECKHE TapaMETpBL.
Hcnapenue E; u3 BCpxXHero cyos no4ssl 6epercs no NaHHBIM HCMa-
pHTEneid C BBEJEHMEM NONPABOYHOrO KO3(POHLHEHTA; HCMApeHHE M3
CPEIHEro Cos NnoYss! £, BHIYHCIAETCS NO Gopmye
Ew

E,= : (6.79)

Wmax

A€ w — BJIIAXXHOCTD IIOYBBLI.
I/ICIIapCHHC H3 I‘IIy60KHX CJIOEB E3 HaxoguTcCA 110 BBIPAXKCHHIO
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E3=cE,, (6.80)
e ¢ = 0,10 - 0,20.

B ycmoBHAx CyXoro KiMMaTa CTOK PacCYHTBIBACTCH KakK PasHOCThb
MEXTY HWHTEHCHBHOCTBIO OCAIKOB M HMHTCHCHBHOCTHIO HHGHILTpPALUH
B BEpXHeM clioe NMo4Bhl. IHTEHCHMBHOCTL HHQUIBTPALMH CUHTAETCA I10-
CTOSSHHOM.

Jns pacyera TpancopMmauuu rupporpaga B pedyHOM pyclie HC-
none3yercs Merod Mackunram. O61ui BapuaHT MOJENU BKIIIOYAET Jie-
BATH IMIIMPHYECKHX MapaMeTpoB. [lapaMeTphl, XapakrepH3yIOLIHe KU~
MaTHYECKHE M QH3UKO-reorpadHdecKue ycnoBus, 6epyTcs MOCTOAHHBI-
MH 111 OOJBIINX PaifOHOB, OCTAJIBHBIC — MOAOUPAIOTCA IO JAHHBIM Ha-
OmoieHU# 32 0CaKaMH, HCTIApPEHHUEM H CTOKOM.

Mopens JInan, [loynu v beprMana cnemuanbHas, ¢ COCPEIOTOYEHHBI-
MH mapaMeTpaMH, NMpeIHa3HAuCHa IS MalbiX BOIocGopoB (10 50 km?),
BKJIFOYAET § ONTHMHU3HUPYEMBIX NapaMeTpoB. BXox — JIHBHEBBIC OCAfKU U
HCHapeHHe, pacyeTHBI HHTEpBaid — 5 MuH. MHbHILTpanus paccyurhi-
BaeTcA 1o Moaeau dununna;

Ik |14 r=mole,
' / R

, (6.81)

rae I, — MHTEHCHBHOCTh MHOMIbTPALMH B MOMEHT BPEMEHH !, Ky — THII-
paBIHYECKas NPOHHIAEMOCTh rpyHTa (k03pdHuHeHT GunpTpaunu); s —
cyMMapHas MHQUIBTpAnUsa 40 MOMEHTa f, my U m, — BIIarOEMKOCTh Ha-
YanbHas M B MOMEHT BPEMEHM f; p; — COCYyILas CHJIA NOYBbI BOIM3H
¢bpoHTa cCMaYMBaHUA.

JUis onpeneneHHs HavdalbHBIX 3HAYEHMH (m, — mg) U § pacyeT Be-
Jercs ot Omixaiero NpeabUyero JOXKAA. YYHTHIBAETCS H3MEHEHHE
BJI2)KHOCTH B ABYX ITOYBEHHBIX €MKOCTSAX, MPHYEM IEpBasA U3 HUX (w))
HaKaIUIHBAET NMPOCOYHBLIYIOCS BOXY JO IOJHOTO HAaChILIEHHA, a BTOpas
(W) XapaKTepH3yeT HEHACHIIEHHBIH CIIOH NOYBbI, YEM JOCTHTacTCH BO3-
MOXXHOCTh y4€Ta H3MEHEHHA BCIHYHHBI (m, — my) U p;. CudTaeTCca, 4TO0
MaKCHMaJibHas BENMYMHA BTOPOH €MKOCTH paBHa MONEBOH BIaroeMKo-
CTH MOYBBI, & BIAXHOCTH 3aBANaHHA COOTBETCTBYET OTCYTCTBHME BOJBI
B o6enx emkocTax. Torna addexTuBHYy0 BEnUYHHY (M, — Mo)p; MOXKHO
HaWTH clexyrommuM obpazom:

W)

(m, —my)p, =—c(d-1) +cd (6.82)

wmax
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rac ¢ ¥ d — 3MIUPUYECKHE MApaMeTphl; Wy — BTOPAs E€MKOCTb;, Wmax
MaKCHManbHas BONOYACPKUBAIOLIAs CMKOCTh IOYBHI.

B fanance eMKOCTH W YYUTBIBACTCS NOCTYIUICHUE BOZAbI B pE3yJib-
TaTe HHQUIbTPALMK, NOTEPH HA UCTIAPEHHE M OTTOK BOJIBI B EMKOCTD W.
Koraa eMkocTh w| mepecelxacT, BoJa U3 w, PacXoJyeTcst Ha HCMapeHHce.
Hcnapenne (BbluuciseMoe MO JaHHBIM HCTIapHTENci) KOppEKTUpYyeTcs
yTeM BBEAEHHA NONpPaBoYHOro koadunuenta. OTToK U3 w| B W TIpea-
nonaraercAs MOCTOAHHBIM. TpaHcdopmauus rpaduka BomoOOTHAYM
B ruaporpad CToka NpPOU3BOAUTCS MO JHHEHHOH MOJIENH C COCPCAOTO-
YeHHbIMH MapaMmeTpaMH (uHTerpan [roamens), rae QYHKUHS BIHSHUA
npeicTaBngeT coboid npousBencHHe GQYHKUMH BIMSAHMSA JIMHCHHONO BO-
JIOXPaHHUIHILA Ha KPHBYIO PaclIpeicICHHI MEKH30XPOHHBIX MIOLIAACH.

Mognens J1.E. Hawa, [1.B. Catkimuda, I1.E. O’Konnena, J1.I1. ®appepa,
A.H. Mauneruns u I'. dnemuHra saBiscTcst MOIENbIO C COCPEROTOYEHHBIMH
napaMeTpaMH I Majibix Bogoc6opos. M3 eBaTH mapaMcTpoOB ceMb ONTH-
MMBHpYIOTCS. PacueTHbIH MHTEpBaNl BpEMEHH — 3 4, BXOJ — OCAIKH M HClIa-
perde. CuHTaercs, YTO NOYBA COCTOMUT M3 HECKOJILKHX TOPH3OHTAIBHBIX
C:I0CB, BJIDKHOCTL B KOTOpBIX (T10CIIC HOXJIA) paBHA IIOJIEBOH BIIAFOEMKO-
CTH. MakcHManbHast BEJIMYHHA BJIArOCMKOCTH KXKIOTO C/OS IPHHUMACTCA
OIMHAKOBOM U paBHOM 2—-3 cM (CaMbIi HIXKHHH MOXCT MMCTh MCHBIUIYIO
BraroemkocTs). Micnapenue ¢ Bepxsero crnost Gepercs paBHbBIM HCIIapsAeMO-
CTH, U3 OCTANTLHBIX CJIOCB — HCTIAPACMOCTH, YMHOXCHHOH Ha KO3 HULMCHT
B, rie n— HoMep ciios (JUis BTOPOTo CIos CBEPXY 1 paBHoO | U T. 11.).

Hcnapense npekpamaercs, Korja ero cyMma JOCTHIacT BCJIMYHHBI,
ofuiei it BceH ToNMUIM MakCHManbHO¥M BnaroemkocTH. [Ipeanonaraer-
Csl, 4TO Cpa3y Ha CTOK MIAET HEKOTOpPasl 4acTh Pa3HOCTH OCAJIKOB M HCMa-
pPEHHA H M3 OCTaBLICHCA YaCTH — TONBKO M3OBITOK HaJ MaKCHMabHOM
HUHTCHCHBHOCTBIO HHOUNBTPAIHH [ gy

HHpunpTpanus npekpaiaercs, Koraa Boja NOC/eIOBaTeIbHO Ha-
CBHITHT HM)KECHKALIKE CJIOM JIO BEUYHHBI NMONCBOH BJIarOCMKOCTH (MK
B Cllyuae NpcKpalleHHus 10X4). BennuynHa noTeHHHaIbHOrO HCNapeHus
OIpefle/IAETCA NEPEMHOXKCHUEM JIaHHBIX MCHApHUTENs Ha KO3 pUUHEHT,
4acTo npHHUMaeMblii paBHbIM 0,8. [lepecuer rpaduka BorooTmauu Gac-
ceiHa B rugporpad CTOKa B 3aMbIKalOLIEM CTBOPE OCYLIECTBISETCSA HO
JIMHCHHOH MOJICH IBYX Napa/lIeIbHO COCAHHEHHBIX eMKOCTEH.

Haunbonee npueMieMoN Ul ONMEPAaTHBHOIO BBITYCKAa IIPOTHO30B
[PEACTABNACTCS MATEMAaTHYecKas MOACHb (OPMHPOBAHHSA IOXKICBBIX
11aBoAKOB, paspabotanHas B I'mapomerucHrpe CCCP (ubige ['mapomer-
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uentp Poccun) B.U. Kopuem u JI.C. Kyumenrom [33, 34]. Ocranosumca
Ha Hedi noapobuee. Dr1a MOJCHL OTHOCHTCA K Kilaccy Mojienedi ¢ cocpe-
JIOTOYEHIIBIMY [TapaMCTPaMH.

Mopne:s, nepsonavaiibHO paspaboraHHas /UIs paBHHHHBIX Gacceii-
HOB, C HCOOJBUIMMH U3MCHCHHUSIMH YCIICIIHO HCIOJIB3YETCS U B METOH-
KaxX KPaTKOCPOYHBIX NPOIHO30B JIOKJICBbIX 11aBOAKOB W11 BOJOCOOpPOB,
HaxoAAUIMXCA B Pa3nM4HbIX (u3HKo-reorpapuyeckux ycnousx. Kak
M3BCCTHO, PCANbHBIA BOAOCOOD COCTOMT M3 YYacTKOB, 3aMETHO OTJIH-
YaIOWMUXCS TIOYBCHHBIMY, TOMOI'PAQUYCCKMMH M MAPABINYCCKUMH Xa-
pakTepucTHKaMH. B To xe Bpems Juia Mofeneil ¢ cocpeROoTOUECHHBIMH
napaMeTpaMH HCOOXOJMMBI CIHHbIC OCPEIHEHHBIC CTOKOOOpa3yIoilHe
takTOpe! U XapakTCpUCTHKH BogocOopa. [lepexon or onucanus npouec-
COB, NPOUCXOSNIMX HAa ICMCHTAPHOH MJoILanKe, K ONHCAHHIO APOLCC-
COB Ha B0JIocOOpe MOXCT ObITh OCYHICCTBJICH C MOMOIIBI) TEOPETHKO-
BCPOATHOCTHOTO OCPC/HICHHSA.

[Ipy M3BCCTHOM pacipe/ICICHHH BCPOATHOCTH HCKOTOPOH BENMYM-
HBI Z 110 BOJIOCOOpY (OTHOCHUTEIbHBIC TUIOLIA/IH, IPUMBIKAIOLIHE K TOYKE
HW3MEPCHMS, YMHOXCHHBIC Ha BecOBble K03((HIMEHTHI), ec MaTeMaTH-
4YeCKOe 0XKH/1aHHE PaBHO

MIz)=Y 205, 3) f (5 7,), (689

rae x;, y, Koopauuarel TO4YKH u3Mmepcuus; fx,, y,) — pacupelcieHHe
ILIOTHOCTH BCPOSITHOCTH 25 1 — YUCIIO DJICMCHTapHBIX IUIOIAJOK.
B npenene nipu n -> o nosy4um

M{z]= [[z(x, ), (x,y)dxdy, (6.84)
F

rae F — nnomane Bojocbopa.
MoxHo 3anucath 4 MO-JIpyroMy:

M[z]=3].zdz ” (z,x, y)dxdy , (6.85)
0 F

rne f>(z, x, y) — BeposSTHOCTh TOrO, YTO BXO/(HAas BCJIIMYHHA NMeEET 3Haye-
HHE Z B TOUKE C KOOp/IMHATAMH (X, ).
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Takas 3anmuch, B YaCTHOCTH, IPUMEHACTCS, CCJIM M3BECTHO pacnpele-
JIEHHE MEXIY H30MMHUAMHM (pacueT CpeTHUX OCaJIKOB 110 n3orucram). Ecnu
s BonocGopa CywiecTByeT NOCTOAHHAA (YHKIMS paclpeacicHHs BXOA-
HOIi BEIIMYMHBI z [Torna f5(z, X, y) He 3aBUCHT OT KOOPJIMHAT X H Y], TO

L]

M(z]= j of,(2)dz . (6.86)

0

B pacuerax pekoMeHIyeTcs NMPUHMMATh pacrpeficnenue fo(z) Hop-
MaJIbHBIM, TOraa M[z] TOXXICCTBCHHO CPCIHCMY apH(MCTHYCCKOMY 3Ha-
YEHHIO Z.

Mopens BKIIOYAET OMHCAaHHE CIeYIONIMX JICMEHTapHbIX Mpoliec-
COB. WCHapeHus, MHQUIbTPALMH, NOBEPXHOCTHOIO 3aJiepXKaHus, IO-
BEPXHOCTHOTO U BHYTPHIIOYBCHHOIO CTOKA M MX TPaHC(HOPMAIIMH B FHA-
porpagd 3aMBIKaIOLLETO CTBODA.

BxomubiMH QYHKUHAMH MOZENM SABJAIOTCS MHTCHCHBHOCTH OCaX-
KOB, JEe(hHIMT BI@XHOCTM BO3JyXa M CKOPOCTb BCTpa, a BBIXOIHOM
¢yHKumei — ruaporpad CToka B 3aMBIKaIONICM CTBOpC. PacueTHsIH HH-
TepBaJl BpEMEHH OT 3-X 4acoB JI0 OJ{HHX CYTOK.

PaccMmoTpumM 06pa3zoBaHKC CTOKA Ha 3JIcMeHTapHOM miomanke. Mu-
TEHCHBHOCTH BOJOOTAAYH C i-H JUIOLIA/IKH parHa

q{1) = X(0) - E(1) - 1(0), (6.87)

rae Xi(f) — MHTEHCUBHOCTb 0CaikoB; E;(f) — HHTEHCUBHOCTh MCTIAPEHHUS;
I(f) — HHTEHCHBHOCTb HHQUAbTPAIIHH.

[Ipu npeAnonoXeHnH, YTO UCHAPCHHKE C YBHAXHCHHON O/IHOPOXHOR
MOYBBI MPAaKTHYECKH TAKOE €, KaK MCIIAPCHUE C BOUHOMN IOBEPXHOCTH,
MO)XHO BOCIIO/Ib30BaThCH COOTHOLIEHHCM

E,-(t): [kl +k2U,.(t)]Di(t) 1pH di(z)< Wioax »

0 npH di (t)2 wmax ’
sgece Uff) — cxopocts Berpa; Dif) — neQMUMT BIaKHOCTH BO3MYyXa,
d{(t) — nebHLMT BNaXXHOCTH NMOYBBI, Ky, k; — OMIIMpHYECKHE KOIPDHIIH-
€HTbI; Wpax — MAKCHMaNbHAs BIIaroeMKOCTh I1OYBEI.
HHTeHcHBHOCTE HHOHIBTPALMH C - IUIOILANKK IPUHUMAEM MpO-
NOPLMOHANILHOH Ae(HLUTY BIaXXHOCTH IIOYBbI:

(6.88)
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di(1)+i npu Xl(t)—Ei(t)>]i(t)

N
X,(V-E(0) wpn X,(0)- E()<1,0)

e k3 ¥ ip — SMIIUPUYCCKUC IapaMCTPBI.

[Ipu pacycrax 110 3aBUcHMOCTH (6.89) He y4YHMTBIBAaETCsA Npoilece
yOBIBaHUS HHTEHCHBHOCTH UHOUILTPALMK BO BpeMeHH. B 3TOM Her He-
00X0/TMMOCTH, TaK KaK pacyCTHBIH HHTECpBal BPCMCHH NPCBOCXOAMUT Ie-
PHO, 32 KOTOPBIH MPOUCXONNT CTAOMIN3ALUST KPHBOH HHGUIILTPALIAH.

Beimunna BHYTPHIIOYBEHHOTO CTOKa [g, (1)], obpa3oBaHHOro BO-

1 , (6.89)

JIo#l, KoTOpas CHayala MHGHUIBTPYCTCS B MOYBY cornacHo (6.89), a satem
bwisTpyeTCs MO JICHCTBHCM CHJIBI TSXECTH BIIOJNIb BPEMEHHOTO BOJO-
ynopa, 3aBHCHT OT Koo bHunueHTa GUIALTPALUM H 3a11aCOB BJIark B MOYBE:

ip npu d(t)<aw

e 6.90
0 upu d,(t)>aw (6.90)

max >

q,)=

rne 0<a <1 — omiupuyeckuit KO3GQUIMEHT, YUUTBIBAIOMKE BO3MOX-
HOCTh 06pa30oBaHMsi BHYTPHIIOUBCHHOTO CTOKa JIMILb IPH HEKOTOPOH MU-
HMMAJIbHOM YBJIKHCHHOCTH HOYBRI, OTJIMYHOM OT MAaKCHMAaJIbHO BO3-
MOXXHOH BJI&>KHOCTH.

Jing pacyera lichuumMTa BIaXKHOCTH MOYBBI CHOPABEMAIHBO CIEAYIO-
mee 6anancoBOC OTHOLICHHE!

d,()=d,(0)+ [[E, () +vip +q, @)-X,(), (691

_J1 npu d(t)<w
r= 0 npu d,(f)>w

- max ?

max >

rae d(0) — nedbuuMT BIaXHOCTH II0YBH! IEPE HAaYanoM pacyera.

Tenepr ocyniecTRUM nepexo/ OT IICMEHTAPHOH TIOMANKH K BOJO-
cOopy, HCHONB3ys TEOPECTHKO-BEPOSTHOCTHOE ocpejHenue. Crporo ro-
BOps, VIS 3TOr0 HEOOXOQMMO MMETh XapaKTEPUCTHKH CTATHCTHYECKOH
CTPYKTYpBI NOJCH BXOMHBIX BEIMYHH U NAPAMETPOB Ky, ka, k3, lo U Winax.
Yrtobbl He yBEIMYMBATH KOJMYECTBO NapaMeTpoB, OyJeM CUMTATh, YTO
BXOIHBIE BCIMYUHBI U YXKC HUMEIOLMCCS [1apaMeTphl pacnpeleneHsl 1o
HOpPMaJIbHOMY 3aKOHy. JIuie pacrpcjclcHHe IIOTHOCTH BEPOATHOCTH
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MaKCHMANLHBIX BJIArOEMKOCTEH 110 BOROCOODPY (Wgax) OIIHILCM IJKCIIO-
HEHUHAILHOH 3aBUCHMOCTBIO

_ ¥max

SO = € 692)

rae k — napameTp paclpesencHus.
Ioactasus (6.92) B (6.86), nony4um

k = M{Wmax]. (6.93)

IlOI'lyCTHB, 49TO ,IICCbHLIMT BJIAXXHOCTH 1104YBbI HA BCCM Bouoc6ope pa-

BE€H €ro MaT€MaTHYCCKOMY OXHIaHHIO0 M[d], 3alMIUEM COOTHOIUCHHE
IUIA ONIPENENCHHA MATEMATHYCCKOTO OXKHUIaHHA UCTTIAPDCHUAL

__Mld]

ME]={(k, +k,M [U]) M[D]+ k,K i, e "] (6.94)
rie Kpy — KOppensuMOHHbIH MOMEHT BIAXHOCTH BO3JIyXa ¥ CKOPOCTH
BETpA.

B cBA3M C TeM 4TO B MpoLECCE HCNApEHHS POJIh JCHHLMTA BIKHO-
CTH BO3TyXa 3HAYHMTE/IBHO BBHILLUC, YEM POJIb BCTPa, BCIHYHHOH ko Kpy
MOXHO npeHebpeys ¥ Toraa
M)
M[E]={(k, +k,M[U]) M [D]}e Mma) - (6.95)
IMone3ysAck MpaBHIAMH BBIYMCIICHHS MaTEMaTHYECKOIO OXHIAHMS,
u3 (6.89), nomyyaem BBIpakeHHE JUIS pacyera OCPCAHEHHOH IO BOIO-
c6opy HHTEHCHBHOCTH MHUNBTPALIMM:

M[I]=[—A/2£1+i(,)x

3
® Ml1]
x ‘[ S(X-E)d(x-E)+M[x-E] [f(X-E)d(X-E), (€96)
Ml1] 0
rae f (X - E) — nnoTHOCTb pacnpesciicHus BepostHoctei (X — E). Eciu
CUMTaTh, YTO HCHAPEHHE B IICPHOI BBINAACHHA OCAJIKOB Malo, CaMu
ocaziku 1o 6acceiiny He M3MEHSIOTCS M MX BelIMuMHa paBia M[X], To:
Midj .
M1]= %+zo npu  M[X]> M[I]
M[x]  wpm M[x]<Mml1].

(6.97)
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VYurs (6.86) u (6.91) u npuypoyuB Hayano pacuyera K MOMEHTY, KO-
ria JeHIUT BIAXHOCTH NOYBBI MPAKTHYECKH PABEH HYJIIO, MOXHO 3a-
NMCaTh BBIPAXKCHHC [ BBIYUCIEHHMA MAaTEMATHYECKOTO OXHMIAHHSA
B 000 MOMCHT BPEMECHH !

‘ __-M[d]
M [d]= [ M[E]+iye om0 +0)-Mx]bdr,  (6.98)

rae O (¢t + 0) — cioif CTOKa B eAMHMLY BpEMEHH; O ~ CABHI LEHTPOB TH-
XCCTH ruerorpada 1 ruaporpacda B 3aMbIKAIOILEM CTBOPE.

