

















NMPEAVUCJOBHE

CoBpeMeHsHOe COCTOsHIe M GBICTPhIil POCT CHcTeM IOPOACKHX BORONPOBOZOB,
YEeJliiueHHe YHCJIa HCNOJAL3YeMBIX ORHOBPEMEHHO HCTOYHHKOB BOAOCHAGKERMSI,
HACOCHBIX CTAHIME M PeryJHpPYIOLMX eMKOCTel TpeGyIoT COBEPIIEHCTBOBAHHS Me-
TOZOB pacyera CHCTEM MOja4Y¥ M paclipenesieHHsi BOABL. B ycloBHsiX BOBJIeYeHHS
B NPOM3BOJICTBO OFPOMHELX CHIPbEBBIX, TOMJIHBHO-3HEPreTHYECKHX H APYrHX Mare-
PHaJPHBIX PecypcoB TpHoGperaeT GOJIbIIOE HapPOJHOXO3SIICTBeHHOE 3HAUCHHe
SKOHOMHOE M pallHOHAJIBHOE MCMOJb3oBaHHE BeeX MX BHzoB. CospaHHe Gonee Ha-
ZeHBIX H SKOHOMHYHBIX CHCTeM BOZOCHaGweHHs GYZeT CnocoGCTBOBATh yCrell-
HOMy BhMONHeHHI0 HameuenHbX XXVI cresgom KIICC naHoB SKOHOMHYECKOTO
H COUMATLEOTO PasBHTHSI CTPaHbl H B TOM UHC/e OOECNEYEHHIO PalliOHAILEOro
KCTIONb30OBAHHSA ee TPOM3BOACTBEHHOrO TOTEHLHANE, ONpeXeJIeHHOro NOCTAHOBIe-
uveM MioHRcKoro (1983 r.) Ilnemyma 1K KIICC kar opsia H3 KaplIHHAILHBIX
HapOAHOXO3SHCTBEHHBIX TPOGIEM.

Ilepep TMPOEKTHPOBIIMKaMM CTABMTCH 3afada CO3JaHHAl YJOBJIETBOPSIOWHKX
7pe6OBaHHAM HAJEXHOCTH H SKOHOMHYHOCTH HHIXEHEpHLIX CHCTeM BOZOCHAGKE-
HYA (HOBBIX HJIH PEKOHCTPYHPYeMEIX), paGoTaloIHX B YCIOBHSIX HeperyJInpyemMoro
HenpephIBHOIO BO3paCTaHHsi BOZONOTPeGieHMsl, CONPOBOXKAAIOIEroCs LHKIHYeC-
KHMM M3MeHeHHsiMH. Heo6X0zHMO rapaHTHpOBaTh ofecniedente NoTpeCHTeel Bo-
Jioii IPH BOSMOKHBIX NHKOBBIX HArPY3KaX M TPH JI0OBIX OTKa3aX SJIEMEHTOB CHC-
TeMEl, a TaKxe ofeclieyeHHe SKOHOMHYECKH 1(eJ1eco00pa3Hoil paGOTH CHCTEMB! B
NepHOZL MaJIbIX HarpysoK. COXHOCTb pelueHHsl TaKOH MPOGIEMEl OUCBHHA.

B ue/1sX BepOSTHOCTHOM OLleHKH HKOBBIX Harpy3o0K IJIst 06OCHOBAHHOIO Ha3~
HaueHHN PacyeTHHIX PacXOfOB H PeXKMMa COBMeCTHOH PaGOTH 8JleMEeHTOB CHCTEMM
M3YYaloTcs 3aKOHOMEPHOCTH BOZONOTPeGIeHHA M HaKalJIMBAIOTCA CTATHCTHYECKHE
naHEbe TO (GAKTHYECKHM o6beMaM H PexxHMaM BOZOTOTpeGienHsi. PaspaGaThiBa-
¥OTCA METOAB! HCTIOJIL30BAVHSA PeryJH pYIOIHX eMrocTeli, CTaHLuli perylIHpOBaHuA,
30HHPOBAHMSI CHCTEM, aBTOMaTH3aLMM paboThi BOJIONMTaTeNef | 7. L.

VICKJIOUHTeNIBHAS] CIIOIKHOCTh 060CHOBAHMA HAMBBIIOAHEHIUHX pelieHHii npu
NPOEKTMPOBAHMHK CHCTeM MOAaYd M paclipefie/leHHs BOABL, MHoroo6paswe Qakro-

+pOB, BJMSIOIMX Ha TeXHMKO-SKOHOMHYECKHe MOKasaTellM STHX CHCTeM, Ompexe-
JIA0T 0COGeHHOCTH NPaKTHYECKHX MEeTOJI0B HX pacuera.

B yue6HOM TOCOGMH  OCBeleHEBl JOCTMKeHMA B 06JacTH T€OpHM H
npakTHYECKMX METOZIOB pacyera CHCTeM BOjooGecneyeMMsi, Ha KOHKPeTHBIX NpH-
Mepax M3JIOXeHa MeTOAHKa TPHMeHeHMsl COBPeMeHHBIX CNoco0oB pacuera BORO-
OPOBOXHEIX ceTell H Beelt CHCTEMBI MOJaYM M pacnpeziesielisi BOAE!, faH BCECTOPOH-
HHii aHaJIH3 PaGOTH CETH, PACCMOTPEH BHOOP apaMeTpoB CBSI3aMHLIX C Hell coopy-
sennil. CeTb PACCYHUTHIBACTCS B YCJIOBHSIX ee COBMECTHOK paGoThl ¢ HaCOCHBIMH
CTAHIMSIME K Pery/JMPYIOUMME eMKOCTSIMH TIPH 3afaHHBIX PeXMMaX BOLOTOTpes-
JieHHs *.

VenemHoe pellesHe CIOXKHBEIX 3aflay pacyeTa CHCTEM MOZauM H pacrnpezejie-
HM$1 BOZIl IPAKTHYECKH HEOCYIecTBHMO 6e3 HCMOJIL30BAHHS BEMHCIIHTENbHOM TeX-
HHUKM. B CBfI3H C 5THM B YYe6HOM NOCOGHM OCBelieHEl BOTIPOCH, CBfi3aHHbI C MpH-
MeHenHeM DBM jiif pacyeTOB BOAOMPOBOZHBIX cereil. JlaHbl KpaTKHe CBELEHHMSA
06 SBM ¥ MzJloxkeH MaTeMaTHYeCKHil anmapar, MCTOJIb3YeMBlit IPH pacyere rHA-
papavueckHx cereit. Tlogpo6Ho paccMOTpeHbl, B YaCTHOCTH, MeTOX Jlo6aveBa —
Kpocca H ero pasiHusibie MOAH(HKaLHH. [IpHBe/ieHEl THIMYHEIE CIOCOOE! 3aaHH s
uuQopMauuy st SBM, onHchiBaoweli KOHQHIYPaLHIO CeTH, W JaH KpaTkHii 06--
30p MPOrpaMM, CO3JIAHHBIX Jlsl pellleHHs pasJMYHbIX 3aiay BOROCHaGenHs. B sa
KJIIOUeHHe H3J0KeH ! IPHMepPH pacyera,ceTei ¢ noMOuIEIo nporpamme: aiisi EC SBM.

Taaes 1—1V, VII (§ 21—23), IX ¥ X HanucaMbl A-pOM TeXH. HayK, npod.
|H. H. A6pamosem|, rnapa VIII nanucana Kasz. TeXH. Hayk, zou. M. M. ITocre-
Ji0Boik, rapbl V—VII (§ 24—26), X1 M NpHJIOKeHHMs HANMCAHLI KaHA. TeXH. HaykK
poi. M. A. ComopeM, riapbl XII—XIV — ganp. 7exs. Hayk, nou. B. H. Bapa-
naeBeM M c7. npenogabaresem J1. X. Kepumopoii.

ABTOpbl  BHIpaXalOT  INIyGOKYI0 TNPH3HATENbHOCTb KaHA. TeXH. HayK
M. I1. MaiisesinCcy 32 LeHHBbe 3aMeYaHHsl, CenaHHble PH pelleH3HpPOBaHHH pYKO-
THCH.

* Bonpocsl pacyera H IPOeRTH POBaHHUS ceTeft B OCHOBHOM pelleHbl IPHMeHH-
TeJIbHO K CHCTeMaM BOAOCHHG}KGH Hsl HAceJIeHHEIX NMYHKTOB, XapakTepH3YIOIHMCA
0co60i#i CNOXHOCTHIO pacdera CeTH.
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TFJIABA 1
ONPEJNEJIEHUE PACYETHBIX OFHEMOB BOJOINOTPEEJIEHHUS.

PE)XMMBI BOJLONIOTPEBJIEHUS

§ 1. OcHoBHBI€e BHIBI NOTPEGJIEHUS BOMIDL.
OGbeKTHl BONOCHAGKEHMS

Pasvepel 1 MOIHOCTH OTJIe/ILHBIX 3JIEMEHTOB HHXEHEePHHIX CHCTeM
BOJIOCHACXKeHHs YCTaHABJIMBAIOT HCXOJS U3 3aflaHHLIX HArPY30K Juist
STHX 37ieMEHTOB (WK NPEANONaraeMblX Harpysok B IIPOLECCE HX 3KCe
nayarauuu). Harpysku mpencrasnsiior co6oil pacueTHble  KoaHuecTpa
BOJibl, KOTOPbIE STH 5JIeMEHTHI IOJKHEI NIOJ@BaTh HJIH TPaHCIOPTHPOBATD
B €IMHHIY BpPeMeHH, aKKyMyJIHPOBAaThb WJIH XpaHHuTb. OCHOBOIl jist
OlpeliesieHisi  Harpysok CJy»Kar sajilaHHbie KOJHuecTsa norpebnsieMoit
BOZb, PeXUM ee MoTpebrieHNsl, a Takxke Tpefyemble H JAONyCTHMbE
BHaueHHsT JIaBJicHUH B BOHNONPOBONHOH CeTH.

Pasnuuator cienyomue ocHoBHble BUABL  (KaTeropun) norpeGJieHyst
BOJIHI:

1) Ha XO3AHCTBEHHO-IIMTLEBHIC HYMKIbl HACENEHHS;

2) Ha NPOM3BOACTBEHHbIE HY¥IB NPOMBILLIEHHEBIX NIPeJMPUSITHE;

3) Ha MOJMBKY H MOHKY TepPHTOPHIl HaCesleHHbIX NMyHKTOB (yJiMI,
momaziefl), NONUBKY 3e/IeHBIX HaCAXKIEHH I, pabory QOHTAHOB U T. I.*;

4) Ha TylUeHHe TNOXKapPOB.

Ileperie TpH KaTeropuu mpejiycMaTpUBAIOT HENPEPLIBHYIO, XOTA U
H3MEHSIIOIYIOCS] BO BPEMEHH, I0iauy BOJIbl, YeTBEPTasl KaTeropHs mpej-
YCMaTpuBaeT 3NH30AHYECKYIO NoAayy BOAL! (IPH BO3HHKHOBEHHH NOXKa-
POB), OCYLIECTBIISIEMYIO 33 CYET HMEIOMUXCS] pesepBHEIX emKocTeii. Heo6-
XOJIMOCTD TOJIauH BOZBI ISl HY ¥K]i OXKAPOTYIUEHHSI CIIEyeT YYHTHIBATD
NPH TIPOEKTHPOBAHHH M YCTPONCTBE BOJIONPOBOZA.

Cucrema BOZIOCHAGMEHHS! JOMKHA YIOBJETBOPSITH HYMIAH BCEro
00BeKTa, KOTOpPHfi OHa oOcnyXKHBaeT. BOJNBIIHHCTBO OGBEKTOB BOJIO-
CHaCXeHMsl NpefcTaBisieT coOoH KoMIUIeKC norpebuTesiell BOLHI pas-
JIHYHBIX KaTeropuil.

Haubonee xapakrepHHIMH OOBeKTaMH BOLOCHAGHKEHHS SIBJISIOTCS:

1) HacenenHBle NyHKTH (roposia M NOCEJIKH PasjHYHONO THNA);

2) npoMEILIEHHbe NPEANPHATHS] WM TPYINH NpesnpusiTHil (mpo-
MBILIIEHHEIE KOMIUIEKCH), paclloJioKeHHbe BHe TOPOJia;

3) cenbCKOX03sICTBEHHBIe OOBLEKTH (CeNbCKOX035HCTBeHHbIE npen-
NPHUSATHS, TIOCEJIKH, NAacTOHIa ¥ T. I1.).

Bce 5T 00bekTH BOZOCHAGMKEHHSI TPEGYIOT NOKAYH PasIHYHEIX KO-
JIHYECTB BOJbI Ji751 NIEPEUHCIICHHBIX KaTeropHi BOLONOTPeGICHHUS.

§ 2. Topoy, Kak KOMIJIEKCHBIfi 00BEKT BOROCHAGKEHNS

Bce nacenenbie NyHKTH H OCOGEHHO KPYTHBIE TOPOLa IPEACTABNSIIOT
co0oii BecbMa C/IOXKHBle KOMIUIEKCH DPasHOOGpasHHIX — norpeSHTeneit
BOJIBL. .

* TloauB CenbCKOXO35HCTBEHHBIX MOJIeil B 3a7iayy cHcTeM BOJIOCHAGKEHHS He
BXOJMT H OCYIIeCTBJISIETCS CHCTEMaMH OpPOILUEHHS.
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PacxopnoBanue BOIbl HA X0351{iCTBEHHO-IHTbEBbIE HYK/1bl HACEJICHMS
sIBJIsSleTCs] OCHOBHOH KaTeropueil Bojonorpebsentsi B ropone. Komu-
YecTBO PacXojlyeMOoH BOJB! 3aBHCHT OT CTelleHH CaHHUTAPHO-TEXHHYECKOro
61aroyCTpoiicTBa palicHOB XKHUJIOH 3aCTPOMKH M OT KJIMMATHYECKHX
YCJIOBHH.

Ananus QaKTHUECKHX PacXoJOB BOALI IO 3TOH KaTeropuu BOAONO
TpebJieHHs] Ha OJ(HOTO XKUTeJsl ISl PasJiMYHEIX YCJIOBHH JiaeT GCHOBaHH
JUIS COCTaBJIEHUSI HOPM  XO351HCTBEHHO-THTHEBOTO BOAONOTPeOIEHH
(ta6n. 1.1). 31 HOPMBI, NEPHOANUECKH IepecMaTpHBaeMble, BKJIIOUEHBI
g rnapy CHul1-31-74 «<Bonocha6xenvie. HapysxHble ceTd 1 cOOpY KeHHSA».
HIX caenyeT HCIonb3oBaTh NPH COCTaBJIEHHH NPOEKTOB TOPOACKHX BOXO-
NPOBONOB LJisl ONpeJielleHHsl PacueTHEX 00beMOB NOTPeCeHUs] BOMB!
Ha XO351HCTBEeHHO-TTHTHEBBIE HYXK[pI.

! Ta6auna L1

Hopmbl X03fHCTBEHHO-TIHTHE-
Crenenn 6GnaroyctpolictBa patfioHOB BOro BOHOTIOTpeOJeHHs
KWIOH 3aCTPOHKH B HaCeJIeHHBIX TMYHKTax
Ha OMHOTO JXHTeJsl CpeliHe-
ronwunbe (3a rox) g, nfcyr

3actpoiika 3naHusMM, OOOPYJOBAHHBIMH BHYTPEH-

HMM BOZONPOBOAOM M KaHaJm3auued, 6es BamH . . 125—160
To e, ¢ BAHHAMH H MECTHBIMH HArpeBaTeJIAMH . . 160-—230
To ke, ¢ NEHTpaNH30BAaHHBIM rOPSYHM BOJAOCHAGKe-

HHEM . . & o« o e e e e e e e e e e 230—350

[Tpusesnennbie B Ta6a. 1.1 HOpMBEI BKJIKOYAIOT pAaCXObl BOIBI Ha X0851i-
CTBEHHO-TUTHERbIE H OBITOBBIE HYXKIbI B XKHJIBIX M OOIECTBEHHHIX 3Jia-
HHSIX, B TOM YHCJIe Ha NPeANpUATHAX KOMMYyHaJbHO-OEITOBOrO OOCIHY-
KUBaHUs] HaceJeHus.

BuiGop HopM BoioIOTPEOIeH s B IPeieiaX, yKasaHHEIX B tabn. 1.1,
cefiyeT IMPOMSBOAMTL C Y4YeTOM IPHPOLHO-KIHMATHYECKHX YCJIOBHH,
MOIHOCTH HCTOUHUKA BOJIOcHabXKeHusl, cTelleHy 6saroy cTpoiicTBa, srtax-
HOCTH 3aCTPONKH, Y KJiaJia XKUSHH HACeJIEHNs] U IPYTHX MECTHEIX YCJIOBHH.

KonruecTso BogH Ha HYXK/Ibl ‘MECTHOIl ITPOMBILIJIEHHOCTH, OOCHTYXKH-
BaIOIleH HacelieHNe, H HEYyUTeHHBEe PacXofbl JIONyCKaeTcss NPUHHMAThL
B pasmepe 5—10% cyMMapHOro pacxojia BOAbl Ha XO3sHCTBEHHO-
NUTheBbIE HYXKJIHl HaceJeHHOro INyHKTa.

Cnenyer uMeTh B BHLY, YTO NPH L€HTPAJIH30BAHHOH CHCTEMe ropsi-
Yero BoloCHa0KeHH sl C HeIlOCPeACTBeHHBIM OTOOPOM BOALI U3 TEIJIOBBIX
cerell 110 40% oOILIEro pacxona BOJBI NojiaeTcsl moTpebHTeNAM U3 ceTeil
TeIJIoCHa6XeH .

3uas uncno xuteneil N; B OTHeJbHBIX paHOHaX TOPoJia C PasiiHyHOM
CTENEHBI0 CaHHTAaPHO-TEXHHUECKOro 01aroycTpoiicTBa KUJIHIL, MOXKHO
OIlpefie/IUTh CPENHHI 32 TOJ CYTOYHHII pacxoj BOJB Ha XO351HCTBEHHO-
NHTheBble HY¥K/JBI TOPOJia B 1(€J10M:

Q=2 (g; Vy). (1.1)
Jjisi mpaBusIBHOTO pacyeTa CHCTeM BOJOCHAGMKeHHS! BeChbMa BaXHO

YYHTBIBATH Hel3GeXKHEle U3MeHeHH sl H KoJieOaHusl BO BpPeMeHH IIPHHSITBLIX
SHayeHui pacueTHHIX 00beMOB BojicTioTpebsiennsl. Takue H3MeHeHH s po-
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HCXOJISIT B pesyJibTaTe NOCTOSIHHOIO M3MeHeHUs (yBeJIMYeHHs1) MOJHOro
pacxona BOZIbI TOPOLOM B TeyeHHe Nepuoia paboThl CHCTEMbI BOJIOCHAG-
JKEHHHA IO €e PEKOHCTPYKLHHK (PACLIMPEHHsT) U MycKa B SKCILTYaTaIlHIO
HOBBIX BOJOMPOBOIHBIX COOPY¥KEHHMH. 3a paccMaTpuBaeMbii NepHof ,
JIET, TONOBOH PACXOf BOLE M COOTBETCTBEHHO CPEIHHUI 38 rOJI CYTOYHBIH
pacxon Bombl Q OYyRYT MeHSITbCH KaK BCJIENCTBHE YBEJIMYEHHS YHena
xuteseil N, Tak M (BecbMa 4acTO) BCJIEACTBHE MOBHILUEHUS! CTEICHU
Gu1aroy cTpoficTsa pafioHOB KUJIOM 3aCTPONKH (T. €. H3MEHEHHS! BeJIHTHHDL
). Takum o6pasom, mnosHEIE pacyeTHHI pacxof BOAH JOJI¥KeH OHIThb
, OIpeiejieH B COOTBETCTBHH C Ha-
/ MeYeHHBIMM (B JaHHOM Tropoje)
*—/{ poctoM  HacesleH¥st (BeJIHYMHEL
N;) u noebliienvem ypoeHst ca-
HUTaPHO-TEXHUYECKOTo  06opy Jio-
BaHUS KHJIMILL.

PacyetHbiéi cpok ¢ ¢ MoMeH-
Ta NYCKa HOBHIX COOPYKeHUH (fy
Ha puc. I.1) no ouepemnoro pac-
LIUPEHUs] HWIIH PEKOHCTPYKIUH BO-
Jomposofia (fx Ha puc. 1.1)
Puc. L1 ONPEJIEJIAIOT  HCXOASl M3 Tmpe-

JIeNTbBHOH TIPOMYCKHOM  CMOCOBHO-
CTH TPOEKTHPYEMbIX BOJOINPOBOIHLIX COOPYMXeHHMH (J/IOMaHasi Jiu-
Hus 1 Ha puc. 1.1) ¥ HameueHHBIX (npeanosiaraembix) TemmoB pocra
Boponorpebsenun (kpupas 2).

B npenieniax Kaxzioro roga nporcXoasT nyKAMYECKHe KoJeGanus cy-
TOYHOrO pacxofia BOAB Ha XO3fIHCTBEHHO-TIUTLEBbIE HY /B! CE30HHBIE,
CBsI3aHHBlE C M3MEHEHUSIMH TeMIlepPaTyphl, BJIaXKHOCTH B OT/eJIbHBIE Ce-
8CHHI T'OJid, a TaK¥ke Helle/bHEE, 00YyCJIOBJIMBaeMEle OCOGEHHOCTSIMH BO-
nonotpeCsienysi B OTAeJbHBIE IHY HelesH (MpasgHHYHBLE, npeanpasp-
HMYHElE, OynHue ¥ T. 1.). HaGmonenus:, nposonuMee B Teyenne psana
JIeT 32 M3MEHEHHUSIMU CYyTOYHOTO BOLONOTPeOJIEHHS! B PA3HBIX yCJIOBHSIX,
TI03BOJISIIOT OMNPE/EJIHTL HEKOTOPhie YHCJEHHbIE OCPEHEHHBIE «Ko3(bdHu-
UHEHTH HEPaBHOMEPHOCTH» CYTOYHOIO pacxofia (T. €. OTHOIICHHs Hal-
GoJIbLLIEro Ml HaVMEHBILIEro CyTOYHOTO Pacxofia K CpefiHEMY ), Ha OCHO-
BaHMH KOTOPBIX MPUHUMAIOTCS] HOPMaTHBHBE Koaddunueate. B CHull
I1-31-74 panml caenylompe aHayenvis KO3(UIHEHTOB HEPaBHOMEPHOCTH
HaHMOOJILIIEr0 W HAUMEHBILETo CYTOYHOrO pacxona: Kcyrymane = 1,1 ...
1,3; Keyropus = 0,7 ... 0,9. Takum obpasoM, HauGoJBLINE H HaVIMEHb-
LK (32 TON) PaCyeTHbE CYTOYHEE PAacXOfbl COCTABSIOT COOTBETCTBEH-
HO:

\

J0ser Bobonompesnenus
J‘*

ST
PO

Quare = KcyT. mare @ Quum = Kcy'r. e Q- (1.2)

HauGosnpimit (pacyetnriit) cyToynbii pacxon siBnsieTcst OCHOBOH 15l
pacyera GoJIbLIMHCTBA COOPYIKEHHIl CHCTeM BOJOCHAGIKEHMS U, B YacT-
HOCTH, IJIs1 pacyeTa CUCTEM MOJAYH H paciipeleieHNsT BOJHL.

PacxosioBanue Bojbl Ha NPOM3BOJICTBEHHBIE U GBITOBbIE HYXKJIbl PO~
MBLILVIEHHBLIX NPEANPHUATHIA, PACNOJNIOXEHHHIX HA TEPPUTOPHE TOPO/a
WM B HEMOCPEJCTBEHHOH GJIN30CTH K €ro TPaHUnaM, COCTABJISIET CJle-
AYIOL1yI0 KaTeropyio BOAONOTpeOJeHysi B ropojie.
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Pacxoy, BOAH Ha HYKJIHl NPOM3BOACTBA, KaK IPaBUJIO, 3aNa€TCsl
TeXHoJIoraMu npeanpusitisi. OIHaKO NPOEKTHPOBLIHKH T'OPOJICKOIr 0 BONO-
MpoBoJia H paGoTHHKH MPOU3BOJICTBEHHBIX npenrpusitiii BOIOMPOBOJIHO-
KaHaJIN3aIlHOHHOIO XO3fiHiCTBAa TOpPOZida B LEJsIX  PalHOHAJIBHOIO HC-
NOJIb30BaHMsl BOJbI ITHTLEBOTO KawecTBa NOJIKHEI TpeGoBaTh OT NMpeA-
NPUSTHI, JKeJaloLKX N0JIb30BaThCA BOJOH M3 TOPOLCKOro BOJIONPOBOAA,
NPHHATHSI BCeX Mep MO 3KOHOMUM BOJB, B YaCTHOCTH, BBEJEHHSI Ha
NPeMIPUSTHAX OGOPOTHOTO BOAOCHACHKEHNS! M INOCJEIOBATE/NBHOrO HC-
M0JIL30BaHHsl BOJIHL.

O6neMbl oTpebiieHHs: BOJBI Ha HY3K/bl MPOK3BOZ €TBAa MOTYT MOCTO-
SIHHO PacTH B TeYeHHe PacdyeTHOro nepriozia paGothl BOJIOIPOBOAA IO €T0
PEKOHCTPYKUHKM. ITOT POCT CBfi3aH C pacuIMpeHreM npennpusiTuil ¥,
CJIeZI0BaTeJILHO, PacyeTHble PacXojibl BOAEI Ha TOCJIEIHHUIT IO/l pacyeTHOo-
ro neprofia ONpeleNsioTcsl MJaHaMH PasBUTHS TPENpHsTHI Ha STOT
CPOK:

MHorHe TeXHOJOrHuecKye MPOLecchl MPOMHILUIEHHEX NpenpusATHii
06YCJIOBIMBAIOT TOCTOSIHHEIH B TeyeHMe rofia o0beM BOZIONOTPEO/IEHHS -
Hnorna obbeMbl BoJIONOTPeGIeH s HBMEHSIIOTCA TIo Ce30HaM rofia. Tak,
Ha NPeIIPUATHSIX, HCTIOVL3YIOINX BOAY ISl OXJiaXKJeHVst anrapatypHl,
cpeji, W3JleNMil WK KOHJIeHCAUWH mnapa (TeIJioCHJIOBbIe 3JIEKTPOCTaH-
MHK), PacXoji BOJLI 3aBVCHT OT ee TeMnepatypul (OXJaHTENLHOTO ad-
(eKTa) ¥ NOITOMY B XOJIOJIHEIE CE30HBI IOZia OH MEHbILE, YeM B TeNJIbe.

CoriacHO CYILIECTBYIOIIMM HOPMaM, PacXofi BOAL Ha X03sIHCTBEHHO-
NUTLEBLIE Hy#/H paboyriX BO BpeMsi WX npeCbiBaHMsl HA NPOM3BOJCTBE
YUYHTHIBAETCS! IOOMHHUTENILHO K TeM XO03fHCTBEHHO-TIMTHEBBIM PacXo/iaM,
KOTOpHIe MM MOJIAraloTcsl Kak MHTe/sM ropojia i paboyero rnoceska.
3TH foNoMHKTEIbHBIE PACXOMB! COCTABJSIOT Ha OJIHOTO paboyero B cMeHy
B 1l€XaX CO 3HauyMTeJbHEIM BHUIEJEHHeM Telsa 45 J, a B OCTajbHBIX
nexax 25 n*. Kpome Toro, Ha NMpOH3BOACTBAX, CBSI3aHHBIX C 3arpssne-
HHeM TeJla uiH TpeOyIomHX ocoforo CaHHTAPHOIO PexXuMa, IOJIXKeH
GHITH TPENyCMOTPeH PacxXofi BOAbI B AyLUeBhIX K3 pacyera 500 a/q Ha
OJIHY JylleByl0 ceTKy B TeyeHhe 45 mup**. Jlisi yKasaHHBIX HY¥X
Tpelyercsi WCIoNb30oBaHME BOALI IMHTLEBOrO KayecTsa, nosToMy OHa
OOBIYHO 3a6upaeTcsi U3 CeTH TOPOACKOro BOJOIPOBOJA.

PacxojoBanHe BOJB! HA NOJMBKY YJML| M 3eJieHbIX Hacamjienui. Pac-
YeTHHIE pacxXofbl BOAL Ha 3TH HY /bl 3aBUCAT OT pasMepoB IMOJHBae-
MBIX TIoUlafedl U «yaeiLHoH HOPMB» pacxofia BOJibl Ha eIMHHLY IoLla-
ru. CHull 11-31-74 mpenycMOTpeHBl cJiefiyloliye yIesibHble HOPMbl
pacxona Boapl, J/M%:

Mexannueckad MoOFKa  YCOBEPILIEHCTBO-

BAHHBLIX NOKPHLITHE NpOE3foB M nromasedl .1,2—1,5 na onHy MOHKY

MexanuyecKasi TOJHBKa YCOBEPIUEHCTBO-

BaHHBIX MOKPBLITHI NPOE3NOB K Nuollafed . . 0,3—0,4 Ha onHy
TOJIUBKY

* C Ko3((}HIMEHTOM 4YacOBOii HepaBHOMEPHOCTH COOTBETCTBEHHO 2,5 M 3.

** Jlo HOpMaM OZHa AyllleBasi CeTKa ycTaHaBiHMBaercs Ha 15; 7 uam 5 pabounx

B 3aBHCHMOCTH OT CTEIIEHH 3arpsisHEHHS, 06y CJIOBJIEHHOIO XapaKTepOM NPOH3BOJ-
CTBa.
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[Tomueka Bpyunyio (M3 IUJIAHIOB) ycCOBep-
. UIEHCTBOBAHHEIX TNOKPHITHH TpPOTYapoB ¥

mpoe3foB . . . . « . « « -« « . . 0405 wa opny
TIONMBKY

TlosMBKa TOPOACKHX 3€JIEHBIX Hacaxje-

M . . . . . . . . . . . . . . 3—4 Ha oMy TIOJHBKY

Tlo/sMBKA rasoHOB M LBETHMKOB . . . . 4—6 » » »

Yucso NONMHBOK B CyTKH YCTaHABJAUBAIOT B 3aBHCUMOCTH OT KJIMMa-
THYECKUX YCJ/OBUIL.

Ilpu oTCYyTCTBHM HaHHEIX O IJIOWA/SIX NONMUBKY JONYCKAETCs NPHHU-
MaTh OPHEHTHPOBOYHO PacXofi BO.IH Ha nosiuBKy of 50 mo 90 s/cyt
Ha OJIHOrO JXHTeJsi B 3aBHCHMOCTH OT NPHPOJAHO-KJIHMATHYECKUX YC/IO-
BHii, MOIHOCTY MCTOMHHUKA BOOCHAGIKEHUs!, OT cTeneHH 6s1aroyCTpoHCT-
Ba HaCe/IeHHBIX NYHKTOB H JIPYTHX MECTHBIX YCJ/IOBHIL.

Pacxop, BOIH Ha TNOJMBKY IOJBEPIKEH CE30HHBIM KoJieGanusiM. Hau-
GoMBIIMI Pacxof, COOTBETCTBYeT Hanbosiee TEIMILIM U CyXHM I€PHONAM
roua.

Inowane NOJHBKH MOXXHO ONpPefensiTb HEeNOCPEeACTBEHHO M0 IJIaHy
ropoja (#a pacuyerHblil rof ero pasguras). Jlnsi npuOIUKEHHBIX pac-
YeTOB IJIOLIAJb YU, TPOe3N0B U Ioiafiell MOXHO ONpenesiTh OpHeH-
THPOBOYHO B COOTBETCTBHH C HOPMaMH IJIaHHPOBKH W 3aCTPOIKH Ha-
CeJIEHHbIX IMyHKTOB.

- FotpeOHoCTh B BOJIE HA NOJHUBKY YJIHIL H 3€JleHbIX HacamJeHuil yao-
BJIETBOPSIIOT PA3NHYHBIMH NYTSIMH B 3aBHCHMOCTH OT TEXHUKH TNOJHBKH.
B Hactosizee BpeMsi MOJNUBKY YJIHIl OCYIECTBJISIOT YACTHYHO NOJHBOY-
HBIMH Ma IHHHAMY H YaCTHYHO BPY4YHYIO (C TIOMOIIBIO PYKaBOB, IPUCOENH-
HfIeMbIX K OTBETBJIGHHSIM BHYTPeHHHX BOJZONPOBONOR). [lonBouHbie Ma-
LIHHBI MOTYT HaGHpaTh BOAY B CBOM IUCTePHB M3 CETH NOPOACKOro BO-
JIOTIPOBOZIA Hepe3 CliellHalibHbie KpaHb (KOJOHKH) WM U3 PassnyHbIX
BOJIOEMOB, PacrONIOKEHHBIX Ha Tepp HTOPHM TOpolia, a Takike Hu3 IpH-
POIHBIX BOIOEMOB. B nocsienHeM cyrydae pacXofibi Ha MIOJUBKY He I0JK-
HBI 00ecrneyHBaThCA TOPONCKHUM BOLOIMPOBOJIOM H HX He BKJIIOYAKOT B €ro
pacyerHble pacxonsi.Ec/in BCnosib3yeMbie HCKYCCTBEHHBIE BOJOEMBI TO-
NONHSAIOTCA B Pe3yJbTaTe aKKyMyJIHPOBaHUs aTMOCPEPHBIX OCaiKOB, TO
sabupaeMoe U3 HUX AJ1s1 HOJHMBKY KOJIMYECTBO BOAB TaKike He BKJIOYA-
IOT B pacyeTHHE PacXonbl BOINONPOBONA.

B pacuerHbifi pacXofl BOfIB Ha NOJIMBKY BKJIFOYAIOT PacXOfibl, KOTOpHE
3a6UpaloTCsi Yepe3 OTBETBJIEHHS OT BHYTPEHHHMX BOACTPOBONOB, H pac-
XOIbi, OTOMpaemMble TIOJIHBOYHBIMH MallMHAMH 4Yepe3 CrernuasbHble
KOJIOHKM M3 TOPOACKOTO BOAOMPOBOJA HJAH M3 €MKocTell (crenuasb-
HBIX HJIH OGLLErOpOJCKHX), NOMOJIHSIE€MbIX M3 BOJONPOBOJAHON CETH.

OnpejieeHHEI PaCYETOM CyTOMHBIH PaCXOfl Ha NONUBKY (1151 TeIIIbIX
H CyXHX CC30HOB) CJIE[lyeT BKJIOYATH B MAKCHMANBLHBIH CyTOYHEIH pac-
XOI TOPOLCKOroO BOAOIPOBONA.

PacxopioBanue BOJib Ha TywieHMe noxapoB. Kak yzke OHUJI0 yKasaHo,
STOT BHJL BOLONOTpeOseH s HOCHT CIIELM(UUHEIH XapaKTep, NOCKOJbKY
SIBJISIETCS! SMM30[HYECKHM H BBI3bIBAETCs! CITyyaiiHbiMM coObTHsiMU. Cic-
TeMa BOLOCHaGKeHHs! NOMKHA o0eceyHTh BO3MOXKHOCTH MONAYH Tpe-
6yeMbIX KOJMYECTB BOJbl K MECTy noxapa B Jilo0oil MOMEHT.

8



Tabauna 1.2

Pacxopn Bonbl, Jfc, Ha OHH NO¥Kap
(HE3aBHCHMO OT OrHECTOHKOCTH
Uncsio Kuteed PacueTHoe uMCI0 3AaHMs1) TIDH BhICOTE 3aCTPOUKH
B HaceJIeHHOM ITYHKTe, OJIHOBPEMEHHBIX
THIC. Y€, 110 TI03XapoB JI0 IBYX sTamel
BKJIIOUHTEIBHO TpH 3Taxka H Gonee
5 1 10 10
10 1 10 15
25 2 10 15
50 2 20 25
100 2 25 35
200 3 — 40
300 3 — 55
400 3 — 70
500 3 — 85
600 3 — 85
700 3 — 90
800 3 — 95
1000 3 — 100
2000 4 — 100

Ilpn pacuerax cucreM BOIOCHAGKeHHUs] HeOOXOAMMO 3HaTh Pacyer:
Iblil MIOXKAPHBIH PacXoll, T. €. KOJIMYeCTBO BOJbI,NI0IaBaeMOi B €HHHILY
JpeMeHH Ui HY K] TOXaPOTY1lIeHus, H oOLUH 3anac BoAwl, TpeCyeMblii
0As TYLIEHHs! TOXKapa.

Cornacio CHulIT 11-31-74, pacxon BoAB Ha TylleHHe OIHOTO MoXa-
pa B ropoliax M InoceikKax ONpeensieTcsl B 3aBUCHMOCTH OT YHCJIA XKUTe-
Jell ¥ Xxapaktepa 3actpoiiku (tabsa. 1.2).

IlpuBenennrie B Tabs. 1.2 naHHEle MO3BOMSIOT ONMpENENHTH OOLIMH
pacxosi, KOTOpHIii HeOOXOAMMO TNOJABaTh HAa HYXKIB TOXKAPOTYLIEHHS!
(mpH BO3HHKHOBEHHH IICXKAapOB).

B CHHI1 ykasana pacyethas JIMTeNbHOCTb TyLIeHHsi noxapa 3 4.
CoOTBETCTBEHHO 5TOMY MOXeT GBITH ONpeje/ieHo obliee KOMHYECTBO BO-
Ibl, 3aTpayHBaeMoH Ha TyLeHHe OJHOrO HJIM HECKOJBKHX OfHOBpPEMeH-
HBIX TOXapoB.

Pacxon Bonw! 151 OXapOTYILIEHHS! HA NPOMBIIUIEHHBIX TIPEANPUATH-
SIX onpejiesieTcsi B 3aBHCHMOCTH OT XapaKTepa NPOHU3BOACTBA U CTele-
HH OrHECTOMKOCTH TNPOM3BOACTBEHHHIX 3nanuil. Ilpu ummpuHe mpowus-
BOJICTBEHHBIX 3f1aHHH Ji0 60 M crienyer nosb3oBaTLC JaHHHME Ta6u. 1.3,
sl 30aHui mupuHoit 60 M u Gonee — maHHBIMM Ta6a. 1.4.

PacyetHoe yHC/I0 OXHOBPEMEHHEIX TIOXAPOB JUIsi O0bEIHHEHHBIX TPO-
THBOIOXAPHLIX BOJOIPCBOJIOB HaceJeHHOrc NyHKTa H HECKOJILKHX pac-
NOJIOKEHHBIX B HeM TNPOMBILLIEHHBIX NPEANPHATHI onpenesnsieTcsi Mo
COIJIACOBAHMIO C OPraHaMu MOXapPHOro Haj3opa.

B BononpoBonax HacesieHHHIX TNYHKTOB B CETh MOXKET IOAABATLCS
TOJIBKO BOJld MUTHEBOI'O KayeCTBa, NOTOMY OOBIYHO JI0JKeH OBITh Npej-
ycMoTpeH (M MOCTOSIHHO obecrieyeH) 3amac BOZBI B pe3epByapax YHCTOMH
BOJIbl IIPH OYHCTHHIX CTAaHUMSIX, OTKyJia ee 3a0HpPalOT BO BpeMsi Noxkapa
HacocaMy ¥ nojaror B ceth. IIpy NpoekTHPOBaHMH 3THX pe3epBYapOB
NpefycMaTpUBalOT JONONHHUTENbHEH o0beM JIsi IOXKapHOro sanaca
BOZHL. .B pesysinTate nokapHbii pacxoy He OTpaXkaeTcsi HeNoCPeACTBEH-
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Ta6auna 1.3

Kareropusi Pacxop soae!, si/c, Ha opun noxap rnpu o6beMe
Crenenb OrHecTOl -| NpousBoACTBA 3JIaHHA, THIC. M3
KOCTH 3/1aHuit MO NOoXapHOoii

onacxocT <3 l 3—5 , 5ﬁ20|20—50,50-—200'200-—400 >400

I ull r, I 10 10 10 10 15 20 25

A, B, B 10 10 15 20 30 35 40

11 r, 10 10 15 25 — — —

B 10 15 20 30 — — —

r, II 10 15 20 30 —_ — —

Vv B 5| 2|20 — — | =

HO Ha paboTe OYHCTHHIX ¥ BON0O3aCOPHBIX COOPY KEeHHH TOPOXCKOro
BOZONPOBOJA.

B otpe/1pHBIX Clyyasx XpaHeHHe IOKapHOTO 3amnaca BOIb! OCYIIECT-
BJIieTCS1 B HAallOPHBIX PeryJMPYIOLIMX Pe3epByapaxX, OTKYyJia OHa MOMKET
TNONIABATBCSl CAMOTEKOM (IIPHU yCJIOBHH HENPHKOCHOBEHHOCTH TOXKAPHOrO
sanaca NpH OSBIYHOM BOXONOTPe6neHHH).

Hopmamu npeny cMaTpuBatoresi HeoGXOIMMbIe CPOKH TONONHEHHST H3-
PacXo/10BaHHOrO NOXKAPHOrO 3amnaca: 24 y — B HaceJleHHBIX NMyHKTaX H
Ha NMPOMBIILJIEHHBIX NPEANPHATHAX C NPOU3BOACTBAMH, OTHECEHHBIMH IO
NOXKapHO# onacHocTH K Kateropusiv A, b u B; u 36 y — Ha NP OMBILI-
JIEHHBIX MPeANPUATHSX C NPOMSBOACTBAMY, OTHECEHHHIMH 110 TOXKAPHO#
onacHocTH K Kateropusim I' u JI.

Hnsi pacuera cucteM nopaud BOAbl Ha CJyyail TMoXKapa HOpPMaMH
NpeZlyCMATPUBAETCS] €0 BO3MOXHOCTb B Yachl HaMGOJBILEr0 BONOMNO-
TpebJeHus .

Heo6xopumocTs nosaun noxapHoro pacxopa HOMXKH2 GBITH yuTeHa
NPH NIPOEKTHPOBAHMH HACOCHBIX ctaHiuil 11 n nocnenywomux nogseMos.
Bononpoeommas ceth fomxHa GbITh NPOBepeHa Ha NPOMYCK NOXapHOTo
pacxona.

Ilpu 06bIYHO IPUMEHSEMBIX CHCTEMAX MOXAPOTYIIIEHHUS HU3KOrO AaB-
JIeHHs1 BOZia OTOMPaeTCsl U3 CeTH ClelMaJbHEIM NOXapHBIM HacocoM. Ipu
3TOM B CETH NOJIXKeH ObIThb obecredeH Hanop He MeHee 10 M.

OGecnieyenne noTpeSHOCTEH ropojia B BOJie M ONpefieieHHe CyMMap-
HBIX pacueTHBIX CyTOYHBIX PacxoiosB Bojwl. Ilocie onpenesienusi cyToy-
HBIX PacXolioB NO OTAEJNBLHBEIM KaTerOpHsM BOAONOTPeGseHUs] HOMXKHO

Ta6nuua 14

g Pacxon Boasl, /¢, HA opuH moOXapifnpu ob6beMe 3fauusi, THIC. M3
&= Kareropusi = py pey Py = py
88 ITPOH3BOXA- o o o o o o o g
Eig | oo e - I I I i i A
Gax & |InoxapHoii o | |
Qos | onacHocTH w S S S S =3 S =
655 v b = & = < 2 2 4
I unll|A, B, B| 20 30 40 50 60 70 I 80 90 100
r, 10 15 20 25 30 35 40 45 50
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6LITb NPHHATO OOOCHOBaHHOE pellieHHe O Lleecoo0pasHOCTH IofayH
BOJIBI €ITHHON CHCTEMOI HJIH YCTPOHCTBA Ha TEPPHUTOPHUH ropojia HECKOJb-
KHX CHCTeM BOJOCHAOXKeHHs.

OnbIT ¥ TEXHUKO-5KOHOMHUYECKHUI aHaJIM3 NOKashbiBalOT, YTO B OOJb-
LIMHCTBE CNyyaeB Ha TEPPHUTOPHH ropofa 1ejiecoo0pasHo yCTPOHCTBO
eIMHOl CHCTeMB! MOJiayHl BOJH Ha XO351HCTBEHHO-NHUThHEBbi€ HYXKIIH Ha-
cesieHus (B JXUJIBIX U OOIIECTBEHHHBIX 3JIAHUSX); HA XO035I{ICTBEHHO-TTHTLE-
BLIE I CAHHTapHBIE HYK/Ibl pabounX BO BpeMsi HX NpeOLIBaHUS Ha NPOH3-
BOJICTBE; Ha TeXHOJNOIHYeCKHe HY Kbl IPOU3BOACTBA, TPeOyloUero Bob!
MUTHEBOI'O KAYeCTBa; Ha TeXHOJOTHYeCKHe HYXKIBl MeJKHX Npefnpus-
THH H MACTEPCKHX, pacCcpelOTOYeHHBLIX MO TefPHTOPHU Tropolia, Hesa-
BHCHMO OT HUX TpeOOBaHHIl K KayeCTBY BOIBI; Ha TYLIEHHe NOXKapoB B
ropojie. Hacro 5Ta e cucTeMa nofiaeT BOJly Ha NOJHBKY YJHI U Hacax-
JIleHUi1 ¥ Ha Hee BoaJlaraercsi 3ajiaya Nnojlayy BOAH AJ151 TYLUeHHs] 110XapPoB
Ha TNPOMBILLIEHHBIX IpPEINpPUSITUAX, PacloJOKeHHBIX Ha TepPHUTOPHUH
ropona. MHorpa B ropofie ycTpauBaloT caMOCTOSITENBHYIO CHCTEMY IQ-
JINBOYHOT'O BOJONPOBOJA.

Bona Ha Texnonorugeckue Hy 3ibl P OMBILJIEHHBIX IPEJINPUSTHE, Ha«
XOJISILIUXCS B ropojie, MOXeT 3a0HPaThCsi KaK U3 FOPOACKOro BOAOMPO-
BOJld, TAK M U3 NPHPOJHEIX HCTOYHUKOB — B 3aBHCHMOCTH OT KOJIHYECT-
Ba 10TpelJisieMOl «NPOM3BOACTBEHHOHY BOJIbI M TPeOOBaHUTI K e KauecTBY

Ilpennpustys oTneNbHHIX «BOROOGHJIEHBIX» OTPAaC/ell IpOMBIILIEeH-
HOCTH M 3HEProXossiiCTBa (TeljloBble 3JIEKTPOCTaHIMH, MeTallypru-
yeckHe, HadrenepepalaTbiBaiolive H Apyrue NpeAnpusiTis) NoTpebs-
0T BeCbMa GOoJbIIHNe KOJIUYEeCTBA BOAL! (B OCHOBHOM AJ151 Lesell oXJamke-
HUsI), He NPeNbABNsAsA BEICOKHX TpeGoBaHUH K ee KayectBy. Yacto msi
STHX 1eJiefl MoXkeT ObiTb MCHONB30BaHa BOJA NMPHUPOJHBIX (B OCHOBHOM
NIOBEPXHOCTHELIX) HCTOYHUKOB €3 crielHalbHol OYueTKH. JIs mogoGHbIX
NpennpusiTiil (UM rPynn npeAnpHATHI) SKOHOMHYECKH Iesiecoobpas-
HO ycTpauBaTbhb CaMOCTOSITEIbHBIE CHCTEMH IPOH3BONCTBEHHOTO BOJO-
CHaOXXeHHsl, He CBSI3aHHBIE C T[OPOJCKMM BOJONPOBOIOM.

Ilpy yerpoiictee Ha npeAnpUsTHSAX CHCTeM OGOPOTHOTO NMPOMSBOACT-
BEHHOT0 BONOCHAOXEHHSi MOMKET OKasaThCsi peHTabesibHOll nojaya WM
H3 T'OpPOACKOro BOJONPOBOJA «CBeXKei» BOABI JJ1si BOCMOJHEHHS TIOTEPh
B OOOPOTHEIX IHKJaX (COCTaBJISIIOLINX 3—5¢9, KoauyecTBa 06GOPOTHOM
BOJIbI).

BLiGop onTHManbHOrO peleHHsi OCYIIeCTBISETCS] NyTeM TeXHHKO-
SKOHOMHYECKOro CpaBHEHHS] BOSMOXKHBEIX BAapPHAHTOB. De3yclioBHO mese-
Coo0pasHa mojiaya BOIH U3 TOPOACKOrO BONONPOBOAA Ha NPOM3BOJCT-
BEHHBIC HYX]JIBl TeX NPeANpHATHH, KOTOPEIM TpebyeTcsi Bofla NHTHLEBOI'O
KayecTBa. OGLIYHO M3 TOPOJCKOrO BOJONPOBOA NPHXOAHTCS TAKIKe IO~
AaBaTb BOJy MHOIOYHCJ/IEHHEIM MeJIKHM NPOHM3BOJACTBEHHBIM TPeNpHSi-
THSIM, MACTEPCKHM.

~ Jlns nonauu Bojibl Ha TEXHOJOT HYECKHe (Mpon3BOACTBEHHBIE) HYXK/IBI
BCEX KPYNHBIX M CPeAHHX TNPOMBILIEHHBIX NPeNIPUATHi Iieecool-
PasHO ycTpauBaTh CaMOCTOSITENILHBIE CHCTEME TIPOH3BOJICTBEHHOIO BOJIO-
CHabXeHust (W3 IPUPOAHBIX HCTOYHHKOB)— OTAEIBHO /IS KaxkJioro npej-
NPUATHSI AN TPYNIIOBHIE.

Ilpy sHAaYNTeILHOM yJaNeHuH TIPUrOAHBIX ISt HCTIONBL3OBAHHS npu-
POIHBEIX HCTOYHHKOB OT TOPOJIa MHOI ia OCYLIECTBJSIOT NoJlayy Heoy HILEeH-



HOH BOJIBI OT HCTOYHHKA 10 TePPHTOPHH ropojia, 3aTeM YacThb BOABI MO~
BEPraioT OYHCTKE M YIOfIaloT B CeTh IOPOJICKOrO BOLONPOBOAA, @ OCTalb-
HYIO BOJIy HCIIOJIB3YIOT 6€3 OYHCTKH Ha NPOMBIILIEHHBIX MPeAPHATHSX.

YKasaHHbIe peleHHs NIO3BOJSIIOT ONPeNeHTh CyMMapHEIe pacyeTHbIe
CYTOYHBIE PaCcXoflbl BOIBI JUISi CHCTEMBI.

Iloanb#i MaKCHMaJdbHHE CYTOYHB H pacxof
BKJIIOYaeT:

a) CYyTOYHHIH PacXofi BOJII HA XO3siHCTBEHHO-TIHTHLEBHE HY¥KIbl Ha-
CeJleHHsl B CYTKH HaHnOosibllero Boponotpebnenusi Quaxe:

0) pacXon BOAE Ha XO3ICTBEHHO-TIHTLEBbIE HYXKIH PaboYHX BO
BpeMs X NpebHIBaHHS Ha NMPOH3BOJICTEE (OH Npeanosaraercss HeH3MeH-
HEIM B TeyeHHe roja);

B) pacxoll BOAH Ha NPOVSBOACTEEHHBIE HYKIH NpemnpusThil (nist
ce3oHa Haubosibllero norpebneHust BOJB);

r) NOJAMBOYHEIE pacxos (ecHM MOJHBKA OCYIIECTBJSICTCS H3 CETH
FOPOACKOro BOAOIIPOBOZA).

IloaHwi#i MUHHUMAJBLHBHE CYTOYHHEH pacxof
BKJIIOYaeT:

a) CYyTOHHBIH PAacXOJi BORH Ha XO3fIHCTBEHHO-NMHUTHEBEIEC HYKOH Ha
CceJieHHsI B CYTKH HaHMeHbLIero BoAONOTpebNeHnsT Quuy;

6) pacxos BOZIbl Ha TTHTHERHIE HY KB paOOYHX Ha IPOH3BOICTBE;

B) pacXofi BOIH Ha NMPOH3BOACTBEHHLIE HYXJIL NPEINpusTHii (miist
Ce30Ha HaHMEHLIIEro NoTpeGyieBHs BOMBI).

CpenHuil CYTOYHB H P acXo0JBKIOYaer:

a) pacxoll BOIIH Ha X03#HCTBEHHO-IHTHERblE HY Kb Q;

A) cpenHUi 3a TOJI CYTOYHBITI PAacXOJl BOXH Ha HYKIH NPeNpHsiTHH,
CHabkaeMbIX BOZIOH K3 IrOpOACKOH ceTy;

B) IMOJHBOYHBIH PACXOJ, — C YY€TOM MECTHHIX KJIHMATHYECKHX
YCIOBHIL.

I'paduiku BonONOTPEGICHNS.
§ 3. PexumM pacxonoBaHusi BOIbl B TEYEHHE CYTOK.
PacuerHble yacoBbie pacxoipl

PacyeTHEIe cyTOYHBEIE PACXOME! BOAH NPHHHMAIOTCH B OCHOBY pacuera
Beeli cHCTeMBbl Moty ¥ pacnpeesiennsi Boaw! (Bkyoyasi cetn). as pac-
yera CHCTeMBHl BeChbMa BaXKeH TaKiKe yueT HepPaBHOMEPHOCTH pPacXofio-
BaHHsl BOJBI B TeyeHHWe CyTOK. Pexum pabGothl cerefi W Hellocpenct-
BEHHO CBSI3aHHBEIX C HHUMH coopyxeHHil (HacocoB 11 nogwema, BOmoOBOAIOB
U PeryJIHpyIOLIHX eMKOCTefl) olpefieifieTcsi peXXHMOM o16opa BOJEI H3
BOZIONIPOBOJIHOH CeTH O0OHEKTOM B OTAEJLHEIE TEPHONE! CYyTOK.

