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BBENEHME

Yenopek BCerla CTPEMHICH MPEABHACTS, NMPENCKAZATh, CIPOTHO3H-
poBarb npencrasieHne o Oymyiuem. ONHAKO MHTEHCHBHOC DA3BHTHE
KOHUCHIHA OyXyniero Ha4aaoch TONBKO co BYOpoil nmonosnHb XIX B,
Hx apTopbi BRICTYNANIM BO BCEOPY)KHM CPE/ICTB COBPEMEHHOH MM Haykd,
SKCTPANONHPYA TEHIACHIMHH PasBHTHA HAYKH, TCXHHKH, KYJbTYDHI HAa
CPaBHHTENBHC OTHAANCHHLIE MepcnexTHBbl. Yamie Bcero aBTOpPOB «pas-
MBINLICHAN 0 6yRylieM» HHTEPECOBANH YACTHEIC NEPCNEKTHBLL OTACIS-
HBIX CTODOH HAYYHO-TEXHHYECKOTO H colpansHore mporpecca, Ilyth
Pa3BHUTUS SHEPTETHKH, TTPOMBIILICHHOCTH, CENBCKOTO X03AHCTBA, rpajo-
CTPOMTENLCTRA, TPAHCTIOPTA M CBA3H, OCROEGHMA 3EMIIM, 3APABOOXpAHE-
HHA, KyALTYPH — BOT Nalleko He nonHbd nepedens npobnem, croasumx
B LIEHTPE BHHMAHUA,

B nannHeiimem, K Haday BTOPOi MHPOBOH BOHHEL, pa3BHTHE NMTpeA-
ckaszanufi 0 GyaymeM 3aMeaHaock, Ho yxe B 50-x — nauane 60-x rogos
XX B. Hauanach MHTCHCHBHAA pa3paborka HOBOH TEXHONOHH NMPOrHO-
sHpoBaHud. Tpn dakropa cnocobeTroRanu »roMy. Bo-neperix, nossne-
HHe KOHIENIMY HAY"HO-TeXHHYECKOil peBomonty, ¢HopMyTHpOBAHEOK
B 1pyxax JDx. Bepuana, H. Bunepa. Bo-BTOpBIX, BHE/(PEHHE TCXHHUKH
MOACKOBOTO H HOPMaTHBHOTO NPOTHO3HPOBAHHA. B-TpeThHX, cTaHOBNC-
Hue cooTBeTcTBYIonIeH dunocodekoi 6a3sl Kak OCHOBE HOBOH CHCTEMS]
B3CANOB.

Havano HayuHo-TeXHHYECKON PEBOMIOLNH BEIIBANIO NOABJICHHE CO-
TeH HayYHRIX YUpekJeHHH N OTnenoB, 3aHUMaIOmmMXcs paspaborkoil
«TeXHONOTHYECKUX» Nporro3os. € konna 60-x roxos NPOTHOZUPORAKHE
CTano Bee Gonee OpPraHKUYecKy BXOAMTE B CHCTEMB! IPOrPAMMHPOBAHHA,
NPOCKTHPOBAHKA H YIIPARIECHHS,

Ceronmms 7104 MPOTHO3MPOBaHMEM B OOHISM CMEICIE 3TOTO CloBa
MMOHHMAaETCA CIICHHANbHOS HAYYHOC HCCITeJOBaAHHES, ITPEIMETOM KOTOpO-
IO ABJIAIOTCH HEPCHEKTHBH Pa3BHTAA AwiIcHMA. IlpH 3TOM mpornos on-
pPeAeNAcTCS KaK BEPOATHOCTHOE, HAYYHO O0OOCHOBAHHOE CYXAEHHE
© BO3MOXHEIX COCTOAHHAX TOTO WIH HHOTO 00BeKTa B Oymymem u (#nu)
00 anpTEpHATHBHBIX IMYTAX M CPOKAX HX OCYLICCTEBICHHA. B KauecTse
00BEKTOB NPOrHO3UPOBAHHA MOTYT BLICTYHIATSH MPOLIECCHI, ABNCHHA, CO-
OHITHA, HA KOTOpLIE HaNpaBNEHa NMO3ZHABATENRHAN TPAKTHYECKAA HACH-



TENBHOCTH YSNOBCKA, [IPOFHOIHCT HMCXOZMT M3 TOTO, 4T0 K ABIACHHAM
GyAymero Hy)XeH BEPOSTHOCTHRIN MOAXOA € YYETOM WMpoKoro Habopa
BO3MOMHBIX BapHaHTOB. IIpOrHO3MPORAHHE HCIONB3YeTCH UM Bhibopa
HanGonee BEPOATROTO MIH HauGoJce JKENATENBHOIO ONTHMANBHOIO Ba-
pHAHTA.

Briaenaror gsa THia nporHosos [48]: nouckossie (MccnenopaTens-
CKHC, H3BICKATENBCKHE, IMCHETHUECKUE M T. ML) H Ropmamusnvie (Ipo-
TpaMMHEIE, [eNIeBHIE).

IMouckoBEIi MPOTHO3 COCTOMT B CNPEACEHAH BO3MOXKHBIX COCTOR-
Huil 06beKTa NPOrHO3HpoBaKus B CyayileM NMPH YCIOBHK COXPaHCHHA
CYILICCTBYIOIINX TCHACHIMIA,

HopmaTHBHBIH HporHo3 3aKIK42€TCH B ONpEACIeHHH MyTeH B cpo-
KOB AOCTIDKEHHS BO3MOXHBIX COCTOSHMWII ABIICHMM HA OCHOBE 3apaHee
33J{AHHLIX HOPM, CTHMYJIOB, Lienei,

B 3aB#CHMOCTH OT RPOMEXYTXA BPEMEHH, Ha KOTODPBIN paccHHTaH
APOTHO3, Pa3NyUYaloT ONECPATHBHAIE (TEKYLUHE), KPATKO-, CPSAHE-, AOATO-
H CBEPXAONTOCPOYHBIC TPOTHO3EL.

OnepaTHBHEIE TPOrHO3bI COAEPHKAT, KaK NPABKAO, ASTANbLHO-KOTH-
TeCTBEHHEIE OLICHKH, KPaTKOCPOUHEIE — 0DIINe KONMHYECTBEHHEIE, Cpel-
HECPOYHHE — KONHHECTBEHHO-KAYSCTBEHHBIC, JOATOCPOTHRIC — Ka7eCT-
BEHHO-KOJIHIECTBEHHEIS H CBEPXAONTOCPOYHLIE — 00ILME KaYeCTBEHHES
OLICHKH,

BpemeHHa% rpajanuA NMpOrHO30B BECBMA OTHOCHTENbHA M 3ABHCHT
OT XapakTepa H LIeeit nmporHosa. B ReKOTOPBIX HayIHO-TEXHHHECKHX
TIPOrHO3aX Nepuo/] 3a0IaroBPEMECHHOCTH JaXE JIOBFOCPOYHBIX NPOrHg-
30B MOXET HIMEPATLCH CYTKAMHM, d B TEQJIOTHH — MIUTHOHAMH JIET,

B 3aBHCHMOCTH OT OOBCKTA MCCACIOBAEMA BRICARIOT €CTCCTBOBSH-
9ecKHe, HayJHO-TEXHHYECKHE H O6IIECTBOBEAYECKHE (COLMANEHO-IKO-
HOMUYECKHE) IPOrHO3HI.

Ecmecmeoeedueckue MporHo3sl NOAPA3ACIIIOTCS HA MOXTHELL:

1) MeTcoponorueckne;

2) rHaponoruyecKue;

1) recnormyeckne;

4) Sronornueckue;

5) MeguKko-DHONOTHYECKHE;

6) KOCMONIOTHYECKHE;

7) du3mxo-xHMHIECKHE NPOTHO3E] ARICHHUHA MUKPOMHpA.



Haysno-mexnuqecroe NPOTHOZHPOBAHHE MMeeT Lenklo (opMUpo-
BaHHE BEPOATHOCTHRIX CYXKHCHHH O NMyTAX Pa3sBHTHA HAYKA H TEXHHKH,
00 obecnieucHHK pecypcaMit H 00 2QdeKTHBHOCTH pPasaHYHEIX anbTep-
HATHB HaYYHO-TEXHWYECKOTO pa3pATHA. B 0bnacti Hayxu OCHOBHEIMH
ofBbeKTaM#t TPOTHO3UPOBAHHA ABIANTCA RauGoO/cE NEPCNEKTHBHLIC Ha-
yuHble HpoONeMB!, BO3MOXKHEIE MYTH H 2(hJdEeKTHBHOCTE KX PelIEHH].,
B oOnacTH TEXHMKR — KOHUENRHU €€ PasBWTHA, MPHHUMOE! AcHcTang
TEXHHYCCKHX CHCTEM, MX OCHOBHBIC MTapaMeTphl, CXCMBI H CTPYKTYPHBIE
petesnns.

Obwecmsosedyeckoe NPOTHOZHPOBAKHE BKAIOYAET MPOTHO3B! KO-
HOMHYSCKUX MPOLECCOB H ARNCHUH, COLMONOrMIECKOS NPOrHO3HPOBa-
Hit€, B KOTOpOM 00BEKTOM HCCIICA0BAHUA ABAACTCA O0IIECTBO KaK COLMH-
anbHLIH OPraHMIM, 8 TAKXKE AeMOrpadHIecKHe, APXHTEKTYPHO-Ipajgo-
CTPOHTEMLHEIE, BOCHHBIC, IOCYNAPCTBCHHO-MPABOBLIC M OpPYTHe BHIRI
APOTHO30B.

B ocHOBE NPOrHO3UPOBAHHA JIeKaT TPH BIAHMOZOHONHAKINE APYT
Ipyra HCTOMHHMKA MHGopMauun o 6ymymenm [48]:

— OLECHKA MEPCNEKTHE Pa3sBUTHA COCTOSAHHA MPOTHOZHPYEMOTO AB-
NEHHK HA OCHOBE ONBITA C MOMOILBIO AHATOTHH CO CXONHBIMH ABJCHHA-
MH H NIPOLECCAMM,

— akcTpanonauus B GyAayllee TeHASHIKIE, 3AKOHOMEPHOCTH Pa3BH-
THA KOTOPHIX B TPONUIOM H HACTOADICM XOPOLIY HIBECTHEL,

— Mofienb OYRYIMEro COCTOAHMA ABJICHNA, Npomecca, MOCTPOCHHAA
C YYCTOM OXHAACMBIX MM JKCNATENBHEIX H3IMCHCHHH pAZa YCIOBHL,
NepCHexTHBL PASBUTHA KOTOPBIX HJOCTATOYHO XOPOIID H3BECTHEL.

MeTton nporuo3HpOBaHKHA NpPencTaBIAeT cObol dopMy TeopeTHde-
CKOT0 MY NMPAKTHIECKOTO NOXX0Aa, HANPaBIeHHOr0 Ha NOAYYEHHE KOH-
KPETHOTO PE3YNbTaTa B Npoliecce pa3paboTkn MPOrHo3a,

B nacrosinee BpeMa CO3AaHO MHOTO METOAOB, NPOLEAYD, IPHCMOB,
B «Paboueit kHire no npornosnposannion [48] memoder npoznosuposa-
HUR Pa3zieNe sl Ha TPY IPyNIILL

K mepeolt rpynne oTHeceHB! CHHT'YNAPHBIE, T.€. OTACNEHBIC (OAM-
HOYHBIE, TIPOCTBIE) METORB NPOrHO3KpoBanus. K HuM oTrHOocATCA: Npo-
THO3HAA 3KCTPANOMAUNA; NHTYHTHBHBIC (3KCIEPTHEIE) METOARL; MOpdo-
TOTHYCCKHA AHANH3; NPOTHO3HBIR CLiCHapHik; NMPOTHO3HLI rpad u «ae-
PEBO Lenci; MATPHIHEIA METOx,

Bropas rpynna BimoYaeT MaTeMaTHYECKME METOAL! NPOrHOIMpo-
BaHHA: KOPPCISIMOHHLIH H PErPeCCHOHHAIH aHANM3L;, METOA IPYIIIOBO-
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IO YMETa 4PTYMCHTOB; (haKTOPHLIH aHANHK3; TEOpHA pacHo3HaBaHHA 06-
Pa30B; BAPHALMOHHOE MCIHCIEHWE; CIICKTPANbRbIE aHakH3; nend Map-
KOBa; JACMEHTh! anre0phl IOTHKH; TCOPHIO HIP.

K tpetbefi rpynne oTHeceHE KOMIUICKCHBIC CHCTEMBI TIPOTHO3HPO-
pannd. X npuMedenne ObIN0 00YCAOBIEHD CIOXKHOCTEKY COBPEMEHHDIX
COIIHAIBHBIX, TEXHHYECKHX M YKOHOMHYECKHX OOBREKTOB MPOTHOZHPOBA-
HHA, B 0TeyecTBeHHOH H 3apybexnoli mpakTHKe NPOTHOZUPOBAHMA pas-
pabotan pan Takux cHcreM. IIpH ux amamuse X OCHOBHBIM OTEpAlMAM
OTHECEHLI: ONPEACICHHE COCTARA MPOUCAYP M CHHTYAAPHBIX METONOB,
BXOMALINX B CHCTEMY, HX CTAHIAPTHAA NOCNEAOBATENBHOCTD, TOTHIC-
CKHe MPaBHiIa HX KOMIACKCUPOBAHKA.

Hacrosmas kHura noceAllicHa H3NOXKEHUIO METONOB M MpPaKTHUe-
CKHX NPHEMORB KPATKOCPOMHBIX H JAOJTOCPOYHBIX NPOTHO30B OCHOBHHIX
QNEMEHTOR THAPONOTHIECKOTO PEXHMA BONHEIX 00BEKTOR CYILIH.

IIpenmer K 3a3a%H Kypca, CBA3L ¢ APYrAMH JHCIHILTHEAMH

Tudponozuvecxuie npo2noss: — HAYYHO ODOCHOBAHHEIC METOJbI
TIPEACKA3aHHA PaslHYHBIK 3ICMCHTOR PEXHMA BOAHBIX QOBEKTOB CYILH.
Ha dopmnposaiie BOAHOTC H NEACBOTO PEXHUMOB BOOHEIX OOBEKTOB
BIHACT OYCHb MHOI0 pa3sHoobpaskHbIX daxTopos, Hx GonbIIAs MIMCHUM-
BOCTh B MPOCTPAHCTBE H BO BPEMEHHM O0YCIOBIHBAET OrpOMHBbIC TPYH-
HOCTH NpH pa3paboTke METOAOB IHAPOIOrHYECKOTO TIPOrHOIHPOBAHUA.

Iraponorudeckne ABACHHA Pa3BUBAIOTCA Ha TEPPUTOPHAX PEMHBIX
Wiy 03€pHESX. BOROCOOPOB, OTIMYAKIMXCT upespbivalino Gonpuioh we-
ONHOPOEHOCTBIC Teorpaduueckodl CpeApl, M ABIAKTCA PE3YALTATOM
KOMITIEKCA CNOKHRIX MPOLECCOB, MPOMCXORAUMX B atMocthepe, Ha mo-
BEPXHOCTH H B Tommie 3emmi. Hayuenue 3rix npoueccoB MpOKCXOONT Ha
OCHOBE 001X 33KOHORB (U3MKH H HEKOTOPHIX €CTECTRCHHBIX HAYK, TAKHMX,
KaK METEOPOJIOTHA, KIIHMATONOTUSA, THAPOreo/IorHs, HOYBOBEAEHHE, Fe0-
Mopdosnorua B Kypee «mapomorus cyiay. [loaToMy ypoBeHs pasBMTHA
THAPONIOTHHECKHX MPOTHO30B OIIPEACIIACTCK YPOBHEM pasBHTHA Obwiei
IHApONOrHH. YueHsle, paboralomue B OONACTH TMOPONOTHYECKHX HpPO-
THO30B, TAKXKE 3aHHMAKOTCA MCCICAOBAHMAMH 3aKOHOMEDHOCTEH pa3BH-
THA OPSACKA3LIBACMBIX ABJICHMIL. 3TH HCCNEIOBAHHA BKAIOMAIOT KaK Teo-
PETHIECKHT aHAAN3, TaK W NPOBENACHHE MOJNEBBIX SKCHECPHMEHTOR H Ha-
Bmonenuii.

(akTophl, ONPENEASIOMINE PCUHON CTOK, 6ro HIMEHEHHE BO BpeMe-
HH1, NOXPa3feNAOT HA ABE IPynmL. B mepsylo rpynmy BiNoYaioT ak-
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TOpH, H3IBECTHHE K MOMEHTY BHIYCKa NpoTHO33, OHM MOTYT OMTH
¢ Pa3IHYHON TOYHOCTHIO ONPEACTCHB HIH OLEHEHS! 0 AaHHKIM Halurto-
Dennit. Bropas rpymma comepiir $axTopbl, HEH3BCCTHBIE Ba NEPHOA
3a6Mar0BPEMEHHOCTH NPOTHO3a. IHAPONOrNuECKe JBNCHHA BO MEOTOM
ONPENENAKTCH YCIOBHAMM NTOTOARI, H HX NPEACKa3aHUe B PAOE CNYQacen
33BHMCHT OT CTENEHH PA3BHTHA H TOYHOCTH METEOPONIOTHYCSCKUX NPOTrHO~
30B. B HacTosllee BpeMA METEOPOIIOTHA HE MOXCT 0OCCIeYHTE HaNCH-
HbIMY KONHYECTBEHHEIMM NIPOrHO3aMH OCHOBHEIE 3MEMEHTH! IOTOJM,
ocobeHBo ¢ DonbIoil 336MaroBpeMeNHOCTRIO. JTO CKA3BIBAETCA HA BO3-
MOXHOCTAX THAPONOTHICCKHX MPOTHO30B. KpoMe TOro, TOMHOCTH Npo-
THO3HPOBAaHHA 3ABHCHT OT HAJTHYHA, o6bemMa M K4uecTsa HCXOIOHBIX THH-
POMETeOpONOTHECKHX AAHHEIX HaOmopenui. OrpaHHYeHHOCTL AaH-
HBIX, X HCBHICOKAA TOYHOCTE TAK)KE BIHAIOT Ha ONPAEAMBACMOCTE M-
PONIOrHYECKHX TIPOTHO3OB.

KpaTkas HCTOPHYECKAS COPABKA PAIBHTHA IHAPOJOrHYECKHX
nporuosos B Poccun

ToasneHue rUAPOHOTHHMECKHX NPOTHO30B B POCCHH TECHO CBA3AHO
€ 3ampoCaMM NPaKTHKH MpPH ONPENENCHHOM YPOBHE Pa3BUTHA THAPONO-
FHH ¥ CMEXHBIX ZHCIHIUVIMH THEPOMETEOPOIOTHYECKOro Ipoduns.
B xonue XIX cronerma ana obecneyeHHs CYLZOXOACTBa MHKEHEpaMH
sogHoro TpaHcnopta JI.JI. THycurrsm, A H. Keunuacxum u B.T'. Kneii-
GepoM 6pinn pa3paboTaHb! ¢cNOCOGB! KPATKOCPOUHOTO HPOTrHO3a YPOBHEH
BOZB! CYJIOXOMHKIX PEK. DTH HCCIICAOBAHHA ONUPATIACH HA YHET JaKOHO-
MepHOCTeH mepeMellieHHA BOAHBIX Macc B pycie peku. Ha p. Bonre Oui-
na OpraHu30BaHA peryApHad TenerpadHas HHbOpMAIHA O BLICOTE
YypPOBHe#t BOZH, rMyOHMHe Ha nepexarax. K coaneHmio, He NONyyuB
JDOMKHOH MONNSPIKKH OT MpaBUTENLCTBA, CIYkGa NpexynpexaeHuA
NpOCYIECTBOBANA BCETO HETHIPE roaa.

HaBectHbiii pyccknif reorpag A.H. BoeiikoB nocie karactpoduye-
CKH BRICOKOFO NOJIOBOARA HA pekaX HEHTpanbHOM 9acTH Poccun BecHoiM
1908 r. moctasun Bonpoc ¢ HeoOXOAHMOCTH NPOTHO32 BLICOTE BECEHHE-
ro nonopoaka. Ilpeackaszanne nomosoawii, no A.H. Boeiikosy, gomiHo
6a3HpOBaTLCA HAa HCCISNOBAHUM paclpencnieHHs mo mnomany GacceiiHa
CHEKHOIO MOKPOBa, NOKACBLIX OCAAKOB, Ha HIYYCHHH NpPOIECCOB Tad-
HHA CHEra, BpeMeHH jJo0eradus Tanblx U AMKACBLIX BOX W HX TIOTEph.
OTH# NPeAnOKEHHS B TO BpeMa He OHIH OCYUIECTBIEHH. EnHucTBEHHO,
uT0 yARasock caenate A.H. BocfikoBy — 3TO OpraHH30BaT aHKETHBIH
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cOop cpeaenuil 0T JOOPOBONLHLIX KOPPECNIOHASHTOB O CHEXKHOM NMOKPO-
BE, XAPAKTEPE BECHLI M BECEHHEM TONOBOAbE, AHKETH PACCHUIATHCH MO-
CTORHEOH BOmOMEpHOM KOMECCHER AXaNeMMH HAYK, 3aTE€M THAPOMET-
PHYECKOii YaCTBIO MHHHCTEPCTRA 3eMNEASNUA, a B focnenywimeM — [o-
CYAapCTBEHHBIM THIPOAOTHIECKMM HHCTHTYTOM. COop STHX XalHBIX
6b1n npexpanieH B 1935 r. B CBA3H ¢ IHPOKHM pasBUTHEM HaOmoneHHi
HA. CETH FOCYIAPCTBEHNEIX CTAHUKWIE K IOCTOR,

BeecTopornee m3ydYeHHE BOAHBIX OOBEKTOR CYIIM, CO3AAHME METO-
JOB pacueTa M MPOFHO3A THAPONOTHYECKHX XApaKTEPHCTHK HaYanoch
nocne oprauu3auuy B 1919 r. Poccuiickoro (Heie I'ocymapcraenHoro)
rugponorudeckoro HHCTTyTa (ITH). Yike Ha caenyomuid ron, npu M-
CTHTYTE OBUIO YYPEXKZEHO THAPOIOFO-CHHONMTHAECKOE Oiopo, mpeobpa-
30BaHHOE Yyepes ABa roAa B biopo Fuaponorayecknx npeackasanmid. bro-
po nox pyxoeoacreoM B. H. JleGenepa BHITYCKaNo MPOTHOSH BHICOTHI
BeCEHHEro MOACRONLY HA KpymHsIX pexax Eppomnefickolt TeppaTOpPHM
Poccun: Bonre, Kame, Oke, Houny, Duenpe, Ilpunamu ¥ Zp. B ocHoBY
npor#o3oB GbUTM NMONOKEHE! JaHHblE O CHCKHOM NMOKPOBE, BIHTHIBALO-
el cnocoGHOCTH MOYBH ¥ OKUAACMOH (LIMKIOHUYHOCTH BecHb». Tlo-
CNERHAA XaPAKTEPHCTHKA HCHIO/IL30BANACE M3 JONTOCPOYHOTO NPOrHo3a
NOroasl Ha BECHY.

VYcnoBHO BRIAENAIOT CICAYIOIIHE NTCPHOAB B PA3BHTHH THAPOJIOTH-
4ecKHX NMporHo30B. [leparit nepuon (1919 — 1930 rr.) xapakrepusyerca
HOBBIMH HCCHCAOBAHMAMM, CBA3aHHEIMH C paspaboTkoif ruaponoruye-
CKMX NIPOTHO30B, HANPABIEHHLIMM B OCHOBHOM Ha PEIIEHHE YACTHBIX
3agay. B sror nepuon paGoThi mo coBepuICEHCTBOBAHHIO NPOFHO3OB OX-
BETHIBAIOT PasHEIC PaifOHBl. 3HAUHTCNBHHIC HCCACHOBAHHA B o0IacTa
NpeACKa3aHna BOZOHOCHOCTH ropHuIX pek Cpenneil Asuu, HadaThie eime
B 1911 r. O.M. Onbaexonom, 6euin npomosmkensl JIK. JaBbIOBBIM.
B 1924 r. on paspaboran cxemy opranuszanmn HaGmonenmi, Heo0OXonk-
MBIX [Ui% HpeAcKasaiMs BOAHOTO pexiMa pek CpestHed A3um.

B ITH noMAMO npor#o3a BHICOTH BECCHHENC NONOBOALA HA KpYII-
HeIX pexax Poccur B.JO. Buie Opina paspalorana merozmxa ZoOaro-
CPOYHOrO NPOrHO3a BpeMeHy BCKPHTHA p. Hesht Ha 0CHOBE KONFOCPOH-
HbIX mporHoios norofw! B.II. Myneranorckoro. B aanenediueM
M.B. Jlosefiko u H.A. lllupkuita MCCreJOBANM CRA3b CPOKOB 3aMepaa-
HUs W BCKPHITHA pex POCCHH C© XapakTepHCTHKaMH aTMochepHoil mup-
KY/LIUMH OCEHEI0 H B MpeAbeceHuust mepHon. Ha Vipaune B 1924 -
1927 rr. E.B. Onnokos # B.A. Hazapop BHNOAHAMHY paGoThl HO AOJN0-



CPOYHOMY MPOTHOIHPOBAHKIO BBICOTH NMONOBOARA JHEMpa H €ro NpHTo-
KOB M KPaTKOCPOYHOMY NMPOTHO3HPOBAHMIO YPOBHEH BOJBI PEK TOTO ke
Gaccefina. K xoHUY paccMaTpHBacMOr0 NEpHOAa BOSHHKNA HeobXomm-
MOCTb B LCHTPANH3aLHH THAPONOTHYECKHX 1porHo3oe aa obecriegenys
JaHHBIMM HAYaBIIErOCA B CTPaHe KPYIMHOTO THAPOTEXHAEECKOrO CTPOH-
TenkcTBa. Mo smoro Ama obecneyeHHR CTPOWTENBCTBA I'HAPOMIEKTIPO-
cranmmit (Bonxoscko#i, Hmxre- 1 Bepxuecsupckoi, Jrenposckoid) u
BHIITYCK2 ONIEPATHBHBIX IIPOrHO30B BLICOTHI MOMIOROARA, CPOKOB BCKPBITHA
H 3aMep3aHuA pek ObiTH co3/iaHB! GIopo THAPONOTrHYECKHX ONMOBELICHHI,
Hx paboroii pykosomumm ©.H. Briavn, B.H. Jlefeace, A.B. Ornesckui.
B 3voT nepron mpH BHITYCKE FHAPONOTHYSCKWK NMPOTHO30B HCMONB3OBA-
JHCh B OCHOBHOM IMIHPHUYECKHE JABHCHMOCTH H METOIB! NnHeHHOH Kop-
pemni. B 1929 r, Gpima cosmaHa THAPOMETEOPONOrHYECKas chyxOa
CTPaHBl.

Bropo#t nepuon (1930-1943 rr.) xapakrepusyerca opraHmsauueit
B 1930 r. €MHOTO HAYYHOTO H METONMYCCKOrO LCHTPAZ B BHAC OTHEHA
TUAPONOTWYECKHX APOTrHO30B H MHGpopMauny npu LlerTpansHoM Gropo
norogsl 8 Mockse. [Tozaxee B 1936 r. 210 610po 66110 NIEpEUMEHOBAHO B
Hentpanbheiii uucTuTyT norogk (LIUIT). C sroro xe BpeMeHH Ha4HHAET
nefictBoBaTh H ciyx6a CHIPONOTUYCCKNX OPOTHO30B MPH MECTHEIX
YNPABICHAAX T'HAPOMECTEOPOINOTMMECKOH CykOel. 'RApONIOrHYECKHE
NPOTHO3LI HONYYAlOT CBOE HankHelilee PasBHTHE M B MECTHLIX PETHO-
HaNBHEIX opraHax, B 1940 r, qua HapogHoro xo3siicTBa CTpaHBl GBUIO
phinymeHo 40 000 nporao30s # MpenympexIeHHii.

M3 paGot 4 ncenegosaHuit 3TOr0 NepHona ClelyeT OTMETHTE pac-
YETH H NPOTHO3H 06BbEMa H MAKCHMYMA BECCHHETO OIOBOABA METOAOM
BogHoro 6anamca, ONEHKY TOTEPs TANOro cToka (pabotsr B. A. Anoano-
Ba, [Il. Kayurmwa, B, Komapoea, O.A. Cnenrnepa U 1ap.); pacuer
rugporpaioB JOKASBRIX MABOIKOB HA GCHOBE TEOPHH H3OXPOH U METO-
A3 3NeMeRTapHoTo napoaka (paGotst M.A Bemnkanosa, M. JIrBoBn4a,
A.B. Oruescxoro, I' A, Caunna).

PaipabatriBanich METORB! IONTOCPOYHOTO MPOTHO3A BCKPLITHA H
saMepsanua pek (I.P. Bperman, .5, Banrcureiim), mporsosa nersero
croka {K.II. Bockpecenckmii, M.M. T'ypesnu), croka FOpHBIX peK
(IL.M. Mamrykos ¥ £p.). B To xe Bpema Obuio ocymiecTBicHo oGoGine-
HHE M H3JaHHE MaTepHANOB HaOMOAEHUH Ha pekax, a Taloke CBEACHMIT
0 cHexXHOM nokpose. JannAsic 06 ypoBHAX B pacXofax Boab! Ob1mH omy6-
nuKOBaKbl B pafe u3gaHu# «CpedeHHA 00 ypoBHAX BOABI Ha pexex
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CCCP. Marepurant no pexumy pex CCCP». Hayunsie obobiieHua no
PEXHMY DEK OTASHBHBIX palHOHOB CTpaHb! GbUTH CBefieHH B «CnpaBoy-
HAK 1o BoaHbM pecypcam CCCP».

Hay4no-MeToou4eckoe pyKOBOLCTBO cnyx0oH IMApONOrHYIeCKHX
nporHo3os ¢ 1938 r. ocymectenan I'ocyaapcTBeHHBIH HAPONIOTHYECKHH
HHCTHTYT. B roam Benukoil OteuecTBeHHo# BOHHE pabora cimyxOsl
THRPONOTHYECKHX MpOTHO30B Ghula HanpamieHa Ha obecmeuenue Ooe-
BbIx aeiicreuit Coserckoll ApMHM, HO H B 3T0 TPYAHOS BpEMA METOIB
MPOrHO30B BCE BPEMA COBEPIHEHCTBOBATHC.

Tperui mepHon B paiBUTHM THAPMIOTHHMECKHX NPOrHO30B, MpoO-
IOTBRAIGLIMEHCH A0 cHX Nop, Havayics B 1943 r., xorna LenTpantAsiii uB-
CTHTYT noroast 6uin npeobpaizopad B LleHTpanbHbIH HHCTHTYT HpOrHO-
30B. B 1965 r. LlenTpansumii HHCTHTYT npornosos H O0benuHeRHbIH
BLIMHMC/IMTENBHRI LEHTp AxagemMMu Hayk |'HaBHOTC ynpasineHus ruf-
pometeoposnorideckuit cityxObl ObLIH CBEACHE B OAHO YYPEKICHHE —
T'uopomeTcoponoruueckuil HayuHo-Hecnenosarensckuii uentp CCCP
(c 1992 r. Fuapomeruentp Poceun). THApoMETUSHTP ABNACTCA TTIABHBIM
Hay4HO-MECTORHYCCKHM H ONEPATHBHLIM LIEHTPOM CTPAHELI MO BCEM BH-
JiaM THAPOMETCOPOIOTHICCKNX OPOTHO30B.

B nocnepoeHHEIE TOAKl WHTCHCHBHD Pa3BHBAINCE BOMHEIA TpaHc-
NOPT H AOPOXKHOE CTPOUTENRLCTRO, BEIach MPOKIAAKa HedTe- H ra3onRpo-
BOZOB, NMPOBOJWIACE MEIHOPAINA 3eMeilh, CO3DABANCA KackKag Kpyn-
He#wnx pogoxpanunuut Ha Boire, JlHenpe, CTpOHNHCE MAIPOINCKTPO-
craniuy Ha pexax CHOHpH ~ Bee 310 roTpeborano Gostee riyGoxoii pas-
paboTKH HAYYHO-METOAUYECKUX OCHOB THAPONOTHYECKOrD NPOTHO3HPO-
BaHMA, IPHBENO K MOABJICHHIO HOBLIX BHAOB NPOTHO30B.

B cBa3n ¢ 31iM ORITH 3HAMHTENBHO PACIIHPEHR TEOPETHKO-IKCIE-
PHMCHTaNIbHBIE HCCNEAOBAHUSE ANA NIyGOKOro BLIACHEHHA 3aKOHOMEp-
HocTeil QopMEPOBaHHA TMAPONOTHIECKHX NPOLUECCOB B Pa3IHYHBIX (-
3uko-reorpadHyeckux paiioHax crpansl. Ha ocHOBe 2THX MCCNCLOBaHHI
Obinp paspaGoTaHbl MATEMATHICCKRE MOACIH GOPMIpOBAHHA AOKAEBO-
O ¥ TAJIOTO CTOKOB PABHHHHBIX H I'OPHBIX PeEK.

[Ipu nposenenny uccnenopanuii, 06paboTKe FAHHLIX, BEITYCKEe NPO-
THO30B HaYalH WHPOKO HCTIONBL30BATh 3NCKTPOHHO-BHIMUCITHTENBHYIO
TeXHUKy. O6G03HaYMICA HOBRIH 3Tall B PA3BHTHH THAPONOTHYECKHX MpPO-
rHo3on, CTand paspaGaThiBaTECE CNOKHDBIE MOAETH GOPMHPOBAHMA CTOKA
C HCTOJIb30BAHHEM YPaBHEHWI I'MAPOAMHAMHKH ¥ MAaTeMaTHYeCKOH (u-
3HKH. Bnepenic noABwmcy paGoTsl BO ABTOMaTH3HPOBaHHOH oGpadoTke,
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KOHTPOIIO H aHATM3Y THApOorHdeckol smbopmanuy, Ha pane kpynHbix
pex ObLIa CO3RAHA ABTOMATUIHPOBAHHAA CHCTEMA APOTHO3A PacXOMOB

BOJBL
K aucny HauGonee 3na4HTENbHEIX HAYIHBIX ROCTHXeHAN B ofmac-
TH THAPOJIOTHYECKUX NPOrHOZ0B TPETLEr0 NEPHOAS MOXKHO OTHECTH;

— OPOTHO3 pacXoNOB # YpoBHeli BOZbI, OCHOBAHHLIA Ha nputnu-
HEHHEIX cnocobax pacuera HEYCTAHOBHBIIETOCA ABHKCHHSA BOMBL B pycC-
nax {(pa6orst I'.Il. Kanuumuaa, TLH. Mumokopa, A.Il. XXugukoma,
JI.C. Kyumenra, AT Jlesuna n np.);

— pa3paboTKy MaTEMAaTHYCSCKAX MOAENcH (GOPMMDOBAHHA TAmoOro,
KOXAEBOTO H TANOAOKAEBOTC CTOK2 HA OCHOBE MAaTEMAaTHYECKOTO MOAS-
mupoBanns (pabotsr 10.B. Bunorpanosa, FO.M. Henncora, I'.I1. Kamu-
sHuHa, B.J1. Komaposa, JI.C. Kyumenra, B. 1. Kopug, B.M. Myxuna,
H.C. Heuaesoi, E.I'. Tlonosa, E.I1. Yemepenxo,B.B. KosancHko 1 zp.);

— TIPOTHO3bI CTOKA MO PYCAOBEIM 3aI1aCaM M [IPHTOKY BOAB! B ped-
Hyw cets (paGoret [.I1. Kanunuua, A.U. Adaxacrera, I0.B. T'opGyno-
Ba, P.A. Hexuxoscxoro, B.U. CanoxHukoBa H ap.);

— KPATKOCPOUYHEIE MPOrHO3b! JICAIOBLIX ARNEHUIT Ha pexax H BOAOXpa-
HUITHILAX Ha OCHOBE PACIeTa TEIN000MeHa BOJHOH MacChl WIH ACOAHOTO
TOKpOBa ¢ okpyxatomeii cpenoit (pabGotsl JLT, lynakosckoro, B.B. M-
otposuya, C.H. Bynarosa, B.M. I'mas6ypra, E.I1. CasuenxoBoii 1 np.),

— Pa3sBHTHE ¥ peanH3alivic TCPPHTOPHAILHO-00NIMX METONOB JOTO-
CPOYHBIX MPOTHO30B BECCHHErD CTOKZ PABHHHHBIX PeK Ha OCHOBE paii-
OHUPOBAHNA TEPPHUTOPHIL MO YCIOBMAM (HOPMHPOBaHHA cTOKA (paboThl
H.®. Bedany, E.C. 3mueroii, I".I1. Kamnuna, B.J{. Komaposa, O.1. Kpe-
ctorckoro, ILIL. Ky3smuna, B.H, [apmuna, E.T'. [lonoea, M.C. Canosa,
E.IL Yemeperxo u ap.);

— WCCACNOBAHAA 3aKOHOMEPHOCTEH (OPMHPOBAHHA THAPONOTHHC-
CKHMX TIPOLIECCOR ¥ SIPOTHO3H CTOKA TOpHEIX pek {pabotel T. C. Abanban,
A.H. Baxuosa, 10.b. Bunorpagosa, K0.M. [Jleancosa, B.H. ITapmmuHa,
B.M. Myxuna, A.A. Xopmana, U.M. Ueprosa u ap.);

- CO3UaHHE METOAA HENPEPHIBHBIX KPATKOCPOUHBIX IFPOrHO30B pac-
xo0B (yposHeil) BOARI B MEPHOX OTKPHITOIO PYCIA A PEUHBIX CHCTEM.
ABTOM3THINPOBAHHEIH NPOFHO3 NpPHTOKA BONEI B KACKal BOMKCKO-
kaMcKkux somoxpaHHmun: (paGorst B.A. Benasuurxora, ATl Xumuxoea,
B.H. Kopss, JI.C. Kyumenta, H.C. Heuaesoii, E.I'. Tlonosa, E.IT. Yeme-

PeHKO M ap.).
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VYpoBeHE pasBHTHA FHAPOAOrHYECKOH HayKH B OTHOHICHHH PacKphl-
THA ¢$HH3NMEecKoil CYIIHOCTH IMPOLECCOB CIIE HE AAET BOSMOMKHOCTH pe-
TyIApHO KOGHBATECA KenaeMod TOYHOCTH NPOTHO30B, 310 CBA3AHO CO
CNOKROCTHIO M pa3HOOOpasHeM YCIIOBHHA, B KOTOPEIX NIPOTEKAIOT THAPO-
JOTNIECKHE MPOLECCH, HEPABHOMEPHOCTHIO HX PASBHTHA B APOCTPAHCT-
Be M BO BpeMerd. Henbsa He oTMeTHTS M clydaiiHulii xapakTep koneba-
M4 psAa (haKTOpOB, BAMAIONIMX Ha (JOPMHPOBaHHE TMAPOAOTHYECKHX
NpOLEccoB, HEBHICOKYIC TOYHOCTh H OIPaHAYCHHOCTD HCXOIHBIX HdaH-
HBIX, HCTIO/IB3YEMBIX NIpH pa3paborTke METOAMKY HPOrHO3HPOBRHUA.

Brawxafiwme 3anauy viccneNoBaHui B 06acTH TMAPOROrHIECKHX
NPOTHO3OB CBA3AHAI NPEHCIS BCEro ¢ YAORICTBOPSHUEM BCEC BO3IPACTAIO-
ILFIX 2AMPOCOB HX NoTpebHTeneii, MOBKILEHNeM HANEKHOCTH FHAPOITPO-
rHo30B. Pemenne ux ReBo3MoxHO Ge3 Gonee rirybokux HCcleROBaHHIE
npoueccos HOPMHPOBAHUA CTOKA, PA3BHTHA HOBBIX BHIOB MIMEPECHHH U
OUEHKM THAPOMETCOPOJIOTHRECKHX BeNHIHH No rnomamy. HeoGxonumo
IanbHeflliee pa3BHTHE aBTOMATH3HPOBAHHBIX CHCTEM NPOTHOZHPOBAHHA,
Bknyan c6op, ananHs, MaTHHHYI0 0GpaboTky.

Henp3a He OTMETHTL TAKXKE BANKHOCTH KaK COBCPIICHCTBOBANHA,
Tak H pazpaloTkl NPUEMOB MPOTHOZHPOBAHHA 0COOBIX ABNEHEHI, cpeay
KOTOPBIX BbIACIHM RPOrHO3EI 32TOPOB, 32KOPOB fJIA, CENEBLIX NMABOK-
KOB, CXOH3 CHEXHBIX NaBMH H JAp. Tpebyerca MOBBICHTD HAACKHOCTh
NPOrHO30B NOXIEBHX MABOAKOB, 0COGCHHO B IMBHEONACHEIX PETHOHAX,
JONIrOCPOYHLIX IIPOTHO30B JICAOBBLIX ABJCHHH, NPOTHO30B pacrpenene-
HHA BECEHHEr0 CTOKa H CTOKA 33 BETETAINOHHBIA HEPHOL.

3Havenne ruApeIOrAYecKHX IPOrHO30B A PATTHIHEIX
oTpacieH IKOHOMHKH

MHuorue oTpaciii 3KOHOMHKHE, NESTEABHOCTh KOTOPbIX TECHO CBA3A-
Ha C HCMONE30BAHHEM BOXHEIX PECYPCOB, HYXZAIOTCH B PA3IHYHONO Po-
Ia THIpOIoTHYECKHX nporHosax. Hamexkuelii NporHo3 no3posser ONTH-
MH3HPOBaTh XO3MHCTBEHHYIO MNEATENBHOCTH ¢ Y49eToM HOTpeGHOCTEH
nponiBoactsa. ObecneueHye SHepreTHKH TMApONOrHIecKoii HHpopMa-
e ¥ POTHO3AMH OCYILECTBIASTCH B NIEPUMON NPOBEACHNA KOMIUIEKCa
paboT Mo CTPOMTENLCTBY H BO BPEMA IKCILTYATAlHY THAPOTESXHHUECKHX
coopyxeHnA. CTPOMTEABCTBO KPYITHBIX THAPOTCXHHYECKHX YIJIOB MpO-
AOMKAETCK HECKOMLKO NeT. B 3ToT nepuon npu nepexprituy pycia, or-
BEACHHU DEK, 3AIINTE KOTNOBAHOB OT 3aTORIEHHS KpaiiHe BaKHEI MpoO-
THO3BI OXHAACMOIl BOAHOCTH peK. Bo BpeMA sKcIuryaraums THAPOINEK-
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tpocTaHumik (T3C) nporHoset KCNONLIYIOTCA B IENAX ONTHMHKIALKK pe-
HAMOB PeryJIMpOBAaHMA CTOKA PEK, RNA IUIAHKPOBAHHA BRIPaCOTKH 3rlek-
TPOPHEPTHH H NPHHATHA MEp T10 MPOHYCKY ITABOJKS 9¢pE3 THAPOY3NnL

['poMagnoe 3HaYeHHE MMEIOT DONTOCPOYHEIE APOrHO3LI MPHTOKA
BoAn B Boloxpanwnkmwa KpynHeix I'DC. [lpu oxugaemom Gonemom
TIPHTOKE BOABI HPOH3BOANTCA NpeAmaBofounmai cpaboTka BOJOXpaHi-
JIMII C HENBI0 CO3AaHNA CBOGOXHOH eMKOCTH s NpHeMa BOAB ¥ M3be-
XAHHA XOJOCTHX COPOCOB B MEPHON €¢ HHTCHCHBHOIO TOCTYIUICHMA,
B ycHOBHAX OXUZAEMOrD MAamOro MPHTOKa NMPHHHMAKOTCA MEPH MO
YMCHBILICHHIO CpﬂEDTKH H 3aN0JMHEHHKY BOOOXPAHHIIHIIA A0 BO3MOXKHO
Golnee BHICOKHX OTMETOK, obecneunpas paboty I'3C nput Gonbwem Ha-
nope. HporHossl OpwToKa BOAR COCTAaBAAOTCE ang Gonee 100 rumpo-
anekrpocTaHumi Poccnn,

PeuHoit TpaHCHOPT HY)XAaeTcd B MPOTHO3aX YpoBHEH BOMBI, pe3ko-
ro H3MeHeHUA BOJHOCTH, nenoBoil 06CTaHOBKN, YpOBHH (Pacxoabl}) BO-
OBl HA YYaCTKAX, JIHMHTHPYIOIHMX CYNOXOACTBO, ONPSASIAKT AOMYCTH-
MYIO OCamKy CyZoB, 6apx M, CIeNoBaTeNbHO, peHTabenbHOCTh MepeBo-
3ok. Ha MBOrHX pekax cyfOXOACTBO OCYMIECTBIAETCA TOJMBKO B IIEPHOR
nonoBoALA. Bo3HHKaeT HeOOGXOAHMOCTE B YCTAHOBJIGHHH CPOKOB HacTy-
INCHHA CYROXORHEIX ypomiei-‘l HA NogbeMEe NOMOBOORA U MOMEHTA Ha-
CTYILUTECHHA NIPEACNBHAIX 3HAYCHMI ypoRHe# Ha ero cnaze.

KpaTkocpodsbie Iporuoss! ypoBHel BOALI B MepHOJ HABHTallHH pe-
TYJIApPHO NEPEtAOTCA B JHCOCTUCPCKHE CNYHOEl TIAPOXOACTB U HCIONb-
3YIOTCA Tpd OTpEfcNeHMH CYNOXONMHBIX YpoBHEH Ha JIMMHTHpPYIOLX
YYacTKaX pex.

Orpomustit 06peM aHOYTITYOHTENLHBIX paboT Ha pexax Tpebyer 3a-
6naroppeMeRHOTO 3HAHKA He TONBKO BOZHOCTH, HO H BO3MOXHBIX PYC/IO-
BbIX aedopmanuii. B nepHoy cnaga nonoBogbA NPOEONATCA MOATOTOBH-
TefibHble paGoTHl ¢ LENBI0 ONMEPATHBHOIO HCNOMNBIOBAMHA AHOYTIyGH-
TeNbHON TEXHHKH,

Jia onpeneneHMA NpOROKUTENLHOCTH NEpHONA NMOATOTOBHTENb-
HEIX pafoT HeoOXOAMM NpOrHO3 MHHHMAIBHBIX YPOBHEH B MEXEHHBIH
nepuoi. B ManosoaHble nepHOAL BOSHHKAIOT TPYAHOCTH B paboTe npu-
EMHBIX YCTPOHCTE BOZ03abOpPOB, 9T0 DPHBOAHT K HAPYUICHMIO BOLO-
cHabmenna paga ropolos. B cBA3H ¢ 3THM BO3HHKAIOT MOTpebHOCTH
B [MPOTHO3aX ManoH BogHOCTH pek. J{na aecocrasa Heo6XomEMel B Oc-
HOBHOM NpOTHO3b! MAKCHMAJILHBIX YpOBHEH Tanoro u JAOKIAEBOro CTo-
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KOB, KOTOpPbI€ MO3BONAIOT YCTAHOBHTE OTMETKH PaCHONIONECHHS 3aroTas-
JIHBaEMOro fleca Ha pHneraomei kK pexe MeCTHOCTH.

TIpk NAAHKPOBAHHK CPOKOB HAYANA K 3aBCPLICHUA HABHTALMH, pac-
CTAROBKH CYAOB Ha 3HMHHE CTOAHKA Oonblloe 3HAYEHHE HMEIOT Npo-
THO3BI 3aMEP3aHUA H BCKPHITHA PeK, 03ep H BomoxpaHunuu. IIpu pau-
HEM 3aMEP3aHMH MHOTHE CYZia PETHOTO (IoTa, 3aCTHIHYTHIC B MYTH Jie-
AXoo0pa3oBanHeM, He YCNIEBAIOT AOHTH A0 MeCT 3uMHel crTosHkH. Jinz
YBCIHYCHHA NNHTEIPHOCTH HABHTANWH BOZHHKACT l'lOTpeﬁHOCTB NpOrHo-
33 HApaCTaHMA NIbJA B HaYaJIe 3UMBl ¥ MPOTHO3a YMEHBIIEHHA NPOYHO~
cTH Jbia BecHoH. Ha ocHOBE 3THMX MPOrHO30B OCYLIECTBIACTCA MPOBOA-
Ka CYZ0B ¢ MOMOMBIO PEUHLIX NEROKONOB. [IPOTHO3L! NEAOBLIX ABACHUHE
HeobXomMMBl TAKKE MPH CO3NAHHM H JKCIUTYaTALHH NEIAHLIX XOpOT,
NECPENpaB, BRMOIECHHA paboT O JIbja.

Bonbuwoe 3Ha9eHne JNa KOMMYHAIBHOIO X03afCTBa, aBTOMOGHIE-
HOTO ¥ XENe3HONOPOKHOTO TPAHCTIOPTA, TOPHOAOOHIEAIONICH MPOMEILI-
JICHHOCTH MMEIOT NMPESAYNPEKACHHS O 3aTON/ICHHAX H HABOAHCHHAK,

MecTHeIe OpraHb TEAPOMETEOPOTOrHuECKOH CyKOE CBOCBPEMEH-
HO COCTAB/IAIOT KATANOT ONACHEIX OTMETOK (YPOBHEN) A ropojoB, Ha-
CeNeHHBIX MyHKTOB, JOPOT, MOCTOB, MPOMBILINEHHBIX U QPYrHX o0bex-
ToB. Ha ocHOBe nporno3a yposHel BOAb! YCTaHABNHBAKOTCA TUIOLEAIN H
obnexThl, KoTOpsie OyayT TIOABEPHKEHB! 3aTONACHHIO. ITO NOIBOIACT
BOBPEMS TIPHHATD MEPBI, CROJALIME K MUHUMYMY YIiepl 0T CTHXHHAHBIX
6encrenit.

Cenbckoe xo3alficTBO HY)XHaeTcAd IAaBHHM ofpaloM B mporHosax
BOZHOCTH TeppHTOpHil opomiaeMoro semnenenus. Ha ocuose 3thx npo-
THO30B IJIAHHPYIOTCA PasMeps! AOCEBHRIX MAOIAAEH, PeXHM TIOAUBOB H
pacnpefiecHHe BOOBI MEOKRY OPOCHTCNBHLIMU CHCTeMamu. B Manoron-
HBIE oAbl BBOAUTCA CTPOTHIH PEXHM BOIONONB3OBAKMA, H3bICKHBAIOTCA
JONONHUTENLHEIE HCTOYHHKH BofoobecneueHu .

B 30He HEOPOIIASMOTO 3eMICACTTHA HAa OCHOBE IPOTrHO30B BOOHO-
CTH YCTaHABIMBAIOTCA NNOWIANM 3ATOIJICHHA, ONMpeXeiaseTcs o0beM
CENLCKOXO3IARCTBEHHOrO NMOTIYCKa BOABI H3 BOJOXPAHHIHI.

[TporxHozs! 0cBobOMACHHA MOHM PCKH OT BOJBI JAOT BO3MOKHOCTh
YCTAaHOBHTH BpEMA HaHANA fIONEBBIX paﬁor Ha ITHX IIOIa 59X,

[IporHo3b1 3arpA3HCHHA NOBEPXHOCTHBIX BOX CINC TOJIBKO BXOIAT
B OTIEPATHBHYHO MpakTHKY. OCHOBOH [/i4 HHX ABJIAKOTCH NPOTHO3HI BOJHO-
CTH, 110 SAHHRIM 0 KOTOPBIX MOXKHO CYAHTE O KOHIECHTPAWH TEX HH WHEIX
BCIIECTB MPH MOCTOAHHBIX WIH Pa30BbIX NPOMBILUICHHEIX ¢Opocax B pekH.
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Ocolenno cACAYET NOFUEPKHYTH CPABHHTENRHO HOBYIO POJb HpO-
THO30B B OPraHH3alHH GOpsObl CO CHEXHBIMM NABHHAME, KOTOpHIE, Ie-
peKpeiBad FOPHLIC NOPOTH, NPEACTABIAOT YIPo3y MHOTHMM HACERCHHBIM
MYHKTaM TOpHEIX obnacreit. C momyueHKEM OPOTHO3A JIABHHOONIACHOCTH
OpraHH3YeTCA HCKYCCTBeHHBIH cxon jJaBHH M 3abnarospemMeHHO cocpe-
JOTOYHBAETCA CHErOOYHCTHTENBHAA TEXHHKA.

Hpueenennpiii 0630p He OXBATHIBAET BCe OONACTH HCMONb3OBAHHA
THAPOJIOrHMECKHX POrHO30B. YRenHucHue o0seMOB BogoNoTpebneHns
H BOLOMOALIOBAHHMA, OXpaHa MPHPORHHIX BOJ BHISEIBAIOT HeobXxonM-
MOCTb PacIINpeHus Cpephbl ASATEIHHOCTH THAPONPOTHO3UCTOR,

INocrasnena M peinaerca 3agada NpeABLIMHCICHHA MNOCACACTBHA,
K KOTOPEIM MOXET [pHBECTH BO3JICHCTBHE JC/I0BEKA HA BOAHKIC PECYPChL

Opranuiauns cayx6bl FTHAPOJOTHYECKHX NMPOrHO30B
H MHdopMaLun

PykoBOACTBO rHAPOMETCOPONOrHUECKHM obecneveHueM OTpaciei
9KOHOMHKH ocyliecTBaser denepansioe arenTerso Poccnd no rugpome-
TEOPONOTHMI, MOHHTODHHTY OXpaHe Oxpyxaroineii cpemst (Pocrizpomer).

Pabora cnmyx6H THOPOTOrHYECKMX NPOTHO30B OpraHH30Baza Mo
aIMHHHCTPATHBHO-TCPPUTOPHANILHOMY NprHUMIY. Bes  TeppuTopHs
CTpaHbl pasfieNieHa Ka OTAeNbHble palioRsl, 06CTYKHBAEMbIE TEPPHTOPH-
aNnLHLIME YTIPARICHHAMH [O THIPOMETEOPONOrHH, MOHHTODMHTY M OX-
pane oxpyxawiei cpensl (YI'MC). B atnx ynpasnenusx umeercs 6ro-
poO MOTOABI, B COCTAB KOTOPOTC BXOAMT OTAEN (CEKTOp, PYNNa) rHApo-
NOTHYECKHX NPOTHO30B, OCYINECTBIAKIIHIA BHITYCK ONSPATHBHBIX THI~
POBOTHYECKHX, TIPOTHO30B N0 BOAHKIM 00BLEKTAM AaHHOH TEPPUTOPHH.

IpH kpYNHEIX THAPOTEXHHYECKHX CTpofikax M B pAme 0ONacTHRIX
HEHTPOB CO3JAKTCA THApoMeTeoponorudeckre Giopo (I'MB). B 'MB
€CTE THIPONOTHYEcKUe IPYNnel, 0OCTyKHBAIOIME MECTHEIE 3aHHTEpe-
COBaHHEIC OPTaHB3aLHH CBCASHHAMM O COCTOSHHH BORHEIX O0BEKTOR W
NOTYHaeMBIMH 13 GI0pO NOronE! NPOrHO3AMH H NPERYHPeKACHAIME 00
ONIACHBIX ABNEHHAX Ha pexax. Hexoropeie ruapomerOiopo camy BeImyc-
Ka10T XPATKOCPOUHbIE NPOTHO3M ¥ NpEeRyNpexAcHUS, HeoOXOAUMbIC
3aHHTCPCCOBAHBRIM CTPYKTYpaM. B METOAMYECKOM OTHOWUEHHH OHHU
NOAYUMHEHL] COOTBETCTRYIOMIEMY OIOpO MOTOAbL.

napomercoponornueckie o0cepBaTOPUH HA KPYIHBIX BOAOXPAHH-
AHIIAX BLINONHAKOT TAkMe xe GyHku, 4o u ['MB.
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HpasurenscTBeHHEE OpraHbl, MHEACTEPCTREA H BEAOMCTBA TONY-
qaroT HHpOPMalUMIo 0 TeKymEM pexXHuMe BORHEIX o0BexTOR #3 ['Hapo-
merenTpa Poccnn,

KpatkocpouHsle THEPONOTHIECKHE NPOrHO3H COCTABAAIOTCA B OC-
HOBHOM MCCTHEIMHM ONEPATHEHLIMK OpraHaM#, a JONIOCPOYHEIC M0 OC-
HOBHEIM BOAHLIM 00nexTam — coBMecTHO YIMC n IMI] Poccun.

B 1990 r. samyckanocs 11 500 noarocpounsix M ceerme 100 000
KPaTKOCPOYHBIX THAPOJIOTHYECKHX MPOTHO30B.

Hpn noaroroske nudopMmamuu o TekymeM M OyaylieM pexHme
BOAHEIX O0OLEKTOB MCMONB3YIOTCA AanHHble Habmonenuid Somee 3000
rrpposioradecknx nocros. Kpome Toro, ucnomsyercs madopmauus ob
ocafkax, BNAAXHOCTH M rnyCHHE NpPOMEP3AHHA NOYBEL, TEMIEPATYpe
BO3MYyXa W BOAEI, 3aIacax BOXHI B CHE)KHOM NOKPOBE H O APYTHX THApPO-
METEOPONOrHYESCKHX BEIMYHHAX.

D¢ deKTHBHOCTE FMAPONOTHYECKHX NPOTHO30B 33 MOCICTHAE ACCH-
THIETHA POCAA 33 CHET COBEPIICHCTBOBAHMA METONOB IIPOTHOIHPOBAHHI,
NOARNIEHHA HOBLIX BUOOB MporHO308. CIoNa e MOXHO OTHECTH M CHCTe-
MATHYECKHE KOPPEKTHPOBKH HOMrOCPOYHBLIX MPOrHO3OB, MO3BOAAIOUINE
YMEHBLINTEL BOSMOXHEIH yHiep0 OT HCONPaBIABHIMXCA IPOTHO30B.

OxoHoMuueckuil 3¢dHEKT OT HCMIONLIOBAHHA TPOTHO30B HanGosee
NOJHO NPOAHATH3APOBAH TOABKO JUIA MPOTHO3OB TPHTOKA BOXSI B BOHO-
xpanunnma. OnpaBABIBAEMOCTE OPOTHOIOB NPHTOKA BOABI B BOAOXpa-
HE/MILE 32 MecAl, KBapTan M NonoBoase Ha kpynHeix 'DC 3a mHoro-
netHuii nepuon coctasuna 80 — 85 %. PaccMaTtpuBannchk BOZOXpaHH-
auma ra Esponeiickoit Teppuropnn Pocenu, B Cubnpu, Cpeaneit A3nu
M Ha Kaekase. OumGka npornosupoBanna B 80 % ciyyaes Obinu MeHee
20 % daxTHuecKOro 3HaUeHUA ApHToKa. OmHOKH KITHMATHYECKOFO Npo-
THO33 §osee 4eM B NBa pa3a NPEBLILANHN OLIMOKH METOAMYIECKOre Mpo-
rHO3a.

[Iporno3e! NpUTOKa BOLBI K THAPONICKTPOCT2HIHAM CIOCOOCTBYIOT
HOTOHATENHOH BHIPab0TKE REKTPOIHEPIHM U GoNlee NMPABHILHOMY
TUTAHHpOBaKHIO e BhIpaGotku, JlononsMTenEHas BhIpaboTka aneKTposHEp-
v Pribmnckoii I'3C 3a 11 manoeomueix ser cocragmna 340 mm kBT - 4,
410 paBHe 4 % Beeii BuIpaGoTKH aneKTpoIHEpTrH: 32 3TH roAnl. J(na Ba-
smofickoit [9C rononunrentnas pupalioTka 3a cUeT MPOrHO30B NpH ro-
JoBoil BepaboTKe 3nexTposHepruH B 2,3 mupa xBr - 4 pasHa 7 %, uny
160 mnn kB - v,
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Vennuenne Ha | Mecan 3ab1aroBpeMEHHOCTH NPOTHO3a BECEHHE-
NeTHEro MONOBOALA A MHHredaypckoro BOJOXPAHHIMINA [OBHIIAET
B cpeaHeM Ha 25 % BuIpalbOTKY SNEKTPOIHEPTHH,

3na4uTeNbLHbIA dKoOHOMHYecKHH 3(PPEKT OT HCNONB30OBAHMA MHAPO-
NMOTHYECKHX MPOrHO30B OTMEYAaeTcsA B pale APYruX orpacneii {(Tpakc-
NOPT, BOAHOE U CEIBCKOE XO3HCTBO M T. A.). K coxancHMIO, B HacTOA-
lee BpeMA HET BO3MOXHOCTH IaXe NpHOMMKEHHO OLUEHHTh 3TOT 3d-
¢ekt. 3a nocnenHue rofkl MOYTH NONHOCTHIO HCKIIOYEHB! CIIYHaH BHe-
NAZHOBHIX 3HMOBOK PE¥HBIX CY/IOR W3-3a HE OMPABJARUIKXCA NPOrHO3OB
3amep3anusg pek. [IpormosH AefOBLIX ABAEHHA HA peKax NO3BOAAIOT
NIpoNIHTE HasHrauui Ha Bomnre u Kame, Bonro-BantuiickoM BOAHOM
nytH B cpenreM Ha 10 — 15 cyT. ocenrio u 15 - 20 cyT1. Bechoil, 3a 210
BpeMs JOIOIHATENBHO NEPEBOINTCA OKOMO 4 MIIH T TPY30B.

MHoroneTHnii ONKIT CBHAETENLCTBYET 00 addexrnBrocTH 3a6maro-
BPEMCHHBIX NPEEYNMPEXACHHA O 3aTOMNCHHAX M HABOAHCHHAX TOPOJOB
H HAaCGNISHHBIX MYHKTOB, PACIIONOXKCHHEIX N0 OeperaM pex.
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Mfaea 1
BAUAbl U METOALI
rMAPONOrMYECKUAX NMPOTHO30B

1.1. Kaaccugukanna ruapoaorHeckux Npor1o3os

B HacTosmee Bpema xracCHpAKAOHS THEPOJNOTHICCKHX TPOrHO30B
OCYIIECTBAAETCA Ha OCHOBE CACXYIOMMUX ARYX OCHOBHBIX TIPH3HAKOB.

1) Tlo 3aGnaroBpeMeHHOCTH rUApPONOTHYECKHE NPOTHO3HI HOZpa3-
AENAIOT Ha KPATKOCPOUHBbIe M JONTocpodnne. K kpamkocpounsim oTHO-
CATCA MPOFHO3BI ¢ 3a6aroepeMeRHOCTHIO A0 10 ¢yT., ¢ Gonsiued 3a6na-
FOBPEMEHHOCTEEO (00bMHO 1 — 2 Mecsia) — KaK NPABHIO, K 00R20CPOY-
Hum, 3a0NarOBPEMERHOCTE KPATKOCPOYHEIX MIPOFHO0B JICAOBBIX SBJC-
HHI He npeBbiraeT 5 — 6 CyT., Tak KaK JHIIE HA 3TOT MCPHON MONKHO
MNOXYIMTE HAACKHBIH NPOTHO? HEKOTOPBIX METCOPONOTHYECKMX BEMH-
4HH, HeoOXOMMMBIX JId pacveTa Temsioo0MEHa BOMHOM Macchl HIH Jie-
JUTHOrO NOKPoBa ¢ OKpyaarowei cpenol. [Tporuoss nenoswx ABnexnil ¢
3abnarospemerHOCT 0 10 — 15 CYT. BA3BIBAIOT CPEOHECPOUNBIMY.

2) o npeackassiBacMbIM THAPCIOrHYSCKHAM FBIICHHAM BBIASIAIOT
npoeno3zut 800K020 pexcuma (ypoBHelH H pacxolior Bopsl, o6beMa nIH
CHOA CTOKA) M NpozHo3b! Aed08blx AeAeHull (CPOKH HX TIOABJICHHA, TON-
LHEL B YPOYHOCTH NCAAHOTO NOKPOBA, OYHIIEHHA OTO BbJA 03P H BO-
JOXPaHHITHI).

Pspx asTOpOB Npeaiaraer MoapasAcnATh NPOTHO36! HCXOAA M3 YUCT4
IUIOIMAJIH, HA KOTOPYIO OHM PacHpOCTPaHAIOTCA. 370 MOryT OsiTh AG-
Kanbkbie MPOTHO3R JUIA OTHSNLHEIX CTBOPOB, IMYHKTOB, YYacTKOB PEK,
03€p W BOAOXPaHHIHLY U meppumopuansibie ((hoHOBEIE) NPOTHO3BI, CO-
Acpxanme cBeAcHNA o6 OKHAaeMbIX ABICHHAX HA 3HAYHTENBHEIX 1O
pasMepy NOMWAIsiX.

B paGote [3] npeanaraercs knaccHpHIHPOBATH NPOTHO3B HCXOAA
H3 DH3INYECKOH CYIHOCTH W 3aKOHOMEpHOCTeH GopMHpOBaHKA THApO-
ROTHYECKHX SBNICHMIL. 3TH NMPOTHO3L] OCHOBAHEL

a) Ha y4eTe 33KOHOMEPHOCTEH JBHAKEHHA BOARL B PYCIIE PEKH;

6) Ha aHanu3e mpoueccoB HOPMHPOBAHHA CTOKA Ha mmomany Oac-
CeHHa;

B) Ha ¥CCIEI0BAHHH MPOLECCOB aTMOChepHOi NHpKynaums, 00yCcnos-
THBAIOLTX HOTEMICHHE WX NOX0N0AHHE Ha OGIHPHBIX TEPPHTOPHAX,
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Ipennaraemas knaccupuralis HMEET CBOM JOCTOHHCTBA B HELOC-
TATKH, HO B TO e BPEeMs B KAKOH-TO CTENEeHK YCIOBHA, TIOCKONBKY OT-
P@KAET YPOBEHL PA3BUTHA MMAPONOrHYECKUX MPOTHO30B HE CEroJHAHI-
Buit neHb. Bnoane oueBHAHO, YTO MO MEpe COBEPLICHCTBOBAHHA MpO-
FHO30B M3MEHHTCA M MX KnaccHgHKamus.

B nansoM yueOHMKS aBTOpHI NPHASPKMUBAIOTCA TIPHHATON B HACTOA-
mee BpeMA KNAaccH(PMKALMH, YYHTHIBAIOWCH /ABA OCHOBHLIX NpPH3HAaKa:
XapakTep rUAPONOrHYSCKOT0 ABJIEHHA U 3a0/1ar0BPEMEHHOCTS IPOrHO3A.

1.2. Buapi ruapo/ioTHYeCKAX NPOTHO30B

K OCHOBHHM BHIaM THAPONOTHYECKMX NPOTHO3CB ANA BOIHBIX
OOBEKTOB CYIIH OTHOCATCA:

1) kpaTROCPOYHLIC NMPOTHO3H PACXOHOB H YPOBHEH BOOM Ha CyAo-
XOAHBIX peKax; NPOrHOSH XapaKkTepHBIX pacxoaoR (YpoBHelM} Bonk
(MaKCHMANLHEIX, CPEAHHX, MHHMMANILHBIX);

2} BOArOCPOYHLIC MPOTHO3L! CACKYIOLIMX EMEKTOB BOOHOTO pe-
HHUMA PEK:

— MaKCHMAIILHBIE PacXO/ibl #1 YPOBHH NONIOBOALA H MABOJKOB, & Tak-
#e ONaCcHbLIC YPOBHH H JIMTENBEHOCTS 3aTOILICHHA AOHMb,

— CTOK 32 NEPHOA MONOBOABA,

— CpefHHe H MHHHMANGHEIE MECAMHLIE YPOBHH BOA Ha CyHOXOA-
HBIX pEKax,

—~ MEXEeHHEIH CTOK,

— CTOK FOPHBIX PEK 8 PalioHaX OPOMIAEMOFQ 3eMNe/eNNs 338 BereTa-
UHMOHHEI H Gonee KOPOTKHE MepHOIb,

— MECAYHBINA, KBAPTANBHLIE ¥ CE30HHBINA MPUTOK BOAR B BOZOXpa-
HWIHLIA;

3) nporHo3H JEAOBLIX ABNEHHH Ha peKax:

a) KPATKOCPOYHBIE:

— CPOXH NMOABIEHUA ILUIABYYETO b3,

— CPOKH HaJala 1ehoCTaBa,

— TONIIMHA TEAAHOTO TIOKPOBa,

— YMEHBUICHHE TOMLMHEE H MPOYHOCTH NEIIHOTO NOKPOBA,

— CPOKH BCKPEITHA peK,

— MAKCHMQIBHEIE 3aTOPHLIE H 3aXOPHLIE YPOBHEH BOIH;

6) AoNrocpoYHbLIe:

~ TIOABJICHUE IbJA,

— CPOKH BCKPBITHA PeK;
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4) mMpOrHoe3bE JICHOBRIX ABJICHHH HA 03CpaX B BOAOXpaHWIHIIAX:

3) KPaTKOCpOIHbIE:

— CpoXH Hayana neooGpasoBatms U NEOOCTaBa,

— TOJINMHEA JIEAAHOrQ MOKPOBA,

— YMEHBIICHNA TONMHB ¥ IPOYHOCTH JIEANHOTO IOKPOBA,

— Hecymieit cmocoGHOCTH ACHAHOrO MOKPOBa M IIPOXONMMOCTH €10
JUIA CYIOB NEROBOrO RNABAHMA,

— ¢POKOB Pa3pyLIEHHA NEAAHOTO NOKPOBA H OUMIEHHA OTO NbAA;

6) nonrocpovHkIe:

~ CPOKOB 3aMEP3IaHAA,

— CPOKOB BCCEHHETO PaspyHICHNA JIBAA H OIMILIEHHA OT HETO.

1.3, 3JakouoMepHOCTH IHAPONOTHYECKHX NPOKECCOB
H METOALI IPOrHOIHPOBAHHS

Iaponoruyeckne SBICHAA pa3BUBAIOTCA HAa TEPPHTOPHAX PEHHBIX
WM 03epHEIX BomocGopoB, ornHyaromsxes ypesskiaiino Gonpmoi He-
OJHOPOMHOCTBIO reorpadMueckol Cpenel, M ABIKIOTCH PE3YNBTATOM
KOMIUICKCA CJIOAKHBIX MPOLIECCOB, MPONCXOAAMMX B aTMocdepe, Ha Mo-
BEPXHOCTH H B Towe 3eMnn. 31a HEOBHOPOAHOCTD H YPOMAJIHOE YKCIO
BIAUMOCRA3AHMLX (PAKTOPOB, BAUIIOLMIX HE YCHOBHMS HOpPMHpORAHHS
THAPOJIOTHYECKOTO ARAEHHA, MPESACTABIAIT coBoi CIOXKHOCTE HpeBh-
JeHnA OyAYINEro COCTOSHHE BOJHOTO 00BEKTA.

OcobensocTbio pexnMa GonsKBCTBA pek PoccHy SBAdeTcH Hanm-
YHE XOPOUIO BHIPAKCHHOIO BHYTPHIOZOBOTO IMKJIA M3MCHEHMS CTOKA,
CBA3aHHOTO ¢ pa3HooOpasHeM KMUMATHYECKHX YCIOBHIA JaHHOTO (DH3UKO-
reorpagwdeckoro pafiona. Ilepuol! BHICOKMX BOJI, BRI3BAHHEIC TASHHEM
CHETZ MAM MOCTYMNEHHEM NOXIEBRIX BOA, CMEHAIOTCH MATOBOALEM,
B TEYCHHE KOTOPOro peky MEpeXoliAT B OCHOBHOM Ha MHTAHAE TOA3CM-
HEIMH BofiaMH. CyliecTBeHHOS BAHAHHE HA XapakTep BOOHOIO pexuMa
Aaxe B MAJIOBOAHBIC MNEPHONB! (MEXEHH) MOXKET OKa3hIBATh HIMEHYH-
BOCTB NOTOHHLIX YCIOBHIL.

Peunoit crok npencrarnser coGoit ¢caoXkHEIi NPUPOAHKIHA Tpounecc,
ofycnoBneHub BIHAHMEM KOMIDIEKCa (H3HKO-TeorpadHYecKux ¢ak-
TOPOB H XO3AACTBEHHOR ACATENALHOCTH YENOBEKa.

OcHoBHBIMH (DakTopaMit CTOX3, ONPENCTAIOIMMY €ro Pa3BHTHE,
ABIAIOTCK KAUMaMuyecKue Gaxmops:, HHOTAA HA3BIBACMEIC nepeMeN-
HoMu  2udpomemeoporozudeckumit  axmopamu. K HuM oTHOCATCA
OCAIKH, CHEr03aNacsl, HCHAPEHNE, KHTCHCHBHOCTD CHEIOTATHHA H BOJO-
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orgayi. K nepeMenHMM (aKTOpaM OTHOCATCA TaKke BOAONOINOTHTENb-
Ha% M peryaupyiowan cnocoOnocTu Gaccefina. Tlocnenume 3aBHCAT OT
KnuMaTHeckux $axropos. Ha obmem done pospedcreua KmMaTa Ha
dopMuEpoBanHe CTOKA H €10 00BCM OKA3LIBAIOT RAHAHHE BOCMOAKHbIE U
OMHOCUMENLHO ROCMORHHBE (axmoper. MHOTIa MX HA3LIBAOT axmo-
pamu nodcmunaowyeii nogepxrocmu. K HUM CIeKyeT OTHECTH pasMephl
u popMy peuHoro DacceliHa, €ro pesbedy, NEONOTHIO, OUEDI, PACTHTENB-
HBIH NOKPOB, CTENeHL O3¢pHOCTH H 3abonowenHocTH, Bimmmue s1HX
($aKkTOpOB TEM 3aMeTHee, ueM MeHblIe pasMephl peunoro GacceiiHa u
JeM KOpOYe NEPHOM, 3a KOTOpHIN paccMaTpHBaercs 310 BiuuaHue. Pag
tbakTOpoR MOXHO CUMTATH OTHOCHTEABHO NMOCTOAHHLIMH, TAX KaK BAI-
pybxa neca, ocymieHHe GOnoT, pacnanika 3eMelb MOTYT CYHIECTBEHHO
CKA3aThCA Ha BOAONOrNOTHTENLHOH crocofHOCTH peanoro BacceitHa.

Kinmar BospeficTByer Ha CTOK He TOJNIBKO HENOCPEACTBEHHO, HO H
vyepe3 NOCTOAHHbIC $U3UKO-Teorpaduueckue QakTopl: NOYBY, pacTh-
TenbHOCTD, penbed. Bee 31 drakTopsl HaxoAATCA B MOCTOAHHOM B3aH-
MOIefiCTBHA, ONHH N3 HUX C1I0COOCTBYIOT CTCKAHHIO, APYTHE 3aMEANIIOT
CTOK H JaXe HCKAIOMAlOT BOIMOXHOCTE ero ofpasosatia. IIpumense-
MBbI¢ B THAPONOTHH METOSE! IPOFHOIHPOBAHHA B Toll WK HHOlE crenmeny
OTPaKAIOT 39KOHOMEPHOCTH HCCAEAYeMBIX THAPONOTHYECKHX Npolec-
COB H NMPEACTABIAIOT IO CYWECTRY cnocoOul pemenna npobieMs! mpex-
CKA3AHHS THAPONOTHICCKOTO ABNCHHA.

B ocHOBe MeTO[a MPOTHOZHPORAHMA OGOTO MHAPONOFHYECKOrO AB-
NCHHA KT PHINUECKHH aHAIM3 NMPOLECCcoB, 00YCIOBANBAIDIIHX SAHHOE
ApneHne. MeToA NporHoIMpOBAENA YKA3bIBAET HA HENECO00pasHOCTS TOTO
HIH HHOTO 0fIIiero NOAXoRa K pelicHuIo 3agauM. Tak, MeToa Boauoro Ga-
NAHCA OCHOBAH HA HCCEIOBAHHUH BIAHMOCBA3H MEXY CTOKOM H OCHOBHEI-
Mu (haxTOopaMy, €ro ONpeeIMONHMY, H LIHMPOKO MPUMERAETCA IPH Ipo-
THO33X CC30HHOTO CTOKA. HEKOTOpPHE NEAOEbIC MPOTHO3E! HCTIONB3YIOT Me-
TOR TEILIOBOTO fanaHca, KOTOPHIE YIMTHBAST TEIUIOOOMEH BOAHON MacCh)
HWIH JICISIHOTO NOKPOSa C OKPYKAONIeH CPeaoi.

Ha 6ase MeToAa NporuoanpoBaHus paspabaTRIBAIOTCA TE HAH HHBIC
NPaKTHYECKHE HPHEMBI (METONHKA) NPOrHO3HPOBAHHA 14 KOHKPETHBIX
BOAHBIX OOBEKTOB HIH TEPPHTOPHH, BKAIOYAIOMCH HECKONLKO PEHHBIX
Gacceiinos, obnanaionx AocTaTowHON oOHOCTRID. [IpH 3TOM HCTONS-
3YeTCA KaK MATEMATHYSCKHI anmapat, Tak H rpadHueck#e ROCTPOCHHUS.

OGazaTeBHEIM 3eMEHTOM PaspaloTKH METCRMKH NPOrHOSHPOBAHNIA
ABINETCA OHEHKA €€ MpakTHueckoif NpuMEeRNIMOCTH U 3QheKTHRHOCTH,
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Hcxons n3 puangeckoil CymuocTH rHAPOIOTHICCKHX ABICHHH, Me-
TOXEI IPOCHOZ0B MOTYT OBITH CEXYICLIHMH.

— Memoou, ocrosannbie HA UCCREOOBAHUY 30KOHOMEPHOCME O8u-
Jicenun peynozo nomoxa. UX (U3MYECKOR OCHOBOH ARIAETCE TEOPHA
JBHACHHA TNABOAOMHON BOMNHELI, YpaBHEHWA BOJAHOrC Oananca ydacTka
PCKH WIH Beeil peuHOi CHCTEMBI, 3AKOHOMEPHOCTHA UCTOILCHHA 3aNacoB
BOJBI B PEUHOH CETH.

Cpenu 310d Ipynmsl XOPOIIO H3IBECTHEI METO/LI IPOTHO3A Ha OCHO-
Be yuera noGeraHna BoAbl OT BEPXHHX CTROPOB [0 33JAHHOTO HHMKHErO.
PacueTHbie COOTHONICHHNA NMPH 3TOM YCTAHABIHBAKOTCA NPH PA3IAYHBIX
YIPOUIEHUAX YpaBHEHHA HEPa3PLIBHOCTH M AHHAMAYECKOrO YPaBHEHHA.

K a710ii rpynne oTHOCATCA M METOIBI NMPOTHO3A PEYHHOTO CTOKA MO
NAHABIM O 3aNacax BOAbI B peqHON CETH W MPOrHO3a rapaHTHPOBAHHEX
ypoBHeil (pacxoROB) BOABI Ha OCHOBE y4eTa 3aKOHOMEPHOCTEH HCTOMmE-
HNAA 3anacoB BOAR! B acceiime.

3abnaroBpeMEHHOCTD IPOTHOZ0E 3TOMH IPYTNIL] — OT HECKOILKHX YACOB
A HEOOMBIIX NOPHBEIX PEX AC HECKOIBKMX MECANEB MU KPYTIHEIX PEK.

— Memodul, ocroeannbie Ha uccredosanuy 3axoromeprocmeti Gop-
MUPOBAHUR CIMOKG He MOALKO 8 PYCROEOI cemu, HO U HA RACWAdU 6000-
cbopa. x pusndeckoii ocHOBOI ApngeTcs yueT TenNOPH3IHEECKHX MpO-
LESCCOB B 30HEC aYPAIMH # HA NOBCPXHOCTH NOYBLI. M3-33 upe3ssivaiinoi
CNOXHOCTH MPOLECCOoB, MPOHCXOAAWIHX Ha Inollanu Bopochopa, Hc-
MONB3YIOTCHA KaK MATEMATHYECKME MOAEH (HOPMUPOBAHHA MONOBOABA H
MABOJKOB, TAK H IMIMPHYESCKHE 3aBHCHMOCTH, OMHCHIBAIOLINE OTAENb-
Hbte cocTapuomue Ganamca. HoxonHeiMu FaHHBIMM 4BAAIOTCA MaTe-
PHAIL! METCOPOROIHYISCKHX H I'MApPOIOrHYeckHX HabmoneHuii. IIpHme-
HEHHE 3THX METOXOB A3eT MAKCUMANLHYIO 330/aroBpeMCHHOCTE TIpH
HCIO/B30BaHHA KOMMNECTBEAHOTO MPOTHO3a COOTBETCTBYIONIHX METEO-
POTTOrHYECKHX BEIHIHH.

~ Memoowi, ocrosannvie Ka pacueme 2AABHBIX COCMARRAIOWUX 800-
H020 basanca 3a onpeoeaennbiii nepuod. TeoperHyeckoil 0CHOBOR 2THX
METOROB ABSACTCA YpaBHCHME Bonauoro Ganamca. Mcmoabsyiores s
FOKANBHEIX @ TEPPHTOPHAILHEIX AONIOCPOYHAIX TPOTHO30B BECCHHETO
CTOK2 PABHHHHEIX PEK H BECEHHE-JICTHETO CTOKA TOPHEIX peK. TOYHOCTE
NPOrHO308 BHICOKAS ANA PEK, HA KOTOPEIX NONOBOALE (QoOpMUpyeTcA
B OCHOBHOM TAalbIMK BOJAMH TPH HE3HAYHTENLHOM YIAaCTHH JKHIKHX
ocaikos. CnoxHee NpOrHO3HPOBAaThL BECEHHE-NETHMHA CTOK FOPHBRIX PEK
H3-32 KpaiiHeil orPaAHHYEHNOCTH HECXOAHBIX AAKHBIX.
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— Menodbt KpamroCpOYHOZO NPOZHOIA NEO0BHIX ABREHWY, OCHOBAN-
Kble HA pacueme mennoobMmena 6OOHOL Maccel uny aedAHO20 NOKpoea
¢ oxpydcaioweli cpedofi. MeTeoponoruieckue YCIOBHA Ha NEPHOZ OT
BHITYCKA MPOTHO33 A0 ET0 OCYIICCTRICHHA ONEHHBAIOTCA 1O MMPOrHO3Y
norogul. [Ipu npornosax yMeHbIeHHS TPOYHOCTH JEAIHOrO NOKPOBA K
BCKPBITHA PEK YIRTHIBAIOTCA HAPYIICHHUA MEXKPUCTAINHYECKHX CRA3CH
B TONINE LA BCACACTRME 0Opasopasnms XHAKOH (a3l 3a CUET MPOHH-
KAIOWICH B Jieq CONHETHOH pa HALIIN.

— Memoobl 00R20CPOURBIX NPOZKOIOS, OCHOBAWHBIE HA UCCAEO06a-
HUN GMMOCepHEIX npoYyeccos. ITH MeTONbl NPHMCHAIOTCA HPH COCTAB-
JIEHHN JOATOCPOUMHKIX MPOTHOIOE ACAOBHIX ABICHHH. YCTARABNHEAKTCE
TAKMKE CBAZM MEXKTY XapaKTEPHCTHKAMH METCOPONOIHISCKHX Ionel ce-
BEPHOTO NONYIIAPHA H CPOKAMH HACTYIUICHHS JISAOBLIX SBJICHHIA.

1.4. Hprmupne cTATHCTHYECKOH o1leHKH 3PexTREHOCTH
METOOUKH W ONPABALIBAEMOCTH THAPOJOT HYECKHX NPOrHOI0B

OueHka 3p¢eKTHBHOCTH MCTOAMKH NPOTHOZMPOBAHHA TO3BONACT
YCTAHOBHTbH BO3MOXKHOCTL €€ NPAKTHIECKOTo NpHMeHerns. Ipy oleHke
s PexTHBHOCTH METOAUKA H ONpPaBABIBAEMOCTH MPOTHO30B Tpedyerca
BLIIONTHEHHE ABYX YCIIOBHIA:

1) momxHa Okt cobmoacHa GOBEKTHBHOCTE CHCTEMBL QlEHKH Npo-
THO30R;

2) neobXonuMO MMETL BOIMONKHOCTH MPOBOAMTS CPABHHTENLHYIO
OLCHKY.

Brinonkenne nepBoro YCHOBHMA CIOCOOCTRYET COBEPIICHCTROBA-
HHIO METORHK NMPOrHO3HPOBAHHAE, 4 BTOPOE YCIOBHE IIO3BONAET BLEIABHTH
cpeaH DONBIIOTO YHCA2 MCTOAMK Hanbomee sQeKTHBHbIC,

Ilpy ouenke nporHO30B APEANONATAETCA, YTO OMMOKM KaKIOTO
OpOrHO3a CAyYalfHH, a MX pacupelencHWe NOAYHHSETCA YPAaBHEHMIO
HOpMalLHOrO pacnpenenesus. Pacnpesenenue norpemHocreil mpordo-
30B HMEET aCHMMCTpPHYHEIH XapakTep, Beersia ecThb ofpeacacHHbLA npe-
AeN HX MHHHMANLHEIX 3HaveHnH. OnuTHBIE JAHHBIC NOKAILIBAKOT, YTO
B npeaenax obecneyesnoctu oT 10 no 90 % pacnpenenenue ommGok
ONHAKO K HOPMANBEHOMY. 3TO H [O3BOJAET NpH ouenke 3 dhexTmBHOoCTE
METONHKH H OHpPABALIBAEMOCTH THAPONOTHYECKHX NPOTHO30B HCMOMb-
30BaTh ypaBHEHHE HOPMAFbLHOTO PACTIPE/ICICHHA:



p(x} " , (L.1)
roe p(x) — BEpOATHOCTE AAHHOID OTKJIOHCHHS CNyJaliHoi nepeMeHHOH
X OT €& HOPMH X; A — 3aIaHHOE 3HAUCHHE 3TOr0 OTKIOHCHUA; O —
CPeAHEE KBANPATHICCKOE OTKJIOHCHHE BEJIHYHHBI X,

O BepoATHOCTH TOTO, YTO MEpeMeHHas 33KMOYEHa B AMAana3loHe
(x +¢,0), MOXHO CyAUTL MO NpeACTABNEHHbIM B TabnuaaOM BHAC pe-

3YNABTATAM MHTETPHUPOBaHHA ypasHenua (1.1). B tabmune npupogatcs
3HAYCHHA BEPOATHOCTH p(x +1,G), OTBEYAIOMIHE PAIHRIM 3HATCHHAM

A
‘p = ; ,roe f P OTKIOHEHHA OT HOPMEL B AONAX CPENHEro KBaapaTHic-

CKOT'0. 3Has BEPOATHOCTH NOBEPHTENILHOTO HHTEPBALA, MOXHO MepeiTu
K 00eceueHHOCTH KpaliHuX B JaHHOM HHTEPBRANS 3HAMCHIA 0XRHIACMOM
nepeMeHu0H 0 BEIPAKCHHIO,

1- p(E+1,0)

pix2(@E+1,0)]= 5 (1.2)
IUIA BEPXHETO Ipexena,
_ 1+ p(X+1,0)
p[xz(x-—rpo')]=—2— (1.3)
IR HHXKHETO NPENena.

[To 71M BHpaXEHHAM MOXHO YCTAHOBHTH obecmeueHHOCTh pas-
JHYHHX 3HaYEHUIl peacKasbIBacMoil epeMeHHOi.

B npenenax +0,674¢ 3ax0u¢Ha NOMOBHHA, UIOIMANY HOPMHPOBaH-
HOli KpHBOH HOpMaJibHOTO pacnpenesieHns. OTIIOHCHHE OT HOPMBI, PaB-
Hoe £0,6740, HasLIBAIOT GEPOAMHBIM OMIAOREHUCM, KOTOPOES IPHHHMA-
£TCA 33 JOMYCTAMYIO MOFPEHIHOCTh MPOTHO30B Oaon. B KPATKOCPOUHBIX
MPOrHO33X PacXOAOB M YPOBHEH BOALI B ClTy4ae, ec/iH NpeallecTBYIoWas
BOMIHOCTE B KaKOH-TO CTCNCHH MOXKET ONMPEACIATS NPOTHOSHPYEMYIO Xa-
PBKTEPHCTHKY, BETHYHHA 8, BRIGRCARETCH 110 opMyne:

8,00 = +0,6740,, (1.4)

TAe ©, — CpPeAHee KBaAPaTHYECKOE OTKNOHCHHE H3MEHEHKWd RPOTHO3M-

pyemoil BEe/HYHHEI 38 HEPHOJ 330/1arOBPEMEHHOCTH MPOTHO33 OT Cpel-
HETO SHAYCHHA 3TOrO HIMCHEHHA:
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G, = ,H 7 (1.5)

roe A; — H3IMCHCHHC IIpOI‘HOEIHpYCMOﬁ BCIIHYHHE 34 NCPHOA 3abna-

TOBpPEMEHHOCTH MPOTHO3a; A — cpefiHee 3HAUCHRE THX H3MEHEHHIT; n
— YHCO H3IMCHCHHI.

B I0JATOCPOYHEIX MPOTHO3ZX 33 AONYCTHMYK NOIPEIIHOCTL TpH-
HHMACTCH BEPOATHOC OTKIIOHCHHE

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

30eCh O — CPeAHCE KBAADATHYUCCKDC OTKIIOHCHHC ADOTHO3HPYEMOTO 3HA-
GCHMAA INCMCHTA OT CPENHETO!

(1.7)

e ), — 3HadcHne HpOI‘HO3Hp)‘CMOﬁ BCAHYAHB, Y — €€ CPCHHCE 3HAYC~

HHE; 1 — YUCII0 NICHOR PAJKA.

[IpK BEIMHCCHHH AOMYCTHMOH HOTPEHIHOCTH MPOFHO30B B 3aBUCH-
MOCTH OT JATH BhRITyCKa NPOTHO3a Hcnmonssyior dopmynst (1.4) unu
(1.6). Ecniu nporno3 BeImycKaeTcs A0 HaYanka moN0BOIbY, TABOXKE, BETE-
TAHOHHOTO MEPHOAA, JOMYCTHMYK) MTOrPpCINHOCTE 34 YKA3aHHBIC nepuo-
Ibl onpegenaioT no gopmyne (1.6). Ecnu e nporHo3 cocTaBIseTca no-
clic Hayana meproa, To HCNoIb3yT dopmyy (1.4).

JlomycTuMas MOTpEIIHOCTS POrHO3a MAKCHMATIBHBIX PAcXOfoB A0~
JKAESBHIX NABOJKOB, MUHMMANRHEIX YPORHE{t BOAbI NMEpPHONA HABHTANMM,
3uMHE MCKEHH, OCCHHETO NicA006pa3oBaHHA ONPEREIIETCR N0 dhopMyne
(1.4). Tlo dopmyne (1.6) BEIUMCIIELTCA AONYCTHMAA NOTPEIIHOCThH OPO-
THO3a XapaKTepHLIX YPOBHEH BECEHHUX NENOBbIX ABNIEHUH, COCTABAAEMO-
ro A0 HaYala BecenHeil npuObptM BOAEL, o dopmyne (1.4) — Bo BpeMa
PA3BHTHA NOIOBOALA.

3a nomyCTHMYI0 NOTPEIIHOCTL MPOTHO3A CPSIHNX, MEHVMAILHBIX H
MaKCHMANBHBIX YpOBHEH (pacXOnoB) BOAbI HAa KaNeRAApHbIC MEPHOABI
ApUHHMBAETCA MeHbInee w3 3uavennit — 0,6740 win 0,6740,. HamencHue
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ypoBreli (PacxonoB) BOL! ONPSIENACTCA KaK PatHOCTD MEXHY Ha%aIb-
HEIM CPETHHM YPOBHEM (PAcX00M) BOABL H XapaKTEPHbIM YpoBHEM (pac-
XOMIOM) BOZB! IEPHOAA, Ha KOTOpRIH AaeTcs nporso3. HavaneHulil pacxon
ORPEEE/ACTCA B 2aBHCHMOCTH OT JaTHI BRIYCKa nporxosa. Eciu nporyos
COCTABNAETCA B NEPBAM JCHR PACHETHOIO KANEHAAPHOrO NEPHOKA, TO 33
HAYANbHBIH PAacXoA NPHHUMAETCA CPEAHHH PACXOA 32 MPEMIESCTBYIONIYIO
ackany. B cimysae, xorna mporHo3 cOCTaRBIETCA B CEPCIMHE HIH KOHIC
Kkako#H-mubo M3 nNpeiuuecTBYIONMX AeKafl, 33 HAYANLHLIA PACXOM NMpHHHA-
MacTCR CPEARUA PACXOR 3a Ty ¢ Aexany. HaopuMcp, NporHo3 cpeatero
{MaKCHMaTbHOTO HINH MHHHMAIBHOIO) PacXola Ha NEpBYIO MEKaly aBry-
CTa WIH Ha aBTycT cocrapnAercs 16 uions. Torna 3a nauanbHbIA pacxon,
NPHHEMACTCS CpeRHHE pacxon 3a BTOPYIO Aekamy Hiona. Ecnu ske npo-
rHO3 COCTaBIIAETCA B Hayane Kakoii-nuGo M3 geKan, T0 32 HauaibHbIL pac-
X0 MPUHUMACTCA CPeJHAA pacXoZ 33 PEACCTBYIOMYIO ACKAlLy.
3a0naroBpeMEHHOCTS KPATKOCPOYHBIX IPOTHO30B BPEMEHH HACTY-
ONEeHRd TYAPOROrHYSCKUX ABACKUil (BOJHEIX K NSNOBHIX) ONpeAcIIeTC
TEPHONOM OT JiaThl BHIMYCKA IPOTHO34 O YKa3aHHOIH B MPOrHO3e AATHL
3abnaroBpeMCHHOCTS AOJTOCPOMHBIX NPOTHO3OB BOOHOTO H JICAD-
BOTO PEXHMOB OIpEAENICTCA 0 Pa3HOCTH MEXIY JaTaMi BHITYCKa IIpo-
THO3a H OKOHYAHHA MNW HACTYIUICHNA NMPOTHO3Hpyemoro asnenus. Ha-
NpHMEP, MPOrHo3 06beMa IONOBOALA COCTABNEH |5 MapTa; okoHuUaHne
nonosoAbs 20 wionsa. 3a6naroBpeMEHHOCTE IPOrHO3a paBHa 95 cyT.

Cpeanas 3a6naroBpeMEHHOCTE NMPOrHO3IOB, COCTABIAEMBIX MO KOH-
KPCTHOH METOAHKE, paBHA cpeiHeii 3a0/aroBpeMEHHOCTH BCeX MPoBe-
POYHBIX IPOTHO3OB.

HomycTaMas DOTPEILHOCTD AOJICCPOYHBIX TPOCHO3CE BPEMEHH Ha-
CTYIUICHHA ACIOBGIX ARICHWH B IYHKTE ONPECNACTCA CIIERYIonMM obpasom:

1) ecnn NporHo3 COCTARIAETCA paHbllle AATE! HACTYILICHAS POTHO-
3HPYEMOTO ABJICHHS, TO JONYCTHMAA NOTPEIIHOCTD ONPENENAETCA 110 Bbi-
paxernio (1.6); opu 3ToM HCMOAB3YETCA CpelHEe KBAOpaTHYECKOEe OT-
KIOHEHHE JAT HACTYMIEHHS ABICHIA OT CPEOHEro MHOTONETHEro;

2) ecnM MPOTHO3 BRIYCKACTCA f03kKe CaMoil paHHel [aThl HACTYII-
NEHNA NPEACKA3HBAEMOrD ABAERNUA, TO JAOMYCTHMAad NOTPEMHOCTL NpPH-
HHMACTCA PABHOM BEPOATHOMY OTKIOHEHHIO OT HOPMBI C YYETOM CO-
KPAWCHHOH aMIUTHTY A A,, KOTOpad OAPENENACTCA N0 PASHOCTH MEX-

Xy camoil po3AHeH JaToHf HACTYNAEHHS MPOTHOZHPYEMOrO ABMCHHS U
[AaToH BBINYCKa POTHO3A.
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TaxuM o6pa3oM, AOITYCTHMAanA NOTPELIHOCTD

80 =f(o; j—]
A,

TAE G — CpeHee KBAAPaTHHECKOE OTKNOHCHHE OT HOPMB!, 8 —- — OT-

HOILICHHE COKPALCHHOK aMIIHTYAB K MHOTONeTHeH. JlonmycrAMas mo-
rpemHocTs Geperca u3 Tabn. 2 Hacrapnenns [39].

[porxHossl BpeMEHH HACTYRIICHHA NENOBLIX ABACHUH BHIMYCKAlOTCA
JNA IYHKTA ¥ Y9aCTKA PEKH, 03epa HIH BoJOXpaHnaHia. B nocnegnem
Chydae NPOTHOSHPYETCR OTASABHO [ATA Ha4ana ABICHHA H HATa ero pac-
OpoCTpaHeHHA Ha Bech ydacTok., Hampumep, ecin BCKpHITHE PEkM Ha
yuacTke oxupaerca 11 — 14 anpens, To 3TO O3HaYaeT, YTO BCKPhITHE
HauHercs 11 anmpens, a sech yuacTok peky Bckpoertca 14 anpena.

JomyCcTHMDBIE MOTPEMIHOCTH KPAaTKOCPOYHBIX MPOrHO30B KaT HaCTy-
TUICHHA ABACHA HA3HAYAIOTCA B 3aBHCUMOCTH OT 3abnaroBpeMeHHOCTH
NPOTHO30B.

3a6maroBpeMEHHOCTS, CYT. 1-3 4-5 6-9 10-13 1415
JonmycTHMan NoTpemIHOCTS, CYT. 1 2 3 4 5

ITpn 3abnarospemenrocty Gonee 10 cyr. ROMycTHMBIC HOTPEUIHO-
CTH HE NOMKHL NPEBLUNATL NONYCTHMBIX NOTPEMHOCTEH 112 Joare-
CPOUYHBIX ITPOTHO30B, BEINYCKAEMEIX Ha 3Ty e JaTy.

B kpaTROCpPOYHBIX NPOTHO3AX TORMIMHE ISAAHOTO NHOKPOBA AAIOTCA
CBeleHHsA 00 ee HIMEHEHNH 3a MepuoA 3a6M1aroBpeMeHHOCTH HPOTHO3A.
JlomiycTHMBIC BOTPEIIHOCTH DPOTHO33 TONMUHHEL JbXA ONPEACHTOTCS
B 3aBHCHMOCTH OT $aKTHYCCKOro HIMEHCHHA €€ 3HAYCHHA 33 NEPUON OT
ZaTh! BRIMTYCKa MPOTHO3a AC OATH], Ha KOTOPYK) COCTABIACTCA MPOTHO3.

DaKTRIECKOE KIMCHCHAE
TOAIMHHLE TbA4, CM
HomycTHman
MOTPEIHHOCTS, CM

10 1-15 1620 21-25 2630 >3

+3 +4 =5 2] =8 =10

IporHo3 cunTaerca onpapAaBWINMCA, cciin abCOMIOTHAA BEAHUHHA
€r0 NOTPEUIHOCTH MEHbILES HIN PaBHA NOMYCTHMOMH.

TlocToAnHOE 3HAYEHHE JOMYCTHMOH MOrpenHOCTH NPHUBOANT K TO-
MY, 9TO ONPABAABIIHECA HPOTHO3bI HMEIOT Pa3HYI0 TOYHOCTD. [Ipn Ma-
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HpIX 3HAYCHHAX NPEACKA3BIBAEMOTO CTOKA (pacxosa, o6nema M T.1.) Ao-
MYCTHMAR NOTPEIIHOCTE MOXKET JaXce NPERBIINATE 3TO 3HAYCHHE,

Mepoit TOYHOCTH METOJHKH NPOTHO3HPOBAHHA ABIAETCA CPERHAA
KBAZPaTHUECKAS NOTPEIIHOCTD MPOBEPOYHLIX NPOrHO30B, BEINHCAEMAN
no iopMyne

. 2
Z(yf_y;)
A, (1.8)
n—m

TAC y; H y; — COOTBETCTBCHHO (PaKTHISCKOE H MPEACKa3aHHOS 3Haue-

HHA; B - YHCIIO WISHOB pAXa; # — YHCIO CTeneHeil cBobonpl, paBHoe
YHCITY MTOCTOAHHAIX B IPOTHOCTHYESCKOM YPaBHCHHM.

Hcxoag u3 Toro, 4To pacnpefeleHHe NOTPEWHOCTEH MPOrHo30B ¥
pacnpenencHue OTKAOHCHHIA THAPONOTHYECKMX BCAMIHH OT HOPMBL
ONMH3KH K HOPMANEHOMY, 33 KpHTEPH NMPHMEHUMOCTH H Ka4eCTBa METO-
JMHEH MPHHATO OTHOLICHHE 5/C, H S/G. DTH OTHOLICHHSA ABNAIOTCA MOKA-
3aTeNAMH 3QHEXTUBHOCTH H TOMHOCTH MPOTHO3XPOBAHHA, N0 NMOKA3EI-
BAIOT BLIKTPHILI B PACHpEASNEHIY MOFPEIHOCTEH, KOTOPLIH JAET METOR
NPOTHOZHPOBAHYUA MO CPABHEHHI0 C pachpelencHHeM Torpemsocrei
NPU HPUHATHH 0XKIAACMOH BENHUMHLI 110 €S HOPME HAK HOPME M3MCHe-
HHA 33 IepHOK 3a61arospeMeHHoCTH POrHo3a,

MeTonuka NPOrHO3KPOBAHKA CUMTaeTCA pHeMAeMoi, ecnu obec-
MeYEHHOCTE AORYCTUMOH NOIPeurHocT NPOBCPOUHEIX MPOTHOIOB HE
Menee ueM Ha 10 % npeBniniacT 06eCNeUCHHOCTS BEPOSTHOTO OTKAOHS-
HMA 0T HOpPMbL. YYHTHIBasA, YTO NOTPEINHOCTH ONPEACHCHNA S U G 3aBH-
CAT TAKXE ¥ OT YHCJIA WICHOB PAAA 7, YCTAHOBJEHE! CIEAYIONE YCN0-
BHA MPHMEHIMOCTH METOEMK NPOTHO3NPOBAHHA'

npy # <15 Slo < 0,70,
mpu 15 <n<25 Slo<0,75,
npu n2 25 S/e < 0,80.

ToyHocTh CBASH MEXAY HpEACKasbIBAEMBIM ABJICHHEM M ero dax-
TOpaM# XapaKTePH3YeT TAKKE KOPPE/LLHOHHOE OTHOLISHHE:

p=1-(s/c }. (1.9
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JUix mHHCHHBIX 3BHCHMOCTCH KOPPE/LLHOHHOE OTHOLICHHE 4HC-
NCHHO cOBMagacT ¢ kK02QduuienyoM KOppenamuy » = p. YMeHbIIeHHe
coOTHODIEHHA S / G MIK BO3PACTAHMC 3HAYCHHA P CBHUAETENLCTBYET
0 GOBHILCHHAN TOYHOCTH NPOTHOSHPOBAHHNA.

KadecTBo MeTONMKY ycTaHABNHBAaeTCH IO BenuduHe S/ o wim p
(rabn. 1.1).

Tatruya 1.1
Tloxkasarenu Ka4cCTBa METOANKYK Npw 1 2 25
Kateropna kauecrea Sio o O6ecneteHHoCT nonyc-rm?ﬁ
METOAHKH MOrpEIHOCTH NPOTHO30E, Y%
Xopomwaa < 0,50 >0,87 > 82
Y HOBRNETBOPHTENEHAR 0,51 -0,80 | 0,86- 0,60 81 - 60

fpumevanue. Tipy uncne unchos pana # < |5 TaGananbIe 3HAYCHRY 5/ YMEHBILAIOTCA
Ha0,l,ampn 15<n<25 mnaQ0s.

OueHka NpUMEHIMOCTH # KauecTB METOOHK MPOTHO3OB BpPEMEHH
HACTYTIICHHA THEPOIOTHICCKHY, ABNCHHH HPOX3BOUMTICA B 3ABMCHMOCTH
OT AaThi BBIRYCKa MpOrHO3a:

a) NpH BRIMYCKE MPOTHO30B PaHBING CaMoit panHeit NaTel HacTYIUIC-
HHA ABNICHHA — O OTHOIIEHHIO S/ G,

6) npy BLITyCKE NPOTHO30B HA JATY B NpENeNaX MHOroleTHel am-
NAHTYAR! HACTYIUICHHMA ABNCHMA — (O COOTHOWCEWIO S / O, rAe O -
CpefHec XBaZ[pATHYECKOE OTKIOHEHHE B NpefefaX COKpAalCHHOH am-
nRETYIsE (0T AaTH COCTARIEHMS MPOrH03a KO caMol no3jHe# narel 18-
JICHUA);

B) METOIMKH, HC HMCIOMHME (HKCHPOBAHHOH 0aThl COCTABACHHA
OpOTHO33, OLECHHBAIOTCA NO CPEAHCH KBAApPATHYECKOW NOrpentHOCTH
OpOBEPOYHLIX MPOTHOI0OB B 3aBUCHMOCTH OT JOMYCTHMOI NOIPEMHOCTH
Jaunoro Meroza (rabu. 1.2},

Tabimma 1.2
TToRATATEAH KAHCCTEA MOTOIHKH HPOIHO3A AT

JloTycTHMas NOTPEIIHOCTE, CYT.
OucHKA METONHAKHA
} 2 3 4 5 6 7
Xopowan npu § < 0,7 1.5 2,21 30| 37 4.5 5.2
Y HoBRNETBOPHTCNLHAA MpH S < 1,2 24 36 ) 48 | 59| 71 8,2
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OueHka MeTOAHK KpPaTKOCPOYHBIX THAPONOIHMYECKMX MpPOrHO30B,
HCTIONL3YIOMUX MPOTHO3bI IEMCHTOB HOTOABL!I (TeMIleparypa BO3HYXa,
CKOPOCTB BETpa H Ap.), MPOH3BOMUTCA MO GAKTUHECKHM JHAYCHHAM ME-
TEOPONOrHYecKHX BenvauH, MeTONHKA CUHTACTCH NIPUSMICMOM AMY Bb-
yCKa NPOrHO30B, ECNH MOTPEIIHOCTL NPOBEPOIHBIX NPOrHO30B B 85 %
cITyuaes u3 ux o61Iero uucna He MpeskilaeT Jonyctumy. Jonycrumas
TIOTPEIIHOCT, HA3HAYACTCA HMCXOAA M3 CpeAHed 3aGnaroBpeMeHHOCTH
NPOTHO30B BPEMEHH HacTYIMCHHA OceHHHX (4 cyT.) u pecennnx (6 cyT.)
ABJICHU.

