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Meroaudeckne ykasanus paspabatsiBanuck no nporpamme MKBK u mosromy
NMpeayCMaTPUBATHCh U TPafLyHPOBKH BONOMPOBOAALIMX COOPYXKEHHH Ha KPYMHBIX
KaHajlaX MEXroCyapCTBEHHbIX OPOCHTEIBHBIX CHCTEM.

B cBA3M C 3THM B YKa3aHWSX PacCMOTPeHbl Haubosiee pacnpoCTPaHeHHbIE
COOPYIKEHHMS, XapAKTEPHbIE JUIA YKa3aHHBIX OPOCHTE/IbHbIX CHCTEM.

[pemnaraemas B ykasaHWsX METOAMKA rpagyMpoBku pazpaboTana B 00LIEM BHAIE U
MO3TOMY MOXET ObITh MCIONb30BaHA JUIA  OLUEHKH MPOMYCKHOH  CrMOoCOGHOCTH
BOJOMPOBOAALIMX COOPYIKEHHI HA PA3IMUHBIX KaHAJIaX BHYTPHIOCY/1aPCTBEHHBIX CHCTEM.
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BBEIJEHMUE

B ycnoBusax Hapactaromero neduuura Boabl B LleHTpansHO-A3HAaTCKOM PETHOHE
BONPOC BOAOAEIICHHUS KaK MEXAYy TIOCydapCTBAMH, TaK H BHYTPH CaMHX roCyAapcCTs,
nprobpeTaeT BaKkHOE 3HaYeHHE. B 3THX YCIIOBHAX BOAONPOBOAAIMM pEryIHPYEMbIM
COOPYXKEHHMAM Ha KaHatax ( B0m03a0Ophl, MNEPEropaXKHBalOLIHE COOPYXKEHHS,
BOJOBBIITYCKH H T.I.) OTBOAMTCA POJib BOAOMEPHBIX YCTPOHCTB, KOTOPbIE HEOOXOAUMO
rpagyMpoBatb. B CBs3H ¢ 3TUM M pa3paboTaHbl NaHHbBIE METOAMYECKHE yKa3aHHA. B
HACTOAILEE BPEMs M3BECTHbl ABa Crocoba rpaayMpoBKH, HO OHH HE MOTrYT ObITh
HCMOJNB30BAHBl [UIS ONpEJeeHHs MPOIyCKHOH CMOCOOHOCTH BOAOMPOBOISLINX
COOPYXEHHH. ITepebiit cr10co6 BBINOMHSAET rPaIyHPOBKY BOJOMEPHOro mocra 6e3
YBA3KH C OTKPHITHEM 3aTBOPOB H pPacxO[ BOAbI ONpPEIENAETCA MO MMOKa3aHHUAM
BOZOMEPHOH pefiku. PerymupoBaHue pacxoza BOABI B 3TOM CIIy4ae MPOH3BOJAMTCS
MOCTENEHHBIM NOAOOPOM OTKPHITHS 3aTBOPOB C TaKHM pPacyeTOM, YTOOBI YPOBEHb
BOJbI B KaHaJle COOTBETCTBOBAJ HEOOXOAWMOMY YPOBHIO IO BOJOMEPHOH pefike. D10
NPUBOAMT K  HEXENATEJIbHbIM  OPraHM3alMOHHBIM TNOTEPAM W CHHXXEHMIO
OMEepPaTUBHOCTH BOJAOPACIIPENEIEHHS.

Usmenenue Hyns peiiku TpebyeT MpoBeAeH s rpalyHPOBKH BOIOMEPHOIO MOCTa B
LWIMPOKOM JHaNa3oHe H3MEHEHHs PacX0d0B BOAKI. )

Bropoii crioco6 rpaayspoBku cOOPY>KEHH# NPH 3aTOIUIEHHOM PeXHME OCHOBaH Ha
TIOCTPOCHHH HOMOrpaMM IO OCHOBHOMY YPaBHEHHIO MPOMYCKHOH Croco6GHOCTH (
YPaBHEHHE 6...), B KOTOPOM TPH HEH3BECTHBIX — 1, a, Z. [Tpu npoBeseHuH rpagyHdpOBKH
1313mepmo'rc;1 Q, a, b, z u U3 OCHOBHOrO ypaBHEHHs OMpENENSIOTCA 3HAYEHHs | .
,—;:;:, :;:po:::gprg:@:;ﬂg;l; E] :T)cﬂn c;npgzéenﬂeTcx AHATMTHYECKOE YPABHEHHE 3TOrO

HOBHOe BbipaxkeHHe. [locne 3Toro B
ncn((:mwyemom YPaBHEHHH OCTAETCA Ba HEM3BECTHBIX — 4 , Z.
Kmog’::l:c:‘ll;):z:;zgn:,oe;roiggzﬁCTCI;OMT HOMOrpaMMbl MO OCHOBHOMY YpPaBHEHHIO,
PHIO KPHBBIX, paCMOJIOXKEHHbIX Ha BCEM MoJe
rpaduka 1 He JaeT OAHO3HAYHOrO PCLUCHHS, TAK KaK UCIMOJIb3YETCA OJHO YPaBHEHHE C
ABYMs HEU3BCCTHBIMH. bBonee MoApoGHO O HECOCTOATENBHOCTH BTOPOro croco6a
FPaIyHMpPOBKH  M3JIOXEHO B pasgene 8. Hacrosmue «YkazaHus  ...»
PacnpoCTpaHAOTCA Ha BOJONPOBOAALLME COOPYIKEHHS KaK NMPHUHATBIX B KauecTBe CUP
BOABI, TAK H HECTAHAAPTHBIX COOPYKEHHUH, PACOJIOKEHHBIX HAa KPYIHBIX KaHasax.

«YKa3aHHs» yCTaHABJIMBAIOT NpaBusia, TPEGOBaHHU, NOPALOK FPAXYUPOBKH
BOZIOMPOBOISIINX PETYIHPYEMbIX COOPYXKEHHH, cnocobbl 06paboTku u Xapakrep
JIOKYMEHTALMNH UTsl ONEPaTHBHOIO BOAOPACTIPEAETEHHS CTAHAAPTHBIX U
HECTaHAAPTHBIX COOPYHEHHH.
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«YKa3aHHA» NpeJHa3HauyeHbl Q1 TPHMEHEHHA BOZIOX03HCTBEHHBIMH
opranuzauusamu crpan CHI™ npy HCMOJIb30BaHHH BOJOMPOBOIALIMX COOPYKECHHH 1A

BOJIOYYETA U ONEPATHBHOI'O BOAOPACHpeae/ICHHS.

1. OBLLIME INOJIOXKEHHW 1

1.1. I'pasyMpOBaHHBIM BOAOMPOBOJALIMM MHAPOTEXHHYECKHM COOPYKCHHEM
ABJIAETCS 0OOPYNOBAHHBIH KOMIUIEKC yCTPOHCTB ( coopy»xeHHe U OTPE3OK KaHaja ¢
HAPOITOCTOM), IPOrPaAyHPOBaHHBIE B HATYPE H NMO3BOJIAIOIIME ONEPATHBHO
OMNpEAEATh PACXO BOMIBI.

1.2. Y4acTok KaHana Ui FHAPONOCTa IPUHHMACTCs NPAMOIMHEHHDIM,
060pyI0BaHHBIM YKJIOHHBIM BOAOMOCTOM Ha JUIMHE 3-5 KM, 10 KOTOPOMY H3MepseTcs
YKJIOH BOJHO#H MOBEPXHOCTH MPH Pa3/IMYHbIX PACX0AaX BOAbI M YCTAHABIUBACTCA

OTCYTCTBHE IIOANOPA CO CTOPOHBI HIXKEJIEKAIEr0 COOPYKEHHUS.
1.3.I'MapoOnoCT B MPOLECCE MHOrONIETHEH IKCIUTyaTalluH A0/DKCH HMETD MOCTOAH-

Hyio kpuyio h =f (Q), noarsepxarouieit ero pabory rno Ty «DUKCHPOBAHHOE

pycio».
1.4. TIpu nanuuuu u3meHenus rpadpuka h = f(Q), oT 3anneHus HIH 3apacTaHusi

KaHA/1a HEOBXOIMMO BBOANT KOPPEKTHUBbI B pacueTHbIE (opMyIibl, rpaduKH 1
rpajlyMpOBOYHbIE XapPaKTEPHCTHKHU (TabuIbl KOOPAWHAT).

1.5.IpaxympoBka cTaHaapTHbIX W HecTanaapTHbX ['TC cOCTOMT U3 CIEAYIOLHX
ITaroB:
- OnpejiesieHHe OTMETOK YPOBHSA BO/bl B BEDXHEM H HHXCHEM obedax,
- CHATHE MOKa3aHHs BOAOMEPHOHN PEHKH,
- U3MEPEHHE PACXOZa BOJbI METOAOM «IUIOLIAAb-CKOPOCTEY,
- MKCHPOBAHHE MOKA3aHHUs BHICOTBI OTKPBITHs 3aTBOPOB N0 HHAKKATOPAM,
crienranbHo 000pyIOBAaHHBIM YCTPOHCTBAM MM N0 BETHYHHE U3MEHCHHA BUHTA,
1.6. FITOroM rpaiyMpOBKH ABJIAETCA MOJTY4YEHHE PACUETHBIX HOPMYII, rpaduKoB
rpaayMpOBOYHBIX XapaKTEPHCTHK B TabnuuHON dopme (Tabnuua KOOpIHHAT).
1.7. IToBepounas rpaayHpoBKa MPOU3BOAMTCA He pexe | pasa B 2 rojia ¢ KOPpPEKTH
POBKOA MOJIy4EHHBIX PAHEE JAHHBIX FPAAYHPOBKH.

2. KJIACCUOUKALMS BOJOITPOBOAALHMX
F'MJIPOTEXHUUYECKHUX COOPYKEHHUI

Bce BOAONPOBOAALIME THAPOTEXHHUECKHE COOPYKEHHS MOTYT ObITh KAk
peryjupyembie, Tak U HEPEryJIMpyeMbIe.
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2.1.BononpoBoAsIuKeE PETYTHPYEMBIE H HEPETyTHPYEMBIE COOPYKEHHS B LENAX
rPafyMpOBKH KJIaCCH(QHUUHMPYIOTCS MO THITY KOHCTPYKLIMH,KOJTMYECTBY
KOHTPOJIMPYEMBIX MAPAMETPOB H T.II.

2.1.1.ITo Tuny koucrpykuun I'TC moryT 6bITh:

- OTKPBITbIE BOAOMPOBOAALLME PEryinpyeMble (C 3
aTBOPOM) U HEPETYJIUPYEMBbI
(6e3 3aTBopa) coopyxeHus, e

- Tpy6uaTble BOXONPOBOAALLME PEryIUPyeMBIE (C 3aTBOPOM
H
(6e3 3aTBOpa) COOPYXKEHHA. PoN) epery P EALE

2.1.2.Ilo THny yCTaHOBJIEHHOrO 3aTBOPA:

- IUIOCKHE BEPTHUKAJIBHEIE,
- MJIOCKHE HaKJIOHHBIE,
CErMEHTHBIE;

- LIAHIOPHBIE;
KJIallaHHbIE.

1

2.1.3. Mo pexuMy HCTEYEHHS:

- CO CBOOOAHBIM HCTEYEHHEM H3-II0[1 3aTBOpa,
£
C 3aTOIUICHHBIM HCTEYEHUEM H3-TIOJ 3aTBopa.

