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BBEAEHHWE

O6wme cBeneHus o npexmere. 3HaueHHe THAPOJIOTHH, THIPOMET-
PHH H DEryJIHPOBaHHA CTOKa OINpeAesseTcs] TJAaBHBIMH 3ajadyaMu
BOJHOTO X03fIiCTBA KAK OTPACJU HAYKH H TEXHHKH, OXBATHIBAOLLEil
y4er, H3yueHHe, HCIOJIb30BaHHe, OXPaHy BOJAHBIX PECYPCOB, & TaKKe
60pu6y ¢ BpeaHLIM AeHCTBHEM BOJ.

- Tudposoeus — 310 Hayka, H3ydawwas ruapochepy, BKIOUasd
OKeaHbl H MOpsi, PeKH, 03epa, 060/0Ta, NOYBEHHHIE H TPYHTOBHIE
BOJbI, CHEr W JIEIHHKH, BJary aTMoc(epbl, a TaKiKe ee CBOHCTBA H
OpoTEeKaloUlte B Hel NPOIEeCcCH H SBJEHHsS BO B3aHMOCBSI3H C aTMO-
cepoit, aurochepoit (3eMHOH KOpoit) u GHOChEpOH. 3 _

Bona-— ocHoBHasa cpena, obecneunBamwinas o6MeH BEILECTB H
passuTHe opraHu3moB. C gpeBHeHINHX BpeMeH XH3Hb YesloBeKa H
PasBUTHE KYJbTYDPHl CBA3AHH C BOJAOH. OHAa LIMPOKO UCMOJAB3YETCS B
HPOMBILJIEHHOCTH, JHEPTeTHKe, CeJbCKOM H DhIGHOM XO03siicTBe, B
MelHuHHE H T. 1. Boja — 00beKT u3yueHHs (DU3HKH, XHMHH, MeXa-
HUKH H ApPYTHX HayK.

I'uaponorus Tecno cBfizaHa ¢ MeTeopoJiOTHell — HayKo# 06 aT-
Mochepe H NPOHCXOAALIMX B Hel mpoueccax, H B NEPBYI0 OYEPEab
C TOH ee yacTblo, KOTOPass HCCIAeAyeT BJAaroo6OPOT M HCMapeHHe ¢
TIOBEPXHOCTH BOAKL) BsaumocBasbp ruapocdepsl ¢ Jqurochepoit Hau-
GoJiee OTUETIHBO MPOSABJSETC B Npoueccax GOPMUPOBAHHS 3e€MHOM
NOBEPXHOCTH NOJ BJIHSIHHEM JeATeJbHOCTH BOAH. B CBOIO ouepens,
peabed 3eMHOH NOBEPXHOCTH OKa3bIBAET CYIECTBEHHOE BJHSIHHE Ha
00pa3oBaHHe BOAHBIX IOTOKOB. IT03TOMY ruApOJSOrHs HMeeT MHOrO
o611ero ¢ reomMopdosorue — Hayko#, uayyawumell 3aKOHOMEPHOCTH
BO3HHKHOBEHHA H Da3BHTHUA (POpPM 3eMHOH NOBEPXHOCTH.

Bonpl 3eMnH ¢ comepiKaIllHMHCA B HHX TBEDABIMH, JKHAKHMH H
razoo0pa3HbIMH BelleCTBAMH Ha3bBAIOTCA npupodnsimu. OrpoMHyIo
YacTb HX COCTaBJAIOT BOJbl OKEAHOB, MEHbLIAS 4acTb MPUXOMHTCSH
Ha BOJHDbIe OOBEKTHI CYIUH, NPEJCTaB/IAIIHE COCPeTOTOUEHHE MPH-
POZHBIX BOJ Ha IOBEPXHOCTH CYUIH HJIH B FOPHHIX OpoAax. BogHble
00BbeKThl cymn 06pasyroTes B pe3y/bTaTe BbIIAJEHHS aTMOChepHBIX
OCaJKOB, 3HAYHUTENbHAS YaCTh KOTOPHIX (OPMHPYeTCs NpH HCmape-
HHH BOJBI OKeaHOB M Moped. BoAw, Haxoadiiuecs Ha MOBEPXHOCTH
CylWld B BHJE DPAa3JIMYHBIX BOAHBIX OODBEKTOB, HA3HIBAIOTCS NOBEpPX-
HOCTHo(MU. Pa3fes rugpoJIOTHH, H3y4alOUIHil MOBEPXHOCTHLIE BOJHI,
Ha3plBaeTCs 2uopoaoaueti cyul Win KOHTUHEHTAAbHOL 2udposoauer.
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Pasjen rujipoJiorHH MO H3YUYGHHIO BOJAB! OKEAHOB M Mopeil Ha3wbBa-
10T eudpoaoeuell 0OKearnos u mopell Hiu oxearnoso2uel.

[uaposorusi TPYHTOBEIX (NMOJA3EMHBIX) BOJA Ha3blBaeTcs eudpo-
2eonoeueti. B rupoJIOrHIO BXOAAT Te pasjiesibl MHAPOreoJOTHH, KO-
TOpble H3YYalOT B3aHMOAeHCTBHE MOBEPXHOCTHBIX H IOJ3eMHBIX BOJ,
NHTaHHe PeK TPYHTOBBIMH BOJAaMH H Ap. Pasjesnl rHJIpOreoJsorHH,
H3yuaollie cIoCOOH NOHCKa M JOGHYH I'PYHTOBHX BOJ, UX B3aHMO-
JeficTBYe ¢ FOPHEBIMH MOPOJAMH, OTHOCSIT K I'€0JIOrHH.

OcHoBHOe TIOHfITHE B THAPOJIOIMH CYIIH — 3TO BOAHBIA 0OBEKT.
Boannle 06BEKTH MOAPA3AEASIOTCA HAa BOJOTOKH H BOLOEMBL.

BoaHblil 00DBEKT, B KOTOPOM BOJa ABHIKETCA B HaNmpaBJIeHHH VK-
JoxHa B yray6JeHHH 3eMHOH HNOBEpXHOCTH, HA3HIBAeTCd 8000TOKOM.
Pasnuuaior nocrosnusie (BOLA HAXOZHTCA B IBHKEHHH B TeUCHHE
BCero roja HiaH GoJbUIel ero yacTH) U pemenHbsie (JBHKEHHE BOJL
[POHCXOAHT MEHBIIYIO HaCTh rojga) BOLOTOKH.

Boanpifi 06beKT B yriyOJIeHHH CYLIH, XapaKTepH3YIOUIHHCA 3a-
MeJAeHHBIM JIBHXKeHHeM BOJbl MU MOJHHIM €ro OTCYTCTBHEM, Ha3bl-
BaeTcsl godoemon. PasnnuaioT ecrecrsenHsie (NPUPOAHBIE CKOILIE-
HHsl BOJABI BO BNAJHHAX) H UCKYCCTBeHHbie (CMeuuasbHO CO3LAHHBIE
CKONJIeHUS] BOJBl B HCKYCCTBEHHBIX HJIH €CTECTBEHHBIX YIJIyOJEHHSIX
3eMHOH NMOBEPXHOCTH) BOZOEMBI.

C noHATHEM «BOAHBIH OGBEKT» TECHO CBA3aHO NOHATHE «B000-
cbop», TO €cTh YacTb 3eMHOJ NOBEPXHOCTH H TOJIId HOYB H TOPHBIX
MOPOJ, C KOTOPHIX BOAA MOCTYNAET B BOAHBIH OGBHEKT.
~  Haubogee tumnuHas ¢opMma BOJOTOKOB Ha 3emJje — peka. Oua
NpeACTaB/IsgeT BOJOTOK 3HAYHTENBLHBIX Pa3MepoB, NHTAIOUHiCA at-
MOC(EpPHBEIMH OCaJKaMH €O CBOero BOAoc60pa H HMEIOWMH YeTKO
BBIpajKeHHOe PYCIIO, :

EcrecTBeHubIl BofoeM ¢ 3aMeAJIeHHEIM BOJOOGMEHOM Ha3blBaeT-
csi’ osepom. HckyceTBeHHEI BOjOeM, OOPAa30BAHHBIA BOJOMOANOP-
HBIM COODY:;KEHHEM Ha BOJOTOKE C 1eJbI0 XPaHeHHs] H PeryJaHpoBa-
HUSl CTOKA BOABI, Ha3blBaeTcs sodoxpanuiuujem. Peunrle Bojoxpa-
HUJIMILA COXPAHsAIOT THIHYHBIE YePTH ¥ BOAOTOKA, H Bojoema. Or-
JHYAIT UX 3HAYHTE/IbHO MEHbIIHE CKOPOCTH TedyeHHsl BOABI, 4eM B
pPeKax B €CTeCTBEHHOM COCTOSIHHU.

Pasnuuaior eudpoaoeuro pex (peunas eudpoaocus, Wi noTAMO-
a0eus), osep (aumnosoeusn), 6040t (resvmaroroeus), 8000XPaAHU-
Auwy, re0HuKos (2aayuoaoeus). PeuHast THIAPOJOTHS H peuHas THI-
paBJ/IMKa, H3yualOUulue ABHXKEHHE BOJIH B PEYHHIX pychaax H HX Qop-
MUpPOBaHHe, NONMOJHAKT ADPYT JApyra. PeuHYi0 THAPaBJIHKY MOXKHO
paccMaTpHBaTh Kak pasjesa THAPOJIOrHH CYWIH H KaK pasjges CHI-
PaBJIHKH.

Inpposorus, 3aHuMamwlascs pelleHHeM PAa3JHYHBIX HHIKeHep-
HBIX 3ajay (B T'HIPOTEXHHKE, THAPOMEJHOPALHH, FHIPOIHEPTeTHKE,
BOZOCHAGKEHHH, CTPOHTENLCTBE MOCTOB, aBTOMOOHJLHBIX H 3KeJjes-
HBIX JIOPOT U T. JI.), HAa3bIBACTCA UHMCEHEPHOL.

B pesynbTaTe MIMPOKOrO NMpHMEHEHHS B CH/JPOJIOTHH TEOPHH Be-
POATHOCTHBIX IpoueccoB CHOPMHUPOBANACh CTOXACTUXEERAR 2UOPO-
A02UA.
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Jna panbHedlero pasBUTHS THIPOJOTHH HeOOXOAHMO COYeTaTh
reHeTHYECKHe H CTOXAaCTHUYECKHEe MeTOJbl HCCJeJOBaHHs THAPOJOTH-
geCKHX INpoueccoB. TOJBKO pa3yMHoOe cOueTaHHe TeHeTHYecKOro H
CTOXACTHUECKOr0 MeTONOB HCCJeJ0BaHHA IHAPONOTHUECKHX Hpomec-
COB MOXeT 00eCleyiTh ycneX AajbHeHllero DasBHTHS THJAPOJOrHH.

T'udpomerpus — 3TO HayKa 0 METOJAX H CPeJCTBaX OlpeJeseHHs
BeJIHYHMH, XapaKTepU3YIOIIKX [BHXXEGHHe H COCTOfHHE KHAKOCTH H
peXKHM BOJAHBIX 00DBeKTOB. B 3ajauy IuApOMETDHH BXOJAAT ONpeje-
JIeHHsl: ypoBHeH, rny6uH, penveda AHA U CBOOOAHOH NMOBEPXHOCTH
II0TOKA; HANOPOB H MAaBJEHHH; CKOPOCTeH M HanpaBJeHHH TeueHHd
JKHAKOCTH, TyJbcaliu#i cKopocTeH H JaBJieHHI; MapaMeTpPOB BOJH;
rHApPaBAHYECKHX YKJIOHOB; PACXOAOB XHIKOCTH; MYTHOCTH IIOTOKA;
pPacxolOB HAaHOCOB H HYJIBIBl; 3JE€MEHTOB TEPMHYECKOTO U JIeH0BOr0
pekuMOB noToKoB. HaubGonbllee pa3BuTHe B CBA3H C THAPOTEXHHYE-
CKHM CTPOHTEJNbCTBOM MOJYUHJIa PeyHas THApoMeTpud. DPGheKTHB-
HOe.HCIO0Jb30BaHHE BOAHHX PecypCcoB H panHoHasbHas IKCIJAyaTa-
LU THAPOMENHOPATHBHEIX CHCTEM, THAPOTEXHHUECKHX COODYKeHHH
i ['3C, MOCTOB, aBTOMOGHJBHEIX H >KeJe3HHX A0por OO6YCAOBHJIH
¢$opMHpOBaHHe H pa3BHTHE 3KCNJIYaTALHOHHOH THAPOMETPHH, OCO-
§eHHO UPPHUTaLHOHHOH.

Ionyuuna passuthe unsiceneprasn euopomerpus. Ee 3afaun: rua-
poMmeTpH4ecKHe pabBOTHl B MepHOJ CTPOHTENbCTBA M BBOAA B 3JKC-
NJyaTauuo THAPOTEXHHUECKHX COOPYXKEeHHH H MOCTOB; HaGJIOJeHHs
3a BIHAHHEM BO3BOJHMBIX COOpYXXEHHH Ha THApaBJIHYECKHE 3JeMeH-
TBH NIOTOKA H BO3JEHCTBHEM IIOTOKA HA COOPYXKEeHHS (MX COCTOSIHHE
4 COXPAaHHOCTh NOABORHHIX yacTel); HaOMOAeHHA 3a AedopMauHs-
MH eCTEeCTBEHHOI'O pycJ/a, B OCOOGEHHOCTH BOJH3H COOPYIKEHHH, Npo-
NYCKOM NAaBOJAKA H BO3JAEHCTBHEM JeJ0X0Ja Ha COOpPYKEHHS; THA-
pOMeTpHYECKHEe HCCJAeJOBaHHA TPH NMePeKPHITHH Pyca pex u Hepe-
BOJle TMOTOKA HA BOJOCOPOCHBIe COOpY KEeHHA. Pa3BHBaeTcf THAPO-
MeTpHA ABYX(a3HBIX NMOTOKOB (IYyJbIbl, a3pHPOBAHHHX, HECTAIHO-
HapHLIX TOTOKOB H Jp.).

I'uppoMeTpHusi COBEPHIEHCTBYETCS HA OCHOBE THAPOMEXaHHKH H
JocTtixkenu#t pusuku. OQHO H3 NePCNeKTHBHBIX HaNpaBJeHUH THIPO-
MeTpHH — JHCTAHIHOHHAS PerHcTpauHsa 3J1eMeHTOB NMoToka 6e3 Ha-
PYLIEHHS ero cTPYKTYPHL.

Peeyauposarue pewroeo cToka — 3TO HayKa O Hepepacnpepesie-
HHY (yBeJHYeHHe HJIH YMeHbIIeHHE) BO BpeMeHH OGLEMOB PEedHOTO
CTOKA B 3aMBIKAIOUIeM CTBOPE PeKH MO CPaBHEHHIO C XOJ0M MOCTYH-
JIeHHsl BOJAB! Ha MOBEPXHOCTb BoJOc6opa. CTOK perynupyercsa RyTeM
HaKONJeHHd BOAbI B BOJOXPAaHMJHILAX B NMEPHOJ NOJOBOAHK H Ta-
BOJKOB M pacxOAOBaHHSl ee B NEPHOJ IpeBHINEHHsS NOTPeGJeHHS
BOABI HaJ ee eCTeCTBEHHBIM HOCTYIJiEHHeM B pPeKH C BOZOCOGOpPOB.
Opua U3 raaBHEIX 3afay B TAKHX THAPOJOCHYECKHX pacyeTax — ofi-
peneneHue ofbeMa BogoXpaHuaHuia. OZHOBPEMEHHO pewIaloTCs H
TaKue 3afadyH, KaK onpeleseHHe BOJOXO3fHCTBEHHOTO 3(deKra Or
3KCIIyaTallHd BOJOXPAHHJIHIA, YCTAHOBJEHHe NPAaBHJI 3IKCIIyaTa-
IHH BOAOXPaHHJHILA, YCTAHOBJEHHe INPaBHJ SKCNJYaTalMH BOJO-
XO3AHCTBEHHOH YCTAHOBKH, OOECIICUHBAIOIIHX NOJYyYeHHe HaHuGOJb-
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Hiero sKoHommuuyeckoro sdgexrta, # Ap. COBOKYNHOCTH MNOAOGHBIX
pacyeToB, TECHO CBA3AHHBIX C pacyeTaMH peryJHpOBaHHs CTOKa, Ha-
3bIBAIOT B000X03AUCTSEeHHbIMY. B0OJOX03AHCTBEHHLIE pacyerhl, CBf-
3ayHBle C MPOEKTHPOBaHHEM H 3Kcnayartauueit ['3C, HasbiBaoTces
BOOHOIHEP2ETUHECKUMU.

Coraacuo onpegpesiednio M. B. Iloranosa, peryaunpoBanue cTO-
Ka B LIHPOKOM CMbICJ/e NpejcTaB/IsfeT u3MeHeHHe NPHPOZHOro (G-
TOBOI0) pPeXHMa IIOBEPXHOCTHOTO H NOA3eMHOTO CTOKOB. I'mApoTex-
HHKa ~— 3TO COBOKYNHOCTb MeTOAOB BO3/eHCTBHS Ha CTOK BOJDI

PerysupoBaHue CTOKa MOXHO MOApa3feduTbh Ha ecTeCTBEHHOE H
HCKYCCTBeHHOe. EcTecTsennoe peeyAiuposanue CTOKQ TPOHCXOIUT
IpH aKKyMYJSUHH BOJbLl B NMOHHMKEHHAX pedbeda, B pyciaax d NOi-
Max pek, NoJ BJAHAHHEM 03ep, 60JOT, JeCOB H AP.

PerynaupoBaHyie peyHOTO CTOKa B €CTECTBEHHBIX YCJOBHAX B pe-
3yJabTaTe BPEeMeHHOro 3aj/iepKaHHs B OaccefiHe pPeKH 4acTH Tajblx
CHEroBHIX M JOXK/EBLIX BOJ HasblBaeTcs 6accelinosoim. Peryauposa-
HHe pPeyHOI0 CTOKAa B €CTEeCTBEHHHIX YCJOBHAX B pe3yjbTaTe HAKOI-
JIeHHS1 BOABI B PYCJOBOH CeTH NPH IOjbeMe YDOBHS BOALI B peKe
H mnochaepyollel cpaboTKe HAaKONMEHHEIX 3aHacoB BOJBL NpH claje
YDOBHS HasblBaercsl pycaosvim. Eciad MOTOK BLIXOZHT Ha NOHMY,
HPOHCXOAHUT PYCcA0B0E U NOUMEHHOe pe2yiuposanue CToKa. )

Poap aucuMniuibl B KOMIUIEKCHOM MCHOJIb30BAHUH BOJAHBIX pe-
CypCcoB M MX oxpaHne. lcnosib30BaHHIO BOAHBIX PECypcoB NpejpulecT-
BYeT 5Tall H3YYeHHS Pa3JIHUYHBIX XapaKTEePDHCTHK (3JEMEHTOB) MOTO-
ka. Hanpumep, mna onpenenenus woumHocTH ['DC Heobxomumo
3HaTb, KaKoH o0beM BOALl NIPOXOAHT Yepes NnonepeqyHoe cedeHHe pyc-
Ja B eJHHHLY BpeMeHM (pacxoJ BOJABI) H Ha KaKyI BBEICOTY BoJa
MOXKEeT OBbITh NOAHATA B JAHHBIX NPHPOAHLIX VciaoBusax. Ilpu uc-
MoJBb30BAHHH PeK ¥ 03ep B KayecTBe NyTell COOOIUEHHS AOJIKHBE
ObITh H3y4eHB! (POPMBL TOABOAHOIC pesbeda. OpocHTeNbHYIO CHOCO6-
HOCTb pPEK YCTAHABJMBAIOT 110 H3MepeHHHM pacxoxaM Boxbl. [lpm
ocyllieHHH 60JOT HEOGXOAMMO 3HATh MPOMYCKHYW CIOCOOHOCTh PEKH
BojonpueMHuka. C IOMOLIBIO THAPOMETPHH H THAPOJOTHYECKHX
pacyeToB YCTAHABJHBAIOT XapaKTePHCTHKH MOTOKAa, HeoOXogHMBIE
[JIsi PelleHHs 3ajad HCIO/Jb30BaHHS BOJHBIX PeCypcoB.

Hau6onee panuoHaspHO peiaioTcss MpolGJaeMbl BOJHOTO XO3fM-
CTBa NPH KOMIIJIEKCHOM HCIIOJb30BaHHH BOAHLIX peCcypcoB, KOTUAa
YAOBJETBOPAIOTCS IMOTPEOHOCTH B BOJE BCeX OTpacjell HapoXHOrO
x03aficTBa. COBOKYNHOCTb OTpacjell HapoAHOro XO03dHCTBA, COB-
MECTHO HCIOJb3YIOUMX BOJHBIe pecypCH OLHOro peyHoro 6acceiiHa,
HaseBalT 8000x03alcTeennbim Komnaexcom. OXxpaHa BOAHBIX pe-
CypCOB HeOTJeJHMa OT palHOHAJIbHOrO HX Hcmosab3oBaHus. OnHO
H3 HanpaBJ/ieHHH BOAHOIO XO3SHCTBA H TMJPOTEXHHYECKOTO CTPOH-
TeNnbcTBa — Gopb6a ¢ BPEAHBIM JefiCTBHEM BOQJ, BKJIOYAIOUIas HH-
JKEHepHble MepOoNpHATHS Mo 6opbbe ¢ HaBOJHEHMSIMH, 3aTONJEeHHEM
TePPUTOPHH, CCNEBBIMH ITIOTOKAMHM, BOAHGI spo3neli, pasMeiBaMu be-
peroB pek, KanaJsoB, BOLOXPAHHJHIL H Mopell, o6pasoBaHueM oBpa-
IOB, ONOJiSHSIMH, CHEXHLIMH JaB:IHAMI, KIDKCHCDHYIO 2alluTy Tep-
patopuyd ¥ Ap. IIpH KOMilICKCHOM pelIeHHH BOAOXO03siCTBEHHEBIX
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npob/eM NMOYTH Bcerfa TpebGyercsi peryJHpPOBaHHE PEYHOrO CTOKa.

IIpomoBonabcrBennoit nporpammoit CCCP wa nmepuog mo 1990 r.,
ono6pennoi mafickuM (1982 r.) IMaernymom LIK KIICC, npeaycmor-
peHO: «YCHJHTh HCCAENOBAHHS MO PAlHOHAJbHOMY HCIOJb30OBAHHIO
BOJHBIX PECYPCOB H OXPaHe HX OT 3arpsA3HeHHs H HCTOLLEeHHH, CO3/4a-
HHIO 5KOHOMHYHBIX H HaJe3KHBIX B SKCIVIyaTallHH OPOCHTeJbHBIX CH-
CTeM ¢ MEXaHH3HDOBAaHHBIM H ABTOMATH3HPOBAHHBIM BOJAOpacipe-
neneHdeM». I1IpogoBosibcTBeHHAs U DHepreTHYecKas NPOrpaMMbl AB-
JIAI0TCA KapAHHAJNBHBIMH, KaK OBLJIO OTMEUeHO Ha HIOHbCKOM
(1983 r.) Ilnenyme LIK KIICC.

Bmecre ¢ TeM nociejgoBaTesnbHas peasusamus [1pogoBoJbCTBeH-
HOH nmporpaMMbl TpebyeT NOAHATh MEJHOPALHIO HA KaueCTBEHHO HO-
BLIHl YpOBEHb, Jy4llle HCIIONB30BATh €€ BO3MOKHOCTH /15l yBejauye-
HHSl NIPOH3BOACTBA CENbCKOX035HCTBEHHOH NMPOAYKUHH H HOBHILIECHHS
YCTOHYHBOCTH 3eMJefequs. B cBA3H ¢ 3THM HMeeT GoJbliioe 3Hage-
HHe aBTOMATH3allMsl YBJAXKHEHHS] H OCYILIeHHs NMOYBH MO 3aJaHHOMN
nporpaMMe, BHeAPEHHEe CHCTEMBI KOHTPOJIS H YIpaBJeHHS paclpeje-
JieHHeM BOAbl Ha THJPOMENHOPaTHBHBIX cHcTeMax. B cBere Takux
3aja4y B 00/1aCTH MeJHOpPAHH 3eMesb BO3pacTaeT HayyHOe H Mpak-
THYeCKOe 3HaueHHe BceX TIHAPOJOTHYECKHX MHCUHUIJIMH H THAPAaB-
JIHKH.

'uaposoruyeckue HCClIefOBaHHSA BOAHHIX OODBEKTOB SBJSAIOTCA
YacThIO THAPOMETEOPOJIOrHuecKHX HecnenoBanuil. LlenTpanbyeit op-
ran rugpomereoposioruyeckoit cnyx6er CCCP — 'ocysapcTBeHHBI]
komurer CCCP no rufipomMeTeoposOTHH H KOHTPOJIO TNPHPOJHOH
cpenibl.

YueT pecypcoB IIOBEDXHOCTHBIX BOJ| BBIIOJIHSAETCS T'HIPOJOTHYE-
CKOH ceThbl0 I'oCKOMIHApPOMeTa, yueT IPYHTOBLIX BOX — ceTbio MHHH-
crepctBa reosiorud CCCP. Yuyer Hcnonb3oBaHHS BOAHBIX pecypcoB
BeJeT MuHHCTepcTBO MesiHopanud H BogHoro xossaficrBa CCCP.



Yacrs I. OBINUE BOIIPOCHI 'RAPOJIOTIN

1.1. KPYT'OBOPOT BOJbI B ITPUPOJIE

[TocroanHbH o6MeH BJarod Mexay ruapocdepoft, atmochepod
H 3€MHOH MOBEPXHOCTBIO, COCTOSINIMHA H3 NPOLECCOB HCIAPeHHs, Ie-
peHoca BOJASIHOTO mapa B aTMoc(epe, KOHAEHCALUH ero B arMocde-
pe, BEIIafeHHs OCaJKOB H CTOKa, NOJYYHJ HasBaHHe 84a20060poTC
(kpyroBopoTa BOAbI). BhnmaBiiHe aTMOCGhepHLIe OCAAKH YacTHYHO
BHOBb HCHApAIOTCH, YaCTHYHO 06pPa3yloT BpPeMeHHble U NMOCTOSHHLIE
BOAOTOKH H BOJOEMBI, YACTHYHO IIPOCAYHBAIOTCH B MOYBY H HOMNOJ-
HSII0T TpyHTOBLIE BoAbl. COBOKYIIHOCTb BOJOTOKOB H BOJZOEMOB B IIpe-
Jenax Kakou-nu06o TeppHTOPHH HasbiBaercd eudpoepaguueckod
ceTbr0. B KOHEUHOM HTOTe BBIIABLIME OCAAKH B Mpollecce ABHIKEHUST
CHOBA JOCTHIalOT OKeaHa.

Pasnuyaior HecKOJBKO BHAOB BJaroo6opoTa B NPHPOJE.

1. Boaovwoil, uau muposot, 64a20060p0T — BOASIHON map, Hcha-
pHBHIHACS C MOBEPXHOCTH OKEaHOB, NePEHOCHTCS BeTPaMH Ha Mare-
PHKH, BHIafaeT B BHAE aTMOC(HEPHHIX OCAZKOB H BO3BpAalllaeTcsl B
OKeaH CO CTOKOM.

B nporecce Bnaroo6opota H3MeHAE€TCs KaueCTBO BOABI: NMPH HC-
napeHHH MOpPCKas BOAA NpeBpaiiaeTcs B NPECHYIO, a 3arpsi3HEHHAs
OUHILLALTCS.

2. Maaned, uau oxeanuueckuii, 84a20060poT — BOASAHOH nap, He-
NapHBIUKICA C MOBEDPXHOCTH OKEeaHOB, BHIIafaeT B BHAe aTMocdep-
HBIX OCaIKOB CHOBa B OKEaH.

3. BRYTpUKOHTUHEHTAAbHELL 824820000pOT — BOJA, HCIIApUBLIAS-
csl C ITOBEDXHOCTH CYIIH, BHOBb BHINAagaeT Ha CylWly B BHIe aTMO-
c(epHBIX 0CaJKOB.

Hcnapenue ¢ MOBePXHOCTH 3eMHOTO IIapa B CpefHEM 3a TOf CO-
craBasieT 577 Thic. KM3 Bogwl. K3 aroro o6beMa Boasl 505 Thic. KM®
NPUXONUTCA HA MHPOBOH OKeaH u 72 Teic. KM® —Ha cymy. OOnen
0CaJKOB 3a TOf, BHIIAJAIONIHX Ha TOBEPXHOCTb MHPOBOTO OKeaHa,
paBeH 458 thic. kM3, UM36HTOK ucnmapsmolleficss BJard, paBHBIA
(505 TeIc. KM3—458 Thic. KM®) 47 ThIC. KM3, NEepeHOCHTCST BO3/YLIHbI-
MH NOTOKaMH Ha KOHTHHEHTHl U OCTPOBA. ITOT I'O/OBOH 06BEM BOJAB
3aTpayuBaercd Ha (OpPMHpoOBaHUE DeK, o6pasoBaHue o3ep, 60JOT,
JeJHUKOB H IDYHTOBBIX BOJ, CO3/aeT YCJOBHS [Jifl CYIeCTBOBAHHS
W Pa3BHUTHS MPHUPOAHON Cpeibl U AESITENbHOCTH ueaoBeKa. TaKoH Ke
06beM BOJBI €XKerojHO BO3BpAllaeTCsi B OKeaH, NpHYeM Ha MAOJIO
pPEeYHOro CTOK2 MNPHUXOAHTCA OKoJao 45 Teic. KM3, Ha JoJ0 CTOK2
TPYHTOBLIX BOJ, He APEHHPYeMBIX DeKaMH, — OKOJO 2 ThIC. KMS,



CKOpPOCTb NepeHoca pas3iuyHbIX BHJOB BOJbI M3MeHseTCS B ILH-
pOKHX Tpejesax, I03TOMY H HEPHOJBl PacXOfOBaHHs H BO30OGHOBJIE-
yusl BOJABI TaKXKe pasiuyHbl. OHU H3MEHSIOTCS OT HECKOJbKHX YaCOB
JI0 HECKOJIbKHX AECATKOB ThHICSdeNeTHH.

Boapbl, BXOJslIHE B COCTAB JKHBBIX OPraHU3MOB, BO30OHOBJIA-
[0TCA B TeYeHHe HECKOJbKHX uacoB. JTO camasd akTHBHasg ¢Qopma
pojoo6MeHa. Duojiornueckas BoAa pacxojyeTcsl I'V1aBHEIM 06pa3oM
Ha TpaHcnupanuio. Yepes TpaHcmupauuioo B aTMochepy mocrynaer
GoJsipliasi 4acTh MOYBEHHOH Bjard. CpaBHHTENbHO He3HauHTelbHas
yacTb NMOYBEHHON BJIATH 3aTPayuBaeTcs Ha CTOK B Pycie pek. 3ana-
.Cbl IIOYBEHHOH BJIarH HUMelOT NMPUMepPHO IOAHYHEIH NEepPHOA HaKoIJIe-
HHS H pacxojoBaHus. ATMocdepHas Bjara, obpasymouiascs nNpu Hc-
napeHHH BOALI C OKeaHOB, MOpeH H CylId, BO30GHOBJsAETCS B cpel-
HeM 4epe3 BOCeMb AHell.

Hcene1oBaHHSAMHE YCTAHOBJEHO, YTO eAHHOBpPeMeHHble OObeMEl
BOJABl B PEUHBIX PyCJAax MHPa HOYTH IOJHOCThIO BO30GHOBJAIOTCSA
B cpeaHeM 3a 16 cyT. B Gosorax Boga pacxomyercss B OCHOBHOM Ha
ucnapeHHe ¢ ee MOBEPXHOCTH H TPAHCHHPAIHIO, a TaKXKe Ha (DUJIABT-
panuto (B MeHblueff creneHu) B pyc/aa pek. Ilepuon Bo3oOHOBJEHHSA
CBOGOJHEIX NOA3€MHBIX BOA 3eMHOH Kopel RO ypoBHs MuHYC 2000 M
cocrasasetr okono [ 400 ser.

BpeMsi BO300HOBJICHHS 3alacoB BOAbl B 03epax H3MeEHseTcs B
GOJIBLIMX Ipejesax: s MajblX 03€p B 3aCyUIHBEIX O6JacTIX —
OKOJIO TOJa, a JJad Baubojee KPYNHEIX 03€p — 4O HECKOJbKHX COT
Jer. Tlonnoe Bo30GHOBJEHHEe BOJHBLIX PeCcypCOB BeJHuYaiIlero mpec-
HOBOJHOro o03epa Mupa Daiikas npoucxegut B TeueHne 380 Jer.
B cpegHeM BOJALL 03ep HOJHOCTHIO BO3OGHOBJAIOTCA B TeyeHHe
17 ser. ExeronHo Bo306HOBJsieMble BOAHl O3€p COCTABJIAIOT OKOJIO
1...2% ux oGbeMma.

[Tepnon BO30GHOBJIEHHS 3aMacOB BOJBLL B T'OPHBEIX JIEJHHKAaX OKO-
Jo 1600 yet, B AefHUKax NOJAPHBIX cTpaH okoso 9700 jert. [TonHoe
BO300OHOBJIEHHE BOJ MHPOBOI'O OKeaHa NMPOUCXOJHT IPUMEPHO uyepe3
2700 net. dTa uudpa moayuyeHa nyTeM geneHus o6beMa BOJL OKea-
HOB (1338,5 MaH., KM®) Ha exkeroj(HbI pacxoj BOABl H3 HHUX Ha HC-
napenue (505 Thc. KM3).

Enunas BogHas noBepXHOCTh  MHPOBOTO  OKeaHa  paBHA
361,3 man. kM?, cpepHss raybuHa — 3,7 kM. MHPOBOHR OKeaH MOJ-
paspensieTcs Ha OKeaHB!, MODA, 3aJIHBbl, OYXTH U IIPOJIHBHL.

1.2, BOTHBIN BAJTAHC

CooTHOIIEHHe NIPHXOAA H PACXOfa BOJABI ¢ YUeTOM H3MEHEHHS ee
3amacoB 3a BHIOPAHHBIM HHTEPBAJ BPEMEHH [JISI PACCMaTPHBAEMOTro
00BbEeKTa Ha3blBAeTCS BOJHBIM OAAQHCOM.

Yro6bl cOCTaBHTb ypaBHeHHe BOJHOrO GajaHca 3eMHOrO Iuapa,
3amuuieM YCJIOBHS PaBEHCTBA NMPHXOKA H PacXofa BOABLI B OKeaHe
U Ha cylie:

Xo-+Y=E,  X,—V=E,



rae Xo— CpelHerojoBHe OCafKH Ha MOBEPXHOCTH OKeaHOB H Mopeil; X — cpex-
HEromoBHE OCaJKH Ha moBepXHOCTH cyuu; Eo— cpelHerofoBoe HCmapeHyne ¢ okea-
HOB ¥ MopeH; E¢ — cpeJHeroforoe HCIAPeHUe ¢ CYIUH; Y — CpelHHH TrogoBOl CTOK
peunbix 6accefHOB.

CyMMHpysl paBeHCTBA, MOJNydaeM:
Xo+X=E+E,, (1.1)

TO €CThb KOJIHYEeCTBO BOALI, HCHapsiolleficss ¢ MOBEPXHOCTH OKEaHOB,
Mopell H KOHTHHEHTOB, PaBHO KOJIHYECTBY OCAAKOB, BBINAAalOLIHX
Ha 3TH IOBEPXHOCTH.

MaTtemaruueckoe BbIpa)KeHHe, OMHCLIBAalOllee BOJHBIN OaJnaHc,
HasblBaeTcs ypasHernuem 8001020 Oaaanca. OHO MOXKeET OBITH CO-
CTaBJeHO [Jifl Onpe/eJIeHHOIO0 BOJKHOrO o6beKTa (03epo, BOLOXPAHH-
Julle H AP.), peuyHoro GacceliHa, yyacTkKa TEPPHTOPHH, MHIAPOJOTH-
YeCcKOTro paloHa, CTPaHBl, MaTepHuKa H 3eMHOro Iapa. YpaBHeHHeE
BOJAHOrO 6aJjiaHca BLIPAyKaeT 3aKOH COXPAaHEHHS MaTepHH.

Ypasuenue (1.1) BbIpaxkaeT COOTHOIIEHHE MEXAY KOMIOHEHTaMHU
BOAHOTO GanaHca jJifl 3eMHOro Imapa. Bolllle NpHBOAHIHCH HEKOTO-
pole HHQPOBLIE AaHHble 06 HCHApDEHHH H OcajKax B efHHHIAX 00b-
ema Boabl. Ocajkd B MeTeOPOJOTHH OGLIYHO BLIpaKaioTcs BHICOTOM
cJI0s BOJBI, BhilaBlIeH 3a KakoH-HHOYAp nepuon. Eciu Gepercs ne-
pPHOA, B TeyeHHe KOTOPOrO MOIVIH BBIMAJATh OCAAKH B KHIKOM H
TBEPAOM BH/E, TO AJifl CyMMHPOBAaHHS OCaAKOB 3a 3TOT NEPHON BHI-
COTa CJIOSl TBEPIBIX OCAJKOB INE€PeCYHTHIBAETCH HA KHAKHE OCAIKH.
O6mbeM ncnapuBiieficss BJard H CTOK TaKke MOrYyT OBITh BbIpa:KeHH
BLICOTOH cJ0d. PaszennB o6beM cToKa Ha miollagb BogocOopa, 1o-
JYUYHM BLICOTY cJslosi ctoka (Taba. 1.1).

1.1. Bopuwit Gananc 3eman (MM B ron)

Ocanku Wcnapenune Crox
Cyuwa
800 485 315
Okean
1270 1400 —

3emuoti wap
1130 1130 —

YpaBHeHHe BoAHOTO GajiaHCa KOHTHHEHTA 34 MHOTOJIETHHH IepH-
OJl 3alUCEIBAETCA CleAYIOIWIUM 06pasoM:

X+ Xp+X=Y +U+E, (1.2)

rie Xa—ocajkH, BHINajaloulde 3a CYeT BJArH, NPHHECEHHOH C OKeaHa K COMpe-
JeNbHBIX Tepputopuii; Xg— ocankn, o6pasylomyecss 3a cyeT MECTHOrO HCHapeHus;
Xk — KOHJeHCallust BJard; Y — peunoit crox; U —nojseMHbie BOAH; E — cyM-
MapHOe HcmapeHue.
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B NPAaKTHYCCKUX pacuyeTax KOMMNOHEHTOB BOAHOI'O 6aJsaHca 3TO
ypaBHEHHE HCHOJIB3YIOT B YIPOLIEHHOM BHAE!

X=Y-+U-LE, (1.3)

rie X — cymMMapHHe OCafiKU Ha KOHTHHEHTe, BKJIOYas KOHAEHCALWIO BJarH, KOTO-
pasi B HEKOTOPHIX DErHOHAX MOXKET COCTaBJIATb CYIECTBEHHYIO BeJuuuHy (B 30He
MHOTOJieTHeil Mep3JIOThl, B MYCTHHSX H Jp.).

1.2.1. YpaBuenue BogHOr0 6aiaHca
peyHsIX GaceeiiHoB

Bomoc6op peku (MM pPeyHOH CHCT€MBI) H BCf TOJIA IIOYBO-
PYHTOB, ¢ KOTOpO# BORA IOCTyNaeT B DPeKy, Ha3bIBAeTCH pPeHHbLM
baccelinom. COBOKYNMHOCTL PeK, CAHBAIOIIHXCA BMeCTe H BHIHOCALIMX
CBOH BOJIEl B BHJle OOIIero NMOTOKA, HA3BIBAECTCH PEUHOU CUCTEMOL.
Baccefin peku (o3epa, BOLOXPAHHJHUILA) COCTOHT U3 HOBEPXHOCTHO-
20 1 nodsemnozo 8000c60pos. Y4acTOK 3eMHOH NMOBEPXHOCTH, C KO-
TOPOro CTEKaloT BOALI B OTAENbHYIO peKy (03epo) HJH B DPEYHYIO
cucTeMy, NIpeAcTaB/sieT HOBepXHOCTHHIH Bomocop. [Toxsemusiil Bo-
nocbop — ToJILA TMOYBOIPYHTOB, H3 KOTOPOH BOJAa IIOCTynaeT B
pexu, osepa H BojgoxpaHHiHila. COOTBETCTBEHHO Das3JdHYalT HoO-
BePXHOCTHOWL W nodaemueui  (TPyHTOBOH, TIOYBEHHBIH)  CTOK
(puc. 1.1). HecoBmajeHne NOBEDXHOCTHOI'O H IOJ3€MHOr0 BOZO-
c60poB HabJIOKAETCS Y MaJblX PeK H peK, y KOTOPHIX H3-3a Ie0J0-
IHYeCKHX YCJOBHI NPOUCXOAHT AKTHBHHIH BoAOOOMeH Mexay Oac-
cefiHaMH.

I'pannusl nojsemHoro Bogoc6opa onpefeuTb TPYAHO. I'panuubl
NOBEPXHOCTHOrO BOZOC60pPa (HKCHPYIOTCS AOCTATOYHO TOYHO BOJO-
pasaeJbHOH JHHHEH IO KapTe C FOPH3OHTAaAMH. BodopasdeabHas
AuHUA peYHOTo OacceidiHa TNpejCTaB/sfeT 3aMKHYTHH KOHTYD, OT/e-
JAIOMIKN cMeXxHBIe Bojoc6oprel. Ha nmpakTtike 3a mioimtaje Gaccefina
pPeKH npHHHMaeTCA IWIOLAaAb OBEPXHOCTHOrO Bogoc6opa.

Hukuuil cTBOp Ha peKe, OrpaHHUMBAIOMIHE paccMaTpHBaEMBbIi
GaccefiH, Ha3LIBAETCS 3AMbLIKAIOWUM CTBOPOM. ¥ 3aMBIKAIOILEro

7 ¥ ) ! g
A

—_————

Ab
|
|
|
|

Y?

Puc. 1.1. Cxema BogHoro 6asanca Gaccefina:

I — ocankn; 2 — wHduABTPALHs (NpoCaYHBAHHE, NPEHMYLUIECTBEHHO MO f0-
paM); 3 - noa3eMHbIl CTOK; 4 — IOBEPXHOCTHHIH CTOK; 5§ -~ HCTapeHue; 6 —
KaluIIgpHoe MOJHSTHEe H MCIapeHHe.
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CTBOPA THAPOMETPHUYECKHMH METOLAMH ONpELeJsieTcsi pPeuHol CTOK.
OCHOBHBIMH KOMIIOHeHTaMH BOJHOroO 6GajsaHca peuHbIX OaccefiHOB
ABAAIOTCS OCAAKH X, CTOK y H HcnapeHnue E.

[Ipu cocraBieHuH ypaBHeHHs BOAHOro OaJjanca peuyHbIX Gacceil-
HOB 33 OTpaHHYEHHBIH NPOMEXYTOK BpeMeHH (Mecsi MJH roj) He-
06X0HMO ydYecTb H3MEHEHHE€ 3amacoB Bjaard u B GaccefiHe — BO3-
pacTaHHe HJH YyOLIBaHHe CHEXHOTO IOKPOBA, H3MeEHEeHHe 3amacoB
BOIBI B 03epax, 60J0Tax M NMoHMax pek, HAKOMJIEeHHe H PacX0A0Ba-
Hye TPYHTOBBIX U NMOYBEHHBLIX BOJ. BesuuuHA # MOXeT HMeTb Kak
HOJNOXKHTeNbHOe (DU HAKONJeHHH BJard B 6accefiHe B MHOIOBOJ-
HBle NePHOAH), TaK H OTPHUATesbHOE (B MAaJIOBOJAHBIE TOMAbI) 3HA-
yeHHe., YUHUTHIBAeTCsS TaKKe MOA3EMHBIA BOJOOOMEH W CMEXHBIX
NOJ3eMHBIX 6acCeHHOB B CBA3HM C HECOBNAJeHHEM IOBEPXHOCTHOTO M
HNOJ3eMHOI0 BOROCOOPOB; @ HMeeT 3HAK MJIOC NMPH MOCTYIJEHHH
BOABI 3a Mpefesibl paccMaTpHBaeMoro Bofoc6opa u MuHYC B o6par-
HoM caydae. CiegoBaTe bHO,

x=y+E xutw. (1.4)y

BennuuHa w ¢ yBejqdueHHeM IUIoWaju BogocGopa yOblBaeT, Mo-
3TOMY [Jfl JIOCTATOYHO GOJIBIIHX peuHbIX 6AacCeHHOB MOXKHO CUHTATh,
uyto w=0. Torza ypaBHeHHe NPHHUMAaET BHJ:

x=y-+E +u. (1.5)

3TO ypaBHEHHE MOXKHO HCIIOJb30BAaTh AJS TOJHYHOTO HHTEPBafaa,
BKJIIOYAIOIIero NepHoAbl HAKOMJIEHHS H PACXOAOBAHHA BJAru B pac-
cMaTpuBaeMoM peuHoM GaccefiHe. Takoll HHTepBas Ha3bBaeTcs eud-
poaceuyeckum 2000m. B KAHUMaTHUECKHX YCJAOBHAX TePPHTODHH
CCCP 3a Hauano THAPOJOrHYECKOro rofa npuHumaercsa 1 oxkrabps
unn | HosGpsi. B 3TO BpeMs nepexoxasiive H3 rojfa B TOA 3amace
BJIaTH HE3HAUHTEJbHBL. [lJ PEK CO CTOKOM CHEroBOI'O H JOXKJAEBOTQ
NPOHCXOXKIEHHA K THAPOJIOTHYECKOMY IOJy CJAEAYeT OTHEeCTH IepHO-
Il HAKOIJIEHHSI CHEra, CHErOTAasIHHSA, NOJOBOAbS, HHTEHCHBHBIX JO¥K-
Ieil M NepHoJi CTOKAa OCEHHHX AOXKjef.

YpaBHeHHe BoAHOro GasaHca MHPOKO HCMOJAb3YETCS B MHKEHED-
HOH IHJPOJIOTHH B KaueCTBE OCHOBHI U DPAa3JIHYHBIX BOJLHOGAJAH-
COBBIX PacyeTroB.

YpaBuenune BogHOro GasaHca pedyHblx GacceflHOB 3a mepHOL,
BKJKOUAOWUA n JeT, HMeeT BUI:

I < 1 I < I -
£ L L +
nZ" n2y+n2E‘l1 Zu' (1.6)
1 1 1 1
Tperufl uneH B NmpaBofl YacTH YpaBHEHHS CTPEMUTCS K HYJIO,
NO3TOMY
Xo="Yo1Eo, (1.7)
rjae Xo — HOPpMa 0CajgKOB,; Yo — HOPMaA CTOKA; Eo — HOpMa HCHmapeHHs.

CpenneapupMeTHyecKHe  XapaKTEDHCTHKH  THAPOJOTHYECKOTO
(MeTeopoJIOTHYECKOr0) pexkuMa 3a MHOTrOJIeTHHH NepHOA TaKoi Npo-
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JIOJKHTEIBHOCTH, TPH YBEJHYEHHH KOTOPOH IOJIyYeHHOE CcpelHee
3HAUCHHE CYLIECTBEHHO He MCHSIETCS, Ha3blBAETCS HOPMOL 2UOpPOAO-
2uMeckux (MeTeoponoeutecKily) 8eAUUUH.

Iopenus npaByio u JeByio uactu ypaBHeHus (1.7) Ha xo, moay-

YyuUM
Yolxo+ Eol¥g=1. (1.8)

OtHollenye o6beMa (HJH CJIOSI) CTOKA K KOJHYECTBY BHIIABIINX
Ha mJolanbk Bofocb6opa ocaikos, 06YCAOBHBHIHX CTOK, y/x=m Ha-
sbiBaeTcs koaguyuentom croka. OtHomenue E/x=+ HasbBaeTcs
Koappuyuentom ucnapernusd. YpasHenue (1.8) npuHuMaeT BHI:

No+Po=1,

rie 7o— HOpPMa Ko>hOHIKNeHTa CTOKa; Yo-— HOpMa KoaddHUIHEeHTa HCIapeHHs,
Kaxaniit u3 sTux koapduunentos usMensercss or 0 mo 1,0, 1 ux cymma paBHa
elunule, B nesom ans Bcedl TeppuHTOpHM 3eMmHOro mapa 1=~0,39, nas Tepputo-
pun CCCP my=0,37.

B pafioHax H36BITOYHOTO YBJAAXKHEHMs KO3(pGHILHEHT 1y AOCTH-
raer 0,7, B 3aCylJIHBBIX M NYCTHIHHBIX paloHaX YMeHbliaercs M0
Hyas. He cienyer cMemnBaTth HeCnapenHte ¢ IOBEPXHOCTH BozocGopa
¢ HCTAapeHHEM TOJIBKO ¢ BoAHO#N moBepxHocTH. [locnennee B 3acym-
JUBBIX palloHaX MOXKET BO MHOTO pas NpeBHUIATh OCAJKH.

1.2.2. Cea3sp Temmaosoro
11 BOGHOI'0 0AJAHCOB CYNIH

HcceoeioBanne B3aMMOCBSI3H BOJHOTO U TEMJAOBOro $ajiaHCOB —
c/oxHas npobaemMa THAPOJOTHH M KjauMartosaorud. Bonbimol Braan
B ee paspaborky Buec M. WM. Byawnixo.

Tak kKak ¢popMHpPOBaHHE I'OJOBOr0O CTOKA B 3HAYHTENbHON CTele-
HH 3aBHCHT OT HCIIADEHHs, KOTOPOE OJHOBPEMEHHO ABJISETCA OAHUM
U3 OCHOBHHIX NpOIECCOB Npeo6pa3oBaHHA CONHEYHOH SHEPTHMM Ha
3€MHOH TOBEPXHOCTH, TO H HOPMAa pPEYHOro CTOKA, U KO3(POhHIHEHT
CTOKA JOJXKHBEl ObITb CBSI3aHbl C OCHOBHBIMH UYJleHaMH YpaBHEHHS
TemoBoro 6ajaHca 3eMHOH HOBEPXHOCTH (NOBEPXHOCTH CYIIH):

R=LE,+P1-A, (1.9)

rage R — paguanuonnbli motok (6Gananc); L — ckpeitas Tensora mapooGpasoBa-
Hust (Mcnaperus); Ly — ucnaperde; P — TypGyJeHTHBIl NOTOK Temsia OT NOJCTH-
Jlalolllelt NOBEPXHOCTH K aTmOChepe; A — HOTOK TelJ1a OT NMOACTHJAAIOLIER MOBEPX-
HOCTH K HHXKeJieXalluM cIosiM (OTOK Tellja B MOUBY).

YpapHeHHne TensoBoro GajtaHca BhIpaxKaeT 3aKOH COXpaHEHHd
SHEPTHH.