OneHka TOYHOCTH MOMeT He COBINANATH C OLCHKOH TECHOTH CBA3H
uepes xoadpuipeHT koppenauny. Hanpumep, CBi3h MEXAY COOTBCTCT-
BEHHBIMA YPOBHAMH JBYX NOCTOR PEKH MOXET XapaKTepHIOBATLCA BRICO-
KM K03 (GHUUBEHTOM KOPPENIALINH, 3 OTHOLICHHE 5/0, OIH3K0 K SAHHHULIC.
B xrom ciydac MeTomHKa He
JIAET BLIMTPHIMIA IO CPABHCHHIO
¢ MPOrHO30M IO CPCAHEMY H3-
2 MEHCHMIO YDOPRIli HA HHIKHEM
¢ nocty 3a mepuojt 3abnaroepe-
80 h MCHHOCTH NPOTHO3A.

1 [ Bricoxoe 3HadcHHC KO-

3QPHULIHCHTA KOPPENIIHH MO-

~ ] CT HMETh MCCTO NpH HaTH-

Px 4 YHH CHCTEMATHYCCKHX OIIA-

20 1® _, ok B CTOpPOHY 3aBHIICHHA
RN e W 33HMOKCHUA.

P el Auangsz omm6Gok mporo-

po

0 20 40 60 80 100 P% MPOBAHMI MOXKET GLITH TIpO-

Puc. 1.1. KpHesie oBecnedcunocty BCACH NOYTeM  MOCTPOCHHS

NOrpeIrRocTed iporHosos (1) KPHBEIX OGeccyeHHOCTH mo-

R oTEnoHeHuit or Hopmut (2). IPEIiHOCTEl MPOTHOIOB U OT-

KNOHEHHH mnpencka3biBacMoit

BENHYHHE OT HOpMEIL. Ha ocHOBE CONMOCTARNCHHS 3THX KPHBBIX MOXKIO

YCTaHOBHTE NPEHMYILNECTBO, KOTOPOE NAKOT MPOTHO3H! 10 METONMKE

B CPaBHEHMH C MIPOTHO30M IO HOPME,

Ha puc. 1.1 npencraBneupl kpupbic 00ECICYEHHOCTH TOMPELIHO-
Crei npornozos (f) H oTknoneHnH or Hopmel (2). [lpu monycTirMoit no-
rpemHocT # 32 MM ofecneyeHHOCTE NPOrHo3a N0 METOAY pasHa 86 %,
a MPH HCNONb30BAHMK HOPMLI — 50 %.
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1.5, opMbI BLIMYCKA NPOrHO30B

T'HaponormieckHe ABRACHAA, KAK yXe OTMEYaJOCh BRILIE, ABJIAIOTCA
PE3YNLTATOM B3AHMOACHCTBHA MHOTHX Fe0(H3UYECKHX IIPOIIECCOR, TIPO-
HCXOMALIMX HA TEPPHTOPHY peittiblx BoAocOopoB. OTMETHM HEKOTOphLIE
H3 HHX: MOCTYIUIEHHC BOJBI, ¢€ 3aePIKAHHE HAa MOBEPXHOCTH Daccedika,
HAQUALTPAUHA B NOUBY, HCTIAPSHHE, CTCKAHKE IO CKAOHAM K PYCIOBOi
ceTd. DTH MpOLECCH MPONCXOAAT B pasHooOpazHbiX ¢u3nko-Teorpadn-
YeCKHX YCNOBMAX (JaHmuadT, NOYBLL, TEONIOTHS H THAPOTEONOTHs, pac-
THTENLHOCTh, XO3AWCTBCHHAA NEATENBHOCTS UYENOBEKA). TOMHBIA ydeT
BCEX (JAKTOPOB, BIMSIONMX HA YCHOBRMS (OPMUPOBAHUN PEKMMa BOX-
HBIX OOBEKTOB, CCTECTECHHOC, HeBOIMOMXeH. CleMyeT y4ecTs To, YTO 33-
KOHBl B3aHMOHEHCTEHA PAJa NPONECCOB, XAPaKTE) WX HIMEHCHHA BO
BPEMEHH He H3Y4YeHbl WM H3ydeHbl HeAOCTaTouHo. PopMUpOBaHHE IHA-
POJIOTHYESCKHX MPOLECCOB ABIACTCA MHOTOCTYNEHYATEIM, KO0 Hemocpea-
CTBEHHBIC MPHYHHE! NI0OOrO HBACHHA, B CBOK OYEpedb, HMEIOT CBOM
TIPHYHHEL B 9THX yCioBu#X NpH pa3paCoTke METOZOB THAPOAOTHYECKNX
TIPOTHO3OB TNIPHXOAHECHA BECEMa CYILECTBEHHO, ROAYAc rpybo, cXeMaTH-
3UPORATH pPeaNibHble NPOUecCchl. 3TO NPHBORHT K TOMY, YT0 METORBL! M
METORMKH MPOTHOZHPOBAHHA HE BCCIIA JAKOT BO3MOXHOCTB BEITYCKATH
TOYHble NPOTrHO3bl. Bo3HHKaeT HEOOXORHMOCTL YCTAHOBICHHA BEPOAT-
HOCTH BO3MOKHBIX OTKJIOHCHHH OT IIPOTHOIHPYEMOH BETHYHMHEL,

HeobxoquMo OTMETHTE, YTO GakTOpel, ONpeNCASIOUIEe, HATIPHMED,
PEYHOH CTOK, MOYKHO pasfcnHTh Ha ABe rpymnel. K nepeoi rpynme or-
HOCATCA Te, KOTOpble K MOMCHTY BBITYCKa NPOTHO3A Y€ HIBECTHH H
MOTYT OBTH KaxuMm-TO OOpa3oM H3MEpeHBl HIM KOCBEHHO OLICHCHHL
Bropas rpynma BKIKOYACT, KAK NPABHIO, HEM3BECTHBIC METEOPONOTHYE-
ckie (akTophl, AclicTBYIOIHE B IIepno] 3a0naroppeMeEHOCTH NPOTHO-
3a. Ha nannom ypoBHe pa3BHTHA METEOPONOTHH 3TH GAKTOPHI HE MOTYT
ObITE npemBbduCHeHs ¢ OOnbIOH 3361arOBPEMEHBOCTLIO K MOMEHTY
BBIITYCKa MPOTHO3A.

Bo3MOKHOCTE THAPOIOTHYECKHX MPOTHO30B 3aBHCHT OT Ompene-
JAKOMEro RIHAHAA $akTopOB NepBO Wik BTOPOI rPYNNLL Ha IPOTHO3H-
pyemoe spienne. Ecnu onpepenmiolmy QaxropaMu SRISIOTCA yke
H3BECTHbIE K HAYATY BBINYCKa NPOTHO3&, TO NPOTHO3 BRORHE MOMKET
6uTh ocymecteaeH. FIpn 3HaunTeNsHOM BAMAHMH HA TIPOTHOZHPYEMOS
asnenne Oymymmx ycmosuil moronsl {akropel BTOpoif rpymnsi) mpo-
rHO3 HEBO3MOMEN .
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OTtHomenne norpedurencii K rUAPOAOTHYCCKHM TIPOITIO3aM HEONHHA-
koBo. Ecnu 3Ta mufopManma kpaiiHe HeoOXxomwMa M MCHONbIOBAHHE €e
OKA2LIBACT CYLIECTBEHHOE BAMAHME Ha MPOH3IBONCTBCHHYIO AEATENLHOCTS,
Tpebyioncs Gonee OESTANLHHE CBEACHWN O OyayllieM COCTOSHHH BONHOIQ
obbexTa. B cmyuae e ey 3TH JAHHBIE MPHHHMMAICTCA NHILE «K CBCOCHMION,
JocTarouHo ofmicl XapakTepuCTHKH OXHIAacMoro AsicHus. Palee yxke or-
MEYAJIHCh TIPUYHHEBL, B CHAY KOTOPBIX TPOrHO3 He MoxeT ObTh abcomorHo
TounbIM. K 31OMYy crieyer noGaBHTE, UTO Aa3ce OLICHKA OCYUIECTBHBIIICIOCA
ABACHHA TPOH3BOLMTCA C OTIPCACASHIION NOTPELHOCTLLO. J1a oumbka cBs-
3aHA € MOIPCIHOCTLIC HIMCPEHHA, BLIMHCIICHHA, CXCMATH3IALHCH SBNCHAA.

Tlpornos uenecoobpasno BHIYCKAaTh B Takoit ¢opme, koropas Owl
HC NPOTHBOPEYHNIZ BEPOATHOCTIION CYNWOCTY NPE/ABLIMMCICHNS H 1I0-
3BOJIANA NOTPEOHTEAAM FONMYUaTh MAKCHMyM neobxomumoln mHbopMa-
M 06 oxmnaeMoM pexkume sogiioro ofnekra.

QOcuoBnoit GpopMoil BRIpakeHUA NPOTTIO3a ABAICTCA MKHAACMAR BE-
nuanna Yy’ (MareMaTHYecKoe OKHIAHHE) C YKA3AHHCM BEPORTHOM HO-

rpewtocTd § . Ilpn onpeacnenuy BepoATHOR NMOrPCIHOCTH MPOrHO3a
pexoMenEyetca [39) npenBapHTENLHO HCCRCOOBATE 38BHCHMOCTE OIING-
KH WPOTHO3HPOBAHMA O OT NpPE/ICKA3LIBACMOH BENMYHMHRI, BCHONL3YA
rpadHK CBA3H :8: = f(y"). Ecau norpeimiHocTH Nporio3a Cuy4YaiHe H He
32BHCAT OT ), TO MX BEpOATHOCTH onpeaenserca [39] ucxoas u3 Hop-
MANbHOI0 3aKOHA pacnpeieNicHHA NC BRIPAXKCHHIO:

8,=0,5, »» (1.10)
Tae &, — norpemHocTs, obecneucHnas Ha p %; f, ~ HOPMAPOBAHHOC OT-
KNOHEHNC 3a%atHON OBCCTIEYCHHOCTH; 5, ., — CPEIINIAA KBAJpATHISCKAT

HOIPEINHOCTE JAHHOTO POTHO34, onpecnaeMas no GopMyne

S, p=f -—A—-;n s, (1.11)
0:‘

37ech A — OTIIOHEHHE OT HOPMBI OCHOBHOTO apryMeHTa (HesaBHCHMOH
TIEpeMEHNEOH), N[O KOTOPOMY  BHINYCKAETCA  AAHBBHE  IpOTHO3
{Ax=x-x); o, — CpeaHee KBAPAaTMYESCKOE OTKIOHEHHE APTYMEHTA
{Mepa H3MCHYHBOCTH BEAMYMHBI X); § — CPCAHAA KBRAPATHYCCKaf TIO-

IPpeUIROCTE BCCH COBOKYHHOCTH NPOBEPOYHLIX NPOTrHO30B, 4 — YHCIO
YACHOB pANA, BXOMALLIMX B 3aBHCHMOCTD,
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Dyuruus f( A ,71) onpeaenxerca no Tabn. 8§ Hacrarzmenus [39].
o

x

Bepostraas NOrpenHocTs MPOrHOIHPORAHHS BRMUCIICTCA MO (opMyse
5, =0674s, . (1.12)

Kpajtuvie IHaueHns mpeackasbiBacMo# BENHYHHE! B 3TOM CIy4ae
OyayT pasHbt

=y'+8, =y +0,674s 1.13)

Yo -2 ¥y
rae y' — cpeaHec 3HAUCHHE OKUIACMON BEIMUMHBL &
HOTPELIHOCTE.

BepoATHOCTh HAXOXKIEHUA 0XKHAAEMONR BESHUHLL Y, ., B HHTEp-

y; — BEPOATHaA

Bate y'+38, cocrasnser 50 %.

Ksanudbuuuposanubi# notpeburens undopmammu o6 oxugaeMoM
COCTOAHHN BEONHOTO 00beKTa HE TOIBEKO HCIIONB3YET NaHHLbIE O BEIIHMHHE
¥, HO M YUHTBLIBACT BO3MOXHEIC OTKIOHCHHS B MHTEpBAle ' +3 .

Hanpnmep, Becenunii ¢cTok pexH N oxuaeTcs pasHeiM 50 MM npu Be-
poatHo#i norpeptocTd +10 MMm.

JIONoAHHTENBHO K NPEACTABICHHOA Mo 5T0# dopMe nporsocTHe-
CKoil HHGOpPMaLMY IPHBOAATCA MHOTONCTHUC XAPaKTCPHCTHKH: HOpMa,
MaKCHMYM H MHHHMYM.

Ipeanoceirka 0 HOPMATEHOM PacHPERCACHHH NOTpenIHocTed npo-
THO3MpOBaHUS NpubGnwxennas. M3sectHo, 110 r4ApONOrMYECKHE Xapak-
TEPHCTHKM Yali¢ BCCro HMEIOT 3CHMMETPHYHOS pacupeleicHHe, XOTH
B npcaenax obccnescHroctelt 10 — 90 % ux pacnpencnchnc 6nusko
K HOpManmsHOMY. BOT moucMy HafexHOCTL onpeAeicHus 00eCneUeHHO-
CTH OYCHb MATLIX M OYEHDb GOMBILIMX 3HAYCHUI NPEACKA3LIBAEMOH BENH-
YHHE (B YCIOBHAX HOPMAIBLHOIO 32KOHA) 3aMETHO CHHIKACTCH.

Haubonec DONHO BEPOATHOCTHOH CYLUIHOCTH THOPOROTHYCCKHX AB-
NeHHH OTBCYUACT CNEHYIOIAA (OpMa BRIMYCKA YPOrHo3oe. Oxuaacman
THAPONOTHYCCKAX BEIHIMHA NMPEACTABIAETCA B BHC YCIOBHOH KpHBOH
o6ecnedeHHOCTH MK B TAONMYHOM BHIE ¢ YKa3aHHeM oGeciieMeHHOCTH
PasMMYHBIX 3HAYECHHH npelcKasplBacMoH BeaHuHHB. Pacuer opamHar
ycaoBHOW KpuBOH obecnedeHHOCT APOH3BOAUTCA 1O hopmye

yp,- =y: +Ay:=y:+"psy ¥ (114)
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34eCh p, — YCNOBHAS oDecneueHHOCTD, T.€. BEPOATHOCTh HAPCBBILICHHUA
33/IaHHBIX 3HA4CHUH oKnaeMoii ReNHYHHEI HE B MHOTOIETHCM paspese,
a4 B YCAOBHAX -0 NPOrHO3a 3a0aHHOH obecneueHHOCTH,
Pesyneratet pacyercr no dopmyne (1.14) npusencunr 5 Tabn. 1.3
Ha ApUMeEpe MPOI'He3a pacxona soAs! Ha Mai 1960 r. ua p. Xonpe [8].
Tabauya 1.3
TIporno; pacxoa¢s BoALI (n’!c) anaanEoil ofecnedcnnocTH
apu Q' = 275, Sp. = 35,6 pan p. Xonpa. Madl 1960 1.

Xapakrepnerika Qbccnevennocts, %
Q, =@ +1,50 o 5 10 25 | 50 75 %0 95
L 164 | 128 | 0,674 0 -0,674 1,28 | - 1,64
275 + £;335,6 333 i 299 275 251 229 217

B npakTi¥e THAPONOr¥YeCKOro NPOTHO3ZMPOBAHMA MOTYT BCTpe-
THTBCH CITY4daH, KOTJa TIOTPEIIHOCTH IPOrHO3a B TOH WIH HHOH CTCRCHH

CBA3aHBI ¢ NpencKassiBaeMoii Benuuunolt § = f(y'). DTH 3aBHCHMOCTH,

KaK MPABHIIO, HE JOCTATOYHO TCCHBIE, HO HATTMYHC HX HE MO3ROM%ET CUU-
TaTh OUOKH fIpOrHo3a cuyyakusivu. Onus U3 UPHONHKEHHLIX CROCO-
6oB onpexelicHHA BEPOATHOH NOTPCUTHOCTH MPOTHO32 MNA STOrO Coydasn
paccMatpuBaerca B pabore [8). CyTh €ro 3arnoyacTcs B CHCOYIOINCM.
Psn abcomoTHEIX NOTpemHOCTEH MPOBEPOMHEIX MPOTHO30B §,58,,...,3,

3AMEHACTCH PALIOM
11=81/8), Y2= 8/ 8, Ya= 84 3, (1.15)
rac 3, = y— )y — NOrpPelIHOCTS NPOTrHO33; 8 — NOTPEIHOCTS, CHATAA

¢ rpaduka ceau 8= f(y").

TlonmyyeHHEle OTHOCHTENBHEIS 3HAYEHUA TOTPELIHOCTEH COmoCTaR-
IMOTCH ¢ MPEACKa3hiBacMON BEMMYHHOM MyTeM MOCTpOeHMA rpadmka
cBA3H Y= f(y"). [lpH OTCYTCTBHM CBA3M MOIPEIIHOCTH PacCMaTpHBa-

WTCA KaK cnyvaiinele. Jlng HOBOTO pANA CAYWAHHBEIX BE/INYUH onpege-
JIAKOTCA. HOpME Y, CpefHee KBaJAparH4cCKOS OTKIOHCHHE CF,‘, H €ro

- ! _
IPHBCACHHOE (MHOTONETHEE 3HaUCHHE) O, =0, vr/n—1.

l'lorpemnom NporHosa maﬂnoﬁ ofecnevyeHHOCTH BLEIYHCIACTCS
no gopmyne
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8, =t,8'c,,
3 COOTBRTCTBYIOWIAA OXKHIACMas BERHYNHA — 10 dopMyne
Y, =y'+tp6'0.r .
rae y' — cpeiHee 3HAYCHHE OXHEACMON BEHYHHEE, ! , — HOPMHpOBaH-

HOC OTKJIOHCHHEC, 5' - HOTPCUJHOCTB, CHATaAA ¢ rpatbl-lxa CBA3HN
- ’
Bl=70".
o monyyeHrrM TEOMHIHBIM KAHHEIM MOKHO HOCTPOHTB YC/IOB-

HYIO KPHRYIO 0DECMICUCHHOCTH M ONIPECHENUTL BEPOATHOCTR PEANTHIALHA
OXHAACMON BESIHYHHBL B MOGOM 33JaHHOM HHTEPBANE:

pln <y <) 3= plv> w )y - o> n) ¥} (116)

B caydae ecri HCnONk3yemas A MPOTHO3A 3aBHCHMOCTh YCTAHOB-
nera Ge3 yueTa OTAENbHLIX, PE3K0 OTIIOHAIOIMXCA TOUCK | paclpeaene-
Hue omufok uMeeT GONBUIYIC acCHMMETPHIO, CTPOUTCA KpHeas obecre-
YEHHOCTH norpentHocTeii Nporaosa. [ 31oro Bee NOFPeIHOCTH pacnona-
ralotTcs B yOrIBatoLIEM HOpAfke — 0T HanOoILIeHl NMONOKMTENLHOMA K Han-
GonbiieH OTpHUATENbLHON. 3aTeM BLIYHCAAIOTCH IMIHPAYECKHE BEPOATHO-
CYH NPEBLILUECHH KAXMOTO M-ro 3HAYCHW MOrpelHoCTei 1o dopayrne

p =293 1000, (1.17)

n+0.4

FA¢ m — MOPANKOBbI HOMCD MOrpeuiHOCTH B yObiBamoleM psafy; » —
oflIee YHCIIO YWIEHOB PANA.

INocne sToro na noraprdpMHYECKOR CeTKE IS CHydas aCHMMETPHY-
HOTO pacnpenencHus omubox CTPOMTCA KpHBas OOSCTICSEHHOCTH Mo-
rpelHecTel Nporaoaoe. OpaMHATH YCIOBHOH KpUBOH ofecnedeHHOCTH
onpegensoTca no gopmyne (1.14).

Ilotpebutens ruaponorndeckoil HHPOPMALMN YAaCTO HHTEPECYET
He HanboJice BEPOATHOE 3HAYEHHE OKHNAEMOVW BENHYHHLI, CHATOE
C NMPOTHOCTHYCCKOrC rpadpika WM MONyYeHHOE RO YPaBHEHUIO, 3 Ce
OpeAenbHOE SHAYCKHNE V., HIM Y, . B 9aCTHOCTH, IPH YCTAHOBACHHN
CTENCHH 3ATONRCHHA TCPPHTOPHH HeoOxonuMa uHGOpMaLHa O HaHBBIC-
weil OTMETKE MAKCHMMANGHOTO [MogkeMa yporaa soast. [TomobHele npo-
THO3bl HE HAUUTH IIHPOKOTO NPHMEHEHMS B CBAIH ¢ MX HEAOCTATOYHOH
TCOPeTHYECKOH 000CHOBAHHOCTBIO M HEACHOCTRIO CIIOCOHa MX OLICHKH.
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PaccMoTpenHbie (POPMEI BBITYCK2 OPOTHO30B NMPUMEHAIOTCA B OC-
HOBHOM B JIOJITOCPOYHBIX TIPOTHO34X.

B kpaTKOCPOYHBIX FHAPONOrHYECKUX MPOTHO3aX Yaule BCEro Mpo-
THO3HPYETCA 3HAYCHHE BEIMYHHBI Yp;, KOTOPOC NO/DKHO OCYIUECTE-

JIATLCS B OMpEIeAeHRb MOMCHT BpemeHH. Hanpumep, «ypoBeHb BOMBI
B peke A B crBope C Ha BATOE HIOHSA OXUIACTCH paBHbiM 242 cv». Huo-
FA2 NPHBOAHTCS BCPOSTHAs NIOFPCIUNOCT NporHosa 3, .

OO0RIYHO NPOrHE3HE HKCTPEMANbLBIX (a3 THAPOAOIHYECKOIG peki-
Ma BRITYCKAalOTCA 6e3 yKasaHHs CPOKOB ocymiecTBAcHNA. [Ipenckastiea-
I0TCA JIKIIb 0XKHAACMbIE 3HAYCHNA H BCPOATHAS NOIPEUIHOCT.

B QIPOTHO3€ MOMCT YKA3BIBATBCA HE EKMIACMOC 3HAYCHHC MHOPOAC-
THYeckoil BENHYHHEL, @ HHTCPRAN, BEPOSTHOCTS NONANAKHA B KOTOPHI IpH-
Omokenno passa 50 %. U B a1oM ciryyae npeAnonaracics, Yo NorpeLHOCTH
NpeNBELMHCACHES PACTIPEACSTAIOTCA N0 HOPMAIBLHOMY 32KOIHY, T.C.

plyi £0,674s, )= ply; £8, )~ 50%.

3Ta ¢opMa LIMPOKO HCMOJILIYETCA TAKKE NPH BHIYCKE J0NTO-
CPOYHBIX. TPOTHO30B.

B oraensHbix crayyadx moTpeGHTENsIM FHAponorudeckoii nugopma-
MY coobIaeTca OEKHAACMOE 3HauCHHeE ( p; ), BPEMS CTO OCYINCCTBICHHA

(D;,‘, )s BEPOSTHSIC HOFPEILKOCTHA BCIHSHEEL p ¥ jiatst {5, ,8 by, ).

IlporHozHpoBanie BpeMCHH HACTYIUICHHA JICIOBBIX ABNCHUIL OCy-
LIECTBAACTCA B Mpefeiax DAT HACTYNIeHHA OAHOM ¥ Toi xc dasw Ha
rpapMiax yuactka. JlnMHa y4acTka TakoBa, YTO pa3iulla B RaTax HC
OOJDKHA npeBbUNaTE 3-X cyT. B KauecrBe npHMepa npuscacM CcHyio-
uiui Aporuos: «Jlenoxon Ha yvyacTke pexu A oT nynxTa B mo nynkra B
HayHeTca 2¢ — 23 mapra ...

Tlo 3anpocy notpeburens coobuwiacres Aata, A0 KOTOPOH Jiedoxona
OXHAATL HE CCAYET,

Jpyrum suIoM ruaponOrHYECKOH MPOrHOCTHYECKOH HH(OpMaLiHK AB-
nAoTeA KoHcynsTaiu. KoHcymraums o6 0XuIaeMbIX THIPONOrMUYCCKHX
ABNEHHAX — 370 MPEACKA3AHKE, BHIPDKCHHOE B KaYECTBCHHOM Bufe. Yacto
AN KOHCYNMsTallHM MCOONB3YIOTCA METOOHKH, HE COOTBCTICTBYHOIHE KpHTC-
piiv dibeKTHBHOCTH MporHocTHYeckuX Meronos (cM. Tabn. 1.3). B xou-
CYNETAHAX BBIACIIHOT TPH IPANALMH OYZYIIETr0 COCTOAHUA [HAPONOIuve-
cKoit BemruMHLl: Mesbve (HrDKe, padsie) Hopmbl ¥y’ < 0,80y, okono Hop-

mut 0,80y < ' £1,20y u Bbanc (Goapire, nozanee) HopMut p’ > 1,20y .
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Fnaea 2
rmaPONTONrMMMECKAS MHOOPMALIUA

2.1. Hazuauenue W cojilep:RaHHe THAPGIOTHYCCKOH HAGOPMALHH

HcrounukoM CBEOeHWH O COCTOAHHM NMOBCPXHOCTHHIX BOA CYILM
{pcK, 03cp, BOACXPAHHIINIL) ABIIIOTCA HAOMIONCHHUA, BLINONKACMEIE HA
CCTH COCUHANBHBIX THAPOIOTMYECKHX NOCTOB, YHCIO KOTOPLIX COCTaB-
AfeT HecKoNnbko TeicAY. BonbmmuuHcTBO HabmromaTenbHbIX MYHKTOBR
ONOpHOH THAPONOTHYSCKOH CETH HaXOAHTCA B BeACHHN (MesepalbHOTD
areHTcTBa POCCHH N0 THAPOMETEOPOJIOTHH, MOHHTOPHHLY H OXpaHe OK-
pyxkamomcii cpeapi, Ha 3THX OyHKTax NpoH3BOMATCA HalMoAcHHMR 3a
pazHooOpasHbIMK  3NIEMCHTaME THAPOJIOTHYECKOTO PEXHMA BOAHBIX
005eKTOB (YPOBCHB, PACX0 BOIbI, TEMIICPATYPa BOABI, CAOBBIC ¥ IP.).

Cuaponornycckuii pekKHM BOOHBLIX OOBEKTOB CYIIH Ype3BbIMaiiHO
H3MEHYMB, YTO CBA3AHO C M3IMEHYUBOCTLIO TIOTOAHBIX YCNOBHH Ha Tep-
PUTOPHH PEYHEIX # O3epHBIX GacceiHoB.

OrpomHBIH MaTepHan, COOpPaHHEIA Ha CETH IHAPONCTHMESCKHX Ha-
ONnIOpATCNBHBIX. DYRKTOB, HCMONL3YETCS NpH PEXKHMHEIX 0000MEeHHIX
no BOAHBIM 06bEKTaM H INs NONONHCHHUN CBEACHWH cpona AaHHbIX [No-
cynapcreeHHoro goaHoro kagactpa (I’ BK). Urorom pabGore no uaydge-
HHIO peX¥Ma BOJHBIX 0GLEKTOB SBHIIOCH CO3AAHHE PANA CHPABOYHHKOB,
pxmovaiomux «Cecaerus 06 ypoBHAX BOABY, «CHpaBOYHHK N0 BOA-
HLIM pccypcam» OTAGHBHBIX PCTHOHOB, «MaTepHaiibl HO PeXHMY PeK
CCCP». OTH cnpaBOYHMKH OGCGLMIH MaTcpHankl HaOMIOACHMH 3a ne-
proa ¢ 1881 mo 1935 r. Ilozanec ruaponornueckas HHpopMauus my6-
JINKOBamack B TPyAax u cnpasoudukax I'BK, Taknx, kak «I Haponoruye-
ckuit exeroauiy, «ExerogHble FaHHEE O PEXHME H PeCypcax noBepx-
HOCTHBIX BOJ| CYIUH», «CHOBHBIE rBAPONOrHYECKHE XapaKTEPHCTHKHY.

Jannsie naGniogennit 23 cocrosHHEM NOBEPXHOCTHLIX BOJ CYLIM
HeoOXOMMMEL IS MROTHX noTpeOuTencii B LensxX HAMTYJIIEro UCIOJb-
30BaHHA BOJIHBIX PECYPCOB B NpPOH3BOXCTBEHHbIX YCIOBRHAX NpPH CIO-
AKHBIIEHCA THApONOrudeckoli obcTaHoBKe. JTH JaHHBIC HCOOAB3YHOTCA
NpH pelicHHH BONIPOCOB, CBA3AHHLIX ¢ HayanoM (OKOHYaHMEM) HaBHra-
1IHH, OCYILECTBICHHEM CYNOXOACTBA, paboTol NCAOBKX nepenpas, mna-
HHpOBaHHCM 3abopa BOAL! B OPOCHTENBHBIE CHCTEMBL H T. 4.

CBeficHHA O COCTOAHHH NOBEPXHOCTHHIX BOJ CYILIM COCTABJIAIOT OC-
HOBY HCXORHO# rifiponorndeckoii HHpopmauyu, HeobxonuMol nia co-
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CTABJICHHS, BHINYCKA KPAaTKOCPOYHBIX ¥ AONICGCPOYHBIX NPOTHO30B BOJ-
HOIG U NEADBOT0 pexuMOB. OCHOBHBIMM NOTPeGHTENAMH THAPOIOT#YC-
CXHX NPOrHO308 H MH(OPMAaLMH ABMAIOTCS THAPOSHEPTETHKA, BOAHOC
X028HCTBO, BOARKIK TPAHCIOPT, HPPUralHg H BOXOCHaOKEHNE, CCMBCKOE
xo3afcTBO, KOMIAEKCHOE HCIIONB3OBAHME BOAHLIX PECYPCOB MpPCCEHy-
€T lienb HauGonee uenecoobpasHo H ¢ HAHMEHBILHMH 3aTPaTaMH pPoIlaTh
3a0a9H HeJoro pana norpeburencii. BelmonreHHE STHX 3a8ay YCNOKHA-
eTcad HANMMYHeM NPOTHBOPEYHBOCTH MX HHTepecoe. Tak, mna pabotst
THAPO3HEPICTHKM XOJNOCTee cOPOCH NMPHBONAT K MOTepe B BhipaGoTke
MEKTPOIHEPIHH, B TO BPeMA KAK OHH HEODXOAHMEI A2 BOAHOTO TPAHC-
[OpTa, PHIGHOTO X03AHCTBA H B CAHHTAPHBIX Lengx {cnocoBCTRYIOT yha-
NeHHIO ECTECTBEHHBIX U aHTPOHOTEHHEIX OTXO0/OB).

Henb3a He OTMETHTS pONb THAPONOrHYECKOH HH$pOpManKu WA 3a-
GmaroBpeMEHHOrO NPEAYNPEKACHHA O BOSHHKHOBEHUH CTHXUHHBIX THA-
POJOTHYECKHX ABNCHAN W ONOBEILCHAH OO JKCTPCMANBHO BHICOKOM 38-
IPA3HEHUM TIOREPXHOCTHRIX BOA cyunt. Ha ocHOBE 3THX ASHHRIX NPHEH-
MAIOTCA MEph! 110 CNIACCHKIO JNOACH, MaTepHANbHBIX LEHBOCTEH, BEIMOA-
HAIOTCA MEPOIPHATHA MO CHIKEHHIO YuUIep6a oT CTHXHEHLIX ABNCHHI.

B nonsTHe weudponoeuvecxkan ungopmaius» sxoaur coop, obpa-
GoTKa M mepefaya JAHHLIX O COCTOSHHK BOAHBIX OOLEKTOB 3aMHTCPECO-
BaHHEIM OpTaHU3aLMAM.

2.2, AndopMannonHan ceTh CTAHUMI B NOCTOB,
cocrap Habmoaenuil, nepegaua Hugopmanun

CBemeHHA O TEKYIUEM COCTOAHHHM BOAHBIX OOBEKTOB MOCTYNAKT
C YACTH JEHCTRYIOIHX CTRHLHA H MOCTOE ONOPHOH I'HAPOROTHYECKOH
CETH. DTH CTAHUMH H TIOCTH HA3BIBAIOTCA unghopmanuonnsimu, Ilpn op-
raHn3alui HHPOPMALIMOHHON CETH MCXOIAT M3 HCOOXOMMMOCTH BCECTo-
POHHEro H3YYeHHA peXKHMa BOOHBIX 00BeKTOB, noTpebHocTEH HapoaHo-
XO3AHCTBECHHBIX OpraHH3alii, CyX0p THAPONOIrHYSCKHX NPOrHO30B H
HANHYHA CPEACTB CBAZM.

Iuaponorudeckas HHGOPMALHA 110 COOEPIKAHMIO H MIOPAAKY C& Me-
penaun B OHCPATHBHO-NIPOH3BOACTBCHHBIE opranu3atun {OI10) Pocraa-
poMeTa NOBpa3ieNAeTCA Ha PEryNapHyio, IHIOAHYECKYI0 M SKCTpeH-
Hyl0. K perynipHod HEQOPMALHH OTHOCATCA CICAYIOIIHE CBEXCHHA!
YPOBEHE BO/IbI H XAPAKTEPHCTHKA €r0 H3MEHEHHS, TEMIIEPATYPa BOXSLI U
BO3JYXa, XaPaKTePUCTHKA NEMOBLIX ABNCHHA MM COCTOSHHSA PEKH, TO-
H{¥HA /ibjid, BHICOTA CHEIA Ha fbRy, KOAHYCCTBO OCaAkoB H Ap. YacTh
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3THX. JAHHBIX OTHOCHTCA K €XeIHEBHEIM, CTAHJAPTHRIM, OJHOCPOYHBIM
Ha0moACcHHAM H3 FHAPONOTHYECKOM NOCTY {CTAHIMM) 32 TSKyWKe Cy-
Ty, COCTaB TCpeIaBaeMbIX CBeAeHHH, CPOKH K aapeca HX NepeaayH
OCYMIECTRIAIOTCA N0 3apaHes YTBepXAcHHOMY IaHy oprado OlIO
Pocruppomera. Tenerpammel ¢ perynapHodl ruaponornyeckoid ungop-
MallMei COCTABIAIOT B KOAMPOBAHHOM BHJE.

Pezypapnan unghopmayust BRIIOYAETCS B THApOAOrHYecKne Giomme-
TEHH TEPPHTOPHANLHLIX THEPOMETEOPONOIHYECKHX ueHTpoB. Paspabo-
TAHA NONHAA ¥ COKpauieHHas opMbl ruapoforayeckoro GronnercHs.
TMonsas ¢popma BeNyckaercs B Haubonee BaxHbe cesonsl roaa. Ha pae-
HMHHLIX peKax — 5To BecHa H ocenb. Ocnosy Gronnerens cocrabnser
KapTa peuHoi cetH obcnyxHBaeMoro paitona. Ha kapre y kakmoro rug-
POTNOTHYECKOrO NMOCTa (CTAHUKH) YKA3LIBAETCH YPOBEHB, PACXOA H TEM-
nepaTypa BOABI, a TaKxKe TONILHHA JIbAa, THI NCKOBHIX SABJICHHE H ApY-
THE XapPaKTCPMCTHKH poxuMa, JlaeTcd xpaTxuii 0530p rHEPOIOrHYECKS-
TO PeXHUMA PEK, 03P M BOAOXPaHKITKIL,

[Tepeyens MaTcpnanoe, OMEIAeMBIX B OIONIIETEHAX, H KX MaKeThl
npuBOAATCE B «PYKOBOAICTBE MO OMCPATHBHOMY THAPOMETEOPONOTHHE-
CKOMY 00CTYKHBAHHIC HAPOMHOXO3AHCTBEHHBIX opranmzauii» (1962 r.).

K snuzoduueckoii undopmayuu 0THOCSTC cheAcHMd o0 ypoRHAX
BOIK), BOJIHEHHH Ha 03¢paxX M BOACXPaHWININAX, HHTCHCUBHOM Aperide
NbAA B HAMPABICHAY THAPOTEXHUMECKHX COOPYKEHHI 1 Ap.

Coctas >nu3oauyeckodl MHGOPMaLMK 3aBHCHT OT CKAaIbIBaOLC-
¢ rHAponorudeckoil obcraHoBKH u 3anpocoB norpebuteneii. Chop u
PACTIDOCTDAHEHHE INMH30OHIECKOH MHDOPMALMKE CTAHUHH ¥ TIOCTH Ha-
YHHAKT 0o pacnopmxcHHio pyxooactsa OIIO Pocrmmpomera. Jna
9THX cTaHHuil (mocTOB) B MnaHaXx HHGOPMALNKE YKajbBAETCA HEpeueHb
ABJICHHIA, afpeca, NOPSAOK MOAAYH TeNerpamMM, KpHTEPHH lepexcha Ha
paboty B pexxuMe HHGOPMAMOHHOrC NocTa. TeerpaMMbl COCTABAAIOT-
€A OTKPLITHIM TEKCTOM ¢ HHAEKCOM CPOYHOCTH «LUTOPM», aRPECOM Op-
raHu3alHH, KyJa OHa nojacTes. B Tekcte mpuBoaaTcs cBeneHns o Bpe-
MCHH Havana, OKOHYAHHA OMACHOr0 SBJICHHSA, €0 HHTeHCHBHOCTH. Bo-
Nee DETANBHO C BOTIPOCaMH COACPIKaHUA, MOPIAKOM COCTABAEHHS M Tie-
penaun ceecHKi 00 onacHbIX SBICHHAX MOXHO O3HaxoMHTCA B «HHCT-
PYKUMH rHApoMeTeoponorndeckuM crasmuaM {AMCT, nocram) no un-
dopmain o6 onacHbIX sBneHuAx» (1984 r.).

K axcmpennoii ungopmayuu 0 CTUXUHHBD THAPONOTHYECKHX ABNE-
Huax (CTA) otHocaTes:
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— YPOBHH BOAB! (IPH MOJIOBOABAX, AOKAEBHIX NMABOAKAX, 3aTOPAX),
TIPEBBIIAIOINE 0C000 OnNAcHbHIC (BEICOKHE) YPOBHH BO/IBL A1 KOHKPET-
HBIX HaCCHCHHRIX MYHKTOB K XO3ANUCTBEHHEIX 00BEKTOB. YPOBHU BOABI
ONPENICNAIOTCA TEPPUTOPHANEHBIMH YIIPABICHHAMA NO THAPOMETEOPO-
JIOrHH, MOHHTOPHHTY M OXpane okpyxaromei cpeart (YIMC):

— YPOBHH BOABI HIXE NPOEKTHLIX OTMETOK BOAO2aGOpHEIX coOpy-
XKCHHM ¥ HABHIALHOHHLIX YPOBHEH Ha CYJOXONHLIX PEKax B TeyeHHe 10
Inedt 1 Gonee;

— paHRece o0pa3zoBaHHE NEOCTABA M MOZBNIEHHE JbJA HA CYAOXOA-
HBIX PEKax, 03epax M BOAOXPaHWINMIAX (IIOBTOPACMOCTBIO HE YAIIC, YEM
onvd pas 8 10 ner);

— CeNH, YrpOXaiOWIHE HACCICHHBIM IYHKTaM, CaHATOPHO-KYPOpPT-
HbIM KOMIIEKCAM, XeNe3HbIM H aBTOMOOHNLHEIM Aoporam, JIDIT u apy-
THM 0OBEKTaM;

= CXOJl CHEXHBIX NIABHH, YIPOJKAIOMIMIA HACSNCHHBIM NYHKTaM, Ca-
HATOPHO-KYPOPTHBIM KOMILIEKCAM, AKEICIHLIM H aBTOMOOHILHEIM JOPO-
tam, JI3IT u apyrum coopyxeHHAM.

ITporHo3sl BOSHHKHOBEHHA CTHXHAWBIX FHAPOJOTHYECKHX ABNCHHH
{CI'fl) cocraBnaloTCs MPOrHOCTHYECKHMMH OpraHaMi Pocrmgpomera Ha
OCHOBaHHH HHGOPMAUM# OT CTAHLUHMH M NOCTOB, B TOM YHC/AC BCIOMCT-
BEHHRIX, 3 TAKKE MATCPHAJIOB KOCMHYCCKHX ChCMOK.

TeppuTopHanEHble YNPaRASHHS YTOYHHIOT NMEPENCHb M KPHTCPHH
CT'4l c yueToM MeCTHEIX (H3HKO-TeOrpadHUCCKHX YCIOBHH.

JkeTpeManbHo Bhicokoe 3arpasHenne (3B3) moBepxHoOCTHLIX BOX
cyuH obycaoBacHO aBapriHBIMHA K 3a1N0BHIMH BbiOpocamu (cOpocamu)
sarpasnsicniux ewecrs. Ceresble noapasaeneHus Pocruapomera npu
ycTaHOBNCHHH (dakTa MAd NpH nomydyeHHH uepopmauud o IB3, asa-
puiiHOM BBIGpoce (cOpoce) 3arpA3HAIONIMX BCUIECTB NEPCAAIOT ITH CBE-
JeHHA HEMCANCHHO B 33PAaHEE YCTAHORB/EHHBIC OPrakbl, B TOM 4KCAE Te-
nerpadHO ¢ OTMETKO# «IUTOPM».

OnepaTHBHO-NPOH3BOACTRCHHBIE OpraHusauny PocruapoMera yo-
TAHARIHBAIOT CXeMy BOBEAECHHS NpeRynpeaicHuit 0 CTUXHARLIX FHIpo-
JIOTHYECKUX ABNCHUAX H HHpopMaunu 00 KCTPCMANbHO BBLICOKOM 3a-
TPAIHEHHH TIOBCPXHOCTHBIX BOX B0 OpPraHOB BRACTH, OpraHusanuid u
HaceneHua. KpoMe Toro, B kaxaoM OI1O paspaboran nopsaaok # cxema
rHApOMeTeopoJIorucckore obecnedetisi paboT MO AUKBAKALMH KpyI-
HEIX apaphii, KaTacTpod B CTHXRIiHEIX GSACTBHIA.
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ToapoGuo 0 nopaaxe AefcTBHi opraHu3aumii ¥ yupexzenuni Poc-
THAPOMCTA NPH BOSHHKHOBCHHH CTHXMHHLIX ABNCHMI H 3arpASHCHMH
OKPYXAIOUICH CPE/Ibl HIIOMEHO B PYKOBOAAIIEM JoKyMeHTe «Ilomoxe-
HHE O Nopaake HeficTBHil oprauu3ammii ¥ yqpexnenud Pocruapomera
IIPH BOSHHKHOBEHIHH CTUXHHHBIX MIPOMCTCOPOIOTHYECKHX M renHore-
OopH3HYECKHX ABACHUMA, OOHAPYHCHNA SKCTPEMANBLHO BLICOKOTO 3arpss-
IENA OKpYXKaloleH cpeXbl H THKBHAAMH NOCACACTBUH ABapHH, KaTa-
ctpod H cruxmiiamx 6eactenin» (P 52.88.340 — 93).

Perynspiasi ¥ SKCTpeHHAs FHAPOJOTHUECKas HH$opMaya nepeaa-
cred mo Tenerpady (paaMo) B koauposanHoM BHAe (Kox ang mepemady
THAPONOTHYECKHX HAOMIOACHHH Ha pekax, o3epax M BOAOXPaHHIHINAX
KH-15). Konyporaune aannbix HaOMIOASHMHA MO3BOASST MPEACTARMTH
0BIIHPIYO TUAPOAOTHYCCKYIO HHAOPMALHIO B BUAC HECKONLKHX Iud-
POBBIX Ipynn, yAoOHBIX fis Mepeaayl no renerpady # paano. Koaupo-
BAlMC M PAcIH(POBKA IPOCTH! H 3aHHMAIOT MANI0 BPCMEHH, YTO MO3B0-
naer OplcTpo mepenasatk faumsie B OIIQ Pocruapomera ana cocrabie-
HMA NPOTHOZ0B H oficpaTuBHOro ofecneyenus notpebuTencii ruapono-
ruyeckoii HadopManmesi.

Koa cocronT u3 BOCbMH pa3/IeNion: B HYJNEBOM pasiiene Aaercd UH-
AEKC NOCTA, jara M cpok HaGmioachuii; nepeeii pasaen — OCHOBHOM —
COICPXHT HANNbIC eXeAHSBHbIX ONHOCPOYHBIX CTAHZAPTHEIX Habmomae-
nsit; pasAenst OT BTOPOTO A0 LICCTONO NOMONHHTENBbHEIE K NECPBOMY
pazacny. B oTHX paspenax KOAMPYIOTCA CBCACHHMs 00 HIMEPEHHBIX pac-
X0Aax BObI, O BETPE, BOJHEHHU Ha O3CPax M BONOXPAHMIHIAX, O MpH-
TOKC BOIBI B BOAOXPAHMIHINA, O CPEAHMX H DKCTPEMANbHLIX YPOBHAX H
pacxoaax BOMBL 32 ONpeAencHHbie NEPHOAL H AP. DTN CBEACHHA Tepe-
JA10TCA TONBKO B TOM CJy4ae, €Cid 3TO MPEAYCMOTPEHO IIaHOM mepe-
Javy HHPOPMALHH € YUETOM 3a8BOK NOTpeOuTENei.

CensMoit pazfien npenHasHayucH U MEpeRayd CBEACHHIt o cTnxuii-
HLIX THAPONOTHYCCKMX ABNeHHAX. Kaxaplii pasaen coctouT u3 mudpo-
BBIX, MATH3HAYHBX rpymt. [TocToaHNbIH HOMEp TPYNNLI Onpenender ee
coaepxanne. CocTaB ZaHHbIX THApornorkdeckoll uudopMauny, nomie-
WalllHX Nepefiaye NO KOAY, X MEPHOAHYHOCTD, CPOKH K afpcca nepena-
ui TejerpaMM ycrasapiauparorcd YIMC. TenerpamMMel o cTHxHHHBIX
THAPOMOTHYECKHX ARICHHAX MEPEHAloTCA ¢ HRAEKCOM «INTOPM» H IpH
HeoOXOUMOCTH CONPOBOXXRAIOTCA TEKCTOBEIM COODIUCHHEM.

Texcropas yacTs TEenErpaMMsl CONCPXUT HAHHEIC O HAYAME, YCHIE-
HMH WIH OKOHYAHHH ABJICHHSA, KONMYCCTBEHHBIC XAPAKTEPHCTHKH, CBC-
JICHAA O NPHYHHCHEOM YIIepOe, IPHHHMACMEIX MCPax B AP.
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2.3. OcnoBHBIC HANPABJACHHSA NCPECTPOIKH
HR(pOpMaANHOHHOro odecHeyenMs THIPONOT HYCCKUMM JARHBIMH,
Antomarnianus odpaboTkn, cosganHe 0asIKOB JARNDIX,
NePCUCKTABE! PAIBUTHSA

B 1977 r. 66110 IPHHATO peiicHHE © CO3JAHHN M PAIBHTHH aBTOMa-
TH3UPOBAaHHOH HHpOpMAaLMOBHOK cUCTeMB! I"0CYNapCTBCHHOTO BOAHOTO
kazacrpa (AC I'BK).

Bospacraomue MacinTaGsl HCIONBE30BaHHA BOZHBIX pECypCcoB, He-
0OXOAHMOCTE YCKOPEHHS HAYYHEIX HCCHCAORaHHIT 10 OLUEHKC M MPOrHo-
3aM PCXKUMA, KAaUSCTBA M HCMONB30BaHUA 80N TpelyeT Gonbiuero xonu-
YyecTBa HCXOAHOH uHpOpManyH. BLIToNHEHHE 3THX 3axa4 BO3MOXHO
nrus opu cozgaiun AHC FBK ¢ npumeHeHHEM cOBpeMCHHOH KOMITBIO-
TEPHO# TeXHONOTHH,

AHMC TBK - 310 cucteMa cOopa, KOHTpOAs, XpaHeHud, o6paboTkn
JIAHHBIX O BOAMBIX DOBEKTAX, PECYPCaX, PEXKHME, KAUCCTBE H HCIIONB30-
BaHMH BOJ, 4 TAaKkKe JOBEACHHS ITHX AaHHLIX A0 NOTPCOMTEINA, HCNOMNL-
IYIOIIAN COBPCMECHHBIE TEXHRYECKHE, HH(POPMALMOHHBIE M HpOrpamMM-
HbIe cpeacTea [56].

Lensio nepectpoiiku HipopMalaoHHOR CHCTEME! SBASeTCH [OBBILIE-
HHME ONMCPATHBHOCTHA ODECHEMEHHA HalMOHANLHOMO X03sicTRa HeoDxomu-
MBIMH AAHHBIMM IyTEM PacilINpCHHA COCTABa MPENCTaBRAAEMBIX MaTepHa-
JIOB, YCKOpeHUA HX 00paboTKy 1 MORrOTOBKH K HCNOMB308anwIo [23, 27].

[lo eunaM cobupacmoii, o6pabarpisaemol, xpaHUMOH ¥ BbyiaBac-
Moii nepopmaunu AUC I'BK pasmenserca Ha TPH CaMOCTOATCHbHLIE
nofcuctemsl: «llopepxnocrHeie Bogn», «floazemMunle soasy, «Hcnons-
30BaHHe Bony [19].

[Moacucrema «IloBepXHOCTHBIE BOABD BKIIOYAET CREAYIOIHE BIILL
HHGOPMAHH:

- «Bonusle pecypChl, MX Ka4yeCTBO M MCMONb30BaHHE» (JaHHBIC
KOMIUTEKCHO!H OLIEHKH BOAHEIX PECYPCOB);

— «Pex# H KaHAMBD (AaHHBIE O THAPOMOIMMECKOM PCKUME BOKOTOKOB);

— «0O3epa 1 BogoOXpanuMnMuta» (AaHBEIE O FRAPOMETCOPONOrHYe-
CKOM pEXHME BOAOEMOB);

— «KauecTBO NOBEPXHOCTHRIX BOA CYUIH» (THAPOXHMHYECKUE IOKa-
34TENH Ka4ecTsa BOJ BOACTOKOB H BOAOEMOB);

— «Mops ¥ MOpCKHE YCThA pPeK» (lauEsie O THAPOMETEopONoryYe-
CKOM PeXHME M PHAPOXHMHYECKAC NOKA3aTENY KauecTBa BOA MpHOpex-
HBIX %aCTell OTKPHITEIX MOpEil, BHYTPSHHHX MOPEH H MOPCKHX YCTRER peK);
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— «Jlegsukny (KaTanOXHLIC CBEACHHA O MCAHMKAX);

— «Cemt» (XapaKkTepHCTUKH CENEONACcHHX paHOHOB W UPOINEAIINX
cenefi).

OcraoBrte dynkunn AUC T'BK:

~ MOATOTOBXA HHGOPMAlKH K BKIIOUCHHIO B HHbOPMalnoRHyo Ga-
3y ¢ MpeABapHTEILHEM COOPOM, KOHTPOEM, NeprUYHOH obpaborkoil B
3AHCCEHUCM BXOAHBIX JaHHBIX HA MAUIMHOYUTACMBIC HOCHTENHN;

— BeAcHHe HHPopMalMOHHOH 0a3sl, B PYHKUHMIO KOTOpOH BXORHMT
HAKOMNCHKUE, YHeT, ofeciedeHne COXPaHHOCTH JAHHBIX;

— JfloBefieHHe MH(pOpMalHK A0 MOTPeOHTENS, BIUTIOYAd MPHEM M pe-
THCTPALHI® 3aMpOCoB noJik3oBareneii, moHck M obpaboTky AaHHBIX
C LGB0 TTONYYCHHA 3anpalmeacMoil nrdopManuu: nyGnukaussa, THpa-
AKHpoBalKe HHOOPMaLUM,

Paccmorpum Qonee noapoGHO nepecTpodKy Hu(pOpMalHORHOrO
ofecrieuenyis THAPONOTHYECKHMH JAHHBIMH 1O NMOBCPXHOCTHBIM BOAAM
Ha OpEMepe pa3acna « PEKH ¥ KaHaIbD».

HcrounuxoM KHpOpManmoHHOH 6a3el AaHHBIX NG THAPONOTHYE-
CKOMY PEXHMY pex ABAMIOTCA pe3ynbTaThl HabmiomeHwit Ha Boeif cTa-
UHOHAPHON CCTH THAPOMETCOPONIOTHUECKOH cyx0bl H YacTH ceTH apy-
THX BemOMCTE. Jiiia toro 4rofbl aBTOMATH3HPOBaTH HNCPBHYHYIO 00pa-
GOTKY, KOHTPOJIE M HAaKOIUIEHHE AAHHLIX Habmonenui, nocneJHHe 3a3HO-
CATCS B CNIENHANLHBIE MONCRKIE KHIKKH (rabnmusl, Omauxu). Komkxn
npHcnocobnens ana nepeoca HHGOPMALHH HA MAIMHOMHTAEMEIE HO-
curenn. [apoloruMecKie CTAaHIMH OCYIIECTRASIOT KOHTPONb TIONHOTHL
H IOCTOBEPHOCTH MOCTYNMUBINEH HHGOPMALIMM, MEPEHOC e€ Ha MAIIHHO-
YHTaEMEBIC HOCHTE/H U TEpCAAYY Ha BhIIIENEkKAMIl YpoBeHs.

TeppuTopHanbHbIE U PETHOHANLHEIE CHICHUANH3IHPOBAHHBIC LEHTPSI
senenus I'BK ocymecrsnator:

- cOOp H KOHTPOIIL LKOCTOBEPHOCTH NocTynaiowel wadpopMann;

— obpaborxy uHpopMauuu u npecobpazoranue BXoAHOH HHpOpMa-
i AUC I'BK B xpanumyso;

— nepefaty MHpOpPMaLHH YCTAHOBRCHHOI'O COCTABa Ha BBIELEACKA-
it YpoBeHE;

- ofcnyxuBanie Hionb30BaTeiaei HHpopMatMelt Do ux 3anpocaM.

ArroMaTn3MpoBanHas 00paboTka, KOHTPOJIL M HAKOIUICHHE JAHHBIX
THAPONOTHYECKHX HAOMONCHUIE Ha pekax ocywmecTenserca ¢ 1978 r.

Hcronszosanucs cicayiomie GopMbl aBTOMATHIHPOBAHHOIG KOH-
Tpons LOCTYRMBWCH HAEPOPMaLHK:
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— KOHTPOJIb HOHOTHI HHGPOPMALIHH;

— CHHTAKCHYECKHii KOHTponb, BKIIOalouni nHabop npoiuenyp oo
NPOBEPKE NPAaBUNLHOCTH MPOMIBOACTRA UIMCPCHHI, 3alHCH B NEPRHY-
HBIX JOKYMEHTaX, COOTBETCTBHA HAHECCHHOW Ha TEXHHHCCKHH HOCHTEID
nH(pOpMaLMK JAHHBIM NEPBOMCTOUHHKA,

— CMBICJIOROH KOHTPOIb, YYHTRIBRIONIMHA 3aKOIIOMEPHOCTH M3MCHEHHIA
3MEMEHT4 BO BPEMEHH M POCTPAHCTBE, B3AUMOCBAIb MEXKAY OTAEILHBIMH
IMEMEHTAME, CBA3H OTACHBHBIX EMCHTOR ¢ HI(QOPMALHOIHHLIM MACCHROM
o ap. PaspaBorano Sonee 20 MET0A0B CMEICTIOBOIO KOHTPOA,

B oTmennHeIx Clyuadgx CAOXHBIX TPHAPOAOTHYCCKHUX [IPOLICCCOB
OKOHYATENLHOE pelleH#e O KayecTBe HH(PODMALHH OPHHHMAETCA CIhc-
IHATTHCTOM.

[Tocne BHINOMHEHHR KOHTPONS OCYIECTRIACTCH aBTOMATHIHPOBAKNAs
nepeuyHad (MecsyHas) 06paboTka AaHHLIX HabmoIeHHid. PesynnTars Me-
cAyHOl 00paboTKN JaHHBIX HAKAMUIKBAIOTCA Ha MArHKTIOM HocHTene. Ilo
SABEPHICHHH TONA BRIMONHACTCA rogokas oOpaborka smdopumanun. OCpa-
6oTKa JaHHBIX MO YPOBHAM, TEMIIEPATYPE H MyTHOCTH BOZbL, H3MCPEHHBIM
PacX04aM BOABI H BAHOCOB, JICAOBBHIM H3MEPCHHAM HONHOCTRIO ABTOMATH-
suposana. Hirorom nepsrusoit oOpaGoTki ABNANOTCS MECSHHEIE H FOAGBBIC
TaGJIHLIL] NEMEHTOB BONHOrO PEXKHMA PEK, a TAIOKE NMOJKbLIE M MPOKOHTPO-
NHPOBAHHBIE CBEACHMA O PEXXHMME PEK, KAHATOB, NMPEAHATHAYCHHbLIC A
JONTOBPEMEHHOI0 XpaHeHus MHGPOPMAlMH B BIAC (ailyioB B A3bIKE ONHCa-
s fauHex (AOJD). Bee 3T cBefCHUA BRRBOYAIOTCH B HH(QOPMAIIAOHITYO
Gazy Ganka saAHBX « HAPOMOTHA — PEKH M KAHAMBIY,

Bo BcecowosioM Hay4HO-HCCISAOBATEABCKOM MHCTHTYTC IHAPOMC-
TeoponorHdeckoit  mEpopMauMH - MuUpoBOM  meWTpe  HaRHBIX
(BHHUI'MH — ML) — 6511 cospan 6aHK AAHHEIX 1O FHAPONIOIHYCCKO-
My PeKHMY PEK H KaHanos.

Bauk ZaHHBIX TpeAHA3HaYCH YIS LECHTPANHIOBaHHOrO 0bCmyXiBa-
HEA DA3MHYHBIX YYpeXAchHui PocruapoMera, MPOSKTHRIX H HayvHO-
HCCeNOBATEILCKHX OPraHH3alMi CTpaHsl.

B undopmannoHnyro 6a3y storo 6aHka BXOAAT TPH ceMcicTRa Mac-
cHBoOB (aPXHBOB):

~ PC3YNIBTETH HETIOCPECTBEHHBIX HaOmoneHuiit Ha rmgponorude-
CKHMX HOCTAX H H3MEPEHUH B rHAPONOTHYECKUX CTBOPAX C HAaYana asTo-
MaTH2alMK 00paboTKU NatHEIX Habmoackuil;

— Cpe/lHHE CYTOYHBIC H ACKAHHIC 3HAYCHHA FICMCHTOB PEXHMA
PEX, OnyOIHKOBAHHBIC B rHAPOIOTHYCCKHX CKErOAHMKAX;
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—~ CpefiHNe MECAYHBIC, CPEAHIE TOAOBLIE H KCTPEMANBHEIC 34 FOA H
¢$a30B0-0AHOPOAHEE EECPHOABl rOAd 3HAYECHHA 3JEMEHTOB PE&XMMA 33
BeCh NMepHOR HabnoaeHnit H cBefeHUa O ruaporpaduMeckux Xapakre-
pucTHKaX Bonocbopos pek, onyOmuxopasHbie B cpapouHuke «(OcHOB-
Hble THAPONIOTHIECKHE XapaKTepHCTAKH» K B uiganusx BK «MHoro-
JCTHHE JAHHEICY,

[ToapoOurie CReACHUA N0 COCTaBY OaHXa MHAPONOTHYECKHX JAHHBIX
TipeacTaBIncHK B Tabn. 2.1,

Tabauya 2.1
Cocras nngopmannonnoii 6aies Gauxa Kaunix «CHAPONOrHA — PEKH H KAHANLD
MaccHB JARHBIX IAEMEHTEE POKKMA DEK
1 2

JlaHuzIE RENOCPEACTBCHHBIX H3MEpeHHH U Habatogernii

THpoMeTeopono-
rideckie wabmio-
FEHHS HA ROCTAX

YPDBCHB BOABL, NCAORLIC ARNCHHR, TONMHHA Nb0A, BHMCOTA CHE-
T4 Ha Judy, COCTOAHHE BOAHOMO obBexTA B CpHOA OTKPHTOTO
pycna

PacxoX BOXEL, MAGILIAES BOAHOTO CEYCHHA, INOWLALL MOTPYHE-
HHA IbAA M IMYTH NPH HIMEPCHHY PACXOHA, CKOPOCT: MOTOKA,

XOAa BIBCINCHHBIX
HAHOCOB

Hsuepennz pac- YK/IOH BOZHOI IMOBEPXHOCTH, JAHHKWE BPOMEPOR TIYOHH H H3-
XOAa BOAB
MepeHuil Ha CKOpOCTHEIX BEPTHKANAX, CHOCOG HIMEpeHHS M
METOMH BEIYHCNERHA PAcKola
MyTHOCTb BOAR JanHble #3MepeHHA MYTHOCTH BOAM N0 CpokaM HaGn0OCHHH,
eAHHHYHAL NapaMeTpPLl NEPEXORa OT EAHHYUHON MYyTHOCTH K cpeaMeh
Hamepenun pac- Pacxon p3pemIeHHHIN RAHOCOB, PacXoR BOAEL, CPENRAA MYT-

HOCTb K MYTHOCTH KOHTPONBROH MpoOLI, CBEACHHA O MECTE H
oCoDEHHOCTAX HIMEPEHHA PAcXOMd HAHOCOE

F'parnynoMerpuye-
cknii cocTaB H
MAOTHOCTE HAHO-
coB

Conepxanne sactut (% mo macce) guamerpom ot 0,001 MM u
metee go 1000 - 500 M, auaMerp HanGonee KpyNHBIX MACTHIL,
muaMeTp 50 1 90 %-nolt obecmeyenHOCTH, COAEPKAHNE OpTa-
HHYCCKHX BCIICCTR, INOTHOCT: YACTHO ADHHBIX HAHOCOR B €C-
TECTRCHHOM 3JANCTAHHH, CREfcHMA O ¢ale BONEOrQ pexHMa
MYTROCTH BOAM B NEpHOD HIMEPEHHA, © MECTONOROMKEKHY
cTBOpa H cnocobe orbopa npob

OcpeHerntie 3HaYeHHA

EwegHenunie
YPOBHH BOAR

C]JCJIHKE CYTOYHBIE, CPCIHHE, BRICIONE H HHIINKE MCCHYHERIC H

romOBBIE JHAYEHHA YPOBHA BOMAR 33 K&XARH IO/, JATE IKCTPE-
MATEHHX THAYCHHIT

Ex¢aHeBARIC pac-
AORBI BOJRE

Cpeanie cyTOUHEIE, CPEAHAC, BRICUIKE W HH3NIME MECAUNLIE W
TOACBHE 3HAYCHHA PACXOAOB BOALI 38 KAMELHA TOX, JATH HAH-
Sam UK H HAHMEHBLIIX PACXOA0OB BOAR! 34 ron,

Temneparype
BOIBI

CpeanHe fexafesie 3HAMEHMA TEMTICDATYPW BOAI 33 KIKIBIH
MECKL TORA, JIATA MEPEXORA TEMNSPATYDH BOMR! uepes 0,2 °C oce-
HBI0, HaHOOMBINAS 33 DO/, TEMTIEPETYa BOART H IATA &¢ HaGMoReHA

435




Oxonvanue matn, 2.1

1

2

BuicoTa cHerd na
JIBIY

CpenHte 3a KaXAyIo HEHTALY XONOAHOIC NEPHOAA TONA 3HAYE-
HUA TONUHHBL JBAA B BHICOTA CHETa HA JILAY

Cpeptne, xcTpeManbHbIe 3a Fof ¥ Ga3oBo-04HOPOMHEIS TEPHOAB I'OAA JHAYCHRA

ChefieHna 06 ypoBHS BONH 32 TIEPHO/IE! BECEHHErD NEHOXOAA,

?:g:::e::';: JIETHE-OCCHHETD NEPHOMA, MePHOAA OTKPHITONO DYCAY, BLICHINS
H HHIEIHE YPOBHH 34 TON

Cpeanne Mecay-

HBle PACXOab CpemHue 3a xamapilt MecAll it cpeAHKe roAOBEIE PACKXOAET BOAH

BOREL

Haumentine Haumenbiuve 3a rom, JetHHi u 3umuuii nepyoms pacxoan

PacxofH BOaH BOJABI, JATH] HX HAOMIOREHHA

::i:?;a::::‘: Hanﬁommn;mcfmecyrowm # CPOYHBIE PACXOAH BOAM H
HX H CHHA 34 Neph NONOBOABA, ¢ He CAoH

ChoK CTOKa 32 ?;:‘aaa nc:waoflm TP o ope

NONOBOALE

Hoxaeroil naro-

MpeanasofouHele pacxofk:, Hanbomuinne, CPeAHECYTOUMBIE ¥
CPOMHEIC PACKOML BOMM 32 TCPHOASI [TABOMNKOB, JIATHI HA4ANA,

MIEHHBIX HAHOCOD
H MYTHOCTH BOIG

JBOYHBII CTOK HaKOONLLETC PACXOAA H OKDHYAHHA NOWICELIX NABOIKOB, HX MpO-
JIOILKHTENLHOCTS, CITOH {TOKA 1a BECh ICPHO IABGAKA W IO €70 ITHKA
f — JlaThi 1 IMaveHHA YPOBHA BOAEL MOARNCHUA MeAoBBIX 00paso-
ha BaHWi, HAYANA OCEHHETO ITYTOXOMA ¥ NEAOXONA, HAYANA Nefo-
! CTABA, HAYANA ¥ OXOHYAHNA BECEHHHX NENOBMX ABNeHK
Cpemme ACXOOLL
pacxon Cpennne MeCSUHbE H FOROBBIE PACXOKE HAHOCOB
HAHOCOB
HanGonruue
Hanbonemne He QHEIE PACXONb] HAHOC
PACXORA B3ne- CpeaHME CYTO Pacxonsl 0B, MyTHOCTH

BOJB! H YHCIO OHeH B roAy ¢ MyTHOCTEIO Goneg 50, 100, 200,
500, 1000, 5000, 10 000, 50 000 /v’

Tugporpadaue-
CKHE XapaKTepH-
cTAKH BoaocBopos
pex

PaccToande nynxTa HabmrogeRuit oT KcToKa, YCTES i HavGonee
YIAMCHHON TOYKH pevHOH CHCTEMBI, YKAOH POKH, MIOILIANE
BogocGopa, CpeaHAA BMCOTA pomochopa, cpeanwi YKIOH Boao-
cbopa, TYCTOTa PYCIOBOH CETH, O3EPHOCTH, 3a0ONOYEHAGCT,
JIECHCTOCT, PACMAXAHHOCTh, OJCACHCHHE, TNICIIAAL OCYIEH-
HBIX 36MCND CENMbCKOXO3AHCTBEHHOTD HCNONL3OBAHHA M JTECOR

BaHk NaHALIX, Xak ¥ GONEUIMACTEO APYFHX PEOKAMHO-CIPaBOYHbIX
MATEPHANOB, XPAHHTCA HA TEXHHYECKHX HOCHTEIAX, YTO OOmAcHAerc
BO3MOKHOCTRIO KOHUEHTpHpOBanus Gonbiore obbema NaHNKX Ha Hell
H yaobcteoM apxuBHoOro xpaHcuma. IlononHenue uudOpPMaLMOHHOH
Gasbl GaHKOR OCYIICCTBNAETCA 33 CHET JAHHBIX TEKYIIHX HaGiioneHuid
Ha THAPOJIOTHYECKHX MOCTax.
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Iepsas ouepeip GaHka AaHHBIX «[HAPONOTHA — PEKH H KaHaNb»
6bUIa BREEHA B NPOMBIIUICHHYO SKCIuryaranuo s 1986 r.

O6cmyxuBanne notpeduteneli BaHHBEIMM PEXKHMHO-CIIPABOYHOIO
faHKa IO FHOPONIOIHYECKOMY PEXHMY PCK OCYIHECTBAACTCH MyTeM dop-
MHpPOBaHUA W BELAAYH MHOPMALIUH B BHAE:

— KOMKH AaHHBX HHpopMannoHEoii a3kl Ha MATHUTHOH JIEHTE WIH
B BH/IE PACIIEYATOK;

— TabnHI ¢ JAHHEIMM O ¢IKCAHEBHBIX YPOBHAX W PACXOfaX BOABLL 3a
npowenmuii rog B ofbeMe cBeAeHUl cepHH «EXCrofiHbIe AZHHMIE» H
CBefeHHA 00 M3MEPEHHDBIX PACXOAAX BOABL;

— TalNMYHO-CNIPaBOYHLIX MATEPHATIOR O TEKYIIEM PpEXKHME peK
(exemecsayHBle TAOMHLBI YPORHA BOABI, H3MCPEHHBIX PACX0A08 BOJBI H
HAHOCOB, €XeIHECBHOI MyTHOCTH BOAKL, NaHHBIX JIEAOBBIX HIMEPEHMIT).

BHINOAHAIOTCA TAKAKE 334BKH 110 KONMPOBAHMIO HIH BLICOpKE MH-
dopmauun 13 Gazbl pakHbLIX. CpoK BRIMONHEHMA 324BOK notpebutenci
OT HEeCKONLKMX AHell o oguoro Mecaua, Cocras HHGOpMALHOHHOH Ga-
361 GaHKa cO BpeMeneM DyaeT pacluHpaATLCH.

C ueneio NOBLIIICHHS ONEpaTHBHOCTH obcmyxuBaumns nanbonee
HacTO 3anpalBaeMas HEHBOPMALHEA XPAHUTCA HA YCTPOHCTBAX NpAMOTo
Jocryna. JIns ynoGcTBa monb3oBaTeNell MOATOTOBICHBI JOIONHHTENb-
HBI¢ CBERCHHSA B BHJE KaTAIIOTOB Y ONMHCAHAY 6a36l AaHHBIX.

Janbeitee yckopehue RoBeAcHH HHPOpMALMH 0 notpebuteneit
BO3MOYHO NHINb IpH AeneHTpaausamysd oSpaboTkn, K o6paboTke ruapo-
JIOTHYECKHX AAHHbLIX NPHBICKAIOTCA H TSPPUTOPHANBHLIC YIPABICHUA.

2TO MO3BOJIHT ABTOMATH3KPOBATD;

~ MOAITOTOBKY OTEPaTHBHOH HHPOPMAWKM M NPOTHO3R! BOAHOIC M
7€0BO-TEPMMYECKOTO PEXHMA PeK;

— NONYYCHHES RAHHBIX IO PeXHMY pek depes GiOpo pacyeroB K
CIPaBOK.

Coxpaiiense ppeMeHH 05paGoTKH MUAPONOIrHYECKNX NAHHBIX M A0~
BeAiEHKE HX A0 RoTpebuTeneit MOXKET OBITL AOCTIHYTO MOCAE COOTBETCT-
BYIODIErO OCHAINEHHA TMAPONOTHYCCKHX cranuwid. Ha raponormuecknx
CTaHLHAX NPEATIONAraercd OCYLICCTBIATL NEPRUUHBIH KOHTPOML, oOpa-
6oTKy AaHHEIX HaOmOACHWH, BBIMACIEHHE €XETHEBHBIX PaCXoA0B BOARI H
CTOK3 HaHOCOB. JTa HH(OpMAKA B ONpeneneHHble CpOKU GyaeT BHICH-
JATECA B PETHOHANBEBLIH MIIH TEPPHTOPHANLHSEH BLIYMCAHTENBHbIN LUSHTP
JUT [IOTIONHEHHA MACCHBOB NHGOpMaLHOKHOH 6a3bl 6aHKOB HaHHBIX.
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Fnasa 3

KPATKOCPOUHDIE NMPOTHO3bl PACXOAOB
U YPOBHEA BOAb,

OCHOBAHHBIE HA 3AKOHOMEPHOCTAX
ABWKEHWA BOfibi B PYCNE

B ocHOBe METOAWKH 3THX IPOTHO30B JIEXXHT YUET 3aKOHOMEpPHOCTEH
JIBMKCHUA PYCNOBBIX MOTOKOB. 3a6/1aroBpeMEHHOCTh IPOTHO3A ONpene-
NAETCA BPEMEHEM NMEPEMEILECHNA BOJHAIX MACC Ha PACCMATPHBAECMAIX Y4a-
CTKaX peK U 34BACHT OT CKOPOCTH TEYCHUS, MTPOMEXYTOYHOr0 NPHTOKA U
¢dopMbl naroakos. Jlnd KpyMHeIX paBHHHHBIX PEK OH2 MOXET COCTABJATH
10 cyr. u Gomee AnNs HeDOJBUIMX FOPHEIX — BCEID HECKOMLKO 4YacosB,
B Hacroswiee BpeMA TakWe GPOTHO3B ABMAIOTCA Hanbomee pacnpocTpa-
HCHHBIMH H HCNOJB3YIOTCH JUIA CBOCBPEMEHHOIC ONOBEIIEHHA 00 onac-
HBIX YPOBHAX B NEPUON NPOXOKACHUA NABOAKOB # NOKOBOALA, Obecneye-
HHA HOpManbHO} paboThl CYNOXOACTBA, MpeAcKasaHH? (OpM BOMH MO-
TYCKOR B HIGKHKX Gbetbax rMAPOIICKTPOCTAHIMA # T. 1.

IIporHocTHyeckue 3a1auy pEIIAIOTCA Kak AN GeCOpUTOYHEIX, TaK U
JNA NPATOUHEIX Y4acTkoB pek. Bropoil cnyuait aenserca Gonee cinox-
HBEIM, TaK KaK NOMHMO pacueTa TpaHchopMallHH nasofika TpelyeT yuera
BJIHAHMA Ha ero GopMy M pasMEPEI IPOMEXYTOUHOTO PHTOKA.

Kak n3pecTHO, NpH YCTAHOBHBILEMCH ABIDKCHHH XapaKTEPHCTHKH
HOTOKA HA PACCMATPHBACMOM YHACTKE HC H3MEHAKOTCA ¢ TCHCHHEM Bpe-
MCHH.

B npHpoae ME! IPaKTHYECKH HHKOrAa HE HMEEM YCTaHOBHBIICTOCK
JABHXEHHA B PEKe, HCKNIOYAs NepHOA UTHTENbHOR 33CYXK ¢ paBHOMED-
HBIM TPYHTOBBIM MHTaHHEeM. K TOMY e A/ NPaKTHKH THAPONOTHYE-
CKHX pacyeroB H NPOrHo3oB HAHOONLUWHH MHTEPEC NPeACTABILAIOT e
PHOMNEI NPOXOMKACHUS NaBOAKOB U nonosouuni. Taknm obpazom, meTo-
JONOTHYECKHE OCHOBE! NPOrHO30B, PACCMATPHBAEMBIX B NaHHON riase,
CTpaBeUIMBLI I HEYCTAHOBHBLIETOCS ME/UIEHHO H3MEHAIOIErocs
ABHXEHHA, OPOABAMOMErocA B doOpME AMMHHLIX BOMH. Jaunnbimu Ha-
3BIBAIOTCA BOMHMI, ITHHEZ KOTOPHIX BO MHOrO pa3 NMpeBEILIAET IMyGuRy
MOTOKA, XOTA BLHICOTA BONH MOXET ObITH AOCTaTOMHO OONBINOK Mo cpas-
HEHHIO ¢ NEpBOHAYANLHOH rnyOuHOH. C MONHEIM OCHOBaHHEM K JUIMH-
HBIM BOJIHAM MOXHO OTHECTH BONTHLL NOMMYCKOB, IABOAKOB H HOJ!OBOI[Hﬁ.
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3.1. Teoperntieckde 0OCHOBLI IBHKCHHA NONYCKOB, NABONKOB
N NONOBOAHHE

Honycxu — MCKYCCTBEHHOE YBEIHYEHWE PAcCXOHOR BOALI B HEKOTO-
poM cTBope BoamyleHHA (B creope ['2C) ang neneli sHepreTHKH, cyao-
XOHCTBS, OPOINCHHA M T. A. JIAHTENBHOCTL MOIYCKOB MOXET BaphHpo-
BAaTh OT HECKONLKHX YaCOB NO HECKONEKAX HEAEHb.

HonoBoapd ¥ MABOAKH ABAAIOTCA PE3YABTATOM WHTETPHPOBAHMA
CTOXa ¢ OTAeHLHBIX yacTelt BogocOopa. B MecTax BmajeHHA TMPHTOKOB
NMOCTYNAKOT COCPEAOTOUYCHHBIE 00BeMbI BOAR!, B PE3yNbTATE YEro NpoHc-
XonHT HHTepEPeHLHA IABONOYHBIX BOJH, YaCTC MPHBOAAILAS K CyINe-
CTBEHHOMY BHROM3MCHCHUIO GOPMSI NIABOAKX N0 NYTH NepeMeuicHHA
B npepenax nceneayeMoro yvactka pexd. Cunraercd, yto Ha GecnpH-
TOUHBIX Y4acTKax NaBOJOK Yke chOPMHPOBAJICH H CIEQYET PACCMaTpH-
BaTh UL €70 PACIPOCTPRHEHKE MO PEKE.

Ilono8o0be — 310 €KETOAHO MOBTOPAIOILEESCH NIWTEABHOE H 3HAYH-
TEARHOE YREAHYCHHE PACXO/A BOALI, CONMPOBONIAIMIEECA TIOBBILICHHEM
YPOBES ¥ (KaK MpaBHNO) BBIXOA0M BOJ Ha moiiMy. Ha xpymHbix pekax
RIHHA BOAHH NIONOBOABA MOXET COCTABIATH COTHH KuioMerpos. Ha
6onewoit yacTu TeppuropHH Poccuu monosogpe dopMupyerca 3a cuer
CHEroTaAHuA.

flagooxu npencTanisior cofoi Gonee kpaTkoBpeMeHHoe (Ho Gonee
HATCHCHBHOE) YREIUYCHHE PACXONOB H YPOBHEH BOJIbI, BOSHHKAIOMICE
HEPETyNAPHO B Pe3yNkTATE KaK CHILHLIX A0KACH M nuBHEH, Tak B GbicT-
pOro TasHUA CHera MAH JCAHHKOB BO BpeMA 3UMHHX orrenencH. Ilpu
3HAYNTENBHLIX pasMepax BojocGopa naBoAkH MoOTyT HabmogaThes
nuue Ha ere YacTH. [Ipn katacTpodHYecKHX MaBOAKAX MAKCHMANBHBIC
Pacxoms! {ypOBHH) MOTYT NPEEOCXOAKTDH TAKOBEIE NIPH AONCBOABE.

XapakTep MEANCHHO MEHAIOWETOCH HEYCTAHOBHBIICTOCS JBYKEHHS
BOJIbI OTPEACNACTCA MAKCHMANBHBIM 3HAMCHHEM OTHOMLICHHA abcomor-
HOTO 106aBOYHOrO NPOAGALHOIO YKIIOHA (i,) X NEPBOHAYANBHOMY YKNO-
HY NMpH ycraHoBMBlIeMCH Abmxerun (iy): (max|i, |/i,). [lpa manom

3Ha49eHHH sroro ornomenns (< 0,03 — 0,05) kpHuBYI0 pacxoA0B MOXHO
CHKTATh NPAKTHYECKH 0JHO3HAYHON H coBmajawuleii ¢ Kpuseil Ana yc-
TAHOBKBILUErocs ABHKCHUA. OOBbIYHO TAKOH PEXHM JBHKCHWA HA3BIBA-
eTcs Kkeazuycmanoguswiimcs. Bonee TOro, Afg AOCTATOYHO KOPOTKHX
YYACTKOB PCKY MOKHO IOBOpMTH H 00 ONHO3HAYHOCTH KPHBOH Pacxo-
208, 4TO, XaKk Oyner moxasaHO HHXe, NO3BOJNACT IPHMCHATH AOROJIBHO
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Prc. 3.1. Hepa3pbIBHOCTE HEYCTAHOBHBLICTOCH IBAKEHHA.
] wauanLHa3 NOREPXHOCTS BOAM; 2 ~ MOBEPXHOCTH BOMBI MEPes ARTEpRAN dif

MpOCTRIC cHoco0bl pacueTa mepeMelieHHs NABOAOYHBEIX BoiH. Kpany-
CTaHOBMBILIESCH JBHKeHue Habmonaercs mpd nonoBoake ¥ AOBONLHO
4acTO NPy NasoAkax. YpaBHEHHE HEPA3PHIBHOCTH MOXKHO MOJYYHTH HA
OCHOBAHHH 3aKOHA COXPAHEHHS MAcChl B OECKOHEYHO MATOM MPOCTpaH-
CTBE MEXY JABYMA NONEPEYHBIMH CEUCHHRMH pekH (pHc. 3.1).
O6Go3HauHM pacxon Boast deped (O, ILIOWAAL XKHBOTO CEYEHHT de-
pes ®, CpeAHI0 CKOPOCTh B HEM Yepes v, NIYOHHY M IHpHHY NOTOKa
qepes i u B cooteercTBeHHO, TTpH MEIVICHHO MEHAIOUIEMCS HEYCTaHO-
BHBILUEMCH ABHDKEHHH PACXOA C PACCTOAHNEM HIMEHAETCA CO CKOPOCTEIO
80181, rnybuBa co BpEMEHEM H3MEHAETCE CO CKOpocThi0 Oh/0f. To-

[)a M3IMEHCHHE PAcXOJa B BbIACNCHHOM TIPOCTPAHCTBE 33 MHTEpBan df
cocrasuT (6Q/ oNdidt , a cooTpercTBYIOHICE NpHpalcHne 06beMa BOIH

Oyaer paeno Bdi(0h/or)dt . Cymma npupaumenns odbema Bonp M 06-
IHEro H3IMCHEHAA Pacxoia A0KHA GHITh paBHa HYMIO!

/
Ba:ﬂ[i}i dt + ag]dldt =0. 3.1)
ot 9
Cokparne Ha didt, nomyunm;
an) (80
B + =0 3.2
o)(7) 62
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0w a0
@R o

Tak kax B JaHHOM ce4eHnH ( = wv, To ypaedenue (3.3) MoxHO ne-
penucars B BUAE:

dw  dav)
20 A 1, 34
or 8l @4
HiIH
94 ,,9%,9% . (3.5)
a1 8l = al

Ecnu BMeeTcs mpoMexKyTOMHHI G0KOBOMH MPHTOK ¢, TO YPABHCHHUE
(3.3) zanucHBaeTCA B BHAS:
6m+GQ_

=0, .
at a1 ¢ 36
BAH

dw 00

YR TR G

BruuenpusegerHsie  GopMyNs NPEOCTABIAIOT pa3nble  (GOpMbI
YPaBHEHHS HEPA3PLIBHOCTH B YCNOBHAX HEYCTAHOBHBLIETOCA NOTOKA H
ApnATea pudpepeHnmansHoii $opMol 3amHcH YpaBHEHHA BOIHOIO
Gananca.

JlnHAMHYECKOE YPABHCHHE /11 HEYCTAHOBMBLICIOCS ABHOXCHHA
G0 nomyveHo ByccHHECKOM Ha OCHOBE MONOMEHHUA O PaBEHCTBE BCEX
CHJI, ACHCTBYIOIMX HA CAHHHILY MAaCCh! JKUAKOCTH [3]:

I,=F+G, (3.8)

e I — yxnon Boanoil nosepxHocTH; F — CRAbl CONPOTHBICHAA; G — CH-
Nbl WHEPLIHH; g — YCKOpPeHHe CBODOIHOTO MageHNA.

MNee3oMeTpuveckuil YKNoH / MOXHO MPEHCTARHTE B BUAE Pa3HOCTH
MEAKTY YKIOHOM NPH YCTAHOBHBLIEMCS PEXXHME §, M J003BOYHEIM YKII0-

. dh
HOM, BOSHHKAIOIIEM TIDH TPOXOXACHHH NaBOJOTHOH BOITHEL EI— .

. _dh
Ip=i,-=r, (.9
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rae k-~ raiyOHHa noToka.
Cuny conpoTHBACHHA MOXXHO BRIDA3HTh 4Yepe3 YKIOH TPEHHA Clle-
LyioumM obpasom:

vl
C*R’
THe v — CpeaHAs CKopocTh nmotoka; C ~ xoaddminent [len; R - rua-
paBnUuECKHH pamHyc; g — YCKOpeHHe CBOOOAHOro naacHus.

CiUtbl HHEPUHH MOXHO NPEACTABHTE B TAKOM BHJIE!

dv dv
V.

ot al
[leproe cnaraemoe NMPOMOPIHOHANLHO CHJAM, 3aTPAaYHBIEMBIM Ha

NPEOAONEHHE COMPOTURACHNS HIMEHEHHIO CKOPOCTH B CEYEHHH, BTOPOE —
CHANAM, 3aTPAYMBACMBIM HA H3MEHCHHE CKOPOCTH 1o HnHue. C yuerom
(3.8) - (3.11) anpdpepeHnnanbHOE YPABHEHHE, X3PAKTCPH3YIOILEC YCNO-
BHE NBHXEHHA PCYHRIX BOJH H HalbIBAacMOE YpaBHEHHEM AHHAMHYECCKO-
IO PaBHOBECHA, IIPHHUMAET BAJ

o dh v? 13v vaov

i—— = — #- — + ——

dl CR gét gol

TlockonbKy B cnydac HEYCTAHOBHBIIETOCH ABHXKCHHA I'TyOnHa NOTO-
oh
ol

TaxuMm 06pa3oM, HEYCTAHOBHBIUESCA MENICHHO H3IMEHAIOIICECH

JABHXCHHS BOAB B OTKpHITOM DYCIC NPH HAJH4YHH OOKOBOTO IPHTOKA
OITUCHIBAETCA cHCTEMOH AuddepeHIHANBHAIX YPABHEHHH:

8h  v? 10v v ov
———m—— b — 4 ——-,
ol CR go gol
o 80

+ 7% g
or T a1 1

Tpu orcyrcreur GoKOBOH NPHTOYHOCTH BTOPOE YpaBHEHHE CHCTE-
mbl (3.13) npunumaer Bug (3.3).

Ypasrenna (3.13) nomyyeHs! Npy CACAYIOMMX OCHOBHBIX HOITYINE-
HIDIX:

F=g (3.10)

G.11)

(3.12)

Ka /1 3aBUCHT OT / ¥ ¢, TONHYIO IPOH3BOAHYI0 MOXHO 3aMCHHTH Ha

(3.13)
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— paccMaTpHBAETCS OJIHOMCPHOC MCIUICHHO H3MCHAFOUIECCH JIBH-
IKEHHE NMOTOKA;

— MPHHUMAETC THAPOCTATHYCCKHA 3aKOH Paclipe/icHeHus JBHKE-
HWS, T.C. HEe YUHTHIBACTCA H3GLITOMHOC NaBsICHHE, BOSHHKAKILEE 33 CYCT
YCKOPCHHS HaCTHI BOAB 10 BEPTHKANH {NPHHUMAETCA TEOPHA MENKOH
BOIbI, KOINA MTHHA BOMHEI HA HECKONBKO MOpAAKoB BonkIme rayOuHb);

— YKJIOH [IHa CYHTAETCA MaJikIM N0 CPABHEHHIO C CAHHHIEH.

BaxHeIM ABNAETCA MEPBOE NOMYLICHHE, NOCKONBKY TPU Pe3KHX H3-
MEHCHUAX cedeHHd (Npu HAIHIUH OIHPOKHX MOHM) W IPH KPYTBIX H3TH-
Gax CKOpPOCTH MOTYT CYUIECTSCHHO painwyartcd. Bropoe u Tpetse no-
NYWEHAA BBLIEPKHBAIOTCA NPAKTHICCKH BCETAA.

PemicHne cucteMbl HEMNHEHHBIX MG EpPeHEHANBHMX YpaBHeHMH
rHnepOONHYECKOTe THIIA B YaCTHBIX NPOU3RO/HLIX COMPAKEHO ¢ GONb-
WAMH TPYAHOCTAMH H NpH pa3paboTke IPOrHOCTHYECKHX CXCM ¢ JTHOO
HHTSTPHPYIOT PAIHOCTHEIMH METOMaMM, JHOO NMPHMEHAIOT Pa3THYHLIC
MOAHGHKALIHH YTHX CUCTEM,

Meroasl pacycta HCYCTAHOBHBLIETOCA ABHKEHHA BOJEI B OTKPBITHIX
pYyCIaX MOXKHO Pa3sjeNUTh Ha CTPOIHe (HNETALHBIC HIH THAPONMHAMHYS-
CKHC) H ynpomeHHsie. CTPOTHE METOAR B CBOIO OYEpE/lb ASNATCA Ha JIH-
HelHLe ¥ HenuHelineie. B nunelinex MeTonax nuddepeHIHANILHBIE YpaB-
HCHHA B YaCTHBIX TPOM3IBONHBIX JHHeapu3ylotcd. K HenuuelinkiM otHO-
€ATCA TAKHE METOJIEI, KAaK METOJ XapaKTCPHCTHK, CETOK, MTHOBEHHEIX pe-
XHMOB M T, JI. B ynponicuusix Metonax (Haubonee 4acTo HCHONB3YEMbBIX
B THIPOIIPOTHO38X) CHCTcMa YpaBHenwil (3.13) HenocpencTBcHHO HE MH-
TETPHPYCTCA, 3 3JAMEHACTCA YIPOWEHHOH MOIENbIO ABCHHA.

Ilinpoxoe NpHMEHCHHE YHPOLICHHEIX METOAOB BHI3BAHO PANOM
TPHYHH:

— ELIBOJ, CaMOlt CHCTCMBI CIEIaH DPH pALE JOMyIICHHI,

— PCINCHHC BO3MOXKHO, ©CJIH B HAYAIbHBIA MOMEHT BPEMCHM H3-
BECTHO paclipefic/icHHe pacXofoB (yposHei) BoALI o JiHHE pekH. Oxf-
HAKO FpH OTPaHMUCHHOM 9MCIIC MYHKTOR HAOMIOACHHH 3TO MOXET GBITH
CAEnaHo BECbMa MpHEmIKeHHO,

— B peaibHEIX YCIOBAAX TOMHCOCTH JAHHBIX MO CTOKY YaCTO HCBHI-
COKas, a CBEICHHI Mo MOPJOMETPHM H THAPABIHKE ABHO HEAOCTATOMHO.

OTH NPUUHEL! 0OLACHAICT TOT (aKT, YTO PE3YNBTATE PACYETOB N0
YUPOIEHHEIM H THAPOAMHAMHYCCKUM METOJI0M GJIH3KH [10 TOMHOCTH.
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Bce meronsr mpornosa pacxonos (YposHeH) Bozbl, n3ndeckod oc-
HOBO# KOTODHIX ABNAETcH cHcTeMa ypasHeHu# (3.13), MoxHO pasbuts
Ha TPH OCHOBHBIC IPYNIILL

1} Meronbl, B KOTOPBIX B ABHOM BHAC HE YUHTHIBACTCA XapakTcp
pacIIacTRIBAHHA NABOAQUHOM BOIHBI;

2) MeTofibl, OCHOBAaHHLIC Ha NPUOMDKCHHBIX YPaBHEHIAX TPaHC-
(bopMaLHH NABOSOUHBIX BOITH;

3) Merozpl, OCHOBAHHLIC Ha WHMC/ICHHOM HHTCTPUPOBAHMM YpaBHC-
Huif Cen-Benana.

Cornacuo NpuHATON TCPMHHONOrHY, IICPBLIC ABE IPYINB! MCTOACR
OTHOCATCA K KATETOPHH YNPOILCHHBIX MCTONOB, TPETHA — K KATCTOPHH
«crporux». Hanbonee mHpPOKOS PACHpPOCTPAHCHHE MONYYHIH METOHBI
TEpRO¥ rpyImLl B CPpeIM HH¥X METON COOTBETCTBEHHBIX YPOBHEH (pacxo-
108). OCHOBHBIM TOCTOHHCTBOM 2TOCC METOAA NMPOrHO3a ABNAETCA €ro
IpOCTOTa M BO3MOKHOCTH PEANIH3AHH NPH OTrPaHHYCHHOM O0OBCMC MC-
XojHoi HRdopMauun. Hanrywine pesympTaThl HONYYAIOTCA, €CIH CTe-
TICHb HECTAUHOHAPHOCTH PEXHMA OCTACTCA OTHOCHTEABLHO OJMHAKOBOH
OT [ABOAKA K NaBoaKy. Korna HeoOxonwma paspaborka METOAHMKH fIpo-
rHO32 B YCNIOBHAX Pe3KMX H3MCHEHHi ypoBHeif (pacXoZoB) BOJLI B 3HA-
YHTCIBHOM PACIUTACTHIBAHWHA IIABOJIOYHLIX BOJIH (HANPUMCP, NIpH NO-
nycKkax BOXBI M3 BONOXpaHUMMINA), NpHMCHEHME uX HeoddexTupno. B
STHX CIY42SX MCIIONL3YIOTCA METOZBI BTOPOH IPYIIBL.

Jna pazpa6oTkH IpOTHOCTHYECKHX peKOMCHAAIMH Ha Ga3c mero-
OB TpeThell rpynnul TpeGyercs onpeneneHyad ROATOTORKA B 0O/acTH
NPHKIAZHOH MATEMaTHKH H nporpamMMupoBandd. Kpome toro, Heobxo-
RHMO Pacnionarats JaHHHMHA 0 MOPHOMETPHYECKHX H IHAPABIHYECKHX
XapakTepuCTHKaxX pycrna. Menone3yoTcs oHy, KaK NpaBHiI0, TONBKO MNA
3aPCTYNHPOBAHEBIX K OCOGCHHO BRXKHLIX B HAPOJHOXO3AHCTRCHHOM OT-
HOLUCHHH pek, rac HabnrogaroTca Mansie HIH JaXe 00paTHbIC YKJIOHKI
BOOHOH NMOBEPXHOCTH.

3.2, MeToA cOOTBETCTBEHRBIX YPOBHCH (pacxoaos) BoAL!

B merone cooTeercTBeHHuIX ypomeell (pacXomoB) BOAB 3aKOHO-
MEPHOCTH OB KEHHA NABOAOYHOH BOJIMEI OTPAKAIOTCA B HauOOACe Npo-
croi dopme.

OcHOBHOE collepianHe METO/IA 3aKIIOHACTCS B YCTAHOBICHHH OM-
MHUPHYECKHX CBA3CH MEXIY COOTBCTCTBCHHLIMH YPOBHAMM (pacxonamu)
BOJbI B BEpXHEM (BEPXHHX) M HiDKHeM ctBopax. Ilpu Hamuuus madgop-
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Mauun 00 ypoBHax (pacxoiax) BOASL B BHILENCKAIMX CTBOPAX MOXHO
pefckasaTs, KakuM 0yaer YPOBCHE MNM PACXOZ BOABI B IPOTHOIHOM
(xxHEM) cTBOpe. 3abnaroBpeMEHHOCT NMPOTHO3A ONpefeNndcTcs KAk
pasHOCTh MEXIY CPOKAMH HACTYILIEHHS COOTBCTCTBEHHHIX YPOBHEH
(pacx0/10B) BOMBI B YKa3aHHLIX CTBOPAX, KOTOPYIO HA3bIBAHOT EPeMeHeM
dobezanun (1). Coomeemcmeennvimy yposHamu (pacxodamu} BoObl CHH-
TAWTCA yposHY (Pacxonsl) oAHOM u TOH ke ¢ashl NaBOAKAa HA BEPXHEM H
HIDKHEM CTBODAX YYACTKA PCKH (IHKH, BIAAMHLI, YPOBHH HA IIOSBEME H
cnage ¥ T.4.) JlaHumi McToa mporHosa seacrca npubmokeHHBIM. Oc-
HOBHOE €ro FONYICHHE 3aKIIOYACTCA B HANHYMM OJHO3HAYHOH 3aBHCH-
MOCTH BpPEMEHH HOOCTIaHHA OT YPOBHA (PacXoJia) BOMbl B BEPXHEM CTBOPE.
Meron cOOTBETCTBEHHRLIX YpoBHEH (pacxooB) IPHMEHUM, KOTAA HET OC-
HOBaHHi OKMIATE 338MCTHOM TpaHCcOpMAIHH BOTIHBI,

Kak otmeganoch Bblille, ANKMHA BABOJOYHLIX BONH OUCHB BEIMKA.
Tax, maxe BechMa NpuOnWKEHHBIC HOACYEThl NOKA3BIBAIOT, YTC A
CpeNHuX H DOABLIIMX PEK OHA COCTABNACT OT HECKONLKHX COTEH N0 He-
CKOJIEXKHX THICSY KMAOMETPOB. B To e BpeMa BricoTa monaoBoauii (a Tem
Gonee moXEBLIX MABOAKOB) OOBIMHO HE NMpPEBHILAET HECKONBKUX MET-
poB. Beneactere 3roro 3navcHue A00ABOTHONO YKAOHA BONHOR NOBCPX-
HOCTH HECOU3MCPHMO MEHLIIE €€ YKAOHA NPH YCTAHOBHBINEMCA PEHIME
is. IIpeHeOPERUTCARHO MaNkl H MHCPUMOHHBIC YICHB (BTOPOC M TPEThE
cnaraemelc TIpaBodl yacTH ypapHeHus ApmkcHuA). Takum obpasom, npu-
OmnKkeHHBIR pacueT ABMKEHHA MABO/AKA MOXHO BHIMONHUTD, B3AB 33 OC-
HOBY YPaBHEHHC HEPa3PhIBHOCTH H YPaBHEHHE ABHREHHS, ONHCHIBACMOC

dopmynoit Q =wC ~RI . B 3roM cny4ae {2, 3]

9w 90 _
ar a1 Tt (3.14)
@ = f(Q).

Ipomudrbepenumuposas Bropoe ypasHeHue cucremsl (3.14) no Bpe-
MeHH

8w _ [ o YO0 (3.15)

Y. aQ ) ar

H MOACTABNE €T0 B YPAaBHEHHE HEPA3IPLIBHOCTH, HOTYUHM
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Ow 00  0Q _
[aQ] 3¢ + Y g. {3.16)

Ypasrerne (3.16) sBaseTCA NHHCHHEIM ypaBHEHHEM NEPBOro No-
panKa H pewacrcd, HARPHMEP, MCTOAOM XapaKTepHCTHK. Toraa mony-
YHM;

o0 __a_do

om 1 q

Q0
JlanpHe#fiuA XON peuIcHUA YNPOIIACTCA, €CNTH MPHHATD, YTO HH-
TeHCHBHOCTL GokoBOrO NPHTOKA 334 BpeMA HPOXOKICHHA IaBOAKa HIMC-
HEETCA BeChbMa MCANEHHO. TOI'}.'I.& MOXKHO CYHTaTh, ITO BENHIHHAE § ABJLI-

eTcA Hwb GyHKuuei paccTosaHns /.
B nTOTE NPHXOAHM K YPABHCHHID

!
Gt =i andl, (3.18)

@3.17)

KOTOpOC M ABNAETCA OCHOBHLIM YpaBHEHHEM METO/IA COOTBCTCTBEHHLIX
YpOBHEH (pacX0EOB) BEOALL.
H3 (3.17) umeem
dQ =q dl 3.19

OucsugHO, 4TO pacxoll B oOOM CTBOPE MOTOKA ABMACTCA DYHKUM-
eif koopaHHAT cTBOpa | M BpeMeHH ¢, T.€.

Q=109 (3.20)
Huddepenumpysa (3.20), nomyqaem
_9¢ Y
dg = Y, dl + Y dar . (3.21)

Honcrarnag (3.20) B (3.21) 1 ¢ yueTrom (3.16), nMceM

=|q-[22122 |4 .22
qd! —[q (ag] Y :|dl + Y dr, (3.22)

a nocne apecHpasosasuit —

Lo 2 . (3.23)
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al
HPHHHM&SI BO BHHMAHHE, 4TO ? — CKOPOCTe MCPEMCIISHHAA pac-

CMAaTPUBACMOTO PACXORA BOIEL, Vg — (CKOPOCTL ABHAKCHHA IABOAKA),
nojayvdacm

Jw 1

= — 3.24
g Vo (3.24)
yMROxkaA 06e YacTH Ha 4,
ow dal
—dl =—— = dn. }
20 o T (3.25)
Takum ofpaszom, 3 (3.25) cnenyer, uro
! '
r=Jdr= jé’—"’d: (3.26)
0 s 90
HJTH, 33MHCHIBAN B KOHEYHRIX PA3HOCTAX,
" A® AW
=Y ——Al= —, 3.27
=L AQ (3.27)

rae AW — usmenenne 06bcMa BOJB HA yuacTke / NpH H3IMEHEHHH cpen-
HETO pacxona Ha AQ.

Onpeaenenne Bpemenu noGeranus 1 no (3.27) He mpeacTasnseT
ocoGBIX TpyAROCTEH, KOTAa MMEIOTCA KpHBHE 00beMoB. CymICCTBYET H
uensiii pax npyrux cnocotos, 0 kotopeix Oyner ckasawo panee. Ocra-
HOBHMCA HA COOTHOIICHHM MCXKIY CKOpPOCTbIO ZoberanHa pacxonda vg
(CKOpOCTSIO ABHIKCHMA NMABOAKA) M CKOPOCTBIO Te4eHMs BoAbl v. Ecnu
NPHHATh BO BHHMAHHE, MTO B KaXK[IOM CTBOpE HMEETCA ONHO3HAYHAA
CBA3b MEXAY PACXOMIOM BOIL! (} ¥ MIOMIAZBIO XKHBOTO CEUCHHA  , Ya-
CTHY0 OpOU3BOAHYI® B (3.24) MOXKHO 3aMEHHT, MONHOH, TOTOA MOMY-
UMM, 9TO

40
== 3.28
¥o do ( )
Tockoneky wis noboro cevcHus
g=vo, (3.29)

TO MocIe AudPpepeHMponaHHs 1 ACHECHAS Ha d 00 TONYYHM
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‘:’%:Hm% (3.30)

vQ=v+m-§:-;. (3.31)

Cunrad, 4T0 nepe/iBHXeHHe NMaBOAKA CYTh MCKICHHO H3MCHAO-
IeeCA HEYCTZHOBHBILCECH ABHMKCHHC, BNA BhIPAXKCHIA cpem{ei-i CKOpoO-
CTH TeUeHHI MOXHO Hetons3osare gopMyny Ilesn—Manuura:

v= Wk, 332)

rae 7 — K03 PNUHEHT LIEPOXOBATOCTH; { — YKIOH HOTOKA.

B suipakenun (3.32) ruapasnuueckuit paguyc (ans pycna Gommol
LIHPUHEL) 3aMcHER cpefHell rTyOHroi noToxa fgp,

Jnpdepenunpys (3.32), umeem

dv = az—h;p'ﬁf'ﬂdh. (3.33)
M

Bripasum xapaktep cBasH MexkAy WHPUHOH peku B ee n rmybuHo#
k napabonoit B = ch™ , Toraa sanumem

o =ch™! (334
rie ¢ H m ~ nocTosnNke Ko huupeHTH.
dnddepenuupya (3.34), umMeem
do =c(m+1)h"dh 3.35)

IMocne nopcranosky (3.33) u (3.35) B (3.31) nomyunuM oxoHvaTENE-
HOE BHP&)KCHHC JNIA CKOPOCTH ABHOXKCHHA NABOJXA:

vo =v[1+%%]. (3.36)

Wz (3.36) snano, uro npy moboi dopme pycaa vg > v (MOCKOABKY
Beeraa m > 0). OHHAKO 3TC CHpaBeANKB0 NPH MOCTOANHLIX YKROHE HO-
TOKA H KO3pHUKEHTE IIECPOXOBATOCTH.

B ecrecTBeHHBIX YCNOBUAX pelko ObiBaer, yToOn mpu koneSaHMax
PacXOMICE ITH XAPAKTEPHCTHENE OCTABANMCH HEW3MEHHBIMH. B TakoMm ciy-
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<0n

9ag, IPY OJIHOM PAcXOJie MOXET OLITE % > 0, a npu xpyrom

COOTBCTCTBEHHO Vg >V H Vg <V.

AHanu3 QaKTHYCCKHX AaHHBIX 1o 47 ywacTkam peKk ROKashiBaer,
Vg
v
nopAaKa eAMHALEL Jind yyacTkoR GonbnMx pex A4AnazoH HIMEHCHHA
ITOTO OTHOUICHHSA Cy»acTcs H cocTaBnaeT 0,70 — 1,25, Takum obpazom,
¢ HEKOTOpbIM JONymeHHEM (4acTo BROMHE NpHEMIIEMbIM Mg mesed
PacYeTOB H MPOTHO30B) MOXKHO CHKTATE, YTO CPSAHAS CKOPOCTE TCUEHHA

MOTOKA PABHA CKOPOCTH ABMXCHHA 11aBOJIKA.