2.1.4. Tlo KONHMYECTBY KOHTPOJNHPYEMBIX napameTpos:

- C OIHMM KOHTPOJIMPYEMBbIM napamerpom H;
- C ABYMSs KOHTPOJMPYEMBIMH napameTpamu H,a;
) i
C TPEMs KOHTPOJIHPYEMbIMH MapaMetpamu H, a, h win z

3.NTOATOTOBKA I'TC U TUJPOITIOCTA
K T'PAIYUPOBKE

3.1.1To
e gge BbiGopa ['TC onpenensior cpoku nposenenus rpagyMpOBKH H COCTaB
uranel,3HakomaT ¢ BPC no tex i
HHYECKOH NOKYMEHTALIUM M
e yTeM OCMOTpa
Ko(; Haoﬁecre, Ha3Ha4aloT Touku pasmewenus C.U., onpenensior yncio " "
TPOJIMPYEMbIX MapaMeTpOB U MECTOIOJIOKEHHUE FTHAPOMETPHYECKOIr 0 CTBOpa AJia

Bb ) i
IMOJIHEHHS KOHTPOJIbHbIX H3MEPEHHH pacxoaa BObI, OCYLLECTBISIOT
MHCTPYMEHTaNIbHYIO chemky [TC.

3.2 I'panynposky I'TC ocywectsnser Gpurana u3 3-4 uenosex
(TMAPOMETD,rHAPOTEXHHK,METPOJIOr) IKCILTYaTALHOHHOTO npeanpustus, C
NPOBEAEHHSA rPalyHPOBKH MOXET COCTABIIATL [0 5 MECALEB, TaK KaK I 6 .
0OBIYHO B BEreTALNOHHbIH MEPHUO U JIOJKEH OXBATHTD pacx’onbl BOﬂblpOTB(IDgu:lT(::,;S %

0
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oT MakcHMabHOro pacxoza. Cpok rpatynpoBKH MOXET COKPATUTHCA 10 2-3 MECAUEB
CJIH €€ YJaeTCsl POBECTH JIO BErTaUHOHHOr0 NEpHOAa.
3.3.I'panyuposka I'TC MOXeT BBIMOIHATLCA cu1aMH CTy>kObl IKCIUTYaTalky HilH

CrIeLHATM3HPOBAHHBIMY HHCTHTYTAaMH Ha OCHOBE 3aKITIOUCHHA JIOTOBOPA.
3.4.O3naxomnenue ¢ ['TC npoBoasT no AMEIoLIEHCS TEXHHYECKOH JOKYMEHTalUNH

(IIPOEKT, TEXHUUECKHI MAaCMOPT, HHCTPYKLHA 1O 3KCIUTyaTaUMHu). B pe3ynbTaTe 4ero
YCTaHABJIMBAIOT OCHOBHBIC PAa3MEPbl (OTMETKH, PacXo/ibl H YPOBHH BOJEI, H T.IL), A
TAaK)Ke THI conpshkeHus ObedoB — 3aTOMICHHbIH WM C OTOPHAHHBIM MPBIKKOM. Ecin
['TC pa6oTaer npu pasiniHbIX PeXUMax, T.¢. cBOOOJHOE HCTEYECHHE TIEPEXOAHUT B
33TOMJIEHHOE U, HA00OOPOT, CIIEAYET YETKO ¢uKCHPOBATh IPAHHLIBI MO HATIOPAM,
riy6uHe BOJBI, OTKPBITHAM 3aTBOPA, MEPETaaM YPOBHEH KaA0ro UCTEUEHHS, TaK
KaK rpasyMpOBKa COOPYXKEHHs MPOBOAUTCA JU1A HUX Pa3aENBHO.

3.5 MecTonosioxeHHe u 060pyI0BaHHE TOUEK H3MEPEHHA KOHTPOJIHPYEMBbIX
napameTpoB.

3.5.1. K KOHTPOIHPYEMbIM NapamMeTpaM Ha ['TC oTHOCATCS!

- Hanop H uiu ypoBeHb BOJBI Zy B BEPXHEM ovede;

- ry6una Bozbl h WM YPOBEHD Z; HEMOCPEACTBEHHO 33 3aTBOPOM;

- rny6uHa BO/BI HIIH YPOBEHb B HHXKHEM 6nede; 0ObIYHO 3TH MapaMeTpbl
(HKCHpYIOTCS B CTBOPE TMAPONOCTa;

3.5.2. TTynkT u3mepenus Hanopa H B Bepxrem 6bede LoMKEH pacrosnaraTbes:

- Ha paccTosiHKM |), pABHOM HE MEHee 3 Hypay JUIS BCEX THIIOB COOPYIKEHHMH C
(ppOHTANBHBIM PACTIONIOXKEHHEM OTBO/A, T.€. 0Ch OTBOAALIETO KaHaJia sBAseTCs
[IPOJOJKEHHEM OCH MOJABOJALIEIO KaHANa,

- Ha pacCTOSIHUM |, , PABHOM He MeHee 2 Hpnax OT OTBEPCTHA COOPYIKEHHS JUIA
GOKOBBIX OTBOJIOB,0Ch KOTOPBIX HAMpasjieHa Mo yrjiom 30-60 % K OCHOBHOMY
KaHany, ,

- JUTSl MHOTOMPOJIETHBIX COOPYXKEHHIH, @ TAKKE Y3710B COOpYKEHHH, HMEIOLLHX
MOAXOAHOH y4acTok OONbIIOH eMKOCTH C TOAXOAHLIMH ckopocTsiMu He Bonee 1.5
M/C 1 KONEOAHMAMHU YPOBHS HE BbIILE £ 3 CM, JOMYCKACTCs 000pyI0BAHHE OAHOTO
nyHkTa u3mepenus H. B npoTHBHOM ciydac HEOOXOAUM MHIAMBHAYAbHO
060py/I0BAHHbBIA MYHKT H3MEPEHHA H Juisi KaXA0ro OTBEPCTHs (COOPYIKEHHMS).

3.5.3.ITynkTbl u3MepeHns rayOHHbI BObI hy WM ypOBHS BOAbI Zy B HUKHEM
Gbedie NpH 3aTOMIICHHOM M CBODOJHOM MCTEYCHHH pacnionaraior JU1sl BCEX THIOB
COOpY KEHHH1 HA PACCTOSHUH HE MEHEE 12 hyjmax 3@ BOLOOOEM, KOJIOALEM H
pucbepmon

3.5 4 JIns u3MepeHHs KOHTPOIIMPYEMbIX NMAPAMETPOB CIIC/lyeT NPUMEHATD
crieayloliMe cpecTsa HIMEPEHHS H MPHUCMOCOOJIEHH S

- nna Hanopa H, ypoBHs z, W z, W ryOnHbl h, ucnonb3yeTca ypoBHeMepHas

peiika, a IPU MEXaHW3aLMK W ABTOMATH3aLMH M3MEPEHHH HCITONB3YIOTCS CaMOTIHC-
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;xenzfﬁzsueu, YPOBHEMEPBI MPOMBILLIIEHHOrO H3rOTOBJIEHHS, AUCTAHLMOHHbIE U
e :aﬂuqecxue M3MEPHTENIH YPOBHS C MECTHOH HHIMKALMEH;
3amopayqrc;na BbICOTBI OTKPBITHA 3aTBOPA a MPUMEHAIOTCS M3MEPHTENH MOJIOKEHUS
. TIpu X OTCYTCTBUM PEKOMEHAYIOTCS ClIEyIOLIHE NPUCIOCOOICHNM 1
» CrnocoObI:
- JUIs TUIO
o CKHX 3aTBovpos CllelyeT YKPEHTb Ha CTOHKE paMbl HJIH CTEHKE BAOJIb
; Somﬂonma JIMHEHKy (IIKaly) ¢ CAHTUMETPOBBIMH AEJIEHUAMH |
| owe :03;46[)511‘5 BBICOTY MOJHSATHS 3aTBOPA 10 BLICOTE MOJHATHS BUHTA
5
—— ::ﬂ‘ryloco 4acThb. [IpUMEHSATD NPH ITOM PeiKH, K3MEPHTENIBHBIE JIMHEHKH
CTaHAapTHBIM 06pa3LoM
i pa3uoM. OTKIOHEeHHs JODKHEI ObITh HE Gortee
3.5.5.Ycran
st npc:{sg;a YPOBHEMEPHBIX peek 00sA3aTeNibHa BO BCEX CIIy4asiX, HE3aBUCUMO
POB, TaK KakK MOCJIETHHE NPH
BS3bIBAl
MOCPEICTBOM IEPBBIX. b T KOPOTRIETE
3.5.6.I1 %
. PH HAIHYHK KOJieDaHus YPOBHEH BOJIbI BCE H3MEPHTEIH CIIEAYET
y : 6asnmsan, B YCIMIOKOMTEJIbHBIX KOJOALAX.
3.6.111(1)‘groroska rupomerpuyeckoro creopa Hmwxke ['TC
.6.1.I'mapom i .
rpany“powé) I_T%Tpuqccxuu CTBOP U1l KOHTPOJIBHBIX M3MEPEHUH pacxoja BOABI NPH
i Ha3HAYaETCA Ha CTALMOHAPHOM (CYLIECTBYIOLIEM)
HYECKOM MOCTY, @ MPH €ro OT
CYTCTBUH
e yT Ha CNeLHaNbHO OPraHu3yeMOM
36.2TIwu 7
2 paceron f::mmqecxuu CTBOp JIOJI’KEH ObITb pacnonoxeH Ha kaHane Hike ['TC
2 I0YAIOILEM JOMOTHUTENbHb
1€ MOCTYIUIEHUs, OTBO
-~ 0 : Il 1 [IOTEPH
113 6833(():116 ee cnoxouu?ro ¥ PaBHOMEPHOTO ABIXEHHUs, HO He nanee 50 B ’
. .6.3.Cy1uecTByIOLKi THAPOMETPHUYECKHI CTBOP AOJDKEH YIOBIETBOPATD
€1yIOILIUM OCHOBHBIM TPEOOBAHHUAM !
- éqacmk pycia go/KkeH ObITh MPSMOIUHEHHBIM,
- (hopma nomnepeyHoro ceyeH :
HSL U YKII
e YKJIOH KaHasa J0JKHbI ObITh MOCTOSHHBIMH 110
-TH 7
o ll{l:]\(:M]e(T)‘pBVHCCKHH ctBop aosmxkeH ObiTh yaaned ot ['TC Ha paccTosHUK HE
; , TPH KOTOPOM MCKJIOHAETCs MOABJ H H
eHue cOOHHD
BOJIHOBBIX SIBJICHUH, Sl
- y4acCTOK KaHasa J0JKeH ObITh OCB :
0605 a€eH OT PACTUTEIIbH
I p OCTH, MyCOpa H APYyrux
- Y4aCcTOK KaHana A0JKkeH ObiTh 060PYA0BaH MHAPOMETPHUECKHM MOCTHK
JOCTYTEH U1 MPOBEACHHA H3MEPEHHH 1 MOAbE3/1a aBTOMALLHH, s
- FUIPOMETPHYECKHIT MOCT JI0J13KEH ObITh ;
cHabXeH BOao i peikoii
Tonorpad)CKUM penepom. Ny Do

= T0 =

3 6.4 .TloaroroBka BpeMEHHOTO [HAPOMETPHYECKOTrO CTBOpA BKJIIOYAET:

- ppIOOp yuacTka pycna n yCTPONCTBO [UAPOMETPHUYECKOTO cTBOpA CO

Cpe/cTBaMH Nepenpasbl (MOCTHK, JIOJIKa A

- HUBEJIMPOBKY W CHEMKY ydacTka pyciia kaHana, B pe3ysbTare KOTOPOH 0JIKEH

6BITH MOJIYUEH nonepeyHbli npoduib B FHAPOMETPHUYECKOM CTBOPE C OTMETKaMH AHA
Ha KaKXAOW BEPTHKAIA W X paccTosiHue OT NOCTOSTHHOTO HavaJa. OTMETKH JIHa H HYJIb
JIOJKHBI OBITh NPUBA3aHbI K penepy;

- KOJTHYECTBO CKOPOCTHBIX BepTHKaNIEH JIOKHO Gb1Th OT 7 110 13 CPEHIO0

eHyeTCs COBMELath C OCBIO MOTOKA B KaHAJIE,
06x0MMO (uKCHpOBATh Ha MOCTHKE WJIH Ha TpocCe, 4TO

HUS B Cyuae HEOOXOMUMOCTH;,

BepTHKAIb PEKOM
- ONOYKEHNE BepTHKasEH HE
[103BOJIUT NOBTOPHTbL H3MEPE

3.7. UncTpyMeHTanbHas cphemka [ TC

3 7.1.Cwemia I'TC 3aknio4acTcs B HUBEJMPOBKE NPOACIBHBIX H MOnepeyHbIX
W Orpe/ieNeus OCHOBHBIX Pa3MEpOB COOpYIKEHHS B LEAX

CeucHHit, ypoBHs BOIbI
HHS C MOABOALIAM ¥ OTBOAALIMM

COCTABJIEHHS CXEMBI B TACMOPTE COOPYHKE
y4acTKamH KaHana, BKIo4as FUPOMETPHYECKHH CTBOP;

3.7.2.Bce OTMETKH ONpPEAesAtoTCs TPUBS3KOH K PENepy. OTMETKH [HA COOPYKEHHA
1 HAUAIA M3MEPHTENIBHBIX LKAl H BOAOMEPHBIX peek onpeseNaoTes ¢ TOYHOCTBIO HE
bonee 0,0002”Ha | M mpeBbILIEHN, a nuHelHble pa3Mepsl C OTHOCHTEJIBHOM
MOrPeLIHOCTBIO HE Gonee + 0,2 %, 0cOOEHHO o6paTnTh BHUMAHHE HA TC pasmepbl,
KOTOpPBIE BXOJIAT B PaCUCTHBIC opMyIIbl LTS OMPEACICHHA pacxoia BOJbl.

