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BBEJIEHUE

OcBoeHne TOPHO-TIPEATOPHBIX TeppUTOpuii KbIprei3ckoit PecryOmiku Bo BTOpoii IOJIOBUHE
IIPOLIJIOTO BEKa BBI3BAJIIO aKTUBHOE MCIIOJIb30BAHUE TMJIPOIHEPIreTUUECKUX U BOJHBIX PECYPCOB
MaJibIX TOPHBIX peK. B COBpEMEHHBIX yCIIOBUSAX TUAPOIHEPIETUUECKUE U UPPUTALIMOHHBIE CUCTE-
MBI SIBJISIFOTCS. OCHOBHBIMHM KOMIIOHEHTaMH BO/IOXO3SIICTBEHHOI'O KOMIUIEKCA CTPaHbl, 00ecreun-
BAIOLUMH POCT HAPOJHOXO3HCTBEHHOTO ITpon3BoAcTBa [3, 195].

[TapameTppl rUAPOIHEPTETUUECKUX U UPPUTALIMOHHBIX CUCTEM OIPENEISIOTCS BO3MOXKHO-
CTSIMH BOJIOTIOJIB30BAaTENIed M €CTECTBEHHOMCTOPUYECKMMH (pakTopamu (KJIMMart, Tororpadus,
r€0JIOTHsl, MECTHOCTH U T. 11.), U B CBOEM IIPEUMYIIECTBE 3aBUCAT OT BEJIMUMHBI 00bEMa CTOKA HC-
noJjib3yeMbIxX pek. [Ipu co3nanuu, peKOHCTPYKIMHU M peadMINTalUU STUX CUCTEM OCHOBHAsS J10JIs
3arpar NPUXOAMUTCS Ha TMJIPOTEXHUYECKUE COOPYKEHHUsS, KOTOpble 00eCleunBaoT 1mojadyy Heoo-
XOJIUMOTO KOJINYECTBA BOJbI C 33JJaHHBIM Kau€CTBOM IPU YCIOBUH COXPAHEHMS 3KOJIOTMYECKOU
0€3011aCHOCTH BOIOTOKA U HEJIOMYLIEHUH BPEAHBIX BO3JCHCTBUI BOAHBIX TIOTOKOB.

B kauecTBe HCTOYHMKOB TEXHUYECKOTO BOJOCHAOKEHHUS PACCMATPUBAIOTCSI TOPHO-IIPEATOp-
HBIE YYACTKU PEK, UMEIOLINE Pa3INyuHbIe IMIPOJOTHUYECKUE, MOPPOMETPUUECKHUE U THAPOIHEPre-
TUYECKUE XapPaKTEPUCTUKU. DTO MPEIONpeaesieT NPUMEHEHUE Pa3IMYHOIO COCTaBa 3JIEMEHTOB
U YCTPOWCTB IIPU MIPOBEAECHUH BO03a00pa 1 Bogonogauu. Kak nokassiBaeT npakTUKa SKCILUTyaTa-
IIUH BOJJOXO3SIICTBEHHBIX CUCTEM PECIyONIMKH, pa3MeniaeMble Ha peKax roJIOBHBIE BO103a00pHBIE
COOPYKEHHUS SBJISIOTCS UX Hanbosee OTBETCTBEHHBIM 3JIEMEHTOM. Tak Kak TEXHUYECKHE Mapame-
TPBI U TEXHOJIOTMYECKUE XapPAKTEPUCTUKN BOI03a00PHBIX COOPYKEHUH ONpeNeNsaoT paboTocto-
COOHOCTb BCEX HMKEJIEKALUX COOPYKEHUM U yCTPOMUCTB.

Ha ocHOBaHMU pe3ysbTaTOB aHaIM3a ONIbITA SKCIUTyaTallMd MaJblX JepuBalMOHHBIX ['DC
Y UPPUTALIMOHHBIX CUCTEM HaMHU ObUIN OIPEJIEIIEHBI CIEyI0IINE OCHOBHbIE IPUYUHBI aBapUHHBIX
CUTYyaluil, BO3HUKAIOIINE IIPU BO/103a00pe U3 PEK Ha TOPHO-IPEATOPHBIX yUaCTKaX:

»  CTOK FOPHBIX PEK HACKIIIEH 3HAYUTEIIEHBIM KOJTMYECTBOM HAHOCOB, KOTOPBIE BBITIA 1as1 Ha Ipe/I-
TOPHBIX U JOJIMHHBIX y4acTKaX, 00pa3yloT HEyCTOMYHMBBIE OTMOCTKH pycell. Peunsle pycia Ha
9THX y4acTKaX, NOJBEPKEHHbIX MHTEHCUBHOMY MEaHIPUPOBAHUIO, OTXOAST OT BOAOIPUEMHBIX
CTBOPOB COOpYyKXeHUH. [Ipn HEKaueCTBEHHOW CHCTEME 3alIUThl PEYHBIE HAHOCHI CTAHOBSTCA
IPUYMHOMN 3aUJIEHUSI MarucTpajbHbIX YYaCTKOB J€PHUBALlMOHHBIX U UPPUTALIMOHHBIX KaHAJIOB;

» 3HAYMUTENbHBIC aMIUIATY/IBI KoJieOaHus TITyOuHbI pek (i pek CpenHeld A3uu roJJ0oBbIe KoJle-
Oanus Tyoun gocturarot 2+10 M, a cytounsie — 1+2 M u 6onee);

» TIOBBIIICHHAS CTENICHb XO35HCTBEHHOTO HCITOJIB30BAHNUS HCTOYHUKA, BRIPAKCHHAS IIPOLIEHTOM
BO103a00pa, Omm3kuM K 100 % B KpuTHUECKHE MEPUOBI (JCTHSS U 3UMHSISI MEKEHb), KOTa
BOJ103200p CONPOBOXK/IAETCS UHTEHCUBHBIM JBUKEHUEM HAHOCOB WUJIM OCJIOXKHSETCS JIEJOLI-
YTOBBIMU SIBJICHUSIMU;

» HHU3KHE BEJIMYMHBI PACXOA0B BO03a00pa, OpeiesieMbIX Ha OCHOBAaHUH BOJJOXO3SHICTBEHHBIX
pacueToB (pacxosbl pacueTHol obecnedennoctu Q. o, —Q, ., ), OTHOCUTENLHO PACXO0B, TIPO-
XOJAILIMX B NABOJKOBBIM MEPUOJ, KOI/IA IIPOLEHT BOA03a00pa Masl U MOSABISAETCS HEOOX0nU-
MOCTb cOpoca OOJIBIIMX TPAH3UTHBIX PACXOA0B YEPE3 COOPYKEHUS;

» HEJOy4YeT aHTPOTIOI€HHOTO BIMSHUS MPH OpraHU3alnuy Bo03a0opa Ha THAPOTUHAMUYECKHUHI
U MOpOMETpUIeCcKHii OalaHC pedHBIX pycen (mepedopmupoBaHue OEperoBol JMHUM, JHA
pycen ¢ 00pa30BaHUEM 3HAUUTENIbHBIX Pa3MbIBOB U YYACTKOB 3aUJICHUS);



» TIpU MPOSKTHPOBAHHU M3BECTHBIX KOHCTPYKILHUI BOI03a00PHBIX COOPYKEHUI HET0CTaTOUHOE
BHHMaHHE YACISIETCS CO3JJaHUI0 HEOOXOAMMBIX PYCIIOBBIX M THIPABIMYECKUX MPOLIECCOB HA
ydJacTKaxX TMOAMOPHBIX CTBOPOB, BOIOIPHUEMHBIX JIEMEHTOB M Ha CONPSTAIOIIMX ydacTKax
YCTPOICTB B pa3In4HbIC SKCIUTYyaTallMOHHBIC PEKHMBI;

» HEBO3MOKHOCTH aJaNTalluy yCTPOMCTB IHIPABINYECKON aBTOMAaTH3aLUK K Pa3InYHBIM YCIIO-
BUSIM DKCILTyaTalluy BOI03a00PHBIX COOPYKEHUH U3 MaJIbIX TOPHBIX PEK.

[TpoBenenue mporecca Bogo3adbopa B TUAPOIHEPIETUIECKUE H UPPHUTALIMOHHBIE CHCTEMBI
Ha Ka4eCTBEHHO HOBOM YPOBHE BO3MO)KHO TP pa3pabOTKe M JeTalbHOM pacdeTHOM 00OCHOBa-
HHUH TIAPaMETPOB U XapaKTEPUCTHK DIIEMEHTOB BOJ03a0OPHBIX COOPYKEHHI, CIIOCOOHBIX 3a/1aTh
HEOOXOAMMBIE XapaKTEPUCTHKH PYCIOBBIM M THAPABIMYECKUM MPOLIECCaM MPU M3BECTHBIX JKC-
TUTyaTallMOHHBIX PEKUMaX. DTO ONpeeisieT He0OOXOMUMOCTh MPOBEICHHS IETaTbHOTO HAyYHOTO
aHaM3a GU3NUECKUX MPOLIECCOB, MPOUCXOSIINX B BEPXHEM U HI)KHEM Obe]ax CyIIecTBYIOMINX
Y BHOBbB pa3pabaTbiBaeMbIX KOMIIOHOBOK BOZ03200PHBIX COOPYKEHHH.

Pa3paboTka m 000CHOBaHWE YCOBEPIICHCTBOBAHHBIX KOHCTPYKIMH BOJ03a0OPHBIX COO-
PY)KEHHH M MX YCTPOMCTB, CIIOCOOHBIX PEryJHpOBaTh PYCIOBBIE MPOIECCHl M THIPABINYCCKHE
CTPYKTYpBI IIOTOKA Ha Y4acTKax BOZOOTOOPa, MO3BOJIUIIN pa3padoTaTh PEKOMEHIAUH 10 ITPOEK-
THUPOBAHHIO TOJIOBHBIX AJIEMEHTOB THAPOIHEPTETUYCCKUX U HPPUTAIIHOHHBIX CUCTEM.

W3noxkeHHOE BhIlIe 000CHOBBIBAET aKTya bHOCTh IPOOJIEMBI COBEPILICHCTBOBAHHS TEOPHUH,
METOJIOB HMCCIICIOBAHUI U pacyeTHOro OOOCHOBAHUSI HEOOXOIMMBIX XapPaKTEPUCTHK PYCIOBBIX
Y THIPABINYECKUX TPOLECCOB MPU BO03a00pE M3 TOPHBIX PEK, MO3BOJISIOMINX COKPATHTh MPHU-
BJIEKaeMbIe MaTepUAIIbHBIE PECYPCHI IPH MPOCKTUPOBAHUH, CTPOUTEIHCTBE U IKCILTyaTalluy HU3-
KOHAIOPHBIX TNIOTHHHBIX BOJJ03a00PHBIX COOPYKEHUI.

JI71st 9TOTO OBUTH PELICHBI CIIETYOINEOCHOBHBIE 3a/Ia4H:

» TIPOBEJCH aHAJM3 PYCIOBBIX M THUIPABIMYESCKHX MPOLECCOB MPU BOI03a00pe U3 TOPHBIX PEK
U3BECTHBIMU KOHCTPYKIIMSMHU BO03a00PHBIX COOPY)KEHHI C pa3padOTKOH WX Kiacchu(pHKa-
MM TI0 TIPH3HAKaM KOHCTPYKTUBHOM MPEEMCTBEHHOCTH;

» 000CHOBaHO COBEPIICHCTBOBAHHME CTPYKTYpHOH MOJAENH Tpolecca Boxo3adopa M3 TOHHBIX
PEK C IOMOIIBI0 HU3KOHAMIOPHBIX TUIOTUHHBIX BOJ03200PHBIX COOPYKEHHUI C ONpeieieHHeM
cocTaBa CIIOCOOOB M NMPHEMOB BBITIONIHEHHUS ISHCTBUI MPH OpraHU3aluKl cOpoca HEOOXOIH-
MBIX 00BEMOB BOJIBI KaK OT/JEIFHOIN TEXHOJIOTUYECKOH OTepanum;

» TIPOBEIEH aHAJM3 KCIUTYaTAl[HOHHBIX XapaKTEPUCTUK M PE3yNIbTaTOB Ja0OPAaTOPHBIX UCCIIe-
JIOBaHWH KOMIIOHOBOK CYIIECTBYIOIINX BOJI03a00PHBIX COOPYKEHHUH U OIIPEIeIeHbI HEIOCTaT-
KU B OpraHU3alny Ipoliecca Bo103adopa, UX MPUIHHBI M OCIEACTBUS; JaHbl PEKOMEHJAluU
TI0 COBEPIICHCTBOBAHUIO TEXHHYECKMX XapaKTEPUCTHK BOJJ03a00PHBIX COOPYKEHHIA;

>  BBINIOJIHEH 0030p M aHAJIM3 METOIOB ONMCAHUS TUAPABIMYECKUX U PYCIOBBIX MPOILIECCOB TIPU
B0103200p€e U3 TOPHBIX PEK C TEOPETHYECKHM OOOCHOBAHUEM ITapaMETPOB IEMEHTOB BOJIO-
3a00pHBIX COOPYKEHUIA;

» pa3paboTaHbl KOMIIOHOBKH YCOBEpPIICHCTBOBAHHBIX KOHCTPYKIIMH BOZ03a00PHBIX COOpPYIKE-
HUH;

» TeopeTHYecKH OOOCHOBaHA YCOBEPILCHCTBOBAHHAS KOHCTPYKIHMS CTa0HIM3aTOpa pacxona
BOJIBI JUIs1 BOZOTIPHEMHBIX OTOJIOBKOB BOZI03a00PHBIX COOPY)KEHHI M3 TOPHBIX PEK;

» YCOBEpIICHCTBOBaHA METO/IMKA JTa00PATOPHBIX UCCICAOBAHNI KOHCTPYKIUH HU3KOHAIOPHBIX
TUTOTUHHBIX BOJI03a00PHBIX COOPYKEHU U3 TOPHBIX PEK;

» TPOBEACHBI SKCIEPHUMEHTAIILHbBIC UCCIICOBAaHNS KOHCTPYKIIMH HU3KOHAIIOPHBIX TUIOTHHHBIX
BO03200pHBIX COOPYKEHUH U3 TOPHBIX PEK C ONPEICICHUEM pPAllMOHAJIBHBIX MapaMeTpoB
PETYISIIMOHHBIX COOPYKEHUH, HAHOCO3AIIUTHBIX JIEMEHTOB, ITPOITYCKHOI CITOCOOHOCTH JI0-
MaHBIX B TUIaHE TIOPOTOB, THAPABINUECKUX XaPAKTEPUCTHUK YCOBEPIIIEHCTBOBAHHOTO CTA0MIIH-
3aTopa pacxoja BOJbl M HEOOXOANMBIX YCIOBHI IKCIUTyaTalluy B 3HMHEM PEXKHME;



» oleHeHa Y(PPEKTUBHOCTh Pa3pabOTaHHBIX KOHCTPYKIHMH BOI03a00OPHBIX COOPYXEHUH M UX
HCIOJIb30BaHME MPH BOA03a00pe U3 TOPHBIX PEK B THAPOIHEPTETUUECKHE U UPPUTALMOHHBIE
CUCTEMBI;

» pa3zpaboTaHbl pEKOMEH/IAINH 110 BEIOOPY CIIOcO00B OpraHU3aluy Mpolecca Boao3adopa B 3a-
BUCUMOCTH OT TUAPOJIOTHYECKUX 0COOEHHOCTEN HCTOYHUKA, METO/IaM pacyeTHOT0 000CHOBA-
HUS, IPOEKTUPOBAHUS U SKCIUTyaTaIllMH BOJI03a00PHBIX COOPYKEHUH.



1. IPOBJIEMbBI U3YUEHUSA I'NAPABJINYECKUX
HPOLECCOB IIPU BOAO3ABOPE U3 MAJIBIX 'OPHBIX
PEK B I'MIPOOHEPI'ETUYECKHUE U UPPUTAIIMOHHBIE
CUCTEMBI

1.1. Cxembl CylIECTBYIOIIMX IHAPOIHEPreTHYECCKHUX
U MPPUTALHOHHBIX CHCTEM, OCHOBHbBIE II0KA3aTeJIH

I'mapocucTemoii Ha3bIBAIOT KOMITIEKC THApOoTexXHUYeckuX coopykenuid (I'TC), oobeauHeH-
HBIX TEPPUTOPUATBLHO M CIIY)KAIIUX OOIIUM BOJOXO3sICTBEHHBIM IieisM [8, 9]. B Keipreizckoii
Pecry0nrike OCHOBHBIMU THJIPOTEXHUYECKUMU KOMILJIEKCAMU SIBIISIIOTCSI TUAPOIHEPreTUYECKUE
U UppUTALMOHHBIE CUCTEMBI, KOTOpble chopmupoBanbl u3 I'TC MHXKEHEpHOro TUMA, CIY>KAIIUX
JUTst 3a00pa HEOOXOIMMBIX 00bEMOB BOJBI U3 UCTOYHMKOB, MOJIAUYM UX Ha TUAPOAIEKTPOCTAHIIMU
U OpolIaeMble TEPPUTOPUH, a TAKXKE AJIs UX IepepaclpeiesICHHs CONIaCHO ONepaTUBHBIM IJIaHAM
BOJIOTIOJIb30BAHMS.

Haubornee coBepiieHHBIMH CYUTAIOT THAPOTEXHUYECKHUE KOMIUIEKCHI C PETryIHpPYEMbIMU I1a-
pamMeTpamMH PYCJIOBBIX M THAPABIMYECKHUX MpoueccoB Ha 31eMmeHTax ['TC, KOoTopble OCHAaIlEeHBI
cpeacTBaMu apTomMaru3auuu. [1o 3HauuMoCTH 7151 HAPOJHOTO XO3HUCTBA NOCTOSHHBIE THUAPOTEXHU-
YECKHUE COOPYNKEHUS TUAPOIHEPTETUUECKUX U UPPUTalIMOHHBIX cucTeM cormacHo CHull 11-11.33-
01-2003 «I'mapoTexHUYECKHUE COOPYKEHHUSD» PA3ISNISIOT Ha YeThIpe Kitacca kKanuTtanbHocTh ([-IV).

Krnaccudukanuss ruapOTEXHUYECKUX COOPYKEHHM, yCTpauBaeMbIX Ha HPPUTALIMOHHBIX
cuctemax, pazpaboranHas Ha ocHoBanum uccienoBanuii H.H. Kpemenenkoro, H.I1. Pozanosa,
N.C. Pymsnuesa, [[.E. Mupuxynassl, [I.B. ltepennuxta u ap. [23, 116] npencrasieHa Ha pu-
cynke 1.1.

[To ponu B rupO’HEPTETUUECKUX CUCTEMAX Pa3IHyaloT PEryIUpPYIOLIUe U HE PEryaupyro-
e runapoysibsl ['9C [7, 112]. Perynmupyromme ruapoysisl [[DC ocymecTBisioT peryJiupoBaHue
MOJJaBa€MbIX 0OBEMOB BOJIbI Ha TUpOArperarsl MyTeM CO3/IaHUsl BOAOXPAHWIUIL JUISl TOKPBITUS
MMMKOBOM WJIM TIOMYMUKOBOW yacTu rpaduka Harpy3ku. He perymupyromue paboTaroT M0 CTOKY
BOJIOTOKA U, KaK MPABUJIO, TOKPHIBAIOT 0a3MCHYIO YacTh rpaduka Harpy3KHu.

I'upposuepretnyeckue cucteMbl MI'DC KbIprei3ctana OTHOCATCS K HE PEryIUPYIOLIAM
U SIBJISIOTCS] IEPUBALIMOHHBIMU. DTO OIMpPEesieTCs] BOIHOCTHIO PEK, SKOHOMUYECKUMH U TEXHH-
yeckumu pakropamu [135].

I'TC nepuBammonnbix ['9C pa3nensioT Ha TPU OCHOBHBIE TPYIIbI: TOJIOBHOTO THIPOY3JIa,
JIEpUBALIMY U CTAHIIMOHHOTO HAIIOPHOTO y371a, KOTOPble MOXKHO KiIacCU(PUIIMPOBAThH MO (PyHKIINO-
HaJLHOMY Ha3HaYEHUIO (PUCYHOK 1.2).

B cocrtaB B0103a00pHBIX COOPYKEHUM BBOST YCTPOMCTBA, OCYIIECTBISIONINE 3aIIUTY COO-
PYXEHHIA U B LIEJIOM CUCTEM OT U3JHUIIHUX 00bEMOB BOJbI U TBEPbIX BKIIOUCHUH.

B nmpakTuke cTpoUTENbCTBAa THAPOIHEPTETUUECKUX CHCTEM MPUMEHSETCS CXeMa JIBYXCTO-
POHHEN BOAOIOJAYM OT BOJ103a00pHOTO coopyxkeHus. [Ipu aTom Ha onHOM Oepery pa3merniaercs
SHEepreTUyYecKas CUCTEMA, a Ha IPYTrOoM UppUTalMOHHAsL.

[Tpumepom sBisieTcst KoMIUieKCHBIN rupoysen Kemunckoit MI'OC Ha p. Uy, nuHeiiHas cxe-
Ma KOTOPOTO MpeCcTaBieHa Ha pucyHke 1.3.



Copoyaep:a¥B AIOLIHE P eIUeTRH

Jemo3 aIHT. COOP, KPYIH. KAHATOB

IIpoTuB oceneBRIe COOPYREHHA

OTeTONHHEH

”—Hﬁ;_un.—v ABH &TTOBRH

FAHTHE I

”_H_”—v_u..—,:”m. 03P 03H0OHHBIE COOPY A&

Cavike0HBIe MOCTHERH

ILepeesanl

THAPOYTIa

CymoXomHbIe IILTHGEI

HacocHbIe CTAHIEE

CIenHaIbHbIE

‘ BTEI]) 0CTeIlleHHBIE |

CTAHIFIOHHOT O HATIOPHOT O

Koncomm

Ilepemans1

BroicTpoTokn

Conpar aoime

3damme I'SC

| SHeprerireckie |

HamopHelie 6acceilHbI

TypOHHHELE TPV 0 OIPOROIRL

OTBOIALRIT KaHAT

14 ConpArarimi

JAlHIHEIE <

IleckorpapHeToBKH

Perymmpymompe | —

3ATBOPEI, BOTOMePBI

OTCTOHHHEH

Pervaaropsl

Bomomepel

i BogonoanopHeie i

BoaozadopHble coopyKeHHT

Pery/mipyroumgie

| TomoBHOTO THAPOY3TA |

SaperyIHp oBaHbIE Py CIIa

’.H. mJﬁEEEFEA

IIyIEIIOR 0 ORI

BogopponyckH

JInBHe Iy (RH

Bogocopos:

Kanamr

1o (l)‘,r'H}{Ll;[I[lel JIBHOMY HAaZHA'TEHITH IoJpa3IeSIdqi T oA

[ Boxonpony crumie |

TToTKH

) CHORHEIe®

ARBETVEH

BoJIorognl

rII,EIl) OTEeXHITTTECKITE COOPVAEEHITA Hp PHTALITHOHHBIX CHOTEM

T yHHeIH

Pucynoxk 1.1 — Kimaccudpukarnus ['TC uppuraiiioHHBIX CHCTEM

TyHem

AKBeTVEH, TIOK ePhI

HepHe aLpm

TpyGonpoBoIbl

Tpyoonp oBoaEI

BoaoBrsOTY CEIT

)

Kanaasl

| It TP OTeXHITeCcKHe COOPYAEEHIA THIROIHEPT eTITNECKIIY CHCTEM |

TIHEHECTTV CKH

\_ BomocGpocHbIe _“

Bonosoasl

Boaocdpochl

L

Ceneqyrn

Ileperopazusaroume I'TC

MocCTBI

CIelHATLHEIE)

| BomomommopHbie |

JanpyaBI, TAMOBI HA KAHAIAX

Cry:xe0HBIE MOCTHEH

Pucynox 1.2 — Knaccuduxanus I'TC rugposnepreTH4eckux CucTem

10



Pucynok 1.3 — Jluneiinas cxema sHepro-uppuraiuonHoil cucrembl Kemunckoir MI'DC: 1 — peka;
2 — B07103a00pHOE COOPYKEHHE; 3 — OTCTOMHUK; 4 — NEepPUBAIMOHHBIA KaHal; 5 — cOpOCHOW KaHAI;
6 — HanOPHBIIT OacceliH; 7 — OTBOIAIIMI KaHaJ; 8 — BOMOBBINYCK; 9 — TypOHMHHBIC BOAOBOIBL; 10 — 3/12a-
nue I'DC; 11 — orBomsmmii kaHan; 12 — maructpanbHblil KaHal; 13 — pacnpenenuTenbHbI KaHaT;
14 — oTBOJMAIIIEE PYCIIO PEKH

Pucynok 1.4 — Tunuunas muaeliHas cxema aepuBanroHHbIx MI'DC Keipreizcrana: 1 — peka; 2 — Bogo-
3a00pHBII THAPOY3ET; 3 — OTKPBITHII JCPUBAIIMOHHBIN KaHAT; 4 — HATIOPHBIH 0acceliH; 5 — TypOMHHBIN
BozoBox; 6 — 3manue MIDC; 7 — OTBOISMIINM KaHAIT

[Ipu ycrpoiictBe nepuBainonabix MI'OC Ha npearopHsix ydactkax ropHbix pek Kbiproiz-
ckoil PecyOnuky npenmMyIiecTBEHHO UCIIOIb3YETC s KJacCHUecKasl cXxeMa CO31aHUsl Haropa, pu-
BeJIeHHAs Ha pUCYHKe 1.4.

[lo nnuHe nepuBalMKM MOTYT yCTPAauBaThCsl BOAOBBIIYCKH JIJISi CUCTEM OOBOIHEHMSI MMacT-
OMIL, CEHOKOCOB, JIaUHbIX U MPHUYCATEOHBIX YYACTKOB, Pa3MEILAIOIIUXCs HUXKE TPacchl KaHala.
Jluneiinast cxema noga4yu BO/bI JUIs LieIeil 0OBOAHEHMS 3eMelb IPUBEeHa Ha pucyHke 1.5 (nepu-
BannoHHble Mccrik-Atunckas MI'OC u Cokymnykckoi [[9C-2).

[To ocobeHHOCTSIM MaccuBOB opoieHus: Kbiprei3ctana ¢ BOIONoOAa4Ye U3 MajbIX TOPHBIX
PEK, UPPUTALIMOHHBIE CUCTEMbI B OCHOBHOM OTHOCATCS K CHUCTeMaM IpearopHoro tuna. Uppu-
raliMOHHBIE CUCTEMBI, PacloIaralecss Ha TOPHBIX KOHYCax BBIHOCA, XapaKTEepPU3YIOTCS HE3HA-
YUTEJIBbHOU MPOTSKEHHOCTHIO MAarCTPAIbHBIX KAHAJIOB, OOJIBIINM KOJIMYECTBOM BE€pOOOpa3HbIX
pacnpeaenuTeNbHbIX KaHAJOB JIByXCTOPOHHETO KOMAHJOBaHMSI U 3HAYUTEIbHBIMU (UIBTpAlU-
OHHBIMH TNOTEPSMHU. B 3aBUCHMOCTH OT BHUJIOB BOAOIOJAYU M BOIOPACIIPE/IECICHHS] HA MacCUBax
OpOLLEHUS, UPPUTALMOHHBIE CUCTEMBbI KbIprbI3cTaHa MOXKHO pa3feuTh Ha HECKOJIBKO THUIIOB JIU-
HEWHBIX CXEM, IPUBEJICHHBIX HA pUCyHKax 1.6 u 1.7.
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Pucynox 1.5 — Jluneitnas cxema nepuBarmonHoir MI'DC ¢ BonmoBBIyckOM Ha KaHane: | — peka;
2 — BOy103a00pHOE COOpYKEHHE; 3 — IepUBALlMOHHBIN KaHall; 4 — HAaOpHBII Oacceii; 5 — TypOMHHBIH
BOmOBOI; 6 — 3manne MI'OC; 7 — oTBoasAINif KaHAT; 8 — BBIIOBBITYCK; 9 — pacipeaeTNTeIbHbIN KaHaT

‘. MR

Pucynox 1.6 — JluHeliHas cxemMa HMPPUTAIMOHHOM CHCTEMBI C JBYXCTOPOHHMM KOMAaHJIOBAaHHEM:
1 — peka; 2 — B0o7103a00pHOE COOPYKEHHE; 3 — OTCTOMHHUK; 4 — THIPOIIOCTHI; 5 — BOAOBBITYCKH; 6 — pac-
TIpe/IeINTEIbHBIC KaHAIIBL; 7 — AIOKEP; 8 — MarnCTpaJIbHBIN KaHaI

TexHuueckne XapakTepUCTUKH THIPOIHEPIeTUUECKUX U UPPUTAIIMOHHBIX CHCTEM OIpejie-
JISIFOTCS CJIEAYIOIMMU OCHOBHBIMH PAaCUE€THBIMH ITOKA3aTEIISIMU:

Pacnonaraemast MOHOCTB epuBalinoHHON Masoi ['9C Np MpY TUMUTHPOBAHHOM BOJ1034a-
oope, onpexaensercs no 3aBucumoctu [112]:

N, =981, Qe Hyoes (1.1)
rae N — k... arperaroB MI'OC; Q.. — pacxon pexu 75-90 % obecneueHHOCTH 11O CTOKY [7];
H,.,. — Hamop (#erro) Hax ruapoarperaramu MI'OC.

KospuumenT monesHoro AecTBrs arperaran, y4uThIBAET IOTEPH SHEPTHH B TypPOMHAX 1), ;
TE€HEpPaTopax 1 M ONpeieNseTcs no 3apucumoctu [112]:

n.-n1.- (1.2)
Benuunna BeipabaTeiBaeMoOi 31€KTpodHeprun, KB1-u, cormacHo rpaduky sHEprocHaldxe-
HUSI pacCUMUThIBaeTCA 10 3aBucumoctu [112, 168]:

3 = Z NlT; ) (1 3)
rac Tz — HpOZ[OJ‘DKHTeHBHOCTB HepI/IOI[a Imogayu 3HeKTpH‘IeCKOﬁ 3HeprI/II/I BI)Ipa)KeHHOFO B Hacax.
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Pucynok 1.7 — JluHeliHBIE CXEMBI HPPUTAIIMOHHBIX CHCTEM: | — cXemMa ¢ OTHOCTOPOHHHUM KOMaHJIO-
BaHueM; Il — cxema ¢ OIHOCTOPOHHEW BOJOMOIAUYEH U JBYXCTOPOHHUM pacnpeaenenuem; Il — cxema
C OJTHOCTOPOHHEW BOJOIIOAAYCH M IBYXCTOPOHHUM IepepaciipesieieHHeM (MpPUTaloHHAs CeTh CHC-
TeMmbl pekn Kapa-Keue): 1 — peka; 2 — Bogo3abopHOE coOpyKeHHE; 3 — OTCTOMHUK; 4 — THIPOMOCTHI;
5 — BOZIOBBINTYCKH; 6 — pacpeaeuTeNbHbIE KaHAJIbI; 7 — IOKep; 8 — MarucTpajabHbIA KaHal
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I'omoBoit 06veM Bog03a00pa Vm JUTSI THAPOIHEPTETUIECKUX CUCTEM OIpeiensieTcs mo Gpop-
MyJe:
Vro;]: V3MM + Vner‘ (14)
rae an — 00beM BoJbI, ogaBaeMoi Ha ['DC B 3UMHMIA M JICTHUH TIEPHOBI, ONPEACIACTCS 10
dbopmynam [112, 168]:
2
V — 3UM , (15)
M 981-H,.,.-
01 5 e up
Vv &=—tm (1.6)
Jaem 9 81-H .
> rc M
e 3, , O — KOIMYECTBO BbIPa0aThIBAEMOI 3JIEKTPOIHEPTUN B 3UMHHUI U JIETHUI TEPUOIBL,
kBr.u; H . — Harop BoasI Hajl TypOUHAMH, M.
J171st uppuUraliMoOHHBIX CUCTEM TO1I0BOM 00BheM Bos103a00pa V . paBeH 0o0beMy BofbI, He00X0-

JMMOMY CeJIbCKOXO35IICTBEHHBIM KYJIBTYpaM 3a BereTallMOHHbIN nepuon [97]:

V :Mgp'Agp. (17)

eez
OpocurenpHas criocOOHOCTh UCTOYHUKA OPOIICHHS — IUIONIA (b, KOTOPYIO MOXHO OPOCHUTH
M3 peKu A TpH JHMUTHPOBAHHOM BOZI03a00pe, onpenensercs us popmyisl [97, 120]:

a4 Gl (1.8)

Hemmo
9y

rae an — pacxojl peKu B CTBOPE BOJ03a00PHOTO COOPYKEHUS, I UPPHUTAIMOHHBIX cucteM [V
KJ1acca KalmuTajJbHOCTH 3TO pacxon 75 %-Hoit obecnieuenHocTH, m*/c [115]; ¢, — pacueTHas Opau-
HaTa TUAPOMOJYJIS, yCTaHABIMBACTCS HA OCHOBAaHUH PEXHMa OPOLICHHSI CeTbCKOX03iCTBEHHBIX
KYJIBTYD, JI/CTa; M| — K.ILJI. CHCTEMBI.

Kak BUIHO M3 MpHUBENEHHBIX BBIINIE3aBUCUMOCTEH, KOJIWYECTBEHHbIE MapaMeTphbl THIIPOd-
HEPreTUUeCKNX U UPPUTAIIMOHHBIX CHUCTEM IPH JIMMUTHPOBAHHOM Bozi03a00pe, 6e3 mepepacmpe-
neneHnss 00beMOB BOJIBI BO BPEMEHH OMPEIENSIOTCS THUAPOIOTHUYECKUMHU XapaKTEepUCTUKAMU
HMCTOYHUKOB, TOTOrpadueii MECTHOCTH, XapaKTePUCTUKAMH BOJOTIOTpeOUTENe 1 3P (HEeKTHBHO-
CTBIO BBIOpaHHBIX CXeM BO/103a00pa, BOAOIOAuU U BOAOpaCIpeAeICHUsI.

1.2. I'maposoruyeckue, ruipo3HepreTnyeckne, MopoMmeTrpuuecKkue
XapPaKTePUCTHKHU MAJIbIX TOPHBIX PeK

ITo onpenenennto A.M. BoeiikoBa [86] peku sBisitoTCs MpoAyKTOM KinmMmara. Eciu umersb
B BUJIy IIMPOKYIO IOCTAHOBKY BOIIPOCA, BKJIIOYast reoMopdosiornueckue, GparoBUaIbHbIe IPOIIeC-
ChI (I€ATEIBHOCTD ITOCTOSHHBIX U BPEMEHHBIX BOJIHBIX ITIOTOKOB Ha CYUIE), CIEAYET CUUTATh, YTO
PEKH SIBIISIIOTCS MPOAYKTOM HE TOJIBKO KIMMaTa, HO U BCETO KOMIUIEKca (PU3HUKO-reorpaduyecKkux
YCIIOBUH palioHa 3eMHOW MOBEPXHOCTH, T/I€ Pa3MENIeH BOIOCOOPHBIN OacCeiiH.

Bonoobecrieuenne ruapo’HEPreTHUECKUX U UPPUTALMOHHBIX cucTeM KbIprei3cTana pac-
CMaTpUBAETCS C yUETOM CTOKA MAaJIbIX FTOPHBIX PEKU, KOTOPBIE SIBJISIOTCS BaXKHBIM UCTOUHUKAMU
BOJIHBIX U SHEPTETHUYECKHUX pecypcoB. B pecnyOnuke HacuuthiBaeTcst okoiio 3000 ecTecTBEHHBIX
BOJIOTOKOB, OTHOCSIIIIUXCS K YETHIPEM OCHOBHBIM BOAHBIM OacceiiHam. J1o Gaccelinsl pek Uy, Ta-
nac, Kapa-/lapes u o3epa Uccoik-Kynb [139, 174]. BonbIIMHCTBO peK OTHOCUTCS K OacCeiHy peKu
Coip-Jlapbs, 0IHUM U3 IPUTOKOB KOTOPOI sIBIII€TCS KpyNHEWas peka peciyonuku Hapsis ¢ Bo-
nocOopHoii mwomanpo 53 Teic. kM2, K 3TOMy ke OacceliHy OTHOCSTCS MHOTOYHCIICHHBIC PEKH,
crekaromue ¢ Pepranckoro, Anaickoro 1 YaTkalbCKOro ropHbIX XpeOToB (pucyHOK 1.8).
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Pucynox 1.8 — OcHoBHBIE THApONIOTHYECKHE Oacceitnbl Kuipreizckoii pecrryomuk: I — 03.Mcebik-Kyob;
IT — p. Yy; I — p. Tamac; IV — p. Hape; V — 03. Yateip-Kyns; VI — p. Amymapes; VII — p. Ta-
pum; VIII — 03. banxam.IVa — ceBepHoe obpamienne depranckoit gomuusr; [Vb — p. Hapein; [Ve —
p. Kapanapes; [Vd — roxxHOE 00pamieane depraHcKoil JOTHHBI

B KeIprbi3crane Tuib HECKOIBKO JECITKOB BOIIOTOKOB SIBIISIFOTCS O0Jiee WM MEHee KpyTI-
HBIMH, HO M OHHM TI0 CYIIEeCTBYIOIIEH kiaccudukaruu [172] MOryT OBITh OTHECEHBI JIMIIb K MaJIbIM
peKam.

Ora KaccupuKamms peK Mo rpyIamM B 3aBHCUMOCTH OT BEJTMUUH CPETHEIETHUX PACXOJIOB,
nopaboranHas A.B. OUIOHYMKOBBIM C y4eTOM pacxooB pek 1 %-Hoi obecrniedeHHOCTH, TPHUBe-
nena B Tabmure 1.1.

Tabmuna 1.1 — Knaccudukanys TOpHBIX pek 1O TpyHinaMm

['pynmsl ¥ IOATPYIITBI PEK
XapaKkTepHbIE pacXo/sl Mausie
pek, M*/c I I I Cpenuue BosbIiue
la 10
Cpennenernue 0,5+2,0 2,074,0 410 10+30 30+100 2100
Makcumanbubie 10+30 30+70 70+ 150 150+400 400~ 1000 21000

BonbIias 9acTh TOPHBIX BOJOTOKOB MPEACTABISIET COOON MEJIKHE PEUYKH, HCTOYHUKH KOTO-
prIx pacnonoxkeHsl Ha Bbicote 30004000 M Hax ypoBHeM Mopsl. [loaToMy BepxHHE y4acTKH pek
HE MCIONBb3YIOTCSA B HAPOIAHO XO3SIMCTBEHHOM Mpon3BojcTBe. M3 0011ero uncia BOJOTOKOB IS
[eJIel uppuranuu ucnoib3yercs ctok 870 pek, 6onee 700 U3 KOTOPHIX UMEIOT BEIMYMHBI CPEIHE-
JIETHUX PacXol0B MEHbIIE PacXonoB Majblx pek rpynmnsl la [166]. [Tonpa3nenenue pek Keiprsiz-
CTaHa 110 TPYINaM B 3aBUCUMOCTHU OT CPEIHEJIETHUX PACXOJ0B M PEUHBIX OacCeHOB MPUBEIECHO
B Tabmume 1.2 [139, 166].

B nenom ruaposHepreTHdecKuil moTeHuuan pecrmyonuku coctasnser 18,5 mun kBt mo
MouHocTd U 162,5 mupn kB1/4 B ron no suepruu. [1o MansiM pekam 3TH apaMmeTpbl COOTBETCT-
BeHHO paBHbI 8,1 MiH KBT 1 70 mupn kB1/4 [168], 4T0 cOCTaBIseT OKOIO MOTOBUHBI THIPOIHEP-
reTUYECKOro MOTEHIHANA.

bonbmmHCTBO ropHbIX peK KbIprel3cTaHa UMEIOT HE3HAUUTENIBHBIE CPEAHE3UMHHIE PACXOAbI
BOJIbI, KOTOPBIE COCTaBIsIOT MeHee 0,25 m?/c, mo3TtomMy cTpouTenbeTBO cTanuoHapHsix [IC Ha
HUX 0€3 peryIMpoBaHus CTOKA SBISIETCS HEPAI[MOHAIBHBIM.
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Tabnuua 1.2 — [Noapasnenenue pexk Kblprei3crana no BeIMYUHE CPEAHEIETHUX PACXO0B BOABI

Bcero mo pecnyomrke Ywucno pex 1o OCHOBHBIM PEUHBIM OacceitHaM
I = > § = = ’E
PYIHE! 2 5 = = N L 2
U NOATPYTINIBI o & 4 Q 2 o A o
5 = B 2 8 A S E
pex S » = = = 5 O &
Ds':‘ X = & ~ s
=
Menkue,
e 706 81,0 125 45 57 478
Qcp.neT S 0’5
Ia 71 8,0 10 6 27 28
16 32 3,5 5 4 12 11
11 21 23 8 4 4 5
111 24 34 3 2 2 17
Cpennue 16 1,8 1 1 - 14
bonpmme - - - - - -
Hroro 870 100 152 61 102 555

BrinonHeHHbie uccie10BaHus CBUAETENbCTBYIOT [35, 139], uTo Ha COBpeMEHHOM 3Tarie 1Jis
KpPYIJIOTOAMYHOTO MCIIOIBb30BAaHUS IS 1iesiel ThipodHepreTuku B Kelpreizcrane MoryT ObITh HC-
MI0JIb30BaHbl 0€3 peryiarpoBaHus cToka Bcero 186 pex. OTMETHM, 4TO CIOAa HE BXOAAT KPyIHbIE
BozHble aprepun: pexu Uy, Tanac, Hapeia u Kapa-/lapss.

[To mMopdonornyeckumM NpuU3HaKaM U 10 XapakTepy XO3sIMCTBEHHOTO MCIIONb30BaHHS Ka-
JKAYI0 U3 TOPHBIX pek KbIpreI3cTan yciaoBHO pa3enstoT Ha Tpu ydacTka [10]:

1. BepxHuii niay ropHbIN — OT KCTOKOB 10 BBIXOAA PEKU U3 YILEIHUH.

2. CpeaHuii WM NPEArOpHbIA — OT Hauajga KOHyCca OTIOKEHUH PEYHBIX HAHOCOB JI0 30HBI
BBIKJIMHMBAHMUS [1OJIPYCIIOBBIX BOJI.

3. HwxHUH WK TONMHHBIN — OT 30HBI BBIKJIMHUBAHUA J0 BIAJACHHUS B OCHOBHYIO BOJHYIO
apTepHuIo.

ITpu 5TOM MOHATHE «YCIOBHO» IOJIpa3yMeBaeT TO, YTO B MpeAeaax TOPHbIX WIH IPearop-
HBIX YYaCTKOB BCTPEUAIOTCS MEXIOPHBIE JTOJIMHBI, IJI€ TOTOKH PEK MPOXOJAT B YCIOBUAX, TUIINY-
HBIX JIJIs1 JOJIMHHBIX YYaCTKOB.

ITpononbHBIN YKIOH TOPHBIX YYAaCTKOB JUIsSl pa3JIMYHBIX PeK U3MeHsiercs B npeaenax 0,02—
0,2 [168, 139]. N3-3a u3mMeHEeHU YKJIOHOB 3Ty 4acTh BOAOTOKOB Pa3JEisIOT Ha YEThIPE YACTH:
HCTOK, BEPXHIOIO, CPEHIOI0 U HUXKHIOI, KOTOPHIE B AHEPreTUUECKOM OTHOLIEHHM U I10 pa3Me-
HICHUIO TIOTpeOHTENeH CYIIECTBEHHO OTIMYAIOTCSA APYT OT Apyra. DT NMPU3HAKUA MEHSIOTCS 1O
JUIMHE PEKU B 3aBUCUMOCTH OT BBICOTHI HaJl ypOBHEM MOPsI (pUCYHOK 1.9).

B 30HE anbNHiiCKUX JTYTOB,KOTOpPBIE IIUPOKO UCHOIB3YIOTCS B Ka4eCTBE MACTOMII] JUIs JKH-
BOTHOBOJICTBA B JIETHH TEPHOJT BpEMEHH,HAXOIUTCSI HICTOK M BEPXHUH y4acTok pek. [lorpeOHOCTD
B OpPOILEHUH HA 3THUX OTMETKaX OTCYTCTBYET, @ IOTPEOHOCTH B SHEPTHU MOTYT OBITH YIAOBJIETBO-
pEHBI ¢ MOMOIIBI0 TepeHOCHBIX MUKPO ['DC. CpenHuil ropHbIM y4acTOK UMEET B CPETHEM YKIIOH,
paBubIii i = 0,06 1 poTspKeHHOCTH 10-25 kM. JlomuHBI pek uMeroT hopMy yIuenbs. Pacxoas! Bosbl
YBEJIMYUBAIOTCS BHU3 110 TEYEHUIO NPU BIIAJACHUU MHOTOYUCIIEHHBIX IPUTOKOB.

HwxHue ropHble y4acTKH UMEIOT YKJIOH aHa He Oonee 0,05. [ToiiMeHHBIN penbed HIKHUX
U CPEAHMX FOPHBIX YYaCTKOB PEK ONPEIEeT BO3MOXKHOCTb CO3/1aHUsl THIPOTEXHUUECKUX KOM-
IUIEKCOB THIPOIHEPrETUUECKOT0 M UPPUTALlMOHHOTO Ha3HaueHus. IIpoxonsimue pacxoasl BOIbI
M Pa3HOCTh OTMETOK IMO3BOJIsIIOT ycTpanBarh MI'DC momHOCThIO B HECKOJIbko MBT, nocrarou-
HYIO JUISI CHAO)KeHHS AJIEKTPHUECTBOM OTAEIBHBIX HACEIEHHBIX MyHKTOB, KOIIAp, YCTAHOBOK Ma-
IIMHHOTO BOIOIOIBEMA U TOPHOPYIHBIX pa3padotok [91, 168].

[lanee, HuXe 110 TEUEHUIO PEK, HUKHHUE TOPHBIE YUAaCTKU NIEPEXOASAT B IPEATOPHBIE C YKIIOHA-
mu aHa 0,01-0,04, KOTOpBIE HA BCEM UX MPOTSHKEHUH U3MEHSIETCsl He3HauuTeNbHO. [1o cpaBHeHMIO
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Pucynox 1.9 — XapakTepHbIi IPOJOTBHBIA MTPOQIITE MATIBIX TOPHBIX pek KeIpre3crana

C TOPHBIMU, IPEATOPHBIE YUACTKU PEK HAXOAUTCSA B MEHEE TPYAHOIOCTYITHBIX JJIsi CTPOUTENHCTBA
YCIIOBUSIX, U TIO3TOMY B OOJIBIIIMHCTBE CIIy4aeB UCIIONB3YETCs ISl pa3MEIIEeHUs TOJIOBHBIX 00bEK-
TOB NMUTAHUS UPPUTALMOHHBIX cUcTeM. [IprueM npu He3HAUYUTENBHON PEKOHCTPYKIIMA OHU MOTYT
OBITh MCIIOJNB30BAHBI U B SHEPTETUUECKUX LESIX.

Ha xoH1eBBIX yyacTkax yuienuii rop OOKOBbIE CKIIOHBI BHIITOJIAKHBAIOTCS, B ’TOM MECTE T0-
TOK W3 YIIEIbs BBIXOAUT B JIOJIUHY, T.€. IPOXOAUT O IPEATOPHOMY YYacTKy IO COOCTBEHHOMY KO-
HYCY BBIHOCA. 3/1€Ch PEKH UMEIOT OTHOCUTEIHHO OOJBIIYIO IMUPUHY U YacTO Pa30MBAIOTCS Ha Pl
pykaBoB. Bona B BereTaniMoHHBIN MEpUO] MMOJIHOCTHIO WK YaCTUYHO pa3OupaeTcs B UpPUTalioH-
Hble cucTeMbl. HeGombIme ocTaTku HUKE BOJ03a00PHBIX COOPYKEHUH, MPOCAYUBASICH B TOJIIILY
raJleqHo-TMeCUaHbIX OTJIOKEHUH, TepstoTcs. [103ToMy H0NHMHHBIE YyYaCTKU TOPHBIX PEK 3a4acTyio
0€3BOJIHBI, €CJIM HE CUNTATh BHIKIIMHUBAHUS MTOA3EMHBIX BOJ, COpOCa MaBOJKOBBIX 0OBEMOB BOABI
1 cOpoca pacxonoB 3uMHEN MexeHu [97].

Hcnonb3oBaHue NOJUHHBIX YYaCTKOB PEK C YKIIOHAMH JHA pycen pek, paBHbix 0,005-0,01,
B TUJIPOSHEPTeTHKE TAKXKE SBISIETCSI BOBMOXKHBIM, OJTHAKO CO3/IJaHUE HEOOXOIMMBIX dHEpreTuye-
CKHX TapaMeTpOB MOTOKA 3/1€Ch JIUMUTUPYETCS BOJHOCTBIO U TOMOrpadUyeCcKUMHU YCIOBUSMHU.
Bonononaya B uppuraiiioHHbIe CUCTEMBI Ha 3TUX yYacTKaxX BEJETCS ¢ UCIIOJIb30BaHUEM BOJIOXpa-
HUJTHILL.

Taxum 00pa3om, HHKHHE TOPHBIE U MPEIrOpHbIE YYaCTKH BOIOTOKOB KbIprei3cTana sBiisi-
I0TCS Haubosee TOCTYMHBIMU MECTHBIMH SHEPTeTUYECKUMU PeCypcaMu, KOTOPbIe Ha BCEM CBOEM
MPOTSHKEHUU MOTYT OBITh UCTIOIB30BaHbI [Tl AJIEKTPOCHAOKEHUS pacCpPeIOTOUEHHBIX TOTpeOuTe-
neit [91, 168].

[To pacnonoXeHHIo Y4acTKH pycell TOPHBIX PEK MOAPA3AESI0OTCS Ha TEKYIIUe BIOJb, U TO-
nepek TopHbIX XpeOToB [166]. Panee A.B. ®unonunkoBsiM [ 172, 173] Oblna npeiokeHa KJ1accu-
¢buKanus pycioBbIX y4aCTKOB TOPHBIX PEK, KOTOpasi YUUTHIBAET OCOOEHHOCTH MX YKJIOHOB M OT-
HOCHTEINILHOE MOJIOKEHUE.

['opHble peku B 3aBUCHMOCTH OT HallpaBJICHUS TEUCHHSI UMEIOT PsJl 0COOCHHOCTEH KUIKOTO
U TBEPJOTrO CTOKAa, KOTOpPbIe HEOOXOAMMO YUUTHIBATh NMPU MPOEKTUPOBAHUU THAPOY3IOB. DTOMY
BOIPOCY MOCBSIIEHBI pad0OTHl MHOTHUX YYEHBIX, 3aHUMAIOIIUXCS THIpoMopdomeTpueit pek, mpo-
O6nmeMaMu BO03a00pa, MPOEKTUPOBAHUS JOPOT U MOCTOB, 3aIUTON TEPPUTOPUMA OT 3aTOTLIICHUH
[14, 64, 86, 132, 133, 139, 166, 172] u np. B o0miem ciaydae MOXKXKHO OTMETHUTh CIIETYIONTUE OCO-
OCHHOCTH peK B 3aBUCHMOCTH OT UX pacroyiokenus [172]:

1. Manble u cpeiHue PEeKH, TEKYIIHE MOMepeK XpeOTOB, UMEIOT:
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» BBICOKYIO MHTEHCHBHOCTb HapacTaHus ypoBHe# (10 20 cm/MuH) U pacxonoB (10 185 m*/mun),
0COOEHHO B NEPUO]] TABOJIKOB;

» MaJioe KOJIM4eCTBO HAHOCOB B MEKEHD U OOJIBIIOE X KOJMYECTBO B TIABOJIOK;

» SPKO BBIPOKCHHYIO 3aBUCHMOCTb BEIIMYMHBI COJIEPKAHUS HAHOCOB OT KOJICOAHUs PacXoioB
BO/IbI, UEPEIOBAHMS TO/IOB C PA3JIMYHOI BOIHOCTHIO;

»  BBICOKYIO ITAHOBYIO YCTOWYHMBOCTB PyCiia B MMABOJOK M HEYCTOMYMBOCTD B MEXKCHB;

» BBICOKYIO BEPTUKAJIBHYIO YCTOHUMBOCTH Pyclia B MEKEHb M HEYCTOMYMBOCTD B TTABOJIOK.

2. CpenHue u OOnblLIME PEKH, TEKyIIHE BIOIb XpeOTOB, KPOME MEPEUNCIEHHBIX 0COOEH-
HOCTEH, OTIIMYAIOTCS] TPAHCIIOPTOM 3HAYUTEILHOTO KOJIMYECTBA HAHOCOB B MeXeHb (10 1 Kr/m?)
[166]. IIporuos pycrnoBsIx Jedopmaiuii 31ech 3aTpyIHEH, a B psAJie CIy4aeB MPAKTUYECKH HEBO3-
MOJKEH.

3. KpynHocTh HaHOCOB, MPOXOSIIUX B MABOJOK B peKax, MPOTEKAIOLINX MONEpPeK XpeOToB
(6omee 500 MMm), Oombliie, 4eM Yy PeK, MPOTEKAIOIIUX BIOIL XpeoToB (10 150 mm) [139].

dopMupoBaHHE KHUIKOTO cTOKa pek KbIprei3crana mpoucxoJuT B OCHOBHOM B TOPHOM 30HE
3a CYeT TaJIbIX BOJI CHETOB M JIEAHUKOB. [lockonbKy B KomIuiekce (pakTopoB, POPMUPYIOIINUX CTOK,
IJIaBHBIM SIBJISIETCS KJIMMAT, TECHO CBSI3aHHBIA CO CIIOKHBIM OpOrpa)MuecKHM CTPOECHUEM Tep-
putopuu [86], BOAHbIE UCTOYHUKH PECHYONUKN 3HAUUTENBHO OTIMYAIOTCS JAPYr OT Apyra. JTo
OTIMYME IO THUITYy NMUTAHMS, IO XapaKTepy MHOTOJETHEr0, BHYTPUIOAOBOTO M BHYTPUCYTOUYHOTO
pacripenenieHus croka. Pexu, Oepyiiue Hadyaao Ha BBICOKHX sIpycax rop, MUTArTCs MPeUMYILecT-
BEHHO BBICOKOTOPHBIMU CHETaMU U JIEJHUKAMU (PEKH CHErOBO-JIEAHUKOBOTO MUTAHUS), XapaKTe-
PH3YIOTCS 3aTSKHBIMU ITaBOJIKAMHU BO BTOPOH mosnoBuHe Jieta (pucyHok 1.10). Pexu ¢ 6onee HU3-
KUMU a0COJIIOTHBIMU OTMETKaMHU MOBEPXHOCTEH OacceifHOB BOAOCOOPOB MHUTAIOTCS, B OCHOBHOM
3a CYET TasHUS CE30HHBIX CHETOB (PEKU CHETOBOTO MUTAHUS ), U XapaKTepu3yroTcs 0ojiee paHHUMHU
naBojkamu [86, 90].

Berpeuarorest peku, Oepylue Hadyajao B HIKHHUX SIpycax rop, uX MUTaHUE MPOMCXOTUT 3a
CUeT XHJIKUX 0CaJIKOB. BOIOTOKM 3TOTr0 THIA UMEIOT HEOObIINE BOJOCOOPHBIE IJIOMIAIU U OTIH-
Yal0TCsl KPAaTKOBPEMEHHBIMU MABOJKAMM, C OOJIBIIIMM COZIEp’KaHHEM HAHOCOB. MeXKeHb OTIHYaeT-
Cs1 MaJIOM BOJHOCTBIO.

['maporpadsl pex Bcex TUITOB MUTAHUS B JIETHUN TEPHUOJT XapaKTEPU3YIOTCS HATUIHEM 00JTb-
IIOT0 KOJMYECTBA MECTHBIX MUKOB, CO3aBaE€MbIX BBIMAJAIOMIUMU JTOXKASIMU. Terble JIMBHEBbIE
JOKJIM 3HAYUTEIBHO YCKOPSIOT MPOLIECCHl TAasHUS CHETOB U JIAHUKOB, 3TO SIBJSIETCS NPUYMHOM
00pa30BaHMs CEJEBbIX MABOIKOB, TMKH KOTOPBIX MOTYT 3HAYUTEIHHO MPEBBILIATH MUKU OOBIYHBIX
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Pucynok 1.10 — T'maporpadbl xapakTepHBIX 10 THITY ITHTAHUS TOPHBIX pek Kbiprezckoit PecryOnuku.
A — peKH CHEroBOTO MUTAHUs; b — peKH CHETOBO-JICTHUKOBOTO MMATAHHS,
B — peku e THUKOBO-CHETOBOTO MU TAHHUS
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naBokoB. CeseBble NaBOJKM MOTYT BO3HMKAaTh Ha BCEX PEKaxX I'OPHOM 30HBI, U MPUXOIATCSA Ha
NIEPHUO/IbI BPEMEHH J0 HACTYIUIEHHS 3aKOHOMEPHOI'O IIaBOJAKOBOTO NEPUOAA.

[IuTanue pex B epuo MEKEHH ITPOUCXOJUT B OCHOBHOM 3a CUET IOA3EMHBIX BOJ, IO3TOMY
ruaporpadsl 3MMHETO IIEpUOAa HOCIT CPaBHUTENBHO CIIOKOWHBIN Xapakrep [90, 97, 139].

JeranbHas knaccupukanms pek Keipreizckoil PecriyOonuky no TUIly IUTaHUS U XapakTepy
BHYTPUIOZIOBOTO paclpeesieHUsl CTOKA B Halllel 30HE ocyuiecTiserca MerogoM B.A. Illynena
10 OTHOIIEHHIO PACXOJIOB 3a MEPUOJ] HIOJIb — CEHTAOPh K pacXoAaM 3a Mepuoj MapT—HIoib. Takas
KJaccu(uKaIys peK BBIMOTHEHA i BoAOTOKOB Kbipreizctana u npueneHa B Ilpunoxkxenun 3,
KOTOpast COCTaBJIeHa ¢ y4eToM pa3paborok M.H. bonbmakosa [139, 172].

JUiist BceX TOPHBIX PeK XapaKTepHO KoseOaHHe pacxo/l0B BOABI B TEUECHHE CYTOK. DTH KoJie-
OaHus Hanbosee Pe3KO MPOSBISAIOTCS B BET€TAllMOHHBIA MEPUOJ, MIPU ITOM HapacTaHUE U Craj
ypoBHei Boabl gocturaer 20-30 cm/MuH U 6osee. MakcuManbHbIe pacXoabl BOJBI 3aBHCAT OT
TUIA TUTaHUSA, IPUXOAATCS Ha TEIJI0e BpeMs roja (Mai—aBrycr) B eproJ UHTEHCUBHOTO TastHUS
CHETOB U JIE[IHUKOB, PE3KOT0 MOBBILLIEHUS TEMIIEPATYP OKPYKAIOIIEH CPEbl, BBINAIEHUSA OCAIKOB
JMBHEBOTO Xapakrepa. JIeMTHUKOBbIE TABOAKOBBIE PACXObl BOJBI TPOXOIAT B TeueHUe 3—20 cyToK
u coctaBistoT 10 50 % rogosoro ctoka [120, 121, 166].

JUi1st BOOTOKOB € MpeolaJaHueM CHETOBOTO TUTAHUS CyTOYHbIE KOJIeOaHHs PacX0I0B BOJIBI
He3HauMuTeNbHbI [ 168]. B BEpX0OBBAX TaKuX peK MMEIOTCSI MHOTOUYHCIIEHHBIE MOPEHBIE 03€pa, IPU
IIPOPBIBE KOTOPBIX NABOJKOBBIE PACXO/Ibl YBEIMUMBAIOTCS B 2—3 pa3a 10 CPAaBHEHUIO C PACUETHBI-
mu [97].

EcrectBenHOl opMOii pycern pek B IUIaHe SABISETCS CUCTEMA IJIaBHO U3MEHSIONIUXCS KpU-
BBIX ¢ 00pa30BaHUEM PAa3MbIBOB Y BOTHYTOro Oepera M HAaHOCHBIX OTJIOKEHUH Ha BBIMYKIIOM Oe-
pery B BHJIe KaMHEH U 00JIOMOYHBIX ITOPOJ pa3HON KPYITHOCTH, I'PABEIMCTO-TaICUHUKOBON MACChI
C mecyaHbIMU npocioiikamu [160, 142].

[TpononbHBIE U MONEpeyHbIe MPO(UIH pycen MoJABepraTces AeGopMarisiM, 0COOEHHO MpH
MIPOXOXKJICHUH MABOJKOBBIX (PYyCcia0(hOpMHUPYIONINX) PACXOI0B BOJIBI, ¢ 00pa30BaHUEM IMEPENaoB
u3 KaMHel u BasnyHoB nuamerpoM 0,5—1,0 m u Oonee.

[Tpu npoxoxnenun pacxonoB 60—75 %-HON 00ecreYeHHOCTH, ITTyOMHA BOJBI HAa TOPHBIX
U B HayaJle MPeAropHbIX y4acTKOB PeK OYEHb MaJla, U MOTOK HE 3aKPbIBAeT KPYMHBIX HAHOCHBIX
oTIoXkeHui B pycie. [Ipu 3ToM Bosia MPOTEKAET HE CIUIOIIHBIM [TOTOKOM, a pa30UBaeTCs Ha MeJIK1e
pyKaBa, IPOXOAALINE MEKIY OT/IEIbHBIMUA KAMHAMU U BaslyHaMu. O4eHb 4acTo JOHHbIE HATPOMO-
JKJICHUS] HAHOCOB B BHJIE I'PSAJ] IPU MEPETUBE Yepe3 HUX BOABI BBI3BIBAIOT UCTEUCHUE, TOAOOHbIE
UCTEUEHUIo uepe3 ycTyll. Hucnamaromue crpyu, yaapssich 0 HMXKEJIEKAIUE BadyHbl U KaMHH,
00pa3yroT CUCTEMY YEPEAYIOIIUXCS, CUIILHO a3PUPOBAHHBIX THAPABINYECKUX MPHIKKOB.

B 3Tux ycnoBusix 0ObIYHBIE MOHATHS O THIPABINYECKHUX AIIEMEHTaX MOTOKA TEPSIOT OIpe-
JIEJIEHHOCTbD, TaK KaK HEU3BECTHO, YTO MO>KHO CUMTATh IIMPUHON MOTOKA, KAKNE BBICTYIIBI KAMHEN
BKJIIOYATh B MONEepeyHbId Mpomiib pycia. TolbKo Mpu MPOXOKIEHUH TAaBOJIKOBBIX PACX0/I0B, KOT'-
J1a BAJIyHBI U TIOPOTHU MEPEKPHIBAIOTCS BOAOM, OOBIYHBIE MOHATHS O THIPABIMYECKUX DJIEMEHTaX
pycna npuoOpeTaroT Gpusnueckuit cMmoici [97].

BonHbiii OTOK TOPHBIX U MPEATOPHBIX YYaCTKOB PEK B OCHOBHOM HOCHUT OypHBIN XapakTep
teueHus (uucio @pyna namensiercs ot 0,5 1o 2,0 u Gonee) u 0b61aaeT GOIBIIMM 3aIACOM THAPaB-
JIMYECKON PHEPruu. ITO MPUBOIUT K BBIHOCY OOJBIIOrO KOJIMYECTBA HAHOCOB, OCHOBHAsI Macca
KOTOPBIX TPAHCIIOPTUPYETCS 10 TOJIMHHOTO y4acTKa PEKH.

HaHOCHBIN pexuM peK 3aBUCHT OT TONMOTpapHuuecKux, pesibe(HbIX, MOPPOMETPHUUECKHUX,
IIOYBEHHO-T€0JIOTMUECKUX YCIOBUN MECTHOCTH [166]. dpaKMOHHBIN COCTaB HAHOCOB BapbUpy-
eTCs B IIMPOKOM JHMANa30He OT MEJBYAUIINX YACTHIL A0 KPYIHBIX KaMHEH 1 BAJIyHOB B IMAMETpe
500—-600 mm u 6onee. CpeHsisi MHOTOJICTHSISI MyTHOCTB IOTOKA pek m3Mensiercs ot 0,05 kr/m® 1o
0,4 xr/m* [14].
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B cocraBe BIEKOMBIX HAHOCOB U PYCJIOBBIX OTJIOKEHHUH HA TOPHBIX y4aCTKax peK, KpOME Ba-
JYHOB, OyJIBIKHUKOB U KPYITHOMU TaJIbKH, COACPKHUTCS 3HAUNTEIbHOE KOJIMYECTBO MEJIKOTO TeCKa.
TpancnopTupytoiias ciocoOHOCTb IMOTOKa 3aBUCHUT OT YKJIOHA JTHA PEKHU M PAacXO/I0B BOJBI U U3-
MEHSETCS B 3HAUYUTENIBHBIX MpefesiaXx. ITa 3aKOHOMEPHOCTD BBIPa)KEHA HA MEPEXOAHOM y4aCTKe
TOPHBIX BOJOTOKOB M3 TOPHBIX YYaCTKOB B IIpeAropHsie. Ha npearopHsix y4acTkax, Kak IpaBuiIo,
C YMEHBILIEHUEM CKOPOCTH TEUEHUS U MPOIOJIBHBIX YKIOHOB I10 JHY PEKH IIEPEMELIAIOTCS HAHOCHI
OoJiee MEJIKOTO COCTaBa, KOTOPbIe UMEIOT BU/J €CYaHO-TAJIEYHUKOBOM MacCHhl.

OCHOBHYIO 4acCTh TPAaHCIIOPTUPYEMBIX IIOTOKOM HAaHOCOB COCTAaBJISIIOT B3BELIEHHBIE, KOTO-
pble B obmiem OanaHce TBepIoro croka coctabisitoT oT 40 mo 100 % [166, 172]. KonudectBo
U (PPaKIMOHHBIN COCTaB B3BEIICHHBIX HAHOCOB MEHSIOTCS HE TOJIBKO ISl Pa3JInYHbBIX PEK U pa3-
JIMYHBIX 110 BOJOHOCHOCTH JIET, HO U Ul Pa3JIMYHbIX YYaCTKOB OJHOM M TOM xke peku [97, 162].

BonpIias gyacTe cTOKa B3BEIIEHHBIX HAHOCOB, KaK M IOHHBIX, IPUXOAUTCS HA Nepruo] 00ib-
IIUX PACXOJI0B, 0COOCHHO Ha MEePHOJ AOKIECBBIX MMMKOB, KOIJIa CKIIOHOBAs HpO3Hsl JOCTUTaeT Ha-
ubonpIMx pazmepoB. OJHAKO TECHOM CBSA3M MEXIy MYTHOCTBIO M PACXOJaMM BOABI HE OOHapy-
JKUBAETCS — IIPY OJJHOM M TOM JKE€ PacXoze BOJbl B pEKE B Hauaje IUKa [1aBOJIKa HACBILIEHHOCTh
IIOTOKa HAHOCAMHU 3aMETHO BbILIE, YEM IIpu craze [6].

ITpu Mpoxo’KAeHNH MMABOJKOBBIX PACXOIO0B BOJBI, HAPSIAY CO 3HAUUTEJIBHBIM TPAHCIIOPTOM
HAHOCOB, MOTOK HECET OOJbIIOe KOJMUYECTBO IUIABHUKA U OPraHMUYECKOrO MYCOpa, CMBITHIE Jie-
PEBbsl U KyCTapHUK, COJIOMY, OpeBHa, CTOJIOBI, TOCKH, OOUYKH U APYrHe XO3sHCTBEHHO-OBITOBbIE
npeameTsl [97].

3UMHUI peXUM TOPHBIX PeK, UMEIOIUX OOMbIINE YKIOHBI PycClia, XapaKTepru3yeTcs: Ipoxo-
JKIACHUEM HE3HAUNUTENbHBIX PACXON0B BOABL. [Ipy 3TOM ypoBEHb BOIbI HE NEPEKPBIBAET IOPOrOB
U KPYIHBIX BaJyHOB, YTO OOYCIIOBIMBAET MOBBIIICHHYIO a9PALUIO BOJbI EPEOXJIAXKICHHBIM BO3-
JYXOM. DTO IPUBOJUT K 00IIEMY MepeoXIakKAeHUI0 peuHoro noroka [139, 141].

[Tpu TypOy/IeHTHOM TE€UEHUH BOBI CO CKOPOCTSIMH, IpeBbimatomumu 0,3 M/c, mpouecc 00-
pa3oBaHUs MOBEPXHOCTHOTO JIbJ]a OCIA0ISIEeTCs, a KPUCTAILIBI JIba 00pa3yroTCs BHYTPU BOAHOM
Maccsl [139]. DToT BHYTpUBOAHBIN Je[ JMHAMHYECKOTO TUIa HasbiBaeTcs mryroil. Illyra obpa-
3yeTcs BO BCEH TOJIIE MepeoxIIaXIeHHON TypOyIn3upOBaHHON a’pupOoBaHHON Macchl Bojbl. Ha
HaYyaJIbHOW CTaJMH JIeA000Pa30BaHMsI IIyTa COCTOUT U3 TOHKUX JMCKOOOPA3HBIX IIACTUHOK M-
aMEeTPOM HECKOJIBKO MUJUIMMETPOB. OHU HAaXOJATCS BO B3BEILIEHHOM COCTOSIHUM, U MX JBUKECHHE
MpeCcTaBisieT cO00i CBOETO po/ia «IOABOAHYIO METENbY [46].

Ha nenoBslii pe>xuM pekn, KpoMe METeOpPOJIOTHYeCKUX (PaKTOPOB B 3HAUYUTENBHOM CTETIeHN OKa-
3bIBAIOT BIIMSHHUE TEIUIbIE BOJBI POJHUKOB M TIIYOWHHBIX TOPSYMX UCTOYHUKOB C TEMIEpaTypoil, 10-
cruraroet mwnoc 40 °C. brarogapst 3ToMy Ha peKax, UMEIOIUX MOLIHYIO MOJIUTKY U3 MOA3EMHBIX
MCTOYHHKOB, IIIyTOJICIOBBIE U JIEJIOBBIE SIBICHUS MPOSIBIIIOTCS €1a00 MM BOBCE OTCYTCTBYIOT [97].

XapaKkTepuCTUKU HEKOTOPBIX pek Kbiproizckoi PecnyOmuKku, MPUroAHbIX sl KOMILIEKCHO-
ro (MppUTaLMOHHOTO ¥ SHEPTeTUYECKOT0) UCTIOIB30BAHUS C YIETOM X THMIPOTEXHUYECKOH Kilac-
CU(UKALUU 1 0COOCHHOCTEN THAPOIOTHUECKOT0 peknuMa, mpuseaeHsl B [Ipunoxenun 1 [97, 161,
162]. Ha ocHOBaHMU aHanu3a 3TUX JIaHHBIX C YYETOM pekoMeHaanui [139] B kauecTBe penpeseH-
TaTUBHBIX JJIS1 UCCIIEIOBAaHUM HaMu ObLIH MPpUHATHI peku: Cokyinyk B Uylickoii obnactu, JKyyKy
B ccrik-Kynbcekoii obnactu, Kyrapr B [[>kanabanckoit 061acTi, CTOK KOTOPBIX C CepearHbl XX B.
UCIIOJIB3YETCs Ul UPPUTALIM, U THIPOIHEPTETUKHU.

1.2.1. Pycaogopmupyioniue pacxoabl pek

Pycnodopmupyromum pacxo oM BOIbl CUMTAETCS TAKOM pacXoj BOABL, MPU KOTOPOM BeJH-
YHHA BO3JCHCTBUS Ha PYCIIO SKBUBAJICHTHA BO3JEHCTBUIO BCEro ruzporpada.

AHanu3upys pycioBble MPOLECChl HAa y4yacTKax PeK JIOOro THUIA, MOXKHO NMPUHTH K BbI-
BOJY, YTO KaXKJbli pacxon sBisieTcs pyciaodopmupyromum. IlotoMmy 4To Kak yBeiauueHHe, Tak
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U YMEHBIICHUE Pacxojia BbI3bIBAET OIpeJesieHHble nedopMalliu JTHa, YCTOHUMBbBIE Ha OIpese-
JICHHBI MOMEHT BpeMeHH. Ho mpu OBICTPOM M3MEHEHUH HPOXOIAIIMX PACXOJOB BOJABI B peKe
pycioBble (JOpMBI OTCTAIOT B CBOEM PA3BUTHH, OHH YaCTO HE COOTBETCTBYIOT KPaTKOBPEMEHHO
JENCTBYIOIUM ycaoBHUsIM. OJTHAKO BCE 3T U3MEHEHUS IPOMCXOAST B OIIPEIETICHHOM J1Malla30He,
3HAUEHMsI KOTOPOTO MEHBIIIE SKCTPEeMalIbHbIX BeIMuuH. [loaToMy U pycioBbie (HOpMBI U3MEHS-
I0TCSl B OTPaHUYEHHBIX MPEEIaxX, U UMEIOT ONPEACIEHHbIE XapaKTEPUCTUKH, OTIINYAIOIINAE OUH
BOJIOTOK OT Apyroro [86].

ITo muenuto B.I". I'mymikoBa, BeicoTa OpOBKM OWMEHHBIX 00pa30BaHUN 3aBUCHUT OT BBICOTHI
YPOBHEH B NOJIOBOJIbE U ATUTEIHLHOCTH UX CTOSHUS, a TaKXKe OT ()PaKIIMOHHOTO COCTaBa HAHOCOB
Y MYTHOCTH IIOTOKA. YPOBHH BOJIbI B pEKE MOTYT OBITh BBILIE WM HUXKE OPOBKH, HO OHA 3aHUMAeT
BIIOJIHE OIpe/iesieHHOE nosiokenue [37, 86].

M3BecTHO, 4TO YeM OoJiblle pacxXo/sl, TeM OOJbIle PyCcIopOpMHUPYIOIIAst A TEIbHOCTh MPO-
TOKa, HO (haKTOp BPEMEHH UTPAET HE MEHee BaXXKHYIO poiib. [103TOMY mpu o4eHb OONbIINX, HO Kpart-
KOBPEMEHHBIX PacxofiaX BOIbI PyCJIOBbIe (POPMBI HE YCIIEBAIOT U3MEHUTHCS 110 TTAPAMETPOB, Xapak-
TEpHBIX I ATOTO MOTOKa. MHOTIHME MCCIIeIOBaTeNId CYNTAIOT YPOBEHb BOJbI BPOBEHb C OpOBKAaMU
MOMMEHHBIX 00pa30BaHUI JOCTATOUYHO XapaKTEPHBIM, a PACXOJl, COOTBETCTBYIOIIUMA €My, — pyciIo-
(OpPMHUPYIOIINM, XOTSI €ro ONpeeIeHHe Ha paKTuke 3aTpyaHuTensHo. M.A. Ky3pMuH nokasain, uto
001t X0/ pyCIIOBOTO IpoIiecca He 3aBUCHT OT (hopMbl ruzporpada [86]. B cBoro ouepens, onpeme-
JIEHUE TaKOTO PacxXoyia UMeeT OOJbIIOe MPAKTUIECKOe 3HAUYCHUE, TaK KaK €ro BETMYMHA MOXKET OBITh
UCTIOJIb30BaHA JJIs ONPEJIENICHNs] OCHOBHBIX XapaKTEPUCTHUK pyciia: YKIOHA CBOOOTHOI OBEPXHOCTH
MOTOKA, CPEAHUX ITyOMHBI U IIMPUHBI TOTOKA. OHU MOTYT OBITh MCIOJIB30BAHbI IS ONPEAEIICHHS
JPYTHUX XapaKTePUCTHUK MIOTOKA U Pycia, HEOOXOAUMBIX JUTS IPOEKTUPOBAHUS BO03a00PHBIX Y3IIOB.

C.T. AATYyHMHBIM B KauecTBe pPyciIo()OpMHUPYIOIEroOblsT PEKOMEHA0BAaH MaKCHUMAaJbHBIH
pacxoJl BOJbl, MOBTOPSIOLINICS pa3 B MATh — AECSTH JIeT, pacxosl 20—10 %-Hoit oOecneueHHOCTH.
A.H ApsikoBa B KauecTBe pycilo(pOpMUPYIOIIET0 pacxoAa PeKOMEHIYEeT pacxon BoAsl 1 %-Hoii
obecnieuennoctu [7, 8, 986].

B KeIpreizcrane npu nNpoeKTUPOBaHUM, CTPOUTEIBCTBE M IKCIIITyaTallMd TOJOBHBIX BOZO-
3a00pHBIX THAPOY3JIOB MPEATOPHBIX HMPPUTALIMOHHBIX CHUCTEM HCIIONB3YIOTCS PEKOMEHIAINH
A.B. ®uinoHYMKOBa, MO KOTOPHIM B KauyecTBE PYCIO(GOPMHUPYIOLIETO MPUHUMAETCS PACXOJ
10 %-Holi obecnieueHHOCTH 1 Oonee [172].

B onpeneneHHbIX ciydasx MpU ONPENEIIEHUN TapaMETPOB BOJOINPOITYCKHBIX COOPY>KEHUN
THJIPOY3JI0B UPPUTALMOHHBIX CUCTEM PACUETHYIO BEPOATHOCTH (B IPOLEHTAX) MPEBBIILICHUS Ha-
MOOJIBIIMX PACXOA0B BOABI JJIsl OCTOSHHBIX U BPEMEHHBIX COOPYKEHHH MPUHUMAIOT C YYETOM
pexomenpauuii CHull 11-M1.33-01-2003.

1.2.2. Pacxoapbl pek pacueTHOi 00ecrie4eHHOCTH

BeposiTHOCTh mpeBbIlIeHNs 3aJJaHHON BEJIMYMHBI pPacxoja PeKd HaJ BCEMH 3HAYEHUSIMU
ATOTO MapaMeTpa, HaOMIOAABIIMMUCSA B T€UEHUE KaKOTo-TO Mepuoja BPEMEHHM, Ha3bIBalOT obec-
NeyeHHOCThI0. OOEeCeYeHHOCTh B TMIPOMETPUH BBIPAXAIOT B OTHOCUTENIbHBIX BETMYMHAX WU
B MIPOLIEHTAX, a TpaduvYeCcKu B BUIE KpUBOI oOecrieueHHOCTH [86].

Ob6ecneueHHOCTH, 10 KoTopoi it ['DC onpexensercs rapaHTUPOBaHHAs MOIIHOCTh (MU-
HUMAJIBHO JIOIMYCTHMasi), CPEAHECYTOYHasi MOLTHOCTh MJIM TOJI0Bas BhIpAaOOTKa 3JIEKTPUUECKON
SHEPIUu, a AJIsl UPPUTALlMOHHBIX CUCTEM — 00bEM BOAONOAAYN U OPOCUTEIbHAS IIOIIAb.

DKOHOMHYECKOe 000CHOBAaHME PACUETHONW 00ECIEUEeHHOCTH — 3aja4a Ype3BbIUaiHO CIIOXK-
Has. Bonpocy Bb1IO0Opa pacueTHOI 00eCIeYeHHOCTH NOCBAIIEHBI pa00Thl MHOI'MX BUIHBIX YUEHBIX
u unxeHepos — A.JI. Benukanosa, W.I1. Ipyxununa, E.A. Anoxuna, C.H. Kpuukoro, b.I'. Kosa-
neHko, M.®. Menkens, M.I1. ®enpamana u ap. [10, 135].
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[Tony4uuTh 7OCTATOYHO TOYHBIE JaHHbIE JUIsI SKOHOMUYECKH 0O0CHOBAHHOW BEIMYUHBI pac-
X0JIa pacyeTHOM 00ECIIEYeHHOCTH 3a4acTy0 ObIBAET J0BOJIBHO TPYAHO. [To3TOMy Iipu nmpoekTupo-
BaHUM T'MJIPOIHEPTETHUECKUX CUCTEM MUHUMAJIBHBIN pacxol BObl peK PacueTHONW 00eCedeHHO-
ctu onpenensercs no CH 346-96. Otu nannble npuBeaeHs! B Tadmuie 1.3.

Tabmuma 1.3 — Pacxomsl MUHIMAITBHOH pacdeTHOU 00€CTIedeHHOCTH

OOBEKTHI WU OTPACII BOTHOTO X03siCTBa Qp%
KpymnHbie THAPO3TEKTPOCTAHITNH 85-90
I'SC cpaBHUTETHHO HEOOIBIION MOIIIHOCTH U IPH HEOOJIBIIIOM HX YICIHFHOM Bece 75-80
B DHEPTOCHCTEME, JIJIsI KOTOPBIX JTOITYCKACTCSl KPATKOBPEMEHHOE YMCHBIIICHHUE TIOIa9d BOJIBI
OpolieHne cenbCKOX03sHCTBEHHBIX 3eMeb 85

Kpome pacuetHoit 00ecrieueHHOCTH, YCTaHABINBAIOT BETMUMHY COKPAIICHHON OT/Iaul BOJIBI
B 0c000 MajioBOIHBIE TOBI [ 136].

[Tpu npoexktupoBanuu coopyxenuit I1I u IV kimacca kanutaibHOCTH, K KOTOPBIM OTHOCSTCS
paccmarpuBaembie Turbl [ TC Kbiprei3crana, U3 nMeromerocs psiaa ruIpoMeTpuieckix Hallo-
JEHUI BRIOMPAIOT pacueTHBIM MallOBOAHBIN TOJl, BHYTPUTOJOBOE pacIpe/ie]IeHHe CTOKa KOTOPOTO
OTIpe/IeNIsIeTCs METOIOM KOMIOHOBKH. [10 3TOMYy MeTOIy CTOK 3a pacyeTHBII rojl U JUMHUTUPYIO-
M Ce30H MPUHUMAIOTCS C OJAMHAKOBOW OOECMEUeHHOCThIO, PaBHOM 3aJaHHOU (IO YCIOBUSAM
MIPOEKTUPOBAHHUSA) 0OECIIEUEHHOCTH rapaHTUPOBAHHOM BOAOMOIAYH.

1.3. PycjioBble nmpounecchbl HA TOPHO-MPEATOPHBIX YUACTKAX pPeK

OCHOBHBIMHU XapaKTEPUCTUKAMU PYCEI PEK SIBIISIFOTCS: IPOAOIbHBIN U ONEPEUHBIN podu-
JIM, TIFTAHOBBIE OUEPTAHMS M TIepepactpeieieHne IIyOruH moTtoka. Peunoe pycio B KayKAblii MOMEHT
BpPEMEHU TMOBEPKEHO M3MEHEHUSIM Win nedopmanusim. HenpeprsiBHbIe H13MEHEHUST MOP(HOIIOTH-
YECKOr0 CTPOEHHUS PEYHOIO pycia U MOMMBI, TPOUCXOASIIME MO AEHCTBUEM TEKYIIEH BOJbI, Ha-
3BIBAIOTCS PyCJIOBBIM mporieccoM [33]. PycnoBoii mpoiiecc mposiBiisieTCs B BUJIE 9PO3UU — pa3MbIBa
JIHa pyclia ¥ IOWMBI, IEPEHOCa U aKKyMyJIsiLuu HaHocoB. HanpaBieHHocTh npouecca aegopma-
LMY pycCJla ONPENESeTCs] COOTHOIIEHUEM MEX]Ty pacXoZ0M HAaHOCOB U TPAHCIOPTUPYIOIIEH CIIO-
COOHOCTBIO TIOTOKA M, TAKAM O0pa3oM, CBsi3aHa ¢ KOMIUIEKCOM IPUPOIHBIX YCIOBHHA HE TOJIBKO
JTAHHOTO y4acTKa peKH, HO 1 Bogocoopa B ueiaoM [35]. [loToku, npoxonsiue B peyHbIX pyciiax,
BBI3bIBAIOT U3MEHEHUS B €TI0 OUEPTAHUSX, pacIipe/le]IeHUH NNIyOrH U XapakTepe Mpo0IbHOIO Mpo-
¢wst pexu. Co cBoel cTOPOHBI OpMa pyciia OKa3bIBaeT BO3CHCTBUE HA pacIipeiesieHIe TEUCHUI
U ux ckopoctedd. Takum 0Opa3oM, MOTOK M PyCIIO HAXOMATCS B MOCTOSTHHOM B3aUMOJCHCTBHH,
U pyclIOBbIE Jie(OpMaIiH SIBJISIOTCS BBIPAKEHUEM 3TOTO B3auMozeicTaust [86].

OnpeneneHne 3aKOHOMEPHOCTEN B3aMMOAECUCTBUS MEXAY BOJIHBIM IIOTOKOM U JIOXKEM PYy-
CJ1a MO3BOJISIET ITyTEM BO3BEJIEHUS] UICKYCCTBEHHBIX BBIIIPABUTEIbHBIX COOPYKEHUH (KaHAJIU3UPO-
BaHHBIX yYYaCTKOB) yNPABISAThH IBYX(a3HBIM IMOTOKOM (BOZAa — HAHOCHI) U 3TUM CIIOCOOCTBOBATh
CO3/IaHHI0 HEOOXOAMMBIX THJIPABINYECKUX XAPAKTEPUCTUK I XO3SHUCTBEHHOIO UCIIOJIb30BaHUS
MPOXOISAIINX 00BEMOB BOJIBI.

OcHOBBI y4€HHs O PYCJIOBBIX Ipolleccax KakK BUIAa B3aWMOJICHCTBUS MEXAY IOTOKOM
U pycioM, Obuin 3an0keHbl B KoHle XIX — Hagasne XX cToieTHsI, KOTOpbIE OTPaKE€HbI B TPyAax
B.M. Jloxtuna, M. ®@apra B OCHOBHOM HaIlpaBJICHHBIX Ha pa3pabOTKy MEpONPUATUH IO YIIyd-
LIEHUIO CYJJOXOJIHBIX YCJIOBHI Y4acTKOB PE€K, a B MOCIIEAYIOIIEM HAIlJIU JOCTOMHOE MPOJIOJIAKE-
nue B Tpynax H.E. KonnparseBa, M.A. Benukanosa, K.B.I'pumanuna, U.1. Jlesu, C.T. Anty-
nuHa, K.®. Apramonosa, JI.T. I'Benecuanu, I"H. 3ambaxunze, A.H. Kpomkuna, B.®. Tanmaszsi,
B.H. l'onuaposa u np. [43, 53, 54, 64, 66].
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Jeranusupys (akTopsl, onpezaenstomue aepopmanun pycen pek, B.H. 'onuapos [57] pac-
CMaTpuBaJl B3aUMOJENCTBHE TPEX IOTOKOB:

» CcOOCTBEHHO OCHOBHOM ITOTOK, JIBM)KYILUICS BIOJIb PYCIa;

» BTOPOH MOTOK TOM K€ KMJKOCTH, HAJIOKECHHBIH HA MEePBBIN, HO AUCKPETHBIN, COCTOSILUN U3
OCHOBHBIX TypOYITH3UPYIOLUINX BO3MYILEHHH, TOPOXKICHHBIX PYCIIOM;

» TpeTui AMCKPETHBIN MOTOK, COCTOALINNA U3 ABMKYIIMXCS TBEPIBIX YACTHUI] PA3IMYHON IIIOT-
HOCTHU U Pa3MepOB, KOTOPBIN 00J1a/1aeT 0COOBIMU MEXaHUUYECKUMHU U (PU3NYECKUMH CBOWCTBA-
MU, 00yCIIOBIMBAIOIIUMH €T0 COOCTBEHHBIE CIIEIU(PHUECKHUE 3aKOHOMEPHOCTH U BIUSHUE Ha
PEXKUM TPAHCIIOPTUPOBAHUS UX OCHOBHBIM ITOTOKOM.

B ycnoBusX pek TOpHO-IPEATrOpHOM 30HBI (BaJyHHBIE Tpsibl, OBICTPOTOKM U TIp.)
A.H. Kpowkun u B.®. Tanmaza [35, 166] BeiaenniIn €iie 4e€TBEpPThI AUCKPETHBIM MOTOK, CO-
CTOSIIIUI U3 IMy3BIPHKOB BO3AyXa Pa3lIMYHOM KPYMHOCTH, 00pa30BaHHE KOTOPOTo OOYCIOBICHO
BaJIbLIaMU THPABIMYECKUX MPBDKKOB, 00TEKaHUEM IPerpajl, KOCBIMU CTPYSIMH JIBUXKEHHUS M1OTO-
Ka, NaJIeHUEM Ha CTYIEHAX, OBICTPOTOKAX M T. ., ABM)KEHHE KOTOPBIX JUKTYETCS TIEPBBIMHU JAByMS
MOTOKaMU U MX CHelU(PUIHOCTBIO. Briaenstorcs cnenyromue GakTopbl, IPUHUMAIOIINE yYacTHe
B PYCJIOBBIX IIPOLIECCAX HA y4aCTKax peKax FOpHO-IIPEArOPHOMN 30HBbI:

» OCHOBHOM MOTOK BOJIBI, ABMXKYIIUICS BIOJb PycCla;

»  TMCKPETHBIN MOTOK, COCTOSIIUI U3 OCHOBHBIX TYPOYIU3UPYIOIIUX BO3MYIICHUH;

» JTMCKPETHBIH MOTOK M3 TBEPIABIX BKIIOUEHHH (HAHOCHI, JIEIOLIYroBas Macca) U BO3AYLIHBIX
IIy3BbIPBKOB;

» TPYHT, ClIaraioluii pycio U OrpaHUYeHHbIE UM TOTIEpPEUYHbIE, IIJIAHOBBIE U MPOIOIbHBIE TIPO-
¢uu 1Ha 1 Geperos pycia.

B pesynbrare B3auMOAEHCTBYS MEXKIY aJUTIOBHAJIBHBIM JIOKEM PEKHU, )KUJKUM U TBEPABIM
MIOTOKaMU 00pa3yIoTCs Pa3InUHbIe pPycIOBble (JOPMBI, C PA3TUUYHBIMUA THAPOMOPHOMETPUIECKH-
MU XapaKTEPUCTUKAMHU.

M.A. BenukaHOB B peke paBHUHHOI'O THIIa BBIJEIWII IIECTh OCHOBHBIX PYCJIOBBIX 00pa3o-
BaHuii [33, 35]:

1. 3rub pycna ¢ ycToH4MBOM NONEPEeYHON HUPKYISIHEn (0Ch O TEUEHUIO) U YHOPSII0UEeH-
HBIM paclpeesIEHUEM CTPYil.

2. Ileperu0 pycna ¢ HeyCTOMYMBBIMU UPKY/ISLMAMU Pa3HbIX HANpaBIeHUH ¢ Oecrnopsioy-
HBIM «BEEpPOOOPA3HBIMY PACHIPEACTICHUEM CTPYH.

3. IloiiMa peku, crpsMIIAIOIIAsl B BBICOKHE BOJIbI OCHOBHOE T€UEHHUE PEKH, MHOTAA BIMSIO-
mas Ha pOpMUpPOBaHHE MEKEHHOTO pycJa.

4. Pa3nBoeHne JUHAMUYECKOM Oocu ¢ 00pa30BaHMEM OCEPEKOB, a B JalibHEHeM (MHOTIA)
1 OCTPOBOB C IIPOTOKAMH.

5. CausiHue IPUTOKOB (C TJIABHOW peKoi M MexIy co00r0) ¢ 00pa3oBaHHMEM HEMOCPECT-
BEHHO HWKE CIIMSHUS OTIOKEHUH Pa3HBIX THUIIOB, 3aBUCSAILMX OT yIVla CIUSHUS, KOHLIEHTpaLUuu
U KPYIMHOCTH HAaHOCOB, a TaKXKe OT MOCJIeI0BaTeIbHOCTU (a3 MaBOIKOB CIIMBAIOLINXCS PEK.

6. Briagenue peku B BOJOEM C HYJEBBIMH CKOPOCTSMHM BOJIbI (IIOCTOSIHHOTO UJIN IEPEMEHHO-
r'o ypOBHs) ¢ (POPMUPOBAHUEM CIIOKHBIX MOPPOTOrHYECKUX THIIOB HAKOIIJICHUSI HAHOCOB — JIEJIBT
1 OOJIbIIIEH YacThIO ¢ PACTEKaHHEM MOTOKA M0 HECKOJIBKUM PyKaBaM.

OTH pycioBble (HOPMBI TaKKe XapaKTePHBI U JUIS TOPHBIX PEK, Ha KOTOPBIX JOMOJIHUTEIBHO
BBIJICTISIIOT CIIEAYIOIINE pyciiooOpa3oBanus [35]:

1. BanyHHbIe Tpsizibl, CTYIEHH, OBICTPOTOKH, 00pa30BaBIINECs IPU MIEPECEUEeHUH PEKOil KO-
PEHHBIX MOPOJ, OTACIBHBIX CEJIEBbIX, MOPEHBIX OTIIOKEHUH, CO3/1atolIe OypHbIE TEUEeHUs U ad-
pUpPOBaHHBIE IOTOKHU.

2. ITonocsl ceneBbIX OTIOKEHUH, pa3beAMHAIOINE TOPHBIA MOTOK HAa MPOTOKH, BBI3bIBA-
olMe OecropsouHOe MepeMeIIeHUe CTPYH, OTIMYAIOIIMECs 3HAYMTEIbHOM IepOXOBATOCTHIO
U a’panuei noToka.
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3. Y4acTku moamnopa M OTIOXKEHHsSI HAHOCOB IEPE] €CTECTBEHHBIMH 3aBajlaMU, KOHYycCa-
MU BBIHOCA CEJIEBBIX JIOTOB, KAMEHHBIMHU OCBIIISIMHU, BBIXOJAMU CKaJbHBIX MOPOA, CO3AAIOIINE
HEYCTONUMBBIE TeUCHUS, Oy KIaHHE, HATMYHUE PYyKaBOB.

4. YuacTku cniazia 3a €CTECTBEHHBIMU 3aBajlaMM, CEJIEBBIMU KOHYCAaMU BBIHOCA, XapaKTEpH-
3yIOLIMECS YKPYITHEHHOM OTMOCTKOM pyclia.

5. JlenomryroBblie CKOIUIEHUS, TOHHBIN JIed, COMBAIOIINE OTOK B HOBBIX HAIIPABICHHSIX, M10-
BBIIIAOIME TOPU30HTHI, @ NHOTZIA U pacXOobl BOJBI, IEPEMELIAIOIINE HAHOCHI B IPUMOPOKEHHOM
KO JIbJIy COCTOSIHUH, 1€(OPMHUPYIOLIHE PYCIIO.

B uucno 3tux pycnoBbIx pOpM HE BXOAUT MPSIMOJIMHEHHOE PyCIlo, TaK KaK OHO CUUTACTCS
MCXO/IHBIM, IPUHUMAIOIIMM YYacTHE B PyCIOBOM IPOIIECCE B COBOKYITHOCTH C APyTUMH (hakTopa-
MU pyCI000pa30BaHHUsL.

[TnanoBbIe OUEepTaHUS PyCell PeK XapaKTepU3yIOTCs 3HAYUTEIbHBIM pa3HooOpa3ueM U BMe-
CT€ C Te€M /Ui HUX 3aKOHOMEpHAa OTYETIMBO BBIPAKEHHAs HM3BHIUCTOCTH (MEaHAPHUPOBAHUE).
B mporiecce ¢hopmupoBaHus U3BHIMCTOTO pyciia OOJBIIYIO pPOJb UIPAIOT MONEPEYHbIC TEUEHUS,
KOTOpBbIE BO3HUKAIOT KaK MPU UCKPUBICHUN JMHAMUYECKOW OCH MOTOKA, TaK U OCOOEHHO B YCIIO-
BUSIX Y)K€ BO3HUKIIEH M3BUIMCTOCTH pycia. PacmpeneneHue yOUH B pyciax peK 3aBHUCHUT OT
pacripesesieHus] B HUX 3PO3HMOHHO-aKKYMYJISITUBHBIX 00pa30BaHUM B BUE PAa3IMUHBIX PYCIOBBIX
dopm (rpsa, nepekaros, oM u np.) [35].

N.B. IlonossiM [86] BbIAEIEHBI TPU THUIIA PYCIOBBIX IIPOLECCOB: JEHTOYHO-TPSIIOBBIH, O-
OOUYHEBBIN M OCEPEAKOBBIN.

[Tpu NEHTOYHO-TPSIOBOM THUIIE IJIAHOBBIE JAePOpPMAIIUKN PYyCel MPAKTUYECKH HE MPOUCXO-
11, [Ipy moG0YHEBOM THIIE POMCXOIUT CHOJ3aHUE B MABOAKOBBIN MEPHOJ MO PyCIy KPYIHBIX
NIECYAHBIX I'PsiJl, IEPEKOIIEHHbIX B IU1aHe. OCepenKOBBI THUI PYCIOBOIO Mpoliecca pa3BUBaETCs
TaMm, I7ie peKa MepeHoCUT OOJIBIIOE KOIUYECTBO BIEKOMBIX HAHOCOB U 00pa3yeT MIMPOKOE U pac-
IUTaCTaHHOE PYCIIO, TI0 KOTOPOMY O€CIOPSA0UHO CIIONI3AET PsiJi KPYIHBIX pa300IIeHHBIX TPpsia. OTU
IpsAbl B MEKEHb ITPH MOHWKEHUU YPOBHS 00pa3yroT pa3dpocaHHbIe MO BCEH IIMPUHE pycia oce-
peIKH, a IPU YMEHbIIEHUH [TyOUH — OCTPOBA.

Pa3HOBHIHOCTBIO OCEPEIKOBOTO THIA PYCIOBBIX MPOLIECCOB SIBIISIOTCS OMyXKIAIOIIHUE pY-
cia. OHM BO3HUKAIOT MPU OYE€Hb OOJIBIION MOABMKHOCTH BIEKOMBIX HAHOCOB M OOJIBIINX CKOPO-
CTSIX TeYeHUU BOJBL. [ OpHBIE PEKH, IPOTEKas B IIUPOKUX JOIMHAX, CIOCOOHBI B KOPOTKHE CPOKU
nepeMeInaTh OO PHbIE TAICUHUKOBBIE CKOIICHHSI, U3MEHATH IIJIAHOBBIE OYE€PTAHUS PyClIa U pa3-
MmeleHue rryouH B HuX. [Ipumepom mMoryT ciayxuth peku [lpuuccoikynbs — xepranan u Tror,
®epranckoit nonunbl — Kapa-Jlapes u ee npabie nputoku Kyrapt (pucynok 2.4), Tenrek-Caii
U J1p., a Takke p. Uy Ha BceM NPOTSKEHUU NP BbIXoZAE U3 boomckoro yuienss B Joauny [35].

Crnenyer OTMETUTb, UTO MPU JIIOOOM THIIE PYCIOBOTO MPOIECCa COOTHOIIECHUS MEXIY sIB-
JICHUSIMHU aKKYMYJISLIMU U 9PO3UU TECHO CBSI3aHBl C TPAHCIIOPTUPYIOIIEH CIOCOOHOCTHIO MOTOKA
U cofiep>KaHuEeM HaHOCOB. TaMm, rJie IOTOK HACKIIEH HAHOCAMH B OOJIbLIEH Mepe, YeM OH MOXKET
NIEPEHOCUTH UX, MPOMCXOAUT aKKyMYJIsIMs HaHOcoB. Ha yuacTkax, rje TpaHCIOpPTHpYIOIas CIo-
COOHOCTH MOTOKA MPEBOCXOAMUT COJECPKAHWE HAHOCOB, MPOUCXOAUT Pa3MbIB pyciia. Pa3mbIB xe
pycia BbI3bIBAET YBEIMUEHHUE IJIOLIA/INA €T0 )KUBOT'O CEUYEHUs, U YMEHBILIEHNUE CKOPOCTEH, BCIEACT-
BHE YETO Pa3MbIB MOXKET MpEKpaTUThes. KpoMe Toro, Ha ydyacTkax pa3MbIBa IPOUCXOIUT SIBIICHHE
caMoOoTMOCTKH. bonee menkue (pakin HAaHOCOB BBIHOCSTCS C YYaCTKOB pa3MbIBa, U JTHO MpPU
ATOM OKa3bIBAETCS MOKPBITHIM KPyIHBIMU YacTuLaMu. [1IepoxoBaTrocTh THA yBEIUYUBAETCSI, CKO-
POCTH YMEHBIIAIOTCS, U pa3MbIB 3aMeuisgercd [ 126]. AKKyMyJsIus HAHOCOB BbI3bIBAET YMEHBIIIE-
HUE J)KUBOT'0 CEUEHUS NIOTOKA, YBEIIMUEHUE CKOPOCTH, U B KOHEUHOM UTOTE OHA MOYKET CMEHUTHCS
pasmbIBoM. To ecTb (hopMHUpOBaHUE pycia SBISETCS CAMOPETYIHUPYIOIIMMCS IPOLIECCOM.
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1.4. CocTaB, 0CO0EHHOCTH, TEXHOJIOTHYECKHE XaPAKTEPUCTHKH
3JIEMEHTOB U YCTPOMCTB CYLIECTBYHOLIUX KOHCTPYKI UM
B0103200PHBIX COOPYKEHHUH

Jlnist 3200pa BOJIBI U3 TOPHBIX PEK B TUAPOIHEPTETUYECCKUE U HPPUTALIUOHHBIE CUCTEMBI HC-
MOJIB3YIOTCS BOZ03a00PHBIE COOPYKEHUS, KOTOPBIE MPECTABISAIOT COO0M KOMILIIEKC COOPYKEHHM
U YCTPOMCTB, CITY)KaILIUX JJIsl BBIMOJHEHHS CIEIYIOIUX TEXHUYECKUX TPEOOBAaHUHI U TEXHOJIOTH-
yeckux oneparuii [35]:

1) conpspKkeHHs MOABOASAIIETO PEYHOTO PYCIIa C OTBOAALIMMU KaHAJIAMU THAPOCUCTEM;

2) 3a60pa TpeOyeMOoro KOIMYECTBA BOBI B OTBOSIIIHIA KaHA 110 33JaHHOM ITporpaMMme (rpa-
(buKy BOIOTIONIAYM) € MOJIEP)KaHUEM TUCKPETHOTO MPEAEIbHOI0 YPOBHS BOJbI B BEpXHEM Obede
COOPYXEHHUS U MOCTOSHHOTO pacxoja (C TOUHOCTBIO 5 %), B TOM YMCIIE MPU 3UMHUX MEKEHHBIX
pacxozax BoJbl B TOPHBIX PEKaX;

3) nposenenus 3¢ GeKTUBHON OOpHOBI C HAHOCAMH, IIPEAOTBPAIIAIOLICH TOCTYINICHHE Ped-
HBIX HAaHOCOB (TI€CKa, TPaBHsl, TAJIbKN), & TAKKE TUNIABHUKA U JIEJOUTYTOBBIX 00pa30BaHUI B OTBOJ
IIPY BCEX THIPOJIOTUYECKUX PEKUMaX, B TOM YUCIIE IPH BOI00TOOpE, 6mm3koM k 90 % ot pacxona
BOJIbI B PEKE;

4) cOpoc HEOOXOOUMBIX OOBEMOB BOJBI B HIDKHUM Obed rumpoysna A NOAJepKaHHs
B BepXHEM Obede palrOHATIBHBIX THUAPABIMYECKUX CTPYKTYP BOJBI, TPAHCIOPTHPYIOLIUX Ha
cOpoc TBepbIe BKIIOYEHHUS (HAHOCHI, IJIaBAIOIIUI MyCOp, JIEJOIIYTOBbIE 00pa30BaHus);

5) obecnieuenus OecnpensaTCTBEHHOro cOpoca B HIKHUM Obed) MaBOIKOBBIX PACXO0B U U3-
JIMIIKOB BOJIBI, @ TAKXKE HAHOCOB, JIb/1a, IIYTH U TUIABHUKA,;

6) rameHus 3HePrud BOJHOTO MOTOKA B Ipeieax rUIpoy3ia 0 BEIHMYUH, 1OCTATOYHbIX [T
TPaHCIIOPTa HAHOCOB B OTBOASAIIEM PEYHOM pycie 6e3 COOMHBIX TEUCHUH;

7) obecniedeHus: ycToMunBocTU (UtoTOETA U HIDKHETO Obedha COOPYKEHHUSI K MECTHBIM pa3-
MBIBaM, a TAKXKe OpraHu3alys MEPOIIPUATUH MO MPEAYNPEKICHHUIO 3aBajla HAHOCAMU OTBOJSIIETO
3aperylnMpoBaHHOTO pycia FHIpoy3ia;

8) ydera u KOHTPOJIS 32 BEJIMYMHON MOJaBaeMbIX U COpachIBaeMbIX PacXoI0B U 00BEMOB
BOJIBL;

9) ppIOO3aIIUTy U PHIOOTIPOBOJ C IEJIBIO HENOMYIIEHHUS B OTBOJISIINE KaHAIBI 0CO0EH PhIO
OIpeIeNICHHBIX BUAOB M BO3PACTOB 0€3 CHIXKEHUS UX KU3HECTIOCOOHOCTH, U COXPAHEHUEM Ty Tel
UX €CTECTBEHHBIX MUIPAIHii;

10) HaIeKHOCTB, MMPOCTOTY, YAOOCTBO B SKCIUTyaTallMU MPH BCEX peKUMax paboThl TUIPO-
y3Ia.

[Tpobnemamu HaEKHOTO 0OECTIEYEeHHS BOJIOM KaK THIPOIHEPreTHUYECKUX TaK U UPpUTaLU-
OHHBIX CUCTEM 3aHUMAJIUCh Takue n3BecTHbIE yueHsble, kak C.T. Antynusn [10], K.®. ApramoHoB
[15], H.®. Hanenus [44, 45], U.C. Pymsnues [150], U.W. JleBu [87], K.B. Ilonos [132], Ceme-
o C.B. [158], A.B. boukapes [24], b.1. Menbuaukos [120], A.C. Odunepos [131], A.N. Poxmau
[147], N.K. PynakoB [151], I.B. CoGonun [162], A.B. ®unonunkos [172] u mp.

Bono3zabopHbie coopyKeHusi THAPOIHEPreTHIecKux cucteM KpIprbi3cTana, Kak M roJoB-
HBIE COOPY)KEHHUSI UPPHUTALMOHHBIX CHCTEM IO OOJIBIICH YacTH YCTPaWBAIOTCS Ha MPEATOPHBIX
ydacTKaX OCHOBHBIX pyceln pek. [Ipu 3ToM B 3aBUCHMOCTH OT MECTa pacIoyIOKeHUs MoTpeduTe-
el SHepruu U TpeOyeMOi MOIIIHOCTH OHM MOTYT pacroyiarathCsi Ha MPUTOKaxX MepBOro, BTOPOTO
MOPS/IKA WK TIO JJTUHE OCHOBHBIX PYCe.

DHeproobecneunBaromias criocOOHOCTh TOPHBIX BOJOTOKOB Pa3iMYHA MO BCEW MX JIUHE,
MI03TOMY BO3MOXKHAsl WM rapaHTHpoBaHHast MOIHOCTh MI'DC 3aBUCHT OT MECTa PaCIOIOKEHHS
CTBOPA, a TAKXKE OT TUIA IPUMEHSIEMOT0 SHEPTeTUIECKOTO 000PYyIOBaHHUS.
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[Tpu npoekTupoBaHUK BO/103a00PHBIX COOPYKEHUN TMIPOIHEPreTUUECKUX U UPPHUTAI[OH-
HBIX CHCTEM BBINOJHACTCS pacyeT BOAHOTO M THAPOIHEPTETUYECKOTO KaJlacTpa PeKH (BHYTPHUTO-
JIOBOE pacIipeiesieHHe CTOKa) ISl OCIIEeTYIOIEro COCTAaBICHUs UM YyTOYHEHUs rpadrka BOIOIO-
nagn. ONpeensouM KpUTEepUeM Ipy 3TOM SIBIISIETCSl MaKCUMallbHOE 3HaueHue koddduuuenrta
B0/103a00pa, KOTOPBIH SBJISETCS OTHOLICHUEM CpeIHEeIeKaHOTO PacXo/a Bo103abopa K CpeaHee-
KaJHOMY Pacxojly peKu pacueTHoi obecrieueHHocTH [172], u paccunThiBaeTcs o Gpopmyie:

a= % , (1.9)
Opo,
e O, 1 O, — COOTBETCTBCHHO PACUCTHBII PACXO THAPOCUCTEMBI I PACXOJl IPUTOKA PEKHU pac-
YEeTHON 00eCIIeueHHOCTH.

[IpoBeneHHbIN aHATU3 TUHAMUKHA BOJ03a00pa Ha HEKOTOPBIX BOJI03a0OPHBIX T'HMAPOY3JIaxX
KbIprei3ctana nokaspiBaeT, UTO B OOJBIIMHCTBE CIy4YaeB KPUTHUECKHM MEPHO] ¢ MAKCUMaJIbHBIM
ko3 urenToM Bo103a00pa MPUXOAUTCS HA BECHY, OCEHb U 3UMY. CTOK HAHOCOB B 3T IEPUOIbI
HE3HAYUTEJIbHBINA, HO IOCTATOYHO OOJbIIas MX MPOAOKUTEIBHOCTD OnpeenseT GopMUpoBaHUe
MpPU3M HAaHOCOB B BepXHeM Obede BO103a00PHBIX CTBOPOB. DTOT (HAKTOp B COBOKYIMHOCTHU C CY-
TOYHBIMU KOJIEOAHUSMHU PACXO/IOB B PEKaX BBI3bIBAECT 3HAYMTEIHHYIO HACHIIIEHHOCTh HAHOCAMU
MOTOKa, 3abupaemMoro B kaHai [172]. B nepuon 3uMHel MeXeHH BOAOOTOOP OCIOXKHSIETCS IIyTo-
JICIOBBIMHU SIBJICHUSIMH, YTO BMECTE C BBICOKMMU 3HaYeHHUsIMH Ko3(duirenta Bogo3adbopa npea-
CTaBJISIET OMPEENICHHYIO OMACHOCTb ISl TUAPOTYPOUH.

Crnemyetr OTMETUTh, YTO TUAPOIIOTUYECKUN PEKUM OOJBIIMHCTBA TOPHBIX PEK sBIsETCS 00-
Jiee OJIaronpUsATHBIM 711 UPPUTALIMU, YEM IS SHEPTETUKH, T. K. TIOBBIIICHUIO TOTPEOHOCTH B BOJIE
Ha OPOIIEHHE COOTBETCTBYET JIETHUH MAaKCUMYM PACXO/I0B BOJbI B 3TUX MUCTOYHHKAX.

ITpn 3HaueHmsax xodddunmenta soposadopa a,, <0,25 00bYHO IMpUHHMAETCS OECILIO-
TUHHAs cxeMa Bojio3abopa, npu kosppunuente 0,95 > ¢ > 0,25 npuHUMAIOTCS KOMIIOHOBKHU HU3-
KOHATIOPHBIX TUIOTUHHBIX BOI03a00PHBIX THAPOY3IIOB C IOJHBIM NEPEKPHITHEM CTBOpa. B ciydae
IIPEBBILICHMS] B ONIpE/IeTICHHbIE IEPUO/Ibl BpEMEHH 3HAYEHUI pacXo/10B BO103a00pa HaJl pacXxo oM
MPUTOKA PEKH B CTBOPE BOI03a00pa COOpyKaeTcsl TUIOTHHA, CLIOCOOHAss 0Opa30BBIBATh aKKyMY-
JUPYIOIIYI0 EMKOCTb (BOJOXPAHUIIUILE). DTO MOXKET MOCIYKUTh IPUUUHON yCTPOICTBA rUAPO-
HHEPTEeTHYECKUX CHCTEM C IIOTHHHON MM KOMOWHHPOBAHHOW CXEMOW KOHIIEHTPAIMH HAIopa.
Co3manue BOJOXPAHIIUI 1MO3BOJsieT puMeHITh MI'DC s 9acTHYHOTO MOKPBITHS TTHKOBBIX
YYacTKOB rpaduka MEKTPUIECCKONU HArpy3Ku 3Heprocuctem [112], u 06merauth yCciaoBus 3alTUThI
BOJIONIPUEMHUKOB THAPOCUCTEM OT HAHOCOB, IIJIABHUKA U JIEAOUTYTOBbIX 00pa30BaHUIA.

OKoHYATENbHO TUI M KOHCTPYKIIMU COOPY>KEHHUH BOJI03a00PHOTO COOPYKEHHSI NPUHUMAIOT
B 3aBHCUMOCTH OT MOP(HOMETPUIECKUX, THIPOJIOTNICCKUX, TOMOTPAPUIECKUX YCIOBHIA MECTHOCTH
Y Ha OCHOBE TEXHUKO-IKOHOMHYECKOIO COMOCTAaBIEHHS Pa3IMYHbIX BAPHAHTOB. DTOT (haKTOp Hpesio-
npezaessier 0obllnoe pa3sHooOpa3ue KOHCTPYKTUBHBIX PEIIEHUH MPU CTPOUTENHCTBE TOJOBHBIX I'H-
JPOY3JI0B THPO3HEPreTUUECKOr0 U HPPUTALIMIOHHOTO Ha3HAUEHHsI Ha TOPHBIX peKax, pa3paboTka Ko-
TOPBIX MPOIOIIKAETCSI 10 TIOCIIEAHET0 BPEMEHH C LIENbIO MONTyYeHHUs 60siee pallMOHAIbHBIX PELICHUI.

B 3aBucuMocTu OT co3naBaeMoro Hamopa (pasHOCTH YPOBHEH BOJbI B BEPXHEM U HUKHEM
onede) Bo103a00pHbBIE THAPOY3IIbI INIOTHHHOTO TUTIA OBIBAIOT:

» HuskonHanopHbeiMHE (H < 10 m);
» cpennenanopHbsiMu (10 M < H < 50 m);
» BeIcokoHanopHbiME (H >50 ™).