Pexxum o100pa BOIEI Hace/leHHeM sIBJISieTC B 3HAUHTENIBHOI CTelleHH
cyyaiiHBIM ¥ HeyTpaBJisieMbIM nporeccoM. Mexxny TeM 4To0bl BO3MOIK-
HO Gosiee TOYHO H 3KOHOMHYHO 3alpOEKTHPOBaTh CHCTEMY NOHauH H
pacnpezeneHusi BOIB, HeOOXOHMO 3a/1aTHCsl HEKOTOPBIMH «PacyeTHBLIMI»
rpadukamMu orbopa BOJIbI H3 CeTH B TeueHHe CyTOK, Haubosiee 6JIH3KNMU
K JeficTBHTENLHBIM. EJIHHCTBEHHAsI BO3MOMKHOCTH TNOJYYEHHS] TaKHX
rpaQuKOB — H3yyeHHe H aHaJIH3 JIeHiCTBHTEIBHEIX TPaduKOB BOACTO-
TpebJieH s Hace/IeHHbIX MYHKTOB, HanboJiee OH3KHX N0 KJAHMATHYECKHM
H zieMorpayyeckKrM YCJIOBHSIM, 110 YHC/IEHHOCTH HaCeJeHHs H IO CTe-
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fieHH CaHUTAPHO-TEXHHYECKOTO o),
GnaroycTpoiicTBa XHJIHLL, K TOMY
HaceJeHHOMY NyHKTY, 1 KOTO-
poro paspabaThlBaeTcsi TPOEKT.
Ecnu NpoeKT cocTapJsieTcsi IS
pacuMpeHHsi CeTH BOJXOCHaGMe-
HUs1, yIKe cyllecTByiomell B JaH-
HOM TOpolie, CJeNyeT HCIOJB30-
BaTh JaHHBle O €ro (PaKTHUECKOM
pexxumMe BOLONOTPEOSIEHYS.

Heob6xonyiMo uMeTh B BHAY,
yto rpak U3MeHeHHs! pacXoJioB
BOJB B TeyeHHEe CYTOK MeHsieTcst
B OTACJbHBIE JHH U B Pasjing-
Hble Ce30HHI Tofia.

OnHolt M3 3anay NpoeKTHPOB-
LHKa SIBJSETCS H3y4yeHHe H aHa-
JIi3 BO3MOXHO OoJiblliero 4YHC/a
rpa¢rKoB BoonoTpeOseHHst aHa-
JIOTUYHBIX OOBEKTOB 3a BO3MOXK-
HO Oosnee JJiMTENIBHEIE CPOKH H
BHIOOp U3 HHX HaubGosee O6JH3-
KHX JiJIsi TPOEKTHPYEMOro o0beK-
Ta ¥ HauGoJiee XapaKTEPHBIX IS I
CYTOK HauGONbILero, CPeHero H 2y 6 8 w2ty 202H
HaHMeHBIIero BOLONOTPeCIeHHUSI. Yace cyrmok

B kayectBe npumMepoB Ha puc.  Pumc. 1.2

1.2 npusepensl rpadukH ¢dakTH-
YeCKoro KosieGaHHsi pacXOJIOB N0 yacaM cyTok: Ha puc. 1.2,a —pnsa op-
HOTO H3 Goabllnx paiioHoB MuHcka c uncioM wxuteneri 100 Teic. uen.
(nonst pacxozia Ha KOMMYHAJILHO-CHITOBBIE NpeIpusiThst 12 9y, yneapHEI
pacxofi Boibl Ha offHoro xkurensi 260 a/cyt); Ha puc. 1.2,6 — pgnsa r. Ox-
Ta6psckuil Bamkupekoit ACCP ¢ ynciom xureneit 80 Thic. wes. (fons
pacxoza Bofibl Ha KOMMYHAaJIBHO-CBITOBBIE MPEANPHATHS 29 ¢4 H Ha HY X Ibl
npoMelieHHoCTH 12 4; yrenvHbI pacxon BoIbl HA OFHOTO ¥KHTENS
320 n/cyT); Ha puc. 1.2,6 — pns mukpopaiiona MOCKBH ¢ YHCJIOM KH-
Tesiell 5 ThIC. yes. (noJist pacxofia Ha KOMMYHAaJbHO-GHITOBBIE NPEIIPHSi-
Tus 18 ¢4; ynenbHBIH pacxon Boapl Ha ofgHoro xutensi 230 s1/cyT).

Bosnblioe 3HaueHHe JUisi NPAaBHJILHOIO YCTAHOBJEHHS PacYeTHHIX
PacxoioB BOZBI HMeeT YYeT BO3MOXKHBIX MAKCHMAJILHBIX YaCOBBIX Pacxo-
JOB Guaxe- MakcHMaNIBHBIN YacoBOH pacXoll B CYTKH HaHOOJBLIErO BO-
IonorpebieHHs] onpeneisieT HauOOJBLIYI0 BePOSITHYIO Harpy3Ky ceTH
3a pacyeTHbIH roj. Ilpy MHHHMaJBEHOM YacOBOM pacxofie B TeUeHHe CY-
TOK B ceTH OyJyT HauboJsbiuHe CBOOOAHEE HANOPH (BCJENCTBHE MaJibIX
YKJIOHOB Nbe3oMeTpHuyeckux JjiuHuil). HakoHel, cpenuuii yacosoii pac-
X0J| MOKeT OBITh HCIIO/Ib30BaH JJ15l OLLEHKH PaCcXOJIOB SHEPTHH Ha Noauy
BOJEL.

Ha ocHoBannH onbiTa pa6oThl TOPOACKHX BOAONPOBOJOB H aHAJIH3a
KoslebaHusi pacxona Bofn! B TeueHue cyTok B CHull I1-31-74 panel HoOp-
MaTHBHBle 3HAaYeHHs1 Ko3((HIHEHTOB JJis onpenenenys KosdduiueHTa
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Ta6auuna I5

Yucno Uucno
KHTEJEH, PBraxc PBryun KUTENeH, Praxc Braun
TEHIC. YeJl. THIC. YeJl.
<1 2 0,1 20 1,2 0,5
1,5 1,8 0,1 30 1,15 0,6
2,5 1,6 0,1 100 1,1 0,7
4 1,5 0,2 300 1,05 0,85
6 1,4 0,25 =1000 |
10 1,3 0,

4acoBoli HePABHOMEPHOCTH, XapaKTepH3YIOLIEro MaKCHMaJlbHbIIl pac -
YeTHBI!l PacXofi 3a CYTKH.

CaieZlyer OTMETHTD, UTO CTeNeHb HePaBHOMEPHOCTH BOIOTIOTPeOJieH s
B TeUeHNE CYTOK 3aBUCHT OT ABYX (aktopoB. [lepBbIM SIBASIETCS YHMCJIO
KUTeslell ropona. UeMm oHO Oodiblile, TeM, KaK MPaBWio, OyJer MeHblie
Koa(duIMeHT yacoBoii HepaBHOMepHOCTH. KpuBasi (rpadmk) kosnebaHust
pacxonia BOIbI B TeYEHHe CYTOK B IropoJie B 1€JioM TpeacTanisieT coboii
CyMMY HHAMBHAYaJlbHBIX KPHUBHIX (rpadukoB) norpebiieHusi BONBEI OT-
JenbHbIME XKuTesisiMu. OObIMHO 5TH HHAMBUAYAJIbHEIE KPHBbIE 3HAUNTEI b-
HO OTJIHYAIOTCSl APYT OT JAPYra ¥ TIpPH CJIOXKeHUHU OOJBIIEro HX YHC/Ia
NUKOBble OPANHATEL CYMMAPHBIX KPUBBIX CHMzKaiorcsi. OTKJIOHeHHe OT
3TO# 32aKOHOMEPHOCTH BO3MOIKHO B HaCeJIeHHBIX MYHKTaX C OfHHAKOBHIM
PeXHMOM ¥KH3HH OGoJiblliefl yacTH HaceneHUsi: KyPOPTHEIX MeCTaX, pa-
Oounx TmocesKax H T. I.

BropeiM ¢akTopoM, BJHSIOIINM Ha CTelleHbh HEPaBHOMEPHOCTH pac-
XOJIOBaHHSI BOIH B TEUEHHUE CYTOK, SIBJISIETCH CyMMa HHIHBHIYaNbHBIX
ocoOeHHOCTEH KaxKJIOro HaceNeHHOro TYHKTAa (KJIUMAT, 3aHSITHS KH-
Tesiel M T. 1L).

KoahduiueHT yacopoii HepaBHOMEPHOCTH XO3s1HCTBEHHO-THTHEBOTO
BOJIOTIOTPe0JIeHHs! HaCeJleHHBIX TYHKTOB ONPENENSIOT IO CAELYIOmHM
¢opmynam:

Kyq. mare =9marc/ Gop =%makc Prares Ka. vun == Gvun/ Gep = %ur Brauer- (1-3)

Koadduient f yuuTeiBaeT BAKsSIHHE YHCIEHHOCTH HaceieHYsT O0beK-
Ta (Tabn. 1.5), a Koad¢uumeHT o — Bee ocranbuble daktopel. CHull 11-
31-74 pekOMeHAYIOT NPUHUMAThL 3HAYEHHS Oy, B TPeenax ot 1,2 no
1,4, a oy, B npesienax ot 0,4 no 0,6.

Taxum o6pazoM, HauOOJBLINI pPacyeTHbI!l YacoBoOi pacXoj BOMIHL 3a
pacueTHBIH FOJ

guare =%maxc Puarc Quare/24; (1.4)

Ha¥MeHBLIHH pacyeTHHI 4acoBOil pacXof 3a rof
G = st Bravr Qoavm/ 245 (1.5)
cpenHMil yacoBoil pacxoj, 3a roj
Gep— Qcp/ 24,
Tak Kak 13 ropoICKoro BoAoNpoBoia oT6HpaloTesi KpoMe pacxofia Ha

X0351CTBEHHO-TTHTHEBBIE HYIKJIbl HACeE€HHs] PACXOAbl BOABI Ha HYKIbi
NPOMBILLIEHHBIX TPENPHUATHH K Ha TIOJIMBKY, a TaKiXe IPONCXONSAT He-
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KOTOpLIE TIOTEPH BOALI, TIONHEIH rpaduK pacXofia BoAbI 1O YacaM CyTOK
CJIEZyeT CTPOMTH C YYETOM BCEX STHX PacXoJIoB M BePOSITHOR CTeTleHH
¥X KonebaHusl B TeYeHHE CyTOK.
~ PacxopoBanue BOIb IPOMBILIIEHHBIMH TIPeNPUATHAMH OOBLIYHO NOYTH
paBHOMEPHO B TedeHHe pabouero BpeMeHH. INpu npoekTHPOBaHHH BOLO-
nposofia rpaduK noTpebnenus BOAL! MPOMbILLICHHLIMH TIPEJWIP USTHAMH
sajaercsi TeXHonoramu. Takie sajiaeTcsi NpeMNpuUsiTHeM rpaduk pac-
XOJIOBaHHS BOIB Ha XO3s1/iCTBEHHO-TIUTbLEBLIE H JIILIEBble HY Xl TIpe-
npusTUH.

JIOBOMBHO 4YacTO BOJA M3 CETH TOPOACKOro BOZOMPOBOZA, Mpef-
HasHaueHHast JU1s1 HYK/ IPOMBIIUIEHHBIX TPENPUsTHE (BCS KK TONBKO
JUIs1 X03S1ECTBEHHO-TIHTLEBEIX Liesiel), TOCTYNaeT B HX perysiupyroiye
M sallacHHEe €MKOCTH, OTKYZa IojaeTcsl MECTHBIMH HACOCHBIMH CTaHLIKA-
M B nexa. MHoraa nozaya BOG! NPOMBILUIEHHBIM TIPEAIIPHATHSAM H3
CETH TOPOJICKOrO BOJOMPOBOZA OCYLIECTBJISIETCS] B Yachl HaMMEHBILEro
norpe6nenust Boapl roponioM. I10/I0GHE pexxuM cHaG2keHus! BOLO# Npei-
NpUSITHI ClIOCOBCTBYET YIIOPSIOYEHHIO PEXKHMA H TOBBILIEHHIO SKOHOMHY-
HOCTH paGoThl TOPOJCKOro BOAONPOBONA B LEJIOM.

Pacxon Bozibl, OTOHpaeMoil U3 CeTH Ha NOJIKMBKY YJIHI M 3eJ/IeHbIX Ha-
cax/cHHil, TIaHMpYeTcsl TONbKO Ha CYTKH HauOOJbIIero BOAONOTPes-
sierust (B pasmepe 100 9y HOPMAaTHBHOrO), B CYTKH CPEIHEro BOJIONOTPes-
JieHHs] OHO MOYKeT NPUHHMMAThbes B pasmepe 50% . B cyTkH HauMeHbIIErO
BoziolloTpeliieH sl €ro He YYUTHIBalOT. PacxofoBanve BoIbl Ha TIONHBKY
MOXKHO NPEJIyCMaTPUBATH B IHEBHEIE Yachi ipumMepHo ¢ 6—7 no 18—19 4,
T. ¢. B TeueHre 12 4, cyuTasi HHATEHCHBHOCTb OTO0PA BOZAL! B 3TOT NEPHOL
paeHOMepHO#. 10 COrnacopaHHUIO € 3aKa3YWKOM MOXKeT GblTb NPUHAT
PEXUM NONHBA B IBa CPOKa, HaNpHMep B yTPeHRKe yackl (c 6 1o 9 4) u
8 BeyepHue yackl (¢ 18 po 21 4).

Jlns BceX yKasaHHBIX KaTeropuil BOZONMOTPeGNEHHs! NOMMKHBI GhITh
COCTaBJIeHB! TpaduKy MoTPeOneHust Boxbl B TeyerHe cytok. OpnuHaThl
9THX TrpaduKoB CKIAJHBAlOT C OPAMHATaMH OCHOBHOro rpaguka
norpeGaenus Bofbl roponoM (cM. puc. 1.2) ¥ B pesynbrate monydaior
CyMMapHBIH rpaik PacXolOBaHHS BOJNBL H3 CETH TOPOJCKOro BOJO-
npoeozxa. OpauHATH CKJafBBaeMEX IpadyKoB, TaK XKe KaK U OpIHHAThI
CyMMapHOro rpaduka, JO/IKHBL GbITh BEIPAXKEHE B NPOLEHTaX oOLIero
CYMMapHOIO Packxoia BoAbl FOPOHOM.

CymMapHEie rpaduKu cyaT OCHOBO# Jiisi pacyeta cetd. B cootser-
CTBUM ¢ 3THMH rpadvKaMH HasHayalor rpaduky Nonads Bofbl HACOCAMH,
OIPeLeNsAoT CXeMHl ITHTaHUSI CETH OT HAcocoB M OT GallHu.

TAABA 11

MATMCTPAJIbHBLIE U PACIIPEOEJINTESILHBIE CETH
TOPOJICKHX BOAONPOBOMOB.
PACYETHBLIE CXEMBI OTBOPA BOIbl

§ 4. Tunsl cereli TOPOACKHX BOAONPOBONOB

CeTh ropOJICKOrO BOIONPOBOZKA TpeHasHaueHa Jyisi pacrpeje/ieHus
nofiapaeMoil B TOpPoJ, BOABL TIO €T0 TePPHTOPUH, 00eCTieueHHs! BO3MOXK-
HocTH o160pa B 3aJ@HHBLIX TOYKaX TepPUTOPHH TPeOyeMBIX KOJHYCCTB
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BOIbl M CO3flanMsi TpebyeMbiX cBOGOAHBIX HanopoB. Kpome Toro, cetb
JO/MKHA oBaafiaTh onpeie/ieHHON HaleXHOCThIO, T. €. COXpaHATh 3aJlaH-
HHIi YpoBelb obecrieuenysi BOROH NoTpebuTe el, Ha CHUXKASI €ro Huke
JIONYCTUMBIX NpPEJesioB, NPH JIIOObIX BO3MOXHBIX aBapHsiX €e JIMHMH.
Brinosnenve 3THX (QyHKIUIT ¥ TpeOoBaHMH IOMKHO OCYHIECTBJIATECH C
HaMMeHBLIMMM BOSMOXXHBIMM 3aTpaTaMH Ha CTPOMTEJIbCTBO M 3KCIITyaTa-
IHIO BCell CHCTeMBI TOflauM M pacrnpefiesiecHHsi BOJbL.

B nensix obecneyenysi TpeboBaHHi HafieXKHOCTM CETH FOPOJICKHX BO-
JIONPOBOIOB yCTPaNBAIOT KOJibLleBHIMH.

TynuKoBbie JIHEMM BOLONPOBOAa MOXHo yctpauBath (CHulT I1-31-74):

a) J7isi IofiauH BOIB! HA NPOM3BOJCTBEHHEIC HY XK JIbl IPH JOITY CTMMOCTH
nepepuiBa B BOAOCHAGKeHHM Ha BPeMA JIMKBUIALMM aBapuu,

©6) 1151 ofiaukt BOJILI HA XO3AHCTBEHHO-IIMTHEBLIE HY XK /IbI TPY THaMeT-
pe Tpy6 He Gonee 100 Mum;

B) JUifl NIOlayM BOJbl HA NPOTHBONOKAPHEIE HYK/IbI IIPH J/1VIHe JIMHM#i
He Gosiee 200 m.

Ilo xapakrepy cBoeii paGoOTBl BOIOIPOBOJHLIE JIMHHM MOTYT OBITh
pasfiesieHsl Ha ipe Kateropuu: 1) marMcrpasnpHbie, ciyKaliye B OCHOB-
HOM /15151 TPAHCIIOPTHPOBAHHS BOABL, 2) pacnpejie/MTesibHbe, CTyxKalllye
B OCHOBHOM JiJIfl Pa3fiayd BOJBI 3aHusiM. B MarucTpasipHBIX JIMHHSIX
TPaH3UTHBLIN PacXoJ] 3 HAYMTEJBHO NPeBbIaeT NyTeBol; B pacrpene/y-
TeJIbHBIX JIMHUAX 3TH pacXofsl OJIM3KH.

KoHndurypauys cety (pacrnosiorkeHue M HalpabJjieHlie ee OCHOBHBIX
JIMHUH — MarvcTpaneii) 3aBUCHT OT (PopMbl TEPPUTOPUM ropofa, €ro
IJIaHUPOBKH, CHCTEMHE! YJIHIL M TIPOE3LIOB, PACIoJIOXeHHs ToYeK NoJiayM
BOJb], OTAE/IBHHIX KPYIHBIX BOAONOTpeOHTeNeH, eCTeCTBEHHBIX U MCKYC-
CTBEHHBIX NPENsiTCTBYII — peK, OBparoB, INyTeil coolleHust M T. L.,
OT pesreda MECTHOCTM.

OcHoBHbBIE MArMCTPaJii JIOJKHEL OXBATBIBaTh BCIO TEPPMTOPHIO ropo-
Ia, obecreyypas TIofiayy BoO[bl Jialke B caMbie yAaneHHbie pafionsl. Ha-
npaBJieHKe Marvctpaneil JOKHO COOTBETCTBOBAThH HallpapJieHMIO OC-
HOBHBIX TIOTOKOB BOJibl, KaK Obl OGBOIHSAIOIIHMX BCIO TEPPHTOPUIO ropolia
(cxempi ¢—6 na puc. IL.1).

Ilo cxeme a ocyulectsisieTcsi HaMbosee NpocToe paclpejelenve
NOTOKOB BOfIHL. PaciioioikeHye TOUKM NORauM BOJE! ¥ (popMa TeppUTOpHH
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06beKTa MO3BOJSIOT OPaHHYHTHLCH HECKOJIbKMMH IJIaBHBIMM HarnpasJe-
HMAIMH TIOfia4¥ BOJBI BJIOJIb BRITIHYTOM TEPPHTOPUM rOPOJia.

Ha cxeme 6 umMeeTcsi HEKOTOPoe PasfiBoeHHe TeEPPUTOPUM ropoja 1o
Mepe yJlasieHHsI OT TOYKH nofiagd Bofibl. COOTBETCTBEHHO CHCTEMA IJdB-
HBIX Marvcrpalieil, OXBaTHBAIOIMX TEPPHTOPHIO FOPOA, Pa3BETBIAETCS
Ha JiBe TOJICHCTEMHI.

Ha cxeme ¢ pactiofiozkeHye TOYKH NOfiadH BOJibl B COYETAHUH C Xa-
paKTepoM TEPPUTOPHH (BBITSIHYTOH B HanpasJieHHM, NEPNEHIVKYJISPHOM
HANpPaB/JIEHHUIO TOaYH) OOYC/IOBJIHBA€T PasfBOCHHE OCHOBHEIX TOTOKOB
BOJIbl M COOTBETCTBEHHO Pas/iBoeHH€e CHCTEMB OCHOBHBIX MarucTpaJiei npy
caMoM BBOZI€ BOJIHI B FOPOZ.

CoBepLIeHHO OYEBMIHO, YTO pasMeps TeppHTOpHHM CHabxkKaeMoro
BOJIOH OObeKTa M €ro IJIaHMpoBKa (CHCTeMa yJML H NPOe3foB) BHOCAT
CylecTBeHHBle KOPPEKTHBbl B KOH(MIypalMIO MarvcTpaJbHOH CeTH M
B YMCJIO MapajsieibHo MAyupx marHcrpaseil. Ha puc. 11.2 nokasanbi
MpHMEPHBIE CXeMbl MarycTpasiell, COOTBETCTBYIOLIME NPHHUMINAIBHBIM
cxemam a 6 wu 6 Ha puc. 11.1, Ho ¢ yueTom NNaHUPOBKH ropofia (cucre-
MBI YJIHL).

OcCHOBHBIE MarkcTpaJibHble JJMHHH COEIUHSAIOT NlepeMEYKaMH, Pacio-
JlaraeMbiMH TIEpPTICHIUKYJIIPHO OCHOBHOMY HAaNpPaBJIEHMIO JIBUIKEHHA
Bofibl. Ilpu obbmHO# paboTe CHCTEMbl NepPeMbKH HarpyxeHwl cyiaGo.
I'lpy apapyv Ha KaKOM-JIHOO yYacTKe Marucrpany (HanpuMep, Ha y4acT-
Ke ab puc. 11.2,a0) ero BHIKIIOYAIOT HA PEMOHT, a BOAY TNepeGpachiBaloT
No mepeMblKaM (a6 M a2 Ha puc. 11.2,a) va npyrue (napajiesbHue)
Marucrpasiu.

KounbliaMm, o6pasyeMbiM MarkCTpaJsibHbIMH JIMHEAMH, LieJiecoo0p a3HO
NMpHAABATHL YAJHHEHHYIO (opMy, BHITSHYTYIO B HamnpaBJieHHM OCHOBHO-
ro JIBIIXKEHHs! TOJiaBaeMOl CeThIO BOLBL. 3TO TO3BOJISET YBEJIHYMBATD
o010 NMPOTSIXKEHHOCTh NOCTOSIHHO PaboTaloNMX JIMHME M COKpallaTh
JUIMHY TiepEMBIYEK, MaJsio Harpy»eHHBIX TNpM GesaBapuiiHoH pabore
CeTH.
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§ 5. CnocoGel 0TGopa BOALI NOTPECHTENSIVMH
H3 CETH FOPOCKOTO BOJIONPOBONA

IotpebuTenu 3a6paroT BOAY AJIsl CBOHX HYZKJ, B OCHOBHOM Y€pe3 BO-
JAopasOopHEIE KpaHbl BHYTPEHHHMX BONONPOBONOB 3[IAHHIl.

Or6op BOIH V3 FOPOJCKOIl CETH B 3[aHHS OCYILECTBJASIETCS MyTeM
ycrpoiicTea FOMOBHIX OTBeTBJIeHVH (BBOAOB). TPyOHI, Noparoiye BOLY B
OTJIe/IbHBIE 3[laHUsl WV TPYINNbl 3[IaHNi, MPHCOENVHSIIOTCS K BOLONPO-
BOIHEIM JIMHHSIM, NPOKJ/afIbIBa€MHM TPaKTHYeCKH 1O BCEM YJIHIlaM H
TIpoesiaM ropojia. ITH yAHYHbIE JHHUM (DYHKTHPH Ha puc. [1.3) npu-
COEIUHSAIOTCS K MaructpajibHOH CeTH H COCTaBJSIIOT TaK HaSLIBAEMYIO
pacnpenenuTe/IbHYIO CeTh, HasHaueHHe KOTOpoil (B TPOTHBONO/IOKHOCTD
MarucTpasbHoil CeTH) COCTOUT B OCHOBHOM B pasjlaye BOAH H3 Iopof-
CKO#l ceTH B JIOMOBHE OTBeTBJeHHs. JIMHVE pacnpesiesuTeNbHOH ceTH
00pasyIoT CUCTeMY AONCJIHHUTENLHBIX 3aMKHYTHIX KOHTYPOB UJIH KOJ€LL.

B 3asHcHMOCTH OT HanpaBjieHUsl JIMHHA pacnpeieIHTe/IbHOM CeTH
MOTYT TNPUHHMaThL HEKOTOpOe YYacCTHe U B Tofiade BOZHL B aJiee JiexkKa-
e pafions (JiuHusi a6 Ha puc. 11.3,0) uau MoryT nutTaTbest OT JBYX
napaJuie/lbHBIX TPaHSWTHEIX Marucrpaneil (Munusi ez Ha puc. I11.3,6).

O160op BOAB! B 3/1aHHs1 MOXKHO TIPOM3BOAUTH ¥ M3 JIMHWIl Marucrpalib-
HO¥ CeTH, eC/M uX AHaMeTps! HeseJHKH. Ipu GoNsluX [uaMeTpax Maruct-
paJieii CTOHMOCT®b YCTPoiicTsa MPHCOSAVHEH I K HHUM JIOMOBEIX OTBETBJIe-
HUI SHAYUTENLHO BO3PaCTaeT U CTaHOBUTCH 3KOHOMVYECKH ONpapiaHHbIM
TpUMeHeHHe TaK HasbIBAEMBIX «CO-
TPOBOKAAIOIMX»  JIHHWH, NPOK-
JaZbiBaeMbIX MEXIY y3JaMu Ila-
%a.rme.nbﬂo YYacTKy MarHCTPasH.

3TUM JIHHHSIM TIPUCOSAUHSIOT-
Mass AAARARAALY 45 csi IOMOBHIE OTBETBJIeHHs (pucC.

a)
2

VAV YV VYV YV VY | I1.4). B cootBercTBuM € YKasa-

- Husimi CHul 1 I1-31-74, conpopoxk-

JIaIoiye JIVHUN  YCTPauBaloT IMpu

z JvameTpe Maructpaiu 800 MM u

9] GoJiee TIPH YCJIOBH M, YTO TPAHSUT-

2 - HBIl PacXof PpaccMaTpuBaeMoro

> yuactka coctaBiisier 80 9 pacyert-

@ 1> HOro; TNpH MeHbIIEM JIMaMeT pe

7 <|> Tpefyercsi cooTBeTCTBYIONIEE 000 C-
il i HOBaHHE.

T: = Takum ofpasomM, feHdcTBUTE] b-

1> Hasl KapTHHa oT00Pa BOZIH U3 CeT !

5 & TOPOJICKOTO BOJIONIPOBOA BeCbMa

CJIOIKHa; OH TIPOUCXOJUT B OrpPOM-
Prc. 113 HOM YHCJIe ToYeK (M3MePsieMOM Thi-
I — nepeMblyKa; 2 — TPaH3HTHAsl MarMcrpanib cAYaMH, JeCATKaM¥l ThICSIY U 60_

nee). O100p B KaXKHOH TOYKe
_/'A" dah00000010 i‘;. BO3HHUKaeT M NpeKpallaercs UCK-

> - > JIOYUTEJILHO TI0 BOJie TOTpeduTe-
: Jieil ¥ coBepLIEHHO HeyIpaBJsieM.
Puc. 11, Or6op BOEBl KakJIbIM JIOMO-
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BbIM OTBETBJIEHHEM €CTb Pe3yJibkTaT CyMMAPHOrO BOJIEM3bSIBJICHHSI BCEX
notpebuteneil anHoro soMa. Ecin pas ropoza B 1esioM ellle MOXHO
NPELCTaBHTH HEKOTOPYIO 3aKOHOMEPHOCTL B peXKHMe MoTpebieH st BOMb,
TO B OTHOLLEHHH OTIEJBHBIX JIOMOBHIX OTBETBJEHMil TaKHe MONBITKH Ma-
nosddektrBEb. TakuMm 06pasoM, PpakTHYECKH OT60P BOZIH H3 CETH IPO-
HCXOJIAT B O'POMHOM UHCJle TOYEK C HEN3BECTHOH W HeNpepHBHO MeH S0~
uieiicsi HHTeHCHBHOCTBEO.

§ 6. ¥caoBHBIE pacueTHBIE cX€Mbl 0T60pa BOABI
H3 CETH TOPOJICKOro BOAONPOBOAA

OueBniiHO, UTO JUISl ONpee/ieHHst KaKHM-AH00 crocoboM KoJHuecTs
BOJIHI, OTGHpaeMOl K3 OTIENbHBIX JHHHE IOPOJCKOH CeTH B 3ajilaHHble
pacyeTHble MOMEHTHl, HeOGXONHMO MPHMEHUTE YIIPOLIEHHYIO CXeMy BO-
Joorbopa, OTOOpazKalolyl0 € MaKCHMaJIbHO BO3MOXKHOH 6/H30CTHIO
JlefiCTBUTE/ILHEI PEXHM oT0opa BOIH.

B npakryke npoeKTHpoBaHHSI NMPHMEHSIIOT YIPOILEHHYIO PacIeTHYIO
CXeMy BOLOOTOOPa, OCHOBaHHYIO Ha YCJIOBHOM INPEINOJIOKEHHH, YTO
obuirii oT60p BObl € KarKaoro y4acTKa ropojicKoll ceTd NpH OfHHaKo-
BOil IJIOTHOCTH 3aCTPOHKH W OIMHAKOBOI HOpMe BOLONOTpeO/eH s Npo-
nopiyoHaleH ero anune. [lpy 3ToM Bce KpPyIHBIE H H3BECTHBIE 110 BEJIH-
yiHe oTOOpHl (Nofia¥a BOAB MPOMBILJIEHHBIM NPEANPUATHAM, TOAYa
BOLB B €MKOCTH, NOXKapHble 0T6OpH BOIBI H JP.) BHMHTAIOT U3 O0Lero
KOJIUYeCTBa OTJaBaeMOH BOIbl M YYHTHIBAIOT B BHAE COCPEJOTOYEHHBIX
oT00pOB B COOTBETCTBYIOIMX TOYKaX CeTH. Torfa cymmapHBEH 0TGOp
BOJIE! OCTaJIbHBIMH NOTPeCHTENSIME Ha €UMHHLY IJIMHEL ceTd (NpH yCJlo-
BUH OIMHAKOBO# IJIOTHOCTH U cTeneHH 6saroycTpoiicTBa B TOPOLE HIH
paccmaTpuBaeMoM paiione), a/(c - M), onpefensieTcsl o CAEAYIOHEMY
BEIPaKEHHIO0:

q,n.,Q;;‘?s?sa ) (1)

rje { — NONHBI pacXos BOAB, OTHaBaeMOll NOTPeGHTENSIM B JaHHBI pacueTHBIH
MOMEHT; 2 Qcocp — CyMMa OTGOPOB BOAb KPYNHLIMH noTpeGurensmu; Xl — piu-
Ha BCeX JIHHHIl BOJIONIPOBOAIHOII ceTH (B BeHYHHY 2/ He cliefiyeT BKJIIOYaTh JHHHH,
He MMeIOIHe NOMOBLIX OTBETBJIEHHH, U JIHHHH, NPOXOAsiiIHe Yepe3 He3acTPOeHHbIe
TEPPHMTOPHH, NapKH, IJOnafH, AJHHHBIE MOCTH,, BHaZyKH H T. I.).

CymMaphbiii 0T60p BOIH C KaKIOro Y4actka cetd (nytesoil pacxon):

Qu=qgyn !, (11.2)
rae | — poiMHa yuacTKa roponcKoit ceTH.

YcnoBnasi cxeMa orGopa BOOB H3 CETH TNOKasana Ha pHc. 11.5,a.
B 1oukax 3 v 14 yKasalbl cocpeoTOdEHHBIE PACXOMHl, PaBHble JIeHCTBH-
TeJIbHBIM 0T60paM BOIBL KPYMHBIME Hotpebutessimyd. Jlas sroboro pac-
getHoro MoMenTa Q = 2Q; -+ 2Qcpcp-

IlpuBesennasi cxema MoxeT OHThH yrpoiieHa 6e3 Kakoro-jiHGo cy-
IIIECTBEHHOrO M3MeHEHHs ee TOYHOCTH. JIsi 3Toro mytepble pacxopsl Qy
BCeX JINHHUH JIesIAIT HofloflaM ¥ TIOJIOBHMHBI HX IPHCOEAVHSIIOT B KayecTBe
COCPEJIOTOYEHHBIX PACXOROB B TPaHMYHBIX y3nax y4acTKa. B pesyJibra-
Te TAKOH ollepalliyl B KaXKJIOM yaJjie KOJBIEBOH CeTH NOsIBETCS (PHKTHB-
HHll COCPENOTOYEHHLIE Ppacxon
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Qi =(ZQn)i/2, (I1.3)
rae (2Qp);r — CyMMa TMyTeBHIX pac-
XonoB YuacTkos, NPHUMBIKAIOIHUX K
g y3ay i.

o DaKTHYECKHE Y3JIOBble PacXo-
& B, cooTBETCTBYIOLKE oTGopam
§ KPYNHBIX TIOTPeOHTesel, OCTaloT-
(nCS1 COCPEIOTOYEHHBIMH B COOTBET-
CTByIOLMX y3anax. OueBHyMO, 4TO
B TaKOH CXeMe J/isi KarxkKJIoro pac-
HYE€THOrO MOMeHTa IOJIHBIH pacxof
BOJIbI, TIO/laBaeMoii B ceTb, Gyger
PaBeH CyMMe BCeX (PUKTHBHBLIX
Y3JIOBBHIX pacxofioB 2Q; (yum-
TBIBalOiell OTAayy BOXBI OCHOB-
HOIl Macce OTHOCHTEJBHO MeJIKHX
noTpeGHTesNell), CNOKEHHOH ¢ CyM-
% MOH nefiCTBHTE/IbHBIX 0oT6OpPOB BO-
G, FBl OT/IEJIHBIMH KPYTHBIMH TO-

TpeOHTENSIMH ZQcocp. TakuM 06-
Puc. 115 pasoM, B 10fOGHOH pacyeTHOM
CXeMe BCe MeJIKHe OTGOpHI BOJIBI
“CTOHSIIOTCSI» K y3/1aM M NPHCOe-
JHHSIIOTCSI K HHM B KayeCTBE CO-
CPEIOTOYEHHBX  0T0OpOB  (pHC.
I1.5,6).

IlpencraBnennass wa  puc.
I1.5,6 cxematuunasi pacuernas
KapTHHAa OTJayd BOALl MHCIOJb-
8yercst B pacyerax cetell ropoi-

- CKHX BOJOINPOBOJIOB.

Huorna myresble pacxofbl NPHHHMAIOT NPOINOPIHOHANLHEIME ~ He
ANMHE Y4YaCTKOB, a pasMepaM IUIOLIafH, O6CJAYXHBaeMoil JaHHBIM
yuactkoM. Hanpumep, nytesoii pacxon yuacrka AB (puc. I1.6) moxet
©OHTL oNpene/eH Kak

G

b

Puc. 11.6

Qu’—'l];,n a5, (11.4)

e gyn — OTGOP BOAHl 33 HMCKJIOYEHHEM YYHTHIBAEMEIX OTHENBLHO KPYNHBIX OT-
60poB Qcocp, NPHXOASMACS HA eMHHLY Jowanan ropopa uJH palioHa £,
a/ (¢ - M2), paBHBI ‘73"11 = (@ — 2Qcocp)/Q; © Ap — IJIOWannL, o6CayxuBae-
Masi NaHHBIM YuyacTKoM.

YiencHHe pacxofsl Gy JONKHBL ONpeNeNsSITEC  Pasfie/ibHo s
Pa¥OHOB Pa3sUYHOI TJIOTHOCTH HACENEHHS] H PA3JHYHOMN CTENEHH CAHM-
TapHoro GJsiaroyctpoiicTBa. DTOT MeTOJ laeT HECKOJbKO 6GONBIIYIO TOY-
HOCTb, HO OoJiee TPYHOEMOK.
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§ 7. OcoGble cayuan or0opa BOABI U3 CETH
TOPOACKOro BO/IOMPOBOJA.
HedmxcupoBaHubie 0TOOpHI

B H3103XeHHOM B TpeJbIy1IeM naparpade MeToJie COCTaBJIEHHs! YNIPO-
INEHHHIX CXeM oTéopa BOIH M3 CeTH ChellaHo JIONyIlEeHHE, HECKONBKO
mcKaaiolee (pakTHUECKYIO KapTHHY npouecca. [1pu HasHaueHHH QHK-
THBHHIX Y3JIOBHX M YIeJbHHIX PacXofioB He YYHTHIBAJIOCh BJHsIHKE Ha
BeJHUMHY OT60pa NaeneHus B cetH. B eficTBHTEIbHOCTH BCe H3MEHeHHs!
©0T6GOPOB B BOJIONPOBOJIHON CETH BH3HBAIOT U3MEHEHME NIABJIEHHS B pas-
JIMYHBIX TOUKaX CHCTEMBl, 8 H3MEHEHHE [laBJieHHs B CBOIO OU€PENh BIIHS-
€T Ha H3MeHeHHe OTOOpOB.

Hekotopsle MpOMEBILLIEHHbIE NOTPeOHTEH TOJyYaloT BOAYy HeIlo-
CPEJICTBEHHO H3 CETH FOPOAICKOrO BOJIONPOBOZA, HO HMEIOT peryJiHpylo-
11He yCTpoiCTBa, ObecnieyHBalole NOCTOAHCTBO 0T00Pa BOJIB HE3aBHCH-
MO OT KoJieGaHH# JlaBJieHHs! B CEeTH.

VHTeHcHEHOCTL OTOOPa BOJIB INaBHOI Maccoil noTpebuTeneil — Ha-
ceJieHNeM — Yepe3 [IOMOBBE OTBETBJIEHHSI 3aBHCHT OT JIaB/IeHHs B CETH.
Dr0 JlaBJeHHe B 3HaYHTeJIbHON Mepe KOPPEKTHPYETCs! NOACo3HaTeIbHbIM
peryJipoBaHHeM NOTPeGHTeISIMH: €CJH NPH NMOBBILIEHHH IaBJICHHS B CETH
rOpPOJICKOrO BOJIONPOBOiA M3 JIOMOBHIX BOAOPa3GOPHBIX KpaHoB (IpH
 MX OTKPHITHH) HJET Upe3MePHO CHIBbHAs CTPY#, TO NOTpeOHTelb «aBTo-

' MaTHueCKH» NPHKPHBAeT KpaH, COOTBETCTBEHHO YMeHbLIasi pacxoll (pH
MaJIBIX JdBJIEHHSIX, HAo60pOT, KpaH OTKPHBAIOT B Gosbliell CTerenH).
CaHHTapPHO-TEXHHYECKHE TNPHOOPH THNA CMBIBHLIX OaiKoB MPH MOBBI-
IIIEHHOM JdBJICHHH B CETH JaloT Gosibliike OTOOPH, HO COKpatiaeTcsi CPOoK
¥X HaMOJHEHHs], T. €. CHIIXAeTCsl MPOIEHT OIHOBPEMEHHOIO WX JieHCT-
Bus. BMmecTe ¢ TeM, MOCKOJABKY B JKMIBIX 3[JaHHAX BCErfia MMEIOTCS He-
paiionasibHBe pacXofibl BOAH, CYLIECTBYET OlpeJielieHHast 3aBHCHMOCTh
BeJIMYHHB BOJIONOTPebaeHNs OT JlaBieHHs! BOAH Mepell BOIopasGopHO#
apMaTypoil. DTy 3aBHCHMOCTH 1le/1eco00pasHO YYHTHIBATL MPH TEeXHH-
KO-3KOHOMHUYECKOH OLICHKE BapHaHTOB, NpejlyCMaTpHBAIOLX CHHIXeHHe
M3OLITOYHHIX HAaNOpoB BOALI (IIPW 30HHPOBaHUM, HCHOJIbL3OBAHWH pas-
HOTHMIMHBIX HacocoB W T. 1.). [Ipw pacuerax BONONPOBOAHHIX CeTeH 3TY
3aBHCHMOCTb MOXXHO H€ YUHTHIBATh, T. €. IPHHHMATh 3HaueHHsA OTOOPOB
B BHe (HKCHPOBAHHBIX BEJIHUMH.

OnHaKo MpH HEKOTOPHX 0TGOpaXx BOMB! Heslb3sl He YUNTHBATh BJHS-
HHS Ha HUX JIaBJICHUs1 B FOPOJICKO# ceTH. Tak, Help3s npeHeOpeyn 3Ha-
YHTeJBBEIM BIMSIHHEM €r0 Ha BeJIHYHHY TeX OTOOPOB, KOTOPLie OCYLIECT-
BJSIIOTCS TyTeM CBOOOAHOrO (He PeryJiHpyeMoro aBTOMaTHYECKH) H3JH-
Ba B PETryJHPYIOHHE €MKOCTH ropofcKoro Boponposofia. C6pock BOnH
B 3aMacCHBeE ¥ PeryJinpyoiirie pesepeyapH NPOMBILICHEHIX MPENpys-
THi1, 0OT60PHI BOAB! H3 CETH CTAHIUSIMH MOAKAaYKH, MOXApHBIMH Hacoca-
MM TaK¥ke CYIIECTBEHHO H3MEHSIIOTCS NP H3MEHEHHH JiaBJieHus! B CETH.

Ort6opsl BOAH, ISl KOTOPHIX NMPH pacyete CeTH HeOOXOAMMO YYHTH-
BaThb BJHAHNE H3MEHEHH! [IaBNIeHHsl B CHCTeMe NoJlauH M pacnpeiesieHHst
BOJB, HasblBaloTcsi HeUKCHpOBaHHBIMH. Jlnsi HMX mpH pacyeTe CeTH
JIOJKHa OHITh yuTeHa (QYHKIMOHAJIbHASA 3aBHCHMOCTD pacxofa oT JiaBre-
sps. TIpy 3TOM NPHXOAWTCH NMpPeABapHUTEIbHO 3aJlaBaThCs BeJHYHHAMH
He()HKCHPOBaHHBIX OTOOPOB, @ 3aTeM B MpoLecce pacyera KOpPeKTHPo-
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BaTh 3TH Be/MYHHEL. OTGOpPHI, NPUHATHE B KayecTBe (MKCHPOBAHHLIX, B
rpolecce pacyera He MEHSIIOTCS.

Cienyer oTMeTHTH OCOGEHHOCTH OTAA4YM BOAB IPH €e HellPOH3BOAH-
TEJLHBIX pacxofiaX — yTeukax. HauGosvline yreuxn HabGiopalorcs B
CHCTEMaX BHYTPEHHHX BOHOIIPOBOJIOB B pe3yJdnrare MioXoli paBotsl u
HEeNCNPaBHOCTH BooPa30opHOil apMaTyphl, B IEPBYIO oyepellh CAHUTap-
Ho-TexHuuyecKHX NpuGopos. Ha sty pacxossl B Gonblloil cTeneHy BausieT
H3MeHeHHe iaBJleHHsl B BOAONPOBOAHOM CeTH. Y TeUKH 3HAYHTENbHO BO3-
pacTaloT B HOYHOe BPeMsi, KOTHa JiapJleHHe B CeTH IOBHIIAETCs BCJEJCT-
BHE yMeHblIeHHs ofliero o6beMa BOAONOTPeGneH s .

B pacuetax yTeuks BOAB! BKJIOYAIOT B KATEIrOpPHIO PacXOfiOB <Ha
HeyuTeHHBE HyXIb, npuHuMaemble B CHull B npouentax obuiero Bo-
JonotpebsieHus.

PeantHele yTeukH CyIIECTBEHHO BIHSIOT HA KO3(DUIHEHT HePaBHO-
MepHOCTH BOJloNOTPebieHUs B TedeHHe CYTOK (B CTOPOHY €I'0 3aHHKeHHs).

[lpoBenenre a(dexTHBHBIX Meponpusithil 1o 60opnbe ¢ yTeuxamu
HO3BOJIUT 3HAYHTETHHO COKPATUTHL HENPOU3BORHTELHBIE PACXOAE BOMLE
U YTOYHHTL IpaguKe BoponoTpelseHus.

O16op BOZIB! Ha TyllleHHe NoXKapa NPH CHCTEME NOKAaPOTYLIeHH s HH3-
KOro JiaBJleHusi, HMelome# HanGoslee IIHPOKOE PacrpocTpaHeHHe, ocy-
LIECTBJISAETCS MyTeM OTKaYKH BOJBE HACOCaMH H3 CETH I'OPOJICKOro BOJIO-
IpoBofia yepes MNoXapHole THAPaHTH. XoTsi 0T60P BOAHL M3 CETH Ha
TyLIeHHE NoXapa NPHHHMaeTCs B OOBIYHBIX pacueTax KakK (PMKCHPOBaH-
HBlH, B JIeHCTBHTENBHOCTH OH SIBJISIETCS] He(DHKCHPOBAHHEIM, TaK KakK
SaBHCHT OT YCJIOBHE coBMeCTHOH paboTel BoponuTatesied, CeTH H Io-
¥apHBIX HacOCOB.

FTJABA I

OCHOBHBIE THIIbl CUCTEM TNOJAYH H PACHPEINEJIEHUS BOIbI
H PACYETHBIE CJIYYAM UX PABOTHI

§ 8. BononpoBopHasn ceTh Kak HEOTheMJaeMast
YacTh CUCTEMBI TOAYH U PacnpejiesieHs] BObI

Kak yxe Gbuio cxasaHo, BONONPOBOAHASI CETh B 3aBHCHMOCTH OT
MJIAHHUPOBKH CHa0XaeMoro o6heKTa M B3aUMHOIO PacrioloyXeHHs1 Hacoc-
HBIX CTAHUHU# ¥ Pe3epByapoB MOXET HMETh PasJIMYHYK0 KOH(UIY PALHIO.
HMsyueHne HEKOTOPHIX FreOMETPHYECKHX CBOHCTB CETH NMO3BOJISIET YCTAHO-
BUTH HEOOXOJMMbIe /IS ee PacyeTa B3aHMOOTHOLLEHUS MeXK/y ee 3J1eMeH-
TaMH H OLIEHHTH PSIfl BAXKHBIX NoKasaTtesel, B Y4aCTHOCTH €€ HafleX HOCTh.
Ilnsi ananusa reoMeTPHYECKHX CBOKCTB CETH MOXeT OHITh HCIOJIb30BaH
PsiJi OCHOBHHIX TOJIOXKEHHH TeopHH rpados.

B 3apauy pacuera BOJONPOBOAHOI CeTH BXOAMT ollpefie/ieHHe JHa-
MeTPOB ee JINHHH U IloTeph Hanlopa B HUX (a TaKiKe CBOOONHBIX HANlOPOB
B yanax cern). OCHOBOI! Jyisi pacyeTa ceTH SIBASAIOTCS U 3aJlaHHasA cXeMa,
U BeJIMYHHB Y3JI0BLEIX 0TOOpOB. JlnameTpsl Tpy6 AOMXKHBL 0GeCneduBaTh
BO3MOXHOCTH 110/la4l 3aJlaHHbIX KOJINYeCTB BOJH, a Takike TpebyeMble
Hanopel B CeTH ¢ naumenplueil 3atpatoit cpeacts. [lpy HasHavenuu
AHaMETPOB TPy6 HeOOXOIHMO YUYHMTHIBATH TPeGOBAHHS HAJEXKHOCTH.
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CaMa nocTaHOBKa 3ajlauM pacyera CeTH IoKasblBaeT, YTO OHa MOXKeT
ObITh pellieHa TOJILKO B TOM Cjly4ae, eCJiM BOJONPOBOAHAsI CeTb Oyner
paccMaTpHBaTBCSi KaK 4acThb OOIEro KOMILIEKCA COOPYIKeHHH, T. e.
CHUCTEMBI: HAaCOCH — BOJIOBOZBl — CeTh H HalOPHO-PeryJIHpyIoliye eM-
KOCTH.

VBesuuenve auamerpoB Tpy6 (IPpH 3alaHHOM pacxofie) BelleT K yBe-
JINYEHHIO CTPOUTENILHOI CTOMMOCTH CETH H OIHOBPEMEHHO K CHHIKEHHIO
KOJINYECTBA SHEPrHH, 3aTpaunBaeMoil Ha Iofady Bojkl Hacocamu. M Ha-
06opoT, IPH YMEHBILEHHH [HaMeTpoB TPYO CTpoHTeNbHasi CTOHMOCTD Ce-
TH CHHIKAETCsi, a Pacxoj SHePruH pacrer.

Iasi onpeenenus [uaMeTpoB Tpy6 NpH pacuere CeTH HeOOXOAMMO
npeJBapUTeNbHO 3a1aBaThCs HEKOTOPBIM paclpejie/ieHHeM pacXofloB BO-
JBl 110 JIMHHSM BOJLONPOBOAIHO#H cetH. IlepBoHauasibHOE pacrnpesieieHne
pacxofioB Heo6XOAMMO Takke JJisi obecrneueHnsi TpeOOBaHH HaJleX-
HOCTH — B34aHMO3aMEeHsIEMOCTH MaruCTpasbHBIX JIMHHH CETH NpH aBa-
pUsiX Ha KaKoii-JIH60 U3 HHX.

Ipexie ueM NPUCTYNHTH K Pacdyery CceTH, HeoOXOMMMO BbIGPATh OC-
HOBHBlE C/yyad pabOTEl CHCTeMBl, KOTOpble MOryT OHITh pacyeTHHIMH,
T. €. JUKTYIOIMMH BEJHYMHBI JHaMeTpPoB, NOTepH Hanopa, Nojiayyl Ha-
cocoB M T. n. BHGOp pacueTHBIX csly4aeB olpelelsieTcsi XapaKrepoM
(THrIOoM) cHCTeMEl NofiayH ¥ pacnpenesieHHst BoAbl. OCHOBHEIMH THIIAMH
TaKMX CHCTEM SIBJISTIOTCS:

1) cHCTeMHBI ¢ OIHUM BofionuTatesieM ¥ Ge3 He(HKCHPOBAHHBIX OTGO-
poB: a) GezballleHHble CHCTEMBI — BOJA NTOJIAETCsT HaCOCaMH HENOCPeICT-
BEHHO B CeTh; 6) cricTeMbl ¢ GalllHell B HayaJle CeTH — BOJla IToflaeTcst Ha-
cocaMu K GalliHe U najiee B CeThb;

2) cHcTeMbl, B KOTOPBIX CyMMapH o€ YHCJIO BofonuTaTesell H HedHK-
CHPOBaHHBIX OTGOPOB PABHO ABYM: @) HMEETCS Of{ViH HalOpPHO-PEeryJIupyio-
il pesepByap, PacloJIoXeHHE! B yJlaJleHHOi1 (OT HacoCOB) TOYKE CEeTH;
6) B ceTH He HMeercsi He(hMKCHPOBaHHBIX OTOOPOB;

3) cHcTeMEl, B KOTOpHIX oOlllee YHCJIO BofolHTaTeleli H HehHKCHPO-
BaHHBIX OTOOPOB GoJIbLIE JBYX: @) CHCTEMBl C OJJHHM BOJONHTATENEM H
HeCKOJILKHMH He(PHKCHPOBaHHBIMH OTOGOpaMH; 6) CHCTEMBl € HECKOJIbKH-
MH BOJONHTATENSIMH 6e3 HeQUKCHPOBAaHHBIX OTOOPOB; B) CHCTEMH C He-
CKOJIbKUMH BOJIOIIUTATE/ISIME H He(QUKCHPOBAHHBIMH OTGOpaMH.

B sT0# I71aBe pacCMOTPEHH! CHCTEMBI, BKJIIOYAIOIHE KOJIBLEBBIE CETH
¢ nozauei Bosil Hacocamu. OcoGeHHOCTH pacueTa rpaBUTallHOHHBIX CHC-
TEM H3JIOXKEHH B ri. X.