3.7.3 K HAM OTHOCATCS:
- OTMETKa nopora OTBEpCTHA HcTeueHus, KOTopas onpeaensercs Kak CpesHsaAs u3
1100 OTBEPCTHSA NPHHHMACTCA

W3MEPEHHBIX [0 KpagM Ha U B cepenuue. [lnst KpyT.
CpedHss U3 TPeX U3MEPEHHHt 1Ha.

3.7.4 llupuna B npsmMOyrojibHoro BXo
W3 TPEX M3MCPEHHDIX BEJIMUHH UIMPHIibL JUTA B

cepejiMHa, BEPX)
3.7.5 Jluamerp [l kpyrsioro oTsepcTyi OMpeaesIAeTCs KaK CPeaHee 3HAYCHHE U3
aK ¥ 110 FTOPHU3OHTANILHOW OCAM

W3MEPEHHbBIX JBYX 3HAUEHH KAK N0 BEPTHKAILHOH, T

JHOTO OTBEPCTHA MPHHUMACTCA KaK cpennsis
BICOTBI OTKPBITHS 3aTBOPA (HM3,

OTBEPCTH A.
37 6. OTMETKH HYNER BEPXHEH W HU
KaK Cpe/Hee 3HaYeHHe 13 3-X HMBEJIHPOBOK C YUETOM Y

NPOBE/ICHUS 1IMBEITHPOBOUHDIN paboT (IyHKT 3.72).

JKHei peiiku ¥ pasiiuuHbIX LKA npHHHNMALTCA
Ka3aHHO# BbILIE TOYHOCTH
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3.7.6.0Tme i i i pet
I TKH HyJIEH BEPXHEH U HIKHEH PEHKH W PasJIHUHbIX LKA IPUHUMAETCS
3HaYeHHe U3 3-X HUBEJIHPOBOK C YYETOM YKa3aHHOM BBIIIE TOYHOCTH

NpOBENEHHS HUBETHPOBOYHBIX pabot (myHkr 3.7.2).

384
Cocras 060py0BaHKS, IPUOOPOB U HHCTPYMEHTOB sl rpaxyuposku I TC

o :;; elTlrllgf:{ :g::eneﬂm TPajlyHpOBOUHBIX pabor, cBa3aHHbIX ¢ rpagyupoBkoit ['TC,
£ Th CEPUMHOE Ie0IE3HIECKOE H TMAPOTIOrHYecKoe 000pyIOBaHHE.

mnl.)o.MéTpm:::;;;e::ﬂ cKmopocm OTKPBITOrO MOTOKA CJIELYeT MPUMEHSTh

e oot pryuwiks Tana ['P-21 (I'P-21M), no TV 25-04-1629-71 u ['P-55

npi 5;.5{5:;1 c’?;};‘lic:;;(:::ﬂm BPEMEHH H3MEPEHHUS CKOPOCTH B BEPTHKAJIAX CIIEIYET
e PTHBIE CEKYHIOMEDBI, HMEIOILIME 3aBOICKOH MacmopT.

HHBem.dp.H i in :Z?:H:X HHBETHPOBOYHBIX pa6i)T HEeo0X0IMMO HCIOJb30BaTh

- ,  JUIA OTpeieNIEHHs TMHEHHBIX Pa3MePOB CTaHIApPTHbIC

chiﬁi ;EI;I:CZC;Z:OZKH BEPTYLIEK B mmeprmmx TOYKAX Ha BEPTUKAIU

nenons FHHPOMGWL:N peTcHLIe m’r6aﬂm C LEHO¥H nenenus 1 cM npu riiyOuHax B KaHasie

s PRI cl:(ne nebenxu tvna «Hepa [TM-23» mo TY 25-04-1640-72 co
v Ham{qm)l'( onaHGpm BEPTYILKH NpH rilybuHe motoka Gonee 3 M.

B —— ebaHusA BOMbI B cTBOpE I/ nmpessiatomero 0,05 M, s

JIYET HCII0JIb30BaTh YCIIOKOWUTEbHBIE KOJIOLIBI.

4. TEXHOJIOT'MA U3BMEPEHHSI PACXOJA BOJBI HA
T’MIPOMETPUYECKOM CTBOPE

I]ponlf;gf‘?::lgz :j;:xona BOJIbI B CTBOPE MHAPOMETPHYECKOr0 NocTa HE0OX0AUMO
" { U3 CYILECTBYIOLIMX CIOCOO0B — NETANbHBIM HIIH OCHOBHBIM
JIByXTOYEUYHBIM, KoTOpble u3naratorcs B BTP-M-1-80 wnu B «Hacrasnen
rHAPOMETPHYECKHM CTAHLHMAM H MOCTaM. g
- KOJIMYECTBO BEPTHKa/IEHl B CTBOPE HAPOITOCTA OOBIYHO MPUHUMAETCS HE M
paccTosHue MEXAY BEPTHKAIAMMU onpenensiercs kak 1/10 B e

S5.IOPSANOK U YKA3AHMSI 1O
ITPOBEIE
I'PAAYUPOBKHU I'TC i

P. 1 BOJbI H3MEPAETCA NMpPH KonebaHuu YPOBHSA He GOHCC +0,01 M
5 >

- I2 -

nepenajibl ypoBHEH NPON3BOATCA

- U3MEPCHHE Hanopa, OTKpPbITHA 3aTBOPOB,
eM pacxoja BOABI,

OIIHOBPCMCHHO C U3MEPEHH
- A3MEPEHHUC pacxoaa BOJIbl BHAUaJI€ ﬂpOMBBOIIMTCﬂ AByMSA CHOCO6aMH — JE€TAJIbHBIM

1 OCHOBHBIM (nByXToqeqHuM) W roce Toro, Kak OyaeT yCTaHOBJIEHO, 4YTO OCHOBHOHM
cr1oco6 OTANYAeTCs OT ASTAILHOTO HE Gonee ueM Ha = 2 % , NEPEXOAAT Ha OCHOBHOM

crnocod;
- YCTAHOBJIEHHME PEKHMA MCTEUYCHUS HKUAKOCTH Hepes COOpYIKEHHS ABNACTCA
00s3aTeNIbHBIM,
- [IpH MPOBEAEHMH FPLyHPOBKH B 3aBUCHMOCTH OT THIA ['TC, a Takxe pexuma
ycTeueHHs HEOOX0AMMO HCMONb30BATD pacyeTHble opMyJibl H H3MEPACMBIC napameTpbl,

KOTOpbIE MPUBOAATCA HHXKE M0 TEKCTY H B NpUIOKEHUH 1.

6. METOJJUKA IMPOBEJAEHNS 'PAJIYUPOBKHM I'TC
C 3ATOIJIEHHBIM U CBOBO/IHBIM COMNPSKEHUEM
BLED®OB

OCHOBHAs LieJIb FPalyHPOBKH - ONPE/C/ICHHE KOMMYECTBEHHOMN XapaKTEePUCTHKH
koauuMenHTa pacxoaa, Nnony4cHHe JIOTIOJIHUTENBLHOTO YPAaBHEHHA JUIA COCTaBJIEHHA
3aMKHYTOH CHCTEMBI ypaBHEHHH W MONy4CHHE rpajlyMpOBOYHBIX XapaKTEPHCTHK B
BHJE pacueTHbIX HOpMYJI, rpad)koB ¥ TAOIHLL KOOPAHHAT.

Pa3/iMyaloT 1Ba OCHOBHBIX THIIA CONPSKCHHA 6bedos:

| C 3aTOrIeHHbIM MPBIKKOM ( puc.6.1, B,I,1);

2 C OTOrHaHHBIM MPBDKKOM  ( puc.6.1,2,0 )
pEKO BCTpEUaeTes Ha

HUmeercs cnyuaﬁ C MPbIKKOM B C)KATOM CCUCHHH, KOTOpblﬁ

MPAKTHKE 1 3/1€Chb HE PACCMATPUBACTCA.
Jlns KaX<aoro THIa COMPANKCHHA 6bed)oB NpH rpasLyMpoBKE AOJIKHbI MCIIOJIL30BATHCA

COOTBETCTBYIOLIME PACHETHbIE 3aBHCUMOCTH.
6.1. OTKpbITbIE PEryIATOPbI (OP)

6.1.1. 3aTOrIEHHbIA PEACHUM CONMPSKCHAA ovedos. 0.1, B, T, 1)

Venosue 3atonnenns - hy > a, h' < hyy
Pacxo/1 BOJIbI OMpEJIensieTcs no BLIPAKEHIO

Q.=Qc=abnyp \/’2—g \/-7

rae o - KOI(pHUMEHT pacxoia.
a - OTKPBITHE LLKTA;
b - wMpHHA OTBCPCTHA]
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- KOJHYECTBO OHOBPEMEHHO PaGOTAIOLIMX OTBEPCTHi;
Z - Tiepenan yposHei ( pasHOCTb OTMETOK BEPXHETO M HHIKHErO Ovedos).

Hamepsiembie NIapaMETPbI H ONpeaensieMble BETHYHHbBI:

a,b,zQun

Bce onHoBpemerHO paboTaioume 3aTBopsl PKOMEHyeTCs NOAHUMATh Ha
onnﬂaxmvayro BbICOTY. KonMuecTso usMmepenuii — He menee 8, OXBaTbIBAIOILIMX
OCHOBHOM JIHaMa3oH MpPOIMYCKAEMbIX 110 KaHaJly pacxo10B BOIbI.

Hamep:mm BBIMOJIHAIOT [UIA Pa3/IHUHOIO COYETAHUS OIHOBPEMEHHO OTKPBITHIX
oTBepcTHi. BHauane ans ognoro OTKPBITOTO OTBEPCTHSA, 3aTEM I [ABYX l
OLHOBPEMEHHO OTKPBITBIX OTBEPCTHit 1 T.11. [10 HU3MEPEHHBIM B KaHAJIE U HA
COOpy»€HHHU mapameTpaMm Q, a, B, n, z ONPEAENAIOT 3HAYEHHA KO3 PULIHEHTA

pacxoma U Ass pasnu4HOro couetan
U5l OTHOBPEMEHHO OTKDPBITBIX OTBEPCTHIA
3TOTO CTPOATCS rpaduKu ’ e Hoese

w=f(z) (6.2)
b =f(z), (6.3)
U =f(z) (6.4)

T -
A€ Wi, M2, Mo - k03 dHLMenTs pacxona ans OIHOro, ABYX H «N» OJAHOBpeE-
MEHHO OTKPbITBIX LUKTOB COOTBETCTBEHHO.