YTC OTHOLICHHE xonetnercs o1 0,4 10 2,2 W B CPETHEM COCTANIALT

3.3. Cnocofpr nporuo3a Ha GecnpHTOMHLIX H Na6ONPHTONHBIX
YI4CTKAX peK

Hcxons w3 NpeitoCkUIKH 0 NOCTOSHCTRE paclperencHHs no Gac-

"t

cciiny MomyneH cTOka = const, MOXHO 3anMcath {2}

Lk 4

MIIJF:' B M‘-"“F' = QH" _Q"r-‘ = Q“w =const=a, (3.37)

Ma.r—‘tFn Qn.t—'t Qn,.r—'t

e M,, — cpenanii Momyns cToka Ha BojocbopHoii NoMmEANH A0 HHXHe-
ro creopa Fy B MOMCHT BpcMcHH I M, . — CpeOHHH MOOYJIb CTOKa Ha
BoocboprOf Momany 10 BEpXHEro CTBOPA &, B MOMCHT BPEMEHH / — T;
Qs H O,  — PACXOIB! B HHJKHCM M BEPXHEM CTBOPAX B MOMEHT [ H f — T;
Orp.« — OOIIHIH MPOMEHCYTOYHBIH NIPHTOK HA YHaCTKE; T — Bpemsa nobera-
HHA H2 YYACTKE; 0 — KOHPPHUIHCHT NPATOYHOCTH.

C yverom (3.37) ocHOBHOE (FCOPETHUYCCKOE) YPABHEHHE METONA CO-
OTBCTCTBCHHbIX YPOBHeH (pacxonos) soxkl (3.18) Moxker 6uiTh npeobpa-
30BaHO B pacHeTHOC MyTeM mpulmokeHHoTo yueTa 6okosoil npuTOYHOCTR:

!
[gdi =0, =aQ,, ., (3.38)
1]

rae o — KooGpHIHEHT GOKOBOH NPHUTCHMHOCTH.
Honcrasus (3.38) g (3.18), nony4um:;

0., =1+0)g,,., (3.39)
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WIH, TaK KaK o — Const,
Qs = f(Qos 1) (3.40)

AHANOTHYHYI) 23BMCHMOCTE MOXHO NOJYYHTh, MCIOAB30BAB HH-
dopMauno o6 YPORHAX BOJEL,

W3 paccMaTpHBaeMoit TCOpHH ABHIKCHHA NaBOAOYHOH BONHBI MOX-~
HO NPEATIONOXHTD CYLICCTBOBAHNC OIHO3HaMHOH ceazu O = ). Torna,
BRIPAZMB AHAMHTHYCCKH YPABHCHUA KPHBLIX PACXOMOB JUIA BCPXHETO H
HIKHEro CTBOpPOB, Oyzem UMeTs:

Qu=(a H, + b)’, (3.41)
Q= (cH,+d)", (3.42)

rae Oy, O, n H,, H, — pacxoiip! H YPOBHH BOILI B HHXHCM H BEPXHEM
CTBOpAX COOTBETCTBEHHO; a4, b, 1, ¢, d, m — NOCTOAHHBIC KOIPPHUHESNTEL,
Hogacraeus (3.41) n (3.42) & (3.39), noay4um

(aHyy v B -(t+ a)ecH,,  +d)". (3.43)

[IpunsAe ans OpocToTHl # = m {CHPABCIUIMEBC AJIA CTBOPOB C OOHHA-
KOBEIM# BONEPedHBIMK Npodunsamit), RailieM, uTo

g e, (+a)"d-b)

=BH,, .+y, (3.44)
a a

(1 +4al”"c ny= Q+ a)""(d—;bl.

e g=

Taxum oOpasoM, o ananoruu ¢ (3.40) 11pu YCNOBHH NOCTOSHCTEA 3
H Y, OyzeM umerp

Hos=f (Has ). (3.45)

3asucumoctn (3.40) u (3.45) NpUHATO HA3LIBATH CBA3AMH COOTBET-
CTBEHHBIX PAacXONOB H ypOBHEH Boabl mna GecnpHTOYHBIX M cralonpu-
TOYHBIX yuacTkoB pexH. Hano 3aMeruts, 4To 3aBucHMOCTS (3.45) nony-
ueHa U3 (3.40) 1 HMeeT MEeCTO TOABKO NPH YCTOHUHBLIX KPHBBIX pacxo-
AOB B BEPXHEM M HHKHEM CTBOpax. B CBA3H ¢ 3THM METON COOTBETCT-
BEHHBIX YPOBHEH BOIM NMpaBuabHee Gbl HA3BIBATH MCTOAOM COOTRCTCT-
BEHHBIX pacxonos BOJb, OMHAKO B CHNY TOro, 4TO CBA3b (3.45) Hauana
HCTIONB30BATLCA B MPOrHOCTHUCCKOR npakTuke (Mparaa, He3 cooTBETCT-
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EYHOILCIO TEOPeTHYECKOro O0OCHOBAHAMA, 8 HA YHCTO IBPUCTHUECKOM
YPOBHE) SHAYNTENBHO paHbUIE, YeM 3aBHCMMOCTD (3.40), a Taxoke noTo-
MY, UTO IIPOTHO3E YPOBHEH MOIYT NaBaThCs A Y9acTKOB, o6ecnedyeH-
HblX JHLIL BOAOMEPHLIMH HaOMIOACHHAMM, METOA MPHHATO HA3LIBATH
MEMOOOM COOMEEMCMBERHBIX yDpogHel.

Bpemsa aoberannd (1) Ha GecnprroysoM (CnabonpuTOYHOM) y4acT-
K€ PCKH 3aBHCHT OT JymHbt yiactka (/), yposHs eoam (H), yknona sog-
Hoii nosepxHoctH (/), popMbl nonepeusioro ceuenna (K), mepoxosaro-
CTH pycna (n), T.e.

t=f(LH,I,LK,n). (3.46)

Ecnu paccMaTpHBaTE KOHKPETHLIE YYacTOK PeKd M Monarath, 4TO
napaMCTphl K H 1 H3MCHAIOTCA B 3ABHCHMOCTH OT ¥POBHA BOALBI, TC BhI-
paxeHue (3.46) ynpowaercs H NPHHHMAET BUK

1= f(H,1). (3.47)

OcHoBHEIM ¢OCOGOM  ONPCACICHYA BPEMEHH ROGEraHMsA SBIACTCH
MOCTPOEHHE COBMEIICHHBIX IpadMKoB KoneGaHua ypoBHeit (pacXofioR)
BEPXHETO ¥ HIDKHErO CTBOPOB K BHIASNCHHE HA HMX COOTBETCTBEHHBRIX
ypoBHeii {pacxoznos). Ilox coomeemcmaenbiMy YposHRMU BORE! TIOHIMA-
10T O/IHOpOIHEIE N0 (ase YPOBHA, A4 KOTOPHIX XapaKTepHO NPOXOKICHHE
yepes BepXHUH H HIDKHMA CTBOPEL! OJTHOTO I TOTO e MONEPEYHOro cetcHUs
napoxa. Ha rpadiukax BbLIENAOT MAKCHMYMBI H MUHMMYMEI B XOZI¢ YPOB-
HA BOR H TouxH neperuba. Ha HiDKHEM cTBOpE yuacTKa ($azoBoogHOPOI-
Hble YPOBHH HaONIONAlOTCA HCCKONBKO IOZKE, YeM Ha BepxHeM. Bpems
noberaHuA ONPCACINIOT KaK DPa3sHOCTh HACTYILICHHS COOTBETCTBEHHBIX
YpORHEil HA BEPXHEM M HIKHEM CTBODAX. 3aTeM CTPOAT rpaduiu CBAM
COOTBETCTBCHHBIX YPOBHEH BEPXIHET0O H HIDKHEr0 CTBOPOB 1 BpeMeHH nobe-
TaHHA MEXJy HHMM B 3aBHCHMOCTH OT ypoBHeil BOJLI B BEPXHEM CTBODE.
Ecnu 3akoHOMEPHOCTL H3MEHEHWS BPEMEHH NoOeraHua OT ypOBNA BOARI
YCTaHOBHTH HE Y/ACTCA, TO BBISHC/IAIOT €10 CPCAHES 3HAYCHHE, KOTOPOS H
oRpenenieT 3abnaroBpeMeHHOCTE NporHe3a. CYMIECTRYIOT R JpYTHE CRO-
co0bl onpesenenus BpemMeH KoGerants BOSH: MO CPeAHEH CKOPOCTH Teve-
HMA Ha YYACTKE, Ha OCHOBE IIPHHIIMNA HAHMEHBIINX NOTPEnHoCTed, ¢ To-
MOIIBI0 KpHBRIX pacxomor [8, 52], ¢ ucnonssobahdeM KoadduMeHTOB
B3AHMHEOH KOPPEILLLMH, PACCUMTHIBAEMIX IO GopMyne
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Z(Hmﬁ-é - ﬁu)('h'l.j - ﬁl)

1 ]
Rynu, = = 2
wuh - N6 o, O,
rae d — sanapaemeplii BpeMcHHOH caBAT; N — ANMHA UCNIOIB3YEMEIX PRIOB

HaOmaeHuEl 33 YPOBHAMY BOAB HA HIKHEM H), U Bepxuem H, cTBOpax;
G,, H O, — CPCOHHE KBAfPATHHCCKHC OTKJIOHCHHA YpoBHEH BOmI

(3.48)

B HIDKHEM H BEPXHHX CTROPAX OT COOTBCTCTBYIOINHX HopM Ff, u H .
Bennunna §, cOOTRETCTBYIOLIAS MAKCHMANIBLHOMY 3HauYcHHIO R, u fyaer
COOTBETCTBOBATH HCKOMOMY BpEMEHH Jqoberanns.

Tip 3HAYHTENBHOM DACIAACTHIBAHHKM NMABOKOYHEIX BORMH BMECTO
(3.40) u (3.45) cTpoATCA 38BUCHMOCTH BHAA

Oy = F{Qare + 40, ), (3.49)
H,=/H, .AH,), (3.50)

cae AQ, u AH,, ~ COOTBETCTRCHHO MONMPABKH PACXOAA H YPORHs BOALI Ha
pPacnnacTLIBaHNE BONHEI 3BOAKA.

IIpuGnnkeHHO DTH MONPABKH MOTYT ObITH YUTEHR! YEPe3 3HAYCHHA
PACXOMOB ¥ YPOBHEH BOJB! B BEPXHCM M HHKHCM CTROPAX 38 HEKOTOPHI
HPOMEIKYTOK BPEMEHH.

AQB =f(Qn,t’Qu..r),
AH, = f(H,,,H,,).

Vuer xoneGannii GOKOBOI NPHTOYHOCTH NPOHIBOAHTCH KOCBSHHO
NYTeM NOCTPOSHHA FpapuKoB CBA3N COOTBETCTBCHHLIX ypobnel n ocan-
KOB, BRIIZAAIOUIMX HA ANomAanu Boaocbopa.

3.4. Cnocolpl mporHo3a HA NPATOYHBIX YYACTKAX peK

[IpHTOUHBIMH YHACTKAMH QOBIYHO CYUHTAIOTCA TAKHE, HA KOTODPHIX
JoNns MPOMEKYTOTHOro NpUTOKa cocrabiseT He Menee 20 %. 1Ipn pas-
paboTke cnocoboB NporHo3a ypoede# (pacxomos) BOABI JUIA IPHTOYHO-
IO YUaCTica HCTIONIBIYETCS KAPTa MIOXPOH PYCHOBOTO BPCMCHH aoGera-
HuA Boau B OacceHiHe o 3aMBIKalOIUEro cTBopa. BpeMa aoGeranus Ha

H20XPOHE! - THHNH ¢ ONHHAKOBEIMH IHAYCHHAMH BPEMEHH PYCIOBOTO BoGeraHHs.
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NPHTOHHOM YHaCTKe, KpOMe NCPCUMCAeHHBEX dakTopor (n. 3.3), 3aBH-
CHT OT HHTCPpPEPCHIHU MABOAOYHEIX BOAH, MPOXOIAINHX M0 MPHTOKAM
H rnaBHoi pexe. B 3apucumocTn ot ycaosuit ¢opMHpOBaHHA CTOKA
B Pa3snHyyBIX YacTAx BacceHHA MOTYT BCTpEYaThCA PAsNHYHEIC BAPHAH-
Thl HAI(WKEHNUA TABOJOYHBIX BOMNH. HBOJIHOBPCMCHHDCT!: NPOXOMACHHA
BOJIH 11aBOHKOB Ha MMABHOM PCKC M ©¢ NPUTOKAX IHATHTENLHO 3ATPYA-
HAET onpeaeneHne BpemMeHH noberawmsa. Ha puc. 3.2 mpencramieHs
TPH BapHAHTA WHTEP{CpPCHUMH NABOJOYHEIX BONH AAA Y4aCTKA C Of-
HHM IIPHTOKOM.

a) [} o)

f;'\/\ \ \ 3 ri\
NEIEYA N\

N[N Y

-
0 8 6 24 N0 B 16 24 320 8 1

Sk

b

~3
2

i

Pxc. 3.2. CxeMa HAOXKCHHA TABOJOMHLIX BOSH:
1. Bepxnuii cTBop, 2 - HDRHKI CTBOP, 3 CTROP HA NPHTOKE.

Bapxanty «a» cootBeTcTBYeT City4ait, KOTJa Bpema AoGeraHHd He
MCKaXKCHO BNMIHHEM IIPHTOKA, Ha cxeMe «&» BHAHO, 4To Bpems gobera-
H¥A 3aBLILICHO, H, HAKOHEL, CXEMa «8» WANIOCTPHPYET, YTO pacueTHOe
Bpema aoleranua MOXeT NMpPHHATH AaXKe
OTPHLATCABHOC 3HAUCHHE MIPH HEeyuere ne-
PECEBHXCHHA NABOZOYHOH BONHLI MO (PH-
ToKy. B CBA3M ¢ TMM npH onpeacncHHN
BpeMcHE JoGeraHud HeoGXOOHMO YWHThHI-
BaTh XA YpOBHEH (PacXOHOE) BOAB Ha
OpHTOKax. Ha npakTHxe onpenencHue Bpe-
MeH# No0eranus 0OBYHO BPOH3BOIMICA DO
CcpenHel CKOPOCTH JBHAXCHHA MabBONKOB Ha
OeCpHTOMHBIX WIN CNAaGONPHTOYHEIX Yy4Ya-
cTKax. PaccMorpuM mpsMep ompencneHns
BpeMeHH pmobeTaHHA NN Y9aCTKA PeKH  Puc. 3.3, Cxema mputounoro
€ OOHHM NpHTOKOM (pHC. 3.3). YUACTKA PEKH.
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Heobxomnmo onpenennTs Bpema aobcraHud Bogbl OT NocToB By n 5,

Do HIDKHEro creopa /1. BriGepem nmpoMexyTouHsle GecnpruTounse (cnado-
HpHTOUHEIC) yYacTkH By — By, B — B,, {{ — H', » nna KkaxX[Oro H3 HHX
BpeMa jobcrakis ONpeNe/MM N0 COOTBETCTBEHHBIM YPOBHAM. 3Hai BpeMA
Joberauus Ta(-g» Tay—ny» Tr—gy M JUIMHY KDKEOTO Y4acTka IB,_,,. \
g4y s Iy sy, ONIPENEIiEM CPEIHIOID CKOPOCTH [BHXCHUA 1IABONKOB HA
l Iy, 5,

_ ‘s & _
Y‘l&C’l‘KﬂX vB{_Bl = vab_az = N VH_Hf -
T 5 Ta- 8y TH-n

TO OTIPENCTAEM CPERHIOID CKOpOCTS npobera BoAbl I yuacTkos By — A n

| o
H-H Tlocne 310-

— Ve V- _ Ve, YVhr

JISCTCA KaK

Haunrie 0 spemesu JoOeraHns no OTACALHEIM YYaCTKaM pex Hano-
CAT Ha kapry (CxeMy) peuHoi ceTh M NpOBOMAT usoxponst. KapTsl H30-
XPOH MOXXHO CTPOHTDL LA NICPHOMOB pasHol BoaHOCTH pek. Ha npakru-
K€ HCIIONIb3YETCA JBAa OCHOBHBIX cTioco(a MPOTHO3Z0B TI0 MCTOLY COOT-
BETCTBEHHLIX yposHeH: rpagudeckuli 1 aHATHTHYCCKMH.

Fpaduqecxue cBa3M NPEMCHAIOTCA ANA Y43CTKOB C ONHHM NPHTO-
koM. Hanbonee npocrie H3 HAX AMEIOT BHA

H!IJ’ =f(H!|.!-t|’HBzJ-'!2)’ (3‘51)

rae H, , — ypoBeHs BOIM 8 HHXHEM CTROPE YIACTKA B MOMEHT BPEMEHY 1,
Hy # »~ YPOBCHL BO/IBI B BCPXHEM CTBOPE TaBHOH pEKn B MOMEHT { — Tj;
H »34-1; YPOBEHD BOIBI HA POTOKE B MOMEHT { — Ty.

3a05aroBpcMEHHOCTE MPOTHO3a OYAET paBHA MHHMMAILHOMY Bpe-
MeHH poferanus Bozbl. Jing nocTpoeHHa rpadHkoB MCIONB3YIOTCA ABA
HpHEMA.

64



B nepeoM ¢iTyyae Ha OCAX KOOPHMHAT OTKNANEIBAIOT YPOBHH BOJDI
BEPXHHX CTBOPOE, 2 Y TOYEK NHIIYT COOTBETCTBYIOUIHE UM YPOBHH HHX-
HCTO CTBOpA, IO 3HAYEHHAM KOTOPHIX HA MOJIC rpadHka opoBOAAT H3O-
aunuu (puc. 3.4). TIporHoznpyeMblii YpoBEHE B HIKHEM CTBOPE OMpe-
JICIAIOT NYTEM HHTEPMOAANMH MEWAY H3ONHHHAMM B 3aBHCHMOCTH OT
3HAYCHMHA COOTBETCTBEHHLIX YPOBHE# B BCPXHHUX CTBODAX.

IporxHosnpyemeiif YpOReHb BOAB B HIDKHEM CTBOPE ONPENENACTCE
DyTeM HMHTepnoAsnsy. Bropoil BapHaHT OTAHYAETCH OT MEPBOLO TEM,
YTO Ha OCH abCUMCC OTKIAXHIBAIOTCA YPOBHH BEPXHETO CTBOPA HA IJIaB-
HOi peke, a HAa OCH OPAMHAT — YPOBHY HIDKHEro. ¥ TOYEK BHIMHCHIBAIOT-
CA 3HaYCHUA YpoBHEl Ha BPHUTOKE, 110 KOTOPHM IPOBONATCH HIOMMHHR
{puc. 3.5).

H,, o™ Hacm
ss0¢ 650

m[ 550 \ 330

500 N N B ___

150 45 450 300

. J, 100

wob 350 ) 350 50 :

[ 7

259 250 |
!

sof 150, !

L & L l I 1

16 350 350 450 W H, om 150 250 350 450 550 H,cm

Puc. 3.5. CBA3E COOTBETCTBEHHBIX

Pac. 3.4, Coiasb COOTBCTCTEERHEIX

5 ypoBHeif TpeX MOCTOB.
YpoBHEH TPEX Tl B Iludpnt y wzommunii - ypoBeHE BOAH
Y vzoauRui  YPOBHH HMMHETO CTBOPA HA T

B ToMm CHy4ac, KOrja BO BXOMHBEIX CTBOpaAX HMEIOTCH JaHHLIC
0 pacxonax BOIbI, GAC/AO CTBOPOB MOXKHO HE OTPaHHYHBATE. TaKue CRI3H
nMeroT BHA (puc. 3.6)

O, =f(§Q,,.,), (3.52)

H,=f (,é Ho,.)» (3.53)

Tas n — 9HCIO BXOAHBIX CTBOPOB.



Haros 3agucuMocte (3.53) Mcomomb3yer-

> cA, KOTJa B TYHKTE MPOTHO32 HET JIaN-
300 HBIX © pacxojax. HcmonpsoBaHHE B
220} / KauecTBE MPEAMKTOPA CYMME! COOTBCT-

/ CTBEHHBIX PACXOAOE INO3BOMAET BBOCCTH

¥ TPETHI0 NEPEMEHHYIO, HaMpUMEp HE-
YUTCHHBIH BXONHBIMI cTBOpamu GOKO-
17 ;=3 Bol nputok. KockenHo ero MOXHO
Y0 30 S0 w0 L@, YYECTh ¢ IMOMOMIBIO METEOPONOTHYE-

Puc, 3.6, Cazan. yposascit p. mm;;l ckux takropos. Toraa ycTaHaBnHBa-
y ¢. Peunta (H, u3)) © cymmoit coor- €TCA 3aBMCEMOCYE BHA
BETCTBEHRBIX PACKOMIOB BOST

p. nenpay 1. noGuma up. Bepesu- O = f[iQ-i.:-v(“IX*'nzhr)]’ (3.54)
i=2 i=l
HHl ¥ r. CBETI0rOpeKa (Eigu)

140

TRe ¥); — KodGHIHERT CTOKA OCaZikoB

ApK SAGIATOBPEMEHROCTH 3 YT, i GyCIORIMBAIOUIX  TIPOMEXYTOY-
HEIH CTOK; 72 — KO3MPUIMCHT CTOKa TaNWX BOX A;, YYacTBYIOIIHX
B (JOPMHPOBZHHH ITOTO MPHTOKA.

Bxonueie (Bepxine) cTBopsl BHIOMpAIOTCA TakHM 00pazoM, aTobbl
BpcMa J100eranng 0T KOKAOTO W3 HAX 40 HHMGETO cTBOpa ObUI0 npn-
MepHO OQHHAaKOBLIM. B ToM cny4ae, korma BeIGpaTs TakHe CTBOpHI He
yHIaercs, COOTBETCTEEHHbIE PACXOABI HAXOAATCH IHOO C YyIETOM BpeMeHH
Jo0eraus OT KaXIO0ro BXOAHOIO CTBOpaE, M0G0 HHTEPIONAUMCH pacxo-
M08 MO PeKaM, HA KOTOPHIX IMAPOMCTPHYCCKHE CTBOPH! PACTHONOKCHDI
BHIIE M HHKE M30XPOHLI, ONpeRenstoleii MpHHATY:0 3a0narospemMen-
HOCTE Mporxosa. Jina unaTepionaumn yao0H0 MoAL3OBATLCA rpadukaMu
HapacTaHHA NOWAIH BoAocHopa MEKIY MHAPOMETPHUCCKHMH CTBOPAMH

0<0,- %(Qz ~0), (3.59)

The ), — pacxoll BOAB! Ha 3ajaHHOH H30XpoHe; () H (h — pacxoasl
B CTBOpAX, PACHIONIOKCHHLIX BRILIE H HIDKE NAHHOH H30XPOHL, f; — NPH-
PpaleHne INOIUALH BOAOCHOPa HA YIACTKC MEXIY H3OXPOHOH H HHXHUM
CTBOPOM; f — npupaleHHe maowagu BoaocOopa HAa y4acTKe MEXIY
BEPXHHM H HHKHHM cTBOpami. HHorna ang yuera GpopME nmapoaouHoH
BOJIHE! MCTIONG3YIOT NAHHEIC 06 YpoBHE BOJS! B HIDKHCM CTBOPE B MO-
MEHT BrIycka nporHo3a (puc, 3.7}
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" i em
H,=f [EQ,W ,H.l,,‘). (3.56) 1000 T l
L 800
AnanuTiaeckmii ¢<mocof mpormosa 399 =P 00
0 METOAY COOTBETCTBEHHBIX YPOBHCH i
3aKTIQYACTC B NOCTPOCHMH ypapHehuit 300
MHOXECTBCHHOR NMHEHHON perpeccnn, [ A 400
TAC B Ka¥CCTBC apTYMCHTOB HCIONb3Y- /7'2:9(,
HOTCA COOTBETCTBEHHBIE PACXOOH WIH 200 104
YPOBHH BOJB! Ha BEPXHMX CTROpAX pedy- 3
HoH cHcTeMml: 0
[
Hu’f:Eai,Q.iJ_q‘ +b, (3.57‘) { 2 3 4 550, ke
Puc. 3.7. Cpazb 203 npoTHO3a YpoB-
n
H,., _ ga;’}?!;}-t, +b, (3.58) HS BOJIEI B HEXKHCM MYHKTE PCKH N0

CYMME PACXO/IOE B BEPXHHX IMYHKTAX.
[1sdpss ¥ H30MHMHIE - YPOREHE BOJH
e a;, a', b, b — xoopduumentn B HHEHEM "yrm':; fw BHIMyCka
YpaBHEHHH PCTPECCHH.

B rex cayuanx, Xorfaa npoaonkHEIH YKIOH peku M BpeMd roberawuus
3HAYMTENBHO HIMEHAKTCA IPH Pa3NHYHBIX YPOBHAX, HCIONB3YIOT He-
CKOJILKO YPABHCHHH JUIA ONPCACIEHHBIX AMANa30HOB BHICOTHI YPOBHEH
MK XapakTCpHLIX ¢as pexHMa.

3.5. llporno3s ypoBHeii H pacxoN0B BOXbI, OCHOBAHHBIE HA
npubAMKeHHEIX YpaBHEeHMRX TPancopMANMH BOIH NABONKD

I1pyn nepemMerneHHH NABOAOMHOE BONHB BUU3 10 TEYCHHIO HA OTHO-
CHTENLHO ANMMHHBIX YYACTKAX PCK OTMcdacTca ¢c Tpaucopmauma. [Ipn
3roM HaOMONALTCA CHUMKEHHE BHICOTH MABOAKA H YRCIHUCHHE €ro Npo-
MOIKUTERLHOCTH,

OCHOBHBIMH NPHHMMHAMH PacIVIaCTHIBAHHA NMABOJOYHON BOMHBI AB-
NAOTCA:

— PAAIHYHE MEOKIY YSUIOHaMH B T00OBOI ¥ THUIOBOH IaCTAX BOJHEI,
TPHBOAAWIGE K BOZPACTAHMIC CKOPOCTH B MEPHOA MOALEMa NaBORKA H
00ycnoplieHHOe ROGAaBOYHEIM YKIIOHOM,;

— pEryIHpYIOIee BIILIHHE pYCNa M MoiiMel, NMPUBOAAINEE K AKKY-
MYNALHY YaCcTH BOARL B (hase ROABEMA M OTAAYH CC HA CTAfe NIABORKA,;
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— aKKYMYIMIHA BOAbI B YCTBAX BMAJAIONMX PEK B APCACHAX 30K
NOATIOpa.

TMoMuMe nmepeuncieHHbIX $HAKTOPOB HA PaCIDIACTHIBAHUC MABOACY-
HO# BOJHEI OKa3kLIBAalOT BJHAHHE MOpGOMETpHUECKHE, THIPABTHYCCKHC
XAPAKTCPHCTHRH, HAUIHYHE NIICPEMCHHOIO NMOAAIOpa, KOHGHUIYpalHA pyc-
Na B IIaHe (MacToTa cyxeHuid, paclinpeHHii), 60KOBaA NPHTOYHOCTD H AP.

CnoxHOCTh Npoilecca HEYCTAHORUBILIErOCS ABHXKEHHA BOJAB B pas-
HOOOpa3HBIX YCIOBMAX €CTECTBCHHBIX PYCeN, OTCYTCTBHE HIIH OFpaHy-
9eHHOCTb NaHHBIX MO MOp(QOMETPHH N MMAPABIHKE HCCACAyeMBIX y4a-
CTKOB pek 0fycnoBNHBaloT HEoOXOMHMOCTE HATH NO MYTH CYNICCTRCH-
Hoi CXeMaTH3allHH pacyera PacnnacThIBaHKs NABOIOYHOH BOIHEL

PaccMoTpuM nepeMenicHHe oAMHOYHON BONHEL, Oea GoxoBol npn-
TOYHOCTH, IIPH ONPCHERCHROH 3aA2HHOH 3EKOHOMEPHOCTH H3MCHCHHA
XapakTEepHCTHK PyCHa 0 JIHHE PEKH.

B cocHoBe pacuera HECYCTAHOBHBINErOCH, INIABHO HIMCHAOLIETOCA
JBHACHHA BOABl B OTKPBITOM PYCNe JIEKUT HCMONL3CBAHHE YPaBHCHHH
AWHAMHYECKOTO paBHoOBecHA (3.12) u HepaspeiBHOcTH (3.7), Bnepebie
nony4yecHueix Cen-BenaHom. Pemenne 3toit chctemel quddepeHumnans-
HBIX ypaBHeHUH TUncpOONMYECKOrO THHA CONMPAXCHC ¢ COALHIIMA
TpyaHOCTAMH. HeoOXoauMo pacnonaraTs CBEACHHAMH O PACTIPCAENCIHH
PacXOI0B H YPOBHCH BOABI ¥ O LICIOM psAxe MOPGOMETPHUCCKUX, FHJ-
paBRAYECKMX XapaKTEpHCTHK MO INkHC pekd. B ycnoeudx orpannuen-
HOTO YHCNIA [YHKTOB HAOMIONCHHH 3TH NAHHBIE SCTECTBEHHO OTCYTCT-
BYIOT HJIH MOTYT OSITh YCTSHOBIICHEI BEChMA TPHORMKCHHO.

Kpome Toro, cuctema mudipepeHIMANBHEIX YpaBHeunii BIBCACHA
ApH psAe ACMYLIEHHH: PacCMAaTPUBACTCA ORHOMEPHOC HCYCTAHOBME-
1eecs JIBKXEHHE, CKOPOCTE TEYCHHA TIPHHAMACTCA OIMHAKOBOH BO BCEM
nonepesHoM cevchuM. [lockonbky npu pe3kux HIMCHEHMAX TUIOIMANM
ceveHus ¥ KPYTHIX M3rubax pycna cKOpocTh MOTOKA 1O IIHPHHC PCKH CY-
ICCTBEHHO pPa3NMyaeTed, ABHXCHHC NPHHHMACTCA IUIABHO H3MEHAIO-
OMcs, YTO MOSBOMAST HC YHHTHIBATE MCCTHRIC NOTEpPH Hamopa. CHikl
CONPOTHRICHMA BBOAATCA B YPaBHCHHC B TAKOM Xe BUE, 4TO H JULA PaB-
HOMEPHOTO ABMIKEHHSA, TAK KAK OTCYTCTBYIOT A3HHEIE, KOTOPHIC NO3BO/M-
7t OB MX ORPERENHTE HHEIM ITYTCM.,

Bee spumensnoxeHHoe OOGBACHAET NPWUMHY TOIG, YTO CHCYEMA
ypasHeHui (3.12) u (3.7) HemocpeAcTBCHHO He UCTIONB3YSTCA, @ 3aMEHS-
eTca MpUONMKEHHBIMH METOAAMH PacdeTa TPAHCHOPMAIIHA NaBOJOUHOM
BOJMHBL. JTH METONbl OCHOBAHBI Ha NIPHMCEHEHNH AHHeiHbIX Auddepen-
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NHanLHLIX ypaBHeHHL. [IpocToTa pacyeToB CBAlaHa C OTKA3IOM OT Je-
TAILHOrO 33 3HHS HEKOTOPRIX XAPaKTCPHCTUK HCXOAHOA KHpopMaimu.

BonnimmacTeo NpHONMKeHHBIX METOJIOB OCHOBAHO Ha COBMECTHOM
PELUEHHH YpaBHCHHA BoIHOTe GanadHca ywactka pexH (ypaBHeHHd He-
Pa3pLIBHOCTH) H YpaBHEHHA JMHAMHYECKOrO DABHOBECHS (HBHOKERMA)
yame Bcero B (opme KprBoit 00pEMOB — 32BHCHMOCTH 00BeMa Boawl W
or pacxona (). Hcmone3yercs cpeanuii, cpeAHEB3BEIIEHHBIH pacxon Bo-
Jbl MM PACXOXR BOALI B HIDKHEM CTBOPE ONPEACNEHHOTO YYacTKa,

Kpusaa obremor W = f{Q) snnserca o6001IeHHO# XapaKkTepucTH-
Koif, OTpaXaomeH 0cOOEHHOCTH MOPHOMETPHH H THAPABIHYECKOFO CO-
NPOTHBACHHA YYACTKA PEKH.,

3aBHCHMOCTD MEXJY OCpehHCHHON AMA YYaCTKa IUTOIAABIO MOoMe-
PEYHOr0 CedeHHd PeKH « H HanOonpmeil rayOnsoi Hy., MOXHO 3aIH-
CaTh 1A IHPOKOTO pycna napabonnueckoi GopME B BUAE:

w=aHy,. (3.59)
rmem> 0.
TlonobHoe BRIpAKEHHES OMHCHIBAST CBA3L MEHAY PACKXOJOM BoAbI
H HayGonsiedt rmyGHAOH Hipy:

Q=bH",. (3.60)

H3 dopmynu We3n HeTpyaHO YCTaHOBHMTH, 4TO 7 BCCrna bosaue
CHHMIIBL.
H3 puipakenuii (3.59) 1 (3.60) umeem:

a
bm‘n

Qwhr' (3-61)

=

Yuuoxus o0e 9acTH Ha ARHAY y4acTKa L, BOMYYHUM 3aBHCHMOCTE
o0neMa BOABI OT PacXofa:
a

W= bm’n

Q"L (3.62)

Npu m/n = 1 xpusad ob6reMoB Gyzer npencTaBACHA NMpAMOH, 4TO
O3HAYAET HOCTOAHCTEO CKOPOCTH TCHUEHHA, & CNEA0BATENLHO, I BpEMEHN
aoberanna Ha y4actke. OTMeueHHOE CBONCTBO KpNBOH 06HLEMOB NMO3BO-
JHAC HCTONB30BATE €¢ NPH pacyeTaX ICPEMEIICHHA BOJIH NONYCKOB H
NaBOZKOB Ha peKax.

KpuBag 00beMOB MOKET MCTIONB30BATHCA Y B HCABHOM BHIE,



Xapakrep MeANEHHO H3MEHAIOMCIOCA HEYCTAHOBHBIIEIOC NBHM(E-
HHA BOIB! B OTKPRITBIX MOTOKAX ONpPERC/ACTCA MAKCHMANLHLIM 3HAUCHH-
€M OTHOIICHUA a6COMOTHON BeRHYHHEL ROOABOTHOrO YKNOHA i) K YKROHY
Mp# YCTAHOBMBILEMCS IBIDKSHUH Iy, T.C. TAPAMETPOM ¥ = max | i |/r',,.

Ecnu vy > 0,03 - 0,05, T.e. noGapounsIii yKIJI0H COMIMEPHM C Ha-
YANBHEIM YKIOHOM, TO HMEET MECTO HEOAHO3HAYHOCT: KPHBOH pacxo-
JIOB ¥ PACIUTaCTHIBAHHE BOJHHI MaBoAka. Takue ycaosua HabmoaaoTes
NIPH PE3KUX KPATKOBPEMEHHBIX NABOJIKaX, NOMYCKaX H Ha CPABHUTENBHO
JNMHHBIX YYACTKAX PABHHHHBIX PeK B MEPHOL ROMOBOAbS.

Himerenue ckopocTeii TeUeHHA MO ANHHE PekH OOBIYHO HEBENHUKO
H MOXET ObITh 3HAUMTENBHBIM JIHIIE HA YYACTKAX PE3KOTO HIMCHEHHA
[ONEPeHOTO Ce9eHHA. TaxKe HEIHAYHTENLHO HIMCHCHHE CKOPOCTEH BO
BPEMEHH TIPH Mepexone OT CTBOPA K CTBOpY. ITO MO3BORAET HE YUHTH-
BaTb MHEPLHOHHDLIC WICHE B YPABHEHHH AWHAMHYECKOTO PABHOBECHA H
npH pacyere TpaHchopMauHK MABOXOYHON BOJNHLI NO JNHHE PEKH HC-
1oL30BaTsL ypaeHerue [Hesn.

OtaensHO MOXKHO BRJIETHTH 30HBI DE3KOT0 HEYCTAHOBHBIIETOCH
newxeans BOmmzn I'IC mpH monyckax CyTOYHOTO peryIHpOBaHHSA; yua-
CTKH PeX CO 3HAYHTENSHBIMH H3MEHEeHNAMY ceueHHd (ocofcHHO B cmy-
qae HaMHYUA MPOKOR NOHMBL); YHACTKH PeK, HAXOAALIUECH IIOJ BAKA-
HHEM TICPEMEHROIO noAnopa. Bo BCeX ITHX CIy9asX HeNb3a nmperebpe-
raTh HHepUHOHHBIMH uneHamu. Ilpu momyckax u3 BOOOXpaHHIHINA
B HIDkHeM Opede 'IC HavanbHbiil YKIOH BOAHOH MoBEpXHOCTH OnM30K
K HYJNKO H OTHOMICHHE Max | in I fiy MOKeT GbITh 3HAYUTENLHBIM,

B OpaxTHKC PPOrHO30B PAaCXOHOB H YPOBHEH BOHBI AAd yYcTa
TpanchopMalMy NasoAOMHOH ROJHEI HAU[E RCETO MCNONLIYIOTCA NPH-
OnmeHHBIC aHATMTHYCCKHE, TpadoaHAIHTHRECKHE H rpadHuecKne Me-
TOBL. 3TH MCTOAB OCHOBAHBI HAa COBMCCTHOM PELICHMH ypaBHeHN BOA-
HOTO GallaHCa YUACTKa PEKH H YPABHEHHS AHHAMHYECKOTO DABHOBECHS B
topme xpuBoit 06beMoB HIH KaKOro-THO0 MHOTO BHIPAXKEHHA,

TpuGmikeHHbIE METODE! PACYETA OCHOBAHB! HA HCIQ/IB30BAHAH KaK
AuHeHHOH, TaK W HenuHeliHo# MoaenHn TpaHcHOPMALMM NABOMOYHOMN
BoAHBL, Mononk3yercs ypapHeHHe HepaspeIBHOCTH, NMPOHHTEIPHPOBAH-
HOE NO ANHHC PEKH, H AHHAMHYECKOC YpaBHeHHE 03 HHEPHMOHHBIX
YREHOB!

dWldt + 0—q =0, (3.63)
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W = f(0), (3.64)

rae W — ofbeM BOIE! Ha yuacTke Anuwod L; O v g — pacxoArl BOABI RO
BXOXHOM H BHIXOXHOM CTBOpax y4Jacrka;, (0 — B3BCIICHHBIH Ha Y4acTKe
PEKH Pacxoll BOabl.

Juneiinpie MoaeaH TpancGoOpMAUHN A1 GECHPHTOUHBIX YUACTKOB

Memoo Mackunzam. Pa3paGotan B CmyxGe rERPONOTHYCCKHX NPO-
riosos CILIA u BnepBbIC NPUMCHEH 28 P. MacKHHIaM, 0T KOTOPOH H
NOAY4UN CBOE HalBaHue. B OCHOBe MeToaa NEXHT COBMECTHOE peIICHHE
YpaBHEHHs BOAHOro $anakca B KOHEYHBIX DPA3HOCTAX M 3aBUCHMOCTH
offbeMa BOOHI OT BIBEIUEHHOIO PacXopa:

Q..+me_q,+q,N=W‘_Wv (3.65)
2 2
W=r §=t[kQ+(1 - k)ql, (3.66)

rae Oy 1 Oy, qu 1 gy, W, 1 W, — COOTBETCTBEHHO PacXoAl BOABI B BEPXHEM
H HIDKHEM CTBOpaxX ¥ 00BEMBI BOEI Ha (eCIIpUTOYHOM YHACTKE Ha Hayao
H KOHEIl PACYETHOTO WHTEPBaNa BPEMEHH AY; T — NapaMeTp, HMCIOIHHA pas-
MEpHOCTE BpeMeHH, Onmu3kuii no cBoeMy 3HAYEHMIO K BpCMEHH JoberaHus
Ha y4acTKe; k — X0O(PPHUMEHT, OTPEKAIOIINI OTHOCHTENbHOE BIAMIHHE pac-
xoz08 () H ¢ Ha o6beM BOMLI NPH HEYCTAHOBKBILIEMCS PeXKHMe. 3HayeHHe
koathuumenTa k nexuT B npenenax 0,25 <k <04,

[TapameTpsi & ¥ T onNpeAENAIOTCA MYTEM NOCTPOEHHS IpahHKa 3aBu-
CHMOCTH 00BbEMA BOOK HA YYaCTKE OT CPEJHEB3BCIICHHOTO Pacxoza
(3.66) mpe pasnuuHbIX 3HAveHHsx KosdduuKenTa k. 3Hauenue k, mpH
KOTOPOM CBA3h ONH3Ka K OAHO3HAYMOH Y JHHeHHOH, NpHHMMaeTCa 34
pacdeTHOE AN AaHHOTO yHacTka. Ecnu mpu moboM 3nayeHHH k 3aBuCH-
MocTs {3.66) ocraerca uenmuedsol, YO MOCNEMHIOKW NENAT HA 4ACTH,
B NMpeNENaxX KOTOPLIX KPHBOIMHEHHBIE OTPE3KH MOKHO 3AMCHHTE TIPAMEI-
Mi1. TaBrenc yria HassoHa 510l npamoii npeacTaBnset cofoi BCIMUMHY T.

INoncragnas B ypasHenne (3.65) smecto W Buipaxenne (3.66) u
pellas OTHOCHTENLHO ¢y, MONyYaeM:

= o+ € (Ot 024y, (3.67)
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h - 0,5A¢ o = wk + 0,5At . _ Ttk -0,541
T—tk+05A" ' t-thk+05Ar" 1 vtk +0,5At

HeoGxoaumo cobntofeHuE YCNnoBHs oo+ ¢+ 3= L.

PacgeTHBI HHTEpPBAN BPEMEHH peKOMEHAyercs nonbupars B mpenc-
nax 2tk £ Ar < 2t(1 ~ k), ecan At < 2tk, To napamerp ¢ < 0, a mpH
AM>21(1 -k c; < 0. Orpannyerve no BHOOpPY BHTEpBAIa BPEMEHH
ABJIAETCA HEOCTATKOM METOAA, OCKONLKY Al GONLIIMHCTEZ peK HMe-
F0TCA JIAHHBIE N0 CTOKY JIHIIb 33 CYTKH.

PaiMepsl y4acTKoB, Ha KoTopbklie pa3buBacTcA pYCNOBas CeTh, He
Moryr 6nrmh oguHaxkosbiMH. OTcioma H pasHeIM AopkeH ObITH war no
EPCMEHH, & 3TO YCIOXKHACT pacueTsl. [Ipn GOoMBIMX 3MaueHHAX Af Ha-
pymaeTcs NpeANoCkUIKa JTHHCHHOTO H3MCHEHMS PacxXoja BOABI B BEpX-
HEM CTBOpE 3a pacyeTHbIH HHTEPBAI BPEMEHH.

Merog MackiHraM pexOMeHAyercs NPUMCHATh Ha KOpPOTKHX Oec-
[IPUTOYHBIX YYACTKAX PeK CO CPABHUTENLHO MIaBHBIM H3MEHCHHMEM pac-
XOHOB BOAB! B NEPHOA HX Bo3pacTaHud. [Ipu peskoM yBenHMEHHH pac-
XOA0B ROZBI B BEPXHEM CTBOPE RBIYHCICHHBIC pacXOmpbl BOJ(BI HIKHETO
CTBOPA MOT'YT ObITh OTPHIATENBLHEIMH.,

IIpu mcnonbzosanuy BEpaxesua (3.67) zns nporuoza 3maucHHe
KOHEYHOIrO PacXofiz BOALI B BEPXHEM CTBOPS 3a NEPHOJ 3a0aroBpeMeH-
HOCTH GPOrHO3a NPHHUMAETCA 33 HAYANBHBIA pacxon.

B TocynapcreeHHOM rHAponoriueckoM uucTHTyTe [40] ¢ pembio
NpencKasaHHa pacxojia BOAb! B HUAKHEM CTBOpPE DECNPHTOYHOTO Y4aCTKA
NPERIOKEHO JIHHCHHOE YPaBHCHHE, AHANOTHIHOC YPABHCHHIO MCTOZA
Mackunram.

Ha tpancdopmaumio nasojJ0YHON BONHLI YUHTHIBAETCA BIHAHHE
CAeHyoumx GaKropos:

— 3HAYHTENLHOTO M3MEHCHHA PACXOAZ BOALI B BEPXHEM CTBOpE 3a
MHTEpBan BpeMeHr T, paBHbIH BpeMeHH N00eTaHHA Ha Y4acTKe T;

— pasauiHoro ofeeMa BoAB! B MpefienaX YHacTKa fpH OFHOM M TOM
€ pacxone BOIb B BEPXHEM CTEOPE.

Ipu BBIBOMIE PACHETHOrC YPABHEHUS TAIOKE HCMONB3CBANHCH YPaB-
HCHMC HEPa3PRIBHOCTH ¥ AMHAMHYECKOE YPABHEHHE.

YPaBHCHHE UMECT BRI

= leIl + kZQx-I- kJQm (368)
36k ki, k2, k3 — koD pHUHEHTR, OCTANbHBIE 0DO3HAYCHIA NPEKHHE.
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3abnarospeMeHHOCTE MPOTHO3A — HHTEPBAN BPpeMEHH T — IpHHHMa-
€TCA paBHLIM BpeMCeHH noberanua Ha ydyactke t = L/v (L — AnHHa yyact-
Ka, v — CPpEIHAA CKOPOCTE TCACHHSA B NOMEPEYHOM CEYCHHH H MO ONHHE
yuacTka), [To oTHoIIeHKI0 T/T YCTAHABIMBAIOT BenuuMHy KO3(QHIHEH-
Ta k» [40]. Koadduuuenr ks onpepengercs mo BaHEEIM HaGmoacHuid
¢ NMOMOLLBIO rpaduKa CBA3H:

Aq - kAQ =f(Cu—a4); (3.69)

e Ag = gy — g 3 AQ = O, — (... TaHreHC YIrIa HAKNORA CPefHel Mg
censn (3.69) pasen 1 — ks, a xodddunmenT &, BEMHCIAETCE NO BRIpaNe-
Ho k) = 1 - (o + k).

Memod Kanununa—Mumonosea paspaboran e I'napomeruentpe Poc-
cnu. IIpu ero paspaGorxe GpiI0 MPUHATO, YTO KPHBAsA pacXOAOB BOMA
B CTBOPE HCONHO3HAYHA: PAcXOd BOAB! ABmscTcA dyHKuMEl He Tonbko
YPOBHS, HO H YKIOHAa BoAHOH noBepxxoctn. Jlna pacyera Tpasichopma-
LMH NaBONOYHOH BONHB! peka pa3GHRaeTcs HA XapaKTEpHblE YYaCTKH,
Kaxxabiit yHacTox A0mKeH HMETh TAKYIO ANHHY L,, 9TOOH! ypPOBEHD BOABI
B CTRODPE Ha Cepe/IMHE y3acTka Ol Ol OHOIHAYHO CBA33H C PACKOROM
BOOEI B HIDKHEM CTROpE, OTPaHMYMBAIOMEM ydacTok. Ha aTom yuacTke
HMEeTCH TAKKe OJHO3HAYHAA CBA3b MeXKAY OOHEMOM H pacxofoM BOIs
B HIDKHEM cTBope, T.c. W= f0,).

JInHHa XapaKTEpHOTO Y4acTka ONpeAeiacTcs o (gopmyne:

_ 0, AH
i, AQ
rae O, i, — COOTBETCTBEHHO PACXOR BOAM H YKIOH BOJHON NOBEPXHOCTH
NP YCTAHOBHBIIEMCA NBHAXCHHH PEYHOTO NoTokKa, AFVAQ — oTHOIeHHE
TIpHpALleHH YpoBHeH ¥ PacXOIIOB BOAEI, CHATHIX ¢ KPHBOH PACXONOB.

3aBucHMOCTD OOBEMa BOALI HA X4PAKTCPHOM YHACTKE OT pacxofa
BOABI B HIDKHEM €r0 CTBOPE NMPHHUMAeTcH nuHelinoi. OHa HMeeT BHA

W=n1gq, 3.71)

TAe T~ BpeMs ROOeraHHA Ha XapaKTePHOM y4acTke.
[Toncrasus 3Hauenne g u3 popmynel (3.71) B ypasneHne Ganaca
BOZE! Ha y9acTKe (Hepa3prIBHOCTH)

(Q-q)di=aW, 3.72)

L (3.70)

73



NOMyHM
1 aw
=—W+—. 3.73
Q LA don (3.73)

Bripaxenue (3.73) npeacrapnger coboit muHeHoe muddepennun-
aNLKOe YpaBHCHUE Nepeoro nopsaka. Ero pemenne npu T = const HMeeT
BHI

[
w,=c" ‘[ _[Qe'f “d + C} (3.74)
4]

rae W, — 00neM BOMBI Ha YJaCTKe B MOMCHT BPEMCHH {, (J — MPHTOX BO-
IIBl HA Y4aCTOK (PacXod BOAM B BCPXHEM CTBOPE); € — OCHOBAHHE HATY-
paNbHBIX NOTapH(GMOB; T — BpeMs foberanusa Ha y4acTke; C — nOCTOAH-
HaA WHTETPHPOBAHMA (€CHH MHTETPHPOBAHHE OCYIUECTRAACTCA B Mpele-
aax or 0 g0 ¢, 10 C — o6bem Boasl W, B HavaubHBEIE MOMCHT BPEMERH
i=0).

CosmecTHOe peieHne ypasHeHuid (3.71) u (3.74) npuBoaut k $op-
Myne ANd pacycra pacxola BOAL B HHXKHEM CTBOPE XapaKTEpHOro yya-
CTKa B MOMCHT BPCMCHH £

!
g.=1e " fo 10, o, (75)
T »
L]

3nech O, ~ Pacxofl BOIbl B HIXKHEM CTBOPE yUaCTKa B Ha4ane pacdct-

HOTO HHTEPBANA BpeMeHH Af = {; OCTANBHBIC 0603HAYCHHA NPCKHYE.
[Ipu mocrosudoM mpuroke ¢ = const 3a BeIOpaHHHIN pacucTHLIL
HMHTCpBAR BpeMeHH YpaBHeHUE (3.75) NpuHAMACT BHA:

g =01 ~e )+ g8, (3.76)

4, =qn+(Q,,-q“)(l-e""f‘), (3.77)
anecs {J, — HauanbHbtf pacxoz Bo/Ibl B BEpPXHEM CTBOPE yYacTka (00bHO
OTPENS/AIOT CPEAHHA PACX0/ BOOB! 38 PACUCTHBIH HHTCPBAN BPCMEHH).

Tleproe cnaracMoe BaipaxcHuA (3.76) ccres GyHKUMA OpPHTOKA
¢ BEPXHENO CTBOPA YWACTKa, & BTOpOE — 3aKOH HCTOLICHHA B CTY4ac OT-
CYTCTBHS IPHTOKA.

74



ITOCKONMEKY NPOBOKMTENBHOCT: PACYETHOTO HHTEPBANA BPEMEHH
Af 1 Bpems f0BeraHNsA T NPHHHMAIOTCA NOCTOAHHEIMH, TO l—e"'"‘") =
k = const B pacueTHOS YPABHEHHE YIPOLAeTCs

0 =4, +{0, -9 )k. (3.78)

B npaxTaveckux pacuerax TpanchopMalny BORHL NABOJKA HA Xa-
PAKTEPHOM Y9YaCTKe PEKH NMPHTOK BOIBL 337acTcda B TabmuyHO# HAM B
rpa¢myeckoll popme. Buuscacunsi no dopmyne (3.78) pacxon roam
ANs KOHIa IIEPBOTO HHTEPBAIA BPEMSHH B HIDKHEM CTBODE NPHHIMACTCA
38 HaYaNLHEIH pacXOX BOABI JUTA CACAYIOLIETO HHTCPBANa BPCMEHH H T.4.
PacueTsi BRINOMHAIOTCA MOCACAOBATEARHO OT ORHOTO XAPaKTepHOTO yda-
cTKa K apyromy. Heobxoxumo, yToGe Bpema moberannsa Ha BCeX y4acT-
Kax ObiNo OAMHAKOBEIM H OTH Y9acTKH GBITH cliaGonpHTOYHBIMH,

[IpH HanHYHHM HECKONBKHX XapaKTCPHRIX YYACTKOB PAacXofi BOABI
B KOHIE TIOCACHAHETO M3 3THX YYacTKOB (71-T0) MOMHO PACCHHTATH NO

dopuyne:
n-1
g= Q;@%‘m[i] e = Qplt) (3.1

T

rae {J — pacXOF BOAB! B BEPXHEM CTBOpE NEPROT0 XAPAKTEPHOTO y4acT-
Ka, Af — pacHueTHbI MHTCPBAN BPEMCHH; # — THCIIO XaPAKTEPHEIX Y4acT-
KOB; T — BpeMs Ho6eralHs BoAkl Ha XapaKTEPHOM YJACTKe; { — OPSAKO-
Bhlit HOMED CIMHKIBL BpEMEHH A1 XphBoii moberanns.

Bripaxenne, crosiee MHOXHTENSM HpH (), HaILIBAeTCi TpaHe-
topmamronHo# pyHkmei (JyHruHel BIHIHHA), HAM KpHBOH gobera-
rua, M obosnavaercs p(t). Kpupas poberaHua mokaspIBaeT MOCNEHOBa-
TEABHOCTE AO0CraHHA N0 HYKHETO CTBOPA AOJIEH PACXONA BOIKI, HPO-
weameit yepes pepXunii CTBOP 3a pacueTHBIl HHTCPBAN BPEMEKH.

Oyuxina p(t) oopefenseTca ABYMA napaMerpaMy h M T H HasbIBa-
eTck Jsyxnapamempuyeckod. JTH NapaMeTpsl Yalule BCero YCTaHABRIN-
BaKT MOZGOPOM ¢ HCMOABIOBAHHEM AAHHBIX O PAcXoiax BOABI B BEpX-
HeM (BXOAHOM) H HMXXHEM (BHIXOZHOM) CTBOpaX MNfA HECKOJNBKHX Na-
BOOKOB MM NOROBOAMH, HavansHoe 3HANCHWE MapaMeTpa # yCTasanIn-
BAETCA IO BRIPAXKECHHIO:

n=-—, (3.80)
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rae L — IUHa paccMaTpHBAEMOro yYacTka; L, — WIHHAa XapaKTepHOTo
Y4acTka, onpenenseMai no hopmyne (3.70).
3HaueHHC T BHITHCILACTCA N0 dopmyne:

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

rae Ar' — CABKT B CPOKAX HACTYIUICHHR MaKCHMANBHBIX PACXONOB BEPX-
HETO ¥ HINKHETD CTBOPOB, BhIPAKECHHLIA B IPWHATLIX PACYSTHHIX CAHHHE-
11aX BPEMCHH.

Onmumanbuble 3HaYeHNs NApPaMeTPOR KpuBOH ROOCTaHHA yCTAaHaB-
AYMBAOTCA W3 YCMORHA HAWTYUUIEro COBNAJCHUS PACCYUTAHHLIX M Ha-
OmonenunIx ruaporpadios.

[Ip# OTCYTCTBHH KPHBBIX PACKONOR BOLEI B BEPXHEM M HHMKHEM
CTBOP&X MapaMeTp A BRIYHCAICTCA No 3aBUCHMOcTH [52]:

n=2Li, [h ~20H, /T, (3.82)

rae L — nnuna yyacria pexu; i, — YIUIOH BOAHON MOBCPXHOCTH NIPH yc-

TAHOBHMBILEMCS pexdme; A — cpeaHas rnybnHa Ha y4acrke; AH; — na-
JIcHHE YpPOBHA Ha Y4acTKe MMAOH L NpH YCTAHOBHBIIEMCA PEKHME

¢ rayGuHoH A |
3HadcuMe mapaMerpa T MOKHO OMpPCAEnuTe Mo NpUONMKeHHOH

dopmyne:
v=1/(13vn), (3.83)

rfe v —cpelsa CKOPOCTs TeHEHHA HA YIaCTS.

Onpeaenseman no popmyne (3.70) mmmHa xapakTepHOro ydacrka
38BHCHT OT PacXofa BOABL K NPH 3HAYHTEALHLIX KoneGaHHAX Pacxonos
MOXET oTAHYaThCA B 2—3 pa3a. PeKoMcHAYeTCA NPHHHMATL CPEAHIO
JUTHHY XapakTepHOTO Y4acTka, 4TO, ECTeCTBCHHO, CKAKCTCA Ha pelyls-
TATax pacuera.

Meron Kanunuuna-MumiOKoBa HCXORMT M3 YCHOBHA HRIHIAA JH-
HeliHol cpasu MeRAy o0BeMOM H PAcXodoM BOALI, H €My NMPHCYLIH TS
Ke TPYAHOCTH, wT0 ¥ Metoay MackuHraMm B C/Iydae KpHBONHHeHHOH
topmsl xpuBoii 06LeMoB.

B. H. Kopens npeyoxkun cleyouHit airopiTd OnpeaeicHus na-
pameTpoB KpHuBoit qoberanna (n U T) Npu OTCYTCTBHH HIMEpEHMi pac-
XOM1a BOZB! B HHXHEM cTBOpe [33).
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[IpennonaraeTcs CYIIECTBOBAKHC ORHOZHAYHOM CBA3M MEXKIXY pac-
XOXaMM M YPOBHAMH BOLEI B NCPHOJ OTKPLITOTO PYCHia B BHEE

O=a(H-Hy)", (3.84)

rae Hy — ypoBerRs B0, IPH KOTOPOM PACXOA PABER HYIMO, HIIH OTMCTKA
ANa B 3aMBIKAIOIEM CTBOPE; & Y M — NAPaMETPhl CBAIM,
Iponorapudmuposas BeipaxeHue {3.84) mocne paga npeobpa3osa-
HHH, OH nonydun GOpMyNy MUid pacyera cpeaHedl KpagpaTH4eckol
OINKHOKH ONPEAC/ICHAA YPOBHA BOJLI O PACCUHTAHHBIM PacXoJaM BOJDI:

5§=D,- K, /D, (3.85)

rac K,, — BIauMHEIA KOPPENANHOHHLIH MOMCHT PAROR; 4 =In(H - H,)
=InQ ; D, % Dy~ mucnepcun 3naueHui A 0 ¢ COOTBETCTBEHHO.

Pacxonpl BomB 3aMBIKAIOUIETO CTBOPA ONMPCHACHAIOTCA MO JIAHHLIM
0 Pacxoiax BCPXHErO BXORHOYO CTBOpA H Kpupol noberanus, mapamer-
pel 7 B T 3agakoTcd. Ilo NOAYYCHHBIM PacXOfaM YCTAHABNHBANOTCA
YPOBHH BOJIb 3aMHIKAIOIIETO CTBOPa. l'[pouenypa YCTZHOBNCHHA ONTH-
MANLHOTO 3HAYEHHA NAPAMETPOB # M T OCHOBAHA HA HAXOMICHHU MI-
HAMyMa dyHkiun (3.85).

PacyerTn! MOKa3anH, 4Y0 PACCMOTPEHHLIK NpHEM NMO3ROIIET JOCTa-
TOYHO HALEHKHO ONPERENATH NAPAMETPh KPHBBIX ROOCTaHHA,

Memod xpueeix dobezanua IjIA MOAENH, NpeAcTapaftowlei coboil
JHECHEYIO CTAIIHOHAPHYIO CHCTEMY ¢ COCPENOTOYEHHBIMH NapaMeTpaMH.

Caa3p MEXKIY XaPaKTEPHCTHKAMK BXOJIa B 3Ty cHcTeMy O H BRIXOZA
H3 Hee ¢ MOXKHO NPEACTABKTD B BUJE YCIIOBHBIX OnepaTopos [8}:

Li(g)=LAQ), (3.36)

ri¢ onepaTophl

dn dn-l
= 0,,(3)? +a,, (I)F + ...+ ao(t);

o{t) (3.87)

L= bm(‘) —~ +b,, (‘

aff) u b{{) — nocrosHHKE BO BpeMEHN KODDPULMEHTE], HE 3aBHCALHE
orQug.
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Pemiennem ypaeHenus (3.86) npu HYNEBBIX HadaNbHHIX YCIIOBUAX
ABmAeTcA BHTerpan Joamens:

q(f)=:!Q(r)p(t—t)dr, (3.88)

rae g(f) — pacxon BOAK! B8 HIXKHEM (BRIXOAHOM) cTBOpe; (0 (1) — pacxon
BOIIbl B BepXHEM (BXOXHOM) CTBODE; p(T) — KpHBasd xoberasis (QyHKUHA
BIIHAHHA).

KpuBas noberanus oxsoMopannha (prc. 3.8) ¥ ¢ ysenuueHUeM Bpe-
Meny crpemirca K Hymwo. Ilnomans pasHa eHHNLE, STHM CaMbIM OTpa-
p WACTCS YCNOBHE COXpaHeHHA oObema
BOAB! Ha Y9ACTKE.

[Tpu eeisoge dopmynsl (3.81) mo-
nararoT, 4YTo OOKOBOH NPUTOK Ha y4a-
CTKE MPAKTHYECKH OTCYTCTBYET, a Ha-
yanbHui pacxos BOABI Ha BCEM MPOTA-
MEHKH y4acTKa paBeH Hymio. Murerpan
Joamens He YIHTRIBAET pycaonoii-
MEHHEIM BOMOOOMEH H TPHMCHASTCH

Puc. 3.8. O6mmii BuA KpUBOIE NpE pacdeTax  HeyCTaHOBHBIUCrocsa
noberanna. ABHXEHNMA HA yJacTKax co cnabopaseu-
Toil moiiMoit.

ITporsos pacxoi0B BOASI B HHXKHEM CTBOPE CNaGOTIPHTOYHOIO yda-
CTK3a CBOHMTCA K TpaHCQOpMAIHM Pacxofa BOABL, MPOXOMAIIETO HCpes
BEPXHHH CTBOP, C IIOMOIWLIBI0 XKpHBOi noberanua no {3.88).

Bripaxenne (3.88) B xOHEUYHBIX pa3HOCTAX MIBECTHO NOJ HA3BAHH-
€M «reHeTHyeckas GopMyna crokan:

q,= EP,Q,- o (3.39)

Ec/iH npHHATY B BRIpOKEHHH A% p{T) PaCUeTHHI WHTEPBaN BpeMe-
HH paBHBIM BPECMCHH A00erannd Ha XapaKTepHOM YYacTKe, T.¢. Af = T,
a OTHOWIEHHE /T ODO3HAYUTS Yepe3 m, TO TONYUHM BHIPAXKCHHC «CTan-
napruoil kpupo# xoberanpa» g e dopmyanl ITyaccona

_m e
p(‘r)———(n_l)! - (3.90)
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Jinneifinpie Mogemu TpancGopMALHN AN BPHTOUHBIX YYACTKOB

ITon stpHTOYHEIM YYaCTKOM MOHHMAETCH YYacTOK, HAa Kotopom Go-
KOBO#H NMPHTOK cocTaBnAeT He MeHee 10 % o1 ¢TOKa BXOAHOTO (BepxHE-
ro) creopa. BokoBoOfi MPUTOK MOMKET OBITL COCPEROTOYEHHBIM B CITyYae,
€C/H PATOK OT BIIAAAIOLICH Ha Y4acTOK peku coctamnser Gonec 25 %
CYMMApHOTO NPHTOKA H HE MeHee 15 % or Croka BXONHOrO CTRODA.
OnpiTHEE pacyeTH! MOKalajiH, YTO HeleaccoobpasHo HCNOAB30BaTh Go-
nee NBYX KPYNMHBIX DPHTOKOB. B NPOTHRHOM CIy4Yae CTOK HEKOTOPHIX
NPHTOKOB PEKOMEHIYETCE CYMMMPOBATL ¢ PACXOAaMH B BEPXHEM HIIM
HMAKHEM CTBOPAaX YYacTka ¢ yd4eroMm OAM30OCTH pacTiONCXKEHHA HX K OX-
HOMY W3 3THX CTBOPOB. ECiM ¢ CTBOPBI HA MPHUTOKAX PacilONOXKEHbI
JAJICKO OT MECTa BIAJICHHA B YNABHYIO PEKY, TO YYHTBIBATE HX BKIaR
MOHO 10 COOTHONIEHHIO TUIoIIaneii HX Bonoc6apos.

Meronn npor#o3a i pacuera TpaHCHOPMAUKKH NABOXOMHOH BOAHbI
IIPH COCPEACTOYEHHOM GOKOBOM NPHTOKE OCHOBAHB] Ha HCIIONL3OBAHHH
YACTHRIX KPUBHIX AoOEraHHa OT KaKIOro BXOAHOIO CTBOpA HA NMPHTOKE
[52].

Pacyer pacXofa BOAS! B 3aMEIKAOIIEM CTBOPE BRIMORHAETCA NO BRI~

PaKEHHIO:
L] i 4
4 =ZKiZEP@Q&u -jals (3.91)

izl 4= =

THC M — 4KCNO YIMTHIBASMbIX BXOHHEIX cTBOpOB; K; — xoopduHEHT
CTOKOBOH MPUBOAKH KaXkAOTO BXOXHOTO CTBOPA; pig — OPHHHATH JacT-
HOH KkpHBOit nOGETanHA ANA i-ro0 BXOAHOTO cTBOpa; (,; — PACXO/ BOAR!
j-rO BXOZHOTO CTBOpA; / — YHCIO OTPE3KOB KpHBo# cBA3H W = flO); ru—
MAKCHMAJILHOE WHCJIO 3HAYHMEIX OpAMHAT KpHBOit noberanud mns i-ro
0Tpe3ka Kpusoi 06bemon.

Kosddunmenr crokoBoil NpHBOAKH ONPEACNIeTcd IA KAKAOTO
BXONHOTO CTBOPA MYTEM CONOCTaB/ICHHA 0ObLEMOB NABOXKOB (BOAH MO-
JIOBOABA) BXOAHBIX H BRIXOAHKIX CTBOPOB.

IMpomexyToutyio naomazns Boocbopa, He OCBEMEHHYI0 NaHHEIMU
Habmonenuit 3a CTOKOM, pacpencnaioT MeXTY BCEMH BXOIHBIMH CTBO-
paMH, ONpedeNss iIiA KKZOTO BXORKHOTO CTBOPA COOTBETCTBYHOIIHE
K03(PHIHEHTH 1O MAOHIATIM:

Kpi=1+£:0(=12,...m), (3.92)
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TAe f,; - naomais Bofocbopa, HE OCBCUICHHAN ARHHBIMM HaOGMIOXCHMI,
OTHECCHHAR X i-My BXOIHOMY CTBOPY; f; — miomam Bonocbopa #o i-ro
BXOTHOTO CTBOpa.

Jna KaxIore naBofka ONpescasiorT koddduimenr nepaskn GasaH-
€a ¢ YYCTOM YCTAHOB/CHHHX KO3 GHIUMCHTOR MO AIomRAAIM BofocHopa:

X, =W, /EK“W" =12, ), (3.93)

rAe W, - ofbeM CTOKa B 3aMBIKAIOIIEM CTBOPE UIA j-ro maBomka, Wi, —
00BEM CTOKA i-TO BXOAA A j-Te NaBoNKa; N — YHCIO NABOAKOB,

B cnyuac fonbmoit H3MCHYHBOCTH 3Ha4YeRni koadduumenTa K, ;or
TABOJIKA K MaBoAKY Noxbupaorca Te 3HaucHUA Ky, XOTOphIe Aas0T Hau-
MCHBIIHH pazbpoc sHaycHui kodddunuenTa HeBa3kH Hananca.

KosppuLHeHT cTOXOBOIH EPHBOAKH paBeH

K, =K, K,, (3.94)

sxech K, — cpefnec apuMETHYCCKOE 3HAYCHAC KOOQ(HIHCHTA HeBA3-

xu Ganmanca no BoeM NAaBOAKAM.

Kprpan poberanms s KAaKAOro BXOAHOTO CTBOpA ONPEACHACTCH
TaK e, Kak H 1712 OecTpHTOYHLIX Y4acTKoB. C 3T0# HEAblo HCMONB3YIOT
3HATHTHYECKOE ypaBHeHHE KpuBod goberanua Kanuuuna—Munmiokosa.

TIpH pacnpeReneHHOM NMPHTOKE 3HAYMTCABHAS €r0O YacTh MOCTYNAaeT
CO CKAOHOPB W 1o HebonblmMm pexam. Pacnpeaencuusiii mpuToK yunThl-
BACTCH, e on cocraamser 50 % u Gonnmse cymmapuoro Sokosoro
OPHTOKA M HE MeHbIHe 25 % cTOKa B BXOHOM CTBOpE.

Pacuer tpancdopMamin naBoxouHoit BOJHB! B TOM C/yae OCYILECT-
BASETCA C TIOMOIUBIO KPHBBIX HOOETaHHA JUIA PACXO/OB BO BXOMHOM (BCPX-
HEM) CTBOPE Y4ACTKA Py(1') # JUIA pacxofos OOKOBOIO NPHTOKA Pe(T)):

alr)= ;IQ. (t-1)p, (@)’ +;[% (-Thshr. (395

Koopgusats! xpueeix xoGeratms GOKOROrC NPHTOKA JUTA YETHIPEX
THIIOB €0 PacHpeAc/cHHA NQO AIMHE Y4YacTKa (paBHOMEPHOC, JTHHCIHO
BO3PACTAIOIlEe, NHHEHHO YORIBaiolce, OMUCHIBAEMOC CHMMETPHYHOH
napaGounioii) npusoadarcs B pabore [52). Tun pacnpenenenns GokKoBOIO
NPHUTOKA YCTAHABAMBACTCA NO XapaKTepy CTPOCHHSA PYCHIOROI ceTH Ha
nnomazy sofxocbopa.
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BokoBOH NpPHTOK HAa yJacTKEe PEKH JAINEe BCEro ONMpeAenAercd o
JAHHBIM O CTOKE MaJGIX pex. JIng ManklX pek ¢ GNMH3KAM BPeMEHEM KO-
Geranua ¥ OAHOPOAHKIMH YCHOBHAMH (OPMHPOBAHHSA CTOKA CYMMAapHBIH
GokoBoil MPHTOK Ha Y4ACTKE PEKH PABCH

0 =20/, (3.96)

rae F - ofulas npoMexyTOuHas NAOMAAb,; f; — IIOLIANS MANKIX Pek; 1 —
YHCHO MabIX peK; O; — Pacxox BOAb! i-i MO’ peKH.

[Ipy mMOYTH OAMHAKOBEIX ITOIMANAX MAALIX pek (opmyna (3.96)
HMECT BHA

g6 =[F/(f, + £, +...+fu)]:zigf. (3.97)

BoxoBOi PHTOK MOXKET OBITH YCTAHOBIEH MYTEM OTHECCHHS MOY-
KA pacxona Manod pexd K TAroTciowel (OZHOPOOHOH Mo QU3NKO-reo-
rpaduIecKUM YCITOBHAM) YacTH NIoiiany Oaccetina

q6=—QlF, +%Fz+...+-Q—"F,,, (3.98)
1 f 2 "

rae F\, Fy,..., F, — nnomamy, TATOTEIONME K cTBOPY -, 2-#f U T. 1. Ma-

nofi pexn,

{opmyna IpuMeHaTCs NpH pacucte GOKOBOro MPHTOKA BOABI NpH
penkoil cerd myHKTOB HabmoneHw# 3a Gonbluue HHTEPBANLI BPEMEHH
{neHTama, Aekana), KOrja HCPABHOMEDHOCTL PACTIpPEACNEHNS CTOKa Mo
IIOIAKY CBA2aHA ¢ HCONHHAKOBAIM KOJIMYECTBOM BLIMAKAIDIHX OCATKOB.

Pacuer G0KOBOrO MpUTOKA MO PacCMaTPHBAEMBIM (opMynam SBNA-
€TCA NPHOAIDKEHHBIM, YTC MOXET IPHBECTH K HEBA3KE 6ananca 3a nepH-
oJ NaBonKa. B ¢BA3M C 3THM BENMYHHA GOKOBOTO NPHTOKA YMHOXKAETCA

Ha cpefHee 3HaueHHe KoadduuuenTa HeBssku Gananca K, xoropoiit
RJA KOKZOTO MaBOAKA BRIYHCIICTCA O BHIPAKEHHIO

K, =Ws,,IW,,, (3.99)

rae Wy, 1 Wy, — COOTBETCTBERHO AKTHICCKOE A PACCIHTAHHOC 3HA-

qeHxe G0KOBOTO NPHTOKA 32 NABOMOK.,
To4ynocTe pacyera NpHTOKa BOABI 3ABHCHT OT BhiOOpa pek-aHano-
ros. YeTKHe peKOMCHIALAM NO YCTAHOBACHHID HEOGXOAMMOro ukcna



MUIBIX peK, BX Pepe3eHTATHBHOCTH U Pa3MENICHHS MO IACIIAH OTCYT-
cTBytoT. [Ipeanonaraerca Sonbuiod Sacceiin (Hnu ero YacTh) pasnenuThb
Ha HECKO/ILKO OHOPOIHBIX N0 YCNOBHAM (POPMAPOBAHHA CTOK2 YacTei:
PABHHEHYIO M TONYTOPHYID, 3aNCCCHHYIO H OTKPHITYI0 M T. X Ha kax-
NOit N3 BLIACNCHHBIX YacTell NPHTOK NOACUHTHBacTcA oraeacHo. [Tpu-
3HAKOM PENPE3CHTATHBHOCTH ABNACTCA HANMYMC TCCHOH CBA3H MOXKIY
3HAYCHMAMH CPEBHHX MHOIOMETHHX CHOCR CTOKA 33 [1aBOAOK (fonomo-
Ibe) pekn-ananora Y, u GonbioH pekn Y .

Bonee TmaTeAbHEIA aMANH3 OCYLICCTBAACTCA [0 CPEMMHM CyYTOM-
HbIM MOJIY/IAM CTOKa pek-ananoroB. IlogpobHo 310T citocob H3I0KCH
8 pabore {40].

Onpenenenne fpHATOKAa BOJIBI B PYCAOBYIO CCTh OCYLICCTBIACTCA
TAKKE IO YPABHCHUW BOAHOre OaaHca y4acTKa PeKH ¢ HCTONB3OBAHH-
€M XpHBEO#H 00LEMOB:

05(1)=0,5lg(1) + 4(¢ - Ar)]- 0,5[0() + Ol ~ A1 )]+
+[wl)-wie-ad)/ s, (3.100)

W (0) = f1Qu. ()] (3.101)

rae g{f) u O(f) — pacxoA oAbl B 3aMBIKAIONICM H BXOIHOM CTBODAX <O-
OTBETCTBEHHO; Af — HHTepBai BpeMery; (i) — obLeM Boasl B pycnoRBoii
CETH YYACTKa PEKH HA JATY I, (g, — BIBCIUICHHBIH PacXoil BOObl HA yYa-
CTKE peKH.

Hcnone3opaHue ypaBHCHMH BOAHOTO OailaHca s ONpCACHEHHA
TIPHTOKA BOAH HeliccooGpalHo npH cOMIMEPHMOCTH Pacxofos 50KoBOrO
TIPHTOKA ¢ pacX0oNoM B BEPXHEM CTBOPE H B CAYHac, CCAM HHTCPRAN BpE-
MEHH NpeBHILIAET HIH PaBEH BpeMCHH NoOCTaH#MsA Ha y4acTKe.

Henuneiinpte Mopean TpancopMalnn HABOJOMNOH BOANDI

HenuHeftHble MOASMH TAKKE OCHOBAHLL HA COBMCCTHOM pPCLICHHH
YPABHCHHA HEPa3PHIBHOCTH H OMHAMHYCCKOTO YPAaBHEHHA B CIyYac He-

NHHCHHOH 3aBHCHMOCTH W = f( é )

Hocratouno npocroit rpatoaganarHaeckult cnocol, nperoxes-
#oiit P. [l T'ynputeM, oCcHOBaH Ha HCIONB30BAHMH YPaBHEHHA BOJHOTO
Ganmakica HecpuToulore yuacTka, npcoGpa30BaHHOro K BHRY:
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W,

Qn +Qx +(_A7 -QM]

W,

+q,. 3.102
A O ( )

JIng peurcuus 5T0TO YpaBHCHHS 3apaHee CTPOMTCH BCIIOMOTATENk-
HAH JABHCHMOLTh
2V At +q=f(q). (3.103)

fTomo6HYIO 3aBHCHMOCTE HECHOMHO MOCTPOUTD, ONPEIENIHB JIEBYIO
yacTs ypasticHna (3.102).

Mpumep pacuera TpaHcHOPMALMH BONHLI HABOAKA IpadoaHANHTH-
4yeckHM ciocobOomM 3aumMcTBOBAH U3 paboThl [46).

Tabauya 3.7
Tpadoananntwaecknii cnocol pacuera TpancopMalss B0ANLI BABOIKA
Pacacrauit 2, 20,
HHTCpBAN Q A =% had' ™ S
| 2 3 4 3

15 50 920 1000 (40}
2-i 80 962 1050 44
3-Anra 160 1082 1202 60

B mepgoit rpade Tabn. 3.1 npuBoAATCA NMOPANKOBEIE HOMEpa pac-
YETHBIX WHTCPBANOE RpcMCHM. B npuMepc NpHHAT NOAYCYTOMHLIN WH-
TepBan 3a 8 ¥ 20 4. 3HaycHUA pacXoA0B BONBI B BEPXHEM CTBOPE YYacT-
Ka B 2TH CPOKH 1IOMCIcHb B Tpady 2, a pakTH4ecknit pacxon B HHXKHEM
CTBOpE Ha KOHel[ pacueTHONO HHTepBana {40 m’/c) man B rpade 5. o
3HAYEHHI0 3TOTO PacXofia ¢ NoMowEio 3asHcuMoctH (3.103) onpenena-

€TCA 3HAUYCHUE 2Z“ + g, =1000 M’/c (3anucano B Tpady 4). 3HaucHuC

2w,
N -¢,, TpHBCAEHROC B Fpade 3, YCTaHOBJIEHO DO BHPAKEHHIO

[% + q,‘) —2q, =1000—-2-40=920 wm’/c. CymmupyeM pacxoaml
IpHTOK2 H3 HAYaN0 H KOHCI PACYETHONO HHTEpBala H 3HAYCHHE, IMOMeE-
tieHuoe B rpady 3; onpenendeM 3HayeHue % + g, K KOHIly [epBoro

vHTepBaNa BpeMerH (50 + 80 + 920) = 1050 m'/c.
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3arem nO ITOMY 3HAUCHHK) H BCITOMOTATCHBHON 3aBHCHMOCTH Ha-
XOIHM pacxoj BOOBI HEXHETC cTBopa (44 M’r’c). [Tocne sToro BrIYHCIA-

em ZE’ — g, AnA Broporo muTepeana Bpemenn (1050 - 2 - 44) = 962

2w,
M’/C. AHATOTHYHEIM TIYTEM ONpEACHSEM 3IHAWEHHS --Eli+q‘ pastoe

(80 + 160 + 962 = 1202) M’/c, a 3aTeM PacXo HIKHEro cTeopa (60 m>/c)
HT. Il
CucreMy ypaBHeHHH 0ananca H 33BHCHMOCTH ofpeMa 0T CPCHHC-
B3BCOICHHOI0 pacxojla BOAbI HA YYACTKC PEKit MOXKHO 3anmHcaTh B Clic-
AYIOIIEM BRAE:
_ 2 W)
a

w = £(0). (3.105)

Kpueyio 06nemoB 3anaioT B Tabnuunoi ¢opMe. Pemcnue stoii cuc-
TeMbI METOIOM HTEpaLMA 33KTI0YaeTCs B caeaylomesm. Ha nepsom 3ranc
3HAYEHHS HCKOMOI'0 Pacxola ¢xo MPHHHMAIOT PABHBIM 3HAYCHHIO pac-
X043 B HAYaNGHIi MOMEHT BpeMesnH g,. I1o 3maueHuio aTore pacxona ¢
kpHBoii 00BeMOB onpemensioT W, H BRIYHCIAOT NPABYK HACTh BHIpa-
wenua (3.104). 3ro no3BongeT YCTaHOBHTH MPUCHHACHHOC 3HAYCHHE
gx.1- ECAH PA3HOCTH ¢y o — 1 MCHBIIIE 3aIAHHOM TOYHOCTH BEIMHCACHHI
O, TO 3HAYCHHE G, APHHHUMAIOT 332 OKOHYATCHLHOE, B MPOTHBHOM CIIY-
4ae Qyg JAMEHHAIOT §, |, H PAcYET HOBTOPACTCA. 3HAUCHHE (L PEKOMEH-
IyercA NpHHAMATE papHEIM 0,001 O,

=G+ -4, (3.104)

3.6, Pacuet (Nporko3) pacxoaoR u ypoBHed Boabl
HA 33PEI'YJIHPOBAHHBIX YUACTKAX peK

Ha xpynBpix 3aperynuposaHHbIX pexax ¢ Oonninoit u3MeHuuBo-
CTBi0 MOPHOMETPHUSCKHX M THAPABAHYECKHX XAPAKTCPHCTHK PyCia 1o
ARHHE PEKH NPHOOKCHHBIC MCTOAB! PacyeTa HEYCTAHOBHBIIETCOCA ABU-
XKCHHA BOABI YACTO HE JAKT HANEHKHBIX pe3ynbraToB. BosHukaer Heol-
XOAHMOCTS HCTIONB30BaHuA yparHeHHH Cen-Benana.

YucnenHOe MHTETPHPOBAHME STHX YpaBHEHM# OCHOBAHO Ha Me-
MONb30BAHEN KOHEYHO-PasHOCTHRIX MeTomos [33, 34]. Tlpumenenne ux
BO3MOXHO RAHMHIL PH HARHYMH JaHHBIX HaOINOASHHH MO ANHHE PEKH 34
YPOBHAMH H pacxosamu Bogbl, [Ipu 3Tom Tpebyerca:
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a) paspaborart 3¢ dexTUBHYIO KOHEUHO-PA3HOCTHYIO CXEMY YHC-
JICHHOTO MHTETPHPOBAHHA CHCTCMEI ypaeHeHnii (3.12) » (3.7);

6) paspaborars crocobbl onpeaeneHus MophoMETPHIECKHMX H THA-
PABIHYCCKHX XaPaKTEPUCTHK Pyca;

B) YCTAaHOBHTEL COOTBCTCTBYIOLIMC HAYANBHLIC M IPAHAIHBIC YCO-
BHZ TIPH YCIIOBHH OTPaHHYCHHOCTH AaHHLIX HabMIOAEHHIH.

IMpu unciesHoM
HHTETPHPOBAHUY
ypapuesuii Cen-Be-
HaHa vallle BCEro McC-
NONb3YCTCA HHCKpeT- Z{jll 27+ )4 2{:{
Had CceTka Towek, B %/ FOEA I R TATY
KOTOpOH JNHMHA peKH
X H BPEMA ¢ 3aMCHAET-
o waraMH Ax H Af X3
{(puc. 3.9), a npowus- 0 i >
BONHLIC — PalHOCT-
HbIMH OTHOIIEHHAMH.

[TopcTaBne pasHOCTHBIE OTHOLUCHHA B AM(pepeHLManbHLIE YpaB-
HEHHA, [IONYYHM CHCTEeMY aiareOpaHdecKux ypaBHCHuMH. Pertenue aroit
CHCTEME! JaeT BO3IMOXXHOCTh HaiTH 3Hauemme (J, H B y3nax CeTKH B
Kax/bIfi MOMCHT BPCMECHH 1.

IIph Henons30BaHHK PA3HOCTHBIX CXEM MPHMEHAIOT ABHBIC H HedB-
HbIC CXeMbl pcmeHuif,. B ABHOH cXeme NOCICHOBATENLHO BBIYHCIIAIOT
3HAYEHHMA [t KDKJIOTO y3na ceTku. B¢ mpenmyInectsa B ApOCTOTE pac-
YyeTa K BOIMOXKHOCTHM NPOrpaMMHpoBaHHA. CymECTBEHHBIM HENOCTAT-
KOM SBHOH CXCMBI ABTACTCH HEOOXOZHMOCTE pacuera 33 UHTEPBANL!
BpeMCHM He Gonce HECKOMBKMX MHHYT. Y cToH4YMBOCTE CXEMBI BBINONHA-
€TCH HPH ONpPEACICHHOM COOTHOMICHHH MEXTY LIATAMH CEeTKH:

cAt/ Ax<1, (3.106)

r -

430

Puc. 3.9. Tipamoyronskan ceToMHad 0GnaCTS.

rae c=v+.'gh — CKOpOCTH mepeMeIteHUs BOAMBI (V — CROPOCTH TEHE~

HUS, i ~ CPEANAA TIYOHHA TOTOKA).

B HeaBHOH CXeMe peilleHHe CHCTEMBl YPaBHCHHE OCYIIECTBIASTCA
N BCCX Y3NOB B OMpPencNeHHbl MOMEHT BpemeHd. BosMokHa Heyc-
TOHYKBOCTD, ECH HE BEIEONHACTCA YCIOBHE
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Ly (3.107)
g\i,

OTMeTHM, Y4TO CHCTEMA PASHOCTHEIX YPABHERHI B 3TOM Cllydae He-
AuneliHa M BO3HHKAeT HeoOXomuMocTh MpHOEraTh K ce AHHEapH3aLUH,
9TO CHHXACT 3Q(eKTHBHOCTD NPHMCHEHHA HEABHBIX CXEM,

BosuukHOBEeHHE HEYCTOMIHBOCTH BO3MOMKHO BCCIHCTBHE NOABIC-
HHA HOBBIX BOMH, HE CYIIECTBYIOIMX B HAYAALHEIX YCIIOBHAX,

Ui kpaTKoCpOYEOro NPOTHOZHPOBAHKA PACXOOOR H YPpOoBHEH BOAbI
Ha pekax Bonre u Hpteime ucnonniosaiack siBHas cxema Jlakca—
Benapoda. B 1ol cxeme HCHON:308aNHCE PA3HOCTHEIC OTHOWIEHHS {CM.
pHC. 3.9) mng HeYeTHBIX WAros Mo BPeMEHH:

I L b

Dy e 3.108
2 Y ( )
& _y@pitD-yQiicl). (3.109)

ax 2Ax

AN HCTHEIX IHAros 1o speMCeHH!

o _ ¥2s+2)-y2)0) (3.110)

b3 2A1
& _y2j+bitD-p2j+Li-1) G111

ke 24x

TAE i, j — HOMEpA TOYeK CETKH MO 0CAM X H { COOTBETCTBEHHO; ¥ — YCJIOB-
Hoe 0003HaucHHEe HCKOMBIX GyHKuMi H, 0.

YCTOlYHBOCTE CXeMbi OTMEdaeTcA TIpH BBINOIHCHHY HEPABEHCTB
(3.106) 1 (3.107).

Baxuoii 3agaucH npH YHCACHHOM HHTEMPHPOBAHWM YpaBHEHMH
Cen-Benana gpnderca 3alaHuMe HavalbHbIX H TPAHHMYHBEIX YCIOBHIL.
OO0BI9HO 3313107 pacXOAEl K YPOBHH BOIb] ITO ANKHE UCCACAYEMOrO y4a~
CTK2 B HAYaRLHLIE MOMCHT BPECMCHH:

HO,))=HyDlmo» X0 =02y (Do (1=0,1,2,.., M), (3.112)

rae Hy(i) u Qy(i) — n3MepeHHLIE YPORKH ¥ PACXOiLl BOML O JNHHE Y4a-
ctka. Lllar uHTErpNpOBaHyA MO IUIMHE MPUHHMAIOT paBHEIM oT 1 fo 10
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KM, B CBA3M C ueM IJIA YCTAHOBJCHHS Hadexnit H n O B y3nax cerku
HeoGXOMMMO NMPON3BOANTE HHTEpNOMALMIO. Tlpu orpanudenHocT AaH-
HBIX 00 W3MEPEHHBIX Pacxofiax UX onpeAendioT no dopMyne [lesn, ne-
noAb3YA NOMy4eHible 3HaUYeHNs yposHeh Boar H(0, ).

B kayectee rpaHHYHOrO YCJIOBHA B BEpXHeM (HaYATBHOM) CTROpE
sapaerca ruaporpad croka wiM rpapux xofa yporeii Boas. Hmiaas
rpannna (i = M) BLIGHpaeTCd Ha 3HAMHTENBHOM PAcCCTOAHMH, TAE Npo-
nece TpaHCHOPMAIHH BOJHB! JAKOHYHIICH ¥ MOYKHO WCNONB3OBATH OJIHO-
3HAYHYIO KPURYIO PACXOOB. DTO YCIOBHE MOXHO 3afIKCaTh B BUIE

00, M)=f1H(j, M)]. (3.113)

PeiieHite pa3sHOCTHRIX YpaBHEHHIT mpu coGmoaeHnH ycnormii (3.112)
H (3.113) ana kakHOro MOMCHTa BPEMCHY j TIPUBOHT K BHIMHCIICHHIO pac-
XOHOB N YPOBHCH B KOXHOH TOUKE | pAcCMATPHBASMOI'0 Y4acTKa,

3a6naroBpcMEHHOCTS NPOTHO33 OLIEHHBACTCA MO COCTHOMIEHHIO:

& = 0,185Axi /v, (3.114)

rae 8 — 3a6naroBpeMeHHOCTD B Y IPH Ax B KM, a v — B M/C.

Hecnoxno ycTaHOBHTE, 4TO TIPM CKOPOCTH TeYeHHT 1—2 M/C TOMBKO
Ha paccrognuu 130 — 150 kM 0T BepxHe# rpaHHIb! MOXET GBITH BOCTHT-
HYTA CYTOUHAsA 320)1arOBPEMEHHOCTS.

3anaude mopdoMeTpHECCKMX H MAPABIHICCKIX
XapaKTCPHCTMK pycea

Peniense pasHOCTHRIX anrebpandeckux ypasrewuii TpeGyeT sanaHia
byuxumil ofH, x) w K(H, x), rae © ~ niowap nonepeysoro cevehud, K —
MOAYIIE pacxona {cToka) ( K = wev/R ). Penxasa cet, HabmoAcHHIi OrpaHi-
4HBaCT BO3MOKHOCTL YCTAHOBIICHHA 3HaueHHH © u ocobenuo K. lpuxo-
JAMTCA OMPENSNATh MX 3HAYCHUA NYTCM HHTEPIOIAUHH, YTO MPHBOJWT
K SBHO HENOCTATOUHOM TOYHOCTH PAcyera PacxogoR H YPOBHEH BOALL

B paborax [33, 34] dynxuuu o(H, x) n K{(H, x) onpeacnanucs my-
TEM peilleHHd 0OpaTHBIX 3ada4 Ans ypasHenuii Cen-Benana. Ilpn namu-
YHH JAHHBIX H3MEPEHHIi PACXOLOB BOALI BO BXOAHOM H BRIXOGHOM CTBO-
pax u 6onee 4acTRIX HAOMIONCHNWH 3a YPOBHEM BOZM NO ANMHE paceMar-
PHMBAEMOr0 Y4acTKa MOZYJIb PACXOMa 3aMeHseTcd X03Q(HIMEHTOM WIe-
poxoBaToCcTH 1 B hopmyic Hlesn—Mannunra,
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Dyuxunn o(H, x) 1 n’(H, X) NPeACTABIRIOT B BUE Pa3noXeHMHE 1o
nonuHoMaM YeOpimcna:

ofH,x)= goos(x)ws(ﬁ), (3.115)
nz(H,x)=éPs(x)qls(H), (3.116)

rze Ds(x), Ps(x) — xoobduupeHTs! pasnoxcHun; y s(H ) — MOAHHOMBI
YeO6uimesa s-ro HOpaaka.

KoaddbnuuenTnl painoxeHnd onpenensiercs gas N crsopos, cooT-
BETCTBYIOUIHX MECTAM H3MepCHRA ypoeH# BOAbL. CooTRowennsa (3.115)
# (3.116} noncTapngIOT B YpaBHCHHA, IOMYYCHHRIC NMyTSM HHTEIPHpO-
Bauusa nuddepenumanbublX ypasuenuii (3.12) u (3.7) 6e3 HHePIMOHHEBIX
WIEHOB:

;[{m[H,x(x, 7., )] - olx# (x, 1, ))dt = tj[g(o, 1)-OL,1)- AQ(r)] dr, (3.117)

33’%?"3)'"2("'3)"* =HO.)-H(L:),  (.118)

rae AQ(Y) — moTepn Ha pacdeTHOM ydacTke pekn, (A = (1 - K) @ (0, 1);
K — orHoumenue 065eMOB BOJIEI B 3aMBIKAIOIICM ¥ BXOJIHLIX CTBOPAx);
(0, 1), H(0, f) — pacxopsl n ypOBHY BOJIbI BO BXOIMHOM cTBOpE; O (L, /),
H(L, ) - pacxoip! # YpOBHH BOJIbI B 3aMEIKAIOLICM CTBOpE; B — mKpHHa
pycna; n(x, H) - xospduunent mepoxosaroctu lllesn—Manunnra, Ilo-
cNic 3aMEHbl HHTETPAIOBR CYMMaMH TOAY4al0T JIBC CHCTCMBI JIMHCHHRBIX
anreOpaMvecKuX YpaBHEHRi, COOTBETCTRYIONMX YypasHcHuaM (3.7) u
(3.12), 3anpcanssmM 1Uis A MOMCHTOBR BPEMCHH.,

C nenslo nodydesus yCTOHYHBLIX PEIEHMA MCHONB3YIOTCA pery-
napr3upylowni anroputM A. H. Tuxonora. bonee netansHoe H3noxe-
HHe 3T0r0 cnocofa MoxHo Haitru B paboTax [33, 34].
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Fnasa 4

NPOrHO3bl CTOKA

No AAHHbIM O 3AMACE (OBbEME) BOAbI
B PYCNOBOW CETW BACCEAHA

U NPUTOKE BOAbLI B PEYHYIO CETb

4.1. Obmue nonowenun. TeopernueckHe NpeIN0CHYIKH METORA

3anach! BOAB B pYCrOBOH ceTH GacceliHa CyIeCTBEHHO HIMEHAIOT-
€A BO BPEMEHH NOJ BJAMAHHEM B OCHOBHOM MCTCOPONOTrHHECKHX YCIIO-
Biii. OHM pe3ko BO3pacTalOT B NEPHOAB! CHEFOTANHHS H BHINAACHHS IHa-
YHTEIBHOTO KONHYCCTRA WKHAKNMX ocafkoB, Xon konehauns oGvema Bo-
OBl B PyCNOBoii CETR KPYNHOH PEKH CXOAEHR ¢ THApOTpadoM CTOKa: He-
Goneiwoil ofneM BoALl B HAYAIC MONOBOARA, €TO BO3PACTAHHE B NEPHON
CHCrOTAAHMA X0 MAKCHMMAILHOTO 3HAYCHWA M NOCICAyIoLice IUIABHOE
CHHXeHHE pycnoBriX 3anacon. Ha teppuropun HeGonemmx Gaccelinos
00BeM BOJIbI B PYCIIOBOI CETH 3a NECPHOJL, MONOBOABA H3MCHACTCA HE TaK
ILIaBHO, HO M 3[1¢Ch OH B OCHOBHOM IOBTOPACT XOJ CTOKA B 3aMBIKAIO-
WeM CTBOpE.

B momenr Hauﬁonbmero 3A7I0JIHEHHA PYCIOBAd ceTh B Hacceiiax
nnomaneio Gonee 100 000 xm’ BMemaer 1o 60 — 80 % cymMMapHOTo oro-
Ka nonoBomes. Ha Mankx pexax ¢ naomansio Bogochopa 3000 — S000 km’
HanboMbILKE PYCIOBLIE 3anackl cocTarnaoT oT 10 xo 15 % or obuiero
BCCCHHero croxa. Ha HauGonnmee 3anoiHecHHE pPYCNOBOH CMKOCTH
BIHAIOT TaKAC CKOPOCTH: TeUCHMA, HUTHUKE NOMMBL H e pasMephl. [Ipn
MPOYHX PABHBIX YCIOBHAX Ha peKax ¢ MeHbllieH CKOPOCTBIO TCUCHHA
HabmonatoTcs bosee 3HAYHTENBHBIC PYCAOBBIE 3a514CH BOABI,

Mexny mMakcHMalbHRIM OOBLCMOM BOABI B PYCNOBOH CCTH H Han-
GonbIUKM PacxodOM B 3aMBIK3IOLIEM CTBOPE OTMEYACTCA NpPAMAA CBA3D.
MaxkcHManbHEI O0BLEM BOABL B PYC/IOBOH CETH HACTYMACT PAHbLIC MaK-
CHMYMA CTOKA. JTa 3aKOHOMEPHOCTh HCMONB3YETCA NPH RPOrHO3E Hau-
6ONBIIIETO PACXONA BECCHHETD CTOKA 110 PYCIIOBSIM 3aMacaM.

OGseMm BOZIBI B PYCNIOBOit CCTH B 3HAYMTENLHOM CTENICHN OMpeaca-
€T NOCTCAYIOIIHE PAcX0bl BOAb! 3aMBIKAIOLIETO CTBOPA, MTO H NO3BOMA-
€T HCTIOJIL30BATL HAHHBIC O 3anacax BOABI NPH NPOrHo3c croxa. OoHaKo
NpH OOHOM H TOM e 00beMe BOABl €ro pacnpeneneHue Mo pycnosoi
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cetH Gaccefina MoXkeT GBITH pasIHYHBIM, ¥ TO OTPA3UTCs HA OKHIAC-
MbIX PACXOAaX B 3aMBIKAIOIIEM CTBOPE.

Pacnpencnesne o0seMa BOALI B PYCNOBOH CETH TIOXYHHEHO OMpe-
AENEHHOH 3aKOHOMEPHOCTH, CBA3AHHOM ¢ YCNOBHAMM NOCTYMACHMUA H
CTEKaHMA TANOHK ¥AM AOXKACBOH BOAL B BOAOTOKH PA3HOIO MOpPAIKA.
B uccnenosanuax [ocymapcTBeHHOro THAPOROTHYECKOIO WMHCTHTYTA
(ITH) B xavecTBc XapaKTCPHCTHKH pachpcacncHHA o0bema BOABI B rie-
PHOA T10/ICBONLA TIPHHUMANOCh OTHOWEHHEe 00heMa B OZHOM — Tpex oc-
HOBHBIX pekax W x obuemy obnemy sonn! so beeit pyciosoit cetn 6ac-
ceiina W.

3TH JGHHEIC [IPEACTABAAOT 3HAUNTENABHbI BUTEPEC, MOCKONbKY U3-
33 OTPaHHYCHHOCTH YHCIA NTYHKTOB THAPOMETPHYCCKMX HabmomeHHi
10AYAC NPUXOANTCA YUHTHBATE 0OBEEMBI BOJLI TONLKO IMABHOH PEKH H
OCHOBHBIX [TPHTOKOB.

B nepron GOpMHPOBSHHAA BECEHHETO NMONOBOABS HabmonacTes cre-
KaHHe Tanoi BOKL! CO CKIOHOB BO BCE BOJIOTOKH pycioro#t cery Gacceit-
Ha. B mocneayroieM Manbic pekH B ¢BA3M ¢ HeOOMBINMM BPEMCHCM M0~
Gcranug GLICTPO OMCPOXHAIOTCA H NMPOHCXONHT KOHICHTPAUMA BOZSI
CHAauana B CpeqHEH, 4 3aTeM H B KPYIIHOMH PycloBoii ceTH.

B HawancHRH nepHoj N0OBOABA, KOTAA TANad BOJA NOCTYMAET BO
BCC BOAOTOKH, OTHOWeHHe W/ ueloneuioe, MUHHMATLHOC €T0 3HAME-
HHe Habmonaercs B JeHb HAMGONBINETO MPUTOKA BOAB B PYCIOBYIO
cets. 110 Mepe YMCHbIIEHHS NPHTOKA H KOHLCHTpauMH Boxs B Gomce
KPYIHLIX BOJOTOKAX 3TO OTHOIUIEHHE YEEIMUHBAETCA IO MOMCHTA Ha-
CTYINEHHA MAKCUMANLHOrO CTOKa B 3amplkaionieM creope. B mepmopn
cfiaia MONOBORLA oTHOWeHHe W(/IV coxpaHseTcd MOYTH MOCTOSHHELIM,
AMnnuryaa xonebannii /W B nepuon nonoBoAba TeM GOMBILE, YeM
kpynHee OacceliH H YCM INHpPE NOHMBI HA OCHOBHEIX pekax. OTMeueH-
HbIE 3aKOHOMEPHOCTH [OKA3BIBAIOT, YTO B NEPHOX CMAfa NojMoBOAbS Ha
KPYIHBIX PEKaX MOKHO OIpaHHYHTHCA JaHHBIMAP 00 of0beme BOABI TOMB-
KO TIABHOH PeKH H OCHOBHAIX TIPHTOKOR.

PaccMoTpHM TeoperHdeckie NpeAnOCHIIKHE METOLA.

Brinenum B GacceHHe pekH y4acTOK, OTpaHHYCHHSIE HIKAUM (Tpo-
THO3HBIM)} CTBOPOM d REPXHHMH CTYBOPaMHM, BpeMs N00eranusa BOAB! OT
KOTOPBIX JI0 HHXHETrO CTBOpa pasHo t. B ocHOBY mporuosa cpemmero
PacXofa BOAB HIDKHETO CTROpA MONOXEHO NPUOAKEHHOS YpaBHEHHE
BogHoro banamnca:
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Ts1

T+
S0 A=W, +3 gAs, 4.1)
T T

Tir
rae > O,Af — CTOK 9epe3 HIKHMH CTBOP BRIGPAHHOTO YUACTKA PEKH OT
T

MomenTa BpeMeHH T (maTa BBITYCKA HpPOrHO3&) A0 MOMEHTA BPCMEHH

T+ 7; W; - 3anac (o6beM) BOABI B pyCIOBOI ceTH BRIOpaNHOTO yyacTka

T+
PEKH B MOMCHT BRIITYCKA IIPOrHo3a; Zqﬁf = IPHTOK BOBI B DYCIOBYIO
T

ceTh B Mpefienax RaHHOTO YYacTKa PeKH 3a nepHoa ot T ao T+ 1.

Iipexmnonaras, ¥TO NOAICMHBIA CTOK Ma0 H3MEHACTCA, a TMPHTOK
NOBEPXHOCTHLIX BOX 3a TCpHoj 3a0IaroBpeMEHHOCTH TPOTHO3a HE3HA-
YHTENeH O CPaBHEHHIO ¢ 06BEMOM BOLLI B PYCNOBOH CETH, BHIPAXKCHHE
(4.1) MOXeM 3anHCATH B BUIE

Tt
;QuAf“f(Wr} (4.2)

31a 3aBUCAMOCTE HCIIONMB3YETCA AN MPOTHO3A CPEAHErd pacxofa
BOREL 32 BpeMA T (MeHTana, Ackaja) MyTeM YCTaHOBJCHHA CBR3H!

Oy,.. = ), (4.3)

3aech {0y, — CPCOHHI PAacxo/l BOXBL B HIDKHCM CTBope 3a niepuon T+ 1.

3abnaroppeMCHHOCTE MPOTHO3a MO 3TO 3aBHCHMOCTH PaBHA NOJ0-
HUMHE CpefiHero BpeMeHH JoleraHua (1/2) pycnoBoro ¢roka OT BEPXHHX
creopos Ao HxHero. Henomesosanne seipaxenss (4.3) Bo3MoXHO JHINB
B yCHoBHAX HeGOMBIIOrO 116 CPABHEHHIO C 3aNlacoM BOAB! B pyciosoit cetn
DPHTOKA BOIK! 33 mepHoj 3abmaroepemeHnocTn mporxosa. flomoOubie
YCIIOBHS OTMEYALOTCH B IIEPHOAB! JISTHEH B 3HMHEH Mexxenr. Hantyqnme
PE3YIALTATH MPOrHO3HPOBAHMA MOMY4EHH Ha PeKax NECOCTCIHOH H CTen-
Hoit 30HE. B 2THX Gacceiinax mocne OKOHYAHHA HENPONOMKHTETLHOTO
CHETOTASHAA MPHTOK BOABI B PEMHYIO CETH HESHAMHTCIIEHAIH.

3apucumocTs (4.3) MOXKeT ORITH HCIIONB3OBAHA UM B ClIydae CYILECT-
BEHHOIO MPHTOKa, HO MAJIOH ero H3MEHYHBOCTH H3 TOAA B I'OA.

B nepuoant BeceHHETC MONOBOJLA H JOKAEBBIX TIABOJKOB HMEST
MECTO HHTEHCHBHBIH NPHTOK BoAbl. Ero 3xauenue 3a mepuop 3abnarg-
BPEMCHHOCTH H3MeHAeTCH B GOAbIIMX npefenax, B Takux cayyasx He-
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o0XOmHMO YYHTHIBATH BIHAHHME NPHTOKA ITYTEM MOCTPOCHHA 3aBHCHMO-
CTH BHAA

O, =S Fr.0r..), (4.9)
necs ¢r,, -- NPHTOK BOALI B PYCHOBYIO CeTh 32 mepuon 3abnarospe-
MEHHOCTH NPOrHo3a,

C yBe/nMYCHHEM MCPHONA, HA KOTOPBIM BBITYCKACTCA MPOTHO3, POlh
3amacoB BOIOBI YMCHLII.IZBTO!I H BOBpﬂCT&CT JHAYCHHE npmoxa

4.2, Onpepgeneuye 3anacon BOALI B PYCAOBO#H ceTH

O06neM BOIR B pycnoBoit ceTH Gacceiia Ha RAaTy BHINMYCKAa NPOrso-
3a ofbraio onpegenderca Kak cymma ofbeMOB BOAR Ha OTACIBHBIX y4a-
CTKax:

iwn
W=W,+W,+.+W,=2W, 4.5)
=l

rhe W) — o0beM BOIRI Ha i-M YIACTKE; 77 — YUCIIO YIACTKOB.

Ha xaxmoM i-M y4acTke pekd o6bheM BONBI MOXCT OBRITH BBIYHCIICH
N0 F’HAPOMETPHYCCKUM JAHHBIM HITH TIO KpyuBbiM 00bemos. Obbem BoabI
Ha GECUPHTOYHOM YYACTKE PEKH MPH HANHYHM OTPAHHYBBAIONIMX STOT
Y4acTOK CTBOPOB ONPCASNACTCH IO CPEAHEMY Pacxony HmxHero (J, K
BEPXHETO (), CTBOPOB H BPCMEHH HOGCraHUA MCKIY HHMH, T.C.