§ 9. OcoGeHHOCTH Pa6OTH CHCTEM PA3JIHYHBIX THIIOB

CucTeMBl C OIHMM BOAONMTaTENEM M 663 HeMKCHPOBAHHLIX OTGOPOB.
PesGameHHB € CHCTe MH. Bopa nopaercsi HaCoCHoit CTaH-
fiMell HemoCPEeICTBEHHO B CeTh, HMKAKHX HallOPHBIX PeryJiHpymomux
eMKocTell cHcTeMa He HMeeT. TaK KaK HepHKCHPOBaHHBlE OTOOPHI OTCYT-
CTBYIOT, B Jit060i1 MOMeHT paGoTH! CHCTEMH ToJlaya BOJbl HacoCaMH paBHa
cymMme (PUKCHPOBaHHBEIX OTOOPOB BOJBL. M3 CETH:
k=2Q; T. €. paBHa CyMMe Y3JIOBHX OTOGOPOB.
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[NopoGHbIe CHCTEMBI HCNOAB3YIOT IIPH YCIOBHH OTHOCHTEIBHO PABHO-
MepHOro pexuma norpebienusi Boabl. KonTpactHble rpa¢uku  paGotnt
HacocHO# cTanuuu ofycnoenusatot Huskuil KITJ nacocoB, 4to BHIBHBA-
€T 3HaylTeJIbHOE YBeJMyeHUe PacXofioB SHepPIruy Ha NofhbeM Bofbl. B yc-
KYyMYJIHpyIOLleH HANIOPHOH €MKOCTH CHHXKAeT HafeXXHOCTb CHCTEMBL
o0NafalT ¥ APYrHM HENOCTATKOM — B HHX NPOMCXOMSIT 3HAYHTEJIb-
Hple kosie6anusi CBOOOAHBIX HANOPOB (IPU H3MEHEHHU BEJIMUMHBI BO-
RonoTpebGnenssi), 4ro BH3LIBAET PACCTPOIICTBO BOAOPas6OPHOil apMa-
TypHl, yBe/IHU€eHHEe yTeyeK BOAbL ¥ POCT uucia apapuil. OTcyTeTBHE aK-
KyMYJIPYIOLLeli HaNOPHOH €MKOCTH CHH}KaeT HafOXHOCTb CHCTEMBL.

Ilpu pacyere GeaGaiueHHBIX CHCTEM HACOCH! IOMXHBL OLITH NOROGPa-
HEpl 110 NPEJIEIbHBIM SHAYEHHSIM PACXOMOB Guyn ¥ yaxc B COOTBETCTBHH C
3ajianHbM rpadukom BoponoTpebienusi. Kaxnomy snavenuro Q no na-
[IOPHO-PaCXOAHOH XapaKTepUCTHKE HAMEYEHHOI O /IS HCIOJIb30BAH KIS Ha-
€oCa COOTBETCTBYeT ONpefiesIeHHEIE HATlop, CO3/laBaeMBLil HaCcOCOM.

Cetb pacCYMTHIBAIOT Ha yachl HaHGONLIETO ¥ HAHMEHBILEro BOAO-
NoTpeb/ieHys], T. €. HA OTAAYY Guaxc ¥ Qugu- B Pe3yNbraTe Momyyaror
3HayeHUs] CyMMapHEIX IIOTePh Hanlopa B CHCTEME OT HaCOCHOH CTaHLuH
70 KOHEYHOH TOUKH CeTH Zhyaye U ZhHpyu.

Io sapanneM cBOGOAHEIM HariopaM H.,, (B IHKTYyIOMmE# TOUKe ceTH) 1
0Ty YeHHOH JU1sl Yaca HaHGONBLLIEro BOAONOTPEOICHHS BeHYHHE Xy a xc
MOXeT ObIThb onpesiesieH TpeCyeMblii Hanop HacoCoB Hy yaxc. JleHCTBH-
TeJIbHbIe HANOPh, CO3/IaBaEMbIe HACOCaMH, MOTYT ObITh IIONIyYeHbl 110 HX
Xapakrepuctikam Q — H (110 cooTeercTBYIOIUM 3HaveHusiM Q) (puc.
I11.1).

Bouutast us Hy waxe B Hympu COOTBETCTBYIOHHE NOTepHU Hanopa
Zhyyuu ¥ Zhyage, TONYYAIOT AefiCTBUTE/BHBIE CBOGOHEIC Harnopk! B Ko-
HeyHo# Touke ceTH H oy yaxe U Hep yuu-

Besnynnbl H g vaxe He AOMKHH (0 HOpMaM) NpeBHILath 60 M.
Ilpesbunenns stux Besmuun Haj TpeGyemuimu Hg, 1. e. AH_,, GyayT
NIOKa3LIBaTh 3HAU¢HUS M3OBITOYHBIX HAIOPOB B KOHEYHLIX TOUKaX.

Jomxupl 6HITH ONpefie/IeHbl TaKike HauGoNblIKe CBOGOIHbIe HATIOPH,
KOTOpbLIe MOTYT BO3HHKHYTB B CETH B OTJIe/IbHEIE MOMEHTH PabOoTH CHCTe-
MBL. KpUTHYECKUMH TOYKAMH CHCTEMBI, TZie OHH MOTYT BOSHMKHYTb, SIB-
JISIIOTCS Y3JIBI, pacroJioXeHHble OJiMKe K HayaJly CeTH W Ha Haubonee
HH3KHX OTMeTKax (Hanpumep, Touka @ Ha puc. 111.2).

CucTeMB! IO/KHE! GEITH TIPOBEPEHb!, KPOMe TOTo, Ha PaboTy B YClo-
BUSIX TYIUCHHS NOXKapa M [PH aBapusiX Ha 3aJlaHHBIX yyacTKaX CeTH
UJH Ha BOJOBOLIE.

Ecnu npeppapute/ibHO HaMeueHHble TSI HCIOJIB30BAHKST HACOCH He
obecrieunBaloT TpeSyeMbIX pacxofioB Q npH JIONYCTUMBIX 3HaveHHAX H,
JOJIKHEL GBITh TMPHHSATHL APYTHE HACOCH.

CuctemMub ¢ GawHell B Havadae certu. Ilpy Hammuun
Ha yTH ot HacocHoi ctanuuu 11 nogrema fo Tepputopuu cHa6GXaeMoro
BOJIOK OOBeKTa BOSBBILIEHHBIX OTMETOK MECTHOCTH BOJIOHAIOPHYIO Galu-
HIO 4aCTO pacnonaralor Ha 3THX oTMerkax (puc. I11.3). B nopo6ubIX
cnyyasix OawHsa Kak Obl pasjieisier CHCTeMy Ha JIBe yacTH. BhicoTa
noxbeMa, a ClefloBaTelIbHO, M 1I0f1aua HACOCOB ONPefesIOTCS OTMETKOl
YPOBHSI H3J1Ba BOAbI B 62K Oainu. CeThb nuTaetcs o1 6aiuny, KoTopas
FIBNIAICTCS] IS Hee BOlonKTaTesieM; pabota cetd (OTGOPHI BOZH U Ha-
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MOPEl B y3J1aX) HENOCPEACTBEHHO He OTpaXKaeTcst Ha paboTe HaCOCOB.
Ilpu sToM MOryT GHITH TPHM OCHOBHBIE TIOKA3AHHBIE HA puc. I11.4 cxe-
MBI IPUCOeMHEHHS GalllHH K CeTH.

I'lpu nepsBom Tune np ucoenunenus (cM. puc. I11.4, @) Bopa nonaercs
B GalllHio U3 BOJIOBOJA 1O TPY6e (CTOsKY), OKaHYMBaIOLIeHCsl Ha yPOBHE,
GsKoM K BepXy Gaiunu. B sToM ciryuae Hacockr paGotator IPH HOCTOSIH-
HOM Hallope B KOHEYHOH TOUKe (TOYKe H3JIHBA BOJH B 6aK) H, CJIe0BATE ] b-
HO, MMEIOT COOTBETCTBYIOILYIO HX XapaKTepHCTHKe Q — H MOCTOSIHHYIO
fnojia4y J0 TeX Mop, [oKa He H3MEHHMTCH YMCJIO MapajuieibHO paboTaro-
LIUX HACOCOB.

B ceTp B kaXnpiit MOMEHT BpeMeHH BOJa MOCTYNaeT B KOJHYECTBE,
PaBHOM CyMMapHOMY OTOOPY BOAH M3 Hee (kKosieGaHMe €ro IpHHHMAeT-
Cs1 [IPH pacuete B COOTBETCTBHH € rpadukom Bofionorpebnenus). Hanophr
B y3JIaX CETH ONPE/eNIsIIOTCS] YPOBHEM BOIH B 6aKe W MOTepsIMH Haropa
B ceTH. VMes rpamk BOIONOTPe6IEH S U ONPENENHB 00BeM H JIHaMeTp
6aka GaliHH, MOXHO IPHHSITH ONPEJIeJIeHHEI 3aKOH KoseGaHHst YpOBH#
BOJIb! B TeyeHHe PaCYeTHBIX CYTOK.

OueBuH/IHO, YTO OTMeTKA LHA 6aKa, T. €. HAMHUSLIHE BO3MOMKHbIH Ha-
YaJIbHEI (U1s1 CeTH) Hallop, Io/IKHa obecliedrBaTh TPeGyeMEIl CBOGOL-
HEIi Hallop B HauGoJiee YaJleHHOH H BO3BBILLEHHOT (IMKTYIOUIel) TOuKe
CeTH JUIsl cIy4asl HauGoJbliero BojionoTpebnenust (IpH Zhyay). I1pn
BCEX OCTaJIbHLIX YPOBHSIX BOABl B Oake M pasMepax BoOJONOTpeGJIeHHs
Halophl B PacYeTHOH TouKe ceTH GyayT Gosbiue Tpebyemux H,, (puc.
I11.5a).

Pccmotpennast cxema BKIIOueHust GallHy BLISHBAET 1EPEPACXO]L SHep-
THH Ha NOJbeM BOJIbI, TAK KaK OHa JOJIKHA MOCTOSIHHO NOJIaBaThHCs HACO-
CaMH Ha BEICOTY, COOTBETCTBYIOILYIO HAUBHICILIEMY YPOBHIO BOfH B Gake.
B 7o e Bpems Takoe BKJIIOUeHHe OBecleunBaeT Xopolee NepeMellnBa-
HHe BOJIbI B 6aKe, UTO NPENsITCTBYeT €€ 3aMeP3aHHIO M YCTPaHAeT 3aCToll-
HBIE 30HHI.

Ilpu BTOpOM THNIE NpHCoenvHenust (cm. puc. 111.4,6) Bopa nonaercs
B 62K GallHK ¥ 3a6HPaeTCs] U3 HEro 10 OJHOMY CTOSIKY (HaNOpHO-pas-
BOJsillasi Tpy6a). B aToM ciyyae HacocH paGoTaloT MOJ MepeMeHHBIM
HanopoM (B 3aBHCHMOCTH OT CTElleHH HaloJHeHHUsl GaKa), MEHSIIOL[HM-
€51 OT BEPXHErO JI0 HUXKHErO MOJI0XKeHUsI YPOBHS BoIb B 6ake. CooTBeT-
CTBEHHO H3MeHseTCsi ofiauya Hacoca Q (T. e. rpaQuK nmopaud BOZH B
6ak no yacam cytok). I'padpuk pacxona Bomm M3 6aka MPHHEMAETCs! B
COOTBETCTBHH C 3a[aHHBIM TpajuKoM BononoTpebseHHsi. VzMeHeHue
rpaguKa nofiau BOAH BCJE[CTBHE H3MeHeHHs! YPOBHsI BOJE B GaKe OpH
COXPaHEHUH 3aJlaHHOro rpaguka BomonoTpebJieHHsT MOXeT BHIZBATh
H3MCHEHHe MNePBOHAYaJIbHO HaMeYeHHOH BMEeCTHMOCTH 6aka.

OtmeTka pacrnonoxenust Ha 6aka onpenessiercsl TaK e, KakK U 10
cxeme a. Ilonaua Bosbl B cetb U3 6aka B JiH06Oi MOMEHT BPEMEHH P HHH-
MaeTcs IPH pacyeTe B COOTBETCTBHH C TPaMKOM BOLOIOTPEOJIEHHS.

Pacyer cetu no cxemaM @ n 6 NPOUSBONHMTCS COMIACHO AJFOPHTMY,
TpUBEZICHHOMY B § 23.

Kak yxe 6bUIO cKasaHo, B CHCTeMaX PaccMaTpHBAEMOrO THIIA He-
duKcHpPOBaHHbie 0TGOPHI BOAK M3 CETH OTCYTCTBYIOT, GAlLHS SIBJISIETCS
€/AHHCTBEHHbIM BOJONMHUTATEJIEM M HACOCH HE OKa3LIBAIOT HENOCPEMCT-
BEHHOrO BJIHsiHUSI HA paboTy cetu. OHAKO B MOJCHCTEMe HACOCH —
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6aunst cama Galnsi sIBJISIETCS] CBOeOOPa3HEIM HE(QHKCHPOBAHHBIM OT-
60poM, M Noflaya BOJIbl HaCOCaMH MOKET OHITP ONpejiejieHa TOJbKO B
peayJsibTaTe pacCMOTPEHHs] COBMECTHOH pabOTH HACOCOB, BONOBOAA H
6alliuy, T. €. NPOBENEHUS] BHEIUHEH YBSI3KH 3TOH mozncucTeMbl Ilpu
IIPHCOENMHEHHsIX BOJOBOA K 6aKy GallHu NO cxeMe, NPHBENCHHON Ha
puc. 111.4,6, na paboTy nacocoB GyIeT BJIUATH U H3MEHEHHE yPOBHS
BOIIH B Gake.

CucTeMBl, B KOTOPHIX CyMMapHOe YHCJI0 BOJlonUTaTeleil u HedukcHpo-
BaHHBIX 0760poB paBHO JiBYM. Ciola OTHOCSITCS] CUCTEMBI, HMeIOUlHe OIHH
BOJOIHTATEb U OHMH He(pHKCHPO-

BaHHBI 0TGOP, M CHCTEMHI, HMe- b

olye JiBa BOJONMTATENS . I
HauGonee pacnpocTpaHeHHBEM \

B NpaKTHKE THIIOM TAKHX CHCTEM I

SIBJISIETCS «CHCTEeMa C KOHTppe3ep-  HC

Byapom». Bopa mnopaercsi B Hee

OIHOH TNuTaolell HacocHOH ctaH-  Puc. 1116
nueit, OalllHfl pacnojoXeHa B
NMPOTHBONOJIOXHOM KOHIle CeTH

(puc. 111.6).

B 5THX cHCTeMaX B yachl MaJioro BOJoNoTpeOJieHHsl mofada BOAb
HacocaMM NpeBHIUAET ee PACXONOBaHMe M H3OCBITOK BOJEI NOCTYNAET B
GainHio (KOHTPpe3epByap), NPOXoOisi TPaH3UTOM Yepe3 BCIO CHCTEMY.
B s1oM caiyuae Galliist sBJsieTcs HepHKCHPOBaHHBIM 0T60poM. Kosnyect-
BO NoCTyNaomeil B Hee BOIbI ONPENE/IETCS] COBMECTHO# pabotoil Ha-
COCOB H CETH.

B yace Haubosblliero BoaonoTpebaeH s KOJHYeCTBO BOMbI, NoJlaBae-
MOil HacocaMH, HEJOCTATOYHO JUIS TOKPHTHS NoTpeGHocTed (BeMuHHA
Y3JIOBHX OTGOPOB B CETH YBENHMYHBAeTCs B COOTBETCTBHH C rpadHKoM
BojonoTpebseHnst) W GallHsl NOJaeT B CeTh HeJOCTalollee KoJHde-
CTBO BOJBI, T. €. OHA NPEBPAILAETCS] HA 3TOT NEPHOJ BO BTOPO BOLIO-
nUTaTeb.

IMono6Has cHCTeMa [O/¥Ha GbITh PACCYMTaHA HA COBMECTHYIO Pabo-
Ty BOJONHTATENe MJIH OJHOrO BOJIONHUTATe IS H ORHOrO HepMKCHPOBaH-
Horo otéopa € 3aflaHHEIMH HalOPHO-PaCXOHBIMH XapaKTep HCTHKaMH
NpH 3ajlaHHBIX ¥ (HKCHPOBAaHHHIX 0TOOpax B y3Jax. Pacuer Tako# cuc-
TeMbl POM3BOIHTCA COIVIACHO aJITOPHTMY , IPHBEIEHHOMY B § 28.

Baums (KOHTppesepByap) cosjlaeT B CeTH CBOOOAHBIE HalOpHI, H3-
MEHSTIOIHECs] B 3aEM HMOCTH OT CTelleHH HanosiHeHHsi Gaka (OTMETKH
yposHsi Bons B HeM). Ilo saTtpatam aHepruu Ha NOLbEM BOIB HauboJiee
S5KOHOMHYHBIM SIBJISIETCS] NIPHCOeIMHEHHe JIMHUE (COeHHsoMmel GaLHIo
C CceThIO) K IHY 6aka. KpoMe T0ro, 3T0 JlaeT BOSMOXKHOCTb CHH3HTD 1aB-
JieHHe B CETH B TEPHOAH NoJayd Bombl TpaHsutoM B Gawmio. HHorza
NpUMeHsieTcs! IpHcoeiMHen e Tuna puc. 111.4,6, npu KoTopom obecrie-
uMBaeTCsl Xopoilee nepeMellMBaHHe BOAbl B OaKe.

K 3ToMy e THNy CHCTeM MOryT OBITb OTHECEHE! CHCTEMHI C OJIHOH
nuTatouleil HACOCHOH CTaHIMeH W ONHMM He(MKCHPOBaHHHIM OTGOPOM B
BHJIE CTAHIIMHM MOAKAYKH (HACOCHOH CTaHIMM), 3abMparolledl BORY He-
MOCPE/ICTBEHHO M3 CeTH HHXKHell 30HH M TOJalollell ee B CeThb BepxHeH
SOHH M K JIPYTHM HeMKCHPOBaHHBEIM 0T60paM (peryJiHpyoiHe Hacoc-
HbIe CTAHIHH, IPOCCEJUPYIOLIHe YCTPOHCTBa H Ap.).
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CucTeMbi, B KOTOPbIX CyMMapHOE YHCJIO BOAONHUTATE €l 1 He(uKCcH-
POBaHHBIX 0T6OpOB Gesibine ABYX. K 3TOMy THIY OTHOCSITCSI CHCTEMB,
HMeIOIHe: a) HeCKOJIbKO NUTAIONIMX HACOCHBIX CTAaHIME 6e3 HeHKCH-
POBaHHBIX 0T00POB; €) OJIHY NHTAIOILYIO HACOCHYIO CTAHIIHIO H HECKOJIb-
KO He(HKCHPOBAHHBIX OTGOPOB; B) HECKOJNBKO NHTAIMMX HACOCHBIX
CTaHIMH W HECKONBKO HepHKCHPOBaHHBIX OTGOPOB. °

Bo Becex yKasaHHEIX cilyuasix pacueT CHCTeM CBOMTCSI K HaXoKJie-
HHIO JIefICTBHTE/ILHOTO PEXKMA MX PabOTH, T. €. NeHCTBHTENbHBIX MOJau
H HallOPOB HACOCOB: (PaKTHYECKHX BeJIMYHMH HePHKCHPOBAHHLIX OTGOPOB,
LefCTBHTEJIBHOTO PacXofia BOABL IO JIMHHSIM CETH, IOTeph Hanopa B
HUX TIDH COBMECTHOH paboTe HACOCOB, CeTH M He(PHKCHPOBAHHBIX OTGO-
poB BceX BHAOB. Ilpu 3TOM OfiHMM M3 Haubofee 3HaUMTENBHBIX H 4aCTO
BCTPEUAIOIMXCS THIIOB HEPHKCHPOBaHHBIX OTGOPOB SIBJSIIOTCS HANOPHO-
perynmpyromue eMKoctH. OHH, Kak yiKe GBUIO YKa3aHO, TePHOHYECKH
(B oTHENbHBIE MOMEHTH! PaGOThl CHCTEMBI) NMPEBPAIIAIOTCS. B BOAOIHTA-
TeH.

Ilpumeprr pacyera cHCTEMBI ¢ CYMMapHEIM YHCJIOM BOAONMTATENCH U
He(HKCHPOBaHHBIX O0TGOPOB Govibllue ABYX NpupeneHs B ra1. VIII

§ 10. BriGop pacuerTHbIX ciiyyaeB paGoThl CHCTEMbI

OGbeMEl 11 pexxuM BOZONOTPe6IeH s MeHSIIOTCS] HePEPHIBHO B 33BH-
CHMOCTH OT CJYYaWHBIX COOBITHi. B 3THX yC/IOBHSIX NPOEKTHPOBIIMK
JIOMIIKEH, OCHOBBHIBASICh Ha HMEIOLIMXCsl oOIKX HopMatHBax H (aKTu-
YECKHX JIdHHBIX O paboTe CXOHBIX CHCTEM, BHIOPATD JJI PacyeTa TaKue
MOMEHTE! PabOoTHl CHCTeMEl, NIPH KOTOPHIX 00eCreYHpalOTCsl KpPHTHUEC-
KHe 3HaueHHs OCHOBHBIX ee IOKasaTesell (pPacXonoB, HATIOPOB), a TaK¥Ke
BEIOpaTh NapaMeTpsl OTAEJBHBIX COOPY KeHHH (HAacocoB, ceteil, eMKOC-
Teil), No3BoJsiiomKe NONYUHTH HaHGO/ee 3KOHOMHYHYIO CHCTEMY B lle-
JIOM.

Jlns petlenys yKasaHHBIX 3a/iau B IPAKTHKE NPOEKTHPOBAHHSI CHCTEM
Nojiayu M paclnpeseseHnsi BOABE HCIOJAB3YIOT KaK METOJIbl IIPSIMOrO pac-
YeTa, TaK W METOAB BAPHMAHTHOTO INPOEKTHPOBAHHS C 3KOHOMHYECKOH
OLleHKO#! BapuanToB. [TyTeM cpaBHeHus BaPHAHTOB BHIGHPAIOT ONTHMAIb-
HYI0 CXeMy pacloJ/ioKeHHs1 BOfONHTATEN€el, TPACCY OCHOBHEIX BOJIOBOJIOB,
MeCTa pacloJIoXeHHsi eMKoCTeH, a TakKe TPaccy Marucrpaneil ceTH
o6BbeKTa.

3HaunTebHBL 006beM PabOTH COCTABASIOT MNOBEPOYHBE THAPABIH-
YeCKHe pacyeT cucTeMH. [locne npefBapuTesbHOro Boibopa AHAMETPOB
TPYO (Ha OCHOBe NOJHBIX MJIM TPHOJHKEHHBIX METO/IOB TEXHHKO-
SKOHOMHYECKHX PacyeToB) M THIIOB HACOCOB YCTaHABJIMBAIOT JEHCTBH-
TEJBHOE pacnpefiefieHre IOTOKOB BOAB B JIMHMSIX CETH — IPOBOIST
BHYTPEHHIOIO YBA3KY», a TaKiKe JieliCTBHTENbHbIE pacXosl Q u Halopsl
H nacocubix crannumii 1 HepHKCHPOBAaHHEIX OTGOPOB NPH HX COBMECTHOI
paboTe C CeThIO — NPOBOAST BHEIIHIOI YBSI3KY>.

Hicno u xapakrep ciyyaes, Ha KOTOpbie OMKHA GBITH PAaCCYHTAHA
CHCTeMa, OIIPENEeJISIIOTCs ee THIIOM, JaHHBIMH O NPEANoJiaraeMoM pexkuMe
Boporiorpediiensi ¥ TPeGOBaHHSIMH HaleXXHOCTH. JIOMKHB GBITh YUTEHHE
BCE OCHOBHBIE XapaKTePHHE MOMEHTBHl DaGOThl CHCTEMBI.
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BesballeHHbIe CUCTEeMB! H CHCTEMB! € 6aluHeil B HayaJe cetu. Jlis
5TOro THNA JOJKHHE OBITh NPOBENEHH NOBePOYHBHE PacyeTbl Ha Clie-
JYIOLHE CJyyYaM:

1) pabora B uackl HauGoJBLIEro M Ha¥MEHBUIETO PAacxoia BOJH B
CyTKH HaHOOJbIIero BoLonorpebnennst (1J1sl TOCJEIHEro rofia pacuer-
HOro cpoka). B mporecce pacyera YuWTHIBAIOT THII TPEABAPHTENBHO
BHIGPAHHBIX HACOCOB W rpaHK MX CyTOUHOH paGoTsl, ONpesieNsiioT o0beM:
6akKa GalllH¥, YUHTHIBAIOT BIHsIHNE N3MEHeHNs! yPOBHS BOJb! B 6aKe (NpH.
NPHCOEIMHEHHH BOLOBOAA Y HHa 6aka). IIpy sHauWTesbHOM 3anyaHu-
pPOBaHHOM POCTe BORONOTPeCsEHNs! 32 PacueTHHIH NepHOJ JIeT paccMar-
PHBAIOT BOIPOC O 1eJIeco00PasHOCTH yCTaHOBJIEHHs B NIePBYIO ouepelb
MeHBIIIEro YHCJa napajulesibHO paboTarollliX HaCcoCoB WM Hacoca C
MeHbUeH TNofavel;

2) pabota CHCTeMBI NIPH TYLIEHWH NoXapa B YaCkl HauOoJIbLIEro BO-
IonoTpebneHHs;

3) pabota ceTH IpH BO3HHKHOBEHHH aBapHi Ha OCHOBHBIX Marucrpa-
JISIX B yachl HauOoJbliero BoponorpebsneHus.

Cuctembl ¢ KOHTppe3epByapoM. Jlyisi TaKMX CHCTEM JOJ¥KHBI ObITh
TpOBEeJEHHl PacyeTHl Ha CJefyIoliHe CJlydau:

1) coBMecTHasi paGoTa HaCOCOB, BOLCBOLOB, CeTH H GalllHH B 4achl
HaunboJbillero BofionioTpebyienus (IByCTOPOHHee NHTAHHE CeTH) B CYTKH
HauboNbIero BOLONOTPEOsIEHHS;

2) To Xe, B yachl HAHGOJBIIEro NPeBbIIEHHsT TIONAYH BOJB HaCOCaMH
HaJl ee NOTpebJIeHHeM — B 4achl HanOoJblLlIero TpaH3HTa BoAbl B GallHIO
(obbluHO 3TO HabnofiaeTcsi B yachl HaHOOJBIEH Iofjay¥ HacocoB MO
rpadviKy) B CyTKH HauGOJIBLIEro BOAONOTPeOJeHHsT;

3) To 3Ke, NPY TYUIEHHH TI0XKAapa B yachl ¥ CYyTKH HanuOoJibillero BOJO-
norpebJieHHs;

4) To Ke, MPH aBapUsiX Ha MATHCTPaJILHOI CeTU B YACH W CYyTKH Hak~
6oJsbLiero BoponoTpebaeHHs.

Bce 3TH pacuersl 00ecneuvBaloT ONHOBPEMEHHO IPOBeJieHHe BHYT-
peHHe#l M BHeIlIHell YBAI3KH CETH.

Pacuersl cucTeM JIONKHBL TPEAYCMATPUBATL  YAOBJIETBOPEHHE IO~
TpeOHOCTell OOBEKTa B BOJE H B YCJIOBHSIX aBapHHHOTO pexXknMa
(OOBIYHO CHHXEHHBIX IO CPAaBHEHHIO C YPOBHEM HOPMAJbLHOrO BOJAO-
obecnieyeHus1) .

I'lpu pacuerax cucTeM C KOHTppe3ePBYapoOM ClellyeT YYWTHBATh H3-
MeHeH Ve YPOBHSI BOJibl B 6aKe OalllHY, a TaK¥ke NPOBePSATh JOCTATOYHOCTh
NPUHATON BMecTHMoOCTH Oaka.

CHCcTeMBI C CyMMapHBIM YHMCJIOM BoJONHTAaTeJ el H He(PMKCHPOBaH~
HpIX OTGOpPOB OGoJiblile ABYX. DTH CHCTEMB! CJIElyeT PACCUNTHIBATD Ha
T€ 3Ke CJIyyaH, YToO ¥ CHCTEMBI C KOHTpPe3epPBYapoM.

[Tpy BaJMYMK HECKOJNBLKHX HaIOPHO-PEryJIHPYIONHX eMKocTel BaXkK-~
HO BBISICHUTB JIefICTBHTEJILHYIO TI0JIE3BHOCTb MX COBMeCTHOM paboTHl, T. €.
yOEeNUTECS, UYTO OHH ABJISIIOTCS PErYJIMPYIOLHMY pe3epByapaMH 110 OTHO-
LIEHHIO K HacocaM u ceTH. Hano TakiXke NpoBepuTh NPaBHJIBHOCTD Iep~
BOHAYaJIbHO HaMeueHHoro o6beMa 6akoB. XapakTep COBMeCTHOM paboTht
HECKONBKHX eMKOCTeH MOXKeT OLITh BHISICHEH NIPH IPOBeleHHH YKasaHHBIX
BHIIIle PacyeToB; B OTAENbHLIX C/y4asiX MOryT NOTpeOOBATHCS JONOJHM-
TeJIbHHE PaCyeTHl.
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[Ipy HannyuK HepUKCHPOBAHHLIX OTGOPOE ClEIHABHEIX THIIOB JOTK-
HBl OBITH YYTEHHl MX OCOGEHHOCTH M HasHayeHHe (HampuMep, oOlEeHEeHO
BJIMSIHME CTaHLHil DEryJMpOBaHNsl Ha S3KOHOMHKY CHCTeMbl, I1eJ1eco06-
PasHOCTE 3OHHPOBaHHMSl M T. I.) NpPH JeHCTBUTENLHBIX TapaMeTpax
paboThl.

[ToMumo yKasaHHEIX pacueTHHIX CiyyaeB IIPY NPOEKTHPOBAHUMY He-
KOTOPLIX CHCTEM MOXeT BOSHHKAaTb HEeOOXONHMOCTh B IPOBENEHHH JIO-
TIOJIHHTE/IPHBIX  [IOBEPOYHBIX PHAPABJIMYECKHX PACYETOB Ha CNIEAYOLHe
cJyyau:

1) MaKcuMasiLHOe YacoBoe BojionoTpebiieHHe B MPOMBIIIJIEHHOH 30He
HaceJIeHHOro0 NYHKTa (WISl NPOBEPKH BEIHYMH CBOGONHBIX HaropoB B
CeTH 3TOH 30HHI);

2) MakcuManEHE TpaHauT Bomet B TALL npu LEHTP aJIN30BaHHOH cHC-
TEME Topsiero BOJOCHAGKEHHs! C HeNOCPEICTBEHHEIM OTGOPOM ropsiyeii
BOJIE (IPH OIHOBPEMEHHOM CHUMKEHHH PACXOJIOB XOJIONHOH BOJE B y3Jiax
-CETH);

3) cpenHeyacoBoH pacxom s CYTOK CpEeIHEro BOAONOTpeOJieHUsA
{151 nop6opa HacocoB, paGOTAIONMX NPH ONTHMAIBLHOM KII ua stom
pexnMe);

4) HavMeHEBIllee YacoBoe BOJONOTPeC/eHHE (n1s1 mposepkH cBoGOA-
HBIX HAIOPOB B y3JlaX CeTH, KOTOPHIE He JIOJIKHBI NPeBLILATE 60 M).

HeoGocHoBaHHO 8aBEbIlLIEHHOE YHC/IO PacdeTHBIX cJly4yaeB BBHIY BeChbMa
“6ONBLION TPYJIOEMKOCTH PACYETOB MOKET YPE3MEPHO YBeJIMYNTH BpeMsl,
-3aTpauHBaeMoe Ha HX NPOBENEHHE, U HX CTOHMOCTh JlaXKe C YY4eTOM HC-
A10J1b30BAHHS BEIYHCIUTENBHON TEXHUKH.

TFTJABA IV
HAYAJILHOE NOTOKOPACHPELEJIEHHE B KOJIBLLEBbIX CETSIX.
ONPEJNEJIEHHE JUAMETPOB TPYB

§ 11. 3apaun u npuHLUMNbLI HayaJLHOrO NOTOKOpacHpeneNeHHs

ITeproil noxroroBurennhoil onepanuet, npelleciByomlell pacuery
KOJIbLIEBOI CeTH, SIBIISIETCS] HauajibHOe pachpefelieHHe MOTOKOB BOJIBI
110 ee nuuUsAM. B KoJsibuepoli ceTd, B oTiHYMe OT pasBeTBJIEeHHOMH, 3a-
JlaHHBlE OTOOPB! BOJIEI B Y3J1aX MOTYT GbITh 0GeCIeYeHkl HeOl' PaHHUYEHHELIM
“HCJIOM BAPHAHTOB pacnpeie/ieHusi TIOTOKOB BOAH 110 €€ y4acTKaM.

B ocHoBy pacyera cern nomKHO GHITH NONOKEHO noTokKopacnpejese-
Hue, obecrieyyBarolllee Hanbosee PaLHOHAIBHOE pelleHHe 3ajauyy oIpe-
JIeNIeHUs1 IMaMeTpoB TPYO ee y4acTKOB.

OpHEUM M3 OCHOBHBIX YCIIOBHE, NPeIbsBIsIeMbIX K HayaJIbHOMY IOTO-
KOpacnpeze/enuio, siBJsieTcsl yAOBJeTBOPeHHe TPeOGOoBaHUH HaIeXKHOCTH.
[lon HageXXHOCTEIO CeTH NOHUMAETCs! ee CBOHCTBO npy JIOOBIX CiTydYaHHbBIX
COCBITUAX, TPeCYIOIUX BEKIIOUEHHS H3 PAGOTHL OTHE I bHBIX y4acTKoB, 10-
JaBaTb NOTPeGHTENSIM BOAY B KOJHYECTBAX HE HHIKe YCTAHOBJCHHBIX
npenenos. Hanexuocrs cetn obecnieunpaercst HanuuueM B Hell He MeHee
ABYX Iapa/uleJIbHBIX TPAH3HTHEIX MarucTpaliell, TPaHCMOPTHPYIOIMX
BOJly OT TO4YeK NOAa4YH ee K CeTH o Haubojiee YAaJEHHBIX Y4acTKOB.
STH MarucTpajy JOJKHEl GbITh B3aHMO3aMeHsIeMbIMH NpH aBapuy, T. €.
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HMeTb NPUMEPHU PABHYIO IPONYCKHYIO cnocobnocte. Kpome Toro, ne-
PeMBIYKH MEXIY MarucTpajiiMi JIOJIIKHBL HMeTh JOCTaTOYHYIO IPOMYCK-
HYIO CHOCOGHOCTb JJ1s1 BOSMOMCHOCTH Tiepe6POCKH BOJEI € OIHOH Marvct-
panu Ha Jpyrue (IapajjieibHbe) B Clyyae aBapuil Ha OJHOH M3 HHX.
peKTHBHBIM CIIOCOGOM YBeJIHYEHHS! HATICXKHOCTH BOAOO0ECTIeYEHMUS] SIB-
JisieTcsl KoJiblleBaHHe ceTed.

HauasnbHoe notoKopaclpeaeieHue, cyxKalliee OCHOBOH Jiisi onpee-
JIeHHs1 ]MaMeTpoB TPYO CeTH, JIOJKHO ObITh HaMe4eHO OHOBPEMEHHO 7151
BCEX PacCUeTHBHIX CJyYaeB, KOTO- '

pble MOTYT CYIUECTBEHHO BJMSITH _ _ R

Ha pacXojitl YY4acTKOB M Hariophl ‘ 7 N

B HuX. JIJ1s1 KaXJIOro ¥s TaKKX pa- ___4_) z

CYETHBIX CjlydaeB INpeJBapHTeNb-  ~ ~

HO HaMe4alT IO COBMEILEHHBIM

rpadukam nojayv ¥ norpeCieHuss —_ —|_> -

BOJIHL NIpE/INoJiaraeMble BeJIHYHHbBI i

nojay Bojonutatesnedl u mHepu- 9 |

KCHPOBaHHBIX OTOOPOB. - = - -
Xapaktep nNoToKopacnpenee- Y 3

HHsl B CETH B OOJIBIION CTEleHH 3a- —— £ e —

BHCHT OT ee KOHQurypauuu, pac- g\

NOJIOXEHHs]  BOJONHUTaTeNiel H  —— —— = ——

HaMOPHBEIX €MKOCTeH. !
Havuasbhoe pacnipesiesiennie no-  Pye. IV .
TOKOB JUISl KAMIOTO PACUETHOTO  hpgpePCMBWd 2= Marucrpanti; 3= wecto
cydasi IPOM3BOOAT C YHIOBJET-
BOpeHHeM (To4HO WiH NpHOIMKeHHO) GanaHca pacxoioB B ysJjax
cetu (nepsuiii 3akoH Kupxroda).

CxeMbl HaYaNlbHOrO HOTOKOpAcHpeneseHust IJsi BHIOpaHHBIX pac-
YeTHBIX CJIyYaeB [103BOJISIIOT YCTaHOBUTL 3HAYEHHS] PACYETHBIX pPacXoJioB
OTJENBHLIX YYACTKOB M ONPENeIHTh 110 HUM JuaMeTphl TpyO6. Pasymeer-
csl, JVISl Pa3JIMUHBIX PAcUeTHBIX CJIy4YaeB PacXofibl HA OHHX M TeX Xe
yuyactkax OyAyT pasjHyHbIMH. .

OGHYHO OMH W3 OCHOBHHIX PacuyeTHHIX cilydaeB paGoThl CETH olpe-
nessieT AJisl BceX MJH GOJIbILMHCTBA YYACTKOB CETH JIMKTYIOIHE pacxo-
1. MHorma nJisi oTHeNIbHBIX YYacTKOB Iiepe], onpejesieHHeM JHaMeTPOB
NPUXOAMTCH BHOCHTb B pacdeTHHE Pacxofill KOPPEKTHBbl HCXONA H3
BEpOSITHOH HArpy3KH 3THX YYacTKOB NPH JIPYTHX PacuyeTHHIX cyydasX.

JlJisi HasHaYeHUs1 MaMeTPOB NepeMblyeK, KOTOphle IPH HOPMaJIbHO#M
pa6ore cucteMsl (puc. IV.1,a) HarpyXeHb BecbMa c€J1ab0 WJIH COBCEM
He paGoTaloT, cjeayeT NPHUHMMATL PacXoll §a, NepebpachiBaeMblil IO
niepeMbluKe B ciydae asapuu (puc. IV.1,6). Itor pacxon Oyner MeHblle
HAYILEro 1o Marucrpast (ga = ©g), TaK Kak OH NepelaeTcsl Ha HeCKOJb-
KO CcOoceJHHX Maructpadeil. JluaMeTpH nepeMblyeK MOXKHO HadHayaThb IO
KOHCTPYKTHBHEIM COOBparKeHHsIM I10cIe OnpefieNieHHsl HaUBETOIHEHIINX
JIiaMerpoB Marucrpasneil. OOGbBYHO AMaMeTP NepeMBIYKH NPHHUMAIOT Ha
OIMH TOPSIACK HuIKe (10 COOTBETCTBYIOIIEMY CTaHAAPTy HCIOMB3YEMBIX
Tpy6).

Kak yxke oTmeuasnoch, XapaKTep ABHKEHHsi BOAH MO yYacTKam
KOJIBLIEBOH CETH B 3HAYHMTEJIBHOH CcTENEHH 3aBHCHT OT €€ KOH(Urypanu
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Puc. V.2

H PACTIOJIOXeHHs! To4eK NOfadl BOIBI K CeTH M KPYMHEIX (durCcHpoBaH-
HHX ¥ He(WKCHPOBaHHHX) OTOOPOB BOABI.

PaccMOTPHM MpeXjie BCEro CHCTeMBl C OIHMM BOOTHTATENEM (nacoc
K GallHs B Hauane cetn) 6e3 He(PMKCHPOBAHHBIX OTGOPOB.

Ha cxeme, npupenensoit na puc 1V.2,a, npencrapiera Cerb TaKof#i
KOHQWUTypalkH, NpK KOTopo¥ 4eTKo pasrpaHuieHa polb OTJIEJIBHBIX
_JTHHHE ceTH. JIUHHY @ — 3TO NMOCTOAHHO Harpy XeHHble TPaH3HTHbie Ma-
ructpany. JIUHUK 6 — pacTpefieuTeNbHbie <TPeGeHKH», TOXe NOCTOAHHO
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i

Harpy»<eHmble; OHH pasfaloT Bony No MaructpansM. Hakowren, aueHH
6 — TepeMbluKH, paboTalolHe TIPH aBapHAX Ha MarucTpadsx.
Ha cxeme puc. 1V.2,6 npenctapnena cetb, B KOTOPOil  pacriooxe-
HUe BojionuTaTe/iel 00y C/IOBJIUBAET OTCY TCTBHE YETKOrO Pa3iiHyus MEXIY
TPaH3WTHHIMH MarHCTPAJAMH H IepeMbiuKaMH. Bee THHHH ceTH MOCTOAH-
HO Harpymess! (B TOH uju HHOH cTeneHu). [Ipu aBapuu Ha OHOM M3
YYaCTKOB  mapajJie/bHEE YYAaCTKH o 0
pabotraroT ¢ GoJbluel HarpysKofi. 4

CeTb, nOKasaHHasi Ha CXeMe pPHC. 7
IV.2,6, npy opHOM HCTOYHMKE MH- 2
TaHUSl HMeeT Jlpe KOHEYHBle TOYKH -HC
cxona. llewtpanbnas aunps 6 or B
BOJIONIHTATE/IS HIpaeT poib pacrpe-

JeNHTebHOMH «rpeGenku», paborai- g y g
melf Ha ofa HanpaeleHus, a MO N1

KaxoMy H3 [BYX HallpaBJeHHii Ipo- 5
XOJAT JIHHHH TapanjieNbHbX Maru- HC

cTpadieil @ ¢ COOTBETCTBYIOUIHMH Tle- A—
pembKamu 6. KoHeYHBIX TOYEK CXO-

Jia MoXeT OBITh HEeCKOJILKO.

PaccMotpuM nasee cuctemMbl € Puc. IV.3
OOLIHM YUHCJIOM  BOJONHTaTeJNel M
He(PHKCHPOBaHHBIX 06TGOPOB, paBHbiM NBYM. PacnpocTpaHeHHOk cucTe-
Moit TAKOrO THNA ABJAETCA CHCTeMa ¢ KoHTppesepsyapoM. B sroil cuc-
TeMe B YaChi HauboJbLIEro BOIONOTPEOACHHS BOja MoCTynaeT B CeTh OT
HAaCOCOB M OT GaillHH, KOTOpasl B YKa3aHHBIil MepHOM, CIYKHT BTOPHM
gofionutatenem (puc. 1V.3,0). B nepropsl npesbllieHys MORaYH BOABI
HACOCAMH HaJi BOLIONOTpe6eHHeM H3OHITOK NofaBaeMOi BOJIbl IPOXOMHT
TPaH3UTOM Yepe3 CeThb H MoCTynaeT B 6alUHI0, KOTOpasi B 9TOT MepHOJ
pabotaer Kak meuKCHpoBaHEbIT 0T60p (puc. IV.3,6).

Hauanknoe notoropacnpefieieiue B TAKHX CETAX JIOMKHO OHITH
HaMeYeHO OfIHOBPEMEHHO JUIA [BYX PACYETHHIX CydyaeB — Ha paboTy B
4achl HauboNBLIEro BOAONoTpebieH s H Ha paboTy B Yach HaHOONBILETO
TpansuTa BOjb B Gawmio. Eciu npeiycmorpeHa paBHoMepHas pabora
HACOCOB B TeYeHHe CYTOK, TO PacXonbl B FOJOBHEIX YYACTKaX CeTH B
00OKX pacyeTHhIX ciyyasix GYAyT Majlo H3MeHSIThCsl. B yuacTKaX cerd,
TPHMBIKAIONIHX K TOYKE MPHCOSIHHEHHS GAalUHH, pacyeTHBlE PACXOABI
OyNyT MEHATH 3HaK IPH 3THX PACYETHBIX CJY4YasfX, HO SHAYEHHH HX
OGBMHO He 6ylyT CUJIBHO PA3HYaThCH. 3HAYHTEBHO MEHARTCS Harpys-
Ka B Yachl HaHOGONIBILEro BOAOMNOTPEOJCHHS H B YaChl TPAHSHUTa B y4acT-
KaX CeTH. NPUMBIKAOWEX (i 6JM3KHX) K IPaHHLe 30H NKTaHHA CeTH OT
HacoCcoB U oT 6alunH. Pacxofp! B 4achl TPaHSUTA 3/1eCh YACTO OKa3HBAIOT-
¢s1 GONIBIUHMH.

3a ocHOBHO¥ pacueTHHIH cayyall [ ollpenesieHus JHaMeTpoB Tpy6
MarHCTpanbHOH CeTH clefiyeT NMPHHHMAThL paboTy B 4yackl HaHOOJBLIETO
TpaHsHuTa BOAB B GallHIO.

XapakTep JABIDKEHHSI BOJB B CETH € KOHTppesepByapom OyneT 3a-
BHCETb OT ee KOH(HTYpallHM H B3aHMHOIO PACIOJOXKEHHS ToueK NpH-
COETIMHEHHsA BOLOBONOB OT HACOCOB H OT GallHH. IT0 OKaswlBaeT COOT-
BETCTBYIOllee BJIMAHHE HA HasHAYeHVe JIHaMeTPOB OT/eBHEX JIHHMIA.
2 3ax. 385 33



K xarteropus cereil, MMeIOLIMX ofllee YKCIO BOJONHMTATE/EH H He-
¢UKCHPOBAaHHBIX OTOOPOB, PaBHOE ABYM, OTHOCATCS TaKXe ceTH, MH-
TaeMble OT JIBYX HACOCHBIX CTaHIMH HJIM OT OJHOM HACOCHOH CTaHLHK
H OfHOTO HATIOPHOTO Pe3epByapa, MOCTOSIHHO MOJAIOIIEro BOY B CETh.
Takasi cHCTeMa TOXEe MOMKET ¥METbL OIHY, JiBe M Oojiee TOYeK CXofa.
Kak B B ceTfiX ¢ OHHM BOJONHTATE/NEM, B PacCMaTPHBAEMBIX CETHAX
NpH HAYANIBHOM [OTOKOPACTIPe/ie/IeHHH JIOMKHB! OBITh NPESYCMOTPEHB! i
cobmofeHs! TpeOOBaHHs HaJIeIXHOCTH.

B cucreMax ¢ HeckonbKuMu (Gosiee IBYX) BOJIOMMTATENSIMY H He-
¢uKCHPOBAHHBIMH OTOOpPAMH pacripefie/ieHHe MOTOKOB BOJBI B OTAE/b-
Hpble HepHOIE! paboTH (Kak K BHIGOP PACUETHBIX PACXOJIOB) MOMKET OKa-
3aThCsl BECHMA CJIOXKHEIM.

Takum obpasomM, Ha OCHOBaHHHM NMPHHATOrO Ha4YalbHOrO pactpenene-
HHSf1 IOTOKOB BOZIB! B CETH (JI00GOT0 THIA) JI71si OCHOBHEIX PaCyeTHHIX CJy-
yaeB MOryT OBITb MOJYYeHBl 3HAYEHHsI PACXOJIOB, IO KOTOPEIM ONpejie-
JISIOTCA MAMEeTPEl TPY6 ¢ cobmosieHHeM TpeOoBaHHil SKOHOMHYHOCTH M
HaJIEXKHOCTH.

CrieflyeT OTMETHTb, YTO HaXOMJIEHHe 3HAYEHMH HAMBHIOAHEHINHX
JIMAMETPOB OCYIIECTBMMO TOJBKO NPH 3aJlaHHOM NIOTOKOPACIIpesie/IeHHH,
T. €. MPH HEKOTOPLIX MPHHATHIX 3HAYEHHSAX PAaCXOJi0B B Y4YacTKaX CeTH.
HaxoK/1eHHe HAHBHITOIHEHLIETO Pacnpesie/leHyisi PACXOJIOB B KOJILLEBOH
CeTH NMPHBOJIMT K MPEBPALLEHHIO €e B PA3BETBNIEHHYIO (1151 YIOBJIETBO-
PeHEsi TeX e SaflaHHBIX Y3JIOBBIX OTGOPOB).

§ 12. Onpepenenue AHaMeTPOB TPYO

TpH 3ajaHHEX (NPHHSTHIX) PACYETHBHIX PACXOfaX NHAMETPHI JIMHHIL
BOJIONPOBOMHON CETH, aKTHBHO Y4YaCTBYIOLIMX B pabore mo TpaHcrnop-
THPOBAHHIO BOAL!, JOJKHE! 0GeCreyHTh HAMy YlHe SKOHOMHYECKHE TOo-
KasaTenu cucteMbl. OGBUHO 32 OGOGLIEHHEIH KPHTepHil 5KOHOMHYHOCTH
CHCTEMBl TPHHHMAIOT MPHBE/ICHHEIE EXErOJHEIe 3aTPaThl (KalMTajbHEEe
H SKCIUTyaTALMOHHbE 3aTPATH, INPHBEJIEHHBIC K OHOMY TORy paCoThi
CHCTEMBI).

3ayaua HaXOXKJIEHHsI SKOHOMHYECKH HaAMBHIIOJHEHIIMX JHaMeTPOB
TPY6 KOJLLEBOM CETH MOXKeT ObITh PellieHa B NPOLECCE NONHOTO TeXHUKO-
3KOHOMMuecKoro pacueia [2, 3, 13]. OnHako Takol pacyeT npeicTaBis-
€T BechbMa TPYAOEMKYIO 3a/iaqy, NO3TOMY B NMPAKTHKE MPOEKTHPOBAHHUS
IIHPOKO HKCIONB3YIOT pasjHuHble IPHONMIKEHHEE CrOCO0hl TEXHHKO-
9KOHOMHUECKOrO PacyeTa KOJBLEBHX CeTed.

O6lee BHpaMeHre SKOHOMHYECKH HaMBBIIOJHEHMILEro aHAMETpa
yuyacTKa KoJblieBoll ceTH d;;, MMeeT BHJ:

1 B+1
dihz(a Lo )”’” g ot av.1n
i ik
[P KBAJPAaTHYHOM 3aKOHe conporuenenus (B = 2)
1 3
dm:(-? L )°‘+'" g 2t av.2
gin ik
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e 3 — «3KOHOMH4YeCKHil paKTop», BKIIOYAIOUIMII SKOHOMHYECKHE XapaKTePHCTH-
KH'H NOKa3aTeNH, a TaKike HEKOTOPhle THAPaBIHYeCKHe H PeXHMHbE KO3(pHIHeH-
TH; ( — NOJIHBIH pacXoj BOAbI, NOAABaeMOil HacOCaMM B C€Tb ; Xjkr — KO3(Q(H-
IHEHT, YYHTHIBAIOUIME POJIb yYacTKa B PacXOfIOBaHHH SHEPTHM Ha IOAAuy BOJRI;
Qip — PacyeTHEIi pacXoj] pacCMaTpHBAeMOro yYacTKa, NPHHSITHI B COOTBETCTBHH
€ HayYaJbHbIM NOTOKOpacnpefiejieHHEeM; Q — MOKalatedb CTeneHH TpH IHaMeTpe
B dopmyae (V.6); m,P— nokasateqn CTeNeHH COOTBETCTBEHHO MPH HaMeTpe M
pacxone B ¢opMyaaX motepr Hanopa (cm. ra. VI).

BenmyuHe! X;» HPH TOJIHOM TEXHHKO-5KOHOMHYECKOM pacyere IO
setopy J1. @. MoumrHa HAXOAT MYTEM YBSI3KH CETH NPH MPOIYCKE Ye-
pes Hee HEKOTOPOro GMKTHEHOro pacxoza. OHH SIBNSIOTCS YACTSIMH 3TOrO
(GHKTHEHOTO PACcXOJia, HPOXOASALIMME IO YYaCTKaM ceTH. JInsi TpaHsuT-
HEIX MarucTpajied BeJHYMHBl Xz OyIAyT HMeTb OOJIbIUHE 3HaYeHHUS.

I'lpy npHONHIKEHHBIX PaCcUeTaX BEJNHUHHA X;), JUISl OT/EJBHEIX YYaCT-
KOB JIHHHH CeTH MOXeT OHITb ONpefie/ieHa KaK 4acThb ofIIero pacxosa
BOJIbI, TEPEABAEMOr0 TPAHSHTHEIMH MATHCTPaNisiMH B OCHOBHBIX Ha-
HpapJieHUsIX JBHIKEHHSA BOJb! B ceTH. Tak, eciM Ha cxeMax puc. IV.2 mpo-
BECTH YCJIOBHBIE CEyeHHsl Yepe3 OCHOBHBIE TPAH3UTHEIE MATHCTPAIH, TO
AJs TepeceKaeMbIX YYaCTKOB X, = l/n, rme n — uucno nepecerae-
MBIX MarMcTpanei.

Ha puc. 1V.2,a Beamuunbl X;; NpPeACTABNSIOT COGOH (DMKTHBHBE
PaCXOJiHl B NepeceKaeMbIX Y4aCTKAX NPH MPOIYCKE Yepes CeTh TPAHSHTOM
noJHOro (UMKTHBHOIO pacxofia, NPHHHMAEMOro PaBHHIM ejuHHIE. B
3TOH CeTH HH OJIHO M3 CeueHHil He MPOXONUT Yepes NEPEMBIUKH H, CJIEI0-
BaTe/bHO, JISl HHX KO3(DHIMEHTH! X;; He BBOASTCS.

Kaxk yxe yKaselBanoco, B HOLOOHOH CHCTEMe NEPeMbIYKH NPH HOP-
MaJbHOl paboTe CeTH He YHACTBYIOT B TPAaHCIOPTHPOBAHHH BOJLI M HE
BJHSAIOT HA pacxofl 3HePruu. JlnaMeTpsl NX ONPEJENSIOT O KOHCTPYK-
THEHEIM COOOpPaMKeHHsIM (M0 YCJIOBHSIM aBapHHHON paGoTh)*.

