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[TPEJIWNCJHTOBHUE

CTpOHTEJbCTBO THAPOTEXHHUYECKHX COOpYyxeHHH (GeTOHHHX IJIO-
TuH, 31aduél '9C, cyOXOAHBIX HIJA30B H Jip.) B pycJax U nouMax
peK, KaK IIPABHUJIO, CBA3AHO ¢ HEOOXOJHMOCTBIO TNOHHKEHHS YpPOBHS
FPYHTOBBIX BOJ B Ipejesaax CTPOUTEIbHON mmomankd. BoxonoHuxe-
HHe B KOTJIOBAHAX THADPOTEXHHUUYECKHX COOPYXKEHUH SABJASETCHd BaxX-
HHM 2/IeMEeUTOM CTPOUTEJLCTBA, OT pPAllHOHAJbHOH OpPraHH3auHH KO-
TOPOr0 BO MHOIOM 3aBHCHT YCHEIIHOE BHINOJHEHHE IJjaHa. [lpakTuka
NOCJAeJHUX JeT [IOKa3uBaeT, YTO 3aTpaThl HA BOJAOIOHUKEHHWE B CTPOH-
TeJbHHX KOTJOBAHAX THAPOY3J0B COCTABJAKT 3HAYUTEJIbHVIO JOJIIO
OT o01ell CyYMMBl 3aTpaT Ha BEeCb THAPOY3€J H CHUXKEHHE CTOUMOCTH
pabOT NO BOJONOHUKEHHIO fIBAAETCS BaxHOH 3anaveit. OnblT npoBe-
JEeHHUS BOJONOHUXKEHHUH B CTPOUTEJBbHHIX KOTJ0OBAHAX THAPOY3JOB IIO-
Ka3blBaeT, YTO yMEHbUIeHHEe CTOUMOCTH 3TUX paboT MOXeET OHITh ya-
CTUYHO JOCTHUTHYTO YCOBEPIIEHCTBOBAHHEM METOJIOB IIPOEKTHPOBAHUA
BOJONOHHXEHUS H HCKJIIOUEHHEM He BCerja oOnpaBAaHHHIX 3anacos,
NpHHHEMAaeMuX B mpoekrax. Cjelyer OTMeTHTb, YTO A0 HACTOSIUEro
BPpeMEeHU OTCYTCTBYIOT 00001auide pyKOBOACTBA IO IPOEKTHPOBAHHUIO
BOJIONIOHHXKEHHUA B CTPOUTEJNBHHX KOTJ0BAHAX H (PHUJALBTPAILHOHHEIM
pacyeTaM BOJONOHU3UTEJABHHBIX YCTAaHOBOK. [103TOMY CcocTaBaeHue Mme-
TOOHYECKHX YKa3aHud mo (QUALTPAIlHOHHLIM pacuetaM BOJOMNOHU3HU-

TE€JbHBIX YCTAHOBOK SBJfAETCA BEChbMa BaXHOH HAY4YHO-TEXHHYECKOI
3aiayen.

B Hacrosmux ,MeTOLHYECKHX YKa3aHHUAX® NPHBOAUTCS METOIHKA
(QHJIBTPALHOHHLIX paCyYeTOB BO BCe MePHOAB BOJONOHHXEHHS B
CTPOHTENBHBIX KOT.JIOBdHAX THAPOTEXHHUECKHX COODPYIKEeHHH (mepHon
[IePBOHAYAJbHOH OTKAUKH, NOAJEPKAHHSA NPOEKTHHIX YPOBHEH TpPYH-
TOBLIX BOJ B MeXeHb M B naBoaokx). [lpu HX cocTaBJNeHHH ORIJIH
MAKCHMaJbHO HCHOJbL30OBAHBI pPe3YyJALTATH CHEeNHAaJLHBIX Hay4YHO-HC-
c/leoBaTeqbCKUX paboT, BeNOJAHEeHHHX BO BHHUWI umenu b. E. Be-
pedeesa u BHWW BOHTIEO, a takxe B ApPyrux Hay4yHoO-HCCJ/AELOBa-
TeJbCKUX M NpoeKTHHX opranusanusax CCCP. B ,Mertoauyeckux yka-
3aHUAX" OB YUTEH OMNBIT BOJOTOHHXKEHHSA IPHU CTPOUTEJBCTBE KDPYII-
Hedmux ruapoysnoB CCCP (Ky#owmesckoro, CTaauHrpajickoro,
Kaxosckoro, lluMmaganckoro u ap.). 1 Xxora B HUX HMEJOCh B BHIY
BOJIONIOHMKEHUE C IIOMOLIBLIO TI'JIYOHHHBIX CKBaXHH-KOJOAIEB, 060-
PYJOBaHHHX I/IyOHHHBEIMH HACOCAMHU ¥ 9XKEKTOPHHIMH HIVIODHILTPAMH,
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MHOI'Me MOJIOXEeHHs1 HACTOAIel paboTH NMpUMEHUMH M B CJaydae BO-
AOMOHHXKEHHA C NOMOIUBIO JIETKHX HIJIOPHJIBTPOBHX YCTaHOBOK.

[Ipepnaraemble ,MeTogHuecCKHe YKa3aHHA® COCTaBJEHBl MPUMEHH-
T€JABHO K BOJONOHHXKEHHIO TIPH CTPOUTEJLCTBE THAPOTEXHHUYECKHX
COOpyxeHUui. BMecte ¢ TeM ciaeayer NOAYEPKHYTH, YTO H3J0KEHHad
HHXe MEeTOAHKAa MOXKeEeT OBITh TaKke HCIO0Jb30BaHA HJjas (PUAbTPAIU-
OHHOr'Q pacuera BOAONOHHMKEHHS NPH pa3paboTKe MeCTOPOXKIEHHI
MOJIE3HBIX HCcKomaeMHX. Oco0eHHO OJIH3KH K pacCMaTpHUBAEeMBIM 3a-
Ja4yaM YCJOBHSI OTKDHITOH pa3pabOTKH MECTOPOXKIACHUH MOJE3HHIX
HCKOnaeMelx, IOJydalolHe Bce 6oJiee IWHPOKOE pacnpocTpaHeHHe H
TpeldyioiHe 3HAYHTEJbHHX NMOHHXKEHHUA YDPOBHA I'PYHTOBHX BOJI.

MeTtoauyeckde YKa3aHHA MOTYT OBITh HCIOJb30BAaHH TaKkKe IpH
(PHJABTPAIIHOHHOM pacyeTe BOAOMOHHMKEHHd H JPEeHa)Xa B IPOMBIII-
JJEHHOM CTpPOUTEJbLCTRE.

Otae/bHble naparpa@uel paboThl HANHCAHBl Pa3JHYBBIMU ABTOPAMH,
a umendo: § 2, 3, 6—11, 17, 20 (6) nu npuaoxenus 2, 3 HanuCAHHI
cT. HayyH. corp. BHHWUW BOJII'EO, kaux. texun. Hayk B. M. lllecra-
koBuM; § 1, 4, 12, 16, 18, 19, 20 (a) u unpuaoxenue | —
MJI. HAY4H. COTP., KaHX. TeXH. Hayk BHWHWIT umenn b. E. Bepneneena
JI. H. IlaBaoBckoii, § 5 o6oumMu asropamMu COBMECTHO. B uesoM xe
pabora 0O COCTaBJACHHID ,MeTOAHUECKHX VYKA3aHUi® NpoXoju/a
B TECHOM KOHTAaKTe MEXAY aBTOPAMH.




[IpuHgaTble OCHOBHbBIE YCAOBHble 0803HAYeHHA

h, — HayaJpHasA rayOHHA IOTOKA:

/1 — NOHUKEHHAsA rayOHHA TOTOKA;

h,— rayOHHA TIOTOKA HA KOHTYype NHTaHWus;

fi. — rayb6HHA NOTOKA B CKBa)HHE:

S — NOHHMXKEeHHe YpPOBHA;

S. — NOHHKEeHHE YPOBHA B CKBAXKHHE:

Sy — NMOHHXKEHHe YDPOBHs IIOJ AHOM KOT/JAOBaHA HJAH HAa TPaHHILE
nJaacra;

S. v — AONYCTHMOE NOHHXXEHHE B MEXEHb:

Si. n — JOOYCTHMOE NOHHXKEHHEe B MaBOLOK;

I’ — MOILHOCTL NJACTA;
Uy — CKODPOCTh IOBHILIEHHS ([MOHHKEHUS) YPOBHA HA I'PAHHIE;
g — yIeJbHHH AeOUT JHHUH CKBAXHH;
Q. — ne6uT CKBAMHHH
(Q, — Ae0uT JUHHH PaBHOrO NPHTOKA HJAU JEHTH TOKA;
Qu — 006Ul ne6HT YyCTAHOBKH B MeEXeHb;
Q, — of01mnii geOUT YyCTAHOBKH B IaBOJAOK;
Qo — o0 ui ge6UT YyCTAaHOBKH B MepPBOHAYAJNBHYIO OTKAUKY;

Qc.onr — J€OHT CKBAaXHHHE, COOTBETCTBYIOIIMHA ONTHMAJBHOH NPOH3-
BOJUTEJBHOCTH HACOCA;

Qcnp — A€OHT CKBAXKHHH, COOTBETCTBYIOILHH NpeaeJbHON NPOU3BO-
IHUTEJbHOCTH HACOCa;

fe, fer — OYHKOMST TOHHXEHHS OT AENCTBHS OAHOH CKBAaXHUHH IpH
YCTAHOBHBIIEMCS H HeyCTallOBHBIIEMCS DEKHMAX;

f, fi— DYHKIMS IDOHHXKEHHsS OT AeHCTBHA OJHOH JIHHHH PAaBHOrO
[IPUTOKA MNPH YCTAHOBHBIIEMCS H HEYCTAHOBHBIIEMCH pe-
KHUMAaX;

[ — BpeM1;
{, — oOuiee BpeMsi NMpOBeAeHHUS [IePBOHAYAJHHON OTKAUKH;
¢, — BHyTpeHHee (PUABLTPALMOHHOE COIPOTHBJAEHHE KOHTYpa CH-
CT€Mbl CKBAXHUH;
k — KO3 duuueHT (DHALTPALHH;
n — Ko3dduuuestT BOAOOTAAUN (HACHIIIEHYS);
3 — napamerp byccunecka (KoadpdHIHEHT YPOBHENPOBOAHOCTH );
@ — KO3 PUIHEHT Mbe30NPOBOIHOCTH;
O — IIIdT CKBdAdXHH;
d. — IHaMeTp CKBaXXHHH;



P. — PafnyC CKBaXHUHBL}
r — paccTOdHUEe OT CKBAXXHUHH N0 TOYKH!
b, — pacyeTHas IIHPHHA JIEHTHl TOKA;

L, — pacyerHass A/JIHHA JIGHTH TOKA;

n, — KOJAYEeCTBO CKBaXHH;

N — KOJHU4YecTBO JIHHHH PaBHOIO IMPHUTOKA.



I'J1TABA [TEPBAA

OBIIHUE BOIIPOCDHI PHJIbTPAILUOHHBIX PACYETOB
BO/JOIOHUXKXEHUS

§ 1. PacyeTHble cilyyaud BOJAONOHHIKEHHS B CTPOUTEJbHBIX
KOTJOBAaHAX T'HAPOTEXHHYECKUX COOPYyKEHUH
H 3aJa4Y4 PUALTPALUOHHBIX PACYeTOB BOAOMOHHIKEHHS

i1 THAPOTEXHUYECKUX COOpPYXeHHH XxapaktepHa OJIM30CTH BO-
notoka. [losromy xosebanuve ypoBHEH BOJH B pekKe OKa3hBaeT Cy-
[[eCTBEHHOE BJiUsiHHE HA peXuM (QUAbTPAUMH TPYHTOBHX BOJ IpH

BOAONOHHKEHHH B CTPOHTEJIbHHIX KOT/JIOBAHAX THAPOTEXHHUUYECKHX CO-
OPYKEHHUH.

Pa3snualor:

MEXEHHHH pexXHUM pPeKH, IPH KOTOPOM YPOBHH BOIHLI B HEi
IPAKTHYECKH HE H3MEHSIIOTCH BO BPEMEHHU;

NAaBOAKOBBH pEeXHM pPEKH, IPH KOTOPOM TOPH3OHTHI BOJLL
B HE HU3MEHAIOTCS BO BpPEMEHH, CHAyaJa HapacTas HajJ MEXCEHHHUM
FOPH3OHTOM, a 3aTeM Iajaas JO Hero.

B npoiecce BOJONOHHXKEHHS B CTPOHUTEJBHBIX KOTJIOBaHAX T'HIPO-
TEXHHYECKHX COOPYXKEHHH MOXKHO BBIECJIUTH CJAEIYIONIHE HNePHOMAHI:

NepuHoOJ NEeEPBOHAYAJNBHOH OTKaYK H;

nepuon NogxepXKaHUud NPOCKTHH X YPOBHEH IpYyH-
TOBH X BO /.

B nepuoal nepBOHAYANbHOH OTKAUYKHU CHUCTEeMA TJaY-
OMHHOr0 BOJOOTJHBA 3KCIJAYATHPYETCA C LEJbI0 CHUXEHUS MepPBOHA-
YaJbHBIX €CTeCTBEHHBHIX YPOBHEH IPYHTOBHIX BOJ 10 NPOEKTHHIX OT-
MeTOK. Ecau KOT/J0BAaH pa3pabaThHiBA€TCH HACYXO, TO JAJsd IpOBeje-
HUA MNepBOHAYAJbHOH OTKAauKH, KaK TMpaBHJO, 3KCILJIyaTHpyeTcHd
TOJIBKO CHCTeMa TJYyOHHHOrO BOJOOTJHBA, N[OJ 3aIUTOH KOTOPOTO
H BLINMOJIHAETCHA BbleMKa IpyHTa. ECIH XKe KOT/OBaH pa3pabaThHBAETCH
CIOCOOOM THADOMEXAHU3AIHU, TO BOJOINOHHIEHHE HAaYHHAeTCd HOCJe
pa3pabOTKH KOTJOBAHA H COYETAETCS C OTKPHITLHIM BOAOOT/JIHBOM H3
HEro.

B ycsaoBusx G6e3nanopHoit ¢GHAbTpPALUH B INEePUHOA NEepPBOHAYAIb-
HOM OTKAUYKH INPOMUCXOIXUT OCYLIE€HHE IPYHTA BHILIE MPOEKTHBLIX YPOB-
HEeH CBOOOAHON toOBepXHOCTH. 1103TOMY mepuon nepBoHayaJaibHOH OT-
Ka4K{d HA3LIBA€TCS B 3TOM CJAy4dade TAaKXKe NEePUOIOM OCVILUCHHS IpYyHTA.
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B ycnoBusax namopHo#t ¢HAbTpanuM B NepHOA [€PBOHAYAIBHOMH
OTKAYKH TNPOHCXOJHT CHHXXE€HHE Ie€pBOHAYaJbHHX H3IOpPOB A0 IIpO-
€KTHHX OTMETOK, HO TPYHT NpPH 3TOM He ocymaeTtcsa. B sTom ciayuae
IepHOJ, NEepPBOHAYAJbHOH OTKAYKH HA3BIBAIOT TaKXe IepHOAOM pas-
FPY3KH HANOPHOro rOpU30HTA.

I lepBoHauaspbHas OTKAYKa MOXET OCYINECTBASATHCS KaK INPH Me-
XeHHeM, TaK H NpH NaBOAKOBOM IOpH30HTaX BOAH B peke. OJXHAKO
NpOBeJeHHEe MepBOHAYAJbHOM OTKAUKH B NMABOAOK HE3KOHOMHYHO H
NO3TOMY KaJeHAapHbBIM IJIaH INIPOH3BOACTBA palboT 1enecoobpasHo
COCTABJATL 1T3KHM 00pa3oM, 4YTOOH mNepPBOHAYAJbHAs OTKAUYKa INPOBO-
AUJACh B MEXEHb.

llepuony moaiepxKaHusg NPOEKTHHX YPOBHEeH IpyH-
TOBH X BOJA HAacTynaeT nocJe lnepuoja nepBOoHAUAJBHOH OTKAaUYKH.
Ilpyu pgiuTesbHHX CPOKAX BO3BEIEHHS COODYXKEHHSI nNoJjeDKaHHe
IPOEKTHBIX YPOBHEH TPYHTOBHX BOJ MOXET IIPUXOAUTLCS W HA Me-
XKeHb, U Ha NaBOJIOK.

PexuM (QHUIbTpalHH MOXET IPAKTHUECKH CUHUTATBCS YCTAHOBUB-
JIUMCA TOJABKO npu DOAAEPXKAHUH NPOEKTHBIX YPOBHEH TIPYHTOBBIX
BOJ B MexXeHb. [lpu mojaep:KaHuH NPOEKTHHX YPOBHEH TPYHTOBHX
BOJ B IaBOJOK M NpH MNEPBOHAYAJbHON OTKAYKe HMEeT MeCTO He-
YCTAHOBHMBIIKHACSH peXHM (OHJIbTpALHH.

Takum o6paszom, nesecoo6pazHo BHACAUTH CJAeAyIOlHEe pacyer-
Hbl€ CJYy4YaH BOJONOHHXKEHHS:

1) cayuail nojiepXaHus TMPOEKTHHX VYPOBHEH TPYHTOBHIX BOJ
B MEXeHb;

2) caydail moajgepxaHusd NPOEKTHHX YPOBHEH TPYHTOBHIX BOJ B
NaBOJOK;

3) cayudadl nepBOHAYAJbHOH OTKAUKH B MEXKEHD.

B xayeCcTBe OCHOBHOTO PaCyeTHOrO CJydas panMOHAJbHO NPHHHU-
MaThb IEepBHU CJay4yad, COOTBETCTBYIOIUMH HanbOoJee [IJHUTEJIbHOMY
NepHOLY BOIOIMOHHKeHUd. OCTaJbHble pPACYETHHE CJAYYaH ABJSIOTCS
MOBEPOUHBIMH.

3agauaMd GUJABTPAIHOHHBIX PACYETOB BOJOTOHHKEHHS SABJIAIOTCH:

a) ompejpesenune obuiero nAe6uTa BOJAOIOHH3UTEJNBHOH YCTAaHOBKH,
a JJS KOHTYPHbIX CHCTeM CKBaXUH M CpegHero yJaeJbHoro npebura
10 KOHTYPY BOJONOHH3HTEJNbHOW YCTAHOBKH MNpPH 3aAaHHBIX CHHXKEH-
HBIX YDOBHAX TPYHTOBHIX BOJ HA JPEHHPYEMOH TEPPUTOPHH;

6) onpepeneHve OOILLETO KOJHYECTBA CKBAXHH BOJOMNOHH3HTEJIb-
HOM YCTAHOBKH IIpPH 3aAaHHOM JebuTe OAHOHW CKBAaxKHHB, COOTBET-
CTBYIOIEMIIPOU3BOAUTENIBHOCTH BHHIOPAHHOTO HACOCHOT O O00OPY JOBAHHUS;

B) pallMOHAa/JBLHOE pasMelleHHe CKBaXKHH N0 KOHTYPY BOIOIOHH-
34TeJbHOH YCTAHOBKH B IJIAHE;

r) onpenenenue oOuield rIyOHHB CKBAXKHHHI;

) IpOBepKa NMOHHXEeHUs YPOBHSI I'DYHTOBHIX BOJ B CAMHX CKBa-
KHHAX, HAXOIAINHXCA B HauboJee HeOJAaronpHATHBIX YCJOBHSIX.

Yka3audple 3ajaud PeKOMEHJAyeTCd peluatb B JABa NpPHEMa, HC-
MoJib3ysl CHauaJjJa YIPOUIEHHHE, a 3aTeM 0oJ/iee TOUHbIe MeTO b (PHJIb-
TPAIHOHHBIX PACUeTOB BOJAONOHHXKeHHs (cM. § D).
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Pacuer a1 cJay4asd nNoggepxaHHss NPOEKTHHX yPOB-
Heid TPYHTOBHEH X BOJ B ME€XeHb BHIOJAHACTCA MAJA YCJAOBUMH
YCTAHOBHBIIErocs pexuma ¢uiabtpauuud. Jledbur Kaxnoh CKBAXHHH
MPUHUMAETCA COOTBETCTBYIOUIUM OINTHMAJBHOM FIPOU3BOJAHTEJABHOCTH
Hacoca BHOpaHHON Mmapku. [lpu 3TOM yC/JA0OBHM B YKAa3aHHBIA NMepPHOL,
KOTOPHH aABJdeTcs HauboJee JIJAHTeJbHHM IE€PHOAOM BOAONOHHKeE-
HUs, K. I I. BOOOIIOHH3HUTEJBHOH YCTAaHOBKH IPOEKTHPYeTCs OJH3KHUM
K ONTHMAaJbHOMY HACTOJIbKO, HACKOJBKO 3TO IMO3BOJIAIOT XapaKTepH-
CTUKH HCHOOJNIb3YeMOro HaCOCHOIro 000pyJOBaHMUS.

OTMEeTHM, YTO 4aCTO He NIpeJCTaBJsgeTCSd BO3MOXHBIM NOI00parth
TAKOH HACOC, ONTHMAJBLHHNA HANOP KOTOPOTO COOTBETCTBYET HANODY,
TpebyeMOMYy B mpoilecce BOAONOHMXKeHus. OObIUHO 3TOT HANOP MEHEE
ONTHMAaJbHOTO. [loatomy, nmpunuMas mebuT CKBaXKHHH COOTBETCTBYIO-
UM ONTHMAaJbHOH IPOU3BOAUTEJBLHOCTH HACOCA, He BCEraa MOXHO
o0ecnedYuTh OINTHMAJbHBEIE YCJAOBHS 3KCIJYATAallUH BOHLONOHH3HUTEJb-
HOM YCTaHOBKH. Bmecre ¢ TeM B Xoje AajbHEHIIHX pacyeToB B Ta-
KHX CJay4dagXx HeoOXOoAMMO VYYHTHBATL, YTO HMeeTCs BO3MOXHOCTH
YBEJUUYHTh JeOHUT CKBAXXHUHH, TaK KakK I[POHU3BOAHTEJBHOCTH HAacoCa
MOXeT OHTb yBeJHueHa A0 npejeabHol. CKBaxXHHB, HeOOXOAHUMHIE
AOJsi BOAOIOHHXKEHHUA B IEpPHOJ IOAHEepPXKAaHHs INPOEKTHHIX YPOBHEH
PYHTOBHIX BOJ B MEXEHb, ABJSIOTCS OCHOBHBIMH CKBAa)XMHAMHU YCTa-

HOBKH, ¥ IJA HUX B NEPBYIO ouepenb AOJMKeH OBITh pellleH BOMIPOC
PAllHOHAJILHON pPACCTAHOBKH.

Pacuer gnsa cayuasg nojgepxaHUd NPOEKTHH X Yy pOB-
HEH ITPYHTOBHX BOJ B NAaBOJAOK CJIeAyeT BHINOJAHATH 14
VCJAOBUH HEYCTAHOBHUBIIEIOCH pexuma (QPHUJAbTpPAIHMH, TaK KaK TOpPH-
30HTH BOJAHBl B peKe B 3TOT NepHOJ H3MEHAITCS BO BpeMenu. Kpowme
TOrQ, MAJs HeCOBEepHIeHHHX KOTJA0BaHOB (§ 2) ciaegyeTr HMeTb B
BHAY, UTO B IAaBOJAOK HOPMa OCYHIE€HHA MOXeT OHThH I[IPUHATA HE-
CKOJBLKO MeEHbIlledl, yeM B MeXeHb. B MexeHb INpOeKTHLIE YPOBHH
TPYHTOBBIX BOJ, OOBIYHO MPHUHHUMAIOTCS HA 2—3 M HHXKE OTMETKH JHA
KOT/JIOBAHA, B NIABOJOK HOPMY OCYLIeHHS MOXHO CHU3UTb A0 0,0—1 #.

C yuyeTroM 3STHX OOCTOATEABLCTB U ONpejensercs oO0mWuin melGur
BOJAONOHU3UTENbHON YyCTAHOBKH (Q,;) B paccMarpHBaeMHi NEepHOI H
peBHIIlIeHHe ero Hajg oO0muM geburomM ycTaHoOBKH (Q,) MAJA9 OCHOB-
HOlMO pacuyeTHoOro cayuad. Passocts ob6mux gebutos AQ, == Q, — Q,
onpeneadetr AONOJHHUTEJBHYIO MOIIHOCTH BOJOMNOHH3UTEJBHOH YCTa-
HOBKH /s CJlyyass MOOAJEpKaHusd MPOEKTHBIX YPOBHeH B MNaBOJOK.
JlonosHuTesbHass  MOJIHOCTH MOXKeET OHTb peasu3oBaHa JBYyMd
NyTAMH: 3a CYET HMEIOIIEHCs BO3MOXHOCTH YBeJHYEHHSA PACXOO0B
HaCOCOB OCHOBHHIX CKBAaXHH A0 NpeneJbHOH NMPOU3BOIUTECJIBLHOCTH, a

€CJIU 3TOr0 HeJIOCTATOUYHO, TO M 34 CYET BBOJAA NONOJHUTEJbHBIX CKBa-
KHH.

MecTonoM0KEeHHe NOMNOJHHTENABHHX CKBaXUH ONpeneasiercs yxe
B CHCTEME OCHOBHBIX CKBA4XXHH BOJOIOHH3UTEJBLHOH YCTaHOBKH, pac-
CTAaBJIEHHH X HAHBHEITOAHEHIIUM OOpasoM AJd INepHOJa NOAepPKAHHA
[IPDOEKTHHIX YPOBHe{d B MeXeHb. [JeOUT OCHOBHBIX H JONOJHHTE/Ib-
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HBIX CKBAaXHWH B NAaBOJOK IPHHHMAE€TCsd COOTBETCTBYIOIIHM Mpeleb-
HOH IMPOU3BOJHTEJBHOCTH HACOCA.

Pacuer gag cayuyasga nepBOHAa4YaJbHOH OTKAaYKH BHIOJI-
HieTCcd JAJ8 YCIOBHH HEYyCTAaHOBHBHIEIOCA pexuMa (@QuAbTpAallHH.
B KOHIle 3TOro nepuoja NMOHUXKEHHE YPOBHEHU B OmpeAe/JeHHBIX TOU-
Kax Ha TePPUTOPUH KOTJOBAHA AOJKHO OBITH PAaBHO MNOHHXKEHHUIO NPH
YCTAHOBUBLIEMCH peXuMe QUJAbTpaAlMH I CAyyas MNoAJepKaHHs
IIDOCKTHHIX YPOBHEH B MEXKEHb.

Bpems, B TeueHHe KOTOPOro AOJKHA OHIThH OCYIIECTBJEHA NepBo-
Hauya/JbHAasA OTKA4Ka, 3aJ4eTCs H3 YCJIOBHH IPOU3BOACTBA paboOT Ha
OCHOBAHHH OOLIEro KaJeHAAapHOro IJIaHa CTPOHUTEJBLCTBA. EC/AH KOT-
JOBAH pas3padarniBaeTcss HACYyX0, TO OCYUI€HHEe TpPYHTa oIepexaer
ero paspaborky. B 3TOM cJayuae, a TakKxke INpH pasrpyske Hamnop-
HOIO TOpPH30HTA JAe06UT BOJOIOHHU3UTEJBbHOH YCTAHOBKH B NEPHOJ
[epBOHAYAJbHOH OTKAUKH onpejedaercs TOJLKO HCXOAA H3 YCJAOBHY
3aBepIIeHUA NepPBOHAYAJBbHONW OTKAUKH B 3aMaHHBIH CpOK. LEcau xKe
KOTJIOBaH pa3padareiBaercsi cnoco0OM THIPOMEXAaHH3ALHH, TO BOXKO-
MOHUXKEHHE CcovyeTaeTcd ¢ OTKPHITEHIM BOLOOT/JAHBOM H3 KOTJIOBaHA.
B aToM cJayyae peOUT BOAOMOHU3UTEJNBLHOH VYCTAHOBKH B IepPHOJ
NepPBOHAYAJbHOH OTKAUKH OnpenessieTcs] HCXOJAg H3 YyCJIOBUs 3aBep-
IITeHUs] OCYUIEHUS TrPYyHTA B 3aJaHHBIK CPOK M oOeclnevyeHust yCTOHUH-
BOCTH OTKOCOB KOTJ/IOBaHa Ipy 3a4aHHOW CKODPOCTH MNOHHXEHHUS B HEM
IIOBEPXHOCTHBIX BOJI.

JLOTIO/MIHUTeIbHASS MOUIHOCTHL BOJONOHU3HUTEJBHOH YCTAHOBKH, HeE-
obxoxumas IJd NpPOBEIAEHUSA NePBOHAYAJbHON OTKAYKH, ONpeneaeTcs
BeJHUUHOHU MPEeBHIIeHHd 0o0uero geGdHra BOJAOMNOHH3HTEJNbHOH YCTa-
HOBKH B MepPHOJ IepBOHAYAJbHOH OTKaukH (Q,) HAL OOLHMM HeOHUTOM
ee B [IepHOJ NOAAEpP!KAHUS MPOEKTHEIX YPOBHEH IPYHTOBHIX BOJ MNPH
Me)xeHHeM ropusonte (Q,), T. €. ONpeJeJsieTCsl BEJHUHHOH AQ, =
= Q, — Q,. Ita 1onoJHUTEJbHAS MOIIHOCTb peaJU3yeTCs TaK Ke,
KaK H B MaBOAOK. CpaBHHBaeTCs MLOMNOJHHTEJbHOE KOJHYECTBO BOJIO-
MOHHU3HTEJBHHX CPEeACTB, HEOOXOJAUMBEIX B NMABOJOK M B NEPUOJ MeEP-
BOH4YaJ/JbHOU OTKAYKH, H OKOHYaTeJsbHO BHOHpaeTcsa HauboJbliee
H3 HHUX.

§ 2. Tunuzauusg CTpouTeJbHbIX KOTJAOBAHOB THAPOTEXHUUYECKHX
COOpPYIKeHUH B 3aBUCHUMOCTH OT THAPOre0JOrH4eCKHX yCJAOBHH

Tunusanug KOTJOBAHOB B 3aBUCHMOCTH OT THAPOTEOJOTHYECKHX
YCJOBHH MOKeT OBITh NPOBEAEHA NO ABYM OCHOBHBIM HANPaBJEHHAM:
IO THAPOreoJOTHYeCKOMY CTPOEHHIO pa3pes3a KOTJOBAHA H IO I'HiApo-
reoJIOTHYEeCKUM YCJOBUAM B IJaHe.

a. Tunuzaqus no 2L0p02e040204€CKOMY CHIPOEHUIO pa3pesd
KOMAOBAHA

Cxenva I. CoBepumieHHuBe KOTJOBAHH B OJAHOPOI-
HElX TpyHTAaXx. COBEPHICHHBIMH HA3BIBAIOT KOTJIOBAHBI, THO KOTO-
PHIX IpeacTasaser co0OH BOAOYNOpP IO OTHOWIEHHIO K CPYHTAM, B
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KOTOpHIX pa3pabaThiBaeTCsd KOTJOBaH, MPHYEM I[IOC/JAeIHHE TPHHUMA-
IOTCSl OTHOCHTEJIBHO OJHOPOAHBIMH ! (puc. 1).

BoaonoHu3uTe bHad YCTAHOBKA B JAHHOM CJaydae OOBIYHO COCTOHUT

H3 CUCTEMH BOJOINOHHU3HTEJBHBIX CKBAXKHUH, OKOHTYPHBAWIHX KOTJO-
BdH.

XapaKTEPHO, 4YTO B COBEpLIEHHHIX KOT/JIOBAHAX CHCTEMA CKBaXHH
HE MOXET MEePEeXBaTUTb BeCb (PUJIbTPANMOHHHIA NOTOK, NOCTYNAIOLIU
K KOT/IOBAHY, H 4aCTb €ro Heu30exHO IPOopLIBAETCS K OTKOCAM. [l
JONOJIHHTC/IDHOTO IepexBara IOoToka BOJHU3H OTKQOCOB HHOrAa ycCTa-
HaBJAHBAIOT €Ile H JerkKkde HIJIOPU/IbTPOBLIE YCTAHOBKH. OJHAKO H

OxBaoeurss

N3 o s 76mps
llouspysaa ‘ sl
s P e o

Puc 1.

9TH YCTAHOBKH MOTYT HEe 11epexXBaTHThb BCero (QUAbTPAIHMOHHOTO IO-
TOK4a, H 4aCThb €r0 BbLIHJeT HAa OTKOCH KOTJOBAaHa, BHI3LIBASI ONJLIBA-
HHUe B Ipejesaax yuacTka BbuICAYMBaHUA. Jlad 321HTHl OT OIJILIBAHUSA
B IIpeJe/ax y4dyacTKa BHICAYHBAHUS PEKOMEHAYEeTCS YKJIAAHBATHL (PHJIb-
TPYIOLLYIO NPUTPY3KY. | pyHTOBad BOJA, BHICAYHBAIOILASCS HA OTKOCH,

JOJI2KHa OBITb OTKa4yaHa U3 KOTJOBaHa C NOMOIILIO OTKPBITOIO BO-
NOOTJAHUBA.

Takum o6pa3oM, JJas1 COBEPIUIEHHOTO KOTJOBAHA HeH30eiKHO CO-
yeTaHHe OTKPBITOrO W IJyOHHHOIO BOAOOTAUBA. Bompoc O TOM, Ka-
KOBO JOJIXKHO OBITb COOTHOULIEHHE OTKPBHITOrO H rJayOHHHOIO BOAOOT-
JHBA, J[JOJXKEH pEeHlaTbCc HAa OCHOBAHHH TEXHHUKO-3KOHOMHYECKHX
pacyeTos.

Cxema 2. HecoBepumeHHBEe KOTJOBAHB B OJHO-
POAHOM rpyHTe. HecoBepuieHHBIMH Ha3bIBAIOT KOTJIOBAHBI, JHO
KOTOPHX He NOXOIHUT IO Bojoynopa (pHc. 2).

JJas 3Toro THma KOTJOBAHOB BOJOINOHHXKEHHE, KaK U B I[PEIH-

JyHieM cayuyae, OOBIYHO OCVYIEeCTBJASETCS C MOMOIILID CHCTEM CKBAa-
XKUH, OKOHTYDPHBAWUIUX KOTJ/JOBAH.

B 60abuINX KOTJIOBaHAX, pa3Mephl KOTOPHIX OIPeneJdAoTCs COT-
HSIMH METpPOB, B AOMNOJHEHHE K KOHTYPHOH YCTAHOBK HHOIZA YCTPaH-
BAIOTCS pPAABl CKBAXWH BHYTPH KOTJOBAHA, IEJbIO XOTOPHIX SBJA-
€TCA yCKOopeHHe BOJOIOHHUXKEHHUS B MEePUOJ MEepBOHAYANBLHON OTKAYKI.

1 K sToMmy e TUNY CACAYeT OTHEeCTH KOTJOBAHLI B NECYaHbIX I'PYHTAaX, KOrAa
BEPXHfA 4aCThb OTKOCA CJAOXEHA MOKPOBHHIMH CYFIMHK3AMH HJIH CYNECAMH CPaBHH-
TEJAbHO HEOOJLUIOH MOIIHOCTH,
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OJHaKO HAa/MHUHE I3THX pPANOB CHJABHO YC/AOXKHSET YCAOBHS IIPOH3-
BOJACTBA pabdOT N0 BbHIEMKE KOTJIOBAHA H MOTOMY K HX YCTPOHCTBY
ciaenyer npuderatb TOJLKO B HCKJAIOYUHTEJAbHBIX CAyYafXx.

Cxema 3. KorsoBaHB, nOpope3aeMbe MaJONpOHH-
HAaeMBMH NPOCAOSAMHU. [lOBOJABHO 4YaCcTO BCTPEYAIOTCA YCJIOBHUA,
KOrJa OTKOCH KOTJIOBaHAa, pacno/araeMorn, B OCHOBHOM, B NeCUaHBIX

CrlBaocutisr

Kpubas denpeccuu

Puc. 2.

TPyHTax, NPOPe3arwTCi CPAaBHHTEABHO MAJONPOHHIAEMBIM MPOCIOEM,
npeCTaBJEHHHIM FIHHHCTHIMH HMJH HJIOBATHIMH TPyHTaMu (puc. 3).

B sTtoMm cayuae (uabTpanHOHHBEIM NOTOK, NOCTYNAIOIIHH K KOTJIO-
BaHy, OEJUTCA HA JBa MOTOKA — BEPXHEro U HHXKHEro TOpPH30HTOB,
npuyeM MexIy OOGOHMH IIOTOKAMH, KAK NPABHJO, COXPaHAETCA TIHJK-
paBJiHyecKas CBf3b Yepe3 MaJONPOHHIIAEMBIH [POC/JIOH. Y CJOBHS B
BepXHeM TOPH30HTE OKa3bBAalOTCS OJMU3KHMH K YCJIOBHAM COBEpILEH-
HOro KortJaosana (puc. 1), a ycao-

”gﬂmﬁﬂgﬁfwﬁw | BHS B HHXKHEM T[OpPH30HTE OKa3H-

iz pysna ‘ .. ©  BalOTCA OJH3KHMH K YCJOBHSIM He-

KouBsse A‘ 7. COBEpIIEHHOTO KOT/IOBaHa (pHC. 2).
Jenpeccud ANNAN B cooTBeTcTBHH C 3THM BOAOIO-
\‘\ HHXKEHHEe B BEpPXHEM TOpPH30HTE

OOBIYHO OCYIIEeCTBJASIETCA ¢ TO-

R | MOIIBIO KOMOHHAUHHU JIETKUX HUIJIO-

,'.WI*_ ~* - (UIBTPOBHIX YCTAHOBOK ¢ (DHJb-

Y- . TpywINEH NpHrpy3KOH, YJIOKEHHOU

77777777 B TpejiesaxX BHCAYMBAHHUA Ha OT-

Puc. 3. KOCHl KOTJIOBaHA4, 4 BOJONOHHUXKEHHue

B HHXKHEM CJioe — C IIOMOIIBIO CH-

CT€MHB BOJOINOHHU3UTEJNBHHX CKBAaXHH, PACIOJAraéMbIX IO KOHTYpPY
KOTJIOBAHA.

HexoTopyio cnenuduKy B BOAONOHHKEHHE 31eCh BHOCHT HEOOXO-
AIUMOCTb OCYLIEHHS MaJIOINPOHHILAEMOr0 MPOCJA0si, TPYHTH KOTOPOTO
OOBIYHO B BOJOHACHIIEHHOM COCTOSAHHHA 00J1a1a10T MaJOH MPOYHOCTHIO,
a B BO3QYVIIHO-CYXOM COCTOSHHH HEPKAT AOCTATOUHO KPYTHE OTKOCH.

B ¢BA3H ¢ 3TUM CJelyeT CUYHTATh ueaecool0pasHbM, 4YTOOH M0
NPOXOJKH MAJONPOHHUAEMOTO IPOCJAOA BOAOIOHHUNKEHHE B HHXHEM
cjJ0e JOCTHIIO CHHXKEHHsI YPOBHS (PUABTPANUOHHOrO HOTOKA BOJIH3H
OTKOCAa KOTJIOBAHA 33 mpejesaH MaJONPOHHIEAEMOI0o MPOC/IOs.
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Cxema 4. BomonoOHHIXKEHNHEe B ABYXCJOHHOH cpene
(puc. 4). B nanHOM cJsiyyae BOJONOHHXKeHHE HOJMKHO OBTb OCYyLIe-
CTBJEHO B BepxHeM c/sabonpoHUnaeMoM cjaoe HeOOJAbIIOH MOLIHOCTH,
MOJCTUJIAEMBIM 3HAYUTeJbHO 00./€ee BOJOOOH/AbHLIM HAIIOPHLIM I'OPH-
3oHTOM. K Takoro pojga cxeme NpPHBOIASATCH CJAYydYaH, KOr'ja BOAOMNO-
HH)KEHHUE [JOJIXKHO OCYINECTBAATHCA B CVMJIHHHCTOM HJAH CYII€CYAHOM

CKOAIHUH

U21000U1bmp !
' 9 \Q i
A \\\\ \\ R
N N N\ AN
OO \
S OO \\§ SYRN
O SOOI O i\\ O E
NN RGN NN RN
N\ AN

Puc. 4.

NOKPOBHOM CJji0€, NOJA KOTOPHIM pacioJaraercsi BOJOHOCHHH mecya-
HHH TOPH30HT, 4 TAaKXe KOorja IeCYaHuny CJIOH, B KOTOPOM MPOHC-
XOJUT BOJONOHHKEHHE, NOACTHJAETCH IPaBeJHCTHIM FOPHU30OHTOM HJIH
BOJNOOOUJIBHEIM CJI0€M CKaJIbHBIX T'PYHTOB.

B aTHX cayuasx BOJOIOHHXEHHEe OOBUYHO YCTPAUBAETCA KaK C
[NOMONIILI0O BOJONOHHU3UTEJbHLIX CKBAXHH, YCTAHABJAHBAaeMHIX B Ha-
MOPHOM TOPHU30HTE, TAaK U C MOMOIULIO JErKHX HTJODUJALTPOBHIX
YCTAHOBOK, YCTAHABJUBA€MBIX B BEDXHEM CpPaBHUTEJBHO ¢Ja00-
IPOHHUIAEMOM CJOe€.

Cxema 6. BojronmosHXeHWe B HANOPHHX TOPH3O0H-
Tax (pHucC. o). Ilpu pacnosoxeHHH HAMOPHLIX BOJOHOCHBIX I'OPH3OH-
TOB BOJIH3H AHA KOT/JIOBAHA MOXeT BO3HHKHYTH OIIACHOCTb B3BEIIH-
BAHHS JHA KOTJOBAaHA 3a CYeT BO3JAeHCTBHSA H3OBLITOYHOIO THAPOAU-
HAMH4YEeCKOTO JAaBJEHHSA B HAOOPHOM ropu3oHTe. B 3TOM cayuyae upn-
XOAUTCAd HATH HA YCTPOWUCTBO BOAONOHU3HTEJNbBHHX CKBAaXHH B Ha-
MOPHOM TODH3OHTE JJIA PA3rpPy3KH €ro OT H3OBITOYHOrO JHaBJIEHHS.

B COOTBETCTBHH €O CBOMM Ha3HAYEHHEM TAKHE CKBAMXHHB OOBIUHO
Ha3LIBAIOTCA Pa3rpPy30YHBIMH,
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CXeMH pACHOJOXEHHS Pa3rpy30YHHIX CKBAXKHH NPHHHMAIOTCS Ta-
KHMH Xe, KaK U A1 BOAONOHH3HUTE/JbHBIX CKBAXHH, T. €. KaK IIpa-
BHJIO, TI0 KOHTYPY KOTJAOBAHOB. llpH Manoil BOAONPOBOAUMOCTH HA-
IOPHHIX T'OPH30HTOB B IMpPOLEecce NPOXOAKH KOTJOBAHOB HHOrja NpH-
XOAHTCA YCHJAUBATH KOHTYDHBIE CXEMBl psAJaMH CKBAaXHH BHYTPH
KoTJoBaHa. OQHAKO TAaKOE€ pelleHHe MOXET NPUMEHAThCS JHIIb KAk
KpadHee, TaK KaK OHO 3HAYUTEJbHO YCJAQXKHAET IPOU3BOACTBO padoT
B KOTJIOBaHE.