MaremaTHdcckoe OXHMAaHME HHTEHCUBHOCTH BOJOOTOAYH BCETO
BoJocbopa:

M[q)=M[X]- M[E]- M[]]. (6.99)

Ilns mepexona oT BOAOOTAAYM K MOBEPXHOCTHOMY CTOKY ClEXYeT
BBCCTH PacOpCACIICHUE ACHCTBYIOLIEH MuoLajM, noj KOTopol nmoapa-
3yMCBAeTCa 4acTh BOAOCOOpPa, ¢ KOTOPOH NMPOMCXOAMT MOBEPXHOCTHLIN
crok. [lo moncnu E.I'. Tlonosa, oTHOCHTENnbHas BeNWYKHA AeHCTBYIOLIEH
riomany I, paBHa:

—mIIM[q)a‘I
F,=l-e " . (6.100)

IIpennonaras, yro (1 — n)-1 yacts Bogoc6bopa GeccToynas, s pac-
YeTa MOBCPXHOCTHOIO CTOKA Ha MOMEHT BPEMEHH ! CIPaBEMIMBO COOT-
HOILCHHE

-m ]M[d]dr

Mlq,1=M[gn|1~e ° , (6.101)

TIC 1 M m — SMIIUPUYECKHE NTapaMeTphl.
Jnsa y4dera BHYTPHIIOYBEHHOTO CTOKa CO BCEro Bomocbopa HCrosb-
3yercs popmyna
M|d)

M[q,]=i0—k5 M_[_w ], (6.102)

rae ks — S9MOMpHYCCKUi napamerp.
OnziT noka3an, yro s 60AbHMHCTBA BOROc60poB TpanchopMaLms
rpagukoB BOAOOTHAYH B rHAPOrpad 3aMbIKAIOLIET0 CTBOPA C NpHEMIIE-
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MOH TOYHOCTBIO ONHCHIBACTCA JIMHEHHOH MOIEJNbI0 TpaHCHOpMaLHu
(unrerpan Hroamens). Tpanchopmauus NOBEPXHOCTHOTO U BHYTPHITOY-
BCHHOI'O CTOKAa OCYILECTBAAETCH OTHENbHO. Torga cyMmapbifi rujipo-
rpad MOXkeT OBITh paCCUHUTAH 110 YPABHEHHIO

jR M, [g, e+ IR t-OM, g}, (6.103)

rae Ry(f) 1 Ry(f) — cOOTBETCTBEHHO (QYHKIMH BIUSAHHUSA HHOBEPXHOCTHOIO
¥ BHYTPHIIOYBEHHOTO CTOKOB.

Ecnu annpoxcuMupoBaTh QYHKUMM BIMSHHS TaMMa-paclpeiciie-
HHEM, TO HX pacyeT MOXHO BECTH IO popMyIne

n,-—l 1

1 t -
R()=—|— KR 6.104
0= rosle]) (6.104)

e T; ¥ h; — SMIHpUYeckue napamerps!; I'(n;) — ramma-dyuaxas; i = 1, 2.

CoorHomtenus (6.94)—(6.104) nonHOCTBIO OIIMCHIBAIOT IPOLIECC
¢bopMupoBaHus rufporpada HoxIeBoro croka B 6acceiine ¥ BKIIOYAIOT
12 ocpennenHelx i BoziocOopa napamerpos. Eciim Bogocbop cocTout
M3 YYaCTKOB, PE3KO OTJIMYAIOLIMXCSA O QU3UKO-Iecorpa@uyeCKHM H NoY-
BEHHBIM YCJIOBUAM, ¢ 6ONBLIOH IIPOCTPAaHCTBEHHOH HEPaBHOMEPHOCThIO
pacnpeesiCHUs OCaAKOB, TO MOACIN CTPOATCS JUIS OTACNBHBIX, OTHOCH-
TEeJbHO OXHOPOIHBIX YacTel. Monens A1 Beero Bogocbopa nomyuaercs
NpH HCTIONIL30BaHHH CXEMbI TPAHC(HOPMALHMH C HECKOJILKHMH BXO/IaMH.

OnncaHHas MOzeNb ABJISCTCS HOCTaTOYHO 0Oiei. B peaibHbIX yc-
JIOBHAX HHOTJA MPEACTABNACTCE BO3MOMKHBIM HCIIOJNB30BaTh €C YIIPO-
IICHHBIA BapuaHT. BeiGop cTpyKTyphl MOAENH 3aBHCHT KaK OT (QU3HKO-
reorpauyeckux oco6eHHOCTEH KOHKpPETHOIo Bogocbopa, Tak H OT TOY-
HOCTH, PENpPE3eHTaTHBHOCTH K 0ObeMa ncxonHod undopmanuun. Onrtu-
MajibHas (B CMBICJIE TOYHOCTH OINpPENCIEHHs I1apaMETPOB U OMHCaHHA
CTOKOGOPMHPYIOIHX MPOLECCOB Ha BofocOope) MoC:Ib NO/DKHA yCTa-
HaBJIHBATBCS MyTeM NO3TAIHOTO YCJIOKHEHHSA CXEMBI pacdera B paMKax
oOmei Moxen. MOXHO BBLIEIHMTD YeThIPE OCHOBHBIX dTana. Ha nepsbix
TpeX 3Tanax ¢ TOH UM HHOH CTENEHbIO JETATM3ALMH OMHCHIBACTCA NPO-
uecc GOpMHPOBaHHS MMOBEPXHOCTHOIO CTOKA gj.

1. BHavane npou3BOAMTCS HCNBITaHHE Haubosee npocroi Moxenu,
rOe IUIs MpPENBBIYMCICHHS ¢, MCIONB3yeTCs OOMH mapamerp M (3Acch
HMEIOLIMHA CMBICT KO3 dHLIHEHTa CTOKA):
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qs() = X(I)l] . (6.105)

2. Jlanee Mone/m> YTOYHAETCS 3a CUET y4yeTa JMHAMHUKH JEeHCTBYIOIEH
oinaay (11apaMeTp m):

1

—mIX(t)dr
quy=X(n|1-e ° . (6.106)

3. 3arem MoOjIebL YCIOXKHACTCA Garogaps y4ery npemecTBYoLIe-
'O yBJaXXHEHHUA HOYBBI (11apaMETPBI Wi, K1, k2 U k3):
_ d()
E(t)=[k, + k,U()]| D(t)e "=, (6.107)
dQ _
10=1%, +ip  npu X(1)-E()>1(r), (6.108)
P(t)-E@) upn X(1)-E(t)>1(c),

, . d)
d(t)=[| E(t)+ise "= +QO(t)- X(1)|dh, (6.109)
0
- () E e
g,()=[x(O)]-E()-1(tm| 1-¢ ° . (6.110)

Ha Bcex Tpex sTamnax Tpaschopmailusa BOIOOTAAYH ¢, B ruaporpad
pacyeTHOro (IpOrHO3HOr0) CTBOPA OCYILECTBIAETCA C HCIIONb30BaHHEM
OnHOH QyHKUMM BIMAHHUA R, (mapaMeTpsl T) H 1)) MO JHHEHHOHK MoaenH
CTOKa:

o) = :!R, (t =g 5 (6.111)

Ha ycTBeproMm JTane peanusyercs MoJens o0LIero BUAa. ITO Hpo-
HCXOJIMT 32 CYET yueTa BHYTPHIIOYBEHHOIO CTOKA H MHTEHCHMBHOCTH MH-
¢bunsTpauuu (apamerpsl iy, ;):

)

Gy =ioe "™ . (6.112)
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B stoM ciryvae i nosydeHus rusporpada CTOKa B 3aMbIKAIOLICM
cTBOpE TpaHC(HOPMALMs NTOBEPXHOCTHOTO U BHYTPHIIOYBCHHOTO CTOKOB
(mapameTph! T, H 1) BEACTCS pa3sAenbHO

00)= [R (1 ~gsede + [R (D (6.113)
0 0

TaxuM o6pa3oM, Ha IEPBOM 3Tale MCHOIL3YIOTCS TPH NapamcTpa
(n, t1 ¥ ny), Ha BTOpOM — 4eThIpe (1), Ty, #; U1 m), HA TPETLCM — BOCEMb
(M, T1, Ay, M, Wiax, ki, k2 ¥ k3) 1 Ha yeTBepTOM — ABeHaxuaTh (1, Ty, 1y, m,
ki, ko, k3, Wax, do, ks, T2, 12).

Hano 3aMeTuTh, YTO MPOCTBIE MOJIETH, BKIIOYAIOUIME YETHIPC MNa-
pamertpa, yacto obecneyusaror 70 - 80 % rouyHOCTH, KOCTHracMoi 00-
ieH MOJIEIIBIO.

B onucanuu mMosenu pedHoi Gaccen IpCACTaBIAETCS COCTOAINM
U3 JIByX €MKOCTeH (TOBCPXHOCTHON M BHYTpHIOYBCHHOM). JI;11 MHOrMX
rOpHBIX BOZOCOOPOB XapakTepHbl YCIOBHs JUls 00pa3oBaHHsd I10JMO-
BEPXHOCTHOIO CTOKa, OPMHPYIONIETrOCs 3a CYET BOJbI, BIIMTABIIEHCSA BO
BpeMS IOXK/IA M CTEKAaroUIeH 110 OTHOCHTEILHOMY BOJIOYNOpY, Paciiono-
*KEHHOMY BONH3H noBepxHoCTH. CKOpoCTH NOOEraHus 3TOro croka B 3-5
pa3 MeHbllIe, 4eM NOBEPXHOCTHOTO, HO B COTHH pa3 BBILIIC, YCM BHYTPH-
noyseHHoro. TakuM 006pa3oM, MaBOAOYHAs BOJIHA B 3aMBIKAIOLEM CTBO-
pe SBIMETCS PE3YJITATOM HAJOXCHHUA BOJHBI ITOBEPXHOCTHOTO (OBICT-
pocOpachiBaeMOro) U NOANOBEPXHOCTHOrO (3aMeIeHHOro) croka. basu-
COM €€ CHYXHT BHYTPHIIOYBCHHBIH CTOK. B 3THX YCIOBHAX MEHACTCA M
PO MHQUIBTPALHH, TaK KaK YacTh BIHUTABIICHCA B MOYBY BOAbI 3aTCM
BHOBB JPEHUPYETCSA B BHIE MTOANOBEPXHOCTHOrO cTOKa. B cBA3M ¢ aTHM
B pacyeTHOH cxeme BoxooOpa3oBaHHs pCYHOH OaccedH INpHHHMACETCA
B BUJIC TPEXCJIOHHOH EMKOCTH.

B 3TOM cry4ae cTpykTypa ONMHMCaHHO# BbIIIE MOJACTH HCCKOIbKO BHU-
JousMenseTcs. I1oBepXHOCTHBIN CTOK g,(f) 06pa3syercs Toraa, Korjaa HHTCH-
CHBHOCTb OcankoB X(f) npeBbllIaeT MHTCHCHBHOCTb Mcnapeuus E(f), no-
BEPXHOCTHOIO 3aJiepxaHust A,(f) ¥ BUUTHIBaHUA I(f) B PHIXJILIC OTIIOKCHHA,
pacroNoXEHHbIE Hall OTHOCHTENBHBIM BonoynopoM — g4(f) = X(¢) — E(f) —
h,(f) — K{f). Tlon NOBepXHOCTHBIM 3aJCPXKAHHUEM 3IECh IIOJIPa3yMeBacTCs
CJIOH BOZBI, PACXOMYEMBIN HA 3aMOJHCHUC OECCTOYHBIX YIITyOiIeHHiH Ha Mo-
BEPXHOCTH TOYBbl M Ha CMauMBaHHE PAaCTHUTCIBHOrO IoKposa. Benuuuna
ho(f) yauTeIBacTCA yepe3 AECHCTBYIOLIYIO ILIonanb Bojocbopa (1Llowanb,
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C KOTOPOH INPOMCXOIMT CTCKAaHHMC IOBEPXHOCTHBIM ITYyTEM) M H3MEHACTCA
B 3aBMCHMOCTH OT BBICOTHI chOpMHpOBaBLIerocs cios Bogsl. IIpennonara-
€TCsl, YTO MONOBEPXHOCTHOE BOA00Opa3oBaHHE ¢y/(f) 3aBUCHT OT HAIHYHA
BJIard B BEpXHEM (IEHCTBYIOILEM) CIIOE IOYBOTPYHTA Wiy — d(f). OnieHuTS
pa3Mcphbl 3TOTO CJIOA MPAKTHYECKH HEBO3MOXHO B CHITy 6OJILILOH H3MEH-
YHBOCTH MHTEHCHBHOCTH CrO BOJHO-(DH3MYECKHX CBOMCTB, CTPYKTYpHI M
MOLLHOCTH KaK IO IUIOLIamy, TaK U 1o nryOuxe. B cBasu ¢ 3tuMm Bimsanue
JTOrO CJI0f Ha PEryJHpOBaHUC CTOKA ONpPERENAETCS TakKHMM IapaMeTpoM,
KaK MaKCHMAaIbHasl BJIArOCMKOCTb W BEMYMHA MOANOBEPXHOCTHOTO
BOJ1000pa30BaHUA HE MOXCT MPCBBILIATL JAOMU OT Wiy, PABHOH Wiai'ks, H
B CiTy4ac NPOJO/DKHTCILHOTO MHTCHCHBHOIO JIOXKIS OCTaeTcs Ha MaKCH-
Ma;1bHOM ypoBHe. [l pacdera MHTEGHCHBHOCTH MOJNOBEPXHOCTHOrO CTOKA
IPUHIMAETCS 3aBUCHMOCTh

G (0)= L[y — d(e)]es02) (6.114)
ks

[Mapamerps! k3 M ks O3BOJIAIOT YYECTh CTENICHb HACBHILICHHUS JEHCT-
BYIOILETO CJIOS TOYBBI, IPH KOTOPOH MPOMCXOLHT NOANOBCPXHOCTHBIH
CTOK M H3bIMAETCS YacTh NPOCOYMBIUCHCSA BOABI HA H3MCHCHHC AchHHULIM-
Ta BJIQXXHOCTH NOYBHI OT d(f — Af) no d(f). IlpocounBmasica Boma I(f)
UIET Ha HachlEHHE MOYBBI A0 HaMMEHBILIEH BIAaroeMKOCTH A(f), moano-

BEPXHOCTHBIH CTOK g, (f) ¥ (HIBTPALMIO B HHXKENIEKaIHE CIIOH i(f):

1) = h(t) + q,, () + i(1). (6.115)

[Mpu 3TOM nenaercss QomyuleHHE, YTO HHTCHCHBHOCTH (HIBTpaLH
B IICPHOA AOXKIA HEe U3MEHseTCA, T.e. i(f) = iy = const, ecnu iy < I(f) — h(f).
B nporuBHoM cnyuae i(f) = I(t) — h(f). B cBoio oyepesb, NOYBCHHBIIH
CTOK ¢,[f) NPUHMUMAETCS NOCTOAHHBIM B TCYCHUE BCETO MaBOAKA §a/(f) =
ip. Kpome Toro, BenmmunHa g,/(f) COCTaBNseT BCEro HECKONBKO IIPOLIEHTOB
OT 3Ha4eHUs MaKCHMaJbHOH opauHaThl. ['Maporpad croka B 3aMbIKaio-
IIEM CTBOPE PACCYHUTHIBAETCA KAK CyMMa MOBEPXHOCTHOIO, MOAMOBEPX-
HOCTHOT'O M NMOYBEHHOro cToKa. IIpHBEEM OCHOBHbIE pacyeTHbIE BbIpa-
XEHHs, HCTIONh3yeMble B MOJend (OPMHPOBAHHA JOXACBLIX NABOAKOB
Ha rOpHBIX Bogoc6opax:

d(r)

E(t)=[k, + ku()D(c)e ", (6.116)
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O+ r)+i, npr X()-E(@) > I(r),
1(1)={q X’(t)—E(t) nﬁﬂ X(0)-E() <I(), (.17

!

[[ER)+0(t)- X(1)]dt mpr X(x)>0 P(1)>0,

d(t)=4? (6.118)
[[E(x)+ Q(x)]ar mpu X(t)=0 P(1)=0,
0
m]-[X(T)'-E(‘t} I(x))de
a0 =[X(©O)- E@)-1(0)]n| 1-e * . (6.119)
g ()= Me"‘"‘("“’, (6.120)
k3
h(t) = d(tk_ " npw 10> ko, (6.121)
I(t)3 npu I(f) < h(1),
q20) = ho, (6.122)

0(1)= [Ri(1=)g,(v)de+ [Ry(1=)q, (T)eke+qy (7). (6.123)
0 0

I[TIpn nocTpoeHun MaTeMaTHYECKUX MozeneH GOpMHPOBaHHS CTOKA
OIHOH M3 LEHTPAIbHBIX ABJAECTCA 334a4a HAJACKHOTO ONpPEICICHHS Ma-
pamerpoB. Kak yxke rosopminoch, Hanbosnce 3hHEKTHBHO MCNOIb30BATh
JUIS 3TOR UENH METOAbl oNnTHMH3auMd. HexoTopas neonpeneneHHOCTS,
BO3HMKAIOLIas NIPH JTOM H3-33 HEBO3MOXHOCTH JOCTATOYHO CTPOrOH
NOCTaHOBKH 3aJa4y¥ MOXeET ObITh KOMNEHCHPOBaHA NpPABHIILHBIM 3a1a-
HHEM HaYalbHBIX 3HAYECHHH NapaMeTpoB H BO3MOXHBIMH NpeJieJaMH HX
HU3MEHEHUA.

CnekTp npHMeHAeMBIX B HAacTOAIIEE BpPEMA ONTHMH3ALMOHHBIX
Opoueayp AOCTaTOYHO LIMPOK (3I€Ch HE PaCCMaTpHMBAaCTCA), HO pe3yiib-
TAT OT UX NPHMEHEHHS BO MHOIOM 3aBHCHT OT BBIODAHHOTO KPHUTEpHS
KayecTBa. MOXHO MpPERNONOKHTb, YTO YeM «(U3HYHEe» BHIOpaHHBIH
KpUTEPHH, TeM TouHee OyayT uneHTduLupoBansl napamerpsl. Hanbo-
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nee NpOCTOH M 4acTo ynmoTpebisieMbIH NpH pacyere (NpOrHO3e) HOXIC-
BBIX ITABOJIKOB KPUTEPHH Ka4eCTBAa BBHIYHCIIAETCH KaK MHTErpal KBajpa-
TOB Pa3HOCTH (bax'ruqecxux Y BBIYHMCIICHHBIX 110 MOZIENH PACXOIO0B:

N
K= Z;, chl Qpi(r’a)}zd‘t’ (6.124)
j=

rae Qd,,. uQ, — dbaxTHyeckue ¥ pacCUMTAaHHBIE OPAMHATHI j-r0 THIpPOrpa-

¢a; T; — mpOIOIDKUTENBHOCTD j-T0 ruaporpada; a — BEKTOp NapamMeTpoB;
N- qucno BKJIFOUCHHBIX B ONITHMH3ALHMIO ruaporpados.

MuuumH3anua pyHkumonana (6.124) npuBoOUT K MOJYYCHHIO OII-
THMaJIbHBIX 3Ha4EHHH MapaMeTpoB, HCHONB3yeMbIX B Moae:td. Ecau cto-
UT 3ajaya OpuaaTh HauOonbliee 3HaYeHHE BBICOKMM pacXoiaM, TO
B KpUTEpHil BBOAUTCA BecoBas GpyHkuus f(y)), NpoNopuHOHanbHas pac-
XOIy BOZBIL:

NTi
k=) [lou()-0,(xa)f rloy = (6.125)
J=lo

Hcnonb3oBanue 3TOro KpHTEpHs Liesiecoobpa3Ho, KOraa onpeness-
IOTCA NMapaMeTphbl, HE BiIMAIOIME Ha 0OBbeM (HampHMep, mapaMeTpsl
¢byHkuuit BusHUA). BenencrBue HeaneKBaTHOCTH MaTeEMaTHYECKOH MO-
JICTM peayisHbIM (U3HYCCKHUM NpolieccaM W HalWuus omHboK B HCXOa-

HbIX JJaHHBIX 3HAYEHUC KPUTCPHS KAauycCTBa OTIIMYACTCA OT HYJIA.
TlpencraBneHHble B NAHHOM pa3fielie MOAEIH MOXKHO OTHECTH K
K1acCy KOHLENTyalbHBIX, T.€. TakuxX, rne BeIOOp oOwwEH CTPYKTYpBE
YPaBHEHHH OCHOBaH Ha (M3MYCCKUX NMPEACTABICHHUAX O XapaKTepe ruj-
ponoruyeckux spneHuit. OnpIT MOKa3al, YTO JUIA YCHEWHOro HX HC-
TIOJIb30BaHHMs Ba)KHOE 3HAYCHHE MMEET [IPAaBHIBHOE COYETAHHE aNpHOP-
HO¥ MHpopManuu — OOIMMX TCOPETHYECKHX NMPEACTABACHHH O Ipouec-
cax cToka (onpeAeNnsouX CTPYKTYpy Moneined) — ¢ uadopmManuent, ot-
HOCAIICHCA K KOHKPCTHOMY BOOCOOPY (OCHOBHBIM HOCHTEIEM KOTOPOM
ABNAIOTCA napamerpsl). Yucno pa3paboTaHHBIX K HACTOAIIEMY BPEMEHH
KOHUCNTYaJbHBIX MOZCICH Y)K€ COCTABJIICT HECKONBKO AECATKOB. DTH
MOJENHY 338METHO OTJIMYAIOTCA JCTANBHOCTHIO OIMCAHMA 3MEeMEHTapHBIX
npoueccoB GOPMHUPOBAHHMSA CTOKA, OCHOBHBIMH IPEANOCHUIKAMH U Tpe-
6oBaHMAMHM K HCXOIOHOM MHbOpMauuu. MHOTHE MofenM HCHOMNB3YIOTCA
B THIPOJIOTUYECKHX MPOTHO3aX, OXHAKO, X YCIIELIHOCTE 3aBHCHT OT YCIIO-
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Bui (OpPMHpOBaHHMs CTOKa, 00bEMa U Ka4eCTBA MMEIOIMXCS HabmroneHuH
3a CTOKOM M CTOKOOOpasyrommMyu (GaxkTopamMH, BbIOpaHHBIMH CrIOcO6aMH
OTpe/ieNieHHs TIapaMETPOB H y4eTa psja APYrHX IPHYHH. JTOT KJIacc Mo-
Jleneil pacCYMTaH Ha HCIHOMB30BAHUE IUTHTENBHBLIX DPSJIOB HaOMIORCHHI.
OnHako B CBSI3H C aHTPOIIOreHHOHN NEATCIBHOCTHIO H U3MECHCHHAMM YCIIO-
BUi Ha BotocOope NMpOUCXOAT KoneGaHus BOAHOIO pexkuma. 10, B CBOIO
oYepesib, M NPUBOIUT K TOMY, YTO KOJNMYECTBO HabmoneHuH, ucrons3ye-
MBIX JUIS ONTUMHU3ALMK [1APaMETPOB, 3aMETHO COKPAIL@ETCS, YTO COOTBET-
CTBCHHBIM 00pa30oM HEraTHMBHO OTPaXacTCsi Ha HAJCKHOCTH M TOYHOCTH
Moze:ei, a ClIeH0oBaTeNIbHO, H CAMUX ITPOTrHO30B.