W =Qt-86 400 =Q¢’2’Q'-—c -86 400, (4.6)

TAC PACXOZ BOMBI — B M/C, BpeMA X0GCTaHMs — B CYT., 3 0GKCM — B M.
Cpenunfi pacxofi BOIBI ONMPECIACTCA HMCXOAA M3 NMPEANOCHUIKM SIH-

HEHHOrO PACNpE/ICICHHA PACXOMIOR BOIM MO JUIHHE Y4acTKa. 3Ta mpeaio-

CEUIKA CTIpaBeIUTHBA /1% YHACTKOB © BpeMeHen moferasma ve 6onee 5 cyT.
Ha npuroynoM ydacrke pexu o6bem BOAB BRITHCIACTCA MO (Hop-

MyJne

W=-QL+-EZ—:-QJ—?-86 400, (4.7)

TAe 32,0, — CyMMa PacXOBOB BEpXHMX CTBOPOB YHacTKa, T — cpeaHee
BpeMA moberaaus or BCPXHEX CTEOPOEB A0 HHKHCTO,

3mayenue T ompeAenfeTcA Kak cpegHec apudMeTnucckoe, ecnu
BOLHOCTh PEK B BEPXHHX CTBOPAX Y4acTKa IPHMEPHO OAMHAKOBA; B NPO-
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TMBHOM CITy4ac cpeAHee Bpemst Zo0craHuA OnpeaenscTcqd Kak CpemHe-
B3BELICHHOE N0 BEIPOKEHUIO:

k=m -

T=ddl {4.8)

A #t — 9HCTI0 BEPXHMX CTBOPOB YYaCTKa; Ty — BPEMS PYCIOBOre AoGeraHus
OT k-TO BEPXHENG CTBOPA YHACTKa IO HHKHETO CTBOPA; (), -~ CPEAHEMHOIO-
JISTHHIH PACXOJ B BEPXHEM k-M CTBOPE YUaCTKA.

BrupcnHe ofbeM BOZBL Ha YYAaCTKE, MOXHO MOCTPOHTE KPHEYIO
obeemoB W =f(0).

PaccMOTpHM HECKONBKO CROCOGOBR MOCTpOocHMA KpHBOH 06nEMOB.
B ocnoBe 0ABOTO K3 CnocofOB NOCTPOCHHUA KPHBOH OOBEMORB JISKHT HC-
[OJB30OBAHHE CPEOHEB3BEUICHHOIO HA YYACTKE PEKHM Pacxofia oAbl é

[lpH HesHaYHTENbHOH KPHBH3HE THHHH PACXOAOB BOAELI IO JUIHHE NpPH-
MCHAIOT 3aBHCHMOCTL BHAIA

W=10. (4.9)

Bpemx noferadns T ONpEACHACTCE NO cpenHedl CKOPOCTH feTIcHHA
t=L/v,1He

y= aéﬂ.zsiﬂjs , (4.10)

3[eCh 4 — napaMerp, onpeaenaeMbiil Mo gaHAsM P. A. Hexxuxosckoro
{40] B 3apKECHMOCTH OT OTHOLICHHA CPEHEH WHPHHKI PEKH B NONOBOIEE
K cpeaHeil IIMPHHE B MEAEHB WM OT OTHOILCHHA CPEMHEH IIHPHHEI pe-

KH B k cpenueii Makcumanenoit romy6ure A, Ha yuacTKe OpPH DaHHOM

pacxome (; i — cpenHMil YKIOH BOTHOI MOBEPXHOCTH HA YUACTKE B Me-
KeKb, %o.

CpennenspeteHHbilt pacxon Ha IPUTOYHOM Y4aCTKE PEKM onpene-
AAETCA ¢ YYETOM THNA MPUTOYHOCTH (puc. 4.1).

B cnyuae paccpenoToucHuoro 60KoBOTO NPHTOKA NPH HADACTAHHH
wioniany Oaccefina Gonblileli YacTBI0 B HMKHEH MONOBMHE Y4acTka
(puc. 4.1, @) pacxon BEIYHCNINETCA N0 BEPAKEHHIO:
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Puc. 4.1. Cxema NPHTOMHEIX YHacTKOB pex.

0=rQ, +(1-NQ,, (4.11)

rae r — koohPHIHEHRT, OTPAXKAIOIMHE YAENbHOS BAMAHKE PACXONOE BEPX-
HETO H BHKHErO CTROPOB YYACTKA, PABHBLIN

= ‘.[-"‘1 +[1 —-F-'-]], (4.12)
AW F

rae L, u F) — UMK B IWiomans Boxoc6opa BEPXHEro MOAY$ACTKa COOT-
BCTCTBEHHO; L u F — 10 e And BCero y4acTka.

H3 ewipaxenna (4.12) suano, 9TO Ha MPHTOYHOM YYacTKE DEKH,
B OTIHYHE OT GECTIPHTOTHOrO, BIHAHME HUXHCTO CTBOpa MOXer OblTh
He TONBKO 00ibIle, YeM BEPXHET0, HO ¥ MeHbile. Tax, IpH apcuMyIle-
CTBEHHOM YBEJINYECHHH pacxofa BOAbl B HKHeH mOMOBHHE Y9acTKa KO-
stpdumment npr O, Gonbmwe, ueM npu Oy, H Ba000POT, PH HAPACTAHUA
nnomami GacceliHa, B OCHOBHOM B BepxHel yacTH ydacTka (puc. 4.1, 6),
K03 pHHEnHT ¥ MEHbIIE TIpH (0,

Ecnu na aomo snapawolleil Ha y9acTxe ONHOH PEKH NPHXOIHTCA
Gonee nomosuHe! npHTOKa {pHC. 4.1, 8), K0d3PDHIHCHT paccYnTHIBAETCA

no gopmyne:
P (1_LGs
2 [2 LJQG’ 9

rae (s m Qg — obmuit n cocpeOTONCHHBIR pacXxoR Gokosoro mpuTOKa
Ha y4acTke; L — Juiina Beero yyacTka (puc. 4.2).

94



B opHopoaHbX ycio-
BUAX (GOPMHPOBAHKA CTOXA
OTHOILEHHE pacxogos
0/ 0 MOXKHO 3aMEHHTH

OTHOLICHHEM  fUTOMIanci
BogocGopos F\/F, rae Fy —
mIoimnank Bonocﬁopa BOa~-
JAIOIIETO KPYNHOTO IpH-
Toka. B orom cmydae mpm
BrAfCHHH OPUTOKA B BepX-  Pic. 4.2. Hamenenus pacxonos BOLM HA y4acTie
Heli TONOBMHE yuacTKa PekH NP COCDEAOTOUEHHOM GoxonoM mpHTOKE. L}
YHACNBHOE BIMAHHE PaCXOia - MAMHA BEPAHETO NOMYYACTKA A0 YOTHI BIANAI-

el pexy; Ly paccToaHHe AoYCTbA BARatoLEd
(s Mensme, pacxola Ou, @ pegy go muxsero crbopa ywacrka; C D - cocpe-

TIPH BIAACHHH B HIDKHCH notoucuubilt Gokosok npHTOK O .
NONOBHHE — HACOOPOT,

B ciy4ae cnuAHHA peK OPHMEpPHO OfHOTO pasMepa (pHe. 4.1, 2) npu
ONpEeAeNeHHH CPEHEB3BEINICHHOTO PACXOMa YUHTBIBAETCA BpeMs nobc-
TaHHA Ha OTHCTbHLIX MOXYYACTKEX M MnomazH ux Oacceifnos. Ve
B OKOHYATEALHOM BHAC dopMyna 1M BLYACACHHE o6BCMa BOABI Ha
Y4acTKe paccCMaTpHBACMOTO THIIA KMECT BHIL:

W=(t, +7,)0, +(t, +1,)0, +6(0, -0, -0.), (4.19)

L Ly

T3

rac b=
A 2

1 F F.
+2[(1:, +t2)F'+(1:2+1:3) ;], 4.15)

3AECh T, T2, Ty — BpeMsA HoOeranuA Ha MOAYYacTKax; F — obmiag mio-
wams yacTeoro Gaccelina; Fy v Fy — nioiazu Gaccelilos NByX BepxHHX
MONYYACTKOB,

Ha HeGonbuux pexax, orpaHHYeHHBIX OOHEM CTBOPOM, YIANEHHEIM
of uctoka Ha 80 — 100 xM, KpHBY:O 00BLEMOB PEKOMECHAYETCH YCTaHAB-
IMEBATE MO BETBH CNIANA NABO/IKA. JTO HOMYCTHMO B CTydyae, 6CAH MpH-
TOK BOIbl B PYCHOBYIO CETh B IEPHOJ CNAajga OTCYTCTBYET MIIH W3 roja
B IOJ COXpaHgeTcs nprMepHo nocroauuuM, IIph aTHX yomoBusx nocue
NPEKPALICHAS MPUTOKA BOAK B PYCIOBYIO CETH 0fbeM CTOKA, RPOXOad-
IHH Yepes 3aMBIKAKOILMI CTBOp A0 KOHLA NaBOAKA (32 BhueTOM 00BEMa
NPHTOKA FPYHTOBBIX BOX), PaBCH 00LEMY BOMBI B PYCIOBOiH CETH.
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B peamsHLIX YCHOBMAX B NEPHOJ CNAAA NMONOBOALA B PYCIOBYIO
€CTh MOTYT TMOCTYHATH TANbiC W JOWACRbie BoAbl. Torna o6nem BoAw!
B pycnoso#i cetu Gyser BKIIOYATh H 0OBEM NPHTOKA B PYCIOBYIO CETh.
C denelo MCKMOYEHUA BAHAHMA NPHTOKA UCOQIB3YETCA CICKYIOMHH
cniocof. BrifnpacTcs HeCKONsKO YCTONYHBLIX KpPHBHIX ¢liama B rofel
C NPYXKHBIM H BRICOKHM BECCHHHM TOAOBOIREM. 3a BpeMA criaja ioJo-
BOABA CTPOAT IPaMK CBASH CPEHHHX CYTOYHBIX PACXOHOB BOABI CMEX-
Heix gHefl O = AQ). Ha rpapmxe co cTOpOHH ocH (J; MPOBOIHTCA
orubaloman xpuBas. Ota ornGatomas B HIDKHEH YacTH OPHEHTHPYETCS
Ha TOYKY, COOTBETCTBYIONIYIO PACXONy YCTOHYHBOIrO IPYHTOBOTO MHTa-
aug O, (puc. 4.3).

a} &)

o
Qs

[+ S - — L

&
+*
o
- e e s
———p

———————— L — _92 — L ----%----—-----—-

Puc. 4.3. Cxema nepectpoeHus mnkHed orubaouiell kpusoil Ha rpaduike cagau
O:v1 = A0)} () B xpHBYI0 cnana nasoaxa O, (6).

C noMomeio 310l KpHBOIt MPOHIBOANTCA NOCTPOCHHE KpHBOH cha-
Ia. Jna s1T0ro, Henons3ys HaubGonbiiee HAYANLHOE IHAYCHWE PacXoia
Co, ompexendem no orubaiowell xpHBoH Ha OCH OPAMHAT COOTBETCT-
BylOLICE eMY 3HaucHue (). Taxum xe obpasoM mo () ycraHasmmuBaeM (»

H T. A. Ycradopus 3uaueHue Oy, Oy, 0s,..., Oy, CTPOUM KPHBYIO CHIAAR.
OtcueT BpeMeHn BeReTCA OT JHA HACTYIUICHHA pacxoxa Oy,

(s
Cymma pasHOCTEH eXeHEBHBIX PACXOA0B Z(Q, -@,,) or konua
f

cnaja #; AC MOMeHTa ! (XoA Ha3aj) MPEACTARMACT Pa3sHOCTL 06BEMOB
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W, — W, cooTBETCTBYIONTYIO pacxomy {Jr. Otciona o6hem BORL! HA ATy
t paBeH

W, = 86400i(Q, -0, )+¥, =1(0). (4.16)

Hocrporm 3aBHCHMOCTE W, = f (Q,) 3a pAN JIET H YCTAHOBUM cpef~
HIOI0 KPHBYIO 00BeMOB.

Ha yuacTkax pex, orpaHH4eHHbIX MUIPOMCTPHUSCKHMY CTBOpAMH,
KpHBag 00BEMOB YCTaHBBAHBACTCA ¢ MCTIONBL3OBAHHEM YPABHEHHR BOA-
Horo 6anaxca:

AW =Q, At + gt -0 ,Ar, 417

rEe AW — namencHue o0LEMa BONEI HA YYACTKE 33 NEPHOR MEXKTY Ha-
YANLHBIM H KOHEYHBIM MOMEeRTOM Bpemet; O, ¥ O, — cpeauui pacxon
BOJIb] COOTBCTCTBEHHO B BEPXHEM H HIDKHEM CTBOPAX 33 3TOT XKE NEpPH-
Of; gs — CpeAHHit GoxoBoit MPHTOK MK CTOK B PEKY HA YYACTKE MEXEY
BEPXHHM H HIDKHHM CTBOPaMH.

Boworoit HPHTOR onpefensierca nO JAHHLIM O PAcXOmAX BOARL, BIA-
DACUIHX HA YIacTKe pex. ECIH Ha yHacTke, KpOME NPHTOKA, HA KOTOPOM
H3MEPAIOTCA PacXo/ihl, BIAAKT HeGomIne pekn, Fe He BeAyTCH Habnro-
Aesaud, obmuit pacxon GOROBOFO MPUTOKA BEMVCIAETCA O BHIPOKECHHIO!

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

TRe Onp — PACXOJ BOIBI, BMANAIOLIETO HA Y4acTKE MpuTOKA; K — Koad-
buuneHT, onpeaenseMptii H3 ycnosns GanaHca 33 MaBOAOK!

K= (Wn - W, BT Wltp)lwups (4'19)

rae Wy, W, 1 Wy, — o0beM BOZB 32 NEPHOA MABONKA COOTBETCTBCHHO
B HIDKHEM, BEPXHEM CTBOPAX M Ha NMPUTOKE.

IlocnenoBaTenbHO CYMMHpPYS H3MEHCHHS o0BCMa BOZM IO BHIpa-
HeRHI0 (4.17) Ha MOMEHTBI BPEMEHHU {y, 12, /s H T. . ¥ OTHECA BEIYUCICH-
Hule 00BEMBI K CpeIHEMY PACXOMY BOAH HA YYaCTKEe () MIIM K 3HAYSHWIO
pacxofia HWKHero crBopa (, 3a 3Tl )KE AATHI, MOXKEM NOCTPOHTH KpH-

Byto obseMoB W = £ O ) nmu W = 0.

Tlpa ycraHOBNEHMH STHX 3ABMCHMOCTCH WCIONB3YIOTCA MABOAKH
C HHTCHCHBHBIM MOXBEMOM U CIANOM H PasHEIMH MakcHMyMaMu. Pacue-
TH MOTYT BLINONHATHCA 32 Bech MABOMOK MM TOALKO 33 BPpEMA €ro Cha-
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Ja. B nocneaneM cnyuae cymMmupoBaHHe 00BEMa BEACTCA XOAOM HAIaN
OT KOHNA CHaja MABOJKA K €ro Hauyamy. JTHM CaMbiM YHACTCA YMEHB-
muTh omnbKy onpegencHua o0LeMa BOALl HA YHACTKE MDY HETOYHOM
onpeaeneruA HOKOBOrO NPHTOKA.

Kpuable 06bEMOR 32 PAN XapaKTCPHBIX JIET HAHOCAT Ha OJHH Ipa-
UK, MPHBOA HX K OAHOMY NPOKIBOJNLHO BHIOPAHHOMY pacXoxy. 3aTeM
nposoaaT orubalonryro mo HauGonec HAKMOHHBIM Y4YAaCTKaM KpHBOH
K OCH PacxXofoB. JTa KpHBad OTBCYACT YCNOBHAM OTCYTCTBHA HIM He-
3HAYKTC/IBHOTO OIPHTOKA BOABI B PYCIOBYIO CETh.

Hoxpobuee cnocobsl ompegeneHus oObeMa BOOLI B PYCnoBoit cetw
GacceifHa B NOCTpoeHMA KpHBOH 006BneMOB NprBoOAAATCA B paborax [8, 52].

PaccMOTpeHHRIC croco0sl MO3BONAIOT ONPEACNATL 3anackl BOJIE!
TO/IbKO B TO# HacTH pycioBoH CeTH, KOTOpad OCBCICHA AAHHEIMH ITYHK-
TOB FHApoMeTpuueckux HaOmropensil. O6neM Bojas B MeNkoil, a 4ac-
THHHO H B cpeHeii pycnoBoil ceTH NPaKTHYECKM HE YIHTHIBACTCA.

C uenpio OUEHKH NOMHBIX 3aMacOB BOJK! HCTIONL3YETCA PAd MOAceH
cTpoeruA pednoii cetu. B HX ocHOBe NekHT BencHue pevHoH ceTH Ha no-
TOKH ONpPEISNCHHOTC NOPANKa. JHEeMCHTAPHLIC HCPa3BETRICHHLIE PYCHA,
NOYYAIOIIME BOAY HENOCPSACTBCHHO CO CIJIOHOB, OTHOCATCA K BOAOTO-
KaM MEPBOTo Nopafka. CTOK Ha DTHX BOROTOKaX HabmopacTcs nepBoms-
YCCKH BO BPEMS BECEHHErO CHETOTAaAHUA U UpH (OPMHPOBAHUK 3HAUM-
TENLHBIX MABONKOB JIHBHCBOIO MPOHCXOXKICHHA. CJIHB&HCL, STH BOAOTOKH
HalT Hayano BOJNOTOKAM BTOPOre NOPsKA, KOoTophie obpasyior pexu
TPETHEr0 HOPANKA K T. I.

Bozorokn ogHoro nopaaxa MMeioT ONH3KME THAPaBIMYCCKHE M
MOP(POMETPHUECKHE XapPAaKTCPUCTAKH, KOTOPLIC B3AHMOCBR3AaHBI H OT-
PaXaloT NpHCYLIHe HM ocobeHHOCTH.

O6beM Bob B peunoit ceT onpelenserca o ceAylomel Gopmyne:

W=I| N1m|+I;N2m2+...+I,,N,.m,,, (420)

rae /, N, ® — cooTBeTCTBCHHO cpeaHsd ANMHA, YMCHO M CPeRHAA Mo~
INAAE JHBOIO CEYEHMS BOJOTOKOB COOTBETCTBYIOLLCIO MOPAAKa (MHAEKC
YKa3biBaeT HA NOPANOK BOJIOTOKS).

Ipu pacuere 06beMa BOAB: MO Bhpaxeumo (4.20) cpeauue xapak-
TEPMCTHKH OTOKOB OAHOIO NMCPANKA M HX YHCHO ANIA PEK, Ha¥HHAaA ¢ 6-ro
NOPARKa, ONPELeNgioTcs No CHpaBovHHKY «['Haponormyeckas M3ydeH-
HOCTb», 2 JUIfl TIOTOKOB MEHBIIICTO MOPAJAKA — HA OCHOBE COOTHOLUCHHH
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MEHIY XAPAKTEPUCTUKAMH TFOTOKOB PA3HOTO MOPANKE, YCTAHOBIEHHEIX
H. A. Pxamaueissiv v obobmenntix FO. B, opGyHoseiv [49, 52].
ITH COOTHOHIEHHA HMEKT CIEAYIONHIE BHA;

b=l /XY, “.21

N, ={(2,077~0,077n) /(2,077 - 0077(n + a)]}N,, K5, (4.22)

©, = Oy 0,013087-08™ 15 12 4.23)

aneck I, ¥ l.p Ny H Nyig, ©y ¥ 00444 — COOTRETCTRBEHHO CPEAHASR JUIHHA, YHC-
JI0 M CpeiHAA INIOIALh KHBOO CEUCHMA BONOTOKOB h-TO H (n+a)-ro mo-
pAOKOB; K — COOTHOWEHHE MEKHY JTHHAMHA NOTOKOB CMSHHBIX NOPALKOB.

IMapametp Ky pasen 1,83 ama pex crennoit u necocrenHoit 30HEI,
1,41 — necnoii jouu1 n 1,26 — 3a6onoucHurix HaccefiHos; K; — cooTHO-
ICHAE MEAY YHCIIOM MOTOKOR CMEXKHBIX MOPAXKOB. ITOT KoadupuLHeHT
H3MCHACTCA B 33BHCHMOCTH OT MECTOROAOKeHHA acceliwos ot 2,5 no 4.

3asucumoctu (4.21) — (4.23) npubnmikennHble, NOCKOMBKY MONyde-
HbI 11 IEPHOAA MEXKCHY ¥ NPH BLICOKOH BOOHOCTH MOTYT H3IMCHATHCA.

P.A. Hesxvxoeckusi f1s ONPEAEIEHH HOHLIX PYCTIOBRIX 3a1IacoR Bo-
ZIbI BHIAEIET KPYSIHYI0, CPEIHIOIO H MEJIKYIO PYClIoBYIO ceth Gacceitna (40].

Brizenesue KpynHoH pyclnoBOH CETH NPOHIBORHICA C YIETOM Das-
mepa Gacceitna. B Gaccefinax mommasio B npenenax 15 000 — 100 000 xd’
B Ka9CCTBE BCPXHHX TPaHHYHBIX CTBOPOB M3DHPAKOTCA CTBOPHI, YRANCH-
HEle OT HCTOKOR Ha 100 xM. Jina pek ¢ F > 100 000 km® Bepxuue cTROpS!
yIATeRs] OT MCTOK2 Ha 150 kM; Ana HeGombuux pek ¢ F < 15 000 g’
PCKOMEHKYETCA HCMOAB30BATh TPAHHYHLIE CTBOPDI, YAANIEHHBIE OT $ICTO-
xa Ha 50 xM. HioxHHM CTBOpOM ARNAETCA 3AMBIKAIOILHE CTBOD PaceMar-
pusacmoro Gaccefina.

Hon cpempedl pyclioBoil CETHIO NMOHHMAITCA BCE OTPE3KH PYCIOBOI
CHCTEMBI, OTPAHMUCHHBI CBEPXY CTBOPAMH, YOANCHHBIMK OT HCTOKa Ha 10
KM, & CHH3Y, B 38BICHMOCTH OT nnotany Sacceiifia, — na 50, 100 amm 150 v,

K Menkoii pycioBoif cern oTHECEHB MaNbiC PEKH ¢ ATHHOM MeHee
10 xm u 10-KUROMETPOBLIC BEPUIHHEI CPEAHHX H OonsmuX pek. Cxema
pacuieHeHNA pyCloBoil CETH NMOKa3aHa Ha pic. 4.4,

BrigeneHHad kpyiHas pycioBas ¢eTh pa3GHBACTCH Ha YJacTKH, ANs
KaXI0T0 M3 KOTOPEIX 00BeM BOAbI OMPERCAACTCA Y10 CPEAHEMY PACXOAY
H KpuBoH 0fbeMOB, HO Yalle 11O CPECAREMY PAcXOXy k BpeMenH aobera-
Huzx (4.6), (4.7).
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Puc. 4.4. Cxema pacueHenma pycaonoif cetu Gaceeiina:
a wua Gonmne (1), cpenmuite (2) u Manue(3) peky; 6 - Ha xpyndyio ([), cpeamiore (2)
# MeNKy1o (3) pycRoByIo CeTh.
L — nRuHa DEKH. N — HHCHO nek.

Ha nputounoM yuacTke cpeauuil B3BelieHHEH pacxox () onpene-
nSeTcA B 3ABHCHMOCTH OT THNA GOKOBOH HPHTOUHOCTH — PacCperoTo-
YEHHOTO WIH COCPEAOTOMEHHOTO. JTHM CaMbiM YYHTRB2CTCA BO3MOXK-
HOCTB HEMHHCI{HOTO M3MCHEHHN PACXOfa N0 JUTHHE PEKH, 0coBeHHO Ha
MPUTOYHSIX YY4CTKAX B CIIy¥ac, €CiiM pacxof 60K0BOTO NpHTOKa Mpe-
BBILLAET PACXOJl B BEPXHEM CTBOPE YHaCTKa.

TIpk GTCYTCTBHHE MYHKTOB THAPOMETPUHECKHX HaOMONCHHHA Ha y4a-
CTKaX KpYINHOH pycnosoil ceTH CpefiHH pacxol YCTAHABIHMBACTCH OX-
HUM U3 ClenyIonHx cnocobos:

- HBeliHON HHTEpHOAALHE PACXOLOB MO JUIMHE PEKA NPH HE3Ha-
YHTENBHOM G0KOBOM MPHTOKE;

— NnHEHHOM HATEpROMALMER MoAyNel pacXoaa no AJiHHE PEKH HIH
no msomany rogechopa npM HEIHAUMTENLHOM GOKOBOM NPUTOKC HA
y4acTKe;

— MO PACXOAY BOAKI HA PCKE-aHAaNore ¢ yUeToM COOTHOIIEHHA TUIO-
manedt soaocbopos;

~ MO CpeaHeMy MOXYNEO PAcXoAa HECKONLKUX PeK-aHANIoros AIA
KOHLIEBEIX YYaCTKOB PeK.

B cpemieii u Meaxoii pycnosoi cetn ofsem sopst (10° M*) onpene-
JACTCA N0 GopMyne:
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W =AM, (4.29)
THE A ~ napaMeTp, BEIMHCIAEMELH 10 BhIpaskeHHIO

A=0,01(0,5n,f, + Mo 1o + -+ oo foo + 05 Sica) s (4.25)

3.ECh My — YACJO HCTOKOB HIIH ofmlee MMCIO PYCeR B CHCTEME; Mg, Mg,
vvry Migo — YHMCTIO CTROPORB, YAANECHHRIX OT WUCTOKOB pek Ha 10, 20, ...,
100 xm; f, fio, - --5 fioo — CPCAHAA WIOLANE BOKOCOOPOB A0 3THX CTROPOB;
M — cpeannii MoIoyne pacxoaa [M*/(c-xm?)] HeGonbuIHx PeK-aHaNOTOB,
IOMATH BOROCOOpa KOTOPHIX 3ABHCAT OT YAANEHHOCTH IPaHHYHBIX
CTBOPOB OT MCTOKOB; V — CPEIHAA CKOPOCTH TedeHMa (M/c), onpenense-
Mas o popmyne (4.10).

Tpu noacyere gncna pex mmiHoA Gonee 10 kM HEROIB3YIOT CrpaBod-
HiEK «[MOPONOTHMYCCKas M3YHERHOCT), a AN OMPElENCHUA MHCIA PEK C
JuthHO#% McHee 10 kM mcmoneayiorcs pexoMenzamun PA, Hexaxorckoro
0 uHChe 5THX peK Ha 1000 kM WIOWAAN B PANIHYHEIX MPHPOIHBIX 30HAX
(TynapoBas, IeCHad, ICCOCTEIHAN, CTCTIHAA, IIOTYITyCThIHHAN).

INapameTp A [14 pex PABHHHHBIX PafOHOB NAOCWANBIO > 25 000 1o’
MOXHC NpHOIIKEHEO YCTAHOBATE 10 GopMyne:

A=CF+D, (4.26)

rae O u D — napaMeTpsl, ORPEREAEMBIC B 3ABHCHMOCTH OT NMPHPOIHOH
30HBI H AMaNa3oHa cpedHelt H Menkofi pycrmosoit ceru; F — obwas nito-
iaAk, COOTBETCTRYIOMANA CPpeaHe H MenKoH pYCIOBOH CETH.

Crenyer OTMETHYS, 410 066eM BO/IB, BRMHCNEHHEIH Ha OCHOBC MO-
AeiH CTPOCHHA peaHoi ceTH, IO CYIecTRY NpeacTaBnger cobol HHACKC
PYCcnoBHX 3amacoB. Heobxomumo onmpenennuts KodhpuumeHT nepexona
OT TOT'0 MHAEKCA K 3a1acaM BOALI B PYCIIOBO#H CCTH, YCTAHOBRIEHHEIM 110
YPaBHECHHIO BOAHOrO GanaHca,

4.3. lIporao3s! ¢ToKA N0 AAHHALIM 0 PYCIOBLIX 3aHACAX
H OPHTOKE BOALI B PEYHYI0 ¢eTh

B ocHoBe mporHosa CTOKA B YCIOBHAX OTCYTCTRMR HIH HE3HaUH-
TENbHOTO IPHTOKA MOBEPXHOCTHBIX BOJ AKHT 3ABHCHMOCTD Buaa (4.3).
MonobHag 3aBECHMOCTE MCMONL3YETCA B NEPHOOM NeTHEH M 3uMHeil
MEXEHHK UM NPOTHO3a CPEAHETO PACXOAa BOABI 32 HHTCPBAN BPEMEHH OT
5 no 15 cyr. 3abnaroppeMeHHOCTD IPOrHO3A CPEAHETO PACXOA2 10 AaH-
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HBIM HCCNEe/IOBaHMA HECKONLKO MEHEBINE BPCMEHH Joberanuma BONbl OT
BCPXHUX CTBOPOB G 3aMBIKAIOLLCTO CTBOPA, HO Gonbuie speMeRH fobe-
raHHa OT UeHTpa TKecTH Oacceita, Ha npakrike 3a0AaroBpeMEHBOCTh
NPOTHO38 T2CTO MPHHAMACTCA pPaBHOi obmeMy epeMeHH noberanvd py-
CNOBOTO CTOKA,

B mepuon seceHnero noI0BOALA M NOXEBBIX MABOJKOB IIPHTOK
BOJILI B PEYHYIO CETh B NOCIEAYIOIHHA 5I0CNE BHITYCKa MPOrHO3a MEPHOA
BCCHMA CYMICCTBCHHBIN, H B 3TOM CNyYae AJIA TIPOTHO33 MCMOJIBL3YETCA
3aBHCHMOCTE BHAa (4.4).

C yeenuucHueMm 3a0naroBpeMEHHOCTH IPOTHO33 YMCHBIIACTCA
ponk 3amacoB BOAbI ¢ PYCHOBOH ceTH Wr M BO3pacTacT BAMAHMC IOCIC-
OYIOUICro TPHTOKA ¢rs.. [IPOTHOZHpOBAHHE CPERHETO PAcXoAa BO/IBI B
3TOM Cilydac Jallie BCerd OCYIUECTBISETCA O YPABHEHHIO BUA

Or.. =YW; +Bgr, @27
rae Y — yraosoit koo ouuHeHT HiKHe# orubaloieH PAMOR THHHH Ha
rpaduke ceazn Oy, = fi (W,.); gr ~ TIPHTOK BOJL! B PYCNOBYIO CETh, BH-

YHCIMEMbIH MO YPAaBHEHHIO BOAHOrO OanaHca MIM MO JAHHLIM O CTOKE
MANBIX PCK HAa MOMEHT BRITYCKA Nporno3a; B — yrioeoil xodp@uuucHT

cpenHeil nunmy Ha rpaduxe casu Or,, — Wy = flg; ).
3asucumocTs {4.27) ocHoBana Ha NPEANOIOKEHMU, YTO MPEHCKAb-
BacMblfl CpEIHEH pacXoll BOAL! ONMPEACIACTCA, C ONHOH CTOPOHE!, Ha4aNb-

HBIM 3aIacoM BOJIBI B PYCIICBOH CCTH, a C APYTOH — MOCHEAYIOIHM CYM-
T
MapHLIM TPHTOKOM 33 MMEPHOI 3a01aroBpeMEHHOCTH POTHO3a ) g , KOTO-
T

pblﬁ 3ABMCHT OT 3HAYCHMA NPHTOKA g7, T.C. HMCCTCA CBA3DL
T+t

@q = f{qr)- (4.28)

Ecna e cBA3b BuAa (4.28) oTcyTCTBYCT, A4 NMPOrHO3a CPeOMErD
pacxoRa NPHMEHACTCA APYIOC YPABHEHHE:

QTH: =YWT +qT+’t‘ (429)
rae gqrp,, — [lOCJICJI}’!OIJ.[Hﬁ MPUTOK BOJBI B PYCMOBYIO CETH, KOTOpHﬁ
BEITHCIACTCA 110 Pa3sHOCTH MEXKOY l‘.l]aKTH‘IGCKHM é«r +¢ H YCTAHOBIICH-

HbiM 00 rpadmky caasa Oy, = f(W; ). Tlo NONyYeHHBIM RAHHEIM CTPO-
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AT rPaQHK CBAZM CMEXKHBIX 3HAYCHAH ¢r,. = f(gr_ ). YpabHeHHE AIA
MPOrHO3a CPLNHEro PACXONA TOTAA HMEST BUL

Orve =YWy + flar_.) (4.30)

Onpefeneise NPHTOKA BOALI B PYCTOBYIO CETh MOMET OBITH oCyLue-
CTRICHO HA OCHOBE SKCTPAnc/LALMH 3HAYEHHA gy HA mepHon AcHcTBHA
PorHo3a criocoboM nunelinodt unn HemuHeHHOH TeHaeHIMH (oM. 1. 4.4),

JanHele 0 3aNacax BOAB B PYCAOBOI CETH HCMIONLIYIOTCH TAKOKE HPH
NporHose MBKCHMAIBHOTO  a)
pacxoia BOAL H BPEMEHH €ro Vi, ulcex
HACTYSUICHHA. Jlata Beimycka
MPOTHO3a OTHOCHTCA K Mo-
MEHTY HACTYIUICHHS MAaKCH-
MAaNnsHOTO CTOKA MANbIX peK.

ITux nonosonArs Ha Ma-
ABIX peKax HACTYNaer Heol-
HOBPEMCHHO, YTO BRI3BLIBACT
HEOMPE/ICNCHHOCT: B BHIGODE
JaThl  BEINYCKa TPOTHO3A.
B stoM cnydac onpenensioT
CPCAHIOK TATy HACTYIUICHWA
MAKCHMATBHOIO CTOKA Majlbix
pex. Hambonee noxazarenms-
HEIMHA SBIAIOTCA Mafble pexH,
PACIIONOMEHHBIE B FOXKHBIX
4acTAX KPYNHBIX OacCeiHOB.
Ha asrux pexax nmuk monoso-
A HacTYNaecT paHbOie M 3a-
6naroBpCMERHOCTL  TTPOTHO3A Puc. 4.5. Pexa Mpynats - r. Mossips.
YBEIUIHBACTCA. 3ABHCHMOCTH Q.. = fw)uar=y [Wn )

[lo pycnoemiM 3anacawm, Lindpss y To%EK  rORL.
BEIYHCJICHHBIM H& CPCOHIOK

JaTy HACTYIUICHMA HanGome-
Hero cToka Wy Mansix pek, MaKCHMANBHBIM PAcXOAaM (. W Pa3HOCTH

B JaTaX HaCTYMNCHAA MHKA ORCEOALA paclle‘moii PEEH H HA MafkbiX pe-
Kax AT ycTaHaBAHBAIOTCA 3aBMCUMOCTH (PHC. 4.5):
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Orex = S Ws), (431)
AT= f(w,). 4.32)

3aBHcHMOCTE {(4.32) He BCCTa JOCTATOYHO TecHad. B atoM cywae
3a05aroBPEMEHHOCTD NPOFHOZa NPHHUMACTCA PaBHOH CPCAHEMY 3HAHC-
mmo copura AT,

Magcumansuptii IPUTOK A1A Beel peuHol coTH, pazgencRHON Ha NV
YYACTKOB, MOMceT OBITh BHIMHCICH 0 YPaBHCHHIO!

n
qAr=Q ALY AW, (4.33)
=]
roe ¢ n O, —~ COOTBCTCTBCHHO CPCAHMIE MPHTOK BOAB H CTOK YEPC3 HHX-
HHI§ CTBOp 32 Bpems Af; AW — uiMeHeHue 00bema BOABI B pevnoil ceTn
33 TO KE BPEMA, OTIPCACIACMOE IO THAPOMETPHUECKUM JAHHBIM.
[Ipurox BoAR Ha OCCRPHTOMHLIX YYACTKAX BBIYHCHLETCHA 1O (op-
MyJic:

gl = Q Ar - Q, At + AW, (4.34)
3 Ha MPHTOMHOM YYacTKe pacyeT NPHTOKA OCYINCCTRIICTCA 11O BRIPOKCHHIO,
gAt=Q,A1-5 0, A1+ AW, (4.35)
]

TAC 71 — YHCIIO BEPXHHX CTBOPOB Ha BHIOPAHHOM YHACTKC PEKH.

4.4. llporuoini ypoeHedi H pacxo0B BOALI cH0COG0M TeHTeHITHH
H 0 KpPHBLIM CIIAAA

B ocHoBe crocobs TCHACHHMH RCHKHT IKCTPANIONALHA XOR3 YPOB-
Heft WIH pacXo/IoB ROAK HA HEKOTOPHIH OEpHON BpeMeHH, HMCXOJS M3
y4era 3aKOHOMEPHOCTCH MIMCHEHHA CTOKA 3a MEpHOJ, NpellIcCTBYH-
INHA MOMEHTY BbITyCKa mporHo3a. Cnocod y4MTLIBAET HHEPLHMOHHEIC
CBOHCTBA T'HMAPONOrHYCCKAX ABNCHWA COXPaHAT: TCHACHUMIO CTOKA
B TEYCHHE MOCNEAYIOILErO BPEMEHH. DTO CBOHCTBO 0COGEHHO MPHCYLLE
KPYNHBIM DEK3M, 8 TAKKE BOJOTOKAM, BRITEKAIOIHM H3 o3¢p. B xone
YPOBHCH (PaCXOA0B) TAKUX PeX Np¥ HCIHAYHTCALHOM NBPUTOKE BOOG
OTMEUYAIOTCH MPOJOIKHTENEHBIC [CPHOAB ONHOHAMNPABICHHOIO H3ME-
HeHuA cToKa. JInHeHHAA SKCTpamonAUHd OCHOBAHA Ha MpEANOIOKCHHH
[OCTOXHCTBA I'PAJUEHTa PACCMATPHBAacMOM BCNHYHHLI BO BPEMCHH, T.C.
AF/At = const nan AQ/At = const. Ha ocHoBe 3Toii npeanocLIkH ycra-
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HABMMBAIOTCA CBA3H MCHKIY H3MCHCHHMAMH NPOTHO3ZHPYEMOA BETHYHHB
33 KOpOTKNHA (npeamecTeyomyi) H Gonee AUTSILHLIHA (IIOCHe Ty 0L HiIE)
nepyonbl BpEMCHU, Hanpumep, Ay, = f{AHT). [lonobubie cBA3n cTpo-
ATCA OTACJHBHO [f1A BCCEHHETO MOJIOBOALA ¥ NEpHONa MexkeHH. 3abnaro-
BPEMCHHOCTD NPOFHO3a OUPCAECIALTCA YCTORYHBOCTRIO H3MEHEHHIH Npo-
CHO3HPYCMOi BENMYHHBI BO BPEMCHH H OOLIYHO He WPEBEILACT 3 — 5
cyr. Ha Maneix pexax ¢ KOPOTKWMH 1O NPOAODKNTENLHOCTH KoneGa-
HUAMHU CTOKA [TPOTHO3 COCOOOM NTHHEHHON TeHACHLHY HEXheKTHREH.

ITporHos cToka B 11€PHON CHANA BECSHHETO NONOBOABA HWIH AOKAS-
BbIX NABOAKOB B YCJIOBHAX OTCYTCTBHMA MM HE3HAYATENLHOTQ MPUTOKA
B PYCIIOBYIO C€Th OCYLIECTBAAETCH C MOMONILIO KPHBRIX cnaga. CTOK pex
B 9TO BPCMS ONPCACIACTCS 38KOHOMEPHOCTAMM HCTOINCHHA PYCNOBBIX U
MOZ3EMHBIX 3aNacoB BOABL. PoxuM cToKa B nEepHoa cnaja noNoBoabd
(maBojika) 3aBUCHT OT MHOTHX (PaKTOpOB: CYMMApHSIX 3aMacoB BOZbI
B PYCNOBO#l ccTH Ha MOMCHT Hagana cnaja, XapakTepa Mx pacrpeacne-
HHA, KOHMYCCTBA OCAAKOB B MEpHOj crana, KOCBEHHBIM IOKA3aTeieM
offiero 3amaca BOJIb B pYCNOBOM CeTH ABNACTCA MAKCHMANLHBIA pacxon
(yposenp) Boabl. B psanc cnocoboB NpOrHOIHPOBAHHA YUHTHIBAETCA
TOJNIBKO ITOT IHOKA3ATENB,

HcnonniyeMele A4 NporHo3a 3aBHCHMOCTH MOTYT 6BITh rpadirye-
CKOT0 ¥ aHAIUTHYCSCKOTO BUXa. Yame Bcero mpHMEHAIOTCA rpadusiecKue
¢nocoBB1, OCHOBAHHBIC HA OCPEAHECHUH WIIH THITH3AHM KPHBBIX CIIAZA.

K.I1. Bockpecerckuit 2U1a npornosa croxa Ha cnage nojaosones Ce-
BepHoit JIsuuni, Beracrap:, Kamer, Barku, Bermyrn w apyrux pex npen-
JOXKHI CTPOHTE THROBYIQ KPHBYIO CNajfa KaAOH PeKM MO eXeromHBIM
OTHOCHTENbHBIM KPHUBEIM. PacXoiki BOAH BRIDRKANOTCH B JONAX OT MakK-
CHMAIILHOTO, a BpeMA OT HaYala Cnaja — B KOJIAX OT obIIeH MpOAOIDKH-
TENBHOCTH CHAAA. T10 3THM RaHHHIM CTPOHTCE CEMEHCTBO OTHOCHTENL-
HbIX KPUBRIX CIIaAa BEJA:

O,/ Qs = St/ 155 4.36)

B none 3rHX OTHOCHTENBHBIX KPHBHIX YCTAHABIHBACTCA THNOBAA
WIM CPElIHAN MHOTONETHAA KPHBad Ciana.

Hcnonsiosanke THOOBON KPHBOIH claga OCHOBAHO Ha H3IBECTHBIX
JAHHBIX @ MAKCHMAIILHOM PAacxoONe M pacXofie BOKEl Yeped HECKONLKO
CYTOK { nocie Hauaia cnaga. [1o oranomeHnio OFOm,y © THIOBOI KpUBOH
Craja CHHUMAETCS 3HAYCHMC Iff,, H ONpemenaeTcd HpPCROIGKHTCALHOCTL
cnapga. 3aTeM No BRYMCASHHBIM 3HAUCHHAM #f, YCTAHABIHBAIOTCH CO-
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OTBETCTBYIOUINE BENHYHHE! /iy W BEIUHCIAIOTCA PACXOABI BOAK HA
cmape nonosogss (masoaka). Cniocof yUMTHIBACT TCHICHHMIO W3MCHE-
HMA pacx0/la BOAB! B HAYANLHEIR [ICPHOJ, CHIA/IA.

A.B. Ornescknil NpeanoXkNA YCTAHABAWBATh HCCKONBKO THAOBBIX
KPMBBIX CHafa Ui ONMPeACHCHHBIX 3HAYCHHH MaKCHMANbHBIX Pacxo/os
BOZBL. DTUM CaMBIM KOCBCHHO YYHTAIEGCTCH PANIHYHC B 3a3Macax BOALI B
PYCEOBOS COTH M HHTEHCHBHOCTD HX PasrPy3Km.

AHanuTHYCCKUE cntocobbl NIPOrHo3a OCHOBAHb] TAKKC Ha HCIIOAb30-
BAHMH YPaBHCHHH KPHBBIX Cliajia:

Q.r = Qmax exp(_at) H (437)
0, =0y 11+ P17, (4.39)
0, = Oy exp(—kt?), (4.39)

rae ! — yucno Auel OT HaYana cnana; 4, P, k — ilapaMeTpsl, 32BMCsILHE
OT CTpOCHHA pedyHOH CeTH, pacnpeAeAcHHA B Ml 3aIacoB BOAB H YCIO-
BHii HX TONOIHCHNA.

B cB#3n c exeroiHsiM K3IMEHEHHEM 3a11aCOB BOJLI MEHAIOTCA M 3Ha-
YeHHA CPC/IHHX 3a AEpHOA cnaja napamcTpoB. JiA HX ompenencHua yo-
TaHABJHBAIOTCA CBA3M BHAA

a=fOF) wn B=F(W), (4.40)

rae W ~ janac BOAB! B PYCROBOH CETH HA JaTy GPOXOXICHHA MaKCH-
MANLHOTO pacxofia.
ITpu Hanwure CBA3H MEXAY W U Opax HCHONB3YIOTCA 3aBUCHMOCTH

7= [(Quue) w1l P = f (O, AX), (4.41)

rae AX — KOAMYEeCTBO OCANKOR B MEPHON CMaja NOJOBONBLA B OTKIOHE-
HHAX OT HOPMBIL.

Ann yuera W3MCHYHBOCTH NApaMeTpos 4, 3, k B nepHon ciaza ¢Ipo-
AT 3a pAQ feT rpadukH CBA3H

a, /T=f{t) nou B,/ B=101). (4.42)

YcraHasanpaeTca cpenHaa Kpupas BuAa (4.42), no xoropoii onpe-
JeAseTca 3Ha4YeHne MapaMeTpoB 3a NEPHOJ Criana. 3areM Mo OAHON U3
dopryn (4.37) — (4.39) paccurTHIBAKOTCA OKUAICMBIC PACKOMLI BOMABI
B NIEPHOA CHARA NOAOBOLDA.
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fasa S

MATEMATUMECKUE MOAOENW

POPMUPOBAHNUA CTOKA U UX UCNONAbL3IOBAHME
B r1aPONTIOrMYECKMX NMPOrHO3AX

TpanunHosibe MCTOAL THAPONOTHYCCKAX NPOrHO30B, GasUpylo-
IHCCA HA JAOCTATOYHO [IPOCTHIX AHAMHMTHYCCKHX HIH IPapHUSCKHX 3a-
BHCHMOCTAX, HGCOBCPLICHHL! K He CNOCOOCTRYIOT ganbHejfiieMy pa3sH-
THIO METOROB NPOrHO3HPOBAHAA,

TeoperHacCKHE ¥ OKCICPUMCHTRILHEIS HCCACAOBARNA YCOBHIH (op-
MHPOBAHUA TAACTO H JIOKAEBOTO CTOKOB, MPOLECCOB CHETOTAAHHA, BOJO-
OT/AYH U3 CHCHKHOI'G MOKpPOBa, IPOJBIXKEHHS BIATH B NOYBE, NepeMellie-
HHS NMABOJIOYHBIX BONH, HX TpaBCHOPMAIUH CBHAETENLCTBYIOT O ILHPO-
KOM IIPHMENCHHM MAaTeMaTHYCCKUX MCTOAOB B ruaponoruy. Flpocreiiniag
TEOPCTHUCCKAA cxema (Mo;1ci1b) (GOpMHPOBAHHA CKIOHOBOTO CTOKa Oblia
paspaGorana M. A. BenukanosriM 8 30-x ropax mpourtoro cronerus. Ha
€C OCHOBC YCTaHORJICHA reHeTHdeckas (pOpMyna CTOKa, AG CEro BPeMeHH
HCNOAB3yCcMad B 061acTH FUAPONOTHUCCKAX PACUCTOR H NpOTHO30B, Of-
HaKO MaTCMaTHYECKOS MOJICTIUPOBAHNE B INUPOKOM CMEICAE 3TOrO NMOHS-
TAA CTA0 PasBHBATLCA JHIWE B 70-x roiax, weMy crnocoGcTEROBaN raae-
HbiM 00pa3oM HakoMIeHHBIH ruaponorueit obmupHei Gakrrdeckiit Ma-
TepHan. 3TOT MATEPHaA MOCTYXKKI CBOero poaa (yHAAMCHTOM i pas-
paboTKH MaTeMaTHYCCKHX MoOJciIcH dopMuposanns croka. Kpome toro,
HCMANOBZXKHOC 3HAUCHHC WMCAO TOABNEHHC BRIMHMCIFTEIbHBIX MALIHH,
cniocobHLIX 06pabaTEIBaTh OTPOMHBIC 00LEMbBI HHOPMALIKH.

B 3TH roam 1oCTENCHHO OCYILCCTBIACTCA NEPEXOX OF OMHCAHUA
OTACTLHBIX NPOLECCOR CTOKOCOPA30BAHHA K CO3MAHUIC 3AMKHYTHIX MO-
Jenei, ONMUCKIBAIOIMX Bech AKI GOpMEPOBaHBA CTOKA OT MOCTYRe-
HHS BOJIKI Ha BOXOCOOP 10 NPOXOXKIACHHS CTOKA B 33MBIKAIOLIEM CTBOPE.

Mamemamuueckoti Modebio HA3EIBACTCH COBOKYNHOCTE METEMATH-
YECKHMX W JIOTHYECKHX COOTHOWICHMH, C NOMOMBIO KOTOPBIX YCTAHABIA-
BaIOTCA KONWMECTBEHHBIE H KAUCCTBEHHLIC XAPAKTEPHCTHKH H3YuaeMOro
npouecca. MaremMarHucckie MOAEIH CTaNH, C OAHOH CTOPOHLI, CPEACT-
BOM OTIHCAHHMA H BOCTIPOM3BCICHMS CCTCCTBEHHOTO Npouecca, a ¢ Apy-
roii — cpeAcTROM OOBCHHHCHNA OTHCHBHBIX PC2YNLTATOR HCCIEIOBAHMIE
B HCJIOCTHYI) KapTHHY (popMHMpOBaHHS CTOKa. M3yuenie rupponoruuc-
CKAX ABJEHHAN ¢ MOMOINGIO MOACTHPOBAHHA IO3BOJAET OTHOCHTENIBHO
OBICTPO OCYINECTBATE NPOBEPKY MOJCIH HA OCHOBE COTIOCTABICHHA
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¢ HATYPHBIMM JaHHBIMH. B Tipoliccce MOUCIHPOBAHHS BBIAB/IACTCA HC-
06X0AUMOCTE NOCTAHOBKH HOBBIX “KCIEPHMCHTOB, YTOUHACTCA NpPO-
rpaMma MpOBEACHHA CIELHATNIHPOBAHHBIX THAPOIOrHUEcKuX Habmio-
neHnii. B ¢Boro ouepens, pe3yNbTaThl IKCNCPHMCHTHPOBAHHA CNIOCOBCT-
BYIOT Pa3BHTHIO N COBEPILIEHCTBOBAHHIO MOACNEit.

MareMaTuMeckHe MONENH [I03BONAIOT PEelIaTh KaK /HArHOCTHHC-
CKHE, TaK H DPOrHOCTHICCKNE 3aJayH; TOYHOCTb BRIXOAHOH HH(bOpMa-
LMH B NICPBYIO OYepellb ONPCACHAETCA KAUCCTBOM MCXOJHBIX JAHHBIX H
CTEMEHBIO ACTAIH3ALHH QHIMYECKHUX IIPOLUCCCOB, ONMCHIBACMBIX CaMOH
MOAENLI. YpOoBeHs CXeMaTH3ALMH PEABHBIX [IPOICCCOB, ONHCHIBACMBIX
YPABHEHHAMH MAaTCMaTHYECKOH QH3HKH H THAPOAMEAMHKH, ONPCICId-
eTCH LCHBIM PAZOM (PaKTOPOB, BaXKHCHIIMM M3 KOTOPBIX SBNACTCA BO3-
MOXHOCTE HMCIIONB30BAaHHA paspaboTaHHOM MOAEIM 8 ORCPATHBHOH
npakTike. CoBepliesHO OYEBHAHO, YTO XAPAaKTEp Pa3BUTHUA MPOLECCOB
Ha BoRocOOpe 3aBHCHT OT MHOXKECTBA rHAPODHIHUCCKHX XapaKTePHCTHK
NOACTHAAIONIEH NMOBEPXHOCTH, KOTOPEIM CBOHCTBEHHA SBHAA MPOCTpak-
CTBEHHaA H3MeHuMBOCTh. [lonpobHoe oMHUCAHWC (PUIMUCCKUX 3AKOHO-
MepHocTel nponeccos GopMHPOBAHHA CTOKA B OT/ICNBHAEIX TOYKAX ped-
Horo GacceliHa yacTo He NPCACTABNACTCA BOIMOXHBIM M3-33 OTCYTCTBHA
AZHHBIX M3MEPEHHH. JTO MPenaTcTBYCT pealH3alHH CTPOTHX MCTONOB H
33CTABIAECT HATH MO MYTH pa3paloTKy KOHLCNTYANBHBIX MOACHCH, YuH-
THIBAICWHX NPOCTPAHCTBCHHMLIC HEONHOPOIHOCTH B HHTErPAIbHOM BHIC.
KoHCTpYHpYS MATEMAaTHYECKYIO MOJSb, HCCACHOBATCNE, ¢ OAHOH CTO-
POHBI, CTAPAeTCA ROCTAaTOYHO NOUPOGHO OMHCATH IPOUCCCH GOPMHPO-
BaHHA CTOK2 Ha BogocOope, ¢ Apyro# ~ He NepeycIoXHHTL MOJICNb, Ma-
MATYA 0 TpeDOBAHMAX K €€ NPAKTHYECKOH PCATH3YEMOCTH,

[Ipu vcrone3oBaHUA MOZEAHPOBAHMA JUIA PCIUCHHA NMPOTrHOCTHYC-
CKMX 337139 HeoOXOAUMO HMETS B BH/LY CleayHoLee:

— Ka9eCTBO MPOTHOCTHYECKHX PCKOMEHIAUMA BO MHOIOM 3aBMCHT
OT METeOpoNoTHYeckoi 0OCTAHOBKH, KOTOPadA CHONMTCH YXKe Hoche Aa-
Th BBIMYCKA MpOrHO3a;

— TOYHOCTH FTHX METOIHK He A0JDKHA YCTYNaTh TOYHOCTH MPOCTRIX Me-
TOAMK, OCHOBAHHBIX Ha NPHRLMIAX HHEPIUHOHHOCTH (CTIocob TeaIcHImiA);

~ 3HAYMMBIH C TOYKH 3peHHA 3a0RarOBPEMEHHOCTH NMPOTHO3 MOXET
ObITS I8H A CPEAHMX H KPYIHBIX BONOCOOpOB.

Hannuie cneumdpryeckne o0coGeHHOCTH ONPEAENSIOT KORLEMIHH, HA
OCHOBE KOTOPHIX KOHCTPYHMPYIOTCA MATEMATHUCCKHC MOSCAH. OTHOCHTCIb~
Hasl [IPOCTOTA H HEBLICOKAA TPefORATCILHOCTD K MCXOMHOH HAGOpMau.

108



OOLIMHO MCTOAMKA COCTONT H3 KOMILIEKCA MaTeMaTHYeCKHX MoJe-
Jcit (nofMosiencit), KOTophIC XapaKTePHIYIOT NMPOLICCCH, MPOMCXOAAILINE
B bacceiine perd H 8 ec pycne. Quesnanoe cTpemicnie 6onee nonpobHo
OIUCaTh BAXKHEIC NPOLISCCH H CXeMATHYHO MPeiCTABUTL MeHee 3HauH-
MEIC He BCETa HAXOMMT NPAKTHUECKOE BOMUIOLICHHE KAK B CUAY Celu-
tuxu pemacmoii 3a8a4M, Tak M MO NPHYMHE OrpaHAdeHroro HHGpopMa-
IHOHHOTO o6ecnedenna. KpoMe Toro, coBMemenne noapoObHeiumx mMo-
Jieneif YaCTHEIX NPONESCCOB B CAHHYH CHCTEMY B MTOIC YacTO MPHBOXHT
K HCYIOBJCTBOPHTCILHBIM PesybTaram. B cBolo ouepens, upeaMepHoe
YOPOLICHUE MPHBOAMT K YTPaTC YPPEeKTHBHOCTH MPUMEHCHHA METOHO-
JIOrM¥ MATEMaTHYCCKOTO ORuCaRuA. BaXKHLIM MOMEHTOM CIeIyeT CHH-
TATh COTTIACOBAHNC CTENEHH CXCMATH3ALMM MOJERN M CaMHX JAHHBIX,
OCYIIECTRISEMOE C HCMOAR30BAHHEM METOJIOB ONTHMH3AIMH.

B moGo# MaTeMaTHYeckofi Moaeny GhOpPMHPOBZHHS CTOKA TPUCYT-
CTBYET NEBIi PA NAPAMCTPOB, PM3BAHHBIX OTOOpPAXATL 06BeKTHBHEIC
xapakTepucTHkH BojlocbopoB. Xenarensno, 4To0s GoABIIAA WX YacTh
HMCNa KOHKPETHLI (PHINYeCKHH cMEICT H OhINa 3a3faHa anpHopH. YuHcno
ONITHMHM3HPYEMBIX TIAPAMETPOB JOMKHO GHTH MMHHMANBHBIM. Hanex-
Hoe pewmicane 3aauk ofecrieuuBaeTCs MpH NMPAaBHNLHO BEIOpaHHEIX Ha-
YaNnbHBIX OLCHKAX NapaMETPOB, KOLAA AHAMA30H HX H3MCHEHHA (QH3M4e-
cKn o0oCHOBAH,

B srauuTensHI cTENCHH YCIeX THAPOIOTHYECKHX NPOTHO30B 33-
BHCHT OT KauecTsa NpPOrHo3oB roroisl. HexoTopsie NporHocTHYecKne
METOJibl, B OCHORY KOTOPEIX TMOJOXEHEI MATeMATHUECKUE MONENH, Npe-
AYCMaTpUBAOT HCNOJb30BAHHC HPOTHO30B METEOBCAHYMH. D10 mact
BO3MOXHOCTb YBCIHYHBATH 3a6NaroBpeMEHHOCTh THAPONOTHYECKHX
DPOrHo30B. B 4acTHOCTH, INIA NPOTrHO3a JOKIOEBHIX NABOKKOB MOTYT
OBITL KCTIONL30BaHL! CBCACHUA O MPEACTOSHIEX OCAZKAX, TeMIlepaType
BO2/Tyxa U T.A. ONHAKO Hano HMETHL B BHAY, 9TC ¢ YBeNIHYeHHeM 3abma-
FOBPEMCHHOCTH PE3KO CHukacTed POEeKTHBHOCTh MPOTHO30B TOTOMHL.
3THM BO MHOTOM O0BLACHACTCH TOT (PAKT, UTO MATEMATHUSCKHE MO
MPHMEHAIOTCA B OCHOBHOM TpH paspaboTke KpaTKOCPOUHBIX NPOTHO308B,

Peanusanus maTeMaTHYCcCKHX Mofenel ANA pelueHuA MPOrHOCTH-
YCCKHX 3329 JIOJKHA OCYILICCTBIATECA C YYETOM Pl CHelHHUSCKHX
ocobeHHocTed:

— B PCANTBHBIX YCTIOBHAX MPHXOAUTCE HMETH AENO ¢ AOCTATOYHO Or-
PaHMYCHHBIM HHOOpMaLMOHHEIM obecrienenreM;

199



~ HCMONb3yeMas oneparuBHas uHbOpManHd, Kak Npasuno, Ne To4-
HOCTH H NOMHOTE 3HAYHTENBHO YCTYIIZCT PEXKHMHOM;

- HeoOX0AAMA BRICOKAS TOYHOCTE MCTONA, TAK Kak ¢ro > QcKTas-
HOCTE OLICHHBACTCA OTHOCHTENBHO MHCPUHOHHOTO [IPOTHO34,

~ npakTHYeCKUi pe3ynbTaT Hanbonee 31aunM, KOTJA HPOIHOZ Xa-
€TCH 1% I0CTATOMHO KPYITHBIX PEYHbIX BOROCOOPOB;

— Ha MOMCHT BBITYCKa NPOTHO3a HC M3BCCTHBI OYAYIHHC MCTCOPO-
TOTHICCKHE YCIIOBHA, OT KOTOPBIX B GOMBILON CTCIICHH 3aBHCHT yCHeHI-
HOCTB MPOTHO34.

Bce ckajaHHOe BIMAET KAK Ha KOHICIIHH, MONOKEHHEIC B OCHOBY
MaTEeMATHISCKHX MOIEIEi, Tak ¥ Ha HX cTpyKTypy. Hano ormeTHTs, 910
ycnemHoe $yRKUHOHAPOBAHHE MOICHIH HE MOXeT OHTh obccnecHo 6¢3
HAIWYHA XOpOMmo oTpaboTaHHOl Npoueaypwl udenmuuxayui, NON KO-
TOpO# 4alle BCEro MOAPA3YMEBACTCA YCTAHOBICHHE CTPYKTYPhl MOICIH
H ONpElENCHHE e NapAMETPOR.

Oxonuatenshuiil BHIGOP MOACTH JiAA peileHud 3aJlaud M KOH-
KpeTHOro BoaocSopa MoxeT OITh CHERAH JHEIL MOCHTE CPABHHTCIBHBIX
pacyYcTOB ¢ HCMIONb30BAHHEM PATHIHBIX ModencH (noamoxnesicit).

B KpaTxkocpouHBIX OPOrHO3ax MCHOAB3YIOTCH IIPCHMYIUECTBCHHO
demeprunucmuiecKue Moo, B KOTOPHIX NOCTYIHPYCTCH OHO3HAMHAS
CBA3b BXOIOHLIX H BHIXOMHBIX HaHHELIX.

B HacTosnice BpemMs CYHICCTRYET JOCTATOUHO GOMBINOE KOMHYCCTRO
HCCACAOBAHHI, MOCBAUICHHEIX Kak coOcTBeHHO pa3pafoTke MareMartH-
9eCKHX MOJeNedl, TAK H HX NPUMEHCHHIO B TH/IDOAOTHYCCKHX NPOrHO3ax
[10, 13, 16, 17, 28, 31, 33, 34, 38, 45].

B 06macTi MATEMaTHYECKOTO MOACTHPOBAHHS HOPMUPOBAHHA pCl-
HOT'Q CTOKA MOXHO BBIIENUTE TPH OCHOBHBIX HANDPARICHUA, OTIHYAIO-
IMXCA HCIIONB3YeMOH HCXOAHOH (anmpHOpHOH) M IKCICPUMCHTAIBHOH
{amocTepHopHOil) nrdopManHek:

1} Moneny, npH KOHCTPYHPOBAHMN KOTODPHIX AfNpHOpHAA uH{OpMa-
1% O CTPYKTYPE M TiapaMmeTpax TEAPOJIOFHYCCKOH CHCTCMBI HpaKTHde-
CKH HE HCHONME3YeTCA (IHAPONOTHYCCKAR CHCTEMA PAaCCMATPHRACTCA KaK
«EPHBIA AN );

2} KOHLCMTYANLHLIE MOJICAN, CO3AAB2EMEIC B YCIOBHAX, Kor/ia (n-
3HYECKME NPEACTaBIEHH O THAponoruueckod cucreMe (hHsHdeckad
MOJENb) HEONpPENeNcHbl H HEeNMIHbl, OJIHAKO MMEeTCS pAjl anpHOPHBIX
3aBHCHMOCTEH MM THMOTETHHECKHX CBA3EH, KOTOPHIC MOTyT ObiTh NpPH-
MCHEHBI IIPH ONPEICACHHH CTPYKTYPHI MOAETH U C¢ 11apaMETPoB;
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3) dnanro-MaTeMaTHYECKHE MCIEAM, OCHOBAHHBIE HA HKOCTATOYHO
HOIHBIX PHUIHYECKHX MPSACTABICHUIX W ONHPAIOLMECK HA HIMEpAEMBIS
XapakTepHcTHKH BoxocOopa (McmoAk3ylomwme TAaBHBM o6pasoM anpH-
OPHYIO UHQOPMAIHED).

Takoe AeAEHHC ABIACTCA ACCTATOMHO YCIOBHBIM, TIOCKONSKY MHOTHE
PpeanbHbIE MOACIH IOCTPOEHB! ¢ HCTIOAB3OBAHMEM HECKOMBKHX [TOIXOLO0B,

B MONENK THNA «HCPHOTO SAMHKAY» B ABHOM BHAE OTCYTCTBYET ONH-
CaHWe >NEeMEHTAPHBIX MPOLIECCOB Ha BoaocOope. CTPyETypa MoAenu
OTIpEfIENAETCY BHAOM ONEpaTopa, ©6GECMEYHBAIOLIET0 COOTBETCTBHE
(akTHYECKMX W pACCHHTAHHLIX MNAHHBIX Ha BEIXoAc. Hcmonnlyemsie
B MOAEJH KO3)OHIMEHTH PEAKO HMEIOT (PUIHUESCKYIO HHTEPNPETALMIO.
K stoMy THNY Moaeneii MOXHO OTHECTH H TAK HAILIBACMEIC eMKOCMIbiE
mooeau. CunrtaT, 4To Gacceiiy obnanaeT HeKOTOpPbIM O0BEMOM, pery-
JIMPYIOWIHM CTOK. DTOT 001hEM NMPEACTARNAIOT COCTOAWMM U3 OTACHBHbIX
nocAcIORATENBHO-NAPANITIENLHG COSTHHCHHBIX eMKocTeil. [Ipomece uc-
TCKaHHA BOAL! H3 CMKOCTEH ONMCLIBAETCH AMHCHHEIMH HAY BEEHHEHHBI-
MH 33BHCHMOCTAMH.

KonuentyaneHele MOZENH KOHCTPYHPYIOTCA C YIETOM Pa3THYHBIX
MpeacTaBieHuil ¢ cTOK00GpazyoIMX NpoLeccax ¥ HMOMPHAYECKHUX CBA-
38X MEXAY MCMCHTAMM MONCIH. JT0 NPHHUBNWANLHO BOKHO, TAK KaK
GoNEIIMHCTRO NapaMeTpoB NMEET KOHKpETHRIH QHInYecKKil CMBICT, YTO
MO3BOJIACT OHPBJIBIIHTB B¥aga30oH X HIMEeHeHNs. El]!.e OIlKOﬁ BaXKHOH
OCODEHHOCTHI0 KOHUENTYANLHBIX MOJIENCH ABRAEICH TO, YTO COCTOST
ONH 43 TIOAMOAiENEH, YHCIIO ¥ BUJ KOTOPHIX MOXET OLITE onpeaenen no
PE3YNbTATAM QHANN3A YCIOBHH (OPMHPOBAHHA CTOKA B NAHHOM PETHO-
He. O6LIYHO Z2ETCH ONMCAHME MpOLEecca BOAOTIOAAYH, NOTEPS, Mepepac-
OpeaeiieHus Blar¥ B NOYBE, I[OBEPXHOCTHOIO K BHYTPHIIOYBEHHOTO
NPHTOKA K PYCIOBOH CETH, TpaHCc(popMallMK NPHTOKA B THAPOFpad pac-
YerHoro creopa. CTeneHb AeTaIM3alHK H cnocobnl onHcaHna dusnge-
CKHX MPOLICCCOB ONpEAEnieT ROBONLHO MMPOKUl CrekTp paspaGoTtan-
HEIX K HaCTOALIEMY BPCMEHHA Moaeneit.

B zaBucHMOCTH OTF cnoco0OB yuera HEPABHOMEPHOCTH HCXOIHOH
HROOPMALAM H XapaKTEPHCTHK CAMOTO BoAaocGOpa BRLAENAIOT KOHUEN-
TyaJIbHBIC MOZIENIH ¢ COCPENOTOMEHHEIMU ¥ pacTIpeAc/icHHEIMH TIapaner-
paMii. B MOAENAX ¢ COCPEIOTOYCHHLIMH NapaMeTPaMH PeanbHbIH BOAO-
c6op 3ameHAeTCA HEKHM THNOTETHYCCKHM BOROCOOPOM ¢ MOCTOAHHEIMH
HHTEIPANBHLIMH XapaKTepHCTHKAMH. B 310M CiydYac HeOTHOPOXHOCTH
BxogHol undopMauMK B IBHOM BiIE He yUuThIBaeTCA. OUeBURHO, TAKOE
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RonylieHHe cnpaseAaHBo Jiub A HebGompmux sonocbopos. Hpume-
HEHHe Mofenel ¢ COCPENOTOYCHHRIMH NapaMeTpaMy JUIA KPYTHBIX BO-
RocOOpoE rnpezmONaraeT MX peamH3aUMIO AnA 4YacTHBIX GacceiinoB
(NpCABAPHTENEHO BHIUCNCHHBIX M OTHOCHTEIBHO OMHOPOAHBIX). 3aTCM
CToK ¢ 3TuX Gacceiinos omHMM u3 criocoBos TpaHcdopmanun npeobpa-
3yeTca B rujporpad) B 3aMBIKAIONMEM CTBOPC. TaKo¥ MoJxof BO3MOMCH
JIHIUDb TIPH HAMHYHH THAPOMETPHYECKHX CTEOPOB HAa YacTHBIX Gaccei-
Hax. B npoTuBHOM CiTydac HepaBHOMEPHOCTh YYHTRIBACTCA IYTEM BBE-
JOEHUA B KOHLCNTYANLHYIO MOZENb JJIEMCHTOB MOLEJICH ¢ pacnpenciicH-
HbIMH mapamerpamd. ONHAKO TaKoit [OAXOA NMpPH COIAAHMH KOHIENTYy-
ANLHBIX MOACNEH TIPHBOAWT K 3HAYMTENLHOMY YBCAHYCHHIO YHCIA Ma-
paMeTpoB, KoTopbie O0BIMHO NPHUXOANTCA ONPECACHATh IO BECHMA OTpa-
HUYCHHLIM HCXONHBIM JAHHBIM. B npakTHke MPOTHO3MpPOBAHUA 3avac-
TYIO0 NPeATIOYTEHHE OTAAETCH MOJENAM ¢ COCPEOTOUCHHRIMH NapaMeT-
paMH, Kak Bosee MPOCTEIM W BO MHOTHX CAYYAAX MAIOWHM BMONHE NpH-
eMIIEMEiE pe3ysbraThi. B (MIMKO-MATCMATHYECKHX MOJCIAX NPONECChE
ONHCLIBAIOTCA AMGpepeHINANBHEIMH YPABHCHHAMH B YACTHBIX NPOH3-
BOAMEIX. Benencreue aToro TakMe MOZENH B NPHHIMIC ABJIAOTCA MOJIC-
NAMH ¢ pacnpeieneHHLIMA napamerpaMu. OHH MCAONB3YIOTCA KaK Ana
OlMCAHHA NMPOLECCOR, MPOTEKAIOIKX Ha Boloc6ope, Tak U AA npouec-
COB MEPEMENICHHA BOAL! HO PyCNy. BONBLIHHCTBO NapamMeTpOB dH3MKO-
MAaTeMAaTHIECKHX Mojenell UMeeT ABHYI0 PHIHYECKYIO AHTEPNPETALIAIO.
B cpasHeHun ¢ MomensaMH ¢ COCPeNOTOYCHHEIMH MAPAMCTPAMHU Modenu
C PacnpeceseHHbIMY RAPAMEMPAMU COACPXKAT MCHBINE NONYMCHHA M
obnanatT Gonnmed anpuopuoll Hagopmanneii. B nannom ciyvae yna-
©TCA NOMyunTh Gosee KauecTBEHHOE ONIMCAHKE BCETO THIAPOJIOTHIECKOTO
unina. K coxaneHuio, cnomHOCTH, CBA3AHHBIE C JCTANbHBIMH H3Mepe-
HMSMH IPOCTPEHCTBEHHOTO PACNpPE/ENCHHA XapaKTEPHUCTHK Boaocbopa
H pycha, AETAIOT MOJEM C PAacTpeNeNeHHBIMH NapaMeTpaMi HENOCTa-
TOYHO KOHKYPEHTOCHOCOGHBIMM B fIporHo3ax (N0 CPAaBHEHHIO ¢ MOJE-
JIAMH ¢ COCPENOTOYEHHBIMH NAPaMETPaMH).

Kak yxe ropopminock, MaTeMaTHYECKHE MOIEIH, ONHMCLIBAIOIIHE
THAPONOTHYECKHH HUKN, BKAIOYAIOT ONPENSHCHHOS YHCHO IApaMETpOs.
Ipaxtuveckan peanmsauna Moboi Mogenu HesosMoxHa Oe3 ce HacH-
THGHKauNH, ONTHMANBHAS CTPYKTYPA MOACHEH THAA «YEPHOTO SLIHK»
onpemensercs B nponecce uaeHTHGHKaunn. CTPYKTYPa KOHUCHTYANL-
HBIX M (QMIHKO-MATCMAaTHYECKMX MOJCHACH HAacTO 3amacTcd aNpHOPH,
a HRCHTHQHKAUHA CBOWTCA MO CYTH K CLUCHHBAHKIO NapaMeTpoB. Bau-
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JIy QrpPaHHMCHHOCTH ¥ HH3KOH TOYHOCTH HCXOHHEIX DAaHHBLIX LI ONpeme-
NIEHUA NAapaMeTpOB HIHPOKO MCHOMB3YKTCA MCTOJbl ONTHMH3ALHH. Y-
TONYHROCTS: MAPAMCTPOB MOKET OLITh MOBBILECHA 33 CUCT TPHBICYCHHA
ampHopHO# HHGOPMAIHH, KOTOpaA ONPENEdeTCH KA9eCTBOM H KONHYeCT-
BOM JAaHHBIX, 0CODCHHOCTAMY MONENH, KBankHKalpe HCCISROBATAIA.

Ilpu npaBHALHOH MACHTHOHKANMH CHCTEM PaCcXOMICHHE MExmy
(GAKTHYCCKHMMH M TIPOTHOSHBIMM A3HHBME AMDKHO OBITh MHHHMANE-
ueM. [TocnenHee HMEET MECTO B CIYYAS MAKCHMANLHOIC NPHOMAKCHIA
CTPYKTYPH ¥ NApaMeTpoB MoACAH K (pakTHUeCKUM XaHHBIM. Brimonne-
HHUE OTHX YCTNOBHH MOXKET NPHBECTH K YCHOXHEHHK) MONCHH, NOgBIC-
HHIO HCTOYHO ONPEXCNASMEIX IMApaMETpOB, BO3PACTAHHI® CIy4alHbIX
omubok, BosHukaeT npodieMa yCTaHOBNSHHA ONTUMANLHON CIOXHOCTH
MOECITH H ONTHMANLHLIX 3HAYSHHH MAapaMeTpos, MpH KOTOPHX 3ajaHHas
GYHKUMA, 32BHCAIIAA OT CXOOHMOCTH (AKTMHMECKHX W PAacCUUTAHHBIX
JAHHBIX, AOCTHraeT MHHHMYMA., Takyo QyHKUHIO HAaBIBAIOT Kpumepu-
ey onmumusayuu, WIH Kpumepuem Kavecmed.

B xayecTBC XPHTCPHA ONITHMH3ALHH HAaLle BCEr0 HCMOABIYIOT CYM-
MY KBAaZpaTOB OTKNOHCHAA HAKTHUECKHX M PACCYMTAHHBIX 3HAUCHHIA:

kK@= [x0-x,0|a, (5.1)
0

rae X(7) ¥ X, (1) - GaxTHYecKHe H PaCCUMTAHHBIC 3HAYEHHA X COOTBETCT-

BEHHO.

BoamoxkHbIc npcacnsl H3MCHCHHA NMapaMEeTPOB YCTAHABMTHBAKOT HC~
xoaa H3 QUIMYECKHX COOOPAKEHMH, HATYPHBIX, DKCHCPHMCHTANBHBIX
JAaHHHIX H GanaHCOBKIX COOTHOLICHMHI.

Merooel ONTHMH3IALMM TpH HocTaTounoM ofveme HEpopMalul
NO3BOAIOT HAXOAUTE 3HAYCHHA NAapAMCTPOR, ONHZKHX K PakTHIECKHM.

Jna KOHUEeHTYanbHBEIX MOAeHeH MOXKHO BHIACIMTH HEKOTOpHIC 06-
LfH¢ NPHHIKMNE ZapamMeTPH3alHH!

1) 4yacTs mapaMeTpoB OTPEACHAIOT METOJAMH THAPONOTHYECKOTO
aHalNH3Ia HempCpeNCTREHHO 110 JaHHBIM lﬁMepCHHﬁ OCHOBHBIX COCTAaR-
JIAIOIMX BogHOro GanaHca, XapaKTepUCTHK NOYBHL H T, 11,

2) DpoH3BOAAT NPHONHIMTCNLHYIO OLEHKY OCTaBUINXCH IapaMer-
POB 1 BOIMOXHEIC IPAHHIIB X HIMCHCHHA,

3) ucnomb3ys BXOAWBIC H BLIXOZHBIC HAaHHBIE, MPHOAHKCHHEE
OLICHKH, YTOUHSIOT METOROM PO U oIHOOK;
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4) NPOBEPAIOT YCTOHYHBOCTh MONYYCHHBIX OLICHOK HA HE3ABHCH-
MBIX HAHHBIX.

Merozp! ONTUMUIAIM, PEAIH3YEMBIC B aBTOMATHIHPORAHHBIX PO~
LICXYpax, NO3BOJFOT HAXOAMTS MUHHMYM QYHKIHH MHOTHX MEPeMEHHBIX
(ueneroii QyHKuUHE — KpUTCpHA KawecTBa). ODBMHO MHHHMM3NPYETCH
CPCIHAS KBaJPaTHYCCKAA NOTPCIIHOCTH PACYETHBIX (IPOrHO3HBIX) 3HAYE-
HEi pacXofioB BOZEI B 3aMblKalomieM crsope. 1lponenypa ompeneneris
NapaMeTpoB METOSAMH ONTHMM3ALMM TIPH HMACHTH(MKanuK ¢usuKo-
MaTeMaTHueCKHX MOZC/CH 3aMETHO YCIOXKHACTCHX B OCHOBHOM HM3-33
GoBILION TPYIHOCTY PacyeToB JUIH HPOACDKHTENLHEIX EPHOHOR BPEeMEHH,

B cuny pana o66eKTHEBHBIX H CYOBEKTHBHBIX NPHYHH TOYHOCTH pac-
YeTOB TI0 MAaTCMATHYCCKHM MOJEIAM MOXKCT ObiTh HepocTaTOuHOH ANt
ofeciteuenns 3QPeKTHBEOCTY NPOrHO30B. ONpefcacHHOC NOBHIICHHE
5(peXTHBHOCTH NPOTHO30B AOCTHTacTCA 3a CYCT NPHMCHCHHS HEKOTO-
PBIX MPOLCRYP WX KOPPCKTHPOBKH. Tak, ONMCPATHBHEIA aHATH3 NOrpew-
HOCTEH HPOTHO3A T03BONAET OCYIUECTBAATE KOPPCKTHPOBKY [MapaMCTpOB
(xamiGporxy mognenn). Ilonoxurensuniii dderT JaeT W ABHBIA ydeT
RAYaJIBHBIX YCIOBHH, OCHOBAHHKEIH HA HCHOIL30BAHHH MHTerpaia Mioa-
MENA JUTA CTydan HeHYeBAIX HAYANbHEIX YCIOBHIL.

Ha V BcecorosHoM raaponorageckom cresne [17) Guinu chopMyH-
POBaHE! OCHOBHBIC TPCOOBAHHA K MATEMATHYCCKMM MOICHAM THAPONIOTH-
eCKHX npoueccos [17]:

— HeOGXOMMMOCTE 0TOGpaKeHAd OCHOBHLIX 3aK0OHOMEPHOCTEH dop-
MHpOBaHHA CTOK3, Y4ET2 NPOCTPAHCTBCHHO-BPEMCHHOH H3MEHYHBOCTH
METEOPONOrHYCCKHX (AKTOPOB H CTOK0OOPas3yICIHX CBOHCTB NOICTH-
narouicH OBEPXHOCTH;

— OTpehENCHAE ONTHMANEHON CHOXKHOCTH MOICIH, HCKIOUYCHUE ee
YCJIOKHEHUS H BOIMOKHOCTH TIOSBICHHA HCONPEHENCHHBIX IAPaMETPOB;

— YHCT PERKOTO COUCTANHR (PaKTOpOR, ONPCAC/AAIOLMX CTOK HIH
APYTHE XapaKTePUCTHKM;

~ HCIIONB3OBAHUE B KAYCCTBC BXOAHEIX JAHHBIX B OCHOBHOM MaTe-
PHAJIOB CTAHAAPTHHIX HabnoxeHHI;

— GAOKH MOZENH MO BO3MOXHOCTH GO/DKHEI ONHCHIBATECA C OfMHA-
KOBOH MOAPOGHOCTEIO ¥ TOTHOCTRIO;

~ BO3MOKHOCTb JANBHEHIIETC COBEPIICHCTBOBARMSA MOACIH.

Obman mMopmenp ¢opMHpOBaHMA CTOKA AOMKHA ONHCHIBATL Cile-
JLYI0IHE OCHOBHEIE THAPOMCTEOPOIOr HYECKHE NPOLIECCEI:

— CHETOTasHHE M BOROOTAAYY 3 CHETa, AHHAMHKY TENJIO- H Blare-
NEPCHOCA B CHEXKHOM [TOKPOBE;
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— HAOHABTPALMIO BOABI B MCP3MTYIO ¥ TANYIO NOYBEL, IEPEHOC TENAA
H BJATH B NOYBOTPYHTAX,

-- B3aUMOACHCTBHE NMOBEPXHOCTHEIX H NIOA3EMHBIX BOT;

— TpaHCHOPMALIHIO KHAKHX OCANKOB B MOYBOIPYHTAX M Ha NOBEPX-
HOCTH Qacceiina;

— HCIAPEHHE H TPAHCITHPAILHIO Ha Bogochope;

— TpakcopMaliHIo MOBEPXHOCTHOIC H BHYTPHIIOYBEHHOTO CTOKA
B PeUHOI1 CTOK.

B nocnegpme romer B HAlCH cTpake M 3a pybexxom paspaGoTano He-
CKONBKO MATEMATHYeCKHX Mogenci GopMHPORAHHA TANOTD H AOWIEBOTO
croka. Ha ux OcHOBE NpeanoeHs! MCTOOB ABTOMATHIMPOBAHHBIX KpaT-
KOCPOYHBIX MPOTHO3IOB EXMCHAHCBHEIX PACXONOB. AHANIH3 pPeIyNBTATOBR
nporuo3uposanus mo 10 mopensmM, paipaGoranneiM B Poccru, CILA,
SinoHUM, NOATBEP/THI BOSMOXHOCTh HCTIONB30BAHKA DONBIUMHCTBA H3 HUX.
VenenrHocTs MporHO3HpOBAHKA BO MHOTOM 3aBHCUT OT TOMHOCTH HCXOA-
HBIX BAHHBIX H BO3MOXHOCTH Y4CTa BHOBb IIOCTYTIAIONICH HH(pOpMaHIL.

Ilpouiecc MaTeMaTHYECKOro MOLSIHMPOBAHKA HA YPOBHE COBPEMEH-
HbIX 3HAHHI BXNIOYaeT ceRyoWHe s1ank [17]:

— NOCTAHOBKY 3a5a4H H BEIGOP THNA MOACIH;

— dopmynuporanne CTPYKTYPH! MOACHH HA OCHOBE aHANH3a 3aKo-
HOB, CBAIBIBAIOIHX OCHOBHBIC NTApaMETPhI;

— HOJIFOTOBKY MCXO07IHOM HE(OPMALIUH M IPEACTABNCHHE &€ B COOT-
BeTCTBYIOLICH dopMe;

— MPOTPaMMHPOBAHKE;

~ MPOBCPKY IPHMEHHMOCTH MOJEHH HAa OCHOBE COIOCTABJICHHA Pe-
3YNbTATOB MOJICTIMPOBAHHA ¢ GaKTHICCKHMH JaHHEIMY,

— TMABHKPOBAHHE M OCYMICCTBIEHHE YHCHCHHBIX SKCREPHMCHTOB
€ HCTIOIB30BaHHEM HMHTEUFOHHBIX PacYeToB;

—~ MHHTCPAPETAUMIO Pe3YILTATOB HMHTALMOHHOND MONEITHPOBAHHA;

— TIPaKTH4ECKOE HCIIOAR30BAHHC PE3YJILTATOB MORERHPOBAHHA.

PasBirhe MeTONOB MaTEMATHYCCKOTO MOACNIMPOBAHMA TpebyeT Ha-
NH9HA GaRKOB MAHHBIX THAPOJOTHYECKOH, METEOPEROTHYECKOH H arpo-
buznyeckoit undopmanuu. CozgaHHe NoAoOHbIX GAHKOB HEBOIMOMHO
6e3 aproMaTH3aUMK cOopa H 0OpaboTKH rHApOMeTeopoNOrAYecKoi HH-
¢opmauvm. Ha Gase MaTeMaTHUCCKHX MOZENEH CO3ZAKOTCA BOIMOXKHO-
CTM BHC/PEHHA B NpPAKTHKY AaBTOMATH3HDOBAHHEIX CHCTEM BBINYCKa
ONIEPATHBHBIX THAPONOrHYECKHX MPOFHO30B.
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FrnaBsa 6
KPATKOCPOYHbLIE MPOIrHO3bl PACXOAOB
M YPOBHEA BOAbLI AOXXAEBLIX NABOAKOB

6.1. 3akoHoMepHOCTH GOPMHPOBARHA A0KACBOIO CTOKA

IIporHos BOXAEBEIX [IABOAKOB AB/ACTCA OJHHM H3 BAXHCHLMX Ha-
NpaBneHUi MMIPONOTHYeCKHX TporHosos. Ecnu paccmaTpuBath 3eMHOM
WAap B HENOM, TO NOUTH Ha 70 % ero TCppHTOPHH MAKCHMANBHBIC PACXOIEl
BOJIEl OTMCHAIOTCA MMCHHO BO BPEMA NPOXOKICHHA JOMUICBBIX [1ABOIKOB,
BropbiM BaKHEIM MOMCHTOM SBTISETCA TOT (aKT, YTO, KaK MPaBBIio, AOXK-
JeBbie ITABOAKHE BOHHKAIOT BHEIAIHO, MOITOMY Aake HeGoyminan 3abnaro-
BPEMCHHOCTS MX NPCACKA3AHHA BO MHOTHX CITYYasX ITO3BOMAET COXPaHUTE
3HAYNTEJILHEIC MATEPHANLHEIC LICHHOCTH H JkH3HH moned. Ha repprropud
Poccun nporHO3 AOMACELIX MABOAKOB OCOGEHHO AKTYaUICH UL IHBHEOIIAC-
HBIX pafiOHOR, K KOTODEIM B HEPBYH) OYCPEHb MOXHO OTHecTw Jlannemi
Bocrok n Uepromopexoe nobepexake Kaskasa.

Pacyer H npor{o3 NOXKNCBLIX MAaBONKOB NPHHATO CYHTATL ONHOI U3
TPYAHCHLIMX NPOGIEM FHAPONOrHH, KOTOPas BIOIHE YAOBICTBOPHTENb-
HOTrO penieHHA HE TONYYHia H IO HAacTOAWETo BpemeHH. GopMuposansie
DOXKACBOrO CTOKA Ha BofocOope ABNAETCA CIOXHBIM MHOTOGaKTOPHEM
nponeccoM. Bonee Toro, on MoxeT OuiTh AudrpepeHIHPOBaH Ha piaf Ya-
CTHBIX MPOLECCOE, B CBOK 04Yepelh PEryaspyeMbIX BIaHMOOOYCIOBACH-
HEIMH TIPHYMHHO-CIIEACTBCHHBIMY CBA3SMM B TPaHMIAaX peuHoro Oac-
cefina. dopManu3anua ITHX NMPOLECCOB ¢ LENbI0 MPEACTABACHHA HuIK-
YCCKH NOCTOBEPHOIH KAPTHHEI GOPMHPOBAHHS CTOKA MOXET OHITH MMosy-
YcHa NYTeM COCTAaBICHHA CHCTEMB! IHGEpeHUIHANBHBIX YpaBHCHMIA,
OIHCBIBAICINMX YCAOBHA JBHXKEHHMA BORBl IO CKNOHAM H PYCAOBYIO
TparchopMalUIo, ypaBHeHH TYpOYICHTHOTO TEIo0OMEHA M TEIIOBO-
ro Ganasca fAfis OUEHKH MCIIAPCHHS, YPaBHCHHI XapaKTepuIyIOmuX AB-
nemus uHGEALTpamM K T.A. OOHAKO COBMCCTHOE PCLICHHE CTONb
CHOKHON cHCTeMBI AMdbEpeHUMANBHLIX YPaBHEHHH B YacTHHX HpPOH3-
BOAHEIX 3aTPYOHEHO KAK B CHIY YHCTO MAaTEMATHYECKHX TPYAHOCTeH,
TaK M #3-33 HCAOCTATOYHO penpe3cHTATHBHON HHpopMauuu o6 ocamkax
(konHYeCTBE, METCHCHBHOCTH, PACHPENCACHAH 10 BPEMCHH U DPOCTPAH-
CTBY), 4 TaKoKe KpaHHe OrpaHuYeHHBIX ¥ HH3KBX N0 TOYHOCTH JaBHBIX
© BOAONIOrNOTHTENBEHOH COcOGHOCTH pednsx Oacceitnos. Takoe momo-
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JEHHE OPHBOLMT K HeoOXOAUMOCTH NPHHATE PAR AOTYIREHHH GPH pe-
WeHHH cucTeM JHbpdepeHIMANEHBIX YPAaBHEHNUH, NPK peanH3allny Ma-
TEMATHYECKHX MOxeNeH ¢ COCpenOTOYCHHBIMN NAPaMETPAMH M TIPH BHI-
paboTKe NPOrHOCTHYECKHX PEICHHH HA OCHOBE NOCTPOEHHA KOAKCH-
anLHO# (coochoii) cucremnl rpaduKoB, No3BOAMOILES YUECTE OCHOBHLIE
cToKodopMuUpyrolHe PaKTopbL.

CymectByer AocTaTOMHO GONBIIOE KOMUIESCTBO CIOCOOOBR MPOrHosa
HAOXICBBIX MABOAKOB, KOTOPHIC ¢ HEKOTOPO#H A0MAeH YCNOBHOCTH MOXHO
TIOAPA3AEANTE HA TPH OCHOBHBIE FPYNIILL

— ¢nocobkl, OCHOBAHKEEIC HA MPUMEHCHHM SMNHUPHYECKHX 3aBHCH-
MocTeil JOAASBOro CTOKA OT OCAIKOB M (aKTOpOB BONONOIIOLIEHNS;

= cnoce0El, OCHOBAHHBIC HA HCMOAL30BAHHH NAHHbIX © NMPHTOKE BO-
Hbl B PYcioByl0 ceTh 0acceliHa, BLIYHCHEHHOM MO THOPOMETPHYECKHM
AAHHBIM,

— (H3UKO-MATEMATHYCCKHE MOZACHH, OIHCHIBAWOILMC NPOLECCH
popmupoBanna croka Ha sonocGope H TpascGOPMALIMIC ETO N0 PYCIY.

Peanuzaiys TOr0 WAX MHOIO NOAXOLA OPH PELICKHH POTHOCTHYE-
ckofi 3ala¥i BO MHOTOM OMNpRAENAeTcA 0OBbEMOM ¥ Ka4ecTBOM HMEI0-
weiics MHGopManMH, a TakkKe OCOOEHHOCTAMM (POPMMPOBAHMS CTOKA
B KOHKpeTHOH $H3KKo-reorpaduyeckoii 3one.

®OopMUPOBAHHE CTOKA ROXIEBEIX MaBOAKOB ONpENENACTCE Che-
IYIOINMH OCHOBHBIMH IIPOLIECCaMH:

— DOCTYNACHHEM BOXE! HA NOBEPXHOCTE NIOYBHL,;

— MOTepAMH AOKAEBEIX BOJ HA BIHTHIBAHME B TIOYBY, IOBEPXHOCT-
HO® 3afiepXKaHne K HCIAPEHNE NIPH CTeKAHHH BOAE! [0 CKIIOHAM;

~ CcTeKaHHeM BOABI ¢ NOBEPXHOCTH Bofochopa;

— CTexaHHWeM BOJABI MO PYCIIaM pek.

XapaxrepHoi 0CO0SHHOCTBIO AOKICERIX GABOAKOR ABIAETCA HX TEHe-
THYSCKAA HEOMHOPOJHOCTS, TOX KOTCPOH NOAPAsYMEBAIOTCA PaiIHYHbIS
YCIOBHA MX (OpMUPOBAHNS, AUAAMMKH PA3BHTUA M PEXGMA CTCKAHMS.

6.1.1. Fenesuc doxcdesuix nagooxos

Haubonee nonuaa reserndeckad wiaccupuraums BUROB CKIOROBO-
ro CToKa, npemioxennad A. H. Bedanu [7], BHMrnagur cnenyiommum of-
pasoM:

1} crok paBaBH nmpH rNy0OKOM 3aN€raHUK TPYHTOBBIX BOA, BO3HH-
katomit or momneit O0NEE HHTEHCHBHBIX, HeM NOBEPXHOCTHAA (uBbT-
pami («HIOABCIICHHBIH» CTOK);
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2) mOREPXHOCTHBIH CTOK C PaBHUH, BOIHHKAIOHIHH NPH NORBEME
TPYHTOBBIX BOA K NOBEPXHOCTH («MOANEPTHIH» PABHHHHLIA CTOK);

3) HamMep3noTHLIE CTOK GONOTHO-TYHAPOBHIX BOA (TIpeHMYmECT-
BEHHO TIOBEPXHOCTHMI) H cMemanHbIil GonoTHEL cTOK;

4) «noABEMICHHLIN NOBEPXHOCTHEINA CTOK IOPHEIX paiiOHOB;

5) «nognepThliin MOBEPXHOCTHEI CTOK € FOPHLIX CKMNOHOB, BOSHH-
KalQUIHi MOC/Ee HACEIIEHHS PHIXIIBIX OTIOKEHHH, ISKAIMX HA OTHOCH-
TEJIbHOM BOJIOYTIOPE KOPEHHBIX MOPo (MJIH HA MEP3JIOTE);

6) «HOHTAKTHEIN» CTOK B CNIOE PIXIBIX OTN0XKEHKH, HMetonyit pas-
THYHBIE GOPMEL (NpeHAKHEIH, KHUNLHEIH, IIAcTOBHI K T. A.);

7) BHYTPUNIOYBEHHEIH CTOK PaBHHH.

OTHenbHEIE BHAEI CTEKAHMS YACTO COYCTAIOTCH, MEPEXONAT M3 Of-
HOro Buna 8 apyroii. K HacrosmeMy BpeMCHH JUIA NEPEHACHCHHRIX Te-
HETHYECKHX THMOB pa3pafoTaHbl NpUONMXKEHHEIE TEOPHH (PopMHpOBa-
HHMA CTOKa, OOMIMM HEROCTATKOM KOTOPBIX CASAYET CHHTATh HEYYET
BPEMEHHOTO 33epXaHui BofIbl Ha BogocGope.

Hanfonbluei CIOMHOCTLIO IEHE3HCA CTOKA OTAMHAIOTCH OGacceitHsl
TOPHBIX PeK. 3Aech HaHOO/ee YacTe BCTPEYACTCA KOHMAKMHbIL CMOK, KO-
T8 [OMAEBaA BOJA, ACIKO IPOHKKAN MEpe3 PLIXNABIE MOPOJBI, CTEKAET MO
KOHTaKTY ¢ MANOTIPOHHIAEMBIM CIOEM CO CKOPOCTBIO, BO MHOIO MpEBHI-
maeH CKOPOCTs TPYHTOBBIX BOA, BMECTe C© TEM, HA TOPHBIX CKIOHAX
obpasyerca ¥ nosepxHOCmHbIll crtox. DTO NPOHCXOOMT TOIAa, KOrIa HH-
TEHCHBHOCTE JIOKA% NPEBOCXOAUT HHTEHCHBHOCTD BIMTEIBAHNA H B CNYYae
HECBINICHHA PBIXJILIX NOMBOrPYHTOB. CKOPOCTH NMOBEPXHOCTHOTO CTOKa
CYLUECTBEHHO BEIUIE, YEM KOHTAKTHOTO, NPHYEM €0 MAKCUMYM HACTYIIAeT
No3/IHee MAKCHMYMA J0XKAA, KaK NPaBHTo, HA HHTEPBsal, PAaBHBIH MOJIORHHE
BPCMEHH A0OEraHHA BOAB, B TO BPEMA KAK MakCHMyM BTOPOr0 — JBIIb
¢ okoHuawmeM Toxas. B obmem pute ruaporpad NOBEPXHOCTHOIO CTOKA
MMEET BOTHYTbIE OYEPTaHHA, a ruaporpad NOMMOBEPXHOCTHONO XapaKTepH-
3yercs Gonee paBHOMEPHEIM MOTBEMOM H NPAKTHICCKH JTHHEHHON BETBLIO
cnana. Moo BLIIENHTE TPH OCHOBHBIX THIIA NOPHBIX CKIOHOE [7]:

— 3ANCCEHHBIE YYaCTKH C NPOBANbHEIM BIHTHIBAHKEM, TRE KOMKIC-
BBI€ BOAHI 00pa3yloT KOHTAKTHbIH CTOK;

— 3ajeceHHBIE YYaCTKH, II€¢ MHTCHCHBHOCTb JIMBHEBRHIX OCANKOB
MOXET MpPEBHIUATE WHTEHCHBHOCTL BIMTHIBAHHA, B PE3YNETATE HEro
NOMHMO «TIOABCIISHHOrO» CTOXa obpasyeTcs H NOBEPXHOCTHEIN;

— OTKPBITHIE MANIONPOHHLACMBIC TOPHEIE CKAOHBL, TAe npeoSnanaer
«TOABEICHHBIH? MOBEPXHOCTHELE CTOK.
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Ha GeanecHrix paBHHHEBIX BOAOCOOPaX C rIy0OKHM 3ancraHHCM
TPYHTOBHIX BOA QOPMHPOBAHHE MAROKOB NPOKCXOANT 3a CYET «NOABC-
IIeHHOTO» MOBEPXHOCTHONO BoHmooOpazopaHud. Hecousmepumo wan
BHYTPHIIOUBEHHEIH CTOK, KOTOPHIH MO JAaHHEIM 3KCHCPHMCHTAIBHBIX
HCCICAOBaHKH COCTABIACT COTHIE AOMM HpoueHTa oT obmtero. B 3ome
creneii dopMupOBaHNE AMKIEBOr0 CTOKA BO MHOTOM ONpPCAERACTCH
cnenuduxoi npouecca noreps. Ha Taxensx mourax cnabopacuneHeH-
HBIX IUIOCKMX PaBHHH BEJIHYHHA MOTEPh ONPCACHAETCH NOBEPXHOCTHBIM
3a/IcpXKaHHUCM, B PE3IYIBTATE Yero rHAporpadbl MABOAKCB XapaKTCPH-
SYIOTCA PACIIACTAHHOCTRIO M CTNMAXKEHHOH BepxMell uyacTeio. B ycno-
BHAX 3HAYMTCIBHBIX YKIOHOB M BhIDDKCHHOW PacuICHCHHOCTH
OCHOBHO# IPHYHHOI NOTEPH ABAAETCA NOBEPXHOCTHOE BIHTHIBAHHE.

Ha paBHnHax necHo# 30H5I, cornacio Knaccudukamun A. H. beda-
HH, BCTPEYALTCA NATH THNOB CTOKA: NOBEPXHOCTHBIH («MOABCIICHHBIHY
H «OOMMEpTLIi»), BHYTPUROYBCHHBI («NOABCINCHHBIH® H «ROXNEp-
THIi») H GONMOTHBII.

B cBa3H ¢ HermyOOKHM 3ancraHueM TPYHTOBBIX BOJ B 3TOH 30HE
npeobnanalonuM ABIACTC «ROONEPMbIii» NOSEPXHOCHIHYIE CIMOK, U BO-
Joobpa3oBaHMe ONPCUCIHACTCH HE CTONILKO PASHOCTHI0 OCANKOB W BIM-
THIBAHKA, CKOJIBKO OCOGCHHOCTAMM MPOCTPAHCTBEHHOTO pacnpeAcicHus
eMKOCTH 30HEI a3paLinK H CJIoeM O B MEpHOX nogronneHus. Ha He-
Ooabmux oTKPHTEX BofocGopax poOpMHDYETCH ¥ «NOOSCUICHHBILY AuB-
Hesolé cmox. Jlake ruaporpadhl JNMBHEBBIX OCAAKOB PpAcrIaCTAHEI,
8 «OCTPHIC NHKH» OTMEHAKYTCH NHIIbL HAa MAIIBIX BOAOTOKAX,

Ha aanecensrix BogocOopax ROBEPXHOCTHEIH NIPUTOK CONMPOBOXIA-
€TCH BHYTPHNOYBCHHEIM, 3 JIMBHCBOM — MOJABCIICHHEIM BHYTPHIOYBCH-
HEIM, OFHAKO OOBIYHO MAKCHMYME! GOPMHPYIOTCA BOSZAMH IOBEPXHOCT-
HOTO TIPUTOKA.

ITpocTefimit mexaunusM QOpMHPOBAHHS MABOAKOB MOXCT GHITH
NMpPEACTaBNIeH B BHAE TaK HalbpiBaeMoii TeHeTHYccKoil (opMynnl cToxa
(McTOXa HIOXPOH).

6.1.2. lenemuvecxan hopmyna cmora

Hannas cxenma HOPMHPOBAHHA HOKIAEBOrO CTOKA NPSARONATALT PAL
CYWESCTBEHHEIX JOMYILCHHH.

Cuuracrcs, uT0 Ha BofocGop MIomIAZkio F HeNpepeIBHO, HAYUHASR
© MOMEHTA {, PABROMEPHEIM CNIOEM BhINAJAIOT OCATKH.
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Bpems, 3a Kotopoe crokaobpa-
’ 3yIOlad YACTh OCaZxoB oT HauGonee
yhaneHHo#H ToukH Bopocbopa noberaer
A0 3aMBIKAIOLIETO CTBOPA, HA3BIEACTCA
BacceiinoebiM (CYMMApHBIM) apemeneM
N dobezanun t.

Brifupaerca pacueTHas eRMHHLE
BpeMeHH A7 < t W mnomaap Gaccefina

pACUNEHAETCA HA COMHUYHLIC NIIOWANH,
A CTOK ¢ KOTOPBIX MPOHCXOANT 32 HHTEp-
Ban Af (puc. 6.1).
Puc. 6.1. Pacunesenne sozocSopa KonuuecTBO CAMHMYHBIX mOLIa-

Hi ¢AMAHYHBIE NAOIIAAY CTCKAHMA. neﬁ CTeKAHHA ONpPEAEnACTCA o @OPMY-
ne n = 1 /As. T'panumamu xaxao# w3 HuX
ABMAOTCH JIMHAN, COSAHHAIOMINE TOYKH ¢ OHHAKOBLIM BpeMEHEM aobe-
ranpg (H30XpoHamy), MeToa MO3BONAKIIMI MONY4YHMTh KaK KAYeCTBCH-
HYI0, TAK H KOIMYECTBEHHYIO KAPTHHY PacyeTa ¥ NMPOrHO32 CTOKA Hashl-
BAETCHA MEMOOOM UIOXPOH.
Crox B nepaylo envHuNy BpeMeHi Noce HAYaNa BBIMAAEHNA OCal-
KOB NPOHCXOAUT JHIIG ¢ INOILAAM f:

Q, = filx-p),. 6.1)

riac (x — p) — sbdexrupnbii cnoft ocankos (cnoli OCARKOB ¢ Y3ETOM IMO-
Teph, KOTOpPHIE, KAK H OCAQKH, CYHTAIOTCA PaBHOMEPHO pacmpenencs-
HEIMH 00 1omanM); 0, — pacxon B 3aMmbiKaomiem creope Oacceiiva
B MOMEHT BPCMEHH .

Bo BTOPYH0 eNMHUILY BPEMEHH CTOK OCYIISCTBAAETCH YXKE C MII0MIA-
Aei f| u f; COOTEETCTBEHHO, 1TO3TOMY

Oua =S1(x=P)apy + Ja(x—p),. (6.2)

Ecim cTox npoucxomuT ¢ ImIOMaaH Beero BoxocOopa, TO A €r0
OLCHKH TOCE MEMEHTAPHBIX npeoOpa3oBaHMilt MOXKHO NOMYYHTH dop-
MYy,

Q =filx-p)+ [(x=p)yop + -+ [ (x - P):—(n—l)u
HIH
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i=n

Q = E}’fl (x- P):-(:-na.- : (6.3)

Vpasuenue (6.3) HaIEIBaeTCA 2enemunecroli hopmynoii cmoxa.

Beyrensior B¢ ocHOBHEIC dassl CTOXa ¢ BIOMARM GacceiiHa —
CKIOHOBOE CTCKAHHE H PYCROBOI CTOK.

Cxnonopoe Bpemsa moOeranus 1) OmpeNenseTcs Yepes CPemHioio
CKOpOCTDH CKIOHOBOTO CTeKaHHA (IO MOBEPXHOCTH H BHYTPHHOYBEHHEIM
myTeM) v M HaubOARINYIO IRUKY CKIIOHa /:

1

Rt (6.4)

AHanorAaHo onpefenderca cperHee BpeMs pycioBoro aoberanns T,

T, ==, (6.5)
v
TE ¥ — CPEeAHAA CKOPOCTE IBEDKCHHA MABONKA B pychnosoH cerw; L —
HaubosbInag JUIHHA pyclia A0 3aMBIKAIOMIErO CTBOPa.
Torma Gaccelinoroe ppems goleranHa T papHo cymMMe T; H T; (3a

BBIUCTOM OAHOH pacdeTHol eAMHHIELI BpeMeHH Af):
=1 + 13— At (6.6)

Croco6 BriBona dopmyns (6.3) asnaerca ynpoulennsM. [Tyth agu-
WEHHA SMEMEHTAPHBIX 0GBEMOB BOABI AaXe ¢ COCEHUX MEKH3OXPOH-
HBIX IUIOMANe MOTYT 3HAYHTENIbHO OTIHYaTECE. B nponecce ¢opmupo-
BAHAA CTOKA NIONIOKEHHE H30XPOH HE OCTAETCA MOCTOSHHEIM, 8 M3MEHA-
eTca KK BO BpeMEHH, Tax M mo mromany. HenpepriBHo MeHMmoTCe pa3-
Mephb! IUIOANY, MOKPLITEIC BONOH, 2 B YCIOBHAX NPCBHILICHHA HHTEH-
CHBHOCTH BITHTBIBAHHA Hall HHTCHCHBHOCTBIO JOXKAS 4acTe GacceiiHa
MOXET He HMeTh MOBEPXHOCTHOTO CTOKA. BeneacTBrE 3TONO NOCTpPOCHHE
H30XPOH BCTpeyaeT GONbIIHE TPYIHOCTH.