[Ipn nmpOeKTHPOBAHUM CHCTEMBI PA3rpPy30yHBIX CKBaXHH CJaenyer
[ipex/jie Bcero o0paTuTb BHUMAaHHE HA TO, 4TOOH 3Ta cucrema oobec-
eyuBaJa pasrpys3ky ropu3oHTa B Te-

Pasepysoymsie * .- poe omupenpesseTcss YNPYIrHMH CBOH-
ok Bareunss | ... CTBaMH TrpyHTOB (cM. § 16 m npu.ao-
' .". KeHue 3). AHaqu3 pabGoOTH KPYNHHIX

| ..~ BOJONOHHM3HUTEJbHBEIX YCTAHOBOK IIOKA-
: 3BIBA€T, YTO Jaxe JUIs IeCyaHbX To-
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\\ \\\\\\ \ BITb CYLUIECTBEHHLIM.

- _ . bo/abuioe 3HaueHue B 3THX YCJO-
A Hanopreds (|| -+ BHAX MOXeET HMETh IIepeTeKaHHe Hu3
Cooae ) eapuserm -l HHOKEJIeXKAIIHX B 0COGeHHO M3 BHILIE-

PITIAIIIIITI I J€XKAINX TOPU3OHTOB, KOTOpOe MO-
Puc. 5. XKET pe3KO H3MEHATHb XapakKrep HNHUTa-
HHs1 HATIOPHOT O IOPH30HTA NIpH padboTe

BOJOIOHUKEHUS.

OTKauka M3 Pasrpy30UHBIX CKBAXHH OOBIYHO BEIETCS C NOMOULbIO
apTe3HAHCKUX HACOCOB. OJHAKO IpH MaJoOH BOJOOOHJIBHOCTH TOpPH-
30HTa HACOCHl HCIOJAb3YIOTCH HEepPANHOHAJbHO, H 3/[eCb MOXeT OHITb
He1ecoo0pa3ybM IPHMEHEHHE CAMOHU3JNHBAIOIHXCS CKBAXXHH C H3JIH-
BOM BOJH B KOTJ/IOBAaH.

6. Tunusayus no udpozeoaozukeckum YCA08UAM 8 HAqHe

B 3aBHCHMOCTH OT YCJAOBHH Ha BHEIIHHWX OOKOBBIX TIpPAaHHIAX BO-
JOHOCHOTI'O IIIACT4, B KOTOPOM pasMeliaercss KOTJIOBAH, U I'eOMETpH-
yeCKOH (OpPMB 3THX TPAHHL MOXHO BBJEJHUTH CJAEAVIOIIHE pacyer-
Hbl€ CXEMHI.

Cxema I. KoTnoBaH B HeOrpaHHUYEeHHOM nJaacrTe.
[lnact MOXHO pacCcMarpuUBaTh, KAK HEOTPAaHHWYEHHHIH, ec/Jd BJAHAHHE
BOJONOHHU3UTEJNLHON YCTAHOBKH NPAKTHYECKH HE JOCTHraeT KaKuX-
Au60 rpaHuny miacra. Takoro poja yCJAOBHSI BCTPEYAIOTCH CPABHH-
TeJbHO peIKO, HalpuMmep, npH paspadboTKke HeOOJBIIHX KOTJIOBAHOB,
pacroJiaraeMblX BJAaJH OT PE€K HJIU KaKHX-JuOO JPYrux BOJOEMOB.

1 [lpu COCTaBACHHH HACTOAUIErO pasieta HCIOJAb30BAHA THIIH3AHHA THAPOTreo-
JOTHYECKHUX YCIOBHH A 1EJ€H pacyeTa ISKCOAYATAUMOHHBIX 34allaCcOB MOA3EMHBIX
Boj, cocrasaennas . M. bouesepom [J/1. 9].
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B TaKux cay4yasix THTaHHE BOJOMNOHU3UTEJBHBLIX YCTAHOBOK MO-
KeT OCYIIECTB/AATHCA 3a CYET HeYCTAHOBHUBIUEHCA (PHALTPALHH, Tie-
peTeKaHHs H3 COCEJHHUX I'OPH3OHTOB MU HHQPHUJIBTPAIHH.

Cxema 2. KOTNIOBAaH B NOJNYOTPAHHUEHHOM IJacCTe.
[losmyorpaHH4eHHBIM Ha3bIBA€TCS IJIACT, OFPAHHYEHHLIA C OJNHOH CTO-
POHH HEKOTOPHM KOHTYPOM IHTAHUSA, KOTOPHIH BOJIHM3H KOTJIOBaHA
MOXET OBITb IPUHAT NPIMOJHHeHHHEM. JIOBOJILHO 4aCTO K TAKOH CXeMe

Komaolaw
200 DEXU Nenobwoa suredras
bey g /Zﬂdﬂmm UMK UA
; ...--:- = - — —— —-"'-
Puc. 6.

[IPUBOAATCS MEJKHE U CpeJHHE KOTJOBAHHI (BOLOMOHH3HTEJbLHBIE YC-
TaHOBKH ), pacmoJiaraembie Ha Oepery pekH H @OJYYAawIHe OT PEKH

OCHOBHOE nuTande (pHC. 6). B cBsA3H ¢ 3THM Takue KOTJOBAHB HHOTLA
HAa3LIBal0T OeperoBLIMH.

Henporuyaemas

M 2paNUYa

Puc. 7.

YCAOXKHEHHBIM BAPHAHTOM HNOJIYOTPAHHUCHHOrO IIJIACTA SIBJASETCHA
cXeMa IjacTa B yIJy MexXJAy JABYMs KOHTypaMud NHTAHHA, KOTOpasd
BO3HHMKAeT, KOrja KOTJOBAH pachoJaraercss B 30HE CJAHSHHSA JABYX
peK.

DJIH3KOH K HEH ABJsAETCH CXeMa IJacTa B YIJY, OTPAaHHYEHHOTO
NPSIMOJHHEHHHM KOHTYPOM IHUTAHHs (peKoil) W HempoHUIAeMOH Ipa-
HAne#l (puc. 7). Takasg cxeMa MOXKeT BCTPETUTBhCS, HAllpHMep, B TeX
cay4asix, Korjga BOJIiM3W KOTJIOBAHA peKa Mnepecexkaer cOpoc, 3aMH-
KaIOUIUH BOJLOHOCHHH TOPH3OHT,
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Cxema 3. KotnoBaH B KPYrOBOM INJacTe, OTrpaHHU-
YEHHOM KOHTYpPOM NMUTAHHUA. B Tex ciayuasX, KOrja KOHTYpPHL
IHTAHUST PAcCHoJaraloTcs € PasHLIX CTOPOH OT KOTJIOBAHA, & pa3sMephl
II71acTa 3HAUUTEJbHO OO0JbIIE pPa3MepOoB KOTJOBAHA, PEAJbHHH KOHTYP
NATAHUSA, KaK NPaBUJI0, MOXET OBITb 3aMeHEH KDPYIOBHIM.

Cxema 4. KoraoBan B noaocoBOM 1nJgacTe. B Tex
CJAydasiX, KOrjga BOJOHOCHHIM 0Jact, B KOTOPOM pa3Meniaercs
KOTJIOBAH, OrpaHduyeH B IlJlJaHe MPUMEPHO napaJ/e/bHbBIMH TI'DaHH-
IlAMH, 3TOT ILJIACT MOXKHO pacCMarpuBaTh KaK I10J0OCOBOH.

[lpuMennTenibHO K 3aja4aM BOJIOIMOHHXKEHUSA NOJOCOBOH IIJ1ACT
BCTpEUYaeTCss B ABYX OCHOBHLIX BAapuHaHTax, olpeaenseMbX YCJIOBH-
SIMH Ha T'pPAHUIAX.

[TlepBuit BapuanT(puc.8), korna o6e rpangunpl N1acTa siBasoTCs
KOHTYpPAMH NUTaHug (HJIH CTOKA), BCTPEYaeTCs, Hanpumep, OpU pac-
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Puc. 8.

NOJIOXKEHUH KOTJOBAHA B MeXAYypeuybH HJAU B Ipefenax MNOHMEeHHOH
TE€pPpPacH, NPUMBIKAIONIEH K 3HAYHUTEJbLHO O00Jiee INPOHHIIAEMOMY KO-
peHHOMY 6epery (B nocJeJHeM CJyuae B KauecTBe 00JacTei IIHTa-
HUS NPHHHMAIOTCA peka H rparHIa KopeHHoro 6epera).

Puc. 9.

BTopo#t BapuauT, KOrga o4Ha U3 I'PaAHHAI ABJAETCsS HEIPOHHUILLA-
eMO#, a BTOpasi npeAcrasasder COOONU KOHTYpP MHTAHHs, XapaKTepeH
IJA KOTJOBAaH4, pacmoJsaraeMoro B INoHMe, NPUMBKAWIEHd K c/aa00-
IDOHHIAeMOH HaAnoHMeHHOH Teppace (puc. 9).

Cxema 6. KoraoBaH B mJgacTe CJAOXHOH ¢&oOpMBHL.
Bononouu3uTeJbHbEe YCTAHOBKH KPYMOHBIX KOTJOBAaHOB, pacmoJiarae-
MBle BOJIH3H KOHTYPOB TNHUTAaHHA (OCOOEHHO 3TO XapakKTepHO MIJs
KPYIOHHEIX KOTJIOBAHOB B THAPO3HEPreTHYECKOM CTPOHUTEJBbCTBE), HA-
XOOATCH OOBIYHQ B AOBOJIBHO CJAOXKHBIX YCJAOBUAX INHTAHHSA, KOTO-
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peie 6¢3 Goabmioro yuiep6a ajasi TOUHOCTH pacyeTa He MOryT OHTH
CBeJleHBl K OMNHCAHHBIM BBHIUIE CPABHHTEJABHO MPOCTHIM CXE€MaM.

B 9THX cAy4asx NPHXOAUTCA pasnesdaTh BCIO 00JacTh (uJabTpa-
MY HA OTHEJbHHE YUYAaCTKH !, B KaXJOM U3 KOTOPBIX MOXET OHTh
IPHHATA NIPOCTad CXeMa IUTaHUS.

§ 3. Yuer dpuabTpauHOHHOA HEOIHOPOJHOCTH
BOAOHOCHOI'O NMJAacTa H HECOBEPUIEHCTBA €ro rpaHHi

Kax npaBu/io, BOJONOHHIKEHUE NPUXOIUTCH OCYIIECTBJAATL B He-
OJHODPOAHBIX, YAaCTO CJOHUCTOrO CJAOXEeHHss BOJNOHOCHBIX IIJ1acTax.
Kpome TOoro, 60KOBLI€ TPAHHYHBIE MOBEPXHOCTH BOJOHOCHOTO IIJACTAa,
oO6pasyeMble JIOXKeM BOAOTOKOB HJAH BOJXOEMOB, IMNHUTAOMIUX IJA4CT,
OOBIYHO ABJSIOTCHA HECOBEDUIEHHBIMH, T. €., He JOXOHST A0 BOJO-
yopa.

B 60JbLIIHHCTBE CAyYaeB MOKHO NPUMEHSITH NPHOJHXKEHHBIE MpPH-
eMbl yueTa HeOJAHOPOJHOCTH BOJOHOCHOIO NJacTa H HECOBEpHIeHCTBA
€ro rpaHui, NPHUBOJA NPOCTPAHCTBEHHHWH MOTCK K ILIOCKOMY B IIJIAHe,
T. €. PaCCMATPHBAThb TAK Ha3hBaeMnule MJaHoBeie 3agauu [JI. 1, 2].

K ojHOpOAHOI cpese MOryT OHTL INpPUBEAEHH I'PYHTH C GJH3KH-
MU (PHJILTPALMOHHBIMH XapaKTePUCTHKAMH, IpPHUYEM, KakK IpPaBuJo,
TaKoe IMPHUBEJEHHE MOXHO OCYILEeCTBJAATH IJd IPYHTOB OJHHAKOBOTO
JIUTOJIOTHYECKOI'0 COCTAaBa.

Caenyer 3aMeTHTb, 4YTO BO3MOXHOCTH IpPHBEJEHHSI TPYHTOB K
cpele ¢ OJHOHM NPOHHIAEMOCTbIO ONpeneJasercss B 3aBUCHMOCTH OT
PaCIOJIOXKEHUS U KOHCTPYKIHH BOJOHNOHU3HTENbHOI YCTaHOBKH. B ua-
CTHOCTH, BOJIM3H BOJOTIOHHU3UTEJbHBIX CKBAaXKHH, OCOOEHHO €CJH OHH
AIBJIAIOTCA HECOBEPUIEHHBIMH, ONpeje/JeHHe (PHABTPAIHOHHBIX XaPaK-
TEPUCTHK T'PYHTOB JOJOKHO HPOHU3BOJUTLCS IOpas3jo TIiarTeJsbHee, 4eM
B o06JiaCcTaX, YyJaJIEHHBIX OT CKB&XHH.

[Ipp TroOpuU3OHTAJABHO-CJAOHCTOM CJOXEHHH QUJIBTPYIOUIETO CJI0S
MOXKHO IPHBECTH €ro K OJHOPOJZHOMY, €CJH COOTHOmeHHe KO3hdHu-
IMeHTa QUAbTPALUN OTAeAbHHX cja0eB Heeauko. [lo H. K. I'upun-
ckomy [JI. 13] oTHOmEeHHe MHUHHMAJABLHOrO Ko3ddunueHta GQHABTpA-

IIHH K MAKCHMAJBLHOMY He [OJKHO OBITh B 3TOM CJyyae MeHble

1

50 - OTMETHUM, 4YTO B Te€X CJAYy4asX, KOrja MnepeTeKkaHue MEexAay CJo-

MH HE€ HMEeT CYIIIeCTBeHHOro 3HAYeHHH, 3T0O OTHOIIEHHE MOXET OLITh
IIPHHATO TOPA3JI0 MEHDLIIHM.

[IpuBerenne K OLHOPOAHOM Cpele IOTOKa, COCTORIIErO U3 7 CJO-
€B C pa3JHYHHIMH Ko3dpdunuenrtaMu ¢uabrpanyun (puc. 10), ymobuee
BCEro MPOU3BOAUTH, BBOJAS OCPEJHEHHHH KO3(QPUIueHT PUIbTPALHH
R, onpeneasieMbid no dopmyae [JI. 16].

R T b kTR,
=T, T (,1)

1 Cu. ra. II, § 19; ra. U, § 14.
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PacueTH ¢ mpHBepeHHeM NOTOKA K NJAHOBOMY MOKHO NMPHMEHSTDH
H HE TOJbKO B TE€X CJy4YasiX, KOUJA T'PYHTH INPHBOASITCA K OJHOPO/-
HOM nmO BepTHKaau cpene. [lng HEOJLHOPOJHOTO IMOTOKA MOXHO IpHU-
MEHATh TaKxkKe NPHONHKEHHYI0O METOIHKY pacyeTa, COrJAaCHO KOTO-
pPOH 3ajmaya peumaeTcs CHauvaJa KakK MJaHoBas, B [IPEAIOJIOXKEHHH
TOrO, YTO NMOTOK MO BepTHKAJIH ojpHOoponeH, [locne moayuenus peure-
HHs JJis TJIAHOBOH 3aJda4YH BHIPE3AaI0TCA JIGHTH TOKAa Ha psje THIIO-
BBlX YUYaCTKOB H [JIT HHX INPOU3BOJHUTCSI pPacueT C y4eTOM HEeOHHO-

%&gﬁﬂﬂ Jam ﬁz}m /////// ,, / 4

Y \\\\m\m N \_

0. "\"‘* /(f‘n

/?ac?awda
--v?wa >

daé’a nepa .
>

Puc. 10.

POJHOCTH TDYHTOB 110 BePTHKAJH, C OpPHBeJeHHEM K IIJIOCKOMY B pas-
pese.

B yCcJOBUSAX MJIAHOBO-ILVIOCKOH 3ajayd pacXxon (PUJALTPAUHOHHOTO

notoka Q, B mpepesax OJHOH JIEHTH TOKA BeIpaxkaercs o6uieil 3aBu-
CHMOCTBIO

Qu= kepTep®ep Lep (1,2)

rae Rep, Top, ©p H [, —CpPeNHHE BEAHYHHBL KO3PPUIHEHTA (QHIIb-
TPAlHK, MOINHOCTH, MJOWIAAH MNONCPEYHOIO CEYeHHS H YKJAOHA NO-
TOKA.

Besnynna npOBOAMMOCTH mjacta R.,7., B Oe3HanOPHOM IIOTOKeE
3aBHCHUT OT TJAyOMHL 110TOKAa. OAHAKO B CBfAA3H C (QPHALTPANHOHHOH
HEOJHOPOMAHOCTBID TPYHTA 39TA 3aBHCHMOCTBL 4dallle BCero OLIBAeT BHI-
paxeHa HeJOCTATOUHO OIpeJeJeHHO, NpHYEM KoJeOaHHd NPOBOJIH-
MOCTH IIpH H3MeHEeHHH TJyOHHH MOTOKa B OOJBMIUHCTBE pPeaJbHBIX
VCJOBHI BOOOILE JIeKAaT B HNpejesax MnpakTHUYeCKOH TOYHOCTH ee Oll-
penesenusa. [loaToMy uesecoo6pa3HO pacyeTHHe 3aBHCHMOCTH IIPH-
BECTH IJA CAyuads INOCTOSAHHOI NPOBOIHMMOCTH. B Taxkol npeanoceike
PACYCTHHIE 34BUCHUMOCTH A O0e3BaNopHOro IOTOKa OYAYyT HMETh
HAEHTHYHBIH BHJ C 3aBHCHUMOCTSAMH JJif HANOPHOI'O IIOTOKA, YTO I103-
BOJIAET 3HAYHTEJBHO VHHQMIYPOBATHL 3TH 3aBHCHMOCTH, 3alHCaB HX
OTHOCHTEJIbHO IOHHXKEHHH YPOBHS TPYHTOBHIX BOX JS.

B tex ¢ayuasx, Korjga 0e€3HANOPHHHA MOTOK MOXKET OHBITh MPUHAT
ONHOPOJHEIM, HM3MEHEHHE MONIHOCTH IOTOKA B CBA3H C H3MEHEHHEeM
rAyOHHE MOXHO Y4Ye€CTh, BBOAS B paCye€T BMECTO HEHCTBHTEJIBHOTO
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NOHMIKEHHUs] YPOBHSI TPYHTOBHX BO/| pacueTHOe MNOHHkeHHe S, ompe-
Ie/sieMoe Kak

h2—h* 2h,— S
U2T — BQT ? 0> (113)

rne i, 1 I — HauaabHAsL W TNOHUWXKEHHas rayb6uHA TOTOKa O BOJO-
ynopa B TOUKe, AJ4 KOTODPOH NPOHU3BOJHUTCS pacyer,

S, = hy— h — jgeficTBATENbHOE MOHHXKEHHE YPOBHA TPYHTOBHIX BOJ.

BuiOOp pacueTHOR MOIMHOCTH I B JAHHOM CJyyae HE UMeeT 3Ha-

yeHUsd, TAK K4K 3Ta BEJMUHWHA BO BCEX 3dBHCHMOCTHX COKpalaeTcs.

S —

< Q » * .G -. » ‘r.'? .é ..O
s "o B * . . ‘;'\\. . .
Q 4 "_ . O " - ) nj' a
I8 | -lﬁﬁ.;- . ‘:f" .O-
Q2 O - . . -
0 o- ", 2 @& 0y - o
-
Pnc. 11.

TakuMm 00pa3oM, B OJJHOPOAHOM O€3HANOPHOM MNOTOKe HJs1 omnpe-
NeJeHH PAaCXO0/L0B BMECTO JeHCTBHTEJNbHOrO UOHHXKEHHH S, cae-
AyeT BBOILHTbL pacueTHoe, BHIUMC/IAeMoe no gopmyae (1,3).

[Ipy aTOM y PO BHH IIOTOKA ONPENeasIOTCA IYTEM HAXOXAEHHS PaC-
YETHOH BEJMYHMHBL S, 3HAS KOTOPYIO HETPYAHO HAHTH ACHCTBUTEJbHOE
NnoHHXKeHHe S, 1o gopmy.ae

SO _— ]]0 “]/EOE*QS_f, (1,4)

KOTOpast npaMo cjeayer u3 ypaBHeHHs (I,3).

Takoro pojga MeToauKka lepecyera paclpoCTPaHseTCs H HA CJHY-
Yaii TOPH30OHTAJAbHO-CJAOHCTOTO NMOTOKA (puc. 11), KOoTOpHH, N0JIb3yACH
npegnoxenusama H. K. 'mpunckoro [JI. 13], MOXHO iIpHBECTH K Of-
HOPOAHOMY, BBOIsI PACyeTHYIO TJayOHHY CJAORCTOrO MOTOKa, Onpeje-
JSIEMYIO IO opmy.ie

1.2 = 2 [-{;3—“- I (h—2y) +

k R *
i 2 n
P _k'“ Tz (}I o 22) _}_ SR ‘}”73_ Tn (h_wzn) ’ (115)
rje kR — BplOpaHHBIl pacueTHBH ko3huiIUeHT GUALTPAIUH;
214 2950 .. , 2,— PACCTOSIHHA OT BOJLOYHOpA MO HEHTPaA TAXKECTH COOT-
BETCTBYIONIEro ¢/ja0s (ocTajbHbe 0003HaYeHusl BUAHEL
u3 puc., 11).
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Oco60 pacCMOTPHM YacTO BCTpPedAlOIIMiCs cayuali HamopHO-0es-
Hanopsoro moroxka (puc. 12). B 3TOM cayyae Ha KOHTYpE MHUTAHUSA
CJeAyeT 3aJ4aTh PACYETHYIO rJayOuHY IOTOKA /1,

—/ 2Th — 17 (1,5a)

U JaJbHeHIIHi pacueT NPOH3BOJHTH, KaK JJas OE3HANOPHOro IOTOKA
B OJHOPOJHOHU Cpeje.

Taxoil NOPAJOK pacyeTa MNPUHHUMAETCH B HACTOSAIHX YKA3aHHUAX
3a ocHoBy. MckmaoueHHeM ABJASETCH CXeMa COBEpPHIEHHOro KOTJOBAHA
(puc. 1), Tak Kak AJdss 3TOTO CJAyyas XapaxrtepHOo OOBIUHO CpaBHH-
TeJbHO OJHODPOAHOE CJ0XeHue (PUAbLTPALHOHHOTO IIOTOKA INPH OYEHb
pe3koM (IIpaKTHYeCKH [0 BOJAOYIOpa) CHHXEHHUH YPOBHS TPYHTOBHX

.......... = aone . FEE

I
AT ) |
f/aﬂaﬁﬁaﬁ emz - II fé’ﬂfﬂf?ﬂ :
4

Puc. 12.

Bod. [lo3ToMy aust cxeMmul coBepiieHHOro Kotyosana (ra. II, § 10) Bce
pelleHHust 3anucaHbl, Kak JAJAd OJHOPOJHOro OE€3HANOPHOIo IIOTOKA
(C NIPUHATHEM B KayeCTBe NOTEHUUAJAbHOM (QPYHKIHH KBajgpara TJy-
GHHBEL IMOTOKA /°).

Ilpn pacuerax BAKYYyMHOIO BOJONOHHXKEHHS, OCOOEHHOCTBIO KO-
TOPOr'O $SIBJSIETCS HAaJHYHE BAKYyMa B NPUPHUIBTPOBON 30HE, Olipeje-
JeHue peOuTa CKBAaXKHH MOXHO NPOU3BOAUTL, CUHWTAS pACHETHOE NO-
HHXKeHHe S KaK CYMMY TOHHXKEHUS YPOBHS BOJB M JOMNOJHHTENBHOTO
BaKyyMa HajJ ypoBHEM. B yCJa0BHAX XKe OJLHOPOAHOrO 6e3HANOpPHOro
IOTOKA CJACLYeT CUHTATD

S — (Qho - Scbg)}‘sfb + H ) (I, 6)

rjpe Sy — rayOuHa 3a/0)KeHH BEPXHEH YacTu (HAbTPA OTHOCHTEJALHO
CTaTUYeCKOI'0 ypOBHS T'PYHTOBHX BOJ;
H, — BeJn4YuHa BaKyyMa B 3TOM XKe MecCTe.

JIoxKe BOJXOTOKOB HJH BOJOEMOB, IHTAIONIHX BOJAOHOCHLIA IJIACT,
OOBIYHO SBJSIETCS HeCOBepuIeHHBIM. B 3TOM cayude QUIbTPALMOHHHBI]
MOTOK AOJKEeH Npexjae BCEro npeogoeTb CONPOTHBJIEHHE TPYHTOB
MoJ JHOM 3TOro BoJoeMa. Y AOOHO BJAHAHUE 3STOr0 COIPOTHBJIECHHS
VUUTHBATH, YyBeJHUYHBAA OOHIYIO MAJHHY IIOTOKA HA BEeJHYHHY AL,
T. €. 3aMeHsid CONPOTHBJEHHE TPYHTOB MNOJ JHOM BOJOeMAa 3KBHBA-
JeHTHHIM COINPOTHBJEeHHEM JHHEHHOTO IMOTOKa AJdHOH AL, 3ITOT
IpUEeM IIHPOKO IIPHUMEHAETCH B MPaKTHKe pPa3HoOOpas3sHbIX (DUJALTpA-
IIUOHHHX pPaCyeToB.
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[1puBeneM BHIpaXXenHus BeJMYHHB AL [Jd ABYX THIOBHIX CJIy4aéB
CJA0XKeHHs JHA BOmOeMa: OJHOPOAHOIO H JABYXCJOHHOTO.
[lpy onsopoauoOM croxennu (puc. 13-q)

/7 h

AL =0,44T 1 0,08 — + —2_ (1, 7)
b 2+_1
m
NMpUuueM INpH -713—>1 MOXHO MPAKTHUYECKH MPHHHMATH
AL =05 (h, 4+ T). (I,7a)

Puc. 13.

[Ipy ABYXCJHJOHHOM CJAOXKEHHH, KOTJA MAaJONPOHHIAEMBIH CJAO0H
NPHKPLIBAET OCHOBHOU (UABTPYIOIUN c/JI0H (puc. 13-6)

-/ RTT, k, )
AL__]E/ P th (b ‘/%Tl , (1, 8)

a NpH NHTAHHM M3 KPYIOHBX peK, Korja b BeJuxo, 3HaueHHe AL
MOXKHO OnpenessaTh 110 (popmy.Je

AL :‘/Hﬂ | (1,8a)
R,

§ 4. YueT HeCOBepPIIEHCTBA CKBAa¥HH BOAONOHU3HTEJbHOMN
YCTAHOBKH

Pasauuaior nBa BHIa HecOBeplueHcTBa ckBaxuH [JI. 29]: Hecosep-
[UEHCTBO IIO0 CTENMEeHH BCKPHITHA ILIACTA H HECOBEpPIIEHCTBO IO Xa-
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pPaKTepy BCKPHTUS IJI4CTa. B NepBOM c¢iayyae CKBaXKHHH ¢ a6co-
JIOTHO IIPOHHIAEMBIMH CTE€HKaMH IMpOpe3aloT IIJIaCT He HAa BCIO MOIIL-
HOCTb, a 4aCTHYHO. BO BTOPOM CJiyyae CKBAXHHA BCKPHIBAGT NJACT
Ha BCIO MOLIHOCTb, HO CTEHKH €€ He SIBJAITCA a6COJIIOTHO ITPOHHIA-
€MBIMH (CTEHKH CKBAXXHHBI MOI'YT COCTOSATHL W3 IIPOHHILIAEMOro U He-
[IPOHHIAEMOr0 Y4YacTKOB HJAH OHITH nepdopuposannuiMH). CKBaXHHA
MOXeT OHTb HECOBEpPUIEHHOH KaK II0 CTeNneHH, TaK H [0 XapaKTepy
BCKPLITUA [J1AaCTa OJHOBPEMEHHO.

a)

7

Puc. 14.

Ecan 06CHINIKA CKBAXHHBI U KOHCTPYKIUSA ee (GHUAbTPA 3aNPOEKTH-
POBAHH M OCYIIECTBJEHH NPABUJABHO ', TO NpH QUJALTPALHOHHBIX pac-
yeTax BOJOIOHHUXKEeHHUA NOTEPH HAnopa Npu BXOJE B CKBAXKHHY MOXK-
HO H€ YYHTHIBATb, CUHMTass MNPOHHOAEMBIH Y4YacCTOK CTEHOK CKBaXXHHBI
a0COJIOTHO NPOHUIIAEMEIM, YTO U UMEETCHA B BHIAY HHXKE.

J1JI1 HANOpPHBIX CKBAXUH pA3JIHYAKOT CKBAXKHUHB C (PHIBTPOM,
MIPUMHKAIOIAM K KpOBJe miaacrta (puc. 14-a) u ¢ puabtpoM, He IMpH-
MHLIKAIOILHM K KpOBJe maacta (puc. 14-6). uass Ge3HanoOpHHIX CKBA-
XHH pPA3/IHYAIOT CKBAXHWHLL C He3arTolJIeHHBIM (uabTpoM (puc. lo-a),
KOrjga npoHullaeMbill y4yacTOK CTeHKH CKBAXKHUHH IOJHUMAETCSI BHIIE
YPOBHSI BOJH 32 CKBAXXHHOH, H C 3aTOMNJEHHHIM (PUALTPOM (pHC. 15-0),

1 Bonpocs! noabopa cocraBa OOGCBINKH CKBAaXHH W KOHCTPYKUMU (PHABTPA 3AECH
HE PacCMaTPHUBAIOTCA. Y Ka3aHHLE BOAPOCH H3JaraloTca B psiie TPYNOB, HanpHMmep,

B [JI. 12].
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Korjga nNpOHHUAEMBIM YY4aCTOK CTEHKH CKBAXHHB pPacCloOJNOXeH HUXKEe
YPOBHSI BOJBI 324 CKBAXHWHOH.

Cyauanaa uabLTpalHOHHBIE pacueTH BOAOMOHKIKEHUSA BHINOJHSIOTCS
B [1Pe/AN0JIOKEHHH, YTO B CJIy4yae HaMOPHLIX CKBAXKHH QUAbTP MPUMBIKAET
K KpOBJIE IJjacTta, a B cayyae Oe3HanOpHBIX CKBAXKHUH QUJILTD He 3a-
tomied. llocae onpeneseHus ypoOBHS BOJH B CKBAXHHAX, HIJIHHBL
¢HUJABTPOBOH YACTH CKBAXHH M BHOOpPA BOJONOHH3UTEJBHOrO 000pY-
JIIOBAHHS PACyeT MOXKHO YTOYHHTb, YUYTH MECTOINOJOXEHHs (PHJIbTpA.

Puc. 15.

Cor/1aCHO MeTOAY 3KBHBAJEHTHHIX (HAbTPAIHOHHBIX COTNPOTHBJIE-
HUH (CM. TpHJIOXKEeHHe 1) HeCcOoBepIIeHCTBO CKBAaXHH YYHTHBAETCH

CJAeAYIOIUM 00pa3oM.

Pacyer cHCTEMDI OTAEJALHO CTOSIIHX HECOBEPIIeHHHX CKBaXHH
CJeAyeT BHIIOJHATHL IO TeM XKe (POopMyJiaM, UYTO H AJS COBEPIUNEHHBIX
CKBAXXHH, HO BMECTO JEHCTBUTEJbHOTO pPAJHyCa KaXAOH HeCOBep-
HIEHHOH CKBaXUHH (7.) HEOOX0JMMO HMETL B BHAY pacyeTHHI pa-
anyc (rep), KOTOpHIH onpenenasercs no gopmy.e

rf — arC! (I; 9)

P
rape a = 2,718 % |
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Beanunna @, vasmBaeTcss AONMOJNHHTENBHBIM (DHIBTPAIHOHHEIM COII-
poTHBJeHHEM, OOYC/AOBJEHHBIM HECOBEDUICHCTBOM OIHHOYHOH CKBa-
XKHHH, U onpegedasercs no dopmyJae [JI. 11]

1 1—b(, b
(I}H—-Qﬂ_ B- (In;.—c—"e). (Ir 10)

31ech
b — pacyeTHast JJHHA NTPOHHIAEMOT0 yY4YacTKa CTE€HKH CKBa)XHHH,

ompejessieMass TaK, KaK 3TO yKas3aHO Ha puc. 14-a,6; 15-a,0,

— b
¢ — BeJIMYHMHA, KOTOpas onpeje’asieTcs mo rpaguxy sHa puc. 16.
o a) 0)
/o B 4 | 14
{0 AT — 10
05—+ 0 /4 06
06 A0 e= 47 06
04 LA 04 ~ oy g4
S N S S i s
42 = gz } r — 4z
/ \
0 1 | I 0/ \ 0
-42 +—7. L 42
—~{4 W 04
Q1 92 03 04 G5 qQr g2 43 04 4G5 46 47 98 G99 10
; s C_
g =75
Puc. 16.

Ilpn ncmosb30BaHuM 3TOro rpaduka ciaegyer HMETb B BHAY, 4TO

¢ (b) =¢(1 — b) (nanpumep, e npu b=0,7 onpemeasiercs, KAK & NpPH
_ _ C
b=1-0,7=0,3) u uro ¢ = 7—7 , IPHUEM I CKBAXKHH C QHIBTPOM,

NMPHMBIKAIONIUM K KPOBJE IJIACTa, HUJIH C HE3aTOIVIEHHHIM (DHJIBTPOM

¢ = 1.
[Ton BesnunHoit 7T 3mech B CJAydae HANOPHHEX CKBAaXHH HMEeTCHd
B BHJY MOIIHOCTb nJaacra (puc. 14-a,0), a B cayyae 6€3HaOPHBIX CKBa-
XK HUH -— pacueTHass MOUIHOCTb macra (puc. 15-a,6), KOTOPYIO JJIsl MPaK-
TUYECKHX pPAaCyYeTOB BOJOMNOHHMXKEHHUHA ILeJeco00pa3H0 MNPHHUMATH
paBHO# 3aJaHHONW ryOHHE TIDYHTOBHIX BOJX NOJA AHOM KOTJIOBAHa.

[Ipu 60JbLHIOM KOJHYECTBE CKBAXKUH, DACIOJOXKEHHHIX IO OIpe-
HeJEeHHOMY TreOMeTPHUYeCKOMY KOHTYPY (KOHTYpHAs CHCTEMA CKBa-
¥HH, cM. § ), pacuer BHIIOJHSETCS 110 TeM Xe (opmyJaaM, uTO H
IJISi COBEPIIEeHHBIX CKBAXHH, HO CO CjAelywouleid MonpaBxkoid. BMecTo
BHYTPEHHEr0 (UABTPALMOHHOIO CONPOTHBJEHHS KOHTYpa COBEpIIEH-

26



Hoix ckBaxkuH @D, (cM. npusoxeHue 1), KOTOpoOe omnpeneasercs Mo
dopmyae [JI. 6]

D, = 0,367 Ig 5—, 1, 11)

rge ¢ — IIar CKBajHH;
Y. — PajHyC CKBaXHHHI,

cjeAyeT HMEThb B BHAY BHyTpeHHee (PUJABTPALHOHHOE CONPOTHBJIACHHE
KOHTY pPa HECOBEPIIEHHBIX CKBAXHH, KOTOPOE Ollpe e sieTcs 110 popmy.Jie

(DH — (I)Kf + (I)H - AC[)hl (Ir 12)

3necy O, Beiuncasercs no gopmyJe (I, 11), @, — no gopmyae (I, 10).

%
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Beanunna AP, Has3pBaeTcssi MNONOJHHTEJbHHIM (PUABTPAIMOHHHM
CONpOTHRJAEHHEM, O00YyCJOBJIEHHBIM HECOBEDIIEHCTBOM CKBAXHHLEL H ee
B3aUMOJAEHCTBHEM C JIPYIHMH CKBaXXMHAMH, H OIIpene/seTCs MO rpa-
dbuxy Ha puc. 17 [JI. 23]. A®, caexyer y4HTHIBATH TOJbBKO B TOM

2 <1. Tpi—= > 1 AD, = 0.

CJAVY KOrid
yuac, Aa = T
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3aMeTHM, UTO JJs KOHTYPHOH CHCTeMbl O6e3HAMOpPHHX CKBAXUH
PACYETHYI0 MOUHOCTH nJjacta / MOXHO NPHHUMATL DaBHOU rayOHUHE
nmoToKa (/,) B TOUKE DACNOJOXKEHHS CKBAXKHHB HAa KOHTYpPE 9KBHBa-
JEHTHOH TpaHIleH, 3aMeHdolell yyacTOK CKBAXKHHEL (CM. IPHJOXKE-
Hue 1).

§ 5. llopsaaok (puAbTpaUMOHHBIX pPaCyeTOB BOAOMOHHU3UTEJIbLHbIX
YCTAaHOBOK

1. Tlpexpe Bcero HeoOXOAUMO YCTAHOBHTH PACUETHYIO CXEMY
KOT/JIOBAHA M BOJAOHOCHOrO IJACT4, B KOTOPOM OH PAacCIOJOXeH, B 3a-
BHCHMOCTH OT TH/POreoJIOTHUeCKHX YCJOBHIi B paspe3e H B IlJIaHe
(cM. § 2).

Mertoguka QUILTPALlHOHHBIX pACYETOB BOJIONOBHIKEHHS CYHIECT-
BEHHO pa3/JHyaeTCsd OJs1 THOOBBIX H CJAOXKHRIX THADPOTeoJOTHYECKHX
YCAOBHHA.

[Tlox THIOBH MH IHAPOreOJOTHUECKHMH YCAOBHAMH NOHHMAIOTCS
OJHOPOAHOE B (PHABTPALHOHHOM OTHOLIEHHH CTPOEHHe BOJLOHOCHOIO
[JaCTa HJH TAKO€ CTPOEHHEe, KOTOPOE MOKET OHTH NPHBEACHO K OJ-
HOpPOJAHOMY (CM. § 3), M HeCJOXKHBIE YCJAOBHA NUTAHHSA, NPUUEM IO
NOCJAeIHUMH pPa3yMeIoTcd YCJI0Bua IHTAHUA, KOTOPHE MOTrYyT ORITH
NpUBejeHb K TakOBHIM aad cxem 1—4 (§ 2, . 0).

[Tog CAOMHEBEMH FHAPOTCOJNOTHYECKHMH YCHOBHSAMH NOHUMAIOTCS
HeOJHOPOJAHOe CTPOEHHE BOJLOHOCHOIO MJacTa B ILIAHE H CJAOXKHHIEe
YCJOBHSA ITUTAHHA, T. €, YCAOBHSI NUTAHUSA, KOTOpPHLIE He MOI'YT OHITH
MpuBeJeHbl K TAKOBHIM 1A c¢xeMm 1—4 (§ 2, 0. 6) u xapakTepHH
o cxeMmuel o (§ 2, 1. 6).

Heob6xoauM0 HUMeTh B BHJAY, YTO HE3aBHCHMO OT THIPOTr€OJIOTH-
YyeCKHX YCJOBHH CaMOTO BOJXOHOCHOrO IJjacrta BOJIOIIOHHXKEHHE A
COBepINeHHBIX KOTJOBAaHOB CJeAyeT pPAaCCUHTHIBATH IO TOHU Ke MeTO-
JMKe, 4TO H IJd KOTJOBAHOB, pPACHOJOXKEHHHIX B MJacTax CO CJA0XK-
HHBIMH YCJAOBHSAAMH, TaK KaK COBEPIIEHHHH KOTJOBAH HIrpaeT poJb
06/1aCTH CTOKAa BOAOHOCHOI'O IJaCTa BO BCE MEPHOIABI BOAOINOHHIKECHHSA.

AHaJsordyHoe 3amMeyaHue HeOOXOIHMMO CHAEJaTh H OTHOCHTEJLHO
KOTJ0BaHOB, pa3pafaTtmBaeMblX CnocoOOM ruapomexasHusandd. B me-
PUOJI I1ePBOHAYAJBLHON OTKAUKH KOTJIOBAH TAaKOro pojaa urpaer poJab
06/aCTH NMUTAHHA HJU CTOKA BOJJOHOCHOI'O ILIaCTa.

B xoMmmaekce QUJIBTPANHUOHHBIX pPacyeToB YAOOHO HCHOJB30OBATH
e1MHOOOpAa3HyI0 METOJUKY [/ BCeX INEePHOILOB BOJAONOHUXKeHHA. [lo-
3TOMY He3aBHCHMO OT THJIPOre0JOrHuYeCKHX YCJAOBHH CaMOro BOJO-
HOCHOTO IJIaCTa BOJAONOHH:KEeHHEe JJA KOTJOBAHOB, pa3pabaTniBaeMBIX
croco60M THAPOMEXAaHU3AIHKH, BO BCE NEPHOIALI DPEKOMEHIYeTCs pac-
CYUHATHIBATH MO TOH XK€ MeTOoJUKe, 4TO U JJid KOTJOBAHOB, pPaclroJo-
KeHHBIX B IIJ1aCTaX CO CJOXKHBIMH T'HIPOreOJOTHYECKUMHA YCJIOBHSIMU.

B THIOBHX YyCJOBHSAX BOJAONOHH3HTEJALHBIE YCTAHOBKH pac-
CUUTHIBAIOTCS B I@JIOM, KAK CHCTEeMbl B3aUMOMEHCIBYIOUIMX CKBAXKHH.

[Tpn HeboJbIIOM uHCae CKBaXHH (mopsjaka nao 10 umirT.) yCTaHOB-
Ky MOXHO pacCMarpuBaTh COCTOAIUEH H3 OTAE/AbHO CTOALIHX B3aUMO-
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HeHCTBYIOIHUX CKBAMXKUH, T. €. BeCTH pacyeT A1 KauIAOH CKBaXHUHHI
B OTAEJBbHOCTH (cM. ra. I, § 7, n. a wu ra. lil, § 13, n. a).

OaHaKo npH OOJBIIOM YHCJE CKBAXHUH TAKOI'O poja pacyeTn OKa-
3LIBAIOTCS CJAHIIKOM TPYAOEMKHMH. B aToM cayuae aas THIIOBBIX yC-
JOBHH IleJecoo0pa3no IMnepexoiuTb K cXeMe COCT4BJEHHOTO M3 OT-
NEJbHBIX TIPSIMOJIHHEHHBIX YyYaCTKOB KOHTYPd BOJOIOHH3HTEAbHOH
YCTAHOBKH, BJOJb KaXJAOTO U3 KOTOPBIX MNPHHHMAETCS PABHOMEpHas
pacCcTaHOBKa paBHOMAEOHTHHX CKBaXHH, T. €. yCTAHABJAUBAETCA II0-
CTOsAHHAs HHTEHCHBHOCTBL Boxoot6Gopa (cm. ria. I, § 7, m. 0, rua. I,
§ 13, . 6 u ra. IV, § 19).