Ctporo roBops, BO3MOXHOCTH ONKCaHUsA npouecca GOPMUPOBAHHA
CTOKa Ha BOAOCOOpE ACTEPMHHHCTHYCCKHMH METOJAMH OIPaHHYCHBI.
ITO CBA3aHO C NPOCTPAHCTBCHHO-BPEMEHHOH M3MEHYMBOCTBIO XapaKre-
PHMCTHK BO0c6Opa U BIMAHHEM 4YeIOBEYECKOH ACATENbHOCTH. B TO ke
BpeMsA OCHOBHBIE CTOKO(QOPMHUPYIOIHE IPOLIECCH BCE JKE MOMXKHO CHH-
TaTh AETCPMHUHUCTUYCCKUMHE, 3 HEKOTOPas HEONPEACACHHOCTh B X OIH-
caHuM OYyZeT NOCTENEHHO YMEHBIUATHCA C NOABICHHEM MHpOpMauUH O
[POCTPAaHCTBCHHON M3MEHYHMBOCTH XapaKTCPHCTHK Bofocbopa. 3to gaer
BO3MOXHOCTb paccMaTpHBaTh 3afady (OPMHPOBAHHA CTOKa Ha BOJO-
cbope ¢ mosmuuit MaremaTHucckoit ¢pusuku. K HacrosuieMy BpeMEeHH
cpopMupoBaH PUIMKO-MAaTEMATHUYCCKHH anmapar, aJanTHPOBAHHBIA K
PEILEHUIO THAPOJOTHYECKHX 3aJa4y pPACYCTHO-NIPOrHOCTHYECKOH Ha-
npasneHHocTH. C MOMOIBI0 (PHU3HKO-MATEMATHYECKHX MOJIEACH yxke
MOTYYCH Pl MPOrHOCTHYECKHX METOJHUK, HE YCTYNAIOUHMX IO TOYHOCTH
METOJMKaM, NIOCTPOCHHBIM C NPHMCHEHHEM KOHUENTYAIbHbIX MOXENEH.
K coxaneHuio, UCnoab30BaHME (U3UKO-MATEMaTHYECKUX MOJeneH B
OMEpPaTHBHOM NPAKTHKE CHIBHO OTPAHHYEHO B CHIY pAJa IPHYMH, BaX-
HeHnieH U3 KOTOPBIX ABAAETCA HEXOCTATOYHBIH 0OBEM H HH3KOE KayecT-
BO ONEPATHBHOH HH)OpMAaLIHH.

Haubonee xoppekrHoe onmHcanue QH3HYECKHUX IPOLECCOB HA BOJAO-
cbope MOXKHO MOJYYHTH, IPUMEHAS ABYMEPHBIC MOAENH GOPMHPOBAHHUS
crtoka. OHM J1a10T BO3MOXXHOCTh Y4eCTh Kak Tonorpaduio Bogocbopa, Tak
U NPOCTPAHCTBEHHOE pacipeeieHHe MTOYBEHHBIX M THIAPABIMYECKUX Xa-
paKkTepUCTHK. B TeueHue psna JieT KOJUIEKTHBOM COTPYAHMKOB ['mzpo-
metuentpa Poccun nox pykosoacrsom JI.C. KyuMeHTa npoBoauioch Hc-
CIEIOBAHHE BO3MOXKHOCTEH MPHMEHEHUS Pa3HbIX MOAUGHKALMA IByMEp-
HBIX (PU3MKO-MATEMAaTHYECKHX MOJEJICH K ONMCAaHHIO ITPOLECCOB HOPMH-
pOBaHMs CTOKa € ECTECTBEHHBIX M YpOaHM3MpOBaHHBIX Boxmocbopos. B
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pe3yJibTaTe MCCIENOBaHUHM BBIACHHIIOCh, YTO YMCIICHHAA peaju3alus Mo-
JIeJIM, OCHOBAHHON Ha IOJHBIX YPaBHEHHAX TMAPONHHAMUKH B YCIIOBMSAX
CIIOKHOHM Tomorpaguy, cBia3aHa ¢ OONBIIMMHM TPYAHOCTAMH M IOITOMY
MOoXa ee NPHMEHEHHE LenecooOpa3Ho JHIbL IS NMPOCTHIX BOAOCOOpPOB
IPH HAINYHH JOCTaTOYHO NOAPOOHBIX CBeAeHHI 00 ocajKax U CTOKeE.
[Ip1 BOCHIPOM3BENCHHH CKJIOHOBOTO CTOKA NpPAaKTHYECKH A BCEH
IO BOZOCOOpa MOXKHO CUMTATh, YTO WICHB! YPaBHEHHI JBHKEHMS,
COOTBETCTBYIOLIHE MHEPIMOHHBIM CHIIaM U IPajHeHTaM IyOHH, Masbl U
JBIKCHHE BOZBI 10 CKJIOHY OCYILECTBISETCS IIPH PABHOBECHH CHJl TpeC-
HHA ¥ TAKECTH. IIpeHeOpexxeHre HHEPUMOHHBIMH YICHAMH, POW3BOA-
HbIMH 1yOMH 1O IIMHC M WIEHaMH, YYHTHIBAIOLIUMH IHHAMHYECKHH
a¢dexT noxas, 1acT BO3MOXKHOCTH OIMCATh MPOLIECC CTCKAHUA BOJIbI MO
[IOBEPXHOCTH BoAocbopa cHCTEMON YypaBHEHHUH, mNpeACTaBIsOLIEH
obo0b1icHHuEe ypaBHCHHI KMHEMaTHYECKOH BOJIHBI HA JBYMEpHBIH Clyvai:

o
ﬁ_*_ aqx + &

o ox oy =Xk
q =Ch3/2 iy .
1”gradrﬂ
g,=Ch’"’? —iy—; (6.126)
lgradn[

rae h — rnyOuHa noTokKa; g, u g, — pacXozbl BOJbI HA €IMHUILY IMPHHBI
BZOJIb OCEH MPSAMOYTONbHBIX KOOPAMHAT X H y; X — HHTEHCHBHOCTD 0Ca/l-
KOB, I — HHTEHCHBHOCTH HH(I)HJIBTpaLIHH BOObI B MMOYBY, 1] — BbICOTA I10-
BEPXHOCTH Bo,u0060pa Haxa 3a}18HHOI7l I‘OpPBOHTaJleOﬁ MOBCPXHOCTBIO,

. 611 . 6r] ) .2
i,=—,i,=—,grad =1/1x+1 .
el T oy sraen g

Cucreme (6.126) cOOTBETCTBYIOT XapaKTCPHUCTHKH:

dx 3/2 Iy dy 3/2 iy
—=Ch ; —=Ch . 6.127
dt Jlgradn| dt | gradn | ( )

BronHe nmoHATHO, 4To cuctema (6.126) 3HayuTeNEHO MpOoIE B Mia-
HE YUCIIEHHON peanu3alny, 4eM CHCTeMa, OCHOBAaHHAs Ha MO;IHbIX ypaB-
HEHUAX rHApoAuHaMukM. OOHaKO Ha y4yacTKax, Ie BO3HHKAeT HOANOp
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(BcnencTeue 0Opa3oBaHMs BCTPEYHBIX NMOTOKOB HIM OTPHMIATENbHBIX
dopm penpeda), ycoBus, P KOTOPHIX NOTydeHa cucreMa (6.126), He
BBINOJIHAIOTCS. B pe3ynpraTe HCCIENOBaHUH ObUT IPEMIOXKEH aNTOPUTM,
NO3BOJIAIOLINI H30eKaTh BOSHUKAIOLWIUE B CBS3H € 3THM JONylieHus: 1)
OTCYTCTBYIOT 3aMKHYTbl€ MOHI)KEHHS M TUIATO; 2) B JIOKAJIBHBIX MHHH-
MyMax pa3pe3oB penbeda BHONL OCEH KOOPAMHAT COOTBETCTBYIOLIAs
COCTaBJIMIOIAs CKOPOCTH CYHTAETCA PaBHOM HYIIIO.

18 4HCIIEHHOTO MHTETPHPOBaHHS YPAaBHEHHH IBYMEPHOH KHHEMa-
THYECKOH BOJIHBI MOXET HCIONB30BAaThCA METOJ PACILENIECHHS C IPHME-
HEHHEM HEIBHON KOHEYHO-pa3sHOCTHOH cxeMsl. IlociemosaTenbHo pe-
IIAEeTCA CHCTEMa OJHOPOIHBIX PA3HOCTHBIX YPaBHEHUH!

~

hj=hi, +‘19) —q(o) 1

* =—(x-1I),
At Ax 2( )
W -h, gV —q©
b Ty O T L gy (6.128)
At Ay 2

1=1,2,.k, -1 j=12,..,0, -1,

Tie h; ; — 3Hauenus ry6uH Ha nepsom nomymare; ¢, ¢, 4%, ¢¢) -

BEJIMYHHBl PACXOMOB, CMOCOO BBIYMCICHHA KOTOPBIX MEHAETCS B 3aBH-
CHMOCTH 0T croco6a 3aiaHus YKJIOHa MOBEPXHOCTH Boxocbopa; &, u [, —
YHCIIO TOYEK, 3alaHHBIX BAOIb OCEH X U y.

3Ta cucTeMa pelaercs cnocoboM UTepaLyH.

Ha rpanuue BomocO6opa M B TOYKaX JOKAIbHBIX MaKCHMYMOB
penbeda 3anaercs ycnosue s = 0. Cyutaercs, 4TO BOOIb MPAHUL BOJO-
cbopa npoxoAXT KaHan (KM peKa), U pacyeT NBHKCHUA B HUX OCYLIECT-
BJISIETCS N0 YPAaBHEHUAM OJJHOMEPHOH KMHEMATHYECKOH BOJIHBIL.

s pacuyera BinaromepeHoca B mo4Be k cucreme (6.126) nobapins-
€TCs ypaBHEHHE OfHOMepHOH auddy3un (YIUTHIBAETCS TOJIBKO BEPTH-
KaJIbHOE BM)KECHHE BJIarH) U TOT/a peliaeTcs CHCTEMa YPaBHEHHH!

%, 08, % _y 5 o —cwr—

q =Ch3/2 iy
ot  Ox Oy Igradnl d

|grad

2-glow 2ol 102wl o
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rae 0(f) — oObeMHuas BaaXHOCTb no4Bbl; D(0) — kodpduument quddy-
3un Bnaru; K(0) — ruapasnuyeckas NpoBOAMMOCTS; r(z, ) — mornoue-
HH€ BJIard KOPDHAMH, z — BEPTHKAILHAas KOOPJAUHATA, OTCYUThIBaEMas OT
[IOBEPXHOCTHU MOYBLI U HAaIllPaBICHHAA BHH3.

TuapaBinyeckas NPOBOAUMOCTh M k03¢ duuueHT nuddy3un Braru
3a/1al0TCA B BUJIE:

K(e) = Km (e - Omin)a, (6 130)
D(8) = Dy (8 — Oin’, (6.131)

rie Ky, D, O ¥ B — SMIMPHYCCKHE TAPAMETPHI.
JInsa annpokcumanuy K(0) yacto ucnoib3yrotcs GopMyIis! THIIA

-6 Y
K@®)=K, | ——min 6.132
( ) (emax—emin] ( )
" K(SJ:K{‘?_;’J , (6.133)

rae K; — ruapaBinyeckas NpPOBOAMMOCTH HACBHIILECHHOH BIaroi Io4Bbl
(xo3dduuneHT GUnbTpanun); Omay U Oy — MAKCUMaNIbHA U MUHUMANb-
Has 00bEMHas BIAXHOCTh MOYBHL, n = 3,5 — 4; § = 6/¢ — HacklueHHe;

S-S
. = L — OTHOCHTEJBHOE HACHLILEHHE (B MPEANONOXKEHUH, YTO
1-S,
— . 0. .
Omax = §); § =min. — OCTAaTOYHOE HACKHILICHHE; ¢ — TOPUCTOCTS.

Y100bI OMMCaTh CBA3h BIAKHOCTH MMOYBHI C KalWLIAPHO-COPOLHOH-
HBIM [IOTCHI[HAIOM NIOYBHI Y OOBIYHO HCIIONB3YETCA 3aBUCHMOCTh

y=M,S.", (6.134)

rae M, U m — KOHCTaHThI, ONpeNeNseMble IKCIIEPHMEHTANBHO.
B TakoM cnyyae

K.M,m

n

D (8)=Zs—t—grm (6.135)

2+3m
e n=— -—.
m
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IIpu pewieHuHd ypaBHeHus ¢ dy3HH BIard CUNTACTCA, YTO HIDKHASA
rPaHMLa HAXOIOUTCS HEMOCPCACTBCHHO BOJM3H YPOBHS IPYHTOBBIX BOX.
Takum 06pa3zoM, Ha HwkHeH rpanuue 0 = 0., Ha BepxHeil rpaHuie
IIPHHEMAKOTCA CIEAYIOLIHE TPAHHYHBIE YCIIOBHS!

X—E=—D(6)§9+K(O) .o mpu X-E<I,
. .

(6.136)
0(s,0)=0,,, mpu X -E21,
rac E — HHTCHCHUBHOCTH chapeuux.
JUis pacuyeTa HenapeHus IPUMEHIETCs 3aBUCHMOCTD
E(t)=E,(6-6,,)D(t), (6.137)

rae E, — sMnupuyeckasd koHcTanTa; D(f) — neduuHT BlNaxxHOCTH BO3IyXa.

Ilpu pacyere BHYTPHIIOYBCHHOTO CTOKA Ba)KHO Y4€CTh NPOCTPAHCT-
BEHHYIO0 HEPaBHOMEPHOCTh MH(QHILTPALMK BOAbI B MO4YBY. Tak KakK MH-
(opMawLHs 0 MyTAX ABHXKCHHUSA BOJIBI K PYCITY OTCYTCTBYET, NPHHHMACTCA
JIONYHIEHHE O TOM, YTO foOeranue BOIBI OT KaXAOH TO4kM BopocOopa
JI0 3aMBIKAIOILCIO CTBOPA OCYLUICCTBIIAETCS IO MPAMOH, a rHapaBInye-
CKHe CBOWCTBA NOYBHI NPAKTHYECKH OJIMHAKOBLI Ha BCCM Bonocbope U
HE 3aBUCAT OT BEJIMYHHBI pacxoa.

Takoro poxa npenmnojaokeHHs U NMPHMEHEHHUE MPUHLKNA CYHCpro-
3MUKH TO3BOJIIOT 3alIMCaTh YpaBHEHHUS AJIA pacyeTa runporpada BHYT-
PHIIOYBEHHOrO CTOKA!

*exXp ~ 4D, (t - 1)

rae a ¥ b — KOOpAMHATH! 3aMBIKAIOLIETO CTBOPa; ¢ U d — KpaiiHue abc-
LIHCChI BOXOCOOPA; @)(,) H @y(,) — JIHHHH, OTPAHHYHBAIOLIME BOXOCOOD;
q(t, x, y) — mOCTymIeHHe BHYTPHNOYBEHHOrO CTOKA Ha €IMHHILY IUIOIIa-
nu; Dy v Cy — mapameTpsl foberasus.

IlpuMeHas Als 4YUCIEHHOro MHTerpupoBaHus (6.138) dopmyny
NPAMOYTOJILHUKOB, IOJTy4aeM
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XexXp4—

rae Ax, Ay, At—marunox, y u .

INponecc hopmMupoBaHUsA BHYTPHIIOYBEHHOTO CTOKA CIIE HENOCTa-
TOYHO SCEH, MI0OITOMY B 3aBHCHMOCTH OT BbIODaHHOH IMIIOTE3b! BENHYH-
Ha q(t, x, y) MOXET NPHHUMATBCA THOO KaK MOCTOSAHHAA YacTh OCaJKOB
WJIH TTOBEPXHOCTHOH MHGUIBTPALMH, THOO0 KaK BENHYHHA, 3aBHUCAINAsA OT
HWHTEHCHBHOCTH HHQHIBTPALHH Ha BPEMEHHBIX Boxoynopax. Hs-3a
OOJIBLIOH MPOCTPAHCTBEHHOH M3MEHYHBOCTH BJIAXHOCTH NOYBbI 3a/laTh
HayalbHOE €€ pacnpeleieHHe Ha OCHOBE HEMOCPEACTBEHHBIX Habmoae-
HHU# 10 rry6uHe 0OBIYHO He yaaerca. B cBa3u ¢ 9TuM pacuer (IporHos)
¢dbopMHpOBaHMA JOXACBOIO CTOKAa OCYMLIECTBIfETcA B jaBa dTama. Ha
NIEpPBOM 3Tale ONpenensieTcs HaualbHOEe pPaclpe/iefieHHe BIaXXHOCTH 110
IaHHBIM HaGNIONeHu#t 32 0CaKaMH, TEMIIEPATYPOii U BIAXHOCTbIO BO3-
nyxa 3a 1-2-MecsauyHbl mepuox A0 MaBOJKa, Ha BTOPOM — IO PacCy-
TaHHOMY Ha4aJIbHOMY PacHpEIEeNCHHIO BIAXXHOCTH NMPOM3BORUTCA pac-
yer (nporuos) ruaporpada CToka. ITO MO3BONAET PaCYETHl BIAXKHOCTH
3a MpeaIIECTBYOIMA NEPHOJ NTPOU3BOAUTH MO GoJiee KPYIMHbIM HHTEp-
BaJlaM, 4€M pacyeT B Iepuos GOPMHPOBAHUS CAMOro NaBOJKA.
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nasa 7
NPOITrHO3b! INEMEHTOB BECEHHEIO NMNOJMIOBOAbA
PABHUHHbLIX PEK

B rogoBoM nuxiie BOZHOro pexHMa paBHHHHBIX pek Poccuu ocobo
BBIACISIETCS BECCHHEE MONOBOJLE. B mepHoa monoBOAbS, €XErOQHO 10-
BTOPSIOMIETOCA B JAHHBIX KJIHMATHYCCKUX YCJIOBHAX B OOMH M TOT XK€
CE30H rojia, OTMCYAETCS 3HAYUTENFHOE YBEIHYCHUE BOAHOCTH PEKH, BbI-
3BaHHOE TNaBHbBIM 00pa3oM TasHHEM HAKOIUVIEHHOTO 3a 3UMY CHera,
Crox pek B atoT nepuoi cocrasmier 50 — 70 % romoBoro, mocruras
B oTAenbHbIX padioHax 80 m maxe 90 %. HanbGonpuwme pacxons! BOAbI
OTMEYAIOTCS B OCHOBHOM BECHOH. B oTaenbHbie roasl npu gopmuposa-
HMU KaTacTpouyecKHX MaKCHMYMOB HMEIOT MECTO Pa3iMBHI pEK H 3a-
TOIUIEHHE OOIUPHLIX TeppuTopHii. HaBonHeHM, BEI3BaHHbBIE Pa3THBaMHU
PEK, IPHYUHAIOT OFPOMHBII y1IEPO XO3HCTBY CTpaHbI.

JlonrocpoyHsiii NPOrH03 OCHOBHBIX XapaKTCPUCTHUK BECCHHETO CTO-
Ka — 00beMa ¥ MaKCHMYyMa NOJIOBOJbS — NMPEHCTABAACT 3HAYUTCIBLHBIN
HHTEpEC Uil MHOTHX NoTpebuTenei BoaHbIX pecypcoB. Ha ocHoBe naH-
HBIX NIPOFHO3UPOBAHUSA CBOEBPEMEHHO NMPMHMMAIOTCA MEpHl MO NPEROT-
BpalleHuIo yuiepba ot HaBoaHeHHH. B dopmupoBanun obbeMa nonoso-
Ibsl IPHHHUMAIOT YYAaCTHE M >KMAKHE ocanku. Jlons JokaeBo#i cocras-
nsroued 0co6eHHO CyLIeCTBeHHa B palloHaX U30BITOYHOTO YBIIAXKHEHHS,
rae oHa MoxeT coctaBiitTh 40 — 50 % cyMMapHOro BCCEHHETO CTOKa.
Ilo03emubiii cmok 3a IIEPHOA MOJI0BOAbS 00BIYHO He npesbiiaer 5 — 10 %
CTOKa 3a M0JIOBOAbE.

Hayano nonoBo/ibs XOpOLIO BHIPAXXEHO M COBMAJAET C MEPBLIM THEM
WHTCHCHBHOI'O MOBLILIEHUA BOZHOCTH pekd. CIIOXKHEE YCTAHOBUThL BpeMs
OKOHYaHHS MOJIOBO/bS, KOTOPOE Hallle BCETrO OTHOCAT K MOMCHTY Nepexo-
Jla OT MHTCHCHUBHOTIO CHH)KEHHS PAacXOIOB BOIbI B MIEPHOJ CMafa MoOJOBO-
mbs K Gonee 3ameanenHoMy. Jia Bogoc60poB miomamsio 5 — 20 Thic. kM
3a KOHel MoNoBOAbA pekoMenayercs [1S] mpuHuUMaTe AaTy, Korma Ha
cnazie ruaporpada CyTOYHBIH CIIOH CTOKa B JIECHOI 30He coctaBuT 0,5 —
0,6 Mmm/cyT., a B tecocTenHoii — 0,2 — 0,3 mm/cyT.