CpaBHUTENIbHbIE XapaKTEPUCTUKU BOA03a00pPHBIX T'MIIPOY3JIOB, OIpPEEICHHbIE B 3aBUCH-
MOCTH OT Ha3HA4€HHUs, 00JaCTH MPUMEHEHUs, COCTaBa 3JIEMEHTOB NPUBEACHBI B COOTBETCTBUU
¢ umeromeics knaccudukamnueit [116].

[TpumeHeHne cpeiHe U BHICOKOHANIOPHBIX TUIOTHHHBIX BOA03a00PHBIX THAPOY3JIOB Ha Ma-
JBIX TOPHBIX peKax Uil MaJloW THAPOIHEPTeTUKU W UPPUTAIUH TPeOyeT OTIAEeNBFHOTO TEeXHUKO-
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HKOHOMHUYECKOTO 000CHOBaHMS, TaK KaK yCTPOHCTBO BOJOXPAHHIIHUIL C OTHOCHUTEIHHO MaJIbIMU
PETYIUPYIOUIMMU EMKOCTSAMH B TO K€ BpEMS HY)KIAETCS B CO3AAHMM 3HAUUTENBHBIX MEPTBBIX
00BEMOB I AKKyMYJISILIUH PEYHBIX HAHOCOB Pa3IMYHOTr0 (PPaKLIMOHHOTO COCTABA.

Kak moka3pIBaloT COMOCTaBIEHUsS TUAPOMOP(HOMETPUUECKUX XapAKTEPUCTHK TOPHBIX PEK
Y TEXHUYECKUX XapaKTEPUCTHK BBICOKOHAMIOPHBIX IIJIOTUH, OTHOCSIUXCA K [V kmaccy kanuTanb-
HOCTH, OHH He OyayT ynoBieTBopsTh nonoxkenuto CHull 33-01-2003 mo cpokam cmyx661 ['TC
(e’kerofiHble M3EPIKKH IO MYHKTY JKCIUTyaTallMOHHBIX PACXO0B Ha OYHCTKY MEPTBOr0 0ObeMa
OyZyT MPEBBIIIATH JOMYCTUMYIO OO €KETOAHOM MPUOBLIN OT peanu3aliuy NpoayKiun) [35].

OcHOBHOE BHMMaHHE MPHU BBINOJIHEHUH HAYyYHbIX UCCIIEAOBAaHUI HaMU OBLIO yAEJIeHO pa3-
paboTKe U yCOBEPIICHCTBOBAHUIO KOHCTPYKIMI HU3KOHAMIOPHBIX IJIOTUHHBIX BOJI03a00pHBIX CO-
OpY’KE€HUI U3 TOPHBIX pek 06e3 ycTpoiicTBa Bogoxpanmmuil [35].

VYCTpoHCTBO HU3KOHAOPHOTO IUIOTUHHOTO BOJ03a00pa MOApa3yMeBaeT peryiupoBaHUe
YPOBHEH M pacxofoB BO/bI 0e3 perynupoBanus oobemMoB [35]. Takue cxeMbl yCTpauBaroT B CIIy-
qasx, Korjna ObITOBBIE YPOBHU HE JAOCTAaTOYHBI JJIs1 0O0eCTeYeHUs] KOMAaHIOBAaHHs U BBIOTHEHUS
CaMOTEYHOH MMOJIa4M PACYETHOIO pacxoja BOAbI B OTBOIALIMK kKaHai. Kpome Toro, mpuMeHeHue
BUXPEBBIX CTPYKTYp MOTOKA MPU HEOONIBIINX KalBIOKEHUSIX, CIIOCOOHO 00ECIEUNUTh OTBEICHHE
HaHOCOB OT BOJIONpPHUEMHHUKA. Takue CTPYKTypbl MOXKHO C(OPMUPOBATH B MOTOKE C OMpEIeNeH-
HBIM 3aI1acoOM KMHETHUYECKOW SHEPTUU MPU OMOIIN HAHOCO3AIUTHBIX IIOPOTOB.

B cityuae npumMeHenust BO103a00pa ¢ UCIIOIb30BaHUEM HU3KOHAIOPHBIX IJIOTUHHBIX COOPYKe-
HUI NOSBIISIFOTCS. BOBMOYKHOCTH: COKPAILEHHsI XOJI0CTOM YaCTH MarCTPaJIbHOIO KaHalla, oIepKa-
HHSI HEOOXOIMMOT0 KayecTBa OYMCTKH 3a0MpaeMOi BOIbl, yMEHBILIEHHUS BIMSAHUS MPoLiecca BOAOOT-
0opa Ha pEKUM PEKH Jaxke P BHICOKUX Ko duimenTax Bogo3abopa. Yka3aHHble IPEUMYILIECTBA
OIIPEIENISUIN 11e1ecO00Pa3HOCTh YCTPOUCTBA Pa3INUHBIX KOHCTPYKLMI HU3KOHAMOPHBIX IMIIOTHHHBIX
B07103a00PHBIX THAPOY3JIOB HA TOPHBIX U MPEArOPHBIX yyacTkax Maibix pek Keipreizcrana [120].
B 0CHOBHOM 3TH peKH OTHOCSATCSI K €CTECTBEHHBIM BOJAOTOKAM, POTEKAIOIIMM TOMEPEK XpeOTOB.

B nHacrosinee BpeMsi Ha OCHOBaHUH TEOPETUUYECKHX, IKCIIEPUMEHTAIbHBIX pa3pabOTOK U Ha-
TYPHBIX MCCJIEJOBAHUI JAJIs1 OpraHU3alMK BOA03a00pa U3 TOPHBIX PEK B THAPOIHEPreTUYECKUE
U UPPUTALMOHHBIE CHCTEMBI MPENJIOKEHO OoJsiee cTa pa3iMyHBbIX KOHCTPYKIMH BOJ03a00pHBIX
COOPY>KEHUH, KOTOPbIE HAILIJIM IPUMEHEHNE HAa TOPHO-NIPEATOPHBIX yyacTKax pek Kelpreicrana.

Co3nanHble paHee KOHCTPYKIIMK HU3KOHATIOPHBIX IUIOTMHHBIX BOA03a00PHBIX COOPYKEHHH
KJIacCU(UIUPYIOTCS aBTOpaMHU 10 pa3InYHbIM mpu3HakaM [17, 35]. Kak npasuio, 3ty knaccudu-
Kallui OCHOBBIBAIOTCSI HA PA3JEIEHUN COOPYKEHUI TMApOy3ia 0 KOHCTPYKTUBHBIM, THAPABIH-
YEeCKUM MpHU3HAKaM, 110 crocobam 60pb0bl ¢ HAHOCAMH, 10 MEPUOAUYHOCTH UX yIAaleHHs, BEIH-
YHMHE Haropa Bojbl B BepxHeM Obede [172] u T. 1.

KoHCTpyKTHBHBIE IPU3HAKK YUUTHIBAIOT HAJMUUE WIM OCOOEHHOCTH TOTO MJIM MHOTO 3Jie-
MEHTa TUIPOy3Jia, B3aUMOPACIIONOKEHUE YCTPOICTB IPyr OTHOCUTEIBHO APYra Uik OEperos py-
CJla PEKHU.

[Tpu ruapaBIMyecKol KJIaCCU(PHUKALMU BOA03a00PHBIX COOPYXKEHUN HMCIONb3YIOTCS MpH-
3HAKHU 1MO100MS THAPABINYECKHUX CTPYKTYp noToka. [Ipu 3ToM coopyxeHusi, CO3/1al0II1e B TOTOKE
No700HbIe THIPABINYECKHUE CTPYKTYPhI, TPYIIIUPYIOTCS B OAHY CUCTEMY.

Knaccudukarus no cnocody 60pb0bl ¢ HAHOCaMU JTaeT MOHATHE O TOM, KaK UMEHHO OCY-
LIECTBJIAETCA 3alMTa OTBOJALIMX KaHAJIOB OT HAHOCOB Ha JAHHOM COOPYKEHUHU.

[TeproanuHOCTh yAaneHUst HAHOCOB XapaKTepU3yeT He TOJIBKO CIIOCO0BI TpaHcopTa 1 cOpo-
ca HAaHOCOB, HO M 0COOEHHOCTH IKCIUTyaTalluy coopykeHuil. Kak nmpaBuiio, Ha TOJIOBHBIX THIPOY3-
Jax MpelyCMaTpUBAaIOTCSl yCTPOUCTBA I IPOBEAEHUS KaK MOCTOSHHOIO, TaK U EPUOAUYECKOTO
yIaJIEHNs] HAHOCOB.

ITo mueHnto A.B. ®ui10HYMKOBA, pACCMOTPEHNE KOHCTPYKIIMI M3BECTHBIX HU3KOHAIIOPHBIX
IUIOTUHHBIX BO03a00PHBIX THAPOY3JI0B, YCTPOSHHBIX HA MaJIbIX TOPHBIX pekax Kbipreickoii Pe-
CITyOJIMKH, IO3BOJISIET C/IENATh CIIEIYIOIINE BHIBOIBI:
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» B OJIHOM COOPY)KCHHUU COYETAIOTCS PU3HAKH BCEX NMPHUBEACHHBIX BBIIIE KIIaCCH(UKAIINHT, 110-
9TOMY Ha3BaHME UX COAEPIKUT HECKOJIBKO MPU3HAKOB, XapaKTEPHBIX UIMEHHO JUIsl JaHHOTO CO-
OpY’KEHUS;

» B Cllydasx, KOTJa ONPENeSIONUX MPU3HAKOB MHOTO U Ha3BaHHE IMOJTYYaeTCS TPOMO3IKUM,
npuberaroT K MMEHaM COOCTBEHHBIM WIIM reorpauuecKuM Ha3BaHUSAM, HA3bIBasi COOPYKEHHUS
o MecTy ux nepsoro npumeHenus (Pepranckuii, Kuprusckuit u T. 1.) [172].

Jlo 60-x To70B mpoIIoro Beka 0oJbIIMHCTBO crenuanuctoB Coerckoro Coro3a B oOina-
CTH THJPOTEXHUKHU MOIPA3AEISIIM HU3KOHATIOPHBIE THIPOY3JIbl, pa3MEllacMble HAa TOPHBIX PEKaXx,
Ha cinenyromue tunsl [ 10]: Muauniickuii; @epranckuii; EBponeiickuii; ' py3nnckuii; Pemeryarsiii
(Tuponbckuit); KomMOMHUPOBaHHBIH.

AHanu3upys UCTOpHUIO pa3pabOTKU, MPOEKTUPOBAHUS U CTPOUTENILCTBA BOJ03a00PHBIX CO-
OpYKEHUH Ha TOPHBIX peKax, B MEPBYIO ouepeab HEOOXOIMMO YIIOMSIHYTh BepxHes3epaBIiIaHckoe
BOJ103a00pHOE coopyskeHue, mocrpoeHHoe B 1930 r. Ha peke 3epaBman (pucyHok 1.11). Jlannas
KOMIIOHOBKA B0J103200pa OTHOCUTCS K MHIMICKOMY THITY BOZ[03a00pa, KOTOpast OCHOBBIBAETCS HA
71060BOM 3200pe BOJIBI B CIIELIMAIBbHBIN MPOMBIBHOM KapMmaH. M3 kapMaHa BoAa B OTBOZSIIUE Ka-
HaJIbI [T0JJaeTCsl uepe3 OOKOBBIE BOAONPUEMHUKH. [Ipu 3TOM perynupoBaHue pacxoioB BOAbI B BO-
JOTIPUEMHHUKAX OCYILIECTBISAETCS UIUTOBBIMU 3aTBOPAMU U LIAHIOPaMHU, KOTOPbIE OAHOBPEMEHHO
VCIIOJIB3YIOTCS U1l HAHOCO3AIIMTHI.

W3k 00beMOB BOJbI COPAChIBAIOTCS BMECTE C HAHOCAMHM NPH OTKPBITHH 3aTBOPA MPO-
MBIBHOTO KapMaHa yepe3 rpeOeHb BOAOCIUBHOM MIIOTHHBI.

3aTBOpHI MPOMBIBHBIX KAPMAaHOB U BOJIOCIIMBHAS IJIOTUHA OBUIM PACIOI0KEHBI IO HOPMAJIH
OTHOCHUTEJIBHO CTPYH BOJBI B NozaBoasmeM pycie. [Ipororunom BepxHesepaBimanckoro Bogosa-
6opHoro ruapoy3ia 66Ut mocTpoeHHslid Ha p. Mg B 1928 . Cykkypckuit 6appax [10].

OmnbIT 3KCcIulyatannn BepxHe3epaBIIaHCKOrO TUApOy3iia He Jall yAOBIETBOPUTEIBHBIX pe-
3yJBTATOB, MOCKOJIBKY JlaHHAs KOMIIOHOBKA He oOecreunsia HeOOXOIUMBIX XapaKTePUCTUK pery-
JMPOBAaHUSI HAHOCHOTO pexXuMa B Obedax coopykeHus, mo3toMy Ha pekax CpenHeil Asum ux
Oomnbiie He ctpounu [10].

Te xe pesynbraTsl ObUTH MONy4eHbl DnbeaeHoM (Elsden) [88, 188] mpu uccnenoBanuu naH-
HOTO THIIA BO103a00pa Ha TOpHBIX pekax Muaun. B mocienyromnem oH MpeioxKul yCOBEPIIEHCT-

Pucynoxk 1.11 — BepxHe3epoBmaHCcKoe BO03a00pHOE COOpYKEHNE HA P. 3epaBIIaH:
1 — neBoOepeKHBII OTBOASAIINI KaHall; 2 — BOIOCIMBHAS IUIOTUHA; 3 — MPaBOOSPEKHBIN OTBOSIIMN KaHAI;
4 — meBoOEpPEKHBIN KapMaH; 5 — IpaBOOCPEIKHBIN KapMaH

28



BOBAHHBIN THIT BO03a00pa, KOTOPHINA B cTpaHax ObiBiiero Coserckoro Coro3a cunrator EBponeii-
CKUM MJIM DJIbCIE€HOBCKHM.

Ha ocHoBaHMM psJa MOMCKOBBIX MCCIEIOBAHUN DIbCIEH MPEUIOKUIT HCIIONb30BATh IS
ropHbIx pek HOxxHoi Adpuku ycoBepiieHCTBOBaHHBIA MHauckuii TUIT Bogo3abopa, NpuBeaeH-
HbIi Ha pucynke 1.12 a. B 1o e Bpems Kantek (Kanthack) (mpodeccop uppuranmu B FOsxHOiM
Adpuke), OCHOBBIBASICh Ha pa3paboTKax DIbCleHa, IPU CTPOUTEIHCTBE COOPYKEHHUSI HAa TOPHOI
eBporneiickoi peke M3ap npemiokui HCHoab30BaTh YAYUIIEHHYI0 KOHCTPYKIUIO 3TOT0 TUMA (pU-
cyHok 1.12 6).

Ha p. U3ap BogonpHeMHUK OTHOCHUTENIBHO MOAXOMSALIMX CTPYH MOTOKAa PasMECTUIH IO
ymiom 45° [188, 191].

M3BecTHBIM IpeACTaBUTENIEM eBponelckoro Tuma (DibJceHa) BOA03a00PHOTO COOpYKe-
HUS siBiseTcss YyMbllIcKas IUIOTHHA, ocTpoeHHas B 1934 1. Ha nmorpann4Hoil p. Uy 1o npoekry
B.A. BacuiibeBa 1J1s1 IByXCTOPOHHEH M0/1a4n BOJIbI B MPpUTallMOHHbIe KaHabl Kazaxcrana u Kup-
I'M3UH, KOTOpas MoKa3zaHa Ha pucyHke 1.12 B [10].

OTOT THI PPOHTAIHLHOTO BOJI03a00pa OCHOBAH HA PACCIIOCHUH ITOTOKA C 3200pOM BOIBI B OT-
BOJISIIIME KaHAJIbI U3 BEPXHHUX CJIOEB MOTOKA, KOTOPOMY Iepe]] BOAOIPUEMHHUKOM 33/1a€TCsl HE00-
XOJIUMOE COCTOSIHUE.

B oranume ot GokoBoro Bogozabopa Muauiickoro tuna, nmpu (ppoHTaIBHOM pa3MeleHHH
BOJIONIPUEMHHUKOB 3aBUXPEHUS IOTOKA NIEpel HUIMU UMEIH MEHbIIYI0 HHTEHCUBHOCTD, YTO YMEHb-
LIWJIO 3aXBaT HAHOCOB B BOJONPUEMHUK [87].

Pucynok 1.12 — EBponeiickuii Timm Bomo3adopa: a — Bog03a00p, NpeasioKeHHbIA DIbIACEHOM; 0 — spyc-
HBIN BOJ103200D, MPETIOKeHHBIH KaHTekoM; B — SIpYCHBIH ABYXCTOPOHHUH B0103a00p, PEIOKESHHBIH
BacunbeBbiM; | — pycioBoif OTCTOHHEK; 2 — TOABOJSAIIEE PYCII0; 3 — OTCTOWHBIC KaMepHl; 4 — BOIOTIPH-
E€MHHUKH; 5 — peyHbIe IPOJIEThI IepeKpbIBAEMbIC 3aTBOpaMK; 6 — JIeBOOEpPEIKHbIH KaHa; 7 — npaBooe-
PEKHBIN KaHall; 8 — OTBOJIIEE PYCIIO); 9 — TOHHBIE MPOMBIBHBIE Tajiepen, 10 — minoTuHa; 11 — pazzae-
JIUTENIbHA JamMoOa
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Pucynok 1.13 — KoMmoHOBOYHAs cXeMa COOPYKEHHSI €BPOIIEHCKOTO THTIA ¢ OOKOBBIMU BOIOIIPUEMHH-
Kamu: 1 — mozaBoAmIee pycio; 2 — MOHYpP; 3 — PEYHbIE MPOJIETHI TUIOTHHBI, IEPEKPHITHIC 3aTBOPAMU;
4 — OOKOBOI BOZIOTIPHEMHHUK JIEBOOEPEKHOTO KaHasa; 5 — OBIYKOBBIN BOIONPUEMHUK PAaBOOEPEKHOTO
KaHaia; 6 — OOKOBOI BOIONPHEMHHUK JIEPUBAIIMOHHOTO KaHAIa MeKKoimxo3Hoi ['DC; 7 — meBoOepex-
HBIN KaHam; § — rycek; 9 — nmpaBobepekHbIi KaHai; 10 — nepuBanioHHbIH KaHam; 11 — oTBozsIIEe Y-
ci10; 12 — BoJIOCIIMBHAS CTCHKA

[To npoexty B.A. BacunbeBa mepen ABYXCTOPOHHMMH (PPOHTAJIBHBIM BOJOTIPHUEMHUKOM
Ha HIDKHEM sipyce ObUIM YCTPOEHBI OTCTOIHBIE KaMepbl. OTCTOIMHBIMU KaMepaMH MOTOKY B Me-
JKEHHBIN PEKUM Tepe]l BOJOTPUEMHUKOM 3a]1aBajiCsl CIOKOMHBIN pexxuM ABmxkeHus (Fr < 1), uto
CIOCOOCTBOBAJIO BBIMA/ICHUIO YaCTUI[ HAHOCOB 33JJaHHOW KPYMHOCTH B MPUAOHHBIE ciou. Jlis
OCaXJIEHUS HAaHOCOB MEpe]] MOPOTrOM BOAOIPHEMHHKA 371€Ch, KAaK M B KOHCTPYKIIUH DJIbJCEHA,
pasMeIany JOHHbIE Tallepeu, OTBOSIINE HAHOCH B HIKHUHN Obed muiotunsl [10]. Ipyroe Ha3Ba-
HUE BOZ03a00pHBIX COOPYKEHUI €BPOIEHCKOro TUIIA — SIPYCHBINH BO103a00D.

Kpome B0103a00pHBIX COOPYKEHUI €BPOIMEHCKOTO THUIA C (PPOHTAIBHBIMU BOJIOIPUEMHHU-
KaMu, npecTaBaeHHbIMU Bbile, H.I1. AnTyHUH mpenioxui BeIIEIUTh Bogo3adopsl EBpomnelicko-
ro TUMa ¢ OOKOBBIM pa3MEIIEHUEM BOJIOMPUEMHUKOB 32 PYCIOBBIM OTCTOMHHUKOM. COOpyKeHus
ATON cepuu OBLIU MOCTPOEHBI U UCIIOIB30BAIKNCH I 1ieJiel THAPOIHEPTeTUKH U UPPUTAIIUHN Ha
pekax Uy (Kemunckas I'9C) u Kyrapt (ansa uppuranuu u ms aepuBaimonHorn MI'IC), ux kom-
MOHOBOYHAs CXEMbI IPUBEJEHA Ha pUcyHke 1.13.

[Tpu nepBoHAaUaILHOM MCIIOIHEHUH BO03a00PHBIX COOPYKEHHI €BPOIEHCKOTO TUIIA B MO/~
BOJISLIIEM PYCJI€ YCTPauBaIUCh PYCIIOBbIE OTCTOMHUKH, KOTOPBIE B MOCIEAYIOIIEM 3aHOCHIINCH
HAHOCAMH U Ha MOBEPXHOCTAX OTIOXKEHWH MNepe]] MIOTHHAMU (POPMHUPOBAINUCH HEYCTOWUYHBBIC
MHOTOpPYKaBHbIE TOTOKH. DTO HETaTUBHO OTPaXKaJOCh HAa HAHOCO3AIIMTHBIX XapaKTePUCTHUKAX
ruIpoy3noB. B mocnenyromem B BepxHUX Obedax Bo703a00pOB 3TOro TUMA OBLIM MPOBEICHBI
PEKOHCTPYKIIMOHHBIE MEPOIIPHUITHSI C YCTPOHCTBOM PETYISALUOHHBIX YCTPOUCTB, (DOPMUPYIOLTUX
CKOHLIEHTPUPOBaHHbBIE TTOTOKH.

V3MeHeHusIM Takke MOJBEPIIIUCH COPOCHBIE 3JIEMEHTHI IOATIOPHBIX CTBOPOB, a TAKKE dJie-
MEHTBI HAHOCO3AILUThI C YCTAHOBKOW JIOTIOJIHUTENBHBIX raiepeil 1 HAHOCO3AIIUTHBIX TOJIKOB.
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Pucynoxk 1.14 — [IpuHnunuanpHas cxeMa Bojo3adopa pepranckoro Tuma: | — mioTuHa; 2 — BOAOTIPHEM-
HBI 1TOpoT; 3 — ype3 BOJIbI IIPU PacyeTHOM pacxoje; 4 — karacTpopuyeckuil BOJXOCIHB; 5 — TpaHIIen-
HBII cOpPOC; 0. — yTroJl IIOBOPOTA IOJBOJISIIIETO Pycia; 3 — yroi IuToBoro copoca

Crnenyroumii, depranckuii THII BOJ03a00PHBIX COOPYXEHUH, pa3paOOTaHHbIN PSIOM aB-
TOPOB, OCHOBaH Ha CO3JaHUM B MOTOKE HA TOAXOJE K BOAOIMPUEMHHUKY TAKOW CTPYKTYpHI Teue-
HUS, TP KOTOPOW JTOHHBIC U MPHUIOHHBIE CIIOM BOJHOTO IMOTOKA HANPABIISIOT BICKOMbIE HAHOCHI
B cOpOCHBIE OTBEPCTHS, a B BOIXOTNPUEMHHUK MOCTYTAIOT TOBEPXHOCTHBIE CIIOH, KOTOPBIE HE COZIEP-
Kar KpynHbIX (paximii HaHocos [ 10, 34].

JUig co3naHust ATUX yCJIOBUHM NMOJABOJAIIEMY PYCIy U JJOHHOMY HAaHOCO3AILUTHOMY IIOPOTY,
yCTpanBaeMOMY Iepe]l BOAOIPUEMHHUKOM, PUAAI0T KPUBOJIIMHEHHYIO (opMy, KoTopasi obecrieuu-
BaeT 00pa30BaHUE B MIOTOKE TOPU30HTAIBHOTO BUXPEBOTO ABMKEHHS BOJIBL. JTO JOIDKHO obecre-
YHMBATh NOCTYIJICHUE B BOAOIPUEMHHK OTBOJSIIIETO KaHAJIa BOCXOISIINX CTPYH BOIbI, CBOOOTHBIX
OT KPYIHBIX (pakiuii HAHOCOB. BopmonpueMHHK yCcTpanBaeTcsi Ha KOHIIEBOM Y4aCTKE BOTHYTOTO
Oepera KpUBOJIMHEHHOTO ydyacTka pycia. I1o KOHCTPYKTHBHBIM OCOOCHHOCTSM pa3iMyaroT TPU
BUJA TUAPOY3JI0B DEepraHcKoro THIA: KIACCHYECKUH, yydnieHHbIl [97] 1 ¢ OOKOBBIM BOJIOTIPH-
eMHHKOM [172].

[IpyHuMNUanpHas KjIacCHUYecKas CXeMa BO/103a00pHOro coopyxkeHus depraHckoro Tumna
BIIepBhIe ObuTa npeiokeHa B 1936 r. B.B. TlocnaBckum st Kamnsip-PaBarckoro Bono3zabopHoro
ruapoysina Ha p. Kapanapes (pucynok 1.14).

B mocnenyromem kiaccuueckas cxema Oblia ycoBepiieHcTBoBaHa M.A  Skmracom
u A.T. IIpoconossim [10]. OHK 3aMEHHUIIU TOHHBIA MOPOT MPOMBIBHBIMH TajiepesiMi U 00OCHO-
BAJIM CXEMY pa3MelIeHHs CTPYCHAIPABISAIOMINX 1aM0, KOTOpast 10 MOCIEHETO BPEMEHH IUPOKO
UCTIONIB3YETCS IPU YCTPOHCTBE PETYISLUOHHBIX COOPY>KEHUI HU3KOHAOPHBIX TUIOTUHHBIX BOJIO-
3a00pHBIX THIIPOY3JIOB (pUCYHOK 1.15).

3arem B.®. [TosipkoBbIM ObLIa MpeIOKEeHa CXeMa COOpYKeHHs (epraHCcKoro TUIa, OCHO-
BaHHAs Ha MPHUHIHMIIE JIOOOBOTO BOm03abopa u OokoBoro copoca (pucynok 1.16). Koncrpykuus
ATOTO COOPYKEHHS TOCTPOCHA Ha p. AHTpeH i BogocHabxkenus TOLL.

['py3uHCKHIi THIT BOJJ03a00pa TakyKe OCHOBAH Ha MPUHIIMIIE CO3aHUS B TIOIBOJISIIIEM pycCie
B0/103a00pHOT0 COOPYKEHUS [IUPKYIISIIMOHHOTO JIBM)KEHUS B BHJIE TOPU3OHTAIBHBIX 3aBUXPEHHN
CTpy# IOTOKA, TOJIBKO IOHHBIE HAHOCHI OTBOJSATCS Ha COPOC Uepe3 CrielualbHble HAIOPHbIE HAHO-
corepexBaThIBalone ranepen. HanoconepexsarpiBaromiye rajiepen, mogo0Ho cxeme, PUBEICH-
HOU Ha pucyHke 1.12 6, pa3menarorcs moj HOporoM BOIONPUEMHUKA U TIEPEXBATHIBAIOT JOHHBIC
CTpyH BOJIBI BMECTE C HAHOCAMHU, cOpachIBast UX B HI)KHUH Obed.

I'py3unckuii Tun Bogo3zabopa O0bu1 pekomenaoBan H.®. lanenus (pucynok 1.17) [44, 45]
JUIsl OTHOCTOPOHHETO U JABYXCTOPOHHETO BOJ03a00pa, OH Hallle] IIUPOKOE NPUMEHEHNE Ha rop-
HBIX yuyacTkax pek KaBkaszckoro xpe6ta. Ha pexax pecny6nuk LleHTpanbHON A3uUW JaHHBIA THIT
BOJ103a00pa O0MBIIOro pacrpocTpaneHus He momyuwnn [172]. Ilpu Beicokux kodddunmentax Bo-
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Pucynok 1.15 — Cxema B0703a00pHOTO COOPYKCHHUS YIYUYIIEHHOTO (DepraHcKoro THIa: | — IUIOTHHA;
2 — cOpoc; 3 — BomoaenuTeNb; 4 — KaHam, 5 — rajgeper; 6 — BOIONPUEMHUK; 7 — CTpYEHAIPABIISIONTNE

JaMOBbl; 8 — meperopakuBarolnas 1amoa
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Pucynok 1.16 — ®epranckuii TUI BOI03a00PHOTO THAPOY3JIa ¢ KPUBOIMHEWHBIM KapMaHOM: | — KpH-
BOJIMHENHBIN ['-00pa3HbIii HAHOCO3AIUTHBIN MOPOT; 3 — JOHHBIE TPYObI; 4 — IITI03; 5 — BOJOCIIHB,
6 — nmeBoOeperkHas 1aM0a; 7 — mpaBoOepekHas 1amba; 8 — meBoOepexkHbIN kKaHam; 9 — mrokep; 10 — o1-
BojsIee pyciio; 11 — mpomMeiBHUK; 12 — Bomo3abop mokepa; 13 — Bomo3abop mpaBoOepeKHOTO KaHala;

14 — xopeHHoO#1 Geper
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Pucynok 1.17 — Cxema pa3mellieHus HAHOCOMEPEXBATHIBAIOIINX Taliepeil Ha BOA03a00pHOM COOpYKe-
HuM [py3nHCKOTO THTA: | — BOIOCHHMBHAS TUIOTHHA; 2 — HaHOcomepexBareiBatome ranepen (HIID);
3 — cmotpossie komomsl HIIT; 4 — muter Ha Beixoae HIIL; 5 — ciBoeHHbBIE IMTHI IPOMBIBHBIX OTBEP-
CTHH KapMaHa; 6 — ma3el IS MAaHA0pP; 7 — INIOCKUE 3aTBOPHI BOLONPUEMHUKOB; 8 — CbEMHBIE PEIIETKH;
9 — mute! BXoAHBIX oTBepcTHii HIIT'; 10 — 6eToHHBIIH MoHYp KapMaHa; 11 — cTpyeHanpaBIstomas CTeH-
Ka; 12 — creHka kapMmana; 13 — BOZONIPHUEMHHK OTKPBITOTO TUTA; 14 — BOMOTPUEMHUK 3aKPBITOTO THITA

n03ab60opa cOpoCHBIE 3aTBOPBI IPOMBIBHBIX OTBEPCTHI KapMaHOB 3aKpbIThl. KomuuecTBo u pa3me-
PBI IPOMBIBHBIX rajepeil ONpeeNsaoTcs B 3aBUCMMOCTH OT pPacxojia BOJONPHUEMHHKA, BBICOTHI
Mopora, KpymHOCTH M KOJMYECTBa BIEKOMBIX HAHOCOB. B MeXeHHBIN Mepuoj; peKOMEHAYIOTCS
KpaTKOBPEMEHHBIC IPOMBIBKH BepxHero Obeda [10].

Heo0xommumo oTMETHTB, UTO MU pa3padoTKe KOMIOHOBOK BO03a00PHBIX TUAPOY3TI0B Dep-
raickoro, I'py3uHckoro u EBporneickoro TUIoB aBTOpbI MPUAECPKUBAIUCH KOHIETIIMH CO3/IaHuUs
BOJIONIPUEMHBIX KapMaHOB, KOHCTPYKIIMH KOTOPBIX MOAOOHBI KOMIIOHOBKAM KapMaHOB WHIHIi-
cKoro Bogo3abopa. Tolbko B OTIMYKME OT MPOTOTHUIIA, TIOCIEAYIOLIEE CXeMbl BO/103a00pa UMENu
PETYISIUOHHBIE COOPYKEHHSI TTOJBOJISIIETO Pyclia, CIIOCOOHBIE CO3/1aBaTh CTAOWIIbHbBIE YCIOBUS
MOJX0/1a TOTOKA K OJIHOMY BOAOIIPHEMHOMY KapMaHy. B o0Omactu kapmana dhopmMupoBaics AByX-
CTOPOHHUH, UITU OAHOCTOPOHHHI BOIOOTOOP.

YuuThIBas HEAOCTATKU BOJI03a00pa eBpOMNEHCKOro Tumna (B BUIE 3aXBaTa HEJAOMYyCTHMOIO
KOJIMYECTBA HAHOCOB B OTBOJSIIIME KaHAJbl) U HEKOTOPBIE MPEeUMyIIecTBa (PepraHCcKoro TUMa BO-
no3abopa, B Hadane 1950-x ronoB H.B. JlantypeBbsiMm ¢ yuerom pexomenaanuii C.B. CemeHoBa
[158] Obu1 pazpaboTan KOMOMHUPOBAHHBII THII COOPY>KEHUS, HAILIGAIIETO MPUMEHEHNE Ha peKax
Kypua6 u Kapa-Yuryp-Cait Keipreizckoit Pecniy6muku [10, 69]. KomnonoBouHast cxema Boj1o3a-
OOpHOro COOpYKEeHUSI KOMOMHUPOBAHHOTO THIIA MIpHBeIeHa Ha pucyHke 1.18.

KoMmOuHupoBaHHbIi THI BOJ03a00pa OCHOBAaH Ha COBMECTHOM NMPUMEHEHHH TEXHOJIOTUM
OUMCTKHM BOJIbI OT TBEPIBIX BKIIOUEHHI C MCIOJb30BAHUEM IMOMNEPEYHON IUPKYISIUU MOTOKA
B TIOJIBOJISIIIIEM PYCJIE€ M pacClIOEHUS MOTOKa Mo TiIyouHe. Pazmerenre BoJONPUEMHOTO OTOJIOBKa,
PacmoiI0KEeHHOTO HaJl JOHHBIMU IPOMBIBHBIMU TajiepesMy U Ha BOTHYTOM Oepery pyciia, T0JIKHO
OBLIO MO3BOJIUTH MPOBOIUTH HAJIEKHYIO 3AIIUTY BOIOIPHUEMHHUKA OT HAHOCOB. Takke paccioeHue
MOTOKA Ha TpHU Apyca 00ecrneynBaio rapaHTUPOBAHHBINA COpPOC B HIKHUM Obed IUIaBaoIIero My-
copa M IIyrojeI0BbIX 00pa30BaHU.

[To omeHKe 3KCITyaTallMOHHOM CIYKObI M Pe3ylbTaToB J1a00paTOPHBIX HCCIEIOBaHUH 3Ta
KOHCTPYKIIMH IIPU BBICOKOM OTHOCUTENLHOM CIOKHOCTH U CTOUMOCTH TT0Ka3a1a HU3KKME 3HaYCHUs
ko3¢ dunreHTa Bomo3adopa o 6e3 3axBaTa HAHOCOB, HE MPEBBIMAIIINUX KOADOUIIMEHTHI BOJO-
3a00pHBIX TUIPOY3IOB (PepraHCKOro Tuia. B OCHOBHOM 3TO CBSI3aHO ¢ TeM (PaKToMm, YTO B MPO-
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Pucynox 1.18 — Bopno3abopHoe coopyxeHne komMOnMHUpoBaH-  Pucynok 1.19 — KomrionoBka Boj103a0opHOro co-
HOTO THMa: | — Io/BOAAIIEE 3apETYIIMPOBAHHOE PYCIIO; 2 —Ka-  OPYXXEHHUs ¢ JOHHO-PEHIETYAThIM BOAOTPHEMHH-
TacTpopUUECKUl BOMOCITUB; 3 — JOTKH aKBEAyKHM KaHajoB; KoM: | — moaBoxsdmiee pycio; 2— Bomo3abopHas
4 — NOHHBIEC MPOMBIBHBIE Tajiepen; 5 — mIyrocopoc; 6 — muTo-  ranepes ¢ JOHHOM peleTKol; 3 — 3aTBOp peryis-
BO BomocOpoc (pedHoil mposeT); 7 — OTBOMSIIIEE 3apeTyAnpo-  TOpa; 4 — OTBOIAIINIT KaHAI; 5 — OTBOJAIIEE PYCIIO
BaHHOE PyCJI0

MBIBHBIX TaJiepesiX JUIsl CO3MaHMs CABUTAIOIIMX CKOPOCTEH BOMBI JOJDKEH MPOM3BOIAUTHCS cOpoc
3HAYUTEIBHBIX pacxoqoB [97].

OCHOBHBIM CPEICTBOM 3aIUTHl BOAOIPUEMHHKOB KOMOMHHPOBAHHOTO THIIA OT HAHOCOB
npu ko3 dunmentax Bogozadopa 6onee 0,7 ABIAIOTCSA MEPUOTUIECCKHIE TPOMBIBKH BEPXHETO Ob-
eda runpoysinos [69]. B pesynsrare HH3KOM 3 (EKTUBHOCTH HAHOCO3ANIUTHI KaHaia OTy3-AbIp
(cuctems! p. Kypmra) ¢ rojoBHEIM BO103a00pOM 3TOTO THIIA, 10 PEKOHCTPYKIIMH BO03a00pHOTO
y3J1a Ha OYMCTKE KaHaJla B TEYCHNE BCETO BETETAIIMOHHOTO MEpHoia paboTallo TPH HKCKaBaTopa.

JlocTaTouHO MUPOKOE PACIPOCTPAaHEHHE Ha TOPHBIX YYaCTKaX MaJIbIX peK moydnn Pemrer-
YaThlid THIT BOJI03a00pa, T/I€ TaKKe UCIIONIb3YETCs TIONePedHast UPKYISALUS U PacCiIOeHHE MOTOKA
[10]. ITepBbIM 1 HauOOIEE U3BECTHBIM THPOY3JIOM TOTO THIA SBIIsIETCs TUPOIBCKUI BO03200D
(pucynok 1.19) [162].

OCHOBHOI HENBI0 PEHIeTYaToro BoJ03a00pa SBISETCS HENOMYIICHHE KPYITHBIX HAHOCOB
¥ TIJIABAIOIIEr0 MyCOpa B TOPU3OHTAIBHBIN JTOHHBIN BomonpueMHUK. [Ipu 3ToM 3ammra mpou3Bo-
JUTCS TOPU3OHTATLHBIMU MJTM HAKJIOHHBIMU PEIIETKAMH, YI0KEHHBIMH Ha BOJOCIIHBE.

3anepKaHHbIe KpYyMHbIE (DPaKI HAHOCOB BMECTE C MYCOPOM COpPAchIBAIOTCS B HIDKHUIMA
Obed, a NeCOK U MEJIKUN rpaBuUil, HECMOTPS Ha MOBBILIEHHYIO OTMETKY BepXa BO/103a00pHOM ra-
Jiepeu, BMECTE C BOJOH MONAIOTCS B OTBOASAIINA KaHAI.

Takum 00pazoM, 3TH COOPYKEHHS, pa3padoTaHHbBIE I THAPOMOPHOMETPUICCKUX YCIOBHIM
€BPONEHCKUX TOPHBIX PEK C HE3HAYUTEIbHBIMI HAHOCHBIMH U MSTKUMHU 3UMHHMH PEKUMaMU, HE
OTIpaBJIAJIA CBOETO INpeaHa3HaYeHUs B TOpHBIX ycioBusix KaBkaza u Cpenneit Asun. OmbIT dKC-
TTyaTalliy MoKas3al CIeAYIoIINe HeIOCTAaTKU perieTyaToro Bogozadopa [10, 97]:
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» OoJblye MOTepH Harmopa B npeaenax ysna (1o 1,5 m);

» 3axBaT 3HAYMTEIbHOM 4acTU HAHOCOB C pa3MepaMu (ppakiuii, MEHBIIUMH, YE€M MIPOCBET pe-
LIETKH, B OTBOASILNIN KaHa,

» CHJIbHAs 3aCOPSIEMOCTh PELIETKH HAHOCAMU U TUIABHUKOM, MTPUBOJALIAS K 3HAUUTEIbHBIM J10-
MIOJTHUTENBHBIM JKCILTyaTallMOHHBIM 3aTpaTaM I10 €€ OUUCTKE;

» 3aTpyIQHEHUs, BO3HUKAIOIIKE MTPH 3UMHEH AKCIUTyaTalluu COOPY>KEHUs (perieTka oOMep3aer,
3a0MBaeTCs IIyTON U JIBJAOM).

Hccnenosarenu I'epmanuu, rae TUpoabCKuil THI Bog03a0opa Hamesn Haubosbliee mpuMe-
HEHUE, TAKXKE OTMEYAIOT €r0 HEJOCTATKH B dKcIuTyaTanuu. B vactHoctn, K. Cecen [188] yka3piBa-
€T, YTO 3a BOZ03a00PHBIMH COOPY>KEHUSIMH 3TOTO THUIIA HEOOXOJMMO JOTIOIHUTENBHO YCTPauBaTh
MIECKOJIOBKU U OTCTOMHUKH [Tl OCaXI€HUSI HAHOCOB, KOTOpPbIE TPEOYIOT 3HAYUTEIBHBIX COPOCHBIX
pacxoznos. ITo mepe Toro, kak COOpy>KE€HHUs ITO TUIIA CTPOWIINCH, OHU MTOJBEPraIlCh PEKOHCTPYK-
LMY U COBEPILLIEHCTBOBAHHUIO.

HccnenoBanus 1o COBEpIICHCTBOBAHUIO PELIETYATOrO TUIIA BOZ03a00pa MPOA0IIKAIUCH J10
Hauyazia 80-x rogoB npouuioro Beka. [Ipexae Bcero, yueHbsIX B KOHCTPYKIMSX PELIETYATOrO BOJO-
3a0bopa MpuBJIeKala OTHOCUTENIbHO HU3Kask MaTepUaIoeMKOCTh.

M3BecTHBI MHOTOYHMCICHHbIE KOHCTPYKIMHM BOJ03a00pPHBIX COOPYXEHHUH peIeTdyaToro
Tuna, kotopsle Obutu npemioxensl H.®. Jlanenus, E.A. 3amapunbsiv, C.I. Menuk-Ky6apoBbim,
JI.A. TopbaueBbim, P.XK. XKymnaesbim, @.C. CanaxoBbiM 1 ap. [10, 44, 156, 162]. Haubonee uzsecr-
HbI€ KOMIIOHOBKHM THJPOY3JIOB PELIETUATOr0O TUIIA IpUBEIEHB] Ha pucyHKax 1.20, 1.21 u 1.22.

AHanu3 MHOTOYMCIIEHHBIX KOHCTPYKIUI YCOBEPIIEHCTBOBAHHBIX CXEM PELIETYATOrO BOJO-
3abopa [36] moka3bIBaeT, YTO B Ka4eCTBE OCHOBHOTO MEPOIPHUSATHS, MOBBIIIAIOIIET0 HAHOCO3a-
IIUTHBIE XapaKTePUCTUKH, BCE aBTOPHI OMPEAEISIIOT HEOOXOAMMOCTh MOAHATUS BOJOIIPHEMHOM
rajiepe HaJl OTMETKaMU CPEIHETO JHA pycia PEKH.

3arpyqHEeHHE BBI3BIBAET HEOOXOJMMOCTh YCTPOMCTBA ILIUTOBBIX OTBEPCTHUH, CIIOCOOHBIX
IIPOMBIBaTh 00pa3yeMyl0 eMKOCTh BEpXHEro Obeda. YpoBeHb BOJIbI B HIDKHEM Obede Haxoauics
3HAYUTEIIbHO HUXKE YPOBHEH BOJBI B BOJOIPUEMHBIX rajiepesiX, IPaBUEIOBKaX U HAHOCO3aLIUT-
HBIX JIOTKaX U APYTUX IEMEHTaX COOPYKEHUS.

N3-3a CIOHOCTH KOHCTPYKILUH U HU3KOH HAJEKHOCTH OOJIBIIWHCTBO MPEII0KEHHBIX KOM-
MIOHOBOYHBIX CXEM PEIeTYaToro Bojo3adopa HEe HAILIM HIMPOKOTO MPAKTUYECKOro MPUMEHEHHS
WX TIOCTIE TOCTPOUKH OBLITH PEKOHCTPYHUPOBAHBHI.

Ha nam B3, Hanbosnee COBEPIICHHOM 13 COBPEMEHHBIX pa3paboToK B cTpaHax EBporisl
B 00J1aCTH COBEPILIEHCTBOBAHMS BOI03a00PHBIX COOPYKEHHH PEIIeTyaToro TUMa SBISETCS pa3-
HOBHMJHOCTBH BOJj03a00pa THposibckoro tuna — dnoraunonnas pemerka (CoandaScreen) (pucy-
Hok 1.23) [187, 188].

Coopy’xeHre OTHOCHUTCS K pelIeTYaThiM, 0COOCHHOCThIO KOHCTPYKLIUU KOTOPBIX SBISETCA
MECTOPACIOJIOKEHUE U OPUEHTALUS CTEPAKHEN caMOl peleTKu. Pemerka pasmemaercs Ha HU30-
BOM I'paHM BOAOCIMBHOM IUNIOTUHBI IpakTHUecKoro npoduist. [notuna pacmnonaraercs B pycie 1o
HOpMaJIM WM BJIOJb JMHAMUYECKONW OCH IOTOKA B MTOJBOIALIEM pYCIIE.

K HenocraTkam B0o03a00pHOTO COOPYKEHHSI, BBITOJTHEHHOTO MO TUlly DoTanuoHHas pe-
II€TKA, OTHOCATCS: CIIOKHOCTh KOHCTPYKIMH, HEOOXOIUMOCTh YCTPOMCTBAa I'POMO3AKOM BOIO-
CJIIMBHOM IUIOTHHBI C 3aKPBITOM NOJOCTHI0, HEBO3MO)KHOCTD IIPOBEACHMSI AKTUBHOW HAaHOCO3alllU-
ThI, HEOOXOUMOCTh CO3aHuUs OONBIINX ITIYOHH B BEpXHEM Obede.

ITo pe3ynbraram 1a60PaTOPHBIX UCCIEIOBAHNIN PAa3IMUHBIX CXEM PELIeTYaToro Bogo3zadopa
(cM. pucyHok 1.22) aBropamu ObLIH cenaHbl cienyromue BeiBoAs! [10, 66]:

1) 3axBaT HAaHOCOB B BOJOIIPUEMHYIO Tajiepero pereryaToro Bogozadbopa B cxemax Il u IV
o0ecreynBaeTcs TOJIBKO IPU COBMECTHOM paboTe IMUTOBBIX OTBEPCTUH U NIECKOTPaBHEIOBKH;

2) B030yX/JE€HHE MONEPEUHBbIX TEUEHUH M HalpaBlICHUE JOHHBIX HAHOCOB B cOpoc ocy-
LIECTBIIACTCA IIyTEM PEryJINPOBaHUsl IEPEPACHPENEIICHNs] YAEIBHBIX PAacXOl0B IEMEHTaMU
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Pucynoxk 1.20 — Cxema penier4aroro coopyskeHusi, npemioxkentas H.@. Jlanenus: 1 — pemerkn HxK-
HETO sipyca; 2 — CIUIOIIHOE MEPEKPBITUE;, 3 — PEIICTKH BEPXHETro sipyca; 4 — ObIUKU; 5 — OCTOHHBIN
MOHYp; 6 — cOPOCHOM KaHaw, 7 — NEepUBAIIMOHHBIN KaHal; 8 — BogocnuB; 9 — orcToiftHUK; 10 — Bomo3a-

6opHas ramepes
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Pucynoxk 1.21 — Cxema pemeruaroro coopyxenus (O.C. Canaxosa): 1 — moasossiiee pycio; 2 — BOAO-
IIpUEeMHasl peleTka; 3 — cOPOCHBII 3aTBOP BOIONPHUEMHOM rajieper; 4 — ruIpaBInueCcKUil cenaparop;
5 — MPOMBIBHOI 3aTBOP; 6 — BOJ03a00pHas ranepes; 7 — cOpoCHOI 3aTBOp rajiepen; § — MHUTOBOE OTBEP-
ctue; 9 — 3arBop BomonpueMHuka; 10 — oTBosMiA KaHam; 11 — oTBojsIIEee PyCIIo
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Pucynok 1.22 — Cxemsl pemerdaroro Bomo3abdopa (P.K. XKynaesa u I.B. Cobonuna, U.K. Pygakosa):
1 — mozxBoAIIIEE PYCITO; 2 — BOAOIIPHEMHAs Tajiepest, epeKphiBaeMas PemeTKo; 3 — KaHar; 4 — BOJO-
CIIMBHAs 4acTh; 5 — OTBOAAILIEE Pycllo; 6 — TpaHIIeHas TPaBUEIOBKa; 7 — UTOBAS YaCTh
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Pucynox 1.23 — BogozabopHoe coopykeHHe THPOILCKOTO ThMa — DIIoTaloHHast penieTka
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Pucynok 1.24 — YcoBepIIICHCTBOBAaHHOE BOJI03a00PHOE COOPYKEHUE PEIICTYATOrO THMA: | — IIUTOBOU
cOpoc; 2 — MPOMBIBHUK; 3 — KPUBOJIMHEHHBIN MOPOT; 4 — cheMHast JKeJIe300eTOHHAs MOJIKa; 5 — BOJO-
IIpUEeMHasl rajepes, epeKpbiBaeMasl peIeTKON; 6 — BOLONPUEMHHUK; 7 — ICPUBAIIMOHHBIN KaHAI; 8 —
OTBEPCTHE 3UMHETO BOJI00TOOpA

COOpYXEHHUH (Tepe]] BOXOMPHUEMHUKOM IOTOHHBIE PAaCcXO/Ibl BOJIBI JOJKHBI OBITH B 1,5 paza MeHb-
11e, 4eM mepes cOpocoM, B 3TOM CiIydae JIOHHbIE HAHOCHI YXOIST B COPOCHOE OTBEPCTHE);

3) Bom03a00pHBIE THIPOY3IIbI, YCTpaNBaeMble Ha TOPHBIX PEKax ¢ OBICTPO HAPACTAIOIIHMHU
MaBOAKAMH, JOJDKHBI OBITH 000PYI0BaHBI OBICTPOICHCTBYIOIIMMH 3aTBOPAMHU C aBTOMATHYECKUM
MOABEMOM (CPEICTBAMHU DIIEKTPUIESCKOM WM THIPABINYECKON aBTOMATH3AIINN ).

OTH pEeKOMEHAINHU CTaJIH OTIPEENISIONINM B JaJbHEHIIIEM COBEPIICHCTBOBAHUH KOHCTPYK-
U BO103a00pHBIX THIPOY3JIOB AJIsi TOPHBIX peK. Ha 0CHOBE 3THX BBIBOIOB aBTOPHI MPEIOKUIN
Psi1 KOMIIOHOBOUHBIX CXEM BO/103200pa, KOTOPBIE IIUPOKO UCIIOIB30BATINCH TPOSKTHHIMH OpTaHu-
3arsiMu KbIpreizcrana npu ycTpoucTBE THAPOIHEPTETUYECKUX CUCTEeM JiepuBalinoHHbIX MI'OC.
ITo cxeme IV Ha pucynke 1.22 6pu10 mocTpoeHo coopyskenue Ha pekax Cokynyk anst [DC Ne2,
BOn103a00pHOE coopyskeHue Ha p. Ak-Cy (Mccbik-Kynbcekoit 06:1.) u ap. 1o Gonee coBepiieHHOM
KOMIIOHOBOYHOM cXxeMme OBbLTH CO3[aHbl BOI03a00PHBIE COOPYKEHHS THIPOIHEPreTHIECKOro Ha-
3HaueHus Ha pekax KapaOanra u Mcchik-ATa, KOTOPOE IKCILTyaTUpOBaiIoch a0 80-X To/oB, a 3a-
TeM OBLIH pa3pyIieHbl NaBOAKOM (pUCYHOK 1.24).

YCoBEpIIEHCTBOBAHHAS CXEMa PEIIETYaToOro Bo103a00pHOT0 COOpYKEHHS ObLIa MpeioxKe-
Ha P.K. JKynaeBbiM 11 ropsbix pek [39] (pucyHok 1.25).

A.B. OUIOHYMKOB HAa OCHOBAaHUH IPOBEICHHOTO aHalN3a CAEJall BBIBOJ, YTO HA TE€pPpH-
topun ObiBiero CCCP cymiecTBoBana BeIpakeHHAs 30HATBHOCTD PACIPOCTPAHEHUS Pa3IMYHBIX
TUIIOB BO/1032a00pOB, KOTOpAsi OTPaHUYMBAIACH TEPPUTOPUSMH COIO3HBIX pecryonuk [172]. B ka-
YeCTBE OCHOBHOTO (haKTOpa, ONMPEAEIAIONIEro MHOT000pas3ye THIIOB Bo103ab0pa, ObLIO MpeacTaB-
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Pucynox 1.25 — Bogo3zabopHoe coopyKeHHe peleTdaToro Tuma: 1 — mysbnoBojibl, 2 — IUTOBOE OTBEp-
cTHe; 3 — MaBO/IOYHAs IJI0THHA; 4 — pasaesbHas CTEHKA; 5 — BoJ03abopHas rajiepes; 6 — HaHOCoIepex-
BaTHIBAIOIAS TpaHIIEs; 7 — KPUBOIMHEWHBIN TIOPOT; 8§ — COPOYIEPKUBAIOIINE PEIICTKH; 9 — MaHI0PHI
3UMHHX BoJonpueMHUKoB; 10 — aBankamepa; 11 — orBepcTre Boo3abopHoOi ranepen; 12 — aBToBOJIO-
cimB; 13 — 3aTBOPBI TOJIOBHOTO peryisiTopa; 14 — npoMbiBHas Tanepest; 15 — penierka Bogo3ab0pHOi
ranepen; 16 — BepXHss pemerka; 17 — MenKast pemeTka
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Pucynox 1.26 — BonozabopHoe coopyxeHHe Pucynox 1.27 — BonozabopHoe coopykeHne TsSHBIIAHBCKOTO
Kuprusckoro tnna: 1 — moxgsogsinee pyciio; Tuna: | — noxBozAmIee pycio; 2 — MOHyp; 3 — KOCOHAIPaBJICH-
2 — IOHHBIA TIOPOT; 3 — PEryasaTop Pacxoma; HBIN TTOpoT; 4 — peyHol MpoJyieT; 5 — BOJAOIpPUEMHAs Kamepa,
4 — oTBOAAIIMU KaHal; 5 — pelueTka, Ie- 6 — BOAOIIPUEMHHUK; 7 — COpPOYAEp KUBAIOIIas penierka; 8 — ap-
peKphIBarONIasl  BOJOIPUEMHYIO TaJlepero; TOBOZOCIUBBI; 9 — oTBOIAIIMIA KaHau; 10 — mpoMBIBHOE OTBEp-
6 — MPOMBIBHUK OTKPBITOTO THIIA; 7 — PEYHON ctue; 11 — aBankamepa; 12 — komozert; 13 — peMOHTHBIN 3aTBOP;
npoJieT; 8 — oTBojsIIIEe PyCio; 9 — BomoOOii- 14 — oTBOASIIIICE PYCIIO

HBIN KOIOAEL]
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JIeHO paznuure (opM peuHbIX HAHOCOB (IJIacTHHYAThie A pek KaBkaza u mapoBo-KyOUYHBIC

s pex Cpenneit Azun).

HecmoTpst Ha CBOIO HECIIOXKHYIO KOHCTPYKIIMIO, BOZ03a0OpHbBIE COOPYKEHHs, pa3paboTaH-
ueie P.2K. XKymaeBbiM u p. (cMm. pucyHok 1.27) umenu koaduirert Bogo3adopa ao 0,7 B pesxxume
6e3 HaHocoB [97]. [1o HaleMy MHEHHIO 3TO MOXHO OOBSCHHUTD CIEAYIOUIMMU IPUIMHAMU:

» TOBEPXHOCTh BOAOMPHEMHON rajepeu ObLia MOAHATA HA OTHOCUTENHHO OOJBIIYIO BBICOTY
(6onee 1 m);

» rpebeHb nepenHel u 3aqHeil CTEHOK, (OPMUPYIOUINX BOJOIPHUEMHYIO Tallepero, BBIMOIHS-
JIUCh C YKIIOHOM B CTOPOHY IIPOMBIBHHKA;

» OTBEpCTHE MPOMBIBHHUKA PACTIOIO0KEHO BOIM3M 30HBI 3alTUTHl OT HAHOCOB.

OTH 0COOEHHOCTH B COBOKYITHOCTHU € IEPEMEHHOM 110 JJIMHE IUPUHOM MOpora onpeaeu-
T BO3HUKHOBEHUE BJOJb MEPEAHEH CTeHKH rajeped MOMEePeYHON MUPKYISIUUA BOAHOTO MOTO-
Ka, KOTOpasi OTTaJKHBaja BIEKOMbIE HAHOCHI OT BOAOMPHEMHON rajeper W TPaHCIOPTHpOBAla
UX K MMPOMBIBHUKY. B mocneayromeM st yBeTUYeHUSI HHTEHCUBHOCTHU IIUPKYIISIIMUA BOABI TIEPe
BOJIOTIPUEMHUKOM yCTPAaUBAIH HAHOCO3AIIUTHBIE IOPOTH PA3THUYHON KOHPUTYPALIHUH.

Bonozabop B 3uMHUI TIEpHOA AKCIUTyaTallud THAPOY3Ja MPOBOAUTCS Yepe3 OTKPBITHE 3a-
TBOpA 3UMHETO BOJ00TOOpA U3 MPHUIOHHBIX TOPU30HTOB MoTOKa. COpOC 1IyroaeqoBbIx 00pa3oBa-
HUU PEKU BENETCs MOBEPX PEUISTKU BOAONMpPHUEMHHUKA. [Ipy 3TOM CBEpXY peIIeTKH yCTpanuBaeTcs
JIEPEBSIHHBIN JIOTOK, a Ha Tpe0He MepeaHell CTeHKH BOJOTPUEMHOMN rajieper yCTPauBaIoOTCs IIaH-
JIOpPBI, YACTUYHO CTECHSIOININE COPAChIBAEMBIN MOTOK K pa3/eIUTeIbHOMY OBIYKY MPOMBIBHHKA.
[Tanmopbl MO3BOJISAIOT BECTH KOHIIEHTPUPOBAHHBINA COPOC LIYTH Yepe3 Cy>KEHHOE CEUEHHUE C MpH-
BJICUEHHEM MHUHMMAJILHO BO3MOXKHOTO 00BbeMa BOIBI.

JlaboparopHbie U HATYpHBIE UCCIIETOBAHUS YAYUYIICHHBIX KOHCTPYKIIMHA PEIIeTYaToOro BOJI0-
3a00pa, IPOBEJICHHBIE C IIeBI0 Olpe/esieH s (PaKTOpOB, 3aqat0IUX HHTEHCUBHOCTh MONEPEUHOM
MUPKYISIUYA TTOTOKA TIepe]] BOAOMPUEMHHUKOM, TIO3BOJIMIN CO3/IaTh HOBYIO CXEMY, IPUBEACHHYIO
Ha pucyHke 1.26 — Kupruzckuii Tun Bogoszaboproro coopyxkenus [172]. Coopyxenue Kuprusz-
CKOTO THIIa OTJINYAETCs YCTPOMCTBOM Mepe1 BOIOTPUEMHOM Tajiepeeii BOAOCINBA C ITUPOKUM T10-
pPOTOM, KOTOPBI HMEET KOCO HAMPaBICHHYIO MEPEIHIOI MOBEPXHOCTh U IBOMHON YKIIOH TpeOHs
B CTOPOHY BOJONMPHEMHHKA M MPOMBIBHOTO TpakTa. [Io maHHBIM 1a00paTOpHBIX MCCIIEAOBaHUN
Takasi KOHCTPYKIIHSI TIOpOTa, ¢ YCTPOMCTBOM (DPOHTATLHOTO IPOMBIBHOTO TpPaKTa, 00ecreynBaeT
Oe3HaHOCHBIN Bogo3abop mpu o < 0,75.

Bonee coBepuieHHBIM BO103a00pOM cTan TSHBIIAHBCKUI THI, 000PYIOBaHHBIM OOKOBBIMHU
aBaHKaMepaMH U JOHHBIM KOCOHAIPABJICHHBIM IHUPKYISIIUOHHBIM HAHOCO3AIIUTHBIM MOPOTOM
(pucynok 1.27) [172].

[Ipu >TOM HAHOCO3AIIUTHBINA MOPOT BBITIONHSUICS B BUIE BOJOCIMBA C TOHKON CTEHKON
U YKJIOHOM TpeOHS B CTOPOHY IIpoMbIBHHKA. CpaBHHUBAs TIPOIECCHI HA COOPYKEHUSAX TSHBIIaHb-
CKOTO THUTa BOA03a00pa M pelieTyaToro Tuma (cM. pucyHok 1.24), MOKHO clenarh BBIBOJ, UTO
OJTHa CXeMa SIBIISIETCS JIOTUYECKUM MPOAOKEHHUEM BTOPOH.

[Tpu co3nanuu TAHBIIAHBCKOTO THMA aBTOPaMH OBUTH CAENaHbI CIEAYIOIIUE Mpeodpa3oBa-
HUS B CXEME YCOBEPIICHCTBOBAHHOTO PEIIETYATOTO TUTIA!

» TepeaHssi CTeHKa BOIOTPUEMHON Tajieper pa3MelieHa moj] yriioM K CTPysM BOJHOTO MOTOKa
B TIO/IBOJISIIIIEM PYCIIE;

» HIDKHSS CTEHKA BOJOTIPUEMHON rajeper pernieTyaroro Thma Oblia mpeodpazoBaHa B aBTOBO-
JOCIIMB aBaHKaMeEpbl JIJIsl CO3JIaHMs B HEH HEOOXOIMMOTO Hamopa Il MOJlaud BOJBI B BOO-
MPUEMHBII OTOJIOBOK;

» TOBEPXHOCTHAs pelieTKa BOJONPUEMHON Trajiepen Oblia Mmpeodpa3oBaHa B COPOYIEPKUBAIO-
IIYIO PEeIIEeTKY, yCTpauBaeMylo nepes 0eperoBbiM BOAOIPUEMHUKOM;
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» 0OoKoBasi aBaHKaMepa, paclojOKEHHAash Ha MPOTHUBOIOIOKHOM Oepery OT BOAONPHEMHUKA,
Obu1a 000pYIOBaHA ABTOBOAOCIMBOM ISl YBEIMYEHHUS MTPOIYCKHOM CITIOCOOHOCTH TUAPOy3Iia
(mo ananoruu co cxemoit [1Ina pucynke 1.25).

OrneHuBasi SKOHOMUYECKYIO0 3(P(PEKTUBHOCTh MO METOAY CpeAHEeH OETOHOEMKOCTH BOAO-
3a00pHBIX THUAPOY3710B, A.B. OUIOHYMKOB OMpeAeani, YTO BOJ03a00pHBIE COOpYKeHHUs TsHB-
IIaHBCKOT'O THIA OTJINYAKOTCSI OTHOCUTENIBHO HU3KUMHM KanuTaloBiokeHusMu [172]. B kauectse
UX HEJAOCTAaTKOB MO)KHO OTMETUTh HU3KYIO POIYCKHYIO CIIOCOOHOCTh JIEMEHTOB, KOHCTPYKIIUS
UMEET 3aKPBITYI0 BOIONPUEMHYIO KaMepy, YTO YCIOXKHSIET €€ OUUCTKY IpH BO00TOOpe, OOKOBOE
IPOMBIBHOE OTBEPCTHE 337a€T HU3KYIO TPAHCIIOPTUPYIOILYIO CIOCOOHOCTH COpachIBa€MbIM 00be-
MaM BOJbl HA TIOAXOAHOM YYacCTKe.

[TepBonauanbHO Kak Kuprusckuii, Tak u TAHBIIAHBCKUN THIIBI BO03abopa pa3pabaThiBa-
JUCh AJIA Lenei TuaposHepreTuku. Ho B mociieayromeM B CBSI3U NMPEKPAILEHUEM CTPOUTENCTBA
masibix ['9C B KbIprei3crane, OHM Hadajid MIMPOKO MPUMEHSATHCS MPU BOJ03a00pe B UppHUTraly-
OHHbIE cucTeMbl. OHAKO MPAKTUYECKU BCE IOCIEIYIOIINE KOHCTPYKIMM Pa3IMYHBIX aBTOPOB
B KauecTBe 0a30BOii,Ha HAIll B3NV, UMEIOT cxeMy TSHbIIAaHBCKOTO TUMa Bogo3abopa. [Ipu sTom
COCTaB 2JIEMEHTOB I'MJIpOy3Jia CYIIeCTBEHHBIX U3MEHEHHUH He MpeTepres, U3MEHSJINCh UX (opma
Y MECTO OTHOCHUTEJIBHO PACIOJIOKEHHSI. DTO YIyUIIWIO TEXHUUECKUE U TEXHOJIOTMUECKHUE XapaK-
Tepuctuku [89].

B kauecTBe mpUMEpOB MOXKHO MpPEICTaBUTh KOMIOHOBOuUHbIe cxeMbl I.B. CobonuHa,
N K. Pynakosa, b.1. MensuukoBa u A.W. Poxmana, M.C. Pama3zana u C.C. Carapkynosa, A.B. Ou-
JIOHYMKOBA M HAIIIMX pa3paboToK, BeIMOIHEHHBIX Ha Kadenpe I'TC u BP KPCY, kotopsie npusese-
Hbl Ha pucyHke 1.28 [35, 87, 120, 140 172]. Kaxxnas u3 npeacTaBlIeHHbIX KOMIIOHOBOYHBIX CXEM,
KakK 1 rupoy3nbl Kuprusckoro n TSHBIIAHBCKOTO TUIIOB, BeAyIHEe OAHOCTOPOHHUN BO103a00D,
UMeeT KPUBOJIMHEWHOE IMOJBOJAIEE PYCIo, MOJ00HOE pyCiy coopykeHuid PepraHckoro THUMa,
IIPECTABIEHHOIO Ha pucyHke 1.15. Oto onpenenser pazmerieHne BOLOIPUEMHNKA HA BOTHYTOM
oepery. OTIMYUTETHHON YePTON YCOBEPIIIEHCTBOBAHHBIX KOHCTPYKLUI THAPOY3JI0B TUPOJIBCKOTO
THUIIA, IPUBEICHHBIX HAa pUCyHKe 1.31, ABIsSETCA BO3MOXKHOCTD CO3JaHUS ME€PEN BOJOIPUEMHBIM
OT'0JIOBKOM MONEPEYHON HUPKYJIALMN NOTOKA C TOMOLIBIO CIELMAIBHBIX IPUIOHHBIX ITOPOTOB.

AHanmu3 HayuHoOU nureparypsl [10, 35, 97, 172], mocsiieHHOW BOMPOCY Bojo3abopa u3
TOPHBIX PEK, BBIACISAET 3HAUUTEIbHOE MHOr000pa3ue KOMIIOHOBOUHBIX CXEM BO/103a00PHBIX CO-
OpYXEHUH, 000pyAOBaHHBIX HAHOCO3AILUTHBIMHU MOPOTaMH, HE TOJBKO C OAHOCTOPOHHHM, HO
U C IBYXCTOPOHHHMM BoJ103a00poM. HekoTophble U3 HUX MpHUBEACHBI Ha pUcyHke 1.29.

Jlnist peryaupoBaHus pyCJIOBBIX IPOLIECCOB MPH AByXCTOPOHHEM BOJ103a00pe PEKOMEHIYIOT-
Cs IPSIMOJIMHEHBIE ITOJIBOIALIME 3aperyaupoBaHHble pycia [172]. [Ipu 3ToM Kak IOKa3bIBaIOT Ha-
TypHbIE HaOJIIOIEHUs, IPOBEACHHBIE HA TUAPOY3JIe, HOCTpOeHHOM Ha peke AK-Cyy (CM. pUCYHOK
1.29 1), KonM4YecTBO BOJBI, 3a0MpacMoe B BOIONPUEMHHUKH, JOIKHO OBITh OJJMHAKOBbIM. Ha nan-
HOM TMJIpOY3JI€ Pa3MepPbl HAHOCO3AIIUTHBIX IIOPOTOB, SIBISIOUIMMUCS BOAOIPHUEMHBIMH 2JIEMEH-
TaMU [1epPBOTo NMopsiaKa, paBHbl [161]. B coyuasx, ecnu pacxonsl BOJbl, 3a0UpaeMble B OeperoBble
BOJIONIPUEMHUKH, HE PaBHBI MKy c000i, BOZONPUEMHbBIE aBaHKaAMEPhl IPUXOAUTCS COCTUHSATh
JIIOKEPOM ISl IepeOpOCKH YacTH 3a0paHHOM BOJBI ¢ OHOTO Oepera Ha Apyroi. JlaHHBIN rHIpO-
y3ein Ha p. Ak-Cyy, akciutyarupyercs ¢ 1972 1. 1 1o 3aKk/II04eHHUI0 CITy>KOBI SKCIUTyaTallud UMEeT
JIOCTATOYHO BBICOKHE HaHOCO3AIIUTHBIE XapaKTepUCTUKH. AHAIN3 YCIOBUH BoJ03a00pa Ha J1aH-
HOM THAPOY3JI€ TI0Ka3aJl, YTO 3TO OOBSICHAETCS HECKOJIbKUMH MPHUUNHAMMU:

» MECTOIOJIOKEHHEM CTBOpa COOPYKEHHsI Ha KOHIIEBOM y4acTKe KOHYCa BBIHOCA PEKH;

» CTPOUTEIHCTBOM BBIIIE IO TEYCHUIO PEKH JIBYX HOBBIX coOpyskeHui B 80-x n 90-x roza mpori-
JIOTO BEKA;

»  BBICOKOW ClIeIaI3alneil SKCILTyaTal[MOHHOTO TIepCOHaa.

[TepBble Be MPUYMHBI ONPEACIAIOT HE3HAYUTEIBHOE KOJIMYECTBO KPYMHBIX (hpakiuii Ha-
HOCOB, IPUHOCUMBIX PEKOM K BOJJ03a00pHOMY CTBOPY TMAPOY3Ja. ITO JaeT BOZMOXHOCTh MpPe-
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Pucynok 1.28 — Bomo3abopHBie cOOpYKeHHS, CO3/1aBaeMble TP YCOBEPIICHCTBOBAHUU THIIPOY3JIOB
Tsupinanckoro Tuna: a — koucrpykuus [.B. Cobosnuna; 6 — koncrpykius M.K. Pynakosa; B — KOHCTpYK-
nust M.C. Pamazana u C.C. CarapkynoBa; I — KOHCTPYKIMs, npepioxkeHHas A.B. OUIOHUNKOBBIM;
Il — KOHCTPYKIWsA, pazpaboranHas mof pykoBoactBom S1.B. Boukapesa; e — korcTpykimss KPCY
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Pucynox 1.29 — KoMIoHOBOYHBIE CXeMBbI BOJI03200PHBIX THAPOY3JIOB C ABYXCTOPOHHUM BOZOOTOOPOM:
a — Bomo3abop f.B. boukapesa u A.C. Jlyrosoro, 6, B — Bomo3adopsl o cxeme [.B. CobonuHa; T — cxe-
Ma Bozi03abopa, npemioxkerHas [.B. Codomunbim u AWM. Poxmanowm, 1 — cxema Bogo3abopa K.d. Apra-
monoBa u C.C. Carapkyinosa; ¢ — Bogo3adop b.J1. MenpHHKOBa ¢ TBOWHBIM HAHOCO3AMIUTHBIM IIOPOTOM
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Pucynox 1.30 — Bono3abopHble cOOpyKeHHsI C OIHOCTOPOHHUM BOAOOTOOPOM U JIByXCTOPOHHEH Mmojia-
Yel: a — pemeTyarsiii Bomo3adop; 0 — B0103ad0p ¢ HAHOCO3AINUTHBIM ITOPOTOM; | — MOABOIAIIEE PYCIIO;
2 — BOJOIpHEMHAS Tanepest; 3 — MPOMBIBHOE OTBEpCTHE; 4 — BOJOIIPUEMHIK JIEBOOSPEIKHOTO KaHAaIIa;
5 — neBoOepPEKHBIN KaHAT;, 6 — BOAOIPUEMHHK MMPABOOCPESIKHOTO KaHaa; 7 — IHOKep; 8 — mpaBoOepex-
HBII KaHal; 9 — peunoil nposet; 10 — oTBOAAIIEE PYyCIO

MOJIOKUTh, YTO IPUMEHEHHUE TOJIOBHBIX THAPOY3JIOB C IBYXCTOPOHHUM BOJ1032a00pOM MPEATIOUTH-
TEJIbHO Ha MPEATOPHBIX YUACTKaX FOPHBIX PEK U HUKE PYCIIOBBIX OTCTOMHUKOB.

Ha ropHbIX yyacTkax pek Bo103a00pHbIE COOPYKEHHS C IBYXCTOPOHHUM BOI03a00pOM, 000-
pYZlOBaHHBIE JOHHBIMU HAaHOCO3AILUTHBIMH [TOPOTaMH, HE HALIUIM LIMPOKOTO PacIpOCTPAHEHUS.

Jlnst obecrieueHus: IByXCTOPOHHETO OTBOJA BOJBI OT BOA03a0OPHBIX COOPYKEHUH HCIIONb-
3yIOTCS TUPOY3JIbI ¢ KPUBOJIMHEHHBIM MOIBO/SIIUM PYCIOM U OAHOCTOPOHHUM BOJOOTOOPOM Ha
BOTHYTOM Oepery pycia, B KOTOPhIX BOAOIOAAYa Ha MPOTHUBOIIOIOKHBIN BBIYKIIBIA Oeper ocy-
LIECTBISIETCS C MMOMOILBIO IFOKEPOB MO CXeMe, MpuBeaeHHOM Ha pucyHke 1.30.

AHanu3 NpuBeCHHBIX HA PUCYHKE 1.28 KOMITOHOBOYHBIX CXEM BO03a00PHBIX COOPY KEHUI
C HAHOCO3AIIUTHBIMU MOPOTAaMH TO3BOJIMJ ONPENEIUTh UX OOBETUHSIONUE U OTIMYUTEIbHbIC
NIPU3HAKH, KOTOpPbIE MTPUBECHBI B Tadmuie 1.4.

AHanM3 COCTABISIONIMX 3JEMEHTOB HCCIIEAYyeMbIX KOMIIOHOBOYHBIX CXEM BOJ03a00pOB
C JIOHHBIMHU TOPOTaMH IMO3BOJIMJI CZI€aTh BBIBOJ, YTO ONPEAEIAIONIMMY OTINYUTEIbHBIMU IPU-
3HAaKaMM SIBIIIFOTCSI YEThIpe NMEpBBIX Npu3Haka. [locnenyromme ommnuus SBISIOTCS HE NMPUHIIM-
NUalbHBIMU. B TaHHOW IT1TaBE€ KOMIIOHOBOUYHBIE CXEMBI I'MJIPOY3JIOB IIPEICTABIEHBI B TOM BHUJE,
B KOTOPOM X PEKOMEH/I0BAJIN aBTOPBI.

PaccmarpuBas 1Ba nepBbIX OTIIMYUTEIBHBIX PU3HAKA MOXKHO CIEJIaTh BBIBOA, YTO JIOHHbBIE
HAHOCO3AIUTHBIE TOPOTH MOTYT UMETh TP BUA IJITAHOBOM U YETBIPE — BEICOTHOM KOH(UTYpaLuii.

[Tpu pazneneHny TOPOroB IO TUIAM TUIAHOBOI KOH(UTYpALMU B KaUECTBE OMPEIEISIONIETO
IIPU3HAKaA IPUHUMAIOT MOJI0KEHNE BHEIIHENW TOBEPXHOCTH IOPOra OTHOCUTENIBLHO CTPYH BOJHOTO
IIOTOKa B nojBojsALieM pycie. IIpu 3Tom kputepuem A CpaBHEHHS CIIY>)KUT MPSIMOJIUHEHHBIN
KOCOHAIIPABJIEHHBI HAaHOCO3AILUTHBIA MOpor (pucyHOK 1.28 a), KOTOpbIi N0 HauKpaTyanemy
PaCCTOSIHUIO COEIMHSIET ype3 BOAbI Ha Oepery BOAONPUEMHHKA U CTEHKY, OTPaHUYHBAOILYIO ITPO-
MBIBHOE OTBEPCTHE WJIM IIPOMBIBHOM TPAKT.
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Tabmuua 1.4 — O0beqUHAIONINE U OTIIMYUTENbHBIC TPU3HAKH BOJ03a00PHBIX COOPYKEHHH,
000pyI0BaHHBIX HAHOCO3AIUTHBIMH MTOPOTaMHU

Ne
i OO0BeuHSIONNe TPH3HAKH OTnuauTensHbIe TPU3HAKT
. . Paznnunble KoH(UTYypalMu HAHOCO3AUTHOTO
1 | YerpoiicTBO KPUBOJIMHEHHOTO MOABOISIIIIETO pyciia
ropora
) [TonmopHsIil CTBOP COCTOUT U3 3aTBOPOB PEUHBIX Pa3smermenne BononpuemMunka (00koBoe,
MIPOJIETOB, IPOMBIBHUKOB, BOJOCITHBOB, OBIIKOB (hpoHTANBEHOE, TOHHOE PEIIeTIaToe)
3 VYeTpoicTBO OJTHOTO WIIM JIBYX PEUHBIX IIPOJICTOB Paznn4Hoe pacroiokeHne IPOMBIBHOTO
B TIOJIIIOPHOM CTBOpE OTBEpCTHUS
4 YeTpoHCTBO Iepesl BOAOIPUEMHBIM OT0JIOBKOM Hanuuue u pa3melenue 3uMHET0
BOJIOIIPHEMHON KaMephbl BOJJONPHEMHHUKA;
BononpuemHas kamepa otjieneHa ot BepxHero obeda
5 Hanuuue n pazmenienue mryrocopocos
TIOPOTOM
6 BononpuemHast kamepa oT/iesieHa oT HIbKHeTo Obedpa | Hanmuame mimm oTcyTCTBHE aBTOBOAOCINBA
ABTOBOJIOCITBOM BepxHero 0peda;
7 Hannune HaHOCO3AIUTHOTO 1TOPOTa, KOTOPbIH Paznu4Hble yCTpOHCTBA JUIsl OYUCTKU
SIBJISIETCSI BOJJOIPUEMHHKOM BOJIOTIPHEMHBIX Kamep
3 O0opyoBaHNe Ha KOHILIEBBIX YIaCTKaX MOPOTOB Hanwawne nnm oTcyTcTBHE CpECTB
IIPOMBIBHBIX OTBEPCTHIA; THIPABINYECKON aBTOMAaTH3alNH;
Pasmemienue nepe; BOJONPUEMHUKAMHI
9 CreneHb aBTOMaTU3aLUK Ipoliecca Boxo3adopa
COPOYIEPIKUBAIOIINX PELIETOK
10 Pasmermenue B HIKHEM Obede YCTPOMCTB st Bun conpspxenns 66e(hoB coopyKeHUs
TalIeHust SHEPTUH BOAHOTO ITOTOKA pyciia C PETYISIIIMOHHBIMH yCTPOMCTBAMH I'HPOY3JIa

B cityyae uckpuBieHus: BHEIIHEN TOBEPXHOCTHU [TOPOra B CTOPOHY BOIOIPUEMHOMN KaMephl
€ro OTHOCAT K BOTHYTHIM, a MIPU UCKPUBIIEHUU B IPOTUBOMNOI0KHOM HAIIPABIIEHUHU — K BBITYKJIBIM
B IUIAHE MTOPOTaM.

Ha pucynkax 1.28 n 1.29 BuiHO, 4TO IpH YCTPOKWCTBE KOCOHAPABIECHHBIX U BOTHYTHIX B I1J1a-
HE HAaHOCO3aIIUTHBIX [TOPOTOB HAa KOHIIEBOM HX YYacTKE B OCHOBHOM yCTPauBAIOTCS MPOJIOJIbHBIE
WJIM KOCOHAIMPAaBJICHHbIE IPOMBIBHBIE OTBEPCTHS, @ B KOHIIE BBITYKJIBIX IOPOTOB — PPOHTAJILHBIE.

Uccnenoanusmu ['B. Cobonuna u U.K. Pynakosa 66110 000CHOBaHO MPEUMYIIECTBO KO-
COHAIPABIICHHBIX JIOHHBIX [TOPOrOB HAJl BOTHYTHIMH B I1aHe noporamu [162]. B pe3synbrare koH-
CTPYKLIMU BOTHYTHIX B IJIaHE MIOPOTOB HE MOIYYHIM IHIMPOKOTO PACIIPOCTPAHEHHUS.

KoMI1oHOBOUHBIE CXeMBI MPUBEACHHBIX BbIIIE BOJI03a00PHBIX COOPYKEHHUM MPEICTaBICHbI
HaMHU B XPOHOJIOTMYECKOM IMOPSAJIKE UX IMOSIBICHUS B HAyYHOM JUTeparype. ITO MO3BOJIUIO MO-
Ka3arb, 4YTO BOJI03a00PHBIE COOPYKEHHUSI, BHIITOJHEHHBIE 10 KOMIIOHOBOUHBIM CXeMaM, MPeICTaB-
JeHHbIM Ha pucyHke 1.28 (a, 0, B) mpu MpOU3BOACTBEHHOM BHEJIPEHUU MMEIU MaKCHMalbHOE
3HaueHue kodddummenTa Bogo3adopa ue 6omee 0,8...0,85. [ moBeimenus kosadduimenTa Boo-
3abopa o, 10 Gonbmux BeanurH A.B. ®unonankossiM B 1990 1. 66110 pEKOMEHI0BAHO NPUMEHSThH
IIPOMBIBHUK T'JIEPENHOTO TUIIA, IPUBEICHHBINA HAa pUCYHKE 1.29 1. OCHOBHBIM HEAOCTATKOM 3TOU
KOMITOHOBKH SIBJISIFOTCSI OIIOPHBIE paMbl 3aTBOPOB OTBEPCTHIl MPOMBIBHBIX T'ajiepeil, KOTOpbIe BO3-
BBIIIIAIOTCS HAJl TpeOHeM HaHOCO3alIMTHOTO nopora. [Ipu uKkBUIay NpUBEAEHHOIO HE10CTaT-
Ka, Ha Hall B3[VIS, TAKOMCIIOCO0 HAHOCO3AIUTHI SBISETCS MePCIEKTUBHBIM.

st noBblieHus: ko3 duurenta 6e3naHocHOro Bojio3adopa 10 0,9 npu ycTpoiicTBe BbIITy-
KJI0ro HaHoco3amuTHoro nopora b.M. MenbuukoBbiM u A.M. PoxmanoM B xoe 1a60paTopHbIX
MCCJIEIOBAHUN ObLIO HalJIEHO pellleHue B BUJIE YCTPOWCTBA MPOMBIBHOTO TpakTa ¢ (pOHTATIbHBIM
pa3MerieHreM MTPOMBIBHOTO OTBepCTHs. [IpOMBIBHOI TpakT oOpa3yercs KOHIIEBBIM yYaCTKOM IO-
pora, mpoMeKyTOYHbIM ObIYKOM OTPAaHUYEHHOW JJIMHBI U 3aTBOPOM B KOHIIEBOM CEUEHUH, Mepe-
KPBIBAOIIMM ITPOMBIBHOE oTBepcTHe [120].

44



PaccmarpuBasi pa3iuyHyIO BHICOTHYIO KOH(HUTYypaIMio HAHOCO3AIIUTHBIX IIOPOTOB, BpeMe-
HU, MO>KHO BBIJIEJIMTH YETHIPEEE OCHOBHBIX BHIA:

» TIOpPOTH C TOPU3OHTAILHBIM IpeOHEM;

» TIOpOTH C MOCTOSHHBIM YKJIOHOM I10 TPeOHI0, C TOHMKEHUEM BBICOTHI IOPOra OT Havyasa K KOH-
LIEBOMY YYacCTKY;

» TIOpOTH, COCTOSIINE U3 MOBBIIIEHHOTO U HUKHETO YYACTKOB, IIPU 3TOM MOBBIIIEHHBIN y4aCTOK
1opora UMeeT yKJIOH I'peOHs, a HWKHUN Y4acTOK IOpOora BBINOJIHIETCS C FTOPU30HTAIBHBIM
rpebHeM;

» TIOpOTH C EPEMEHHBIM YKIOHOM TpeOHsI.

[TepBbIil BUA BBIMYKIBIX B IJIAHE MOPOTOB C TOPU30HTAIBHBIM IpeOHEM ObLIT MPEIIoKEeH
N.K. PynakoBbIM 1pu 000CHOBaHMM KOMIIOHOBOYHOH CXE€MBI BOZ03a00pa, MPUBEIEHHOTO Ha pH-
cyHke 1.28 6 [151]. DT0 KOHCTPYKTHBHOE pellIeHHe MOIYYHIIO MPOU3BOACTBEHHOE PUMEHEHNE
Ha p. AnamenuH B 1964 r. aiis uppurannoHssix kaHanos «HoH-Ansin, «Kaparo» u Ha p. Keretst
B 1970 r. nyist Bogonaaauu B kaHaisl «Kanmak» u «Jlen». OnHako BIOCIEACTBUH aBTOP PEKOMEH-
JIOBaJI BBIIIOJHSATH BBIMTYKJIBIA B IIaHE TOPOT C MIEPEMEHO BBICOTOM, TO €CTh C YKJIOHOM I'peOHs
i = 0,03 B cropony npombiBHUKA [149]. C ydyeTom 3THX W3MEHEHUH MOPOTH JIaHHOW KOHCTPYK-
IIUH B MTOCJIEAYIOIIEM ObUIM IOCTPOEHBI B COCTaBE BOA03a00PHBIX COOpykeHH Ha pekax lamcu
u Hoopys.

KoMnoHOBOUHBIE CXEMBI THIPOY3JI0B, 000PYAOBaHHbBIE YCOBEPIIEHCTBOBAHHBIMHU KPUBOJIHU-
HeiHbIMH TToporaMu koHeTpyKuuu b.M. MenbaukoBa u AWM. PoxmaHa, ¢ rpeOHEM, BBITTOTHEHHBIM
c ykionom i = 0,06...0,08, mpuBenens! Ha pucynkax 1.28 n, 1.29 e, 1.30 6.

Hanoco3amuTHble MOPOTH ¢ MEPEMEHHBIM YKJIOHOM TI'peOHs BIEpBble ObUIM MPUMEHEHBI
HaMHM TpU pa3pabOoTKe PeKOMEHAALUH M0 PEKOHCTPYKIMH BOA03a00pHOro Tuapoy3ia Ha p. Kyp-
mab (pucynok 1.31) [69].

HccnenoBanus peKOHCTpyHUpyeMoro coopyxeHuss KoMOMHMPOBaHHOTO THIIA, TOKa3aHHOTO
Ha pucyHke 1.31, mo3Bosmau 000CHOBaTh HEOOXOAUMOCTh YCTPOMCTBA B KATaCTPO(PHUECKOM BO-
JOCIIMBE JOMOIHUTEIBHOTO BOA03a00pa B BUIE BOJOCINBA, MMEIOIIETO IIEPEMEHHBIN YKIIOH rpeo-
Hi [69, 70].

Pucynok 1.31 — Bogo3aboproe coopyxenue Ha p. Kypma0: 1 — mogsojsiiee pyciio; 2 — aBTOBOIOCIIUB;
3 — akBemyKH; 4 — MPOMBIBHBIE Taiepen; 5, 13 — mryrocOpockl; 6 — BomocOpoc; 7 — OTBOASIIEE PYCIIO;
8 — HaHOCO3aIUTHEIH Mmopor; 9 — aBankamepa; 10 — mpombsIBHOE 0TBepcTHE; |11 — cTpyeHanpassIonas
mmopa; 12 — xanan Oty3-Ansip; 14 — mpoMbeIBHOE OTBepCTHE; 15 — perynsarop kaHana
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B 2002 r. 5T0T BapuaHT peKOHCTPYKIMH ObLT IPUHSAT ISl BHEIPEHHs Ha coopykeHuH. [Ipu
PEKOHCTPYKIIMU Ha KOHIIEBOM Y4acTKe BOJOCINBA ObUT 000pyI0BaH MIPOMBIBHOM TPAKT, OCHAIICH-
HBII COPOCHBIM OTBEPCTUEM M CTPYE HANPaBIISAIOLICH HITOPOii.

B pesynbrare yepe3 0CHOBHOMU perynsiTop jeBodepeskHoro kaHana Oty3-Anslp 3a0upancs
MEHBILHUI pacxol BOAbI, U 00Pa30BhIBAJIOCH MEHbBILIEE KOTUYECTBO HAHOCOB.

HccnenoBanus npoueccoB BoA03a00pa U3 TOPHBIX PEK ONPENeIUIH IBHOE MPEHMYIIECTBO
JIOHHBIX HAHOCO3AIIMTHBIX MOPOTOB, CO3JAIOIIUX TUHAMUYECKOE BO3/ICICTBUE HA BIEKOMbIE Ha-
HOCBI HaJl TOCTOMHBIM BO103a00pOM, HCIIOIB3YEMBIM AJIs 3aIIUTHI OT HAHOCOB TOJIBKO IPaBHUTa-
LIMOHHYIO COCTaBJIAIOILYIO.

B nocnenyromiem 10HHBII TOPOT € IEPEMEHHBIM YKIOHOM I'peOHs HaMU ObIJT PEKOMEH/10BaH
IIPH YCTPOMCTBE JIOMAHBIX HAHOCO3AIUTHBIX TOPOTOB HA BOJ03a00PHBIX COOPYKEHUSIX IS IEPH-
BarmoHHbIX ['DC. (BCAT) (ITarent KP Ne 607), koMmoHOBOYHAsI cXeMa KOTOPOTO MpHUBEEHA Ha
pucynke 1.28 e [122]. Pe3ynbTarhl riccnenoBaHU 3JIEMEHTOB 3TOH KOMIIOHOBOYHON CXEMBI OYyIyT
MIPUBEIECHBI B MOCIEAYIONINX [TIaBax.

[Tocnennum U3 pa3pabOTaHHBIX VIS LeIel THIPOIHEPIeTUKN BOJ03a00POB U3 TOPHBIX PeK
Ha Hadano XXI B. sBisuCH Bog03a0opbl Kuprusckoro Tura ¢ HU3KUM 3Ha4eHneM Koddduiinenta
B0J103a00pa 6e3 3axBara HaHOCOB. [103TOMY HaMU B KaueCTBE MIPOTOTUIIA CBOMX pa3pabOTOK ObLiIa
UCIIOJIb30BaHa MOJIOKHUTEILHO 3aPEKOMEH/I0BaBIIAs Ce0sl HA UPPUTALMOHHBIX CUCTEMAaX KOMITOHO-
BouHas cxema b.M. MenbaukoBa u A.U. Poxmana (cMm. pucyHok 1.28 n).

B knmaccuueckoit nuteparype [31, 36] HU3KOHAMOPHBIE TUIOTHHHBIE BOI03a00pHBIE COOPY-
JKEHUSI TPYIIHUPYIOTCS MO0 YCIOBUSM OOpbOBI C TOHHBIMU HaHOCAaMH Ha OOKOBBIE, (DpOHTATILHBIC
Y JIOHHO-PEIIETYaThIe B 3aBUCUMOCTH OT OTHOCUTEIBHOTO pa3MELIeHHsI BOAOIIPUEMHOIO OT0JI0B-
Ka. YCTpOICTBO BOJAONPUEMHBIX KaMep Ha TUAPOY3JIaX ¢ HAHOCO3AIIMTHEIMHU TOpOTraMu 00ecredn-
JI0 HE3aBUCUMOCTH TOTO THIIA BOJI03a00pa OT MOJIOKEHHs BOAOIPUEMHHKA B CTBOPE IHIPOYy3Ia.
[TockonbKYy JOHHBINM MOPOT HE3aBUCUMO OT €ro KOH(PHUTypalluu SBISETCS MHOTO(QYHKIIHOHATHHBIM
YCTPOWCTBOM, 00€CTIEUHMBAIOIINM KaK HAHOCO3AIINTY, TaK U BOZOOTOOP U3 PEKU. YCTPOMCTBO BO-
JOTIPUEMHBIX Kamep Mepes BOJIONPUEMHBIM OTOJIOBKOM ONPENETUI0 HE3ABUCUMOCTD MOTAIaHUs
HAHOCOB B OTBOJSAIIUI KaHANl OT OTHOCHTEIHHOTO pa3MeIleHuUs] BOAOIIPHUEMHHKA (OOKOBOTO WU
(pOHTATBHOTO).

B HMCKITIOYUTENBHBIX CITyYasiX MPH BBITSHYTON KOH(MUTYpaIy BOAOIPHUEMHON KaMephl Ha
TaKOM COOPYKEHUU MOXET OBITh MPUMEHEHa BTOpas CTyNeHb OOpHObI ¢ HAHOCAMH B BUJE MPO-
MBIBHOI ranepeu (rpaBuesnoBkoi) (cMm. pucyHok 1.28 e). Ilpu 3ToM BogonmpHeMHHUK pa3MelnaeT-
csi ¢pponTanpHo. Takol T Bomo3abopa moctarouHo moapoOHo omucaH K.B. IlomoBeim [132]
u b.1. MenpuukoBsiM [120].

C 1enpro 3aIUTHl BOAOMIPHEMHHKA OT MOMAJaHus TUIABAIOIIETo Mycopa (IIJIaBHUKA) €ro, Kak
MOKA3bIBACT MPAKTHKA BHEIPEHHs BOI03a00pOB OMUCHIBAEMOTO THIIA, Pa3MEIaloT B OEPErOBBIX
YCTOSIX MJIM Ha JIHE BOAONpUEeMHON Kamepsl (cM. pucynku 1.28, 1.29 u 1.31).

N3yuas cocTaB 3J€MEHTOB U KOMIIOHOBKH NPHUBEICHHBIX THUIIOB BOJ03a00pPHBIX COOpPYKe-
HUH, pa3pabOTaHHBIX JJI TOPHBIX PEK, MOXKHO CAENAaTh BHIBO, YTO B CIIydae 00OPYIOBaHUS BEpX-
Hero Obe(a aBTOBOIOCIMBOM, OH JIOJKEH Pa3MelIaThCs Ha BBITYKIIOM Oepery MmoJBOSILIEro 3ape-
T'YJIMPOBaHHOTO PYCJIa CO CTOPOHBI 3aTBOPOB PEUHBIX MPosieToB. OCyIIecTBIAA QyHKIUIO cOpoca
M3JIMIIKOB BOJIbI IIPU MPEBBIIIEHUN HOPMAJIbHOTO OJANEPTOr0 YPOBHSI HU3KOHAIOPHOM TUIOTUHBI,
ABTOBOJOCJIMB TaKUM 00pa3oM CIIOCOOCTBYET YMEHBIICHHUIO YPOBHEH BOJBI IIEpE/l PEUHBIM IPO-
JIeTOM. DTO YCKOPSET Pa3MbIB IPU3Mbl HAHOCOB, OTKJIA/IbIBAOLIEICS B BepXHEM Obede B epuo
nepeopMUPOBaHNUS JTOHHBIX OTIIOKeHUH. OCOOEHHO BasKHYIO POJIb ATO BIUSHHE UMEET B IIEPHOJL
HapacTaHusl MaBOAKOB. [Ipu 3ToM yBennuMBaeTcsi OTBOJI OCHOBHBIX PacXoJl0B BOJIbI, MOCTYIAI0-
IIUX 10 peKe, OT BOTHYTOro Oepera K BBIMYKJIOMY. DTO CIIOCOOCTBYET MEpPEeHeCy YacTH JOHHBIX
OTJIOKEHUH € MOBEPXHOCTH MPU3MbI HAHOCOB, 00Pa30BaHHBIX B MEKEHHBIN NEpUOJ TIepel BOIO-
NPUEMHHUKOM, B CTOPOHY COPOCHOTO (pEYHOr0) MpoJieTa.
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B kadecTBe 271EMEHTOB, CIyXalllUX JUIsl ONOPOYKHEHUS BOAOIPHUEMHON KaMEpPbl OT BOABI
Y HAHOCHBIX OTJIOKEHUH, UCIIOIb3YIOTCS BOAOCOPOCHBIE OTBEPCTHSI, IEPEKPBIBAEMbIE 3aTBOPAMH.
Kak moka3piBaeT aHalu3 W3BECTHBIX THIOB BO03a00pa, 3TH BOAOCOPOCH MOTYT BBIITOIHATHCS
B BUJIE OTKPBITHIX MJIU JOHHBIX TUapparMeHHBIX OTBEPCTH, a TAKXKe B BHJI€ HAIIOPHBIX MaTpyo-
KOB, pa3M€EIIAEMbIX B aBTOBO/IOCIMBE BOAOIIPUEMHON KaMEPBI.

Muorumu aBropamu [97] Oblia 000CHOBaHA KOMILUIEKCHAs aBTOMAaTH3alus Ipolecca BO-
n03a00pa U3 TOPHBIX PeK B THIPOIHEPTeTUUECKHE U UPPUTALIMOHHBIE CUCTEMBI. ABTOMATH3AIHS
mpolecca CymecTBYIOIIMX THAPOY3IIOB, KaK MPaBUIIO, OCYIIECTBISIETCS 0 BepxHemy Obedy [120]
MIOCPE/ICTBOM OCHAILIEHHsI PEYHBIX MPOJIETOB 3aTBOPAMU-aBTOMAaTaMM YPOBHSI BepXHero Obeda,
IIPOMBIBHBIX TPAaKTOB yCTPOMCTBAMM aBTOMAaTH3alLMU IIPOMBIBKM HAaHOCOB, BOJOIPUEMHBIX OI0-
JIOBKOB CTAOMJIM3aTOpaMH WM PETYIIATOPAMM Pacxoja BOJBL. 3a CYEeT ATOro o0ecreynBaeTcs Hal-
e)XHasi aBTOHOMHasl 10/1a4a MOTPEOUTENIO 3alaHHOT0, TIOCTOSIHHOTO BO BPEMEHHU PAacXofia BOJIBI.

Comnpsixenue 0be(OB N3yuaeMbIX TUIIOB TOPHBIX BOI03a00PHBIX COOPYKEHUI TPON3BOIUT-
Csl C MCIIOJIb30BaHNEM BOIOOOMHBIX KOJIOJIIEB, CTEHOK, BOJOOOEB C KPEIUIEHHEM PBAHBIM KaMHEM,
KperyIeHueM OTBOSIIET0 pyciia OyToOOETOHOM U rpeOeHYaThIX pacuienureneid. B HekoTopbx city-
Yasgx 3TH YCTPOMCTBA HCTIONB3YIOTCSA CAMOCTOSATEIBHO MIM KOMOMHUPYIOTCSL.

Jist conpsiKEeHUs peryssHOHHBIX COOPYKEHUI C OEperoBbIMH YCTOSMHU BO03a00PHBIX CO-
OpY’KEHUil, KaK BUJIHO U3 MPHUBEICHHBIX KOMIIOHOBOYHBIX cXeM (pucyHkH 1.28—1.31), mpumens-
I0TCS1 OOpaTHBIE CTEHKH, pacTpyObl ¢ OOpaTHBIMU CTEHKAMH, HBIPSIIOIIME U MPOIOJIbHBIE CTEHKH,
KOCBI€ TUIOCKOCTH.

1.5. O0ocHOBaHMe KiIacCUPUKALUT
HU3KOHANOPHBIX IJIOTHHHBIX BO03200PHBIX COOPY:KeHUil

[TockonbKy kiaccuukanus mnojapasyMeBaeT IpyNIupoBKY OOBEKTOB MCCIEIOBaHUM U Ha-
OJIO/IeHUI B COOTBETCTBUU C UX OOLIMMU MpU3HAKAMH, JUIsl IPOBEICHUS MOpa3/IeIeHUs U3BECT-
HBIX TUIIOB COOPY>KEHHUI Ha TPYIIIBI 10 OOUIUM MpU3HAKAM, 3313 IUMCS YCIIOBUEM, UTO MPOILIOE
palMOHAIBHOE PELICHUE, UCIIONb3YEMOE B MOCIEAYIOIIEM, OIPEAEIIAET MPEEMCTBEHHOCTh IIPH-
3HAKOB.

Jliia onpenienieHns CBsi3ed MeX/1y M3BECTHBIMU KOMIIOHOBKaMH BOJI03a00PHBIX THIPOY3JIOB
ObLT MPOJUICH MEepeYeHb TUIIOB BO103a00PHBIX COOpYKeHuH, npeAcraieHHblii H.I1. AntyHunbiM
[10] ¢ ydaerom Gosee mo3IHUX pa3pabOTOK, ONMCAHHBIX BBIIIIE:

1. VHpuiickuii THII;

EBponeiickuii Tur,

I'py3uHCKHMl THIT;

depraHcKuil TUIL,

KoMOuHupoBaHHbIN THUII;

Pemeryarsiit (Tuponbekuii) Tum;

YCcoBepIIEHCTBOBAHHBIN PEIIETYAThIN THIT,

Kuprusckuii tum;

9. TaHBIIAHBCKUM THII;

10. Tun Bogo3abopa ¢ KoCcOHANpPaBIECHBIMU HUPKYIALUOHHBIMU TToporamu (KLIIT);
11. Tun Bo03a00PHBIX COOPYKEHHI C BBIMYKIIBIMU B IIJIaHE TOPOraMH;
12. Tunposneprerudeckuii Tui Bono3zadopHoro coopyxenus (KPCY).

Jliig onpenenieHus: PUOPUTETA B MPUHATUN KOHCTPYKTUBHBIX M TEXHOJIOTMUECKHX pellle-
HUUM JUIsI CUCTEMAaTU3alluy MEepPedHs OTIMYUTENIbHBIX MPU3HAKOB M3BECTHBIX KOHCTPYKIUN HU3-
KOHAIOPHBIX IUIOTUHHBIX BOA03a00pHBIX COOPY)KEHUM, ObUI BBINOJIHEH aHaju3, MPUBEICHHBIN
B Tabmure 1.5.

NN R WD
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Tabnuua 1.5 — OTanunTenbpHBIC TPU3HAKK KOMIIOHOBOK BOZ103a00PHBIX COOPYKEHUM

Tum Bogo3abopHOTO
COOpYKEHHUsI

OTiIUYKUTEIbHBIC TIIPpU3HAKN

2

3

Unaniicknia

1.1 JIByxcTOpOHHHIA BOJI03a00p W BOAOMOAAYA

1.2 YeTpoicTBO MPOMBIBHBIX KAPMaHOB ¢ OOKOBBIM B0103200pOM

1.3 YeTpoiicTBO BOJOCTMBHOM IJIOTHHEIL, 11 COpOCa U3IHIITKOB BOABI ITPH
MIPEBBIIICHUH PACYETHBIX YPOBHEH

1.4 PazmMenienue perynasiTopa pacxo/a Bojbl B Hauajie BOJAOIMPUEMHOTO OroJIOBKa
110 ype3y OeperoBoro ycrosi;

1.5 TIpuMeHeHme peryIAInOHHBIX COOPYKEHIH B BEpXHEM U HIKHEM Obedax
THIpOY3JIa

1.6 YcTpoiicTBO HIAHOPHOTO MOpOra Mepes] BOJONPHUEMHUKOM

1.7 HeoOXoamMOCTh KPaTKOBPEMEHHBIX POMBIBOK BOIOTIPHEMHBIX KApMaHOB

1.8 3umuwMIA B07103a00p BEACTCS U3 MPUIOHHBIX TOPH3OHTOB MOTOKA

1.9 OTBenenue NIyru OT BOAOIPHEMHHKA C TIOMOIIBIO AepeBstHHOM L-00pa3Hoit
3alaHy;

1.10 Copoc miyru uepes BbIpe3 B 3aTBOPE COPOCHOIO OTBEPCTHUS KApMaHa

1.11 OGorpeB 3aTBOPOB MOAIIOPHOTO CTBOPA;

EBpornelickuii

2.1 YerpoiicTBO B BepxHEeM Obede pycIIioBOro OTCTOMHUKA

2.2 JleneHue NpOMBIBHOTO KapMaHa Ha OTCTOIHbBIE KaMepbl

2.3 YcTpoicTBO JOHHBIX MPSIMOTHHEHHBIX IPOMBIBHBIX ranepen

2.4 YcrpoiicTBa PpOHTATBHBIX HITH OOKOBBIX BOJOIPHEMHUKOB

2.5 YcTpoiicTBO KOCOHAIIPABICHHOM BEPXOBOM 3a0paibHOM CTCHKH MIEPE] BOIO-
MPUEMHHUKOM

2.6 PaBMeH.[eHI/IC BOIOIIPUCMHUKOB HaJl JOHHBIMUH IPOMBIBHBIMH I'dJICPCAMU

2.7 Opranusaiiyst MoJnopa B BepxHeM Obede ¢ MOMOIIBIO IUTOBBIX OTBEPCTHIA

2.8 Hcmonp3oBaHne OJHOI'0 KapMaHa Il AByXCTOPOHHETO Boz[03a60pa

2.9 Opranuszanus AByXCTOPOHHEH BOIOTIOAAYH C TOMOIIBIO BOJOMPOBOISIIEH
ranepen (TychKka)

I'py3unckuii

3.1 HCHOJ’ILSYIOTCSI OOKOBBIE BOAOIIPUEMHUKH, PA3MCIICHHBIC BbIIIIC BXOAHBIX
OTBepCTI/Iﬁ ITPOMBIBHBIX I'aJICPpEH

3.2 HanococOpocHbIe rajgepen IMEIOT KpUBOJIMHEHHBIE OYePTAHUS

3.3 CUMMeTpUYHOE YCTPOHCTBO BBIXOAHBIX OTBEPCTHI KPUBOIMHENHBIX HAHO-
COCOPOCHBIX rajiepeil IpH JByXCTOPOHHEM BOJ103a00pe

depranckuii

4.1 YcTpoiicTBO KPUBOIMHEHHOTO MOJBOASIIIETO PyCiia ¢ TOMOIIBIO PETYISIH-
OHHBIX COOPYKEHUI

4.2 TlpoBenenue Bogo3abopa Ha BOTHYTOM Oepery

YCTpoHCTBO KPUBOIMHEHHOTO KapMaHa (IS CO3MaHUs IUPKYIALUH TTepe]] BO-
JOTIPUEMHHUKOM)

4.3 PaBMeIIIGHI/IG MOATIOPHOI0O CTBOPA MO YITIOM OTHOCHUTCIIBHO ﬂHHaMH‘IeCKOﬁ
OCH ITOTOKa

4.4 PazmenieHue aBTOBOJIOCIINBA BEpXHEro Obe(a Ha BBITYKIOM Oepery MmojiBo-
JSLIEro pyciia

4.5 YerpoiicTBO mopora nepes| BOJONPHEMHHKOM (IIPSMOIMHEWHOTO WIN KPH-
BOJIMHEIHOTO ouepTaHus ¢ I'-00pa3HBIM ITOJIKOM)

4.6 Opranu3zanus AByXCTOPOHHEH BOJOTIOAAYH C TOMOIIBIO TIOKEPOB

4.7 IlpenMy1iecTBEHHOE OCYIIECTBIEHHE ()POHTAIHLHOTO BO103a00pa

4.8 YCTpOICTBO MYJIBIIOBOJIOB B ABTOBOJIOCIINBE

4.9 Pazmenienue BogocOpPOCOB 32 BOJOIIPUEMHHUKOM;

4. 10 YcTpo#cTBO ITMUTOBOTO cOpOCa Ha BRITYKJIOM Oepery MOABOASIIETO pycia

4.11 Benenue BomooTOOpa Ha BOTHYTOM Oepery
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KomMOMHMPOBaHHBIH THIT

5.1 YcTpoHCTBOM TPEXbAPYCHOTO BOTOTIPHEMHHUKA

5.2 Opranusanueii ObIYKOBOT0 Boj103200pa

5.3 IIpoBeneHneM ABYXCTOPOHHETO BO03a00pa U3 CepeIMHBI TOAIIOPHOTO
CTBOpa

5.4 YeTpolicTBOM aKBeyKOB JUIsl IO/IadH BOABI Ha 00a Oepera

5.5 Pa3MenienneM MpuIOHHBIX MPOMBIBHBIX Talepei MeKIy BOI03a00PHBIMH
ObrYKaMu

5.6 YcTpolicTBO 1ryrocOpoca HaJl BOAOIPUSMHHUKOM;

5.7 Pa3Meniennem aBTOBOJOCTIBA BepXHETO Obea Ha BOTHYTOM Oepery pycia

5.8 Ucnosnp30BaHueM rpeOeHYATHIX PACIICTIUTEIICH ISl TAICHUS] SHEPTUU BOJIBI

Tuponbckuii THI

6.1 IIpoBenenue Bomo3abopa TOIBKO U3 MPUIOHHON 00IACTH MOTOKA

6.2 YeTpoiicTBO BOAOIIPUEMHHKA Ha CPEJIHEB3BEIICHHBIX OTMETKAaX JIHA pyclia

6.3 YCTpOHCTBOM PEIIeTKH HaJl TOHHBIM BOIOTIPHEMHHUKOM JUIS 3aIIUTHI OT Ha-
HOCOB

6.4 YcTpoliCTBO BOAOMPUEMHOM ranepeu

6.5 Copoc kpynHBIX (paKkInii HAHOCOB Yepe3 CTBOP BOAOMPHUEMHHKA

6.6 Jlonynienue rormnaianust B BOJONPUEMHHUK MEJIKHUX (Dpakivii HAHOCOB

6.7 O06s13aTenbHOE YCTPOHCTBO HAa OTBOJSIIEM KaHAJIE MECKOTPAaBUEIOBOK HITH
OTCTOMHHUKOB

YcoBepIeHCTBOBAaHHBIN
THUI PEUIETYATOTO
B0/103200pHOTO
COOPY)KEHHUS

7.1 PazMenienue BOIONPUEMHOM rajepen HaJl CpeTHEB3BEIIEHHBIM THOM TO/I-
BOJIAIIETO pycia

7.2 YeTpoHcTBO pelIeTKH HaJl HOBEPXHOCTHBIM BOAOIPHEMHBIM OIOJIOBKOM
rajepen

7.3 Pa3mMernienue nepes BOXONPHEMHOM ranepeeil TpaHIeHON rpaBUeIOBKI

7.4 YeTpolCTBO IByXbSIPYCHBIX PEIIETOK

7.5 PazMenieHue ruipaBIMyeCKUX CENapaTopoB UIsl 3allUThl OT HAHOCOB

7.6 Pazmenienue nepe BOAONPUEMHON rajiepeeil BUpaKHbIX HAHOCO3AILUTHBIX
TTOPOTOB

7.7 YcTpOUCTBO MPOJI0JIBHOTO MPOMBIBHUKA B PA3ICIUTENIbHON CTEHKE IIIUTOBO-
TO OTBEPCTHSI PEYHOTO MPoJIeTa

7.8 YcrpoiicTBO 3a7HEN COPOCHOM CTCHKH BOJOIIPUEMHON TaJeper B BUIC BO-
JIOCIIMBA MTPAKTHYECKOTO MTPOQHIIS

7.9 BeinonHeHue ¢ YKJIOHOM IpeOHeil nepeqHe 1 3a{Heil CTeHKH BOJIOTIPHEM-
HOMU raniepeu

7.10 YcTpo#cTBO OTIETFHOTO 3UMHETO BO103a00pa Tepet BOTOTPHEMHOI rare-
peeit

7.11 Opranusanus KOHIEHTPUPOBAHHOTO cOpoca IIyTH Yepe3 BOJONPHEMHYIO
rajepero ¢ yCTpOHCTBOM Ha ee ITpeOHe AepeBsIHHBIX LIaHIOPOB U JOTKa

7.12 YerpoiicTBo Bomo0os ¢ KpeIUIeHHeM KaMHEM i OyTOOSTOHOM

Kupruszckuii Tun

8.1 MaccuBHBII HAHOCO3AIIMTHBIN MOPOT B BHJIE BOJOCIIMBA C IIUPOKUM TTOPO-
rOM, YCTpauBaeMblil Iiepesl BOLOIPUEMHON rajgepeen

8.2 BrimonHeHNe BHEIIHEH MOBECPXHOCTHU HAHOCO3AIIUTHOI'O TOpOra B BUAC
KOCOHaHpaBHeHHOﬁ CTCHKH

8.3 YeTpoicTBO (PPOHTATIBHOTO ITPOMBIBHHKA

TaHBIIAHECKUM THIT

9.1 YeTpoiicTBO aBaHKaMephl Y OEpETrOBBIX YCTOEB COOPYKEHUS C TIEPEXOI0M
BOJIONPHEMHYIO KaMepy

9.2 BeinmonHeHne HaHOCO3AIMUTHOTO ITOPOTa B BUJIE BOIOCIUBA C TOHKOI
CTEHKOI

9.3 Pa3mernieHne copoy/iepKUBAIOIINX PEIIETOK B OOKOBOM BOAOIIPHEMHOM
OTOJIOBKE PETYIISITOPOM

9.4 Pa3mMernienue MpoOMBIBHUKA B KOHIIE HAHOCO3AIIUTHOTO TTOPOTa

9.5 YcTpoicTBO (hpOHTATBFHOTO aBTOBOJOCIIBA BEpXHETo Obeda

9.6 YcTpoHCTBO B HU30BOM YacTH BOAOTPHEMHOM KaMepbl (PPOHTATBHOTO aBTO-
BOZOCIIHBA
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10

CoopysxeHust

C KOCOHAIPABICHHBIMU
UPKYISIIIHOHHBIMH
noporamu (KIIIT)

10.1 YcTpo#cTBO mepen BOAONPHUEMHBIMUA KaMepaMH KOCOHAIPaBICHHBIX
HAHOCO3AIIUTHBIX TOPOTOB JJIsl CO3AHMUS LIUPKYIISIIHOHHOTO BaJblia,
OTTAJIKMBAIOIIETO U TPAHCIIOPTHPYIOIIET0 HAHOCKI

10.2 YcTpoHcTBO HAHOCO3AIUTHOTO MTOPOTa, COCTOSILETO U3 MOBBIIIEHHO-
T'O ¥ HIJKHETO YYACTKOB (ITOBBIIICHHBIN YYaCTOK UMECT YKIIOHHBIH TpeOCHb,
a HIDKHHUY Y4aCTOK BBITIONHSCTCS C TOPU30HTAIBHBIM IPEOHEM )

10.3 ObopynoBanne B KOHIIEBOI YaCTH TTOPOTA MPOJOTHHO Pa3MEIICHHOTO
IIPOMBIBHHUKA

10.4 YeTpolicTBO B peUHBbIX MPOJIETaxX 3aTBOPA aBTOPETYISITOPA YPOBHS
BepxHero Obeda

10.5 YerpoiicTBO 3MMHET0 BOIOTIPHEMHHNKA TIEPEKPBIBAEMOTO 3aTBOPOM B CPE-
HEH 4acTH HaHOCO3AIIUTHOTO Mopora

10.6 YeTpolicTBO B HU30BOM YacTH BOJOIPUEMHON KaMephl KOCOHAIIPABIEHHO-
IO aBTOBOJIOCIIMBA;

10.7 Bo3MOXHOCTB MTPOBEICHISI HAHOCO3AIIUTHI TIPU TIOATOIUIEHHOM HCTeYe-
HUU Yepe3 HaHOCO3AIUTHEIN Mopor

11

CoopyxeHust

C BBIIIYKJIBIMH B IIJTaHE
HaHOCO3AIIUTHBIMU
HOpOraMH

11.1 YerpoiicTBo niepes; BOAOPUEMHON KaMEPOH BBIIMYKJIOTO B IJIAHE KPUBOJIU-
HEWHOTo rmopora

11.2 OauHAKOBHIHN YKIOH TpeOHs mopora

11.3 Mcnonp3oBaHue JBOMHOTO KPUBOJIMHEHHOTO BBIITYKIIOTO B IUIAHE
HAHOCO3aIIUTHOIO 110pOora

11.4 YcTpoiicTBO TPOMBIBHOTO TPAaKTa B KOHI[E HAHOCO3AIIUTHOTO ITOpora

11.5 YcTpoiicTBO MPOMBIBHBIX OTBEPCTHUIH B T€J€ HAHOCO3ALUTHOIO MOPOra

11.6 ITonuronansHas hopMa aBTOBOIOCIHBA BOIONPUEMHON KaMephl

11.7 YcrpoiicTBO MpOMBIBHOM rajieper B BOJOIPUEMHOM Kamepe

11.8 KomrekcHasiaBTOMaTH3anus BOg03abopa

11.9 Pa3mernienue crabmin3aropa pacxoa BoIbl B BOIOTIPHEMHUKE

11.10 Ucnonp30BaHue B IPOMBIBHUKE 3aTBOPA-aBTOMAaTa MPOMbIBA HAHOCOB

11.11 Ucnonp3oBanue BOMOOOMHBIX CTEHOK U 3aKPEIJICHHBIX 0y TOOCTOHOM
OTBOZSILIHUX PyCel

12

T'unposnepreTrueckuit
THT BO03a00PHOTO
coopyxenus (KPCY)

12.1 YeTpoitcTBO MPSIMONIMHEITHOTO IPOMBIBHOTO TPAKTa ¢ PPOHTAIHHBIM
IIPOMBIBHBIM OTBEPCTHEM

12.2 YcTaHOBKa CIIBOEHHOTO 3aTBOpPA B KOHIIE TPOMBIBHOTO TPaKTa

12.3 Pa3zmenienne NpuIOHHOTO OTBEPCTHS 3UMHETO BO/103a00pa B TPOMBIBHOM
TpaKTe

12.4 3arny0nenue nepeaHeil 4acTi NpOMEXyTOYHOTO ObIYKa IIPOMBIBHOTO
TpakTa

12.5 Crynenuarasi BOAOIIpHUEMHAs KaMmepa

12.6B aBTOBOZOCTNBE BOJOIIPUEMHON KaMephl YCTPOEH MPOMBIBHUK CO
C/ZIBOCHHBIM 3aTBOPOM

12.7 Ynanenune perynstopa OTBOASIIETO KaHala OT BOJOIPUEMHOTO OTOJIOBKa
B OEperoBoM ycroe

12.8 YcTpoIiCTBO COMPSATAOIIETo BOJOOOHHOTO COOPYIKEHUS B HIKHEM Obedhe

12.9 YerpoiicTBoM IIaHIOp HA TpeOHE TOMAHOTO B TUTAHE HAHOCO3AIIUTHOTO
mmopora (3UMoif)

12.10 YerpotictBoM ['-00pa3Horo ppi603amTHOro Ko3blpbKka Ha rpeOHe
HAHOCO3AIIUTHOI'O II0pora

12.11 Vcrionp30BaHue TOKAIHHOIN CXEMBI aBTOMATH3aIIMH MpoIecca Bomo3adopa

12.12 YcTpo#icTBO TOMaHBIX B MJIaHE HAHOCO3ALIUTHBIX TIOPOTOB
C IEPEMEHHBIM YKIIOHOM I'peOHs

s onpeneneHust oOMMX MPU3HAKOB MPUBEACHHBIX TUIIOB BOJ03a00pa HaMH OBLIO Ormpe-

JIeNIeHO, KaKhe MPU3HAKA NUMEET KaXKABIH U3 HUX C yYETOM 3aUMCTBOBAaHHBIX. C 3TOM 1EJIbI0 OBLIH
COCTaBJICHbI CTPYKTYPHBIE CXEMBI IIPU3HAKOB, ONPEACIIAIOIIMX COOTBETCTBUE IIPEEMCTBEHHOCTH
IPUHATHIX PEILIEHUH, KOTOpble NpuBeaeHbI B [Tpunoxenun 2.
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CocraBneHue CTPYKTYPHBIX CXeM, ONPENEISIONUX MTPU3HAKH Pa3IMYHbIX TUIIOB BOJ103a00-
pa, MO3BOJIMIIO TIOATBEPAUTD CIIEIaHHBIN PAHEE BBHIBOJ O JOMUHHUPYIOIIEH POJIU yCOBEPILIEHCTBO-
BaHHOTo THMa Pemeryaroro Bomo3abopa, KOTOpbI B COBOKYIMHOCTH DepraHCKUM THUIIOM MPENo-
npeaenus1 olliee HalpaBIeHUE COBEPIICHCTBOBAHNS KOMIIOHOBOYHBIX CXEM BOZ03a0OPHBIX I'M-
JPOY3JIOB JJIsl THAPOIHEPTETUUECKUX U UPPUTALlMOHHBIX cucTeM KbIpreiscrasa.