B C/JO0XKHBIX YCJAOBHAX, XAapPaKTePHHIX IJAA KPYHOHBIX KOTJOBAHOB,
pacueT, KakK NpPaBHJ/JO, MNPUXOAUTCA BECTH He /IJIsT BCed yCTAHOBKH B
eJOM, 4 0 OTJEJNbHLEIM y4acTKaM, KOTOPHIE XapPaKTepU3yIOTCSI OLHO-
POAHBIMH THAPOTreOJOrHYeCKUMH VYCJIOBUSAMH, MNpHYeM 110 KOHTYpY
YCTAHOBKH 33aI0TCH OlNpeae/eHHbHE YPOBHH (IOIHKEHHsI) TPYHTOBOIO
NoTOKa. B 4acTHOCTH, KOrjaa no BCed mAOLIAAM KOT.JoBaHa Ttpebyercs
3aJaTh IMOCTOSHHBIA ypOBeub TI'PYHTOBBEIX BOJ, TO OOBIYUHO 3TOT XKe
yPOBEHb HEJI€CO00pPa3HO 3a4aTh 110 BCEMY BOJOUOHH3UTEJbHOMY KOH-
Typy (MeToxuky pacuera cM. ra. I, n. b, ra. I, n. B, ra. 1V, § 20).

2. s BoIMOJIHENHs: COOCTBEHHO (DHJABTPALUONIBIX PACUETOB BO-
JONMMOHMXKEHHSI PEKOMEHIAYEeTCst CJAEAVIOIHH NOPANOK.

[Ipex e Bcero HaMeuaercs IPOEKTHHIA BapHAHT BOJONOHU3HTEJID-
HOH yCTAHOBKH JAJd OCHOBHOTO CJAydas — CJayyasli NoAaepXKaHus mnpo-
€KTHBIX YPOBHEH TPYHTOBBIX BOJ B MEXEHb (IIPH YCTAHOBHUBIIEMCH
pexume (GuiabTpanuu, cm. § 1).

C noMoubio NpubAHKEHHBIX TPHEMOB OLeHUBaAeTCsH OOIIHE IMPHUTOK
K BOJONOHH3UTEJLHOM yCTAHOBKe. [lJf THIOBLIX YCJ/JAOBHH OIpepeJe-
HHe of0uero IpHTOKA K CHCTeMe CKBAXXHH CJejyeT BHIIOJHSATD,
npuBeas ee K cxeme 6oabmoro koaoxaua (ra. I, § 6). [laa kor-
JOBAHOB, HAXOJAIIUXCSA B CJOXKHBX YCIOBUAX, OLEHKY NPHTOKA cJe-
AyeT NPOBOJHTH MO OTAeJbHHM ydactkam (rua. I, § 8).

[lo nonyyennomy obuieMy H NOrOHHOMY NPHTOKY B IepBOM NpHOIH-
KEHHH MoAOHpAeTCA HACOCHOe 0G0PY/AOBAHUE H 3aJaeTcsi YHCJIO CKBa-
KHUH!, a KpoMe TOro, B 3aBUCHMOCTH OT MOIHOCTH [IOTOKA NOJ JHOM
KOTJIOBaHA INPHHHMAETCA CTEeNeHb HECOBEepPUISHCTBA CKBAaXHH.

i1 cKBaXUH ¢ rayOGHHHBIMH HJAH 39XEKTOPHLIMH HACOCAMH Ba-
PHAHT ¢ HECOBEPINEeHHLIMH CKBAaXHHAMHU CJaeiyeT paccMmMaTpiBaTh B
OCHOBHOM JJIsl HECOBEDUIEHHH X KOTJOBAHOB NPHU MOINHOCTH IMPOHH-
HaeMHX TPYHTOB NOJA JHOM BojgoeMa He MeHee 15—20 # uid npH
SIPYCHOM BOJOMNOHHXKEeHUH. [lgs1 Jnerkux uriao@uJIbTPOBHX YyCTAaHOBOK
rMiyOHHA 3aJI0XKEeHHss HUTA0PHILTPOB, 4 BMECTe C TeM H CTeneHb HX
HeCOBEPIIEHCTBA OfpeaeasgeTcs MpelnesbHOA BHCOTOH BCaCHBAHHUI.

OnpegesuB TakHM 00pPa3OM INPOEKTHHIA BAPHAHT BOJOIOHH3HUTEJID-
HOYM yCTAaHOBKH, MOXKHO IepeiTH K ero 6oJjee AeTAJbHOMY pacuery,

XapaKTep KOTOPOTO VYK€ 3aBHCHUT OT THIH3alHH MO YCJAOBUAM B pa3-
pe3e KOTJIOBAaHa.

1 Bonpocs moa6opa HAacocHOro O0OPYHNOBAHHA B HACTOAIHX YKa3aHUAX He
paccMaTpHBAIOTCS.
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PaccmoTpuM cHayana MOPSAOK [AETANH3ANMH  pacyer? JJs BOJAO-
[MOHH3HUTEJbHHX YCTAaHOBOK KOTJIOBAHOB, PACIIOJIOXKEHHBIX B OJHOPOJA-
HOM N0 BepPTHKAaJH HJH NPUBOJHUMOM K OJAHOPOJAHOMY BOLOHOCHOM
miacte (§ 2, m. aq, cxemu 1, 2, 5).

a) Jlns HecoBepuieHHOro koriosana (§ 2, n. @, cxema 2) ompe-
ACJA€eTCH IMNOHHXEeHHe TPYHTOBHX BOJ IMOJ HUM H B XapaKTepPHHX
CKBaXHHAX B YCJAOBHAAX YCTA@HOBUBIIErOCs pexXHMa (PUJALTPAIHU [1PH
3aJaHHOM JeOnTe CKBaXHH. [l THNOBLIX YCJAOBHH BejpeTcsi pacyer
BCeHd yCTaHOBKH B leaoMm (ra. I, § 6, 7), a gas8 CI0XKHHEX yCJOBHH
pacueT MNpPOBOJAHTCA IO OTHEJbHBIM Yy4YaCTKaM BOJIOMNOHH3UTEJIBHOTO
KOHTYpa C HCHNOJb30BaHHEM CETKH JBHXEHUs (PUALTPAUMOHHOIO IIO-
ToKa B maane (ra. I, § 8, 9, 10). Ha ocHoBanum 3THxX pacueToB mpo-
U3BOJAMTCS YTOYHEHHE pPACCTAHOBKH OCHOBHBIX CKBaXHH, a4 TAKXe H
OKOHUaTeJbHHH! BEHOOpP HAacOCHOro o6opyaoBaHusd.

{locie ycTaHOBJEeHHS PANHOHAJBHOH CXEMH BOJONOHHXKEHHA JJf
OCHOBHOTO cCJyuas CJIeAYeT nepedTH K NOBEPOUYHBIM pacueraMm AJs
C/lyyaeB IepBOoHAaYaJbHOM OTKaukH (rJa. IlI) v nopmepxkaHua mpoexr-
HbIX YPOBHEH TPYHTOBHX BOJ B HMaBOAOK (ra. IV).

OneHka ofumero HPUTOKA K BOILONOHH3UTEJBHOH YCTAHOBKE BHI-
noJiHsAeTCa I8 KOTJOBAHOB, HAXOAALMXCSA B THNOBLIX YCJOBHAX, HA
OCHOBE INpPHBEAEHUA CHCTEMBl CKBAaXWH K OOJBHIOMY KOJOIIY
(r. IlI, § 12 5 ra. IV, § 19) B 119 KOTJOBAHOB, HAXONAIIMXCS B
C/IOXKHHX YCJIOBHAX, HAa OCHOBAaHHH pacuera nmo yuyacrkam (rua. IlI,
§ 14, 15, n. a u ra. IV, § 20).

s caydast mepBOHAYAJBHOM OTKAYKH NMOBEPOYHBIE pacyeThl I/
KPYIIHBIX YCTAHOBOK JaJjJiee YTOYHSIOTCA. lIpH THUNMOBHX YCAOBHAX
BegeTcss pacuer Bced ycranoBkd B mesoM (rJa. I, § 13). Ilpu caox-
HBIX YCJAOBHAX pAaCyeT BHINOJHAETCS IO XapPaKTEepPHBIM JEeHTAM TOKa,
BH ACJEHHBIM IO CETKE NBHXEHHUA (PHJALTPAIMOHHOTO NMOTOKA B IJaHe,
COOTBETCTBYIOUIUM YCTAHOBUBIIEMYCH pPEXHUMY, IpHYeM 31eChb HC-
NOJB3YyeTCHd MNpeAnoJoXeHne 0 HeaeOPMUPYEMOCTH JIMHUM TOKA IpH
HEeyCTaHOBHBIIEMCHA pexuMe duabrpanuu (ra. I, § 14, 15, n. 0,
16, n. 6).

6) Ilpu BOHOMOHHKEHUH B KOTJOBAHAX COBEpPUHIEHHOTO THIA
(§ 2, n. a, cxema 1) caeayer umerb B BHAY, UTO, KaK 3TO YKAa3aHO
BHIIII€, KOT/JIOBAHH TAKOTO POJa MOJHOCTBIO OTHOCATCSI K KOTJOBAHAM
CO CJOXHBIMH THIPOr€oJOrHdyeCKUMH VYCJAOBUAMH. B CBSA3U C 3TUM
BOOOIOHHU3UTEJNbHBIE YCTAHOBKH COBEPIUCHHBIX KOTJOBAHOB PAaCCUH-
THIBAIOTCS TOJBKO MO OTAeabHBIM yuyacTkam (ria. I, § 8, 9; ra. Il
§ 14, 15; ra. IV, § 20).

[Topsaok nerajbHOTO pacyera AaHaJOTHUYEH TaKOBOMY IJIs1 yCTa-
HOBOK HECOBepUIEHHBIX KOTJOBAHOB.

B) [lpy (uabTpallMOHHEIX  pacyeTax  pas3rpys3xd  HAMNOPHHIX
ropusoHToB (§ 2, m.a, cxema 5) BecbMa BaXHHIM fABJAAETCH pacyer
BPpeMEHH pa3rpy3kd B YCJIOBHSAIX HEYCTAHOBUBUICHCSA (PUIBTPALUU
(C yueToM yIpyroro pexuma (QuabTpaiuH).

B xopouio mpoHunmaeMuelx (mecuadelX) CPYHTAxX pasrpyska Hamop-
HBIX TOPH30HTOB MPOU3BOJAUTCHA OOBHIYHO CHCTEMOH HeOOJbIIOrO YHCJIA
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CKBA)XUH, KOTOPHE MOTYT PaCCUHTHIBATHLCHA, KaK OTIEJBHO CTOdmiHe
ckpaxuHu (ra. lli, § 17, m. a). B caraGonponnnaeMolx rpyHTax mpH-
XOAUTCA TMNepPexXOoAuTh K OOJbLIOMY UYHC/AY PasTPY304YHBIX CKBAXHH,
rPpYNNHAPYEMBIX OOBIYHO B JIHHEHHBle psjabl, [NPHYEM B CBA3H C He-
60JbIIHM AeOHTOM CKBAaXHHH pabOoTaOT ¢ MOCTOSHHHM IIOHHXEHHEM
(ra. 11, § 17, 0. 0).

AHAaNMOCHUYHHIM TYTEM HPOBOAATCH BCce DUJABTPAUHOHHBIE PaCUeTH
IPH CJOHCTOM CJOXKeHHMH OTKOCOB M jgHa KorioBana (§2, m. a cxe-
Mut 3,4). Tak, ans KOTJOBaHA TpexcaoHHoro cjaoxeHus (§ 2, 0. a,
cxema 3) pacueTel NPOBOJATCH KaK IO cXeMe COBEPHIEHHOTO KOTJIO-
BaHA MO/ BEpPXHEro TrOpH30HTA, TAK H IO CXEeMe HEeCOBEepPIIEHHOTO
KOTJIOBaHa JJsi HUXKHEro ropH3OHTA.

[Ipu BOgOMOHMXKEHWH B ABYCJIOHHON cpene (§ 2, 1. a, cxema 4)
pacyeThl CKBAXHH B OCHOBHOM TOPH30HTe BEAYTCA B TOM Ke NOpsIKe,
UTO U JJi9d HEeCOBEPUIeHHBIX KOTJ0BAHOB. EC/AHM OKa3bliBaeTCss HEOOXO-
IUMBIM YCTPOHUCTBO HIVIOPUJBTPOBHX YCTAHOBOK B BePXHEM TIOpH-
30HT€, TO HX pacyeT NPOHU3BOAHUTCH IO METOJHKE, H3JOXEHHOH B IJI.
I, § 11.

B 3akiioueHHe HACcTOAWIEro mnaparpaga OTMETHM, YTO B OCHOBY
METOJHKH MOCTPOEHHUS PACUETHHIX 3aBUCUMOCTEH IJs1 KOHTYPHBLIX CHC-
T€M CKBAXHH IOJOXKEH MEeTOJ 3KBHUBAJEHTHHX (PUALTPAIMOHHHBIX CO-
NPOTHUBJAEHUR (CM. MpUJIOKeHue 1).




FJTABA BTOPAJ

PUJIbTPAUUOHHBIE PACYETbHBI BOAONOHHUXEHNA
B YCJAOBUAX YCTAHOBHUBUIETOCHA PEXHMA
PHJAbTPAULUHA

A. PACUET JIJId TUIIOBBIX YCJIOBUM

§ 6. OnpeneneHune o0UIEr0O NMPHTOKA K BOJNONOHH3HUTEJbHBIM
yCTaHOBKaM

B THOOBHIX YyCAOBHAX AJd OINpPeaeJ€HHA IPHUTOKA MOXHO IOJIb-
30BaThCA pacueramu no cnocodby Ooapwioro xosaoana. CorJgacHo
3TOMY chnocoly rpynna 72, CKBaXHH MOXeT OhITh NpPHUBEAEeHa K 3KBH-
BaJEHTHOMY KOJIOIANY, HNPHTOK K KOTOPOMY OyjaeT COOTBeTCTBOBATH
CYMMApPHOMY [PHTOKY K Ipynne CxBaxuH. PaaHyC Takoro kKoJaoaua
r. B 00IleM cjlydae ompenenasaercs COrJacHO 3aBUCHMOCTH

!
lg 1, = nCZIgri (1L, 1)
i=1

HJIN

FH=]C/_I‘1!‘2...F£...1"HC, (II}la)

T. €. KaK cpefHee reoOMeTpHYeCKOEe H3 PACCTOAHHH OT KaXJOH CKBa-
>KHHBl JO IeHTpPa TPyNNH CKBaXXHH, B KOTOPOM 3amaercst (HJd oIlpe-
pessieTCs) pacyeTHOe NMOHHXKEHHEe YPOBHA TPYHTOBHIX BOJ.

Ilsisgs cucteMbl GOJBHIOrO YHCJA4 CKBAaXXWH, pacnoJaraeMbiX OTHO-
CUTE€JbHO PABHOMEPHO [0 OIlpeaeJeHHOMY KOHTYPY, BEJIUUYHHY 7y
MOXHO ONpeAe/JHTb N0 YIPOUIeHHOU (QopMmyJie

F.
ro— ‘/?, (11, 2)

rge F, — njomaib, 3aK/JII0UEHHAs BHYTPH PAaCCMATPHBAEMOro KOHTYpa
CKBaXHH,
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J1s11 CHABHO BBHITAHYTHIX B IJIAHE KOTJAOBAHOB (IIPH OTHOIIEHUAX
OOJiblIer0 pa3Mepa K MenblieMy CBohime, 4YeM TpH) BeJWUYHUHY r,
Jydnie omnperesasaTbh 1no gopmyJe

P
e = Gms (II, 2a)
raie P — AJuHa BOJONOHH3UTEJNbLHOT'O KOHTYPA.

Jlasi NPSIMOYrOJbHBEIX B IIJIaHE KOTJOBAHOB pasMepaMu 2A4-25
BEJHUHHY F, PEKOMEHIyeTCs oupene.ath no gopmysae [JI. 13]

Iy ==’l’]—-——4 3 (H, 26)
rape v onpenessercs no tTadbaule:
7‘; 0 0,20 0,40 l 0,60 0,80 1,00
. ] 10 ! 1,12 l 1,16 | 1,18 1,18 1,18
: |

OO6mué npuToK () X BOZOMOHU3UTEAbHON YCTAHOBKE Ofipeiessercs
[0 CJeAVIoIEend eJuHOI 3aBUCUMOCTHU:

kTS
g
g

Q =273

(I, 3)

rae S — pacueTHoe NOHHXEHHe B KOT/IOBaHe, IIPpHHHMaeMoOe B COOT-
BEeTCTBHH C peKoMeHJalusaMH § 3;
R — BenmuuHa, xapakrepusymouas 3QPeKTHBHOE paCCTOsSIHHE A0
KOHTYPOB IHTAHHSI H CTOKA.

B Tta6a. 1I-1 npuBenensl BLIpaXXeHHs I/ ONPEAE/IECHHSA BEJHUHHH
R npu pa3jHYHHX YCJAOBHAX NHUTAHHA.

Tabauya 11-1

—ull il

CxeMa yCJAOBHHM NHTAHHUSA B HJAaHE Boipaxenuss naa R

a) KoraoBan y peku — puc. 18-a (y auHEHHOro

KOHTYPA NHTAHUA) .+ + v o o o & o o o o + = R=2L (a)
6) KornoBaH B yray MexAay JABYMsS KOHTYpaMu
nuTaHua — puc. 18-6 . . . . . .. . . . .. R= 2Ll (6)
vV L2 4 L2
I _ .
B) KoTaoBaH B yray Mexnay KOHTYPOM IIHTAaHHSA | 12
¥ HeNpoOHHLaeMOM Tpauuien puc. 18- . . . . R = 2L 77 1 (B)
i

|

e el ————— — =
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(IIpononscenue)

CxeMa ycJaOBHMA MNITaHHs B MiaHe Bripaxkenus nas R
all ' R B
r) Kornosan Mexay npsamMoausefiHbIM KOHTYDPOM A - (1)
NMUTAaHUA 1 HENPOHUIAEMOH rpaHuLel — puc 13-2 R=—1L1g 5['1',
(L
A) KoTaoBaH MeXAay ABYMA NPAMOJUHEHHBIMH KOH- 9 xl
TypaMd THTaHHA MAHM CTOKA pUC. — 18-9 . . . . R = = L sin -—L——l- (n)
TC
|
e) KornoBan B KkpyroBoit o64acTH MUTAHHA — 02
puc. 18-e. . . . . .. oL o000 ... R'__'RH“R_"' (e)
K

|

[lpumeuan ne, Beanunnnt L, L, u 3 OTCUMTHBAIOTCA OT LEHTpa GOABHIOrO KO-
n10.Ha.

) Q) - —
L | o

@
} =

0) e L

O

Puc. 18.

[Ipumep pacuerTa OnpeleinM IPHTOK K BOLOMOHH3UTEAbHOH YCTAHOBKE, CO-
CTOAWEN U3 INEeCTH CKBAaXHUH (7 = 0) U pPACMONOKMECHHOH B MEXKAYPEYHOM MACCHBE
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npu B =10 Mjeym; T =18 u# u Sy = 10 x (puc. 19). lpyrue pasmepsl yxasaHbl
Ha TOM XK€ DPHCYHKE.

[IlpoBeneM pacuer 6e3 yuera BJAMAHHS yAaJdeHHOHM TpDaHHUbBI THTAHUSA, T. €. HO
cxeMe KOTJOBaHa Yy AHHEHHOrO KOHTYpA NUTAaHUS.

480m

| 100w
' chb5 ckb b
— O - T l'
=
cxB3 k46 <
40m ©
!

CH?? kBl §

Puc. 19.

[Ipexnae Bcero onpenenum papuyc Goabmoro xoaogua coraacuo (11, 1a).

6
ro =7/ (442 X 50)2 = 3/ 442 X 50 = 46,5 .

Bripaxenne 1aa 3ddeKTHBHOro paccrosHus R onpeneanM no dopmyae (a)
taba. II-1 npun L =110 4 (cm. puc. 19)

R=2X110=220 ,

a npuToK () ¥ ycTaHoBKe onpepeauM no dopmyae (Il 3)

Q=273 10 X 12;5 10 _ 7300 a3/cym = 304 m3[uac;

46,5
1eOUT ONHOH CKBaXXWHEI

Qc — < - 73.00

e 6

= 1216 M3/cym = 31 M3[nac.

C uenablo NpOBEPKH BJHAHHMS YV/IAJNEHHOM TIpAHMUBI MUTAHUS IPOBEAEM pacyer

IPUTOKA K YCTAHOBKE 110 CXeMe IJjacTa Mexnay JIByMa o0JacCTAMH NHTAaHUA IIpU
L =480 ## n [;=110 x (cM. puc. 19).
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[Tlo dopmyrne (1) Tabn. II-1 naxoaum Benuuuny R:

s 110x
R = 480 si =200 .
Si1 480 M

L

[lo ¢popmyne (11, 3) naxonum o6muil MPHTOK K yCTaHOBKe

Q=273 DX X1 7750 wsjeym = 323 w3juac

e ———li

46,5

H AeONT ORHON CKBAYKHHDLI

Qe = S == 7250 = 1290 wm3/cym = 54 M3[uac.
C

B nanuHoM ciyuae pa3Hnla B pacueTax IO PA3JVNUHBIM CX€MaM MOJYunaach CpaBHH-
T€JbHO HeOOAbUIOH (~7 %).

§ 7. Pacyer B3aUMOJEACTBYIHOIIUX CKBAXHH

a. Cucmemst 0moOeAbLHO CMOSUUX CKBANCUH

[Ipu HeOGOoJbIOM 4YHC/Je BOJAOMOHHU3UTE/JNbHBIX CKBaxHH OHH pac-
CMaTpPHUBAIOTCA KaK CHCTeMa OTJeJbHO CTOSIIUX CKBAXKHH.

B sToM cayuae pacueTHOe NMOHHXKEHHE YDOBHS TPYHTOBHIX BOA S

IPH AEHCTBHH OLHHOYHOH CKBaXXHUHBI ONPEHEJHTCA OOILeHd 3aBHCH-
MOCTBIO

Q.
S = kaCJ (1114)

rre f.— QyHKIHS TOHHXKEHUs OT JeHCTBHS OJHHOYHON CKBAXHWHBL
Xxapakrepusywmaa 3Q@PeKTHBHOCTL ee paboTH.

[Ipu n€HCTBHH CHCTEMH 7. OJHHOYHHX CKBaXHH o0O0Illee pacuert-
HOe IOHUXKEeHHe Oomnpeneasercsd KaK CyMMa pacyeTHHIX MOHUXKEHHH
OT JEeHCTBHS KaXJOH CKBaXXHHBI B OTJACJBHOCTH, T. €.

S——-ECSi:—,a—l-T—ZCQCfC, (1, 5)

(=1 {=1

npHyYeM NPH OJHHAKOBHX AEOHTaxX CKBAXHH

B Q., (2) (HC)__ Q.
S*""k_f‘(fc —I"fc _!—_l—fc “ﬁfeym: (H’G)

rae feyw — CyMMapHas (pyHKIHS MOHHXEHHS CHCTEMHI.
dbopMyaH A5 ONpejeseHHs BeJHUHH f. npuBegeHu B Tabua. I[-2.

st paBHOAEOUTHLIX CKBAXHH NpPH OJH3KOM pPACHOJOXKEHHH HX
APYr K Apyry (mo kpailHed Mepe, KOrja NOJOBHHA HAHO0OJBUIETO
PACCTOAHHUSA MEXAY CKBa)XHHAMHU MEHbIIE HX CpeJgHero pacCTOSHHS
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L

I

Ne cxeMbr

Ml

HauMeHOBaHHE CXEMBI
PACNoa0XKEHNA CKBaXKWUHDL

(S

B xpyroBoM KoHTypE€
IATAHUA

B noayorpanuuenHoM NJa-
CTé C OAHHM KOHTYpPOM IIH-
TaHHA (CTOKa)

Ta6auga Il-Z2

nlinli—

M3o0paxenue

CXEMBI

Bripaxenue s QyHKUMH NOHUXKEHHA

cKB

—r o ad M ol e

— e e ——

— e Ry —

Bue ckBaxuubl [JI. 29]

o o (r1)%2 o o
_'/RH | X 32 4 r
——

fe = 0,3071g

B ckBaxyune

R.2 32
fo = 0,367 Ig ;{?Hf’c

Bae cxpawuust [JI. 27]

412 — 4L re
fo = 0,367 Ig 14 —

(y DNONOXHMTENbHO, €CAM TOYKA
MEXAY CKBaXXHHOH H PEKOH)

B cxBaxuHe

2L
C

M Haxonurcs



g€

HayuMeHoBaHue CXeMbl
PAaClONOKeHHS CKBAXHHBI

oo !NJ (:'Jn.:er».ml

B nonocoobpaznoMm naa-
CT€ C [AByMA KOHTYpaMH
NUTaHHA (CTOKa)

B nonocoobpasnom mnaa-
CT€ C OJHHM KOHTYPOM NHU- }
TAHHA W OAHHM HENPOHH- |
11aeMbIM KOHTYpPOM

Fizo0paxeHnue CXEMHI

Koxum numaHia (cmora

oM (x.y)

Y
-}
l c;fﬂ..:;_.a:

Jbnacrmy numawus (6moxa) '

AoHmip _numarus

¢ oM (Z,y) |
- Cﬁﬁé——‘x |

[Ipoxonxenne

Beipaxenue aaa OYHKUMA TOHHUKEHHUA

Bue ckBawuHbr [JI. 26]

TX (20 + y)
fe=0,1831¢g — —
Ch“[': — COS~f
B ckBaxuuHe
FQL _ T'Czl |
fe = 0,367 Ig e sin 7~ |

Bue ckBaxuum [J1. 15}

(cha +4-cosd;){cha -} cosg,)

fe=0.183 lg 17 00s8,) (cha — cosd.)
o nx B 7(l+y) ‘ olh = }’)_
— 57 5 @1 —_ 533 X 62 - 2L
B ckBawxune
F4r nly
fe= 0,367 1g| ——ctg é’i’]




N0 KOHTYDPA NHTAHUS) BEJHUHHY feyn NMPHOMHKEHHO MOXHO ompepe-
JATH N0 (opMmyJie
ftym = N fcaa (H: 7)

rape f.>-—ocpennensas (addexTuBHas) BeJHUYNHA (PYHKIIHH MOHHKeE-
Hus, omnpenesseMas o gopMmyaaMm AJas QYHKOUU MMOHUXKEHUSA B CKBA-
xune (cM. tabua. II-2) ¢ 3aMeHoit panuyca CkBaxuH Ha 3(PPeKTHBHOE
pPAaCCTOAHUE ¥, OT CKBAXHH 0 pacueTHOH TOYkH. BeqddyuHa r, ompe-
messieTcs TaK kKe, KaK pajuyc O00OJbIIOro KOJOALA Fy, MO (PopMy.Je
(I, 1), a pacyerHoe paccTosgHHe a0 OJHMKAWIIEr0 KOHTYypa MNHTAHHA
MJHd CTOKa NPHHHMAETCss PABHLIM CpPEJAHEMY pAaCCTOAHHIO JO HEro OT
IeHTPa CUCTEMBl H OT PACUETHOH CKBAXHHHL.

[Ipn pacuerax NOHUXKEHHUA B CKBAXHHAX Ueeco0Opa3HO BHE-
JUTHh (DYHKIHIO NMOHHXEHHS CaMOi CKBAXHHH [, H CUUTATH

fCYM:fCKB+(nC_1)fCaJ (H:?a)

rae f.o —addexTuBHag (YHKIHS [OHHXKEHHA, ONpeneseMas OT Jeii-
CTBHsI BCE€X CKBaXXHH, KpOMeE pacyeTHOH.

[Ipumep pacuera. IlposeleM pacuer NOHHXKEHHS YPOBHS B CKBAXKHHE AAA
IIpHMEpA, PACCMOTPEHHOrO B NpeauliylieM naparpadge.

[IpuTOK KO BCeH cHCcTeMe H3 IIeCTH CKBaXXHH ObA onpeneieH B 7700 m3/cym,
OTKyla JeOHT KaxJoil CKkBaxHHbt cocraBaser Q. = 1290 m3/cym = 504 m3[uac.

B HauXyAIiMX ycJAOBUAX € TOYKH 3PEHHSI BO3MOMKHOTIO IECPEMOHHIKEHUH YPOBHSR
HaXOUATCH CKBaXHWHBI 4 H 5. [IpoBelieM pacueT AN CKBaXHHBL O IipH re = 0,10 .

OnpejieanM  GYHKUUIO  TIOHHMXKEHHA OT CaMOH CKBaXHHB,  MOJb3YACh
1204. 1I-2 (cxema 3), nupu /; = 150 .
, 2.480  {3,14-130
fexa = 0,367 1g 314015 it ( 480 ):: 1,21,

Onpeaensem adpdexTuBHbd paguyc ry no dopmyre (I, 1) npu n. =5 (0T Bcex
CKBAXXHH, KpDOME pPacCuyE€THOH)

|
g ry=—%"(1g80 4 1g 89,5 - 1g 80+ 1g 40 + 1g 52) = 1,.854; r; =715 ¥

H PACHeTHOE PACCTOsAAHIE OT CKBAXHH A0 pPeKH /.

110 <4 150
11 — '12_ = 130 m.

Haxoaum teneps f° no tcii e ¢opmyae (11, 1a) raba. 11-2, HO 3amensia r. Ha 7.

2480 3,14.130
f& =035Tlg =375 sin —ggo— = 0185,

CyMmmaphag (QyHKUMA DONUKEHUS fceyy Onpeaensercsa coraacno (lI, 7a)
Seyw = 1,21 4 5.0,186 = 2,14

[To dopmyne (11, 6) naxonum nouuKeHue B ckpawuHe npu Q. = 1290 u3/cym

1290
Se = 1015 214 =153 .
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6. Pacuem cocmasrozo 8000ROHI3UMENLHO20 KOHMYDA

[Ipu OoabuIOM uMC/Jle BOJAONOHHU3HTEJAbHEIX CKBAXHH IeJeco-
006pa3HO BOCHOJIB30BATHCS METONMKOH pacyera, OCHOBaHHOH Ha IIpH-
BeJeHHH CHCTeMH CKBaXHH K COCTABHOMY BOJOIOHWU3HTEJbHOMY
KOHTYpY, COCTOfSINEMY U3 pala NPAMOJHHEHHHRX VYYacTKOB, BJI0Jb
KaXJ0ro H3 KOTOPHX [PHHHUMAETCs PABHOMEpHAasi PacCTaHOBKa CKBa-
XKUH paBHOW mpoussoguteabHocTu [JI. 30, 31, 33].

PacyeTHOe mNOHHXeHHE S BHYTPH KOTJOBaHA OT JEHCTBUS O-
HOTO y4acCTKa KOHTypa ONPELeJHTCS] YPaBHEHHEM

S= g5/ =5 nef. (1, )

rae f— pyHKOUS DOHHXKEHHS Y4YaCTKa KOHTypa, XapaKTepH3YyoLas
ero apeKTUBHOCTh. PYyHKIHUSA NOHUKEHHUSA f 3aBHCHT OT JJIUHHBI yUacTKa,
pasmMepoB M PopMbl 064acTH NUTAHUA W OT PUALTPANUOHHON HEOHO-
POJHOCTH IOTOKA.

HMcnoab3ys MeTon (QHJIbTPAIHOHHLIX COINPOTHBJAEHHH (CM. NPHJIO-
XeHue 1), 3sanumeM @QopMyay LI OnpejaeJeHHss IOHHXeHHS
YV CTEHKH COBEepPIICHHOH CKBAXHHEL

Se= g F+ ) =

- ;?7‘1 (n. [+ @), (1I, 8a)
rie O, — BHYTpPEHHEE CONPOTHBJAEHHE KOHTypa CKBaXHuH. [las onpe-
nejeHdsa BeJHYHHH P, caenyeT mnoJb30BaThCsA HOMOrpaMMmon puc. 67
(npuJaoxenne 1).

[IpuBeleHHBIE 3aBHCHMOCTH IPHMEHHUMBl I/ KaXAOTO y4yacTKa
B OTIeJbHOCTH. [lAs Bceil BOAOMOHU3HTEABHO! YCTAHOBKH, COCTOS-
el U3 7 Y4aCTKOB, pacuerHoe NMOHHXKEeHHEe BHYTPH KOTJ/JOBaHA onpe-
OEeJHTCS CYMMHDPOBAHHEM IMOHHKEHHH OT Ka)XJOro y4acTKa B OT/AeJb-
HOCTH

Qe \1
S=-X\y £, (11, 9)
T =

rne f.f,— Opou3BeIeHHe 4YuC/JAa CKBAXHH H (PYHKUUH TOHHXKCHUSA
H4 yyacTKe Homep .

Ecau ypeabdule AeGUTH HECKOJbKHX JUHUIR pPABHOTO IPHTOKA

NPHHUMAIOTCA OAHHAKOBBIMH, TO YJA00HO MOJAb30BATHCA (QOPMYJIOIi

q —_
S =27, (II, 9a)
rme
70 — Z%’Qltfi' (H: 96)

3rech ¢, — yaeJbHBH gebur [-Od JHHWUH PABHOTO IIPHUTOKA;
g — BHIOPAHHHY paCuyeTHH YACJLHBINA JeOHurT.
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YpaBuenue (I, 9) asasiercs ocHOBHOH pacueTHOH 3aBHCUMOCTHLIO,
NOJb3yACh KOTOPOH MOXHO OCVIIECTBHTL NOA00p palHOHAJBHOH
CXeMbl PaCHOJJIOKEHHA BOJOINOHU3UTEALHBIX CKBAXUH H OUPEeNeJUTh
NPUTOK K HUM. ITO YypPaBHEHHE 3allHCAHO B TMPEANOJOXKEHHH, 4YTO
BCe CKBAMXHHH OOOPYILOBAHLI OJHHAKOBBIMH HACOC4AMH H, CJ€JI0BA-
TeJNbHO, SBJASIOTCH PABHOJACOUTHHLIMH. B 3TOM nmpeanoJiOXKEeHHH U cJjae-
nyeT IPOHU3BOJAHTbL OCHOBHYIO YaCTh pacyeTrd, KOTOPAsA CBOJUTCH K
mo00OPy YHCJIA CKBAXKHUH 71, HA pPA3JHYHBIX ydacTkax. [lasee Mmoxer
0Ka3aThbCsl Ieaecoo0pasHhM HM3MEHHTh HACOcHOe o0opyaoBaHHe HA
OTAEJbHBIX yuacTkax. Torapa caeayer 3aMeHHTb M, CKBaxHH C Je-
outom Q. Ha 1./ ckBaxuH ¢ jpeburom @', coxpaHsii HEU3MEHHLIM
OO1MH TIPUTOK K Y4Y4aCTKY CKBaxXXHH, T. €. co0JI01ass COOTHOILIEHHUE

nQ.=nQ . uin n' = n, 3{’, . (11, 10)
C

Jsisi onpejeseHuss NOHMMXKEHHS B CKBaXHHE YyuacTKa HOMep
caenyeT NOJb30BATHCs OOLIUM ypaBHEHHEM

C *1 C .
=2 N b S, 1, 11)
i=1

B ypasuenun (li, 11)
Q., — Jé6UT CKBAMXHH HAa PACUETHOM YyuacTKe;

(Jc — KaK H paHee, BHIOpAHHBI pacueTHHIH AEOHUT CKBAXKHH;
L, — YHCJO CKBaXHH, MOJOOpPAHHBIX NPH OAHHAKOBOM Heburte
ckBaxud Q..
Ecau yaesnbHbie Oe0HTH HECKOJLKHX JAHHHH PABHOIO TPHTOKA

OJHHAKOBH, TO

— 9
SC""’ ngU‘i" k;f (DH;. (H,llﬂ)

s nposegenust pacuetoB no ypasHenusm (II, 9) u (II, 11) He-
00X0JAHUMO Npexje BCEro onpeneysuTb QYHKIHIO NOHUKEHUA OT HeH-
CTBHUSI JIHHHH PABHOTO TPHUTOKA.

Ee BoipaxeHue MOXHO NMpeAcTaBuTb B ciaepyiouiem suge [JI. 31]:

f=J—4, (11, 12)

rae BeJHYHHA [, npencramiasieT Co00fi (YHKIHIO TOHHXKEHHS [
OOWHOUYHOY CKBAXXHHBI, B C€peJuHe JHHHH onpepensieMylo o AaHHBIM
taba. II-2, a Besmunna Af xapakrepudyer pas/jHyHe B paboTe CKBa-
KUHBH H JIHHHH PaBHOTO IIPUTOKA H ONpexessercs 1o qopmyJe

Af = 0,3671g —-’;g’- | (1, 13)

NpuueM r, — pacueTHOe pPaCCTOSHHE OT TOYKH JO JHUHHH;
ry — pacCTOsiHHE OT CepeJHHBl JHHWH [0 TOYKH, B KOTOPOH
[IPOU3BOAHUTCSH pacyer.
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Beanunuy r, MOXHO OnNpeneJuTb IO rpacduky puc. 20-a B 3aBHCH-
MOCTH OT ¥ H Kparuaiimero paccrosiHus Toukd po jaunuu Al (Iloc-
JA€Hee OnpeneasieTcsl KaK AJHHA neprnenaukyJaspa MM’ —puc. 20-6,
€CJIM 3TOT MNEPIEHJHUKYJSIP CBOMM OCHOBAHHEM MONafaeT Ha JHHHIO.

B NpoTHBHOM c/yuae A ompepmessieTcss KaK pacCTOsSIHHE 0 GJIMMKail-
el TOYKHU JIHHHH).

A
0 T I w
19 - f ! —1—
16 ]
17 —1 —
16 | -
0
15 ;Dfﬁ Ug
14 * A7
) 5%08 9
13— A
,2 x'ﬁ'o'ﬁ
1 "
Z* ffﬁﬂﬁ
:0 fﬁ}gu
%4 DArn
.»'#01
08 ; D 0
f//,fv[]i
47 + D ‘1
f{ro |
= el :
.-'{.rU l
)5 —
04
07
0 a7 02 43 04 45 06 §7 48 49 10
P-4
Puc. 20-a.

[Ipu A > 1 BeiHunHy Af MOXHO HA¥TH 1O HUXKeECJeAYIolell Tal-
Juie; npu A >3 MOXHO npunumath Af = 0.

[Ipu onpepenennn f B cepennHe Jauvuu (rae r = 0) caexpyer
HatiTH f., Kak JJs CKBaXMHBI, 3aMeHss ToJbko r. Ha 0,37, a Af
[IPUHATL PABHOH HYJIO.

Pacuer Beauuuun f no ¢opmyJae (1, 12) cnpasenguB npu pac-
MOJIOKEHUH JHHHH HA PACCTOAHHH OT KOHTypa nUTaHus (peKH), 60Jb-
HieM II0JIOBHHH JUIHHBL JIHHHH, 4TO OOLIYHO U HUMeeT MecCTO. B 1po-

Fo

t Ins ypoOcrBa UCnoAb30BaHusi rpauka B HeM IIpHBeJeHA 3dBUCUMOCTD —~7—
- r—A — A
orr — A= 7 TPU PaBIHYLBIX A == 7
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l '|
r—A |
0 0,95 0.5 | 0,75 1,0
A \
1 0.019 0,005 0,001 |  —0,004 —0,007
% 0,005 0,003 0 —0,001 — 0,002
3 0,002 | 0.001 0 | 0 | —0,001

THBHOM JXe Cayuae K BeqHuuHe f, onpeneasemoii mo dopmyae (I, 12),
caenyer mo6aBuTh BeanuynHy Af’) onpepessieMyr0 Tak xe, Kak H
pequunHa Af no dopmyJe (I, 13) U no BeenpuBegeHHoll TabJaune,
HO OT JEHCTBHsI (PUKTHBHOH JIMHHM, INpeAcCTaBJaswOuleil coboi 3ep-
KaJbHOE€ OTOOpaxeHue JeHCTBUTEJbHOH JHHHH OTHOCHTEJIbLHO KOH-
Typa NHTAHUS (pPeKH).

Pexomenayerca CAeAVIOUIHH [OPSAAOK pacueTa COCTABHHIX BOJO-
NOHU3UTEJBbHBIX YCTAaHOBOK:

a) 3a7arTCsl pacyeTHblE TOYKH, JJIS KOTOPHIX JOJ/KHBE OBITH OIpe-

A€JEeHbl YPOBHU I'PYHTOBOIO MOTOKA BHYTPH KOT/JIOBAHA H IO KOHTYpY
YCTAHOBKH, & Be€Cb BOJONOHH3HTEJbHBIH

KOHTYP pa30uBaeTcsi Ha pPHAX YYaCTKOB ﬂaﬁ
C NOCTOSIHHOH HHTEHCHBHOCTBIO BOLOOT- v eny” i
6 A .6 7
Opa' A qﬂ,u gl
BHYTpH KOTJOBaHAa, KaKk MOpaBUJIO, }\1‘ cﬂlff P
caefyeT 3ajgaBatb He 6oJee 2—3 pac- Mo\ 7 /

yeTHhIX TOUeK;, IO KOHTYPY KOTJ0BaHA M\ -
XKeJaaTteJbHO MMEeTh paCyeTHBIE TOUKH HA IF / tl_———-j
Ka)XJJOM Vyu4aCcTKe uJu X0oTd Obl Ha Xa- Puc. 20-6
paKTePHLIX yUYaCTKaXx (HAampuMep, Ha ca- ‘ |
MOM JaJbHeM H CcaMOM OJH3KOM OT 06JIaCTH MHTAHUA).

6) [lo dopmyae (I, 12) onpenpensitorcss PyHKLHH IIOHHKEHUS B
PACYETHBIX TOUKAX.

B) [lo cnocofy 6GoJbuioro kKoJoxma (§ 5) OlieHHBaeTCs BeJH-
yHHA OPUTOKA K YCTAHOBKE. [IpH 3TOM BEAHWUYHHY 7, MOXHO oupe-
nessitb no dopmyaam (I, 2).

r) Ha ocHOBaHHHM JaHHBIX O BeJUYHHE NMPUTOKA BLIOUpaAeTCs Ha-
COCHOe 000pyInoBaHHe, €ro NPOH3BOIHTEJLHOCTL H B IE€PBOM IpHU-
OJUKEeHHH ompenesseTcs TpedyeMoe UHCJAO CKBAKHH.

1) Tlo dpopmyae (I, 9) onpenensercs BesuunHa pacuE€THOTO MOHU-
KeHUd B PACUYETHHIX TOYKAX BHYTPH KOTJOBaHA, KOTOPOE COIOCTaB-
JsieTCAd C BeJAHUYMHONH TpeOyeMoro noHmxkenus. B ciayuyae 3aMeTHOro
PACXOXOEHUS 3STHX BEJHYHH DPOU3BOAHUTCS H3MEHEHHE pPACCTAHOBKH
CKBa)XKHMH (4 MHOrjJla U U3MEHEHHe HAacOCHOro oO6OpyAOBaHHsi) U MPO-
BOAATCA pacyeT BO BTOPOM MPHOMHKEHHH, & B AAJLHEHIIEM, €C/K

3TO Heo0xoAuMO, TO M B TpeTbeM. OOBIYHO ABYX-TpeX NpHOJIHKE-
HUH ObIBAeT BIOJIHE JOCTAaTOYHO.
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e) Tlocne mogbopa panuHoHAABLHOH PACCTAHOBKH CKBAXHH Ha TH-
MOBHIX yyacTkax koHTypa no ¢opmyJae (II, 11) nposepsaiorcs ypOBHH
B CKBaxXHHaAX, C TeM uTroOnl H30exarb B HUX H3JAHLOIHEro HOHHXKe-
HHUsI ypOBHEH. LCJAHM HAa KAaKHX-TO Yy4yaCTKaX OTMEYaeTrcsi HexeJa-
TE€JbHOE HJH HeJOoNyCTUMOe IMOHHXeHHe VYPOBHA B CKBa)XHHaAX, TO
ciienyer JuOGO NPOM3BECTH NEepecTaHOBKY CKBAXHH, JAU00 NEpPEUTH
HaQ 3THX YYaCTKAX Ha HAcoCHoe O000pyJAOBaHHE MEHbINEH MPOHU3BO-
AHT@JIbHOCTH, YBeJHUYHBAsI COOTBETCTBEHHO UYHCJIO CKBA4KHH.