CpapHuB ypasuenne (1.9) c Bopaxennem (1.7), yBuauM, uTO B
KaxJoe H3 HUX BXOJHT HCrapeHHe. 3aTpaTa TelJa Ha HCIIapeHHe
paBHa IIPOM3BENEHMIO CKPHITOH TensoTh HcmapeHus L M ucmape-
Husg Eo CKpHTas TemoTa HCNApeHHs B NPHPOLHBIX YCJIOBHSX He-
CKOJIbKO M3MEHSIETCSl B 3aBHCHMOCTH OT TeMIepaTyphl HCnapmoHleu
NIOBEPXHOCTH.
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Bo MHOrux pacuyerax MOXKHO NPHHAMATh IOCTOSIHHBIE 3HAUYEHHSA
CKpBITOl TemyoTe HenapeHus (L= 2,5 xJIx/r). Cpennue cyMMbl uc-
napeHusi ¢ NOBEPXHOCTH cyliH Ey 3aBHCAT OT KOJHYECTBA OCAJKOB
Xo ¥ TIPHTOKA COJIHeuHOH sHepru. C yBenHueHHEM OCALKOB Xg H pa-
JuHanuoHHoro 6anadca R ncnapenne E, Bospacraer.

PannanuoHHBIl 6aaHC 3eMHOM NOBEPXHOCTH R paBeH pa3HOCTH
HOIJIOIEHHOH CONMHEYHOH pajHaunui ¥ AJUHHOBOJHOBOIO 3(PQeKTHB-
HOTO H3JYyYeHHS:

R=Qx (1 —o)—1, (1.10)

rae Qr — CyMMapHast KODOTKOBOJIHOBasl pafuauus (CyMMa NpPSMOil U pacCesHHOH
pajuanug); o — ajasbel0 (OTHOLIEHHE OTPayKeHHOHR pajMauMu K mpUxoAsuied pa-
nuanuu); [ — addexrHBHOE H3NydyeHHe, TO €CTb Pa3HOCTb COGCTBEHHOro H3Jyue-
HHST 3eMHOH NOBEPXHOCTH H MOIVIOIIAEMONO Ha MOBEPXHOCTH NPOTHBOH3JIYYeHHS
aTMocdepsl.

HauGonbiee anpsbefo xapakTepHo A/ YUCTOTO H CYXOro CHe-
ta—0,90...0,95. OxHako CHEXHBIH TNOKPOB peliko GbIBAeT COBep-
IIEHHO YHCTHIM, II03TOMY CpelHHe 3HaueHHd anbbeno cHera B 60Jb-
muHcTBe cayuaeB paBHbl 0,7...0,8. Anbbeno BJazKHOrO H 3arpsas-
HeHHOro cHera cHuxkaercd a0 0,4. Anp6eno ecTecTBEHHBIX MOBEpX-
HOCTell ¢ pacTHTENbHBIM NIOKPOBOM H3MEHSIETCSl CPpaBHHTENBHO B He-
Goabiinx npegenax (ot 0,10 go 0,25).

[Ipu Gosblloit CYXOCTH MOYBHI BCA BOAA, MOCTYMAlollas B BHAE
‘0CaJKOB, 3aJlePKHUBAETCA MOJIEKYJASIPHBIMH CHJIaMH Ha YacTHIaX
TIOYBBl U B KOHEYHOM HTOTE PacxXoayercs Ha ucrnapeHde. B takux
ycnoBuax (06BIYHO HAOGJ0Lal0TCS B MYCTHIHAX) KO3 (HIHEHT CTOKA
Yolxo mpubanKaercs K HyJ0. Tak Kak CyXoCTb NMOYBHI pacTeT C yBe-
JIMUEHHEM PAaJHALMOHHOTO NMPHUTOKA TEIJa H C YMeHbIeHUEeM KOJIH-
yecTBa 0CaAKOB, TO

Yolxe —> 0 wm Ey/x, — 1 nmpu R/(Lxg) —> cvo. (1.11)

Ipu ymenbinenuu orHomeuus R/(Lxy), KoTOpOe NPUHATO HA3HI-
BaTb paduayuonueim unlexcom cyxocTu, 3HaueHue Eolxq Oyner
yMeHbLIATbCS, TO €CTh BO3HHKHET HekoTophii cToK. Ilpu nocratouno
GOJIBIIMX OCaAKaX M MaJjoM NPHUTOKE pagHalHOHHOTO Telja HacTy-
MaeT COCTOSIHHE H30BLITOYHOTO YBJAXKHEHUS BEPXHEro CJOsl MOYBHI.
Jlng ycyoBuil U30BITOUHOIO YBJAXKHEHHUS

LE, — R upu R/(Lx,) — O. (1.12)
Hcxons us yeaosuii (1.11) u (1.12)
R L

E,=--th 1;0, (1.13)

rae th — cuMBoJ runep60JHYECKOro TaHreHea.

Ha pucynke 1.2 s3aBucumocts Ey/xq ot R/(Lxo) Anst 3HaUeHHH
R/(Lxo) B coorserctBuu ¢ ycaouem (1.12) mzobpakeHa mnpsiMoi
OA, nns 6Gonbmux R/(Lxg) B cooTBercTBHH ¢ yciaoBueMm (1.11) —
npsaMoil AB. DxcnepHMeHTa/bHBlE AaHHBE NOKA3BIBAIOT, 4yTo (ax-
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Puc. 1.2, Homorpamma ansi on- Puc. 1.3. Homorpamma ana on-
pefesennss Ko>(pduuMenTa wucna- pefieJieHHss CTOKAa B 3aBHCHMO-
pennsi B 3aBHCHMOCTH OT pajua- CTH OT OCafKOB H paJHAaLHOHHO-
HHOHHOTO HHJEKCA CYXOCTH. ro Gamanca.

THYECKH HalJofaeTcd NaaBHb nepexon oT quHud OA K JHHUH
AB.

HccnegoBanue ypaBHeHHSI CBSI3M TEIJIOBOTO U BojgHoro 6ajaH-
coB cymH BoimogHuan M. M. Byawiko u JI. Y. 3y6enok. OHu mpo-
aHaJU3UPOBAJH JAHHBIE NJi MHOTHX PAaHOHOB CYIIH, AJSI KOTOPHIX
Hcnapenne OBIIO NMOACUHTAHO NO YpaBHEHHIO BOLHOrO GajaHca Kak
pasHoOCTb OCaAKOB H croka. Ha pucynke 1.3. npexacrasjieHa HOMO-
rpaMMa CTOKAa OT TOJOBHIX CYMM OCaJKOB M pajHauHOHHOTO Ga-
Janca.

Ha ocroBe ypaBHeHun#t BogHOro W TemjaoBoro 6Gananca B. C. Me-
3eHLeB paszpaboTaji MeToj THAPOJOTO-KJAUMATHUECKHX pPacyeToB
IPHMEHHTEJNbHO K PELIEHHIO Pa3JHYHBIX 3a4ay MHKEHEepHOH T'HApo-
JIOTHH W NPeANOKHI (GOopMyay MJsl BHIUHCIEHHS HCHApeHHs ¢ ped-
HBIX 6accefiHOB 3a J100ble HHTEPBaJLI BpEMeHH:

E/E,,={14[E,/(x + Au)Jr}/m, (1.14)

rie E — cymmapHoe ncnapenue, MM; Eqn — MaKCHMasibHO BO3MOXKHQE HCIapeHHe,
MM; X — OCajlK{, HCIpaBJieHHbIE C y4eTOM KOHAEHCAUMH B HOYBe, POCH H HHed,
MM; Au — H3MeHeHMe 3amacOB BJATH B HNOYBOTPYHTaX (Pa3HOCTb BJAr0O3anacoB
B QOYBOTPYHTAX B CJI0€ AKTHBHOIO BOJ0OOMEHa 3a pacYeTHHIH NEPHOR), MM;
n— mapamerp, 3aBHCALIME OT BOJAHO-(DH3MUECKHX CBOHCTB NOYBOTPYHTOB U yCJIO-
BUH (OpMHDOBaAHHUS CTOKA.

$opmyna pekoMeHgoBaHa s Teppuropuu 3anaauo-Cubupckoi
paBHHHBl (napaMerp 7 NPHGJIU3UTENLHO paBeH 2..3), HO MOXKeT
NPHMEHATHCA H JJd APYrduX TEpPUTOPHHA CO CBOHM 3HAuyeHHeM Na-
pamerpa #.

BennuuHa Au onpenensieTcsi Kak pas3HOCTbL 3amaca BJard B ges-
TeJbHOM CJIOE TOYBOIPYHTA B Hauyaje H KOHIE PacueTHOro IepHoja.
Ona MoXeT NpHHUMAaTh MOJOXKHTENbHBIE H OTPHIIATE/]bHbIE 3Haye-
HUSl ISl BHYTPHTOZOBHIX MEPHOAOB (JeKajd, MecsleB, CE30HOB),
a TakXKe /s OTAEJNLHEIX JieT HJH jAaxe rpynnsl aer. as cpease-
MHOTOJIETHEro rojioBoro nepuona Au=0.

Jns onpefeneHuss MakCHMaJbHO BO3MOXKHOTO HCIapeHHs npej-
JIOKEHB (OPMYJBl H KapThl ¢ H30MMHHAMH. DOablueit TOuHOCTBIO
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OT/IHYAlOTCsd GOpPMYJE, NpelJoKeHHble NI MaKCHMa/JbHO BO3MOXK-
HOTO cpeaHeMHoroJierHero ucnapedus E, (Mm) 3a rox. Ilpusezem
¢opmyay B. C. Mesennesa u WM. B. Kapnanesuua:

E, = 306-40,2020, (1.19)

rae Z0_,9— CyMMa CpefHECYTOUHbHIX TeMnepaTyp Bosiyxa Bbume 10°C.

MeHee TOUHBIE Pe3yJbTaTH jAaeT apyras GopMyjaa aTHX XKe aB-
TOpOB, HO GoJiee pocTas:

E, =500V d, (1.16)
rie d — cpefiHero10BOH Ae(HIUT BJAAXKHOCTH BO3Ayxa, [la.

Hanpumep, ans 3anagnoit Cubupu E,=450..800 MM B rox.
Vimest HopMy ocankos, no ¢opmyne (1.14) maxoaum HOopMy Hcmape-
HHS; HX PA3HOCTb JaCT HOPMY CTOKA.

[ns ycraHoBieHHS] BHYTPHIOJOBOIO pacnpejeseHnsi MakCHMajb-
HO BO3MOJKHOTO HCIapeHHs NPHHHMAIOT, UTO MeCAYHBIE HCHAapeHHus
[IPOMNOPUHOHAIBHB CpelIHeMeCcAUHbM Ae(dHIIUTaM BJAXKHOCTH BO3-
ayxa.

[Ipennoxennnit B. C. Me3seHneBHIM MeTOX THAPONOrO-KJAHMATH-
YeCKHX PacyeToB MO3BOJIET ONpenesadaTs obiiee yBaaKHEHHe Teppu-
TOPHH, YTO HMeeT 6OJbllIoe NMpPaKTHYecKoe 3HAUeHHe NMpPH NpPOeKTH-
POBAHHHU H KCIUIyaTallHH MeJHOPATHBHBIX CHCTEM.

1.2.3. Enunnmnst uamMmepeHns crora BoOJbI

CToX B 3aBHCHMOCTH OT peliaeMofi 3ajaud MOXKET BHpaxKaTbCs
B BHJe pacxozia BoAbl (M3/c), o6beMa cTOKa, MOAYJS H CJOs CTOKA.
O6zpem ctoka W —aT10 06beM BOAH, cTekawinel ¢ BojocGopa 3a
Kakoii-mu6o uHTepBans T OGogabuie cekyuiabl. CuoenoBartenbHo, W=
=TQ. B rakux cioydagx ob6beM CTOKa BbIpaKaercd B KyOHUECKUX
MeTpax HJAH KyOHUYeCKHX KHJIOMETpPaX ¢ yKa3aHueM, 3a Kakoil mepu-
o (mecsi, rox ¥ T. A.). KonnuecTBo BOAH, CTEKAOILEH € eqHHHIBI
nJomany Boxoc6opa B €QMHHIY BpeMeHH, HasbiBaercss modyiem
croka. Monyas croka M [a/(c-km?)] paBeH

M = 1000Q/F,

rae F —nnomafab BoJocGopa, KM2, Dta XapaKTEPUCTHKA IIMPOKO HCIOJb3yercst
B THAPOJOTHYeCcKMX pacderaX. OHa ymo6Ha [Js CpPaBHEHHS YAEJbHOH BOJOHOCHO-
cti BofocGopoB pek. Hanpumep, ans MoOCKBbI cpefnHil rofoBOH MOJyJb CTOKA
pasen 6, XaGaposcka — 8, Batymu — 50 a1/ (c-xM?).

Eciu cToK CpaBHHBAIOT ¢ OCafikaMH H HCOapeHHeM (CM.
Taba. 1.1), roBopaT o cA0e CTOKQ, TO €CTb KOJHUECTBEe BOJHI, CTe-
Kamoiuell ¢ Bojoc6opa 3a KaKOH-IHOO HHTEpBaJ BpeMeHH, PaBHOM
TOJIII[MHE CJ0s1, PAaBHOMEPHO pacmnpeJejeHHOr0 N0 NJOMALH 3TOro
Boaoc6opa (MM B rofn).

Cuooit cToka y u Moaynw cToka M cBsizaHbl caenymooumum obpa-
3oM. O6bem Boan W (M® B ron), crekamwmed ¢ niomagd Bogoc6o-
pa F (km?), cocraBnser:

W= —l—gTF.106=103yF.



roT 06beM BOABL CTeKaeT ¢ BopocGopa 3a 31,5-10° ¢ B rony. Ilox-
CTaBHB pasMmepHocTH y, M, F u W NONYYHM

31,5- 1002 F-10°=10%F,

OTKyZa
y=31,5M, (1.17)
rae gucno 31,5 npeacraBaseT KO3@@uyuenT pasmepHocTy.

K 6e3pasmepHbiM XapaKTepHCTHKAM CTOKA OTHOCSTCH K03(u-
YUEHT CTOKQ T, U MOOyabHoll koagpduyuent croka K;, paBHBIH OT-
HOIIEHHIO MOAYJsl croka M; 3a paccMaTpHBaeMblil NepHoj K ero
HOpMe M, 3a 3TOT K€ mepuoJi, HanpuMep 3a rofl. MoAyabHHEIH K03(-
(HIMEHT MOXKHO BBIYHCAUTL U MO pacxofaM Boasl Q; u @, TaK Kax

Ki = Mi/M():Qi/QO‘
1.3. BOJAHLIE PECYPCBHI 3EMJIA

[Ton BOZHBIMH pecypcaMd B LIHDOKOM CMBICJE NMOHHMAIOTCS BCe
BHIBl BOJH, Haxojdlelics B 3eMye, Ha ee TOBEPXHOCTH H B aTMO-
ctepe. B Gosiee y3kom cMbIc/e BOAHBIMH pecypcaMp HasbIBAaIOT 3a-
1aChl MOBEPXHOCTHBIX H IOA3EMHBIX BOJA KAKOH-THOO TEPPUTOPHH.

1.3.1. Mupossie 3aniacsi Bojibi

W3 o6uieit miomangd 3eMHOro mapa, pasHo# 510 muad. kM2, Ha
MHPOBOH oKeaH mnpuxofurtcs 361,3 MaH. kM?, uan okoso 719%. Ya-
CTH CYIIH, C KOTOPHIX BOAAa B BHJE PEUHOIrO CTOKA IOCTYIAaeT B MHPO-
BOil OKeaH, HaswbBawTCca obaacramu eHewneeo croka (78%).
Y4acTKH CyIllH, He HMEIIHe CTOKA B OKeaH, Ha3hiBalTcs 002aCT-

1.2. Mupossie 3anacsl Boabl (MHPOBOH BOAHLIH GallaHC H BOJLHbBIE PECYPCH 3eMJH,
1974)

Honst B MHPOBBIX 3amacax, %

Buna BoAsi O6bemM, Km3

OT oGUIHX OT 3allacoB
3anacoB BOAbI MpPeCcHbIX BOJ
Boaw mupoBOro oxeana 1 338 000 000 96,5 —
[Toaszemublie BOAB (NpeHMYIeCTBeH-

HO TIpecHbIe) 10 530 000 0,76 30,1
JleJHUKH H TIOCTOSIHHO 3aJieraw-

WU CHEXHBIH MOKPOB 24 064 100 1,74 68,7
3amacsl BORH B 03epax (OpecHbIX) 91 000 0,007 0,26
Bozxu GoJsor 11 470 0,0008 0,03
Boasl B pycnax pek 2120 0,0002 0,006
Buronorunveckast Boja 1120 0,0001 0,003
Boaa B aTmocpepe 12 900 0,001 0,04
O6mue 3anack BOLB 1 385984 610 100 —
[IpecHsle BoAH 35029210 2,53 100
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Mmu suyTpernezo croka (22%). O6uue samacsl BoAsl Ha 3emJe CO-
crapasor 1386-10% km® (rabn. 1.2). M3 Hux mnpecHBIX BOjJ BCEro
35-108 kM3, TOo ecth okogo 2,56%. OzHako poJib TpPecHBIX BOJ B
JKM3HH H JIATEJNHHOCTH YeJOoBeKa HCKJIUHTENbHO Bejauka. Hanbo-
Jiee HHTEHCHBHO HCIOJb3YIOTCH PEeuYHhle BOJbl, CPABHUTENBHO OHICTPO
BO30GHOBJIAIONIHECS B Tponecce Kpyropopora. Ha ux foai0 oT 06-
IIMX 3amacoB NpecHbX BOJ NpuxoauTcs Bcero auuip 0,0069%. Bro-
poe MecTo TNO HCHOJb30BAHHIO 33aHHMAIOT TPYHTOBHE BOAB H
TpeThe — BOJbl 03ep.

E:KerofiHO BO30GHOBJSIEMBIE €CTECTBEHHBIE PECYpPChl TOJ3eMHBIX
BOJA 30H AKTHBHOI'O H CPaBHHTEJBHO AKTHBHOTO BOJAOOGMEeHa MpH-
61M3UTENLHO MOTYT ObITh NPHPABHEHBE K TOJOBOMY IOA3€MHOMY
CTOKY B peKH. B cpefHeM AJis BCero 3eMHOTO Iapa foJsl NoA3eMHBIX
BOJ B peuHOM cTOKe 6su3ka K 30%.

1.3.2. Bopusie pecypent CCCP

Cpennuit ctok pek c¢ tepputopun CCCP pasen 4714 xm® B ron.
Tak kKax peuyHOH CTOK €XKerojHo BO30OHOBAAETCA, OH HMeeT Hau-
Gosblilee 3HAUYGHHE [JI BOJOXO3SIiCTBeHHOro Hcrogas3oBanus. Cym-
mapHuit ctok pek CCCP cocrasager 119% MupoBoro ofbema cToKa,
paBHoro 42 teic. kM3 Oxosmo 809% peuHoro CToka NPHUXOLHUTCS Ha
TEepPPUTOPHH, NpHjerammue K 6acceiinam Tuxoro u CesepHoro Jle-
JIOBHTOT'O OKEaHOB.

DKCI1yaTaHOHHBIE pecypchl NpecHuX noaseMubix sox B CCCP
cocTaBaglT okosao 320 xm® B rof. DTo BOJABL, KOTOPbIE MOI'YT H3-
BJIEKAQThCSl M3 BOJOHOCHBIX TJIACTOB 6e3 CyIEeCTBEHHOrO CHHIKEHHS
YpOBHell M yXyAlIeHHsl KayecTBa I'PYHTOBLIX BO/.

[Tonsemunii crok ¢ tepputopun CCCP papen 1100 kM3 B rog.
3HayuTeNbHAsA YACTb NOA3EMHOrO CTOKa SIBJSAETCS OJHOHN M3 COCTaB-
JAOUIHX cToKa peK. Ha TeppHTOpHAX ¢ BeUHOH Mep3/aoToil B MecTax
BHIKJTHHHBAHHS MOJA3EMHBIX BOJ B JOJHHAX PEK H MOHHKEHUIX 00-
pasyloTcsl Hajenu. 3amac BOABL B HHX cocTaBjser oKojao 30 xmé,

3amacel BOAH B JeAHHKAX H CHEXHHKax paBHu 10976 xwm8,
B 6onorax — oxoJso 3000 km3. JledHux — 370 CKOIJeHHe Jbla Ha
cyme, obpasymwlleecss 3a AJUTENbHLIH MNepHoJ NpH IpeBbIlIEHHH
KOJIMUECTBA BHIIABIIMX TBEPABIX OCAAKOB HaJ TagHHEM H HcHape-
HHeM abza. CHedcHUKU — CKOIJIEHHE CHera, coxpassmoouieecsi 6onee
onxHoro roza. I'panuna, Bblllle KOTOPOH CHEer He CTAUBAET 3a JIETHHH
NEPHOJ, HA3BIBACTCA CHE2080l AuRUel.

O6muit o6peM BOAB B NpecHLIX 03epax ykasaH B pasgene 3.1.4.

O61iee KOJHYECTBO BOJABI, YUacTByWUIeH Bo BjaaroobopoTe B
npenenax teppuropun CCCP (nmomane 402200 km?), cocraBiser:
ocaaku — 530 mm (11700 xm®), ucnapenue — 330 MM (7340 xm?),
cTox — 200 mm (4360 km3).

Pacnpenenenue peydHoro croka no reppuropur CCCP xpaiine
HepaBHOMEPHO M He COOTBETCTBYET pasMeNIeHHI0 HaceJeHHs, Mo-
TPeGHOCTAM NPOMBILIJIEHHOTO M CEJbCKOTO Xo3daificTBa. C pas3BUTHEM
HAapOAHOIO X03AHCTBA OLYIIAETCH HEAOCTATOK BOJAH B KPYNHHX
HNPOMBIIIEHHBIX H CEAbCKOX03SHCTBEHHBIX paioHax crpaHsl. [loaro-
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my npo6saema Boasl B CCCP, Tak e Kak M B JPYTUX CTpaHax, pe-
mIaeTcsl Kak NMYTEeM peryJHpoBaHUA CTOKa B Npejenax ojHoro Gac-
cefiHa, Tak H nyTeM Mex06accefiHOBHX Nepe6pPOCOK CTOKA.

[lepeGpocka yacTH PEUHOro CTOKa H3 OacceliHa ONHOH MJHM He-
CKOJMbKHX peK B OaccefiHbl IPYrHX pek HasbiBaeTcsl MexkbacceiHo-
BOH NepeGPOCKON CTOKA HJH HHAaye — MEXK30HA/JbHBIM Iepepacpe-
JleJIeHHeM BOJAHBIX pecypcoB. Peku, H3 KOTODBIX H3BIMAeTCA 4YacTb
CTOKA JJs ero nepebpoCcKH, Ha3bHIBAIOT peKaMHu-JoHopaMu. Ha gactu
Tpacch AJs mepe6pPOCKH CTOKa MOTYT ObITh HCIIOJNB30BaHBl pycJa
pek. Ecnu TeueHHe BoAH B pEKe JONXKHO OBITb H3MEHEHO Ha NPOTH-
BONOJIOKHOE B COOTBETCTBHH ¢ OOIUMM HampaBJeHHeM TeueHHS
BOABL B KaHaJje, TO TaKHe PEKH Ha3HBAIOT aHTHPEKAMH.

Onpejienenne JOMyCTHMBIX H3BATHH 00BEMOB CTOKa M3 bacceil-
HOB DEeK-IIOHOPOB — OJHA H3 CJOXKHBIX 3ajau MeX0acceHHOBOro
nepepacnpenenesuss croxa. IIpm 3ToM Heo6X0ZUMO COXpaHHTb OC-
HOBHbBle 0COGEHHOCTH THAPOJOTHUECKOI'O pekuMa peK-L0HOpOB, obec-
[leyHBaIOIINEe pAIlHOHAJbHOE HCIOJIb30BAHHE BOAHBIX DECYpPCOB C
YUYeTOM 2KOJOTHYECKHX (PaKTOPOB.

1.3.3. Bamanue aurponorennoii geATeaIbHOCTH
#f ypPOAHH3AHN HA BOJHLIE PecypPesl

[IpousBoncTBeHHasa (X03sHCTBeHHAsi) JeATeJbHOCTh UEJNOBeKa
TPH HCIOJb30BAHUM BOJAHBIX PECYPCOB OKAa3hBaeT 60JbIIOE BAUSHHE
Ha KOJIHYeCTBEHHBIE H KaueCTBEHHBIE XapAKTEPHUCTHKH BOJHBIX 00Db-
€KTOB H HX THADOJOTHYECKHI DeXXHM. AHTPOINOreHHble H3MEHEeHUS
BOJHOCTH pPe€K MOIYT OBIThb 3HAUHTEIbHBIMH. POCT npoMBIIIEHHOCTH
¥ HapoJOHAcCeJeHHs C HUX KOHLUEHTpauued B KPYIHBIX T'OPOJACKHX
HEHTPaX OCJOKHHUJ NpobJeMy HCIOMb30BAHHS BOAHHIX PECYDPCOB.
Tak Bo3HHKJIO HOBOE HaNpaBJeHHe B THAPOJOTHH — BAHSAHHe ypba-
HU3ALHUN HA PEeRKHM H KauecTBO Boj (ropojckasi THIPOJIOTHA).

I'naBuble anTponorennsle GakTopsl, BO3AEHCTBYIOMIME HA BOJHbBIE
pecypcel: peryJupoBaHHE CTOKA C IOMOIIBIO BOAOXPaHHJIHII, OpO-
IIeHHe H OCYIICHHe 3eMeJsb, arpoTeXHHUYecKHe MepONpHSITHS, Jeco-
Mejadopanus, KOMMYHAJbHOE H NPOMBIIIJIEHHOE BOZONOTpeb/ieHMue,
yp6anusanus. KosnuecTBeHHas oneHKa aHTPOIOTeHHHX H3MEHEHHH
BOJHOCTH peK CJOKHa, TaK Kak OHa NPOHCXOAMT Ha (oHe mpocT-
PaHCTBEHHO-BPEMEHHHX KoJie6aHuit peuyHoro croxka. IyaBHas xKe
TIPHYMHA H3MEHEHHS BOJHOCTH peK — 3T0 KoJsebaHust KjauMmara. Bbl-
IIOJIHEHHBIE HCCe0BAHUS 10 LaHHOH mpobjeMe 3aTparuBaloT rjaB-
HpIM 06pasoM BHYTPHUTOJOBHIE KOJeGaHHSI CTOKAa H CTOKa 3a TOX
(romoBoro croka). Pe3syabTaThl HCCie10BaHHE pasHBIX aBTOPOB HE
Bcerjla COBNIAJalOT, 4TO OOBACHSETCA CJOXKHOCTbIO MpobJjeMbl, He-
JIOCTAaTOYHOCTBIO HCXOJHOH 1/ aHanau3a wHopMaiuu, a Takke
PasHBIMH METOAMKAMH HccaenoBaHui. CyliecTBeHHBIH BKJad B pe-
ileHHe MaHHOH 3ajaum BHecaw B. B. Paxwmanos, C. M. Xapuenko,
B. ®. Ille6eko, U. A. Uluknomanos, B. B. Kynpusitos u ap.

Haubosiee cymecTBenHoe BauSIHHE Ha BHYTPHIOJIOBOE paclpeje-
JIeHHe CTOKa 0Ka3blBalOT BOAOXPAHMJHINA M MX KacKajbl, BEIPABHH-
Basg CTOK IIyTEeM ero akKyMYJsdIHH BO BpeMmsl MaBOAKOB W yBeJHue-
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HHA PacXoJOB BOJBl B HHXKHHX Obeax B MexxeHHLIH nepuoj. Mame-
HAIOTCS PEXHM TDYHTOBHIX BOJ B 30HAX NOATONJICHHS, CTOK HAHO-
COB M pYCJOBble NPOLECCH B BEPXHHX M HHXKHUX Obedax. [lox
BJHAHUEM BOJOXPaHUJHIL YMEHbIIAETCS CKOpPOCTh Bojoo6MeHa B
pycnax. Tak, ckopocTb BoaooOMeHa B IHAporpa)uueckoll cucreme
noja BausHueM BosKcko-KaMckoro xackaja BOJOXPaHHJIHIL YMEHb-
wuiach B 12 pas, a B Mockse-peke — B 16 pas.

BopoxpaHHJHILA, PaCHOJOXKEHHEIE B 30HAX HELOCTATOYHOTO H
nepeMeHHOro yBJaXKHEHHS, YMeHbUIAIOT T'OJI0BOH CTOK C HMXKepac-
[OJIOXKEHHBIX vacTell GacceliHa, Tak Kak HCIapeHHe € BOJHOU T10-
BEPXHOCTH BOZOXPAaHUIHIIA OOJIbINE, YeM C TOH Ke TEPPHTOPHH [0
ee satomenusd. Hanpumep, no gauusiM I'TH, BeaenacrBue nonosaHu-
TeJbHOTO HCIapeHus ¢ Bojoxpanuauil Bonxcko-Kamckoro kackaa
noTepH croka pekn Bouarum cocrasnsior B cpeaHeMm 3,5 kM3 B rof.
BnusHue Ha CTOK MaJjbHX BOJOXPaHWUJHIL H NpYAOoB (a HX OUeHb
MHOTO) B 30HaxX JOCTATOYHOTO WU H3OBITOYHOTO YBJAaXKHEHHSI OUEHb
Majio; B IOXKHBIX pafoHax yMeHbIIEHHe TOJOBOI'O CTOKa MOXKeT
obiTh 10...15% u Gonee.

BiudHue Ha CTOK arpOTEXHHUYECKHX H JIECOMEJHOPATHBHBIX Me-
ponpuATHH (mosie3allHTHbIE JecHBie HacayKJeHHsd H Jp.) 4acTo pac-
CMAaTpHBAETCSl COBMECTHO, M TOTZA HX HA3BIBAIOT arpoJIeCOMEJHO-
paTuBHbBIMH. TaM, rae 6oJbliHe TMJOIMIA/H 3eMenb B OaccefiHax pek
pacmaxaHbl, CKJIOHOBHIH CTOK yMenbinaercs. I1pu aToM cka3biBaercs
BJIHSIHHE YKJOHOB CKJIOHOB, YBJAXKHEHHOCTM H COCTaBa MOYBOTPYH-
TOB. 3ajiepKaHHasi BOojJa Ha NOJAX YXOAHT B OCHOBHOM Ha MOIOJ-
HEeHHe 3a1acoB I'PYHTOBBIX BOJ, YTO NMPHBOLHT K YBEJHUEHHIO I'PYH-
TOBOTO (HAA3eMHOTO) MHTAaHHS peK. BausgHHe arposecoMenunopanui
Ha Toao0BOH cTOK uccienoBad B. B. Paxmanon. YuutbBas ¢usuno-
JIOTHIO pacTEHUH, arPOXUMHIO H MOJe3alUTHOe JIeCOHACaXKeHHe, OH
caenan CIeAyIOIMA BHIBOA. ArposiecoMeNHopaTHBHEIE MEPOTPHATHS
Jlaxke NMPH O4YeHb BBICOKOH YpPOKAHHOCTH CeJNbCKOXO34HCTBEHHBIX
KYJBbTYD B 30HE HEOPOIIaeMOro 3eMJIELeHS He BHI30BYT CYIECTBEH-
HBIX H3MeHEHHH peuHoro croka. CjenoBaTeJibHO, arpoJecoMennopa-
UHH He MOTYT NIPHBECTH K HCTOILEHHIO BOAHBIX pecypcoB. OHH sB-
Jg10Tcs  (pakTopaMH,  peryJHpPYIOUIHMH  CTOK  BHYTPH  roja.
[1. ®. BuinueBckuil cudTaer, 4TO YMEHbIIEHHE CTOKAa OOYCJAOBJIEHO
He arpoJleCOMENHOPAalHAMY, a YMEHbIIEHHEM OCAJLKOB H MOBBIIIEHH-
eM Temneparypsl Bo3xyxa. CoBpeMeHHass o6paboTKa NMouB B coue-
TaHHH C 33jlep:KAHHEM CHEra W nocaJKaMH JIECHBIX MOJOC 3a4epIKH-
BaeT BJIary Ha NOJfAX, YTO YMEHBIIAET CKJAOHOBLI (IIOBEPXHOCTHHIH)
CTOK M YBeJHUHBAET I'pyHTOBOE NHUTaHHe peK. IIpn 3TOM BO3MOXKHO
HEKOTOpOe IepepacnpesesieHde CTOKa B mpefenax 6acceiiHa, Ttak
KaK MaJjble BOJOTOKH He BCerga MOTYT TMOJHOCTbIO JpeHHPOBATb
IPDYHTOBblE BOZLBI; CTOK peK ¢ GoJjnlllell IMyGHHOH Bpesa pyca pek
BO3pacTaer.

Bauguue opoleHHd Ha CTOK Haubojee TMOJHO HCCAeA0BaAN
C. M. Xapuenko. OpocHTeJbHEE MEJIHOPAIHH NOBBIIAIT HHQUIb-
TPaLHIO BOAL B [IOYBY H CTOK PYHTOBBIX BOZ. ¥ CHJIMBAETCS MOCTYII-
JIeHHe TPYHTOBHIX BOJ, B 30HY aspalMH, H BO3pPacTaeT HcrmapeHde.
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HaunGonbiee pausHHe Ha BOJHBIA 6ajalc OKa3bIBAIOT HCHapeHue
C CeJIbCKOXO3SACTBEHHBIX NoJiell, HHPUABTPALUA Ha TOJAX U (QHIb-
Tpauusa u3 KaHajaos. OpolleHue, H3MeHsIOIee MHKPOKIUMAT MOJHB-
HBIX 3€MeJb, BJHSET Ha BHYTPHUTOJ0BOe paclpedenenue croka. [lox
BJHAHHEM BO03aGOPOB B JIETHHH ce30H B paiioHaX HHTEHCHBHOIO
OpOLIEHHsA CTOK YMeHbllaeTcsl B TeUEHHe BereTalHOHHOro NepHoja
H HECKOJIbKO yBenuHuHBaeTcd 3UMOH. ['00BOH CTOK peK-BOZONpHEM-
HHKOB yMeHbinaercs. [Tox BAMsIHHeM opolleHHs CymeCcTBEHHO YMeHb-
muics cToK B ycTbax Crlppapbu, Amynapou, HoHa, Quenpa u Hue-
cTpa. YMeHblieHne croka pek Celpiapbu B AMynapbd NpHBENO K
CHHUXKEHHIO ypoBHS Apanwsckoro mopd. I1pu oneHke BiausiHus opollle-
HHA Ha CTOK B 3aMBIKAWOUIMX THIPOMETPHUECKHX CTBOpax HeobXo-
JHUMO pacCMaTpHBAaTh JBAa OCHOBHBIX CJy4as: HCIOJb30BaHHE CTOKA
TOJILKO JAHHOH pacCcMaTpHBAaeMOH peKH; HCHOJb30BAaHHE CTOKa H
JPYrofl peKH MyTeM uYacTHUHOH MexbacceliHOBOH NepebpOCKH BOAHL
OpoieHre 06yca0BAHBAET W KauecTBeHHBIE H3MeHeHUus Bojbl. [Ipo-
X0/l 4epe3 3acoJIeHHBIe TIOUBOTPYHTH H BCTYNad B KOHTAKT ¢ MHHE-
pa/JH30BaHHLIMH TPYHTOBBIMH BOJAMH, YCHJIUBAETCS BLIHOC coJel B
PeKH H Ha IOBEPXHOCTb 3eMJH. Bojbl, NocTynamwiue ¢ 0poliaeMbx
TEPPUTOPHH, Ha3biBaeMble B038PATHbHIMU 800aMiu, BBIXOAS Ha IO-
BepXHOCTb BMAajHH, MOTYT 0Opa3oBHBATL KPYNHBE BoJoeMHl Ha-
npuMep, CapruikaMeiiickas Bnajguia B TypkMenckoit CCP B pesynb-
TaTe c6poca HCHOJMb30BAHHBIX OPOCHTENbHBIX BOJ NpEeBpPATHJIACH B
KpynHoe o3epo, AnuHO#H okoso 110 kM ¥ mupuHOH okoso 90 KM.
AxXBaTopHs €ro nmpoJoJKaeT YBEJIHYHBATHCS 34 CUET HHTEHCHBHOTO
HCIIONb30BaHug Bojg AMynapbu. CyMMapHble 3aTpaTsl BOAL Ha Opo-
meHHe NMpeAcTaBaAsioT 6e3Bo3BpaTHbie BoAH. HX o6beM paBeH pas-
HOCTH Boj03abopa W BO3BPATHHIX BOA. COOTHOIICHHS MeXJY 3THMH
COCTABJAIOIIHUMHE BOAHOrO GajaHca paccMaTPUBAIOTCA B T'HJPOJIOTHH
U MeJHOpalui.

BausHue ocyumeHusl Ha peuyHo#l cTok HccaejoBana B. @. IlleGe-
Ko nada teppuropuu DBenopycckoit CCP. OcymutensHeie Meadopa-
LMK ¥ NOoC/eayollee arpoTeXHHUeCKoe OCBOeHHe 60JI0T crocoBCeTBY-
IOT BHYTPHTOJOBOMY TiepepacnpefieieHHIo cToka. [1pu atoM moBepx-
HOCTHBIH CTOK yMeHblaercs 6jarozaps akKyMyJHpYIOieil eMKOCTH
30HBI OCYIIEeHHHX 60s0T. ['pyHTOBO# CTOK 32 JIeTHe-OCeHHUH NepUof,
a TakxKe 3UMHell MexeHH yBenuuuBaercd B 1,2..1,8 pasa noa Bos-
JefCTBHEM [ pEHUPOBAHHA BOJB OCYIIHTEJbHBIMH KaHajaMu, Mak-
CHMAaJbHble DPAacXOABl BOAHB BECEHHETO MOJOBOJALA I10J BJIHAHHEM
OCYLIeHHsl YBEJHUHBAIOTCHA, a MAKCHMAaJbHble PACXOAbl HOXK/EBLIX
NaBOAKOB IJIAaBHEIM 00pasoM YMEHbIAITCH BCJACACTBHE AKKYMYJIf-
LHH BOABl B TOP(PAHHIX TOUYBAX OCBOCHHHIX 60J0T. MHHHMAJbHbBIE
pacxoibl BOLB B MEXKEHHHIH MepHoj MOTYT Bo3pacrtath B 1,5..
2 pasa. I'ofoBO# CTOK B MepBHE TOAB TOCJAE OCyIIeHHsT 60J0T
YBEJHUHBACTCSA IMOJ BJHSIHHEM YMEHbIIEHHS HCTapeHHs ¢ Bojocbopa
H TIOBHIILIEHHOTO TPYHTOBOTO MHTaHHA. B mocaenyomue roasl 06beM
FOA0BOr0 CTOKAa HMEET TeHAEeHLHIO NMPHUOMHMKATLCA K MepBOHAYAJb-
HON BesnxuuHe. BansHue 3a60J0UEHHOCTH TEPPUTOPHH B €CTECTBEH-
HOM COCTOSIHMH paccMaTpuBaeTcsl HHxke (4acTb 3).
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B o6sacTH THAPOJOrHH YpOAaHH3HPOBAHHLIX TEPPHTOPHH BeNy-
wuM B CCCP cnennanucrom gsasiercd B. B. Kynpusuos. ITiaomazab,
3aHdTasd ropojaMH B OTAEJbHBIX CTPaHaX WJH perHoHax, 3aHHMAaeT
5...109% teppuropuu H 6oJee. Bo3HHKAIOT arjioMepanun — CcOJHU3HB-
1muecs WJIH COeRHHHUBIIUECS Topofa. CTPOHTENLCTBO XKHJABIX H IPO-
MBIIIJIEHHBIX 37aHHH, TOKPHITHE achanbToM IJIOMaAel u Yaull, nepe-
BOJ MaJblX PeK H PyUbeB B NOJ3eMHBIE KOJJEKTOPH C 3aCBIIKOH HX
pyca, JHKBHIAIHA OBPAaroB, CO3jaHHEe TOPOJCKHX TNPYHOB, CTPOH-
TeJIHCTBO BOJAONPOBOJHBEIX, KAHAJTH3AIHOHHBIX H BOMOCTOUHBIX CH-
CTeM, JpeHaxKeH HapyHmalT ecTeCTBEHHHIH DEXHM croka. K3mens-
€TCA BHYTDHTOJOBOE paclpefieseHHe CToKa. BeieacTBHe HaauuHs B
ropojax cjaGoBOLONPOHHIIAEMBIX H BOJOHENPOHHIAEMbIX M0 eH
(kpHIIIH ZOMOB M acajbT Ha Joporax M IJolajgdx) o6beM CToKa
JIOXKeBOTO NIPOHCXOXKAEHHS MOXKeT HpeBbnaTh B 2..2,5 pasa
00'bEM €CTECTBEHHOTO CTOKa. ['pyHTOBOe MHTaHHe PEK B pe3yabTaTe
CHHIKEHHS HHPHUIBTPAUMH H (QUIABTPANHH JOKIEBHIX, a TaK¥kKe
CHEroBHIX BOJ, yMeHbmaercs. ['0zoBoll cTOK ¢ ypOaHH3HPOBAHHBIX
TEpPUTOpPHHA O60JbIIE, YeM C eCTECTBEHHBIX TEPPHTOPHI, NPHUMEPHO
Ha 5...15%. D10 06ycioBIeHO yBeIHUEHHEM aTMOC(EPHEIX OCaAKOB
Hajl ropozaMu (TemjaoBoe BO3JEeHCTBHE TrOpOfa H H3MeHeHHe BO3-
JYUIHOH HUPKYJAIHH), YBeJIHUEHHEM IOBEPXHOCTHOTO CTOKa, Hepe-
OpOCKOHl BOA B ZaHHBI} ropoj H3 ZPYTHX 6accefiHOB peK, HCIOJAB30-
BaHHeM ]I BOALOCHAOXKEHHs ropoja I'PYHTOBBIX BOJ, He HMEMOLIUX
THIpaBJHYECKHX CBs3eH ¢ peKoH, pacnosoxeHHO# B ropoje. Henbad
He OTMETHTb, YTO upe3MepHoe acdaJbTHPOBAHHE I'OPOACKHX TEPpH-
TOPUH yXyaulaeT X BOJAHHIHA OanaHc.

IToxBoasi MTOr pPaccMOTPEHHIO BJHSIHHS aHTDPONOreHHBIX (hakKTo-
poB (BkJouasi yp6aHH3ALHIO) HA CTOK BOABI, MOXHO OTMETHTb, YTO
OHH BJIHSIIOT Ha BHYTPHTOJOBO€ paclpefeNeHHe CTOKa H MOTYT
YMEHbIIATh HJIH YBEJHYHBATH 06beM TOLOBOrO CTOKA.

Haubosiee uyBCTBHTEBHB K AHTPONOTEHHBIM BO3AEHCTBHSAM Ma-
Jivie pekd. I[IpH HepanwoHANIBHOM HCHOJB30BAHHH MaJIBIX PeK pycaa
H BOJHOCTb MOIYT IIOJHOCTBIO AerpajHpoBaTh, BHIBEIBAS OTpPHIA-
TeJIbHblE YKOJOTHYECKHE NOCJENCTBHS He TOJBKO B COOCTBEHHBIX
faccefinax, Ho u B 0OaccefiHax cpeZHHX H OOJBIINX peK. YKe BO3-
HuKJa npobJjeMa peKky/JbTHBAIHH MAJIBX H CPeJHHX pek. Baxkuble
NPAKTHYECKHE DEKOMEHJAUHH HO 3THM BOIpOCAM COAepIKaTc B
pabotax B. C. JlanmenkoBa. B pane pernonos CCCP yixe Benercs
paboTa No NacnopTH3aLHK MaJjblX pekK, YTO NO3BOJHT Oojee paiHo-
HaJIbHO HCIOJb30BATH BOJHHEIE DecypCH H BO3DOAHTb HX yTpaueH-
HYI0 NOJHOBOAHOCTb M YHCTOTY. PekpeanHoHHOe HCIOJb30BaHHE
pex TakiKe MOXKeT ObiTb OTHECEHO K aHTPOIOTeHHBIM BO3JeHCTBHSM
Ha BOJHBIE pecypchl. MoTOpHBEIE JIOAKH, KOTOpBIE HCIOJNB3YIOT AJA
OTABIXA, 3arPS3HSIOT BOAH, paspymainT Oepera MaJjblXx H CPEIHHX
PeK BOJIHAMH, OOpA3YIOMIHMHUCS NpPH OBICTPOM HX JBHIKCHHH.

1.4. OXPAHA BOJIHBIX PECYPCOB

HOTpeﬁﬂeHHe BOABl HACCJICHHEM, NNPOMBIIIJIEHHOCTBIO H CEJIbCKHUM
X039HCTBOM HelnpepblBHO BO3pacTraer.
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Boanbie pecypchl BOSOOHOBJAIOTCS B IIpOLECCe KPYyroBOpPOTa
Boabl. PasymHoe H GepexHOe OTHOIIEHHE K BOAHHIM pecypcaM Io-
3BOJIUT HCIO0Jb30BATH HX BEYHO.

Cucrema Mep, HanpaBJIeHHBIX Ha IpedOTBpalleHHe H ycTpaHe-
HHE TIOCJIEeNCTBHE 3arpsi3HeHHs, 3aCOPECHHS M HCTOUIEHHS BOJA, Ha-
3bIBAETCHA OXPaxol 800.

3acopenue 800 — 3TO HaKONJEHHE B BOAHHIX 0OBEKTax IMOCTO-
pPOHHHX npexnMeroB. McToujenue 600 — yMeHbIIEHHE MHHHMAJbHO
JIOTIYCTHMOIO CTOKa MOBEPXHOCTHBIX BOJA HJIH COKpallleHHe 3anacos
MOA3EMHBIX BOA. MUHHMAaJBHO JONMYCTHMBIHl CTOK — 3TO CTOK, IpH
KOTOPOM of0ecrneyuBaiOTCsd 3KOJIOTHUYecKoe OJaronojyune BOAHOTO
00beKTa ¥ YCJOBHSA BOJAOMNOJb30BAHHUA.

3arpsisHeHHe BOJAHBIX pecypcoB 00YC/OBJIEHO HHTEHCHHKanueh
MPOMBILIJIEHHOTO M CeJIbCKOXO3SHCTBEHHOTO TNPOU3BOACTBA, POCTOM
rOopoJoB M pa3BHTHEM TpaHcnopra. K OCHOBHHIM HCTOYHHKaM 3a-
IPSISHEHHS TNPHPOJAHBIX BOJA OTHOCATCS: TNPOMBIIJIEHHBIE CTOYHBIE
BOJIbI, KOMMYHaJ/IbHble CTOYHbEIE BOABI, MHHEpa/jbHble YIOODEHHS W1
AA0XUMHKATH. CaMbiil 6OJIbIIOH Bpej BOAHEIM pecypcaMm NpHYHHSET
BBEIMYCK NPOMBIIIJIEHHBIX CTOYHBIX BOJX B DEKH, 03€pa, BOJOXpaHHJIH-
ma. CocraB 0TpaGOTAaHHBIX CTOYHBIX BOJ YCJAOMKHSETCS C TOSBJCHH-
€M HOBBIX oTpacJefl npoMbimenHocTd. Hauboabuiemy 3arpsasnenuio
BOJHBIE OGBEKTH NOJBEPraloTCs TaM, I'e Pa3BHTHl XHMHUECKas, Me-
Tajayprudeckas, HedrenepepabaTeiBaollas, LEJAMI0J03HO-6YMaK-
Hasg U TEeKCTHJbHAS OTPac/d NPOMBILIJIEHHOCTH.

CyllecTBEHHBIMH HMCTOUHHKAMH 3arpsi3HeHHS BOJHBIX OOBEKTOB:
ABJSIOTCS deKkajbHBEe BOJAB H JHBHeBbie CTOKH. KoHUIeHTpauus 3a-
IPA3HEHHH B IIOCJEJHHX MOKeT OBITb BeCbMa 3HAUHTeJbHOH.

HsBectHo, uto 1 M® cTOuHBIX BOJ, cOpachiBaeMbiXx B BOAHBEIE 00b-
€KTBl, IPUBOAHT B HErogHocTh 8...10 M3 uncroii'soabl. Kpome Toro,
CTOYHBIE BOJbl COBPEMEHHOH NMPOMBIIIJIEHHOCTH U CeJbCKOr0 X03sH-
CTBAa MOTYT HAaKamJuBaTbCA B BOJOEMAax M BeCbMa OTPHLATEJbHO:
BJMATbL HA UX OHOJIOrHUECKYIO XXH3Hb. BO MHOTHX cayuasix 3arpssHe-
HHUE peK NPHHANO YIPOKaIOUIHe Pa3MepHL.

OpHako ecau NpHHATh 3 (eKTHBHBIE Mephl N0 MPEAOTBPAIEHHIO
cOPOCOB B PEKH CTOYHBIX BOJ, TO 3arpsi3HEHHE pEK MOXKeT ObITh
CBelleHO K MHHHMYMY. B 3TOM OTHOIIEGHHH COCTOSSHHE pekH MOCKBH
MOZKET IOCJYXKHTb NpHMepoM (B peke oOuTaeT priba).

HcnoabsoBaHue B CeJbCKOM XO3AMCTBE SAOXHMHKATOB TaKXKe
MOXKeT OTPHIIATEJbHO IOBJHSITL HA KaueCTBO BOJBl B pPeKax U BOJO-
eMax.

CyuiecTByloT ocobGble BHAB 3arpsi3HeHHii BOAHHIX OOBEKTOB:
TeIIoBOE 3arpsa3HeHue, 06yciaoBjeHHOe cOpocaMH Neperpethix BOJ;
3arps3HeHHs BOAOXPAHHJHUI CHHE-3eJECHBIMH BOAODPOCASMH, KOTOPHIE
B pe3yJbTaTe T'HHEHHS CHHXKAIOT COJepKaHHe B BOAE KHCJIODPOZA.
ITO NPHUBOAHT K IHGEJH HEKOTOPBHIX MOPOJ PHIGHL

3arpsi3HeHHOCTb MHOT'HX BOAHBIX OOBEKTOB co3zpaeT O6oJblIHE
TPYLHOCTH TIPH HX HCIOJb30BAaHHH IJIs BOAocHaOxeHHus. [Tostomy
NOYTH BO BCEX PAa3BUTHIX B INPOMBIIIJIEHHOM OTHOLIEHHH CTpaHax
BO3HHKJa npobJjeMa oXpaHbl BOAHBIX PeCypcoB.
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B Hamell cTpaHe Mepsl IO OXpaHe NPHUPOAHBIX PecypcoB Ipe-
aycmorpensl  Koucrutynnein CCCP  (cratba 18): «B uHTepecax
Hacrosiero u 6yayuux noxkoseHuit 8 CCCP nmpunumalores Heo6-
XOJMMBIE MepH JJisT OXpaHBl H Hay4yHO 06OCHOBAHHOI'O, PalHOHAJb-
HOro HCMOJb30BAaHUS 3eMJH H ee HeAp, BOJHEBIX PECypcoB, pacTH-
TEJLHOr0 W KHBOTHOIO MHpA, LJf COXpaHEHHS B UYHCTOTE BO3AYXa
H BOAbl, 06eCleueHHsl BOCIPOM3BOACTBA NPHPOAHBIX 6Orarcte H
yAy4lIeHHsl OKpyxXkalowle#d yesoBeka cpenbl». CtaTbs 67 KoHcTHTY-
uuun CCCP raacut: «I'paxpane CCCP o6s3anbl Gepeub NPHPOLY,
OXpaHsATh ee GoraTcrBas.