AHanu3 npeACTaBICHHBIX BbIIIE KOMIIOHOBOK BOZ[03200pa U3 TOPHBIX PEK U OMPEAEIISIOMINX
UX TPU3HAKOB TO3BOJIMI MPEAJIOKHUTH CXeMY KJIACCH(PHUKALIUU TUIIOB KOMIIOHOBOUHBIX CXEM BOJIO-
3a00PHBIX COOPYKEHUI U3 TOPHBIX PEK, KOTOpasi MpUBeeHa Ha pucyHke 1.32.

Ota kiaccuuKaiys onpeaesnseT CBI3b U3BECTHBIX KOMIIOHOBOUHBIX CXEM ITyTeM 3aUMCTBO-
BaHMS PALlMOHAIBHBIX MPEIIIECTBYIOMNX PeIIeHUH 1 pa3paboTKU MOCIEAyIoMuUX Oojee coBep-
IIEHHBIX KOMIIOHOBOK T'OJIOBHBIX COOPY>KEHUI TMIPOIHEPIETUUECKUX U UPPUTALMOHHBIX CUCTEM,
¥ MOXKET OBITh MCIIOJIb30BaHA JUIsl CUCTEMATH3allMH MaTepHAaJIOB MO CYIIECTBYIOIIMM HU3KOHAIIOP-
HBIM B0/103200pHBIM COOPY>KEHHUSAM H JUIs1 COBEPILICHCTBOBAHHUS OT/IEJIbHBIX SJIEMEHTOB U YCTPONUCTB.

1.6. PeryissumoHHbIe pad0THI M COOPY:KEHUS HA YYACTKAX PeK
NpHU Boxo3adope

Jlisa obecrieueHus: HOPMaJIbHOM pabOThl HU3KOHAOPHBIX IJIOTUHHBIX BOA03a00pHBIX CO-
OpYXEHHI Ha y4acTKaX peK rOpHO-MPEIrOPHOM 30HBI TOJIKHO ObITh CO3/IaHO M TMOAJIEPKUBATHCS
YCTOWYMBOE COCTOSIHUE BOJHOTO MOTOKA MPU YCTPOMCTBE PEryisLUOHHBIX COOPY>KEHUI U Mpo-
BEJICHUE PETYJSIHMOHHBIX paboT. DTO, mpexke Bcero, HeoOXOAUMO JJis HalpaBiIeHUs HY>KHBIX
00bEMOB BO/IbI K BOAOIPHUEMHBIM 3JIEMEHTaM OTBOASIIMX KaHaNoB. JlokHa ObITh OpraHn3oBaHa
3amuTa 6eperoB MOABOIALINX U OTBOJSIIMX PYyCe TOJIOBHBIX BOJI03a00OPHBIX THJIPOY3JIOB OT Iie-
pedopMupOBaHUs, U PETYIUPOBAHUE PEKUMOB JIBHUKEHUS PEUHBIX HAHOCOB, IJIABAIOLIET0 Mycopa
Y TIYTOJIEOBBIX 00pa30BaHUi B 00JIaCTH TTPOBEICHUS TpoIecca Bogo3adopa.

[IpoBenenue »TUX oreparuii MOKHO BBIMIOJIHUTD C TOMOIIbIO KOMILIEKCa MEPONPUATHH, OX-
BaTHIBAIOIIMX TOHATHE «PETYIUpOBaHuEe pycen pek». OHO MpelycMaTpuBaeT MEpbl HHTEHCUBHOTO
BO3/IEMCTBUSI HA PEYHOM MIOTOK C LIEJIbIO €ro YHOPSAOUYECHUS U JOCTHKEHUS (HOPM U XapakTepa Te-
YEHUH, OTBEUAIOIINX TPEOOBAaHUSIM O0TOOpA M3 PEKH HEOOXOIMMOTO KOJIMUECTBA BOJIBI 3aIaHHOTO
kauectna [133].

WuxeHepHble cpecTBa BO3EHCTBUS, KOTOPBIMH 33JJal0TCS HEOOXOIMMBIE CTPYKTYPBI peu-
HBIM [TIOTOKaM, OTHOCSITCSI K PETYJISILIMOHHBIM COOPYKEHUSIM UJTH PEryNIILUOHHBIM padoTaM.

[IpakTHKa NOKa3bIBAET, YTO PETYISILIMOHHBIE COOPYKEHHS U paOOTHI SBIISIOTCS CBS3YIOLIUM
3BEHOM MEXIY MCKYCCTBEHHO CO3/1aBa€MbIMH YCIOBUSIMHU BO/103a00pa U MPOSIBIICHUSIMU €CTECT-
BEHHBIX YCJIOBUH PEYHBIX PyCElL.

Perynsiinonnble coopyskeHHs ¥ pabOThI MOTYT OBITH IOJpa3/ieNIeHbI Ha CEIyIoLe BUIbI [35]:

1) BBIIIpaBUTENIbHBIE COOPYKEHUSI U paOOThI, LIETIbI0 KOTOPHIX SBJISIETCS MpUJaHue HE00X0-
JUMBIX OPM PEUHOMY PYCIy, YIIOPSAI0YEHIE OCHOBHOIO TE€UEHUSI U TOOOUYHBIX PYKaBOB PEKH IS
obecrieueHust TOCTOSTHHOTO BO/03a00pa B OTBOMASIINNA KaHaI, O0pb0a ¢ HAHOCAMU, TUTABAIOIITUM
MYCOPOM U IIIyTOM, UCKITIOUE€HHE Oy AaHUH PEYHBIX MTOTOKOB U T. I1.;

2) 3alllMTHBIE COOPYXKEHHSI M padoOThl, MpEANPUHUMAEMbIe JJIS 3alllUThl OT pa3pylICHUs
THJIPOTEXHUYECKUX COOPYKEHUH BOJI03a0OPHOI0 yCTPOMCTBA, 3aTOIJICHUS M MOJMbIBA KaHAJIOB
U KyJIBTYpPHBIX 3€MeJb, IPUIETAIONINX K TOJIOBHOMY YYacCTKY;

3) peMOHTHBIE Pa0OThI 10 BOCCTAHOBJICHHUIO Pa3pyLICHHBIX U MOBPEXKICHHBIX YaCTEH BbI-
MIPABUTENBHBIX U 3aIIUTHBIX COOPYKEHUH;

4) aBapuiinble pabOThI, IPEANPUHUMAEMBIE IS MIPEAYNPEXKACHUS OOHAPYKUBAEMBIX I10-
BPEXKJIEHUH U JUIsl BOCCTAHOBJICHHUS Pa3pyIllIaeMbIX YacTel BbIIPABUTEIbHBIX U 3aIIUTHBIX COOPY-
KEHUH B IpoLiecce ux JeHCTBUS (BO BpeMs MaBoOAKa U T. I1.).
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Pucynox 1.32 — Knaccngukanust THIIOB HU3KOHAIIOPHBIX IUIOTHHHBIX BOJI03a00PHBIX COOPYKEHUI Ha TOPHBIX peKax




B cBor0 ouepens peryisauuoHHbIE COOPYKEHUS oapas3nesstoT [35, 133]:

a) MO YCIIOBHSIM PACIIONIOKEHUSI COOPYKEHUH B OTHOLIEHUH PEYHOTO MOTOKA — Ha TPOJ0Ib-
HBIE, TIOTIepeyUHbIe (AaMOBbI, IITIOPBI, OyHBI);

0) 110 KOHCTPYKTHUBHBIM 0COOCHHOCTSIM — Ha CIUIOIIHbIE (MACCUBHBIE), CKBO3HBIE, CIICIIHATb-
HbIe 1 KOMOMHUPOBaHHbIE;

B) IO MPUMEHSEMBIM MaTepHajiaM — Ha COOPY>KEHHsI U3 MECTHBIX I'PYHTOB, OyJIbDKHbIE, Ta-
OMOHHBIE, CUMaliHble, KAMEHHOHAOPOCHBIE, a TAK)Ke KOMOMHUPOBAHHBIE;

I') IO CpOKaM JIeHCTBUS — Ha MIOCTOSIHHBIE U BPEMEHHBIE.

OOBIYHO U151 CO3IaHMS U TTOJJIEPKAHNSI HEOOXOIUMOI'0 COCTOSIHUS PYCIIOBOIO IIOTOKA B 00J1a-
CTH BOZ103a00pa, B COCTAB rOJIOBHOTO T'MPOY3J1a BBOJST 3apeTyIMPOBaHHbIN (KaHAIN3UPOBAHHBIH)
YYaCTOK PEKH MPOTKEHHOCTHIO, 00eCIIeUMBaIOIIEeH MPeAynpekIeHHE MTPOLECCOB epedhopMUpo-
BaHMS peuHbIX pyced. [Ipu 3ToM pa3nuuaroT NoABOIAIINE U OTBOSIINE 3aperyIMPOBAaHHbIE pyca.

OTBopsLIME 3aperyTUpOBaHHbIE OTBOASAIINE PyClia Pa3MEIIAloTCs HIKE BOIONPHUEMHHUKA
OTBOJISAILIETO KaHaja, MPeAHa3HAuya0TCs JUIsl MIPEeaYyNPEeKACHUs 3aBaia THAPOy31a TPAH3UTHBIMU
PEYHBIMH HAaHOCAMHU CO CTOPOHBI HWKHETO Obeda U JUIsL 3aIlIUTHI OT MOJMBbIBA PEYHBIM MTOTOKOM
TOJIOBHOM YacCTH OTBOJSILETO KaHaja.

PerynsiuoHHbIe COOpY)KEHUsI, yCTparuBaeMble Ha BOJI03a00pHBIX THAPOY3JaX, MOIYHMHEHBI
IJIaBHBIM 00pa3oM TpeOOBaHUIM MPOITyCKa MaKCUMaJIbHBIX PacXoi0B (pycaopopMupyIoImux), pe-
TyIUpOBaHus cOpoca JUIIHUX 00BEeMOB BOJIBI M MOAJEPKAHUS YCIOBUI KOMaHIOBaHUS OTMETOK
YpOBHEH BOJbI TIEpel BOJOIPUEMHUKOM HaJ OTBOJSAIIMMU KaHAJIaMH.

Ha npearopHsix yyacTkax peK B 3aBUCUMOCTHU OT IIMPUHBI TOMMBI, yCTOWYMBOCTH WM OTy-
JKJIaHUS PycCIia, BEIMYUHBI U MPOLIEHTA BOI03a00pa NpUMEHIEMbIE CXeMbI PETYIISILIMOHHBIX COOPY-
YKEHUH MOTYT OBITh JIByX BHJIOB:

» TpocTeiine cxembl (peryssiiiMOHHbIE COOPYKEHUS U PadOThl, OTPAHUUYMBAIOLINECS TOJIBKO
npezaesaMy BXoJa U TOJIOBHOM 4acThiO KaHaa);

» KOMIUIEKCHBIE CXEMBI (PETyIISILIMOHHbBIE COOPYKEHUsSI U paboThI B pycie peKHd U Ha TOJOBHOU
YacTH KaHaja).

[TpocTeiiine cxembl pyCcIOBOTO PETyIMPOBAHUS IPUMEHUMBI PU OECIITIOTUHHBIX BO103a-
00opax Ha OTHOCHUTEJIBHO YCTOMUMBBIX yUaCTKaxX peK Majoil MOHMEHHOCTH, KOTJla MAaKCUMAaJIbHBIN
k09 duument Bogozadopa o, He npesbimaet 0,2. Perysasunonnbie paboThl IPOU3BOAATCS Ha BXO-
JIe B BOJIOTIPMEMHUK KaHajia Ui cOpoca, Ui OJJHOBPEMEHHO B 000UX CTBOpax. B 3aBucumoctu ot
HAJINYMS WIM OTCYTCTBUS MOCTOSIHHBIX (MHXEHEPHBIX) BOA03a00PHBIX COOPYKEHUH, peryssiu-
OHHBIE YCTPONCTBA UMEIOT pa3IMYHBIN XapakTep U 00b-
eMbl — B TIEPBOM CJIy4ae OHU SIBJIAIOTCS HEOOXOTUMBIM
JIOTIOJTHEHUEM K MOCTPOCHHBIM COOPY)KEHUSIM (3aluTa
OT pa3MbIBa JTHa ¥ OEperoB Npu BXOJ€ B KaHAJI, THPaB-
JIMYECKUN CMBIB OTJIOKEHUI HAHOCOB U T. I.), @ BO BTO-
POM — 3aMEHSIOT OTCYTCTBYIOIIME COOPYKEHUS, K HUM
OTHOCATCS BOPOTHHUKH, ITOPOTH, MEPEMBIYKH, COPOCHI
u T. . Ha nmpearopHeix yyacTkax pek, I7ie MposiBIseTcs
Onyxnanue pycen, aedopmanus O6eperoB, OTMHUpaHUE
PYKaBOB U CBaJIbl IOTOKA B HOBBIX HAINPABICHUSX, IPH-
MEHEHHE MPOCTEHIINX CXeM PEeryJsLMOHHBIX COOpYXKe-
HUI ABJISIETCSA UCKITIOYCHHUEM.

KoMmnekcHble cXeMbl (pHcyIv{OK 1.33) co3pmarores Pucyrok 1.33 — Cxembl HOZBOAIIX pycer,
B PE3YIbTATE YCIOKHEHHS IPOCTENUIINX CXEM PYCIOBBI-  BHINONIHEHHBIX (a) CILIOLIHBIME TIPOOJIbHBIMHA
MU COOPYKEHHSIMU TIPU YBEJIUYEHUU 0OBEMOB BOAOIO- ﬁgbgggfnge(gM%iiegejnfgr; eni:;ga;g; % .
Tpebiennst. OHM NPUMEHUMBI KaK NPU OCCIUIOTHHHBIX, 3 _ pompopsiee pycio; 4 — Tpacca BBIPAB-
TaK W MpU IUIOTHHHBIX BOJ03a00pax, Korgaa obecriede- —JICHHOrO pycia; 5 — o0BajoBaHHE; 6 — KaHATI
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Tabnuua 1.9 — PexomeHngoBaHHbIE KOHCTPYKLMH CTAOMIM3aTOPOB pacxo/a BOJIbI JJIsl yCTPONCTBA

B BOAONPHUEMHBIX Or0JIOBKAaX HU3KOHAIIOPHBIX INIOTUHHBIX BO,Z[O38,60prIX COOpy)KCHIdl?I

n/m

Ha3Banue KOHCTPYKLMH, IPUHLIMIT JEH-
CTBUS

Cxema ycTpoiicTa

Onucanne KOHCTPYKIINU

[Ipunuun neincTeus

CTa6I/IJ'II/ISaTOp pacxona ¢ HBOﬁHBIMH
HAKJIOHHBIMH CTCHKAMU KOHCTPYKIHU
((CpCHaSFI/IHPOBO[[XHOHOK»

1 — BoJOnIpueMHBIN OT0JI0BOK;

2 — TOHHBIN NOpOT; 3 — BOIONPH-
eMHOe OTBepcTHue; 4 — MIIOCKUN
3aTBOP; 5 — HAKJIOHHBIE CTEHKU

OcHoBaH Ha YBCJIWYCHUU T'U-
APaBINYCCKUX COHpOTI/IBHGHI/Iﬁ
Ha JOHHOM IOpOre

Crabunmu3arop pacxosia BOIbl KOHCTPYK-
uuu f.B. boukapesa, A.C.JIlyroBoro

1 — xopoGUarkIif muT; 2 — Ha-
KJIOHHas pama; 3 — py4HOi 1pu-
BOJ; 4 — IUIOCKUI 3aTBOP

OcHOBaH Ha H3MEHEHUH CO-
MPOTHUBIICHNUS TIPH UCTCUCHUHT
U3-TI0]] IIUTa 0OpaTHO MPOTIOp-
IIMOHAJIBHO KOPHIO KBaIPATHOMY
JIEWCTBYIOIIETO HATIopa




SS

MonaynbHblii Bogosbltyck Kanna

B ™

1 — BomocnuB; 2 — 3abpanpHas
CTCHKa; 3 — HAaKJIOHHBIE TPYOKH;
4 — BOIOTIOIBOIAIIIICE OTBEPCTHE

OcHOBaH Ha H3MEHEHHUH COIIPO-
TUBJICHUS TPYOOK 0OPaTHO TIPO-
MOPLHOHAILHO KOPHIO KBa/IpaT-
HOMY M3 JAEHCTBYIOIIErO Haropa

Konctpykmus crabunmsaropa pacxoaa
BOJIBI THIIA CTYTICHYATHIH CEKIIMOHHBIN

rxopo6uarsrnif mut (CCKIL)

1 — BUHTOBOI1 ITOABEMHHUK; 2 —
MJIOCKUH 3aTBOP; 3 — 3aKJIaHbIe
QIIEMEHTEHI; 4 — IIPOTOYHEIC
Kopo0a; 5 — pazaenuTeThHbIe
pebpa; 6 — mepemHss CTyIeHYa-
Tas CTEHKA; 7 — KPUBOJIMHEWHBII
KO3BIPEK

OCHOBaH Ha MMOCTOSTHHOM H3Me-
HEHUH KOA(PPUIMEHTA BEPTU-
KaJILHOTO C)KaTHs 10 IMPUHE
HPOJIETa MPU TO0YEPETHOM
BKJIIOUCHUH CEKLMI 3aTBOpa

B paboTy (C yBeIMUCHHEM HaIlo-
pa BOIBI B BepxHEM Obede)




HHUE KaHana BOJOW TpeOyeT MpOM3BOACTBA PETYIALMOHHBIX PadOT B pyciie peKd U B Iperenax
TOJIOBHOM YaCTU KaHaud.

[Tocnennee nMeeT MECTO Ha HEYCTOMUMBBIX peKax O0JbIION MoiiMeHHOCTH pH ko3 duiu-
enre Bono3abopa a, = 0,8 u Gosee.

AHanu3 npuMepoB NpaKTUKU Boj03abopa u3 ropHsix pex Kvipreiscrana [18, 21] no3Bons-
€T cIesaTh BBIBOJ, YTO Haubosee pacripoCTPaHEHHBIMHU 3JE€MEHTAMH 3allUTHO-PETYISIIMOHHBIX
COOpYKeHHUH, MMEIOLMMH HIMPOKYIO 00JIaCTh MPUMEHEHHUS, SIBJISIOTCS CIUIOLIHbIE (MAaCCUBHBIC)
naMOBI, KOTOpbIe cOCTaBISIOT 0koJI0 40—-60 % 0T 06111ero 00beMa BHITOTHIEMbIX PETYISIIMOHHBIX
pabot nipu Bogozabope.

C nomouIb0 MacCUBHBIX JaMO peIIatoTcs CleAyIoue 3a1a4n perynupoBanus [35, 172]:

1) u3meHeHue (OTKJIIOHEHUE) TUHAMUYECKON OCH MOTOKAa B OCHOBHOM pyciie U MOOOYHBIX
pyKaBax;

2) 3aKpbITHE IPOTOKOB U COCPEOTOUECHUE TEUECHHUSI B OCHOBHOM PYCIIE;

3) paccpenoToYeHHE MOTOKA M OTBOJ MAaBOAKOBBIX BOJ OT BOJ03a0OPHBIX COOPYKEHHMH
U MECT, TIO/IBEP>KEHHBIX MTOJIMbIBAM,

4) cxxatue pycia pekd U puIaHue eMy HeoO0X0uMoi (hopMBI ¢ 1IeNbI0 yriryOnenus, g dex-
TUBHOU OOpBHOBI C HAHOCAMH M YITYUIICHHUS YCIOBHH Bogo3abopa (0Opa3zoBaHue 3aperyIupoBaH-
HBIX MOJBOJISIIUX PyCe);

5) ycTpoiicTBO U 00bEMHEHNE HEMH)KEHEPHBIX BO103a00PHBIX COOPYKEHUH;

6) peryiupoBaHHe pacxo/l0B BOABI 1 HAHOCOB B TO/IBOJISIIEM pyCIIe, B FOJIOBE KaHajla M Ha
COpPOCHBIX YCTPOMCTBAX, a TAKXKE IO JJIMHE KaHAla U B HIKHEM Obede coopyKeHUil;

7) 3aXBar BOJbI B IEPUOJ] MAJIOBOAbS (MEXEHH) U 3UMOM;

8) 6opn0a ¢ OTII0KEeHHEM HAaHOCOB B 3apeTyJIMPOBaHOM TOIBOSIIEM PYCII€ U B TOJIOBE KaHAd,

9) 3amuTa 1 yKpemieHne O6eperoB peku B BEpXHEM U HIDKHEM Obedax Bo103a00pHOTO COO-
PY’KEHUS U T. II.

[Tpy KOMIIJIEKCHBIX CXeMaxX PEryJlupoBaHMs pycel, 3ajada o0ecredeHns HaJe)KHOTO BOAO-
3a0o0pa pemraercsi ¢ MOMOIIBI0 YCTPOUCTBA MACCUBHBIX MPOJOJIBHBIX U MOMEPEYHBIX JaMO WM
KOMOMHUPOBaHUEM 3TUX JIBYX BUJIOB COOPYKECHHIA.

B ycioBusix nmpeAropHbIX y4acTKOB PeK JEHCTBHE Ha MOTOK MPOJIOJBHBIX JaMO, BBINOJ-
HEHHBIX U3 Pa3IMYHbIX MaTepHanoB (MECTHBIN IPYHT, OyJIbDKHUK, TaOMOHBI, KAMEHHasi Habpocka
U JIp.), MaJIO YeM OTJINYAETCS OT MOCTaBJICHHBIX TOJ1 YIVIOM K HallpaBJICHUIO TedeHus. B To ke Bpe-
M1 IOTIEPEYHbIE 1TaMObI 00J1a/1a0T SIBHBIM [TPEUMYILIECTBOM B KOHCTPYKTUBHOM, U SKOHOMHUYECKOM
OTHOLICHUAX MEPEe MPOIOIBHBIMH, TaK KaK UX MO>KHO BO3BOAMTH 1oodepeiHo. [Ipu npuMenennn
HOIEPEYHBbIX AaMO OTHOCUTENIBHO MPOCTO UCHPABIISAIOTCS OLMIMOKHU, JOMYIICHHBIE IPU Ha3Haye-
HUH TPacChl BHIIPABICHHOTO pycia (yAJMHEHNEe WIK COKpalleHue). PaccuutreiBaroTest 3Tu 1aMObl
Ha COCPEJOTOUYEHHOE JeHCTBHE MOTOKA HA KOPOTKOM Y4acCTKe TOJIOBHOW YacTU COOPYKEHHUS, B TO
BpeMs Kak MPOI0JIbHbIC JaMObl TIPU HEYCTOHYMBOM (OJTy>KAAIOMIEM) TEUEHUU PEKH JIOJIKHBI BbI-
JIepKUBATh JICHCTBHE CBaJla TEUCHUSI HA BCEM MPOTSHKEHUHU OT KOPHS 10 TOJIOBHON YacCTH.

Crnenyer OTMETUTh, YTO Ha YCTOMYMBBIX YYacTKaX PEK WM IMPH JIByXCTOPOHHEM C)KaTHU
pyciia IefiCTBHE CBAJIOB ITOTOKA Ha COOPYKEHUS 3HAUYUTEIIBHO 0CIa0IIAeTCsl, HOITOMY TpeOOBaHHUS
K KOMIIOHOBKE IOCJIEIHUX U UX IPOYHOCTU HECKOJIBKO CHIXKAIOTCS (PACCTOSHUS MEXKIY IITIOPAMHU
YBEJIMYMBAIOTCS, 3aTyOJIeHHEe OCHOBaHMS KpPETUICHHsI 1aMO YMEHBIASTCS U T. [1.).

B HacTosiiee BpeMsi pa3BUBaeTCs HANPABICHUE KOHCTPYHUPOBAHUS PETYIISAILMOHHBIX COOPY-
KEHUH, CBOJIIEECs K UCIIOJIb30BAHUIO CKBO3HBIX (TETPadIphl, CBaifHbIe AaMObl M IINOPHI, IJIa-
ByYH€ CETKH, O1ouHble cOOpHbIe coopyskeHus V.1, Xepxeynuase) U cienuanbHbIX KOHCTPYKIIMNA
(el M.B. IloranoBa, uCnoab3yeMbl€ B BUIE CTPyEHAIPABISIFOIIMX LIIIOP U 3aUIUTENEH, Ape-
BECHBIE HACAXKACHUS), MIPUMEHSAEMBIX IIPU PELICHUU 3ajia4y Boj103abopa, 3amuTe OeperoB U mpu
OCYULIECTBIIEHUHU BBIIPABUTEIbHBIX MEPONIPUATUI Ha pekax [35].
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1.7. Ctabuausaropbl pacxoaa BoAbl

CoBpeMeHHbIE YCIOBUS HKCIUTyaTallud THIPOIHEPTETHUECKUX M UPPUTAIIMOHHBIX CUCTEM
OIPEEIISIOT BBIMOJHEHUE 3JIEMEHTAMU BOJI03a00pHBIX COOPYXKEHUH psiia 3ajad, TpeOyomux
OIEPAaTUBHOCTH M TOYHOCTHU TOJIOBHOTO BOJIOPACTIPENICICHNUS, YUeTa 3a0UpaeMbIX 00bEMOB BOJIBI,
KOTOpBIE TTPOU3BOASITCS C MOMOIIBI0 CTAOMIN3aTOPOB pacxona Boabl [170]. Mcxoas u3 TexHude-
CKHUX YCJIOBUH M TpeOOBaHU, IPEABSABISEMbIX K PEryIsSTOPaM pacxoa BOJOIPHUEMHBIX HU3KOHA-
MOPHBIX TUIOTUHHBIX BOJ03a00PHBIX COOPYKEHUH M3 MaJIbIX TOPHBIX PEK, pa3paboTaHbl pa3ind-
HbIE€ KOHCTPYKIIMU CTa0MIN3aTOpOB pacxona Boabl [ 147, 148], KOHCTPYKIIMM KOTOPHIX IPUBEICHBI
B Tabmuue 1.9.

AHanu3 TEXHUYECKUX XapaKTePUCTHK MPEACTABICHHBIX KOHCTPYKIMHA CTaOMIN3aTOPOB pac-
XOJI0B BOJIbl, TO3BOJIMJI BBISIBUTH CIIEAYIOIINE UX HeaocTaTku [79, 95, 97]:

» TOYHOCTH CTAOMJIM3AIMU PACXO0/a BOJbI B pACUCTHOM JMANa30HE U3MEHEHUS YPOBHEH B BepX-
HeM Obede He Oonee yeM +5 %, YTO HEAOCTATOYHO IS YCIOBUS BBIOJIHEHUS UM (DyHKIUN
BOJIOMEPHOTO YCTPOICTBA TPeOYIOIEro TOYHOCTH U3MEPEHU pacxo/ia Mpy BOJOINOga4Ye B CH-
cremy +3 %;

» TpOTOYHBIE KOpoOa cTaOUIN3aTOPOB YACTO 3a0MBAIOTCS IUIABAIOLIMM MYCOPOM U MIIUCTHIMU
yacturiamu. Kopoba cocTosT U3 HEMOABMKHO Pa3MEIIEHHBIX OTHOCUTENILHO IPYT Jpyra 3je-
MEHTOB. DTO YCIOKHSAET UX OYUCTKY, a MHOTIA TpeOyeT MpeKpalleHus npouecca Boio3adopa;

»  TOBBIIICHHAs METANIOEMKOCTb U CIIOKHOCTh U3TOTOBJICHHUS;

» HEeNpUCIOCOOIEHHOCTh KOHCTPYKIMH CTaOMIM3aTOPOB K 3UMHEMY PEXHUMY SKCIUTyaTalluH.

Jlnst ycTpaHeHus! ONMCAHHBIX BbIIIE (DaKTOPOB MPH BO03a00pe U3 TOPHBIX PeK HAMU ObLia
pa3paboTaHa KOHCTPYKLHS YCOBEPIIEHCTBOBAHHOIO CTAOMIN3aTOpa Pacxoda BOJBI Ui yCTPOM-
CTBa Ha HU3KOHATIOPHBIX IJIOTHHHBIX BOJ03a00pHBIX COOPYKEHUH U3 TOPHBIX pek. TexHuueckue
XapaKTePUCTUKHU MpeAiaraéMoi KOHCTPYKIIMU TPUBE/ICHBI HIDKE.
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2. TEXHOJIOI'HYECKHUE U TEOPETUYECKHUE OCHOBBI
BOAO3ABOPA U3 I'OPHbLIX PEK
BI'MIPOSHEPI'ETUYECKHUE U UPPUTALITMOHHBIE
CUCTEMBbI

2.1. TexHOJIOTHYECKHH MPoOLECC BOL03200pa U3 TOPHBIX pPeK
B FHAPO3HEPreTHYeCKue U MPPUrauiMOHHbIE CHCTEMbI
TOPHO-IIPEATOPHON 30HbI

ITo onpenenennio A.B. @unonunkosa [172] mox TepMUHOM «BO103a00P» MMOHUMAETCS TEX-
HOJIOTUYECKUI MPOIECC, KOTOPBIA COCTOUT U3 COBOKYIHOCTH TEXHOJOTHYECKUX OIEepaluii, xa-
PaKTEPU3YIOLIUX OMPEeAeSIEHHYIO YacTh 3TOTO Mpoliecca.

Llenbto Bomo3abopa M3 TOPHBIX PEK SIBISETCA IMO/iadya IMOJIb30BaTeNIIM MU MOTPEOUTENSIM
TpeOyeMOoro KoJIM4YecTBa BOJBI 3a/laHHOTO KadecTBa. [Iporecc Bogo3abopa nepBoHA4anbHO ObLI
OCHOBAH Ha BBITTOJIHEHUHU CIIEAYIOMINX TEXHOJIOTHYECKUX onepanui [172]:

» HeoOXOAMMOCTBIO OpraHW3alMH YHOPSIOYSCHHOTO THUAPOTPAHCIIOPTA TBEPHABIX COCTABIISIO-
HIMX PEYHOTO MOTOKA MO 33JaHHOMY aJTOPUTMY ACUCTBUN C BO3MOXKHOCTHIO MPUMEHEHHUS
KOMOWHAIIMI pa3InYHBIX CITOCO00B cOpoca — TpaHCc(hy3uu (COpPOC U3IIUIIKOB BOJIBI P TIEpe-
JMBE Yepe3 TpebeHb aBTOBOAOCINBA) U aJanTaluu (COpOC M3IUIIKOB BOJABI ITyTEM MaHEBPU-
POBaHMSI 3aTBOPAMHU BOJIOCOPOCHBIX YCTPOUCTB);

» TOTPEOHOCTHIO YBEIMYCHUSI cOpachIBAEMBIX 00OBEMOB BOJIBI JIJIsl TPOBeIeHUs 3D (HEKTUBHBIX
IPOMBIBOK Obe()OB U TPAH3UTA TBEPIBIX COCTABISAIONUINX, IPU YCIOBUH CHUXKEHHUS 00BHEMOB
BOJIOTIO/IaYH WJIHM MPEKPAIleHUsl BOIOOTOOPA.

COpoc HeoOXoaMMBIX 00BEMOB BOIbI, KaK JACHCTBHE, MPOSBISIETCS MPU BCEX MEpEeUHCIIeH-
HBIX TEXHOJIOTUYECKUX OMEPALIUAX.

[Tpu 5TOM OCHOBHBIM PE3YJBTAaTOM COpOCa HEOOXOAMMBIX 00OBEMOB BOJBI B HIKHUN Obed
BOJI03a00PHOTO COOPYKEHHUS, KaK OIEepalMy IMpoliecca Boao3adopa, SBISIETCS] CO3aHue paruo-
HAJIbHBIX THAPABIMYECKUX CTPYKTYP BOJHOTO MTOTOKA JIJIS MTOAIEPKaHUs paCUETHBIX BEIMUMH Ha-
MOPOB B BepXHEM Obede U THIPOTPAHCIIOPTA TBEPIBIX COCTABISIONINX B 00XOA BOIOTPUEMHBIX
OroJIoBKOB. [Ipu 3TOM TrHIpOTpaHCTIOPT B PaBHOW CTENEHH HEOOXOIMMO 00eCcrieuuBaTh Kak B Obe-
dax coopyxeHHsl, TaK U B TOJBOISIINX U OTBOJSIINX 3apPETyIUPOBAHHBIX pycliax.

[IpoBeneHHBIN aHAINU3 JTUTEPATYPHBIX UCTOUHMKOB [33, 34, 141] nokasan, 4To omepanus
pBIOO3AIIUTEI IPU BOA03a00pe HE TapaHTUPYET MUTPALIUU MTPOXOJHBIX U MOTYTPOXOAHBIX BHI0B
PBIO MO peKe MPU pacCMOTPEHUH IIIOTUHHBIX COOpYykeHuH. [I0cKkobKy O CBOEMY OMpeAesIEHUI0
PBIOO3AIIUTHBIE COOPYKEHUS CIY>KAT TOJIBKO JUIsl IPEJOTBPAIlCHUs ONadaHus PHIO B BOAOIPH-
€MHUKH, OTACHBIE 30HBI AEKTPOCTAHIINHI U BOJOCOPOCOB. DIEMEHTHI PHIOO3AIUTHI TAKKE MOTYT
OBITh YCTPOCHBI B HIDKHUX Obedax peyHBIX y3JI0B JJIS MOBBIIEHUS d()(PEKTUBHOCTH PHIOOIPO-
MYCKHBIX COOpYKeHuit [34].

B cBoro ouepenp, ycTpoiCcTBO phIOOMPOMYCKHBIX COOPYXKEHHM o0ecreunBaeT TPaHCIOPT
WM TIpOIyck oco0eit prIO 1Mo peke B MepHo MX HepecTa U cKaTa. JTo MpeanoaaraeT yMeHbIIeHHe
BJIMSIHUSI @aHTPOTIOTEHHOTO BO3/ICHMCTBUS Ha SKOJOTHYECKYI0 OOCTAHOBKY B paiioHe Bojo3abopa,
YTO MOJATBEPKIAET HEOOXOAMMOCTh BBEICHHUS B MPOIIECC BOA03a00pa U3 TOPHBIX PEK OTAEIHHOU
TEXHOJIOTMYECKOM OTepalinu B BUE PhIOONPOIyCKa.
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Pucynok 2.1 — CtpykTypHas MoJiesb Ipoliecca Bog03abopa U3 TOPHBIX peK
C TTOMOIIBIO HU3KOHATIOPHBIX TUIOTHHHBIX BOZ03a00PHBIX COOPYKEHUH

[TpuBenenHoe 000OCHOBaHKE OMpeENEsieT HEOOXOAUMOCTD JIOTIOJIHEHHUSI N3BECTHOM CTPYK-
TypHOU Mozenu mporecca Bogo3adopa [172]. Ilpemiaraemasi CTpyKTypHasi MOZAEIb, C yU€TOM U3-
MEHEHUH, IIpe/icTaBlIeHa Ha pUCyHKE 2.1.

JlaHHas MOJENb MOKET PACCMAaTPUBATHCA KaK aHAJIMTUYECKUH alllapar, OIpeIessSoInn ue-
PapXHIo U CBS3b MEXKIY 3JIEMEHTaMH CHCTEMBl. B mocneayromeM oHa OyAeT HCIOIb30BaHO MPH
pa3paboTKe yCOBEPIICHCTBOBAHHBIX KOHCTPYKIIMKA BOJI03a00PHBIX COOPYKEHHHA.

C6poc HeoOXOMUMBIX 00BEMOB BOJIBI — OIHA M3 OCHOBHBIX OINEpaluid, ONpenesomas pa-
060TOCIIOCOOHOCTH IUIOTUHHOTO BOA03a00pa U3 TOPHBIX pek. i ee oCcyIiecTBICHUsT HEOOX0MMO
MIOCIIEIOBATEIIEHOE BHIMOJIHEHUE CIIEAYIOUINX JICHCTBHIA:

» COCpEIOTOYCHHE U CTPYKTYpUPOBaHHE HEOOXOTUMBIX 00BEMOB BOIBI B BEpXHEM Obede co-
OpYKEHUS;

» TPaHCHOPT HEOOXOIUMBIX 00BEMOB UEpPE3 AEMEHTHI MTOJIIOPHOTO CTBOPA B HIKHUIM Obed co-
OpYKEHUS;

» compsbkeHue 0be(oB COOPYKEHHUS;

»  0TBOJ HEOOXOIUMBIX 00BEMOB BOJIBI 3a MPEEIIbl THIPOY3Ia.

BrInonnenne Kaxaoro U3 3THUX ASUCTBUM TpeOyeT MpHUBICUEHHS ONPEAETICHHBIX CIIOCO00B.
C nenpio cucTeMaTu3ali paccMaTpuBaeMoro MaTepHrasia HaMu ObLT OPEe/IeIeH COCTaB CIIOCO00B
U [IPUEMOB BBITNIOJIHEHUS ACUCTBUI NIPpU OpraHu3anuu cOpoca HeOOXOAMMBIX 0OBEMOB BO/IBI KaK
OT/IEJIbHOM TEXHOJIOTHYECKON ONepaluu, KOTOPBIN IpuBeieH B Tabnure 2.1.

Texnonornueckas oneparys pplOONpoIycKa MOXKET ObITh pa3JieieHa Ha J1Be (a3bl, KOTOphIE
IPOSIBIISIFOTCS TIPH MOJHATUN PhIO B BEPXOBbS PEK HAa HEPECT U MPH UX CKaTe MOCIe HepecTa B J10-
JIMHHBIE YYaCTKH PeK, 03epa 1 Bogoxpanuiuina. [Tpu stom B kax 10 u3 pa3 HeoOX0IUMO HCTIONb-
30BaHUE ONPEACIEHHOTO COCTaBa ACHCTBUM.

Opranu3zanus TeXHOJIOIMYECKOH onepaluu peIoonpoiycka npeacrasieHa B [Ipunoxennu 3.
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JlononHeHns: U3BECTHOM CTPYKTYphl OpraHU3alMy Ipoliecca Bojo3adopa MO3BOJAT IMpPO-
U3BOJUTH BBHIOOP HEOOXOAMMBIX MPUEMOB ISl PALMOHATIBHOIO OCYLIECTBICHHS ONPEIEICHHOTO
COCTaBa TEXHOJIOTUYECKUX ONEPALUii C yIeTOM 0COOEHHOCTEH MECTHBIX YCIOBHUI. DTO MO3BOJIUT
Oonee TOUHO CHOPMYIUPOBATH PEKOMEHIALIUH 10 SKCIUTyaTalliH IPOEKTUPYEMOT0 BO103a00pHO-
IO COOPY’KEHHUS U MAaKCUMAaJIbHO PEAJIN30BaTh UX Ha MPAKTUKE C LENBIO CO3JaHUs PALlMOHAJIBHBIX
THJIPABINYECKUX CTPYKTYp ITOTOKA B BEPXHEM U HIKHEM Obedax.

2.2. OCHOBHbIE HEIOCTATKH U3BECTHBIX KOMIIOHOBOYHBIX CXeM
OpPraHu3aluyu BoA03a00pa U3 rOPHBIX PeK U MyTH
COBEPIICHCTBOBAHUS TEXHUYECKHUX XapaKTePUCTUK
B0OJ103200PHBIX COOPYKEHUH

[TonBoast UTOT aHAIM3a PAIIMOHATILHOCTH IMPUEMOB OpPraHHU3aIlMK Tpollecca Bomo3adopa u3
TOPHBIX PEK B THIPOIHEPTETUUECKHE U UPPUTAIIMOHHBIE CHCTEMBI CYIIIECTBYIOIIUMHI KOHCTPYKITH-
SIMA HU3KOHAIIOPHBIX BOJI03a00PHBIX COOPY>KEHHH, BHIIOTHEHHBIX IO PE3yIbTaTaM UX KCILTyaTa-
IIUU ¥ JTa0OPATOPHBIM UCCIIETOBAHISIM KOMIOHOBOK [39, 54, 134, 170], Hamu ObUTH OTIPEIeIICHBI KX
HEJO0CTATKH, IPUYMHBI UX BOSHUKHOBEHUS U TIOCJIEJICTBHUSA, KOTOPBIE TpuBeneHbI B [Ipunoxennn 4.

OTMeUYeHHBIC HEIOCTATKH B OPTaHHU3aIlMU MPOoIecca Bo03a00pa, Ha Halll B3MJISAI, B OCHOB-
HOM SIBJISIFOTCSI CJICJICTBUEM HECOBEPIICHCTBA KOMIIOHOBOYHBIX CXEM DJIEMEHTOB BO03a00PHBIX
COOPYKEHUM, METOAMK MX pacyeTa M KOHCTPYHPOBAHMS, a TaKKe HEIOCTATOUHON M3YyYEeHHOCTU
paccMaTpuBaeMbIX IpoOIeM.

Jns ycTpaHeHust IpUYKH, TPUBOSIINX K HAPYLICHUIO OCHOBHBIX TEXHOJIOTHYECKHUX OTepa-
MK BO03a00pa M COBEPIICHCTBOBAHMSI MX IKCIUTYaTAIIMOHHBIX XapaKTEPUCTUK, ObLIN BBITIOJIHE-
HBI CJIelyIoIIHe paboThl:

» TPOBEJCH aHAIM3 CYIICCTBYIONIUX ICHCTBHUI IO OPraHU3AIMHA TEXHOJOTHYECKHUX OIeparifii
mporecca Boao3adopa U3 TOPHBIX PEK C U3YYSHHEM CYIIECTBYIOIIUX METOAUK IO Ompeaene-
HUIO apaMEeTPOB U MPUEMOB UX MPOBEACHUS;

» TPOBEICHO HCCICIOBAHUE PYCIIOBBIX MPOIECCOB B 30HE MOABOISIIEIO 3apETyTUPOBAHHOIO
pyciia TUIpOy3J10B, B TOM YHCIIE Ha y9acTKaX UX COMPSIKEHUS ¢ OBITOBBIM PYCIIOM PEK IS OTl-
penesieHnst palMOHAIBHBIX CXEM Pa3MEIICHHS PETYIISIIMOHHBIX COOPYKEHHUH MPHU BO03a00pE;

» W3ydYeHbl XapaKTePUCTHKU THIPABIMYCCKUX IPOIECCOB Ha BOJ03a00PHBIX COOPYIKECHHSIX
U omnpeneneHsl (yHKIMOHATbHbIE BOZMOKHOCTH THAPOY3JIOB C YU€TOM B3aUMOBIHUSHUS UC-
CJIeIyEMBIX MTPOLIECCOB;

» W3y4YeHbI BOBMOXXHOCTH ONTHMH3AIMU MPOIECCOB OT/ICIICHHUS BJICKOMBIX HAHOCOB, TJIABHUKA
Y JISIONTYTOBBIX 00pa30BaHUM OT 00BEMOB BOJHOTO MTOTOKA, 3a0MPAEMBIX B OTBO/IBI;

» pa3paboTaHbl YCOBEPIICHCTBOBAHHBIC KOMIIOHOBOYHBIC CXEMBI BOJ03a00PHBIX COOPYKCHHM
JUTSI TOPHBIX PEK C YYETOM OTMEUEHHBIX BBIIIE HEAOCTATKOB yCYIIECTBYIONINX;

» HCCle0BaHa MPOITYCKHAs CIIOCOOHOCTh AIIEMEHTOB COOPYXKCHHUSI U UX BOJIOMEPHBIX CBOHCTB
B Pa3JIMYHbIC MEPUOJIbI IKCIUTYaTalluu THIPOY3Ja;

» TPOBEJCH aHAJIM3 M YCOBEPIICHCTBOBAHA TEXHOJOTHS MaHEBPHUPOBAHUS IMOABHKHBIMHU die-
MEHTaMH COOPYKEeHHUs ISl 00€CTICUeHUsI HAaJIeKHOTO BO/103a00pa MPH BCEX THIPOTIOTUUECKUX
pexuMax BOJOTOKA C YYETOM BO3MOXKHBIX PEKHMOB BOJIOIOJIAYHM B THAPOIHEPTETUUYECKUE
Y UPPUTAITMOHHBIC CUCTEMBI;

»  yCOBEpIICHCTBOBAHBI YCTPOMCTBA TUAPABINYCCKON aBTOMATH3AIMH TIpoIiecca Bogo3abopa u3
TOPHBIX PEK VIS 1ieJield TUAPOIHEPTETUKU U UPPUTALIIY;

» W3y4YeHbI THPABIMUYCCKUE U PYCIIOBBIC MPOIIECCHI B HIKHEM Obe()e HM3KOHAMOPHBIX BOI03a-
OOPHBIX COOPYKEHUH C 1IEJIbI0 COBEPIIICHCTBOBAHMUSI KOMITIOHOBOK COTPSATAIOIINX U PETYIISIIH-
OHHBIX COOPYKEHUHN OTBOSIIETO PyCIIa;
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Tabmuma 2.1 — Opranuzanus TEXHOJOTHIECKOW onepanuu cOpoca HEOOXOAMMBIX 00HEMOB BOIBI
NpY BO103a00pe U3 TOPHBIX PEK

One- TleiicTue OCHOBHBIE CTTOCOOBI OCY- ITpreMBl BBITOTHEHUS AEHCTBUH
panus IIECTBJIEHUS IEHCTBUS HaumeHnoBaHue u cofiep:kaHue npreMa Bun npuema
PerynupoBanue pyciaoBbIX | YCTPONCTBO PEryIsIIUOHHBIX COOPY>KEHUI KonctpykTuBHBIN
TIPOIIECCOB [IpoBenenue peryasinoHHBIX padboT DKcIuTyaTaloH-
Konmnentparus HBII
g( U CTPYKTypHpOBaHHE 00bEMOB | PerynmpoBaHue THAPaBId- | YCTPOHUCTBO TIOBEPXHOCTEMN IIEMEHTOB BOZ03a00PHOTO COOPYKEHHUS € pario- | KOHCTpYKTHBHBIH
= | Bombl B BepxHEM Obede YECKHMX CTPYKTYp MOTOKa | HaJIbHOW KOH(UTypannen
g COOPYKCHUS PerynupoBanue BeJIMYUH NEpEPaCIPECIICHUS YACIbHBIX PACXOL0B BOAbI DKcIuTyaTaloH-
2 B BepxHeM Obe(e Bo103a00PHOT0 COOPYKEHHMSI ITyTeM MaHEBPHPOBAHMUS 3aTBO- | HBIN
©
S pamu
x
=]
= Criocobamanranmn MasneBpupoBaHUe 3aTBOPAMH BOIOCOPOCHBIX IIEMEHTOB DKCIUTyaTarnoH-
S [TepeBon HEOOXOAMMEBIX 00BeE- PHp P P _ y
S|
5 | MOB uepe3 3JIEMEHTHI TIOIIIOPHO- = " "
2 Crioco0 Tpanchysuu YCTpOICTBO BOLOCIMUBHBIX U APYTUX [IEPEIUBHBIX COOPYKECHUM KoHCTpyKTHBHBIIH
& | TO cTBOpA COOPYKEHUS
[©]
o
= INamenue sHepruu BoJsl HckycCcTBEHHOE yBEIMUYEHHUE IEPOXOBATOCTH TOBEPXHOCTEH KoHCTpyKTHBHBIH
o | ComnpspxeHue 0beoB coopyxe- » " »
g, f— B Ha4aJIC OTBOAALICIO Py~ VYCeTpoiCTBO crieuabHbIX FACUTENEH SHEPTun KoHCTpyKTHBHBIH
S cna
PerynupoBanue pycioBbIX | YCTPONCTBO PEryssiIIUOHHBIX COOPYKEHUI KonctpykTuBHBIN
OTBOI HEOOXOMMBIX 00BEMOB P 24 P PeLY. DY DY
MPOLIECCOB [TpoBenenue peryasinoHHbIX padboT OKCIUTyaTauoH-
BOJIbI 32 IIPE/IENbI COOPYKEHUS .
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IPpOBCACHDBI na6opaTopHHe 1 HATYPHBIC UCCIICAOBAHU YCOBCPIICHCTBOBAHHBIX KOHCprKLIHf/'I
OJICMCHTOB BOI[O3a60pHLIX COOPY)KCHI/Iﬁ u pa3p8.60TaHLI PEKOMCHAAWU 110 UX NPOCKTHUPOBA-
HHUIO, CTPOUTCIILCTBY U 3KCILNTyaTalluu.

HccnenoBanus mo COBCPHICHCTBOBAHUIO TCXHUYCCKUX XaPAKTCPUCTUK PO CCCa BO,Z[03360-

pa U3 TOPHBIX PEK MPOBOAWINCH C YUETOM YCIOBUH U MPEANOCHUIOK [35], KOTOpbIE KOppENIUpOBa-
JIM C paHee U3BECTHBIMU PE3YJIbTaTaMM UCCIIEN0BaHUM U pekomeHaauusamu [120,172]:

1.

10.

11.

12.

Co3anue MonepeyHor MUPKYJISIIUA BOJbI B TIOABOIAIIEM 3apETyIMPOBAHHOM KPUBOJIUHEH-
HOM pycJie BO03a00PHOTO COOPYKEHUSI ISl PAaIllMOHAIBHOTO MepepactpeesiCHNs yACTbHBIX
pacxooB ABYX(a3HOTO MOTOKA KHUIKOCTH (BOJIa — HAHOCKI) TIEPE]T BOAOIIPUEMHBIMHU M BOJIOC-
OpOCHBIMH SJIEMEHTAMHU.

YeuneHne monepeyHon MUPKY/ISIMA BOJIBI IyTEM CO3IaHUs JIOKAIBHOTO IUPKYJISIIUMOHHOTO
BUHTA BJIOJIb BHEIIIHEH MOBEPXHOCTH HAHOCO3AIIUTHBIX TOPOTOB CIICIIUAIEHOW KOHCTPYKIIHH.
Ocy1ecTBIeHNne BOIOOTOOPA B TEIUIBII MEPHUOJ] TO/1a U3 TIOBEPXHOCTHBIX TOPU30HTOB MOTOKA
¥ JIOHHBII OTBOJI HAHOCOB Yepe3 OTKPBITHE 3aTBOPA PEYHOTO MPOJIeTa U NPUIOHHOE OTBEPCTHE
MPOMBIBHOTO TPaKTa, yCTPAMBaEMOTO B KOHIIC HAHOCO3AIIUTHOTO ITOPOTa.

OTO0p BOIBI B BOJOIIPHEMHYIO KaMepy B 3UMHHI MMEPHOJ ToJa U3 MPUJIOHHBIX TOPU30HTOB
BOJIHOTO TIOTOKA Yepe3 OTBEPCTHE 3aTBOpa 3MMHETO BOJJOOTOOPA MPH MMOBEPXHOCTHOM OTBOJIE
U cOpoce JIeJOBOIIYTOBLIX 00pa3oBaHMii yepe3 rpeOHU IIyrocOpoCcoB.

OoOecneueHue TIABHOTO MOIX0/a MOTOKA K AJIEMEHTaM BOJI03a00PHOTO COOPYKEHUS, CONpsi-
YKCHHUE C MTOJIBOSIIUM 3apETyIMPOBAHHBIM PYCIIOM MOCPEICTBOM HAHOCO3AIIUTHBIX TOPOTOB,
ABTOBOJIOCIIMBOB C YCTPOMCTBOM HBIPSIFOIIMX OTKOCOB, pacTpyOOB ¢ 0OpaTHHIMH CTEHKaMH.
ParronanbHbI OTBOJ TOTOKA BOJBI 00ECIIEUNBACTCS COMPSHKEHUEM BOJI03a00PHOTO COOpPYIKE-
HUS C OTBOJSIIMM 3apETYIMPOBAHHBIM PYCJIOM C ITOMOIIBIO KOCBIX TNIOCKOCTEH ¢ 00paTHBIMU
CTCHKaMHU.

MecTorooKeHne CTBOpa U ITapaMeTphbl PEYHOTO MPOJIETa ONPEALIISIOTCS C YI€TOM CO3JaHuUs
AKTHUBHOM 30HBI JIBM)KEHHSI HAHOCOB B TOJIBOJISIIIIEM 3apETyJIMPOBAHHOM PYCJIe THAPOY3Ia.
[Toxnep:kaHue pacuyeTHBIX HAIIOPOB B BEPXHEM Obe(e COOPYKEHHUS C IMOMOIIBIO YCTPOUCTB
THJIPOABTOMATHKY JIsi 00CCIICUeHUs] KOMaHIOBaHHs YPOBHEH BOJIBI TIEPEl BOIOTIPUEMHUKOM
HaJl yPOBHEM OTBOJISIIETO KaHAIa IPU PA3JTUYHBIX PEKUMaX BOTOTOKOB.

Co3anue TyOUH BOJHOTO MMOTOKA, HEOOXOAUMBIX JIJISl BOSHUKHOBEHHSI YCTOHUMBBIX THIPAB-
JIMYECKUX CTPYKTYpP TEpel IEMEHTaMH BOJ03a00pHOTO COOPYKEHUs, MpeIHa3HAYCHHBIMU
JUTSL 32U ThI BOJOTIPUEMHHUKOB OT TBEP/IBIX COCTABIISIONINX;

OoOecrieueHue B YCIOBUSX TaBOJIKAa OJHOBPEMEHHOTO cOpOca M3JHIIKOB BOIbI, IUTABHUKA 110
BCeMY (PPOHTY COOpPYKEHUSI, a BICKOMBIX HAHOCOB Yepe3 OTBEPCTHSI PEYHOTO MPOJIETa.
Crabunu3aiys pacxoI0B BOJIbI, TIOaBaEMbIX B OTBOMSIINE KaHAJIbI, TPOU3BOJUTCS C TIOMO-
IO CPEJICTB THIPABINUECKON aBTOMATHKH.

BeInonHeHHe TIEPEUUCIICHHBIX YCIOBUI MCCIICIOBAHUN MO3BOJIMIIO MPOBECTH COIIACOBAHHE
NPUHITUIIOB KOMIIOHOBKH YCOBEPIICHCTBOBAHHBIX KOHCTPYKIIMI pa3pabaThiBacMbIX BOJ03a-
OOpHBIX COOPYKEHUI C CYIIECTBYIONIMMU METOJJUKAMHU MPOCKTUPOBAHUS YCTPOUCTB BOI03a-
Oopa 13 TOPHBIX PEK.

2.3. TeopeaneCKne OCHOBBI OIIMCAHMA THAPABJIUYCCKHUX ITPOLECCOB,
MPOUCXOAAIINX HA HUSKOHAIIOPHBIX BO)IOSaﬁOpHLIX COOPYRKECHUAX

[IpuMeHeHrne HU3KOHATIOPHBIX BOI03a00PHBIX COOPYKEHUH ISl BOIOIOIAYH B THAPOIHEP-

reTUYECKHE U UPPUTALIMOHHBIE CUCTEMBI IPEATNOIaraeT OPraHU3aIMI0 CIOKHBIX TUAPABINUECKUX
U PYCJIOBBIX IPOLIECCOB.
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PacueT u npoekTupoBaHHe HU3KOHAMOPHBIX TOPHBIX BOA03a00PHBIX COOPYKEHUI Mpero-
JlaraeT pacCMOTPEHUE CIEAYIOINX SBJIEHUHN U NIPOLIECCOB:
»  XapaKTepUCTHUKHU JBMKEHHSI HAHOCOB Ha yYacTKax 3aperyJlMpoBaHHbIX pPycel;
» JBWDKEHUS JBYX(a3HOro MoToka >KUAKOCTH (BOJa — HAHOCHI) HA KPUBOJIMHEHWHBIX y4acTKax
pyceir
MEXaHU3MOB PYCIIOBBIX IIPOIIECCOB B Obe(hax BO103a00PHBIX COOPYKEHUIA;
perynupoBaHNe HAHOCHOTO PeXUMa MPU BOZ03a00pe U3 PeK TOPHO-TIPEIrOPHON 30HBI;
ofpeJiesIeHUe apaMeTPOB HAHOCO3AIIUTHBIX TOPOTOB U IPYTHX YCTPOUCTB [t O0pbOBI C Ha-
HOCaMH, IPEUMYLIECTBEHHO UCXO/sI U3 ONMCAHUS BUHTOBOIO IBUKEHUS ITOTOKA IIEPE] S TUMHU
JJIEMEHTAMU;
»  (hU3MYECKOTo WM MaTeMaTHYeCcKOro MOJCIMPOBAHHS THIPABIMUECKUX SBICHUMN.

Huxe npoBeneH aHamn3 HEKOTOPBIX THIPABINYECKUX SIBJIEHUM C LENbI0 COBEPLIEHCTBOBA-
HUS UX TEOPETUYECKUX OCHOB.

YV VYV

2.3.1. XapakTepuCTHKH PEYHLIX HAHOCOB, MOpP(oMeTpHUeCKHE XaPpaKTEePUCTUKH
9
PeK, TPAHCTIOPTUPYIOIIAS CTIOCOOHOCTH MOTOKOB BOAbI

OOBeMBbI OYUCTKH JEPUBALMOHHBIX U UPPUTAIIMOHHBIX KaHanoB Keiprezckoil PecryOnuku
OT HaHOCOB I10 JJAHHBIM HMCCIIE0BaHuit [5, 55, 120], exxeronHo cocTaBasioT okoao 9 muH M. [lpu
TOM B OCHOBHOM PAacCMaTpUBAIOTCS MPUEMbI OYUCTKHU C MOMOIIBIO TUAPABINYECKUX MPOMBIBOK
MECKOTPaBUEIIOBOK, OTCTOMHUKOB U MEXaHUYECKOW OUMCTKUA OTCTOMHUKOB M TOJIOBHBIX YYACTKOB
OTBOSIIMX KaHAJIOB, YTO COKpaIlaeT 00beMbI MOaBaEMOM BOJIbI B THAPOIHEPTETUYECKUE U UPPH-
TalMOHHBIE CUCTEMBI U TpEOyeT 3HAYUTENbHBIX KallUTAJIOBIOKEHHUH. DTO ompeaensieT HeoOX0a -
MOCTh U3yUY€HUS XapaKTEPUCTUK PEYHBIX HAHOCOB U TPAHCIIOPTUPYIOIIEH CIIOCOOHOCTH MOTOKOB
Ha 3JIEMEHTaX BOJ03a00PHBIX COOPYKEHHM, yCTPAauBAEMBIX Ha TOPHO-MIPEATOPHBIX yUaCTKaX peK.
31ech HAHOCHBIN PEXKUM OCOOCHHO CIIOXKHBIN U3-32 HECTAOMIBHOCTH PYCIOBBIX IPOIECCOB, CO-
MIPOBOXKIAIOIINXCS TIEPUOTUIECKUMU TIepEMEIICHUSIME OONBIINX 00bEMOB OTIOKEHUH HAaHOCOB
BHU3 110 peKe B BUJE TPS.

Hanocwl — 3TO TBepable YacTUIIBI TPYHTA, TPAHCTIOPTUPYEMBIE JBIDKYIIUMUCA O0ObEeMaMu
BOJIbI, KOTOPBIE YCIOBHO JEMNSATCS Ha BIEKOMBIE, MepeMeNIauecs Mo IHYy (IOHHbBIE), U B3Be-
[IEHHbIE HAHOCHI, TIEpEeMEIAIOIMecs] B TOJIIE MOTOKA. YCIOBHOCTh MX JENIEHUS OMpeensercs
BEJIMUYMHAMU TPOXOSIINX TI0 PEKE PACXOA0B BOJIbI U UX SHEPTETUUYECKUMU XapaKTEPUCTHUKAMHU.

TpaHCTIOPT HAHOCOB MPEACTABIAIOT KaK MPOSIBICHNE TIIO0ATBHOTO (PIFOBHATEHOTO TEOMOP-
donoruyeckoro npoiuecca [105]. KonmnuecTBeHHOE 1 Kau€CTBEHHOE COMIEp:KaHNe HAHOCOB B peKax
OTIpe/IeNsieTCsl HECKOJIbKUMU OCHOBHBIMU (haKTOpamHu:

KOJTMYE€CTBOM M XapaKTepPOM OCaJKOB, BBINAJAIONINX B BOIOCOOPHOM Oacceiine;

BUJIOM U KOJIMYECTBOM PACTHTEIHHOCTH;

TEMIEPATYPHBIM PEKUMOM;

CBOMCTBaMHM MOYBOTPYHTOB M TOPHBIX MOPOJI, CIATAIOIIIMH BOAOCOOPHYIO TOBEPXHOCTH;
SHEPreTHUECKUMH XapaKTEPUCTUKAMU OTAENBHBIX palloHOB OacceifHa (YKJIOHBI U (hOpMBI
CKJIOHOB);

»  aHTPOIOTICHHBIM BO3JICHCTBUEM.

[T1oTHOCTH MaTepHaia HAHOCOB M3MEHSIETCsl B HEOOMBIINX Tpeenax ot 2,55 no 2,8 r/em’.
HawuGosee pacnpocTpaHeHHBIMHE SIBJISIFOTCS HAHOCHI € TWIOTHOCTBIO 2,65 T/cM?. TIpu 3TOM HaHOCHI
B 3aBUCHMOCTH OT T€OMETPHYECKHX Pa3MepOB OTIENbHBIX YACTHUI] MOAPA3AEISAIOTCS Ha TIHWHO-
3embl pazmepom Oonee 0,001 mm, HaumHas ¢ 0,01 — KpeMHE3eMbl U TPABENUCTO-TAICYHUKOBBIC
CEIMMEHTHI [86].

YVVYVYVYYVY
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B 3agauax o nepeMelieHn HAaHOCOB B MOTOKAX KUIKOCTH OCHOBHBIMH XapaKT€PUCTUKAMU
SBIISIFOTCSL AUAMETP YaCTULl U UX THUAPABIWYECKass KPYIHOCTb. YpaBHEHHUE PaBHOMEPHOIO Maje-
HUSI YaCTHI HAHOCOB 3alKChIBaeTCs B Buje [43]:

P,

2 3
C, 20 kd” =g(py —p)k,d”, 2.1)
e C, — koo GUIMEHT rMAPOINHAMUYECKOTO CONPOTUBIIEHHS; P, U P — IUIOTHOCTh YaCTHUIl HAHO-

COB ¥ BOJIbL, k| ¥ k| — koopduimenTsl GopMbI yacTuil (11 mapa k, = %, k, = % ); ®, — TUIpaB-

JUYecKasi KPymHOCTb).
Pemrast ypaBaenue (2.1) OTHOCUTENBHO THAPABIMYECKON KPYMHOCTH, OBLIO MOJYYEHO BBI-
paxenue [43]:

0= [ PuzP oy
\/Fd k, P

Kospuument runponunamudeckoro conporusienus C, ecTh GpyHKIMsA yncna Peiinombaca
nis gactun Re, = wyd /v n xosppunmentos popmel k, u k.

B crpanax OpiBiiero Coserckoro Coro3a mojb3yoTes HIKaI0N THAPABINYECKON KPYITHOCTH
B.H. T'onuapoBa, kotopas 10 cux nop Aopa0aTbIBaeTcs U COBEpPLICHCTBYETCs. | uapaBinyeckas
KPYITHOCTh HEKOTOPBIX YACTHIl MOXKET OBITH OTIpeIeNIeHa 110 CIeIYIOIINM 3aBUCHMOCTSIM [86]:

1) nns HaHocoB ¢ quameTpoM yactuil Menee 0,20 MM (JamMuHapHas 00s1acTh OOTEKaHUs IPU
Re < 1) w=0,66 d*, m/c (d, MM);

2) mjist HAHOCOB € KpymHOCTHIO actuil ot 0,2 1o 1,5 MM (mepexonHast 006JacTh OOTEKaHUS
npu 1< Re, < 300) w = 0,11d"** m/c (d,mm);

3) nns HaHOCOB KpynHee 1,5 MM (TypOysneHTHbIH pexum oOTekanus npu Re, > 300)
w= 0,134 d*° m/c (d mm).

Hanocbl ¢ reomeTpruyeckoit KpynHoCThi0 MeHee 0,2 MM YCTOHYMBO YIEP/KUBAIOTCS B TOJNILE
MOTOKA, ¥ OOJBINAs UX YacTh MPOXOUT ITyTh OT HCTOKA J0 YCThsS PeKu 3a ofuH rof [86]. ITox Biws-
HHUEM pa3InYHbIX (DAKTOPOB M KOJTMYECTBA BPEMEHH OTIIOKEHHS, COCTOSIINE U3 TAKUX YaCTHUI], CTIO-
COOHBI YIUIOTHATCS U pa3BUBaTh 3HAUUTEIbHBIE CUIIbI CLICTIIICHUSL, IENIasCh TPYAHO Pa3MbIBAEMBIMU.

Hanocsl, cocrositye u3 rnmecyansix (Gppakiiuii, He UMEIOT CHJI CHEIUICHUS B YIeP>KUBAIOTCS
Ha JTHE BOJIOTOKOB TOJIBKO 3@ CUET CHJIbI TskecTH. Hanboree erko pa3mMblBaeéMbIMH OTIIOKEHUSIMU
HAHOCOB B MIPUPOJE SIBJISIIOTCA MEeCUaHbIe YacTUIlbl KpymHOCThIo oT 0,2 10 0,4 Mm [86, 172].

YacTuipl necyaHblX HAHOCOB J10 2 MM MPEACTABISAIOT COO0M OT/ENIbHbIE YaCTH TOPHOM MO-
POJBI WIIM KPUCTAJIbI MUHEpaJIOB. [IpUHATO cUUTaTh, YTO YACTULBI C AUAMETPOM MEHBIIIE yKa-
3aHHOTO pa3Mepa He MEHSIOT (JOpMy IO IyTH CJIEOBAHUS OT MOMEHTa 00pa3oBaHMsl B Ipeenax
BOJIOCOOPHOTO OacceiiHa 10 OTIIOKEHHUS B YCThSIX pek [86].

CkanpHble 4acTULIbI KPYMHOCTBIO OT 2 10 5 MM B COCTaBE PEYHBIX HAHOCOB BCTPEUAIOTCS
KpaliHe pPelKo, UTO KaK CUMTAeTCsl, 00yCIOBIEHO MpolieccaMy UX 00pa30BaHUs U BbIBETPHUBAHUS
CKaJIbHBIX MOPOJ.

bonee kpynHble 4acTUIBI OTHOCST K I'PaBEIMCTO-TaJ€YHUKOBBIM HaHOCAM, KOTOpPbIE Mpesl-
CTaBIISIIOT COOON OKaTaHHBIE 3epHA, (hOpMa KOTOPBIX OJIHM3Ka K TPEXOCHOMY uturconry. Hapsmy
C THJIPaBIMYECKON KPYIMHOCTHIO 3TH YACTHUIIBI MOTYT ObITh OXapaKTepU30BaHbl 00BEMOM OT/EINb-
HBIX 3€pEH, HauOOJbIIEeH IUIOIIAbI0 TIOBEPXHOCTU U CPEAHUM AuameTpoM. s ompeneneHus
HEKOTOPBIX (PU3UYECKUX XapaKTEPUCTHK YACTHIl HAHOCOB B JINTEPATYpe PEKOMEHIOBAHBI dMIIH-
pUYECKHE 3aBUCUMOCTH, MPEICTaBICHHBIC B [86].

Kak nokasanu pe3ynbraTbl MHOTOYMCIIEHHBIX UCCIIEIOBaHUM, OKaTaHHAsl popMa KPYIHBIX
KaMHEeH, YaCTHIl TPaBUs M TaJICYHHUKA TTOTy9aeTCsl B pe3yibTare 00TeKaH!Us UX BOAOH MPH HX OCTa-
HOBKE WJIH OoJiee MeUIEHHOM TepeMenieHnd. [lociae qocTukeHus onpeaeeHHONH KOHPHUTypauu
OKaTKa OTJIeIbHOCTEN 3aMeuIsgeTcs, WK npekpaiaercs. [Ipu 3ToM ucciieqoBanus mokasaim, YTo

(2.2)
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OTZAEJIbHBIE YaCTHULIbI HAHOCOB HE IOJIBEPIarOTCsl UCTUPAHUIO MO XOILy NEPEMEIIEHUs M0 pEKE,
a MOJJAI0TCS MTPOLIECCY COPTUPOBKH, KOTOPBIN AKTMBHO MPOSIBIAETCS MPU MPOXOKIEHUU PYCIO-
dbopmupyroumx pacxonoB Boasl [86, 105].

Cunraercs, 4TO Ha y4acTKaX peK, HaXOIALIUXCS B OAMHAKOBBIX ITPUPOIHBIX YCIOBUSAX, OT-
HOCHUTEJIbHOE COOTHOIIEHUE OTAENbHBIX (PpaKIMii HAHOCOB C Pa3IMYHON KPYMHOCTBIO OCTaeTCs
JIOCTATOYHO TIOCTOSIHHBIM M MOXKET OBITh BBIPA)KEHO B KOJIMYECTBEHHOM (opme. B paborte [166]
B.®. Tanmaza u A.H. Kpomkun npuenu HoMorpaMmy, H300paKeHHYI0 Ha PUCYHKe 2.2, JUIs OIl-
pelesieHus] OCpeTHEHHOTo (PAKIIMOHHOTO COCTaBa BIEKOMBIX HAHOCOB Ha y4acTKax TOPHBIX PeK
Keiprescrana ¢ ykinonamu ot 0,02 mo 0,08 u pacxomamu 10-100 m¥/c.

Jlnst paboThl 10 HOMOTpaMM€ CpPEeIHHM TUaMeTp PyCIOBBIX OTIOKEHHH ompeaessieTcs Io
dopmyne [86, 172]:

0,4
d, =Ki" 73 , (2.3)
Vg
rae K — xoadduuuent, paBusbiii: 3,0 — mpu paccCMOTPEHUH PYCIIOBBIX OTIOKEHUN WM HAHOCOB,
TPaHCHOPTUPYEMBIX PYCI0(GOPMUPYIOIIUM pacxonoM; 1,6 — mpu pacuere CpeJHero JuameTrpa
HAHOCOB, TPAHCHOPTHUPYEMBIX PAacX0JlaMU BOJbI C BEIMYMHAMM MEHbIIE PyCIOPOPMUPYIOLIHX;
I — YKJIOH JIHA PEKH.

TpaHCHOPT HAHOCOB B PEYHOM PYCJI€ B OCHOBHOM 3aBHUCUT OT UX (DPaKLIMOHHOIO COCTaBa,
BEJIMYUH CPEAHUX CKOPOCTEH BOJbI, 3HAYEHUI CIBUTAIOIIMX CKOPOCTEH IOTOKA OTHOCHUTEIIBHO
[apaMeTpoB YaCTHI] HAHOCOB, NNIyOUH, YKJIOHOB JHA U YKJIOHOB CBOOOJIHOM moBepxHOCTU. Bie-
KYIILYyIO0 CIIOCOOHOCThH MOTOKA OIIEHMBAIOT B 3aBHCHUMOCTU OT BEJIMYUHBI MPEBBIIIEHUS CpEeIHEN
CKOPOCTBIO MOTOKA 3HAYEHUI KPUTHUYECKUX CKOPOCTEH CABHUIa BIEKOMbBIX HAHOCOB, MMEIOIIMX
CPEHUN JTuaMeTp.

Briekombie HaHOCH! (POPMHUPYIOT MIEPOXOBATOE THO PEUHOTO PyCIia, B OOJIBIICH WIM MEHBIICH
CTENEHU 00pa3y0T MHOTOUYHCIIEHHBIE BHICTYIIBL. [10TOK, comprkacasich ¢ STUMH BbICTyIIaMH, 00pa-
3yeT 3aBUXPEHHUS, CPbIBasi OT/IEIbHbIC YACTUUKHU C BEPXHETO CJI0sl, IEpEMELIAeT UX, 3aTpaurBasi Ha
3TO YacCTh HEPTUH, YTO YMEHBIIAET €ro CKOPOCTh. TpaHCIOPT YAaCTHUI] HAHOCOB 3aBUCHUT OT Xapak-
Tepa UX COIPOTHUBIICHUSI CUIIOBOMY BO3JIEHCTBUIO BOJIbl. OCHOBHBIMU KPUTEPUSIMHU YCTOWYMBOCTH
YacTHULl B €CTECTBEHHOM PEYHOM pycCJie Ha TOPHO-NPEATOPHBIX y4acTKax siBisorcs [86, 167]:

» HEepa3MbIBAIOIIAsi CKOPOCTH BOJIBI;
» pa3MbIBaIONIasi CKOPOCTH BOJIBI.

HepasmbiBaromas v, CKOPOCTb — 3TO Jit00ast BEJMYMHA CKOPOCTH, KOTOPAsk MEHBIIE PAa3Mbl-
Baromie. Ho, kak mpaBuio, 1mojx Hell MOHUMAIOT IIPENEIbHOE 3HAYEHUE CPEJHEN CKOPOCTH, MpHU
KOTOPOM MCKIIIOYAeTCs pa3BUTHE pa3MbIBa U MPU KOTOPOM MPOMUCXOIUT OCTAaHOBKA HAHOCOB [86,
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172]. B unxeHepHO! MpaKTHKe HEPA3MBIBAIOIIYIO CKOPOCTh OMPEAEISIOT O 3HAYSHHUIO Pa3MbIBa-
eMoli CKOpOoCTH BBeZieHneM Koadduuuenta 3anaca (CHull 2.06.03-85).

B ruapoaunaMuke BeITMUMHY HEpa3MbIBAIOIIEH CKOPOCTH CBSI3bIBAIOT C KPUTUUECKUMHU 3HA-
YEHUSIMHU KacaTelbHbIX HaNpsHKEHUH, IPH KOTOPhIX HAYMHAETCS ABM)KEHHE YacTUI] HAaHOCOB. Be-
JMYUHA 3TUX KacaTeIbHbIX HANPSHKEHUS CO3AAaeT ONMPOKU/IBIBAIOIINE MOMEHTHI, IPH KOTOPHIX Jie-
JKallas Ha JHE YacTHIa, YIIUPAIoLIasics Ha MOCIEAYIONIYI0 YaCTHILy BHHU3 110 TEUEHUIO, HAUMHAIOT
JIBUTAThCS WK NEPEKaThIBATHCS, UM COYETAIOT MOIBEM C BPALICHUEM.

B pacuerax, BMECTO KacaTe/bHbIX HANPSIKEHHH 7,, = pvi, , (V, — CKOPOCTH ABIKCHHS BOJIBI
B IIPUJOHHOM MOCIIOE) TOIB3YIOTCS KPUTHYECKHUMHU 3HAUEHUSIMH CPETHUX CKOPOCTEH BOIHOTO
IIOTOKA B pacCMaTpUBaEMBbIX ceueHusix [61]:

C

— V...
Jeg

[IpoBenst 06pabOTKy pe3ylbTaTOB MHOTOYUCICHHBIX SKCIEPUMEHTAIbHBIX HCCIEI0BAHUN
M0 OMPEEIICHUI0 CKOPOCTEH Havyasla IBUKEHUS HAHOCOB, C PA3IMYHBIMU CTENEHSIMU HEOAHOPO/-
HOCTH HecBs3HBIX TpyHTOB B.C. Knoposowm [108] ans kBagparuuHoii o0nactu 00TEeKaHUs YaCTHUIL
¢ d> 1 mm, Obla IpeATIoKEeHa 3aBUCUMOCTD BH/JIA!

U, =1,3/gd 1g12—R. (2.5)
A

Jns uckmoyeHus U3 pacyeTra BbICOTHI BhICTYNOB miepoxoBaroctd A B.C. Knopo3zom pe-

KOMEHJOBAHO COOTHOIIeHUE A = 1,6d50, MPU CWJIBHO HEOJHOPOAHBIX CMECAX MO MPEIJIOKEHUIO

N.W. JleBr MOXKHO HCIIONB30BaTh PABEHCTBO A = d, IPY 3TOM B NPABYIO YaCTh ypaBHEHUs (2.5)

BBOJIUTCSl MHOXKHTEND (d / d,,) [43, 61].

[Tpu yBennyeHUH 3HAUEHUHN KacaTeNbHBIX HANPSHKEHUH BOJHOTO MOTOKA HA JHE BIEKOMbIE
YaCTHIIBI MEePEKaThIBAIOTCA, C OOJBIINM YBEIMUYEHUEM MPUAOHHBIX CKOPOCTEH NepeKaThIBaHHE
cMmeHsieTcsl ckaukamu. [lepemenienne mocpencTBOM IMOCIIEN0BATENbHBIX CKaYKOB MPEACTABISET
OCHOBHOM BHUJI Pa3BUTOTO ABMKEHHS TBEPABIX yacTuil [61]. Buabl ABMKEHHS 4acCTUIl B OCHOBHOM
M3yYaroTCs AByMs criocobamu: 1) myTem Gpukcanuu IBMKEHUS Ha KHHO- WK (DOTOKaapax u 2) my-
TeM HaOJIOICHU 32 MEPEeMEILIEHUEM OKPAILIEHHBIX WM aKTUBU3UPOBAHHBIX YacTHll. Pe3ynbraTsl
MCCJIEIOBAaHNM, BBITIOJIHEHHBIX ¢ MOMoIIbI0 nepBoro crnocoba I[.E. Mupuxymaser, H.A. Muxaii-
noBoi, K.1. Poccunckoro, K.C. JIrooumonoii, M. dpeHcrca cBUAECTENBCTBYIOT, YTO MOIBEMHAS
CuJIa, MPUJIOKEHHAs K MepeMeIaoliencs yacTule, MMeeT MaKCUMalbHOE 3HaU€HUE B MOMEHT Ha-
yaya ckayka. Tak Kak BOCXOJSIIIe BETBU TPAEKTOPUH MTEPEMEILIEHUSI HAHOCOB Kpyue HUCXOSAIINX
BeTBeit [ 146, 190]. Kak cneactBue stux Hadmronenuii K.B. ['pummannnasiM [43] 0611 clieaH BHIBOJ,
YTO TOAbEMHAs CUJIa, IPUIIOKEHHAsI K YaCTHUIIE HAHOCOB, JIeXKallell Ha He, 00pa3yeTcs B pe3yilb-
TaTe pa3HOCTEN BEJIMYMH AaBJICHUH B 3aTOPMOXKEHHBIX 00beMax BOJIbI 1101 YaCTHUIICH U JaBICHUEM
B YCKOPSIOIICHCS XKHIKOCTH HaJ YacTHuiei. B TypOyJeHTHOM MOTOKE 3Ta pa3HOCTh KOJIeOIeTCs
BMECTE C MyJIbCUPYIOLIeH MPOAOIbHON CKOpOocThio. [loanpeiruBanye 4acTuil MPOUCXOAUT B MO-
MEHT MaKCUMyMa MPOJOJIbHBIX CKOpOCTeH ABIkeHus. [Ipy mogHATHH HaA THOM BIMSIHHE pas-
HOCTH JIaBJICHHUSI HA YAaCTUILy PE3KO COKpAIIAeTCs, HO MOAbEMHAs CHUJIa MPHU 3TOM HE HCUE3aET,
a MOCKOJIbKY MPU €€ BOSHUKHOBEHUH MPUHUMAJIO YYacTHe BpalllaTeIbHOE IBH)KEHUE, BbINa1ast Ha
JTHO, YacTHUIa MepEeMEIIaeTCs BHU3 10 TEUEHUIO, MePeKaThiBasCh. TO €CTh SHEPTHs, MOyYeHHas
YacTHUIIEH B Hayajle CBOETO JIBUKEHHS, MPU BOSHUKHOBEHHWH MOMEHTAa OTHOCHTEIBHO €€ YIopa
0 COCEHIOIO YAaCTHUILy, MOJKET PacXoJ0BaThCs €10 €IIe JOCTATOYHO JOJITO0.

ITo mabmonennsim K.M. Poccunrckoro u K.C. JlrobumoBoii [146] nmpu CKOpOCTH TEUCHUS
Bombl y nHa U = 1 m/c yacTuma, auameTpoM 16 MM, nenas CKadyoK, BpaImiagiach cO CKOPOCTHIO
6—10 oGopoToB B cekyHay. PaccmaTpuBas mapooOpa3Hy0 YacTUIy U3 OJTHOPOIHOTO MaTepua-
Jla MOXKHO OIPENENIUTh, YTO OKPY)KHAsI CKOPOCTh MOBEPXHOCTH dacTuil coctasisia 0,3-0,5 m/c,
YTO OTHOCHUTEIIBHO CKOPOCTH Boabl cocTaniseT (0,3—0,5)U. 3nauenne ruapaBIndecKoil KpyImHO-

U, = (2.4)
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cTH yactuil guametpom 16 mm mo nanueiM B.H. Tonuaposa [60, 83] cocraBnser 548 mm/c wnu
0,548 m/c. DTO CBUAECTENHCTBYET, YTO JJISl OPraHU3alUY OTPBIBA M IBUKEHHSI OTJEIIBHON YaCTHIIBI
HAHOCOB HaJ €€ TTOBEPXHOCTHI0 HE0OXOMMO CO3/IaHNe CKOPOCTE BOJIbI HE MEHEE YeM B JBa pa3a
MPEBBIMIAIOIINX UX THAPABINYECKYIO KPYITHOCTh. Takue ke BhIBOMIbI ObLTH cenanbl [1.A. BoiiHo-
BuueM U M.A. JleMeHTbeBbIM [43], KOTOpbIE HIKCIEPUMEHTAIBLHO YCTAHOBUIIU, YTO MPOIOJIbHbBIE
CKOPOCTH YaCTHUIl TIOYTH Cpa3y Mociie Hadaa ABMKeHus gocturarot 3Hauenuii (0.4+0,5)U. [ocne
Hauasa ABMKCHUS CKOPOCTHU JIBIKEHUS HAHOCOB MTPOAOJDKAIOT PACTH, U CTPEMSITCS COMM3UTHCS CO
ckopocthio U [143, 190].

B npakTuke npon3BoACTBa pacu€TOB MHOT'ME aBTOPHI MOJb3YIOTCS 3HAYEHUSIMUA CKOPOCTEH,
MIPU KOTOPBIX IPOUCXOAUT HEMPEPHIBHBIN CPBIB OTAEJIBHBIX YaCTHUI] HAHOCOB U UX BBIHOC 3a Ipe-
JIeJIbl yJacTKa pa3MbIBa. DTH CKOPOCTH Ha3bIBAIOT Pa3MbIBAIOIIUMU — v, [86].

[To MHeHHIO MHOTHX HccienoBarenei [13, 166, 172] BenuunHbl pa3MbIBAIOIINX CKOPOCTEH
B OCHOBHOM 3aBHCAT OT ITyOMHBI MOTOKA M YCTOWYMBOCTH OTIEIBHHBIX 3€PEH K MEPEMEIIECHHIO.
B.C. JlanmmenkoBbIM [86] HA OCHOBaHMU PE3yJIbTaTOB HATYPHBIX UCCIIEIOBAHUN ObLIa MpEaio-
JKeHa CTPYKTypa (GopMynsl A ONpeneieHus BEIMYUHBI Pa3MbBIBAIOIIEH CKOPOCTH MOTOKA IS
IPYHTOB ¢ d > 1 MM:

B
v, = k(%j Jh = kd”h*" (2.6)

rae k — ko3 UIMEHT, 3HaueHHe KOTOPOTO YTOYHSETCS 10 pe3ysbraTaM JJabopaTOpHBIX UCCIENO-
BaHU; 3 — 3HAUEHUE CTETEHHU.

IIpuBeneHHON CTPYKTypE COOTBETCTBYIOT MHOI'ME 3aBUCUMOCTH W3BECTHBIX aBTOPOB
['N. [lTamoBa, A.M. JlarbimenkoBa, u MHorux apyrux [106, 107, 108].

AHanu3upysi U3BECTHbIE METOIMKHU pacyeTa MPOLECCOB PErYIMPOBAHUS HAHOCHOTO PEKU-
Ma, UX OTJIOKEHUS Ha TUAPOTEXHUUECKUX COOPYKEHUAX IKCIULYaTUPYEMBIX B MOAIIOPHOM PEXKU-
Me, B JIMTEPAType Pas3jinyaeTcsi CKOpOCTh OCTAaHOBKH HaHOCOB v . B.®. Tanmasoii u A.H. Kpo-
KUHBIM Ha OCHOBE aHaju3a psaa 3aBucumocteit npeainoxeHHsix U.B. Eruzaposeim, b.A. ®unma-
HoMm, B.H. T'onuaposeim, B.C. Knoposzom, N.W. JleBu, 1I.E. Mupuxynassl u ap., ObLT IPEIOKEH
BU (hopMyIbI UTst ONpesieieHnsl CKOPOCTH OCTaHOBKM HaHOCOB [32, 38, 152, 164]:

(2.7)

rac al — KOS(I)(bI/ILII/IeHT, 3aBUCSIIUN OT BEIMYMHBI 3HAMEHATEIS CTEIICHU II0KA3aTeILHOTO 3aKOHA
o h

pacnpeaciicHuss CKOpOCTEH BOAHOI'O ITOTOKA 110 BCPTUKAJIU, f(— - (I)YHKLII/IH, nojiyqyacmasl u3
d

TOTO JK€ 3aKOHA PAaCMpPE/IENICHNs CKOPOCTEH Ha BEPTHKAJIHN; Y U Y, — INIOTHOCTH BOJIBI M MaTepuasa
HAHOCOB, MpuHUMaeTcs paBHO# 1000 1 2650 Kr/M* COOTBETCTBEHHO; /i — CpEIHSS [IyOMHA BOJIBI
Ha MPSMOJIMHEHHOM y4acTKe:

|
0. 1,74i+15
h= : R 2.8
(531‘” @8)
d  — cpepHuil 1MaMeTp OTMOCTKH:
dom = 4,51'0’9 , (2.9)

dl.'cp — CpeIHMIA AMaMETP TPAHCHIOPTHPYEMBIX HAHOCOB; IIPH PACCMOTPEHUU PyCIohOpMUpy-
FOILIMX pacxoaax Qp o TIPHMEHSACTCS PABEHCTBO di.cp =d_; B Clly4ae pac4€eTOB JUIsl PACXO/I0B MEHBIIE
pyciohopmupyrommx Q, [64]:
1,1
di.cp = dum & 2 (210)
o
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[Tocne npeobpaszoBanus ypaBHenus (2.7) B.®. Tanmazoit u A.H. Kpomkuneim Obl1a npes-
JIO’KEHA 3aBUCUMOCTb, OCHOBaHHAsl Ha CWJIOBOM B3aMMOJEHCTBUU IIOTOKA KUAKOCTH C YaCTULIAMHU
HaHOCOB [13], KoTOpas pekoMeHIyeTcs IPU pacueTax OTHOCUTENIBHO IPaBUMHO-TaJI€YHOTO TPYHTA
[164]:

=2m—LS h
m+1 \d

om

(2.11)

O.H

A€ m — 3HAMCHATCJIb ITOKA3aTCJid CTCIICHU IMPU CTCIICHHOM 3aKOHE PACHPCACICHHUA CKOPOCTH 110
1

BepTHKaIM v, =v, ;" (TA€ vV, — MaKCHMajbHas CKOPOCTb MO BEPTUKAIH (HAa OBEPXHOCTH I10-
TOKa BOJIbl), @ 7§ = ¥/ h — OTHOCUTENbHAs [TyOMHA), U1 TOPHO-NIPEATOPHBIX yUacTKOB pek [160]:

m=1,5+0314C/ /g . (2.12)

OpnHON M3 OCHOBHBIX 3a7a4 MCCIIEJOBAHUN 3aKOHOMEPHOCTEW JIBMIKEHUS HAaHOCOB B peu-
HBIX [TOTOKAX SBJISIETCS PACUET PacXo/ia PeUYHbIX HAHOCOB B 3aBUCHUMOCTH OT NapaMeTPOB MOTOKOB
BOJbl. B pacueTHON mpakTUKe MPUHATO MCIOIB30BAHKE TPEX BUIOB (OpMyI JUIsl onpeaeaeHus
pacxojia HAaHOCOB, 3TO JETEPMUHUCTUYECKUE, BEPOSATHOCTHBIC U YPaBHEHUs, OCHOBaHHbIE Ha Me-
TOJle aHanu3a pasmepHocrei [43, 60, 61]. B HacTosiiee BpeMs pa3IM4HbIMUA aBTOPAMU IPEI0AKe-
Ho Oonee 200 popmy: as pacyeTa pacxozia HAHOCOB, KOTOpbIe o npeaioxenuto 3./1. Kananuanu
paznensitores Ha JieBiTh rpyni [114, 115]. B ocHOBHOM IpoBeIeHHOE JIeJIEHNe OTHOCUTCS K Je-
TEPMUHHCTHYECKUM (GopMyiaM, koTopoe rpuseneHo B [Tpunoxenun 5 [19, 43, 62, 86, 110, 166,
167]. Ot popMyIIbI HCTIONL3YIOTCS UIS ONPENENCHHS YAEIBHOTO PacXoia HaHOCOB ¢, (KI/C,M).

Pacxon Bi1eKOMBIX HAHOCOB Ha Y4acTKe peKH OIpesenseTcs no Gpopmysne:

G, =948, , (2.13)

TJIE ¢, — YAENbHBIN PACXO/ BJIEKOMBIX HAHOCOB, KI/C, M; B, — MprHa paccMaTpuBaeMoro yJacTka
pycia ¢ akTUBHBIM JIBUPKEHHEM HAHOCOB, €€ PEKOMEHIYeTCs OnpeaesisiTh 1o gopmyse [120]:

=B |-, (2.14)

r7e B — mupuHa BOJHOTO IMOTOKA B PEYHOM pyclie, IpH oTHOIIeHu: B/ > 10 npuBonumast K mpsi-
MOYTOJILHOMY TIOTIEPEYHOMY CEUEHHIO, JJISi TOPHO-TPEATOPHBIX YYACTKOB PEK OINpenessieTcs Mo
dbopmyne [120, 172]:

0,4

=289 | .k

X
02 \/g ) (2.15)

K — k03 (HUIMeHT, yYUTHIBAIOIINN BEIMYMHY PacCMaTPUBAEMOTO Pacxoja; mpu pyciodop-
MupyroteM pacxoze paseH (1,0); 171t pacxomoB MeHbIIE pyCciI0(hOPMHUPYIONIUX, ONPEACIIICTCS 10
dbopmyie [120]:

0,4(1,06—1"%)
i0,06

K= 9 , (2.16)
de)
AHanmm3upysi 0COOEHHOCTH HM3MEHEHHUS pacxoia BJIEKOMBIX HAaHOCOB Ha TOPHBIX peKax
U ONpeeNiss UX BIMSHUE Ha PeryJinpoBaHue MPOIycKa HaHOCOB IpH Bojo3adope B.d. Tanmaza
[167] o6ocHOBaT HEOOXOUMOCTh KOPPEKTUPOBAHUS MPEAJIOKCHHON UMHU paHee 3aBUCUMOCTH:
4

qn =0,07%(v—vm,), (2.17)
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[TockonbKy 1O pe3ysibTaTaM MPOBEAEHHBIX MOJEBBIX UCCIEAOBAHUM Ha TOPHBIX BOAOTOKAX
Keipreickoit PeciyOonuku uM ObUIO yCTaHOBJIEHO, YTO B 3aBUCHMOCTH OT Teproa HAOMIONeHUI
B TIEPBYIO MABOJKOBYIO BOJHY (B paHHEBECEHHUI MEPHOJ), WK TPU MPOXOKIACHUN BTOPOTO Ta-
BOJIKA (B JICTHUH TEpUOJ) B TUAPABIUYECKUX XaPAKTEPUCTHKAX PEYHBIX IMOTOKOB HAOIIOIAINCH
3HAYUTEIbHBIC PA3NUYUs (PUCYHOK 2.3).

C yderom 310 B.®. Tanma3zoii ObTH pEKOMEHIOBaHBI CIIEAYIOIINE TPe0Opa30BaHHbIC 3aBU-
CUMOCTH JJI ONpEeNeNIEHUsl pacxo/ia HAHOCOB Ha TOPHBIX pekax [167]:

» 7Sl IEpBOi MaBOAKOBOM BOJIHBI:

4
. :0,14%(1,2v—0,12v”), (2.18)

» IS BTOPOM MaBOJKOBOM BOJIHBI:

4
g, =0,0350.8v-0,67v ) (2.19)

Jh

[IpuBenennbie GOpPMyINbI CBUAETEILCTBYIOT, YTO PACXO]l BJIEKOMBIX HAaHOCOB IMPH OAHHUX
Hn TEX XKE FJ'I}’6I/IHaX " CKOPOCTAX Ha paCcCMaTpUBACMbIX YUJACTKaX PYCCII PCK MOXKET U3MCHATHCA
B YEThIPE pa3a, a Haubosee KPyMHbIX (Ppakiuii BIEKOMBIX HAHOCOB — B JIECSATKH pa3. ITo onpese-
JSIeT HE0OXOIMMOCTh YTOUHEHHUS 3aBUCUMOCTEH /71l pacueTa pacxo/ia HAHOCOB C YYETOM paccMa-
TPUBAEMOTO THJIPOJIOTHUECKOTO MEPUOA.

Kak noxa3zan aHayiu3 3aBUCUMOCTEH, UCTIOIB3YIOIINX B KAYECTBE apryMEHTa CKOPOCTh BOABI,
oCcHOBOM ux Buja sBisiercs ¢popmyna M.U. Jlesu (cm. [punoxenne 9), koTopas n3Ha4aIpbHO 0a-
3upoBanack Ha nmpennoxkeHusx M. [{robya u A. llunsaca. B Helt pasHOCTH KacaTeabHBIX HAMps-
KEHHUI 3aMEHEHa Pa3HOCThIO MEXK/Y Cpe/lHEN CKOPOCThIO Ha BEPTUKAIIN U CKOPOCTHIO OCTAaHOBKHU
HaHocOB. [lo 3akmrouenuro K.B. I'pumannHa Takas 3aMeHa NMpeNoNpeesIniia MOsSBICHNE BEJIH-
YUHBI YUYUTHIBAIOIIECH OTHOCUTEIBHYIO IIEPOXOBaTOCTh — d/h. B hopmymnax 3Toro Buma pa3HoCTh

V—V_ XapaKTepu3yeT CKOPOCTb JBMKCHHS YaCTHIl HAHOCOB, a BeIHuuHa (V/ \/g_d )’ onpenensier
grcno yacTtuil [43, 166]. Tak kak ¢popMyIbl TAKOTO THIIAa OCHOBAHBI HA PA3HOCTH CKOPOCTEH ¢ J10-
CTaTOYHOM JOCTOBEPHOCTHIO, TO OHH MOTYT OBITh MCIIOJIb30BaHBI U pacyeTa pacxojia HAHOCOB
HA Y4acTKaX PeK TOPHO-TPEATOPHON 30HBI.

BrinonHeHHBIH aHATN3 TEOPETUUYECKUX OCHOB, OMMCHIBAIOLINX THAPABINUECKUE XapaKTepu-
CTHKH BJIEKOMBIX HAHOCOB FOPHBIX PeK, OyIyT YUYUTHIBATHCS HAMH IPU CO3JAaHUH PAIlMOHATBHBIX
CXEM peryJIupoBaHusl HAHOCHOTO pekrMa B Obe(ax HU3KOHAIOPHBIX BOA03a00PHBIX COOPYKEHUIN
Y aHaJM3e PYCIOBBIX MPOIIECCOB B 30HE BOJ103a00pa. Tak kak OHU OIpeIesIOT BEJTMYHUHBI PacyeT-
HBIX 3HAYCHHUH THAPOMOP(HOMETPUIECKUX XaPAKTEPUCTHUK BOJOTOKOB, OT KOTOPBIX 3aBUCHUT BHIOOD
KOHCTPYKIIMH 3JIEMEHTOB COOPYKEHUI (OTHOCUTENIHHOTO Pa3MeIleHusl, MapaMeTpOB CPEACTB 3a-
IIUTHI OT HAHOCOB, YCTPOMCTB aKKyMYJISIIIMKA M TPAHCIIOPTA BIEKOMBIX HAHOCOB), KOTOPHIE HAXO-
JTCSL B TIpEJiesiax YCTPOHUCTB, 00eCeunBaloUX BO103a00p.

YEHHME Ha CIIaJie IepBOI M1aBOJAKOBOM BOJIHBI U IPU IPOXOXKIECHUU
BTOPOH BOJIBI ABOJKA
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2.3.2. /IBu:xenne 1ByX(ha3HOro noToka :KuJAKOCTH (B0OAa — HAHOCHI)
HA KPUBOJHHEHHBIX Y4aCTKAaX pyceJ

Kak ormeuasnoch Bblllle, IEPBBIN OMBIT MPUMEHEHUS KPUBOJIMHEHHBIX 3aperylupOBaHHBIX
pycen Ha ropHbIX pekax CpenHeil A3uu B KauecTBE HAHOCO3AIIUTHOTO AJIEMEHTAa, ObUT MPUMEHEH
pH pa3paboTKe BOI03a00PHBIX THIPOY3I0B (epranckoro Tumna B 30-x romax XX Beka. IKCILITya-
Talusl 3TUX COOPYKEHUI MoKa3aia, 4To KPUBOJIMHEWHOE MOJBOJISIIEE PyClIO BOJ03a00PHOIO T'H-
Ipoy3ia siBisieTcs 2P GEeKTUBHON CTYTIEHbIO OOPBOBI C HAHOCAMHM ITPH OJTHOCTOPOHHEM BO103a00pe
B Tepuo nmpoxoxaeHus nmaBoakoB [170]. [Ipu 3ToM mapaMeTpbl KpUBU3HBI MOABOASIINX 3apery-
JUPOBAHHBIX PYCEJT YBA3BIBAIMCH C BETUYHMHAMH PYCIO(QOPMHUPYIONTUX PacxoioB pek [166, 172].

HecMoTpss Ha MHOTOYMCIIEHHOCTh MPOBEACHHBIX HUCCIEIOBAaHHM, BOIPOC OTHOCUTEIBHOTO
pa3MelIeHns AIEMEHTOB BO/103a00pa 1 PeryIsIIMOHHBIX COOPYKEHHH 0 TIOCIEAHETO AHS OCTaeT-
Cs BCe ellle 0 KOHI[a HepelIeHHBIM. JTO MPEAOIPEIETUIIO MOSIBIEHUE B THIPOTEXHUYECKOM CTPO-
UTEJIbCTBELIETIOTO HAMPABIEHHUS, LIETBI0 KOTOPOTO SIBISIETCS HE TOJIBLKO 000CHOBaHHE MapaMeTPOB
KPUBOJIMHEHHBIX YYaCTKOB PyCell, HO U MPOrHO3UPOBAHKE THAPABIMUECKUX MPOIECCOB B Obedax
TUPOY371a B YCIOBUSAX U3MEHEHHSI THAPOIOTUYECKUX PEKUMOB FOPHBIX PEK.

W3yuenuto IBUKEHUS MOTOKA BOJIbI, CONEprKaIleil HAHOCHL, Ha KPUBOJIMHEHHBIX y4acTKax
pycen MoCBITHIN paboThl MHOTHE yueHble EBponsl: [{100ya, Cen-Benan, Hasu, byccuneck, I1pyc-
Yacunckuii [193, 194]; Poccun u 6p1BmIero Coserckoro Cotro3a: H.E XKykosckuii, H.C. JlensBckmuid,
A Munosuu, N.JI. Pozosckuii, A.M. JlementoeB, M.B. TloranoB A.B. Kapaymies, B.H. ['onua-
poB, H.®. Jlanenus, I'1. 3ambaxunze, B.®. Tanmaza, H.A. Kpomkus [53, 54, 125, 126].

[Tpu nBM>XEHUU HA KPUBOJUHEHHBIX yUacTKaxX pycesl peK K OCHOBHOMY IPO/IOJILHOMY JIBU-
KEHHIO JJOOABISIETCs elle MOoMepeuHoe HUPKYISIIMOHHOE TeUeHUe, BBI3BAHHOE Mepepaciipeiene-
HUEM YIENbHBIX Pacxon0B BoAbl. CI0KHOCTh MPOUCXOAAIIUX SBJICHUM 10 MOCIEIHEr0 BPEeMEHU
HE TTO3BOJIMJIA PENIUTH TTOCTABICHHYIO TPOOJIEMY B IIEJIOM M pa3padoTaTh TEOPETHICCKH 0OOCHO-
BaHHYI0, IPAKTUYECKH MPOBEPEHHYIO METOJIMKY pacueTa JABMKEHUS AByX(a3HOTO MOTOKA KHJIKO-
cTH (BOJZIa — HAHOCHKI) Ha M3IyYHHAX pek [35]. DToMy crmocoOCTBYET M TOT (DAaKT, 4TO HA CETOTHSIIII-
HUH JIeHb HET OIHO3HAYHOTO KaYeCTBEHHOTO MPECTABIEHUS O 3aKOHOMEPHOCTSX JIBUKEHUS, TEM
Oosee cTaBATCS MOJ] COMHEHHE MHOTOYUCIIEHHBIE JIOKAJIbHbBIE KOJINYECTBEHHBIE PEIICHUSI.

Cy1iecTBYIOT TpH aBTOPUTETHBIX MHEHUS O IPUYMHAX BO3HUKHOBEHHS TONEPEUHOMN IIUPKY-
JIALMY HAa KPUBOJIMHEMHBIX y4acTKax pycel pek [53]:

1) mo muenuro H.E. XKykoBckoro, M.A. BenukanoBa B 00pa3oBaHUU BOCXOMSIINUX U HUCXO-
JSIIMX BTOPUYHBIX TEUEHUIN Ha KPUBOJIMHEHHBIX YYaCTKaX y4aCTBYIOT BUXPEBbIE CHIIBI;

2) M.A. JllementbeB, A.K. Anansn, W.JI. PozoBckuii, M.B. Tloramos, H.®. Jlanenus,
M.II. KoskeBHMKOB TPUYMHAMH 00pa30BaHMsI PAJIHAIBHBIX BTOPUYHBIX TEUEHUH CUUTAIOT HHEPIIH-
OHHYIO CHITY — LEHTPOOEKHY0, 00pa3yIoLly0 paaralbHble BTOPUYHbBIE TEUCHHUS;

3) A.Sl. MwioBHUY B Ka4eCTBE MPUYUHBI TIONIEPEYHBIX TEUCHUN OMIPEIeTUIT pa3HOCTh JaBJIe-
HUS B TIOTIEPEYHBIX CEUEHUSX Ha KPUBOJIMHEHHBIX y4acTKax.

Ha nam B3m1s11, COBMECTHOE pacCMOTPEHUE BTOPOUM M TPETEH MIPUUUH ONPEAEIISIET MPEATIO-
CBUIKU JJI KaU€CTBEHHOTO U KOJMYECTBEHHOTO pelleHus 3anadu. CoBpeMeHHBIE CPeCTBa Mpo-
BEJCHMSI MATEMaTHYECKOTO0 MOJIETTUPOBAHUS THIPABINYECKUX MPOIECCOB MO3BOISIOT IPUMEHSATh
YUCJICHHBIE METO/Bl B PEIICHUH 3a]1ad Takoro xapakrepa [169]. O0 3ToM HamIAIHO CBUIETENb-
CTBYIOT PE3yJIbTaThl UCCIEAOBAHUN €BPONEHCKUX YUEHBIX, KOTOPBIE /ISl PACCMOTPEHHSI 3aKOHO-
MEpHOCTEH MpY MEaHAPUPOBAHUHU Ha PABHUHHBIX pPEeKax MCIIOJb3YIOT CIOKHBIN MaTeMaTuyeCcKui
anmapart [195, 197, 198].

[To naHHBIM J1TaOOPATOPHBIX MCCIIEAOBAHUHN JKECTKOTO MPSIMOYTOJIBHOTO pycia (C Hepa3pbl-
BaeMbIM JTHOM), TipoBenieHHbIX B.®. Tanmazoi, A.H. Kpomkuasim [166], I'H. 3ambaxunze [54],
A.b. Maras [106] npu TeueHUHN BOABI HA MPSIMOJIUHEHHOM y4acTKe Mepe] MOBOPOTOM BO3HUKAET
KpHUBasi MOAMOpa, pacIpOCTPAHSIONIAsACS BBEpX M0 TEUSHHIO BIOJIb BOTHYTOro Oepera. Y BbIIy-
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KJI0TO Oepera KpUBHU3HbI IPOUCXOIUT PE3KOE MOHMKEHHE YpOoBHEH Bo/bI. [Ipo10onbHBIN YKIIOH I10-
BEPXHOCTHU MOTOKA y BBITYKJIOTO Oepera MOXKeT YBEIMYUBATHCS OoJjiee YeM BTPOE, a Y BOTHYTOTO
Oepera yMeHbIIIAETCs 0 OTPUIATENIbHBIX 3HaueHu . [losiBIeHre monepeyHoro ykjiona cBOOOTHON
MOBEPXHOCTH HAYMHAET MPOSIBIATHCS Ha paccrosHuu (0,5+1)B Bbime Hayana nmoBopora. Jlanee
MoCcJie Hayaja MOBOPOTa MONEePEUHbId YKIIOH IOTOKA Pe3KO YBEIMUYUBAETCS M JOCTUTAET MAKCH-
MaJIbHOM BEJIMYMHBI HA KOPOTKOM y4YacTKe KpMBM3HBI pycna. [Ipu 3ToM yros o oT Hauana moBo-
poTa J10 CTBOpa ¢ MaKCUMaJIbHBIM YKIOHOM PEKOMEHJIyeTCs ONpenessaTh no gopmyse [106, 166]:

R
2-—*+1 1
a = arccoos—B— 2 arcsin———. (2.20)
2(—"+1 4(—"+1
(B ) (B )

Hwxe »TOrO cCeueHust 3HadeHUE TOMEPEYHOTO YKIOHA TTOTOKA YMEHBIIAETCS U OCTAETCS T10-
CTOSIHHBIM BILUTOTH JIO BBIXOJIa TTIOTOKA M3 MIOBOPOTA.

B.®. Tanmaza u A.H. Kpomkun npoananuzupoBas psia u3BecTHbIX Gopmyd [134, 166] mst
OTpe/IeJICHUsT MaKCUMAJIBHOTO TOMEPEYHOTO YKIIOHA BOJHOM MOBEPXHOCTH Ha TIOBOPOTE pycia,
npuBeneHHBIX B [Ipunoxenun 6, mpeacTaBUINA CIEAYIONIUMN YIIPOIIEHHbBIA BUJT CBOEH 3aBUCUMO-
ctu [166]:

J, =0,85 VR*/Z. 2.21)

Kp
Pesynprarel nccnenoBaHMi KpUBOJIMHENHOTO y4yacTKa pycila C pa3MbIBAEMbIM JTHOM [54,

166] cBUOETENBCTBYIOT O KapMHAJIBHOM MX OTIIMYUU OT PE3yJbTaTOB, NOJYyUYEHHBIX HA yYacTKe
JKECTKOro pycia. JllnHa KpUBOM MOJAIIOpa NEpe]] IOBOPOTOM YBEINYHMBAETCS, & CEUEHUE C MAKCH-
MaJIbHBIM YKJIOHOM CMEIIAETCs BHU3 10 TEYEHHUIO U pa3MeEIIaeTCs HaJl BOPOHKOM MaKCHMaJbHOTO
pa3mbiBa J1Ha (pUCyHOK 2.4) [166].