3arem crposT rp
P aduKH M3MeHeHus nepemana i
OBHEH B
BObI B BHIE yp 3aBUCHMOCTH OT pacxona

z =f(Q (6.5)

[Tocne 3toro onpenensior ananuruueckuii BHIL NPUBEJICHHbIX ypaBHeHHii (6.2), (6.3)
(6.4), (6.5) u cocrasnsior CJICAYIOWYIO 3aMKHYTYIO CUCTEMY YPaBHEH M- o

MICpBas CHCTEMA ~ PEILIAIOTCSA COBMECTHO ypaBHEHHUS (6.1),(6.2), (6.5);

BTOpas CHCTEMa - PELIAlOTCS COBMECTHO ypaBHEHMS (6.1), (6.3), (6.5)’

TPETbA CHCTEMA — PELIAIOTCS COBMECTHO ypaBHEHUS (6.1), (6.4): (6v.5)’.

B pesynsrare nonyuaem C/ICAYIOWHME IPalyHPOBOYHbIE XaPAKTEPUCTHKH B BHAE
PacyeTHbIX hOpPMyYN ANs pa3nHYHOro coueTanms OAHOBPEMEHHO OTKPBITBIX 3aTBOPOB:

Q«
m=1; a = B (6.6)

b1 () V2 g V QY

=14 =

Q«

m=2;, a = (6.7)
Q«

m=n; a, = (6.8)

b. n. f(z)a \/E‘g v f(Qy)

[To NpHBEEHHDBIM BbILIE YPABHEHHAM COCTABJISIOTCA IPalyHPOBOYHBIC
XapaKTEPUCTHKH B BUIE TaBNMLL KOOPANHAT, KOTOPbIE NEpeaatoTes cykbe
SKCIUTyaTalMH s ONEPaTHBHOrO U TOYHOrO BOAOPACTIPEACIIEHHA.

6.1.2. CBOOOAHBIN peXUM COMpsiikeHHs ObE(POB OTKPBITBIX PEryJIATOPOB
puc.6.1,a,6)

Venosue ceoboanoro ucteuenns - h'' > hypho<a
[Tponyckhas cnocodHocts O.P. mpu ¢BOGOAHOM HCTEUEHHHM OMpEAeNseTCs M0

dbopmyne
Q=bnhy2gV Hy-h) ¢, (69)

rae b - LIMpHHA OAHOr0 OTBCPCTHA,
N - KOJIHYECTBO OAHOBPEMCHHO OTKPbITbIX O']‘BC[)C'I‘Hﬁ\
h - I‘ﬂy6HHﬂ B C’)KATOM CCUYCHHH,

0c - k03 Puunent ckopoctn (g2 0,95) / 1,485¢./
aV?
H, - nanop ¢ yuetom ckopoctu noaxona ( He = H 4 ------ )
2g
Ipu orkpwiTHax wuta a ( 0,4-0,45 ) H, Besunnoi ckopocTh noaxoaa Vv,
caeayer npencdpens / 1,485 ¢. /.
| Jl»\"(’)llll(l B CXATOM CEHCHHH ()H])C]lC."IﬂC'I'CSl 110 BbIPAXKKCHHIO
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h,=ag, (6.10)
TA€ : a - BEIMYMHA OTKPBITHA 3aTBOPA;
€0~ KOIQPULIHEHT BEPTHKANBHOTO CXaTHs, paBHbIH €, = 0,62-0,64 npu
OCTpO# KpoMKe 3aTBopa /1,484 ¢. / u YCJIOBHSX COBEPILEHHOIO CHKATHA.
H3sectHo, uto koaddpuument pacxoza onpenenseTcs no BePaxeHUIO

L=g, @ (6.11)
Bripaxenue (6.9) ¢ yuetom (6.10), (6.11) npumer Bux
Q=pbnav2gVHO64a (6.12)

Jins OTKpBITBIX perynsTopos, Kak npasuno. H=const, Tak kak ypoBeHb Bosb! B
BepxHeM Obede ycTanaBnuBaercs Ha otmerke HITY.

B npouecce rpaxynposku usmepstores Q, b, a, H u paccunrsisaiorces 3nauenms
p=Q/bna V2gVH-064a

3areM ctpouTes rpaduk p=fla|H)n OMNpENENAETCs €ro aHAJIMTHYECKUI BH L.
[Tonyuennas ¢dopmyna pewaercs ¢ ypasHenunem (6.12).
I'panyuposounas XapakTEPHCTHKA MOXKET ObITh MPEACTABNEHA B BUJIE

Q=f(a/H)ban2g VH0.64 a (6.13)

[1pu nocrosiniom H, ¢opmyna (6.13) nossonser paccuurare Tabnuiy KoopmHai
BBHae Q=f(a).

.

g = ‘
g , o s 5 = - T 7777777
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6.2.Tpy6uarsie PErYNATOPbI C NPAMOYTONILHBIM BXOIHBIM

orsepcruem (TPIT) (puc.6.2.a)
6.2.1.3aTonnenusiii pescum conpsikenust 6bedos TP

Ycnosue 3aTonnenHoro HucreyeHus —h ;> a
Pasnuvaror nBa THna Takux COOPYXEHHUH.
[lepBbiii THN MMeeT NOCTOSAHHOE 3HAYEHHE HAaMno

H B OCHOBHOM XapaxKTepeH ans BOZOMNPOBOASALIMX CO
HCNOCPEACTBEHHO Ha KPYIHbIX KaHaax.

Bropoii tun npencrasnser co6oi BOJIOBBIIT
BOZIOXpaHWIHLL, [T KOTOPBIX HAMO
cpaboTku ux 06BemMoB (H=const).

[lepsbiit TN Tpy6uaTsix perynsaropos (H=const) npu 3atonnesnnom ucreuenus
H3-NI0N LWKTA rPa/lyMpPYeTCs C MOMOLLBIO YPaBHeHHs (6.1)

Pa nepen coopysxennem (H=const)
OPYKEHHH, PacrojOKEHHbIX

YCKH U3 HPPHUTaUMOHHBIX
P MEPEA NIOTHHOMH OyAeT HIMEHATLCA MO Mepe

Q=pbnav2gvz

Hamepsitores Q, b. a. H, onpenenserca p

Ctposrcs rpadukn n=fz)n z=fQ), KOTOpbIe cosmecTHO ¢ (6.1) no3BoasioT
MONYHHTL rPaNyHPOBOYHOE ypaBHEHHE B Bi e

a=QF(f@)bnv2g VRQ) (6.14)
Bropoit Tun TpyOuaThix perynatopos (H=const) FPAnYHPYETCs TaKkKe C MOMOLIbIO
(6.1) B BHOE
Q=p bnaVv2gVHh, (6.15)
raoe h”

- IyOHHa BOABI B KaHae, onpeznensiercs o rpagmky h=f{Q)
THYECKOMY YPaBHEHUIO 3TOro rpaduka.

[Tpu u3amepenHbIx 3HAYCHUAX Q. b, a, H onpenensiores 3HAYCHHS (I M3 BbIp
Husi (6.15) v BbisBseTcs BHA 3aBuCcHMOCTH 1 = f (a/H) unu w=1{(H). Ecan

Henonbsyeres casb p = f (H), 1o PAAYHPOBOYHOE ypaBHEHHE NPUMeET BHL

HIIKA N0 aHaIu-

AKe
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Q
&= (6.16)

f(H). b.n v 2g VH-f (Q)

C nomousio (6.16) MoxHO paccuutath HoMorpammy a = f (Q,H) B cnenytouwei
Zocneuosarenbﬂocm. [TprHUMaeTCs OnpeaeseHHOe 3Ha4eHHe Pacxoaa BOAB! M JUTA HETO
A[aeTCs HECKOJbKO 3HaUYeHUH H M BHIUMCIAIOTCS 3HAYEeHMs a. 3aTeM, IPUHUMAIOT HOBOE
3HayeHue Q W U HECKOJIbKMX 3HayeHuit H Boluncrsercs a .
Hmerommiics y cnyx6b1 skcrutyaraunu matepuan rpanyuposku ['TC naer
“ _
03MOXHOCTb NOJIy4YUTh CBsA3b a = f (H), koTOpas nmo3BoAUT OnpeaensTh BENHUHHY
OTKPBITHSA 3aTBOPOB NpH 3alaHHOM 3HaueHud H u no Homorpamme a = f (Q, H)
OMNPENENATh PACXO BOIbI. ,
[TosBnseTcsa Takxke BO3MOXHOCTb HCIIOJIb30BATh BbIPAXKEHHE IS ONPEeACTICHUs
k03u = =
¢dduunenra pacxona B Buae p = f (a | H) = f (F(H)/H). ['papyupoBouHoe ypaBHeHuUE B
ITOM CJIyyae MPUMET BHJ
a = (6.17)
F(H)
f{ s )b.nV2g vV H-f(Q)

C nomowusio (6.17) cocrasnsiercss Homorpamma a = f(Q,H). 3atem ¢ momoubio

CBA3M a=
¢ ; a=f(H) u3 Homorpamms! onpenensercs pacxon Boabl Q Ha NEPECEUEHUH JIMHUIA a

6.2.2. Coboanbiit pexum conpsikerus 6vedos (TPIT)

n i =
epBbIi THN TpyOuaTkix pervastopos (H=const) ¢ npsmMoyrobHbIM ceueHHeM
rpayMpyeTcsi C MOMOLUILIO YPABHEHUS.

Q=pbnav z}dﬁo@‘a_ (6.18)
s wamepennbix Q, b, a, H suiuncnsiercs kosduunent pacxona

n=Q/b.n a \/i;\/_n_-()ﬂi

- 20_

u crpoutcst rpaduk = F(a|H).
[1pu U3BECTHOM 3aKOHE M3MEHCHHS |, oipaxkerue (6.18) nepenuiueTcs B BH/IE

Q=F(aH).b.nav2g VH-064a (619

xotopoe npu H = const 1mo3BosAET NOCTPOUTL TabnLly KOOPAMHAT B BHIIE
Q=f(a

Bropo# Tin TPyOUaThIX peryisiTopos TPAMOYTONILHOTO CE4EHUs (H= const ) as
cBoBomnoro ucreuenus (h ¢ < a) (perysisaTophi - BOJIOBBIITYCKH H3 BOJIOXPAHHITHILL)
rpajyMpyrOTCs TAKKE KaK 1 MepBbIil THIT NTEM OTbICKaHMs 3aKOHA usmenenus p =F
(a/H), HO B OTJIHUHE OT NOCIEAHEr0 HTOrOM rpajayMpOBKHU ABJIAETCA HOMOrpaMMa Q=f
(a, H) no ypaBHEHHIO (6.19). OTMeTHM, YTO B OTJIHYHE OT NpUBEACHHON paHee
MeToaukH rpasyuposkn OP ¢ 3aTOILICHHBIM PEXHUMOM, JULA KOTOPBIX CYLIECTBYIOLIAsA
METOJMKA PEKOMEHAYET Mcnon30BaTh Homorpammy B Buae Q= f(a,z), rae
7 3ABUCHT OT PacXofia BOJIbl, VT PaCCMaTPHBACMBIX YCJIOBHH HOMOTPamMMy
MCTIONB30BATh MOXHO NOTOMY, uTo Hanop H Ha cOOpyXeHHH HE CBSI3aH C PacX0J0M
BOJb! ¥ M3MEHAETCA MOCTENEHHO MO Mepe CPabOoTKH BOAOXPAHMIHLIA.

Wsmepsior Q,b,a, H u onpenenaior (- 13 (6.18).

Q

u=

b.naVv2gVH-f(Q)

Wrtorom rpagyMpoBKH HOMOrpaMma a=f{Q,H).