Cuaporpacdsl nmonoBoauit Ha KpynHBIX pedHsIx bacceitHax B 60Jib-
IUMHCTBE CIIyYaeB UMEIOT OTHOMONANBHYIO (OPMY, HapyUIaeMyIo JIHLIb
B IEPHOA cnaja npu oOunbHLIX XUAKHX ocajkax. Ha HeGonsux BOXO-
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cbopax, xax npaBuno, ¢opma ruaporpada MHOroMozanbHas H3-3a He-
PaBHOMEPDHOro CHEroTrasHusd, BO3BpaTa XOJIOAOB H CHJIIBHOIO BIUSAHHA
XHUIKUX ocankoB. Kpome Toro, Ha popMHpOBaHUE ABYX BOJIH IMONOBOIbA
BJIMACT Pa3HOBPEMCHHOCThL CHETOTassHHA B TI0JIC U B JIECY.

CTOK TanbIxX BOJ 3a IEPUOJ NOJIOBOABS Y, ompenensercs myTeM pac-
YJIEHEHUA THApOrpaga C BhIACICHHEM CTOKA JOXACBLIX NABOAKOB Y, M
YCTOHYMBOrO NOA3EMHOrO CTOKA Yy

Y,=Y-Y,-Y, 7.1

rae Y — cymmapHbIil CTOK 3a IEPHOJ] MOJIOBOIbS.

CToK IOX/IEBbIX MTABOAKOB BBIIEIAECTCS ¢ IIOMOIIBIO THITOBBIX KPHBBIX
cnaga nonosoxks. [oazeMublit (6a3MCHBIN) CTOK YCTaHABIMBACTCA Ha THA-
porpade ImyTeM Cpe3KH IO 3HAUYCHHUIO MPEIBECEHHETO MHHUMAIBHOIO pac-
xona Boas! . Cnoli cToKa TallbIX BOJ 3a MOJIOBOABE (B MM) ONpEAENsAeTCA
1o dopmyie (IpH OTCYTCTBHH MM UCKIIFOYEHHH JI0XKICBOrO CTOKA)

Y, = 8»6F’—4$<Q,~ ~0.), (12)

rae F — wiomans 6acceiina, km>; N — NPOOMKHTENLHOCTh TIOIOBOIbA,
cyT.; (Qi — On) — CpenHHEe CYTOYHEIE PACXOABI BOAbI B IEPHO MOJOBOLbA
3a BHIYETOM PaCXO/a BOJIBI, XaPAKTEPH3YIOLIEro MOA3EMHbII CTOK, M’/C.

7.1. O6umHe 3aKOHOMEPHOCTH H GakTopbl GOPMHPOBAHHS
BeCeHHero CToka

ITonosoape ABNAETCA CIOKHBIM MHOrOaKkTODHBIM SBJIEHHEM, OIl-
peAenieMbIM KOMILUICKCOM B3aUMOCBS3aHHBIX BO BPEMEHHM MpOLECCOB.
Cpenyt HHX OOBIYHO BBIAENSIOT: MOCTYIUICHHE TAJION M J0KAEBOH BOJbI
Ha MIOBEPXHOCTH BOAOCOOpa; 3aiepiaHuE, BIHTHIBAHHE YACTH JTOH BO-
Ibl; MOCTYIUIEHHE BOJABI B TMAPOrpadH4cCcKyio CETh ¢ JANbHEHIIINM KO-
6eraHueM K 3aMbIKaIOILEMy CTBOpY. Bce 3T mpoweccs! ocymecTBIAIoT-
Cs Ha OOLUMPHBIX TUIOIAAAX PEUHbIX 6aCCEHHOB, OTIHYAIOMIMXCS Pa3HO-
obpasueM ¢usnko-reorpapuyeckux ycnoBuil. CIOXHOCTH KOMHYECT-
BEHHOTO ONMCaHUs MPUPOIHBIX MPOLECCOB (CHErOHAKOILIEHHE, TasHHE
CHera, BOAONOIIIOTHTE/IbHAA CIOCOOHOCTD, MOCTYIJIEHHS BOXBI B THIPO-
rpaQUYecKylo CeTh M Ip.), OTPAHMYECHHOCTh NAHHLIX HaOMIOACHHIH BbI-
HY>X/al0T HCIIOb30BATh YNPOLICHHBIE H B 3HAUUTENIBHOH CTETICHH CXe-
MAaTU3MPOBAHHbIE MOJCIH pacyera CTOKAa IOJOBOABA C OCPEAHEHHBIMH
MapaMeTpaMH B 3THX MOZEISAX.
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dakTopsl, onpeiensiole npouecc GOpMHpoOBaHHA CTOKa B Oac-
ceilHe pekH, OObIYHO MOAPA3AENSAIOT HA JBE IPYNIBI Ha OTHOCHTENBHO
NOCTOAHHBIE (PAaKTOPHI MOACTHAIOIIEH TOBEPXHOCTH U MEPEMEHHbIE —
rugpoMeTeoponoryyeckue. MakTopbl NOJACTHIIAIONIEH OBEPXHOCTH OM-
PemensIoT XapaKTep pactpeaeeHus cHera Ha BOAocOope, akKyMyIALHIO
TaJIoH BOABI HAa €ro0 NOBEPXHOCTH, HHPHILTPALHIO TANIBIX BOX, CKOPOCTH
CTEKaHHA M BpeMs noberaHus no ckioHaM M pycioBoi cerd. K uucny
3THX (PaKTOPOB OTHOCATCS: pa3Mepsl, KOHpHIrypauus U peased Oacceit-
Ha, €ro reoJIOTHYECKOE CTPOEHHE; COCTaB IIOYBOIPYHTOB; PacTHUTENb-
HOCTB; CTENEHb 03€PHOCTH, 3a00JI04EHHOCTH; YKJIOHBI CKIIOHOB H pPYCEll.
K 3To0ii e rpynne MoXXHO OTHECTH W aHTPONOTEHHBIH (akTop — HHTEH-
CHBHOE OCYIIIECTBIICHHE XO37HCTBEHHOHN AeATENbHOCTH Ha BogocGopax u
B pycnax pek.

[TepemennbiMH  dakTOpaMu SBIAIOTCA CHEro3amachl, MHTCHCHMB-
HOCTb CHETOTasHHs, YBIAXHEHHC MOYBOTPYHTOB H MX IIPOMEP3aEMOCTb,
HCHAapEeHHE U KOJMMYECTBO OCanKOB. OTH (akTOphl B OCHOBHOM OMNpeEne-
n410T 00beM INOJIOBOABA, CPOKH €ro Hayaja M OKOHYaHMS, MaKCHMAallb-
HBbIH pacxo.l M B 3HAYMTEIbHOH cTeneHu ¢popMy ruaporpaga.

Peynoit 6acceiH MoxeT ObITh NpeACTaBieH B BUAE NHHAMHYECKON
cucremsl (puc. 7.1), kotopas B ofuieM BHJE OTpaxkaeT (HUIHYECKYIO
npupoxy npoueccoB opmupoBanus ctoka [51].

B ar0if cucreme
Y4YTeHbl BCE OCHOBHBIE

it

Jll TIIPOLIECCHI (bopMp[poga-
Hoeepxnocms ne HHUA CTOKa: IOCTyIUIe-
eodociiopa HME TaIBIX H JOXOCBBIX
G fum Box (I7), MX MOBEPXHO-

CTHOE M IOYBEHHOE
3anepxanue (I1113), un-
;n bwibTpaurs BOOM B
nousy (H), cymmapHoe

BIIC

Tovaenno-cwmanoase| TC_ | Tarveesno-pyciosan| PC__
G0dw cents ucnapenue (CH), no-
‘ I CTYIUICHHE BOABI B
 wbtmume nozdesmmd {111 TalIbBEXKHO-PYCIIOBYIO
80081 CE€Th  ITOBEPXHOCTHBIM

crokoMm ({IC), BHYyTpH-

Puc. 7.1. Peunoit 6acceifs Kak IMHAMUHYECKAs CUCTEMA.  [IOYBEHHBIM 3aMEJIEH-
HbIM crokoM (BIIC),
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rpyHTOBBIM cTOKOM (I°C) ¥ CTOKOM 3a CYET ITyOMHHOro MoA3eMHOr0 NHTa-
aus (/TII7). KoneyHbIM MTOrOM BCEX NPOLECCOB ABNSETCH POopMHUpOBaHHE
PYCJIOBOTO CTOKA B 3aMbIKarOLIEM cTBOpe bacceiina (PC).

PaccMoTpeHHas OUHAMHYECKas CHUCTEMa MONYMUHAETCA 3aKOHY CO-
XpaHEHHd Maccel, BHIPAXXEHHOMY depe3 ypaBHEHHe BogHoro GanaHca.
Jlns nepuona BeCEHHEro MOJOBOMBS YpaBHEHHE BORHOro OamaHca ped-
Horo OacceitHa 6e3 yuera MOA3€MHOIO MMTaHHUA UMEET BUL:

Y=S+X, +X,— (E.+E.+ E)— (4 + 1), (7.3)

rae Y — TanomoxaeBoil CTOK 3a I0JIOBOALE; S — MaKCHMAaNbHBIN 3amac
BOABl B CHCOXKHOM l'IOl(pOBC, BKJIKOYasa JICJIXH)’!O KOpKy; X| — KOJIH4YECTBO
OCaZlKOB OT JaThl MAaKCHMAJIBHOI'O CHErosamaca O0 AaThbl CX04a CHEra,
Xz — KOJIMYECTBO OCAAKOB OT AAThI CX04a CHEra N0 OKOH4YaHHUA IOA0BO-
AbA, Ec — HCIIapE€HHE C NOBEPXHOCTH CHEXHOIO noxpona; En — HCIIape-
HHE C MMOYBBI U TpaHCIHpauuA; £, — HcnapeHHe ¢ BOAHON MOBEPXHOCTH;
A — KONMYEeCTBO BOJbBI, 3aJlEp>KAHHOE HAa IOBEPXHOCTH OacceiiHa;
I — cymmapHas vHGHIbTpaUMs BOABI.

U3 BCex COCTaBIAIOUIMX YPABHEHHA BOXHOro Oanakca ¢ pasnuyHOH
CTENEHbI0O TOYHOCTH MOTYT OBITH ONPEMENEHBI: 3anac BOAbl B CHEXHOM
NOKPOBE, KOJIHYECTBO OCAAKOB, CTOK M CYMMApHBIC NOTCPH 3a HCpHOlI
noJoBoAbs. HU ofHA M3 COCTaBJIAIOUIMX IOTEPh HEMOCPEANCTBEHHO HE
MOXET OBITH onpeueneﬂa.

7.1.1. 3anacvl 600bi 8 CHEINCHOM NOKPOGE U NEOAHOU KOpKe

CHerosanacel B Gacceiiie peKu SBISIIOTCS TJIaBHBIM (PakTOpOM MOJIO-
BOBA. Pacnipenenenune cHero3anacos IO TCPPHTOPHH MOTYUHACTCA 3aKOHY
reorpadH4yecKoi 30HAIBHOCTH H BEPTHKAIBHOH MOSCHOCTH. 3amac BOIbI
B CHEXKHOM NOKPOBE ONpPEIENACTCS €r0 BHICOTOM H IUIOTHOCTBIO.

Pacnpenenenue 3amacoB BOJAbl B CHere u3MeHsercs no Esponeit-
ckoit Teppuropud Poccun (ETP) B cpemneM ot 5 — 10 MM B cTenHBIX
pa#ionax o 100 — 200 MM B JIECHOM 30HE.

PerynsapHbie CHErOMEpHBIE CHEMKH IO 3aMKHYTOMY TPEYTOJIbHHKY
cranud nposoautThca B 1935 r. CeTb nyHkTOB HabnioneHui, 0COOEHHO
B JIecax, B TO BpeMs Obuia odeHb penkoi. B 50-e roast Gbu1H BBEACHBI
JONOJIHUTENbHBIE CHETOChEMKH B Gallkax, oBparax, Hayajld ONpedeiaTh
3anac BOMKI B JIEAAHOM KOpKE Ha MOBEPXHOCTH TOYBKI B TOYKaX H3Mepe-
HHs TUIIOTHOCTH cHera. B 60-e roap! cTana BHEAPATHLCA HOBaA METOAMKA
OTpesieNiCHUA CHero3amnacoB. BMECTO TpeyronpHbIX MaplUpyTOB B NOJIE
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ObLTH BBEICHBI JIMHCHHBIE CHETOMEpHBIC MapUIPYTHl B MOJE, JECy H
B OBpaxkHO-Oanounoil cetu. Mi3smeHenue B Meroauke HabGmoienui oby-
CJIOBHJIO HapylLIEHHE OJTHOPOOHOCTH PSIOB CHETOMEPHBIX HaOMIOKEHHH.

C 1enbio KOPPEeKTHPOBKM CHETOMEPHBIX NaHHBIX OBUIM yCTaHOBJICHBI
HOMpPAaBKH JUIA pa3iMyHbIX paHoHOB paBHHHHOM yactH ETP B mpouextax,
Ha KOTOpBI€ CIEOYET YBCAMYNTD CHEr03anachl, U3MepeHHbIC 10 1966 1.

MHuoronerHue cBEACHUA IO CHEXHOMY NOKpOBY 3a 1936 — 1960 rr.
6b11 00001EHs! B BUJE aT/aca KapT CHEXHOro nokposa ETP.

IIpu pa3paboTke METOLOB MPOrHO30B BECCHHCTO CTOKa Haub607b-
WA WHTECPEC MPEACTABIAIOT QaHHBIE O MAaKCUMaNbHBIX CHEro3amnacax
Smax 11I€pEN Ha4alOM CHEroTasHusA. MaxkcCHMManbHbIC 3amachl BOIBI
B CHEXXHOM MOKpOBe HaOMIONAOTCS B pa3sHble CPOKM B Pa3NHUHBIX jac-
TAX KpynHoro facceiiHa. DTO CBA3aHO C KJIMMATHYECKHMH YCIOBHAMH H
HEBBICOKOH TOYHOCTBIO ONpPENENCHHs IHNIOTHOCTH cHera. Pekomennyercs
ONpeAeNnaTh eJUHYI0 1aTy HACTYIUICHHUSA Spax IUI1 OTHOPOAHBIX B KJIMMa-
THYCCKOM OTHOLUEHUH yacTedl GacceiiHa mo npeobnajarouiei Ha 60ib-
HINHCTBE CTaHUMH xaTte. KOppcKTHpOBKa 3aMacoB BOAbI B CHE)XXHOM IIO-
KPOBEC IO CTAHLMAM, [TOKA3bIBAIOLIUM HACTYMIEHUE Syax B JIPYTHC HATHI,
OCYILECTBIAETCS HECKOJNILKUMH criocobamu [15].

CHeromepHbic HabNOACHUA B JIECY U OBPaXXHO-0aNIOYHOH CETH, KaK
YK€ OTMEYAJIOCh, CTAJIH IIPOBOXMTHCS 3HAYHTEIBHO HO3XKE, H CETh NMyHK-
TOB UX Habmoenuii 6onee penkas. [TosToMy npH onpeacneHuHy 3anacos
BOZH Ha Bojocbope C OrpaHHYCHHBIM YHCJIOM ITYHKTOB HabomcHHit

MCIONB3YIOTCA CPEAHHE MHOroneTHue kodpduuuentsr K, =S /S u

K pop = Soup / Sy - ITO MO3BONAET N0 3HAYEHHIO CPERHETO [ BogocOopa

3amaca BOABI B MOie S, M COOTBCTCTBYIOLMX 3HadeHuid K, wm K

ONpCAENATh CPEIHHE CHCTo3amachl B j1ECY H OBPaXHO-0aJOYHOH CCTH.
Crnexyer uMeTh B BuIY, YTO 3Ha4cHHs Kodpduuucuto K, u K, u3-

MCHAIOTCA OT Irofia K rofly B IMPOKMX mpexaenax. Tak, Ha BogocGopax

necoctenHou 30He K| u3MeHserca ot 1,1 mo 1,7, enie 6onsiuas amiuiu-

n

Tyza konebanuit I?m,p -or 1,5 o0 5,0.

Cpemme Al Bon0060pa 3anachkl BOJIbI B CHC)XHOM IIOKpOBE OIIpC-
ACTATCA KaK CPEAHCB3BEIICHHOC 3Ha4YCHHC

S=Sn.fn +Snfn +Sonpfonp’ (74)
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TAC Sp, Sp, Sosp — CPEAHHMC CHEr03amachl COOTBETCTBEHHO B IOJIE, JIECY H
OBpPa)KHO-0aI0YHOMN CETH; fr, fy, fosp — HONH TUIOMIAAHM BOROCOOpa, 3aHs-
ThIC 3THMH JJICMEHTaMH J1aHlwadra.

[Ipu paBHOMEPHOM paclpe/icieHHH ITyHKTOB HAOMIONEHHH 3a CHe-
rosamacaM U JOCTaTOYHOM HX YHCIIC CHEro3anackl! B 1OJE, JIECY H OB-
paxHO-6a104HOM CETH BBIYMCIIAIOTCS KakK CpeiHee apudMeTHUYECKOE.

Ilpy HEpaBHOMEPHOM pacnpeleNeHud MYHKTOB HabmoneHui mo
nnomaau 6accefHa CTPOATCA KapThl M30JMHHH CHET03alacoB B IMOJE H
JieCy, a 3aT€M BBIYHUCIIETCA CPeHee 3HaUYCHHE 3aI1acoB BoIb! B bacceiiHe.

B necy cherorasguue npowuc-

XONHT MEHCE HHTCHCHBHO 10 ‘5o

CPaBHEHMIO C OTKPBITBIMH Y4YacT- BN
kamu. [lostoMy B paifoHax c¢ yac- 80 e}
THIMM  OTTEMENAMH  OTMEHacTCA é:‘: 471
CYIIECTBEHHOC Pa3IHUHC B BCIH- ﬁ/; ——

YMHE CHET03aNacoB B NOJE H JieCy 0]

K KOHIIy OTTCIEJIbHBIX 3MM. YcTa- 0

HOBJIGHA NpUOIMIKEHHAs 3aBHCH- 0 10 20 30 40 50 z0°C
MOCTb 3Ha4CHHMI Pa3HOCTH 3aracoB

Puc. 7.2. Tlpesbliierne cHerosanacos
BOJbI B CHEre B JICCY U B Iojie AS

B J1IECY HaZl CHEro3anacaMH B Moje

OT CYMMbI IIOJIOKHUTECIBHBIX TEM- B 3aBHCHMOCTH OT CYMMB!I CPEAHHUX CYy-
[epaTryp 3a BpeMs 3HMHHMX OTTCIle- — TOUHBIX 3Ha4YeHHH TeMnepaTypel BO3ayXa
nei IS pa3IMyHOro BHJOBOIO CO- 3a BpeMA 3UMHHX OTTENENCH:

72 | enoBeI¥ nec cpenHei rycroTsl;
Crapa jicca (p HC. 7. ) . 2 COCHOBBI# ;1€C CpPEIHECH IYCTOTHI;
IToBTOpsemocTs OTTCICIICH 3 cmemwanHBlil ec ¢ npeob1afaHneM

YBENIHYMBACTCA C BOCTOKA Ha 3amajl XBOWHBIX TIOPOL;

u roro-3anan ETP. B atux paiionax 4 cmemanHbil nec ¢ npeobaananmeM
qacTo obpa3yercs JieAgHas KOpKa. FMCTBEHHEIX NOPOL.
[locnenHsd, kak NpaBuIIO, HE CIUIOIIHAA U HaONIOZACTCH TONBKO B HOJE.
Hab6mronenus 3a neasHoN KOPKO#M BHIMOMHAIOTCS Ha pAje CTaHUu# 24 sH-
Baps ¥ 24 Qespans.

B 60-c rogs! B Hame# crpane 6bu1 pa3paboTan MeTol onpeAcacHUs
3a11aca BOJIbl B CHEXXHOM IIOKpOBE ITyTEM H3MEPEHHA C CaMoJIeTa €CTECT-
BCHHOTO raMMa-H3Ty4CHUA MOYBBL. METOX OCHOBAaH Ha ONpENENICHHH OC-
nabneHus CHEXHBIM MOKPOBOM T'aMMa-H3Ty4CHHs 3EMHOH MOBEPXHOCTH.
CyMMapHBIil 3amac BOJIbI B CHEre OINpelesfercs IO PasHOCTH YpPOBHEH
ramMMa-TiojiA OCEHBIO (IO BBINAZICHHA CHETa) H 3HMOI NPH HAJTHYHH CHEX-
HOTO NOKPOBa.
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B paifoHax ¢ yCTOHYHBBIM 3aJICTaHHCM CHEXHOT'O MOKPOBA NMOIPEIHO-
CTH OIpeIeNicHHS 3araca BoIpl B cHere 3THM MetonoM B 80 — 90 % ciryuaes
He npesbimaoT 10 %. B 6accelHax, rie 0TMEYAIOTCA OTTENEIH, BCICACT-
BHE HEYYCTa H3MCHEHHMSA BJIOXHOCTH BEPXHHMX CJIOCB IIOYBHI, NOAOOHas
CHCMKA IaeT 3aBhILICHHbIC 3HAYEHHS CHEr03anacos.

O dexTHBHOCT NIPUMEHEHHA TaMMa-CbEMKH OTIpENENACTCA YCTOMH-
YHBOCTbIO ramMMa-(oHa NOYBCHHOrO MOKpoBa. IIpocTpaHCTBCHHO-BpE-
MeHHasd W3MEHYMBOCTbh raMMa-()oHa CBf3aHa C pa3jIMYHEM B MEXaHHYe-
CKOM COCTaB€ II0YBOIPYHTOB M CTEINICHH HX YBIIAXKHEHHS.