CylliecTBEHHBIM HEAOCTATKOM PAacCMOTPEHHOR CXEMATH3AUMH Mpo-
necca GOpMHPOBAHMA CTOKa ABJIRETCA TOT (AKT, YTO PacCMATPHBAIOTCH
MOTEPH TONBKO BO BPEMA JOXKAA, B TO BpeMA XKak HHPWIBTPALHA Tpo-
JOXAETCA H NPH €ro NpexpalieHHH (Ha daie crrama CToka).

@®opmyna (6.3) mo cyTh ABIAETCA reHeTHyeckoli dopmynoii Bac-
cefiHOBOTO CTOKAa H OMHCHIBACT BECH MPONECC CTOKAa OT MOMCHT2 BhINA-
HACHHA OCANKOB A0 MOMCHTA CTOKa 9Yepes 3aMblkaiuuii creop, OnHako
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NPK OXMHAK0BOH BennyuHe OacceiiHOBOro BpeMeRH xoberanvs T BesH-
YUHKE CKBOBOBOTO M PYCIOBOTO BpeMeHH moberanus moryt 6oits pas-
nuuHel. Paimensupiii BHEOA TeHeTHHMECKHX (OPMYN UIA CKIOHOBOTO M
pycnoBoro crokos 651 seinenned K0.M. AnexunriM [2], onsaxo ol Ho-
CHT CKOpee YMCTO TCOPETHYECKMH MHTEPEC, TaK XaK CYIISCTBEHHO YC-
JIOXKHSAET PelICHHE 3aa4H.

Bombmoe pacnpocTpaHeHHe NOMyuHNa TIeHETHUYecKas dQopMyna
M.A. Bennkasona [3], pekoMEHROBAaHHAA LA ONMCAHMA (OPMHPOBaHHA
CKIOHOROIO CTOKA:

; 8o
q—g(x-p) 61ez‘r, 6.7

THC ¢ — PACXOX Ycpe3 CKAOHOBYIO N30Xpony (t = 0); T — Bpema aoberanns;
@ — NMOWAAb, OrPAHHYCHHAA ¥30xpoHoit T W Oposkoil pycna; (x — p) —

7
PA3HOCTL OCATKOB 1 DOTEPE 32 C/MHHILY BpoMetH; —— GyHKUMA JO-

Oeralnug, BHPaXAONan K3IMCHEHIC MEKHIOXPOHHBIX (CAHHMMELIX) 110~
wanei no epeMeHy aoberanvia.

Taimsm obpazom, pacxos CKOHOBOTO CTOKA g — CYyMMa OHOBpE-
MecHHO ARoferatonx 00hLEMOB BOAB ¢ Pa3HOYNANCHHBIX CAMHHYMHEIX
nnowaneii crekasis. Jing TcHeTHYECKH HEOTHOPOOHOIO CKJIOHOBOTOQ
CTOKA, HANPHMED, B FOPHBLIX YCIOBHAX, CACAYET YYHTHIBATE MEXAHHIM
¢hopmMupoBaHKA He TONBKO NOBEPXHOCTHOTO CTOKA, HO M ApeHaxHoro [7]:

_ ((x-p)o® _p\%o,
q"t!(x ‘Pn)'aT“dtn"';!(‘Pn a)?“dtx’ (6'8)

FAE Tp H T, — NOBCPXHOCTHOE H KOHTAKTHOE BpeMa HoGeramns;
a

o0,

ol PyHKIHM AoOeraHUa MOBEPXHOCTHHIX M KOHTAKTHBIX BOX; P, H
K

P, — uAbHNPTPAUHA NOBEPXHOCTHAA W B OTHOCHTE/BHBIE BOXOYNOP

(B cauEMIy BpeMeHH).

IMepsbrit MHTErPan AaeT BO3MOMXKHOCTh OLCHKTH CKAOHOBBIH IPHTOK
MOBEPXHOCTHOTO CTOKA, BTOPOi — KOHTaKTHOrO. CNeOyeT OTMETHTh, Y10
rereTHycckad opmyna (6.8) cnpaBenmsa 211 GOPMHPOBAHHA CKIOHO-
BOTO CTOKA AN YMEPEHHOIO INOBEPXHOCTHOIO BIIHTHIBAHMA, B IIPOTHE-
HOM CIy94¢ MMCCT MECTO JIMUIb KOHTAKTHHIE CTOK (Mepsbpiii HHTErpan
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B {6.8) cranoBuTbca pasHbIM Hyuw), Kpome Toro, eeipaxenne (6.8)
COPABCANMBO ANA YCIAOBHH OTCYTCTBHA HOAGEPTOrQ CTOKA,

Cxema H30XPOH HE oTpaxkaer m ¢usudeckuit npouecc BpeMeHHON
AKKYMYNSLHH ¢ nocaexyiomeii sonootnaueil. H. &. Bedamu pexomen-
AYET B NPHMEHCHHK K KOHTAKTHOMY CTOKY MOHATHE «H3IOXPOHBID 3aMEC~
HBHTb NOHATHEM (H3OXDOHHBIE NOGEPXHOCHIU», KOHQUIYPALMH KOTOPBIX
ONpPENeNAOTCA MHOKECTBOM NOKANLHEX OCODEHHOCTEH IOYBEHHO-
TE0JIOTHYECKOrO CTPOCHHA CkIOHOB. B cBoe Bpema M. A. Benuxanor He
PEKOMEHIOBAN HCIIONL30BAHHE METO/I8 H3OXPOH UL PYCROBOTG CTOKS,
CYMTas B DTOM CITy4ac HEOOXOAMMBIM YYHTBIBATE 3AKOHOMCPHOCTH Iie-
peMellileHHA TaBOAOYHON EBOMHBI TIo pycny. OmHAKO EBNOCHCACTBHH
CTpyKTYpa reHetHweckoli opMynmst Obina npuMeHeHa W A0 ORHCAHHA
MEXaHM3Ma POPMMPOBAHHSA PYCTOBOrO CTOKA:

Ql ='i(xl-'rp _R-tp)drp' (6°9)

i,

3pech KpuBad CKIOHOBOTO J0GEraHHA 3aMeHEHa KPUBOH PYCIOROTO
noberaHus, NpHYEM CYHTACTCA, 9TO BPEMA CKIOHOBOrO xoberadus pas-
HO HymO. B pecanbHbIX YCHIOBHAX MPOROMKHTENBHOCTE CIJIOHOBOTG CTO-
Ka MOXET JOCTHIaTh HECKONBKHX CYTOK. B 3ToM ciywae mpaBomepeH
cnenylomuit Bun reneTHYeckol hopMyNEl pYCIOBOro CTOKA:

o
0 = gar @)1, Ho (6.10)

TAS q; ,, — BNMYMHA NPUTOKA B PEYHYIO CETh B MOMEHT ! — 1T, a;i- -
e
bynkuna noberawma (f — nnomMane, OrpaHHYCHNAA H30XPONHOH T, T, —
BpeMa pycnoBore aoberaHns).
Ipu yuete akxymynsuny (B Pase noxpema naeogka) B cpaboTkn
(#a cnane) uenecoobpasHe NONLIOBATECA HOPMYNON:

j——an! 'r' (611)

TAe ¥, — dyuaxuns sogoodMeHa (atcxyuymunu).
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o

Ilpouspenenuc ro Y, — GyHxuma, npeobpaiyioman CRAOHOBBIHA
v
NPHTOK B PACXORBI B 3aMbiKalowieM creope. Popmyaa (6.11) ucnonssy-
eTCA ANA PEK C APKO BLHIpAKSHHOM mwinpokoii noiiMoH, rae BeNHKO BAKS-
Hie pyCno-noiiMensoro BogoodMeHa.

Pyuxums BoA00OMeHa MOxeT OLITH OmpeleseHa BecbkMa MpHOAH-
EHHO, NOITOMY B NIPOTHOCTHYECKOM MPaKTHKE reHeTHIcckad dopmyna
B peaakonH (6.11) He momyanna WHPOKOro pacnpoCTpaHeHU.

Ctporo roeops, CKOpPOCTH PycCno-noHMEHHOr0 NOTOKa B pOUEcce
NPOXOXKACHHA NaBOAKA He ocTalorca nocrosHHeMH. [lo Mepe pocra
ypoBHA NPOHCXOANT YBENHYCHUE NONH NOHMCHHBIX BOA B OfIIeM pac-
XOfie, 4TO NpMBOAMT K yObiBaHMio ckopocTeit Teuenud. Haubonsmee xe
zaMeaneHne cKopocreil Habmopaerca B NMEPHOJ clana, Nocie BO3Bpa-
INEKES MOTOKA B PYCNO. YUeT HETIOCTOAHCTBA CKOPACTeH MOXET Ocylle-
CTBASTECA HYTEM NOCTPOCHMS WHHYEIPANbHBIX KPHBRIX RoOeraHuwa mis
NAEONOYHON B MeXEHHOH ckopocteli c LENBIO HAXOMHEHMA MEXH30-
XPOHHBIX nHowaneH uurepronaumeii. CyHiecTBYIOT H Apyrue NyTH yde-
Ta MEPEMEHHEIX CKOPOCTeii.

Ob6obmenue reHeTHYECKOH (HOpMyIBb! CTOKR Z7IA OTIHCRHHA MPOilec-
ca (opMHPOBaHHA PAcXo0B BOAB B 3aMBLIKAIOIECM CTBOPE B pesyabrare
BHINIABILHX Ha BOAQCOOP OCAMKOB IPUBOINT K BLIPKSHHIO

Qr '—';!(I—P)r . r(ts T)dts (6.12)

rae r(t,1)= %

3meck KpMBHIC M{f, T) ABIAIOTCA Xapaxrepucthkoii Gaccelina {(cM.
puc. 6.1}, xoTopas oTpaxaer Kak MOpdOMETpUYECKHe, TaK M THAPABIN-
yeckHe ycnoBHa. TakuM o6pa3soM, 3azaqa pacyeTa M APSABHIMHCICHHA
RABOJOYHOrO CTOKa CBOAMTCA K pacueTy OCaJKOB, MOTEPh BOAB M KpH-
BhIX RoOeranus croka.

Npuemsi BhIMCIEHHA CNOA OCAAKOB, BHINMAZAOMINX HA NOBEPX-
HocTh Gaccefina, MOAPOGHO MINAraloTCA B KypCe FHMAPONOrHH, HOITOMY
3xeck 06 3ToM By HeT CKa3aHO QYCHE KPAaTKO.

HanGonee ynotpeOHMBIM JUIA pacyeTa CpPelHEro oA 0CaaKOB Ha
BOHOCOODE ABINAETCA METOR H3OIHMET M CNOCO0 BIBCIMBAHMA ((IPHAAHMN
HEKOTOPOro «Béca» HA MOKa3aHua xaxaod cranumu). [Ipu nocTpoeHnu
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H30IHET YUHTLIBAETCA XapakTep peabeda u koudurypauus sozocbopos.
C UX NOMOIUBI0 MOXHO NONYYHTh CBCHCHHS O KONHYECTBE OCAIKOB HA
NecHOK M moneBol acTax BoaocGopa, Ha MEXH30XPOHHEIX IfOARAX U
T. A. [lox BecoBsIM K03 dHIHMEHTOM OOLINHO NOHKMaETC fezpatMepHan
XapaKTePHCTHKA, BRIYHCIACMAS KaK OTHOWCHHE TUIOLIANH, /U1 KOTOPOH
H3MEPEHMA AaNHOH CTAHUMH ABNAIOTCA PENPE3CHTATHBHBIMH, KO BCCH
nuiowiagy. Cnocob B3BemnBaHHA OCHOBAK Ha HAHCCEHHH M3OMMHUI pas-
HOrQ yAaneHHs OT CTaHHHH, OAHAKO B 3TOM Cilydae HE YHHTHIBAXOTCH
reorpaduzeckne 0COOEHHOCTH TeppuTopHi. OnpenencHne BECOBLIX KO-
pPprinieHTOB MOKET OHITH OCYIMECTRICHO IO PE3YNBTATAM KOPPE/ALH-
OHHOI'O AHAMK2A NOKa3aHMH HOMAEMEPHBIX NMYHKTOB C BENHYHMHOH CTO-
Ka. B stoM caydae Tpelyercs HANHYHE CTAHIMIH, PACIOROKEHHBIX B Oac-
celine Gofee MNH MeHee paBHOMepHO. K COXANECHHIO, COBpEMEHHAA
OCaJKOMEpHas W NAOBHOTpaduyeckas ceTs He JaeT ROCTATOYHOH WH-
$opMaLHH O MPOCTPAHCTBCHHO-BPeMeHHOH CTPYKTYpe mofieH 0CaixoB.
Vriy4IicHHE CHTYaUHK MOXHO O3KHIATh B CBA3H C PasBHTHCM B NocHel-
HeC BPEMA OXHOI0 M3 METOJOB IHCTAHLOHNOTO 30HIHPOBAHMA — pa-
JAHONOKAUHORHOTO METONA M3MEPCHHS OCankoB. B HacTosmee ppems
B psfic NABOAKOONACHEIX PafiOHOB CTpaHE! MPEATIONaraeTca YCTAHOBHTE
PATHONOKALMOHHBIE KOMIUICKCh! JUIA HIMCPEHHA OCAfKOB ¢ UENbI0 NO-
BHILECHHA HAREXKHOCTH ONICPATHBHEIX NMPOTHO30B JOKACEOTO CTOKA,

6.1.3. Homepu dodicoeguix 600 HA NOBEPXHOCMNOE SNUMbIBAHUE

Baxueiimeidl npobneMol NpH peanuzalMH NPOTHO3OB NOKACBOIO
CTOKa fBIAcTCA pacder noteps. [lomepu cmoka — 310 cymmapHoe (3a
HEKOTOPBIH HHTEpBANl BPEMEHH) KONMHYECTBO BOLEI, BPEMEHHO HIH Oc3-
BO3BPATHO 3aJCPXKAHHOC B HOBEPXHOCTHLIX H BHYTPHNOYBEHHBIX CMKO-
CTHX, & TAKKE HCIAPUBILEECH ¢ MaomanH sogocdopa.

IoBepxHOCTHOE 3a/ICPXaHHE ONpPENEIAETC B OCHOBHOM (hH3HKO-
reorpadHYECKBEMHM XapaKTCPHCTHKAMH BoaocOopa: pensedoM H pacTH-
TENEHOCTBIO, 4 TAKKE CTENEHBIC BOMONPOHHUACMOCTH BEPXHETO CNOJ
rpyHTa. 3ajcpkaHue BHYTPH IOUBAH 3aBHCHT OT BOAOYHACPXKHBAIOLICH
crocoOHOCTH ¥ BAAXHOCTH I'pyHTOB. Hcnmapenue ¢ mnomanu Gacceiixa
onpeaenserca Kak GU3HKo-TeorpaduacCKHMH XapaKTepBCTHKAMY BOAO-
cGopa (03epHOCTEIO, 3260M0YCHHOCTRIO, BUIOM PacTHTEIBHOCTH), TaK 1
METEOPONOTHYECKHMM (akTopaMu: TeMnepaTypolf M BAAKHOCTBIO BO3-
IyXa, CKOPOCTBIC BETpa H CONHCYHOH pagnauuei. M3 omnroro nepesuns
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(aKTOpOB MOXHO CACAATL BHIBOX O CNOXHOCTH MpoGAeMBl paciera mno-
Tepb Ha BogocHope.

B npakTHke pacyeTOB H NMPOTHO30B JIOXACBRIX NABOAKOB ODBIYHO
mpeHebperaloT Takoi cocTaRagmei noTepk, Kak uenaperHe. C opnoil
CTOPOHEI, 2T0 OOBLACHSETCA CPaBHWTENBHO Manoil monmedl wcmapelms
B BENMYMHE CYMMAPHLIX TOTEpPh, C APYrod — upe3sbIdaitioi cnoxHo-
CTBIO ONPEAENCHIA ITOM XapPAKTEPHCTHKH C YUETOM €€ MPOCTPaHCTBEH-
HO-BPEMEHHOH H3MEHYHBOCTH.

O6uaa BenHUMHA NOTCPh AOKACBOrO croka P MoxkeT GLITh BhIpa-
EeHa KaK pa3HOCTbL MEXIY Ocankamu X # cToxoM Y

P=X-Y. 6.13)

Yacto MOTCPH CTOKA BHIPAKAIOTCR Heped KoPGUUHEHT cTOKa
1 = Y/X, onHako, HaZO 3aMCTHTD, YTO JONYILEHHE O NPONOPUHOHANLHO-
CTH OCJIKOB M CYTOKa B NOJHOH MEpe CNpaBeiTHBO JWIIL B YCIOBHAX.
HAJTHYUA BRIPAKEHHBIX POPM «MORIIEPTOTC CTOKAY.

Joxnepoit crok, GOpMAPYIOILHI MABOAOK, ONPEAENSETCA 1O [HO-
CTPOCHHBIM FHAporpadaM IyTeM BLIUNICHCHHA IDYHTOBOrO IHTAHHA H
umeiida KPUBLIX CHaja MpeNLLTYIHX MaBoAKoB. JUIM mepBoro marOAKa
06BIYHO MPHMEHACTCA FOPH3OHTANbHAA CPE3Ka M0 BCANYMHE NPCANaBO-
OOYHOIC pacxofa. 3TO CIPABCHIMEBC, TAK KAK THAPABITHYECKH CBAZAH-
HbIE IPYHTOBBIC BOJIbI, HAXOISINAECS B NMOANOPE HA NMOALEME NAaBOMKA,
3aTeM B dasze cmaaa, cpabatsipalores. Jlna DOWIMTHBOTO [EpHONA C Ha-
JOKCHHBIMH APYT W4 ApYra NABOAKAMH YOAETCH BELISAUTH JIHIIL Me-
HCHHEIC PACXOHB! TIEPSA HAYANOM M B KOHEIE BCero nepHopa. B ciryuae,
ecn¥ MHOUILTPALUMOHHBI MOTOK TONBKO KOMICHCHpYeT cpabGoTky
TPYHTOBLIX BOJ, JUIS BCEX MABO/IKOB TPHHHUMAETCA NOCTOSAHHAS BENHYH-
Ha pacxofa IPYHTOBOTO ITHFAHHA.

Kak npasuno, 0CHOBHEIE IIOTEPH ROAKAECBOTO CTCKA CBA3AHLI ¢ MH-
busTpaunel BOABI B MOYBY, 3 NOTCPH HA BOBCPXHOCTHOE 3afepKaHHC
YUUTEIBAKOTCA KOCBEHHO NOCPEACTBOM MAPAMCTPOB B IMIMPHYCCKHX
dopmynax. Ilon MHTEHCHBHOCTRIO HHPHUNLTPALHH (CKOPOCTHIO BIHTHI-
BaHMA BOJIBI) MOHMMACTCH KOAHYESCTBO BOJIbI, NPOCOYNBHICHCA B LOYBY
3a efuHHIY BpeMenu. Hudumsrpamus — 970 CIOXKHBIA Rpolece HHCXO-
JS0IErO ABHXCHHA BOLE B NOYBOTPYHTAX NOA NEHCTBHEM CHIILI IPaBH-
Tau¥H, CONPOTHBICHHS M MOMECKYNSPHLIX CHA MPH HAIMYHNA B MOPax
n0YBbl 33MIEMIICHHONO BO3Ayxa. JleTanmbHoe NMPCIACTABICHHE O AAHHOM
npouecce MOXET ObITH MOMYYEHO NHIIb NIPH NPOBCAEHHM paboT no He-

126



a) )
i vm/stun i MM/MHH
L6 Lo

0.8

04F 04

i L1 [ Fi & 'y |}
0 10 20 30 40 SO awm O 10 20 3¢ 40 50 mmm

Puc. 6.2, Hamenenwe HHTESHCHBHOCTH KHQUABTPAIWA NPY Pa3NHYKOH MHTCHCHBHOCTH
A0%AA (a) n HavankHOH prawHocTH mowes (6): /| cyxasm movesz; 2 BIAKHAX TOYBa

KYCCTBEHHOMY NOKMCBAHHIO HA OMBITHBIX MOINaZkax. MoxHO Bblde-
NUTH TPH oCHOBHBIE (a3bl HHOUILTPALKHK: NOAHOE NOINOLWICHAE OOMKLC-
BOH BOMbI, CHHAKEHUE HATEHCHBHOCTH HHQHILTPANHN H OTHOCHTENBHO
NOCTOAHHOI (YCTaHOBMBIICHCA) HHTEHCHRHOCTY $HUNsTpauuH (puc. 6.2).

Baxnema ¢axropom, onpeaensiommM GopMy KphBoi# MHHIBTpPA-
1N, ABASIOTCS CTENCHL MPEIINECTBYIOMEro YBIAXHEHHA II0YBE! H UH-
TEHCHBHOCTD BRIMAAEHMA OCAAKOB. Bron#e MOHATHO, 9TO 4eM MEHbILE
JeHIHT BAAKHOCTH OYBB A YeM GONBILE HHTEHCHERHOCTD JAOKAA, TCM
COOTBETCTBCHHO pedue OyaeT NpOoHCXOAuTh CHHIKCHHE HHTCHCHMBHOCTH
HHHIBTpauuH. B 3RaurTeNbHON Mepe nipollece HEGHILTPALMH 3aBHCHT
H OT MEXaHUYECKHX, H OT BORHO-QU3IHYECKHX CBOHCTB MOYBBL

Teopun MHGHALTPALHH NMOCBAMCHO GONBLIOE KONHIECTBO MCCIIC-
JOBaHHH, B KaXIOM W3 KOTOPBIX MPCANOKEHA Ta HIM HHad CXEMaTH3a-
nMA AOMBOTPYHTOB. [.A. AMNEKCEeBHIM TPEIOKEHA MOXEAR IPYHTA
B BHJS TOHKOKAMMWUIAPHBIX HECOOOLIAIOMHMXCA TPYOOK NOCTOAHHOTO
I¥aMeTpa Mpyu XOMYHEHHH, YTO MOBEPXHOCTE MOYBBI MOKPHITA TOHKHM
CIIOEM BRoOZBI. 3aKOHOMEPHOCTh H3MCHEHHA CKOPOCTH BIMTHIBAHHA BO
BPCMCHE DACCMATPHBAAACH HA OCHOBE COBMCCTHOIO PEIIGHHS YpaBHEHHA
pOjiHOre GanaHca H ypaBHCHHA ABWKEHHA BOAK B IOPaX MOYBOIPYHTOB.

CropoCTh BHMTHIBAHHA BOJIBI OMHCHLIBACYCH M3BECTHOH (opMynoi

Hapcn:
i=KyJ, (6.14)
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rae Ky - koodpdumient punrtpanun; J — ruapaBIMucCKuit YKIOH, paB-
muiii J = | 4 h/L (L — rmy6uHa KONOHKU BIKTHIBAHHA, A — KaNUANASPHLIHA
Hazop).

Toraa (6.14) npuHMMacT BI

h
=Kol 1+—]. 6.15
i o( L] 6.15)
Ecnu 3amucats ypaBHeHHe BOJHOrQ Gananca:
ddL = idt, (6.16)

rae 4 — neduupr BraxksoCcTH N04BbI, TO 114 L NOIyInM

1%,
L= j:dz. 6.17)

0

r
O6o3nauns vepes V' = ]idt KONH4ecTBO BoAsl, snurapniciicd B noy-
']

BY, NOMYUHM
Kohd
v
M2 (6.18) BHQHO, YTO HHTCHCHEHOCTh HHMHILTPANY NPAMO IIPO-
TIOPLHMOHATSHA RCHHLHTY BNRKHOCTH MOYBBI H 0OpaTHO MPOROPIMO-
Ha/IbHA KONHYECTBY BIIHTABIUCHCA BOMIRI.
Bboipaxas CKOPOCTh ICPEMEIIEHAA KOOHKH BIHTHIBAHUA '

i=Ky+ (6.18)

dL i
== 6.19
‘ da d (6.19)
K COBMeCTHO pemtad (6.18) u (6.19), nomygaem:
a = ﬁ(uh—], (6.20)
da d L
a nocne HHTerpUpoBaHui (6.20) oygem HMeTD:
anl L LY] ae|1(LY
(=—|—-lll+— =" | 21
2l g i)} e
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CosmectHoe penicHue ypaenenuit (6.18) u (6.21) npusoanut x Hs-
BecTHON dopmync I.A. Anckceena:

=Ky 4 ‘/Os—lf“"i (622)

Coraacto 310 QopMyIie, UHMEHCUHEROCMY UHGUALMPAYUL ABIAET-
ca yHKUHCH BPCMCHH M 32BHCHT OT CROMCTE NOUBH (KANHJUIAPHOTO
Hanopa 1 kodppuuKeHTa GUIbTPaIH) H ¢¢ HAYATLHOTO YRIAKHEHHS.

Mdopmyna (6.22) cupascanmnBa And cnyvas riyGokoro 3aneraHus
rpynTOBBIX BOA. KpoMe 1010, pu ¢¢ BIBOXE HE YYUTBIBANOCH U3MCHC-
HHC BenwywHbl koagguuncHTa GUNsTpamHA no rayGuHe W BIHAHNE Ha
HEro MHTCHCHBHOCTH BaInaicins noxua. A. H. Bedanu pazpaboran Teo-
PHIO BUHTBIBAHHS 1 MOACIM IOPOBOIC MPOCTPAHCTBA, NPEACTABICH~
HOTO BCPTHKAIBHEIMH MUKPOIIOPAMH C OTXOAAIMMH OT HHX BOMOCHLIMH
KalMuIApaMH.

IlonyueHHbIC YpPABHCHHA ANIPOKCHMUPYIOTCA € TOMOILLI0 JBY-
4acHHOM CTCIEHHOH 3aBRCHMOCTH (NpHYCM U moboro 2aKkoHa ReTBAE-
HHA 11p). ITO NO3BOSBICT PHHATD

i=K, +%, (6.23)

rne Ky — ycTaHOBHBILAACA WHTEHCHBHOCT: HHGHUNbTpaumu; 4 — napa-
MeTp MHGHABTPAlHH, CRA3ANHLIH ¢ YBIAKHCHHEM; i — NOKA3ATENL pe-
IYKUMH BOMTHIBAHHA (00BIYHO M3McHACTcA oT 1/3 no 3/4 u 8 cpenHem
Gnmuzok x 1/2).

Ascrpanfickuil yacueiit JI, Ounkn, paccMotpe AH(GOYIHOHHYIO
TEOPHIO MHOHNETPALIMK, YHET AOHONHHTEILHOE TPABHTALIHOHHOE TIONC.
HM mpejnoxeHa dopmyna:

) S
i=K, +2r_':-5’ (6.24)
rae S, — koadpuiHenT copbrumu,

ABTOp paccMaTpHBAT TO/LKO JIBA WICHA CTENEHHOro pana. PopMy-
na (6.24), Tax e xax ¥ Gopmyna I".A. AnckceeBa, BHIBEACHA NPH JOMTY-
HIEHHH, YTO MOBCPXHOCTH FOYBB! OKPLITA COCM BOABL. Jpyrmum BraoM
IMITMPHYECKHX (OpMYN MHETCHCHBHOCTH WHQUNETpaLuy ABAKIOTCS Hop-
MYJBL 9KCTIOHSHUHAIBHOI'O THOA,

129



AMepukaHckuii rnaposor P. XopToH npennoxnan Gopmyay
i=Ky+(i, -K,)e™, (6.25)

rAe i — Ha4aNbHAA MHTEHCHBHOCTh MHOHNLTPALUMUH; ¢ — KodddHIHENT,
3ABHCAWIMH OT HHTCHCHBHOCTH JOXIA.

[To P. Xoprony, 3Ha4YeHHs iy H ¢ 3aBHCAT OT XapakTepa MOYBBI H
JedHIHETA BROKHOCTH €€ BepXHCro cof. OOImMM HCA0CTaTKOM npuBe-
JCHHbIX BHiIIE HOPMYS ABIAETCA TO, YTO OHH B ABHOM BHAEC HE YYHMThI-
BAIOT HHTEHCHBHOCTH NOXKEA.

E.I'. onosriM nonyyena GopMyna, HCNPABAAIOIIA%K ITOT HEAOCTa-
Tok. Ha OCHOBe ZIOTYINCHHA, YTO HIMEHCHHE MHTCHCHBHOCTH HHGHUALT-
pamiy MPONOPUHOHANBHO CAMOH HHTCHCHBHOCTH M 33BHCHT OT KOJHMue-
CTB2Z OCAJKOB H C YHETOM TOTO, 4TO HAYaJibHAS HHTCHCHBHOCTH MH-
GinpTpanyK paBHa HHTEHCHMBHOCTH A0KAA, Oblia onyyucHa popMyna

=M
i=Ky,+(h-Ky)e ? , (6.26)

3fech i — HHTEHCHBROCTb OCaAKOB; d — ACQHIIMT BAAKHOCTH MOYBEL / —
BpPEMs OT HAVAMA JOKNIA.

B (6.26) yxe B 4BHOM BHIE BXOZAT MHTCHCHBHOCTh AOKAH H BENH-
YyHRHa ,ueclmum BAAKHOCTH CHOA NMOYBLL, HACKILICHHE KOTOPOro obecne-
YHBAET CTACH/ILHYIO HHTEHCHBHOCTD HHHIbTPALIHH.

Qopmyna (6.26) cnpaBcANTHBA B YCHOBHAX IOCTOSHHOM HMTCHCHB-
HOCTH OCankoB. [lnA HEPABHOMEPHOTO BO BpEeMEHH AOKAA WHTCHCHMB-
HOCTB HHGHTLTPALMA BLYHCAIETCA NO dopmyne:

i=Ky+(h-Ky)e?F 0, 6.27)

rae ho — HHTEHCHBHOCTE IOKHA B MOMCHT OKOHYAHHA (1)3.3!:1 MONHOTD
NOrMOMCHHA CCAlKOB, X — KOJIHYCCTBO OC8JIKOB, BBIM2BUINX K MOMCHTY
BpeMEHH #; Xy ~ HAYANLHOE MOINOUICIHE OCAAKOB; (L — MapaMerp, 3aBH-
cawuii or reduUNTa BIAXKHOCTH NOYBL H €C CBOKCTB.

Crnoii HauanbHLIX NOTEPE OMPCAEIACTCA NPAMBIM PaCcYETOM MO XO-
ay ocankop. Dopmyna (6.27) npencrasinsercy Hanbonec duznueckH
OBOCHOBAHHOM, TaK K4K YYHTBIBACT TOT (DAKT, YTO HUTEHCUBHOCThL BIIH-
TLIBAHHA B HAYANE NOXIA MOXCET OBITH BBICOKOM Kak IPH CYXOH, TaK H
IIPH BJIAXHOMH N0YBE,
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6.1.4. ITomepu 0oAcdes6lx 800 Ha NOBEPXHOCMHOE 3A0EPHCARUR

[Ton nmoBepxHOCTHRIM 33jiepikatiueM P, NOHHMaeTcs ¢noi BOXBI,
pacxonylommMica Ha 3anoiHeHue OeccTodHbIX AempeccHit pembeda H
MmuKkpopenscda. C oNHOM CTOPOHK], peiibetd OnpeaciteT NpOACMIKHTEb-
HOCTR foferanus BOMbL, C APYroH -- BOXO3aNEPKHBAOLIYIO CNOCOOHOCT
Gacceiina. Kax npasumo, norepn 1a HuduibTpauHio NPeBOCXOANT TAKO-
BhIE HA NOBEPXHOCTHOE 3afiepKanye, H TOJLKO HA INOCKHUX PaRHHHAX
€ THXCNBLIME MOMBAMH MOXKHO HAGmIONaTE 0OpaTHyYIO KapTHHY. Bemnka
POJIb TOBCPXHOCTHOI'O 3afepiKaHHA B JICCHOH PaBHHHHONA 30HE H30H-
TOYHOTO yRIakieHns, Haumenee CyIECTBCHHA 3Ta COCTABAAIOWAA TIO-
TCph NPH KPYTHIX CKNOHAX ¥ 0onbuol pacuaeHeHHOCTH penbeda. YacTs
JIOXICBOH BOJIBI PaCXOAYeTCA Ha CMAYHBaHHE PACTHTENLHOT(G NOKPOBA.
Bemuauna sanepxkuBaeMoli BOALI MOXKET OLITh BBHIMHUCIEHA IO hopMyne

X
P =(P +kEt) 1-¢ * ¥ |, (6.28)

rae P, u P, — BBICOTA CNOR 3aMCPXaHMS H COOCTBCHHO CMAYHBAHMA Ha
eaunmiy nnomany Gacceilia, HOKPEITOTO PacTHTENLHOCTHIO; X — BETHIN-
H3 OTHOLICHHA MIOIUAAM NOBCPXHOCTH PACTHTCIBHOTO NMOKPOBA K 1IN0~
WALH, NOKPLITOH pPacTHTCIBEHOCTHIO, E — HHTCHCHBHOCTR HCNAPSHHA
C TIOBEPXHOCTH PACTUTCALIIONO NOKPOBA (HA SOMHHLY TNOWAAH ITOH no-
BEPXHOCTH); { —~ HPOJIOIKUTENBHOCTE MOKIA; X — KOJINYECTBO OCANKOB.

Jluneiinan cXcMa CXEMaTH3aUM# MUKpopenseda no3sosmuna
A H. bedann nonyduts YpaBHCHHE JUIS KOAMYECTBA BOALI, 3ajepKn-
pacMOll Ha NOREPXHOCTH Oacceiina B 3aBHCHMOCTH OT YKIIOHA!

P, =Pl —ciy, (6.29)

. L
rac P, — MakCHManbHad CMKOCTb 3alCPHAHHA; § — YKIOH; C=E;

Az — cpennas rmy6una nenpeccHi; L — paccTogHHe MEKIY ASTPECCHAMH.
Ilupoxoe pacnpocTpaHCHHE ROMYYHAa (POPMYIa IKCIEQHCHIHAIS-
Horo suna E.I'. ITonosa:

X1
P=PR|l1-e ® | (6.30)
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rae P, — Hexoropas reomopdonornacckad xapaxrepucruka Gacceiina,
onpeaenseMas kak cnoil BOIbl, 3aJICpKMBacMOH Ha mnosepxnoctH Oac-
ceifHa NMpH MOMHOM 3amoiHEHMH Bcex Geccrounbix yrnybnenmii; X —
CIION 0cankoB; [ — KOMMYECTBO BOABI, H3PACXOAOBAHHOC HA BRUTHIBAHHC
(unbHnsTpaLHIO).

B ocnose popmynst (6.30) nexnr npeacTasnenne o GyHKIMK, Bbl-
paxarome pacopenencHue NeHCTBYIOMMX TWomaiei croxa. O6neau-
HeHue fopMyn (6.29) 1 (6.30) npusOANT K NOAYNCHNIO YPABHCHAN:

. &)

P =P (1-cif|1-e Pal=¥ | (6.31)

OuesnaHoO, 4TO BENHYHHA Py, npu i = 0 pasna Fy.
U3 ypasHenus (6.31) MOXHO OnpencAuTE HHTCHCUBHOCTE NOTCPD
Ha 3afepKraHHe:

X-i
_dP_ o dX-D

=— =g

Yoodr dt

Tlpu nocTosHHOM BeNMYMHE MHICHCHBHOCTH B0JlooOpa3oBaHMy

h, =¥ 13 (6.32) nmomyyaem

(6.32)

A,
K,=he® (6.33)

6.1.5. Homepu cmoxa KA noveenHoe 3adepxcarue.

Tloa nouseHEbIM 3anepkanyeM H, TOHUMAKT CIOH BOJBI, pacxoAye-
MEIE Ha YRRAKHECHHE [OYBLI OT MPEANABOAOYHOE A0 HaMMeHLILCH Bnaro-
emrocTH. C 3TOr0 MOMEHTa COOCTBEHHO H BOZHHKACT ROOROSCDXHOCIINbI
cmok. [lo pesynbTaTam sxcnepumenToB Gplia nodydeta dopmyna

H, = (a. - a;! W)}fm (6.34)

TLE a) H @) — IAPaMCTPhl NOYBHL; £, — MOIIHOCTh PHIX/IBIX OTIOMEHMII;
I — MHAEKC YBNAOKEHHHA.

Cpenuuii no 1ioiwany cnofl 3anepxailua 3a4BHCHT KaK OT CTENCHH
NPEAECTRYIOMICIO YRIRKHCHHA MOYBOTPYHTOB, TaK U OT OCAAKOB.
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VYMCHBIIAIONICECA BAMAHHE OCAAKOB HA NOYBEHHOES 33ICpXaHHE
MOKH0Q ONMHCATh YPABHEHHCM

dH, = ¢ ™ nH), (6.35)

rae dif, ~ ApHpalieHue 3aAepKaNuA B pe3ynbTaTe BHMAaKeHHs cnod mo-
was dX; 1, — wavanknslil MHACKS yEnaxuenus; (1, + ) — xapaxre-

PH3YET BAAKHOCTE MOYBE B PACYCTHOE BPEMS; m — NapaMeTp, 3aBHCA-
oMl 0T MAKCHMIHHOH CMKOCTH 3aICPHKaHHA.

Huterpuposanre (6.35) npu HauanpHeIx ycnoswix H |, H
X |p=0 TIPRBOAT K bopMyne

H, =2 In(mXe™= +1), (6.36)
m

e o — x0ohPUIHENT, YUBTHBAIOWMIT XapaKTep paCTHTCIBHOCTH.
Benuyuita MOYBEHHOTO 3aIEPHKAHHMA 33 HHTEDBAN BPEMEHH OydeT
paBHa pazHOCTH MOXKIY FHAYCHHAME Hg Ha KOHCI H HAYAI0 HETEpBAKA.

6.1.6. Xapaxmepucmuxu yeraxcherun baccetiig

Bax:oii XapaKTepHCTHKOM /U1 CUEHKH MOTEPh M B KOHEYHOM CuYeTe
I)IA TIPCHBBLIYHCICHNA CTOKA ABJIACTCH CTENEeHbL YBAGKHCHHA BEpXHETO
cnod nmoyekl. HenocpeacrscHHoe ONpeNenicHUE BIaro3anaca H €ro HaMe-
HEHHA B IIOMBOIPYHTAX B IEI0OM WA pedHnlx baccefiHOB BEChMa 3aTpy -
HHTENBHO M3-32 HENOCTATOYHOCTH JZHHBIX H3MEPeHMH BIAXKHOCTH.
B cBfi3M ¢ 3THM HHOTZAAa mpuberaloT K OleHKe BIAro3anacop 0o ypasHe-
HMI0 BOJHOTO OAJIAHCA METPOBOTO CIIOA NOYBOTPYHTA:

Way=W) +X~¥You—P-E, 6.37)
tae W, W, — 3anac Boap B METPOBOM CJIOC MTOYBB! COOTBETCTBEHHO HA
KOHEIl H HAYANO PacueTHOro HHTEpBana Bpemenm; X, ¥, £ — ocagku,
CTOK M MCTapeHue (3a 9TOT K¢ MHTEPBaN);, P — KOMHIECTEO BOALI, KO-
COYHBIICHCE B HHPKEIICKALIHE CIIOH.

Yacro BeNwunna P e yYUTHIBASTCA, Tak Kak ypasheune (6.37) npu-
menserca mpu W, < W, rae W, —~ HauMeHbIa BIArOCMKOCTh METPO-~
BOFO €104 NOYBOTPYHTOB.

HisMeHenHe BIAKHOCTH ITOBEPXHOCTHOTO CJOK NOUBH B YCHOBHAX
OTCYTCTBHA HOXIe# MokeT OFIThL MpeAcTaBneHo Gynkumeli Buna:
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W, =W, —w)e™ +w, (6.38)

roe W,— sanac BIary Ha MOMeHT BpcMcHH f; W, — HadanbHLA 3anac pia-
TH; W - TIpedeNbHad BIAKHOCTh MCCYILICHHA; /1 — MAPAMCTP, 3aBHCANMI
OT TEMNICPATYPH! BO3YXA H XAPAKTCPA HOYBLL.

®opMyna (6.38) no3BonseT BECTH HOCYTOHHMEINR pacucT 3aliaca BJark B
nosee. ONHAKO Aaxe TaKOH BeChMa HpHOIDKEHHBIH criocob pacdcra HEBOG-
MOXeH P OTCYTCTBHH HENOCPEACTBEHHEIX HAOMOICHHI 3 BIaXHOCTBIO.

B cBA3M ¢ 3THM B HPaKTHKE THAPONIOTHUCCKHX NPOTHO30B LIKPOKOS
PACHPOCTPAHCHHE ITONYMHITH KOCECHHBIC OLICHKHM CTEIICHH YBIAXHCHHA
GaccefiHOB, OCHOBAHHBIC HAa HCMOAL3IOBAHHH CBEAGCHHIE o0 ocazkax 3a
DOCTATONHO JUIHTCIBHEIM 1IPCANICCTBYIONIHA NIEPHOA BPSCMCHH:

Iy=axt axyt ... +amx, (6.39)

rae [ — HHASKC YBIOKHCHHA; X1, X2, ..., Xy — KOINUCCTRO OCAJKOB, BHI-
MaBHIMX COOTBETCTBCHHO 38 NEPBbIC, BTOPHIE K T.A. CYTKH JO pac4eTHO-
TO JHS; ¢y, Oy, ..., Gy — KOOPOUIMCHTDI, ONpENEHseMbIiC B 3aBHCHMOCTH
oT thu3nko-reorpaduyeckux ycnopnit Gacceiina u BpeMenH.

Ha ocHose BOAMO-GanaHcOBBIX COOOPaXKEHHH M NAHHBIX 3KCIICPH-
menTos H.@. Bedann npexmoxkuna BoipaxkeHHe AN MHACKCA YBAOKHE-
HHA B BANC CACAYKOUICTO MHOTOWNCHA!

Tw=apxoinzt Xt a1 b a2t ases
+ agxsmo t @rxi-z0 YasXz2=30 ¥ awa—pt Apxq-se +
+ a11Xs1-60 T di2Xs1-g0 T F13%81-100- (6.40)

Peannzamua dopmynn (6.40) npeanoiaraer MCNOAL30BAHHE HH-
dopMamkH o0 ocagkax 3a 100-CyTOSHBIH MHTEPBAJ IO PacucTHOM AATH.

Kosdduunenrtn a; 6epyrea 3 1abn. 6.1 no cpexneit 3a i-i wHTCP-
BAJl BpEMCHH TeMIIEpaType Bo3ayXa.

Jna ocennero nepuonz (MpH CyxoH rovyse) oObIMHO BBOJATCA 110-
NIPABKKH, YUUTHIBATOMME MUrpanwio saary chusy. [lpu Temueparype Bo3-
xyxa Gonee 10 °C munekc yRmaxHeHMA PEKOMEHAYCTCRE PacCUHTHIBATH
o ¢opmyne

4 9 14 kL &l
L,=X,+07Y X, +05F X, + 03T X, + 0,23 X, +0,13 X,, (641)
2 H 10 15 3
rie X — KONUYECTBO OCANKOB 3a NPCANICCTBYIOMME CYTKH; 2X; — CyMMa
OC&JKOB, BHINABHIHX 32 COQTRCTCTBYIOIHI MepHoa.
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Tabauya 6.1
Ko3$$HuncHTb1 a;, ONPEIeNReMbE 110 cpeRHedi 32 i-i HETEPBAN BPEMEHN

Tchlepmpe BRO3AYXE
Me Hamepsan, TemiepaTypa Xa, ¢
n/n CYT. 0 5 10 15 20
{ 0 171 10 1,0 1,0 10 1,0
2 12 1/6 1,0 1,0 1,0 0,90 0,85
3 146 1 1,0 1,0 0,90 0,80 0,80
4 1-2 1,0 0,2 0,70 0,60 0,58
5 35 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 8,55 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 Sl 60 (0,37 0,23 0,09 0,03 —
12 61 80 — 1 017 | 004 | 000 —
13 81 100 - 0,11 0,01 —_ —
Jns yNpoICHHBIX PacHCTOR HaNNa RPHMEHEHNE GopMyIa
I, =Y KX, (6.42)

rje X; —~ cyMMa OCaIKOB, BHINABIIHX 33 ! NPEALICCTBYIOIMX CYTOK; K; —
K03(h(HUMCHT, 3HAUYCHAA KOTOPOTO H3MEHAIOTCA B 3aBHCHMOCTH OT TeM-
nepaTyprl BO3Ayxa B kHTEpRane ot 1,0 oo 0,88.

O6b1uHO pacueT MHJICKCOB YBNAKHEHUA OCYUICCTBIAETCA NO AaH-
HBIM OT/ICABHBIX MCTEOCTAHIMH ¢ NOCICKYIOMMM OCPERHEHHEM IO Tep-
putopnu GacceiiHa.

KocbeHHbIE XapaKTEPHCTHKH NPEAINECTBYIOLIET0 YRIAKHEHHA HC-
TIONB3YIOTCA KaK A% ONPEAC/ICHHA HaYQILHBIX NOTEPh OCANKOB HPH pac-
JeTe HHTCHCHBHOCTH HHOHUILTPALlHM, TAK H JUIR PCHICHUA OCHOBHOI 3a-
Ha4H — NPOTHO32 AOMKAEBOTO CTOKA HA OCHOBE MOCTPOCHMA CHCTCMBI
KOZKCHARIbHBIX 3aBUCHMOCTEH.

6.2. Fpadoananuriyeckue cnocobbl Mporuo3a cToxa
ROXEBRIX NABOAKOR

HauGonce npocThiMu CIIOCOGAMH MIPOTHO30B AOKAEBHLIX MABOAKOB
assalotes rpadoasannTHyeckre. Ux paspabotka BKmovaer mga OCHOB-
HBIX 3Tana: NOCTPOCHHE 3aBMCHMOCTE A4 OnmpencneHHs CTOXa 34 ma-
BOJIOK ¥ pa3paboTky METOM2 NPEMBLIYHCICHAS Pacxonos (yposHeit) Bo-
AbI I3aBOOKA.
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Peanoii Gacceiin XapaKTepH3ycTCf GONLION NPOCTPaNCTBEHRON
HCPaBHOMCPHOCTHEO OCAAKOB H MOTEPh CTOKa. B ¢BA3M ¢ 31HM yenemmoe
HOCTPOCENC 3MITMPHYCCKHX 33BHCHMOCTEH 1A onpeneneHns obnema
CTOKa 32 MABOAOK MOXET OLIThL BLINONHEHO J/iA OTHOCHTENLHO HeBoip-
IMMX RO MNOWAMU pedrbix Gaccefinos.

B nporHoctHueckoil NPaKTHKS LIMPOKC HCTONBIYIOTCA NOKaNbHEIC
3ABHCHMOCTH CYMMAapHbIX IOTEPh HIIH CAOGA MaBOMXOYHOTO CTOKA OT ON-
penensoumx akropoe. B 3T1oM cnyyae ogHo M3 HanGonee ynotpel-

AAEMBIX ZHATHTHYECKHX BRIPAXCHHI 3annchIBaeTcs B BUIC [45];
X

Y=X-PBll-¢? |, (6.43)

e X — cnoil ocaaxos; Py — MAKCHMaNbHO BO3MOXHBIC TTOTEPH NPH AaH-
HOM YBROKHEHHH ROYBLL

TexHuka NMpCOBLIYMUCIECHAS CIOS CTOKA 33 [IABOJIOK 3AKTIOUYAETCH
B caegyioieM. Ilo nandeiM MHoronerHux Habmojenni GopMupyoTca
BpeMEHHEIE PAALI OCAAKOB H IIABONOYHOIO CTOKA, IPHYCM HIBECTHLIMH
B THAPONOTHH METOAAMH OCYILECTBIACTCA CPE3Ka CTOKA Ha BCJAMYHHY
TPYHTOBOTG MHTaHNg. 3atem no (6.43) phrauchacTes 3navctus Po. [Ipo-
HIBOMMTCA TINATENBHLIA aHANH3 IUIA BLIABJICHHA (aKTOpOB, ONpenei-
IOWIHX NOTEPH.

Kak noxastiaer mpakrdka, IIaBEHCTBYIOMIMM (aKTOpOM MOTEPh
ABJIACTCA CTENCHP NMPCAUICCTBYIOLICTO YBJAaXHCHHA noyesl. OueHKoH
NOCASAHEH MOTYT CHYXHTh PACCMOTPEHHBIC BHILIE KOCBCHHBIC XapaKTe-
puctHky. Kpome Toro, 310 Moryt ObiTe AehHIAMTS! HIN 3aNaCkl BAATH B

MmoyBe, PacCYUTAHHLIS (10 JIaH-

HEIM O  [PSAHICCTBYIOMMX

OCAaAKaX ¥ HCTMAPCHNH, 3 B He-

KOTOPBIX CHY4adX - YPOBHH

TPYHTOBLIX BOR HIH HpCAlie-
o CTBYIOIMC pacxXons BORK! B

pacuetsHoM crBope. O6mmi

BHJ 3aBHCHMOCTH JUIA NPOTHO-

33 MaBOJOYHOrO CTOKa Y OT

ocankos X ¥ HHACKCA NPeAle-

PHe. 6.3, 3aBHCHMOCTE CTOKA Napoaka ¥ CTBYHOIICTO YBIKHCHNAS Il"
OT KONHYECTRA OCAKOR X ¥ HHACKCa

HpeeCTayiotero yaMAxHeRMS HOTBS! L. {npuBeneH Ha pHc. 6.3).
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Hpyroii cnocob rpaduyeckoit KOPPEIALMY OCHOBaH Ha NOCTPOSHHH
SMITHPHIECKHAX MHOFOGAKTOPHBIX KOaKCHANBHBIX 3aBucHMocted. [Ipo-
THO3BI CTOKA 34 IEPHOM ACKASBOI'0 MABOJIKA C HCMONBIOBAHHEM KOaKCH-
aNBHBIX FpadHKOB NPHMEHAIOTCH H 33 pyOexom. B xauectre aprymen-
TOB Yallle BCErO0 MCIONBIYIOTCA MHAEKCH NpeMlECTEYIONMX OCAfKOR
(XapaKkTepH3YIOT HAYAJBHYIO BJIAXHOCTE IIOWBEI), KOJHYECTBG H IPO-
AOJDKHTENLHOCTE OCALIKOB, CE30H U T. I,

Ipnesska no epemenn GopMHpPOBaHHA NaBoAKa HeoOXomMMA JUIA
KOCBEHHOIO YYE€TA YCIOBHIA MCTIApeHHd, COCTOAHMA PACTHTENLHOTO Mo-
KpOBa M CeMRCKOX03AiiCTREHHEIX Yroguil. FIHorAa HCNOR3YEOT TeOpeTH-
4ecKue mpeAnochUIKH, 0GOCHOBRBAIOINE BHA 3aBHCHMOCTEH cTOKA (HiIn
NOTEPD) OT AEHCTBYOWHKX HakTopon. B nenoM xe NaHHLIH METOX AB/L-
€TCA BCe K& IMaMpuyuecKiM. TlocTpoeHH: NPOH3BOAATCA B INIOCKOCTH
YeTHIpEX KBaApaHTOB (puc. 6.4).

wv " *

g
3

L 5

T

P e

14
\
PHc. 6.4. 3anHCHMOCTS AN pacyera HOTeps CTOKA 33 NABOROK.

B xsanpaHTax OPHBEACKL! CBAIN: d) IOTEPL CTOKA C HHACKCOM YRIZKHCHRHA
Tw ¥ BpeMeHeM NpOXOROCHRA Mapolka (HMpPL! y THEHT — MecANk); 6) Ho-
Teph CTOKA ¢ MPOAGERTENLROCTRIO RoAAA (HdpEl ¥ nuanil — NPonoIKH-
TeNLHOCTh ROMKIA B YACRX); 4) NOTEPh CTOKA ¢ ocagxaMu (Hudpe! y THHHI —
OCAAKH b MILTHMETPaX), 2) PACCYHTAHHEIX ¥ hakTHUECKHX OTEDE CTOKA.
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OO6LIYHO BMECTO CIIOA CTOKA MCIOALIYIOT MIOTEPH, NONyYacMble KaK
pazHOCTh CNOA 0C2AKOB H CNIOA CTOK3 33 MABOJOK, a 3aTeM NEepexoiAaT
K cTOKY. [lepBOHAaYanbHO, NOTEPH CTOKA CBA3LIBAIOT ¢ HHACKCOM HPCA-
IIECTBYIOLIETO YBIAKHEHHA H CE30HOM rofla (Mecsu, HOMep Hemenu OT
caMoii paHrel naThl NaBOAX2 UNH OT HagaNa roza). B moje ToHeK CTpOHT-
cA CeMeHCTBO KpuBhIX (pHc. 6.4, g). Tlo 3toil 3aBHCHMOCT ONpPEACIAIOT
MOTEPH H COOTHOCAT HMX ¢ (PAKTHYSCKHMH 3HAYCHHSMH MOTEph Ha Clle-
ayiotem rpaduke. Bosne Touex Ha HOBOM IpadHKe BLITMCBHIBAIOT 3HAUYE-
HHA TIPOJAOIDKHTCIBHOCTH OCAgKOB H [MPOBOAT CEMEHCTBO KPHBBIX
(puc. 6.4, ). Hanee o AByM rpaduxaM HaXOAAT BEIMHCICHHBIC 3HARCHHA
NOTEPH H CHOBA CBA3LIBAKT HX C DAKTHYESCKHMH 3HAYCHHAMM M KONHYE-
cyYBOM ocajkos (pHc. 6.4, g). B nocnedsiem KBajgpaHte CTPOAT CBA3b BHI-
YTHCIEHHBIX MOTeps P ¢ daxTideckumu Py (pHe. 6.4, 2). TOUKH HODKHEL
PaBHOMCPHO PacnoJiaraTsca 1o 06e cTOPOHB! SHCCEKTPHUCH! IPAMOTO YA,

B npoTHBHOM CITy4ae OCYIUECTBISKT NPOBEPKY BCEX MOCTPOCHHA
H, BO3MOXHO, NO-HHOMY TIPOBOAAT AHHHH cBa3d. Ha cnexyiomleM drane
CTPOMTCA HOBadA CHCTEMA COOCHBIX IpathHKoB, [/ic NepBble Ba rpaHKa
octarorca 6e3 naMeHennH, a TpeTuil 3aMEeHACTCS ANA TOTYICHHA HEMo-
CPeACTBEHHO 3HaueHui cToka. [TpeobpasoBaHne OCYLIECTEIAIOT HCXOAA
H3 ycnosHs Oajanca, NpH KOTOPOM CTOK PaBeH KONHYCCTBY OCANKOR
MHHYC DoTepH (pnc. 6.5).

B ToM crry4ae, KOrnia 3aBHCHMOCTE MOTEPh CTOKA OT BPEMEHH IpoO-
XOXIEHHS MaBOAKAa ROCTPOHTL HE YHAETCS, MCMONL3YKT CICHYHMIHE
npueM. CHavala CTOK 3a MEpHOJ MAaBOAKA CBA3BLIBAIOT ¢ HaHOOMee Bax-
HBIMH (DaKTOpaMH — CIIOEM OCa[AKOB H HHIACKCOM YBNAXHEHHS, a 3aTeM
YUHTEIBAIOT M OCTanbHBIE dakTophl, CIOKHOCTE NMOCTPOCHMA KOAKCH-
ANBHBIX TPaPHKOB 3aKMOYACTCA B TOM, YTO CBA3bL MCHKAY CTOKOM (Wi
TIOTCPAMM) H KAXIBIM K3 PacCMaTpHBacMeiX (HaKTOPOB B OTHCABHOCTY
moctatouHo cnabas. M sgeck B mepBylo ovepeab BakHo, 4TOOBI pacno-
NOMEHUE JMHHA CBAM HE NPOTHBOpeuw o obmMM mpeAcTaBIeHHAM
O BHJIE HCCNEAYEMOH 3ABHCHMOCTH, BHITCKAIOIHM H3 (PU3HYCCKHX Npel-
CTaRfcHUA © mpolecce GOPMHPOBAHHA AOXKAECBOro cToka. OueBHAHO,
YTO C YBEJHYCHHEM HHIEKCA IPEMUICCIBYIOWIESFC YBNAXHEHHA (Ocaf-
KOB) TIOTEPH CTOKA NOJDKHB YOBIBATh, MPHYCM 3ABHCHMOCTD 3Ta 00bIYHO
KPHBOTTHHE#HHAS. Y4eT ce30HA, B KOHEHHOM CHETE, XapaKTepH3yeT YB-
JaXHEHHOCTh MOYBH, H MOITOMY € €€ POCTOM YMEHBIIACTCA BIHAHHC
HHACKCA MPeNIECTBYIONMX ocankoB. Takum o6pasom, IMHIH HA COOT-
BETCTBYHOLIEM Ipaduke NOIDKHB OBITH Kpyde. 3aBHCHMOCTE MeXOy CTO-
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Puc. 6.5. 3asncuMocts AN pactueTa cTOKA 32 Napojok. B kpaapantax npHpedeHH CBAH:
&) MOTEpPL CTOKA C HBACKCOM YBnaxHenun [y ¥ BpeMeHeM NPOXOKACHHS NABOLKA
(umbpr y aunnit | Mecauwm); 6) NOTEPE CTOXA ¢ MPOROAKHTECIEHOCTLIO NOMAM
{(mAppE! ¥ THEKH - - NPOXOMKHTENBHOCTE AOXEA B YaCaX); §) CTOKA ¢ ocaaKkaMil
KOM H MpOJOIIKHTENBHOCTEIO 0canxos ofparHas u oOmuHO DpAMONH-
HeliHaa. [Ipu nocTpoeHuH cBazm (puc. 6.4, 8) HCXOAAT H3 BUAA 3aBHCH-
MOCTH CTOKA 0T ocafKkoB. JIHHHY 0ORMHO KDHBOMHHEHHEI, 8 paccTOAHNC

MEKTY HHMH AOIKHO YMEHBIHATRCA C YBCIFYSHHEM OCAIKOB.

IpuuiMn NOCTPOCHUA COOCHBIX TpadMKoB TMpenmonaraeT noodve-
pe/HEIA M He3aBHCHMBIH yueT gakropoB cToka, MexHy TeM d(dekT ka-
MIOTO H3 HHX HEOSHO3ZHAYECH H ONPCACITACTCA COMCTAHMEM OCTANTBHAIX.
T'padukn cTpoATcs mo cpempuM And Gaccelina xapakTepHCTHEaM M HC
YYHTBHIBAOT XOH0 IOKOA. Benencrsue yToro B PCAIbHBIX YCIIOBHAX TIPH
HEPABHOMEPHOM PACNIDCACACHNH OCARKOB 3HAYEHHA CTOKA HacTO NOMY-
YATCA JAHWKCHHBIMH, Jocme yCTaHOBIEHMA 3aBHCHMOCTH CTOKa 3a
NAaBOAOK HETPYAHO MepeiiTd K NPOFrHO3Y BBHICOTHI NABOAKA, [IPEACTAB-
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NAOWYIO TPaGUK CBA3H MCKAY C/IOEM CTOKA H HAHBBICIUMM YPOBHEM
BOXEL

Hago otMeruth, 4r0 326AaroBpeMEHHOCTE JAHHOTO METOAA MPOTHO-
3a JuiA HeGonbiuux GacoCHHOB HEBENHKA, TAK KaK B DTOM ChIydae Majlo
Bpema noberanus A0MACBOH BOMEI A0 3aMbIKaKOINEro cT8opa. Jns ypeiu-
ycHUA 3a07aroBpeMEHHOCTH NOIB3YIOTCA [POTHO3HBIMH BEMHMHHAMH
OXHJIAEMBIX OCAKOB.

JI1s nporrosa pacnpeaeneHMA CTOKa JOMACBOTO MABOAKA MCTIONh-
syerca MO0 eqMHNYHLIA NaBoaoK, NHbo kpueas aoberanna. C 3Toil ue-
NBI0 HA K@OANBIH PACYCTHLIH MHTEPBAN BPEMCHH BLIYUCHAIOTCA MHTC-
Tpalbhbie CYMME! OCaZKOB, HaUKHAA ¢ MEPBOrO HHTEPBaka BPEMEHM, CO
CTOKOOOpazyIOMKMY 0CaakaMH. 3ateM o rpadukam (6.4) u (6.5) onpe-
JENAOTCS COOTBCTCTBYIOLING MM HMHTCIPATHHBIE CYMMBI CTOKA, Pa3sHO-
CTH KOTODHIX H ABRAAKTCA CHOAMH CTOKA B KOKAYIO €NMHHIY BPeMCHH.
Hanee ocyulecTBaseTcs HX MpeoOpasoBaHHE ¢ MOMOIBIO ¢AHHHYHOTO
nasoaxa (kpuBoii xoOeranud) B ruaporpad, cOOTBETCTBYIOMIMIT ocam-
KaM, BHN4BIUMM K MOMCHTY BRITyCKa Mporsosa. JlaHHyIo NpOUCAypY
OOBTOPAIOT C TONydMeHHeM HOBOH HHQopMauuu o6 ocaxkax. Ecmn
B X0/€ OCAJIKOB CCTh TNICPEPLIB, TO BRMHCIACTCA HOBEI MHICKC YBAAKHE-
HHS, & CYMMHPOBaHHE OCAIKOB HAYHHACTCA ¢ HOBOTG MOMEHTA BPCMCHH,

6.3. IIporno3ssl A0:KAEBOr0 CTOKA NO CYMMAaPHOMY NPHTOKY
B PeYHYH) CETh H N0 8CAAKAM

JDaunsiit MeTon npennoxes MU lypesuuem [26] n MoxkeT npame-
HATRCA N4 MPOTHOIOB KONACBOTO CTOKA ¢ DacceiinoB GONBIINX U CpeA-
HHX PEK.

LInpoko H3BECTHAA eHETHYECKAA (PopMyna CTOKA YUHTHIBACT JMHUIL
OCHOBHYIO COCTABIAIONUIYIO CTOKa CO BCero 6acceiiHa — NPUTOK B pewHyo
ceTs, MPOUCXORAIMIE Ha ciiloHax OacceiiHa Ha MepBOM 3Tame mpolccca
dopMHposanua cToxa, Ha BTopoM 2Tane, np CTCKaHMU 110 PEYHOH CHC-
TCME, OPHTOK OO BJHAHHEM (EpPEroBOTO H PYC/IOBOTO PEry/NHPOBAHHS
Tpancopmupyerca B crok. TakuM oOpasomM, ecii BEIHYHHY NPHTOKA
OHCHUBATh IO CTOKY MANbIX pek (Hanpimep, metonom Gaccelinon-nHan-
KaTopoB), TO 1A Manbix GacceiinoB BenuuuHa cyMmmapeoro npuroka 0y-
JeT BKIIIOUATh XapAKTEPHCTHKK BOA0OOMEHa (pycnoBbic NOTEPH U BEPX-
HETPYHTOBOE ITHTAHHCE) ¥ PErYIMPOR2HHE PYCIAMH MATTBIX PEK.

Toraa cTok 8 3aMmbIKatoIeM ¢TBOpe Gonbmoi pexyu GyaeT cknaabl-
BAaTHCH H3 YETHPEX COCTABIAIOMIMX:
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Y, =Z Yo + Yon = Yo +AY,, (6.44)

roe Y¥; — BoamdMHA cToKa Gonbloif pex 3a i-H WHTEPBAN BpEMEHH;
Ly — CYMMApHRIA DIPHTOK C MaNbIX peK 3a /-H MHTCPBaN, CABAHYTHIH
HA3aJ{ OTHOCHTENBHO CTOKA B 3aMBIKAIOINEM CTBOpE HA Bpems jpobera-
HHA, Yo — FYGOKOE TPYHTOBOC NHTAHUE; Yoo, AY: — PYCHOBRIC NOTEPH K
pycnoBas Tpancdopmaung Ha Oombmod peke.

OCHOBHAA COCTABNAIOUIAN CTOKA — TIPHTOK B PEHHYIO CHCTEMY —
MOXET ONMpEeneNaTsCH JRYMA cnocofaMu: #o cmoxy ¢ baccelinos manvix
pex u no ocadkam. PeaynpTaTel anpoGaunn nepeoro cnocoba noxasans,
YTO MpPH BLIPaXEHHOH HEPABHOMEPHOCTH BHIMANEHHA OCaJAKOB Mo bac-
cefiHy HeoOXOZHMO HCHONB30BaTh OGONBLIOE KONMHYECTBC GacceifHOB-
HHanKaTopoB (Bacceitiiop Manmx pek). Crok ¢ GacceliHa-HHOHKATOpA
PACTIDOCTpaHACTCS HAa TATOTEIOUIYIO (CXOAHYIO MO YCIOBUAM €ro ¢op-
MHDOBAHNA) K HEMY TUIOHIANS, KOTOPAA HA3BAHA CIMOKOOONOPOONOI.

Crok ¢ kaxzo#i U3 n CTOKOOAHOPOIHEIX NIoINAKCH MPUHAT PABHLIM
CTOKY ¢ OacceitHa-MHAUMKATOpA y;, YMHOKEHHOMY Ha BEIMYHHY OTHOILC-
HMI CTOKOOHOPOAHOM nnowmiany F; k ruiomam: Gacceiisa- unamkaropa f;

F
k,==L. (6.45)
i

Jia scero Gaccelina cyMMAapHEL npHTOK, oOpasopaBLinit CTOK B 3a-

MEIKAIOILEM CTBOpE 3a i-ii HHTepBan BPCMEHH, BEMHCIAETCA No GopMyne

ZVice =k Yoy thaYaiey vt by Yoie,s (6.46)

THE Ty, T2, ..y Tq — CPeiHEE BpeMA JoOEeraHuA OT UEHTpa KaXEOH CTOKO-
OAHOPORHOM IUIOIIAKA A0 3aMBIKADIETD CTBOPA.

lNpu npuMeRenH BTOPOro cnocoba — pacuerTa MPHTOKA M0 OCATKAM —
HCIQIB3YETCH PABEHCTBO

YVi=Qh @b A 9uh 647)

rie i — croxoofipasyioias 4acTh OCAIKOB; () — OPAMHATE! rpaduxa ane-
MEHTapPHOTO NPHTOKA B PEYHYIO CHCTEMY, ONpefenseMble Ha OCHOBE 3a-
KOHOMEPHOCTH HCTOMICHHA CTOKa; M — IPOAO/KHTENLHOCTD IIPHTOKA,
O6biune crokooOpasyionas yacTh OCAZKOB PACCUMTBIBACTCA [0
Gopmyne
h=X-p.+yun (6.48)
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rae X — 0Caaky; p. — CYMMApPHBIC NOTEPH; Vuy — BO3BPATHAA YacTh MMO-
Teph, XApaKTEPH3YCMadA BEPXHEIPYHTOBbIM [HTAHHEM.

Hazo oTMeTHTD, 9TO 4 ONMpEAENIeTCA C YIETOM 3aACPKHBAIOLIEr0 H
PETYIHMPYIOIIEro BANAHHS CKIOHOE Gacceitna, NPOABIMIOMErocs Kak
Ip¥ CTEKAHHH BOIAB MO MOBCPXHOCTH, TAK M NPH €¢ KBHKCHUA B TONLIC
NOYBOTPYHTOB. BCNEACTBHE ITOrO NPHTOK BOAM B PEUHYH) CHCTEMY
PACTATHBAETCA MO BPEMCHH, IPHIEM

Gr1>@> . QO (649)

Gt t...to,=1. (6.50)

VYenosusa TpancopMalmy OCaAKOB B IPHTOK, KOTHa Bpema nobera-

HHA HE NMpERLIWIACT ¢AHHHNY Bpemenu (t £ T), wro cnpaBeamuBo ans

CKNoHOB DacceiHOB MATRIX pek (WIH MEKH30XPOHHOH MIOMLAAH), MOTYT

6LITE YUTEHB CNEAYIOIMHM 0OpazoM.

[IpAToK ©OT OcafkoB, BEITABIUMX 32 OAMH i-H MHTEPBAN BPEMEHH

(pasHOBPEMCHNbIH NPHTOK CAWHOBPEMEHHBIX BEIMYMH OCAXKOB), pac-
CUHTHIBACTCA NO clemytouel popmyne:

Vip 20X =P+ Ve )iy + @2 = P + Vor Y +
+‘Pm(X_pe +ysm)£,:‘+m—t' (6‘51)

3meck H HHME HHIEKC p 0 H MOCHE 3aNATOH 03HAYaeT COOTBETCT-
BEHHO, 9YTO OCAZKH H MOTEPH HIIH NMPHTOK palHOBPEMEHHE], HHIEKC i
ncepen 3anATOH — UHTEPBAJ BblilaJCHHA O0CAJKOB, 2 [10CNE 3anATOH — HH-
TepRall NpuToKa. ECIH CUMTATE P, H Vam PABHBIMH HYINIO, TO CNOH -
GEKTHBHEIX OCAKOB X;p MOKHO BEIYHC/IHTE RO BRIPAXKCHHIO

xi',p = (PIXEJ + q’ZXiJ‘-I-l +..+ q,mXi‘,i-i-m—l . (652)

Iputox 3a OAMH i~ff HHTEPBAT OT OCAAKOB 32 PAR ApPEILECTBYIO-
LMX KHTEPBANOB (€AMHOBPCMEHRIH NPHTOK PA3HOBPEMEHHLIX BENHIHH
OCMKOB) BBITHCIIACTCA IO BBIPAXCHHIO

yp.i =¢I(X_pc +yarn)u +(P2(X_pc + Yara -1 +
+ QX = Do+ Vorm )cmarso (6.53)

a cnoi > eKTHBHEIX OCANKOB — 10 ananoruy ¢ (6.52)
X“,J =X, +0, X, +..+0, X, s (6.54)
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HprseneMm pan paBeHCTB IUiA ciiydad, KOIa TpaHchopMalHs ocal-
KOB B [IPHTOK NPOHCXOMMT Ha CKIcRax 6onbioro Bacceiia, pacuicHeH-
woro Ha N uactelt ¢ noberannem BHyTpH Kaxiuoii (t < 7). Cymmapanii
¢ GacceiiHa mpHTOK OT OCAanKOB 3a OAMH /-H HHTEpBAN {CyMMapHblil pas-
HOBpEMEHHEI FPHTOK EIHHOBPEMEHHLIX. BETHYHH ocaaxoB) OymeT

Xyip=kyiptkyipt .. thkyyip (6.55)
a CyMMapHLIi cnok 3¢ geXTHBHEIX OCaAKOB
ﬂf‘p = k1 X'-P + kinqP + ...+ kﬂ X,_p. (656)

B (6.55) u (6.56) mpHTOK y;p H OCAZKH X;, BRIMHCIAWOTCA 1O Gop-
mynaMm (6.51) ¢ (6.52) COOTBETCTBEHHO.

Cymmapnmit ¢ Gaccefina IPpUTOK 33 OZHH /-i HHTepBal BPEMCHEH OT
OCagKOB 33 pAN NPCALCCTBYIOWMX HHTCPBATOB (CYMMapHbIH ¢AWHO-
BpPEMEHHBIH NPUTOK Pa3HOBPCMEHHLIX BENHYHH OCAAKOE) PAcCYMTHIBA-
ercs o gopMyne

2pi=kiypit ks ypat . t knYps (6.57)
a ofuit croki ahHeKTHBHEIX 0CAAKOB ~ N0 opMylc
&n“ = k;x,,',- + k} Xp.i +...+ knx,,_;. (6.58)

THE Vp.i | Xp; OIpeAemoTed 1o (6.53) u (6.54).

B uTOre MOKHO 320MCATH BHIPAKCHHA ANA OUCHKH HPPCKTHBHBIX
0CafKOB H IPUTOKA € GacceifHa, 00pa3oBaBmero ¢TOK 4epe3d 3aMEIKalo-
UMK CTBOP (CNMHOBPEMEHHEIA CTOK CYMMAapHBIX PasHOSBDCMCHHBIX Be-
JIMMHH NPHTOKA H 0CAZKOB)

ZXie=h Xt o X+ .+ ky Xpinn (6.59)

2Vie=kiypit kaypia ... + knypinn. (6.60)

B nocneamux ABYX paBeHCTBaX MHACKCH i, i—1,...,i— N+ 1 o3Ha-
YAKT, YTO MO OTHOWCHHIO K CTOKY YCPe3 3aMBIKAIOLIUM CTBOD BEIM4H-
HBl OPUTOKA ¢ OTAENLHLIX HacTel Gaccelina ABNAIOTCA Pa3HOBPEMEHHE -
Mi. OfHako nO OTHOMICHHIO K OCANKaM KAKAOH dacTH DacceltHa oHH
€AHHOBPEMCHHE,

3apaua yueTa moTeps MOKACBOIO CTOKA NpPH MPOTHO3E CTOKA MO
ocajikaM SBJIAcTCA Haubonee TpyaHoH. OOBIYHO DTH NOTCPH XApaKTepH-
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3YIOTCA BEANYHHOM xoaghdhuyuenma cmoxa, KOTOPEIA BEUMCIACTC KAK
OTHOLIEHHE CTOKA B 3aMBIKAIOIEM CTBOPE K 0CAJKaM, BoINAAAIOMMM Ha
TeppuTopaie Gaccefina. Takoll koddPHIHEHT ABNACTCA XapPaKTCPHCTH-
KOl He TONBKO NOTepb CTOKA, HO M TpaHcOpMalMu NPHTOKA pycioBoi
CHCTeMOH, KOTOpad 3aK/II0IACTCA B TOM, 4TO HA MOABEME MMTABOJKA YacTh
BOOBI 3aTPaYHBAETCA HA 3aNOJHCHUE PYCIOBBIX CMKOCTEH, H BEIMYHHA
koathdunnenTs CTOKA OKa3kIBaeTCA 3aHMKEHHOM, a Ha Craje npM ono-
DOHEHHH PYCTOBHIX eMKocTel — 3aBbiticHHON. Taxam obpaizom, xo3gh-
(HEACHT CTOKA JacT HENPABHIBHOE NMPEACTARICHHS O BETHIHHE NOTEPD.
Jna uckmoueHns BausHug pyciosodi Tpancopmaumu M. U. T'ypesu-
YyeM MPEANeKEHA IPYTasd XapaKTEPUCTHKA NOTEPh — KoY Puiuenm npu-
moxa. OH BRIMHMCAIETCA KaK OTHOIREHHE NPUTOKA B PEYHYIO CeTh, NOA-
CUHTAHHOTQ TIO CYMMapHOMY CTOKY ¢ GacceifHOB MaNEIX peK, K 0cafkaM

p=ny'2X.

OTtHOWWEeHNE
Z y X (6. 6 1)
Z X pi

XapaKTepH3YeT PasHOBPEMEHHEIC MOTCPH NMpH GOPMHPOBAHAH CyMMap-
HOrO 6AHHOBPEMEHHOI'C IPHTOKA, 4 OTHOLIEHHE

% ; 2 (6.62)

XapaKTEPH3YCT SAHHOBPEMEHHRBIC IOTEPH NpH QOPMHPOBAHHA CYyMMAap-
HOI'O PasHOBPEMCHHOTO NpHToXa. OTHOWEHHE

zyl—t (6.63)
gy

XapaKTepH3IyeT MOTEPH PA3HOBPEMEHHOTO MPHTOKa, CHOPMHUPOBABILETO
€IHHOBPEMEHHHH (3a {-if KHTEpBaN) CTOK Yepe3 3aMBIKAIOHiH CTBOP.

I'ny6okoe rpynTosoe nutatine wia Gonbux Gacceiinos Y, passo
Pa3HOCTH MEX(TY NpeleNbHHM MHHHMYMOM CTOK2 Yy, M CyMMo# mpe-
HEIbHBIX MHHHMYMOB CTOKA ¢ 6acCeHHOB MaJIbIX PEK 2 Ymi, ONpEHE/IAc-
Mo# MeTonom GacceiiROB-HHIWKATOPOB.

[TpuasB ¥y = const, IPOrHOCTHYECKYK) 3aBHCAMOCTE MOYKHO Npex-
CTaBHTE KaK CBA3b TPEX NEpeMEHHBIX
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Y=/ (in D), (6.64)

rae ¢ — xapaktepHcTHKA pa3sBHTHA (askl MPHTOKA M CTOKA, OTPaKAIO-
A pycnoBoe perymupoBaHue. [Ipumep Takoil cBA3M NpENCTABCH Ha
puc. 6.6.

Cpenuat mTuHMS cHCTe- . .
Ml ipy @ = 0 cooTBeTCTBYET 300
CHTYallHH, KOTZa pPYCOBOS
PEryIHDOBAHAE NPAKTHYECKH
OTCYTCTBYET ¥ ONMCHIBAETCA
PaBEHOTBOM 200

Y, = kanVH + Yo (6-65)

rae ky, — xooddunment py-
CROBBIX TNOTEph  (BemumHA
OCTaTKa TIOCKE PYCIOBLIX M0-
Tepb, NpPHXOAAIMErocs Ha
enuuHy TpuToka). B nemoii
HacTH puc. 6.6 oTwioHeHHe
OT MHHMM PaBHBIX 3HAUCHHI 700 0 Sy M
sBepx (¥; > 2yi.) ofpacuser-

ca TeM, 9T0 Yoy > an ¥ BOJIO- Puc. 6.6. Hikuaa 1acTs 3aBHCHMOCTH
of w ¥, = [y, (¥;— Tyig)] ana Gacceitna
MCH TIONOKHTCNBHBIH, B p. lnenpa o . Peunu.

npasoit (Y; < Xyi) — BHM3, Ilugpu y Touex — pasocth ¥;— Sy, ; | — nusus
TaK KaK Ypo > Yom B BONOOG- CBA3M, 2 — JIHHUA PABHMIX 3Havenuii.
MeH OTpPHUATENLHRIH.

Pycnosoe perymmMpoBaHHE XapaKTepH3yeTcd BEPTHKAAbHLIMH OT-
KIOHEHHAMH OT cpeaHeil NHHHH cBA3H. [IATCHCHRHOCTL PARBHTHA (a3l
NPHTOKA ONMHCEIBACTCA PasHOCTHIO!

ATy = Tprer— i (6.66)

Kax nmoxajanu pacdersl, CyIIECTBYET ROCTATOYHO TECHAd 3aBUCH-
MocTs AY; = {AYY). B GonbmMHCTBE Cliywaes HMEET MECTO U ¢BA3b AY;
= f¥; = 2y}, rAe ¥, — CTOK B 3aMBIKAIOIEM CTBOPE B ACHL COCTABICHHS
nporHosa. [locnepnas 3HATHTENBHO Ny4me XapakTepusyer dasy, oco-
OeHHO IpH ee CMEHE 0T MOALeMa K cnagy. C yueToM CKA3aHHOTO, 3aBH-
CHMOCTE (6.64) MOXKHO MPEACTAaBHTD B BHAE

Y;=aY;+ (kyn = a)2yiet Yom, (6.67)
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re a — BeHYHHA PYCNOBOTQ PEryJNPOBAHHUA, OPHXOAAIMAACA HA ClH-
HHILY PasHOCTH ¥} — 2y

Jm muoTHX 6acCelHOB BNIONHE MPHEMISMBIMH MOI'YT 0Ka3aThCd H
CHCTEMEI MIApAIUIENbHBIX HEHUI, YAOBAETBOPRIOINMX YPABHEHHIO

Y; = azy,-.,_l + (1 "'a) zyH+ Ym, (668)
HIH AAXE 3JaRHCHMOCTH BHIOA
Y= a¥+ (1 — @) Tyie. (6.69)

Hanoxennan cxema GoOpMUpOBAHHA MPHTOKA BOAEI B PedHYIO CCTh
MOXET ObiTh HCHOJb3OBAHA I NPOrHO3A CTOKA ¢ DOMLIKX ¥ CPeAHMX
Gacceiinos (32 neHTagy, AcKaly M T.4.) IO CYMMapHOMY MPHTOKY B pey-
HYIO CCTh M 1O 0CAfKaM,

B nepsoM cnydae ANR nporHo3a CToKa HCNONL3YETCH paBEHCTBO
(6.67), roe OCHOBHEIM apTYMCHTOM AB/JETCS CYMMAPHEIH CTOK MAibiX
pek (6acceHHOB-HHANKATOPOR), NOACYHTAHHBIH C YYCTOM BpPEeMEHH H0-
Geranua D0 3aMBIKAIOILEr0 CTBOPA (2 Vo). AN BLINHCAEHUS CYMMapHO-
FO CTOKa MaJbIX pek faccelis KpymHO#l peKku JEeRHTCA HA PAl CTOKOOI-
HOPOAHBIX MAOIMAJCH.

IIpu nporsose cpeaHero AexagHoro croka dopmyry (6.46) ana on-
peaenenna CyMMapHOTO CTOKa ManbiX PeK MOYHO NHPencTaBMTh B Clie-
AyOUeM BHAE:

Ty =k +hay T2k, T, (670)

roe j — Aata BHUITYCKA NMpPOTHo3a (mOCAeOHMe CYTKH NpequlecTBYIOieit
=Tt

Acxagul), jye1 — CTOK C bacceiina-nugnkaropa 1-it cTokoozHopon-
HO# IUTOIAMM, MOACYMTAHHBIH 32 MepHOA OT Jatel j — 7y + | xo Jathl
j— Tt 10.

CTOKOONHOPOAHRBIE MIOMAAM ANA AEKAXHBIX MHTEPBAIOB QOBLIYHO
He npeBEWAT 6 — 8 ThHe. kM°. B npemenax kawxoil Takoit mmomanm
BEIOMpaeTcA (KenarenbHO Ommsko Kk ee newrpy) Gacceiin-wnmxaTop
miowanso 100 — 500 kv’. Henonssonas CXEMY H3OXPOH, MOXXHO OTIpe-
NeMaTh CpeIHee BpeMA RoOeraBMa OT KaXnoH CTOKOOTHOPOAHOH riio-
IaAA 0 IAMBIKAIOIICTO CTBOPA.

IIpn nporro3e nmo cToKy ¢ GacceiiHOB-HHAHKATOPOB MONHBIN CTOK
no ¢$axTHHECKUM AAHHBIM NOACYHTHIBACTCA TONBKO C TEX CTOKOOLHO-
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pOIMBIX ILTOmMAAEH, BpeMs NoOeraHHa OT KOTOpHIX HE MeHee 3abaaro-
BpeMeHHOCTH mporio3a. Co cToKoOIHOPOAHKX TUIonlaacH, BpeMa aobe-
TAaHUA OT KOTOPBIX MeHRIC 3a0NaroRpeMEHHOCTH TIPOTHO3, CTOK NOJ-
CUHTBHIBAETCH 33 HCNOAHBIA pacyeTHRIH MHTepBan BpeMmeHH. Taknm 06-
. pasoM, CYMMapHsili CTOK MaNbIX PeK, NOACYNTAHHHEA 00 GaKTHYECKHM
BAHHBIM B MOMEHT [IPOrHO3a, COCTaBMACT REAMYHHY HEMONHOTO CyM-
MapHoro ctoka. JUia momyde-
BHA BTHMHHL] TIOTHOTC CYM-
MapHOTO CTOKA HCTIONB3YIOTCS Z'

CBAIH BHAA 7
D= (). (671) ::] LA

. o

Ly, vk

I

HonaTHO, YTO YWeM MEHEL- L
Ie 3a67aroBpeMEHHOCTh nmpo- 10 > o7
THO3a, TEM NOAOOHRIE 3aBMCH- ol
MOCTH TeCHCS. 3aBUCHMOCTL P
(6.71) ¢cTpoMTCA IO HAHHEIM O
CTOKe MallLIX PeK 33 NponlIkie 0 300 1000 1500 2000 IyT) wle
TOMbi OTAGNbHO IUM KAMIOHK Prc. 6.7. 3aBHCHMOCTE NOMHOTO CYMMapHOTC
3a6naroBpeMEHHOCTH HPOMHO32  pasoEpeMEHHOTO IPHTOKA B PETHYIO CHCTEMY
¥ MoxeT ORIThL pasimAgHON JUia Gaccelina p. JInenpa no Kuepckoli FC
$a3 nogpema u cnana. [pamep 32 (F+ 1)-10 aexany 0T Henonkoi BeTHIHAL
TaKO# 33BUCHMOCTH [IOKA3aH Ha ©r0 ¥ XAPAKTEPHCTHRH QaILI peaiMa:

I — nonvew, Il — cnag,
puc. 6.7.

TIpu nporHo3e CYOKa Mo CTOKY ¢ GacCeliHOB-HHANKATOPOB OTNARACT
Heo0XOMUMOCTE YUETa TAKOTO C/IOXKHOTO JNA ONPEZCHCHHA 3JIEMEHTA,
Kax moTepH ocankos. K coxaneHuio, B HacTofLlee BpeMs ceTh Habmo-
JCHHH 33 CTOKOM MAJLIX PeK SBHO HEAOCTATOYHE, YTO BEI3LIBAET £CTECT-
BEHHEBIE 3aTPYAHEHMA NPH pEealH3alMH JaHHOTO METOJa TNpOrHO3a.
B cBs3u ¢ ITHM BOSHAKACT HeoOXOmuHMocTh paspaboTKH METOAO0B NpO-
THO33 JOKAEBOrO CTOKA 10 0C2/1KaM.

PaccMOTpHM Tako# cnocod MporHosa JOAAEBOr0 CTOKA ¢ HCMOMb-
30BasneM Gopmynsl (6.69). Koadduunent npuroxa (p,) paccuMTLIBALT-
cs no dopmyne (6.63). [IpuToX B pedHYI0 CHCTEMY BRIMHCASETCS M
NPeACKA3LIBACTCA 10 BRIPAKEHHKY.

Sie= py Tt (6.72)
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C yueroM (6.72) popmyna (6.69) npurmmaeTr BN
Yi=aY;+(1-a)p, 2xi-x. (6.73)
A2 nporHo3a NeKagHeX K03 (HUIHeHTOB MPATOXA MOKHO HCIIONb-

30BATH 3aBUCHMOCTS HX OT CYTOMHOTO PAa3HOBPEMEHHOTO TPUTOKA 2 ) ,
BBISHCIICHHOTO C YYSTOM BpeMeHH AoOeraHut:

Py =f (2y;2)- (6.74)

Jlna npeononenns TPYAHOCTEH, CBA3AHHBIX ¢ OUCHKOH CYTOYHOro

NpPHTOKa [C HEMOCTATOYHOH HHPopmauMH o croke ¢ GacceHnop-

HHIHKAaTOpOB, liciecoo0pasHo uconk30BaTh paBeHCTBO (6.69), KoTopoe
JUIA CYTOYHBIX HHTCPBANIOB BPCMCHH MPHHUMAET BHL

Y,=aYy + (1 - a) Sy (6.75)
OTXYZAA
Y. —-a¥.
Ty =—’1—“-*—’ : (6.76)
-~

PerpanchopMaiia CYTOSHOTC TIPHTOK2 K0 JAHHEIM O CYTOYHOM
CTOKC B 3aMblkatouleM crBope Oaccefina HCKMIOUaeT HeoOX0AMMOCTB
HCIIONL30BaTh HENONHOUEHHYI0 HHPOPMALHIO O CYTOYHOM CTOKE ¢ Dac-
ceiinoB-HEANKATOPOB. Bonee TOro, 3T0 AACT BOSMOXHOCTh AABATh NIPO-
THO3bI B YCIIOBHAX PEAKOH ceTu HaOnofeHUH Ha MANBIX peKax M Jaxe
OpH HATHYHH BCero 2—3-rOAHYHBIX HAGMONEHHI 33 JOMACBHM CTOKOM,

BTopoii apryMeHT NporHocTRYecKkoi JaBHCHMOCTR — CpeTHHE B3BC-
menHee 1o Gacceliny ocanxe (X} YIHTHBAOTCS AHINL RO (axTHYe-
ckHM rzanHbiM. [lpu paspaboTke meToma mporHo3a YCTaHaRNHUBAETCA
CBA3L HEMOJHBIX OCAOKOB, NMOJCYMTAHHBIX TOJNBKO IO NAHHEIM HH{OP-
MalHOHHbIX cTawlMi (¢ yvcTOM 3a0ArOBPEMCHHOCTH HNPOrHO2a),
¢ MONMHEIMH OC3JIKAMH 710 JAHHEIM BCEX METECOPONOrHYECKHX NMYHKTOB
Gaccelina:

Lo =f(Zx7), 6.77)

roe X, — NONHEIE OCATKH, MOACYMTAHHEIE MO BCEM METEOPOIIOTHYE-
cknM nyHKTaM Oaccefina; T x[T7 — HeNONHbIE OCAIKHM, MOACYHTAHHLIE

JHINL 10 ZAHHLIM HWHOOPMAIMOHHBEIX METCOPONOTHYECKHX MYHKTOB.
[IpakTika nokasana, 970 axue, KOrAa YHCAC HHGOPMAUHOHHBIX TYHKTOB
B HECKOABKO pPa3 MeHhille, 9eM uX ofuee 4¥Heno, cBasb (6.77) ocraeTcs
TECHOH H yCTOHIHBOH.
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Cnenyer OTMETHTS, YTO JAHHEIH METOX NPOTHO3Aa AOXKACBOIO CTOKA
IO TPHTOKY H 7O OCANKAM MOXHO TIPHMEHSTH K OONBIIMM H CpeaHuM
PaBHHHHBIM pekaM Inomaapio Gomee 10 000 KM’ [pH AeKafHO, NeH-
TagHOH HWIH CYTOYHOH CTHHHLEX BPEMCHH,

6.4. MaTemMaTHYeCKHE MOJeNH fopMHPOBARHS
HOXKAEBLIX NABOAKOB

B nocaenuue 30 ner s Hainel cTpane ¥ 3a pyOesxoM BEIMCh HCCHIE-
JIOBAHUA, HANIPABCHHBIE Ha pa3pabOTKy Mozeneil CToka, KOTOPHIE MOMXK-
HO 6b110 6B HCMONB30BATE B ONEPAaTHBHOHN NPaKTHKE APOTHOZHPOBAHMUA.
[Tepronavaneso Okrra co3mana moxenh GOPMHpPOBAHUS NONKICBEIX Na-
BOJIKOB, B KOTOPOH Y4HTHIBATHCE OCHOBHBIC CTOK0OGpasytoime daxTophl
H rHApodHINYecKHe XaparTepHCTHKH Noussl. Ha ocHose sTHx momenei
NOABHJIACH BOIMOKHOCTD KPaTKOCPOZHOTO NPOTHO3a JOKAEBOTO CTOKA,

JlamnM kpaTkoe onHcaHue MOAECH ZOXAECBEIX NaBOAKOB, paspabo-
TaHHBIX 32 pyOeskom. Haubonee wm3sectHoi smaerca Crendopackas
Monens GOpMHPOBAHHA NOKACROTO Croka, moctpoenHas H.T. Kpay-
dopiaom x P. K. JInncneeMm Ha OcHOBE NETAALHOTO OMHCAHMA 3MIEMEH-
TapHbIX MPOLECCOB cToKooOpasoBamna Ha Bojocbope [34]. Ha puc. 6.8
npencTaBicHa ¢e OIok-cxema.

Mopene sBrsieTca 0OILell, ¢ COCPSAOTOYCHHBIMH NApAMETPAMH.
B zaBucuMocTH 0T MOIH-
(pHKalHH OHa BEIIOYACT < Ocadsu |
ot 20 a0 34 nmapameTpos,
GONBITHHCTBO U3 KOTOPbIX
33]1a107C2 H3 (QH3NYECKUX

coofpaskeHHil B YTOYHA- Euxpept Mouade fies
10TCA nyTeMm noabopa. sepxned 3o Homep
Mozders npenHasnHavieHa

AN pacuera CTOKA 3a Ya- —— Plvpcpvevamunii|cmy -
COBBIC HHTCPBANLL B Hall- e et som T —
fonee neranpHOM BapH-

AHTE PacveTa Ha BXOH MO~

MaleTCR HacOBHEC OCAIKH, ——

CYTOWHAA  TeMIEpAaTYpa, | apyumossx 600 [re——p— >
panHauua, BeTCp, MCCAd-

HOE WIH CYTOYHOE HCIa- Puc. 6.8, Baox-cxema CreHdoprnckoit Mogemm
penue. Bo.nocﬁop YCHOB- (HOPMHPOBAKHA LOMACBOrO CTOKA.
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HO HENHTCR HA TPH PETYNHPYIOIHC EMKOCTH. BEPXHSA 30HA, HIDKHAA
30Ha H 30Ha IPYHTOBBIX Bog. CuMTaeTCd, YTO MOBEPXHOCTHRIUL CTOK
bopmupyeTc® HA mIoWEAAM, FA¢ HET NPOCAYHBAHMA B BEepxHeid 3oHe.
BHyTpunouBeHHBIH cTOK o0pasyercs B HIDKHEH 30HC H BMCCTE
¢ NIOBEPXHOCTHHIM M TPYHTORBIM (hopmupyeT ofmuit crok. Pacuer ucna-
PEHMA BEACTCS ¢ KaXIoH eMKOCTH. B peansHuIX YCIOBHSX OHA TPYORO
NpHMEHMMa H3-32 HUTHUIHEH ACTANW33LWH, 0COOCHHO NMPH ONMHCAHWH
MPOLIECCOB, MPOHCXOMALKX B NOYBE, H CKOpee NPEACTABNIAET TEOPLTH-
YyecKkHil HHTepec.

Mozenbio ¢ coCpe/loTOUCHHBIMY MTApaMETPaMi ABBICTCH H MOJAENL
. Royan n O [lounena. Astops! ynpocTiini CTeHQOPACKYI0 MOAENE: H
YMEHBLIAME KONHYECTBO MApaMeTpoR OO TPHHANUATH, AEBATh H3 KOTO-
PBIX ONTHMHUINPYETCA B aBTOMATHYECKOM pexume. Mogesis npepioxReHa
JUIL MabIX M cpeannx Bosfoc6opos. Ha sxoze 3analoTcs ocajkH, ncna-
PEHHE H CTOK (MPH pexcuMe ONTHMK3AUKH) 33 ONHM M TE XKC MPOMEXKYT-
K¥ BpeMcHH. PacucTHEIX HHTEPBAL BPEMCHU BAPLHPYET 0T 3 4 JI0 CYTOK.

B Mogenu LlI3HncH mpeanonaranock, 4To nNpy GOpMHPOBaHMY A0-
*MOEBOTC CTOKA B YCJIOBHAX BJIAKHOrO KNAMATA NOTEPH PABHEI KONHUC-
CTBY BOABI, TCPAIOUICMYCA HAa YBIAOXKHCHNE MOYBH A0 BIXKHOCTH, paB-
HOH noneeo#i BAaroeMKocTH, OCTAaBIIANCA YaCTh OCANKOB HACT Ha 00pa-
30BaHHe MOBEPXHOCTHOID CTOKA MIIH, MPOHMKaA B raydoxve CNOH moy-
Ebl, GOpPMHpYET TPYHTOBBIE CTOK.

Jlna ydera MpoCcTPaHCTBEHHOH M3MCHIHBOCTH Ze(pHIUTA BiIAXHO-
CTH MOYBBI CTPOHTCSE CBAB

L1 _f&b
L. [1 ) (678)

w

The f— mnoiliaxk, Ha KOTOPOH MAaKCHMATBHAA BIATOSMKOCTb PABHA Wiy,
F — nnowaze Bcero Bonocopa; w' i & — IMIHPHYCCKHE NapaMeTpLl.
Hcnapenne E; u3 Bepxuero ciiof iiouss! Heperca no NaHHLIM HCNa-
pHTENeH C BBCICHMEM IOMPaBOYHOro KOMpHIMEHTA; HCTAPCHHE H3
CPEIHEro ¢os noYskl E; BLYHCIHsETCA IO PopMyne
E\w

E, =2, 6.79)

wl'l'ﬂx

e W — BIRKHOCTS [IOYBHL,
Hcenapeune n3 rnyBoxux cnoes 3 HaxORHTCA NO BHIPAaXKEHHIO
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Ej =cE Is (680)
rae ¢ =0,10 - 0,20,

B ychaosuax cyxoro KIMMara CTOK PACCHHTHIBACTCA KAK Pa3HOCTh
MEKAY HHTCHCHBHOCTBIO OCagKOB M MHTCHCHBHOCTBIO HHBHILTpalUu
B BEpXHEM C/I0¢ MOYRK. MINTeHCHBHOCTE HHPHNBTPAUHH CUMTACTCA MO-
CTOAHHOIA.

IIns pacdera Tpancopmaumu ruaporpada B pesHOM pyclie Mc-
nonb3yercs Meron Mackuuram. OO papHaHT MOZEAH BKAIOYAET Ae-
BATh IMIEPHIECKHX MapaMeTpoB. [lapaMeTphl, XapaKTePH3YKIIHE KiIK-
MaThyeckne B (pH3INKO-reorpadHIcCKHe YCIORHA, GepyTca MOCTOAHHEI-
MK Ui OONbIHX paliOHOB, OCTANBHEIC — NOAGHPAIOTCA [0 JAHHBIM Ha-
OmoneHHM 33 OCAIKAMM, MCTIAPEHHEM H CTOKOM.

Monens JInan, foyau v beprmana crieumnansnas, ¢ COCPSAOTOCHHEI-
MH TapaMeTpaMH, TIPSAHASHAYCHA JUIS MAMLIX BORocGopoB (1o 50 K?),
BKJII042€T § ONTHMH3MPYEMBIX mapaMeTpos. Bxoj — NHBHEBBIE OCAAKH M
HCRAPEHHE, PacyeTHMH WHTepBasi — 5 MEH. MHQUIbTPasHA paccynTH-
BaeTcst Mo Moneny dununna:

I,:k,[n ('”—":’—0)*‘1] (6.81)

rae I, — MHTCHCHBHOCTE HHPWIBTPALHM B MOMEHT BPeMEHH £ Ky — THX-
pasiHyeckas NPOHMIIAEMOCT, TpyHTa (koodduuuent dunsTpaumuu); s —
CyMMapHad MHOUILTPALUMA N0 MOMEHTa [, my ¥ M, — BIArOEMKOCTh Ha-
YaJIbHA% M B MOMEHT BPEMEHH [, p; — COCYLNas CHIa TOvBbI BOIK3H
$poHTa CMAIMBAHHSA.

Jna oripencrnieHns HaMANBHEIX 3HAYEHHH (M, — My} M 5 pacder Be-
nerca or Gmxaliniero NpeangysIero oK. YUATHBASTCH H3IMEHEHHE
BIRKHOCTH B ABYX YOYBCHHHIX CMKOCTAX, NPHYEM MepBas M3 HuUX (W)
HARKAIUTHBAET TIPOCOYHEBINYIOCA BOXY A0 ROMHOIO HACHIMICHHA, & BTOpaA
{w1) xapaKTepu3yeT HEHACHILCHHBIH C/IOH NOYBSHI, YeM AOCTHTaeTCA BO3-
MOXHOCTS Y4ET2 HIMCHCHHA BCAHYHHE! (1, — mo} H p,. CuHTaCTCA, 4TO
MakCHMANBEAA BETHIMHA BTOPOH eMKOCTH paBHa HONCBOH BIaTOEMKO-
CTH MOYBHI, 3 BIAXKHOCTH 3aBSAAHHMA COOTBETCTBYET OTCYTCTBHE BOZE!
B obeux emxoctax. Torza sdwpexTHBHyI0 BenwanHy (1, — mo)p; MOKHO
HalTH creayonmMM o6palom:

(m, —mq)p, =—c(d -1) :—=+ ed, (6.82)
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TAC ¢ 1 d —~ SMIAKPHICCKHE TIAPAMETPLI; Wy — BTOPAsA EMKOCTD; Wpax
MAKCHMaNbHAsA BOAOYIEPKHBAIOIAN ¢MKOCTS NOYBLL.

B Bamasice eMKOCTH W) YUUTBIBAETCS NOCTYIICHUE BOARI B PE3Y/ib-
TaTe VHPUIBTPAIHAH, TOTEPH HA HCTIAPEHKE K OTTOK BOJIbI B EMKOCTH Wy,
Koraa eMkoCT: w) NEpECIXacT, BORA K3 W; DACXORYETCH HA HCNApeHNe.
Ucnapenne (pblumCcNgeMOC MO AAHHLIM HCTIApHTENcH) KOPpPEKTHpYETCH
[yTeM BBEJCHNAA NONPABOYHOrO Ko3agduimenta. OTTOK U3 W) B wy IIpeH-
nonaraercs mnocroanuniM.  Tpancdopmaums rpadpuka BoAcoTIATH
B rHaporpad cToka Npou3BOIHTCA [0 NHHEHHOH MONENH ¢ COCPeaoTOo-
YeHHLIMH TapaMerpaMH (uHTerpan HoaMens), rae GyHKUHMS BIMAHHA
apeacrasngeT cobod nponsseacune GYHKUHH BIMAHHA JTHHEHHOTO BO-
JOXPAHMIKINA HA KPHBYIO paciipeAceHHIT MEXKH3CXPOHHEIX MIOWAICH.

Mogems JI.E. Howa, J1.B. Camknuda, [1.E. O’Konnena, J1.I1. ®3ppepa,
A H. M>upgesuna 1 I'. PremuATa ABNACTCA MOJENBIC C COCPEAOTOYCHHBIME
napameTpamMi Iy Mabix Boziocbopos. M3 nerarn papamerpos ceme onTa-
MH3HpYIOTCH. PacueTHbIN HHTEPBA BPEMEHH — 3 U, BXOJ — OCAAKH H MCIIa-
peune, CuMTaeTcs, YTO MOYBA COCTOMT M3 HECKONbKHX TOPHU3OHTA/IBHBIX
CJI0CB, BIAKHOCTL B KOTOPBIX (NOC/IE OCK/AA) paBHA MONEBOH BAArOCMKO-
cTH. MakchmaneHas BETHYHHA BAATOSMKOCTH KaXKHOTO C/I0A MPHHAMACTCH
OOMHAKOBOI H paBHOH 2-3 ¢M {(CAMBIM HHMXHHH MOKET EMETH MCHBUIYIO
BIAN0EMKOCTE). MiciapeHue ¢ BEpXHero cnos Geperca paBHBIM HCNApAEMO-
CTH, Y3 OCTALHLIX CJIOCB — HCTIAPACMOCTH, YMHMKCHHOR Ha Ko3dduumeHT
B, rBe i — HOMED cIos (IUIR BTOPOro cogd ¢Bepxy n paBHo | # 1. 1)

HcnapeHne npexpamaeTces, KOTAa ¢ro CyMMa JOCTHTGCT BEIWYWHEL,
ofuiedi wix Beell ToRIM MakCHMaNLHOH BraroeMkocTH. [Ipeanonaraet-
€A, UTC cpa3y Ha CTOK HACT HEKOTOpas HacTh PAsHOCTH OCANKOB H HCMa-
PEHHA M M3 OCTABINCHCA YaCTH — TONLKO HIOLITOK Hal MAKCHMANLHOH
MHTEHCHBHOCTLIO HHOUMBTPALUH [y,

HH}HnbTpanua Opekpaliaerca, KOraa BOAA NOCNE/0BATENLHO Ha-
CBLITHT HHXKENCKaLHe CION B0 BeNHYHHEI NONeBOi BAAr0eMKOCTH (MM
B C/Iy9ae MpeKpalicHuA AopA). BennduHa noTeHIHaIBHOr0 Honapeis
ONpenenseTcs NepeMHOMEHHEM AAHHBIX HCHapuTena Ha kosbduumueHr,
yacTo npHHuMaembii pasubiM 0,8, [epecuer rpaduka BogooTaaun Gac-
ceiina B rupporpad cToka B 3aMEIKAIOMEM CTBOPE OCYIUECTBIACTCA MO
JIHHEHHONA MOJICITH NBYX NapaleltHG COSMHHEHHRIX CMKOCTCH,

Haunbonee npueMiIeMOH 1719 ONCPaTHBHOrO BBIMYCKAa NPOrHO30B
NPEACTARNACTCS MATCMATHYECKAA MOHCHb (GOPMHPOBAHHA NOXICBBIX
11aBOKOB, paspaborTannas B ['mapometucHTpe CCCP (upine Maapomer-
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uentp Poccnn) B.H. Kopnem u JI.C. Kyumenroum [33, 34]. Ocranosnmcs
Ha Heil noapobice. Ira MoeNL OTHOCHTCA K KJIACCY Moaeneii ¢ cocpe-
JOTOUYEHIBIMH NAPAMCTPAMH.