[IpuMmep pacuera. PaccmoTpuM B KayecTBe TMpHMepa TMPAMOYTOJLHYR
yCTaHOBKY BOJH3M peku (puc. 21), 3akjganbsiBaeMyld B ILOCTAaTOYHO OJHOPOAHOM He3-

HallOpHOM nOTOKe ¢ R = 25 MfcyT, npu Haua pLHOHW rayOuHe noroxka h, =210 M u
TpeObyveMOM MNOHUXeHHH S = 10,0 M.

Yvacmox 3

o

Vyacmox 4

N\
S
S
N4

Vuaomox !

1

Rowmyp numarusd (pexa)

Puc. 21.

Hns obecrieyeHHs1 paBHOMEDHOCTH NOHHUXKEHHA B KOTJIOBAHE 3a/1aeTCs YCJOBHE,
YTO MOHUIKEHHE B cepeluHe JuHuM 2 (pacuerHasg Touka M’) OblJIO OLHHAKOBO C [MO-
HHXEHUEM B LEHTPe KOHTypa (pacueTHast Touka M).

Oilenum oOmHUH OPHTOK K YCTAHOBKE MO crnocoby O6oJLIIOro KoJoAua, onpene-
ads era paguyc no dopmyae (II, 2)

80-100
Fe = 314

= 50,4 .

OnpepenseM pacyetHoe 3iaueHHe noHuxkenus S no ¢opmyae (I, 3), 3anasagaco
T =106 u

o 22110

Kak BuaHO, npu BoiOpaHHOM 3HaueHUHM 7 pacueTHOE MOHMMEHME DaBHO JEHCT-
BUTCABHOMY.

[To popmyae (II, 3) npu R = 2-110 = 220 (cm. taba. II-1a) naxomum

2,73-25.16-10
Q = 590 = 17000 #3/cym = T1( u?/4ac.

g 0.
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Butbupan uacoc ATH-8 c¢ npoussogurenwvnocteio 30 a3/uae¢, onpcaensem no-
TpebHOe YHCNO CKBAXKHH A

o 710
(L,:-= QC -—‘3"()“:24111‘[.

[lepenaem Tenepb K paCCMOTPEHHIO BONPOCA O PALHOHANBHOH PaCCTAHOBKE CKBa-
¥WHH, HCXOIA H3 YCJOBHA PaBCHCTBa NMOHMMKeHHMH B Toukax M n M.

[lpuseneM nojpobHoe onpenaenedue ¢GyHKUHH Nounxeuus f’ B Touke M’ or
geidcTBUS JUHHHU I, 2 U 4.

Ina JavuHMu [ onpejneauM mnpexpae Bcero mno cxeme 2 rtaba. II-2 dyuxunuio
NOHHWKEeHHda f. A OJAHHOUYHOH CKBAaXHHH B CcepeauHe auHud npn L = T0 wu,
r—=064 4, y=—40 xu

4.702 - 4.70.40 - 642

[Ipy KpartyailwieM paccTOAHHU OT JHHUH 10 TOukn M’A = 40 u u nojosuHE

OJAUHELI AWHBU [ = 50 xu Hamnmg__ﬂ — 08 zateMm r=128 u r— A = 0,48, a no
rpaduxy puc. 20-a onpepeasem ry = 1,24.

Torpa cormachHo (11, 13)

e—

1,24
Af = 0,367 Ig =2 = 0,367 Ig {'pg = — 0,005

# QYUKDUA NOHMXKEHHs f OT aeHCTBUA AUHUH coraacHo (11, 12) 6yner
f = 0,170 - 0,005 = 0,175.

AHaZOTHYHBIM TIyIeM HAXOAMM BeJW4YUHY f. Aas aumnun 4 npu L = 110 wm,
r=100 u#, y =0

4.1102 + 100

Janee npun A =100 x, I = 40 % noayyaem A = 2,5 ® HAXOAUM Mo Tabauiie Af =

= 0,003, oTxyaa
= 0,141 — 0,003 = 0,138.

Bennuuny f OT nelcTBHSA NUHUM 2, HA CcepejuMHE KOTOPOH pacnonaraercs pac-

yeTHad Touka M’, onpeapenseMm no cxeme 2 taba. I1-2, nmoacraenasgsa Tyjpa BMmecCTO 7.
Besnunny 0,37/,

92.110
- 03671 — 0.430.
J = 0900g s

[ToacuuTaHHbIe TAKUM OOpPa30M 3HaueHUd PYHKUMUH NMOHMKenus aad Touex M n M’

CBeleHbl B HHXKECAELYIINYI0 TabaHLy, B KOTOPOH NPHBEACHO TAaKXke NpeABapHTENb-
HO€ pacnpenelieHHe CKBAXHH NO OTACAbHBIM y4acTKaM (MAHHHAM).

Pacnpeaeaum B mnepBoM InpuOIHXKEHHH CKBAXHHBI MO OTHENbHBIM Y4YacTKaM
creAylWHM ob6pa3oM (3aeCh kKe Aas yno6CTBa BHINHCAHBI (YHKUHH NOHHMXKEHHUA):

H
Ywactok . . . . . .. 1 2 3 4 Sfeym = E nef
i=a]
Uucao ckBaxug . . . . 7 4 5 6
D yHKUHH Touka M 0,213 0,224 0,257 0,224 5,48
IIOHHUKEHHs: Touka A’ 0,168 0,430 0,225 0,138 5,71

OnpeleauM TeUephL NOHUMKEHHA B pacyeTHhX Toukax no ¢opmyne (I, 9) npu
¢ =30 M3/uac = T20 m3[/cym.
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B Touke M
720

== 48 = 9.9 .
S 25-165 48 M
B Ttouke M’
720
= 71 = 10,3 .
S = 5515 ] M

[lo cymecTtBy ropops, pacueT NOKa3bIBAaeT, UTO NMPHHATAA PACCTAHOBKA CKBAXKHH
pemraeT MOCTaBJieHHYIO 3aaady. OAHAKO HECKOJbKO JydqillHe Pe3yAbTaThl AaCT Nnepe-
CTAHOBKA I10 OJHOH CKBaxHHE ¢ Yy4acTkoB 2 H 4 Ha yyacTtok 3. B 3ToM cayuae
MOJY4HTCA

720
= 9,9 S =-225850=10,0 .
fcyM O H 200 M
B touke M’/

20
foyu =559 1 S = Z_o() 559 = 10,1 &.

Taxkum o6pazoM, HaHAy4lI€H ¢ TOYKH 3PEHHA NOCTABJEHHOH 3aJauyH OKa3bl-
BA€TCA HHXKECIeAyUas pacCTaHOBKA CKBAXMHH:

YuacTok 1 2 3 4
Uucano ckBaxyu 7 5 7 5

OnpeneauM Tenepb ypOBEHb B CKBAXKHHE HA yyacTKe 2, NPHHUMASA feyy, KaK
ansd Toukm M/, a puamerp ckBaxuH 0,3 .

YUUTHIBasA, UYTO G = 850 — 16 4, M0 HOMOrpamme pHc. 67 npn - = 16 _ 23

d. 0,3

Haxoaum @, = (,45.
Torma coraacuo (I, 11)

720
= =7 0 1+ 045) = 109 u.
Se 400(5,,5 -+ 0,45) M

b. PACUET BOJOITOHU3UTEJ/IbHbBIX YCTAHOBOK
B CJIO2ZKHbLIX YCJIOBUAX TTMTAHNA

§ 8. Ouenka npuToKka K BOJONOHU3UTEJLHOH yCTAaHOBKeE

JIJIT yCTAHOBOK, HAXOAAIHUXCA B CJOXKHBIX VCJIOBUAX IHTAHHA,
OCHOBHBIM CHOCOOOM pacueTa IPUTOKA SABJASeTCA HOJVUYUBHIHH IIH-
pOKOe pacnpocCTpaHeHde Ha IPaKTHKe CIocobd pacyera IO yd4acTKaM.
I3TOT Cnocob CBOAHTCA K TOMY, UTO BeCh KOHTYP BOIONOHHKEHHS
pa3zbuBaeTcsd Ha OTAeJbHBlE YYaCTKH, Kak Obl pa3jge/eHHbBIE MEeXIy
co00M HENPOHHIAEMBIMH CTEHKAMH, NpPHYEM B Ipelesax Kaxaoro
H3 3THX YYacCTKOB THAPOrecJIOrHYeCKHe YCJOBHS NPHHHMAIOTCA ONH-
HAKOBHIMH. BMecCTe€ C TeéM HA BOJOINOHU3UTEJBHOM KOHTYPE 3aJai0TCs

OnpeJe/eHHEe YPOBHH TPYHTOBHIX BOJ, COOTBETCTBVYIOIIHE yDPOBHAM
B KOTJOBaHe BOJH3HM JAHHOIO yyacTKa.

Cnoco6 pacueTra IO y4acTKaM B €ro HeNoCpeJCTBEHHOM BHJeE
MOXHO YIOTPeOJATL JJii OpPHEHTHPOBOYHHIX PacCyeTOB IIPHUTOKA
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K KOTJIOBaHy. B 3TOM cJuyudae NnpHTOK K KaxXIOMY YydacTtky Q,, om-
peaeasaeTcss 1o opmy.Je

Qy'-l — (kT) "&‘Ebyq, (H, 14)

cp ch

rge (k7T)., — cpeaHsasa NPOBOAHUMOCTb IOTOKAa B IpeJe/Iax paccMaTpH-
Ba€MOTO Y4aCTKa;

Scp — CPelHee pacyeTHOe TMOHHXKEHHE MEeXJy YPOBHEeM Ha
KOHType INHTAHHA H YPOBHEM B KOT/IOBaHe B IpejeJsax
paccMaTPHBAeMOr'0 y4acTKa;

L., — cpefHee pacCTOSHME OT YyuacTKa KOHTypa BOJOIOHH-
eHHsT JO KOHTYpa MHTAHHA;

by, — MJAWHA pacCMATPHBAEMOT0 YyYacTKa.

st oqHOpoaHOro 6€3HANOPHOro MOTOKA BEJHUYHHY NPHTOKA Jyullie
onpeneaaTb no ¢popmyJe

ho — h,°
qu — kcp - of byq ’ (H, 143)

cp

roe /1, — rayOHHa NOTOKA HA KOHType NHTAHWI;

h, — rayOHHA 1OTOKA B KOTJOBaHe B IpeaenaX pacCMaTpHBA-
eMOr'0 Y4acCTKa.

JlJ1 OnHOPOAHO-CJAOUCTHIX NMOTOKOB TaK¥Xe CJelyeT [0Jb30BAThCS
dopmyaoit (II, 14a), onpenensiss TOAbKO pacyeTHHE TJAYOHHH NMOTOKA
he 1 n, cormacio (I, 5), (I, 5a). O6muil NpUTOK K KOHTYpPY BOJO-

IMOHHXXEHHUSI ONPENEeJHTCS] CYMMHPOBAHHEM I[IPUHTOKOB K OT/(€JbHHM
e€ro yvyacCTKaM.

/11 COBEPIIEHHOTO KOTJ/IOBAHA MPH OAHOPOJHOM CJI0XKEHHH OTKOCA
H O/JH3KOM pACHOJIOXKEHUHM CKBAXHH K OTKOCAM BEJHYHHY NPUTOKA
MOXHO OLI€HHTb, NPHUBOAS KOTJOBAH K 60JbIIOMY KOJa0ALY (cM. § 6),
pazuyc KoTtoporo r, omnpepeasercs no dgopmyae (I, 2a), rone B Ka-
yecTBe [ npUHHUMAETCH MJOLIaJb KOT/JOBAHA,. OKOHTypeHHAsT CKBa-
XHHAMU (HrJI0QHJIBTPAMH) Y OTKOCA.

§ 9. MeToauka pacyerta CHCTEM CKBa)XHUH

s pacuyetoB 3(PPEKTHBHOCTH BOJAONOHHKEHUA B CAOKHHX YCJO-
BHSIX MOXHO IIOJIb30BaThbCA CIOCOOOM pacueTa IO XapaKTepPHHIM

JICHTAM TOK4a, KOTOPHH ABJAAETCHA JaJbHEHIIHM pa3BHTHEM crnocoba
pacuyera no ydacTKaM.

Cnoco06 pacuera no JIeHTAM TOKA 3aKJ/Ja0yaeTrcss B TOM, YTO Ha
BONONOHU3UTEJNbHOM KOHTYPE BHIIEJAETCA pPAN XapaKTePHHX MECT,
OT KOTOpPHIX K O0/JIACTH NHTAHHMA MNPOBOAATCH JEeHTH TOKa (06pasy-
€MBle JBYMs JIHHHSIMH TOKa), NPUYEM CUHTAETCS, YTO KOH(MHIYpaIHus
9THX JAECHT TOKAa MNpeHeOpexXHuMOo MajJ0 MEHAETCd B 3aBHCHMOCTH OT
KOJIHYEeCTBA CKBAXHH BOJONMOHH3HTENHLHON YCTAHOBKH H OIpele/sierco
OouepTaHHEM KOHTypa noc/jaenHed. Takas HNOCTAHOBKA 3aJayd JaeT
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BO3MOXHOCTb CPaBHHTEJLHO IMPOCTO CTPOHTHL JIEHTH TOKa, HCIOJb-
3yd rpaguyecKHd MeTOoJ[, @ B CJOXKHBX CJAydYasX IPHMEHsA MeETOX
I JIA.

[lpy mocTpoenHH JeHTH TOKa rpa@HyYeCKuM MeTOJA0M OJAHOBpe-
MEHHO CTPOATCSL B €e Inpejejax JUHHH PABHOIO NOHHKEHHSA C HH-
tepsajoM 20% OT MOJHOro najeHuss ypoBHEN IMOTOKAa BAOJbL JEHTH

Kowmyp numanus . TOoKa. [lpu ucmonb30BaHHMH METO-

' ' L20) na I /1A upexge Bcero CTposTCA
\ : JHHHH pPAaBHOI'O NOHMKeHHs (paB-
‘ \ ! HOro mnorennmnana) uepes 209% ot

MaKCHMAJIbHOrO MNOHHXKEHHsI, IO
KOTOPHIM HA OCHOBAHHH IPUHIHIA
OPTOrOHAJIBHOCTH CETKH IABHMEHHS
CTPOATCS OTHAEeJbHHE JEeHTHl TOKAa
(cM. mpuaoxenue 2). TakuM 06-
PA30M, BCA JIEHTA TOKA pa30uBaerTcd
HA OTJeJbHBIE OTCeKH, OrpPaHH-
YeHHBIE JHHHASIMH pPAaBHOTO IOHHU-
KeHUs1 (3KBHIOTEHIIHAJISIMH ).

Jlaslee no KaxJaA0# JeHTe TOKa
[IOTOK MPHBOJAHUTCA K SKBHBAJIEHT-
HOMY JHHEHHOMY B I[lJIaHC IIOTOKY
C IIOCTOSSHHBRIM £ 110 ero HJHHe.
Pacuernas pauna L, Takoro skKBH-
BAJIEHTHOTO IOTOKA4, pa3ge/ieHHOTO
Ha & OTCEKOB, ONpeNeJHTCA KAaK CyMMa NpHBEAeHHLIX MAHH % Kax-
JOr0 y4acTka

L, = ZZ*U' (11, 15)

B obieMm cayuae

. (11, 15a)

npuueMm R,1, npeacraBjiser CO60#f NPOBOJHMOCTbL B OTCeKe HOMep I,
a RT — BHOpaHHYI0 pacyYeTHYIO NPOBOAUMOCTb. Besuuwun b, u /[
pejCcTaB/JIAIOT COO0H INHPHHY H JAJHHY OTCeKa HoMep I, a b, —
pacyeTHyX ILIHPHHY MPHBEIEHHOM JIeHTH TOKAa, KOTOPYIO 1ea1ec000-
pa3HO MNPHHHMATL pPaBHOM INHPHHE JIEHTHl TOKA Y BOJONOHH3HTEJb-
HOro KOHTypa (puc. 22).

s OZHOPOZHOrO HJAH OJHOPOILHO-CJOHCTOro Ge3HAaNmOpPHOI'o
k;;?‘ = 1. Hasa 6e3-
HAallOPHHX IOTOKOB, OJHOPOAHHX IO BHCOTE, cjaeayer B 06mem
cayudae (OpH mepeMeHHOM R) npunuMmath 1, = T.

J1Ji1 COBEPUIEHHBIX KOTJIOBAHOB B KauecTBe 00JIaCTH CTOKA OOBIYHO
caenyeT NPHHHMATh KOHTYP KOTJAO0BAaHA, TAK KAaK €ro MmoJoxKeHHe,

noroka B ¢opmyae (I, 15a) caenyer npuUHATH
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Mo CYILIECTBYy TOBOps, onpexpeaser xapakrep GUALTPANHOHHOTO MO-
TOKAa K BOJONOHH3UTEJBbHOH ycTaHoBKe. [losHas p/auHa noroxa L npu

T
3TOM onpegeaserca no gopmyaam (Il, 15) npu —Ti =1, a paccro-
siHHe OT JHHHH CKBAXHH JO KOT/IOBaHA [, onpenenasierca no gopmy.e
ZE — SLJ” (II, 16)

rae S-— OTHOCHTEJbHOE€ TNOHHXEeHHe, OoIpere]seMoe MO0 JeHTe TOKa
B MECTe pacloJioXKeHus JUuHHU CKBaxuH'. [lpu 6H3KOM pacnoJioxe-
HUM JHHUHK CKBaXHH K KOT/JOBAHY B KAauyeCTBE pPaCYeTHOTO MOXHO
6paTh NEHCTBHTE/JbHOE PACCTOSHHE MEXIY HHMH.

[Tocae npuBemeHuss NOTOKA 110 JIEHTE TOKAa K 3SKBHBAaJEHTHOMY
JAHEHHOMY JajbHelInul (QUIbTpPAaUHOHHHLIH pacueT 3(PeKTHBHOCTH
BOJAONMOHUXKEHHUA TNPOBOJHTCA 1O 33aBUCHMOCTSAM [Js1 JHHEUHBIX
B IJIaHe [OTOKOB, KakK AJ51 O€CKOHEUHBIX PAJ0B CKBAaXHH.

§ 10. Pacuer BONONOKUKEHUA B YCAOBUAX JUHEHHDLIX
B IlJ1aHe NOTOKOB

Kak yka3pBaJjOCh BHIIE, K CXeMe JHHEHHHX NMOTOKOB NPHBOASITCS
CJOXHBIE CXeMhl IIOTOKOB NPH pacyeTax IO OTHEJbHLIM JE€HTaAM TOKA.

MeToauKY pacdyera Taxoro poJa HNOTOKOB PACCMOTDPHM OTHEJBHO
IJis1 HeCOBEpIIeHHBIX H COBEPIIEHHBIX KOTJOB&HOB.

a. Pactem 0451 HECOBEpUEHHBLX KOMAOBAHOS

JI1g HeCOBEPINEHHHX KOT/JOBAaHOB HaH00./1€€ XapaKTepHHMH SIB-
JASIOTCST OAHOPSIAHAsA H JIBYXPsIHAsA CXEMBl PACHOJOXEHHS CKBAaXHH
BAOJb KOHTYpa KOTJOBaHa [PH OJAMHAKOBOM IIOHHXEHHH B KOT/JIOBAaHE.

§

Puc. 23.

Hasa ogHopsaguno#t cxemus (puc. 23) pebur Q. xaxjaoi
CKBaXXHHH psaga 6ynper [JI. 29]

Q. = 3, (II, 17)

rage S, -— pacueTHOE TNOHHMKEHHE ypPOBH TIPYHTOBHIX BOJ B KOTJ/O-
BaHE OTHOCHTEJBHO YpPOBHS BOABI Y KOHTypa IIHTaHUA.

[

1 § =0 — Ha KOHType CcTOKa, § = 1— Ha KOHType MHTaHHS.
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PacueTnoe monuxenue ypoBHSI B CKBaHHAX S. 6yaer

SC:SK | ;(3;1 (I)R; (H, 18)

rre @, — BHyTpeHHEe CONPOTHB/JIEHHE KOHTYpa CKBaXHH, ompeaese-
MO€e 10 Homorpamme puc. 67. s Oe3HANOpPHHIX IIOTOKOB B Kaye-
CTBE /[ MOXHO HNpUHUMATH /.

Puc. 24,

PacyeTHOe NOHH)XeHHE VYPOBHA S B 06J8CTH MeEXAY KOHTYDPOM
MHUTAHHA H BOJOMNOHH3HTEJbHBIM KOHTYPOM OIIpeJe/HTCS ypPaBHEHHEM

X
rje pacCTossHHEe X OTCUUTHIBAETCA OT BOAOMOHH3UTEJHLHOrO KOHTYpA.

Hass nByxpsAaaAHOH cXeMu (puc. 24) meOHT KaXAOH CKBA-
XUHB 1-ro paga Q. Oyner

S{:’"“'Slcl[l‘“—l

Q=77 ,  L=Ly+L,, (11, 20)
1 &2 1; (I)H
sl 1

rape S, — pacueTHOe NOHHXKEHHe B CKBaxXuMHax 1-ro psja.
J1eOuT ckBaxuHB 2-r0 paAxa Q. 6ymer

S« . Ly
I GBHQC 2

52'

Q. = kT (11, 21)

91

[Toumxkenue B CKBaxKHHax 2-ro psamxa S. onpegeaurcsa no ¢op-
MyJIe

sg=&1§§qw (1, 22)
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3pecs @, u D, — BHYTPEHHHE CONPOTHB.JIEHHS KOHTypa COOTBET-

CTBeHHO 1-ro M 2-ro psija CKBaXHH, onpejessieMble 0 HOMOTrpaMmme
puc. 67. Jlaa oOe3namopHeix norokos B (I, 22) MOXHO IpPUHHHUMATH
I'=h,.

0. Pactem 045 cosepuerHbl X KOMAOBAHOB

Cnenuduuecko 0CcoO€HHOCThIO pabOTH BOAOIMOHU3UTEJbHON yCTa-
HOBKH BOJIH3H OTKOCa COBEPINEHHOrO KOTJOBaHA (pUC. 20-a) SABJASETCS
HaJIHuHe IPOCKOKA TPYHTOBHX BOJ IO KPOBJE BOTOYIOPHOI'O CJOS
H BHIXOA HX Ha OTKOC BOJIH3H TOUKH A. B 3TOM cjayuae B 3anauy
BO31E€HCTBHA BOJONOHHU3UTEJIBHOH YCTAHOBKH CJEAyeT CTaBUTL He I10J-

HBIfI IepexBaT FPYHTOBOTO NOTOKA (UTO NPHHLHKIHAJALHO HEBO3MOXKHO),

Kpubas
] derpeccau

BERN -'?‘-‘*;-"5‘
) N
ol <

éC'ﬁ}'

Puc. 25-a.

a of0ecneyeHye YCJAOBHH, NPH KGTOPHIX HAa OTKOC KOTJOB4dHA BHIXO-
AU Obl TaKOd (PUABTPANHOHHBLIA PacXOMd, KOTOPBLIH sIBAAACA JONYCTH-
MBEIM C TOYKH 3P€HHf OPraHu3allid U MPOHU3BOJACTBA OOULIECTPOHTEJb-
HEIX paboT.

/i npaBHJbHOTO WHXEHEPHOrO pelleHHd 3TOW 3aJayH HeobXO-
IUMO CBA3aTh AEOHT BOAOINOHH3UTEJNbHHIX CKBAXHH Q. C NOrOHHBIM
pacxoaom (PUIBTPAIIHOHHOIO IOTOKA ¢,, BHIXOJAIIErO HAa OTKOC, H
BLICOTOH BEICAUHBAHHS 3TOrO NOTOKA /A,

[Ippu HaAJAWUWMH OJHOTO PSJAA CKBAXKHH HWJIH HLJIODUJABLTPOB HJSA
pacyeTa ge6HTa CKBaxuKHH (Q. MOXHO INOJb30BaThCA (POPMY.JOH

Q. =k . % - (11, 23)
A 2!112 { Q(I)K ’ )
sl

NOJYYEHHOH Hu3 pelIeHHs aas pAjga CKBAXKHUH Mexay aByMsa o6.Ja-
CTAMM NHTaHMsg HJIU cToka [JI. 26].

B npakTHyeCKHX pacyerax OOBIYHO IPHXOIUTCA 3a1aBATbCHA Ie6H-
TOM CKBaxXWHH (IIPOU3BOJAUTENBHOCTBIO HacocoB) Q.. Torma ¢opmyay
(I, 23) ynobunee peliuTh OTHOCHTEJBLHO & U NPEACTABHTHL B BHJE

Qc ll
6 = 2 - — H, 23a
B L, ,Q L ( )
e =2 T P
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Beanuuna s Haxopurcs mopGopom npu 3ajgaHHoOM 3Hadenuu Q..

MOXKHO OTpDaHMYHUTLCS OLHHUM NPHOJHKEHHEM, 3a1aBasi NPH onpe-
Aeneuuu O, BeqUYHHY o, onpemensieMylo no gopmyJe

— % 4 (11, 236)
2 x
7 e

CorJz1acHoO TOMy Xe pelledHdi0 IOTOHHBIH pacxoj MOTOKa ¢,, BH-
XOAsIIero Ha 0OTKOC, OyjaeT paBeH

o b I, 24
To=F9r — Reop (1L, 24)

BesH4yHHa y4acTKa BBICAUMBAHHWA HA OTKOC /iy, MOxeT OBITH Omnpe-
nejgexda no dopmyae I'. K. Muxagiaosa [JI. 18]:

h, = (m - 0,5) -?1-3- - (1, 25)

[IpuBeneM Taxxe pelIeHHe AJd IBYXPIXHOH CXeMbl PacloJioXKe-
HUS1 CKBaXuH (puc. 25-6). B Ha3sBaHHOH cxeMe yaiie BCEero BCTpe-

Ckbamara 2 20 pRia

) Cxlaxncurna
N eo paia

Puc. 25-6.

yaeTcqd COouYeTaHHe BHYTPEHHEro psaaa UIJAOQHABTPOB C BHEUIHHM psi-
JOM FJYOHHHHEX CKBAXHH.

B aToMm caydae 3aJaHHBIMH OOBLIYHO SBASIOTCA: AJAST BHYTPEHHEro
psila — PACCTOSAHUS MEXAY CKBaXHHAMH (HrJI0QHUJIbBTPaMH) G, H YpO-
Bedb B HUX H,; IJs1 BHEUIHEro psaga — AeOuT ckBaxuH Q, (onpege.s-
eMbIH NMPON3BOAUTEJbHOCTHIO BHIOPAHHBIX HACOCOB) U YPOBEHD B HUX f1,.
COOTBETCTBEHHO IIOJAJEXAT Onpene]eHHIO: JeOHT CKBaXXHH BHYTpeH-
Hero psga Q; M pacCTOsSHHE MeXAy CKBaXUHAMH BHEUIHEro psja o,.
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Ilnga ux onpejeseHus MOMKHO HO0Jb30BaThCH CAEAYIOUNIUMH 3aBH-
CHMOCTSIMH

o Q Ll 1 o
TR L+ . Lo g2 b 2 2 ,
- _hr_9X2 g
G ey N ey At A
(1I, 26)
0.5k (/:2 _ /zﬁ—f-“) ?2 .
Q1 — 3L : - 01,

[+ 1+ 5173"‘ (I)l{l

rpe © u @, — npeacrasasior co60oil BHYTPEHHHE CONPOTHBIEHHS

KOHTYDa COOTBETCTBEeHHO 1-ro u 2-ro psaaa, onpeieasieMble 0 HOMO-
rpaMme puc. 67 (mpusaoxenue 1), npuyeMm Ias Oonpeje/ieHud fJ.il,P,;2 B

dopmyae (I, 26) npunumaercss BeanuydHA o, , ONpeneaseMas IpeaBa-
pHTEJBHO 10 TOH ke dopmyae (ll, 26) mpu ¢, = 0.

Puc. 26.

[IoroHHRHA pacxof NOTOKA, BHIXOASANLET0O HA OTKOC KOTJOBaHA ¢,
IJs 3TOH CXeMH Oonpemenurcs 0 @opMmyJe

h12+2%-®x1

q, = k - 2[3 , (H, 27)

a BBICOTA y4YacTKa BbiCauuBaHHa — no dopmyae (I, 25).

Ilpu BhiGOpe MOIHOCTH BOJONOHH3UTENbHHX YCTAHOBOK B YCJO-
BHAX, KOTJa HMeeT MEeCTO IPOCKOK I[IOTOKa Ha OTKOC, CJaeayeT OIIH-

patbCsl Ha omnpejeJsieHHbIe, BHIOpAHHBE BeJUYMHH YYAaCTKOB BHICAQuYH-
BaHHJ IIOTOKA Ha OTKOCE.

Bubuparth K€ pacyeTHOE 3HAYEHHUE YUACTKa BBLICAYHBAHHA HYKHO
HCXOAsl H3 YCJAOBHI (PUABTPALHOHHON YCTOHYHBOCTH OTKOCOB, NIPHYEM
HOAXOJ K PEINCHHIO 3TOH 3aJa4yH HECKOJIbKO pa3JIH4aeTcs B 3aBUCH-

MOCTH OT TOI'O, 3alHLaeTcad JAU OTKOC (QHABTPYIOMEH MNPUTPY3KOH
HJIH OCTAaeTCsd OTKPHTHIM.
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[TpuBeneM mpakTHueCKHe PEKOMEHIAIIHH NS XapaKTePHHX YCJO-
BHH, KOTJAa (PHALTPYIOIUE OTKOC CJIOXEH H3 MecKa.

B cayuyae, ecIH mecyaHHi OTKOC KOTJOBaHa OTCTAeTCs He3al(H-
I€HHBIM, HHTEHCHBHOCTbH BOJOINOHHXEHHS HOJXKHA OlIpenesiTbCsA Ta-
KUM 06pa3oM, UTOOH IJHHA ONJbIBUIed yacTd [y, (puc. 26) 6nIa C
TeXHHYECKOH H NPOHU3BOJACTBEHHOU TOUYKH 3PEHHS JOHYCTHMOH.

OmnnnBaHve OTKOCA IPOHUCXOAHUT MOJ AeHCTBHEM (PUJIbTPAIlHOHHHX
U THOPOJAHHAMHUYECKHX CUJ CTEKAaiomero mo OTKOCy moroka. Ilokasa-
TeJieM pa3Mepa OILIbIBAHHS OTKOCA fABJSETCS CpelHHu# yKJoH /., NpH-
yeM

&

Lons

UMH Ly, = /;B - (11, 28)

I, =

Beauuuna /. onpegeaserca [JI. 32] 3aBHCHMOCTBIO
[.=0,5ytg 9, (11, 29)

rae BEJAHUYHHA ¥ OTPaXKAaeT BJAUAHHEC CTECKAIOHICTO IO OTKOCY NOTOKA.

[lpu g, < 7 M*/cym cCTekapIHid NO OTKOCY MOTOK HMEEeT JaMHHap-
HEIR peXXUM M BeJqHuUHHA y onpenpeasercda no rtaéa. -3, rue

x;
}\:1/(]0

. [I. 30a
i (11, 30a)
Tabauya I1-3
x| 0 20 50 I 100 150 | 200
¥ 1,00 0,75 0,49 080 | 021 0,16
' l

_

[IlpuMeuwanne. g, 1aHo B M2'cym, a dyy B cu (M3cym m=nm2/cym. B Ranb-
HEHIIeM MPHHATA PA3IMEPHOCTL M2/ cym).

[lpu q,>7 m?/cym cTexaoUi MO OTKOCY IMOTOK HMeeT TypOy-
JEHTHHH pEeXHUM, H BeJHUYHHA y omnpeneasercs no rtadua. 1ll-4, rae

- 4o _
‘/3d50+ 0.05 (11, 306)

Taoauya IH-4

. ik - il . il . .. —_— T

A 0 2 o 10 i5

v 1,00 0,91 0,66 0,31 0,16

[IpuMeyaHue ¢y jaHo B m2/cym, dyy B CM.
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Onpejgeaus TakuM 00pa3oM 3HAYEHME ), HAXOAHM PACUETHYIO Be-
anuuny [, mo dopmyae (1, 29). [lanee, onpenesuB pacueTHYIO Be-
JHUHHY 3aJ0XeHHus #l Mo QopmyJe’

5
tge 431,

HaXOJMM BEJHUYHHY y4actka ki, no dopmyae (I, 25).

JlsanHa onJanBIIed wyactu [, JerxKko onpejpeasiercs COrJaCHO
(II, 28).

Ecau pasmep onaniBaHus OKa3blBaeTcsl HeJIONYCTUMHIM, TO HeoO0-
XO0JAUMO JUOO YMEHBUOIHTh MOCTYNAWINHA HA OTKOC pacxol ¢, BBeje-

(II, 31)

Il ==

_-I—I—-——ﬂ-——- ! - o =3

_ | p-obeenmii fec apynma 6 Bode
o' ¢ _
S | | M5 008emHs BEc Rpuzgyni
N I'%(,ZJ’ ¥ -yeon by moenwezo mperus
ST too = 20F
i o 9%~ K 3

u _ 4 -

, N
7l .l.‘

13 M 15 16 17 18 19 20 21 22 22
g Y

Puc. 27.

HHEM JONOJHHTEJNbHBIX BOIOOT/JIHMBHLHIX CpPencTB, aub0 yKPEenuTh OT-
KOC KPYINHO3€PHHCTOH IIPHUTPY3KOU.

ToamuHy UOPHTPY3KH, HeOBXOJUMYIO AaAA obecneyeHUs YCTOHYH-
BOCTHM OTKOCA 3aJIOXEHWUEeM /M, MOXKHO ONpeje/siThb IPH IMOMOIILH Fpa-
dbuka puc. 27 |JI. 32], Ha KOropom HaHeceHa 3aBHCHMOCTb OTHOCH-

TEAbHOX TOJIIIHHH TPHTPY3KH ¢ OT Xitg 9 NPH pa3JauUHBX M.

[IpuMep pacueTad BOXONOHH3NTEIbHOH YCTAHOBKH B CJOX-
HBLX YCJAJOBHSAX. B kKauectBe npuvepa paccMOTPHUM pacueT BOZONOHU3IUTEALHOM
yCranoBkd KoT/aoBana Caparosckoil ['9C (oMH W3 IPOEKTHBIX BAPHAHTOB). ITOT KOTJAO-
BA [IpOpe3aeT aJNI0BHANLIBIE MECKI €O CPEAHHM KosdduiuueHToM SUIbTpalln k=
=2H M/cym W Bpe3aeTcsl B aJeBPUTH. KpOBAA 3THX aJNeBPUTOB, ABIAIOIIUXCA BONO-
yIopoM IAs alJiOBHAJAbHOIO TOPH30HTA, € IOKHOM 4acTH KOTJAOBAHA IPaKTHYECKH

Tl

1 NU3-3a KPHBOJHHEHNHOCTH OTKOCa pacyeTHAasd BeJHYHHA m He COBNagaeT CO
CPEeAHUM 3aJ0:XKEHHEM OTKOCA.
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rOPH3OHTaAbHAA, HECKOJAbKO MONLIMAETCA B CEBEpPO-3anaiHOM HamnpasieHuH. [1osepx
aJANIOBHANbHBIX NECKOB HAXOAUTCA NOKPOBHBIH CyneCYaHbld CAOHM CPEHEH MOIHOCTbIO
I'=4 x4 u xosppuunedToM dunabrtpauny R=1,0 u/cym (puc. 28-a).

Pacuer npoBOJUTCA HA NEPHOA NPOXOKAEHHH MABOJAKA, KOIJa MEpeMbldKH OKa-
3bIBAOTCA TMOJ HANOpOM, NpHYeM TFOPU3OHT BOABI Nepel NepeMblikaMH YCTAaHABJAH-

BaeTCa Ha otMeTke 30,0 M.

Paspes no puvwy J-1

_ P Bods! 8 nabodox

===

s s ,‘r‘-.l-t‘-.-""_-:-'."‘;‘1 mcyﬁf’Cé
LTSl e T '_- - :’“ -._':'; s S 4 8
777 Cyenmumon

CPew
Arelpum

Puc. 28-a.

[TpoexTupyemans BOJAONOHH3NTENbHAA YCTAHOBKA COCTOMT H3 CHCTEMbl CKBaMHH
pacnojaraeMbiX Ha pacCTosHHM 40 M4 OT KOHTypa KOTJOBaHa.

bemorrHotl
HB0Teiner

Konmyp
e Koumyp B00ononusrcerus xOMAEALOS DEMORHLEG NTATMus. & 4032

T @U MHuydl ywQCimin 04
Haonuruu 5{){?0}';@9{;

Puc. 28-6.

Becb KOHTYpP KOTIOBaHA pa3bHBaeTCs Ha BOCEMb ydacTKOB (puc. 28-6), U3 xoro-
pBHIX LpPAIMOMY pacuety moiBepraioTca ceMb yyactkoB. [lputok yuyactka 8 He pac-
CMaTpuBaeTcs, TAK KaK 32eCh MOTOK rnepexBaTbiBaeTCHd BOAOMNOHU3UTENbHOH YCTAHOB-

KOH KOTJOBRAHA OeTOHHOH HNJAOTHHEL.
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Hanuyue CynecdadHoro nOKpOBA YYHTHLIBAETCHS YBEJIMYEHHEM JJUHH TMOTOKA HA
BeanunHy AL, onpencasemyio no gopmyae (I, 8a) npu R=20 M/cym, ky=1,0 x/cym,
T:23 M, T1:4 M

V5
AL — VT,TO‘ 93.4 = 50.

JlanpHEHIIHK pacyeT NPHTOKOR K OTHEJNLHBIM Y4YacTKaM npoBeneM B TalOJaHUHOM
dbopme, ucnoab3ysa gopmyay (11, 14a).

S

Y 43CTOK ] 2 3 ‘ 4 I o 6 7
R 7 390 | 320 120 | 250 150 330 | 640
Lep+A8L, (#) . . . . o . .. 440 | 370 | 170 { 300 200 | 380 | 690
Hdanuna ydactka, (u) . . . . . 520 230 430 | 250 830 300 | 550
R, (M) . « « v o o o oL .. 28 28 28 29 30 30 | 30
[loroHHbll NPUTOK,
g, M2jecym . . . . . .. . . 22 26 58 35 56 {30 16
O61uid MPUTOK K YHYacCTKY,
Q, Mduac . . . . . . . .. 480 | 250 | 1000 | 3350 | 1940 | 370} 370

OO0wHKd NPUTOK K KOTHOBaHY cocrtasiasier 4760 w3/uac. Ecan TOT XKe NPHTOK
nNOCYUTaTh 0€3 yuera SKPAHUPYIOUIEro BJIHMSAHWA NOKPOBHBIX CyneceH, TO MOJYYHTCH
seanyuHa 06000 wm3/vac, 1. e. 10 yd4acTky 3 NpPHTOK yBeAMUYHBAeTCa MOYTH B ],5 pasa,

[IposeneM Tenepp AJMd IpuMepa pacueT BOAOMNOHU3UTEJLHOH YCTAHOBKH MO
YYaCTKy 3.

Pacuer no yuwacrtky 3. llpu norosHom npuatoxe nopaaka 60 m2/cym ue-
Jecoo6pa3He NPUMEHATH B KaueCTBE HacocHoro obopypoBanuss Hacoc ATH-8 ¢ nac-
NOPTHOH MNPOU3BOAUTENbHOCTbI0 30 M3/vac =720 m3/cym. Ilpn 3TOM pacCTOAHHE
MEXJY CKBaxHHamu 6yaet nopsaaka 15 u. Cxkpaxuun umewt auamerp 0,3 # ¥ no
YCIOBHAM MNPOU3BOACTBA PadOT pacnonraramTcs Ha paccTosHud 40 u OT NONOLWIBH
oTKkoca. TakuM obpaszom, umeeM L =170 u, [, = 130 w, I, = 40 ¥, d. = 0,3 u, h; =
=, h = 28 u.

OnpeneasieM OPUEHTHPOBOUHYIO BeAHYUHY ¢ no ¢opmyae (II, 236)
720 130

U=2"’2"5'_"TF——-10M.

[lpu 5—- = 33 no HoMorpamme pHuc. 67 Haxoaum D, = 0,38. Torpa coraacuo (I, 23a)
C

720 130 oo 130
=2y T ramo aro o = 28—y = 1084
S C 25 40 7

Oxpyrass, npuHumaem ¢ = 11 .
ITo dopmyae (11, 24) HaxoauM TOrOHHBIM PACXOM MOTOKA Ha OTKOCE

282 720 130

Onpepeanm tenephb pasMep onabiBanua otkoca. Ilpu q, = 7,8 m2fcym (> 7 m2/cym)
BENIMUHHY 7y onpeneasieM no taba. l11-4, a A no dopmyae (I, 306) npu d., = 0,026

738
- ]/0’026 505 =101 1y = 03L.

QO=25

of



I[Ipu tg ¢ = 0,6 no popmyae (II, 29) naxonum
. =0,31.0,3 = 0,093.

PacueTHOoe 3an0xeHHe OTKOCa onpegpedsem coraacHo (il, 31)

5
M= 5613-0,008 — >

[lo dopmyae (i1, 25) npit m = 5,7 HAXOAHM BBICOTY BbICAUUBAHMSA

7,8
hg = (5,7 + 0,5) o5 = 1,9 m,

a coraacHo (lI, 28) onpeneaseM anauHy a3blKa OMABIBAHHA [opg

| g 1,9 50
ona — Ic o 0.093 - M-

[fo-BunuMoOMy, TakoH pasMep ONJBLIBAHHS, €CJH M MOXKeT OBITh AOMYUIEH, TO
AUllb B HaYaJdbHbld Nepuoj] paspaloTKHM KOTIOBAHA, a B aAbHelmeM erq Caeayert
yMeHbIHTh. /[l1g sToro nenecoo6pasnHo BAOAL OTKOCA NOCTABUTh JAOMOJHHTEABHO
UIJIOQUIbLTPOBbIE YCTAHOBKHU H NPOBECTH pacyeT I ABYXPAJHOH CHCTEMBI CKBAXHH.

§ 11. Pacyer Bogonounkenuss B ABYXCJIOHHON cpene

[Ipn nByXCaO#HOM C/0KeHHH OCHOBaHHsS KOTJIoBaHA (puc. 29) pa-
JHKAJLHOE pEeUICHHE BOXOMOHHKEeHUsT MOXeT ObITh JOCTHTHYTO IpEeX-
J€& BCero 3a cuer paboThHl BOAONOHH3UTEJAbHBIX CKBAaXHH B OCHOBHOM
BOJOHOCHOM TOPH30HTE. ¥ CTAHOBKA € BOAOMOHH3HTEJbHBIX CKBAaXHH

/
A
7 /
e > :

Puc. 29.