Tpancdopmariyst 3HauCHHUH MONEPEYHOTr0 YKIOHA OTOKA 110 AJTMHE KPUBOJIUHEHHOTO y4acT-
Ka MPOUCXOIUT MO (PYHKIMU C MEpBOHAYAIBHBIM yBETUUYEHUEM 3HAYCHUN U MOCTENEHHBIM €ro
YMEHBILIEHUEM K yniTy 3aKkpymieHus ot 110 no 120 rpagycoB. 3areM BHOBb IPOMCXOAUT POCT 3HA-
YEHUH MMONEPEYHBIX YKIOHOB BIUIOTH 10 MAKCHUMAJIbHBIX 3HAUECHUM.

IleHHOCTH UCCIIEOBAaHUI Y4acTKOB ITOBOpoTa pyces Ha 180 rpamycos 3akirodaercs B BO3-
MOKHOCTH TPOBENCHUS aHAIN3a JUHAMHUKHU IIPOUCXOJAIIMX B HATYPHBIX YCIOBHSX IPOLIECCOB,
KaK Ha [TOJXOJHBIX yJacTKaX, TaK ¥ Ha BbIXOJ€ U3 U3ayuuHsl. [1o cBoeMy xapakrepy 3TH npouec-
CBI IIPOCTBI, HO ONPEAEIAIOT 3aKOHOMEPHOCTD, OTIMYAOLLYI0 XapAKTEPUCTUKHU JIBUKEHUS JIBYX-
(a3HBIX MOTOKOB XHUJIKOCTU (BOJAa — HAHOCHI) MPU MEAHAPUPOBAHUN PEK HA TOPHO-TPEATOPHBIX
Y4acTKax U JOJUHHBIX YYaCTKOB.

9 J/ 100mm
80

N1 ‘i“@

v .
g 60
40
ﬂ/’/ 20

[/
232219 16 1310 7 432 1 CIBOPBI

Pucynok 2.4 — Penbed u npomosibHbIe TIPOQHIH CBOOOIHON MOBEPXHOCTH MOTOKA HA KPUBOJUHEHHOM
yuactke (Fr = 0,99): a — nnan; 6 — nponosnbHbie npoduin (1 — Boruyroro 6epera, 2 — y BBIITYKIIOTO
Oepera)
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Ecnu paccmarpuBath yroi nmoBopora pycia 10 90 rpaaycoB, CpaBHEHHE Pe3ylIbTaToB OyJeT
YAOBJIETBOPUTENBHBIM, U Ipe/UlaraeMasi MaTeMaTuueckass MoJIesIb MOXKET PEKOMEHJIOBATHCS IS
MPOTHO3UPOBAHHUS PYCIOBBIX MPOLECCOB B 3apETyINPOBAHHBIX KPUBOJIMHEHHBIX pyciax BOI03a-
OOpHBIX COOpPYKEHMH, YTO HETPHEMJIEMO, TaK KaK HE YUYHUTBHIBAETCS OTTOK OCHOBHBIX 00BEMOB
BOJIbl OT BOTHYTOT'0 Oepera, BOZHUKAIOIIMI 3a MepBOM BOPOHKOM pa3MbIBa. DTa HANPaBIEHHOCTh
BO/IbI HICTIONIB3YETCS B BOJI03a00PHBIX COOPYKEHHSIX C KPUBOJIMHEHHBIMH PYCIIaMU [T TPAHCIIOP-
Ta HAHOCOB K PEYHOMY TPOJIETY, pa3MelaeMOMY Ha BBIITYKJIOM Oepery.

Kak cBUAETENBCTBYIOT pe3yabTarhl UccienoBaHuil (pucyHok 2.5) [54, 166], nia onpene-
JICHUs 3HaYE€HUI MAaKCHMaJIbHOTO YKJIOHA Ha yYacTKe KPUBOJIMHEWHOTO pycia ¢ Pa3MbIBAEMbIM
JTHOM, MOXET OBITh UCTIOJIB30BaHa 3aBUCUMOCTH (2.21).

AHanu3 mjaaHa U3MEHEeHHs ITyOMH M 3IIOp MepepacrpesielieHns CKopocTeil MoToka, Mpu-
BEJIEHHBIX Ha pUCYHKe 2.6 [13], mo3BOISIET cenaTh BHIBO/IbI O HAIIPABIEHHOCTH OTAEIbHBIX CTPYH
BOJIbI HAa y4acTKe KPUBOJIMHEWHOTO pycna [17, 46]:

» TOA JCHCTBHEM PAa3HOCTU JaBlieHHH (YpOBHEH BOZIBI) Y BOTHYTOTO M BBIMYKIOrO OEperoB
U yBEJIMYEHUS TTyOMH BO3HMKAET IBMKYIAs OObEMHAs CHJIa MOTOKA, MOJ IeHCTBUEM KOTO-
poii 00pa3yroTCsl MPUIOHHBIE TOKH, KOTOPBIE HAINPABICHBI B 30HY MOHMKEHHOTO TaBJICHUS,
B HaIlpaBJICHUH TPAHCIOPTA BIEKOMBIX HAHOCOB;

» TIpY yBEJIMYCHUU BEIUYMH MONIEPEYHOTO YKIOHA ITOTOKA IO MAKCUMAIIbHBIX 3HAYCHH IBIIKY-
mass o0beMHasi CHJIa BO3pacTaeT A0 KPUTHUECKON BEITMUMHBI, IPU KOTOPO OCHOBHAsI Macca
BOJIbl OTXOJMT OT BOTHYTOro Oepera B CTOPOHY I'€OMETPUUYECKON OCH pycia, YTO BBI3bIBAET
YMEHBILIEHUE TONEPEYHOTO YKJIOHA IIOBEPXHOCTH TIOTOKA,

» crenys Hiwke yria 90 TpaaycoB, MOTOK MO JACHCTBUEM CHIIBI TSHKECTH U CHIIBI HHEPLUH OT
JIBIDKEHUSI B ITOBOAIAIIEM pyciie HaOeraeT Ha BOTHYTHIN Oeper, (hopMupys MaKCUMaJIbHBIH 1M0-
MIEPEYHBIN YKJIOH ITOTOKA U BOPOHKY Pa3MbIBa;

» BO3HHMKHOBEHHE BTOPOW BOPOHKH pa3MbIBa BTOPUYHO BBI3BIBACT NOBBILIICHUE ABIKYIIEH 00b-
€MHOM CHUJIBI TOTOKA, KOTOpasi CO34a€T IOHHbIE TOKH, HAIIPAaBJIEHHbIE K LIEHTPY KPUBU3HBIL.

BoO3HUKHOBEHNE TOHHBIX TOKOB YMEHBIIAET MHTEHCUBHOCTD Pa3MblBa JIHA U CHUYKAET 3Haue-
HUE MONEPEYHOro YKJIOHAa IOTOKAa Ha HIDKENIexKalux yyactkax. [Ipu aTom, nBrxkyias oobeMHas
CHUJIa IOTOKA BHOBB OIPENIENSeT CMEIIEHHE OCHOBHBIX 00bEMOB BOJIbI B CTOPOHY T'€OMETPUYECKON
ocH pycna.

Comnocrapnenue rpagpuueckux 3aBUCUMOCTEH N3MEHEHUS MOMEePEYHOro YKIOHA MOTOKA Ha
KPUBOJIMHEHHBIX y4acTKax pyclia ¢ pa3MbIBA€MbIM M HE Pa3MbIBAEMbIM JHOM (CM. PUCYHOK 2.5)
MI03BOJISIET 3aKJIIOUHUTh, YTO OCHOBHBIM OTJIMYMEM SIBIISIETCS 0Opa30BaHUE 30H pa3MbIBa U OTHOCH-
TEJIbHOE BbIPABHUBAHUE YPOBHS BOJIbI B NONIEPEYHOM CEUEHUH HA LIEHTPAJIbHOM Y4aCTKE KpUBU3-
HBL. DTO Ha Halll B3IV, CBSI3aHO C YBEJIMYEHHEM IITyOUH, KOTOPbIE YBEIMYUBAIOT 00LEMHYIO CHUITY
MOTOKA, IEHCTBYIOIIYIO B MIONEPEUYHOM CEUCHUHU.

B nmpopomkenue ananu3a HaMu ObLia OMpe/ieieHa EHTPOCTPEMHUTENbHAS CHIIa (IBUKYIIEH
CHJIBI ITOTOKA, BO3HHUKAOIIEH NMPH BOZHUKHOBEHHUHU TONEPEYHOTO YKIIOHA), YPaBHOBEIMBAIOIIAs
neHTpoOekHyto cuny (F, - =F, ).

PaccmarpuBas 1BH>KEHUSI 00bEMOB JKUJKOCTH B OTKPBITHIX pyciiax (pucyHok 2.7) [43] Mox-
HO CJIeJIaTh BBIBOJ, YTO, HAXOACh HaJ HAKJIIOHHBIM JTHOM BOAOTOKA, KOMIIOHEHTHI, KOTOPBIE OIpe-
JEJISIIOT IBUKYIIYIO CHITY TTIOTOKa, MOTYT OBITh 3allUCaHbl B BUJIE:

G, = pdxdydzgi;

>\ (> (2.22)

G. = pdxdydz(—g 1—i );

I p — IVIOTHOCTD JKUJKOCTH; dX, dy, dz — CTOPOHBI NapaJljIeNieuIe/Ia pacCMaTpruBaeMoro oobema

BOJIBI; I — YKJIOH JHa pycCJa.

ITpu ycnoBuM ABM>KEHUS BOAHOIO MOTOKA MApalIeIbHO IUIOCKOCTH KOOPJAUHAT X, Z, 3Haue-
HHE IPOCKIMH JCHCTBYIOMEH CHtbl cocTaBuT G = 0.
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PucyHok 2.5 — 3HaueHHs TONEPEYHOT0 YKJIOHA TOBEPXHOCTH BOJIBI HA KPUBOIMHEHHOM ydacTke (pusu-
YEeCKOI MOJIeNTH U pacdeTHBIC 3HaUeHUs 1o hopmyrne (2.21): 1 — monepeuHsIit YKIIOH, /IS pa3MbIBa€MO-
o JiHa 1pH cKopocTu Boabl v = 0,68 M/c u Fr = 0,99; 2 — nonepeuHblil YKIOH JUIsl YCIOBHUI JKECTKOTO
pycia mpu cpenHeit ckopoctu Boabl v = 0,84 m/c u Fr = 1,06

Pucynok 2.6 — Pacnipenienenue npoioabHbIX COCTABISIOMNX CKOPOCTEH
Ha ITOBOPOTE pyciia ¢ pa3MbIBAEMbIM JTHOM

v
=
>
=
=
],
o
w0

Pucynok 2.7 — CucreMa KOOpJIMHAT PYCIOBOTO MOTOKA:
0, — YTOJI HAKJIOHa KOOP/IMHATHBIX IIOCKOCTEH K TOPU3O0HTY Sina = i
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W3 cuctemsl (2.22) cnemyeT, 4To MPOSKIIHsI MAaCCOBOM CHJIBI HA OCh X OTIPEIeIsieT 00bEMHYO
JBUXKYIYIO CHIIY XUAKOCTH, KOTOpasi JUIisl TIOTOKA YKUJIKOCTH MOXET OBITh ONpe/esicHa B BHUJIE
dopmynsl [104]:

e = POd1gI (2.23)
rae O — pacxo]] MOTOKa, MPOXOSIIETO MO0 paccCMaTpUBAEMOMY YYacTKy pyciia 3a Bpems dft.

[Tpoekmust MaccoBOii CHiIbl 0OBEMOB BOJIBI Ha OCh Z MPOSIBIAECTCA B BUJIE HANPSKEHUN Ha

OI'PaHUYHMBAIOIIUX ITOBCPXHOCTAX IIOTOKA, KOTOPLIC 6y,HYT PaBHLI:

_ -2
Eow = det(—g 1-i ) . (2.24)
YLII/ITBIBaSI, YTO OCHOBHas ,Z[BI/I)KYH_IBJI cuJia ) KUAKOCTHU BO3HHUKACT OT yKJIOHa HOBCpXHOCTHO-

CTH IIOTOKA, YpaBHEHUE 00BEMHOM ABMKYIIEH CHIIBI BOJIBI, IEHCTBYIOIIEH B palualbHOM HaIlpaB-
JICHUW Ha KPUBOJIMHEHHOM Y4acTKe, MOXKET OBITh 3aIIUCAaHO B BUJIE:

.. = pQdigJ,,. (2.25)
IIpu 3TOM OmpenenseTcss paBeHCTBO CUIL:

2
pgQdt],, = der;—. (2.26)

Kp
Orcrona cienyer:

B V2 B V2
- - Jnon -

i gR,,

gJ

non

(2.27)

Ho ¢akT BO3HUKHOBEHHS JOHHBIX TOKOB HAa KPUBOJIMHEHHOM yYacTKE HApYIIAET MPEICTaB-
JICHHO€ PaBEHCTBO CWJI U BBI3bIBAET HEOOXOAMMOCTh PACCMOTPEHUS 00JIiee CIIOKHOM pacyeTHOU
CXEMBI C IPUMEHEHUEM 00JIee IMMPOKOTO CIIEKTPA PACUETHBIX COCTABIISIFOIITUX.

[TapamMeTpsl PEeTyIAIMOHHBIX COOPYKEHUN KPUBOJIMHEHHBIX 3apeTyIUPOBAHHBIX PYyCe BO-
J103a00pHBIX TUIPOY3JI0B M3 TOPHBIX PEK 3aBUCAT OT TIIyOMHBI BOPOHKU pPa3MbIBa U €€ OTHOCH-
TeNbHOTO pa3MmelieHus. Kak cBUIETeNbCTBYIOT pe3yabTaThl HCCIIEA0BaHUN MHOTHUX aBTOPOB [7, 11,
54, 166, 172], nanbomnpiue IyOWHBI y BOTHYTOTO Oepera pacrtojararoTcs 3a COOMHBIMH 30HAMU
MOTOKA, T7I€ TTOTIEPEYHBIC JJOHHBIE CKOPOCTH JTIOCTUTAIOT HAMOOIBIINX 3HAYCHHH. JTO 00ecredn-
BAaET 3aIUTy OT HAHOCOB OTBOJSIIMX KaHAJIOB, KOTOPHIE PEKOMEHyETCs pa3MeIiaTh Ha BOTHYTOM
Oepery B 30HE MaKCUMaJIbHOTO pa3MbIBa JIHA.

N.JI. Po3oBckmii [145, 172] npoBeass MHOTOYHCIICHHBIE HMCCIICIOBAHUS KPUBOJIWHEWHBIX
Y4aCTKOB pyce, IPEIOKUI 3aBUCUMOCTD JJIsl OIIPENIeIeHHsl yIila IOBOPOTa, IPU KOTOPOM pa3-
BUTHE MOMIEPEUHON ITUPKYIISAINN 3aKAaHIMBACTCS:

g _b3C,
v \/g Reeo,u ’

rae R — paanyc KpUBU3HBI T€OMETPUUECKON OCH KPUBOJIMHEIHOTO pyciia.
reom
B pesynbrare mabopaTopHBIX U HATypHBIX HUCCIIEIOBAHUHI BOJ03a00PHBIX THAPOY3JIOB (ep-
rarckoro tuna A.Il. Yimakos, B.H. llonoxos, N. 4. Skmrac [170] mpuiiiig K BEIBOTY, 4TO HAMOOIb-
11ast TyOMHA BOPOHKH Pa3MbIBa, COBIA/IAONIAS C PAIIMOHAILHBIM PACIIONIOKEHUEM BOIOITPHEMHO-
r'0 OrOJIOBKa, pa3MeIIaeTcsi OT BXOJHOTO CEYSHHSI KPUBOJIMHEHHOTO yuacTka Ha paccTtosHuu [166]:

0.4

56| 0O

L,= FEE @ : (2.29)

[Tpu 3TOM paroHaNbHBIN panyc 3aKpyIVIEHUs OCH pyciia OpeessieTcs 1o 3aBucumoctu [ 172]:
0,4

_ i Q| (2.30)

(2.28)

74



T =
o
4
Rep
ne ? 1R
0 DY
! |
Pucynoxk 2.8 — PacueTHas cxeMa KpUBOJIMHEHHOTO yJacTKa pycia BOHO- i
3a0OpHOTO THIPOy3ia. | — MPSIMOIMHEHHBINH y4acTOK pycia, 2 — BbIITy- ‘
KJIBIH Oeper, 3 — BOrHyThIi Oeper, 4 — 30Ha OTIIOKEHUH HAHOCOB L B

YyuteiBas 3aBucUMOCTH (2.34 u 2.35) ¢ yueToM ypaBHEHHUs OKPY>KHOCTH, MOXKET OBIThH
ofpenesieHa 3aBUCUMOCTh JUIS pacueTa yriia pa3MenieHus] BOJOIPHUEMHOTO OroJIOBKa BOA03a00p-
HOT'O COOPYEHHUS OT BXOJTHOTO CEYEHMSI KPUBOJIMHEMHOTO yyacTka [99]:

¢ = —326;;"” =107i"" (2.31)
Kp

3OTa 3aBUCUMOCTh MOXKET OBITh UCIIOJIb30BaHa, KaK U (DOPMYIIbI, OMIPEIEIISIONINE €€ BHI, TPU
YKJIOHAX JTHA MOJBOASIIETO pycia i, u3MeHstonmxcs B quanazone 0,005 mo 0,05. B pesynbrare
BBIYHCIICHUH 110 3aBUCUMOCTH (2.31), OBLIO YCTAHOBIIEHO, UTO 3HAYCHUE YIIIA () U3MEHSICTCS IS
YKa3aHHOTO Jana3oHa YKJIOHOB B mpesernax ot 48 1o 68 rpaaycoB. DTo coracyercst ¢ U3BECT-
HbIMU pekoMeHaanusmu [ 159, 160, 172], B KOTOPBIX yrojl KPUBU3HBI 3apPETyIUPOBAHHBIX MTOABO-
JSIINX pyces BOJ03a00PHBIX COOPYKEHHI HA PeKax PeKOMEH]IyeTCsl IPUHUMATh PAaBHBIMHU OT 45
1o 70 rpagycos.

PaccmoTpuM TutaHOBBIE pa3Mepbl KPUBOJIMHEHHOTO TONBOJSIIETO pyciia BOHA03a00PHOTO
THJIPOY3J1a C pa3MEILIEHUEM 3JIEMEHTOB BOAHOIO MOTOKA HA MPUMEPE PacueTHOW CXEMBbI, IPHUBE-
JleHHOM Ha pucyHke 2.8. IIpu 3ToM yCIIOBHO MCTOIB3yeM HayaldbHBIM y4aCTOK KPUBOJIMHEHHOTO
pycia, IpUBEIECHHBIN Ha pUCYHKE 2.6 10 CTBOpa BOZHUKHOBEHUS IIEPBOM BOPOHKH pa3MbIBa.

Kak nokassiBaeT aHanu3 npeiaraéMblX pa3indHbIMU aBTopamiu [172, 179] 3aBucumocrei,
NIPY CO3IaHUU 3apEeTyIUPOBAHHBIX PYCeN BOJ03a00PHBIX COOPYKEHUN UX MapaMeTphl COTIacyIoT-
csl ¢ THAPOMOP(OMETPHUECKUMHU XapaKTEPUCTUKAMH €CTECTBEHHBIX BOJOTOKOB.

C.T. Antynunsim [8] npu ykionax aHa pycein pek i = (0,02+0,002) amns onpeneneHus paiu-
OHAJIBHBIX TTApAMETPOB KPUBOJIMHEHHOTO pycia Oblia MpeIoKeHa 3aBUCUMOCTb!

R
Kp .
9 =3,5+8, (2.32)
B y
rae B — mmpuHa BOJHOTO MOTOKA 10 Ype3y BOABI Ha MPSMOIUHEITHOM yYacTKe pycha.
[IpoBens aHanu3 ypaBHEHHsI IJIOCKOTO PaBHOMEPHOTO TypOYJIE€HTHOTO MOTOKA C MOCTOSH-
HBIM NPOJOJILHBIM yKJIOHOM #, B.®. Tanmaza u A.H Kpomkun npeanoxuinu 0oiee TOUHYIO 3aBH-
CUMOCTB JJIsI OTIpe/IeTICHUs TapaMeTpOB KPUBU3HEI [166]:

R 1,04
B l-0,33 :
Ota dopmyna onpeesiseT OTHOIIEHNE OCHOBHBIX TapaMeTPOB KPUBOJIIMHEHHOTO pycia pu
M3MEHEHUH YKIIOHA JTHA PEKH.
VYuuteiBas nepBbiii 3akoH HblOTOHA, MPENNOI0KUM, YTO JTUHUUA TOKOB OTACJIBHBIX CTPYH
BOJIbI MOJIXOJIALIME 110 IPSIMOJIMHEHHOMY YYacTKy pycia K KPUBOJIMHEWHOMY PYCILy COXPaHSIOT

CBOIO MPSMOJIMHEHHYIO TPAaeKTOPUIO BIUIOTH O CONPUKOCHOBEHMS C BOTHYTHIM Oeperom (CM.

(2.33)
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pUCYHOK 2.8). 31€ech, HaKJIaAbIBAsCh IPYT Ha Jpyra, CTPyH IBHUIalOTCS BHU3 IO TEUEHHUIO BJIOJIb
BOTHYTOTO Oepera 710 TOUKH (A), B KOTOPOH OHU MOJHOCTHIO CYMMHUPYIOTCSA. JTa TOYKAa COOTBET-
CTBYET IepeCceueHHI0 BOTHYTOro Oepera ¢ mpsiMoi TMHUEH, TPOBEIEHHON B IPOJOKEHHE TIPSMO-
JUHENHHOU OeperoBoii TMHUY, epexosieil B BBIMYKIbIi Oeper. Kak nmokazanu HatypHbIe HaOItO-
JIEHUS, ¥ MIPEIBAPUTEIbHBIE MOZAEIbHBIE UCCIEA0BAHNS KPUBOJIMHENHBIX PYCEll ¢ pa3MbIBAEMbIM
JTHOM, TIPH CJIOKEHUU JIMHUNA TOKOB 00pa3yeTcs TOpU30HTAIbHBIN Bajiell KPyIJIoro Ce4eHus, pac-
HIMPSIOIIMIACS OT Havyaja KPUBU3HBI 10 TOYKH C MAKCUMAJIbHBIMU TITyOMHAMH, TPEATION0KHUTEb-
HO HaxXoIsAIIMXcs B ToUKe (A). DTO MO3BOJISIET 3aKIIOYUTh, YTO B TOUKE (A) MIPOU30MIET CIOKEHHE
BCEX JIMHUHI TOKOB, TO €CTh 3/1€Ch OyAeT HAYMHAThCS YUYACTOK C MAaKCUMAJIbHBIMU TITyOMHAMHU pa3-
MBbIBa Y BOTHYTOTO Oepera.

N3 tpeyronsauka AOD (cM. pucyHOK 2.8) ¢ yueToM M3BECTHBIX 3HaueHHi R u B MoxHO
BBIBECTH 3aBUCHUMOCTH JIJIs pacuera yria f[25, 127]:
R-B
R+B

Ananu3 penbeda AHA U pacHpeiesieHus: MPOJOIbHBIX COCTABISIIOIIMX CKOPOCTEH MOTOKa
(cM. pucyHOK 2.7) 1mokasall, YTO MaKCUMaJIbHbIE [TTyOUHBI U MONIEPEYHbIE CKOPOCTH pa3MelIatoTCs
y BorHyTOro Oepera B Touke (C) HKe OT TOukH (A).

PaccuuTaB 3HaueHUs yIIIOB OT Ha4YaJia KPUBU3HEI 10 CEUCHHsI ¢ HAUOOJIbIIIel BOPOHKOM pas-
MbIBa 1o Gopmyiaam (2.31 u 2.34), moaydeHHBIX HAMHU C TTOMOIIBIO TTporpamMMbl MicrosoftExcel,
MBI TIOJTYYHJIN 3aBUCUMOCTH JIJISI ONIPEJICTICHUST Pa3HOCTH yIIIoB pazMmenieHus Touek (A) u (C) nmpu
ykioHax gHa i ot 0,005 no 0,05:

f =arccos i (2.34)

¢—f:58,3%+29,36i+9,9. (2.35)

[To HammieMy MHEHUIO, PACXOXKIEHUE 3HAaUEHUH YITIOB @ U f OTpeNIeNsIeTcsi CMEIEHUEM TOKOB
BOJIbI, TMOAXOAAIIUX K BOTHyTOMY Oepery oT Touku (A) x Touke (C). [lo naHHbIM HaOmOAeHUN
ObUIN CETaHbl CIIEAYIOIINE BBIBOABI O MPUUMHAX CMEIEHUI BHOBb MOJXOISIIUX TOKOB OTHOCH-
TEeJIbHO BOTHYTOTrO Oepera [98, 104]:

» CyIIECTBYeT B3aMMOJICHCTBHE C pacxoJaMu, YK€ IBMKYLIMMHUCS BIOJIb BOTHYTOTO Oepera
B CTOPOHY HIKENEKaIIUX YYaCTKOB pycla;

» TPOHCXOAUT COTNPHUKOCHOBEHHUE C JIOHHBIMU TOKaMH, HAIlPaBIEHHBIMH OT BOTHYTOTO Oepera
B 30HY OTJIOXKEHHUSI HAHOCOB Y BBIMYKJIOro Oepera (M3 30HbI MOBBILIEHHOTO JaBJICHUS B 30HY
MOHIKEHHOT0) (CM. pUCYHOK 2.8).

MOXHO HPEANOIIOKUTh, YTO TPU MOCTETIEHHOM CJIOKEHUU JIMHUHA TOKOB BJIOJIb BOHYTOT'O
Oepera oHM 00pa3yIOT MOTOK, (hopMa KOTOPOTO — KpyTJiasi B ONEpPEeYHHUKe, 00yCIIOBIEHA CTpeMIIe-
HUEM HJIKOCTU JIBUTaThCsl C HAMMEHBLINMHU COMTPOTUBICHUSIMHU (PUCYHOK 2.9).

Pacmmpenune koHycooOpa3HOro MNOTOKa COBMECTHO C pa3BUTHEM MOINEPEUYHbIX TeUEeHUH Npu-
BOJIUT K €r0 3anTyOJI€HUIO B Pa3MbIBa€MOE JIHO pycia. YBETUUEHUE CEUCHUsI IPOMCXOIUT 3a CUET
HOTIOJTHEHUSI CO CTOPOHBI MPSMOJIMHEHHOTO MOABOSAILETO pyciia O cedeHus: ¢ HauboJbleil Bo-
poHKO# pa3mbiBa. [Ipr ’TOM B HEYCTaHOBHBILEMCS PEKUME JBMKEHHSI IPUOHHBIE TOKH, HallpaB-
JIEHHBIE B 30HY ITOHMKEHHOTO JIaBJIEHUs Y BOTHYTOro Oepera, rmociie popMupoBaHus peibeda qHa
BBIXO/ISl U3 BaJIbLa, HAIIPABJISIFOTCS BAOJIb OCH pycClIa.

Ha Ham B3misi1, BOBHUKHOBEHHUIO NMPHUIOHHBIX TOKOB Ha KPHUBOJIMHEMHOM YyYacTKe pycia
C pa3MbIBa€MbIM JJTHOM CIIOCOOCTBYET AMHAMUKA MTPOUCXOAsALIero npouecca. [Totok, apmwxkynuiics
B/I0JIb BOTHYTOTO Oepera, MoJBepkKeH LEHTPOOeKHOM cuiie, KoTopasi ypaBHOBELIMBAETCS JABHKY-
el 00beMHOM CUIIOH BOJIBI, SIBIISIOLICHCS B 3TOM Cilydae LeHTpocTpeMuTensHoi. Ho moctynaro-
UK CO CTOPOHBI MPSIMOJIMHEHHOT0 y4acTKa MOTOK, Haberast Ha BOTHYTBIN Oeper, 10 BCTYIICHUs
BO B3aMMOJICHCTBHE C KOHYCOOOpa3HbIM BaJIbLIOM, HE MOJBEPKEH LIEHTPOOESIKHON CHIIe 1 HE UMe-
€T ypaBHOBeLIMBaoIell cocTapistonied. Takum 06pa3oM, BHOBb MOAXOAIINE TOTOKU CO3/IAIOT
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Pucynok 2.9 — Cxema nonepeyHoro ceueHus: KPUBOJIMHEHMHOTO y4acTKa pyciia C pa3MeIeHueM OTAeIb-

HBIX BOJIHBIX IIOTOKOB: | — cTpyeHanpasJsttonias 1am0a; 2 — cedeHrue KOHycooOpa3Horo MoToka; 3 — ce-

YeHHE TTOTOKA, ABIDKYIIETOCS K BOTHYTOMY Oepery OT MpsSMOJIHHEHHOTO yJacTka pycia; 4 — mormeped-

HOE CEYeHHE MMOTOKa, (DOPMUPYIOILIETOCs OT MPUTOKA CO CTOPOHBI JOHHBIX CTPYH IOIEPEYHOro Teue-

HUSE, 5 — OTMOCTKA pycia; 6 — IOBEPXHOCTH MOTOKA € YKIOHOM; d —[aMeTp KOHYycOo0Opa3HOTo MOTOKa
JIOTIOJTHUTEILHOE MIPEBBIIICHUE YPOBHEHM BOJMIBI Y BOTHYTOTO Oepera HajJ yPOBHSAMH y BBITYKJIOTO
Oepera, 4TO U OMPEIEISIET BOSHUKHOBEHUE JIOHHBIX TOKOB, KaK 3JI€MEHTA, YPaBHOBEIINBAIOIIETO
CUIIy MHEPLUU OCTYIIaTEIILHOIO ABYIKEHUS BOABI OT IMOABOASIIIEr0 pycia.

B3anmoneiicTBre ABMKYIIMXCS, COSAUHSIOIINXCS HA IOBEPXHOCTH U OTAEISAIOIIMNXCS B IIPU-
JIOHHOH 00JIaCTH O0OBEMOB BOJIbI, BBHI3BIBACT IMOMEPEUHYIO IUPKYISAIUIO OMHCAHHOTO KOHYCOO-
Opa3HOro MOTOKA BJIOJIb BOTHYTOTO Oepera. To eCTh BHOBB MOJIXOIAIINE CTPYH BOJIBI BCTYIIAIOT BO
B3alMOIEHCTBHUE C KOHYCOOOpa3HbIM IIOTOKOM, CJIBUTAIOT €r0 MOBEPXHOCTh K BOTHYTOMY O€pery,
a pa3HOCTh YPOBHEH BOJIbI BBI3BIBACT OTTOK M3 €0 MPUIOHHBIX CTPYyH. ITOT MPOIIECC COMPOBO-
JKIAaeTCsl pa3sMBbIBOM JHA IIPU HEYCTAHOBHUBIIEMCSI PEXKUME U TPAHCIHOPTOM BHOBBL HOAXOASAIIUX
BJIEKOMBIX HaHOCOB BJI0JIb TEOMETPUYECKON OCH MOTOKA BHU3 10 TEUEHHIO.B 11e710M, OnrcaHHbie
3/1eCh TIEPEMENICHHS] 00bEMOB BOJIbI B THAPOTEXHHUKE HA3BIBAIOTCS MPO0JIBHO-TIONIEPEYHON ITUP-
KyJISIIUEH, a KOHYCOOOpa3HBIN MOTOK — IUPKYIISIIMOHHBIM BaIBIIOM.

C menpro mepexojia OT Ka4eCTBEHHOTO OMHCAHUSI K KOJWYECTBEHHBIM XapaKTEPUCTHKAM
MIPUBEIEM MOJIEb, B TIEPBOM MPUOIIIKEHUN OMUCHIBAIOIILYIO MPOUCXOISIINE TUIPABINYECKUE
MPOLECCHl HA YYACTKE KPUBOJIMHEMHOTO pycia ¢ Pa3MbIBAEMBIM JTHOM:

0, = Qg(i—l) + QPei = Oy
_ cos@._, —cos g,
i l1-cos¢
pri
Q()OHi = Q()()H(i-l) + J‘ wici \Y RIAJ Xdl > (236)
0
o, =kdl
d = 4x0,
TXV

rae O, — pacxoi BOABI B KOHYCOOOpa3HOM Banblie; O — pacXol BOABI B PYCIIC PEKH; (), — yroin
MEXJ1y BXOJIHBIM CEYEHHEM KPHUBOJIMHEMHOIr0 y4yacTKa M pacCMaTpUBAEMbIM i-M IONEPEYHBIM
cedeHneM; () — PacxoJl JIOHHBIX TOKOB BOJIbI, OTACISIOLINXCS OT KOHYCOOOPA3HOIo MOTOKA OT
€r0 Hayaja JI0 pacCMaTpUBAEMOIO CeUeHUs; O, — KOOQHUUMENT, YINTHIBAIOIIMHI 10O TIPOEKIUH
paccMaTrpuBaeMoro y4yacTtka B OOIIeH MPOEKIMH BOTHYTOro Oepera, Ha IJIOCKOCTb, pa3MelIeH-
HYI0 BO BXOJHOM IIONIEPEYHOM CEYEHHH KPUBOJMHEHHOIO y4acTKa; . — IUIOAAb TIONEPEYHOTrO
CEYEHHMs1 TIPUIOHHOIO MOTOKA, OTAENAIOIIETOCA OT KOHYyCO0OPa3sHOro Ballblia; k,— BEPTUKAIIbHBIH
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pa3Mep JOHHOIO MOTOKA B paCCMATPUBAEMBIX CEUEHHUAX (HA OCHOBAHMM aHaJIM3a PEe3yabTaToB Ja-
6oparopusix uccnenoBanuit I H. 3ambaxunze [54] u B.®. Tanmasel, A.H. Kpomkuna [166] nHamu
OBLIO YCTaHOBJIEHO, YTO €ro BenudnHa coctasisieT 30 % rIyOMHBI BOAHOTO MOTOKA Y BOTHYTOTO
Oepera); R, — pacueTHas BEMYMHA TUPABIMYECKOTO PaHyCca B PACCMATPUBAEMOM CEUEHHH; d, —
JUaMETp KOHYCOOOpa3HOTO BaIblla B PACCMAaTPUBAEMOM CEUEHUH C YIETOM PACYETHON CXEMBI (CM.
PUCYHOK 2.8) v — CpeiHss CKOPOCTh BOJHOIO MOTOKA B KOHYC000pasHoM Baiblie; C,— koddduun-
et llle3u nys MBMKEHUS IPUAOHHBIX TOKOB; AJ — MpHUpaIieHne MonepeuHoro yKIoHa CBOOOTHON
MOBEPXHOCTH BOJHOTO TMIOTOKA B pe3yJibTare JEHCTBUS CHIIBI MHEPLIUU MIPH HaOEraHWu MOTOKa Ha
BOTHYTBIN OEper co CTOPOHBI MPSIMOIMHEWHOTO y4acTKa pycia.

CpaBHeHHE pe3ynbTaTOB pacuyeTa ¢ MOMOIIbIO rpadoaHaATUTUYECKOTO METO/Ia pacueTa mapa-
METPOB BOJIHOTO NOTOKA HA KPUBOJIMHEHHOM MOABOJSIIEM PYCJIE C pe3ylibTaTaMU UCCIEI0BAHMM,
MPUBOSTCS B MOCJEIYIONINX pa3/ienax Hamiel padoThl.

2.3.3. Ob6ocHOBaHME APAMETPOB HAHOCO3ANIUTHBIX MOPOIOB,
ycTpanBaeMbIX Nepe/ BOAONPHEMHbIMU KaMepaMu
B0/103200PHBIX COOPYKEHU I

OCHOBHBIMH 3JIEMEHTAMHU BOJ103a00pHBIX COOPYKEHUH, ONPEEIAIOIIMMI OCHOBHBIE TEXHU-
YeCKHe XapaKTePUCTUKH, SIBISIOTCS pEYHOE PYCII0 U BOIONPUEMHHUK. PaccMaTpuBast mpocTennyto
pacyeTHyI0 cXeMy BOA03a00pHOro rujpoysia (pucyHok 2.10) npu ycnoBHUSX TUMUTHPOBAHHOTO
B0J103a00pa M JIBUXKEHUS BOJbI O€3 MpUMecei, MOKHO MPUNUTH K BBIBOAY, YTO BOJOIPUEMHUKY
MOTYT OBITh 3aJlaHbl MapaMeTphl, obecrneunBaronie ko3phuueHT Bogo3adopa o < 1 npu mnpo-
XOXK/ICHHH 110 PEKe PAacXofia pacueTHoii obecrnedeHHOCTH O, (€CIH BBIMOIHHTE BOAONPHEMHHK
HIMPUHOI OOJbILEH, YeM IMPUHA PEYHOTO PYCIIa).

MuHnMaIbHOE 3HAYEHHE INMPHHBI BOXONPUEMHHUKA B TIPH MOJHOCTBIO TIOHATOM 3aTBOPE BO-
JIONIPUEMHHMKA OTIpeieNsieTcs o 00IIen3BeCTHOH (popMyrie BOOCINBA ¢ IUPOKUM 1Oporom [87]:

Bo=—F—rr, (2.37)
g 2 HI,S
O-nm g 0
e O — 3Ha4e€HUe Pacxo/a BOJIbl, 3a0MPaeMOro B BOJOIPUEMHHEK; G, — KOO()(QUIIMEHT, yUHTHIBAIO-
IMH MOATOIIEHHE; 1 — KO3(QUIMEHT pacxo1a BOAOCIMBA C INMPOKMM OPOroM; H — pac4eTHbINA
HAIop BOAbI B PyClI€ PEKU HAJl JHOM BOJOIPUEMHHKA C YUETOM CKOPOCTHOI'O HAropa.

Takske MOXKET OBITh UCIIOIb30BaHa 3aBUCUMOCTb:

BC = Qk 9
Phy~2g2,
II€ @ — CKOPOCTHON KO3()QUIMEHT, yIUTHIBAIOIMI OTEPU HAIIOPA; Z, — TIEPENal YPOBHEH BOJIbI
B PEYHOM PYCJIE U B TOJIOBE OTBOJSIIETO KaHajla.

B npuBeieHHOI KOMIIOHOBOYHOM CXeMe MPOCTEUIIETO BOI03a00PHOTO COOPYKEHHUS TITyOu-
Ha BOJIbI [1€peJl BOJONPUEMHUKOM OyJET ONpENesIThCs IUPUHON NOJBOAIIETO pycia U BEIUYH-
HOM IPOXOJAILEro pacxoza.

HccnenoBanusiMu Boji03abopa MO MPUBEIEHHON CXeMe 3aHMMaJIUCh MHOTHE ydeHble [43].
Pe3ynbrarel 3TUX UCCIIEOBAHUN CBUIETENLCTBYIOT, UYTO IIPU JIBUKEHUH O MOABOASILIEMY PYCILy
pexu 1Byx(}a3HOTo MoTOKa (BOAAa — HAHOCHI) B BOJOIPUEMHUK 3aBJICKAIOTCS KPYIHBIE (ppaKiiuu
BJICKOMBIX HAaHOCOB, eciu kod(duument Bomozadbopa o npessimaer 3uadenus 0,2...0,25 u Bo-
JIOTIPUEMHUK HE PacCIOJIOKEH Ha BOTHYTOM O€pery pedyHoi M3Iy4yeHbl WU 3aperyJupOBaHHOTO
MOABOJIAIIECTO pyciia. DTO HAOIIOMAeTCS MPHU JIIOOOM yIvie pa3MeNIeHHs: OTBOJIA BOJAOTIPUEMHHKA
O (ot 30 o 150°).

[Ipu npoBeaeHnH aHaIM3a 3aKOHOMEPHOCTEH ABM)KEHUSI HAHOCOB C LIEJIbI0 OPraHU3alluy Ha-
HOCO3aIUTHI IPHU BO/103a00pe,BechMa 1ieHHbI uccienoBanus A.M. JlocueBckoro, KOTopeiii 0OHa-

(2.38)
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Pucynok 2.10 — PacueTHas cxema Boi03a00pHOTO COOPYKEHUs C OOKOBBIM (OE€peroBbIM) BOIOTIPUEM-
HUKOM: | — moABOMsAIIEE PYCIIO PeKH; 2 — OOKOBOW BOJOIPUEMHHK; 3 — PErYJIATOP BOJOIPUCMHHUKA;

4 — oTBOAIIMI KaHAI; 5 — OTBOJIAIIEE PYCIIO peky; By . — mimpuna pycna peku; B, — mvpuna Bogonpu-

€MHOTr0 0ronioBka; H — rmyOuna Boxe! B peke; H_— riryOuHa BOJIBI B BOXONPHEMHUKE; /1, — NTyOMHa Ha
IOpOre BOAOIPUCMHHMKA (TIPU UCTCUYCHUN U3 O] ITOJIOTHHIA 3aTBOPA — IyOMHA B CKATOM CCUCHUH);
Z,~ Pa3HOCTh TOPU30HTOB BEPXHETO M HUKHETO Obe(hOB BOTONPHEMHHKA C YHETOM CKOPOCTHOIO Harlo-
pa B kaHase; © — yroJ pa3MelieH s 0OTBO/Ia BOJOIIPUEMHUKA OTHOCUTEIBHO PyCiia PeKd

PYKUJI, YTO TPHU JEJCHUH Pacxojia BOAHOTO MOTOKA MOMOJIaM HE3aBUCUMO OT (PPOHTAIBHOTO MM
OOKOBOTO pa3MeIIeHus BOIONPUEMHHUKA, 87 10 97 % pacxoioB MOCTYHAIOIUX HAHOCOB MOMAaIaeT
B OTBOJI C OOJIBIIUMU CKOPOCTSIMH JIBUKEHUS BOJIBL. DTO MOXKET OBITH CIICJCTBUEM PA3IUYUS CO-
IIPOTUBJIEHUI WJIM YKJIOHOB JIHA B OTBOJAX. B pe3ynbrare pa3HOCTH CKOPOCTEN Mepes OTBOJAMU
HaOmoaeTcss U3rud JIMHUM TOKOB M KaK pe3yibTaT 3TOr0 U3ruba — paccioeHUe PyCIIOBBIX Teye-
HUI: JIOHHBIE JINHUHM TOKOB ITOBOPAYMBAIOT B OTBOJI C OOJIBIIMMH CKOPOCTSIMU ITOTOKA, a MOBEPX-
HOCTHBIE JINHUU TOKOB HAIIPABJIAIOTCS B OTBOJ] C MEHBIIMMH CKOPOCTSIMU JIBHKEHUS BoAsl [131].

[To nanubiM uccnenoBanuii [131] or6op yacTu oObeMa MOTOKA CO3/IAaET B MECTE ACICHUS
CIIOXKHYIO JedopMaluio cBOOOJHON MoBepxHOCTH. [t mpomonbHOro npoduis cBOOOTHON Mo-
BEPXHOCTH [TOTOKA BOABI, IPOXOJISLIETO B PEYHOM PYCJI€, CYLIECTBYET 30HA C IOHMKEHHOM ITOTEH-
[IMAJIbHOW YHEepruei, KoTopas pa3MellaeTcs Bhllle BepXxoBoro pedpa orBoza. [locne 3Toro MuHm-
MyMa B 00JIaCTH BOJIOTIPUEMHHUKA UJET TIOAHATHE YPOBHEH BOJIbI, KOTOPOE O0YCIOBICHO pacIIy-
pPEHHEM TIOTOKA M YaCTUYHBIM MEPEXOAOM KMHETUYECKOM SHEPruu B NMOTEHUMaNbHYIO. [logbem
YPOBHEW BO/IbI 3aKaHYMBAETCS] HECKOJIBKO HHMKE HU30BOTO pedpa OTBO/A C MOSBIEHUEM CTOSUUX
IIOTIEPEYHBIX BOJIH.

Ocoboe mposiBIeHNe 30HbI MOHWKEHHBIX YPOBHEH BOABI Mepes; OOKOBBIM OTBOJOM HaOIIIo-
naetcs y ero 0eperoBoro yctosi. To ecTh IpoucXoauT 00pa3oBaHue MONEPEYHOro yKJIoHa IMOTOKa,
NOAO0OHBIH Mporecc aenpeccuu o0pasyeTcst B Hayalle KpUBOJIMHEHHOTO yyacTKa pyclia y BBIITY-
kioro Oepera. [To nanueiM A.C. Odunepona [131], HanOGoIbIIMIA TONIEPEUHBIH YKIOH B TOJBOI-
IIeM pycCJie B CTOPOHY OTBO/Ia HaOo1aeTcst BOJIM3H CTBOPA BEPXOBOTo pedpa, mepekoc CBOOOIHOM
TIOBEPXHOCTH B 3TOH 30HE MOXeT gocturarb 4U%/2g, rne U — CKOpOCTh ABUKEHHSI BOJIBI B ITO/IBO-
JSLIEM pycCII€.

ITo nannubm B.A. IllaymsiHa, TOHHBIE CTPYH B MOABOASAIIEM PYyCII€ HAUNHAIOT OTKJIOHATHCS
B CTOPOHY BOJONPUEMHHMKA Ha HEKOTOPOM PACCTOSHUM OT €ro BepXoBoro pedpa. Paccrosinue, Ha
KOTOPOM IIPOMCXOJUT OTKJIOHEHUE JOHHBIX CTPYH B CTOPOHY BOJOIIPUEMHUKA OTHOCUTEIBLHO pac-
YEeTHOUN CXeMbl, IPUBEJCHHON Ha pucyHke 2.11, Mmoxet ObITh onpeneneHo o Gopmyne [43]:
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X(A)=0,55Y(A) | (2.39)

rrne Y(A) — 30Ha 3axBara (4acTh IIMPHUHBI MTOIBOASIIETO pyclia) JOHHBIX CTPYH C HAHOCAMU B CTO-
POHY BOJONPUEMHHKA OIMPEAEIAETCS MPU PACCMOTPEHUM MPSIMOJIMHEHUHBIX KaHAJOB C IPSIMOY-
TOJIBHBIM CEUEHUEM 10 (hopMyIie:

Y(A)=1,55| L240,2 B, (2.40)
P

I1¢ ¢, ¥ ¢, — BEITUYUHBI YICIBHBIX PACXOZOB B BOJAOIPHEMHHKE U PEKE COOTBETCTBEHHO.

OTcyTCcTBHE 3aBUCUMOCTH 3TOTO SIBJICHUS OT yIJIa pa3MeIeHHs OTBOJIA MOJKET OBITH ITPOJIEMOH-
CTPUPOBAHO pe3yibTaramu ucciaenoanuii A. 5. MunoBuua, npuBeIeHHBIMU Ha pucyHke 2.12 [43].

OCHOBHBIM OTJIMYUEM TIPU ATOM SIBIISICTCS (PaKTOP HAINPABICHHOCTH JIOHHBIX TOKOB. [Ipu
MaJIblX 3HAYEHUSX yIia © JOHHBIE TOKU PacCpeA0TOYMBAIOTCS 110 MIMPUHE BOJOIIPUEMHHKA C HE-
3HAYUTENIbHBIM CMEIICHUEM K BEPXOBOMY peOpy BOAONPUEMHHKA, a MPU OONBIIMX 3HAYEHUSX
O Bce JOHHBIE TOKU MPOXOJAT BIOIb BEPXOBOTO pedpa.

JleneHue MOTOKOB COTPOBOX/IAETCS SBICHUSIMU OT>)KUMA CTPYH 1 00pa3oBaHUEM BOJJOBOPOT-
HBIX 30H. [lepBast u3 3TuX 30H 00pa3zyeTcsi B 0TBOJIE HEMOCPEACTBEHHO HM)KE BEPXOBOTO pedpa, e
BOILIE/IINI [MOTOK MCIIBITHIBAET OOKOBOE CxkaTHe. [Ipr 3TOM Ha MPOTUBOIOJIOKHOM Oepery pekH,
HEMHOTO HIJKE TI0 TEYCHUIO MOXKET ()OPMUPOBATHCS BTOpasi BOZOBOPOTHAs 30HA (CM. pUCYHOK 2.11).

[To mannbv [u Beit JIo u A.J[x. Penonpaca yBenuuenue kodduimeHTa Bogo3adbopa co-
KpalaeT pa3Mepbl BOZOBOPOTHOW 30HBI B OOKOBOM OTBOJIE, HO BEAET K PAa3BUTHIO BOJOBOPOTA
B pycine peku [43, 131].

PaHee ¢ 11en1p10 NOHMKEHMSI BEJIMUMH MTPOLIEHTHOTO 3aXBaTa HAHOCOB, ITPH IIOBBIIIIEHHBIX KO-
s dunreHTax pacxoaa, MHOTHE aBTOPbl pEKOMEHI0BAJIM YCTPOUCTBO 00jIee MHUPOKUX OTBEPCTHIA
BOJIOIIPUEMHUKOB M Pa3MELICHUS Ha UX BXOJHBIX OTOJIOBKAX IIAHIOPHBIX CTEHOK MJIH CABOCHHBIX
3aTBOPOB C BO3MOXKHOCTBIO HcTeueHus yepes Bepx [11, 28] (mmpu ycTpoicTBE COOpYKEHUI 110 UH-
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Pucynok 2.11 — PacueTHas cxemMa CMEIIeHUs JOHHBIX CTPYH
1 00pa3oBaHUs BOJOBOPOTHBIX 30H MPU OOKOBOM BO103a00pe

Pucynok 2.12 — CiekTpsl JOHHBIX Te4eHUH B ombITax A.Sl. Munosuya:
a — ombIT ipu ©=30°; 6 — ombIT IpH O=123°
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TUHCKOMY THITY). DTH MEPOIPUSITUS TApaHTUPOBAHO OOECIIEUNBATIU MaJIble CKOPOCTH JIBUKCHUS
BOJIbI B BOJIOTIPUEMHHUKE U MPEMSATCTBOBAIIN 3aXBaTy HaHOCOB. Ho Oonblmias mupuHa BOAOIIPHEM-
HUKa JUIsl YCTPOWCTBA B HEM PETYISATOPOB TpeOoBasia pa3MeIIeHHs IPOMEKYTOUHBIX OBIKOB C 3a-
KJIQIHBIMU YaCTSMHU, KOTOPBIE SIBISLTUCH COMPOTUBICHUSIMHU M OIpPENesuid COOMHOCTh T€UeHUM
¢ 00pa3oBaHMEM OHMKEHHBIX 30H U 3aBUXPEHUN TTOTOKA, YTO IPUBOAMIIO K 3aXBaTy HAHOCOB.

Crnenyrommm marom B o0Onactu moBbImIeHUs Kodhduimenta Bogo3abopa 0e3 3axpara Ha-
HOCOB B BOJIOTIPUEMHUKH SIBUJIOCH YCTPOMCTBO TMepe] HUIMH HAHOCO3AIIMTHBIX MOPOTroB. BeImosn-
HEHUE HAHOCO3AIIUTHHIX MTOPOTOB B BUE YUIMHEHHBIX BOJOCIUBOB 00€CIIEUUIIO ITUPOKUN BOJO-
MPUEMHBIN (PPOHT C OTHOCUTEIILHO MallbIMH CKOPOCTSIMH Haj ero rpedHem. [Ipu sTom GokoBoOit
BOJIOTIPUEMHUK CTaJl BHITIOMHITH (PYHKIIHIO PEryIATOpa OTBOASIIETO KaHAIA, & HAHOCO3AIIUTHBIC
MOPOTH 3aHSIIU MECTO BOJIONPUEMHUKA MEPBOro Mopsiaka. ['abapuThl TOHHBIX MOPOTOB OMpee-
JISTFOTCSL BEJIMUMHAMU PACcXO0/I0B BO03a00pa U (PyHKIIMOHATEHBIMHA 0COOEHHOCTSIMH, 0OecTeurnBa-
IOIUMU HAJIeKHYI0 HaHOco3amuTy. OCHOBHON pacdeTHON (OpMYION AJisi OnpeneneHus ITHHbBI
ropora sIBJIsIeTCsl ypaBHEHHE BOIOCIHMBA ¢ TOHKOM cTeHkoii [17]:

0, =mlL, \2gH,;, (2.41)
rae m — Ko3(pPHUIMEHT pacxosia JOHHOTO [opora, KOTOPBIH 3aBUCHUT OT €r0 IJIAHOBOM U BBICOTHOM
KoH(urypanuu; L — JUIMHA II0OPOra WM MIMPUHA BOAOCIMBHOIO (PPOHTA MOTOKA, MPOXOMAALIETO
uepes nopor; H —— Hamop Han rpebHEM mopora ¢ y4eToM CKOPOCTHOTO HAropa.

Brauase HaHOCO3aIIUTHBIE TOPOTH yCTPAUBAIIH B PACIIMPEHHOM OEPErOBOM BOIOTIPHEMHOM
OT0JIOBKE, KOTOPBIH Cy’KajCs K PEryysaTopy KaHajla. 3aTeM, OSIBUIIACh BOZMOKHOCTb YIIPABICHUS
BHEIIIHEH MOBEPXHOCTHIO JJOHHBIX MIOPOTOB CTPYSIMH JIBYX(Da3HOTO MOTOKA KUAKOCTH (BoJa — Ha-
HOCBI) — UX MEPEMECTUIIM B IIPOTOUYHYIO YaCTh MOABOAALIETO pycia. [Ipu pasmenienun HaHOCO3-
AIIUTHBIX OPOrOB B KOHIIE MOJBOSALIETO PyCila, UX BHELIHIOI MTOBEPXHOCTH PACIIOIAratoT MOJ
HEKOTOPBIM YIJIOM OTHOCHUTEJIBHO HAIIPABICHHOCTH CTPYH BOJIbI B BepXHeM Obede. ITo ycuiuBaer
PYCIOBYIO HUPKYJIALNIO BOABI, KOTOpasi TEPSET CBOK0 MHTEHCUBHOCTH B MaJIOBOAHBIE THIPOJIOTH-
YyeCcKHe MepUoIbl IPU BRICOKUX Koddduimentax Bogozadopa [120, 149, 150, 172].

KoHcTpykTHBHBIE 0COOEHHOCTH HAHOCO3AIIUTHBIX TOPOTOB OMPEACISIOT MapaMeTphbl U OT-
HOCHUTEJIBHOE MECTOIOJIOKEHUE (KOMIIOHOBKY) BOAONPUEMHBIX, BOJOCOPOCHBIX U MPOMBIBHBIX
HIIEMEHTOB BO/103a00PHBIX COOPYKEHUI, yCTpanBaeMbIX Ha TOPHBIX pekax [170].

Jlo mocneaHero BpeMeH! HU TEOPETUUECKH, HU 3KCIIEPUMEHTAJIBHO OKOHYATEIbHO HE OIpe-
JIeJICHO, KaKasi U3 M3BECTHBIX KOHCTPYKLUH HaHOCO3ALIMTHBIX ITOPOTOB sBJsieTcs Hanbomee 3¢-
(EeKTHUBHOHN M palMOHAIBHOM JJISl YCTPOMCTBA HA BOA03a0OPHBIX COOPYKEHUSIX TUIAPOIHEPreTH-
YECKUX U MPPUTALMOHHBIX cucTeM. IIpu nM3ydyeHnu TeOpeTHMYECKHX OCHOB, PEKOMEHJAOBAHHBIX
Pa3NIUYHBIMKM aBTOPAaMU Ul OIpEJesICHHUs] MapaMeTPOB HAHOCO3AIIUTHBIX MOPOrOB, HAMH ObLI
C/IeJIaH BBIBOJ, YTO HEOJHO3HAUYHOCTh PELIEHUI paccMaTpuBaeMOro BOIIPOCA SIBISETCS CIEACT-
BUEM CJIO)KHOCTU THJIPABIMYECKUX U PYCIIOBBIX IPOILIECCOB, MPOUCXOAIINX B BepXHEM Obede
COOPYXEHHUH, a TAKXKe HEJTOCTATOYHON 000CHOBAHHOCTHU MPUHATHIX 3aKOHOMEPHOCTEH, OMUCHIBA-
IOLIMX B3aUMOJICHCTBHE JBYX()a3HOTO MOTOKA C MOBEPXHOCTSIMH ITOPOTOB.

ENMHCTBEHHBIM CPEICTBOM pEIICHUS 3a7a4M BbIOOpA pallMOHATIBHON KOHCTPYKIMU HAHO-
CO3ALIUTHOTO MOPOTa, 10 CHX MOP SIBIISIOTCS MOMCKOBBIE Ta00paTOpHBIE UCCIIEJOBAHUS, IPOBOAU-
MBI JJI51 KOHKPETHBIX THAPOJIOTUYECKUX U MOP(HOMETPHUECKUX YCIOBHHA.

Ha Gonee uem 80-Tu HU3KOHAMIOPHBIX IUIOTMHHBIX BO03a00PHBIX COOPYKEeHUsX KbIprois-
CTaHa yCTPOEH KOCOHAaIpaBiIeHHbIH nupkyasuuonHbii nopor (KLIT) koncrpykuuu I.B. Cobonu-
Ha [160, 161, 162]. TeopeTndeckue 0CHOBBI (DYHKITMOHUPOBAHUS JAHHOW KOHCTPYKIIMH MOpPOTa
Obutn pazpaboransl npodeccopom P.OK. XKynaeBbiM, MpUHLMT €ro JeHCTBUS OCHOBAH Ha BO30y-
JKIACHUU B pYCJIE€ MONEPEYHOrO TEUEHUS IOTOKA, COMPOBOXKAAEMOI0 BO3SHUKHOBEHUEM IOIEPEY-
HOU IMPKYIALKU. DTa Teopus 0a3upyeTcs Ha paCCMOTPEHUU PACUETHOM CXEMBI, PUBEICHHON Ha
pucyHke 2.13.
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Pucynox 2.13 — Pacuernast cxema koconarnpasienHoro nopora (KLIIT)

C MOMOIIBIO HAJIOKEHHUS JITIOP YACTBHBIX PACXOA0B OLIEHUBAETCS CMEIIEHHEe 00bEMOB BOJIBI
B [IONIEPEYHOM CEUEHUH, I1I€ yCTPAUBAETCsl HAHOCO3AIUTHBIN nopor. IIpu sToM pacxon noneped-
HBIX CTPYH, MepeMENIaIoNIUXCsl IO OCU OPJIMHAT, OIpeaesiseT u3 ypaBuenus [160]:

y
0, =[(e:-a)dy. (2.42)
»0

B pesynsrare POK. XKynaeBsiM Ob110 ce1aHo 3aKIIOUeHUE, YTO Oaroaapst nepepacmnpesere-
HUIO PaCX0J10B, IEHTP MACCHI TOKa BObI B cTBOpE 1I-1I cMemmaeTcs 0T nepBoHavaIbHOIO ITOJIOKEHUS
0-0 Ha BenmuuHy f. ITO MPUBOJUT K HCKPUBIICHUIO JTUHAMHUYECKOHM ocu noToka. [Ipu aToM BennuuHa
CMEILEHUS LIEHTPa Macc 3aBUCUT OT CTENEHU NEPEPACIPEAEICHNS PacXo/a 110 IUMPUHE pyCIIa.

To ecTb yeM OoJibllIe 3HAYCHHUE TTEPEMEIIAIOIINXCS PACXOI0B, TEM OOJIbIIE OTKIOHACTCS TU-
HaMHU4YECKasi OChb IIOTOKa M Ha00OpoT. PerynupoBanue BeIMUMHBI NIEPEPACIIPENEICHUS PACXOI0B
BO3MO)KHO M3MEHEHHEM IPOIYCKHOM CIIOCOOHOCTH Y4aCcTKOB Iopora 1o ero juimHe. [ pedens mo-
pora ObUIO TPEATIOKEHO BBIITOIHATH C YKIIOHOM B CTOPOHY HEOOXOJMMOI0 CMELIEHHUs MacC 00b-
eMoB Bozbl. HauanpHyr0 4yacTh Iopora Ajisl JIMKBUAALMN OTPULATEIbHOIO 3HAUEHUS! PAa3HOCTU
YAETBHBIX PACXOJ0B HAa 3TOM YYaCTKE PEKOMEHIYETCs yCTpauBaTh C OTMETKaMH I'peOHs1, paBHBIMU
OTMETKaM ypOBHEHN BOJbI B IIOJBOAIIEM PYCIIE.

WHTEHCUBHOCTD MONIEPEYHOT0 TEYSHUS IOTOKA, 00YCIIOBICHHAs IIepepacpeieIeHUeM pac-
XOJIOB, MOXKET OBITh OLIEHEHA OTHOCHUTEJIBHOM BEJIMYMHOM CMELIECHH IIEHTpa Macc MOToKa K 00-
HIel MUpHUHE pycia, onpenenseMoii o hopmyie:

y0+B
I (9, —q,)Ydy
/1:%: TR (2.43)
X

I'B. Co60onuHbIM OBLIO YCTAHOBIIEHO, YTO OTHOCHUTEIbHAS BEIMYMHA CMEIICHUSI LIEHTpa TS~
AKECTH IIOP ABUKEHHSI HAaHOCOB mpu ycTpoiicTBe KIIIT HaxonuTcsi B TECHON B3aMMOCBSI3H C Be-
JMYUHOM CMEIEHUS LIEHTPa Macc BOJIbI, KOTOPYIO MOXHO OMPEAETUTh Mo (hopMmyIie:

A, =KA". (2.44)

Ha ocnoBanum 06paboTku pe3ynbraToB taboparopubsix uccienoBanuii KL uncinoBsie na-
pameTpsl kodddunreHTa K 1 3HaYeHUE TIoKa3aTens cTeneHu n coctapwm: K = 0,52 u n = 0,25.

OCHOBHBIMU HEJOCTaTKaMH MeTOAuKH onpenenenus napamerpoB KLII, mpemioxenHon
I'B. CoGonuHbIM, HA HAII B3MJISAI, SBJISIOTCS CICAYIOMIHE (GaKTOPHI:

» TIpH paCCMOTPEHHH BEJIMYUH Tepepacipe/ieiCHus yIeIbHBIX PACX0I0B B BepXHEM Obede Bo-
7103a00PHOT0 COOPYKEHUSI HE YUUTHIBAJIOCH JIEHCTBUTEILHOE OTHOILIEHUE IIIUPUHBI TOJIBOIS-
IIETO pycJia K OTHOLIEHUIO IIMPHUHBI, IEPEKPbIBAEMOI HAHOCO3AILUTHRIM TOporoM. B pacuer-
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Pucynok 2.14 — PacueTHast cxeMa KpUBOJIMHEIHOTO ITOpora:
1 — moaBojsIIEee pyciio; 2 — MOpor; 3 — BOAONPUEMHas KaMepa; 4 — OTBOSIIUKAKAHAT; 5 — MPOMBIBHUK

HOM CXeMe HEeT y4acTKa YCTPOHCTBA PEYHOTO MPOoJieTa, 0053aTeIbHOT0 AIeMEHTa HU3KOHATIOP-
HOTO BOJI03200PHOTO COOPY>KEHUS U3 TOPHBIX PEK;

» nabopaTopHbIC MCCIICIOBAHUS IO OINpPEICIICHUIO pannoHanbHbX mapamerpoB KIIT mposo-
JUINCHh B YCIOBUSX MPSIMOJMHENHOTO MOJABOMASIIETO pycia s ycioBuid ycrpoiicta KT
B KaHaJIe.

Kak noka3piBatoT HaOMIOAEHUS HAIPABIEHHOCTH CTPYii BOZBI B BEpXHUX Obedax Bogo3adop-
HBIX COOPYKEHMI U3 TOPHBIX PEK MPHU BHICOKUX KOA(pdUIIMEHTaX BOA03a00pa, MOTOKU JBUKYTCS
10 KpUBOJIMHEWHOU TpaekTopuu [35]. Hamm uccnenoBanus [123] nmo onpeneneHuio paimoHaib-
HBIX Pa3MepOB HAHOCO3AIIUTHBIX OPOTOB ONPOBEPTaAIOT IPUBEIECHHOE BBIILIE YTBEPKICHUE O HE-
00XOAMMOCTH yCTPOMCTBA IPpeOHS MOopora B €ro Hauaje Ha OTMETKAaX YPOBHEH BOJBI.

N.K. Pynakos [149] B pe3ynbraTe MHOTOYUCIEHHBIX HATYPHBIX U JIAOOPATOPHBIX MUCCIIEH0-
BaHUM MPEIIOKUI KOHCTPYKIMIO HAHOCO3AIUTHOTO MOPOra C BBIMYKJIOCTBIO B CTOPOHY IOABO-
JSIIIET0 pyciia, KOTOPBI MMEET MOCTOSHHYI0 OTMETKY rpeOHs (pucyHok 2.14). B ocHOBY sTOM
KOHCTPYKIIMH OB 3aJI0KEH MPUHIINI, TPENoiaraliuil, 4To npu HaOeraHuu CTpyil BOJHOTO
MIOTOKA CO CTOPOHBI MOJIBOASIIETO pyciia Ha BHEIIHIOK MOBEPXHOCTh KPUBOJIMHEMHOIO MOpora
MIPOUCXOAUT UX OTPAKEHHUE MOJT OIPEAEICHHBIM YIJIOM.

B pesynbrare cTpyn npuoOpeTaroT KOCyI0 HAapaBJIeHHOCTb U IBUTAIOTCS CO CKOPOCTHIO V.,
KOTOpasi OTHOCUTEJNILHO T€JIa MOpOora pacKiaJblBaeTCsA Ha JBE COCTABIAIONIME: TONEPEUHYIO V ,
u npoaonbHyto V. [loTok, oTpakasch OT mopora B MPUAOHHOM YacTH, IPUOOPETAET paUuaIbHYIO
HAIpaBJICHHOCTD M JIBIXKETCA CO CKOPOCThIO V , TIEpeMeIast YaCTHIbI IPU3MBI HAHOCOB B IIPOTH-
BOIIOJIOXKHYIO CTOPOHY OT BOJIOIIPUEMHOM Kamepsl [ 149].

OCHOBHBIM MapaMeTpoOM KPHUBOJMHEWHOIO HAHOCO3AIIMTHOTO MOpPOra € BBIITYKIOCTBIO
B CTOPOHY TOJBOIAIICTO PyCiia ABIAIOTCA: PajuyC KPMBU3HEI R ¥ LICHTPANIbHbIH YTOI KPUBH3HBI
MOpora 0., BEJIMYUHBI KOTOPBIX OMPEAENAIOTCS Ha OCHOBAHUU PE3YJIbTaTOB TaOOPAaTOPHBIX, U Ha-
TypHbIX HccienoBanuii [150].

KpuBonuneiinbie HaHOCO3aUTHBIE TOporu KoHCTpykuuu M.K. PynakoBa Oblin BHEIpEHbI
Ha BOJ03a00PHBIX THAPOY3TIaX UppUraroHHeix cuctem pek Lllamcu, Keretsr, Hopyc, Anamenun
B Uyiickoit oonactu Keipreiscrana.

OTnuuuTenbHON 0COOEHHOCTHIO HAaHOCO3aIUTHOrO mopora koHcTpykimn W.K. PynakoBa
SBHJIOCH 00pa30BaHKE MHTEHCUBHOTO IIUPKYISIIUOHHOTO BaJblla, PA3BUBAIOIIETOCS BJOJIb BHEIII-
HEl ero MOBEPXHOCTH, YTO OCOOCHHO MPOSIBIISTIOCH B HaUaJIbHOU YacTu nmopora. Ho B 30He koHIIe-
BOT'0 y4acTKa Mopora Mpu BbICOKHUX Kod(duiimenTax Bono3adopa o > 0,8 nupKyISIHOHHBIN BUHT,
M0 JaHHBIM [6], HapylIaeTcs, YTO BHI3bIBAET HEOOXOAMMOCTH OCYIIECTBICHUS MEPHOAMYECKHUX
MIPOMBIBOK BEpXHETO Obeda ruapoysna.
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st ymydieHuss HAaHOCO3AIIUTHBIX XapaKTePUCTHK aBTOMATHU3MPOBAHHBIX BOI03a00PHBIX
COOPYKCHUU MpPHUTalMOHHOTO HazHaueHus b.M. MensHukoBbiM [121] Obuta mpeiokeHa KOH-
CTPYKLHUS JBOMHOrO nopora (pucyHok 2.15).

B kauecTBe mpoToTHNa JBOMHOrO Mopora Oblia UCHOIb30BaHA KOHCTPYKIUS KPUBOJIMHEH-
Horo nopora U.K. Pynakosa. Co3nanue JBOMHBIX KPUBOJIMHEHHBIX TTOPOTOB OBLIO MPOJAUKTOBA-
HO HEOOXOAMMOCTBIO YBEJIIMYCHHSI CKOPOCTEH B IUPKYISIIUOHHOM Bajblle, BO3HUKAIOIIEM Iepel
BHEIIHEW MMOBEPXHOCTHIO MOPOTa JJIsl YBEJIUYEHHUs] TPAHCIIOPTa HAHOCOB K IIPOMBIBHOMY OTBEP-
CTHIO IIPY BBICOKHX Ko3((uimenTax Bojjo3adopa. [ peOHu 21eMeHTOB JBOWHOTO KPUBOJIUHEHHOTO
[IOpOra UMEIOT MOCTOSIHHBIE YKJIOHBI IPOMBIBHOTO OTBEPCTHS.

Kak u ans xoncrpykuuu KIII I'B. Cobonrna, TeopeTndeckre OCHOBbBI THAPABINKU KPUBO-
JUHEWHOTO B TUIAHE HAHOCO3AIIUTHOTO mopora, o MaeHnio b.M1. MenbHUKOBa, TOJDKHO Oa3upo-
BaThCs HA PACCMOTPEHUHN YPaBHEHUS NIEpepacIIpeesICHHs] YIEIbHbBIX PACX0J0B MO LIMPHUHE pyclia
[120]. dns ananu3a uM Obla MCMONIB30BAHA pacueTHas cXxema, MPUBEICHHAs Ha pUCYHKe 2.16,
U ypaBHEHUE

1
9,
= - d
Oy qu sng |V (2.45)

Ha ocHOBaHuMM MaTeMaTWyeckoro aHajliuW3a pacuyeTHOW cXeMbl (cM. pHUCyHOK 2.13)
b.U. MenpHUKOBBIM ObLIa Onpe/eieHa HeOOXOAUMOCTh YCTPOHCTBA BHEITHEH MOBEPXHOCTH MO-
pora OTHOCHUTENIBHO CTPYH MOTOKAa B BEpXHEM Obede THApOoy3ia Mo ONpeleIeHHBIM YIIIOM. JTO
BO3MOYKHO TPHU YCTPOMCTBE KPUBOJIMHEHHON B MJIaHEe KOHCTPYKIIMH, KaK HanOoliee paluoHalb-
HOM. OOOCHOBBIBAETCS HEOOXOAMMAs BEIMYNHA CMEIIEHUS JUHAMUYECKOH OCH ITOTOKA K COOTBET-
CTBEHHO, LIeHTpa Macc Mexay ceueHusamu [-1 u II-11:

B-B (0. —2a_)-2a_B
f= ”P( "p > "P) o (2.46)
e B — NIMpUHA MOTOKA IO YPe3y BOJbI; O, — k03 pHIMEHT BOIOOTOOPA Yepe3 KPUBOJIMHEHHBIN

mopor; o, — k03¢ dunreHT copoca MPOMBIBHUKA:
a,=1-a,; (2.47)
B, — LIMpHHA DOABOISAIIEIO Pyciia, HepeKpbiBaeMast IPOMBIBHBIM OTBEpCTHEM; B | — 1mmipn-

1]

Ha MOJIBOISIILIETO pyciia, IEPEKphIBaeMasi KpUBOJIMHEUHBIM [TOPOTOM.

OpHako paccMOTpeHHasi METO/IMKA HE MO3BOJISIET YCTAHOBUTD BIMSHUE ITapaMETPOB IIOpora
Ha KauyeCTBO MPOTUBOHAHOCHOM 3alIUThl BOJONPUEMHHUKOB, T. K. 3TO TPEOyeT MOCTAHOBKH CIEIH-
alIbHBIX KOMILJICKCHBIX HccienoBanuii [120].

ABTOMaTH3UPOBAaHHBIE BOJI03a00OPHBIE COOPYKEHUS C JBOMHBIMU KPUBOJIMHEWHBIMH HAHO-
CO3aIIUTHBIMH MOporaMu noctpoensl Ha pekax Cokynyk u Ak-Cyy Uyiickoit o0mactu Keiprsiz-
cTaHa. BeIMoIHEHHBIN aHan3 HAHOCO3ALIUTHBIX XapaKTEPUCTUK ITUX COOPYKEHUN CBUACTEIIbCT-
BYeT 0 OOJIBIIIOM ITPOIIEHTE 3aXBaTa BIEKOMBIX HAHOCOB B OTBOAAIINE KaHAMbI [35].

Ananm3 paboyux XapaKTePUCTUK MPUBEIECHHBIX KOHCTPYKIIMA TMTOPOTOB, BHITIOJTHEHHBIN 110
pe3yabTatam J1abopaTopHBIX M HATypHBIX uccienoBanuid [120, 150] mokaszan, 4To KpUBOJIHHEH-
HBIE, BBIITYKJIbIE B CTOPOHY MOJBOJISIIETO PyClia MOPOTH UMEIOT JyUIINe HAHOCO3alTUTHBIE XapaK-
tepuctuku o cpaBHeHuo ¢ KIII. Otot apdext nocturaercs BoIMOTHEHHEM HAYAIBHOTO Y4acT-
Ka rmopora ¢ 0osee KpyThIM YIJIOM pa3MeIIeHHs] OTHOCUTENIBHO JUHAMHUYECKOW ocH moToka. [Ipu
3TOM MPOUCXOANUT HAJIOKEHUE MONEPEYHON COCTABIIAIOIIEN CKOPOCTH PYCIOBOIO MOTOKA B KPH-
BOJIMHEHHOM PYyCJI€ Ha IONEPEYHbIE COCTABIISIIOIINE CKOPOCTH LIUPKYISIIMOHHOTO BaJIbla, BO3SHU-
KAIOILIEro Mpy B3aUMOJCUCTBUU MOTOKA ¢ moporoM. Ho B KOHIIEBOI 4acTH mopora TpaHCIOPTH-
pyromas cnocoOHOCTh LUPKY/SIIHOHHOTO Balsiblia UMEET HEYCTOWYMBBIA PEXUM, YTO BHI3bIBACT
Ha 3TOM y4YacTKe 3aXBaT HAHOCOB B OTBOJAIIUI KaHAN. ITO TPeOyeT TOMOTHUTEIbHBIX MPOMBIBOK
BEepXHUX Obe(hOB, HEOOXOTUMOCTH KOTOPBIX UTHOPUPYETCS IKCILTYyaTAIIMOHHBIMU CITY)KOaMHU B Tie-
pHUOABI AePUIUTA BOIBI.
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Pucynok 2.15 — PacdetHas cxema IBOMHOTO mopora: 1 — moaBossiiee pyciio; 2 — BXOAHOW MOpor; 3 —

IIPOMBIBHAS ranepest; 4 — HAHOCOOTOOHHAs CTeHKa; 5 — BOAOIIPUEMHHUK; 6 — OTBOAAIINNA KaHaII; 7 — aB-
TOBOJIOCIINB; 8 — aBTOPETYJIATOP; 9 — MPOMBIBHUK
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Pucynok 2.16 — PacuetHast cxema JIBOMHOIO KpMBOJIMHEHHOTO Opora
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Pucynok 2.17 — PacueTHast cxema JIOMaHOTO B IUIaHE HAHOCO3ALIMUTHOIO nopora: 1 — noaBoasiee py-
¢J10; 2 — BXOAHOH cTBOp; 3 — mopor; 4 — BoONpreMHas KaMepa; 5 — OTBOAAIINI KaHall; 6 — aBTOBOJIO-
CIIUB; 7 — 3aTBOp MPOMBIBHUKA; 8§ — 3aTBOP PEYHOrO IMposeTa; 9 — oTBOJsIIeE PycClio; a, B, C — CEKIIUU

nopora; o — yroj Mexay CCKHHeﬁ an ,HHHaMH‘ieCKOﬁ OCBIO ITIOTOKA, Bl u Bz— YIIIbI MEXKAY OTACIbHBIMU
CCKIIUAMU
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CHOXXHOCTb CTPOUTEIHCTBA KPUBOJIMHEHHBIX B IJIAHE HAHOCO3AIIUTHBIX [TOPOTOB, HENOY-
YeT B PEKOMEHIaLUSX 110 ONPEIETICHUIO UX TapaMeTPOB ACHCTBUTEIbHON HAITPABICHHOCTH CTPYH
BOJTHOTO IIOTOKA B BEpXHEM Obede ruipoysia u ruIpoMopPOMETPHIECKUX XapaKTePUCTUK HCTOY-
HUKOB, IPUBOAUT K HEOOXOJUMOCTH pa3pabOTKN HOBBIX TEXHUUYECKUX PELICHUM.

[TouckoBble HCCIEAOBaHMS, MPOBEIECHHBIE HAMU B JJAOOPATOPHBIX YCIOBHUSAX, MO3BOJIMIH
pa3paboTaTh KOHCTPYKIIHIO IOMaHOT'0 B IJIaHE HAHOCO3AIUTHOTO rmopora (pucyHok 2.17) [92].

PaboTa B0103a00pHBIX COOPYKEHUH MPU BBICOKUX MPOLIEHTAX BOJAOOTOOPA COMPOBOXKAAET-
Csl paclpoCTpaHEHUEM MOATNOpa BBEpX MO TeueHuto peku. [Ipu BricokuX koa(duineHTax Boxo-
3abopa o > 0,8 mocTymjieHre HaHOCOB B 30HY IMOJIOPA COMPOBOXKIACTCS U3MEHEHUEM CKOPOCTH
MOTOKA J0 BEJIMYMH, IOCTATOUYHBIX JJIs IBUKEHUS MPU3MbI HAHOCOB K ITOAOPHOMY CTBOpY [35].

KpuBonuneitHoe 3aperynpoBaHHOE pyciio, HapaMeTpbl KOTOPOTO PaCCUUTAaHbI Ha MPOIYCK
PYCII0pOPMUPYIOLIETO PACX0/a, B ITOM KCIUTYaTAlMOHHOM PEXHME OKa3bIBaeT HE3HAYUTEIBHOE
BIIMSIHUE HA CTPYKTYPY POCTa MPU3MbI HAHOCOB.

Jlis mpenoTBpallieHus MONaJaHus HAHOCOB M3 MPUONMKaroLIelcs MpU3Mbl B BOAONPH-
E€MHYIO KaMepy, Y BHEUIHEW CTEHKHM HAaHOCO3aIMTHOTO MOpora, Tak ke, KaKk U B MPeAbIyIIuX
KOHCTPYKIHSIX TOPOToB, (OPMHUPYETCS] HUPKYIALHUOHHOE JABHKEHHE MOTOKA. L[upKymsaiust Boas
CO3/1a€TCs IIPU PACIIONIOKEHUH BHEIIHEN IOBEPXHOCTH I1OPOra MO/ YITIOM OTHOCUTEIBLHO HAIPaB-
JIEHUSI CTPYH BOJIBI B IOABOASIILIEM PYCIIE.

Jlnis cormacoBaHusl mapaMeTpoB U (YHKLUI HaHOCO3AIIMTHOTO MOpora ¢ Mopgomerpuue-
CKUMHU XapaKTepUCTUKAMHU PEYHOT0 PyCIIa C IeJIbI0 CO3AaHUsl HEOOXOAMMOM MHTEHCUBHOCTH LIUP-
KYJISIIUM BOJIBI BJIOJIb €T0 BHELIHEH MOBEPXHOCTH, OblJIa PACCMOTPEHA BO3MOXKHOCTb CO3IaHHUS
LUPKYJSIIMY TIO CXeMe, TOA00HOM IBM)KEHUIO MIOTOKA Ha KPUBOJIMHEITHOM y4acTKe pycia.

Paanyc, onucsIBaromuii KOHTYp Hauya bHOM CEKIUH (@) IOMAHOT'o B IJIaHE HAHOCO3AIUTHO-
IO IIOpOra, OIpENENsIeTCs 110 NPEAJIOKEHHON 3aBrucumoctu [92, 99]:

R,,,=dR;, (2.48)
e R, — pajanyc KpUBU3HBI KPUBOJIMHEHHOTO y4acTKa pycia B OBITOBBIX YCIOBHUSX TPH IIPOXO-
XKICHUHU PACcX0J0B pACYCTHOU 00CCIICUCHHOCTH Qp% . B mepBoM npubnmkeHun onpeesuM ero mo
dbopmyie [92, 166]:

0
R = Len | (2.49)

l~0,5 [g
rae d — k03(h(UIHEHT, paBHBIM OTHOIICHHUIO YJCIBHBIX PACXOJ0B B 3apETYINPOBAHHOM pyce Doy
B PEXKHMME TIONIOPa, U OBITOBOM PYCJIE PEKH ¢ TP IPOXOXKIECHUM PAcXojla pacueTHON obecre-

YCHHOCTH O, !

4

q3a

d=dw (2.50)
qﬁbtm

YFOH AyTy, (bOpMprIOH.IHﬁ HepByIO CCKIINIO (a) HaAHOCO3aIlIUTHOTO HOpOFa (P, HpI/IHI/IMaeTCH

B T€X )K€ MpeJienax, Kak U yroJl KpUBU3HBI 3apETyIMPOBAHHOTO pyCiia BOA03a00OPHOTO COOpYKe-
Hus. [lpsimonuHeliHas cekius (a) MOXKET OBITh MONydeHa KaK XOpjAa B pe3ylibTare COSTMHEHUs
IIPSIMOM KOHIIOB ITOJIyYEHHOU JIyTH.

Ha ocnoBannu 00paboTku rpaduyeckoro marepuana (CM. pucyHok 2.14) Obutn orpe/ieieHbI
TPUTOHOMETPUUYECKHE 3aBUCUMOCTH JIJISI ONPEICIICHUS YIIa Ol MEXKTy HAa4YalbHOW CEeKIHEeH U JH-
HaMHYECKOH OCBIO TIOTOKA B IMOJIBOJISIIIEM pycie, a TAK)KE 3aBUCUMOCTD ISl ONIPEIeNICHHS JUTUHBI
HavaJIbHOM ceKIuu nopora a [99]:

a=90" - arccos(sin gj , (2.51)
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a=singr,, . (2.52)

C uenblo yBeJIMUYEHHUS MepepacipeiesieHus YAEIbHbIX PacXoI0B Mepe] HAaHOCO3AIUTHBIM
MOPOTOM U CO3/1aHUs OOJbIIEH NHTEHCUBHOCTH LIUPKYIISIIMH BOABI, TOPOT BBIMOIHACTCS MepeMe-
HOU BBICOTHI C MOHIKEHUEM TpeOHs K KOHIIEBOMY y4acTKy. Tak Kak HadyalbHas CEKLHs Mopora
(a) UMeeT He3HAYUTEIBHYIO MPOITYCKHYIO CIIOCOOHOCTh, OCHOBHAS YaCTh PacxXofa BOJbI MOMa1aeT
B BOJOIPUEMHYIO KaMepy 4epe3 MOCIeAYIolne MOHUKEHHbIE YYaCTKU MOpora. YUUuThIBasA, YTO
oO11asi AJIMHA MOPOTa PacCUUTHIBAETCS MO (hOpMYsie UCTEUEHUS Yepe3 BOIOCIHUB C TOHKOM CTEHKON
[120], anvHa BTOPOM CEKLIMU B OMPEAETUTCS 1o hopMmyIe:

0
6= —(a+o), 2.53
m,,-\J2g -H.)? (2:33)
rue QM — pacyeTHbIN pacxXo BOABI BOJAOIPUEMHON KaMephl, PABHBIN pacXoqy OTBOIAILETO BOAO-

BOa; M — KOY(Q(GUIMEHT pacxoa HAaHOCO3AIIUTHOTO TI0POTra;

H,  — Hanop BOJibI HaJl HAHOCO3AIMTHBIM TIOPOTOM, PaBHbIi [97]:

H,=H-P,, (2.54)
31eck H — pacyeTHEIH Harop Ha/l IOpOroM pedyHOro Hpoiera (rmyOuHa B BepxHeM Obede ruapo-
y37a); P_— cpejiHsist BEICOTAa HAHOCO3AMIMTHOTO OPOTa; ¢ — JUTHHA KOHICBOM CEKIIHH, KOTOPast BbI-
MIOJTHSIETCS TapaJuIeTbHOM TMHAMUYECKON OCH MOTOKA B MOJIBOJIAIIEM PyCIie COOPY)KEHHUS, B Iep-
BOM MPUOMMKEHUN TPUHUMAJIACh PaBHOW JUIMHE SKpaHa, BOSHUKAIOIIETO NMPY HaberaHuu 1noToka
Ha TOANOpPHbIE ycTpoiicTBa. Onpezensercs mo sMnupuyeckoit 3apucumoctu [120]:

c= (1,0+1,2)Hp. (2.55)
Jlnst ynpomenus nanbHERIINX HCCIEN0BAHME YIIIbl MEXTy CEKIMAMM Topora 3, u B, npu-
HUMAJITUCh PaBHBIMU JIPYT APYTY, YTO TO3BOJIMIO OMPEETUTh UX 3HAYCHHUE 110 (popMmyIie:

B =p,=180——" (2.56)

n—1
[JI€ 7 — YUCIIO CEKILIM mopora.

Hcnonb3ys NpUBEIEHHYIO 3[1€Ch METOAUKY OMPESICHHUs MapaMeTpOB JOMAaHOIO B IUIAHE
HAHOCO3AIIUTHOTO MOPOra, HAMH C y4eTOM JabOpaTOPHBIX MCCIENOBAHMIA, ObLTH pa3paboTaHbl
PEKOMEHAAIMU IS IPOCKTUPOBAHUS M CTPOUTEIHCTBA BOA03a00PHBIX COOPYKEHHI Ha TOPHBIX
pekax [77, 82].

C 1enpIo TeOpEeTUYECKOro 000CHOBaHMS KOH(DUTYpaIluu MOTOKA ObljIa UCTIOIH30BaHA TEOPHSI
JTUHAMHYECKOTO B3aUMOACHCTBHS TN U KuAKocTH A. 5. MunoBuya [127]. B pamkax 3To# paboThI
OBLITO TI0KA3aHO, YTO MPU HAOEraHUK MOTOKA KUAKOCTU HA TIPETPaly MPOUCXOIUT MEPEXO MOCTY-
MAaTeNLHOTO JBMKCHUS YaCTHII MOTOKA K BpAIllaTeIbHOMY ABM)KCHHUIO 0€3 M3MEHEHUS KOJTHUeCcTBa
nBrxkeHust. [Ipy paccMoTpeHrH KOCOTO OOTEKaHUs MIIOCKOW TUIACTUHKU OBLII0O 000CHOBAHO, YTO
IJIOCKOCTH BO3HUKAIOIIMX BUXPEBBIX OBEPXHOCTEN NapalieIbHbl U PA3BUBAIOTCS C TOCTOSHHOM
ckopocThio Cm, KOTOpast paBHa MO 3HAYEHUIO U TPOTUBOIIOJIOKHA 0 HAMPABIECHUIO BEKTOPY CKO-
pOCTH HaGeraHus KUAKOCTHU V,, Ha IJIACTHHKY (puCyHOK 2.18) [127].

PaccmarpuBas mpuBeeHHYIO CXeMy NMPUMEHUTENbHO K BHEUIHEH MOBEPXHOCTH HAHOCO3a-
IIUTHOTO TIOPOTa, yCTPAUBAEMOTO Mepel BOAOMPUEMHBIM OTOJIOBKOM (pUCYHOK 2.19), MOXKHO 3a-
MKCATh, YTO IPOAOJIbHASL COCTABIISAIOIIAS BaJlblia paBHA

V,=vocosp=Crcosg. (2.57)
[Tonepeunas cocrapisoas IpU 3TOM CKOPOCTH BUXPEBOM MOBEPXHOCTH, HANPABICHHAS
110 HOpMaJIH K TUTACTHHKE, ornpeaensercs no Gopmyse [100]:

V =v,sing=Crsing . (2.58)
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Pucynox 2.18 — PacueTtnas cxema A.fl. Munosuya k omnpe- Pucynok 2.19 — PacueTHas cxema HalpaBI€HHOCTU
JICJICHUIO BEJIMYMH M HAIPABIEHUI BEKTOPOB CKOPOCTEH CTpYH LUPKYJISLMOHHOTO Bajiblla y BHELIHEW IO-
JKUJIKOCTH B BHUXPEBBIX TOBEPXHOCTSX, MPOSBISIOIINXCS BEPXHOCTH Topora: | — HampaBlieHHE CTPYH BOABI
P KOCOM Ha0EraHuM IMOTOKA HA IUIOCKYIO IUIACTHHKY. B BepxHeM Obede; 2 — BepXHss TpaHb MPU3MBI Ha-
AB — miockasi TJIaCTHHKA; (¢ — yroi HaOeraHusl MOTOKa; HOCOB 10 TIEpEHEMY Kparo; 3 — JOHHAs TPaHb IPH-
V,, — ckopocTh Haberanus xuakocTh; Crt — cKopocTh pac- 3MbI HAHOCOB I10 NIEpEAHEMY Kpato; 4 — 30Ha BIIHsI-
MIPOCTPAaHEHHs] BUXPEBBIX MOBEPXHOCTEH; M — TOUKa pac- HUSI IUPKYJSIIIMOHHOTO BJIbLIA; 5 — rpeOeHb CEeKINN
cMoTpeHus miaacTuHku AB; 6 — yromn, mog KOTopeIM pac- TI0poTa; (p — yroi HaberaHus CTPyH BOJHOTO TIOTOKA
CMaTpHUBAETCS MJIACTHHKA Ha nperpazuy

ITpeobpazoBeiBas ypaBHeHUs (2.57) 1 (2.58) MOXKHO TMOTYYUTh BBIpAKEHHUE NI OTNpee-
JICHHUsT HeOOXOJMMOTO 3HAYCHUS yIVIa pa3MEIleHHsl TUIACTHHKH K CTPYSIM TTOIXOJSIIEro MOTOKA
¢ [100, 128]:

VooV

nn

= —>¢:arctgﬁ+ﬂ'n, (2.59)

sing cos¢ i

AHanu3upys pacueTHYIO CXeMy JJIsi OTIPENIEIICHUs] BEJTMUUH M HAIPaBICHUI BEKTOPOB CKO-
pocTei )KUJIKOCTH (CM. pUCYHOK 2.19) MOJKHO c/ienaTh BBIBOJ, UTO YTOJ OTPAKEHUS CTPYH BOJTHO-
0 TIOTOKa OT MOBEPXHOCTH IJIOCKOW BOJOHETIPOHUIIAEMOH TIIACTUHBI paBEH YTy UX HaOeraHwus,
4TO coriacyeTcs ¢ yaapHoil Teopueil Herotona [43].

HccnenoBanusMy ObIJIO YCTAaHOBJIEHO, YTO JydlmIMi 3¢(eKT HaHOCO3aIIUThl — JIOMaHbIe
B TUIaHE TOPOTH — MPOSIBIISIOT MPH JUTMHE TIOPOTa, TPUMEPHO PABHOM IMPUHE MOBOASIIIETO PEU-
HOTO MOTOKa, T. €. L /B = (0,9+1,05), 31ech L — niMHa HAHOCO3AIMTHOTO TT0pora, a B — ycroliuu-
Bas IIMPHUHA BOJHOTO MOTOKA 110 YPEe3y BOJbI B OJIBOISIIEM 3aperynupoBanHoM pycie [140]. Boi-
MIOJTHEHHUE 3TOTO YCJIOBUS ITO3BOJISIET MOMYYUTh PABHOMEPHOE pacipeielieHne CTpyi BOIHOTO I10-
TOKA, MOAXO/ISIIETO CO CTOPOHBI MOJIBOSIIETO Pyciia, MO JUIMHE HAHOCO3aIUTHOTO ropora [128].

HccnenoBanus pa3TMyHbIX KOHCTPYKIIHA KPUBOJMHEHHBIX 1 IOMaHBIX B IUIAHE TOPOTOB T10-
3BOJIMJIM C/IEJIATh CIEIYIOIINE BBIBO/BL:

1) HanpaBIEHHOCTH CTPYH BOJIBI (BEKTOPOB PE3YJIBTUPYIOLIENH CKOPOCTH V) B LIMPKYJISIH-
OHHOM BOJIHOM BaJIblI€ PaCIPOCTPAHSACTCS U3 IPUIOHHON 001aCTH HAYaJIbHOTO Y4acTKa K OBEpX-
HOCTHBIM TOPH30HTaM BOJIbI, KOTOPBIE POXOAT B BOAOIPUEMHYIO KaMepy HaJl MOCIEAYIOUMMU
y4acTKaMH HaHOCO3AIIUTHOTO ITOPOTa;

2) npu IpOMBITOM BepXHeM Obede B0/103a00pHOr0 TUapoy3ia (6e3 nmpu3Mbl HAHOCOB) UH-
TEHCUBHOCTb LUPKYJISALHMOHHOIO Bajiblla MUHUMAJIbHA M3-3a PACCEUBAHMsI €r0 YHEPTUU B 00beMax
BO/IbI TIO/ITOPHOTO CTBOPA, a TAKXKe U3-3a MaJIbIX CKOPOCTEN BOJBI B BEpXHEM Obede;

3) LUPKYISALMOHHBIN BaJiel] BAOJIb BHEIIHENH MOBEPXHOCTH HAHOCO3AIMTHOTO [TOpora mpo-
SBJISIETCS IIPU HEKOTOPOM Y/IaJICHUHU TIEPEIHET0 Kpasi MPU3Mbl HAHOCOB;
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4) MPKYIALMOHHBIN BaJlel] U3MEHSEeT CBOU XapaKTEPUCTUKH Ha BCEM IPOTSHKEHUH Meproa
(dhopMUpOBaHHSI IPU3MBI HAHOCOB B BepXHeM Obede Bo03a00pHOTO TUAPOY3IIa, BIUIOT 10 MOMEH-
Ta PaBEHCTBAa 00BEMOB HAHOCOB, IMOIXOASAIINX K COOPY>KEHHIO TI0 MOJBOAAIIEMY PYyCITy, CyMMapHO-
My 00bEMY HAaHOCOB, ITONA/IAI0NIUX B BOJONPUEMHYIO KaMepy U cOpachIBaeéMbIX B HUKHUI Obe;

5) HampaBlIEHHOCTh U UHTEHCUBHOCTb CTPYH BOZBI B IIUPKYJISLIMOHHOM Bajbl€ 3aBUCUT OT
OTHOCHUTEIbHBIX TUIAHOBBIX U BEPTUKAJIBHBIX pa3MEPOB HAHOCO3AIIUTHOTO MOPOra.

PaccmoTpuM B3auMOCBSI3b CTPYKTYPBl HUPKY/ISILIMOHHOIO Bajiblla CO CTPYKTYpaMH BOJHOTO
MOTOKA, IPOXO/IAIIECTO B BEpXHEM Obede BO03a00PHOTO THAPOY3IIa U HAJl TPeOHEM JIOMAaHOTO B ILIa-
He nopora. [y onpeneneHys Buja ypaBHEHUs], YCTaHABIMBAIOLLETO ATY CBSA3b, YCIOBUMCS UTO:

» TIPONOJIbHAsI COCTABIISIONIAS V,, BEKTOpa pe3ynbTHPYIOIICH CKOPOCTH V  IBHKCHHS BOJBI
B LIMPKYJISIIMOHHOM BaJiblie HAaIlpaBiieHa NapauleIbHO BHEIIHEH MOBEPXHOCTH 1OPOra, a Io-
TnepeYHas COCTaBIsIoNas V/, HanpasieHa Mo HOPMalK K MOBEPXHOCTH IOPOra M B IPOTH-
BOIIOJIOKHYIO CTOPOHY OT HAIlpaBJIEHUs Pa3BUTHS MIPU3Mbl HAHOCOB COIVIACHO NPUBEAECHHOMN
cxeMe (CM. pucyHoK 2.19);

» HampaBJIeHHas 110 HOPMaJIM OTHOCHTEIHHO BHEUIHEW MOBEPXHOCTH MOPOTa IMoTepeyHast co-
CTapysAomas V. npu 10CTHKEHUH IIEPEHETO KPasi NPU3Mbl HAHOCOB M3MEHSET TOPU3OHTAIb-
HYIO0 HaIllPaBJICHHOCTh Ha BEPTUKAIBHYIO;

» TPONOJIbHASI COCTABJISIONIAS V,, AOTKHA OBITH 0OJIbIIIE CKOPOCTH OCTAHOBKH TPAHCIIOPTUPY-
HOIIMXCS (PPaKIMi BIEKOMBIX HAHOCOB V, .

B xoze ucciienoBaHuil pa3iInyHbIX KOHCTPYKIUM JIOMAHBIX B IUIAHE U KPUBOJUHEHHBIX Ha-
HOCO3AIIUTHBIX TIOPOTOB [35], YCTPOSHHBIX Ha BOA03a00PHBIX COOPYKEHHSIX MAJIBIX TOPHBIX PEK
C U3MeHsIeMON MyTHOCTHIO TIoToka p = (0,5+0,8) r/n, mpu xkospdunmentax Bogozadopa o = 0,9,
JIOCTaTOYHBIN TPAHCIOPT HAHOCOB B LIUPKYJISIIIMOHHOM BaJiblie HAOMIOaICs pHU CIEAYIOLIEM pac-
TPE/ICICHUH [0 JUTHHE MPOJOMBHBIX CKOPOCTEit Bozs! V| (pucynok 2.20).

C ucnonb30BaHUEM METOAOB CTAaTUCTHUYECKONH 00paboTku [4] pe3yabTaToB HCCIIEAOBaHUN
MPOJIOTIBHBIX CKOpocTeil (cM. pucyHOK 2.20 a u 6), ObLTH MOTyueHbl 3aBUCUMOCTH JUIS pacyera
pacnpeaeneHuil NpoI0JbHBIX CKOPOCTENH BOJHOTO MTOTOKA 0 BHEUIHEH MOBEPXHOCTH I1OPOTa:

» uis aOCOJIOTHBIX 3HAYEHWH MPOMOIBHBIX COCTABISIFOIIMX CKOPOCTEH IHMPKYISIIMOHHOTO
Basiblia (cM. pucyHok 2.20 a) pyHKIHS anmpoKCHMHUPOBaHA B BUIE MOJTMHOMHAJIBHON 3aBUCH-
MOCTH IPH TECHOTE CBsi3u » = (), 98:

LY L

v, =-021 fl +5,44f+2,33, (2.60)

» Ul OTHOCUTEIbHBIX BEIMUYMH MTPOIOJIBHBIX COCTABIISIONUX CKOPOCTEN BOJIBI B IIUPKYJISILIMOH-
HOM Bajiblie (DYHKILHUS alllIPOKCHMHUPOBAHA B BUJIE MOJIMHOMHUAIBHOM 3aBUCUMOCTH IMPH TeC-
nore cBsi3u 7 = 0,99:

v, . Y 4
&=—1,9643(%) +1,7943(%)+O,6014, (2.61)
np.max

riae L, — niMHa paccMaTpuBAaEMOro y4acTKa Mopora OT €ro Hadaia; L — MojiHas JUIMHa JIOMaHOTo
B IUIAHE HAHOCO3AIUTHOTO MTOPOTa.

AHanu3 pe3yabTaToB HCCIIEIOBAHUNA KMHEMATUKU IHUPKYJISLMOHHOTO Bajblla MOKA3bIBAET,
YTO Ha KOHIIEBOM Y4YacTKE [TOPOTOB B 30HE YMEHBIIEHUS €0 MPOJIOIbHBIX CKOPOCTEH MPHU BEICOKUX
ko3 durmenTax Bogo3adb0pa MPOUCXOAUT COOMHOCTh TEUCHUM, KOTOPasi COMIPOBOXKIACTCS 3aXBa-
TOM HaHOCOB B BOJOIIPUEMHYIO KaMepy. DTO BbI3bIBAET HEOOXOJUMOCTh yCTPOHCTBA MPOMEXKYTOU-
Horo Ob14ka [35, 99] m1st mposyIeHHst 30HBI IEHCTBHS TEUEHUH POMBIBHOTO TPaKTa BO03a00PHOTO
THIpPOY3I1a, KOTOpast yBEIMYHBAET TPAHCIIOPTUPYIOILYIO CIIOCOOHOCTH ITOTOKA HAa KOHIIEBOM y4acT-
ke nopora. Ho mpoMexyTouHbIi ObIYOK, BBI3BIBAIOIINN TTOHIKEHHE AABICHUS Tepe]] IPOMBIBHBIM
OTBEPCTHEM, SIBIISISICH TOTIOTHUTEIBHBIM THPABIMYECKUM COTIPOTUBIICHHEM, BIUSET Ha MPOMYCK-
HYIO CIOCOOHOCTH HAHOCO3AIUTHBIX TIOPOTOB U BOA03a00PHOTO COOPYKEHHUS B IIETIOM.

89



np
mic

b
3 Mip mazx
i N 1.0
* \b 0.9 v

* - /|
2 \\ 0L A N
067 \
0.5 \
0.4

0.3
0.2

0.1

L .
L, =i
O 02 04 06 08 10 L 0 02 04 06 08 10 L

Pucynok 2.20 — I'paduueckrie 3aBUCUMOCTH U3MCHCHHUS TPOOIBHBIX COCTABJISIONINX PE3yIBTHPYIO-
X CKOPOCTEH BOAHOTO IOTOKA 110 JUIMHE HAHOCO3AIIUTHBIX OPOTOB: @ — 3aBUCHMOCTB a0COIFOTHBIX
ckopocreii V,  — J(L/L); 6 — 3aBHCUMOCTbL OTHOCHTEINBHBIX CKOPOCTEH Vo Vo JL/L)

np.max

Ha nam B3misig mpueMoMm, KOTOPhIi 00ecriednT yCTOWYMBYIO IUPKY/ISIMIO BaJlblia HA BCEM
HPOTSHKEHUH HAHHOCO3ALUTHOTO ITOPOTra, sIBISETCS IepepacipeielleHne Mpo0IbHbIX COCTABI-
FOLIMX CKOPOCTH BOBI V| 10 JUTHHE. ITO BO3MOKHO 33 CUCT H3MEHEHHUS KOH(QHIy ALl BHEIIHEI
MOBEPXHOCTHU TOPOTa, O YeM CBUAETENBCTBYIOT PE3YyNbTaThl pPaHee MPOBEACHHBIX UCCIICAOBAaHUN
[35] n3MeHEeHHbIX KOHCTPYKIMH JIOMAHBIX B IJIaHE TOPOTOB.

Pesynbrarel uccnenoBanuii [123] mo3BoMIM clienaTh BHIBOA, UTO AT YAyUILIEHHS] HAHOCO3-
AIIUTHBIX XapaKTEPUCTUK TOPOTOB HEOOXOIUMO, YTOOBI:
> NPOJOJIbHBIC CKOPOCTH V|~ HA KOHIIGBOM YYaCTKe LUPKY/ISIIMOHHOIO Bajbla Ul yBeIHYe-

HUS TPAHCHOPTUPYIOIIEH CITIOCOOHOCTH JOJIKHBI UMETh OOJIbIINE 3HAUEHUS], YeM BEJIUYHHBI,
MIpeJICTaBICHHbIE HA IpapUUeCKUX 3aBUCUMOCTX pUCyHKa 2.20;

> BEIMYMHA MONEPEYHOM COCTaBIAIONIEH V| OIKHA OCTaBaThCs MOCTOSHHOM, TaK KaK €€ yBe-
JUYEHHE BEIET K B3MYUYUBAHUIO NIEPEAHET0 Kpasi IPU3Mbl HAHOCOB.

[Tpu 3TOM peryaupoBaHue BETHMUUH COCTABISIOMIMX CKOPOCTEH MOTOKA BO3MOXKHO 32 CYET
U3MEHEHUs1 KOH(QUTypaly MOBEPXHOCTH MOpPOra OTHOCHTEIbHO HAIPABICHUS BOJHBIX CTPYH,
HOAXOMAILINX CO CTOPOHBI BEPXHETO Obeda.

HccnenoBanus pa3iuyHbIX KOHCTPYKIMHA HAHOCO3AIIUTHBIX MOPOTOB MOATBEPAWIN OIHU-
caHHbliipanee dakt [99], yTo npu BbICOKUX K03(duumenTax Bomozadopa o > 0,9 cmemenue or
JTUHAMUYECKOM OCH MOJIBOJAILETO pyclia CTPYH MOTOKA B CTOPOHY HAaHOCO3AIIUTHOTO [TOpora mpo-
MCXOZIUT 10 KPUBOM C H3MEHSIIOLIMMCSL PA/INyCOM KPHBU3HBL R .

AHanu3 CyIecTBYIONIMX KOMIIOHOBOYHBIX CXEM BO/I03a00PHBIX COOPYKEHHIH 000pyI0BaH-
HBIX HAHOCO3AIIUTHBIMU IIOPOTaMU Pa3IMYHBIX KOHCTPYKIUH, TO3BOJIMI BBACTUTH YETHIPE 30HBI
(pucyHok 2.21), KOTOpbIE pa3AeisioT COOPYKEHHsI Ha YaCTH, U CIIY’KaT JUIs BBITIOJIHEHUS OIpeie-
JICHHBIX TEXHOJIOTHYECKHX OIeparuii:

» 30Ha | — o0nacTh TpaHcmopTa 00HEMOB BOIHOTO TIOTOKA C TBEPABIMHU BKIIOYEHUSIMU K BOJIO-
MIPUEMHBIM U BOIOCOPOCHBIM 3JIEMEHTAM COOPYKEHHUS;

» 30Ha Il — 00nacTh ycTpoiicTBa HAHOCO3AIUTHBIX TIOPOTOB;

» 30Ha Il — o0nacTh, B KOTOPOH pa3MenIaroTcsi BOIOIPHEMHBIE AJIEMEHTHI BO103a00PHOTO COO-
pykeHus (BOAONpPUEMHBIE KaMephbl, TaJeper, OrOJIOBKH ), 0OBIYHO PACTIONOKEHBI MEXKTy HAHO-
CO3aIMTHBIM IIOPOTOM M OEPErOBBIM YCTOEM, 000PYI0BAaHHBIM BOJIOIIPHEMHBIM OI'0JIOBKOM;

» 30Ha IV — 00nacTh cOpoca 1 OTBEACHUS U3JUIIKOB O0BEMOB BOJIbI C TBEPABIMH BKJIIOUCHHSIMHU
MIOTOKOB.
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Pucynok 2.21 — PacueTHas cxema cMeIeHusl CTPYH BOJAHOTO MOTOKA OT TMHAMUYECKON OCH MOJBOJISI-
IIErO Pyclia K CTBOPY PACIIONOKEHUS] HAHOCO3AIMTHOTO iopora ipu o, = 0,9: R, — nepeMeHHas Beiu-
YHHA payca KPUBU3HBI CTPYH BOJHOTO MTOTOKA Mepea moporom; O — IIEHTP KPUBU3HBI CTPYH MOTOKA

[Tpu »TOoM kpuBas J orpannumBaet 30HYy I, uMeeT BBIMTyKIyI0 ()OpMYy B CTOPOHY BEPXHETO
Obeda, yYuThIBa€T BOZMOXKHOE Pa3MeIlleHUE JTOMAHBIX B IJIaHE U KPUBOJIWHEHHBIX MOPOTOoB. JIu-
Huu F, G, U onpenenstor pazMenieHue CTBOPOB ISl PaCIONOKEHUS] aBTOBOAOCIUBOB COOPYKe-
HUM, PEYHBIX MIPOJIETOB U MPOMBIBHBIX TPAKTOB.

Pesynwrarel HaOmonenwii [6, 140] CBUAETENBCTBYIOT, YTO WUCKPUBJICHHUE CTPYH BOIHOTO
MOTOKA MPHU BBICOKUX 3HAYCHUAX KOA(D(DUIIUEHTOB BOA032a00pa B 3aBUCUMOCTH OT MX BEIMYMHBI
1 KOHCTPYKTUBHBIX 0COOCHHOCTEH BO103a00PHBIX COOPYKEHHI HAUMHACTCS B KOHIIE MOIBOJISIIIC-
ro pyciia Wi B 00JaCTH BXOJAHOTO CTBOPA BOJI03a00PHOTO COOPYKEHHSI U TIPOIOJIKAETCS IO CTBO-
pa yCcTpoiicTBa HAHOCO3AIUTHOTO Mopora. MakcumManbHOMY UCKPUBIICHHUIO TIOABEPTalOTCs CTPYH,
MIPOXOISIINE BAOJb MPOTHBOIOIOKHOTO Oepera OT BOJOMPUEMHOTO OTOJIOBKA, TaK KaK OHM Ipa-
KTUYECKH 10 HOPMAJIH MOAXOAAT K KOHLIEBOMY YYacTKy HaHOCO3aILUTHOTO [1Opora, a CTpyu BOJIbI,
MIPOXOJISIINE BAOJb Oepera co CTOPOHY HAHOCO3AIIUTHOTO MOPOTa, Ha MOAXOAHOM Y4acTKe JBH-
JKYTCS TPAKTHUECKH MPSMOJIMHEHHO, MapalljieIbHO OeperoBoil TMHUM pycia (CM. pUcyHOK 2.21).

Jl1is mpoBeieHus JaIbHEUIIIeT0 aHalu3a ¢ YYeTOM MPUBEACHHBIX BBIIIE(HAKTOB, TOMYCTUM,
4TO IICPEMCHHAsI BEIMYHMHA pajiyca R = B 3aBUCHMOCTH OT PaCCMAaTPUBACMBIX Y4aCTKOB HCKPUB-
JIeHUs Tiepe]] KpUBOIWHEHHOW nmuHuel (J) OyaeT M3MEHSIThCS OT 3HAUEHUS BETUYHMHBI IMIMPUHBI
BOJIHOTO TIOTOKA IO ype3y BOJIbI B oaBosmIeM pycie (B) 1o 6eckonedHocTH (00), ISl ydacTka
MPSMOJIMHEMHOTO JIBUKEHHUSI CTPYH.

Jlanee mpu pacCMOTPEHUH PacueTHON CXeMbl (CM. pUCYHOK 2.21) OyzeM cuuTarh, 4To B Iep-
BOM MPUOIIKEHUH JIMHUSA AB COOTBETCTBYET CTBOPY yCTPOMCTBa HAHOCO3AIIMTHOTO TTOPOTa, Ma-
pajuiesbHa JUHAMUYECKOM OCH MOTOKA B MOABOSIIEM PYCII€, U TPOBEICHA MO JIMHUU ype3a BOJIbI
B BepXxHeM Obede Bo703a00pHOTO COOPYKEHHS MPU PACYETHOM YPOBHE.

[IpencTtaBuM MPOEKIMI0O HAHOCO3AIIUTHOTO TMOpora Ha OeperoBod YCTOW COOpYKEHUS
B Buje muHuu AB c pasmemienuem ee B 30He Il. IIpu 3TOM npumem Touky A B KauecTBE Havyasia
KoopauHart oceit x u y. Och x OyAeT MpoXoauTh 1Mo JUHUU AB, a 0Ch y IO BXOTHOMY CTBOPY BOJIO-
3a00pPHOTO COOPY>KEHHUS.

[IpuBenennas cxemMa HCKPUBJIEHHS! CTPYH BOJHOIO IOTOKA IpU M3MeHeHun R, ot (B) mo
(o0), ABNSIETCS TOCTATOYHO CIIOKHOM I ONMCAHUS B BUJE MAaTEeMaTHYECKUX 3aBUCUMOCTEH, TaK
KaK UMEET HE TOJIbKO NEPEMEHHYIO BEIMUUHY Painyca, HO U U3MEHSIOIUECS] KOOPAUHATHI LICHTPA
kpuBu3HbI (O). [loaToMy npeaBapuTEIbHO 3aJaUMCS YCIIOBUEM, YTO UCKPUBJICHHE JTUHUI TOKOB
BOJIBI B 30HE | Ha Bcex yuyacTkax OyJeT MPOMCXOAWUTH MO OJHON TPAeKTOPUHU C OAHHUM LIEHTPOM
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Pucynoxk 2.22 — PacdeTHasi cxema ISl OTIpEJENICHNs] KOOPAWHAT BHEIIHEH MOBEPXHOCTH IIOPOra MpH
PalMOHAILHOM PAa3MEILEHUN OTHOCUTENILHO CTPYH IIOTOKA B 30HE I

KPUBHU3HBI, COBNAIAIOIIMM € TOUKOW A. Pajnyc KpMBU3HBI CTPY#H BOIBI R, , IPU OTOM OyaeT u3-
MeHsaTbes oT 0 10 B. Ilpu takom ycnoBuu nunust AB, 1 BXOJHOM CTBOP COOPY>KEHHUSI SIBIISIFOTCS
pasvagbHBIMU COCTABIISAIOIIMMU TPACKTOPUI IBUKEHHSI 00BEMOB BOJIbI B BEpXHEM Obede Bogo3a-
OOPHOI0 COOPYKEHUS.