6.3. Tpy6uarbie peryiaTopbl ¢ KPYTryIbIM BXOLHbIM ceuennem TPK

6.3.1.3aTonneHHbIH PeXHUM CONPAKEHHA 6wedos TPK H=const

Venosue 3atorienust h, >D, h" <hy
Pacxo BObI onpeaensercs no gopmyne

Q=p.ouV2gVz (6.20)
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TAE ®y - MUIOLIAJb MCTEYEHHUS, PACCUHTBIBAETCA MO BbIpaxkeHHIO B. M. ByTbipuna
1,7a *)
0y = (= -0,25) R? (6.21)

| R
|
\ npu a=2R; o,=nR2

Bn
POLIECCE rPaflyHPOBKH H3MEPAIOTCS a, z, Q , BEIYHCISETCA MO BBIPKEHHIO)

I (6.10)

p=Q/mu\/_2_g\/;

Crposrca rpapmku p=f(z)u z= f(Q).
| I'panynpoBouHOE ypaBHeHHE MOXHO 3anHcaT B BHIE

Q=F(f(@)) oxV2g VF(Q) (6.22)

510 '
o Hﬁl;eﬂeﬂzrpoeﬂim Homorpammbi ipu H # const B ypasnenuu (6.19) npunumaercs
A p =F, (a/H), 3anai0Tcs KOHKpeTHbIM 3HaYCHHEM Hanopa H; u ans nero

MPHHUMAIOT HECKOJIBKO 3HA M
YEHHH ai. 3aTeM NpUHHUMAID
T HOBO
HEro 3ajaK0T pan 3HAYEHUIH Foneme 1L

B €3y TC Yyer 'Y4aer
;‘ p bTaTe Yero noyyyaercs HOMOrpamMma, CBA3bIBANOLLIAA pacxon Boabl B
i MOCTH OT O Kpbl Ui Hanopa H 5 EiCs Q = f(a H) .
3aBHCH T OT T T N .

6.3.2. Cobonubiii pexum conpsvkenus 6vedos

‘ ;/cnoane cBoboaHOro Kcreuenns -  h<a
‘ acxon B :
A BOABI N0 pekomennaunsM M.B. Byrbipuna onpeaensercs no dhopmyne

Q= 0, V2g VH-072 (6.23)

rae o, -
w - MUIOWANb HCTEUEHHA ONpeAenseTcs no BbipakeHHio (6.21)

*
) ®opmyna 6.21 naer 3aBbiieHHble 3HAueHMs uiowanm npu a =2 R
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Usmepsiores Q u a, onpenenserca k03¢ HULMEHT pacxona
u=Q/w,V2gVH-07a (6.24)

3atem crpoutea rpaduk p = f( a/H). [pu H = const rpaxynpoBoHas XapaxTe
puctuka Q = f (a) , mpu H # const rpayMpOBOYHAs XapPAKTEPHUCTHKA CTPOUTCA B BHIE
HOMOTPaMMbl

Q=f(a,H).
6.4. Heperynupyemble BOAONPOBOAALLHME I'TC
6.4.1. Bogocnus ¢ mupokum noporom (BIIT)

6.4.1.1. 3aTonieHHbIA PEXUM CONPKEHHA 6vedos ws BILIT
(puc.6.3,a)

Venosue 3aTorienus - h,/H> 0,7

Bee perymupyembie ['TC npu NONHOCTBIO OTKPLITBIX 3aTBOPAX NepexoanT B
HeperyJupyeMble COOPYKEHH .

Pacxon soast aist BILTT onpeaensiercs no popmyne

Q=¢.bh,V2g(H-hy) (6.25)
roe  @Qn - KOYGPUUMEHT UIs MOATOMIEHHOTO pexuMa
. h,, - BbICOTA MOATONNCHHA

1
B HEKOTOPBIX PEKOMEHIALMAX, B YAaCTHOCTH, B TY 12-51 /1,426 c./ , BMECTO ,;xpn

HUMAETCA
h=h n—Zuc

31ech  Zy - Nepenaj BOccTatoBaeHmst ( cM.pHc.6.3 @), KOTOPBIA MOABJIACTCH NOTOMY,
4To 4acTh KWHETHUECKOH IHEPrUy NOTOKA MEPEXOIHT B
NOTEHUHATLHYIO W yPOBEHb BOJIbI B ITOM MECTE HECKOJILKO NOJIHUMACTCH

Ero BeMuHHY MOKHO OIpeaeuTh 1o rpapuxy Yyraesa PP./1,426c. /. Hos
BONBILIMHCTBE Cy4aeB UM NMpeHedperaior.

Huske 1IpMBEACHDI 3HAUEHHs KOI(HLMENTE 3ATOMUICHUA  @n B 3ABHCHMOCTH OT
OTHOCHTENbHOTO 3aToruiedus  h, / H.
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Tabnuua 1

< 5 RN
h,/ H 0,7 0,72 0,74 0,76 {0,78 0,80 0,82 0,84 0,85 0,86 . N N : N\ o
? N N N
Qn 1,0 0,99 |098 097 |095 [093 |09 |087 [085 [0,83 N N N <
‘ ' N N 2 o &
TN N NN =5
h/H [0,87 [088 (089 |09 091 (092 [093 094 |0,95 , B2 KN PN N OTR =
| On 0,81 (079 [077 (0,74 [0,71 |0,68 |0,63 [0,60 |0,55 \ SN R N Nkl & o
| H A § O N ' N 'Q oo
| | N=R N 5o
‘ -Nle . N =
| B CBA3M C TEM, YTO KaHaJl MOXET 3apacTaTh H 3aMWJIATLCS , YTO CYILECTBEHHO /E AL \: =228
= Col hien® \ A I F4
‘ cKa3biBaeTCA Ha mponyckHoi cnocobHoctu (BIII), To GakTHueckne 3HaYCHUA @y & \§ = 3\ W RS w %é‘?:’i’:
MOTYT OTJIMYATHCS OT MPUBEAEHHBIX . s . , g' 2 t% Z;‘ SEEE
[To3TOMY HEO6XOMMMO MPOBOAUTH FPALyHPOBKY, 3amepas  Qy, hy,He-h, w I ‘g il ~<-v':\ g = 2.0
BBIMHCIISS 11O BhIaXenuio (6.25). i _'{1 5 2500
o T R R
| n ” N O O0=18
‘ 6.4.1.2.'Cso6onubiii pesxxum conpsikerus 6bedos s BIITT = | o SBER
i (puc. 6.3,6) ot Ee-
i T = onm
I = =
| o AmER
| VYcnosue ceoboanoro ucreuenns - h, /H< 0,7. a3 g =
il Pacxoa BOAbl HE3ATOMJIEHHOrO BOAOCIHBA C IIMPOKHM MOPOrOM ONpPEAENAETCS 110 g éé 83
i | e 7 e
!l‘ dopmyne /1,420 c. /. = oo Bx
l Rgdi
i Q=embnVv2g H? (6.26) | © AESE
\ | 7> H0©0
o roe € - ko3hdhuuneHT BOKOBOro CHKATHA CTPYH; H3MEHAETCS B Npeaesax ‘\ £ Zags
| £ =0,85-0,95. woogs
| m - ko>PUUMEHT PacXoAa; onpeaensercs no spipaxenuio /1,418 ¢./. e oned
P eonn
‘ m =0,385¢ (6.27) B R
i‘ g
; 3nech ¢ - k03(HHUHEHT CKOPOCTH; KOTOPbIE aBTOPbI NNPH OTCYTCTBUH “0
3aKpyrJeHHs Ha NOpore MPUHUMAIOT ero paBHbIM @ = 0,85 n npu =
HalMunu 3akpyriedns @ = 0,92. o

i B stux cayuasx m=0,32 u m= 0,35 coorsercreento /1,420 c./. Ecnu ceuenne

|

‘ KaHana nepen sogocausoM Q >4 (b H), To ckopoctsio noaxona V

j npexebperaioT, 1 Torja (6.26) nepenuiuercs B BUae }

T7771777/Y/7
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Q=embnV2g H®? (6.28)

B npouecce TpanyupoBku, usmepss Q, b, H u u3 (6.26) onpenensitor 3nauenue

€m = m, (6.29)

Koadppuument m, s BIpaXeHHH (6.29) sABASETCA yTOUHEHHbIM k03 duLenTOM

pacxona B popmyne (6.26).

6.4.2. Tpy6uarsie Heperynupyemsie [ TC

6.4.2.1. 3aTonnennslii pexum conpsxkenns 6veos (puc.6.3,s)

Ycnosue 3atomnenus - hy, >h (D)

Iponyckuas cnoco6uocTs Tpy6, paboTtaromnx B HAaIOPHOM pexxume 6e3
PEryJIMpOBaHKs 3aTBOpPaMH Ha BXoje 1 BbIXO4€, ONpenensor no hopmynam:

Jins npamoyronbHoro sxoza

Q=pbhnvV2gVz (6.30)

Ans kpyrnoro sxona Q=poV2gVz n (6.31)

[Tpu 3amepennpix b,h,zQu v,z Q onpenensitor k03 duLmenT pacxona u

W CcTposT rpadux p =f(z). I'panynpoBounsie XapaKkTepUCTHKH B BULeE (6.30) 1
(6.31).

6.4.2.2.CpoGonmulii PEXHM conpsixenns 6bedos (puc.6.3, r)

Pacxon Bonpi B 6e3nanopHoii HEperynupyemon tpy6e onpeaensiercs
no opmynam:

NpAMOYrosibHbINA BXOL - Q=pubhn \/Té \/H»T),Gél h (6.32)
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KDY/ BXOJ - Q=n o \/E—g VH-0,7D (6.33)

B npouecce rpanynposku usmepsiorcs Q, H u onpenensercs KodhhuumeHT
pacxoaa p =f(h|H) u p =f(DH). ['panynpoBounsie XapaKTEPHCTHKH, NOCIe
onpenenexus w8 Buae (6.32) u (6.33).

7.IIOBEPKA I'PAJIYUPOBAHHBIX I'TC

7.1. Iosepka I'TC npoussoauTes noce 3aBEPIICHHS IPaLyHPOBKH, EXKETOAHO B
Havasie Ce30Ha.

7.2. Tlpu ycTaHOBHBIIEMCS PeXUME MOTOKA M3MEPSIOT BEJIMYUHHBI

KOHTPO/MPYEMBIX NapaMETPOB M OMPEEIAIOT PACXOA BOMBI MTOBEPAEMOrO

I'TC no rpaxyupoBouHoit XapaKTEepPHCTHKE.

7.3. OnHoBpeMeHHO H3MepseTes pacxoz BOAbI B CTBOPE MMAPOINOCTA OCHOBHbIM
crocobom.

7.4. Onepaumio nosepku crenyer TIOBTOPHTh HE MEHEE TPEX Pa3 s 3HAUECHHUIT
Pacx0Aa BOAbI B KaHAJE , OTIHYAIOIMXCS MEXy cOB0i He MeHee uem Ha 20 %.

7.5. BoluucnsieTcs OTHOCHTENbHAS NOTPELIHOCTD M0 BBIPAKEHUIO

e A ) (7.1)

TAC G - OTHOCHTENbHAN [OIPEIHOCTD,
Qi - pacxoa Boab! nOBepouHBIF MO TPaayHpPOBOYHOM XapaKTEPUCTHKE NAHHOIO
['TC:

Qocp - U3MEPEHHDII PACXOA BOALI B CTBOPE MMAPONOCTA.
Ecnn makcumanshoe otknonenue Pe3ynbTaToB NOBEPKH, BhIYMUCAEHHOE o (7.1) He
npesbiaer 7 %, To 'TC ponyckaercs k IKCILIyaTalHH.

7.6. Pe3ynbratnl nepuoanueckux NoBEPOK 0GOPMAAIOTCS COOTBETCTBYIOLLIMM
aKTOM H 3aHocsTcs B nacnopt ['TC.

8. OCHOBHBIE HEJ1IOCTATKH CYWECTBYIOUEN
METO/INKW I'PAJYUPOBKHU I'TC

8.1.3atomncunbiii pescum conpsienus Gbedos
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Hns rpanyuposku I'TC ¢ 3aTONIEHHbIM PEXHMOM HCTEYEHHs H3-TIOJ LLMTA B
CYIIECTBYIOLIEH METOAHKE HCNONb3YeTCs ypaBHeHue (6.1), B KOTOPOM TpH
HEH3BECTHBIX - W , a, Z MPH UCKOMOM Q.