B BEPXHEM IIOKPOBHOM CJI0€ MOXET OKa3aThCs Le/1eCO00Pa3HOH TOJIb-
KO npu 6OJBIIOH ero MOIIHOCTH ¥ MaJOH IIHPHHE BOJONOHU3UTE.Ib-

HOH YCTAHOBKH (KOTJIOBAHA).
[Ipy BLIBOZE pAacUeTHHX 3aBHCHMOCTEH, onpegeasomux sdpdex-

THBHOCTb PaGOTH ABYX PSAAOB BOAONOHU3UTEJBHBIX CKBAXHUH (HMIJIO-
duantpoB) B Bepxuem caoe {JI. 34|, xamanit pax CkpaXHH 3aMeHs-
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Puc. 30-6.
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eTCS 9KBHBAJEHTHON TOPU3OHTAJBHOH ApeHON paguyca r,, onpeueJs-
€MOr0 M3 COOTHOUIEHHS

23 o 4]
lg = = +-1g —*. 1, 32
& Y qu) 5 re ( )
Hcnoab3ys panee pemenune A. B. PomaHoBa aas AByX CKBaXHH
B NoJioce Mexay asyms obsaactamu nuranusa [JI. 26], moayuuMm cie-
AVIOIHe 3aBHCUMOCTH [AJA ONpeAeJEeHUs MNPHUBELEHHOTO MNOTOHHOTO

NPUTOKA @ =% K CACTéMe CKBAXHH (UrJI0QUJIBTPOB) H ITOHHKEHUS

YPOBHSI BOJABI IOJ MAHOM KOTJOBAaHA S, Npu 3aJaHHOM MNOHHXKEHHH
YPOBHSI B CKBaXHHAX S
— S.
q - 8l y
0,73 1g — O, - Ad,

(11, 33)

Zcb
S, = q®,. (11, 34)

B npuBeseHHnx 3aBucumMoctax P, u AP, — gonoJHHTENbHBIE
(PUJBTPALMOBHEIE CONPOTUBJIEHHUSA, OlpelessieMble B3aUMOILEHCTBHEM
PANOB CKBAaXHH U OTHEJbHHIX CKBaXHH MeXAy co60it. (3HauyeHus
®,., AD, u P, Moryr 6uiTh ONpeleseHs 1Mo rpagpukamMm puc. 30-a u 0).

IIn9 KOHTYPHBIX YCTAHOBOK B KayecCTBe BeJHYHHBl 2[, IpPHHU-
MaeTcsl €e MHUHHMAJbHBHI pa3Mmep (IIUpHHA).

Iaa onpeneseHusi NOHUXKEHHUSA HANopa nojJ KOTJIOBAHOM B OCHOB-
HOM BOJAOHOCHOM IIJIACTE YCTAHOBKY CJeAYeT NPUBECTH K OOJBIIOMY
KOJIOAIY ¢ o6muM pacxoaoM Q = ghP,, rae P,—nepumerp KOTJOBaHA,
U NOACYHTATh AaJjee BeJHUUHY IOHHXeHUS S, B COOTBETCTBHH C 3a-
BucuMocThbio (I, 3). O6iee noOHUXKEHHE YPOBHA ONPEAEJNHTCHA TpPH
3TOM, KaK CyMMa NOHHXKeHu# S, u S;.




I'1TABA TPETDH S

OUJBbTPALUOHHDBIN PACYET BOJONOHWNKEHUS
B YCJIOBUSIX HEYCTAHOBUBILETOCSl PEXXUMA
SUJIBTPALUU AJ9 CJAYUAS NNEPBOHAUAJIBLHOMU OTKAUYKH

A. PACYHET BOLAOIIOHU3UTEJIbHBIX YCTAHOBOK
B THUIIOBbBIX YCJ/IOBHUIX

§ 12. Onenxka o6mwero U J10NOJAHHTEAbHOIO NPUTOKOB
K BOJOMOHHU3UTEJbHbIM YCTAaHOBKAaM

B TUNMOBHIX YCJA0BHAX 44 ONpefeeHHd OOLIero mpuToKa rpyH-
TOBBEIX BOJ K BOJONOHU3UTEJBHOH YCTAaHOBKE B MepHUOA [€PBOHAYAJb-
HOH OTKAUYKH MOXHO MO0JIb30BATHCA pacuyeTaMu IO Crocody O0JbIIOTO
KOJOALIA, PaguyC KOTOPOro r, onpeneasercsd B COOTBETCTBHH C YKa-
sanuamua § 6 (cm. dopmyawm (I, 1), (II, 1a), (II, 2), (II, 2a), (II, 26)).

PacyeT OOBLIYHO BHINOJHAECTCH AJAS KOHEYHOTO MOMEHTA BPEMEHH
nepBOHAYAJbHOU OTKAYKH (f,), KOTOpOe 3ajaercss Ha OCHOBAaHHU OO0-
IEro KaJeHJAapHOrO I.aHa CTPOUTEJLCTBA H B TeYeHHE KOTOPOro
YPOBHH TPYHTOBBIX BOJX HOJXKHBI OHTb CHHXEHH 10 NPOEKTHHX OT-
MEeTOK B MeXeHb. TakuM 00pa3oM, UCXOJHHMH BeJHYHHAMH AJd Ol-
peneseHus oOuero pedUTa YCTAHOBKH B pacCMaTpHBaeMOM CJyuae
AIBJASIIOTCS, KpoMe (PUABTPAIHOHHEX XAPAKTePUCTHK FPYHTA (CM. NpPH-
JOXKeHHe 3) H napaMeTpoB, XaPAKTEePU3YIOIIUX FeoOMeTpHUYeCKYyIo (op-
MY H pasMepH MJacTa M KOHTYpa BOJONOHU3HTEJbHOH YCTAHOBKH,
obliee BpeMsa [E€pPBOHAYAJNIBHOH OTKAUKH M IIPOEKTHOE IIOHHXKEeHUe
YPOBHSI B MEXEHb B ILIeHTpe KOTJaoBaHa M,,.

OO0yl NPUTOK K BOJAOIOHU3UTEJNBHOH YCTAHOBKe OIlpene/asercs
No CJACAYIOMENR eTHHON dopMy.JIe:

RTS
=70

ruie S — NpoOeKTHOE NOHHXKEHHE B MeXeHb B IleHTpe KoTaoBaHa M,
MpUHHMAeMOe B 3aBHCHMOCTH OT IeOJIOTHYECKOI'0O CTPOEHHUS
[11aCTa B COOTBETCTBHH C peKOMeHIanusaMmu § 3;

ft,( (My) — dbyukuusa noHHKeHUd B IeHTpe M, B KOHEUYHHH MOMEHT
1€ PBOHAYaJbHOH OTKAUYKH [.

(111, 1)
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Bripaxenua Qynkmun f; (/\/{0) npuBoasitcs B Ttaba. II[-1 B 3aBu-
CUMOCTH OT Pa3/MYHBIX YC/JIOBUH NUTAHHA I1ACTa.

Tabauya 11-1

B NJaHe
KoTanoBaH B HEOrpaHUYEH- _..__}_Ef _ (ag)
HOM I1acTe 4n 43¢, 0
a) KotioBan y nmpaMonvHEN- 1 _ p2 _ L2
HOrO KOHTypa nutauus (y T I [E-‘f (‘“ ng) — L (—" 87, )] (a)
pekn) —pHc. 18-a—[J1.28] : : K
] : 72 : L2
6) KoTsoBaH B yraAy Mexny '—'-;ﬁ[fi (— 4;5{:,‘ )—- Ei (—“— B; ) -
ABYMs TIPAMOJHHEUHBIMH K K
KOHTYpPaMH NHTAHHA —PHUC. _ L2 L2 _ L2
18-6 +Eif— 2 et BN gl L7 (6)
Bl Pl
B) Kotnosan B yray Mexny Vi 1é v Fif— %)
NPAMOJHHENHBIMH  KOHTY- 4 45¢, 3t
POM NHUTAHUS U HENPOHH- ——— ;
[laeMOHd TIpaHRUEH — PHC. — Fif— y L&+ L2 gl L (B)
18-8 3t B,
r) KotaoBaH B nNOJOCOBHAHOM 1 , r.2 , [,2
ninacre, OrpaHHYEHHOM  in [Ef (“’" 4{; ) + £i (* *B}—-) —
NPAMOJHHEHHBIMH  KOHTY- : K
POM THTAHUSA U HENPOHH- g 4P (r)
LaeMOM TrpaHHLEHd — PHC. Bty
18-2
n) KoTnosaH B 10A0COBHIHOM _ Ve )\ __ F; L2\
nnacre, OT'PAHHYEHHOM 4w 481, 3
NPAMONUHEHHBIMH KOHTY- /2
PAMH MUTAHHUA UJIK CTOKa— — Ei (— = )] (1)
puc. 18-0 Bk
| N Ty e R N Y
e) KotaoBaH B KPyroBowm mJa- 4= 43¢, 3t
CTe, OrPAHHUEHHOM KOHTY- R.2 32
POM TIHTaHU{g — pHC. 18-¢ rae Ly = X (e)

1 Pemenue gns cxemnol ,e“ npegaoxerHo B, M. lllecrakoBnim.

62



B ra6a. Hl-1 ¢ynxnua Ei(— o) HA3KIBAETCI HMHTErpPaJbHBIM SKC-

nonennuasom [JI. 36]. 3HaueHnss 2TOH QYHKUHH NPHBOIATCH B
tada. II-2.

Tabauya I11-2

— L

a | Ei(—a)] a | Ei(—a)| a [|Ei(—a)| a |Ei(—a)] a |Ei(— a)
(
0,00 — | 028 —0,957 { 0,56 | —0,493 | 0,84 | —0,289 | 22 | —0,037
0,01 | —4,038 | 0,29 | —0,931 { 0,57 | —0,493 | 0,85 | —0,284 | 2.3 | —0,032
0,02 | —3,355 | 0,30 | —0,906 | 0,58 | —0,473 | 0,86 | —0,279 | 2.4 | —0.028
0,03 | —2959 | 0,31 | —0,882 10,59 | —0464 | 0,87 | —0272 | 25| —0023
0,04 | —2,681 | 032 | —0,858 | 0,60 | —0,454 | 0,88 | —0.269 | 2.6 | —0.022
0,05 | —2,468 | 0,33 | —0,836 | 0,61 | —0,445 | 0,89 | —0,265 | 2.7 | —0.019
0,06 | —2,295 | 0,34 | —0,815| 062 | —0,437 | 0,90 | —0,260 | 28 | —0,017
0,07 | —2,151 | 035 | —0,791 ! 0,63 | —0,428 ' 0,91 | —0.256 | 2.9 _0015
0,08 | —2,027 | 036 | —0.,774 | 0,64 | —0,420 | 0,92 | —0251 | 30| —0013
0,09 | —1,919 | 037 | —0,755 | 0,65 | —0,412 | 093 | —0,247 | 3.1 | —0,011
0,10 | —1,823 | 038 | —0,737 | 0,66 | —0,404 | 0,94 | —0.243 | 32| —0.010
011 | —1,737 | 0,39 | —0,719 | 0,67 | —0,396 | 0,95 | —0,239 | 3,3 | —0,009
0,12 | —1,660 | 0,40 | —0,702 | 0,68 | —0,388 | 0,96 | —0,.235 | 2,4 | —0,008
0,13 | —1,589 | 0,41 | —0,686 | 0,69 | —0,381 | 0,97 | —0.231 | 35| —0.007
0,14 | —1,524 | 0,42 | —0,670 | 0,70 | —0,374 | 098 | —0.227 | 3.6 | —0.006
0,15 | —1,464 | 0,43 | —0,655 | 0,71 | —0,367 | 0,99 | —0.223 | 37 | —0.005
0,16 | —1,409 { 044 | —0,640 | 0,72 | —0,360 | 1,00 | —0,219 | 3.8 | —0.005
017 | —-1,358 | 045 | —0,625| 0,73 | —0,353 | 1,10 | —0.186 | 39 | —0.004
018 | —1,310 | 0,46 | —0,611 | 0,74 | —0.347 | 1,20 | —0.158 | 40 | —0.004
019 | —1,265 | 0,47 | —0,598 | 0,75 | —0.340 | 1,30 | —0.136 | 41 | —0.003
0,20 | —1,223 | 0,48 | —0,585 { 0,76 | —0,334 | 1,40 | —0,116 | 42 | —0.003
021 | —1.183 | 049! —os72 | 077! —0328 | 150! —o0.100 | 4.3 | 0,003
022 | —1,145 | 0,50 | —0,560 | 0,78 | —0,322 | 1,60 | —0.086 | 4.4 | —0002
0231 —1,110 | 051 | —0,548 | 0,79 | —0,316 | 1.70 | —0.075 | 45 | —0.002
0,24 | —1,076 | 0,52 | —0,536 | 0,80 | —0,311 | 1,80 | —0,065 | 46 | 0002
0,25 | —1,044 | 0,53 | —0.525 | 0,81 | —0,305 | 1,90 | —0056 | 47 | —0,002
0,26 | —1,014 | 0,54 | —0,514 | 0,82 | —0,300 | 2,00 | —0,049 | 48 | —0,001
0,27 | —0,985 | 0,55 | --0,503 | 0,83 | —0,294 | 2,10 | —0,043 | 4.9 | —0.001
0,28 | —0,957 | 0,56 | —0,493 | 0,84 | ——0,289 | 2,20 | —0.037 | 5.0 | —0.001

[IpuMeyanune. [lpn Maabix 3HAYEHHAX a

— Ei(—a) = lnl—0,574,

&

[lapamerp bDyccunecka 8 (xosddumHeHT ypOBHEIPOBOLHOCTH)

31€Ch W HHXKE Oonpeje/sieTcss TaK, KdK 3TO YKa3aHO B MNPHJIOKE-
HUH 3.

OO61 Ui JONOJHHTENbHBIH HPHTOK AQ, K BOXOMOHH3HTEAbHOH yCTa-
HOBKE B IIEpHOJ, II€PBOHAYAJbHOH OTKa4ykH onpejenasercs 1o ¢Qop-

MYy.Jie
AQy = Qy — Qu, (111, 2)

rae Q, — Haxoaurcsa no dopmyJae (III, 1);
Qu — OOIMHA MNPHTOK K YCTAHOBKE /sl CJAydasl MOALepKaHUS
NPOEKTHBIX YPOBHEH B MewxeHb (cM. 1. lI).
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[locse onpenesnenus pononanutenbHoro gebura AQ, OpHEHTHPO-

BOYHO Haxogutcsa tpebyemMoe IJs NPOBEIEHHS IepPBOHAUYAJLHOH OT-

Ka4Kd B 33JaHHHIH CPOK JAONOJNIHUTEJBHOE KOJHUYECTBO CKBAXHH YC-
TaHOBKH.

Il;ts  1npoBeAeHUss NepBOHAYAJBHOH OTKAQUKH AOIOJHUTE/JIbHBIE

CKBaXHHBI HE€ TpeﬁnyTCH IIPpH AQ;) < (Qc.np — Qc.nn*r), rpe Qc.onr —
Ae0uT CKBAXHHBI, COOTBETCTBYIOUIHH ONTHMAJbHOH NPOH3BOLUTEJIb-

HOCTH Hacoca; Qenp — A€OHT CKBaXUHBI, COOTBETCTBYIOIIHH Tpereab-
HOH TIIPOU3BOAUTE/JLHOCTH HAcOca; M. — KOJHUYECTBO  OCHOBHBIX
CKBAXHH, T. €. CKBaX<HH, IIpeAyCMOTPEHHBIX [IJd Nepuoja HNoJuep-
KAHUA IIPOEKTHHX YPOBHEH B MeEKeHb.

[Mpu AQy > 1. (Qenp — Qe.onr) KOJHYECTBO JOMOJHHTEIBHBIX CKBa-
XHH 1/, onpepeasercsa no dopmy.ie

n, = — Axenp  xe.oml (111, 3)

Ecan Heo6xoauMo xecTko cOO0J101aTh rpaduK NPOU3BOACTBA 3€M-
JAHHIX paboOT MO BHIEMKe KOTJOBaHa, TO CJAEAYeT CaesaTh NOBEPOU-
HHIE pacuyeTH JJ5 [POMEXYTOYHHIX MOMEHTOB BpeMeHH [ <[I,. B
9TUX CJAydYasfiX pacyeT BHIOJHAETCsT Takxe no gopmyae (I, 1) ¢ no-
mombio Taba. III-1, B KOTOpHX BMECTO [, cJAeayeT HMeTb B BHAY
paccMaTpHBAEMH MOMEHT BpeMeHH [.

[Ipu n3BectHom gebute Q,, HalJeHHOM, KdK 3TO YKa3aHO BHIIE, IO
pacyery JAJd KOHEYHOI'0 MOMEHTa f,, OlpeneJsieTcd IOHHXKEHHEe, CO-
OTBeTCTBYIOLlee MOMeHTy f. Eciau 3TO NOHHUXKeHHe MeHee Tpeldye-

moro, To no cdopmysae (lll, 1) BuoBp onpenesasierca Q, HCXOas1 U3
TpeOyeMoro NOHHXKEHUST B MOMEHT BpEeMeHu L.

[locae onpenesieHUss OPHEHTHPOBOYHOIO KOJHYECTBA JONOJHUTE/b-
HBIX CKBAXXHH H PACCTAHOBKH HX B CHCTEME€ OCHOBHHBIX CKBAXKHH, MO-
JIOXXK€HHE KOTOPHIX YXKe (PUKCHPOBAHO M HE IMNOMAJNEKHT H3MEHEHHIO,

IJI1 KPYNHBIX BOJOIOHU3UTEJbHHX YCTAHOBOK BHIIOJHSAETCA HETaNb-
HbI pacyeT C NOMOUIbK) 00Jiee TOYHBIX METOJ0B, H3JlaraeMbIX HHXKeE.

§ 13. JdetanbHbiii pacyeT B3aUMOIEHCTBYIOUIHX CKBAXHH

a. Cucmemb, OmoOeAbHO CMOAWUX CKBANCUH

Kak ¥ npuH ycTaHOBHBHIEMCS pexume ¢duapTpanuu (cM. § 7), pa-
cyet BuInoJHsercs mo ¢popmyaam (I, 4) +— (I, 7a), B KOTOPHIX BMECTO
bYHKUMH I@OHUXKEHHs [, IPH YCTAHOBUBLIEMCS pexume cJaenyer
HMeTh B BUIY (QYHKIHIO TOHHXKEHHS [ IIPH HEYCTAaHOBUBIIEMCS pe-
XUMe QUAbTpaluud AJsg MOMEHTa BpeMeHH f < f,. BoipaxeHus s
MYHKIHU MOHHKEHUS [ OT NEHCTBUA OXHON CKBAXKHHBI IIPUBOIATCS
B Tab.. [lI-3 B 3aBUCUMOCTH OT Pas3JHUYHBEIX YCJAOBHH MHTAHHUA I/1aCTA.

B Taba. -3 f.y aBagercss QyHKIHEeH NOHHXKEHHA JJST COOT-
BETCTBYIOIIEr0 YCTAHOBHUBLIEI'OCHA pexXuMa QUAbTPAHU H oOlpeje-
AsieTcsl ¢ nomoumbio ta6a. I1I-2. 3Havenusa Ei(— a) oupenensiorcs no

1a0. llI-2, 3navenus dbynkoui £ * (§, v) — no rpadpukam Ha puc. 3l.
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Tabauya [11-3

: |
5 HauMeHOBaHHE CXEMBbI
5 M3obpaxeHnne cxeMbl
DaCHOJOXEH!A CKBAXHMHBL
E
1 | B HeorpanuueHHOM NJaacTe g’f\
)’l
r i \MM
2 B 0JyOT PAHHYEHHOM y 5, =0
IM1aCTe C OJHHM KOHTYpPOM M :
! NUTaHHA (CTOKA) |
< |
I
L~ |
GKY, |
| |
3 B noaocoofpasHoMm

niaacTe ¢ ABYMSH KOHTypa-
MM ITHTaHHUA (CTOKA)

BeipaxeHue Oas (PYHKILHAKN MOHHMKEHHUA

el i, S il -

[/ 37]

lE, e
Je= 4w z( W)
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Nasg onpeleacHus (@QYHKHHH f. B CKBamHHE CJAEAYyEeT IMoJaraTth
r=vr., r'=2L,r"=2[ x=0uy==01"

[Tocae onpenesenus] QYHKUHHA NOHMMeHHA fer AAS1 XapaKTEPHBIX
pacyeTHBhIX TOYEK, KOTOPBHIE HaMEYaloiCs BHYTPH KOTJOBaHA H B TOY-
Kax pacloJIOXKeHUs CKBAXHH, HAXOAAIuXCA B Hanbosaee HebJaro-
NPHUATHBIX YCJAOBHSAX, TNPH 3aJaHHOM OO0ueM KOJHYECTBE OCHOBHBIX
U JOMOJIHUTEJNBbHEIX CKBAXHH U JeOuToB OIHO{ CKBAXHHBL Olpeae-
JSI0TCH MOHHXKEeHHus YPOBHS B pacueTHHIX TOuKax. B3 cayuyae 3HauH-
TEeJbHBIX PACXO0XKJAEHHH B pACUETHHIX M TpeOYeMHBIX IO IPOEKTy MO-
HHXKEHHAX CJAeNyeT MPOU3BECTH II€PeCTAHOBKY JOIOJHHTEJbHBIX CKBaA-
’KHH, HU3MEHHTL HX YHCJIO HJH COeJaTb U TO H JpYyroe, mnocje 4ero

Ft€ 7}
022 (—1— l .
020 $ t
0,/(3 1 ! - -
016 +— j &
O 117 1E=23]
/474 1 L ‘ -
010 1
4081 1 |
a& I R i ~” N 4-—-£-_-
OU4 * £200 =
0024 e =
; -

f

2 3 4 & 6 7 8 9 10Vp
Puc. 31.

BHOBbL BBINIOJHHTL pacyer. Ilocse OKOHUATeABHOTO YCTAHOBJIEHUS
MECTOUOA0KEHUSI H KOJHUECTBA JOIOJHHTEJIbHBIX CKBAXHH YTOU-
HsieTcs1 001asl BeJHYHHA JOMOJHHTEJBbHOro IputToxka AQ, H NPHUTOKA
(Jo K BOJONOHU3UTENLHOH YCTAHOBKE B IepPHOJ] NEPBOHAYAJIBLHOH OT-
Kd4YKH 110 CPABHEHHIO C BEJMYHHAMH HX, MNOJACUATAHHLIMH COTrJIaCHO

§ 12
0. Pactem cocmasHo20 KOHmMYpa B00OHOHUSIUMEABHOI YCMAHOBKIL

[Ipu GOabLUIOM KOJHUECTBE CKBAXUH BOJONOHU3HUTEJLHON yCTa-
HOBKH JI€TaJbHBIK pacyer I TMePpHOoAa IEe€PBOHAYAJILHOH OTKAYKH
PEeKOMEHIYETCST BHIIOJHATh 0 METOJHKE, H3J0XKEeHHOH IJs aHaJo-
FTHYHOTO CJy4asi MPH YCTAaHOBHBUIEMCs pexHume Quabrpanuu B § 7.

OCHORHBIMH DPACUCTHBHIMH (popmyamu aBAsIOTCS dopmyant (I, 9),
(II, 11), B xoTOpBIX BMECTO PYHKIUHU MOHHXKEHHS f OT [eiicTBHS yua-
CrKa KOHTYpa NPH YCTAHOBHUBIIEMCS pexuMe (PUAbTPAlHH CJaejpyerT
UMETh B BUJAY (DYHKIMIO NOHHXKEHHS [, OT HeHCTBHS VYyUYAaCTKa KOH-
Typa OpH HeyCTAaHOBHBIIEMCS pexUMe (PUABTPALHU B PACUETHHIA MO-
MeHT BpemeHH f <77, (0OOBIYHO jocTaToOuHO noJsarate t==1,). Ilox
OOIHM KOJIHYECTBOM CKBAXKHUH IS KaxJOI'0 y4acTKa CJAeJyeT HMETb

L — —

1 Cnenyer uMerb B BUy, 4TO NPH MANblX 3HAYCHHAX a — Fi(— a) =In 1_ 0,974.

a

oF 07



B BHAY B 3Tux (hOopMy/1axX CYMMY OCHOBHBEIX M JONOJIHHTEJLHBEIX CKBa-
KHH yuyactika (n,+ #7.').

Jlono/IHUTEeJBbHEIE CKBaXXHHBI, OPHEHTUDPOBOUHOE ofuiee KOJIHUEC-
CTBO KOTOpHX A1 BCeH YyCTaHOBKH ompejeJsseTcs corJjacHo § 12,
pacnpenessilorcd B NEPBOM MNPUOJNHKEHHH MO yuacTKaM MpPOIOPILHO-
HAJbLHO KOJHYeCTBY OCHOBHBIX CKBAax:HH AJsS KAXI0r0 H3 HHX. Ta-
KO€ pasMmeumeHne JAONMOJIHUTeJNBHBIX CKBAXWUH B CHCTeME€ OCHOBHBIX

CKBAXHH BHIIOJHACTCS paBHOMEPHO, Ha-
20 CKOJILKO 3TO BO3MOXXHO, BAOJb KAaXJIOTO

9 y4JacCTKA.
P" Ec/aiy pacueTHLIE ITOHUKEHHA B XaPaK-
' TePHBLIX TOYKAX 3HAUUTEABHO OTJAHYAIOTCSI
OT TpeOyeMHBX MO IIPOEKTY, TO CJAeayeT
Cle/JaTh NePEeCTAHOBKY AOOOJHHUTENRHEBIX
CKBAaXHH ¥ BHOBb IIPOBECTH pacuer.
[locse OKOHUATEJLHOTO OnpepeJeHHs
MECTONOJ/IOXKEHHSI U KoJHdyecTBa JOIOQJI-

HUTEJBHEIX CKBAXHH Oonpegensercs oOuuii nputox Q, ¥ oO0WHUH HO-
MOJMHUTEJNbHEH NPHTOK AQ,.

DOyHKIHg TOHWKEHUs [, OT AEHCTBHUA OJHOTO YyyacTkKa KOHTypa
BOJONOHH3UTEJABHON YCTAHOBKH, PAaCIOJOXKEHHOH B HEOTrpaHHYEHHOM
iacre, onpegeasercsa [JI. 24, 25] no dopmyse

4 r
ft: _Q_QZF(G(E: 0,) QEF(C‘I! Bl): (IH’ 5)

N

Y

£

Puc. 32.

rjpe ry, ¥ — pajuycH, coeguHsoniue TOUKy M, B KOTOpPOH omnpeje-
JSI€TCA TMOHMXKEHHe, ¢ KOHIAMH yuYacTKa JJHHOH 2/,
IPDHUYEM Vo > Fy;
0,, 0, — yran, o6pa3oBaHHEIE HAaNpaBJeHHEM YyyacTKa COOTBET-
CTBEHHO € HAanpapJeHHIMH pPaAHyCOB r; U Fry, IpHUEM
YIJIBL OTCYHTHIBAIOTCH OT Yy4YaCTKa K pajguycaM 10 4aco-
BOH CTpeJKe;
o

—_
2Bt 2v Bt
F(a, 9) —dyHknus, 3HAUYEeHHE KOTOPOH HAXOIUTCA IO rpaduky
puc. 33-a, 0.
Mpn 6> 5 F(a, §) = —F (s, = —0). Tpr 0 =3

cooreTcTByer £ =0, F(a, 6) =0. Ilpn a=0, T. e. npu r =0 wnJau
[ = 0O, IPHYEM IIOCJeHee COOTBETCTBYEeT YCTAaHOBUBIIEMYCS PEKHMY
PUIBTPALHH,

x (puc. 32);

ai, —
i

HJIU 0 = 0O, YTO

F(a, 0) = A — Blna, (I1I, 6)
rne B :51? cosb u 3Hayenus A HaxogaTCd 10 TpadUKy Ha
puc. 33-a. Ilpaktuuecku dopmyJaoit (I, 6) MoxHO mONB30BaTLCH IIpH

o << 0,2,
08
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OyHKIHA TOHHKEHHS [; OT HEHCTBUA OAHOTO YyYacTKa KOHTYpa
BOJAOMOHU3UTE/IbHON yCTAHOBKH, pAaCIOJ0XKEHHOM B MOJYyOI'PaHHHCH-
HOM [acte ¢ NPAMOJHHEHHBIM KOHTYDOM NHTaHHs (pHC. 34), ompe-

neaserca mo gopmy.ie (111,7)

ft:fﬂf“‘“fcbt:

/ j 4ya-
rae fx,— QyHKIHA NOHWKEHHA OT NCHCTBHS JEHCTBUTEJLHOTO y

cTKa CKBamun, onmpenesasieMas no gopmyae (I, 5);
f o, — QyHKIHSA TOHHXKEHUs] OT ACHCTBHS GUKTHBHOrO y4acTKa
L CKBAaKHH, ABJASIOMEroCsd 3epKaabHBIM OTOOpPaXKKeHHEeM Jiefi-

CTBHTEJBHOTO yuyactka (puc. 34), npuuem

‘}f ! ! rf ’ /
Far=giF (a), 05) — 5 F (o, 0). (111, 8)

ol

Bo Bcex [APYCHX C/AydasgxX THIOBBIX YCJAOBUH TMHTalHs 0/acra
VHKIOHIO [OHHMKEHHS f; PEKOMEHAYeTCs ONpeletars Ho (opMyse
(1, 12) [J1.31]. B sroit dopmyse f. creayer 3aMeHHTH f ¢, ONpene-

Puc. 35H.

Puc. 34.

JsseMont no tab.a. llI-3, B OTcUHTHIBATHL BCe pPACCTOSIHUS OT CepegHHE
yuactka. Bmecro Af caepyer npunumath Af,, KoTopast HaXOLUTCS
no gopmyJe

1 .. r- r Fo s
Af, = ——EEL (— Z@) ] QIZF(CLI; 0y) — QIF(%’ Uz), (1L, 9)

rjpe r — pacCTossHHe OT CepeJHHB YydYacTKa a0 TOYKH, B KOTOPOH
onpejesaercd nonuxenue. Bee gpyrue o003HaueHus ACHBL U3 pPUC. 3D.
byuxkmusa Ei(e) u F(«, U) onpepensiiorcs, KaK U paHee, ¢ MOMOUILIO
tab.,a1. 1lI-2 u rpaduka puc. 33-a, 0.

[IpuMep pacuertd. Tpebyercss BbINOAHUTL (QUALTPAIIMOHHBIM PACUET NPIH He-
YCTAHOBHBUICMCH DPCXHUME (.bH.HprﬂU,HII B NICDHOJ HEDROHH‘-IE]JIbHOﬁ OTK4AYKHN BOJO-
MOHH3HTEJbHOH YCTAHOBKHM JJASI LPAMOYIOJLHOIO KOTAOBAHA, PACNOJOKEHHOTO B

MOJAYOTPAHHUEHHOM TLAACTE C IIPIMOJMHEHHBIM KOHrypoM nutauus (OeperoBoit KoT-
JoBaH). Cxema BOJOIIOHU3WTENBLHOII YCTAHOBKI B [AdHE U B pas3pe3e NPHBOAHUTCA Ha

puc. 36.
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BomoHocHHIH maact — 6e3HANOPHBIK M COCTOHMT U3 OAHOPOAHBIX 110 BOXOHENPOHH-

HaeMOCTH TPYHTOB C KOabhduumeHToM QuiabTpauun R = 30 #/cym N K0O3DPHLHEH-
TOM BogooTHauu p = 0,20. buiToBOH NOTOK OTCyTCcTBYyeT. [Ay6HHAZ TPYHTOBBIX BOJL

Ha KOHType nuTtauus A, = 19 a.

Ha repputopur KoTnopaHa 3ajgaHa NOCTOSIHHASA HOpPMaA OCYIIEHINs, COCTaBAAOIIAA
AN NeprHoja NOJHEPKAHHS TPOEKTHbIX YPOBHEH B MexXeHb ] # OT OTMeTKH IHa
KOTJOBaHa, JTOH HOpPME OCYILEHHS COOTBETCTBYET INOMYCTHMOE TOHWMEeHHe Ha Tep-

putopuu xotaosana S, = 10 .u# u ponycruMble riyOHnbl FPYHTOBBIX BOR A, | =9 M.

Kotnosan paspabatbiBaercsl Hacyxo. CpoK NepBOHAYAJbHOM OTKaYyKk¥ HNPHHHMA-
€TCA paBHBIM f = 100 cym.

[TockoabKY KOTJOBAH paspabarTbiBA€TCA HACYX0 H pACHOAOXEH B Mmaacre ¢ Hpo-
CTBIMH YCJAOBUAMH MUTAHHS, pPACUYeT BBLIMOJHAEM MO METOAY CJAOXKEHHS TCUECHHH Aad

JHHUH PaBHOI'O NPHUTOKA.

CHauvana ouennM obwuil nputok Qy no dpopmyae (I, 1) n ¢ nomourpbw Taba.
I11-1.

200 -+ 540
[lo dopmyane (II, 206) ry= 1,15 j = 212 u; no dopmyae (I1, 20), npu-
30-14 19 -9
BeeHHON B NPHIOWKEHHH 3, f§ = 05 = 2100 wm3/cym, rpe hep = — él_ = 14 u;
L2 2002 F2 2122

35 = 2100-100 = 2190 45, = 72100-100 — %054

H Torjaa no taba. 111-2 naxonuM
Ei(—0,190) = — 1,265; Ei(— 0,054) = — 2,399.

3amenssa B (I, 1) § no ¢opmyae (I, 3), Haxonum

30
5 (192 — 9)
o = = 46500 u3/cym.

]

Has nepropa mojgjepixalusi NPOEKTHBIX ypOBHEH B MexeHb 10 ¢opmyae (I, 3)

30
5" (192 — 92)
Uy = 5500 = 41400 u3/cym.

0,367 Ig ~575-

PaccmorpuM BapuaHT obopyloBaHus CkBaxuH Hacocamu ATH-8-1-7, nas xoroprix
Qc.ont = 720 M3{cym, Qc.np = 1068 u3/cym. KoanuecTBO OCHOBHBIX CKBa)XXWH OpPHEH-

41400
THPOBOYHO COCTABAACT /e = ~7p53— = 58 mr. Torga 7. (Qenp — Qc.onr) = 58 (1008

— 720) = 16700 w3/cym. [lo (IlI, 2) AQ, = 46500 — 41400 = 3220 M3/cym, T. e.
e (Qc.np — Qe.ont) > AQ,, 4, CI€I0BATEABHO, AOMOJHUTENbHBIE CKBAXHUHBI AASl HPO-
BeJIeHUS NEepBOHAYaJbHOH OTKAuKH He TPpeOyrTcs.

JIns nNpoBepPKH NOHUXEHHH YPOBHEH B CKBAaXHHAX YTOYHSAEM PpacyetT IO METO-
ANKe, u3noweHHOH B § 13, n. 6. KOHTYp BOZONOHM3UTENBHOM YCTAHOBKIH 3aMeEHAEM
YeTHIPbMA JHHUAMH paBHOro Iputoka l -4 u HameuaeM pacueTHble TOUKH [ = V
(puc. 36).

PeaynbTaThl pacueTOB NPHU YCTAaHOBHBINEMCHA pexnMe quabTpayvd g MMEpPHOIA

NOAJEPXKAHHS IMPOCKTHBIX YPOBHEH B MEWEHb, BHIMIOJHEHHBIX 10 METOIUKE, H3NOXKEH-
HOHU B § 7, 1. 6, H HEOOXOAHMBIX i MNEePBOHAYAAbHOH OTKAa4YKi, IHPHBOAATCA B

Tada. Ili-4.
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Ta6auua I11-4

A - - et

Noe qd, 2!, Q! | e, 21

JHHHH M2Z[cym M M3[cym ILIT. ¢ e

] 42,0 540 223800 32 16,3

2 7,0 540 3780 O 108

3 42,0 200 8400 12 16,7

4 42,0 200 8400 12 16,7
Beero 43380 61 | -

[IpuMeuanne. CKBaXHUHB COBEplI€HHbie ¥ HMEWT AHameTp d. = 0,25 .
Ilng pacueToB B mepHOJ I€pBOHAYAJbHOH OTKa4KH HCnoab3yem dopmyasl (1, 9a),

(11, 11a), (11, da), npuHuMaag ¢, = q; =g, = q H %3 = (,171. 3Hauenun f; onpene-

aseM npu ¢ =t = 100 cym nmo dopmyanam (IH, 5), (lII, 7), (11l, 8) ¢ nomouikio rpa-
$ura Ha pHuc. 33-a, 0.

Jaa Kaxjaod pacyeTHON TOYKH HAXONHM 3HAYeHHd ri, U ry, ri/ ¥ ry/, A 1 A
(puc 34), HaMepss JHHCHKOH PacCTOSAHMA OT TOYKH MO KOHLOB KaxXJoH JUHHH
PABHOTO MPHUTOKAa U €€ 3epKajJbHOro M300pakeHdd, a TaKxe AIUHY NepneHAHKyaspa
(A u A7), ONYUIEHHOTO H3 TOYKH Ha KamXKAyl JHHHUIO W €€ 3e€PKajibHOE H300paxKeHue.
HaiigenHble nmapaMeTpnl 3anucbiBaeM B Tabanuy, o0pasunoM KOTODOil CAYKUT, HAPH-
Mep, NpHBeJeHHass HUe Tabaulla aad TOYKH |

Tabauga HI-5

sinﬂl—-'ﬁ, sinﬂg—rﬂ, 91, Eﬂ—.
No No 7 Vo A, ry Iy 0y, 0,, T Q-
TOH- HHH;{H (r’' )| (r79),| (87), sin 6, — A sin 0,/ — A7 1 (8,) | (0) (&:) (E?:_)
KH M M M Fo | s A T
1
I ] 0 | 540 | O 0 0 0 0 0 0
17 | 200 | 576 | 200 ] 0,348 90° | 20°207| 0,500 | 0,113
2 200 | 276 | 200 1 0,348 | 90° {20°207| 0,500 | 0,113
27 1400 | 672 | 400 ] 0,595 90° 1 36°307| 0,500 { 0,203
3 0 |200] O | 0 | 0 0 0 0 0
37 | 200 { 400 0 () 0 0 0 0 0
4 540 | 576 | 540 1 (0,958 90° | 69°407} 0,500 | 0,387
4’ | 376 | 672 | 540 (0,938 0,804 69°40/ | 53°3071 0,387 | 0,298

[IpumMeuaHue. AHaTOTHYHLIH pacyer BLITOAHaeTCs miaa touek [T — V.

Belyncaenunsa JJaa OnpejencHust f,; BO BCeX ToukKax mnpu fy, = 100 cym u f =
= 2100 #*/cym BbinoaHsieM B TabauuHOi Gopme, 06pa3LOM KOTOPOH CJAYKHT, HANPH-

Mep, tabaula BblUHCAeHUd fy; B Touke I (cwm. rtaba. III-6). B aTolt ke

1 Orpomenne 42 — 0,17 Hanmeno H3 yCAOBHS PABEHCTBa IOHHXEHHH B TOUKax

I u 1V (§;,=S8;y) npu yCTAHOBUBILEMCS peXiIMe.
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radauue npuBoadTes 3HaueHmst fo; B Toukax Il — V u coorBercrByoliie UM 3Ha-

UCHHA f, NPH YCTAHOBHBIIEMCH PexnMe (HAbTPAIHIL
[l[puHuMaeM TNOHH:KeHHe YPOBHA B touke | npu £ =1{;, paBHLIM JONYCTHMOMY,
T. e. S(1, fx) = 10 m. Toraa, umes B Buny (I, 3), mo dopmyne (II, 9a) naxoam

30
5] (192 — 92)
1="35.036 = 44,8 M2/cym;

g = q;=¢q, = q =448 u*/cym;
> = 0116544,8 = 7'4 Mf—‘,‘cym;
AQ, = 46100 — 43280 = 2820 u3/cym.

Takum o6pa3oM, npH YyTOUHEHHH pacueTa HMeeM, KaK U no crnocoby 00abILOro KO-
nojpua, ne(Qe.np — Qe.onr) = 61(1008 — 720) = 17600 M3/cym > AQ, = 2820 M3/cym,
U, ClefoBaTeNbHO, KONMOJHUTEJIbHbIE CKBaXXHHBI He TPeOYIOTCH.

Jlanee IpoBepseM riayOHHbl BOJALI B cxaamugax Hlet] = f, = 100 cym, yunrniBas,
46100
{}

n. 0l
dopmyaon (11, 1la), B xoropoii 3amensem S; mo (I, 3). Pacuernl BBIIOJHACM B
Ta0andHoi ¢opme (cm. tadua. lI-7).

4YTO B NepHOoj] MEPBOHAYAIbHOH OTKaukH Q. = =700 u3/cym. lToap3zyemcH

b. PACHET BOAOIIOHUSHUTEJIbHbIX YCTAHOBOK
B CJIO)KHDbIX YCJ/TOBHUHIX

§ 14. O0mue nojokeHds MeTOOHKH pacyeTa BOJOINOHH3HUTENbHbIX
YCTAHOBOK B CJAOXHBIX YCJAOBHSIX NMUTAHUA

PacueT BOJOIOHU3UTEJNBHEIX VYCTdHOBOK B CJAOXKHBIX YCJIOBHSIX
MUTAHUSI B [E€PHOJ IMEepB3OHAuaJbHOH OTKAYKHd, XapaKTepu3lyeMoi
HEYCTAHOBUBIUHMCA PEXKUMOM (PUJILTPAILMHU, BBINOJHAETCH, KAK H IIPH
YCTAHOBHUBILEMCS pexuMme QUABTPALHU, IO XapPaKTEPHBIM JIEHTAM
TOKa CETKH ABHXEHHS, COOTBETCTBYIOILEH YCTAHOBHBUIEMYCA PEXKIMY
duabTpanun (cm. § 9).

B yc/IoBHSIX HEYCTAHOBHUBIHEI'OCS pPeXHMA (QUJALTPALUA YKA3aH-
HBI NpUOJIMKEHHBIM MeTOJ pacyeTa OCHOBAH Ha JOMNYILEHHH O Hele-
(QOPMHPYEMOCTH JIHHH# TOka. Ilpejgnosaaraercs, 4ro JUHHH TOKA HPH
HEYCTAHOBHBIIEMCS pexHMe (PHABTPALHH B JIOOOH MOMEHT BPEeMEeHH
NPpUOJAHIKEHHO COBMALAlT Mo Qopme ¢ JHHHAMH TOKa [PH COOTBET-
CTBYIOULEM VYCTAaHOBHUBIIEMCH pexume duabrpauud. lorga npuse-
NeHHas NanHAa L, W wupuda b, Kamaoil JSHTH TOKA NPH HEYCTAHO-
BUBIIEMCH peXuMme @UIbTpPanHH MOTYT CUHTATHCSH IOCTOSHHBLIMH U
PAaBHLIMH JJIMHE H HIHPHHE COOTBETCTBYIOIUEH JICHTHI TOKA [IPH YCTa-
HOBUBIIEMCSl peXuMe (PHAbTPALHU.

Takum 06pa3zoM, OCHOBOH AJIsI pacyeTra BOJONOHH3HTEJJBHOII yCTa-
HOBKH B II€PHOJ NEPBOHAUYAJLHOH OTKAUKH SBJAAETCH CeTKA JABUXKE-
HHSI, yXKe IOCTPOEHHAd JJA PaCueTOB B YCJOBHSAX YCTAHOBHBIIETOCH
peXuMa (PUJAbTPALUHUU B NEepHOJ MNOJIEpPKAHHA IIPOEKTHHX ypOBHeH

B ME:KeHb, IIPHYEM B 3Ty CETKY BHOCATCA HeOO/bILIHE NONOJIHEHHS
(cm. § 19, 16).
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I
111

Y

1!