CnenaHHble TONMYIIEHUS MTO3BOJISAIOT MOJIYYUTh MpeABApUTENbHbIE (DYHKIIMOHATIbHBIC 3aBU-
CUMOCTH JUIsI OIIPENEICHUs TPUPALLECHNS] KOOPAUHAT BHEIIHEN IMOBEPXHOCTH HAHOCO3AIIUTHOIO
1Iopora MNpyu OTHOCUTEJIBHOM PAIllMOHAIIBHOM €€ Pa3MELICHUH, Ha 3aJJaHHOM PAaCCTOSHUM OT TOYKH
A Ha pucyHke 2.22 ¢ yueToM yclioBull ypaBHeHui (2.57)—(2.58):

v, =L cosg;

x, =L sing,

Omnpenenss BO3MOXKHOCTb pacueTa BeIUYUH NPUPAIEHUs] KOOPIUHAT dX U dy B 3aBHCHMO-
CTH OT PacCMaTpPHBAEMOro y4acTKa Iopora, ypaBHeHue (2.57) 3anuiiem B BUje:

dx=dLcos¢,

dy =dLsin ¢,

Torna panmoHaabHbIE KOOPAMHATHI BHEIIHEH MOBEPXHOCTH HAHOCO3ALIUTHOTO MOPOTa JUIs
paccMarpuBaeMoro ciyyasi (cM. pucyHkH 2.21 u 2.22) nans yyactka dL MOTyT OBITh ONpE/IEICHBI
B pe3yJbTaTe HHTETPUPOBAHUS cUCTEMBI (2.63):

(2.62)

(2.63)

L;
v, = I cosgdL =cosp(L,—L,_)+c;
L,y

(2.64)

1

Li
X, = I singdL =sing(L,—L,_)+c

Liy
HpI/I HHTCIPUPOBAHUH 3a1aBaJIOCh YCJIOBUEC, YTO 3HAYCHUC YIIJIOB (pi 6y,[[eT HU3BCCTHBIM, YTO
YUUTBIBACTCA HUKC IIPU COCTABJIICHUU PACUCTHBIX PCKOMCH/IAINU.
Hpe)lCTaBJ'I}I}I IMMOCTOSAHHBIC CB BUAC KOOPAUHATBI Hpeﬂbmymeﬁ pvaeTHOﬁ TOYKH, BXO,[[HH_ICI\/’I
B COCTaB BHEIIHEH IMOBCPXHOCTU HAHOCO3alIUTHOT'O I1Opora, OBLIO MMOJIYy4YCHBI YPABHCHUS BU/JIA:

Vi == + (L, — L )cosd,);

X =x_,+(L —-L_)sing

3HaK (—) KOOPJMHATHI y COOTBETCTBYET CIIydalO JABMKEHHS JIBYX(Da3HOTO IMOTOKA SKUIKOCTH
B LIUPKYJISLMOHHOM BaJIblie OT TOUKH A 10 Touku B. D70 sABiseTCs BHIBOJOM M3 IIPAaBUJIA THIPO-
JUHAMUKHA 00X0/1a 3aMKHYTBIX KOHTYPOB IIPH UCIIOJIb30BAHUHU CUCTEMBI IEKAPTOBBIX KOOPAMHAT.

(2.65)

92



AHanu3upys pacueTHyIo cxemy (PUCYHOK 2.22) MOXKHO CZeJaTh BBIBOJI, YTO HAHOCO3AIIUT-
HbI€ [TOPOTH, TOCTPOSHHBIE IO KOOPAUHATAM, OIpeeNIeHHbIM 1o popmyinam (2.65) OyayT UMeTh
BOTHYTYIO (hopmy.

VYuuThIBas, 4TO JEHCTBUTEIBHOE 3HAUYEHUE PAJNyCa UCKPUBIIEHUS CTPYH BOJHOTO IOTOKA

R, . u3mensieTcss oT B 10 oo, mpu 3TOM yroi mepe] KpUBOJIWHEHHON JIMHUEH J M3MEHSIeTCs OT

/4
0 BHauvaine, 10 B y KOHIIEBOTO y4acTka mopora. C yuyeTtoMm 3TOro BBeJeM B cucteMy (2.65) mo-

NPABOYHYIO BEIMYMHY B BHJIE H3MEHSIONUIETOCS yIa ¢ . DTa BEIMYUHA J0JDKHA KOPPEKTHPOBAT
paHee 3a/JaHHO€ YCJIOBHE O MOJXOJe CTPYH BOIHOIO MOTOKA 10 HOpMalu K JuHUU AB, koTopas
SBIIsIeTCS OA3UCHOM I TOCTPOEHUSI KOHTYpa moBepxHocTu nopora [100]:

¢, =90"-90"z, (2.66)
e Zl. — OTHOCHUTCJIbHAA JJIMHA paCCMATPpHUBACMOr0 yuacTKa rnopora:

L
zZ, =—. (2.67)
Torna ¢ yuetom 3aBucumocTt (2.61) ypaBHeHus (2.62) npumyT BUI:

Y=y —(L—L_)cos(¢ +¢,);

X, =x_ +(L—L_)sin(¢ +4,)

PacueTHoe mocTpoeHue ¢ UCmonb30BaHueM ypaBHEHUH, (2.61)—(2.63) M03BOIMIO IOTYYHUTh
KOHTYp BHEUIHEW MOBEPXHOCTHU MOPOra, MPEACTABICHHBIN Ha pUCYHKE 2.23.

[TocTpoenust mpoBOAMINCH C TOAOOPOM HEOOXOIMMOTO 3HAYEHUS IOTIEPEUYHOM COCTaBIAIO-
el V, nMpKyISIMOHHOTO BallbLia IPU COMOCTABIEHUH PACYETHBIX KOHTYPOB IOPOra C KOHTYPOM
JIOMaHOTO B TIaHE HAHOCO3ALIUTHOTO OPOra, UCCIEOBAHHOTO paHee Ui MOJyYeHUs 3aBUCUMO-
ctu (2.51). Kak BumHO Ha pucyHke 2.23, Ipy COBMEIICHNH KOHTYPOB X MaKCUMaJIbHOE COBIA/IE-
HUE OTMEYaeTCsl Ha HauaJlbHOM y4acTke opora. Koutyp 2 Obul mosydeH B pe3yabTrare pacueTHOTO
IPUOIKEHNS IIPH MTOCTOSHHOM 3HAYE€HUH MOTIEPEYHOM CoCTaBsome V= const, kotopas Oblia
paBHa Vnpmax = 3,51 m/c. Dta BenmMYMHA COOTBETCTBYET MAaKCUMAJILHOMY 3HAYEHHUIO MPOJOIBHOM
COCTABJISIIOILIEH, ONPEEICHHONC MOMONIBI0 prcyHKa 2.20 a.

AHanu3 pe3yJIbTaToB MOCTPOSHUS PACUETHOTO M UCCIIEyeMOTr0 KOHTYPOB (CM. pUCYHOK 2.23)
C YYETOM BBIMIOJTHEHHOTO 000CHOBAHUS TIO3BOJIMII C/IENATh CJIEAYIOUINE BHIBOIBL:

» PpacxXOXKICHHUE B HAIIPABICHUN PACUYETHOTO M UCCIIEyeMOT0 KOHTYPOB IMTOPOTOB B O0JIACTH BTO-
poii (8) M TpEThEH (¢) CEKIIMHU JIOMAHOTO B IUIaHE MTOPOTa YKa3bIBACT HAa yBEIMYCHHE MTONIEPeU-
HBIX COCTAaBJISIOUINX UPKYIALUOHHOIO Basibla. [Ipuyem 3T0 mpoucXoauT B Hauaje BTOPOi
CEKIIUU OJIHOBPEMEHHO C YBEJIMUYEHHUEM MPOJOJIbHBIX CKOPOCTEHl, a HAa €€ KOHI[EBOM Y4YacTKe

(2.68)

}.'
4 1
— = £ B,
3 I
b+ 1 .
il iy a + e SO [
B Pats ~.. |/
1 ’,//:g 1 ..\""--.“ B2
A T

0&] _ X

Al 2 3 4 s 6 7 8 9 10 11

Pucynok 2.23 — KoHTypbl BHEIIHUX MMOBEPXHOCTEW HAHOCO3AIIMTHBIX MOPOTOB: 1 — McCiemyeMblit
TPEXCEKIMOHHBIN JIOMaHbIH B IJIaHE HAHOCO3AIUTHBIN ITOPOT; 2 — KOHTYP HAHOCO3ALIUTHOIO 1Opora,
MTOCTPOCHHBIN C UCTIOIBF30BAaHIEM ypaBHEHNUH (2.68)
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¥ Ha y4acTKe TPETheil CeKLMU C yMEHBIICHHEM 3HAYCHHH 9THX CKOpoCTeii V, . D10 compo-
BOXKJA€TCsI BOBHUKHOBEHUEM B 3TOH 30HE BEPTHKAIBHBIX BUXPEBBIX MOTOKOB C OOMIBLHBIM
3aXBaTOM HAaHOCOB B BOJOTIPUEMHYIO KaMepy

» COBIAJICHHE PACUCTHOIO U MCCIICAYEMOr0 KOHTYPOB ITOPOTOB Ha HAYaJIbHOM yUYacTKE CBHIE-
TEIBCTBYET O PAIMOHATLHOCTH METOIUKH OIMPEEICHUs TapaMeTPOB HaYallbHOW CEKIIUU JI0-
MaHOTO B IJJaHE HAHOCO3AIUTHOTO MOPOTa, KOTOpasi MPUBECHA BHIIIIE,

» B HCKOMOW KOHCTPYKIIMH [TOpOra HeOOXOAMMO YCTPOMCTBO KOHIIEBOTO yUacTKa C IPOTUBOIIO-
JI0KHOW HAIPaBIIEHHOCTHIO OT HAMPABJICHHs TOBEPXHOCTH HAa HAYAJILHOM U CPEIHEM y4acT-
Kax. DTO MO3BOJIHUT YBEIMYUTh 3HAUEHUS MPOJIOJIBHBIX CKOPOCTEH HA KOHIIEBOM yYaCTKe IHpP-
KYJSIIUOHHOTO BaJIbLIA.

[Tpu KOMIIOHOBKE BOA03a00PHOTO COOPYXKEHHsI ¢ KOH(PHUTypallneit HAHOCO3aITUTHOTO MTOPO-
ra, MOJy4YeHHOW MO TEOPETUYECKUM pacueTaM, BOSHHKIM HEKOTOPBIE CIOKHOCTH, U3-3a CMEIIle-
Hust To4ku B, B TOuKy B, (cM. prcyHok 2.23). B pe3ynbrare NpoMbIBHOM TPAKT TaKKe ObLIT CMEILEH
Ha 33JJaHHOE PACCTOSHUE, YTO BBI3BAIO HEOOOCHOBAHHOE PACIIMPEHHE DIEMEHTOB MOAIOPHOTO
ctBopa. Ilpu cMmemeHnr BoJOCOPOCHBIX YCTPOWCTB BO3HUKIIA CUTYaIlUs, TpeOyroIias n3MEeHEHHUs
YCIIOBUH COMPSIKEHUS BOI03a00PHOTO COOPYKEHUS C MOABOISAIINM PYCIOM, YTO HAPYIIATIO TH-
JIPaBIUYECKUE TPOIECCHI IPH MPOITYCKE MABOAKOBBIX PACXOIOB.

[Tpu nanpHeiiemM pacCMOTPEHUHN BOSMOYKHBIX BAPHAHTOB ONPEACTICHUS PAlIMOHATBHBIX KIHE-
MaTUYECKHUX XapaKTEPUCTHK HUPKYIISIIHOHHOTO BaJibIla, ObUIN ONPEAETICHBI CISTYIONINE YCIOBHSL:
» HeoOXOAMMOCTh YMEHbBIIICHHS 3HAYCHHUN MPOIOJILHONW COCTABIISIONICH CKOPOCTH IIUPKYIISIIHU-

OHHOTO Bajblla HA HAUYaJHbHOM YYacTKe MOpora C LEebl0 YBEIMUEHUS 3HAYCHUH KOOPIMHATHI
¥y B 9TOH 001acTU. DTO MO3BOJIUT YBEIMUUTH KOJMUYECTBO BAPUAHTOB MPU MPOBEACHUN UCCIIe-
JIOBaHUU Il 00eCTieueHUs] PAIMOHATIBHBIX YCIOBUN COIPSKEHUS TIOPOTOB C YCTPOHCTBAMU
MOJIMOPHOTO CTBOPA;

» B IPONOJILHOM HAIPABJICHUU IMPKYJISIIMOHHBIA Bajell JOJDKCH UMETh OOJIBIIHNE 3HAUCHHUSI
CKOPOCTEi MOTOKA, YeM Y UCCIIeIyeMbIX paHee TPEXCEKIIMOHHBIX JIOMAHbIX B IJIaHE U KPUBO-
JUHEWHBIX MTOPOTOB (CM. pUCYHOK 2.20).

Huxe OyayT npuBeneHbI pe3yabTaThl UCCISIOBAHMS TSI ONIPEISICHUS TIaHOBOM KOHDUTY-
paru JOMaHbIX B TUIaHE TIOPOTOB.

2.3.4. O00ocHOBaHHE KOHCTPYKLMH IPOMBIBHOIO TPAKTA

PanmonanbHoe ycTpOCTBO MPOMBIBHOTO TPAKTa HAa HU3KOHATIOPHBIX BOJI03a00PHBIX COOPY-
KEHHSIX, DKCIUTYaTUPYEMBIX TIPU BBICOKHMX MPOLIEHTaX Bogo3adopa (mpu koddduinentax Bogosa-
6opa o > 0,6), ABISETCS BaKHBIM YCIOBHEM OCYIIECTBIICHUSI aKTUBHOW 3aIIUTHI BOJOTPUEMHBIX
AIIEMEHTOB OT HAaHOCOB [35]. [IpoMBIBHBIE TPAKTHI, KaK MIPABHIIO, YCTPAUBAIOTCA B Mpeeax KOH-
[[EBOT0 yYacTKa HAHOCO3AUIUTHBIX TOPOTOB, IJI€ HAHOCKI TPAHCTIOPTUPYIOTCS Ha COPOC B HIDKHUN
Obed B0103a00pHOTO COOpPYKEHUS. 3aTBOPHI, IEPEKPHIBAIOIINE COPOCHOE OTBEPCTHE MMPOMBIBHBIX
TPakTOB (IPOMBIBHUKOB), BXOAST B COCTaB MOJANOPHBIX CTBOPOB THIPOY3IOB.

Panee b.1. MenbaukoBbIM [ 120] Obl1a 000CHOBaHA HEOOXOAMMOCTh TTOHM)KCHHUS TaBIICHUS
B MPUJIOHHOM YaCTH IPOMBIBHOTO TpakTa sl MOBBIIEHUS 3 dekTuBHOCTH cOpoca HaHOCOB. [Ipu
HTOM BO3MOXXHOCTb IMOHIKEHUS JaBICHUS ONpPeeNsaiach YBETUICHUEM CKOPOCTH BOAHOTO TOTO-
Ka 3a CYeT MECTHOTO YMEHBIIICHHsI INTyOWHBI OTHOCUTEIHHO PacUeTHBIX IITyOUH B BepXxHeM Obede
coopyxenus. C 1eNbl0 yBeJIMUEHUs Pa3HOCTH TIIyOUH OBLIO MPEATIOKEHO YCTPOHCTBO MPOMEKY-
TOYHBIX CTEHOK, KOTOPBIE C 1I€TbI0 TOHKEHUS 1aBJICHHsI BHIBUTAINCH B CTOPOHY BEPXHETO Obe-
da nms co3naHus JOMOTHUTENBHBIX COMPOTUBICHHI.

Jlnst onpesienienus AIMHBI IPOMEXYTOYHBIX CTEHOK PEKOMEH10BaIach 3aBUCUMOCTS [120]:

l,.=1,0+1,2)H, (2.69)

e H — pacyerHas r1yOuHa B BepxHeM Obede Bog03ab0pHOTO COOPYKEHHS.
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Pucynok 2.24 — PacueTHas cxemMa TOPU30HTAIBHOTO KO3BIPhKA, YCTPOCHHOTO Ha HIYKHEH KPOMKE TIIIO-
CKOTO 3aTBOpa MPOMBIBHOTO TpakTa: | — BepXHUI Obed coopyKeHHs; 2 — HAHOCO3AIUTHBIM MOpOT;
3 — IpOMBIBHOHM TPakT; 4 — IJIOCKUI 3aTBOP IIPOMBIBHOTO OTBEPCTHUS; 5 — TOPU3OHTAIBHBIN KO3BIPEK;
6 — oTBOJIAIIIEE PYCTIO0; 7 — TOHHAs BCTaBKa C 00paTHBIM YKIIOHOM IOBEPXHOCTH

HccnenoBanusi KOHCTPYKLUMH MPOMBIBHBIX TpakToB [35, 99| mo3Boinian yCTaHOBUTH, YTO
TaKOW CIOCOO TMOBBIIMICHUSI TPAHCIIOPTUPYIOMIEH CITOCOOHOCTH BOTHOTO IMOTOKA CHIDKAET IPO-
IIyCKHYIO CIIOCOOHOCTh PEYHOI0O MpoJieTa THIPOy3Jia U HAaHOCO3ALIUTHOIO Mopora, 4yTo Tpedyer
YBEJIMUYEHUS IIUPUHBI BOJOCIUBHOIO (PPOHTA.

C ydeTroM S3TOroOOCTOSITEThCTBA OBLIM PACCMOTPEHBI PA3UYHBIC CIIOCOOBI TOBBIIICHHUS
TPaHCHOPTUPYIOLIEH CIIOCOOHOCTHU MOTOKA BOJbI HA Y4aCTKE IMPOMBIBHOTO TpakTa, 0€3 MOHUKe-
HUS IPOITYCKHOM CITIOCOOHOCTH 3JIEMEHTOB COOpY>KeHus. B yacTHOCTH, myTeM yCTpoicTBa J10MOI-
HUTEJBHBIX CTEHOK U OBIKOB MEHBIIHMX pazMepoB [99], a Takke ¢ MPUMEHEHUEM YCOBEPIICHCTBO-
BaHHBIX KOHCTPYKLMI 3aTBOPOB [35].

B xauecTBe 01HOTO U3 BApUAHTOB ObLIO MPETIOKEHO YCTPOMCTBO FTOPU30HTAIBHOTO KO3bIPh-
Ka Ha HIDKHEW KpPOMKE 3aTBOpa MPOMBIBHOTO TPaKTa. ITO MO3BOJIMIIO CO3/1aTh IOHWKEHHE JIaBiie-
HUS B IPUAOHHOM CJI0€ JIBYX()a3HOTO MOTOKA C YCKOPEHHEM 00BEMOB BOIBI ITOJT TOPH30HTAIEHBIM
Ko3bIppKOM [69, 70]. PaccMoTpuM pacdeTHyI0 cXeMy CBOOOAHOIO MCTEUEHMS JKUJIKOCTU H3-ITOJ
TOPU30HTAJIBLHOTO KO3bIPbKA, PA3MEIIEHHOIO HAa HMKHEW KPOMKE 3aTBOpA MPOMBIBHOTO TPAKTa,
KOTOpasi IpUBEJIeHa Ha pUCYHKe 2.24.

CocraBuM ypaBHenue bepuymnu s cedenuit I-1 u II-1I otHocuTensHo ocu cpaBuenus 0-0.

2

2
HP+&+%=ga+&+%+hm (2.70)
pg 28 pg  2g

e HI _— IIyOuHA BOJBI B BEPXHEM Obede coopyKeHus (Mepea NOANOPHBIM CTBOPOM); p, U p, —
JTaBJICHUE HA CBOOOHOM MOBEPXHOCTH KUAKOCTH; P — INIOTHOCTH KUJKOCTH; g — YCKOPEHUE CBO-
0OmHOrO MajeHus; o, U 0, — KO3()GHUIHMEHTHI, yYUTHIBAIOIIME HEPABHOMEPHOE PACIIPEETIEHUE
ckopocTtelt nortoka B ceueHusix I-1 u II-11; @ — BenmuunHa OTKpBITHS 3aTBOPA IMIPOMBIBHOTO TPAKTA;
€ — kK09 (pULMEHT c)kaTusl CTPYyH MOTOKA NMPU UCTEUCHHUH KUIKOCTU U3-TI0J] TOPU30HTATBHOTO KO-
3bIPbKA; /i — OTEPU DHEPIUH.

[Ipu 5TOM ypaBHEHHE CKOPOCTHU BOJIbI MOJKET OBITh MPEACTABICHO B BUJIE:

1 2
V;:ﬁ\/<2g(HP_ga_hw)+all/l ) (2.71)

VYpaBuenue (2.71) Mo3BONIAET MPEABAPUTEIIBHO OMPEICTUTh MapaMeTphl TOPU30HTAILHO-
TO KO3bIPbKa C YYE€TOM MPOAOIBHBIX CKOPOCTEH JBMKCHHS MOTOKA B ITUPKYISIIMOHHOM BaJIBIIC,
TPAHCIIOPTUPYIOIIEM HAHOCHI BIOJIb HAHOCO3AIIUTHOTO IMOpora. Y4uThiBas pekoMeHaanuu [181],
MaKCHUMaJIbHAs JJTMHA TOPU30HTAJILHOTO KO3BIPhKA Ha MPEABAPUTEIBHBIX TAlax MCCICIOBAHUN
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4 Pucynok 2.25 — PacdeTHas cxema MPOMBIBHOTO TPaKTa:
1 — BepxHMH Obed; 2 — HAHOCO3AIUTHBIN MOPOT; 3 —
NPOMBIBHOHN TPaKT; 4 — OTBOASIIEE PYCIIO

Obuta puHsATa paBHOH (3+4)a M3 HEOOXOAMMOCTH CO3JIAHHSI YCIOBHI UCTEUCHUS Yepe3 LUIHH-
JIPUYECKANA HACAIOK.

AHAJIOTUYHO HAMU OBUTO 0OOCHOBAHO MPUMEHEHNE HOBOTO KOHCTPYKTHBHOTO AJIEMEHTa Ha
JTHE TIPOMBIBHHKA 1101 TOPU30HTAJIbHBIM KO3BIPHKOM B BUJIE JOHHOM BCTABKHU C 0OPaTHBIM YKIIOHOM
noBepxHocTU. Takas JoHHas BcTaBKa 7 (CM. pucyHOK 2.24) oGecnieunBaeT 0oJibliee HCKPUBICHNE
CTPYH, UCTEKAIOIINX M3-TI0J KO3bIpbKa. [Ipy CONPUKOCHOBEHMH CTPYH C HUKHEHN ITOBEPXHOCTBIO
KO3BIpbKa yBeIH4YMBaeTcsi d(P(PEKT MWIMHAPUIECKOTO Hacaaka. [IoHMKeHHe NaBIeHUs! CIoco0-
CTBYET MOBBIIIEHUIO TPAH3UTHBIX CKOPOCTEH MOTOKA M YBEIMUYEHUIO TPAHCIIOPTa HAHOCOB Yepe3
MIPOMBIBHOM TPaKT. J[Jis rOpU30HTAIBHOTO KO3BIPhKA C JOHHOW BCTaBKOM ypaBHeHHUE (2.70) MOXXHO
3aMucaTh B CJIEAYIOLIEM BUJE:

L e, —ca—h )-ay? + 2P TP (2.72)
Je P

Pesynbrarhl 1a00paTOpHBIX MCCIEIOBAHUN yCTPOUCTBA TOPU3OHTAIBLHOIO KO3bIPbKa Ha 3a-
TBOpE B MPOMBIBHOM TPAKT€e MOJATBEPANIH MOBBIIIEHUE TPAHCTIOPTUPYIOLIEH cTOCOOHOCTH 00be-
MOB BO/JIbl, COpachIBaeMbIX B HIDKHUI Obed coopyxenus [70].

C nenbto onpeneneHus GakTOpoB, ONMPEAEIISIONINX TPAHCIOPTUPYIOILYIO CIIOCOOHOCTD I0-
TOKa, HAMU OBIJIO PACCMOTPEHO YpaBHEHHUE MPHUPAILEHUS KOJTHMUECTBA IBMKEHHS J1s1 MACChI IBYX-
(ha3zHOTO MMOTOKA KUIKOCTH (BO/Ia — BJIE€KOMbIe HAHOCHI). [Ipu 3TOM ObLIa HCIIOIB30BaHA pacyeTHAs
cxeMma, PUBEICHHAs Ha pUCYHKe 2.25.

[TprMeHNM K OTCEKY JBHXKYILErocs MOTOKa AByX(a3zHOU KHUJKOCTH, OTpaHUYEHHOMY ceue-
Husimu -1 u II-11, Teopemy 06 n3meHnennn konudectna ABrkeHus [181].

[Tpu 3TOM KOMUYECTBO ABMKEHMS JABYX(A3HOTO MOTOKA >KUIKOCTH, MPOTEKAIOIIUN 4yepes3
JKMBOE CEYEHHE TUIOIIABIO (O + @ ), [JIE O — IUIOMIAb COOTBETCTBYIONIAS JIBHKEHHIO OCHOBHOTO
TIOTOKA BOJIbL; 0 — IUIOMIA/(b CEYEHUS COOTBETCTBYIONIAs JIBHKEHHIO HAHOCOB, Oy/IET PABHO:

[ p(udow)u+ [ (p, = p)(u,do,)u, = pavio, +(p, - p)avo,, (2.73)

®

,

sz

H

7€ p U P, — IUIOTHOCTH BOJIBI M BIIEKOMBIX HAHOCOB; 0 U 00> — KOO()(PUIMEHTBI KOJUYECTBA JIBH-
xenus [166, 181]; v u v, — CKOPOCTH IBMIKEHHS BOJIBI M BJIEKOMBIX HAHOCOB.

Bripakenue npupaiiieHusi KOJU4ecTBa JIBUKEHHSI MacChl IOTOKa, cOpachlBa€MOro 4epes
IIPOMBIBHOM TPAKT, 3aKI04eHHOT0 Mexay cedeHusimu [-1 u II-11 B enunuiy Bpemenu dt, oTHOCH-
TEJIbHO HAIPABIIEHUIO JIBUKEHUSI, COBIAJAIONIET0 B NEPBOM MPHUOIMKEHUN C TOPU30HTATIbHBIM
JTHOM IIPOMBIBHOT'O TPaKTa, IPUMET BUJI:

4K, = pa;vzzwz + (pn —,0)05;‘/320),,2 _paivlzwl _(pn _p)alﬁvflwnl . (2.74)
[TpoBozst manpHelmMe npeodpa3oBaHus, TTOIYIUM YpaBHEHHUE:
AK ;= pa,0v, + pesOv, =(p, = p) oty =(p, = ) 4V, . (2.75)

VYuursiBas gonymenus [181], ypaBuenue (2.70) npuBenem K BUAy:
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AK, = pa O, =v, ) +(p, = p)a G(v,, =v,.) , (2.76)
rie G — pacxojl HAHOCOB B IIPOMBIBHOM TPAKTe.
Jlanee, npunmumMasi paserctso po O(v, —v, ) = P, — P, ypauenue (2.76) NpeCTaBuM B BIJIE:

AKd = pghumlwl - pghumeZ + (pn - p)a”G(vHZ - le) . (277)

Pa3znenuB npaByto u eByI0 yacTh ypaBHeHUs (2.77) Ha pOU3BEJIEHUE Pg, TTOITYUUM:

AK - " -

AR o=y, + P G O V). (2.78)
Pg P 8

C 2 225 hl hz +Jxla1< h _ h2
OTJIACHO pPAaCueTHON CXeMbl (CM. PHUCYHOK 2.25) hw1 :—=T, ym2 = 7,

aw=hb, uaw=n, (b,, — IMPHHA IPOMBIBHOTO TPAKTa, COIACHO BBIMOTHEHHOIO aHANN3a
CYIIECTBYIOIIUX KOHCTPYKLUH BO/103a00PHBIX COOPYKEHHM, MPUHUMAETCSI TOCTOSIHHON 110 BCel
JUIMHE, T.€. IPU3MaTHYECKON (OPMBI), C yueTOM 3Toro ypaBHeHue (2.78) npumer Bug [103]:

2
AKd _ (h2+JXlaK) b _h22 b (pH _p)a”G (VHZ_VHI)
—_— ) .

e = 5 T + P p (2.79)

[Tocne nmpeoOpazoBaHUs MOTYIUM:
2

4K, _ 2h2J><laK;—(J><laK) b, + (p,—p) e V=V, ) . (2.80)

PE P &g
W3 ypaBuenus (2.79) noiayuum ypaBHEHHE pacxoa HAHOCOB:

AKd _b (ZhZJ X ZaK + lelfk) .
G _ 124 " 2 _ 2AK¢! _pgbnp(ZhZJxlak +J lak) (2 81)
a” (pn _p) (VHZ _VHI) 20‘”(/)” _p)(VH2 _VHI) . .
P g

VYpaBuenue (2.81) mo3BosseT caenarb BbIBOJ, YTO TPAHCIIOPTHPYIOLIAsi CIOCOOHOCTH BOJI-

HOT'O IIOTOKA YBEJIMYUBAETCS NPU POCTE 3HAYEHUN U3MEHEHMS KOJIMYECTBA JBUKECHUS, U1 YMEHb-
11aeTcsl BCIEACTBUE POCTA 3HAYCHUM:
IIMPHUHBI U TITyOWHBI IOTOKA B IPOMBIBHOM TPaKTe,
JUIMHBI IPOMBIBHOTO TPaKTa,
IUIOTHOCTH YaCTHUI] HAHOCOB, COPAChIBAEMBIX Uepe3 MPOMBIBHOM TPAKT;
Pa3HOCTH CKOPOCTEN IBUKEHUS BIIEKOMBIX HAHOCOB I10 JJIMHE IIPOMBIBHOTO TPAKTa.

VYuuThIBas MPUBEICHHBIE BbIIIE (DAKTOPHI, ONPEEIAIONEe TPAHCTIOPTUPYIONIYIO CIIOCO0-
HOCTh IOTOKA, OBUIO MPEAJIOKEHO YCTPOMCTBO HAa JHE NMPOMBIBHOTO TPaKTa JOHHOM BCTaBKH
C 00paTHBIM YKJIOHOM ITOBEPXHOCTH, IPUBECHHON Ha pUCyHKe 2.26.

YVVVY

1 1 (e
|
1 3
=
2 a 1=
= } -fr\
Hp Ry > - 7
Pucynox 2.26 — Cxema pa3MemIeHHS TOHHOM
BCTaBKM B IMPOMBIBHOM TpakTe: | — BepxXHUH
Obed; 2 — HAaHOCO3AIUTHBIN MTOPOT; 3 — IPOMBIB- I 3
HOM TpakT; 4 — 3aTBOP MPOMBIBHOTO TpPakKTa; 5 — 11

JIOHHAsI BCTaBKa; 6 — OTBOJISIIIIEE PYCIIO



Beipaxkasi ypaBHCHHE H3MEHEHHs KOJIMYECTBA JBHIKCHHS OTHOCHTEIBHO TOJIBKO BOJHO-
IO TOTOKA, CO3/IAIOIIEr0 JBUKEHHE HAHOCHBIX MAcC, C Yy4eTOM JelcTBUs peakiuu R , 3anuiem
pa O(v, —v,) =B —P,— R, . TIpu 5tom ypasrenne (2.81) npumer suz [103]:
AKd _ b (2h2JX lak + lejk) + RfX
pg " 2 pg  4K,—0,5b, J %1, pg(2h, +J <1, )+ R,
a” (pH _p) (VH2 _VHI) a”(pu _p)(vHZ _VHI)
p 4

3HaK (+) 1mepes BRIPAKEHUEM PEAKUUU R, CBHUAETEIbCTBYET O MOJOKUTEILHOM BIMAHUM
JIOHHOW BCTaBKU Ha YBEIMYCHHE TPAHCHOPTUPYIOLIEH CIOCOOHOCTH MOTOKA B IIPOMBIBHOM TpPaK-
T€, KOTOPasi IPU YCKOPEHUH BOAHOIO IOTOKA BBI30BET OTHOCUTEIBHOE YMEHBIICHHE YCKOPEHHUS
YaCTHI] BIEKOMBIX HAHOCOB. B CBOIO ouepenp yckopeHHe 00beMOB BOJIbI, YBEIUYMUBAIOLICE M3-
MEHEHUE KOJIMYECTBA JABWKEHUS AK , B TIPOMBIBHOM TPAKTE IPU YCTPONCTBE JIOHHOM BCTaBKH,
IIPENOIPENEIICHO YPABHEHUEM HEPA3PBIBHOCTH BOAHOIO ITOTOKA.

G= .(2.82)

2.4. TexHoJiorn4eckoe 000CHOBaHHE KOHCTPYKTHBHBIX 3JIEMEHTOB
BOJ103200PHBIX COOPY:KEHH HA TOPHBIX PeKax.
KoMmnoHoBoOYHBbIE cXeMbl HU3KOHANIOPHBIX IJIOTHHHBIX
BOA03200PHBIX COOPY:KEHM, KOHCTPYKIMSA cTaduau3aropa
pacxoaa BOAbI

AHaJIM3 JKCIUTyaTaIlMOHHBIX XapaKTEPUCTHUK CYIIECTBYIOIIMX KOHCTPYKIIMH HHU3KOHAIOpP-
HBIX BO/I03a00PHBIX COOPYKEHUH THIPOIHEPTETHUCCKUX M HPPUTAITMOHHBIX CHCTEM C YUETOM
COBPEMEHHBIX TEXHUYCCKHX TPEOOBAHUH, OMPEISITHII HEOOXOAMMOCTh COBEPIIICHCTBOBAHMS KOM-
MMOHOBOYHBIX CXEM U KOHCTPYKIIMH COCTABIISIFOITUX 3JIEMEHTOB.

Y4YuThIBas HEMOCTATKH CYIIECTBYIOIIMX KOHCTPYKIIMH COOPYKEHUI B 00€CIIEYCHIH OCHOB-
HBIX TEXHOJIOTMYECKHMX OIepaluii Bojpo3adopa ¥ Ha OCHOBAaHWHU aHAJIM3a TEOPETUYCCKUX OCHOB
THJIPABIMYECKUX U PYCIOBBIX IMPOIIECCOB, MPOU3BEICHO YCOBEPIICHCTBOBAHUE KOMIIOHOBOK BO-
J103a00PHBIX COOpYKeHHH. [Tpu ATOM ymydnranuch KOHCTPYKITUU BOAOCOPOCHBIX 3JIEMEHTOB, BO-
JIOTIPUEMHHKOB, YCTPOWCTB HAHOCO3AIIUTHI M 3aIIUTHI OT JIEAONITYTOBBIX 00pa30BaHUM, a TaKXKe
CPEIICTB THUIPABIMYECKON aBTOMAaTH3aIlMU Ipoliecca Bomo3abopa. B Xxome coBepiieHCTBOBaHUS
paccMaTpuBalIICh COBPEMEHHBIEC Pa3paOOTKH U MPEAJIOKEHHUS 110 PAIMOHAITBHOMY UCTIOIB30BaHUIO
BOJTHO-DHEPIeTHUECKUX PECYPCOB PEK TOPHO-TIPEATOPHOM 30HBI. ITO OMPENSTHIO BO3MOKHOCTh
obecrieueHust OecriepeOOHON MOIaYM B THAPOIHEPTETHUSCKUE U UPPUTAIIMOHHBIE CUCTEMBI HE-
00XOIMMBIX 00BEMOB BOJIBI C IOMTYCTUMBIM COZCPYKaHUEM TBEPIbIX BKIFOUCHUH PEYHOTO IMOTOKA.

Pa3paboTku cornmacoBbIBAIMCH C MPUHIIUITAME KOMITOHOBKH BO/103a00PHBIX THAPOY3JIOB HA
TOPHBIX pekax, copmyaupoBanHbiMEA A.B. ®unonvunkossiM [172]:

» TPUHIUI ONTUMAJIBHOCTH TEXHOJIOTHH;

» TPUHIMUI STATHOCTH BCTYIUICHUS B pabOTy MPHUEMOB BBITIOJHEHHS TEXHOJOTHYSCKUX OIepa-
117K

» TPUHIUI COBMECTUMOCTH TEXHOJOTHYECKUX IMPUEMOB;

» TPUHIUI S3KOHOMUYHOCTH.

C ydeToM HW3BECTHBIX pekomeHparuii [8, 15, 35, 120, 123, 172], Hamu ObLT HAMEYCHBI
parMoHaNnbHbIE CIIOCOOBI OCYIIECTBICHHS JEUCTBUH OCHOBHBIX TEXHOJIOTHYCCKHX OTICPAIIHH,
MIPEICTABIICHHBIX Ha PHUCYHKe 2.1, ¢ ompeneneHneM cocTaBa U OTHOCHUTEIBLHOTO PACTIONOKEHUS
COOPYKEHUH M YCTPOHCTB BOI03a00pHBIX coopykeHnH. COCTaB 3JIEMEHTOB HU3KOHAIMOPHBIX BO-
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7103a00pHBIX COOPY>KEHUI M3 TOPHBIX PEK B TUAPOIHEPreTUYECKUE U UPPUTALIMOHHBIE CUCTEMBI
U YCJIOBMSI UX OTHOCHUTEJILHOTO pa3MelleHus puBeeHsl B [Ipunoxkenun 7.

Omnpenensist B KaueCTBE OCHOBHOM OTIIMYMTENBHOM OCOOEHHOCTH B KOHCTPYKLHMSAX BOJO3a-
OOpPHBIX COOPY)KEHHUH Il TUAPOIHEPTEeTUYECKUX CHCTEM IO CPAaBHEHHUIO C MPPUTALIMOHHBIMH,
ANIEMEHTHI 3UMHET0 BOAOOTOOPA U yCTPOUCTBA I OOPBHOBI C JIeTOUIYTOBBIMU 00pa30BaHUSIMH,
OBbUI IPEAJIOKEH PSJT YCOBEPILIEHCTBOBAHHBIX KOMIIOHOBOYHBIX CXEM.

2.4.1. KoMnoHoBKH BO103200PHBIX COOPYKEHHI1 HA TOPHBIX peKax
JJISl THAPOIHEPreTHYECKUX U HPPUTALMOHHBIX CHCTEM

AHanu3 HeI0OCTATKOB CYIIECTBYIOLINX CXeM 0OecreueHus rporecca Boj103ad0pa U3 TOpHbIX
PEK € y4eTOM TeOPETHUYECKUX MPEANOCHIIOK O3B0 pa3paboTaTh yCOBEPLIEHCTBOBAHHYIO KOM-
MIOHOBKY B0J103a00pHOT0 coopyxkeHus Uit aepuBaionHsix ['9C (BCAI-1) (pucynok 2.27).

Ha npuBenenHyto KOHCTpyKIMIO nomyyeH nateHT Keiproizckoii Pecryomku Ne 607 B 2003
[72]. Coopy:xeHure ObUIO PEKOMEHOBAHO Il UCIIOIb30BAHUS B COCTaBE I'MJIPOIHEPIETHUECKUX
y3710B AepuBaiMoHHbIX ['DC, npu Boxo3adope U3 TOPHBIX PEK, TPAHCIOPTHPYIOLUIMX HAHOCHI
U UMEIOIINX JieJioBble siBnenus. [Ipu HekoTopoit MomupUKaIMU OHO MOXKET OBITh MCIOIB30BAHO
B KQUECTBE FOJIOBHOT'O COOPYKEHUSI MPPUTALIMOHHBIX CHCTEM MPEATOPHBIX 30H.

B kauecTBe aHanora ObUIO MPUHATO U3BECTHOE BOJ03a00pPHOE COOPYKEHUE TOPHOTO TUMA
uppuranvoHHoro HazHaueHus [27, 120]. Hegocrarok ananora — 3axBaT HAHOCOB IIOTOKOM, ITOCTY-
[AKOIIMM B BOJOIIPUEMHBIN OTrOJIOBOK MPH MPOIYCKE MABOJKOBBIX PACXOJIOB YEPE3 COOPYKEHHE.
310 00YCIIOBIIEHO 3apOXKICHHEM BEPTUKAIBbHBIX BUHTOBBIX TOTOKOB Ha KPUBOJIMHEHHBIX MI0CKO-
CTSX HaHOCO3ALIMUTHOTO OPOra BOJOIPHUEMHOM KaMepbl U Pa3IeIuTeNIbHON CTeHKH [72].

Pazpaborannas Hamu komnoHoBka BC/IL, B oTiruue oT npoToTHna, 000py10BaHa Clieayto-
MMM JIeMeHTaMu [35]:

» BOAONpHEMHasi KaMepa MMEET MOTEPEYHBIN YCTYI, Pa3aelIonii e Ha MOBBIIICHHYIO H I10-
HIDKEHHYIO YacTH;

» MEXAy NMPOMBIBHBIM TPAaKTOM M PEYHBIM IIPOJIETOM YCTAHOBJIEH MPOMEXKYTOUHBIH OBIYOK,
BEPX KOTOPOTO 3arTyOsIeH MO pacyeTHbI ypOBEHb BOJbI B BEpXHEM Obede;

» HaHOCO3AIIUTHBINA MOPOT BHIIOJIHEH B BUJIE JIOMAHOTO B TUIAHE ITOPOTa C 3aKJIaJHBIMU 4acTs-
MH JUIsl BDEMEHHOTO (Ha 3MMHHI NEpHUO[) 3aKpEeIUIeHUs TeIeCKOMMYECKUX IaHI0POB;

» KOHIIEBOW YYacCTOK JIOMaHOTO B ITUIaHE IOpOTa YCTPAaMBAETCS MapauIebHO JAWHAMUYECKON
OCH MOTOKA B TIOABOJIALIIEM PYCIIE;

» B pa3leIHUTENbHBIN OBIYOK, BOXOIPHEMHON KaMephbl 1 MPOMBIBHOTO TPAKTa BCTPOCH MPHUI0H-
HBII TJIOCKUI 3aTBOP JUIs 3MMHEro 3a00pa BOJIbI;

» B KOHIIEBOW YaCTH MPOMBIBHOTO TPAKTa U KaracTpO(UIECKOro BOJOCIHBA YCTPAUBACTCS LIH-
TOBOE OTBEPCTHE, APMUPOBAHHOE CBOEHHBIM 3aTBOPOM, 00ECIIEUYMBAIOIIUM HUCTEUEHHE BOJIBI
U3-TI0/1 TOJIOTHUINA, MTPU MPOMBIBE HAHOCOB, MJIM Yepe3 €ro BEpPXHIOK I'paHb, MpHU cOpoce
JIeIOLIYTOBON Macchl,

»  CTa0MIM3aTOp Pacxona OTBOJIIETO KaHANIA OTJAJIeH OT BXOJHOTO OTBEPCTHUS BOJOIPUEMHOTO
orojioBka Ha paccrosiaue (1,5...2,0)b, rae b — mupuHa BOZONPUEMHOTO OTOJIOBKA.

[TpenyioxkeHHble KOHCTPYKTHUBHBIE M3MEHEHUS MTO3BOJISIOT YMEHBIIUTH 3aXBaT HAHOCOB, Jie-
JIOLUTYTOBBIX 00pa30BaHM M IJIABHUKA B OTBOASIIMM JA€PUBALIMOHHBIM KaHAT MIPU 3KCILUTyaTalluH
COOpYXKEHUS.

[TpoBens conocTaBieHue pacueTHBIX MapaMeTpoB KOMIOHOBOYHOM cxembl BC/II™ (cM. pucy-
HOK 2.27) ¢ TMAPOJIOTHYECKMMHU XapaKTePUCTUKAMH HEKOTOPBIX TOpHBIX pek KbIpreizcrana, Obuia
000CHOBaHa HEOOXOAMMOCTb YCOBEPILIEHCTBOBAHUS 3TOI KOMIIOHOBOYHOM CXEMBI C LIEJIBIO YBEIH-
YeHHsI IPOIYCKHOM criocobHocTH [35].
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Pucynoxk 2.27 — KommonoBounast cxema BC/II'-1: 1 — 3aperynmupoBanHOe pycio; 2 — BepxHuii 0bed; 3 —
BOJIOTIPHEMHHUK; 4 — CTAOMIIN3aTOP PACX0a BOJbI; 5 — OTBOISIINI KaHAT, 6 — MOAIOPHOE COOPYIKCHHUE;
7 — 3aTBOp-aBTOMAT YpOBHs BepxHero Obeda; 8 — aBroBogoCuB; 9 — cABOCHHBIH 3aTBOp; 10 — mpome-
JKYTOYHBIH OBIY0K; 11 — pa3menuTensHpIil OBIY0K; 12 — MpOMBIBHOI TpakT; 13 — BomompueMHas KaMmepa;
14 — nomaHbI# B TIaHe opor; 15 — nonepeunslii yery; 16 u 17 — OBbIIEHHAS ¥ TOHMKEHHAs YacTH;
18 — 3aTrBOp 3UMHET0O Bog03abopa; 19 — rpanp mopora; 20 — 3aknaaHbie 4acTH; 21 — KOHIeBast CEKIIUs;
22 — manHnopsr; 23 — O0KOBBIE MMa3yXH Ha 3aJHEH CTeHKe mopora; 24 — CIIBOCHHBIN 3aTBOP; 25 — BOIO-
0OIHBIN KOTOeLT; 26 — OTBOSIIICE PYCIIO; 27 — ABTOBOAOCIIHB
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O6ocHOBaHME PAIlMOHAIBHBIX KOHTYPOB HAaHOCO3AIIUTHBIX TIOPOTOB B PE3YJIBTATE MOJEIb-
HBIX UCCIIEIOBAHUHN MO3BOJIMIIN MPEAJIOKHUTH KOMIIOHOBKY BOZ03a00PHOTO COOPYXKEHUs Ul TOp-
HbIX pek (BCI'P) (pucynok 2.28) [35]. DTa KOMIIOHOBOYHAs CXeMa PEKOMEHI0BaHa JJIsl UpPHUraly-
OHHBIX CHCTEM HJIU JIJIsl TUAPOIHEPTETUYECKUX CUCTEM C BO03a00POM U3 PeK C MATKUM 3UMHHUM
PEXKUMOM U OTINYAETCS OT MPEIbIIYyIIEeH KOMIIOHOBKH CIEAYIOLUIUMH 2JI€MEHTAMMU:

» HAHOCO3AIIUTHBIN TOPOT BHIMOJIHEH B BUJIE YCOBEPLUIEHCTBOBAHHOTO JIOMAHOTI'0 B IIJIAHE MTOPO-
ra, IMEIOLIETO BBICTYIAIOLIYI0 B CTOPOHY PEYHOTIO IPOJIETA YACTh TPaNelen1albHON B IJIaHE
bopmsr;

» HAHOCO3AIIUTHBIN MOPOT COCTOUT U3 YETHIPEX CEKILMM, KOHLEBask CEKLUs pacIOIOKeHa TOJ
YIJIOM @ K AMHAMUYECKOW OCH MOTOKA B BepxHeM Obede, rae 190° < ¢ < 240°;

»  aBTOBOJOCIIMB BOJONPHUEMHOM KaMepbl BBITIOIHEH KPUBOJUHEWHBIM B IJIaHE ISl YBEIMYCHUS
IPOITYCKHOM CIIOCOOHOCTH BOA03a00PHOI0 r'UpOy3ia;

» aBTOBOJIOCIIMB BepXHero Obeda B HauaJdbHOI yacTh 00OPYIOBaH HAHOCOOTBOMASALIMM OTBEp-
CTHEM, NIEPEKPHIBAEMBIM TUIOCKUM 3aTBOPOM ISl YJIyYIIEHUS] HAHOCO3AIIUTHBIX XapaKTepu-
CTHK THJPOY3JIa;

» UIyrocOpOCHbIE OTBEPCTHS U AJIEMEHTHI, 00eCIIeUNBAIOIINE 3UMHHIA BOZ03a00D, OTCYTCTBYIOT.

C uenpro OpraHM3alyy KPYIIOTOJAMYHOTO BOZ03200pa B TMAPOIHEPreTUYECKUE CHUCTEMBI
U3 peK C BBICOKOH MYTHOCTBIO BOJHOIO IOTOKA M 3HAYUTEIBHBIM COAEP)KAHHUEM JIEIOIIYTOBBIX
oOpa3oBaHuii Obl1a pa3paboTaHa yCOBEPIIEHCTBOBAHHAsI KOMIIOHOBOYHAS CXeéMa BOJ103a00pHOTr0O
coopyxenus s nepuBauonnsix '9C (BCAI-2) (pucyHok 2.29).

ITpu pazpabotke komrnonoBku BCII'-2 B kauecTBe OCHOBHOI 3a/1auu paccMaTpuBajach He-
00X0IMMOCTh 00€eCTIeYeHUsI Ha/IeXKHOM IKCIUTyaTallMM [IPU BCEX THAPOIIOTHYECKUX PEXXUMaX rop-
HBIX PEK ITyTeM yBEJIMYEHHUS TPAHCIIOPTUPYIOLIEH CITOCOOHOCTH cOpackIBaeéMbIX 0OBEMOB BOIbI.

ITpu sTOM paccmarpuBanoch MoBbIeHUE 3PPEKTUBHOCTH MPOLEcca BOIOOTOOpa BOAOIPH-
eMHBIMH 3nieMeHTaMu. Oco0oe BHUMaHHE YIENSAI0Ch BO3MOKHOCTH YIPOIIEHUS OpraHU3aluu
nepeBojia COOPYKeHUs Ha 3UMHHMNA pexXuM dKcIutyararui. OO0CHOBBIBAINCH BAPUAHTHI 3UMHETO
BOJ03a00pa 0e3 ycTpoHCTBa MIAHIOPOB HA TpeOHE HAHOCO3ALIUTHOTO MOpOTa sl COKpALCHUS
AKCIUTyaTallMOHHBIX U3/IEPIKEK.

KomnonoBounasi cxema BCIII'-2 oTHOCUTENBHO paHee MPEeCTaBICHHBIX CXeM BOJ03a00p-
HBIX THIPOY3JIOB UMEET CIIEAYIOLINE OTIINYUTEIbHbIE 0COOCHHOCTH:

» JIOMaHHBIH B IJIaHE HAHOCO3ALIUTHBIN MOPOT BBINOJIHEH B BU/I€ BEPTUKAIBHON CTEHKH, UMe-
IOIIeH TOPU3OHTAJIBHBIHN IPeOEHb;

» Tepel NPOMBIBHBIM OTBEPCTHEM B KOHIIE HAHOCO3ALIUTHOTO MOPOIa YCTPauBaeTcs MPOMBIB-
HOM TpakT, B KOTOPOM pa3MELIAeTCsl JIOHHAs BCTaBKa C MOBEPXHOCTHIO, MMEIOIIEH OTpHULIa-
TENbHBIN YKIIOH. [IpOMBIBHOM TpaKT MepeKphIBAECTCA IIIOCKUM 3aTBOPOM;

» MEX]ly TPOMBIBHBIM OTBEPCTHEM M PEUHBIM IPOJIETOM pa3MelaeTcs JOMOTHUTEIbHBIN Ipo-
MBIBHOH TPAKT C OTBEPCTUEM, IEPEKPBIBAEMBIM CIBOEHHBIM 3aTBOPOM;

» CcOpOCHOHM BOZIOCIIMB BEpXHEro Obeda cOOpY>KEHUs! BHIMOIHSACTCS B BUJE JIOMAHOTO B IJIaHE
1OpOra, KOHIIEBAsl CEKLUS KOTOPOTr0 pa3MeEIlaeTcs NepIEHANKYISIPHO MOJIOTHUILLY aBTOPETY-
JSATOpA NMPEAEIBLHOTO YPOBHS Pa3MELaeMOro B PEYHOM IIPOJIETE;

» BHauajie JOMaHOTO B IIJIJaHE HAHOCO3AIIUTHOIO MOPOra pa3MelaeTcs: JONOIHUTEIBHOE BOJIO-
IIPUEMHOE OTBEPCTHE, NIEPEKPBIBAEMOE IIJIOCKUM 3aTBOPOM, NPEIHA3HAYEHHBIM JUISl PETYIIH-
poBaHMs 00BEMOB BOBI MTO1aBAEMBIX B BOJIOIIPUEMHYIO KaMepy.

[IpencraBieHHble KOMIIOHOBOYHBIE CXEMbI BO03a00PHBIX COOPYXEHHUH HpPU yCTPOUCTBE
B COCTaBE I'OJIOBHBIX TH/POY3JI0B, IPOU3BOIAIINX BOJOOTOOP U3 TOPHBIX PEK B THAPOIHEPreTHYE-
CKUE€ Y UPPUTALMOHHBIE CUCTEMBI, 103BOJISIOT:

» TOBBICUTH KOA((UIIMEHT BOA03a00pa,

» YMEHBIINUTH 3aXBaT HAHOCOB U LIYTOJIEOBBIX 00pa30BaHUI B BOJIOIPUEMHYIO KaMepy,

»  YBEIUYUTH TPAHCIIOPTUPYIOLIYIO CIOCOOHOCTh COPAChIBAEMBIX 0OBEMOB BOIbI.
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Pucynox 2.28 — Kommnonosoynasi cxema (BCI'P (ITarent KP Ne 920): 1 — GeperoBoii ycroii, 2 — non-
BOJISIIIIEE PYCTIO0, 3 — BOIOIIPUEMHBIN OTOJOBOK, 4 — CTaOMIIN3aTOp pacxona, 5 — OTBOISIIUI KaHaT, 6 —
MOITIOPHOE COOPYKEHHE, 7 — PEUHOI MPOJIET, § — 3aTBOP MPOMBIBHOTO OTBEPCTHS, 9 — KPUBOTUHEHHBIN
B IJIaHE aBTOBOJIOCIMB, 10 — 3aTBOp cOpocHOroO oTBepeTHs, 11 — aBToBOOCINB, 12 — 3aTBOP HAHOCOOT-
BOJALLIEr0 OTBepeTus, 13 — BogonpuemMHas kamepa, 14 — jomaHbli B IUIaHE YETHIPEXCEKIIMOHBIHN MOPOT,
15 — xoHIIeBasg YacTh HAHOCO3AIIWTHOTO MOPOTa, BBICTYMAONIAsi B CTOPOHY PEYHOro mpoieTa, 16 —
pasnenuTeNnbHbIi ObIuoK, 17 — KOHIeBasi CeKIys mopora, 18 — quHaMu4Yeckas OCh OTOKa B BEPXHEM
onede, 19 — oTBOAAIICE PYCITO
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Pucynok 2.29 — KommnonoBouHnast cxema BCIII'™-2: 1 — 6eperoBoii ycToif; 2 — moaBOsIIee Pyciio; 3 — BO-
JIOIIPUEMHBIN OTrOJI0BOK; 4 — CTa0MIIM3aTOp Pacxola; 5 — OTBOASLIMI KaHa; 6 — HOAMOPHOE COOpYKe-
HUE; 7 — peUHOH MPOJIET; 8 — aBTOPETYIATOP YPOBHS BepXHEro obeda; 9 — 3atBop; 10 — mpoMBIBHOE OT-
Bepctue; 11 —aBroBomocnus; 12 —3aTBOp cOpocHOTO OTBEpCTHS; 13 — aBTOBOOCTHB; 14 — OTBOKIAIIICE
pycno; 15 — BononpueMHas kamepa; 16 — JoMaHbIi B IJ1aHe YeThIPEXCEKIUOHHBIN nopor; 17 — pasze-
JUTETBHBIN OBIY0K; 18 — 3MMHee 0TBepcTHe, MPUKPBIBAEMOE 3aTBOPOM; 19 — ropH30HTANBHBIN TPeOCHB
nopora; 20 — MpOMBIBHOU TpakT; 21 — TOHHAs BCTaBKa; 22 — OTBEPCTHE AOMOTHUTEILHOTO TPOMBIBHOTO
TpakTa; 23 — cIBOCHHBIN 3aTBOP; 24 — KOHIIEBas CEKIUsl aBTOBOJIOCIINBA; 25 — BEpXHEE BOAOIIPUEMHOE
oTBepcTHUE; 26 — IIOCKUH 3aTBOP
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910 OMPCACIIACTCA COCTABOM, pa3MCIICHUCM U KOHCTPYKTHBHBIMU 0COOEHHOCTSMH dJIEMEH-
TOB pa3p360TaHHLIX KOMIIOHOBOYHBLIX CXEM coopyxceHI/Iﬁ, KOTOPBIC 3aJar0T MMOTOKaM KUJAKOCTU
HCO6XOI[I/IMBIG TUAPABINYCCKUC CTPYKTYPHI, CHOCO6CTBYIOH_II/IG ITOBBIIICHHTIO 3(1)(1)CKTI/IBHOCTI/I
MMPOBCACHUA TCXHOJIOTHYCCKUX onepauﬂﬁ mnmpomnecca B0n03a6opa.

2.4.2. O00ocHOBaHHE KOHCTPYKIMH CTAOM/IM3ATOPA Pacxoaa BOAbI

AHanu3 HeJI0OCTATKOB CYIECTBYIOLINX CTaOMIN3aTOPOB pacxoja, OMUCaHUE KOTOPHIX MpH-
BEJICHO BBIIIE, OTHOCUTEIBHO UX YCTPONUCTBA B BOAOIPUEMHBIX OTOJIOBKAX BOJ03a00PHBIX COOPY-
YKEHUH 13 TOPHBIX PEK IMOKa3al He0OXOJMMOCTh COBEPIIEHCTBOBAHHS ATOTO YCTpOiicTBa ¢ obecre-
YEHUEM JIOTIOTHUTEIbHBIX (DYHKIIMOHAJIBHBIX XapaKTePUCTUK U BOSMOXKHOCTEH:

» Toanep)KaHUs TOYHOCTU CTaOMIM3aluy B penenax + 3 % i BeIModHeHHs QyHKIUI BOIO-
MEpPHOTO YCTPOICTBA;

» CHIDKCHUS METAJUIOEMKOCTH;

» aJanTanyy K 3MMHEMY PeXHMY dKCIUTyaTalllu;

»  yIpoIleHHe MPOLEecca OYUCTKH KOPOOOB OT TUIABAIOIIETO MyCOpa U Wia.

AHanu3 ruIpoIOTHYECKUX XapaKTEPUCTUK TOPHBIX PEeK U TEXHUUYECKUX MapaMeTpoB HU3-
KOHATOPHBIX aBTOMAaTU3MPOBAHHBIX BOJI03a00PHBIX TUAPOY3JIOB MO3BOJIWI MPEJIOKUTh YCOBEP-
IIEHCTBOBAHHYIO KOHCTPYKIIMIO CTAaOMIN3aTOpa pacxoia — CeKIIMOHHBIN MapaboandecKkuii Kopoo-
yatbiii 3aTBOp (CIIK3), KOTOpBIi peacTasieH Ha pucyHke 2.30 [79, 95].

B xone pa3paboTku KOHCTPYKIMH OblIa pacCMOTpPEeHa He0OXOAUMOCTb CO3IaHHUs MJIABHOTO
YBEJIMYEHHUS U YMEHBIIECHUS BEJIMYMHBI PACXOJI0OB BOJIbI, 110/IaBA€MOI B MOJIbIE CEKLIUU Yepe3 Ie-
PEIHIO0 CTEHKY ITPH U3MEHEHUH YPOBHEH BOJIbI B BepxHeM Obede nepex craduinzaropom. C 3Toit
LIEJIBIO BEPXHSS KPOMKaA TepeiHell CTeHKH OblIa BHIMOJIHEHA B BUJIE NapadoIibl, TOPU30HTAIbHBIE
KOOpAMHATHI AB KOTOpPOI HaxXoIATCs B (PyHKIIMOHAJIBHOM 3aBUCUMOCTH C BEPTUKAJIBbHBIMU KOOP-
JMHATaMH U3MEHEHUs! ypoBHel Bojbl AH. [ BbIBO/A 3TOM 3aBUCUMOCTH HaMH ObUIO PaccMOT-
PEHO ypaBHEHHE OallaHCa PacXoJ0B, OCTYMAIOUIMX B HUKHUHN Obe( uepes aeMeHThl cTabuiIn3a-
TOpa pacxojia Mo pacyeTHou cxeme (pucyHok 2.31):

0,=0,%0,, (2.83)
rae O, pacueTHOE 3HaYEHHE PACX0/1a MOTOKA, MOCTYIAKOMIETO U3 BEPXHETO Obeda B OTBOAAIIMA
KaHai, O, — pacXoJ BOJbI, NPOXOIAIINHI IO/l KPUBOIMHEHHBIM KO3BIPHKOM IIPU HANOPax B BEPX-
HeM Obede paBHbIX pacdeTHOMY H; O, — pacxon BozIbI, MOCTYNAKOIIUN B OTBOISAIIMN KaHAI Yepe3
MOJIbI€ CEKIIMH, MPU MCTEUEHUU MOTOKA Yepe3 MEpPEeHIO CTeHKY cTabuin3aropa pacxona, npu
Haropax 0oJbllle PaCYeTHOTO.

VYpaBuenue (2.83) MmoxHO 3anucath B Buze [95]:

u.a B2g(H,-a, )=u_a (B- 24B)\2g(H, + AH -a,, )+, a,, 24B\2g(H, + AH -a,, ),  (2.84)

e . — K03 QUIMEHT pacxojia IpU MCTEYEHUHU U3-T10]] KPHBOJIMHEHHOTO KO3BIPBKA; & — OTKPbI-
THe cTabunmsaropa; B — mmprHa oTBepCTHs IO CTAOMIIM3aTOPOM COOTBETCTBYET IIMPUHE CTa0u-
JIU3aTOpa B CBETY; [ — KOOY()(QHUIMEHT pacXoaa NpHU HCTEYEHUH M3-TI0 OCTPOH KPOMKH ILIOCKOTO
3aTBOpA.

[TpeoOpasys ypaBHeHue (2.84), moayuynM 3aBUCUMOCTb JJIS ONPEACIICHHS] TOPHU3OHTATHHOM
KoopauHarts! AB:

_ luK.KB (HP _acm)
JH,+AH —a,, x(p, (B/AB=2)+2y1,)
ComnocTaBlieHHE TEXHUYECKUX mapaMEeTpOB HHU3KOHAIIOPHBIX BOI[O3a60prIX COOpY)KCHI/Ifl

Y TUJPOJIOTMYECKHUX XapaKTEPUCTUK TOPHBIX PEK MO3BOJSET CAENATh BBIBO, YTO MPU YCTPOUCTBE
aBTOPETYSATOPa YPOBHS BEPXHETO Obeda B pEUHOM IPOJIETE MOAMOPHOTO CTBOPA HEOOXOAUMOCTh

AB

(2.85)
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Pucynok 2.30 — Cxema ycrpoiictBa CIIK3: 1 — BomonpueMHBIN OroI0BOK; 2 — GeperoBoii ycToi; 3 —

TUTOCKHM 3aTBOP; 4 — MepenHsst CTeHKa ¢ rpeOHeM B BUE Mapaboibl; 5 — MPOTOUHBIE KOpoOa; 6 — pas-

JeITUTENbHBIC pedpa; 7 — KpUBOJIMHEHHBIN OrOJIOBOK; § — oTBepcTHe; 9 — moapeMHuK; 10 — 3akiagHbIe
gacty; 11 — oTBOISIIINI KaHAI
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Pucynok 2.31 — PacueTHas cxema yCcOBEpIICHCTBOBaHHOH KoHCTpykunu Truna CITK3
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B paboTe cTabmiIn3aTopa pacxoa BOJOIPUEMHOTO OT0JIOBKA MOSBIISIETCS JIUIIb B TABOJKOBBIN T1e-
puon. OcTaibHOE BpeMs IIPU MOIEP)KaHUH PAaCUETHBIX YPOBHEH B BepxHeM Obede coopyKeHHs
B BOJIONIPUEMHYIO KaMepy yepe3 HaHOCO3aIUTHBIN MOPOT U MPHIOHHBIE BOJOIIPUEMHUKN 3UMHE-
r'o BOZ0OTOOPA MOCTYTALT 3a/laHHOE KOJIMYECTBO BOJIBI.

KecTkne KOHCTPYKIUHM MPOTOYHBIX KOPOOOB CTAOMIN3AaTOPOB MOABEPIKEHBI 3aCOPEHUIO.
B 3umHuii nepron Bogo3adopa npu OTCYTCTBHM B KOpoOaxX MPOTOYHBIX CTPYH MOTOKA BOAA B HUX
3aMep3aert, 4To TpeOyeT yCTponcTBa cUucTeM 000rpeBa.

JUis TOBBIIEHHSI HKCIUTyaTallMOHHON HAJEKHOCTU YCTPOMCTB BOJOIMPHUEMHOIO OTrOJIOBKA
BOJ103a00pHBIX THAPOY3JIOB THAPOIHEPTETHUECKOTO Ha3HaYeHUs Obljla pa3paboTaHa yCOBEpIICH-
CTBOBaHHAasi KOHCTPYKIUS cTabuiIu3aropa pacxozaa (pucyHok 2.32) [95].

[TepenHsas creHKa NpUBEAEHHONW KOHCTPYKIUH OT/AEIE€HA OT IJIOCKOTO HIMTOBOTO 3aTBOPA
U TOMEIIEHa B COOCTBEHHBIE 3aKJIaJHbIE JIEMEHThI OEperoBbIX yCTOEB. Takoe KOHCTPYKTUBHOE
U3MEHEHHE TI03BOJIAET OOJIErYUTh OUYUCTKY MOJBIX CEKLUH CTa0MIN3aTOpa MPU 3aCOPEHUH ITyTEM
BEPTUKAIBHOTO TIepEeMEILIEHHsI 3aTBOPa OTHOCUTENBHO NepeaHelt creHku. Pasnenenune ctabunmsa-
TOpa Ha JIBE€ HE3aBUCUMBbIE YaCTH MPeNyNpeKIaeT NOrpyKeHne nepeHeil CTeHKH MM0J] pacueTHbIHI
YPOBEHb BOJIbI B BOJOTIPHEMHOM Kamepe U Mpe0TBpallaeT IpexkIeBPEMEHHOE BKIIIOYEHUE B pa-
00Ty cekuuii cTabmIIn3aTopa Mpy PacueTHOM HAIlope B BOIONPHUEMHOM KaMepe.

B ycoBepiieHCTBOBaHHON KOHCTPYKLIMU CTAaOMIN3aTOpa OTCYTCTBYET HUKHSISI KPUBOJIMHEH-
Hasl TUTACTUHA KO3bIPbKa, a BEPXHss IOBOPOTHAS IJIACTHHA BBIMOJIHEHA MIEpEMEIAIoNIelicss Ha OCH
[IapHUpa BHU3 MOJ] IEHCTBUEM CHJIBI TSDKECTH, BBEPX — YIIpaBisieMast IITAHTOM B3aMMOJIEHCTBHS.

[TogbeMHas mITaHTa MOBOPOTHOM IUIACTHHBI BBIIOJHEHA B BHUJIE KOHCOJH, JKECTKO 3aKpe-
TIJIEHHOW Ha IUIOCKOM IMTOBOM 3aTBOPE. BenMunHa OTKPHITHSA IIABAKOIIEH IJITACTHHBI & yCTa-
HaBJIMBAETCA B PACYETHON 3aBUCUMOCTH OT OTKPBITHS IIJIOCKOTO IMTOBOTO 3aTBOpA a_.

H]l ANAX

H, k

mn

| 7 77

10 9

Pucynox 2.32 — PacueTHast cxemMa yCOBEPIICHCTBOBAHHON KOHCTPYKIMU cTa0uiIu3aropa pacxoxa: 1 —
BepxHUI Obed; 2 — TIOCKUIT 3aTBOP; 3 — MEPEAHss CTEHKA; 4 — MAapHUp; 5 — MOBOPOTHAS TUIACTHHA;
6 — TOPU3OHTANBLHBIN KO3BIPEK; 7 — ITaHTa B3aUMOJIEHCTBUS; 8 — MOBEMHBIN BUHT; 9 — HIDKHUH Obed;
10 — Tpaexropus cxatust cTpyu; 11 — TpaekTopusi cMeIIeHUs] HUKHEH FPaHu 3aTBOPA MPU PEryIUpo-
BaHUU; Hp— pacyeTHblil Harop; HpA e — MAKCHMAJIbHBIA PACYETHBIN HAMOP; R — JUIMHA TIOBOPOTHON
IUTACTHHBI; { — PACCTOSIHUE MEXKAY MJIOCKUM 3aTBOPOM U MEPEIHEH CTEHKOH; oL — YTroJl IepeMeleHUs
HOBopgTHOﬁ TJIACTUHBI TIPH M3MEHEHMHU BEIMYMHBI OTKPBITHSA CTaOMIM3aTopa; a  — OTKPBITHE TIOBO-
POTHOM IIACTHHBI; A, — OTKPBITHE IIIOCKOTO IMTOBOIO 3aTBOPA; B — [UTHHA IITAHIH B3aHMOICHCTBH;
€ — ATIMHA y4YacTKa IITAaHTH B3aUMOACHCTBHSI, COMPSTAIOIIErOCs C BpallaroIeiics MIacTHHON

a]’[]’[ | HET al’[]’[
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Pucynok 2.33 — PacueTHas cxema cTaOMIIM3aToOpa pacxoqa ¢ MOBOPOTHOM
[JIaCTUHOMI

B pesynbrate npumeHeHusi ypaBHeHHs OanaHca pacxonoB (2.83) k pazpaboTaHHOW KOH-
CTpYKLMHU cTabunuzatopa (pUCYHOK 2.32), BbIpaXXeHHE s ONIpeIeIeHHUsI TOPU30HTAIBHOM KOOp-
nuHaThl AB mpuMeHUTeNnsHO K pacueTHOM cxeme (pucyHok 2.33) OyaeT UMeTh BU/I:

#nKanﬂB\/zg(Hp - acm

u.a, (jg - 2j\/2g(HP +4H —a,, ) +2u,.a,,.\|2e(H,, + AH —a,, )

rae W — Ko3)PUIMEHT pacxona BOIbI NPH UCTEYEHUH U3-TIOJ TIOBOPOTHOM ITACTHHBI MOXKET
OBITh IPUHAT B MIEPBOM MPUOIMKEHUU COTIIACHO peKoMeHAanusMm [145], paBHbIM KO IUITUEHTY
pacxona u = 0,57 ucredeHus M3-NOJ LIMTA IPHU HAKIOHHOM €ro pacmnonokenuu B = 110% p —
k03 PUIMEHT pacxo/a BOAbI IPU UCTEUSHUH U3-TI0]I TOPU30HTATBHOTO KO3BIPbKa, COTIIACHO Pe-
komenaiusam [83, 144] npunnmaercs paBHbIM 3HadeHuro 0,55+0,6; a — BeaMYUHA OTKPBITUS
nepeMenaroencs MIacTUHBL.

[TpunsB paBeHCTBO KOA(POUIIMEHTOB pacxoia UCTEUECHUH H3-TOJ MOBOPOTHOM IIACTHHBI
Y TOPH30HTAJIBHOTO KO3BIPBKA, a TaK)Ke BBIPA3WB OTHOUIeHWE a, /a, =&, ypaBHeHnue (2.87)

IIPUMCT BUA:

AB B(H, ~a.) (2.87)

" JiH, + aH —a, )(B/AB-2)+2¢,)

AB =

,(2.86)

e € — Ko3(QOHUIHMEHT CKATHsA CTPYH IIPH HCTEYEHNUH BOJIbI U3-T10]] TIOBOPOTHOM IIIACTHHBI, 3aKpe-
TUIEHHOH Yepe3 MapHUp Ha epeIHell CTeHKe CTa0MIN3aTopa, MOXKET ObITh MPUHAT paBHBIM 0,588.

C nenbro 000CHOBaHMS TTAPaMETPOB KOHCTPYKTHUBHBIX AJIEMEHTOB CTAOMIIM3aTOpa pacxoia,
a TakXKe JJIsl ONPEeACTICHHUS PallMOHAIBHOTO 3HAYSHHS JJTUHBI IITAHTH B3aMMOJICHCTBHSA, IPH KOTO-
poM OyzeT coOonaThes ycoBue ypaBHeHHS (2.82) mpu TF000M OTKPBITHH TIOCKOTO HIMTOBOTO
3aTBOpa U COOTBETCTBYIOIIEM M3MEHEHHUH yTiia o (CM. pUCyHOK 2.33), ObLJIO COCTaBJICHO YpaBHE-
HUE, U3 KOTOPOTO CIIeayeT:

ac’rizarmi +S1 _ml-ki-f;” (288)

34€Ch am— Pacd4CTHOC OTKPBITHUC CTa6I/IHI/IBaTOpa pacxoaa (HJ'IOCKOFO HIMTOBOI'O 3aTBopa); a. ..~
pacdCTHOC OTKPBITUC HOBOpOTHOﬁ IJIaCTHUHBI; Sl. — pacucTHas BCIIMUYNHA

S =Rsina, (2.89)
m' — 3HAYCHUE PA3HOCTU MAKCUMAJIbHBIX OTKPBITH IIOCKOTO 3aTBOPA M MIepEeMeEIatoIieics
TUTACTHHBIL:

m'=a_ -a_ | (2.90)
nI.max CT.max

/;— pacdeTHas pasHOCTh MAKCUMAJILHOTO M TEKYIIETO OTKPHITHS IJIOCKOTO 3aTBOPA:

f;:acmmax-ai’ (29 1)

107



B HpCZ{CTaBHeHHOﬁ pvaeTHOﬁ CXEMC YT'oJI a AJI1 MaKCUMAJIbHOT'O OTKPBITHUSA CT8.6I/IJII/I3aTOpa
pacxoaa onpeAciIsACTCa U3 COOTHOIICHUS:

o = arctgk/c, (2.92)

IJI€ ¢ — BEIMYMHA JJIMHBI y4acTKa MITAHTH B3aUMOJICHCTBUS, CONpATAIOLIeiics ¢ mepeMenaronei-
Csl INTACTUHOMN; kK — MUHUMAaJIbHOE pacueTHOE PACCTOSTHUE M0 BEPTUKAIIN OT OCH IIapHHUpPA J10 BEpX-
HEW rpaHy IITAHTH B3aUMOJICUCTBUS.

BrimonauB HeoOxoauMbIie TpeoOpa3oBaHusl ypaBHEHUS (2.88) OTHOCHUTENBHO pacUETHOU
CXEMBbl, IPUBEICHHON Ha pUCYHKE 2.32, OHO MOXKET OBITh MPEJCTABICHO B BUIE ypaBHeHUs [ 144],
OTIPE/ICIISIONIET0 COOTHOIIIEHNE Pa3MEPOB PJIEMEHTOB CTabUIU3aTOpa:

+f) _k+fi+m+a(1-1/¢g)
¢ ) R '

1

sin| arctg (2.93)

ki+fi+m+a,(1-1/¢)

[Tpu ycrnoBun () < <1 ypaBHenue (2.93) MoKeT OBITH MpeCTaBIC-

R
HO B CJIEIYIOIIEM BH/IE:
¢ = k+ . (2.94)
) k+m+fl.+(acmmax—fl.)(l—l/gl.)
1g| arcsin ‘R

OTO BBIPOKEHUE MO3BOJISET ONPEIETUTh HEOOXOIUMOE 3HAUEHHE C, IPH JIIOOOM OTKPBITHH
cTabuIn3aTopa pacxoja a, KOTOPOE COIIACHO YCJIOBHS, YYUTBIBAEMOIO NIPU BBIBOJIE YPABHEHUS
(2.94), namensercs B npenenax or 0,0la_  100,99a_ .

Kak nmokazan ananu3 martepuasno [163] o BIMSHUHM yIVIa HAaKJIOHA KO3bIpbKa Ha C)KaTHe
cTpyu, HanOonbmuii 3P¢ekT HabIIonaeTCs] TPU TOPU3OHTAIHHOM €T0 PACTIONOKEHUH TSI MaK-
CHMAaJIbHOTO OTKPBITHUS cTabuin3aropa. B aTom ciydae HaOmronaercst HanbobIlee c:kaTue CTpyu
MIOTOKA IOJ1 IIepeIHEN CTEHKOM, YTO MO3BOJISAET 3a/1aBaTh HAMOOJIbIIIEe OTHOLIIEHHE 3HAYEHUH pac-
ueTHbIX HamopoB H | /H mpu O = const.

[IpoBons pacueTsl ¢ UCONIb30BAaHUEM ypaBHEHU (2.94) npu pa3nMyHBIX BEJIMYMHAX pas-
HOCTH OTKPBITHS IIIOCKOTO 3aTBOPA f, ObLI CIENaH BBIBOJ O TOM, YTO KOHIIEBOH y4acTOK IITAHIHU
B3aUMOJICHCTBUS [UIS TIOJIEPKaHNsT HEOOXOAMMOTO OTHOIICHHUS! OTKPBITHI MTOBOPOTHOM TUIACTH-
HbI & W TJIOCKOTO 3aTBOPa a_ BO BCEM PACUETHOM JMAIa30HE, JIOJDKEH ONHUCHIBATE TPAEKTOPHUIO
rpaduka GyHkuuu ¢-f(f) (pucyHok 2.34).

W3bIcKHBast BOSMOKHOCTh Ha3HAYCHHST HEOOXOTUMBIX OTHOIICHUI BEIMYMH OTKPBITHH TUIO-
CKOTO MIIWTa, W TePEMENAIONICHCs MIACTUHBI TIPU PETYIMPOBAHUM TOJAaBAEMBIX BEIMYWH pac-
XOJI0B, HaMH OblIa onpezesieHa He0OXOAUMOCTh BBINOIHEHUS MPOQUIIS MOBOPOTHOM MJIACTUHBI
C UCKa)KEHHOM KOHpUTypaluen.

Ayyyr i
Pucynok 2.34 — PacueTHas cxema HIDKHETO y3JIa YCOBEPIIEHCTBO-
BAaHHOTO cTabuim3aropa pacxona: | — TpaeKTOPHs MepeMeIeHHs
KOHIIEBOTO yYacTKa MITAHTH B3aUMOJICHCTBHS MPH TEPEMEIICHUH
IUTOCKOTO 3aTBOPa; Ac — He0OXOaMMast BEITMYMHA CMEIICHHSI ITaH-
1 T'Y B3aUMOJICUCTBUS TIPU 3aKPBITHHU 3aTBOPA

MCE
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[Tpu 3TOM Ha MIacTUHE, MO JMHUU COMPUKOCHOBEHHUS CO IITAHTOM B3aUMOJIeHCTBUS, yCTpa-
MBAIOTCS IUTULIEBBIE YIIIyOIEeHUSs, BBITIONHAEMBIE C 3epKAIbHBIM OTPaKEHHEM, TTOBTOPSIOLIEM I10-
JTy4eHHY10 QyHKIHIO C-f(f) (cM. pucyHOK 2.34). Kongurypanus IUIMIEBOTO Ma3a 3aBUCHT OT pas-
HOCTHU 3HAYE€HUI MaKCHMaJbHON U paccMaTpuBaeMOil JJIMHBI yyacTKa IITAHTH B3aUMOJEHCTBHS,
COIPSATAIOIIEroCs C BpaIAIOIeNCs TNIACTUHOM, KOTOPOE MPEICTABIECHO B BUJIE:

Aci = Ccm.max - Ci . (295)
DTa pa3HOCTh ¢ YUeTOM ypaBHEHUS (2.93) MOXKET OBITh BBIpaXKEHA KakK:
ACI- — f;nin _ f; (296)
fmin +m+acm.max (1_1/8) m+f; +(acm.max _f;)(l_l/gz)

tg| arcsin

tg| arcsin
R & R

KonTyp niaparoieii riacTuHbl ¢ y4€TOM BETMYHHbI HCKOKEHUS (QYHKIUH C -f(f) 3a cUeT n3-
MEHEHHUS YIJIa 0. IPH Pa3IMYHbIX BETMYMHAX OTKPBITHUS &, MOKET ObITh ONPENIENEH OTHOCUTENIBHO
KoOpauHATHBIX oceil W U V ¢ UCIOIb30BaHUEM YpaBHEHHM, MMOMyUYE€HHBIX I'padoaHaIuTHYECKU
JUUIST paCYETHOM CXeMBbI (PUCYHOK 2.35):

Ci
W= cos [arctg(fi /¢, ):I e [COS(arCtg(ﬂ /C[))]

V. =Ac [sin (arctg (fi/c ))J

Cucrema ypaBHeHuii (2.97) u pacuetHasi cxema, IpUBeIeHHas Ha pucyHke 2.35, cocTaBieHa
JUIsA CITy4asi, KOTaa IIPU MakCMMaJIbHOM OTKPBITHM CTabunmsaropa a_  3Hadenue yria o = 0. To
€CTb IPH MPOIYCKE MAKCUMAJILHOTO PacXo/ia BObI Q,  TIPU MaKCUMaJIbHOM OTKPBITUH CTA0WUIIH-
3aropa 3Hauenue k =f.

Ilepennss creHka npeaCTaBIEHHON KOHCTPYKIUH CTa0MIN3aToOpa pacxoja BOAbI yCTpanuBa-
€TCsl OTJEIJILHO OT IUIOCKOIO IUTA B OTJEJIBHBIX 3aKJIaHBIX IEMEHTAX, YTO NO3BOJIIET IIPOU3BO-
JUTh €€ YCTAHOBKY B BOJOIIPMEMHOM OTOJIOBKE IEPE]] IIPOXOKACHUEM I1aBOJKA.

(2.97)

12

6

=

Pucynox 2.35 — PacueTHast cxema Juis OnpeaeseH s KOOPAWHAT IMUTHIIEBbIX Ma30B B MEpPEeMENIaromencs
miacTuHe: | — MONOTHHUIIE TIOCKOTO 3aTBOpa; 2 — MepeHssl CTEeHKA; 3 — MepeMelaroascs MmiacThHa;
4 — 1TaHra B3auMOICHUCTBUS; 5 — IUIMIIEBOM N1a3 B IOBOPOTHOM IJIACTHHE; 6 — TOPU30HTAIBHBIN KO3BIPEK
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B mepuoap! Apyrux pekuMOB IKCILTyaTallid BOJ03a00PHBIX COOPYKEHHI OHA M3BIIEKAET-
cs, @ B BOJONPUEMHHKE JIJIsl PETYIMPOBAHUS MMOIaBAEMBIX PACXOI0B B OTBOASIIMIN KaHan Oyner
OCTaBaThCA MJIOCKUM 3aTBOP. DTO YIPOILEHUE CYIIECTBEHHO MOBBICUT 3KCILTyaTallMOHHbIE XapaK-
TEPUCTUKH OTIEPAIIUHU BOAOMOAAYHN U COKPATHUT U3ACPKKU HA OUYMCTKY IMPOTOUHBIX KOPOOOB CTAOH-
nu3atopoB. [lonHATHE epenHel CTEHKU cTa0MIn3aTopa Uik U3BJICUEHUS MOKET IPOU3BOAUTHCS
[IpU NIEPEMEILIEHUU BBEPX IMOJOTHUIIA TUIOCKOTO 3aTBOPA 3a CYET HArpy3KH Ha IUTAaHT'M B3aUMO-
JCUCTBUS.
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3. METOJUKA UCCJIEIOBAHUN T'UJPABJINYECKUX
HPOLECCOB IIPU BOAO3ABOPE U3 I'OPHbBIX PEK

B mpakTHke mpoeKTHpPOBaHUs, CTPOUTENBCTBA U IKCIUTyaTallMd BOA03a00PHBIX COOpYKe-
HUI Ha TOPHBIX PEKaX pacCMaTpPUBAIOTCS JIBa OCHOBHBIX HAIIPABICHUS HCCIICAOBAHHUN C IEIBIO
COBEPILICHCTBOBAHUS MX KOHCTPYKIUHI 1 U3yYSHHIO UX CBOIMCTB: JIAOOPATOPHbIE U MOJIEBBIC IKCIIE-
pumenTsl [35, 97]. IIpoBonuMele UcCiieAOBaHUs TOAPA3ACIAIOTCA Ha aKTUBHBIE WM [1aCCUBHBIE.
[Tpu 3TOM aKTUBHBIM 3KCIIEPUMEHTOM SIBIISETCS COBOKYIHOCTh JEMCTBUI HaJ 0OOBEKTOM, B XO/I€
KOTOPBIX MCCIIE0BATEh MOXKET U3MEHATh YCIOBUS MIPOBEICHUS OT/AEIbHBIX ONBITOB, a B CIydae
MACCUBHOTO 3KCIIEPUMEHTA MCCIIe0BATeNb HE U3MEHSET YCIOBUS €ro MPOBEICHHS, a TOJIBKO pe-
ructpupyer ux [129].

JlaGoparopHsbie HcciaenoBaHus (U3HMUECKUX MoJeNell BO103a00pHBIX COOPYKEHHH, KOTO-
pble, KaK MPaBUIIO, SBISIOTCS aKTUBHBIMH, U B COOTBETCTBHH C CYLIECTBYIOIIMMHU METOJUKAMHU
uccae0BaHui [65], AensaTcs Ha ABE TPYIIIbL:

»  OKCHEPUMEHTHI JJIsl IMIIUPUYECKOHN MPOBEPKHU ONPEACTICHHOMN IMIIOTE3bl W TEOPUH;

» OKCIEPUMEHTHI IOUCKOBOTO IJIaHA, B XO/1€ KOTOPBIX MPOUCXOJUT COOp HEOOXOIUMOM dMIIH-
puueckoi MHGOPMALUU JJIs YTOYHEHHUS MPEUIOKCHHBIX BapUAHTOB KOMIIOHOBKU MJIM KOH-
CTPYKLUH.

[ToneBsble nccienoBaHus BOJ03a00PHBIX COOPYKEHUN U3 TOPHBIX PEK, KaK MPaBHIIO, OTHO-
CSTCS K TAaCCUBHBIM, U SBJISIOTCS MOAU(HUKAIMEH TaO0OPaTOPHOTO HKCIIEPUMEHTA C IPUMEHEHUEM
MOPTATUBHON TEXHUKH, TIO3BOJISIOLICH MPOBOAUTH OT/AEIbHbIE OMBITH B PA3IMYHBIX MaciTadax
Ha HaTYPHBIX 00ObEKTaX.

Kak npaBuio, 1abopatopHbIM UCCIIEAOBAHUSM KOHCTPYKIMHA BOZ03a00PHBIX COOPYKEHUH,
UMEIOIIUX MHOTO(QYHKIIMOHAIbHOE Ha3HAYEHHUE U COCTOSIUX M3 OOJBILIOrO 4Hcia 3JIEMEHTOB,
IPEAIECTBYET 3TAll MaTEMAaTHYECKOrO MOJICTUPOBAHUS ISl TPUOIMXKEHHOTO OMMCAHUS THIPaB-
JIMYECKUX SIBICHUH B 00JaCTU OTJENIBHBIX YCTPOUCTB C MOCIEAYIOMNUM (PU3HUECKUM MOJEIUPO-
BaHMEM B KPyIHBIX MaciuTadax [35].

[Tpu MaTemMaTHuECKOM MOJECIMPOBAHUU PACCMATPUBAIOTCS BOIIPOCH MaTEeMaTUYECKOTO OIH-
CaHMs METOZOB YIPABJICHUS, IPOTHO3UPOBAHUS U aHAN3a (PU3UYECKUX MPOLECCOB, TPOUCXO/S-
mux Ha HaTypHBIX 00bekTax ['TC, ¢ ux BeIpakeHHEM B BUje (QYHKIMOHATIBHBIX 3aBUCHMOCTEH,
KOTOPBIE MTO3BOJISIOT MPOHUKHYTh B CYIIHOCTh M3y4aeMbIX BOIPOocoB. [Iporiecc maremarnueckoro
MOJIEIIMPOBAHMS JENUTCS HA YEThIpE OCHOBHBIX dTana [ 1, 35]:

» (opMyIHpOBaHHE 3aKOHOB, CBS3BIBAIOIINX OCHOBHBIE OOBEKTHI MOJICIIH;

» HCCIIeIOBaHME MaTeMaTH4YeCKHX 3a/1a4, K KOTOPBIM IIPUBOJIAT MaTEMAaTHUECKYIO MOJIEIb;

» BBIICHEHHE TOTO, YIOBJETBOPSET JHM NPHUHATAs THUIOTETUYECKas MaTreMaTH4ecKas MOJIEINb
KPUTEPHIO MPAKTHKH, TO €CTh BBIICHSIOT BOIPOC O TOM, COITIACYIOTCS JIM Pe3yIbTaThl HATyp-
HBIX HAOMIOIEHUH WK (PU3NYECKOTO FIKCIIEPUMEHTA C TEOPETHUECKUMHU BBIBOJAMH U KOJIUYE-
CTBEHHBIMU ITapaMeTpaMH MaTeMaTHYECKON MOJIENHU B Ipe/ieax TOUHOCTH HAaOIIOIEHU;

» TOCIeAYIOIMN aHalu3 U MOJAEPHM3ALMS MaTeMaTHYecKoil MOJIENH B CBS3U C HAKOIUICHHUEM
JAHHBIX 00 M3y4aeMBbIX SIBICHHSIX.

JlaGoparopHble TUAPABIMYECKUE HCCIEIOBAHUS MPOU3BOAATCA HA (PU3MUECKUX MOJIEIIAX
COOpPYXECHUH C M3MEHEHHBIMHM MaciiTabaMu, KOTOpbIE B Cllyyae MOJ00US MEXaHHYECKHX CHC-
TEM I03BOJISIOT C JIOCTATOYHOM JJOCTOBEPHOCTHIO MPOTHO3UPOBATH MOBEICHUE MPOCKTUPYEMOTO
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WJIM COBEPILIEHCTBYEMOTO COOPYKEHHS B HATYpe U HAWTU pallMOHAJIbHbIEC PEIICHUS], OTBEUAIOIINE
YCJIOBHSIM HAJIEKHOCTU M SKOHOMUYHOCTH [35, 88]. DTO mpecTapisieTcsi BO3MOXKHBIM TP HaJIjIe-
JKaIlel MOCTAaHOBKE YCIOBUHN (PU3NYECKOTO MOJEIIUPOBAHNUS:

» W3TOTOBJICHUE M UCTIBITAHHS 00BEKTA C YIETOM YCJIOBUN MEXaHUYECKOTO MOI00MS;

»  CO3IIaHHE CXOIHBIX PEKUMOB MOJICITMPOBAHUS C PEKMMAMHM SKCILTyaTal[ii HaTypPHBIX 0ObEKTOB.

JlaboparopHble HCCIETOBAHUS YacCTO MPOBOIATCS B PaMKaX MPOEKTHBIX MEPOMPHSITHIA,
B OTOM CIlydyae paccMaTpHUBaeTcs «J1abopaTopHOE MPOEKTUPOBAHUEY, MPU KOTOPOM B MPOEKTAX
HIMPOKO MCTOIB3YIOTCS PE3YJIbTaThl MOJIETUPOBAHMS U HA UX OCHOBE MPOEKTUPOBIIUKHA COBMECT-
HO C UCCJICJIOBATEIISIMH HAXOIAT Hanboee mprueMieMble TEXHUYeCKue pemeHus [35].

[ToneBbie (HATYpHBIE) UCCIETOBAHMS MO3BOJISIFOT OCYIIECTBIATH KOHTPOJIb 32 COCTOSHUEM
pa3paboTaHHBIX COOPYKEHUU M YCTPOMCTB B MPOIIECCE CTPOUTENHCTBA U IKCILTyaTalliu, MPOBe-
PATH MPaBUIIBHOCTh MPOEKTHBIX PEHICHUN M TOYHOCTh PEKOMEHIAIUH, pa3paboTaHHBIX TIPU MO-
nenupoBanuu [132].

3.1. OcHOBBI JIA0OPATOPHBIX MCCJICI0BAHUN KOHCTPYKIMMT
B0/103200PHBIX COOPY:KEeHM /151 TOPHBIX PeK

B naGoparopHbIX Hccie0BaHUSAX THAPABINUECKUX SBJICHUN 0c000 HYX/1al0TCsSl BHOBb BO3-
BOJIMMBIE U PEKOHCTPYUPYEMbIE BOJJ03a00PHBIE COOPYKEHMSI, 3aIIPOCKTUPOBAHHBIE C UCIOIb30BA-
HHUEM YCOBEPIIIEHCTBOBAHHBIX KOMITIOHOBOK [35, 77, 82, 97].

OCHOBOI1 MCCIIEIOBaHUN BOJI03a00PHBIX COOPYKEHHM U3 TOPHBIX PEK OOBIYHO SIBIISIETCS 000-
CHOBaHHUE PallMOHAJIbHOCTHU IMPOEKTHBIX PEHICHUN U ONIPEIEIIEHNE XapaKTePUCTUK B3aUMOBIIHSHUS
apaMeTpoB 3JIEMEHTOB U YCTPOUCTB, BXOIAUINX B cOCTaB coopyxeHui [35, 97]. B xoxe nabopa-
TOPHBIX UCCIEN0BaHUHN (pUCYHOK 3.1) M0 onpeneneHuIo palMoOHaAIbHBIX TapaMeTpoB BO103a00p-
HBIX COOPYXEHUI B BUJIE pACUETHBIX HAIIOPOB, INTyOWH, CTPOUTENIBHOM BBICOTHI, IJIAHOBBIX KOMIIO-
HOBOYHBIX Pa3MEpPOB U MPOBEPKU B3aUMOBIIMSHUS KOHCTPYKTUBHBIX 3JIEMEHTOB Ha TMJIpaBiinye-
CKHe Mpoliecchl ObUIM MPOBEIEHBI TOBEPOYHbIE HCCeI0BaHUs (PU3MUECKUX MojeNel Ha O0ILyIo
MIPOMYCKHYIO CIIOCOOHOCTh COOPYKEHUN U MPOIMYCKHYIO CIOCOOHOCTh OTAEIBHBIX 3JIEMEHTOB.

B xauecTBe OCHOBHBIX 3aBUCUMOCTEMN, ONPEIEIIAIONINX CBA3b MPOIYCKAEMbIX PaCX0JI0B BOJI-
HOTO TIOTOKAa M rabapUTHBIX Pa3MEpOB 3JIEMEHTOB MOJIEIH, UCIOIb30BAINCH 3aBUCUMOCTH IS
HCTEUEHUS Yepe3 BOAOCIUB C TOHKOM CTEHKOM M ¢ IIUPOKUM ITOPOrOM, UCTEUEHHUS U3 OTBEPCTUI,
ypaBHEHHE THJIPaBINYECKOTO MPbIKKA, YCTAHOBUBILIETOCS PABHOMEPHOT'O JIBUYKEHUS B OTKPBITHIX
pycnax [120].

Pacuetsl TpaHCIOpTHpPYIOIIEH CHOCOOHOCTH MOTOKA MPOBOAMIIMCH C MCIIOJIb30BaHUEM (op-
MYJ JUIsL ONIpeIeIeHHs] pacxXo/ia HAHOCOB, PACCMOTPEHHBIX BBIIIIE.

Oco0oe BHUMaHUE B XO/I€ UCCIIEIOBAaHUM YIETSIIOCh ONPEICICHUIO PallMOHAIBHBIX TapaMe-
TPOB HAaHOCO3AIIUTHBIX JIEMEHTOB BOJ103a00PHBIX COOPYKEHUI.

PexoMeHniyeMble 3HaU€HHUs TapaMEeTPOB OINPEAEISUIMCh 10 HAMMEHbILIEMY MOMAaJaHUuI0 MO-
JEIUPYEMBIX YaCTHI] HAHOCOB B OTBOASILMI KaHaJ, IPU 3TOM MCIOJIb30Balach rpaduyeckas 3a-
BHUCHUMOCTb THIIA:

L
v | Lok, (3.1)
D P,

P

rae L,/Dp — OTHOCHUTENbHBIN rabapuTHBIA pa3zMep UCCIEIYyEeMOTro dIEMEHTa COOPYKEHUS: YHCITHU-
TeJb — JIMHEHHBIN pa3Mep yCTPOiCcTBa, HApUMep, JUIMHA; 3HAMEHATellb — FTeOMETPUUYECKUIA Mapa-
METpP BOAHOTO MOTOKA Mepes HCCIeayeMbIM YCTPONUCTBOM (TiyOHMHA, MIMPUHA) WM 000CHOBAH-
HBII paHee pa3Mep COOpY>KEHHS, OKAa3bIBAIOIINUN BIUSHUE HA PabOTy HCCIEITyeMOro SJIEMEHTA;
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Pucynox 3.1 — ®usnyeckass Moziens Bogo3adop-
HOTO COOpYyXeHus misi jaepuBanuonHor ['DC
(BCAI)

P,/P,~ OTHOLICHHE MyTHOCTH MOTOKA, MOCTYMAIOIIEr0 YePe3 MOACTUPYCMEIi SIEMEHT B OTBOJIS-

LM KaHall, K MyTHOCTH IOTOKAa B MOJBOJISIIEM PYyCJIe MOJAEIH.

To ecTh BHIOOp MapaMeTpPOB HAHOCO3AIIUTHBIX AJIEMEHTOB OOOCHOBBIBAJICS MO BEIMYMHE
MUHUMAaJIbHON OTHOCUTEIHFHOM MyTHOCTH MOTOKA B OTBOJIAIIEM KaHaJle MJIM MaKCUMAaJIbHOTO 3Ha-
YEHUSI MyTHOCTH TIOTOKA COpAachIBa€MOTO B HIKHUN Obe coopyKeHHSI.

[Ipu ompeneneHnn palMOHAIBLHBIX T€OMETPUUYECKUX MAapaMETPOB 3JIEMEHTOB BOA03a00p-
HBIX COOPY>KEHUH B X0JI€ 1TAOOPATOPHBIX UCCIIEOBAHUN YUNUTHIBAIUCH CIECAYIOIINE YCIOBHUS:

1) mpu MccneaoBaHUM MPOMYCKHOM CIIOCOOHOCTH BOAONPHUEMHBIX U BOJIOCOPOCHBIX 3JIe-
MEHTOB, OIPEIEISUINCH pACUeTHBIEC HAITOPHI HAJ TPEOHEM MOpOora PeYyHOro MpoJieTa, INyOrHa BOAbI
B BepXHEM Obede coopykeHus 1 ITyOrnHa OTOKa B HIKHEM Obede. HopmanbHbIe pacueTHBIC TTy-
OWHBI B BepXHEM Obe(de onpenesnsiiuch U3 yciaoBus o0ecreueHus KOMaHI0BaHUS HAJl OTBOSAIIUM
KaHaJIOM. MakcHMallbHBIE pacueTHbIE TITYOMHBI B BepxHEM Obede 1 TIyOMHBI B HUXKHEM Obede —
U3 YCJIOBHUS IPOITyCKa B HOPMaJIbHOM JKCIUTyaTallMOHHOM pekuMe (06e3 o0pa3oBaHUs B MOTOKE
COOMHBIX 30H) PyCIO(DOPMHUPYIONIUX PACXOA0B PACCMATPUBAEMBIX BOJOTOKOB;

2) npu BOCTIPOU3BEACHUU Ha (PU3MUYECKHUX MOJIETISIX BOJI03a00PHBIX COOPYKEHUN U3BECTHBIX
THJIPOJIOTHYECKUX PEKUMOB FOPHBIX PEK U COOTBETCTBYIOIIMX MM THAPABINYECKUX MPOILIECCOB
B Obedax ruapoysia, mnapaMeTpbl HCTIBITYEMBIX 3JIEMEHTOB U3MEHSIIUCh OTHOCUTEIHHO F€OMETPH-
YEeCKUX MapaMeTPOB MOMEPEUHBIX CEUEHUH MOTOKA Ha BbIIIEISKALINX yUaCTKaX, pa3Mephbl U KOM-
MTOHOBKA KOTOPBIX OBLITM 00OCHOBAHBI paHee;

3) B KauecTBE PEKOMEHAYEMbIX K MPOCKTHUPOBAHUIO MPUHUMAIUCH KOHTYpPHI U T€OMETPH-
YeCcKHe rapameTpbl BOJ103a00PHBIX COOPYKEHUH, I KOTOPBIX KOJIMYECTBO HAHOCOB, MOMaBIIMX
B BOJONPHUEMHHK, HE MPEBBIIAIO PEKOMEH1yeMoro 3HadeHust B 5 % [160] or maccel HAaHOCOB,
3aKJIaJIbIBAEMbIX B Hauaje MOABOASILEIO pyclia;

4) B cioyuae nomaJiaHusi B BOJONPUEMHYIO KaMepy KOJIMYECTBAa HAHOCOB OOJIbIlIE PEKOMEH-
JlyeMoro 3Ha4deHHs B 5 %, BHOCWJINCHh U3MEHEHHUS B KOHCTPYKIIHMIO BO03a00pHOTO COOPYKEHHUS
C TIOCIIEAYIOLIUMH HCCIIEI0BAHUSMHU.

J1st MakcMMalIbHOTO TPUOIMKEHHSI MOJICIIUPYEMBIX THAPABINYECKUX MPOIIECCOB K MPOILIeC-
caM, MPOUCXOISALINM B HATYPHBIX YCJOBMSIX, B XOJI€ MCCJEIOBAaHUI MPOBOIMINCH CIEAYIOIINE
MEPOTPUITHSL:

» MYTHOCTh MOJEIHPYEMOTro IBYX(a3HOTO MOTOKA 3aaBajlaCh PaBHOW pacdyeTHOH MyTHOCTH
HATypHOT'O MOTOKa MyTeM PaBHOMEPHOM MoJayl HAaHOCOB 10 LIUPHUHE MOTOKa (IIPH 3TOM HUC-
MOJIb30BAJICSICTICITHATBHBIN J103aTOp HAaHOCOB) [35, 97];

» TUIOTHOCTh MOJCITUPYEMBIX TBEPBIX BKIFOUCHHHA B JABYX(a3HBIA IMOTOK YKUAKOCTH (BOma —
HAHOCHI, BOJIa — UCKYCCTBEHHA 1Iyra) MPUHUMAINChPAaBHBIMU 3HAYEHUSM TUIOTHOCTHU BJIEKO-
MBIX HAHOCOB, JIbJIa ¥ IIIyTH HATYPHBIX BOJIOTOKOB;
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» OCHOBHO# (ha3e UCCIICIOBAHUIN MTPEIIISCTBOBAIO (POPMUPOBAHIE OTMOCTKU MOJICIIUPYEMOTO
MOJIBOASIIETO pyciia IpH MPOITycKe pyCciao(hOpMHUPYIOLIETO pacXoaa ¢ COOTBETCTBYIOIIEH MyT-
HOCTBIO [45];

» ra0apuTHBIC pa3Mephl MOIBOSIIETO M OTBOISIIETO PyCia MOJCIH 3a/IaBaAIUCh U3 YCIIOBHSI
paBeHCTBA [UIMHBI pyclia BeIu4duHe Oosee 12 MaKkCMMAallbHBIX TIIyOMH B MCCIEAYEMOM TOTO-
Ke, JUIS ICKJIFOUEHUS JBUKCHUS TIOTOKA BOJBI M0 THITY UCTEUEHUs Yyepe3 TpeOeHb BOAOCINBA
C IIMPOKUM noporom [35];

» Tpu3Ma HAHOCOB B MOJBOISILEM PYCJIe M B BEpXHEM Obede BO103a00pHOT0 coOpysreHwUs (hop-
MHPOBaJiach IPU BHECEHUH B MTOTOK PACUETHOTO KOIUYECTBA ChIMTyUnX (paKIHii, COOTBETCT-
BYIOIIIMX 33/IaHHON MyTHOCTH;

» B XOJIe MCCJICJIOBAaHUI 110 OTPENICIICHUIO PAllMOHALHBIX TTApaMETPOB HAHOCO3AIIUTHBIX dlie-
MEHTOB OTBITHBIC M3MEPEHHUs HAYMHAIIMCH TOJILKO TMOCJIE PaBEHCTBA BeCa HAHOCOB, 3aKJia-
JBIBAEMBIX B IMOJIBOJAIIEE PYCIIO, BECY HAHOCOB, MOMAIAIONIUX B HIDKHUN Obed TUapoysna
U B OTBOJSAIIMN KaHam [35];

» 1pu nepeOpMUPOBAHUH YKJIOHA JTHA TIOBO/IAIICTO pyciia 3a CYeT 00pa30BaHuUs IIPU3MbI Ha-
HOCOB, PaCUeTHBIM JUIS JJAHHOUM CEepHUH UCCIIEIOBAHUN OCTaBaJICS YKJIOH CO 3HAYCHHSIMH, CO-
OTBETCTBYIOIIUMHU PYCIO()OPMUPYIOIIEMY PACXOIY PEYHOTO MOTOKA;

» Ui TIPOJIOJDKCHHS Psila MCCICIOBAHUN W TOBBIIICHUS PEIPE3CHTATUBHOCTU PE3YJIBTATOB
MIPOBOIUIIOCH U3MEHEHHE YKJIOHA JHA MOJBOJISAIIETO Pyciia C MOMOIIBIO CIIEIUATBHOTO MOb-
€MHHUKa MOJICJIbHOM PyCIIOBOM YCTAaHOBKH TEepe MPOITYCKOM PYyCI0(GOPMUPYIOIIUX PACXOIOB
BOJIbI C PACYETHBIMU 3HAUEHUSIMU MYTHOCTH U KPYITHOCTH HAHOCOB;

» TIPH UCCIICIOBAHUIX paOOUMX XapaKTePUCTUK HAHOCO3AIUTHBIX YCTPONCTB JOITyCKaach Iie-
MEHTAIUsl IPU3Mbl HAHOCOB MyTeM HaOpbhI3ra IEMEHTHOTO pacTBopa Ha C(HOPMUPOBAHHYIO
MMOBEPXHOCTh HAHOCOB OT Hadaja MOBOSIIETO pycia 10 BXOIHOTO CeYeHHs BO03a00PHOTO
COOPY>KEHUS.

MopensHbie HCCIENOBAaHUS THAPABINYECKUX M PYCIOBBIX MPOIECCOB B Obehax HU3KOHA-
MOPHBIX TUIOTUHHBIX BOJ03a00PHBIX COOPYKEHHM U3 TOPHBIX PEK MPOBOAUINCH MPHU CIETYIOIINX
M3BECTHBIX PEKHUMaX IKCILTyaTaIlH:

1) pesxxuM (hopMUPOBaHUS OTMOCTKH TOJABOASIIETO Pyciia IPOBOIUICS MPHU MPOMYCKE Py-
CI10()OPMHUPYIOLIETO pacxoia Boabl, paBHoro O, 1 Oonee [172], ¢ nobaBneHneM HaHOCOB, MO
3a/IaHHOW MYTHOCTH U C PaCUYeTHHIM (PpaKIIMOHHBIM COCTaBOM;

2) mpoMyCK Yepe3 CTBOP BOI03a00PHOTO COOPYKEHUS MTABOAKOBBIX PACXO0B MIPOU3BOIUIICS
M0 TPEYTOJIbHOMY MoJIenupyeMomy Tuporpady (pucyHok 3.2) ¢ HapacTaHueM, a 3aTeM ¢ yObIBa-
HUEM BO BPEMEHHU MMO/IaBaeMbIX 00BEMOB BOJIBI M HAHOCOB [35, 78];

3) pe)uM dKCILTyaTallui BOA03a00pHOTO COOPYKEHHS B MEKEHHBIHN JIETHUH TIEPUOJ] TUIPO-
rpada mMopenupoBascs B yCIOBUAX (DOPMUPOBAHUS MPU3MBI HAHOCOB M TIpU CPOPMHUPOBAHHOU
Mpu3Me HaHOCOB [35];

4) pexuM JKCIUTyaTaluy BOJAOMPUEMHBIX M HAHOCO3AIIUTHBIX AJIEMEHTOB COOPYKEHUN HC-
CJIeZI0BasICs PY MaKCUMAalIbHOM KO3 uirenTe Bogo3adopa, paBaom 0,9—0,95 mist IIOTUHHBIX BO-
1103a00pHBIX COOPYKEHUH, MPOBEPKA PAIIIOHATBHOCTH PE3YNIBTaTOB SKCIEPUMEHTa MPOBOINIACH
npu Kod(h(UIMEeHTax BOg103a00pa, COOTBETCTBYIOIINX MAaBOAKOBOMY PEKUMY dKCIuTyataru [ 160];

5) peXuMBbI 3UMHEHN IKCILTyaTalliu OCYIIEeCTBISUTHCH TP BO03a00pe U3 MPUAOHHBIX TOKOB
U TIPU TIOBEPXHOCTHOM cOpoce 00BEMOB BOBI COBMECTHO C JIEIOIIYTOBBIMU BKIFOUEHUSIMU B OT-
BOJSILIIEE PYCIIO COOPYKEHUS U, YACTUYHO, 10 OTBOAALLEMY KaHATy [97];

6) pexumM niepeOopMHUPOBaHS TPU3MBI HAHOCOB B BEpXHEM Obee cOOpy>KeHUSs, KOTOPHIA
MIPOUCXOUT MPH BHE3AITHOM HAPACTAHUHM BEITUYHMH PEYHBIX PACXOAOB J0 3HAUEHUN MEHbIIE Ma-
BOJIKOBBIX, BOCIIPOM3BOJIUJICSI B PYCIIOBOM JIOTKE B COOTBETCTBUU C TUAPOTpadoM HCCIETyEMOTO
HaTypHoro Bogotoka [ 160].
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Pucynox 3.2 — [TaBoakoBbIie THAPOTpadbI A1l MOAEIUPOBAHMUS YyUACTKOB 3apETyINPOBAHHBIX PyCell
1 COOPYXEHUH BO03a00PHBIX COOPY KEHHUH

9TO0T moaxoa K IMMPOBCACHHUIO T'HAPABINYCCKOI0 MOACINPOBAHUA ITO3BOJINIIL:

» 000CHOBAaTh MOATAITHOE IUIAHUPOBAHUEC SKCIICPUMCHTOB I10 THAPABIMYCCKOMY MOACIUPOBA-
HHIO IPOLECCOB C COCTABJIICHUCM JICTAJIbHBIX 3a,I(aHI/II71 Ha UCCJIICIOBAaHUA,

» 00ecreyuTs Ha MOACIIAX HCO6XO,Z[I/IMOC HO,I[O6I/IG HUCCIICAYCMBIX THAPABINYCCKUX U PYCIIOBBIX
MpouecCCOB HATYPHBIM;

> MOACPHU3UPOBATL HCCIICAYCMbIC KOHCTPYKIHUH COOPY)KCHI/Iﬁ JJIA CO3aHusA HCO6XO,Z[I/IMLIX
TUAPABIMYCCKHUX IIPOLCCCOB B 6be(bax COOpy)KeHI/Iﬁ C YUYCTOM HU3IMCHAIOMIHNXCS BO BPCMCHU
TUAPOJOTHICCKUX XaPAKTCPUCTUK I'OPHBIX PCK.

3.2. OcobeHHOCTH (PU3UYECKOT0 MOIEJTMPOBAHMS PYCJI0BBIX
U TUIPABJINYECKUX NMPOLECCOB NMPH Bog03a0ope
U3 FTOPHO-TPEATrOPHBIX YUYACTKOB PeK

OcHOBaHHOE Ha W3BECTHOH Teopuu monodus [181] ruapaBirdeckoe MOJICIUPOBAHUE TI0-
3BOJISIET TIEPEHECTU Pe3yiIbTaThl HAOMIONEHUM Ha MOJENSX B HAaTypHbIE YCJIOBHS U YCTaHOBUTH
CTENEHb BJIMAHUSA OCHOBHBIX (DAKTOPOB Ha pa3BUTHE TOTO WJIM MHOTO Mpoliecca, IPOUCXOASILEro
B IIpeJieIax u3yyaemMoro rujipoysina [35].

B wactHOCTH, TpaBUIIa MOJEIUPOBAHUS THIPABINYECKUX SIBJICHUHN, U 3aKOHBI TIO00MS yKa-
3BIBAIOT, KaK JOJDKEH OBITh IMMOCTABIICH YKCIIEPUMEHT U KaKUM TPEOOBAaHMSAM JIOJDKHA YIOBJIETBO-
PATh MOJIEJb, KAKHE BEJTMYMHBI HEOOXOIMMO U3MEPSITH B OIBITAX, KaK CJeyeT 00padbarkiBaTh pe-
3yJIbTaThl UCCIICIOBAHUM U Ha KaKWe SIBJICHUS UX MOXKHO pacnpocTpausith [45, 46]. Teopus momo-
Ous pearnoiaraeT IPUMEHEHHUE psijia IPU3HAKOB U KPUTEPUEB, KOTOPBIE ONPEAEIISAIOT U3y4aeMoe
apieHue. OTHUM U3 MPU3HAKOB SIBJISIETCS YCIOBHE OJHO3HAYHOCTHU, KOTOPOE ONPEIEIISIET TPYIILY
SIBJICHUI M 0OCTOSTEIILCTB, BIUSIOIINX Ha Mpolece TedeHus notoka. K aum otHocar [87]:

» TeoMeTpUYeCKHe CBOMCTBA 00bekTa ((hopMa pyciia, IMepoXoBaTOCTh, POopMa OCHOBHBIX JJIc-
MEHTOB COOPYKEHUI U UX OTHOCUTEJIBHOE PACIIOIOKEHUE B pYCIIE);

» TpaHUYHBIC YCIIOBHS B BEPXHEM M HI)KHEM Obe]ax BOJHOTO MOTOKA (TIOJIOKEHHE YpOBHEH
U pacnpeerneHue CKOPOCTEH TOTOKOB);

» HayaJbHOE COCTOSIHUE THpPOY3ia (1oJie CKOPOCTEH, NaBICHNE U MOJI0KEHNE CBOOOTHOH TM0-
BEPXHOCTH);

» OCHOBHBIC XapaKTEPUCTUKH M3y4aeMOU cpe/bl (INIOTHOCTD, BA3KOCTh, HATMYHE B TIOTOKE Ha-
HOCOB).