PesynbraThl M3MEpPCHMS BJIaroCOJACPXaHHi CHEXHOTO [OKpOBa
C MOMOUIBI0 AMMAa-ChbEMKH HCIIOJIb30BAIIMCH MIPH COCTABICHHU JIONTO-
CPOYHBIX MPOTHO30B CTOKa MOIOBOABA B 6acceliHax pex CesepHoii JIBH-
HbI U cpeaxero TeyeHns OOu.

JUit paga Bogoc6opos necHoi 3oubl ETP ycraHoBneHa gocraTodHo
TeCHas CBSi3b MEXIY YPOBHEM raMMa-HOJIA, U3MCPEHHBIM OCCHBIO, H
PEYHBIM CTOKOM. YPOBEHb raMMa-Nojis B JaHHOM CIIy4Yac OTPaXaeT yB-
naxHeHHOCTh BepxHero (30 — 40 cM) ciog mo4Bbl. OTO MO3BOJAET HC-
[OJIb30BAaTh HAYaNbHBIH YPOBEHb raMMa-TIONA B KayecTBE XapaKTCpH-
CTHKH N0TEPH [IPH [IPOrHO3UPOBAHHH BECEHHETO CTOKA.

IorpemHoCTh BLIYUCIICHHA CPEIHEro 3amaca BoAbl B GacceifHe mo
JAaHHBIM HM3MEPCHHUH Ha OT/EIbHBIX MapIIpyTax CKIAAbIBacTCA M3 MO-
rPELIHOCTEH M3MEPEHHUS BBICOTHI U INIOTHOCTH CHEXHOIO MOKPOBa U OIl-
peaensercs no gpopmyJe

2 _ = 2,722
s =p. 0, th'o,, (7.5)
rae p, 4 hc — COOTBETCTBCHHO CpPCAHHUE NMOTHOCTL M BBICOTA CHEra Ha

Y4acCTKE CHETOCHEMKH; Gg — CPE/HAsA KBaJpaTH4ecKas HOrpeiHOCTb Bbl-
YHCIICHHUS CPCIIHETO 3anaca Bojbl B 6acceiiHe; o, H G, — Cpe/IHHC KBal-

paTHYeCKHE MOTPEIIHOCTH CPENHMX 3HAYEHHMH BBICOTHI M IUIOTHOCTH
CHEXHOTO TIOKpOBAa. B 1eHCTBHTENPHOCTH MOTPEINHOCTH BBIYMCIEHHS
CPEJIHErOo 3amaca BOJbl CHEXHOT0 NOKpoBa B 6acceiHe BhIINE, YCM Ha yua-
CTKaX CHETOCBCMKH, M3-32 HEPElPE3CHTAaTHBHOCTH YYaCTKOB CHCMKH H
HEJIOCTATOYHOH CETH CHEroMepHbIX MyHKTOB. Ha morpeuinocts Biuser
TaKOKE CTCNEHb HEPAaBHOMEPHOCTH 3ajlcraHMsA CHera Mo IUIowajy Gacceit-
Ha. CpenHsas kBagpaTHyeckas NMOrpeiuHocTh (B %) BBIYMCICHHS CPEAHCTO
3araca BOJbl B CHere NpuOIHKEHHO OLIEHMBACTCS TIO BBIPAKEHUIO
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C,
oy :7‘_—100%, (7.6)

n

3nech C, — k0o dHUIHCHT BapHaluy cHErosanacoB B GacceiiHe; n — unc-
JI0 IIyHKTOB U3MEPCHUH.

Koodpuuuenr sapuaiiiny 3anaca Bo/ibl B CHOKHOM IOKPOBE BO3pac-
TAcT C YMEHBILCHHEM CHEro3anacos. B cBA3M ¢ 3TUM NOTpeLIHOCTH ON-
peIesicHUs CPEXHEro 3araca BOJIbI B 0acceiiHax pek JIECOCTEIHON U
CTENHOH 30H OyHyT 3HAYUMTEIILHO BBILIC, YeM B HaccelHax pek JCCHOH
3oubl. Heobxomumo umers B BHAy, yto ¢opmyna (7.6) npuMeHuMa
B YCJNOBMSIX OTCYTCTBHUS KOPPCISIIMOHHON CBA3M MEXIY 3HAYCHHSAMH
3ariaca BOJ/Ibl B cHEre Ha ctanumsix. [Ipu Hamuuuu Koppensuuu Mexmy
M3MEPCHHBIMH Ha CTaHIIMSIX CHCro3amacaMH onpcaenseMsie no gopmyne
norpemtocTH Oy,lyT 3aMCTHO 3aHvxeHbl. bonee crporuii cocob pacye-
Ta norpeuHocTel paccMoTpeH B pabore [51].

7.1.2. Ocadxu 3a nepuod no10600va

B nepuon gopMupoBaHHs IOJIOBOARS BbINAJAIOT TBEPALIC H XKUI-
kue ocanku. Mx Biusinue Ha 06beM BCCEHHEro CTOKa 3aBUCHUT HE TOJIBKO
OT KOJIMYCCTBA, HO U OT BPCMCHU BbIIIAJICHHS 0caakoB. Jlejio B TOM, YTO
YCIIOBUA BOJIOMOINIONICHUSA OCAJIKOB PE3KO H3MCHAKOTCA MOC]E €X0Ha
cHera u orrauBanus nousbl. [IooToMy ocanku B facceiiHax ¢ 3alecCeHHO-
crelo He 6once 30 % yuuThiBalOTCH 3a [Ba 1epuona GOPMHPOBaHHS MO-
noBo/bs. [IepBBIH MepHo;l — OT IaThl HACTYIUICHUS MaKCHMANBHbIX CHeE-
ro3anacoB JI0 CXOa CHera B MOJIE M BTOPOH — OT JaThl CXO/a CHera B
noje [0 OKOHYaHWs nojgoBoxbs. Ilocnc cxona cHera M pasmep3aHus
HO4YBBl 3HAYUTCIILHO MOBBILIACTCS HCMAPEHHC M BIMTHIBAIOILAS CIIOCO0-
HOCTb 104Bbl. 1loTepH XHMIKHX OCa/JKOB Ha CraJc MOJIOBOAbA BO3pacTa-
10T, H MX BKJIaJ B GOpMHpOBaHHE 00bEMa BCCCHHETO CTOKA MOHMXKAETCA.
B 6acceifnax ¢ 3anecenHocTbio 6onee 30 % npu noacyeTe KOIMYECTBA
OCajIKOB OT/CJBHO Ul IUIOIIAJM, 3AHATOH JICCOM, IPAHULEH MEXIY
3THMH [ICPHO/IaMH ABJISICTCS JaTa CXOJa CHera B Jiecy. JTa JaTa MOXeT
ONpENENATLCA 1PUOIHXCHHO [15] N0 BpEeMEHH HACTYIUIGHHs MaKCH-
MaJIbHOI'O pacxojia [10JIOBO/Ibs Ha pekax omaapio 10 — 20 Toic. kv’

OxcliepuMeHTaNbibie BOAHO-6anaHcoBble HccneaoBanus [ocynmap-
CTBEHHOI'O TMAPOJIOTHYCCKOTO MHCTUTYTA ITO3BOJIMIN YCTAHOBHTDH IICPH-
O, B TEUCHHE KOTOPOro OCaJIku aKTUBHO YYacCTBYIOT B GOPMHpPOBaHHH
BCCCHHErO0 CTOKa. B ceBepubIx palOHax BLICOKOH YBIaXKHEHHOCTH
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¢ HOpMOit r0I0BOro cToka B 10 — 12 1/(c-kM”) 0CaIki HEOOXOAMMO yUH-
THIBAaTh 32 BECh NEpHOJl NonoBo/AbA. B siccHOH 30HC B GOpMHpOBaHMH
CTOKa OCHOBHYIO POJib HIPalOT OCaJKH, BBIIIABLIHE [0 CX0/1a CHCra B Jie-
cy. B ocranenbix paitonax ETP ¢ obnecennoctbio 6acceinos jio 30 %
nepHol CToKoobpa3yloUMX OCagKoB 3aKaHYMBAcTCs NMpUMcpHO 4epe3 10
JHEH TI0CHIe CXOMa CHera B NHojie, TaK Kak B Teuchue dTux 10 aHelt Bomo-
HENPOHHIIAEMOCTb 1104B COXPaHSAETCA IPEKHEH.

M3MEHYHBOCTh KOMUYECTBA OCAJIKOB, AaKTUBHO YYacCTBYIOIUMX
B JOPMHPOBAHUM BECCHHCTO CTOKA, BCChMA 3HAYMTCAbHAS, O YCM CBUC-
TENbCTBYIOT 3HaYeHHs K02(GOHUHCHTOB Bapualuy 0cajixoB B 6acceitnax
pana pek, pacnonoxennsix B npejenax ETP. Koo duimentst Bapuauuu
ocagkoB X usmensorcs ot 0,38 ans p. 3anaguo# JIBumnbi y r. Jlayras-
mwic o 0,70 mns p. Benoit y r. bupck. Haubonbuiee konnyectso ocan-
KOB MOXET B 2 — 4 pa3a lipeBbllUaTh HOPMY, KOTOPYIO YacCTO HCIIONb3YIOT
NpH JONrOCPOUHBIX NMPOTrHO3aX BcceHHEro croka. llenccoobpa3Ho BbI-
TyCKaTh MPOFHO3bI B BEPOATHOCTHOM (HOPME: NP HOPME OCAIKOB X ,
npu 0,5X u 2.X . B 10CicayrouIeM IpoM3BOIUTCA KOPPCKTHPOBKA MpPO-
rHo3a o0beMa NoJI0BOABS, MYyTEM CONOCTABJICHHUA 110 JICKa/laM CHeroras-
HHS HaKTHYECKOro KOJIHYCCTBA OCAIKOB C MX HopMamH [15].

7.1.3. Ilomepu eecennezo cmoxa
CyMmMapHble NOTepH BeCeHHero cToka obo3HayuM P, Toraa u3 (7.3)
P=(E.vE,+E)t (411

Ilorepu BoJIbI Ha MClIapeHHE B NICPHOA (POPMHUPOBAHHUS NONOBOLbS
NPOHCXOAAT B OCHOBHOM C IOBEPXHOCTH CHE)KHOI'O 110KpOBa, C BOJIHOM
IIOBEPXHOCTH, C NOYBbI, OCBOOOAHBLICHCS OT CHEra, H 3a CYCT TPAHCIIHU-
pauun. Jonroe Bpems npeobnagano MHCHHE O HEOONBUIMX MOTEPSX Ha
HCIIapeHHe 3a BpPEMS CHEroTasHMS M HE3HAYHTCHBHOCTH HCHAapeHHs
C BOJHOH MOBEPXHOCTH PYCJIOBO#M CCTH B CBA3M C €€ MAJIOH HCIAPAIOLICH
nosepxHocThio. Mccnenosanus I'TH CBHAETCALCTBYIOT O BeCbMa 3Ha4H-
TeIbHBIX MOTEPSX BOABI HA MCIIAPCHHUE B NICpHOJ POpMUPOBAHHS BECEH-
HEro croka. IHTEHCHBHOCTH Mcnapenus CO CHEra B IICPHOL CHETOTASHUS
pasHa 0,40 — 0,50 MM/cyT. ¥ Mano u3MeHsETCs OT rojia kK roay. ITotepu
BOJIbl HA HCIApEHHE CO CHEra COCTaB/SIOT 5 — 20 MM JUIst JICCHO# 30HBI U
3 — 8 MM nns necoctenHo# U crenHoi 308 ETP. Unrencusnocts ucna-
PEHHS C BOJHOH NOBEPXHOCTH MO Mepe €XoJia cHera Bo3pactaer o 0,6
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- 1,0 mm/cyT., npubnmnxasich Kk ucruapeHuto ¢ noyssl. [focne cxona oc-
HOBHOH MacChl CHera HCIIapeHHC C BOJIHOM NOBEPXHOCTH COCTaBIAET
yxe 0,8 — 1,2 MM/CyT. ¥ BecbMa OJM3KO K HCIIapCHHIO C MOBEPXHOCTH
noussl (1,0 - 1,5 mM/cyt.). O6luee ucnapenue ¢ MOYBHI 3a MEPUOA C MO-
MCHTa IOIBJCHHS IIPOTATHH JI0 MOMCHTA IIOJHOTO OTTaMBaHMS MOYBBI
B JccHOM 3o0He 10 JiauueiM [T'U cocraenser B cpegnem 25 — 30 mm.
C yueroM IUIOIIAAH, 3aHUMACMOH B 3TO BPeMs CHEXHbBIM MOKPOBOM, HC-
HapeHUe C IIOYBBI COCTABUT B cpeareM 20 MM. B necocrenHoit u crenHoi
30HaX M3-3a MCHBLIMX CHEI03aIIacoB NepHo/1 HOPMHUPOBaHHS CTOKA MCHee
TIPOJIOJDKMTENBLHBIA U 32 OTO BpeMs IIOTCPH Ha MCIIapeHHE C MOYBbI CO-
crapmsioT 10 - 15 MM,

CyMMapHsIC [IOTCPU Ha MCHapeHHe Ha BOAOCOOpax JIECHOM 30HBI 3a
nicpuoyt GopMHUpPOBaHMs CTOKA paBubl B cpeaHeM 30 — 40 MM, gocturas
B OTAcNbHbIE okl 60 MM. Ha Bosioc6opax siecocTenHoit 30HbI cyMMap-
HOE MCITAPCHHC B CPC/THEM PaBHO 15 mMM.

ABTOpHI paboTh! [15] NpUXOAST K BHIBO/Ly O TOM, UTO B OTACIbHBIE
BCCHbl CyMMapHOC HCIIapEHHEC MOXET ObITh IVIABHOH COCTaBIAIOLICH
OBILIMX IIOTCPb TAIbIX BOJI HJIM UMCTh BCChbMa MaJIOC 3HAUYCHHE.

3ajiepxaHyc Tanod BOJIbI Ha MOBEpXHOCTH OacceiiHa, MO UcciacHo-
BaHUAM ['wjipomcTiicHTpa Poccuu, 0TMEYacTCs HE TOJIBKO B Pa3iHYHbIX
T10 fUIOLIA/IA U TIIYOHHE OTpHIaTelbHbIX GopMax penbeda, HO U B Kpyn-
HbIX HEKAIM!UIAPHBLIX 110pax BEPXHeEro ciiod noys. /laxe B yCAOBHAX XO-
pOUIO YBIAKHEHIIOH MCpP3JIOi MOYBBI YacTh TaloH BOABI YACPKMBaETCS
B KPYHHBIX 1I0pax BCPXHEI'O CJI0s 1104B. BCpXHUH Tpex-4eThIpex CaHTH-
METPOBBIH CIOH MOYBBI yJcpXxuBacT oT 5 10 15 MM Boasl. Kpome Toro,
Ha paje BOJOCOOPOB MMCIOTCS 3aMKHYThIE HH3HHBI, OECCTOUHBIC 03€pa,
npyabl, 60510Ta, KOTOPBIC TAKXKE SBISIOTCS OYaraMH 3alepiKaHusl TalbiX
JAOXICBBIX BOJI. MakcumanbHasi IIOBEPXHOCTHAs €MKOCTb NOHH)KEHUH
B OacceifHax pek BEYHOM MEp3OThI cocTaBiser okono 30 MM, B JecHOH
3one ETP ~ 40 MM, B cTenHoi 30He npy pacu/icHCHHOM penbede — 20 MM.

PesyneTarhl 9KCIICAUIMOHHBIX HceneaoBanuil ['TH nosronunu cae-
J1aTh BBIBOJI O TOM, YTO MHKpOpeibed NOBCPXHOCTH BOAOCOOPOB MOXET
TOJILKO BPEMEIIO 3ajICPXaTh Talble BOIbl. BpeMcHHas aKKyMyJsLHs
TaJIBIX BOJ1 CIIOCOOCTBYET YBEJIMYCHHMIO 3aM1acOB BJIArH B [IOYBOTPYHTaX M
IHTAHHUIO IPYHTOBBIX BOA. C yBCIMYCHHEM CMKOCTH MOHMXEHHH yBeENH-
YHBACTCA IIPOCAYMBAIHC BOJIbI, HO CHMIKACTCS IIOBEPXHOCTHBIH CTOK.
HausbiciuuMu eMkocTaMu obnanaer 3s6neBas nawmus (5 — 15 mm). Ilpn
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riybokoi Benaike (0o 40 cM) €oii 110BCPXHOCTHOIO 3aJICPXKaHMs yBe-
nuyuBaetcs 5o 20 — 30 M.

[MoBepXHOCTHOE 3aiepiKaHUC TANLIX BOJ B Oacceliax NMcCHOH 30HBI
BJIMSET JMIIb HA COOTHOUICHHC IMOBEPXHOCTHOIO M MOA3CMHOIO CTOKA.
ViMeeT MeCTO yBENHYCHHUC ITUTAHMS IIOJI3CMHIbIX BOJI, B TO XC BPCMA CyM-
MapHbIH CTOK MOJIOBOJbS NPAaKTHYCCKH HE CHHXKacTcs. B siecoctenHol u
CTENHOH 30HAX MOBEPXHOCTHOC 3alCPXKaiUC CYUICCTBCHHO CKa3blBacTCs
Ha (GOPMHUPOBAaHHM CYMMApHBIX 110TEDh TalbIX BOJI, ITOCKOJIBKY TPYHTO-
BbI€ BOABI U3-3a MX NITyOOKOro 3ajeranus 10YTH HC Y49acTBYIOT B (hopmu-
POBAHMY BECCHHETO CTOKa.

Hndunstpauus Bosl B OYBY / 3aBUCHT OT CICIICHH CC 8000NDOHU-
yaemocmu. Ilocnenuss onpenensieTcsi B OCHOBHOM BIIAXHOCTBIO H TJIy-
6uHOH npoMep3aHHsl.

H3MmepeHus BIAXHOCTH [10YBBl HaYanM [IPOBOJMTLCS Ha arpoMere-
OpONOrHYEeCKUX CTaHUMAX ¢ 1936 r. npecuMyNICCTBCHHO Ha NOJAX CEBO-
obopora B BererauuonHblii nepuon. C 1967 r. HaGmioncHus OCyUIeCTB-
JIAIOTCA B TEYEHHE BCETO roZia Ha NOCTOSHHBIX BOJHO-0aNaHCOBBIX yya-
CTKaX, PaclioNOXEHHbIX Ha 3aJICKU, B [10JIE U B JieCy.

Bnarozanachl ompeiesioT 110 AaHHBIM O BJIAXHOCTH H IUIOTHOCTH
NOYBBI:

W=Ugsp,h/10, (7.7

rac W - Bnaroszanac, MM; Us — BI@XHOCTh €110, % OT Macchl CyXoro
BCILECTBA; Py - MIIOTHOCTH TOYBBI B TOM XC CIo¢, I/cM’; A - TonuMHa
CHOS MOUBBI, CM.

3anac Boabl onpesenseTcsa i Kaxjioro 10-cautuMcTpoBoro cios,
a 3aTeM CYMMHpPOBaHHEM BBIYHMCIsieTCs Biarosamac B cnoc 0 — 20, 0 —
50, 50 - 100, 0 — 100 cm. Hcnonb3yiorcs M jJIpyruc XapakTCPUCTHKH YB-
JIaKHEHHA MOYB; 3arac NPOAYKTHBHOW BJIard, paBHBIA Pa3sHOCTH MEXIY
ofmuMM BiIarosanacaMH M TCM 3allaCoOM, KOTOPBIH COOTBCTCTBYET
enaxcHocmu 3aeadanus (B3). TlocnenHsas XapakTCpH3yeT BJIaXHOCTb
MOYBBI, PH KOTOPO# MPOYHO CBsi3aHHas BOJIa CTAHOBUTCS HEJIOCTYIIHOH
ans pacreruil. [llupoko ucnonb3yercs B KaYCCTBE XapaKTCPUCTUKH YB-
JIaXXKHEeHHs MOYBbl HAMMCHbIAs (110NeBas) BnaroeMxocts (HB).

B teueHue rona 3anacel Bjard B [I0YBE [HOJABCPXKCHBI 3HAYUTCIBLHOM
H3MeHuynBoCcTH. Haubonpuias M3MCHYMBOCTHL 3alacoOB BiarH B IOYBO-
IpyHTax HabmoaaeTcs neroM. B 3acylumMBhIC I'0OJibl B BCPXHEM CJIOE
IIOYB BJIaroCOAECPHAHHE MOXCT CHHXKATHCS JIO 3HAUCHMH BJIAXHOCTH
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3aBsiialusA, BO BJIAXHBIC — JIOCTHracT 3HaYeHHH HavMEHbIIEH BnarocM-
KOCTH. AMIUIMTYa koncOaHMi 3amaca BjiarM B METPOBOM CIIO€ MOYBBI
MoxeT cocTaBiaTh 120 — 150 mum.

OceHpi0 OTMCYAETCS YBENUYCHHE 3alacoB BJArd M K Hayaly 3MMBI
B METPOBOM cJioe noyBbl B 70 — 90 % cnyyaeB OHM AOCTHraloT 3HaYCHHUH
HauMEHBUICH BJIarOCMKOCTH B CCBCPHBIX, CEBEpO-3aMaJHbIX M CCBEPO-
BocTouHblx paiionax ETP; B 70 — 80 % — B roro-3anaansix 1 B 40-50 %
— B KOXKHBIX U JOr0O-BOCTOYHBIX.

3uMoii 3a11achl BJIard B IOYBE YBENHYHMBAIOTCA 32 CYET BOCXOISALICH
Muzpayuu 61azu W orTencned. MurpauMs Bnaru nNpoMCXOJUT MOA BO3-
JNEHCTBUECM TIPaJHEHTOB TEMIIEpPaTyp MO ITyOMHE MOYBBl M JABJIEHHA
MUICHOYHOH BNard. I'paguenTthl TemmepaTyp oO0yCIOBIMBAIOT BOCXOAS-
uiee JBMXCHHC apoobpa3Hoil ¥ MIICHOYHOH BJIarM M3 TEIUIBIX CIIOEB
DOYBbI B BCPXHHE mNpoMcp3aatoime. Haubonee HHTEHCHBHO nepeHOC
TUICHOYHOH BJIard IPOHMCXOAHMT B TOHKOAHCIEPCHBIX TPYHTaxX (IJIMHBL,
CYIIIMHKH). B KpyIIHO3EPHUCTHIX Cpefax (NecKH, CynecH, JECHbIC MOYBbI
— TOpHU30HT A) IlepeHOC IUICHOYHOM Biard BecbMa cnabsiii. [Ipoueccy
MHIpaIMH BJIard cnocoOCcTBYyeT 6aK3Koe 3aneraHue rpyHTOBBIX BOJX, KO-
TOpBIC BOCIIONHSAIOT yOblnb 3amacoB Biaru, NEpeMeniaiouieics B BepX-
HHE CIIOH TI0YB.