CreyeT OTMETHTD, YTO YeM yepe3 GoJIbLiee YHCJIO TPAHSHTHBIX Ma-
ructpaneii 6ynyT npoBefieHbl CeYeHHUs], TeM OHH OYIyT «HaJIeXKHEE», T. €.
TeM MeHblle OyZieT BIHMATL HA MOJAayy BOJABI apapHsi Ha KakoU-HGO
opHo# MarHeTpasii. OueBH/IHO, YTO B PacCMATPHBAEMON CXeMe HauMeHee
«HafiexXHBIMKH» OyZlyT ceyeHMs, OnmKaiilune K TOUKE MOAAuH BOAbl K
CeTH OT BOJONHTATENs, a TAKXKe K KOHEYHOH Teuke cxofa. Jlasi ma-
rucTpaneil, yepes KOTOpble IIPOBEJIEHH 5TH CEUEHNs!, CIE/yeT MPefyCcMaT-
PHBaTL ONpejie/ieHHOE YBeJHYeHHe JiHaMeTpa, uToOwl NP apapuM Ha
OJIHOH M3 HHX BTOPasi MOIJla O0ECTI€YHTh MPOMYCK PACYETHOrO PAaCcXoa.
B paccMaTpHBaeMOM ciiyyae He YYHTHIBAETCA BJIMSTHHE HA BEJTHYMHEL Xip
OTMETOK MeCTHOCTH.

B cetH, nokasanHoil Ha cxeme pHc. 1V.2,6, ocHoBHOE HanpaeneHue
JIBHXKeHHs1 BOZbI OOyCJIOB/MBAET MPH OOBMHOH paGoTe CeTH HATrPysKy
BCeX e¢ JIMHUEl — Bce OHHM PabOTaloT HAa TPaH3UTHYIO HOAAYY BOMLI.
Kaxoe-n160 pasinune MexX1y MATHCTPANSIME M NEePEMBIYKAMH 37lech OT-
cyTcteyert. Ilpy aBapyn Ha OflHOM M3 Yy4aCTKOB YBEJHUMBAETCS] HATPYS-
Ka Ha jipyrve (B OCHOBHOM OnmKafilike K BEIKJIOyaeMoMy). Besmmuuxbt

* ns BceX HeHarpy>KeHHHIX JIHHMI (HE yuacTBYIOUIMX B 3aTpaTe SHEPTHM B
CHCTeME) BETHYHEM X3, = 0, HO ONHOBPEMEHHO B HHX H G;r = 0. CrefopaTelbLHO,
no gopmyae (IV.1) quamerp Hajizien GulTh He MOXET, TaK Kak B MPaBO YacTH (op-
MYJsHl TIOJTyYaeTcsl HeonpefieNIeHHOCTb. -
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X35, B3TOM CXeMe TaKiKe MOy T GEITh ONIPeZieNIe sl Iy TeM P OBEAEHUSI «TI0-
NepeyHbIX» ceyeHHlt cetH (Xi, = 1/n); npustoMn (4kcno nepeceKaeMbX
JIHHHE) MeHsieTcsi B Ka¥XKIoM cedeHHH. B mepBoM 1 nocsiegHem no xony
BOIBI CeYEHMsIX aBapHsl ONHOFO M3 JIBYX IlePeceKaeMblX y4yacTKOB SHa-
YHTEJBHO YBENTHYHBAET HArPysKy BTOPOro.

Heckonbko coxuee onpeaenuts KO3OGOUIMEHT X3 TPH CXeMaX CeTH,
NONOGHBIX NOKasaHHOK Ha puc. 1V.2,6, uto obycioBneno koHwurypa-
LHel TePPHTOPHH CHAGIKAEMOrO 06beKTa i PACTIONIONKeHUEM TOUKH NOfa-
YH BOZBI K CETH OT BOOMKUTATesi. B npencrarnesroll cxeMe CeTb HMeeT
JiBé KOHEYHBIE TOYKH CXOJia NOTOKOB — INOJHBEIH (UKTHBHEIH pacxor,
NOflapaeMblil B TOYKY NHTAHHS! CeTH, cOpachipaercsi B BHze ABYX (HK-
THUBHBIX COPOCOB 1y U r's B KOHEYHBIX TOYKAX CXOMA, NPH 3TOM 1y + rp =
= 1. 3pech Takmke HOMKEBL GBITH HaMe4deHBl <«IIONePeYHLIE» CEYEHHS
TPaH3UTHEIX MarucTpajief M olpefeNieHEl COOTBETCTBYIOLHE SHAYEHHS]
X = lUn (umu r/n) pns Kaxgoro cedenus.

Bennuune! ry ¥ ry MoryT GBITh HasHayeHB! PABHBIMH NPH PABHLIX
NMBe30METPUYECKHX oTMeTKax H; 0OeHX KOHEUHBIX TOYeK, NPH HX OfH-
HaKOBOH yJaneHHOCTH /; OT HauaJIbHOH TOYKH M IIPH PaBeHCTBE NOTO-
KoB Q; M Qy, HanpaBjeHHBIX IO KaXKJOMy M3 JBYX OCHOBHBIX TyTeil
[IBHIKEHUsi Bofsl B cet. Bmecte ¢ Tem Bemmumna r Gyper Gogplle List
TOH BETBH, JLIs1 KOTOPOH 3Hauenus: BesinuuH H, [ uau Q 6yyT GOMbIIHMH.

Ilpy NOMHOM TEXHUKO-9KOHOMHYECKOM PacyeTe CETH BEeJMYHMHEL Iy
H Iy ONPEJE/SIIOT My7TeM MOC/EA0BaTENBHOrO NP HOITHIKEH s B ITPoliecce
YBfI3KH CeTH N0 (UKTHBHBIM PACKOAAM Xy,

CoOTHOLUIEHUS! MEXK]y BEJIMYHHAMH Iy H Iy B 32BHCHMOCTH OT 3Haue-
nuit H, Q v I moryt GHITE NoNyYeHs! (IPHOIHKEHHO) 151 paccMaTtpuBae-
MOH CeTH Ha OCHOBAaHMH CJENYIONHX coobpaeHME.

H3 TeopHM TEXHHKO-3KOHOMHYECKOPO pacuera cjenyer, YTo

Choir)r (Cheir)nt
1 (AQ)°-75ﬁ 1 (AQ)0-75

Chgn)1—(Chgmu
( AQ)O.YS

rne Hl H H“ — 33JjalHble NHE3OMETPHYECKHE OTMETKH B KOHEYHHIX TOYKaX JIH-

Hukt; Ay jrp—UKTHBEEE NOTEpPH Hanopa NpM NPONYyCKe MO JHHUM ceTH QHKTHB-
HOIO PacXofia Xip:

=Hy—H=Az,

0,5 —0,75
hduik=Qik Lip X3, (Iv.3)
(snecy Q;r — pacxon; lj — ANMHa auEMH); A — penuMuMHa, onpefelseMas H3
BHIpaKeHHs
a+m

A=3Ik m ., (v.4)
rpe k — KoaQQMUHEHT rHAPaBJMYECKOro CONPOTHBJIEHHS.

Tokasaunasi Ha puc. IV.4,a cxema cetH uMeer hpa HalpaBJieHHs!
JIBHIKEHMS! BOIB! OT TOYKH NOflauM ee K KOHeYHBIM ToyKaM. [IpuHuMast 1o

OZlHOM JIMHHMH B KaK[ioM HanpaeieHuH (puc. IV.4,6), Gynem umers st
nepeo¥ Qy, [y K x; ¥ 1151 BTOpo# Qg, I3 M Xo; B HX KOHEYHBIX TOYKax OyayT
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I
Puc. 1V4
¢UKTUBHBE cOpOCH ry = X H Iy = X PasHocTb Nbe30MeTPHYECKHX
otmerok coctasutr Hy — Hy = Az. Torpa
0.5 ; —0.75 5y —0.75 0.75
ALt — B T =(AQ " Az (IV.5)

Bce Be/IMUMEBL, KPOME 4 U I'g, 33[laHbl; HCTO/BL3Y#! ypaBHEHNe (IV.5)
COBMECTHO C Y PaBHEHMeM 1y + rg = 1, MOXHO myTeM HopGopa HaitTH
BEJIMYMHHL Iy H rg.

B yacTHBIX cayuasx, Korpa Az = 0, Ho @y = Q=Q2ul,=1=

=1,
Az (AQ)®7® 1,41A40:75 p,Q0-25
- Q/2%31 - 1
Ilpu Az =0, Ho Qu# Q2 ¥ L L,
s [{ Qe \OP b 4/3
n _[( Qi ) L ]
Ipu Az =0 n Q = Q,, HO L~ 1y,
rn [ L3
"1 _( L ) )
Ipu Az = 0 u ky = Iy, Ho Q # Qs
(G
ry -—( Q ) )
Tpu Az =0, Q@ =Qeulh =1

rn=ry.

—0,75 —0.75
ry —rz

OuepnpiHo, COPOCH r GyRyT Golblle B JHHHSAX, Haubosiee JIMHHBIX,
HauGollee HArPyKEeHHBIX HIIM MMEIOLIMX HaHOO LY 10 Tbe30METPHIECKYI0
OTMETKY B KOHEYHOil TOUKe.
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Pesepbyap

1+ %
x=1+ 52

~>-07(g)
/

MNMpuvep 1V.1. PaccMOTpHM pelileEHe npoctefilledl 331adi — pacyeT CHCTEMB
M3 JIBYX JMHME IIMHOR [ ¥ [y, NPUMEIKAONEX K Touke O nojaun BOAbI OT HAacoc-
HOfi cTajny ¥ cOPacHBAIOIEX B KOHEUHBIX CBOMX TOuKax pacxonel Qi u Qp (cm.
puc. 1V.4,6). Ibe3oMeTprueckie OTMETKH B KORewHbx Toukax: z+H\=Hi, 2+
+Hy— Hy1. OUKTHBHBE PACXOAbl X, U X, paBHHE QUKTHBHBIM cOpocaM B KOHeu-

HBIX TOYKaX, HEH3BECTHBl K MOAJIEXKAT OHpElleJIEHHIO C YY€TOM BJIHSIHHSA pacxonos,
HOJIHH H Pa3sHOCTH Nbe30OMETPHYECKMX OTMETOK.

3apano: Q = 0,5 M¥/c; Q) = 0,3M%c; Qp = 0,2M%c; L = 2 knM; [y = 1 kM.
PasHOCTb IBE2OMETPHUECKHX OTMETOK B KOHEUHBIX TOUKax c6poca Bopbl Az =
= Hy— H1 = 10m

TpuEKMaeM BenMuMHY 3SKOHOMHuecKoro dakropa 3 ==1; k= 0,001735,

=5,3; a = 1,6. 1,645,3
Onpegensiem A no suipaxenurno (IV.4):4 =1/0,001735 53 —4130. Torna
4
AQ = 4130-0,5 = 2065.

Vs ypaprerus (IV.5) nonyuaem: ry®,78.0,30.5 . 2000— ry—,75.0,20.5x
%1000 =10-2065,75 = 3060 nan 109670 75—447r;0: 75=3060 uau 2,47r—0.75
— rz %75 = 6,85.

Peuas (nyreM non6opa) 570 ypapHeHHe COBMECTHO C YPaBHeHMeM Iy -+ rg =1,
nonyuuM: r; = 0,22 u ry = 0,78.

CliellyeT OTMETHTh, YTO HasHaueHHe BEJMUHH Xj, ONpelensiercsl He
TONILKO PasHOCTHIO TPeOyeMBIX INbe30MeTPHYECKHX OTMETOK B TOYKe
IUTaHHS CeTH U B KOHEUHBIX TOYKaX cXojia MOTOKOB, HO H PasHOCTHIO
TpebyeMblX Mbe30METPHUECKHX OTMETOK JIIOOBIX MOC/TENOBATENBHO pac-
OJIOXKEHHBIX Y3708 ceTH. Ecam 312 pastocts Mana, T. e. pacnofiaraemblit
Hanop HeIoCTaToueH JJisl NMPEOOJNEHHsl THIPABIMYECKHX CONpPOTHBIE-
HHil HA COOTBETCTBYIOLIEH TleNH Y4acTKOB, HX JMAMETPhl JOJIXKHEL ObITh
yeesvuersl. Ecny pasHOCTE OTMETOK BeJIMKa, TO JIMAMETPEl YYacTKOB
MOTyT ObiTb yMeHbileHbl. TakuM 0OpasoM, BEJIMYHHBEL Xj; MOAJEKAT
KOPPEKTHPOBKE B COOTBETCTBHUH C 3aJlaHHBIMH Nbe30MeTPHYECKHMH
OTMETKaMM XapaKTEPHBIX Y3JIOB CETH.
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PaccMoTpUM fiasiee CHCTeMY € JIBYMst HACOCHBIMH CTaHILMSIMH, MOAAk0-
LMK BOLY B C€Th, He MMEIOLLYIO HeMKCHPOBaHHBIX OTGOPOB, H C onHOH
KOHEUHOH TOUKO#l cxoza notokos (puc. 1V.5). B ysen A nuranust cetv
noxaercst GUKTUBHLIE Pacxofl, MPHHEMaeMBIE paBHBIM 1, B ysen b —
¢uxtuBrbH pacxon Qs/Qa (MpH YCIOBHH, YTO Q5 < Qa)- 3Tn duKTHB-
Hble pacxolipl (Nofiauk) pacnpeiensiioTcs! Mo JHHHSM CeTH B BHIE ¢Guxk-
THMBHBIX PACXOJIOB YUaCTKOB Xi. B KOHeUHOH TOuKe CXofla NMOTOKOB B
cOpacsiBaetcs GUKTHBHBLR pacxof 1 + Qs/Qa. Ilpu sToM Ans npHOIH-
EHHOTO HAa3HAYEHMS Xir B PAsNMUHBIX ceueHMsAX GanaHc Xi B y3nax
(pasBeTBINeHUsIX) MOMeT M He cobmonateesi. TlopoCHEM e obpasoMm
MOryT OBIThb Ha3HaueHEl BEJHUMHBL X;; W TPH HaJHUMH B TaKoil CeTH
nByx unu Gojiee TOYEK CXOJa.

Haxoxenne HauBbIrOJIHEHIINX AHaMeTPOB B CHCTeMax C KOHTppe-
3epByapoM BCTpeyaeT orpelle/ieHHble 3aTPYJHEHHS.

SKOHOMHUECKH HAMBHITOflHEHilHe UaMeTphl, Kak yXe ObUIO CKasa-
HO, JIOJIXKHBI 00ecTieulTh HaHMeHblIHe NPUBeJieHHbIE 3aTPaThl, BKJOUas
3aTpaThl Ha CTPOMTENLCTBO CHCTEMBb M Ha ee IKCIITyaTalMio. Hanbonb-
LIVIO YacTh 3aTpPar Ha SKCIUTyaTallHio COCTABJSET CTOMMOCTD 3JI€KTPO-
SHepruy, pacxoiyeMoll Ha nofagy Bofbl. CleoBaTeNIbHO, IMaAMETP Kark-
JIO¥ IMHMH, TPaHCIIOPTHPYIOLIel BONY, B NMEPBYIO Ouepe/lb IMaMeTp BCEX
TPAHSHTHHIX MarucTpaied JlojukeH ObITh BbIOpan € Y9eToM TOro, Kak
OH TIOBNHSIeT Ha OOLiKe 3aTpaThl SHEPTHH B CHCTEME MONayH BOAbL.

B crcreMax ¢ OJJHOH HACOCHOH CTaHIMell, NOFAIOIeH BOJly Henocpes-
CTBEHHO B CE€Th WJIH yepe3 OallHIO, PacrlojiOXEHHYI0 B Hadane CETH,
B Bblpa)keHHe 3KOHOMMUECKH HaHBBHITOJIHEHIIErO JHaMeTpa BXOIHT
PAacXofl Ha YUACTKe, NPOBOLSAILLEM €r0 B NPHMHSATHIH PacyeTHBi MOMEHT
pabothl. Mexny TeMm 3TOT pacxoll KosieGnercss B TeueHHe CYTOK, Ce30-
HOB ¥ BCETO PACUETHOTO CPOKa CJiyXObl BOJIONPOBOJIA.

Takum o6pasoMm, Ins onpefeneHusi JuaMeTpa, obecneynBaolle-
ro HauMeHbIIME 3aTpaThl, BKJIOYasi CTOMMOCTh 3HEPTHH 3a pacuer-
HBIl CPOK, HEOOXOAHMO YUHTHIBATL KOJeOaHMsi 3aTpaT SHEPrHH Ha
nojiayy BOJHI, CBSI3aHHblE C M3MEHEHHWEM MOTEPh HANOPa H BLICOTE!
noj’beMa BOABL DTH KonebaHusi YYUTHBAOT KO3(G@HUKEHTOM HepaB-
HOMEPHOCTH PAaCXOJIOBAHMsl SHEPTHH Yy, KOTOPHIH BKJIIOYAOT B BE/H-
YHHY 5KOHOMHueCKOro (akropa 3.

B cuCTeMaX, IIHTIIKXCS OF OIHON HACOCHOR cranuvu 6e3 GaiHK K C Gaw-
Heil B Hauane CeTH, BEJIHYHHB] P MOXHO C OIlpe/ielieHHbIM Hpﬂﬁ.’lM)KeHHEM TpyuHH~
MaTbh OXMHAKOBLIMH JIJisi BCEX JIUHHH CETH.

B cucreMax ¢ KOHTPpe3epByapoM peUM paGorbl OT/ieJIbHEIX YYacTKOB PeSKO
MeHSIeTCS JUIsl PA3JMUHBIX PACUETHBIX CJYY2€B H IIOSTOMY JIfl HHX KO3(QHUHHEHT
¥ He Gyner oMH2KOBEIM. B TakMX cHcTeMaX MOryT ObITh JIB€ OCHOBHEIE KaTerOpHH
JMEHB: 1) AMHRK, KOTOPEIE NPH JI060M peXHMe IUTAITCH OT HACOCOB; H3MeHeHUe
MX JINaMETPa MeNoCpPeICTBEHHO BJKSET Ha BHICOTY NOfibeMa BOJbl HacocaMu; 2) Jiu-
HHH, ITHTaeMble IpH MakCHMaJbHOM Bonom'ﬁope TONBMO OT Gawnlu. B stot TepHOA
OHH PacXoRYIOT SHEPrHIO, YIKe aKKYMYJIHPOBaHHYI0 GalHeii (B neprojl ee Hamnon-
HEHHs NpH TPaHSHTHOMH nojade B vee BoAbl). Takum o6pa3oM, Ha paGoty STHX yYaeT-
KOB B nepuvoj MUTaHus OT GaHlIHK He 3aTpaurBaercsi 3Heprus HacocHO#! CTaHIMH.
OAHHKO NoTepy Hanopa B ITHX JHHHAX B yKaSaHHHﬁ nepron onpepensT He-
06xopumy0 Beicoty 6awnm. C yBelnueHHeM BbiCOTH GaliHH YBelHUHBAIOTCS 3aTPa-
THl 3HEPruK Ha paGory HaCOCOB IIpH 110J124€e B Hee BOABL. Ectb n TPeTbsl Kareropuf
JIMHM#, KOTOPBle B OIlpejielIeHHBIe NIePHOABI IIMTAITCS U OT HACOCOB K OT GalLHH.

OAHHKO OHH He SIBJIAITCH TPaH3UTHEIMH K HE OKa3bIBAKT CYI{eCTBEHHOIO BJIHSILHS
Ha 3aTparel 3HEPTHH.
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MeToJIBl IIOJTHOTO TeXHHKO-3KOHOMHYECKOTO pactieTa CHCTEM C KOHTPpe3epBya-
p om[2,13] yyHTHIBAIOT BCE 3TH PEXHMBI IIHTAHHS H NPEIYCMATPUBAIOT BBeJeHHE
Pa3JHYHBIX KO3G(HUHEHTOB HCIONB30BAHMS SHEPTHH IS JMHUI DPA3JIHYHBIX Ka-
TEropHii.

J1n5i NOJIHOTO TeXHHKO-3KOHOMHYECKOTO pacyeTa TpebyeTcs npoBeeHHe QHK-
THBHBIX PacXOJIOB X;; Yepe3 ceThb TPeX KaTteropii. I'lo cetH, moKasaHHOH cXeMaTH-
geckH Ha pHc. IV.6, nepesatorcs clenyomue GHKTHBHbIE PacXOfbi:

1) or HacocHo¥ cTaHIMH o GallHH nepemelnaercs GHUKTUBHBIR pacxon x ==1;
9acTh €ro NPOXOAHT TPaH3UTOM uepe3 BCIO CeTh M cOpachiBaercsi y GauiHu, o6pa-
8ysi (HKTHBHEE PacXofhl X; B yuacTKaX cerH,(puc. 1V.6, a);

Puc. 1V.6

2) OT HAacOCHOH CTaHLHMH B CeTh IOAAETCH (PHUKTHBHBI pacXod x = (yof¥y) X
x (Q11/Qy) (puc. 1V.6, 6). TIpu paBHOMepHOM rpadKe nojayn HacocoB Q/Q =1
(B ApPYTHX cNy4Yasix 370 OTHOLIEHHE BHYHCJSIETCS B COOTBETCTBHH C 3aJJaHHBIM I'pa-
¢uKoM nofauM); OTHOLIEHHE ygl'y, npuHKUMaetcsi paBHBIM 1. COOTBETCTBEHHO (PHK-
THBHEIE PAaCXOJibl X9 B YJacTKax CETH SABJIAIOTCH YacTsIMH 3TOTO pacXxojia U c6pac1,x~
BaIOTCS B BUJE (PMKTHBHEIX OTGOPOB 7y B y3jaX Ha TpaHHIle 30H MHTaHUs [Zry =
= /11 (Q/Qp]. Tlpu onpeselleHHH rg YYHTHBAIOT Te0fE3HYECKHE OTMETKH

y3J10B;

3) or GamHM B ceTh NocTynaer GbHKTHBHBIL pacxon X = yg/y; (puc.1V.6,6); on
o6pasyeT GHKTHBHBIE PACXOJIBl X3 BRydyacTKaX CeTH, cGpackiBaemble (CGPoChHl rg)
B y3/laX Ha IpaHHIe 30H NHTaHUS (TaKkKe C YYETOM HX OTMETOK); Xrg = v/ 1

ITo BceM HKTHBHBEIM PacXOAaM Xy, Xg, Xg IIPOU3BOJIST YBS3KY CETH.

TIpH NOJHOM TeXHHKO-3KOHOMHYeCKOM pacyere no merony JI. @. MolHHHa
[3,13], ucronb3ys 3HaYeRHs Xix AJS OTACBHEIX JHHHI, ONpene/sioT oblee 3Ha-
denue GUKTHBHOTO pacxoia JuHHE X k.

Jlns yyacTKOB, NHTAIOLIMXCS TOJBKO OT HACOCOB INPH 006OMX PacyeTHHIX CJay-
uafx (OT HayaJbHOH TOYKH CETH A0 TPaHHLbI 30H NHMTaHH5):

Gimaxe \* Vo _Qumaxc
Xik="1+(—— T Xy
43 Tpans 71 Qrpams
Ins nuuuil, OMTaeMBIX. IPH MAKCHMaJbHOM BOROOT6OpE TOJNLKO OT GauiHH
F( qimaxc \2 Vs
sz=x1+('—‘) T, e
Gi vpans /i Y1
l'l/pu paBHOMePHOM KpYTJIOCYSO4HOii ' paGoTe  HacocHOH  CTaHLHH
Quakc/Qrpams = 1.

I'poBesieHte NOIHOTO TEXHHKO-3KOHOMHYECKOr0 PacyeTa 3HauuTe/IbHO
yBesiMyHBaeT o0beM BhiyHcleHHi. Kpome Toro, TouHoe onpeneneHne
K03((DUIHEHTOB y He NPeNCTaBJIseTCs BO3MOXKHLIM BBHAY HelpPepLEIBHO-
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rO U3MeHeHHUs XapaKTepa paGoThl OTAEJLHBIX YUACTKOB M, CJIElOBATEN be
HO, NOJIHLIK TeXHHKO-3KOHOMHUECKHMH DacueT He rapaHTHpyeT TOYHOTO
OTpaxeHMsl [eHCTBHTENbHOrO KojebaHns 3aTpaT SHepruM Ha paGoty
cucTeMbl. B cBSI3M € 3THM 3aKOHOMEPHO HCIO/L3OBaHHe NP UG HIKEHHBIX
MeTOIOB pacyera.

Jns npuGIMMKeHHOTO olpefeNeHHsl HaHBBITOLHEHNX JHAMETPOB
Tpy6 KosblieBoii ceth no ¢opmyJie (IV.2) pacxongpl TpaHSHTHEIX MarHcT-
paJieit MOryT GHITb NPUHATEL [0 X HATPYSKe B uachl HauGONbILEro TPaH-
3HTa BOJbL B GalIHIO. DTO aeT NOCTaTOYHO GH3KHe B OBOHX PacHeTHBIX
chyyasix pacxofibl JUISi YYacTKOB, PacloNIOMEHHHIX B PaiioHax, MHTalo-
I[BXCSi B OCHOBHOM OT HacocHol cTanuuu. Pacxomsl yyacTKoB, npumbi-
KaloluX K OalllHe, TaK¥Ke He CHJIBHO Pa3jiMuaiorcsi, XOTH 3HAK HX Me-
Hrercsi. BelnuuHbl X3, A CPYNNBI TapassiedbHO PaGoTaloUIMX TpaH-
SHTHBIX Markcrpajiell MOryT ObITh NPHHATH [0 PacyeTy TaKikKe Ha ciy-
gaii MaKCHMaJIbHOTO TPaHsHTa BOfE B GallHio. BiusiHHe akKyMyJsiHpo-
BaHMS 3HePruH OalHell NPH TOM He YUHTBIBAETCS, YTO CO3JaeT HEKO-
TOPHIi 3anac B HasHauYeHHBIX JUaMerpax.

JluameTphl MajlOHarPy¥eHHBEIX YYacTKOB, B OCHOBHOM INepeMbluek,
ONpeNessioT Mo KOHCTPYKTHBHBIM COOGpaxeHHsIM 6e3 HCIONBL30BaH Hf,
CJ1e[l0BaTeIbHO, KOI(PHIHEHTOB X,

Ilpu pacyeTe no NMpHBeNEHHBIM Bbiilie GOPMYJIaM HaMBHITOXHEHIIHX
IHaMeTPOB HePeAKO MOJYualoT ¥ 3HaueHHs, OTCYTCTBYIOLIME B COpTa-
MeHTe J@aHHoro THna Tpy6. B atux ciyyasix BbiGupaior GnmKaBimi
GonbIuMil WM MeHbIUMHA auamerp. IIpH 3ToM uesecoo6pasHO MOMB30-
BaThCsi TabULLaMHU NPeJeIbHBIX SKOHOMHUECKHX PACXOMOB, AJisl KOTOPBIX
IAHHBI CTaHJAPTHEIH fuaMerp Oy/ieT HaWBHITONHEHLIMM MPH Olpele-
JIeHHBIX 3HaYeHHsAX 3KoHOMMyecKoro dakTopa J (cm. npun. 1). ¥ cocen-
HHX CTaHAAPTHHIX IHAMETPOB 3HaueHHsi HaHGOJbLIIEro 3KOHOMHUECKO-
ro pacxojia JUisi MEeHbIIEro aMaMeTpa ¥ HauMeHbLIEro SKOHOMHUECKOTO
pacxoza Ans Gosblllero AMameTpa COBMAAAIOT.

Ins nonbsoBanust TaGiuell Npee/IbHBIX SKOHOMHUECKUX PacXofoB
HeoOXO/IHMO NPeJiBAPUTENLHO BHIUHCIHTE (IPHBeleHHBIE» PACXOIbI

, s /53 Qxin
9 =qin ]/ PR . (IV.6)
MJIH TIPH 3aBHCHMOCTH, OTHYawolleficss oT KBapaTHyHOR,
1

1
N o T o RN
v Gin
rre 3 — SKOHOMHYeCKuit (GakKTOp, ONMpeNeJeHHBIH AJisi JaHHOrO cayyasi; 3 —
SKOHOMHYeCKKH (paKTOp, NPHHSATHI IO TaGaHIe NPele/IbHbIX IKOHOMHUECKHX pac-
XOJIoB.

B CHull 11-31-74 npepnaraercsi BHYUCIATD pacyeTHLe PacXofHl H,
TaKuM 06pasoM, IHaMeTphl YUaCTKOB, YUHTHIBas UHCJAO OGCTY KHBAEMBIX
* MMH xuresell (cM. 1. I). Hs sToro caenyer, uto st oTaenbHEIX yyact-

KOB ceTH [0/KHBI NIPMHUMATECH pasiuunble KOospHUHEHTH HepaBHO-
MEPHOCTH BOfioNIoTPeCietnsl, BO3paCTaloMIMe: C yHANeHHeM yyacTKa
-OT TOYKH Mofiau¥ BofBl K ceTH. IIpH pacuere HeOGXONMMO YuMTHIBATH
MecTa pacrnoJioxeHusl BOJONHTaTesled H HalOPHO-DPETYJHPYIOLUX eM-
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KocTeil, pacnosioxeHne Ha TePPUTOPHH 00beKTa PasHOPONHBIX BOJOIG-
TpeGuTeNell K pasnHyHble PeXuMsl OT60pa HMH BOJBI H3 CETH. JomxHa
6biTH pa3paboTana MeTOAMKa ONPeNie/IeHUsT YNca XKuTenel, CHabKaeMbIX
OTHEJILHBIME yYacTKaMu KoubileBoil cetr. Heo6XouMO TaKkKe KOHOMH-
yecKu OBOCHOBATH 11eJieCO0BPa3HOCTh MOBbIlieHHs] CBOOOAHBIX HAIlOpOB
B KOHEUHBIX TOYKaX CeTH (a c/efoBaTesbHO, W BO BCEil CeTH ropora)
BMECTO HE3HAUUTENLHOrO YBEJHYeHHs [HAMETPOB Ha KOHEUHBIX ydacT-
Kax ceTH WJIH HCTIONb3OBaKUsl MECTHHIX TMOLKayeK. MeTonb! BBIYHC/IeHHS
9KOHOMHYeCKOro (haktopa HpHBefeHb B 1. V.

Takum obpa3omM, OnpefieneHne 11aMeTPoOB C Y4eTOM SKOHOMHUECKHX
($aKTOPOB H 110 KOHCTPYKTHBHBIM COOOPaKeHHsIM IPOU3BOASAT 1O OCHOB-
HOMY pacyeTHOMY CJ1y4aio HOpMasbHOlt PaBoThbl crcTeMbl. 11paBUIBLHOCTD
BBIGOpA IUAMETPOB TPAH3HTHBIX MarucTpaned, a Takxe HasHaueHus Jiua-
MeTPOB NepeMblueK H MaOHATPYKEHHBIX JHHKUI NPOBEPSIOT NyTeM Npo-
BefieHHs] CrieHa/ibHbIX [OBEPOYHBIX DacyeToB AJs ciydaeB PaboThl
cHCTeMbl IPH aBapHsX Ha YYaCTKaX CeTH, a TaKXKe IIpK nojade noxap-
HBIX pacxonoB (cM. ra. VII u VIII).

§ 13. OcHOBHBIE IPHHIUIB! NOBLILEHHs] HAJEKHOCTH
paboTH ceTH

CucTeMa Nofady U pacnpejiesieH sl BOIB IONXHA He TOJBLKO obec-
HeyuBaTh Nojady MOTPeOHTENsIM 3aJaHHbIX  KOJIHYECTB BOABI TOJ Tpe-
GyeMbIMU HanopaMH, HO M oBnajaTh ONpPeNeseHHOH (Tpeby emoil) Ha
JIEKHOCTBIO.

Kak H3BECTHO, NOJi HAREKHOCTBHIO H3JENI s, COOPYMKEHHs, CHCTEMBI
MOHUMAETCHT WX CBOHCTBO BHINOJIHATH 3afaHHble QYHKHIHH, COXPaHsis
IKCINyaTalUOHHBlE TIOKA3aTeNll B YCTaHOBJIEHHbIX MPejieiaX B TeUeHHe
onpejeseHHOro NPOMeXyTKa BPeMEHH.

dynKnuelt cucTeMsl BoJOCHaGXKeHHs SBNIsIeTCs o0ecneyenyie BOJLOH
noTpeduTesiell B COOTBETCTBHH C yCTaHOBJIEHHBIMH TPeGOBaHUAMH K ee
KONHUeCTBY, KauecTBY H Hanopy B ceT. I1pu 5TOM flonycKaercsi HeKo-
TOpOe CHHIKEHHE 33[JaHHOTO YPOBHS OGC/YKHBAHHUS norpebutenei B
nepHonbl IMKBU I2LKHK aBapuil, BOSHUKIINX B CHCTeME B pesyJbTaTe
caydaiinbix cobbTHii. Takoe CHHMeHHe YPOBHSI —OOCHyXHBaHHS HE
JIOTIKHO GBITH GOMbLIE JOMYCTHMBIX (yCTAHOBJIEHHBIX HOPMaMK) NIPejIesioB
110 CTeNeHH [VIHTeJbHOCTH H 4acToTe NOBTOPSIEMOCTH.

CHHKeHUe WIH NPeKpallenke MOfa4H BOJbI MOXKeT NP OM3OHTH B pe-
8yJibTaTe aBAPHil HA BOJOBOJAX U JIMHHSX CETH WJIH HA HACOCHBIX CTaH-
LHSIX, HaNpHMep, B Pe3yJisTate HAPYUIEHHS 3JEKTPOCHAOKEHUS H JP.

IIpu pacueTe HAZEKHOCTH CHCTEM TONA4YH BOABI HEOOXOAMMO 3HATD!

a) TpeGopanus NoTpebHTeNeH (MK HOPMATHBHbIC TpeGoBaHHs) K
GecniepeboiiHoCcTH BOAOCHA0KeHHA (K YPOBHIO BofoobecriedeHns1) B Ie-
PHOABI HOPMa JIBHOH Pa6oThbl 1 JONyCKaeMble CHHIKEHHS TpeGoBaHUl B
NepHoNHl JHKBHIALME ABapHi;

6) UHC/IeHHBle TIOKA3aTe/H HaleXKHOCTH OT/EIbHbIX 3JIEMEHTOB CHCTe-
Mel (yUacTKOB BONONPOBOIHBIX JIMHHHA U3 TPYO PasHBIX THNOB, HACOCOB
M Ap.).

PyKOBOICTBY fiCh Y Ka3aHHEIMH CBe/ICHHSIMH, MOXKHO 3aNpOSKTHPOBATE
CHCTEMy TNOJAuH BOAH, YAOBJIETBOPSIOHIYIO TMOCTABJEHHLIM TPeGOBaHHK-
SIM HaJeXHOCTH.
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Bce pacueThl B 06JIaCTH TECPHH HAZIEXKHOCTH CHCTEM BOLOCHAGKEHHSA
cBonsTcs (aKTMUECKH K TOBEPOYHBIM pacyeraM, IOKasbIBAIOUNM,
YZIOBJICTBOPSIOT JH NPOGKTHPYEMEIE CHCTEMB! CYLECTBYIOLMM  HOpPMa-
THBHHM TPeOOBAHHAM K MX HAJEXKHOETH.

CornlacHo HOPMaM, TIPH NPOEKTHPOBAHHY ceTell U CcoopyseHuit Hall-
JIeXKUT COBMIONAThL CJefyloiive TpeGoBaHMsi:

1) yucsio AMHKI BOIOBOLOB JOJIHO OHThL NPUHSTO ¢ YYETOM HAEXK-
HOCTY NOEAYH BOJbI CHCTEMOJ BOJIOCH a6XeHHs;

9) npu NPOKJaAKe BOLOBOJOB B ke M Gonee JMHHM C ycTpolicT-
BOM IePeKJIIOUeH I MEXSAY HHMH NIPH aBapHHK Ha BOJIOBOJIE HEJIONY CTHMO
CHIKeHYe Tofiauy Bozkl 6osiee ueM Ha 30% HopMasbHOI;

3) ecin  OOBEKT cHaGkaeTcsi BOJOH OT HECKOJBbKHX HCTOYHHKOB
(10 HECKOJNBKAM CHCTEMaM BOJIOBOJOB), AOIYCKAeTCst NPH aBapHH CHH-
JKEHHe TOJauM BOJBl OT OT/JENbHHIX HCTOYHUKOB 1o 5095 HOpMaJbHOH,
HO B LLeJIOM CHUXXEHHE TOJauH 0OBEKTY He JIoJIKHO npesblcHThb 30 94 HOp-
MaJlbHOM;

4) npu mo6oii apapy JMEHI BOJONPOBOIHON CeTH obHiee CHHXEHHEe
Mofiauy Bofibl 06beKTy He JoJxKHO ObiTh Oosiee 30 9. Tlpu Hanuuuy He
CKOJIBKHX BoJONHTaTeNlell Momer ObiTh JIONYILIEHO MO OTAENbHBIM Ma-
FHCTPaNsiM ceTH o0beKTa CHYKEHHE pacxofia 1o 50% HopmanBHOTO,a K
HalboJiee HeGIATONPHSTHO PACTIONOKEHHO TouKe ofbeKTa 1o 256% Hop-
MaJibHOro, T. €. Ha 75% . I1pu 5ToM cBOGOAHEIH HaNop B ceTH B TaKoH
Touke JloJukeH GbiTh He Metee 10 M. Ilocnenree TpeGoBanue BecbMa Cy-
[IECTBEHHO B CBSI3M C TeM, 4To B HauGosee yJajieHHol 1 Haubonee BO3-
BLILIEHHOfI TOUKe TePPUTOPHH OOBEKTa NPH aBaPHH | COXPaHsieTcs! He-
KOTOPHI Hanop, o6ecleyHBAIOMMI NOfayy BObl BCEMY OOBEKTY, XOTS
U B yMeHBbIIEHHOM ofbeMe.

Taxum o6pasoM, B npouecce NPOEKTHPOBAHHS BOLOBOALI H MATHCT-
PaJIbHEIE CETH JIOJKHE! GBITb IPOBEPEHB! Ha CJyuail BEIK/IIOYEH s OT/eVib-
HBIX JUHUH AJS JUKBHIALMH aBapuil.

Tpu noBePOUHOM pacyeTe MariCTPajbHON CeTH Ha Cyyail aBapHH
JIOJIFKHO GBITH NPOBEPEHO BJHSIHUE BEIKJIIOUEHHST OTAENBHBIX JUHHH, aK-
THBHO PaBoTaIOWMX (HATPYMKEHHBIX) NIPH HOPMaJILHOH paboTe CHCTEMBI,
a Take BHOPAHO HECKOJIbKO YYacTKOB, BHIKJIIOUEHHE KOTOPHIX, Npef-
MOJIOKHTENBHO, MOXKET OKa3aTb 3HAYHTENBHOE BIHSTHUE Ha 10/]a4y BOJIEL.
K TakuM JMHHMSIM OTHOCSTCSl YYacTKM MaructpaJnel, HarnpabJeHHE KO-
TOPHLIX COBINAJIA€T ¢ OCHOBHBIM HallPaBJICHNEM TPaHCIIOPTHPOBAHHS BOABI
B ceTd. BJHsiHHe BBIKJIOUEHHsi DPA3JIMYHBIX JIHHHH 3aBHCHT OT MeCTa
PacnoJioXKeHHs UX B CETH, KOHPUIYPAIlHH caMoii CeTH H PaCIONIOKEeH s
KPYNHBIX notpebutesiedl BoJibl.

Tlpu npoBefieHHH TIOBEPOYHOTO PaCcyeTa LJIsi PA3JIHYHEIX BAPHAHTOB
aBapuii yasiosble (GUKCHPOBaHHEIE) OT6OPH! Bofbl coKpaw@ior Ha 30% ,
a JIMHWIO, Ha KOTOPOi NpefnoJiaraeTcsi aBapHsi, MCKJIOYAIOT U3 CETH.

CreplyeT NOMHUTb, YTO PACCMaTpHBaeMble pacueTbl MNPOBOAAT Ui
CeTH, IJie AMaMeTpPH! (M CONPOTHBJIEHHS!) JUHHU yIKe uaBecTHH. B cBasu
C 3THM HOBOTO HayaJLHOTO NOTOKopacnpeneneHus ne tpebyercs. Ilpu
PYUYHEIX K€ pacyeTaX NPUXOAUTCS HAMEYaTh NepepacrpesieieHune pacxo-
JOB € YU€TOM BHKJIIOUEHHSI OJIHOTO M3 YYACTKOB H yBeJHYeHHs] Harpys-
KH cocelHHX «nepeMbuek». Jlanee nyTem BHYTPeHHe! YBA3KH HAXOMNAT
HMCTHHHOE 3HAYeHHE JMHEHHBIX PAacXofloB. DBrlKjioyeHue OfHOTC H3






FdABA V
SKOHOMUYECKMH SAKTOP M OMPEJEJSIOIME ErO NAPAMETPbI

§ 14. dkoHoMMueckuii pakTop

VCa0BHA CTPOUTENBCTBA M SKCITYATallMH CHCTEMbI MOJayM M pac-
TpejieNiennsl BONEl XaPaKTePH3YIOTCs: 3KOHOMHYECKHM (aKkTopoM 3, BX0O-
ISKM B 06LLyto GopMyJly HaHBEITOJHEHLIEro AHaMeTpa BOJOIPOBOAHBIX
mumnil. UncnenHoe 3Hayenue (aktopa 3 MOXHO ONPENeNHTh IO Clle-
JYIOLEMY BHIP aXKeHHUIO:

4.365
5.2 108 avkm . v.1n
102 o b( L, R )
M\ Tor | 100

[Ie G — CTOMMOCTH 3JeKTposHepruu, py6/ (xBr - W); y — xospduunent repas-
HOMEPHOCTH PaCXOfOBaHHsA SHEDPTHH; k B m — Ko>(HLHEHT H NoKasaTe/lh CTene-
su B opmyte (VI.9); o u b — nokasareb CTeNeHH H KOSQQHIHEHT B dopmyae
(V.6); n — KIIJ sacocHo# cTaHUuH; Tok — CPOX OKYNIaeMOCTH B TOJax; R —
cymma aMOPTH3aLlUOHHBIX OT‘IHCJ]EHHﬁ, a Takme 3arpatr Ha KanuTaJbHEIA H Te-
Kyumii PeMOHT B NPOLEHTaX CTPOHTENbHON CTOMMOCTH JaHHOM JWHMH.

§ 15. CTOMMOCTD 3JIEKTPOIHEPTHH

CTOMMOCTb 3J1eKTPOSHEPrHM 3aBHCHMT OT Tapu¢a, yCTaHOBNEHHOrO
U151 SHEPTOCHCTeME], Tl AAHHYIO CUCTEMY BOJIOCHAGKeHHS. Onna-
Ta 8a HCIOJB30BAHHYIO 3JIEKTPOSHEPTHIO POU3BOANTCS MO OHOCTAaBOY-
HOMY HJIH JIByXCTABOUHOMY Tapudy, onpeliesisieMoMy ONTOBLIMH LeHAMH
Ha 3JIeKTPO3HEPTHIO.

Mo ofHOCTaBOUHOMY TapHGbY PACCUHTHIBAIOT CUCTEMbI C MPHCOEAUHEH-
HO#l MouHocTsio 10 750 KB - A. B 3ToM cilyyae 1yiaTa B3UMaeTcs TONbKO
33 HCIOJB3OBAHHYIO 3J1€KTPOIHEPTHIO.

Io aBy xcTaBOYHOMY TapH(y PaCCUMTHIBAIOT CHCTEMBI C IPHCOEHHEH-
Hoil MomHocThio 750 KB + A 1 Bhilie. B aToMm ciiyyae croumocThb omla-
uKBaeMOil 3eKTPOSHEPIHH CKIAfblBaeTCsl K3 TONOBOH myaThl 3a 1 KBT
3asiBJIEHHOM MoTpeGHuTesieM MaKCHMaJIbHOH MOIIHOCTH, yyacTaylolei B
MaKCHMyMe Harpy3KH SHeproCHCTeMSl, 1 I1aTh 3a 1 kBT -4 oTnyllennok
noTpeOHTE/O aKTUBHOH 371€KTPO3HEPTHH. Top 3asiBJIEHHON MOLIHOCTBIO
1noHKMaeTcsi aGOHHpOBaHHas TOTpeOKTeNeM Haubonbluas Mosiydacosast
3JIeKTpUUecKasi MOLIHOCTD, COBHajawomas ¢ nepHofioM MaKCHMaJbHOH
HArpPy3KH 3HEProCHCTEMSbI.

s BhUKCEHHs! 3KOHOMUYeCKOro GpakTopa HeoOXOoAKMO OMNpeennTh
NPHBEJEHHYI0 CTOMMOCTL 3JIEKTPOSHEPIMH, YUHTHIBAIOLLYIO ofa BHla
nnatexeil. C M3MeHEHHEM peXHMa BOLOINOTpebneHUs] M3MEHsSIeTCs Mo-
TpebnsieMass HAaCOCHBLIMU arperataMM (pakTH4eCKasi MOIIHOCTb, H, CJle-
JIOBaTe/IbHO, M3MeHsieTcsl IMpHBeieHHasi cTouMocTh | KBT - 4 3sieKkTpo-
SHEPruH, TMO3TOMY NPHBEJEHHYIO CTOMMOCTb 3JIEKTPOSHEpruH CJefyer
oflpefieNsiTh IPHMEHHTENBHO K PEXHMY BORONOTPeOseH s, 10 -KOTOPOMY
BHIGHPAIOT AHaMETPHL TPYO.

" B cayyae olutaTH 3a 3JEKTPOIHEPTHIO [0 OHOCTABOYHOMY Tapudy
TIpHBefieliHast CTOMMOCTb | KBT - 4 3J€KTPOSHEPrH paBHa GaKTHIECKOH
CTOMMOCTH 3j1eKTPO3HEPTHH, PELyCMOTPEHHOH MPeHCKYPaHTOM.
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Tlpu pByxeTaBouHOM TapH(e MNpHUBEIeHHAsi CToMMOCTh | KBT - 4
3JIeKTPOSHEPTHH MOXeT OHTbL onpefeneHa no Gopmyse

MNmakc/Nd)anT
= 8760 +ea. V-2

rpe M — naara B rog 3a 1 kBT 3asBleBHO#N nNOTpeCHTe/IeM MaKCHMaJbHON MOII-
HOCTH, Y4YacTBYIOLleHi B MaKCHMyMe Harpy3KH SHeprocucteMel, py6.; Nyaxc —
3asiBJleHHas l'lOTpeﬁlflTe.ﬂeM MOILHOCTD, HCIOJIB3YyeMasi B 4achl, SIBJAAIOIIHECS IS
JlaHHOH SHEProCHCTEeMEl YacaMH MaKCHMyMa, KBT; Ngaxr — QakTHueckass mom-
HOCTh, NOTpe0JisieMasl HACOCHLIMH arperaraMM NPH pacCMaTPHBAaeMOM peXXHMe BO-
gonorpebienus, kBT; @ — nnata 3sa 1 kBT - 4 morpe6ieBHON SJ€KTPOIHEPrHH,
py6.; 8760 — umucso Yacos B ropy.

Kak yxe ykasbiajioch, NpH H3MEHEHHH PeXHMa PabOTH CHCTEMb
usMeHsieTcsl CTOMMOCTE 1 KBT - 4 anekTposHepruu. B cesiau ¢ 3THM,
€C/IH 832 CTOUMOCTB 3JIEKTPOSHEPTHH IPHHATH 3HauYeHHe O = Oy, COOT-
BETCTBYIOLIee HOMHHAJIBHOM MOIHOCTH Ny, NOTpebiisieMolt Npu HaM-
6oJiee HarpyXeHHOM pexXHMe paGoTHl CHCTEMBl, IPHMEHHTENIBHO K KOTO-
poMy NpPOUSBOAAT BEIOOpP HacOCHOro oGOpYyAOBaHHUs, NPH JAPYTHX pe-
UMax IoTpebiseMasi MOIIHOCTh OKAXeTCsi HMXKe HOMHHaJBHOH. DT0
MPHBOAUT K BO3PACTaHHIO CTOMMOCTH 3JIEKTPOSHEPTHH: O = XO,, Tlie
% > 1. 3HaueHue X MoXHO ompefeauts no GopmyJie

 MNyayo/ Ngaxs +8760a

A= V.3
MNsearcol N rons 87600 v-3)

Ha npensaputenbHOll CTafiid pacyeTa, Korja ellle He BuIOPaHoO Ha-
cocHoe 00OpyaOBaHHE, MOXKHO NPHHMMATE X = I.

Ecau npuHsTh, 4T0 HanGoNee HArPyKeHHBIH PeXXHM paboThl CHCTe-
MBI BOJIoCHAGXKeHHs1 COBNAJlaeT C MAKCHMYMOM HarpysKH HepTOoCHCTEME,
TO Nycare / N(bawr =1

B nacrosiiliee BpeMsi BeTHUHHBI NJIaTexKefl MPH By XCTaBOYHOM TapH-
(e KONeOMOTCA B LIHPOKUX NpeJienaX B 3aBHCHMOCTH OT TIPHHAIJIEHKHO-
cTH palioHa K Toll WNHM MHOM 3HeprocucteMe. Tak, mjara M B rof sa
1 kBT 3asiBjieHHoOl NoTpefuTe eM MaKCHMAJIBHOM MOLIHOCTH COCTaBJsAeT
or 30 no 48 py6., a nnara a 3a | kBt -4 uspacxonoBaHHo# 3nepPrun —
or 0,9 no 2,2 kon.

CrefiyeT OTMeTHTb, YTO NOJHYIO CTOHMOCTH 3JIEKTPOIHEPIHH, 3a-
TpaueHHO# 3a rofl, ONPeesiioT N0 (HaKTHUECKHM 110KasaTesiaM 1P H6opoB
yueTa H YCTaHOBJeHHoIl (3asiBneHHoM) MormocTH. Onpenenenie rono-
BHIX 3aTpaT MO NPHBEJEHHOH CTOHMOCTH 3JEKTPOSHEPTHH 3aTpyjHH-
TEJBHO, TaK KaK MOCJeIHss 3aBUCHT OT PeXXHMa paGoThl HACOCHOH CTaH-
LHH.

Yuco opHOBPEMEHHO pabOoTaIOIIX HACOCOB Ha HACOCHOH CTaHLUM
HaMeHsieTcsl B 3aBHCHMOCTH OT PexkuMa Bojonorpebnenust. O6wnit KIT
HACOCHHIX YCTAHOBOK 3aBHCHT OT YHCJia OlHOBPEMeHHO PaboTalolHX arpe-
raToB H NO3TOMY JOJI3KEH ONPeNesAThCH NPHMEHHTEIbHO K paccMaTpH-
BAEMOMY PEXHMY paboThl HACOCHOK CTaHIHH.

KI/1 coBMecTHO paGoTalolUX arperatos BHMHCISIOT 10 GopMysaM:

IpH NapajseasHoll pabore arperatos

Qi+Qt...+0n
Qu/m+Qe/me+ .- --Qn/nn

n=
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IPU TOCJIeNIOBAaTeNbHON paboTe arperaTo
Hi+Hy+ ... +Hn

n= (V.5)

Hl/Tl1+H2/"]2+-~- + Hyln
roe Qp, Qs ..., Qn — MOnaya COOTBETCTBEHHO MEPBOro, BTOPOTO H n-ro Hacoca;
%1, Mgs ---» Nn — KIIJl cOOTBETCTBEHHO NEPBOLO, BTOPOrO U A-IO HaCOCHOrO arpe-

rata; H,, Hy, ..., Hp — Hamop, pa3BHB2eMBbiii COOTBETCTBEHHO NEpPBbIM, BTOPHIM
# n-M HacocOM.

Paccmotpentie dopmyn (V.4) 1 (V.5) nokasbiBaer, 410 HauGoMbLlIe-
ro SKOHOMHueckoro 3(deKTa MOXHO JOCTHYb, €CJIM HacoChl GosbLIMX
momHocTefi 6yayT pabotaTs ¢ Haubonsum KI1I1, a perynvposanye no-
JIauM BOJLI B CHCTEMY IPH M3MeHeHHH PeXHMOB BojlonotpeGnenusi Oy et
OCYILECTBSATECS HACOCAMH MaJoi MOLIHOCTH.

Ha mepsbiX cTagusix pacueTa, KOrjia HaCoCHoe O0OpYAOBaHHMe elle
He BHOpaHo, sHayenre KI1JI MoXHO npuO/KKeHHO NPUHUMATL B Ipe-
penax or 0,7 mo 0,8.

§ 16. CTOMMOCTb CTPOHTEJILCTBA BOAOTIPOBOMIHBIX JMHHUI

CTOHMOCTb CTPOMTEJILCTBA JIMHHI BOJLOMPOBUAHON CETH MOXkeT ObiTh
BLIpakeHa IMIMPHUECKOl popmynoi

C=ay+bd%; (V.6)

ollpejieNsiouLell CTONMOCTb CTPOHTENIBCTEA IMHHULE! JUTHHBL TPYGOMPOBO
na nuaMerpoM d;.

B 570t popMyJie Be/IMUMHEL &, b K o 3aBUCAT OT BuLa TPYO M rayGn-
Hbl KX YKJ2JKU, BUIA IPYHTA, HAJMUMA FPYHTOBLIX BOX, Crocoba yKIan-
K4 U np. AHanns CMeTHO! CTOMMOCTH TPYOONPOBONOB TOKAasbBaeT, UTO
ysMeHeHHe YCIIOBU CTPOUTENBECTBA B OCHOBHOM CKasblBA€TCst Ha BeJIHUM-
He a,, 3HaueHHe KoxpuIeHTa b IPH 3TOM H3MEHSETCsl HeCyIeCTBEHHO.
10T KO3QPHULKEHT 3aBHCHT IIaBHBLIM 06Pa30M OT BHIA W Kiacca Mpod-
#octu Tpy6. Koadduunent a, npeactapsier co0oii MOCTOSIHHYIO YacTb
CTOMMOCTH, He 3aBUCSIIILYIO OT AHaMeTpa TpyO, IOITOMY OH He OKasbIBaeT
BJMSIHUS Ha 3HaueHHe SKOHOMMYECKHM HAWBHIFOJHEMero jauaMerpa |
HaC MHTepecoBaThb He OyJeT.