JlpyruMu mnpu3HaKamH SIBJISIIOTCS KOHCTaHThI MOA00MS ¢ MacmITaOHbIMU Ko3(duumeHra-
MU, IIPU OMOILM KOTOPBIX MPOU3BOJIUTCS IIEPECUET N3y4aeMbIX BEJTMUYUH MOJIENIN HA HATYPY, OHU
JIOJDKHBI OBITH TTOCTOSTHHBIMH JUISI CXOICTBEHHBIX TOYEK.
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B OypHBIX OTOKaX FOPHBIX PEK, HAXOAIIMXCS TPEUMYIIIECTBEHHO O] ICHCTBUEM CHUII TS~
KECTH, OCHOBHOM XapaKTEPUCTHKOM ABIAETCS KPUTEPUI THAPOJMHAMUYECKOTO 1O100us B Cllyyae
npeo0IaaroIero BIUSAHUSA CUJ TSDKECTH, T. €. Kputepuil @pyna Fr = idem, npu 5TOM SBICHHUS,
MIPOUCXOISIINE HA MOJIENIA U B HAaType, NOJDKHBI ObITh oquHakoBbiMu [119, 120, 151, 181].

dusnyeckoe MOJECINPOBAaHUE BO03a00PHBIX COOPYKEHHI HAa TOPHBIX peKax, Mpexie Bce-
ro, UMEET ILIeJIbI0 Pa3paboTKy palMOHAJIbHBIX KOMIIOHOBOYHBIX CXEM HMX YCTPOMCTB, C BBICOKH-
MHU T0Ka3aTeIsIMU IPOIYCKHOM CIIOCOOHOCTH 3JIEMEHTOB, 3aIlIUTHl BOAOIIPHEMHUKOB OT HAHOCOB,
TUTAaBHUKA U JIEIOIIYTOBBIX 00pa30BaHUil MyTeM U3yUeHHsI THAPABIMYECKUX SIBICHUH, TPOUCXOS-
IIMX B MOJEJINPYEMBIX TIOTOKAX.

B TypOyneHTHBIX MOTOKaX 3aKOHOMEPHOCTH, XapaKTepU3YIOLIHe T€ WJIM UHbBIC SIBICHUS,
TPYAHO OOHApPYXHUTh 03 MpeABAPUTEIHHOIO YTOUHEHHS OIpelesieHHbIX sBiIeHui. Hampumep,
B OypHBIX OTOKaX TOPHBIX pek ¢ ykinoHamu aHa i = 0,01 + 0,05 u yucnamu ®@pyna Fr> 1, pacum-
peHue pycia rnpu aedopmanuax AHa MPUBOAUT K HEKOTOPOMY YMEHBIICHHIO TIIyOUH U yBeIHue-
HUIO CKOPOCTEH BOJIBI, a TaK)Ke M3MEeHeHHto oTHoteHus B/4 [35, 88, 151].

PesynbTarhl nccienoBaHUN M HKCIUTyaTallud HU3KOHAMOPHBIX BO03a00PHBIX COOPY>KEHUI
CBUJIETEJILCTBYIOT, YTO B 3THX YCJIOBHUSX TpeOyeTcsi aKkTUBHOE BO3/IEHCTBHE Ha THIPABIUYECKHE
CTPYKTYPBI YCTPOMCTBaMH, CIIOCOOHBIMH MPUHYIUTEIHHO U3MEHSTh HAIPABJICHUS ABMKEHHS OT-
JIENTbHBIX TOKOB JKUAKOCTH WM BCeX 00BEMOB BOABI JUISl CO3/IaHUI B IPAaHUYHBIX CIIOAX palfo-
HaJIbHOT'O TIEpepaclpeaeieHus YIEIbHbIX PACXOJ0B.

[Tpu BBIMOJIHEHUH MIJIABHOTO CONPSKEHUS OTAEIBHBIX 2JIEMEHTOB BOZ03a00PHBIX COOPYIKe-
HUI oOecrieunBaeTcst 0€30TPHIBHOCTD JIMHUI TOKOB BOJBI, KaK B IUIAHE, TaK U 110 BEPTHKAIHU, YTO
IIOJIOKUTENIBHO OTPAYKAETCS MPU NIEPEBOJIE PALIMOHAIBHBIX THAPABIMUECKUX CTPYKTYp, CO37aBac-
MBIX Ha (PU3NYECKHX MOJENSIX, B HATypHbIe ycioBus [35, 151].

[Tpu MozmenMpoBaHUM HAMH UCCIIEI0BAJIOCH BIMSHUE OTHOIIEHUs B// Ha 3HaYeHue 1mepoxo-
BaTOCTH /1, U COOTBETCTBEHHO, Ha MOABEPKEHHOCTh pycia AeGopMarisam, Ha HOABHKHOCTb HAHO-
COB U KMHETHUYHOCTH IIOTOKA, a TAKXKE BIMSHUE U3MEHEHUS 4ucia 7 Ha U3MEHEHHE HEKOTOPBIX
THJIPABINYECKUX XapaKTePUCTUK: OTeph Haropa A/, k03 (HUIIHEHTOB pacxo10B m, |L U IPOITYCK-
HOU criocoOHOCTH. CBsI3b yKa3aHHBIX MOJIOKEHUH ¢ OoJiee paHHUMH peKOMeHIausIMHu [35] yuu-
ThIBAJIACh IPU MOJEIMPOBAHUM U3YYaEMbIX SBJICHUM.

MakcrumalibHO BO3MOXHBIM MaciTad MoJieneil 3aperyTupoBaHHbIX Pycell U BO103a00pHBIX
COOPYKEHUI HAMH OTPEIEIISIICS OTHOCUTENILHO BEJIMYMH PACYETHBIX PACXOI0B peku O . reo-
METPUYECKUX MTapaMeTpOB JIAOOPATOPHONM YCTAaHOBKH M MAaKCUMAaJIbHO BO3MOKHON BEJIMYMHBI T10-
JlaBaeMOT0 JUIsl MOAICIIMPOBaHHs pacxoza Boasl O . [peaBapuTesIbHO MAKCHMAIIbHBIA MacIiTad
MOJIEJIH OTIpeJIeIIsICSA C YU€TOM MacIiTaba MOAEIMPOBAHUS PACX00B BoAbI 1o (opmyre [17]:

D sam.
O G2
rme M i — IIPeIBapUTEILHO OIPEACIIeMbIi TMHEHHBIN MacIITad MOJICIIH.

MaxkcuMasibHbI PACYETHBIN pacxox peku O ONPENENSIICS COMIACHO PEKOMEH IAIUsIM
[157], no xotopeiM 11si coopyskeHuil [V kiacca KanmuTajibHOCTH pacueTHas BEJIMYMHA pacxojia
peku paBHa pacxony (s, , IPH 3TOM MOBEPOYHBIM sIBIsUICS pacxon Q.. Paccunrannoe 3HadeHue
Mmacmraba M', cpaBHHBAJIOCH C BEIMUMHOI MUHMMAJIBHO JIOIyCTUMOIO MacuITaba, Koropast pac-
CUUTBIBAJIOCH 110 3aBUCUMOCTH, HpHBGI[GHHOfI HUXKE.

3aTCM, C UCIIOJIB30BaHUEM 3HAYCHU S Mi , paCCUUTBIBAJIIMCh AJIMHA, HIMPUHA 1 BBICOTA MO-
JISJIA BOJI03a00PHOTO TUPOY3JIa JIJIsl POBEPKH BO3MOKHOCTH €r0 pa3MeIeHHUs Ha 1a00paTopHOU
TJIOIIAJIKE WIIH B JIOTKE. B ciyuae, eciu pasMepbl MOJIENId OKa3bIBAJIMCh MEHBIIIE, YeM ITapaMeTphl
TUIONIA/IKA MITH JIOTKA, IPHHUMAIOCh 3HAY€HHE NPEIBAPUTENLHO ONPEIEIEHHOr0 MacTaba M .
B npoTtuBHOM citydae MacmiTad yTOUHSUICS HCXOS U3 Pa3MepoOB JIA0OPATOPHBIX YCTAHOBOK.
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B xozne uccnenoBanuii Maciitab Mozemneil uccienyeMbpIXx KOMIIOHOBOK BOJI03a00pHBIX COO-
PY’KEHUI OIpenessyics C yYeTOM YCIOBUI U 3aKOHOB MOJ00MS THPABIMYECKOTO PEeXUMa MOJIe-
JUPYEMBIX NTOTOKOB [88]:

1. MUHMMAaJIBHO JOMYCTHUMBIM MacIiTad Mozenel Bo03a00pHBIX COOPYKEHUH C 3aperysu-
POBaHHBIMH PYCJIAMH ONPENEIISIICS UCXOAS U3 YCIOBHSI aBTOMOJIEIBHOCTH 10 PeliHombaCy, poBe-
psieMoit U1t TypOyJIeHTHBIX ITOTOKOB 110 3aBUCUMOCTH [35, 88]:

SRy l.VHRHW_ (3.3)

\ v
M H
JL71st OTIBITHBIX MCCIIEN0BAHMI HAMMEHBIIMI MacIITad MOJIENEH P PABEHCTBE V,, =V, OIpe-
nensuics o Gopmyne W.U. Jlesnu [88]:

Aw =Re JVIR? (3.4)

rae V. u V — CKOpOCTh MOTOKA HA MOJCIH U B HarType; R u R — TUPAaBIMYECKUN paHyC HC-
CIIeTyeMOT0 MOJIENBHOTO M HAaTypHOTO TOTOKa; A =M, — TreoMeTpuyecKuii MaciTad MoIeiu;
Vv,, BV, — KHHEMATUYECKUI KOODQUIMEHT BA3KOCTH BOJbI HA MOJIETU M B HATYPHBIX YCIIOBHSAX;
Re,  — xputiieckoe 4nciio PeiHOIbACA ONPENENANoCck B 3aBUCHMOCTH OT BHJIA H3Y4aeMBbIX IPO-
L[ECCOB.

JUig ycioBUM MOJEIMPOBAHUS PYCIIOBBIX MPOLIECCOB U TMIPABINYECKUX MTPOLIECCOB JIBYX-
(a3HBIX MOTOKOB (BOJIa — HAHOCHI) KPUTHUECKOE YHCIIO PeliHombca MPUHUMANIOCh COTJIACHO PEKO-
menaauusm P.K. Kpomepa [63], paBHBIM Re, =30+50. [Ipu u3yyenuu nmpouecca HENOATOIIEHHO-
IO UCTEYEHHUS YEPE3 BOAOCIUBBI C TOHKOM CTEHKOU Rer = 3000+5000 [106], npu uccnenoBaHuu
NPAMOYTONBHBIX OTBEPCTUH Re, =200000 [178, 179].

2. Ilotok B HaType criokoiHbIH (F7<1) vy OypHbIii (F7> 1), TAKUM 5K€ OH BOCCO3/IaBaJICSI HA MO-
nenu. [Ipu Mmonenuposanuu o Opyny Fr=idem 3T0 ycloBUe MOTHOCTHIO o0ecreunBanocs [35, 88].

3. [TogoGue B OTHOLIEHNH HIEPOXOBATOCTH pyciia JOJKHO OBITh BBIJIEPKAHO. DTO yCIOBHE
CTAaHOBHUTCSI OCOOEHHO Ba)KHBIM IIPH MOAETUPOBAHUU JBMXKEHUS JBYyX(a3HOTO MOTOKa (Boaa —
HaHOCHI). YcioBHe 0OecreunBaeTcs 3a cYeT 1Mo100pa Marepuana OTMOCTKU (KpETIeHHs ) TTO/IBO-
JIAIIIETro pycia, TeOMETPUUYECKU MOA00HOro Marepuaiy OTMOCTKHM B HaType, a Takke MoJ00poM
MaTepuasoB AJIs U3TOTOBJIEHUS MOJEIIH, IIEPOXOBATOCTh NOBEPXHOCTU KOTOPBIX B IIPUHATOM Mac-
mrTabde COOTBETCTBYET LIEPOXOBATOCTH HATYPHBIX MaTepHajoB COOpyKeHHs (OeToHa, MeTalla).

Re

Kp

3.3. MoaempoBaHie HAHOCHOIO pe;KMMa B Obedax Bo103a00pPHBIX
COOpYKEeHUM

3.3.1. Onpenenenue ruapoMop(poMeTpHIECKUX XaPAKTEPUCTHK
MOJEJMPYEMbIX ABYX()a3HBIX IOTOKOB (BOJA — HAHOCHI)

B pamkax npoexta MHTL[ KR-1130 FO.C. Axumanckum u I.I1. ®ponosoii [17] Obu1 BbI-
IIOJIHEH aHaJU3 TUIPOJIOTMYECKUX XapakTepucTHK pek Koipreizckoir PecnyOnuku. B pesynbrare
B Ka4€CTBE PENPE3CHTATUBHBIX JUIsi TOPHO-IIPEATOPHOI 30HBI €CTECTBEHHBIX BOAOTOKOB OBLITH BbI-
Opanbl pexku: Cokynyk Uyiickoil obnactu, xyyky Mccsik-Kynbekoit oonactu u Kyrapr XKanan-
Abazckoii 001acTH.

I'maponornyeckue XapakTEpUCTUKU PEK OLEHUBAINUCH C LIEJBI0 UCIOJIb30BaHHUSI TOPHO-
IIPErOPHBIX YUYaCTKOB B 3HEpreTuueckux ueisx. [Ipu atom ObuiM npesncraBieHbl pe3ysbTaThl He-
CJIeZIOBaHMIA BOJHOTO PEKMMa U MOHUTOPHHTA (POPMHUPOBAHUS TBEPAOTO CTOKA PAaCCMaTPHUBAEMBIX
PEK B IIpejieax TOPHO-NPEArOPHbIX y4acTKOB. C yueTOM peKOMEHI0BaHHBIX TUAPOMOPPOMETPHU-
yeckux XapakrepucTuk pek Cokynyk, xyyky u Kyrapr Obuin paccunTaHbl MyTHOCTH PEUHBIX
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MOTOKOB /I MAKCUMAaIIbHBIX pacxoqoB pek 1, 5, 10, 20, 30%-Hoif 00ecrie4eHHOCTH U CpeaHEM-
HorosleTHUX pacxonoB 50 u 75 %-Ho# obecrieueHHOCTH I yyacTkoB ¢ ykioHamu ot 0,007 no
0,038. IIpu pacueTax UCHOIB30BATIMCH 3aBUCUMOCTH JUISI ONIPEeNIeHHs THAPOMOP(HOMETPUUYECKUX
XapaKTepUCTUK, npenioxkeHHbie B.D. Tanmazoit u A.B. Kpomkuneim [166, 172]. B pe3synbsrare
BBITIOJTHEHHBIX PAacY€TOB PEKOMEHI0BaHbl 3aBUCUMOCTH JIJIsl OTIPEAEIIEHUS PacX0A0B HAHOCOB Ha
ropHbIX pekax Kbipreizckoil peciyOnuky, puBeieHHbIe B Tabnuie 3.1.

Tabmuma 3.1 — PacdeTHbIE 3aBUCUMOCTH TS OIIPEICTICHIS MYTHOCTEH ABYX(pa3HBIX TTIOTOKOB
Ha TOPHO-TIPEATOPHBIX YYaCTKaX MaJIbIX peK

; Bennunna 10CTOBEPHOCTH Haspanne peia, .
No /i VKJ10H aHa, i PacueTnas 3aBUCHMOCTD ALITDOKCHMAL.R? paccMaTprBaeMblit
P - YYaCTOK
0,6453
1 0,038 =1.601 —=— 0.9959 CokyIyK, KOHELl TOPHOTO
, r ’ ’ ydacTKa
P.®
0,5502
2 0,028 p=1,2052 & 0,9925 Cokynyk, Ha4yalo
MPEArOPHOrO yyacTKa
P.®
0,6347
3 0,024 =1.296| =— 0.9976 JIKyyKy, KOHELl TOPHOTO
, r . ’ ydacTka
P.®
Q 0,5998
4 0,017 p = 09547 =i 0,9976 Hﬁ(nyy, Ha4yalo
o MPEArOPHOTO yyacTKa
0,6738
5 O 012 p = 3 6131 & 0 9992 KyrapT, KOHEII TOPHOTO
’ ' ’ y4acTka
P.®
0,5988
6 0,007 p=2.1935 =i 0,9817 Kyrapr, Hayaso
MPEIrOPHOTO y4acTKa
P.®

3.3.2. OnpenejieHne MUHUMAJIbHOIO THAMETPA YACTHI HAHOCOB
U3 YCJIOBHUSI ABTOMOEJIbHOCTH

Hcnonp3yst u3BeCTHbIE peKoMeHAaunHU [88], clienaHHble IPU aHAJIU3€ XapaKTEPUCTHK ped-
HBIX HAHOCOB, MOYKHO CJIEJIaTh BBIBOJ, UTO NP (PU3NIECKOM MOJCIUPOBAHUN PYCIOBBIX MPOIIEC-
COB Ml HAHOCHBIX PEKUMOB B Obedax Bo103a00PHBIX COOPYKEHUH, YCTPauBaeMbIX HA TOPHBIX pe-
Kax ¢ npuMeHeHneM vactui] d<l,5 MM, HEOOXOIMMO yUUTHIBATH U3MEHEHHE 00JIACTH OOTEKaHUs
(mepexoanast 061acTh). ITO, Kak CBUACTENIbCTBYIOT HcciienoBanust B.C. KHopo3a, MoxxeT y4uThi-
BaTbCsl BBEJICHUEM JIOTIOJIHUTEIBLHOTO KPUTEPHS NMON00US Re , KOTOPBIH 3aBUCHT OT KPYIHOCTH
Y TUIOTHOCTH PYCJIOBBIX OTJIOKEHUH.

[TonGop marepuana pycia JOKEH MPOU3BOIUTECS C YIETOM 3TOTO KPUTEPHSL.

B HaTypHBIX pYyCIOBBIX MOTOKAaX TOPHO-TPEATOPHBIX YYaCTKOB PEK JIHO MMEET TPSIOBYIO
CTPYKTYPY, U4TO BEJET K MOBBIIICHUIO TypOYJICHTHOCTH, IIPH 3TOM I'PaHUIIBI aBTOMOICIILHOM 0071a-
CTH OTHOCUTEJIBHO YaCTHI] BIEKOMBIX HAHOCOB, COOTBETCTBYIOT 3HAaUCHUSIM Re e 60+75 [88, 120].

JList momy4yeHusl Ha MOJICTTM PeKMMa TEUCHUS M ABM)KCHUS HAHOCOB, TOJJOOHBIX HATYPHBIM
YCIOBUSIM HEOOXOIMMO, YTOOBI Re, > Re - [88].
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B 3aBUCMMOCTH OT COCTOSIHUSA 1€(OPMHUPYEMOTO pyCila MOJIEIU BeNM4nHa Re, (ducio Peii-
HOJIBJICA) NP TypOYIEHTHOM peXUMe OOTEKaHUs YaCTHI] HAHOCOB U3MEHSETCS B mpenenax oT 60
1o 300, onpenensiercst mo ¢popmyie [88]:

1
., - d,\p.gd, ’ (3.5)
0
rae v — K03pPUIHEeHT KUHeMaTH4eCKOH BSI3KOCTH BOABI [83].

YcraHnaBiMBas MUHUMAJIBHO JIOIYCTHMBIM MaciiTad KpymHOCTH YacTUI[ HAHOCOB, MIpUMe-
HAEMbIX Ha MOJIEJIU M3 yCIIOBHS aBTOMOJIEJILHOCTH, HAMH OBLIO COMOCTAaBJIEHO 3HaYeHue Re, Ha
MOJIENU U B Hatype 1o Gopmyie, npeanoxennoit M.W. Jlesu [88]:

R

3
> 1 | Re,

d — 9
3[0{/)] Redzp

TI€ 0, — MaciuTab MOJIETMPOBAHUS, TIPY PABEHCTBE O, = 0, : 0, = 0, = A.
PaccmarpuBasi cMech MOIENHMPYeMbIX HAHOCOB Oe3 M3MEHEHHs IUIOTHOCTH Marepuala,
ypaBHeHue (3.6) MpUBOAUTCS K BHY:

(3.6)

a, = : 3.7)

rie Re, —auncno PeliHonb/ca U1 HATYPHBIX YaCTHI HAHOCOB, onpeensercs 1o Gopmyine [88]:

d,\p,gd,
. , (3.8)

Y]

Re

e Py — OTHOCHTENbHAS IUIOTHOCT YacTHUIL HaHocoB £, = (0, —P)/ p =1.65 [86].

VYuuteiBast Bua ypaBHeHus (3.8) u BeipakeHue (3.6), MOKET OBITH OINpeesieH MUHUMAIb-
HBIH JMaMEeTpP HAaTYPHBIX HAHOCOB (M), JUISI KOTOPBIX COXPAHSETCSl TEOMETPHUYECKOE TI0A00He pH
nepecyere ¢ HaTyphl Ha (PU3UUECKYIO MOJIEIb:

(3.9)

IIpu ucnonb30BaHNN HA MOJEINAX YaCTULl PACCYUTAHHOIO MUHUMAJIBHOTO IMaMeTpa OTCYT-
CTBYIOT CHJIBI CLIEIJIEHUS] MEX]y YaCTHIIAMH MEJIKHUX HAaHOCOB, YTO CBMJIETENIBCTBYET O BBINOJI-
HEHUM ycioBus aBTomozenbHocTH [88]. Kak cBuaerenscTBytoT nccnenosanus b.J. MenbHukoBa
[117, 120], BEIOTHEHHE TEOMETPUIECKOTO, KHHEMATUIECKOTO 1MO100MsT 00eCrieunBaeTcs B Cyya-
X, KOT/Ia HAHOCHI C pa3MepaMy YacTULl OOJIbIIE U PABHBIX MUHUMAIIBHOMY JTHAMETPY, COCTABIISIIOT
oonee 83 % mo Becy.

Hcnonp3oBaHue Takoil METOAMKU MOAEIUPOBAHUS IOHHBIX HAHOCOB CO CPEIHUM YJIEIbHBIM
BECOM Y = 2,65 T/M?, MO3BOJIIIO TIOJTyYUTh YCTOWYHMBBIC YKJIOHBI THA OBOSAIIMX PyCel MOJesei
BO/J103a00pHBIX TUAPOY3JIOB JJISi MPUHATHIX PACXOJ0B BOJBI, a TAKXkKe 00ecreunsio cBOOOIHOE Tie-
peMelIeHre HaHOCOB IO PYCITy NPH 3aJaHHBIX HACHIIIEHUSIX MOTOKA (PAKIHUIMU HAHOCOB.

3.4. MeTonnka OLeHKH PYCJIOBBIX Jedopmanuii

B xone uccnenoBanus nedopmanuii pa3smMbpIBa€MOro JHa Ha Y4acTKe MOJIEIHPYEMOTO Kpu-
BOJIMHEHHOTO MOJBOJISIIIIETO PyCiia BOI03a00PHOT0 THIPOY3Jia HaMH MPOU3BOJUIOCH CPAaBHEHUE
pe3yabTaToB (PU3MUYECKOr0 MOJECIUPOBAHUS C PE3yIbTaTaMU PacueTOB MyTEeM MOCTPOCHHUS IOTe-
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Pucynok 3.3 — PacuetHas cxema ajis onpeseneHusl BUPTyaJIbHOTO KPYTAIIEro MOMEHTA MPH OIIEHKE
pycIioBbIX nedopmanuii: | — monepednoe cedeHue; 2 — CpeTHEB3BEUICHHOE JTHO; 3 — BUPTyallbHasl KOH-
COJlb; 4 — MOTIEpPeYHOe CeUeHNE MTPU3MBI HAHOCOB; 5 — TOUKA CTECHEHHsI KOHCoMH; G — paBHO/EHCTBYIO-
I1as Harpy3Ka OT Beca IIPU3MbI HAHOCOB; S — MJIeY0 ASHCTBHS Harpy3KH

pEeUHBIX TIpOoUIICH MOTOKA IPH Pa3IMYHBIX yIlIaX MOBOPOTA Tpacchl BomoBoaa. [Ipu 3Tom B Kave-
CTBE€ MCXOJIHBIX MCIOJIb30BaJIaCh cCUCTEMa ypaBHeHUH (2.36).

CpaBHeHME TPOU3BOIUIIOCH MTYTEM HAJIOXKEHUS MOIMEPEUHbIX CEUEHUH pyciia, MOITYyYEeHHBIX
HKCTIEPUMEHTAIBHBIM M PaCUETHBIM cI0c000M. O1ieHKa pa3HOCTH PE3yJIbTaTOB BEJIACh IO METOH-
Ke, IpeIokeHHo Hamu panee [80] mist onieHkH 3P PEKTUBHOCTH KOHCTPYKIIUN OEPETOBBIX IIIIOP,
yCTpauBaeMbIX JIJIsl IPUBJICYEHUSI HAHOCOB B 30HY Kapbhepa ChIITyYHX MaTEPHUAJIOB.

ITpon3BOACTBO MCCIIENOBAHUMN 110 ONPEAEIEHUI0 KOJUYECTBEHHBIX XapaKTEPUCTHK PYCIIO-
BBIX Je(QOpMaIfii OCyIECTBIIOCH C U3MEHEHUEM YKJIOHOB MOJBOASIIETO PyCila U BEJIMYUH Ta-
BOJIKOBBIX PacX0JI0B BOJIBI.

ITo 31Ol METOAMKE BO3MOKHOCTH NPUMEHEHHUS MPEIIOKEHHBIX MAaTEMATUYECKUX MOJIEIIEH
OIICHUBAJIACh 10 BETMYMHE MAKCUMAJIbHOTO BUPTYAJIbHOTO KPYTSIIEr0 MOMEHTA, CKJIabIBatOIIIe-
rocs OT JEUCTBUS MAcChl NIONEPEYHOI0 JIEMEHTA MPU3MbI HAHOCOB ONPEACIEHHON IIUPUHBI, HA
BUPTYaJIbHYIO TOPU30HTANIbHYI0 KOHCOMb [80]. ITpu 3TOM KOHCO/Ib Hameuanach Ha ypOBHE CpeEJl-
HEB3BEIIIEHHOTO JIHA Pyclia M YCIOBHO Oblla 32)kaTa B PACYETHON TOUKE Ha BEPTUKAIBHON MOBEPX-
HOCTH, COBMNAJAIOLIEN C AMHAMUYECKOW OCBIO MOTOKA (TPOJOJBHOM OCBIO 3aperyaupOBaHHOTO
pycna) (pucyHok 3.3).

ITo »TO1 MeToAMKE BHAuaje MPEAIOIaraeTcs ONpEEeIeHUE B NOJOBHHE IOIEPEYHBIX Ce-
YEHUSIX TJI0IAJIeH MPU3M HAHOCOB M BOPOHOK Pa3MbIBa OTHOCUTEIBHO TOPU30HTAIBHON JIMHUH,
COOTBETCTBYIOLLIEH OTMETKE CPEJHEB3BEIIEHHOIO JIHA, C ONPEIEICHUEM LIEHTpa TSAKECTH IOJY-
YEHHOU (UTYPEI.

3areM pacCUMTHIBAETCS BEJIMYMHA BUPTYaJIbHOTO KPYTAILETO MOMEHTA M, , xotopas Bro-
CJIEJICTBUU YYUTHIBACTCS TIPU CPABHEHHUH PE3YIHTATOB PACUETOB U U3MEPEHHUI 110 popmyre:

M, =p(rw)BS, (3.10)
IJ€ p — IJIOTHOCTh HAHOCOB B CyXOM COCTOSIHMM; (O — IUIOLIAJb NPU3Mbl HAHOCOB WJIM BOPOHKHU
pa3MbIBa Ha pacCMaTPUBAEMOM y4acTKe (ITOJIOKUTENbHAS BEIMYMHA COOTBETCTBYET IMPU3ME HAaHO-
COB, OTpHUlIaTelIbHAsI BOPOHKE pa3MbIBa); B — cpenHss JuinHa mpu3Mbl HAHOCOB Ha paccMaTpHBae-
MOM y4acTke; S — Iiedo paBHOAEHCTBYOMIEH cuilbl G.

[anee omnpenensiercss BeIMYMHA PA3HOCTH 3HAYEHUM KPYTALIMX MOMEHTOB, IMOJYYEHHBIX
B pe3yJIbTaTe pacueToOB U UCCIEAOBAHMI:
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AM = MKp.P - MKp,QI/[ ’ (3 1 1)

e M, M, — 3Ha4eHHEe KPYTAIIEro MOMEHTA, PACCYMTAHHOTO 110 PE3yNbTaTaM PacyeTos Jia-
0OpPaTOPHBIX MCCIETOBAHUN COOTBETCTBEHHO.

Pa3HocTh 3HaueHMH KpyTAIMX MOMEHTOB AM HCHOIb3yeTcs B CTaTUCTHUYECKHUX pacdyeTax
JUIS oTipesiesieHus] K0od(pPpUIMEHTOB, KOPPEKTUPYIOMINX YPaBHEHHsI, KOTOPBIE UCIOIB3YIOTCS IS
TEOPETUYECKOTO OTPEICICHHUS PYCIOBBIX Ae(POpMaIiii Ha ydacTKe KPUBOJIMHEHHBIX 3aperyinpo-
BaHHBIX PYyCEll.

Takas MeTOMKA TO3BOJISAET AaTh OLICHKY OTHOCUTEIBHOMY Pa3MEILEHUI0 PYCIOBBIX 1e(op-
MaIyii, MOJyYEeHHBIX B PE3YJIbTaTe PacdeToB U (PU3MUECKOTO MOJCIUPOBAHHA. DTO U ONPEACIIH-
70 pa3paboTKy OoJiee TOUYHOM METOIUKH pacdeTa aedopMaruii JHa 3aperyJIMpOBaHHbBIX pPycel Ha
KPUBOJIMHENHBIX y4aCTKaX.

3.5. MeToanka ucciae0BaHNI 3UMHEr0 Pe;KUMa IKCILTyaTaluu
BO/103200PHBIX COOPYKEHMH

B Keipreizckoit Pecriy6iike u3 00111ero Yncia eCTeCTBEHHBIX BOJIOTOKOB /IS LIeTIei THIPOd-
HEPreTHUKU MOTYT ObITh UCTIONB30BaHbl He Oosiee 180 pek. [TockonbKy cTpOUTEIBCTBO CTAIIHOHAD-
Hbix 'DC Ha pekax co CpeIHE3UMHUM pacxomoM Bojbl MeHee 0,25 M?/CB OOJNIBIIMHCTBE CITydacs
SIBJISIETCSI HEpaIMOHAJIbHBIM [ 168].

DTO OrpaHUYEHUE MTPOJUKTOBAHO CIIOKHBIM 3UMHHM PEXUMOM MAJIBIX TOPHBIX PEK, KOTO-
pBIN U3y4YeH HEAOCTATOYHO. BhIMOMHEHHBIE paHee UCCIeIOBAHMS 3UMHUX PEXUMOB TOPHBIX PEK
KbIpreizctana cBOAUINCH TUIIb K (PUKCUPOBAHUIO HATUYUS JIEIOBBIX SIBJICHUN B CTBOPE THAPO-
MOCTOB 0€3 MX KOJUYECTBEHHOH oreHkH [35, 162]. Torga kak KOJIMUECTBEHHAs OIIEHKA JIEIOBBIX
SBJICHUI PEK CBOAMJIACH K ONPEAETICHUIO PacXoia JIEJOLIYTrOBbIX 00pa3oBaHuii, KOA(PHUITUEHTOB
IIYTOHACKIIIEHUS TOTOKA. DTH JaHHBIE YCTAaHABIMBAJIUCH 3aMEepaMU pacxofa IIyTH UM CTaTUCTH-
YEeCKHU MO JaHHBIM THIPOJIOTHYECKUX HAOMIONeHUH 32 MHOTOIeTHUN niepuon [35].

OO6pazoBaHue HIyry TPUBOAMIUK 3aKyOPKE PEIIETOK BOJOMPUEMHUKOB U K 00Pa30BaHUIO
3aTOpPOB U 32KOPOB B JepUBALMOHHOM KaHane. [Ipu 3ToM HeoOXoauMo y4YUTBIBaThH IMpeneabHO
JIOIIyCTUMOE KOJIMYECTBO IIYrd B HanmopHoM BoaoBoae ['DC, KoTopoe He JOIKHO MPEBbIIAThH
15-20 % obObema Bofbl, moJaBaeMoi Ha TypOHUHbI. [Ipu npeBbIIeHnN KPUTHUECKOTO KOIMYECTBA
IIYTH B OTCachiBawoIue TpyOsl HU3KOHAMOPHBIX ['DC BO3HUKAET OMACHOCTh OOMEp3aHUs BHY-
TPEHHHUX CTEHOK OTCACBIBAIOLIUX TPYO BCIIEACTBHE Mpoliecca pexensuu [135].

[Tpu MonenrpoBaHUH 3UMHETO PEKHUMa IKCILTyaTallii BO103a00PHBIX COOPYKEHUI ¢ OLIeH-
KO pabOTOCTIOCOOHOCTH YCTPOMCTB JIJIs 3aLIUTHI OT JIEAOIIYTOBBIX 00pa30BaHUI BOAOIIPUEMHH-
KOB M IIyrocOpOCOB, MPOU3BOAUIIOCH 100aBlIEHUE B MOTOK MCKYCCTBEHHOM JIEJOIIYTOBOM Mac-
cbl. MIckycCTBeHHasI 1Iyra 3aKjIabIBajlach B Hauyajie MOABOSIIETO pycia MOAETU BO03a00PHOTO
COOpPY>KEHHsI, B IPOLIEHTaX OT oObeMa Bojbl. KomnyecTBeHHbIE XapaKTEPUCTHUKU MOJICTUPYEMOM
IIYTOBOI MacChl OMPEIEISUTUCH C YIETOM paHee BBIOJTHEHHBIX HAMH UCCIIEIOBAHUM 3UMHETO TH-
JIPOJIOTUYECKOTO pexxnumMa pek Anamenus u Ana-Apuya [97].

[Tpu monenupoBanuu AByX(ha3HOTo MOTOKA (BOJa — IITyra) UCIOIb30BAIACh METOINKA, PEKO-
mengoBanHas A.b. Bekcinepom u 3.A. I'enkunbim [29] o onpeaeneHuto MacmTabHoro ko3gdu-
[UEHTa IPU TUAPABINYECKUX HCCIEIOBAHUAX JIBXKEHUS JIbJIa B )KUJKOCTH, KOTOpas Oblia mepe-
paborana A.B. llIununossim [178] ans Moaenel 4acTUIl UIyTH.

B sT0ii MeToMKe TP MOETpoBaHUM 1o KpuTeputo dOpyna B popmyiy nepecyera pazme-
POB YACTHII IIYTU C HATYPBI HA MOZEINb BBOAUICS KodduiueHT K.

dld, =ak, (3.10)
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e d , d — nmameTp 4aCTHIl Ha MOJIEN M B HATYPE; 0, — TEOMETPUIECKUH MacITad MOJIEIMPOBa-
Hus; K — MacTaOHbIi koadduiment.

Heo6xonumocTs npuMeHeHus: MacmTabHoro ko3dduimenta onpeaensiercs MosBICHUEM
COIIPOTHUBICHUN MPH OOTEKAaHUM YaCTUL IIYTH MPU JBMXKEHUH BIOJIb Pycia U OJHOBPEMEHHOM
nepeMeIleH!H 1Mo BepTukanu. MacmTaOHbli k03¢ (uIeHT noadupaercs ¢ yciaoBueM odecreye-
HUSI KHHEMaTUYECKOTO MOJ00MS THAPABINYECKOM KPYITHOCTH IIIyTH HA MOJICNTU U B HAaType:

v/w=idem, (3.11)

IJIe V — CKOPOCTh IBM)KCHUS IOTOKA; W — TUAPABINYCCKAsI KPYITHOCTh YaCTHII.
[Tpu 3TOM MacmTaOHBIN KOdGdUIHEHT onpeaensercs nmo Gopmyne [178]:

k=LCs (3.12)

rae p — OTHOCHTENbHAS TLIOTHOCTH IIYTH HA MOJENH U B HATYPE; C,— k03pOUIHMEHT rUaAPaBIU-
YEeCKOI'0 COITPOTUBIIEHMSI YaCTHLl Ha MOJEJIN U B Hatype [29, 178]:
V., g
Cy=2—p =, (3.13)
Sd
rae V'u S, — o0beM 1 MUJIETIEBO CEYEHUE YACTHIIBI COOTBETCTBEHHO.
[110THOCTB YaCTHI] HATYPHOM LIYTH HIPUHUMATACh paBHO# p = 950+971 kr/m® [178]. Uc-
Iyru
HOJb3YEMbIE JUISI MOJCIMPOBAHMS YACTHUIIBI IIYTH OBLTM M3TOTOBJIEHBI U3 MOJIMATHIIEHA HU3KOTO
JIaBJICHHS C IUIOTHOCTBIO 960 Kr/M®, 4TO COOTBETCTBYET Mpe/esaM IIIOTHOCTH HATYPHBIX YaCTHIL.
MonenbHbIe YacTUIIbl PEACTABISIN CO00M MINHAPHI AUaMeTpoM 2,7 1 BeicoToi 3,3 MM. Koad-
bunmeHT GopMbl MOJENIBHBIX yacTULl onpenesnsiics Gopmyne B.K. Jle6onbckoro [181]:

O=(d/(bxc))*’, (3.14)
rjec — JuaMeTp paBHOBCJIMKOIO IIapa

d=3axbxc, (3.15)

a, b, c — nUHa, MHUPUHA U BHICOTA YACTHULIBI.

[Tpu yka3aHHBIX pa3zMepax HWIHHIPHUECKUX MOJIENeH YacTHIl IyTu Ko3pPuiueHt Gopmbl
yactuil coctaBun 1,05. Jlns gactur mapooopazHoit popmbl kodddumuent ® = 1. C yuyeTrom 3TOT0
dbopma yacTHIl HAMH yCIIOBHO ObLIa MPUHATA IIapOOOPA3HOH, a TuaMeTp IIapa OMpPEeIesIscs Mo

dbopmyie [181]:

(3.16)

riae d, U h — TMaMeTp ¥ BbICOTA YaCTHIL.

[Tepecuer mpHUBEACHHOTO JUAaMETpa YaCTHUIl C MOAEIH Ha HaTypy MPOM3BOAMICS 1O (op-
myie (3.10) cormacHo onucanHoi Mmetoauke. [Ipu aTom auameTp MoaenbHbIX YyacTull 3,53 MM Ha
MOJIEIH, BBIIOJTHEHHOM B MacmTabe 1:20 cooTBeTCTBOBaN qraMeTpy 44 MM HaTypHBIX IIyTOBBIX
KOMBEB.

OCHOBHBIM TTOKa3aTeJIeM, XapaKTepU3YIOIUM paOdOTy yCTPOUCTB AJISl 3aLIUTHI BOAOIPUEM-
HUKOB OT JIEJOUIYTOBBIX 00pa30BaHUN W HIYTOCOPOCOB, KOHCTPYKIIMU KOTOPBIX HMCCIIEIOBAIHCH
HaMH Ha MOJIEJISIX BOJ03a00PHBIX COOPYKEHUH B Xo11e 00paboTKM pe3ynbTaTtoB, OblT KOG GUIH-
€HT IIyroHacoiiieHus [391]:

b =W, | (W, ~W,), (3.17)

rIe Wm — 00beM HIyTH, MOMAaBIIeH B OTBOAAIIUIN KaHAN WK COPOIIEHHON Yyepes3 Iyrocopoc; W6 —
00BEeM BOJIbI, TPAHCTIOPTUPYIOLIEH MOIETHUPYEMYIO IIIYTY WM U3PACcX0I0BaHHBIN 1715 cOpoca pac-
cMaTpuBaeMoro oobema myru w..
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ITo BennuuHaM k03()(HUIIMEHTOB IIYTOHACHIIIEHUS OLEHUBAJIACh PAllMOHAIBHOCTh MPUHS-
TBIX KOMITOHOBOYHBIX ¥ KOHCTPYKTHUBHBIX PELICHUN Po0IeM 3aIUThl BOAOIPUEMHBIX OT0JI0OBKOB
OT JIEZIOIYTOBBIX 00pa30BaHMii, M UX TPAHCIIOPT B HUKHUN Obed BO103a00PHBIX COOPYKEHHIA.

3.6. MeToauka Mcc/ie10BAHUN XapaKTEPUCTHK JIeAOLIYTIOBbIX
00pa3oBaHUil HA TOPHBIX peKax

C nenpro M3y4eHUs: 3MMHETO THAPOJIOrnYeckoro pexuma pek Keipreizcrana sumon 2001—
2002 rr. HaMu OBUT BBITIOJHEH PsiJl UCCIICIOBAHUI TI0 ONPEICICHUIO U U3YYCHHUIO KOJMYECTBEH-
HBIX XapaKTepUCTHUK JIEOIIYTOBBIX 00pa3oBaHuil 1ByX pek Uylickoil 1onuHbI — p. AlaMeINH U P.
Ana-Apya. B 3umnauii nepuog 2010-2011 rr, 2013—-2014 rr. uccnenoBaIMCh TUAPOTOTHUECKUE
XapakTepucTUKU peku Mccebik-Ara.

Pexu Anamenun u Ana-Apya OTHOCSTCS K JI€IHUKOBO-CHETOBOMY TUITy MUTaHUs. B Tabnu-
1e 3.2 npuBOIATCS MX TMAPOJIOTMYECKNE XapaKTepUCTUKH [61, 62].

Tabnuua 3.2 — ['uaponoruueckre XapakTepUCTUKU peK AjlaMeanH u Ana-Apua

-~ o < 1 =
g & 5 SEg®
f_,( .§ 2 MEHOTOJIETHHE Cp. HaGmion. oxetp. | g ¢ g -
S =) = pacxofpl, M/c pacxofpl, M/c ez |d25¢E
B3 | & 5 © &g = 2
Pexa ERE R 2 25 |FF 2
= >
= S E 59
< | £ - Tl 8| % s | s [ 27 ] 5] &
5 = 2 S 5 S g g 2| g
AnamenuH 54 317 0,025 1,67 12 6,38 70 0,5 20 - 25
Ana-Apua 48 | 233 | 0.02 | 138 | 7.6 | 417 | 467 | 09 | 188 | 96 | 68

[Tepen HauaioM Kcciie10BaHu# ObLT C(HOPMYTUPOBAH UX COCTAB U MOPSAOK IpoBeeHus [97]:

1. Onpenenenue u BEIOOP MeCTa MPOBEACHUS UCCIEIOBAHNMN, H3YUEHUE CTPYKTYPHI TOTOKA
BBEPX 110 TEUCHUIO PEKH.

2. Pa3zpaboTka METOI0JI0T MU OTIPEIEIICHUS pacxo/ia IIyTH.

3. U3mepenue pacxoioB BOABI U IIYTH.

4. OnpeneneHue BIUSHUS KOJIeOaHUI TeMIepaTypbl BO3AyXa U BOJIbI HA PAacXOJ LIYTH.

5. zyueHne 3aKOHOMEPHOCTH paclpeeNIeH s IIyTOBOW MacChl MO IITyOMHE BOJJHOTO TIOTOKA.

ITpu BEIOOpE MecTa BBIMOTHEHNUS U3MEPEHUH COOMIONATNCH CIEIYIONINE YCIOBHS:

» peKa Ha y4acTKe MCCIeOBaHUI UMeeT NMPsIMOIUHEHHBIN poduib pycina;

» TONEepeYHOe CEYCHHE pyclia PeKH UMEeeT MPaBMWIbHYIO (popMy Uit ynoOCcTBa U3MEpEHUs pac-
XOZI0B BOJIbI THAPOMETPUYECKON BEPTYILKOM;

» HaJIM4yMe MOCTa, COeNUHSIONEro 0ba oepera, ¢ MEePHEeHANKYISIPHBIM Pa3MELICHUEM MOBEPX-
HOCTHOTO TIOJIOTHa MOCTa OTHOCHUTEJILHO TUHAMUYECKOH OCH ITOTOKA B PEKe.

OTHUM YCIIOBUSM YIOBIETBOPSIOT CYILIECTBYIOIINE CTaHAaPTHBIE pEUHBIE THPOIIOCTHI, PE-
Ha3HAYCHHBIE U1 U3YYCHUS THIPOJIOTHYECKOTO PEKUMA YIIOMSIHYTHIX PEK.

B cBsi3u ¢ TeM, 4TO B MMEIOIIEHCS TUTepaType He ObUIO HalJIeHO MEeToJa HaTypHOTO Ompe-
JIeNICHUS PACXO/I0B LIYTH B €CTECTBEHHBIX PyCllaX TOPHBIX PeK, HAMU ObL1a pa3paboTaHa METOIUKA
HCCIIeIOBaHMI, KOTOPasi OCHOBBIBAJIACH HA KOJTMUYECTBEHHOM COOTHOIIICHUU 00beMa TPaHCIIOPTUPY-
€MOI TIOTOKOM IIIYTH ¥ 00BeMa CaMOTro MOTOKA BOJIBI, XapaKTePU3yeMOro 3aBUCUMOCTEIO [35, 97]:

m, =— (3.18)
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rie m,, — KOO GUIMEHT ComepKaHus IYTU B MOTOKE; W — 00bEM IIYTH, 3aMEPEHHBIH HHCTPY-
MEHTAJILHO CIELHUAIbHBIM HIyTrOMeEPOM, (11); W — 00beM BOJIbI, IPOLIEINHA YEPES LIYTOMEP BME-
cre ¢ oobemom wyru W (o).

Caenas 1omnyIieHne, YTO CKOPOCTh NIEPEMEILIEHUS IIIYTH [0 PYCILy PEKH paBHA IIOBEPXHOCT-
HOM CKOPOCTH BOAHOTIO IOTOKA (KaK y TMAPOMETPUYECKUX TOIIaBKOB) [97], pacxox 1Iyru ompe-
JeIsIM 1o (hopmylie:

9,=m.,0,, (3.19)
rae O — pacxof IIyru, M’/c; Qp — pacxoji BOJIbI B peke, M/c.

Pacxon peku ()| B HATYpHBIX YCIOBUAX ONPEEINANCA 110 CKOPOCTAM, H3MEPEHHBIM THPO-
METPUYECKOHM BEPTYIIKOM, U 10 IIyOrHam notoka. O0beM nryru W = H3MepSIICs ¢ IIOMOIIBIO LIy~
robaromerpa (pucyHok 3.4) [97], KOHCTpYKIMs KOTOpOro Oblia pa3paboTaHa HaMH, UCXOIs U3
yCIIOBH 00Jiee TOYHOTO ONpEeAETICHUs COOTHOILEHHUsI 00beMa IIyTu K 00beMy TPaHCIOPTUPYIO-
niero noroka. CypoBble yCIIOBUS 3UMHETO KJIMMara FOpHO-NPEATrOpHBIX paiioHOB KeIpreizcrana
YUUTBIBAIUCH MyTE€M MPUMEHEHUS B KOHCTPYKIIMM MUHUMAJIBHOTO KOJIMYECTBA METAJUITMYECKUX
U3JEIUN.

[IIyro6aromeTp ObLI BHIMOIHEH B BUE LUMIMHIPA U3 THOKOH 000I0UYKH (KOXK3aMEHUTEs),
KOTOPBIH 3a(pMKCUPOBAH MEXAY JIBYX METANIMYECKHX JIeTalell HHCTPYMEHTa — KOJIblia U JTUCKA.

Jlis u3MepeHus pacxojia IIyT'M B MOTOKE PEKH HIyroO0aTOMETP BEPTUKAIBHO OIYCKACTCS
B BOJIHBIN MOTOK 3a NoAbeMHYI0 mTaHry 4. [Ipu aTom mmryrobaromeTp cobupaercs Takum o0pazom,
4TO0OBI BEpXHEE KOJIbILIO BXOJJHOTO CEYCHHs MHCTPYMEHTA 3 pa3MeIlanoch MoBepX AUCKa rpy3uiia
2. HunuHap mryrobatomMeTpa CKIAAbIBACTCS MO THUITY rapMOILIKU. BOKOBBIE CTEHKHM M3 KOXK3ame-
HUTEJIS U3-32 CBOEH TMOKOCTH HE CO3/Ial0T 3TOMY 0COOBIX conpoTuBieHuil. COOpKa HHCTPYMEHTA
IPOM3BOAMUTCA HaTsKeHHEM Tpoca 5. [Ipu BepTHKaIbHOM NOAHATUH IIyTo0aTOMETpPa 3a MOIAbEM-
HYIO LITAHTy 4, TPOC YIPABJICHUS 5 MOJHOCTHIO O0CIA0NIAETCs A OTPhIBA BXOAHOTO KOJIbIA 3 OT
rpysuna 2.

B pesynbrare noctynareiabHOrO JBUKEHUS BBEPX BXOIHOIO KOJIbLIA BHYTPEHHSS €MKOCTh
MHCTPYMEHTA IIOCTENIEHHO 3aIl0JHAETCS BOMOM 1 n1yroi. IIpu n3BneueHnn BXOAHOTO Kojblia 3 Hazl
BOJTHOM MOBEPXHOCTHIO NaJIbHEUIINN TOABEM LIyrobaToMeTpa HeOOXOAMMO OCYILIECTBIATh Oosee
TJTABHO JUIS ONPEIETIEHHS 10 TPy HPOBOYHOM IIKAJIE TIOABEMHON ITaHry 4 T1yOunel notoka H.

Bricota mryrobatomerpa B pa3BEepHYTOM BHJE, KaK IMOKa3ajdd MOUCKOBBIE HCCIEAOBAHMS
[20], momkHa 6bITh GosbIe NyOMHBI peqHoro notoka H, ne menee yem nHa 10 %. TIpu 5ToM npoba
HIyTOCO/IEpKaHus OepeTcs 1o Bcel I1yOnHe MOoToKa.

6

|

H | =
|
|

2

-

Pucynoxk 3.4 — Cxema ycTpoiicTBa iryrodaroMeTpa: 1 — KoyK3aMEHHUTEb, BRITIOTHSIOIHA POITh OOKOBBIX
THOKHX CTEHOK; 2 — METAITMYECKUH TUCK CITY’KUT IPY3HIIOM M THOM IIyrodaromMeTpa; 3 — MeTande-
CKO€ KOJIBLIO TIPETHA3HAYCHO ISl CO3JaHus KPYIJIOTO KOHTYpa LIyro0atoMeTpa M SIBISICTCS BXOTHBIM
CEUeHNEeM MHCTPYMEHTa; 4 — MObeMHasl IITAHTa; 5 — TPOC yNpaBIeHUs; 6 — rpaynpoBOYHAs IIIKaa
MHCTPYMEHTA BBINOJIHEHA HAa BHEIIHEH MOBEPXHOCTH HHCTPYMEHTA U3 KPYIVIBIX METAJUTMUECKUX KOJIEl,
JKECTKO3aKPEIUICHHBIX Ha BHEITHEW TTOBEPXHOCTH T'MOKHUX CTEHOK; D — muaMeTp MHCTpyMEHTa
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W3BneyeHHas Macca uryru GuIbTpyeTcs, A 3Toro rudkas odonouka nepdoprpoBaHa or-
BepCTUSAMH d = 2 MM (9Ta BeJIMUKMHA OblIa OINpe/esieHa Ha OCHOBAaHUU MPEIBAPUTEIHHOTO OTI0BA
U U3MEpeHusl HauboJiee MEJIKMX YacTHUI] IIYTH Ha TOPHO-TIPEITOPHBIX yYacTKaX U3y4aeMbIX PeK,
uXx pazmep Obu1 0osee 2,5 MM), 00bEM TBEPAOI0 OCTATKA LIYTH U3MEPSAETCst MEpHBIM cocyioM. Ko-
3G PUIHMEHT TOPUCTOCTU LUIYTH ONpeAessuin 00beMHBIM MeTozioM. IIpu 3ToM npoba 1yru B Mep-
HOM COCY/I€ 3aJIMBajach PEYHOM BOJOH, 00beM KOTOPON M3MEPSUICS TaKkKe MEPHBIM cocyoM. s
ycTpaHeHus 3(pdexra BCIIIBIBAHUS LIYTH MPU U3MEPEHUH MMOPUCTOCTH UCIOJIB30BAIN CETYaThIH
(GWIBTp, HaKJIabIBAEMBbIM HABEPX UCCIIEAYEMOM IIyTOBOM MacChl.

OOBeM BObI B IIIyT0OaTOMETPE ONPEIEIISIH 110 3aBUCUMOCTH:

w,=w,-k,W,, (3.20)
rae W — o0beM MHCTPYMEHTA, 3aHATHIM BOJHON M LIyTrOBOM Maccoi, (J1) ompenensercs mo ¢pop-
MyIe:

zD’
4

rae D — nuaMeTp NWIMHIPUIECKOTO BXOJHOTO CEUCHHUS IIyrodaromeTpa, (am); Hp— r1yOrHa BOJI-
HOTO IOTOKA B peke (aM); W, — o0beM 1iyru B mryrobaromerpe 6e3 yuera nop (n); k. — ko3 du-
IUEHT MIOPUCTOCTH IIYTH, ONPEIeIsUICs 10 popmylie:

_ 7, =w,)
n.ut W

w

w, =", (3.21)

) (3.22)
/
rae W, —o0beM BOJIbI B MEPHOM COCYJI€ TIOCIIe U3MEPEHUSI IOPUCTOCTH.

YerpotictBo «Illyro6aromerpy» 6bu10 ipoBepeno B [IKTU «BomaBromarrnka 1 METPOJIOTHS
Y UMEET CBUJICTEJILCTBO O METPOJIOTMUECKOM aTTecTal|H.
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4. PE3YJIBTATHI UCCJIEJJOBAHUI I'JIPABJIMYECKHX
HPOIECCOB IIPU BOAO3ABOPE U3 I'OPHbBIX PEK

4.1. Pe3yabTarhl HCCJIEI0BAHUM THAPABINYECKUX XaPAKTEPUCTUK
HAHOCO3AIMTHBIX 3JIEMEHTOB BOA03aA00PHBIX COOPYKEHHU I

AHanu3 U3BECTHBIX pa3padO0TOK B OOJIACTH OpraHM3aIK BOa03a00pa u3 TOPHBIX pek [134,
170] mokasai, 4TO HAHOCO3AMIUTHBIE TOPOTH SIBJISIOTCSI OCHOBOMOJIATAIOIIMMHU 3JIEMEHTaMHU KOMIIO-
HOBOK HU3KOHAIOPHBIX BO/103a00PHBIX coopy keHui. [lepuos nmocne pa3paboTKu TOHHBIX TOPOTOB
B Ka4eCTBE CTYIIEHU HAHOCO3AIIUThl OTMEYEH MHTEHCUBHBIM POCTOM OCBOEHUS TOPHO-TIPEITOPHBIX
Y4acCTKOB MaJIbIX TOPHBIX peK. PaliMoHaIbHOCTh X MapaMeTpoOB BO MHOTOM ONpEAEHIa B IEJIOM
paboTOCIIOCOOHOCTH TOJIOBHBIX COOPYXEHUN THPOIHEPTETUUECKUX U UPPUTALIMOHHBIX CUCTEM.

Teopernueckue u 1abOpaTOpPHbIE UCCIENIOBAHUS Pa3IMYHBIX KOMIIOHOBOK BO/103a00PHBIX
COOPYKEHUI MO OMPEEIICHUIO XapaKTePUCTUK TUAPABINUYECKUX U PYCIOBBIX IPOLECCOB MPHU BO-
n03a00pe U3 TOPHBIX peK MO3BOJIMIN HaM pa3padoTaTh JIOMaHble B IJIaHE HAHOCO3AIIUTHBIE TOPO-
ru [72, 76]. OCHOBHOM LIEJIBIO IPU 3TOM SBJISIOCH ONPEIEIECHUE TAPAMETPOB ITOPOTOB, CIYHKAITUX
JUTSL 3aIIUTHI OT HAHOCOB BOAOIIPHUEMHHUKOB COOPYKEHUI, B 3aBUCUMOCTH OT MECTHBIX Mopdome-
TPUUECKHUX U THJIPOJIOTMUECKUX XapaKTEPUCTUK peK. B mocnenyromemM 3To mo3BOIUIO HAM PEKo-
MEHJI0BaTh JIOMaHbIe B IIJIaHE MOPOTHU JJIsi OCYIIECTBIEHHUSI BOJ03a00pa HA y4acTKaX BOJOTOKOB
C YKJIOHaMH JIHa ip ot 0,007 mo 0,038.

B xoze sxcriepMeHTOB ObLTO UCCIIEIOBAHO BIMSHUE IJIAHOBBIX U BBICOTHBIX ITaPAMETPOB Ha-
HOCO3AIIUTHBIX MOPOTOB HAa XapaKTEPUCTUKHU MPOAOIBHOTO THAPABINYECKOTO Baslblia, 00ecreunBa-
IOLIETO MPOBe/IeHNE aKTUBHOW HAHOCO3AIUTHL. DTH UCCIIEIOBAaHHS IPOBOAMIUCH B YETHIPE 3Tama:
» Ha IIepBOM dTare ObUIM ONpPECICHBI PAllMOHAIBHBIC BETMUMNHBI YIJIa pa3MEIIeHUs] HaualbHOM

CEKIIMU Mopora o OTHOCUTEIBHO JUHAMHUYECKOM O0CH MOTOKA B MOABO/SILEM PYCIIE;

» BTOpOW 9STam ObUI CBS3aH C ONPENEICHUEM PAlMOHAIBHOTO OTHOMICHHUS JUIMHBI HAuaIbHOM
0 ¥ CpeAHEN CEeKIIUU Mopora B;

» Ha TPETheM dTarle UCCIIEeIOBAJICS BOIPOC HEOOXOIUMOCTH YCTPOUCTBA KOHIIEBOTO YYacTKa JI0-
MaHOTO B IJIJaHE HAHOCO3AIIUTHOTO MOPOra ¢ MPOTUBOMOIOKHON HAPABICHHOCTHIO OTHOCH-
TEJIbHO HaNpaBiIeHHsI HAYaJILHOTO U CPEIHEro ydyacTKa opora;

» 4eTBEPTHIH dTall UCCIICAOBAaHHU OBUT TIOCBSIICH ONMPEICICHUIO PAIMOHAIBHON BBICOTHI CEK-
LUH YEeThIPEXCEKIIMOHHOTO HAHOCO3AIIUTHOTO MOPOTa.

4.1.1. UcciienoBaHus XapaKTePUCTHKH TPEXCEKIMOHHBIX JIOMAHBIX
B ILJIaHE NTOPOT0B

B xone uccienoBaHMii BEICOTHBIE MApaMETPhl HAYAJbHOW CEKLIHUH MOpOTra ONPEesInuch
¢ yuetoMm n3BecTHBIX pekomenaanuii b.1. Menpaukosa [120] u M.K. Pynakosa [151], cnenanHbIx
JUISL BBITTYKJIBIX B TUIAHE KPUBOJMHEWHBIX HAHOCO3AIIUTHBIX MOPOroB. [Ipu 3ToM BbICOTa HaYaIb-
HOM CEKLIMH HAHOCO3AIUTHOTO nopora B koHue (P,) onpenensnacek no gopmyse [150]:

P, =(05+0,6)H,, (4.1)

BBICOTA CEKIUHM Topora B Havase (P):
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B=P+ia, 4.2)
rae Hp— pacueTHas ryOuHa B BepXHeM Obede mopora; i, — YKIOH IpeOHs CEKIMKM NPUHUMATICS
contacHo pexkomenaauusMm [ 120, 151], paBubiv Ha moaenu 0,07; a — [iuHa CEKLMU 1OPOora.

JlnvHa HayajJbHOM CEKUUU TPEXCEKLIHMOHHOTO MOpOra a ONpeAeislach MO 3aBUCHUMOCTH
(2.52), pacueTHbIii HaIOp Hp B BepxHeM Obede cexIuu nopora mpUHUMAJICS PaBHBIM BBICOTE Ha-
yasa cexiuu ropora P, [97].

KauecTBO HaHOCO3aIMTHI HAYAJIBHOM CEKIIMHU JIOMAHOTO B IIJIaHE HAHOCO3AIMTHOIO TOPOTa
OLICHMBAJIOCh OTHOILIEHHEM BECa HAHOCOB, MOMNABIIKX B OTBOJASIINN KaHAJl K BECY HAHOCOB, 110/1a-
BAEMbIX B IOBOAALIMH JTOTOK G/ Gp, BBIP2KEHHBIM B MIPOLIEHTAX, B 3aBUCUMOCTH OT YIJIa 0 IPH
PA3IUIHBIX YKIOHAX JIHA JIOTKA i .

MogenbHble UCCIeI0BaHUs TPOBOAMINCH IIPU Pacxoax B MOJABOJSAIIEM JIOTKE, COOTBETCT-
BYIOIIUX MPOMYCKHON CIIOCOOHOCTH CEKIIMH HAHOCO3ALIUTHOTO MOpOora MpU PacyeTHOM HAIope
B BEpXHEM Obede H. Koappunment Bogozabopa n3mensics B npeaenax 0,89+0,91.

Pe3ynbprarsl KCIIEPUMEHTOB CBHJIETEIBCTBYIOT, UTO pallMOHANIbHBIC 3HAUEHUS yIiia 0, Xa-
pakrepusyemble OTHOWEeHUAMU G/ Gp, HAXOJSATCS B MPSMOM 3aBUCUMOCTH OT YKJIOHA JHA MOJI-
BOJISIILIETO PYCIIa i, ¥ MOTYT OBITh PACCUMTAHBI IO 3aBUCUMOCTH:

o =-4529,3i; +612,74i, +18,363 , (4.3)

@DyHKIMS allIPOKCUMUPOBAaHA METOAOM HAMMEHBIIMX KBaJApaTroB B BUIE MOJIMHOMA IIPHU
TtecHoTe cBsizu 7 = 0,9953 u MokeT OBITh MCTOIB30BaHA B pacueTax MpH YKJIOHAX JHA MOABOJS-
KX pycent i oT 0,007 mo 0,038.

Ha ocHoBaHMM aHanu3a paHee BBIIOJIHEHHBIX UCCIIEJOBAHUN CPEICTB HAHOCO3AIIMTHI HU3-
KOHATIOPHBIX BO/103a00pHBIX coopyxkeHui [119] u B Xo7ie BHIIOTHEHHUS MOMCKOBBIX SKCIIEPUMEH-
ToB [92, 100], 610 YCTAaHOBJIEHO, YTO KOHIIEBOM YYaCTOK MOPOra, KOHTAKTUPYIOLIHHA ¢ IPOMBIB-
HBIM TPaKTOM, HEOOXOIMMO pacriojiaraTb napaielibHO HAIIPABJICHUIO OCHOBHOTO MOTOKA B MOJ-
BOJSILIIEM pyciie (pUCYHOK 4.1).

Takoe pazMmerieHue crnocoOCTBYET CO3AaHUIO MOHMKEHHOTO J1aBJICHUS B MPUIOHHON o0a-
CTH II0TOKA B 30HE OTBEPCTHUS IPOMBIBHOI'O TPAKTa C LEJIbIO PUBJICYEHHS] HAHOCOB.

B uccnenyemoii KOMIIOHOBKE BO103a00PHOTO COOPY>KEHHS KOHIIEBAsl CEKILIUS JIOMAHOTO B IJIaHE
HAHOCO3AIUTHOTO OPOra ¢ MOHMKEHHBIM MIPOMEKYTOYHBIM YCTOEM 00pa3yeT MPOMBIBHOM TpaKT,
XapaKTePUCTUKH KOTOPOTrO 00ECTICUUBAIOT OCYIIECTBICHUE YPPEKTUBHOM HAHOCO3ALIUTHI [72].

Panee nogoOHbIN NPUHIMIT KOHIIEHTPALUU TOHMKEHHOTO JABJICHUS B IPOMBIBHOM TPAaKTe
Obu1 ucnionb3oBad b.M. MebHUKOBBIM Ha BO103a00PHBIX COOPYKEHUSIX, 000PYJOBaHHBIX KPHUBO-
JMHEWHBIMU HAaHOCO3AIIUTHBIMU IOPOT'aMH € BBITYKIIOCTBIO B CTOPOHY BepxHero Obeda [27]. [Tpu
3TOM KPHBOJIMHEHHBIN MOPOT U pa3AeauTeIbHas CTEHKA KaK AJIEMEHTHI, 00pa3yroline MpOMbIBHOM
TPAKT, BBIIOJIHSJIMCH U30THYTBIMHU B IUIAHE C BBIIYKJIOCTBIO B CTOPOHY IOJABOISLIETO pycia. ITO
rapaHTHPOBAJIO OPraHU3ALNI0 HEOOXOJMMON HAHOCO3AIIUTHI MPU BBHICOKUX KO3 (dUIIMEHTax BO-
no3abopa. Ho kpuBU3HA KOHCTPYKIUI MTPH MPOXOKICHUM MAaBOAKOBBIX PACXOJOB Yepe3 pPeuHOM
IPOJIET COOPY>KEHHS BBI3bIBACT 00pa30BaHNE BEPTUKAIbHBIX 3aBUXPEHHI TOTOKA, KOTOPHIE 3aBJIe-
KalOT HAaHOCBHI B BOJIOIIPUEMHYIO KaMepy.

Pa3melienne KOHILIEBOM CEKIIMU IOPOra ¥ IIPOMEXKYTOYHOIO YCTOSI COOPYKEHUSI C IOBEPXHO-
CTSIMM, NapaJlJIEIbHBIMU JUHAMUYECKOW OCU IIOTOKA, II03BOJIMIIO IPEAOTBPAaTUTh BOZHUKHOBEHUE
BEPTUKAJIBHO HAlpPAaBICHHBIX BUXPEBBIX CTPYH BOJbI, MOJAHUMAIOLIMX BJIEKOMBIE HAHOCHI BBIIIE
rpeOHsl HAHOCO3AIUTHOTO MTOpOra.

Ha y4acTke mpOMBIBHOIO TpakTa MJIMHY Pa3[eIMTEIIHON CTEHKU Lp'c PEKOMEH10BAJIOCh
onpenensaTh no 3aBucumoctu [ 120, 119]:

L, =0,0+1,2)H,, (4.4)

rie H, — pacuerHas [TyOMHa BOJBI B BEpXHEM Obehe CoopyKeHusl.
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Pucynox 4.1 — Cxema mogenut BCII': 1 — Bepxuuii 6ped; 2 — HAHOCO3AMUTHBII MOPOT; 3 — BOIOTIPHEM-
HUK; 3a — pEryasTop pacxojia OTBOSIIETO KaHama; 4 — BoIonprueMHas kamepa; 5, 12 — aBTOBOJIOCIINB;
6 — cOpocHOE OTBepCTHE; 7 — CABOCHHEBIN 3aTBOP MPOMBIBHHKA; 8§ — 3aTBOP PEYHOTO IpoJieTa; 9 — pas-
JenuTenbHas cteHka; 10 — 3aTBop 3uMHero Bomo3abopa; 11 — mpoMbIBHOM TpakT; 13 — ObIkH; 14 — BO-
J00OMHBIN Koozell; 15 — monyp; 16 —3y0 ¢uroroera; 17 — oTBOAAIICE PYCIIO
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C y4yeToMm CKa3aHHOTIOBBIILIE, JUIMHA KOHIIEBOW CEKLMU ¢ JIOMAHOTO B IJIAHE HAHOCO3AIUT-
HOTO 1opora Obula HaMU IpUHATa paBHO# [97]:

c=1,0xH, (4.5)

OrpaHuydeHus B BBICOTE MIOPOra Ha Ha4aJbHOM U KOHIIEBOM y4aCTKE OTHOCUTEJIBHO pacueT-
HOU ITyOMHBI B BepXHeM Obe(e COOpyKEeHHs YMEHBIIAIOT MPOITYCKHYIO CIIOCOOHOCTH IIPU COCTAB-
JICHUU KOHCTPYKLUH U3 IBYX CEKIUH a 1 c. DTO onpenenseT HeoOX0AUMOCTh BBOAA B KOMIIOHOBKY
IIPOMEKYTOYHON CEKLIUU B, KOTOpas MoKa3aHa Ha pucyHke 4.1 [92, 97].

Jns manmpHEMIIEro MpOBENECHUS HCCIIEIOBAHUMN IO ONPEAECICHUIO PALMOHAIBHOW JJIMHBI
CPEHEH CEKIMM MOpOra MPEeIBapUTENBHO 3a/Ia]IUCh YCIIOBUEM PABEHCTBA YINIOB TymNbIX B = B
MEXIy CeKIUsAMHU (CM. pUCYHOK 4.1) [97].

BBuay cloXXHOCTH ABMKEHUS U B3aUMOJEHCTBHS JBYX(ha3HOTO OTOKA C BHEITHEW TOBEPX-
HOCTBIO JIOMAHBIX B IJIAHE HAHOCO3AIUTHBIX MOPOTOB, MOIYYUTh TEOPETHUECKH ONTUMAIbHOE
COOTHOILICHNE [UIMH CEKLHUH ITOpora BECbMa 3aTpyAHUTENBHO. 1103TOMY mapaMeTpsl ceKuui mo-
pora M UX ONTHMAJIbHBIE COOTHOIIEHHS OINPENESUINCH 3KCIIEPUMEHTAIBHO ITyTEM IPOBEACHUS
MOJIENTBHBIX HccinenoBanui. [Ipu 3ToM 001mas ATMHa TOMaHOTO B IJIaHE TPEXCEKIIMOHHOTO HaHO-
CO3ALIMTHOTO ITOPOTa ONpeeNsIach Mo (hopMyie HEMOATOIICHHOTO BOAOCIMBA C TOHKOM CTEHKOM
[97, 120, 153, 190]:

L QSAK

H,1:—%=a+6+c, (4.6)
m,\2gH;;
rae O — pacxoj, MOCTYNAOIIKK B BOXOIIPUEMHYIO KaMepy (IPU MOIEIUPOBAHMH COCTaBIIS TIPH-
MepHO 90% 0T pacxozia, oaBaEMOro Ha MOJIEIb MOABOALIETO pycia); m — Kod(hGUIMEHT pacxoaa
JIOMaHOT0 B TIAHE HAHOCO3aIMTHOTO opora [97]; H  — Harnop Bojbl Haji cpeiHEN YaCThIO MOpora.
KauecTBO paboOTHI IOMaHOTO B IUTAHE HAHOCO3AIIMUTHOTO TIOPOTa OLEHUBAIOCH COOTHOIIIE-
HUEM Beca HaHOCOB, TIOMABIINX B OTBOSIINI KaHaJ MOJIEIH, K BECy HAHOCOB, OCTYNHBIINX IO
noasozsmemy pycny G/ Gp.
B xone ompenenenus paliMoOHaIbHOTO OTHOIIEHUS JIJTMHBI CPEIHENH CEKIUU (B) JIOMAHOTO
B IUIaHE HAHOCO3AIIUTHOT'O [TOPOTa K IJIMHE HauaJbHOW CEKIUU (a) B 3aBUCUMOCTH OT YKJIOHA JIHA
MOABOJIAIIETO pyciia ObITO yCTaHOBIIEHO:
» TIpW YKIIOHE JTHA TOJBOJISIIETO pyciia i,= 0,007, parmoHaJIbHOE OTHOIIIEHWE B/a HaXOAUTCS
B nipeaenax ot 0,5 o 1,0;
» TIpH YKIJIOHE JIHA TIO/IBOJISIIIETO pycia, m3MeHsrommxcs B npeaenax ot 0,012 xo 0,024, panno-
HaJbHOE OTHOIIICHHE B/a HaxonuTcs B mpenenax ot 1,0 mo 1,5;
» TIpH YKIIOHE JIHA TIO/IBOJISIIIIETO pycia, m3MeHsromuxcs B npeaenax ot 0,028 mo 0,038, pauwno-
HaJbHOE OTHOIICHHUE B/a paBHO 1,0;
» MakCHMaJbHast MyTHOCTh BOJTHOTO TIOTOKA B OTBOSIIEM KaHajle HAOII0qaIach B ONBITAX MPH
OTCYTCTBUH CpPETHEH CEKIIMHU JIOMAHOTO B IUIAHE MOpOra.

4.1.2. BoronpomyckHasi CIOCOOHOCTb JIOMAHBIX
B IUIaHE TPEXCEeKIMOHHBIX HAHOCO3AIMTHBIX MOPOT0B

ITockoabKy HAaHOCO3ALUTHBIE TIOPOT'H HA HU3KOHAIIOPHBIX BOJ03a00PHBIX COOPYKEHUSX SIB-
JISIOTCSL BOAOIPUEMHBIMU 3JIEMEHTAMU TIEPBOT0 MOPSAKA, UX MPOIYCKHAsl CHOCOOHOCTb, HAPSTY
C TabapUTHBIMH pa3MepaMu, ONpPEAEIsSeT pacueTHYIO ITyOuHy BOAbI B BepxHeM Obede. [TorTomy
IIOCJIE ONPEIEIICHNS PALIMOHAIBHBIX [IaPAMETPOB TPEXCEKIIMOHHBIX JIOMAHBIX B INIAHE HAHOCO3a-
IIUTHBIX [TOPOTOB ObUIN IIPOBEJEHBI UCCIIEOBAHNS UX THAPABINUECKUX XapaKTEPUCTHUK.

[Tpu skcmyaranuu BO03a00PHBIX COOPYKEHHM, COCTOSAIINX M3 MHOXKECTBAa BOIOCOpOC-
HBIX U BOJOIIPHUEMHBIX IEMEHTOB, BOSHUKAET CJIOKHOCTh B TOYHOM OIPEIEICHUN IIPOITYCKHOU
CIIOCOOHOCTH OT/AEIBHBIX YCTPONCTB M0 MPUYUHE B3aUMOBIHUSAHUS THIPABINYECKUX MTPOLIECCOB,

129



NPOMCXOIAIINX B BepxHeM Obede. TeopeTndecku perieHre 3Toro Borpoca MpeACTaBiIsIeTcs J10-
CTaTOYHO CIOKHBIM. [103TOMY IpOMyCKHasi CIOCOOHOCTH OTAEIBHBIX AJIEMEHTOB BOZ03a00PHBIX
COOpYKEHHMH U3 TOPHBIX PEeK OIpeesisach SKCIePUMEHTAIBHO MIPU BBECHUN B pabOTy OTAEIb-
HBIX 3BE€HbEB. TO €CTh MpPHU OMNpENETIeHNU MPOIMYCKHOW CIIOCOOHOCTH JIOMAHOTO B IJIaHE HAHO-
CO3AILUTHOIO NOpOra BIMSHUE HAa UCTEUEHHE Yepe3 MOPOr UCTEUYEHNUS U3-TI0A IUIOCKOrO 3aTBOpa
IPOMBIBHHUKA U U3-TI0J] IPUCIIOHHOT'O 3aTBOPa-aBTOMAaTa ypOBHs BepXHero Obe(a yuuThIBaJIOCh HA
MPOCTPAHCTBEHHON MOJIENI BOJI03a00PHOTO COOpPYKEHUs (CM. pUCYHOK 4.1).

AHanu3 CyIecTBYIOIINX 3aBUCUMOCTEHN, UCIIOIBb3YEMBIX Ul pacdyeTa MpOoIyCKHON cr1oco0-
HOCTH TIoporoB [163, 181], cBUAETENBCTBYET, YTO OCHOBHBIMH (PAKTOpaMU, ONPEACISAIOIINME Be-
JUMYUHY KO3 PHUIMEHTOB PAcXo/ia BOJbI HEMOATOIJICHHBIX BOAOCIUBOB, SBISIOTCS:

» Harop Haj rpeOHem nopora H;

» TOIepeyHbIC TEOMETPUUECKUE TTapaMEeTPhI (Il BEPTUKAIBHBIX BOJOCIUBOB MPSIMOYTOJIBHOTO
ouepraHus mupuHa rpedHs Bogocuusa C);

»  BBICOTA IIOPOTa CO CTOPOHKI BEPXHETO Obeda P ;

» CKOPOCTHO# Harmop B BepxHeM Obede avy, 12g

» Yroll pa3MelIeHUs JTOHHBIX IMOPOrOB OTHOCHUTENIFHO IWHAMUYECKOH OCH IOTOKA B TTOIBOMS-
LIEM pPYCIIE Q.

IIpoBenst psia MOMCKOBBIX UCCIIEIOBAHUN TUIIOB UCTEYEHUH Yepe3 TPEXCEKIIMOHHBIN JIOMa-
HBII B TJIaHE HAHOCO3ALUTHBIIN OPOT, ObUIO YCTAHOBJIEHO, YTO MIPHU HAJUUNUU YKJIOHHOTO IpeOHs,
cXeMa MCTEYEeHHUs MTOTOKA BOABI 110 JITTMHE U3MEHSETCS OT BOJOCIIMBA C IIMPOKUM IIOPOTOM B Ha4a-
Jie 10 BOJIOCJIMBA C TOHKOM CTEHKOM B KOHIIE [75]. DTO yCiI0BHE MO3BOJISIET B KAUECTBE OIPEIEsi-
IoLIero (akropa MpH UCCIEIOBAHUN XapaKTepa 3aBUCUMOCTH KO3 HUIMEHTa pacxo/ia JOMaHbIX
B IIJJaHE MOPOTOB CUUTATh OTHOILIEHHE Haropa Haja rpeOHeM K IIMpUHE MONEPEYHOro CEYeHHUs
(tommune) nopora m,, = f(H, , /C,) [75]. Caegyer OTMETUTb, YTO OTHOCUTEJIbHAS BEIUYUHA
H,,/C, 06bIYHO MCTIONB3YETCS B KAYECTBE OCHOBHOMN XapaKTEPUCTUKK MPH KJIACCU(PUKALIMHT BO-
JTOCJIMBOB.

BeicoTa HaHOCO3aIUTHOTO [TOPOra O CTOPOHBI BEPXHET0 Obe(ha, CKOPOCTHON HAIop B MOJ-
BOJISIILIEM pyCJI€ U YToJl Pa3MELIeHUsl CEKLUH JJOMaHOro B IUIaHE HAHOCO3ALIUTHOTO Mopora M3-
MEHSUINCh B XOZI€ MCCIIEN0BAaHUI B 3aBUCMMOCTH OT CO34AaBAEMOI0 I'MIPOJIOTHYECKOIO PEKUMa
Ha mozenu. ITpu 3ToM Ha ucciegyeMble rUAPaBIMUYECKUE MPOLECCH BIMIA U BBHICOTA MIPU3MBI
HAHOCOB, (hopMUpyeMast IyTeM MoJa4H Ha MOJIENb CHITyYnX (HPaKITHid.

PacueTHblIil Harmop HaJl HAKJIIOHHBIM I'PeOHEM JIOMAHOT'O B IIJIJaHE HAHOCO3ALIUTHOIO IIOpora
OIpeAeIIsiICs C yUeTOM paHee 000CHOBaAaHHOW MeToAMKH 1o ¢opmyie [35, 97, 172]:

Ht-m = Hp.i - [Zp ) (47)
e Pcp— BBICOTA TIOPOTA B CPEIAHEH €r0 4acTH, KOTOpas ONpeesieTcs Mo popmyiie:
B +P
= (4.8)

H  —u3mensemas BenudiHA ITyOMHBI BObI B BEPXHEM Obehe MOEH BOI03a00PHOIO COO-
py>keHus 0e3 yueTa BHICOTBI IPU3Mbl HAHOCOB.

[Tpu npoekTupoBaHUM BOI03a00PHBIX COOPYKEHHI YCOBEPIIEHCTBOBAHHOTO TSHBIIAHCKO-
IO THUIA, OCHOBHBIMHU MapaMeTPaMHM, ONPEAEIAIOUMMI BEPTUKATIbHbIE Ta0apUTHBIE pa3Mepbl UX
9IIEMEHTOB, ABMIAIOTCS pacueTHas Liyonna H i makcumanbHas pacuerHas ryouna H - BepxHe-
ro oeeda [172].

Benuuuna pacueTHoro Hariopa H onpenensercs ycloBUAMI KOMaH/I0BAHHs HAJl OTBOSIIIM
KaHaJIOM M BEPTUKAJIBbHBIMHU pa3MepaMy HaHOCO3aIUTHOro rmopora. OcHOBHOI (opmyroii s on-
peneneHus pacueTHON MTyOMHBI B BepxHEeM Obede B0I03a00pPHOrO COOpYKEHUs Mepes] HAaHOCO3-
AIIUTHBIM [IOPOTOM C YYETOM PACUETHOM CXEMBI (CM. pUCYHOK 4.1) siBisieTcs 3aBUCUMOCTD [35]:

H,=P,+H,, (4.9)
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e P, — BbICOTa HAHOCO3ALIMTHOIO OPOra B CPEAHEH YaCTH ero JIMHbIL, OIIPEACIACTCA C yUeTOM
sapucumocrteit (4.1), (4.2) u (4,8); H  — Hamop HaJ CPeTHUM CEYEHMEM JIOMAHOTO B IJIAHE HAHO-
CO3aILUTHOIO [OPOTa.

B xone uccnenoBanuii MUHIMAabHOE 3HAYCHHUE HATIOpa HaJl rpeOHEM TPEXCEKIIMOHHOTO JI0-
MaHoro B miane nopora H_onpeznensnocs no Gpopmyse:

2
— Q75%m1n (4. 10)

HH.V! 3 5 2 2 9

rne Q. . — MUHAMAJIbHAs BEIMYMHA PACXOJa PACYETHON 75 % 00ECTEUEHHOCTH, XapaKTepHast
I penpe3eHTaTuBHbIX pek Kbipreiscrana. Onpenensnack 1o Tadmuue 3.3; m — Kodpduuuent
pacxojia JOMaHOTO B IJIaHE MOPOra MPEIBAPUTEIHHO OMPEACIISIICS 10 peKoMeHaanusMm [22], cie-
JIAaHHBIM OTHOCHTEJIBHO IMOJINTOHAIBHBIX BOJOCIMBOB B 3aBUCUMOCTU OT BEJIMYUHBI OTHOILEHUS
mMpuHbI TpebHs nopora C k Hanopy Hax rpebnem nopora H ;6 — nmonpasodnblid ko3dduiy-
€HT Ha KOCO€ pa3MeIIeHHe BOJOCIMBa onpenersuics no pekomenaanusm B.C. Mctomunoit [22]
B 3aBUCHMOCTH OT yTJIa Pa3MEILEHUs] CEKIIMH TOpOra OTHOCUTENBHO AMHAMUYECKOW OCU IIPOTOKA
B MO/IBOSIIEM pyciie 6.

MogenupoBaHue NMPOBOAWIOCH MPHU CIAEAYIOUIMX COOTHOLIEHUSX OCHOBHBIX I€OMETpHYe-
CKHX pa3MepoB JIOMaHbIX B IUIaHe Oporos [97]:

H2 — LH.n Xln

T 5
rae H, — Harop BOAHOIO MOTOKA B KOHIIE TI0POra ¢ yKIOHHBIM IpeOHEM; L — JUIMHa HaHOCO3a-
IIMTHOTO TI0POra; i — YKIOH IPpebHs mopora.

OGocHOBaHKE 3HAYEHHS MAKCUMAJILHON [ITyOMHBI B BEpXHEM Obede coopyxkenus H, , co-
IJIACHO U3BECTHBIM PEKOMEHAAIMSIM 0 MPOSKTUPOBAHUIO BO103a00PHBIX COOPYKEHUI Ha TOPHBIX
peKax, 3aBUCHT OT PacXoJ0B MUHMMAJIbHOW pacueTHON obecnieueHnoctu O, [162, 172] u, kak
CJIEZICTBHE, OT rabapuTOB BOJOCOPOCHBIX YCTPOMCTB.

Pesynprarel aHanmm3a BAMSHHS CKOPOCTEH BOJbI HA BOJOCOPOCHBIX M BOAOMPHUEMHBIX 3Jie-
MEHTaX Ha HAaIPaBJIICHHOCTh JOHHBIX W MOBEPXHOCTHBIX CTPYH BOJHOTO TOTOKA MPH OOKOBOM
BOJIOOTOOpE M3 peyHoro pycina [43], MO3BOJIMIN CAENaTh BBIBOJ, YTO BEJIMYMHA PACXOA0B BOJBI,
MPOXOSIINX YEPE3 PEUHOM NPOJIET U MPOMBIBHOM TPAKT COOPYKEHUS, TOJKHA npeBbiarh 50 %
OT BEJIMYMHBI MMABOJIKOBBIX PACXOI0B. DTO 3aBEIOMO 00ECIIEUUT, MPU MPOXOKACHUN MTaBOAKOBBIX
pacxoioB, TPAHCIOPT BIEKOMBIX HAHOCOB M3 BEpXHEro Obeda B HUKHHM, Yepe3 AIeMEHTHI MO-
MIOPHOTO CTBOPA.

MaxkcumanbHOe 3Ha4eHHE ITyOWHA BOJIBI B BepxHeM Obede Moaenu coopyk eHHs ObLIo
OTpezieNieHo Mo nMpeoOpa3zoBaHHON (opMyIe BOIOCIHNBA C IIMPOKUM MOPOTOM:

(4.11)

[ o
I{P.max= m2 SBZ 2gk ] (412)

snem® s pem
rae k — ko3 GUIMEHT, ONPeaesIONUi TOJII0 PacXoJ0B, COPACHIBAEMBIX YEPE3 PEYHOU MPOJIET
Y IIPOMBIBHOM TPAaKT COOPY’KEHUsS OT BEJIMYHMHBI IABOJKOBBIX pacxonos. [Ipu onpenenenun napa-
METPOB MOJIEIHN BOA03a00pHOT0 coopyskeHus KoddduuneHT k npunumascs paBubiM 0,55; € — ko-
s dunrenT 60koBOTO CxKaTUs onpenenseTcs mo ¢popmyne [163]:

gzl—rw, (4.13)
Ba.n.cm + HP.max

(3Hauenue KodpduUIMEeHTa CHKATUs 3aBUCUT OT MCKOMOM Bemm4uHbl H,  ; €ro 3HaueHue npuHuma-

JIOCh PaBHBIM HAMMEHBIIIEMY 3HAYEHUIO TIPU KPUBOJIMHEWHO 3a0CTPEHHBIX Pa3/IeTUTEIbHBIX ObI-

kax € = 0,94); 0, — pycinopopMUpPYIOLINIA pacX0/] BOJHOTO MOTOKA B MOABOALIEM PyCIIe; m_  —

J.IL.CT
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K03((UIMEHT pacxoia MPOMBIBHOTO TpaKTa U PEYHOTo MpoJieTa MPU MOJHOCTHIO MOAHATHIX IMO-
JIOTHUIIAX 3aTBOPOB [60]; B — cymMMapHas mMpPUHA TIPOMBIBHOTO TPAKTa U PEYHOTO MPOJIETa
BOJ103a00PHOT0 COOPY>KEHHUSL.

B xozne uccnenoBaHuii rpeGeHb JIOMAHOTO B IUIAHE MOPOTa BBIIOIHSJICS COIVIACHO PEKO-
menaauui [119, 120], ¢ nuckpeTHsIMU yKIIOHaMM B pekoMeHayeMbIx npenenax ot 0,06...0,08
B CTOPOHY HIKHETO Obeda. BrIcOTHBIE mapaMeTphl JOMAHOTO B IUIAHE HAHOCO3AIIMTHOTO TTOPOra
onpexaensiach mo 3aBucuMoctsaM (4.1) u (4.2) [121]. Ilpu >ToM pacyeTHbIE 3HAUYCHUS TTTyOUHBI
B BepxHeM Obede H_ coopyxenns HasHayaauch B 3aBHCHMOCTH OT BBICOTHI IIOpOra B Havae.
[Tepen HauaaoM KakJ10i cepHM ONBITOB B BEpXHEM Obede popMHUpoBaIach Mpu3Ma HAaHOCOB IS
UCCIIEIOBaHUHN B pexxuMax c(hOPMUPOBAHHOM U HECHOPMUPOBAHHON MPU3MBI.

C y4yeToM 3Hau€HHH ONMBITHBIX KOA(PPHUIIMEHTOB PAcXo/a TPEXCEKIIMOHHBIX JIOMAHBIX B IJ1a-
HE HAHOCO3AIIUTHBIX OPOTroB Oblia onpesesneHa rpaduyieckas 3aBucumocts m,, = f(H,  /C, ),
KOTOpas MpeJicCTaBlIeHa Ha pUCYHKe 4.2.

Ha ocHoBaHum pe3ynabraToB MareMaTu4eckoi 0OpaOOTKM MOIYYEHHBIX OINBITHBIX JaHHBIX
[4] mo MeTony HAaMMEHBUIMX KBaJIpaTOB ONpezeseHa (QyHKIHOHAIbHAs 3aBUCUMOCTb JJIsl Teope-
TUYECKHX pacueToB K03 @HILIMeHTa pacxoa TPEXCEKIIMOHHOTO JIOMAHOTO B IJIaHE HAHOCO3aILUT-
Horo mopora m__ B Buze [97]:

.CT

m, =0,31+0,0601 h—0,867 ) (4.14)
C’l

[TpuBenenHas sSMOupHYecKas 3aBUCHMOCTh MOJKET OBITh PEKOMEH/IOBaHA ISl OTIPEICIICHHS
KO3 PHUIIMEHOB PacXoia TPEXCEKIMOHHBIX JIOMAHbIX B IUIaHE MOPOTOB MPHU 3HAYEHHUAX OTHOIIE-
nusa H,, / C, , Haxogsamuxcs B npenenax ot 0,867 o 3,0.

HccnenoBanus NCTEUEHUS Yepes JIOMaHBIN B IJIaHEe HAHOCO3ALTUTHBIN OPOT TOKA3aJd, 4TO
TOJTy4EHHBIE KOO(QQUIMEHTHI pacxojia B OTJIWYHME OT KOd(POHUIMEHTOB pacxona m  JAPYTUX KOH-
CTPYKIIM HAHOCO3AIUTHBIX TTOPOTOB (KPUBOJIMHEHHBIX, KOCOHANIPABICHHBIX ), IMEIOT HECKOJIBKO
MEHBIIIME 3HAUYEHUS TP pacUeTHHIX Hamopax B BepxHeM Obede (ot 0,31 mo 0,36). 310 00BSICHS-
eTCs pacIOJIOKEHHEM OT/IENIbHBIX CEKIIMI MOpora Mo/l MEHBIINM, 10 CPAaBHEHHIO C PaHaIbHBIM
noporom 1.K.PynakoBa, yriom o K moaxofsimiemMy MOTOKY BOJIbI, YTO BRI3bIBAET HHTEHCUBHOE BHH-
TOBOE JBIKEHHE BOJHOTO IOTOKA CO CTOPOHBI BEpXHETro Obeda. BUHTOBOE NBM)KEHUE BBI3BIBACT
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Pucynok 4.2 — I'paduk 3aBucUMOCTH KOAPPUITUEHTA pacXo/ia TPEXCEKIIMOHHOTO JIOMAHOTO B IIaHE
HaHOCO3alIMTHOTO TOPOra OT OTHONIEHHS Haropa Bobl HaJ rpeObHeM nopora H —k mmpuHe mopora
B nioniepeuroM cedennu C
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MOBBILIECHHBIE [TOTEPh SHEPTUU HA MIPEOAOJIEHUE CONIPOTUBIIEHUI 1 Ha NEPEMEILEHNE YaCTHI] Ha-
HOCOB BJI0JIb BHEIIHEN TOBEPXHOCTH MIOPOTa K IPOMBIBHOMY TPaKTY.

K nonoxuTenbHbIM KauecTBaM JIOMaHOI'O B IIJIaHE TPEXCEKLIMOHHOTO HAHOCO3AIUTHOTO T0-
pora MOXHO OTHECTH IMPOCTOTY €ro (hopMbl M y10OCTBO KOHCTPYKLIMU IS YCTPOMCTBA Ha rpeod-
HE Mopora IaHA0p, yCTAHOBKA KOTOPBIX HE00X0AMMa MpH MEePEeBO/IE€ BO03a00PHBIX COOPYKEHUN
HHEPreTUUYECKOTO Ha3HAYEHMs Ha 3UMHMN PEKUM dKCIuTyaTalui. CTpOUTENBCTBO TAKOTO MOPOTa,
COCTOSIIIETO U3 MPOCTHIX MPSIMOJUHEHHBIX CEKLUH, HE TpeOyeT YCTPOHCTBA CIOXKHON omamyOKu
U HE BBI3BIBACT 3aTPYJHEHUN MPU pa3OMBKE COOPYKEHHUS.

4.1.3. FHI[paBJ'[I/I‘IeCKI/Ie HCCJICeA0BAHUA NMOBbINICHUSA BO}]Ol'[pOl'[yCKHOﬁ CIOCOOHOCTH
TPEXCEKIUOHHOT0 JIOMAHOT0 B IVIaHEC HAHOCO3ALMUTHOI'O IIOpora

ITpu aHanmu3e KOHCTPYKIMH pacCMaTpUBaEMOro JIOMAHOI'O B IUIaHE HAHOCO3AIUTHOTO ITOpora
(prcyHOK 4.3), ObIIH PaCCMOTPEHBI SMIOPHI YAEIBHBIX PACX0J0B BOIHOTO ITOTOKA B BEpXHEM Obede
BOZI03a00PHOI0 r'UAPOY371a, pH KodhduimenTe Bogozabopa o = (,9. D10 ONpenenuIo myTH COBep-
IIEHCTBOBAHUS KOHCTPYKIIMH ITOPOTa C LIENbIO MOBBILIEHHUS €ro MPOIyCKHOM criocoOHocTH [123].

BHauane mapameTpsl IOMaHOTO B IJIaHE TPEXCEKLIMOHHOTO HAHOCO3ALIUTHOTO IOPOTra ObLIH
NPEICTaBJICHbI B BUJIE PACUETHOM CXEMbl, IPUBEIEHHON Ha pUCYHKe 4.4.

Kak mokasplBaeT aHaJnW3 MapaMeTpoOB KPUBOJUMHEMHBIX M M3yYaeMbIX JOMAHbIX B IIaHE
HAHOCO3AIIUTHBIX MMOPOTOB, OJHUM M3 OCHOBHBIX (DakTOpOB, oOecreunBaromuM 3((HEeKTUBHYIO
HAHOCO3AILUTY, SBJISETCS YCIOBUE, IPU KOTOPOM ILIONIA/b BOJOCIMBHOTO ()pOHTA JOJKHA CO-

I II

(|“+I|I|P' I|I|I|I|I_

lIZ|/|||||II Db L

Pucynok 4.3 — Cxema pacripefeneHHs IT0p YASTbHBIX PAaCX0I0B BOJHOTO IIOTOKA B BEpXHEM Obede BO-
J103a00PHOTO COOpYXKEeHHsI TIpu KoddduimenTe Bogo3adopa 0,9: purypa abc — smropa pacnpeesieHus
VACTBHBIX PACXOJIOB B MOABOJSIICM pycie; Gurypa a’ b’ ¢’ — smropa yleabHBIX PAaCXO0B Ha BXOJTHOM
CEUCHUU COOPYIKEHHS

J0HA NOHUHCEHUA 2 A-A
ZpebHa nopoza /
AP . — _ H HH I _—‘?\\
Ly H| TP
L P i '
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Pucynok 4.4 — PacyeTHas cxema JOMAaHOTO B IJIaHE HAHOCO3AIIUTHOTO 1Mopora: | — HAaHOCO3AITUTHBIN
HOPOT; 2 — BOIOCIUBHON (PPOHT IIPH UCTEYSHUH Yepe3 IpeOeHb HaHOCO3AUTHOrO Topora; £, — BbICO-
Ta I10pOra B HAYaJe MI0CIe NOHWKeH s, L, — JUliHa 00IaCTH MOHIDKCHHUS [I0POra
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CTaBJISITH He Oonee 1/4 oT miomaau BHemHeH moBepxHocTr nopora 1 [123]. Beimonnenue 3Toro
YCIIOBHUSI COTMPSDKEHO CO 3HAUYUTETHHBIMU KalTUTATOBIOKECHUSIMH TPU 00€CIIeYeHnH KOMaHI0Ba-
HUSl YPOBHEH BOJIBI B BepXHEM Obee coopyKeHHs HaJl BOAOIIPHUEMHBIM OTOJIOBKOM.

C uenpio yBeTHYEHHUS BEJTMUUH HAlopa ¥ OTHOCUTEIHHOM TUIOIIA I BOJOCIMBHOTO (PpOHTA
HaJ TpeOHEeM opora HaMU PacCMOTPEHA BOZMOKHOCTH MOHIKEHUS TPeOHs Mopora Ha HauaaTbHOM
ydacTke (cM. pucyHok 4.4) [97].

Pe3ynbrarel U3MEpeHUi CKOPOCTEN ABUKEHUS BOJIbI HA YYACTKE BXOJHOTO CEYEHHUsI BOAO3a-
OOPHOTO COOPYKEHHS CBUAETEILCTBYIOT O TOM, YTO NP YBEIWYCHUH 3HAUEHUHN PACcXOI0B BOJBI,
MPOXOASIINX Yepe3 HadyadbHbIM y4acTOK IMOPOTra, U3MEHSIOTCS MIOPBI pacipeiesIeHUs: CKOpOCTen
Bobl a’b’c’(pucyHok 4.4). I1pu 3TOM HEHTp TSHKECTH SMIOPHI CMEIAETCs B CTOPOHY BOIOIPUEM-
HOM kamepbl. Takast TpanchopMalus TUAPABINIECKUX MPOIECCOB CIIOCOOCTBYET YCUICHHUIO TO-
MEePEUHON MUPKYISALIUU U CKOPOCTEN ABUKEHUS BOJIBI BAOIb MEPEIHEN CTEHKH JIOMAHOTO B IJIaHE
HAHOCO3AIUTHOTO TTOPOTa, YTO OJTHOBPEMEHHO C BOJOIPOBOIAIICH CIIOCOOHOCTHIO TIOPOTa YITy4-
[1aeT XapaKTePUCTUKH MX aKTUBHOW HAHOCO3AIIMTHI. DTO MOTPEOOBATIO AKCHEPUMEHTATHLHOTO
MOJITBEPKACHUS.

Taxue ycrnoBust JalOT BO3MOKHOCTh IPUMEHITh KOMIIOHOBOUHYIO CXeMY BO/103a00pHOTO CO-
OpY>KEHUS C TPEXCEKIIMOHHBIMH TOporamMu (CM. pucyHoK 4.1) mpu Bogo3abope u3 pek ¢ OONbIIH-
MU 3HAYE€HUSIMH pacxooB Q. ., 00ECIIEYCHHOCTH.

IIpu onpenenennn JOMyCTUMOrO IOHMKEHHS Havasia ropora P, BeicoTa B KOHIIE Topora P,
BO BCEIl CepuU OIBITOB, ObLTA MPUHSITA MMOCTOSHHON BETMYMHON U PaBHSIACH P2=0, 6Hp. Mogaenb-
HbI€ UCCJIeI0BaHUS MPOBOAMINCH B TpH ATana. KaxxqoMmy sTamy cOOTBETCTBOBAIM MCCIIEIOBAHUS
KOHCTPYKIIMI TIOpora ¢ TOCTOSTHHBIM YKJIOHOM TPeOHsI, KOTOPBI 3a/1aBajiil B COOTBETCTBUU C CY-
HIECTBYIOUMMU pekomeHaanusamu [97, 120, 151], pasasimu 0,06, 0,07 1 0,08. B xone npoBeneHust
OMBITOB UCCIIEA0BAIOCH BIMSHUE BEJIMUMHBI TOHMKEHUSI HAYaJIbHOTO YYacTKa JJOMAHOIO B IJIaHE
1opora Ha ero HAaHOCO3aIlUTHBIE CBOMCTBA.

AHanu3 pe3ysbTaToB UCCIEI0BaHUN O3BOJIMI YCTAHOBUTD JOIYCTUMBIE BEJIMUMHBI TIOHU-
JKEHUI Ha4aJIbHOTO y4acTKa TPEXCEKIIMOHHOIO JIOMAHOIO B IUIAHE MOPOra, KOTOPhIE MpeACTaBe-
HBI B BUJIE TpadUueCcKoi 3aBUCUMOCTH i; li,=f (L/n /L, ) , IPUBEJAECHHON Ha pUCYHKeE 4.5.

JlommycTuMble mapaMeTphbl BETMYMHBI MOHWKEHUSI HAaYaJIbHOTO y4acTKa MOpora HaXOAsTCs
B 30HAX BBIIIE TPAHUYHBIX JIMHUI Ha pUCyHKe 4.5. [IpenenbHo A0MyCTUMBIE 3HAYEHUS BETUYHHBI
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Pucynok 4.5 — I'paHuIBl JOMYCTHUMBIX MTapaMETPOB MOHIKCHNUS HAYaJIbHOTO yYacTKa TPEXCEKIIMOHHO-
T JIOMAaHOTO B IUIaHE HAHOCO3AIIUTHOTO MOPOTa B 3aBUCUMOCTH OT,0THOCHTEIBHOTO YKJIOHA IPeOHs
i /i B 30HE MOHHMKCHHS M OTHOCHTEIBHOMN JUIMHBI 3T0r0 ydactka L /L : 1 — rpaHuia 1omycTHMBIX
MapaMeTPOB 30HBI MOHIDKEHHS JJIS TIOPOTOB C MEPBOHAYAIBHBIM YKIOHOM rpebus 0,06; 2 — rpanuma
JIOITYCTHMBIX IapaMEeTPOB JUIS TOPOTOB € TIEPBOHAYAIBLHBIM YKIOHOM rpedHs 0,07; 3 — rpaHuna mapa-
METPOB JUIs HOPOTOB C MEPBOHAYAIBHBIM YKIOHOM IpebHst 0,08
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MOHMKEHUS BHICOTHI B Ha4aJie JIOMAHOTO B IUIAHE HAHOCO3aIUTHOTO opora AP (cM. pucyHok 4.4)

MOTYT OBITh OTpesieNieHbl o ¢opmyie [123]:

AP=iL,~i,L,. (4.15)
Ha ocHoBe aHanu3a pe3ynbTaToB MPOBEACHHBIX MCCIEI0BAaHUI ObUIN ClIEIaHbl CIeIyOIe

BBIBOJIBI:

» TIOHIKCHHUE BBICOTHI JIOMAHOTO B TUIAHE ITOPOTa C HENbI0 YBEINYEHHsI BOJOIPOITYCKHOI CITo-
cobOHOocTH 0e3 HapylIeHHs] HAHOCO3AIIMTHBIX XapaKTEPUCTHK BO3MOXKHO B 00JIACTH MOTyYeH-
HBIX TPAaHUYHBIX MPE/IETIOB;

» TP NOHIKEHUH BBICOTHI TOPOT'a MAKCHMAJIbHOE YBEJTMUEHHE BOJONIPOITYCKHOM CIIOCOOHOCTH
TPEXCEKLIMOHHOI'0 JIOMAHOTO B IJIAHE HAHOCO3AIUTHOIO IIOPOra IPOUCXOANUT HA BEJIMUUHY OT
20 110 27,7 % B 3aBUCUMOCTH OT [I€PBOHAYAJILHOTO YKJIOHA TPEOHS;

» ylydllleHHe HAaHOCO3aIIMTHBIX XapaKTEepPUCTHK He Oonee yeM Ha 10 % Habmrogaercs B o0actu

OTHOILIEHHUH:
» Ui TIOpPOTrOB C IEepBOHAYalbHBIM ykiIoHOM rpebus 0,06 u 0,07 mpu i, /i, = 05 u
L. /L =025

» Ul IOPOTOB C EPBOHAYAIBHBIM yKJIOHOM rpebns 0,08 npu i, /i,  =05u L, /L,  =0,5.

3.NOH 3.NOH H.n

4.1.4. UcciienoBanue KOHCTPYKIMHU NPOMBIBHOIO TPAKTA
BO/103200PHBIX COOpY:KeHMil 1J1s1 fepuBauMoHHbIX [IC

Jlomanble B MiaHe MOPOTH KakK CPe/ICTBA, HA3HAYCHHE KOTOPBIX COCTOUT B CO3JJaHUM aKTHB-
HOM HAaHOCO3AIIUTHI BOJOIIPHUEMHBIX OTOJIOBKOB BOJI03a00PHBIX COOPYKEHUI, HE MOTYT OBITh HC-
CJIeZIOBaHbl aBTOHOMHO 0€3 yudeTa MapamMeTpoB M XapaKTEPUCTHUK COCEJCTBYIOLIUX MPOMBIBHBIX
TpakToB. [I[pOMBIBHBIE TPAKTHI, MPETHA3HAUYCHHBIE /ISl cOpoca B HIKHUI Obe(d BO/103a00pHOTO CO-
OpY>KeHHsI IByX(pa3HOTO MOTOKA KUIKOCTHU C OOJBIINM COJIEP’KaHUEM BIIEKOMBIX HAHOCOB, Y4acT-
BYIOT TAKX€ B CO3/IaHUM [IUPKYJSIMOHHOTO BaJibIla MIEpPE] BHEIIHEW MOBEPXHOCTHIO mopora [97].

Pa3paboTka ycoBepIieHCTBOBaHHON KOHCTPYKIIMH MPOMBIBHOTO TpaKkTa BOJ03a00PHOr0 CO-
opyxenus 1151 fepuBaiiioHHBIX ['OC (cM. pucyHok 4.1) nmpoBoauiack mapajieIbHO C UCCIIEI0-
BaHUSIMU BAPUAHTOB KOHCTPYKIIMU TPEXCEKIIMOHHBIX JIOMaHBbIX B IJJaHE MOPOTOB U HAHOCHOTO
pexuMa IIpH Boj03adope.

JlmiHa npomeKyTouHOro OblvKa L . TIpU IPOBEIEHUH MCCIIEI0BAHUI OTIPEIENsIach Corac-
HO pexomeHaanusm [120]:

Lnﬁ = (0’ 2 - O’ 25)Lun H (4 16)

rae L, — JUIMHa HAaHOCO3AIUTHOTO MOPOra.

O heKTUBHOCTH BAUSHUSA 3arTyOICHHS BepXxa IPOMEKYTOYHOTO ObIYKa Ha Ka4eCTBO pado-
ThI TPEXCEKIIHOHHOT'O JIOMAHOTO B IJIAaHE HAHOCO3AILUTHOTO IOPOTa OLEHUBAIACh COOTHOIIEHUEM
BECa HaHOCOB, MOMABIIKX B OTBOJSIIMIA KaHaJl, K BECY HAHOCOB, IOCTYNHUBIIMUX IO MOJABOSIIEMY
PYCILy MOJEIH.

Kak cBUieTEnbCTBYIOT ONBITHBIE JaHHBIE MPOBEACHHBIX MCCIIEI0BAaHU, OHUKEHUE MTPO-
MEXYTOYHOTO OBbIUKa, (HOPMHUPYIOIIETO TPOMBIBHOM TPAKT BOJ03a00PHOTO COOPYKEHHS, HA OTHO-
CUTEIIbHYIO BEJIMYUHY hnﬁ/Hp=0,743+0,946 BbI3BIBAET YMEHBILICHHE 3aXBaTa BJICKOMBIX HAHOCOB
B BOJIONIPUEMHYIO Kamepy.

B xoze uccrieqoBanuii MECTONONI0KEHHUE 3aTBOPA IPOMBIBHOTO TPAKTa OTHOCUTENIBHO KOH-
[IEBOTO y4yacTka mopora / / H mmensimocs ot 0 1o 1,2 (rme /[ — paccTostHUE OT KOHIIA ITOpOra J10
3aTBOpa MPOMBIBHUKA).

Pe3ynprarsl KCIIEpUMEHTOB O3BOJIWIN ONPEICIIUTh AOMYCTUMOE PACCTOSHUE OT KOHIIEBO-
ro y4acTKa HaHOCO3AIIUTHOTO Ttopora / / Hp, KOTOpo€ Haxoautes B nipenenax ot 0,2 no 0,55.
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[Tpu Benuumuax / / H B npeznenax or 0 no 0,2 mepen 3aTBOPOM IPOMBIBHOTO TPaKTa BO3-
HUKAIOT BEPTUKAJIbHBIC BUXPEBBIE TOKH, KOTOPbIe 00pa3yloTCsl IpU B3aUMOICHCTBUU MOJIOTHHUIIA
3aTBOPA C LUPKYJISLMOHHBIM IOTOKOM, TPAHCIIOPTUPYIOILEM HAHOCHI BJI0JIb BHEIIHEN ITOBEPXHO-
CTH HaHOCO3AIIUTHOTO MOPOra. ITO BHI3BIBAET 3aXBaT HAHOCOB 00bEMaMM BOAbI, TPOXOAALIIMMHU
B BOJIOIIPUEMHYIO KaMEpPy Ha KOHIIEBOM YUYacTKE [10pora.

B ciiyuae // H >0,55 B IpOMBIBHOM TPaKTe HaOII0IaeTCsl Y4acTOK pa3phbiBa 30HbI B3AUMOB-
JIMSTHUSL MCTEUEHUS M3-110J1 3aTBOPA MPOMBIBHOTO TPaKTa M MOTOKA B LUPKYJISILIMOHHOM BaJlblie
HaHOCO3aIUTHOrO nopora. Ha aTom yuacTke HaO/t01aeTCs OTIIOKEHHE IPsiJIbl HAHOCOB, € MOBEPX-
HOCTH KOTOPOH TBEPbIE€ YACTULIbI HAUMHAIOT UHTEHCUBHO MIOCTYNIaTh B BOJAOIPUEMHYIO KaMepy.

3710 MO3BONIMIO 000CHOBATh JJIMHY Pa3/IeIUTEIbHOTO ObIUKa, yCTPAMBAEMOTO MEXYy IMpo-
MBIBHBIM TPaKTOM M BOAOIPUEMHON KaMepoil. B 3ToM pa3nenurenbHOM ObIUKE BIOCIEICTBHU
ObUIO pa3MeIleHO IPUJOHHOE OTBEPCTHE 3UMHETO BO/103a00pa, MEPEKPhIBAEMOE CKOJIB3AIINM 3a-
TBOPOM I10 CXEME, IPUBEIECHHOI Ha pUCyHKE 4.1.

AHanu3 1okKasaijl, 4To Ha CYLIECTBYIOIINUX KOHCTPYKIMIX HU3KOHAIIOPHBIX TOPHBIX BOAO3a-
OopHbIx coopyxenuii [10, 35, 91] B ruaposneprernueckux cucrtemax CpenHeil A3uu npuMeHs-
IOTCSI OTBEPCTHUS 3MMHET0 B0J103a00pa U3 MPHUIOHHBIX TOPU30HTOB MOTOKA C MUPHHOI oT 1,0 1o
1,5 M. YcTpoiicTBO 3MMHETO BOJOIIPUEMHHUKA C IIJIOCKUM 3aTBOPOM B pa3e/INTENIbHON CTEHKE ITPO-
MBIBHOT'O TPAKTa U BOJONPUEMHOI KaMepbl HOTPeOOBaI0 HEKOTOPOTO yAAJICHHS 3aTBOPA IPOMBIB-
HOTO TPaKTa Ha BEJUYMHY IIHPUHBI BBOJAUMOIO B KOMIIOHOBKY 3JIEMEHTA.

B stoMm cityuae i noaaepxanus He0OX0IUMOM TPaHCIIOPTHPYIOLIEH CIOCOOHOCTH BOAHO-
ro MOTOKa, COpachIBaeMOro 4epe3 MPOMBIBHOM TPAaKT B HIKHHUM Obed coopykeHHs, MOTpeOoBa-
JIOCh YCTPOMCTBO TOPU30HTAIBHOIO KO3bIpbKa HA HM)KHEH KPOMKE 3aTBOpa IIPOMBIBHOIO TPaKTa
(cm. pucynok 2.21) [101].

Heo6xonumast AsimHa KO3bIpbKa U3 YCIOBUS YBEIMUYCHHS TPAHCIIOPTUPYIOIIEH CIOCOOHOCTH
BOJIHOTO MOTOKA OIpenessuiach B xone uccienoanuit moaenu BCAL (cm. pucynok 4.1).

3HaueHue BEJIMYMHBI OTKPBITUS 3aTBOPA MPOMBIBHOTO TPAKTa OBLIO OIMpPEENICHO C yYETOM
pexomenmanuii M.K. Toporiosa mo ¢opmyse [35, 169]:

a,, = _ 010, , (4.17)
oy, N 28H p
e p, — Kod(QdUIMEHT pacxoaa BObI MPH HCTEUCHUN H3-TI0] 3aTBOPA NIPOMBIBHOTO TPAKTa, JULsI
MHHUMAJBHBIX OTKPBITHH NIPUHIMAICs paBHbM 0,4; B | — IIMPHHA MPOMBIBHOTO OTBEPCTHS 3a/1a-
Bajach 5,2 cM, 4To Juis HaTypsl cocTasiseT 1,0 M.

B xone nccnenoBaHuii MaibIX 3HaYEHUH OTHOCHTEIBHOM UTMHBI TOPU30HTAIBHOTO KO3bIPh-
Ka lm/Hp ot 0 no 0,3 Habmromanach HEAOCTATOUHAS TPAHCHIOPTUPYIOIIASI CIIOCOOHOCTH MOTOKA
C HE3HAYUTEILHBIM Pa3MBIBOM I'PsIJIbI HAHOCOB, OPMHUPYIOMICHCS B IPOMBIBHOM TPAKTE, IIPH 3HA-
YUTEIHHOM yIAJICHHH 3aTBOPA OT KOHIIA HAHOCO3AIIMUTHOTO TIOPOTa.

[Ipu OTHOCHTENBHBIX pa3Mepax Z,m/Hp ot 0,35 no 0,55 nmonepeuHas rpsiga HAHOCOB HE 0Opa3zy-
€TCs1, 2 HAHOCBI, TIOIXOSAIIHNE CO CTOPOHBI HIUPKYISIIHOHHOTO BUHTA MIOPOTa, YIOPSAOUYSHHO COpaChI-
BAIOTCSl B HIDKHUHN Obe() COOpYKEeHHUS. DTO CBUICTEIBCTBYET O PAMOHAILHOCTH PELICHUsI YCTPOIi-
CTBa TOPU30HTAILHOTO KO3BIPhKA Ha HIDKHEH KPOMKE 3aTBOPA C IIEIIbIO MOBBIIICHUS TPAHCIIOPTUPY-
IOIIEH CIOCOOHOCTH TIOTOKA TP YCTPOMCTBE B MPOMBIBHOM TPAKTE 3MMHETO BOJIOTIPUEMHHKA.