B 1970 r. BepxoBuuili CoBer CCCP ytepaus OCHOBH BOJHOTO
3akoHogparejbcrBa Cowosa CCP u cow3nblx pecny6ank. 3aKOH BBe-
JAeH B pefictBHe ¢ 1 centabps 1971 r.

B npeam6yse OcHoB BogHOro sakonogaresabctBa Cowosa CCP u
‘COIO3HBIX pecny6/uK ONpejejeHa IryaBHas OTJHUYHTENbHAsT 0cobeH-
HOCTb BoAHOro 3akonopareanrcrsa CCCP: «I'ocyzapcrBennan cober-
BEHHOCTb Ha BOJBL COCTaBJSIET OCHOBY BOAHHLIX oTHoineHuid B CCCP,
co3naer GJaronpHATHBIE YCJAOBHS Ui OCYLIECTBJIEHHS MJAHOBOTO H
KOMIIJIEKCHOTO HCIIOJIb30BAHUS BOJ C HauWGOJbIINM HapOAHOXO03sil-
CTBEHHBIM 3((heKTOM, NO3BOJSET OOCCICUHTh HAUNYUNINE YCAOBUS
‘TpyAa, 6bITA, OTIBIXa H OXPaHbl 310POBbS COBETCKHX JIIOAEH».

OcHoBaMHu 3ampelieH BBOJ B 3SKCIJIyaTalHIO XO38HCTBEHHBIX
00bEKTOB, OTPHLATENBHO BJHSAIOLIHX Ha COCTOSIHHE BOABL. 3ampelle-
HO HaMoJIHEHHe BOJOXPaHHUJHILA J0 MOAFOTOBKH TEPPHTOPHH s
3anojunenuss Boxoil. IlpenycmorpeHo nmepsoouepeaHoe yaoBJeTBOpe-
HUE NMHTbEBBIX H OGBITOBLIX HY2K] Hace/jeHHS.

CoBeTckoe BOJHOE 3aKOHOAATeabcTBO ofbecneunBaer Haubosee
palnuoHanbHoe ¥ 3P (HEKTHBHOE HCIOJb30BAHHE BOAHBIX PECYPCOB U
UX OXpaHy OT 3arPS3HEHHs], 3aCOPEHHS H HCTOLIECHHS.

B panumonasbHOM HCNOJMB30BAHHH H OXpaHe BOJHBIX PECypCOB
3aMHTEPECOBAHBl BCe CTpaHbl. KpymHuble BOAHBIE apTepuH Iepeceka-
10T GOJBlIHE TEPPHUTOPHH, HA KOTOPBIX Pa3MEU[aI0TC MHOTHE rocy-
npapcrsa. Ilostomy npobjema OXpaHbBl BOOHBIX PECYPCOB HE MOXKET
3P EKTHBHO pemraThCcd B paMKax OTAENbHBIX, B 0COOEHHOCTH MaJblxX
cTpaH.  OCHOBHBIMH MYyTSIMH COXPaHEHUSA KOJHYECTBA H KauecTBa
IPECHBIX BOJ fIBJAAIOTCA CJAENYIOHIME: OUHCTKA CTOYHBIX BOJ, OoJce
LIMPOKOE NPHMEHEHHE MPEANPUATHAMH 3aMKHYTHIX IHKJIOB BOJO-
cHabxeHus, co3fanne Ge3BOAHBIX TEXHOJOIHUECKHX IIPOILECCOB, TOU-
Hoe co6JiIofeHune 'BCCMH CTpaHaMHu HOPMAaTHBOB MO OXpaHe BOAHBIX
pECypCoB.

1.5. PEUYHAA CUCTEMA

Bopna, crekas nmo cknoHaMm, nepBoHauajbHo o06pasyeT MeJKHe
5PO3HOHHBIE GOPO3/BI, KOTOpHIE, NOCTENEHHO YBEJIHUMBAACh H 00b-
‘©IHHASACH MOJ BO3JAeHCTBHEM MABHXKYUIEHCA KHIKOCTH, 06pasyior
pycaa.' Pycaom HasbiBaeTcsl BRIpaGoTaHHOE BOAOTOKOM JIOKe, IO KO-
TOPOMY MOCTOSSHHO WJIH IIEPHOLHYECKH NPOHCXOAMUT ABHKEHHE BOLHI.
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BoaoTOK, B pPyC/e€ KOTOPOIo JABHIKEHHE BOJBl NPOHCXOLHT B Te-
yeHHe BCEro rofa HJH 6oJblIel ero 4acTH, Ha3bBaeTcs HOCTOAHHbLLM
godorokom. Cuuraercs, 4T0 HebOJblIHe MNEPHOAB IePechiXaHus
pycja He OKasbiBalOT OOJBUIOTO BJMSHHS Ha BOAHOCTb, H PyCIO
coxpaHsieT B o6LieM cBoe noJjoxenue. BogoToku, B pyciax KOTOpPHIX
JBHKEHHE BOJBI MPOHCXOAUT MEHbIIYIO YacTb roia, Ha3blBalOT gpe-
meHHbMU 8o0oroxkamu. B pyciax TakHX BOJOTOKOB MOTYT INOSBHTb-
cst ycTOMYMBHIA TpaBsiHOH ITIOKPOB U JaxKe MeJKHe KYCTapHHKH,
yBEJHUNBAIOLIHE HIePOXOBATOCTh TAKUX pyci. Pycia BpeMeHHBIX
BOJOTOKOB He BCerga OTYeTJHBO BEpaKkeHbl. COBOKYIHOCTb DYCI
BCEX BOJOTOKOB (IIOCTOSIHHBIX H BPEMEHHBIX) B Ipelesax KakKoii-
JH6O0 TeppPUTOPHH Ha3hIBAETCH PYycAa080i cervro. Yactb pycjosol
CeTH, COCTOSILIAs] U3 OTUETJIHBO 'BHIPAXKEHHEIX PYCJ NOCTOSTHHBIX BO-
JIOTOKOB, Ha3bIBAETCSI PEUHOl Cerbsio.

[ToHsTHe «peuHast cHcTeMa» HHOTJA OTOXKIECTBJSETCS C TOHS-
THeM «peyHasi ceTb». OHAKO peyHas cucTeMma ellle XapaKTepH3yerT-
Csl YeTKO BHIpaXKeHHBIM peyHbIM GaccefiHoM. DBausko X noHATHIO
«peyHast CeTb» INOHATHe «THApPOrpaduueckass ceTb», BKJOUAOLIEE
He TOJbKO PeKH, HO U 03epa H 6ojoTa. Ecin Ha gaHHOM TepPHTOPHH
MOCTPOEHHl KaHaJbl H CO3JaHbl BOAOXPaHHUIHINA, TO H OHH OTHOCHT-
csl K THAporpaduueckofl ceTH.

1.5.1. Dacceiis u monuna pexu

Pasanuaror ¢usnko-reorpaduyeckne u MopdomerpuuecKHe xa-
paxTepHCTHKH OaccefiHOB. K mepBeIM OTHOCATCH: reorpaduueckoe
noJioxkeHHe (reorpaduueckie KOOPAMHATH, GJAH30CTh K MOpPSIM, My-
CTHIHSIM, TOPHBIM Xpe6TaM); KJHMaTHYeCKHe YCJoBHS (aTMocdep-
HbBle OCaJKH, TeMIlepaTypa, AedHIHT BJaXKHOCTH BO31yXa); e0JIOTH-
YyecKoe CTPOEHHe M IIOYBEHHHIH MNOKPOB (TpEeIlMHOBATOCTh TOPHBIX
TOPOJ, KAPCTOBLIe SIBJIEHHS, MEeXaHHUYECKHH COCTaB I'PYHTOB, BOJO-
NPOHHILAEMOCTb MOYBHL H Ap.); pesbed BomocGopa (YKJIOHH MOBEPX-
HOCTH 3eMJIH, BAHUSIOLIHE Ha CKOPOCTb CTE€KAHHS BOAH); PACTHTENb-
HBlfl OKPOB (BHAL PACTHTENBHOCTH); IpOMep3aHHe MOYBOTPYHTOB
(reorpacduueckoe pacnpocTpaHeHHe Mep3JOThl, CAOH Ce30HHOTO Mpo-
Meps3aHHMs, TOJILHHA BEUHOH MEpP3JIOTH); CTeNeHb 3aJleCeHHOCTH,
BhIpaxaeMasi K03Q@uyueHTom 3aAE€CeHHOCTU — OTHOUIGHHEM IJIO-
LIaf{ J1ecoB K muoniaau 6acceiinos f;=Fy/F; o3epHocTh Gacceiina,
BhHIpaxaemasi koapduyuenrom 03eprHoctd — foa=Fos/F, rae Fos —
njowanb 3epkaja osep; 3ab0/04eHHOCTh GacceifiHa, BbIpa)aemas
koagppuyuentom saborouennoctu — fe=Fg/F, tne F¢— naomanb
60JOT. :

K mopdomerpuueckum XxapakrepucTukam 6acCeHHOB OTHOCSATCH
napaMerphl GopME peyHoro’sogocopa.

Peunoii GacceilH B IJaHe HMeeT CJI0XKHYI0 (OpMY, OuepuHBae-
MYI0 BoJopasienbHol JuHHeH. OTHOleHHe AJNHHB BOAOPa3/Ae/JbHOH
JUHUH Ly K 1JHHe OKPYXKHOCTH 'Kpyra, mjaouiab KOTOPOrO paBHA
IJolafH peyHoro GaccefiHa, Ha3bIBAETCA KOIPPUUUEHTOM PA3BUTUS
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80o0opasdensroil auruw. O603Ha4uB ero yepes Kz, mosyuum

Kym——— = —t2__ 0908 Lo
o VF/n 2V aF VF

Kosdpduunent Kp 0ns GaccefiHOB pek Ha TeppuTOpunm EBpOMb
H3MeHseTCs OPHEHTHPOBOUHO oT 1,3 mo 2,6. Ias GacceiiHos, GaH3-
Kux no ¢opme K Kpyry, ¢ MajblM pa3BUTHEM BOJOPa3ejbHON JH-
Hun Kp~1. Baccefinb pex HMeEIOT, KaK NPaBHJO, BHITAHYTYIO TpyIile-
BHJIHYIO (DOPMY, TO €CTb ‘pacuIMpCHUE NPHUMEpPHO B cpefiHeH YacCTH.
Ito obbacHAETCA OCOOGHHOCTAMH CTPOCHHS PEYHOH CHCTEMBEL.

B kayectBe MOpdomeTpHuecKoro nmapamerpa MoxeT OBHThb HC-
T0/1b30BAHO * OTHOINCHHE AJUHBI 6accefiHa K ero cpenHeil ImupuHe
(oTHomeHune nJiomann Gaccefina K ero aauHe). Dosiee ya06GHHIM ma-
paMeTpoM siBJsieTcsd 0e3pa3mepHoe OTHOUleHue:!

Kﬁc = V?/L)

1.18)

riae L — piuHa pekH.

B cpeanem aas Gonbumux pek Kgc~0,35. st cpaBHHTEbHO He-
Oonbiux pek (mpu F<C250 km?) Kg. Moxer BospactaTh go 0,6 u
Gonbite. Bepxnee teopetHueckoe 3HaueHHe Kgc=1,0. Damskoe «k
enuHuLe 3HaueHHe Kge MOXKHO IOJIYYHTb HCKYCCTBEHHBIM IIyTeM,
npencraBuB 6accefiH B 1aGOpaTOPHLIX YCJOBHSIX B BHJe KBaApara,
a pyciao NPSIMOJIMHEHHBIM 110 HalpaBJeHHIO yKJoHa GaccerHa. Taxk
KaK INPAMOJHHEHHBIM DYCJIO B aJTIOBHH He MOxKeT ObITb, napa-
MmeTp Kgc B pHpOJe BCera MeHbIIe eIHHHIIBL

BruiTsHyTEE TOHHKEHHBIE (OPMBl pesbeda ¢ 06MWHM HAKJIOHOM
TaJbBera NpejcTaB/sioT doaunsl. Ha CKI0OHAX HOJMHH KUAKHE OCaj-
KH cobupaloTcs B DyubH M jajee B Oojiee KpylHBle BOJOTOKH Ha
JHe f0AMH. B 3aBHCHMOCTH OT NpOUCXOXKJEHHS LOJNHH HX MoApasje-
JIFI0T Ha TeKTOHu"ecKue, eyixkanudecKue, AeOHUKo8sle W 3PO3UOH-
note. Tlo dopme nonepeuHoro npodu/as pasaHyalOT AOJHHBL: KAHbO-
Hbl, yuweavs, Tpaneyuesudnsie, KOPsLTO0OpasHsle. B nonuHax ¢ mwu-
POKHM JHOM MOI'YT 06pasoBaTbCsl pEYHBble Teppachl: AKKYMYAATUB-
Hble B pe3ysabTaTe Bpe3aHHUs PEKH B COOCTBEHHHIC OTJIOXKEHHS H
3PO3UCHHbIe B pe3yJbTaTe BO3AEHCTBHS TOTOKAa Ha KOpeHHbIe MO-
POAEL

TeppacH sBAsOTCS GopmMaMu peabeda JOJMUH HYacTo B BHIE
CPaBHHTEJHHO TOPH3OHTAJNbHBIX YYACTKOB Ha CKJIOHAX JOJHHBL
B ob6mem onm o6pasyioTcst B pe3dyJbTaTe yepeloBAHHS 3PO3HOHHBIX
U aKKyMYJSATHBHBIX npoueccos. Cuet Teppac 06HYHO BeAyT OT pyc-
Ja pexd. JJHO MOHMEI peKH MOXKHO HasBIBaTb MOHMEHHOH Teppacoi.

1.5.2. Iojima u pyciao pexn

[Tocrynsienne BOAK B pekd B TeyeHHe roja KpailiHe HepaBHOMeD-
HOe M 3aBHCHT OT KJHMaTHueckux ycaoBuil. [lo omnpepenenuio
A. H. BoefikoBa, «peka ecTb HpPOAYKT KiuMaTa». OcHOBHHMH (a3sa-

MH BOJMHOTO DeXHMa PeKu SBJISIOTCS no40800ve, nasofox H me-
sicerb.
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B TeyeHHe CpPaBHHTEJbHO KOPOTKOTO BECEHHEro nepuopa o0beM
cTeKalolle#l BoAbB MOXKeT B HECKOJbKO pa3 IpeBHIIaThb 06beM BOIHL
3a 6oJiee AJHTEJNPHYIO OCTAJIbHYIO YacTb rojaa. dddekT BO3aeHcTBHA
[I0TOKAa Ha pa3jHuHO pacloJOXKEHHble 10 BEICOTE YYaCTKH JHA H
CKJOHOB JNOJIHHBI TakKike HeoAuHaKoB. [lox BAMSHUEM MpPOROJKH-
TeJbHOTO ' 9PO3HOHHOTO BO3AEHCTBHS MOTOKA C OTHOCHTEILHO HEOOJb-
mIMME KoJieGaHUSMH pacxo/ja BOABI (B JIETHHH W OCEHHHH NePHOMHI)
dopMHpYeTcst OCHOBHOe JIo2Ke peK. HacTb aHa NOJHHBI PEeKH 3aral-
JIHBAETCS TIEPHOJHYECKH BO BpeMs MHTEHCHBHOT'O TMOCTYIJIEHHS BOJbE
Ha Bojgoc6Op H B peuHylo cucreMy. Bo Bpems 1oJioBOAHI H TaBojX-
KOB peKa TPaHCHOpTHPYeT 00JIblliOe KOJIHYECTBO HAHOCOB, KOTODbIE
IIPH 'ONIpEeTEHHBX YCJAOBHAX (Hanpumep, Ha pacUIMpEHHSX JOJH-
HbI) MOTYT OTJIarathcsl Ha AHe AOJHHBL Takum 06pasoM BO3HHKAIOT
yCJOBHSA, NPV KOTOPHIX pPycJ0 (GOpMHpYeTcs Ha [He IOJHHBI, CJO-
JKeHHO!l peuHbIMH HaHocaMHu. Bripa6oTaHHOe peuHble TOTOKOM JIOXKeE,
0 KOTOPOMY NPOHCXOAHT CTOK IO BBEIXOAA Ha MOHMY, Ha3bBaercs
pedHbiM PYcAoM, a YacTb AHA PEYHOH AOJHHEI, CJ0XKeHHas HaHO-
CaMH U NepHOJHYECKH 3aTaljHBaeMas B [OJOBOJbE H MABOAKH, Ha-
3bIBAETCS nOUMOL.

OcHOBHOe pasjiHuHe MeXJy PYC/JAOM peKH W MOHMOH B TOM, UTO
IpaHHIBl pPycJda peKH YeTKO onpepensiorcss 6eperaMu H OpOBKaMH
pycaa. [Tofima He uMeeT Takux UETKHX 'DAaHHL Ha CKJIOHAX JOJHHBI,
TaK KakK BBICOTA NABOJKOB H TOJOBOJbEB IIOCTOSHHO MeHsiercs. JHO
pycjia pekum IO FPYHTOBOMY CocTaBy 6oJsiee OJHOPOAHOE W IJaBHOE,
yeM noiiMa. Peabed moiimb uMeer 60jee peskue ouepranus. Kpome
TOTO, MJIs MOHMBI XapakKTepHB TPaBSAHOH MOKPOB, KYCTApHHKH,
a yacto H Jjec, [TostoMy noiiMeHHOe PYC/IO OKasbiBaeT CylIEeCTBEHHO
6oJibliiee CONPOTHBJIEHHE ABHIKEHHIO BOJALI, UeM DPYCJIO peku. Pycio-
BHIfl U MOHMEHHBIH IIOTOKH HaXOAATCA B CJAOXKHOM B3aWMOIEHCTBHH.

OrHolleHHe IMHPUHB MOHMBI K IIHpPHHE pPycja peKH yObBaeT ¢
POCTOM pa3MepOB PeKH, & CJAeJOBATeJbHO, H €e BOJHOCTH,

Peunbie cucteMbl SBJASIIOTCS PE3YNbTAaTOM CJAOKHOIO QH3HKO-TEO0-
rpacHyeckoro mpoiecca, s KOTOPOrO XapakTepHO B3aHMOIEHCT-
BHe KJUMATHYECKHX, TeOMOP(HOJOrHUECKUX, THIPOJOTHYECKHX H THJI-
paBanueckux ¢axropos. [Tosromy H. A. PxkaHuUBIH peuyHyO ceTh
paccMaTpUBaeT B KauecTBe HHTErpabHOIO MOKa3aTessl 3TOro Mmpo-
Iecca.

B Mopdosorun ycrhes pek, BnagamolUX B pPeKH, H YCTbEB pekK,
BIlaJaloUiuX B MOpS, cyliecTByer OoJbllioe pa3jnune, TaK Kak B
NepBOM CJjydae MPOHCXOAMT CJAHSHHE ABYX BOLOTOKOB, BO BTOPOM —
BIIaJIcHHE BOAOTOKA INPAaKTHUECKH B HEOIPAHHUEHHOE BOJHOE MPO-
CTPAHCTBO, AJS KOTOPOT'O XapaKTepPHBI GEperoBble TEUEHHs, BETPO-
BLle BOJIHEHHS, nepedopMupoBaHue GeperoB W Apyrue IpOILECCHL

Pa3inuaoT ase OCHOBHBIE (POPMBI CONPAKEHHSI PEUHBIX IIOTOKOB
c MopeM: deavTel H acTyapuu. Peka, Tpancnoprupylomas 60JblIoe
KOJIMYEeCTBO HAHOCOB, OTJAracT WX IpH BnajeHuu B Mope. Haxkomne-
HHe HAaHOCOB CIOCOGCTBYET PA3BETBJICHHIO pycJa, YMEHbIIECHHIO €ro
HOPOIyCKHOI crioco6HOoCcTH. MHOropykaBHoe pycJjo, ¢popmupyomeecs
B COGCTBEHHEIX OTJIOKEHHSX NPH BIAJEHHH B MOpe, Ha3bIBaeTCHd
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deavrod. HaHocel pex o6pasyioT 3a IpenejdaMH yCTbEB MEIKOBOJ-
Hble B3MOPbS], 4 4acTo pyc/aoBble GOpPMBI B BHIE HeGOJBIINX OCTPO-
BOB, HasbiBaeMbix 6apamu. [Ipu MaoM cosep:Kanun B peke HaAHOCOB
U NpUIMBHBIX SIBJACHHAX YCJOBHA AN 06pasOBaHHS JNedbTH OTCYT-
creylor. Pexa Bmazaetr B Mope OAHHM pacUIMPEHHBIM, -Pa3MbITHIM
pPycJOM, Ha3bBaeMbIM 3CTyapuem.

Peynasi cucteMa COCTOHT M3 IJIaBHOW DPEKH W MPHTOKOB, KOTO-
pbie, B CBOIO Oyepej]b, TaKxKe HMEIOT NpUTOKH. Peku, Bnajamliiue B
[JIaBHYIO DEKY, HA3blBAlOT IPHTOKAMH mepBoro nopsiaka. Ilputoxu
NPHTOKOB COOTBETCTBEHHO Ha3bIBAIOT NPUTOKAMH BTOPOIO, TPEThEro
nopsiaka U T. A. HauBuicHIMi MOPSJOK HMEIOT caMble MaJble PEKH,
NpeACTaBAfAIoONINe Hepa3BeTBAeHHb e BOJOTOKH. Bo3moxkHa u obpar-
Hasi KJ1accuukanust npuTokoB. Camble MaJjble BOJOTOKH MOXKHO
OTHOCHTb K TepBoMYy KJjaccy. Torga caMbiff BBICOKHH Kjaacc Oynper
uMeTh rjasnas peka. CiegoBaTesibHO, Kjacc (HOPSIIOK) PeKH MO-
2KET pacCMaTpHBATbCs KaK KOJNHYECTBEHHAs XapaKTepHCTHKa CTe-
NeHU Pa3BeT8AEHHOCTU pedHoll cucTemsl. Tax Kak pacxoi BOJBL
yVBeJHYHBAETCAd BHH3 [0 TEYEHHIO, TO AOJIKHA CYLIECTBOBATh CBS3b
Mex/Ay KJIAaCCOM pEeKM M pacxoAoM BoAbl. H. A. PxaHHIBH IOKa-
3aJ1, 4TO BTOpasg CHCTeMa HyMepauHH NPUTOKOB GoJsee yno6HA.

K kosnnuecTBeHHOH XapaKTepHCTHKe DEYHOH CeTH OTHOCHUTCH ee
rycrota K;. I'ycroroli peurnoli ceTu Ha3bIBaeTCs AJHHA DeUyHOH ceTw,
MPUXOASALAsACS HAa eAWHHUNY NJOWAAH KakKoH-1u60 TeppUTOPHUH.
MoO2KHO TIOACUHTATh T'YCTOTY PEUYHOH ceTH B Tnpefesnax OaccefiHa
peku. Torga noayuum rycrory pedyHoll ceTH /s AaHHOH peuHO# cH-
CTEMBI:

K,=ZI/F,
rae X! — AJHHa BCeX BOJOTOKOB (KM) Ha paccmarpuBaeMoll miomaau F o (xm?).

I'ycTora peuyHOl ceTH YBEJMYHBAETCS C POCTOM aTMOC(EpHBIX
0CajgKOB M YObIBaeT ¢ yBeJHUeHHeM BOAONDPOHHIIAEMOCTH NOYUBHI, 3a-
GOJIOUEHHOCTH H 3ajeceHHocTd Tepputopun. Kopuesast cucrema pac-
TEeHHH CMOCOOCTBYET BOLONPOHHIIAEMOCTH NOYBH. Bansuue saboJo-
UCHHOCTH Ha TyCTOTY PpeUYHOH CeTH BHIPAXKaeTcd 3aBHCHMOCTBIO
H. H. 3axaposckoi

KK, o= A¢ "6 -B, (1.19)

rge Kr—rycrora peuHoit ceru 6Baccefina; Kr.cp — CPeIHSS TyCTOTa PEYHOM CETH
peruola, HaliieHHast MO GoJblIoMY YyHC/Iy 6accefiHOB, BXOASIIUX B NAHHBIH DErHOH,
B TOM HUHCJe K He3abojoueHHbpix GacceliHoB; Ks — K03 duuuedr 3ab0J0YEHHOCTH;
e — OCHOBaHHE HaTypaJjbHHIX Jorapudmos; A, B, K-— napaMerpn ypaBHeHHS.

K

r. cps 4 B K

KM/KM2
CeBepo-3anajHblil pakoH 0,46 1,24 0,09 1,20
LlenTpanbubii paioH 0,39 1,29 0,21 3,00
Ykpauna 0,32 0,84 0,54 3,50

B paBHHHHBIX YCJIOBHSIX pycJa TpPaKTHYECKH BCeX pek (Kpome
OTZEJbHEIX KPYNHBIX) B MJaaHe U3BHJHCTHE, CTeneHb H3BHIUCTOCTH
pycia XapaKTepH3YeTcs KOIP@UUUEHTOM UBBUAUCTOCTU PYCAQ:
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Ky=LIL,,

rie L — JJiHRAa PeKH Ha pacCMaTpHBaeMOM yuacTke; Ly — JJMHA mpsaMo# OT Ha-
yasa 10 KOHLA ydacTKa.

HauHa pexH 0O6LIYHO, OTCUHTEIBAETCS OT HCTOKA BHH3 IO Teye-
HUIO TIO JIHHHE HauboJbuwiux Tiay6uH. IlosoxxkeHue 3Toll JIHHHHM onl-
peaensieT ¢appaTep, 0 KOTOPOMY OCYHIECTBJISAETCS CYROXOACTBO.

dapsaTep, NPOXOAAILHKI 10 IJIaBHBIM DyKaBaM peKH, Ha3blBaloT
2aasnoim papsarepom. JINHUIO ¢ Hauboslee HH3KHMH OTMETKAMHU JHA
pyc/aa peKH Ha3bIBAlOT TAAb8C20M DeKU.

[Ipn aHanusze ¢opmupoBaHHS pycda, KpoMme JUHHH HanOOJAbLINX
rayOuH, HCIOJb3YeTCHd MNOHATHE <«OUHAMUHECKAs OCb NOTOKA» —
JIMHUSA HA IJIaHe peKH, B KaXJ0W TOYKe KOTOPOH CKOPOCTb TeYeHHS
BOJLl HMeeT HaudoJiblilee 3HayeHHe B XKHUBBIX CeYeHHSX. JIMHHS, CO-
e/IHHSAIOUIas TOYKH C HAMOOJbIIEH NMOBEPXHOCTHOH CKOPOCTBIO Teue-
HHSl B MKHBHIX CeYeHHSIX [IO0TOK2, HA3BIBAETCS CTPEXHeM NOTOKA.
Ecau HanboJabluve CKOPOCTH HaG6JI0ONAIOTCAd Ha NOBEPXHOCTH BOLH,
TO AMHAMHYECKas OCb TIOTOKA M CTPEXKEHb COBMAAAIOT.

Y4acTOK H3BHJHCTOTO PEYHOrO pycja MeXKAY NBYMS CMeXKHBIMH
TOYKAMH Meperufa ero oceBOH JIMHHHM Ha3bIBACTCS U3AYHUHOU peKu.

V3mMeHeHnde pa3mepoB pycia H OTAENbHBIX PYCJHOBHIX 006pasoBa-
HHH, CBSI3aHHOE C NIePeOT/I0XKEHHeM HaHOCOB, HAa3blBACTCS PYCAO8bL-
mu Oepopmayuanu. Tlox pycrosvimu ob6pasosanuimi TOHUMAIOT
NOJBHKHbIE CKOTMJIEHHS HAHOCOB, ONpellesioline MOp(ooTHUECKOe
CcTpoeHnHe peyHOoro pyc/aa. 3akoHOMepHble MJaHOBble AedopMaluu
pPEeYHBIX H3JyYHH, BO3HHKAIOUIHE B pe3y/bTaTe B3aUMOJAEHCTBUS pyC-
Jia C PeuyHBIM NOTOKOM, Ha3hIBAIOTCH MeAHOPUPOBAHUEM PYCAQ.

Camas TtunuyHas ¢opma pacrnpeneseHHuss ryOHH B MeaHIpH-
PYIOUIHX pYyCAaX XapaKTepH3yeTcsi 3aKOHOMEpPHEIM dYepejoBaHHEM
MeJIKHX H IMIY6OKHX y4acTkoB notoka (puc. 1.4) no AjuHe, Hasbl-
BaeMbIX nepexaramu W niecamy. XapakTepHas I/ PaBHUHHBIX peK
dopMa noHHOro penbeda, caoxeHHass HAaHOCAaMH H OOBIYHO B BHIE
LIHPOKOH Tpsiibl Nepecekamllas pycao IOA YrjaoM K oflieMy Ha-
NpaBJAEHHIO TEYEHHs!, BHI3BIBAIOLIAsA OTKJOHEHHE €ro OT oAHOro Ge-
pera X ApYyroMy, HasmBaercs nepexarom. InyGOKOBOAHBIA yYacTOK
PeKH, HaXONAIIHACA MeXIY
IiepeKaTaMu, HasLlBaeTcs
naecom. Ha pucynke 1.4 cxe-
MaTHYeCKH II0OKasaH Tmepe-
kKaT b ¢ rpebHeM, pacrmoJio-
KeHHBIH Mexay njecamu I u
3. KpuBasi, coeauHsIomAan
HHXKHIOIO YaCTb BepXHeH TiJje-
COBOH JN0XKOHMHLI | C BepxHeH

YacThI0 HHKHel 1uiecopoii PrC. 1.4 Cxema pacrmonoxeHus pycio-
BOTO KOMILJIeKCA Ilec — IepeKaTr — IJIec:

70K OUHBL 3’ oGosnayaeT B | — BepXHHil nJjec; 2 — BepXHHiIl NOGOYeHb; 3 —
[J1aHe 1OoJIOXKeHHe q)apBaTe- HUXHHH NJec; 4 — HHXXHHHA T0604YeHb; 5§ — rpe-

6 ;6 — ; 7 — HomnepeuHble
pa 6. [1AeCH DACHONONKEHBl ¥  noodume pexh. bapparep ®
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BOTHYTBIX OeperoB. ¥ IPOTHBONOJOKHBIX BLIIYKJLIX OCpPeroB ¢ He-
KOTOpBIM CMelIeHHEM BHH3 PACNoJIOXKEHB OTMeaH 2 H 4, HasbBae-
mble nobounamu. Obcpixamlee B MeKeHb CKOIJIEHHE JOHHBIX HAaHO-
COB Ha BBINYKJOM Oepery peuHOH H3JYyYHHbl Ha3BIBAETCH pPEUHbLIM
nAsceM.

H3yueHne nepekaToB He0OXOAMMO IJs1 OGeclneYeHHsT HOpPMaJb-
HOT'O CYJOXOJCTBA Ha pPeKax. bosblio BK/aj B H3yYeHHE TepeKaToB
BHec A. M. Jlocuesckuii.

HszBuiucrocTs pek W 06pa3oBaHHE IJIECOB H INEPEKATOB TECHO
CBSI3aHBL C TOIEpeyHOH HUPKYJAALHeH B NOTOKE, B pe3yJbTare KOTO-
poli pasMbIBaercss BOTHYTHIi Oeper, a NMpOAYKTH pasMbiBa (HaHO-
Cbl) OTKJIAJbIBAIOTCHA HA BHINYKJIOM Oepery.

1.5.3. Ilomepeunsiii u npogxoabHbHI Npoduan pern

®opma nonepeyHLix npoduaeH peK OTaAHUaeTCs OOJBIINM pa3HO-
oGpasueM. Tak, Ha NJeCOBHX- yUyacTKax NPodHIb AHA PeKH acCHM-
meTpHuHHI. BepTukanp ¢ HauboJbuiell ryO6HHON cMellleHa Oiuxe
K BoruyroMy Gepery (cM. puc. 1.4). JIUHHA NMOBepXHOCTH BOABI B
ITOTIePEYHOM }CEYCHHH PEKH HMEeT HAaKJOH, KpOoMe OYeHb PEIKHX
cyyaeB, KOI'Zla Ha KDHBOJHMHEHHBIX yYacTKax pDeKH IeHTpobekHas
cHJia M OTKJIOHAKOUIAsA CHJIa BpauleHHss 3eMJH NpH ajare6panyeckoM
CJIOXKEHHH Jal0T HyJb. [Ipu BHIYHCIEHHH MJIOMALH BOAHOTO CEUeHHS
o, LIHPHHH MOTOKa B, NJIHHBI CMOYEHHOTrO NepuMerpa §, cpeaHel
ry6uHb hcp=w/B, ruapasaunueckoro paguyca R=w/y' U JIpyrux
MODP}OJOTHUECKHX XapaKTePHCTHK JIHHHS IOBEPXHOCTH BOAH B MO-
IIepeyHOM CeYeHHH TPHHHMAaeTcs TOPH3OHTAJbHOH, Tak Kak HeGOoJb-
IIOH HAKJOH 3TOH JIMHUH MaJo BJHSET Ha TOYHOCTb BBIYHCJIEHHS
NepPeUYHCIeHHBIX XapaKTEPHCTHK. XOTs peuHble pycJia OTJIHYAIOTCS
60/IbIION HENpH3MaTHYHOCTBIO, BCE K€ MOXKHO BHIGpATb MpPH3MaTH-
YeCKHE YYacTKH PYcs peK C NpuOJH3UTEJNbHO CHMMETDHYHBEIM pac-
npegeseHneM TJyOUH B nonepeyHoM ceueHuH. Ha rakux yuwacrkax
pPeK pacnoJiaralT rHIpOMeTpHYECKHe CTBODH, B KOTOPHX H3MEpSIOT
pacxoasl Boawl. QPopma nomepeyHoro ceuyeHust (puc. 1.5) Moxer
OLITb CXeMaTH3HPOBaHa C NOMOILUBIO ypaBHEHHsS mapaboJbi:

4hmax
h= 2202 b (B—1), (1.20)

rae h—raybuia Ha pacCTOSHHH b OT ype3a BOAH; hmax — HauGosbliasg raybuia
B nonepeuHoM ceuenu. IIpu b=0 u b=B h=0. IIpu b=B/2 A=hmnax.
Tax kax

B
1
cp— B

) Y hdb,

0

TO, NIOACTaBHB cloga 11 mo dopmyae (1.20) ¥ npoHHTErpUPOBAB BHI-
paxenune, HaiineM, uT0 Acp=2/3Nmax. DTO COOTHOLIEHHE B CpeaHeM
XOpOWIO ONpaBJABIBACTCS AJS PYCHA, CHPOPMHPOBAHHEIX B HECBSI3HBIX
rpyHTax. Jduast pyca ¢ moiMamMu BO3MOMKHA cXeMaTH3auHst B BUje Ma-
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paBoIHYECKOTO pyCia H TOPH-
30HTAJbHOH CHMMETPHUHOH HJIH
HECHMMETPHUHOH NOHMBI (pHC.
1.6). Ha pucynke o6o3HayeHo:
Bs — INMpPHHA pycJa IpH 3anoJi-
[IlEHHH €ero a0 OpOBOK; Bp.n H
B“'”_meHH% COOTBETCTBEHHO Puc. 1.5. CxeMa nomepeyHoro cedeHus
npaBoGEPeKHOH M JICBOGEPEM-  jexy n puge napaGoas:

HOH IOWMBL | — JeHCTBUTENbHOE NOMNepeyHOe ceueHue; 2 ——

HpOJlOJIbHI:Iﬁ HpO(bI/I.Hb peKH CXeMaTH3HPOBAHHOE [OIepeuHoe CedeHHe,
XapaKTepu3yeT H3MeHeHHe II0
JUIHHE TI0TOKa OTMETOK AHAa H CBOOOJHOH TIOBEPXHOCTH BOJBL
OGBIYHO TIPOAOJbHBEIE NPOQHAN CTPOSAT IO JUHHH HAaHOOJBLIHX TJIy-
oun. Ilpn mocTtpoenun npoAoJpHOro NpOduAS NOBEPXHOCTH BOIH
3a OCHOBY INPHHHMMAIOTCSI MeXEHHble YPOBHH, HJIH MTHOBEHHOE IIO-
JioxKeHue CBOGOJHOH INOBepXHOCTH OJHOIO f1aBOJKA, HJH Ke Bepx-
Hsisi oru6aoniasg Bcex HMEIOUIHXCS MTHOBEHHHIX (GOpM NaBOJKOB.

Ha ocHoBanun o6o6uieHns TomorpadHyeckux H rHApPOMeTpHYE-
CKHMX JaHHBIX N0 MHOIHM peKaM YCTaHOBJIEHH CJje[ylollHe I'JIaBHble
THIIB! TMPOJOJBHEIX NMpoduJell qHa pek.

1. BoenyTeui ¢ yMeHblIEHHEM YKJIOHA JHA OT HUCTOKAa K YCThIO
pekd. DTOT Ipodu/b BCTpeyaeTcs yallle BCerO M HOCHT Ha3BaHHe
npoguan pasnosecus pexu. OH obpasyercs B pesyJabTaTe HaCTYyII-
JieHHs pPaBHOBECHS MeXAy 3PO3Hed, TPAHCIOPTOM U aKKyMyJasuueH
HAHOCOB IPH CTaGHJIbHOM Gasnce 23po3uu. PakTHUECKH MOJHOTO
paBHOBeCHSI MeXJAy YKa3aHHEBIMH Npoueccamu He HabJiogaercs, IMo-
3TOMY caMO JIOHATHe «IpOdHJIb PABHOBECHS» JO HEKOTOPOH cTeme-
uH ycjosHo. Ilpoduibp paBHOBecHST MOXKHO paccMaTpHUBaTh Kak mpe-
JenpHyI0 QOpMY NPOAOJBHOTO NPOQUJAS AHA, K KOTOPOMY CTPEMHT-
csl peka. IlJii MaTeMaTHYECKOrO ONHCAHHSI HTOTO THIA IPOJOJBHOTO
npodu/IsA PeKH dallle HCIOJb3yeTcsl JorapupMuka.

2. IIpamonunedinoiti, Hab1I0AAIOMWHKCS Yallle BCETO Y MaJblX peK.

3. Boinykaeii npu yBeMUYEHUHM YKJOHA JHA OT HCTOKA K yCTHIO
pekn. IToT npoduap BCTpeuaercsl CpaBHUTENBLHO PelKO.

ITepecrpofika NpoAOJABHOrO Npoduis B GONbUIHHCTBE CJAyyaeB
compoBoXKaaeTcs riyGHHOH H miaHoBoH (6oKoBo#) 3aposuei. Ecian
IPONONbHBEIN Npodusap crabunusuposaJcs (BbipadoTadcs), TO IaIy-
O6unHas 3posusi ocnabeBaeT, HO GOKOBasi 5pO3Hs COXPaHseT CBOIO
aKTHBHOCTb B (pOpMe IJIaBHBIM 00pa3oM AEHYJaLHH CKJIOHOB.

<

A

Puc. 1.6. Cxema momepeyHoro ceueHMs: pycja H HOMMH
peKH.
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Ha ¢opmuposanite NMPOJOJBHOIO npodu/Is PEeKH BJHAKT TOIO-
rpagus Bogoc6opa (amMILUIHTYAa BBICOT), JIMTOJOTHUECKHH COCTaB
I0pOA B pycae H Ha BOpocHope, rUAPOJIOTHYECKHH DPEXKHM CTOKA
BOAB H HAHOCOB, IIOJOXKEHHe pycia B Iialie H Lpyrue G axTOphL.
[To mepe yrayGJaeHus pycaa (BpesaHusa) IHPHHA JHA JOJIHHBI
HMeeT TeHAEHIHIO K yMEHblIEHHIO.

1.6. OCOBEHHOCTH KMHEMATHRY PEYHOT'O TIOTOKA

KuHeMaTHKa TOTOKA NOAPOGHO MsyuaeTcst B Kypce THAPaBJHKH.
3xecp o6paTHM BHMMaHUe JiHLIb HA HEKOTOPLIC 0COOEHHOCTH KHHE-
MAaTHKH pPeyHoro noTOoKa.

1.6.1. Kunemaruueckuii s dext
0e3HanopHOTo IOTOKA

Hau6osee xapakTepHas 0co6eHHOCTb KHHEMATUKH peYHOro noTo-
Ka TIPOsABJsieTCS IIPH BBIXOAE PYCJOBOTO (ocHOBHOIO) TIOTOKA H4
oMMy M B3aHMOJAEHCTBHH DYCJ0BOro H TOIMEHHOTr0 IIOTOKOB, CO-
NIPOBOXKLAIOLIETOCs BO3HHKHOBEHHEM GONBIIHX TPAAKEHTOB CKOPO-
creii B6JH3H GPOBOK pycia, 00pasoBaHHEM Buxpefl (walle ¢ BEpTH-
KaJbHBIMH OCSIMH), TMONEPEuHbM MacCOOOMEHOM H NIOBBILIEHHOM
typ6yaenrHocThio. Ha obGpasosanue H TepeHoc BuXpell 3arpayuBa-
eTcs 3HAUHTENbHAS YacTh KHHETHUECKOH SHEPrHH PyC/0BOrO IOTOKA.
B pesysiprare KHHEMAaTHYeCKas CTPYKTypa MOTOKA B OCHOBHOM pYC-
Jle CyIlecTBeHHO NePecTpanBaercs, MECTHbIe ¥ CPEIHHC CKOPOCTH B
OCHOBHOM pYCJie YMEHbLIAOTCHA, a CKOPOCTH B noiime BONU3U 6pO-
BOK pyCJa HECKOJDPKO YBEJHYHBAIOTCH. VMeHbIIeHHE CKOPOCTEeH B
pycjie He KOMIGHCHPYeTCs yBEJIHUCHHEM ckopocTeit B noiime. Onu-
caHHOe sIBJieHHEe Ha3blBAeTCsl KUHEeMATUHECKUM agppexTom besna-
nopro2o notoxa (KHHeMaTHUeCKHH s ekt JKenesuaxona).
Ecau 65 OTCYTCTBOBAJO B3aHMOJEHCTBHE PyCJIOBOTO H NOoHMeH-
HOTO TIOTOKOB, TO KPHBAs CPEJHHX CKOpOCTel B pycie v’p BHILIE
6poBok (6—06) wn30Gpaxaach ()31

# W w ol rpadukom 0'p=0v"p(H) — mTpuxosas
VY /" nunEst Ha pHCyHKe 1.7. QaKTHUECKH

/ A BCJIEICTBYHE B3aHMOIEHCTBHS MOTOKOB

A —— L} /J(“g CKOpOCTb B pycie yObBaeT A0 MHHH-
P VS MaJIbHOrO 3HAUYEHUSI Upmin MPH TAYOHU-

0  He B noiiMe fig, ¥ OCTaeTcs OOJbie
CKOPOCTH B TIOVIME Uy H MEHble CKO-

= pOCTH Vs (IIpH 3aNlOJHEHHH pycsa BO-

po#i R0 OpoBoK). Ilpu ray6une hny

Yamin r npousBogHas duvp/dH =0, uyro COOT-
vy BeTCTBYET HaHOOJbLIEH HHTEHCHBHOCTH

B3aUMO/ICHCTBHS PYCJAOBOTO H IOMEH-
Horo TOTOKOB. Ilpu hAp>h CKO-
Puc. 1.7. UVsmeHneuue cpeaHHX P n=>flny N

cKopocTeR motoxa B pycae pOCTh B pycJe BO3PACTACT U NpPH Iy-
HofMe mpH BHXOZE MOTOKA HA Gune B NOHMe /iy 6 CTAHOBHTCS PABHOW
aoiimy. Us, HO OCTAeTCs MeHblle CKODOCTH
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v’p. I1pu OTCYTCTBUM B3aUMOAEH-
CcTBUSI NIOTOKOB H3MEHEHHE CKO-
poctefl B rnoiimMe H300paxcaercs
xpuBoil v'n=v,(H).

I'naBHOE YyCJOBUE BO3HHKHO-
BeHHsl KMHEMAaTH4YeCKoro sgdex-
Ta — pas3Jjuude B THApPaBJIHYEC-
KHX CONDOTHBJIEHHAX 1O LIHPH-
He MOTOKa. B3ap 3T0 mNoJOKe-
Hile 32 OCHOBY OOBSCHEHHS HpH- Puc. 1.8. IHomepeunas HEPKyAAUHs Ha
pOABl KHHeMaTHueckoro 3¢ dex-  HalyuHHe PeKH.

Ta, MOXKHO HCTOJIKOBATb €ro U B

Gosee obuwiem Buge. CoBceM He 0653aTesNbHO, YTOOBl KHHeMaTHyec-
Ki# 3(pPeKT BO3HHK TOJBKO BCAEICTBHE PE3KOrO U3MEHEHUsi TIYOHH
no mupuHe nortoka. Kunematugecku#t 3¢p¢eKT MOKeT NPOABUTLCA
M [pH HEe3HAUHUTEJbHOM H3MeHEHHH TJIyOUH MO IUHPHHE, HO NPHU pes-
KOM H3MeHEeHHH a6COJIOTHON LIePOXOBATOCTH AHA IO JJHHE CMOYEH-
HOro nepuMerpa.

ITon BiaMsAHMEM B32HMOLEHCTBHSI IIOTOKOB YMEHbIIAeTCs Npo-
NyckHasi cmocoGHOCTb pycia, uto ycrasosiaeHo I. B. JKenesnsiko-
BolM B 1947 r. Ilpn pacuerax pacxolOB BOAH B pyciax ¢ moiMamu
3T0 MOXKeT ObITb yUTeHO cienyiomuM o6pasom. Ilyers pacxog Boawt
B pycie Q'p u B noiiMe Q’y npu oTCyTeTBHH B3aumogeicraus. Cie-
JIOBATeJNbHO, IPH HAaJHUYHH B3aHMOJEHCTBUSA HNOTOKOB Qp+ Qn<<
<Q’p+Q’n. IlosToMy B BbipakeHHe JJs OGIIEro pacxofa BOJH
HeoOXOZNMO BBECTH JIONOJHHTEJNbHBIH UJieH ypaBHEHHS, YUYHTHIBAIO-
WIMH yMeHbIIeHHEe PacXofa BOJHL:

Q=Qy' + Q&' — Ky—Ky) Qs (1.21)

rae Qs — pacxon BOAH B PycJe NpPH 3anoJjHeHuu ero 1o 6posku; Kp m Ky — na-
paMeTpH KHHEMaTHYeckoro s{¢ekTa COOTBETCTBEHHO JJs pycaa ¥ MOAMEL
(Kp>Kxq).

1.6.2. Honepeunas nupryaAnua

Jipyrasg 0co6eHHOCTh KUHEMATHKH PEYHOTO IIOTOKA COCTOHT B
TOM, YTO Ha u3rule (IOBOPOTE) TOTOKA BO3HHKAET IONepeyHas
nupkyasauua (puc. 1.8), recHo cBs3aHHas ¢ peabedoM pyciaa. Kak
OTMEUeHO BEBIlIE, NPOJOJbHEIE MECTHble CKOPOCTH YOBIBAIOT OT MO-
BEPXHOCTH BOIH KO AHy. OTHeceHHAd K eAMHHIE Macchl HeHTpoGexK-
Has cusa, JAefCTBYIOIlas Ha YacTHLIB JKHUAKOCTH, paBHA u?/Ry,
Tle U — MeCTHas CKOpoCTb, Ry — pajuyc KpusBusHb. [loaromy nent-
poGexkHasi cujJa y NOBEPXHOCTH BOABI GoJiblue, YeM Yy AHA. DTo H
06yCJIOBJKUBAET 1I05BJAEHHE [HPKYJAALUUM Ha H3rHGe pekd c pacmpe-
IeJeHNeM MOMepeUYHbX CKOPOCTEH @ Ha BepTHKAJAAX, KAK MOKa3aHo
Ha pucyHke 1.8, Ha xKotopoM H3o0paxeHa TOJBKO OJHA BepTHKAJb
¢ HauboJgbliest ray6unoll. [lonepeunas UUPKYJIALHS YCHINBAaeTCs
HJIH ocaabJserca OTKIOHAIOLIeH cusIol BpaileHus 3emau. ['opuson-
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Ta/JibHag COCTaBJAOLIAafA YCKOPEHHS 3TOH cujibl paBHa 2uwmsing,
rie o=2mr/86400 — yrioBasa CKOpPOCTb BpalieHUs 3eMJH, ¢ — reo-
rpatuueckass mupora mecra. OTKJIOHAOWAA CHIA BpPAIlEeHHd 3eM-
i B CEBEPHOM INOJNYLIApHM HANpaBJeHa BIPaBO, & B I0KHOM —
sneBo. CJIe0BaTe/IbHO, eCJH BOTHYTHIH Geper ABJIAETCS NPaBLIM MO
TEYEHII0, TO 3Ta CHJA CKJAAHBaeTcsa ¢ HEeHTpoOexkHo! cuioi. Ecan
He YUYUTBIBATb OTKJIOHSIOILYIO CHJY BPALIeHHs 3eMJIM H HCXOLHTh
U3 cperHell CKOPOCTH IOTOKa, NoJayyuM (puc. 1.8)

tg QA == av2/(gRK);

rae o — ko3 ¢unuent Kopuosmca, yunTHBaIOMHA HepaBHOMEPHOCTb paclpejede-
HHS CKOPOCTEH B 2KHBOM CEUEHHH.

BBuay Majoil pasHunbl MexXAay tgog ¥ sinag=Jp Opu Manabx
Og, MOXHO CYMTaTh, YTO NONEPEYHHH YKJIOH Ha 3aKPYIJeHHH Jy=
=qv?/(gRx). 3xech moJ Ry nofpasymeBaercs ero CpelHee 3HaueHHe
IJisl Bcero IolepeyHoro ceyendsi Ha wusrubGe pekd. IIpofosbHble
YKJOHB peK oOHYHO GoJsblile TMONepeyHblX. B KamAoM KOHKPETHOM
caydae cooTHoueHne J U Jy Jlerko moAcyutath no ¢opmyJe:

1 v? av? gRy

In = C®hep ' @Rx  Clhpa

HanpapieHne uHpKyJANHH cOrJIacyeTcss ¢ HanpaBJeHHEM IIOBO-
pora pekH. Ilpefmnosoxum, 4ro mMOTOK HMeeT NPHMEDPHO IPAMOJH-
HefiHoe HamnpaBJieHHe, a 3aTeM [OBOpAaYHBaeT BIPaBO H 06pasyer
u3ru6. B pesyJbraTe BO3HHKaeT LUDKYJSIHUS, HanpasjeHHAs NPO-
THUB wacoBoft crpenxn (puc. 1.8). [lpum nmoBopore pycaa BJeBO HO
TEYEHHIO ITONepeuHast HUPKYJIsAUua GyneT HampaBJeHa 10 YacOBOH
cTpenke. B 3ToM M ApyroM ciaydyasx BepTHKaJb ¢ HauGOJblIeH TIIy-
GuHON OyAeT cMmewleHa K BorHytoMy Gepery. Ilonepeunasi nupkyJns-
nusa GOopMHPYET acHMMETDPHUHBIE NpoduIb KUBOIO CEYEHHs C ped-
HBIM TJISIZKEM Ha BBIYKJIOM Gepery.