2!

3.\"’

4)"

, , | U Yy 07y
7'1 HAHU rl, !'2 HAH ?‘2, T' "‘E’ — T
g I M |
3 4 5 6
0 540 0 0
200 576 0,500 0,113
200 576 0,500 0,113
400 672 0,500 0,203
0 200 0 | 0
200 400 0 ! 0
540 576 0,500 0,387
576 672 0,387 0,298

0,218
0,218
0,516

0,218
0,586
0,626

0,586
0,626
0,626
0,732
0,218
0,435
0,626
0,732

F (a,, 6,),
F (a’y, ﬂ1")

Mpumevanne, Lludpw, nocraBrennsie B ckobkax, 0003HA4aI0T BHPAXKEHHA B COOTBETCTBYKIIHX rpadax.

F(aﬁl BQ)! |
F(a’ﬁ, 9’2) I

10

(3)X(9), | (9)x(10),
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i

I

M
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——

no ¢-aam (II1, 5)

1
B — - — —
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0,120
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0,021
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—

o O O O
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0
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Pacueroe g{ Ne 1OUKH

CHCTCMDI ,
M2fcym
1 2
44,8 I

3
1V
V

S ot,

| (cMm. Taba.
[11-6),
M

|

93,6
98,0
95,8
101,1

af ot o
Mx@), | TP o | (1L 9)
M3fcym M2 M
|—
4 5 6

o _ | !
4200 280 16,8
4410 294 16,9
4320 288 108,0
4540 303 62,3

¥

00,0
90,9
360,0
280,0

[Ipumevanne. lludppu, nocrasaenuole B ¢ckobOkax, 0603HaAUAIOT MATEMATHUECKHE

0,458
0,459
0,752
0,665

BbIpaXEHUS B

—

Tab6auya II-7

hcz == (1 l) — ]
- QP | ho. re, | — )+ 0), he, | Sc=ho—he,

M2 M M2 M2 M M

9 10 11 12 13 14
232 | 19 | 361 57 8 7.6 11.4
23,3 | 19 ; 361 43,7 6,6 12.4
382 | 19 | 361 34,8 59 13,1
33,8 ' 19 ’ 361 94,2 49 141

COOTBETCTBYIOUIMX rpagdax.



Pacyer JeHT TOKa BBINOJHAETCS 1O OZHOH H3 c¢XeM A8 GecKO-
HEeYHRIX TPSIMOJHMHEHHBX psaA0B paBHOAEOHTHBIX CKBaXHH, 3KCHaAya-
THDYEMBIX BO BPEMEHH C [NOCTOAHHHM JeOHTOM, IPH HEYCTAHOBHB-
[eMcs pexume (PHIbTPaLHH.

8§ 15. Pacuer BOIONOHU3UTENbHbLIX YCTAHOBOK /J KOTJOBAHOB,
pa3padaTbiBaeMblX HacCyXo

[Ipy mOCTpOEHUU CeTKH JBHKEHHs AJf pPacyeTOB B MEPHOJ IOJ-
IepXKaHus [POEKTHHIX YpOBHEH B MeXeHb B KadecTBe KOHTypa
CTOKA NPUHHUMAETCA KOHTYP BOJONOHH3UTEJbHOH YCTAHOBKH, eCJH
KOT/JIOBAH HECOBEPHIICHHBIH, H KOH-
Typ OTKOCOB KOTJIOB4dHA B ILJIAHE,
eCJIM KOTJIOBAH coBepmieHHHH. 1lpu
HCIONB30OBAHUH 3TOU CETKH i
pacydeToB e pBOHAYAJBHOW OTKAUKH
cjaeayer HMeTb B BHAY, UTO ODU
pa3paboTKe KOTJOBAHOB HAaCyXo
HeOOX0AHMO VYUYHUTHIBATH B IEPHOJ
[IePBOHAYAJbHOI OTKAYKH OCyIIe-
HHE TIpyHTAa KAaK BO BHEIIHEH 10
OTHOIIIeHHIO K KOHTYPY BOJJOIOHH-

| Karmyp

3UTE/JLHON YCTAHOBKH 30HE, TAaK — | KOmIoenHe
H BO Bced BuyTpeHHe#l 3one. [lo- /

1 Kommyp Bodonowiysumens-
3TOMYV JJs pacyeToB [€PBOHAYAJIb- 1oKi yomanobhy
HOH OTKA4YKH XapaKTepHHBIE JEHTHI
TOKa BHeIlllHeN 30HBI COeJaHHSAIOTCH
Ipyr € JAPYroM [OomapHo d4epes e 37

BHYTPEHHIOI0 30HY TakK, Kak 9TO
IOKA3aHO, HaIpumep, HA puc. 37.

[locse Toro, Kak HamMeuyeHBH HECKOJBKO XapakTepHHIX JEHT TOKa,
JJs HuUX BbHOHpaeTCcsd pacyeTHas cxemMa W BHIIIOJHSAIOTCHA CHayaJa
npuOJIHKeHHbIe, 4 3aTeM A/ KPYTHBEIX BOJIONOHU3UTE/NbHBIX YCTAHOBOK
OoJsiee TOUHBLIE pacyeThl.

a. Onenxa o0uez0 1w 00NOAHUMENbHORO NPUMOKOB
K 8000NOHIL3UMEAbHHIM YCMAHOBKAM

[Haubosee xapakTepHOU pPACUETHOH CXeMoOil, K KOTOPpOU B pac-
CMAaTPUBAEMOM CJyyae INMpPHBOJSTCS JEHTBHl TOKa, SIBJAAETCH CXeMma Ha
pHC. 30.

B Tex cJayuyasix, KOTJa HA TepPPHTODPUH KOTJAOBAHA B IIpejesax
paccMarTpaBaeMoOid JIGHTH 3aJ1a€TCsl OJIHHAKOBOE IMOHUXKEHHE YDPOBHEH
FPYHTOBHIX BOJ, T. €. MOXHO noJjaratb S, =3S,=3S (puc. 38-6),
rie ob6osnauennst S,, S, ACHH H3 pHc. 38-8, cxema Ha pHC. 38-a
yanpomaercd. B aToM caydae MOXeT OBITh HCIOJB30BaHA CxeMa
psila CKBA)XXHWH B NOJOCOBHIHOM ILIacTe ¢ NPAMOJHHEHHBIMH KOHTY-
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pOM TMHTAHHMST H HeNpoHHIaeMmMo#l rpaHumeit (puc. 39), npuueM non
mocJaeHel HMeercss B BHAY IJIOCKOCTb CHMMETPHH BHYTPEHHEH 30HHI

(puc. 38-6).

7T7aHK

a) P, 1 prgd cxbaeun

-l

| Pad cxbascur |

Puc. 39.

Jla1s oumeHku o00lero U JAONOJHATEJABHOIO NPHTOKOB BhIOHpaeTcs
HauboJiee xapakTepHas JEHTa TOKA, NPHBOAMMAs K cxeme Ha puc. 39.
OO0muil NPHUTOK K KAXKIAOMY pPAAY CKBAXHUH B Ipejesax JeHThl Olpe-

neqasercsa mo dgopmy.Jae

0. — kTS,
T i (M)

(11, 10)

3pech S — NOHHXKEHHe ypOBHSI TPYHTOBHIX BOJ B KOTJ/JIOBaHE B Tpe-
JeJsax paccMaTpuBaeMoOil JEHTH, IIPUHUMaeMo€ pPAaBHHM
[IOHHXEHHIO B HEePHOXN NMOAAEPKAHKA ITPOEKTHLIX YPOBHEH

B MeXeHb;
b, — AJIHHA KOHTYpa BOJOIOHH3HTEJIBLHOH YCTAHOBKH B IIpe-

Aenax paccMmarpusaeMoOH JI€HTH TOKAa;

76



St (Mo)— Misi cxeMsl Ha puc. 39 onpegessercs mo dopmyae [JI. 22]

7 L, [, + L,
T (M= b= (L 1ulz)[ﬂ(ll“i—"lz ’ 21/@;‘;)*

o2, + 1, I, +1
—F (=2 T [, 11
( L+1 " 2y, )] ( )

rae [, —npuHUMaeTcs paBHOH NPHBEAEHHON [JHHE JEeHTH TOKa BO
BHEIIIHEH 30HE;
l, — NOJOBHHA DACCTOSIHHSI MEXKIY pHAJAMH CKBAXKHH BO BHYT-
DEeHHEH 30He;
£y (ko) —dyuxkuus, onpesensemasn mo rpadguxy Ha puc. 40.

5ix)
936 TG ] [ B
0; J4 Q'"‘Ef E‘E:z::? 44 -
43258 I T
. O i X = é —
G0 2V3
325 A= 2L, _@:.'.f_zf
? @'y =7 .’/
026 FE : i
0 2’-‘4 $ | —+ J
0228= 70— 1
020 T |
0715 T
Q/6—q-+ | |
’ =
74 ] —
072 +——
o101+ t
H08Yoc=pp 2
006 1
o | 0=02
=/ —/
7 2 04 46 98 10
Puc. 40.

JlonosHuTeNABHBIH  gebutr AQ,, U JAONOJHUTEJBHOE KOJJHYECTBO
CKBaXHH 7', . pacCMaTpuBaeMOil JIEHTH ONpefeaseTcs M0 (GopMyIaMm
(I1l, 2) u (lll, 3), B xOoTOpHEIX BMECTO OOUWHX Jne6UTOB H OCHOBHOTO
KOJN4YeCTBA CKBAXHH BCEU YCTAHOBKH CJEAYeT HMETh B BHIY JIe-
OUTHl Qy,;, AQy, H KOJHYECTBO OCHOBHHIX CKBAaXMH 1, . paccMaTpu-

Baemofi JientH. lpn Q.= Q. ., # AQy>n, (Q, ip — Qe ony) KOTH-

9€CTBO AONOJIHHTEJNBHBIX CKBaXKHH onpepeasercs no gopuyae (I, 3).
Besvynaer o6mero pebura Q) 061ero JOMOJHHTEJABLHOTO Je-
Oura AQ, u OOWEr0 KOJHYECTBA JONOQJHHTEJBHHX CKBAaKHUH BCeil
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BOJAOIOHU3HTEJAbHON YCTAHOBKH /., ONpeaensioTCs  YMHOXEHHeM
COOTBETCTBYIOUHX BEJHUYHH pPACCMOTPEHHOW JIeHTHl HA OTHOIUEHHUE
n{‘.

I

JA. C

, TJle n,— obuee OCHOBHOE KOJMNYECTBO CKBAXHWH BCeH yCTa-

HOBKH. ,ELOHOJIHHTQJIBHBIE CKBa>XHWHbI PA3MEIIAIOTCA [10 KOHTYPY BGOHAO-

IIOHH3UTEJBHOU YCTAHOBKH NPONOPHHOHAJHBHO OCHOBHBIM CKBAXHHAM,
MECTOIOJJIOXEeHHEe KOTODPHIX OCTAaeTCs HEH3IMEHHEIM.

0. YmouHerue pacuemos

[Tocsie pacCTaHOBKH JONOJHUTEJNLHBIX CKBAXKHUH A€J3eTCs IpOoBepKa
MOHUKEHHHA B CaMUX CKBaXWHAX a4 HECKOJBKHX JEHT TOKa, IpH-
yeM JAOCTaTOYHO B3#Tb IO OAHOH CKBaKHHE JJd KaJI0ro yudacTia.

[loHHXKeHHe B CKBaXHHe onpejessiercd 1o qopmyJe

\

QC ( ZI_E*Z"
S = [ —(,+ 1) | F, |0, 2] —
{ (1+‘)[ '\ 2y, )

B 2*ll _ll {_ 12 Qc
) Fé( b1, QVBtK)]}EHkT_(D“ (I, 12)

rge o — pacuerHbll IIar CKBAXKHHBI (CM. HpuJaokeHue 1);

®, — BHyTpeHHee (DHABTPAIHOHHOE CONPOTUBJAEHHE (CM. IIPHJIO-
wenue 1 u § 4);

F, (A a) — pyukuus, onperneasemas no rpaguxky Ha puc. 40.

§ 16, PacyeT BOAONOHU3UTENbHBIX YCTAHOBOK
HeCOBePIIEHHBIX KOTJOBAaHOB, pa3padaTbhiBaeMblX
CnocoOoM rujpoMexaHu3alHu

Ecau x0oTJIOBAH HECOBEPILIEHHBIH, TO NPHU NMOCTPOCHUHU CETKH JBH-
KEHHUA /I pPacyeToB B NEPHOJN NOAIEPNKAHHS INPOEKTHHIX YPOBHEH

Nownmyp
Komnobane — Brewnid kosmyp numa-

Kowmyp Bodononusumenstod
 YCMAHObK U
B S

Fuc. 41.

B MeXeHb B KaueCTBe KOHTypa CTOKa IPHUHHMAETCS KOHTYpP BOJIO-
MOHU3UTEJbHOW YCTAHOBKH. [IpH HCMOJB30BAHHH 3TOH CETKH IJIA pac-
YeTOB IEepPBOHAYAJBbHOH OTKAYKH C/aexyeT rpauyeckKH NPOLONKHUTH
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JUHHH TOKA JO KOHTYpa OTKOCOB KOTJOBaHa B njaHe (cMm. puc. 41-a),
mpHyeM OTKOCH KOT/JIOBaHA 3aMeHsIioTCs BePTHUKAJbHBIMH OTKOCAMH
TaK, KaK 3TO IOKa3aHO Ha pHC. 41-0.

Jlasiee HayeuaeTcss HECKOJIBKO XapaKTepPHBIX JIEHT TOKa W BHINIOJ-
HSIIOTCSI CHAauaJsa nmpub.JHKeHHble, a 3aTem 0oJiee TOYHBIE pPacYeTH.

a. Quenrka obute2o 1 0ONOAHUMEABHO20 NPUMOKOS
K B800ONOHU3UMENbHOM YCMAHOBKAM

PacyeTrHasi ¢cxema, K KOTOPOH MPUBOAATCH JEHTH TOKa B paccMar-
PHBAEMOM CJyuae, JpeacTaBJeHa Ha pHC. 42,

ITaguM HEKOTOphie MNOSCHEHHWT OTHOCUTEABHO YKA3aHHOM CXEMDI.

Ha BHemnem KOHType MHTAHHs MJacTa IOHHUXEHHE YpPOBHEH B
MeXK€eHb paBHO HyJa10. Ha rpanume, COOTBETCTBYIOLLEH OUepPTAHHIO
OTKOCOB KOT/JOBaHa B IJjaHe, 3a-
naeTcsl IOHHXEHHE VYpPOBHEH BO
BpEMEHH [0 JHHEHHOMY 3aKOHY
(S = vyt), TaKk KaK YPOBHH OTKDHI-
TBIX BOJ B KOTJOBAHE T1OC/JAE €ro
pa3paboTKH OOHYHO CHUKAWTCH
paBHOMEPHO. CKOPOCTb HOHHKEHHSI
OTKPHITBIX BOJ U, OIpeeasercs
10 3aJ3dHHBIM OOINEMY BpPEMEHHU
NMPOBEAEHHS I[I€PBOHAYAJBHOH OT-
KAyKH I, U CpeJHeMy IPOEKTHOMY 77 aH
IIOHHKEHHIO S HAYAJAbHBEIX YPOBHEH P38 oxBarcat

B MEXEeHb HAa TepPUTOPHH pasme- LULLLLLLI Ll

!
| $=1,¢

Ly

PacueT BHINIOJHSETCS HCXOS H3
YCJAOBHY  TNPOBENEHHsT NE€PBOHA-
yaJIbHOM OTKAUKH B 3aJaHHLIH CPOK
t. u obecreyeHus] YCTOHYHBOCTH
OTKOCOB KOTJIOBAHA. Y CTOHUUBOCTL |
OTKOCOB KOTJIOBAHA 3aBHCHT OT
BeJUUYHUHB YAEe/JABHOr0 1e06HTa QU/ib- Puc. 49
TPAILUOHHBIX BOJX Ha OTKOCE KOT-

JJOBaHa I[IPH ONYCKaHWH VYPOBHA OTKPBITHX BOJA C 3aJaHHOH CKO-
POCTBIO Uy H ISKCILIyaTallHH CKBAXHH, pPACIOMOXKEeHHLIX BAOJb OT-
KOcCa, ¢ 33aJaHHBIM IO BEJHUHHE H NOCTOSIHHBIM BO BPEeMeHH AeOHTOM,

IpHYEM OIPENEJCHHIO MOAJECKHT TpebyeMoe KO/JHYECTBO CKBAXKHH
B NepHoJ IEePBOHAYANBLHOI OTKAaUKH.,

S
HIeHHsI KOTJOBaHAa ('vo == ) :

[locsiegnee BHIINOJIHAETCS HCXOAsS H3 YCJAOBHA, YTO HA OTKOCHL
KOT/JIOBaHa HE MPOUCXOJAUT BHIXOAA (PUALTPANUOHHBIX BOL. lIpH 3TOM
YCTOUYHBOCTh OTKOCOB ofOecneuyuBaercss 6e3 KakuX-Jub0 NONOJHHU-
TCJAbHBIX MEPONPHATHH AJAs1 HUX YKDPEIJICHH.
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I OpHeHTHPOBOUHOTO pacuera BuhOMpaeTcss HauboJee Xapak-
TepHasi JIEHTA TOKA H onpeneasiercss O0LMH NPHTOK K Y4YacTKy KOH-
Typa yCTAHOBKH B IIpeJiesax JIEeHTEH

kRTv,t.b,

Qox = - Lr (z 2;{% ) F”(QVLBL‘K ) (111, 13)!

3nece Fy(h o), Fii(a) — fyHKnuu, 3HaU€HUsT KOTOPHIX Olpepe/ 10T s
no rpagukaMm Ha puc. 43, 44.
LLOHOJIHHTeJImeI pedbur AQ,, H JONOJHUTEJbHOE KOJHUECTBO

CKBAXHH 7, . A PACCMATPHBAEMOM JIEHTH ONpeelsioTcst 1o (op-

JdA.C

myJaam (I, 2) = (lll, 3) tak xe, xak 310 ykasano B § 19, n. a. Co-
rmacso § 15, m. @ onpepessAoTcsi TaKXe OPHEHTHPOBOUHLIE BeJIH-
yuHel OoOmiero pe6ura Q, OOIIEro JONOJHUTEJABHOro mebura AQ, H

00Iero KoJHYeCcTBa JOHOJHHTEJNbHBIX CKBaXHWH 1. BCEHA BOJOIOHH-
3UTEeJLHOM YCTAHOBKH.

0. Ymounernue pacuemos

Jas KpynmHBIX BOAOMOHU3HUTEJABHBIX YCTAHOBOK pacyeT BHIMOJ-
HAeTCa IJsA BCeX JEeHT TOKA, KOTOPble PACCUUTHBAJUCH INPU YCTAHO-

BUBHIEMCH pexuMmMe (QuIbTpaliuu, MNpPUYEM HCOOJAb3VeTcsd dopmyaa
(I1I, 13).

[locie paccTaHOBKM JONOJHHUTEJNBHLIX CKBAXUH JeJaeTCsd HPO-
BEpKa IMOHHXEHHUH B CaAMHX CKBAXKHHAX.

[TounmxKeHHe B CKBAXHHE, PACIOJOXKEHHOH B IHpejesax Ji0O0H
paccMaTpHBaeMoOi JIeHTH TOKa, OollpeAeasiercs no qopmy.e

. Qc zll2 L .
an| TR v

AT zimﬂ}“ﬂ“ vt

Qe_ g
I

rne F,(k a), Fy (A o) — dYHKIIHH, 3HAYCHUSA KOTOPHX OIPEIeJSIOTCH
mo rpaduxaM Ha puc. 49, 46;

®,., 0 — BHYTpPeHHee CONPOTHBJCHHE U pPaCUeTHHHU

mar CKBa)XHHH (CM. npujaoxeHue 1 u § 4).

[lpumep pacuera. TpebyeTcA BLINOJHUTH (I)HﬂprauHOHHbIH pacyeT BOJO-

MOHU3UTEAbHON YCTAHOBKHM [Js IepHOojJa NepPBOHAYAAbHOH OTKa4KH. ﬂpﬂmoyroﬂb—

HbIH KOTJOBaH pacnoloXeH B MOAYyOTPaHHYEHHOM I1acTe ¢ NMPAMOJHHEHHBIM KOH-
TypoM nHTaHus. CXxeMa BOXOIMOHM3UTEJbHOM YCTAHOBKH B IIJAHE H B paspese IIpH-

1 ¢-na (i1, 13) moayuena mno METOAY CJAOXKEHHS TeYyeHHH HA OCHOBAHHH
[/1. 10, 22].
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pogurcss Ha puc. 47-a, 6. KornoBan paspabartbiBaeTcs cCIoCOO0M THAPOMEXaHH 3a-
guu. CpoOK mnepBOHavaAbHOH OTKa4YKH (OTKPHITOrO BOACOTAHBA H MEPBHYHOrO O Cy~-
QIeHHsl FPYHTA) NPUHHUMAETCA paBHbIM f = 30 cym, 4TO OTBEYAET CKOPOCTH IO HH-

Ry — hn.u 19—9
JeHUA OTKPBITHIX BOI U, = ‘- = 35 = 0,3 #/cym.

B ocTanbHOM HCXONHbIE HAAHHbBIE OAUHAKOBHW C TAKOBBIMH 115 nmpuMepa k § 13

n. o.
PacyeT BbINIOJHAEM IO JEHTAaM TOKAa CeTKH JBHXEHHS, NOCTPOEHHOH MeTOJAOM

ATJA miast yCAOBUH YCTAaHOBUBINETOCSA peXHUMa QHUAbBTPALHNU B NPEANOJNOKEHHH, YTO
KOHTYD YCTAHOBKH B IaHE ABAACTCA 3KBANOTEHUUANLHON Avinuen. CeTKA NPHBOAMTCSH
Ha puc. 48-a. PaccMoTpeHHe CeTKM MOKa3biBaeT, 4YTO BCO 004aCTbh (QUAbTPALHH

N ~
L g8 1§ § 3
S ] & -
. @‘
2 b
' o “2&, ? ’ Hrnﬂv
S o )
4;252—-1\}
\q-..
! Aewma §
|
}
Sewma &
| D —
PHC. 48"'6-

MOXHO pasgednTh Ha 12 pacueTHplX JeHT Toka (6 JeHT aafd KaxJOH CHMMETpHY-
HOH NOJAOBUHHI), B npelfenax KOTOPHIX VYAeAbHBIH pae6UT MOMHO CUHTAThL NMPAKTH-
4eCKA IMOCTOAHHBIM (puc. 48-6). IllpuBeneHHas npauuHa L, W minpuHa b, JCHT TOKAa
M Jpyrde OCHOBHBIE pe3yJbTaTbl pacyeTa IPH YCTAHOBUBIUEMCH PEXHME B MEXEHb
npusoasitca B tabauue [II-8.

3aMEeTHM, 4TO IJd Nepexoia OT NPHBEAEHHBIX 3HaueHHH gebuta Q,, K NEHCTBH-

9 0
TENbHBIM CAENYeT MePBble YMHOXHTb HA BETHUHHY —5~ ( h:{_M -—hn_u) == 7(193——
— 92) = 4200 x3/cym.

[aa pacyeToB NpPHMEHUTENBLHO K YCJAOBHSM IMepPBOHA4YalbHOHW OTKaukKH Npen-
BaputeabHo Haxoaum mo (I, 20) (cM. npuaoxeHue J)

30-14,0

TAC hcp=-——2'—‘=14.¥

H TOrjga L
2y 8t =29/2100 - 30 = 510 .

Hanee Boinoausem pacuetsl no (III, 13), rme, yuurwmiBaa (I, 3), mnoaaraem

1, : 1
TS= Tugty = =5 ( Py w—T13.) = 5 (192—92) = 140 a2,
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Ta6auya IT-8

o o o foodm] o |ardsinmn--gl -
JEHTH — M M M3lcym M3[cym 1T, i M
1 ‘ 2,60 | 253 l 94 11300 ]1 720 | 16 15,8
2 | 067 | 33 l 49 2820 720 | 4 8,2
3 | 038 | 55| 145 1590 720 | 2 |215
4 | 034 | 83 244 1430 720 2 41,5
5 | 034 62 182 1430 | 720 | 2 31,0
6 | 043 | 252 | 590 | 1800 720 ! 2,5 (1008
T | | |
Beero | 2XX4,85 12X740 —_ 2% 20370 — | 22 28,5 —

Kak sicHo M3 Tabaun, ne6UThl CKBaxHH B MEPHO] NEPBOHAYaAbHOH OTKAYKH K.
P NEpHoJ MNOLAEPXKaHHWA NPOCKTHHIX YpPOBHeH B MeXeHb OJU3KH apyr apyry. Jlo-
NOJHHTEJAbHbIE CKBAXXKHHbl CHENYyeT YCTaHOBHTb TOJbKO Ha Haubonee yiajJeHHOM
OT pEeKH ydYaCTKe KOHTYpa VCTAaHOBKH (B mnpedetax JedHTbhl Ne 6). Beluncasem ray-
OnHy BOAbBI B IOMOJHHTEAbHBIX CKBawwuHax mo (I1I, 14), noaaras coraacuo (1, 3)

B2 — B2 1
Se = ——g7—— u TS = Toty = —5( ki, — by ) = 140 a2,
L l, 21,
Vi3 taba. 111-9 2 Bt = 1,21; 7 = 0,047; 7= 0,094, Ilo puc. 45
HaxoauMm F, (0; 1,21) = 0,018, F,(0,094; 1,21) = 0,016, a mo puc. 46 F,(0,047;

1,21) = 0,88.
Ilpunumaem d. = 0,25 & u, umess B BUAYy, uTO ¢ = 50,4 M, Hax0oIUM no puc. 67
uau (I1, 2) ®, = 0,664. Torna nmo (IlI, 14) c yuerom (I, 3) u ¢ nmomowsio tada. I1I-&

u (-9

hy? — he? 1000 [ 29-580

2~ 30504 | 619 -—619(0,018——-0,016)]—;—

1000
+ 140-0,88 + —5— -0,664 = 165;

he =y 102 —2.165 =56 #; Sc= 19—5,6 = 13,4 .

§ 17. Onpenesienne BpeMeHH pa3rpy3kd HaAMOPHBIX I'OPH3OHTOB

[Ipy HAJHYWU NOA MHOM KOT/JIOBAHA HANIOPHOrO T'OPH3OHTA MOXKET
BO3HHKHYTb ONACHOCTL B3BEIIHBAHHA OCHOBAHHS KOTJOBAaHA IOJX BJH-
siHHeM H30HTOYHOro Hamopa. Ecau 00603HAuUTL HANOp B TOPH3OHTE
OTHOCHTEJILHO JHa KOTJO0BaHAa yepe3 Aff, a MOIIHOCTb OCHOBaHHS 10
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Tadxzm;a I7]-9

S P .

ke — ST = - T e . L el . =T S e SRR e PR B W T RRE R S Y ST TR e & v T T e T —

Ne b ly = L, l, ! | | Fio l F, Qua. o Ca. u AQ. o = e & e (Qc.up ™
neHtot | (taba. I11-8), (T;Sg: 11171),8’ (puc. 47), | L =1+ 1, i“WLBt - (puc. 44) —%—- | (puc. 43) | (mo 111, 13), | (vaba. 1H-8),/= (10)—(11)| (raga. 111-8),] Ue. onr )= (cu III 3), Ve = — —
| . | | (cm. 111, 2), =11c(1008—720),| e, A + e, n
— M M M M — — —_ | - M3[cym M3/cym Mi[cym | HIT. M3[cym | T, M3[cym
1 9 3 4 5 6 7 8 | 9 | 10 11 12 ’ 13 14 I 15 16
_ i _ - o ; l
1 253 95 29 l 124 0,242 1,04 0,234 0,76 l 11700 11300 400 16 4600 I 0 l 730
2 33 48 29 77 0,152 1,00 0372 | 062 | 2880 2820 60 l 4 1150 0 720
3 55 145 29 174 0,339 1,16 0,167 | 0,84 1840 1590 250 2 | 576 0 I 920
4 83 244 29 9273 0,534 1,36 0,106 089 | 1950 : 1430 520 | 2 | 576 0 970
5 62 182 29 211 0,412 1,24 0,137 0,86 1790 1430 360 | % | 576 0 890
6 252 580 29 619 1,210 2,70 0,047 | 0,93 4960 l 1800 3160 | 2,5 | 720 2,5 1000
Bcero . . . . - - — — — I — — 2% 25220 | 220370 I 4750 28,5 ' 8198 l 2,5 l —
!

[Ilpumeuanune Liudpy, nocrasaennnle B CKOO6KH, 0003HaualoT MaTeMaTHYeCKHe BRIpa)XKeHHA B COOTBETCTBYIOLUMX rpagax.




HAMOpHOro nJjacra 4epe3 7, TO ycJ0BHe 0e30HaCHOCTH OCHOBAHHS
IIPOTHB B3BEIIHBAaHHA ONPENEJHTCA HepPaBEHCTBOM

AH < "";“T, (111, 15)

o€ Yo — OOBEMHHH BeC I'pYHTOB B OCHOBAHHMH KOTJIOBAaHa (¢ yye-
TOM B3BEIUHBAHHSA B BOJE);

R,an — KOS(P(@HUIHEHT 3amaca.

[Tockoapky B ycaoBur (IlI, 15) He yuHTHBaeTcs cuenJgenue, To
MOXKHO TIPHHHMATh Rg,, = 1,0. Ecam ycaosue (Ill, 15) He BHDOJI-
HsieTCA, TO BCTAaeT BONPOC O HeQOXOIHMMOCTH YCTPOHCTBA CHCTEMH
PA3rpy304YHHX CKBAXHH B HallOPHOM TOPH30HTE.

[IpH npOeKTHPOBAaHHH CHCTEMHB T4dKOIO poJa CKBa)KHH IpexJie
BCero cJjaejyer Oonpene/HTh, KAaKOBO BpeMs pas3rpy3Kd H HACKOJBLKO
3TO BpeMsi ABJASETCS IPHEMJEMHM C TOYKH 3peHHS CTPOUTEJLCTBA.
Oco0eHHO aKTyaJbHOH 3Ta 3ajaya fABJAETCH NPH pasrpy3ke B CJa-
6OonpoOHULAEMHX TpyHTax (npu k<1 s/cym) u jpas KOTJIOBAHOB A0-
CTaTOYHO OOJbIIHX ([OpPAJLKA COTEH METpPOB) pa3MepoB B IIJIAHE.

BpeMms pa3rpyskH onpepe/sercs YIPYrHM peXHMOM (HJIbTpaAlHH,

OCHOBHHIE IIPEeACTABJEHUA O KOTOPOM BMECTe C BHIBOJAOM YpPaBHEHHM
pHBEJEeHHl B NPHJOXKEHHHU 3.

BaxHoe 3HayeHHe OJd BOJOIOHHXEHHUS NpeJCTaBJsAET olpenese-
HAEe YCJOBHH NMHUTAHHA HANMOPHHIX FOPH30HTOB. OOHYHO NMHTAHHE HA-
IOPHHX TOPH3OHTOB OCYILeCTBJsAETCS JHOO B MeCTax HX BHXO0JA Ha
[IOBEPXHOCTh M KOHTAKTa C APYTUMH, 60Jiee BOAOOOUJBHHMH TOpH-
30HTaMH, JUOO 3a cyeT IepeTeKaHud H3 COCeOHHX TOpH3OHTOB, OT-
JeJeHHHX CcJabonpoHHIaeMHMH npocaoaMu. Haubosee xapaktep-
HEIM IIPEMEPOM CXeMB ¢ I[epeTeKaHHeM SBJASETCSA MNOAIHTHBAHHE
HAalIOPHOI'0 TOPH3OHTA H3 aJJI0BHAJBHOTO.

B CBsi3H C H3JIOXEHHHM ONpeleJsOTCad JABe THIIOBHE pDAaCUETHHIE
CXeMH: OJHOPOXHHH NJACT W IJ4aCT IPH HAJU4YUHU lepeTekanus. [lad
CXeMH C MepeTeKaHHeM IIPHHHMAETCs, YTO NOJANHTHIBAIOILHU TIOPH-
30HT fABJAETCS 3HAUHTEJALHO OoJiee BOJAOOOHJABLHLIM H HAIOP B HEM
B Ipouecce BOXOMOHHXKEHHUS He H3MEHsETCd, T. €. 334 OCHOBY 3JeCh
npaauMaercs cxema A. H. Msaruesa — H. K. T'mpunckoro {[JI. 19].

151 3THX CXeM pacCMaTPHBAIOTCA JBa THIOBHIX YC/JIOBHSI HA CKBa-
XHHAX: a) MOCTOAHHHIK NeOHT CKBAXHH B Mporecce BOIOIOHHXEHHUSE
H 6) NOCTOSHHOE NOHHXEHHe Ha CKBaXXHHAX.

[lepBoe H3 3THX YCJOBHH XapaKTEpHO AJdA [eCUYaHblX TOPH3QHTOB,

a BTOpOe — JJIs NeCYaHO-TJIMHHCTHX H CYrJHHHCTHX (mpu k2 << 0,1 —
— 0,5 #/cym).

a. Ckeaxcurp, ¢ ROCMOSIHHHM Jebumosm

B atoMm cayyae pacyeTHl BHIOJHSAIOTCA NO TEeM Xe OOIHM 3aBH-

CHMOCTAM H B TOM X€ [OpAjAKe, 4TO H pacyeTel OCYLIE€HHs TpYyHTa
(cMm. § 12).
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JI19 0HOPOJAHOro mJacTa cjaefyer NPAMO I0JAb30BATHCH GHOPMY-

Joi (I, 1) u dopmynamu Ttaba. IlI-1, 3samenss TosBKO npu ompeje-

Al JEHUH (QYHKIHH DIOHUXEeHHUSs I[apa-

BT T T T MeTp Byccunecka B Ha K03 dHIHEHT
QJc? t bE30ONPOBOAHOCTH @ (CM. IPHJIONKeE-
IIHI Hge 3).
%‘; BN 5 [Ipy Hanuuuu neperexaHus (OK-
T A Toa /8 < MUTHBAHUA) U3 COCEIHHX I'OPH3OHTOB
.\\\‘ ok *-4?:,’?3[(4-;-) €r0 BJAHAHHE XapaKTepH3yercss Ko3d-
AW £~ wa=pp | uumentom mepetexanus b, ompee-
oo NN ‘ NI€MBIM KaK
72— N T
N b = ]/ ~TT;, (1, 16)
o AN |
.l\\\\ | || npuuem BesHuHHA b ompenesieT pas-
D -\\‘L\\‘ 2 1 || Mep obsacts NHTAaHHS BOJOHOCHOTO
17 BRI ‘\ - rOpH30HTa, 06pa3yeMoii 3a cUeT nepe-
0 NNV, TeKaHMUSsI.
008 \‘l‘&%@k Ilns atoit cxeMbl (HJacT C nepe-
006 \“E&ﬁ TeKaHueM) neOHT TPYNNH CKBaXHUH
004 n%@gg onpenesasierca no gopmysae
002 L 2SRNIS kTS
. == Q = —X, (111, 17)
0 7 020304 05 0607 06 49 10 S
r/f
Puc. 49. w gﬁmﬁ HECH020 D222 4117
rre S, — DOHHXEHHe nOoJ KOTJO-
BAHOM (B XapaKTE€PHOH pacyeTHO! A7
TOukKe), a f,” — PyHKnHusa NOHHXKe- 7
HHS I/ NJacra ¢ HaJU4HeM mnepe- " AT
TeKaHus, ompefenseMas MmO rpa- -’ AR
¢$uKy puc. 49 B 3aBHCHMOCTH OT o E%x
OTHOMICHHS - H BEIHUHHH Gy = |7 ;c:\\‘{\\ ~ %%
b2 \ \_}Q\H_‘rﬂ,::;;f q%tf e
= g W8 r=rg b—ompere- | 0 ™ T |
Jsaerca no (lII, 16). _-;_-:::L f/f/ o
OnpenesnB AeOHT CHCTEMHI, He- __41&: _{_/ ]
o0XOoMuMBLIN 18 ofecliedyeHHs 34- V! “Dciotiod chroe s Samsmanis)
JAdHHOTO BpEMCHH pPAa3rpyY3KH t., /X_ ponedcKoeg LodpHoCHO2D 20pUSOHITE
/ / MUK OICKUMY SN T I
cjelyeT NPOBepPUTh BEJHUHHY IIO-
HHXEHHsS Hamopa B XapaKTepPHHIX D, 50

CKBAXKHHAX C TeM, UTOOH 3Ta BEJIH-
YHHA HE IpEeBHIIdJa IONYCTHMOU.
S. Begercs nmo dopmy.e

_Q 4,
Sc‘“"ﬁfc )
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mpuyeM BeJduHHa f.” onpeneasiercss no rpaduky puc. 49 npu r=r,;
BeJIHUHHA 7', ONpEENsaeTCa A paCUueTHOH CKBAaXKHHH 1O o0uieil 3a-
pucumoctu (lII, 1).

Ilppmep pacuerTa. llposBegem pacyer CHCTeMB pasrpy304YHbBIX CKBAXHH
ANl NPOJEHCKOro BOJXOHOCHOIO FOPM30HTA, PACMOJ0XEHHOro noj KorjoBaHamu Cra-
JUHIPALCKOro rujpoysJa.

['eonornueckui npoduab 1is 3TUX vcaoeud npuBesen B [JI. 21], a wa puc. 50
fI0KA3aHO PACIHOJOXEeHUe PA3rpy30uYHbIX CKBAXHH B MJaaHe 1,

PacueTr npou3BOJUTCA MPH CACAYVIOUIMX UCXOAHBIX JaHHbIX:

k=08 M/cym; a =105 m2/cym; T =2 u; r.=015xu.

[To ycnoBusiM CTpOHTENbCTBA 3ajaercs, uTo 3a Bpems £, — 100 cym Hanop noxn
KOTJNOBAHOM JOJaKeH OBITb CHHXKeH Ha 25 M (Sx = 20 wm).

[IpoBeneM npexae BCEro pacuer 6e3 yuera NOIANHTBIBAHHMA TPOJEHCKOrO TIOpH-
30HTa M NpeHebperas BAHSHHEM KOHTYPOB I1aCTd, KOTOPBIE HAXOJATCA HA 3Ha4H-
TEJbHOM PACCTOSHHU OT PA3rPY30YHBIX CKBAXKHUH.

Onpeneasiem norpeGHbIH 1e6UT ckBawuH no dopmyae (III, 1), onpenensis mnpen-
BapUTEJbHO paauyC 3KBHBAJNEHTHOrO Kojoaua no ¢opmyne (II, 1a), npuuem B cHay
CUMMETPHH

6 3 3 =E
re =y rtr? =y rr, =y 5202275 = 420 u;

72 4202__
4aft — 4.10>-10V

d =

— 0,00432; f; —— 0,08 (In0,00432 + 0,58) = 0,386;
0.8.25.95
Q= 07386

Qc = g = 216 M3/cym.

= 1300 a3/cym;

[lposBepuMm Temephr YPOBEHb B CKBawxHHE Ne 2.
OnpepeaseMm sapdekTUBHOE PACCTOSHHE A0 CKBaxKHHB! N¢ 2 OT BCEX CKBaXHH (KpoMme
pacueTHoH) nmo dopmyae (1I, 1)

1 1
lg ry= g lg ri?2ri2ry= T g 4202.6402-950 = 2,72; r, = 325.
Torna addexTuBHAg (GYHKIHS DOHHMXKEHHS OT BCE€X CKBAXHH (KpOMe paCyYeTHOH

onpenenurca no gopmyae (ag) radéa. lll-1 npu ry =ry

2 2
L2 022 6,0060: Ei ( — 0,0069) = In 0,0069 - 0,577 = — 4,4

4at — 4. 105.100
2 =0,08-4,4 = 0,352.

Onpeneaum tenepb PyHKHHIO NOHHXKEHHUA OT CAMOH PAacYEeTHOH CKBaXHHBI o ¢op-
myne (ap) taba. llI-1 npu ry=r. = 0,15 ¥«

73 0,152

4at — 4.105-100

56-1071°  Fi(—56-1071% =105,6.10"194 0,58 =— 20,7;
f. = 0,08-20,7 = 1,65.

CymmapHag QyHKuuA noHmxeHusa no popmydae (ll, 7a) 6yner pasHa:
fc}rm — 1,65 + 5'0,352 — 3,41;

1 B HactosLIeM IIPDHMepe IAs VIPOLIEHHS TEXHHKH PpacyeToB NPHHATA CHCTEMa
M3 IIEeCTH CKBAXUH: B JEHCTBHTEJIbHOCTH XK€ YHCIO OJHOBPEeMEeHHO paboraiouux
CKBaXHH JNOCTHrajlo JIBAaALIaTH TPeEX.
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Torpa noHvxenue B ckaxuHe Ne 2 S, OGyner

Q 216
SC — E;‘—fcym == 0,825- . 3,41 = 36,8 M.

3TO MOHMHXKEHHE He MPEBOCXOAHUT JONYCTHMOrO, TaK KaK YPOBEHb B CKBAaXXHHE
OCTAaeTCs HECKOAbKO BbIIIE KPOBJAH NPOJEHCKOro TOPH3OHTA.

[IlpoBepeM Tenepb pacyeTr ¢ y4eTOM NepeTeKaHHA (MOANHTHIBAHHA) H3 aJJIOBHU-
aAbHOrO TFOPH3OHTA, OTAEJNEHHOr0 OT IIPOJEHCKOr0 nayYkoH a’JeBPOJHTOBBIX H IE€C-

YaHO-aJeBPUTOBRIX NMOPONA MOUIHOCTBIO OKOAO 40 4, NMpHHUMAas R = 10~% ujcym.

OnpenensieM napaMeTp ImepeTeKaHus b

T .
b=]/10__4 .25.40 = 2800 .

Haxonum temepn Tpebyemblil 1eOHT cucTteMbl mo dopmyae (lII, 17), onpezeass

r 420 28002
T;PH ‘bK = 5800 =0,159 n a = 7105.100 — 0,2 mo rpaduky puc. 49 f.” = 0,315.
orjua
0,8-25-25

Q — _0,315'_ = 1590 .M%/‘tac,

4TO NpHUMepHO Ha 209% O6oabule, yeM pacxoj, ONpeAe]eHHbIH 0€3 yyeTa nepeTeKaHHu.

Ecan xe npHHATL A& — 103 Mfcym, TO okKaspiBaetcas b=900 x u Q=

= 3230 m3/cym, uto B 2,5 pa3a npeBslllaeT HPHTOK, ONpelneiAcHHHIH Oe3 yuera Mne-
perekaHua. TaxkuM 0o0pa3oM, HA 3TOM NpHUMEpPE sCHO BHIAHO 3HAUEHHE yueTa IOJNH-
ThIBAHHA HANOPHLIX T'PYHTOB.

6. CKBAXNCUHBL ¢ NOCMOSIHHBLM NOHUINCEHUEM

KakKk yKasnBaJOCh BHINE, YCJOBHE NOCTOSHHOIO NOHHXEHHUs Xa-
pPaKTepHO IJA MAJONPOHUUAEMHX ILIacTOB. B 3THX c/AydasX OCHOB-
HOH fAIBJAAETCHA JABYXPAAHAA CXeMa pacHoJIOXKeHUs CKBAXHUH.