Ipy 3HAaYCHHSIX OTHOCHTENBHOM JUTHHBI TOPH3OHTANBHOTO Ko3bIpeKa /, /H Gomee 0,55 ero
NEepeIHsAS KPOMKA BXOJHUT B 00IACTh ACHCTBUS IUPKYISIIMOHHOTO Bajblla HA KOHIIEBOM y4YacTKe
1opora, 4YTo MPUBOJHT K 3a0pachIBAaHHUIO YACTHIl HAHOCOB Ha BEpX KO3BIPHKA M B BOAOIPUEMHYIO
Kamepy coopykeHus. [Ipu yBenndeHnn JTUHBI TOPU30HTAIBHOTO KO3BIPhKa HA 3aTBOPE MPOMBIB-
HOTO TpaKTa YMEHbIIAJIACh MPOITYCKHAsI CIIOCOOHOCTD, YTO B XOZE UCCIICIOBAHUN KOMIIEHCUPOBA-
JIOCh TIOJHSTHEM 3aTBOPA HA JOTOJTHUTENIBHYIO BETUUNHY. Pe3ynbraTel nccine0BaHui ruIpaBIiu-
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YCCKUX XaPAKTCPUCTUK ITPHU UCTCUCHUHN U3-T10J] TOPU30HTAJIBHOI'O KO3bIPbKA 3aTBOPAa IIPOMBIBHOT'O
TpaKTa NPpUBCACHBI HUKC.

4.1.5. UcciienoBaHus ruipaBjindecKuX XapaKTepPUCTHK MOTOKA
NP MCTeYEeHNH U3-T10J TOPU30HTAJIBLHOI0 KO3bIPbKa 3aTBOPa
NPOMBbIBHOI0 TPAKTA

[Tocne onpeneneHns palMoHaIbHBIX TAPAMETPOB TOPU3OHTAIIBLHBIX KO3BIPHKOB, yCTpanBae-
MBIX Ha HIKHEH KpOMKE 3aTBOpa MPOMBIBHOTO TPaKTa, HaMH ObLIIM ITPOBE/IEHBI UCCIIEI0OBAHUS 1O
U3YUYEHHIO THPABIMYECKUX MPOLIECCOB B OOJIACTH COMPSIKEHMS MOTOKA BepXHEro obeda u 00b-
€MOB BOJIbl, IPOXOALIMX MO KO3BIPbKOM. [lJIs1 3TOro Ha ruIpaBINYeCcKOM JIOTKe J1abopaTopuu
I'TC xagenpst I'TC u BP KPCY 65112 ycrpoena moaesns npoMbiBHoro Tpakta BCII™ B Maciirabe
M 1:7 (pucyHoxk 4.6).

Ha HmwxHell KpoMKe 3aTBOpa yCTpauBaJICsl TOPU3OHTAIbHBIE KO3BIPHKH C OTHOCHTEIBHOM
JJINHOM B JUaIia3oHe LK(B/HP ot 0,35 10 0,54.

OnbITH TPOBOAMINCH AJISE OTKPBITUH 3aTBOpa, u3MeHnstomuxcs ot 1,0 no 5,0 cm. Bepxuwmii
npezen OTKPBITUHA AJIs HaTYpHBIX yciaoBuil paBeH 0,35 M.

3HaueHUs! OTKPBITUI 3aTBOpa ObLIO YCTAHOBJIEHO MPH UCCIIEAOBAaHUU PALlMOHAIBHOM 1Tn-
HbI TOPU3OHTAJILHOTO KO3BIPbKA MPOMBIBHOTO TPAKTa NMpH Koddunmente Bogosadbopa o, = 0,9 na
MOJIENT COOPY>KEHUS, BHITIOJIHEHHOMN 0 KOMIIOHOBOYHOMN CXeMe, PUBEIEHHON Ha pucyHKe 4. 1.

W3mepenue ckopocTei BOAHOTO MOTOKA MPU UCTEYEHUH U3 OTBEPCTUS MO TOPU3OHTATBHBIM
KO3BIPHKOM HCCIIEIOBAJIUCH MPU OTKPHITHAX 3aTBopa oT 2,0 10 5,0 cm. [Tpu MEeHBIINX OTKPBITUSIX
3aTBOpa MPOMBIBHOTO TPaKTa pa3Mep BUHTa MUKPOBEpTYLIKHU (1,2 MM) He MO3BOJISUT BHIIOIHSTH
MOJTHOLICHHBIE U3MEPEHUS.

B xone uccnenoBaHuii MCTeUEHUs] BOAHOTO MOTOKA M3-110J] TJIOCKOTO 3aTBOpA MPOMBIBHO-
ro TpakTa, 000PYOBaHHOIO TOPU30HTAIBHBIM KO3BIPHKOM, ObUIM OTMEUEHBI TPH 30HBI 00pazo-
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Pucynox 4.6 — PacuerHasi cxema MOJIEIN IPOMBIBHOTO TpakTa ¢ 3aTBOPOM, 00OPYOBaHHBIM TOPH30H-
TaJHHBIM KO3BIPFKOM U JOHHOW BCTAaBKOMU: | — TIO/IBOIAIIIEE PYCIIO; 2 — BepXHUi 0be(; 3 — TOpH30HTAITB-
HBIN KO3BIPEK; 4 — INIOCKUH 3aTBOP; 5 — OTBOAAIINN YIaCTOK; 6 — OTBOAAIINN y4acTOK; 7 — THApaBINYe-
CKHE BOPOHKH, BO3HHKAIOIIINE CO CTOPOHBI HIKHETO Obeda; 8 — qoHHas BCTaBKa; 9 — 30Ha 00pa3oBaHMs
THPaBINYECKON BOPOHKH MIPU ITyONHAX MEHBIIE PACUCTHBIX
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BaHMsI THIPABINYECKUX BOPOHOK. [lepBast 30Ha MPOSABISIIACH CO CTOPOHBI BEpXHEro Obeda Mo-
JIEJIA TIPOMBIBHOTO TpaKTa MpPH 3alOJIHEHUH IMOJBOMAIIETO YYacTKa TMAPABINYECKOIO JIOTKA 10
pacueTHbIX 3Ha4eHni rryounbsl Hy, IIpy OTHOCHTENBHON TTyOUHE TOTOKA B IIPOMBIBHOM TPaKTe
H/H,= 0,735+0,792 Haj K03bIPbKOM pa3BHBAJach APKO BHIPAXKEHHAs I'MAPABIMYECKas BOPOHKA
JMaMeTPOM Ha MoBepXHOCTH Ooiee 3,0 cM, HIKHSSA 4acTh KOTOPOM, HCKPUBIISAACH, 3aX0IUIIA MO
NOJOTHUIIE Ko3bIpbKka. C yBelndeHneM IyOuH B BepXHeM Obede ruapaBindeckas BOPOHKA HaJl
KO3BIPHKOM HCU€3aJIa.

C yBennyeHueM IIyOuH BepxHero Obeda B HIDKHEM Obede 3aTBOpa Moj CTpysiMU cOpachl-
BaeMbIX 00BEMOB BOJIbI BJIOJIb OEPEroBBIX YCTOEB MIPOMBIBHOTO TPAKTa Pa3BUBAIUCH JIBE THIPAB-
JMYECKHEe BOPOHKH, KOHTYPBI KOTOPBIX 0003HaYaIMCh MHTEHCUBHOM a’3panueil oToKa BOJBI (CM.
pucyHOK 4.6). LlupKy/IsiiMOHHAsE HAapaBJICHHOCTh IMOTOKAa B BOPOHKaX Oblja YCTAHOBJIEHA IPH
M3MEPEHUH CKOPOCTEN BOABI B 30HE a’pauuu. lIpu 3TOM B MIEHTUUYHBIX YCIIOBUSX B BOPOHKE,
pa3BUBAIOILEHCS BIOJb JIEBOTO Oepera, CKOpOCTh ABM)KEHHs TIOTOKa Bojbl coctaBuia 0,614 m/c,
a B BOPOHKE, BO3HUKAIOLIEH B/10JIb IpaBoro Oepera — 2,712 M/c, mpu CKOPOCTAX CTPYH BOJIBI B LIEH-
Tpe ceuenus — 1,817 m/c.

3Hasl 3a7JaHHYIO0 HAlPaBJICHHOCTh BUHTa MUKPOBEPTYILKH, HAMHU ObliIa OIpeiesieHa Harpas-
JICHHOCTh IMPKYJISIIIMM BOPOHOK B HIKHEM Obede 3aTBopa MpOMBIBHOrO TpakTa. IIpouecc Bo-
POHKOOOpa30BaHUs MO CTPYSIMH cOpackIBa€MOTO MOTOKA HAOIOANICS KaK B Cllydae yCTpPOHCTBA
JIOHHOMW BCTaBKH, TaK U 0e3 Hee.

OTO MOHMKAJIO MPOIMYCKHYIO CIOCOOHOCTH OTBEPCTHSI MO/ 3aTBOPOM IPOMBIBHOTO TpPaKTa,
000pYIOBaHHOTO TOPU30HTAJIBLHBIM KO3BIphKOM. [l ycTpaHeHus mpolecca o0pa3oBaHUs BOPO-
HOK OBLJIM ITPOBE/IEHBI UCCIIEIOBAHUS IO OTIPEICIIEHUI0 HEOOXOMMOT0 PACCTOSHUS OT KOHILIEBOTO
CeueHHsI MPOMBIBHOTO TpakTa /10 MOJIOTHUINA 3aTBOPA, IPH KOTOPOM CKOPOCTHOW Hamop cOpachl-
BaeMbIX CTPYH BOJBI OyAeT MpeI0TBpallaTh MMOMaJaHue 30H adPaI|H M0J] KO3bIPEK.

B Xoz1e NoMCKOBBIX HCCIeA0BaHUI HAMU OBIIO YCTAHOBJIEHO OTHOCUTEIBHOE PACCTOSHUE OT
KOHIIEBOTO CEYEHHs! IPOMBIBHOTO TPAKTa 10 3aTBOPA MPOMBIBHOTO oTBepCTHst L,/ H, >0,34.
[Tpu 3TOM mpekpamiaics nporece pacnpoCcTpaHEeHUsI 30HbI 00pa30BaHUsI BOPOHOK MPU OTHOCH-
TEJIHBIX OTKPBITUSX 3aTBOpa a,, <0,2H .

B xozne npenBapuTeNbHBIX UCCIEI0BAHUN THAPABIMYECKUX CTPYKTYP ITOTOKA, BBIXOASILETO
U3-TI0/1 TOPU30HTAIBHOTO KO3BIPhKA, MPH PAaCUETHHIX IIyOHHAX OBUIO YCTAHOBJIEHO, YTO BEPTH-
KaJbHOE C)KaTHe CTPYH BOJBI OTCYTCTBYET. DTO OINPEAEIINIO UCTIONb30BaHUE 1151 00pabOTKHU pe-
3yJIbTaTOB MCCIIEN0BAaHUN YpaBHEHMS HCT€UEHU U3 oTBepcTuil Buaa [180]:

9, =ma,b, \2gH, (4.18)
IJe |L — UcclenyeMbli ko3 (hUIMeHT pacxoma; a, — OTKPBITHE 3aTBOPA IPOMBIBHOIO TPAKTa; bnp —
IIMPUHA B CBETY NPOMBIBHOTO TpakTa; H — MONHbIA HAMOp Hal LEHTPOM TSKECTU OTBEPCTHS.
Pe3ynprarsl ruipaBIMueCcKUX UCCIIEOBAHNUN IPUBEIEHBI HA pUcyHKax 4.7 u 4.8.
YCTpOWCTBO JOHHOM BCTaBKH BBI3BIBACT MOBHIIIEHUE MTPOIYCKHOM CIIOCOOHOCTH OTBEPCTHIH
M0/ TOPU30HTAIBHBIM KO3BIPHKOM 3aTBOpA MPH PA3THMUHBIX OTHOCUTEIBHBIX OTKPBITUAX. DTO 00-
YCIIOBJICHO 3aBUCHUMOCTBIO MOSIBIICHHS 30H MOHIKEHHOTO JaBJICHUS O] KO3BIPHKOM TOJIBKO B T€X
YCIIOBHSIX, KOTJIa OTHOIICHUE JUTMHBI KO3BIPbKA U BEJIMYMHBI OTKPBITHS 3aTBOPA HAXOAUTCS B TIpe-
aenax a /L, =(0,24 +0,28) nist yka3aHHBIX OTHOIICHUH K ITyOKMHE B BEpXHEM Obede.
Pacnpenenenue 3HaueHni k03(pPpULIMEHTOB pacxona UCTEUYSHHS U3-TI0] 3aTBOpPa, 000pya0-
BaHHOT'O TOPU30HTAJIBHBIM KO3BIPHKOM (CM. pUCYHKH 4.7 1 4.8), IO3BOJIWIN CIENATh CIEIYIOIINE
BBIBOJIBI:
» TpU MalibIX BEJIMYMHAX OTKPBITHIX 3aTBOpA MPOMBIBHOTO TPAaKTa a, < 0,04 H 3uasenus xo-
3¢ PUIMEHTOB pacxoaa MpH JHOObIX YCIOBUAX HE HpeBbimaroT 0,5, 4To, Ha HaIl B3I, 00-
YCIIOBJICHO TPEBAJIMPOBAHHEM CONPOTHBIICHUH MBIKeHUIO. [ paduk Ha pucynke 4.16 6 mo-
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Pucynox 4.7 — 3aBUCUMOCTH U3MeHEHUsI K03(D(UIMEHTa PacXo/ia OT OTHOCUTENILHOMN BETHYHHBI OTKpBI-
THSI 3aTBOPA |1 =f(a, p / Hp) (Nel), 060PYIOBAaHHOIO TOPH3OHTAIBHBIM KO3BIPHKOM IS ClIydasi YCTPOii-
CTBa JIOHHOM BCTaBKU (a) U 0e3 BcraBku (0): | — 3aBUCHMMOCTH TP OTHOCHUTEIBHOM IJTHHE KO3BIPhKa
L./ H =0,351; 2 — saBucumocti pu L, | / H =0,445; 3 — saBucumocti mpn L, /H =0,540
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Pucynok 4.8 — I'paduueckre 3aBUCUIMOCTH U3MEHEHUS K03(pHIIneHTa pacxoma OT OTHOCHTEIBFHOHN Be-
JIMYMHBI OTKPBITHSA 3aTBOPA MPOMBIBHOTO TPAKTA [L =f(a, » /'L, (Ne2), 060py10BAHHOTO FOPH30HTaTb-
HEIM KO3BIPHKOM JUIS CJIy4asi yCTPONCTBA JOHHON BCTABKU (3ABUCHMOCTB 1) i 6€3 BCTABKH (3aBHCH-
MOCTb 2): a — rpa)uK 3aBUCHMOCTH NPH OTHOCHTENBHOH JUIMHE KO3bIpbKa L/ H 0,351; 6 — rpaduk
3aBuCMMOCTH npu L/ H = 0,445; B — rpaduk 3aBucumoctu pu L/ H = =0,5
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Ka3bIBaeT yBeJIMUeHHE KOA(PPUIIMEHTOB pacxoja MPHU YKa3aHHBIX BEITUUWHAX OTKPBITHS MPU
YMEHBIIICHUU OTHOCUTEIILHON JJTHHBI KO3bIPHKA,;

»  YCTpOWCTBO IOHHOM BCTABKH NMPUBOAMT K YBEIUYCHUIO KOI(DDUIIMEHTOB pacxoa HCTECUCHHUSI
M3-TI0]1 3aTBOPa C TOPU30HTAILHBIM KO3BIPHKOM (CM. PUCYHOK 4.17), 4T0 0OecreunBaeT yBeu-
YEHUE CKOPOCTEH BOIHOTO IMOTOKA O] KO3BIPHKOM M TIOATBEPIKIaCT aHAIN3 ypaBHEHUs (2.72)
0 BO3MOKHOCTH BIIUSTHHSI TIOBBIIIICHUSI PA3HOCTH JIaBJICHUH Ha TPAHCIIOPTHPYIOIIYIO CIIOCO0-
HOCTbH IIOTOKA;

»  TIpH MOBBIIICHUY BEJITMUNHBI OTKPBITHSI 3aTBOPA MMPOMBIBHOTO TpakTa Oojiee a,> 0,19 Hp 3Ha-
YeHUs1 KOO PUIIMEHTa pacxoia CHUKAKOTCS, YTO TOHUKAET CKOPOCTHU JIBHIKCHHST BOJHOTO I10-
TOKa TI0J1 KO3BIPHKOM M CHMYKAET TPAHCIIOPTUPYIOIIYIO CIIOCOOHOCTh IPOMBIBHOTO TPAKTAa.

[Mocnenuuit hakT ObLIT OTMEUEH B OT/IENIBHBIX OMBITAX MO OMPEIEICHUI0 HAHOCOCOPOCHBIX

XapaKTePUCTUK MPOMBIBHOTO TPaKTa Ha MOJIENIH BOJI03a00PHOTO COOPYXKEHHUs (CM. PUCYHOK 4.1).

[Tpu OTHOCHUTEIHPHOM YBEJIIMYCHUU PEUYHBIX PACXO0B ABYX(A3HOTO MOTOKA U YMEHBIICHUH KO-

¢urmenta Bogo3abdopa ot 0,9 o 0,75, 9TO CONMPOBOKAATIOCH YBEIHUCHHEM COPAChIBAEMBIX pac-

XOJIOB TIPU PACUETHBIX MTyOMHAX B BepxHEeM Obede, MPOUCXOAnI HHTCHCUBHBIN 3aXBaT HAHOCOB

Yyepe3 KOHIIEBOM yU4acTOK HAHOCO3ALIUTHOTO TIOPOra. DTO MPHUBEJIO K HEOOXOAMMOCTH YCTPOHCTBA

JIOTIOJTHUTEIBHOTO MIPOMBIBHOTO TPaKTa, KOTOPBIi BKITFOYAETCS B paboTy Mpu ko3 duimeHTax Bo-

no3abopa ot 0,75 1o 0,9. I[Ipu 3TOM 3aTBOp OCHOBHOTO MPOMBIBHOTO HE JIOJIKEH UMETh OTKPBITHE

ooiee 0,2 Hp.

4.1.6. UcciienoBanus YeTbIpexceKINOHHBIX JIOMAHBIX
B IJIAaHE HAHOCO3AIUTHBIX IOPOI0B C YKJIOHHBIM rpedHeM

AHanu3 KMHEMaTHYeCKUX CTPYKTYpP BOAHOTO MOTOKa B BepXHEM Obe(e HU3KOHATIOPHOIO
IUIOTUHHOTO BOJI03a00pHOro coopy:keHus (pas3a. 2.33) mo3Bosmws 000CHOBaTh HEOOXOIUMOCTh
yCTPOWCTBA B KOHIIE HAHOCO3AIUTHOTO OPOra KOHIIEBOIO y4acTKa ¢ IPOTHUBOIOIOKHOI Harpas-
JIEHHOCTbIO OTHOCUTENILHO HalpaBJICHUsI HAYaJIbHOTO U CPEJHEr0 YYacTKOB. DTO MOCITYKHJIIO OC-
HOBOH JJI1 CO3JaHMsI YeThIPEXCEKIIMOHHOTO JIOMAHOTO B IJJaHE HAHOCO3AIIMTHOTO mopora [35,
76]. OCHOBHBIMHU TOCTOMHCTBAMH 3TON KOHCTPYKIIMU TIOPOra MOXKHO CUUTATh!

» OTHOCHUTEJIBHO BBICOKYIO MPOITYCKHYIO CIIOCOOHOCTB;
» OpraHHM3alH{I0 HAHOCO3AIIUTHI IPU OTCYTCTBHH MPOMEXKYTOYHOTO OBIUKa;
» BO3MOYKHOCTbH yCTPOICTBa O0sIee KOPOTKOTO IOHYPa COOPY>KEHHS.

[Tpu KOMITIOHOBKE BOJ103a00PHOTO COOPYKEHHs C KOH(UTypalueil HaHOCO3aLUTHOTO IO-
pora (CM. pUCyHOK 2.23) BO3HHKIIM HEKOTOPBIE CJI0KHOCTH M3-3a CMELIEHUS TOYKU B, B Touky
B,. B pesynbrare IpoMBIBHOM TPAaKT TakKe ObLI CMEIIEH Ha 3a[aHHOE PACCTOSHUE, YTO BBI3BAJIO
HEOOOCHOBAHHOE PaCIIMPEHUE 3JIEMEHTOB MOJIOPHOIo cTBOpa (pucyHok 4.9). 310 norpedoBaso
U3MEHEHHUs YCIIOBUM COMPSKEHHs BOA03a00PHOIO COOPYKEHUS C TOABOISALIMM PyCIoM, 4TO Ha-
PYyIIAJI0 THAPaBIMYECKUE MPOLECCH IPU MPOITYCKe MAaBOJKOBBIX PACXO/I0B.

C 1enplo ycTpaHEHUs 3TOT0 HeJJ0CTaTKa OblJI HAMEUEH PsiJi MEPOIIPUATHUH, BBITIOIHEHUE KO-
TOPBIX TTO3BOJINJIO MUHUMHM3HPOBATh HEOOXOAUMOE paclIipeHre COPOCHOTo (PpOHTA COOPYIKEHHS.

B Xome KOHCTpyHpOBaHHs YETHIPEXCEKI[MOHHOIO JOMAaHOIO B IJIaHE HAHOCO3AIUTHOIO
nopora ObIJIO YYTEHO YMEHbIIEHHE MPOAOJIBHOW COCTABISIOMIEH CKOPOCTH LUPKYISALUOHHOTO
BaJIblla HA HAYaJIbHOM Y4YacTKe MOpOra 3a CYeT yBEeJIMYEHUS yIVla OBOPOTa 0° HAYaJIbHOM CEKIMU
OTHOCHUTEJIBHO TUHAMUYECKOH OCH MOTOKa B BepxHeM Obede. [Ipu 3ToM B KauecTBe MPOTOTHIA
paccMaTpuBallach KOHCTPYKLUS TPEXCEKIIMOHHOTO TOPOra, 4To 00eCeymIo:

» BO3MOXHOCTH IEPEBOAA 30HBI MaKCHMAJIbHBIX MPOJOJIBHBIX CKOPOCTEH IHMPKYISIIMOHHOTO
BaJIbLIA B 30HY KOHLIEBBIX YYaCTKOB [1OpPOTa;
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Pucynok 4.9 — Mopens Bo103a00pHOTO COOpY>KEHUS U3 TOPHBIX pek M 1:20 (TIoncKkoBbIe HCCIET0BAHUS
YETBIPEXCEKIIMOHHOTO JIOMAHOTO B IUTAHE HAHOCO3AIIMTHOTO TIOPOTa)
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Pucynok 4.10 — Cxema yBeM4IEHHUS yTIIa pa3MEIICHNs Ha9aIbHOM CEKITH TPEXCEKIIHOHHOTO JIOMaHOTO
B IUIaHE HAHOCO3AIIMTHOTO TIopora: 1 — nepBoOHa4Ya bHBIH KOHTYP pa3MelIeH sl CEKIHA TPEXCEKIINOH-
HOT'0 JIOMaHOTO B IUIaHE HAHOCO3AIIMTHOIO IMOPOra; 2 — KOHTYp pa3MEIleHUs CeKIUil mopora nocie
YBEJINYCHHUS yIUIa o

» yBEIWYCHHE KOJIMYECTBA BAPHAHTOB PA3MEIEHUs CEKIMH MPH HCCIEJOBAHUSIX pPallMOHAIb-
HBIX T€OMETPUUECKUX MapaMeTPOB YEThIPEXCEKIIMOHHOTO JIOMAHOIO B IJIJaHE HAHOCO3AIlUT-
HOTO ITOpOTa;

» co31aHue HEOOXOMUMBIX YCIIOBHH ISl CONPSDKEHUS YETHIPEXCEKITMOHHOTO TTOpora C 3JIeMeH-
TaMU MOJANOPHOTO CTBOpA JUIsl PAllMOHAIBHOIO cOpOCca U3JIMUILIKOB BOJBl 1 HAHOCOB B M1AaBOJI-
KOBBIM MTEPUOJ SKCIUTYaTALNH.

[lepBoii cTyneHbo UccieaoBaHui Oblila MPOBEPKa BO3MOKHOCTH YBEJIMUEHHS YITIa TIOBOPO-

Ta 0° Ha4YaJIbHOM CEKILIMU MOPOra ¢ OTHOCUTENBHO paHee OIpeeleHHbIX B pa3l. 4.1.1 3HaueHwuil.

[Ipu 3TOM JOmMycKajgach BO3MOXHOCTb COXPAHEHUS B OIPEJEICHHOM JMala3oHe HAaHOCO3alUT-

HBIX XapaKTEpUCTUK MOPOra, MOCKOJIbKY 3TH UCCIIEOBAHUS MPOBOAMUIUCH C BKIIOUEHUEM B pa-

00Ty IBYX TOCTEIYIOIIUX CEKIMH JIOMaHOTO B TUTaHe TIopora. [ eoMeTprueckne napameTpsl, B3a-

VMHO€ Pa3MELIEHUE CPEIHEN M KOHILIEBON CEKIIMI MOpOra HE M3MEHSIUCh. YTOJ B, yMEHbIIANICs

OT PacUeTHOTO 3HAYCHHUSI, OIPeIeIsIeMoro o gopmyiie (2.56) Ha BeTUYHHY TIPHUPAIICHUS YIJIa .

[ToBbIIeHME yIy1a 0.° TPOU3BOAMIIOCH IO CXEME, MPUBEACHHON Ha pucyHke 4.10.

VYkI10H TpebHs mopora MoJeIl MPUHUMAJICS coriacHo pekomeHaamnusam [120, 151], paBHbiM

0,07. IlepBoHavyasibHbIE 3HAUEHUS YIVIa 0. OTPEAEISIINCH B 3aBUCUMOCTH OT 3a/1aBa€MOTr0 YKJIOHA

JTHA TIOJIBOJISIIIIETO PyCiia U PaCCUUTHIBAIHUCH O popmyre (4.3).
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B xonme nccnenoBaHMil JOIMyCTUMOW BEIMYMHBI MPUPALIEHUS yIla TIOBOPOTA HadaJbHOMN
CEeKI[MH1Aa TPEXCEKIIMOHHOTO JJOMAHOTO B IJIaHE HAHOCO3AIIUTHOTO MOpora ObUIO0 YCTaHOBJIEHO, YTO
B 3aBUCHUMOCTH OT YKJIOHA JHA PEYHOI0 pycja yroj 0, pacCCYUTBIBAEMBIN IO 3aBUCUMOCTH (4.3),
0e3 HapyIIeH!s] HAHOCO3AIIUTHBIX XapaKTEePUCTHK ITOTOKA MOXKET OBITh YBEIUYEH:

» TpH YKJIOHE THA ip ot 0,017 mo 0,024 Ha Ao = 2°;
» 1pu [,= 0,024+0,028, na Aa. = 4°;
» 1pu ip =0,038, Ha Ao = 6°.

[Tepen obocHOBaHMEM IMapaMeTPOB YETHIPEXCEKIIMOHHOTO JIOMaHOIO B IJIJaHE HAHOCO3a-
IIUTHOTO TIOpora ObIJIO MPUHATO YCIOBHE, YTO MPH BHICOKOM IPOIIEHTE BoJ03a00pa, paBHOM 0,9,
B BepXHeM Obee coopyKeHHsI IMEET MECTO CMEIEHHE CTPYH BOAHOTO IMOTOKAa B CTOPOHY BOJIO-
IIPUEMHHUKA 10 CXEME, IPUBEIEHHON Ha pUCyHKe 2.21.

3TO MO3BOJMIIO MPEANOI0KHUTE, YTO JJISi OPraHU3aLUU HEOOXOIMMON HAaHOCO3AIIUThI KOH-
LIEBYIO CEKLHIO YETBIPEXCEKIIMOHHOIO MOpora CieQyeT pa3MeIlarh IMOJ YIVIOM, PAaBHBIM YINIy
0. K TIONIEPEYHOMY CTBOPY COOpYyskeHHs. PazmelieHre yeTBepToil ceKunu d Mmoka3aHo Ha pacyeT-
HOI cxeMe (pucyHok 4.11).

HccnenoBanus NpoBOAMIIKMCH C MOJAECP)KaHUEM B MOABOAALIEM PyClie MOJEIH BOJ03a00p-
HOTO cOOpyXeHUs! (pUCyHOK 4.12) ruapoMopoMeTpUIecKUX XapaKTEPUCTHK y4acTKoB pek Co-
Kynyk u [KyyKy, paHee onpeesIeHHbIX B KaUECTBE PENIPE3CHTATUBHBIX.

MaxkcumainbHas JUIMHA YETHIPEXCEKIIMOHHOTO JIOMAHOTO B IUIAHE HAHOCO3AIUTHOTO IIOpora
3a/1aBajlach PaBHOM JJIMHE TPEXCEKIIMOHHOIO Mopora L, 3HaY€HHsl KOTOPOH ObUIM ONpPEIENEHbI
paHee, ¢ HEM3MEHAEMbIM 3HaYCHUEM JUTMHBI HaualbHOM cekiuu a. CyMMapHas IJIMHA CeKLUUi b,
¢ ¥ d onpenensuiock mo popmyrne:

b+tc+d=L  —a. (4.19)

AHanu3 pe3ynbTaToB MPOBEIEHHBIX MCCIEIOBAHUN MOKa3all, YTO palloHaIbHbIE OTHOCHU-
TeNbHBIE UIMHBI CeKUMH b, ¢ U d YeThIPEXCEKIMOHHOTO JIOMAHOTO B IJIaHE MOpOra HaXOIATCs
B IIpejieiax, MPUBEICHHBIX B Tabmuie 4.1.

YCTpoicTBO YETHIPEXCEKIIMOHHBIX JIOMAHbIX B IJIAHE HAHOCO3AIIUTHBIX [TOPOTOB Mepes BO-
JOTIPUEMHBIMU KaMepaMu MPeI0CTaBUIIO BOZMOKHOCTh MOBBILICHHUS] HAHOCO3AIUTHBIX XapaKTe-
PHUCTHK BOJ03a00PHBIX COOPYKEHHI HA TOPHBIX peKax.

OTO TakXke MO3BOJWIO MOHU3UTh OTHOCUTENIBHYIO BBICOTY MOpPOTa Ha KOHIIEBOM YYacTKe
no Bemaunel (0,54 +0,56) H, u B pe3ynbrare nosiBuIach BO3MOKHOCTb MOHWKEHHS PACYETHOM
[TyOUHBI H_ B BepxHem Obede coopyKeHUS, YTO BBI3bIBAET OTHOCUTEIBHOE MOHWKEHHUE CTPOU-
TEIbHON BBICOTHI COOPYKEHHUS.
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Pucynok 4.11 — Cxema B3aMMHOTO pa3MeLIeHHs] CEKIIH YeThIPEXCEKIMOHHOTO Topora
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Pucynok 4.12 — Mogeib Bom03a00pHOTO COOpYKEeHHUs Ha TOPHBIX pekax (M 1:20): 1 — BepxHuit Obed);
2 — HAHOCO3AILUTHBIN OPOT; 3 — BOAONPUEMHBIN OrONIOBOK; 3a — PEryisaTop pacxona; 4 — BOIONpH-
eMHas kamepa; 5, 12 — aBTOBOIOCTHUB; 6 — 3aTBOpP COPOCHOTO OTBEPCTHS; 7 — 3aTBOP IPOMBIBHUKA;
8 —3aTBOp peuHoro nponera; 9 — pa3aenuTenbHas cTeHka; 10 — KoHIIeBas CEKIUS YETHIPEXCEKIIMOHHOTO
JIOMAaHOTO B IUIaHE 1Mopora; 11 — IONOoIHUTENbHBINH TPOMBIBHON TpakT; 13 — ObIky; 14 — BogoOo0MHBIH
kofozer; 15 — monyp; 16 —3y6 ¢arorbera; 17 — oTBOASAIIEE PYCIIO

Tabmuma 4.1 — OTHOCHTENbHAS JUTHHA CEKITUH YeThIPEXCEKITMOHHBIX TIOPOTOB

VYKJIOHBI JHA TIOABOIAIINX PYCEIL, ip

No 0,017 0,024 0,028 0,038

B. b c d b c d b c d b c d
LH.I’I LH,I’I Ln.n LH.I‘I LH,I’I Ln.n LH.n LHJI Ln.n LH.n LH.n Lnn

1 | 0236 | 0086 | 0,177 | 0,236 | 0,086 | 0,177 | 0,208 | 0,086 | 0,104 | 0,104 | 0,086 | 0,156

2 10236 ] 0,086 | 0,236 | 0,236 | 0,086 | 0,236 | 0,208 | 0,086 | 0,156 | 0,208 | 0,086 | 0,156

143




4.1.7. Pe3yabrarbincc/iel0BaHNH BOAONPONYCKHOM CIIOCOOHOCTH JIOMAHBIX
B IJIAaHE YeThIPeXCeKIMOHHbIX HAHOCO3AIIUTHBIX IOPOroB

B xone uccrnenoBaHuii MO OMpPENENCHUIO PALMOHAIBHBIX TUIAHOBBIX MAapaMeTPOB YEThI-
PEXCEKLMOHHBIX JIOMaHbIX B IJIaHE HAHOCO3AIIMTHBIX MOPOrOB ObLIA U3yUeHa WX BOJOMPOIYCK-
Hasl CITIOCOOHOCTh. AHAJIU3 MPOMYCKHON CIIOCOOHOCTH TTPOBOAMIICS 1O METOJUKE, MPUBEICHHON
B pazn. 4.1.3. Bennunna xoddduimenta pacxoma OleHUBAIACh B 3aBUCUMOCTH OT OTHOIICHUS
Hamopa HaJ rpebHeM nopora kK ero mwmpune m,, , = f(H,, /C, ). Pe3ynprarel uccienoBaHuii
IIpUBEJIEHBI HA pUCYHKE 4.13.

T 4o
0.44

042

0.4

H,_/C,

]}3 ])4{ ]}6 ],8‘ .?,0 -’-”;3 3;4{ 3,6 3,(9 3,0 33

:

Pucynoxk 4.13 — 3aBucumocTs k03¢ duItnenTa pacxoma 4eTHIPEXCEKIIMOHHOTO JIOMAHOTO B TUTAHE ITOPO-
ra My, , OT OTHOCHUTEILHOTO Hamopa Haj rpebuem mopora H,, / C,

C noMoI11bI0 METOJIOB CTaTUCTUYECKOM 00paboTKu [165] nmonyueHHbIX BenuunH Ko3hduiu-
€HTOB pacxojia (CM. pucyHokK 4.13), Obl1a yCTaHOBJICHA SMITUPUYECKAst 3aBUCUMOCTB (IIPU TECHOTE
cBs3u ¥ = 0,95) B BUJIe TOJIMHOMA.!

2
H H
m,,, =—0,0281 CM +0,171—"%+0,1277 . (4.20)

H.n H.n

OTa 3aBUCUMOCTb MOXKET OBITh UCIOJIb30BaHa IPU OTHOCUTEIBHBIX HAIlOpax HaJ rpeOHeM
YETHIPEXCEKIMOHHOTO JIOMAHOTO B IIaHe HaHoco3amuTHoro mopora H, /C =13 +3.2.

OTHOCHUTETBHOE TOHWKEHNE 3HAYCHUH K03()(DUITMEHTOB pacxo/ia YeTHIPEXCEKIIMOHHOTO I10-
pora nipu 3Hauenusx H /C_ or 2,2 no 3,2 oObsicHseTCs 00pa3oBaHUEM KPHBOH CIiajia Ipy Mpo-
IyCKe MaBOAKOBBIX PACXO/0B BOJbI, KOTOPas paclpoCTpaHsIeTCss OT COPOCHBIX JIIEMEHTOB MO-
IIOPHOTO CTBOPA J0 CPEJHEHN YacTH Mmopora.

4.1.8. U3yuenue pacnpeaesieHusi MPoA0JbHBIX CKOPOCTEl BOJHOI0 MOTOKA
B 30HE IUPKYJIALMOHHOIO BAJIbLA Nepe/l YeThIPpeXCeKINOHHBIM MOPOromM

Pe3ynbraTel MpoOBEIEHHBIX HCCIEAOBAHMN CBUICTEIBCTBYET, YTO OCHOBHBIM (DaKTOpOM,
OTIPEJICIIAIONIMM HAHOCO3AIIUTHBIE XapaKTEPUCTUKU JOHHBIX TIOPOTOB, SIBISETCS CTPYKTypa
U pachpeeieHre CKOPOCTEeH BOABI B 30HE IUPKYISIITMOHHOTO Bajbla. [ u3ydeHus pacrpene-
JICHUS TPOJIOJIBHBIX CKOPOCTEH IMOTOKA B MUPKYJISIIIMOHHOM BaJIbIIe TEepe]] HAHOCO3aIUTHBIM T10-
porom Obljia MOCTABJICHA CEPHS DKCIIEPUMEHTOB. VcciiemoBanust MpOBOAMINCH TIPHU TIPOITYCKE HA
MOJIeTT BO/103a00pHOTO coopyskeHus B Mmaciiradbe M 1:20 pacxomoB Boabl 75 % obecrnieueHHOCTH
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JUI KOHCTPYKLUH MOpOroB, MpuBeneHHbIX B Tabmuie 4.1. B BepxueM Obede moaaepx uBagach
pacueTHas nryouna Boasl Hy,

B xone uccnenoBaHuii o JUIMHE MOPOTOB BBIIEISUIOCH 6 CTBOPOB, B KOTOPBIX IPOU3BOIU-
JIUCHh U3MEPEHHMS TIPOIOJIBHBIX CKOPOCTEN BObI Ha T1yOune 0,2H, 6:u3Kkol K MOBEPXHOCTH MOTO-
Ka, Ha cpenneit tybune 0,5H, u Ha rmy6une 0,8H,, T.e. B npuionnoi obnactu. Heo6xonumocTs
NPOBEIEHUS M3MEPEHUH CKOPOCTEN BOIHOTO MOTOKA Ha T1youne 0,5H, Obu1a 060cHOBaHa pasme-
LIEHUEM LIEHTpa TOPU30HTAIIBHOTO LIMPKYJISLUOHHOTO OTOKA, Pa3BUBAIOLLETOCS BAOJIb BHEIIHEN
IIOBEPXHOCTHU NOTOKA. [IepBhIil CTBOp pacrnosarajics B Hadajle Iopora, a HecTol CTBOP pa3Mela-
Csl Ha KOHIIEBOM y4YacTKe Topora. Paccrosaue Mexy ctBopamu cocrasisuio 0,21 . Vismepenus
CKOpOCTEH NMPOU3BOJWINCH MUKPOBEPTYILKOM C OBTOPSAEMOCTBIO 9 3aMEpOB Il Ka)KJIOTO CTBO-
pa. Pe3ynbrarsl usMepeHnii NpUBEIEHBI HA pPUCYHKE 4.14.

AHanu3 pe3ynabTaToB UCCIEAOBAHUMN MPOAOIBHBIX CKOPOCTEH MOTOKA B LUPKYJISALHOHHOM
BaJIbIle MOKa3all, 9To rpaduuecKre 3aBUCUMOCTH Ve ™ S(L/L) (6) (1) 1 (k) MIMEIOT MUHUMAJIbHBIE
3HAUEHHsI HA KOHIIEBBIX Y4aCTKaX MOPOroB. DTO MPUBOIUT K 00Pa30BaHHUIO COOMHBIX 30H B CTPYK-
Type Bajblla Ha KOHLIEBOM Y4acTKE B IIEPEXOJHBIE NIEPUOABI IKCIUTYaTallud COOPYKEHMSI, UTO J10-
CTaTOYHO YaCTO BCTPEYAETCSI HA TOPHBIX PEKaX ¢ M3MEHEHUSIMU THAPOJIIOTHYECKOro pesxnuma [17].

C 1enpo MOBBIIEHUS 3HAYEHHUM MTPOAOJIBHBIX COCTABIIAIOIIMX HA KOHLIEBOM y4YacTKe LIUp-
KYJIALIMOHHOTO BaJiblia y TIOBEPXHOCTH ¥ Ha miyOoune 0,5H, ObU10 MPUHATO pElIEHne yCTPOKHCTBA
B IIPOMBIBHOM TPAKT€ JOHHOW BCTABKH 10 CXEME, IPUBEIEHHON Ha pucyHke 2.26 [85]. Ycrpoiict-
BO JIOHHOW CTEHKH MO3BOJIMJIO IOBBICUTh HAHOCO3AILUTHBIE XapAKTEPUCTUKH YETBIPEXCEKIINOH-
HBIX TIOPOTOB.

B xoze uccie0Banuii BbICOTa NIPEUIaraeMoii JOHHOM BCTaBKy P OblIa IIPHHSATA PABHON
0,4H,, a ee uHa L | paBHON JUIMHE IIPOMBIBHOTO TPAKTa, 000PYAOBAHHOIO 3UMHUM BOLONPH-
€MHBIM OTBEPCTHEM.

Ha pucynke 4.15 npuBeneHs! pe3yapTaTbl UCCIEJOBAHUN 3aBUCUMOCTEN N3MEHEHUS BEJIN-
YMH IPOIOJIBHBIX COCTABIISIOUINX CKOPOCTEN HUPKYISALIMOHHOTO BaJIbLia BOJIb BHEIIHEN CTEHKU
II0pora npH yCTPONCTBE TOHHON BCTABKH B IPOMBIBHOM TPAKTE.

e TIOPOT N2l nopor N2 1z, Topor Nel ) I;, Topor Na2
a) . JKIIOH JHa i, = 0,017 6)i : B) ip = 0,024 e VKIIOH JHA i, = 0,024
ey mHa i - O, e YKIOH AHa iy = 0,017 Jrc YRIIOH H ip = O, o p=
9-"\ ) [ 04 0.4 y B 0.4 N
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Pucynoxk 4.14 — I'padmdeckne 3aBHCUMOCTH aOCOTIOTHBIX BEIWYHH MPOIOIBHBIX COCTABIISIOMINX CKO-
pocTeli BOIHOIO IMOTOKA B IIUPKYJISILIMOHHOM BaJIbIIE BOJIBI, 110 JUIMHE BHELIHUX ITOBEPXHOCTEH YEThI-
PEXCEKLMOHHBIX JIOMAHBIX B [IAHE HAHOCO3AMIUTHEIX OPOroB V '— JL/L)
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Pucynok 4.15 — 3aBUCHMOCTH M3MEHCHHS aOCOJFOTHBIX BEIMYMH TPOIOJBHBIX COCTABISIONIUX PE-
3YJIBTUPYIOLIMX CKOPOCTEH BOJIbI B IIUPKY/ISIIMOHHOM BAJIbIIE 10 JJIMHE YSTHIPEXCEKIIHOHHBIX TOPOTrOB
Vnp —f(L/L) ipu yCTpOMCTBE TOHHOM BCTABKA

VYCTpoicTBO TOHHON BCTAaBKHU MOPOTa B MPOMBIBHOM TPAKTE COOPYKEHHS BBI3BIBAET YyBe-
JMYEHUE MPOAOJIBHBIX COCTABIISIONIMX CKOPOCTEH BOABI B IUPKYIALMOHHOM Bajblle HA YPOBHE
CpPEeIHUX M TOBEPXHOCTHBIX FOPU3OHTOB MOTOKA KOHIIEBOTO yYacTKa YETHIPEXCEKIIMOHHOTO MO-
pora, 4To MOBBIIIAET TPAHCTIOPTUPYIOIIYIO CHIOCOOHOCTD MOTOKA, YBIIEKAIOIIET0 PEYHbIE HAHOCHI
Ha cOpocC B HWKHUI Obed coopykeHUsl. ITO MOATBEPKIAET PaHEe BBHIOTHEHHOE TEOPETUUECKOE
000CHOBaHME HEOOXOIMMOCTH yCTPOMCTBA B MPOMBIBHBIX TPAKTaX BOI03a00PHBIX COOPYKEHUIX
JIOHHBIX BCTABOK C OTPHUIATEIbHBIM YKIOHOM MOBEPXHOCTH.

4.1.9. O60cHOBaHNE KOHCTPYKIUHN YeThIPEXCEKIMOHHOTO JIOMAHOI0
B IJIaHE HAHOCO3ANIUTHOTO MOPOra ¢ TOPU30HTAJILHBLIM I'PedGHeM

C nenpro pacmpeHus 00JacT MPUMEHEHUS BOJI03a00PHBIX COOPYKEHUI, 000PY/IOBAHHBIX Ye-
THIPEXCEKIIMOHHBIMH JIOMAHBIMU B IJIaHE HAHOCO3AIIUTHBIMU IOPOraMu, ObL1a paCCMOTPEHA BO3MOXK-
HOCTb MX YCTPOMCTBa Ha PeKax CO CXOAHBIMU MMIPOMOP(HOMETPUUECKUMH XapaKTePUCTUKAMU PEKU
Kyrapt (peripe3eHTaTHBHOM 7151 MAJIBIX PEK KOKHBIX oOnactei Keipreizcrana). Masbie ropHbie peku
CHETOBO-JIE[IHUKOBOIO THUITA MUTAHMSI C TPYHTOBBIM MOITUThIBAHUEM, OTHOCsIMecs K [1I-i rpymnme o
knaccudukanuu K.®@. Apramonona [13] u A.B. ®unonunkora [172, 173], Xxapakrepus3yroT OTHOCH-
TEJIbHO BBICOKHE PACXOJibl pacyeTHON 00ECeYeHHOCTH, Mable YKJIOHBI THA, U BBICOKYIO MyTHOCTb
notoka. Pe3ynbTarel aHam3a U3BECTHBIX KOHCTPYKIHMM BO03a00OPHBIX COOPYKEHUM CBUIETENHCT-
BYIOT, YTO TaKU€ YCJIOBHUS OMPENEISIFOT HEOOXOAMMOCTh CO3MaHusl OobpImx, Oonee 2,5 M, TTyOuH
B BEpXHEM Obede COOpPYKEHUH 1 IPUMEHEHHSI AIEMEHTOB C BHICOKOW MPOITYCKHOM CITIOCOOHOCTBIO.

VYCTpoiicTBO B MPOMBIBHOM TPaKTe JOHHOM BCTAaBKHM IMOBBICHUIO HAHOCO3AIIMTHBIE Xapak-
TEPUCTUKU YEThIPEXCEKIIMOHHBIX MOporoB. Ilpu 3ToM ObLT paccMOTpeH BapuUaHT BO3MOMXKHOCTHU
YCTPOICTBAa TOPU3OHTAIIBHOTO TPeOHsI opora Mo aHaJIOrHH C KPUBOJIMHEIHBIM B IJIaHE HAHOCO-
3amuTHBIM roporoM [ 150]. Paspaborannsiii M.K. PynakoBeiM HaHOCO3AIUTHBIN OPOT C TOPU30H-
TaJIbHBIM (0€3yKJIOHHBIM ) Tpe0OHEM UMEET MOCTOSHHBIC 3HaYCHMsI KOd(PPUImeHTa pacxo/ia, paBHbIe
0,41 [151]. B xome npenBapuTeIbHBIX MOUCKOBBIX UCCIEIOBAHUN OBIJIO YCTAHOBJICHO, YTO B 3aBH-
CUMOCTH OT KOH(UTYpallUH YEThIPEXCEKIIMOHHOTO JIOMAHOTO B IJIaHE MOpOra ero ko3(pduunenHt
pacxona Taxke usMensuics ot 0,4 o 0,41 npu pa3nuuHbIX Hanmopax Haj rpedHem mopora. To ecTh
KpUBOJIMHEIHAs o0Tekaemasi (hopMa ropora B JaHHOM CiIy4ae He JaeT OUyTUMOTO MPEeuMyIlecTBa
B pacxo/iax BOJBI 10 CPAaBHEHUIO C JIOMAHBIM IOPOTOM, COCTaBJIEHHBIM U3 HECKOJIBKUX CEKIUH.

bruta Takxke paccMOTpeHa BO3MOKHOCTh MPUMEHEHHSI KOHCTPYKIIMIA YeThIPEXCEKIIMOHHBIX
MOPOTOB ISl BOI03a00pa U3 PEeK, OTHOCSIIUXCS K TPEThEH IPyMIl MajiblX TOPHBIX PEK, B THAPO-
SHEPreTUYECKUE U UPPUTALMOHHBIE CUCTeMbI. [11aHOBBIE pa3Mepbl KOHCTPYKIUN C HAKIOHHBIM
rpebHeM ObLTM 000CHOBaHBI paHee (cM. Tadmuiy 4.1). beuti paccMOTpeHBI BApUAHTHI UCIIONB30-
BAaHMS PA3JIMYHBIX IJIMH CEKIIUN YETHIPEXCEKIIMOHHOTO MTOPOra /i YKJIOHOB JTHA PEKU i,= 0,017
ui =0,024.
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Pesynbrarhl MccaeqoBaHUi MOKa3aia, YTO KOA(PPHUIMEHT pacxoia, ONpenessionuii Boao-
MPOMYCKHYIO CIIOCOOHOCTh YETHIPEXCEKIIMOHHOTO JIOMAHOTO B IJIaHe nopora, npu 90 %-HoM Bo-
no3abope uzMmensiercs B npenenax 0,398 no 0,41. Ot 3HaueHHs KO3(PPUIMEHTA Pacxoa MOTYT
OBITH MCIIONB30BaHbI PU OTHOCHTENBHOM mmpune nopora C,  /H, —=(0,343+0,6).

Pesynbrarhl uccienoBaHuid, MPOBOAUMBIX IIpU K03 duunenTe Bogo3abopa, pauom 0,9, mo-
3BOJIWJIM yCTAHOBUTH, YTO:

» TIpU OTHOCHTEJILHOM BBICOTE 1OPOra ¢ ropu30HTaNbHEIM rpedHem 0,65 1 0,7 or H B BepxHem
Obede coopyKeHUs! CO3at0TCs YCIOBUS A1 (OPMHUPOBAHUS B OOJIACTH LUPKYISALUOHHOTO
BaJIblla IPU3MbI HAHOCOB BBICOTOM, JOCTHUTAIOIIEH BBICOTHI IOPOTa. JTO BHI3BIBACT MMOJHATHE
BJIEKOMBIX HAHOCOB B BEpXHHE TOPU30HTHI MIOTOKA U UX TOMNa aHUe B HEIOIYCTUMOM KOJIHYe-
CTBE B BOJOIIPHEMHYIO KaMepy M Jjajiee B OTBOASALINM KaHAI;

» TIpu OTHOCUTENbHOH BbicoTe mopora 0,75 u 0,8 oT pacueTHON ITyOUHBI, BETMYMHA €r0 JJIHHBI
NpUOIMKAeTCs K IIMPUHE MONEPEeYHOro CeYeHHs MOTOKA B MOABOAALIEM pycie. DTO onpeens-
€T MPaKTUYEeCKU pPaBHOMEPHOE Mepepacrpe/iesieHue yIelIbHbIX PAacX0J0B JIBYX(a3HOIo MOTOKa
(BOZ1a — HAHOCHI), TTOAXO/IAIIETO K BHEIIHEH MTOBEPXHOCTH ITOPOra, YTO 00ECTICUYMBACT MPH PALH-
OHAJIBHBIX pa3Mepax CeKIUi HeOOXOIMMBIN TPAHCIIOPT HAHOCOB B CTOPOHY MPOMBIBHOTO TPAKTa;

> TpH yKJIOHE JHA B OABOALIEM PYCIIe MOAEH coopy:keus i, = 0,007 ydIiie HaHOCO3aIUT-
HbI€ XapaKTepUCTUKH ObUTH oOecriedeHbl pu BapuanTe Nel ncnoiaHeHus nopora, a npH ykiio-
He just pekn i, = 0,012 Heobxoanmas HAHOCO3AIMTA 0OECTICTHBACTCS IPH BAPUAHTE TIOPOra
Ne2 (cm. Tabnuny 4.1).

B xone uccnenoBaHuii OTHOCHTENbHAs BBICOTA JIOHHOM BCTABKHM IMPOMBIBHOTO TpakTa CO-
CTaBIIsIa O,4Hp.

4.2. UcciienoBanus ruipaBInuYecKUuX XapaKTePUCTHK CTa0M/IM3aTOpPa
pacxoa THNA CEeKUMOHHBIN MapadoIMuYecKiil KOpo0UYaThlil 3aTBOP
(CIIK3)

TexHuuecKre U KOHCTPYKTUBHBIE XapaKTEPUCTUKHU Pa3pabOTaHHOTO CTa0MIM3aToOpa pacxo-
Jla TUIa CeKIMOHHBIN nmapabonuueckuii kopoduarsii 3atBop (CIIK3) (cM. pa3a. 2.3) ocHoBaHbI Ha
opraHu3aiuu OecrepedoHON Tojaun B OTBOJISIIIMKA KaHal HEOOXOIUMBIX 00BEMOB BOJIBI C pac-
XOJlaMH, U3MEHSIOLUIMMUCS Ha BEJIMYMHY He 0osiee +5 % npu 1r00bIX THAPOIOTHYECKUX XapaKTe-
PHUCTHKaX peK.

Hcnone3yst pesynbrarhl TeopeTHueckoro odbocHoBanusi koHcTpykuun CIIK3, Hamu B na-
O6opatopuu rugporexHudeckux coopyxenuit KPCY Opuia n3rotosieHa Mojieinb BOJOTPUEMHOTO
OTOJIOBKA BOZ[03a00PHOTO COOPYKEHHS CO CTa0MIM3aTOPOM pacxona Bojabl (pucyHok 4.16). Mo-
JIeJIbHbIE UCCIIEIOBaHUs ObUIM MPOBEIEHBI B TUApaBiauueckoM joTke iadoparopun I'TC KPCY
(cm. pucyHok 3.14).

B kauecTBe MCXOMHBIX JaHHBIX MPHU pa3paboTKe MOJENHU ObUIM MPUHATHI BEIMYMHBI pac-
XOJI0B BOJIbI, NOIABAEMON B OTBOJAALIME KaHAbl ()  THIPOIHEPIETUYECKUX Y MPPUTALMOHHBIX
cucTeM, MakcumanbHas H v pacuernas H - riyOuHa B BOXONPHEMHBIX KaMepax, U IIMPHUHA
BOJIONPHEMHOTO OTONIOBKA b HHU3KOHATIOPHBIX BOA03a00PHEIX COOPYKEHHIA.

PacueTHoil BennMunHOI pacxona BoAbl B MOJENH ObUI MPUHAT PacXo] BOJOIPHUEMHOTO Oro-
noBKa ., 3HAYEHUE KOTOPOTO ONPENENAIOCH 1O GopmyJte:

Q. 0
QB-O2 — smaxQ754 , (421)
n
e (X'Bmax_ MaKCHUMaJIbHAsA BCIIMUWHA KOG)(b(bI/IHI/IeHTa BOI[O3a60pa, HCIIOJIb3yEMasd Ipu UCCJICA0BA-

HUSIX YCTPOMCTB HU3KOHAIIOPHBIX BOI03a00pHBIX coopyskenuii pashas 0,9 [35, 97, 120]; O, —
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Pucynox 4.16 — Mopenp BOIOTPHEMHOTO OTOJIOBKAa HHU3KOHATIOPHOTO BOI03a00PHOTO COOPYKCHUS
¢ ycTpoiicTBoM crabunm3aropa pacxona Boasl tumna (CITK3)

3HAYEeHHE PacyeTHOTO pacxoja Boabl 75 %-Hoii 00eCTIe4eHHOCTH PEK, ONPE/IeTICHHBIX B KaueCTBE
PENPE3eHTATUBHBIX; 7 — KOJMYECTBO BOIONPUEMHBIX OTOJIOBKOB OTBOJISINErO KaHalla HU3KOHA-
MIOPHOTO BOJ103a00PHOTO COOPYKCHUSI.

KonruecTBO BOIOIIPHEMHBIX OTOJIOBKOB, 00OPYIOBAHHBIX CTA0MIIN3aTOPAMHU PACX0ia BOJIBI
NPU TPOCKTUPOBAHUH M CTPOMTEIHCTBE BOI03a0OPHBIX COOPYKEHHH, OMPEICISIOCh ¢ YIETOM
CJICAYIOUINX YCIIOBUIL:

1. BO3MOXXHOCTPB TIOZIa4¥ B OTBOASIINI KaHAJI PACXOJ0B C BETMUYNHAMHU, OOJIBIIIE PACUETHBIX
JICPUBAIIMOHHBIX KaHAJIOB THAPOIHEPTETUYCCKUX M MAarvCTPaIbHBIX KaHAJIOB WPPHUTAIllHOHHBIX
CHUCTEM, JUTSI TPOBE/ICHUS THAPABINYCCKIX TIPOMBIBOK OTCTOWHUKOB THIPOY3IIa.

2. TomnepkaHue B BOJONPHEMHONM KaMepe PACUeTHBIX IIYOMH OOJbIlEe KPUTHYSCKUX
H, > h 1uis cosanus B BepXxHeM Obede CTabnIn3aTopos pacxosia CIOKOMHOIO PeKMMa JIBIKE-
HUS BOJHOTO TIOTOKA ¢ Fr < 1.

3. ObecnieyeHNsI HAUMEHBIIEH CTPOUTETHHOM BHICOTHI BO03a00PHOTO COOPYKEHHUS.

4. OcyuiecTBiI€HHE BOAOIMOIAYM B 3UMHUU MEPUOJ] Yepe3 MUHUMAIbHOE KOIWYECTBO BO-
JIOTIPHEMHUKOB C TIEJIbI0 KOHIICHTPAIMKA ¥ 00SCIICUeHHs YCIOBUN He3aMep3aHusi 00bEeMOB BOJIBI
B BOJIOIIPOBOJISIIIUX COOPYKEHHSX (3aBUCUT OT MECTHBIX KIIMMATUYECKHUX YCIOBHUH JUISI COOPYIKE-
nuii Cpennedt Asuu v, = 0,6 m/c) [139].

ObecnieueHne MepBOro yCcIOBUSI MPOUCXOAUT O€3 MOBBIIICHUS PAaCUETHBIX ITyOHUH B BOZAO-
NPUEMHBIX KaMepax IPH MOTHOM MOJHITHUH MOJIOTHUII 3aTBOPOB CTAOMIIM3aTOPOB PaCcXoa U Ipo-
BEJICHUS BOJIOTIO/IaYM B BHJIC MCTEUCHUS Yepe3 BOIOCIUB C HIMPOKHM MOporoM. B aTom ciydae
B KQUECTBE PACYCTHOTO MOXKET OBITh UCIIOIB30BaHO YPaBHCHHE:

O, e =M, ,,b,,,\28H,,,. (4.22)

e m, o — K03(UIMEHT pacxoja BOAOCIHMBA C IIMPOKUM MTOPOTOM ¢ OOKOBBIM C)KaTHEM IPHHU-
MmaJcs paBubim 0,32 [181].

IIpyn >TOM MakCUMaJIbHBIA PaCXOl, IMPOXOASIIMNA 4Yepe3 OAWH BOJOIPHUEMHBIA OrOJIOBOK,
ompeaenscs 1mo Gopmyie:

Q@.az.max = % > (423)

n
e A — Ko3()QUIMEHT MOBBIICHHS TI0JABAEMBIX PACXOIOB BOIbI B OTBOISIIMNA KaHAJ B 3aBH-
CUMOCTH OT KOHCTPYKTHUBHBIX OCOOCHHOCTEH OTCTOMHHUKOB (JUIsl JBYXKaMEpPHBIX OTCTOMHUKOB
R =2; TpexxaMepHBIX OTCTOIHHKOB A = 1,5) [34, 53, 175].

J1J1s1 BBITTOTHEHUSI BTOPOT'O YCJIOBHSI OBIJIO UCTIOJIB30BAaHO YpaBHEHHUE JJIS pacueTa KpuTHue-
CKOM IITyOMHBI BO/IBI B pyCJIax ¢ MPSAMOYTOJIbHBIM ceuenueM [120]:
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(4.24)

re z, — KO3 QUIHMEHT 3anaca BBEIEH € UENBI0 OJHO3HAYHOIO MOYIEPKAHHS CTIOKOWHOTO PEKUMa
nepes CTabuiIn3aTopoM pacxosa BOIbI.

[Ipu 3TOM 0GEcneunBanoCch paBEeHCTBO HB.sz z3th. AHaJu3 CyleCTBYIOIINX aBTOMaTU3UPO-
BaHHBIX BOJI03a00PHBIX COOpYKeHni KbIprel3cTana mokasai, 4To Ko3(p(QUIMEHT 3anaca z, u3Me-
usiercs ot 1,78 1o 2,64.

Brlnonnenne TpeThero ycioBusi, CBI3aHHOTO ¢ OTHOCUTENIbHOM MHUHMMM3AIMEN 3arpar mpu
CTPOUTENILCTBE, BBITOIHAIOCH IPH HAMMEHBIINX JIOIYCTUMBIX 3HAYEHHUAX KO (PHIIMEHTa 3am1aca z,.

AHanu3 yCJIOBUH MPOCKTHPOBAHMSI BOJI03a00PHBIX COOPYKEHUH MO3BOJIMII CIETaTh BBIBOI,
YTO OCHOBHBIM YPAaBHEHHUEM JIJISl OTIPECIICHHS paCUETHBIX TIIYOUH B BOJIOIIPUEMHOM Kamepe H, .
B CJIy4yae yCTPOUCTBA OTCTOMHUKOB C THJIPABIUYECKOM MPOMBIBKOM, sIBIIsieTCS ypaBHeHUE (4.22),
KOTOPO€ MOKHO MPEACTaBUTh KaK

A - (4.25)

B ypaBuenus (4.24) u (4.25) npu U3BECTHOM 3HAUYEHUU PACUETHOTO Pacxoja BOIOIPHEM-
HOTO OTONIOBKA pacueTHas rmyOuna H ¥ mupyHa BOXONPHEMHOTO OTONOBKA b~ ABIAIOTCS He-
M3BECTHBIMU MEPEMEHHBIMH, YTO BBI3BIBAET HEOOXOAMMOCTH MPOBEICHHS pacdeTa ¢ MOMOIIBIO
noabopa. O4eBUIHO, YTO MPH pacdyeTe BOI03a00PHBIX COOPYKEHHM, TTONAONINX BOY B KaHAJBI
Yyepe3 OTCTOWHUKU C THAPABIMYECKON MPOMBIBKOH, OINpeesieHe pacueTHON TIIyOHMHBI JOIKHO
MPOU3BOAUTHCS TI0 opmyrie (4.25), a B ciaydasX UCHOIH30BAHUS OTCTOMHUKOB C MEXaHUYECKOU
OYHCTKOM, 110 opmyrie (4.24).

AHanu3 KOHCTPYKUUN BOAOIPHEMHBIX OTOJOBKOB HM3KOHAIIOPHBIX aBTOMAaTHU3MPOBAHHBIX
BOJ103a00pHBIX COOPYKEHUH Ha TOPHBIX pekax KbIprel3cTaHa MOKa3bIBAeT, YTO B 3aBHCUMOCTH
OT KOHCTPYKTUBHBIX 0COOCHHOCTEN aOCOIIOTHBIE 3HAYEHUSI LHMPHUHBI YCTPAUBAEMbIX BOIOIPUEM-
HBIX OT'OJIOBKOB bmp M3MeHstoTes B mipeenax ot 1,0 M 10 2,5 M, Ipu OTHOCUTENIbHBIX 3HAYCHUSIX
b&rlp / HB_np, mMmenstronuxes ot 0,75 go 1,0.

Heo6xonuMocCTh BBIMTOTHEHUST YCIOBUIM BOIOMONAUN ONpPEAETHIIa MPOBEICHNE PACUETHOTO
aHANN3a JUIs ONPEICTICHHS 3aBUCHMOCTH OTHOCHUTEIBHOMH MIHMPHHBI b / H ot a0COITIOTHBIX
BEJIMYMH PACXOJIOB, TIO/IaBAEMBIX B OTBOSIINI KaHall 0€3 peryJupoBaHUs C MOMOIIBIO CTAOMIIH-
3aTopoB pacxona Boael O . PacueTHbll anamu3 ObL1 npoBeneH mo gopmyie (4.22). Pesynbrarsl
pacueTa npuBeeHbI Ha pUCyHKe 4.17.

Pacxonel pacueTHol obecniedeHHOCTH (., PENPE3CHTATUBHBIX MAJBIX TOPHBIX pek Kbip-
TBI3CTAHA W PACYETHBIE PACXOIbl OTBOMAIIMX KaHAIoB () NpH yCTPOHCTBE BOM03a0OPHBIX

[T T
i be_n52 LO M
1,0+
T
' \ : |HE 3
. . X rpadIreckie
0.9 i K \ \ 2ABHCHMOCTH
T =15
il [ | \ N opuA, =13
LI N L I mpuA,=2.0
LT v
PucyHok 4.17 — 3aBucHMOCTH OTHOCHTENbHOM mmpu- .73 ~ : ¥ > i
HBI BOZIONIPHEMHOTO oronioka b,/ H,  coopyxenus ] bs-lni 'I-’ - * Qoo
OT BEJIMYMH MOJABAEMBIX PACX0/I0B BOJIBI O, 54 s s 10 10 14 me

149



COOpY)KeHHH, puBe/ieHbl B Tabmuie 4.2. B Hell mpoBOIUTCS COMOCTABICHUE THAPOIOTHYECKHX
XapaKTEePUCTUK PENPE3CHTATUBHBIX PEK M THPABINYECKUX XapaKTEPHUCTUK BOJOIIPUEMHUKOB BO-
7103a00pHBIX COOPYKEHHIH.

B tabnuie paccMOTpeH BapHaHT yCTPOICTBA OAHOTO OTOJIOBKA N = | ¥ IpOBEEHUE BOIOIIO-
JIa4H 110 CXeME UCTEUSHHS Yepe3 BOAOCIIUB C ITUPOKHM TOPOToM. AHAIH3 3HAUYCHNUH ITyOUH B BO-
JONPUEMHON KaMepe MPH YCTPOWCTBE OJHOTO BOJOIPUEMHOTO OTOJIOBKA BBITOIHSIONIETO BOJIO-
T0/1a4y PacYETHBIX BEIMYMH PacxooB O ., T0Ka3ajl, 4To PH BBEJICHUH B pabOTy cTabuimM3aropa
pacxoia B MaBOIKOBBIN MEPHO]I, BHI3BIBAET YBEIMYCHUE TIIyOUHBI. DTO B COBOKYITHOCTH C YCIIO-
BUEM PEMOHTOINPHTOTHOCTH 3JIEMEHTOB BOI03a00PHOTO COOPYKEHHUS ONpENeNsieT NMPUMEHEHUE
0oJs1ee OHOTO BOAONIPUEMHOTO OTOJIOBKA. DTO 0OECIIeunBaeT CO3IaHNe B 3UMHUIT IEPHO HEO00X0-
JMMBIX CKOPOCTEW BOJIBI 33 CYET IPOBEACHUSI BOJONOIAuH Yepe3 OAMH BOJOIIPUEMHBIH OTOJIOBOK.

Tabmmma 4.2 — ConocTaBIeHHE THAPOIIOTHUSCKUX XapaKTepUCTHK pek KeIprerzcrana
Y TUJIPABITMUECKUX XaPAKTEPUCTHK BOJOTIPUEMHBIX 3JIEMEHTOB BOJ1032a00PHBIX COOPYKEHUI

Pacxon Koodpdpn Pacxon Bogsl FJ;y61§1a [upuna
pacueTH. o t B orBomsamem | Koaddurmenr, o4 BOJIOTIP.
Pexa B0J103a00pa, % B BOJOID.

obecreu., " KaHaje, Kamepe OTOJIOBKA,

Q75%’ MS/C ’ QOT.K’ M3/C Hn Y M’ bB.l‘lp’ M
Cokynyk 4,82 0,9 4,34 1,5 1,85 1,85
-//- -//- -//- -//- 2,0 2,17 2,0
JIxyyky 5,90 0,9 5,31 1,5 2,0 2,0
-//- -//- -//- -//- 2,0 2,4 2,0
Kyrapr 13,4 0,9 12,06 1,5 2,94 2,5
-//- -//- -//- -//- 2,0 - -

[Tpu npoekTHpOBaHUH BOJIONPUEMHBIX OTOJIOBKOB PUBEIECHHBIE JOBOJIBI JOKHBI COITIACO-
BBIBaThCS CO 3HAYCHHUSIMH CPETHUX MHOTOJIETHUX 3UMHHX PacXo/I0B BOAbI B pekax. B xozxe uccie-
JIOBaHUI BOJOTIPUEMHBIX OTOJIOBKOB BOJI03a00PHBIX COOPYKEHHM OBLIM PAacCCMOTPEHBI THAPOIIO-
THYECKHE XapaKTePUCTUKH pernpe3eHTaTuBHbIX pek Keipreizcrana — Cokynyk, xyyk u Kyrapr
[97, 120].

VYBenuueHne KoIM4ecTBa BOJIONPHUEMHBIX OTOJIOBKOB MO3BOJIHUT 00ECTIEYUTh CHIYKEHUE CTPO-
UTEJBHOMN BBICOTHI COOPYKEHU, BETMUNHBI ApDMUPOBAHUS U TONIIUHBI MOHOJIUTHOTO OEPErOBOTO
YCTOSI BOJOTIPUEMHON KaMephl.

C uenbio obecredeHns TPETHEro yCIOBHs B XO/€ MOAEIBHBIX UCCIIEOBAHUN KOHCTPYKIHH
CIIK3 oTHOCHTENBHAS MIMPUHA BOJOITPUEMHOIO OTOJIOBKA TPUHUMAJIACH PAaBHOM bB'np / HB'Hp =1,0.
IIpu oTHOCUTENBLHON MIMPUHE bB_]1p / HB'Kp = 1. PacueTHbIii Hammop OB YCTAaHOBIICH M3 YCIOBHS
MIPOBEPKU pabourX XapaKTepUCTUK CTaOMIM3aTopa MPU U3MEHEHUH OTHOCHTENHHON BEIUYUHBI
Haropa B BOJIONIPUEMHON KaMepe B Juara3oHe H”p / HB.Kp.,- ot 1 no 2. IIpu 3TOM BeaMYMHA KO-
>bduienTa 3anaca no youne Bozkl z, coctapuia 2,13. Ilpu MpoBepKe BBINOIHEHHS MEPBOTO
ycioBus o ¢hopmyne (4.22) 3HaueHue kod(hduiieHTa MOBHIIICHNUS PacXo/ia BOJbI, oJaBaeMOn

B OTBOJAIIMI KaHall, ObLI0 paBHO A =1,5.

Pasmeps! uccnemyemoil gusnueckoir Monenu crabunmzaropa pacxona Boasl CIIK3 mpen-
CTaBJICHbI HAa pUCyHKe 4.18.

Pesynprarel MofeNbHBIX HcchenoBaHuil cradminsaropa pacxoga CIIK3 npusenens! Ha pu-
cynke 4.19. I'padpux 3aBucumoctu Q/Q = fla/a_ ), ONpenensiommi rTupaBInIeCKUe XapaKTe-
PHUCTUKHU pa3pabOTaHHON KOHCTPYKIMH CTaOMiIM3aropa, npeacTaBieH Ha pucyHke 4.20.

[TpoBeneHHBIE HCCIIEAOBAHMS OATBEPAMIMBBIBOIBI, CACTAHHBIE paHee MPH pa3paboTKe
xkoHcTpykiuu CIIK3 [79, 95]. D10 cBHIETENBCTBYET, UTO pa3pabOTaHHOE YCTPOWCTBO SIBISIETCS
CTabMIIM3aTOPOM pacxoja BOJbI, CHOCOOHBIM IMPOBOIUTH BOJOIOAAYY B OTBOISIINI KaHAI BOJIO-
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Pucynok 4.18 — Monens crabunmzaropa pacxoma CITK3
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Pucynok 4.19 — CoBMenIeHHBIE pacdyeTHas cXxeMa CcTabnIn3aTopa pacxoaa
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Pucynok 4.20 — I'padux 3aBucumoctu Q/Q0 = fla/a_ )
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3a00pHOT0 COOPY>KEHMS B TABOAKOBBIN MEPUO/I, B MANIA30HE U3MEHEHHsI TNTyOUH B BOIOTIPUEMHOM
Kamepe coopyxenus H / H, or 1 mo 2.

B.IIp.Max

4.3. HUccaenoBanus IT'MAPaBINYIECCKUX XapPaKTEPUCTHUK ITOTOKaA
Ha COMpsITaloInX yYaCcTKaX 3aperyjimpoBaHHBbIX PYCE
HUSKOHAIIOPHBIX IVIOTHHHBIX BO)IO3360PHLIX coopymennﬁ

Kak nokasan ananus pe3yJibTaToB MOJIEIbHBIX UCCIIEAOBAHUN U ONBIT 3KCILTyaTal[Ml HEKO-
TOPBIX BOJ03a00PHBIX COOPYKEHU, IpUMeHsaeMas MeToauka (64, 172] nns onpeneneHus rada-
PUTHBIX MapaMeTPOB 3aperyJIMPOBAHHBIX PYycesl BOJ103a0OPHBIX COOPYKEHUH MMEET HEKOTOphIe
HEI0CTaTKH, IPUYUHONW KOTOPBIX SIBJISIOTCSI HEYUYTEHHbIE (PAKTOPHI, BBI3bIBAIOIINE BO3HUKHOBE-
Hue B Obedax COOpYKEHUN PYCIIOBBIX U THIPABINYECKUX SBJICHUI OTPULIATEILHOTO XapakTepa.
OHu 3aKIII0YaroTCs B OTKJIIOHEHUH HaIlpaBJIeHUs JBYX(a3HOTO MMOTOKA OT 3a/1aBaeMOT0 10 MPOeK-
TY, YTO IPUBOJUT K HEIIPOTHO3UPYEMBIM Jie(hopMalusiM JIHa, pa3pyLIeHUSIM KPEIUIEHUH BEPXOBbIX
OTKOCOB CTPYEHAIPABISAIOIIUX J1aM0, ¢ U3MEHEHHEM IUIaHOBOM KOH(UTYypaliy 3aperyiupoBaH-
HBIX pyCell.

Ha nam B35/, 3T0 MPOTUBOPEUHE CBA3AHO CO CIEIYIOIIMMHU OCHOBHBIMU IPUYUHAMMU:

» TpeiaraeMblie THAPOMOPHOMETPUIESCKUE 3aBUCHMOCTH JIJISl pacdeTa mapaMeTpoB 3aperyiiu-
POBaHHBIX pyces KPUBOJIMHEWHOM POPMBI OBUIH MOTYUEHBI C YUYE€TOM €TI0 HEIIPEMEHHOT'0 pa3-
MEILEHNs B KOHIIE IPSIMOJIMHEWHOIO Y4acTKa BOIOTOKA [ 166], UTO HE OTpaKE€HO B PEKOMEH/1a-
LUSX 110 TPOEKTUPOBAHUIO MOJBOJSIINX PYCET;

»  He ONpe/ieIeHbl KOHCTPYKIIMU U pa3Mephl YCTPOHCTB KOHIIEBOI 4aCTH 3apeTryIMPOBAaHHOTO OT-
BOJISILIIETO pyciia THAPOy3Jia, 00eCleurnBaole pacTeKaHue MOTOKa MO BCEH MIUPUHE MOUMBI
Y YCTOMUYMBBIN TPAHCIOPT HAHOCOB HA y4acTKe OBITOBOIO OTBOJSIIETO pycia.

C uenbro COBEpUICHCTBOBAHUSI METOAMKHU pacyeTa IMapaMeTpoB 3aperylupoOBaHHBIX pycen
BO/103a00PHBIX COOPYKEHHUI W YIydIlIEHHUs Tpoliecca Bo103adopa U3 TOPHBIX PeK ObUT IPOBEICH
P MOJIENBHBIX UCClIeIoBaHUMN. VX 11€JIbI0 SBISIIOCH 000CHOBAaHUE KOMIIOHOBOYHBIX CXEM COMpSI-
KEHUSI TIOABOSILIETO U OTBOSIIETO YYaCTKOB 3apEryJIMPOBaHHOTO pyciia HU3KOHAMOPHBIX BOJO-
3a00pHBIX COOPYKEHUH C OBITOBBIMH Y4aCTKaMU Pycel peK.

IIpoBenennnie panee B pamkax npoexkra MHTL[ KR-1130 TeopeTtnueckre u 3KkCriepuMeH-
TaJdbHBIC MCCIIeoBaHus [35] mokasau, 4To:

1. ITpu conpspKeHUU TTOIBOASIIETO OBITOBOTO PyCJia PEKU OOJIBIION MTUPUHBI C 3aPETYIIUPO-
BaHHBIM PYCJIOM YCTOWYMBOW IIUPHUHBI, HA €T0 HAYAJIbHOM Y4acTKe MPOUCXOAUT OTPHIB TPAH3UT-
HBIX CTPYH MOTOKa OT OOKOBBIX CTEHOK pyClia C BBIPQXKEHHBIM IepepacIpe/ieIeHUeM yAelIbHbIX
pacxozoB 1o mupuHe. [Ipu 3ToM MOTOK MepexoAuT B KBa3UPAaBHOMEPHOE JBHKEHHE TOJIBKO Ha
HEKOTOPOM PACCTOSIHUM OT Y4acTKa COMPSIKEHHUSL.

2. Ha KoHII€BOM y4acTKe 3aperyIupoBaHHOIO pycia (HanpuMmep, KaHaIM3UPOBAaHHOTO pyciia
p. Kyraprt) Bo3HuKaeT oTiIo)keHHE HAHOCOB C Pa3BUTHEM Ipoliecca MOAHITHS THA BBEPX IO Tede-
HUIO. JTO O0BSACHSAETCS YMEHbILIEHUEM TPAHCIIOPTUPYIOUIEH CIIOCOOHOCTH MOTOKA MPHU COTIPSIAKE-
HUU KOHIIEBOTO y4acTKa yCTOHYMBOIO (KaHAJIM3UPOBAHHOIO) pycia C HUXKEJIeKAIIUM y4aCTKOM
PEYHOTO pycia, UMEIOIIEM OOJBIIYIO UPUHY.

Jnst co3nanus nepes; KpUBOJIMHEHHBIM MOJBOSIIMM PYCJIOM BO103a00PHOTO COOPYKEHUS
PaBHOMEPHOTO pacHpeesIeHUs YIeIbHbIX PacXoA0B JAByX()a3HOro MoToka, He0OX0UMO yCTPOi-
CTBO MPSIMOJIMHENHOTO yyacTKa. A 715 pa3pabOTKU yCTPONCTB, CIIOCOOHBIX MPEeLyHpPEaUTh OTIIO-
’KEHHE HAHOCOB Ha Y4YacTKe OTBOSILErO 3aperyIupoBaHHOIO pyciia, HEOOXOIUMO OIpeeIeHNe
YCIIOBUI BO3HUKHOBEHHS U KAUYECTBEHHBIX XapaKTEPUCTHK Mpoliecca 3auJICHuUs.
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OKCIEpUMEHTAJIBHBIE UCCIIEA0BAaHNS TapaMETPOB PEKOMEHIYEMBIX CXEM CONPSKEHUS 3ape-
I'YJAMPOBAHHOTO Y4acTKa ¢ OBITOBBIMM TMOJIBOASALIMM M OTBOAAIIMM PYCJIaMH PEK MPOBOJMINCH Ha
MozenbHOM pycioBoii ycraHoBke (MPY).ITomyueHHbIe ONbITHBIE JaHHbBIE IPUBEAEHBI B Tabu1ie 4.3.

Tabmmra 4.3 — Pe3ynbTrarhl HCCIICAOBAHMN INIAHOBBIX Pa3MEPOB 30HBI OTPHIBA CTPYH BOIHOTO IMTOTOKA OT
OeperoB 3aperyaupoBaHHOTO pycia

ViUIoH 1Ha JlnuHa 30HbI OTpbIBa | JlnMHA 30HBI OTPHIBA VYcroituuBast luupuHa LH

; ’ Ha MOJEJIN, JUUISL HaTypBl, 3aperyJupoB. pycia JUis- B

P L,m L,™m HATYPBHI, BycT’ M yem
0,005 0,78 28,0 23,3 1,20
0,010 0,85 26,9 20,5 1,30
0,015 0,93 26,9 18,5 1,45
0,020 1,08 29,7 17,9 1,66
0,025 1,24 32,6 17,1 1,91
0,030 1,32 33,4 16,4 2,04
0,035 1.39 34,2 16,0 2,14
0,040 1,56 37,3 15,5 2,41

JlnvHa NpAMOJIMHEWHOTO yJacTKa L 3aperylIMpoBaHHOTO Pyciia ONPEENAIach U3 3aBUCH-
moctn Buna L /B, = f(i) ¢ y4erom BoCCO31aBACMBIX THIPOMETPHUYCCKHX XapaKTEPUCTHK.

Hcnonp3yst M3BECTHBIE METO/IbI CTaTUCTUUYECKOM 00paboTKu [1], HaMu npu TeCHOTE CBSI3U
r = (,98 ObUIa TIONTyYeHA SMITUPUICCKAS 3aBUCUMOCTh BHJIA:

LH

=34,976xi,+0,976 . (4.26)
yem

OTO0 BBIpa)KEHUE MOXKET ObITh PEKOMEH0BAHO JIJIsl pacyeTa OTHOCUTEIbHON JUIMHBI IPSIMO-
JIMHEMHOr0 yyacTKa B 3aBUCMMOCTH OT YKJIOHA J{Ha pycJa.

B Xoze NonCKOBBIX UCCIIEJOBAHNUN ONMCAHHON MOJIEIH YYacTKa 3aperyJupoBaHHOIO pycia
TaK)Ke M3ydajcs BOMPOC €ro 3aWJICHHUS CO CTOPOHBI OTBOAAIIETO OBITOBOTO pycia. MccienoBanust
MIPOBOJIMJINCH MPU MUHUMAILHOM ykJoHe aHa i=0,005, KOTOpbIi (OopMUpPOBAICS MPU TPOIYCKE
pycIopOopMHPYIOLIETO PACX0a BOJBI C PACUETHONH MyTHOCTBIO TIOTOKA.

[Tpu mpormycke pyciopOpMUPYIOIIETO pacxoia prc B 30HE COMPSKEHUS KOHIIEBOTO y4acTKa
3aperylIMpOBaHHOTO pyciia ¢ OBITOBBIM OTBOSIIUM PYyCJIOM ABYyX(a3HbIH MOTOK HE pacTeKaycs
10 BCEH MIMpHHE, & KOMIIAKTHO MPOJOJIKaJl JBUKEHUE Ha BCEH MPOTSHKEHHOCTH MCCIIEAYEMOTO
y4acTKa JJIMHON 2ByCT ¢ yriioM KoHycHocTd 12°. [Ipu yMeHbIlIEeHUN BETMYMHBI PACX0A0B BOJbI, 110-
JTaBa€MbIX Ha MOJIEJIb 3aPETYJIIMPOBAHHOTO PYCIIa HIKE BEIMYUHBI 5/7 prc, HaOII0/1aJICs! polLiece
3auJICHUS] KOHLIEBOTO y4acTKa C YBEJIMUEHUEM OTMETOK JiHa. IHTEHCUBHOCTD 3TOTO Ipolecca 3a-
BHCEJIa OT BEJINYMH PACXO0B BOJIbI, MyTHOCTH MTOTOKA U MPOJOIKUTEIBHOCTH OIIbITA.

Ha HauanbHOM STare KaxJI0ro OmbITa MoCie NpomycKa pyciopopmupyromiero pacxona Q. ,
B PYCJIO TI071aBajIcs JAByx(asHbiil IOTOK ¢ pacxogamu Boibl Q, ., wiuQ, . ¢ pacueTHOU MyTHO-
CTBIO, KOTOPBIH (POPMUPOBAT OTMOCTKY TPH PACIPOCTPAHEHNUHU B OBITOBOM OTBOJSIIEM PYyCIIe.

IIpu BbIXOJE M3 3aperyaUpOBAHHOIO pyciia B OBITOBOE PYCIJIO MPU3Ma HAHOCOB Ha HAYaJlb-
HOM 3Tare pacipoCTpaHsIach NPSIMOJIMHENHO B HAIIPaBJIIEHUU OCHOBHBIX CTPYH BOBI.

[Tocne BeInonakuBaHus rpeOHs MPU3MbI HAHOCOB BOJHBIN MOTOK, BBIXOASIINN U3 3aperyiin-
POBAHHOIO pycJa, pa3/ieisuics Ha IBE YaCTH C OTKJIIOHEHUEM CTPYH OT IPOI0JILHOM OCH 3aperyiu-
POBaHHOTO pycia K OeperaM OTBOASIIETO OBITOBOTO pycia. TO COMPOBOXKIAIOCH BOSHUKHOBEHH-
€M BJI0JIb OEPEroBBIX KPEIUICHNH KOHIIEBOTO YYacTKa 3aperyIMpPOBAHHOTO PYCIIa ABMKEHHS KHUJI-
KOCTH, TOJJOOHOTO JIBUKEHUIO JIByX(pa3HOTO [TOTOKA HAa HEYCTONUYMBOM M3TyYMHE C UHTEHCUBHBIM
Pa3MBIBOM 4acTH cPOPMUPOBAHHOH MPU3MBI HAHOCOB. OTIOKHUBIINECS paHEe HAHOCHI B CEUCHUH
Ha BBIXOJI€ U3 3aperyJIMPOBAHHOIO pyciia MepeMEIIAINCh 10 KPUBOJIMHEHHOW TPAEKTOPHH.
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ITockonbKy MOTOK NOAAaBaJICA IO CUMMETPUYHOMN CXeM€e Pa3MEILEHUs] PETYISIIMOHHBIX CO-
OpY’KEHHUI Ha BXOJHOM Y4acTKe 3aperyJIMpOBaHHOIO PyCIla, NU3MEHEHNE HANPABIECHUN ABM)KEHUS
NBYX(ha3HOTO MOTOKA MPOUCXOAMUIIO OJHOBPEMEHHO € MIPABOTO U JIEBOTO OEPETOB C OMHAKOBBHIMU
CKOPOCTSIMH JIBWXKEHHUSI BOJIBI M BeTMUMHAMU pacxonoB. [Tpu nepepopmupoBanuu 1Ha Baoib Oe-
PETOBBIX KPEIUIEHUI KOHLIEBOTO YUacTKa 3aperyJINPOBAHHOTO PyCJla IPOMCXOAMI pa3MbIB JOHHBIX
OTJIOKEHUH.

B 1ieHTpe BBIXOIHOTO cedeHus 00pa3oBbIBaIachk OTMENb. B pasButue mporecca oOpas3osa-
HUE OTMEJIEH B BHJIE HAHOCHBIX I'PAJl IO LEHTPY pycila PaclpOCTPaHAIOCh BBEPX IO TEUEHHUIO.
B sToMm pexume ABMKEHHS ABYyX(a3HOTO MOTOKA M PacHpOCTPAaHEHHE MPU3MbI HAHOCOB B OBITO-
BOM pyCJI€ IIPOUCXOMIIO B CTOPOHBI €T0 OEPETOBBIX YCTOEB.

ITpu noCTHKEHUM IIIIAHOBBIX Pa3MEPOB U BEJIMUUH OTMETOK IOBEPXHOCTH IPU3MbI HAHOCOB
Ha OOKOBBIX y4YacCTKax CO 3HAYEHUSIMH OTMETOK C(HOPMHUPOBAHHOM paHee NMPHU3MbI HAHOCOB, HA
IPOJIOJILHOM OCH pyClla HACTYIIAI0 U3MEHEHHE HAIIPABJICHHOCTH ABMKEHHS ABYX(a3zHOTO MMOTOKA.
B sToM ciydae moTok NmpHHUMAaI MPOAOJIBHYIO HANpPaBIE€HHOCTh HA y4acTKEOBITOBOTO OTBOS-
miero pycina. I'psabl HAHOCOB, 0Opa30BABILKECS PaHEE B LIEHTPE 3apEryIMPOBAHHOTO pyciia, pa3-
MBIBAJIMCh C 3aIOJIHEHHMEM OOKOBBIX 30H pa3MbiBa JHa. [lociie HEKOTOPOW MPOTOKUTEIBHOCTH
OIBITOB OTMETKA YPOBHEW BOJBI B 3apETYIMPOBAHHOM PYCJI€ MTOBBIIIAIACH BMECTE C YBEITUUEHUEM
OTMETOK JHa. /{11 nanbHeiero nepemMenieH s AByX(pa3Horo NoToKa *HIKOCTH Ha COIPSTaloieM
y4acTKe HEOOXOIMMO YBEIMYCHHE SHEPTeTUUECKUX XapaKTEPUCTHUK JKUAKOCTH Ha BBILIENIEKAIEM
y4acTKe 3aperyIMpOBaHHOIO pyciia. 3aTeM ONMCAHHBIN BBIILIE MPOLECC 3aWJICHUS 3apEryIMpOBaH-
HOTO ITPSIMOJIMHEMHOI0 y4acTKa pyciia IOBTOPSIICS.

Ha ocHOBaHMM NpPEACTABIEHHBIX PE3YJIBTaTOB MOJEIBHBIX UCCIEJOBAHUN MOYKHO CJEJIaTh
CJIEyIOIINE BBIBOJBI:

»  YCTpOWCTBO TPSMOJIMHEHHOTO y4acTKa 3aperyJHpoBaHHOTO pycna (pucyHok 4.21) UIMHOM,
ornpenensieMoi o opmyre (4.26), nepen KPUBOJIMHEHHBIM MOABOSIINM PYCIOM BOJ03a00p-
HOTO 'MJIpOY3J1a MO3BOJIUT CTAOUIM3UPOBATh HAHOCO3AIIUTHBIE XapAKTEPUCTHKH COOPY KEHHSL.

» Ilpu ykioHax JHa TPSMOJIMHEWHOTO 3aperyIMPOBAHHOTO M OBITOBOTO OTBOISILETO PyCe,
pasHoro 0,005, nporecc 3auiIeHUs] MPOUCXOAUT OCOOCHHO MHTEHCHUBHO IPH MPOIMYCKE pac-
YETHBIX PacX00B BOMbI MeHbIe ;. OIHUM U3 PE3YJIBTATOB €r0 MPOSBJICHUS MOKHO CUM-
TaTh 00pa30BaHUE OTMENH B IIEHTPE KOHIIEBOTO CEUEHHSI 3apETyIMPOBAHHOTO pycIa.

[l yMEHBILIEHNST OTPULIATEILHOTO BO3AEHCTBUS PyCIOBBIX IPOLIECCOB B OTBOIALIEM 3ape-
T'YJIMPOBAaHHOM pYCJi€ Ha 3JIEMEHTHI BO103a00PHOT0 COOPYKEHHSI B €r0 KOHIIEBOM CEUYEHUH HEO0O-
XOJJUMO YCTPOHCTBO COOPYKEHHSI, CITyKalIero (PUKCUPOBAHHBIM CTBOPOM. DTO MO3BOJIUT MpEry-
IPEIMTH Pa3MbIB JHA OTBOJSILETO PyCiia IIPU MPOXOKAEHUH PYCI0GOPMUPYIOMINX pacxonos O,
U YBEJIMYHUTH TPAHCHOPTUPYIOIIYIO CIIOCOOHOCTh OTOKA MPU PACX0AaX MEHBIIEH BEIIMUMHBI.
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Pucynox 4.21 — PacueTHasi cxema peryisiUOHHBIX COOpYKeHHil: 1 — moaBogsiiee ObITOBOE PyCIIO;
2 — BOHO3a0OpHOE COOPY)KEHHUE; 3 — BOMOIIPHEMHUK; 4 — OTBOASAILINNA KaHA, 5 — OTBOIINEE PYCIO;
6 — Oepera OBITOBOTO pyciia; 7 — CTPyEHANPABISIIONINE JaMObl; 8 — KpUBOJIUHEHHOE PYCiIo; 9 — psiMo-
JIMHENHBINA TOJBOJSIIMIA yU4aCTOK
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4.4. PeryaiupoBaHue pycJI0BbIX POLECCOB B BepXxHeM Obede
BOJ03200PHBIX COOPY:KEHHU I NIPH NepeBo/ie COOPYKEHUS
HA 3UMHUI PesKUM IKCILIYyaTAlNu

[Tocne onpenenenus pallMOHAILHBIX TAPAMETPOB HAHOCO3ALIUTHBIX AIEMEHTOB BO103a00p-
HBIX COOPYKEHHI OBLT POBEJICH Psi/i HOUCKOBBIX HCCIIEIOBAHUH 110 COBEPIIEHCTBOBAHUIO TEXHO-
JIOTHYECKUX XapaKTEPUCTUK AIEMEHTOB, CIYKAIUX JJIs POBEJCHUS 3MMHET0 Bo03a00pa U MIy-
rocopocoB. [Ipu 3ToM ObLTH yUTeHBI crieaytonume yciaosus [97]:
» CHIDKEHHE PEYHBIX PACXOJI0B B EPUO 3UMHEH MEKECHHU;
» TpOBeIeHUE BOIOOTOOpA U3 MPUJIOHHBIX TOPU30HTOB ITOTOKA BOJIBI;
» cOpoc uryroBoi Macchl B HKHUN Obe( BO103a00PHOTO COOPYKEHUS U3 BEPXHUX TOPHU30HTOB
BOJTHOT'O ITOTOKA BEpXHETo Obeda;
» HCHOJb30BaHUE YCTPOMCTB U 3JIEMEHTOB COOPYKEHHSI, CITY>KaIMX JJIs1 BOZ03a00pa B TEIUIBIH
[IEPUOJ BPEMEHU 3UMOM;
» co3/laHue B BepxHEM Obede COOpyKeHHs YCIOBHUU AJs HAJEKHOTO TpaHCIopTa U cOpoca
uryru 6e3 o6pa3zoBaHus 32KOPOB;
»  BIIEMEHTHI 3MMHET0 B0/103a00Pa IOJHKHBI OBITh MPOCTHIMH, HE YCIOKHSIOIIUMH TEXHOJIOTHYe-
CKHE OTIEepaLluy IPH MEPEBOJIE BOJ03a00PHOT0 COOPYKEHHUS HA 3SUMHUH PeKUM SKCIUTyaTalHH.
B xone nouckoBbIX uccaenoBaHuil (pUCyHOK 4.22) ¢ y4E€TOM HEJOCTaTKOB B OpraHU3alluu
3MMHET0 BOJ03a00pa CyIIECTBYIOUIMX BOA03a0OPHBIX COOPYXEHHUH ais nepuBamoHHbIXx [DC
Hamu Oblia pa3paboTaHa KOMIIOHOBOYHASI CXeMa BOJ03a00pPHOTO COOPYKEHHSI JUIS JepUBALlMOH-
ueix ['DC (BCAI'-2) [83, 84, 85, 97].
CornacHo pa3pabOTaHHOM cXxeMe KCIUTyaTallui 3TOr0 BOJ03a00PHOTO COOPYKEHHUS B 3UM-
HUH 1IepUo 11l MOBBIIIEHUS! CKOPOCTHOTO HAlOpa MOTOKA YPOBHHU BOABI MOHIKAIOTCS 1O OTMET-
KU TOPU30HTAILHOTO TPeOHsI HAHOCOOTOOWHOTO MOPOra MOCPEACTBOM PETYITUPOBAHUS BETUUUHBI
HAropa B PEYHOM IIPOJIETE, CO3]aBAEMOT0 aBTOPETYIIITOPOM YPOBHs BepxHero Obeda. [Ipu arom
BOJIOOTOOP B BOIONPUEMHYIO KaMepy MPOU3BOAUTCS U3 HIXKHUX TOPU30HTOB PEYHOT'O MOTOKA Ye-
pe3 OTBepCTHE NMPHUIOHHOTO 3aTBOpa 3UMHETO BOZ03a00pa, a TaKKe U3-TI0J1 3aTBOPa BEPXHETO BO-
JOTIPUEMHOTO OTBEPCTHS (PUCYHOK 4.23).
3a00p BOABI U3 HIDKHUX MPUIOHHBIX CIOEB PEYHOTO MOTOKA B 3UMHEE BPEMsSI CTAHOBHUTCA
BO3MO)KHBIM 0J1aroiapsi MUHUMAaJIbHOMY KOJIMYECTBY WJIM OTCYTCTBHIO HAHOCOB, TPAHCIIOPTHUPY-
eMbIX TOPHBIMH peKaMu B 3uMHHI nepuoa. LllyronenoBsie 0Opa3zoBaHusi, KOTOPbIE MOCTYMAIOT
0 MOJBOISIEMY PYCITy, cOpachIBalOTCS B HUKHUN Obed uepe3 BEPXHIOI OBEPXHOCTh MPEIIO-
JKCHHOM HaMH OHHOW BCTaBKU MPH MOIHATHH 3aTBOpA U 4Yepe3 BepX OMYIICHHOTO MOJOTHHIIA
CIIBOCHHOTO 3aTBOpA.

Pucynok 4.22 — Mozens Bo103a00pHOTO COOpYKEHUS JiIs AepuBarimoHHbx [[DC
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Pucynox 4.23 — Cxema pa3melieHust Ipru3Mbl HAHOCOB B BEpXHEM Obede BO/103a00PHOT0 COOPYKEHUSI
TIpH HOj1a4e 110 TIOJBO/AIIEMY PYyCily pacxosa AByX(asHOro moToka XHIKOCTH (Boja — HaHockl) Q.
MaJoil ropHoi pexn ¢ koddduimenrom Bogozadbopa 0,9: 1 — mogBomdsIIce 3aperyTUPOBaHHOE PYCIO;
2 — mpu3Ma HaHOCOB; 3 — 30HA MPOMBIBKH; 4 — 30Ha MAKCHMAJbHOH BBICOTHI TIPH3MbI HAHOCOB; 5 —
OTBEPCTHE 3UMHET0 BOj103a00pa; 6 — BepxHee BOJAONPHEMHOE OTBEPCTHE; 7 — MPOMBIBHOE OTBEPCTHUE,
MePeKPhIBAEMOE 3aTBOPOM; 8 — OTBEPCTHE JIOMOJHUTEIBHOTO MPOMBIBHOIO TPAaKTa, MEPEKPhIBAEMOE
C/IBOCHHBIM 3aTBOpOM; 9 — 3aTBOp peuHoro nposera; 10 — oTBoasInil KaHaT

C 1enpI0 MOBBIICHHUS TPAHCIOPTUPYIOIIEH CIIOCOOHOCTH TIOTOKA HA yYACTKE MOABOASAIIETO
pycia u BepxHero 0beda coopyKeHusl, ObLIO PEKOMEHIOBAHO MPOU3BOIUTH YACTUIHYIO ITPOMBIB-
Ky BEpXHeTo Obe(a COOpyKEHUATIPU TIEPEBOE COOPYKEHUSI HA 3MMHHI NIEpUOJ] SKCIUTyaTalluy Ha
y4YacTKe BJIOJIb HAHOCO3AIIUTHOTO nopora. [IpoBeaeHne mpoMbIBKH HEOOXOAUMO BECTH 03 MpH-
MEHEHHS 3aTBOpA PEYHOTO TPOJIETa CO CMBIBOM BCEH MPHU3MBI, C LENbI0 COXPAHEHUS OTIIOKEHHUN
HAHOCOB Pa3MEIIAIOIINXCS CO CTOPOHBI IIPOTHUBOIIOIOKHOTO Oepera oT BOAOIPUEMHHKA.

30Ha TIPOMBIBKH BEpXHETO Obeda MCIONB3yeTcsl B Ka9eCTBE MOJBOISIIIETO pycia ¢ orpa-
HUYECHHOU IHHpI/IHOfI DTO MO3BOJISIET IMpU IPOXOKACHUN 3UMHUX PACXOJ0B BOAbI ITOBBICUTH CKO-
pPOCTh MOTOKA M OCYIIECTBIISITH BOJ03a00p M3 MPHIOHHBIX TOPU3OHTOB 0€3 MpuUMeceil JOHHBIX
HAHOCOB IMIPH pa3MbIBE MPU3MBI U 0€3 3aXBaTa OCHOBHOI MaccChl IIyTH.

B xone uccnenoBanuii 3aTBOpa 3UMHETO BO03a00pa U3 YCIOBUS JOIMYCTUMON BETUYUHBI
3axBara IIyTd U3 MOBEPXHOCTHBIX TOPU3OHTOB MOTOKA [97] ObLTO OmpeneneHo, 4Tto mpeaeabHast
BBICOTa OTKPBITHUS 3aTBOPA 3UMHETO BO/103a00pa a . He JIOJDKHA MPEBBIIIATh OTHOCHTEILHOTO 3Ha-
YCHUS:

a, <0,412H 4.27)

Y4uuThiBast TOT (PaKT U YCIOBUE MOHMWKECHUS ITyOHWH B BEpXHEM Obede mpu iepeBoie coopy-
KCHUS Ha 3UMHUI PEXUM DKCILTyaTalluH, B KOHCTPYKIIHIO COOPY>KEHHsI ObIJIO BKITIOUEHO BEpPXHEE
BOJIONIPUEMHOE OTBepCcTHE. [I[pMEeHEeHNEe ATOTO JIOTIOIHUTEITLHOTO OTBEPCTHSI 000CHOBBIBACTCS HE
TOJIBKO HEOOXOUMOCTBIO €r0 MPUMEHEHHUSI B 3UMHHIA TIEPHOJT SKCIUTyaTaIllH, HO U BO3MOKHOCTBIO
YBEIUYCHUS TIPOITYCKHOM CIIOCOOHOCTH BOJOTPUEMHBIX JIEMEHTOB COOPY)KEHHSI B JICTHUN TICpH-
oJ1 63 yBEITUYCHHS pPaCUETHOTO Haropa H B BepxHeM onede. DTO HEOOXOMUMO TSI TIOJaYH B OT-
BOJISIIIMI KaHAJT TIOBBIIICHHBIX PACXOJIOB BOJIbI HA IIPOMBIBKY OTCTOMHUKOB H JIPYTHX COOPYKEHHIA
IO TPACCE BOJIOMPOBOISIINX COOPYKSHUN THAPOIHEPTETUUCCKUX U UPPUTAIIMOHHBIX cucTeM. Mc-
M0JIh30BaHUE BEPXHETO BOAOIPUEMHOTO OTBEPCTHSI B KOHIIE KPUBOJIMHEHHOTO MOBOSIIETO PyCIia
TI03BOJIAET NPOBOJAMTH JOTIONHUTENBHBIH BO103a00p 1pu Kodbdunmrentax Bogosadopa o, < 0,7.

C 1eJbIo OTIpeNIeIICHNs XapaKTePUCTHK (hparMeHTapHOI IPOMBIBKH BEpXHETo Obeda coopy-
KEHUSI, M JIOJICBOTO YYaCTHUsI BEPXHETO BOAOIPUEMHOTO OTBEPCTHSI B PEXKUME 3UMHETO BOJ103200-
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Pucynox 4.24 — PacuerHast cxema Moyien Boj1o3adopHoro coopyxenust BCIIM-2

pa, ObUTH POBEICHBI TA00OPATOPHBIE UCCIEAOBAHMS MOJIEIIH BOA03a00pHOTO coopyxeHus M 1:20
(pucyHok 4.24).

ITouckoBrie HCCIICAOBAHUA ITPUCMOB YaCTHUYHBIX IIPOMBIBOK BEPXHETO 61)6(1)21 IIoKasajau, 4To
HUX OPOBCACHUC OTINYACTCA OT KITACCUYECKOM CXEMBI YAQJICHUS OTIIOKCHUA HAHOCOB, KOTOPLIC
MIPOBOASTCS TIPH ITOJTHOM OTKPBITHH BCEX BOIOCOPOCHBIX JIEMEHTOB ITOIIOPHOTO cTBOpa. I1pose-
JACHUC YAaCTUYHBIX ITPOMBIBOK MMECT ONPCACICHHYIO TPYAHOCTDL B CO3JIaHUHN HaHpaBﬂeHHOﬁ 30HbI
pa3MbIBa PU3MbI HAHOCOB. [Ipr 3TOM 30HA pa3mbIBa JODKHA HMETh TApaMETPhI, KOTOpbIEe 00ec-
neyar IIyronpoBOASIIYI0 CIIOCOOHOCTh MOTOKA, aHAJIIOTUYHYIO TPAaHCIOPTUPYIOMIEH CIOCOOHO-
CTH Ha OBITOBOM yYaCTKE pycClia PEKH.

bbuto ycTaHOBIIEHO, UTO NP MPOBEIEHUN YaCTUYHON NMPOMBIBKU B BepXHEM Obede HeoO-
XOMMO TIOJEpKaHWE TITyOWHBI BOJBI H . xoropas 00ecrne4uBacT yCTOHYHBOCTH OCHOBHOTO
o0beMa OTJIOKEHUH M HEOOXOIMMYIO HAIpaBIEHHOCTh PAa3BUTHS 30HBI NIEPEMEIECHIUs] HAHOCOB.
Cnez[yeT TAKKC YUUTBIBATb OIrPaHUYCHHBIC PaCXO/bl BOABLI B MAJIbIX TOPHBIX PCKaX, KOTOPLIC Ha-
OJFONATOTCS TIPU TIEPEBOIE COOPYKEHHSI HA 3SUMHHIA PEKUM IKCIUTyaTaIHH.

PazpabGorannas koHcTpyKius BogozabopHoro coopyxkenus (BCAI-2), obopynoBanHas ye-
TBIPCXCCKIUOHHBIM HAHOCO3AIUTHBIM IMOPOTOM € TOPU30HTAJIbHBIM FpC6HCM, MMO3BOJIACT IIPOU3-
BOJIUTH HAIIPABJIICHHYIO MTPOMBIBKY BepXxHero Obeda (6e3 Bom03adopa) npu MoAAepKaHuu riryou-
HBI B BepxHeM Obede H |, paBHY!O BBICOTE HAHOCO3AIUTHOIO opora P, .

C 1enpio omnpeneneHus mapaMeTpoB MPU3MbI HAHOCOB, (HOPMHUPYIOMIEICS B BEpXHEM Obe-
(e Bo103a00pHOTO COOPYKEHMSI, ObLT MOCTABIEH szl onbITOB. [IpenBapurensHoe popMupoBaHue
IPU3M IPOU3BOAUIOCH IPU KO3 puumente Boxozadopa o = 0,9, npu npomycke no NoABOAAIEMY
pyciy pacxoza Q. pexu Kyrapr.

N3BecTHO, 4TO BepXHMA Obe() TTPH BRICOKUX KO3 PUITEHTaX Bog03ab0pa o > 0,7, Kak mpa-
BUJIO, 3aHOCUTCS B Tpu cTaauu [63, 153, 154]. [IpomomKuTeabHOCTRIO IEPBOM CTAANH CIICTYET
CUUTATH TEPHOJT 3aHECEHHS OT Havajia OTIIOKEHHSI HAHOCOB B BEpXHEM Obede 10 MOMEHTa TIOCTY-
TUICHUSI HAHOCOB B BOJIOTIPHEMHYIO KaMepy W HIDKHHUHA Obed ruapoysia. DTOT Nepro SIBISETCS
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0e3HaHOCHBIM /17151 BoZionipreMHuKa. [Tocie 3Toro MoMeHTa HacTynaeT BTopasi CTaIus 3aHECEHHs —
cTaaus cTaOMIN3alMK, KOTOpas 3aKaHYMBaeTcst popMUpOBaHHEM 0OBEMOB OTJIOKEHUH B BEPXHEM
Obede 6e3 manpHelimel nedopmanuy NPU3Mbl HAHOCOB.

ITo 3aBepiIeHMIO ATOTO MEpUOAA Yepe3 BEpXHUl Obed MpOXoAUT 0OBEM HAHOCOB, PABHBIIHI
[0 BETMYMHE 00bEMY HAHOCOB, TPAHCIIOPTHPYEMBIX IO MOABOJSAIIEMY OBITOBOMY PYCIy PEKH.
TpeTbs cTamusi XapakTepus3yeTcs YCTAaHOBHUBIIMMCS TPAHCHOPTOM HAHOCOB B BOJONPHEMHUK
B JIOIYCTHUMOM KOJINYeCTBE (IIPU pallMOHAIBHBIX [TAPaMETPax aKTUBHBIX CPEICTB HAHOCO3AIIHUTHI)
U HIWKHUH Obed coopysxenus [123].

3aHeceHue BepxHero Obeda rupoysia MpoucXoauT B BUJE pOCTa MepeaHero GppoHTa npu-
3Mbl HAHOCOB, KOTOpasi PacIpoOCTPAHSAETCS] BHU3 [0 TEUCHUIO JI0 BOAOIPUEMHBIX (HAHOCO3AIIUT-
HBIX TIOPOTOB) U BOJOCOPOCHBIX 371eMeHTOB. [IpH 3TOM npu3Ma HaHOCOB YBEJIIMYMBAETCS KaK IO
JUTMHE, TaK U 10 BbIcOoTe [63].

Ha ¢opmupoBanue nmpus3Mbl HAHOCOB, KPOME T'HIPOMOP(POMETPUUYECKHX XapaKTEPHUCTUK
PEKH, OKa3bIBAIOT BIMSHUE MapaMeTpbl Bojo3abopHoro coopysxkenus. Hampumep, P.K. Kpomep
B cBoell pabote [63] mapaMeTpsl COOpYKEeHUS (HE UMEIOIIET0 HAHOCO3AIIUTHOTO MOpora) y4u-
TBIBAJI Yepe3 BEIMYMHY OTHOCHUTEIBLHOIO Halopa B BEpXHEM Obede COOpyKEHHs MapaMeTpoM
AH / H . Ine AH — pazsocTs [TyOUHBI BOZIBI B BEpXHEM Obede coopyKeHUs U B OBITOBOM pyciie
peku [2, 3, 153]:

AH=H —h,. (4.28)

P.K. Kpomep npensioxku i1 onpeaeaeHus BbICOThI MPU3Mbl HAHOCOB B KOHIIE NTEPBOM CTa-
JIMH UCIIOJIb30BaTh 3aBUCUMOCTb BUAA:

2
h,,=112 A;I : (4.29)
P

[Tozmaee M.M. AbunoB [34], ucciemyst criocoObl peryaIupOBaHMsI HAHOCHOTO PEKHUMa TIPH
B0J103a00p€e U3 PEK TOPHOI 30HBI, pACCMATPUBasi KOHCTPYKIIMU BOA03a00PHBIX COOPYKEHHH C ITO0-
poramu tuna (KLII) koncrpykuuu I'B. CoOonuna, npemioxui Gopmyity AJis ONpeeeHns Bbl-
COTBI IPU3MBI HAHOCOB:

2
h,, =1L12K, A}f , (4.30)
P
e K — koo OUIHEHT BIUSHUS KOCOHAIIPABICHHOTO MOPOra Ha TUAPABINYECKUE XapaKTEPUCTUKH
TEYEHHUs BOJIBI B IOANIOpHOM Obee K =H  /H . (H_ — riybuHa Boabl nepes noporom, a H . —
nTyOuHa BOJBI TIEpe/T MOIIOPHBIM CTBOPOM COOPYKEHHMS, B KOHIIE HAHOCO3AIIUTHOTO MTOPOTra).

AHanu3 pe3yabraToB ucciepoBanuii M.M. AOugoBa 1o (HOpMHPOBAHUIO TPHU3MBI Ha-
HOCOB B KOHIIE TIEPBOM CTaJMU 3aHECEHHs, MOKa3ajl, YTO €€ MaKCHMallbHasi BBICOTA COCTaBH-
nma h"” =1,5AH upu AH / H = 0,518 [63]. ITpu 3TOM BBICOTA MPU3MBI HAHOCOB ObLIa paBHA

2p.o

B =0,777H, .

2p.o

dopmupoBaHKe TPU3MBI HAHOCOB B BEpXHEM Obede COOpYyKeHHsI, 000pyIOBaHHOTO YETHI-
PEXCEKIIMOHHBIM JIOMAaHBIM B IJIaHE HAHOCO3AIMUTHBIM TToporoM ¢, AH / Hp = 0,69 B koHIIE TIEPBOI
craanu (TIpU Havdayie TPAHCIIOPTa HAHOCOB B HIDKHUN Obed M BOJONPUEMHUK) ITO3BOJIMIIO yCTa-
HOBHTbH, YTO MAaKCUMAJIbHOE 3HAYCHHUE BBICOTHI MPU3MbI HAHOCOB B BEPXHEM Obed)e COCTABIISCT

By =1,13AH , a otHocuTenbHOE 3Hauenne — b7 =0,78H .

[Tockonbky hopMHUpOBaHKE MPU3MBI HAHOCOB Ha BOA03a00PHBIX COOPYKCHHUSIX 3aKaHIHBA-
eTCsI TIepe] HACTYIUICHHEM 3UMHETO PeKUMa PEKH, OTIIOKECHUSI HAHOCOB B BEpXHEM Obede coopy-
YKSHUS TIPOBOIMIIMCH TIPY MEKEHHOM pacxoje peku Kyrapt. [Ipu aTom Ha Monenu obecrieanBacst
BO/103200p "epe3 rpedeHb mopora Mpu pacueTHON ITyOnHE BOJBI B BEpXHEM Obede H =10,0 cm

v BeicoTe nopora P, =75 cm.
C.H.n

N/
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[Tpu naneHelineM (GopMUpPOBaHUK MPHU3MbI HAHOCOB BO BTOPOW CTaJWU CTAaOMIU3ALUU ObLI
OTMEYEH BEPTUKAIBHBINA POCT IIPU3Mbl HAHOCOB JI0 OTHOCUTEJIbHBIX BEJIMYNH h:;'o”"” >0,87H,.