Ilnsi ycTaHOBNeHHUs! YKasaHHOH 3aBHCHMOCTH HEOOXOJMMO 3HATb
€IMHHYIHYI0 CTOMMOCTb NMPOKJaJKH TPYOONPOBONOB IIPH CYLIECTBYIO-
1lleM YPOBHE LieH MPUMEHHTEJIBHO K MEeCTHBIM YCJIOBHSM.

OnpefnieNienrie BEJIMUMH Gg, b 1 o BO3MOXHO CJelylOLliHM o6pasoM.
Ipexcrapum dopmyay croumoctd C = gy + bd¢ B Bupe C — ap = bd%
Iposens norapudMuUpoBaHue, NOJNYYHM:

lg(C—ag)=lgb+algd;.

Ecnn nposecty 3amedy nepeMenHbIX 1g (C — a) = y u lgd; = x,
TO ¢opMysia MPUMET BHA:
y=I1gb-{-ax.
TocTporB N0 JaHHBIM eIHHHYHOH CTOMMOCTH rpaduK 3aBHCHMOCTH
C = f(d;), nonoGublii NoKasaHHoMy Ha puc. V.1, MOXHO ONpefennTb
BeJMUNHY @,. 3aTeM Ha rpaduke B ocsix y = 1g (C — ap) m x = lg d;
{puc. V.2) cregyer noctpouthb psZ TOUEK, OTBEYAIOUHX eJHHHYHBIM
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(C-a,),pyp

7.7 %F

30

01 0125015 02 62505 04 85 0706 10, 11
d,rm (1907=-1) (lg1 =0

Puc. V.1 Puc. V.2

croumoctsiM. [lpsimasi, nposenennas gepes Toukw CTOUMOCTH, 6yner
OTOOpaMeHHeM JIMHeHHOlH 3aBUCHMOCTH y = lg b + ox unu ypaBHeHus

C=ay+bd?.

Bennunna b Haxonmtes Mo BesnmumHe Igh npy x = lgd; = 0, 1. e.
npu d; = 1,0, a nokasare/b CTelleHH ¢ HAXONHTCS KAK TAHIEHC yraa
HaK/JoHa IpsiMol y = 1g b + ax K ocu a6euuce.

s npoBesieHUs TEXHUKO-9KOHOMHMYECKHX pacyeToB yn06HO, YTOOH
CTOMMOCTHEIE 3aBHCHMOCTH KaXJIOTO BHAA TPY6 BCEX KJAaCCOB HMEJH
TIOCTOSHEBIH NOKa3aTeNb @. To yIPOMAET yYeT CTOMMOCTH OTJE/ILHBIX
SJIEMCHTOB CTPOMTENLCTBA, @ TAKKe BJIMSIHHSI Ha Hee KOHKPETHHX
yc/loBuil 0GbeKTa, O3BOMSIET YYHTEIBATL HSMEHEHHUe [eH  Ha pasJiuu-
Hble BHJbI paloT M MaTepHajiOB NyTeM BBeJeHHS COOTBETCTBYIOIIHX
nonpaBoyHblX kos3ddunrentos. Kpome toro, pas ynobeTBa NpoBeieH Hsi
pacueToB  nesiecoo0pasHo, YTOOE (QOPMyJa CTOHMOCTH OXBATHIBAJIA
BECh COPTaMEHT AMAMETPOB KaXJOro KJacca Tpy6. AHajna JaHHBIX O
CTOMMOCTH TPY6 NOKASEIBAET, YTO HA COBPEMEHHOM 3Talle, HecMOTps1 Ha
TepHOAMYECKH NPONCXOAALIHE H3MeHEHHS 1leH, NoKasaTejb CTeNeHH o
HE3aBHCHMO OT YC/OBHH YKJANKH H KJacea TPY6 MOMHO NPUHHMATH C
JIOCTATOYHOH JUIsi NMPAKTHYeCKHX LeJell TOYHOCTHIO paeeeiM 1,6 gas
TPYCONPOBONOB M3 YYTYHHEIX TPY6; 1,4 puis TPyGONPOBOJOB U3 CTallb-
HBIX TpY6; 1,95 st TpyGonporonos us ac6eCTOLEMEHTHBIX U MJIacTMAac-
COBHIX TpY6.

Bee namenenus, cesizanubie ¢ LIeHOOOPa30BaHHEM, MOKHO YUHTEIBATD
NIyTeM u3MeHeHHUs1 KOahbHIIMEHTOB ao M b.

§ 17. Bansnue pexxuma paGoTni cHCTeMB nojayu
H pacnpeesieHHs BOA bl

Kosdpuurent HepasmomeprocTH pacxonosanus 3HEPTHH Y Tnpen-
cTaBJisier co0Oil OTHOIIEHHe SHePTHM, KOTOpast JOJMKHA GhITh 3aTpaueHa
Ha Tpeofio/ieHHe COMPOTHBJIEHHA TPY6 B TedeHHe PAacYeTHOro NePHONA
€ y4eToM M3MeHeHHs BOAONOTPe/eH s, K SHEPIUH, 3aTpayuBaeMoll 3a
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3TOT 2Ke MePHOJA NpPHU pacxojie, NPUMeHHTENBHO K KOTOPOMY BHIGHpAIOT
AuaMeTpel Tpy6.

BruncsieHue NefiCTBUTENEHO 3aTPauHBAEMOH SHEPTHH 32 PaCUETHHIN
CpOK B GOJIBLIMHCTBE Cy4YaeB NPAaKTHYeCKH He TNPe/CTaB/sieTcsl BO3-
MOXHbIM H3-332 NPHGAMKEHHOCTH BOIONOTPe6JeHHst MO rogaM H yacam
CYyTOK, rpadHKOB HEPAaBHOMEPHOCTH BOAONOTPeOJEHUS U IPYTHX JaHHBIX.

Ecnn npeHeGpeub HenHHeHOH 3aBUCHMOCTBIO NOTePh Hanopa oOT
pacxofia, TO MOXHO CYMTaTb, YTO JEHCTBUTENbHO DOTPeG/eHHas 3Hep-
THSl 32 PACUETHBIH CPOK PaBHA 3HEPTHH, ONpeJieJeHHOl Mo cpeflHeMy 3a
pacyeTHBHIH CPOK PacXofly, COOTBETCTBYIOLIEMY PeXKHMY CPEIHEro BOLO-
norpebaeHus. [To sToMy peXXHMy MOXKHO CYIHTb 00 3KOHOMUYHOCTH
paGoTH BceH CHCTEMbl M B NEPBOM NP HOJHXKEHHH NPOM3BOAHTL BBHIOOP
JIMaMeTpOB.

B 6osbLuMHCTBE Clyyaes BHIGOP JHAMETPOB NPOH3BONAT Ha Yyac Hau-
GoJibllero TpaH3WTa WM Ha yac HauO6oJblIEro BoAoONoTpeGneHus.

ITpenebperas pasjiesieHHeM CHCTEM BOJOCHAGKEHHS MO MECTY pacio-
JIOXKEHHUSI PETYJIHPYIOlel eMKOCTH, a TaKXke CYUHTast, 4TO PACXOAH!, MO-
JlaBaeMble HACOCHOH CTaHIHel B yachl HauGOJIbIIEro BOAONOTPeOJeHUs 1
HaHOOJbLIEro TPaH3UTa, GAU3KH, MOXKHO HaiTH Ko3pdUIHEeHT HepaBHO-
MEPHOCTH PaCXOJ{OBaHHSI SHEPTHU NPUOJIMIKEHHO AAsl BCEil CHCTEMBI B
1eJIOM UJH OTHEeNBHBIX JIHHHH 1O BBIPaXKeHHIo:

V:”(Kchy'qu)sv (V.7)y
rae Ko — KO3(p(OHUHEHT, YYHTHBAIOIIHI POCT BOZONOTpeGJEHHs! IO TOAaM B Te-
uyeHHe PacyeTHOTO CPoKa jeficTBUA BononpoBosia; Keyr M Kg — K03bUUHEHTE:
COOTBﬁETCTBEHHO CyTO‘IHOﬁ ¥ YacoBOH HepaBEOMEPHOCTH BOAO]’[OTPQGJIEHHH; Kq =
= ap.

Ha ocnoBanun panapix CHull 11-31-74 MoXkHO cuuTaTth, Y4TO exke-
FOAHBIA MPHPOCT BOJNONOTPeO/NEHHS NOJNKEH COCTABJSATH TNPUMEPHO
1—3%, 1. e. Ko, = 1,01 ... 1,03.

KoaddunneHT cyToyHO# HepaBHOMEPHOCTH K yr, YUHTHIBAIOLHH VK-
Jlaji XKU3HU HaceJIeHHUsi, pexXuM paboThl NpeANpHSTHH, CTeNeHb 6saro-
YCTpoHCTBa 31aHUH, H3MeHeHHe BOJONOTPebsieHHs MO Ce30HaM rofa u
JIHSM HeJleNd, NPHHUMaIoT paBHbiM [,1—1,3.

KoaddhuuueHT @, YYHTBIBAIOUIHI CTeneHb 6J1aroyCTpoicTBa 3laHkil
M JIpyrue MeCTHHIE YCJIOBHS, NMPHUHHMAIOT paBHbiM 1,2—1,4.

Kospdunuent P, yuuTBIBAIOIMH UMCJIO KUTenedl B HaCeJeHHOM
IyHKTe, MOXeT ObiTb onpeneeH no (opMyJe, annpoKCHMHPYIOUei
nanuple CHulT:

p=1+1/VN, (V.8)
rae N — uyucio XuTedell, ThiC. uYel.
Orciona Buipaxenue (V.7) npuHMMaeT BHI:

v={VN/[Ko Kcyr (1 +VW)}3. (V.9)

B o6mem chryvae K0s¢ppHuHEHT HepaBHOMEPEOCTH PacX00BaHHA SHEPTHH Ha-
XOASIT B Pe3yJbTaTe FHAPABIHYECKHX PACYETOB CHCTEMBI IPH Pas/IMYKbIX PeXHMaX
ee paboThl.

Kak yxe yKkasbiBaJioCh, HCTIO/Ib3YeMEIE TIPH pacyeTe TpadHKH 4acoBOit Hepas-
HOMEpPHOCTH BOJIOTIOTPE6CHHS HE OTPaXAaloT B NIOJHON Mepe ero BO3MOXHYIO Kap-
THHY, NO3TOMY CYLIECTBYET NpeAJoKerne nepefiTh K NMOHSTHIO «PACYETHOTO, PeXKH-
Ma BOZONOTPe6ienHs», Pacuernblii pexxuM BogonoTpeGiesns ABIAETCA YIPOLIEH-
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HBIM MATEMATHUECKHM OINHCaHHeM Beell YNOPSNOYEHHOH (PaHXKHDOBAHHOH B MO-
psinke Boapac'raﬂnn) COBOKYINHOCTH YaCOBBIX PacXoJiOB, OXHJaeMBLIX B pacyeTHOM
rony paGoThl cHcTeMbl. MHBIME cl0BamMH, 9T dyHKUMS pacnpefeneHusT BEPOSITHO-
CTH 4aCOBBIX pacXofoB. OHa MOXeT GhITh NOJIyYeHa B pe3yJbTaTe aHATHAA o6uup-
HBIX JaHHBIX O (GaKTHUECKHX DEXHMaX BOLONOTPeGIeHHS FOPOAOB H MOCEIKOB C
PasyHYHON YHCIICHHOCTBIO HaceseHHs|, CTENeHbo GIArOycTpOHCTBa W pa3HLIMH
KJIHMaTHYeCKUMH ycaoBusiMe [6].
PacuetHuifi pexHM BOLOIOTpeGieHHSs Olpefensiercs dopmyJioii BHaa
G=qop Ko. o T0- 77", (V.10)
TJe g — 4acoBOH PacXonl BOLE B MOMEHT BpeMenH T; gep — cpeluuii 3a paccMaT-
pHBaeMblil NEPHON 4YacoBOH pacXoR BOAB; Kou — MaKCHMAJbHBI K03 duuneHT
OCIeli 4acoBOH HePaBHOMEPHOCTH, NPEJCTABJSIOMME cOG0il OTHOLIEHHE MAKCH-
MaJIbHOrO 4aCcOBOLO pacXoia K CPellHeYacoBOMY pacxonly; T — Tekylmee Bpems,
KOTOpOe BHIPa}aeTcst B J0MsX OOLLEro NepHOAa BOAONOTPEG/IEHHs] H H3MEHSeTCsS
B npefienax ot O no 1.

B atoit hopmyire kosddrunent Ko g He OTHOCHTCS K KaKHM-JIHG0 KOHKPeTHBIM
CYI‘KaM, a oInpepensieTcsi H3 BCero Psiia YyacoBHIX pacxonos 3a paccmannaaeMuﬁ
nepHon. MakcHManbHu KO9GQHUUKEHT obmedl YacoBoil HepaBHOMEpPHOCTH OIpe-
HeJsieTcs ¢ 3ajaHHofi CTeNeHblo obecnieyeHHOCTH. Mo 06eCeYeHHOCTbIO IOHHMa-
€TCs BEPOSITHOCT TOSIBIeHHS CJ1yyalHBIX PaCcXOA0B, He NPEBLINIAOMHX 3a4aHHOTO
sHaueHns. Tak, ecnu 3aHaueHHe Ko.q 3aaHO0 ¢ 98% -Hoit ofecnede HHOCThIO, TO 3TO
O3HauaeT, UTO BEPORTHOCTL €rO NPEBLIIERHs B TeeHHE PacCMaTpUBaeMOTo NepHo-
Jia paBHa 0,02. BeauynHa 06eceyeHHOCTH [OMKHA 3aJ1aBaThCs HAa OCHOBAHHH Tpe-
GoBaHH{i IO O6ECIIEYEHHIO O PesieIeHHOTO YPOBHSI Hafle}KHOCTH CHCTEME! BOJOCHAG6-
KeHHus.

Moneaysce GopMyJIol pacyeTHOro pexHMa BOJZONOTPeb/IeHH S, MOKHO IOy~
UHTb MHOE BEIDAXENHE LJIS ONpeniesieHns 3HayeHHs Kos(QUUNeHTa HepaBHOMep-
HOCTH PacXO[l0BaHHS SHEPTHH.

§2 3aTpaThl 3HEPTHH CHCTEMOH 3a Yac BpeMeHH ee paboThl COCTABJSIOT

K —1
Py=gh=S¢*=5g8, (Ko. o 7" 7)o,

Torna cymmapHbie 3aTpaThl SHepTHH 32 pacueTHHIHl IepHOR GYAYT paBHEL:

T
p,,j‘p,d’['_sqs &
o ' P 3K0.q“‘“2

TockonbKY Guare = Ko.u Gcp, BENHYHHA Pryagc=S quKg.q Torna
Y="P/Pyagc=1/{3Ko. t—2). (V.11)
§ 18. Bunsinue akoHOMHueCKMX M THAPABJAMYECKMX NaPaAMETPOB

Cpok okynaemoctu Ty [cM. dopmyay (V.1)] aas cuctem BomocHa6-
JKEHUs [IPHHUMAIOT paBBbIM 8,4 rofam. PasMep oruncnennii ma amop-
TH32ILHIO B CyMMe C 3aTpaTaMi Ha KallHTaJbHb M TeKyluil peMOHT R
JJIs BOJOBOAIOB U CeTell W3 UyTYHHBIX TPYO yCTaHOBJeH PaBHBLIM 2,4% ,
U3 CTalbHBIX K acGectoueMeHTHBIX TPy6 —— 5,5% . [as TpyGonpoBoaos
M3 MAaCTMACCOBBIX TPYO NPUGNHIKEHHO MOMKHO NPUHHATL R TakuM e,
Kak Jnst cTaibHbiX TpY6. Besmuunet £ v m npuHEMAlOT B COOTBETCT-
BHH C (hOpMYJIOf, HCOOL3YyeMOH Juss onpejesieHusi NOTepb Harnopa
B TpyGax.

Iloncrasus B dopmyary (V.1) sHauenus Benmaun & u m, NpUBEHEH-
Hbie B Tabn. V.l. noayumm:

Iisl CTaJbHBIX TPYO

24.365 0,001735-5,3 oy

oy
= 108 =~ 3240 ; V.12
102 1,4(0,1194-0.055)  up 8 nw ( )
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Ta6aunna V.1

TpyGni k m
CTanbHble H YyTryHHbIe 0,001735 53
AcbecToneMeHTHbIE 0,00118 4,89
TlnacTmaccoBbie 0,001052 4,774

JJ151 YyTYHHBIX TPYO

4.365 0,001735.5,3
923 1 . T a0 (v.13)
102 1,6(0,11940,024)  w b

5 acOeCTOLEMEHTHEIX TPYO

24.365 0,00118-4,89 oy oy
3= 108 — = 1460—— ; V.1
102 1.95(0,11940,055) b prs V.19
IJisi TIacTMacCOBEIX TPYO
24-365  °° [0,001052-4,774
9= o —10-001052:4, L0 (V)
102 1,95(0,11940,055) b w

Hs paccmotpenus atHX GOpMyJl ClenyeT, YTO OfIHH H T€ ¥e yCJIOBHs
CTPOHTENILCTBA H 3KCIUIyaTallMH XapaKTepH3YIOTC PasJiMyHbIME 3Ha-
YeHHsIMH I, 3aBUCSIIIMH OT BHJa NPHMeHsAeMbIX TPyO. B cBsizu ¢ atHM
O4EBHJIHO, YTO AHMAMeTPhl TPYO, ompejeeHHble Mo TabJjMlaM Hpefesib-
HBIX 5KOHOMHYECKHX PacxofioB (cM. npui. I) IpH ofMHAKOBBIX 3HAYEHH-
f1X 9KOHOMHYECKOro ¢aKktopa, MOryT HMeTh Pa3Hble 3HAYEHHs .

. BosmoxeH H gpyroit MOAXOJ K OL€HKE YCJAOBHII CTPOHTENBCTBA H KCIAYyaTa-
LMK TPYGONPOBOJIOB H3 PA3JIHYHEIX MATEPHAJIOB. DTH YCJOBHS MOT'YT XapaKTepH30-
BaTbCsl 9KOHOMHUECKHM (HhaKTOPOM, OTHECEHHBIM K KaKOMY-JIHGO OJIHOMY BHAY TPYG,
a OTJIHYMSA OT 3TOTO BHJA MOTYT YUYHUTBIBATBCH NONPaBOYHBIMH KOSq)CI)HHHeHTaMH.
Jas sToro Heo6XoANMO, YTOGH 3HAYEHHE G B JIHaNa30He BCeX COPTAMEHTHEIX JHa-
MeTpPOB Ji151 KaxAO0Tr0 BHAa prﬁ pazﬂmx KJ1aCCOB IMPOYHOCTH OCTaBaJioCh IOCTOSIH-
HBIM. DTOMY YCJOBHIO C AOCTaTOYHOH TOYHOCTBIO OTBEYAIOT BCE pacCcMaTpHBaeMble
TPYGbl IPOMEIILIEHHOTO NPOH3BOJICTBA.

TTockonbKY H3 BCEX TPY6 NMPOMBILLIEHHOTO MPOH3BOACTBA B HanGoJsiee MHPO-
KOM acCOPTHMeHTe H3TOTOBJSIOT CTajbHble, 3HaueHHe I wenecoo6pasHO OTHOCHTH
TPHMEHHTENBHO K HX HCNOJAb30BaHHI0. TOrAa yc/IOBHS CTPOHTENLCTBA H 9KCILAYya-
TalHH TPYGONPOBOJOB H3 APYTHX MaTepHanioB Iy Gy YT ONpejiesieHbl Yepe3 3KOHO-
MHYeCKHH GakToOp AJs CTaldbHBIX TPYO J¢ ClEAYIOIHM 06pasoM:

Fr=23¢Y1. (V.16)

rae P; — kKo3hUIHEHT, YYHTHIBAIOLIMII OTAHYHE NMPHHSTOrO BHIa TPY6 OT cTajb-
HBIX.

3HauenHe KopdHUHEHTa P; MOKET ObITh ONPeJieNiecHO IO BhIPaXKCHHIO:

{1 'Re
—_— b,
3 _mTkT(T@R_I_ )O‘c c

100
Py = (V.17)
2 mek (; Ry o b
c Re Tor + 100 T 97

OueBHJIHO, YTO MPH HCIONB3OBaHHHM CTaAbHEIX TPY6 P; = 1. Crepyer oTMe-
THTh, 4TO 3HaYeHUs1 Kos(pdurnenta k 1 MoKazaTeNis cTelleHH /M ONpenesio1cs THI-
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Ta6auna V2

Tpy6sl b B
Cranbubie 53 1
Yyrysurie 107 047
AcbBecToniemeHTHEI 78 0,27
InacTmaccoenie 150 0,13

PaBJIMUECKUMH XapPaKTEPHCTHKAMU TPYO M He 3aBHCHT OT WX CTOWMOCTH WJIH CTO-
HMOCTH 3JIEKTPOIHePIuH. TaKike Heu3MeHHHIMH LIS onpefeseHHOro Buga Tpyb
SIBJISIOTCH 3HaueHus R. TIOCTORBHEIMM [JIsl «CPeQHUX» YCJAOBHIl NPOKNALKE SBJIS-
10TCS1 M 3HayeHusl KosdpuuuenTos b B 310# popmye, B cBA3K ¢ STHM OKa3hIBAETCH,
UTO NPH «CPEJIHHX» YCIOBUSIX CTPOKTENBCTBA KOSPOULMEHT P, AJS KaXKAOTO BHAA
pr6 MOXeT OHTb TNPHHAT DOCTOSSHHBEIM, HE 3aBHCHIIHM OT 3HAYCHUS SKOHOMUHYeC-
Koro ¢akropa 3.

VYKasaHHBI CNOCOD OLEHKH YCTOBHH CTPOMTENIBCTBA W SKCIYATallKH PA3THy-
HEIX BHIOB pr6 HCNIOJb30BAH NPU COCTABJIEHHH Tabﬂ“u npefesbHBX IKOHOMUYeC-
KHX pacXofoB, NpuBefieHHEX B Tabiuuax @. A. Illesenesa [7]. 3nauenus kosddu-
{IHEHTOB Py, TPUHSATHIE NPU COCTABJIEHHH STHX TabJIHL, K 3HAYeHHST KO3(ULHEHTOR
b, npungTHe Npu onpefeNeHun SHaYeHWH P;, NpHBEEHH B Tabu. V. 2.

a5t BO3MOXKHOCTH 10b30BaHust Tabnutamu &. A, Illesesena 3HayeHus KO-
HOMHYECKOTO (paKTOpPa He3aBHCHMO OT BHJA npUMeHsieMEIX TPY6 CJefyeT onpese-
JIATh JISL CTaldbHEX TPY6.

Or/uyus B BeJHYHHAX ¢ U IJr YYTEHH B 3HAYCHHNX MPENENbHHIX SKOHOMH-
HeCKUX pacXofioB.

lI-flﬁ BO3MOXHOCTH Yy4YyeTa NPOHMCXOASINEr0 BO BPEeMEHH H3IMeHEeHHSs YpoBHS
UeH Ha TPYOHl HJIM YCIOBHH CTPOMTENBCTBA, CBA3AHHOIO, KaK YKA3HBAJIOCh, C H3-
MeHeHHeM Ko3(uuueHTa b, 3HayeHHe SKOHOMHYECKOTo QaKTOpa CJIEAYET YMHO-
XHTh Ha NONDABOYHEI KOSQQUUHEHT Py = b/by, THe b—3HaueHue, NpHBeeHHOE
B Ta6n V.2, a by — HoBOe 3HayeHue, onpeneneHHOe mo peaynpTatam oGpaboTk
CTOMMOCTH TPYGONpPOBOAOS.

B cnyuae, eciu paxtHyecKoe THAPABIHYECKOE CONPOTHBJCHHE TPYD OTaHYa-
€TCS OT pacyeTHoro, 3HayeHHe I CleNyeT YMHONKHUTL Ha KO3(hQHUHeHT Py = ky/k,
The ky — HOBBIH Kos(duikeHT B GopMyse, onpemensiomeli THAPaBIUYECKHI
YKJIOH; kB — KoS(¢uuMeNT, npHHATHI npu pacvere (cM. Tabi. V.1).

Taxum ofpasom, uaMeHeHHe CTOHMOCTH TPY6 W YK/IALKH, a TAKXKe THAPaBIH-
UECKHX IapameTpoB, we TPebys nmepecocTaB/eHHs Tabuu NpeneJbHEIX SKOHOMHYEC-
KHMX PACXOJIOB, YYHTHLIBAETCS BBEAeHHEM IONPaBOYHBIX KO3(bQHULHEHTOB K NPHHS-
THM 3HaYEHHSIM SKOHOMHYECKHX (AKTODOB.

IpuBenernrie [aHHbIe MOKa3BIBAIOT, YTO TAGHIE! IPEJENBHBIX IKO-
HOMHYECKHX PacXolloB, COCTaBJIEHHBE MO JBYM PAaCCMOTPEHHEIM CIIO-
cobaM, He NPOTHBOPEUAT APYT APYTY, a OTPaXKaloT OTJIMYHE YCJOBHE,
NPHUMEHHTENBHO K KOTOPHIM OHH COCTaBJIEHBI.

THABA Vi
ONMPEANENEHUE NOTEPb HANOPA B BOJIONPOBOJAHBIX TPYBAX

§ 19. OcHoBHbIE 3aBHCHMOCTH

Onpenenene norepb Harnopa B TpyGax ABJseTCs OXHON U3 OCHOBHBIX
3/1€MEHTaPHBIX PaCueTHBIX oflepaliii, HCIOb3YeMblX MPH pacueTe CHC-
TeM MOJayM H pacnpejenens Bonbl. Ilpouecc ykc/ieHHOro onpeneneHus
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nOTePs Hamopa AOCTaTOYHO TPYLOEMOK H MO3TOMY BeChMa BaXHO €ro
BCeMepHOe yIpolleHne H obJeryeHve.

Ilotepu Hamopa NpH LBHXKEHUH BOAb! MO TPyGaM MPONOPIUOHA/BHBL
HX JJTHHE U 32DB7CST OT RUaMeTpa TPy6, pacxofa BoAs! (CKOPOCTH TeueKHs),
XapaKTepa H CTeleHH LIEPOXOBATOCTH CTEHOK TpyO (T. e. OT Tuna H
MaTepuana Tpy6) H OT 00JacTH HAPABJIHYECKOrO PeXHMa HX paboThL.

OcHoBHO# ¢opMy10fi HHXKeHePHO# FHAPABIKH, CBASbIBAIOLICH BCe
YKasaHHble XapaKTePHCTHKH, siBasiercsi ¢opmyna Hapen — BeficGaxa

PR VL1
d % (VL. 1)
e h — notepu Hanopa; A — Ko3(OHIHEHT THAPABIHYECKOTO CONPOTHBJCHHUS;
J{ ud— pnuHa M gHameTp TPYOH; U — CKOPOCTH [ BHXKEHHS BOJbl; g—YyCKOpEHHE
¢BOGOAHOrO TNajeHus.
Insi pacyeroB BORONPOBOIHBIX CHCTEM NMPAaKTHYeCKH YyaoOHeEe MOIH-
¢uxanust sTol GopMyJiE, B KOTOPO# CKOPOCTL 3aMeHeHa PacXoioM:

1
h—p-LL (VL. 2)
dam
e k— '{OBElJ(lJHI.lHeHT, g — pacXox BOZABI; M — TNOKa3aTeNib CTENeHH [em. ¢op-
Myny (V1.9)
O6e npenctabienHble GOPMYJIBL SIBJSIOTCS YaCTHBIM CllyyaeM (Hamop-
HOe JIBUXKeHHe B TpyGax) Gosee obmelt (opMysibl, OXBaTHIBAIOUIEH CJIy-
4au HalloPHOTO U Oe3HaNOPHOTO JBHKEHHS B KaHallaX H TpyOGax:

v=C VRi, (VL.3)
rae C — xosdduuuent Iesu; R — ruppaeinnyeckuil pagnyc; { — rugpasinyec-

XKHH YKJOH.

Koadduuuentsi A, & 1 C UMEIOT OLMHAKOBYI0 IPHPOY H CBSIZaHEI CJle-
AYIOLMMH COOTHOIIEHHSIMH:

e, b, 8, & (V1.4)
s e gn? 2 C?

Ilpu paGore Tpy6 B 0GiacTH KBafipaTHYHOrO COIPOTHBJIEHHS 3Ha-
YeHUs] 3TUX K03(PPHIMEHTOB 3aBUCST TOJIBLKO OT JHaMeTpa M IIEpPOXo-
BaTOCTH MX. B 370l ob6nacTy, KaK MOKasajM ONBITH, [POBENEHHBIE BO
BHUM BOITEO (nox pyxosopctBom @. A. Illepenera), paGorator
HEHOBBlE CTaJIbHblE H YYTYHHBIE TPYGbl IPH CKOPOCTH JBKEHHS BOJBI
v>=1,2 m/c.

Ilpu pa6ore Tpy6 B NepexonHoil 06JacTH TYPOYJEHTHOrO pexHMa
(nokBanparuuHofi obsacTh) 3HaueHus1 A (k u C) 3aBHCAT OT pHaMeTpa
H LiepoXoBaTocTd TPYG, a TaKke oT uMcia PeliHonbaca, T. €. OT CKo-
pocTu (uau pacxoja) NpH AAHHOM AHaMeTpe H OT BA3KOCTH MMAKO-
cTti. B aToil 06aacTy paGoTaloT HEHOBHE CTabHBIC H YyTYHHBIE TPY-
65l npu ckopocTd v<1,2 M/c, a Takke HOBbE MeTasJIMYecKue U ac-
GecToneMeHTHBIE TPYOLI NpH BCEX MPaKTHYECKH ucno.nbsyemux CKO-
POCTSIX JBHIKEHHS BOJBL

Ilpu paGore Tpy6 B oGnacTd «ruapaBId4ecKd rnanxux» Tpy6 3Ha-
YeHHUs! yKasaHHbIX Ko3(PDUIMEHTOB 3aBHCAT OT fHaMeTpa 'rpy6 4 yucaa
Pefinonbica u He 3aBUCAT OT Mx LIepoXoBaTocTH. B 3Toli o6nacru pa-

IOT IIJIACTMACCOBBlE M CTEKJISHHBIE TPYOBI.

A=
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BiusiHne 1epoxoBaTocTH BHYTpeHHel NOBEPXHGCTH Tpy6 Ha ux
FUAPABJINYECKOE COTPOTHBJIEHHE YUHTHLIBAETCH DA3JMYHBIMH SMIHPH-
YECKHMH (OPMyJiaMH, BHBENEHHBIMH Ha GCHOBE 3KCIePHMEHTaJbHBIX
JIQHHBIX ISl PasHBIX THIIOB TPYG WM € HCIIOJIB3OBAHMEM HEKOTOPHIX
UHCJIEHHbIX XapaKTePHCTHK LwePoxoBaTocTH. UHC/o passiHyHBIX pac-
YETHBIX (OPMYJI, NPENJIOMEHHBIX MJist onpeneneHHs: KospGHIHEHTOB A
(k u C), Becbma Bennko. B CCCP UIMPOKOE PACTPOCTPaHEeHHE TOJNYYHAR
topmynbl @. A. Illepenepa [7].

Vicxopst M3 Toro, 4ro morepn mamopa £ NpPONOPLHOHAJNLHH LAMHE
BOJIONPOBOZIHOM JIMHHH, MOXHO ONpeAensiTh NOTePH HAnopa Ha CHHH-
Ly AJMHH GespasMePHOH BeJHUHHONH — IHAPABJIHYECKHM YKJIOHOM
i = A/l v RaxonuTH NO/HBIE TIOTEPH HamoPa AJISt JHHHH JHOGOH IJIHHBI
h =il

®@. A. IlleBesieBEIM NPeNONKEHH! ClenyIOLHe depmysbl st onpe-
AeJIcHUsl €MHHYHBIX TIOTePb Hamopa:

2) ISl HEHOBBIX CTAlIbHBIX H YYFYHHEIX TPYG, paGoTaromux B KBaji-
parnuHoil obsactH npu v > 1,2 m/c,

Q00785 (VL.5)
453

6) 17151 HEHOBBIX CTAJIbHBIX M YyTyHHBIX Tpy6, paboTaromux B nepe-

XoaHo# obnacty npu v << 1,2 m/c,

0,00148 0,867 \0.3
=—d5’3—( %) q%; (VIL.6)
B) 1isl acOeCTOLEMEHTHEIX TPY6
. 0,00091 3,51 \0.19
- ( - ) . (VL7)
T) LISl IUIACTMACCOBHIX TPYG
ql,774
i=0,001052 ————. (VI.8)
d »

Jlnist HOBLIX MeTanMuecKux Tpy6, paboTaIyX TONbKO B Nepexof-
HOIl 06NacTH, CYIECTBYIOT CIELHAaNbHEIC pacuetHble ()OPMYJIH, OTHAKO
TIOJIb30BATECS] UMM MOMKHO JIHIIb B TOM CJy4yae, €CJIH €CTh TapaHTHsl,
1TO B Tpollecce sKClyaTauuy He Gy iy T HaG/ionaTbest BHYTPEHHSAS Kop-
po3usi ¥ 06pasoBaHue OTJIOKEHHI.

B nocsiennve roawl B cBsisu ¢ YXyJlleHHeM KadecTBa IOBEPXHOCT-
HEIX BOJ, NPHMEHEHHEM KOaryJsIHTOB BO MHOTHX JHCTBYIOIIHX CHCTe-
Max BONOCHaGeHNs! HaGJIONAOTCst KOPPOSHOHHEIE 8apacTaHusl BHYT-
PEHHHX NOBEP XHOCTHBIX YYTYHHLIX H, 0COGEHHO,CTAJBHBIX TPY6. DT0 npu-
BOIMT K YBeJHMYEHHIO FHAPABJIMYECKOrO CONMPOTHBJIEHHS! MeTaJljinyec-
KHX TPyGOnpOBONOB, HHOTHA B 2 U Gonee pasa. Ilnsi pekoHCTpyHpye-
MBIX cereHl M BOJNONPOBONOB CJlefyeT npefyCcMaTpuBaTh MepONPHATHS
TI0 BOCCTAHOBJIEHHIO H €OXPAaHEHHIO HX TPOMYCKHO# CocobHOCTH. Eean
STO TEXHHYECKH HEBO3MOXHO HJIH 3KOHOMHYECKH Helle/necoobpasHo,
JOMyCKAeTCsl yBeJUYHBATL THAPABIHYECKOE COMPOTHBIIEHHE pYy6 B
COOTBETCTBHH C aHAJI30M ero (haKTHYeCKHX SHAYEHHE.
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B cootsercteuu ¢ pekomerpauusimu CHull, norepu Hanopa B Xene-
306€TOHHBIX TPYGaX, UMEIOIHX LWHPOKOe NPHMEHEeHHe NPH CTPOHTENb-
CTBE BOLONPOBOJOB, Pa3PENIAETCS ONpefensTh No GopMynam LS Metan-
JIHYeCKUX TPYO6. B neficTBHTE/IBHOCTH THupaBlHYeCKoe CONPOTHBICHHE
Kesie300eTOHHBIX  TPYO B CHJIBHOH CTeNeHN 3aBHCHT OT KadeCTBa HC-
XOHOrO MaTepuana, NPHMEHSIEMOro [J1Si WX H3TOTOBJEHHS, U TeXHO-
JioruM npomsBoicTBa. B cnyuae cobmionenvs TpeboBaHMH, MpenbsB-
JISEMBIX K TeXHOJNOTHHM M KaueCTBY MarepHala, M NMPOBeAeHHS NPH He-
0OXOIMMOCTH COOTBETCTBYIOIEH 06paboTKH BHYTPEHHEH NOBEPXHOCTH
KeNle306eTOHHBIX TPYO VX THAPaBIHYECKOE CONPOTHBIEHNE 3HAYUTEb-
Ho HuKe, YyeM ofnpesiesieHHoe 1o ¢GopMyJaM JJ/is MeTallM4yeCKHX TpyO,
U MOXeT NPUOAHIKATLCH K CONPOTHBJIEHHIO FHAPABIHYECKH TJAfKHX
TpYyO.

[Ipu npoBeneHHH THAPABIHUECKMX H TEXHHKO-3KOHOMHUECKHX pac-
4yeToB (B 4YaCTHOCTH, ¢ npuMerenneM DBM) ucnonsaosanme ¢opmya,
colepKalMX JBYYIEHHBI COMHOXHTENb, NMPHBOLUT K ONpeJe/ieHHbIM
TpyAHOCTSIM. PsiioM aBTOPOB OBl NpenJioXkeHb! pa3iudHbIe PO mKeH-
HBle OfHOWIEHHBIE (OpMYJbl BHIA:

i =kgPld™, (V1.9)
annpoKCHMYPYIOIHe NPHUBENEHHLIE BhILIe.

B uactHoCTH, 1Jii HEHOBLIX MeTaJJIMYeCKHX TPYG NpH CKOPOCTH
IBHXKeHHUs Bonibl o 3 M/c M. M. AnapusiuesbiM npejpnoxeHa Gopmyna

i=0,00179¢' /a1, (V1.10)

Ilna ac6ecrouementHbix Tpy6 H. H. A6paMosbiM nonyuesa cnenyso-
mas onHouneHHas Qopmyna:

i=0,00118¢1-85/44 89, (VL.11)

§ 20. NpaxTHueckne METOAbI ONPEAENIEHHS N0TEPL HaNopa
NPH pacyeTe BONONPOBOAHBIX ceTei

B npakTiKe pacueTa BOZONPOBOIHBIX CHCTEM 3ajiaua onpenesieHus
noTepb Harlopa MOMXeT CTaBHTLCS paznuuxo. Hampumep:

a) TpebyeTcs onpejeNuTh NOTepH Haropa (M CKOPOCTb) 10 3anali-
HOMy PacXoly MNpPH y¥Ke H3BECTHOM LNaMeTpe;

6) TpeSyeTcs NopobpaTh AMaMeTp MPH 3aiaHHOM pacfosaraeMoM Ha-
nope u TpebyeMoM pacxope;

B) TpeOyeTCsi IPOBECTH YBA3KY CETH, T. €. MHOTOKPaTHOe onpefiesienve
HoTeph Hanopa BO MHOTMX Y4YacTKaX CeTH NPH H3BECTHHIX AWaMeTpax
U [UIMHAX, H OfIPefie/IuTh NMOMPABOYHbIE PACXOAB! B KOHTYPaxX IJifl CHHe
KEHHUsI BeJIMUHHBI HEBSI3KH.

Has obneruenusi 1 yCKopeHusi IpolLecca onpejieieHHs Notepb Ha-
ropa UIMPOKO HCIOJB3YIOT pa3fvuHbie BCrOMOrare/ibHble TaGmHLbl,
rpayKy, HoMOrpaMMsi | T. 1.

Illupokoe pacnpocTpaHeHHe NOJAYYHJIH TaK Ha3biBaeMble «IOJHbIe»
Tabauubl 45 onpejeienus norepb Hanopa. OHM 1alOT BEJHYMHBI MO-
Tepb Hanopa Ha eavHuny mnuHBL (1. e. { wan 10000 — norepy Ha
1000 M AnMHLY) 1JS BCEX CTAHAAPTHHIX IHAMETPOB TPYC pPasJHYHBIX
TUNOB B IIMPOKOM Hana3oHe PaCXoloB (M COOTBETCTBEHHO CKOpocTel).
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CrpykTypa Takux Tabauy (B Tom uucgae Tabnun P. A, [lesenesa:

D, D, D, Dy
= = = =
Q. njc 3 < o 3 o < Bl <
< <
= S = S = S E g
- (= - o < - o
s = S = s = 5 2

IToab3aysice Tabauuell, MOXKHO s 3aaHHOro Q NpeLBapHTeNbHO
noxo6paTe AMaMeTp B COOTBETCTBUY C NPEANOsaraeMoil CKOPOCTbIO;
onpeieauTh TOTePH Ha | KM M noTepy, COOTBETCTBYIOLIME 3aJaHHOM
JUTHHE.

Wimes 3apannbiii pacnonaraemslii natiop H, M, W pjMHy BofioBOAa I,
KM, MOXHO Haliti i = H/l u 3atem onpelesuTb 0 TabiHIaM TpebyeMblit
JHaMeTp NMpY 3aJiaHHOM PACXOJie HIIH BO3MOMKHBII PAacXof NMPH TPHHATOM
JMameTpe.

OnHako ecTh MHOrO NPAaKTUYECKUX 3a/a4, TIPH PEleHHH KOTOPhIX
HEOCPeACTBEHHOe ONpeJieNieHye [0Teph Hanopa ¢ MOMOWbIO TabJsull
OKasLlBaeTcsl HeyI0OHbIM, HanpuMep BHYTpeHHSS yBssKa ceri. Ilpose-
IeHHe yBR3KY No Merolly Jlobauesa — Kpocca npenycmarpupaer ama-
JIYTHYECKOE OfipefiesieHHe NONPaBOYHBIX PaCXOMIOB /ISl KaXK/I0ro KOHTypa
(cm. ra. V1), uro mMoxkeT GBITb NPOCTO OCYLIECTBIEHO Gjarofaps Hc-
NOJIL30BAHUIO 3HAYEHWH THADPABJIHYECKHX COMpOTHBIEHUH S.

Ecnu obwyio ¢opmysy noreps Hanopa (VI.2) mpesctaBute B BUIE

h=sy1g2, (VI.12)

TO BeJIMYUHA So = R/d™ GyjeT BKIIOYATh Bee PAaKTOPHl, XapaKTepH3yo-
II4e THIPaBJIMYeCKOe CONPOTHBIEHYE HA €AMHMLY JJIHHE JuHuu. Be-
JIMYMHA S, HOCUT Ha3BaHUE YIENBHOTO THJPAaBJIHYECKOro conpoTHBIe-
nusi. IlonHoe rujpapiuyeckoe CONPOTHBJAEHUe Beell nuHUM (yyacTKa
ceTn) 6yzeT § = s, I. ViMest TaG/UILEl yJIeNbHBIX CONpPOTUBIEHUH TPYO
Pa3JIMUHBIX THIIOB ¥ BCEX CTaHIapPTHBIX AMaMeTPOB, JErko olipefe/uTb
S W norepH Hanopa, COOTBETCTBYIOLLKE 3alaHHOMY DPacxoly.

Has Tpy6, paGoTaloliux B HeKBaApPaTHYHOH 0B/aCTH, B BEIHYUHY
k BXOIMT pacxofl (WiH CKOpOCTb) B HeKOTopoil Apobuoi creneny. Torna
ofuias ¢opMyJia notepp Hanopa npuobpeTaerT Tako#i BHA:

kol
—sptol
h—Sq—qu.

(VL.13)

Crenterib P Konebaercst B npefienax 1,75 — 2. Hexoropuie dopmy aibl,
B TOM yHCJIe ¢opMyJinl, npefyoxennbie ®. A. IllepeneBbM, HEBO3MOXKHO
NPUBECTH K yKazaHHOMY BuAY. [IpH UX HCNOJB30BaHHM MOTEpPH Hanopa
ONPeeNsIoT 110 KBaApaTHYHLIM 3aBHCHMOCTAM H N0CJIe STOTO B BeJIHYUHY
noTephb BBOASIT [ONPaBOoYHLIH Kodddunyent 8, 3aBHcaimit 0T CKOPOCTH:
h=s)18g3=5041 (VI.14)
3HayeHHs yAeNBHBIX CONPOTHBJIEHHH So TPYO PA3IHUHEIX THIOB IPH
ux pa6oTe B PasNMuHLIX OONACTAX NpHBejeHH! B Tabnm. 1—3 mpua 1I.
3HayeHus NONPaBOK Ha HEKBaJApaTHYHOCTh NMPH pacyerax no dbopMysiam
IS KBaipaTHYHOH O6JacTH mpuBeieHsl B Tabua. 4—6 npua. II
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FTJAABA VI

THIAPABJIMYECKHMIM PACYET CHUCTEM C OILHHM BOILONHUTATEJIEM
M BE3 HE®HUKCHPOBAHHBIX OTBOPOB

§ 21. O6wue nOJIOKEHUs!

K cucTeMaM ¢ OfHMM BofoNUTaTeNeM U Ge3 He(PMKCHPOBAHHBIX or6o-
POB OTHOCSITCSI:

1) GesbauieHHble CHCTEMbI C HEMOCPEICTBEHHON Mofayeil BOJb Haco-
caM¥l B CETh;

2) cHcTeMBl € HAlOPHO-PEryJHPYIOIIEH €MKOCTHIO (B YacTHOCTH, C
GaluHeii), pacioNIOEeHHOH MeXIY HACOCHOH CTaHIMel U CeThIO. Xapak-
TepHO#H OCOGEHHOCTBIO TAKMX CHCTEM sIBJISIETCS TO, YTO NPH JioboM OT-
6ope Bofibl U3 CeTH, T. €. PH JIIOOBIX 3HAYEHHSIX Y3JIOBBIX (®bukcypoBaH-
HBIX) OTGOPOB BOMb! Q;, NOlaya BOME! BOLONHUTATe/IeM PaBHa 2Q;.

HauGonee 4acTo MCIHOJB3YIOT CHCTEMBI C HAllOPHO-PEeryJupyioueil
€MKOCTBIO, PACIO/IOKEHHOH BOJIH3H TOYKH [PHCOEIHHEHYs! BOJOBO/OB
K ceTH (EMKOCTb 3/1€Ch eIMHCTBEHHEI BoftonuTate/b s cetH). OcHOB-
HBEIM PACUeTHBIM C/lyyaeM TaKoH cMCTeMbl siBisieTcst paboTa B 4ac Mak-
CHMaJIbHOTO PAacXofa B CYTKH HauBOJBIIEro BOAONOTPeS/IeHs. Ilo
3TOMY PACXOJIy OlIPENe/IsIoT IMaMETPLL JIMH Ui CeTH M BBICOTY Pacrofoe-
Hus (OTMETKY AiHa) [MTAIOLIEro peseppyapa win 6aka Gawunu. CeTb JOIK-
Ha GbITb TAaKKe MPOBEPeHa Ha TPONYCK MOXAPHBIX PAaCXOoB K Hame-
UCHHBIM TOYKAM I0XKapa B Yachl HaHGOJIbIIIEro BOJOHOTPECNEHYS.

Tlnst Gostee feTanbHOro aHainaa paGotst cuctemst B CHull 11-31-74
PEKOMeHTyercsi [IPOBEICHHE JONONHUTENBHEIX PAacyeToB CETH Ha NEpHO-
7l ee paGoThl IPH CPeIHEM YaCOBOM PacXofie B CYTKH CPeHero BOMO-
noTpedJeHus U MHHHMAJILHOM 4aCOBOM PacXojie B CYTKHM HAaMMEHBLIETo
BojloNOTpeONeH s

CurieflyeT TaKe [POBEPATH CeTh Ha MPONYCK TPeOyeMbIX PacXofloB
NPY BLIKJIIOUEHVY Ha PEMOHT OTJE/bHBIX IOBPEX/ERHBIX Yy4aCTKOB Ma-
rMCTpaJIbHEIX JIHHWH.

INocsie Ha3HayeHHsl HayaJbHOTO MoTOKopaclpejeleHyst B CeTd AJist
cayuasi HauboNbIIero BOAONOTPeGIeHY s (c yueToM TpeboBaHUil Ha €K~
HOCTH) M OlpeieeHtsl HaHBLrOAHeHITHX THaMeTPoB JIMHUE ~ceTH Tpo-
BOJIMTCS €¢ <BHYTPEHHSisl yBA3Ka», T. €. HaXOXJeHHe JEHCT BUTEJIbHO-
ro pacrpejesieHus ofaBaeMoll BOAbl MO JIMHHAM CETH — N eACTBH-
TeNbHBIX JIHHEHHHX PACXOOB ¢;; B YyacTKax ceTH. BHyTpeHHsis
yBsi3Ka sIBAsieTCsl HauGolsiee TPYJOEMKOR oliepanueli Iij PaB/IHuecKoro
pacuera KoJIbLEBHIX CeTeil.

§ 22. MeToik! BHYTPEHHEH YBA3KH KOJILLEBBIX CeTeil

[Moc/le HaXOKAEHUs] HaMBBITOHEAIINX AHAMETPOB JIMHYH CETH, HJIH,
ToyHee, GIMAKAHIINX K HUM CTAHAAPTHLIX JHaMETPOB, [PH H3BECTHBIX
JJIHHAX YYA4CTKOB MOTYT GBITH OlPENe/IEHD! THAPAB/INYecKHe CONpOTHB-
JIeHYs1 YYacCTKOB Sip.

Kak H3BeCTHO, ACHCTBUTEJIbHOE pacnpefiefleHue PacXofoB BOJbI
10 CeTH JIOJIKHO YJIOBJIETBOPATE [IEPBOMY H BTOPOMY 3aKOHAM Kupxroda:

ypaBHeHHsIM GajlaHca PacXolloB B y3nax
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2gin+Q; =0 (VIL1)
U ypaBHeHMsIM GaJlaHCa NOTePh HANopa B 3/1eMEHTaPHEIX KONbLAaX CeTH
Ship=32Si qf,=0. (VIL.2)

Takum ofpasom, 3ajlaya BHYTPeHHel YBSSKH CBOAMTCH K PeLIEHHIO
CHCTeMbl, BKJIOYaloWel n HeJMHeHHBIX (KOHTYPHBIX) ypaBHEHHH BHJa
(VIL.2) a5t n Kosiell ceTH NIPH OJHOBPEMEHHOM YIOBJIETBOPeHMH m —1
JIMHEHAHBIX (yanoBbix) ypasuenuit (VII.1) st m yanos ceru (mnsi pac-
CMaTpUBaeMbIX cCHCTeM XQ; Bcer-
Jla U3BECTHA H OJHO H3 YSJOBHIX
YPaBHeHHH NpeBpallaeTcs B TOX-
JIECTBO).-

Peienne Takol cucremsl n -+
+-m — 1 ypaBHeHwuit, ocoGeHHO
JUIS MHOTOKOJIBLIEBBIX CeTel, #B-
nsieTcsl BeChbMa T'DOMO3IKOH 3a-
Jaued.

B npakTtHKe pacueTa KoJsblie-
Puc. VILI BHX CceTell TNPHUMEHSIOT HTepa-

LHOHKBIE METOAbl pellleHHsl 3ToH
3ajlaud, OCHOBaHHbIE Ha MCTIOJNB30BaHMH MeToga HbioToHA.

HeusBecTHble MCTHHHBIE PacXofibl ¢z B YyacTKaX CeTH 3aMEHSIIOT
nonpaskamu Ag;x K pacxoniaM g%+ T. e. IpeANofaraeMbIMH 3Ha4€HHIMH
HEH3BECTHBIX, OCTATOYHO ONM3KMMH K HCTHHHHIM. B KauecTBe npexmno-
JlaraeMblX 3HaueHHH JHHEHHBIX PACXOJIOB MOryT GbITh NMPHHSATH PacXo-
Jbl HayaJbHOTO NOTOKOpPacnpesieseHHs (HCNONB30BaHHBIE DaHee Juif
ofpeJie/ieH sl IMaMeTPOB), €CJIH OHHM HA3HAYEHBI C TOUHBIM COBJIOAEHHEM
nepporo 3akoua Kupxroda. B nporusHOM ciiyuae HX Hajfio NepecyHTaTh.
MeTozipl BHIMHC/IHTENBHONH TEXHHKH TTO3BOJISIOT IOPYUHTD 3Ty TPY 0eM-
Ky10 paboTy MalliMHe, JUJisl Yero KoJbleBasi CeTh JoNXKHaA ObITh peBpa-
UleHa B PasBeTBJIEHHYIO HJIH «IEPEBO».

Takum nyTem cHCTeMa HEMHHEHHBIX yPaBHEHHH OTHOCHTENBHO He-
H3BECTHBIX PacXOfOB ¢;x MOXeT OBITb CBefieHa K CHCTeMe JIMHeHMHBIX
YPaBHEHHH OTHOCHTENBHO HEM3BECTHHX TNONpaBoK Ag; K pacxopaM.
Ionyyaemasi cucTeMa JIMHEHHBIX yDaBHeHMil peliaeTcsi METOaMH I0-
CJ1e/I0BATENLHOrO NPHOIHKEHHSI.

Lupoxoe pacnpocTpaneHte B NPaKTHKe HONYYHJ UTEDALHOHHBLE Me-
TOJL pacyeTa KOJIbLEBbIX ceTel, NpenJioXkennblil JlobaueesiM 1 Kpoccom B
1936 r. D1oT MeTox MpefyCMaTPHBaeT BLIPAXKEHHe TOMPAaBOK K Pacxo-
JlaM B Y4acTKaX CeTH 4epe3 KOHTYPHble NONMPaBO4YHBIE PacXombl Agy B
OTZICJIbHBIX KoMbLaX. TakuM o6pasoM, B mpollecce YBS3KH CETH aBTO-
MaTH4eCKH obecnieuuBaercsl coOMOfeHHe NepBoro 3akona Kupxroda.
CywmHocTs 5Toro MeTopa CBO.HMTCS K cllefyiouleMy. I1ycTh B HeKoTOpOil
cetu (puc. VII.1) mocne npeasaputenbHoro pacupesiesieHusi pacxonos
G TIO €e yuacTKaM, Ofpefie/IeHHs] JHAMETPOB M THAPABJIHYECKHX CO-
TPOTHBJICHHH BBHUMC/EHbl [OTEPH Hanopa A = S %, IS BCEX
YuacTKoB ceTH (3/lech YCJOBHO NPHHMMAETCA KBAIPaTHYHLIA 3aKOH COMl-
poruBnenui). MeruHHOe pacnperienenyie pacxooB XapaKTepHayeTcs pa-
BEHCTBOM XAz = 0 [l KaXKJOro M3 Kojiell ceTH. [IpH 3TOM NOTEPSIM
Hanopa B yuacTKaX C JIBUXXeHHeM PacXoloB 110 4acoBoil cTpesike (OTHO-
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CHTe/ILHO PacCMATPHBAEMOro KoJblla) IIPHCBAUBAETCst 3HAK IUTOC, TPo-
THB 4YaCOBOH CTPEJKH — 3HaK MHHYC.