OucHka MUrpaiMy B CCTECTBCHHBIX YCIIOBHSAX NPEICTaBIACT BECh-
Ma cloxHy10 3anayy. [To mauubM [15], ce 3HaYeHHEe CHIBLHO H3MEHSETCH
10 TCPPHTOPHH OT I'0/1a K FOAy B mpeaenax ot 5 no 70 mM. bonee 3na-
YUMO YBCJIHYCHHMC 3alaca Bjlal'd B [OYBe 3a cuyeT ommeneneu. [1oBTo-
PsIEMOCTb OTTCHEICH C CyMMapHBIM CIIOCM BOIOOTHAYH M3 cHera 15 mm
HauOospluas B 3amagHbIX M IOro-3anajgHnix paioHax (80 % Bcex 3uM),
B CCBEPO-BOCTOUHBIX H BOCTOYHBIX palioHax oHa cHixkaercs no 20 — 30 %.
3anacel Blard B METPOBOM CJIO€ NOYB 3a CYET OTTEHeNei MOryT yBelH-
yupathcs Ha 20 — 150 Mm.

IMpocTtpaHCTBCHHAs M3MCHYMBOCTH BJIarQ3amnacoB MOYBLI HMeEET
GosbLIOC 3Ha4YCHHE 1IpH (OPMHPOBAHMH IMOTEPh TAIbX BoA. M3smeHuu-
BOCTb IO TUIOLIAJAH BIAaro3anacoB B MOYBOTPYHTAX OINpeleNiseTcss BOJHO-
GU3MUECKMMH CBOMCTBaMM 110YB, YPOBHEM 3alIcTaHKA FPYHTOBBIX BOI U
HEPaBHOMEPHOCTBIO BbINAACHMA 0CaAKoB. [Ipy OHOPOAHOM COCTaBE MOY-
BOIPYHTOB M OONBILIOH MX YBJIQXKHEHHOCTH M3MEHYMBOCTH BJIAro3anacoB
LUl CYTIIMHKOB, CYHCCEH, IICCKOB Ha BOJOcOOpax necHON 30Hbl HE3HAYH-
TENbHA M XapaKTCPH3YyCTCA KOJI(D@HUUMCHTOM BapHaluH, paBHeiM 0,09.
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IMpu cMemIaHHOM COCTaBe MMO4YBOIPYHTOB W3MCHYHMBOCTL BJIAr0o3ariacos
yBenuuusaercs (C,= 0,25 - 0,34).

Mexay cpeaHumy Biaro3arnacaMy B noyse (0OLIMMHU U IIPOTYKTHB-
HbIMH) U K03Q(QHUMCHTOM BapHalHMHM BbIABJICHA [OCTATOYHO 4YCTKas
cBa3b. Hanuume 3T0¥ 3aBUCHMOCTH yKa3bIBacT Ha TO, YTO CpEAHCE s
BofocOOpa 3HaueHHE 3amaca BJard B IIOYBC CIYXHT 110Ka3aTClICM ec
pacnpeiencHds no miaomwanay. M3MeHYHBOCTH BHaro3anacos, ONM3KHX
k HB, orHocHTensHO HebGonswas (C, = 0,20 — 0,30). na BogocGopos
BepxHero JloHa ycTaHOBNIEHa TEPPUTOPHANIBHO 00LLIAs 3aBUCUMOCTDb JO-
a4 mwiowanaM BogocOopa Af ¢ BnarosanacaMu, paBHeIMH Unu MeHee 0,7
HB, ot cpennux Ha Bogoc6ope 3HaYCHUH BIaro3anacoB METPOBOro CJIOS
noyBbl. OTO MO3BOJACT OMPEACNATb JOJM IUIOHIA[M, 3aHATHIC CYXHMH
1M cnabo yBIaXHCHHBIMHU TOYBAMH.

JU14 DpOrHO3HpOBaHHA BECEHHETO CTOKa HaMOONbIUMH HMHTEpcc
IpE/ICTaBNIACT 3HaHHUC 3allacOB BJIArM B [OYBE K Ha4dally CHEIOTasHHMS.
K coxanenuto, 6onsiuas 4acTb H3MCPCHHH BJI@XXHOCTH HOHBBI IIPCKpa-
waercs B cepeAuMHE—KOHUE OKTAOpsa. llonTomy orclika 1penscceHHEH
YBJIQXXHEHHOCTH I104BbI IIPOU3BOAMTCA 110 JaHHBIM O BJI2XKHOCTH MOYBbI
B KOHIIE OCCHH.

OcCHOBO# npubAMKEHHOrO BBIYMCIICHHS BJIaro3arnaca B MOJXyMCTpPO-
BOM CJIO€ [OYBB! ABISCTCS YPAaBHCHHE BOJIHOIO OanaHca 3Toro cnos:

W =W,+(X-E), +m, (7.8)

rae W, u W, — 3anacel Biaru B cnoe 1ouss! 0 — 100 wim 0 — 50 cM coort-
BCTCTBEHHO Ha Hayalo ¥ KOHCI pacycTHOro ncpuoma, mm; X — cioi
0CaJIkoB, MM; E — cymMMapHOE HCniapeHHe, MM; m — JOTIONHUTENbHOE YB-
JIOXXHCHHE MOYBBI 33 CHET TasHUSA CHEra BO BpCMsA OTTencicH, Mm; T —
HpOJOJKHTENBHOCTD pacyeTHOro nepuoia, pasias 60, 90 unu 120 cyT.
TouHocTh pacucra Bnaro3samnaca no gopmyse (7.8) Bo MHOroOM 3aBH-
CHT OT TOYHOCTH ONPEACNCHHS cyivapnozo ucnapenus. Henocpeict-
BCHHEIE M3MEPEHHs CYMMApHOTO HCIApCHHs C IOMOLIbIO BECOBBIX MC-
napHuTeeH BCOYTCS Ha OrpaHMYCHHOH CCTH BOMHO-OaJIaHCOBBIX CTaH-
uui. ITo aToH mpuymHe AN pacyera CYMMapHOIO UCHApeHHs Ipeaso-
XEH pall cnocoboB. B kauecTBC HCXOMHBIX JAHHBIX HCIOJB3YIOTCS CBE/C-
HHS O HaYaJIbHBIX 3aM1aCax BJIard B MOYBC, KOJIMYCCTBE OCA/IKOB, HCI1apsie-
MOCTH, TEMIIEPATYpPE H BIaXXHOCTH Bo3xyxa. [Tojipobro crocobwl pacuera
CYMMapHOT0 HCIIapeHHs paccMaTpHBaioTcs B Kypee «I'napodusukay.
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B kauecTBE KOCBCHHOrO [10Ka3aTeld YBIOKHCHHOCTH BOJOCO0OPOB HC-
MOJIB3yETCA PAa3HOCTh MCXKJTY CyMMOH 0CaakoB M HcnapeHHeM (X — E) 3a
40, 60, 90, 120 cyT. 10 YCTaHOBJICHHS YCTOHYHBOIO CHEXHOIO OKPOBA.

[Mpennonaractcsi, 4TO Ha HA4ajJ0 pacycTa 3amachl BJark B MOYBE U3
roza B roji M3MeHAIOTCA He3HauuTeabHo. OnHako nonobHoe JonyiueHue
omnbouno. [ns paitona IJHO Ha 1 aBrycta ammiautyna konebanus 3a-
NIacOB BJard B METPOBOM CJIOC ITOYBHI I0cTHraeT 150 MM.

Jlpyroit KOCBEHHOH Xa- g,

By ago MY —

PAKTCPUCTHKOH  YBNAXHCH- >
HOCTH BOJIOCOOpOB JeECHOR
30HBI MOKCT OBITH CTOK 3a
OCCHHE-3UMHHIA NICPHO/L.
OccHHe-3MMHUMHA  CTOK  Xa-
PaKTEpU3yeT CTCIICHb HAachbl-
ILEHHOCTH BJArol mno4BO-
TPYHTOB M 3amHachl I'PYHTO- 200 A
BoIXx BOA. Mus p. 3anmanHoit - aob>
JIBuHBl ycraHoBNEHA IIpH- /7../
OnmvKeHHasn 3aBMCHMOCTbD 0
MEXJy 3allacamMd BJarM B

-
U
. -~

o1

S 220 wm

100 | AW

METPOBOM C/OC NOYBOTPYH- Puc. 7.3. CBs3b MeXIy 3anacaMy BJIarH METPOBO-
T'O CI105 IOYBOTPYHTOB, U3MEPEHHBIMH B KOHLE
TOB Ha KOHeIl HOsOps Wy u HOAOpPA Ha [ONEBLIX YYACTKAX PEKH, H CTOKOM
CTOKOM 33 OCEHHE-3UMHHH  3a ocenne-3uMHuit nepuon. Bacceitn p. 3ananuas
uepuon Yix-; (puc. 7.3). Jlsuna crBops! Jayraenuic U Exabnunc

B KauecTBE KOCBCHHOLO (no ranHBIM KpecToBckoro). }
Iludps! y TOYeK -- rOX BECHBI, MyHKTHPHOH JTHHU-
TIOKa3aTcNA  yBIXXHCHHOCTH cif OKOHTYpEHbI CpelHye KBaApaTHYECKHe 110-

BOJ0COOPOB MCIIONB30BANACh  IPEUIHOCTH ONpE/ETeHHs CPEAHETO 3aMaca BIIaTH.
TAKXKC XapaKTCPHCTHKA Ha-

YaJIbHOI'0 YpOBHs raMMa-I1oJisi f;, . YcTaHOBJIEHA 3aBUCHMOCTDb 3aMacoB
o

BJIard B METPOBOM CJIO€ NO4BbI B KOHLE OKTA6pa Wy, .. OT ypoBHA

raMMa-Iosisi, MK3MEpEHHOrO A0 YCTaHOBICHHS CHEXXHOIO MOKpoBa (puc. 7.4).

BogonornorutensHas cnoCoOHOCTH MOYB B NEPUOA (POPMUPOBAHHS
BECECHHEI0 CTOKAa ONpEJIeNsIcTCsl HE TONbKO BAXHOCTBIO, HO U 21y6uHod
npomepsanua. llokasarencM CTEHEHH NPOMEP3aHUs MOYBLl SABIAETCA
TeMrepaTypa ce BEpXHHX ropU30HTOB. M3MepeHus riybunsl npomep3a-
HHS NOYBbI Ha CETH MCTCOCTAHUMH IyTeM 1IypQoBaHHs HAYalIHCh B Ha-
wei crpanc ¢ 1936 r. C 1956 r. rmybuna npomMep3aHust onpe/cnseTcs
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C IIOMOLUBIO MEP3NOTOMCPOB. Pazmu-

\2 9Me B JIaHHBIX ONPCJIENICHUS 110 BYM

940 A METOJaM COCTaB/ISIET B CpCUHEM 5 —
13N 15 cm. Mepsnoromepbl 3aBBIIAIOT

90 75 riybuny 1npomepsanus, OCOGEHHO
020 X IIPY YMEHBIICHHH BAXHOCTH TOYBBI.
- \ Ha Espoueiickoit Tteppuropuu
910 . Poccun riryGuHa npoMcpsanust 104Bb
\7‘7 BO3pacTacr C 3aia/la Ha BOCTOK U C 1ora

N e, 118 CeBep. Cpenusist rirybuna npomepsa-

HHUS NOYBbl Ha OTKPBITHIX y4YacTKax B
Puc. 7.4. 3aBHcHMOCTE HauQTbHBIX  3ANAJHBIX paitoHax cocrarisier 40 - 50
YpoBHeii raMma-nozia P, OT 3amacos  CM, B BOCTOYHbBIX 80 — 100 cM. B rox-

BJ1ary B METPOBOM C10€ TIOYBbI HbIX paioHax cpeiuss rayOuHa rpo-
B KOHIIE OKTAGPA Ha NoIeBbIX yuacT-  MCP3aHMA Ha 3anaje paBHa 30 — 40 cu,
kax Bogoc6opa p. Cyxous! 10 Mcpe IPOJIBUXKEHHA K BOCTOKY OHa

(o nauHbIM BepummHuHOM).

BCJIIMYUBACTCA J10 60 cm.
Lindps! y TOuEK - rof OCCHH. y

I'nybuna npomep3aHus HOYBBI
NpH HaTMYHH TEMIEPaTypHOro npoduiis yCTaHaBIMBAETCs 110 HYNEBOH
H30TEpMeE, TI0 JAHHBIM O TEMIepaType NouBkl Ha rny6unax 0,2; 0,4; 0,8;
1,2 M. B npoMe)xyTOYHBIX FOPH30OHTaX TEMIICPATYpPa HIOYBOIPYHTOB OIl-
penensercs mo uHTepnonasuuu. OTMeuaeTcss JOBONBHO TeCHAas CBA3b
Mexay cperHed Ha BofocOope riryOuHONH NpoMep3aHus i TEMIICpaTypoi
BCPXHHX FOPH3OHTOB MOYBLI.

I'my6buna npoMep3aHMs MOYBBI B MOJC M JleCy pasnuyHa. B secy
cpenuss riyOuHa nmpoMep3aHus Ha 15 — 25 ¢M McHbLIC, 4eM B II0JIC,
a MakcumaneHas B 1,5 — 2 pasa mmxe. Habmoncnns 3a rnybunoit npo-
Mep3aHHs [OYBBI B JICCAX Ha BCeit cCTH cTaHUMH He npoussoaurcs. [o-
3TOMY CPEIHIOK [TyOHHY IIPOMEP3aHHs MOYB B 3aBUCHMOCTH OT BHO-
BOrO COCTaBa Jieca PCKOMCHAYETCS OIpPEACNATh 110 IiyOuHe mpomMep3a-
HHS NOYBBI B 1oyie. DTH PEKOMCHAALUMH yCTAHOBJICHLI Ha OCHOBC JIaH-
HBIX MHOTOJIETHHX HM3MEPEHHH rinyOMHBI IPOMCP3aHUS B IIOJIC M JIECY
B baccetinax pex Jlona, Barku, llenonu, Mockssl, IloaMockoBHO#M Boa-
Ho-6anancoBoH cranuuH u Banpaiickoro dunuana I'TH.

Ha rny6GuHy npomep3aHus MOYBBI OKa3bIBAIOT BIMAHUC MEXaHHYe-
CKHif cocTaB MOYBHI M 3anac Bnark B HeH. Cpenmioio rny6uny npomep-
3aHMA [MOYBBl MOXHO paccuutarh 1o Mcroauke H.B. Cokonosoii. CyTts
¢e 3aKoyaerca B caeaywomeM. [leppoHayanbHo 110 CyMMC CpenHene-
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KaJHbIX TCMIIEPATYp BO3XyXa M CpPEIOHEH BBICOTEC CHEra Ha KOHEI pac-
YETHOrO MEPHO/IA ONpenesieTcs rmyOnHa npoMep3aHus MOYBHI, YBAAX-
uennoi go craguu HB (L,;). 3atem BBoguTCs nonpaska ALy Ha CHHXe-
HME MIM yBEIMUCHHUE IIMyOMHBI NpOMEp3aHHs 3a CYET Y4Y€Ta BIaKHOCTH
nouyBsl, KOTOpas ObUla K Hayany 3uMbl. MeToauKa I103BONSET Ompeae-
nuTh Ha MOOYI0 JaTy 3UMHEro nepuoja CpeaHIon riryOuHy npomepsa-
HMA B [IOJIE, B JIECHOM M NecocTenHyoii 3oHax ETP.

IIpocTpaHCTBEHHAas HM3MEHYHMBOCTh I'TyOMHBI IPOMEP3aHHS NOYBHI
00yCJIOBIEHa HEDABHOMEDHBIM 3aJic- L ow
raHMeM CHera, HEOAHOPOAHOCThIO 40
MOYBEHHOTO M PaCTHUTENBLHOrO IIO- \
KpOBa, KIMMAaTHYECKHMM YCJIOBHS-
mu. [To aToi npuuuHe B Oacceiine
peku Bcerfa HMEKOTCS TMJIOLaaM C
TaNBIMH M Cla0ONPOMEP3IHMH M0Y- 149

AN

\
Bamu (L < 20 cM), XOpoIo BIWTHI- \ \
BAIOLIUMH Tajbl€ BOXbI. YCTAHOBHTL 80 \\\\go
HATHYHE TAKHX Mow@pel mossons-  F\\IN_ \w\\
I0T KpuBBle obecneucHHOCTH riy6u-  * \ oo |
Hbl IPOMEpP3aHHs MOYBBI 1A JaHHOM N ) N
N

IS,
IUIOIIA/A B 3aBUCHMOCTH OT CPEIHEi N
rnybudsl npomepsaHus (puc. 7.5) N
Brepssle 1ogo6Heie KpuBbie ObuIn ~
nocrpoersl B.JI. Komaposwim [32],
KOTOpPBIH CHYHTal BO3MOXHBIM HC-
NONB30BaTh HX B KaYeCTBC THIIOBBIX
B CTEIIHOM U JIECOCTENHOM 30HaX.
B TeyeHHE HECKONBKHX JIET
B Oacceiinax Bepxnero Jona u Bsarkun I'TU nposoaunocs usyuenue
NPOCTPAHCTBEHHOH M3MEHYHBOCTH IITyOHHBI POMEP3aHHS IOYBHI U 3a-
[1acoB BIarH B Heil. B pesynsrate HccnenoBaHUM 1OJy4eHa TEPPHUTOPH-
aIpHO 00Ias 3aBHCHMOCTh Koddduuuenra Bapuanuu C, riyOuHbI npo-
Mep3aHus CYNIHHUCTBIX NOYB OT CPEAHEro 3Ha4yeHus NTyOUHbI IpoMep3a-

Hus Ha BosiocObope L B moje M Jiecy Jijia JIECHOH U ecocTenyoit 304 ETP.

Taxum oGpa3som, cpesnss mo BomocGopy rayGuHa mpoMep3aHus
NOYBbl OJJHOBPEMEHHO XapaKTEpPU3YeT ee paclpefelieHye MO MIOLIaAU
BoJoc6opa.

N\

15 N

0 0.2 04 0.6 08 1or

[X
=3

N/

Puc. 7.5. Kpusble obecniedeHHOCTH
TIyOHHBI NPOMEP3aHUsA NMOYBbI OT Cpel-
HETO ero 3HaueHHs MO IIoAIH.
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ITo maTepuanaM MaccOBLIX ChEMOK ITyOHHBI mpomep3aHus B 6ac-
ceiine p. JoHa nony4yeHa 3aBUCHMOCTD JOJIM IUIOMany Bofocbopa AF ¢
TanbiMy U cnabonpomep3wnMu (L < 20 ¢M) CYrIHHUCTHIMHU TIOYBAaMHU OT

cpenHeit Mo MuIowanyu ry6uHb poMep3anus noussl L s mecocren-
Ho# 30HbL. [Ipu cpenHen Ha Bogocbope riaybune npomep3anus 60 cMm u
Gonee ydacTku co cnabonpoMep3IIMMH TUTOIIAIMH OTCYTCTBYIOT.

[1y6uHy npoMep3aHus MOYBBI IPH OTCYTCTBHH NAHHBIX H3MEPEHHH
MOXKHO PacCUMTHIBaTh M IO SMIHpHYECKHM ¢opMynaM. B kayecTse ap-
TyMEHTa OOBIYHO MCHIONB3YETCA CyMMa CPENHHMX JCKAIHBIX 3HaYeHHH
OTpMLATENBHON TEMIEPaTyphl BO3TYXa O, 3a MEPHOM OT Hayala MOpO-

30B A0 pacqemoﬁ JaThbl ¥ TOJIHHBI CHEXKHOT'O MMOKPOBa h:

L =f[$5ipc (h)i],

rJe IIOTHOCTD CHera p, = exp (—0,039A).

B I'TH paspaboran 6osnee neTanbHbIH METOL pacyeTa rimyOHuHbI PO~
MEp3aHHs NOYBLI C MCHONB30BAHUEM METEOPONIOTHUCCKUX AAHHBIX U JaH-
HBIX O BOIHO-(PHU3MYECKUX XapAKTCPUCTHKAX MOYB. DTOT METOL Y4HTbIBA-
€T TEeIUIOBOE B3aMMOJEHCTBHE BOABI C MEP3JIOH MOYBOH K MO3BOJET yC-
TAHOBHUTb KPHUTEPHH BOJOHENPOHMIIAEMOCTH JUIA Pa3HbIX IO THITY H Me-
XaHW4YeCKOMy COCTaBy NouB. Temnogusuueckuit memoo HAeT BO3MOX-
HOCTb OLICHUTH MOTEPH TAIBIX BOX Ha HHQWIBTPALMIO B MEPIIIYIO [TOYBY.