[IpuBeneHHbIE 3HAUEHHS BBICOTHI (POPMHUPYIOIICHCS MPU3Mbl HAHOCOB B BEpXHEM Obede
BC/I'-2 n mapameTpbl YETBIPEXCEKLIMOHHOIO IOMAHOTO B IJIAHE HAHOCO3AIIUTHOTO IIOpOra OIpe-
JeNIWIA MaKCUMaJIbHOE 3HAYeHHE JOMYyCTUMOW MIyOMHBI BOJHOTO MOTOKA JUIs MPOBEACHMS Ya-
cTuyHOM mpombiBKU H | =P, =~ = O,75Hp.

HanpasneHnHast mnpoMbIBKa POBOIMIIACE IPU OTKPBITUH 3aTBOPA TPOMBIBHOTO TpakTa 7, 000-
PYZOBaHHOTO JOHHOM BCTaBKOM M CIIBOEHHOTO 3aTBOPA § JOIMOJHUTEIBHOIO IIPOMBIBHOTO TPAKTa
coopyxeHus (cM. pucyHok 4.24). ITpu 3ToM 10 NOABOAIIEMY PYCILy MOJIENHN TOaBaJICs CPEAHUN
MHOTOJIETHUM 3UMHMI pacxof BoAsl 1uisd pexu Kyrapr QO = 1,82 n/c, uTo 11 HATYPHBIX YCIIO-
Buii pao Q=325 m/c.

IIpouecc MpOMBIBKY MPOU3BOAWICA O MOSIBICHUS B 30HE CO3[JaHUS HAIPABICHHOIO BTO-
PUYHOTO pyClla CPeIHUX CKOPOCTEN BOJIbI, PAaBHBIX CKOPOCTH Ha OBITOBOM ydacTke pycna p. Ky-
rapT npy yKJIOHax JTHa ip =0,012, v, = 1,42 M/c, 94TO IJISI MOJIEIIA COCTaBJISACT v,= 0,317 m/c.

MogenupoBaHue NpOBOAWIOCH 10 MOJHOW OCTAHOBKHM YaCTHUIl HAHOCOB B 30HE YaCTUYHOMN
IIPOMBIBKU BEpXHETO Obeda 1 MOABOISAIIETO PYCiia MOAEIH.

B xone uccnenoBaHuii ObUIO OMNpENENEHO PALMOHAIBHOE NEepepaclpesesieHHe PacxooB
BOJIbI MEXJly IIPOMBIBHBIMU TPaKTaMHU COOPYXKEHMsI. Pe3ynbraTsl dKCIIEpUMEHTA IOKA3aJIH, YTO
MUHHMMAaJIbHAs NIPOJOKUTENIEHOCTh (PparMEHTAapHOM MPOMBIBKU BepXHETro Obeda Bo103a00pHOTO
COOPYXEHHUS MPOAOJDKUTEIBHOCTBIO HAa MoAear 45 MUHYT (1711 HaTypHbIX ycioBuil 3 yaca 20
MUHYT) HaOJIt01a1ach IpU OpraHu3alnu cOpoca yepes MPOMBIBHbIE TPAKThI COOPYKEHHUS CIIeTyI0-
LIMX OTHOCUTEIIBHBIX PACXOI0B BOJBI:

» 4epe3 OCHOBHOI MPOMBIBHOM TPaKT QOCWp =0,225 QcpsnM;
» 4epe3 JONOJHUTEIbHBIA IPOMBIBHON TPAKT Qﬂmmp = 0,775Qcp_3"M.

B xone yacTuuHOM NpOMBIBKH BepXHEro Obeda mpu ykazaHHOM IepepacipeeseHun copa-
CBIBAEMBIX PacXo/0B ObLIO c(HOPMUPOBAHO BTOPUYHOE KPHUBOJIMHEHHOE pPYyCIO, MOBTOPSIOIIEE
KOHTYP YE€TBIPEXCEKIIMOHHOIO JIOMAHOIO B IUIAHE HAHOCO3ALIUTHOIO nopora. I'eomerpuueckue
pa3Mepbl ¥ THAPABINYECKUE TApaMETPhI 30HbI YACTUYHOMN IPOMBIBKH COCTABUIIM:
mupuHa Ha Moaenu 13,5 cm (st HaTypsl 2,7 M);

[TyOMHA B HaYaJabHOM cTBope 4,6 cM (11 Hatypsl 0,92 m);
TyOMHAa 1epest MOANOpHBIM cTBOpoM 5,1 cM (ams Hatypsl 1,02 m);
ykJi0oH Ha 0,009.

3areM ObUIM MPOBEJECHBI UCCIICAOBAHUS IO ONPEACICHUIO TPAHCIIOPTUPYIOIIEH CIIOCOOHO-
CTH ABYyX(a3HOTO MOTOKA (BOoJa — LIyra), IBWXKYIIETocs 0 BTOPUYHOMY pyciy. beuio ycraHosie-
HO, YTO TIPU NMPOBEACHUH BO103a00pa ¢ Koddpuumnentom o, = 0,8 yepes aBa OTBEPCTUS 3UMHETO
B0J103a00pa MPOUCXOIUT cOPOC LIYTH Yepe3 NOBEPXHOCTh JOHHOW BCTABKM OCHOBHOTO MPOMBIB-
HOTO TpakTa 0e3 00pazoBaHUs 3aXK0Pa, IPH MPEAEIEHOM KOA(PPHUIMEHTE COAepKAHUS IIIYTH B I10-
ToKe, paHOM /m_ = 0,17. IIpu 5TOM OBLIO YCTAHOB/ICHO PALMOHAIBHOE PACIpe/IeieHHe 3a0Hpa-
€MBIX pacxoZi0B BOJbI YEPE3 BOAONPUEMHUKH COOpYkeHUA. OTHOCHUTENbHASI BEIUYMHA PACXO/a,
MIOCTYTABIIET0 B BOAONPUEMHYIO KaMepy uepe3 OTBEpCTHE 3MMHEro Bojno3abopa, Oblaa paBHa
0,750, 1

[TockonbKy ObUIO YCTAHOBJIEHO, YTO 3HAYEHUE MAKCUMAJILHOTO K03(h(hUIIMEeHTa collepKaHUs
LIYT'M Ha TOPHO-IIPEArOPHBIX y4acTKax HEKOTOPBIX pek Kelpreizcrana paBHO M o™ 0,25 [97],
ObUIM TPOBECHBI UCCIIEIOBAHNUS IO ONPEIEICHUIO PeAeIbHON BeTnUHnHbI K03 duiimenTa Boao-
3a0opa MpH yCIOBUU TPAHCIIOPTA MAKCUMAJIbHBIX OOBEMOB IIYTH YepPe3 CTBOP COOPYKEHHUS.

HccnenoBanus NpoBOAMINCH B YCIOBUSAX C(POPMUPOBAHHOTO PYCIIa U IPOBEIEHUH 3UMHETO
BOJ103a00pa yepe3 OTBEPCTUE 3UMHETO BO103a00pPa, pa3MELIEHHOTO B IPOMBIBHOM TpakTe. bplio
YCTAQHOBJICHO, YTO JOMYCTUMBIH TPAHCIOPT IIYTH B BEpXHEM Obede coopyKeHHs HabIoaaeTcs

Cp.3UM

VVVYY
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npu ko3 puumrente Bogosadopa o, = 0,53. JlononHuTenbHas TPAaHCIIOPTUPYOIIAs CIOCOOHOCTD
B IIOJITIOPHOM CTBOPE COOPY>KEHUS MOSIBIISICTCS IPU BBEACHUH B PabOTY CIBOEHHOTO 3aTBOpA J10-
IIOJIHUTEJIBHOTO IIPOMBIBHOTO TPAKTa.

IIpoBeneHHblE UCCIEAOBAaHUS MO3BOJWIM ONPEIEIINTh KOJIUYECTBEHHBIE XapaKTEPUCTHKU
npoliecca Bo103abopa B 3MMHUX YCIIOBHSIX AKCIUTyaTalluu IPU TPAHCHIOPTE MO PYCITy PEKH IBYX-
(ha3HOTO MOTOKA C MOBBIIIEHHBIM COIEP’KAaHUEM IIYTH. DTO J1al0 BO3MOXKHOCTh PEKOMEHI0BATh
npuMeHeHne KoHcTpykunn BCII'-2 Ha ropHO-IPEATrOpHBIX yYacTKaxX peK Ul MPOBEIACHUS Kpy-
[JIOTOUYHOTO BOJ103a00pa B IMJIPOIHEPIeTHUECKUE CUCTEMBI.
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5. OlIbIT BHEAPEHUSA U PEKOMEHJALIMHU
IO MPOEKTUPOBAHUIO U SKCIIVIYATAIIUA
BOJIO3ABOPHBIX COOPY KEHUI

5.1. Pe3yabrarsl BHeAPEHUs B POU3BOACTBO KOHCTPYKIHUH
aBTOMATH3MPOBAHHOI0 BOJ03200PHOI0 COOPY:KEHHU S
s fepuBanuonHoi I'IC

Teopetnueckue u 1a00paTOpHBIE UCCIETOBAHUS BOA03a00PHBIX COOPYKEHUN IMOCITYKIIN
OCHOBOH ISl pa3pabOTKH MPOEKTOB MO UX PEKOHCTPYKLHUU U CTPOUTEIHCTBY Ha TOPHO-TIPENrOp-
HBIX y4dacTkax pek [77, 82].

B 2007 r. npenioxeHHass KOMIIOHOBKA BO103a00PHOTO COOPYKEHHS OblJIa BHEJIPEHA B MPO-
W3BOJICTBO MPU PEKOHCTPYKIHMH THIPOTEXHUUECKUX COOPYKEHUI Majio nepuBannonnon ['DC Ha
p. Uccrik-Ata (pucyHok 5.1) ¢ ycraHoBiieHHON MOITHOCTHIO 1,48 MBT [4].

[Tomaua BozbI OT BOJ03a00PHOTO COOPYKEHHUS OCYIIECTBISATIACH B OTKPBITHINA J1€pUBAI[OH-
HBIM KaHaJ TpaneuenaalbHOTO CEYeHUs C YaCTUYHOW OONMIIOBKOM OTAENbHBIX YYacTKOB KaHalla
C TIOBBIICHHON (DUIIBTpAITUEH.

C yuerom ycnemnHoro ombita 3kcruryatanuu BCII Opi1a ncnonb3oBana B npoekre [IKTU
«BomoaBromaruka u Metposiorus» (T. bumkek) kak Tunosas, u B 2010 . coopykeHa Ha p. Mep-
ke (PecnybOmuka Kazaxcran) [82] ana momaun Boawl Ha AepuBarmonHyro ['DC. YcraHoBieHHas
MoMIHOCTH epuBannonHoi ' DC Mepke-3 coctaiset 1,6 MBT. OTiinunTenbHOM 0COOCHHOCTHIO
THJIpOy31a Ha p. Mepke sBJsieTcs] IpUMEHEHUE HarOpHON JepUBalli C JOMOJHUTEIbHON OYUCT-
KOW BOJIbI MECKOI'PAaBUETIOBKOM, YCTPOCHHON Ha TOJOBHOM y4YacTKE JE€PUBALIMOHHOTO BOAOBOJA
(pucyHoxk 5.2).

Ha ocHoBaHuM ombITa 3KCIUTyaTalluy U Pe3yJIbTaTOB HATYPHBIX MHCTPYMEHTAIbHBIX H3Me-
peHU KOHCTPYKIIMI BO/103a00pHBIX coopyxeHuit tuna BCJII" MO)XKHO OTMETHTH CIIEIyIONIUE T0-
JIOKUTEIbHBIE MOMEHTBI:

» WCHOJNB30BaHUE CPEJICTB TUIPABINYCCKON aBTOMATH3aIlMU B BUJIE MPUCIOHHOTO 3aTBOPA-aB-
TOMaTa ypoBHS BepxXHEro Obeda Ha peyHOM (COPOCHOM) mposieTe 00ecTeunsIio TOYHOCTh pe-

AR

Pucynok 5.1 — BogozabopHoe coopyKeHne s Pucynox 5.2 — Bomo3abopHoe coopyXeHue TSI IepHBaIHOH-
nepusarronHoi I 9C, moctpoennoe B 2007 1. Ha Hoii I'9C, moctpoennoe B 2010 1. Ha p. Mepke B MepkeHCKOM
p. Uccoik-Ara B Uylickoii obnactu, Kelpreizcran paiione, [I>xamOysbckoit obnactu, Kazaxcran
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rynupoBaHus ypoBHs 10 10 % OT BeJIMYMHBI paCUE€THOTO Haropa. YCTaHOBKa CTa0MiIn3aTopa
pacxoza BOAbl HA BOJOIPUEMHOM OT'0OJIOBKE AEPUBALIMU C TOYHOCTBIO [10/1a4U BOJIbI HE MEHEE
5 % mo3BoJMIIA TOBBICUTH HA/IEKHOCTH BOJ103a00pa U3 TOPHBIX PEK, KaK B MAJOBOHBIE MTEPHU-
OfIbI TOZIa, TAK M B MEPUO/IbI POITYCKa MaBOJIKA;
YCTPOMCTBO JIOMAaHOTO B IJIAHE HAHOCO3ALIUTHOIO MOPOra U IMPOMBIBHBIX TPAKTOB C MIOHHU-
KEHHBIM IIPOMEXYTOYHBIM OBIYKOM 0Oecreumio 3(h(HEeKTUBHYIO 3aIUTY JepUBAILIMOHHBIX BO-
JIOBOZIOB OT BJIEKOMBIX HAHOCOB AMAMETPOM BbIIIE 12 MM;
paszesieHne BOJOIPUEMHON KaMepbl COOPYKEHHS Ha MOBBIIIEHHYIO U MOHMWKEHHYIO 4acTH
croco0cTBOBaJIO (HOPMUPOBAHHUIO BIOJIb OEPErOBOTr0 YCTOS THAPABINYECKUX CTPYKTYp MOTO-
Ka, MepeMelIaroIuX MIaBaIoLINi Mycop B 00X0 BOAOIPUEMHHKA.

Henb3st He OTMETUTH U HEKOTOPbIE HEraTUBHBIE MIPOIIECCH] B pa0OTE paccMaTPUBAEMBIX CO-

OpYKECHUI:

>

OTJIOKEHHE MTPU3MbI PEUYHBIX HAHOCOB B BEpXHEM Obede o0oux coopyxenuil. B ocennuii ce-
30H MHoroBosiHOro 2011 1. Ha peke Mccbik-ATa B BepxHeM Obede oOpa3oBanach rpsjaa HaHO-
COB BJIOJIb 3aIPOEKTUPOBAHHOIO BOIHYTOr0 Oepera MoJBOSAIIET0 pycia; Ha p. Mepke Bepx-
Huil Obe¢ nepen peunsiM nposeroM BCII Obi 3aBanieH kpynHbiMH, 10 400 MM, hpakiuusMu
KaMHS;
sumont 20102011 rr. B mepuox nryroxona B aepuBaloHHbIN kaHan Mccebik-Atunckoi ['OC
TPaHCIOPTUPOBAIIOCH HEJOMYCTUMOE KOJIMUECTBO LUIYTH, YTO BBI3BAJIO OCTAHOBKY I'MJIpoarpe-
raTroB CTaHIUU Ha 16 IHEH;
MIPOU30IILIO0 YACTUYHOE pa3pylIeHue (PPOHTATBHBIX U JOHHBIX YacTel ske1e300€TOHHBIX KOH-
CTPYKLHUH B BepXxHeM Obede BOI03a00pHOTO COOPYKEHHS Ha peke Mepke.

AHanu3 HaTypHBIX W3MEPEHUM U MOBTOPHBIE MOJEJIBHBIE MCCIIENOBAHUS IOKA3aJIH, YTO

OCHOBHBIMU NNPUYMHAMHU, TOBJIEKIIMMU BO3HUKHOBEHUE YKa3aHHBIX HEIOCTATKOB B AKCILTyaTallun
BCATI, sapnsrores:
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Pucynok 5.3 — Bomo3zabopHoe coopyxerne BCAI'-2: 1 — mogBomsee pycio; 2 — BepXHHN Obed coo-
pYyKeHus; 3 — YeTBIPEXCEKIIMOHHBIN TTOPOT; 4 — BOIOTPHUEMHAs KaMepa; 5 — OTBOMAIINN KaHa; 6 — TIpo-
MBIBHOH TpakT; 7 — 3UMHUN BOJONIPUEMHHUK; 8 — PEUHBIE MPOJIETHI; 9 — JOMOTHUTENIbHBIA TPOMBIBHON
TpakT; 10 — aBTOBOOCINB BepxHero Obeda; 11 — BomoOoitHbIH Komozerr; 12 — oTBoasmiee pycio; 13 —
BEpxXHee BOJOIIPHUEMHOE OTBEpCTHE; 14 — aBTOBOZOCINB BOJOIIPHEMHON KaMephI



» OTKJIOHEHHUE OT MPOEKTHBIX PEIICHUH MPU CTPOUTEIHCTBE OOBEKTOB, T. K. HA 00OUX COOpY-
KEHMSIX MTOJBOJSLIEE PYCIIO BMECTO KPUBOJMHENHOTO BBITIOJIHEHO MPSIMOIMHEWHBIM, UTO Ha-
PYLIMIO CTPYKTYpHUPOBAaHUE BOIHBIX MOTOKOB HA IOAXOAHBIX y4acTKax IOAINOPHOIO CTBOPA,
U CTJIO IPUYMHON OTJIOKEHUI HAHOCOB;

» wucnonb3oBanue npoekra BCAI Ha p. Mccbik-ATa, Kak TUIIOBOTO, NPH CTPOUTEIHCTBE BOJIO-
3a00pHOTO cCoOpyskeHHs Ha p. Mepke, 6e3 MpoBeACHUsT MOIETTMPOBAHUS THIPOY3JIa, YTO SBIIS-
€TCsl HEJOIYCTUMBIM IIPU CTPOUTENILCTBE THAPOTEXHUYECKUX coopyxkeHui ['DC Ha ropHsIx
peKax, T. K. KaKJIas peka UMeeT creun(puiecKrii THIpOJIOTHYECKH 1 MOPPOMETPUIECKHIA
PEXKNM;

» HEIOCTaTOYHbIN y4yeT B KOHCTPYKTUBHBIX pemeHusx BCII crioco®oB u CpeacTB 3aIluThl OT
LIYTH [IPU TPAHCIOPTE Yepe3 MOAIOPHBIA CTBOP coopykeHus. KOHCTpyKIusS U KOMIIOHOBKa
nryro3amuTHbIX sneMenToB BC/IL TpebyroT 1opaboTKU € y4eTOM OIbITa HKCILTyaTalluy;

» TNPUYUHON YaCTUYHOTO pa3pylleHUs KeJIe300eTOHHBIX KOHCTPYKLUI Ha BOJ03a00PHOM COO-
py>xeHuH p. Mepke cTasio UCHOIb30BaHUE HU3KOM Mapku OETOHA MPU CTPOUTEIHCTBE Ha TOp-
HOU peke, TPaHCTIOPTHPYIOLIEH KBapIicoaeprkalire abpa3suBHbIE YaCTHUIIBI HAHOCOB.

PaccMmoTpeHHbIe HEOCTATKH U MX NMPUYMHBI ObUIM YUTEHBI IPU pa3paboTKe KOMIIOHOBOY-
HOMW CXeMbI U MOZIETIbHBIX UCCIIEIOBAaHUAX BO103a00PHOT0 COOpYKeHHUs (PUCYHOK 5.3) 1is Kacka-
na nepuBaronubix [ DC Ha p. Yeek Anma-ATuHcKoi oOnactu, Kazaxcran.

B nacrosiiee Bpemsi npopomxkarorcs coBmectHble uccnenoBanus KPCY u CIIOITIY B 06-
JIaCTH BO/103a00pa M3 FTOPHBIX PEK C yUETOM 3UMHUX YCIOBUI SKCcIuTyaTanuu. [1omyyeHsl maTeHThl
Keipreckoii Pecry6muku u Poccuiickoit @eneparnyu Ha KOHCTPYKIIHEO IITYTOCOPOCHBIX YCTPOWCTB
BOJ103a00pHBIX COOPYKEHH 1151 TOPHBIX pek [82].

OmnbIT UCCIen0BaHMS, TPOSKTUPOBAHNUS U SKCIUTyaTallii aBTOMAaTU3UPOBAHHBIX BOJ03a00D-
HBIX COOPYKEHUI Ha MaJIbIX TOPHBIX pekax ¢ ykiaoHoMm AHa ot 0,005 no 0,04 u MakcumanbHBIM
pacxomoM Bogbl (1 % obecnieuennocTH) 1o 400 M*/c pu pacxoje Bomo3adbopa B ISPUBAIIUIO Me-
Hee 20 M*/c, MOXKET OBITh MPUMEHEH IPU PeaH3alnuy IPOrpaMMbl Pa3BUTHS MaJOil YDHEPIreTUKU
B cTtpaHax Cpennelt Aszuu u Poccunn.

5.2. PekoMeH1aluu M0 NMPOEKTHPOBAHUIO 3JIEMEHTOB BO103a00PHBIX
COOPYKEeHUM JJIS TOPHBIX PeK

CoBpemeHHbIE BOA03a00pHbIE COOPYKEHHUSI SBIISIOTCS KOMILJIEKCOM BOJONPOBOASIINX, BO-
JIOCOPOCHBIX, BOJONPUEMHBIX U COIPSTAIOIINX AIEMEHTOB, KOTOPbIE YCTPAUBAIOTCSI B OIIPE/IEIIeH-
HOM TOCJIeI0BAaTENIbHOCTH C LIEIbI0 CO3aHMsI HEOOXOAUMBIX THIPABINYECKUX CTPYKTYP PEUHBIX
MMOTOKOB JJIsl CO37[aHUsI HEOOXOAMMBIX TEXHOJOTUUYECKUX OIepanuid mporecca Bogo3adopa. Oc-
HOBHBIM YCJIOBHEM, OIPEEISIIOIIMM pab0oTOCIIOCOOHOCTD TOTO UM HHOTO COOPYKEHUS, SBISETCS
3a00p U3 peKu U Mmojaya B BOJOMPOBOISIINE COOPYKEHUS THAPOIHEPIETUYECKUX U UPPUTALIUOH-
HBIX CUCTEM TPeOyeMbIX PacXo0B BOJIbI.

OCHOBHBIMH HOPMATHBHBIMHU JIOKYMEHTAMU TMPU TMPOEKTUPOBAHUU BOJ03a00PHBIX COO-
pyxenuii (CHull I1I-M.33-01-2003 u BCH II-14-76) pexomeHayeTcsi coOMOIaTh CISAYIONIYIO
MOCJIEI0OBATEIBLHOCTR: TOCe cOopa U 00pabOTKM MH(OPMAIIMKN OKOHUYATEIIHHO BBIOWPACTCS Me-
CTOIOJIOKEHHE CTBOPA, TUIl M KOMIIOHOBOYHAS CXeMa COOPY>KEHUSI, PACCUUTHIBAIOTCS TapaMeTphbl
Y pa3MEILAIOTCs OTIENIbHBIE SJIEMEHTHI.

BenuuuHbl pacxosoB BObI, 110/1aBAEMbIX B OTBOJSIIUE KAHAJIbI, ONPEIEIISIIOTCS OpJHaTa-
MU IpaUKOB BOJOMOAAYM U XapaKTEPUCTUKAMU BOJONPOBOISIINX COOPYKEHUH cucteM. B aTom
cllydae, Kak [paBuilo, YUYUTHIBAIOTCS OTEPH BOABI Ha (puibTpanuio (K.I.j. kKaHaia). Pacxos Boabl
MPUHUMAETCS PaBHBIM: JJIsl HamoOpHbIX BoponpoBoasinux ['TC — HeoOxoquMoMy pacxoiy BOJO-
nonb3oBarenel O, =0 ., JUIsl OTKPHITHIX OE3HATIOPHBIX KAHATIOB B OETOHHOM, KENIE300€ TOHHOW W
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acansrobeTonnol obmuuoske O =(1,05+1,1)Q ., s rpynroseix kananos Q =(1,1+1,2)Q . (rne
O, — pacxo, MojiaBaeMblii B Kanai, O — pacxoil BOJbI, HEOOXOMMMBIH IS TO/1a4K B BOXOXO3SUCT-
BEHHYIO CHCTEMY).

Pacuer B0703200pHOTO COOPYKEHHSI BKIIIOYAET OMpEAeTICHIE PACUETHBIX HAIIOPOB B BEPX-
HeM Obede coopykeHusl, MPOIOTBHBIX U MOMEPEUHBIX Pa3MEPOB MOABOISIIETO 3apETYIUPOBAHHO-
rO pycia, peyHoro IMpojeTa, BOAONPUEMHUKA, HAHOCO3AIUTHOTO MOPOTa, MPOMBIBHOTO TPAKTAa,
ABTOBOJIOCJIMBOB U KPEIUICHUs HUKHETo Obeda coopyxenus [97].

[Tpu BBIOOpPE TOJTOBHBIX COOPYKEHUN C OTHOCTOPOHHUM BOJAOTOOPOM PEKOMEHAYETCS KpH-
BOJIMHEHHAsT KOH(UTYpaIusl TMOABOISIIETO Pyciia C PacIoNOKEHHEM BOJONPUEMHUKA B KOHIIE
BOTHYTOTO Oepera. [IpoekTrpoBaHue U pacdyeT mapaMeTpoB MOIBOISIIETO H OTBOJISIIETO 3apery-
JUPOBAHHBIX PYCEJN TOJOBHBIX BOA03a00PHBIX COOPYKEHHI TUAPOIHEPTETUIECKOTO U UPPUTAIIH-
OHHOTO HAa3HAUEHHUs PEKOMEHAYETCS MPOU3BOAUTH Ha MPOIYCK PYCIO(GOPMHUPYIOIIETO pacxoa,
PYKOBOZCTBYSICh pa3pabOTaHHOW METOIMKOU MO MPOSKTUPOBAHUIO PETYISIIIMOHHBIX THIPOCOOPY-
keHuit [166, 172].

OCHOBHBIM pacyeTHBIM MAPAMETPOM BOJI03a00PHBIX COOPYKEHUH SBISIETCS] pACUETHBIN Ha-
Mop Tepe BOIOIPUEMHBIM OTOJIOBKOM, KOTOPBIN CO37aeTCsl U TOAAEPKUBACTCS TP TTPOXOKIE-
HUU Pa3IUYHBIX BETUYMH PEUHBIX PACXO/OB.

Ha ocHoBaHWMM TpUBEIECHHBIX BHIIIE PE3yIbTaTOB UCCIEIOBAHUI pacueTHas rTyOnHA BOIBI
B BepxHeM Obede anst BCAI'-1 moxkeT ObITh onpeseniena mo popmyie:

H =57xH, (5.1)
rae H = — pacyeTHbIdl HAnop Haj rpebHEM T0pOra, ONPEIETIEMbI B 3aBUCUMOCTH OT HAHOCO3a-
HIMTHBIX XapaKTEPUCTUK MOPOTa, €ro MPOIyCKHOW CITOCOOHOCTH, C YUETOM pe3yJIbTaToB J1adopa-
TOPHBIX U HATYPHBIX MCCIIEOBAHUI IS TPEXCEKIIMOHHBIX MMOPOTOB MOXKET OBITH OIpEIeIieH M0
Tabimie 5.1.

[TpuBeeHHBIC 3aBUCHMOCTH MOTYT OBITh MCTIOJIB30BaHbBI TSI BEJIMUUH PACcXOI0B, TO/1aBae-
MBIX B BOJONPHEMHYIO KaMepy U H3MEHSIOIIUXCS B Tpenesiax ot 1 10 6 m*/c.

Tabnuua 5.1 DMnupuueckue 3aBUCUMOCTH JUISL OTIPE/ICTICHHS HAarlopa
HaJ TPEXCEKIIMOHHBIM JIOMAHBIM B TJIAHE TTIOPOTOM

[Iupuna rpebus nopora,C , M VKJI0H rpebHs nopora, i PexomenmyeMbIe 3aBUCUMOCTH
0,3 0,06 H =0,2170%%7
0,3 0,07 H =0,2310"%
0,3 0,08 H =0,2420"%
0,4 0,06 H =0,2210%"
0.4 0,07 H_ =0,2340""
0,4 0,08 H =0,2460""

Jln1Ha HaHOCO3aLUTHOIO Mopora onpeaensercs u3 (opMysbl BOAOCINBA C IIUPOKUM IO-
porom:

L=— %
"om,\2gHY

rae O, — pacxof, MOAaBacMbIi B OTBOIAINMA KaHal; m  — KOO()QUIHMEHT pacxona BOMOCIIHBA,
OTIpeNIeNIIEMbIid B 3aBHCHUMOCTH OT BBIOPAaHHON KOHCTPYKIIMM HAHOCO3AIMUTHOTO IOpora Jyis
TPEXCEKIIMOHHBIX MTOPOTOB 10 opmyrie (4.14), s 4eTHIPEXCEKIIMOHHBIX MTOPOTOB C YKIIOHHBIM
rpebuem o opmyse (4.20), mpu yCTPOMCTBE YETHIPEXCEKIIMOHHBIX TIOPOTOB C TOPU3OHTATHHBIM
rpedHem Koo dunurent pacxona cocrapusier m, = 0,4+0,41.

[IluprHa BOIOTPHUEMHOTO OTOJIOBKA OTBOASAIICTO KaHalla, 000PYIOBAHHOTO CTa0MIIN3aTO-
poM pacxona tuna CIIK3 (cM. pucyHok 2.29), MoxeT ObITh onpezenieHa no Gopmyse:

(5.2)
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b@.o = QK
10y 28 (H = 00

rae | — ko3 PUIMeHT pacxona Npy UCTEUCHUH U3-10]] TOBOPOTHOM TIACTUHBI TPUHUMAETCS PaB-
upimM 0,83; @~ — MakCUMalbHOE OTKphITHE cTabunusaropa pacxoma a, = 0,25H ; H — mu-
HUMAJIbHBIN pacueTHBIN HAMOP B BEpXHEM Obede (B BOJOTPUEMHON Kamepe).

JlinHa aBTOMAaTHYEeCKOTO BOAOCINBA BOAOIIPUEMHON KaMepPhI OMPEIesieTCsl B 3aBUCUMOCTH
OT Pa3HOCTH PACXOJ0B, MOCTYMAIOIINX B KaMepy Yepe3 HAaHOCO3AUTUTHBIN MOPOT MPH MPOXOXKIe-
HUU MaBOJKa U pacxoja, 3a0upaeMoro B KaHall 1o (popmysie BOJOCINBA C MUPOKUM ITOPOTOM:

Qu.n.max — QK

L,= 15
m\J2g (H,y p ~P)"
e O — pacxojl BOJbI, NOCTYNAOUIEH Y€PEe3 HAHOCO3AIUTHBIN MOPOT PH NPOXOKIACHUH T1a-
Bonka; H — MakcumanbHas niyOuHa B BOXONPHEMHON Kamepe; P — BBICOTa aBTOBOJOCIINBA CO
CTOPOHBI BOJOIIPUEMHON KaMepBhl.

PacueTr mapamMeTpoB HHU3KOHAIIOPHOTO TUIOTHHHOTO BOJ03a00PHOTO COOPY>KEHUS TPOU3BO-
JUTCS OTHOCHTENBHO JBYX IIIyOMH B BEpXHEM Obee COOpyKEHHs PACUETHOM IIyOuHbI H , 1 MaK-
CHMaJIbHOM pacyeTHOW TITyOUHBI Hp’m. Pacuernas riyOuna H, onpesiensercss B 3aBUCUMOCTH OT
o0ecrnieuyeHus: NPOIMyCKHON CIIOCOOHOCTH BOJIOIPUEMHBIX 3JIEMEHTOB COOPYKEHMSI U IapameTpa-
MU YCTPOWCTB Il 0O€CIIeueHUs 3alIUThl BOAONPUEMHHIKA OT HAaHOCOB U JIIOIIYTOBBIX 00pa-
30BaHMM. 3HAUEHUE MAKCUMAaJIbHOU IITyOUHBI Hpmax WCTIONB3YIOT MPU ONpe/ieNIeHnr 001Ien mpo-
IIyCKHOW CITOCOOHOCTH COOPY’KEHUSI IIyTeEM CYMMMPOBAHMSI BEJIMYMH PAacXoJ0B, cOpachlBa€MBbIX
B HIDKHUH Obed), ¥ IOaBaeMBbIX B OTBOMSIIMIA KaHAJI.

: (5.3)

(54)

5.3. PekomeHaanum mo 3KCIIyaTaunu
HU3KOHATIOPHBIX BOJA03a00PHBIX COOPYKEHUM

Huzkonanopssie BO103a00pHBIE COOPYKEHUS BO3BOSATCS HA €CTECTBEHHBIX BOAOTOKAX MPHU
HauOONBIINX 3HAYECHUSAX Koo dumenTa Bogozabopa =0,/ Qp =0,4-0,95, c HamOpamMu B BEpX-
HeM Obede coopyxenuii or H = 1,5-3 M, s obecriedeHnss KOMaHIOBaHUS HAJl CHCTEMOM U pery-
JTUPOBAHUS TUIPABIUYECKUMU CTPYKTYpPaMH MOTOKA.

B npaktuke Bogo3abopa U3 pek ¢ MOMOIIBIO HU3KOHAMOPHBIX BOJ03a00PHBIX COOPYKEHUN
pa3aNyaoT 5 OCHOBHBIX PEKUMOB SKCIUTyaTallMH, KOTOPBIE COMPSIKEHBI C TUIPOJIOTHUECKIUMHU pe-
KMMaMHU UCTOYHUKOB [97]:

» PEKUM IMPOITyCKa Yepe3 CTBOP BOI03a00PHOTO COOPYKEHHS MABOJKOBBIX PACXOI0B, KOTOPBIi
ABIISIETCS. HAaHOOJIee OMACHBIM PEKUMOM, M COMPOBOXKIACTCS BOSHUKHOBEHHEM Pa3TMUYHBIX
aBapUIfHBIX CUTYyaluii, HAOIIOaeTCs Ha peKaxX B 3aBUCHMOCTH OT TUIIA UX MUTAHUS BECHOU
WM JIETOM, TIPH 3TOM K03 (HULIMEHTHI BOI03a00pa Ha COOPYKEHUSX, KaK MPaBUIIO, COCTaBIS-
0T aBZk/QPSO,6;

» PEKUM DKCIUTyaTalluy BOI03a00PHOTO COOPYKEHHSI B MEKCHHBIN JICTHUH MEPUOJ] THIPOTpa-
¢da pexu U mpu MPOIyCKe CPEeAHENETHUX PacXoAOB BOABI, Korja KoddduimeHT Bogo3adbopa
a =0,6+0,9;

»  PEKUM IKCIUTyaTalluy BOIOTPHUEMHBIX U HAHOCO3AIIMUTHBIX YJIEMEHTOB COOPYKCHUH MTPH MaK-
CUMalbHOM K03 duimrente Bogozadopa o, = 0,9 +0,95;

»  PeXHUM 3UMHEH 3KCIUTyaTalyy Py BOI03a00pe U3 MPUIOHHBIX TOPU30HTOB MIOTOKA U TIPH cOpoce
TI0 TPAaH3UTY JIEJOUIYTOBLIX 00pa30BaHUi € IOBEPXHOCTHOMIOMIEH oToKa o = 0,5 =+ 0,8. Ecim
paccMarpuBaeMoe BO03a00pPHOE COOPYKEHHE HMMEET HPPUTAlMOHHOE Ha3HAuYeHHEe, TO 3TOT
PEKUM OOBIYHO OCYIIECTBIsIETCS Oe3 Bomo3abopa B OTBOABI, T. €. MPU TPAaH3UTE MOTOKA BHU3
IO PeKe;

165



» pexuM nepedopMHPOBAHUS TIPU3MBI HAHOCOB B BEpXHEM Obe(de COOpyKeHHUs, KOTOPbIi nMe-
€T MECTO Ha HU3KOHAMOPHBIX COOPYKEHUSIX NMPU BHE3AIHOM HAPACTAHUU BEJIMYUH PEUYHBIX
pacxo/ioB B HayaJie MaBOAKOBOIO MEPUOJIA.

DKcIuTyaTaus 1 pexkuM paboThl MpeAsiaraeMblX KOHCTPYKITHI BOT03a00pHBIX COOPYKEHUN
OOBIYHO 3aBUCHUT OT BEJIMYUH MPOXOISAIINX PEUHBIX PACXOA0B, U OCYIIECTBISIECTCS MO CIETYIOIINUM
CXeMaM:

Cxema 1 (maBomoK) QC@ = QP— 0> 0,4Qp;

Cxema 2 (MeXeHb) chp = Qp -0 = (0,1+0,4)Qp;

Cxema 3 (MakcUMabHBIN B0 03200D) Qc@ = QP—QKZ 0,05+0,1;

Cxema 4 (3UMHHUIA PEKUM) Qcép = Qp— 0.2 O,2Qp.

3nech QC@ — cOpoCHOI pacxo BO103a00PHOTO THAPOY3Ia; Qp — pacxon peku; O — pacxof,
MOCTYNAIOUIUI B OTBOJSIINE KAHAJIBI.

B xone Bomo3abopa u3 pek BMecTe ¢ BOAOH TPaHCIIOPTUPYETCs OOJIBIIOE KOIUYECTBO TBEP-
JIbIX BKJIFOYEHUM B BUJIE B3BEILLIEHHBIX U BJIEKOMbBIX HAHOCOB, IJIABAIOIIETO MycOpa, ToIUIsAKa (Ts-
JKeJble IPEeBECUHA, pe3UHa UJIM JIOHHBIN Jie, UMEIOIINM KaMeHHbIe IPUMECH), JIba, IyTH. ITO
HEOOXOMMO YYUTHIBATh B XOJI€ MPOBEICHUS BOA03a00pa MO MPUBEIACHHBIM BBIIIIECXEMaM U TpU
BBITIOJTHEHUH OCHOBHBIX TpeOOBaHUH B MpoIiecce Bogo3adopa.

Jl71st 5TOTO B OCHOBY IKCIUTyaTallud HU3KOHAMOPHBIX BOA03a00PHBIX COOPYXKEHHN yKe Ha
CTaJMH TIPOEKTUPOBAHUS TOJKEH OBIThH MOJIOKEH MPUHIIUIT PETYTHPOBAHMS BOIHOTO TIOTOKA MY-
TE€M BKJIIOUEHUS B €r0 TUAPABINYECKYIO CTPYKTYPY OINpPEACIICHHBIX KOHCTPYKTUBHBIX JIEMEHTOB
U YCTPOMCTB.

Cxewma 1. IIpu oGecnieueHUM TOM CXeMbI OCHOBHAsSI YaCTh MMABOAKOBBIX PacX00B cOpachIBa-
€TCsl BMECTE C OOIBIIMM 00HEMOM BIEKOMBIX HAHOCOB Y€Pe3 PEUHOM MPOJIET COOPYKEHUS U uepe3
MIPOMBIBHON TPAKT COOPY>KEHUS, IIEPEKPBIBAEMBII CIBOEHHBIM 3aTBOpoM. [Ipu 3TOM ocoboe BHH-
MaHUE CIeyeT YAeIITh HAOMIONCHUSIM 32 YCTOWYMBOCTHIO CTPYEHAMPABISIONINX 1aM0 B BEpXHEM
U HIDKHEM Obede Bo103a00pHOT0 coopyskeHus. [Ipu BOBHUKHOBEHUH TIOBPEKIACHUN HEOOXOIMMO
YKPETIATh Ae(OPMUPYIOIIHECS YIACTKH OOIUIIOBKH.

OcHoBHas Macca IJIaBaIoIINX Tell JOJKHA COpachIBaThCS Yepe3 peuHol MposeT, 000pyao-
BaHHBII 3aTBOpPAMU-aBTOMATaMH ISl CO3JJaHMsI TIOATIOPA BOJBI B BEpXHEM Obede 1 uepe3 aBToma-
TUYECKHE BOAOCIUBBI, TIPU 3TOM IUIABAIOIINE Tella HEOOXOIUMO OPUEHTHUPOBATh B HANPABICHUU
MPOJOJILHOTO CTBOPA TUAPOY3IIA.

3amura BXOJHBIX OTOJIOBKOB BOJOTIPUEMHHUKOB OT IJIABHUKA OCYIIECTBISETCS MIPU MTOMOIIH
COpOYACPKUBAIOIINX PEIIETOK, KOTOPhIE HEOOXOIUMO PETYISPHO OYHIIATH.

EsxeromHo mepen OKOHYaHHEM MaBOAKOB BEPXHHM Obed) COOpyKeHHs HEOOXOIUMO TIPOMBI-
BaTh JUIsI TOTO YTOOBI MOATOTOBUTH €T0 K aKKyMYJISIIIMM HAHOCOB TIPH MOBBIIICHHBIX KOI(PQUIIH-
eHTax Bogo3abopa. [IpogomKuTeIbHOCTh MPOMBIBKH OINPENETSETCS OMBITHBIM ITyTEM HA MeECTe
1 MOXKET U3MEHATHCS OT 1 10 2-X yacoB B CyTKH. [Ipomyck maBoJKOBBIX pacXOA0B PEKOMEHIYETCS
MIPOM3BOAMTH MPU PACYETHHIX HAMOPAX B BepXxHEM Obede Bog03a00pHOTO TUAPOY3Iia, o aepKa-
HUE KOTOPOTO BEAETCS C MMOMOIIIBIO 3aTBOPOB PEYHOTO MPOJIeTa. A MPOMBIB HAHOCOB HEOOXOAMMO
OCYILECTBIISITH MPU MOJIHOCTHIO OTKPBITHIX BOJOIPOITYCKHBIX YCTPONCTBAX.

Jns mpenoTBpalieHus: aBapuiHON CUTYallMKM HA COOPY>KEHUU TMepe]] HACTYIUIEHUEM MaBOJI-
KOBOT'O TIEpHOAA AJIsI YMEHbILIEHUsI BEPOATHOCTH BO3HUKHOBEHHS] aBAPUMHBIX CUTYalluid BEpXHUN
U HUKHHUH Obe) COOPYKEHHUS TOIKHBI OBITh OCBOOOXKICHBI OT OTI0KEHHI HAHOCOB C MOMOIIBIO
MIPOMBIBOK.

Bepxuuii 6ped mpoMbIBaeTCs P MOHIKEHHBIX YPOBHSIX BOBI IJIsl YBEITUUEHUS TPAHCIIOP-
TUPYIOLIUX CKOPOCTEH BOIHOTO MOTOKA. A TpU 3aHECEHHBIX HAHOCAMH BEPXHEM U HHUKHEM Obe-
dax, coopykeHue MPOMbIBaeTCs B ABa Iukia. CHavana, He CHUYKasi TOPU30HTA BOJII B BEPXHEM
Obede, MPOIyCKaeTCs MOMHBIN pacxo]] peKu Ui MPOMbIBA HUXKHETO Obeda, 3aTeM, MOCTEIIEHHO
CHU>Kasi TOPU30HT BOJIbI, TPOMBIBAETCSI CaM BEpXHUU Obed.

166



Cxema 2 — 3KCIUTyaTalys Bog03a00pHOTO COOPYKEHHS B MEKEHHOM PEKUME. DTOT PEKUM
HAOIOaeTCsl B TOM CiTydae, KOTrzia pacXojl B peKe I0CTaToueH, 9YT0ObI 00eCIeYuTh BOJOW OTBOJISI-
II¥ie KaHaJbl ¥ IPOMBIB HAHOCOB B HIDKHUH Obe() COOpYyKEHUSI.

B sTOM pekume dKcITyaTaiuu peKOMEeHyeTCsl COONIOATh CIeIYIOIINe YCIOBUS:

»  pacxojbl BOABI, MOCTYMAIOLINE B KaHAIBI, PETYIUPYIOTCS CTaOUIN3aTOpaMH pacxoa, yCTpo-
€HHBIMU Ha BXOJIHOM OT'OJIOBKE COOPY’KEHUS;

» W30BITOYHBIN PACcXOJI PeKH MPOIYCKaeTCs uepe3 MPOMBIBHBIE OTBEPCTHS, a TAKKE MOXKET cOpa-
CBhIBaThCs U€pe3 OTBEPCTUSI 3aTBOPA PEYHOTO MPOJIETA;

» B BepxHeM Obede ¢ MOMOIIBI0 aBTOPETYIATOPOB MOJAECPKUBACTCS PACUETHBII TOPU30HT BOJIBI.

Cxema 3 — sKcIUTyaTamus TUAPOY3Ja MPU BEICOKOM KoddduimeHTe Bogo3adopa. 3aTBOphI
PEYHOr0 MPOJIeTa MOTHOCTHIO 3aKPBHIBAIOTCA. 3aTBOP MPOMBIBHOTO TPAaKTa UMEET MUHUMAJIbHBIE
OTKpbITH. [Ipr 3TOM rOpU30HT BOJBI B BepXxHEM Obede MOoAIepKUBACTCs Ha MAKCUMAIBHO BO3-
MOXKHOM Pacue€THOM YpOBHE, 3TO BbI3bIBAE€T HHTEHCUBHOE BbINAJCHUE BIEKOMBIX HAHOCOB U 3HA-
YUTENHHOW YaCTH B3BEIIEHHBIX HAHOCOB B MOABOJSAIIEM pyciie. B aTom cimyudae BepxHuil Oned
COOPY’KEHHUS BBIMOJIHSAET POJIb OTHOKAMEPHOIO OTCTOMHHUKA. [Ipy MOCTyIeHnn HAaHOCOB B OTBO-
JSTIAA KaHAT He0OXOAMMO MMPOU3BOIUTH IPOMBIBKY BEPXHETO Obeda MPUHYIUTEIILHBIM OTKPBITH-
€M 3aTBOPOB MOANOPHBIX AIEMEHTOB COOPYKEHHUS.

Cxema 4 — sKcrulyarainus BoI03a0OpHOTO THIApOy3la B 3uMHui niepuon. [lpu mepeBoze
THJIPOY3Jia Ha 3UMHIOI0 JKCILTyaTaluio HeoOX0auMO B BepXHEM Obede COOpyKeHHs MpOU3Bec-
TH YaCTHYHYIO MPOMBIBKY AJisi (hopMHUpOBaHHUS BTOpUYHOTO pycia. [IpombiBKa NmpOU3BOAUTCS
JUTSL CO3/IaHUsI HEOOXOUMOM TPAaHCTIOPTUPYIOIIEH CTOCOOHOCTH MOTOKA HAa yYaCTKE MOJIOPHOTO
Obeda 1 HeJOMYIICHHUS JOHHBIX OTJIOKEHHUI B OTBEPCTUAX 3UMHETO BO03a00pa, yCTpanBaeMble
Ha Oepery WM B pa3lIeTuTelbHbIX ObIUKax coopykeHus. JlemonryroBsie 00pazoBaHus cOpachiBa-
I0TCS Yepe3 CIeUaTbHO MPUCTIOCOOIICHHBIE YCTPONCTBA (depe3 MOBEPXHOCTh TOHHON BCTaBKH,
rpeOHM CIBOCHHBIX 3aTBOPOB IMMPOMBIBHOTO OTBEPCTHSI U TPEOHU aBTOBOJOCIUBOB).

B 3uMHeM pexxnMe dKCITyaTaui B BepXxHeM Obede HeoOXOIMMO MO P>KUBATh PACUETHBIE
[TyOMHBI, KOTOPBIE MOTYT OBITh MEHBIIIE JIETHUX TIIyOMH MOTOKA.

Jl1is mpoBeieHusl KaYeCTBEHHOTO U HAJEKHOTO BOJ103a00pa OB COCTABICHBI PEKOMEH 1a-
uuu [77] mo pacnpeieIeHUI0 PaCX0A0B, TPOITYCKAEMbIX 3JIEMEHTAMU COOPYKEHUS B 3aBUCUMOCTHU
OT BEJIMYMHBI PACXOAOB PEKU. 3HAUEHUS] PEKOMEHYEMbIX PAacXOI0B ObUIM Ha3HAYEHBI C YUETOM
PE3yABTaTOB MCCIIEIOBAHMIA MPOIMYyCKHOU criocoOHocTH AnementoB BCIT-1 [49], mpoBeaeHHbBIX
M.K. TopomnoBsiM (cM. pucyHOk 2.24). B Tabnurie 5.2 npuBeIeHbl 3HAYCHHUS] OTHOCUTENBHBIX pac-
XOJI0B, MPOXOAAIINX uepe3 BogonponyckHbie 3meMentsl BCII, B 105X OT pacxoaoB BOAbI QP,
MOCTYMAIOUIUX MO0 PEKE B OCHOBHBIE PEKUMBI IKCILTyaTalluu (110 MONaJaHUIO JOITYCTUMOTO KOJIH-
YeCcTBa HAHOCOB M LITyTH B OTBOJISAIINI KaHA).

Tabmnuma 5.2 — PexoMeHIyeMble TOMyCTHMBIC 3HAYCHIS PACXOI0B, TIPOXOIIINX Yepe3 dJIEMEHTHI BOI03a-
OOPHOTO COOPYKEHUS B OJISAX OT PEUHBIX PACXOIOB QP

CxeMbl

SKCILL. Qp Qn.n QK Qp.n ch(l) Qup.3 QKB.(]) Qup(]) QKB.(Z) Qup(Z) ch(z) Qcﬁp
BCAT-1

1 1 0,9 0,9 - - - - 0,1 - - - 0,1
2 1 0,2 0,1 0,6 - - 0,05 0,05 0,06 0,02 0,02 0,9
3 1 0,5 0,5 0,1 - - - 0,4 - - - 0,5
4 1 - 0,8 - 0,2 0,8 - - - - - 0,2

bnarogaps TakoMmy mnepepacrpeneneHrui0 pacXoJ0B BOAbl MEXAY BOJOMPOIYCKHBIMU 3Je-
MEHTaMU COOPY>KEHUS U Pa3MEIEHUIO OTJEIbHBIX YCTPOUCTB JOCTUTAETCs cOaTaHCHPOBAHHOCTD
BeJIMYMH cOpachlBaeMbIX B HUKHHH Obed) 00beMOB BOJIBI. ITO CIOCOOCTBYET YIOPSIIOUEHUIO IBH-
JKE€HUs MOTOKA B OTBOAsILEM pyciie [77].
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ITnaHOM 3KCIITyaTallMOHHBIX MEPONIPUATUN ITPELYyCMAaTPUBAOTCS] CPOKH IPOBENEHUS OCMO-
Tpa COOpPYKEHHUH ruApoy3a U UX METAIUIOKOHCTPYKIIHA.

IIpu nmpoBeeHUH IUIAHOBBIX OCMOTPOB METAJUIOKOHCTPYKLIMHM M CPEICTB aBTOMAaTH3aLUU
BOJI03a00pHBIX COOPYKEHHI HEOOXOAMMO BBIMOJIHATH MPOBEPKU HAMUUUs AePOopMaIiu, KOppo-
3UMHBIX MTOBPEKIEHUIN, COCTOSHUS CBapHBIX IIBOB, PE3MHOBBIX YIUIOTHEHHMH, HAJEKHOCTH Kpe-
IUIEHUH, TIOCA/IKH 3aKJIaIHbIX JJIEMEHTOB U T.1I.

B ciydae 3HauNTENBHBIX MOBPEXKACHUN MEXaHUYECKOTO 00OPYIOBaHHS MPUHUMAETCS pe-
IIEHUE O XapaKTepe U CPoKe UX peMoHTa. HapyiieHHble B pe3ynbraTe KOppo3uu Win aedopmarnuu
CBapHBIE IIBbI METANIOKOHCTPYKLUI BBIPYOAIOTCS M 3aBapUBAIOTCS] BHOBb.

ITpu skcruTyaTanuy CpeicTB aBTOMAaTU3alMM COOPYKEHMS B 3UMHMI II€PUOJ BPEMEHU pe-
KOMEH/yeTCs TOEPKUBATh TEMIIEPATypy METAIIIMUECKUX YACTEH, COPUKACAIOIIUXCS C BOJOM,
He meHee +5 °C. [lonaep:kanue TeMIepaTypHOro pexuma BeJieTcs ¢ moMolbo oborpesa. Kpome
TOTO, Ha THPOIHEPTETHUECKUX COOPYKEHUAX HEOOX0IMMa IEpUOANYECKas PEBU3HSI HAJIEKHOCTH
KPEIUIEHUs YTEIUIUTENS U CUCTEMbI OTOIIJIEHUS METAJIIMYECKUX JIEMEHTOB.

168



3AKVIIOYEHHUE

[Tpob6rema 3a60pa BOBI U3 MAIIBIX TOPHBIX PEK B THAPOIHEPTETUUCCKIE U HPPUTAIIMOHHEIE
CUCTEMBI ITOTpedoBasa pa3paboTKU psAa METOAOB YIIPaBJICHUS PYCIOBBIMU M TMJIPaBINYECKU-
MU IIPOLIECCAMH C MAKCUMAaJIbHBIM HCIIOJIb30BaHUEM MOTEHLUATIbHBIX BO3MOKHOCTEH YCTPONUCTB
Y 3JIEMEHTOB HU3KOHAIOPHBIX TNIOTUHHBIX BOJI03a00PHBIX COOPYKEHHIA.

Pemenue 31oil mpobaemMbl CTai0 BO3MOXHBIM BCJIEACTBHE U3YyUEHUS U aHAIU3a COOTBET-
CTBYIOLUX TEXHOJIOTMYECKHUX OCHOB IIpoliecca BO/103a0opa U3 TOPHBIX PEK M TEOPETUUECKOTIO
OIMCAHMS THUIPABIUYECKHX SIBICHUH, BOZHUKAIOIINX HA BOJ03a00PHBIX COOPYKEHHSIX, SIBICHHIX
B3aMMOJAECHUCTBUS CTPYH JKUIKOCTU C TBEPJbIMH IOBEPXHOCTSIMHU, MepepacrpeescHusi 00beMOB
BOJIbI B Obe(hax BOJ03a00PHBIX COOPYKECHHUI.

Haunbonee nmepcrieKTHBHBIMU Ha MaJIbIX TOPHBIX peKax NMPU3HAHbI HU3KOHAIIOPHBIE TUIOTHH-
HBIE BOZ03a00PHBIE COOPY)KEHUS C OJJHOCTOPOHHUM BOJIOOTOOPOM CO CTOPOHBI BOTHYTOTO Oepera
pycia, 000py/lI0BaHHBIE BBITYKIBIMU JIOMAaHBIMH B IIJJaHE HAHOCO3ALIUTHBIMU [TOPOraMHU, aBTO-
MaTU3UPOBAHHBIMU BOJOIPUEMHBIMHU OTOJIOBKaMH M PEYHBIMU IPOJIETaMHU, (PPOHTAIBHBIMU IIPO-
MBIBHBIMU TPAKTaMH, aBTOBO/IOCIMBAMH.

Pe3ynprarsl IpOBEAEHHBIX TEOPETUUECKHUX Pa3paOb0TOK MTO3BOJIMIIM ONUCAThH PYCIOBbIE U TH-
JIpaBINYECKUE MPOLECChHI, BOSHUKAIOIIME NP HAOEraHUU CTPYHl BOJHOTO IOTOKAa HA BOTHYTHIN
Oeper NoJBOJAIIETO 3apETyIUPOBAHHOTO PyCJla, BHEIIHIOK IOBEPXHOCTH BBIITYKJIOIO B IIJIAHE Ha-
HOCO3aILUTHOIO TIOpora MpH ABUKEHUHU JIByX(a3HOTO MOTOKA XKUJAKOCTU B IPOMBIBHBIX TPAKTaX
COOPY)KEHUW U MpU TepepacipeieieHnd 00beMOB BO/IbI B TPOTOYHBIX 3JIEMEHTAX KOPOOUYaTHIX
cTabuiam3aTopax pacxojia Bojbl. DTO JaJ0 BO3MOXKHOCTb Pa3padoTaTh yCOBEPILEHCTBOBAHHbIE
KOMITOHOBKM HU3KOHAIOPHBIX IUIOTMHHBIX BOJ03a00PHBIX COOPY)KEHHUH C BBICOKUMHU HAaHOCO-
U IIYTO3aIUTHBIMU XapaKTEPUCTUKAMH, CIIOCOOHBIMM OCYILIECTBISATh KPYIJIOTOJUYHbBIN BOA0O3a-
00p U3 TOPHBIX PEK C PA3NIUIHBIMH THIPOMOPPOMETPUICCKIMH XapaKTEPHUCTUKAMH.

Pa3paboranHas mMeTonuka J1abopaTOPHBIX MCCIEIOBAHUN TO3BOJIMIIA IPOBECTHU Pl IKCIIE-
PUMEHTOB, B KOTOPBIX OBUIN OTIPENEIeHbl HEOOXOAMMBIE TTapaMeTpbl HAHOCO3AIMUTHBIX U cOpoC-
HBIX YCTPOMCTB. DTU NapaMeTpbl AHATIMTUUYECKU CONPSKEHbI C OCHOBHBIMU T'UAPOMOPPOMETPHU-
YECKUMU XapaKTEPUCTUKAMU MaJIbIX TOPHBIX PEK.

[IpoBenenue nporecca Bojjo3ab0pa U3 MaJIbIX FOPHBIX PEK C UCIIOJI30BAHUEM IPEIOKEH-
HBIX KOHCTPYKIIMI BOJ03a00pPHBIX COOPY>KEHUU CITOCOOCTBYET ONepaTUBHOMY U 3(P(HEKTUBHOMY
YIOPaBJICHUIO TUAPABIMYECKUMH U PYCIOBBIMU IPOLIECCAMU IIPU MOja4€ TPeOyeMbIX pPacxojioB
BOJIbI C HEOOXOJUMBIM Kau€CTBOM B THJPOIHEPTETUUECKUE U UPPUTALIUOHHBIE CUCTEMBI.

Pe3ynprarsl TEOpETUUECKUX U SKCIIEPUMEHTANIBHBIX UCCIIEJOBAHUN, N3J10KEHHBIE B HACTOS-
ieid pabote, TOBEACHHI 10 TPOU3BOICTBEHHOTO BHEAPEHHS HA MAJIBIX TOPHBIX pekax KeIprei3ckoii
PecnyOnuku u Pecnyonuku Kazaxcras.
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IMPUJIOKEHME 1

I'mapoJioruyeckne xapakTepuCTUKH THNOBBIX pek Kbipreizcrana,

Iepron Cpennmii pycinoBoii | MHoroneTHre cpeyaue pacxo- | HaGmion. sKcTpem.
No | Hammenopamme | TAAPO- | Ilrom. YKJIOH Ha y4acTKe JTBI BOJIBI, M*/C pacxosl, Q M/c
MeT. | Bojgocho-
n/m pexu HaGJ., pa, kv KOHEI Had. TIpejl- . . . | HanboIb- | HAaUMEHb-
ror ropHOro rop. summmit | netamit | rososoit | T ee
1 2 3 4 5 6 7 8 9 10 11
1 | Kyrapr 49 1010 0,012 0.007 3,25 17,4 18,4 500 2.09
2 | Jxyyky 70 516 0,024 0,017 1,99 12,5 6,39 58,0 0,4
3 | Yon-Kaunmabr 45 167 0,057 0,025 0,56 4,4 1,85 17,3 0,25
4 | Joxapmer Kaunget 50 185 0,059 0,025 0,63 3,43 1,64 17,4 0,38
5 | Kebui-Cy 50 171 0,045 0,024 0,72 2,68 1,48 13,0 0,04
6 | Kerersr 47 256 0,046 0,026 0,64 5,85 2,4 33 0,07
7 | Acnapa 62 430 0,029 0,029 1,0 6,97 3,27 50 0,6
8 [M. Ak-Cy 53 192 0,054 0,02 1,17 4,57 2,89 20,4 0,3
9 | Llamcn 49 457 0,043 0,035 1,66 10,7 5.15 48.1 0.82
10 | Mccrik-ATa 50 546 0,035 0,03 3,31 15,6 7,06 54,4 1,6
11 | Amamenun 54 317 0,041 0,025 1,67 12 6,38 70 0,5
12 | Ana-Apua 48 233 0,036 0,02 1,38 7,6 4,17 46,7 0,95
13 | Ak-Cy (Y-ApsIk) 10 498 0,034 0,016 1,34 7,25 421 50 0,67
14 | Kapaxon 50 325 0,033 0,0259 1,86 13 6,74 57,6 0,38
15 | JxetsI-Ory3 45 330 0,042 0,025 1,69 11,6 5,84 57,0 0,48
16 | Ak-Tepex 50 596 - 0,27 3,73 4,58 4,36 20 2,12
17 | On-Apusi 56 1320 | 0,022 0.01 333 19,6 10,5 153 0.8
18 | Ak-Caii 47 346 - 0,02 1,67 4,65 2,95 24,8 0,69
19 | Kok-/[xeptbt 43 4960 0,017 0,014 1,78 7,8 5,48 40 0,69
20 |Yonmon-Ara 52 111 0,022 - 0,52 2,96 1,29 14,4 0,1
21 | Opro-Koiicy 40 63 0,089 0,069 0,52 1,35 0,53 2,0 0,26
22 | OpTo-YIOKTbI 52 49,8 0,105 0,032 0,4 1,25 0,54 10 0,1
23 | YoH-YIOKTbI 54 78,7 0,071 0,028 0,4 2,57 1,4 16,9 0,21
24 | Yer-baitakyp 51 54,4 0,086 0,024 0,47 3,66 1,84 15,0 0,24
25 | Iixepranax 48 250 - 0.02 13 1.1 4.69 20.0 0,66
26 | Ak-Cy-Apacan 54 301 0,062 0,02 1,31 8,95 4,92 69,2 0,15
27 | Upawix 47 91,0 0,027 0,02 0,53 2,17 1,28 18,3 0,08
28 | Yon Ke3pu1-Cy 47 302 0,04 0,02 1,25 9,3 4,68 58,0 0,3
29 | Ton 47 244 - 0,021 0,73 2,75 2,04 22,2 0,2
30 | bopay6e 10 69 - 0,021 0,33 1,41 0,8 6,7 0,03
31 | Joxapyit 18 85 - 0,033 0,42 2,74 1,04 22,0 0,11
32 | Ken-Kon 45 400 0,043 0,017 0,69 3,77 2,41 37,2 0,17
33 | bana-Unukau 48 586 - 0,04 0,46 1,33 0,83 20 0,2
34 |Yon-Yukan 50 687 - 0,027 2,13 12,6 6,48 63 2,07
35 | bem-Tam 50 286 - 0,036 402 9,81 3,59 50 0,69
36 |Konba 45 218 - 0,025 0,92 3,03 468 20 0,57
37 | Yp-Mapan 46 1120 0,012 0,023 2,3 18,3 3,58 74 0,7
38 | Kypkypen 50 454 0,031 0,021 2,43 14,5 6,13 40 1,4
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NMPUTOAHBIX AJIfl SJHEPIreTUIECCKOI0 UCITOJIb30BaAHUA

CwMbIB Cpen. Cpen. Cpen. IIpomomxut.uryro-
Cpen. ronos o
Tun Mecsiipt Moty HaHOZC. PACK. JIOHH. TOJIOB. TOJIOB. TOJIOB. CTOK BBIX SIBIICHUIA,
C MaK. c 1 km*3a CTOK JIOHH. pacxon B3BEIIICH. CYT.
fTanm CTOKOM croxa TOII, HAHOC., HaHOC. B3BEIIl. Ha- HaHOC.
S Kr/c ] ] nejt ryra
M TBIC. M HOC., KT/C TBIC. M

12 13 14 15 16 17 18 19 20 21

11-6 V,VI 19, 306,9 4,57 80 13,1 230 79 -
I-a VILVIII 11,9 97,2 1,37 18 1,74 31 131 25
1-6 VLVILVIII 11,1 95,8 0,4 7 0,51 9 40 20
1-6 VLVILVIII 8,86 162,2 0,51 9 1,2 21 18 59

1-6 VLVILVIII 8,65 117 0,46 8 0,68 12 111 -

1-6 VLVILVIII 9,37 152,3 0,97 17 1,26 22 36 -

1-6 VLVILVIII 7,6 127,9 0,51 16 1,24 39 - 5
1-6 V,VL,VII 15,1 166,4 0,83 14,6 0,99 17,3 101 16
1-6 VLVILVIII 11,3 133,5 1,26 22 2,3 39 45 30
I-a VILVIII 12,9 106,2 1,37 - 1,94 34 - 30
I-a VI, VI 20,0 208,2 1,14 20 2,63 46 - 25
I-a VIL VI 18,4 188,8 1,03 18 1,48 26 96 68
1-6 VLVILVIII 11,0 84,5 0,86 15 1,2 21 44 44
1-6 VLVILVIII 20,7 95,4 0,68 12 1,08 19 128 128

1-6 VLVILVIII 17,7 84,8 0,412 13 0,478 15 11 9
1-6 VI VILVIII 17,8 114,3 ,086 15 1,31 23 30 30
11-6 V, VI 8,11 139,4 4,2 74 6,27 110 70 54
I-a VILVIII 8,53 115,4 0,91 16 1,37 27 - 58
11-6 V,VLVII 2,8 27,6 2,0 35 1,1 19 78 35
1-6 VLVILVIII 11,6 183,8 0,48 8,4 0,68 12 73 73
I-a VLVILVIII 8,57 174,6 0,29 5,0 0,34 6,0 45 35
11-6 V,VI 10,2 321,3 0,4 7,8 0,51 9 20 16
1I-a V,VI 18,04 213,5 0,4 7 0,56 9,8 93 14
1-6 VI VILVIII 22,1 110,3 0,04 3,5 0,11 2,58 40 30
1-6 VLVILVIII 18,8 164 0,97 17 1,37 24 40 25
1-6 VLVILVIII 18,7 189,4 1,26 22 2,0 35 20 12

1I-a V,VI 14 248,4 0,49 8,6 0,8 14 18 9

1-6 VLVILVIII 15,7 130 0,89 15,4 1,37 24 16 8
I-a VILVIII 8,4 129,5 0,72 12,7 1,08 18,9 - 12
I-a VII, VIII 1,08 362,3 0,51 9 0,91 16 18 12
1-6 VLVILVIII 12,1 330,6 0,71 12,5 0,89 15,6 20 16
1I-a V,VI 12,3 52 0,79 2,4 0,48 5,8 135 34
1-6 VLVILVIII 11,4 48 0,64 3,2 0,36 2,7 140 36
I-a VILVIII 16,2 54 0,89 23 0,76 26 132 30
1-6 VLVILVIII 12,6 132,9 0,91 16 1,25 22 90 20
I-a VILVIII 0,11 44 0,87 2,2 0,4 6,6 45 30
1I-a V,VI 17 26 0,6 10 3,1 16 40 30

1-6 VLVILVIII 13,7 79,3 0,8 14 1,26 22 74 -
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IMPUJIOKEHMUE 2

CTpyKTYypHBIE CXeMbI THIIOB BOA03200PHBIX COOPYKEHUI U3 FOPHBIX peK
€ YKa3aHHeM OTJMYHMTEJbHbIX IPU3HAKOB M IIPHU3HAKOB IIPEeMCTBEHHOCTH

ITHIITICKIE THIT
BoJ03a00pa

1.1 (1.2 (1.3 (L4 (15 (16 (1.7 |18 |19 |1.10|1.11

Omnpenendroiye NpUu3HaKu coopykeHuil aauniickoro tuna

Eppornefckii THIT
Bogozadopa

13 [24 25262

21

[ ]
[ ]
[ ]
=]
-]
]

11 (131141516

1.11

Onpenensromue Npu3HaKy coopykeHnii EBponeiickoro tuma

D epTaHCKHIT THIT
Bog03ad0pa

41142143 (44 (45 |46 (47 4840 [(4.10/4.11(4.12(1.2 (1.3
1517123 24|25]|26(29
Onpenensromuye nNpu3Haku coopykeHnii Gepraickoro Tuma
K o MOHHIHP OBaHHBIH
THII BOJ03a00pa
S1[52 |53 |54 |55|56|5758|1.1 (13|14 (1.5 23|25
41144 1458 |4.10[4.11

Omnpenensromye Tpu3HaKu coopykeHnit KoMOMHUpOBaHHOTO THIIA
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Pellle AT THIT
BoJ03a00pa
(Trp oums crac)

61162 163[64]65|66 |67 1415 |18

Omnpenensromue npusHaku coopyxkenuit Tupomnbsckoro (Pemeruaroro) tuna

VCOBepIIEHC TR OB AHBI
PeleTIaTh il THII
Bogoszadopa

L
[a—
=a ]

T 72173 TATA |7 |77 7870|7007 A1lT12014 |1,
1.9 704148 [411(4.12(/56 63|64 :

[ ]
=]

Omnpenensromue NpU3HaAKA COOPYKEHUH YCOBEPIICHCTBOBAHHOIO PEIIETYATOrO TUTIA

KHprus ek THIT
BOJOzadopa

5.1

0.4

o =]

e L

83 |84 1415 1827414246 | 47[411]412]6.3
-.l -.3

791712

Onpenendromye npu3sHaku coopykeHnil Kuprusckoro tumna

TAHRITAHCKHEI THIT
BOJO3a00Pa

919293949 0619711,
4647411141277 79| 8.3

L)

14 152427414245

1|t

Omnpenensroniye TpU3HaAKu COOpyKeHUH TAHBIIAHCKOTO THIIA

THr Bogozadopa ¢
KO COHAPaRIeHHBIMH
IO OTAMH

10.1/10.2|10.3|10.4 |10.5/10.6/10.7| 1.1 |1.4 | 1.

S 2427414
411[412] 7.7]712[ 8392 03][04 | 05

tn
b

4.6

=]
<R

Omnpenensioniye TpU3HaAKU COOPYKEHUIN C KOCOHAIPaBIEHBIMH HaHOCO3AIIUTHBIMH MOPO-
ramH.
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Tum pogozalopa ¢
BBEIOTYKILIMH B [TTAHE
IO OTAMH

1nafirzir3firafirsheelinr s ot oo a2l 13714 [1.5
242741 42[ 454647 |[411|412|712]84 [o1]02]93 o4

96104

Onpeﬂenﬂ}omﬂe IMPU3HAKH COOpy>K€HHI>i C BBIIIYKJIBIMU B IINIAHC HAHOCO3dIUTHBIMHA I1OPO-
ramu.

T'Hap o3HepPTreTHY eCKIIT
THII Bogozadopa (KPCV)

121[122iz3fizafizsizefizzpzs izojzaoizaiz 1 1314 J13
Ls|rat|2a 2741424546 [a7[a11|412]56 [84 0203
0406 [104[11.1[11.4[11.6|11.8

Omnpenensiomine Npu3HAKd [MAPOIHEPreTUYECKOTO THUIIA BOJ03a00PHOTO COOPYKEHHUS
KPCY.
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INPUJIOKEHUE 3

Opranuzanus onepanuy pbI0ONpoNnycKka Ha HU3KOHANIOPHBIX
IVIOTMHHBIX BO03200PHBIX COOPYKEHUAX

Orre- OCHOBHBIE CITOCOOBI [IpreMbl BEITOTHEHHS JCHCTBUI
pa- | ®a3za HeticTBue OCYLIECTBIICHHUS
. HaunmMeHnoBanue n coneprkaHue npruema Bun npuema
st JIeHCTBHSA
YerpolicTBo conpsraromero naiayca | KoHcTpyKTHBHBIN
YCTpoHCcTBO PHIOOHATIPABIISIOIINX 10~ .
Co3nanune 30H 110- POroB KoHcTpyKTHBHBII
IIpusneuenue HCKa
ocobeii DEIG ManeBpupoBaHHe 3aTBOPaMHU BOAOC- | DKCIUTyaTalllOH-
P OPOCOB HU3KOHATIOPHOTO COOPYIKEHHs | HBIN
K BOJIOBBIITYCK-
Opranusanus 1moaBoJia JOMOITHUTEb-
HOMY CTBOPY DbI- .
HBIX 00BEMOB BOJIBI HACOCHBIM arpera- | KoHcTpyKTHBHBIH
0OIPOITyCKHOTO
COOpYIKEHHA Co3aHue MpuBie- |TOM C NOBBILIEHHBIM JIaBICHUEM
KaroUMx ckopoctelt | Opranusanus cOpoca oTpaboTaHHON
BOJbI Ha MUKPO I'DC B KoHIIeBO# cTBOP | KOHCTpYKTHBHBIIH
PBIOOTIPOITYCKHOTO COOPYIKEHHUS
= Coznanue coopy-
3 JKEHHUH, B KOTOPBIX | YCTPOMCTBO JIOTKOBBIX PHIOOXO/IOB,
a, .
2 pbI0a camocTos- MIPYAKOBBIX PHIOOXO/IOB, JeCTHHYHBIX | KOHCTpyKTHBHBIH
TEJILHO TPEO/I0NEBa- | ppIOOXO/IOB H T.1I.
€T Harop
[MepeBon pei0obl | Co3nanue coopy-
0 PHIOOTIPOITY- | JKSHUH, ISl pH- .
o p pory ’ p YeTpoiicTBO pHIOONPOITYCKHBIX IILTIO-
5 CKy U3 HIDKHETO | HyIUTEIbHOrO Ie- .
> . 30B, MEXaHUYECKUX PhIOONONbeMHH- | KOHCTpYKTUBHBIIM
E Obeda B BEepXHHUH | peMeleH s PhIObI
3 KOB, IUIaBYYHX PHIOOIIOABEMHUKOB
g obed 13 HIWKHEro Obeda
NS B BepXHHIi Obe(
4
A UcnonezoBanue
BozocOpocos se- | Mcronp3oBanne BOAOCOPOCOB U BOJO- | DKCIUTyaTaI[MoOH-
MEHTOB B KaUECTBE | IPOITyCKHBIX TPAKTOB HBIN
PBIOOTIPOITYCKOB
YCTpoUCTBO (PUIBTPYIOIIUX UM CETYa- N
MexaHn4eckue P ¢ py1o! KoHCTpyKTHBHBIN
TBIX ppIOO3arpaguTencit
Pasmemnienue nepes BOIOTIPUEMHUKOM
I'mnpasnmaeckue YCTPOMCTB M3MEHSIONNX THpasnuye- | KoHCTpyKTHBHBIN
Prr6ozammuta CKHE YCIIOBHSI IOTOKA
Hcnonp30BaHue yCTPOUCTB BbI3bIBA-
© IOIINX Y PBIO UCIYT (JIEKTPUYUECKHUE .
= Du3noIIOrHYECcKue yp v ( P > | KoHCTpyKTHBHBI#
) CBETOBBIE, 3BYKOBbIE, BO3IyIITHO-ITY-
© 3BIPHKOBBIC)
CoBMECTHOE YCTPOWUCTBO PHIOOOTBO/IOB .
KoHcTpyKTHBHBII
[IepeBon prIOBI C DJIEMEHTaMH PHIO03aIIHUTHI
n3 BepxHero Ob- | Co3nanue ppi000T- | MaHeBpupoBaHKe 3aTBOPAMH BOJIOC- | DKCILTyaTalluoH-
eda B HIDKHUN BOJIOB 6pocoB HBIN
obed ruapoysia YeTpoicTBO IPUHYANTEIBHOTO OTBOA
¢ ruzpoy P PHHY, KoHcTpyKTHBHBII
PBIO C TOMOIIBIO MKEKTOPOB, HACOCOB
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HPUJIOKEHUE 4

AHAJIHU3 HEJOCTATKOB U MX NPUYMH MPHU NMPOBEICHNH TEXHOJIOTHYECKHUX Onepanuii Bogo3adopa
CYylIeCTBYKOIIMMHI KOHCTPYKIUAMH B0103200PHBIX COOPYKEHHUIH

Henocratku

1. Hammopsr Bozbt
nepesi CTBOPOM
BOJIONIPUEMHHUKA
HE COOTBETCTBYIOT
paC‘{CTHbIM 3HA4YeC-
HUSAM

[Tpranner OTpHIaTenbHbBIE TTOCIEICTBUS Hapymenne onepanmii
1. O0X0/1 OCHOBHBIM PEYHBIM ITOTOKOM BO/103a00pHOTO a) MMOJIHOE MJIM YaCTHYHOE MPEKPAICHNE TTOIa4k BOJIBI B OTBOJIAIINE Ka- | Bogoor6opa
COOPY’KEHUSI B Pe3yJIbTaTe 3aBaja MOABOIALIETO pyciia Ha- | HaJIBL; Bonononaun
HOCaMH, KPYITHBIM IIJIABAIOLIMM MYCOPOM C paspylieHueM | 0) nepedopMupoBaHHE TOABOISILETO pyciia THIPOY3ia;
PETYISIINOHHBIX COOPYKEHHH WM B Pe3yJbTaTe Pa3BUTHE | B) pa3pyLIeHHEe JIEMEHTOB COOPYKEHHUS
pa3MbIBa JIoHa u Oepera
2. Hapyienue 11e10CTHOCTH 3JIEMEHTOB TIOATIOPHOTO
CTBOpA B pe3ylbTaTe U3HOCA, Pa3pyLLEHUN, TEXHUUECKOTO
HECOBEPIICHCTBA
3. HecooTBeTcTBHE TEXHHYECKUX XapaKTEPUCTUK COOPY- | a) Harmophbl BOJBI B BepXHeM Obede He 00eCIedrBaroT BBITOIHEHHE OC- Bomoorbopa
JKEHUH XapaKTEePUCTUKAM BOJIOTOKA HOBHBIX TEXHOJIOTHUECKHX OIEpaIii BOgo3adopa; Bonononaun

4. OTcyTCTBHE CPECTB TUAPABINUECKON aBTOMATH3AINN

0) IyOMHBI MPEBBIIAIOT PAaCYETHBIC 3HAYCHUS, C IIEPEITMBOM BOJIBI Yepe3
BEPX COOPYKEHHIA;

3aIIII/ITI>I OT HAHOCOB;
3aHII/ITI)I OT IIJIaBaroImux

B) OTKJIOHEHHE OT HOPMBbI XapaKTEPUCTHUK FMIPABIMUECKUX U PYCIIOBBIX | Te, LIyTH;
MIPOIIECCOB B MOJBOJISALIEM Pyciie U BepXHEM Obede Pri6o3amurst
II. INomamanue 1. Hapymenne TeXHUUECKHX XapaKTepUCTHK HAHOCO3a- a) OTJIO)KEHHE HAaHOCOB B BOJIOTIPUEMHBIX 2JIEMEHTAX U OTBOMALINX KaHa- | Bogomomaum
HAHOCOB B OTBOJS- |ILUTHBIX YCTPOHCTB (HEAOCTATOK COPAChIBAEMbIX Pacxo- JIaxX, BBI3bIBAIOILEE YMEHBIICHUE [IPOITYCKHON CIIOCOOHOCTH; Pr1603a1muTe!
1€ KaHAJIbI JIOB, TIOITOILICHHE); 0) HapyIIeHHe BOJI000ECIIeUeHHOCTH MOTpeOuTeNeit 1 BOIONOIb30BaTe-
2. HeCOOTBETCTBHE TEXHHUECKUX XapaKTEPUCTHK HAHOCO3- |/1EH M3-3a YBCIMHCHHUA IPOLOLKUTETLHOCTH HPOMBIBOK BOIOTIPOBO/IA-
aIUTHBIX YCTPOUCTB MOpdoMeTprueckuM XapakTepuctu- | HHX COOPYKCHHH,
KaM BOJIOTOKA, B) MCTHUpaHKUE PabOYNX MOBEPXHOCTEH T'MAPOTYPOUH U POTOYHBIX TPaK-
3. HenpaBuiibHBII BEIOOp CPEJICTB HAHOCO3AIIUTHI, ToB 3f1aHua I'3C; .
') ICTUpaHUE HAHOCAMU OOJIMIIOBOK KaHAJIOB THAPOCUCTEM;
4. Hapymienne pexnma dKCITyaTaln rpoysia; 1) 3aCOPEHHE JI0AKIEBATLHOTO 000PYI0BAHUS HPPHTAIMOHHBIX CHCTEM
5. HempaBunbHO coCTaBIE€HHBIE PEKOMEH/IAIIUH 110 SKCTLTY-
aranuuu
III. HeoGecnieuenue | 1. OTcyTcTBHE HA BOJ03a00PHOM COOPYXKEHHU CPEICTB a) pa3pylLIeHUe OTBOSIIUX KaHAJIOB IIPH NPEBBIILICHUN BEJINUUH pacueT- | Boxononaun

noaa4yu pacxoaoB
BOIBI B COOTBECTCT-
BHHU C IIJIAaHOM BO-
JOII0JIb30BaAHU A

THIPABIMYECKON aBTOMATH3AIINY;

2. Hu3kue 9KCIUTyaTaliOHHbIC i TEXHUYECKHUE XapaKTepH-
CTHUKH MPUMEHIEMBIX CPEJICTB THAPABINICCKON aBTOMATH-
31K,

3. Huzkast kBanudukaius 00CIyKHBArOIETo MepcoHaa

HBIX 3HAYEHHH MMOJaBAEMBIX PACXOJOB BOJBI, IPUHSITHIX IPH MPOESKTHPO-
BaHUM;

0) HeoOecrieueHne rpaduKOB BOJOIOAAYN;

B) HEOOXOAMMOCTb PACIIMPEHHS IITaTa HKCILTYaTaAlHOHHOTO [TepcoHaa
THAPOY3IIa;

T') HapylIeHUE dKCIUTYaTaI[MOHHBIX XapaKTEPUCTUK THIPOCUCTEM
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IV. Bacopenue Bo- | 1. HempaBuiibHBIM BBIOOpP crioco0a TpaH3UTA TUIABAKOIIETO |a) MOHM)KEHHE BEJIMYMH T10/IaBACMbIX PACXOJIOB BOJIBI B OTBOJISIINE KaHa- | Bogonomaun
JIOTIPUEMHBIX 3JIe- | Mycopa uepes NOAOPHBIN CTBOP COOPYKEHHS JIBI;
MEHTOB FHAPOY3Ia |2 HepalHOHAIBHOE PA3MEILICHHE BOIONPHEMHBIX YIEMCH- 0) HapylIeHNE TEXHHYECKHX XapaKTEePHUCTHK CPENICTB CTAOMIIN3aLMH TO/a-
M OTBOJAIIMX K&~ [ Top coOpyKeHHs BAEMBIX PacX0J10B BOJIbI B OTBOISIIIIME KaHAJIBI 1 BBIXOJ X U3 CTPOS;
;aJ'IOB TIABAIOMIMM 3 HecoBepIICHCTBO METOIHKH 110 ONPECICHHIIO PALIHO- B) 3aCOPEHUE U Pa3pyLLIECHNE BOZOIPOBOASIIMX HIEMEHTOB THIPOCHCTEM;
ycopom HATHHEIX TPHEMOR 3AITATH OT ILIABAIONIETO MYCOpa I') HapylIeHue paboynx XapaKTepUCTUK HAITOPHBIX 6;1cceHHOB JiepuBalu-
onnbix ['DC u BogopacnpeenuTenbHbIX COOPYKEHHH HPPUTAITMOHHBIX

4. HecoOmoienue nepcoHanoM rpaduka OUUCTKH COPOY- | cpetem

JIepKUBAIOLINX PELIETOK
V. Pa3mbIB 0T- 1. HecoBepiieHCTBO racuTenel sHepruy Ha y4acTKe Co- a) pa3pylLICHHE PETYJISILIMOHHBIX COOPYKEeHUH OTBOASAIIMX pycel ruapo- | Bogoorbopa
BOJISIILIETO pyciia pspKeHust ObehoB y37a; Bonononaun

BOJ103200PHOTO
TUpoy3JIa

2. DKcIutyaTaluy T'uipoy3iia B CIIUIIKOM PaHHUM nepuos
10CjIe CTPOUTENILCTBA

3. M36bITOuHast pa3paboTKa PyCIOBBIX OTJIOKEHHUN HA HU-
JKETIeKAIINX YIACTKAX PEKU

0) nepeopMHUpPOBaHKE OTBOASIIIX PYCET,;
B) pa3pylleHHEe BOA03a00PHBIX COOPYKEHNI

COpoca HeO0OXOIUMBIX
00bEMOB BOJIbI

VI. 3aunenue ot-
BOJAIINX Pyce
BOJ103a00PHBIX CO-
OpY KEHUI

1. HecoBepuieHcTBO (Hea(h(EKTUBHOCTD) racuTeel sHep-
THH Ha YYacTKe COpshKeHUs1 ObeoB

2. IToTepst TOTOKOM TPaHCIIOPTUPYIOIIEH CIIOCOOHOCTH
0CJIe IPOXOXKICHHSI CTBOPA BOIOOTOOpa

3. HenocrarouHasi ©3y4eHHOCTh TIPOOJIEMbI

a) TIOBBIIICHHE OTMETOK JHA OTBOASIIETO Pycia;

0) [MoarorieHne BOIoCOPOCHBIX AIIEMEHTOB THAPOY3Ia,

B) IPEKpaIlleHHE TPAH3UTa HAHOCOB CO CTOPOHBI BEpXHEro Obeda;
I') YMEHbIICHHE O0IIEH MPOMYCKHON CIIOCOOHOCTH

Bonoorbopa
Bonomnogaun

COpoca HeoOXOIUMBIX
00bEMOB BOJIbI

VIIL. Ocratku
PEUHBIX HAHOCOB
B Obedax coopy-
JKEHUSI IOCIIE UX
TIPOMBIBKH

1. HecortacoBaHue NpoITyCKHOH CIIOCOOHOCTH BOAOCOpOC-
HBIX 3JIEMEHTOB C XapaKTEPUCTUKAMH THIPABIHUCCKUX
CTPYKTYP TPaHCIIOPTUPYEMBIX IIOTOKOB IBYX(pa3HOU JKUJI-
KOCTH (BOJJa—HAHOCHI);

2. HecoBepIeHCTBO TPUHSITON KOMIIOHOBKH BO03a00pHO-
IO COOPYKEHUS

a) HapyIIeHUE CTPYKTYP TUIPABINUECKUX U PYCIIOBBIX ITPOLIECCOB,;

0) yMEHbBIIICHHE TPOITYCKHOM CIOCOOHOCTH JIEMEHTOB BOJ103a00PHOTO
COOPYKESHUS;

B) YXYALICHUE TEXHUUECKUX XapaKTEPHCTHK HAHOCO3ALIUTHBIX JIEMEH-
TOB,

I') YMEHbIICHUE TPAHCIIOPTUPYIOIIEH CIIOCOOHOCTH MOTOKA IPH TPAH3UTE
KPYIHOTO IUIABAIOLIEro Mycopa

Bomoorbopa
Bogomnogaun

3amuThl OT HAHOCOB
3amuThI OT IJIBIBYHA
COpoca He0OXOIMMBIX
Pacxol10B BOJIBI

VIII. [Nomamanue 1. HecoBepIlIeHCTBO KOMITOH. CXeM BOZ03a00pHBIX COOpYy- | a) oOpa3oBaHKe 32)KOPOB MO JJTMHE KaHAJIOB; Bonomomaun

UIyTU B IepUBALU- | KEHUH 6) oOMep3aHNe METaJUIOKOHCTPYKIHH; 3amuThl OT JIbJA

OHHBIC KaHAJIbI 2. Hepocrarounast 3ppeKTUBHOCTD NPUHATHIX IPHEMOB B) PA3BUTHE HPOLIECCA PEKHIIALIM; W IyTH
OpraHM3aLIH 3UMHETO BOX00TGOpa T') YMEHBIIEHNE MOIIHOCTH AepruBannoHHBIX ['DC BIUIOTH 10 OCTAHOBKU

IX. OrcyrcrBHE 1. OtcyTcTBUE PHIOOIPOBOISIIMX COOPYKEHUH B cocTaBe | [IOHMKEHUE YUCIEHHOCTH U UCUE3HOBEHUE MOMYIISILUY PEUHON UXTHO- | PhrGonpomyck

myTeil MUTpanuu | BO03a00PHOTO COOPYKEHHUS (bayHbI

ocobeii prIO uepes

CTBOP BoJ03ab0pa

X. onananue 1. OtcyTcTBUE PHIOO3AILUTHBIX COOPYKEHUH B cOCTaBE Pr16o3amura

1 THOENb 0co0ei
PBIO B BOZIOIIPOBO-
JUIIX COOPYIKe-
HUSX THIPOCUCTEM
U B THIOCHIIOBBIX
YCTaHOBKAX

BOJ103200PHOTO COOPYKEHUS




IHPUJIO’)KEHUE 5

®opmyJibl 1J1s1 ONIpeeIeHUsl YIeJIbHOI0 PACX01a HAHOCOB

ABTOD | Dopmyna | IIpumeuanue
@DopMyibl, OCHOBaHHbIE Ha UCTIOIb30BAHNH PA3HOCTH KACATEIBHBIX HAPSIKEHUH
M. [lro0ya _ 1879 1. Uctopuuecku nepsas hopmysia
Hroby q, =Kr,(t,—7,0) P pBast popmy
JUIsl pacyeTra pacxoja HaHOCOB
A. unbac 2 1936 r. [Ipencraenena B paboTe mpuMe-
q, =10 P qJ T~ Toc HEHHE MEXaHW4ECKOTo MOoI00us Py Hc-
Pu =P gpyd CJIEIOBAaHUH TypOYJICHTHBIX TOTOKOB
N.B. Eruazapos 1949 r. PexomenioBana j1st pacdyera
q, =0,01 5[ P ] q J? %o " %oc pacxozia HAaHOCOB B OTKPBITBIX MTOTOKAX
Pu —P Toc
9. Maiiep-Ile- ) 15 1948 r. B 3T0i1 hopmysie pa3HOCTH Kaca-
Tep q, =8 P \/E [ V- _ 0,047d ] TEJIbHBIX HANPSKCHUN IIPEJICTABICHA HE
u P. Mromep Pu—P g SIBHO, @ B BHJIE 3aKJIFOYCHHON B CKOOKHM

Pa3HOCTH BCJINYUH C pa3MCPHOCTBLIO
JUIMHHBI

DopMyITbl, HCTIONIB3YIOMINE B KAYECTBE aPIYMEHTA PACXO/IbI BOJIBI

SI.A. Hukurnna

dy = 530‘]2'2(Q _Qo)2

1951 r. PekoMenioBaHa /i pacueTa
pacxojia HaHOCOB pek CpeaHeit A3un

(DOPMyJ'ILI, HCIIOJB3YIOIIUEC B KAY€CTBC APr'yMCHTAa CKOPOCTH IMOTOKA

N.N. JleBn 3 025 1948 r. Pexomen0BaHa [Ulsi HAHOCOB

q, =0,002 v dv-v,, )(ij C KPYIHOCThIO 00JIee 5 MM U [IPH OTHO-

Ved h wennu d / h>1/1000
B.H. l'onuapos 3 1962 r. [Ipennoxena AJisi HAHOCOB JUa-
2 v v d>15
g, =—v,d|— || —-1 MeTpom d > 1,5 Mm
500 v, ) \v,
P.K. Kpomep 6.5 14 1979 . [lpennoxxena AJist MPOBEIACHHSI
% d
qy =0,0083y (v—v,  )xd, [—J (_sj IIPOTHO3a PYCIIOBBIX IIPOLIECCOB B MOI-
Vo h MOPHBIX Obedax
B.®. Tanmaza ¥ 1968 r. PekomenoBaHa JyIst HCIIOJIb30Ba-
AH. Kpoukur | g, =0,07—=Wv~-v, ) HUS TIPY pacueTe THAPOMOphoMeTprde-
\/Z CKHX XapaKTePUCTHUK TOPHBIX PEK

DopMyIIBI, HCIIONB3YIOIINE B KAYECTBE apIyMEHTA YKIIOH BOJIHON MOBEPXHOCTH

N.4. Opnos 1952 r.PexomenioBana ajs pacyera py-
) CJIOBBIX TPOIIECCOB MPU BOA03ab0pe
J
qy =0,006y, | ———0,04
d (“ - 1}
e

9. Meiiep-Ile- 23 23 1934 1. PekoMeH10BaHa HA OCHOBAaHUH

0,44,/ (Q] J , ,
Tepa 2 1H = 217 pe3ynbTatoB uccienoBanuii pex 1IBeii-

d B D HapHH

q)OpMyJ'[LI, YUYUTBIBAIOIIUEC NBUKCHUC KPYITHBIX BJICKOMBIX HAHOCOB B TOHHO-TPAJOBBIX (bopMax

b.®. Caumenko
3.J1. Konanuanu

q, =0,011h,vFr’

1978 1. Omnpezenena B xoze naboparop-
HBIX UCCIIEIOBAHUM
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q)OpMyJ'II)I, HCIOJIb3YIOMIME B KaY€CTBC apIr'yMCHTA MOIIHOCTH ITOTOKaA

P.A. Bornonsn PV (v =g ( 0,37h j 1973 r. PekoMeH10BaHa HA OCHOBE Pe-
y = X U-575,1g—/———- @, 3yJIBTaTOB U3y4YEHUS CajabTallii HAHOCOB
gpulga kd B Bojie. U — ocpegHeHHast CKOPOCTh JIBU-
v 06 JKEHUS BOAHOTO MOTOKA
a=32°k=1,4
Vi
®DopMynBl, BRIBEICHHBIC HA OCHOBE PETPECCUBHBIX 3aBHCHMOCTEH
H.B. Pyxanze 1983 1. [Ipenyoxxena aJis pacyeTa pac-
q, = K0,000036v*°J " a*q* X0J1a HAHOCOB TOPHEIX pek Kapkasa
rmeo=d/ h; u Cpenneiir Azuu
K — k03 PUIHEHT, yIUTHIBAIOMIAN YBEITHYCHUS TPaH-
CIIOPTa HAHOCOB IIPH CPBIBE CAMOOTMOCTKH
®DopMysBl, 0OCHOBaHHBIC HAa BEPOSITHOCTHOM OIMCAHWUH ABIKCHHUS HAHOCOB
I DitHmreitn -1/2 1942 r. BoiBesieHa Ha OCHOBAaHUU OIIpe-
g, Pu _ 1 gd3 =¢ JIENIEHNst BEPOATHOCTH P, TIepeMeIeHHUs]
P YaCTHUIIBI 32 BpeMsi Af TIONBUXKKY JJTHHOW
W) Ax. PaccmarpuBaeT IBHKECHUE OTHOPO/I-
o=k, S HBIX YaCTHUI]
=1
®DopMyIBl, 0CHOBAaHHBIC HAa PETHOHAIBHBIX 3aBHCUMOCTSIX
A.T. 3uHOBBEB 0.051° 2006 1. ITorysmnupudeckas 3aBUCH-
u Jp. qy = : MOCTb TIPEJUIOKEHa JIJIsl y4acTKoB p. O0b
Pu_ 1 \/gdsoc3
Yol
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IMPUJIOKEHME 6

dopmyJibl 1JI5 onpeieIeHHs BeJJMYMHbBI MAKCUMAJIbHOT0 MONEePEeYHOro YKJIOHA
NMOBEPXHOCTH NMOTOKA HA KPUBOJHHEHHOM yUacTKe pycjia

ABTOp Dopmyna IIpumeuanue
M.B. Iloranos V2 MV M e R — pajnyc KpUBHU3HBI r[.o OoCH pycia;
I, = 1+— | x|1- + 5 C — xoadpdunuent lle3u; napamerp
gR, 3C 3C+M  505C+M) M=035C+3
B.M. MakkakeeB V2 aM® 16M° Jlitst Hapa60n1/1quK0r0v3aKOHa pac-
J;=—1+ e —— TIpeIeTICHU CKOPOCTEH MOTOKA
gR 15C~ 945C
N.JI. Po3oBckuit V2 CocragiieHa [UIs JTOTapH(pMHUICCKOTO
J, = —(1 + ZLCZJ 3aKOHA PACIIPE/ICIICHUs] CKOPOCTEN
Ve

IIOTOKa
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HPUJIOKEHUE 7

CocraB 3/1eMeHTOB HU3KOHAIIOPHOT'0 BO03200PHOI0 COOPYKeHHUsI U3 TOPHBIX PeK VI IHAPOIHEPreTHYeCKUX U HPPUTAMOHHBIX
CHCTeM, oNpe/e/IeHHbIN OTHOCUTEIBHO CII0CO00B OCYIIeCTBJICHHS e CTBUI NIPU BHINOJTHEHHH OCHOBHBIX ONlepanuii

1 o
O L . Crioco06sI OCyIIECTBICHUS . . Coopy>keHHsl, yCTPOHCTBa
EgE JeiicTBue e [Tpuem BBITIOTHEHUE IEHCTBUI Py > YOTP | OrHOcuTeNnbHOE pa3MelieHue
o JCUCTBUA YCTaHOBKH, MEXaHNU3MbI
PerynupoBanue pycioBbIX | YCTpOHWCTBO peryisiiMoHHbIX coopy- | [loaBomsiee 3aperynupoBan- |B pycne peku
MPOIIECCOB JKEHUH HOE PYCJI0 PEKU B noiime pexu
Boiku; ITpoMexyTouHBIE CTEH-
Cocpenorouenue 00beMOB
. KU B xoH11I€BOM ceueHnu BepxHe-
o, |BOZABI IEpEN BONONPUEMHBIMH | PerymupoBanue ypoBHEH N
1) VCTpoHCTBO MOAMOPHOTO CTBOPA BO- | 3aTBOPHI COPOCHBIX aeMeH- [ To Obeda ruapoysna
& |>neMmeHTamMu BOJIBI B BEpXHEM Obede
5 A —— J103a00PHOTO COOPY>KEHHUS TOB
2 Y B koH1e BrImyKIiI0TO Oepera
o BonocnuBer BepxHero Obeda
aa) TIOIBOJISIIIIETO pyciia
IMomaua HeoOxouMbIx 006- | Ilepenus Boap! yepes3 Bo- | YCTpoHCTBO BOAOIPHUEMHOTO (HAHO- Boxocms
€MOB uepe3 BOJIONIPUEMHBIE | IOCIIHB CO3aLMTHOIO) II0pOra B KoH1e BoruyTtoro oepera
JIEMEHTHI B BOZOIPOBOISI- .. | YcrpoiicTBO BOIONIPHEMHBIX OTBEp- TIOABO/ISIIIETO pycCIIa
Hcreuenne U3 oTBEpCTHi; . [TpunonHbIe OTBEpCTHS
1€ COOPYKEHUS cTui
Vcronb30BaHme UPKyIIsi- | YeTpoiicTBo 3aperyiupoBanHoro noi- | Kpuponuueiinoe B miane moa- | B Pycne pexu
IIUM BOZIBI HA M3rH0O€ pyciia | BOASIIETO pyciia BOJSIIIEE PYCIIO B noiime pexn
Co3znanue NUpKyIALIUU .
VYerpoiicTBo HaHOCO3amMTHOTO (BO- | BhImykiible B mitane Bogociu- | B koHIe Boruyroro 6epera
BOJIbI Y BOJIOIIPUEMHOTO .
= Hopora JIONPUEMHOT0) TIopora BbI [IEPEMEHOM BBICOTBI TIOIBOJISIIIIETO pycCIia
<
g BornyTsle B m1aHe, KOcoHa- | Hike 110 TeUeHU O OT BOJIO-
2 Co3nanne nupKyISIu .
s | OrzmeneHrie HAHOCOB OT TTOTO- YeTpoicTBO TeCKOrpaBHEIOBKH IIpaJIEHble BOJOCIIHBEI MPUEMHOTO OTOJIOBKA COOPY-
= BOJIbI B TOJIOBE KaHAJIOB
o | Kka BOmIBI BupaxHsie TpaHiien KEHUS
< v
8 YeTpoiicTBO pycIIoBOTO OT- Beiie nopBosiniero pycia
R OcaxJIcHUE HAHOCOB B TIpe/ieiiax py- |CTOMHMKA WM KapMaHa B HmwkHeMm Obede ruapoysia

Hcmonb30BaHue CHITBI TS-
KeCTH (IpaBUTAIIMOHHBIN
croco0)

cl1a pexn

Hcnonb30Banne BEpXHETroO
Opeda Kak OTCTOHHIKA

Ilepen noagnopHBIM CTBOPOM

OcaxJieHne HAaHOCOB B TIpefieax
BOZIOTIPOBOJSIINX COOPYKEHHUH T'H-
JPOCUCTEM

YeTpoiicTBO OTCTOMHMKA

B xoHI1e 0TBOJISIIIETO KaHala
W B HayaJje IepUBaLNI
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I'uppaBnuveckuii criocod

I'mapaBnnyeckas MpoMbIBKa HAHOCOB

Pednoii porneT Bomo3abopHO-
IO COOPYKEHHS

B noxnopHoM cTBOpE B KOHIIE
BBIITYKJIOTO Oepera pycia

OTBepcTHE IPOMBIBHOTO
TpakKTa B0JJ03a00pHOT0 COOpY-
JKCHHUS

B npenenax KoHLEBOroO ydact-
Ka HaHOCO3aLLUTHOIO [10pora

OtBopsiiIee 3aperynupoBaH-
HOE PyCIIO THIPOy3Jia

B HmxHeMm Obede Bomozabop-
HOT'0 COOPYIKSHUsI

IIpoMbIBHOE OTBEpCTHE IIE-

B koHIIEBOM ceueHnr necKor-

CKOT'paBUECIIOBKH PaBUCIIOBKH
§ B xoHIIEBOM ceueHUU OTCTOM-
S [TpoMbIBHBIE HITIO3bI OTCTOM- | HUKA,
g HUKOB B cpensem ceueHHH OTCTOM-
< Ynanenue HaHOCOB 3a Ipejie-
T poy3a HHUKA
o JIBI TUT, J1
S 4 Mex 1y IpOMBIBHBIMH OTBEP-
& [TynproBoabI CTHUSIMH TIECKOTPAaBUEIIOBOK
R W OTCTOWHHKOB
Ha conpsraromumx yyactkax
3aperyJIMPOBAHHBIX U OBITO-
CrarrioHapHBIEC HACOCHEIC BBIX pyces
I'mnpomexannueckuit Vianenue HAaHOCOB 3€MJIECOCHBIMU YCTaHOBKH B KOHICBLIX COOHIAX OT
croco6 YCTaHOBKaMH CTONHIKOB
IlnaBaronue HacOCHBIE ycTa- .
B orcroiinnkax
HOBKHU
. YrnaneHue HAHOCOB 3EMIICPOIHBIME | DKCKaBaTOPHI, B 3aBucumocTtu oT He0OXOIHU-
MexaHU9eCcKuii criocod
YCTaHOBKAMH Ckpernepsl MOCTH
B BononpremMHoM orosnoBke
Crabunmzarop pacxoaa
PerynupoBanne momaBaeMbIX COOPYKEHHS
© Crioco0 aganTanuu ManeBpupoBaHHEe 3aTBOPAMHU =
g PacxoIoB BOJIBI [Tockue miu cerMeHTHBIC B KOHIIEBOM CEYCHHUU OTCTOM-
ét 3aTBOPBL; HUKa
e ObecrieueHne yCcIOBHS KO- YCTPOKCTBO COMPSITAIOIIETO COOPY- OO6patHbIi yCTyT
= Y . Comnpsixenne ObeoB P P py 4 v y“ L B romose oTBOISIIIETO KaHANA;
R MaHJIOBaHHUS YPOBHEH BOJIBI JKCHHUS Bomo0oiiHbII KoJI0/IeI]

OTBenenne BOIBI OT BOIO3a-
OGOPHOTO COOPYKEHHS

Hcnonp30BaHue IBUKY-
IIEH CHJIBI TIOTOKA BOJIBI

YeTpoicTBO BOJOMPOBOASIIIUX COO-
PYyKEHUI

Kanans1, TpyOompoBoIbI, TYH-
HEJH

Ha tpacce nepuBanuu
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Bopwba ¢ ruiaBaronmmu
TelaMu

OrtzeneHne IaBaroyx Tel
OT TIOTOKA BOJIBI, 3a0MpaeMo-
IO B BOJOIPHEMHHUK

I[MepepacnpeneneHue
YACIBHBIX PACXOOB BOIbI
B BepxHeM Obede

[IpuHyIUTENEHOE OTKPBITHE BOIOC-
OpOCOB TIOATIOPHOTO CTBOPA

3aTBOp PEUHOro IpoJjicta

B noanopuoM cTBOpE

MexaHn4decKast OUNCTKA

YCTpOHCTBO MEXaHUIECKOTO 000py-
JIOBaHHUS

Copoynep>KUBarOIINE PEIICTKH

HnaBqu/Ie 3allaHu

Hepez[ BOIAOIIPUCMHBIM OI'0O-
JIOBKOM

YZ[aJ'IEHI/Ie IUIaBarOUIUX TCII 3a
MMpeaciibl THAPOY3J1a

I'uppaBnudeckwii criocod

I'mppaBiandecknii TPaHCIIOPT TIABATO-
IMX TeJl 38 MPEIeNbl THAPOY3TIa

Peunoii nposer

B noxnopHom ctBope

OTBogsiIee pyciio rUIpoy3ia

B HmwkHeM Obede coopykeHust

MexaHu4eCKuii Criocood

OuncTKa pemeToK

Tamu u Tenpheps

Hax BomompreMHBIM OTOITOB-
KOM

OteneHune Je0IIyroBbIX
o0pa3oBaHuii OT 00BEMOB

Ucnonb3oBanue Apxume-

HpOBeIleHI/Ie 3UMHETO BO)IO3a60pa us3

OTBepcTHEe 3UMHET0 BO03a-

Ha KOHI€EBOM YYaCTKC BOTHY-

&5 BT JIOBOM CHIIBI; HPUIOHHBIX TOPU30HTOB MOTOKA; 6opa; Toro Oepera pycia
n
A >
2 E Ynanenne 1e0nryroBbIX Opranun3anus copoca senomyrosbix | IIyrocopoc B noanopHoM cTBOpe
00pa3oBaHMi 3a MPEIEIIbI Crioco0 Tpancdysnu o0pazoBaHuii ¢ 00bEMaMH BOIBI 110- 0 B HmwxHem Obede Bomo3abop-
TBOJSIIEE PYCIIO
THJPOy3Jia BEPXHOCTHBIX TOPU30HTOB ITOTOKA JUIIEE PY HOTO COOPYKEHHS
VYeTpoicTBO peryasinnoHHbIX coopy- | [lonBomsimiee 3aperynuposan- |B pycie pexu
PerynupoBaHue pyciioBbIX | KEHHH HOE Pyclio B noiime peku;
HpOLECCOB B 3aBucuMocTH OT HEOOXOAN-
[IpoBeneHne perysauuoOHHEIX padoT | DKckaBaTopsl; Bynbmo3epsr MocTI
KoHnenTpanus u cTpykry- B pycae peku
P YRy VYerpoticTBo moBepxHOCcTel anmemen- | [Tonsoznsmee pycio P yu P
pHupoBaHre 00HEMOB BOJIBI B noiime peku
TOB BOZI03a00PHOT0 THIPOY3TIa C pa-
B BepXHeM Obede ruapoysia . . Bo BxogHOM CTBOpE COOpY-
o PerynupoBanue ruipapiu- | [HOHATBHONW KOH(UTYparmeit Conpsrarouue 31eMeHTHI
3z HKEHUSI
= YECKHX CTPYKTYp MOTOKa
2 PerynupoBanue BeNu4uH mepepacipe- | ABTOBOJIOCIUBBI
g JIeJICHHs YACIBHBIX PACX0OJ0B BOIbI B noamnopHoM cTBOpE
= OtBepcrHst BOTocOpocoB
2 B BepXHeM Obede
S . . Boo6oiinsblii Komozery B HmxHeMm Obede moamopHoOro
o VYeTpoicTBO BOJOOOHHBIX COOpYKe- "
2 . Bono6oiiHble cTeHKH CTBOpA, Mepe]] 3aperyIupoBaH-
a, lamenne sHepruu cOpa- | HUH
ts) Comnpsixenue ObeoB KoMOMHUpOBaHHBIC KOJOALBI, |HBIM OTBOASILIUMM PYCJIOM
O CBIBAEMBIX 00BEMOB BOJIBI

YCTpoHCTBO KpEIUIeHU JJHA U OTKO-
COB OTBOJUAIIIIETO Pycia

[TpononbHBIE MACCUBHBIE COO-
pYKeHHs

Ha HayanmbHOM y9acTKe OTBO-
JUIIIETO pyciia

Opranusanus 0TBoa 00be-
MOB BOJIBI

PCI‘yJ'II/IpOBaHI/Ie PYCIOBBIX
mpoueccoB

YCTpOoRCTBO PErysIIUOHHBIX COOPY-
JKEHUI

[NoxBonsmee 3aperynupoBaH-
HOE pycIIo

B pycne peku

B nolime peku

[IpoBenenune peryasImuOHHBIX PadoT

OkckaBatopsl bymbmo3eps

B 3aBucuMocTn ot HE0OXOIH-
MOCTH
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Pribomporryck

[TpuBneuenne ocobeii prIO
K BOJIOBBIITYCKHOMY CTBOPY
PBIOOIIPOITYCKHOTO COOpY-
JKEHHS

Co3maHue 30H IIOUCKA

PerynupoBaHue BeMYUH 1epepacipe-
JIeJICHHS YACIBHBIX PACXOI0B BOIbI

B HIDKHEM Obede Bomo3abopHOTO COo-
OpYXKEHHs

Conpsiraroiuii naHayc

B nagane OTBOJSIICTO pycCJia

Pri0onanpapmsiomue noporu

3a peIOOIPOITYyCKOM

3aTBOpBI BOJOCOPOCOB

B nonnopnom crBope

Co3znanue MpyBJIEKAOITIX

Opranuszanus 1noBoJa JOMOIHUTEb-
HBIX 00BEMOB BOJIbI K KOHIICBOMY

HacocHas ycraHoBka

Ilepen KOHILIEBBIM CEUEHUEM
PBIOOIIPOITYCKHOT'O COOPYIKe-

CKOPOCTEH; Yeranoska Muxpol OC
CCUCHHIO PHIOOIIPOITYCKa HUS
Hcrnonb30BaHue Crocoo- . JloTkOBBIE
YeTpoiicTBO caMOTEUHBIX BOAOIPOBO- Ha nmpoTtuBononoxxuom Gepery
. HOCTH PbIO MpeojioieBarhb . IpyaxoBsie
ITepeBon ocobeii prId MO JSIIIIAX COOPYKEHHUHU (PBIOOXOI0B) OT BOJIONIPUEMHUKA;
nepernabl JlecTHUYHEIC

PBHIOOTIPOITYCKHOMY COOPY-
JKCHHIO U3 HIDKHETO Obeda
B BepxHHH Obe( THapOYy3ITa

[IpunynurensHoe nepeme-
IIEHUE PHIOBI U3 HUKHETO
Obeda B BepxHuii Obed
THIIpOy37a

YCTpoHCTBO MEXAaHU3UPOBAaHHBIX CHUC-
TeM PBIOOIPOITyCKa

MexaHn4decKkue prloonoabeM-
HHUKH

[TnaBy4ne ppIOOIONEEMHNKI

B noxnopaom ctBOpe co cTo-
POHBI HIXKHETO Obeda

Prr0o3ammra

MexaHH4eCKHUi Cr10co0

YerpoicTBO GUABTPYIOMNX
YCTPOUCTB

Ceruarsle pprb03arpauTesn

B ronose OTBOJAINIMNX KaHAJIOB

I'uppaBnmaeckwii criocod

Hcnonb30Banue ycTpocTB U3MEHSIO-
[UX THAPABINUECKUE XapaKTEPHCTH-
KM TIOTOKa

Pri0oHampapmsiomuye noporu

Hanoco3amuTHbIe ToporH,
000pyIOBaHHBIC OTCEKAFOIIIHU-
MU KO3BIPbKaMU

Ilepen BomonprueMHBIMH OT0-
JIOBKaMH

Du3noa0rHUeCcKuii Crrocod

Hcnonp3oBanue ycTpOMCTB BbI3bIBAIO-
IIUX y PBIO HCITYyT

DNeKTpuUueCcKue, CBETOBbIE,
3BYKOBBIC, BO3IYIITHO-ITY3bIPh-
KOBBIE

Ilepen BomonprueMHBIMU 3J1e-
MEHTaMU

[TepeBog peIOBI U3 BEPXHETO
Oneda B HIOKHMI Obed TH-
Jpoy3ia

Co3znaHue ycioBHii, Ipu
KOTOPBIX PbIOa CKaThIBAET-
Cs1 CAMOCTOSITENIEHO

Co3nianne caMOTe4HBIX PbI00OTBOIOB

CnennaiibHble BOTOCOPOCHBIE
OTBEPCTUs

OTBepcTHs BOIOCOPOCOB

B nonnopuom crBope

[IpuHynUTENBHBIN OTBOA
pBIOBI U3 BepxHero Obeda
B HIDKHUIT Obe( TUIpoy3ia

MCX&HI/BI/IpOBaHHHC pI)I6OOTBO)_'[I>I

DKEKTOPBI

B KOHIIEBBIX ceueHHUsIX phIOO-
3arpaJUTeNbHbIX YCTPOUCTB




T'ernaauit UBanosuu JIoruHos

I'MAPABJIMYECKUE ITPOLECCHI [TPM1 BOAO3ABOPE
N3 MAJIBIX TOPHBIX PEK

2-e u3aHue, nepepadoTaHHOE U JOTIOTHEHHOE
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