JHonycTtiM, 4To Hocsle TNEPBOHAUANLHOTO PaclpesieNeHdss PacXoloB
Be/lunHa 2H;x B OTHEIBHBEIX KOJBUAX HE PaBHA HYJIO; [PEAIONOKHM,
YTO BO BCEX KOJIBILAX HX BEPXHHE H MPABble YYaCTKH (C I10JIOKHTE/IbHBIMH
h:x) OKasasHCh [ePerpyKeHHBIMH, a JieBble 1 HUXKHUE — HeJlorPyIKeH-
ubivu. Torna anreGpanueckasi cyMMa NoTeph Haropa B KoJblax Gyper
paBHa He HYJIO, a HekoTopoil Besnuuse Ahy, T. e. (Zhie)1 = Ahy.

Iliist ceTH, cXeMa Kotopoil npefictapieda Ha puc. VIL1, monyanm
CJIENYIOIYIO CHCTEMY YPaBHeHHIL:

S12 G252 +Ses Q§5_SH G3s—S18933 =Ahy;
S23G33 +Sa1 950 —Sas G35 —Ses q35 = Ahryy;
SssQ§s+Sssq§5—Ss7 qz1fs7sq§s:Ah[n,

Besnnuuna Ahp npenctapnsieT  co0oif HeBSI3KY IMoTeph Haropa B
Kosblle I; 3Ta BeinynHa U ee 3HAK XapaKTePU3YIOT CTeleHb OTKJIOHEHHS
HPUHSATOrO B KOJIBIE Paclipenellen sl PaCcXoloB OT HCTHHHOrO (HCKOMOT o).

Jlns cHUIKEHHs HEBSI3KKM HEOOXONNMO YMEHBIUUTh PacXolb! Ha nepe-
IPYEHHHX BETBAX KaXKIOro KOJIbLA H YBeJHYHTh HX HA HeJOrpy»KeH-
HBIX, COBMIONAst PK 3TOM GajiaHC pPacXxonioB B ysjaax Xgx + Q; = 0.
310 MOKeT GBITh IOCTUTHYTO [Ty TeM N1ePeSPOCKH HEKOTOPBIX KOHTYPHBIX
pacxozos Agr 1o BCceM KoJibliaM B HallpaBJieHHH, o0PaTHOM 3HaKy He-
Bs3ku. [locsie nepeBpocKy TAKHX PacxofioB (II0Ka HeH3BEeCTHBIX) 110y YHM
CJe[YIOIYI0 CHCTEMY yPaBHeHHM:

Si2 (Gr2 —Aql)g + Sas (‘hﬁ“Aql + Aq")z—Su (gs3+ Aql “Aql]l)2 -
— S5 (18 +Agqy)2=0;
8,3 (Goa—Agyp)?+ Ssa (93— Aqp)2 —Sus (qas + Aqyy )2 —
—O2 (%5—A‘I| 4 Aqy)2=0;
Sse (G56+ Agp—Dgyyy)? + Se (gse— Agyyy)® —Sez (Ger +Agyy )2 —
—S»s (qu—AQm)z =0.

PackpbiBasi CKOOKH H BHITOJHUB HeKOTOpble NpeoGpasoBanusi, Mo-

JiyuyuM Jiisi TIePBOro Kosblla ypaBHeHHe
[Si2 g3 +SesG28 — Ses 985 —S18 9381 —2 (S12 912+ Sa6 G25 + Ss8 Gss+
+ Si8 Gus) Agy+ 2825 925 Agyy 12868 gss Mgy =0.

[TepBbiil 4jieH 3TOro ypaBHeHHs!, 3aKJIOUEHHbIH B KBAPaTHbIE CKOO-
KM, Npeacrapasier coGoil BeJinyuHy HEBA3KH B KoJblie I pu neppoHa-
YasipHO NPHHSATHIX Pacxonax, T. €. Ahy. KoahpuuneHT Npu HeH3BecT-
HoM Ag) Bo BTOpOoM usnieHe paBeH 2 £Sq Konbua I; mnocnenxue nBa
uJleHa NPENCTABJSIOT Co00i HEHSBECTHbIE NONPaBOYHbIE PACXO/Bl CMEX-
HuIX Kostetl Agn 1 Agm ¢ koaddruuenTaMy, papHbME 2 Sq o6uiux y4act-
KOB KOJIBLA | CO CMEKHBIMH KOJBLaMH.

TpuBefennble BHIE YPAaBHEHHS MOryT ObTh TPEACTABJIEHB! TaK:

Ahy—2% (Sq); Agy+2 (Sq)2s Aqyy 12 (Sq) 58 Mgy =05 (a)
Ahyy—2% (Sq)y; Agy 2 (Sq)es Agy =0; (6)
Ahu[—QZ (S9) 111 Agyp; 12 (Sq)ss Agy =0. (8)
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TMonyyaem cucremy JnHefHBIX YpaBHEHHi OTHOCHTEJLHO HEH3BECT-
HBIX Ag, Agi m Agny. Bennuunnt Ay — CBOOOZHBIE YJIEHbI, H3BECTHBIE
TocJle TIEPBOro paclipefieieH s PacXofioB.

1y cHcTeMy JIMHEHHBIX ypaBHeHHH MOMKHO pemars J06bIM H3 Cy-
IecTByIomuX crocobos. Meroxn JloGayesa — Kpocca npenycmarpupaer
TpefesibHoe YIpoleH e HallHCAHHOH CHCTEMb! YPaBHEHHI IyTeM HC-
KJIIOYEHHs H3 KaXIOro ypaBHEHHsl YJieHOB, COIePKalux Ag; CMexHEIX
KoJIell.

Torza pns Beex Kosel, NOMYYAFOTCS ONHOTHITHELE paBeHCTBA BHIA
23 (Sigue)1 Aqr = Ahy. Orcioga BHITeKaeT ofmas dopmyaa pns npu-
GIIMKEHHOTO ONpefie/leHHs] MCKOMEIX HEeM3BECTHBIX NOIPABOYHBIX pac-
XOHOB:

Ak,

—— VII. 3
A4y 22 (Sik qin); ( )

Hcnontaosanme stoit popmysnn ympomaer OllePaLlHI0 BLIYHCJICHNS
Agr B KazoM NpPHGJIMIKEHHH, HO TpebyeT yBeJHyeHHsi yKc/a Toc/e-
HoBaTeNbHBIX MPUONHKeHHH (MTepauMil) ANS HaXOMIeHHs 3HAYeHM:T
Agi, ROCTATOYHO G/M3KHMX K HCTHHHBIM (JAIOUMM YBSI3KY CeTH).

Ilpu pabore Tpy6 B HekBampaTWuHOI OGIACTH AJs onpeneeH s
TIONPABOYHLIX PaCXOJoB MOXET OBITh MCTOJB30BaHA Ta XKe (hOpMyJia
(VI1.3) npu yc/ioBUH, 4TO B BeJIHYHHEL S; 1 YUaCTKOB BBEJICHb! KOS((pHILH-
enTol O, wnu dopmysa

Any

Ay =——c=T7 >
1T BESy gt

€C/IH TOTEPH HANOPA ONPEAEVISJIMCH HeMOCPeICTBEHHO 110 HEKBajpa-
THuHOH dopmyne Bufa Ky, = Sy gh.

Wanoxennblil Meron YBSSKM KOJBLEBLIX ceTell MOmyqus LIHPOKoe
pacnpocrpaHerne B MPaKTHKe NPOEKTHPOBAHMS M B HACTOAUICE BPeMsi
HCIOJIb3YETCsT AJIsl COCTaBJIeHHs NporpaMM pacueta ceteit ua D9BM.

Meron JloGaueBa — Kpocca sBsieTCSt OZHHMM 113 BO3MOMKHBIX METO-
JlOB HAXOXJIEHHs! HCTUHHOTO PaclpefeieHHsi PACX0A0B BOABL 10 JIMHHSIM
KOJILUEBOH CeTH, T. €. ee BHyTpeHHeH yBsiskn. [lo sTOMy Merofly omHo-
BPEMEHHO BHOCAT NONPAaBKH BO BCE 3JIEMEHTAPHBIE KOJbLA CETH Ha
Kam/JIOM Iuare HTepPaiMOoHHOro Npolecca.

Sajaya yBs3KH CeTH MOXeT GHITH PellleHa W ZPYTHMH METOZAMH To-
CefoBatesnbHoro npubankenns. K HUM oTHocsTCs:

1) pemenne cHcTeMs! JMHeHHBIX ypaBHennii (a) — (B) Ge3 orGpachi-
BaHMs YJIEHOB, COLEPIKAalMX IIONPABOYHBIE PACXONHI CMEXKHBIX KOJell,
T. €. ¢TOYHOE pPeLleHHes;

2) nocnefioBaTeNbHOE BBeieHHe TONPaBOK B TO 3JIeMEHTAPHOE KOJlb-
110, KOTOPOe B A2HHOH MTePaLlNH HMEET HEBSA3KY HAHGOJBLIEH BEJIHYMHLL

3) mocnenopatenbHOe BBeEHHE [onpaBoK B OfHO (n1060€) M3 3Je-
MEHTAPHLIX KOJIEIl CETH C YYeTOM BJIMSHHSI 9THX IONPaBOK Ha Apyrie
KOZblla Ha CJIEAYIOLLEM Liare HTEPALMOHHOTO NPoLlecca;

4) BHIGOp M yBSi3Ka CHCTEMB! PACYETHBIX KOHTYPOB, OTAHUHON OT CH-
CTeMBI 3J1eMEHTAPHBIX KOJIell.
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Kak H3BecTHO, yBsi3Ka KOJBLEBOH CeTH MOXeT ObiTb JIOCTHIHYTZ
B Pe3yJbTaTe pacueTa He TOJIBKO CHCTeMbl BCeX N 3JIeMEHTapHBIX KoJell,
HO H CHCTeMBI IPYTHX 1 He3aBHCHUMBIX KOHTYPOB 3TOH cuctembl. B psne
c/TyyYaes yJauHbIH BHIGOP TaKOi CHCTEMBI NI03BOJISIET SHAYMTENBHO YCKO-
PHUTb TIpoitece YBsisKU. KOHTYPHI 5TH, Pa3yMeeTCsl, IOJKHBL OXBaTHIBATH
(B Cymme) BCe YYaCTKM CeTH.

Kpowme Toro, ypsiaKa CeTH MOXeT OHTh NPOU3BeJIeHa My TeM NoCIeNlo-
BaTeJIEHOrO BHeceHMsl MONMPABOK B OTHe/bHble HaHOo/ee HeyBsi3aHHbiE
KOHTYPbI CeTH, OXBATHIBAIOIIME TPYNNBI 3JieMeHTaPHBIX Kojel. Takue
KOHTYDH! (IIyTH) MOryT OBITH BBISIBJIEHBI yIKe T0CJe ONpejieieHlisi HeBsl-
30K B KOJIBIAX NIPH NePBOHAYANBHOM NoToKopacnpenenexud. [1posene-
Hue TpeGyeMbIX MONPaBOYHbIX PaCXONOB MOXKeT NPOM3BONMTLCS KaK OX-
HOBPEMEHHO B HEeCKONbKHX BHIODaHHBIX KOHTYPaX, Tak M MOC/Ae/oBa-
TeIbHO TyTeM BBEJIeHNsl HOBHIX TIONPABOYHBIX PAaCXOJOB B 3TH XKe WK
nio6bie Ipyrue KOHTYPH! ISl OKOHYaTeJbHON YBSSKH CETH.

[lonoGHEI MeTof, yBSA3KH, NpepioxeHHbi M. M. Amnpusiesbiv
[2,4], nonyuun Gonbuioe pacnpocTpaHeHHe B MPAKTHKe DYYHOTO pac-
yeTa ceTell, Ho TpeByeT JiJIsl YCNEHOro PUMeHeHH si OlpeJie/eHHbIX Ha-
BHIKOB U OMNBLITHOCTH PacyeTyHKa.

ABTop MeTona pPeKOMeHAYeT TNocJje TNepBOro ONpejiesieHls HEBASOK
OCYIIIECTBHTD BHIGOP CHCTEMBI KOHTYPOB (OXBATLIBAIOLHX OJHO MM TPy~
1y 3/eMEeHTapHLIX KoJjiell), 0 KOTOPEIM MOXHO MpPOBECTH TONpPABOYHEIE
pacxofibl Anisl TOJYyeHUs] 3HAYHTENBHOTO CHHXKEHHSI HEBSI30K B CeTH.
11 pacxopl MOTYT TIPOBOIMTECS KaK OJHOBPEMEHHO IO HECKOJIbKHM
BLIGPAHHBIM KOHTYPaM, TaK H MOCJeI0BAaTe/LHO C YUYeTOM Pe3yJsibTaTOB
NpefBNyIUX oNlepauuii. PesyabTaThl BCeX BBIYHC/IEHHMH 3anHCHBAIOT
HEIOCPEACTBEHHO Ha CXeMaX CeTH.

TNoce KaXoro 1uK/a TPOBeeHHUs! TONPABOYHLIX PaCXONIOB aHaJU-
SHPYIOT NOJTy YeHHbIE PesyJIbTaThl (BeTHYMHBL H 3HAK HeBS30K), HAMeUaoT
C/IEMIOLLY IO TPYIIY KOHTYPOB YBSI3KH H ONpEJIeNIAioT HOBble NONpaBoy-
HbIE PACXOJIbL.

Iins Gonee ycnemHol 1 GHICTPOI YBASKH aBTOP MeTONa PEKOMEHJY -
eT:

1) obbenuHeHHEe CMEXHBIX KoJlell C HeBfISKaMH OJlHHAKOBOI'O 3HaKa
B YKDPYTHeHHble KOHTYDH!, [0 KOTOPEIM Hajlo NPOBOAUTE TONPABOYHEIE
Pacxofii;

2) mocnenoBaTe/IbHYIO YBS3KY KoJlell WM PPYTIMBL KoJIell ¢ HeBs3Ka-
MM TONePEMEHHO TO OfHOTO0, TO APYroro 3aHaka — IHKJIaMH;

3) yBfI3KYy B KaXJIOM [{HKJIe KOJIBIlA HJIH TPYTIINb KoJlell C HeBA3KaMu
Hanbosbiuell BeJTHYHHDL.

I[NonpapoyHble pacXofibl 0 BHIGPAHHOMY KOHTYPY MOXKHO ONPEAeNsiTh
no ¢opmyJie Buja

Hcnonbaosanue 310i HopmyJibl CBS3aHO ¢ GOJIBLIHM KOJAHYECTBOM Bbi~
YHCJIEHUH.

Tax Kak B Ipo1iecce YBs3KH BeHYHHA 2S¢ N0 KOHTYypaM MEHsSIeTCsl
OTHOCHTEJIBHO MaJjio, aBTOP MeTOAa ToJiaraeT BOSMOXKHBIM CYMTaTb, YTO
TonpaBoyHble PACXOML! MPH TOCJ/Ie0BaTeILHO NPOBOAHMBIX YBASKaX H3-

61



MEHSIIOTCS NPONOPLUHOHANBHO BEJHYHHAM HEBSI30K. EC/H NPUHNATD, YTo
BeJnyHa X Sq nocTosHEas, U 0603HAYHTD NONPABOYHBIH pacxofi Npob-
HoH yBA3KH uepe3 Ag,, @ COOTBETCTBYIOILEE H3MEHEHUE HEBSI3KH uyepes
Ah,, tionyuum

A A
S A U ,
An T 238q Ahg
©TKyIla
Agy
Ag=An —— . 11.4
q g (VIL4)

B cnocobe npoBHoOi yBsiskH onpefieieHne oTHowenks Agy/Ah, ocy-
1LECTBJISETCS OfHOBPEMEHHO C yMeHbLIeHHeM HeBfi30K B KOJIBLAX, 4TO
ABJIACTCH €r0 NPEHMYIIECTBOM.

Iinsi KOHTYPOB, HMEIOIHX Majiopa3jiHuaomHecs! IHHLL H IHAMETPHL
OTHe/bHBIX yuacTKoB, M. M. Anjiphsiues npeisaraer onpeie/isith No-
TpaBoyHble PACXOAH N0 NpHOAHKeHHOH hopmyie

qep Al
2zh

THE Gep — CPenHHil pacXon nJs BCeX BXOAALIHX B KOHTYD yuacTKoB; Ah — HeBsi3-

KH B KOHTYype; Zh — cymMma aGCOJIOTHLIX BEJTHYHH NOTepb Hanopa B KOHTYpe.

INprMenen¥e IpueMoB YBA3KH ceTH, pekoMetiioBanubix M. M. Anjpu-
SIIIEBBIM, MOSICHEHO HA [IPHMepe PacyeTa CeTH I'oPOCKOro BOJONPOBOAA
{cm. § 29).

B omsnyme oT APYrux ynoMsHYTBHIX METOIOB YBSI3KU CeTH, METOM
M.M. AupipHsiiiesa, Kak yKe yKasblBaJioch, npefHa3HaueH JJis poBefie-
HHSl PacyeToB BPYUHYIO; NPH 3TOM ero NpHMeHeHHe ofecneyHBaeT 3Ha-
YHTeNbHOE YCKOpeHHe Ipoiiecca YBS3KH ceth. Mcnonbsopanne sToro me-
Tofa Juisi pacuera ceTeit Ha DBM saTpynusiercst TeM, 4To OCHOBHAS 3a-
Jiaua — BLIGOp HaHBBITORHEHIIEH cHCTeMB (HaGopa) KOHTYPOB yBS3KH—
pelliaeTcsl HHTYHTHBHO NPOEKTHPOBLIHKOM.

B zakmoyenre o630pa MeTONOB BuYTpentell YBA3KH CETH HEOOXONH-
MO OTMETHTBH CJIeJlyIollee: PacCMOTpeHHEIe METOAB! MOIYT OHITh ¢ OflHHa-
KOBBIM YClieXOM HCIOJIB30BaHbl [/l pacyeTa ceTell Ha JiOOBe pacuer-
HBIE Ciyyan HX paboTel; IPH ONHOBPEMEHHOM NPOBEEHHH BHY TPEHHEH U
BHELUHeH YBA3KH MeTOJbl BHYTPEHHeH YBA3KM CeTH COXPaHSIoOTCs, a
Juisl BHellHeH YBSI3KH JONOAHHTENBHO yCTAHABJIMBAETCS B3aHMOCBR3b
MeXJly BOJIONHTATENAMH H HepHKCHPOBaHHBIMU OTOOpaMH NyTeM BBeZe-
HHUS (PHKTHBHBIX KOHTYPOB.

Ag= (VIL5)

§ 23. Asroputm pacueta KOJNbLUEBOH ceTH
< Gawneil B ee HAYaJILHOM TOYKE

3apawo: KonbHrypauus ceTH, pachiosoXeHue TOUeK IPHCOeHHEeHHs
K CeTH BOJOBOIOB OT OalliHH, JJIHHE! BCEX AUHHKIl CETH, BeJHYHHBI y3Jio-
BbIX OTOOPOB JJISi BCEX PACYETHBIX C/IYYaeB, Ibe3OMETPHYECKHe OTMeT-
KH BO BCEX y3JaX ceTH, TpebyeMbie H JoNycTHMbIE (e Gosee, He Menee)
«cBOGOJIHBIE HATIOPLI, TpadMK BOJOMOTPebsIeHH s 110 4ACAM PACYETHBIX CY-
TOK, NpejflonaraemMsle TOYKH NoXKapa, BeJTHYUHLI CTOGOPOB BOIHL Ha MO-
KAPOTYLIeHHe.

62



Pacuetnble cayuan (o6s3aTenbHble):

a) yac HawGo/bIUero BOLONOTPebseHHs] B CYTKH HaHOONbLIEro BO-
JonorpelienHs;

6) TymeHue Noxapa B yac HauGOJBILEro BOLONOTPeCneHus;

B) paboTa cHCTeMBl IPH BHIKJIIOYEHHH OT/IENBHBIX (BHIOPAHHBLIX) yua-
CTKOB Marucrpajiedl Ha BpeMsi JUKBHIALMH aBapHH.

Cnyuaii «a» SIBJIsSIeTCsl OCHOBHBIM, CJIy4aH «G» H «B» — HOBEPOYHbIMH.

Tpebyetcs onpemeauTb: AHAaMETPsl M NOTEPH Hamopa AJs Bcex
JIMHHI ceTH, CBOBOJHbIE HANOPH! B y3J1aX ceTd (Toc/ie yBSI3KH CeTH),
BEICOTY BOJOHANOPHOI GallHy, 061eM H BHICOTY 6aka.

Onepauuu:

1 — Ha3HaualT HavalbHOe paclpeneneHHe PAaCXOXOB BOIB! [0 JiH-
HUSIM CeTH [i/151 OCHOBHOTO PACYETHOro Cllyyasi ¢ yAoBJIeTBOpeHkeM (Tod-
HBIM WM OpuONIHMKeHHBIM) GanaHca PacXofioB B y3/aX NPH 3aJaHHBIX
BeJMYVHAX Y3JIOBHIX OTGOPOB H C yuyeToM TpeOoBaHMil HaIeXKHOCTH
(B3a¥Mo3aMeHsIeMOCTH) MarucTpajbHbIX JHHUI,

Il — naMeuator cxeMmy pacnpeneienust KoadduuueHToB X, (Puk-
THBHBIX PACXOMOB) /ISl CHCTEMbl TPAH3UTHBIX Marucrpanes;

111 — onpenensitoT 3KOHOMHYecKH# (akTop;

IV — BLIMHCASIIOT TIPUBENieHHble pacxons! gix 1o Gopmyde (IV.6);

V — HaxoisT guamerpsl TpYO yYacTKOB CeTH U BOJOBOAOB:

a) sl TPaH3MTHLIX MAarucTpaneil U GPYrUX HarpyKeHHbIX JMHMA —
10 TOJyYyeHHbIM NPUBELEHHBIM PacXonaM, T. €. HaMBbIIOfHeFilve nxa-
Metpsl (¢ MCHONb30BaHHeM TalGHI NpefiebHEIX 3KOHOMHYECKHX Pacxo-
JOB);

6) LJs MaJioHarpy KeHHBIX JIMHHHA U NepeMblyeK — IO YCJIOBHAM HX
pabotbl B MepHONb aBapui M MO KOHCTPYKTHBHBIM COOOpaMKEHHsIM;

VI — onpezesioT No HalileHHBIM AMaMeTpaM d;;, W M3BECTHBIM JJTH-
HaM /;; NPHHATHIX AJs MCHOJBL30BaHusl TPY6 (0 THAY ¥ Matepuany)
yrelbHble S ¥ TojHble S == Syl rUpapHYecKye CONPOTHBJIEHHS yua-
CTKOB;

VII — 0poM3BOAAT THAPABIHYECKYIO YBA3KY CeTH (/151 OCHOBHOrO
pacyeTHOro ciyuasi), T. €. HAXOIsIT HCTHHHOE pachpe/ie/leHHe PacXo/ioB
BOJIbl, TO/laBaeMoil U3 GallHU B CETh, O y4acTKaM ceTH NpH 3aiaHHBIX
yanoBbiX OT60pax (NPH M3BECTHBIX THAPABJIHYECKUX CONPOTHBJE-
HUsIX). DTy ONepaluio MOXHO HPOBOAMTL BPYUHYIO, Ha aHaJlorOBOH Ma~
umHe win DBM. Ee pasGuBaior Ha HeCKOJIBKO NOC/IENOBaTeNLHO BhbI-
l'[O)J'IHHeMbIX neficTeuil (IpH ucnonb3oBaHuu Metopa Jlobauesa — Kpoc-
ca):

a) ompelesieHHe MOTepPb Hamopa BO BCEX YYaCTKaX ceTu™:

Bk = Sip qby WU hyp =8 Sik g

6) ompeneseHve HeBSI30K B KoJiblax Ahy, paBHBIX anre6GpanuecKoit
CyMMe NOTePb Hanopa B KaXJIoM KOJbLLe;

B) ofipeieeHHe HONPABOYHLIX PAaCXONOB BO BCEX KOMBILAX:
hy

s oy

1
M= e,

* Ecnu npn nepBOHayalbHOM IOTOKOpPACOpejiesleHHH IS onpefiesleHus: Aua-
MeTPOB PacXojill B YYacTKaX BBHIUHCASIOT C NPHOIHMKEHHBIM YJOBJIETBOPeHHEeM
6anaHca pacxoJIoB B y3JaX, TO Nnepej HayalloM YBS3KH CeTH 3TO NOTOKOpaclpesie-
JleHHe JIOJKHO GBITh YTOYHEHO.
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[‘) BHECEHHE MONPAaBOK B NMEPBOHAYaJBLHO NPUHSATBIE PACXOMbI B yyYa-
«CTKax:

Gin=_fy + Agp+ Adeyer. KOJbla-

Onepauun «a» — «r» MOBTOPSIOT B YKA3aHHOM TOPSIIKe 0 TeX TOp,
TIOKA BEeJIMYHHBI HEBSI3OK Afl; BO BCEX KOJIbLIAX HE NEePecTaHyT MpeBhi-
waTh OOMYCTUMYI BeJUYHHY. BeJHYnHB HEBSI30K MO OTHENLHBIM
KOJIbLIAM He JIOJKHBI NpeBblaTe 0,6 M; Mo o6beMiIomeMy KoHTy-
Ppy cetH 41,5 m;

VIII — onpenensior mbeaoMeTpuuecKHe oTMeTKH II; Bo BCex ysnax
CeTH (Ml OT KOHeYHBIX Y3JI0B K HAUANLHHIM TIPOTHB NBUKEHHsI BOJBI)
MyTeM [OCJIeNIOBATEIBHOIO CIOXKeHHs ToTephb Hamopa /i, U NLe3oMeTpH-
YeCKOH OTMETKH B mpembliyiueM ysje. 3uadenue I1; nas LHKTYyIoLIEeH
TOYKH paBHO Hep + 2;. Ilpu mpoeleHun sToil onepamuu npoBepsitoT
JlonycTuMocTb He, B CETH C YUETOM BETHYHHB HEBSIZOK;

X — NpOBOXAT TOBEPOYHBIE PACYETH CETH HA CyYail aBapHH Ha
OTJENIBHBIX (BBIOPAHHBIX) YYaCTKAX MArucTpaieil (HECKONLKO BAPHAHTOB
TPH PasHOH YHaJeHHOCTH BHIK/IIOYAEMBIX sl INKBHIAIMH aBapHH y4a-
CTKOB OT TOYKH MOIAYH BOIB! K CETH); MPOBEPSIIOT HOCTATOYHOCTD TIPH-
HSATHIX IMaMeTPOB NepeMblueK /18 obecredeH s TpebyeMBIX PacXolioB H
HaropoB B CeTH;

X — TPOBONAT MOBEPOUHBIH pacuer ceTH Ha PaBoTy BO BPEMsl TY-
IleHHs! TIOXKapa B Yyac HauOOJBLIEro BOLOMOTPeGIeH s :

a) BHIGHPAIOT pacyeTHbIE TOYKHU Noxapa (B cootserctsun co CHull)
H B HUX HaMeYaloT ONOJHUTe bHble (QHKCUPOBAHHbBE OTGOPLI;

6) MPOBOAAT FUIPABJINYECKYIO YBS3KY CETH NMPH YiKe NPHHSITHIX pa-
Hee [HaMeTpax;

B) MPOBEPSIOT JIOCTATOYHOCTL CBOGOAHBIX HATIOPOB B TOYKAX TOMKa-
pa (He Menee 10 m);

T) ONpeNeNsioT CBOJOAHbE HATIOPH BO BCEX Y3JaX CeTH, BKIIOYAst
y3es GalllHy; BHISICHSIOT BO3MOXHOCTb PAaGOTHl  GAalHH HJH HEOGXOIH-
MOCTb €€ BHIKJIIOYEHHs] IPH TYLIEHHH MO0XKapa;

X1 — npoBOIAT MOBEPOYHBIA pacyeT BONOBOXIOB Ha MPONYCK BOXKI
B Yackl TYIUEHHUs noxapa;

XII — mogGupaior 06opynoBaHHe HACOCHOI CcTaHIMH, HeobXonumoe
AJ7151 0BeCTIeYeHUs] IIPOTHBONOXKAPHBIX HYXKJ.

§ 24. Pacyer KoJbLeBOil ceTH ¢ OJHOCTOPOHHMM NMUTAHHEM
ot GatHu no Metony Jlo6auesa — Kpocca Ha ocHoBHbIE
pacueTHble clydan

Paccmorpum ucnonbsosanne merona JloGasea — Kpocca na npu-
Mepe pacdera IeBATHKOJILIEBOH BOJOMPOBOLHOH CETH, MOKA3aHHOH Ha
puc. VIL.2. B ta6n. VII.1 npuefeHo sananHoe BOJIONIOTpeb/IEHHE To-
poza no dacam cyTok. [JockoneKy BOLOHANOPHAs GallKs pacroloKeHa B
Hagajle CeTH, MHUTaHHWe rOPofia BONOH BCErfa OCYLIECTBASETCS C OHOH
CTOPOHEL H, CJle/loBaTeNbHO, OCHOBHBIM PacYeTHHIM CJIydaeM, Mo KOTopo-
My YCTaHaBJIHBAIOTCSl NapaMeTPhl 3JIEMEHTOB CHCTEMbl, SIBASIETCSI yac
HaHGOJbIIEro BoLONOTPebeHust. MaKkcuManbHbL 4acoBOH OTGOP BOIEI
NpUXOAHTCA Ha Nepron 18—19 u, Korpa ropox notpe6aser 510 a/c, uto
coctasaisier 5,1% cyTouHoro pacxona, pasnoro 36 220 m3. Mz 510 a/c
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Ta6anmna VILI

Pacxon Pacxon
YacH cyTox Yacel cyTok
% Mifa % M fy
0—1 34 1236 12—13 43 1543
1—2 33 1197 13—~14 4,2 1533
2—3 3.3 1197 14—15 4,4 1588
3—4 3.3 1197 15—16 43 1543
45 3,3 1197 16—17 4,4 1588
5—6 38 1370 17--18 5,0 1822
6—7 4,1 1496 18—19 5,1 1836
7—8 3.6 1317 19—20 4,6 1669
8—9 48 1738 2021 4,6 1669
9—10 4,6 1669 21—22 4,5 1616
10—11 4,5 1616 2223 4,2 1533
11—12 43 1543 2324 4,1 1507
100 Quaxc=
=36 220

or6upaercst 20 J1/c Ha HYIKBl NPOMLILVIEHHOrO NPEANPHSTHS B BHAE CO-
cpefioTodeHHOro pacxona B yase 1. Ocranshble 490 /¢ pasnaroTcst CeThIO
ropoia paBHOMEPHO MO ee AJuHe. 3Has MJIMHY JUHHE, ONpPele/sioT
yIeNbHBIA pacxox (Ha 1 M JIHHEBI MMHH# ceTH):

rge X/ — cyMMmapHasi JJHHa JIHHHI ceTH, paBHas 15930 M.

3ateM BHIYHCJSIIOT MNyTeBBle pacxofbl 1o ¢opmyie Qu=gyul
(tabs. VIL.2).

3HayeHHs! Y3JI0BBIX PacXofioB Qy,n, Ji/C, paBHEIE NOJTYyCyMMe pacxo-
[OB B y4aCTKaX, NPHMHKAIOIKX K JaHHOMY Y3aYy, (ZQy)ysx, NPHBENEHB!
B 1abi. VI1.3 u Ha puc. VII.2 (uudpr y cTpesok B yanax).

TaGauna VIL2

Tlyresoit IlyTenoii

VYuacTox y,,#::: al. M pacion Qu, VYwacrok y“%;'.‘:: *Z M pacl)lcon Qu,
afe afc
-2 500 15,4 9—10 500 154
23 520 15,9 10—11 600 18,5
1—4 700 21,5 9—12 800 24,6
2-5 650 20,0 10—13 800 24,6
3—6 600 18,5 11—14 800 24,6
4—5 480 14,8 12—13 500 15,4
5—6 500 154 13—14 600 18,5
6—7 550 16,9 12—15 950 29,1
48 650 20,0 18—16 900 27,7
5—9 650 20,0 14—17 900 27,7
6—10 650 20,0 15—16 350 10,7
7—11 700 21,5 16—17 600 18,5

89 80 148 2,—15 930 | 2Qa—190
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Ta6auna VIL3

. (2Qu)ysx |  Qyaa
Ne ysna TIpEMBIKAIOIHE YIaCTKE
ajc
1 1—2; 14 36,9 18,5
2 1—2; 2—5; 23 51,3 25,7
3 2—38; —6 344 17,2
¢ 1—4; 4—5; 4—8 56,3 28,2
5 2—5; 4—5; 5—6; 5—9 70,2 35,1
6 3—6; 5—6; 6—7; 6—10 70,8 354
7 6—7; 7—11 38,4 19,2
8 4—8; 8—9 34,8 17,4
9 8—9; 5—9; 9—10; 9—12 74,8 37,4
10 | 9—10; 6—10; 10—13; 10—11 78,5 39,2
11 7—11; 11—14; 10—11 64,6 32,3
12 9—12; 12—13; 12—15 69,1 345
13 12—18; 10—18; 13—16; 13—14 86,2 43,1
14 13—14; 11—14; 14—17 70,8 35,4
15 12—15; 15—16 39,8 19,9
16 15—16; 18—16; 16—17 56,9 284
17 14—17; 16—17 46,2 23,1
Hroro 980 490

Iocse onpesiesieHyst Y3JIOBBIX PacXOlOB HaMeyaloT TIpe/iBapHTeJIEHOE
pacnpeesiel e PacXoloB Bojbl N0 JHHHsAM ceTH. Ero Hameyaror u3 yc-
JIOBUSI BO3MOXKHOH B3aHMO3aMEHSEMOCTH JIMHHH CeTH IPH aBapusiX Ha
HeKoTophiX u3 Hux. [lpH pacnpenesneHHH PacXoioB cOOMIONAIOT NePBRIH
sakon Kupxroda, 1. e. GanaHc pacxosoB B y3jaax. Hameyennsie pacxo-
bl 110 JIMHUSIM (B JI/C) B HX HallpaBJieHHe yKas3aHs! Ha pHc. VIL.2 (aud-
PEI OKOJIO YUACTKOB).

Tpennonaraercsi, 4TO CeTh FOPOJA H BOJIOBOABL GYAYT BHIIOIHEHH! H3
‘QYTYHHBIX TPY6. YCJIOBHSI CTPOMTEJBCTBA H SKCIUIyaTaHH XapaKTepH-
8YIOTCSl 3KOHOMHUECKHMM (akTopom S = 0,47.

Ilpu BEIGOpE MHAMETPOB HEOOXOHMO ONPEJEsiHTh IPHBEIeHHHE pac-
XOMIBl, J/Isl Yero HyKHO 3HaTh paclpefieneHHe GHKTHBHBIX PACXOJiOB X.
1o pacnpereneHHe BHIIOJIHEHO IO METGAHMKE NPHOHKEHHOr0 TEXHHKO-
HKOHOMHUECKOro pacyeta. IToCKONBKY Bee JIHHHH PacCMaTPHBaeMOfl CeTH

_B TOH MM HHOM Mepe YYacTBYIOT B TPAHCIIOPTHPOBAHHH [IOTOKOB BOJHL,
" MX He pasie/IsSioT HA TPAH3UTHBIE MATHCTPAJIH H TIePEMbIYKH.
" Pacnpenenenyie GUKTHBHBIX PacXoflOB IPOBELEHO C yYeToM cobirofe-
‘HHs B yaJsiax IepBoro sakoHa Kupxroda. Tpebyembie npesoMeTpHyecKHe
‘oTMerkH I7;, olipejiesieHHbIe KaK CyMMa COOTBETCTBYIOIIHX 3HaYeHHH OT-
'METKH [IOBEPXHOCTH 3€MJIH Z; H cBOGOHOrO Hanopa H ,, M, yKaszaHbl Ha
_puc. VI1.2 okosio yanos. TpeGyemelit cBoGonubiil Hanop H ., Bo Beex y3-
.Jiax cetn NpuHAT pasHbiM 20 M. TIpHHsTOE pacTpesesieHEe GHKTHBHEIX
PACXOJIOB IO JIMHHSM CETH C HCHOJNb30BaHHEM cegeaudt I — I... VI —
“VI npuseneno na puc. VIL3. 3Has BenHuuHBI M npe,maapmeubﬂoe
. pacnpesiesienre pacxoloB BOAB! IO JIHHHSIM, BBIYHCJSIOT NPHBEAEHHLIE
" pacxozpl o dopmyJie (IV.6) u 3ateM no TaGiHue NpejesbHbIX 9KOHOMH-
YeCKHX PacXofioB HAXOLAT Juamerpnl nuHHH. HasnauenHole nuamerpst
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ykasaubt Ha puc. VIL.2. Ha sTom sakanumsaercs noaroroska cern j
THPaBJIHYECKOH YBsi3Ke. :

Bce nannbie pacueros npu yssiske cern no merony B. I'. Jlobaueg,
TIPHBOASAT B NMOPSsifiKe, YKazaHHOM B Ta6us. VII. 4.

B rpadax 4 n 5 1a6n. VII.4 npuBenens pacXofisl B yyacTKax 1o fap.
HBIM NpeJIBap HTE/ILHOTO Pacnpefie/ieHHs H BHIGPaHHble A HHX AHaMer.
pHl TPYO.

CkopocTy IBHXeHHsI BOAbI B TPY6aX, COOTBETCTBYIOLLHE pacxoziay,
yKasaHHBIM B rpage 4, npuBenexsl B rpade 6. Mx ycranasnusaior g
Tabnunam ¢. A. Illepesesa [7].

Yesobpoe O003HIWORR

X-Gurmubiei: pocxod

1], ~IMDPOYaMTS 116230~
M am-
MaTwa,M -

Puc. VIL3

Horepu Hanopa B JnHMsIX onperedsiioT No KBajipaTHUHOM dopmyne
h = S¢*, rae S = 5,4I6 — ruppaBnUYecKoe CONPOTHBNEHHE JMHHI. 3Ha
HEeHHS NONPaBOYHBIX KO3 duuHenTOB 8, MpHHSATEIE o Taba. 4 npun. 11
3aHeceHbl B rpadpy 7 1a6si. VII.4. B rpade 8 sanucaHbl sHaueHus rHIpaB
JIHYECKHX COMPOTHBJIEHHH PacCYeTHBIX y4acTKOB S = so/6. Benuuynny
YACJIbHBIX CONMPOTHBIIEHHH So NPHHATH o Tab1. 1 npua. I1. Crexyer or
METUTB, YTO ecsiH TaGlHuHble 3HAYeHHsI S¢ AAHbl LJIsl PACXOAOB, BHIPE
JEHHBIX B M/C, a PacXOfibl 110 JIHHHSIM CeTH NPH PacyeTe BHIPANKAIOTCS
B Ji/c, MONyYeHHBIE 3HAYEHHs! So YMHOKatOT Ha 10—, Ilpu fasibHediuey
pacyeTe NPHHHMAIOT, YTO 3HAYEHHS CONPOTHBIEHUH S OCTAOTCS HeH3:
MEHHBIMH.

Kak yxe ykasbiBanoch, NPH KBajpPaTHYHOH 33aBHCHMOCTH MOTepb
Haropa OT pacxola NONPaBOYHbIH PacXoi ONpeAesslioT Mo (opMye.
Ag = Ah/(228q). Ina ynoGetBa onpereneHus BeauuHHb Ag B Tabn.
VIIL.4 Benennl rpadnt Sg(9) u h = Sg? (10). YcnopHo npuHHMaeTcss
YTO NOTEPH HAIopa B JIHHUAX KOJbld, e ABHKEHHe BOLLI POHCXORHT
T0 YacoBoIi CTPeJIKe, TOJIOMHTENBHBI, 4 IPOTHB YACOBO#H CTPeJIKH — OT
puuarensHsl. [lotepy nanopa h sanucwiBaiotesi B rpade 10 ¢ cooTser
CTBYIOLIHM 3HAKOM.
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Ta6auna VIL4

69

§ « T eNlbHOe 1 HenpannexHe
©
g g Aq | «
g ge nfc| d, M | v, M/C [] S=5,18 Sg h=xSq%, M Sq h M
= > alc
1 2 4| 5 [ 7 8 9 10 11 12 13 14
24,1 | 250 | 0.48 | 1.16 0,00147 0,0354 —0,85 —2,7 21,4 0,0315 —0,67
14,4 | 250 | 0,28 | 1,3 0,0023 0,0331 40,48 +2.7 17,1 0, 0393 +0,67
38,1 | 250 | 0,76 { 1,06 | 0,00174 0,0663 —2,53 —2,7—2 | 33,4 0,0581 —1,9
200 | 0,62 | 1,11 0,00431 0,0862 +1.72  |42,7—10,4 | 12,3 0,053 +0,65
£Sg=0,221 | Ah=x—1,18 £S9=0,1819| Ah=—1,29
—1,18 —1,29
Agwm ————— 12,7 Ag=— - =43,5
7 2.0,221 + g 2.0,1819 +
11,7 | 200 | 0,36 | 1.24 | 0,00522 0,0611 —0,71 +2 13,7 0,0715 —0,98
38,1 | 250 | 0,76 | 1.06 | 0.00174 0,0663 +2, 53 —2—2,7 | 33,4 0,0581 +1,94
28,9 | 250 | 0,58 | 1,12 | 0,0017 0, 0491 —1,4 2 30,9 0,0525 —1,62
10 200 | 0,31 | 1,27 | 0,00514 0,0514 +0, 51 —219.8 17,8 0,0915 +1.63
2Sgm=0,2279 | Ah=-+0,91 £S9==0,2736 | Ah=+40,97
Agm— O _ so=— £ 10,97 _ 8
2-0,2279 2-0,2736
20 200 | 0,62 11,11 0,00431 0,0862 —1,72 —10,442,7 | 12,3 0,0530 —~0,65
22,6 | 250 | 0,45 0.175/ 0,00193 0,0436 +0,99 10,4 33 0.0637 +2,10
83,2 | 300 | 1,14 { 1,01 | 0,000623 0,0518 —4,31 —10,4—9,8 | 63 0,0392 —2.,47
40 300 | 0.55 | 1,13 [ 0,000514 0,0206 +0,82 +10,4 50,4 0, 0259 +1,31
£Sqm0,2022 | Ah= —4,22 £8¢=0,1818 | Ah=-0,29
—4,22 +0,29
== 110,4 Ag=— =—0,8
a 2-0,2022 9 2-0,1818




0L

Ipodonscenve Taba. VIl4

g 3 ‘ 11 ucnpaenenne 111 nenparnenue Iv n -
g 5 Ag | 4 A | ¢ A | o« CKOPOCTH
- S hom S hoM h, M
3 5 /e 7 aje 7 aje v 8’ kb, M
1| 2 15 16 17 18 19 | 20 21 22 23 | 2 25 26 27 28
1-2]1 —3,5 17,9 | 0,0263 —0,47 +0.8 18,7 | 0,0275 —0.51 -1 17,7 —0,46 [ 0,36 | 1,23 | —0,49
1| 1—4 +3.5 20,6 | 0,0474 +0,98 —0,8 19,8 | 0,0455 +0,90 +1 20,8 ¢ +1,00 | 0,42 1 1,18 | +0,91
2—~6(~3,5—1,8 28,1 | 0,0489 —1,37 |40,8+1,6| 30,5 | 0.0531 —1,62 [—1—0,9{ 28,6 | —-1,42 ) 0,57 [ 1,12 | —1.50
4—514-3,640,8 16,6 | 0,0715 +1,19 |—0,8—1,7| 14,1 | 0,0608 +0,8 |+140,7 ( 15,8 41,08 | 0,49 [ 1,15 | +1,11
2Sg= Ah= zs%= A= Ah= 10,2 Ah=
=0,1941 |=40,33 =0,1869 |=—0,37 =+40,03
—0,37
Ag=— =
2:0,1869
= =41
—1,6 | 13,9 [ 0,0726 | —1,01 +0,9 | 14,81 —1,14 | C, 461 1,16 | —1,07
+1,6+0,8] 30,5 | 0.0531 +1,62 |—0,9—1 | 28,6 | +1,42 [ 0,57 | 1.12 ] +1.50
—1, 31,1 | 0,0520 | —1,64 +0,9 | 32 —1.74 | 0,64 | 1,1 —1,71
+1,6+2.2| 17.1 | 0,0879 | 41,50 [—0,9-1,6] 14,6 | +1,10 | 0,45 | 1,175 +1,02
2Sq= ¥Sq= Ah= Ah= Ah=
=0,2538 =0,2665 {= 40,47 =-—0,36 =—0,26
Ag=— Ag=——10:47
2-0,2665
=4 =—0,9
4—5140,843,5 16.6 | 0,0715 —1,7—0,8] 14,1 | 0,0608 —0,86 |+0.74+1 | 15.8 | —1,08 | 0,49 | 1,156 | —1,11
4—8| —o0, 32,2 | 0,0621 +1, 33.9 | 0.0654 +8;23 —o-." 33,2 | +2,13 [ 0,66 1,09| 42,00
111)6—914-0,842,7| 66.5 | 070414 —1,7—2,2| 62,6 | 0,039 —2,44 [+0,7+1,6] 64,9 1 —2,62 | 0,89 | 1.045] —2.,67
-9 —0,8 |49,6 | 9 0255 +1.7 } 81,3 0,0264 | 41,35 | —0,7 |50,6 | +1,32 | 0,7 | 1,085 41,98
ISq= Ah= 3Sg= — Ah= Ah=
=0,2005 |=—0,69 00516 |- A=, ==—0,25 =20,50
Agem———0:69 Agm——T0:27
2+0,2005 2.0,1916
=41,7 =—0,7




Hpodonsxerue Tabr. VII4

§ " 1T, JbHOE 1 ucrpannerue
©
g 8 = 4 & & | o s k
s 31, s v, M/C S=gl0 Si h=S8g?, , M
= £ . | 9 alc| > M/ 0 g g e g
1 2 3 4 5 6 7 8 [ 10 11 | 12 13 14
5—6 | 600 | 10 200 | 0,31 | 1,27 | ©,00514 0,0514 —0,51 17,8 0,0915 —1,63
v | 5—9 | 650 | 83,2 | 300 | 1,14 | 1,01 | 0,000623 0,0518 +4,31 63 0,0392 42,47
6—10| 650 | 5548 | 300 | 0,77 | 1,06 | 0,000654 0,0365 -2, 65,1 0,0426 —2,77
9—10| 500 | 85 300 | 0,76 | 1,06 | 0.000503 0,0277 +1,52 41.8 0,021 +0,88
$S¢=0,1674] Ah=+-3,28 £Sg=0,1943] Ah=--1,05
Agem 1328 o P2 11 B
2.0,1674 2.0,1943
6—7 | 550 | 18,5 | 200 | 0,57 | 1,12 0,00489 0,0905 —1,67 +0.5 19 0,0929 —1,77
v | §—10] €50 | g6,8 | 300 | 0,77 | 1,06 | 0,00065¢ 0,0365 +2,04 —0,56--9,8 | 65.1 0,0426 +2,77
7—11]"700 | 37,7 | 250 | 0,76 | 1,07 | 0,00189 0,0713 —2,69 +0,5 38,2 0,0722 —2.76
10—11| 600 | 40 250 | 0,8 | 1,06 | 0,00161 0,0644 +2,58 —0,5+4+6,7 | 46,2 0,0744 +3.44
2Sq=0,2627| Ah={-0,26 $Sg=0,2821] Ah= 41,68 "
AgmE0:26 o Ag—__H1:68__
20,2627 2-0,2821
9—10| 500 |58 300 | 0,76 | 1,06 | 0,000503 0,0277 —1,52 —3,4—9,8 | 41,8 0,021 —0,88
vi |,9—12 800 1105,6 | 350 | 1,09 | 1,015 0. 000354 0,0374 +3 95 3,4 109 0,0386 +4,21
1018 800 [110 350 | 1,13 | 1,61 | 0,000353 0,0388 .2 —3,4—6,7 | 99,9 0,0353 —3.,52
12—18| 500 | 43 300 ] 0,59 | 1,115 ©0,000529 0,0227 Yo, 98 +3.,444.4 | 50,8 0,0269 +1,37
2Sg=0,1266] Ah=--0,86 $Sg=0,1218| Ah=+1,18
Aq=_ﬂ=+3_4 Aq—_ﬂ__Ls
2-0.1266 2-0,1218
-3
-




odoamenue Taba, VIil4

11 ucnpasnenne

111 ucnpasnenue

IV ucnpapneuue

Ha

é E A | ¢ P} A | CKOPOCTH
14 Sq h, » Sq h, ™ h, m
3 » aje ajc .4 h'm
1 2 15 16 17 18 | 20 21 22 23 25 27 28
ol B0 S0 | T2 T doc | 0:088° | Tha0 |Hexs:? F2:88 | 088 [ 108 ¥ 083
. .04 . . , . . . ' N , .6
=27 59,4] 0,0388 —2,31 62,7 | 0,041 —2,57 [—1,6—1 —2,36 | 0,82 11,06 t2.3s
42, 7+4 8| 49,3] 0,0248 | -+1.22 44,9 | 0,0226 | +1,01 |[+1,64-1,9 +1,18 | 0,66 | 1,090 | +1.21
Sq= Ah= 2Sg= Ah= Ah= Ah=
=0,1734 |=+0,76 =0, 1905 = —0,62 =4-0,34 =-+0,50
ngm— 076 _ Agm =062 _
2.0,1734 2.0,1905
=—2,2 =+1,6
3 22 0,1076 +1 —2,35 1,08 —2,26
v —3—2,7 | 59,4] 0,0388 —-1-1,6 42,36 1,06 [ +2.36
3 41,2| 0,0779 1 —3,19 1,06 | —3,16
—3-—2,9} 40 0,0649 —1—1,5 +2,84 1,06 +2,84
Sg= Ah= Ah=
.—=02.2"892 =-—0,34 =—0,22
AG= — —
=3,
+4,842.7| 49,3] o, - +1, 9+l 6 —1,18 1,00} —1,21
ahe[10ass| 0:9288 | 182 "9 ¥3.87 1,02 | 3387
,84-2,9/107.6| o038 Ti00 +1, 9+1 § —3.94 1,015] —3,94
—4,8-3,9] 42,1 0,0223 | +0.94 —1,9—1.4 +1,00 1,115 41,00
=S = Ah= h=
=022 =233 =-0,25 =—0,28
0,53
Ag= — L = Aq =
7 2-0,122 2.0,1212
=42,2 =-1,9




Npodonrscenue taba. VII4

€L

g I 1 scnpasnesue
g E Aq | @
2 X g afe|d um]o M| & Sw=80l0 Sq h=S¢t, m |——————— Sq hoM
£ > alc
i 2 3 4 5 6 7 8 9 10 11 12 13 14
10—11| 600 | 40 250 (0,8 | 1,06 o0, 1 0,0644 —2,58 +6,7—0,5 | 46 2| 0.0744 -3,
vir 10—18] 800 |110 3560 1,13 | 1,01 0, 53 0,0388 +4,27 —6,7—3,4 99,9 0, 0353 +3,52
11—14) 800 110 350 | 1,83 [ 1,01 | 0,000353 0,0388 —4,27 +6.7 116,7| 0.0412 —4,8]
13—14] 600 | 05,5 | 300 | 1,31 | § o, 0.0543 +5,19 —6,7—9,3 | 79.5| 0,0452 +3,60
X8¢=0,1963] Ah=+-2,61 2S¢=0,1961| Ah=—1,13
42,61 —1,13
—_—— = — 6,7 Ag=— =+2,9
M=o 068 AR NTTTR
12—18] 500 | 43 300 | 0,59 | 1.115| 0,000529 0,0227 —0,98 +4,4+43,4 | 50,8] 10,0269 —1,37
virr [12—18 950 | 97,1 [ 350 [ 0,99 | 1,03 0,000427 0,0415 +4,03 24,4 92,7| 0.0396 +3.67
18—16] 500 |100,6 350 1,04 | 1,02 0,000401 0,0403 —4,06 +4,44-9,3 §114,3 0, 0458 —5,24
15—16] 350 |117 350 1,2 1 0,000153 0,0179 +2,09 —4,4 112,6 0,0172 +1,94
2Sq=0,1224] Ah=11,08 XS¢=0,1295] Ah=—1,00
+1,08 —1
Ag= — —4,4 A= ———————=1-3,9
7= T, 1028 9= Touees
13— 14| 600 | 95,5 | 300 [ 1,31 |1 0, 0005 0,0543 —5.19 —9,3—6,7 | 79.5| 0.0452 3.6
1x |18—16| 900 lioo/e | 350 | 1,04 | 1,02 [ 0,00040 0, 0403 +4,06 +9,344,4 |114,3| 0,0459 +5.,24
14— 171 900 |240.9 500 1,22 |1 0, 00006 0,0147 —3.54 —-9,3 231,6 0,0141 -3,
16—17] 600 |246 500 | 1,25 |1 0,0000407 0,01 +2,46 +9,3 255.3| 0,0104 42,65
3Sq==0,1193| Ah=—2,21 2S¢=0,1156] Ah=41,02
dgm— =22 o s Agm——EL02
2.0,1193 2.0,1156




2

Ipodorscenue maba. VII. 4

o " 11 ucnparnenue 111 ucnpasnenve 1V ucnpasnenue I

g 8 A | g A | ¢ s | ¢ ckopocTH

£ hom == S oM hoM

2 S aje S ajc 7 afe v 8 h,

1 2 15 16 17 18 19 20 21 22 23 24 25 26 27 28
m_§§+2 9+4 Ssiog:el 0:098° | F3:68 [T3:1Th:h| 2% O:0789 | 7388 +1 5+1 Yol108.7| F3:84 | D:08 [1:6% T304
10— . . . =22 . . , . . . 3,94

VII|11—14 2,9" [113,8] 0,0402 i4,57 +3,1"[116,9] 0.0413 i4, .6 |115.4| —4370 | 1,18 |1 4,
137 14|42, 944,4| 868 0l0a02 | T4i20 |-31129,7| 81 0,046 3373 |41, 5+2 3| 84,8 44,09 [ 1,17 |1 44,09

l sSg= - Ah= Ah=
=0.9925 |=F1.20 =0,195 |=—0,59 =-0,49 =40, 49
—0,59
Agm ——t L2 Ag=—. 59__
2.0,1925 2.0,195
=—3,1 =+1,5
12—131~3,9—4,8) 42,1 0,003 | —0,94 |[42.¢ 542.2) 46.8| 0,0246 4 —1,16 |—1,4=1,9| 43,51 —1,00 | 0,59 [1,115) —1,00
12— 18 43, 96,6/ 0,0412 +3,98 94,11 0,0402 +3,78 +1, 95,5 43,89 | 0,98 [1)03 [ +3.89
VUI1g3—161—3,9-4,4[106" | 0l0495 | ~4.51 +2. 5+2 7|111,2| 0,0446 | —4.96 [—1,4—2,3§107,5| —4,63 | 1.1 (1,05 [ —4.63
15—16] +3, 16, 0,0178 +2,08 114 0,0174 +1.99 1.4 [115,4| +2,04 1,18 )1 42,04
ISq= I Ah= 3Sg= l Ah= Ah= Ah=
=0,1238 I=410,61 =0, 1268 =275 =+40,30 =40,30
Ag=——F0__ Agm— = 0:35__
2.0,1238 2-0,1268
=—2,5 =+1,4
18— 14]+4,4+2,9| 86,8| 0,0404 | —4.29 |—2,7—3,1| 81 0, _ --2,3+1,5| 84,8 —4,09 | 1,17 |1 —4,00
18— 16|—4,4=3.sl106" | 0’0408 | T4'51 |+2, 732 5(111,2 0i04ab | 7322 [F2iTiidlyoris| Fales | 101 [1.o1s] Fales
IX 14—17] f4,4 1036 | olo1as | 310 233,3| 0lo142 | L3'3s | +2.3° [235.6] —3.39 | 1i2 |1 —3.39
16—17| —4.4 [250,9] oloio2 | F2.56 +2 7 263,6| 0,0108 | folea | —2.3 |251,3| +2,57 [1.27 |1 +2.57
3Sg= = »Sg=— Ah= Ah= Ah=
=0,1165 = 0,62 =0,1762 |- 40,53 =—0,28 =20,28
Mg ———202 _ A= — 1058 _
2.0,1165 2.0,1152
-t2,7 =-2,3




Ilocne onpepenenusi noTepb Haropa 110 JAHHBIM IPEABAPUTENBHOTO
pacrpesie/ieHdsl PAaCXONOB BHIUMCISIIOT HeBsi3KY Al BO BCEX KOHTypax.
Jns sToro HeoGXOAMMO HAHTH Jisl KaXKJOro KoJblia anrebpauyeckyio
CyMMy notepb Hamopa, T. €. HeBA3Ky B KoJble. [lotepn Hanopa
U HeBSI3KH B  KOJblIAX, COOTBETCTBYIOLIME TNpefBapHTEILHOMY
pacnpejieieHiI0 PacxojoB, npusefens Ha puc. VIL.2. Kak BugHO
uz Ttabn. VIL4 wu puc. VII.2, nonyueHHble HeBsI3KH 3HauUH-
TeNbHE. DTO MNpPHBOAUT K HEOOXOAMMOCTH BBIYHCJIEHHS IJIsE
KaxKJ10T0 KOJIbL{@ NONIPAaBOYHBIX PACcXofoB Ag, 7Sl 4ero cielyeT HalTH
BesiunHEl X Sq s Beex Kodlell. [TocKosbKy nmonpaBouHblH pacxonAg
NPONyCcKaeTcsi MO KOJbLy B HaNpaBJEeHHH, NPOTHBOMOJIOXKHOM 3HAKY
HEBsI3KM Ah, 3HaKu y Al u Ag 6yayT pasanunbiMH. Hanpuwep, B Kosib-
re / 00 JaHHLIM NpeJBAPHTEBHOIO pacnpejieieHusl pacxojoB NoJy-
yera HeBsi3Ka 1,18 M co 3HAKOM MHHYC, a IONPABOYHMI pacxor, 2,7 jfc
uMeer 3Hak mitoc. Ilponyck 3Toro pacxofa mo KoJiblly B Hanpasje-
HUH, NPOTHBOIOJIOKHOM 3HaKy HEBsI3KH, YMeHblllaeT pacyeTHHe pac-
XOJHI B JIMHUSIX C JBHU2KEHHEM BOIBI IPOTHB YaCOBOK CTPeJIKU (JHHUE
1—2, 2—5) n yBejuuMBaeT PacXofH B JIHHHSAX C IBHMXEHHEM BOJIHI
no yacoBoit ctpednke (quuun I—4, 4—5), TeM caMbeIM moTepu Hano-
pa B JIMHHAX C OTPHL{ATEJbHBIM HampapJeHHeM JBUMKeHHs! yMeHblua-
I0TCS1, @ C TIOJIOKHUTENIBHBIM YBeJiHunBalotcsi. ITonpaBounbie pacxost
3anHCHBAlOT B rpade 11, a HOBBle 3HAUEHHUS ¢, NOJyUCHHbIE MyTeM
anreGpanyecKoro CJIOMEHHs COOTBETCTBYIOLIMX 3HaueHuil ¢ u Ag u3
rpad 4 u 11, sanocsT B rpady 12.