BogonornoturensHas crnocoOHOCT, pedyHbIX 0aCCEHHOB 3aBUCHT OT
MOIIHOCTH W OTHOCHMTENbHOM MIOIAAH PaclpOCTPaHCHHA 8000Henpo-
HUYAEemMOo20 CN0s B MEP3IION Mo4Be. JTOT C/oH oOpasyercs B Hayane 3u-
MBI B pe3ynbTaTe OBICTPOrO NMPOMEP3aHUs NEPEYBIAXHCHHONW C OCCHH
NOYBBI H MOXXET COXPAHATHCS BCKO 3UMY, OTTaMBas TOJIBKO IOCJIE CXOZAa
cHera. MoLHOCTh BOJZOHENPOHHLAEMOTO CJIOS XOPOLIO YBJIAXKHEHHBIX
NOYB HAXOOHUTCA B MPAMOH 3aBHCHMOCTH OT IUIyOMHBI HX NpPOMEp3aHHA
HJIH OT CyMMB! CYTOYHBIX OTPHLATEIbHbIX TEMIEPATYP, PaBHBIX M HHXKE
—4 °C, Ha noy6une 0,1 M. Mexay rnyOuHOM npomep3aHus MOYBHI H
MOILHOCTBIO BOJOHENPOHHIIAEMOr0 CJI0S MMEET MECTO XOpOIIO BEIpa-
XeHHas 3aBHcHMOCTh (pHc. 7.6). [lpu rayOuHe npomep3aHus MeHee
30 cM u BnaxHoctu noussl HHxke 0,7 HB BomoHenpoHHLaeMbIH Ci10#
[IPaKTHYeCKH He 00pasyercs.
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OG6pazoBaHne BOJOHE- L cu
MIPOHMIIAEMOr0O CJI0si OTME4Ya- 160
€TCS TAKKE B MEPUOIBI 3UM-

HHX OTTENENeH H BECCHHETO
CHEroTassHHg NpH 3aMmep3a-
HHM TaJOH BOJBI, HNPOHH-
KaloueH B MEP3ITYIO NOYBY. 80

BrniepBbie Ha ponb Tel-
JIOBOTO B3aUMOAEHCTBUS 40
UHQHUIBTPYIOWEHCS BOIBI C
noyBoil obpaTHn BHHMaHHE

1

B. JI. KomapoB. OH ycraHo- 0 20 10 %0 80 MTow

BHJI 3aKOHOMEDHOCTH BIIH-

THIBAHHS BOJABl B MEP3JIbIE Puc. 7.6. CBs3b riry6HHBI IPOMEP3AHHSA NOUBb

ICCKU B 3aBUCUMOCTH OT HX € MOUIHOCTbIO PACHETHOTO BOZXOHENIPOHHLIAEMOTO
c08. Hudps! y Touek - roasl.

BJIOKHOCTH ¥ TCMIIEPATYPHI.

Tennodu3nucCKui MCTOI NMO3BOJICT PAacCYMTaTh yCloBHs 06paso-
BaHus, NTyOHMHY 3aJleraHus ¥ MOLIHOCTH BOJOHCTIPOHHLaeMoro cnos [15].
Meron yuuThiBaeT (a3oBble M1EPEXOAbl BIMTHIBAIOILCHCS BOAbl H OYBCH-
HOH BNIaru, KOTOpblE OKa3bIBalOT 3HAYMTENILHOE BIMAHME Ha IIPOLIECC HH-
bunpTpamu.

[Iponukaroias B MEp3lyl0 HOYBY IMOABHXKHAs BOAA 3aMep3aeT
B KPYIHBIX NIOpax, YTO MOXECT NMPHBECTH K MOJIHOH 3aKyIIOpKe BOJIOIPO-
BOJUILUMX NOp U 00pa3soBaHHIO BOJOHENPOHHMLIAEMOrO Ci10s. 3aMep3aHHe
BOJIbl COTIPOBOXKAAETCS BBIJIC/ICHUCM 3HAYUTEIBHOIO KOJIKYECTBA TENa,
KOTOpOE 3aTPayMBacTCs Ha OTTaWBaHHE YacTH IMOYBEHHOH BJaru: OTTaM-
BacT CBf3aHHAsl BOJAa B MENKHUX IIOpax, IIPAKTHYECKH HEMOABHXHAs
B npouecce MHGunbTpanuy. Takum o6pa3oM, TEIIOBBIC B3aMMOIACHCT-
BUS TAJIOH BOJIbI C MEP3JIOH MMOYBOH HE UMEIOT CYLIECTBEHHOTO 3HAUYCHHUSA
B ripoliecce HHPUNBTPALMH B KaWUIAPHBIX CHCTCMAX, JIMIIEHHBIX CBSI-
3aHHOH BoAb! (TMeckH), U HA0OOpPOT BeChbMa 3HAYUMBI IJISI TOHKOJMC-
NCPCHBIX NTOYBOIPYHTOB (IJIMHbI, CYTITHHKH).

Ilpu onpeneneHHsIX 3HAYEHUAX KPHTHYECKOH TeMiiepatypwl T, H
HayaJIbHOH KPUTHYCCKOH BIAXXHOCTH MEP3NOH nouBbl W, B mpolecce
HHQUIBTPaUUK 00pasyeTcs 600oHenpoHuyaemslti caou. B ocHOBY ycra-
HOBJICHHS 3THX 3HAYEHUH MOJIOXKEHO YC/IOBHE pPaBEHCTBA 3araca xonoja
B NOYBC M KOJHYECTBA TCIUIA, IPUHOCHMOrO NMPOCOYMBIUCHCS BOAOH U
BBIAEIEIEMOrO NpH €€ 3aMep3aHuUH.
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3anac xo0j04a B NMpoOMEp3LICH IOYBE, JIHIICHHON CBA3aHHON He3a-
Mep3IueH BObl, paBEH
0 = (cad + caWui) T (7.9)

rfe Cy U C, — TEMIOEMKOCTh NOYBBI H JIbAA COOTBETCTBEHHO; W, — Ha-
yaJibHass KPUTHYECKas BIAXHOCTb MOYBBI B JOJAX 00beMa; Ty — KPMTH-
yeckas TEMIEpaTyphl NOYBbI, JOCTATOYHAS JUIA IOJIHOH 3aKyIOPKH CBO-
OonHbIX TIOP.

KonxuecTBo Temna, npHHOCHMOro NMPOCOYMBILEHCA BOOH H BBIIC-
JIIEMOTO TIpH €€ 3aMEP3aHHH, ONIPEAEIAETCS O BbIPAXKEHHUIO!

0.=p.| P~ L wer), (7.10)
p

n

FA€ pp — IUIOTHOCTS JIBAA, Po6 — NOPHCTOCTDb NMOYBBI; L- YACJNIbHasA TE€N-

JIOTa INIABNEHHS JIBJAA; Cs — TEIIOEMKOCTDb BOABI; Ty — HayaJlbHast TEMIIe-
paTypa npocayuBaroueiicss BOIbI.

CosmectHoe peiuenue ypaHenuit (7.9) u (7.10) npusoauT k ¢op-
MyJIaM UL pacyeTa KPUTHYECKHX 3HaYE€HHH TEMIIEPATypbl H BJAXHOCTH
NOYBbI, IPH KOTOPhIX OTMEYAETCS MOJIHASA 3aKyIOpKa BOJOMPOBOMSILIX
nop B rpyOOAHCIIEPCHBIX ITIOYBOIPYHTAX:

o, o= o (L +e,T,)
P

T = 2 , 7.11
) Ca pc.n.cn qu ( )
Wn.x. - cnpc.n.T;( + B)G [pn (L + ca H )] ) (712)

L+c,T,—c, T,

B nouBax co 3HAYHTENBHBIM COACPIKAHHEM CBSA3aHHOIA BOIBI, 3a-
Mepaa}omeﬁ IIpH TEMIIEpAaType HHXKC HYJIA, KPHTHYE€CKOE€ 3HA4YCHHC
BAAXKHOCTH ONPECACIACTCA 110 (I)OpMyJ’lC

W = (L + CaTu)[Poﬁpn + pc.n.Wua (OXI ~Pa /ps)+
" Pen. (L +C, TH —C, Tx )

+ea + W T ew = )lpenTs ~ LPen [ (0)- W, (T,)]
pc.n.(L + csTn - CnTx)

. (7.13)
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TI€ Pcn. — MIOTHOCTH CKeNeTa NouBbl; Wi,(0) n Wi(T,) — KomMyecTBO He-
3amep3uieii BoApl coorBercTBeHHO npu TeMnepartype 0 °C u Ty 1/t cyxo#t
NOYBbI; OCTaNbHBIE 0003HAYEHHUS TIPEKHHME.

ITo naHHBIM O BOAHO-(PU3UYCCKHX M TEIJIOBBIX CBOHCTBAX IIOYB, 110
¢dopmynam (7.11) u (7.12) paccuntanbl COOTBETCTBYIOLIME 3HAUCHHUS T
u W, Ha ocHOBe 3THX CBEAEHHH MOCTPOEHBI rpaQUyYECKHE 3aBHCHMO-
cru (HOMOrpaMMbl) KPHTHYECKOH TeMIepaTypbl OT HauyalbHOH BJIAXHO-
CTH M IUIOTHOCTH /Il OCHOBHbIX THNOB n0yB. Umes npodunu remnepa-
TYpHl M BIaXHOCTH IOYBH! B NPCIABECEHHUIl NEPHOA, MOXHO Ompene-
T, 00pa3yeTcs I 8000HenpoHuyaemuvlli cAoH B NOYBE, TyOHHY €ro
3aleraHuss M MOILHOCTb. BepXHAA M HHXHAS TPaHULBl BOAOHCIPOHH-
LaeMOro CJIosi MOYBBI YCTAaHABJIMBAIOTCA IO c¢ TEMMepaType, paBHOM
WIIM HHXKE KPUTUYECKOH MpH AaHHO# BaaxxuocTH. KpuTHyeckas temme-
paTypa MIs KaXZOro CIos onpeaensercsd no GopMyJie HIH ¢ HOMOLIbIO
HoMorpammel. Ha puc. 7.7 nokaszano onpezeieHUe BOJOHENPOHHIIAEMO-
ro cios no NpodHIsAM TeMIepary-
pbl ¥ HaYalbHOH BIAKHOCTH INOY-
Bbl. BonoHenmponuuaeMblii  cioii
3aneraer Ha rimy6use 7 — 16 cM, ero
MOLIHOCTB 9 CM.

Hcnons3oBanne  Qu3nyecku
000CHOBaHHOT'O TEIMNOGHIHIECKOTO
METOAa C [EAbI0 NPAKTHYECKOro

Hewm
o 2

onpenciacHHs MoTepb BOAbI Ha MH- /
¢unbTpaumoo Tpebyer GosbLioro “or 4
o0beMa MCXONHOH HMHGOPMALMH. s
Taxue cBeneHHs B HAacToOsLIEE Bpe- 50;/’

Ms OTCYTCTBYIOT. Bmecre ¢ Tem
METOA HE TOJIBKO pacilIMpAE€T HAlIH
NpeACTaBJICHUA O MPOLCCCC HH-
GuUNbTpaLyH TaNbIX BOA B MEP3ITYIO
noyBy, HO M mo3Bonser Gojee oc- Puc. 7.7. OnpeneneHne BO3MOXHOCTH
HOBATENBHO HMCIONB30OBATH NOKA3a-  OOPA30BAHHA BONOHEMPOHHUAEMOTO
N CI10Sl 110 MIPOGHIISAM TEMIIEPaTyphl H
TENM BONOMNOIJIOTHTENBHOH  CIO- BIAKHOCTH TIOUBBI:
COOHOCTH pedHbIX 6acCceiHOB. I - BIaXHOCTB NOYBLI, 2 - TEMNEpaTypa
B kauecTBe Takoro moKa3aTesis MO4BEL 3 - KpHTHUECKad TEMMEpaTypa,
NPHHUMAETCS BJIArOCOACP)KAHHE B 4 -~ BOZOHeNpOHHILaeMEIit Crod (o
cnioe mouBbi 0 — 100 wi 0 — 50 oM H. JI. Kamoxnxomy u K. K. TTaBnosoit)

&0 1 i L

1 F

0 0102 03 04 W,
L AL A ' A d
0 2 4 6 8 T
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Ha KoHel 3uMbi. OTCYTCTBHE M3MEPEHHH BJIAKHOCTH MOYBbI 3UMOH BBI-
HYXJa€eT onpelesTh MpUONHKeHHOE 3HaYeHHE BJlaro3anaca B IIO4BE 10
Bhipaxenuo (7.8).

B.A. PoMaHeHKO pEKOMEHIYET HCMONB30BaTh 3arac MpoXyKTHBHOH
BJIard B METPOBOM CJIOE TTOYBBI B KAYECTBE IOKA3aTeNk €€ YBIKHEHHUA
Ha KOHEll pac4eTHOro MeCS4HOro HHTepBana (W, Mm).

PacuyetHas dopmyna umeer BHI:

W, = (W, + X)expl—0,0027E %), (7.14)

rae W, — HavyanbHBIH 3amac MPOAYKTHBHOHM Bnaru, MM; X — KOTMYECTBO
0CajIKoB 3a MecAl, MM; Eq — ncnapsemocts, MM/Mec.

[ns onpeneneHus CyMMapHOro BOJONOr/IOMEHHS NO4BOH B Oac-
celiHe HeoOX0AMMO 3HATh PacnpeAcNeHHe B HEM Pa3IMYHbIX THIOB N0Y-
BOIPYHTOB M HMX BOZHOTemodusuuyeckue cpoiictea. K coxanexuio,
OIBITHBIX JIAaHHBIX 00 HHTEHCHMBHOCTH MHOHIBTPALMH AN pasHOOOpa3-
HBIX THHOB MOYB MPH Pa3fiMYyHOH MX BIAXHOCTH, TEMIIEPAaType U rmyou-
HE [IPOMEP3aHHs NI0Ka HEAOCTAaTOYHO. JTO OrpaHMYHMBAET BO3MOXKHOCTH
YCOBCPILCHCTBOBAHUA METOOB NPOrHO3UPOBaHHS MOTCPh TAJIBIX BOJ.

7.2. O61mas XxapaKTepPHCTHKA METOAOB NPOTHOIHPOBAHHSA
BECEHHEro CTOKa PaBHHHHBIX peK

B ocHOBE IIpaKTHYECKH BCEX METOAOB NPOrHO3HPOBAaHHS BECEHHETO
CTOKAa PABHUHHBIX pEK JISKHMT YpaBHEHHE BOAHOro GamaHca 3a mepuop
nonoBoAbs (7.3), oTpaxaroliee NMPHYUHHO-CIECICTBEHHYIO B3aMMOCBS3b
OCHOBHBIX cTOK0O0Opasyromux ¢akropos. K coxanenuio, He Bce COCTaB-
NAOIME YPaBHEHUA MOIYT OBITh HEMOCPEACTBEHHO H3MCPEHBI HIIM OIl-
peneneHsl. JTO CBA3aHO NMpPEXIE BCETO ¢ OFPaHHYCHHOCTHIO MCXOJHOH
MH(POPMALHMHK M NIOAYAC C HEBBICOKOH €€ TOYHOCTBIO. OTAENbHbIE YICHB
ypaBHCHHS BOAHOro OajnaHca, Takue, Kak MHOHILTPaLMs BOAb! B IOYBY,
MOBCPXHOCTHOE 33€P)KAHUE, CYMMApHOE HCIIAPCHHC OLICHUBAIOTCS HIIH
OnpenensoTcs BecbMa npubimxeHHo. OTCYTCTBYIOT CBEAEHHS O KOJIH-
4ecTBe 0caakoB (Xj, X2) ¥ MX pacnpeleneHHH 3a nepuon 3abnarospe-
MEHHOCTH Nporx#o3a. [Ipu BhIMyCKE NMPOTrHO30B OOBIYHO YYHMTHIBACTCH

Cpe/lHee MHOrOJIETHEE KONMYECTBO 0caakoB (X, X,), YTO MOXET NpH-

BECTH K KpYMHbIM omHMOKaM, Tak Kak HauOOJNbIUHE 3HAYCHHS OCAAKOB
B 2—4 pa3sa NpeBBILAIOT HX HOPMY.
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OtMeyeHHblE 0COOEHHOCTH MPEIONPENEIOT HCIONb30BAaHHE IIPH
NIPOrHO3MPOBAHHH BECEHHEr0 CTOKAa 3MIIMPHYECKHX 3aBHCHMocTel. He-
06xoaMMBble XapaKTEPHCTHKH M MapaMeTphbl NP 3TOM YCTaHABIMBAKOTCS
JUIL KOHKPETHBIX 6acCeHHOB MM ONHOPOAHBIX PalOHOB IO YCIOBHAM
(bOopMHPOBaHHSA BECEHHETO CTOKA.

B HacTosiliee BpeMs AOJIFOCPOYHBIH HMPOrHO3 BECEHHEIO CTOKa
OCYLIECTBIAETCS Ha OCHOBE!

1) pacyera no ypaBHEHHIO BOAHOro Oanaxca;

2) ¢HU3MKO-CTAaTHCTHYECKOTO BOJHO-0aIaHCOBOTO METO/IA;

3) cTaTHCTHYECKHX METOMOB.

7.2.1. Pacuem no ypasnenuio 800Ho20 bananca

O)KMI(aCMHﬁ BCCCHHHﬁ CTOK OﬂpCHCJISICTCﬂ Ha OCHOBC yd€ra oC-
HOBHBIX COCTABJIAKOLIHX BOAHOI'O 6ancha pacCHE€THOro 6accel7ma 3a IIc-
pHOA IMOJIOBOABS. LIame BCEr0 BECEHHHH CTOK paccqmuaae’rcx o ypaB-
HCHHIO

Y=S+X +X,—P, (7.15)

rae P — cymMmapHBIe MOTEPH TaNbIX BOM; OCTalbHbIC 0603Ha4YEHHA PEKHHUE.

Haubonblas TpyaHOCTh npH pacyere no Beipaxenuto (7.15) cBa3a-
Ha C olpeZeNeHHeM CyMMapHbIX noTepb cToka. [1o manHbIM 3kcnevuu-
OHHBIX HccrnefoBaHuid ['OCyIapCTBEHHOrO I'MAPONIOrHYECKOrO0 UHCTHUTY-
Ta, NOTEPH TaJIbIX BOA B ceBepHOM pernoHe ETP 3aBuUCAT B OCHOBHOM OT
npeBECEHHEH BIAaroHaChIEHHOCTH BOAOCOOpa, a B KOXKHOM — OT CTe-
ANEHH BOAOHPOHMUAEMOCTH MOo4YB. OnpeneneHHe CyMMapHBIX NOTEPb
OCYIIECTBJAETCS 1O IMIMPHYECKHUM 3aBHCHMOCTSM, NPHOIMKCHHO OT-
paXcaloLFM BOAOMOITIOTUTEIBHYIO CIIOCOOHOCTh peyHbIX OacceiHOoB.
Tak, B Oacceiine 3ananHoit JIBHHBI NOTEPH ONPEAEIAIOTCA B 3aBUCHMO-
CTH OT OOLIMX 3alacoB BJIard METPOBOIO CJIOS NOYBOrPYHTOB (pHuc. 7.8).
B bacceiiHax pek, paclojIOXKECHHBIX B 3allalHON M LEHTPAIbHOH 4acTsaX
JIECOCTEITHOH 30HBI, NOTEPH 3ABHCAT MCKIIIOYMTENBHO OT CTEINEHH Mpo-
Mep3aHHus MOYB, MOCKOABKY HMX YBIaXHEHHE K KOHUY 3MMbI OJIHM3KO
K HaUMeHbIIEH BiarOeMKOCTH.

JanbHeHIIUM pa3sBUTHEM METOOMKHM IIPOrHOZHPOBAHHS BECEHHETO
CTOKAa Ha OCHOBE MCIIOJIb30BaHUSA YPaBHEHHS BOAHOro 0anaHca ABMAUCH
pabotel [THU no auddepeHMpPOBaHHOMY pacyeTy U NMPOrHo3y COCTaB-
JAIOIHMX [OTEph BECEHHEro CToka. [IporHo3 croka Tansix Box Y; peko-
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MCHIYETCA BBINOJHATH pa3sACIbHO Ui MOJICBBIX M JIECHBIX yacrei peu-

Horo 6acceiiHa 0 ypaBHEHHIO BHa

Y,=(S+X,)-P=(S+X,)-(aW + AW, + AW, + E), (7.16)

rd
S

0.7 Hiem npos
g Vi obes

n
5
0 1 AL l ]
150 200 250 Wyro400™™

Puc. 7.8. 3aBHCUMOCTH NOTepb TasbIX BOJA OT 06-
HIHX 3aM1acoB BJIArH METPOBOTO CJIOA MTOYBOTPYH-
TOB, W3MEPEHHbIX Ha MOJIAX HA KOHEL HOAGDA B
Gacceiine p. 3anaxHoi JIBussl 115 ctBopos Jlay-
rasnuic ¥ Exabnuic (mo KpectoBckomy).

VY Touek - rof BecHsl, LLITpuxoBoit THHHEH
OKOHTYpEHa CpeIHAA KBaJpaTHuecKkast olnGka
OMpeAE:IEHHs CPSAHETO 3anaca BJlark Ha NMO:IEBbIX
yuactkax Oacceiina.

CrpestkaMy OrpasHYcHa peKoMeHIyemas obnacts
MPHUMEHEHHA 3aBHCHMOCTH OT 0,7 MpOXYKTHBHOTO
3araca BJIark B OYBOIPYHTAX H HHXKE, T.€. IPH 06-
IHX 3aracax Bjiard Mexee 230 mm.