Taoauya [H1-10

e __ el e, PR M

- S l 03 | 05| 07| 08| 09 I0,,95
0 0,06 | 0,10 | 0,15 | 0,19 | 026 | 034
010 1011 {018 | 030 | 042 | 068 | —
025 1019 {034 | 062 | 097 | 270 | —
0,50 | 0,30 | 0,59 | 140 | 270 [ 830 | —

[1pH HAJIHYHH ABYX PANOB CKBAXKHH, PACHOJIOXEHHHX U30JHPOBAHHO
Ha paccrosgHud L Jpyr OT Jpyra, Bpems f,, HeoOXOmHMOe I/

JOCTHXEHHSI MeXJY PANAMH MOHHXEHHS S, MoxKeT OHITh ONpereJeHo,
KaK

L,

tx — ET, (III, 19)
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rae Oe3HANOPHHH mNapaMeTp <, 3HAYEHHA KOTOPOro IIPUBeJeHH B
COCTABJIEHHOU IO JdHHHIM pacyeTOB Ha T'HIPABJANYECKOM HHTErpatope
taba. [I[1-10 B 3aBHCUMOCTH OT BeJUYHH

S - ;“S(I)K
S. - L

npuyeM S.— MOHHXKEHHE YpPOBHA B CKBAXHHAX;
G — PacCTOssHHE MeXJAY CKBaXUHAMU;
O, — BHYTPEeHHee CONPOTHBJIEHHE pPAJa CKBAXHH (CM. IpPHJIO-
KeHue 1).

S =

8. Yuem SAUAKRUSL 8bleMKIL KOMAOBAHA

3aMeTHOe BJIUSIHHE Ha pasrpys3ky HANOPHHEIX TOPH3OHTOB MOXKeT
OKa3nBaThb pa3padoTKa KOTJA0BAHA, KOTOpas BjeUYeT 3a CO00OH yMeHb-
LHIEHHUE JAaBJEHHS HAa BOJOHOCHHU IJIACT CO CTOPOHH BHIIEJEXAIUX
rPYHTOB. B CBfA3H ¢ yMeHbLIIEHHEM JAaBJEHHA HA IJACT IPOHCXOIAHT
onpeneJeHHas pas3rpys3ka HAIMOpPHOro ropu3OHTa, BHI3LIBAKOINAA IOHH-
XKEeHHe ero Hanopa B padoHe pacloJJOXeHHd KOTJOBaHa. BeslnunHa
5TOI'0 MOHHKEeHHsa S’ Takxke 3aBHCHT OT YIPYroro pexuma QpuiabTpa-
IIMH H B CpeJHeil 4aCcTu KOTJIOBAHA B mpolecce ero paspaboTkH MO-
KET onpenedarbca Mo QopMmyJie

S=— Yep (TN, , _018pP (111, 20)
- Tt 4at ’ 07 X »

rae (J, — BeC BHIHYTOrO H3 KOTJOBaHa TpPyHTA (BMecTe ¢ BOJOH) 3a
pPaCYeTHHIH MOMEHT BPeMEeHH [;
P, — cpepHuil mepuMeTrp KOT/JOBaHA.

[Tocse pa3palGoOTKH KOTJOBaHA HANMOP HAUYWHAET IIOCTEINeHHO BOC-
CTAHABJAHBATBLCS H B 3TOM CJAyuae BeJHUYMHA €ro MOHHXKeHHs (0T cra-
THYECKOr0 YPOBHS) onpenessercs no ¢gopmy.Je

Gy e ¥y © . N % |
S=—7 { Ez(a- 4at)+a[ 4a(t_tx)}}, (111, 21)

rape f, — nepuoja NoJIHOH pa3pabOTKH KOTJIOBAHA.

B/HgHHEe BHEMKH KOTJIOBAHA HA Pa3rpys3ky HANOpPHOrO rOPH3OHTA
CKa3niBaeTCsd TakKXKe H B TOM, 4YTO IpPH HAJHYHH TI'HIAPABJIHUYECKOH
CBsi3U (IepeTeKaHMsi) MeXJAYy HAIOPHHM TOPH30HTOM U TOPHU30HTOM,
KOTOPHH Npope3aercs KOTJOBAHOM, OCYUIeHHEe KOTJIOBAHA NPHBOIUT

K TOMY, YTO OH CTaHOBHTCH 00J1aCTbI0 JAPEHHPOBAHHS HANOPHOIO Io-
PH30HTA.

[Ipumep pacuerTa. llpuBenem pacuer nmowMKeHUs Hanopa 3a cyeT paspa-
OOTKH KOTJOB3Ha JAd yCJHOBHH npenwaymero npumepa npu B=500 xu. Paspaborka
OCHOBHOHM 4YacT# KOTJAOBaHa Ha rayOuHy Ak, = 25 4 NPOH3BOJAKUAACL B TeuyeHHE

100 cym. Ilpn onpenejeHNH BeJHYURB Ap, NpHHHUMaeM OObEMHBIHI BeC HAacChbIlleH-

o1



A
HOTO BOJOH FPYHTA Ypp = 2 mim3, Torpa Apg = TrpAhK =220 =00 m/m? H —-f—li =

=90 u. Ilpu =105 M2/cym n f; = 100 cym noayuaem

) o4
T 44/105-100 T

[To tabaune I111-10 Haxomum = (0,04) = 0,092 u coraacuo (III, 20) umeem
S’ = 50.0,00 = 4,5 .

[IpuMepHO Takoe NOHHXEHHE Hanopa HaOAAanOCh NPH pa3padoTKe KOTJNOBAHA
'OC Craannrpajckoro ruapoysia.



I JIABA YETBEPTAA

OUJbTPALUUOHHLI PACYET BOJAONOHUXKEHNS
B YCJOBUSIX HEYCTAHOBUBIIErOCsl PEXXUMA
SUJBTPALUMU A CJAYUYAS TNMONIAEPXAHHUSA INPOEKTHBIX
YPOBHEH B MNABOJAOK

§ 18. OGuiHe noJoXkeHHsn

Buemrdsiss rpaHdna mnJjacra, o0pa3oBaHHAas ype3OM BOAB B peke,
rie IPOXOMAUT MAaBOAOK, H3MEHSIET QUEepPTaHHE B IIJIAHE H MeCTOMNOJO-
)KeHHe 110 OTHOUIEHHIO K BOJOINOHHU3UTEJBHOH YCTAHOBKE B 3aBHCH-
MOCTH OT YpOBHS BOAH. OJHAaKO IpH pacderax B PacCMaTPHBAEMOM
caydae 3Ty TI'DaHUIY, KaK [PaBu/ja0, CJAEIAYET CUHTATh HENOABHXHOMN

L] Cx s,

-
iiii

=== ]
il‘] I l
n | | I
§ | |
i | r
! ll ' l
N : l
3 e J

Puc. 51

H [0 OUYEPTAaHHIO H 110 MECTOIOJOXKEHHID COOTBETCTBYIOIEH HAHBLIC-

IIeMy ypOBHIO BOAH B pPEKe B INaBOIOK.
Iy 6eperoBelX KOTJOBAHOB, T. €. IJs KOTJOBAHOB, PACIOJMOXKEH-

HHX B HEKOTODOM YJIaJleHHH OT BOJOTOKA H COOpyxKaeMEIX 6e3 Ie-
peMbiyeK, o4YepTaHHE H MECTONOJOXEHHEe TI'DaHHIB, COOTBETCTBYIOLEH
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MAKCHMaJBHOMY YPOBHIO BOIBI B peKe, MOXKHO IPAaKTHYECKH CUHTATH
TAKHMH K€, KaK [/ TPaHHIbl, COOTBETCTBYIOIIEH MexXeHHEeMY ro-
pu30HTY (pHuc. 51). B 3TOM cCaydae npH pacueTax B NaBOJOK BOJO-
HOCHHH IIJaCT NPHUBOIHTCI K TOW
XKe cxXeMe, 4yTO H B MeXeHb. AHa-
JJOTHYBOE 3aMeyaHHe HeoOXOAHMO
CIe/IATb U OTHOCHTE/JbHO KOTJ/IOBA-
w#HOB, IIOJHOCTBIO PaCMNOJIOXEHHHX
;oo B PyCQiie peKH M COOpYyXaeMBX 3a
+o0 0. IepeMBlYKaMH (CM. pHC. 52).

s a1  KOT/MOBAHOB, MOJHOCTBIO

HJIH YaCTHYHO pAaCIOJIOKEHHHX Ha
moHMe ([IOHMEeHHO-PYyCJ/JI0BBEEe, HOK-
MEHHBIe, MOHMEeHHO-6eperoBbe) H
COOpYyXKaeMHX 3a I[epeMBUYKaMH,
OUEePTAHHE M MECTOIMNOJIOXeHHe rpa-
HHIbI, COOTBETCTBYIOLIEH MAKCH-
MaJIbLHOMY YPOBHIO BOJH B peKe,
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MOTYT 3HAYHUTEJBHO OTJHYATHCS OT
TAKOBBIX JJAA TIpPaHUIBl, COOTBET-
CTBYIOIIEH MeXEeHHEMYy TOpPH3OHTY
B pexe. IDTO OT/IHUHE MOXET OHTb
CTOJIb CYUIeCTBEHHHIM, UTO B Me-
’KeHb H B NAaBOAOK MNPHXOIHTCH
HCNOJb30BATh Pa3JUYHBEIE pacyer-
Hele cxeMHl. Tak, Hanpumep, 14
BOJAONOHU3UTEJAbHOH YCTAHOBKH,
H300paXXeHHOoH Ha pHC. O3, IIPH pac-
yeTax B ME2XKe€Hb BOAOHOCHHH IJIACT
MOKHO CYHTATh IOJYOTpaHHUYEH-
HLIM B IJaHe, & IIpH pacuerax B
MaBOJOK — OTPAHNUYEHHHEIM 3AMKHY -
THIM KOHTYPOM NUTAHHA.

TakuMm 00pa3oM, cxemMa KOTJO-
BaHA B I1JaCT€, OrPaHHYCHHOM
3AMKHYTHM KOHTYpPOM NNHTaHHA, ya-
CTO Ha3biBaeMasg PEUYHHKHM KOTJO-
BaHOM, XapakTepHa B NaBONOK
JIJIsi TOMMEHHLIX, NOHMEHHO-PYCJIO-
BEIX H PYCJOBHX KOTJOBAaHOB, NPH- Puc. 53.

yeM B IIOCJAeJHEM CJayyae uMeeT
MEeCTO eJHHas CXeMa KaK B IIaBOJOK, TaK H B MeXeHb. 3aMeTHM,

yTO, €CJH KOTJOBaH COoOpyXKaerTcd 3a NepeMuBdKaMH, TO B IaBOJAOK
IJIACT NIPUBOJZHTCA K CXE€ME, XapaKTepu3yeMOH CJO0XKHBLIMH YCJAOBHSMH

fnak ( 8 mexcens)

94



TMIHTAHHUS, TAK KaK B 3THX CJAYy4YasaX eCcTeCTBeHHble KOHTYPH NHTAHHUSA
BOJAH3H BOJONOHH3HUTEJNHBHOH YCTAHOBKH HApyIIAlOTCsA, CJAenys 3a
QUepTAHUSIMH IepeMbiyeK. EC/JH, 0AHAKO, TEePPHTOPHS, OrpaxIACHHAS
nepeMbHYKaMH, HMeeT B ILIaHe HeBHITAHYTYI ¢opMy (npH OTHOIIe-
HHAU HauOOJbUIEH NOPOTAXEHHOCTH B IJIAHE K HaHMeHbIIed He OoJee
1,56 =-2,0), To MoxkeT OHITH HCIOJB30BAHA CX€Ma KpYroBOTro ILIacTa

Puc., 54. Puc. 55.

(puc. 54), OoTHOCAIIAACHA K THIOBHM cCXeMaM. JTa XKe cXeMa MOxKeT
OHITh HCIIOJIB30BdHA H JAJIa 0€perosoro KOT/JI0BaHA B IJjacTe, KOHTYpPHI
IHTAHHST KOTOpPOro pacIoJaramTCs ¢ pPa3HHX CTOPOH OT KOTJOBAaHAa,
NpHYEM pa3MepH NOC/JAEeJHEro 3HAYHUTEJBHO MEeHee pa3MepoB IJIacTa.

Cxema KOTJIOBaHA& B [JACTE€, HMMEIOLIEM pPA3OMKHYTHE KOHTYDHI
NHTaHHsA, OOHH H3 KOTOPHIX, OJHXKAKIIHA K KOTJIOBAHY, pAacloJIOXKeH
II0 OJHY CTOPOHY OT MOCJeI- %

Hero, 4acro HasmBaeTcs co6- % miniaty
CTBeHHO O€pPEeroBHM KOTJIOBA- ;
HOM. JTa CXeMa XapakxrepHa ;

B IIaBOJOK HOJs NOHMEHHO-0e-
PEroBHIX H OeperoBHX KOT-
JIOBQHOB, IpPHYEM B MNOCJEJ-
HeM cJjyyae UMeeT MeCTO elH-
Hasl cXeMa KaK BIABOJOK, TaK
H B MeXeHb. Ecau OJauxan-
INHA K KOTJOBAHY KOHTYp IHU- Puc. 56.

TAHHSA MOXeT [NpPaKTHYeCKH
CUYHTATHCS NPAMOJHHEHHHM, TO JJf pacyeToB B NABOJIOK HCIOAb-

3yercsi CXxeMa IMOJYyOrpPAHHYEHHOrO I[1/1aCTa C NPAMOJHHEHHBIM KOH-
TYpOM IMHTAHHUA (pHUC. OO), OTHOCAIAACH K THIIOBHM CXEMaM.

Iaa pacyeTOoB BOJONOHHXKEHHS B MABOJOK TIpapuK MNOBHIIEHHS
YpOBHEH BOJHW B peKe HaJ MeXeHHHMM TOpu3oHTOM (S (7)) nmocra-
TOYHO 3aMEHHTh TPEYroJbHHM rpaduxkom (puc. 956). [daabHeluine
pacyeTH 3aBHUCST OT TOr0, KaKHE€ YCJOBHUS (TUIIOBHIE WM CJAOXKHHIE)
UMEIOT MECTO B INaBOJOK.

i
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§ 19. Pacuer BOXONOHHU3HUTEJbHLIX YCTAHOBOK B THIOBBIX
yCAOBUAX

B nmaBogOK MOXHO JAONYCTUTb MEHbIIee HOHWMXEHHE YpOBHEH
'PYHTOBHIX BOJ (S, ), yeM B Mexenb (cM. § 1). Iloaromy gasa pac-

yeTa BOJAONOHU3UTEJBHBIX YCTAHOBOK B IEPHOJ NOAAEPXKAHUA NMPOEKT-
HBIX YpPOBHEH B NABOJOK MNpeXae BCEro HeoOXOAUMO OLEHUTDH BJIUS-
HHE I[OCJAeJHEro Ha YPOBHH TIPYHTOBLIX BOJ, NpeanoJarasd cHayaJja,
UTO B [1aBOJOK YCTAHOBKA 3KCIJIyaTHPYeTCHd C TeMm xe aeburoMm, 4To
i B MEXeHb.

lTorga nmoHuXxeHue ypoBHEH TIPYHTOBHX BOJI B JIOOOH TOYUKE U B
JI000H MOMEHT BPEMEHM Olpeaesasiercsa no gopmy.e

S¢=S8y—S,, (IV, 1)

rae Sy — IIOHHMIKEHHE YpPOBHS TPYHTOBHIX BOJ B paccMarTpuBaeMoi
TOUYKE NPU YCTAHOBUBIIEMCH peXumMe (PUJIbLTPALUU U FKCILIY -
aTaluy yCTAHOBKH C MeXeHHUM jpebutoMm (cm. ria. [l);

— MNOBHIIIEHNE YPOBHA TIPYHTOBHX BOJ B INABOJOK Hajl Me-

XKeHHHUM YpOBHEM, O0OYyCJAOBJEHHOE TOJBKO INOBHUIEHHEM
YPOBHEH BOJH B peKe.
[ToBhimIeHus1 ypoBHEH S, HaxoaaTca JJd LEeHTpa KOTJOBaHa, a

IJS KOHTYPHBIX CHCTEM CKBaXXHH TakKXe M B HECKOJbKHX TOYKAaxX Ha
KOHTYype BOJOIOHU3UTEJIBHOH ycTaHOBKU. [Ipu sToM ciaepyer onpe-
neJdaTh MAKCHMaJbHOE IIOBBIII€HHWE YPOBHEH 3a nepuo] NaBOojKa B
KaXJ0Hd pacyeTHOH TOYKe, 4yTO BHINOJIHAETCA nyTeM noabdopa no npu-
BOAUMBIM HHXe (opMy.aaM (IV 3) nau (IV, 4).

Pannyc kpyroBoro mnuaacrta (puc. 54) R, onpepenserca no gopMmy-

JAdM
l/ £ (IV, 2)

RH:'—-"

TC

S

n

HJ/JAHA

rpe F— njaomaap nJaacra;

P — nepuMeTp 3aMKHYTOIO KOHTYpa MUTAHUS NJI4ACTa.
MaxkcumasibHOe NOBHIIEHHE YDOBHEH B paCUeTHHX TOYKAX AJasd Kpy-
roBoro nJjacra (puc. 54) noabupaercs no ¢opmyse

A r R, \
Su =5 17 (7 Ty ) -
(SHQ | SH‘) r R

wd

3necb Sy, — MakCHMaJ/JbHOE IOBHIIEHHE YPOBHEH BOJAH Ha KOHType
[MUTAHHS [0 CPABHEHHUIO C MEXKEHHHUM TOPU30OHTOM (puc. 96);
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[, — o0uiee Bpemsi MOAbEMAa ypPOBHEH HAa KOHTYPE NMUTAHUNA;

t, — 0o011asg OAJHATEJbHOCTh NOABEMA H Cllaja YPOBHEH Ha
KOHTYpe NUTAHNA;

Fi, — @yHKUng, 3HaueHunsd KOTOPOH onpenensilorcs 1o rpa-

¢uxky Ha puc. 67 [JI. 17, 20, |, rne a = — HJIH

____.-——-;RK .
2V B(t—t,)

[ — BpeMsi, OTCUHTHIBAEMOE OT HauajJa MaBOjJKa, IMPHUYEM
JJ51 Onpeje/ieHnsT MAaKCHMaJbHOH BeJIHUUHBl S, ~— CJ/e-

IyeT 3aJaThCsl HECKOJbKHUMH 3Ha4YeHUsMH f, < <1,

Puc. 57,

MaxcumasbHoe 3Hayenwe S, onpejeaserca no rpadpuxky S, . (7).

MakcuMa/jbHOe IMOBBHIUIEHHE YpPOBHeHl B pacyeTHHIX TOYKAX /A
MOJIYOrPAHUYEHHOI'0 IJacTa C NPSAMOJHHEHHBIM KOHTYPOM INHTAHHA
(puc. 55) noxbupaerca no gopmy.Jie

Sl{2 X
o= g, e\aygE)

SK2 sz X
- ( f, " rs—tg)(““t?’F 6 (2 VEt— 1t ) - V9

31eChb X — pPACCTOsIHHE OT PACUYeTHOH TOYKH JO KOHTypa INHTAHHSA;
Fy — dyHKnua, onpeneasieMas no rpaduky Ha puc. 58 [JI. 10].
Bce ppyrue o003HAYE€HHSA OJUHAKOBH C TAKOBHMH B dopmyJe (IV, 3),

3JaMeTuMm, 4TO B CJy4yae OJHOPOAHOTO O6e3HANnOPHOro IJaacra no-
BollIeHUs ypoBHel S B ¢opmyaax (IV, 3) (IV, 4) cirenyer 3aMeHHTD
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Pa3HOCTHI0O KBajApaToB cooTBetcTBylomux raybun mno (I, 3). Torpa
dopmyaa (IV, 4), nanpumep, UPHHUMAET BHL

2 2 t
h2tn__ h::.u — (h'{ﬂ_"/zx. H) [E Fﬁ (2].;@?) B
L, t _ X
- ty — L, (t2 ])FG ( QVB(t“tz) )] | (IV, 5)

3necy £, —ray6HHA BOAB HA KOHTYpE€ IHTAHHUA B MeXeHb;

hy, — MakCuMaJbHasi TJayOHHAa BOABI HA KOHType MHTaHHS B
J1aBONOK;
At 4, — IIyOHHA TPYHTOBHX BOJ B pacyeTHOH TOYKE B MOMEHT

BpeMeHH £, o0yC/ioBJeHHas TOJbKO MOBHIIEHHEM T'OPH-
30HTa Ha KOHType IHTaHHI.
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Puc. 58.

I[Toc/ie onpeneseHUss MAKCUMAJAbHBIX 3HAYEHHH S,  HAXOAATCA MOHU-

XeHWsi YPOBHEH S; B MaBOJOK NPH 3KCMAYaTAUHH YCTAHOBKH C Me-
xenHaMm aeburom (IV, 1). llonuxeHus ypoBHe#t S, CpaBHHBAIOTCH
jajzee C HONYCTHMHM NOHHXXEHHEM B MaBOJOK S .

MMpu S§;> S, . INONONHATE/IbHBHE BOJONOHH3UTE/JbHBHE CPEACTBA B
IaBOAOK He TpedyloTcH.

[Mpun §; < S, | 1e6AT ycraHoBKH B naBoAOK (Q,) AOJXKEH IpeBH-

matb Ae6HT ee B Mexedb (Q,). JlonoJaHHTeNBHBIE Je6GUT BOMOIOHH-
3UTEJbHOH YCTAHOBKH B naBojgok AQ, = Q,— Q, onpenenasercsa Be-
JAUYHHOA JONOJHHTEJNBHOTO IOHHKeHHs AS, KOTOpOoe BHYUC/AACTCH
o dopmy.e

AS=S, _ —3§,, (IV, 6)

rge S; — Haxoputca no (IV, 1), a Bce ocranpHue 0603HaYe€HUS YKA3AHH
Ha pHC. 59,
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O6mu#it JONOJHUTEJAbHBIN [1e0uT YCTAHOBKH B NaBOJOK OIEHH-
Baercs no dopMmy.e

AS (M)
AQH m Sy (MO QM! (IV, 7)

rae Sy (M,) — noHMKEHME B LEHTPe KOTJIOBAaHA NPH YCTAHOBHBIIEMCH
pexxuMe (QUJLTPAIKAN H MEXEHHEM TOPH30HTE BOJH
HA KOHTyp€ NHTaHusd;
AS (M,) — nonosHuTeJbHOE [OHHXEHHE B ILEHTPe KOTJOBaHA,
BHunciaedHoe no (IV, 6);
Q, — o6mMit Je6uT YCTAHOBKH INIPH YCTAHOBHBUIEMCS pe-
XKuMe (DUALTpallud M MeXeHHeM TOPH3OHTE BOJAH HA
KOHTYype NHTaHHA.
I KPpYNHHX BOJOMOHH3HTE/IbHHIX YCTAHOBOK pacyeT CJAeNyeT
YTOUHHTDL, ONpejae/sas NONOJHHTEJIbHHE mebur AQ, 11 KaxI0ro
yuyacTKa KOHTypa, npuyem

AS
zﬁQni"_ S i QME- '(IV: 8)
Vi

3necb Sy; — pacyeTHOE IOHHXKEHHEe yPOBHS Ha y4acTKe NpH YCTaHO-
BHBIIEMCS peXHMe (PHJAbTPALHH H MEXEHHeM TOpPH3OHTE
HA KOHType';
AS, — nMonoJHUTEAbHOEe TOHHMXKEeHHE B TOH XK€ TOYKE, BHYHC-
aennoe mo (IV, 6);
Q,; — obumit Ae6UT yyacTKa NpH YCTAHOBHBLIEMCSl peXuMe
duALTpAllUd W MeXEeHHEM T'ODH30HTE Ha KOHTYype.
3aMeTHM, UTO €CJH paCueTHHe CXEMH B NABOJOK H B MEXEHb
COBNAJAIOT, TO MOHMXKEHHA S, u Sy; U3BECTHH N0 pacueTy I/Ja Nnepuoja
MoOAJePXKAHHS NPOEKTHHX YpPOBHEH B MeE-
XKeHb. Ecau ke pacyeTHHE CXEMH B I1aBO- t 19~

JOK M B MEXEHb PA3JUUHH, TO AJid Onpe- __ af 1 s, L

neaenus Sy, Sy, B dopmyaax (IV, 1),(IV,7), f 0
(IV, 8) neob6XxomumMO BHOBb IPOBECTH
pacyeTel AJs1 CX€MH B IaBOJOK B COOTBET-
CTBHH C yKasauuaMi ri. II. [1pu sToM ouep-
TAHHE TPAaHUL IJIACTA IIDUHHMACTCS TAKUM 7777777777777 7777777777777
e, KdK B NaBOJOK, HO Ha KOHTYpe IIHTA- Prc. 5O,
HUA 3a1aeTCAd MEXEHHHWII T'OPU30HT BOJH.
Il ONHOPOAHOrO GE€3HANOPHOTO MOTOKA NOHUXKEeHHs] B dopMyJaax
(Iv, 1), (Iv, 6), (1V, 7), (1V, 8) caepyer 3aMeHHTb PA3HOCTHK) KBa/ -
paToB COOTBETCTBYIOIIUX Tray6uH corsacHo (I, 3).

Ilpegnmosaraercsi, 4To B nmaBOJOK CKBAXHHBE 3KCIJAYAaTHPYIOTCH C
zeouTom Q COOTBETCTBYIOIUM IIpee/bHOH NIPOH3BOJAUTENbHOCTH

c.mnp?

1 PacgyeTHOEe TMOHHXEHUE NPUHUMAETCS PABHBIM TOHHMMKEHHIO B CEpejulie yva-
CTKA, €CIH OH pAacnojoXeH BIOJb HaNpaBJe€HUd PacOPOCTpPAHEHHs I[1aBOJIKAa, H MHU-
HHUMaJbHOMY MOHHXKEHHI0O Ha Y4YacTKe, eClIH OH pacCloJOXEH HONepEeK HAa3BAHHOTO
HanpaBleHuUs,
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HacocoB. Torga JOMOJHHTEJbHBIE CKBAaXXHUHH TpeOyioTcsa TOJBKO,
et AQ, > 1. (Q np — Qe onr )» TAE Q¢ onp — AE€OHT CKBaXHHBI, COOT-

BETCTBYIOU[UI ONTHMAaJIbHOH INPOU3BOAUTEJBHOCTH HACOCA, MPUUEM 0O0-
Iee KOJHYECTBO AONOJHHUTEJALHHEX CKBAXUH 71.” HJH JONOJHHTEJbHOe
KOJIHUeCTBO CKBAXHH ;" NJfl KAXKAOr0 y4acTKa omnpenessercs Mo qop-

myae (III, 3), B xotopoii Bmecro AQ, caeayeT HMeTb B BHAY AQ,
nan AQ,,.

JlonoaduTtebHHE Ae6uT B naBojok (AQ,) cpaBHHBaeTCsi C AOIMOJ-
HUTeJbHHIM JeOUTOM B NEPBOHAYAJBHYIO OTKAauKy (AQ,), npHyeM CH-
CT€MAa OCHOBHHX H [JOHNOJHUTEJbBHBIX CKBAXHH, 3KCIJyaTHpye-
MHX B I€pBOHAYAJBHYIO OTKAuKy, [PHHUMaeTCsd B KauyeCTBe HC-
xomaHoi. Ecan AQ, > AQ,, To MeCTOIOJOXeHHe OCHOBHBIX H JOIOJI-
HHTEJbHHX CKBaXXHH JJd IepBOHAYaJbHOH OTKAyKH He H3Me-
HAeTCsi, HO K HHM J00aBASIOTCA CKBaXHHBI C TeM, 4TOOH ofmiee
KOJMHUYECTBO JONOJHUTEJBbHBIX CKBaxHH OBLJIO pPaBHO KOJHUYECTBY,
TpeGyemMoMy B naBojgok. Ecau AQ, << AQ,, TO B CHCcTeMe OCHOBHHX
U JONOJHUTEJAbHBEIX CKBAXHUH /s [€PBOHAYAJbBHOH OTKAUKH OTKJIO-
UaioTCd Ha IepHoa naBOJKa H3JHIUIHHE NONOJHHTEJNLHHE CKBaXUHLL.

[IpuMep pacuerta. Tpebyercd BHINOJHHUTD PUIBTPAHOHHBIM PACUET BOMAO-
NMOHU3NUTENAbLHOH YCT4HOBKH B IIdBOJAOK JAJdA KOTNOBdHA, pEISI)aﬁaTbIBEIEMOI‘O HACYXO
H XapaKTEePHU3YEeMOro HCXOMHLIMHM NaHHBIMH, NpHBeaeHHbIMH B § 13, n. 6, puc. 36.

[TpuEuMaeM HOpPMY ocylieHus B naBogok He meHee (0,3 4 O CpaBHEHHI C OT-
METKOH [JHA KOTJOBAHA, 4eMy COOTBETCTBYET JNONYCTHMOE mNoHnxenue S, ,= 9,3 #

U raybuna h, . = 9,7 ». Xon yporHeH B peke S _(f) HaR MEXEHHHM YDOBHEM 3a-
JaeTc B BHIAE TPEYroJbHOTO TPAdHKd, XAPAKTEPHU3YEMOI'O CJHENYIOIHMH BEJIHUYH-
HaMH (CM, puC. 5O):

Taoauya V-1

Sh] Si{; ’ Sﬂa ’ f! ' ' fﬂ ’ f: '
M | M Af cyre ; cvym | cVin
0 7 0 0 | 30 75

I

Taoruya V-2

Xy l Lexty (S:‘n)mauc,

M cym M
100 35 0,4
200 39 4.1
300 * 45 3,2

OnpepensieM MaKCHMaJAbHOE NOBHINIEHWE YpOBHe# Sy ¢ nomoubio (IV, D) Ha
paccrosHuax x = 100, 200, 300 »#. BuuucnenHs npoBojauM B TabJAMMHOH ¢opme. B
KauecTBe TNpPHUMepa NPUBOAUTCH Tabiauna BuiuHciAeHnd npu x = 200 x#. Koadpduim-
€HT YPOBHEINPOBOAHOCTH Ans mepHoaa nasojaka no (l1, 20)

g 30179
0,2

— 268042/cym, THe hep = U2 72) 97 1794
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Tabauna V-3

Iipumedanune. Ludph, mocraBieHHbE B

rpagax.

| ?j 2| %

z, | S

X, t, |yt = t :Ei _ :]‘a N | ) E 'ié}_ . <
o i O OO B IS B I U v B IO B B
s "l SR T = I o S B 3

S 5 ) - ‘?T 2 = z o | R 2%

jl 2 | 3| a4 5 |6 |7 | 8] 9 |10 11 12 | 13 | 14 | 15 | 16 | 17
4 | 2 0,862 0,090 0,13 | 0,01 — — — — — —_— 3,1 364 | 19,1 | 0,1

16 4 04311 0,340 0,4 0,13 — — — — — —_ 41,0 | 402 | 20,1 1,1
30 548 | 0,315 0,470 1,0 0,47 — — — — — — 147 | 508 | 22,6 | 3,6

32 2,606 t 0,305 0,480 1,07 | 0,51 2 1,41 | 1,22 0,024 0,12 0,002 160 | 521 228 | 3,8
200 34 5,83 | 0,296 0,490 1,13 | 0,55 * 4 2 0,862 0,090 0,17 0,015 169 | 530 23,0 | 4,0
36 I 6 0,288 0,500 1,20 | 0,60 6 2,45 | 0,705 | 0,160 0,33 0,053 172 | 833 | 23,1 | 4,1

40 G, 31 | 0,274} 0,520 1,33 | 0,69 1 10 3,16 | 0,546 0,250 0,59 0,137 174 | 535 | 23,1 | 4,1
49 7 0,247 0,560 1,63 | 0,91 19 436 | 0,396 0,375 1,05 0,394 164 | 825 | 229 | 3,9

75 ‘i 8,05 4 0,199 0,630 ‘ 250 | 1,58 | 45 | 6,71 | 0,257| 0540 | 2,50 | 1,350 | 73 | 434 | 208 | 1,8
cKoOKH, 00D3HayalOT MaTeMaTHYeCKHe BbHIPAXEHHA B COOTBETCTBYIOU[HX



Anra HarAfARHOTO CONOCTaBAEHHA MOBBLIIUCHHS YPOBHEH IPYHTOBBIX BOJ B IaBo-
JOK MO CPABHEHHIO ¢ MOBBILIEHHEM YPOBHEH BOJLI B PEKe HARX MEXEHHHUM TODHU-

S;‘ﬂ 2=100m Sf,f z=J00m
p N [N =50 mpeym,
. Y 2650w ym | | 5 | -255&4?/@@ |
/ \
4 } s
J .y . 3 £ 4
2 2 |
7 “ , ‘ \

4AREHERENS
0 10 2030 40 50 64 70 80 .5’6’ 00 0 10 20 30 40 50 60 70 80 30 109
¢ oy  oym

G 1020 30 40 50 69 70 87 90 109
! cym

Puc. 60.

30HTOM Ha pHc. 60 npusoaum rpadmkm npu x = 100, 200, 300 4. Ilo rpadpuxam Ha-

XOJUM MAaKCHMalibHOE 3HaUYeHHE (Syp)yaxe M COOTBETCTBYIOIEE €My BpeMs foxt
(cM. Taba. IV-2).

Onpenensem aanee nonoaHHUTenbunie aebutnl AQ,, AQ,; no (IV, 7), (1V, 8), 3a-
MCHAA NOHUXEHHS DPa3HOCThIO COOTBETCTBYWIWIUWX rayouH coraacHo (I, 3).

B nentpe xoraopana (rouxa lIl) mo pacueraM pis ycranoOBHBUIETOCA pPEXHMA B
MEXEHD

e 2 h2, — A2
FI{.L_i_ 2 Mo 154 Mﬂ; in 2 “-E_ — 87,5 _442; (CM. Tﬁﬁ.ﬂ. IV-Q);
h2 ke h, — h?
K.M M {n =M — 154 — 87,5 = 66,5 u2;
2 2
h? W — R2, o 192 — Q 72
UK. . — » — 33,5 2;
; 3 1950
R em— Ppn — (‘hL‘H-M__ & M — th'Mﬂ) = 133,5 — 66,5 = 67,0 #2;
2 2 %
AQ, = 1%1 43380 = 18900 ae3/cym, n_(Q¢np— Qc.onr) =

—61 (1008 — 720) — 17600 #3/cym

(cMm. npumep pacuera ¥ § 13, 0. 6) M KONHYECTBO AOTMOJHUTEIbHBIX CKBAXXWH HAa me-

PHOJ NIaBOJAKA n.” = 18990 — 17_@99_ ~ ] . IIpoBepaem nanee HEOOXOAUMOCTb yCTa-

1008
HOBKH JOMOJHHUTEJNbHLIX CKBAXHH [0 yYacTKaM.
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Ta6auya 1V-4

| g’: g‘: | ~ Pty E
E E = S
l £ Q — - p— 9 o~
; 3 S SR e
- ~ = 3 et | - —— I {:;,J
Y I I S R
| = D & & f G X
E I: N | . T IE N ‘T" E = E g ”q
=] E — | o - % o | 5] = S
= = = Q= w, <y <1 o & Es
1| 9 R le\ 6 | 7 | 8 9 | 10 | 11
] _____——I______— r — | —
1 140 116.5 ‘23,5 133511100 (29800 17900 | 32 | 9230 | 8
2 | 154 665 |875(1335]| 460 (3780 | 1130 5 | 1440 O
3u4 154 875 166511335 67,0 | 8400 | 3640 12 13460 O
|

[Ipumeuanune. Lludppel, nocrasaeHHdnie B CKOOKH, o0603HauyawT MaTeMarH-
YeCKHEe BBIPAXKEHHA B COOTBETCTBYIOLIHX Ipadax.

§ 20. Pacyetr BOJAONOHHU3HTEJAbHbLIX YCTAHOBOK
B CJOXHbIX YCJOBHAX

PacuyeTsl BOJONOHHU3UTEJNbHEHX YCTAHOBOK B CJOXHHEIX YCJIOBHAX
BRINOJJHAIOTCA IO JIEHTAM TOKa CeTKH [ABHXEHHA, IIOCTPOEHHOH IJA
YCJAOBUH yCTAHOBHBIIETroCs pexuma @uabrpanud. llpum stomMm B Ka-
YyeCcTBe KOHTypa CTOKAa IPHHUMAETCA KOHTYpP BOJLOIOHU3UTEJIBLHOMH
YCTAHOBKH, B KadecTBe KOHTypa INUTAHHA — KOHTYp MUTAHUA B Ma-

BOJOK.
3aMeTuM, 4YTO AJs1 PYCJOBHX U OeperoBniX KOTJOBAHOB OOKYHO

MOXHO HCIOJb30BaTh Ty XK€ CEeTKY JBUXEeHHd, Kortopas OhH.Ja 1o0-
CTpPO€Ha IJsI pacyeTOB B MeXEHb. B apyrux ciaydasax AJsi pacueToB
B NaBOJAOCK CJAeAYEeT IOCTPOUTEL CeTKY CIEeIHaJbHO.

a. Pacuemst 8000N0OHU3UMENABHBLX YCMAHOBOK
HECOBEPULEHHBLX KOMAOBAKOS

ag onpepeneHus AONOJHUTEJAbLHOro Ae0uTa U JOMOJIHHTEJNBHOro
KOJIMYeCcTBa CKBaXuH BLIOMPAeTCA HECKOJbKO HaunboJjee XxXapakrep-
HHX JIeHT TOKa, AJIi KOTOPHIX W BHIOJHAIOTCA PacyeTHl.

(CxeMa, K KOTOpPOW NpuBOIATCA JIGHTH TOKZ, NpPEeACTaB/JACHA HA
puc. 61.

['papuk u3MeHeHuss ypoBHeH HA BHEUIHEH rpaHulle I1JacTa, COOT-
BETCTBYIOIEN YUYaCTKY KOHTypa NHUTaHWsA, 3aMeHACTCH TPeyroJbHHM
rpagukoM, Kax 370 ykaszaHo B § 18 (puc. 56). Ho npu stom otcuer
NOBHIIIEHUS YpPOBHEH HA KOHTYp€ NUTAHUA BHIOJHACTCA OT MEXKEH-
HEro ypoOBHSI C YYeTOM nonpasku AS,, T. €. OT YPOBHA

/sz.M — hu.u _I_ ASK; (IV, 9)
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rpe |
ASy = Spm— .00y (IV, 10)

npudeM Syw, Spn — JONYCTHMBIE TOHHXKEHUS B MEKOHDL U B [1aBOJOK.

Ha KoHType cTOKA, KOTOPHM sIBJsETCS Y4aCTOK KOHTYpPa BOAOINO-
HA3WTEJbHOH YCTAaHOBKM B Iipefesax JEeHTH TOKa, COXPAHSIETCs IIO-
CTOSIHHBIH YPOB€Hb, COOTBETCTBYIOL(M JONIYCTHMOMY B NaBOJXOK NO-
HUXKEHUIO (Sxn). Taxkum o6pazoMm, 1as onpenesieHusi NOMOJIHETEIH-
HOro nebuTa c/lefyeT 3aiaTh HA KOHTYPE MUTAHMUS TMOBbLIIEHHE YDPOB-
HEM MO TPeyro/JbHOMY rpaduKy M Ha KOHType croka — S, = 0.

’ , [ <}___1:J__‘ I
TN [
..! 1“4} i
g8 1 [
ray - [pu <2 —
07 £ =100
Y , - \ i | ll
] M - -!"1 o 1
S Ll i 11
St |90 9Ty T
] P i l' T T 1]
S':& f . ! 1
' 33 ~ ‘
N | 'qu ggh "‘9 #
§§§ §§§ QQ’ A Tl
I RN 3§ 0/ N
J L7770 0 s p 7 0 | | e é
[ L, 2 04 06 08 10 12 14 (6 18 Z'MTVE—?
PHC. 61. pHC. 62'

MaxcuMalbHbi JONOJHUTENbHHI ge6ut AQ,, yuacTKa BOJONO-
HU3HTE/IBHOI'0 KOHTYPA B Npefeax KaXJOH JIeHTH TOKA moj0upaeTcs
no gopmy.ae

b, £ L,
5, [ )

t t L, 1
fa-—fz(fz 1)F“(21/B(t-—t;)”)]' v, 2

3nech (RT).,— cpeaHsas NPOBOAMMOCTD B npejgeJjax JeHTH TOKA:
L, — npuBeleHHas] IJHHA JEHTHl OT BHELIHEro KOHTY pa
MATAHNA N0 KOHTYpaA BOJAONOHU3UTEJBHOH YCTAHOBKH;
b, — mupuHa KOHTypa YCTAHOBKHU B mpejgeagax JeHTH
Fi; (o) — dvaxiusg, 3Hagexus koTonst HAXOTATCS 0O rpadpuky
Ha puc: OL.

—— Sl e ey —

! llna onnopoxuoro Gessanopuoro nortoka B (IV, 11) cregyer cpeaats 3aMeHy
coraacuo (I, 3):

1
(k T)CpSif’ p— 2 [hzﬁﬂ —— (h ’K‘M)QJ.
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Bce ppyrue o603Ha4YeHHs OAMHAKOBHL C TAKOBHIMU B dopmyJe
(IV, 3), oTcuern MNOBHIIEHUA YypoBHel Beaytca ot A’y (IV, 9),
a OTCUET BPEMEHH BBHINOJHSETCd OT MOMEHTa, KOorja rJayOuHa BOIH
Ha KOHTYpe MUTaHusI CTAHOBHTCS paBHO#W rayOuHe /.,,.

MaxcumanpHoe 3HagenHune AQ. ., 1JIs KaxJ0H JEHTHl HAaXOIUTCS IO

rpaduxy AQ,.,(Z), noctpoenHomy no (IV, 11) npu HecKoJbKHX 3Ha-
qyeHUudaX £, <t < 1t,.

[log6op MAONOJHUTEABHOI'O KOJUYECTBA CKBAXHUH BBHINOJHAETCS
TaKk ke, Kaxk 3TO VykKa3aHo B § 19. KoJsuyecTBO [AONOJHUTEJBHHIX
CKBAXHH IJd Te€X JIeHT TOKAa, KOTOpble He paCcCYUTHIBAaJUCh, Ompeje-
JSIeTCS YMHOXKEHHEM KOJUYeCTBa JOMNOJHUTEJNbHBEIX CKBaxXHWH Haubo-
te.n,

Jilee XapaKTepHOH JIEHTBHI TOK& Ha OTHOIIEHUE , TH€ Moy Mey; —

Hy.oi
KOJUUECTBO OCHOBHHIX CKBAaXHH HauboJsiee XapakTepHOH MepBOH U
pacCMaTpuBaeMOiil £-0ft JIeHTHl TOKa.

[fpumep pacuera. TpebGyercsa BHIIOAHUTL (PUIbTPAUKOHHBIH pacueT BOJO-
MOHKU3HTEAbHOH YCTAHOBKH B NAaBOJOK JJI# KOTJOBaHa, pa3padoraHHoro cnocofom

rnapoMexaHn3dliyil H Xd4dDPDAKTEPH3YEMOI'O HCXOAHbBIMH JdHHBIMH, IHPDHBEIACHHLIMH B

npumepe Kk § 16, puc. 47. llonycTuMoe IIOHHXKEHHE B NABOJOK H XOJA4 YpPOBHEH B
peke NMPHHUMAKTCHd TaKHMMH XKe, KaK U B npuMepe Kk § 19.