Mone:s, nepsonauaIsio paspaborannas and pasruuHbX Gaccelt-
HOB, ¢ HCOONBIIMMHA H3MCHCHHAMNA YCIICIUIHO HCNONB3YETCR W B METOAM-
Kax. KpaTKOCPOMHBIX IPOTIIO30B JOXKJCBHIX 11aBOAKOB 1T ROA0COOPOS,
HAXOMAUIMXCA B PazmuHbX $uanko-reorpapuueckux ycuopnsx., Kax
H3BCCTHO, Peanbliblii BOAOCOOP COCTOHT M3 YYACTKOB, 3AMETHO OT/IH-
YAIOWIKUXCS TMOYBCHHLIMM, TOMOIPAGHUCCKMMH M THAPAENMICCKUMH Xa-
pakTepucTHkaMH. B TO e Bpema jna monene ¢ COCpENOTOMCHHBIMH
napaMeTpaMi HCOOXOAMME] CAMHEIE OCpeJHEHHEIE CTOK00Gpazyloine
daxTops! ¥ xapakTepuceTHkY BogocGopa. Tlepexon oT onncaHus nponec-
COR, MIPOMCXO/MIHX HA JNCMCHTAPHOMH MAOILANKE, K ONHCAHHIO IPOLEC-
COB Ha BOJIOC6OpE MOXKCET ObITH OCYIMCCTBICH C MOMOIMBI) TCOPETHKC-
BCPOATHOCTHOTO OCPCIHCHNMA.

I[Ipu w3secTHOM paclpe/ICNicHUH BCPOATHOCTH HCKOTOPOH Benm«u-
Hb! Z 110 BOAOCOOPY (OTHOCHTETBHEIC IUICILA/H, NPUMBIKAIOUMIHE K TOUKE
H3IMEPCHYS, YMIOKCHHLIC Ha BCCOBhIE KOA(PHIMHEHTH), €¢ MAaTeMaTd-
YecKOe 0XKHIZHHE Parlo

MIz1= 3265, 3) /(5. (65)

rAC X, ¥, KOOPJHHATH TOYKN HW3McpcHns; f{x, v} — pacnpeacacHue
ILICTHOCTH BCPOATHOCTH 2, 7 — YHCAO JICMCHTAPHBIX IIOIANOK.
B nipeaene npy # -» 00 NOMYyIHM

M(2)= [[z(x. )1, (x, y)dy, (6:34)
r

rae F - nnomans BogocGopa.
MoskHo 3anHCaTh ¥ NO-APYTroMy:

M[z]= u]zdz [[£:(2.x. y)dxay, (6.85)
0 r

IJ1e f5(z, X, ¥) — BEPOSTHOCTH TOTO, WTO BXOJHAA BCIMIUHA HMCET 3HaYe-
HHE z B TOYKC C KOOPARHATAMK (X, J).
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Takas 3amuch, B YaCTHOCTH, IIPHMCHACTCH, CCIIH M3BECTHO PACTIPERC-
TeHHe MRy H20NHHUAMH (pacyeT CpedHUX OcauKos mo uiorucram). Ecnn
Juia pogocOopa CymecTBYeT nocrodnHas ¢yHKUHA pacHpcAcicHNE BXOA-
HOM BEJIMUHHBI 2 [ToTHa f3(2, X, ¥} HE 3ABHCUT OT KOOpIMHIAT X 1 )], TO

Miz]l= ]lz ,(2)dz . (6.86)
0

B pacyerax pekOoMEHTYETCA NMPHHUMATH pacnpencnesue f(z) Hop-
MATLHEIM, Toraa M[z] TOXACCTBCHHO CPC/HEMY apRpMCTHHCCKOMY 3Ha-
HEeHHIO Z.

Mogenp BKEIOYAET DITHCAHHE CIEAYIOIMX MICMEHTAPHbLIX Mpolec-
COB: HWCRapeHus, MHOWALTPAlMH, NMOBEPXHOCTHOTO 33JCPXKAHWA, NO-
BEPXHOCTHOTO M BHYTPHNOYBCHHOTO CTOKA H HX TpaHC(OpPManHty B FUA-
porpat 3aMBIKaIOILETC CTBOPA.

BX0oAHLIMH QYHKUMAMH MOJEIH ABJAIOICA HHTEHCHBHOCTE OCAl-
KOB, AeHUMT BAAXKHOCTH BO3XYXA M CKODOCTh BETpa, a BhIXOAHOHN
¢dynxunei — ruaporpad cToka B 3aMBIKAIONICM CTBOpC. PacdyerHblif HH-
TEPBAJ BPEMEHH OT 3-X HacoB JO OUHMHMX CYTOK.

PaccmotpuM obpasoBaHise CTOKa Ha dneMeHTapiol miomanxe. Ku-
TEeHCHBHOCThL BOAOOTHAAYH C i-#f IUTOL{a/IKH paBHa

gty =X — EL) - I{D), (6.87)

e X{¢) ~ MHTCHCHBHOCTD 0CankoB; E(!) — MHTEHCHBHOCTh HCTIAPEHHS;
I{(f) — MHTEHCHBHOCTS MHOUALTPALIMM.

[TIpn npennonIoKEHHH, YTO HCIIAPCHKE ¢ YBAAXKHCHHON OAHOPOROH
MNO4YBEI ODPaKTHYECKH TAKOE XE, KaKk HCIlapenve ¢ BOI{HDH NOBCPXHOCTH,
MOXHO BOCIIONB2IOBATECA COOTHOLIEITHEM

E(0)- {[kl + kU ()] Di(t) mon  d (1)< W

0 npu d,{t)=w,,,, (6.88)

spechk U{f) — ckopocte Berpa; D{f) — nedHumT BIDKHOCTH BO3HYXa;
d(t) ~ nepMuuT BAAXKHOCTH 104BEI; k|, ky — sMuMpHueckre koadduim-
EHTEI; Wiex — MAKCHMATRHAS BIATOEMKOCTS [TOYBE.

HureHcHBHOCTS HHOHABTPAME C i-H [ICMAKKK NPHHHMACM Ipo-
ROPUMORANLHOI ASPHINTY BAANKHOCTH OYBLL
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d; (!) nmpu X, (1)- E(6)>1,(r)
1()= R (6.89)

X[f) Et) npan X, (0)-E ()< 1)

rae Ky H iy — SMIHPHYCCKUT MTAPaMCTPEL.

Ilpn pacuerax no 3asucHMocTH (6.89) ne yunThBacTes mpomece
yOBIBaHHA HHTEHCHMBHOCTH HHGMNBTPaUMH BO BpeMeHH. B 3ToM Her He-
©00X0IMMOCTH, TaK KaK PacdCTHBIH HHTEPBAN BPCMCHH IPCBOCKXOAMT Nc-
PHOZ, 32 KOTOPEIH NMPOHCXOAUT cTaOHIN3ALKA KPHBOH HHOHALTPALMA.

Bemunza BHYTpUIIOYBEHHOrO CToKa [g, {£)], oBpasosanHoro Bo-

JI0ii, KOTOpad CHauANA HHQHALTPYCTCA B NOUBY cornacHo (6.89), a zaTeM
bwmTpycrcs NDOR JICHCTBHCM CHIIBI TAKECTH BACGAB BPEMCHHOTO BOZAO-
ynopa, 3aBUCHT 0T kKondrbHIiHeNTa (PHALTPaLlKH H 3811COB BIIarH B MIOYBE:

iy npu  d;\t}<ow,,,,

0 npu d{t)2aw,,., 650

e 0<a <l - smmapuicekuit Kod)OUUHEHT, YIHTHIRAIOWIME BO3MOXK-
HOCTb 00pa3oBasHi RHYTPUIIOMRCHHOINO CTOKA MHIb MPH HEKOTOPOI MH-
HUMANBHOM YBAAKHCHIIOCTH HOYBEl, OTNHYHOH OT MaKCHManbHO BO3-
MOMKHOI BI&KHOCTH.

Jlna pacdera nedHiMTa BIAXXKHOCTH NMOYBH! CNIPABEAIHBO CRENYH-
iiec GamancoBoc OTHOLICHHE:

d()=d, (o)+;;[E, @+vig +g, @)-XG) 691
={l npit d, ()< W

0 npu d,{1)2 Wy

rae d{0) — nedpHUAT BNAKHOCTH NOYBLI AEPEA HAYAIOM PacyeTa.

Teneps OCYMECTRHM MEPEXOA OT SNCMEHTAPHOH MIOWANKK K BOKO-
c6opy, HCHONB3YR TEOPETHKO-BEPOATHOCTHOE OCpefiseHHe. Cyporo ro-
BODA, JUIA 3TOrD HECOOXOAMMO HMETh XAPaKTEPHCTAKH CTATHCTHHECKOH
CTPYKTYpHI Monelf BxOMLIX BEAWUUH 1 napaMetpoB &y, Ky, k3, fo U Weax.
YTo6p HE YBCIHYMBATH KOJHUCCTBO NapaMcTpos, GYZEM CUMTATh, YTO
BXOHEIE BRCIKYHHEY H YXC HMEIOUMCCS NapaMETpHl pacnpeaciensl no
HOpPMaBHOMY 3aKoHy. JIMIIE pacnpcacicHHe MEOTHOCTH BCPOATHOCTH

155



MaKCHMARLHLIX BraroeMxoctTedl 10 pomochopy (Wiyg,) OHHINCM IKCIIO-
HEHUHANEHOH 3aBHCHMOCTEIO

] --mes
f(wmax) = k’e k * (692)

rae k — napaMeTp pacnpeaencHmA.
TloncraBus {6.92) B (6.86), nonyunm
k= M{Woa)- (6.93)
Honycrus, uro gedHUMT BAAXHOCTH OYBLL HA BCEM Bojiocbope pa-
BEH €I'0 MATCMATHYCCKOMY OXHIanuio M[d|, sanuiueM COOTHOMWICHHE
V1A ONPSACNCHHA MATEMATHYCCKOTO OXKHIAKMA MCTTAPCHUA:
Mid
M[E)={k + e, M [U]) M[D)+ kK ) } e =) (6.94)
rhe Kpy — KOPPEIsUMONHELE MOMEHT BAKHOCTH BO3JYXa U CKOPOCTH
BeTpa.
B cBA3M ¢ TEM UTO B MPORECCE HCAAPCHHS PONE NeGHIMTA BIAOKHO-

CTH BO3IyXa 3HAYKTCHBHO BMIIE, YEM pOJb BCIpa, BeinHuMHOH oHKpy
MOXHO npeHebpeds u Toraa

MIE]={(k + MU} M [D]}e ¥ (6.95)

MNone3yAch MPSBHIAMH BLIYMCNEHHA MATEMATHYECKOIO ORKHIAHMA,

u3 (6.89), momyyaeM BBHIDDKEHHE JUIA pacyeTa OCPCANCHHOH MO BOZO-
cbopy HHTEeHCHBHOCTH BHOHILTPALHH:

MiI)= [M[ ]+;,,)

! SX-E)(X-E)+M[X-E] } (X-E)d(x-E), (6.96)
1]

rae /(X - E) — nnorHocTs pacnpenciacuua ecpoaTtnocteit (X — E). Ecap
CYMTaTh, YTO HCNMIAPEHHE B IICPHOI BLINMANCHHA OCANKOB MAno, CaMM
ocanky no bacceiiHy He H3MEHSIOTCA W HX BeJMuMHa paena M[X], To:

M[ ]'"‘o npa  M[X]> M[!]
M[X] mpn M[X] < M[i].

M[i)= 6.97)
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VYura (6.86) 1 (6.91) # npuypouHB HaYano PacueTa K MOMEHTY, KO-
rAa AeUIAT BAAXHOCTH NOYBH NPAKTHYECKH PABEH HYMIO, MOXKHO 3a-
[MCaTh BHPAXKCHHMC AN BHMHCIEHHS MATEMaTHYECKOro OXHIaHNd
B M:000#H MOMCHT BPEMCHH [

M[d)= ;[{M[E]Ho e'ﬁ:il‘ +0(t+0)- M[X]} &, (6.98)

rae @ (¢ + 0) — cloit CTOKA B AWHMIY BpeMeHH; O — CABHT IICHTPOB T~
CCTH THeTorpada i ruaporpada B 3aMBIKAIOIEM CTBOpE.

MareMaTHuccKkoe OXHAAHME MHTEHCHPHOCTH BOJOOTAAYH BCETO
Bozochopa;

Mg]=M[X]-M[E}- M[]). (6.99)

Jna pepexona oT BOAOOTAAYH K NOBEPXHOCTHOMY CTOKY CMEXyeT
BECCTM pacnpeicicHue AcHCTBylollel MnomwazM, moj koTopol mopmpa-
3YMCBACICA Yacth BoaochHopa, ¢ KOTOPOH NPOKCXOAWUT MOBEPXHOCTHRIA
crok. Ilo moncnu E.T. [lonosa, oTHocHTenbHad BennunHa ReicTayrowmel
rosliany £, papHa:

—M}Mlcldr
F,=l-e ° . (6.100)

IIpeanonaras, uro (! - n)-1 gacTs BogocGopa Geccrounan, g pac-
4ETa NOBCPXHOCTHOrD CTOKA Ha MOMCHT BPEMEHH ! CIIPaBEATHBO COOT-
HOILCHME

—m]M[d]n‘:
Mg, ]=Mginf1-¢ ° \ (6.101)

FAE 1] ¥ 711 — SMIHPUYCCKHE NapaMeTphl.
Hng ydera BHyTPHIIOYBEHHOTO CTOKS CO BCCro BojocGopa HCmomb-
3yercs gopMyna

Mia, 1=y -0 la] | (6.102)

X
TA€ ks — SMIMPHYCCKHI mapamerp.
Orinrr nokasan, 4o Ang GONBIHHCTEA BOAGCBOPOB TpaHchopMaLHA
rpadQKKOB BOLOOTAAYH B FHAPOTPad) 3aMBIKAIOILETO CTBOPA ¢ NMpHEMIIE-
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MOH TOYHOCTBIO ONMCHIBACTCA JMHEHHOH MOICNBIO TPAaHCHOPMALIHH
{nuterpan Dioamena). TpancdopMaLya NOBEPXHOCTHOTO M BITYTPHIIOY-
BEHHOTO CTOKA OCYLIECTBIACTCA OTASNBHO. TOrAa CyMMapHBIH TWApo-
rpa¢ MoxeT GbITh PACCUHMTAH MO YPaRHEHHIO

00)= fr(1-<)oe g, e [Role—m Jo b, (6109

rae R (f) u Ry(f) — coOTBETCTEEHHO $YHKUMH BIHAHNA TOBEPXHOCTHOYO
# BHYTPHIIOMBCHHOTO CTOKOB,

Ecan annpokcaMuponath PyHKUHH BIMAHHA raMma-pacrpeicie-
HAEM, TO UX PacyeT MOXHO BECTH IO GopMync

= _t
R, (1) 1 (—’—] e, (6.104)

IRIYCOLIET

TAE T; H n; ~ IMITMPUMECKUC MapaMerpel; I'(7;) — ramMa-ynraus; i =1, 2,

Cootromenusa (6.94)-(6.104) nomHocTeI0O OIHCHIBAIOT MPOLECC
(opmmposanus runporpada JOXKICBOrO cToka B facceiise U BKMIOUAOT
12 ocpennenHrix j1na sopocbopa mapamerpos. Ecim BogocGop cocTout
H3 YJacTKOB, PE3KO OTIHHAOMMXCA RO ¢H3UKO-TcorpadpHIcCKHM 1 10Y-
BEHHBIM YCIOBHAM, ¢ O0MbIIO#A [IPOCTPAHCTBCHHOH HCPaBHOMEPHOCTBIO
pachpefeneHus 6CAEKOB, TO MOIENN CTPOATCS JNA OTHCHBHBIX, OTHOCK-
TEALHO ONHOPOAHLIX uacTeii. Monens aa Beero sogocbopa nonyyaercs
TIPH #CNOIL3I0BAHKMH CXEeMbI TPAHCHOPMAHA ¢ HECKOLKAMH BXOJAMH.

OnncaHHaA MOAEIL ABNLCTCA OCTaTOUHO 0binei. B peanbHeIX yc-
NOBHAX HHOrAA MPEACTABIACTCA BOMOMNKHLIM HCIIOMB3OBATE €C YIIPO-
menHeIH BapuautT. Babop crpykTypsl MOXen# 3aBHCHT Kak OT (H3mMKo-
reorpaguueckux ocobennocreil koHkpeTHolo Bogocbopa, Tak H OT TOY-
HOCTH, PENPE3CHTATHBHOCTH H 0DbeMa HCXomHON HudopMauuu. OnTy-
ManbHajg (B CMbBICAE TOYHOCTH ONPEJACNCHHA IAPAMETPOB H ONHCAHHA
CTOKODOPMHPYIOIHX NPOLSCCOB Ha BOAOCOOPE) MONCAL AC/KHA yCTa-
HaB/IHBATHCA ITYTEM NOITANMHOTO YCIOKHEHHA CXCMBI pacycTa B paMKax
obuueit Momens. MoXHO BHUICANTS YETHIPC OCHOBHBIX 3Tana. Ha nepsbix
TPEX 3Talax ¢ TO# UM HHOH CTENCHBI0 ACTANH3AIHN OMHCHIBACTCA [IPO-
necc hopMHPOBAHHA MOBEPXHOCTHOTC CTOKA ¢

1. BHa4ajie NPOM3BONMTCA MCIBITAHHC HauOoNee IPOCTOH MOJEH,
TAC Jif TIPCHBLIMMCACHHMA ¢, MCNOAL3YETCH ONMH mapaMeTp M (3mech
HAMEIOLTHIT CMBICH KO3 PHUINEHTa CTOKA):
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= X(h. (6.105)

2. Jlanee MOICMh YTOUHICTCA 38 CHET YueTa AUHAMHKH HeHcrsytomredt
mnomany (apaMerp m):
] ]-X ()
dy=X(n|1-¢ * (6.106)

3. 3aTeMm MoENE YCHOXHACTCA OIArozaps yICeTy NpeAliecTBYIOIS-
I'0 YBIQKHESHWA NOYBBI {{IapaMETPhI Wy, K1, k2 ¥ K3):

-4l
E()=[k, + &,U(e)) Dlt)e ™, (6.107)
O
l'(f)—{k_s +i, mpu X{t)-E(t)>I{t) (6.108)
P(y-E(t) wpn X{t)- E()=1{s),

)

d(!)=2|:E(t)+ioe- w4 Ofr) - X(z)| , (6.109)

q.(0)=[x()]- E(t)- 1{t 1—e-m!I HerEerl . (6.110)

Ha Beex Tpex 3Tanax TpaHchOpMaiMs BOJOOTARYH g, B rHAporpad
PacyYeTHOrO0 (MPOTHO3HOI0) CTBOPA OCYIIECTBIAETCA C HCTIONb30BAHHEM
onnolt GpyHKUMM BaMARNA R, (napaMerpsl T) B 1)) MO AHHEHHOK Mozenu
CTOKA:

= ;[Rl (t - T)ggmdr. (6.111)

Ha gerreprom srane peanusyercs Monens obiero Buaa. 31o mpo-
HCXOJIMT 32 CYCT y4YeTa BRYTPHIIOYBEHHOTO CTOKA H HHTEHCHBHEOCTH MH-
bunpTpaunu (napameTps iy, &)

()
—kg —=
i) =loe "™ . (6.112)
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B >10M cityyae Afa monydeHHs rujiporpada ¢Toka B 3aMbIKAIolEeM
CTBOpe TpaHCHOPMaUMA MOBEPXHOCTHOIO H BHYTPHIIOYBEHHOTO CTOKOB
(mapaMeTph! 3 H #2) BEACTCH Pa3sACAEHO

Q(l'): ;[Rl (t - T)qs{']dl’ + :!Rz (! - ‘[)q’,{‘}d‘l.' . (6.113)

TagaM o0pazoM, Ha IEPBOM DTANC MCIOABIYIOTCA TPH NapaMeIpa
(1, ©) ¥ 1), Ha BTOPOM — YeThIpE (M, Ty, 7 ¥ M), HA TPETHCM — BOCCMb
M, T1, My, M, Wiy, K1, k2 B K3) H Ha 4STBEPTOM — ABSHAIUATD (1], Ty, M, M,
k1, k2, ks, Wmax, do, ks, T2, 12).

Hano 3ameTuTh, 4TO MPOCTHIE MOMICNH, BICTIOYAIOIINE YETRIPC Na-
pamerpa, uyacto ofecneunsaror 70 - 80 % rouHocTn, RocTUraeMoil of-
miefi MOIENbIo.

B onucanun mofenu peuHoit Gaccefin npencTaBIACTCA COCTOANHM
H3 ABRYX eMKOCTeH (NOBEpPXHOCTHOM H BHYTpHNIOUBCNHOH). J11a MaOrHX
TOPHBIX BOJOCOOPOB XapakTepHbl YCmoBusg Ams obpasoBatiMsa [0ANO-
BEPXHOCTHOTO CTOKA, (POPMUPYIOMIErocs 3a CUeT BOJLL, BIIKTaBIIeiic BO
BpeMdA JOXAA Y CTEKAIOIEH 110 OTHOCHTENIBHOMY BOAOYNOPY, paciiono-
KeHHOMY BONU3H moBepxHocTH. CropocTH JOGEraHKA JToro croka B 3—5
pa3 MEHbILE, YeM NOBEPXHOCTHOI'O, HO B COTHH pa3 BLILIC, YCM BHYTPH-
nouseHHoro. Takum 0OpazoM, NaBOXOYHAR BOJIHA B 32MbIKAIOIEM CTBO-
pE SABNACTCA PE3yNLTATOM HANOXKCHHA BOJHBL! NOBEPXHOCTHOIO (BeICT-
pocOpacHBaeMoro) H NOANIOBEPXHOCTHOTC (3aMEAIEHHOr0) cTOKa. hazu-
COM ce CITYKHT BHYTPHIIOYBEHHBIH CTOK. B 3THX ycnoBmax meHacTca
ponk #HGUABTPALIMH, TAK KAK YaCThb BITMTABIUEHCA B OYBY BOABI 3aTCM
BHOBb ApEHAPYCTCA B BHAE MONNOBEPXHOCTHOTC CTOKa. B cBA3M C oTHM
B pacueTHOH cxeme BomoobpazosaHHs peunold Oaccelin npuinmactcs
B BHJIE TPEXCIIOHHOH EMKOCTH.

B a10M cilydae CTpYKTYpa ONMCAHHO# BEILIE MOAEIM HECKOILKO BA-
nousmenserca. IlopepxHoctHbI CTOK g,(f) 00pasyercd Toraa, KOrna HHTCH-
CHBHOCTE 0cafikoB X({) NMpeRbIIacT MHTCHCHBHOCTL Wcnapeuna E(4), mo-
BEPXHOCTHOTO 3amepykarud h,(f) n upTeBanuA Kf) B PRDUIRIC OTAGKCHHA,
PAcTIONMECHHbBIC HaZl QTHOCHTENBHEIM BOACYnopoM — (1) = X{9) — F{() -
h(f) — K¥). Tlon noBepXHOCTHBLIM 3ANCIIKAHMCM 3IECh IOJpasyMeBacTC
CNIGH BOMB], PACXOLYEMBIN HA 3aM0MHCHHC GeceTouHbX yrmyOeHni Ha To-
BEPXHOCTH NOYEBEI W HA CMaYMBaHHE PAcTHTCIBHOIO Nokpona. Beawunna

h(f) yuursiBacTCa Mepes AeHCTBYIONIYIO ILIOWAAb BomocOopa (Imomans,
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€ KOTOpOH NPOHCXOAMT CTCKAHMC IOBCPXHOCTHBIM ITYTeM) M M3MCHAETCA
B 38BHCHMOCTH OT BBICOTHE CIOPMHPOBABIIEroCs Ciios soawl. [Ipeanonara-
eTcd, YTO MOANOBEPXHOCTHOE BoA0OGpasoBaHHE g, {f) 3aBHCHT OT HANHYHS
BJIATH B BEPXHCM (IeHCTBYIOIIEM) CIOC OYBOTPYHTA Wiy — A(f). OLeHNTD
PasMCPhl FTOTC CHOA NPAKTHHECKH HEBO3MOKHO B CHIy GONLIION H3MCH-
YHBOCTH MHTEHCHBHOCTH €TI0 BOIOHO-(pH3MYECKMX CBOWCTB, CTPYKTYpHI H
MOIIHOCTH KaK No IUIOWAY, T2k H no ryGnse. B cBazy ¢ 3THM Bowanpe
9TOrO0 CNOA Ha PETYAHPOBAHHC CTOKA OMPEHEINETCA TAKHM TApaMCcTpOM,
KaK MAKCHMANBHAA BIArOEMKOCTb Wy BENHUHHA NOINOBEPKHOCTHONO
B0OJ00GPA30BAHHA HE MOMCT NPEBLILATE VA OT Wiy, PABHOH Wiy, /ks, 1
B CTYYac [IPORODKKTEILHONO HHTCHCHBHOTO QXIS OCTASTCA HA MaKCH-
MaILHOM yposHe. [ pacuera HHTCHCHBHOCTH TOATIOBEPXROCTHOrO CTOKA
IPHHHMAETCA 3aBHCHMOCTh

0 )= ;- ~ O], (6114
3

[TapameTpul k3 M ks O3BOAAIOT Y4ECTh CTENCHb HACHILIEHNA ASHCT-
BYIOICTO CHOA TIOMBRI, NIPH KOTOPOH NMPOHCXOMHT DOAMOBCPXHOCTHBIN
CTOK H HM3BIMAETCA YacTh [POCOMMBILCHCA BOIBI HA M3MCHEHUC Beduuu-
Ta BIOXKHOCTH NOYsHl oT d(t — Af) no &(f). Ilpocounsmasca rona f(f)
HIET Ha HAcHILICHHE NOUYBK A0 HanMeHretl BnaroeMrocTy A(?), noano-

BEPXHOCTHBIH CTOK 47 (f) H PHABTpaLKIO B HIDKesIeKallHe ciiou if):

1@y =h(t) + q,, () +i(2). (6.115)

Tlpn sToM nenaercs AONMYILEHHE, YTO HHTCHCHBHOCTL (DHILTPALHH
B NCPHOM NOKML He HIMEHACTCH, T.€. i(f) = ip = const, ecnH iy < I(f) — h(?).
B nporuBrom cnydae i(f) = I(¢) — h(f). B cBoio ouepcnb, MOYBCHHEBIH
CTOK g2} MPUHMMAETCA MOCTOAHHLIM B TCYCHHC BCETO MABOAKA ¢f{) =
ip. Kpome Toro, BenmunHa §2(f) COCTABIAST BCErO HECKONbKO BPOLIEHTOB
OT 3HaYEeHMs MAKCHMANLHOH opAHHATH. ['Haporpad croka B 3aMbIKaio-
1IEM CTBOPE PAcCYHTHIBAETCA KaX CyMMa NOBEPXHOCTHOTO, IOANOBEPX-
HOCTHOTO K IOYBCHHOTO cToKa. TlpHseneM OCHOBHBIE pacyeTHLIE BHIpa-
AKCHHA, HCTIONL3YCMBIC B MOACTH (OPMHPOBAHHA ROXAEBLIX MABOMKOB
Ha FOpHEIX BojocOopax;

)
E(t)=[k, + ku()ID()e "=, (6.116)
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e+ He)+i, mpr X()- E() > I{r)
’(’)‘{ XO-£0) e x0)-£@)<r), M7
EG)+ o)~ X)) mpr X(x)>0 P(x)>0,
dir)=1¢ (6.118)
flE()+ o)) a mpu X{z)=0 P(r)=0,
(]
m JIX(e) 5Gs} 6o
a9 =X -E@)-1()n| 1 * ., (6.119)
g, (f)= 2o — 0 —d(z) g hsl-8) (6.120)
3
d(r — Af)
h(e) = ___ks npu  I(t)> k), ©6.121)
I{t) mpn ()< A1),
q26) = o, (6.122)

0(t)= [R(t—)a,(t)de+ [Roft =g () +qy (). (6.123)
0 Q

Ipu nocTpoeHHK MaTeMaTHUCCKHX Mouened GopMHUpoBaHMA cTOKa
OAHOH M3 USHTPATbHBIX ABIACICA 3a4a4a HANEKHOFO ONpEACNCHUA Tia-
pametpoR. Kak yxe rosopunock, HanGonce 3hdexTHBHO HCHONBIOBATH
VA 3TO LCHM Meronbl ONTHMH3AUHH. HexoTopas HeonpeaeneHHOCTS,
BOIHHKAIOIIAS HPH 3TOM H3-32 HEBO3MOXHOCTH JOCTATOYHO CTPOTON
MOCTaHOBKA 334aY4H MOXET OHTH KOMICHCHPOBAHA HpPABHALHEIM 33]13-
HHEM Ha4aNbHbIX 3HAYCHHH NaPaMETPOB M BOSMUKHBIMH NPEAcHaMH HX
HIMCHCHHS.

Cnekrp NpHMEHAEMBIX B HACTOALUCE BPEMA ONTHMU3ALHONHEIX
npouexyp AOCTATOUHO HINPOK (3A€Ch HE PACCMATPHBACTCH), HO Pe3ynb-
TAT OT HX NPHMEHEHHA BO MHOTOM 3aBHCHT OT BbIGPaHHOTO KPHTEpHA
xa4decTBa. MmKHO NpennmoNoKHTe, IT0 YeM «pH3HYHee» BhIGpPaHHEIH
KpHTepHit, TeM Touree OyRyT MaesTUdHIHpoBaHE! napametphi. Haubo-
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Nee npocTodi M 4acTo ynoTpeGnaemuiit npy pacdere (POTHO3E) MOK AL
BbiXx M2BOJKOB KPHTEPHH Ka4eCTBa BEITUCHACTCA KAk HHTCIpai KBaapa-
TOB PA3HOCTH Il]&KTH‘leCKI'D( H BHIYHCIACHHMX 11O MOACHH PacXONOR:

K= irj'[gw(r)- 0, (v.a)f e, (6.124)

Jj=t o

rae Oy u, — axTUMeckne u paccUMTaHHBIC OPIHHATH j-TO FHAPOTpa-
tba; T, - mposomkuTeLHOCTS j-FO THApOTpatha; 4 — BEKTOp NapaMeTpoB;
N — 4Hcno BKNIOYCHHBIX B ONITHMH3AIHIO FHAporpados.

Muaumusauna GyHKuHORANa (6.124) NpHBOANT K NOMYUCHMIO ON-
THMANLHBIX 3HA4EHNH NapaMeTPOB, HCMoONk3yeMbix B Mogend. Ecau cro-
HT 3aja4a npuaaTe HauGoNbIISe 3HAYCHME BBICOKMM DPackofaM, TO
B KpHTEpHil BROAMTCA BecoBad OYRKUMA D), MPONOpUHORATLHAA pac-
XOXY BOJBI:

n Ti
k=Y flo)-0,a)} rloy b (6.125)
F=lo

Hcnonssopanue 2100 KpUTEpHS uenecoodpasno, koraa onpeaens-
TCA MapaMeTpsl, He BAMAKINHEG Ha 00BeM (HampHMeEp, MapaMeTpsl
¢yrkuui BmuaHng). BeneacTeue HealeKBATHOCTH MaTeMaTH4ecKol Mo-
JIeNH peatbHLIM PU3HYSCKHM MpoleccaM H Hamwuma owmMbok B Hcxoa-

HbIX JIAHHHIX 3HAYCHAC KPHTEPHA KaYCSCTRA OTIHYACTCA OT HYJIA.
IlpencraaenHrlc B RAHHOM pPa3fcie MOACNH MOKHO OTHECTH K
KIaccy KOHLENTyaNnbHBIX, T.€. TAKMX, rac Bubop obuield cTpyRTYpH
YPaBHEHHH OCHOBAaH HAa $HM3MYCCKHX MpPEACTABIEHHIX O XapaxTepe Af-
poaoriyeckux apiacHuit. Onwr nokasan, 9To AMA YCOCWIHOrO HX Hc-
MONB30BAHHA BaXKHOC 3HAYCHHE MMEET MPAaBUABHOE COYCTAHKE anpHOp-
HOH HHpopManuH — OOIHX TCOPETHYECKHX TIPEACTaRACHHH © Npoliec-
€ax cToKa (OnpemensIolNX CTPYKTYPY MOnenei) — ¢ unpopmaleeit, or-
HocAnleiica K XOHKPeTHOMY BoRocOopy (OCHOBHLIM HOCHTEIEM KOTOPOH
ABNAIOTCA MapaMeTphr). ucno pa3paboTaHHBIX K HACTOALEMY BpeMcHH
KCHICHNTYMILHHX MOAENEH yke COCTABIACT HECKONBKO ASCATKOB. DTH
MOJENN 3aMETHO OTIIHYAIOTCA AETANBHOCTHIO OMHCAHHSA 3NEMEHTAPHEIX
nponeccop (GOPMUPOB2HMA CTOKA, OCHOBHEIMH NPEANOCHIIKAMH H Tpe-
GoBaHHAMH K UCXOmHON MHbopMamuy. MHOTHE MOICAH HCHONBIYHOTCA
B FHAPOJIOTHYECKHX NPOTHO33X, OFHAKO, HX YCTIEIHOCTh 3aBHCUT OT YCNIO-
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BHil (popMHpOBaHHA CTOKA, 00bEMa B KaYeCTBA HMEIOWMXCA HabGNoaeH
32 CTOKOM H crokoofpasyloumims (akTopaMi, BIOPaHHBIMH CrIoco6aMH
ONpCHCNEHHS [IapaMETPOB H Y4eTa pANa JAPYrHX NMPHUYMH. 3TOT KIace Mo-
AeJiel pacCYHTaH Ha HCHO/L3OBAHHC MUIMTCIBHBIX PAIOB HAGMIOACHHH.
OnHAaKO B CBA3K ¢ aHTPONOTEHHOMN HEATCILHOCTRIO H M3MCHEHHAMM YCIIO-
B} 1ia BozocOoOpe NMPOUCKOOAT KONEOAHMA BOAKOTO PEXMMa. JTO, B CBOIO
ouepeslh, H MPHBOANT K TOMY, YYO KOJIMYECTBO HabmoneHuil, Henom3ye-
MBIX [UIA ONTHMU3ALUHE HAPAMETPOB, 3AMETHO COKPAIIASTCA, YTO COOTBET-
CTBCHHEIM OOpa3oM HECMAaTHBHO OYPAXACTCA HA HANCKHOCTH H TOYHOCTH
Mozerneii, a ClIeA0BaTENLHO, H CAMHX TIPOTHO30B.

Crporo rosops, BOIMOXKHOCTH ONMCAHHA NpoLecca hopMuUpoBasus
CTOKa Ha BOAOCOOpe OCTEPMHHUCTHICCKMMH METO/AaM# OTPAHHYCHBL
370 CBA3aHO ¢ MPOCTPAHCTBCHHO-BPEMEHHOH HIMEHYHBOCTBIO XapaKTe-
PHCTHK BOA0C60pa H BAMAHHEM YeNOBEYECKOH JEATENBHOCTH. B To Xe
BPCMA OCHOBHBIE CTOKOPOPMHPYIOIME MPOLECCH BCE XKe MOXKHO CHH-
TATH AETCPMHHUCTHYCCKUMM, 3 HEKOTOPAS HEONPEASNCHHOCTD B HX ONH-
CaHKM OYNCT MOCTENEHHO YMEHLIIATHCA C MOXBICHHEM HHPOPMALMM O
IPOCTPAHCTBEHHOH HIMEHTHBOCTH XapaKTEpHCTHK BofocOopa. Do Aaet
BO3MOXKHOCTH PaccMaTpHBaTh 3a7ayy (OPMHpOBAHMA CTOKA Ha BOJO-
cbope ¢ mosnuit marematiaeckoi ¢ushxu. K Hacromuuemy BpeMeHH
chopMUpOBaH PHIMKO-MATCMATHYECKHI anmapar, afanTHPOBAHHLIA K
pPellleHMo THAPOIOTHISCKHX 3aja4d pacHeTHO-TIPOTHOCTHYECKON Ha-
npagneHHOCTH. C moMOmBI GHHIHKO-MATEMATHYECKHX MOjeael yxe
NOMY4EH PN NPOrHOCTHYECKHX METOAMK, HE YCTYIAIOMMX O TOMHOCTH
METOAHK2M, MIOCTPOCHHBIM ¢ IPAMCHCHHEM KOHLCNTYANILHBIX MOASeH.
K coxaneuuio, HCnNonbioBanie GUIHKO-MATEMATHHECKMX MORCNCH B
ONEPATHBHO NPaKTHKe CHWILHO OTPaKUYEHO B CHNY pANA NPUIHH, BAXK-
HelmeH H2 KOTOPHIX ABIMETCR HEAOCTATOUHbIH 00BEM M HH3KOE KaueCT-
BO ONIEPATHBHOH HHPOpMALTHH.

HanGonee xoppekTHoe onmcande PH3MYECKMX MPOLECCOB HA BOAO-
cOope MOXKHO IONYTHTH, NPUMCHAA JBYMEPHBIC MOKENH GOPMHDOBAHHR
cToKa. OHH Na10T BO3MOMKHOCTh YIECTh Kak TonorpadHio Borochopa, TaK
¥ fPOCTPAHCTBCHHOC pacipe/Ic/iCHHE MOIBEHHBIX M THEPABIHYECKHX Xa-
pakTepHcTHK. B reyenme pana jer KONIEKTHBOM COTPYAHMKOB [ kapo-
metuenrpa Pocchn mog pykosoacraoMm JI.C. KyuMenta mpoBomioch He-
C/IEAOBAHKE BOIMOKHOCTESH MPHMEHEHUS Pa3HBIX Mommuxauuil gByMep-
HBIX (PHIHKO-MATEMATHYCCKHX MOZENCH K OIRICAHHIO MpoLeccoB GopMH-
POBAHHMA CTOKZ C ECTECTBEHHBIX M ypOaHu3HpoRaHukIX BomocOopos. B
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PE3YNLTATE MCCIEAOBAHUHA BRIACHHIIOCH, YT0 YHCIEHHAA Pealnn3anus Mo-
JIeTH, OCHOBAHHOM Ha MOMMEIX YpaBHCHHAX THAPOOHHAMHKH B YCIOBHAX
cnoxHol Tonmorpapum, cealana ¢ CONBIIKMM TPYAHOCTAMH M TOSTOMY
[0Ka ee NpUMEHeHHe LenecoobpasHo Jmuib INA MPOCTHIX BogocSopor
TIPH HAMHYHA A0CTATOYHO NMOAPOGHEIX cBefileHHii 06 0caaKaX H cTOKe.
I[Ipn BOCHIPOH3BEACHUM CKIOHOBOTC CTOKA NMPAKTHYECKH MUIA BCEi
NACHIANH BOACCOOPa MOXKHO CUHTATE, YTO WICHE! YPaBHCHHIL ABHKeHM,
COOTBETCTBYIOLIME HHEPLMOHHEIM CIUI2ZM M TPafMEeHTaM TyOHH, Malkl |
JBHAKCHAE BOAB MO CIOHY OCYHICCTBRASTCA NPY PaBHOBECHH CHII Tpe-
HHA M TOKecTH, TIpeHeOpekeHne HHCPUMOHHBLIMM YNEHAMH, IPCH3BOL-
HEIMK r1yOMH IO INIKMHC W WIeHAMM, YUHTHIBAIOMMME AHHAMHYeCKHi
adpexr AMKAL, AACT ROIMONKHOCTE ONHCATEH NPOIECC CTCKAHHA BOJIHI 110
noeepxHOCTH Bomocbopa cHCTeMoW ypaBHeHHH, NpencTaBIAIILEiT
00001IcHHE YPABHEHHE KHHEMAaTHICCKOH BOIHBI Ha TBYMEPHEIH CITyyaii:

oh o, % .

o0 o&x oy
i
g, = ChS/Z L ;
Jigradnl
q,= Ch? s (6.126)

Vlgradn]”

rae h — ryCHHA NOTOKA; g, ¥ gy — PACX0Mbl BOJBL Ha AMHHLY IIMPHHb
BEOIIL occl MPAMOYTOABHEIX KOOPOHHAT X H ¥; X — HHTEHCHBHOCTE OCajl-
KOB; / — HHTEHCHBHOCTE MHQHILTPALKH BOIL! B IOYRY; 1| — BBICOTA MO-
BEPXHOCTH BomocOopa Hal 3adaHHOH TOPHIOHTANLHOH MOBEPXHOCTBIO;

Cem . on e
:x*a,:y—g,gradn—q}:f+:j.

Cucreme (6.126) coOTBETCTBYIOT XapaKTEPHCTHKH:
ﬁ_cﬁh‘! fx . Cb’ ChSH j)‘

— a —— .
at | gradn| " dt \l gradn|

Brionue nousTHO, 410 chcTeMa (6.126) 3nauurtentho npome B nna-

HC YHCIIEHHOH peanu3aliu, 4¢M CHCTEMa, OCHOBAHHAA HA MOHBIX YpaB-

HEeHHIX TMApoRuHaMUKH. OQHAKO HA yuacTKax, Iie BOSHHKAeT HNOANop

(6.127)
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(Bcnencreue oOpasoBaHMA BCTPEYHBIX NOTOKOB HNM OTPHIATENBHEIX
tdopm pennedia), YCIORHA, IPH KOTOPHIX MOydeHa cucrema (6.126), ke
BBINOAHAIOTCA. B pesynbrare ACCIEROBAHHI ORI MpeanoKeH anropuT™,
MO3BONAIOLIMIT H30EKATh BOSHUKAIIHE B CBAIH € 3TUM Jomylnerus: 1)
OTCYTCTBYIOT 3aMKHYTBIC IIOHIKCHHSA ¥ IAaTO; 2) B JIOKANBHEIX MWHH-
MyMax paspezoB penseda BAOSH OCEif KOOPAMHAT COOTBETCTBYIOLIAS
COCTABJIFIOILAA CKOPOCTH CUHTAETCA PaBHOIl HyIO.

JUta 9HCIEHHOTO MHTETPUPOBAHHA YPARHEHHH NBYMEPHON KHHEMA-
THYECKO#H BONTHE! MOXET HCTIONE30BATLCA METOR PACILCIUICHHS ¢ IPHME-
HEHneM HeABHON KoHewHo-pasHOCTHOH cxembl. IlocnemopaTenbHo pe-
LIAETCA CHOTEMA OHOPOARLIX PAIHOCTHEIX ypasneﬂuii:

hi ' h ‘?)(: ) - q£0} (X I)‘

At Ax
by —hy qﬁl)—qﬁn)—l(x-f)' (6.128)
At Ay 2 ’ '
t=1,2,00k <k 1,200, -1,

3 () 1 J 1
Tie h, , — SHaueHms TTyGHH Ha nepeoM nomymare; ¢, ¢, ¢, g8’ -

BCJIMYAHEI PACXOMOB, CHOCO6 BHIYACIHCHHA KOTOPBIX MEHAETCA B 3aBH-
CHMOCTH oT criocofa 3aHaHis YKJIOHE TOBEPXHOCTH Bofochopa; &, u /, —
YHCTIO TOYEK, 3aXaHHEIX BAONE 0CeH X H ).

372 cucTeMa peniacTea cnocobonm HTepanui.

Ha rpasune BomocSopa M B TOYKaX JIOKANBHBIX MAKCHMYMOB
penseda 3amaerca ycnosue i = 0. CuuTaerca, 4T0 BAONL IPaHHI] BOAO-
c0opa MPOXOAHT KaHAT (HIN peKa), U pacyeT ABHKSHHA B HUX OCYILECT-
BAACTCA NO YPaBHEHHAM OAHOMEPHOH KMHEMATHICCKON BOJHBL

Jlna pacueta BlaromepeHoca B MouBe K cHereMe (6.126) aoGasns-
€TCA YpaBHEeHHe OXHOMEPHOR AHddyInN (YIHTBIBACTCS TONLKO BEPTH-
K&JILHOC JIBFOKCHHE BJIATH) N TOTAA PELIacTC CHCTEMA YPABHCHHH:

aq a2 we_ 4
Dy _x-1, g =Ch - g =Ch ,
a "o Jerade] Jerad ]

"’9_.‘1[;:(9) X —K(B)]+r(z 6) 1= [ D(e)‘;z‘-’-uc(e)] , (6.129)

3! z=0
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rae 6(f) — obremuan mnaxnocTh noussl; D(B) — xodbduupeHt gudody-
sum Bnard; K(0) — ruapasimveckans npoBojuMocTh; 1(z, §) — normomie-
HHE BIIATM KOPHAMM; Z — BEPTHKANLHAK KOOPAMHATA, OTCINTEIBAEMAA OT
[OBEPXHOCTH MOYBLI ¥ HANPARITEHHAA BHH3.
Tuaparmirieckas NPOBOAMMOCTD i Kodpdumment auddyznn Bnary
3a0a0TCA B BUAE:
K(8) = K (8 — 0:50)°, (6.130)

D(8) =Dy, (6 - Ouin)’, (6.131)

1a¢ Koy, Dy 00 1 B — 3MIBPHYCCKHE NADAMETPHL,
JUia annpoxcumanvin X{6) 4acTo Henons3ywTes GOpMynsE THITA

_ 8-90,, |

K@) =K, [—————B = ] (6.132)
5-8,

H K(S,)= K[l s] (6.133)

rae K, — rugpaBnuyecKas mpOBOJHMOCT RAChULICHHOHK Bmaroif motesl
(koathpuumenT bunbTpamn); Omne ¥ Gpin — MAKCHMANEHAL H MHHHMAID-
Had 00BbeMHAA BIAKHOCT NOUBL; 1 = 3,5 — 4; § = 0/ — nacrunenue;
$-5
S, = L
1-8,

o = §); S, = T — OCTaTOYHOE HACKILIEHHE; $ — MOPHCTOCTS.

Yrobhl OMUCaTs CBA3L RIDKHOCTH MOMBLI C KAWLIIPHO-COPOIMOH-
HBM OTCHIHANIOM HOYBH! / O0BIYHO HCIO/L3YETCA 3aBHCHMOCTD

y=MS", (6.134)
rae M, v m — KOHCTAHTH, ONPENENACMBIE PKCTIEPHMEHTAITBHO.
B TakoM cnygae

p(e)= Kol pmn,

(6.135)
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TIpe petneuny ypasHesusa MU y3HH BAArA CYHTACTCA, YTO HHIKHASA
FPaHHLA HAXOOHTCA HEROCPCACTBEHHO BOMU3H YPOBHS IPYHTOBBIX BOL.
Taxum ofpalom, Ha HiDkHel rpanuue 0 = O,,,. Ha sepxueif rpannne
NPHHHMRIOTCA CNIEAYIONME FPAHHYHBIC YCIOBHA:

X—E=-D(0)gz£+K(B) o TPU X-—E<I,
0(r,0)=0,,, npn X-Ez1,

(6.136)

roe E — HHTEHCHBHOCTB HCITAPCHHA.
Jina pacyera HeliapeHHA NPUMEHACTCS 3ABHCHMOCTD

E(t)=E,(6-8,.,)D{), (6.137)

rae £y — SMIupHYeckas KOHCTaHTa; IX(f) — neuiyT BRaykKHOCTH BO3MYXa.

Tlpu pacyere BHYTPUNOYBCHHOTO CTOKA BaiCHO YIECTh MPOCTPAHCT-
BCHHYK) HEPABHOMCPHOCT: HHWIHTPAIHA BOAB B NO9YBY. Tak Kak Hu-
(opMaLHA O TIYTAX ABHXCHHA BOJIBI K PYCAY OTCYTCTBYET, NPHHAMACTCA
HOTMYHIEANE O TOM, TO Aoberanue BOALI OT KaXkmo# TOTKH BonocGopa
JIO 3aMBIKAIOLICTO CTBOPa OCYIUECTBAACTCA 1O NPAMOI, a riApaBaHYe-
CKHe CBOHCTBA NOYBHI NPAKTHUCCKH OJJMHAKOBHI HA BceM BopocGope H
He 3aBHCAT OT BCJIMIHHBI pacxoga.

Takoro pona npeANOAOKEHHS H NPHMCHEHHE NPHHLUANA CYNEpno-
3HUMH TI03BONAIOT 3aMKCATh YPABHEHHS IUIA pacueTa ruaporpada BHYT-
PHMIIOUBEHHOIO CTOKA:

ot~ | | T Yl

[ule=o)- =Py, ~F |

4D, (r ~1)

gqlt —1,x, y)dxdydr , (6.138)

X €X|

rac a u b — KOOpZHHATEI 3aMBIKAIONIEro CTBOPa; ¢ M d — KpailHue abe-
WHCCHE BOJOCOOPA; @y(;) H Pa(,) — JIMHAN, OrpaHKIHBAIOILIME BOROcHOp;
g{t, x, y) ~ MOCTyMmIcHHE BHYTPUIIOUBEHHOrO CTOKA Ha SAMHMITY TUTOLHA-
au; Dy n Cy — mapameTpsl aoberanus.

TlpuMenan 10a uucneHHoro WuterpupoBaHs (6.138) dopmyny
NPAMOYTOBHHKOB, MOMyYaeM
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Jo -af +{y, 7

2(“00 )y (N, Ar-14 )

[Co(t "t)_ﬁl(x_ a)zi;j —b)z]

N,

2

ME

0la,b,1)= >

K£=1 j=1

Xexp{— g(N,At—1, )Ax Ay At (6.139)

rae Ax, Ay, Af —marn no x, y H £,

[Ipouece gopMUpOBaHHA BHYTPUTIOYBEHHOIO CTOKA elle HEZOCTa-
TOUHO ACCH, MO3TOMY B 33aBHCHMOCTH OT BHIOPaHHOH MHIOTE3E! BeJIHYH-
Ha ¢(¢, x, ¥} MOXeT NpHHUMAThCA NH60 Kak MOCTOSHHAA YacTh OCAAKOB
M NOBEPXHOCTHOH HHGUNLTPauKK, MO0 KaK BEAHYHHA, 3aBHCAINAN OT
HHTCHCHBHOCTH HRGUABTpAild Ha BpPEMCHHEIX Bodoymopax. Hs-3a
GoNBILOH MPOCTPAHCTBEHHOH H3MEHYHBOCTY BIIAXHOCTH NOYBL 33]]aTh
HadaNbHOoe ee pacTipefieicHie Ha OCAOBE HETIOCPEACTBCHHBIX Habmome-
Huil no rny6une o0BYHO He yaaeTca. B cBA3H ¢ 3TwM pacuer (porHos)
bopMHPOBAHKS NOKACROTO CTOKAa OCYIUECTBAsercs B nea STama. Ha
NIEPBOM 3ITalNE OMPEAEIAETCA HAYANBLHOES PACHPEACNCHHE BABKHOCTH NO
RaHHEIM HaGmogennii 33 ocafikamMy, TEMNEPATYPOil H BAaXKHOCTHIO BO3-
Oyxa 3a 1-2-Mecaumblii nepnofl N0 NABOIKA, HA BTOPOM — NO PACcCHH-
TAHHOMY HAYAILHOMY PACHPECICHUIO BIANKHOCTH NMPOU3BOJHTCA pac-
yer (MPOrHo3) ruAporpada CToKa, ITO MOIBONAET PACUETH BIDKHOCTH
33 MpeANICCTBYIOMUIH TICPHOJ] BPOH3BOAHTS Ne GoNiee KPYNHBIM HHTCP-
BaJIaM, 4eM PacyeT B NepHol GOPMHPOBAHHA CAMOTO NABOAKA.
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Fnasa 7
NPOTHO3bL! SNEMEHTOB BECEHHEMO NONOBOAbLA
PABHUHHBIX PEK

B romoroM nuKiIe BOGHOT'O peXXHMa paBHHHHEIX pex Poccuu ocofo
BBIAENAETCA BECCHHCE MOJNOBOABE. B Nepuoi MonoBoAbs, CXKErogHO no-
BTOPAIOINEroCs B NAHHBIX KIMMATHYECKHX YC/IOBMAX B ONHH W TOT Xe
CE30H rofid, OTMEYAETCA 3HAYHTESNBHOE YBEIHYCHNE BONHOCTH PEKH, BhI-
3IBAHHOE TAABHEM O0pPA30M TaRHMEM HAKOIUICHHOTO 38 3HMY CHEra.
Crok pex B 3ToT nepuoA cocrasnger 50 — 70 % ronoBoro, mocTHras
B OTAEAbHBIX paifoHax 80 u paxe 90 %. Hawbonnmme pacxoim BOAB
OTMEMAIOTCA B OCHOBHOM BecHO#. B oraensHee roaws npu dopMuposa-
HHH KaTaCTPOHUECKHX MAKCHMYMOB HMEIOT MCCTO PARIHBHI PEK H 3a-
TonncHne 061MpHLIX TeppuTopui. HapoaHeHus, BEISBAHHES PA3IHBAMH
Pex, MPHUUHAIOT OFPOMHBIH yiepG Xo34HCTBY CTpaHsl.

Jonrocpounelii DpOrHO3 OCHORHEIX XapaKTepPHCTHK BECCHHET( CTO-
Ka — 00beMa ¥ MAKCHMYMA NOJIOBOZBA — MPEACTABNACT 3HAMUTSIBHEIH
HHTEpec ARt MHOTHX morpeburenci BoaHbix pecypcos. Ha oceose gan-
HBIX NPOFHOSUPOBAHHA CBOSBPEMCHHO MPHHHMMAIOTCE MCPH! MO TPEAOT-
BpallieHHIc yiep6a oT HasogHeHni. B jopMmuposauni obreMa RoNoBo-
IbA OPHHKMAIOT YYACTHE M XMAKWe ocagkn. Jlons goxaeBofi cOCTag-
asoteil 0cobeHHO CYIECTReHHA B paiioHax H30HTOYHONO YBAKHEHHA,
TAC OHA MOXET COCTARAATE 40 — 50 % cyMMApHOIO BECCHHETO CTOKA.
IToozemupiii cmox 32 MEPHOA TIONOBOARA 00RO He Npepbimaet 5 — 10 %
CTOKa 32 NONOBOABE.

Hauano nonoso/ik4 XOPOLIO BLIPAXEHO H COBMANAET C MEPBLIM THEM
HHTCHCHBHOTO NOBBIUEHUA BOAHOCTH peku. CROXKHEE YCTAHOBHTL BpeMA
OKOHYaHHS MOJIOBOJLA, KOTOPOE Halle BCEro OTHOCAT K MOMEHTY Mepexo-
Ja OT HHTCHCHBHOTQ CHMKEHHS DACXOIOB BOALI B NIEPHON CIaka NMONOBO-
ap3 K Gonee 3ameerHoMy. Jlna BOXOCGOpPOR MIOAIBIO S — 20 TrIC. ko’
3a KOHeld MONOBOHBA pekoMeHIyerca [15] mpuHHMate AaTy, Xoraa Ha
cnaze ruaporpada cyroussiii cioit cToka B JieCHOM 30He cocTaBHt 0,5 —
0,6 mM/cyT., a B necoctenHoit — 0,2 — 0,3 mm/cyT.

T'uaporpadsl noncBommii Ha KpynHLIX pedHbIX Gacceitzax B Gonb-
ITHHCTBE CIIY9aeB MMEIOT OXHOMOIANBHYIO GopMy, HapyIIaeMylo HIb
B NIEPHOA COAZA NPH ODHMLHLIX XKuaxHX ocankax. Ha nebGonbmux Bogo-
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cBopax, xak npasuno, dbopma rugporpada MHOTOMOJANEHAA H3-33 He-
PaBHOMEPHOIO CHETOTASHHA, BOIBPATA XONOACB H CHABHOTO BAHAHHA
KUOAKHX ocafkoB. Kpome Toro, Ha GgopMHupoBasne (BYX BOIH NONOBOIBA
BJIMACT Pa3HOBPEMEHHOCTS CHETOTAAHHA B TIONIE H B JIECY.

CroK TalbIX BOA 3a NIEPHOJ] NONOBOARSA Y, ONpeeldeTc NyTeM pac-
YNeHeRWA THAporpada ¢ BHIACHCHUEM CTOKA JOMACBbIX NMABOAKOB Yo M
YCTOHIHBOTO NOA3CMEHOIO CTOKA Yy

Y‘r=Y_Yn_Ym (71)

rae Y — cyMMapHEIH CTOK 32 IICPHOJ NOJIOBONEA.

CTOK AOKIEBLIX NAROAKCGR BRJIGISETCA ¢ MOMOINEK) THIIOBRIX KPHBIX
cnana nonosoawa. [HomzeMubii {Ga3HCHEIH) CTOK YCTAHABIHBAETCH HA TMA-
porpade ImyTeM CpPeskH M0 3HAYCHHIO NPEABECEHHET0 MHHHMANBHOTO pac-
xona Boget Oy, Cnoti cTOKA TANKIX BOX 33 MONOBOARE {B MM) OTIDEACIACTCA
10 opmyne (IPH OTCYTCTBHN HITH HCKITIOUEHHE IOKICBONC CTOKA)

864

Y‘r_ }}_?(QJ_Qn)! (7°2)

rae F — miomagms Gacceiisa, kM’ N ~ NPONOMKHTERLHOCTS MONOBOTBA,
cyT.; (O — Q) — CPenHHAEe CYTOSHbIE PACXOAB! BOABI B HEPHOL TONOBOAbA
33 BHIYCTOM PACXONA BOH, XaPAKTEPHIYIONIETO NON3EMHEI CTOK, M/C.

7.1. OGusne yaKonoMepHocTH H PaKTopel GopMHPOBAHHA
BECCHHETO CTOKA

HonoBoaee ABNAETCA CIOMHEIM MHOTO(PAKTOPHEIM SBICHHEM, ON-
PCACIACMBIM KOMILICKCOM B3aUMOCBA3aHHBIX BO BPEMEHH IPOLECCOB,
Cpeay HUX OOWYHO BLUIC/INOT: MOCTYIVICHHE TaNoH B ACXKACBOH BOAH
HA TIOBEPXHOCTh BomocGopa; 3amepxaHHe, BIUTHIBAHAE 9ACTH 3TOH BO-
Jbl; DOCTYMACHKE BOAbI B rHAPOrpaduteckyio ceTh ¢ BanbHeifuuEM ao-
GeranneM K 3aMbikalouieMy cTBopy. Bee 3T npoliecchl oCyHIECTBAAIOT-
CA Ha OOLMMPHEIX TUIOIARIX peuHEIX GacceiiHOB, OTNHYAIOMMXCA pPa3Ho-
obpasuem ¢usuxo-reorpahuueckx yCAoBHH. CROXHOCTE KONHYECT-
BCHHOIO ONMCAHWA NPHPOJHBIX fPOLECCOB (CHETOHAKQILIEHHE, TaAHME
CHETa, BOAONOTNIOTHTENbHASA CI0COOHOCTD, MMOCTYIUICHUS BOABI B THAPO-
rpathHYECKyIC CeTh H Ap.), OrPAHMYCHHOCTE AAHHLIX HAGMONCHMH BEI-
HYXIAK0T HCIONb30BaTh YOPOWICHHEIE i B SHAUHTENBHOH CTeneHn cxe-
MATH3HPOBAHHbIC MOJICHH PACYETa CTOKA HONOBOABA C OCPEAHEHHBIMH
N&paMeTPaMH B 3TUX MOACIAX.
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daxToph, onpeaensioiue nponece hopMHpoBaKHuA croka B Oac-
ceifne pexu, oOBIYHO NOAPA3AENAIOT HA ABE rPYMIBL HA OTHOCUTENBHO
DOCTOSHABE (HAKTOPLI NOACTHAAIOINECH TMOBEPXHOCTH M NEpeMEHHbIE —
riapoMereoponornieckue. daKTopsl nogcrunatoltell NOBEPXHOCTH ON-
PEACIAIOT XAPAKTEP pacupeicicHHA CHEra Ha BoRocOope, akKyMyAmuIo
Tanoii BOABI HA €T0 AOBEPXHOCTH, HHPWILTPALMIO TANBIX BOJ, CKOPOCTH
CTEKaHuA M BpeMa moberaHHA mo CKNoHaM M pycnoBoil cetn. K wnciy
3TUX (AKTOPOB OTHOCATCA: PasMeEphl, KOHQHTypauns H pensed Gacceli-
Ha, €ro reoJIOTHUECKOS CTPOEHME; COCTAB IIOYBOTPYHTOB; pacTHIC/b-
HOCTB; CTENEHL O3CPHOCTH, 3aB0N04EHHOCTH; YKNOHBI CKIOHOB H pycen.
K 3Toii e Tpynne MoXHO OTHECTH H aHTPONOreHHbIH GaKTOp — HHTEH-
CHBHOC OCYIUECTBICHHE X03aHCTBEHHOH NEATENPHOCTH Ha BoxocOopax U
B PYCNax pek.

MepemensitiMi  haxTopaMH ABIRIOTCH CHETO3ANMACEHl, HHTEHCUB-
HOCTH CHETOTAAHHA, YBNAXKHCHNC NIOYBOIPYHTOB H MX NPOMEP3acMOCTb,
HCO2PEHHE H KOAHYECTBO OCAJKOB. DTH (AKTOPE B OCHOBHOM ONpese-
NRIOT 00beM MOAOBOARA, CPOKH €TI0 HAYANa M OKOHYAHHSA, MAKCHMAIL-
HBIH pacxo[ ¥ B 3Ha9HTENBHOH creneHH GopMy ruaporpaga.

Peunoit Bacceiin MoxeT ObITh IPSACTABICH B BAIE AMHAMMYECKO
cucteMb {puc. 7.1), xoTopaa B oOleM BHAE OTPAXAET PHIHICCKYIO
OpypoxRy npoueccor Gopmuposanus croxa [51].

oHt B 3m0if cucTeMe

YYTEHH BCE OCHOBHBIE
| TPOLECCH! (JOPMHPOBaA-
Hosepawocme | 1€ HAA CTOKZ HOCTYIUIC-
todoctiopo HHE TANEIX H JOMACBEX

1] lom sox (77), Mx moeepxo-
B CTHOS¢ H DOYBEHHOS

Hotea sanepxantc (11173), ui-

i ¢wibTpamAs  BOER B
Fosgrnno-curancnwe| 1| Tasssemm-pyeroem [ PC nousy (M), cymmaphoe
i ceme ucnapenue (CH), no-

l" CTYIUICHHE BOZL B
PO TAIbBEKHO-PYCIIOBYIO
e €€Tb  NOBEPXHOCTHEIM

croxkom (I7C), BHYTDH-
Puc. 7.1. Pewnoii Gaccelin kak IHAGMAYOCKAA CHCTEME.  [OYBCHHEIM 3aMCIJICH~

HeM  crokoM  (BITC),
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rpyHTOBBIM cTOKOM (7°C) % CTOKOM 3a CHeT NTyOHHHON® NOA3EMHOTO THTa-
man (I'TIT). KoneysbiM MTOrOM BOEX MPOISECCOB ABNACTCH (POPMMPOBAHME
PYCIIOBOTO CTOKa B 3aMEIKalolleM cTBope Gacceiita {(PC).

PaccMoTpenHas mMHAMHYECKAA CHCTEMA MONYHEAETCA 3aKOHY CO-
XpaHEHH MAacChl, BHIPAKCHHOMY Hepe3 ypaBHeHMe BOOHOro OamaHca,
Jina nepuona BeceHHero MoNOBOOBA YpaBHEeHHE BoOAHOroC GanaHca peu-
Horo 6acceiina Ge3 yyera MoA3eMHOIG AMTaHHA UMEET BHL

Y=S+Xi+X-(E+E +E)-(4+]), (7.3)

rne ¥ — tanonoxpeBoil cTOK 33 NOMOBOIRS, S — MakcHManbHEHE 3amac
BOZABl B CHCXKHOM HOKDOBE, BKIIKYAA JIEATHYIO KOPKY; X} — KOJIMYECTBO
OCAJIKOB OT JATH MAKCHMANBHOTO CHEro3lamaca A0 NaThi CXOA3 CHCra;
X — KOIHYECTBO OCAAKOB OT JAThl CXOAA CHEra N0 OKOHYAHHA NONOBO-
a6a; E, — HCnapeHue ¢ NOBEPXHOCTH CHEXHOTO NOKposa; E, ~ Henape-
HHE ¢ TIOYBEI M TpaHCHupauus; £, — HeNapeHue ¢ BOAHOH MOBEPXHOCTH;
A — KONMYeCTBO BOXBI;, 33Acp’KaHHOe Ha noeepxnHOcTH Gacceifua;
I — cymmMapHas rHGUILTPaHE BOQKL

3 Beex COCTARIAIOLHX YPABHCHHA BOXHOTO HanaHca ¢ pasiIHIHOM
CTENEHbI) TOYHOCTH MOTYT ORITh ONPEACACHBI 3aNac BOAHI B CHEKHOM
NOKPOBe, KONWYECTBO OCAJKOB, CTOK H CYMM3pDHbI® NOTEPH 33 NEPHOA
nonosoALs., Hu oA M3 COCTAENAICIUMX TIOTEPSs HCMOCPEACTBEHHO HE
MoeT OHTH onpefeneHa.

7.1.1. 3anacel 800t 8 CHEJICHOM NOKPOSE U RECAHOMU KOpKe

CHerozanacel B GacceliHe peKM SRIMIOTCH TNABHBIM (aKTOPOM MONo-
BObA. PacnipenesieHie CHEr03anacoB 1o TCPPHTOPHH NOTIHHACTCA 32KOHY
reorpauyeckoil 30HANLHOCTH M BEPTHKANLHOH NOACHOCTH. 3amac BOIp
B CHEXHOM [IOKPOBE ONPEUEIACTCH €T'0 BHCOTOR H INIOTHOCTHIO.

Pacnpenenenue sanacos BOABI B CHere M3MeHdercd mo Erponeii-
ckoit repputopus Poccun (ETP) B cpennem ot 5 - 10 MM B cTenHsIX
paiionax o 100 — 200 MM B BecHO 30He.

PerynapHuie cHEroMepHBIE CHEMKH 110 3AMKHYTOMY TPEYrORbHHKY
crany nposoamThes B 1935 r. Cert nynxros naGmopeuuii, ocofeHHO
B necax, B TO Bpema Gnima oveHb peakod. B 50-e rogpl 6bUTH BBEEHH
HOTONHUTENLHKE CHEroCheMKH B GaNkax, oBparax, Bauanu onpeAendTh
3anac BOAL B NeAHOH KOpKe HAa NOREPXHOCTH MOYRL! B TOYKAX M3MEpC-
HHA NOTHOCTH cHera, B 60-¢ rofisl cTana RHEAPATHCA HOBAA MCTOAMKA
OIpERENCHUA CHEro3anacoe, BMecTe TpeyroabHLIX MApIIpYTOR B IONeE
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OblmH BBEACHB! JIMHeliHbME CHErOMEpHEIE MapIEPYTHI B NOJC, JIecy H
B OBpaxu0-Ganounoi cern. MsmeHenne B MeTonuke nabmonenuii oby-
CHOBHJIO HAPYILIEHHE OQHOPOLHOCTH PAJOB CHETOMEPHEBIX HaGN0AeHHH.

C nenbio KOPPEKTHPOBKH CHETOMEPHBIX NAHHBIX OLUIH YCTaHOBNCHE!
MONpPABKH VI pasnudHbix paiionos pasHpHHOH vacTH ETP B npouckTax,
Ha KOTOPBIC CIIeAYCT YBEIWIMTEL CHETO3aMack], H3IMCPCHHEIC 10 1966 T,

Mmuoronerdaue cBeicHHA 10 CHEKHOMY IOKpOBY 3a 1936 — 1960 1.
6vinn 00001IEH: B BYAIE ATIACE KAPT CHEXHOTO 1lokpoea ETP.

[pu paspaGoTke METONOB NMPOTrHO30B BECCHHETO CTOKA HaHOOIL-
muil MHTCPCC NPEACTABNAIOT [a#HBie O MAKCHMANLHBIX CHEr03anacax
Smex TEPEN HAYanoOM CHErOTamHHA., MaKCHMaNbHBIC 3aMachl BOZXBE
B CHOKHOM TIOKpOBC HabMonatores B pasHble CPOKM B PA3MUUHLIX 4ac-
TAX KpYaHoro GacceiiHa. DTO CBA32HO ¢ KNNMATHYCCKHMH YCIOBHAMH H
HEBBICOKOH TOYHOCTBLIO OMpENENeHHA NNIOTHOCTH cHera. PexoMeHpayeres
ONPENCHATE EARHYK ATy HACTYIMICHNS Spay JULA OTHOPOAHBIX B KIIHMa-~
THYCCKOM OTHOIICHHM vacTeH GacceifHa mo npeobnapatollicii Ha Gols-
IIMHCTBE cTaHuuit gate. KoppekTuposka 3amacoB BOMAEI B CHEXHOM MO-
KPOBC MO CTAHUHAM, OKA3BIBAIOIHUM HACTYIUIEHHE Sy B IPYTHE HATEHL,
OCYILHECTRAAECTCA HECKONBKUMH criocobamu [15].

CHeroMephbic HaOMOACHNA B JIeCY W OBPaKHO-0anoMHoill coTH, Kax
YKE OTMEHRANOCh, CTAIH NPOBOAHTECS 3HAYHTENBHO HOIKE, H CETh HYHK-
ToB ux Habmioaenuit 6onee penkas. IlosToMy NpH oDpcAeNeHHH 3aNacOB
BOAB Ha BORocGOpe ¢ OrpaHHYCHHBIM 9MCIOM NYHKTOB HaGmioneHMit

HCHONE3YIOTCA CPEAHHE MHOTONETHUE Kosddummerntsr K, =S, /S, u
Ko =S_°", /S, . 3TO NO3BONACT NO 3HAYEHHKY CPEAHEro Anx Bopocopa

3anmaca BOBI B MOJe S, H COOTBCTCTBYIOUMX SHaueHui K, wim Ko
ONpPCAGNATL CPeIXHHE CHCTO3amackl B jecy B oBpakHo-6anousoli cetn.
Crefyer MMeTh B BHAY, 4TO 3HavucHHs k0xpumucatos K, u Fo_p H3-
MEHATCH 0T rofia K rojyy B mMpoknx npexenax. Tak, Ha BomocGopax
necoctensoit ouer K, mamenseres ot 1,1 no 1,7, eme Gonsuwas ammnu-
Tyna koneGanuii K. oep —OT 1,5 110 5,0.

Cpennue aa BogocGopa 3anackl Bojlbl B CHEKHOM [IOKpOBE OIpe-
ACNAI0TCA KaK CPEIHEB3BLICHHOE 3HaYCHHE

S=8y o+ S, Su+SopSous (74)
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TEC S, Sp, Soep = CPCAHHE CHErQ3amachl COOTBETCTBEHHO B IIQNE, NECY H
oBpaxHo-6anoumodi cetw; fi, £, fom — MOMH TNOMIANN BoAoCOOpa, 3aHA-
THIE 3THMH JICMEHTaMH JlaHAwadTa.

[Ipa paBHOMEPHOM pacnpejiesieHM MyHKTOB Habmomenuil 3a cue-
rosanacamMu 4 FOCTATOYHOM HX HHCIIC CHET03anachl B MOIE, JIECY H OB-
paxHO-0anoyHoil CeTH BHMHCIAIOTCS XaK CPCIHee apuMeTHUECKOe.

[Ipn HepaBHOMEPHOM pacHpedc/NCHHH MyHKTOR HalmoncHn# no
mwiomamu Gacceifta CTPOATCA KApPTHI M3OJHHMHI CHEro3anacos B Mone u
JIECY, & 3aTeM BbIMHCIIICTCA CpeHee 3HAYEHNHE 3anacoB BOML! B 6acceiine.

B necy cuerorasHue npowc-

XOAHT MCHCC MHTCHCHBHO 1O 13(‘; ™

CPABHEHHMIO € OTKPHITBIMH Y4acT- 1,
xamn. [losToMy B paifoHax ¢ dac- 80 |
THMH  OTTEMENAMM  OTMCMaeTCA *:'..:__—-‘:" 1]
CYHIECTBEHHOE pPasIM4HE B BEITH- I o e

YHHE CHErO3aNacoB B [IONE H NeCy  Of——d—=]

K KOHIY OTTEICALHBIX 3HM. YcTa-

HOBNCHA TNPHOMKEHHA 3aBHCH- g 10 20 30 40 30 30 °C
MOCTE 3HAYCHHMRA PA3HOCTH 3ANacoB Puc. 7.2. Ilpessimense cHerolanacoa
BO/JIBI B CHEre B [ICCY H B mone AS B ;1ecy Hal CHEr0o3anacaMi B none

OT CYMMB! HOBOKHTCABHBIX T¢M- B JRBHCHMOCTH OT CYMMBI CPEIHHX CY-
mepaTyp 32 BpeMd SHMHHX OTTeme- — TOWHBIX 3HaueHHH TEMNEPaTYPL! POAYXA

neil A9 pasTHYHOTO BUJIOBOTO CO- 3 BPCMA SUMHAX OTTenench:
72 ! enopsni nec cpeaHeH ryctoTe,
cTaBa neca (puc. 7.2). 2 COCROBLIK ;1€C CPedHeH ryCTOThI;

TosTOpaeMocTh OTTCNeNeH 3 cmemanwbii Niec © npeoGaanannem
YBCIHYHBACTCR ¢ BOCTOKA HA 3anan XBOUHEIX FOpOX;

H Kro-3anajn ETP‘ B ATHX paﬁom 4 cMemagnLii nec c npeoﬁnuanueu
4acTo ODpa3syeTca NEmfAHas KopKa. AHCTRCHERIX NOPOL.
MocnenHas, kak NPABHTO, HE CRAOIIHAA H HAGHIONACTCH TOJIBKO B GIOJIE,
HaGmonenud 3a nensHo# KOpKoll BEIDOMHAIOTCA Ha pane cTaHuuit 24 au-
Bap4 H 24 depans.

B 60-¢ roast B Hamtedt crpane Seln paspaCotas METOR onmpeAcneHna
3anaca BOABI B CHEXHOM ITOKPOBE MTEM M3MEPEHMA ¢ CAMOJIETa €CTECT-
BEHHOIO IaMMa-HATYy4eHHA To4BEI. METOR OCHOBZH HA ONPCHCIICHHH OC-
NabneHHA CHEKHBIM MOKPOBOM IaMMa-H3TydeHHs 3€MHOIl NOBEPXHOCTH.
CymmMapHblii 3anac Boabl B CHEre ONpENEAETCS N0 PA3HOCTH YPOBHe
FaMMa-TIoJ1 OCCGHEIO (0 BRMANCHHA CHETA) H 3HMOH NPH HAMISHH CHEX-
HOI'C OKPOBA.
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B paiioHax ¢ yCTOUHBBIM 3aNETaHHCM CHCXKHOTO [OKPOBA NOrPeITHO-
CTH ONPEACIICHHNA 2aI1aca BOABI B CHEre 3THM MeTogoM B 80 — 90 % ciryvacs
He npeeainawT 10 %. B Gacceifnax, rae orMeyaloTca OTTENE M, BCICACT-
BHEC HEYYCTA M3MCHCHM% BIRKHOCTH BEPXHMX CJHOCB NOYBHI, moxobhax
CHCMKA J3CT 3aBBIICHHBIC 3HAYCHHA CHET03anmacos.

3pdexTHBHOCT: NPHMEHEHHS TaMMa-CbEMKH OTIPEZLIACTSS YCTORM-
YHBOCTHIQ raMMa-(oH2 NOYBCHHOTC MOKpoBa. [IpocTpaHcTBeHHO-BpE-
MEHHaA M3MECHYHBOCTEL TaMMa-(oHA CBAIAHA C Pa3/HYAEM B MCXaRHYE-
CKOM COCTaBE MOYBOTPYHTOR U CTENCHH HX YBIDKHCHHS,

PeayneTarsl HM3IMEPCHHS B/ATOCOCPXKANMA CHEXHOTO HOKPOBA
¢ NMOMOMIBIO rAMMA-CHEMKH HCITOb30BANMCE IIPH COCTABACHHH JIOATO-
CPOYHBIX NPOTrHO30B CTOKA NONoOBOAEA B Gaccelinax pex CenepHoit JIu-
HHI ¥ cpearero Tevenna Obu.

Jm pana BopocGopor secuod 3o0us1 ETP yCTAHOBNCHA HOCTATOYHO
TeCHas CBA3L MEX(Ty YDPOBHCM FaMMa-TIONA, M3MCPCHHBIM OCCHBIO, H
PEYHEIM CTOKOM. YPOBEHL raMMa-Noss B JIAHHOM CIy4Yae OTPLKAET YB-
TMAKHEHHOCTE Bepxaero (30 — 40 cM) cnox noyesl, JT0 MO3BOJAET HC-
NONB20BATH HAYANBHELH YDOBeHE IaMMa-TIONA B KAaYeCTBE XapaKTepH-
CTHKH NIOTEPH NPH NPOrHO3UPOBAHHH BECEHHETO CTOKA.

TlorpemiHocTs BLIYHCICHHA CPEHEroO 3affaca BoXk! B Gacceline mo
JaHHBLIM M3MEPCHHI Ha OTAEALHEIX MaplupyTax CKIAfbIBacTca K3 no-
FPEIHOCTEH M3MEPEHHA BBICOTB! M NUIOTHOCTH CHEXHOIO MOKPOBA H On-
penenaerca no gpopmyne

2_ = 2 P22
o5 =p,0,+h o, (7.5)
TAe P, W h, — COOTBETCTBEHHO CPEHME MIOTHOCTL H BHICOTA CHEra Ha

YHACTKE CHETOCEEMKH; O¢ —~ CPERHAL KBAAPATHYCCKAA IFOTPEUIHOCTS Bhi-
YHCNeHHA CPefiHErc 3anaca BOJE! B Oaccefine; G, U G, - CPEHHC KBAT-

paTH4eCKHE MOTPEIIHOCTH CPEIHMX 3HAYEHHH BBICOTl M IIIOTHOCTH
CHEXRHOTO MOKpPoBA. B JeHCTBMTENBHOCTH NOTPEIIHOCTH BBIYUCIIEHUA
CPENHETO 38Maca BOABI CHEXHOTO NOKpoRa B OaccefiHe BhllLie, 4CM Ha yua-
CTKax CHETOCHEMKH, W3-33 HEPENPE3CHTATHBHOCTH YMACTKOB CLEMKH H
HEJOCTATOMHOH ceTH CHeroMepHbix NMyHkToB. Ha norpemHocts Bmmser
TaloKe CTENCHb HEPABHOMEPHOCTH 3aJleraHuA CHera Io mnoluam Gaccedi-
ra. Cpemias KBanpaTHyYcCKad MOrpeltHOCTh (B %) BHIYMCIICHHA CpEaHEro
3anaca BOfbI B CHETE NPUGIIKEHEO OLICHNBACTCS 10 BHIPAKEHHIO
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G'S=

100 %, (7:6)

3aechk €, — koodPpuOucHT Bapnauny cucrosanacos B Gacceitne; » — 4nc-
10 NYHKTOB H3MEPCHHIL.

KoadbuimenT BapnaliH 3anaca POkl B CHEOKHOM OKPOBE BO3Pac-
TACT C YMEHBIIEHNEM CHETO3anacoB. B ¢BA3M ¢ DTHM MOTPEWIHOCTH ON-
pemencHis cpefHero samaca Bojel B OacceliHax pek JecocTenHoil H
cTenHo# 300 OyayT 3Ha4YMTCNBHO BeINC, ¥cM B Oacceiinax pek necHo#
sonsl. HeofBxogumo wmers B BHAY, uro dopMyna (7.6) npuMennmMa
B YC/IOBHAX OTCYTCTBHMA KOPPCISAIHOHHONH CBAM MEXOY 3HAYSHHAMH
3a71aCA BOJIbL B CHCIC Ha cTaHimsax. [lpy HANHYMA XOoppensuyn Mexxy
H3MEPCHHLIMY HA CTAHIMAX CHCTO3aNacaMH onpeaensemele no Gopmyne
norpetHocTH Gy;IyT 3aMCeTHO 3aminkenb). Bonee cTpornit cnocob pacye-
Ta NorpeliHocTei paccMoTpen B paboTte [S1].

7.1.2. Ocadxu 3a nepuod noro80dus

B nepron ¢popMHpPOBRaHHA MOMOBOALA BHIMARAKOT TBEPILIC M XKHA-
ke ocanxyn. Ux sausanne Ha 06bem BCCEHHETO CTOKA 3aBHCHT HE TONBKO
OT KOJIHYCCTBA, O H OT BPEMEHH BbINIAJICHHA ocaakos. Jleno B Tom, 4T0
YCIOBHA BONOMOIHOMICHHA OCAAKOB PE3KO H3MCHAIOTCA NOCHE CXO0Za
CHera W oTTauBaiks nousbL [TodToMy ocanxu B SacceifHax ¢ 3aIeCEHHO-
crhio He Gonce 30 % y4uTHIBAIOTCS 3a B3 NCPHOAA (POPMHPOBAHHS TO-
noeonpA. Ilcpeniii neprio;l — OT NATHl HACTYTIICHHA MaKCHMANBHBIX CHE-
ro3anacoB jI0 CX0Ja CHera B MoJi€ H BTOPOH — OT AATHI CXOA2 CHETa B
Ione Ao OKOHYaHWA nonosoAps. Ilocne cxoma cHera W pa3sMCpsaHHA
TIOYBE! 3HAUMTENLHO NMOBLIUIACTCA WCMapeHKe M BIMTHIBAIOMAA Crocob-
HOCTh nousbi. 110TCpH KHAKHX OCAHKOB HA CHAAE NONOBOABA BO3PACTa-
10T, B MX BKnax ¥ GopmrupoBanne 06beMa BCCCHHETO CTOKA MOHHKACTCA.
B Oacceitnax ¢ saneceHnoctsio Gonec 30 % npu nopcuere KOAMYSCTRA
0CaJKOB OTACHLHO Jid IIOLIARM, 3aHATOH JicCOM, TPaHHLEH MexIy
ITUMH NICPHOAAMH ABNSCTCA [ATa CXOAA CHETA B NCCY. ITa JaTa MOXET
ONpEACIHATHCH NpUOMMAKCHHO [15] DO BpeMEHM HACTYIUIEHHA MaKCH-
MaJIbHOTO PAacXo/(a {10M0BOMbA HA PCKaX IIomanbio 10 — 20 Thic. K.

OKCICPHMCHTAILUEIC BOAHO-0aaHCOBLe HecneoBanna Tocynap-
CTBEHHOT'O FHAPONOIHYCCKOre MHCTHTYTA MO3BONHIM YCTAHOBHTE NEpH-
0fi, B TCYCHHE KOTOPOTO OCAKY aKTHBHO YYacTBYIOT B ()OpPMHDOBAHHH
BCCCHHErO Croka. B cemepHeix paifioHax BLICOKOH yBIQXHEHHOCTH
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¢ HOPMO# ro1080ro cToka B 10 — 12 1/(ckM?) ocaxH HeoGXoHMO Yuu-
THIBATH 33 BCChL NEPHOJ MONOROMLA. B necHoit 3onc B OopMHpOBaHNH
CTOXA OCHOBHY)O PONb HIPAIOT OCAKH, BBIIIABLIHE RO CXONRa CHETa B fe-
cy. B octanmupix paifonax ETP c ofnccennoctsio Gacceitiios o 30 %
nepyon cToxoobpasyloulHx 0Ca kOB 3aKAHYHBACTCA NpHMCpHO depes 10
mmeil mocne cxoma cuera B IONE, TaK Kak B Teuctne tux 10 aueli Boso-
HENPOHHIIREMOCTS [10UB COXpaHseTCs npexHcH.

U3MEeHYHBROCTh KOJHYECTBA OCANKOB, AKTHBHO YYaCTBYIOLIUX
B GOPMHPOBAKHH BECEHHCIO CTOK2, BCCHMa 3HAUMTCABHAN, O YCM CBHAC-
TENLCTRYIOT 3HAYCHHA KO3 dHIMCHTOR BapHaLiK ocaakos B 6acceiiHax
paaa pek, pacnonoxekBbix B npenciaax ETP. KosbduipeHTri Bapiauun
ocagkoe X niamensiores ot 0,38 nna p. 3anaano#i JIsumn y r. Jlayrae-
nunc xo 0,70 znst p. Benoit y r. bupck. HauGonbmee konuuecTso ocan-
KOB MO¥eT B 2 — 4 pa3a IIPCEHIIATh HOPMY, KOTOPYIO YacTO HCHOML3YIOT
OpH JONrCCPOHHBIX MPOTHO3aX BeceHHEro croka. Henccoobpasio Bel-

DycKaTs MPOTHO3bI B BEPOSTHOCTHON dopme: npy Hopme ocankor X,
npr 0,5X u 2X . B nocieayiomeyM NpousBoMTCs KOPPCKFHPOBKA Npo-
rao3a of’peMa NONOBOAB, IYTEM CONMOCTABNICHHA 110 JCKaiaM CHEroTas-
HUA (DAKTHYESCKOTC KOJHYCCTBA OCA/IKDB C HX HOpMauMH [15].

7.1.3. Homepu secennezo cmoka
CyMMapHBIe MoTepH BeCCHHEro cToka 06o3naunM P, Toraa us (7.3)
-P={Ec I"En+En) t (A t 1)

IMorepst BOALI HA HCTTapeHMe B HCPHOA QOPMHPOBAHHA TIOAOBOHbA
NPOMCXOAAT B OCHOBHOM C HOBCPXHOCTH CHEXKHOI'O IIOKPOBA, C BOJHOM
NOBEPXHOCTH, ¢ NMOYBEL, ocBoboauBLIciicA OT cHera, H 33 CHeT TPaHCOH-
paunn. Jlonroe Bpema npeoGnaganc MHEHHE O HCOONMbIIHX NOTEPAX Ha
HCDapeHHe 32 BpeMs CHErOTasHHA # HEe3HAYHTCILHOCTH HCTapEHHS
€ BOJHOH MOBEPXHOCTH PYCNOBC#H CCTH B CBA3M C €C MaJiolt ucnapriowmed
nosepxsocteio. Hecacnosanus ITH cBHACTECHECTBYIOT 0 BEChMa 3HAYH-
TeNbLHBIX MOTEPAX BOABL HA HCNApEHME B NMEpHOA GOPMUPOBAIINS BECCH-
HETO cToKa. HHTCHCHBHOCTD HCNAPCHHME CO CHETa B ICPHOA CHETOTARHAN
pabra 0,40 — 0,50 MM/CyYT. 11 Mano M3MEHAETCR OT rojia K roxy. ITotepu
BOBI Ha HCMAapEHHE CO CHEra COCTABIAIOT 5 ~ 20 MM Jui necHOH 30HH H
3 — 8 MM ann necocrennoii B crenHoi 208 ETP, Untencurnocts nena-
PEHHA © BOAHOH MOBEPXHOCTH N0 Mepe CX0Jlia cHera Bo3pacract no 0,6
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— 1,0 mm/cyt., npubnanxasice K Hciaapesso ¢ nousel. [locne cxoma oc-
HOBHOM MAacCel CHEra McHapeHHe ¢ BOJHOH NOBEPXHOCTH COCTABIET
yxe 0,8 — 1,2 MM/cyT. M BecbMa GNM3KO K MCIIAPCHHIO C MOBEPXHOCTH
noues! (1,0 - 1,5 mM/cyT.). O6Imee HerapeHne ¢ NOYBH 3a MEPHOA ¢ MO~
MCHT2 NOABICHNS [IPOTANTHH JO MOMCHTA IIOJHOTO OTTAMBAHHA TOYBHI
B JiecHO# 3omne mo jannmM I'TH cocraBmzer B cpemdesm 25 — 30 mm,
C yueTOM NIOWAM, 3aHHMACMOH B OTO BPEMs CHEXHEIM TOKPOBOM, HC-
NAPEHAE € II0YBBI COCTABHT B cpeaiieM 20 MM. B necocTtensoil 4 crenHoit
J0HAX ¥3-33 MCHBIIHX CIEr03anacos nepuo/ GopMHPOBAHHA CTOKA MEHee
NPOACIKUTEIBHBIA U 32 TO BPCMN NOTCPH HAa MCRAPCHME C MOYBBI CO-
craemaior 1Q - 15 mM.

Cymmapnpic NOTCPH Ha MCIIAPCHAC Ha BOA0ocOopax ecHoi 30HL! 3a
nepnojt GopMupoBania croka paBHel B cpeaneM 30 — 40 MM, gocTuras
B oTAcHsHBIC roakl 60 MM. Ha BosiocGopax necocTenHoil 30HE cyMMap-
HOC HCITAPCHUC B CPC/HCM PaBHO 15 MM,

AsTope! pabote! [15] NPHXOAAT K BEIBOAY O TOM, YTO B OTAEABHBIC
BeCHH CyMMapHOC HCIapcHUE MOKeT OLITh INIaBHOH COCTaBAROICH
o6IKX NOTCPL TANbIX BOA HIH HMCTh BCCbMa MAJIOC 3HAUCHHE,

3anepxanne Tanoll Bonsl Ha nopepxuocty 0acceling, MO HUCCACHO-
panuaM I'HApomcTiicuTpa PoccHu, oTMedacTca He TONBKQ B pa3iHYHBIX
10 NAOUIAKH K FIyGHIC OTPHIIATENLHbLIX GopMax penbeda, HO 1 B Kpyn-
HEBIX HEKAIHIAPHEIX (I0paX BEPXHEro ¢iof no4s. Jaxe B yCHoBHAX X0-
PO YBAAXKHEHHON MCP3NOH NMOYEH YacTb Tanol BOAL YACPKHBACTCA
B KPYIIHEIX [i0pPaX BCPXHEIO c/10s 1o4B. BepxHHH Tpex-ueTHpeX canTu-
METPOBbIH CNOH MOMBEI yacpkuBacT ot 5 o 15 mm soas. Kpome Toro,
Ha pAfie BOJIOCOOPOR MMCIOTCA 3aMKHYTHIC HH3KHBI, fecCcTOYHBIC O3cpa,
npyazl, 601073, KOTOPBIC TAKKE ABNAIOTCA 04aramMi 3aJepiaHHa TAlbIX H
JOXAEBHIX BOA. MakcuManbHas HOBCPXHOCTHAS C€MKOCTR MOHHKEHHH
B GaccciiHax peK BCUHOM MEP3AOTH COCTAaBNdeT okono 30 MM, B AecHol
soue ETP - 40 MM, B cTenHO# 30He npH pacuncHeHHoM penbede — 20 Mu.

Peaynntarel sxkcncquuponHpx necneposanuit ['TH nossonuny cae-
5aTb BBIBOJ O TOM, YTC MHKPOPEALE( MOBEPXHOCTH BOAOCOOPOB MOXKET
TONBKO BPEMEIIHO 3ajICPXKATh TANBIC ROAb.. BpeMeHHas aKKyMy/puus
TANBIX BOJL CIIOCOBCTBYCT YBEIMYCHMIO 3aMIaCOR BJIATH B MOYBOIPYHTAX U
MUTAHHIO TPYHTORBIX BOA. C YBCAHYECHHCM CMKOCTH NIOHHXKCHHH yBenu-
HUBACTCA NPOCAYMBAIIHC BONLI, HO CHHKACTCA MOBEPXHOCTHBIA CTOK.
Haupeicimnmna eMxocTamy oGnajjaer 3a6ncBas mawna (5 — 15 mm). Ilpn
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riyGokoii Benainke (o 40 ¢M) cnoit NOBCPXHOCTHOND 3aJicpiKalinA yRC-
nuvMBaeTcs 5O 20 — 30 M.

TosepxHocTHOE 3aMepkaHHe TANMX BOJ B Oacceiliax necHOM 30HBL
BAMAST DU HA COOTHOWICHHC MOBEPXISOCTHOTO M NOAICMHOTO CTOKA.
HMeeT MecTO yBe/MUCHUC THTARKA TIOA3EMHbIX BOJ, B TO HC BPCMA CyM-
MapHBIH CTOK NONOBOALS NPAKTHYCCKH HE CHibkacTca. B necoctensioi
CTENHO# 30HAX MOBEPXHOCTHOC IANCPKalIHC CYIICCTRCHHEG CKABIBACTCA
Ha (OPMHPOBAHHH CYMMAapHBIX [IOTEPh TANBIX BOJ, NMOCKOABKY TPYHTO-
BbIC BOABI H3-32 X riayfOKOTo 3a7cranua NOMTH HC YHACTEYIOT B (hOpMH-
POBaHUHN BECCHHETO CTOKA,

HaduneTpauus Bogpl B O4BY / 3aBHCUT OT CYCICHU CE 8000NPOHL-
yaemocmu. Mocnenyss onpeaenacrcs 8 OCHOBHOM RNAXHOCTBIO ¥ [IIy-
OunOl NpoMep3aHns.

H3MepeHHS BIAKHOCTH MOYBL] HaYalH [POBOJHTLCA HA arpoMeTe-
OPONOrHYECKHX CTaHUMAX ¢ 1936 r. NPCHMYMICCTBCIINO Ha NOLIX COBO-
06opora B BereraudoHHbti nepHoa. C 1967 r. nabmrocHHE OCYUIECTB-
NSIOTCA B TEUCHHE BCErO TOAR Ha NIOCTORHHEIX BOANO-O0ANANCOBEIX yua-
CTKAX, PACTIOMOKEHHEIX Ha 3a0CKH, B [10J1C H B JICCY.

Bnarosanacel onpeAenaioT 1o JaHHbIM O BAXKHOCTH H IUIOTHOCTH
NOYBhL:

W=Usp,h/10, (7.7

rac W — enarosanac, mM; Us ~ Bnaxuocth cnof, Y% OT Maccw Cyxore
BCICCTBA; Py, - WIOTHOCTH TIOYBLE B TOM XC CIIOC, ©/CM’; A - TOMIIMHA
CHOA MOYBKL, CM.

3anac BoAb OmMpenenseTcs A1 Kauyioro 10-cantumerposoro chnod,
& 3aTeM CyMMHMpDOBaHMCM BBIYHCAACTCA BRArosanac B cnoc O — 20, 0 -
50, 50 — 100, 0 — 100 cm. Henmons3yioTca B JIPYIrUMe XapakTCPHCTHKH YB-
JAHCHUS NOYB: 3aNac NPOAYKTHBHOMN BAAru, paBHbIH PasHOCTH MEXAY
oblMMH  Brare3anmacaMi M TEM 3amacoM, KOTOPBIH COOTBETCTBYET
anaxchocmu 3agsdanua (B3). TlocnenHas XapaxTcpH3YCT BIAKHOCTE
DIOYBEI, MPH KOTOPO#H MpOuHO CBA3aHHAA BOJIa CTAHOBHTCS HCAOCTYOHOM
Ena pacreHni. [IIMpoxo HeHOMb3yeTcs B KAUCCTEC XAPAKTCPUCTHKY YB-
JIKHEHHA NMOYBB HAUMCHLILAS {{1onceas) snaroemeocts (HB).

B teueHHe rofa 3a0ackl BIArH E HO4BC IOJBCIKEHB] 3HAYHTCIBHOM
n3meHunBocTH, Hanbonemaa MiMciuHBOCTL 3amacoB BRArd B MOYBO-
rpynrax Habmiofaerca neroM. B zacynunueeic roasl B BEpXHEM ClOE
[I0YB BAATOCOREPKAHHE MOXKET CHIDKATBCH IO 3HAYCHME RIDKHOCTH
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3aBAZAHMA, BO BAAXHBIC — JIOCTHTAET 3HAYCHHH HAHMEHbIUCH BIarocM-
KocTH. AMmmTyaa koncOanuil 3amaca BAard B METPOBOM CJIOE MO4BhI
MokeT coctaritath 120 — 150 M,

OccHBIO OTMCHACTCH YBCINYCHHE JalacoB BAAIH H K HAUATY IMMEl
B MCTpOBOM croe mouest B 70 — 90 % cnyuaes OHH JOCTHraloT 3HaueHnit
HaHMEHBHICH BJArOCMKOCTH B CCBCPHLIX, CEBEpO-3allaiHbIX M CCBEPO-
socTouHbix paionax ETP; B 70 — 80 % — B roro-zamamuex u B 40-50 %
— B 10XHBIX ¥ IOT0-BOCTOYHBIX.

3nmoii 3al5acel BNArd B NOYBE YBENMYHMBAKOTCA 33 CYET BOCXOALIEH
Muzpayuu glazu W OTTencAcH. Murpanya snarn spoHCXOIHT NOJ BO3-
OeliCTBHCM rPajHEHTOE TEMICPATYp MO TMyOHHE MOYBH M LaBilCHHA
mncHouHolt enaru. [paanentrl Temmepatyp of6yclIoBAHBAOT BOCXOZAA-
mee JBIDKCHUE Napooldpasioi ¥ NICHOYHOH BJArH M3 TEINBIX ClOSB
MOYBHI B BCPXHHE npomcplarowmc. HauGonee HHTEHCHBHO MEPEHOC
MACHOYHOH RNary¥ MPOHCXOAHT B TORKONXHCNEPCHBIX TPYHTAX (T7HHH,
CyrnuMuki). B xpymio3epHMCTBIX cpefiax (MecKH, CYNecH, NecHRIE MOYBhI
— FOPH3OHT A) nepeioc INICHOYHOH BnardH BeckMma cnabmiif. IIpoueccy
MHYpaliH BAark cnocob6cTeyeT OnM3Koe 3ancraHMe TPYNTOBLIX BOA, KO-
TOpHIC BOCTIONHSAIOT YORUIL 3alIaCOB Bfard, NepeMenlaoelics B Bepx-
HHE CJIOH T0YB.

OucHKa MHI'PAllHH B CCTCCTHCHHLIX YCAOBHAX NMPEACTABIAET BECh-
Ma Cokey10 3anaqy. o qauusiv [15], ee mayenne cCHBHO HIMERSETCS
110 TCPPUTOPUH OT I'Ofla K roAy B npeaenax or 5 ao 70 mm. Bonee 2Ha-
YHMO YBCJIHYCHHC 3amaca BJal'H B NOYBe 3a cueT ommeneneil. [loBto-
pPAEMOCTL OTTCOCCH ¢ CYMMAPHLIM CIOEM BONOOTAAYH H3 CHEra 15 MM
HauGouplllas B 3amafiHeIX M 10ro-3anmagHeIx paitonax (80 % mcex 3um),
B CCBEPO-BOCTOYHEBIX H EOCTOMHBIX palioHax OHa cHHbKaerca mo 20 — 30 %.
3anachl BRarH B METPOBOM CJIO€ NIOYB 33 CYCT OTTeNencH MOTYT yBe/H-
4HBaThCE Ha 20 — 150 Mm.

[IpocTpancTaeHHas HM3MCHYHBOCTL BIIATO3ANACOE [MOYBL HMEET
DosplIoe 3HAYCHHE NIPH (POPMEPOBAHMM MOTEPH TANBX Box. HiMenuu-
BOCTH IO MIIOUIANH BIaro3anacos B NOYBOIPYHTAX ONPEACIISETCA BORHO-
usneckuMut cBoCTBAMM 110YB, YDOBHEM 3aleraHns IPYHTOBRIX BOA W
HEpaBHOMEPHOCTHIO BEINaAeHNa ocankos. [Ipu onHopoaHOM cocTase noy-
BOTPYHTOB M OOJBIIOH HX YBIOKHEHHOCTH H3MCHYHMBOCTD BIIANO3ANACOB
A CYTAMHKOB, CYHECCH, ICCKOB Ha BOAOCOOpax JIeCHOH 30HBI HE3HAYH-
TenbHa ¥ XapakTcpHiyercs KoxhgMupeHTOM BapHaudd, pasHbiM 0,09,
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Ipy cMemaHHOM COCTaBE MOYBOTPYHTOB H3IMCHYMBOCTE BIAro3allacoB
yeennunpaerca (C,= 0,25 - 0,34).

Mexny cpeiHNMY BAAIO3ANACAMH B NIO4BC {0OLMMM 1 NIPOTYKTHRB-
HBIMH} H KO3(Q(DHIHCHTOM BAPHALMH BbIABICIA JOCTATOUHO HCTKAs
cBa3p. Hammane 5Toff 3aBHCHMOCTH YKa3LIBAaCT HAa TO, YTO Cpe/HCS JUIL
BofocOOpa 3HAYCHUC 3amMaca BIArk B HOYBC CNYKHT IOKA2aTClCM e
pacmpeaencHua mo mwowagd. MaMendneocTs Bnarosamacos, OMM3Kux
x HB, otHocHTenbHO Hebomemad (C, = 0,20 — 0,30). Ina sonoc6opos
Bepxnrero JoHa ycTaHoBReHa TeppuTopHanbHo o011aA 3aBHCHMOCTL J0-
a¥ nnomanu Bogochopa Af ¢ BmarosanacaMu, pasHeIMu und mence 0,7
HB, ot cpeanux Ha sonocOope 3Ha4ecHHH BIAr03amacoB MCTPOBOTO CIOA
MOYBRL. ITO MO3BOJACT ONPCACHATE AOM TUIONIAJH, 3aHATHIE CYXHMH
unH cnabo YBRaXKHECHHAIMH ITOUBAMHN.

Jna MpOrHO3HPOBAHHMA BECEHHEro Croka HauOonbwinit HHTCpEC
OpSACTABIACT 3HAHHC 33NaCOB BJIANH B MOYBS K HAYaNy CHCIOTANHMSA,
K coxaienuio, 6onLwas YacTk H3MCPEHHH BAAXKIOCTH FIOYBLI [IPEKpa-
uaeTcq B CEpeAMHe-KoHIE oktabpa. [looToMy ollclka mpenBcceHHEH
YBADKHEHHOCTH [10YBbI IIPOH3BOAMTCA 110 IAHHBIM O BJIAXKIIOCTH MOYBLI
B KOHLIE OCEHHU.

OcHoBoii NpHOMDKEHHOro BLIMHCICHNA BJIAN03aNaca B HOMYMCTPO-
BOM CJIOE ITOMBRI SIBASETCA ypaBHEHAE BoJHOro 6anausca yroro clom:

W, =W, +(X-E), +m, (7.8)

rae W, u W, ~ sanack enaru B cnoe gouss! 0 — 100 wam 0 — 50 oM coor-
BETCTBCHHO Ha HAuaNo H KOHCI pacycruoro nepuona, mm; X — ciaoi
OcankoB, MM; £ — CyMMapHOC HCTIapeHHe, MM; m — JRONIONMHHTEALHOE YB-
NRKHCHHE MOYBH 33 CHCT TaAHMA CHEra BO BpeMA oTTenencid, Mm; 7 —
TIPOACIKHTEIILHOCTh PacHeTHOrO IepHoAa, paptan 60, 90 wmn 120 cyT.
TouHOCTE pacdcTa Baarozanaca ne gopmyne (7.8) Bo Miorom 3aBu-
CHT OT TOYHOCTH ONpeACACHHA cyiwvapho2o uchapenus. Henocpeacr-
BEHHbIE HIMEPEHHA CYMMApHOI0 HCMAPCHUA C [IOMOLIBIO BECOBLIX HC-
[apuTenel BEAYTCA HA OTPaHHYCHHOM CCTH BOAHO-0anaHCOBRIX CTaH-
uuil. [To stoil npHuMHe A pacdera CYMMApPHOTO MCHApeHus Mpe/ano-
XeH pan cnocofioB. B KauecTe MCXOANBIX JANHBIX MCNONBL3YIOTCA CBCC-
HHA O HAYANLHBIX 3a7acax BAATH B [OYBC, KOJMYCCTRE OCA/KOB, UCMAPAL-
MOCTH, TEMOEPaType B BIaxHOCTH Bo3ayxa. Iloapo6Ho cnocobel pacyera
CYMMAapHOI0 HCIIAPCHHS PACCMATPHBAIOTCA B Kypee «'Hapodusukay.,
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B xauecTBe KOCBCHHOIO MTOKA3aTe/s YBIRKHCHHOCTH BOAOCOOpOB He-
NOB3YCTCA PA3HOCT: MOKAY CYMMO# OCaRKOB M Hcnapensem Z(X — E) 3a
40, 60, 90, 120 cyT. A0 YCTAHOBICHHA YCTOMYHBOTO CHEXHOTO OKPOBA.

Mpeanonaractes, YTO Ha RAYaN0 PacyeTa 3aMachl BIACH B MOYBE H3
rofa B roji MIMENNIOTCA He3HauuTenasHo. OnHako moaobHoe momyineHue
ownGoyuo. s paifona L[HO wa | aprycra amnnuTyna xoneOGaHns 3a-
MACOB BJIarH B METPOBOM CJIOC MTOYBH! focTHraeT 150 MM.

Apyroit xoceeHuoit xa- . Yia.
PAKTCPUCTHKOH  YBAAXHCH- Y — e
HOCTH BOJIOCOOpOB necHo L 'V
30HB MO¥KCT OBITL CTOK 3a f .
OCCHHEC-3MMHHH OCPHOJ. ,/“ff
Ocenue-3MMHMA  CTOK  Xa- T
PaKTepU3yeT CTCHCHL Hackl- S 20w
UDIEHHOCTH BRArOH  TOYBO-

TPYHTOB H 3aRachl IPYHTO-
Buix poa. Jas p. 3amanmo#
JlBHNLL ycTanoBmeHa npH-
Gnmxennas JABHCHMOCTE 00 T

MEXOy 3anacaMd BAaru B p 73.C

_ Puc. 7.3, Cosse MeXUIy 3aNIacAMH BIATH METPOBO-
METpOBOM CROC HOUBOIPYH IO CIIOA ONBOTPYHTOR, HIMEPEHHBIMH B KOHIS
TOB Ha Kowen HosGps Wy HOAGPA HA ONCBEIX Y4ACTKAX PEKH, B CTOKOM
CTOKOM 3a OCEHHE-3HMHHH  3a occHHe-3uMHEWE nepron. Baccedin p. 3anaaHas
Hepuon Yix-1 (pue. 7.3). Jlsuna creopu Jayrasminc u Exabmanc

B KayccTBE KOCBCHHOTO (mo manmLM KpecToBexoro).
IIsdpel y TOUCK - TOK BECHH!, MYRKTHpHOH nHAy-
TIOKa3aTeIA  yBADKHCHHOCTH eif OKORTYpeHS! CPpellHHe KRAAPATHIECKHE 10—
BOHOCﬁOpOB HCIIONB30BANAChk  rpelHOCTH ONPEICNeHNA CPEAHETO 3allaca BIIATH,

TAIOKE XapaKkTepHCTHXa Ha-
YANBHOTO YPOBRA TaMMa-liond P, . YCTaHOBACHA 3aBHCHMOCTH 34IIaCOB
a

BIarH B METPOBOM CHOC TOYBHL B Komue okrabpa Wy, ., or yposHa

ramMMa-1ions, HIMEPEHHOTO O YCTAHOBITCHHA CHEXHOTC Nokposa {puc. 7.4).