Io cywmecTsytowme# MeTonnke rpaxyuposku npH 3amepernbix Q, b, a, z
OMPENENAOTCA 3HAYEHHSA [ W cTpouTes rpaduk p = f( z). [lpu BeIsABAEHHH
AHAIMTHYECKOro BHAA 3TOro rpaduka, ypasuenue (6.1) nepenuiuercs B Buae

Q=abnf@V2gVz 8.1)

[Tocne 3TOro B NpMBEAEHHOM YPaBHEHHH OCTAETCS ABA HEM3BECTHBIX - @ H Z.
Hecmotps Ha 370, B cywiecTsyioueii Metoauke ypasnenue (8.1) MCII0JIB3YETCS JUIs
nocTpoeHus Homorpammel Q = f( a, z ) B cieayroueit nocne 0BaTENBHOCTH.
[IpHHUMAETCA MOCTOAHHBIM 3HAYEHHE @ W JUIA HErO, 3a4aBasiCh HECKONbKHMMU
3HAYCHHUAMM Z OMNPEAENAIOT HECKOJIbKO PacXo0B. Tak MOBTOPAIOT pacueT s psaa
3HAYEHWH ai, B PE3y/IbTATE YEro MONyYaeTCs YKa3aHHas BhIIIE HOMOIPaMMa.

Ho 3Ta MeToamKa He yuuThiBaET XapaKTepHYI0 0COGEHHOCTH MHAPOTIOCTOB,
3aKITIOYAIOLLYIOCS B TOM, YTO JUIS K&X/Or0 KaHaja CYLIEeCTBYET TOJIbKO OJHa KpHBas
Q=1f(h), koropas Gyner cnpapewIMBa TOABKO WIS rpajyMpoOBaHHOIO FMIPONOCTa.

[lpn nocTosHHOM OTMETKE YPOBHSA BOAbI NEpea COOPYKEHHEM H NPH H3MEHEHHH
pacxona Boawl yepe3 I'TC, yBennunBaercs rny61Ha HaMONHEHHUS B KAHANE U
yMeHblIaeTcs nepenan yposHei z . CnenosarensHo, wist konkpetsoro I'TC Gyaer
CBOH 3aKOH M3MeHeHHs z oT Q, T.e. cBoii rpadmk z =f( Q).

Ora B3aumocss3b z oT Q Bbipaxaercs dpopMmyoii (6.5), mo3BonsoLIEit
COBMECTHO ¢ (8.1) COCTaBUTb 3aMKHYTYIO CHCTEMY ypaBHEHMH,a, CIIEA0BATENbHO,
NOJIYYHTb IPalyMPOBOYHOE YPABHEHHE B BUAE

Q
a= (8.2)

bn F(EQ)V2g VAQ)

YpasHenne (8.2) no3sonsier nOCTPOUTS TabiiMILy KOOPAMHAT, M0 KOTOPOM, [u1s
3a1aHHOr0 Q, ONPeAENsIOT BENHYHHY OTKPbITHS 3aTBOPA.

Ha puc. 8.1, 8.2, 8.3 npusenensl Homorpammbl Q = f(a, z), MOCTPOEHHbBIE M0
cyuiecTByioulei metoanke ans Hekotopsix ['TC. Ha 3t HoMOrpamMmbl HaHeceHb! 1
Halwu pexomeHnaunu z = f(Q),

KOTOpbi€ Ha rpaMke 3aHMMAIOT BIOJIHE KOHKPETHYIO 06IaCTh BO3MOMKHOIO
MCMOJIb30BAHHUA W XOPOLLIO COBNA/IAIOT C HATYPHBLIMM JAHHbIMH.

e
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3a npenenamu 3Toi 30HbI HOMOrpamMMa Q = f(a , Z) He COOTBETCTBYET PeATbHOM
nponyckHo# cnocobHocTH. Tak, Hanpumep, Ha pHc. 8.1 Mo HAKTHUECKUM AaHHBIM
Pacxo/t BOAb! 5 M /¢ MOXHO NPONYCTHTb B KaHaJe B CTBOPE MMAPONOCTA TONBLKO MPH B = Hnax-AZ 9.1
z=2,0 M 1 NIPH OTKPLITHH 3aTBOPOB Ha BeaHuKMHy a = 0,48 M. C YBEJIMUEHHEM pacxoaa
BOJbl yPOBEHb BOAbI B KaHaJI€ NMOBBLICHTCA, a Nepenaj YPOBHEH YMEHBLIMTCS, U= Hma- A 2 9.2)
TIOBBICHTCSA BEJIMYWHA OTKPLITHS 3aTBOPOB. Hanpumep, npu pacxoae Boasl 14 M /c
nepenan ypoBHe# no GpakTHYECKHM JaHHbIM COCTaBHT Z = 1,0 M NpH OTKPBITHH
J 3atBopoB a = 1,6 M. [Ipu pacxone Boast 20 M /c nepenan ypoBHeit coctasut 0,5 M.
‘ CrnenosartenbHo, yem 60nblIe PacX0 BOIBI, TEM MEHBLLE nepenaju ypoBHer v 6onbiue Unax- 1 == Az 9.3)
OTKPBITHE 3aTBOPOB.
Jlns kaxnaoro ruAPoONOCTa CyweCTBYeT CBOM 3aKOH H3MEHEHUS Z = f (Q), rame
KaXXIOMy pacxolly COOTBETCTBYET TOJILKO OIHO 3HAUCHHE MNepenaja ypoBHeii. Pmae- B = =A;z" (9.4)
B atoM cocTouT xapakTepHas 0co6eHHOCTb MMAPONOCTOB, KOTOPAs HE YYHTHIBAETCS
CYWIECTBYIOLLEH METOAUKOH IPafyHPOBKH N0 HOMOTPaMMaM.

Hamu, no n1aHHbIM HATYPHbIX UCCIIeI0BAHHA, npeaiararoTcsa CBA3H B BHIE

KOTOPbLIE, A1 y}lO6CTBa ONpeaecNcHUuA napaMeTpos, CIEAYET NPEACTABHUTD B BHIE

[Tapamerps! u nokasarens crenenn ypasHenuid (9.3) u (9.4) onpenensiorcs

METOJ0M HaMMEHbIUHMX KBaApaToB. Jlns onpenenetns xapakrepa H3MEHEHHs
9. MOCJIIEAOBATEJIbHOCTb OBPABOTKH JAHHBIX

H " pacxoaa BOAbl HAMHU IpeiararoTcs (¢} Myﬂbl BHUA
| FPAAYUPOBKH M COCTABJIEHUE I'PAJTYUPOBOU- FIFpSITEAR YpORbER B DGO P bop
| HbIX XAPAKTEPUCTUK A-kQ 9.5)

N
I

9.1. OTKpBITBIC PEryIATOPbI € 3aTOMUIEHHBIM PEXMMOM HCTEYEHHs H3-N0J LHTa

z = A-kQ (9.6)
‘ Koadduunents pacxona onpenensercs us dopmysl (6.1) as H3MEPEHHBIX B
‘ HaTYPHBIX YCIIOBUSAX b, a, z npu pasnuunbix pacxonax soasl Q. 3atem crpouTes KOTOpbIE MPHBOMATCA K BHALY
rpaduk Tuma p=f(a|H) umu p="f(z). A-z= =kQ 9.7)

B cywectsyroweit metonuke pekomenayercs 3apucumocts p = f (a | H), kotopas
3aMCHSAET OZHO HEM3BECTHOE Ha APYrO€, YTO HCKJIIOYAET BO3MOXHOCTD MOJYYHTh A -z= =k Q (9.8)
Tabnuuy koopauHar B Buzae a=f(Q).

[To cywmecTByroweii Mmetoamke B ypaBHeHuH (6.1), mocne oTbICKaHHUs | OCTaercs
ABa HEM3BECTHBIX —a M Z . ['panyMpoOBOYHAs XapaKTEPUCTHKA NPEACTABIACTCS B BH/E
HoMorpammbl Q= f(a, z), 4TO MPUBOANT K rPy6bIM HECOOTBETCTBHAM PACCHHTAHHONO

Jna kananos KazanuHCkoro ruapoysina, no JaHHbIM HATYPHbBIX HCCIEA0BAHHI
HITO CAHWHPH, 6b1am nonyuersl popMyIibl CIEAYIOLIENO BH/IA:

pacxoza ¢ haKkTHYECUKUM MPH MPOBEACHUH NOBEPOYHOH MPayHPOBKH, TaK KaK B Kanan [IMK z=2,16-0,058 Q 9.9)
CYLUECTBYIOLUEM CMOCOGE rpajlyHPOBKH HE yYHTBIBAETCA XapaKTepHas u=075-03 z (9.10)
0COGEHHOCTb PHAPONOCTOB, 3aKTIOYAIOILAACS B TOM, YTO Ka)KZA0OMY Pacxoay BOJbI
‘ CTpOro cooTseTcTByeT oaHa kpusas h = f(Q), koTopas co3naer, npu NOCTOAHHOI Kanan JIMK z2=2724-0,019 Q 9.1
oTMeTke B BepxHem Obedpe ['TC, crporuii 3akon usmenenns z = f( Q ). Mosromy pw=1-0217 z (9.12)
3a/1aBaThCsl BEJIMUMHON Z HEJNb3S.
Jlns onpenenenus K03()pHLMEHTA PAacX0aa UCMOAb3YIOTCS Pa3JIMYHBIE THIbI Kanan «Puidoxos» z =3,50514 QB (9.13)
‘ ¢opmyn Buna u=f(z) B ornenc ACY HIMO CAHUMUPH umeiores nporpamMmmbl s u=| 0327 "™ (9.14)

‘w OMPEAEICHUS PACUETHBIX 3aBUCUMOCTEH B BUJIE MPAMOM, NapaboJibl, SKCOHEHTSI,
NOJIMHOMA BTOPOM CTENEHH.
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CosmecTHOE peleHHe ypaBHeHus (6.1) 1 peKOMEHIyeMbIX 3aBUCHMOCTE#
p=f(Q) u z=f (Q) nos3sonser nonay4uTs rpagyMpOBOYHYIO XapaKTEPUCTHKY B BHJIE

Q

(9.15)
f(z) bn V2gVf(Q

C MOMOLLBIO KOTOPOH MOXHO COCTaBMTb TabiMLly KOOpAMHAT. B uyacTHOCTH , ans

COOpYKEHHH Kasanuuckoro ruapoysna MOJTyY€Hbl rpaayHpoBOYHbIE

XapaKTEPUCTHKH CIEAYIOLIEro BH/A

Kanan [IMK
Q«

9.16)
bn(075-03z)V2g V2,160,058 Q

z=2,10-0,058 Q (917}

Tabanua koopaunar no (9.16) u (9.17) npusenena B npunoxetnn 1.

Kanan JIMK

Qx
a= (9.18)

bn(l-02172) N2gVv2.24-0019Q
z =224-0,019 Q (9.19)

Tabauua koopaunar no swipaxennsm (9.18) u (9.19) npusesiena B npuaoKeHnH 2.

Kanan «Ppi0x03»

Q«

b n(1-0,3272%%7) V2 g V3,5-0,514 Q**

z=13,5-0,514 Q% (9.21)
Tabnuua koopauuar no (9.20) u (9.21) npuBeneHa B NIPHUIOKEHHH 3.

Jnsa kaHasga JIlyCTiuk

Qu

81 (0,94- 0,1972)V2 g ¥2,28-0,0076 Q
2=2,28-0,007 Q (9.23)

Tabnuua koopauHar no dopmynanm (9.22) u (9.23) npusesieHa B NPHIOKEHHH 4.