Ilpu ycraHoBuBLIEMCsl IBHKEHHH BOJBl B peKe H IIPH HeH3MEH-
HOM HNONEPEYHOM YKJIOHE Ha paccMaTpuBaeMoM H3rube pacxol BOJH
B MONEPEUHOM HANMDaBJEHHH K BOTHYTOMY Oepery paBeH Dacxony B
HanpaBJeHUH K BBHINYKJIOMY Gepery. DTo 3HAUHT, YTO IJIOLIALH HA
BIIOpe monepeuHslX ckopocrelt (puc. 1.8), pacnosioxeHHBIE cjeBa H
chpaBa OT BePTHKaJH, JOJKHE GBITh paBHBEL. EcC/JM NpUIHcaTh 3HAK
TJIIOC CKOPOCTAM W, HanpaBJjieHHe KOTOPHIX COBNALaeT C HampasJe-
HUeM NeficTBUA UEHTPOOEKHOH CHABI, a CKOPOCTAM, HaNnpaBJeHHBIM
B MPOTHBOIOJOXKHYIO CTOPOHY, 3HaK MHHYC, To ajareGpanueckas
CyMMa [OMNepeyHBIX pacxXoJ0B Ha BepTHKaaH OyneT paBHA HYJIO.
HcenenoBauuio IBMKEHHS BOJBL Ha U3rube MOToKa NMOCBSILEHbl MHO-
rue paborsl (M. JI. PosoBckuit, A. K. Anausu u np.).

Mexny nonepeyHo UUPKyJAdAUHedl W (opMHPOBaHUEM pycjaa Ha
ero usrube cyulecTByeT TecHas CBf3b. LIMPKy/sLus BO3HHKaeT Ha
3aKpYIJIEHHH, HO M CaMO 3aKpyrJeHHe eCcTb pe3yJbTaT LHPKYJALHH
(M. B. Benunxkanos). Tem cambiM npusnaercsi BOSHHKHOBeHHe LHp-
KyJSUHH H BoOOLIle BTODHYHBIX TEUEHHUH M IPHU OTCYTCTBHH 3aKDpyr-
JIEHU . .
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B pe3yJabTaTe CyMMHDOBAHHS NPOAOJBHHIX H IONEPEYHBIX Teye-
Hu#l [0 JAJIMHE NOTOKA BO3HHKAET CJOXKHAA CTPYKTypa BHYTDeHHHUX
TeyeHuil B pekax. [lepBule HccaeqoBaHHsA B 3TOH 06J1aCTH THAPOJIO-
run npunagiexar H. C. Jleasasckomy.

Ylonepeysas LHPKYJIALUSA MOXKeT ObITb CO34aHA HCKYCCTBEHHLIM
IyTeM C NOMOIIBbIO CTpyeHampaBislollux cucreM. HccneloBanusi B
stoM HanpaBisenun B. M. IloranoBa oGoratHi¥ THADPOTEXHHKY
cosfanueM 3G (EeKTHBHOrO MeToa HanpasieHHoro (umesaecoobpas-
HOTO) BO3/IeHCTBHS HA PYCJOBBle NIPOLECCH B PEKax.

1.7. ICIIOJIb30BAHNE KOCMHYECKIX METOJ0B
B rujaroJjiornu

KocMuyeckye MeTOAB MPUMEHAIOTCA [JIsI H3yUeHHS PasiHUHbIX
NPUPOJHBIX IpollecCOB Ha 3eMJe. X meHHoCTb B TOM, YTO OHH
Lal0T BO3MOXHOCTb NOJYYHTb KauecTBEHHO OJHODOAHYIO MH(pOpMa-
LU0 OJIs 3€MHOro IIapa o Npoueccax, U3MeHAUINXC B IPOCTPaH-
CTBE U BO BPEMEHHU.

O06beM BOAbl Ha NOBepXHOCTH OacceliHa — HelloCpeACTBEeHHbIH
¢dakTop CTOKa, 06YCJIOBJIEeHHBIH NPEIIECTBYIOIIHMH eMy aTMochep-
HEIMH OCafKaMH, HClapeHueM, HHOuJAbTpauuedl u QuabTpanuen.
O6GbeM BOABI, UMelOWIMiCA B JaHHBIH MOMEHT Ha MOBEPXHOCTH Oac-
celiHa, MOXeT ObITb ONpefieseH MO IJIOMIAAH BOAHON HOBEPXHOCTH,
H3MEepEeHHOH NHCTAaHIHOHHO, TAK KaK MeXIy 00beMOM BOAH H ILJIO-
Wafblo eCTh CBSA3b, GJin3Kasg K (QyHKuHoHaJdbHOH. IpyruMm ¢akro-
pOM CTOKa SIBJISIETCSl CTeNeHb IOKPHITOCTH OaccefiHa CHeroM u
JAbJOM. XapakTepPHCTHKH CHEXKHOro MOKpoBa MOryT OBITh Omlpene-
JIeHbl AHCTAHLHOHHO IO TeJEBH3HOHHHIM H3o6paxkeHusM. Iloayuae-
MBle H300paxKeHHs CHEXHOrO IOKPOBa CO CIYTHHUKOB TIO3BOJSIIOT
YCTAHOBHTh HE TOJbKO TPaHHIB CHEXHOro NMOKPOB2, HO M 30HH
CHeroTastHusl.

[lo panubM ncciepopauuit MHctutyTa BoAHBIX mnpoGiaem AH
CCCP (T. @. KpacHOXOH H 1p.), C NOMOIIbI0O KOCMHYECKHX (POTO-
CHUMKOB MOXKHO MOJIYUHTb H3MEHeHHe BO BpeMeHH THAporpaduue-
CKOH ceTH (B HEJbTOBEIX Y4YacTKaxX, Ile OHA GLICTPO H3MeHseTcs),
penbeda AHA BOLOEMOB, MYTHOCTH NOTOKa U (GOPMBEI ZOHHHX OTJO-
JKCHHH, pa3MbIBEl 6eperoB M OOJACTH aKKYMYJSIMH HaHOCOB, Olpe-
JIEeJUTh HamnpaBJeHHe TeueHHH, pachojoxeHHe MOABOAHOH H Haf-
BOJHOH DAaCTUTEJILHOCTH, IJIOLWLAAH 3aTONJIEHHA AeJbTOBBIX PaHOHOB,
¢busuko-reorpaduyecKHe XapaKTEPUCTHKH NPHOPEXKHBIX TepPUTOPHE
(mouBel, peabed U np.).

C moMOIIBIO a9POKOCMHUYECKHX CPELCTB MOXKHO ONMpeleJUTh Moy-
TH CHHXPOHHO TeMnepatTypy 60AbLINX NMOBePXHOCTEN BOJLOXPaHHUJIHIL,
napameTpbl BETPOBHIX BOJIH.

Uudopmanus, nonyyaemass ¢ TOMOUIBIO METEOPOJOIHYECKHX
CIYTHHKOB, MOMKET HCIOJNB30BATHCA AJSI KPATKOCPOUHBIX NPOTHO30B
NOJIOBOJHI ¥ MaBOJKOB, ONpeeIeHus 3arnoJHeHHsT BOJOXPAHHJIHIL |
3aTOMIeHUsT MPUOPEIKHBIX TEPPUTOPUH, OLEHKH JIEJOBbIX SBJeHHH.

B psanxe cayuaeB a3poxocMHUUECKHE METOAB! MO3BOJSIOT 1aTh 60-
Jiee TOYHBIC peLIEHHs 3ajay, YeM Ha3eMHble MeTOJH, HanpHMep Ta-
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KX, KaK KapTHpOBaHHE TuAporpapuuecKoil CeTH, OUeHKa Pas3BHUTHUS
BOZHON PAaCTHTCJILHOCTH, ONpelcJacHie GopMel AHA M pachpejele-
151 TeueHuH Ha GOJIBLIMX MJIOLIAAX.

Kocmuyeckue HoTon306paKeHuss MOTYT GbITh HCIOJb30BAHDl AJIs
1IPOCHO3HPOBAHHS CeJIeBOH H ONOJ3HEBOH ONACHOCTH.

Hcnosnb3oBanue HCKycCcTBeHHBIX cnyTHHKoB 3eman (MC3) B
THAPOJIOTHH NPEICTaBJsieT HOBLIH 3Tall MOJyYeHHs AAHHBIX O BOA-
HbIX 00BEKTaX, OHO MO3BOJAET MepefTH OT AHUCKPETHHX Ha3eMHBIX
CHAPOJIOTHYECKHX HAOJIOLEHHH B OTAENbHBIX NYHKTax K IIPOCTPaH-
CTBEHHO-BPEMEHHOH OIleHKe THAPOJOTHYECKHX fBJEHUI Ha GOJbUIMX
TEepPUTOPUAX C yueToM (u3HKo-reorpaduyeckoro janfwadpra. Ilen-
HOCTb KOCMUYECKHX CHEMOK 3aKJI0UaeTcsli 1 B TOM, UTO HMH MOTYT
GBITh OXBaueHbl TPYAHOLOCTYIHBEIE PErHOHBI CO CJIOXKHBIMH IPHPOA-
HBIMM VCIOBHSMHM H PEIKOH CeThi0 Ha3eMHBIX HaOMI0faTeNbHBIX
nyHkToB. Ilpu aToM o6ecneynBaeTcsi MHOrOKPaTHOCTb IOBTOPEHHS
CHEMOK OJIHOTO M TOTO Ke BojgHoro o6mwekra. OGobLieHHe ONBITA
memuppHpoBaHus TeleBU3NOHHLIX H306paxenuit ¢ MC3 «Meteop»
Bunosieno B I'TM B. I'. TIlpokaueBoii, JI. B. Cuuumesko u
B. ®. YcaueBriM. B pesysnbraTe cpesaH BHIBOA, YTO 10 Marepua-
JiaM OOGBIYHBIX CHYTHHKOBBIX CheMOK MOTYT OHITh H3YUEHHI CJIEYIO-
iiMe THAPOJOTHYecKHe O0BLeKTH M HX IapaMeTpHL.

CHeorcHolll NOKPOE: TPaHUIA CHEKHOTO NOKPOBA, CTelNeHb NOKPH-
THSI TEDPHUTOPHH CHEroM, BHICOTA CHEroBOI JIMHUH B TOPHOI MeCTHO-
CTH, pa3Mephbl 30HBI HHTEHCHBHOTO 3arps3HeHHsl cHera BOKDYT MHpo-
MbILIJIEHHBIX neHTpoB. CTeneHb MOKPLITUA OaccefiHa cHeroM AelIHd-
pHpyeTcs ¢ HOrpeurHocThIo 0Kos1o 5Y%. Anb6eno 3arpsisHeHHOro cHe-
ra CyLeCTBEHHO HH:Ke, YeM aJjib0es]0 YHCTOro cHera. 3arpsi3HEHHBIH
CHer CTAHOBHUTCH BHAMMBIM B OKDY KeHHH YHCTOrO CHera, TasiHHe
CHEXKHOrO MOKPOBa'H €ro CXoji HacTynamT B NepBYIO ouepelb Ha
3arpsi3HeHHBIX yacTax Bojoc6opa. dto ewle B GoJblleil CTeNeHH
KOHTPACTHPYeT apeas pacHpOCTPaHEHHs 3arpA3HEHHHl OKOJI0 HCTOY-
HHKA BBEIGPOCOB.

Jledanoti nokpos: JeRoBbe YCAOBHS Ha GOJIBIIMX O3epax, CTe-
lelib NMOKPBITHSA MX AaKBAaTOPHH JbAOM H Apefd JbAa, LUCIOKAIUA
JbJa Ha 03epax CPeJHHX Pa3MepOB M BOJOXPAHM/IMIILIAX B IEPHOR
UX OYHILEHUS OTO JbJd, CPOKH OUHIUCHHS OTO JbJa HeGOJbLIHX
03ep.

Pasausel: 3aronsienne noHM, 'ce3oHHBE H3MeHeHHs IIOWIAMHU
03ep B apHIHbIX perdoHax, HHAHKAUHOHHLIE H3MEHEHHS LIHPHUHBI H
Iomanl pyca BO BpeMsl [TaBOAKOB.

CunTaeTcsd, 4To IO pe3yJabTataMm AelHpPHPOBAHHS mocJeoBa-
TeJIbHblX ClLYTHUKOBBIX CHUMKOB 3a MHOTOJIETHHAR NepHoOL MOKHO 00-
JIErYHTbL DelleHHe TAKOH 3aaud, Kak onpefeseHHe AOJH PEUHOro
CTOKA OT TasfHHsl CHera BO BpPeMs IOJIOBOJbSH, @ TAaKXKe H B TOJOBOM
CTTOKeE,

Hcnosnb3oBanHe KOCMHUeCKHX H300paxKeHUH AJI yuera BOAHBIX
pecypcos, B TOM YHCJ€ JE€JHHUKOB, — OZHO H3 IEPCIEKTUBHHIX Ha-
npaBJeHHH THAPOJOTHYCCKHX HCCJeIOBAaHHE, OTHOCsIEECS K HOBOH
HayKe — KOCMHYECKOH I'H/ipOMeTe0POJIOTHH.
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ITockoJIbKY  KOCMHUecKHe H300pa)KeHUs RAT HHPOpMAaUuHIO o
npoueccax Ha OOJbIIMX TEPPHTOPHAX H OTIHYAIOTCA 00006LIaloNiH-
MH CBOHCTBaMH, TO OHH IO3BOJISIIOT H3yyaTh TIJIaBHBEIM 006pa3oM
KpynHble rujporpaduyeckie 1 pyciaoBsle cTpYKTyprl. CilexoBaTenb-
HO,! IJIs1 NOJyYeHHusl NOJHOH nHGopManuu 0 BOAHBIX 00beKkTax Heob-
XOQHUMO ONTHMAaJbHOE COYETAHHE HAa3eMHBIX T'HAPOJOTHYeCKUX Ha-
QJI0feHNH 1 aBHau3MEPEeHH! ¢ KOCMHYECKHMH.

IleHHOCTh KOCMHYECKHX CHUMKOB 3aKJI0YaeTcs ¥ B TOM, UTO OHH
OTJNYAIOTCsl 60/bIIONH HH(DOpPMALHOHHOA HachiieHHOCThi0. Hamnpu-
Mep, Ha KOCMMYECKHX CHMMKaxX rujporpacgHueckas ceTb OTpaxaeT-
Csl HeCKOJIbKO TMOApoOHee, ueM Ha OGLIYHEIX KapTax TaKoro e
Mmacmtaba. D10 CO3LAET NPEANOCHUIKH JUJIS THLPOJOTHIECKOTO Kap-
THPOBaHHS TEPPUTOPHH, PASJHUYHOTO 1O COAEPIKAHHIO H CTeNeHH Je-
TaJqH3anuH.

OOwupHass wuHOpPMAaUUS O PA3NUYHBLIX TNPHUPOAHBIX pecypcax
nocrynaer ¢ NHJIOTHPYeMBIX OpOHTaNbHBIX craHuuil «Cauaior». [Ipu
3TOM 4YeJIOBEK OfbecleyuBaeT NOHCK H OOHapy:KeHHe 3aJaHHOTO NpH-
POJHOTO SIBJIEHUS JUCTAHIHOHHLIM METOAOM.



Yacrs 2. THIPOMETPUA

2.1. YPOBHU BO/JbI

CocraB u 06beM THIpPOMeTpHUeCKHX paboT Ha pekax H KaHalax
3aBHCAT OT HX HEJH. YKDPYNHEHHO MX MOXKHO pasiesNuTb Ha TR
6oJibIliME TPYNNBL: CTAlHOHApDHLIE THApOMeTpHUecCKHe pa6GoTH Ha
TUAPOJIOTHYECKHX IOCTaX H CTaHUHUAX; SKCIEAUIHOHHBIE THAPOMET-
puyeckne pPalGoTH; THAPOMETpHYECKHe paboThl B IIpoHecce CTPOH-
TeJIbCTBA H 3KCIVIyaTalUH COOpyKeHHH (NJIOTHH, THAPOMEJTHOPATHB-
HBEIX 'KaHaJOB ¥ Tp.).

OCHOBOMOJIOKHUKAMH METOAOB PEYHOH THAPOMETPHH SBJSIOTCS
B. I. I'nywxkos, E. B. Baususak, B. A. Anoanos u ap.

[Tpu BHIDONHEHMH JIIOGHIX BHIOB THIPOMETPHUECKHX PaboT
IDOJZKHBl ObITh H3MEPeHB YPOBHH BOABL. B NpOTHBHOM ciayuae Haxe
camble CJOKHBIE H JeTajJbHble H3MEpEHHS NOTOKOB MOrYT ObITh.
obecreHeHsbl.

BricoTa NOBEPXHOCTH BOABI B BOZHOM OOBEKTE HaJ YCJOBHOMN
TOPH30HTAJIbHOI NJOCKOCTbIO CpaBHEHHs (HEH3MEHHOH IO BHICOTE)
HasblBaeTcsl yposHem 800sl. Hay ypoBHeM HeOGXOAMMHE JUIHTEILHbIE
HabJI0feHNs], T03TOMY YCJIOBHYIO NJIOCKOCTb paclloJaralor mpHMep-
HO Ha 0,50 M HHXKe (aKTHUeCKH HaGII0LaBIIErocss HAHHU3LIErO YPOB-
HA BOABl Hmijp. JTO LaeT BO3MOKHOCTb H36€KaTh OTPHIATEIbHBIX
sHavenuil H. Ecan ke BoaHble 06beKTH 3aMep3aloT, TO YPOBHH BOALE
(OUKCHPYIOT NIO NOBEPXHOCTH BOJH! B JIYHKaX.

YcTpoficTBO A/ U3MEPEeHHsT YPOBHS BOAH B BOJLOTOKE HJIH BOAO-
eMe HA3EIBAeTCs 8000MEPHbLM NOCTOM.

BricotHoe mnosToKeHHe H3MEPHTEeNbHEIX YCTPOHCTB BOJLOMEDPHBIX
IOCTOB HEOOXOAHMMO CHCTEMAaTH4YeCKH NPOBEpSITh, MO3TOMY HX 060-
pPYAYyIOT penepaMH— OCHOBHHIMH M KOHTpPoJbHBIMH. [locaepnue
NpeaHastaueHel &I CHCTEMAaTHYECKOro KOHTPOJIS 32 BHICOTHBIM IIO-
JIOXKEHHEM BOJOMEPHBIX yCTpoHCcTB. X ycTaHaBJAMBAaOT B CTBOpeE
NOoCTa KaK MOXHO 6JIMiKe K HeMy, HO BHe 30HBI 3aTOMJEHHS BHICO-
KHMH BOLAMHU,

Boaomepubie mocTsl (ypoBHeMephl) BXOAAT B COCTaB 060pYLOBa-
HUSl eudpoaoeudeckux nocTo8 — MYHKTOB Ha BOAHOM oObeKTe, 060-
PYAOBaHHHIX yCTPOHCTBAMH H MpHOOpaMU IJsl NPOBEJEHHS CHcTeMa-
THYECKUX THAPOJIOTHUECKUX HaOJMIOAeHHH. YCJ0BHAs TOPH3OHTAJb-
Hasl TUIOCKOCTb CPaBHEHHS, IPHHHMaeMas 32 HyJb OTCYETA NPH H3-
MePEHHH YPOBHS BOJABI Ha THADOJIOTHYECKOM (BOZOMEPHOM) IOCTY,
HasblBaeTcsl Hyasem epaguxa eudposoauyeckoeo (8000mepHOZ0)
nocra.
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3a OCHOBHBlE CPOKM HaOJ/IOJeHUH Ha HocTax npuHATH 8 u 20 4
10 MEeCTHOMY BPEMEHH €3KeCyTOYHO.

BonomepHble MOCTHI B 3aBUCHMOCTH OT CPOKa AeHCTBHUS GBIBAIOT
noCTOAHHbIe, TIpeJHA3HAYEHHblE [JIS1 AJIMTEJbHHIX (CTalHOHAPHBIX)
HabJ0JeHuH 32 YPOBHSIMY BOALI, H 8UeMEHHble, CO3JaBaeMble Ha Tie-
PHOJ M3LICKAHUH M CTPOHUTENbCTBA.

ITo "KOHCTPYKIMH BOJOMEpDHHIE IOCTHl MOXHO NOJpa3iefHTb Ha
c/IeAyloulne THIBL:

Henepedaroursie, Ha KOTOPHIX YPOBEHb BOJHl OTCUHTHIBAIOT He-
TOCPEACTBEHHO [0 AeJeHHAM pefikKH, cMauynBaeMOH BOJOH; K HUM
OTHOCATCH peeunsle, C8aliHble U Peeuro-Caatinole NOCToL;

nepedarounsle, The YpOBeHb (DUKCHDyeTCs HA HEKOTOPOM pac-
CTOSIHMH OT CBOOOJHOH NOBEPXHOCTH BOLBI, TO €CTh INOJIOXKEHHE
YPOBHS IepeflaeTcsl PerHcTpHpPYyIowlell yactd npubopa Npu NOMOIIH
JAaTquKa.

[Tepenarounsie mocTH, B CBOIO OYepefb, MOAPA3JESAIOT Ha He-
CKOJIbKO BHJOB: C HEaBTOMAaTHYECKHMH OTMETUHKAMH YPOBHS; C aB-
TOMAaTHYECKUMH OTMETYHKaMH YPOBHS; C HENpepLIBHOH perucrpanu-
eH ypOoBHeHl IpH NMOMOLIM NPHOOPOB, HA3BIBAEMBIX CAMONUCHAMU
Yposrs 8006l UK AuMHUcpadamu; ¢ JUCTAHIHOHHEIMH YCTpOficTBa-
MH, TO3BOJISIIOUIUMH H3MepPSATb YPOBHH HA 3HAUHUTEJIBHOM paccrosi-
HHYU OT BOJHOTO o6bexTta. M3 NHCTAHIMOHHBIX yPOBHEMepoB HauGo-
Jiee IPUMeHUME Takue, Y KOTOPHIX MOKA3aHUs AATUHKa YPOBHA IIpe-
06pasyloTcsi B dJeKTpHUecKHe HUMmyJbchl. [lociennue mepenaioTcs
Ha 3HAQUUTEJbHBIE PACCTOSIHUS ¢ MOMOIUBIO JIMHHH CBSI3H.

Kpome penepoB, BogoMepHbIe NOCTH OGOPYAYIOT BCIOMOTATENb-
HBIMH HHCTPYMEHTaMH: pefKaMH [Jsl PerucTpanuH npejlesbHEIX 3HA-
yeHUH ypoBHeH (eCaIH NMOCT He 000pYyJOBaH JHMHHrpadoM), mepe-
HOCHBIMU pefiKaMHM'IJjs U3MepeHHsi YPOBHeH U TOJMIIMHH Jba H IP.

2.1.1. Peeuynsiii u cBaiinsiii BooMepHbIE OCTHI

Ha peeuynblx mocrax YCTaHABJHMBAIOT BEePTHKAJbHYIO HJH Ha-
KJIOHHYIO peHKy C [eJeHHUSIMH, NO3BOJIAIIIHMH 3aMepSTh yPOBEHb
¢ TOYHOCTBIO 10 1 cM.

BepTukajabHEe peHKH /NPUKPENIAIOT K CTeHKaM HalbepeKHOH,
11032, IJIOTHHBL, ONMOPHL MOCTa IO BO3MOXKHOCTH 3amoMJIMIO € HX
NOBepXHOCThIO. JlJHHA peliKH LOJKHA NpeBHINAaTh AMIIHTYLY KoJe-
Ganuit yposHeil npumepso-Ha 0,5...1 m. Ilpegnouturenbubl Meras-
JIMYecKHe pelike (5MaJupoBaHHbE, IPKUX nBeToB). [Ipu orcyreTBHH
‘COOpPYKeHHH BepTHKaJbHble PeHKH MOXKHO NPHMEHSATb Ha peKax ¢
OGPHIBHCTBIMH CKaJbHRIMH Oeperami. -IIpu ymepenHofi KpyTusHe
GeperoB U Majoil aMIINTyJAe KoJjeOaHHH ypoBHeH pefiKy ciaemyeT
[OMellaTh B KOBUI-KOTJIOBaH, KOTOPHI cBOGOJHO coobliaercs ¢ pe-
KOH M CJYXKHT YCIOKOHTeNeM BOJH. [IJIs1 mpefoXpaHeHHs PefKH OT
NOBPEXAEHHST IILIBYUIUMH mnpeaMeTraMH (JbIOM) IPHMEHSIOT
-OrpaxaeHue.

Peecunkfi MOCT B 3aBHCHMOCTH OT MECTHHIX YCJIOBHH MOXKeET CO-
CTOATh U3 HECKOJNbKHUX peek. Heo6XxoauMo TOJbKO, YTOOL HyJ/eBLle
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JleJIeHUS CMeXKHBIX peeX OBLIM CMEIIEHH 110 BBICOTE Ha LEJNoe YHCIC
merpoB. Hyab pefiku sBisieTcs HyJeM BOJOMEPHBIX HaGJI0aeHH,
OTMETKa KOTOPOrO H3BeCTHA, TaK KaK BCe yCTpOiicTBa BOJOMEDHOrO
1ocTa HHBEJNHPYIOTCS.

HakJjoHHBE pedKH yCTaHABJIMBAIOT Ha OTKocax Gepera Ha Ka-
MEHHBIX, 6€TOHHBIX HJIM JEpPEeBSHHBIX cToj6ax. JleneHuss HaKJIOHHOMN
peiikd JOJI:KHB GHITh paBHH 1 cM/sin @, rfe a — yrosa HakJIoHa pei-
KM K TODH3OHTY.

Ha ne6ouabliux pekax ¢ NOJOrHMH 6eperaMiu ycTpauBaloT céali-
Hble NOCToL, cocToslliMe M3 PpPynnbl cBail. CBau pacrnojaraiT B Ol-
HOM CTBOpE, NEPNEeHAHKYJIIPHOM K CPeIHEMYy HanpaBJIEHHIO TeYEHUs
BOJIbl,  HYyMepyIOT 10 MOPSIAKY, HauHHAS ¢ BepXHeil. YPOBHH OTCYH-
THIBAIOT 10 NMEPEHOCHOH peilike (AJHHOH oKOJO 1,5 M, C Je/leHUAMHE
yepe3 1 cM), KOTOPYIO CTaBAT BEPTHKaJbHO Ha 6iuxkaimyio K Ge-
pery cBalo, HaxoJsulyiocss moJA BoJoH. B 3ToM ciyuae oTMeTKa ro-
JOBKH cBau 6yJgeT HyJeM BOJOMepHHX HabmiofeHu#l. OnXHOBpeMeH-
HO C 3aMHCBI0 OTCYera 1o pelike HEOOXOAHUMO 3amHcaTh HOMED CBaH.

PasHocTh MexXAy OTMETKOH HYJb BOJOMEDHHX HAaO6JIONCHHH 1
OTMETKOH HyJb Tpajuka BOJOMEPHOrO IOcTa Ha3hIBAIOT NPuscoKol
K HyJio rpaduka mocra.

YpoBeHb Haj HyJeM rpaduka paBeH YPOBHIO Haf HyJeM HabJio-
JeHHH IIIoC NPUBOAKA,

Ha yuwacTkax pek ¢ pe3kuMH NEepeJOMAaMH IONEPEYHOro NPOdH-
JIT YCTPAaHBAIOT peeyHO-CBaliHble NOCTHI, BKJIOYAIOUIHe NOCTOSHHYIO
peiiky (B oGpbIBHCTOH wacTH Gepera) M cBaH (B IOJIOTOH 4YacTH),
pachnoJjioKeHHEE B OJTHOM CTBODE.

2.1.2. CaMonucs! ypoBHs BOABI

OnHa W3 ryaBHBIX geTajell CaMONHCIa YPOBHS — momiaBoK. OH
MOAHUMAETCS WM ONyCKaeTcss BMeCTe ¢ YPOBHEM BOAH. DTO JIBHIKE-
HHe NONJIaBKa Iepefaercs Ha NePeJaTouHBIH U 4acoBOi MeXaHH3MbE
caMoOIHCIIa, ¢ NOMOUIbI0 KOTOPHIX Ha pasrpaduenHoit 6ymare (JeH-
Te) 3anHchiBaeTcs rpaduk H3MeHeHHs YDOBHSI BO BPEMEHH.

KunemaTnyeckasi cxeMa CaMONHCIa ypoBHSI «Bangai» npusese-
Ha Ha pucyHke 2.1. ITonuaBok 2 ¢ rpysoM ! u npoTuBOBeC 3 10J-
BelleHBl Ha NONJaBKoBOM KoJgece 4 uau 5. Ilnuua rtpoca (mauHa
OKPYKHOCTH) Ha MOMJIaBKOoBOM Kojece 4 — 300 MM, a Ha KoJe-
ce 5 — 600 MM, mo3TOMYy OJHH 06OPOT NONJIABKOBOrO KOJECa COBEp-
naeTcss NpH H3MeHeHHH YDOBHS BOABI COOTBeTCTBeHHO Ha 300 uau
600 mm. TlomaBkoBoe Koseco yepes mectepHd 6 u I7 (mepegarou-
Hoe oTHouenue 1:5) Bpaiaer 6apaban /6, Ha KOTOPOM VKpeILieHa
auarpamMmuas 6ymara (JIHMHUIDAaMMa), yiepiKHBaeMmasl B IPOpe3k
3axumom. una okpyxkuHocTu 6apabana 16 — 300 mm, a AnuHa o6-
pasywooweil — 330 mM. Ilepo 15 camomucnma ykpemieHO Ha Kaper-
ke 10, KoTOpas CKOJb3UT IO JABYM HANPaBJSIOMHM CTepkKHSIM [Z
napanienbHo ocH 6GapabGaHa.

Yepes kaperky J0 npoxoAuT ruGkas TOHKas CrajgbHas CTPY-
Ha 11, K OMHOMY KOHIY KOTOPOH INOABelleH rpy3 I4, MepeKHHYTHIK
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Puc. 2.1. Kunemarnueckas cxeMa caMonucua yposus «Baspaii»:

4 — I'pys noliaskKa; 2 — NOIJAAaBOK; 3 — HPOTHBOBeC; 4 W 5 — IOIJaBKOBhHle Kojeca; 6 B 17 »=
HIecTepHH; 7 — yacoBolt mMexaHH3M; 8 M [6 — GapaGanbl; 9 u I3 — potuku; 10 — KapeTka; If—
¢TpyHa; 12 — HaupaBasollue CTepxKHu; /4 — rpys; 15 — mepo.

yepe3 posuk I3. JIpyroi KoHel, CTPyHBI, NDOXOASAILEH uyepe3 POJNHK
9, HamMoraH Ha Gapa6GaH &, yKpelJeHHbII Ha OCH 1acoBOr0 MeXxa-
HU3Ma 7.

[lpn u3MeHeHHAX YPOBHS BOIH NOIVIABKOBasi CHUCTEMa OCY-
LIeCTBJsIET NPONOPUHOHATbHOE YrjoBoe MepeMellleHne OGapaba-
Ha 16. OnHOBpeMeHHO paBHOMepHo nepeMelaercs nepo 15 mapan-
JleJbHO ocu GapabaHa noAx AedcTBHeM rpy3a I4, cMaTbIBaoOIIEro
cTpyHy 11 c Gapa6ara 8, YCTaHOBJEHHOTO Ha OCH YacOBOTO Mexa-
Hu3Ma 7. Ha pnarpaMmuoit Gymare 3anuckiBaercsl rpaduk usMeHe-
HHs YPOBHS BOABI BO BPEMEHH.

MakcuManbHoe KosmeGaHue YPOBHSI, Ha KOTOpPOe paccyuTaH ca-
monucen, «Basnaii», —600 cm. Hannume ABYX CMeHHBIX NONJAaB-
KOBHIX KoJec 4 U §, a TaKxKe CMEHHHX wmecTepeH 6 u 17 mo3Boaser
3anuCchiBaTh YPOBHH B yeThipex Macmrtabax: 1:1,1:2, 1:5 u 1:10.
UacoBo#i MexaHu3M 7 cHabOeH IBYMs CMeHHhIMH GapaGanaMu 8
JUIs 3anHcH BpeMeHH B Macmrabax 12 u 24 mMM/u. Bpems paGoTh
YacoBOro MexaHH3Ma OrpaHU4YeHO XOJOM KapeTKH H paBHO 26 4 1Js
macmraba 12 Mm/u n 13 u pas 24 mw/u. IlorpeliHocTh 3amucu
ypoBHA npH Macmrtale 3anucu 1:1 paBHa %3 MM, a [IpH MacUiTas
6e 1:10 paBna =10 mm.
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YacoBo#t MexaHusaMm mnpubopa
YKpEeIUIeH BO BJ/aroHeIpoHumae-
MOM KOXKYX€, a KOXYX CaMOIHC-
Ha 3aljuumaeT NHUIYUIHA Mexa-
HH3M OT MOBPeXKJEHMS, NBLJIH K
Bjary. KphllIKa c 3acTeKJeH-
HBIM OKHOM YZAepXKHBaeTcst B OT-
KPBITOM IIOJIOKEHHH CIIelHaJlb-
HOM samenxoi. JHO Kopmyca
HMeeT OTBepCTHs AJs GOJTOB.

I'padux H3MeHeHuss YpOBHA
BOJbl BblUEpUHBaeTCs TaK, 4TO
oChb BPEMEHM pacmoJiaraercs na-
pamaenbHo ocu 6apabaHa, a och
YPOBHSI — IePIEeHIUKYJAPHO.
Konerpykuusa npubopa Lonycka-
eT 3alHuChHBaTh YPOBEHb IMIPH

” 2 MHOTOKpPaTHHIX 060poTax HOI-
JIAaBKOBOTO KOJeca.
Puc. 2.2. Cxema ycranoBKi Geperoso- YcraHOBKH caMONHCIEB YPOB-
IO THIA CaMOMHCUA YPOBHA BOAEL: . HSl BOJbI BKJIOUYAIOT:
] yma: oy onasen ypoBtz: 1) COGCTBEHHO ~ CaMOTHCel,
7 — Gapadan. yCTaHABJIUBAEMbIl TOPH3OHTAJb-

HO HA TPOYHOM CTONHUKE &
(puc. 2.2) waum xpoHuuTefHaxX C
y4eTOM BO3MOXKHOH aMINIHTYABEl KOJEeGaHMH YDPOBHS BOJHL
2) xousofen 8 AJd rauleHusl BOJHEHHS M CO3JaHUs YCJIOBHH, HC-
KJIIouaomux obMepsanue nomnabka. OTMeTka AHa KOJOANA IOJXK-
Ha ObITb HHJKE HH3KOro YPOBHsA BOAb B peke. Ceuenue TpyGu 2,
COeINHAIOUIEH BOZOEM C KOJIOAIEM, TNPHHUMAT pasubiM 0,01 ...
0,05 or myowany ceveHusl KoJoaua. s KOHTPOJast cBoGOLHOro co-
o0lUIeHHsl BoJoeMa C KOJOAUEM BHYTPH IOCTEJHEro yCraHaBJAHBAIOT
peiixy 4, orcueTh O KOTOPOH CPaBHHBAIOT C MOKA3aHUSMH PEEUHOro
(cBaiiHoro) mocra;
3) 6yzky ! ans 3aliuThl CaMONMCIA YPOBHSI OT BHEWIHHX BO3-
JAEHCTBYH, TaK Ha3HBaeMYIo AuMHUpapryro 6yoKy.

2.1.3. Omnpenenenne NPogoOIbHBIX YKIOHOB
CBOOOTHOIT IIOBEPXHOCTH BOJIBI

YkJI0H cBOGOJHON NOBEPXHOCTH BOABl paBeH
I=(H,—H,)/L, 2.1y
rae H] u Hz—ypomm BOABl COOTBETCTBEHHO B BEeDXHEM H HHXXHEM CTBOpAaX, pac-
CTOSIHHE MeXAY KOTODHIMH paBHO L.

ITpu ompezeseHHH IPOJOJNBHOTO YKJIOHA paccrosiine L B o6iiem
clyyae GepyT Mo JIMHMH HaHOoJbLIMX TyOHH pekd. Ha KopoTkux
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npsAMBIX y4acTKaX pasHuLa B AjuHe L 1o JIHHHM HaHGOJbUIHX TJIy=
6uH ¥ o Oepery He3HAYUTE/bHA.

YKJ0H | B NOJEBBHIX YCJIOBHSIX HYXHO H3MEPSATb C TOYHOCTBIO
10 5...10%, a B cnenuajbHLIX HCC/IEAOBAHHSAX — ellle GoJjiee TOYHO.
B cBsi3u c 3THM H3MepseMOe NaJeHue YPOBHA BOABI JOJIXKHO ObITh
nopsaka 20 cM Ha paBHHHHBIX pekax u 40 cM Ha rOpHBIX.

B 3KCIeAHIIMOHHBIX YCAOBHAX YKJOHB! MOBEPXHOCTH BOZHI olpe-
IEJSIT HUBEJHPOBAHHEM MO YPE3HBIM KOJbSAM, 3a0UTHIM B OJHO H
TO e BpeMsi. PekomeHIyeTcss HHBEJHPOBATh NOBEPXHOCTh BOABI Y
oboux 6eperos.

Ha rupposoruueckux mocrax Ajs CHCTEMATHYECKOTO H3MepeHHs
IPOLONbHBIX VKJOHOB / Ha rpaHHIAX yyacTKa H3MepeHHs YKJOHA
YCTaHaBAHBAIOT BOJOMEpHble NMOCTH (yKJOHHBIE mocThl). Ilo u3me-
peHHbIM ypoBHsiM H, (Ha BepxHeMm mocty) u Hp (Ha HHXKHEM) BHI-
qHCASIOT najgenue H,—H,, a 3ateM u ykjaoH I. OTMeTKH HyJs rpa-
¢HKa YKJIOHHEIX IOCTOB H OCHOBHOI'O BOJOMEDHOrO NOCTa, PacrnoJo-
JKEeHHOTO Ha CepeiMHe ydyacTKa, CJAeJyeT HasHauaTh OJHHAKOBHIMH.

Hast obecneueHnss CHHXPOHHOCTH B oTcuerax H; u Hy HyxXHO
X0Ts OB Ha OJHOM M3 YKJIOHHBIX IIOCTOB YCTAHOBHTb CAMOIIHCEIL
unu 0GecneynTh OJHOBPEMEHHO paGoTy ABYX HabumiofeHuil. Ilpn
PAacCTOSIHUU MeXJY YKJOHHBIMH IIOCTaMU J0 2 KM YPOBHH H3MepsieT
ofuH Habaopartess. Eciu nepexoi ¢ OJHOTO YKJIOHHOrO HOCTa HAa
Ipyroi 3aHumaet OoJsiee 10 MHH, TO H3MEpeHHS IO IEPBOMY IOCTY
MOBTOPSAIIOT; B pacueT NPHHHMAIOT CPefHee 3HaueHHe YPOBHS.

J1s SMH30/HUECKHX H3MepEHHH YKJIOHZ MOXKHO OIPaHHUHTBCSH
YCTAHOBKOH peNnepoB Ha KOHIAX YYAaCTKOB H OT HHX HHBeJHPOBAThb
ypoBHH Ha ypesax. [lpu GosiblloM yKJOHe peKH, Korja JJHHA
y4acTKa ¢ HeOGXOAMMBIM JJI H3MeDeHHs YKJOHA NajieHHeM He Ipe-
gpimaer 200 M, najeHue ONpeAeNsAOT HUBEJNUPOBKOH ype30B BOAH,
yCTaHaB/JANBasd HHBEJHUP NOCEpeHHe MEXAY YPE3HEIMH KOJbSIMH.

BennuuHa L 3aBuCHT OT 3afaBaeMOH INOTpeIIHOCTH omnpejeJe-
Hud I/, TOUHOCTH H3MepeHHsl YPOBHS CaMoro ykJjoHa. O6bluHo L u3-
mengeres ot 0,1 1o 8 xm.

Ha yuacTke peku miam KaHana, BBIGDAaHHOM JJIsi H3MEpEeHHS
YVKJIOHAQ, TJIOMAAH KHUBBLIX CeUeHHH JOJKHEI H3MEHSThCS OJHO3HAU-
HO IO AJIKHE TOTOKA, TO €CTh YMEHbINATHCS HJH YBEJHUHBATHC.
Y4acToK BOJOTOKA JOJXKeH OHTb NpaMOJHHeHHEM B naaHe. Ha
MeaHAPUDYIOIHX PeKax XKHUBHIe ceueHHs (CTBOPHI) OOBIYHO HaMeya-
foTcA B OpefiefiaX NPAMOJHUHEHHLIX YYaCTKOB MEXJAY H3JIyYHHAMH.

Ecin B XUBHX ceueHHAX I M 2, OTPAHHUMBAIOINX YYACTOK PEKH
JUIS U3MepeHHus YKJOHa I, H3MepeHO IoJie CKOpoCTell, MOXHO MOj-
CYHTATh THAPABINYECKUH YKJIOH:

1 2 2
L=I+ (S~ ), 2.2)

TAe U; M Up— CPEJHHE CKOPOCTH NOTOKa COOTBETCTBEHHO B NEpEOM (BLILIE OO
TEUCHHIO) W BO BTOPOM (HMXKe N0 TEUEHHIO) CEYEHHSX; 0 H (2 — KO3D(PUIHEHTH
Koprnonuca (kOppeKTHBLI KHHETHYECKON SHEPTHH).
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2.1.4. Oépadorka yposHeii BojbI

B ocHOBHYIO 06pa6OTKy ypOBHEH BOABI BXOJST: NpUBeJleHHE U3~
MepeHHbIX ypOBHel K HyJio rpaduka, BEYMCICHHE CPEJHEeCyTOUHEIX
ypoBHell, cocTapeHHe TaGMUIEl exKelHeBHEX yPOBHel (1o ropam),
nocTpoenne rpadukoB ux Konebanmit (puc. 2.3). YpoBHu HAL HYJIEM
rpaduka BhIpaxKaloTCA B CaHTHMeTPaX. YJAOGHHEI clenylomue Mac-
mra6sl rpaduka: BpeMeHH —B 1 MM 1 cyT, ypoBHe# —oT 1: 10 no
1:200, B 3aBMCHMOCTH OT aMIVIMTYAH HX KoJeGauuit. Jlanpuefimas
06paboTKa 3aKJNIOYaeTCss B ONpPE/ie/eHHH MHOTOJETHHX XapakTepH-
CTHK YPOBHeH H AaT UX HacTyIJeHus.

I[lo xpomosoruueckomy rpaduxy yposHs I (puc. 2.3) nembss
HeNocpeCTBEHHO onpe/eNuThb, B TeUeHHe KaKoro neprHoja ypoBEHb
He ONycKaJjcsl HUXe 3aJaHHOr0, Kakoi ypoBeHb yallle BCEro BCTpPe-
yaercss B T. 4. UTOOH OTBEeTHTb Ha 3TH BOIPOCH, NPOBOASAT CTATH-
cTHuecKylo o6pabotky ypoHed. O6pabaThiBaloTCi KaK CaMH YpOB-

H,om Pexa . .. 8. e Cmanyug. .. ..
1203 IS ] i T
1660 / [T
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Puc. 2.3. Tpaduxkn xonebGanuit (I), yacroTe (2) m oGecneuennocta (3}
yPOBHA BOJHL.
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Hi 3a JI06OH TNepuoa, Tak H JaThl HACTYIJICHHS XapaKTepHBIX
ypOBHe#l M JIeJOBbIX sBJEHMI. ¥DOBHH Pacrno/araiT B yOhBaOIlEeM
nopsiake. Ecau OfHH H TOT K€ YPOBEHb BCTPEUAETCS HECKOJBKO Pas,
€ro HEcKOJIbKO pa3 H 3anuchkiBaiorT B Tabauuy. Ilocaeanufl ypoBeHb
nox HomepoMm 365 (unn 366) — HaunMeHblIHH B AaHHOM rofay. Cae-
J0BATeJbHO, HAa MPOTSIXKEHHH BCEro roja YpOBHH Oblin GOJblIe HIIH
paBHBl 3TOMY ypPOBHIO Hmin, TO ecTb OH o0fcleuuBasCs B TEUEHHE
365 (366) cyT. MOXHO 334aThCsl JIOGHM JAPYrHM YpoBHEM Hypin<<
< H << Hmax ¥ HENOCPEACTBEHHO K3 TaGJHUE INOJYYHTL YHKCJIO
JHell m, B TeucHHe KOTOPHIX 6bly ofecneueH COOTBETCTBYIOIUN ypo-
BeHb.

Xon y6wiBaHus ypoBHEH 0T Hmax 10 Hmin H306paxaioT rpadu-
yeCKH: 10 BEPTHKAJbHOH OCH OTKJaJbIBAIOT YPOBHH, a IO TOPH30H-
TaabHOH — CYyTKH (HoMepa no nopsaky). Iloayyaemass KpuBas Mo-
J5eT OBITh IOCTPOEHA ¢ JOCTATOUHOH TOUHOCTHIO H IO 3HAUUTEIBHO
MeHbleMy, uem 365 (366), uncay touek. s 3TOro ypOBHH Npen-
papuTeJbHOo pagOuBaioT Ha 10..15 HHTepBaJoOB M NOACUMTHIBAIOT
X YHCJIO B KaxKAOM HHTepBaJse. Bo H3bexaHHe HeONpeleqeHHOCTH
IIpH PacCOPTHPOBKE YPOBHEll B HHTEPBaJbl BKJIIOYAIOT HEMOBTOPSIO-
HiHecs 3HayeHHs.

Uncso ypoBHEH B HHTEpBaJe m; H CyMMapHOe YHUCIO CYyTOK M
NOJICUMTLIBAIOT B IPOLEHTAX [0 OTHOIIEHHIO K OOIeMy 4HCAy Cy-
TOK #. 3HAUEHHUs M; BbIPAKAIOT NOBTOPAEMOCTd, WIH 4ACTOTY, YpPOs-
Hel, MOManaOMuX B AAHHBIA HHTEpBaJ, a 3HAYeHHS M — IPOROJ-
HUTEAbHOCTH, UM 00eCcne4eHHoCTs, YposHel B mpefesax -0T HaH-
6osibiiero ypoBHSI Hmax 10 Hudcheld epanuys. TAaHHOTO WHTEpBaJa.
OTk/IaabIBasg 10 BEPTHKAJLHOA OCH YPOBHH :H, a MO FOPH30HTAJb-
HOi — m; NPOTHB CEpPEeNUHBl HHTEpBaJa H /7 TPOTHB €ro HUXKHeH
rpauunsl (puc. 2.3), noiayuyaeM rpaduk -yactotel 2 H obecrneueHHO-
cti 3 yposHell. KpaiiHue HHTepBasbl B 00IleM cJayuae NOAYIAOTCH
HEOJAHMHaKOBBIMH, MOCKOJAbKY YPOBHM Hpmax U Hmin H3BECTHBI, a rpa-
HHILl MHTEPBaJOB yJoOHee coBMellaTh ¢ Uu(ppaMy, 3aKaHUYHBAIO-
iuMuCcs HyJeMm H eaununell. 'paduk vacrorst MoxeT GuTh H306pa-
JKeH B BHJe CTYNeHyaToOH HJH JOMaHOH JMHHU. B IOcCHenHeM Chy-
yae KOHIBl JHHHH NOABOAATCH K ToukaM ¢ H=Hpum 1 H=Hmnax
NpH HYJEBOM 3HaudeHHH ocd abciuce. I'paduk oGecrneyeHHOCTH Ha-
uyniaercss B Touke ¢ H=Hn.x U 3akanuuBaercst B Touke ¢ H=Hpyin
u m=n (npu obecneuerHoctu 100%).

Kpusble 2 u 3 Ha pucyHKe 2.3 Ha3HIBAIOTCH Kpussimu pacnpede-
JeHHS] W IUHPOKO HCIOJb3YIOTCS B HHIKEHepHOH TIHApOJOTHH (CM.
gacte 3). KpuBas o6GecneyeHHOCTH fBJsleTCs HHTErpajbHOf 10 OT-
HOIIEHHIO K KPUBOH 4acCTOTHI.

K xapakTepHBHIM YpOBHAM OTHOCSITCH YpOBeHb HauGoJabluedh
4yacToTs Hy, HasplBaeMbli M00aAbHbIM, U YPOBeHb, o6GecrneyeHHuId
Ha 50%, HaseiBaeMblil meduannoim, Hso. Ecan Gl KpuBasi 4acTOTH
no obe CTOPOHHEI OT OPAKHATHL C HauOOJbINEH YACTOTOH HMeJa OAH-
HaKOBLle BETBH, TO €CTb Obljga Obl CHMMETPHYHOH, TO MOIAJbHBIMH,
MeAMaHHBIH H cpefHeapudMeTHUecKHH YPOBHH OblIH OB OJHHAKO-
BhIMH. MeanaHHbI ypoBeHb — 6ojiee 0GBEKTHBHASI XapaKTEPHCTHKA
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CPEIHEro MOJIOXKEHUSI YPOBHS, U4eM cpeaHeapubMeTHUECKOe 3Haue-
uue Hcp, Tak Kak Ha sHayeHHAX Hcp OTpaxKaOTCH pelKHe MOJABbeMbl
U I[OHHKEHHSI VPOBHS, HHOTJA He CBA3aHHBIE C YBEJHUEHHEM CTOKa
B Gaccefine peku (npu obpasoBanuu GoJbuioro s3atopa u ap.). Ha
MEJUaHHBIH YPOBEeHb 3TH (PAKTOPH He BJHUSAIOT.

Jlns XapakTepHCTHKH HapacTaHus ypoBHeH BJeBO OT MeAuaH-
HOTO YPOBHSI HCIHOJb3YIOT YpoBeHb Hos 25% -HOH obecmeyeHHOCTH,
Ha3bIBAEMBIH 8epXHUM KBAOPUAbAHHOIM, J11s1 Xap aKTEPHCTHKH YGObI-
BaHHs YPOBHEH BINPAaBO OT MeJHAHHOrO HCIOJAb3YIOT HUXHHH KBaj-
pHuagbHBl ypoBeHb Hqs (oOecnedenHocts 75%).

2.1.5. lizmepenne Temneparypsl, Npo3payHoCTH
{1 IiBETa BOIbl, TOILIMHBI JbJA,
MIYTH I CHETa HA JBXY

Ot TeMmmepaTyphl BOJBl 3aBUCAT OHOJIOTHUECKHE H XHMHYECKHEe
OpoLeccsl M KauecTBO BOJBL IlpH OTpHIaTeNBHBIX TeMIlepaTypax
BO3ZyXa HacTynawmT pasJjuyHble ¢asbl Jel0BLIX SBJEHHH B BOJO-
eMax.

Mecro Anst u3MepeHus TeMIepaTyphl BOJAB Ha3HAYalOT B CTBOpE
BOJIOMEPHOro NOoCTa WAH OJIH3KO OT Hero B NPHOPEKHOH YaCTH PeKH
(kanana), rae ectb TeyeHue BOAbL. INy6HHaA moOJKHA GBITH He
meHee 0,3...0,0 M. K BbIOpaHHOMY MecCTy He JOJIKHBI NMpHTEKaTb
cOpOCH TMPOMBIIIJIEHHBIX BOJ H POJHHKOBEIE BOJBI, 4TOOH He HCKa-
JKaJslach CBOHCTBEHHAsd NaHHOH peke TeMIiepartypa.