[lo (IV, 10) ASx=10—93=0,7x u no (V, 9) A" =194+0,7=197 «
onpeneaseM AQ_ . WA HECKONbKHX XAPaKTEPHbIX JAEHT Toka, ucnoardys (IV, 11),
OTcueTh! NMOBBLIIIEHHST YPOBHEH HA TCpaHULE BeAYTCA Hal hf:{*m=19*7 U 110-
stoMy B (IV, 11) cienyer nmets B BHAY
30 cym (7 — 0,7y M
T M

45 cym (71 — 0,7) u

by = T M

=27 cym; t,—i,= = 40,5 cym;

ty = 27 +- 40,0 = 67,5 cym (cM. 1aba. IV-1 n puc. 56); B = 2680 m2/cym;

1 ]
(k T)Cp Sl{f.l 9 [hzl{g o (hFI{.M)ﬂl — Y (262_ 19172) — 143,5 M2,

B kauecTBe XapaKTepHbIX JeHT Toka BbiOupaeM Jleuthl I, 4 1 6 (cM. puc. 48-6)
M ompejeiaseM AJad HHX MakCHManbHoe 3HaueHde AQ . nyreMm noabopa no dop-

myae (1V, 11).
Taoauya V-5

2 (BQ; Wmake e n Teon (Qc.np — (2) — (4), (2_) — ()

m ¥

S | (w3 Taba. IV-5), ("ﬁf_iﬁ)f'* — Qc.ont): Qe.np

<! M3[cym IIT. M3 cym M3feym IT.

1 2 ) 4 5 6
] 11600 1O 4601 7000 0.5

4 1580 2 576 804 0,7

6 1280 2,5 720 560 0,5

[Ilpumevanune. Lludpw, 3akaoueHHble B CKOOKH, 00603HayalT MaTeMaTHYE-
CKHM€ BbipaXeHusi B COOTBETCTBYIOUIMX rpajax.
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901

Tabauya TV-6

:
J

a =
| ¢
5 | ® e s |2
-: : — - !53_ E = w-l.. ~ | hi | E:
z | 8 g Nl . ?\T %’E? |7 im :_L“"Ei = | & Tl
E o ! | ~ \ out Th— . n-..? = ; R ~ = = &=
O 0 X S 5 o~ Qa, = 3 . e - X | o EREN
= | & | = | & = ~— & — 2l | o~ = £ 3
l - = = & ~ x‘ = € e I x - g - . o ""=| K | - N
2 S IC R v NS I Pl RGBT S B K B I I N S P
1 2] 3 45 o] 7 | 8 | 9 ] 10| 1 12 | 13 | 14 | 15 | 16 | 17
i
1 { 953 | 94 | 27 | 1,001 0,176| 100 1,00 0 — - — | — | 1,0 | 269 4300 ! 11600
| 253 | 94 | 30 | 1,11 | 0,165 1,00 1,11 3 1052 081 1|0184]0,14910961] 2,69 | 4300 | 11100
P
1 83 | 244 { 27 | 100! 0454 086 0,86 0 — — — b — 10860 034! 4300 | 1260
41) 83 | 244 | 30 | 1,11 | 0431| 0,88 0,98 3 113 | 018 |0,184!0,033] 0947 0,34 | 4300 | 1380
| 83 | 244 | 33 | 1,22 0410/ 089 1,08 6 | 096 | 045 |0368] 0,165| 0,915| 0,34 | 4300 | 1330
952 [ 590 | 36 | 1.33] 095 | 0,46 0,61 9 | 1,90 { 001 |0551]0007| 0604| 0,43 | 4300 | 1120
A 252 | 590 | 43 | 1,59 | 0,87 | 0,53 0,84 16 | 1421 015 |0,985] 0,148] 0.692| 043 | 4300 | 1280
9252 | 590 | 49 | 1,82 | 0,815] 0,58 1,05 2 | 121 | 026 | 1,37 | 0356 0,604| 0,43 | 4300 | 1280
952 | 590 | 54 | 2,00 | 0,776 0,62 1,94 97 | 1,09 | 034 | 167 | 0,570| 0,670 0,43 | 4300 | 1240

[Ipumevyanune. Llupps, nmocraBiennsie B CKOO6KkH, 0603HAYalOT MaTeMaTHUECKHE BBIPAXEHHS B COOTBETCTEYIOLIUX
rpagax.



Pacuerel mo (1V, 11) nna nenr 2, 3, 5 He BLINOAHAEM, NPHHUMAS OTHOLIECHHE

nC.JI

7
n C.1

s JaedHtl I, aas JaeHthl 3, KAK OnA  JeHTsl 4 W OAd  JAeHThl &, Kak
M aeHthl 6 (cM. puc. 48, 6). Tax, nHanpamep, aaa JeHtol 2 n,,. =4 H

A — n —
(AQ 5 n)yaxe c.a (Qe.np “’-‘.‘"T) _ 4 0,5 = 1,6. KoanuecTBo HONOAHHTEABHLIX

Qc.np 16
CKBAXHUH JJs1 BCeX JeHT ToKa npueoaum B T1alba. 1V-7.

MEXAY OCHOBHBIMH U ROMOJHHTEAbHBIMH CKBa}I{HHaMH( ) AN JeHTH 2, Kax

Tabauya IV-7

n’
AQ.H n_n | (QC.HP_—QC. ﬂl'lT) 1 C.J BCE‘FO JOIIOJHH-
Ne nc..u'] L Q 1 n C.J5 | (HB TabJ. TeNbHBIX CKBaXKHH,
JEHTHl | IT. ¢.np LT, 111-9),
IIT. T, T,
1 16 6,5 0
8 8
3 2 0,7 0
4 2 0,7 1 0 } |
o 2 0,4 0
6 2,9 | 0,5 } 1 25 } 2.5
2 >< 1115 — 23 HIT.

6. Pacuemst 8000NOHU3LMENbHBLX YCIRAHOBOK
COBEPULEHHBLX KOMA0BAHOS8

Ilpu mopxbeMe ypoOBHSI peKu B NABOAOK INPOUCXOJUT HEKOTOPOE
yBeJUUEeHUEe pacxola I10TOKA, BEIXOJAANIEr0 HAa OTKOC KOTJ/JIOBAHA,
YTO BJeyeT 32 COOOH AOMOJHUTEeAbHOe OOpymeHne (OMJbBaHHE) OT-
Koca. BesunurHa JONOJHUTEJNBHOTO NOTOHHOrO pacxoja Ag, onpene-
JUTCA B Nepuoj] NaBOJKa (C y4eTOM HEYCTAaHOBHBLIEroCs Xapakrepa
puabTpanyuu) a9 Kax o M3 BHIOPAHHBIX pacyeTHHX JeHT TOKa IO

opmyJie
Kﬂ2 T sz-M t LJI
s = k2 [P (7 ) -

) n )] oo

3nech hy, — MakcuMajabHas rJay06uHa BOAH B MABOJOK Ha KOHType
MUTAHUSA,
h.,— rAyO0nHa BOABI Ha KOHTYpe TMHUTAHUST B MeEXKeHb;
F,, — dyHknusa, onpeneasemas no rpadpuky Ha puc. 62.

Bce papyrue o6Go3HaueHust OJMHAKOBH C TAKOBBIMH B opmyJie
(IV, 3).
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Makcumaspnaa BesnyuHa Ag, aasi Kaxjo# U3 BHOpPAHHBIX pac-
YETHBLIX JIeHT TOKa onpepeasercs ¢ nomoipio (IV, 12) nyrem noji-
O0opa aHaJOruyHO TOMY, KAaK 3TO YKA43aHO B M. @ HACTOsllero na-
parpada jgast obulero pacxona AQ,, B mnpejesax JewTH TOKa,
(IV, 11). I'lpu 3toM caenyeTr 3a1aBaTbCs 3HAUeHHAMU L, < T < 3.

[Tpu popme naBoAKOBOM BOMHB, OMH3KOH K cCUMMETPHYHOM (£ = 21,),
BeJUUnHYy, crosiuyio B (IV, 12) B kBaapaTHehix CKOOKax H COOTBET-
CTBYIOIIYIO MAaKCuMaJbHOMY 3HAUeHHIO pacxopa Ag,, MOXKHO OIpe-
geaarb 110 rpaduxy pic. 63 (ykasanuas BesauuuHa oOo3HaueHa [y).

/n

10 -

MERNEN HENEREN
oSS =I |

B ’ITJ

061
(J ‘-[
04
ll |
ar
B N .l

0 02 04 G5 48 10 12 14 16 18 20 22 24 26 28 30
/A
*=2vgy,

Puc. 63.

OnpeneauB BeJuYuHy Ag,, cjaeayeT npoBeputb OTKOC HA OIJIbHI-
BaHHE IIpH TMOrOHHOM pacxoae ¢, -+ Ag, Tax, KaKk 3TO MOKa3aHO B
§ 10 raasm Il Ecam npu 3toM pasmep OmJMLIBAHUA OKa3bIBAETCH
6oJiblIe AONMYCTHUMOro, TO CJeAyeT HHTeHCudulupoBatk pabOTy BO-
NOMOHU3UTENbHBIX CKBa:KHH C Te€M, UTOOH NOrOHHLIA pacxoJ Ha OT-
KOCe H€ MpEeBHIIIaJ AONYCTUMOH IO YCJOBUSIM OIJBIBAHUS BE€JUUYHHBL
q,°", KOoTOpass onpepeasercs u3 yCJA0BUd, UTO pasMep OILIBBaHHA
JOJIXKeH HAaXOAUThCS B Ipeaenax gonycrumoro. CuaenoBaTesbHO, BO-
NOMOHU3NATENbHAA YCTAHOBKa O0JI)KHA OHITL pPACCUHTAHA HA nmepexsar
JOTOJHHTEJIBHOIO TTOTOKA C NMOTOHHBIM PacXOAOM Ha oOTkoce Ag, Ta-

KuM 00pasoMm, 4TO
Agy = gy + Agqy — g™ (IV, 13)

OO61nd JOUOJHATLALHEHT Ae0vT B Ipejenax JeHTH TOKa onpe-
JeraeTcs TN dﬁﬁn‘,,-;f.;_np

AWg; = 02329 ;, (v, 14)

raoe b,, — AJUHA Y4yaCTK4 KOHTYpPa BOJOMIOHU3UTEJbHOW YCTAHOBKH
paccMaTpuBaeMol [-OM JIEHTHL TOKA;
Ag'q, —ee JONOJHHUTEJbHBIH TOrOHHHIK je0HT, HAWJEHHBIH IIOQ

(IV, 13).
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[lon6op MAONMOJHUTENBHOIO KOJUUECTBA CKBAXHWH BHIIOJHSETCH

TaK Ke, Kax 3TO ykas3aHo B § 19.
B 3axJ/aoudeHHe HACTOALIEH TJIaBHl OTMETHM, 4YTO y4eT HeyCTaHo-

BUBINEIrOoCsd Xapaktrepa (QUAbTpPAllud B MNEPHOJ MaBOAKA I1e/71eCc000-
pa3Ho NPOU3BOIAUTH JHIIL B TOM CjAydae, eCciaH

L,>V6t,. (1V, 15)

B npOTHUBHOM XK€ CJAYYae B YCJOBUAX NABOAKA paCYETH CJAeAyeT

BeCTH NPH yCTAHOBUBILEMCA pEeXKUMe (PUAbTPALLHH.
[IpoBepKYy ypOBHEH B CKBAXMHAX B NAaBOJOK MOXKHO HE [JeJaTh,

TAK KAK OHHU OOBIYHO He MeHee, YeM B MeEeXeHb.




MPAJTOXKEHHUE 1

METOA 3KBHUBAJIEHTHbLIX ®PWJIBbTPALUHUOHHLIX
CONPOTUBJIEHUH

[lpn duapTpamuu rpyHTOBHX BOA K KOHTYPHOH CHCTEéME CKBAaXKHH,
pachnoJIOXEeHHHX [JOCTaTOYHO JaJeKO OT TrpaHHIl IJIacTa, TOJBKO
BOJIM3H CKBajxHH HaO0JIOJAeTCS H3MEHEHHe XapakKTepa TeueHHs 0
CPaBHEHHIO C XapaKTepoM TeueHHs B OoJibluel 4acTH 06/1aCcTH PuJ/Ib-
Tpauuu. IlostoMy 30HY, rae HabawgaeTca H3MEHEHHE Xxapakrepa

Puc. 64.

TeYeHHs, MOXHO pacCMaTPHBATL KaK 30HY MECTHOH aedopMaiuu
NOTOKa. XapaxTepHOo, YTO NPH JOCTATOYHOH YIAJEHHOCTH TpPAHUL
11J1aCTa OT CKBAXHH (DRJABTPAINHOHHOE CONPOTHBJEHAE 30HH MECTHOH
gjeopManud JOTOKa He 3aBHCHT OT IMOJOXEHHS H (HOpME T'paHHL
njacra’l.

Tak, naupumep, B caydyae GUAbTPALUH K NPAMOJHHEHHOH LEeNoyKe
COBepIIeHHHX CKBaXUH (puc. 64-a), yaaJeHHHX OT KOHTypa IIHTa-
HHA 06oJiee, yeM Ha INAT CKBAXHH, B O00ablIed 4acTH 06/aCTH (HJb-

i S

1 [Tox ¢puAbTPANHOHHBIM CONPOTHBIEHHEM IOHHMAETCA OTHOLUEHHE IOHHXKEHHA
YPOBHEH B pacCMATPHBAEMOH 30HE K pacxoly NpH KO3ppuUHEHTE QHIbTPALHH
k=1 n momHocTH naacra 7=l.
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TPallHH TE€UYEHHE ABJACTCA OJHOpPa3MepHHM (JHHHUH TOKA 1apaJ/e/]bLHH
APYT APYTY) H TOJBLKO BOJIH3H CKBAXHUHHI JHHHH TOKA HCKPHBJISIOTCS,
O06pasysi 30Hy MeCcTHOH JedopMmanud. PUALTPANHOHHOE CONPOTHBIECHHE
3TOH 30HH OnpeleaseTCs TOJAbKO pa3MepaMHd CKBAXXHH H pacCTOSTHHEM
HX IPyrT OT Apyra.

30HY MeCTHO# JedopMamud NOTOKA MOXHO HCKJIIOUHTH H3 pac-
CMOTpPEHHsI, 3aMEHHB CJOXHOE€ TeUeHHE K IeNOYKe CKBAaXHH 3KBH-
BaJICHTHBIM eMy 0oJiee IPOCTHIM TE€YEHHEM K PaBHOJEOHTHOH COBep-
IIEHHOH TpaHmee (puc. 64-6). [lonoanHtenbnoe (QHABTPAIHOHHOE

Puc. 65.

CONMPOTHBJCHHE 30HH MECTHOH JeOopMalHH HOTOKa' YYHTHBAETCH
MPpH STOM CYMMAapHO: HA KOHType TpaHUIeH 3a1deTCsd HOHHXKEHHe
S: MeHblIee, uyeM IOHHKEHHe S, B COOTBETCTBYIOIIHX CKBaXHHaXx
(Sx < Se).

B IOpHMEeHEeHHH K CHCTeMaM CKBAXHH MeTOJ SKBHBaJEHTHHIX
duavrpanmgonusix comnporusiaenuit [J/I. 6] W cocTour B 3ameHe CH-
CTéMH CKBAaXHH SKBHUBAJEHTHOM CHCTEMOH COBEPINEHHHX TPAHIIEW.
DKBUBAJEHTHHMH CHCTEMaMH HA3BBAIOTCA TaKHE CHCTeMHBl, KOTOpPHE
OJHHAKOBO pACHOJOXEHH [10 OTHOILIEHHI0 K TIPAHHULAM IJIacTa, Xa-
PAKTEePH3YIOTCA OAMHAKOBORA BEJAUUHHOH H pacrnpeiesieHHeM y A e Jb-
HOro Ae€0HTa H OJHHAKOBHIMH JENPECCHOHHHMH IIOBEPXHOCTAMH
ypOBHEH I@OTOKAa B HEKOTOPOM VYAAJE€HHH OT CHCTEM, OTJAHYaACH
TOJLKO MOHHXEHHSIMH YPOBHEH HA KOHTYpe CHCTEM.

AHAJOrHYHO pACCMOTPEHHOMY BHIIE CJAyYyalo TNPSIMOJHHEHHO
menoykn CkBaxHH (puc. 64) xpyroBas 6atapes CKBAXHH B KPYTOBOM
naacre (puc. 65-a) 3aMeHsieTcs 3KBHBAJIEHTHOH €H KOJIbIEBOH TpPaH-
meeil (puc. 65-0). Ilpu nw060OM CI0KHOM OYEepPTAHHH BOMOMOHH3H-
TeJbHOA YCTAHOBKH B IIJIdHe, KaK HampuMep, Ha pHC. 66, cucrema
CKBAXXHH 3aMEHAETCS 3KBHBAJMCHTHOH CUCTEMOH COBRPHIEHHHX TpaH-

med, KOHTYD KOTOPHX COBHagaer ¢ JHHHeHd, NpOXOoJdallel uyepes
neHTpH CKkBaxuH (aunusa ABCD).

t [log JQonONHUTENbLHBIM CONPOTHBJAEHHEM 3Jiech MOHHUMAaeTCsl COMPOTHBJIEHHE,
o06ycaoBAUBaKOIIEEe JONOJHUTENbHOE IOHHXEHUE YPOBHEH MOTOKAa NPH PUALTPALMH

K CKBaXHHaM 1O CPaBHEHHIO C MNOHHXEHHEM YPOBHEH NpH (QHAbBTPALHH K PaBHOAE-
OUTHOU COBEPIUCHHOW TPAHIIECE,
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Ecax 1no xoOHTYpYy BOJOMOHH3HTENbHOH YCTAHOBKH 3aJal0TCH
OllpefeJIeHHLIE YPOBHH (PUJABTPANHOHHOIO IMOTOKA, TO CHCTEMa 3KBH-
BAJIEHTHHIX TpaHIIEH INpejcTaBasieT COO0OH CHCTeMYy TpadlueH, IO
KOHTYPY KOTOPOH 3aal0TCH T€ Ke ypPOBHH (DH/ILTPAIlHOHHOIO IIOTOKA.
Ecan e Bech BOANONMOHHM3UTE/BHBI KOH1YpP pa3feJsieTCsi Ha OTHAeJb-
HE€ YYaCTKH, B [peJesaxX Kaxaoro H3 KOTOPHX 3ajaeTcsi PaBHO-
MepHasgs pacCTaHOBKa paBHOAEOHTHEHIX CKBaXHH, TO BJOJb KOHTypAa

J p p Ibubanenmuan cucmema mparwed
a UCIMEME CAOGHCUH — §) [ umuti dadznmoeo nosurcesus)

Puc. 66.

KaXA0H SKBHUBAJEHTHOU TpAHUIEH 3aJal0TCs NOCTOSIHHBIE yeJbHHE
NEeOHTHI.

Cor/slacHO MeTOAY 9KBHBAJIEHTHHX (PHJABTPAIIHOHHLIX CONPOTHB-
JEHUH B CJyYae KOHTYPHOHU CHCTEeMHBl CKBa)XHH 001ee (pUAbTPaImHOH-

HOE€ COIPOTHBJEHUE, NPUXOAJUIeeCss Ha OJHY H3 CKBaXHH, MOKHO
peACTaBUTh B BHUIE CYMMLI

@:@0—!_@1{- (nr 1)

Beanuuha ®, Ha3bIBaeTCsd BHEIIHUM (PUABTPALHOHHBIM COIPOTHB-
JEHUEeM H npejcTaB/sier CcOO0H (PUALTPALIUMOHHOE COIPOTHBJAECHUE
IpU ABUXKEHUH TPYHTOBHIX BOJ K OTPE3KY 3KBHUBaJEHTHOH COBEp-
LIeHHONW TpaHueH, JJUHA KOTOpPOrO paBHA IIATY CKBAXHHBI (pHC. 64,
65). BHemHee CONpPOTHUBJIEHHE 3aBHCUT OT TeOMETPHH BOJOHOCHOTIO
1J1aCTa H PACHOJOXEHUA CKBAXHH 110 OTHOIIEHHIO K e€r0 IPaHHIAM
H APYyTr K LPyTY.

Beanuynna @©, HasuiBaeTcss OOMUM BHYTPEHHHM CONDPOTHBJIEHHEM
KOHTypa HWJIW JOINOJHUTEJBHBIM (PUABTPALUOHHBIM COINPOTHBICHUEM
30HH MeCTHO# JpedopMmanuyd notoka. Beauyununa P, aBaseTcs H3OHT-
KOM (PUJbLTPAIlHDHHOIO COINPOTHUBJAEHUA, TPHXOJAILErOoCs Ha OJHY
CKBaXHUHY Ipd (PUIBTPAUMU K KOHTYPHOH CHCTeMe CKBaXHH, IO
CPAaBHEHHIO C (PUJALTPAILMOHHBIM CONPOTUBJEHHEM, IPHXOAALIUMCS HA
YyUaCTOK 9SKBHUBAJIEHTHOH TpPaHMIeH, JJuHA KOTOPOro paBHa [mary
CKBAXHUH MNpu (PUJILTPAUUHN K 3KBUBAJEHTHOH TpaHilee.

Kax B cJiyyae yCTaHOBMBUHIErOCsl, TaK u B CJAyuyae HEYCTAHOBUB-
IIerocd pexuMa (QuAbTPAIUM TPYHTOBHX BOJ, CONpOTHBJIeHuEe D,
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BLIUHCAsiETCA 1o enuHbiM dopmyaam [JI. 6, JI. 24], xotopmie npu-
BOJATCSH HHXKE.

Ecan ckBauHBI COBepuIeHHBIE, TO P, onpepenserca no gopmy.ae

®, = O/ = 0,367 Ig (I1, 2)

'n'd

Oas onpenenedus eeanumdsl @' Moxer O6uTh MCNOJAL30BAHA HOMO-
rpramma (puc. 67).

Puc. 68-a.

100 -3
120~

140 —
160

206

3003

350
400-2

5{(

—— %
gt g—]

Puc. 67. Puc. 68-6.

Illar ckBamxHH & u3Mepsercs BCerja o JHHHYH, OPOXOAsHIeH
yepes LEHTPH CKBaxuH (puc. 64—66). OOHUHO paccTosiHUA pac-
CMaTpUBaeMOH CKBaXHUHH JO JABYX COCEJHUX CKBAXWH OJUHAKOBO
(puc. 68-a). Ecau XKe 3TH pacCToAHUA HEOJHWHAaKOBH (puc. 68-0), TO
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npu noJaw3oBauun Qopmyaoi (I1, 2) pacuerHwnifi mar s caeayer
onpenessate no gopmy.ae

E:Gl—lé_sz. ([—[, 3)

Ecan cxkBaxuubo HecoBepuiennwie, 1o P, onpenesnsercsa no ¢Gop-
MyJe

{D}c — (I)IH + (I}H JV A(]')H! (I—[J 4)

rae 97 Boiuucasgercas mno ¢opmyae (I, 2), a Beanuuun @, AD,
ABJAIOTCSI  PUABTPALLHOHHBIMYA  CONPOTUBJIEHHUSAMM, YUUTHIBAIOLUIUMU
HECOBECPINEHCTBO CKBAXHH, H OIPEAEJAI0TCAd B COOTBETCTBHUH C YKa-
3aHuaMu § 4.

Kax B cayyae yCTaHOBHBUIETIOCH, TAK U B CJydae HEYCTAHOBUB-
INErocsi pexUMOB (QPHJABTPAIIIN TPYHTOBBIX BOJ Nepexol OT NMOHHKEHUS
YPOBHS NOTOKAa HA KOHTYpe 3KBHBAJEHTHOU COBEpPUIIEHHOW TpaHUIeH

(S2) K NOHHXKEHHWIO YypoBHS MNOTOKa B caMoil ckBaxune (S.) ocy-
1eCTBJASIeTCA N0 (opMmy.Je

Se = Sa+ 750, (11, 5)

rie ®, onpeneasierca no cdopmyaam (11, 2) uwan (I1, 4). das oxno-
porHoro GesnanopHoro noroka (cMm. § 3) gopmyay (I1, 5) ynobuee
IPEeACTABUTL B BHJIE

= ‘ h QQC D, (I'1, 5a)

rane A, /i, — COOTBETCTBEHHO rayOuHb 0€3HATIOPHOTO NOTOKA B CaMOIl
CKBaXKHHe W B 5KBUBAJIEHTHOH COBepIIEHHOH TpaHUIee.

NPU/IOXKEHWUE 2

METOAUKA NNOCTPOEHHUSI CETOK ABHWUXXEHWS
PUIbTPAHUHOHHOT'O NMNOTOKA 1PN BOAOINOHUXKEHUU

CeTKa 1BHXeHHSI oOpa3yeTcd CUCTEMOM 3KBHNOTEHIHaJNed (JHHHH
PABHOIO HAMOpa WJH PABHOH IJIyOHHBH NOTOKA) H HOPMAJbHHX K HUM
JUHUR Toxa. Yacth oOaacth (MUABTPALMH, 3aKJIOYEHHAA MEXAY
IBYMSI COCEeJHHMH JHHUSIMH TOKAa, HOCHT Ha3BaHue JIEHTH TOKa.
[lockoabKy mnipH pacuerax BOAONOHHKEHUA PUABTPAUUOHHHH NOTOK
OOBIYHO NPHBOAUTCA K ILIAHOBO-IVIOCKOMY, TO HuXe OyayT paccMar-
pUBATbCH IPaBHJAAa MOCTPOEHUS CETKH JABHXKEHUS HUMEHHO [JS 3TOrOo
cayyas.

JlJ11 CpaBHUTEJIBHO HECAOXHBIX YCJAOBHH, OCOOEHHO IPH OJIHO-
pOAHOM (DHJABTPANHOHHOM TNOTOKE, CEeTKY JBHXEeHHs1 (BepHee, psj
pACUETHBIX JIEHT TOKA) CIeAYET CTPOHTH TpaduyeCKHM IIYTEM.
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[Tpu mocTpoeHuU CeTKH ABHKEHus rpadHUCCKUM NyTeM caeayer
HCXOJHUTh H3 YC/JIOBHA NOCTOAHCTBA NMPHBeAEeHHOro pacxona Q,,, [J1. 1],
KOTOPOE CBSI3BBIBAET MexAy co60# JiuHy [; u mupHHY b, Kaxnoro
OTCEK4, OrPAHHYEHHOr0 B JIEHTE€ TOKa ABYMS COCEJIHHMH SKBHIIOTEH-
nuaJassMu. V3 yc/ioBug

Qrﬂ — COI'lSt (I_[, 6)
CASAYET, YTO [IpYU MOCTOAHHOM IHare 3KBHIOTEHIHAJJCH
b,
kT, 7= const. (I, 7)

HIass OAHOPOAHOTO 1O BEPTHKAJAH Oe3HANOPHOro MOTOKAa CJAejayerT
NPIHHMATh

ki%:const. (I1, 7a)
j
Jl1ss OMHOPOAHOTO MOTOKA (B npepesax pacyeTHOH JIEHTHL TOKA)
-?—* = const. ([1, 76)
l

[locTpoenne KaxaOW pacueTHoll JeHTH TOKa 1eaecOo0o0pa3sHo Npous-
BOAUTH CJACAYIOHIUM TOPAAKOM: a) BOJHU3H pACYETHOTO y4YacTKa
B 1IepBOM UPHUOJHKEHHH HAMeualTcs SKBUMOTeHHNHaan (Aad LeJsei

BOIOMOHUXKEHUSA OOKYHO AOCraTOYHO NPOBOAUTH UYETHIPE IKBHIOTEH-
HAJAH MEXKJY KOHTYDPaMH INMUTAHUHZ H BOJONOHUKEHHS, pa30uBas TeMm
CaMBIM JIGHTY TOKa HAa MNATL OTCEKOB); 0) HOPMAJABHO K 3KBHUIOTEH-
[lHaJIM [OPOBOJATCA JABe JHHUH TOKa, oOpasyouiue JeHTY TOKa;
B) ONpeaestiIOTCs] BeJHYUHBI MPUBEIEHHOr0 pacxoaa (Q, 5 AJasi KaXJ0To
OTCE€KAa, NPHYEM B NepBOM IDPUOJHKEHHH DPEIAKO yJaeTcss JOCTHIHYTH
JOCTATOYHOTO HUX IIOCTOSIHCTBA; T) VUWUTHLIBAs XapakKTep H3MEHeHuUd
BEJIUYHH (,; B pa3HbIX OTCEKaX, NMPOHU3BOJHTCSI mepecTpoiika 3KBH-
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IIOTEHIHANEeH H, COOTBETCTBEHHO, JHHHK TOKA A0 TeX Nop, IIOKa He
OyJler JOCTHTHYTO MOCTOAHCTBO Qrs JAJS BCEX OTCEKOB JEHTH TOKa
C TO4YHOCTBIO mopsiaka 5—109%.

[IpuBegeM npuMep HOCTPOEHHSI PACYETHOH JIEHTH TOKA C OJHOH
CTOPOHB! KOT/JIOBAHA, PACIOJ0XKeHue KOTOPOro NMOKa3aHO Ha puc. 69,
[pUYyeM BOJOHOCHHIH NJIACT MOXKHO CUHTATh OXHOPOIHEIM. [locTpoenue
IKBHUIIOTEHIIHAJeH HAYHEM C CeuyeHHsA a -— a, T'Je UX paciupeneeHHe
MOXHO CYHTaTh paBHOMepHHM. llpoBenem naJjsee 3KBUNOTEHIIHAIH
B IepBOM MNpHOJHXKEHHUH TakK, KaK 3TO [IOKA3aHO MNYHKTHPOM Ha
puc. 69, ucxonss U3 YCJAOBHS, UTOOH 3KBUINOTEHIMAJNH [IOCTEIEHHO
NePexXOoAUJd OT HYJAE€BOH HA KOHTYPE KOTJOBAHA A0 CTONMPOLEHTHOU —
HA KOHType nHTanusd, Jlajee HOPMAJbHO K 3KBHIOTEHIHAJSIM HA

HHTEpeCYIOUleM HAC y4yacTKe NPOBOJAMM JBe JHHUH TOKA, 00pasywliue
. b

pacueTHyio JeHTy Toxka. HaiigeM Temepb 3HaueHHs -—Z—f* IJAs. OTHEb-
!

HBlX oTcexoB (I, 76):

Ne orcexa 1 2 3 4 5
.% 1,15 | 096 | 1,04 1,07 0,83
; |
. b,
Pa36poc snauenuit ~~ OKA3BIBAETCS! 3HAUUTE/ILHBIM, IPHUEM B OCHOB-
[
bi

HOM OT/IMYAIOTCS 3HAUGHHS —~ B OTCEKe I (3aBHUIEHO) U B OTCEKe
i

5 (3aHuxkeno). B cCOOTBETCTBHH C 3THM INOMNPABJSEM HECKOJABKO 3K-
BHIIOTEHIHAaJ e, OTOABHIass OT KorJoBaHa sksunorennuatu 20, 40
H 609% u npubavxkaa skBunorednHasb 809%, a 3aTeéM COOTBETCTBEHHO
H3MeHN H JHHHH TOKa. DKBUIOTEHIHAJIH W JHHUH TOKA, MOJYUYeHHHe
BO BTOPOM npuO/JHKEHHH, NOKA3aHbl HA PHC. 069 CNJAOUIHBIMHA JIHHHU-
MU, 4 3HAYEHHUd [IJs HHX NPUBEIEHB HHXKe B Tab./uie:

Ne oTceka 1 y; 3 4 D
bi 1,0 1,0 1,03 1,03 1,0
/;
b
Bo BTOpOM npUOAHKEHUH 3HAUEHHS 7 MOJY4H/IHCE yIiKe 10CTaTOY-
[

HO INOCTOAHHBIMH, 4TO MO3BOJSAECT CHUTATh NOCTPOCHHE JE€HTDLI TOKA 3d-

KOHYECHHLIM.
Jlasi  KPYOHBIX BOJIOIMOHH3UTEJAbHLIX YCTAHOBOK, H OCOO0EHHO

B 3aMETHO HEOJZHODOAHOM (PUABLTPALLUOHHOM IOTOKE MJd MOCTPOeHHS
SKBHIIOTEHIIHAAEH pEKOMEeHAYyeTcs IO0JAb30BaThcsa MeTogoM JIIJIA

(JI. 1, 14, 24].
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[TPUJIOKEHUE 3

YPABHEHUSI HEYCTAHOBUBLUENCY ®UJbTPALIUU

HeycrasoBuBmuiica xapakrtep (QpHAbTPAIHH B HAUOPHHEIX T'OPH30H-
TaxX 00BbACHsAEeTCS HAJUUYUEM YIPyroro pexuma (QUIbTPALHH, BO3HH-
Kamoumero BeaeacTBie o00:XKaTud BOABL H OcOOEHHO TI'pYyHTA IIpH
H3MEHEHHH ILJIACTOBOTI'O JABJEHHS.

JanguMm BeIBOJN HpubJIHKEHHOTO AUPPepeHUHAJbHOIO YpPaBHEHUS
duabTpanHK VOPYroi XKUAKOCTH B CKUMAEMOM OZHOPOILHOM ILIACTe,
npu4yeM JJas1 [POCTOTH PacCMOTPHM JIMHEHMHYIO 33djJady, KOrjga H3ame-

HeHde Hamopa npejnogaraetrcsd TOJAbKO B OJHOM HamnpaBJeHHH (IO
OCH X).

CorsiacHO 3akoHy ['yka /g BOAB MOXHO 3aMHUCATh

%a‘; — dp.. (11, 8)

B TO Xe Bpemsa OyaeM CUHTATb, UYTO TPYHT YIVIOTHAETCH IO
3aKOHY KOIIpeCCHH

< = aydpcrc- (nr 9)

B dopmyaax (I, 8) n (I, 9)
Ps — J@BJIeHHe B BOJE;
Pex — JABJeHHe HA CKeJIeT TPYHTA;
1 — 00 be€MHBIA BEC BO/HI;
£, — MOAYJAb YOPYrOCTH BOJDI;
e — KO3(HUIHEHT MOPUCTOCTH;
a, — Ko3p@PuuueHT VIIJIOTHEHHA TPYHTA, OolpejesieMbld O Komnpec-
CUOHHBIM JAHHBIM.
Paccmorpum 6OaJsaHc (uabTpPalMOHHOIO noroka. Bec Boam W,
HAXOAsAIIeHcs B 9JeMeHTe I[I0TOKAa eIWHWYHOU AJUHHE OylaeT paBeH

y

7 o
W ! 1 +¢ f
a ero u3MeHeHue BO BpPEMEHH
oW 0 e
ot ‘5?(71+8T)' (11, 10)
T "
[TocKOABKY BeJHYMHA e npeacraBjaseT coboid oObem CkeJgeTa

rpyHTa, KOTOPHII CYHTACTCS HEH3MEHSeMBIM, TO ATY BEJUYHHY MOXK-
HO BBIHECTH 3a 3HaK auddepeHIHPOBAHUA, TOTAA

ow T 0(ye)
oF " T11: of (11, 11)
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3aMeTHB jpaJjee, uTod

dp, = 1dH w dp,, = — ydH (1, 12)

(mocnenHee paBeHCTBO HCXOAMT M3 TOrO, 4TO NPH YBEJIHUEHHH Heli-
TPAJbHOTO HABJEHUS BOAH, COOTBETCTBYIOUIEr O H3MEeHEeHHIO Hanopa /7,
[IPOHCXOAHUT TAKOE€ XKe yMEHbIIeHUe AAaBJCHHA B CKeJeTe TrpyHTad, H

Haobopor) u noacrasuB ypaBuenue (I1, 8) u (I1, 9) B (I1, 10), no-
JYYUM ypaBHEHUE

adW V2T [ ¢ oH
dt — 1+e(53 - ay *‘87)' (11, 13)
C Apyro#i CTOpPOHLI, MO YCJAOBHI HEPA3PHBHOCTH MOTOKA HMEEM
oW 0

rme g -— pacxoj nNOTOkKa, onpejaeasieMBIHd, KAk

Pemas cosmectHo ypauenus (I1, 13), (I, 14), (I, 15), noayuum
ypaBHeHHe YIPYroro pexuma Ajasi JHHeHHOHW 3ajayd

oH 0:H
-52_—-'“:01 X (1_[, 16)
HJIH, MEepexojs K MOHHXKEeHHuAM S,
oS 0°S
'-a"z_- —— aax2 ’ (l—[! 163)

AHaJsiOruuyHOe ypaBHEHHE NoJydaeTcss U IJd panuasbHOH 3anaui

oH a o0 [ oH
W':?W(”“a?)- (1L 17)

Bxoagsiimas B ypaBHenust (II, 16) u (II, 17) BesnunHa @ Ha3HBaeTCH
Ko3ppuuueHTOM nbesdonpoBoaHocTH [JI. 35|, npuuem

d = k ; (n! 18)
1Byup

rae By,p — KO3(M(@HUIHUEHT yIPYrOEeMKOCTH IJIaCTa

1 e "‘
Bynp"'ljl_e(EB%ay)- (ﬂ,lSa)

/1 HeCKaJbHBIX NOPOA BJAHSHHEM CXHMaeMOCTH BOJABI OOLIYHO
MOXKHO npenedpeub, eC/JH TOJBKO BOJA He COAEPKHT 3aMETHOIO
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KosnuecTBa rasa. B nocaeanem ciayuae, Booblue rosops, Hano nepe-
XOAUTh K JBUXXEHHUIO TasupPOBAHHOH KHJIKOCTH, UCCJAENOBAHHUE KOTO-
poH MpelncTaBJAsA€T BeChbMa CJAOXKHYIO 3aJauy.

OpHeHTUPOBOUHBIE 3HAYeHUA KO3(pdunHeHra NIbE30NPOBOJLHOCTH
NpUBEeIeHbl HUXKe B TabJsule:

L

leckn ]
Tun rpynra CyrinHok Cynech Tonkosep- | Meakoaep- | [lecyannky
HHUCThIC HUCTHI@
a,
M2 Ccym 100—500 10060 5-103=5-10 105 106 =107

[Ipy BOmOMOHMKeHHU B OE3HANOPHBIX TOPH3OHTAX HEYCTAHOBHB-
imascad (QUAbTpAllUA pPAa3BHBACTCHA 34 CUET BOJAOOTAAYM TDPYHTOB IMPH
ONYyCKAHHU IEIPeCCHOHHOHA IOBEePXHOCTH. [lasd 3THX YCJOBUH YpaB-
HEHHEe HeYCTaHOBHBIIEHCH IJIAHOBO-IIOCKOH (PHJALTPAHHH MOJYUYEHO

byccuneckom {JI. 1} u B ynpouniesHoit (JinHeapu3npoBaHHOH) dopme
HMeeT BHJ

(11, 19)

ot oxt ' 0y?

0S _ (0S| &S
ot *

rpe P — napamerp byccuHecka (ko3dduuueHT ypOBHENPOBOAHOCTH),
onpenesasaeMuit o gopmyJe

g Ml (11, 20)
fJ.

rpe e, — CpenHsss MOILHOCTL (PHABTPALHOHHOI'O IOTOKA;
i — KO3 PULHEeHT BOAOOTHAAYH TPYHTA.

Onpenenenne mnapaMmerpa bDyccuHecka, KaK ITPaBHJO, CcJaeayeT
NPOU3BOJHTE HAa OCHOBaHHUHU OOPAOOTKH MaTepHaOB PeXHMHBIX Ha-
6aonenudt [JI. 4] uam, npoBoas cHnenmuasbHble OMNBTHBIE OTKAUKH
/1. 7]. Taxum nyrem BesnuuHa B moJydaercs HENOCPEACTBEHHO W3
HaOJIIOJeHHH X JAHHBIX.

B Tex xe cayuyasx, KOrjga Takoro poja MaTepHAJNOB HEe HMeEeeTcCH,
BeJHYHUHY § mpuOJHIKEHHO MOXKHO onpenensitb no dopmysae (I, 20),
NPUHHUMAA 3HaYEeHHe & B COOTBETCTBHH C JAHHBIMH H3BbICKAHHI., Beauuu-

3
HY ficp 11 OMHOPOJHOTO NOTOKA C/AeAyeT IPHHUMATH, Kak A, = h,,
h kME[KC + hMHH
rae hy — HayaabHasl [J1yOMHA NOTOKA) HJIH A= 5 (rae Ayvaxe,

Apun — HAHOOJBIIAS W HAUMEHbIIAS FAYOHHE B 06JacTH GHABTPALMYU),

a JJs ABYXCJOHHOW Cpe/hl, KOrja CBEepXYy pacrnoJaraercsi MaJjonpo-
HHIlAaeMEI# cJ0H (pHC. 4), MOXHO CuHTath A, = 7, npuueM B ¢op-

)

mysae (I1, 20) & Geperca pn/as HHXKHEro caos, a p IS BepxXHero,
B KOTODOM pacmoJaraercs AenpecCHOHHAsh 110BEPXHOCTb.
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anGJIH}KeHHOE (SaBbIIJ_IeHHOE) 3Hd4YC€HHUe . MOXHO MHOJYYHTDL IIO
popmy.ie
= TCK( We — W), (11, 21)

rope W, — BJAXHOCTh I'DYHTA NPH NOJHOM HACHINEHHH;
W, — MakcaMasbHasg MOJIeKYJspHas BJArOeMKOCTD;
Tex — OOBEMHHIH BeC CKeJera.

I/1a necuasoro rpynra W, =2 — 3%, upudyeM 1nepBoe 3HAUEHHE
COOTBETCTBYeT KPYNMHO3EePHUCTHIM MMeCKaM, BTOPOE — MEJKO3ePHUCTHIM,
Hasa cyneced W, =5—7%, a gaa cyraudkos W, = 15—30%.

Jasg cyry60 OpHEHTHPOBOYHHIX MPHUKHUAOK MOKHO I0Jb30BATHCS,
KpoMe TOro, CJAeAVIOUHMH 3HaYeHHaMHu p: aad cynecd — 0,10—0,20;
giaa cyrauaka—0,05—0,10.

Ha npomecc BOJOOTAAYH CYIIECTBEHHOE BJIHAHHE OKa3bBaer
Kanu/JsipHass 30Ha, HaJHUYHE KOTOPOH BCErja yMeHbllaeT BEJUYHHY
BOJOOTHAYN. HauayymuM nyTeMmM onpejeaeHds] BE/JIHUYHHBL §, KaK H
napamerpa byccunecka B, siBiasercsas 06pabOTKa NaHHBX peXUMHHX
HAOMION€HHUI WJH JAHHHX OTKAa4YeK B YCJAOBHAX HEYCTAHOBHBHIEIOCH
pexumMa.

OpHeHTUPOBOUYHLIE 3HAUEHHUS napaMmerpa byccuuecka B npuseneHH
B CJAenyouein tabauue:

[Tecok
Tun rpyura Cynecs ToHKo3ep- Menkosep- CpenHesep-
HHUCTHII HUCTBIH HHUCTBIH

B,
A2/cym 20—100 50—500 500—2000 1000—3000
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