10. HEOBXO/IMMBIE 3ABUCHMOCTHU U UBMEPSIEMBIE TAPAMETPbI
JUIS ITPOBEAEHUS TPAIYHUPOBKH I'TC

B 3aBucumocti ot pexuma conpsokeHus ObeoB M THNA  COOPYKCHMIT
npearaioTest pacueThble (GOpMynbl M TPagyHpPOBOYHBIE XApPAKTEPHCTHKH, KOTOPbIC
npusesensl B Tabnuue 10.1
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Tabnnua 10.1

" nn

Tun coopysxenns u
PEXHM HCTEUYEHHS

Hamepsemeie napamerpsi,
dopmyisl ponyckHoi
crnocofbHoCTH,
ko3 duumenta pacxona,
nepenaja ypoBHei

Meton usmepennus, kon-so
M IMarnas3oH H3MEepeHUH,
rpayMpOBOYHbBIE
XapPaKTEPHCTHKH

onpeznensercs no gopmyne:

@pbna\/fﬂ? (1)

| 2 3 4
Perynupyemeie TTC
A 3aronsieHnslit
PEXKHM HCTEYEHHS
1 OtxpeiTeie  peryms- Ilepenan  yposmeit  kak | I HUIPaBIIMYECKHH,  KOJI-BO
TOp C 3aTOIUIEHHBIM | Pa3HOCTh YPOBHEH | u3Mepenuit He wmenee 10,
HCTCYEHUEM  HM3-TIOJ | BEDXHETO M HHIKHETO | OXBATHIBAIOLLNX BECh
3aTBopa OvedoB W  paswoctu | mmamaszon pacxo0B KaHana,
H = const* Ycnosue | rny6un B TIpe/ieNaxX a/apmay WIH Z/Zpy,
sarorienua h > a, h"|H-hy npu  ommmakosoii | = 0,1-0,85.
<h, OTMETKE  1Oporo-coopyske- | 'panynposounsie
HHS M JHA KaHAJIa, BBICOTA | XapPaKTEPHCTHKH:
OTKPBITHA 3aTBopa Q
«a»,IIHPHHA OTBEPCTHA (BY, | ) a= —-mmcmemmeem . (6)
NpONyCKHas  crocobHOCTh

f(z)bn \/?g \/?(6)
2) z=£(Q)

H = Un—Az (2) | 3) Tabnuuw KOOPJAHHAT
- X

H = Hma - Ay z 3)

z=k-AQ 4)

z=k-A;QF %)
TpyOuartsie [Iponycknas cnoco6hocTs ['mapasnuyeckwii,
pervasTopsl C [onpenensercs no opmyse | rpaxynposounas
NPAMOYTroJibHbIM (1). Koashdmument pacxona XapakTepucTHka no
BXOIHBIM — MO Bbipakenuio (2), (3), a | Bbipakenuio (6) C
OTBEPCTHEM H | TAKXKC M0 BbIPAKECHHIO onpeaencuuem z = { (Q) u

3ATOIMJIEHHBIM

i =f(/H) ()

COCTaBJICHHEM 'I'(I6.‘IHI1
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NN | Tun coopyxeHnus u Hsmepsemsie napamerpsr, | Meton H3MEPEHHS, KOJI-BO
o PEXHM HCTEeYEeHHUs (hopMysr portyckHoii H HaIa30H H3MepeHHii,
Crnoco6HOCTH, rpagyHpOBOYHbIE
ko3¢ duLmenTa pacxopa, XapaKTEePHCTHKH
fepenaaa ypoBHei
1 2 3 4
PEXKHMOM HCTEYEHHS KOOp/HHAT
(H= const)
Ycnosue
3atomienus h,> a, h"
3 <h, IlponyckHas  cnoco6HocTs
OnpenessieTcs no Beipaxe | [uapaBanueckuii.
Tpy6uareie HHIO o ['panyuposounsie
PETYIATOPEI- Q=pbnav 2g Y H-h,, (8) | xapaxrepucThku B BHje:
BOJIOBBINYCKH 3 | Kospduumenr pacxoma mno a) npu p = f (a/H)
BOJIOXPaHHJIHII] C | BEIpakeHHo (7) win HOMOrpaMma
PAMOYTONbHBIM u = f (H-h,). T'ny6una Q=f(aH)
BXOJIHBIM HaTOJIHEHHUS B KaHajIe 6) npu p = (H-h,)
OTBEpPCTHEM v h,=f(Q) % Q
3aTOIUIEHHbIM A= (10)
PEXKHMOM HCTEeueHus o
(H# const). Ycnosue f(H-h,) bn v 2g V H-h,
3aTOIIEHUs
h>a roe h, = f(Q)
Cocrasisiercs HoMorpamma
h"< h, a=f(Q,H)
4 ponyckhnas crioco6rocts I'panynposounas xapakre-
Onpenensercs N0 | pHCTHKA
thopmyne
TpyGuarsie o Q=F/f(Q) wy, V2gE(12)
PErynsTOpSbI c|Q=p o, V2g V2 (10)
KpPyriabiM  BXxoausim | [Lnowans ucredenus | Cocrassienme Tabanuy
OTBEpPCTHEM | onpenensercs no gopmysne koopauuar (10)

3ATOMJIEHHBIM

PEIKUMOM HCTeYEHHSs
(H = const). Ycnosue
3ATONNEHUS
h''< h,

hi> a,

@, = (1,8/R - 0,25) R? (11)
Hsmepsiores
Q,a,z,Bb1uncsercs Lt

Onpepensiores dopmynei
u=f(zu z=f(Q)
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onpenesnsiercs no gopmyne

NN | Tun coopyxenns u | Hamepsembie napamerTpel, | MeToa H3MEPEHHS, KOJI-BO
nn PEXHM HCTEUEHHs (hopMybl nponyckHo# M IHana3oH H3MEepeHH i,
CIIOCOOHOCTH, rpazlydpOBOYHbIE
ko3¢ duLmeHTa pacxona, XapaKTEPUCTHKH
nepenajga ypoBHeH
1 2 3 4
Heperynupyemeie
[TC npu_3aroruien-
HOM pEXHMe
conpsxenus 6vedhon
5 Bonmocnus ¢ | Pacxon Bonsl onpenensercs | [paxynpoBounas
WHpOKHM  moporom. | ITo popmyme XapaKTepHCTHKAa B  BHJE
Yenosue 3atomnenns | Q=q , b hy, V2g v H-h, (13)
h,/H>0,7 Onpenensitores Q, b, hy,, H
(hn =hy-P )
Brraucnsercs ¢y H
CTpPOHTCs TabJI.
on=f(hy/ H)
6 | TpyGuatsie I'TC npH | Pacxox Bogsl onpenensercs
3aTOMIEHHOM no dopmynam: ['panyupoBoutsie
peKuMe: o XapaKkTePUCTHKH B  BHJE
Q=pbn hvV2gVz (14)|(14)u(15)
a) ¢ NpAMOYroybHbIM
BXOJHbIM Q=p o, V2 Vz
OTBEPCTHEM (15)
6) c KpYMIbIM | M3mepsiioTes BenHUHHBI b,
BXOIHbIM h, 2z Q u o, z Q
CTBEPUTHCH Beiuncnsior g m o crpost
rpadpuk p=1f(z)
B. Crobomnii [TponyckHas  cnocobHocTs
7 PEHHUM HCTEYECHHS

['pagyuposoutas
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9

10

OTBEPCTHEM H CBO-
6OQHBIM HCTEUEHHEM
(H = const). Ycnosue
cB00OOJIHOrO HCTeye-
Hus he<a

h™> h,

onpeaensaeTcs

1= Q/b n av2gVH-0,64 a

Crpoures rpaduk p=f(a/H)

NN | Tum coopysxennst u | H3amepsemble mapameTpsl, | MeToa H3MEpEHHS, KOJI-BO
nn PENKHM HCTEUYEHHS dhopMynel nponyckHO# M JIHara30H W3MePeHHi,
crnocobHoCTH, rpagyHpOBOUHbIE
ko3¢duunenTa pacxoaa, XapaKTepHUCTHKH
nepenajga ypoBHeH
1 2 3 4
Perynupyemsie ' TC S XapaKTepHUCTHKA B  BHIE
OTKpBITHIE Q = ubnaV 2g ¥ H-ag, (16) | (16) u Tabnuua koopamuar
PeryJsTopsl Hamepsiores Q, b, a, H u | B Bune Q =f(a)
(H = const ) PACCUHTBIBAETCA |L.
p=Q/bnav2gVH-ae,
Crpontes rpaduk p= f(a/H)
Ilponycknas  cnocoGHOCTD
8 onpenensercs no popmyne | I panyuposounas
Tpy6uarsie  peryns- an XapaKkTepPHCTHKA B  BHJE
TOPEl € MPAMO- | Q=pybanV2gVH-0,64a |(17)c yuerom
YFOTIbHBIM  BXOLHBIM | [fsyepmioress Q, b, a, H, [ = f (a/H), a rakxe

TabnaMua KOOPAMHAT B BH/E

Q=f(a)

Tpy6uarsie peryns-
TOPbI-BOAOBbLINYCKH
M3 BOJOXPaHHIIHLL
C NPAMOYTOJIbHBIM
BXOJHBIM OTBEPCTH-
em (H=const)
Ycenosue cBo60oH0-
IO HCTCHUCH

h.<a

Tpy6uarnie

L[ perynstopul ¢

[Iponycknas  cnocobHOCTh
onpenensercs 1no
BbIPajKEHHIO (17);

umepsitores Q, b, a, H u
onpenensercs
ko3(ppuuneHT pacxona,
ctpouTes rpadmk p=f(a/
1)

Ilponycknas  crnocoGnocts
onpeaensercs no Gopmylie

['panynposounas
XapaKTepPHUCTHKA B
(17) ¢ yyerom

w = f(a/H). Ho Tak xak
H = const , 10 cTpomutes
HOMOTpaMMa B BH/IE

Q=f(a,H)

BHIC

I'panynposounias

XAPAKTEPHUCTHKA B BHJIC




- 39 -

NN | Tun coopyxeHus u H3mepsemble napameTpbl, | MeToa H3MeEpPEHHs, KOJI-BO
nn PEXUM HCTEYESHHUs dbopmysel nporyckHO# W IMana3oH U3MepeHHid,
cnocobHOCTH, rpagyHnpoOBOYHBIE
ko3¢ dumenTa pacxoaa, XapaKTEPUCTHKH
repenaja ypoBHeH
| 2 3 4
KPYrJIBIM ~ BXOIOHBIM o (18) ¢ yuetom (19). Y npwu
oreepcrneM H  =[Q=pw,V2gVH-0,7a (18) | H = const paccuutsiBaeTcs
const. 1,8a TabnMua KOOpaAMHAT
Venosue cBOGOAHOrO | @, =(------ - 0,25)R* (19) Q=f(a)
ucreyeHus he< a R
IMpuaz=2R
ox=7R%
Hsmepstorca Q, a, H.
PaccuntsiBaroTes - y U L.
p=Q w,V2gVH-0,7 a
Crpowurcs rpaduk
u=f(f/H)
Heperynupyemsie
TC
Bonocnms C | Pacxon Boapl onpenensercs
IT | wupokum  noporoM. | o dopmyre I'papyupoBouHas
Ycnosue cBoboaHOro XapaKkTepUCTHKAa B  BHJE

conpskeHus 6vedos
h wH < 0,7

Q=embnV 2g H*? (20)

€ = 0,85-0,95 -
ko3duuuent  Gokosoro
cxatus m= 0,385 @

0] - ko3¢ dunmeHt
CKOPOCTH; [PH OTCYTCTBHH
3aKpyrieHH s

¢ = 0,85 npu Hanuuuu
3akpyrnenus ¢ = 0,92,

B npouecce rpaaynposku
nmepsor Q, b, H u u3 (20)
ONpeleNAioT €M =m,

(20)

OMpPENEeNSIOT L .
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NN | Tun coopyxenus u | Hamepsiembie napameTpsl, | MeTox H3MepeHHs, KOJI-BO
n PEXHM HCTEUEHHS ¢dhopMyITBI IPOMYCKHOM W IMana30H H3MEPEHHIA,
crnoco6HOCTH, rpagyHpOBOUHbIE
ko3¢ duLHeHTa pacxona, XapaKTepPUCTHKH
nepernaja ypoBHe#
1 2 3 4
BesnanopHas dopmyJia pacxoJa BOIb!
12 | HeperynupyeMas
Tpyba kpyrnoro |Q=pubnh \f—Z? vV H-0,64 h | ['panynpoBounas
cedenns H = const. 21 XapaKTepHCTHKAa B BH[E
Venosue cBoboanoro | B npouecce rpamyuposki | (21)
ucredyenus -  he< h; | uamepsior Q, H,
h"> hy onpenessioT L
besnanopuas dopmyna pacxona BOJbI
13 | Heperynupyemast
Tpyba KpyrJyioro | Q =y oy @ m
ceuennsi H = const. (22) ['panynpoBoyYHas
Yenosre cBOGOIHOIO | @, = 1t R? XapaKTepUCTHKa B  BHJE
ucreyenus - he< D; | [pu rpagyHpoBKe (22)
h"> hy, U3MEPSIOT Q, H;