BoaonornoTuTenbHas ¢noco0HOCTE NOYB B Iepuon GOPMEPOBAHHS
BECCHHEr0 CTOKA CLPLACHASCTCA HE TONbKO BAAXKHOCTBIO, HO W 2aybunoil
npomepzanun. llokazaTeneM CTENMEHH NPOMCP3aHHA TOYBBI SABJSETCH
TEMAepaTypa ¢¢ BEpXHHX ropH3oHT0s. H3MepeHua rmyOunLI npoMep3a-
HHA NOYBB! A CETH MSTCOCTAHIIHI MyTeM WYPHOBAHHA HAYANHUCH B HA-
meil crpanc ¢ 1936 r. C 1956 r. rnybuna npomMcp3aHya onpeaAcnseTca
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¢ NOMoMbI0 Mep3noToMcpoB. Pazmu-
\2 YME B RaHHEIX ONPCACICHHA 110 JIBYM

. MCTOAaM COCTABR/BICT B CPCAHCM 5-—
e
5

15 cm. Mepanotomepsl 3aBHINIAIOT

%0 rIy6HHY —OpOMEpIaHMs, O0COGEHHO
- IIPH YMEHBBICHHH BRAXIEOCTY OYEBEL.
- Ha Esponelickoii TeppHTOpHM
910 q Poccnn rivyGuia npoMepzaiius (104BLI
BO3PACTacT ¢ 3aia/la Ha BOCTOK M C iora

B ”"\" - macescp. Cpenssta riryGuna npomepsa-
HYA MOYBB! ¥Ia OTKPHTHIX YYacTKax B

Puc. 7.4. 3asucHMOCT: HAMATEHHIX  3ANIAXHLIX PaiioHax coctannder 4¢ - 50

yposiek raMMa-niona P, oTsanacos  CM, B BOCTOUHBIX 80 — 100 cm. B rox-

DIATH B METPOROM C;10E NOUBKE HbIX paifoHax cpeguas rny0uHa Hpo-
B KoHLe OkTAGPA Ha MoAEBBIX yyacT-  MCPSAHHA Ha 3amanc pasna 30 - 40 o,
xax sogoc6ops p. Cyxonn Nno Mcpe NMPOJIBIKEHMA K BOCTOKY OHA

(no aauktIM Bepuinnrsol). YBETHYUBRACTCH /10 60 CM.

Bl Y TOYEK ~ IO OCCHH. )
Lagpery nybrna npomepsanua I104YBH

NpH HANUYMH TEMACPATYPHOTO NMpodund YCTaHABIHRACTCA 1O HYJICBO#
H30TepMe, NC DAHHBIM 0 TEMIMIEPaType No4BL! Ha rybunax 0,2; 0.4; 0,8;
1,2 M. B npoMexyTOYHBIX FOPH3OHTAX TEMIICPATYpa 1I0YBOIPYHTOB OIl-
peaensierca no HHTepnonsumu. OrTMevaeTcs JIOBONLHO TECHA% CBA3B
MeXIy cpeaHeii Ha soacchope rybunolt npoMepsauHs H TeMIICPaTypoi
BEPXHHX POPH30HTOB MOYBEL

I'my6usa npomMep3aHnd moussl B nofe M necy painnuHa. B necy
cpenHss rmyOnna npoMepsaHus Ha 15 — 25 ¢M McHaiC, yeM B noie,
a MakcHManbHas B 1,5 — 2 pasa mwke. Habmoncuua 3a rmy6usoii npo-
MEp3aHHA NOYBbI B ACCAX Ha Beeit CCTH cTanuMii He npouzsoautea. [lo-
ITOMY CpeliHIoo ramy6HHY npoMep3aHHs NOYR B 3aBUCUMOCTH OT BHAO-
BOIC COCTaBa JISCA PCKOMEHAYCTC OUPCACHATH 110 1MyOHHE NpomMep3a-
HiA HOYBH B I07I€. JTH PCKOMCGHAALNY YCTAHOBICHL HAa OCHORC JIaH-
HBIX MHOTOJICTHHX H3MCPCHHH rnyOHHBI IPOMCP3aHHA B IONC W JCCY
B Gacceffnax pex Joxa, Barku, Llenonu, Mockesl, logmocxorHo#t BOJ-
Ho-0anancoBoii cTanund B Baigaitckoro duavana ['TH.

Ha ray6uny npoMepsaHus MOMBGEL OKashIBAKT BRHUAHHC MEXaHHYC-
CKknil cocTaB MOYBEI M 3anac Buard B Heid. Cpenstiolo rny6uny npomep-
323HHA NOYBh MOHO paccunTath no mcroiuxe H.B. Coxonoso#f. Cyrs
e¢ 3aKimoyaercy B caeayiouleM. llepponayansio 110 cyMMe cpeaHene-
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KaJHbIX TEMIICPATYP BO3KYXa H cpefHel BhICOTE CHETa Ha KOHeIl pac-
YeTHETO HepHoaa onpeaenseTcd rmyOHHA NPOMEP3aHiA MOYBEL, YBIaXK-
nenHoii no cragud HB (L,;). 3atem sBomuTes nonpaexa ALy Ha cCHHKe-
HME WIH YBeNNueHuEe THYOHHEL npoMep3agus 33 CUST YUETa BAAKHOCTH
NOUBEI, KOTOpad OBUIA K Havalmy 3uMbl. MeTOAWKA MO3BOIAET onpepe-
AHTH K2 Mo0YI0 AaTy 3UMHET0 NEpHORa CPERHIOI0 ITyOHHY npomepsa-
HH% B 101€, B necHoif H necocrenHoit aouax ETP.
ITpocTpatCTBEHHAaA H3MEHYHBOCTE IITyOHMHK MpOMep3aHHA NOYBHI
OOYCIIOB/CHA HEPABHOMEPHBIM 3aliC-  Low
FaHHeM CHEra, HEOAHOPOAHOCTRIO !
NOYBEHHOTO K PACTHTENHHOTO MO- \
KpOBa, KIHMATHYCCKHMA YCNOBME- '
mu. [lo aroli npuuHne B Gaccedtne \
PCKH BCErA2 HMEIOTCH MNNOLIAnH C \
N
N

TanbIMK K cIabompoMep3HMH MOY- 14 N

samu (L < 20 cMm), xopomo BnUTHI- \

BAOUIHMH TAAhE BOIL. YCTAHOBHTL ®0 \\\ 0

HATHYHC TAKHX TUIOMIANCH NMO3BOJIA- S Do N

0T KpHBBe obecneyeHHOCTH rityCu- \ e NN

HB! POMEP3AHAA MOYBHE A JAHMOMN 40\ q \S;f‘\ N\
TUTOLIAKH B 3ABHCHMOCTH OT CpeaHeit NN \
rayOMHBI TipoMep3ana (puc. 7.5) . \“ A\
Bneperie monoOHble KpuBbie GBIIR S
noctpochsl B.JI. Komaposem [32], |

9 82 04 86 08 107
KOTOPBIH CYHTAN BO3MOXHLIM MC-

TI0/1530BATH HX B KAYECTBE THIIOBBIX
B cTenHOM W AecocTendoi 30Hax.

B Tedenne HECKOALKMX JteT
B Oacceiinax Bepxmero Mlowa u Bstkm TTH npomoaunocs uzyueuune
NPOCTPAHCTBEHHOH HIMEHIHBOCTH INTYOHHEBI IIPOMEP3aHHA MOYBLI H 3a-
nacoB Bnard B Heil, B pesynstare HecnenoBanuii omyueHa TEPpPHTOPH-
anpHO 00ulat 3aBHCMMOCTH KOd(pduuMenTa rapHauun C, TryOMHBI npo-
MEP3aHHA CYTVHHHCTBIX ITOYB OT CPEAHEro 38aYCHMA rTyOulbl npoMepsa-

HHA Ha eosiocOope L B mone M ecy i necHoi H necocrentoil 30 ETP.
Takum o06pasoM, cpeauis no BogocOopy riyGHHa mpoMcp3aHus

NOYBEI OAHOBPEMEHHO XAPAKTEPH3YET €€ pacnpelencHue No Maowagu
rogoc6opa.

Puc. 7.5. KpHebte ofccnedyeHHOCTH

IIy5HHE TPOMEP3aHHA TIO4BBI OT CPea-
HETO €I 3HAYCHHA 110 MTOUIAH.

185



To marepuanam MaccoBbiX CheMOK IMyGHHBI mpoMep3aHua B Gac-
ceitne p. Jlowa nmonyyeHa 3aBHCHMOCTE JOMH HAQLUIAAN BofocOopa AF ¢
TansiM¥ i cnabonpomepsommu (L < 20 M) CyTIMHACTEIMH OYBAMH OT

cpemseit O nuomamu NTy6HHE! MpoMepsatina noussl L i necocren-
HO# 30HuL. [IpH cpenneit Ha pogochope raybupe npomepsanHs 60 cM H
Gonee yuacTku o cnabonpoMeps3iuHMH ILACLIARSMH OTCYTCTBYIOT,

Fny6uny npoMepsanna No4ssl NPH OTCYTCTBHH AAHHBIX H3MEPEHHIH
MOKHO PACCYMTBLIBATh H 110 IMNHPH4ECKHM (opMynam. B kavecTse ap-
TYMeHTa OOBIYHO HCMIONL3YeTCA CYMMa CPeJHHX NEKaJHBIX 3HAZEHMH
OTPHIATENLHON TEMIEPATYPE! BO3AYXa O, 3a HEPHON OT HAYANA MOPO-

30B 80 paC‘-lC'l‘HOI"’l JaThl 1 TOINMOHHB CHEXAOIO MOKpOoBa h:

L=f[)::§,-9c (h),-],

A€ IOTHOCTE CHETa P, = exp (—0,0394).

B I'TH paspaGotan Gonee deTaibHLI METON pacdeTa ryOHHEI Po-
MEP3aHHA HOYBEI ¢ HCTIONH30BANHEM METSOPONIOrHICCKHX JaHHbLIX ¥ JHaH-
HEIX O BORHO-(PMIHHECKHX XapaKTEPHCTHKAX MOYB. DTOT METOJ Y4YHThIBA-
€T TEIIOBOe B3aHMOMCHCTBHE BOABI ¢ MEP3NOil NO4YBOH W NO3BOMAET yc-
TAHOBUTE KPHTEPHH BOAOHENIPOHHIAEMOCTH JUIY Pa3sHBIX FIO THIMY H Me-
XaHH9ECKOMY cOCTaBy nous. Jemroguzuveckusi Mmemod HAcT BO3MOXK-
HOCTE OLIEHHTH OOTEPH TAIBIX BOJ H2 KHMHWIBTPALHIO B MEP3AYIO HOYBY.

BogonornoTuTeNnEHaA cO0COGHOCTE pedHEix GacceilHOB 3aBHCHT OT
MOIIHOCTH ¥ OTHOCHTENBLHOH INIOW@NN PAacIpOCTPAHEHHS 6000HENpO-
HuYaemMO20 CAOR B MEp3NoH moyee. JTOT cAoi ofpa3yercda B HaYane 3H-
Mbl B pe3ynbTaTe GHICTPOro MPOMEPIAHNSA NHEPEYBAKHEHHOH C OCCHH
HOYBEI H MOXKET COXPAHATECA BCIO 3HMY, OTTAHBaA TONBKO IOCHIE CXORA
cHera. MolHOCTE BOJOHENPOHHIIAEMOTO ClIOA XOPOILUG YB/AKHCHHBIX
HOYB HAXOOWUTCA B MPAMOil 3ABHCHMOCTA OT rIYOHHBI HX NMPOMEpP3aHHUN
HAM OT CyMMBbI CYTOUHBEIX OTPHIATENBHLIX TEMHCPATYp, PABHEIX H HHXE
=4 °C, na rybuee 0,1 M. Mexay raybunoii npoMep3aHHa TNOYBE H
MOUIHOCTBI0 BOXOHENPOHHLIAEMOTO €103 MMEET MECTO XOPOIIO BhIpa-
Keuuad 3apucumocte (puc. 7.6). [Ipu raybuHe npomepiaHus Mewnee
30 cM u BnaxHocTa noussl HHxe 0,7 HB Bononenponuumaemslii cioi
NpaKTH4ecKH He obpasyercs.
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OOpasopaHne BOAOHE- [ cu
MPOHHIACMOr0 CIIOA OTMEda- 160,
eTCH TAKKE B NEPHOILI 3HM-

HHX OTTeneneil ¥ BeceHHEero
CHETOTafHHA [py¥ 3aMcp3a-
HUM TanoH BOJBL, OPOHH-

120

Kalollielt B MEP3TYIO IOYBY. 80
Brnepsric Ha pons Ten-
N0BOTO B3aHMONCHCTEBNE

HEQUILTPYIOMEHCS BOABI C
no4yeofi obOpaTHI BHHMAHUE
B. i. Komapos. OH ycraso- o R T ) R T o
BHA 3aKOHOMEPHOCTH BIIH-

THIBAHMA BOABI B MEP3JLIC Puc. 7.6. Canas I')TYGHHH NpOMEP3AHHA NOTBbI
TCCKH B 3BHOMMOCTH 0T wx € MOUHOTTHO PASTETHOM D0TORETpOiMIBENOrO
BADKHOCTH H TCMIEPaTyphl.

Tennodu3uucckuilt MCTON MO3BONAET PACCHHTATL YCHOBMA 0bpaso-
BaHHs, NTYOHHY 321CTaHUA H MOIIHOCTL BOJOHCIPOHHIaeMoro cnos [15).
Metox yunrThiBacT $asoBsie MEPCXOAL] BIMTHIBAIOMICHCA BOAL H MOYBCH-
HOH BJIArH, KOTOphIE OKa3LIBAIOT JHAYHTENLHOS BIMAHKE Ha NPOIECe MR-
dunsTpanny.

TpoHukaiolas B MCPANY0 TOYBY NONBHMKHAA BOMAA 3aMEpP3acT
B KPYTHEBIX [TOpaX, YTO MOXKET NPHBECTH K MORHOH 3aKyNOpKE BOJIONPO-
BOASAIUHX NOP M OGPA3OBaHKIC BOJICHEIIPOHHIIAEMOTO CIIOA. 3aMEpP3aHHAe
BO/Ibl CONPOBOXKAAETCA BHITCACHHEM 3BATHTENBHONO KOHMCCTRA TEILIa,
KOTOpPOE 3aTPauvBacTCA HA OTTaHBAHHE HACTH HOYBCHHOH BIIard: OTTau-
BacT CBA3AHHAA BONA B MENKHX TNOpaxX, NPaKTHYCCKH HEMOABHXHAaA
B lipouecce MHGHAbTpanun. TakuM o6pa3oM, TCILIOBLIC B3aMMOACHCT-
BHA Tano! BOAK C MEp3noi mouBol He HMEKT CYIISCTBEHHOIO 3HaUCHHUA
B npolecce HHPAILTPAUMH B KaNH/UTAPHBIX CHCTCMAaX, NHIIECHHBIX CBA-~
3aHHOH BOAEL (MECKHM), ¥ HaoOOpOT BeChMa 3HAYHME M TOHKOMC-
NEPCHAIX OYBOTPYHTOB (IJTHHBI, CYTTHHKH).

Ilpn onpeneneMnLIX 3HAYCHHMAX KPHTHYECKOH TeMmncpaTypht T, ¥
HavajJbHOH KPHTHYCCKOH BA®XHOCTH Mepinod noussl W, B mpouecce
HHHILTpanu: obpasyercs godonenporuyaemotii croii. B ocHOBY ycta-
HOBJICRER STHX 3HAa4YCHHH MONOXKCHO YCIOBHE PAaBEHCTBA 3allaca X00/a
B MOMBE M KOJHYECTBA TEMNa, HPHHOCHMOTO MPOCOMMBILCHCS BOMOH H
BBIACIACMOTO NIPH €€ 3aMEP3aHHH.

L L | L
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3anac xomofa B npomep3iiei nMovuBe, NHINCHHOH CBA3AHHOR Hesa-
Mep3meii BoObt, papeH
O = (cod + W, )T 7.9

[A€ Cy H Cy ~ TEMIIOEMKOCTh NOYBH H NbAA COOTBETCTBEHHO; W, . — Ha-
YafnbHaf KPHTHYECKAA BNAXKHOCTH MOYBH B JoNAX obnema; T, — KpuUTH-
4eCKadA TCMIEPATYPh! OB, AOCTATONHAA ANA TIONHOH 3aKYNOPKH CBO-
Gonnsix mop.

Komnyectso Temna, npuHOCKMOro npocounsiiciicy Bogoi M Bbiac-
AACMOrC NPH €€ 3aMep3aHHH, ONPSACIACTCA 10 BRIPAKCHHUIO:

Q,= pn[Poﬁ - ”;"'”“"](L +¢,T,), (7.10)

il

[HE Py — IIIOTHOCTDL JIbAA; F,, — MOPUCTOCTD MOYBHY, L — yaenbHad ten-
JOTA IUIABNIEHUS NbI3; C; — TEIUIOEMKOCTh BOABY; T, — HavanLHAA TeMIe-
PaTypa npoca4ynBaoIeHcsa BOREL.

CosMmecTHOS pemenne ypasHenu# (7.9) u (7.10) npusoaur x ¢op-
MyIaMm QI pacdeTa KPHTHYECKHX 3Ha9eHHI TEeMIEPaTyphl B BAAXHOCTH
NOYBSL, APH KOTOPEIX OTMEYAETCS FONHAS 33KYNOPKA BOAONPOBOIALINX
nop B rpy0oMMCNepCHBIX MOYBOTPYHTAX:

p,{ﬂz,6 - -’%-—](L +c,T,)
T =

- . 7.11
" Ca PeatnWa 1D
= cnpc.n‘T;( + PDG [pn (L + clTll )]
e Lref —c.T, . (7.12)

B nouBax co 3HAYHTENBHBIM CONEPXKAHHEM CBAZAHHON BORLI, 3a-
Mep3alomeil TpH TEMMepaType HUXe HyId, KPHTHYECKoe 3HAdCHHE
BRAXHOCTH ONpeAendgerca no gopMyne

7 o LT )PP, +pean (0L -0, /p, )+
e Pen. (L +¢, Tn - chx )
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TAE Pca — NBOTHOCTR CKeNeTa NOuBbl; W,(0) n Wiu(7,) — xomiyecTBO He-
3aMep3iueii BOAL COOTBETCTBCHHO npu Temnepatype O °C u T, r/r cyxoii
MIOYBBI; OCTANbHbIE OD03HAYCHHUA TIPCHKHAE.

ITo nasHBIM O BOAHO-PH3HYCCKHX M TEIUIOBLIX CROHCTRAX MOYB, RO
dopmynam (7.11) 1 (7.12) paccyuTansl COOTBETCTBYIOLIME IHAYEHMS T,
# W, Ha ocHOBE 3THX CBEACHMEH NOCTPOCHBI IPabHueCKHE 3aBHCHMO-
CTH (HOMOI'DAMME!) KPHTHYECKOH TEMIEPaTYphl OT HaYalbHOH BIDKHO-
CTH H TUIOTHOCTH AAS OCHOBHLIX THNOB nmoys. HMes npodmnnu reMnepa-
TYPH M BIKHOCTH IOYBH B NMPCABECEHHHIT NMEPHOA, MOXHO OMpEne-
JIHTh, O0pasyctTCA M 60AOHEnpOHUaeMelié CA0K B Mo4BE, TAYOHHY €10
3aneraHHs M MOLIHOCTH. BepxHAR M HIDKHSA TPAHHUL! BOAOHCIPOHM-
LIaeMoro CJI0A MOMBL YCTAHABAMBAIOTCA MO €€ TCMIEpPaType, paBHOM
HIIM HHXXE KPHTHYECKOH NpH AaHHOH BraxsocTH. KpurHiyeckas Temmne-
paTypa WA KaKAOTO CIOA ONpeAeNsercs No HopMyse HIH C NOMOLLLIO
HomorpaMmel. Ha puc. 7.7 mokasaHo onpezeneHne BOZOHENPOHHIAEMO-
ro cnos mo npo¢nasM TeMnepary-
pHl M HAYanbHOM BNAKHOCTH NOY- 2\\'-\

Bbl. BOAOHCHPOHMLACMBIH  CnOH !
3aneraer Ha rimyouHe 7 — 16 ¢M, ero
MOILIHOCTB 9 CM.

Hcenonszosanne  pusnuecku
ODOCHOBAHHROIO TeMAOdHH3HYECKOTO
MeToia C HEeAbi0 HPAKTHYECKOro /
OTIpenciCHHA NOTeph BOALI Ha MH- ¢
¢unpTpaumic Tpebyer Gonbroro ’
o0beMa HCXOMHOH HHOOpMALWH, R4
Taxne cBeaCHMA B HACTOALIEE Bpe-
MA OTCYTCTBYIOT. BmecTe ¢ TeM
METON He TONbKO PACIIHPAET HALIN
NpeAcTaBICHHA © MNpouecce MH-
(HILTPALMH TATKIX BOA B MEPINYIO
[ovBy, HO M mo3poiAeT Ooxee oc-
HOBATENLHO HCMONBL30BATH NOKAZa-

H
ew 3

o;1 (% B K Y
-2 -4 5 -8 ﬁ

Puc. 7.7, Onpenesnenne BoO3MOKROCTH
o0pazoRastis BOACHENPORKIACMOTO

"

TEM BOMOLIOTAOTHTENLHOH Cno-
cobHOCTH peuHbIX BacceHHOR,

B xauecTse TAKOre mokazaTens
NPHHHAMACTCA BJIArQCOACPKAHHE B
cnoe noaer 0 — 100 uau 0 - 50 cM

CNOA TI0 MPOQKASM TCMNEPATYPE! H
BIAKHOCTH NOYBH:

1 - BIA%UHOCTE MOYBRI, 2 - TEMIIEPATYD2
TIOMEL], 3 - KPHTHYECKAA TEMNEDATYPA,
4 -- BoHoHENPORULACMENH C0i (Mo
H. N, Kamoxaomy 1 K. K. TTasnosoit)
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Ha koHel 3HMBbL. OTCYTCTBHE HIMEPEHHIT BAAKHOCTH MOYBH 3MMOH Bbi-
HYXXIaeT onpeAendTs npnbnrkeHHoe 3HaMCHHE Baro3anaca B NoYBe 1o
eripazerno {7.8).

B.A. PoMaHecHKO pekoMEHIYET HCITONB30BATD JaNac OpOXYKTHBHON
BNAard B METPOBOM CJIOE NMOYBbLI B KAYECTBE MOKA3aTesd ee YBIaKHCHNA
Ha KOHEI PacHCTHOTO MECTYHOro HHTcpBana (W, mMum).

PacyeTHas dopMyna HMeeT BHN!

W, =(W, + X Jexpl-00027E,%%), (7.14)

rne W, — HAYaILHBIA 3aMac NPOAYKTHBHON BIard, MM; X — KONHYECTBO
OCayKoB 3a Mecal, MM; Eq — ucnapseMocTs, MM/Mec.

Ina onpenencHua CyMMapHOro ROAONOrNMONIEHHS NMousoik B Gac-
ceiiie HeoOXoANMO 3HATH pacnpeacneHHe B HEM PasAUYHEIX THIOB NTOY-
BOTPYHTOB H HX BoaHoTennodusudeckue ceolictea. K coxanenuio,
OMBITHBIX JAHHBIX 00 MHTEHCHBHOCTH HHOWILTPALMH AnA pazHooOpas-
HLIX THHOB NOYB NpH PAvuIHYHON MX BIAXHOCTH, TEMIICPATYPE H TTyOH-
HE NPOMEP3aHNA NMOKa HEAOCTATOYHO. ITO OrpaHHYMBACT BOIMOMKHOCTH
YCOBCPIIEHCTBOBAHHA METOAOS (IPOTHOAHPOBAHNA NIOTEPE TANLIX EOA.

7.2, O6mas XxapaKTePHCTHKA MEeTOAOB NPOTHOIHPOBAHNSN
BECEHHEr'0 CTOKA PABHWHHBIX peR

B ocHOBe NPaKTHIECKH BCEX METOEOB MPOrHO3HPOBAHNA BECCHHETO
CTOKa PABHHHHBIX POK JIEXKWT YPABHCHHE BORHOTO fananca 3a aepHon
tionoeoabs (7.3), oTpakarouiee NPHHHHHO-CNEACTBEHHYIO B32HMOCEA3h
OCHOBHBIX cTOK0OGpazyronux ¢akropos. K coxancHuio, He Bce cocTas-
JAOMIHE YPaBHCHHA MOrYT OBITH HEMOCPEACTBEHHO H3MCPEHH HIH OM-
peaeneHsl. JT0 CBA32HO MPEKAC BCEro € OFPAHHYECHHOCTBIO MCXOAHOM
HH(pOPMALHM M MOMYAC C HEBLICOKOH €€ TOYHOCTBIO. OTAENBHBIE WICHE
YPABHCHHA BOAHOro OamaHca, Takue, KAK HHQMIBTPALHA BOIB B MOYBY,
TIOBEPXHOCTHOE 3a/ICPiKaHHE, CYMMapHOE HCIIAPCHHE OLICHHBAIOTCA MTH
onpeaenaTes BeckMa NpuOmkerHo. QTCYTCTBYIOT CBCACHHA O KOMH-
q9eCTBe 0Ca/(KOB (Xi, X2) H HX pacmpeAcncHHH 33 nepuoj 3abnaroepe-
MEHHOCTH NporHesa. [IpH BHIMycKe NPOrHO30B OOLIYHO YMUTHIBAETCA

CpelHee MHOrORETHEE KOJIHYCCTBO OCaxKoB (X, X,;), YTO MOXCT NpH-

BECTH K KPYNHBM OHOKaM, Tak KaK HamOoMbinie 3HAYCHUA OCAOKOB
B 2—4 pa3a NPeELIUIAIOT HX HOPMY.
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OrMevennnte 0co0SHHOCTH NMPEJONMPEeaeNAOT HCNONL30BAHHE TNPH
NPOTrHO3HPOBAHHM BECEHHEr0 CTOKA 3MIMDUYECKHX 3aBHcuMocteif. He-
obxoauMEIe XapaKTCPHCTHKH H MapaMeTphl PH 3TOM YCTaHABNUBAKOTCH
Ui KOHKpeTHLIX GaccefiHOB KM OAHODONHEIX PaiOHOB MO YCIOBHAM
dopmipoRaHKHA BECEHHEro CTOKA.

B HacTosilee BpeMA AOATOCPOMHBLE MPOrHO3 BECEHHETO CTOKA
OCYMIECTBIMAETCA HA OCHOBE:

1} pacdera o ypaBHCHHIO BOAHOTO GanaHca;

2) Pu3mKo-cTATHCTHYECKOrO BOAHO-GanalcoBoro MeToAa,

3) cTaTHCTHMECKHX METQMAOR,

7.2 1. Pacvem no ypasueniiro sodnozo banarca

Oxuzaembiii BeccHHUM CTOK ONPEAC/ICTCA Ha OCHOBE yHeTa OC-
HOBHEEX COCTaBIAKOHINX BOAHOro Oanmanca pacuetHoro Oacceiina 3a ne-
pHoxa nonooabd. Yaine Bcero BeceHHHI CTOK PacCYMTHIBAETCH IO YpaB-
HEHHIO

Y=S+X+X;-P, (7.15)

rae P~ cyMMapHBIC NOTEPH TARLIX BOJ; OCTANBHEIE 0003HAUEHMA NIPEKHHE.

Haubonbmas TpyAHOCTE PH pacyeTe No BepaxkeHHo (7.15) ceasa-
Ha ¢ OlpeAeneHneM CYMMapHBIX noTeph cToka. [lo raHHsIM JKCnenHuy-
OHHEIX HMccneaoBanuil ['ocyIapcTBEHHONO THIPONOTHYECKOrd HHCTHTY-
Ta, IOTEPH TANHX BoA B ceBepHoM perHoHe ETP 3aBHCAT B OCHOBHOM OT
NpeaBeceHHeH BAATOHACLIIEHHOCTH BOXOCO0pa, a B HOKHOM — OT CTe-
NeHH BOAONPOHMIIAEMOCTH mous. OnpefencHHE CyMMapHBIX MOTEph
OCYINECTBIIETCH MO 3MITHPHYECKHM 3aBHCHMOCTAM, MpUOMGKEHHO OT-
PaMAIOMHEM BOAONONNIOTUTENEHYI0 CIHOCOOHOCTL peuHsIX OacceifHoB.
Tak, B Gaccefine 3anansoil JIBMHEL MOTEPK ONPEIACAIOTCA B 32BHCHMO-
CTH OT oOIIMX 3anacoB BJIArH METPOBOrD COA MOYBOIPYHTOB (puc. 7.8).
B GaccefiHax peK, pacnoNOKeHHBIX B 3alIafiHOA H UCHTPANBHOH $acTiX
NECOCTENHOA 30HBI, NMOTEPH 3aBHCAT HCITROYMTENBHO OT CTENEHH NPO-
MEp3aHHA NOYB, MOCKONBKY HX YBMAXKHCHHE K KOHLY 3MMbI ONM3KO
K HammeHbIeli BRarocMKOCTH.

JlanpHEHIINM PasBHTHEM MCTOMNMKH [IPOTHOSHPOBAHMA BECCHHETO
CTOKA Ha OCKOBE HCIONL30BAaHUA YPaBHEHHA BOAHOINO GanaHca ABHIAMCH

pabotil ITH no anddepecHENPORIHHOMY pacyeTy W POrHO3Y COCTAB-
IAIONIEX NOTEph BeceHHero croxa. Iporuos croka Tankix BoA Y, pexo-
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MCHIYCTCA BBINONHATE pa3acibHO AA NMONEBLIX H ACCHBIX yacreit pea-

Horo Oaccefina Mo YpaBHEHHIO BHAA

Y,=(5+X,)-P=(S+X,)-(AW + AW, + AW, +E), (7.16)

s §

1350 200 50 Wy g™
Puc. 7.8. 3aBHCHMOCTH NTOTEPE TANBIX BOA OT 06-
HIHX 3aM4COB BJIATH METPOBOTD CIOA DOMBOTPYH-

TOR, K3MCPEHHBLIX Ha NOJISAX Ha KOHEH HOAGD: B
Gacceline p. 3anaawodi JIbuup 213 crBopos Jay-
raemnic i Exabnnac (no Kpecronckomy),

¥ Toyex - roi secud, ltpuxosoit munsuedt
OKOHTYPEHA CPEIHAR KBAADATHIECKAS OWIHOKA
OMpEICICHHA CPCANCTO 3ATIACA BIATH HA NOICBHX
yuacTiax Gacceiima,

Crpesnkams orpaHiticHa pexoMeRIyeMas oGnacTh
HpPHMEHERHA 32BHCHMOCTH oT 0,7 DpoAyKTHBHOTO
3aN3Ca BIATH B IOYBOTPYHTAX H HIDKE, T.€. ITpi 00~

XI[HX 3aMacax RNATH MeHee 230 Mm.

aneck AW ~ notepH Tanuix
BOA HA YBAXDKHEHHE IOY-
BOTPYHTOB; AW, u AW; —
NOTEpH TATLIX BOA Ha IO-
NOJHEHHE 38MacoB IPYHTO-
BLIX H GonoTneix Boa; E —
CYMMApHOE HCHIApeHHE 3a
NEpHOR ¢opMupoBann
CTOKa Tanwkx Bop. Octams-
Hble 0003HAYEHAN NpCIKHHE.
IporHoz no ypaBHe-
a0 (7.16) Omin BHeapcH
B IIPAKTHKY OPOTHO30B Be-
CEHHETQ CTOKa DNpHMCHH-
TEABLHO K YCIOBHAM JICCHOH
soHn ETP wa npumepe Gac-
ceiina Bepxueil BATkH,
Toteps Ka yBAAKHCHNC
NMOYBOIPYHTOB  3aBHCAT OT
BIIaro3anacos B NMOYBC K Ha-
vagy nonosoiks W, TaK
KaKk K MOMEHTY OKOHUaHMA
CKIOHOBOTO CTOKAa TOYBOr-

PYHTH YBIOKHCHEI HO 1IO-
CTOSHHOIG 3HAYcHHI Wi,

paBHOTO HaUMEHBIIEH BIArOeMKOCTH WIH npessinatonieii ee na 10 %. 3ro
TI03BOJIACT HPOrHO3HPORATE 3aTPATH! BOMAR! Ha YBMAKHEHUE METPOROTO €104

MOYEOTPYHTOB N0 PA3HOCTH

AW = Wmu - qu- (7.17)

A ocHoBHBIX Mo4sorpyHTOs OacceliHa p. BATKH YCTAHOBNCHHI

sHaveHn Wi,
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ToTepy Tansix BOA HA IONOIHCHHC 3aIIaCOB IPYHTOBBIX BOH pac-
CYMTHIBAKOTCA N0 PasSHOCTY MEXKAY MX 3aNacoM a KOHEI M Hayano mno-
NOBOABA:

AWy = Won— W (7.18)

B necHoif 30He B MexCHL M K KOHI[Y MONOBOXBA PEKH IIEPCXONAT
B OCHOBHOM Ha TPYHTOBO¢ NHMTaHHe, [lomyucHa 3aBHCHMOCTh MCEKAY
3a1acoM IFPYHTOBLIX BOJA M CTOKOM pexH (puc. 7.9), ¢ nomoiusio Koropoii
110 3HAYCHHIO CTOKA B HAYaNC H KOHIIC TONOBOALA MOXKHO OLCHMTD IO-
TCPH HA MONONECHAE 3AMACOB FPYHTOBBIX BOA.

¥ uwicyr
[ Ry /
.’ /’
rd Fd
0,75 s
”
I”

0,50 »"

— |

--2
0‘25 - —--3

L ‘-’lg ".)0 Hip MM

Puc. 7.9, 3aBHCHMOCTE JATIACOB TPYHTORE. B0 Wy, OT CYTOYROr COR cTOKA pek ¥
H2 CIAZE MNABOIKCR M B MCHCHL Ana rosochopor recHok 30w ETP:
1 - BonocGopE ¢ CYTIHHUCTHIMYE IPYHTaMH Ha 90 % miowaay; 2 - BoaocGOpsI ¢ CyTIHR-
RUCTO-CYNECUAHLIMY rPYHTaMH (Mecky 3auMMaKT 35 % naomamm); 3 -- posocGops
€ MECUAHEIMH TPYHTAMH Ha 60 % naomany.

Ilorepu Ha 3amonHenwe cBoOomHON eMkocTH GonoOT mpHpaBHHBa-
10TCA K MOTEPSM Ha YBAAXHEHHE NMOUBOrpYHTOB. Bemuuunsl AW, AW,
AW ssnawTcs ocpeAHeHHBIMH No GacceiiHy ¢ ydYeToM COOTHOILEHHA
IIoIMACH, 3AHATHIX CYTAIMEIUCTHIMH, CYNECCYAHBIME W NECYaHBIMH FOY-
BaMH, & TAIOKE NOKCM ¥ NECOM.

CymmapHoe McmapcHHe 32 mepwoll GOpMHpOBaEHA Tanoro CTOKa
pekoMenayercs [15] onpemendrh B 3aBHCHMMOCTH 0T MAaKCHMAaJIBHBIX
CHEro3amacoB K Hayany pecHhl. Ilpeanoaaraercd, 4To mMcnapeHue npo-
NOPUMOHAJILHO KOJHYCCTBY TCMNIa, HEOOXOAHMOro A4St NpEBpaltEHHS
CHETa B BOAY.
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O6umii croit cToka 3a NonoBOABE Y IPOrHOZHPYETCA € YUETOM YC-
TOHYKBOrO NOA3EMHOTO CTOKA ¥y H HOPMbI AOKACBOrO CTOKA HA CTIAfie

IIONOBONLA }-,:u MO BBRIPAXEHHIO
Y=Y+ Y, +7Y,. (7.19)

B paccmorpeHHOM METORE NMPOTHO3A CTOKA 33 MEPHON NOJOBOIbA
HE YUHMTHIBACTCA TOBEPXHOCTHOS 3ajiepianue Taneix BoA. Ilorep Ha
NOBEPXHOCTHOE 3AfCPKAHHE 3ABHCAT OT MHOrHX (akropoB: pembeda,
cOCTaBa NMOYBOrPYHTOB H HX YBADKHEHMA, YPOBHA PYHTOBMIX BOA, JE-
cucTocTH, 3abonoyesHocTH, pacmaxanHocTH. B Hacrosimee Bpema or-
CYTCTBYIOT CHOCOOBI, MOIBONAIOIINE JaXe NPHOMOKCHHO OUEHHTL ITH
NOTEPH 3a KOHKpeTHIE roakl. Ile JanHBIM MHOFONETHUX JKCHEAMIHOH-
Hbix nccnenosannit I'TH, pont moBepXHOCTHOrO 3afepKaHHs TANLIX BOJ,
Majla ¥ CBOJMTCS B OCHOBHOM K HECONMBIIOMY YBERSHYCHUID RWTAHKA
FPYHTOBBIX BOJ.

Pacunenerne cyMMapHHX NOTEPh Ha COCTABJMIIOLINE H Ompererne-
HME MX pasfcibHO JIA TOACBRIX H 3AJNCCEHHBIX YMACTKOB CO3/AcT BO3-
MOXHOCTh Gonee ry6oKoro HsyueHns ¢H3MUECKHX MPOXEccoB (hopmu-
POBaHMA BECCHHENO CToka. BmecTe ¢ TeM cieflyeT OTMETHTD TPYAOCM-
KOCTh METO/ja, HEOOXOAUMOCTE HMETh TIOMHYIO H KaYECTBEHHYIO KCXOA-
HYE HHGOPMALHIO, ROMONHHTENBHBIE CBefeHHL o ryOHHe 3ameraHus
TPYHTOBBIX H GOJIOTHBIX BOA, BIAXKHOCTH NOYBOIPYHTOB B JIECY, TOUHbIC
JaHHBIc 0 (HANKO-reorpadindeckuX XapakTepUCTHKAX pe<iHbIX Gaccefi-
HOB. Psll cocTaBnaiomix MOTEPL CTOKA TANKIX BOJA CHpEAC/INEeTcd NO
NPHONMAKEHHLIM 32BHCHMOCTSM, KOTODHIE HYXKAAIOTCA B YTOUHCHHH H
HpOBEpKE B PASAHYHLIX HPHPOAHBIX YCNOBUAX.

7.2.2, puzuko-cmamucmunecrkuli soonobarancosutit Memood

B ocHOBY MeTo/1a TaKoKe NONOKEHO YpaBHeHUe BoaHoro Ganaxca 3a
nepuos HOpMHPOBAHUA BECCHHETO CTOKA:

Y=X-P,

rae Y — ranonoxaeBoi CTOX 3a NepHo HONOBOALA; P — oflad Benud-
Ha moTeph croka; X — ofimee KONMYECTBO BOALL, ydacTRylomeii B dop-
MHPOBAHKM CTOKA (CYyMMapHas ojaua):

X=S+X,mmX=5+X +kX;, (7.20)
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S — MAKCHMANBHEN 3a1aC BObl B CHEXHOM NOKPOBE H ICAAHOH KOpKe; Xj —
KONHYECTBO OCANKOB 33 NEPHOR OT AaThi MAKCHMATBHONO 3ar1aca BOMBI A0
JAaTh! CXOJla CHEra; X, — KOMMYECTBO OCAAKOR OT AaThl CXOAa CHEra A0 OKOH-
YaHHA NONCBOABA; k ~ KO3I(PDHIMEHT, GNHIKHI M0 IHAMERHIO K K03 Guini-
€HTY CTOKa JI0KACBLIX BOA B NCPHOL CHANA TIONOBOBA.

Becennne ocagku X| H X; K MOMEHTY BEITYCKa NIPOrHO3a HEHIBECT-
Hbl ¥ HX TIPUHHMAIOT PaBHBIMY CPETHHM MHOTOETHHM 3HAYCHUAM.,

B ocHOBY pacyera noTeph (BOAONMOIMOLIEHMA) H CTOKA TIONQXKEHA
TeopeTHYecKan Monenb, paspaboranuaz E.I. ITomoemm [45, 46, 51}
Peynoit GacceliH paccMaTpHBACTCA KaK AHHAMHYECKas CHCTEMa (CM.
puc. 7.1) c HEpaBHOMEpHEIM pacnipeleNieHHeM NIOBEPXHOCTHOH eMKOCTH
B nepeMcHHOR HEQUILTpamHoHHEol cocOOHOCTHIO.

E. I". Tlonos pelgenseT ABa THIA Modeail 6000N0ZN0UeHUR, KA KO-
TOPbIX NOAYYEHH HHTEIPAJbHEIE YPABHEHMA CTOKA. JTO €MKOCTHAd M
HHQUNBTPALHORHO-CMKOCTHAA MOJCIH,

B eMxocTHO# MoIeqH BOAONOrNONIEHHS NPEANIONAraeTCA, MTO CTOK
¢ Kakoif-nu6o yacTH pevHoro GacceiiHa HAYHHAETCA NOCHE 3aNOMBEHHS
BOJOH CBOGOAHOH EMKOCTH TIOYBEHHBIX NICP ¥ NOHMKCHHH MHKPOPEIh-
eha. B manpneiiiueM morepn (KpoMe MCHapeHHs CO cHera B ¢ BOAHOMH
NOBEPXHOCTH) € 3TOH YacTH GacceiiHa NpeKkpalaloTea,

MNonoGlele ycnoBHs OTMEHANTCA NIPH NMONHOCTHIO BOMOHENPOHH-
LaeMsIX NOYBAX, KOTAa Hau(olNee YeTKO BRIPAXKEHO MOBEPXHOCTHOE 3a-
Aepxanne Boanl. K aToMy Xe THmy BOmOMOrfomeHWs OTHOCATCH Oac-
ceHbl ¢ BOROTIPOHULIAEMBIMH NICUBOIPYHTAMM, HO C (NIM3KKM 3aneraHd-
€M BOAOYNopa.

PacnpenencHre NMOBEPXHOCTHOH eMKOCTH N0 NowanH dacceiina yc-
TAHOBWTL HEMOCPEICTREHHEMU H3MEPEHNAMY HE OPEeACTABMACTCA BO3-
MOXHEIM,.

TTo Mepe ypenuycHNA MOCTYRACHAA TANOH BOAB H 3aOIHCHHA Yac-
TH ¢60b0on0l emrocmu Bee ¢ Donbluel nmuomaam Gaccefina oCyNIeCTR-
NSETCA nosepxnocmueiii cmox. 3Ta TIOWAAL HA3BaHA ACHCTBYIOLWICH,
T.€. garomeii crok. HiMenenne yBlnakHCHHOCTH pevHRIX baccefiHOB cKa-
3LIBACTCH HA CTENIeHH U3MEHEHHA CBODOAHON eMKOCTH H TeM CaMmM Ha
HOBEPXHOCTHOM 3a/IepKaAHHU,

OTMeqeHHLIE 3aKOHOMEPHOCTH (DOpMHpOBaHUA BECEHHETC CTOKa
OBUIM FONOKEHBI B OCHOBY OTMPEAEIICHUY MOTEPs NPH €MKOCTHOM THIIE
sogonornomenus. CyMMapHbie MOTEPU TANBIX BOJ 3@BHCAT OT NOZAYH
BOABI M pacnipeaeneHia cBoboaHONH eMKOCTH B Oaccedine:
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PX, U} =1 ~ &X, D)) X + AX, ), (7.21)

rie P(X, U) — cymmapHble noTepH cToK2; X — CyMMapHas NOAaYua BOI;
U - BnamHOCTL MOYBEI MM KOCBCHHBLIH TOKAasaTens yBnaxHeHns Oac-
ceitua; OX, U) — peficTyiowan nnowans B ponax enunvss; A(X, U) -
CIOH BOALY, IafepkaHHKi Ha geltcTByiowmeil maomamy, pasHbLd KoNHge-
CTBY BOABI, 3aTpayeHHOR Ha 3antoNHeHue croGonuoit eMKOCTH.

Hcnonssopas ypasHeHHe BOAHOro GamaHca, MOAYYMM BhHIPaXXKCHHE
JA8 ONPEACACHHA CYMMAPHOTO CTOKA 32 NCPHOJ [IOJIOBOMBS:

YX, U)=XP(X, U) - A(X, V), (7.22)

flepprifi ynen nparodi yacTi suipaxenis (7.22) npeaCTaBIACT CTOK
¢ ACHCTRYIOMEH MIOLIAMH, 3 BTOPOH — KONMHYeCTBO BOAEIL, 3aAcpXaHHOe
Ha dToit Iowamu. JedcTeyoman miomans No Mepe YBCHHYEHNA CNos
CYMMapHOH MOAayH BOAE! NMPHOMMKACTCA K CBOSMY NPEACIBHOMY 3H3-
YEHHI), ONHOBPEMCHHO BO3DACTAIOT N0 MAKCHMAILHOTO 3HAUCHHS NOTe-
PH CTOKA Ha NOBEPXHOCTHOE 3aJCPKAHNE.

O6muit sun 3asucumoctd PLX, U) u ¥(X, U) nokasan na puc. 7.10.

OrHocHTensHaa AeHCTBYIOMAS [IOWANL SHASCTCA NPOH3BOXHOM
ypasHernn (7.22) B MoxeT GbiTh ONPEACNEHA IMyTeM ero auddepeHun-
pOBaHHS!

dyldX=®(X, U).
P Y
(06 . Tax xak oTHOCHTEnmHAX nci-
) CTBYIOIAR [NOMANL HE MOXET
A AL OnTh OONBUIC CAMHHIEI, TO Hau-
60 -4 / B GonpiHil yron HakKIoOHa 3aBHCHMO-
P 4 ctu Y(X, U) ne Moxer mpeBbimiaTh
a4 45°,

_,.r' 2_lu Vpasuenna (7.21) u (7.22) ue-
2 ] NEHEiHL], MOCKONLKY BCNEACTRHE
HEPABHOMEPHOIO  pacmpeRefcHus
0 60 80 100Xwu ©MKOCTH HelNHHEHHOH (yHKuKeil

ABNACTCA ACHCTBYIOLIAA MOLIAMIE,
ﬁmp::&:;:;?m: B BOZRO- 0 Axanuzupys o6umii BHA BOA-

OCTEH CTOKA T

" (2) Kax py et cymmap- HO-6anaHCOROH 3aBHCUMOCTH CTOKA
Horo ml nocTymustiek Bomsi X H ero noTepe, NPEACTaBNEeHBRI Ha
H (PCAWECTBYRMIETO YBIAKHEHHT puc. 7.10, otMeTHM, yTO HpHM BO3-
Gacoeitna U/ (U > Un). PaCTaRHK Nozauy BogL Jo 30 — 40
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MM TIOTEpH Ha MOBEPXHOCTHOS 3ajcpkaHue NpubAMKaloTCa K CBOEMY
npeaeabHoMy 3HavueHHIo (20 — 25 muM). JHosepxnocmuoe 3adepoicarue
3aBHCHT OT MHOTHX (axTopoB: penbeda Oaccefina U CTENECHH €ro npea-
LIECTBYIOIIEFO YBIAXKHCHHA, XapakTepa No4B, JIECHCTOCTH, 3abomouen-
HOCTH BoAoc6opa, ero reorpaduyeckoro MECTONONOKEHHU.

Of6iiee noREPXHOCTHOE 3ajIepKaHHE NPHOIVDKEHHC OMpeeninoch
N0 ypaBHEeHMIO BOBIOro GanaHca B TONEl ¢ NMPAKTUYECKH BOAOHENPOHHU-
OA¢MBIMM MOYBaMH. B 30HE BewHOI Mep3NOTH MAKCHMAJIBHAA TTOBEPX-
HOCTHAd eMKOCTL OKas3ajlach paBHO# mpumepro 30 MM, B cTenuol s0He
MpH pacuiacHeHHoM penbede — 20 mm. B necHolt 3oHe ETP ans Gacceiina
CepepHoit [IBHHE MHHAMARBHOE 3HAYEHHE MOBEPXHOCTHOH eMKOCTH
coctasuno 40 MM. CyniecTBeHHOE BAMAHME Ha MOBEPXHOCTHOE 3ajep-
KAHHE OKA3HBACT TAKXKC XAPaKTep PacHalllk, HUMYHE OecCTOuHBIX
nnomaaeH.

AHAITMTHYECKHE BLIDAXEHHS AN pacyera (OporHo3a) CToKa NpH
€MKOCTHOM TWTE BOAOMOTNOIICHHSA MOAYMEHL! MyTeM HHTEIpHpPOBAHHA
TEOPETHYECKOTO YPaBHEHHA CTOKA ¥ MMEIOT BHAL

Y=X-E(U) {1 - exp)[-XE ()]}, (1.23)
Y=X- E(U) th [XE (U)), (7.24)

afgecs X — ofluee KOAHYECTBO MOCTYNHBINEl BoAbL, MM; E(L)) — Makcu-
MalbHAd CBOOOAHAA eMKOCTh B OacceiiHe Kak QYHKUHA RoKasarTeas
NpeaUIeCTRYIOMEro yiaxHenns U, muM; th — 3Hak runepbomnveckoro
TaHTEHCa.

CeobogHylo emkocTs Gaccelina oTpaxaer nepeMeHHBIH NmapamMerp
Po(U)y umn Py(U, L), rae L — rmy6una npomepsanns nounkl. [lapamerpy
Py npuaaroT CMbICH XapaKTePHCTHKH BO3MOMHBIX oOIHUX NOTEPE CTOKA.
B s1oM cmyuae ypaeuenns (7.23) u (7.24) npnobperaror Bha:

Y =X - Pyl — exp(=X/Py)]; (7.25)

Y=X- Py th XiP,. (7.26)
IIpamendercs Taoke ypaBHeHHS

Y =X exp (=XIPy). (7.27

®opmynel  pexomedayiorca ans  OaccefiHOB, pacmonoXeHHbIX
B 30HaX M30bITOMHOrO YBNAXHEHHA H BEUHON MEP3NOTEL, B KOTODLIX
npeobnanaioT noTepH Ha anonHeHyue ceoboMHoN eMKOCTA.
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I'papnueckuii Bun ypaBHennii croka (7.25) — (7.27) npeacTarncH
COOTBETCTBEHHO Ha puc. 7.11 —7.13.

¥
¥y 2 *
7’
A e AL
0 2777 0 T e
) /| /4'33 0 ;///// Py
60 74 7 4 fis0
/_l'/ ﬂlﬁ 20 "// / 1/4 /65“‘1
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D 40 80 120 160 200 740 X aum o T 6 R0 36 T
Puc. 7.11. Tpaduueckult pug ypanwesus  Pric. 7.12. Tpadmueckult s ypasnenus
¢Toka (7.25). croxa {7.26).

Y ' 20 30 B HR}UILTPalHOHAO-CMKOCT-

’ % HOM MONENH  BOMOMOrNOIICHHSA
24 CTOK MHpYCTCA 33 CYCT -
A bopmupy npe
. 7N/ |3 BBILICHAS mrencushocTH  TOCTYN-
7% ﬁ, NIEHUA BOABI HAZl MHTEHCUBHOCTBIO
( e¢ TIPOCAUMBAHMA W BOIMOXESH
TONBKO € TeX fomanef, HA KOTO-
PHIX H30BITOX MOCTYINBIIEH BOABI
NPEBHLILACT CBODOMHYIO CMKOCTH
KPYINHBIX HEKaMMMIAPHBIX TOp
230 X uu
FOYBSI B MOHMIKEHHI penbeda.
Puc. 7.13, T'padmaecxnid sua dopyae

(7.27).
Vpaesenue CyMMapHbIX NOTEPh B MEQHIBTPAIOHHO-eMKOCTHOH MO-
HETH HMELT CICHYIOIHHA BHA!

P=(1-d)y(X-D+A, (7.28)
rae X — cyMMapHad noJaya BOAbL, MM; / — CyMMapHCe mpOcauHBaHRE
(uadmnrtpauns), mM; & — OTHOCHTCIILHAA HCHCTBYIOMIAY TUIOLIAMb, 3a-
BHCSINAx 0T Hi0biTK2 BoAs! (X — I); A — MOBEPXHOCTHOE 3axepPKaHue HA
ACHCTBYIOMIEH MICIIANM, MM,
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H3 ycnosus ogsore Hananca Moiy4eHo TeOPETHYECKOE YDABHEHHE
CYMMAapPHOTO CTOXA:

Y=0@(X-N)-A4, (7.29)
KOTOPOE MOMXKHO HAIHCATL B BHAC

Y= (1 - X)X - 4, (7.30)
TH

Y=l - i)X-A4, (7.31)

rc { - BHTCHCHBHOCTh HHQHILTPALUHH; /i — HHTCHCHBHOCTE NIOCTYINC~
HHZA BOJIBL

VpaBHCHAA CNPABCANMBEL B YCIOBUAX PaBHOMEPHOTO MO TLIONLAAM
GacceiiHa NOCTYIIEHHS M TIPOCAYMBAHHA BOJEL.

HurerpupoBanne TeoperHueckore ypasHeHua croka (7.29) ¢ #c-
MOJIL30BAHHEM ONHONApaMeTPHYCCKOH (YHKLUMH paclmpenchieHHA eMKO-
CTH MO3BONHAO [TONYYKTh CACAYIOLIHE PACYETHRIE HOPMYNbI:

Y=X=1-Enull = expl- (X - 1)/ Eunl}; (7.32)

Y=X—TI— En th [(X— 1)/Eax), (7.33)

rae 1 — cyMMapHoOe fIpOCaYHBAHHE, 33BHCALICE OT HHTEHCHBHOCTH H IIpo-
HOTKHMTENBHOCTH IOCTYIUICHMS BOALL, E,,, — napaMerp, xapakrepi-
3YIONHi eMKOCTE Gacceliia NPH OTCYTCTBHH NPOCAYHBAHMA.

Ipu ucnonbzoBanun 3THX HopMyn HeoGXOAMMO pacmonarath BaH-
HEIMH HE TOABKO ¢ CYMMAapHOH Nojade BOAH, HO H O CpeAHCH HHTCH-
CHBHOCTH MR(HABTPALMM TaNOR BOAEI B MEPITYIO NOYBY, 2 TAKKE CBE-
ACHWAMH O TNPOAODKATSNLHOCTH CHETOTASHHA, DTH XApaKTCPHCTHUKH
B HACTOALLICE BPEMA HE MOTYT OBITh 3a0NArOBPEMEHHO OLEHSHBL. OTMe-
YeHHbIE, TOAYAC HEPAIPEIMMEIC, TPYAHOCTH BBIHYKARICT HCIONL30BaTh
6ousee npocthie pacuerHble GOpMyIn cToKa Buga (7.23), (7.24).

Pacuernele Gopmyms (7.32), (7.33) cooTBETCTBYIOT YCIOBHAM BOAO-
TOrNIOIIEH S B 30HaX HEJIOCTATOYHOID H HEYCTOHUHBOIC YBIIDKHEHNA.

Peannsanss Bonio-0anaHCOBLIX 32BHCHMOCTEH C UENbIO TIPOrHO3H-
POBAHMA BCCCHHErO CTOKa KOHKpPETHBIX GacceHOR yallle BCEro OCyINe-
CYBIACTCA rpadHMeCKHM croco0OoM, XOTH BOIMOKHO TAKKE NPHMEHITH
AHAMTHYECKHH H rpadoaHANHTHIECKHHA crocoOsl.
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QH3INKO-CTATHCTHYECKHE 33BHCHMOCTH CTOKa OCHOBaHEI Ha YYere
JBYX IMaBHBIX COCTABMANOIUKX: KOJMMNCCTBA NOCTYNHBUICH BOAB! H MOKA-
3aTeAs BOAONOIMIOTETENLHOH cnocofHoctH GacceifHa, XapaKTEPHIYH-
wiero norepd ctToka. [Tpy paspaboTke METOAHKH HCIIONB3YIOTCA JaHHbIE
MHOIONECTHHX HaOMOACHHA 33 CTOKOM B NOMOBOILE, CPEAHHX CHETO3a-
M4COB K HAYANY TafHHA, KONHYECTBA OCAAKOB, BHIMABIIKX 33 BPEMA CHE-
FOTasgHHA W Ha CIIAIC MONCBOALY. BoZonoracTHTENsHYI0 cnocodROCTE
facceiina xapakTepH3yl0T HA0MIOACHHEIE NAHHBIC O BIBKHOCTH, TCMIIC~
patype [IO4BhI HA Pa3HEIX rmyOMHax unm rnyOGuHe mpomepsanua. Hc-
XOAHLIC JaHHBIE MPOBEPSIOTCA B OTHOWCHHH HX OQHOPONHOCTH, OLICHH-
BACTCA TOYHOCTh OMpERENCHHA CTOKA, CHETO3AMAcOB M OCAJIKOB.

Ha nepsoM 3Tame oCyLIeCTBIACTCA PaUYecKoe IOCTPOSHHE 3aBH-
cuMoctH Y = fiX, U). Tlpn paHHOM nokasarene ymiaakHeHHs Oaccedina
MONOKCHHE TOYEK B KOPPENAIMOHHOM IMOJIE AHANMIHPYETCA € YUETOM
CAyGHHL! POMEP3aHHS MOYBLL, IPONOMKHTEILROCTH CHETOTASHHSA, KO-
NIMYcCTBE BCeHHUX ocaakoe. Ha ocHope aHanu3a onpegenserca mpa-
BIWIBHOCTE BhIGOpa moxasarens yenaxHeHus OGacceiiHa, BLIABRAIOTCH
BOIMOMCHBIE [IOTPEIHHOCTH B HCXOAHBIX JAHHBIX. Bun rpaduxka nomkes
COOTBETCTBOBATE OOLIYHOMY IpadHYCCKOMY BHAY OJHOrO M3 YpaBHCHUIE
croka (cm. pre. 7.11 — 7.13). C atoro rpaduka no (PakTHICCKHM exe-
roAsbIM BenwurHaM X H ¥ yTeM HHTEpUONAUKH ONPEACIAIOT 3HAYEHHS
napamerpa Po. [Tocne 9T0ro HAXOAAT WBHCHMOCTE MEXKOY HApaMETPOM
Py u npruATEIM AnA pasgoro GacceliHa Noka3arcacM ¢ro BOAOROIJIOTH-
TeabHoi# cnocobnocTH. [IpuMepsi nonobskix 3aBHcUMOCTEN NPUBEACHB
Ha puc. 7.14, 7.15.

Jina crenHoil M necocrenyoit 308 ETP B. . Komapos npennoxnun

OfIpeeiIaTL TEppUTOpUANbHO 00muit itapamerp Py 5o dopmyne
Py=Aexp[-w(a+ bL)], (7.34)

rhe L —cpeauan rny6uﬂa NIPOMEP3aHNA NOYBLEL, CM; () — OTHOCHTENLHAA
XapakTEPRCTHXA YBIAKHCHRA MCTPOBOIO CHO0A NMOYES], PABHAA

© = Wypf0,75 W, (7.35)

3nech Wy — 3anac npomykturHoli enary; 0,75W,, — 3anac Biaru, cooT-
BCTCTBYIOWIMHA BIaXKHOCTH PasphiBa KanW/UIRPOB B NOYBE; A, a, b — 3M-
nupHuecKne KoIPpHruHeHTHI.
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OBiEH 3aN1ac BATH B MCTPOBOM CI0¢ Hudpra y Touex  rogst.

B KOHII IHME] W“o w22 300 mn).

7.2.3. Cmamucmuyeckue Memodut

Merospl CTATHCTHMCCKHMX TIPOTHO30E MPEHOIATAIOT BO3MOKHOCTD
OLICHKH Oyyuiero 3HAYEHUA Hpoliecca 110 pesyanTaraM Habniopesnii npo-
IINBIX M TEKYIWX 3HaYeHU KaK caMoro Mponecca, TaxK H opeaeiomHX
ero axTopos. JkcTpanondim Ha Bynynice HHpoOPMaIMU 0 CBAIAX MeK-
Iy CTOKOM H COCT4BJIOMIHMH IIPOLIECCA CTOKOOOPA3OBAHMA BO3MOXKHE,
¢cni 3a nocneguue 30 — 40 ner gapmuadTHLIC B KIHMATHYCCKHE YCIOBHA
CYIMECTBEHHO HC MCHAAHCH. MccicnoBanue B3aHMOCBA3EH BPHPOAHBIX
[IPOLIECCOR, OUECHKA OJIHOBPCMCHHOIO BIHAHMS HECKONKHX (AaKTOPOB HA
AaHHBI}A MPOUCCC OCYLICCTRIAIOTCA € IIOMOLUBIO LIMPOKO PAaCHIPOCTpaHen-
HOT'C METO/Ia — METO/la MHOMECTBCHHON perpeccuu. B obwem suae 3ana-
43 3aK/MOMAETCA B YCTalOBNEHHH B3aMMOCBASH HCClieLyemoro nponecca ¥
(npeamkTanT) ¢ GakyopaMH, BAMAIOMMMH HIH ONpeNC/IAIOMUMH 3TOT
npouece Xy, Xa, ..., X (IPCIHKTOPEL).

Tlo crocii CyTH CTATHCTHYECKHC NPOTHO3L! BECEHHETO CTOKA MOTYT
OBITE OTHECEHH! K (PHIUKO-CTATHCTHYECKHM. 3JieCh TakkKe OCHOBHAA
poNE OTROANTCA anannsy ¢musuko-reorpabuuecknx ycnoeuit Gopmupo-
BAHHMA CTOKA, BHIARIEHHIO OCHOBHBIX CTOK0OOpasyioux $aKkTopoB, BhI-
6opy onruManbHoit rpynnsl npeauMKTOpos (moapobxee cM. rnasy 8).
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flpaxruka HCMOMB30BAHHA MHOXCCTBEHIHOH KODPCIANHE CBMAC-
TEJNLCTBYCT O TOM, 4TO 1IOJY4YaeMBIC PC3YILTAaThl HE BCCT/Ia YIOBACTRO-
PHTENBHBL. JTO CBA3AHO ¢ HecobmoyctineM pana Tpebosanui. Conoc-
TABIACMBIC NEPEMEHHBIC NOMKHB NOAYHHATHCA HOPMAIBLHOMY 32KOHY
pacnpeAeneHns, a CBA3E PaCCMATPHBACMBIX TICPCMCITHEIX MOIDKHEI OBITH
mrveiitneiMi. Hepeako He BRMOMAAETCE YCAOBHC OTCYTCTBMA HAH He-
IHAMMTCILHOA KOPPCMAUMM MCKAY PAKAMY NEpeMenHbIX (LIPC/HKTO-
POB), 8 TaKKE YCNMOBHE HCOOXOJHMOCTH 3HAYMICIBIOTG MPCBBINICHHA
ofbeMa BLIGOPKH HAM YHCIIOM HE3ABHCHMEBIX MCPEMCHELIX.

Hecmotps Ha OTMEUCHHBIC HO/IOCTATKH, CTATHCTHYICCKHC METOMB HE
TIOTEPA/IM CBOETO 3HAMCHHS B IPOr1O3aX BCCCIHETO CTOKa M B HACTOSMICE
BpeMA. JTH MeTOfbI HaubGonee 9acTo [IPHMCHAIOTCA OPH OTPaHHYCHHOCTH
JaHHBIX HAOJFONCHHH 38 TMIPOMETEOPOIOTEICCKHMA BCIIHYMHAMH M HCBbI-
COKOIf MX TOUHOCTH, KOT/IA HCBO3MOMEH BOHO-0anaicoBmiii pacucr. B 1a-
KHX CITy4asx NpOrHO3MPOBAHHUE OCYILICCTBAACTCA HAa OCHOBE PErPECCHOHHO-
I'0 WIH JUCKPHMHHAHTHOTO aHaiH3a, OTMETHM, 4TO eIHE JIOBOJRHO HacTO
OCHORHLIM MPHCMOM BHITYCKA IIPOTHO30B ABMACTCA HCIIONL3OBAHHE IMITH-
PHMECKHX 3aBHCHMOCTEEH, TIpe/ICTABICHHBIX, Kak NPaBRMNo, B rpaduycckom
puze. Toctpocane nofobHeIX 3aBHCHMOCTEH HCOOXOIMMO ¢ LIENBIO KOH-
TPONE K OUCHKK DPCHPCICHTATHBHOCTH MCXOMHBIX JalHBIX. TIATCHBHBIN
aHAMN3 H NpaBHIbHaA ofpaboTka matepnanoB nabmoaenui ~ onHo H3 oc-
HOBHEIX YCNOBHIi obecrieueHus 00LCKTUBHOCTH METOIHMKH IPOTHO34 CTOKA.

CpaBHHTCIBHO HOBLIM HallpaBIeHHCM sBAAeTcA pa3paloTka MeTo-
JMKH TEepPUMTOPHANLHBIX MpPOTHO30B CTOKA. Perpeccuomnbie croco6nl
pacHeTa CpeAHerc Ins paioHa IHANCHHA CTOKA M NEPEXOAa OT HEro K
CTOKY OTAGNBHEIX OacceliHOB MOKa elle He NOJYYH:IH [IMPOKOre pac-
npoctpaHeHua. ITono6upie pazpabotkn Tpebylor Goace THIATENBHBIX
HCCICIORAHUK M NIPOBEPKH C HENbIO OOLCKTUBHON OUCHKH PC3yNBTATOR
NPOTrHO3ZHPOBAHHA.

VKa3aHHbIE CTATHCTUYCCKHE MCTONB! HC HCYCPNBLIRAIOT BCEX NpHe-
MOB MHOTOMCPHOINO M KOppC/ALMoHHOre aHanu3oB. Oako, MaTcMaTH-
4eCKad CTOPOHA HEKOTODHIX MpPEe/iaracMbiX Crocob0B LPOrHO3HPOBAHUA
HHOTAA ABJIETCE KOCTATOMHO (OpMAIBHOM, TaK KaK HC BCCT/IA PACKPhIBa-
eTcA (pHIMYecKan CYIMHOCTL YCTAHABIHBACMEIX 3aBHCHMOCTCH. Tak, Juia
AOAIOCPOYHOTO IIPOTHOMPOBaHMA CC30HHOTC CTOKa ¢ (onkiloi 3a6naro-
BPEMEHHOCTBIO MPSAIOKEH MeTos, GasHpyOmHHCA Ha OTBICKAHHH BHYT-
PHPAIHOI KOPPeNAUHH ¥ LIHKIHYHOCTH BO BPCMCHHBIX PAAAX CTOKA.
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MuoxecTseHHa KOppensAina (perpeccus) IBNAETCA COCTABHOM Ya-~
CTBIO MAOTOMEPHOTO CTATHCTHYECKOIC aHanu3a. MeToAbi MHOTOMEPHO-
ro aHaNW3a Ha4aaH BHCAPATHCA B MPAKTHKY HEPONOrHYSCKHX IPOrHO-
30B, HauMHaA ¢ 70-X ro/Ioe NPOIUCIO BCKA.

Bmecro zasacumocth ¥ = AX|, X), ..., X,,) onpenenserca 3aBHCH-

MOCTh
Y=AT(n), (%), ..., T(t)), (7.36)

rae T{¥) — xo>dpuumcHTH paznokeHUs noAei reodHINYecKUX npouec-
¢oB no ofBcO1enHbIM HCKOPPETUPYEMBIM TIOKA3ATENAM.

Haubonpiee pacnpocTpaHCHHE NOAYUUIO PA3AOKEHHE NONEH Me-
TEOPOFOTHYCCKUX BCIIHYHII 110 CCTECTBCHHBIM OPTOTOHANBHBIM COCTAB-
oM une dynkumam (EOD). Tompobuee nanuas MeTomoMka pac-
cMarpHeactea B . 11, noOCBAMEHION HONrOCPOUHBIM TIPOTHO3AM CpoO-
KOB JICAOBLIX ABNICHAI. B npakTHKe CTATHCTHYCCKHX NMPOTHO3CB HAILEN
NPHMCHCHHE Memo0 OUCKpUMUHARMHO20 anaruzd. CyTb €0 COCTOMT
B TOM, YTO B II0JIC METEOPONOTHYCCKHX BCAHYHH BBIABIAIOTCA COCTAB-
JIAIOIME, CBA3AHHBIC ¢ NPOTHOZHPYCMbIM ABIAcHHEM. MeTon npumensn-
€ € LCNBIO JIOArOCPOYHOro IpOTH03a Hayana Jcaoodpa3oBaHNA Ha pe-
xax cescpa ETP [61].

VYKajaunbiec MCTOAB! HE UCUCPIBIBAIOT BCEX NPHEMOB MHOTOMCpPHO-
ro M KOPPensilHOHHOr0 aHAMH30B. METOHBI CTATHCTHYECKOro aHAIH3a
MO3BONAOT CKHMATE HCXOMHYIC HHGOpPMalHIO, OCYIMCCTBIATL oTOOp
HHpOpMATHBHBIX Npn3HakoB. ONako MaTeMaTHHeckad CTOPOH4 3THX
METOAOB ABJACTCA (opManeuoi, HOO COBEPIICHHO HC PacKphIBacTCA
bu3HYCCKad CYNIOCTh YCTAIIABIMBACMBIX 3aBHCHMOCTEIL.

B 60-x ropmax [O.M. Ancxui HPEAIOKHI MCTOA JOATOCPOTHOTO
NPOTHO3HPOBANKA CC30HHOO H OEOBOTC CTOKa ¢ Sonblio# 3abnaronpe-~
MEHHOCTRIO, JIMHAMMXO-CTATHCTHYSCKKI MCTOI OCHOBAH HA MCDONL30Ba-
HOAM BHYTPHPAOHOA CBAZM MOCNENOBATEILHOCTH 3HAYCHUI MPOrHO3HpY-
emil BEMYHUNB! BO BPCMCHH, ONHCHBACMOH aBTOKOPPCIALHOHHOH (yHK-
e R(t), i npornosa ncobXoaHMO HMETh TONRKO NPOTHO3HPYEMBIH
pax Habmopeunii Gonbnioii NpoAOCIDKHTENEHOCTH. ONTHMANBHAA AIHHA
pAZa B KaXJIOM KOHKPCTHOM CIlydac ycraHasimsactca nogbopom. boms-
110e 3HAYCHHE MMEET JICIIPCPHIBHOCTE H OHOPOAHOCTD PAAa.

TpornosupoBante OCYLICCTRIAETCA Ha OCHOBE PELICHYA YPABHCHHA

xi=kix;itkax b tkx o,
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L8 X; 4, X5 2, «-ep Xpop — NOCNCAQBATCABHOCTE NPC/AILCCTRYIOIHX 3HAUC-
HUl pacCMaTPMBACMOH BCIHMYMHL! B OTKIOHEHMAX OT Cpe/HCIO 3HaYe-
B ky, by, ..., ky — KOOPOHIIACHTE! THHCHHOH SKCTPAHONALMY HIH KO-
s¢huuments obpaTHoil cBs3u; 1 ~ NepHoA obpaTHol cra3y.
Hcnorp3yloTes Taxke MCTOJIbL, B OCHOBE KOTODBIX JICKHT OTHICKA-
HHEe MHOTOOAKTOPHEIX DPEIPECCHOHHBIX CBA3CH ¢ 11aGopoM pasimHYHBIX
NPEAHKTOPOB THAPOMCTCOPOJIOIHMECKOTO M HHOTO XapakTepa. OTMCTHM,
B YACTHOCTH, MONBITKH YCTAHOBICHHA KOPPCIALMOHHRBIX CBAICH MCXIY
CTOKOM M HEKOTOPHIMH NPC/HCCTBYIONMME XapaKICPHCTHRAMM aTMO-
cepHoit oMpkynAuuH. [lonyucHIBIC 3aBHCHMOCT# HC BCCTHA ABIAIOTCA
YCTOHYHBBIMH, [TONYAC HE BBUICPKHBAA HCOBITALNA BPCMCHCM.

7.2.4. Memoouxka npozRo3UPOBAHUR GECEHHEZO CIMOKA
Ot KPYRHBIX PEYHBLX DAccetinoe

B npeaenax kpynubix peuHbix facceitHoB 11101aALI0 B HECKOMBKO
COTCH THICAY KBalPaTHLIX KHJIOMETPOB NpOLCCCH (OPMHPOBAaHHA BC-
CEHHErD CTOKa MOTYT 3HAYHYENLHO OTAMYATACH B PAIIHUHKIX CI'O Yac-
TAX. 3TO CBA3AHO C pasNHYHEM B DACIpCACICHHH KONHYCCTBA OCA/IKOB,
HCOMHOPOAHOCTRIO peibetha, MOYBCHHO-PACTHTCIBHOTO HOKpPOBa, YCIO-
BHit BozonornomcHuA, B 5Tux Baccelfiax HCIONE30BAHKC OCPEAHCHHBIX
110 TICIIANN H BO BPEMCHH THAPOMETEOPONIOrHYCCKHX XapaKTCPHCTHE
MOXET APHBECTH K GOMBIINM MOIPEHIHOCTAM 1IpH HporHoic croka. Ilo-
ITOMY MpOTHO3 CTOKA JUIA KpynHuIX DacceiiHon ncnccoobpazHo ocyne-
CTRIATHL IO CXEME «MACTHHIC BRONOCOOpH] — 3aMebiKatoumMit cTeop». flpu
3TOM CTOK B 3aMLIKAIOIICM CTBODPC NMPOIHOZUPYCTCE HA OCHOBE NPOTHO-
30B CTOKA € YaCTHBIX OacceiHOB MO BRIPAKCHHIQ

r=%1», (7.37)
HAH
Y=%ay +b. (7.38)
i~

Ecmu cymma nnoutaniei Bcex yacTHBIX BoaocGopor paBHa muomgam
Gacceftna Gonsuwioli pexu, To npuMeHAcTCs BhIpakenue (7.37), rae y -
CTOK B 3aMbIKAIOMIEM CTBOPE; V; — OXKHAaeMblit CTOK C i-ro YacTHOTO fac-
ceiita; f; — noma naowamm i-ro BogocGopa ot obuicit mouanm Gacceiina
Gonkiuoit pexn.
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Benmm cyMma maonragcii YacTHBIX BOAOCOOPOB MEHBLIE INIOHIAN
Gacceiina 0OALIOI PeKH, TO CC CTOK BEIMHCILAIOT 110 BRIpaskeHuio (7.38),
e a; u b — coorsercraenno koddduunents n cBoOOAHEN! WieH ypas-
HEHHA MHOXXECTBEHHOH muneciinofi perpeccnn. Kosddnumenrs: atoro
YPEBHCHHA ONPCACHAIOTCA MO JIRHHBM 0 PAKTHIECKHX 3HAYCHHAX CTOKA
33 NONOBOIBE € YACTHLIX BOJOCOOPOB H ¢ Bacceiina Gonbwoit pexn. Une-
JIO MACTHHIX BOR0cOOpOB 0OBIYHO HE MPEeBbIIACT TPEX-HEThIPEX.

Jlpyroii nopxoR K PEmICHNKD PAcCMATpMBAcMON 3a8avy OCHOBaH HA
UCCICAOBAHHH CBA3H CTOKA KPYIHOIo BOAOCGOpa CO CTOKOM HeGOMbINMHX
THMFHEIX BoftocBopoB. Ilon muntuunsim eodocbopom noBumMaercs Gaccefin
pekn iomagpio ot 2 Ac 1 — 15 Teic. o, PACTIONOKCHABIN B OAHOPOAHOM
¢usuxo-reorpaduueckoM pafione, XapakTepHoM ANA 3HaYNTENBHO MNo-
maze xpynmoro Gacceifea [40, 51]. Tlpn manwnu gmerensHoTO pAma ma-
pannensibix nabmonennit 32 cTokoM GORBINOR PEKM H CTOKOM MasbIX peK
BRIGOP THITHYHLIX BOROCGOPOR OCYLIECTBIAETCS CISAYIOUMM OOpasoM.

Orfupaiorca Manbic pekH ¢ HAHMEHBIIEH CTENEHBLIO CKOPPENHpo-
BaHHOCTH cToxa Mexway cobofl. [locne 3roro BHOHpaOTCa Manbie peKH
¢ HAaHOONBIIMMH 3HAYCHWAMH TAPHBIX KOOQ(HIUEHTOB KOppCAANMH
€104 BCCCHHCro CTOKA KPYNMHOH ¥ Manoil pexH (ry;). 3ateM yCTaHaBAHBA-
€TCA YpaBHCHHC MHOMCCTBelnoli NuHelinoll perpeccHM H pacCyMTRIBA-
eTcA Koo PHIHEHT MHOKECTBEHHOH KOppemalkn Ry.

Jonn srianos xaxnod Manoii pexu B ypaBHEHHE perpeccHl ofpe-
nensores 1o dopmyne I' A, Anekceesa [1]:

8; =79,80,0, KR3G,), (7.39)

TAE ro, — KOXQPHIHCHT KOPPEIALIMHA MEHRTY CTOKOM KpynHO# pexu (0) H
CTOKOM OiHoH H3 Mankix pek (/) ( =1, 2, ..., n); gy~ cOOTBETCTBYIOLIHH
KOMPGHUHCHT PCTPECCHH NIEPC/L j-M NIPEAUKTOPOM; G, M Gy — CPEIHHE
KBAXpaTHYECKHE OTKIOHEHHA OT HOPMBI Malnoi H Gombmoil pexy; Ry —
KO OUUHCHT MHOXKCCTBCHHOH KOPPEIALIMH TIPH # apTryMCHTaX,

Ecan oxaxercs, 4To O; MCHBIUE YABOEHHOH CpeiHell OTHOCHTENL-
HOit KBajpaTHuccKoil NOTPEIINOCTH Kbampara oburero Koatduumenta
KOPPENALNH, T.C.

3, <20R§ /R3 =26, /Ry, (7.40)

TO apryMEHT y; MCKIIOYACTCH, TMOCKONbKY OH BHOCHT MAIbik BREAT
B YP2BHEHHE PEIPECCHIL
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PaccMOTpeHHas MeToquKa Oblla MCILOAL30BAHA HPH pa3padorke
JONrocpoRHOro npomosa BECCHHETO cToKa p. Jlona y crannus Kasan-
cxoit (F= 102 000 xm*). B Ka4eCTBe THIHIMRIX BogocBopos Boum BEI-
6paast p. CocHa (F = 16 300 xm %, p. Tuxan Cocua (F — 2 060 um”) n
p. Bumior (F=7 340 x®). Koaddbunuenter napnoit Koppenaluu 3THX
pek co ctoxkoM p. [lona coorsercraeHno 0,80; 0,92; 0,86, a nonu Brna-
JOB CTOK& C KXAOTO H3 3THX Boochopos — 0,39; 0,46 n 0,15.

YpasHeHHE DErPeCCHH HMEET BHA:

Y=029y+034y, t 0,18 y; t 11, (741)

Tae Y — cnofi BeceHHero croka p. Joua y cramunpl Kazanckot; yy, y, y3 —
cnofi BeceHHEro CTOKa COOTBETCTBCHHO JL1s pek Cocuel, THxo#t CocHul,
Bumiora.

Ilpn orpaHuveHHOM ANUHC PAROR HaOJIOACHHHE 33 CTOKOM BBRIOOp
rpynas HanGoace HHPOPMATHBHBIX THIIMUNKIX BOXOCOOPOBR MOXKET
ORITH OCYIIECTBAEH ¢ MOMOWIBIO KPUTCPHA HHPOPMATUBHOCTH IPYINLL
TakuM xpuTepreM MOXeT 6biTe K03PGNIICHT 1IPOTHOCTHICCKOH HH-
¢opmarusdoctet {KITH). TMocnenunit npencrapnscr coboii xoaddmm-
€HT KOppe/fLHH MEKAY (aKTUYeCKUMH 3HAYCHHSMH CIOA BCCEHHETO
CTOKa XpYNHOW peky ¥ pacCUNTANHBIMK 110 IpYIIIC UpcAcKa3arcacii
(manHele 0 BECEHHEM CTOKC THIIMMHEIX BOJIOCOOPOB) HA HEIABHCHMOM
MaTepHane.

Kopotkue pansl HabMIOACHHIA 32 HCXOJIHBIMK TAHHLIMH BRIHYXKAA-
0T HCIIONbL30BAaTh METON MHOTOKPATHOTO paiGHCHHs pA/OB, MpeUio-
aeHHR B.A. Pymaunessim. MonpoGuee McTON H3TOXKEH B riase 8.

Jlna nmporsosa secenHero cToka ¢ 6acceiina p. Benoi — r. bupek (F =
=121 Thic. KM®) THIHYHBIE BOAOCGOPEH] orbupanucek H3 15 pex nnouane:o
Gacceiina ot 2 o 20 Thic. kM’ Haubonsummn KITH (0,977) xapaxtepu-
30BaAach TPYIHIA U3 IATH BOAOCOOPOB, KXJILIH K3 KOTOPBIX OTpaxan yc-
noBHt GopMUpOBaHAR CTOKA B pasimmbIX Hacrax Gaccciina p. Benoit.
Pacuer ci10% BECEHHET0 CTOKA 110 TPCM, YCTBIPEM H ILATH BOAOCOOpaM 110-
Ka3al BO3MOXKHOCTb HCITONb30BAHHA TOABKO TpeX HeGOMbIIHX pek.

YpaBHEeHHC MHOKECTBCHHOH perpeccHH HMCCE BUE:

Y=047y +0,63y,+0,17 y; + 2,38, (7.42)
rae yi, ¥z, y3 — cnofi croka pex Y — r. Kpacnoydumck; JIembr —
1. Boukapeso; benoit — aep. CripTnanoso.

Npumerenne kpurepus KITH nossonser o6bexrisno suibpats on-
TAMAALHYSO TPYNITY YacTHBIX TUSIMYHBIX BOAOCGOPOB M OLCHHTHL Kaye-

206



CTBO DacucTa H HpPOTIO3d CTOKa ¢ KPYMHOTO BoxocHopa Mo HBaHHEIM
o croxe HeSonpmnx pek. [lo xaxmoMy Uz HeDonmpiunx BOROcOOpOB pas-
pabaTbiBacTes CBOA MECTOAMKA ITPOTHO3a BECEHHETO CTOKA.

7.2.5. Teppumopuaisio obwue 3asucusmocmu
ORA NPOZHO3a BECEHNIEZ0 CIMOKA U €20 NOMEPD

Teppuropuansio o61NE 3aBHCHMOCTH BECEHHETO CTOKA H €10 No-
TEepb YCTAHABJIHMBAKTCA NO AannkiM Halmonenuii pana peunsix Gacceh-
HOB, PaCHOROACHHHIX B NPHMCPHO OJHOPOAHBIX N0 YCAOBHAM (HOPMH-
poBaHua cyoka ycnoeuax. Ilpu ycradoeneHmu ofmelt 3aBHcEMoCTH
JaHHbIc HaOmoaeHu o neckonbkyM OacceliHaM oOBEAHHAIOTCA B OOHY
BRICOPKY /1A TeppuTOpHil € Mano H3MeEHAIoLIcHcd HOpPMOH TOmOBOTO
CTOKa, CHEro3anacos, B YCIIOBHAX OfIHHAKOBOH H3MEHUYMBOCTH YBJQXKHE-
HHa noyeorpynTos. [Ipu yToM HEOOXOAHMO MCRNONB3OBATE QIMTENLHBIC
OJIHOPOIIHBIC pAAR! Hab:oNCHMIA.

Bnepsric TeppHTOpHAThHO 0OLIAd 3ABACHMOCTL BECEHRETO CTOKA
IV PCK CTEIHOrO 3aBoJnkk% Obiita yeraseeneHa B.JI. Komaporwim. Tlpu
€€ MIOCTPOCHUH HCTIONBI0BAINCEH JaHHEIC HaOmo/eHNid Ha pexax Bonbuoi
Kuuenu, Camape, Bysynyke, Bonsinoit u Manoit Hprusax, Bonsmo#i 1
Manoii Vaensx, Epyciiane 1 Ap. YUNTHIBATHCE CHET03aNackl, KOMKYECTBO
OCAJIKOB 32 HCPHOJ CHETOTAslNA M KOCBCHHAN XapaKTepHCTHKA BIIaKHO-
CTH MOYELL. B kadecTse ilocnefHci TpUHHMANach CyMMa OCANKOB 3a 2-3
Mecsla 0 Nepexoa TeMNeparTyphl Bo3zayxa uepes 0 °C ocelblo, 3a BRIYe-
TOM HCTIApPCHMA € MOYBELI 32 3TO XKe BpeMs, ONPEASNAEMOre no rpaduKam
B.B. ITomaxosa.

Ip¥ nocTpoeHHH TEppUTOpPHANLHO ©OWIEH 3aBHCHMOCTH TPYNHO
YCTAHOBHTH I'PAHHILI OJIHOPOJHEIX paitoHOB, T.€. TCppHTOpPHit ¢ ONMHA-
KOBRIMH YCNOBHAMH (opMupoBanua croka. Ilpenpapurembso HnryTca
HaCTHRIC 33aBHCHMOCTH U0 OT/ENLHBIM OacceiiHam, a 39T¢M Ha OCHOBE HX
aHamu3a 4 0GO0EeHHS CTPOHTCA TePPHUTOPHANLHO O0IIAS 3ABHCHMOCTE.

Paiioruposanne paBHuuHOH 9acT ETP 1o ocHOBHBEIM ¢TOKO(GOp-
MHpYIOUIMM (raxTopaM BecCHHEro croka [15] mponsnoannocs Ha ocHOBE
adamu3a oOIcH YBNAXHENHOCTH TEPPHTOPHH, TIy0HHEI 3anEraHHA
FPYHTOBBIX BOJI, pacmpe/cneHia OCHOBHEIX THIIOB MOYEB H PacTHTENBHO-
CTH, TIPOCTPAHCTBCHHIO-BPCMCHAONH M3MCHYHBOCTH IIOTEPS TANLIX BOL.
B xadecree uuTcrpancHoro mokxasatens ¢Hu3MKo-reorpadHuecKMX pas-
AHYHHA pHEEMANach CPCIHCTOM0BAA YBALKHEHHOCT MECTHOCTH, Xa-
PaKTepHIyecMas HOpMOii roJIOBOTC CTOKA.
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suvievarrrassrer |

i ——— )

Puc. 7.16. Paiionnponanne pasaurHoi yactt ETP no ocHoeHpM daxTopan,
GOpPMUDYIODIHM OTEPH TATLIX BOX P,:
! rpanuna pafiona, 2- rpanHUa noapaicHa;
F=IH — pattons yechol 1oHEL fV--FI  pajions gsecocTentod W cTemiol 30H.

PaiioHHpOBaHUE TCPPHTOPHH ANA PCK TWIOMEAABIO oT 2 1o 20 Thic. KM’
¢ BHACICHHEM QaKTOPOB BECCHHEID CTOKA B MOPAAKE 3HATHMOCTH
NpencTapNeRo B Tabu. 7.1, a rpannum palionos — Ha puc. 7.16.

B kauectee mpumepa Ha puc. 7.17 npencTaBicHa TCPPHTOPHAREHO
o611as 3aBHCHMOCTD CNOA CTOKA TANBIX BOJL OT CHET03AI1aCOB, OCAMIKOB U
cpensei rTyCHHB! IPOMCP3aHNA NOYBB! ANA PEK 3aNaAN0MH ¥ HEHTpaTh-
HOH YacTH AECOCTENHON 30HE:. 3aBHCHMOCTh YCTARORICHA ANg ACT, KO-
T2 331ack! BJIarH B METPOROM CJIO¢ NOUBAHI NpeBbiuany 300 MM ¢ de-
NoJb30BaHNeM ypaBieHus ¥ =X — P, th X/P,.
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Tabauya 7.1

Ocuosasie akTopsl $opMHPOBANNA BECEHHErG CTOKA peK PasuniuoH yacru ETP

Pafion OnKoponHas TeppuTOPHS o r?ﬁ“;:o DaKTOpE! BECCHHETQ
no pHc. YCIOBHAM QOpMHpOBAHHA Be- ;ﬂa CTOKA B HOPRLKE UX
7.16 CENHETO CTOKa TAISIX BOX . *,(c‘m’;l IHATHMOCTH
I Cenep necHOHR 30HL! >10 Y =AS+ X
1l Cpenuss acts NecHol 30HE 10=7 ¥ =(S+X)U)d
[la 3ananuan yacTh NecHoR 30HM 10-7 Y. = (X, + XU
I HOsKHAR 9aCTh ACCHOH 30HK 1-5 =S+ XpU. Lld
1lla H0ro-sanag necuol 20HbI 7—4,5 | Y =A0X+X)U, Ld
1V LieHTp necocTenHoil 30HM 50-1,5 | Yo=A+ X)L Ui
IVa i:::lnnau YacTh JecoCTenHodH 45—15 | ¥ s X)L, Ui
v goc;‘c:lownan HacTL IECOCTETHOMN 45-15 | Yo=/US+XOU, LY
CHTPAILRAX H 3anaJHaA YACTE ,
Vie | et v sanaim 15-05 | ¥,=/0%+ X)UL )
VI Bocrounas vacts crenkol oum | 1,0-05 | ¥, = f[(S+X)UL i

TIpumevanus: § - cherosanacss, X, -- BeCeHKHE ocamki; X;  IWMENE OCAmKH {CyM-
M2 IHMHHMX OC3EKOB 33 BHLMNETOM CJOA CTadBIlETo CHera Bo BpeMA orTeneneii);

U  nokasaTenb yBAaKHewds NOYBOTPYHTOB; L

- rny0HHa TpOMEP3AHHA NOUBHI;

d  noxazaTelb 2ABHCKMOCTH TIOTEPE TANBIX BOJ OT NpeiBecenHel BIaroNaCHIEHHOCTH
sonocBopa; { — MOKAZATENS 3ABHCHMOCTH MOTEPs TAdbLIX BOA OT MHGHALTpatMOHHOKH

CrI0cOGHOCTH OB X Hauany pecHsl; (/L yKasausi palfoHEI C ONWHAKOBON IHATHMOCTLIO

otex (axropos B (GOPMUPOBAHHHK
BCCCHHETO CTOKA.

B pesynprare ofoOmenus
15 wacTHEIX 3aBHCHMOCTCH
NOTEPE CTOKA TANbIX BOH OT
CAOA OCCHHE-3MMHETO CTOKA
g BofocBOPOB CpetHell Yac-
TH JIECHOH 3CHBI NOMyYCHA
TeppuTOpHANbHO o0mas 3aBH-
CHMOCYTh CYMMApPHBIX TIOTEDE
{puc. 7.18). 3aeucumocTs yum-
THIBACT CTEICHE SAICCHHOCTH,

3a00OYEHHOCTH,  TUIOINATM,
3AHATHE CEeMbCKOXO03RHCTBEH-
HBIMK YTOIABAMH.

L _’!-.:-I
V4 2.
160 P o
120 7 ///’/Azéﬂ
ARy Z%8.
/ ' /A
o | // ///Z o
7 //
0 4 8 120 180 8<Duy

Puc. 7.17. TepprropHanslio obmas
32BHCHMOCTE CIION GTOKA TATHIX BOM OT CHErO-
1anacos i ocankon (5 + X7) w cpexseil rnyGunn
npomepsatia L aaa sogocbopoa /¥ pafiona
B TOMBI, KOTJIA 3AMACHE BIATH B METPOBOM CI0C
nouest Wy jo0 2 300 M.
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P, um Pue. 7.18. Teppuropuansno obiuias
JUBACHMOCTD CYMMAPHEIX NOTEPH TATILX
BOJ OT C/IOA OCEHHE-3HMACTO CTOKA
aag somgochopop Il paoua necrod 300k
€ yueTOM naHAmAPTHEX XapaKTePHCTHK:
Loot—a MAOMIATH C&TECKOXOFARCTECHHEIX YTOAMA
o; oGme#t 3anecennocTy v, BIMIOYAL 3360~
1 Y AoYEAHEIS Acca; ofimeii 3abonOeRHOCTH

N 5, B TOM WHMCHe B THIRIHBIX §OA0T
RN e e ; (HX TTomans ykaiaHa B ckobxax):
50 N :JE-_:--- I - m 510 %, y= 70-75%, 5 > 25%
R Ser iy sy (> 15-20 %); 2 - =10 %, y = 75-80 %,
&= 20-25 (10-15 %); 3 ~ 0 =20 %,
= 65-70 %, 8 =20 % (10-15 %),
¢ 4-o=30%,y=5560%,8~=1520%
50 100 Yixq um (10-15 %), 5 — 0 = 40 %, = 55 %,
5=10%(5%); 6 - a=4550%,
1 =45-50 %, 6= 10-15% (5 %);
7-0=55%,y=40%,5=5-10% (5 %)
8-a=60%,y=35%,38=5-10%(5%)

S

A:
e
[Pt

”
/]
F
#

7

Lr)

iy
Iy F
I

B sagmodenue 310ro pasfena OTMETHM, YTO NIPOBEPOYHEIE HPOTHO-
3Bl CJIEiyeT BBITYCKATh [0 PeYHBIM BONOCOOpaM, aHHbIE KOTOPHIX HE
HCIOMNIb30BAIKCE TPH MOCTPOCHUH TEPPHTOPHAILHO OGIIMX 3aBHCHMO-
cTeH, u onpenenats 3PPEKTUBHOCTh METOMHKH AnA Kaxgoro baccefina
B OTAeAbHOoCTA. HeoOX0oAMMO KOHKPETH3NPOBATE TPARMIIE OXROPORHLIX
pafOHOB M YCTAHOBHMTH KDHTEPHH NPHMECHHMOCTH TeppuUTOpHaNbHe 06-
IIHX 38BUCAMOCTEH A1 OacCceifiHOB PasNMYHBIX Pa3MEPOB,

7.3. Kparxwuii 0G30p MeTOAOB NIPOrHOSAPOBIBHA
BeceHNEro CTOKA B PANIHYHAIX IeorpadMyecKnx 30HaxX

7.3.1. Penu necnoii sonvt ETP

[To ycnoBiaM ¢opMHpOBaHHA BECEHHETO CTOKA MOXHO BBHIZENHTH
3aNAAHYI0 9acTh JIECHOH 30HBI, XapaKTepu3yeMylo Gonee MATKUM KK~
MATOM, H3OBITOYHBIM YBNAKHEHHEM, 3a00M0YEHHOCTHIO, 3ANCCEHHO-
CTHI0, He npesbimatomeh 40 %, ¢ npeodnagaHHeM CMCIIAHHBIX JIGCOB,
JEPHOBO-MOA30MMUCTRIMU NouBaMH. Penned TeppuTopuu Gombiueil da-
CTBI0 PABHHHHEIH, XOPOILO pacwIeHERHEIA. IUMON 3/ech HEpeIKH OTTe-
nead. HecMoTps Ha TO YTO MOYBbLE K HAYaTy 3MMBI XOPOUIO YBIAKHCHbI,
3HAYHTENLHAA HIMEHYNBOCTE OOLICTO YBAMKHEHHS TEPPHTOPHH OKA3hi-
BaeT BAHAHAC HA BECEHANH CTOK.
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B upenenax sanagHoi 4aCTH JIECHOH 30HBI ¢ MENBIQ TPOTHO3HPOBA-
HHA MCTIONB3YIOTCA BOAHO-GANAHCOBBIE 33aBUCHMOCTH BCCEHHETO CTOKa
OT CyMMapHOH IOZa4u¥ BOMABI 33 BHIYETOM IOTEPL H2 HCMIAPCHME M Xa-
PAKTEPHCTHKH 3a11aca BJIari B MEP3IOM CJIOE¢ MOYBHL.

Jina nporno3a BeceHHero ¢Toka B Gacceiine nenpa a0 Peunus u
8 Gaccefine [Ipunara o Mo3sipa HEMONML3YHOTCA 3ABHCHMOCTH, B KOTO-
PhIX YYNTBIBAKTCA NAHHLIE O CYMMAPHOH NoAa%e BOIH ¢ Y4ETOM MOTEPh
Ha MCMAapeHHe M IOKa3aTed MPERIUCCTBYIOMIETO YRRaXHEHUA [10YBOT-
pyHToB. B KayecTBe mokazaTtens yBAQXKHEHHS HCHOABIVEOTCA HE TONBKO
CBEICHHA O 3a1ace BJIATH B METPOBOM CJIOE IOYBbI, HO W KOCBCHHBIE Xa-
PAKTEPHCTHKH — OCEHHHH MAaBOAOYHBIH CTOK KIIH CTOK PEKH 33 OCCHHe-
IMMHHIT epHOA.

Cpeuas M BOCTOMHAA YACTH NECHOH 30HBI OTITHYAIOTCH GOnbieH
KOHTHHEHTANLHOCTRIO KJIHMATa, MpeobnaiauueM XBOIMHEIX JIECOB 1 BO3-
PACTAHHEM CTENCHH 3AJECCCHHOCTH OTACHBHBIX PEYHBIX BoAacGopoB 10
70 — 90 % ot obmedt ux mnomamm. IOUBK XOpolo YBRAXKHCHE! ¢ OCCHH,
KX HMILTIOBHANBHBIHA TOPHIOHT Ci1a00 BOAOMPOHMUAEM. YBNAKHEHHOCTH
MOYBOrPYHTOB XAPAKTCPH3YET CYMMApHYIO BIATOHAaCHILCHHOCTE Gac-
ceffHa, 0T KOTOpOH 3ABMCAT NMOTEPH CTOKa. JAECH NPEBAIKPYET CMKOCT-
HOi THI BOAOMOrNIOIIEHMS.

B cescpHBIX paioHax oT-

N oum
MEeYaeTCH exerofHoe, obunb-
HOE YBIOKHEHME MNOYBEHHO-
IpYHTOBOH TONIIM K Havamy 200k

BecHEl. OCHOBHEIM (JaxTOpoM
BECCHHETO CTOKa, Onpeae-
IMOMMM ero komebauma, 8- o0
NAeTcA cyMMapHas mojaya Bo-
Nbl, TAK KaK IIOTEPH Ha IOIoN-
HCHHE 3anacOB TPYHTOBRIX BOJ )
He3HAYHTENRHEL, & TOTEPH HaA
HCNAPECHHE NPONMOPHMOHAALHBL  Pre. 7.19. 3apHcHMOCTE CIOA CTOKA TATIX BOJ
3anacaM BOAbl B CHEXHOM NO-  P. Beiveras: - ¢. Yete-Kynou o1 cyMmel 3ama-

kpose. [Ipumep mogo6Ho# 3a-  COB BOMLI B CHEXHOM NokpoBe Ha 31 MapTa

BHCHMOCTH UpHBELCH ua (N0 HAIEMHEIM CHEMKAM) H OCANKOE 34 NIEPHON
OT | anpena A0 RHKA NOAOBOABA.

pHc. 7.19.

B roxuof wacTH mecHodt 30HH HabOzOmaeTca OONBILAA H3MEHYH-
BOCTh YBAOKHEHHOCTH NOYBEHHO-TPYHTOBOH TOMUIM, KOTOpas 3aBHCHT
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OT XapaKTepa NPOMEP3aHHA JIOYBHI, BhIIBIBAOIIETO BOCXOXANIYIO MH-
rpanuio BoAsl. PaHuee mpomepiaHue criocoOCTBYeT ynepx aHuiO u3bbi-
TOYHOH OCCHHEA BYIarW, NO3JAHES NMpOMEp3aHHE (HJH €r0 OTCYTCTBHE)
HOPHBOAHMT K NPOCAYHBAHHIO RrOyOh M30MTOYHOM Biaru. B 3ToM paitore
NpH MPOrHO3E BECEHHETO CTOKA KPOME YBIAKHCHHA NMOYBOrPYHTOB YIH-
THIBAETCA UX NPOMEPIaHUE.

7.3.2. Pexu recocmennoii y cmemioi 3ou ETP

B npegenax Jiecocrensolil 30HN N[O YCHOBUAM (POPMHPOBAHHA Be-
CEHHETO CTOKa MOXHO BBIAEAHTE 3aNTAMHYIO YaCTh C MATKHM H BIAKHEIM
KINMATOM, XOPOIIO PACWIEHEHHBIM PENbE(HOM U BOCTOUHYIO ¢ pE3KO KOH-
THHEHETANLHLIM KIHMaToM H Gonec mnockum pensedos. IxauntenbHadg
YacTh TEPPHTOPHH 3aHATA CCABCKOXO03AMCTBCHHEIMM KyNbTypaMi. TI0uBEI
TIPEACTABICHH PasiH4HOIO POAa YEPHO3EMAaMM, TEMHO-KAIITAHOBBIMH H
CBETJIO-KALITAHOBHIMH TIOYBAMH, MOACTHIACMBIMH JICCCOBHAHBIMH CYT-
JTMHKAMH HITH IIHMHAMH, NECHCTOCTD GacceliHoB HesRaMTCbHAA.

I'maBBbIM akTOpoM, ONPEAEHAIOLIHM NOTEPH TANBIX BOA, ABIACTCA
BOJONPOHHIAEMOCTh HOYB. B 3amafiHbIX # LEHTPATBHBIX YACTAX JTOMH
TEPPUTOPHH NPEIBECCHHAA YBADKHCHHOCT NO4B B 90 — 95 % cayvasx
6iM3Ka MM TPEBBILACT HAHMEHBIIYIO BJIArOSMKOCTh. [JOTEpH Tanbix
BOR B OCHOBHOM 3aBHCAT OT TMyGHHE! MpOMep3aHna MOYB. B BOCTOYHBIX
6osee cyXxux paiioHax, Hao00pOT, B CBA3H C EXKCTOAHBIM NPOMEP3aHAEM
nous Ha rayOuHy cBeiue 60 CM MOTCpH TANOTO0 CTOKAa ONPCIHENAHTCS
B OCHOBHOM CTEMEHBK) YBIAXKHEHHOCTH BOROCOOpoB. Ha sToli TeppuTo-
PHE OTMEYAETCs HHOHNBTPALHMOHHO-EMKOCTHOH THI BOJIOTIOTJIOLICHAA,
NPy KOTOPOM Tajbil CTOK 3aBHCHT OT CYMMAapHOil NOAaYK BOAL! U OT-
HOLIEHHA HHTCHCHMBHOCTH HHGHNLTPAUMH K HHTCHCHBHOCTH NOCTYILIC-
Hua Tanoil soas, T.6. ¥ = fX, i/h). Cnoxuocts ydeTa HEpaBHOMEPHOCTH
NOCTYIUICHUA TANOH BOABI BHIHYXHAAET WATH IO IMYTH YCTAHOBCHMA 3a-
BHCHMOCTH BHAA ¥ = f{x, i), HCTIONb3YS KOCBEHHHE XAPAKTCPUCTHKH MH-
TEHCHBHOCTH HHQHNLTPALMH.

B crenHo#t 3ome, orpaHHvMeHHON MIONMHMAMM TOLOBOTO CTOKA
1.,5-05 m’(c-mz), COCHOBHBIMH NOKa3aTC/AMH NTOTCPb TANBIX BOA SB/A-
I0TCA NIPEABECCHHAS BIAXKHOCTh H NPOMEP3aHHS MOYB, OTIHIAIONHECH
3IHAYMTCABHON H3MEHMHMBOCTEK) IO rofiaM. B NpOTHOCTHYCCKHX 34BHCH-
MOCTAX YIHTRIBaIOTCA 3TH nBa axropa Y, = A(S + X)U, L}, npu
MX YCTAHOBNCHHM HCNONB3YETCA YPABHEHHE CTCHCHHOH (QyHKUuK
Y=Xexp(-Py/X).
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7.3.3. Pexu 3anaduo-Cubupckoii 3086t u366IMOYHO20 YenanicHe us

PaccMarpuBaeMad TeppHTOpUS 3aHHMaeT oOOWMpHYK 3anamHo-
CHOHMpCKYI0 HM3MEHHOCTD, U1 KOTOpOl xapakTtepHa 3HauMTenbHat 3a6o-
JIOYEHHOCTD, 3ANeCERHOCTb H Anockuii pebed. OCHOBHBIE NOTEPH CBA3AHLI
C IIOBEPXHOCTHEIM 3aCPHKAaHHEM TAIBIX BOX. AKKYMYIHPYIOIasd eMKOCTb
GonoT 1 2abON0YEHHEIX IOYR CHILHO M3MEHAETCA M3 roJa B FOJ B 3aBUCH-
MOCTH OT YBIAXHCHMA peuHbIX BozocGopos. [lorep Tameix BOR MOryT
Jocturats 100 — 200 MM. CTonp e 3HAYHTENBHO MOBEPXHOCTHOE 3alep-
AKaHHE B JIECAX. H TOIAX, PACIIOIONKEHHBIX N0 Nepupepinn Bepxosbix Gonor,
3neck cnolt 3afepxaHnd BOOb: MokeT ObITe Ko 100 MM. B peunsix Gacceii-
HaX HMEIOTCA 3HAUMTENbHLIE OECCTOUHBIC IUIOWATH,

Pacuer croka Tankix BOA PEKOMEHAYETCH OCYILECTBAATh H2 OCHOBE
YPaBHEHMS NPH MKOCTHOM THIIE BOAOIIOTIIOWEHHN:

Y= afX - E(I)] th [X/E(U)], (7.43)

rae o £ 1 — napaMeTp, XapakTepH3yIOLIMH AOCTOAHHO BECCTOUHYIO IUIOLIATS
p Oacceiire. Jing peunsix GacceitHos 3anamno-CrbGHpckoli paBHMKE napa-
metp o namenserea or 0,45 no 1,0, Ocranbibie 0003HAYCHAS NPEXKHKE,
INoxazaTenem BPEI3HMHETO YRARKHEHHS PeuHEX Bacceiinor I/ as-
JISCTCHK CTOK 33 CeHTAOPb-HOAOPH 3a BBIYETOM MHHHMANBHOIO CTOKA,
XapaKkTepH3YIOWEro YCTOHYHBOE NOA3EMHOE THTaHMEe:

U= Yix-x1 = Ymin.
Ceoboman emxocTs 0acceiina xapaxTepi3yercs HapaMeTpoM
E(U) = Equx—A1g (U t1),

e Ly, — MaKCHMANLHAA €MKOCTH Oaccefina, OTBEYAOIMAN NPEAENEHO
MAIOMY NpPEAIIECTBYIOMIEMY YBNAXKHEHHIO, MM; 4 — MOCTOAHHBIA AN
aaHHoro Baccelina mapameTp, xapakTepH3YIOWHHE H3IMCHCHHE ero eMKo-
cru. [lapaMerpil Ep,,, &t H 4 OOpegensaiores MyTeM ONTHMU3AMHH.