Jlnsa obuiedl IMHUK JIBYX CMEXHBIX KOJIel| HCIPABJIEHHBI pacuert-
HBEIH pacxoj ONpeAeSisiioT C YyUeToM IONpaBoOK Ag nJist Kax[Ioro us
Hux. IIpumepom moxkeT cnyXuth Junusg 2—5. B rpade 11 nas stoit
JIMHUH 3a1HCaHo JBa 3HaYeHHs Ag: ojHo ans koaeua I (—2,7 n/c),
zapyroe aas xogbua Il (—2 a/c).

Ilocne BBefieHHs MONPABOK K PacXofiaM B y4aCTKax CETH KaxKJo-
IO U3 KoJiel, BHOBb onpeflenisiioT BesqnunHy Ah. Ecau HeBsiska Gyner
ocTaBaThesl GOJBIIE JOMYCTHMOH, TO CHOBA BBIYHCJSIIOT 3HaYeHHusT Ag
H Ipollecc YBA3KH NPOAOJIKAIOT J0 NOoJyYeHHusl TpeGyeMOll TOYHOCTH.
Kak BHIHO H3 pe3yJibTaToB pacuera (cM. Tabus. VIL.4), nocae uert-
BEPTOTO MCIPAaBJieHHs! HEBSSKH BO BCEX KOJbLAX CETH He IpeBHLia-
0T JONYCTHMBIX.

Tak xax mpeanosarasioch, YT0 3Ha4€HUsi CONPOTUBJIEHHH S B 1po-
1liecce pacyera OCTalTCsl NMOCTOSIHHBIMH, TO NOCJIe OKOHYAHHS YBA3KH
npH HeoOGXOAMMOCTH B pacyeTHHIEe NOTepH Hanopa #=Sg2 BBOUAT 10-
NPaBKU Ha [pOHCIIEAlee HEKOTOPOe mnepepacnpesiesieHHe pacXofoB
Bozbl. C yueToM 370l monpaBKy NOTEPH HATOPa ONPEeaensioT Ho hop-

MyJie
R=S5488'/8,

rae 8’ — cooTBeTCTBYIOMUAOKOHTATEIBHOMY ‘PacnpefieleHHI0 PAacXo0B ¥ monpa-
BOYHbIA KOS(pquuﬂeHT Ha HEKBaJipaTHYHOCTb 3aBHCHMOCTH NOTEPb Hanopa or pac -
xona {cxopoctd); § — nonpaBouMmR} KOS(QHIKEHT, ; NPHBEKeRN LI B rpade 7
Taba. VII.4. 85w

CxopocTH, COOTBETCTBYIOLIME OKOHUATENLHOMY pacupefiesieHHIo pac-
XOJIOB, NIONPaBoYHble Kod(dulentsr 8’ U yTouHeHHHe TOTepH Hamopa
npuBefeHsl B rpagax 26—28 tabn. VII.4. Kak BujHo M3 naHHBIX rpa-
¢e1 28, BHeceH¥e TIONPABOK He MPHBEJIO K 3HAYUTEBHOMY H3MEHEHHIO He-
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A30K — BO BCEX KOHTYPaX BeJIHYHHB A/ He NPEBHILUAIOT JOMYCTHMOTO
Inauenus. Hepsska no BHemHeMy KouTypy pasna 0,4 M. OKoHuaTe/b-
Hbie PesyJIbTaThl pacyeTa NpecTaB/ieHsl Ha puc. VI 4.

IbesoMerpHUeCKHE OTMETKH, YKa3aHHBIE HAa STOM PHCYHKe, HalileHbl
NYTEM CYMMHPOBaHHs NI0TePb HATloPa (C YUeTOM HX 3HaKa) C Ibe30MeTpH-
YeCcKO#H OTMeTKO#H, COoTBeTCTBY0IEH HY Gaka (49 M). Tak Kak B KaxKuoM
KOHTYpPe €CThb HeBfi3Ka, TO Nbe30OMeTPHUECKasi OTMeTKa B JilOOOM yaJe,
BBIYHCJIEHHASA N0 Pa3HBIM HalpaBJieHHsAM, OyleT HMeTb PasjiHuHbIe 3Ha-
Yerusi. OBHaKo NOCKOJIBKY HEBSI3KH HESHAYHTEJILHEL, 3TO PA3JIHUHE MAJIo

NPAaKTHYECKOTO 3HAYEHHsl He HMeeT.

' &

T 7 4

& o

Cymouezo
wid

N

Pacxod %

2 4 6 8 w1z w8 20 2 %
Yacer cymox

Puc. VILS

Hcnonbsys pesysibraThl pacueroB Ha 4ac HaHGOMbIIErO BOXONOTPEs-
AeHYsl, MOXHO ONpeJe]UTh NapaMeTpsl GALIHM U XapaKTePHUCTHKH Ha-
€ocHoro obopyoBaHus.

Belcota BOAOHANIOPHOI! GallHY ONpefe/sieTCs N0 BHIPaXKEHHIO:

He=Hcp+Zh—(26—2).

Bauns coennnena ¢ cersio ByMst Bogososamu [ = 500 M H pacnoio-
MeHa Ha OoTMeTKe 2= 22 M. B uac HauGosbuiero BogonorpebJieHHs No
KaXJIOMy H3 BOLOBOJOB B ropofi nofaercsi 510/2 = 255 j/c. dtomy pac-
xony (npu 3 = 0,47) COOTBETCTBYET 3KOHOMHYECKH HAMBBHITOAHEHLIHIT
auamerp 500 mm. IloTepu Harnopa B YKa3aHHLIX BOAOBOAAX ONpefesieHbl
6o Tabauuam ®. A, Illepenesa [7] u pasum il = (4,4/1000) 500 = 2,2 m.

locsie noxcTaHOBKH B BHIPaXeHue, ONpefie/IsIONIee BHICOTY BOJAOHA-
HopHo#t 6auHl A, COOTBETCTBYIOLUX 3HAUEHHH i, 2 U H oy 115 passiny-
HbIX y3/10BBIX TOYEK, YCTAHOBJIEHO, YTO AHKTYIOLIHM SIBJISiETCS ysed 3.
CsoGoauptii Harop B 3TOM y3Jie Oy et obecrieueH, ecaH

He=20-+17,4—(22—11,5) = 26,9 =~ 27 ,

rne 20 — TpeGyemblii CBOGOAHBIA Hanop Hcg, M; 17,4 — nOoTepH Hanopa XA, M,
OT TouKH 3 o Touku B (cM. puc. VII.4); 22— orMerka [IOBEPXHOCTH 3€MJIM B MeC-
Te pacroJioXeHus Galiku 26, M; 11,5 — oTmeTKa DOBEPXHOCTH 3€MJIH 2, M, B IHK-
Tywomell Toyke 3.
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Ta6auna VILS

. = T 7= . s &z 8
g | =2 «% | L= =S 3 H 7 s% | E& | H
x |£23| 88 |S38| <8 |88 | =z |&RE| ER [EE| &8 Sa

5 % Qoyn % 5 % Qogy %
0—I1 | 3,4 3,3 | — 0,1 1,8 ||12—13] 4,3 | 4,6 | 0,3 | — 0,7
1—2 1| 3,3 3,310 0 1,8 [13—14] 4,2 | 4,6 | 0,4 | — 1,1
2—3]33]|33]0 0 1,8 [l14—15( 4,4 | 4,6 0.2 | — 1,3
341 3,3 3,310 0 1,8 {|15—16] 4,3 | 4,6 | 0,3 | — 1,6
4-51 3,3 3,310 0 1,8 ||16—17| 4,4 4,6 0,2} — 1,8
5—6| 3,8 3,3 | — 0,56 1,3 | 17—18| 5,0 4,6 | — 0,4]1,4
6—7 | 4,1 3.3 | — 0,8 | 0,5 {18—19} 5,1 4,6 | — 0,5]0,9
7—8] 3.6 | 3,3 | — 0,31 0,2 {1920 4,6 | 4,6 | O 0 0,9
89| 4,8 | 4.6 | — 0,2 |0 20—21f 4,6 | 4,6 | O 0 0,9
9—10| 4,6 | 4,6 | O 0 0 21—22 4,5 | 4,6 0,1 | — 1
10—11] 4,5 | 4,6 | 0,1 — 0,1 [[22—23| 4,2 | 4,6 [ 0,4 | — 1,4
11—12{ 4,3 | 4,6 | 0,3 — 0,4 [[23—24f 4.1 4,6 {0,656 | — 1,9
Hroro| 100 100 12,81 2,8} —

Haiinennas BEICOTa BOACHATIOPHOH Bawn (Hg = 27 M) COOTBETCTBY-
eT oTMeTKe fHa Gaka. s Haxoxenus Tpebyemoro oGbeMa peryaupyio-
el eMkocTH (6aka GaiHu) oMuMo rpaduka BofonoTpebneHns: roposia
IO HacaM CyTOK HeoOXOJIMMO 3HATb PEHM paGoThl HacocoB. TIpeapapu-
TeJbHO OBUI TIPHEST caepywomuit rpaduk ux pa6orsl (puc. VIL5):
or é) 916:0 8 y nojaua Hacocamu 3,3% cyTouHOro pacxosia; ot 8 no 24 4 —
4,6% .

O6mbeM Gaka HaiifeH o fanHbM Taén. VILLS. Hs stoit Tabnuus! BUA-
Ho, uTo o6beM GaKa Gawmmu cocrapasieT 1,9% cyTounoro pacxopa ropo-
na, T. e. 36 220-0,019 = 690 m®. Ecay safaTbCsi OTHOLIEHHEM BBICOTE!
6aKa K ero auaMerpy pasibm 0,5, To BelcoTa Gaka Gy et 6 M 1 ero nua-
metp 12,07 M.

§ 25. Pacuer cicTeMbl *HACOCH — BOAOBOABLI — GalHsa»

Mop6op macocoB. 3Has NapaMeTpH BOJOHaNOPHON GalHy, MOXKHO
onpesienTh TpeGyeMslit Hanop Hacocos. Hacochas crammmst 3abupaer
BOJly W3 pe3epByapa 4HCTOH BOJbl C OTMETKOH YPOBHS Zcx = 9 M 4 no-
1aeT ee B BOLOHATIOPHYIO GallHIO o ABYM 4yTYHHBIM BOJIOBOAAM JANHHO#
1600 M KaX/iplii. B COOTBETCTBHY ¢ NPUHSATHM rpauKoM pexuMa pado-
TEL HaCocHol cTaHiM (cM. puc. VIL.5) B yac HauGonblUero BoAONOTPes-
JleHHs! Bacochl Nojalor 4,6 95 CYTOWHOTO pacXofa, YTO COCTABJSET
1669 M3/, unu 463,6 n/c. Ilo KaxoMy M3 BOLOBOAOB IONAETCsA 463,6/
/2 = 231,8 nfc. dromy pacxony npu & = 0,47 cooTBeTCTBYET AHAMETP
500 mm. [lo Ta6nunam @. A. Hlesesepa [7] MoXHO ycTaHOBHTE, YTO IPH
yKasaHHOM DaCXofie IOTepU Hallopa B BOJOBOA@X h,=(3,67/1000) <
%1600 = 5,87 m.

TpeGyembiii Hanop HacocoB Hy = (25 — Z¢x) + (Hg + hg ) + hy.
Tlpu nycTom Gake hg = 0 u Hy = (22—9) + (27-+0)-+5,87 = 45,87~
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~ 46 M; npH nonHom Gake hg = 6 M u Hy = (22 —9) + (27+6) +
+ 5,87 ~ 52 M.

Taxkum o6pa3oM, HacOCHBIE arperaThl JOJKHBL o0ecrieurBaTh Hanop
B Iipefenax 46 — 52 M, a Takxke nofaqy B Koauyectpax 463 a/c (4,6% cy-
TOYHOrO pacxosa) B nepHox of 8 1o 24 4 u 333 a/c (3,3% cyrounoro
pacxoza) B nepuog ot 0 fo 8 4. 3tum TpeboBaHuaM HanGosee GIU3KO
oTBevaroT Hacockl Mapxu [l 500-65, uMeromHe CJexyomse napaMerpbi
Ha rpaHHuax OITHMaJbHOM obnactH KpHBol Q — H: H = 58 wM;
Q = 105 a/c; H = 46 m; Q = 161 a/c.
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Puc. VIL6

Ha puc. VII.6 npusenena xapakrepucTika Q— H yKasaHHbIX Haco-
coB. Paccmorpenne xapakTepHCTHK HapaJiaelbHoit paboThl 3THX Haco-
COB IOKasbiBaeT, YTo MpH Hamopax oT 46 1o 52 M, onpegeneHHbIX pac-
yeToM Ha yac HauGoJIbIIEro BOROHOTPebaen s, pakTHYecKas ofadya Tpex
HacocoB paBHa 480—420 n/c. Ilpu 3ToM mHosnoxkenue paboyedt TOUKH
HacocoB GyZleT HaxofHTLCsl B ONTHMasbHON 30He KpuBo#t Q — H

B coorBercTBHH ¢ rpadiKoM pexuMa paGotel HacocoB (cM. Tabu.
VI1.5) npunumaeM, 4yto B Iepuog oT 8 1o 24 4, Koraa KosmxHa obecrie-
yupathes nojava 463 Ji/c (4,6% cytounoro pacxoga), ZOMXKHBI paboTaTh
TPH Hacoca.

Ilpu paGote cuctemsl B ieprof ot O 710 8 4, Korzia TpedyeMble Harnophbl
Ha HACOCHOM CTaHIMK OyAYT HaXOnuTbCs B MHTepBane 52—46 M, nona-
uy 3,3% cyTouHoro pacxopa (333 J1/c) MOryT oCyIIeCTBHTH JiBa HAcoca.

CoBMmecTHasi paboTa CHCTEMB «HACOCH — BOAOBOAK — Gamusy. s
BLISICHEHHsi UCTHHHOH KapTHHBI pabOThl CHCTEMbI «HACOChI — BOJOBOABI—
GamHs» HeoOXOAMMO IPOBECTH BHEIIHIOK YBs3KY CETH, T. €. YBA3KY ce-
TH C Y4€TOM XapaKTePHCTHK BHIOPAHHEIX HACOCHEIX arperaros M pery-
aupympouell eMKocTH. B ¢BA3H ¢ TeM, YTO B paccMaTpHBaeMOM IIpHMepe
GallHs paclionoxeHa B Hayaje CeTH, PeXHM BORONOTPeOIeH s BOIH I'o-
pONOM HEIOCPEACTBEHHO He BJHsieT Ha pabory HacocHol cramuuu. Bo-
nonorpebienue roposa B 000 YaCc CYyTOK MOXHO paccMaTpHBaTh Kak
¢urcupoBaHHbIH 0T60p B TouKe b npHcoegurenHs GallHH K BOLOBOZAM
(cm. puc. VIL.2). Ipu 31oM cBoGOAHbBIE HAIOPH! B Y3J1aX TOPOACKOM CeTH
OyAyT ONpefeNsiTbCs OTMETKOH BOAbl B Oake GallHH, M YBA3KY Caepyer
POBOAHTH TONBKO JUlsi YCAOBHII COBMECTHOH paboThl HACOCHOH CTAHIHH,
BOJIOBOZOB M GailHH.
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TocKonbKy € M3MeHeHVeM YPOBHSI BOABl B GaKe GalllH¥M M3MEHSIETCst
nonoXenHe paboueil TOUKM Hacoca Ha Kpueoit Q — H, dakTHyecKui
pekuM paboTHl HaCoCHOH CTaHIMH OYyNeT OTIHMYaThCs OT NPHESTOrO.
Ilo pesysibTaTaM PacyeToB MOXHO OILeHHTB NPaBHIbHOCTb NPHHATHIX pe-
LeHHH H B Cilyuyae HeOGXOAHMOCTH BHECTH COOTBETCTBYIOLIME KOPpeK-
THBH B PeKUM PaboThl HACOCHOH CTaHIHH, a TaKXKe YTOUHHTL 06beM pe-
ryJupyiomeil eMKOCTH.

AHaNHTHYECKHE BLIPAXKEHHSl XapaKTePHCTHK HAacOCOB, BONOBOOB M
peryanpyiowei emxoctH. [1pexkie ueM NPHCTYNHTD K BHEIUHEH yBs3Ke,
HeoOXOUMO TIPEACTABHTL B aHAJIUTHYECKOM BHJE XapaKTePHCTHKH Ha-
COCOB, BOLOBOJIOB U pPeryJiupyolieid eMKOCTH.

Kak H3BecTHO, XapaKTepPHCTHKa Hacoca OObIMHO Bhlpaxaercsi ypas-
HelueM Buga H = Hy — S,q%. Ilns naxoxzenus sedmiud Hy u Sy He-
06XOJIMMO PEILHTh CHCTEMY YPaBHeHHH:

Hy=Ho—Sug% Hy=Ho—Sud3,
rne Hy u Hy — Hanopbi, M, pasBEBaeMuie NIpH pacxonaXx Qy u Qp;¢; = Q1 ¥ g =
= Q5 — gacxonu Ha rpaHuuax pa6oueii 30Hb KaTajllOXXHOH XapaKTePHCTHKM
Hacoca, M%/c.

MopcTaBnas B 3TH ypaBHeHMsi 3HaueHuss H; = 58 M, Q; =
= 0,105 m¥c; Hy = 46 M, Q, = 0,161 M%/c, naxomum S, = 805,59
u Hy, = 66,88 m. Torna ypasHeHue xapakrtepuctuku Q — H Hacoca
mapku JI 500-65 npumer sua: H = 66,88 — 805,59 ¢2.

Tak Kak 3HaueHHe S, onpefiesieHO MJs OAHOrO HACOCA, TO JJ1s1 CyM-
Ma]gl(/)zzxapamepncmxn k napannienbHo paboTaromux HacocoB (Sy) x=

IockonbKy rpadHKoM pexXuMa paboThl HaCoCOB NPeay CMATPHBAETCS!
ux pa6ota B fiBe cTyNeHH: ¢ O 1o 8 U BKJIIOYEHHI [iBa Hacoca, ¢ 8 110 24 u—
TPH Hacoca, S3HaUeHHsi CONPOTHBJIEHHS HacocoB OYAYT PaBHEL: NPH
nByx pabotarowux Hacocax (S,)e = S,/2° = 805,69/4 = 201,4; mpu
Tpex paborawomux Hacocax (Sy); = S,/3% = 805,59/9 = 89,5.

Torna ypaBHeHHs1 NapaJuielbHO PaGOTAOMUX HAaCOCOB NPHMYT Cile-
Iytomui BH: NPH IBYX Hacocax H = 66,88 — 201,4 ¢% npu Tpex Ha-
cocax H = 66,88 — 89,5 ¢°

Jl1si BOBMOXKHOCTH yueTa B Nporecce pacyeTa B3aHMHOIO BHICOTHOIO
PAaCIOJIOKEHHs] HACOCHOH CTaHIMH H BOXOHANOPHOH GallHH HeoOXOoAMMO
NPUBSA3aTh yKasaHHble XaPaKTePUCTHKH K (paKTHYECKHM NBbE30METPH-
YeCKHM OTMeTKaM.

Ilbe3oMeTpHYECKasi OTMETKd, COOTBETCTBYIOLAasi Halopy HaCoCHOH
CTaHLUH, BHIpa)aeTcsi yPaBHeHHeM

Hy.o=118 . —Su g%, (VIL6)
rae "g.c = Z¢r + Ho — INIbe30OMEeTpHYeCKasi OTMeTKa, COOTBETCTBYIOIAA Hamo~
PY HaCOCHOIi CTaHIMKE NIPH NOJHOCTBIO 3aKPHITOH 3afIBHXKKe Ha HanopHOM naTpy6-
Ke, T. e. IPH ¢ = 0 (3eCh Zc;— OTMETKA YPOBHH B pe3epByape UHCTON BOJbI).

B paccmaTpuBaeMoii 3ajaue Ho=66,88 M; 2c,=9 M. Orciona no-
JydaeM cjeflyiolliHe 3aBHCHMOCTH Nbe30METPHUECKOH OTMETKH, CO-
OTBETCTBYIONIEi HANOPy HACOCHOH CTaHLMH, OT pacxopa:

NpH ABYX Napaasie/bHO paboTaiomuX Hacocax

My =75,88—201 ,4¢7;
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NPH Tpex NapaJie]bHO PaboTaloIHX HacocaX
My =T75,88—89,5q2.

IThesoMeTpHuecKast OTMETKA, COOTBETCTBYIOLIAS YPOBHIO BOAB! B 6aKe
BOJIOHANOPHON GalUHK B KOHIle PACCMATPHBAEMOTO PeXKHMa C YYeTOM ero
cpaboTKH (nonoJiHeHHs1), onpefessiercss no Gopmyae

Ig.6=113-+3600tq/F, (VIL7)

rne 11§ = Ilg -+ ho — nbesoMerTpHuecKast OTMeTKa, COOTBETCTBYIOWAS YPOBHIO
BOJH B 6aKe B HauaJbHbli MOMEHT paCCMaTPHBAEMOTO PEXHMa BOJONOTPeGIeH s,
M (3pech [Ig — Nbe3oMeTpHUeCKas OTMeTKa, COOTBETCTBYlomas AHY 6aka, M;
ho — BbICOTa CJIOSt BOAB B 6aKe B HauaJbHbiii MOMEHT PAaCCMaTPHBAEMOTO pexHMa
BOJIONOTPEGAEHHS, M); f— NPONONIKHTEJbHOCT PaCCMaTPHBAEMOTO peXKHMa BOJIO-
norpe6ienus, u; ¢ — pacxofl BOAH, HAyme# B 6ak (H3 6aka), M¥c; F — naomans
3epkasia BOAH B Gake GaliHH, MZ2.

Ecnu peanunny 3600#/ F 0603HauHTh yepes Sg KaK «CONPOTHBIIEHHE»
6Gaiunwu, 1o Gopmyna (V11.7) npumer chedyiomui BHL:

6.6=118+S64g-

IMnomans 3epkana sogsl B Gake F = =D*4 = =.12,07%/4 =
= 114,38 Mm%

Toxncrasnss s dopmyay (VII.7) sHayenue nyomany sepkana, nosny-
qUM

I6.6=13+31,48tq. (VIL.8)

Ipu crcteMe TPYGONPOBOLKOB, COCTOsIeH H3 ABYX NapalyiesbHO Pa-
60TalOL(HX BOJIOBOKOB, LJIsl NPOCTOTHI pacyera HX IenecoobpasHo 3a-
MeHHTb OIHHM SKBHBaseHTHHIM. CONpoTHBJIEHHE SKBHBAJIGHTHOTO TPY-
Gonposofia onpenessiercs no hopmyne

S . sl S!
= WELVEE

rne S, H Sg— CONpPOTHBJIEHH A COOTBETCTBEHHO NEPBOro H BTOPOrc BOJOBOAOB.
Tak Kak B JaHHOM cJIy4ae BOJOBOJBI HMEIOT PaBHble AHAMETPHI d=
= 500 Mm) ¥ gauns (I = 1600 m), TO
Soxs=S/4=5,1/4=0,06778-1600/4 =27 ,11.
Orciona notepH Hanopa
hsy=27,11g2 (ans g B M3/c). (VIL.10)

Ha puc. VI1.7 nokasana ces3b MeXJy HanopaMH paccMarpHBaeMblX
9JIEMEHTOB CHCTEMBI.

Ecau nhesoMeTpHuecKas JIHHHS 3aHHMaeT nosoxenHe AB, To nbe-
30MeTPHYECKas OTMETKa, COOTBETCTBYIOLIAs HalloPy HAaCOCHOM CTaHLHH,
I, . = Ilg.s + hy. Takoe cooTHoOLIeHHe CcOONIORAETCs, €CJIH pacyer-
Hasi paGouasi Touka Hacoca B, onpejiesienHasi IO pe3yJibTaTaM BHYTpeH-
Hefl YBA3KH ceTH, CoBNafiaeT C paGoueil Toukoll Ha Kpusolt Q — H dak-
THYECKH NPHHATOro Hacoca. B NPOTHBHOM ciydae NOSBJSAETCS HEKOTO-
pas oun6Ka B onpefiefieH HH NOJIOXKeHHst TouKH B Ha Kpuso#i Q — H Ha
pesinunny Ak, Torna npesoMeTpHueckas JHHHA saiiver nonoxenue A By
IIye = g6+ hy & AR

(VIL9)
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3T0 yKasbiBaeT HA HETOYHOCTH NOJYYEHHOro pemienHs. OueBuz-
HO, UTOOB ONPEJENHTL HCTHHHBIC 3HAYEHHS MbE3OMETPHUYECKOHA OT-
METKH, COOTBETCTBYIOLIEH YPOBHIO BOJH B 6ake Gamnu Ilg, B 10JO-
3KeHHe paboyeli TOUKH HACOCOB HAa KPHBOH Q — H, He06X0auMO npo-
H3BECTH Iepepaclpe/ie/ieHHe pacXoJoB, MOCTYNAIOUIMX OT HACOCHOMH
CTaHUHH K BOJIOHATIOPHOH GawHu (B GalIHIO) C YYETOM HX XapakTe-
PHCTHK. B pesysbTaTe TpOBe/ieHHsI BHELIHEH YBS3KH CHCTEMHl He-
Bs13Ka Ah JIOJKHA CTATh PABHON HYJIIO,
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Puc. VIL7

Tloaroroska pacueTHoii cxeMbl. [1/1st BOSMOXKHOCTH POBE/ICH ST BHELL-
Hell YBASKH CHCTEMbl <HACOCHAS CTAHLHS — BOXOBOAH — GAIIHA» He-
OCXOLEMO TNOJrOTOBHTH PACYETHYIO CXEMY, KOTOpast OJKHA BKJIIOYATh
TIOMHMO JIHHHH BOJIOBO/IOB JIOMOJHHTE/bHHE JIHHHH, HMHTHPYIOULHE Xa-
PaKTePHCTHKH HACOCHOH CTaHIHH H BOROHANOPHOH Gawnu. Takas pac-
yeTHasi cXxeMa npueeneda Ha puc. VIL.8. B aroit cxeme sunus HC —
B — BOJIOBOIBI, COELHHSIOMEE HACOCHYIO —CTAHILHIO (HC) ¢ 6aumeit
(B); xapaKTepHCTHKA HACOCHOI CTAHIMH NPEeACTABJIeHa JHHHeH O —

C, a XapaKTEPHCTHKAa BOJOHANOPHOH GamHH — guHmeli B — O.

B ysen O noctynaer pacxon g,, paBHHii anreSpanueckoll cyMme pac-
XO0/ia ¢, TI0aBaeMoro HaCOCHO! CTaHnMell, M pacxozia ¢;, NOCTYNAIOMIEr0
U3 GallHH (B GaLLHIO).

Ilpu yxasanno#l pacuetHOil cxeme nepepacnpesiesieHHe PacxofioB
OCYILECTBJISICTCS], KaK M [IPH YBA3Ke KOABLEBOH CeTH, B PesyJsibTaTe Mpo-
ITyCKa COOTBETCTBYIOMHX NONPABOYHEIX PaCXOAOB Ag 10 KOMbILY -

Ecan pacxon g Gosblue, uem BoponoTpeGienne ropona ¢, TO pac-
Xon ¢y nocrynaer B Gamnio. B sToM cayuae nBHKeHHe BOIBL B AMHHH
B — O npoucxonut ot yana b k ysiny O u peimunna Sgg, HMeeT HOMO-
XHTeNbHBH 8HaK. EciH mpoHcXomut cpabateiBaHue pesepByapa, To
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pacxojl ¢; MMeeT HallpaBJieHue ABMKeHUs1 OT yana O K yany b u Benu-
yuHa Sgg; GyJieT oTpHIATE/bHOM.

B nunuun O — HC wanpapnieHHe IBHXKeHHST BOJBI TO e, 4TO H B BO-
nosogax (nuausa HC — B). lns cobmopenus pasecrea [T, , = lg.¢ +
+h, 1. e.— Iy, + gg + hy =0, coctaBnsiomue ¢GopMyJbi,.
10 KOTOPOH BHIUUCJSIETCS Nbe30oMeTpHYecKasi OTMeTKa, COOTBETCTBYIO-
111451 HANOPY HACOCHOH CTaHIHHU, MHIIYT ¢ 00PAaTHEIM 3HAKOM:

—My.o=—T75,88+Suq?, (VIL11)
rae Sg = 201,4 npu ABYX mapaiienbHo paGoTalomux Hacocax; Sy == 89,5 mpw
TpeX mapaisieibHo paGoOTalomMX Hacocax.

Ipu onpesieieHUH MBE3OMETPUYECKOH OTMETKH, COOTBETCTBYIOMIEH
YPOBHIO BOIBl B BOAOHAMNOPHOI1 GailiHe, [Ig ¢ MOXHO npeHeOpeyb moTe-
psIMH Haropa B KOMMYHUKaIUAX
CalllHi BBULy HX HesHayHTeJbHOH @ 7 3677 @/q,

—

BesnyuHel. [lostomy nunus b — 7 ,
O xapakrtepu3yercsl TONbKO ypas-  \ p ,
Henuem (VIL8), yunmsBatommm > . g LAY
H3MeHeHHe YPOBHSI Bozbl B 0ake. TRIL o, _ -7
ITotepu Hanopa B BogoBOAax (JH- g T 7/ ls

02 2
Husit HC — bB) onpefe/isiioT 1o BbI- 2
paxenuio by, = 27,11¢% Puc. VILS

Bolpasue B aHaJduTHYECKOH
¢opme XapaKTepHCTHKH HaCOCHOH
CTaHI{UH, BOJOHANIOPHO! GalllHU H BOIOBOIOB, a8 TaKXKe COCTABHE pac-
YeTHYI0 CXeMy, NPHCTYNaloT K YBSI3Ke CHCTEME.

VEBs3ka cHCcTeMbl (KOPPEKTHPOBKA PeXHMa paGoThl HACOCHOH CTaH-
LHH, yTOYHEHHe TpeGyeMoro o6bema BofoOHanopHoi 6amun). s Brl-
SIBJIEHUST UICTMHH Ol KapTHUHBI PaboTHI cHCTeMbl He0OXOIMMO NPOBECTH pac-
YyeThl Ha BCe 24 4 paccMaTpHBaeMbIX CYTOK HaHGOJbLIETO BofonoTpebiie-
HHsl, NO3TOMY [Jisl KaXJOrO PacyeTHOro yaca HeoOXONHMO 3a[aThcsl
npeBapuTe/ibHBIM pacrpe/ie/leHHeM PacXofioB MEXIY HACOCHO! CTaH-
uuefi 1 GamiHek.

Crienyer oTMETHTb, YTO NPH HAJNHMYKHK B caMoperyJupyiowekics cuc-
TeMe eMKOCTH GajlaHc MexXy BofonorpebieHneM ropoja u nogagei Boabl
HACOCHOH CTaHIHel 3a CyTKH MOXeT He cobnofaThes. PakTHuecKoe CooT-
HOLIEHHEe MEKAY KOJIMYECTBOM BOJIbI, H3PaCXONOBAHHOMN FOPoOM 33 CYTKH
W NOJaHHOH HacOCHOH CTaHIHel (3a 3To 3Ke BpeMsi), onpeselisieTcsl Mo
pesyJbTaTaM NPOBENEHHBIX PacyeTos.

IpexsapuTe/ibHOe pacrpelie/ieHHe pacXofoB Mexjay OalHeil H Ha-
COCHO¥ CTaHIVell HazHayaeTcsl NPUOIHKEHHO B COOTBETCTBUH C NPENo-
JlaraemMblM PeXHMOM paGoThl HACOCHOH CTaHIMH, HO TaK, 4TOGH! 171f
Kaxaoro pacyerHoro 4aca B yane O (cM. puc. VIL8) coGmonancs
nepsblii 3akoH Kupxropa—2g=0, 1. e. g=+¢1+g2.

Jlansi paccmaTpHBaeMofl CHCTEMH NpeJBapHTENbHOE PpacipesielieHre
PacXofiOB 110 YacaM cyToK npusesieHo B Tabi. VII.6. Pacxonwl, norpetnsi-
eMble Top ofioM (y3J10Bble 0TOOPLI Gg, J1/C), JaHbL B COOTBETCTBHH C rpadu-
KoM Bojionotpebienus: roposa (cM. tabn. VII.1), nogaua sospl Hacoca-
mH (pacxXol ¢, Ji/c) HasHaueHa, OPHEHTHPYSICb Ha MNpearoJaraeMbiil
rpaduK pexuma paboTel HacocHo# cTaHiuK (cM. Taba. VII.5), a Konmye-
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Ta6auma VIL6
g, S| es= 2 P ox |8
5 w2, | =% | 58| 2 5 | 22| <% [E2 |5 _
S | E2T | 58 | BeG | R.z ) & | SES | E% | 2ez|f.z
° S22 | 85 | 87 [ EEV v 828 [ e | Sef|sE|
z [ =24 Ex [=5-N5 [R5 3 n.iq Eze | EEl |ade
5“ afc ; afc
0—1 343,31 332,5 — 10,8 12—13| 428,6 | 463,6 | 35 —
1—2 | 332,5| 332,55 o 0 13—14| 425,8 | 463,6 | 37,8 | —
2-3 | 332,5( 332,5{ o 0 14—15| 441,1 | 463,6 | 22,5 | —
3—4 | 33%5]| 3325( 0 0 1516 428,6 | 463,6 | 35 —
45 | 332,5| 332,5| 0 0 16—17| 441,1 | 463.6 | 22,5 | —
5-6 | 380,6 | 332, — | 48,1 [ 17—18] 506,1 | 463.6 | — | 42,5
6—7 415,6 , — 83,1 18—19| 510,0 | 463,6 — 46,4
7—8 | 365,8| 332,51 — [ 33,3 1920 463.6 | 463.6 ] 0 0
8—9 482,8 | 447,3 — 35,5 | 20—21] 463,6 | 463,6 0 0
910 | 463,6 | 463.6 | o 0 | 21—22| 448,9 | 463,6 | 14,7 | —
1o—11 | 448,9 | 463,6 | 14,7 | — | 22—93| 495.8 | 4636 [ 37.8 | —
11—12 428,6 | 463,6 35 — 23—24| 418,9 | 463,6 | 44,7 —_
Hroro 10061.310061,3, 299,7 |299,7

CTBO BOAbI ¢;, NOCTYTatoLIel B TeyeHHe KAXIOro 4aca B Galmio (13 Gari-
HH), ONPeNeJIeHO KaK PasHOCTb MEXLY § H ga.

3anuch pacyeTos Npu BHewHel yBsi3Ke 1O merony B.T. Jlo6auyepa
TNpOMSBORAT B Tab/MHYHOH popMe (Tabn. VII.7). B rpadax 1 u 2 samu-
CbIBAlOT PaCYeTHBIM Yac M pacyeTHble yyacTKH. B rpady 3 saHocsT pac-
XOfibl 110 JIMHUAM, M%/C, KOTopbie GepyT u3 ta6n. VIL.6, B crpoke O —
HC rpapni 4 sanuceBaror BEJIHYHHY Hanopa, PpasBUBAeMOro Hacoc-
HOHl CTaHIMel NPU 3aKpHITOil 3alBHKKe Ha HanopHoM natpy6ke IT§
(. e. npu Nozave, paBHoIt HyMO), a B ctpoke b — O Toit xe rpaget
TT6C30METPHYECKYIO OTMETKY, COOTBETCTBYIOLLYIO YPOBHIO BOIbl B GakKe
B Haualle pacyetHoro yaca I1§. B rpady 5 sanocst Bennunmbl S; —
COMPOTHBJIEHHSI HACOCOB Sy, BOLOBOAOB S, H BOXOHATIOPHO! GaluHK Ss-
YUncrnennbie SHaYEHUS! BeJIMYMH, 3aHOCHMBIX B rpagbl 4 ¥ 5, onpege-
JSI0T B COOTBETCTBMH C pacyeTHbIMH (opmysamu (VIL.8), (VII.10) u
(VIL.11).

Benuunna 113 . = — 75,88 M npH Beex pacyeTHBIX MOMEHTAaX OCTa-
€TCs NOCTOSIHHOM, NOCKOIBKY TNpeRycMoTpeHa paboTa HACOCOB OHOG
MapXH M YCJIOBHO Mpefllo/araeTcsi, YTo YpoBeHb B PesepByape YHCTO
BOZel He H3mensiercsi. Ilbesomerpuyeckasi orMeTKa, cooTBeTCTBYMOWAs
YPOBHIO BOAHI B GaKe, 17% = I15 + hg 3aBUCHT OT BeNMYMHBI TIONO/He-
Hus (cpaGoTKu) K, a NOITOMY MeHsieTcsi BO BpeMeHH. OueBHIHO, YTO
yIoOHee HauMHATh PacyeT C MOMeHTa, KOrfia Gak BOJOHANOpPHOM GallHu
nycr, 1. €. hg = 0. Jlas paccMaTpuBaeMOH CHCTeMB! TAKMM MOMEHTOM
aBasiercst 10 u (cM. ta6n. VIL.5). Torna NbE30MeTPHYECKas OTMeTKa, Co-
OTBETCTBYIOLIAS JHY GaKa, paBHa

fg=1T3=22427=49
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rie 22 — OTMETKa MOBEPXHOCTH 3eMJH B MeCTe PacnojioXeHus GamnH, m; 27 —
BHICOTa BOAOHANOPHOH GallKH 1O nHa 6aka, M.

Ilotepy Hanopa B BOAOBOA@X ONPeeNsIoT 1o Gopmye (V11.10), no-
atomy B ctpoke HC — B rpadnl 4 3anHCHBAIOT HOJb.

3HaueHKe COTPOTHBIEHNsT S, 3aBHCHT OT WHC/a HACOCOB, paboTato-
X B paccunThiBaeMbtii uac. CoraiacHo NpHHATOMY rpaduky paborsl Ha-
. CoCHOI#i CTaHIMM, Nipeanonaraercs, uro ¢ 0 1o 8 u paboraloT xBa Hacoca ¥
¢8 110 24 v — Tp Hacoca. B cooTserctsun ¢ ¢popmyJoit (VIL.11) aas Mo-
menta 10—11 4, Koraa pa6otaior TpH Hacoca, Sy = 89,5.

Kak cnenyer u3 puipaxenus (VI1.8), eqnunna Sq = 31,48 £, T.e.
3aBHCHT OT IPOJOJKHTEJBHOCTH PaCCUMTHIBAEMOTO pexnMa paborst
chcteMpl. B cooreercteuH ¢ Ta6a. VII.6 pexuM, B HauaJbHBIA MOMEHT
KoToporo 6aK nycr, HaukHaercs ¢ 10 4 ¥ HMeeT NPOLO/IKHUTEBHOCTD 1y,
H, crefoBaTeNbHo, Sg = 31,48. Pexnm paboTsl  crcTeMbl B 11—12 n
12—13 4 onMHaKOB, TaK KaK norpebJeHrie BOAL rOPOJOM H Nojiaua Ha-
COCOB OCTAIOTCH HeH3MeHHHIMH, T. e. [ = 24, a Sg = 31,48-2 =
= 62,96 ¥ T. 4.

Ilas Bonosonos (crpoka HC — B rpagst 5) S pasuo 27,11, oHo oc-
TaeTcsi NOCTOAHHBIM NPH BCEX Jia/ibHEMIIINX pacueTax, eciii He Npejrno-
Jlaraercst OTKJIIOUeHHe OJJHOTO W3 BOJOBOOB HJIH OTHE/bHBIX ero yyacr-
KOB.
B rpade 6 GuKcHpyIOTCs BeJIMUHHBI NOKasaTessl CTeNeHy prpugs
dopmynax (VIL.8), (VII.10) u (VI1.11) ans onpenenenns nbesoMerph-
4ecKol OTMETKH, COOTBETCTBYIOIIEil YPOBHIO BOJIBI B BOAOHATIOPHO# Gali-
He [1g g, TOTEPD HANOPa B BOLOBOAAX A, H NIbE3OMETPHYECKOH OTMETKH,
COOTBETCTBYIOIefi Hanopy HacocHo# cTaHuiH Iy ¢.

Tlpu npopeesHH YBA3KH NONPABOYHbIH PACXO ONPENENSIOT 1o ¢op-
MyJie

Ah

A= ———————,

2pS; P!
rae Ah — Hepsska, T. e. cymma penuunn Ilg ¢ -+ b — Iu.c, 3H aueHust KOTOPbIX
BHUHCJSIOT MO MPHBEEHHBIM Bbille GOPMYyJam; 28868~ =2Suq+2S5q-+ Se-

Ins ync6eta onpefenenyst eanunn Ah u ZS;qf—! B Tabn. VIL.7
aBefieHbl rpadgnl 7—9, B KOTOPbIX COOTBETCTBEHHO YKa3HBAIOT 3HaUeHHS
BSigP-1, SigP u 117 + SigP,

rae S; — ConpoTHBJeHHe HACOCHOW CTaHLHH Sy, BOAOBOROB S H GaiikH Sg; n —
nbe3oOMeTpHYeCKasi OTMETKa, COOTBETCTBYIOLasi HAnopy HaCOCHOH CTaHlMH Hﬂ,c
H YPOBHIO Boibl B Gake GalllHH B Hauaje PacyeTHOTO MOMEHTa H%.

Onpenenns 3HaueHHst m+ S;gP, BEIUHCIISIIOT HEBABKY 1O KOHTYPY
Ah — cymmy pesnumd B rpade 9. Ecau sesnunna Ah Gosblile iONyCTH-
MO#1, ONpefeJIsiioT NONPaBouRklfl pacxol Ag, HMelolMi 3HaK, NMPOTHBO-
NONOXKHBIH 3HaKy HesiakH. Ilpolecc BHeceHHsi MONMPaBOK TOT e, UTO
W NPy BHYTpeHHell yBsiske. Besmunny Ag sanucesator B rpady 10. a-
Jiee 10 fiaHHbIM rpad 3 1 10 BBHIMKCASIOT HOBble 3HaUeHHs § M 3aTIHCHIBA-
10T MX B rpady 11.
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Ta6anuua VIL7

5 « T I ucnpasnenue
o °
a s 0 0
R S ¢, M/c n}’. M S; B BSiqB—l SiqB. M K +Stqﬁ, Ag, m/c lg. m3/c[S, qB M n +siqﬁ' Tipumesanie
T > M ' M
1 2 -3 4 5 6 7 8 9 10 11 12 13 14
0—HC|0,4636] —75,88 | 89,5 2 82,98 | -+19,24 | —56,64 (- 0,0097 |0,4733[4+20,05| —55,83 |PaGoraror Tps macoca;
10—11|HC—5|0,4636) 0 27,11 2 25,14 +5,83 | -+5,83 |-4-0,0097 [0,4733|-+6,07| -+6,07 |Ha c=46.83 M; Qu.c=
B—010,0147] 49 31,48 1 31,48 -+0,46 | 449,46 | 40,0097 |0,0244(-1-0,77| -}-49,77 [=473,3 nfc.
3 — Ah— |Bona mocrymaeT B GakK;
z (ﬁflx =A_/11 35 = 40,01 Qe=244 nfc; o=
xqﬁ— )= » T =49,77 M>49 M
=139,6
—1,35
Ag= — ———= 40,0097
9= "Tze6 T 0%
0—HC)0,4636] —75,88 | 89,5 2 82,98 | 419,24 | —56,64 |—0,0068 [0,45684-18,68] —57,2 |Pabotator TpH HAacoca;
11—13|HC—B|0,4636) 0 27,11} 2 25,14 +5,83 | 45,83 |—0,0068 |0,4568/+5,66 | 45,66 |Ha ¢=482 ™; Quc=
B—0 10,0350; }+49,77 | 62,9 1 62,96 -+2,2 | +51,97 |—0,0068 |0,0282|+1,78 | 51,55 | =456,8 afc.
— Bopa mnoctynaer B 06ak;
= (BSix A= A= il ; T
-1, =1+1,16 =0,01Q=282 ac; Moo=
XqT )= =51,55 M>49 u
=171,08
+
Ag= =—0,
9 171.08 0068
0—HCJ|0,4636] —75,88 | 89,5 2 82,98 | +19,24 | —56,64 |—0,0138[0,4498|+18,11| —57,77 [PaGotaror Tpu Hacoca;
13—14|HC—F10,4636) 0 27,111 2 25,14 +5,83 | -4+5,83 |—0,013810,4498|4-5,48] +5,48 |Hu ¢=48,77 M; Qu. c=
B5—010,0378] +51,55 | 31,48 1 31,48 <+1,19 | 452,74 1—0,0138 ,024 0,76 +52,31 |=449,8 a/c.
— Boxza noctynaer B 6ak;
ZAPS;x Ah= Ah= A, - —
By =+1,9 =+0,09Q 2 we o=
qusg)s_ =5231 M>49 m




1,93
qu_i’_=_o,0|38
139,6
o~ lo—HCl0,4636] —75,88 | 89,5 2 892,08 19,24 | —56,64 |—0,0158 |0,4478 +17,95| —57,93 |PaboraloT TpH Hacoca;
14—15|HC—B|0,4636] 0 27,111 2 | 9514 ++5:83 45,83 [—0,0158(0,4478|4-5,44 5,44 |Ha c=4893 M; Qu. c=
5-00,0225 152,31 | 31,48 1 | 3148 | 0,71 | 5302 [—0,0158/0,0067|40.21| 452,52 |=4478 afc.
-—AI—__— AhL— |Bonma mocrymaer B 6ak;
Z (BSiX ] 1521 =40 03lQ=67 njc; ITs.c=
g1 =+2 =5252 m>49 u
=139,6
+2,21
Ag—= — ————=—0,0158
7= " 130.6
0—HC[0,4636] —75,88 | 89,5 | 2 L —0,0201 {0,4435[+17,60] —58,28 |PaGoraloT Tp: Hacoca;
15—16(HC—50.463 0" |2rni| 2 | 8298 |+ | 70008 | 00001 [0,4436( 45,33 45.33 |Hu —49.28 wi Qu.c=
B—00,035 | 45252 { 3148 I | 574g | Ju01 | 453,62 [—0:0201 [0,0149]+0,47 452,99 |=4435 nic.
> ' 2 Ah— |Boda mocrynaer B 6ax;
Z (BSix Ah= =20 04]Qs=149 alc; s 6=
sgP—1)— =+42,81 ¥ =52,99 M>49 m
=139:6
42,81
Ag= ———=—0,0201
7" " T30.6
0—HC|0,4636] —75,88 | 89,5 2 —_0,0213[0,4423|+17,51] —58,37 lPa6orator TpH Hacoca;
16—17|HC—Bl04636 0 |27l 2 | 5298 +_;g’§‘§ jfgg% T 0.0213]0,1423 15,3 | 5.3 |Ha c=4937 M; Qum. o=
5—0[0,0225) 452,99 | 31, 1| 3108 | o071 | 45378 |—0-0213 0,0012|+0,04| 453,03 | =442,3 ajc.
—_— L L Bt Al Ah— |Boda mocrynaer B 6ak;
Z (BS;X A= _ +604Q =1,2 afc; Ils. o=
wgf—t)= = 2,97 253,03 M>49 m
=139,6
2,97
Aq:-Jr = —0,0213
| 139,6
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ITpodorxcenue taba. VII.7

3 " 17 I ucnpaBnenne
© °
a ] 0 94 5 0B, I
EH E 0. wre] mfow | s, B |Bs;aB—1| s;eB. u | +:iqp’ Aq. w/c [q. wosels oBu S +:z” Pumenatine
1 2 3 4 5 6 7 8 9 10 11 12 13 1
0—HC|0,4636] —75,88 | 89,5 2 82,98 | 419,24 | —56,64 |—0,0063[0,4573{+18,74| —57,14 |Pabotator TP Hacoca;
17—18|HC—5!0,4636) 0 27,11 2 25,14 +5,83 | 45,83 (—0,0063(0,4573-5,68) -1-5,68 Hy c=4814 M; Qua.c=
B5—0 10,0425 453,03 | 31,48 1 31,48 —1,34 | 451,69 |40,0063 [0,0488|—1,54] 151,49 é=457,3 afe.
6axka;
T( BSix Ah— Ahe Qona noctynaer w3 H
- _ 5=488 afc; Is.6=
xg#N)= =+0.88 =+0.03 25145 u>49 m
=139.6
,88
Aq=———+£— 0,0063

0—HC|0,4636| —75,88 | 89,5 | 2 82,98 | 419,24 | —56,64 [40,0056 0,4692+19,7| —56,18 [Paboraior tpu Hacoca;
18—19{HC—5|0,4636) 0 27,11 2 25,14 +5,83 | 45,83 | 40,0056 0,4692|45,97] 15,97 [He. c=47,19 M; Qu.c=
5—0(0,0464] 151,49 | 31,48] 1 31,48 —1,46 | 4-50,03 |—0,0056 J0,0408|—1,28| 50,21 {=469,2 nfc.