Jlast u3MepeHusi TeMuepatypsl npe  Gosaplmiux rayduHax  (Jxo
50 M) mpHMeHSIOT AMCTAHIUOHHMHIK 37eKTpoTepMOoMeTp. B KoMIekT
npu6opa BXOJAT: AATUHK TEMIIEPaTyphl, BHINOJHEHHBIH H3 MeIHOH
donbru; usMepuTeabHHBH 6J0K; JeGexika. JaTyHK TeMIepaTyphl
ABJIAETCH OJHHM H3 IJIed MOCTa YUTCTOHA. TouHOCTb U3MepeHHs
TEeMIlepaTyph AHUCTAHIHOHHBIM 3jekTporepMomerpoM =+0,1 °C. Co-
OTBETCTBHE MeXJAy NOKa3aHHWeM Hnpubopa H TeMImepaTypod BOJEL
HacrynaeT 3a 4..6 ¢ (MHePLHOHHOCTh jAaTuuka). F3MepuB Temme-
patypy B Da3HbIX TOUKax BOJHOTO CEUYeHHS, CTPOAT JIMHUM PaBHBIX
TEMIepaTyp BOJEI, Ha3blBaeMble TepMOUBONAETAML.

TlpospauHocTs BoAbl OGYCJHOBIHBAeTCH COLEpPIKAaHHEM B BoOJe
B3BeLIeHHBIX, OPraHHYeCKHX W MHHEPaJbHBEIX BeIllecTB, PacTBOPeH-
HBIX TYMYCOBBIX BELIECTB, NJIAHKTOHA. Ilpo3payHocTh BOIBI OLEHH-
Baercs N0 rjaybuHe nmorpyxeHHs Gejqoro gucka avamerpom 30 cm.
Ero mepseHHO omycKaloT Ha pa3sMeueHHOM JIHHE C TeHEBOH CTOPOHH
cynHa, Korza oH cTaHOBHTCS HEBHAHMEBIM, TO 3alHCHIBAIOT TIYOUHY.
3areMm, ONYCTHB [HCK elle HUKe, uepe3 1..2 MHH MelJeHHO ero
nofgHuMaloT. Korja JHCK CTaHET BHAMMEBIM, 3alHCHIBAIOT IyGUHY.
CpenHeapudMeTnueckoe H3 3THX TJAYOUH IOTPYIKEHHS IUCKA IIPU-
HHMAeTCA 32 BEJHYHHY NPO3PAYHOCTH BOAEI, BHIPAXKEHHYIO YCJAOBHO
B MeTpax. YToObl onpefenuTh LBET BOJH, AHCK OMYCKAIOT HANOJO-
BHHY 3TOH TyOMHH W CPaBHHBAIOT LBET BOJAH Ha ¢oHe JHCKa CO
IHK2alJI)OI71 nBera (HabopoM LBeTa XHUIKOCTH B TpyOOuKax, HX Bce-
ro .
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[Tpu Manoil rayGuHe AHCK
MOIKET OCTAaTbCsl BHAHMBIM, O
yeM CJEeLyeT CAeNaTh COOTBET-
CTBYIOILYIO 3aIHCh.

CaMBll mpocTol M BMecCTe
¢ TeM yHOOHHIH HAJs u3Mepe-
HHUS TOJILMHBE JIbJA HHCTPY-
MEeHT — 3TO JeJOCHeromep-
pmasg pefixa (puc. 2.4). Ona 2
COCTOMT M3 peHku I AJuHOH
2 M (ceuennem 62,5 cM) wu
YOODHOH  NJAaHKU — NMOAKOCA
J, CKpeNJeHHOA ¢ KOHIOM —
Gpycka moa yrsaom 60°. Kon- -
Bl pefKH B METaJJIHYECKOil
ompase 4. Ha suuesoii cropo-
He peHKHM HaHeceHBl OeseHHs  Puc. 2.4. JlegocseroMepnas pefiKa:
yepes 1 cMm. Hyap pefixa u {{;K;;Ieemé%;mi; J;EE;ana;Kl;OILKOC; 4 — meTanan-
BEDXHHH KOHeIl IIOJKoca Ha- ’ ’

XOZATCHA Ha OAHOH TOPH3OH-

TaJbLHOH NJOCKOCTH. [esenusi oGO3HaueHE! BBEPX OT HyJsd [0
180 cm u BHHM3 —Ha 20 cm. [locaenHue npeiHasHA4alOTCs JAs1 H3-
MepeHHs pPacCTOSHUS OT NOBEPXHOCTH BOJB! [0 HHXKHEH IMOBEPXHO-
CTH JIbJ2, €CJH JieJl HAaBHCaeT Had BojJoH. BMmecre ¢ peitkoil npume-
HAETCA IVIaHKAa 5 ¢ NPAMOYrOJbHBIM OTBEPCTHEM, 4TO IIO3BOJSIET
pacnojiaraTe pefiKy BepTHKaabHO. Ha npOTHBONOJIOXKHON CTOPOHE
peliku HaHeceHH! JeJeHHs depe3 1 cM, HO HyJeBOe JAeJeHHe paclo-
JOXEHO Ha BepxHeM cpese pefixiu. OHa NpuMeHseTcs AJs H3Mepe-
HHSA BBICOTH CHEXXHOT'O NMOKPOBa NpPH BepXHEM MOJOXKeHHH NOoJKOCa.
[ToaTomy onucaHHyIO JIeIOMEpHYIO PeHKy Has3BBaIOT JeJOCHEeromep-
HOH pefikoil. E0 MOXKHO BOCIOJIB30BATHCH W AJs H3MepeHHs He-
0ONBIION TOJMINHUHEL CJOA INYyrH. [PaHMOBl 1WUYTH ONpeeJsioTcs IO
H3MEHEHHIO CONpPOTHBJIEHHS BpalleHHIO PeHKH BIPABO H BJeBO. M3-
MepeHHe HeoOXOAHMMO NOBTOPUTh ABAXKAB H IPHHATH CpeaHEe 3HA-
ueHHe M3 OTcueToB No peiike. Ilpu Gosnbliof TOMIIMHE CJI0ST MIYTH
NPUMEHSIOT 3BYKOBYIO LIYTOMEpPHYIO pefiky, B AJaTUHKe KOTOPOH uMe-
ercsl MarHUTONPOBOJ M IOCTOAHHBIA MarHuT ¢ o0MoTKOo#. B 3asope
MarHUTONIPOBOJA 3aKpeIIeH B pPE3HHOBOH NPOKJIaJKe OTPE3OK
CTaJbHOH NPOBOJNOKH. Ero KOHIEI BHICTYNAIOT C ABYX CTOPOH JATUH-
Ka, UX HasblBAIOT ycaMu AaTuuka. Bo BpeMsl BePTHKAJbHOTO CMe-
IIeHHs [JaTuMKa yCbl IPH CONPHUKOCHOBEHHH C INYTOH MJH JbAOM
BUODHPYIOT, @ B OOMOTKe [JaTYHKa BO3HHKAIOT 5JEKTPHUECKHE
Kos1e6aHus 3BYKOBOH 4YacToThl. OHH NOCTYNAalOT HAa YCHJIHUTENL H B
HaymHuku. ITo XapakTepy u3MeHeHHs IIyMa B HayMWIHUKAaX IPH
ONyCKaHMH H NOABEME IUTAHIH ONPEeJAIOTCS I'PAHHIB IIYTH, a
TaK¥Ke JIeJISHOro IOKpoBa.

Tomuuna sbga MoxkeT ObITh H3MeHEHa JUCTaHUHOHHO ¢ GopTa
camoJsieta uu Beprosera. C 37T0i1 Hesblo NpUMeHseTcs pPafHoJI0Ka-
LMOHHBIA UMITYJIbCHBIA MeToX. OH OCHOBaH Ha TOM, YUTO NIPH PajuO-
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JIOKaIMOHHOM 30HAMPOBAHMH JIbJla BpPeMsl 3anasfiblBaHHf MeXAY
MUMIYJAbCaMH, OTPa:KEHHBIMH OT BEDXHeHd H HHXKHEH NOBEpPXHOCTEH
JIbJa, JUHEHHO CBSI3aHO ¢ TOJILIMHOM JbAa. DTa 3aBHCHMOCTb BHIpa-
x)aerca GOpMyJIoi:

T~ 2,V 5, 2.3)

rjie Tx— BPeMs 3aMa3JLIBAHHS HMMIYJbCOB, OTPAaXKEHHBIX OT BepXHefi M HHXKHeH
MOBEPXHOCTeH JbJA; Aa — TOJIUMHA JbJA; €; — OTHOCHTENLHAS JAH3JEKTPHYECKAst
NPOHHLAEeMOCTb JeASHONO NMOKPOBA; €— CKOPOCTbL PacHpPOCTPAaHeHHs DPanHOBOJH B
BaKyyMe.

J1s mpecHOBOZHOTO Jiblla &; H3MeHsieTCs B HeGOJbINHX Hpeje-
aax (3..5%) u mMoxer 6piTh NpuHSATa paBHOH 3,2 (B AWamasoHe
gacrot 108...10'° T'n). IToatomy dpopmysaa (2.3) mpuHHMaeT BHA:

h,~ 0,2767,c.

Ha TounocTu u3mepeHus sTHM crnoco60OM CKa3LIBAIOTCS CHET H
HEPOBHOCTH HHKHEH MOBepXHOCTH Jbla. Kak nokaszanu ucciefoBa-
Hus A. H. Unxoea, pagnosoxkanuonsas JeoMepHasi cheMKa OTJIH-
yaeTcs BIIOJHE YJOBJETBOPHTEIbHBIMH SKCILIYATAIHOHHBIMH KayecT-
BaMu. Ecoin B ToJile JbAa ecTh npocsaofika BoAbl (B 3aTopax Jbjaa
npu 06pasoBaHiu CHEXHOTO JbJa), TO PaJHOJOKAaNHOHHBIE cnocob
OPUMEHSTh Helb3s, TadK KaK CHTHAJ OTPA3HUTCS OT MPOCJIONKH BOJEHL

2.2. I'TYBUHBI IOTOKA BOJIBI

PaccrosiHue no BepTHKaau OT CBOGOAHOIN NOBEPXHOCTH IOTOKA
[0 IHa HJIM pacCTOsIHHE B IJIOCKOCTH XKHBOTO CeYeHHs OT cBOGOAHON
NOBEPXHOCTH IIOTOKA O JHA HasnBaeTcs 24Aybunoil notoxa (MecT-
Has).

Bropas rayOuHa siBAsieTcsi OCHOBHOH M JIOJIXKHA HCIOJB30BATh-
cd B pacueTax KHMBOTO CeYeHHs IOTOKa, a CJelOoBaTeNbHO, H pPacxo-
Aa Boabl. OfHAKO NpH yriax Hak/JoHa AHa o=10° pasHuuma Mexnay
yKa3aHHBIMH TJIyOGHHAaMHu cocTtasJjsieT Bcero 1,5%.

I'ny6unbl usmepsaoT 2udpomerpudeckotl witaneoli (HaMeTKoi),
A0TOM H 2udpomeTpudeckumi npoguioepapanu.

2.2.1. T'nppomerpnueckas mITaHra m J0T.
T'uapomerpnueckne npodmiaorpador

T'udpomerpudeckas wranea (HaMeTKa) — KPYTJLIH JepeBsiHHBIA
mect AJNHHOH 10 7 M u nuameTpoM 5..6 cm ¢ 10-caHTHMETPOBHIMH
neqennsiMmu. Ee MOMXKHO NpUMEHATb TOJALKO NPH CpPaBHUTEJIbHO He-
Gospuiix rayounax (5..6 M) ¥ CKOPOCTSIX TeueHusl BoAn. HameTka
3aKaHYHBAETCs KeJe3HbiM GamMaxkoM maccodt 0,5...1 xr. Ilpu wiu-
CTOM JHEe BO H30exaHHe IOTPYIKEHHS B HMJ DOalIMak 3aMeHsieTcs
NOMJIOHOM B BHIe nncka guamerpoMm 15...30 cm. Huxusas nmosepx-
HocTh famiMaxa W MOJJOHA JOJXKHA COBNALAaTb C HYJEBHIM JeJfe-
HUeM HaMeTKd. B MOMEHT u3MepeHHs IIecT JOJKeH GEITb YCTaHOB-
JeH BeprukanabHo. Ilpu BosHeHuH GepeTcs cpeJHHH M3 OTCYUETOB IIO
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rpe6HIO U JIOXKOHHE BOJIHBI, Npowenmed ye-
pe3 HameTky. TouHOCTL H3MepeHHs Tay0u-
HBEl C [OMOIIbI0 HaMeTKu npuMmepHo 2%.

[Tpu ray6unax h>6 M NPUMEHAIOT pyi-
Hole WUIH  Mexanudeckue A0Tbl. PyuHOH
JIOT —Tpy3 Maccoir 3..6 XKI' KOHHUeCKOH
nJd  NHpaMuianbHOf (opMH, MoJBelIeH-
HBIl Ha pasMeyeHHOM uIHYype (JIOTJIHHE).
Jlasi u3mepeHus rayOuH JOT 3a0pachHBaIoT
BBEPX [0 TEYEHHIO BOABLI H BLIOMPAIOT JIOT-
JIUHb Tak, YTOOGbl B MOMEHT OTCYeTa ray6u-
Hbl OH HaXOJHJCA B BEPTHKAJBLHOM II0.JI0-
JKEeHHH. ‘

Ecan ckopocTh TeueHHsl BeJHKa, HYKHO
YYUTBIBATL OTKJIOHEHHE Tpoca OT BepTH-
KaJIbHOTO TMOJIOXKeHHs. [IJHHA BHITpaBJeH-
HOHM moxBOAHOH yacTtm Tpoca [ (puc. 2.5)  Puc. 25. Jlor (nomoxe-
6oabiie ray6uHe A. OHa QHUKCHpyeTCss  HHE TPOCa C IIJPOMETDH-
CUETYHKOM Ha BbIOIIKE JeGeJKH MM OJoK- 'CCKHM IPYSOM b motoke),
CUETUYHKOM, NMOJBEHIEHHKIM Ha KpaH-GaJike.
3HayeHue ! MONYYAIOT M3 OTCYETOB IO CUCTUHKY, (QHUKCHDPYIOIEMY
MOMEHT KacaHHus TPY30M AHA H IIOBEPXHOCTH BOJLL

Fny6uny h BHIUHCJIAIOT IO AJHHE Tpoca [ (TeopeTHUYecku 3ana-
ya pemteda JI. fI. PatkoBuueM) W yraaM OTKJOHEHHS Tpoca MpH
ONMYCKAaHUH I'py3a MOJ, NOBEPXHOCTb BOABI H 1O JHA.

Hast o6ecnieneHnsi HeoOXOMUMON TOYHOCTH M3MEPEHHS TJIYGHH
KaTep MJH JOJKa JOJXKHBI NMEePUOJHYECKH OCTaHaBJHBaThes. lIpo-
H3BOJHMTEJBHOCTh PabOT CYIIECTBEHHO BO3PACTaeT, €CJH H3MEpeHHS
BefyTCs 6e3 OCTaHOBKH cyAHA. TOUHOCTL NIPOMEPOB Ha XONy KaTepa
MOKeT OBbITh MOBBIIEHA C IPHUMEHeHHeM TPOCOB H TPY30B, obecre-
YHBAIOLHX H3MepeHHe I1yO6uH 6e3 momnpaBoK. TOYHOCTH NPOMEpOR
HOBBINIAETCS, €CIM JIOT CHabXaeTcsi 3JeKTPOKOHTAKTOM.

TuppoMerpuueckne npobunorpadsl — npubopbl AJasT aBTOMAaTH-
4ecKofi perucrpanuu npodusas BoAHoro ceueHusd. Ilo mnpuHOHDY
IeHCTBHsI HX IOAPA3NENsIOT Ha MeXaHHuecKHe, THAPOCTATHUECKHE H
aKyCTHYECKHE,

B axycruueckom npogurozpage (3X0s0T€) HCNONB3YeTCs pac-
ApOCTpaHeHHue YJAbTPa3BYKOBHIX BOJIH B Boje. CxeMa H3MepeHHs
rayOHH 5X0JI0OTOM NOKa3aHa Ha pHcyHKe 2.6. Maaywaresan 3Byka H
NpUEMHWK NPUXOASIIEro CO JHA 3XOCHTHAJMa YCTAHABJHBAIOT MOJ
BOoIOH Ha ray6uHe @ y 6opTa WJau B AHHuIe cyaHa, M3 paHHBIX pH-
CYHKa CJIefyerT:

h—a=) 12— (2.9)

rne b —mosoBHHA DACCTOSHHS MeXAY H3JaydaTeNeM M NMPHEMHHKOM 3ByKa; [—
IyThb, NPOXOXMMBIH 3BYKOBOM BOJHOM OT H3/MyyaTess KO LHY WJIM OT AHA K TPHEM=

HHKY 3ByKa;
1=ct/2; (2.5)

€ — CKOPOCTb pacnpocTpaHeHusl 3Byka B Boje (B cpexHeM 1462 m/c); {— Bpems
NPOXOKIEHHS 3BYKOM IyTH 2I.
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y Uz dopmyn (2.4) u (2.5) Ha-
' |~ s 2 1 XOAHM ,.

h=Vctd—b+a, (2.6)

L — rL]/ MiE=- CaenoBaTenbHO, 3HAS {, MOXK-
— J- == —  Ho ONpelenuTh rayouny h. Bpe-
MdA JOJKHO ObIThb 3a(UKCHPOBA-
HO C OYeHb BHICOKOH TOYHOCThIO,
TaK Kak [LJayOuHe, HalpHMEp,.
10 M COOTBETCTBYET HPOMENKY-
Tok BpemeHu #=0,013 c.

IIpu Magabx paccTOsHHAX
MeXAYy NDUEMHHKOM H H3Jyda-
TeJeM 3ByKa 3HaueHue [, TO
eCTb THIIOTEHY3Y IPSIMOYTOJLHO-
ro TpPEeyroJbHHKA, NPAKTHYECKH
MOXHO CUHTATh TJYGHHOH.

Puc. 2.6. CxeMa H3aMepeHus TayGHHEL Axycruueckuft nmpoduiorpad
3XO0MOTOM: COCTOHT M3 IEHTpaJbHOro IpH-
RO e “yeipoictons | ~rusgs, 00P@ MM TOCLUIKA H NpHEMA
MM NG COAMHEHMA C LeHTpambHmiM npu6o-  YJIBTPA3BYKOBBIX HMIYJBCOB K
pou. IJIsi  aBTOMAaTHUECKOH  3amlucu

rJayOHuH, YyCTPOHCTBA HJs NOTPY-
JKEHHS B BOAY 00TE€KaTeJd ¢ MAaTHUTOCTPHUKLIHOHHBIMU NpeobpasoBa-
TeJNSIMH, 6J0Ka NHTAHHS.

IIpu paGote BuGpaTOpa-uaJydaTesss HCIOJAb3YeTCs NPSIMOH Mar-
HUTOCTPHKIHOHHHI 3 dekT. [Ipn pabore Bu6paropa-npueMHUKa HC-
noJb3yercsi 06paTHLIH MAarHHTOCTPHKIMOHHBIH 3G GeKT.

PesysbpraTel n3MepeHusi IIyGHH aBTOMATHUCCKH 3aMHCHLIBAIOTCS:
B BHJ€ CIWIOWIHON JINHUH Ha JBHXKYIIEHCS JIeHTe U3 5JIeKTPOTEPMU-
yeckoit bymar.

l

il

|
l
)
T

2.2.2. Meronura nzMepenus riry0un noToxa

B cocras paGoT 10 uaMepeHHI0 TVIyOHH BXOAUT W ONpeeNeHHe
B MJIaHe IIOJIOXKEHHs BEePTHKAJeH I/ U3MepeHHs TIJIyGHH. ITum
00yCJIOBJIEHO COBMECTHOE HCIIOJAb30BaHUe NPHOOPOB U METOH0B THJ--
POMETpHH H TeOLEe3HUH.

Beprukanu aas usMepenus ri1y6HH BOABI B PeKax, BOAOXpaHH-
JULIaX U APYTHX BOJOeMax HAa3bIBAIOT 2AYyOUHHOIMU WIH npoMep-
Hoimu seprurkaaramu. Onpelenenye B IJIaHe KOOPAHHAT TJIYGHHHBIX
BepTHKaJeH HasbhBAT KOOPOUHUPOBAHUEM 2AYOUH.

Passuualor usmepenye u KOOpAMHHPOBaHHE TIYGHH IO NONeped-
HHKaM, IPOAOJbHBIM K KOCHIM raJjcam.

Boanbie ceuenusi, B KOTOPHIX pachosaraioTcs riay6uHHbe (npo-
MepHbIe) BEPTHKAJIH, HA3BIBAIOT NPOMEPHBIMU CEYeHUAMU HIIH. APO-
MePHOLMU NPOPUAAMU.

Ilpu msMepenuyu rayGuH Ha XOY CyAHA THAPOMETPHUECKHH TPy
He M3BJIEKAlOT H3 BOABI, a JUINb NPUIIOLHHMAIOT.
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AxycruueckuMu npoduiorpadamu rayouHbl H3MEpSIOT 1O XOAY
cyaHa. Mecto pacnoJsio:KeHus: NpHeMHO-OTIPAaBHTENbHOTO YCTPOHCT-
;32 BLIOHpAIOT Tak, 4TOOB! Ha MOKa3aHusA npudopa He BJIHAJIH 32aBHX-
PCHHS, a’pauusi W BOJHE, obOpasyolluecs NpH ABHUXKEHHH CyAHA.
Paccrosinue OT KOpIyca cyAHa A0 oOTeKaTeJs NPHHUMAIOT PaBHBIM
70 cm. Bepxusis miaockocTh o6TekaTens AOJKHA HAXOLHThCS MOJ
307101 e MeHee uem Ha 10 cM.

DX0JOTH MOXKHO TPHMEHATb A5 H3MCDEHHS TJIYOUHBL U yepes3
ned. Mecro KOHT2KTa IPHEMHO-OTIPABHTC/JIBHOTO YyCTPOHCTBA €O
JbJAOM JOJKHO OBITh CMOYEHO BOJOH.

YIbTPa3BYKOBOH NPHUHIIUN U3MepEHHS I'IyGHH BOABI MOXKET OHITh
MCIOJNIL30BaH U NMpPH CJAOXKHOM JBHIKEHHH BO/Bl, HApUMep IIpH Iepe-
KPBLITHH PYCJ PeK.

HsmepeHne ray6uH IO IONepeyHHKaM BeAYT C MOCTOB, THJpPO-
METPHUECKHX NepenpaB, KaTepoB, JOJI0K B BEPTOJIETOB; MO MPOJ0Jb-
HUKaM — C KaTepoB, JIOJOK W BEPTOJIETOB; IO KOCHIM raJjcam —
C KaTepoB H JIOJIOK.

IIpu mupune pekn B<300 M u CKOPOCTH TeyeHHs HA IIOBEPXHO-
CTH BOJBI Unop<1,5 M/C moJoxKeHHe ry1yOHHHBIX BepTHKAJEH Onpese-
JHIOT IO TYro HaTAHYTOMY depe3 peKy pa3MEUEHHOMY CTalbHOMY
TPOCY AHAMETPOM OKOJIO 3 MM.

Ha mupokux pekax (B>300 M) rayGHHB KOOPAHHHUPYIOT T€O-
JIEe3HUECKHMHU crocobaMu. JTH Ke crnocoObl NPHUMEHSIOT H npu B<<
<300 M, xorga HCrnoJb30BaHHE Tpoca CTAHOBHTCS MaJos(h(eKTHB-
HBIM, HAIlpUMep NPU HHTEHCUBHOM CYIOXOJCTBE.

Ha pekax ¢ GoJbIIHMH CKOPOCTAMH TedeHust BOAb (u4>1,5 m/c)
ryOMHBL JyYlle H3MepsATh MO MPOJOJBHHKAM CO CBOGOTHO MJBIBY-
mlero cyiHa HJAM NO KOcklM rascam nojg yrioM 30..45° x JguHHH
¢apearepa pexku. Koopaunupopanue ray6GuH ¢ Gepera BelyT ABYMSA
TEOJOMIMTAMH HJIH MEH3YJaMH C KUIpereasMH, YCTaHOBJEHHBIMH Ha
MarucTpadu.

B npouecce onpenesnenuss rayGuH H3MepslOT YPOBHH U HHBEJH-
PYIOT IPOJIOJBHBIN NPOGUIL NOBEPXHOCTH BOJB!, HHAUE HEBO3MOIKHO
BLIUKCJIHTD OTMETKH JHA MOTOKa.

Uem cioxHee penbed nHa, TeM Oosblias CTeNeHb CrYIUIEHHS
IPOMepHBEIX ceueHHuH H rayOUHHBIX BepTHKaJel HeobXoauMa A ero
U3yYeHHus.

2.2.3. OGpadorka JAHHBIX U3MEPEHHA INTYOHH BOJBI

B ruzppomerpun noxBoaHbi# penbed usobpaxaiorT (KaK ¥ B Teo-
llesun) npu nomomu ropusoxtanefl. CocTaBieHHble IIaHB IHPOKO
HCMOJIB3YIOTCA [JI1 NMPOEKTHPOBAHUS U CTPOHTEJLCTBA THAPOTEXHH-
YECKHX COOPYIKEHHH W MOCTOB.

IIpocTpancTBenHOe pacnpefiesieHHe TJIYOGUH — XapaKTepuayercs
JHHUAMH DaBHBIX TJyOuH, Ha3bBaeMbIX uzobaramu. I1aaHbBl pek B
u300aTax HCHOJAb3YIOT B TPAHCHOPTHHIX IEJSIX — /IS COCTaBJIEHUS
CyNOXOAHHIX KapT, IPH 3eMJedepnare’bHbX paborax ¥ ap. Ypo-
BeHb BOJb! /1 BO BpeMs H3MepeHHUs TJIyGHH W JpyTHe XapaKTepHUCTH=
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KH I0TOKAa M3MEHSIOTCS, MOITOMY, 4TOGHl COMOCTAaBUTh TMyGHHBL A,
H3MepeHHble B pasHOe BpeMs, HeOGXOAUMO NPeIBAPUTENbHO NpUBE-
CTH HX K OJHOMY MOMEHTY BpeMeHH.

MTrHOBEHHBIH yPOBellL BOAL MOXKET GHTL YCTAaHOBJIEH HHUBEJHPO-
BaHHEM YPe3HBIX KOJIbeB, 320UTHIX BPOBEHL C NMOBEPXHOCTHIO BOXHL
B OJWH MOMEHT BpPEMEHH, HJAH N0 HaOJI0JCHHAM HaA BOJOMEPHBIX
oCTax.

YcnOBIBI MTHOBEHHBIH YpPOBEHb, OOBIUHO OJM3KHH K HHU3IIEMY,
K KOTOPOMY TPHBOJSITCH H3MepeHHBle Ha yuacTKe BOJOTOKAa TayOu-
HEl, HA3BbIBAIOT CPE3OUNLIM YpPOBHEM 800bl. YPOBEHb BOJHE BO BPEMS
U3MepeHust TayOuH K JpPYruXx XapaKTEpPHCTHK MOTOKA Ha3hIBaeTCH
pabouum yposHem. PasHocTh Mexay paGouuM H MTHOBEHHEIM (cpe-
30YHBIM) YPOBHSIMH BOJK Ha3bIBAIOT cpeakotl yposHel.

Ilo raybuHaMm wju OTMETKAM J[HA CTPOSAT INONepeuHble Nnpoduian
BOJAOTOKA H ONpeResfloT HX MopdoMeTpUUeCKHe XapaKTEePHUCTHKH:
mJIoliaab BOAHOTO CeyeHUA ® (C NOMOUIBIO IJIaHUMETPa WU NyTeM
pasjesieHusl BOJIHOTO ceyeHHsl Ha IpocTedine (HUryphl — Tpaneuun
U TPEeYTOJNbHHKH), CPEAHIO TIYOHHY ficp, AJHHY CMOUEHHOro (moj-
BOJHOTO) NepHUMeTpa ¥, THApaBInuecKuil paguyc R.

Jns mnpokux BOZOTOKOB (OGBIYHO PEK) R==fcp.

PasHocTh MeXJAy OTMETKOH MOBEPXHOCTH BOJLl U TAYOHHOH A
JlaeT OTMETKY AHa BoAOTokKa (BomoeMa). Ilo oTMeTkaM JHa COCTaB-
JSIIOT IUIaH B TOPHU30HTAJNAX, Ha KOTOPbIH HAHOCAT ype3bl BOABI (JH-
HUH NlepeceueHHs TMOBEPXHOCTH 3eMJIH W BOJAH) MpPH CPE30UHOM
YpOBHe. ¥Ype3bl BOAH peK U KaHaJOB MOTYT IepeceKkarbcs C TOpH-
30HTAJAMH.

Jnst cocraBnenus miaHa BoJoTOKa B H306arax o6o3HayaloT Ha
nJiaHe ToyOGUHHbBlEe BEPTHKAJH M BBIIHCHIBAIOT TJyOHHB, NPHBEIEH-
HHe K MCHOBEHHOMY YPOBHIO BOABL

Ceuenne uz06at hy; 6epyT B 3aBHCUMOCTH OT CJOXKHOCTH IOA-
BOJHOrO peJsbeda, aMIMIUTYAbl TJAy6MH M Macmtaba nnaHa ot 0,2
Jo 2,0 M. Jluuuu ypesa BOAH — H300aTHl C HYJEBHIMH TAYOHHAMH.

Touku Ha miaHe, COOTBETCTBYIOULNE HaAMOGOJbIINM TIyOHHAM Ha
npoduaax (raJjcax), coeJuHeHHBE IJIaBHOH KPHBOH, 06pasyioT Au-
Huto Haubosbuiux 2ayOuH.

Ilo nuuuu HanGospmnX TAYOHH COCTABJAIOT NPOJOJBHBINA NpoO-
buab pexn, Ha KOTOpoM H3o0paxkawoT peabed aHA U GopMmy cBOGOA-
HOH MOBEPXHOCTH NOTOKA NPH Pa3JHYHBIX YPOBHAX BOJBL

ITo HaHeceHHOH Ha NPOGHIb PACUETHOH KPHBOH MOAIOpA CYASAT
0 MEPONPUATHAX N0 NOATMOTOBKE YallH BOJAOXPAaHUJIHLIA K 3aTOIJje-
HHIO U TIp.

2.3. CKOPOCTH TEYEHNA BObI

2.3.1. Pacnpepenenne ckopocreii B moToKe

I/ISMGPGHHG CKOpOCTeﬁ T€YeHHs 4yalje CBA3AHO C OIpeaeJeHHEM
pacxoaoB BOALL, HO HMEET H 60JbII0e CaMOCTOSTENbHOE 3HaueHHe
IpH BO3BECAEHHH U PACKPBITHH IlI€pEeMBIUEK, NMEPEKPBITHH PYCJI peK,
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Puc. 2.7. Pacnpenenenne cKopocTell B KHBOM CeYeHHH Ge3HANOPHOTO IOTOKA.

CTPOUTEJBCTBE COOPYIKEHHH Ha pekax, obecneueHnH 0e30nmacHOro
NJaBaHusA CYAOB H IP.

CKOpOCTb #; B JaHHOH TOUKE IIOTOKA B JAHHHEII MOMEHT BpeMe-
HHY HaashlBaeTcst MECTHOH MTHOBEHHOH ckopocThio. Kome6aunus mecT-
HOM CKOPOCTH BO BPEMEHH IO BeJIHYHMHE H HalpaB/IeHHIO Ha3HIBAIOT
nmyJabcanueil CKOPOCTH.

AMniuTtyna nyJabcauHH CKODOCTH XapaKTepHuayeTcs CpejHe-
KBaJlpaTHYECKHM OTKJOHEHHEM Oy MECTHHX MTHOBEHHEIX CKOPOCTEH
U+ OT OCpeJHEHHO! BO BPEMEHH MECTHOH cKopoctH u. PasHocTs
U—u HA3BIBAETCS NMYJAbCALMOHHON cKopocThio. CpemHss uacroTa
nyJabcauuu o;=~N/t;, rae N — NOJOBHHA YHCJIa JKCTPEMYMOB Ha
KPHBOH MECTHBIX MTHOBEHHBIX CKOpOCTEH, TO €CTh UHCAO MUHHMYMOB
UM MaKCUMYMOB Ha KpHBOH ui=u:(!) 3a nepmoJ ocpegHeHHS fq.

Benuunna, o6patHas yacrore, T0 eCTh fo/N=1/w;, npeacTaBaser
nepuod nysvcayuu., OTHOIIEHHE O,/ HA3LIBAGTCS UHTEHCUBHOCTHIO
TYpOYAEHTHOCTU.

CxopocTs u B jajbHelimem OyJneM Ha3blBaTh MECTHOH CKO-
POCTBIO B TOUKE IIOTOKA.

IIpopuan cxopocreir. Pacnpenenenne MeCTHHX cKOpocTell u B
BEPTHKAJbHOH IJIOCKOCTH, NMEPINEHAUKYJASIPHOX K IKUBOMY CEUECHHIO
NOTOKa, Ha3kBaeTcss npofurem cxkopocrel — u=u(y) UIH IN0OPOL
CKopocTeil Ha BepTHKaaH, TJAe y— pacCTosHHe OT JAHA TNOTOKa
(puc. 2.7). HauboJee cymiecTBeHHBle pasJjuunsi B dopMe nmpodumei
CKopocTelt HaG0Aa0TCs B OTKPHITOM IOTOKE H B IIOTOKE TOZA JeAs-
HEIM NOKPOBOM. BuinsiHHe HUKHEH TOBEPXHOCTH JbAa Ha CKOPO-
CTH u aHaJIOTHYHO BAHAHHIO AHA. Ilojo:keHHe MakKCHUMaJbHOH CKO-
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POCTH Umax 3aBHCHT OT COOTHOLIEHHS IIEPOXOBATOCTH AHA H HHIKHER
nosepxHoctd Jbna. Ha pucynke 2.7 moxasaH npodunb ckopocTei
7 OTKPBITOIO IIOTOKA, T'IE Umax PACIOJOKEHO Ha cBOGOAHOH IIO-
BEPXHOCTH BOJBI, TO €CTb NpH y=~h. OgHaKo H B 3TOM cjyuae CKO-
POCTh Umax MOXKET HabJMI0aThbcA HECKOJbKO HHIKE cBOGOAHOH IO-
BEPXHOCTH H3-332 BJHSIHHS BCTPEUHOrO BETPA, NONEPEYHOH LHPKY-
JALHH TOTOKAa (ecaH BePTHKAJb PacloJOXKeHa Ha H3JAyuuHe DeKH)
u jap. [Ipu paBHOMepHOM uiH GJH3KOM K HEMY JBHXKEHHH AJS pe-
UIeHIS PA3JIMUHBIX 3a4ay THADPOJIOTHH H THAPOMETPHH IIPHMEHSIOT
(bopMyaH:

U=, U, Inn/k; (2.7)
Ul =M™, (2.8)
TAe U, =V§ﬁ — IHnHaMHu4eckaa CKOPOCTb HaA BEPTHKAJIH, I — VKJOH NOBEPXHOCTH

‘BOAH; M=y/h~— OTHOCUTeJbHas (Oe3pa3MepHasi) riayGHHA, OTCYHTHIBAEMAas OT
ZiHa MOTOKA; & M M — NnepeMeHHLle HapaMeTphl.

CpenHsisi CKOPOCTb Ha BePTUKAJNU paBHaA:
h 1

1
= = 5 udy=Sudn, (2.9)
0

0

TAe ¢ — pacxof, BOAW Ha BepTHKAJH, paBHHH IJomlanH mnpoduas ckopocrefi
(puc. 2.7).

Ilocne unTerpupoBanust Gopmyasl (2.9) ¢ yueroM BHpaxeHHH
(2.7) u (2.8) momyuum

Uy = U — Uy /R; (2.10)
Uy, =mug, /(1-4+m), (2.11)

OTKYZa
Um=u,, Ju,—1. (2.12)

Hs dopmyan (2.10) Bupno, uto 1/k npencrasisier peQHIHT
CKOPOCTH Umax—Us, HODMHDOBAHHHIH 10 JHHAMHYECKOH CKOpO-
CTH Us.

3anumem GopMyJay Ijsi cpeiHeil CKOPOCTH Ha BepTHKAJH Up B
BHIE

u,=Cy*V ghl =C,*u,, (2.13)

rie C:*=Cs/Vg — Gespasmepuniii kosdduunent Ilesn Ha BepTHKamu; C,— pas-
MepHBIE K03(dunuent Illesn Ha BepTHKANIH; g — YCKOpEHHe CBOOOLHOIO IalEHHA.

C yuerom dopmyant (2.13) Bepaxkenune (2.12) sanumem
1/m= (tpn.x— un)/ca*u*’

OTKyAa caenyer, uTo
m=kC,*. (2.14)
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[o omuITHEIM JaHHHM mapamerp & y6uBaer ot 1,2 mo 0,2 ¢ Bo3-
pacraunneM koapduunenra lesn. I'. B. JKenesHsiKOBEIM Npeanoxe-
Ha gopmynaa B oblieM BHIE:

k= (kmax—kmln)/(l +CB*)+kmin' (2 1 5)

IT0 ONBITHHIM AAHHHM Emax=2,3; kmin=0,3. [logcrasuB atu 3ua-
yeHHS B GOpPMYay, NOJYUHM

k=2/(1--C,*)+0,3. (2.16)

[Mpu ucnomwsoBanun Gopmyas (2.16) nas Bcero moToka BMECTO
Cs* Hajzo nojcTaBuThL 6e3pasmepHulil. kKoapduunent Ilesn C*=
=C/Yeg.

@opmyna nJas LOHHOH CKODOCTH Uy MMEET TaKylo XKe CTPYKTYpY,
uyto u ¢opmynaa (2.10), Ho ¢ gpyruM KoahPuIHEHTOM Nepen AHHA-
MHYECKOH CKOPOCTBIO:

Up == U, — 411, /R (2.17)

OueBHIHO, YTO Uy<<Up<Umax.
[IpeAnon0KuM, 4TO MOCTPOEHB! SMIOPH Up, Umax (NTAHOBEHE MPO-
bunn cKkopoctet), g=uxgh, gp==umaxh; TOra MOXKHO HANHCATb

TA€ Unos -—— CPEAHAS NOBEPXHOCTHAS CKOPOCTb IIOTOKA.

AnajiornuHo nosnyuuMm oGluee BHIpaxkeHHe LJs CpefHeld DOHHOHK
CKOPOCTH HOTOKA:

B B
Up= = j guib= f uzhdb.
0 0

OueBHIHO, UTO V<V <Unos< Vmax. JTO HaHOOJEE XapaKTEpHHE
CKODOCTH B KHBOM CEYEHHH PEUHOro NMOTOKa.

Hsotaxn n taxurpaduueckas Kpusas. Harasanoe mnpencrabie-
HHe O paclpeiejJeHHH CKOPOCTeH B IOTOKE JaioT JHHUH paBHBIX
MECTHHBIX CKopocTe# — ugoraxu (puc. 2.7). Ouepranue H30Tax Tec-
HO cBs3aHO C (opMoll pyclla W H3MEHEHHEM ero INepPOXOBATOCTH.
ITo mMepe npubJaHKEHHSI KO AHY PaCCTOSIHHE MEXKAY CMEXKHBLIMH H30-
TaxaMH yMeHblIaeTcsl, TaK KaK TPaJHEHTHl MECTHBIX CKOPOCTeH
duldy BospacraloT 1o mepe npHOJMKEHHS KO AHY. EcaH noHHas
ckopocTs Uz=0 (y=0), TO CMOUEHHHII NEPUMETP MOIKHO paccMmar-
puBaTh KakK HyJeByl0 H30Taxy. OueBHAHO, UYTO BHINOJHSETCS cJe-
Lyouee HepaBeHCTBO: Umax >Ui1>>Us™>U3z U T. [., TAE€ Umax — HaH-
GosbIuasl CKOPOCTh B JKHBOM CEUEHHH IIOTOKA.
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Puc. 2.8. Taxurpabdnyeckue pasmepHas (a) H TpaHchopMHpoBaHHAs Ge3pas-
MepHasi (6) KpuBhIe,

[Tose cxopocreit B NolepeyHOM CeYEHHH B LEJIOM XapaKTepH3y-
eTcs Taxuepapuueckoil kpusol u=u(w.), Tie w,— NJ0aab, Orpa-
HHYEHHAsl H30TaXOH C COOTBETCTBYIOIEH el ckopocrthio. Ha pucyn-
Ke 2.8 msobpaxena raxurpaduueckas kpusas npu uy=0. [lpu u=
=Umax IIOIWANb @,=0. IIpu ¢=uy; naomany o,=w, rie o -— InJao-
majinp XKUBOro ceyenus. Ilnomans, orpanuueHsas Taxurpaduyeckoi
KPHBOH M OCAAMH KOOPJAHHAT, UYHMCICHHO paBHA pAacXOAy BOJIH
(dQ=ud(l)u).

W3 ruapaBiuK# H3BECTHO NOHATHE <«OTHOCHTENBHHIA HedHIHT
cpefiHel CKOPOCTH NMOTOKa»:

D= (Umax— U)/U*,

rae v.= VgRI~Vghcypl — AHHAMHYeCKAS CKOPOCTb MOTOKA,
YMHOXKHUM 06e YaCTH BEIDAXKEHHS HAa ® U MNepenuieM €ro
B BHJE:
Uy ® — V0 =Dv,®

Unax®@— Q= DQ*’
rae Q.=v.0 — IUHAMHYECKHH PACXOX,

3amTpuxoBaHHas IJIOWAAb Ha PHCYHKe 2.8 mpencraB/ser mpo-
H3BeJleHHe OTHOCHTEJbHOro JedHuHTa CPeJHEH CKOpPOCTH IIOTOKA Ha
AMHAMHYeCKHil pacxol. Taxurpaduueckne KpuBele [IJsi aHaJgH3a
TO0JIsL CKOPOCTEH PEeYHOro NOTOKa BrepBhie GbiH BBeAeHH B. I [nym-
koBbiM. IlpuBesem Taxurpaduueckyio KpHUBYIO K 6e3pasMepHOMY
BHIY, OTJIOXKHB II0 TOPH3OHTANBHOR OCH ®4/®, a N0 BEPTHKAALHON —
(u/v)® (puc. 2.8). Tlnomans, orpannyeHHas 3Tol KPHBOK H OCSMH
KOOP/AHHAT, UMCJeHHO paBHa Koaddunuenty Kopuomuca:

1 H ; 3 d

—— \8do — | (£ Ou

a=— judmu—f(v) 5
) ]

HJIH
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droT cnocob onpeneaenus a ABAsgeTcs HanbGonee TouHHM. O606-
mas AaHHble 0 Ko3(duuuenTax o AJA peK H xaHajaos, I'. B. Ke-
JIE3HAIKOB NPEAJTOXKHI popMyay:

TN 2
a=140,88 (o,34+ - :0‘/3’ {/FIET/T ) , 2.18)

rae Fr=v%/ghcp — uncio ®pyna.

W3 ¢opmyanr (2.18) caenyer, uTo OQHHAKOBHIE 3HAYEHHA @ MO-
ryT GHITH TONLKO [JIsI JAHHAMHUECKH IIOJOGHBIX IMOTOKOB, TO €CTh
npu paBeHcTBe yuces Ppyzra u ykaonoB /. JIjst peuHHIX NMOTOKOB &
npocruraer 1,5 u Goabiue, B cpenHem paBHa 1,25,

2.3.2. YipuGops! nus musmMepenns cropocrei
TEYEHUs BOJIBI

OcHoBHEIMH TpHOOpaMu AJs H3MEpPeHHs CKopocTeli TeueHHs
BOJAH B pPeKax M KaHaJax, TO €CTb B HaTYPHHIX YCJAOBHSX, fABJSIOTCS
THAPOMETPHYECKHE MNOMJIaBKH H THAPOMETPHUECKHE BEepTYIUKH, B Ja-
6OpaTOpPHHEIX YCJIOBHSX — F'HADOMETPHYECKHE MHKDPOBEPTYIUKH, THAI-
pomeTpHuecKHe TPyOKH, TEDMOTHADOMETPHI, Ja3epH H Ip.

FuppoMerpuueckue nomaaBKH. B 3aBHCHMOCTH OT H3MepsieMOlt
CKOpPOCTH (MeCTHOH u, cpeiHefl O BePTHKAJNH Uz WJIH IO BCEMY
JKHBOMY CEUEHUIO U) THAPOMETPHUECKHE MNOIJIABKH NOJPa3JesioT
Ha ToueuHvie U UHTe2payuoHHbte. ToueyHBIMH MOIVIAaBKaMH H3Meps-
IOT CKOPOCTh U € OCpeIHEHHeM 0 AJHHE TPAEKTODHH ABHXKEHHS IO-
NJ1aBKa, BTOPBIMH — CKODOCThb Uy C OCPeZHEHHeM Ilo raybuHe Ha
BEPTHKAJH H IO AJIHHE H U C OCPeAHEeHHeM IO BCEMY CEUeHHIG
H [0 AJHHE NOTOKA. ToueuHnle IIo-
NJ1aBKH NOAPA3JEAAIOT Ha NOBEPXHO-
cTHble W 2nybUHHbLE.

B kauecTBe IOBEPXHOCTHBIX IIO-
[J1aBKOB MOKHO MHCIIOJb30BaTh Opyc-
KH JepeBa, OTNHJEHHHBE OT OpeBHa
UUJIHHADUYECKHE KPYXKKH  BBICOTOH
3..7 cM, coelUHEHHHIe KpPECTOM [Be
IOCKH u JAp. Has ayumed BHAHMOCTH
¢ Oepera NONJAaBKH CHA6kalOT SPKH-
mu daaxkamua. CKOpOCTb [ABHKEHHUS
nonJ/aBKa ONpeRessoT Mo AJHHe Tpa-
€KTOPHH €ro JBHXKEHHS 3a COOTBETCT-
BYIOUIHA NPOMEXKYTOK BpeMeHH. Bo
BpeMs JIeI0X0a Ha pekax B KaueCcTBe
TONJIABKA MOMKHO HCHOMB3OBATL MBI pu 09 Cyeva msMepeHHs cko-
ByllHe JbJAKHHHL poCTell TeueHHS BOABl MOBEpX-

Urobr H3MEPUTh CEOPOCTb TE€YE-  HOCTHBIMH NONJaBKaMII:

HHA BOJBI, HA yuacCTKe BOJOTOKAa CHa- [ —myckoBolt  cTBOP; 2 — BepXHui

;s 83— i crBOD; 4 — HHXK-
yaja pasGUBAIOT CTBOPH NEDPNEHMAH- s crsop; 5 oo MarHCrpanh.

O o O ]
[ SUUURUNIVCUNSVNIE SRR
' T
oy
—
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KyJsipHO K HaIpPaBJEHHIO TedeHHs
BOJBl M 32KPEIISIIOT HX BeXaMH

S — (puc. 2.9). CrBopul 2, 3 u 4 HOMXK-
43 - Hbl OBIThb NPHUBSA3aHBl K Marucrpa-
RE Rt au 5. Paccrosnme L mexny CTBO-
T = pamu 2 ¥ 4 NIPUHUMAIOT 32 JJHHY
I+ -7 TPAeKTOPHH [BHKEHHS TONJIaBKa.
7 ] T1poaonKuTebHOCTh X072 MNOMNJaB-
T 7  KOB fp Mexnay crBopamu 2 u 4 npu

H3MepeHHH HauboJbiie#l CKOPOCTH
Puc. 2.10. Benabipaiomuit non1asok-  Umax AOJKHA OBITH He MeHbiue 20 C.
HHTETPaTop. B MOMEHT mpOXOxAeHHS TI0-

IJIaBKa uYepe3 CTBOD & OlpelensiioT
paccrosinne b. Ipu B<100 M b OTCUHTHIBAIOT 10 HATSIHYTOMY de-
pes BOJOTOK pa3MeyeHHOMY TPocCy, HyJieBoe Je/leHHe ero COBMewaioT
¢ Marucrpasbio. Ha mHpoKuX pekax, rie IPHMEHATb TPOC TPYAHO,
KOOPJMHATH IepeceueHHs] TPAGKTOPHE NMONJAABKOB € I'JIABHBIM CTBO-
poOM oOmpeessioT crnocofaMu reomesnyecKHx 3aceuek, OGBUHO IIO
ILINpHHE PEeKH PaBHOMEpHO pacmpenensiorT oT 15 po 25 nomjaaBxos,
nyckas HX moouepeiHo. I10 Umax=L/ts 1 b cTposit mOpy pacmpe-
JeJieHHsI TIOBEPXHOCTHBIX CKOPOCTEll IO WIMpHHE MOTOKa (pHC. 2.9).
OmnpenenuB b B HECKOJBKHX CTBOPAX, JETKO HAXONAT U TPAeKTOPHH
JIBHXKEHHS] NOILTaBKOB,

IIpn noMomy ray6GHHHBEIX NMOIJIaBKOB MOXKHO H3MEPHTb MECTHBHIE
CKOPOCTH u Ha Jio60# raybune., K riyOHHHEM MONJaBKaM OTHOCST-
¢ THAPOKHHEMAaTHYeCKHe HHAMKATOPH (:KHAKHE TeJa MaJibix pas-
MepOB C TOi ke IVIOTHOCThIO, 4TO M BOAa). X mpumensiior B jaa6o-
PaTOPHBIX YCJHOBHSIX AJS BH3YaJH3alUH IOTOKA NMPH H3YUEHHH €ro
KHHEMAaTHKH C IOMOLIbI0 BHICOKOUACTOTHONH KHHOCHEMKH.

FyyOuHHBIE NONJNABOK COCTOHT H3 COEAMHEHHBIX TOHKOf HHTBIO
BEPXHEro IomJaBKa (MOBEPXHOCTHOrO) W HHUIKHEro, COGCTBEHHO Tay-
OHMHHOrO, NMOTPY:KEHHOro Ha ray6uHy h. BepxHuit nomiaBox Cay:KHT
ykasateaeM. OH IOJKEH HMeTh HEOOXONUMYIO IJaBYYecTh AJS
nojfjepxkaHusl HUKHETO NOMNJaBKa Ha 3aJaHHOU rayoune. Huxuui
NOMNJ2BOK ZOJIKEH GBITh HEMHOTO Tsi2KeJsee BOJHL.