3neck AW — moTepH TalbIX
BOA Ha YBIaXHEHHE IOY-
BOTPYHTOB; AW, u AWs —
MOTEPU TalbIX BOZA Ha IO-
HOJIHEHHE 3aMacoB PYHTO-
BBIX U OONOTHBIX BOA, E —
CyMMapHO€ HCHapeHHEe 3a
nepHon ¢bopMupoBaHus
cToka Tanelx Boa. Ocranb-
Hble 0003HaYEHHS NPEXHHUE.
IIporHo3 1o ypaBHe-
umio (7.16) Obim BHEOpCH
B INPAKTHKY INPOrHO30B Be-
CEHHEro CTOKa HpPHUMEHH-
TENbHO K YCJIOBMSAM JICCHOM
3086l ETP Ha npumepe Gac-
ceitna Bepxneit BaTkh.
[otepn Ha yBaXHCHUE
MOYBOTPYHTOB 3aBHCAT OT
BJIaro3amnacoB B MOYBE K Ha-
yany nonoBoabs Wy, Tak
KaK K MOMEHTY OKOHYaHHs
CKJIOHOBOrO CTOKa MOYBOr-
PYHTBI YBIQXHECHBl O TNO-
CTOSIHHOrO 3HaYcHHA W,

PaBHOrO HauMeHbIIIEH BNaroeMKOCTH WIHM Npesslllatonied ee Ha 10 %. Jto
T03BOJIIET IPOrHO3UPOBATSH 3aTPATH! BOALI HA YB/IAXKHEHHE METPOBOIO ClOS

TNI0YBOTPYHTOB 1O Pa3HOCTH

AW = Weow — Wiaa. (7.17)

s ocHOBHBIX MoOYBOrpyHTOB OacceHHa p. BaTku ycraHOBiIEHBI

3Ha4YeHHUA Wy,
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HOTCpH TalIbIX BOA Ha IIOIOJIHCHHUE 3aacoB IPYHTOBBLIX BOJ pac-
CYHMTBIBAKOTCA 110 PA3HOCTH MEXIAY HX 3anacoOM Ha KOHECI U HA4YaJIo 1o-
JIOBOAbs:

AWy = Weow— Wiaa. (7.18)

B necHoii 30HE B MEXCHb M K KOHL[y IOJOBOJAbS PEKH NEPCXOAAT
B OCHOBHOM Ha rpyHTOBoe nurTanue. IlonyueHa 3aBHCHMMOCTb MEXTY
3aMmacoM IpyHTOBBIX BOA ¥ CTOKOM pekH (puc. 7.9), ¢ noMoIpio KoTopor
[0 3HAYCHHIO CTOKA B HAyaJlc H KOHUE I0JOBOAbS MOXHO OLCHMTH IO-
TEPH HA NOIIOJIHCHHUE 3al1aCOB 'PYHTOBLIX BOX.

Y mm/cyr
i 4
4
7/
e
0,75 e
'
rd
v r'd

0,50

—1
0,25 o2

0 100 pp M

Puc. 7.9. 3aBHCHMOCTS 3aMacOB IPYHTOBBIX BOR W, OT CYTOYHOTO CIIOA CTOKA pek
Ha CRiajie MaBOJKOB M B MEXEHb JUIs Bofocbopos snecHoii 30Hb1 ETP:
1 — Bomoc6opH! ¢ CYrTHEHCTBHIMHU IPYyHTaMH Ha 90 % miowanu; 2 — BORocOOpHI ¢ CyTiu-
HHUCTO-CYNECYAHRIMM I'PYHTaMH (necku 3aHUMaloT 35 % niomann); 3 -- Bogoc6opsbl
C MeCYaHBLIMH rpyHTaMH Ha 60 % mromany.

Iotepu Ha 3amonHeHue cBoOOAHON eMKOCTH 6GONOT NMpHPaBHHBA-
IOTCS K MOTEPAM Ha YBJIXXHEHHE MOYBOrpyHTOB. Benmuuunsl AW, AW,
AWs ABIAIOTCA OCPENHEHHBIMH 1O 0accelHy C y4eTOM COOTHOLIECHHS
TUTOINaieH, 3aHATBHIX CYTJIMHACTBHIMH, CYNECYaHbIMH H NMECYaHbIMH NOY-
BaMH, a TAKXeE IIOJICM U JIECOM.

CymMapHoe ucnapeHue 3a Nepuon GopMHpOBaHHS TalOro CTOKA
pckoMenayerca [15] onpenendTs B 3aBHCHMOCTH OT MaKCHMAIBHBIX
CHerosamacoB k Havyany BecHbl. [Ipeanonaraercs, 4To ucnmapeHue mpo-
NOPLUHOHANBLHO KOJIMYCCTBY TeEmia, HEOOXOOMMOro Mis NpeBpalieHUs
CHEra B BOAY.
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OOwwii croit CToKa 3a NONOBOALE Y NPOrHO3UPYETCS C YYETOM YC-
TOIYMBOrO MOA3EMHOrO CTOKa Y, M HOpMBI A0OXKACBOIrO CTOKA Ha CHajae

HOJIOBOAbS i 1 IO BBIPAXEHHIO
Y=Y+ Y, +Y,. (7.19)

B paccMoTpeHHOM METOAE MPOTHO3a CTOKA 33 MEPHOA INOJOBOIbS
HE Y4MTBIBACTCS NOBEPXHOCTHOE 3ajep)kaHHe Taublx BoA. Ilorepu Ha
TIOBEPXHOCTHOE 3a[icP)KaHHE 3aBHCAT OT MHOTHX (aKkTopoB: penbeda,
COCTaBa MOYBOTPYHTOB M MX YBJa)XHEHHs, YPOBHS I'PDYHTOBBIX BOI, JiE-
CHCTOCTH, 3a00NIOYEHHOCTH, pacmaxaHHOCTH. B Hacrosee BpeMs OT-
CYTCTBYIOT CNOCOOBI, MO3BOSAIOIIME JaXe NMPHOIHMKEHHO OLEHUTh 3TH
NOTEpU 33 KOHKpeTHbIE roAsl. [1o JaHHBIM MHOTOJIETHMX JKCTIEAMLIMOH-
HbIx uccnenopanuit ['TH, ponb NOBEpXHOCTHOrO 3aJepXKaHHs TajbIX BOJ
Mana ¥ CBOAMTCH B OCHOBHOM K HEOONbLIOMY YBENMUCHHIO MUTaHHS
IPYHTOBBIX BOA.

PacuneHeHHe cyMMapHBbIX NOTEpb Ha COCTaBIAIOLIME M ONpejene-
HHME MX Pa3AENbHO U NMOJIEBBIX M 3aJIECEHHBIX YYacTKOB CO3JaeT BO3-
MOXHOCTb OoJnee riy0oKoro U3y4eHus GpHu3nyYecKux mpouneccoB GopMH-
pOBaHMsl BECEHHEro CToka. BMecTe ¢ TeM criedyer OTMETUTH TPYAOEM-
KOCTb METOJIa, HEOOXOAUMOCTh HMETH MOJIHYIO H KaYECTBEHHYIO HCXOX-
HYI0 MHQOPMAIHIO, AOTIONHUTENbHBIC CBEACHUA O IIyOHHC 3aleraHus
TPYHTOBBIX H GOJIOTHBIX BOJ, BJIaXHOCTH MIOYBOIPYHTOB B JIECY, TOYHBIE
JaHHbIE 0 (H3HKO-reorpagUYecKX XapaKTEpPUCTHKaX peyHbIx Oacceit-
HOB. Pan cocTaBmsiomyx MoTepp CTOKA TanbiX BOA Ompelensiercs 1o
OPUONMKEHHBIM 3aBUCHMOCTAM, KOTOpBIE HYXAAIOTCA B YTOYHEHHHM U
NPOBEPKE B PA3IMYHbIX NPUPOJHBIX YCIOBHIX.

7.2.2. Qu3uxo-cmamucmuyeckuli 600HO6ANIAHCOBbINE MEMOO

B ocHOBY MeTona TaKKe NOJI0XKEHO YpaBHEHUE BOAHOro OanaHca 3a
nepuoJ GOpMHPOBaHHS BECEHHETO CTOKa:

Y=X-P,

rae Y — TanonoxaeBoi CTOK 3a NepHOA NONOBOAbS; P — obwas Beanyu-
Ha noTeph CTOKa; X — ofliee KOIHYeCTBO BOABI, yyacTBylowei B ¢op-
MHPOBaHHHU CTOKA (CyMMapHas nHojava):

X=S+X,mmmX=58+X +kX;, (7.20)
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S — MaKCHMAaJTBHAIH 3amac BOALI B CHEXXHOM MOKPOBE H JIEASHOH KOpKe; X| —
KOJIHYECTBO OCAJKOB 3a MEPUOXK OT AaThl MAaKCHMAIBHOIO 3araca BOAbl 1O
JIaThl CXOa cHera; X; — KOMMYEeCTBO OCAKOB OT AaThl CXOfla CHera X0 OKOH-
YaHHA MOJIOBO/IbA; k — KO3 QHLHEHT, OH3KHIT MO 3HaUEHHIO K KO3 HIIH-
€HTY CTOKa AOXIEBbIX BOJ B [IEPHOX CIa/ia MONOBOABS.

Becennne ocagku X; ¥ X> K MOMEHTY BBINyCKa ITIPOrHO3a HEU3BECT-
HBI H UX IPHHUMAIOT PaBHBIMH CPEIHUM MHOTONICTHHM 3HAYCHHUSIM.

B ocHOBy pacyera nmorepb (BOZOMOIIOMIEHHS) H CTOKA MOJNOXEHA
TeopeTHyecKas Mozaenb, paspaborannas E.I'. Ilonosem [45, 46, 51].
Peynoit GaccefiH paccmaTpuBaeTCs Kak JHHaMH4eckas cucreMa (CM.
puc. 7.1) c HepaBHOMEPHBIM PaclpeeIeHHEM TTOBEPXHOCTHOH €MKOCTH
¥ NepeMEHHOH HHQHIbTPALIHOHHOM CIIOCOGHOCTRIO.

E. I". [TonoB BeIENAET ABA THIIA MOOeAU 8000NO2NOWEHUS, IUI KO-
TOPBIX MONYYEHBI MHTEIPAIbHBIE YPAaBHEHHA CTOKA. JTO €MKOCTHas U
HHQHUIBTPaUHOHHO-EMKOCTHAs MOJIETH.

B eMKOCTHO# MOAenH BOAOMOINOLICHH NPEANOIAraeTcs, YTo CTOK
¢ kakoit-nubo yacTu peyHoro OacceiiHa HayMHaeTCsA NMOCIE 3allONHEHH
BOJOH CBOOOJHON €MKOCTH IOYBEHHBIX IMODP M IOHHWXEHHH MHKDODEIb-
eda. B manepHeiiiieM motepu (KpoMe HCMApeHHs CO CHEra M C BOJHOM
NIOBEPXHOCTH) € 3TOH yacTu 6acceHa NpeKpallaroTCs.

ITogo6GHble yCHOBHA OTMEYAIOTCS MPH NOJHOCTHIO BOJOHENPOHM-
LJAEMBIX MOYBAaX, KOrAa HaHOONEE YETKO BBIPAKEHO MOBEPXHOCTHOE 3a-
aepxanue Boabl. K 3TOMy e THIy BOIONOTNOLICHHS OTHOCATCS Oac-
CCHHBI C BOAONPOHULIAEMBIMH NMOYBOTPYHTaMH, HO C ONU3KHM 3aJieTaHu-
€M BOJOYITopa.

Pacnpenenenne noBepXHOCTHOH €MKOCTH MO IUIoanu HacceiHa yc-
TaQHOBUTb HENOCPEJCTBCHHBIMM HM3MEPEHHMAMH HE NPEACTABIACTCH BO3-
MOXHBIM.

ITo Mepe yBenuueHHs NOCTYIUICHHUS TaNoH BOAB H 3aNOIHEHH Jac-
TH c80600HOU emkocmu Bce ¢ Oonblueit miomanu bacceiiHa ocylecTs-
JSIETCH NOBEPXHOCMHBIU CMOK. 3Ta TUIOLAAb Ha3BaHa ACHCTBYIOLIEH,
T.€. Jaouei cTok. FI3MeHeHHe YBIIaXXHEHHOCTH PEYHBIX DacCeHHOB CKa-
3bIBACTCH Ha CTEMEHH U3MEHEHHs CBOOONHOM €MKOCTH M TEM CaMbIM Ha
IOBEPXHOCTHOM 3aJCpXKaHMH.

OTMEUCHHBIE 3aKOHOMEPHOCTH (OPMHPOBAHHA BECEHHErO CTOKa
ObUIH TOJIOXKEHBI B OCHOBY OMNpPEAENICHHS MOTEph NPH €MKOCTHOM THIIE
BofonornoweHns. CyMMapHbIe MOTEpH TalblX BOA 3aBHCAT OT MOJA4YH
BOJIbI H pacrpeesicHus cBODOAHOMN eMKOCTH B OaccefiHe:
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PX, U)=[1 - @(X, U)] X + A(X, V), (7.21)

rae P(X, U) — cymmapHble noTepH cToka; X — CyMMapHas [oja4a BoJbl;
U — BAaXHOCTH MOYBBI HIHM KOCBCHHLIH IOKasarenhb YBIaxHeHHs Oac-
ceitHa; P(X, U) — peiicTBylowas miowans B nonsx egunuust; A(X, U) -
CJIOH BOABI, 3aAepxaHHbli Ha AeHCTBYIOIIEH IUIOMIAAH, PABHAIH KOJHYE-
CTBY BO/Ibl, 3aTpayeHHOH Ha 3alI0JIHEHHE CBOOONHON EMKOCTH.

Hcnonb3oBaB ypaBHEHHE BORHOro GanaHca, MOJNYYHM BbIpaXKEHHE
JUIA ONIPEACIICHUA CYMMapHOrO CTOKA 32 IICPHOL I10JI0BOAbS:

Y(X, U) = X®(X, U) - A(X, U), (7.22)

Ilepsrift unen npasoil yacTu BblpaxkeHus (7.22) npeacraBnsieT CTOK
C JICHCTBYIOLIEH MIOWANAH, 38 BTOPOH — KOJIMYECTBO BOABI, 3a[CPKAHHOE
Ha 3ToM miowaau. JIeHCTByOLIas mIowanb no Mepe YBEIHYEHHUS CIOs
CYMMapHOH N0Jay BOABl NMPHOIHKACTCS K CBOEMY HPEIEIbHOMY 3Ha-
YEHHIO, OIHOBPEMEHHO BO3PACTalOT A0 MAKCHMAIBbHOIO 3HAYEHHA MOTe-
PH CTOKa Ha NOBEPXHOCTHOE 3aicpXKaHHe.

O6umit Bup 3aBucumoctn P(X, U) u Y(X, U) nokasau Ha puc. 7.10.

OrHocuTenpHas ACHCTBYyIOLIAs IUIOLIAJb ABIAAETCS MPOU3BOJHOM
ypasuenus (7.22) u MoxeT ObiTh onpeaencHa nyrem ero auddepeHum-
pOBaHHA:

dY/dX = &(X, U).
PYwn .
100 - Tak kak OTHOCHTENbHAA ACH-
-~ CTBYIOIIAs [IOWAAb HE MOXeET
M 7
80 1 j GbiTh GONbIC EAMHHLBI, TO HaH-
- / ; GonpHINil yron HaKIOHA 3aBHCHMO-
60 v 74
, / cru Y(X, U) He MOXeT npeBbILLIATH
40 ‘. // 45°,
e y/ 2_lu, VYpasuenns (7.21) u (7.22) ue-
20 - 7= U JIMHEHHB], TOCKOJbLKY BCIICACTBHE
HEPAaBHOMEPHOIO  paclpeleNncHus
020 40 60 80 100Xws CMKOCTH HeNMHEHHOM ¢yHKumeit

ABIIACTCA ﬂCﬁCTBleHIaﬂ nnouwans.

Puc. 7.10. OBwuii 1A BoxHO- AHanuzupys ob6uwmii BUI BOI-
6anancoBrIx 3aBHcUMOCTeH cToKa (/) 9

M €0 noTeps (2) Kak Gy KuHH Cymhap- HO-0anaHCoBOH 3aBHCUMOCTH czoxa

HOTO CNOA MOCTYNKBLIEH BOAb X' H €ro norTepp, NpeACTaBJICHHbIH Ha

M TIPe/IUIECTBYIOUIETO YBAAKHEHUA puc. 7.10, oTMETHM, YTO IPH BO3-

Gacceiina U (U, > Uy). pacTaHuy nojayu Boawl A0 30 — 40
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MM IOTEPH Ha NOBEPXHOCTHOE 3aJicpXKaHHe NPHOIHKAIOTCI K CBOEMY
npenenbHoMy 3HayeHuro (20 — 25 mm). Ilosepxnocmuoe 3adepaicanue
3aBHCHT OT MHOTHX (akTopoB: penbeda HacceiiHa M CTENEHHU €ro npea-
LIECTBYIOLIErO YBJIAXHEHUS, XapakTepa NOYB, JECHCTOCTH, 3a00m04eH-
HOCTH Boioc6opa, ero reorpadu4eckoro MeCTOnoIOXKEHHS.

O61ee NOBEPXHOCTHOE 3afepiKaHUe NPHOMMKEHHO ONpeaessinoch
110 YpaBHEHHIO BOJHOro 6anaHca B rofpl ¢ MPaKTHYECKH BOJOHENPOHH-
UAeMbIMH NOYBaMH. B 30HE Be4HOH Mep3nOThl MaKCHMAalbHasi MOBEPX-
HOCTHas €MKOCTb OKa3ajlach paBHOM npumepHOo 30 MM, B CTENHOMH 30HE
npH pacuneseHHoM penbede — 20 mm. B necHoit 3one ETP nns 6acceiina
CesepHoii [IBMHB MUHHMAJbHOE 3HAYEHHE MOBEPXHOCTHOH E€MKOCTH
cocraBuno 40 MM. CyllleCTBEHHOE BIHSHHE Ha IIOBEPXHOCTHOE 3aep-
JKaHHE OKa3blBacT TAKOKE XapaKTep paclallkd, HajH4He OecCTOYHBIX
nIomane.

AHamMTHYECKHE BBIDOXEHHS Ul pacyera (MpOrHo3a) CTOKa IpH
€MKOCTHOM THII€ BOXONOIJIOLIEHHS MOMY4YeHbl IMYTEM HHTErPHPOBaHHSA
TEOPETHYECKOr0 YPaBHEHHS CTOKA M HMEIOT BUJL!

Y=X-EU) {1 - exp)[-XE (U)]}, (7.23)
Y =X - E(U) th [XE (U)], (7.24)

3aech X — ofluee KOJHYECTBO nocTynuBweid Boxsl, MM; E(U) — makcH-
MajbHas cBOOOAHAas eMKocTh B OacceiiHe Kak (yHKUMS noxasarens
npealecTByomero ypnaxsenus U, mm; th — 3Hak runepbonuyeckoro
TaHreHca.

CBoboanyro eMkocTh OacceifHa oTpaxkaeT NmepeMEHHBIH napaMeTp
Py(U) nnu Py(U, L), rae L — rimybuHa npomep3anus noussl. [lapamerpy
Py npuparoT CMBICH XapaKTEPUCTHKH BO3MOXHBIX OOLIMX MOTEPh CTOKA.
B stom ciyuae ypaBHenus (7.23) u (7.24) npuobperarot BUA:

Y =X - Po[1 — exp(=X/Po)}; (7.25)
Y=X— P, th X/P,. (7.26)

HpﬂMeHﬂC’I‘Cﬂ TAKOKE YPABHCHHC
Y= X exp (=X/P). (1.27)

®opMynbl  pekoMeHAylOTCH U1 6acCeHHOB, PpacnoNOXEeHHbIX
B 30HAX HM30LITOYHOrO YBIAXHEHHS W BEYHOH MEpP3NOTH,, B KOTOPBIX
npeob1aJaloT NOTEepH Ha 3al0JIHEHHE CBOOOHOM EMKOCTH.
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I'padnyeckuit BU ypaBHEHHI croka (7.25) — (7.27) upencrasieH
COOTBETCTBEHHO Ha pHc. 7.11 —7.13.

¥ o

Y sy 20 40 240 0o
/ 60 7/ 60
/ ) 3 // /"
20 f/// oo Y
BT 77 A
o0 40
ot 2 A /// o
/ A
o | L | L bz, 7// %
10 /2/// 20 /// A /’//
/, ? /// zzZ=4
0 40 80 120 160 200 240 X ua 0 0 K0 120 160 200 240 X ww

Puc. 7.11. I'paduueckuit BUA ypaBHEHHA Puc. 7.12. I'papuyeckuit BUR ypaBHEHHS

I JIEHHUA BOABI Ha HHTCHCHBHOCTBIO

ctoxa (7.25). croka (7.26).
Y )y 30 40 B uHuWILTPAUHOHHO-CMKOCT-
= %w HOM MOJICNH  BOJIONOITIOIICHUS
X0
200 y / ioo CTOK ¢opMHUpyCTCA 3a CYET mpe-
o /' A,io BBILUCHHSA HMHTEHCHBHOCTH IOCTYII-
y 160
A
L~

120 €€ TMpoCayuMBaHHWA H BO3IMOXCH

/
/7
% 7 v .
%0 Z ,7/A % TOJIBKO C TEX ILIOMIAAeH, Ha KOTO-
,;%/ 7 / PBIX U30BITOK NOCTYNUBLICH BOABI
W7z g NpeBbIIacT CBOGOAHYI0 €MKOCTh

7,
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KpYNHBIX HCKAIIHJUIApDHBIX IIOp

NOYBBI ¥ OHKXEHMH penbeda.
Puc. 7.13. 'paduuecknii BuA GopMyssr
(7.27).

YpaBHeHHEe CyMMapHbIX NOTEPh B MHOHIBTPALMOHHO-eMKOCTHOH MO-
JEITH MMEET CIIEOYIOLMH BUL:

P=(1-d)(X-1+4, (7.28)

rae X — cyMMapHas NoJaya BOIAbl, MM; [ — CyMMapHOe TpocayuBaHue
(vadunbTpaums), MM; @ — OTHOCHTCIIbHAS AEHCTBYIOLIAN TUIOLIAMb, 3a-
BHCsAMad ot uzbsiTka Boasl (X — I); 4 — moBEpXHOCTHOE 3amepXaHue Ha
OEHCTBYIOWIEH MIOWAAH, MM.
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W3 ycnosus BoaHoro OajlaHca NOJIy4eHO TEOPETHYECKOE YPaBHEHHE
CYMMapHOTO CTOKa:

Y=d(X-])-4, (7.29)
KOTOpOC MOXXHO HAITHCATh B BUIC

Y= - IIX)X - 4, (7.30)
HIIH

Y= - il)X-4, (7.31)

rac | — HHTEHCHBHOCTh MHQHUIBTPALHMH; A — HHTEHCHBHOCTD ITOCTYILIC-
HWs BOJBI.

VYpaBHEHHS CIIPABCIUIMBBI B YCIOBHSX PaBHOMEPHOrO MO IUIOLLALH
HacceiiHa MOCTYIUICHHA U IIPOCAYMBAaHHUA BOJBL.

UnTerpupoBaHHe TEOPETHUECKOro ypaBHEHHA cToka (7.29) ¢ uc-
TIOJNIb30BAHHE