— — Bona noctynaer u3 6aka;
zéﬁ‘fix =Ai6.78 Ah=0.010c—408 n/c; Ils. 5=
g ;9)6= g =5021 M>49 M
=139,
—0,78
A= ———— = 40,0
9= 39,6 — 100056
0—HC|0,4636| —75,88 | 89,5 2 82,98 | 419,24 | —56,64 [40,003510,4671|+19,53 —56,35 [Pa6orator Tpr Hacoca;
19—21| HC—E}0,4636) 0 27,111 2 25,14 +5,83| 5,83 [40,0035])0,04671|+5,91] +5,91 [Hu ¢=47,35 M; Qua.c=
BE—0} 0 | 450,21 62,96 1 62,96 0 -+50,21 }+4-0,0035)0,0035/+-0,22] 450,43 | =467.1 ajc.
— Boza mocrymaer B 62kK;
i A= =
z gj’x =—0,6 =.A4h_o 01Q=35 e Is.o=
xqP~1)= , N =5043 ~>49 M
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21—22

0—HC]

22—23|HC—B

23—24

B—0

0—HC|
HC—B
5—0

0,4636/
0,4636
0,0147

0,4636)
0,4636)
0,0378,

0,4636)
0,4636)
0,0447|

—75,88
0
450,43

75,88
0
450,89

75,88
0
451,79

89,5
27,11
31,48

89,5
27,11
31,48

— NN

- NN

- N

—0.6

10,0035

A=—17108
82,98 | 419,24
25,14 | +5.83
31,48 | +-0.46
82,08 | 19,24
25,14 | +5.83
31,48 | 1,19
Z (BSix
xgf—1)=
=139,6
+1,27
M=—"06"
82,98 | 119,24
25,14 | +5.83
31.48 | +1.41
Z (BSix
xgP=1)=
=139.6
Ag— +2,39
139,6

—56,64
15,83
-150,89

An=
= 10,08

— 56,64
15,83
153,2

Ar=
= 12,39

———=—0,0171

—0,0091
—0,0091
—0,0091

—0,0171
—0,0171
—0,0171

Pa6otaloT TpPH Hacoca;
Hu. ¢c=4764 M; Qu.c=
=463.6 njc.

Bona mnoctymaer B 6aK;
Qe=14,7 nfc; Ho.e=
=50,89 M>49 M

0,4gzg+l;3,49 —_,5_':; 29 ZaGOTalOT 39-rpn sacoca;
0,4545(-1-5,6 . e=48,39 M; Le=
0,0287|1-0.9 | 451,79 | —454,5 arlc. "e
Ah— |Bona mnocrymaer 1? 6ax;
— 1 0.011Qc=287 ujc; 6. 6=
= 00151 76 M>49 m
0,4465|+17,84| —58,04 [Pa6orator TpH Hacoca;
0,4465|-1-5,4 | 45,4 |Hu c=49,04 M; Qu.c=
0,0276(-1-0,87] 452,66 | —=446,5 n/c.
Ah— Bona mocrynaer B 6aK;
— +0 02 Qo=276 unjc; Is.o=

=52,66 M>49 M
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ITpodorscenue taba. VIL.7

Iy " I PHTE/LHOE 1 ucnpapineHne
3 g
3 5 0 91 5.4B, n
S8 | F fewre mhw | os; | B |BS;aB—1| 5,08, m |1 +M5i"ﬁ' ag. w/c g, wosels; B, u|'E “':;‘lﬁ pumenaine
1 2 3 4 5 6 7 8 9 10 11 12 13 14
O—HC|0,3325] —75,88 |201,4 2 133,93 | 422,27 | —53,61 |—0,0093(0,3232!4-21,02| —54,86 |PaGoraror TPH Hacoca;
0—1 |HC—5|0,3325 0 27,11 2 18,03 +3 —+3 —0,0093 [0,3232(4-2,83( 4-2,83 [Hy. c=45,86 M; Qg .=
B5—010,0108! 4-52,66 | 31,48| 1 31,48 —0,34 | 52,32 |4-0,0093(0,0201|—0,63| +52,03 | =323,2 n/c. p
3 " _ Bopa nocrynaer B 6ak;
= (BSix A Ah=0.010s=201" we; Is.o—
xgf )= =+I =52,03 m>49 u
=183,44
+1,71
=—T"—_ 0,0003
183,44 05
0—HC|0,3325| —75,88 (201,4 2 | 133,93 | 422,27 | —53,61 |—0,0051 [0,3274|+21,59| —54,29 |PaGorator nma Hacoca;
1—5 {HC—b5|0,3325 0 27,11 2 18,03 3 +3 —0,005! [0,3274|+2,91| 42,91 |Hg c=4529 m; B ¢ ==
5—0 0 | 452,03 (125,92] 1 125,92 0 +52,08 [—0,0051 |0,0051|—0,69 451,34 |=3274 afc
R — —_ |Bozxa nocrynaer us Gaka;
o g Q=5 ale Teo—
xgf= )8= g =700 5134 m>49 M
=277,88
+1,42
= ———— = ~0,0051
A== 88 05
0—HC|0,3395| —75,88 1201,4 | 2 | 133,93 | 422,27 | —53,61 -1-0,0043 0,33684-22,85 —53.03 {Paoralor aBa Hacoca;
5—6 |HC—B5]|0,3325 0 27,11 2 18,03 +3 +3 -1-0,0043 |0,3368|4-3,08 43,08 |Hu. ¢ =44,03 M; Qu.c=
B5—010,0481| -4-51,34 | 31,48| 1 31,48 —1,51 | 4-49,83 | —0,0043 |0,0438—1,39 —+49,95 | =336,8 njc.
A — N . |Boma nocrynaer u3 Gaka;
Z (BSix B A |Qo=438 “nje; Mo o=
xgf= i =00 1=49,95 M>49 ' u
=183,44




16

O0—HC
HC—B
B—0

0—HC
HC—b
5—0

O0—HC
HC—B
B—0O

0,3325
0,3325
0,0831

0,4636
0,4636]
0,048

0,3325
0,3325]
0,0333]

—175,88
0
49,95

75,88
0
449,95

—75,88
0
451,31

201,4
27,11
31,48

89,5
27,11
31,48

201,4
27,11
31,48

N> N

—N N

=N N>

—0,78

Ag= 0,0043
(TTW YR
133,93 | 422,97 | —53,61 |1-0,0179
18,03 | +3 +3  |[+0,0179
31,48 | 2,62 | +47,33 |—0,0179
2 (BS;X Ah=
xgb1y— =-—3,28
=183,44
A =3B o019
YT
82,98 | 419,29 | —56.64 |—0,0047
95.14 | 5,8} -+5,83 [—0,0047
31,48 | 41,51 | 451,46 |—0,0047
3 (BS;x Ah—
Xqﬁ—l)= = 40,65
=139,6
10,65
=—"——=_0,0047
b 139,6
133,93 | 422,97 | —53,61 |4-0,0019
18,03 | +3 43 |40,0019
31,48 | —1.05 | 450,26 |—0,0019
3 (BS;x Ah—
xqf=ly= =03
=183,44
0,35
=——""_ 10,001
w3, 9

0,3504
0,3504
0.0652

0,3344
0,3344
0,0314

124,73
3,33
—2,05

—51,15
—|—47 9

Paoraior 1Ba HAcoCa;
Hg. c=42,15 M; Qu.c=
=3504 Jafc.

18,85/
15,71
1,36

Ah=
= 40,08

Bopa mocrynaer u3 6aka;
Qs=652 afc; IIs. o=
=479 M<<49 m, 1. €. cu-
creMa uepaborocnocobna

PaGoraror TpPH Hacoca;
Ha c=48,03 M; Qu o=
=458,9 n/c.

122,52
+-3,03]
—0,99

—53,36
43,03
+50,32

Bona nocrynaer B 6ak;
Q=433 nfc; s o=
=51,31 M>49 M

PaGorailoT OBa Hacoca;
Hy. c=44,36 M; QBA c=
=2334,4 nfc.

Kh=
=—0,01

Bona mocrynaer u3 6aka;
Qc=3L4 nlc; I o=
=50.32 M>49 M
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IMpodorxwenue rabr. VIL7

é‘ " 1T NbHOE I ucnpasnenue
13
] s [ 11
§.§ S 9. wycl of,wm | S, B |BS;aB—1]| S;qP. w m +:i"ﬁ’ Ag, m3/c g, M¥/c siaﬁ.unl +Msi'B' pumesaiine
1 2 3 4 5 6 7 8 9 10 11 12 13 14
0—H(|0,4473| —75,88 | 89,5 I 80,07 | +17,91 { —57,97 | 40,0242|0,4715(+19,90| —55,98 [Paborator TpH Hacoca;
8—9 |HC—b5|0,4473 0 27,111 2 24,25 +5,42 | +5.42 |4+0,024210,4715{+6,03] 46,03 [Hx. c=46,98 M; Qun.c=
B—0 10,0355 +50,32 | 31,48 2 31,48 —1,12 | +49,2 |—0,0242[0,0113{—0,36| 449,95 |=471,5 a/c.
Bona nocrynaer u3 6aka;
Qs=11,3 " afe; s 6=
Z (BSix Ah= Ar=0,0|=49,95 M>49 M
g l)= =—23,35
=135,8
AG = —— 2 0!
q 135.8 +0,0242
0—HC|0,4636{ —75,88 | 89,5 [ 2 82,98 | +19,29 | —56,64 |+0,0062 [0,4698[+19,72] —56,16 (PaGoTatoT TpH Hacoca;
9—I10|H C—5|0,4636) 0 27,11} 2 25,14 45,83 | 5,83 |--0,0062]|0,4698]4-5,97| —5,97 Hp ¢=47,16 M; Qn.c=
F—0| 0 | 449,95 | 31,48 1 31,48 0 449,95 |+ 0,0062 |0,0062[--0,20( +50,15 | =469,8 a/c.
gona goc’rylnaefr l; 6ax;
6==6, afc; 5. 6=
2 (BSix Ah= = |=50.15 M>49 u
xgf)= = —0,86] =—0,04
= 139,6
—0,86
Ag = ————= 40,0062
=T T




[ocsie BHECEHHS TIONPABOK BHOBL ONpPelesiioT 3Havenns SiqP (rpa-
da 12) u I1? + SiqP (rpaha 13) u Takxke BLUMCHAT BesvuuHy Ah.
B cnyuae HeoGXOIHMOCTH TpolLlecC NMPOAOIKAIOT IO AOCTHMEHHS Tpe-
GyeMoit TOYHOCTH.

3a BeJIMUMHY JIONYCTHMOF HEBSISKH MOMHO NpHHATH 0,5 M, KaK ¥ NpH
BHYTpPEHHEH YBS3Ke CEeTH.

B peaynkrate pacdeTa onpefefisiioT GaKTHYECKYIO N01auy HacOCHO#
CTaHLMH U PacXofi, NoCTyNatouluil oT 6aliiH (B 6allHIo), & TaKKe Mbe30-
MeTpHYeCKHe OTMETKH, COOTBETCTBYIOLIHE YPOBHIO BOLbI B 6aKe GallHH
ITg.6 K KOHLlY PacCMaTPHBAEMOro pexKnma *.

Hanpumep, B pesysbTaTe pacyeTa CHCTeMbl TIPH pexuMe paGoTsl B
nepuoa ot 10 o 11 g (cM. Ta6n. VII.7) ycTaHoB/eHb: pacxos g, daKTH-
YeCKH MopaBaeMblli cTanuMeidl, paBubii 0,4733 m¥/c, wnu 473,3 n/c;
pacxof ¢, moctynawouwit B 6ak, pasHbiil 0,0244 M%c, win 24,4 alc
(ctpoka B — O B rpade 11); nbesomerpuyeckasi OTMETKa, COOTBETCT-
pylolmas ypoBHIO Boisl B Gake GallHH K KOHLY. PaCYETHOTO peXHMma,
Ilg.¢ = 49,77 M, ¥ nbe3oMeTpHUeCKasi OTMETKa, COOTBETCTBYIOUAs Ha-
mopy HacocHoii crauiuy, /T, o = 55,83 M (ctpoka O — HC B rpade 13).

Takum o6pasoM, 3a mpoweAuHii yac 6ak GaluHM HAlNOJHWICA Ha
49,77 — 49 = 0,77 ™, a Hacock paGoTany mpu Hanope H, . = Iy . —
— 2 oy = 55,83 — 9 = 46,83 M, T. e. B oNTHMaNBHO# 00/1aCTH XapaKTe-
pucrukn Q — H.

MpuBeseHHEIe aHHble TIOKasHIBAIOT, YTO PACXOM, MOAaBaeMblil Ha-
COCHOI CTaHIIMel, U TocTyMeHye B 6aK OTJIHYAIOTCS OT PacXo/IoB, Hame-
YeHHLIX NpelBAPHTEbHBIM paclipefe/leHHeM.

IpoBens yBA3KY MpH pexxuMe paboTH cucTeMbl B nepuop ot 10 no
11 w, npucTynaloT K pacyeTy ee Mpu pabote B ciieflyiouieM pexume. B co-
OTBETCTBHH C JanHuMH Ta6a. VII.6, creayer, uro B nepuoa ¢ 11 o 13 4
BofionioTpebieHHe rOpojia v Mofiaua BOJIbl HACOCaMH He  H3MEHSIIOTCH, 110+
STOMY 3a pacueTHbIii NIPHHHMAETCA DEXHM TPOIOJIKHTEBHOCTHIO He 1,
a 2 4. B 3ToM cayuae £ = 2y u Sg = 62,96. Dra BeMyHHA 3aHOCHTCS
B rpady 5.

B rpade 4 B KayecTBe HCXOAHOI NbE3OMETPHYECKON OTMETKH, COOT-
BeTCTBYyIOlIell YPOBHIO BoAbl B Gake Gaumw, /1§ sanuchiBaeTcsi BesIHUH-
Ha ITg g = 49,77 m (11§ = M5 +hs=49-0,77=49,77m), koTopas 6b1a
onpefie/leHa B pefibiiylleM pacuete. TakuM 00pasom, KaXfblf pas
Nbe3oMeTpHYeCKasi OTMETKa, COOTBETCTBYOLIasi YPOBHK) BOAbl B 6ake,
g 5, ONpenieNeHHas MPeLIAYIIHM PacyeToM, SIBJIAETCH Haua/bHO# Mbe-
30MeTpHYecKoil oTMeTKoll /I AA Clefyioulero pacyeTHoOro MOMeHTa.

TpenpapHTebHoe paclipenieleHHe PacXoJloB COOTBETCTBYeT MpHBe-
nennoMmy B Ta6s. VII.6 nasi neprona 11—13 4. I1H pacxofibl 3aNHCHIBAIOT
Brpady 3. [Tocie BHecenHsl yKasaHHBIX WCTIPaBJ€HHH MPHCTYNalOT K
YBSI3KE CHCTEMBI.

[pu npyrux pemuMax paGoThl CHCTeMbl BO3SMOXHO BHECEHHe B HC-
XOJHbIE JaHHble TIOMHMO yKa3aHHLIX M PYTHX Hcnpasiennil. Tak, B ne-
puo ¢ 0 1io 8 4, B COOTBETCTBHH € rpadHKoM paGoThl HACOCOB, Nperonara-
ercst paboTa JIBYX HaCOCHBIX arperaTtoB BMeCTO TpeX, pafoTaloluX NpH

* [lpeanonaraercsi, YTo B TeweHHe PAaCUeTHOrO peHUMa pacXopsl BOALL, NMOCTY-
nalolKe OT HACOCHOM CTaHUMH H GalHH (B 6allHI0), OCTAIOTCS NMOCTOSIHHBIMH. 3
9



‘PacCMOTPEHHEIX BHIIE pexkuMax. [1py pacuere 3THX PEXMMOB B rpady 5
BHeECEHO HHoe 3HayeHne S, (cM. Taba. VII. 7), paBHOe, B COOTBETCTBUH C
dbopmysoit (VII.11), 201,4.

Ilpu npoBejeHnH pacyeToB CiefyeT NOCTOSHHO aHaJM3UPOBATH IO-
JlyyaeMmble pesyJibTaTe. B nepByio ouepennh HeOOXORHMO CONOCTABJATH
NOAYYaeMyI0 Nbe30METPHYECKYIO OTMETKY, COOTBETCTBYIOIIYIO yPOBHIO
BOIb! B 6aKe, [1g.¢ C Tbe30METPHIECKHMH OTMETKAMH, COOTBETCTBY HOLIMMH
HH3Y U BepXy 6aka GaiHH. PaHee 6blIO yCTaHOBJEHO, YTO MbE3OMETPH-
uecKasl OTMeTKa, COOTBETCTBYIOIas IHY 6aka, ITg = 49 M, a oTMeTKa,
COOTBETCTBYIOI@s BepXy Gaka, I1g + hg = 49 -+ 6 = 55 M. Ecuu no-
JlyuaeMasi B pe3yJibTaTe pacyeTa Ha TOT WJIH MHOH Yac Nbe3oMeTp HyecKast
orMetKa [Tg 5 okaxercs meHblue 49 M, To 3To GyJieT 03HayaTh, 4TO 6aK
OCTAHETCs NyCThIM H 1ofiaya BOZbI M3 Hero HeBosMOxHa. Ecnu ITg.6 oKa-
xercs Gonbie 55 M, To 310 6YAET 03HaYaTh, YTO NPHHATHIA 06BEM pery-
Jupyolel eMKocTH MaJ. B o6oHX ciryyasix HyKHO BHOCHTb KOPPEKTHBEI
B TpaduK paGoOTHl HACOCOB M INPH HEOOXONHMOCTH H3MEHSTh O00BeM
peryJupyomeil eMKoCTH.

B kauecTme npyuMepa MOXKHO yKasaTh Ha nepuop or 6 o 7 4, Koraa
npeanionaraiack pabora ABYX arperatoB. 3 pesynbratoB pacuera
(cM. Taba. VIL7) cnenyer, 4rto B 3TOT 4ac M3 6aka B CeTb MOCTyNaeT
pacxon 65,2 5i/c, a Nbe3oMeTPHYECKasi OTMETKA, COOTBETCTBYIOLIas yPOoB-
HIO BOALt B 6ake, ITg.q = 47,9 M << 49 M, 4TO HaKTHYECKH HEBOSMOXKHO.
B cBsi3y ¢ 3TUM GBUIO IPUHATO [J1s1 PaGOTHL B 3TOT 9ac TpH Hacoca. Iloc-
Jie BHECEeHHS HeoOXOAUMBIX H3MeHeHUH B VCXONHBIE JaHHble pacyeT Obl
noBTopeH (cM. Tabn. VIL.7). B pesyabrarte cucteMa craja GyHKIHOHH-
poBaTh HOpMaJLHO. ITo YC/IOBHSAM 3KCIUyaTalMH Ha TepBBIH B3IVIAA
6bL10 6Bl llelecooGpasHee H3MeHHTL TPadiK paGoTE HACOCOB TARKHM 00pa-
80M, uTOGH TPH Hacoca paboranu He B nepyon ¢ 607, ao0r 0 no 14
(cm. Ta6n. VII.6). Torzna He norpeGosaioch Obl BRIIOYEHHE JOMOTHHTEI b
HOTO arperaTa Ha ofiiH  4ac ¢ NoC/IeAYIOLHM ero oTKoyeHnem. Onpako,
KaK T0Ka3aJH pacyeThl, IPH TaKoM rpadyke paboTEL POUCXOAUT Mepe-
nojiHeHue 6aka GaiHu.

B npouecce pacyeroB Heo0X0OA¥MO TaK¥kKe KOHTPOJIHPOBAThL MOJOKe-
e paGogeli TOUKH HACOCOB Ha xapaKrepHcTHKe Q — H ¢ TeM, 4ToGH
oHY paGoTanu NPH ONTHMAaJbHEIX 3HaveHnax KII/L.

PesyJibTaThl NPOBE/IHHBIX pacdeToB ceefeHHl B Tabn. VIL.8. B rpa-
¢ax 4—8 npuBeseHsl daKTHYeCKas Nojilada HacoCoB IO YacaM CyToK, a
TaKie PEXHM CpabaTblBaHMsi M IONOJHEHHs PeryfmHupyioliedl eMKoCTH
(6axa 6ainy). Hanopsl y HacocHo# cTaHuuy, yKasaHHble B Tpadax 9 u
10, nonyueHsl Kak pasHOCTb MeXAY Hbe30METPHYECKUMH OTMETKaMH,
COOTBETCTBYIOIMMY Hanopy [Ty . ¥ YPOBHIO B pesepByape YHCTOH BOABI
Zer = I M.

IbesoMeTpuYeckasi OTMETKa, COOTBETCTBYIOLIAs HANopy HAaCOCHOM
cranumy, I, = g+ h, B Hauane pexxuma 10—11 u Hafifena us
ycaosust, uto Ilss = 49 M.

Boipasus h, u Il , uepes ux sapucuMocTs or pacxoma (VII.10)
u (VIL.11), noayuum: 75, 88 — 89, 55 ¢* = 49 + 27,11 ¢® Orciona
g = 0,2305. Tlopcransis 3HaueHMe ¢° B BHIPaXKeHHe Nbe3OMeTpHYeC-
KOIl OTMETKH, COOTBETCTBYIOLIell HAIlOPY HAacOCHOH CTaHIMM, HaX OflyM:

My.c=175,88—89,55.0,2305=55,25 M
2



Ta6nuna VIL8

Pacxopn sosnt ropofom| ITofmaua macocamy | aToK Bl Hy o ™ g6 M
Hacu e G| o e | Ocgane neao pa-
CYTOK B Hauane B KOHUe B Hauyane B KOHLE
ale % ale % % p

1 2 3 4 5 6 | 7 | 8 9 10 11 12 13
0—!t 343,3 3,4 323,2 3,2 - 0,2 0,9 49,04 | 45,86 | 52,66 | 52,03 2
1—2 332,5 3,3 37,4 3,2 - 0.1 0,8 45,86 — 52,03 — 2
2—3 332,5 3,3 397.,4 3,2 - 0,1 0,7 — — - — 2
3—4 332,5 3.3 37,4 3.2 — 0,1 06 — — - — 2
4—5 332,5 3,3 397,4 3,2 - 0,1 05 — 45,29 - 51,34 2
5—6 380,6 3,8 336,8 3,3 — 0,5 0 45,29 | 44,03 | 51,34 | 49,95 2
6—7 415,6 4,1 458,9 4,6 0.5 — 0.5 44,03 | 48,03 | 49,95 | 51,31 3
7—8 365,8 3,6 334,4 3,3 — 0,3 0,2 48,03 | 44,36 | 51,31 | 50,32 2
8—9 482,8 4,8 471,5 4,7 — 0,1 0,1 44,36 | 46,98 | 50,32 | 49,95 3
9—10 | 463, 4.6 | 469,8 | 4,7 0,1 - 0.2 | 46,98 | 47,16 | 49,95 | 50,15 3*
10—1! 448,9 4,5 473,3 4.7 0,2 — 0,4 46,25 | 46,83 | 49,0 49,77 3
11—12 428,6 4,3 456,8 4,5 0,2 - 0.6 46,83 — 49,77 — 3
12—13 428,6 4,3 456,8 4,5 0,2 — 0,8 — 48,20 — 51,55 3
13—14 495,8 4,2 449,8 4,5 0,3 — 1.1 48,20 | 48,77 | 51,55 | 52,31 3
14—15 41,1 4,4 47,8 4,5 0,1 — 1.2 48,77 | 48,93 | 52,31 | 52,52 3
15—16 428,6 4,3 443,5 4,4 0,1 — 1.3 48,93 | 49,28 | 52,52 | 52,99 3
16—17 441,1 4,4 442,3 4,4 0 0 1’3 49,28 | 49,37 | 52,99 | 53,03 3
17—18 5061 5,0 457,3 4,5 - 0,5 08 49,37 | 48,14 | 53,03 | 51,49 3
18—19 510,0 5,1 469,2 4,7 — 0,4 04 48,14 | 47.18 | 51,49 | 50,21 3
19—20 463,6 4,6 467,1 4.6 0 0 04 47,18 — 50,21 — 3
20—21 463,6 4,6 467,1 4,6 0 0 0.4 — 47,35 — 50,43 3
21—22 448,9 4,5 463,6 4,6 0,1 - 05 47,35 | 47,64 | 50,43 | 50,89 3
22—23 495,8 4,2 454,5 4,5 0,3 — 0’8 47,64 | 48,30 | 50,89 | 51,79 3
23—24 418,9 4,1 446,5 4.4 0,3 - - 48,39 | 49,04 | 51,79 | 52,66 3
Mroro | 10061,3 100 | 10098 100 | 24 | 24 -1 -1-1-=-1-=-1 -

] * anusile B rpadax 5—8 TIONyHeHH HCXOAS M3 YCVIOBMS, YTO Hacockl B Teue Hue 55 mMum paGoTaior ¢ nozaued, ykasanHoli B rpade 4



Hy.o=1Ty.c—2cr="55,25—9=46,25 m-

B rpadax 11 u 12 yKasansl 3HaueHHs [be30METPHYECKHX OTMETOK,
COOTBETCTBYIOLIHX YPOBHIO Bofibl B Gake Gawnu I1g ¢ B Hayase U KOHIE
PacCUNTAHHBIX PeXXHMOB paboThl CHCTEME, a B rpade 13 maHo oTBeyato-
1iee 3THM PeXHMaM YHCJIo PaboTalomuX HacoCOB.

AHanus [NpHBeJEHHBIX Pe3yJILTaTOB pacueTa COBMeCTHOH paGoThl
HACOCHOM CTaHIMH, BOAOBOJAOB M PEryJHpYIoWel eMKOCTH NOKasbiBaeT,
4T $aKTHUECKHH pexKnM paGoTH HaCOCHOH CTAHIMH OTJIHYA€TCH OT Iep-
BOHaYaNbHO Npemnoaaraemoro (cm. Tabn. VIL5), Benenctere yero us-
MeHsieTCS PeXHM cpaGoTKM M IonoJHeHusi 6aka Gammu. Kak BHaHO
U3 aanHebiX rpad 11 u 12, MakcumanbHas Nbe3oMEeTpHUECKasi OTMETKa,
COOTBETCTBYIOIAs YPOBHIO BOb! B Gake, paBHa 53,03 m (16—17 4), a ne
55 M, Kak Gbu1o onipefiesieHo paree. Takum oGpasoM, haKTHUeCKH Tpeby-
eTCsl MeHbllIas [0 CPaBHeHHIo ¢ npuHaTol Wy, = 690 M® perynupytomas
€MKOCTb. DTO NIOATBEPIKAAETCS JaHHBIMH rpadbl 8, KOTOpble IOKa3bIBAIOT,
yTo MakcHManbHo W, cocrasnsieT 1,3% cyTounoro pacxopa ropona
(36 220 M®), T. e. 470 M3, a me 1,9% (690 M%), ykasanuble B Ta61. VIL.5.

Ilpy cpaBHeHHH IbE3OMETPHYECKHX OTMETOK, COOTBETCTBYIOLIHX
ypoBHiO Boibl B Gake /15 (rpadut 11 n 12) B KoHue pexkHMa B NepHON
9—10u (15 = 50,15M) ¥ B Hauane pexuma B nepuop 10—1lu
(IT6.6 = 49 M), o6HapyXuBaercsi HX HecOBNajeHHe. ITO YKasblBaeT
Ha TO, 4TO (aKTHYECKH HACOCHAS CTaHIHA NOJAeT 3a CYTKH HECKOJNBKO
Gonblllee KOJHYECTBO BOMBI, 4eM HoTpebnsercs ropopoM. Iloxreepixine-
HHEM 3TOr0 fIBJISIOTCSH TaK¥Ke HTOroBble fanuble rpad 2 u 4. Ma6eiToK Bo-
IIbl aKKyMyJiHpyercs B Gake. [lonydeHHBIH pe3ysbTaT OObACHAETCA TeM,
9To Nbe3oMeTpHyeckas otmetka Ilg.s = 50,15 M Haliena M3 ycioBHSA
paboTel HacocHo# cTaHuuH C nopayeli 469,8 si/c B TeueHHe BCero yaca
(9—10 u). PaKTHUECKH 3Ke TAKOH [POLOMIKHTEIBHOCTH PaboThHl HaCOCOB
He Tpebyetcs. UToOH! K KOHILY paccMaTpHBaeMOro eprofia yPoBeHb BOb!
B Gake coorerctBoBail Ilg¢ — 49 M, HeolXONHMO HJIH HECKOJNBbKO
YMeHBLIHTL [POAOIKHTENBHOCTD PaGOThl HAacOCOB (IPH TO ¥Ke HX MOAa-
4e) wJIH HeCKOJIbKO CHHSHTb MX Iofady, AJIsl 4yero norpedyercs sanpoc-
CeJIHPOBaTh 3aTBOPH! HA HAlIOPHBIX BOZIOBOJAX HJIH OTKJIIOYHTH OfHH Ha-
coc. [1pH ocyuiecTB/IEHHH EPBOTO MePONPHATHA MPOAO/IKHTENLHOCTh
paGoTEl HACOCOB MO pacueTaM JO/KHA COCTABJIATH NPHMEPHO 55 MHuH.
B nepuop, Korja Hacockl OYAYT OTKJIOYEHH!, FOPOA MHTAETCA TONBKO OT
6awnu. [1pH ocyuecTBieHHH BTOPOro MEPONPHATHSA CTelleHb 3aKPBITHSA
3aTBOPOB JIOJI3KHA GBITh ONpefiesieHa Ty TeM COOTBETCTBY IOIero FHAPaBJIH-
YecKOro pacyeTa.

Kak yxe yKasblBaJloCh, ONTHMa/IbHASA 00/1aCTh paGOTHl HACOCOB Ha-
GrofiaeTcs PH Hanopax B npefenax 46—58 M. Jauubie rpad 9 u 10
taba. VII.8 nokaseipaioT, 4TO B NnojapJsifonieM GOJBIIHHCTBE CIy4aeB
Hanopbl, PasBHBaeMble HACOCAMH, HaXOJATCA B YKasaHHBIX Npejenax.
Hawubospluee nagenre Hanopos 10 45—44 M IPOHCXOAMT B NEPHOA OT
5 110 6 u. 1o NageHHe BeCbMa He3HAYHTEJbHO 10 BeJTHUHHE M [TPOJOJIKH-
TenbHocTH. OHO He OKasbBaeT 3aMETHOFO BJIHAHHA Ha 3(deKTHBHOCTD
paboThl HaCOCHOH CTaHUHMHK B UeNoM, Tak Kak sHayenus KI1/ no kpw-
Boit Q — 1 (cm. puc. VII.6) npn pacxonax, cCOOTBETCTBYIOIHX 3THM Ha-
riopaM, He CHHKatoTCst Gonee ueM Ha 1% .
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Ilposenennble pacyeTsl NOSBOJNMIM OLEHUTH NPaBHJLHOCTL BHGOPaA
HacoCHOro o00pYJOBaHNSl, CKOPPPEKTHPOBATL PeXKHM ero paGoThl, Om-
penenyTs HaKTHUECKHH pexXHM CPaGOTKH U HalloJHEHUs PeryJupyomeit
€MKOCTH, a TaK¥e YTOYHHTb TpebyeMblil ee o0beM. OIHAKO Haj0 OTMe-
THTb, YTO CTOJIb JleTaJIbHBIEe pacyeThl He BCeT/la HeoGXonumsl. B cnyuae,
€CJIH OTCYTCTBYIOT JIOCTOBEPHBIe JIAHHBIE 0 BOAONOTPe6JeHHH roposia 1o
YacaM CyTOK, YHCJIO PacyeTHHIX PeXXMMOB MOXKHO COKPaTHThb MyTeM HX
OCPeJiHeHHsT JI0 HeCKONbKHX XapakTepHbiX. Ilpu 3TOM cyToYHEIl pac-
XOJ rOpoia, onpefie/ieHHBIH N0 NPUGAHAKEHHOMY TPadHKy, LOKeH COB-
najath ¢ GaKTHYeCKHM.

§ 26. IMoBepounbie pacyeThl CHCTEMBI

K noBepoyHBIM pacyeraM cJieflyeT OTHeCTH pacueT CHCTeMH Ha cIy-
"4all TylIeHHUs NOXapa B YaC HauGOJIbLIero BOJONOTPECIEHH s 1 pacyetsl
CeTH M BOJOBOJIOB NPH JIONMYCTHMOM CHUXeHHH INOJayl BOJb! B CBSI3H C
aBapHsMH Ha OTHE/bHBIX yYacTKax. DTH PacyeThl HeoGXOMMbI JIIsT OLLEH-
KH paGoToCTocOCHOCTH CHCTEMbl B YC/IOBMSIX, OTIHUHBIX OT HOPMaJib-
HBIX, JUJifl BBISIBJIeHHs] BOSMOXKHOCTH HCIIO/Ib30BAHHSI B 9THX Clyyasix
3alpOeKTHPOBaHHOTO HACOCHOTO OGOPYZOBaHMs, a TaKike JUisi paspa-
GOTKM MepONpPHATHH, HMCKMIOYAIOMUX NajieHne CBOGOIXHBIX HANOPOB U
CHHXKEHUe N0Jlaul HU¥Ke NpeJle/IbHBIX 3HaYeHHH.

Pacuer cHcTembl Ha caywali Tymenus noxapa. [lpn sToM pacuete
TIPOBEPAIOT COOTBETCTBHE NPUHATHIX AMAMETPOB JIMHUH CeTH yBeJHYeH-
HBIM PacXojiaM BOJibI, IPONYCKaeMBIM BO BPeMsl TyllleHUs noxkapa. Eciu
B pesyJibTaTe pacyera GyieT oGHapyKeHO, YTO JIHHHH CeTH paboTaloT NpH
CKOPOCTSIX, OTJIMYHBIX OT 5KOHOMHYECKHX, TO 9TO He LOJKHO BH3HIBATh
OnaceHui, NOCKOJBKY PaboTa CHCTEMbl B YKa3aHHOM PeXKHMe Hellpo-
JIOJIKUTENbHA U [103TOMY He OKasbiBaeT 3aMeTHOTO BJIMSHHS HA 3KOHO-
MHYHOCTD PaGOTh! CHCTeMBI B iesioM. OfiHAKO eClii IIGTePH Hanopa B TPy -
Gax npu nponycke yBenMueHHEIX PacXONIOB BO3PACTAIOT HACTONLKO, UTO
TPUBOAAT K HeOOXOIMMOCTH CO3/iaHHsi Ha HACOCHOH CTaHIMH HANOpPOB,
ONaCHBIX JUISi COXPaBHOCTH TPYGONPOBOMOB, TO AMAMETPH OTAENBLHBIX
Y4aCTKOB CO 3HAYHT eJILHEIMH 110TePSIMH He0OXOfMO 3aMeHUTh Ha 60Jlb-
uve. Kak npaBuno, Takas 3aMeHa He BJleveT 3a coGOM lepecyeTa ceTH
Ha cayuail HauGoabluero Bofionorpebnenusi. Ilo pesysisrataM pacuera
CeTH ONpeJeJIsioT BOSMOXHOCTL MCTIOJIb30BAHUST B YKa3aHHbBI MOMEHT
BBIOPAHHOTO paHee HAacOCHOrO OGOPY/IOBAHKS M HeOGXOMHMOCTb OTKJIIO-
YeHHs1 BOJOHANOPHOH OalliHu.

Uncno pacyeTHBIX NOXAPOB U KOJHYECTBO BOMHI, HeoBXouMoe st
NI0XKapOTYLIEHHs], ONPENENIAIOT B COOTBETCTBUH ¢ TpeGosaHusiMu CHull.
Tlpy HasHaYeHHH Npe/NONAaraeMbiX MeCT TOXKapa CJleyeT paccMaTpuBaTh
Han6oJiee HeOMaTONPUATHEIE YCJAOBHS PaGOTH CHCTeMbl. B KayecTBe MeCT
noxapa MOryT GbITb BHIGPAHE! Y3JILI CETH, Hanboslee yrajieHHble OT UC-
TOYHWKA THTaHHsi CHCTEMbl H HMeIOlHe MaKCHMaJibHEIEe TeOfle3nyecKre
otMeTKH. Ecan us-3a ciosxHoCTH penbeda TPYMHO PelluTh BONpOC, Ka-
KHe Y3JIbl CeTH SIBJISAIOTCS IUKTYIOLUUMH, HeOOXOJIMMO NIPOBECTH HeCKOb-
KO pacyeTos A1l pasyinYHbIX MeCT BO3HHKHOBeHHs 10¥Kapa.

B Hacrosiee BpeMsi B NojiapsiiomeM GonbLIMHCTBE cJly4yaeB IpuMe-
HSTIOT CHCTEMBI NOKapOTYLIEHNsl HUSKOTO AaBjienus. I1pu s1oM Tpebyer-
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cs1, yToOBl B MOMEHT 1ToXKapa Halopbl BO BCeX Y3JiaX CeTu OblIH He MeHee
10 m.

Bo Bcex cayuasx, Korfa npoTHBONOXapHEI 3amac XPaHHTCS B pe-
8epByapax yHCTOH Bopl, HacocHas ctannus Il mopbema nosmkHa obec-
NeYyHBaTh NoJlauyy, PaBHYIO CyMMe NOTPeOH ocTel Ha X035HCTBEHHO-TTUThb-
eBble HYXKJIbl H NoxXapoTylleHHe. B ciiyuae eciiu cxemol BomocHaGxke-
HHsi TIPeJlyCMOTPEHO YCTPOHUCTBO HAMOPHBIX PETYJHPYIOLHX pesepBya-
POB, MPOTHBOIOXKAPHHIH 3allac MOXET XPaHHUTbCS B HHX. Toraa Hacoc-
Has ctaHuus Il mogbema paGoraer MpH peXHMe, COOTBETCTBYIOILEM MO-
TPeOJIEHHIO BOJIbl TOPOACM Ha X03sIHCTBEHHO-MUThEBbIE HY Kb, a MIPOTH-
BOIOXaPHBLIH PacXojl MoAaeTcss OT HANOPHOH peryJupyiomeli eMKOCTH.
BoamorkHa TakKe cxema, IPH KOTOPo#i 4aCTh POTHBOMNOXKAPHOro 3anaca
XpaHHUTCs B pe3epByapax 4HCTOH BOABI OKOJIO HacocHo# ctannuu 11 noxs-
€Ma, a 4aCTb — B HalOPHO-PEryJHPYIOHX eMKocTsiXx. BriGupaior Ty
HJIH HHYIO cXeMy (IIPH CI0XKHBIX CHCTeMaX) Ha OCHOBAHHHU PACYETOB COB-
MecTHOH paboThl PErynHPYIOIHX €MKOCTell C HACOCHBIMHM CTaHILMSIMH H
BOJIOBOJIAMH, a TaKiKe TeXHHKO- 9KOHOMHYECKOTO CpaBHEHHST PACCUHTAH-
HBEIX BAPHAHTOB.

Ilns paccmatpuBaeMoli CHCTeMBI HauGoslee 1eJ1eCo00Pa3HLIM SIBJISETCS
XpaHeHHe IPOTHBOIIOXKAPHOrO 3alaca B pe3epByape YHCTOH BOABl. IT0
peilieHde OOYCJIOBJIHBAETCS TEM, YTO B TOPOJie HET BOSBHILIEHHOCTEH C
JOCTATOYHO BBHICOKHMH Teofie3HYeCKHMH OTMETKAMH [Jisl Y CTAHOBKH Ha-
TIOPHEIX pe3epByapoB. KpoMe Toro, BOHOBOAHI, COENHHSIONINE CETh C
rOpoJioM, UMeKT He3HAYHTENLHY IO IIPOTSAXKEHHOCTh, B CBSI3H C YeM Ioja-
Ya HACOCHOH CTaHIlHel yBeJMUYEHHOro pacxoja He MpHBefeT K GoJibLiIo-
My BO3PaCTaHHIO OTePh HAlopa B HUX U TAKHM 00pPa3oM K 3HAYHTEJb-
HOMY yBeJIMYEHHIO TPeOyeMbIX HallopoB Ha HacocHOH craHuud. Ilpu yka-
3aHHOH CXeMe HeoOXOAHMO, 4TOOBl BO BpPeMs TYIUEHHsI 1OXapa B yac
HauGoJiplIero BoJoNoTpebseHHsl HacocHas craHnus 11 nogbema obec-
neyHBasaa Iojayy, PaBHYIO CyMMe PacXollOB Ha XO03sIHCTBEHHO-TIHThLE-
Bole Hyxzpl (510 51/c) n Ha noxaporywenve. [Ipu pacuere ceTu npuHsTO,
4TO B TOPOJie BO3MOXKHEL /iBa OJIHOBPEMEHHHIX Mo3Kapa MPH pacXojie BO-
JBl HA ofiHo MoxaportylleHue 35 Ji/c. Torma cymmapHbiéi pacxof, noxa-
BaeMblil HACOCHOH CcTaHLIMeH, fJosxKeH ObiTh paBed 5104+2-35= 580 Ja/c.

ITocKosbKy NpHHHMAeTCsl Ta e cXeMa 0T6opa BOJBI, YUTO U NPH yBS3-
Ke CeTH Ha cJiyuait HauboJblilero BofonoTpebaeHHsl, Y3JIO0BEIE PACXOLb
OYZyT UMeThb Te e 3HayeHusl. Tak Kak yseq I (cm. puc. VII.2) spnsier-
Csl caMbIM YJaJIeHHBIM OT HaCOCHOH CTaHIUH, a y3ea 3 cpeiu Haubosiee
yVAaNeHHBIX ¥MeeT MaKCHMaJIbHYIO reoje3nueckyio ormerky (11,5 m),
No¥XapHBe PaCXofibl HAMEYAKOT B KaXK/IOM H3 HHX B BHJE COCPENOTOYEH-
HBEIX PacxofoB 1o 35 si/c. 3HaueHHst CONPOTHBJEHUH JUHUHE S NP UHATHI
PaBHBIMH COIIPOTHBJIEHHSAM, ONpENeNeHHBIM NPH YBsI3Ke Ha CJayyad Ha-
ubosblilero Boponorpebnenvs (cM. rpady 8 taba. VII. 4). Pacuer mpo-
H3BEJIEH 110 KBaIpaTHYHOM 3aBHCHMOCTH IOTEPh Hamopa OT pacxoja
(h = Sg®).

Ha puc. VIL.9 ykasanbl ot6opbl B y3J1aX, BKJIOYasi oKapHble pac-
XOiEl, pacxofibl BOAHI 110 JIMHUAM (J1/C) U MoTepH Hamopa B HHX (M), CO-
OTBETCTBYIOIe OKOHYaTeJIbHOMY pachpeseseHuo pacxopos. Jlis
Ka)Jloro ysJia ipuBejieHbl he30MeTpHUYecKasi OTMeTKa, OTMETKA MOBepX-
HOCTH 3€MJIM U CBOOOJHBIH HAMop. ¥ CTPENOK BHYTPH KoJiell JaHH 3Ha-
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UeHHsl HEBAI3OK IT0 KaXKJloMy KoHTYypy. HeBsizka no BHerHemy KoHTypy
cetd pasHa 0,34 M. PaccMorpenne pesysibTaToB pacuera INOKa3HIBaeT,
UTO JIMKTYIOLIHM sIBJIsIETCS] Y3ea 3, B KOTOPOM CBOGOIHBII Harlop paBeH
10 M. Bo Beex ocTabHEIX y3JiaX cBOGOAHBIH Hanop H, Gospiue 10 m.
Henonpsys pesyssratel pacuera, MOXKHO OMNpeIeJHTh Nbe30METPHUEC-
Kylo otMeTKy [lgs B MecTe PaclloIOMKeHHsi BOJOHATIOPHON GAUIHH:
11 6.6 =11, s+ 2h,

rne Il; — nbesomerpndeckasi OTMeTKa B yase 8; £fi — norepu Hamopa ot y3nia 8
o bawmmu (y3na b).

Hns onpenenerust £h HeoOXOMMMO 3HATH NOTEPH HaNopa B BOJOBO-
nax ot yana 17 no 6amun. Ilorepu Hanopa Ha yKasaHHOM yuacTKe onpe-
Jenenel no Ta6nuuam @. A. Hlesesesa [7]: b = il = (5,7/1000) 500=
= 2,85 m.

Ilorepn Harnopa XA onpejienieHH 10 HanpaBiIeH o 3—6—7—11—14—
17-—5. B cooTBeTCTBHY C NAHHBIME pacyueta, 2Hs _ ¢ 7 11— 14— 17 — 5=
= 6,08 |- 4,64 4 4,73 4 6,574-4,434+2,85 = 29,3 mu I1, = 21,5 m.
Torpa Ilg s = 21,5 -+ 29,3 = 50,8 m.

Taxum oGpasom, jisi obecniedeHtsi B yaJsie 3 cBOOONHOro Hanopa He
HuKe 10 M HeoGxonuMO, YTOOH! NBEE30METPHUECKAs] OTMETKA B MecTe pac-
noJioxKeHHs1 GalHy 6bwia He MeHee 50,8 M. Kak 6buio ycraHoBseHo pa-
Hee (cM. § 25), npe3oMeTpHYECKasl OTMeTKa, COOTBETCTBYOLLast IHY GaKa
GaluHy, paBHa 49 M, T. e. MeHble 50,8 M. Ec/iv noxap Bo3HUKaeT B Mo-
MeHT, KoIJla YPOBeHb BOJbl B 6aKe HAXOAMTCH Ha OTMETKaxX B IpeJiesiax
ot 50,8 110 49 M, To NPH HeOTKJIIOUEHHOH GalllHe CBOGOAHKII HAIop B y3Jie
3 He3aBHCHMO OT Haropa, PasBHBaeMOro HacOCHOI cTaHLHeH, Oy leT HHKe
10 M. DTO MOXKHO NOSICHHTEL HA TNPHMePe CHCTEMEI, IIOKAa3aHHOH Ha
puc. VIIL.10. Ilpu pabore cHcTembl B pexsHMe, COOTBETCTBYIOUIEM HOP -
MaJIbHBIM YCJIOBHSIM 3KCIJIyaTaniH, HaCoCHasl CTAHIHUSA NOJaeT PaCXof .

paBHBbIii g,y ipH Hariope H'; ¢ B 5ToM cilyyae npe3oMeTpHYecKas JIHHHS
npoiinier yepes Touku I'A’E. B npaBuJibHO 3aIPOCKTHPOBAHHON CHCTEME
noJioxeHHe TouKH A’ Oyjier UBMEHATBCA B NpeJieJax BEHICOTHL GaKa M
cBobonHbLit Harop He.5' B y3ae N Beerja 6yjier Goblie TpeGyeMoro Hiu
paBeH eMy.

Ecnu B y3asne N Bo3HHMK 1noxap, /sl TYLIeHHsI KOTOPOro HeoOXOftHM
PacXoll Guo, HACOCHAS] CTAHIHSA JIOJMKHA IOABaTh PacXoll §x—g -+
+ Guox - DTO NMPHUBENET K YBeJHUEHHIO NOTEPh Hallopa B BOAOBOJAX H
JIMHHSIX CETH IO CPABHEHHIO € IMOTEPSIMH NIPH PACXOJE §x—n, T. €.

h m;x(+ Zh ng)x >h x;n +Zh x;—n.

JLns cHcTeM MOXAapoTyUIeHHsT HU3KOTo JiaBJieHusl TpeOyeMblii CBOoOO~
HBI Harop npH noxape H'ca' Beeriia MeHplile cBOGOJIHOTO Haropa MpH
HOPMaJIbHBIX peXXuMax pabotel H ;" wnu paBeH eMy. CooTHOLLIEHHE MEXK-
LY yKasaHHBIMH BENMYHHAMY BJIMSIET HA TOJIOKeHHE Nbe30MeTPHYecKOo i
Jgvnun I — A — B otHocutensHo 6aka Gaumn. Ecin oHa npofiseT Boille
Gallny, T. e. yepes Touky A, Tpebyembiii cBoGOnHEIH Harop (H g, = 10 M)
B y3se N Oyner ofeclieyeH, Korjia GalllHsl OTKJIOYeHa OT BOJIOBOJOB.
B nporuBHOM cnyyae Gak GanHu OyeT NONOJHATLECH, H OH MepecTaHeT

BBINOJIHATE POJIb PeryJIHpyronell eMkocTH. Touka A nepeMecTHTCS! B
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Touky A’, B KOTOPO#t NPOMSON/IET M3JIOM Ibe30METPHYECKOH JIMHUH U
oHa 3aiiMer nojioxkenue /[ —A’ — B’ . Ilpu 3ToM, KaK BHJHO U3 PHCYH-
Ka, cBoGoHbi Hanop B yaJse N cTaner Huxe 10 m.

B paccunTbIBaeMoii cHcTeMe TIbe30MeTpHyecKas JIMHHS NPOXOLHT ve-
pe3 6aK, NI0STOMY B HEKOTOPHIE NePHO/IbI, KOrJla OTMETKA YPOBHS BOJIbL
B Gake [l g Gyner 6Gosnblie Wi paBHa 50,8 M, cBOGONHEL HaNop B y3Jie
3 6yner He Menbilie 10 M, U, cyefloBaTeJILHO, OTKJIIOYATD GallHIo HeIlo-
Tpebyercsi. Bo Bcex OCTAJIbHBIX CJTyYasX HeOOXOIMMO ee OTKJIIOYeHHe.
Ho Tak Kak TOYHO onpefie HTh HaKTHUECKY0 OTMETKY YPOBHS BOIbBI B
6aKe B MOMEHT IoXKapa 3aTPyAHUTeJIbHO, OALHIO CJie/ly €T OTKJIIoUaTh IpH
TyIlIEHUH NToXKapa
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3Has Ibe30MeTPHYECKYI0 OTMETKY, COOTBETCTBYIOLLYIO YPOBHIO BO-
1ol B Gake (1.6 = 50,8 M), oTBevatoueMy cBoGoaHoMmy Haropy 10 M B
JIMKTYIOLIEM y3Jie 3, MOXHO OfpeJle/INTh HeoOXOMMBIi1 HAIIOP Ha Hacoc-
HO¥ CTaHIMH.

BeJinunHa Zo; = 9 M, a TNOTePH HaNopa B BOJOBOJAX OT HACOCHOM
cranumu o Gawmu b, = 27,11 ¢* = 27,11-0,68% = 9,12 m.

Torna Hy o = Hgg + by — 2ex = 50,8 + 9,12 — 9 = 50,92 m.

Taxkum 06pasoM, HacocH B Cllyyae 1oxapa JOJNKHH N0JIaTh PacXofl
580 Ji/c ipu Hanope He MeHee 50,92 M =~ 5lmM.

STHM yCIOBHAM OTBedaeT paboTa YETHIPEX MapaJiyiesIbHO BKJIOYEHHbIX
HacocoB TpHHsTOH panee Mapku J| 500-65, uto BUAHO M3 NPHBE/ECHHOH
Ha puc. VII.11 ux xapaktepuctvku Q — H.

PacueT BOJIOBOJIOB Ha Cjy4ail aBapuil HA MX OTHEJbHBIX y4acTKaX.
B cootetcTeuy ¢ Tpebopanusamn CHull B ciyyae BeKItOUeHust U3 pa-
GOTHI OTHOTO M3 BOJIOBOJIOB WJIH €r0 y4acTKa oOulyl0 Mojiadyy BOABl Ha
XO3SIICTBEHHO-TUTHLEBHE HY XK/IBl JIONY CKAETCs CHUKATD He GoJlee YeM Ha
30 ¢, pacuetHoro pacxofa. OueBHIHO, YTO 33 PacyeTHHI pacxol noJ-
3KeH IPHHUMATECA PACXO0jfi TOPOJia B 4ac HaHOOJIbLIETO BOAOTIOTPeGIeH 1.

4 3ak. 385 101
















































































































































































































































































































































































































































































































