Mpumedanne: * Mamenenne yposHs BObI Mepe BOAONPOBOASLLIMAM COOPYKEHHAMM, KAK
noKasajl aHaJli3 HATYpPHbIX HAaHHLIX, HE MPEBOCXOAUT 5 % oT 0buiero
Hanopa. Takue cOOpyXeHHs OTHECEHbl K OOBEKTaM C MOCTOSHHLIM

HAImopom

YPOBHEH

(H=const).
COOPY/KEHHEM TPOH3BOJAMTCS MyTEM

Yyer

KonedaHus
NPHHATHA B pacuer

YpOBHSA BO/1bl nepei

nepenaja
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11. COIIOCTABJIEHHE IMPOITYCKHOM CITIOCOBHOCTHU
I'TC MO NPEJJIATAEMOIl METOJIUKE I'PAJITYUPOB-
KN C PAKTUYECKUMUA JAHHBIMU

Hapuc. 11.1, 11.2, 11.3 u 11.4 npusenens: rpadukn a = f(Q) s perynstopos
xananos [IMK, JIMK u « Psi6x03» Kasanunckoro ruapoysna u IooBHOro COOpYIKEHU
KaHana JlycTiuK, KoTopble IOCTPOGHBI 110 rPajyHpOBOYHBIM ypasHeHHaM (9.16), (9.18),
(9.20) 1 (9.22). Ha 31H e rpadukn HaHECEHBI HaHHbIE HaTyPHBIX H3MEPEHHUH NMPOMYCKHOH
CroCOGHOCTH B 3aBUCHMOCTH OT YHCJIA OJHOBPEMEHHO OTKDBITHIX OTBEPCTHI
PerysaTOpOB, yKa3aHHBIX BbILIE KaHAJIOB. Kak BHIHO M3 NpeCTaBJIEHHBIX PUCYHKOB

Pe3yJIbTaTel pacuera 110 NpeuIaraeMol METOJMKE MPafyHPOBKH XOPOIIO COBMANAIOT C
HaTypHBIMH JaH
HBIMH.

12. TOITYCTUMBIE IOI'PEINHOCTH IIPU MMPOBEJIEHUH
I'PAIYHPOBOK I'TC

12.1. Cpennas KpajpaTHueckas OTHOCHTENBHAA MOrPELIHOCTb OIpEAEEHHS
IpanyHpOBOYHOH XapaKTEPHUCTHKH B BUJIE

Q=pb a\/~2_g Vz

Onpenensiercs M0 BbIPaXKEHHIO: cq,_x=‘/ o + o2 + 02 +1/4 o,f (e.n

FA€  Gp - CpeiHAA KBaPAaTHIECKAsA OTHOCHTENIbHAS MOrPELIHOCTD OMpeaeIeHHMs
KO3(ppuLMenTa pacxoja; MO NAHHBIM OMBITA IPUHHAMAETCA Ou = + 2 %,

Ob - CPEAHsS KBAAPATHYECKAA OTHOCHTENbHAS MOTPELIHOCTD H3MEPEHHS LLMPHHBI
OTBEPCTHSA, MPUHUMAETCA PaBHOH o, = 1,0 %;

Ou - CPCAHsA KBAADATHIECKAs OTHOCHTENIbHAA MOrPELIHOCT H3MEPEHUA OTKPLITHS
3aTBOPA,KOTOpas MPUHUMaeTcs paBHOH o, = 1,0 %);

Cu - CPeaHAs KBAJPAaTHYCCKAs OTHOCHTENbHAS MOrPELIHOCTE H3MEPEHHS YPOBHS
BO/bI, MPUHUMAETCS PaBHOH o, = 2 %,

Ioncraenas swauenns yactHeix norpeiwHocTeil B dopmyny(12.1), nonyumum

Opx=V22+12 +12 +1/4 22 =26%
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12.2. CpenHss KBaipaTH4eckast OTHOCHTEbHAs MOTPELIHOCTb H3MEPEHHS pacxoaa
BOJIbl 0OPA3LIOBBIM CPeACTBOM ( THAPOMETPHYECKHH CTBOP, METOJ «CKOPOCTh-TUIOLIA/b) )

oqup=Vou- I/m(T o +X o + Tow®  (12.2)

rae Oy - MOTPEIIHOCTh METONA, Oy = 1,2;
2. oy = 12,15 - cymMMa norpeHocTeit onpeaeneHus cpeHeii CKOPOCTH MEXKY
BEPTHKAJISIMH;

Y o’ =1,10 - cyMma norpemHocTeii onpenenesus rabapuTos CTOKOB;
Y. 61> = 6,05 — cyMMa OrpeIHOCTe i Onpe/ieNeH s CpexHeit ry6uHbI CTOKOB,
m - YHCJO BEPTHKAJIEH, MPUHUMaeTcs m = 9.

[ToacTaBnsis NpUBeJEHHbIE 3HAYEHH YACTHBIX MOrpelHocTeil B popmyny()2.2),
0JTy4HM

Goasp =V 1,22+ 1/9 (12,15 + 1,10 + 6,05 ) = 1,9 %

12.3. CpenHss kBapaTHYecKas OTHOCHTENbHAS MOIPEILIHOCTD ONPENEIEHHS
pacxona BOJbI

0Qosp = V 0oty + O rps’ + O; + 072 (12.3)

rie o, - CpeAHssl KBaJpaTHYECKas MOrpeLIHOCTD ONpeaesieH s reperna/a
ypoBHeH o, =1,0.

[lpenen nonycrumoii morpewHocTy npu BeposTHoctH P = 0,95 cocrasut
oqQ = 2 GQ (124)

[Tocne noncranosku yacTHsIx norpewHocteii B(12,3), nomyumm

oe=V1,9+26°+12+12=35%

[Tpenen nomycTumoii OTHOCHTENBHOI MOrpewHOCTH NpH BeposTHOCTH P = 0,95
Cocrasur ¢ = 7 %.
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INpunosxenue 1

I'panyvpoBoynas Xapakrepucruka B Tabu4HOi  hopme ( Tabmuua KOOpAHHAT
3aBHCHMOCTD OTKPBITHS 4-x 3aTBOpOB a = f (Q)

CHP - Bononposozsinee coopyxenue [TMK Kaaanuucxoro_runpoyany

I'panynpoBounoe ypasnenne gz = Q/b n (0,75-0,3z) V2 g \/2,16-0,058 Q
3aTOIUIEHHBIH pexum COnpsyKeHHs 6bedhor z = 2,16-0,58 Q

[ [ Pacxon Bonsr, M/ ¢

Ipunoxenue 2

Ipanyuposounag XapaKTEPHCTHKA B Ta6iynoji ¢opme (tabnuna KOOpaHHar)
3aBHCHMOCTS OTKPEITHA 4-X 3aTBOpOB 2 = f Q

CHP - Boaonposonswee coopysienue JIMK Kasanuuckoro THAPOY3na

—_—
Ipanyuposounoe YPaBHEHHe a=Q/b p (1-0,217 z)V2 gV 2,24-0,019 Q
3aTonnennprif PEXHM conpsixenns 6vedos

T

Pacxon Bogsr, MY/ ¢

._..nn-.nl-“
OrtkpriTHe 4-x 3aTBOPOB, M
0,024 | 0,048 0,072 [0,096 0,120 |0,143 0,167 0,190 0,213

0,236 | 0,259 0,282 10,305 0,328 10,350 [0.373
0,462
0,685
0,911
1,143
1,414
1,722
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[Tpunoxenwue 3
I'panynpoBounas xapaxrepucTika B TabmiaHol popMe (TaGlHIa KOOPAMHAT)

3aBHCHMOCTB OTKpBITHS 2-X 3aTBOPOB a = f(Q)
CHP - BomonpoBoasiee coopysxenue « Pei6xo3 Kaszamuuckoro rHOpOy3Jia

I'panynposounoe ypasuenne a = Q/ b n (1-0,327 z*7) \I?g Jm

2=3,5-0,514 Q"8

_50_

3asucuMocTb oTkpbiTHA 5 3atBOpoB a = f(Q)

[Tpuioxenue 4
'panyHMpOBOYHAs XapPaKTEPHCTHKA B tabnuuHoM dopme (Tabnuua KOOP/HHAT)

CHP — BOONPOBOAIIE COOPYXXEHHE KaHala JlycTnuk

z=2,28-0,0076 Q
3aTOIUIEHHBIH PEXKHM CONPAKEHHA obedon

I"paayuposouroe ypashenne a = Q/ b n (0,94-0,197 z) v 2g V' 2,28-0,0076 Q;

Pacxo Pacxon Boxsl, M> / ¢
a
BOJIBI,
M/ ¢
0 | 1 [ 2 T 3T 4715716117189
OTkpBITHE 2-X 3aTBOPOB, M
10 0,467 | 0,043 |0,087 |0,132 (0,178 | 0,224 (0,271 |0,319 | 0,367 | 0,417
30 1,027 | 0,518 | 0,570 [0,623 |0,677 | 0,732 | 0,788 |0,846 |0,904 | 0,965
30 1,753 | 1,090 | 1,154 | 1,221 | 1,290 [1,361 |1,434 [1,509 |1,587 | 1,669

1,841 |1,933 2,029 (2,130 |2,237

Pac- ,
X0n Pacxon Boasl, M7/ ¢
BOJIbI,
M/ ¢

o [ 1 ] 2 [ 3145 [ 67 ]8]§9

OTKpBITHE 5 3aTBOPOB, M

- 0,006 0,012 0,018 0,024 0,030 0,036 0,042 0,048 0,054
10 0,060 0,066 0,072 0,077 0,083 0,089 0,095 0,101 0,1 07 0,113
20 0,118 0,124 0,130 0,136 0,142 0,147 0,153 0,159 0,165 0,170
30 0,176 0,182 0,187 0,193 0,199 0,204 0,210 0,216 0,221 0,227
40 0,233 0,238 0,244 0,250 0,255 0,261 0,267 0,272 0,278 0,283
50 0289 0,295 0299 0306 0311 0317 0323 0328 0,334 0,339
60 0,345 0,351 0356 0362 0367 0373 0378 0,384 0,390 0,396
70 0,401 0,407 0412 0418 0424 0429 0,435 0,440 0,446 0,452
80 0,457 0,463 0468 0474 0,480 0485 0,491 0,497 0,503 0,508
90 0,514 0,520 0,525 0,531 0,537 0,543 0,548 0,554 0,560 0,566
100 0,572 0,577 0,583 0,589 0,595 0,600 0,613 0,624 0,619 0,624
110 0,630 0,636 0,642 0648 0,654 0,660 0,666 0,672 0,678 0,685
120 0,690 0,696 0,703 0,709 0,716 0,722 0,728 0,734 0,741 0,747
130 0,753 0,759 0,767 0,772 0,778 0,785 0,792 0,798 0,805 0,811
140 0,818 0,825 0,832 0,838 0,851 0,852 0,859 0,866 00873 0,879
150 0,886 0,894 0,900 0908 0,915 0922 0,928 0,937 0,944 0,951
160 0,959 0,966 0,974 0,981 0,989 0,997 1,004 1,012 1,020 1,027
170 1,035 1,043 1,051 1,060 1,068 1,076 1,084 1,093 1,101 1,110
180 1,119 1,127 1,136 1,145 1,154 1,163 1,172 1,181 1,191 1,200
190 1209 1219 1,235 1240 1249 1258 1,269 1,280 1,289 1300
200 1,310 1,321 1,332 1,343 1,354 1,365 1,377 1,388 1,399 1412
210 1,423 1,436 1,448 1,460 1,473 1,485 1,498 1,512 1,525 1,539
220 1,553 1,567 1,581 1,596 1,610 1,625 1,644 1,656 1,672 1,688
230 1,704