C nowmoIbio monJaBKa-HHTErpaTopa U3MEPSIOT CPEeNHIOD CKO-
POCTL Ha BePTHKANH up. ECAH Ha [HO INOTOKAa TOMECTHTh TEJIO
(puc. 2.10) MJOTHOCTHIO MeEHbIIEe TJIOTHOCTH BOJBI, TO €ro CHOC B
HaNpaBJEHHH IIOTOKa B IIpOlecce BCIIBIBAHHSA OyAeT MpPONOPIHO-
HaJeH CKOPOCTH TEYEHHs BOAHL. 3a BpeMs df NMOMJIABOK-HHTETPATOP
nepeMecTHTCS B BepTHKaJbHOM HamnpaBjaeHHH Ha dh=wd{, a B ro-
pH3OHTANbHOM — Ha dl=udf, rie w — CKOpPOCTb BCIJILIBAHHS TeJa,
U — MeCTHAasl CKOPOCTh MoTOKa. I1o JOCTHIKEHHH TOBEPXHOCTH BOABI
NONJaBOK-HHTEIPATOP OKaxKeTcsl OT HauaJbHOM BEpPTHKAJIH Ha pace
CTOSIHHHU [, paBHOM:

¢ h

l=judt=5—z—dh.

0 0
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Puc. 2.11. Cxema pmBofimofi murerpaunn Puc. 2.12. Cxema PasHOCTHON HHTerpa-~
CKOpOCTefl TeYeHHS BOJHL. [[HH ~CKOPOCTeH TeueHHs! BOJHI.
Cunrasi CKOPOCTb W NOCTOSHHOI, TIOydaeM
1 4 hu
B
= =t
0
OTKy[Za :
U, =lwlh. (2.19y

CiepoBaTenbHo, ONpefeNeHHEe CKOPOCTH iy NPH H3BECTHOM W
CBOAUTCA K H3MepeHHIO [ u h. CKOPOCTb W ONpeNessioT rpafyHpo-
BAHHEM NOTJIABKOB-HHTErPAaTOPOB B CTOSYell BOAE, XOTSA CKOPOCTH
B CTOSIY€H BOJAE M B NOTOKE HECKOJLKO OTJIHUYAOTCH. Tak Kaxk =
=h/t, Belpaxkenue (2.19) npunuMaer BHL:

u, =1, (2.20)

Orciona sICHO, YTO CKOPOCTb U MOXKHO ONDENEJHTh H APYIHM
IyTeM — H3MepHuB [ u f.

Cpenniol CKOPOCTb Ha BEPTHKAH Up MOXKHO H3MEDHTBH IyTeM
ABOHHOrO HHTETPHPOBaHHs JOKaJbHHX CKopocTedt u  (puc. 2.11).
Ha neprom 3rtaie uHTerpupyollee yCTpoiCTBO OMYCKAETCH CO CKO-
POCTBIO w; OT IOBEPXHOCTH BOJAHI JO [Ha 3a Bpems fy. [locie no-
CTHXKEHHS] YCTPOKCTBOM JHA HHTETPATOPOM CJIYKHT KHAKOE MacJo,
BBIXOZsIlllee U3 YCTPOHCTBA CO CKOPOCThIO Wp. Kamiu Macaa mpoii-
AYT TIO CBOHM TPAGKTOPHUSIM OT AHA 1O MOBEPXHOCTH BOJM! 33 BpeMs
t2. B coorBercTuH ¢ dopmynoii (2.20) u pucynxom 2.11 umeem mnpu
ABOHHOM MHTErPHPOBAHHH CKOPOCTENt:

i _ __ ugh ugh ( 1 1
I=btb=wbliut =35 -5t =g (- +o),

OTKyZa
q=lw,w,/(w, w,), (2.21)

e g — pacxox BOAH Ha BEPTHKAJH.
Ecan uuTerpupyiomee ycTpoicTtBO CHaGAHTb ABYMS THOIAMH
BCIJIBIBAIOIIMX MOMIABKOB, HMEIOUIHX DasHYl0 Maccy, HampHMep
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MacJjo H ras, TO W3 onHON Tourm aHa (puc. 2.12) unrerpartops 6y-
AyT TOAHMMATbCS CO CKOPOCTSMH Wi H W, W BHIAAYT Ha MNOBEpPX-
{0CTh BOJAB COOTBETCTBEHHO 3a BpeMs fy U fp. Ha pucynke 2.12
BHJHO, UYTO

- . . __ush__u,;h_ 11
l=l—l=uyly— Uyl = , @, *‘q(wl @, )'

OTKYJa NIPH PAa3HOCTHOM HHTErPHPOBAHHH CKOPOCTEH
q=lwwy/(w, —w,). (2.22

JlocronHceTBo cnoco6a B TOM, 4To He Tpebyercsi usmepsats [y H
. JocTaTOYHO H3MEPUTh TOJKLKO /.

Onucannele crnoco6bl HATErpalHi CKOPOCTeii HAa BEPTHKAJIAX H3-
‘BECTHHl CpPaBHUTEJIbHO JAaBHO, HO COBCEM HENAaBHO OHH IepPexXHJH
BTOpOE DOXKJAEHHE B CBSI3H C LIMPOKHM HX HCIOJb30BaHHEM B a3po-
ruppomerpun. Ha pucynkax 2.10, 2.11, 2.12 nokasaHbl criaxeHHnle
TPAaeKTOPHU [BHIKEHUS IIONJNaBKOB-HHTErpaTopoB. PakTHYECKH IO-
Jyuaercs KpWBasg C OTKJIOHEHHSIMM OT IJIaBHOH TPaeKTOPHH TMOJ
BausinHeM TypOysnentHocTH. [lo QaHHBIM HaTYpHBIX HCCIELOBaHHH
otpena ruapomerpuu I'TH, orHocuTenbHOE cpelHEKBaipaTHYECKOE
OTKJIOHEHHE T'OPH3OHTAJBHOI'O CHOcA ! MOIJIaBKOB-WHHTErpaToOpPOB oy,
00yCJIOBJIEHHOE MyJbCallied CKOpoCTel, yGLIBaeT ¢ POCTOM W@/us.
Mpu w/us=1 0,1~ 10%, uT0 6JAH3KO K HHTEHCHBHOCTH TYPOYJEHT-
HOCTH B pekax. Ha CKOpOCTb w BJHSIOT IJIOTHOCTb, AHAMETpP H
HHEPIMOHHOCTh NOMJaBKa.

IIpx oHOBpPEMEHHOM BHINYCKE MOMJABKOB-HHTErpaToOpoOB IO BCe-
MYy JKHBOMY CEUYCHHIO MOXKHO ONPENENHTh CPENHIOI CKOPOCTh NOTO-
Ka v. Tak Kak ugh=¢ (pacxomly Ha BepTHKAaJH), BHIPaXKeHHE
(2.19) mMoxKHO HanucaTh B BHIE:

g=uwl.

[Tepexonss oT pacxona Ha BepTHKaAH ¢ K pacxopy motoka Q,

110J1y4aeM
B B

Q=g qdb:wojzdb.

Murerpan mpaBo#i 4acTH 3TOr0 BHIPAXKEHHS IpeICTaBJsieT MJo-
iansr F, orpaHuueHHYI0 MHPHHOH BOZOTOKAa B W KpuBOH#, npose-
JIEHHOK uepe3 TOUKH BHIXOJa IONJaBKOB-HHTErPATOPOB Ha IOBEpPX-
HocTb BOAH. IlosToMy ckopocTts v paBHa:

v=wF /o,
TAe @ ~— IVIOIAAb XKUBONO CeYEHHs1.

Ha ne6Gospmux pexax u Kauajax nmo npeanoxenuio B. D. Buxa
miomans F onpenensior pororpadupoBanueM ¢ Gepera BCIIBIBAKO-
IHX BO3JYIUHHX MNy3BIpbKOB. [lysnppku BrIXOasiT u3 nepdopupo-
BaHHOIO IIJIaHra, YKAaJbBaeMoro Ha JHO BOAOTOKA.

Tugpomerpuueckne Beprymku. OCHOBHBIE KOHCTPYKTHBHEIE 3JIe-
MEHTHl BepTylleK — pabouee KOJECO C OCbIO BpallleHHs, KOPIYC,
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CYETHO-KOHTAKTHHA MeXaHH3M M XBOCTOBOe omepehHne. JlaTunKoOM
CKOPOCTH THJIPOMETPHUYCCKHX BEDTYIUEK CJYXKHT pabouee KOJeco
(porop). Uem Goubllie CKOPOCTb TEUEHHS XKHIKOCTH U, TeM OHICTpee
oHO Bpamaercst. CiaenoBarensHo, n=n(u), rie n— 4UCI0 060POTOB
poTopa B eIHHHIY BpeMeHH. XOTs n sBJAseTcs QyHKUHeH u, CBA3b
MEXKJY 7 M U 3amuchBaioT B popme u=u(n). 310 yno6HO 10 NpaK-
THUYECKHM COOOpazKeHHSIM.

3Hast 3aBHCHMOCTb 7 OT # H OIpEJIeJHB IIPH IOMOIUH CUYETHO-
KOHTaKTHOT'O MeXaHH3Ma 4HcjIo 060poToB N 3a BpeMs f, MOXKHO Ile-
peiitu o1 n=N/t K cKopoCTH 4.

[To pacmoyio:KeHHI0 OCH POTOpa B NOTOKE Pa3/IHYalOT BEPTYLIKH
¢ ropu3oHTanbHON A H BepTHKaanHOH 5 (puc. 2.13) ocamu Bpaue-
Husl. POoTOp BepTYIIKH Ha TOPH30HTAJbHOM OCH — JIONACTHBLIH BHHT
¢ JByMs HJH OOJbLIMM YHCIOM JjonacTelf. ¥ BepTYLIKH Ha BepPTH-
KaJbHOH OCH POTOD HalIeYHOI'O WJIH HHOI'O THIA, COCTOSUIHHA H3 KO-
HUYECKHX HJH ChEepHUECKHX YalleK MJIH BEPTHKAJLHO pacloJoxkKeH-
HBIX JonacTelf. BeprukaabHas och BpallleHHs IPOEKTHPYeTCs B
touky C. Bpamienue yameyHoro poropa o6yC/JOBJIEHO Pa3jHUHEM B
CONPOTHBJIEHHH JBHIKEHHIO yamek / H 2 W COOTBETCTBEHHO 3 H 4.

Ilo crioco6y ycTaHOBKH BePTYIIKH [OJPAa3JensioT Ha MITAHTOBHE
(puc. 2.14, a, 6), TpocoBrie (pHC. 2.14, 8) W yHHBepCaJbHbIE, TO €CTh
IpUrojHele Aasl pabOTH M CO WITaHTH, W ¢ Tpoca. llranroswe Bep-
TYWKH NDUMEHSI0T Ha YNOPHOH M Ha NoABecHOH wmraHrax. Jas
YMeHbIIEHHSl yrJja cHoca TpoCa IOJA BEPTYLIKOH IIO/BEIIHBAIOT
rpy3 obrekaemoil ¢opmbl. OCh WITAHTOBHX BEPTYIIEK HOJKHA GHITE
HOpMaJbHas K IIONIEPEYHOMY CEUEHHI0 NOTOKAa. TPOCOBHIE BEPTYLIKH
C XBOCTOBBIM OIl€PEHHEM IIOJ BJAHSIHHEM TeuYeHHS YCTaHaBJHBAIOTCH
110 HANpPaBJECHHUIO CTPYH, II03TOMY, €CJIH CTPYSl OTKJIOHSIETCS OT HOp-
MaJi K IOIEepPeYHOMYy CEUEHHIO IIOTOKa, HeO6XOAMMO H3MepSATh Ha-
npaBJeHHe TEUeHHs.

B 3aBucuMOCTH OT CIIOCOOGHOCTH POTOpPA PErHCTPHPOBATH IPOEK-
UHI0 CKOPOCTH Ha HaNpaBJeHHe ee OCH BePTYWIKH NOApasJesioT Ha
KOMNOHEHTHblE | HEKOMNOHEHTHbLE.

Ha pucynke 2.15 npuBeJen uepTexk T'HAPOMETPHUYECKOH BEpTyLI-
xu ['P-21 H. E. )Kecrosckoro. B uuiaunapuueckoll noJocts Kopmy-
ca I pacmnoJsioxeHa XOLOBas 4acTh BEPTYIUKH, VKPENJEHHAsT CTOMOP-
HBIM BHHTOM, PacloJIOXKeHHBIM cGOKy Kopmyca. XojoBasi 4acTh CO-
CTOUT H3 OCH 2 C KOHTAKTHBIM MEXaHH3MOM, IBYX paAHajbHO-yHoOp-
HBIX LWIAPUKONOAUINIIHUKOB 3, BHYTpeHHE!N yIIOpHO# BTyaAKH 4, Ha-
PYXKHOH YIODPHOH BTYJKH &, OCEBOHl raflku 6, 3aKpensiomei moi-
HIMIHHK Ha OCH THJb3bl C YEPBAYHOH BTYJKOH 7, JIOMACTHOrO BHH-
Ta 8§ (Ne 1 nau Ne 2) wu 3axumuoit mydrs 9. KoHTakTHEIA Mexa-
HH3M COCTOHT U3 uepBsiuHOH mecrtepuu /0 ¢ 20 3yGuaMH, KOHTaKT-
Horo wtudra I/, KOHTAaKTHOH NPY:KUHE 12, KOHTAKTHOrO BHHTa 13
(I KpemjeHHss KOHTAKTHOH TPYXKHHBI) M TOKOIPOBOJSILErO
CTepxKHA 14, H30MPOBAHHOTO OT MACCH H COENHHSIONIEr0 KOHTAKT-
HY!0 NPYKHHY ¢ THe3foM mrencens I7.

XBocroBoe omepenue 18 xpenurca BuutoM 9. Iranrosas
BTYJIKa HMeeT (QHUrypHOe OTBepCTHe ¢ yKazaresneM 21 njs GUKCanUHU
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Puc. 2.13. CxeMa KOHCTPYKUMiI THAPO~
METPHUECKHX BepTyIUeK:

A u B — COOTBETCTBEHHO ¢ TOPH30HTaJbHOR
H BepPTHKAJbHOII OCAMH BpalleHHS.

N

"~/

Puc. 2.14. Cnoco6H yCTaHOBKH THAPOMETPHUECKHX BEPTYIIEK:
a —.Ha ynopHOH mTanre; 6 — Ha MOJABECHOIl IliTaHTe; 8 — Ha Tpoce.

Puc. 2.15. Tuapomerpuueckas seprymka H. E. JXKecrosckoro:

1 —xopuyc; 2 — 0Ch; 3 — MOAMHNHUKH; 4 — BHYTDEHHsIsI YNOpHas BTYJIKa; 5 — HapyxHag
ynopnas BTYJKa; 6 — oceBasi ralftka; 7 — uepBsiuHas BTYJKa; 8 — JIONAcTHHIE BUHT; 9 —
3axXUMHag MY®Ta; /0 — yepBsiuHas luecTepHs; /] — KOHTaKTHBIH wTHOT, 12 — KOHTaKTHas
npyKuHa; I3 — KOHTAKTHBIE BUHT; /4 — TOKONPOBOASIUIHA CTEDIKEHb; /5 — MaccoBas KJeM-
Ma; 16 — 1130 TMPOBaHHas KJjaeMMa; [7 — IITencejJbHOe THE3J0; 18 — XBOCTOBOe ONepeHHE;
19 — BHHT; 20 — 3aXXHMHble BHHTHI; 2/ ~~ YKaszaTeJb.




110JI0KEeHHs BEPTYLWIKH Ha wTaHre. Beprym-
xa, a Takke BepTJIOr (C mapHkaMy) 3a-
skumaorcs Buutamu 20. Beprymika cHao-
JKeHa JABYMsi JIOMACTHBIMH BHHTaMu C KpH-
BOJIMHEHHON 00pasymllell NOBEepXHOCTBIO.

HauanpHast ckopocth uo=0,04 Mm/c. Jlo-
nacTHeli BHHT Ne 1 nuamerpom 120 MM u
reoMeTpHUecKHM IaroM 215 MM NpHMEHS- Pyc. 216, 3aBHCHMOCTD
eTCsl B AMalla3oHe CKOPOCTEH TEUeHHS] OT MexIy 4YacroToil Bpalle-
0,1 1o 2 m/c, TouHOCTb H3MepeHui *29,. HHA pabouero koseca ruf-
IIpu u<0,1 M/c TOUHOCTb H3MepeHHH CHH- Eofl‘{’gggggggiefﬁ’ggﬁ
JKAeTCst U NPU u=2Uy MOXKET O0KasaTbCsl -
nopanka *=10%. JlomacTuelt BHHT No 2 7 _ Ges yuera conpornsaennis
muaMerpoM 120 MM M TeOMETpHUECKHMM 2~ ¢ yierom comporusienufl.
amarom 500 MM npHMeHseTcs IpPH CKOpO-
cTaX oT 2 f0 5 M/c, morpemHocTs u3mepenunst +2Y%.

Ilocse paGoThl BepTyIIKy HEOOXOZUMO MPOCYLIUTh, IPOMBITH Ke-
pocuHOM H 00TepeTb TPANKOH, cMoueHHOH B Macje. XOM0BYIO YacTh
BEePTYIUKH, COOPAHHYIO C JIONACTHHIM BHHTOM, XPaHAT 3aNOJHEHHOH
TpaHC(hOPMATOPHLIM MAacCJOM.

Jnst ycraHoBKY BepTyLIEK B 3aJaHHOH TOYKe NMOTOKa HeoGXOmH-
™Mbl BH3HD, TPOC, OHHAADPHBIA NOZBeC, rpys, BepTJIOr U Jaebelka;
JJIs PerHcTpPalyM yucja o60POTOB pOTOpa — CeKyHAoMep, GaTapes,
3J1eKTpuUYecKuil Kabeab, 3BOHOK HJIH 3JeKTPHUECKHH cueTunk 060po-
ToB. Peructpanuio uncaa o60pOTOB H CKOPOCTH MOXKHO TOJHOCTHIO
ABTOMATH3HPOBATh, HCHOJb3Ysl ocuUJIoOrpad.

Kaxnpas BepTymKka cHabGKeHa CBHAETEJLCTBOM O TapHPOBKeE.

Busup, cayxamuil a8 yCTaHOBKH TOPH30HTAJNBHOH OCH pabode-
ro KoJjeca BEPTYIUKH NEPIEHAHKYJ/ISAPHO K JHHHH CTBOpPA, IpelcTaB-
JIeT KOPOTKHH MeTaslJudecKHil cTep:keHb ¢ My(dToOii, mepeiBHrawo-
muicsa no wmraHre. Ero oce go/xHa OEITh NepNeHAUKYJIADHA K OCH
pabouero koJseca BeptTyiwikd. LrtaHry ycraHaBAMBAIOT N0 BH3UPY,
OPHEHTHPYSACh HA CTBOPHBEIE 3HAKH HJIM HATSAHYTHE 4Yepe3 peKy
Tpoc.

XapakTepHCTHKM THAPOMETPHUYECKMX BepTylleK. 3aBHCUMOCTb
u=u(n) 6e3 yyera CHJBl TPEHHS B MeXaHH3Me Npubopa W rujpas-
JHYEeCKHX CONPOTHBJIEHHH NpH OOGTEKAaHHH €ro NOTOKOM BhIpaKaer-
cs1 ypaBHeHHeM (puc. 2.16):

u==~kn, (2.23)
Tae kr — reOMETPHUECKHH LIAT JIONACTHONO BHHTA.

13 ypaBHenus (2.23) caenyet, 4To kr— 3TO y4acToK NYTH, NMpoO-
XOIMMBIH KHMAKOCTbIO 3a BpeMs omHoro o6opora poropa. MoxHo
HHaye NOSCHUTDL 3HaueHHe k. IlycTh B HENMOABHXHON KHIKOCTH Bep-
TylIKa I[epeMeliaercs PaBHOMEPHO H mpsaMmoJauHeliHo. Torza 2r.—
OTpe3oK NyTH, NpPOIIEHHHIH BepTYIUKOI 3a BpeMs OZHOTO 060pOTa
potopa. Eciin yuecTh BJIMSIHHE CONPOTHBJIEHHII BpallleHHIO POTOPA,
To rpaduk QyHKuuH u=u(n) Bepasurcs KpuBok 2 (puc. 2.16),
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HauGo/siee 3aMeTHO OTKJOHEHHe rpadura 2 or jAuHHH [, ABJISIO-
Hefcsl ero acHMOTOTOH, MpH MaJdablx ckopocTax u. Iloaysmunupuue-
ckoe ypaBHeHHe B (popme runepOoJbl:

=an-+V bn*Fc, (2.24)

BIIOJIHE YAOBJIETBOPHTEJbHO OTpa)KaeT 3Ty 3aBHCHMOCTb, Ile a, b,
¢ —napameTpH. Ilpn n=0 u=7yYc=uy, rae up— OTPE30K Ha OCH U,
ompefensiouil TOUKY, B KOTOpoil HaumHaerca kpusas 2. [lpm
6OJIbIINX 3HAYEHMSIX U, TO €CTh KOTJa Uy CYLIECTBEHHO MeHblle U,
dopmyay (2.24) MoxHO 3anucaTh B BHIE:

u=(a4Vb)n=kn. (2.25)

B ypaBuenun (2.25) smauenHe B yUMTHIBaeT HE TOJbLKO FeoMert-
puio paboyero KoJjeca, HO H COIPOTHBJIEHHsS ero aBmxkenuwo. Illar
poTopa, HaWJCHHBIK C YU€TOM COTIPOTHBJEHHII ero ABHXKXEHWIO, Ha-
3BIBAETCA 2UOPABAULECKUM LLACOM.

PaccmoTpum Xapaktephble CcKopocTH Ha rpaduke u=u(n)
(puc. 2.16).

Hauanrenaa cKOpocTs — 3TO HAaHMeEHbINAs CKOPOCTh Up Hale-
raollero Ha BePTYWIKY IIOTOKA, IPH KOTOPOH POTOp HayuHHaeT Bpa-
IaThCs (HepaBHOMEPHO). YCTaHOBJEHO, YTO MHHHMAaJNLHOMY 3Haue-
HHIO Ug COOTBETCTBYET ONTHMAJbHBIH OTHOCUTEAbHbLE Ouamerp Jio-
nactHoro BuHTa d/R, rie d — fuaMeTp poTopa.

Kpuruueckas ckopocTe — 3TO CKOPOCTb IBHMKEHHS IKHUIKOCTH Uy,
NPH KOTOPOH M BbILI€ KOTOPOH BJIMsHHE MeXaHHUECKHX COIPOTHBJE-
HUH Ha BpallieHue POTOpa CTAHOBUTCH CTAOHJLHBIM H He3HAYHMTEJb-
HBIM, TO €CThb NPH u>uydu/dn=const. CienoBaTenbHo, u/n paBHO
rujpaBanyeckomy wary poropa k. Ilpm u<Cuy orHowenue u/n—
nepeMeHHas BeJHUYHHA, KOTOPYIO MOXKHO DaccMaTpHBaTh Kak mepe-
MeHHBIH IruApaBJHyYecKull mar. B jpanpHefilleM TepMHH <«THJpaBJH-
yeckuil mar» OyzeM ynoTpe6/siTh IO OTHOLIEHHIO K Z=const (mpH
U>Ug), YIUTBIBAsA ero GJH3KOe YHCJIOBOE COBIIAJIEHHE C FreoMeTpuye-
CKHM IIAroM.

Touka ¢ KOOpAWHATAMHU Uy H Mz W THIHYHBIE 06JACTH KDPHBOMH
u=u(n) Jayulle BCETO BBIAB/ZIOTCS NPH IMOCTPOeHHH rpaduxka M=
=M (u), rie M=n/u— uncio o60pPOTOB pOTOpPa INPH EIAHHHUYHOM
qaune notoka (1 M), mpoxojsuiero uepes poTop.

I'padux dyHknuuM u=u(n) u BCe XapaKTePHCTHKH I'HAPOMETPH-
4eCKHX BEDPTYIIEK YCTaHABAHBAIOTCH B pEe3yJbTaTe MX TPaayHDPOBaA-
uusl.

I'mppomerpudeckue Tpy6ku. JleficTBUe THIPOMETPHYECKHX TPY-
00K OCHOBAHO Ha CBfI3W MEIKAY CKOPOCTBIO M [JaBJeHHEM MKHIKOCTH.
OnyeruM B HOTOK H3OTHYTYIO IOA INPSIMBIM YIJoM TpyOKy
(puc. 2.17, a) takam obpa3om, uTOOE OCh HM2KHEIO KOJieHa CCBIa-
fana c HalpaBJeHHeM MECTHOH CKOPOCTH #, a OTBepcTHe TPYOKH
OblIO HANMpaBJEHO NPOTHB TeueHMs XKUAKOCTH. [IpH ABHIKeHHH He-
BA3KOIl XHAKOCTH YPOBeHb B TpyOKe IOJ BJHSHHEM CKODOCTH HOJI-
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Prc. 2.17. IlpuHuuOHajbHbIE CXEMBl YCTPOfCTBA TIHAPOMETPHUECKHX TPYGOK:

a—T. Iluto; 6 —T. Nuto u T'. Japcu; e — A. U. JlocueBckoro; ! — AuHaMuyeckas Tpys-
Ka; 2— TpyOKa ANs OTCOCA BO3AYyXa; 3 — cTaTHyecKasi TPYOKa.

}KeH TMOJHATLCS Ha BEJMUYMHY, PABHYIO CKOPOCTHOH BHICOTE u4%/2g,
a IpY ABHXKEHHMH BA3KOH KHIKOCTH — Ha BEJHYHHY H.=u?/@p?m2g,
OTKYZa

u=eo,Vogh,, (2.26)
re @, — ONKTHEIH KO3 DHUHEHT, 6JH3KHA K eIHHHIE.

3Hasa hy, mo ypaBHeHHIO (2.26) HaXOZHUM CKOPOCTb U.

[Tpocreiimasn ruapomerpuueckas tpy6ka I'. [Tuto (puc. 2.17, a)
Heyno6Ha, TaK Kak OTCUeT A, IPUXOAUTCA JeNaTh B HEIOCPEACTBEH-
HOH Guamsoctd oT Boxbl. I'. JlapcH NpensioXNHUA COeNHHHTb B ORUH
npubop aBe Tpy6ku (puc. 2.17, 6): nuHamuueckyio (HamopHuyo) I u
cTaTuueckylo (mbesoMmerpuueckyio) 3. ITnockocTs HuKHero cpesa
craTHueckoll TpyOKH mapaJjiesnbHa HalpaBieHHIO CKOPOCTH u. Eciau
IIOHK3UTH JaBJjieHHe B obenx TpyGKax OTCOCOM BO3ayxa uepes TpyOl-
Ky 2, 062 ypOBHS — JHHAMHUECKHH M CTATHYECKHH — IOAHHMYTCH.
dTto yaobHO ANS HX OTCueTa. 3HAYEHHE fi, NIPH DTOM HE H3MECHKTCH.

JIMHaMUYeCKYI0 H CTaTHYECKyI0 TPYOKH NPHCOEIHHSIOT NPH IO-
MOUIH PE3UHOBBIX LITAHTOB (MJM HHAUe) K MAaHOMETDY, H3MepsIolle-
My h.. A. W. JlocHeBCKHE Npe/JIOKUJ TOJHOCTBIO 3aNOJHHUTH JKHJ-
KOCThIO [JUHAMHYECKYIO M cratudeckyio TtpyO6km (puc. 2.17, 8).
B Takom ciyuae CKODOCTHOH Hamop AeHCTBYeT Ha BCIO 3aKJIIOYEH-
Hyl0 B TpYOKe KHIKOCTb M NPHBOJUT ee B ABHXKEHHE CO CKOPO-
CThI0 @, 3aBucANiel oT ckopocTH . CjeroBaTeNbHO, H3MeEpSsA CKO-
POCTb @ Ha MEPHOM YyuacTKe AJIMHOM [/, MOXKHO ONpEAeTHTDb U.
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T. B. Onunapanse npeasoxul KOHCTPYKIHIO THIPOMETPHUECKOH
TpyOKH, B KOTOPOH PEruCTPHPYIOLIeH 4aCThIO SBJSETCH 3/1EKTPOHHO-
MexaHHuecKuil npeobpasoBaTedb.

JlazepHblii H3MePHUTENb CKOPOCTH JBHIKEHHS] MKHAKOCTH. IlpuH-
uun paGoThl Ja3epHLIX AOMJEPOBCKUX H3MepHTeJell CKOPOCTH ABH-
JKeHIs JKHAKOCTH TakoB. MoHOxpoMarnueckuil (KOrepeHTHHBI) Jy4
Jaszepa (ONTHUECKOrO KBaHTOBOIO IeHepaTopa), HMEIOIIMH OJHY
yacToTy KoJgebGaHuil (MaM OAHY AJHHY BOJIHB), HampabJjseTcs B
TOYKY NMOTOKA, CKOPOCTb KOTOPOTO HEOOXOAMMO M3MepHuTh. B moroke
MMEIOTCS eCTeCTBeHHBIe YaCTHUbl, a eCNH HX HeT, BBOAST HCKYCCT-
BEHHO (MeJIKHE YaCTHIbl MOJIHCTHPOJIA, CYCHeH3HI0 (TOpONaacra,
AJIOMUHHEBYIO MYyAPY H AP.), KOTOpble MOIYT pacCenBaTh Najxalo-
IIMH Ha HUX CBeTOBOH Jyd4. YacTHubl HacTOJBKO MaJbl, YTO MOXKHO
CUUTATH CKOPOCTh HX JABHIKEHHS PaBHOH CKOPOCTH ABHIKEHHS XKHJI-
KOCTH B TOYKe, B KOTOPOH Haxonutcs uwacTuila. Urobwl syu Jasepa
OT HHX OTpaxajcs, pasMep YacTHIl JAOJXKeH OHBThb OueHb MaJbIM,
nopsaka 10—% mMm. OTpaxeHHBII WM PacCesHHBIA UYaCTHILAMH JIyY
CBETa MOIajaeT B NPHEMHHUK CBETOBOIO CHTHA/A.

B 3ToM mpouecce MOXKHO BBIENIUTb ABa aTana, Ilepsmwii atam —
Jyd cBeTa OT Jiadepa IONajaerT Ha JABHMXKYIIYIOCHd BMECTe C KHUA-
KOCTBIO YacTuly. B fZaHHOM Ciyuae yacTuia siBAseTCH IPHEMHHKOM
KoseGaHul, U 4715 Hee Nafalomuil Jyd Jaszepa HMeeT JOMNJIePOBCKUH
C/IBHT';

— >
[ =—uly/h, (2.27)
—_
rue h—llJIHHa BOJIHBI JIaSepHOl'_(i Jiyda B KHJIKOCTH; U -— BEKTOD CKODOCTH JIBH-

JKEeHHs] YaCTHUBl B JKHIKOCTH; lop — €IUHHUHBLIH BEKTOp B HANPABJEHHH IIPIMOIO
JIa3€pHOTO Jyya.

Ot aBuxyuleficd 4yacTHUH Jydy Jasepa (yxKe HMEIOIMH CIOBHT
uactoT ['z) oTpaxKaercs M NOMajzaerT Ha HENOJABHMKHBI NPHEMHHK
CBETOBOro curtajna. Taxum o0pas3oM, ABHXKYINAsCs YacTHila sIBJdA-
ercsl Kak Obl «pHeMHHKOM-peTpaHciasTopoM». [Ipu atoM mpoucxo-
JHT AONOJIHUTENbHBIH CABHUT YAaCTOT:

” ——
[ =u A, (2.28)
rxe ls— eIuHHYHBIA BEKTOp B HANpPaBJEHHH PacCesHHOTO (OTpPaxKeHHOro) Mayya.

CiefoBaTepHO, NPHEMHHK CBETOBOI'O CHTHA/Ja BOCIPHMET OT-
paxeHHBIH Jy4 C JOMJIEPOBCKHM CABHIOM [y, PaBHHIM CyMMe CABH-
roB ['; u 1/, TO ecTh

fa= T =0 (— L)/ (2.29)

Ha pucynke 2.18 mpeicraBieHa ogHa H3 cXeM (MeToJ OTMOPHOrO
Jyda) J1a3epHOro AOMJIEPOBCKOrO H3MEpPHTeNas CKOPOCTH JABHKEHHS
XKHAKOCTH. MoHOXpOMaTHUeCKHH Jyu, usjyuaeMblil JasepoMm I, mo-
nafaeT B AeJUTeNbHYIO NpPH3MYy 2, rie OH pa3jBauBaerTcs Ha JBa
napaanedbrbx ayda 4 u 5. [lonas Ha auH3Y 6, Ayun GOKycHpPYIOTCH

66



| _
! / T g 9 1
T—dal /(Y

7 3 U b 7

Puc. 2.18. CxeMa Nna3epHOro JAOMNJIEPOBCKOTO H3MEPHTENH CKOPOCTH  JBIIKEHHA
KUIKOCTH:

1 — nasep; 2 — JdeJHTeNbHast NpH3Ma; 3 — HeHTpaabHBIH QHALTP; 4 U 8 — ONOpHBIE JAYUH; § —
paGounui ny4; 6 — nun3a; 7 —.JIOTOK (BHI CBepxy); 9 — auadparmu; 10 — G0OT031eKTPOYMHO-
xutens (®JIV); 11 — BbIXOA.

B TOYKe IIOTOKa @, CKOPOCTb ABHIKEHHS XKHIKOCTH B KOTOpPOH Heob-
XOJUMO onpelenuTh. JKUAKOCTb JBHXKETCSA B JOTKe 7 C IPO3PaUHbL-
MH GOKOBBHIMHM CTeHKaMH (4ToOBl MPOXOAHUJ JasepHbld ayu). Jlyu 4
HasblBaeTcsd Onopueim, nyy 5 — paboqum. [lepeceuenne myueil B
TOYKe a co3JaeT MaJbli 00beM, UYBCTBHTEbHBI K IOMJIEDOBCKOMY
adexry. UToOw ONTHMH3UPOBAThL KauecTBO AOMJIEPOBCKOI'O CHI'HA-
J1a, KOTOPHII NPOXOAHT deped puadparmsl 9 u BocnpuHuMaetcs (o-
TodJeKTpoyMHOoxKHuTeaeM (PDY) 10, HHTEHCUBHOCTb ONOPHOTO Jyda
yMeHbHIaeTcsi ¢ MOMOIIbI0 HeATpanpHoro ¢uastpa 3. B ®3Y pac-
CeslHHHIH JIyY ¢ JAONJIePOBCKMM CIBUIOM NpeoGpasyercsi B 3JEKTPH-
gecKHe HMNYJIbCHL.

O6beM, B KOTOPOM IepeceKaroTcs JayuH, mopsaka 10-2 mm. Yac-
THIA B KHAKOCTH, Nomazamouiasi B 3TOT 00beM, SBIAsSeTCS NPUUHHON
JIonJlepOBCKOTO cZBUra pabouero syda 5. VaMepseMas KOMIIOHEHTA
CKOPOCTH B IPOeKUHH Ha HampaBjieHne (/s—Io) MoxkKeT GbITb onpe-
nenena us dopmysnl (2.29). Tak Kak MOAYJb BeKTOpa

— - .
|l,—1| =25in(0/2),
rie 0 — yroa Mexnay omopHeiM u paboumM nydamu (puc. 2.18), to
Boipaxkenue (2.29) MOXKHO NpeACTaBUTL B CKajspHOH (opme:
fn= [« 2sin (8/2)] cos /A,
— —_ =
rie o — yroJ MeX/[Iy BEKTOPOM CKOPOCTH K M HampasJeHHeM (ls—Ig); # — MORYJb
CKODOCTH.
W3 310l 3aBHCUMOCTH CllefyeT
ucos o= [ A/2sin (8/2) =f A,/2nsin (6/2), (2.30)
re n—noKasaTelb NpeJOMJeHHST XKHIKOCTH, Qvo—JlJlI/IHa BOJIHBI JIa3€pHOTO Jiyua
B BakyyMe (Ao=nAd).
Bennunna f; unsmepsiercs. [locrosinHEle 0, Ao, 7 H3BeCTHHL
Takum o6Gpasom, 3TOT cnocof maeT BO3MOKHOCTb M3MEPHTh KOMIIO-

HEHTY CKOPOCTH B HampaBiaeHHR (ls—Ip).

Ha @3V nonapaer aMmauTyIHO-MOLYJHPOBAHHBI ONTHYECKHUI
CHrHaJ C 4acTOToH MOAYJAAUuH [r. [Tockoapky nmpu TypOyJeHTHOM
pexkuMe ABHIKEHHS >KHAKOCTH CKOPOCTb B TOUKe IIyJbCHPYET, TO
(baxkTHUeCKHH cHrHaJ HMeeT CIeKTp dacToT. Ha pacmmpenue crnexr-
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pa cursaja BJHSIOT, KPOME€ HHTEHCHBHOCTH TyPOYJEHTHOCTH, TdKHE
(daxTopHl, KaK anepTypa ONTHYECKOH CHCTeMBbl, BpeMs IIpoJeTa dac-
THI yepe3 06beM H3MepeHHd, I'PaJHeHT CKOPOCTH B 00beMe H3Me-
peHud u 1p.

O6beM nsMepenust uMeeT GopMy JJIHICOUAA BpalleHHs ¢ 60Jb-
ol MOJYyocblo BAoJb omopHoro jayua, paeuo# 0,1..0,2 mm.

Tak Kak JJ/isi HaXOXKIEeHHS CKOPOCTH HeOGXOAMMO HM3MEpHTb g,
TO ONTHUECKHH CHTHaJ HaA0 Hpeob6pa3oBaTh B 3JEKTPHUECKHH H
HaNTH CIEKTp ero 4acToT. DTO OCYIECTBJSETCS B 3JeKTPOHHOH yac-
TH ycraHoBkKH., OnrHueckuil curaan npeobpasyercs B ©Y. 3arem
yepe3 COrJacylouufi KaTOAHBIH NOBTOPUTENb OH IIOCTYIaeT Ha
CNeKTPOAHAaNH3aTOp IOCJeL0BaTeIbHOTO [eHCTBUS, KOTOPHIH aHA/H-
3UpyeT CHEKTP CHI'HAJa BO BpeMeHH. B03MOXKHO TakKe BH3yaJbHOE
Ha0J/10/leHNe ClleKTpa Ha ero 3kpaHe. CHrHaJbl MOXHO 3aperhcTpH-
poBaTh CaMOIKCIUEM, HCNOJAb3YS COMJIACYIOIIHE KaTOAHBIH MOBTODH-
TeJb.

JlasepHbie 10MJePOBCKHE H3MEPUTEIN CKOPOCTH JABY2KEHHS XKHI-
KOCTH uMeloT O0oJibllMe INpeHMylllecTBA Imepel] JAPYrUMH Ipubo-
paMu: He BHI3BIBAIOT HHMKAKOIO BO3MYIIEHHS B [IOTOKe MKHAKOCTH,
He TpeOyIOT TapHPOBKH, YacTOTa JONJEPOBCKOI'O CHrHaJa JIMHEH-
HO 3aBHCHT OT CKOPOCTH, CKOPOCTH MOXKHO HM3MEpSATb HeNOoCPeacT-
BEHHO BOJIM3H NMOBepXHOCTEH, orpaHuyuBaoniux notok (mo 0,1 mm).

DJIEKTPOMArHUTHBIH M3MEPHTEJb CKOPOCTH ABUIKEHUS KHUAKOCTH.
OH ocHOBaH Ha 3aKOHe 3J1EKTPOMATHHTHON MHAYKUHH. DIEKTPONpPO-
BOJIHAsl XXHUAKOCTb, O6TeKawomas npeobpasoBatesnb (1aTUHK) CKOPO-
CTH, NepeceKaeT CHJOBble JIHHHM MArHUTHOIO NOJISE, KOTOpOe CO37a-
eTCsl MAarHUTHOH cucTeMoH mnpeoGpasoBarens. B XKHAKOCTH, o0Te-
Kalpolllell JaTu¥K, BO3HHKAeT 3JeKTpHueckoe moJsie. Ero HampsiKeH-
HOCTb TIPONOPLHOHANbHA CKOPOCTH [BMXKeHHS Kujakoctd. Huxe
NPHUBOAHTCA KpaTKoe ONHCaHHe 3JEKTPOMArHHTHOTO H3MepHTeIs]
CKODOCTH MHoTOKa «30HA», paspaboTaHHOrO B HayuHO-HCCJIeJOBa-
TeJIbCKOM HHCTHTYTe «Temsonpubops». Ero ocHOBHElE KOHCTPYKTHB-
Hble 3JeMeHTH — 6J0K npeobpasoBatensi I u Kpbibuarka 8 (XBo-
cToBoe omneperne) (puc. 2.19). Drox nmeeT MarHUTHYIO CHCTEMY,

e

Puc. 2.19. CxeMa »JeKTPOMAarHHTHOTO H3MEPHTEN CKOPOCTH JBHMKEHHS IKHIKO-
CTH «30HI»;

1 — 670K npeoGpasoBatedsi; 2 — sneKTpoa; 3 — KaGenb; 4 — oTBepcTue NOA WTAHTY (IOAIMHMN-
HHUK}; 5 — OTBepCTHe-ykKasaTeldb; 6 W 7 — BHHT; 8 — KpblabyaTKa (XBOCTOBOe OlepeHie).
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COCTOSIIYI0 W3 MAarHUTONPOBOjAA CHelHanbHOH (popMBl H 3KpaHHPO-
BAaHHOH KaTyLIKH BO30Y2KJeHHS MariuTHoro moJjs. MarHutHas cu-
cTeMa 3akpelliieHa Ha pame. Ha skpane KaTymku Bo30yXAeHHs
M30/1MPOBAHHO OT 3KpaHa 3aKpelllleHb ABa 3aekrpoaa 2. Jlas mpe-
JOXpaHeHuss MArHATHOH CHCTeMbl OT BO3JEHCTBHS BOJAB U NpHAA-
Hus 6J0Ky npeoGpasoBaress o6Tekaemoil GopMbl MarHHTHas CHCTe-
Ma 3aJHTa KOMNayHI0M.

DJIeKTPOABLl PACHOJOKEHH 3aMOAIHIO C BHelllHeH MOBEPXHOCTHIO
6s0ka. [Ipeo6GpasoBarenb CKOPOCTH NOAK/IIOYaeTcs K mpeobpasoBa-
Teqo Hanpsikenus KaGesem 3. OTsepcrHe 4 NpelHasHayeHo st
ycTaHoBKHM mpubopa Ha IuTaHre WM HNOAIIMIOHHKe (Hpu pabore Ha
Tpoce). [Tonoxkenne mpubopa na imranre GHKCHPyETCd yKasareleMm
B CIBOEHHOM OTBeDPCTHH 5. BHHTaMH 6 B 7 KPenaTcs COOTBETCTBEH-
Ho mpubop Ha IITaHre © KpHLIbuaTka 8 Ha Kopnyce mnpubopa.
Hsmepuresb cKopocTH «30HA» NpelHasHaueH A7 paboThl B OTKPHI-
THIX pycnax (pekax) M KaHajaX MeJHOPAaTHBHLIX cHcTeM. Jlnama-
30H H3MepSIEMBIX CKOPOCTeH TeUeHHs BOAB OueHb 6oJbluoii — oT 0
Jo 10 m/c. Homyckaemasi OCHOBHas IIOrpeLIHOCTh, BblpasKeHHas B
fpoleHTax OT AMamasoHa H3MepeHHuH, cocTaBJjseT HIPH He(OJbIIMX
ckopoctax (mo 0,5 m/c) +4,0, a mpu GoabIIMX CKOPOCTAX =+2,5.
CKopocTH TeueHHs] BOABLI ONpelefsioTCs N0 MOKa3aHMAM HHIHKA-
TOPHOIrO MHJJIHAMIIEPMETP, AJS 4ero rpaAyupyloT U3MepHuTeNb CKo-
poctn «30HA». B moseBbIX YCJAOBHSAX IPaiyHPOBaHHe IPOBOAHUTCH
1yTeM CpPaBHEHHs NOKa3aHMHA THAPOMETPHUYECKOH BepTYIIKH M H3Me-
putens «30HI».

2.3.3. Meronnka usmepeHns cropocreii
TeYeHHA BOJIbI

CyliecTByIOT nBa criocofa H3MepeHHsl CKOPOCTeH TeueHHs BOMIHI:
Todedroii W unTeepayuonnbiti, ToueuHblii cmocob sakgiouaercs B
HM3MEPEHHH MECTHBIX CKOpOCTeH TeueHHsI BOAbLl 4 B CTPOro GUKCHPO-
BaHHBIX TOUKaX MOTOKA. DTH TOUKH HA3BIBAIOTCS CKOPOCTHbimU. MH-
TerpauMoOHHBIM CIOCOG0M H3MepsAeTcss CKOPOCTb, OCPeJHEeHHas IIo
KaKoMY-HHOYAb HanpaBJ/eHHIO: BePTHKaJbHOMY, IOPH30HTAIBHOMY
#ad Kocomy. [Hampuwmep, eciu nepeMelmiath TIHIPOMETPHUECKYIO
BePTYILIKY B IIOTOKe BePTHKAJbHO, TO MOXKHO ONpPEAeNHTh HENOCpes-
CTBEHHO CPEJHIOI CKOPOCTb Ha BePTHKaAH Us. B Haee INoNjiaBka-
HHTerpaTopa 3ajoXKeH HHTerpalHOHHBIH CIOCOO H3MepeHUs Uy

Beprukanu, Ha KOTOPBIX M3MePSIOT MECTHBIE CKOPOCTH WJH He-
TIOCPEACTBEHHO CpPEIHHME CKOPOCTH Uy, HA3BIBAIOTCH CKOPOCTHbLMU
BEPTUKANAMY. :

YHCI0 CKOPOCTHBIX TOYEK HA OTAEJNbHOH CKOPOCTHOH BepTHKAJH
H B LeJOM B KMBOM CeUeHHM [OJXHO OBITh JOCTATOYHBIM JJIs IO-
CTPOEHHA H30TaxX. PaccTosiiie MEXJIy CKOPOCTHHIMH TOYKAMH IO
Mepe NMpuUOMUKEHHs K IPaHHIAM IOTOKa (AHY, HHXKHell MOBepXHO-
CTH JbJa) JO0JIZKHO YMEHBIIAThCS B CBSI3W C YBeJHYCHHEM rpajHeH-
TOB CKopocTeill. MeCTHBle CKOPOCTH Ha BEPTHKA/AX H3MepsitorT B 10,
6,5,3,2 Toykax WJH B OJHOH B 3aBUCHMOCTH OT pabouell 2Ay6u-
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HolL h CKOPOCTHOI BepTHKaJH, COCTOSIHHS BOJOTOKA ¥ Pa3MepoB JaT-
YHKa U3MEPHTeNs CKOPOCTH.

Hopa paGoueil monnMaercs ray6HHa, H3MEPEHHAs HeMoCPeACTBEH-
HO mepel ompelesneHueM ckopoctell u. Ilo Hel ycranaBiuBaioT 10O-
Jlo’KeHHe CKOPOCTHBIX ToueK. OCHOBHBIM H3 MHOTOTOYEUHBIX CIIOCO-
6oB ABJsieTC NATHTOYEUHBIH, NPH KOTOPOM CKOPOCTH HM3MepsoT:
y moBepxHocTH, Ha raybure 0,24, 0,64, 0,8 & (cuuTas or nosepxHO-
CTH BOAH) ¥ Yy AHA. IIpm HaauuyuM JeAsiHOro NMOKPoBa HJH BOLHOH
pacTHTeJbHOCTH IPHGaBASIOT mecTylo Touky — 0,4 . CKopocTH B
Toukax 0003HAUAIOT YePe3 Unos, Uguo, Uo,2 M T. H. IIATHTOUCUHLIH
cnoco6 o6kuHO npuMeHsIoT nphd A>1,5 M. IIpn u3mepeHHH CKOpoO-
CTH Unos OCb BEPTYIIKH ycraHaBmauBaercs Ha 0,15 M oT moBepxHO-
CTHM BOJBI, CKOPOCTH Uguo OCh BEPTYWIKH IPH paboTe CO LITAHTH
ycraHaBiuBaeTcst Ha paccrosHuu 0,15 M oT aHa.

Iast yckopeHuss paGoT Ha peKe HJHM KaHajJe (IPH OTCYTCTBUH
BOJHOH DPaCTHTeJbHOCTH H JbJa) IEePeXOAS T HAa H3MepeHHE CKOpO-
crefi B ABYyX Toukax: Ha 0,2h u 0,8 uan paxe B OfHOM ToUKe —
Ha mzh. Uepe3 ms=ys/k 0603HAUEHO OTHOCHTEJBHOE IOJOXEHHE
TOUKH Ha CKOPOCTHOH BepTHKaJH, CYMTass OT [HA, B KOTOPOH MecT-
Hasli CKOPOCTb paBHa CpeldHell CKOPOCTH Ha BepTHKAJ/H, TO €CTb
U=1Usz.

[Tpu h ot 0,75 1o 1,5 M IpHUMEHAIOT ABYXTOUEUHBI cllocol, NMpH
h<<0,75 M — onHoroueunnlil. I'yOHHY ms HAXOASAT, peliasi ypas-
HeHus (2.8) u (2.12)

7“_=(1—,’-m) nm™m.

[pu u=u, n=1ms, clen0BaTEJbHO,
(14-m) " m=1,
OTKyZRa
Ny =[m/(1 4-m)]™.

IloxcraBus 3HaueHne m H3 3aBucuMOCTH (2.14), moayuum ¢op-
MyJsy:
N =[kC,* /(1 4 kC,*)]*s". (2.31y

[To snauenusm Cp* u k, moayuennbim mo dopmysnam (2.16) B

(2.31), BoicunTaHbl 3HaUeHUA Mg, Co=Cy*}g.

IIpu Cs ot 25 g0 60 M%%/c 3Hauenue 1~ 0,4. Orciona cienyer
NPaBUJO OAHOTOYEYHOIO H3MEePeHHs CpefHell CKOPOCTH Ha BepTH-
KaJu OTKPBEITOrO IOTOKA: M3MEPHTEJSb CKOPOCTH HeoBGXOAMMO IOMe-
marb na paccrosuuu 0,4 h ot asHa uau 0,6 4 OT MOBepPXHOCTH MOTO-
Ka (1-:=0,6).

Ilpu Hanuuuu BOAHON PaACTHTEJNBLHOCTH M MOA JeNsHHM MOKpPO-
BoM npu h ot 1,0 mo 1,5 M ckopocTH u3MepsifoT B Toukax 0,15k,
g,g%h, 0,85h; npu A or 0,75 no 1,0 M — B 1ByxX Toukax: 0,2k u

8 h.
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Ecau CKOpPOCTH H3MepeHbl B IATH CTAaHAAPTHBIX TOUKaX HA Bep-
THKaJd OTKDPBITOro IIOTOKa 6e3 passmoﬁ pacTUTEJNbHOCTH, TO

1ty = 0,1 (U105 F 3ty 5+ 3ty ¢ + 2y g ~FUyro)- (2.32)
Jas 3THX Xe yCJIOBHE B Cclyuae H3MepeHHH CKOpocTell B Tpex,
ABYX W OJNHOH TOYKAaxX 3HAUEHMs Uy PACCUUTHIBAIOT IO (opMmysam:

Uy ==0,25 (g 521t g+ Uy s); (2.33)
ty==0,5 (14,510 s); (2.34)
Up ==l (2.35)
IIpu Ce=25 M%%/c uj—=uo,6, CACLOBATENDHO,
Uy =1l g (2.36)

st moTOKa ¢ pPasBUTON BOJHOH PacTHTENbHOCTBHIO M AJS IOTO-
®a TMOJ JelAsSHEIM OKPOBOM NPUMEHSIOT (HOPMYJIBL:

uy=0,1 (unos ~+ 2u, ,2+ 2"‘0,4 -+ 2”0.6_[_ 2”0,8 +um-xo); (2.37)
1
Uy =5~ (U 15} tho 5+ Uo 55)- (2.38)

©QopMmysy (2.34) npuUMeHAIOT JJ4 IIOTOKa INOA JeAAHBIM IIOKPO-
BOM.