7.4. AsToMaTHIaIMA Ppa3paboTKn M BEIMYCKA TEPPATOPHATLHOTO
KONTOCPOYHOTO POIHO3A C/IOA BECEHHETO CTOKA

B I'mapometuenTpe Poccuu paspaboTan KOMIUIEKC NPOrpamMm ¢ Le-
ABI0 ABTOMATH3ALMM MpoLecca Pa3paboTky METORMKH NPOTHO3IOB Be-
CEHHEro CTOKA, HaYHHad ¢ BLIGOPa HCXOAHOMH UHGOPMALIMK 110 NPOBEPKH
HAISKHOCTH YCTAHOBICHHBIX NPOrHOCTHYESCKHX 3aBHCHMOCTE.
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Ha ocHOBe KOMIIICKCA NIPOFPaMM ¢ OMOIHIBIO COBPEMEHHOMN dNIeK-
TPOHHO-BHIYHCIHTENLHON TEXHHKH OCYIIECTRIIACTCA BLIYCK NPOTHO30B
CIIOS BecEHHEro ¢Toka Ana 6oikmioro 4ucna BoaocOOpoR, pacmonoXeH-
HEIX B Npefenax TePPHTOPHH C OTHOCHTENLHO ONHOPOAHAIMM YCIOBHA-
MH QOPMHPOBAHUA NONOBOLDLA.

[IporpaMMHBIH KOMITIEKC COCTONT H3 YCThIpeX ONOKOB, CBA3b MEXK-
Ay KOTOPHIMH OCYLIECTBACTCA KaK ABTOMATHYECKH, TAK M CAMHMH 1Ipo-
THO3ZHCTaMH, KOTOpPEIE HMEIOT BOIMOXKHOCTE H2 OCHOBE aHaATH3& [IpOMe-
JYTOYHBIX AAHHEIX BHOCHTH ONPEACNICHHEIC KOPpeKTHBEI (pHc. 7.20).

BAMK BAHHLIX
Obuexmuminl aHaIn: Obnermuann s o - Pacyem Xapormepuc-
OGHANY O EHENHOM uexeduoi vcfl?':a UK QTGIONGTIYEH-
noxpose O.18 HPO2HOI (CHEN - OCH
HOHE HOKPOS, DCOOKL,
Hpavep3anie noies) Bubop natinodame
Auaras penperenma- poex Hywimoe, eyeua |
MmUSHGCTIM DatitNees Bufop nadnodamess iy ocped-
nalnodemeii HulX HYHKMIOB, Oenra —T_
TCpEMHOCHIL Ot ped)- Konmpore mounocmi
Koumpoas mouxocmn
HbIX i
Cimusatonee ocpes-
Hecnouenue 2pyGox HENHE DARNDIY IO MEP RI2U & RONBE (OLEHNE
ooy wednodewtit meopuu Sacceimos Femiia m‘;m
L
fHpoenos
Buflop mune npoenocatie
Unpederenne napasempos
RPOSROCRIUNECKUX
I} i
EHRA MOWHOCIIT HpD-
THOCIRNECKRTHI Mem oKl

Prc. 7.20. Bnok-cxéma pazpaboTiy METOMMKR MPOTHOIOR BECEHRETD CTOKA
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Meperiii Gnok npegHasHadeH LA 00HEKTUBHOIO aHANN3a NONEH Be-
JHYHH, HCTIIONL3YIOMMXCA NPH MPOTHOSHPOBAHMH (JAHHBIC O CHEXCHOM
NOKpoBe). 3fech MCKIIOYRAIOTCA rpybuie owMOKK K BBHIABIAKTCA Hepe-
DPEe3eHTATHBHBIE TYHKTH! HabmoneHuil.

Bropoii 6ok COyXMT A4 paciera XapakTepUCTHK BIArOHACKIIIERHO-
oy GacceiiHa Kak NOKA3aTeNA NMOTEph BECEHHETo cToka. B kavectBe noka-
3aTeNA TPEAHMHCTO YBORKHCHHA 0acCei{HOB B 3aBHCHMOCTH OT HAHYHA
MCHOTHEIX ASHHLIX. HCHOBIYIOTCA 3aNack] NPOAYKTHBHONM RAAr B METPO-
BOM CJI0€ IOYBE! WIM CJION CTOKA PEK 38 OCCHHE-3HMHHI NCPHOA.

TpeTwit 610K mpefHasHAMEH AiA O0BEKTHBHOrO BHIGOpa HCXOMHOH
HH(pOpMALK VTR MPOTHO3A U BKIIOYACT B ccOS BRASNCHHWE BAMAIOLIMX
CTaHUMif, KOHTPOJIL TOYHOCTH HAHKBIX HaOOAeHM, ONTHMAaNkEHOE OC-
PEANCHME NAHHLIX IO TCPPUTOPHH HacceHHa.

B nocneapeM Ga0Ke CHCTEMBl YCTAHABTHBAIOTCS MapaMeTpEl Opo-
THOCTHYECKHX YPABHEHMI H OLEHUBACTCA TOYHOCTh METOIMKU HA OCHO-
Be€ BRINYCKA MPOTHO30B Ha 3aBHCHMOM H HC3aBHCHMOM MaTCpHAJIC.

Bribop THNMa HPOFHOCTHYECKOH 33BHCHMMOCTH OCYILECTRIAETCS
¢ YYEeTOM HMEIONMXCA AAHHBIX HaOMIOASHHI B yenoBrii BOJONOFIOMIE-
HMs BECHOIA,

B xavecTBe NMpPOrHOCTHYCSCKOTO METOZA HCHONB3YETCA KAK HeJH-
HefiHaa MoIenbk ¢ napameTpoM P, onpereiseMpiM B 3aBHCHMOCTH OT
YRI@KHCHHOCTH, TITyOMHE: NPOMEP3aHMA TTOYB, TAK 1 IMHeHHan perpec-
CHOHHad MOJAENb, B KOTOpOH MPEAHKTOPaMH ABIAIOTCA OCHOBHBIE (hak-
TOpBI BECEHHETO CTOKA.

Bonpoce! 06LeKTHBHOTO aHANH33 NOJIel XapakTePHCTHK CHEXHOTO
DOKPOBa H OOREKTHBHOTO aHANK3a KaK Metona of0paloTku MaHHEIX Ha-
6monenuii moxapoSHo paccMaTpuBaioTcs B Pykoroacrse [S1].

C momoOmBI0 pacCMOTPEHHOrs KOMILIEKCA NporpaMm OLITM paspa-
GoTaHB! METOAMKM NPOTHO3a BECCHHETNO CTOKa JBYX paifonos: ana 16
soxocGopor Himknei Bonrm m ans 50 BogocGopor bGacceifna Kamur
3uauerms S/o mamensapcs ot 0,45 o 0,80. Ilo ornensiniM, ApeHMYyLIe-
CTBEHHO MaNbIM PEKaM, POTHO3EI OKAANHCE HEA( QCKTHBHBIMH.

7.5. HoarocpouHslii NPOrAo3 MAKCHMANLHBIX PacXod0B
(yposneii) pecenyeroe moJoBOIbN

JonrocpodHsiii NPOrHo3 MaKCHMYMA BECEHHETO CTOKA NPEACTaBIA-
€T HHTEpPEC A MHOrMX OTpaciel xosaificrsa cTpaHBl. 3HaHHE MAKCH-
MaNbHOrO pPAcXOAa MONOBOARA HEOOXOMMMO IUIA IMAPOIHEPTETHKH M
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BOJIHOT'O XO3AHCTBA NPH PEIICHHH BOTPOCAa O MPOMYCKE BOABI HEPE3 BO-
JOTIPOITYCKHBIE OTBCPCTHA, WIA PEryNMPOBAHUA CTOKA. B 3aRHCHMOCTH
OT MAKCHMANBHOTO pacxoja (YPOBHA) BOABI HAXOMHTCA CTENCHD PasIHBa
PeK H 3aTOIICHHA Npricraroueit k Hell MecTHOCTH, 3abaroBpeMeHHBIH
NPOTrHO3 MAKCHMANHLHOTO CTOK2 NO3BOASET CBOCBPEMCHHO NPHHATH Me-
PBI H YMEHBIIHTS BO3MOXKHLIH yiepd oT 3TOro SBaeHus.

Cmok noaogoduii 1 B TOM YHCIE HauDONBHIME PAacXodBl BOJKI BO
BPEMA MONOBOALS B 3HAYMTCABHOH Mepe OTIPEeAeILIIOTC KIHMaTHICCKH-
MM YCIOBUSMU 1 (hakTopaMu noacTHnaromeii nosepxuoctn. Ha dbopmu-
poBanyne nonoBofsS U 0CODCHHO €ro MAKCHMYMA CYHISCTBEHHOE BIIHA-
HUE OKa3BIBAIOT TAKHC GAKTOPhl, KAK CHEr03anack!, HHTEHCHBHOCTE CHE-
TOTasHHA, KONHYSCTRO BECEHHUX OCAAKOB, YCNOBHA QOPMHpPOBAHHA IO-
Tepb TabiX BoA. K cokanenmio, He Bce 3TH $aKkTophl MOryT OHITE yuTe-
HbI 1P BBIYCKE NPOTHO3a M3-3a OTCYTCTBHA NPOrHO3a pacipeseNcHus
BO BPEMEHH HEOOXOAMMEIX METEOpONOTHUSCKMX BenMuuH, B cpan
€ 9THM YaIle BCEro NPUXOMHTCA OTPaHHIMBATECA MPHOAWXEHHON 1aBn-
CHMOCTBIC MEXTY MAKCHMANLHLIM PACXONOM H 00BEMOM CTOK? 3a NEpH-
OJf HOJIOBOABA.

Pacver MarCHMANBHOTO pacxofia BOAL! NMPH HeNHHEHHOH cxeMarH-
34IIMH BSCEHHETO HONOBOABA OCYLIECTRINETCH N0 dhopmyne

Omax = KpKoYFI(T, + Trax) (7.44)

rae Kp — xoapduuueHT pasMepHocTH; Ko — koo(duuenT GopMer THA-
porpada nonoso/pa, paBHbIH OTHOWEHHIO Op./Q (O — cpenunii pac-
X0 BOAb! 32 MEPHOJ NONOBOAEA); ¥ — cTOK 3a monoBoAse, MM, F — mno-
wank Gacceiina, kM’ T — NPOJOIKHTCILHOCTh CHETOTAAHHA CYT.; Tmax —
Haubonbiuec BpeMa aoderanus sofn B Gacceiine.

N3 suipakenns (7.44) cnexyer, 4To I KOHKpeTHOro BopocGopa
MaKCHMANBHBIA PacXol BOAB B OCHOBHOM 3aBHCHT OT TPEX NMapaMeTpos;
Y, T, M Ty, IIpn HeGONbIION M3MCHUHBOCTH BEBAUYMHBI Ty MAKCHMYM
pacxoia noNoBOAbA OYIET 3aBHCETH OT BENHYMEHEl CTOKA 33 NIGPHON No-
JIOBOABS H OT MPOAOIKHTENALHOCTH CHEroTasHua, B Oaccefinax pek
C OTHOCHTENBHO MANO WIMSHAIONICHCA H3 roja B TOA UTHTENBHOCTHIO
CHETOYAAHMSA MMCCTCH AOCTATOYHO TECHAA CBA3L MeXOY On. B Y. 3aBH-
CHMOCTh Qs = f(Y), Xak npasuno, nunetinad. Ilpu nporHosze Maxcu-
MAIIBHOTO pacxofa NMOIOBOABA 33 3HaUeHUE Y NPHHHMAETCH €ro NporHo-
3upyeMoc 3HavcHue, JIMHefHBE 3aBHCAMOCTH MaKCHMyMa BECEHHEro
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CTOKA OT CTOKA 33 MOJIOBOABE AOCTATOMHO TECHBIC IUIA PEK CTEMHON H
JIECOCTEMHO# 30H ¢ OTHOCHTENLHO KOPOTKHM MEPHOAOM CHETOTANHUA,

Hemmeiinsle 3aBHCHMOCTH (pax = f{Y) xapakTepHu! Ana GoNbIIKX
PEK B CiTydac HEPABHOMCDHOIO PAaclpeicACHHA CHET03amacoB H HEONHO-
BPEMEHHOCTH CHETOTARHNA B pa3MMYHEIX YacTAX Oacceftna. Jpyro# npa-
qHOH HEMMHSHHOCTH CBA3ZA (e = AY) ABNAIOTCH 3HAUNTCNBHBIC H3ME-
HeHMA NeilcTBYIOLIeH MIoIAAH B MHOTOROAHEIC H MHOTOBOAHEIE BECEH-
HMe nepuoanl B 6acceiinax ¢ mrocknM pensedom n Gonburol wsmenun-
BOCTEIO YBRAQXKHEHHOCTH OacceiiHoR.

Ha pexkax necHoii 30051 CBA3H Oy, = AY) MeHee TecHbIe H3-3a Gons-
woif APOROKHTENLHOCTH CHETOTAAHIA M 3HAYHTEIBHEIX ocajkax. Kpo-
ME TOTO, HApYIICHHIO CBA3M MEXTY MAKCHMYMOM H o(beMOM HOMOBO-
ApA CNI0cOGCTBYET PA3HOBPEMERHOCTD CHErOTasHUA C OTKPBITOH H 3ane-
ceHHolt YacTaMu Saccetina pexu.

B Gonpmmx 6accefinax MpUUHHON CHHXEHHSA TOYHOCTH 3aBHCHMO-
¢TH Omax OT Y MOXKeT OBTh HEOZHOBPEMEHHOCTH MPOXOWICHHA BOJH
NOJIOBOMBA HA ITIABHON PEKE H €¢ KPYNHBIX NPHTOKAX.

IIporno3 MakCHMANbHBIX YPOBHEH NONOBOILA HACTCA HA OCHOBE
HPOTHO32 MAKCHMARNLHOTO pacxofia € MCHONIB3OBAHHEM 3aBHCHMOCTH
Q = fH).

Hecronbko ClioB 0 DOATOCPOMHOM MPOTHO3E IAT Hauana NoOBONBA
H HACTYTINCHHA MAKCHMAaNIBRHOIO pacxond. HpOI’HOZiH BO3MOXKHEI THIIB
Ha OCHOBE JIONTOCPOUHOTO MPOTHO3a YCTOHYHAOTO HACTYINEHHUA NOTen-
nenux. TNonolubie METEOpPONOTHYECKHE NMPOTHO3bI Ha JaHHOM YPOBHE
COBPEMEHHON METEOPOJIOTHH HE OCYILECTBIISIOTCA, YTO HCKIIOYAET Mpo-
THOSHPOBAHHE CPOKOB HAYANa MONOBOABA H BPEMECHH NPOXOKACHASA
MakcHMyMa ¢ GonbIoik 3a61aroBpeMeHHOCTBIO.

7.5.1. Jonzocpounstii npo2roz npumoxa 006! @ 6000XpaKUAUYA

Boaoxparmnumia KPyNHBIX THAPOACKTPOCTAHIMH NpeIHATHAYCHR
Ing Haubonee palpOHANEHOTO HCIOJIB30BAHHA PEUHOTD CTOKA B MHTEpe-
cax FHAPOIHEPreTHKH, BOJIHOTO TPAHCIOPTa, PHIGHOTO H CENBCKOrO XO-
39HCTRA, OPOILIAEMOTO 3eMIICTICTNA. YacTs KPYTIHREIX BOJOXPAHHKIHLL CO3-
JaBaNach < Lekio 60ophObl ¢ HABOZHCHHAMH NOCPCACTEOM PEryTHpOBa-
HHA nomyckop. OnTHMansHOC ynpaencHHe paboTod BoaoxpanHaHLLY
KOMIINCKCHOTO HA3HAYCHUA OCNOXKHACTCH MPOTHROPEYHBHIMH TpebGopa-
HHAMM BOZononb3oBaTenc. PrbHOE H ceascKoe X03AHCTRO HY KAAOTCH
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B 3HAYMTENBHEIX MOMYCKAX BOALI B NEPUOK NONOBOABA, 0GCCIEYHBAIO-
IMEX 3ATOIICHKE NOHMBl Ha ONPEACACHHYIO TIyOHHY M BpeMd ¢ UENBI0
ofccieseHHA HepecTa NOAYNPOXOAHEIX Phi0 H CoXpaHEeHHA LICHHBIX MO-
MeHHEIX JiyroB. B 1o e BpeMA TIHAPOSHCPICTHKM 3aHHTCPCCOBAHDI
B 3anOfHEHHM BOAOXPAHHJIMIUA A0 HOPMANLHOrO MPOEKTHOTO YPOBHA
(HITY), uto menaet HexenaTeAbHBIME XOI0CTbIE COPOCK BOMBI.

Makcumanshnifi dxoHoMHYeckHiE 2¢ddekT pabothl BOZOXpaHHIMIL
CYUIECTREHHO 3ARMUCHT OT 3aGNaroBPEeMEHHOCTH M TOYHOCTH AOArOCpoY-
HBIX MPOrHO30B OPHTOKA BOAB! B BOZOXPaHRIHLIE HIH KacKan BOJOXpa-
Hunni. Ha ocHoBe JauHBIX RPOTHO33 MPHHMMAIOTCA PEIICHHA N0 pery-
JHPOBAHNIO PEKUMA HaNoAHeHAS ¥ cpaboTkH. Jins notpeburens xena-
TE/IbHO, YTOBHl XO4 MPUTOKA BOAN B BOAOXPAHWIMILE OBUT KAK MOMKHO
Gonee meramasupopak. OTCYTCTBHE CBCACHHH O PaCHPEICHCHHH APATO-
Ka BOJAHI 33 [ICPHOJ [TOJIOBOABA IPHBOMHT K NOTEPAM B BLIPaGOTKE IHEP-
THH THAPO3NCKTPOCTAHIMEN AaKe NPH NOCTATOHHO TOYHOM MPOTHO3E
obmiero mpuToKa 3a 3T0T mepuol. IlporHos pacnpelelieHHA CTOKA BO
BpeMEHH OCTAeTCA BechMa CI0XKHOH rpobaeMoii, H ero TOYHOCTE 3HAYH-
TENLHO YCTYRAET TOYHOCTH MPOTHO3HPOBAHHA 00LEMA CTOKA 33 BCE IO-
JOBOABE.

OOmweit pusHuecKol OCHOBOH METOICB IOJTOCPOMHBIX MPOTHO30B
CTOKA PEK M OPHTOKA BOAbl B BOAOXPAHHIHUIA ABRAIOTCH YPaBHCHHA
BoiHOro Banauca 6Gacceiiya 32 onpeacneHHbIi nepuon. Yame Bcero uc-
NONB3YITCA NUHEHHBIC, PeXC HGIHHCHHBIE (H3HKO-CTATHCTHYCCKHE,
NOKAJIBHbLIE 3ABUCHMOCTH CTOKA (IIPHTOKA) OT OCHOBHABIX (akTopoB, Xa-
PaKTEPHIYIOINX KOMIYECTRO NOCTYNUBUICH B 6acceiiH BOOb! M MOTEPD
©¢ Ha MHHNBTPALHIO, HCOAPEHHE H 33/iepXKaHHe Ha NMOBEPXHOCTH Oac-
ceitna. ITapaMerpsl NOKanbHBIX 33BHCUMOCTCH ONPEACIHIOTCS KAK 110
OaHHBIM HabmoacHHM (CTOK, BEICOTAa H IUIOTHOCTHL CHEFa, KONMYCCTBO
OCafIKOB, BIAKHOCTL M TyGHHA NMPOMEP3aHHA TOYR), TaK M MO0 KOCBEH-
HbIM XAPAKTEPHCTHKAM (BOAOMNOFIOTHTEIbLHAR croco0HOCTE Gaccedina,
CHET03aMAChI B BHICOKOFOPHOI YacTn Gaccefina m ap.).

B mocnegHHe ToAEl HCOONB3YIOTCA TCPPHTOPHANGHO OOIINEG MCTOIBI
TPOTHO3KPOBAHMA, HE OTIHYAMOLIMECA MPHHEIMITHAILHO OT JIOKANbHBIX 3a-
BUCHMOCTSH, HO ABIAIOWMECH OOLIMMH i1 3HAYHTCIRHBIX reorpaduric-
CKHX PETHOHOB. YCTaHOBNEHHE TePPHTOPHANBHO 0b11ieii 3aBMCHMOCTH BO3-
MOXHO JIKIIE A4 PalOHOB € OJHOPOAHBIMH YCIOBHAMM KIHMATA, pefbeda,
NOYB, PACTHTELHOCTH. OTMETHM, ITO TOMHBIX KPHTEPHER A OLEHKM (-
3UKO-reorpaduueckoil OTHOPOAHOCTH peuHElx GacceiiHoB HeT.
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Prc. 7.21. 3aBHCEMOCTE IPHTOKA BOAE B BogioxpaHyanue KpacHospekoit IT3C
33 anNpelhk HIOHE OT MAKCHMANBHEIX CHETOIANACOR,
BHMHCICHHBIX 10 JAHHEIM © 3HMHHX 0Cankax 710 15 craHuuaM {nubph y ToHek — FOABI).

PaccMOTpHM NpUMEpE! NPOTHO32 BECEHHEro NPHTOKA BOIE! B BOOO-
XPAHUAKIBA M €ro pacnpeeneHus Bo BpeMEHH.

JlonrocpoyHEI# NporHo3 ruAporpada NpuTOKa BOAB! B 6000XpaHU-
nuwe Kpacnospekoti I'3C 3a nepHox NONOBONALA OCYIIECTRIAETCA NO-
aranmso. Ha nepeoM 3Tane npoTHOIMpYeTCA NPHTOK BOXBI 3a anpenb —
HIOHE YIO ZaHHBIM O MAKCHMANBHBIX cHerosanacax {puc. 7.21}).

ToanocTh 3aBHCHMOCTH XapakTepH3yeTcs KoahdHINEHTOM Koppe-
g r = 0,87, 3areM npesBAIMKCIAETCA NPHTOK BOAL OTACAKHO 33 an-
penb, Mail, HIOHb, NP 3TOM HCIIONB3YETCS MPOTHO3 CPeanei TeMnepa-
TYpBl BO3AyXa Ha ampeJib, Maif, a Taloke CBEJICHHA 00 OCTaBILMXCA CHe-
rosanacax B peaHoM bacceiine (pruc. 7.22).

TIporros ruaporpaga BCCEHHETO NPHUTOKA BOABI B 000XpAHUANIYE
Hosocubupexott I'2C npoUsBOAUTCK IYyTEM CYMMHDOBAHMR pasneabHO
npeicka3aHHLIX THAporpador BpHTOKa ¢ ropHoi {p. O6% go r. Bapray-
na) u pasauuyoii (ot Baprayna mo crsopa I'2C — GokoBoi NpHTOK) yac-
Teii bacceiina (puc. 7.23).

3umune ocagky B Gacceline Bepxweit 064 no bapuayma mrpaioT
raBHyl0 pois B HOpMHPOBaHHR ReceHHero mpuToka Boawl, O6 arom
CBHOETENBCTBYET BEICOKHH Kkoodduunuent xoppensmux (0,80) mexnmy
BECCHHMM CTOKOM M KOJHYECTBOM OCAAKOR 3a 3uMy. [ToKasaTens cHero-
HaRKOIVICHUA ONPEIenAeTCa Ha OCHOBS cBezenuit 11 crawumil, pacmono-
’KCHHBIX Ha Pa3HBIX BBICOTAX.
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Puc. 7.22, 3an#CHMOCTE TPHTOKZ BOAR! B BOAOXPAHHNAIE 34 Mali OT ocTaBIIHXCH 3ama-
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Puc. 7.23. Tunporpaduueckad cxema Gaccelisna
p. Q6H o cTeopa HorocnGnpekoi I'3C,

ITporxos GoxoBOTO NPHTOKA B BOAOXPAHMIHLIG Ha Y4acTKe OT Bap-
naysa 1o creopa I'DC maercsa no croky pex Yymsiua v Bepan. Pexum
CTOKA YKa3aHHBIX PEK ARMACTCA XAPAKTCPHBIM I 9TOH 4acTh baccefina.
CTok Tanux BOJ 33 MOROBOMLE KANDON W3 HBYX PEK ONPENEIETCA 00
MaKCHMANABLHBIM 3aracaM BOARI B CHEXHOM MOKPORE, CNMKCHHBIM ¢ KOJIH-
4ECTBOM OCAAKOB 33 BPEMA CHEIOTasHHA H KONMYECTBOM OCCHHHX OCAJI-
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KkoB. [Tocne/iHHE ABIAIOTCSH OKA3ATE/NEM OCCHHETO YRIAKHEHNA M BhIYHC-
NANMCH 33 MEPHON ¢ ABTYCTA 0 YCTAHOBICHUS YCTOIYMBOIO CHEXHOTO
nokpoza. [Iporros GOKOBOTO BPHTOKA B BOAOXPAHHNHIIE OCYIIECTRIACT-
¢ NO NPSHCKAIAHHOMY TANOMY CTOKY 3a NIEPHMOJ OTNOBOABA pex UyMpira
H bepmu. O6eM cToka Tanbix Boj p. JyMblma NpeABHYHCIACTCA DO 33-
BHCUMOCTH, NipeicTaBNcHHOH Ha puc. 7.24.

MNoaobxan 3aBHcHMOCTE ROMydcHa 1 A1a p. bepau. Ocaax 3a spe-
M#A CHEroTafAHHA NMPH COCTABJIEHKH NMPOTHO22 B KOHLIE MapTa HEH3IBECT-
HBI, TOITOMY MCMONL3YCTCA HX CPSAHEE MHOTONICTHES 3HAYCHHUE,

BokoBoii PHTOK BOARI B BOZOXPAHHNHILE 33 BTOPOMH KBapTan om-
PEOCNACTCA N0 YPABHEHHIO

O = 1,13 (3,51 17 + 1,60 Yu) + 165, {7.45)

rae 3,51 u 1,60 — xosd¢puumenTs npusoakH cToxa pex Yymbima u bep-
JH¥ B 3aMbIKaIOMX cTBopax TaabsMeHKa U MckpTam.

Crok 3a anpens ¢ ropHoii
yacTH OacceiHa 34BHCHT OT
TEMIICPATYPR BO3AYXA 33 3TOT
Meca. B cBA3H ¢ TCM, 9TOD Xk
MOMECHTY COCTABNICHMA TIPO-
THO32 TEMIEpPaTypa BO3AYXa
HEH3BECTHA, TNpPOrHOS CTOKa
COCTABAAETCA C MCTONB30Ba-
HueM wHIeKca » Ay, npeno-
NpeelAIONere TEMIICpaTyp-
Helit don anpens. Unaeke sbl- | AT L L L
YMCHSeTcA MO CyMMe OpeBhi- &0 10 oI 220 At
Wwemnit  cpeanedt  CyTouHodH Puc. 7.24. 3aBHCHMOCTS CTOKA TATLIX BOLL,
TeMIEPATYPR BO3AYXa Hal — 34 AOACBOMbE ANA P. UyMbla Y TANBMEHKH
15°C B MapTe HO pamy cTaH- OT MAKCHMATBHLIX 3ATIAC0B BOILI
lmﬁ 3anam{0ﬁ CHGHPH. An_ B CHEXHOM NOKPORE, CIOKCHAEIX ¢ OCaEKAMH

o 34 BpeMy CHETOTASHHA H OCEHHWX GCaOROD
BCKHIA CTOK MpeABLITHCIIA-
l?"t';:cﬂsl O YPABHEMHIO (umidpss -y HEPHBLIK, M.

¥ um > 18D

O = 18T A8y, + 430. (7.46)

Tporuos mMecaYHOro CTOKa Ha Mali H HIORL TIPOM3BOIKTCA [0 CHE-
ro3anacamM B OCHOBHEIX 30HAX opmupoBanud croka (750 — 2250 u 1250
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— 2750 M coorsercreenno). Crok p. O6u vy Baprayna 3a maii onpeaens-
€TCA C HOMOIIBIO YPABHEHHMA!

Ov = 33,33 kXG50 2250 ~ 200, (7.47)

TIe AXysp-zs0 — MOKa3aTeNb CHETO3aMacoB B OCHOBHOM 301e HopMHpoBa-
HMS CTOKA Ha BricoTax 750 — 2250 M.

Ort™eTuM, 4TO B ropHoi wacTh Gacceitna O0u xo BapHayna ocHos-
HOC TasHHE CHEra NIPOHCXOAHT B Mac-MioHe. CocraBneHHLI B KCHuE
MapTa NPOrno3 Ha Mail M HIOHL yToundeTcs 20 anpens u 20 Mas ¢ yie-
TOM KOJIHYECTBA BRINABLIMX TBEPABIX OCA/KOS ¥ OCTaRuIHXCA B Oaccefi-
He CHero3amnacos.

Mexay OekagHBEIM ¥ MECAYHBIM CTOKOM CO BTOPOH ACKANBL AMpens
HMeerca TecHad cBa3b. Koadduumente: koppenaunn ang GonpiunHCcTEa
nexan npeppimaior 0,85 — 0,90, 3TH ¢BA3W HCNOABL3YIOTCA A/A MPOTHO3A
PaCcHpPEAENICHAA 10 ACKANAM IIPUTOKA BOABL B BOMOXPAHHIHILEG C FOPHOH
yacTH Gacceiina O6H ¢ anpena 10 HIOHb.

Hpornos aexaguoro GOKOBOTO TIPHTOKA C PABHHMHHOH wacTu Gac-
CciiHa OCHOBAH Ha THMM3ALHH THApoTpadoB. BHeneHO maTe THOOB
pacnpefeneHHA RPUTOKA MO ACKAaZaM B 3aBHCHMOCTH OT CPOKOB IIPOX0-
HACHHA MaKCHMMANLHOTO HeKamHoro mpuroka. OrnipeneneHue BpeMeHH
HaCTYIUICHHA HanboJIBIIET0 MPHTOKA OCHOBAHO HAa MCHOALIOBAHHH TOTO
xe uapexca (3 Aby).

Oxunaemulii TPHTOK B BONOXPAHHIMILE CKIANLIBAETCH HI PaA3Aeih-
HO TMpCACKa3aHHBIX rHAporpadoB NPHTOKA ¢ TOPHOH ¥ PaBHHAHOH vac-
Ted Bacceilna ¢ yweroM TpancopManuu croka B pycne O6u u ce oc-
HOBHBIX IPHTOKOB.

PaccMoTpeHHas METOAMKA NPOTHO3ZHPOBAHHS NPHTOKA BOGL: B BO-
DOXPaHHIHEIC TPHMCHAMA 1% TOPHBEIX H FOPHO-PABHUHHBIX PEK, Tambiil
CTOK KOTOpbIX cocTasiger 70 % u Gomee obuero cToka 3a RONOBOAbE.

B GaccciiHax pex 30HB BEHHOH MEP3IOTH OTHOCHTCIBHEINA BOAO-
YROP B TEMIOE BpeMA rofa NPEncTaBieH BepXHEH rpanMuei Mepaikix
nopoA. Han 3THM BOROYNOpPOM PAaciiONOXKEH CIOR Ce30HHOrO MPOTanBa-
HHA, HIH neATenbbiil cnoif. MoniHocTh AEATENBHOTO CI0S, COCTaB H
BOJIHO-(GH3HYECKHe XAPAKTEPHCTHKH MOMBOTPYHTOB ONpPEAERIICT BOJO-
NOrNOTHTENLHYI0 cnocobHOCTh GacceiiHa, T.¢. MOTEpH TANIOH BOAHI Ha
NOBEPXKOCTHOE 3anepkanue. OTTauBaHNE JeATEIEHOTO CNI0A HMEET Me-
CTO JMWb HOCAS CXON3a CHETa, [03TOMY NOTCPH HAa HHOUALTPALHC
B NIepHOoA GOPMHPORAHHA NONOBOABS 3/ISCE HEIHATHTEABHEL.
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B Becennmit nepuon npeoGnanaer noBepXHOCTHBEH cTOK M 00y-
croBIcHHBIA BeyHolt MEP3NOTOH eMKOCTHOI THI BORONOTNOMEHHA.

CToK 32 NONOBOABE 3aBHCHT B OCHOBHOM OT CHEI'03aMacoB, KONHYC-
CTBA KHUAKHX OCAJKOB H PACTIPE/ieNiCHHA BOJOYIECPHUBalOcH eMKOCTH
Ha nnoumany sogoctopa.

IporxHos npuroxa oAbl B Bumotickoe eodoxpanunuye 3a NEPHOL
MONQBOALS BLINONHAETCA MO3TanHo [51).

Ha nepsomM 3Tane IporHO3HpYeTCA CTOK TaMLIX BoX Y, N0 ZaHEBIM
O MakCHMANBLHREIX CHErO3amacax S H oceHHeM YRNaxHeHun Gaccelina U.
3a XapakTepHCTUKY OCEHHETO YBIRXHCHMA NPHHMMAcTCA OTHOLCHKC
CTOKa B CeHTAOpE K ero sopme.

3aBHCHMOCTH MMEIOT CISAYIOWNY BA:

np U>1Y,=5-25[1-exp™™); (7.48)

pH U<l Y, =85-33[1-exp®™ (7.49)

B nanbHefiineM MporsO3MpyeTcd CYMMApHBIY MPHTOK B BOAOXpa-
HHJHIIE ¢ YYEeTOM AOKACBOH cocTapidomeil croxa. [IporHo3 BemycKa-
€TC% B BEPOATHOCTHON GopME N0 BLIpAKEHHIO

Y(P)=Y,(S,U)+Y, &(P), (7.50)
rge F(P) — oxunaemblii NPHTOK 3aAaHHOH BEPOATHOCTH NPEBBIILCHHH;
K(S, U) — ranslit cTOK, CPOTHOIHPOBAHHLIA N0 ypaBHeHHIO (7.48) HM
(7.49); Y, — cpenuuii MEOTOACTHHIK AOKREBON CTOK; 8(P) — OTKIIOHEHHE

CTOKA 38KaHHO BEPOATHOCTH MPEBHILNECHHA OT CPEAHEr0 3HAYEHMA
(S u+7y,

HonrocpouHkilt SPOrHO3 BECEHHETO NPHTOKA BoA B Llumnanckoe
8000xXpanuAuYje OCHOBAH HAa NMPOTHO33X CTOKA C WIECTH OJHOPONHEIX
(qacTHBIX) GacceHHOB 10 BHIPAXKEHHIO

Y=fin+ iyt + foVe (7.51)

rae Y — cyMMapHbli NpHTOK BoAbl B L{UMAAHCKOE BOROXpAHHIHIIE, MM;
Y13 Y25 --.» Y6 — CTOK € UACTHHIX Gacceiinos, MM; f), f, ..., fs — OTHOCH-
TENBHBIE IUTOLHANH JacTABIX B6aCCeilHOB B ROMAX CAMHHIEL.

Crok ¢ 4acTHBIX GacceifHOB MPOTHO3HPYETCA MO TCPPHTOPHANBHO
ofmeii 3aBUCHMOCTH

y=X—Py (U, L) [1 - exp (=X/Pp)], (7.52)
223



rae X — CyMMapHOe KONMHYECTBO BOMBI, YYacTBYoUEH B HOPMHPOBAHHA
TAROAOKACBOI0 CTOKA (3anac BO/BI B CHEXWHOM AOKPOBC, NEIAHOH KOpke
H KOJIHYECTBO OCAJKOB 3a NIEPHOX OT JaThl MAKCHMYMa CHEro3amacoB Jo
JAThl CXONA CHEra) B KAXMIOM vacTHOM Gacceline, Mm; Py — napamerp,
XApaKTEpH3YIOUIHH IoTepH cToKa, U/ — mokasarens mpemliecTBYOMIEro
yBnaxHeHHA Gacceiina; L — ryOHHA POMEP3aHNs NOYBLL.

YTouseHNEe NpOTHO3Aa NMPHTOKA BONK B BOAOXPAHHIIMIUA MOKET
ObITE OCYLISCTRICHO HA OCHOBE WCIONL3OBAHHA CBENCHHI O 3amacax
BOAB! B CHEKHOM TIOKPOBe Ha Gojlee NOIAHIOIO JaTY H BaHHBIX O GAKTH-
YeCKH BHUTABIIEM XK ITOMY BPCMEHH KOJIHYSCTBC OCAIOKOB. Jro YTOUHE-
HHE ocobeHHo >p(eKTHBHO B rofbl, KOTAa KOMHYECTBO OCAZKOB 3HATH-
TEMBPHO OTAHYACTCA OT [NCPBOHAYANLHO Ilplﬂ'LﬂTOﬁ HOPMBI OCANKOB, Or-
MCTHM, YTO YTOYHEHHE MPOTHO33a MPUTOKA BOEI NPOM3BOAHTCA MO TEM
e 3aBHCHMOCTAM MNH YPAaRHCHUAM.

# ' [T bonee mepcnexTH-
BeH crocod yroynewma
MPOTrHO30B IIPH HCNONL-
30BAaHHH JaHHBIX O HAH-
GonsmiemM oObeMe BOMBI

% /,;,/‘z’ o B PYCHOBOit CETH Kpym-
/ ) HO#H pexd. K MOMeHTY f,
//"7// o HAKOMICHHA  MaKCH-

///////ﬁ/f;’;} MaTbHOIO 00BEMa BOAM

[ S v vl ¥ Weax 4€pE3  3aMBIKAIO-

Hii CIBOp MPOXONHT
Puc. 7.25. Tpadmx xofa Bo BpeMEHH 00LEMOB BOARI :':l s 20 — 55 cypoﬁ A
B pycnosoit cetn Fy, H pacxonos Boaz! H o obueTC
B 3AMLIK2I0IEnM CTBOPE )y B NEPHOX EONOBOABL. ¢T0Ka 3a NCpuoi noio-
BoAbA (puc. 7.25).

MCJK).IY NOCASAYIOUIMM CTOKOM PEK 33 NEPHOA OT JATH Iy A0 KOHOA

nonosogeA T H HauOonemuM o6BEMOM BOXE! B PYCAOBOH CeTH HMEETeH
JOCTATOYHO TECHAA CBA3B!

:EZQ =fW,)- (7.53)

ITa cBA3b ABNASTCA OCHOBOH YTOUHEHMA JOAIrOCPOYHOTO MPOrHO3A
NPHTOKE BOABL, 0COOCHHO B TEX CAYYadX, KOTAA KOMHYCCTBO OCaAKOB 33
MCPUOM CHCTOTARHMSA CHABKO OTIMYACTCA OF CPEAHETO H KOrka NmoTepH
TAJILIX BOJ B NPOLECCE HX CTEKAHHA CYLIECTBEHHO OTKIOHRIOTCA OT pac-
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CHWTaHHEIX paitee. 3a0NaroBpcMEHHOCTL YTOYHCHHEIX NPOTHO30B CO-
crarnser okono 2 mecaues (Huwknekamckoe, KyiiGsierckoe sogoxpa-
HIJTHLLA),

3anac BOjAR B pyCNax PCK PacCHYHTHIBACTCA Ha OCHOBE MOLEIH
CTPOSHHA PCYHOH CETH HIH C IIOMOLIBI0 KPHBLIX 00BLEMOB BOABI. Bonee
nozpoOHO 00 3TOM cKa3alno B riase 4.

Becenuuit Crok KpynHoi pexd TECHO CBA3AH CO CTOKOM MaNbIX PeK,
BXONAIIMX B PCUHYIO CHCTCMY ec Oaccefipa. YMuHTHIBAA, HTO #a ManbXx
peKax TOOBO/IbC MPOXONHT 3HAYHTCILHO paHbiie, YeM Ha GOJbLIHX,
3T0 OGCTOSTCHECTBO HCNOL3YCTCA A YTOUHCHHS IPOrHO3a BECEHHEro
CTOKa MIIH MPHTOKA BOASI B Bojloxpanunnue. Ilo nanssiM HaOmOacHYHR
33 NPOLUIBIE TOAH YCTAHABIHBACTCA KOPPCIALHONHAA 3JaBUCHMOCTE Me~
KOy CPCAHHM CTOKOM MAITRIX PEK 34 IEPHOA MOABCMA HONOBOABS WIH 28
BECh NEPHOJ IIONOROABA M CTOKOM GOMbOi pexy. CTOK Manbix pek 3a
BpeMs CIafd ONpENCNAeTCcs ¢ OMOLIBIO THINOBBIX XPHBLIX criapa. [Ipo-
THO3 BLIIIYCKACTCH HA JIATY LIPOXOKJICHMA MAKCHMYMa CTOKa ToH ManoH
peKH, TAE OH HabTIoNaNcA modke BCEro.

7.6. MaTeMaTHYeCKHC MOASTH MOJOBOALSA
H HX MCHIOL30BANHE NIPH NPOTA03aX PacXodoB BOXB

Ipun pa3paGoTke METONOB KpPATKOCPOMHEIX MPOTHO3OB PacxoloB
BOABI B TICPHO/ NIOMIOBOMLSA CCIfYac BCC YALIE HCMONB3YIOTCA MATCMATH-
HecKHe Mofehu (popMHpOBaHKHA cToka TaThX BoJ. Co3naHHBIE HA Kpyi-
HLIX PEKaX KAcKaAbl BOAOXPEHHIMIL 3HAYNTENBLLO YCNOKHWIH 3alavy
pa3paboTKH METO/IOB TPOTHO3a BCCCHHEI'O CTOKA ¢ Heobxomumoii 3abna-
FOBPEMEHHOCTBIO (5 — 7 CYT.). DTO CBA3AHO C TEM, YTO BOIHHKMY €CTe-
CTBEHHLIC TPYAHOCTH Np# COCTABACHHMK BOQHO-OGANAHCOBEIX COOTHOLIE-
HHH B YC/OBHAX HCKYCCTBEHHOTQ PETYIHPOBakHH CTCKA (B JaCTHOCTH,
NpUTOKa OT BhepacnoaoxcHiblx [OC n c¢GpocoB BOAE! B HIXHHE
Opednl) n OoxkoBOro HPUTOKA OT PA3HOYNANEHHLIX 30H BOHOCOODOB.
Henbsst xe yauTwiBare H 10T (akr, 410 GoKoBO# NpHTOK dopMHpYETC
3a CYET CTOKA MajklX peK, BpeMs fo0eraHus ROALI O KOTOPRIM COCTAB-
nmer Beero Nuwb 1 — 3 cyT. B CBA3M ¢ 3THM H NOAYYHIH, KAK yxke Gpu10
CKa3aHO BEIILIES, ITMPOKOE PACIPOCTPAHCHHC NPUHITHITHANLHO HOBBIE Me-
TO/A5! KPATKOCPOUHLIX NPOTHO30B PACXOAOE BOABI HA OCHOBC MaTEMAaTH-
geckHX Monenci GopMHpoBalMs rRaporpada BECEHHEro NnonoBogpd. B
PeAJBLHLIX YCNOBHAX Nelecoobpasio HCIIONb30BATh KOMOHHWPOBAHHEIE
APOTHOCTUHECKHE CXEMBI, KOI7ia Ha MA/IBIX PeKaX pacxojb! NMpeaBEIYHC-
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JAI0TCA ¢ UCHONKL30BANEM MOJICNeH OpPMUPOBAIMA TAJIOTO CTOKA, 3 Ha
OTHOCKTERBHO KPYNHEIX perax (rac spems yoferauma Bojibl Goimiue
3a(MaroBPCMEHHOCTH [POTHO34) HCNOABL3YCTCA OAMH H3 MCXaHH3MOB
mpancopmayuu nasodounbix éoan. B 4actHOCTH, TaxoH [OXXO0 OKa-
3ancA BeceMa dddexTHRIM np# pa3paGoTKe METONA 11POT1I03a BECCHHETO
nputoka B I'oprkoBckoc H Kyii6uiceckoe sopoxpaiiiiina ¢ 3abnaro-
BPEMECHHOCTRIO Ji0 5 CYT.

7.6.1. Moodeaw gopmupceans sudpospagdha noA0800bst
HA PAGHUHNBIX DERKAX

PaccMaTpHBaeMyio HIXKE MOZC!HL ¢ TIO3HITHH MCTO/IONOTHH MOKHO
CYHTATL B M3BCCTHOM CTENCHI YHMBCPCANLHOH B TOM CMEICHE, IFD HC-
MOMB3YEMBIC PACUCTHO-NPOTTHOCTHYCCKHC IPHCMEL MOCYT ObITh peko-
MCHAOBAHH NpH PaspaboTKC METOAOB NPOIHO3a Ha GOSMBIHHACTBE ped-
HBIX CHCTEM M BOHOXpPaHH/IHIIL paBHHUHLIX pafionor PoccHH ¢ ycTofium-
BBIM CHEXHBIM HOKPOBOM. AJNTOPUTME] OTACHLHEIX GIOKOR JIOCTATOYHO
JIETKO BHMOH3MCHHTE HC B yHIEpO JMOrwuecKoit koncTpyknuu 6a3oBoit
cxeMsl B tenoM. Jlannasn moj1eib PopMHpOBaHNA TAIOI0 CTOKA paspabo-
taHa B I'uapoMeruentpe CCCP (nbimne 'unpomcrucrrp PoccHu) u Mo-
et GhITh pcanu3oBaHa fta (a3e CCTICBBIX CTAHMAPTIIBLIX I'MAPOMCTCOPO-
TIOTHYECKKN AAHIBIX.

Tpennaratorca Ba OCHOBNBIX BApMaHTa MOJICIIH:

— nepebifl (ICTANBHEIA) NPCAYCMATpUBacT pacdcT MAporpada cTo-
X4 B 3aMBIKAIOIHECM CTBOPC PCKH UIA YaCTHYHO 3aNCCCHHOIO facceiiHa.
Pacyer anemeHToB BoAHOre Oautanca o TpanchoOpmalindg BOAOOTAAYM
B CTOK MPOM3BOJIATCA pazenbHO /1M NecHoi u noscsoidl gacTell Bomo-
cbopa. B ycmordax HCmoCrarka HHDOpMAlMH HHOIZA NIOTCPH CTOKA
TIPHHUMAKTCA ONIHHAKOBLIMHE JIIA Beero facceiina;

— BTOpOH (YNPOLUCHHLIHA) [Ipe/lycCMaTPHBAcT pa3feiLHLIA pacdeT
C DOJICBBIX M JICCHBIX YYaCTKOB TOJILKO CHCFOTA’HHA, 4 MOTCPH CTOKa,
BOAOCOTHAAYA W goberanne BOJBI K 3aMBIKAIONMICMY CTBOPY NMPHHMMAIOTCA
ONHHAKOBEIMA B 1IENMOM JUIA BCero Boflocbopa. B otneneneix crydasx
MOTYT NPUMEHATHCA W APYruc MoaHpuxanun moacny. O4YeBMIHO, TTO
oba BapuaHTa MOACHH CTAHOBITCH MONHOCTHIO HACHTHYHEIMM, KOrAA HX.
HCTIONL3YIOT HPH MPOTHO3AX, JUIR OTKPLITHIX HITH NORHOCTBHIO 3aJICCCH-
HbIX bacceiiHoB.

Mopen» ocHoBaHa Ha psic nonoxeHMH u Romyriennit. BoxocGop
paccMaTPHBACTCA KaK JMHAMHYCCKAS CHCTEMA C COCPENOTOMCHHBIMH Iia-
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pamcTpami. OCHOBURIC 3JAKOHOMCPHOCTH [IPOCTPAHCTBEHHOH H3MEHYHBO-
CTH CTOKOQOPMHMPYIONMX GAKTOPOB W MPOLECCCOB OMUCKIBAIOTCA CTATH-
CTHHECKHMH 33BHCHMOCTAMH. CXCMaTH3aIHA JACMCHTAPHAIX RPGIECCOB
(bopMHpOBaHHA CTOKA NPOM3IBC/ACHA MCXOAH W3 TCOPCTHHCCKHX Npeamno-
ChITOK M ODINETCOPCTHYCCKUX TPEACTaRIcIHE 10 PC3YILTATAM aHAnNH3a
SMIMPHYECKHX NIAHILIX M GHIMKO-CTATHCTHYCCKHX 3aBHCUMOCTEl,

Hexonmoii undopmamici juis pacuera ([pornoza) ruaperpada su-
AAIOTCA JAHMBIC CTaHJIapTHEIX HABGMOACIMA 33 CHEXHBIM [TOKPOBOM,
TeMnepaTypoli BO3YXa, 0cajikaMK, 0ONauFOCTEIO U BCTPOM B NEPHOR
CHErOTasHuA, a TRAIOKE PACXOHaMH BOJBL B 3AMEIKAIOUNEM CTBOpPE PCKH.

[Tpu mocTpoCIIMKH MOAC/H NPCATIONAracTCs ONPEACHCHHA B THAPO-
METEOPONIOTHYCCKOM OTHONIEHHH OXHOPONHOCTE: JaHioro BogocGopa,
NO3TCMY KpYIHbIc Hacceliipl o0bMIz0 JeIsTCA Ha ONHOPOZHLIC {MaCTHEIC)
pogocBopsl.

Pacuer ruaporpada BCCCHHENC IIONOBOJBA MPEAYCMATPHB&ET MO-
CHICIOBATENBHOC OIIPC/IEIICHHC CYTOUHBIX 3HAMCHHIH:

a) MHTCHCHBHOCTH CHETOTANHNA, BO;IOOTNAYM CHECXKHOIO [HOKpPOBA
C Y4ETOM OTHOCHTETRHOHN 11011a/11 BolocGopa, NOKPLITOH CHEroM;

6) cyMMapupIX 1IOTCph TallbIX M JIOK,1CBbIX BOJA O¢3 pajjiencHus Ha
HX COCTABSIONME (BITMTHIBAHNC B LIOYBY, MCNIAPEHHE W NOBEPXHOCTHOE
sanepxkanne). CyTodubie 110TCPH PACCUHTHIBAIOTCH HCXOAA H3 U3BECTHO-
ro nepen HAYAN0M CIICTOT#MIHA 060Icro 06beMa HOTEPE 32 NONOBOALE;

B) sofooT)a4u Gacceiina (NpUTOKA BOJIBI K PYCIIOBOH CCTH C YYETOM
BpeMeHHOH aKKyMY:TAIIHH YacTH TanoH BoJH Ha MOBepXHOCTH Gaccelina
H nocneaylomero ce cbpoca);

I'} pacxoHoB BOJKI B 3AMBIKAIOIICM CTBOPC PEKH € Y4YeTOM IPYHTO-
Boft cocTaRnAONMICH W HCORHOBpeMcHHOCTH HoberaHus BoABl, MOCTY-
NAWIICH B PYCAOBYIO CETh.

YpaeHeHH¢ BogHore GanaHca Ui YacTHEHO 3aneccHHoro Gacceiina
MOKHO NPEJICTABHTEL B CICAYIONIEM BHAC:

yelboh s, +x)-PJ1-B)+[(y k. [, +x)~P,JB,  (7.54)

e y — BofooTAaYa Hacceitna 3a CyTku; A, ¥ h, — HHTEHCHBHOCTb CHETO-
TAAHUA COOTBCTCTBEINO B NIOIC H B JICCY; fu U f — NOKPHITOCTH MONESBRIX
| JICCHBIX YYACTKOB CHCTOM B AOMAX CJHHHIIBT X -- KONHYECTBO HHAKHX
OCAHKOB 3a CYTKH; P, # P, — IOTCPH CTOKA € MONEBBIX H NECHBIX YUacT-
KkoB Gaccelifia; Y — uapaMerp BOXOOTAAYM CHera; B - OTHOCHTEABHaA
nnowans 6acceiita, 3aHATAH JICCOM.

227



Pacuer 106eraHHA BOABI OT MECTA HOCTYINICHHA B HCPBHYHYIO IHI-
porpadHuecKyie ¢CTh JI0 3aMBIKAIOLICIO CTBOPA PEKH OCYHICCTRIACTCS C
HCNOAB30BAHHEM KPHBBIX oBeraling no ypaBHeHHIO:

0, =K, [{lrhn s +5)- BX-B))e - DR () +

+Ko [{lrn g +x)- BRI -DIR, (e +Q,  (755)

rae O, — pacxof BOAS! B 3aMbikatoieM creope; Kp — xodddrument pas-
MepHOCTH JUIA TIEPCXONa OT CToKa (MM) K pacxonam Bomml (MY/c); R, (1)
# R, (1) — kpuBsic goGcranua {pynximn BANANHA) 1A TpaHchOPMAaNHK
CnOs BOACOTAAYH C NONCBEIX M JICCHEIX YYacTKOB Boaochopa;, Oy -
TPYHTOBAN COCT2BINIOMIAN, KOTOPYIO OOBIYNO 1PHHNMAIOT paBiiol pac-
XOJy BOZBI B 3aMEIKAOIIEM CTBOPC NEPC/ ATANOM CHErOTagHUA.

Bripaxenue (7.55) 3HaYHTCHBHO YUPOMIACTCA, CC/AH PacyeThl Be-
AyTCA ANA MONHOCTHIO 3AICCCHIOTO MIIK OTKPEITOre Bojocbopa:

Q, = Ky {hf +x) - Pl -7)R(r)d7 +Q,, . (7.56)

Huxe paccMATPHRAIOTCH CHOOCOORI BLIMMCACHHMA OTACHLHAIX 3fe-
MEHTOB BOAKOTO Oanalica, HAa“MHAM OT MHTCHCHBIIOCTH CHCTOTAAHHA W
3aKaHYHBaA THAPOrPaOM CTOKE B 3AMBIKAIOLIEM CTBOpE.

IIpy pacyeTe HHTCHCHBHOCTH CHCrOTAAHHA MPHHMMAETCH ZOMylie-
HHE, YTO HHTErpaibHBIM [OKa3aTencm TENJIOOPHTOKA K 110BEPXHOCTH
CHEra ABMACTCA MOJOXHTEILHAA TCMIICPATYPa BO3AYXa.

CyTouHoe cTaHBaHHE CHEra AAsf AcClbIX H MOJICBBIX y4HacTKos Oac-
cefina MOIKHO MONYYHTH M0 HpocTod GopMyne:

{h'=at t>0, (7.57)
0 <0
TAE [ — CpeIHAA CYTOYHas TCMICpaTypa BO3AYXa; a — KodpdmmenTt
cTauBaHuA, mM/(cyt.°C).
Oamako paneko He BCerha MONOKMKTENBHAA TEMICPaTypa BO3AYXa
OTpPEOCNAECT MHTCHCHBHOCTH CHCroragHua. Xopollo M3BCCTHO, YTO Ha
OTKPRITHX 4acTsX Bojiocfopa mpouecc CHENOTasHMA 3ABHCHT B OT JIy'YH-
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cToro TennoobMeHa, H OT CKOPOCTH BeTpa. B ¢BA3M ¢ 3THM npH pacuere
CHCTOTANHHA 1A NONCBRIX YYacTKax GacceifHa pCKOMEHAYETcs MOMb3o-
BAThECA COOTBETCTBYIOWEMH nomorpamMami JL.T'. Ilynakepckoro umu

¢opmynamn EI'. Tlonona. Homorpamma 1llynakoBckoro mpeacraBnser
coGoil 3aBHCHMOCTE BHMNA

h‘r mf(f’ la))

TAC { -~ CPCAHAT NHEBUAA MNM CPCXHAA CYTOYHAS TEMIEPATYPA BO3AYXA;
A - nara, n1a XOTOPYIO DCKOMCHEYCTCA PACcCUNTHBATE MHTEHCHEHOCTH
CHEroTagsHus.

TIpu pacyerTe BHTCHCHBIIOCTA CHCOTAMHHA HA NMONEBRIX Y2acTKax Gac-
ceiiHa 06BIMHO MCTIONB3YIOT UCPCMEHHEIH KOXDQHIMEHT CTAHBAHNA, 38BH-
CAIHA KaK OT PACUCTHOH JaThl, TAK H OT IIMPOTH MECTHOCTH. 3aKOHOMEp-
HOCTH H3MCHEIHA ko3QQHIHCITa CTAHBAHHA BO BPCMEHH M B NIPOCTPAHCT-
BE XOpOIWIO MPOCHEAKUBACTCA Ha 1oMorpamMax [1lynsaxoBckoro, NocTpocH-
HbIX 110 AZHHLIM AeCITH HIYHKTOB HaGmoneHuii (puc. 7.26).

a ww'C
6p w2
l.‘. - a
= & L] *
F
» H
e 2
X 3
a 4
——5
——— 6
- e T
ervenves 8
2 1 1 I 1 1 1 L =9 fﬂ
20 28 10 20 31 10 20 3¢ 10
m 1 1 | v I v

Pric. 7.26. HameHenne 110 BPEMEHH H N0 TEPPATOPHH X03¢¢HUKEHTOR CTAHBAANA,
BLIYHCICHHEX Ha ocHoBe HoMorpamm JL. T, Ulynakosckoro
No pasniyHEIM MYHKTaM HaOMIoneHuH:
I —Open; 2 Mocksa, Menexcce, Knnenma; 3 — Bonrorpan; 4 - Jlnenponerponck;
5 - HmxHeneBnIKas CTOKOBag cTaHuus; 6 - hearopon;, 7 - Enen; 8 - Kypex;
9 -cpennnii koodhuusenT cransanna mo 10 myskram.

Hna Epponelickoii Teppuropun POCCHH TaKyIo 3aBHCHMOCTh MOMKHO
ANMNPOKCHMHPOBATE BRIPAKEIHEM
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b o) (0l + )t +0,0205 +115) npu 1> -2 °C,
o upu 1<-2°C,

THE ! — CPCOHAA CYTOYBAA TCMIICPATYPa BO3JTYXa; /g — HHCIIO CYTOK OT
20 deppans HO AATH PACUCTa HHTCHCHUBHOCTH CHEIOTAAHUS; & U b — KO-
3)QHIMEHTE, ONMPCACHACMEIC B 3ABHCHMOCTH OT IIHPOTHI MCCTHOCTH,
JUIA KOTOpOH paccuHTBIBAeTCA cheroTanune (puc. 7.27).

B npaxtHKe rEAPONOTHYCCKHX NPOILIO30B IS PACYCTA MHTCHCHB-
HOCTM CHETOTAsHHA Pa3fie/IbHO AAA JHCBHBIX M HOUHLIX YacOB MCHOMb
syerca popmyna E.T". Tlonoga:

AN DHeBHOH YacTH CYTOK

h_m - {3,l(fm - rcp )- 1’4(tcv = Fun )+ 0,65\!’&(!3 - 0'5)’ (7.58)
0 upd Lo <0,
JANH HOYHOH Y4CTH CYTOK
- 0,65\*",, (In - 0'5)_ "‘4(‘@ - (“““ )’
kr " _{ 0 Upu hl " £ 0, (7.59)

TAE t3 Lus Lops Fmexs fmin — COOTBCTCTBCHHO CPC/HAA TCMIICPATYPA BO3AYXa
33 J¢HE, HOYD, CYTKH, MakKCHMAaNBHAaA ¥ MHIHMANLIIAA rcmnepa'rypa BO3-
LYXa 38 CYTKH; V, H v, — CPEOHAA CKOPOCTh BCTPA 32 HHCBHKIC H HOYHBIC
Yackl, M/C.

a b CyinecTBYIOT HCKOTOpHIE OF-

0040 Idp panHMycIa Ha mpuMencuue $op-
I myn{(7.58) n (7.59):

ospk 32f 1. Pasmoctw  TCMmepatyp

(fmax = %p) ¥ (fp = fmn) HBAAOTCH

0,030 10F YROBJICTBODUTCHIERHBIMH T10KA3aTE-

JAMH  pajijaiMl A HIAYYCHHA

0025 28p 2 MG (OpH HOPMANBIOM CYTOULOM
X0il¢  TCMUCPATYPH  BO3AYXa.

0,020k 26k i L i I ]
M s 33 35 % B JIH C PE3K0 HCKAKCHHBIM XO-

JNOM TCMIIEPaTYPHE (HanpuMep, IpH
Puc. 7.27. Vameneuke xoopuUKenTor  1IPOXOXK/ICHHM aTMOChCpHbIX
o W b B 338BHCHMOCTH OT WHPOTE MECT @: (poirToB) paceT no ITaM HopMy-

-2~
®2-b naM nact DonsmMe OWHOKH.

230



2. B KoHUE CHEroTasHnA BCICHCTEHE NYUIIErO MporpeRa MoYBHI CY-
TouHLle Konebanug TcMIepaTyps! yseanuueaoTea. B ced3n ¢ 31HM pas-
HOCTD ({max — fep) HE CEAYET UPHHHMATD!

a) 6onee 4 °C npu crnomioii o6navHOCTH,

§) Gonee 7 °C npu nepeMeHHON 00NagHOCTH,

) Gonee 10 °C upH acnoit norone.

PasnocTs (I — fmin) HE ceyer npuHHMaTs Gonee 7 °C.

Takum 06pasoM, CYTOYIIaH HHTEIICHBHOCTE CHErOTATHHA HAXOONTCA
NO BRIPAXKCHHIO

he=heyt oy (7.60)

Ha ocHOBaHMW YHCEHHEBIX SKCIEPHMEHTOB BBIACHNIOCE, 9TO Ipe-
umymecTso gopmyn (7.58) u (7.59) nepen dopmynoii (7.57) otmevaeTcs
JIMIIE APH PACUCTAX CHCTOTAaAHHA 70 QAKTHYECKMM 3HAYEHHAM MeTeo-
BENMMYHI, NIPH HCMIONL3ORAHMM XK€ UX NMPOTHOCTHHECKHX 3HAYEHMH (-
(ekTa OT JCTaNM3ANMY TIPAKTHYCCKH HeT. BogooTaava #3 cHera HayHHa-
eTCs JIHIUL YSPe3 1ICKOTOPOC BPeMA NIOCHE Haualla cHerotadHna. B Teue-
HHE 3TOT0 HCPKOAa TANAs BOMA 33fiepXuBacTca B cHere. Bonoynepxu-
Baload cHocobHoCTh (RTAaroCMKOCTh) CHETa ONMPERENACTCH ¢T0 CTPYK-
Typoil M B UICPRYIO OHCpeb HauanbiOR mNoTHOCTEW. B nponecce cuero-
TasgiMA IVIOTHOCTh CHEYA M3MCNACTCH (YBCAHYHBACTCA), YTO MPHBOAKT
K H3MCHCUHIO CTO BNAroCMKOCTH, FI3MCHCHHE CTPYKTYPEL M IJIOTHOCTH
CHEI'a B XOAC €TI0 TadllHA — 11pONCCC JOCTATORHO CIIOMHBIHA H e Heaoc-
TATOUHO H3YYCHHBIHE, 0IHAKO IPH PAcyCTC BOROOTAAYM CHETA B PaMKax
PACCMATPHBAEMOil MOJICIN MCIIONL3YIOTCS JOBONLHO OPOCTHIC, HO HpPO-
wenniHe anpobalMIo Ha MACCOBOM MATEpHANE CXEME] pACYETa.

B nepsoi H3 HNX U3MeERENS BIaTOEMKOCTH B TIEPHOM CHETOTANHHA
OITHCHIBAETCH IKCHIOHECHIHANLIOH (ynKiHeH

-z
Yn =(Ymax _To)e " + Yo (7°61)
THEC Yns Ymax — TCKYIIAY H MaKCHMaNhHad BIArOCMEOCTD CHETA; Yo — BAA-
FOEMKOCTE KPYNHO3IEPHHCTOI'0 CHEra liad KOHEl CHETOTARHHA, ¢ - KOH-
CTaHTA, Zy — OTHOCHTCIBHOC CT2UBANKEC CHCra Ha 3a.llaﬂﬂhlfl HEHE!
n
Db

— _i=l

z n = T y (762)

TAe S — MaKCHMANIBHEIC CHEI'03a1achl (3a0aC BOAB] B CHEXXHOM HOKPOBE K
Haually CHEI'OTAAHHS).
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Cnoii BOAOOTHAYH CHETA PACCUHTHIDACTCH KAK PA3NOCTL MCKIY
CYMMApHBIM CIOSM TanoH BOAE! Ha TCKYIHS W LIPCALMICCTBYIOMHE CYTKH
IO BBIPAXKCHHIO

h. ={[zn_'rn(lhzu)]S—'[zn 1= Ya l(lwzn-'l)]s

7.63
0 npu  z, <z, (7.63)

TAE Zy — OTHOCHTENbHaA YOBUTL CHEra, NMpH KOTOPOH HAUHHAETCA BOJOOT-
JAYA.

3uaucHNEe zg 3ABUCHT OT MAKCHMANGIOH BAATOEMKOCTH H MOXET
OBITH HANMEHO C TOMOLELID COOTHOIICHUH:

0,34y . +0,059 vpn vy, £0,28;
Zy = (7.64)
0,25y e + 0,083 mpu vy, >0,28;

Frmax BHUHCIIETCA 1O hOpMyTIE
Youx = € P = 0,04, (7.65)

TAE P, - TWIOTHOCTH CHEra Nepe) Ha4aNoM CHCroTasnms.
C yuerom (7.65) u 3apapasch oOLIYHKIMH YHCIOBBIMHE 3HAYEHHAMH

JUIS MapaMeTPOR ¢ H Yo, Gopmyna (7.61) npunnMacT A

v _{(e""" —O,I)e“"" +0,06
, =

(7.66)
0 mpu ¥y, <0,063.

Bo sropoit, ynpowecHHO#H, cXCME pacucT BOJIOOTAAYH CHEra BEICTC
TIPH JONYLICHNH, YTO €ro BOAOYICPIRUBAIONAd CIIOCODHOCTD B Nponecee
TaAdHHA HC HIMEHAETCA.

Torna

e
k= -2, (7.67)
Onpu b, +x <z,S.

Kak yxe rosopiioch, BBIIC OHUCANIEIC CIIOCOOH pacyeTa BOXOOT-
Havyy CHCra Jaliek o1 COBRCPLICIICT Ba H, KOHCYIIQ, HE B TOJIHOH Mepe
OTPAKAKT BCE MHOrO0OPA3HE CTPYKTYPHEIX H3MCHCHHI, IPOHCXOMALIEX
B TadlleM CHCre, OOHAKO NpEANOYTCHAC oOnIaHO OTHEACTCA pacycTy 1o
Gonee duzuyecku obocHoBaHHOMY ciiocoby 1o dopmyne (7.63).
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INogaua Tanofi Boap HA nosepxHOCTL Gacceiina BHUHCHICTCS C y4e-
TOM H3IMEHEHHS TIOKPEITOCTH €ro CHeroM. B IiepHoa cwerotasHas npo-
LEHT MOKPHTOCTH H3MeHseTea o7 100 % o Hyna.

Jnsa pacuera cnod mMOAAYH BOABl Ha BOAOcGOD HCMIONE3YETCH 32BH-

CHMOCTE
by = fhys
f=1-F,

rae F — oTHOCHTEIRHAS IIIOLIASL Dacceiina, oCB000AMBLIAACA OT CHETA
H OTIpefienacMan ¢ KCMONb30BaHHEM (YHKLHH Y-pacnipeicieHna:

(7.68)

@) 9
Ro _ [gu0rlges gy, (7.69)
Clog) s

roe S — 3amac BOJABL B CHOXXHOM NOKPOBE; (o — MapaMeTp, BEIYHCIASMEIH

no dopmyne o, = C% 3 Gy — k03OGUIMEHT BapHalMH paclpefeneHus
CHEXKHOFO NTOKPOBA HA TEPPHTOPHA Bacceina,
s npakTHIECKHMX pacueToB yAoOHee nons3osathea Hopmynoit

"
F= zAzieﬁﬂnan InT(mg)s[(ag Dinz, U-oz..]}’ (7.70)
[ ]

rae Az, — HIMeHeHue OTHOCHTENLbHOM yOBUM cHera 3a pacuerHblif mn-
TepBan BpemMenn ( Af — 1 cyT.).

B nrore pacuer nojaud BOAbl HA BOJOCOOpD OCYINECTBIAETCA MO
BBIPAXEHUIO

h,=h, {1 - i A z,e{“" Inag -l T{agJe (g 1)in 2, 'ﬂozn]}} (1.7D)

il

CymMmapHbie OTEPH ¥ CyTOYHAS BOHOOTHAYa GacceifHa ompeaess-
e1ca Ha ocHoBe Tcopust Gopmuposanus croka E.I'. Tlonora [45]. B co-
OTBETCTBHH C JTOi Teopueii Bogooraaua Gacceiina B mepHOA CHeroTas-
HH# OCYINECTBIMETCA MPOROPUHOHANLHO TAK HA3BIBaEMOH HCHCTBYIO-
wmelt nnomamy F,.

HurerpantHoe ypaBHEHNE CTOKA HMEET BHI
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S+ X

Y= ]'Fn(f, mdl , (1.72)
0

rne F, (I, m) — neicreyiomad momans Sacceiina xak ¢yHKIMA cnod 3a-
NO/HCHAS / NPEANIECTRYIOLICIO YRAaXHeHus m; S + X — obmmii caoh
MOCTYNHBIHEH BOAL! (3anac BOAB! B CHENS MIIOC OCANKH ).

H3 ypasuenua (7.72) nerxo nomyunTth BhIpaxkenHoe B AHQdepeH-
IHANBHOE GopMe ypaBHeHHE BOZOOTIAMH:

dy = F,[H(t),m]dH , (7.73)

roe H(#) — unTerpanbhbiii cnoil BOAEL NoCTYNHBIICH HA NOBEPXHOCTH
BogocHopa.
[IpuHAR IKCNOHCHUHANLHEIH 3aKOH pacnpeneNeHHs eMKOCTH Ha BO-
JocOope, ACHCTBYIOLLYIO NAOWIAAD MOXKHO BhIpa3uTh QyHKIMeH BHAA
B}
F,=1-¢ A, (71.74)

rae Po(m) — MakCHMANBHO BOIMOXKHRIC CYMMApHBIE NIOTEPH TANBIX BOX
MpH JaHHOM YPOBHE MpefllecTBYIOIICIO YENAKHCHIA m; H(Y) — nomaua
BOJEI Ha BOJOCOOp 33 BpeMq f, YHC:IEHHO paBHAA CyMMapHOH Iofave
TanoH H AOKACBOH BOAB.

CuiTaerca, YTO NOTEPH H YCOBHA A0GEraHwa XKHAKHX OCAAKOB,
BBLINAAAKIUNX Ha CHEN H MOBEPXHOCTb OacceiiHa, yxke 0CBOGOAMBLIYIOCR
OT HETO, TAKHE Xe, KaK H DN TANLIX BOA,

Ilpn moxonofaHHM BO BPEMK CHEMOTAAHHA €XCAHCBHBIC OCAJIKH,
Beinajawoiye npe ! £ 0 °C, cunTaloTcs TBEPALIMH H NPHPaBEMBAOTCA
K 3amacam BOABI B CHere, a npH { > 0°C — KHAKUMHU.

Cyrounbie 3HaYyeHHA BOZOOT/uM OacceliHa (ImpuTok BOAK B mEp-
BHYHYH THAPOTPadHIECKYIO CETh) BRIYHCIIOTCA IO YPABHCHHIO;

Zthrx)
—_e hlm
ha| 1=¢ (7.75)
0 nmpu F,=0

Jlas ouenxu peficTeyiomeil mWiowand H cOOCTBEHHO BOAOOTAAYH
Bacceiina neobxoamMo pacrionarars HHGOPMAIHEH 0 BOSMOXKHBIX OTe-
pAX TAlBIX BOA 33 BECh NEPHOM NONCBOABA. XapakKTePHIYOUMA HX H
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AeficTRYIOIYIO TLIOWAdL napaMeTp Py onpenensercs B 3aBHCHMOCTH OT
OCEHHEro YBRNaXHCHHSA H CTENIEHH 3aNECEHHOCTH.

TMpuToK BOABI B MCPBHYHYK THAPOTPaPHICCKYIO CETh MOXKET pac-
CMATPHBATECA NO NBYM cxeMam. B neproif us Hux Npeanonaraercs, 910
BECh NPUTOK, BEIYHCACHHLINA mo dopmyne (7.75), HENOCPEACTBCHHO TO-
TIAAacT B PEYHYIO CETh, BO BTOpoi (ucmoneayemoit 111 pacderos ¢ moie-
BBIX YYacTKOB facceiina) yuMTEIBA€TCA BpEeMEHHAT aKKYMYyNALUMA BOLI
10j1 cHeroM. B ocHOBE BTOPOH CXEMEI IEXHT pAA ROMYIEHHIE.

1. MakcHMATLHOE KONWIESCTBO BOMbI, BPEMEHHO AKKyMYIHPYIOLIEeCH
NOJI CHEroM, MPAMO APONOPLHOHAILHO BEIIHYHHE CTOKa 33 TIONOBOJIEE:

Vex= 0,2Y - 0,4, (7.76)

2. Korna oTHOCHTENBHAS MIOWIANE BOAOCOOpA, MOKPHITAA CHETOM,
coctasur 0,90 — 0,85, akkyMyAanus BoAL MpekpalaeTcd H HaYHHACTCS
¢hpoc, KoTopblif 3aKAHYHBACTCA NPH CTENEHH NOKpPLITHA cHerom 0,15 —
0,20.

3. B vavanenwiii mepHOR cHeroTaAHMA Gombiras yacTs 0OpasoBas-
WekHcs Bogbl AKKYMYJIHPYSTCS, & MeHbIllas — Cpasy nonajacT B NepBHY-
HYIO RApOrpaHsecKyH) CEeTh,

O0reM akKyMynsaUMH Ha (-# leHb BOXOOTAAYH CHEXHOTO NOKPORS
PacCUHTHIBACTCA O hopMyIIe

v, =3y, .77

rae f — NOKPHTOCTh BOAOCGOpa CHEToM, OGBIYHO MPHHHMACTCA paBHOMN
0,90.

Torma cyMMapHbiii H30LITOK NOAAYH BOAB HANl AKKYMYAALUHCH
> Vuss MONKHO HAlTH 110 BLIPAXKEHHUIO!

ZVms =2y -V, (7.78)

a exeIHEBHOE HOCTYIUICHAC BOABI B PEYHYIO CETh B XOA€ AKKYMYIAMHH
{noka ¥, < ¥,,,,) Oynmer pasno

Y6 =2J’m5.n _Zymﬁ,nvl . (7.79)

Konngecreo Bonw, noctynueuic B peYHYIO CETh NOCIE BpeMeHHOH
AKKYMYJILHH B CHEKHOM MOKPOBE, ONPEACIIETCA YO YPABHEHHK)!

-t =V W oans (7.80)
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TA¢ V,' - KoNHYecTBO BONRL, OCTABLIEHCA OA CHETOM HA MOMEHT MOC/e
Havala HCTOWEHHA BPEMEHHO aKKyMYNIHPOBAHHON BOAM, T.€. MOCHE TO-
ro, xorza ¥V, = Vi
3uavenne V,' onpenensercs no popmyne:
V==
ch”z,
_ 2la+x)
0,510.855 -3 h,)
anech .{h, + x) —cyMMa BOMOOTAAYH M 0CaRKOB 33 T fNHel ¢ MOMeHTa,
KOTH2 V; = Vi V¥, — XORHYCCTBO BOABI, OCTABIUCHCS TMOHK CHETOM
K KOHLYY NepHola C Hadama BOZOOTAaYH (B HOAAX OT Vi), § — 3amac
BOJIBI B cHere; ch — cHMBOI rHMEpHONHISCKOTO KOCHHYCA.
Torma npHTOK BOABI B NICPBHYHYIO FHMAPOTPaQUYECcKyIO CETh ¥ Ha-
xoaures no dopmyne:

. (7.81)

The z, (7.82)

V=Ygt Vys (7.83)

TRE Vis H ¥, ~ NPHTOK B PEYHYI0 CETh COOTBETCTBEHHO 33 CYET BOMEL,
nonazatowmeli Tyga cpasy 6e3 samcpikaHHA B CHEFe, H 3a cyer cHpoca
BPEMEHHO AKKYMYIHPOBAHHOM BOMILL,

Tpauchopmanus BonooTaaun Gacceiina B rHEAporpad B pacyeTHOM
CTBOpE MO MNOJHOH M HEMONHOK CXEMaM BBINOIMHACTCA COOTBETCTBEHHO
no ypaeacHHAM (7.55) u (7.56), xoTopric MOXHO 3amdcarh u B Gonee
KOMAaKTHOM BMAC:

0.k, (1-a)'jy,,(r—r)Rn(r)dwa]y,,(e--r)xn(-c)dz}g o8

0 =K [y (-1)R (1) e+ 0, (7.85)

Jina pacyera xpuBsix AoGeraHus oObIMHO HCTIONL3YETCA ABYXIApa-
MeTpHYECKasA QYHKIHA

(Yt
R(t)=-;i:0]—)[-r-J e, (7.86)
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rhe T 4 # — NapaMeETPEl, oNpeaeIsemMsie C MPHMECHCHHEM MpoLenyp Oil-
Tamuzauus; [(7) — ramma-gyHkus,

Ha pnc. 7.28 npeacTaBicHa onHa M3 BOBMOMKHEIX CXEM pacyera
(mporto3a) rupporpada BECEHHETe NONOBOALA A OTKPHITHX (4) 1 Aec-
HEEX (5) y1acTkoB BogocGOpa.

A

—

] G=) [&Z G &
(A1 P51

Puc. 7.28. Bnok-cxema pacdeTa ruaporpada BeCEHHETO CTOKa JUTA NoneBhX {4)
o necHBIX (5) ywacrxos Gacce#tna.

7.6.2. ITapamempuzayun modenu

BONBIIHHCTEOD MAPaMETPOB B MOJXENH OOEIYHO MOPHHMMAIOTCA JEO-
CTOAHHEIMH H B PacUeTaX J/IA PasHHX JICT He MeAAOTeA, [lna OTKpRITHIX
H 3aileCeHHBIX YYACcTKOB GacceiiHa Mopenb BKIIOHMAET NATh MapaMeTpOR:
a ~ ko3 duupent craupanus, Mm/(cyr. °C); C, — kosdduument sapua-
KM, XapaXTCPHIYIOMMiA pacnpeleicHne CHEXHOrO NMOKpoBa Mo TeppH-
TOpHH; Py(m) — napaMerp, XapakTepH3yOLUMA CYMMapHEIE NIOTCPH Tai0-
rO CTOKA 33 TEPHOA MOMOBOMALA; 7, T — NAPaMCTPHL (PDYHKUMH BIHAHHA,
ITH napaMeTphl [KpoMe Pg(/m)] NpUHHMAIOTCE MOCTOSHHBIME AJIA AaH-
HOro BogocOopa.
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Kpome Toro, B Moaenu HCons3yeres: B~ kospHLUHEHT NecHcTo-
cTH (B A0NAX O eanuuie); Ko — koddduiueHT pasmMepHocTy; S — 3ana-
CHl BOAH B CHCXHOM MOKpOBE K Hadany CHETOTAANHA, P, — TMOTHOCTD
CHEXHOTO NIOKPOBA NEPeAl HAYaIOM CHEMOTAAHHS.

K nocTossHen IS MEOTONETHErO MEPHOA OTHOCATCA: Koaddmpen-
Thl CHCTOTAHHMSA H JIECHCTOCTH, [apameTpbl, XapaKTepPHIYIOIIHE KPHBHIC
paclpeNeNeHua CHEXHOTO NMOKPORa (MPHHKMAIOTCA NOCTOAHHBIMM YCJIOB-
HO), KOxpHLKEHT Pa3MEPHOCTH H OPJIHHATH! DYHKLHEHE BANAHHA.

K CKEroqHO MCHAKIMHMCA 3HAYCHUAM OTHOCATCH: INIOTHOCTE CHE-
r'a Nepe/l HaYaNoM CHErOTAsHHA, MAKCHMANLHEIC 3aMAcH BOAEI B CHEre,
MapaMeTp, XapaKTePUIYIONHH MAKCUMANEHBIE IOTEPH TAIOrC CTOKA.

Tepeuucnennsie napaMeTpbi H KOHCTAHTH ONPEACIAIOTCA IO AaH-
HBIM CTAHNAPTHBIX CeTeBbix HACMIOACHWHA DA3NENBHO JUIA NONEBLIX M
JIECHBIX Y1acTKOB BogocGopa.

Onpedenenue xoagupuyuenmos cmauganus

KozpduunesTbl CTAHBAHHA 1A MOJAEBLIX H 3AIECEHHBIX y4aCTKOB
Gacceiina yacTo onpeaeNAIOTCA N0 IMITMPHYCCKHM 3aBHCHMOCTAM BHIA

S=aY¥t, (7.87)

rae S — HaYanbHee CHErO3anackl; / — ONOXKHTEILHAA CPSAHAA CYTOYHAA
TEMIIEPaTYpa BO3AYXa,

CyMMupoBanye 3HaYeHHHE TEMIICPATYPhl BEACTCA 33 BECh MCPHOL
CHETOTaAH!S.

HeenenoBanua noxasans, 9710 A perdoHos ETP, pacnonokeHHbIX
ceBepHee 55 ° c.m., cpemHHMe 3HA4UCHWS KkodddHEHEHTOB CTaHBAHHA
B Jiecy cocTasusroT o1 1,4 no 4,0 MM/(cyT.°C), a B none - or 4,4 o 5,0
MM/{cyT. °C).

Kak roBophnoces Beile, /A MONCBBIX YacTel Gaccelinos xoxddu-
HHCHTBI CTAHBAHWA MOTYT 6bITh NOMY4ECHH € HCNONLIOBAHHEM HOMO-
rpamubl J1. T, [Ilyaskopckoro.

Onpedenenue koI duyuermos eapuayuu KpusHix pacnpedenerus
CHENICHO20 NOKPOBA

Koadpduunentsr Bapnauun C, paxradecku onpeaciaoT BHA Kpu-
BbIX PacTpe/IC/iCHHA CHEKHOrO NMOKPOBa, MPHYEM MX 3HAYCHHN HIMCHA-
IOTCA HE TONLKO B NIPOCTPAHCTEES, HO H OT I'oAa K roxy.
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BpeMenHas H3IMEHUMBOCTL 00YCIOBICHA TAKHMY (hakTOpaMH, Kak He-
PaBHOMEPHOCTD 3a/IEraHHs CHEXXHOTO NMOKPOBa NO Wioluaan Gacceiina, pac-
NpefieNeHHe XUJIKAX OCAAKOB B IEPHOJ TIONOBOABA, BETPOROK H TEMIIepa-
TYPHBIH PEXHM BO BpeMs (HOPMHPOBAHUA CHEXKHOTO NOKPOBA N T. .

[TpocTpaHcTReHHAS H3MCHYMBOCTD C, OnmpeaenacTca pasMepamn Oac-
ceifHa, ero 3ameceHHOCTRIO, TYCTOTOH OBpaKHO-BanouHOl ceTh, penkedom
H T.A JIna uencii raposOrM4ecKuX MPOrHo3oB oOBMHO YYHTHIBACTCH
TONBLKO NPOCTPAHCTBEHHAS HIMCHYHBOCTE. CHEXYET TAIOKE OTMETHTH, YTO
9acTO KO(PQMUHCHTH BapHAUMH ONPEACIAIOTCA METOAOM Noadopa, CyTh
KOTOPOTO CBOIHTCA K ciiemytoweMy. TIpn pacuere cHeroTassus ¢ HCIOJb-
30BaHMEM K0abDHLMEHTOB CTaHBaHMA mpouece ocBobMNKNeHNA MIomwAaH
Gaccefina oT CHera 3aBMCHT OT 3HAYCHMI caMmX KOX(PHIMEHTOB, BapHa-
I(HA KPHBEOH PAaCHpeIeseHAs CHEXXHOTO NOKPOBa H OT XOZa NOIOKHMTCIb-
HBIX TEMIICPATYP Bo3ayxa. Io koadHmenTaM CTaKBaHMA, TIOTYICHHbIM
ONHMM H3 MVIOKCHHBIX BRIIIE crocoGOB, H XOAY TEMNCEpaTypbl BO3OyXa
OCYIMIECTBIMIOT Pacdet CHEroTAfHWA NpH paXTHYHbIX KO3Gh{HUMCHTaX Ba-
praimaM (3aA8Ba% HX NPHOIIKCHHBIC 3HAYCHHA K3 00/1aCTH BO3MOXKHBIX) A0
TEX MOp, MOKa PACCUMTAHHBIE AATHI CX0/1a CHEMHOTO NOKPOBA 33 PAA T He
COBMANYT ¢ HaOmOOCHHBLIMA. CHHT2eTCA, YTO TP TAKOM CORNAJCHHH
cpeaHnii MHOTONETHMA KOXPOHUMEHT BApHALMH KpPMROH pacmpeneieHus
CHCOKHOTNO NICKPOBa MOXCT OBITH PHHAT B KAYCCTBC PacyeTHOro.

PekoMCHOYCTCS PHHHMATE BO BHUMAHUC CICAYIOLIEE:

— 3HadcHHA Ko3¢duuucHTos Bapuaunu C, ana GonsuunHcTsa Oac-
ceitnoB necHoil, necocreniHoit n crenHoi 30k ETP konebmoTea B npene-
nax 0,3 -0,6;

— ocobas 4yBCTBUTENBHOCTE PEe3yNBTATOB pacycra Habniogaer-
ca npu 3Havennax C, < 0,35, xorga ymensmenne C, paxe Ha 0,01 npu-
BOJIMT K HEONPABIAHHOMY DPC3KOMY CHMKCHHIO RPOAOIDKHTEIBHOCTH
cHeroTasHug. JT0 0GBACHACTCA TEM, YTO COOTBETCTRYIOLIAA YaCTh KpH-
BOH paCHpEIeneHMa CHeXHOTO MOKPOBA LOCTATOMHO Nonora M Heboms-
IIOMY NPHPAILCHUIO (aKTOPOR CHENQTAAHHA COOTBETCTRYCT 3HAUMTCIE-
HOE U3MEHEHHE NIOKPBITOCTH BogocOopa CHeTOM;

— YeM MEeHBIIE 3HaueHue KOdGPMUHEHTA BapuauuH, TeMm OLicTpee
CXOMHT CHEXHEIM OKPOE.

Onpedenenue napamempos kpusuix dobezanun

3uavueHns BOOOOTAAYH, PACCUHTAHHHIC OTACJILHC 1A NOJCBEIX H
NeCHbIX YIaCTKOB BOAOCGOpa, TpaHCGOPMUPYIOTCA B raaporpadsl B 3a-
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MbIKAIONIHX CTBOPAX ¢ HCMONB3OBARUEM IABYXMApaMETPH4CCKHX (QYHK-
uit BrnsauA (7.86). TlapameTpsl 3tHx QyHkunit # U T MoryT GuITh OR-
pEAeNeHtl HeCKONMbLKHMH criocobamu. B HacTosmee Bpema ama 3Toi we-
Y TIPHMCHAOTCA METOARI ONMTHMH3ALHH,

HauGonee ynotpeGUMBIM ABJACTCK METOJ, ONHCAHHBIA B pabore
[52]). HlapaMeTpsl OUpPENENdiOTCA U3 YCAOBHA MHHMMH3AIME KPHTEPHS
KA4eCTBA BHAA:

K=§; J[qum‘me]f(Q«m))““’ (7.8

rae O, ¥ 0, — dakmiueckue ¥ paccuMTaHHLIC OPAHHATL j-TO FUAPO-

rpada; 7; — NPOROMKHTENBHOCTE j-I0 rHAperpada; N —~ uueno raapo-
rpadoB, BKIOYEHHEIX B ONTHMH3ALHIO,

OnuT NOKa3KIBAET, YTO JUIA ONTHMH3ALMH NAPAMETPOB KPUBHIX J0-
Gcranns cToka TanKIX BOA ANA Kaxuoro Oacceiina HeobxoxmMa uedop-
Malmd He MeHee deM 3a 3 — 5 ner. BXoIHBIMA NaHABIMH CTYXAT Cpel-
HAA BIBelIeHHat BORoOTAaYa GacceiiHa B MEPHOA CHETOTAAHMA WIH 3HA-
YeHHA BOXOOTHAYW OTHAENLHO NMIA IION% H 5eca, BEIXONHBIMH — THADO-
rpad BecCHHETO CTOKA B 3aMBIKaloleM cTBOpe. IlpH sanaHme rpaHuy-
HBIX 3HageHHii MapaMeTpoB ycraHaRnuBajorca pasMepl OaccefiHa M
OPHEHTHPOBOYHOE Bpema A00eraHus BOABI OT MECTa c¢ MOCTYIICHHA
B pY4EilKOBYIO CETh [0 38MBIKAIOILETO CTBODA PEKH.

Bropefi cnocof ONTHMH3aLHH TIapaMeTpoB KpuBHIX Joberanis
(BCTIOMOTATE/TBHEL) IIPOM3BOJHTCA HCXO/S M3 NPHHUMIA CYNepno3KiMH,
T.€. KPHBBIE Ry M Ry ONIPEASIAIOTCA HE3ABHCHMO OJIHA OT APYTOH.

Bonooraaya paccuMTBLIBACTCA OTACHABLHO KNA NECHOH M OTKPHTOH
gacteli. [1apaMeTphl KPHBBIX Tq, Ty U My, 7, ONMPEHACHAIOTCA IO MUHHMYMY
uHTerpana abcomorHoil omuOKH paccYHTaHHOTO FHAporpada mo ebipa-
HKCHHIO!

T
K= 10y =0, b, (7.89)

rie Op ¥ O, — COOTRETCTBEHHO (HaKTHYCCKHE W PACCYHTAHHEIE PACXOAB!
BOJIb! B 3aMEIKAIOHIEM CTBOPE MaNOH peKH.

Ipoueaypa onpeaencHHs NapaMeTPOB H OPAHHAT KPHBBIX mobera-
HAA 3aKmiogacTca B cnexyiomeM. IleppoRayansHO ONpeAEHSOTCHE KPH-
BEIE NOOEraHWs A% NOJEBRIX y4acTKoB OacceliHa HCXOMA U3 TOTO, 4YTO
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(azy moanema ruaporpada O, B 3aMbIkarolLem crsope (dQ/dt > 0) dop-
MHPYET CTOK OT TaAHHA CHera B none. CoOTBETCTBYIOLINE NapaMeTpsl T,
H n, RAXOBATCA HCXOAA U3 BEPXHCro NpcAena WHTerphposanus T
B (7.89), onpencnieMoro B 3aBHCHMOCTH OT NMPOJCIKHUTENBHOCTH CHETo-
Tauus B moae. Ilocnie onpemeneHms napaMeTpoB KpHBoH noleranun
¢ nonerol yacTh Gacceliua ORPENENAIOTCA RapaMeTpel KpuBo# nobera-
HIIS B 3a6CEHHON 9acTH T, M N, I BTOpOro Bxona y,(f). Crauana npu-
HEMAETCA, 9TO T, =T, =const W n, =7, =const, TorAa y,({) # 0.
Onpenenenne n," H T, ocywmecrenaerct Taxe npu K=K,
HO BBIMHCIICHHE MHTCTPANbHOH OWINGKH OCYIIECTRIACTCA YXKE /A BCETO
NepHOaa TIONOBOALA B 3aMBbIKAIOMICM ¢TBope. B nponenype omrumu3a-
MM NApaMCTPOB KPHBBIX A00OEraHM PeKOMEHIYeTCS HCTIONb30BATh HH-
dopMalmio 33 HECKOABKO CE30HOB, OTIHHAIOIMHXCA Gopmoit ruaporpa-

bos BecenHero nonosoxsX. HnA NPAKTHUICCKOTO HCTMIONL30BAHHA TIPH-
HHMACTCA CPSAHEE 3HAUCHAC OPAMHAT COOTBETCTBYIOLIMX KPHBBIX,

7.6.3. Mamemamuvecxan modent popmMuposans marozo
% 0ONCOCBOZ6 CMOKO8

B npaxTiKe rEAPONIOrNYECKHX MPOTHO3OB HCTIONL3YETCA PAI Mofe-
ne# ¢opmuposania croka. [lepBonavansHo Gsnura mOCTpOCHA MOZCIHB
¢dopmupOBaHHA NOXKICBOTO CTOKA, & HECKONBKO MO3JHEE, MOCIE HCCIe-
AOBaHHI AHHAMHKH OTEPs TAJOTO CTOKA, — MOAENs (HOPMHPOBaHHA
ruaporpada BecCHHEro MONOBOALA HA PABHHHHEIX pekax. OAHAKO ONLIT
TIOKa3aJ1, YTO BOIHHKAIOT OMPCICICHHBIC TPYAHOCTH HX PCalH3alMH B
TICPEXOMHBIC NEPHOABI, KOLZA CHIBHO MEHAIOTCA BOAOMOTIOTHTEILHEIC
cBoiCTBa BONOCOOPA, CBA3AHHEIE C NPOLCCCAMH TIPOMEP3AHHA B OTTaH-
BaHHA NOYBHL. B cBaau ¢ 3TuM B Tuppomeruentpe CCCP (Hbine [uapo-
mereoleHTp PoccHu) Geina paspalorara mogens {33], yuyuthiaotas
QCHOBHBIE TEMNOHU3NIECKHE IPOLIECCH, MPOHCXOAAIIME B 30HC a3pallHi
H NMO3IBOJIAIONIAA TOCTPONTE HCTIPCPLIBHYIO CXEMY KPaTKOCPOUHBIX Mpo-
THO30B BOALL, B TOM YHCHIE U B [TEPEXOAHBIE BECEHHE-NETHHI H OCCHHE-
3SHMHU nepuosnl (puc, 7.29).

Mogent noctpoeHa no NPHHIMOY MoAene ¢ COCPEROTOUCHHBIMU
napaMerpaMu. CaHTagrcA, 9T0 CBOHCTBA MOACTHAAOMEH NOBEPXHOCTH
1 BXOMHBIC BO3AeHCTBHA HA BogocGop mHGo He MEHAIOTCA MO TIOWAN,
mibo moryT ObITh Ompcansl HekoTOpoR ¢yHKIwell pacnpeRencHuA.
K OCHOBHBIM cTOKOOOpasyioluM daKkTopaM OTHOCATCA ocanxH (B KHA-
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KOM H TBEPAOM BHAE), TEMNCPATYPa H BIAKHOCTh BO3AYX4, 2 TAKKE M-
pogu3INYecKMe XapaKTEPHCTHKH TOYBHL.

| Aepuspent avanc-| | Bucoma cuex-] | Jarac eoder {3 Teunepamppal | Ocord
HOCH @DNX KO0 HOKPOSH y, 8 cHeae Ll
Pt nposegrans u /Ho:qmmacm exeav] Caois masuin
™ ommousan® r/ N k =/
/ 4 R |
' ) Hosepsnocmut: Tpasedopsayns
i cntox >
 J
Hupurompaips Cinox: 8 3vmikaoniew
ciisape
F [ 1
¥ 9 y
(Honermon Ofoenog COOEPMTIHNE Hovsensdi Tpeproghopwanms
Joovcmioceie el AcuoRO diaoy =i cmon =~
J f
1
> Oimmox avaH 8
Henaperne LN OpOoNNG

Puc. 7.29. Bnox-cxema MozemH $OpMHDPOBAHNE TANIOFO, ACKACBOTO
H TAAONOWIEBOrC CTOKOB.

YcnoBus ¢GopMUpOBAHHA CTOKA Ha JICCHBIX M IOJCBHIX Y4ACTKaX
PasnuyHbl, TOITOMY YpaBHEeHME BONHOro GasaHCca 30HK aspauiu, fojo-
MEHHOC B OCHOBY MOJNCIIH, PELIACcICH PA3ACNbHO JUI 3afIECeHHBIX U OT-
KDBITBEX YJacTKOR GacceiiHa. AHANH3 TaHHBIX O MEXaHHYECKOM COCTABS
NOYB NOKA3BIBAET, YTO ¢ MEYOGMHEL 5 — 10 ¢M MX HOpHCTOCTL HA TMOJEBEIX
M JIECHBIX YHaCTKaX Pa3NHYyaeTCA HE3HAYMTENELHO, TOr/Aa KaK BhILIE TOM
rpaHuubl pa3nMyKsa BechMa CyWecTBeHHEL Ilpu moctpocHun Mozenw
CHHTAETCH, YTO B JIECY BCA BOAA, NOCTYNAKIAA HAa MOBEPXHOCTH OYBH,
MTROBEHHO MOIMOWACTCA BEpXHEM cnoem. YacTs HToll soast GuibTpy-
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€TcA B HIKefexauwwH ciol, a 9acTe NMOCTyaeT B pyuciikoBYl0 ceTh,
dopMupys cTOX, MO BPEMEHH CTEKanHA OMM3KHE K NOBEPXHOCTHOMY.
Eie omnolt ocoGerHOCTRI0 dOpMHPOBAHAA TAONO CTOKA B MONE ABMIA-
erca 00pa3zoBaHHE B BEPXHHX CHOSX Mepanofi moyekl MPaKTHYCCKH He-
MPOHHU2EeMbIX («3aNUparouIvX») cnocs, B necy, kak npasuno, Taxue
clon He obpasylotes.

JUia olleHKH BEPOATHOCTH 00pa3zoBaHMA ¥ MOLHOCTH (3alHpai-
KX CI0EB B MOJENH NpeANaracTca NpuGnHkeHHOe BHpaXenHe, OCHO-
BaHHOC HA YYCTE CTATHCTHYECKOH CTPYKTYpH pacnpemeNcHHA BOXO-
TIOMJIOTHTENBHEX XapAKTePHCTHK MOYBEL,

OTmMYHTENBHEIME 0COOSHHOCTAMI MOACIH ABAAIOTCA:

— pa3fenbHBIN PacyeT MPOIECCOB CTOKOOCpa3oRaHus Nls 3alCCeH-
HBIX ¥ OTKPBITHIX Y4acTKOB BogocGopa;

— HapaMeTPHIECKOe OUMCAHHE OCHOBHBIX MpoueccoB GOpMHpPOBa-
HUS, BEAIOYAS MAPaMETPU3ALMIO TCIIOGUINYCCKHX MPOLECCOB B 30HE
aspaLHu;

— ydeT pacnipeleneHus CHEXHOTO mOKpoBa W ruyOHREbI mpoMepsa-
HHg Ha Boaochope;

— pacuer HHOHIABTPAHUR ¢ Y4E€TOM (A30BOrQ COCTOAHHA BJArH B
no4se;

— OTHOCHTE/IBHO MAaNo¢ YHCNO BXOJHBIX XapakTepucTHk Ge3 nera-
JHM3aIHH HX NPOCTPAHCTBCHHOTO PACAPEHACISHHA, YTO CYIIIECTBERHO NIPH
HCIIONL30BAHHH MOAEIH B AIPAKTHKE ONEPaTHBHOTO MPOTHO3NPOBAHAA,

CTpykTypa MOAEAN COCTONT H3 IETHIPEX OCHOBHEIX GIOKOB:

— BOIHSIi Gananc 1 a3oBpic NEPEXOALI B 30HE A9PALMH;

— pacyer 3eMEeHTOR BOAHOTo Ganatca;

— OLICHKA JIONIM IUIOMIAH ¢ MPaKTHYCCKH HEMPOHMIIAEMBIMM YJACT-
KamH BoxocOopa;

— MeXaHHu3M NpeofpasoBaHUA NOBEPXHOCTHOTO H NOYBCHHOIO NpH-
TOKA K DYCOBOIi CeTH B rH/Iporpad B 3aMLIKAIOILEM CTBOpE.

YpasHeHMs, OMHCHIBAIOIIHE COCTABNAINME OGANAHCA, PEMIAIOTCA
He3aBUCHMO I OTKPLITEIX ¥ 3aNECECHHEBIX YYaCTKOB.

Boouusiii 6ananc u drasosvie nepexodut 8 3one aspayuu

JonycTnM, 4To #MeeTca BepXHHH CNojt MOYBH! MOIMHOCTBIO Zmax
¢ MaKCHMATLHOH 1POTYKTHBHOH BAArOCMKOCTBE) Oy, JI1S NECHBIX y9a-
CTKOE BepXHe# rpanHicH atoro cios Gyaer nmoBepxHocTs Ha 5 — 10 cM
HIDKE NOBEPXHOCTH NOYBHI (puc. 7.30).
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Puc. 7.30. CxemaTianE paspe) HOUBH Ha JECHBIX {4) H TOAEBHX

{£) yuacTkax popocGopa:
I amHna paesnoil morepxuocty, [T MAHA ycaoBHOH AHeBHOH MOBEPXHOCTH;

1, 3, 5 - cnou Tanoit nousst, 2, 4 — NPOMCP3RIHE CAOH,

Ilpu npomep3aHMy M OTTAKBAHHK HMEET MECTQ NCPEXON BIATW M3
ORHOTC (ha3oBOr0 COCTOAHHA B JPYFo€. HHCAO CIOCE MOKET MCHATHCA
(B npunAroll cxemMaTH3ALMA OT ONHOrO A0 nATH). Jonycrus, uto daso-
BbIC NIEPEXOMbI MPOUCXOAAT TOALKO Ha (POHTE NMPOMEp3aHMi HIM OT-
TAMBAHHUA, & B 30HE OTPUILIATCIIBHBIX TEMIEPaTYp BCA RAAra 3aMep3acT,
MOXKHO 3amHcaTs GanancoBrlc COOTHOMICHHA BNAry UL TBEPAOH H MKHA-
KO# (has;

a'W,f ) . 90
_dt_ =V;+r'r§! i=12,.,5 (?‘ )
dW”f 5 24 791
B im24 (91

rae W, W W, -~ COOTBCTCTBEHHO 3amac XmukOH (ramoil) m TBepaoi
{Mcpan0ii) COCTABAAIOIWHX B i-M CNIOE; V; — HHTCHCHBHOCTL H3MEHCHH

HHAKOH COCTARIMIOMEH BCACACTEHE BOACOOMEHA C BEPXHHMHM M HMXK-
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HHMH CNOAMH, !".I.‘_ H P’“f ~ COOTBCTCTBCHHO HHTCHCHBHOCTE HIMCHCHHA

TANo# H Mep3/10H COCTABNAIOWMX B PEIYIbTAaTe (PA30BHX MEPEXOAOE Ha
BepxHeil i HiDKHeH rpaHELEax Clios.

Cornacto puc. 7.30, 3annieM BelpakeHUd L4 COCTABIAIOMMX Oa-
Jiafca Ge3 y4eTa OTTAHBAHWUA TI0YBBI CHH3Y:

i+1 iY|\dz, W, dz_,W,
=|int] —— |~int| — || —L—l _"ZELLT =12 5 (7.92
& [“’( 2) '“(2J]dr az,, @ az,'' (7.52)

i

4 =£ WT(N) _dzi-l W-;
“odt AZ,, d AZ’

p'_=%(h_-5—q—qu’ —q) i=1,2,..4 (1.94)
4

i=2,4 (7.93)

Vs 8w =43 —qr,s i=3$, (7.95)

TIC int(x) — Uenas gacTs NepeMeHHoM x; Z, — TyOHHA 3aNeraHns IpaHH-
ubl pasfena MoXIy i-Mu (i1 1) cnoamu; W= W, + W, — cymMmaprbii
3anac BRary B i-M cnoe; AZ, =Z, = Z, | ~ MOLHOCTb {-TO CNOK; Ay — BO-

A00TAAYa HA NOBEPXHOCTb MOUBLI, £ — CYMMapHOE HCNApEHHE C BOHO-
c60pa; ¢ — NOBEPXHOCTHBIH CTOK; §,, H ¢,, — COOTBEICTBEHHO MOYBEH-

HBIA CTOK U3 mpoMepaiueii (Zo Z,;) u HkHEH, HempoMepsiied, 30H; g, M
4, — OTTOK BIark 4epe3 HHXHAC MPaHMIBl NpoMepsiieH (Z,) v Hempo-
Mepaei (24 — Zs) 30H COOTBETCTBEHHO.,

I'panuie: pazaena MeXIy BPOMEP3IHMHA H TANLIMH CHOSMH TNOYBH!
PAccUHTHIBAIOTCH MO 3aBHCHMOCTH, NMONYYeHHOH u3 ypasHennit Tenuo-
NCPEHOCA NPH JOMYIICHHAX: MPHTOK TEIUIa (X0M0/13) CHU3Y OTCYTCTBY-
€T; pacrpeac/ICHAC TEMITEPATYpP B MEP3/oM (TANOM) CHOC H B CHEXHOM
MIOKPOBE IHHEHHO; IPH OTPHUATCILHOH (MOIOKHTENBHOM) TEMIEpaType
BCA BJIara HAXCAHTCA B TBEPACOM (FKHIKOM) COCTOAHHE; (PRABTPYIOMAACH
NPH TaAHHH BOMA HE YIACTBYET B [IPOLECCE TEIUIONEPEHOCA:

Zi(HN] == (ln flc)”c +

+ {[(1,, n)H, +ZF +20 T a/[p L6, +0, )]}%‘, (7.96)

245