OTHOCHTeIbHOE TOJIOXKEeHHe TOUYKH 1 CO CpefHell CKOPOCTBLIO
Ha BepTHKaJH [Ansd INOToKa NoA JelAsSHbIM NOKPOBOM 3aBHCHT OT
COOTHOIIEHHUS IIEPOXOBATOCTH J[HA H HHXKHeHd MOBEDPXHOCTH JbAa.

ITponoaxurenpHOCT M3MepeHHS fo MeCTHHIX CKOpOCTel u 3aBH-
CHT OT BeJMYHHBI MyJbCAlMH CKOPOCTH. 3a CTaHAapTHOe 3HaueHHe
8 CCCP npuuato fo==100 ¢ (mpu u3MepeHHH CKOpoCTel BepTyIU-
xoit). [1pu Gosbmoi TypOyJeHTHOCTH (rOpHBle PeKH) U NPH H3Mepe-
HUM CKOpocTeit y AHA (B 0COOEHHOCTH Da3aMEIBAEMOr0) BbIAEPXKKa
1o=100 c HepocTaToyHa OJs H3MePeHH:A CKOPOCTeHl ¢ TOYHOCTHIO
2%. YBequueHue BbIIEPKKH fo MOKET AocTHrath 10 MHH.

HUHTerpauuoHHbie cnocoOpl U3MEpPEHHsT CKOPOCTEH TeUeHUs BOMbL.
PasnnuaioT uHTerpaumio cKopocTelf IO BePTHKAJAM, TOPU30HTAJSAM,
10 BCeMY KHMBOMY CeuyeHHI0. DTH cNocoOH TpebyioT 6oJjiee CJAOXKHOTO
060pyLOBaHHs, HO 34TO YCKOPSIOT IPOLECC H3MepPeHHs CKOPOCTell.
Bepryumkn fosKHB MOAaBaTh CHrHAJBI Yepe3 OJHH 000OPOT Jomacr-
HOro BHHTZ M aBTOMAaTHYeCKH perMcTpHpOBaTh ux. [ns ompenede-
HHMS MOMEHTa JOCTHKEHHs BePTYIIKOH JHA IITaHra WM I'Pys AOJXK-
HBl UMeTh JOHHBIE KOHTaKTHI.

Hureepayus cxopocreti ua seprukaasx. Ilycte Bepryiika
C TOpPH30HTAJbHOI OCbIO  BpallleHHAsT PABHOMEPHO  IlepeMe-
aeTcs IO BEPTHKAMH co cKopoctbio w=Hh/T, rae T — Bpems mnepe-
MeLeHHs BepTYIUKH N0 BePTHKaJd IyOHHOH A.

Tak kKak dy=wdt u npu u>u, u==~kn, cpelHds CKOPOCTb Ha
BepTHKaJHu paBHa ' ;

n T
uB=—z—S ndy:%«— 5 ndt:—;;) ndt.
0 0 0
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HuTerpas B NOCJeAHEM BHIDaKEHHH eCTh CyMMapHoe 4hc/I0 060~
poToB N JjiomacTHOro BHHTa 3a BpeMs I IlepeMelleHHs BepTYLIKH;

IO3TOMY -
1y =kN/T = kn, (2.39)

rge 7— CpeiHee UYHCIO0 OGOPOTOB B CeKyHAY 3a BpeMs NepeMellleHHS BepTyLIKH:
10 BEPTHKAJIH,

BeneacTBue HHEPINOHHOCTH BepTyLIeK NPH UX ONYCKAaHHH B OT-
KPBITOM IOTOKe CKOPOCTb 3aBhlliaeTcsi, NPH NOAbeMe 3aHHKAELTCH.
ITosTOMy NIpPH H3MEPEHHH CKOPOCTH 4 B OTKDHITOM INOTOKEe DPeKO-
MeHJyeTcsl OMYCTHTh W NOAHATH BepTYLIKY Ha NaHHOH BepPTHKAaJH.

B wuHTerpamuoHHbIX choco0ax Ha JONACTHBIA BHHT aeHCTBYyeT
paBHOAENCTBYOIIAsA H3 CKOpocTel w H uy, obpasymomas yroa [
C HampaB/JeHHEeM OCH IUTAHrOBOM BepTyIUKH, NpuueM tg f=w/ts.
TeopeTuuecku BeJMuYHHA [ [Js IITAHTOBBIX KOMIIOHEHTHBIX BepTy-
HIEK He HWMeeT CYLIeCTBEHHOTO 3HAUYEeHHs, MOCKOJbKY BePTYyLIKa pe-
THCTPUPYET JHLIb TOPH30HTAJBHYIO COCTABJSIONIYI0 CKOPOCTH Uy, TO:
€CThb NMPOEKUHIO CKOPOCTH Ha HOpMaJ/b K XHBOMY cedeHHI0. B sTom
cjlyuae CKOPOCTh @ MOXKeT ObITb Ha3HaueHa U3 YHCTO TeXHHUECKHX.
coobpaxeHui.

TpocoBrle BepTYWIKH NOJ BJIUSHHEM XBOCTOBOI'O OIllePeHHs ycTa-
HaBJHBAIOTCA IO HallpaBJeHHIO pPaBHOJEHCTBYIONIEH CKOPOCTH; IIO-
5TOMY HeOoOXOAHMMO HJH 3HATh YIVIBL § AJS IepeXoAad OT H3MepeH-
HHIX CKODOCTeH K CKOPOCTAM Uy, UAM IlepeMellaTb BepTYIIKY Ha-
CTOJIKO MeJJIEHHO, 4TOGBl BAMSHHEM yria  MOXHO Obl10 mpeHel-
peus.
Hnureepayusa cxopocrell no eopusonrarsm. B KaHaxax npsmMo-
yrosabHo# (GopMBl LenecoobpasHo IepeMeliaTb HECKOJbKO LITAHTO-
BBHIX BepTylleK B TOPH30HTAJbHOM HamnpaB/eHHH, YTO HO3BOJSET IO
JAHHBIM OJHOTO IlepeMellleHHs] HAATH CPelHIOI0 CKOPOCTb BCEro Io-
TOKa.

B morokax co ¢J0XKHEIM pacnpeieseHHeM rAyOHH IO INHpHHE
(peku u pasMbiBaeMble KaHaJbl) NPeJANOUTHTEIbHA HHTEPALUS CKO-
pocreit Ha CBOOOIHOH IOBEPXHOCTH.

MuTerpannio cKopocTell MOXKHO BECTH MO IMONEPEYHHKY HJIH KO-
coMy raJqcy (cmoco6 B. I'. I'mymxosa).

ITpn uHTerpauyu CKoOpocTell [0 MONepeuHHKAM MPUMEHSIOT THI-
poMeTpHuUecKHe BEPTYLIKH C IOPH30HTAJbHOH OChbI0 BpallleHHsd, Ie
peMeniaeMble ¢ IOCTOSHHOH MOMEPeYHOH CKOPOCTHIO, HCIOJb3YH
pasJuuHble THAPOMETPHUYECKHE MepelpaBn (J0AKH). DTO TaK Ha3bI-
BaeMblll cnocob ABHXKYIIeHCs JOLKH.

JJig MHTerpaunyu IMOBEPXHOCTHBEIX CKOPOCTeH TeueHHs B peKax
Bo Bcecoiosnom Hay4HO-HCC/IEJ0BATENbCKOM HHCTHTYTe TPaHCIOPT-
Horo crpoutesbcTBa B. B. Hebckum u 10, C. CMupHOBHIM OBlIa
co3JlaHa aBTOMaTH3MPOBAHHAA CHCTEMA, COCTOSMIAST H3 THAPOMETpPH-
YeCKOro akycTuueckoro mpoobumnorpada H 3JeKTPOMATHHTHOTO H3-
MepHuTe/ss CKOPOCTH TedyeHHS. B anmapaTypy BXOAsT JasepHble
AanbHOMEePH! /IS Olpe/ieseHHsl IIJIAHOBOI'O MOJIOXKEHHST H3MepPHTe/ b~

HOJ CHCTEMBI.
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B pesyanprate usmepenuit A
110 X0y CyAHa B THAPOMET- N
€KOTO- \
PUUECKOM CTBOpe (C HEKOTO NErt
N

PHIMH HeH36e:KHBIMH €ro cme- =
IeHUSIMY BHH3 HJH BBEpX OT AN

CTBOpa) HoJMydaeTcst npopuin Mo
TIOBEPXHOCTHEIX CKOPOCTEl H N

ray6us. ITo usnoxennoit Hu-
&€ METOJHKE MOACYHTBIBAET- Puc. 2.20. Cxema nsMepenus cpefHeli cko-
sl pacxoﬂ BOJIHL. poCTH Ha TrOpPH30HTAJH YJAbTPa3ByKOBBIM

Croco6 oTnmuaeTcst Bhico- — CMOCO6OM.

KOH CTeNeHbI0 aBTOMATH3A-

InH H3MepHTEJNbHOro mnpouecca, GHICTPOTOH NPOM3BOACTBA THAPO-
MEeTPHUECKHX PaboT, YTO NpHAAeT eMy 0cO6YI0 MPAKTHUECKYIO IEH-
HOCTb NIDY Pe3KHX NOBLILIEHHSX H NOHHXKEHHsX ypoBHeH Bogbl. Tex-
HOJIOTHell NIPOU3BOACTBA PAbOT M KOMIIEKTAIMeH 3/eKTPOHHOH al-
lapaTypbl Ha3Ha4YaeTCs TaKas CKOPOCTb NBHKEHHsS CYIHA, NPH KO-
TOPOH 3JIEKTPOMATHHTHBIH JATYUK DETHCTPHPYET CKOpPOCTH, HOp-
MalpHble K FHADOMETPHYECKOMY CTBOPY.

Ulpu unTerpammu ckopocTeil MO KoCHIM rajcaM s U3MepeHUs
CKOPOCTe#l UCTOJb3YIOT ABHKYILEECs CymHo (M0AKY) — CBOero polia
HHTETPAUHOHHLIA 1OMNaBOK. CPeJHION MOBEPXHOCTHYIO CKOPOCTH
Unos ONPEALJSIOT N0 CHOCY JIOAKY L mnpu mepenpaBe ¢ ofHoro Gepe-
Ta na Apyrofi 3a Bpems T. IlpuGnmxenno vpos=L/T. Yron mnepe-
NpaBH (yros MeXAy HanpaBjeHHeM TEUEHUS H OChbIO CyAHa co CTO-
POHBI €ro HOCOBOH HacTH) AOJIKEH COCTABJIATH o~ 80°.

YabTpasByKoBoli Crioco6 M3MepeHusi cKOPOCTed BOAHOFO NMOTOKA.
CyluecTBeHHEIM NPEHMYIIECTBOM OTJAHYALTCS MHTErpalyOHHbIH YiIb-
TPa3BYKOBO# CNoCOG H3MepeHHsi CKOpocTeli TeueHHsi Bojbl. OH He
TpeGyeT TPaANIUOHHOrO I'POMO3AKOTO IHAPOMETPHIECKOro obopyno-
Banns. JlaTuuky, MO3BOJSIONIHE NOCHLIATb M TNPUHAMATH yabTpa-
SBYKOBBIE HMINY/IbCH, YCTAHABJHBAIOT NOL CBOBOAHON NMOBEPXHOCTHIO
BOIbl y Geperop ¢ HEKOTOPLIM CMelIeHHeM 10 JJuHe IIOTOKA
(puc. 2.20). Vroa wmexay HalpaBJeHHeM M[OTOKAa H TpaeKTopHed
3ByKoBoro mmamyaeca ot 30 mo 70°. Bpems ¢; nmpoxoxieHus 3BYKO-
BBIM UMIyJbCOM paccTosiiust L or A x B pasno:

L
ti:[)f-i— UL' (240)

The C-— CKOPOCTb DPaCHPOCTPAHEHHS 3BYKa B BOJE; UpL=0,C0S 0, — NMPOEKIHUsT Ha
‘HanpanJienue L CKOpOCTH IOTOKa v, U; — OCpeiHeHHas CKOPOCTh O IIMpHHE NO-
TOKa IPH NOTPYXKeHHH NATIHKOB MOJ CBOGOXHOH MOBEPXHOCTHIO HA BeJHIHHY [.
BpeMst MPOXokK/eHHs 3BYKOBBIMH HMIYJIbCAMH DPACCTOSHUS L B
©O6paTHoM Hanpassienun (of 5 k A) paBHo:
L
(2.41)

tz:c—vL'

Pewas cosmectno s1n ypasmenus, mosyuaem

vL=—§-(—t‘1-~%). (2.42)
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U

L | 1
U=y (T_T)' (2.43)
Taxk xax
L=B/sin a,
B 1 1
T0 U= Ssinacosa (T_t—z-)' (2.44)

rie B — wmupuHa noToka.

M3MepuB CKOPOCTH NDH pa3JHUHBIX 3HAUeHHSX | U TIyOHHBE
NOTOK2, MOXKHO MNOJACYUTATH CPEAHIO CKOPOCTh BCEro MOTOKA.

Ilpu TexHuyecKo#l peasusanuM yJbTPasByKOBOro crmocoba name-
pEHHsI CKOPOCTed TeueHHsl BOABl Pas3JHualoT croco6bl pa3HOCTH uac-
TOT U PasHOCTH UMIyJbcoB. B ypaBuennu (2.43) l/ty=ny, 1/ta=n,,
rie n— uactora. O6o3Hauasi pPasHOCTh YaCTOT An=rmn—ns, NOJY-

yaeM:
v;= AnL/2 cos a. (2.45)

Beauunna f,—f;=Af npeacrasiasieT pasHOCTb BpPeMeH INPOX0OXK-
JeHHusl 3BYKOBBIX uMmmyJsbcoB. IlomcraBasas 3mauenns no Qopmynam
(2.40) u (2.41), naxoaum:

At=2Lv, /(c*—v.?). (2.46})
YunTteiBasi, 4TO €3>, U3 5TOH (GOPMYJILl NOayUaeM
v, =Afc*/(2L). (2.47)

Ornpefensiss CYMMY BpeMeHH NPOXOXKJeHHsS 3BYKOBLIX HMIIYJbCOB B
YUYHUTHIBASA, YTO €> Uy, HAXOLUM:

t,-+t,=2L/c,
(t+1)/2=1t,_,=L/c. (2.48)

C yuerom Takoro oGosHaueHuss Gopmyny (2.47) sanumem B
BUJle:

OTKYyA2

v, = AL/(212,,), (2.49)
v, = AtL/(2t%_, cos a). (2.50)

Ha pucynke 2.20 mokasaHbl MeCTHBIe CKOpPoCTH 4; ¥ u;. Ux
Hallo OTJMYATh OT CPeLHHUX CKOpPOCTeH u; H v,

CJenoBaTe/ibHO

2.4. PACXOJIBI BOJIBI

2.4.1. O6uIue NPUHIUIIBI OIIpeeNeHNA
pacxoyoB BOABI

PaccMoTpuM KHHeMaTHUECKHH U reOMeTPUUECKHH CMBICJ IOHATHS
pacxofia BOJBHL.

Ecan momepeuHoe ceueHHe NOTOKA paclooXKeHO NepleHHKY-
JSPHO K HaNpaBJeHUI0 CKOPOCTH 4, TO €CThb OHO COBHAaJfaeT C KH-
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Puc. 2.21. Mojgenr pacxoja XHAKOCTH:

1 — BepTHKaJbHLIH NpodHAbL CKOpOCTeH; 2 — M30TaXa; 3 — 3[I0pa paclpejesieHus
TOBEPXHOCTHBIX CKOpPOCTEeH.

BLBIM cedyeHUeM IOTOKa,
(o]
Q=yudco. (2.51)
0

[TonoxuB B OCHOBY MeTOAMKH OnpeflesieHHsl PacXOLoOB INOTOKA
9TO BbIpa)KeHHe, HYKHO CHelHajpHO ONpeleJaTb pacrHoJoXKeHHe
3KUBOTO CeueHHsl B MOTOKe.

Bripaxenue (2.51) MoxKHo 3amucath B APYroM BHAE, yYHTHIBAf,
gt0 do=dydb (puc. 2.7):

B h )%
Q= dydb=\ qdb, (2.52)
-

Tlle ¢ — pacxol Ha BEPTHKaJu (mepsas NPOHM3BOJHAsS Pacxojfa MO INHPUHE NOTOKA,
Y0 ectb dQ/db).

[IpeacraBuM, uTO BO BCeX TOYKAX JKUBOI'O CEYEHUST BOCCTAHOB-
JIeHBl MepNeHAMKYJIApHE AJUHOH u M dYepe3 KOHIH 3THX BEKTOPOB
npoBelleHa MOBepXHOCTb. PopMa NMOBEPXHOCTH, BhIpaxKaemas ypas-
HeHMeM u=u(y,b), 3aBHCUT OT pacnpejieJeHHsi CKOpocTeld B MOTOKE.
Sra noBepxHoCThb (puc. 2.21), KHBoe ceueHde, CBOGOAHAsT ¥ CMO-
geHHas MOBEPXHOCTH (€c/]H AOHHBle CKOPOCTH 0oJblle HyJsi) obpa-
3yI0T B NOTOKe XHAKOCTH 00heM, UHCJIEHHO pAaBHEIH pacxony Q,
Kak 3TO HellOCPeACTBeHHO cjeAyeT M3 Brlpaxenu#t (2.51) u (2.52).
Takoli o6beM HasblBaeTCsi mo0envto pacxoda noToxka HudKoCTU.
CiaenoBaTesbHO, /Il HEMOCPEACTBEHHOTO onpefiesiends Q HeoGxonu-
MO U3MepATh KHHeMAaTHUeCKHe H reoMeTPHYeCKHEe 3JeMeHTHl MOTOKa.

Iepecekast Momenp pacxofa BepTUKaJbHBIMH IJIOCKOCTSIMH, pac-
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HOJIOKEHHBIME 110 HANIpABJAEHHIO TEUeHHs, MoJgydaeM Opoduan cKo-
pocreft u=u(y), nanpumep I (puc. 2.21). Eciu naockoctu pacrno-
JaraTh MapaJjeJbHO XKHBOMY CeueHHIO, NOJyYHM H30TaxH, HalpH-
mep 2. Ilpu nepeceueHHH MoJeaH pacxoja ILIOCKOCTAMH, NapaJ-
JeJbHBIMH MOBEPXHOCTH BOJBl, MOJYYHM pacipejejeHue CKopocTed
nmo wupuHe notoka u=u(b). Ilpn y=~h umeem smwopy pacnpepneJe-
HMs TOBEPXHOCTHBIX cKopocTeil 3. Ha pucynke 2.21 BepTHKaJbHOR
UITPUXOBKOH IMOKa3aHBl IJIOWALH, BhIpaXkarollde pacxoisl BOABI Ha
BepTHKAJAX (.

Crnoco6bl onpefe/ieHUst pPacXofoB KHAKOCTH 06YCJHOBJIEHB! IJaB-
HbIM 06pa3oM ¢opMaMu ee [IBHMKEHHS H Da3MepoM pacxonoB. OHH
UMeIOT CJAeAYIoUY OOLIYI0 KJaCCH(PUKALHIO:

THAPOMEeTPUYECKHe CIIOCOOH — BCe 3JeMeHThl, OT KOTOPHIX 3aBH-
CHT pacxoji, HOJyUYaioT ITyTEM HeNOCpPe[CTBEHHBIX HM3MepeHHH, Ha-
npuMmep, MyTeM H3MepeHHsI BpeMeHH HallOJHeHUus IporpajyHpoBaH-
HOTO pe3epByapa, Bcex reOMeTpPHUYECKHX M KHHeMAaTHUeCKHX aJeMeH-
TOB MOJEJH DACX0Aa;

rUjpaBjdueckKue CHoCOoOLl — HEMOCPeACTBEHHO  HCHOJb3YIOTCSH
YpaBHeHHS! BUXKEeHHS XKUAKOCTH, HapuMep, 0 U3MEPeHHOMY Halo-
py Haj BOAOCJAHBOM MOXKHO PacCyHTaTb Pacxof BOABI; _

THAPaBJHKO-THAPOMETPHUECKHE CIOCOOB — COBMECTHO HCNOMb-
3YI0TC THApPaBJIHYecKHe H rHADOMeTpHYeCKHe CHoCcoObI;

(u3nueckue CHOCOGH — UCIOJb3YIOTCS SIBJAEHUS Teml1o06MeHa,
3/IeKTpOMarHeTH3aMa, yabTpasByKa H IIp.;

THAPOJIOTHYeCKHe CIOCOOBl — OCHOBAHK Ha CBS3H PacxojoB BO-
Abl ¢ ¢Qusuko-reorpadpudeckuMn (akropamu OGacceilHa pexu. OHn
N03BOJSIOT NpubauxkenHo (¢ tounocTsio g0 10...30%) paccuurarsb
CpellHNe 32 AJUTeJbHBIH NePHON U 3KCTpPeMaJsbHble PacXOAbl. DTH
COCO6Bl PAaCCMOTPEHB! B 4acCTH 3.

J1s mpsAMoro MmOTOKa JKUBOe CeyeHHe MNEePNeHAHKYJSpPHO K 06-
pasywollell CTEHOK TaKoro HOToKa. B peuHoM NOTOKe HalpaBjeHue
TeueHHs H3MEHSeTCs N0 ero IIHPHHEe H, KpoMe TOro, 3aBUCHT OT
ypoBHs BoAbl. CTBOp Yepe3 BOAOTOK, MePNeHAMKYJAPHHI K cpei-
HeMy HampaBJeHHIO TEUEHHs BOMABI, HA3LIBAGTCS 2UOPOMETPUUECKUM
creopom. B HeM H3MepSAIOTCS PacXoibl BOALL M NPOBOASTCS Jpyrde
BHIBI TUApOMETPHUECKNX paboT.

Ha pekax co cl10oxkHBIM pesbeoM AHA HaNpaBJeHHE THAPOMeT-
puyeckoro ctBopa oIlpegeasioT no crnoco6y H. H. JKykosckoro.
Ilns 3TOro Ha yuyacTke HPOEKTHPYEMOH THPOJOrHYECKON CTaHIHKE
B Tpex CMeXHEIX CTBOPaX H3MepslOT CKOPOCTH BepTyWIKaMu (mo
BO3MOXKHOCTH OZHOBpPEMEHHO Ha Tpex cTBopax) Ha 6...10 Beprnka-
JSX.

Bosiee mpocroit u BMecte ¢ TeM Gosiee pacHpoCTpaHEeHHBIH CIO-
co6 ompeflesileHHs] MOJOXKEHHSI THADOMETPHUECKOr0 CTBOpa MNpepy-
CMaTpHBaeT H3MepPeHHe HAaNpaBjeHHS CKOpOCTeHl TeueHHs BOIAbL
NOBEepXHOCTHBIMH TOIJIaBKaMH. TpPaeKToPHIO MONJNaBKOB HAHOCAT Ha
IJ1aH BOAOTOKA. 3aTeM IO KacaTeJbHBIM K TPAeKTODUSM ABHKEHHUS
NOIJIaBKOB OTKJ27BIBAIOT BEKTOPHI CKOPOCTH H CIOCOG0OM CHJIOBOTO-
MHOTOYTOJILHHKAa  HaxXOAAT  HalpaBjeHHe  paBHojelicTByoliekhk
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(puc. 2.22). TpaeKTopun Nonsias-
KOB CXeMAaTHYeCKH IpOBOJAT B
BUAe JOMAHBIX JUHHH, TaK Kak
B 3TOM CJyyYae KacaTeJbHbHE K
HHM MOXKHO IIOCTPOUTHL G6oJsee
TOYHO.

IIo yray ¢ marucTpaJnbio HiIH
a3UMyTy, U3MEpPeHHOMY Ha IJja-
He, THADOMETPHUECKUH  CTBOD
(F'C) BHIHOCSIT Ha MECTHOCTb H
3aKpenJsiorT croabaMn-perne-
pamH. |

Heo6xoauMo of6paTuTb BHH-
MaHHe Ha pa3Mep YIJIOB o MeX-
Iy HampaB/JeHHeM TeueHHs Ha
BepPTHKAJAX M CPeIHUM HalpaB-
nenvem. Ilpm a<<10° npeamou-
THTENbHE H3MEPEeHHS  I[ITAHTO-
BelMU Beprymkamu. Ilpu «a, pae-
Hom 10...30°, u B cayuae mpume-
HEeHHsI TPOCOBBIX BEPTYIIEK He-
O0GXOAHMO M3MepSiTh @ J[AJsI BBIUKCJHEHHsS] NPOEKLUHH CKOPOCTH Ha
HopMmaJb K ctBOpy. Hpu a>>30° cTBOp BLIGHpAIOT HA HOBOM MecCTe.

Ecan cpennde HanpaBJjeHWs TeueHWss B OCHOBHOM pycJje H B
noitme oTauyaioTes Gosee ueM Ha 30° rHAPOMETPHYECKOMY CTBODY
NPHAAIOT BMA JIOMaHOH JuHUU. Deper B npefesax NoJOCH LIMPHHOH
5..10 M BB U HHUXKE THAPOMETPHUECKOTO CTBOPa OYHLIAIT OT
KyCTapHHKa ¥ BBICOKOH BOJHOH pacTHTeJbHOCTH.

Puc. 2.22. Omnpepenennie HanpaBJeHHs
THIPOMETPHYECKOro CTBOPA.

2.4.2. Onpepenenne pacxofos BOABI MO MECTHHIM
CKOPOCTAM ¥ I'NIyOMHaM IIOTOKA

DTOT cHoco6 COKpaIleHHO HA3BIBAIOT CIOCOGOM CKOPOCTH — ILIO-
manyu. B cocraB paboT No ompeiesieHHI0 pacxoloB B peKaxX U Ka-
Hanax BXOJAT: ONHCAHHEe COCTOAHMS BOZOTOKA, U3MepeHUe YPOBHeH,
rayouH B THAPOMETPHYECKOM CTBOPe M CKOPOCTell TedueHus, olpe-
JesleHHe YKJOHA IOBEPXHOCTH BOJHBL. ¥YPOBHHU BOJAB H3MepHIOT A0
Hayanaa u Nocje OKOHUYaHUSl BCeX M3MepeHHi. DEHICTpo n3MeHsoIIHe-
€A YDOBHH H3MepsIOT IO XOAYy paboT uepe3 paBHble HHTepBaJBI
BpeMeHH, 4TOObl MOXHO O6BLJIO COCTAaBHTb [eTajbHBIH rpaduk
H=H(t), uru B MOMeHT H3MepeHHs CKOpOCTell Ha BepTHKaJsX.
Ipu BeInONHeHHH paGoT Ha KaHanax W peKax HeoGXoaumo cobJio-
JaTb [paBuJa 1o TeXHHKe 0e30lacHOCTH. B oCHOBHOM pacmoJsoxe-
HHe CKOPOCTHHIX BepTHKased, a TaKKe CKOPOCTHBIX TOUEK Ha HHX
J0JIXKHO obecleyHBaTh [MOCTPOEHHE H30TAX C OAUHAKOBOH OTHOCHU-
TeJbHOH OIINOKOH B Ipefesax BCero XKHUBOTLO ceueHHs, DTOMY Tpe-
0oBaHHI0 OTBeUaeT DACNOJIOKEHHEe BepTHKaJell Ha pPe3KHX Iepe.o-
Max CMOYeHHOro mepHMerpa.

3anpoeKTHPOBaHHbIE CKOPOCTHBIE BepTHKadM MOKa3kBAOT Ha
npoduje B THAPOMETPUUECKOM CTBOpe H HyMepyloT (cM. puc. 2.7).
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PaccTosiHHsL OT CKODOCTHBIX BepTHKaJeHd A0 MOCTOSIHHOTO HayaJa
3aKpel/IsIIOT MapKaMM Ha Tpocce, HATAHYTOM uepe3 peKy, UJIH MeT-
KaMH Ha HacTtHje Mmocra. [Ipu wmupuHe pexu B>300 M ucnonabso-
BaTb pasMeueHHHl TPOC TPYAHO, MOITOMY MHOJOXKEeHHe BepTHKajel
QUKCUPYIOT reole3HYeCKUMH METOAaMH.

T'uppomeTpuueckuil cTBOp 00OPYAYIOT TeXHHUECKHMH CpejCcTBa-
MH, IO3BOJSIOIIMMY OBICTPO W ¢ HEOOXOAMMOH TOYHOCTBIO IpPOBO-
LUTh THAPOMeTpHUecKHe paGoThl NPH JIOOBIX YPOBHSAX U COCTOSHHSX
BojgoToKa. Hapyuienusi, BbI3piBaeMble B KHHeMaTHKe IIOTOKa BBeje-
HUeM B Hero pasJHYHBIX KOHCTPYKLUHH, MOJXKHbL ObITh MHHUMAJb-
HBIMH. JIJ5 BBITOJHEHHs THAPOMETDPUUYECKHX paGoT Ha pekax ¥ Ka-
HaJax yCTPauBalOT eudpomeTpuuecKue nepenpassi: THAPOMETpUUE-
CKHe MOCTHI, JIfoJ1euHble, apoMHBIe, JIOJOYHLIE MepenpaBhl M JHUC-
TaHUHOHHBIE THAPOMeTpHYecKHe yCTaHOBKH. [HipomeTpHyeckue fe-
penpaBbl JOJXKHB TapaHTHpOBaTh 6e30macHOCTh paborT.

Tun nepenparsl o6ycaoBauBaeTcss WUPUHOH peKH Bmax MO rul-
pPOCTBOpPY NpPU HauUBBLICUIEM ypoBHe Hpmax ¢ 3amacoM Ha HesaTomJse-
mMoctb 0,5 M mo BelcoTe. JKenarenbHO NPUMEHSATh KOHCTPYKLMH 0e3
NPOMeXKYTOUYHLIX ofiop (OAZHONpoJeTHHe), ocobeHHO B cpenHeld dya-
CTH pycJia peKH.

JucTaHIMOHHBIE THAPOMETPHUECKHEe YCTAHOBKM CYHTAIOTCA HaM-
0oJiee coBeplEHHBIMH M3 IepenpaB. TpocoBas BepTylIKa B TaKHX
yCTaHOBKAX MepeMelllaeTcs MO HeCcyleMy TPOCY M yCTaHaBJHBaeTCs
B HyXHOH TOuKe IOTOKa. JIBuXKeHMeM BepTYIIKH YNpaBJsioT c Oe-
pera. OgHoBpeMeHHO (HUKCHpYyeTCsl NOJOXKEHHe CKODOCTHBIX BepTH-
Kajge#l U Todex Ha HuUX. Ha Oepery HaxoguTcs UYyAbT YHpaBJIeHUs
C MeXaHH3MaMH U amnapaTypoil AJs perucTpaudd NOKa3aHHi Bep-
Tymkd. C NOMOILBIO AHCTAHIMOHHBIX MMIPOMETPHUECKHX YCTAaHOBOK
MOXKHO BHIIOJHATH BCE OCHOBHBIE THAPOMETpHYeCKHe paGOTHI: H3-
MepATh IMIYOUHY M CKOPOCTH (TOUEUHBIM M HHTErpalHOHHBIM CHOCO-
6amu), Gpate npobBl BOABI AJsl ONDPEeAENEeHHs COAePXKAaHUs B Hell
HAHOCOB M AJS XUMHYECKOTO aHaJu3a.

Kpome Toro, Ha cpefHUxX ¥ GOJBIIHX peKax IMHPOKO HUCIOJb3YIOT
MOTOpHBIE JOAKH Y KaTepa, CelHaJbHO 060pPYAOBaHHbIE THAPOMET-
PHUYECKUMH UHCTPYMEHTaMH.

Pacuersl pacxoioB BOAbI 110 M3MEPEHHBIM CKOPOCTAM H TayGu-
HaM, PaccmoTpuM cHawana rpaduueckue crmocobn Kak GoJsee Ha-
[JsiAHbBIEe ¥ TOYHBIE.

IIpu pacuere Q no npoguiam cropocreid u=u(y) HUCIOIL3YIOT
obuire BhIpaxKeHHsl A5 pacxona Boawl (2.52). B mepsyio ouepenb
CTPOSIT NPo(UJb KHUBOTO CeueHHs, Ha KOToPoM 0003HaualoT (Jaxk-
KaMH CKODOCTHbie BepTHKaJHu (CM. puC. 2.7), a IpHU HaAUuHH JeLo-
BBIX SIBJIEHHH — MOTPYyKeHHBIH Jel u wyry. Ha atoM xe ueprexke
CTPOAT npoduiH cKopocTeidl u=u(y), HaNIpUMep Ha BepTHKAIH J.
Macwtab ray6ud Ha HUX ¥ Ha Opodwuie XKUBOTO CeYeHHs A0JKeH
ObITb OJMHAKOBBIM. [lasee miowand npoduiedl cKopocTell ABaxK-
Abl MJIAaHAMETPHPYIOT (AONYCTHMOE pacxoxXaeHHe He GoJiee 2%) u
B pesyabTaTe NOJYYAIOT PacXoAbl BOABl HAa CKOPOCTHLIX BepTHKa-
J5iX ¢, @ U3 HHX CpPeJHuHe CKOPOCTH Ha BepTHKaasix us=gq[/h. [pu
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BBIUHC/IEHHH LeHH JeJeHH IJaHHMeTpPa YUYHTHIBAIOT Macwtabb /1
H u B BHJe NPOH3BeleHHs. 3aTeM CTPOSIT 3MIOPY Un=1sy(b), HA3HI-
BaeMylo anopol pacnpedenenus cpeOHUx Ha 8epTUKAALX cKopocTed
10 WHpPHHE IOTOKA, OTKJAAbIBAS U, BBEPX OT JHHHH YDOBHS BOJBI.
C smiopbl CHUMAIOT 3HAUEHHUS Uy AJS KaxK0H IpoMepHOH BepTHKa-
Ju. YMHOXKAst 3TH CKOpOCTH Ha pabouue rayOHHBI, MOJyuaeM ¢ Ha
mpoMepHEIX BepTuKaaaxX. OTKAaAbBasi ¢ BRBepX OT JOBEPXHOCTH BO-
Ibl U TPOBOAS IJIaBHYIO KPHUBYIO, CTPOMM B3MIOPY paclpejeseHust
PacXofoB Ha BePTHKAJSAX N0 IMHpHHe ToToka g=¢g(b). [lmomans
3TOH 3MIOPHI, TaKxKe onpeaesseMasi IJaHHMETPOM, YHCJIEHHO paBHA
pacxony Q.

IIpu pacuere Q no usoraxam ¢dopmyaa pacxoga BOABl HMeeT
BU:

(0]

Q= udo,, (2.53)
J

rae do, — nJolwanb MEXKAY CMEXHBIMH H30TaXaMHu.

Ilas rpagpHueckoro pelieHus wHTerpasna (2.53) Ha mpoduie Xu-
BOrO CevyeHHs IpeABAaPHUTEJbHO HYKHO MOCTPOHTb H30TaxH (CM.
puc. 2.7). PsitoM co CKOPOCTHBIMEH TOUKaMu AOJKHBL OBITb 3apaHee
BBINMKCAHBl MeCTHBle CKOpocTH. UTo6bl TOYHee OIpee/HTb COmpS-
JKeHHe M30Tax € MOBePXHOCTbIO BOJALI U AHA, CTPOSIT SIIOPHI pacmpe-
OeneHHsl TOHHBIX (uz) M IOBEPXHOCTHBIX CKopocTeldl 10 IIHpHHe
IOTOKA.

H3zoraxu nposoasit uepe3 0,05; 0,10; 0,20 u 0,50 M/c, B 3aBu-
CHUMOCTH OT HauboJblledl CKOpocTH. 3aTeM IJIaHHMeTPHDOBaHHeM
onpezeJsOT IJIOWIALH, OTPAHUUEHHble H30TaXaMH ®u, U 1O BeJHUH-
HaM 4 U o, CTPOAT Taxurpaduueckyi kpupyw (cM. puc. 2.8). Ilao-
Ulagb, OrpaHHuYeHHAs 3TOH KPHBOH, UMCJeHHO PaBHA PACXOLY BOJHL.
I'paduuecknil crnoco6 pacueTa NPUMeHSIOT IPU AeTATbHOM H3Mepe-
HUH pacxozia BOABI U BO BCEX CAyuasX CJOKHOIO IIOJSl CKOpoCTel
(moxa MocTaMH C HeCKOJbKMMH NpOJIeTaMH, B 3alIyrOBAaHHBIX PyC-
Jax, Ip¥ BHIXOJe MOTOKa Ha NOUMYy U 1p.).

PaccmoTpuM HeKoTOphle aHaJHTHUYeCKHe cHOcOOBl pacueTa pac-
Xoza Bonwl. [Is aToro ammpokcumupyeM unrterpan (2.51). B coot-
BeTCTBHH C PUCYHKOM 2.21 BblpakeHHe (2.51) MOXKHO NpeACTaBHTb
B BH/le MHOTOYJIeHa:

”B,1+”B,2

Q=g yo, 22202 o

Up n-1 + U

+_—2— mn‘}'"ku};,n(onﬂ’ (2v54)

TI€ Ug, 1, Un, 2, -y Us, n — CPEIHHE CKODOCTH Ha BEPTHKAJAX, PACCUHTaHHLIE 1O Gop-
MyJaM; @, ©g ..., Op4+;— NJIOMAAN BOJHONO CEUEHHS MEXIY BEPTHKAJISAMH, TpH-
HHMaeMble 3a TpaneluH; & — ko3Q(PHIUEeHT AJAS CKOpocTell Ha NpuOpeKHBIX Bep-
THKANAX, IPHAEUMaeMblil paBHbiM 0,7 mpu nosiorom Gepere ¢ =0 Ha ypese, 0,8 npu
o6puiBHCTOM Oepere peku WJIH HEpOBHOH creHke Kanaja, 0,9 mpu rnajakoit GetoH-
HOHl CTEHKE KaHaJia.
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Buipaxende (2.52) anmpokKCUMHpPYeTCsl B BHJE:

sz(hbl_l__q%q_2 b2+---+ﬂ2—iq—nbn+kqnbn+l’ (255)

TRe {1, G2, -y n— DACXOAB BOLH HA BepTHKANAX; by, by, ..., bury — paccrosinne
MeX 1y BepTHKaasiMu (puc. 2.7).

Pacxosipl Ha BepTHKAAsX BHIUHCASIOT N0 (QopMyle g=ush, a
us — no ¢opMmysaam, npuBefeHHbIM B pasnene 2.3.3. Iasa 6eperoBbix
BepTHKaJed BBeJeH TOT Ke IIONPaBOUHBIH Kosdduuuent k, 4To H
B 32aBHCHMOCTB (2.54).

Jlasi KaXKAOre pacxofa BOjABl, H3MepeHHOro B peke (kaHasje),
J0JKeH OBITh YKa3aH ypoBeHb, COOTBETCTBYIOUIHH LaHHOMY pacxo-
Ay, Ha3blBaeMbll pacuerrnoim Hp. Ilpy HeanaunTesbHOM H3MeHEHHH
ypoBHell BO BpeMms H3MepeHus @ BenuuuHy Hp, NIpuHEManOT Kak
cpefHeapH(MeTHUeCKoe H3 YPOBHeH [0 M IIoCJe H3MepeHHs pac-
xofa. Ecan usmenenue ypoBHs gocrturaer 5..109% or mpeobaanato-
el B rUApPOCTBOpE rIyOHHH, To H, BHIUHCAAIOT N0 (popMyaaM:

IpU pPaBHOMEPHOM pacipejeseHHH CKODOCTHBIX BepTHKajed MO
WI¥PHHe BOAOTOKA

H,=(q,H,4-q,H,+ ... +q,H,)/Zq; (2.56)

NpH HePaBHOMEPHOM pacipejelieHHH CKODOCTHHIX BepTHKamefl,
KOTJla OTHOCHTEJbHBlE PACXOK/IEHHS B PACCTOSHUSX MEXKIY HUMH
npeBsliaoT 259%,

Hp:(q1b1H1+q2b2H2+-o-+qnann)/qu’ (2.57)

rie H u g — ypoOBHH u PacXoXH Ha CKOPOCTHHIX BEpTHKAJSIX; b — waCTHYHasi LIH-
PHHZ DeKH, OrpPaHHYEHHAS BEPTHKAJIAMH, PaCnoJiaraeMbIMH Ha HOJIOBHHE DAacCTosi-
HHS M@XJy CKOPOCTHHMH BePTHKAJSMH.

CyuiecTByeT MeXIYHapoAHBIH cTaHAapT «lM3Mmepenue KHAKOrO
cToka B pycnax. OmpenelsieHue pacxofa MeTojaMH HCCIeI0BaHUS
nonst ckopocteit. MCO 748—73». HauboJsiee cylllecTBeHHBle pa3JiH-
Yyhs B MeTofuke ruapoMerpudeckux pabor 8 CCCP u B 3TOM cTaH-
AapTe OTHOCATCS K CIOoco0y CKOPOCTH — IJIOWIAjJH ¢ HU3MepeHHeM
nosepxHocTHHIX ckopoctell. B CCCP ckopocTH, H3MepeHHBbIe IIO-
N1aBKaMH, OTHOCAT K CPeIHEMY CTBOPY M (PHUKTHBHBEIH PAaCXOJ BHI-
YUCJSAIOT C HCTOJb30BaHHeM riay6HH B 3ToM Ke cTBope. Ilonyuen-
HbIH (UKTUBHBIH DacXol YMHOXKAOT Ha Koadduuuent K;<<l.

dopmyna aia pacuera TOUYHOCTH ONpPeNesNeHHS PacXxoioB BOABL
YCTaHOBHTb TOYHOCTH ONpeleseHHs pacxoga BoAwsl Haubosee [0-
CTOBEPHO MOXKHO COIOCTaBJieHHeM JaHHOTo crocoba ¢ 0O6BbeMHBIM.
[TIpuMennTenbHO K peKaM TaKasi MeTOAMKAa He MOXKeT ObITb HCIIOJb-
3oBaHa (KpoMe Hebosbimnx pyubeB). CresaB IocCaenoBaTeNbHO ce-
PUIO H3MepeHMH NpU HEeH3MeHSIOUINXCS YCJOBHAX ABUKEHHS MOTO-
Ka, MOACYHTHIBAIOT CPe/HeKBaJApaTHUYeCKOe OTKJOHEHHe pacxofa H
JIeJST Ha pacxo[. B pe3ynabrate NOJYyuaeTcs OTHOCHTEIbHOE CpejiHe-
KBaJ[paTHUeCcKoe OTKJIOHeHHe pacxoja, NpUHUMaeMoe 3a OLINGKY
onpejejeHus pacxoma. IIpennosoxum, yTo HU3MepeH TOJbKO OAMH
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pacxox crnocobom CKopoctb—IIolazb. TpebyeTcss onpefesuTh ero
TOYHOCTb MHpPU H3BECTHBIX TOYHOCTAX H3MepeHUs KHHeMaTHYeCKHX
H reoMeTpHuecKHX 3JeMeHTOB NOTOKa. B 3ToM ciIyuae Heo6XoguMo
uMeTh HOpMYJy AJ5 TOUHOCTH pacxojga. Bua (GopMysasl 3aBHCHT OT
crocoba annmpokcuManud oOIUX BhIpaxkeHHH o6beMa MOZeJd pac-
xona soabl. Mcxonsa us ypaBHeHHs (2.55) W NMpuMeHsis IpaBuJio Ha-
XOXKJeHHUS cpenHeKBajapaTHuecKol omH6KU QpyHkuuy, I'. B. JKeses-
HAKOB n B. B. Jlanusnesuu npemyoxunud GopMyny:

- b i=n - - i=n 2_ /2

GQZ—Q— 2‘7;‘2 (021,:3 +G2h)+ Zqi '023 ’ (258)

i=1 i=1 -

rae ‘EQ, E"B’ Eh, EB — COOTBETCTBEHHO OTHOCHTEJ/bHBEIC CPEAHEKBANpATHICCKHE oin6-

KH pacxofa, CpefiHedl CKOPOCTH Ha BEPTHKAJH, IIyCHHB H PacCTOSHHA MeXRY
CKOPOCTHEIMHM BEePTHKAJSIMH; 7 — UHCJAO0 CKOPOCTHHIX BepTHKaJieH; §;— pacxof BO-
LBl Ha BEPTHKa/MH; b — pacCTOSIHHE MeXJy BePTHKaNsSMH (eClH OHO pasHoe, TO
MOKHO NPHHSITH CpejHee).

ABromMaTu3anus H3MEPEeHMH M BBbIUMCJEHHH PAaCXOAOB BOJILI.
Komnneke npu6opoB u HporpaMm /s aBTOMAaTH3alUH H3MepeHHH
U BHUKCJEHHI pacxogoB BOJALl [0 CHoco6y CKOPOCTH—ILIOAAH
Obl1 co3gaH B lleHTpaJnHOM HayuHO-HCCJAEAOBATeJNbCKOM HHCTUTY-
Te KOMILIEKCHOIO HCIIOJb30BaHUs BOAHBIX pecypcoB. ONHIT mpuMe-
HeHHs NPHOOPOB HA MEJTHOPATUBHBIX CHCTEMax IOATBEPAMI HX 3¢-
(EeKTHBHOCTL. B KOMIJIEKC BXOJAAT: IOJyaBTOMAaTHYeCKas ILUTaHTa
(puc. 2.23), HATb THAPOMETPHUYECKUX BepTYIIeK ¢ AHaMeTpOM Jo-
mactHoro suHTa 15..40 MM, CUETHO-UMIYJbCHHH G6JIOK U Iporpam-
Ma aas BeunciaeHuil Ha DBM pesynbraToB u3Mepenuii. Illtanra
¢ JeJeHHSIMHU NpeAHa3HauaeTcs AJif NOJyaBTOMAaTHUECKOH YCTaHOB-
K¥ THADOMCTPHUECKHX BepTyleK 4, u4ToObl H3MepsTh CKOPOCTH B

naTa Toukax. Ha mranre cmoH-

TUPOBAHbI IPUBOJHOH YeTHIpex- 1 e
cTyneHuatTel 6apaban I g yeTw-

pe BepTYUIKH HA TUOKUX HHATAX Y 5

2. Tlaras BepTyllKa 3aKpeIJeHa
NOCTOSIHHO BHH3y M MpejHa3Ha-
qaeTcs JJis H3MEpeHHsl NPUAOH-

HoH ckopocTu. Jlns peructpamuun 4\

Sy

L1

yycsia o6OpOTOB BHHTZ BepTy-

LIeK HCIOJb30BaH OJHOIOJIIOC- N7

HbIY coco6 GOpMUPOBAHUS HM- ' )

nyabcoB. PaccranoBka ruzppo- %l

MeTPUJYeCKHX BepTylleK NOCTH- N
)

Puc. 2.23. Cxema nosyasToMaTuueckoi
LITAHTH C THAPOMETPHUECKHMMH BEPTYLI-
KaMH:

{ — npusonHofi GapaGaH; 2 — ru6kue HUTH; OG-EI_”.___I

|

3 — HaupasIsLlHe; 4 — THAPOMETPHYECKHE
BEPTYLIKH; 5§ — COeJlHHUTeJbHble 3BEHbA; 6 —
TEKKEPHbII pasbeM; 7 — NPOROj HATYHKA;
8 — cTolika.
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raercs BpamenneM Gapabana. [lpm 3TOM Bepxussl BepTYLIKa
NO/ABOAUTCS TOJ, YPOBeHb BOAH, @ TPU APYIHX aBTOMAaTHYeCKH yCTa-
HaBJHBAIOTCH B OTHOCHTeJbHOe moJjoxeunne 0,2; 0,6; 0,8 mox ypo-
BeHb. CUeTHO-UMNYJ/bCHBIA OJ0K YCHJIHBAET H DErHCTPUPYET HM-
MyJbChl [OCPEACTBOM IMATHKAHAJbHOIO CaMOHACTPaUBAIOLIEroCs
yCHINTENst HA MHTerpajbHBIX CXeMaX, MATH 3JeKTPOMeXaHH4eCKHX
cyeTynkKoB MIC-54, 371eKTPOHHOrO pejie BpeMeHH, OJIOKa IHTaHHS.
CxopocTu usMepsiiotest B mupokom auanasone (0,03...4,0 m/c) Gna-
rofapsi IPUMEHEHHIO JeJHUTeJs YaCTOThl HMIYJbCOB. J[Hamnason riy-
6un nmoroka o 4 M. Ilporpammbl BbIUHC/AEHHS CKOPOCTEH H pacxo-
JIOB BOJBI COCTaBJIeHH Ha s3blKe «QOpTpaH» M peasu3ylOTCA Ha
OBM EC-1020 nmn «MuHCK-22». B Xoje pacyeTOB yuUThIBAETCSH
KpHBH3HA 3MIOp CKOpocTefi Ha BePTHKAJAX M 3MIOPH paclpenele-
HUSl CpeJIHHX CKOpOCTeil Ha BepTHKAJAX N0 WHPHHE IOTOKAa. B pe-
ayabTaTe cueta Ha AIIITY nevaramTcs ucxogHble AaHHBE, CKO-
pOCTH, MJIOLAAb KHBOTO CEYEHHS H PACXOJ BOJBL

2.4.3. Onpenenenne pacxonoB BOJBI
adPOTHAPOMETPHIECKIM MEeTOH0M

Bo3MoXHOCTE H3MepeHHH ¢ caMmoJeTa TaKUX XapaKTepUCTHEK
NIOTOKAa, KaK ero riayGuHa, CKOPOCTh M Pacxoi BOAbl, — 00Jblioe
JOCTHIKEeHHe HaYKH B JaHHOH o0JacTH.

CyLIecTBYIOT fBe METOAHKH ONpeleJeHUs TAYGHH.

1. C nmpumeHeHHeM OYHKOBOH CHCTEMBI, COCTOsIIeH U3 rpysa
(sixopsl), K KOTOpPOMY MNpHKpenJeHbl Ha NPOYHBIX HHUTAX pas/uny-
HO#l aauHBl gBa Oys. Dyiikosasd cucrema, cOpolleHHas ¢ CaMOJETa,
norpyxaercs Ha AHO notoka. O6a 6ys BCIJIBIBAIOT Ha IOBEPXHOCTH
BOABl U Y/€PKUBAIOTCS HHTAMHM Ha HEKOTOPOM pacCTOSIHHU OfUH
OT JPYroro.

Ha pucyske 2.24 mokasaHml NoJOXKeHUe SKOpPS Ha JHe IOTOKa,
aBa 6ys Ha MOBEPXHOCTH BOABI H COOTBETCTBEHHO JBE HHUTH C H3-
BeCTHBIMH anmHamu L; u L,. Paccrosinue [, uaum [, ompepensier
NOJIOKEeHHe BepTUKAJH, Ha KOTOPOH u3MepsieTcs rayOuHa moToka h;
l,—I,=1— paccrostuue mexay 6ysamu. Pemias Tpeyroapuuku 1 2 3
nl 24, noryvaem

h= o VILPLF— (L F L — ). (2.59)

Onpeneaus [ ¢ moMolbio a3podoToChEMKH, MO 3ToH (dopmyJe
HaxomAT ray6uny. PaccrosaHus [y u [; COOTBETCTBEHHO pAaBHHI:

L=VLZ=h; l, =V LE—h.

JKenarenbHo, uToGbl TapameTpbl GYHKOBOH CcHCTeMBbl GHLIH
Lo/Ly=2..3, h/L,>1. TlpakTuyeckyu 3HaueHus fh/L; He mpeBbHlma-
10T 1,5. Byu M0JKHB BCerga HaXOAHTLCS HaA MOBEPXHOCTHIO BOZHI,
TO €CTh OHH JOJXKHBEI HMETb JOCTATOYHBLIH 3alac MIaByueCTH H MPH
HanGoJbLUINX CKOPOCTSIX TedeHHs BoAbl. CpelHeKBajpaTHYyecKas MHO-
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TPEIMROCTD H3MEPERRA IAYGHH {7
BTHM CHOCOGOM, 10 JAaHHLIM
B.T.3nanoBuya u 10. JI. Illa-
pHKOBa, cocraBiser 8...109%.

2. Ilo pacxony Ha Bepru-
KaJu g, u3MePeHHOMY IoMnJIas-
Kom-uHTerpatopoM. Paccros-
HHE, HA KOTOPOM BCIJILIBAET
MOITAaBOK-HHTErpaTop OT Me- {
CTa €ro BhIYCKa, ONpeesser- > 4
Cs1 a3poPoToCheMKOI].

Pacxox na BEpTHRAMH, b 224, CxeMa onpene/ieHns rayGuub
KaK 3TO0 Cienyer us TEOPHH  poroka ¢ HOMOUIbO Oy#KOBOH CHCTEMEL.
NlonnaBka-paTerpatopa  (cm.

2.19),

g=wl=uy.

Cpeanmwio CKOPOCTb Ha BEPTHKAJM MPEICTABHM KaK Un= Ktimax,
TA€ Umsx — CKOPOCTh Ha CBOGOZHOK IOBEPXHOCTH BOABI; Ko3((pu-
unent K<1 onpegensior TaK, KaK H3JI0KEHO HUIKE. CaenoBartesnHo,

wl=Ku,,.h,
OTKyZ1a

h=wi/Ku,,. (2.60)

Ckopocts BenuibiBanms HonJIaBKa-HHTerpaTopa H3BecTHa (ee 3a-
PaiHee HaxonAr onkITHEM myTem), ! u Umax ONPENEIAIOT C MOMOLIBIO
a3p0oTOCHEMKH.

Cropocru Teuenus PacXoAsl BOAL MOTYT GHTb OmpeneeREHl
TPpeMs crnocobamu.

1. Hamepenns kunemaruky IOTOKa HA ero cBOGOAHOM MOBEPXHO-
CTH aspomeTonamu. [yGuHEL H3MEDPSAIOTCS HA3eMHBIMH CpeICTBAMH.

2. VamepeHns kuueMaTuku IIOTOKa Ha ero cBoGoOmHON HoBepXx-
HOCTU aspomeronamy. [iry6uubr H3MEPSIOTCS TAKXKE a9pOMeTOzaMH
(¢ npumenennem GyiikoBrix cHcTeM).

3. Hamepennus ¢ camouera PaCXOloB BOAB HAa BepTWKANAX (WH-
TErpauHoHHBIM CIOCO6OM).

ITepBriit cnoco6 ocobenno abpexTuBen npu THADOMETDHUECKUX
paboTtax Ha Gosbuiux PeKax Ha yyacTkax 3HAYHTEeNbHON OpoTs-
KEHHOCTH. Ero TOYHOCTBL CymmecTBenHo HNOBBILIAETCA NPH HALJea-
HWEM THAPaBIHIECKOM 06OCHOBAHUH. CymwHocts ero 3akaouaercs
B NOCJIe10BaTeJIbHOM Gororpaduposanun ¢ camoiera HJIH BepToJle-
Ta mnepeMemaloOmNXCsl IIONJIABKOB (Mapxupyomux npenMeros).
A3pooTocHEMKY BHIOHSIOT TaK, YTOGH Ha CHHMKaX MOJIYYHJIOCH

Balomuxces aspodorocuuMka. OnpE u3 HAX CHeJaH B MOMEHT Bpe-
Meuw f;, npyrofi — B CACAYIOIIHI MOMEHT f,. CuenoBartensHo, pas-
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Puc. 2.25. CxeMa omnpefeseHHs CKOPOCTell M HanpaB/eHHs TeyeHHd ¢ TIO-
MOIIBIO a3PO(POTOCHEMKH.

HOCTh f;—t;=:Af¢ NPeACTaBJAseT UHTEPBAJ BPeMeHH MexX1y 3KCIO3H-
musmu. 3a BpemMa Af usobpaxkesnune nomaaskoB (1, 2, .., n Ha
JeBoM cHuMKe; l,” 27, .., n’ Ha NpaBOM CHUMKe) MOJ BJIHSIHHEM Te-
YeHHs BOABI cMecTHTCSl. CMellleHHe NOMJIaBKOB COCTaBHT

ll,—l1:All; lzi_lzz——Alz,..-, ln/—"ln:Aln.

3pauenys | OTCYUTHIBAIOTCSA OT JHHHUH, NPOXOAAILeHl yepe3 KOH-
TypHBle TOUKH @ H b (a’ u b’), HaxoasAmHecs BOMU3H ype3a BOAHL
OTa JHHHSA AOJAXKHA GbITH NMepIeHAHKYJSpPHa K HaNpaBJeHHIO ABH-
JKeHus ToToka. CKOPOCTh JBHMIKEHHS IOIJIABKA Umax=Alm/Al,
rie m — 3HaMeHaTesJb Macutaba aspooToCHEMKH, paBHBIH OTHO-
LUIeHHIO BRICOTHl MoJjetra H K (POKyCHOMY pacCTOsIHHIO a3podoToKa-
mephl f. CiefoBaTenbHO,

Uy = AH/(AL). (2.61)

BrlcoTy H3MepsilOT HPH HOMOLIH pPajgHOBLICOTOMepa C HOrpell-
HOCTBIO, He mpeBHIIaOmen 2.3 M. Bpemsi Af omnpepensioT ¢ TOU-
Hocthio jJo 0,1 c. TlocaemoBarenbHoe oTorpadHpoBaHue H3yuae-
MOro ydacTKa peKu C camoJiera MO3BOJASIET MO CMEUIEHHIO COOT-
BETCTBEHHHIX TOYeK 1 n 1’ 2 u 2/, ..., n u n’ WOCTpOUThL NJIaH Teye-
Hufl, TaKk KakK JHMHHH [epeMelieHHs YKa3aHHLIX TQUEK SBJSIOTCA
TPaeKTOPHAMHU ABHIKeHHS NOBEPXHOCTHHIX MOIJaBKOB.

JJisi MapKUPOBKH MOBEPXHOCTH BOABI IPHMEHSIOT MOMNJABKH, BHI-
nycKkaeMEle ¢ CyAHa, JHCTH Oeqof 6Gymard, cOpachiBaeMEle C CaMo-
Jera, JbAHHL BO BpeMs Jie[J0OX0Aa, NsiTHAZ MAallHHHOrO Machia, copo-
HIEHHOTO C CaMoJieTa B CTeKJSHHBIX aMIyJjiax.

B Merojax asporuipoMeTpHYeCKHX HCCJeJOBaHHI, paspaGoTaH-
ueix B I'TH, B KauecTBe HeraTHBHOro marepuana npu aspodoro-
CheMKe MOMJIABKOB NMPHUMEHSETCS H300PTOXPOMATHUECKAas! (OTOMIEH-
Ka. OHa yyBCTBHTeJbHA K 3€J€HOH YaCTH CHEKTpa. DTO MO3BOJSET
CHUMATbh ypaHUHOBBHIE NONJIABKH, 00pa3yioliHe Ha BOAHON INOBEPX-
HOCTH 3eJieHble ULIefi(EL.
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IIpun o6paboTke cHMMKOB 3HaueHune Al, Bxopsuee B GopMmyay
(2.61), MOXHO OMpEeJENHTb CTEPEOCKONHYECKHM CHOCO0OM.

[To pesysnbrataM a3poOrHAPOMETPHUYECKHX paboT CTPOAT MJaHBI
NOBEPXHOCTHBIX TeUeHHH, HA KOTOPLIX PACCTOSIHHSI MEXAY TOUKaMH
Ha TPaeKTOPHSIX COOTBETCTBYIOT NMYTH MONJABKOB (JAbAHH), MPOH-
JAeHHOMY 3a BpeMs Af. Ilo TakuM [QaHHBIM BBIYHCJASIOT CKOPOCTH
B Ji060M cTBope. Mx u3o6paxaloT B BUJAe BEKTOPOB HJH 3HIOD HO-
BePXHOCTHBIX CKODOCTEH.

Tpernii cnoco6 (u3MepeHHe pacXOJ0B BOAB HA BepTHKAJAX)
OCHOBaH Ha HcmoJb3oBanun ypaBHenus (2.19). Ilpu atom MoryTr
ObITb peasH30BAHB TPU TEXHOJOrMUecKHX NIpHeMa B 3aBHCHMOCTH
OT THIA TMOMJaBKOB-HHTerpaTtopoB. [IpH HCHOJb30BaHHH OOBLIYHOTO
nomnsiaBka-uHterpatopa (cM. puc. 2.10) u monsnaBKa ¢ ABOHHBIM HH-
TerpupoBaHueM (cM. puc. 2.11) Heo6XoAHMO ONpeneNATh a3pOMETO-
JaMH MOJOXKEeHHe TOUKH NPUBOLHEHHS HHTErPHPYIOLUIEIO0 yCTPOHCTBa
(morpyxatomierocst TOMNJAaBKa) M MecTO BHIX0AAa Ha IIOBEPXHOCTH
NOTOKAa BCILIBIBAIOIIHX TMOMJIABKOB (HHTETPHPYIOIEH KHUAKOCTH).
Ilpu ucnonb30BaHHHM ABOMHEIX NMOMNJABKOB C Das3HBEIMH CKODOCTAMH
HX BCHJIBIBAHHUS U3 OJHOM TOUKH AHA (cM. puc. 2.12) He ompeness-
IOT TIOJIOXKEeHHe TOUKH NPHUBOJHEHHS HHTETPHpPYIOLIEro yCTPOHCTBA.
Heo6xonuMo ompesenuTb TOMBKO PacCTOSTHHE MeXJy TOUKaMH
BCIJIBIBAHHS INOMJaBKOB (cNocol pasHOCTHOrO HHTErPHPOBAHHA).
IIprMeHeHHe KHUAKOCTHBIX NOMJIaBKOB-HHTETPAaTOPOB MO OOLIYHOM
cxeme (cM. puc. 2.10) c u3MepeHHEM HX BBIXOJ0OB Ha NOBEPXHOCTH
BOABI 23POMeTOLaMH INO3BOJISET ONPeNeasiTb PacXoJsl BOABI C TOU-
HOCTbIO =5...6%.

OLeHKa TOYHOCTH a3POrHAPOMETPHYECKOrO MeToJAa C H3Mepe-
HHeM TOBePXHOCTHBIX cKopocred BbimosHeHa HW. TI'. IlIyMxoBbeIM.
I1pu macwmrabe aspodortocbeMku 1: 5000, CKOPOCTH TeueHHsI BOIBE
1..2 Mm/c, ckopoctu BeTpa 2...3 M/c, MPHMEPHO CHMMETPHUHOM pac-
npejeJeHHH CKOpocTedl U IMYOHH OTHOCHTEJbHO IeHTpa a3podoTo-
CheMKH CpeJHEKBaJpaTHUeCKas MOTPEUIHOCTb ONpPELesIeHHS Pacxo-
JOB B OCHOBHOM pycje cocraBiaseT 5..6%. [Ipu co6uaroneHnn aTHX
e YCJIOBHH, HO AJA moiiMel mpu ckopocrsx 0,1..0,5 m/c morpeur-
HOCTb Bo3pacraer o 10...12%.

2.4.4. Tugpasiuueckoe 000CHOBAHHAE
a3POrHAPOMETPUYECKOTO METOA ONpeHeaeHus
pacxojioB BOJbI

CpenHsis CKOPOCTh 4 Ha BEPTHKAJH BhIpaxkaercs (HopMyJoit
(2.10), nosTOMYy pacxoi BOAHl BCEro MOTOKA PABEH:

B B
Q:j‘u,ahdb: 5 h (um—”—;) db. (2.62)
0 0

YuuTBIBasl, YTO Almax=q¢, TAE o — QUKTHBHBIA Pacxoji BOALI
Ha BepTHKAJH, U U.=Yghl, Haligem
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__ B
Q=Q,—YEL § hVbdb. (2.63)

0

B 5ToM BEIpaKeHUH Qcp— qq,db

the Qp— (QUKTHBHEI pacxoJ BOJBL, BEIYHCASEMbI MO H3MEPEHHHIM IOBEPXHOCT-
HHM CKODOCTSIM TEUEHHS BOJH Umax W IyGHHAM h; Qp paBeH MJONIaAH, OTPaHH-
4eHHOH 3MI0poft gg==g¢(b) U BOARON noBepxHOCTHIO (cM. pHC. 2.7).

Tak Kak J[HHAMHYECKHSi pacxof BOAH Q.=0}ghcp! =wV.,
npexcraBuM ypassHeHue (2.63) B Buje:

Q=Qy—B.Qu/%, | (2.64)

rae ., —napaMerp, YYHTHBAOWKH HepaBHOMEPHOCTb pacmpefielieHHss IyGHHLL
110 IIUPHHE TMOTOKA;

B
1
_ —— h3/2dp 2.65
B, thchS | (2.65)

B nasnpHeiiiem 6yleM HA3HIBaTh P« napamerpom opmol #ue020
ceyenus, TIpn ONMHAKOBHIX NO WIMPHHE INOTOKa ray6uHax B.=1.
B o6meMm cayuae f.>1.

B ¢opmyne (2.64) mapamerp k£ Ans BCcero MOTOKA onpefelsd-
eTcsi 1o Gopmy.e:

L=V g/C.,, (2.66)
rie
Vg-+c¢
* T 2,30,3C/V g’ (2.67)

Otu GopMyJabl TPEACTaBJASIOT HHYIO 3anuck (opmyasl (2.16),
Gosee yroOHYIO IJI PELIeHHs AAHHOH 3alayuH.
C yueroM opmysnl (2.66) Bolpaxkenue (2.64) sanumiem B BHIE:

Bripaxenue (2.68) HasblBaeTcs nepgolm ypasuenuem 2udpagau-
KO-2uOpOMEeTPULECKO20 ChOCOOQ.

BropsiM 6ymeT ypaBHEHHe OTHOCHTEJBHOTO nedHIHTA cpeiHeH
CKODOCTH IIOTOKA:

(Omax— V)10, =C,/V g--CIC,, (2.69)

e Co—ﬂexompoe HHXKHee 3HayeHne Kodpduunenta Ilesn. B cpeanem Co=
=9,1 M%

Pemas ypaBHenusi (2.68) u (2.69), monyuaem TperTbio Gopmyay
TH/PaBJAHKO-THAPOMETPHUECKOrO crocoba: 4

Q=<p*Q¢~wvmax>/<p*——1>- @70 °
(1+ Ve C) @.71)

Py=

Co
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[Tapamerp (opMH B. J11060T0 CeUeHHs MOTOKA ONPeAessioT Mo-
cTpoenueM sniopsl A*¥2(b). Pasaenus niomaab, OrpaHHyeHHYI0 3TOH
3MI0pOH M JHHHEH BOJHON MOBEPXHOCTH, HA @Vhcp, HAXOAAT Ps.

3uauenusi P, AJS HOJHIOHAJBHBIX M NPAaBHJbHLIX KPHBOJHHEH-
HBEIX npodusedl NOACUYUTAHLL TEOPETHUECKH.

BeegeM B paccmorpenne KoadduuueHTEH Ki=Q/Qp=0/Unos,
rlie Upos=Qg/®@ — CpefHAS MNOBEPXHOCTHAs CKOPOCTh MOTOKA, Kp=
=70/Umax, IPH 3TOM BBHIMOJHSETCA HepaBeHCTBO K;>> K.

Meroanka omnpejeseHusi Unos H3MOXkeHa B pasiene 2.3.1. Ilo-
IJIaBKH KeJaTeNbHO MyCKaTh TaKHM o6pa3oM, 4TOObl OHH TpYHNH-
pOBAJIMCh MO [ABa-TPH B NATH — BOCHMH MeCTax IO LIMPHHE pPEKH.

IIpenBapuTenbHO B CPEJHEM CTBOPE CTPOAT CIVIAXKEHHYIO KDH-
BYIO H3MeHEeHHs MPOJOJKHTEJbHOCTH XOAa MOMJAaBKOB, 1O KOTOpPOM’
OTCUHTHIBAIOT BPEMs /s MNOACYETa CKOPOCTeH B TOUKAX IPOMEPHBIX
BepTHKa/sell. OueBHIHO, YTO CKOPOCTb Unos MOMKET OBITH H3MepeHa
OyTEM HHTErpaldH IMOBEPXHOCTHHIX CKOPOCTEH IO LIMPHHE IIOTOKA.
[1py H3MepeHHH TOJBKO Umax HYKHO NyCTHTb 5...10 IomiaBkoB no
CTPEXHIO PEKH H MPUHSITH B pacueT CPeJHIOI CKOPOCTh IO TPEM NO-
N/aBKaM ¢ HaHMEHbUIEH NPOLOJKHUTENbHOCTBIO HX ABHXKEHHS MEXAY
CTBODaMH.

C yuerom koatpduunentoB K; u Ko GhopMyJasl A1 pacxofa IpH-
MYT BHI:

OpH H3MEepPeHHH paclpejefieHHsi cKopocrefi IO WIMpPHHe IOTOKa

Q= K000, =K, Q4 (2.72)
NpH H3MePeHHH MaKCHMaJbHOH CKOPOCTH
Q=K,00_. (2.73)

Ha npaktuke Moryt BCTDETHTBCS PAa3JHYHBIE BO3MOKHOCTH
NpHMeHeHHSl THIAPABJIMKO-THAPOMETPHYECKOro crocoba.

1. VI3BeCTHBl Unop M K03 HULUHEHT NIEPOXOBATOCTH, B 3aBHCH-
MOCTH OT KOTOPOTO BhIUHCASIOT Koapouuuent Illesn. C. Koaddu-
uneHT K; paccuuThiBalOT no (QopMyJe, MONYUYeHHOH U3 3aBUCHMOCTH

(2.68) mpu v.=7Vgv/C,
Ky=C/(C-B,C.). (2.74)

Ilopcrasasas 8 dopmyay (2.74) C., BHUHCAEHHYIO IO BHIpaxke-
HHW (2.67), nonyuaem

(2,3Vg+0,30) C
- . 2.75
Ky [(2,3+8,)Veg-+0,3C1C+B.g’ @.79)
[Ipn B.=1 _
K, (2,3Vg+0,30) C 2.76)

T (33Vz+030)Ctrg

2. Vi3BeCTHBl Umax M KO3(QUUHEHT mepoxoBaTocTH. Koahdu-
LUHeHT K, paccuuThBalOT Mo (opMmyJe, MOJIYYEHHOH H3 3aBUCHMO-

cTH (2.69),
K,=C/(1,34C-LC,). ©2.77)
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[Nopcrasasist B dopmyay (2.77) C., BHUHCJISHHYIO IO BhIpaxe-
Huio (2.67), nosnyuaem

(2,3Vg+0,3C) C
— 2.78
2T (41Vg+040)CHg (2.79)
Ilpu p.=~3.
Q=10,5 (3Qp — OVp.y), (2.79)
HJIH
v="0,5 (30505 — Vmax)- (2.80)

TouHocTh onpejeneHHss DPacxof0B THAPABIHKO-THAPOMETpHUe-
CKHM CIOCOOOM HHXKe, YeM IIPH H3MepeHHH CKOPOCTell BepTyUIKaMH
BO BCeM XMBOM ceueHHH. [Ipu panbHefinieM MOHHXKEHHH TOUYHOCTH
ONpeJesleHHsi PAacXo[A0B, HalpUMep NpPH PeKOTHOCHHPOBOUHHIX 0O6-
CleJ0BaHUAX peK, NpHHUMAIOT cpefHHe 3HaueHHs K;=0,85 u K=
=0,65.

Ecnu noBepXHOCTHBIE CKOPOCTH H3MEPSAJH B BETPEHYIO IOTOAY,
To Kos(pduunenT K; fo/KeH GHTb CKOppekTHpoBaH. IIpn BeTpe mo
TeYEHHIO MOBEPXHOCTHAS] CKOPOCTh Unopz yBEJHUHBaeTcs, a Koagpdu-
1HedT K, yMeHblIaeTcsl; NPH BeTPe NPOTHB TeyeHHS 3HAUCHHE Upoe
yMenbuiaercsi, a KosGduuuest K; ysBesnunsaercs. Ilo ONBITHBEIM
IaHHeM nonpaBku AK; K kos¢pduuuenty K; onpepensioT no Tab-
Juue 2.1.

2.1. Nonpasku AK; k kosathdunuenty K;

et s | K. %
1,0 1,0 1,0 1,0
2,0 3,1 2,0 1.8
3,0 4,0 3,0 3,3
4.0 6,0 4.0 3,5
5,0 8,0 5,0 4,0

IlonpaBka AK; npuHHMAaeTcsl NOJOXKHTENbHOH, eclH BeTep Ha- -
fIpaBJleH NPOTHB TeYeHUs, U OTPHIATENbHON IIDHU BeTpe IO TeueHHIO
Boapl. [Ipu KocoM HampaBJleHHH BeTpa IO OTHOHIEHHIO K HalpaBJe-
HHIO NIOTOKA INIpeJBApPHUTENbHO BHIUHCJIAIOT IPOEKIHIO CKOPOCTH BeT-
pa Ha HopMaJb K FHADOMETPHYECKOMY CTBOPY.

JlokaszaHo TeopeTHUecKH, Y4TO CKOPOCTh NJBIBYLIEro Teja (fmo-
nJaBka) GoJsblle, YeM COOTBETCTBYIOIIASS CKOPOCTh NMOTOKa B Ipe-
Jesax NMorpyxeHus IoNJaaBKa. JIerkde momjaaBKu ¢ GOJBUIEM KO3(]-
GUUNEHTOM CONPOTHBJEHHS, OOJNLIINM MH/JEJeBBIM CeueHHEM IOJ-
BOJHO# 4acCTH NOMJAaBKa H NPH MaJblX YKJIOHAX NMOBEPXHOCTH BOABI
MOTYT NpUMeHATbcS 6e3 BBeleHHs NMONMPaBOK HA CKOPOCTb O6roHa.
JIbAYMHBL HCHOJB3YIOT AJS MapKUPOBKH IMOBEPXHOCTH BOJABI MO CJe-
AYIOIIHM NPHYMHAM: HEBO3MOMKHOCTb NPHUMEHEHHS JPYTHX CPEeLCTB
MapKUPOBKH BO BpeMs JeLoX0Aad, Xxopolas AelIHPpHPYyeMOCTb
JbJMH Ha a3POCHHMKAaX, CPaBHHUTEJbHO PaBHOMEDHOe pacmpejene-
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HHe JbJMH IO Bcell mupuHe peku. [Ipn aToM He H0JKHO OHITHL cTec-
HEHHOTO IBHXKEHHS JbIHH, IPH KOTOPOM CKOPOCTH ABHKeHHS JbAHH
cuuxaTes, ITosToMy a3pocheMKy c/lefyerT AenaTh BO BpeMs cpel-
HEro WJH pelkoro Jegoxona. IIpHHATO cuMTaTth, YTO CKOPOCTH JBH-
JKeHMs JbJAHH PaBHBI HJIH HECKOJBbKO 6OJbliIe NOBEPXHOCTHBIX CKO-
pocreit. Onnako skcnepuMenT §I. M. MapyceHKo mokasal, 4To CKo-
POCTH JIbAMH MeHbllle IIOBEPXHOCTHBEIX CKOpocTe# moroka. IIpu akc-
nepuMeHTe K HHXKHeH YacTH JbAHH INPHKPENISA/IHCh MEIIOYKH H3
MapJii, HaloJHeHHble KPUCTA/AIAMH KpacKH (IepMaHraHaTa Kajus).
3areM jeJsajuch HaGJaofeHHd 3a unelidaMu OKpauleHHOHR BOJBI
BOKpYr JbauH. OKasaJjoch, 4To Ijed¢ps 06pasoBauch Ha ¢poH-
TaJIbHBIX YacTAX JbAHH, O6TeKaHue JbANH HAYMHAJAOCh € HX THLIO-
BOM 4aCTH, YTO BO3MOIKHO, €CJAU CKOPOCTb JBHKEHHS BOAB 60Jbllle
CKOPOCTH JbJAHH. DTO NOCJHYXKHJAO OCHOBaHHeM /Sl NPOBeJeHHS ce-
PHH COINOCT2BHTE/JbHBIX 3KCIEPHMEHTOB MO ONpeleseHHI0 COOTHO-
IIEHHST MEXIY CKOPOCTSMH JAbIAHH U H NOBEPXHOCTHBIMH CKOPOCTS-
MU TOTOKA Upes. [10 AanueM §. M. MapyceHKo, 3T0 OTHOLIEHHe Ha-
xoauTcs B mpefenax 0,32...1,00 4 3aBucHT OT TOJNMIMHBI JAbAA H TJY-
O6uHBI mOoTOKa. UeM MeHblle pacCTOHHE OT AHA NMOTOKAa A0 HHUKHEH
NOBEPXHOCTH Jbaa (pabGouasi ruy6HHA), TeM MEHbBIIE Ux/Unos, TO
eCTb CKa3blBaeTcsl BJUSHUE AHA. [lo3TOMy MOXKHO NPEeANIONOXHTb,
4To Ha GOJIBLIMX pPeKax 3TO OTHOUIeHHe GyAeT MPHOJHKATLCH K efH-
HHUILE.

2.4.5. Onpepexenne pacxoos BoJbI
€1oCco00M cMelleHnA

IIpeanonoXuM, B MOTOK, PacXoi KOTOPOIO HYXKHO OIIDE/eNHTb,
BBOJLUTCSl PAcTBOpP BelllecTBa, 06/1aaI0L[er0 H3BECTHEIMH (334 aHHKI-
MH) (U3HUeCKMMH HJH XUMHYECKHMH cBoiicTBaMH. I1oTOK Moxker
He MMeTb 3THX CBOWCTB HJIH Ke HMeThb HX B c/iabGoBelpaxkeHHOH ¢op-
Me. MOXKHO BBOAUTH DPAacTBOp KaKoro-Hubyab XUMHUYECKOro HJN
KpacslIero BeLIECTBa, pajHOaKTHBHBIE H30TONLL BellecTBo H3BeCT-
HOH KOHUEHTpAaluH, NpoHas BMeCTe C MOTOKOM HEKOTOPOE pPaccTos-
HHe, TOHU3HT BCJAEACTBHE NepeMellHBAHHS CBOI HAUYaJbHYIO KOH-
nedtpaurio. CrTelneHb NOHHUMKEHHsI KOHUEHTPAlUH 3aBHCHT OT pac-
Xoaa BOABI, MO3TOMY YMeHbI_L[eHI/Ie KOHOEHTpauuu BelecTBa U ABJA-
eTcs KpUTepHeM pacxona BoaorToka. CiHsiHHe ABYX HOTOKOB C pas-
HBIMH TeMIEpPaTypaMH HJH KOHIEeHTPAaUUusIMH HAaCOCOB OTHOCHTCS
K SIBJCHHSIM 3TOH Ke KaTeropHH.

Omnpenenedne pacxoloB BOAbl CmocoGoM CMeHIeHHS OCHOBAHO HA
TypOyJEeHTHOCTH IOTOKA.

BemiecTBo WM ero pacTBOP, HCHOJb3yeMble IJis OIpelesieHHs
pacxona, MOMXKHO HasBaTb uamepuresvuovim geujectson. Ceuenue
(cTBOp) BOJOTOK2, B KOTOPOE BBOISIT H3MEPHTEJNHHOE BEIIECTBO,
Ha3hBaOT nYCKOBbiM, @ CTBOP HHIKe IO TEUEHHIO, B KOTOPOM OIpe-
JGJAIOT KOHUEHTPAUHIO BellleCTBa, — U3MepuTesbrbim. PaccTosiine
MeXKAy CTBOPaMH JAOJKHO O6eCHeunTh XOpollee IepeMelliHBaHue:
H3MePHUTeJbHOIO BelllecTBa ¢ MoToKOM. OCHOBHOE ypaBHEHHe CIOCO-
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6a cMellleHHSI BBIBOJAHMTCS U3 YCJIOBHS: PAcXOJ BellleCTBa B MYCKOBOM
CTBOpEe NOJKeH ObITh PaBeH ero pPacxojy B H3MEPHTEJIBHOM CTBODE.
O6o3naunB pacxoi pactBopa uepe3 Q, (B Tex e eAMHHLAX, UTO
H pacxoj BolOoTOKa @), 3amuiieM ypaBHeHHe GajaHca BeIleCTBa:

QpCi+CQC=(Q,+Q) Cy,

rae C)— KOHIEHTpAIHA BelllecTBa B PacTBOpe, TO ecThb er0 COAeplKaHHe B efH-
Huue 06beMa; Co — KOHIEHTPAINs TOr0 JKe BelllecTBa B NOTOKE, TO €CTh B €CTeCT-
BeHHOM cocTofinuH; Cp— KOHUEHTpauus TOTO XK€ BElWecTBA B H3MepHTe/NbHOM
CTBODE.

Orciona
Q=(C;—C,) Qp/(C,—Cy). (2.81)
Ecan moTox He coOAepIKHUT H3MEPHTENBHOIO BelIeCTBA HJIH CO-

JeDXHT ero B BeCbMa He3HAUHTEeJbHBIX KojauuecTBaX, To Co=0 H
tdopmyaa (2.81) npuHuMaeT BHL:

Q=(C,/C,—1) Q. (2.82)
Ecnu pacxof pacTtBopa MO OTHOIIEHHIO K PAacXoAy BOAOTOKA

MaJ, a uMeHHo Qp/Q 100<I29%, To B mpaBoil YacTH ypaBHEHHs Ga-
JaHca MoxHO upuHATh Qp=0. Torna Q,C;+QCo=QC,. Orciona

Q == ClQp/(Cg_ Co) . (2.83)
[Ipu maneix Co u Qp QpC;=QC,. Torna
Q=C1Q,/C,. (2.84)

paCTBOp B IOTOK MOXKHO IIoJaBaTh MIHOBEHHO HJIH B TeueHUe
OlpefeeHHOrO NPOMERyTKa BPeMeHH C IIOCTOSHHBIM HJIH IepeMeH-
HBIM pacxogoM Qp. Tlpu MrHoBeHHON TNojaue pacTBopa B IIOTOK
TpebyeTcsl CYIIecTBEHHO MeHbliee KOJIMYecTBO pactBopa. IIpumeHu-
TeJbHO K 3TOH MeToAHKe crnoco6a CMeLIeHHS OCHOBHOE ypaBHeHHe
¥MeeT BHI:

t
G= 5 (C,—C,) dt, (2.85)
0

rae G — macca BemecTsa (COJIH), NOLaBaeMOrO MTHOBEHHO B MOTOK.

[Ipennonaraercs, 4TO B KUBOM CEYEHHH H3MEPHTENHHOIO CTBOPA
KoHuenrpauus C, pacnpepesnsiercss NPHOJIH3HUTENbHO PaBHOMEPHO.
Hocruraercs sto 6.1aronaps MakpoTypOyJdeHTHOCTH Ha yuacTKe IO-
TOKa OT NyCKOBOIO 10 H3MEPHTENbHOro cTBopa, HO C, HaMeHseTcs
BO BpeMeHH {.

Ecnmu W — o6bem mopaBaemoro pacrsopa, To G=(C;—C,)W u
Co Mauno mo cpasuenuio ¢ C,.

Torpa

t
C,W=Q S (C,—Cy) dt,
0
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OTCIOAZ, .
Q=— , (2.86)
[-————Cz—c" dt
Cy

0

Usmepun Cy, Co m C, um moctpouB rpaduk usmepenus (Co—
—Cy)/C, B 3aBHCHMOCTH OT BpeMeHH {, HalizeM rpaduyeckum CIro-
co60M wuHTerpas, BXOASIIUA B ypaBHeHHe (2.86). Konuenrpauuu
Cy, C; u Co ompenesiioT 3JeKTPOXHMHUECKHM CIOCO60M.

Omnpepesnenne pacxofoB BOAbI coco60M cMelleHHs He TpebyeT
n3MepeHUfl KHHeMaTHYeCcKHX H reOMeTPHYeCKHX 3JeMeHTOB IIOTOKa.
B sTOM 3aKaI0ualOTCS ero OPHrHHAJIbHOCTh H INIpaKTHYecKas LeH-
HOCTb, OCOGEHHO B YCJOBHSAX FOPHBEIX pekK, Ille CKOPOCTH NOTOKa H
MHTEHCHBHOCTb TYpPOYJEHTHOCTH BEJHKH, @ PYCJIO CJIOXKEHO KpYIl-
HBIMH BaJIyHaMH.

TexHuka W METOLWKa NpUMeHeHHs clocoba cMeUIeHHs BeCbMa
pasHoo6pasHElL.

2.4.6. Onpenenenue pacxoos BOjbI 0 YKIOHY
H JKUBOMY CEYEHHIO

Dtor cnoco6 onpefeNeHHs PacXoAOB BOJbl COKPALIEeHHO HA3BI-
BalOT crnoco6oM YkJoHA — muomaad. OH OCHOBAH Ha HCHOJb30Ba-
HUH ypaBHEHHSI HepPaBHOMEPHOTO [BMXKEHHS BOJABI, KOTOPOe 3amlH-
HieM AJ9 pacxona Q B BHJE:

Q=B.Co l/ oo | T+ (g5 | (2.87)

rie P., C, ©, Rcp— OCpelHEHHHE 3HAUEHHS HA YYacTKe DEKH COOTBETCTBEHHO
Koapdunuenta GopMel KHBOrG ceueHus, koap¢dunuenta [lean, miomanu KXKHBOMO
ceueHHs1 W cpefHeil rayOuHbl;, o — Koad¢umment Kopuosmca. dpyrue oGosHaue-
HHS, KaK B Gopmyde (2.2).

Ha BeiGpaHHOM yuacTKe AOJIKHO GHITh H3MepEeHO He MeHee TPEX
JKHBBIX ceueHHH. B aTOM cayuae NpHHHMAIOT

o= 0,25 (0,4 20} 0,),

TZe o — IJOWANb JKUBOrO CeYeHusl Ha cepefduHe ydacrka. 3uauenus P, u C cie-
JLyeT BBIYUCHSATH MO GOpPMYyJaM TAKOrO Ke THHA.

MozxeT 6BITb HCIIOJIB30BAHO W yPaBHEHHE

Q=Co ‘/P [l+—£—(“§—zf—— 3‘-;”5)1 (2.88)

rae R — ocpenHeHHsI Ha yyacTKe MHAPAaBIHYECKHl paguyc.

Qopmyna (2.88) npeamoutHTesbHa AN pek, a dopmyaa
(2.87) — a1t xanaJoB € YKpemJeHHBIMH pycaamu. Pacxopsl mo
3THM (opMysnaM NOACYHTHEIBAIOT CIOCO60OM IOC/]eA0BATEIbHBIX MpPH-
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6snxkeHuil. B mepBoM npub/iHXKeHHH CKOPOCTHBIe Hamopbl AJs
BEPXHEr0 H HHIKHEro CeUeHHH NPHHHUMAIOTCS OLHHAKOBBIMH.
Kospduuuenr Kopuosanca mnojacuuteiBalOT no ¢opwmyrae (2.18).
Ilpononbublil yKJIOH / caeayeT omnpenetsiTh C IIOMOIUBIO BBICO-
KOTOYHOro HuBeanpoBanHs. CorsacHO MeXIYHapOAHOMY CTaHAAPTY
«3mMepeHHe XHAKOLO CTOKAa B OTKPHITHIX pycCJaax THApPaBJIHUeCKHM
MeropoM. MCO 1070—73», panHa yuacTka JAOJKHZ OBITh TaKOH,
yToGH NMajende BoaoToKa [{;—H, Ha BCeil AJHMHE yyacTka NpeBbl-
mano He MeHee 4eM B 10 pas norpemHocTb HU3MepeHHs] MaaeHHS.
TounoeTh crnoco6a yKJIOH — IJIOLIAJLh MOBHILIAETCS, €ClAH Ko3dpdu-
et [esn onpenensiercs no ¢opmyne I. B. JKenesuskosa:

C=t [t —LE 1 —1gR)]+

n 013

+ Fla— L 0—en| + L (- +VERr) @8

rie n— K03QOUUHeHT NIepOX0BaTOCTH.

Ilpu peunieHMH pa3JHYHBIX 33742y, B KOTOPBIX Heob6XoAHUMO OOB-
€IlMHUTb CpefHIO TINy6uHY, BXOAAILYI0 B (GOpMyny pjs cpeaHeld
ckopocTH v=CVhcpl, u ray6uny, BXoasmyo B dopmyny aias C, npH
R=h, ynobua popmyna H. H. I1asaosckoro:

C=Rn, (2.90)
rle y — TepeMeHHE noKa3artelb, 3aBUCAHf OT 7 U R.

®opMmyaa pjag y 6Bl12 HOJMYUeHAa B OCHOBHOM JJis1 KAaHAJOB IIpH
THIPaBJHUECKHX paauycax R hop<<3 M.

B pekax ray6unsl nocturamor 20 M u 6oJsee (Hampumep, B yCThbe-
BHIX yuacTkax peku Enuces oxkoso 50 M), u Ko3ddUIHEHTH wepo-
XOBaTOCTH H3MeHSIOTCS B OoJblUuX npenenax. Ilostomy Koaddu-
pueHT Hlean nnsa pek nMeeT oueHb GOJBIIYI0 aMIUTYAY — oT 10
a0 120 m%5/c. drtum ychaoBusSM oTBeuaeT (opmyna (2.89).

[IpupaBuuBast mpaBsle uactu ypaBHeHuit (2.89) u (2.90) u pe-
mas paBeHCTBO OTHOCHTEJNBbHO y, noayuaeMm ¢opmyay [. B. JKexes-
HSKOBA:

- lgﬂ —ave <1—-1gR>]+

01/ [ 0—1eR] Y (L 1vaer|. o

IIpumenenne gopmyast (2.91) npeaycMoTpeHO MeKIYHAPOAHBIM
craHfapToM «llamepeHHe NOTOKOB 3KHAKOCTH B OTKPBHITHIX KaHaJ/iax
H pycaax — ollpeJeJieHHe 3aBHCHMOCTH ypoBeHb — pacxof. HCO
1100/2» (1982 r.).

XoTf TOUHOCTH OINpefesieHHs pPAaCXOAOB IO Cmocoby YKJIOH —
NnoLajb HHIKE, YyeM IO crnocofy CKOpPOCTb — MJAOLIAAb, €ro YacTo
OPHMEHSIOT BO BPeMsi NaBOJAKOB, B TOM UHCJE C QUEHb MaJoOH HX
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BeposATHOCTEIO. OHHM YacTO HOCAT KaTacTpoduueckuil XapakTtep,
[I03TOMY M3MEepPUTh CKOPOCTH MOTOKA, YKJOH H KHUBBHE CEUYEeHHsl yla-
eTCsl B PELKHUX CAydasx.

[TpuGiiKeHHO pacxof NMOACUHTHIBAIOT Ho ¢Qopmyne (2.87) nau
(2.88), BBIZEJNHMB MO BO3MOMKHOCTH NPSAMOH Y4acTOK peKd OoJbLIOH
ANUHE (HecKosbKo kujaoMeTpoB). [locrne mnpoxoxpenuss naBoiKa
HAaj0 U3MEpPHTh MJOILIALU TOMEPeuHBIX CeueHHil TaMm, rie Qopma
pycia H3MeHsieTcsl II0 JJHHe. YKJIOH IMOBEPXHOCTH BOAB MOXKeT
OBITH OMpefeneH MO pe3yabTaTaM asPOCheMOK HJAM KOCMHYECKHX
(OTOCHHMKOB NOBEPXHOCTH BOAH. lMes mniaH NOBePXHOCTH JHA
pycja U NOHMBl B TOPH3OHTAJNAX ¥ MOJOKEHHe JHHHH ype3a BOJHI,
10 pe3yabTaTaM YKa3aHHHEIX CbeMOK ONpPeJessIoT YKJOH IoBePXHO-
ctu Boanl [. Tlpu orcyTrcTBHHM Takoll BO3MOXKHOCTH HPHHHMAIOT
I~ 1, roe Iy — ocpe/lHEeHHBIl YKJOH JHA BOAOTOKA, ONpeRessieMblil
N0 NpPOAOJLHOMY INpo(HuIl0 BOAOTOKAa. Ero jauHa HOJXKHA OHIThH
AOCTAaTOUHOH AJISt OCpefHEHHS MEeCTHHIX NMOHHUXKeHHH H NOBHILIeHHH
AHZ pycaa B mpofoabHoM HampaBJjenu# (5...10 km). Beumy npu6-
JIMXKEHHOCTH pacyera, CKOPOCTHBIe Hamopel B Qopmynaax (2.87) u
(2.88) moxHO He yuuThiBaTh. Corsacno crangapry MCO 1070—73,
CPelHI0I IJIOUIAAb INOIEPEeYHOro CedeHHst MOJCYHTHIBAIOT IO (op-
MyJe:

Oy 20, + ... F 20—y + @
2(m—1) ’

0=

TAE M — UUCJIO U3MEPeHHHX IAomanel (0T ©; A0 ®am).

Taxoil Bun cdopmynbl oObsicHseTcs TeM, 4YTO [Jsf OTAENbHBIX
y4acTKOB PEKH 3a CpefjHHe 3HAuUeHWs Ijomajzeil npunumaiorcest 0,5
(014®2), 0,5 (we+w3) ¥ T. K., TO3TOMY IIpH BCeX IJIOLIANSX, KPO-
Me @1 U ®m, €CTb Ko3(QPHUINeHTH 2, 2 B 3HAMeHATeJNe — YHCJIO OT-
JleJIbHBIX yyacTkoB (m—1). JauHa cMOYeHHOro nepumerpa NoOJCUH-
THIBaeTcsl 10 QOopMyJie TaKOro e BHEA.

Ilpy nanuumu nOHMBEI pacxXol MOACYHTHIBAIOT [0 YpaBHEHHIO
(1.21), To ecth Cc yueTOM KuHeMaTHueckoro sg¢ekra moroka. Pac-
XOJbl BOABI, BXOAsllKe B NPaBylo yacTh ypaBHeHusa (1.21), Bouuc-
JAI0T 1o ¢dopmye (2.87) Ges ydyera CKOPOCTHBIX HamopoB. BBHAY
NpUOIHIKEHHOCTH Pacdera MOXKHO NMPHHATh CpelHHEe mapaMeTphl Ku-
HeMaTHyecKoro a(dekra (npu obecneuenroctu 50%), mo . B. Ke-
ae3usikoBy u H. M. Hosuxoroit, K,=0,31, K;=0,08 (ecau pycio-
BB U NOHMEHHBIH MOTOKH NapaJJelbHbl), TOLAA

Q=Q," + Q" —0,23Qs. (2.92)

2.4.7. Oupepexeniie pacxo0B BOIbI BO[OCAHBAMIL
U THAPOMETPHUECKUMI JOTKAMIL

SIBnenue mepesnBa BOJBI uepe3 mperpaay B 6e3HamopHOM NOTO-
Ke HasbBaeTcs godocausom. B 6Gosee y3KOM CMBICJe BOROCJUB —
3TO CTeHKa (NOpOr), HeperopakKuBamwlasi HOTOK, uYepe3 KOTOPYIOo
TIPOHCXOJUT NepeuB (KCTeUeHHe) KHIKOCTH.
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2
<\ﬂ ﬁf\ ra) o H3BECTHOI 3aBHCHMOCTH

~ H3mepuB Hamop BOAB HaJ

e e BojocauBoM H (3a mnpenesaMu
a2 :4:\@._ pe3Koro cmaja ypoBHeil, Ha pac-

i 2 CTOSIHMH He MeHee 4H oT mopo-

e b - Mex1y Hamopom H H pacxoioM

2 (Q Tpu 3a4aHHBHIX BCEX JAPYTHX

Puc. 2.26. Tlosuronanbibe pogocaupel ~ BEJAHUHHAX, ONMPEARIAIOT PACXOU.
¢ TOHKOH CTeHKOH (B COBMELIEHHOM BomocauBel ¢ TOHKOH CTeH-
BHJE). KOH $SIBASIOTCS XOPOIIMMH pac-
XOJOMEPHbBIMH YCTAHOBKAMH.

TouHOCTh M3MEDPEHHS HMH PacXOJOB BOJABl YCTyNaeT JHILL OObeM-
HoMy crioco0y. [das onpejieleHHs PacxoJoB HCIOJb3YIOT H BOAOCJH-
BHl C INMPOKHM MOPOroM H IpakTHueckoro npo¢uad. K nepocrart-
KaM BOJOCJHBOB OTHOCSTCH: MCKaxKeHHE eCTeCTBEHHOTO THAporpa-
¢a BOZOTOKA BOJOXPaHH/IHILEM, KOTOpOe obpasyercs mepex BOJO-
CJIHBOM; VXV/IIEHWE YCJIOBHI TPaHCIOPTAa HAHOCOB (B HPPHUrallHOH-
HBIX KaHaJjax).

Ecau BOJOC/AHBE H3IOTOBJEHB M 3KCIIyaTHPYIOTCS B COOTBET-
CTBMH C HOPMaTHBHBIM AOKyMeHTOM «IIpaBusa usmepeHus pacxona
KHJKOCTH IIPH IOMOLIM CTAHIAPTHEIX BOJOCJIHBOB H JIOTKOB
PIOI199—77», To pacxoabl BOABI MOI'YT OHNPefensiThCsd Oe3 mpenBa-
PUTENbHOH MHAMUBHAYaJbHOH I'DAaAYHPOBKH BOLOC/HUBA.

B IlpaBunax pasauuaior ofmiye ypaBHeHHS pacxoia (B OCHOB-
HOM Te e, 4TO B rHJpaBjuke) U paboure (OPMYJH pacxoia.
B paGouux ¢opmynax 3HaueHHs NOCTOSHHBEIX (Hampumep Vg, ¥2
B np.) o0beniuHEHb B OAHH uucaoBoi mapamerp. OH MoxkeT OHTh
pasMepHbIM. KpoMe Toro, HHOrAa pacxoj] IPHHEMAIOT B KyGUUECKHX
MeTpax He B CeKyHNly, a B 4ac, TOTJa 3HAaYeHHe UYHCJIOBOr0 MHOXKH-
TeJisl COOTBETCTBEHHO M3MEHHUTCS.

OmnpenenieHre pacxol0B BOJAOCIMBAMHM C TOHKOH cTeHKoi. Ilpu-
MeHSIIOT IJIaBHBIM 006pa3oM He3aTONJIEHHBIe BOMOCIMBEL fu.6< Pu.s,
rae hge — ray6uHa NOTOKAa B HHXKHeM Obede, pus — BBICOTA MOpPO-
ra BOJOCJMBA CO CTOPOHBI HHXKHEro Obeda.

B 3aBucuMocTi OT OpMBI BEIpe3a B CTeHKE BOZOCJHHMBHI MOAPA3-
JeJSAI0T Ha NOJUTOHAJbHEIE W KPUBOJHHEHHEIE,

[lonuronanbuble AeNsTCA HA NPSIMOYroOJbHBIE, TPEYTOJbHbBIe, TPA-
HelenjaJbHble (CyXHBalOHMecs KHH3Yy HJIH KBepxy) (puc. 2.26).

IIpamoyeoasnsli godocaus. Yyron B=90° (cMm. puc. 2.26). Dop-
MyJa AJsi pacxona UMeeT BHA!

Q=mY/ 2gbH*"?, (2.93)
rae m=2p/3 — xo3dunueHT pacxoia BOAOCIUBA,

B ruapasinke HCHOJB3YIOT TPH KO3((HIlMeHTa pacxoga: p —
nepBuIfi, m — BTOPOiH, M=m}y2g — TpeTuit; 3a OCHOBHON NpPHHHMA-
ercd KO3pQuuuenT m, KOTOPHIH HaspiBaloT KoadduuueHToM pacxo-
na. B TlpaBusax e OCHOBHBIM KO3(Q(HUIHEHTOM CUMTAETCs NEPBHI,
KoTophiii 0603Haden yepes C M TaKxke Ha3BaH KO(pQUIHEHTOM pac-
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xona. CaenoBaTesbHo, AJs Moxcuera m 3naderus C, NPHBOAAILIHKE-
cs1 B [IpaBujax, Halo YMHOXKHTD Ha %/s.

Pasmepsl CTangapTHOro HPSIMOYTOJBHOTO BOAOC/IHMBA C TOHKOH
CTeHKOH J0JKHBI OBITh: BBHICOTA IMOpPOra BOZOCJHBA CO CTOPOHHI
BepxHero 6beda pe.s=10 cM; pus>10 cM; H/ps.s<<2; Hmin=3 cm;
JauHa BojocauBa 1o rpe6HIO (mupuHa Iopora Bopocausa) bz=
=15 cm.

Pa6ouyio ¢opmyny aas pacxoma (m®/c) 3amuileM B BHAE:
Q=2,953CbH*", (2.94)
rae b u H B M; 2,953=2y2g/3 (M%/c); g B M/c2

Coraacuo Ilpasunam,

C_—=C,~{—a/ A , (295)

rae C;— K03 QUIHEHT HCTEUEHHS.

3nauenuss C; u a’ npuBefessl B [IpaBuiax B 3aBHCHMOCTH OT
b/B, rie B — wupuHa NOTOKa nepep BojociauBoMm. Hampumep, nag
BojocauBa 6e3 GoxoBoro cxatus moroka (b/B=1) C;=0,602, a'=
=0,075 u C=0,6024+0,075 H/pss, cOOTBETCTBeHHO B (QopmyJae
(2.93) m=0,40+0,067 H/ps.s.

[lpu H/pss=0,5 m=0,434. [lnsi OpHEHTHPOBOYHBEIX NOACYETOB
MoxkHO npHHATE m=0,42...0,44. CpenHeksaipaTHyeckass OTHOCH-
TeJbHAsl NMOTPEIUHOCTL Ko3dduuuenta C AAA NPAMOYTOJbHOTO BO-
JocauBa ¢ TOHKOH cTeHKoH coctaBiaser 1Y%. [lpaBuiamu pekomeH-
AyeTcs K Hanopy H npu6aBifiTh MONpaBKy Ha BA3KOCT