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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.

1* 3ak. 385 3



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.
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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
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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.
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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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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



yYacTKOB Bbi3bIBAET yBe/IHYeHHe OOIIEro ruipaB/inyeckoro £onpoTysie-
HUS CETH.

Onpejie/IHB COOTRETCTBYIOLLYE NIOTEPH HANOPA, MOMKHO CyIHTD, 00ec-
MeyMBaIOTCS JIM NPH BHIKJIIOYEHHOM yuacTKe TpeOyemblie 0GbeMbl BOJIO-
notpenenus (70% HOPMaJBHOTO) H TpeOyeMblil HANOp B JHMKTYMOmEH
TouKe. Ec/iv 3T TpeGoBaHHs He BHLINOMHSIOTCH, HEOOXOAHMO Y BeJIHUHTD
JHMaMeTp MarucTpasei.

Hccnenosanue BJIHSHHSA BBHIK/IOUEHHS OJHOTO M3 CEPHH Mapajelb-
HEBIX H PasHOYAaJeHHLIX OT TOUKHM NHMTAHHsl CETH YYaCTKOB Maruct-
panell nokashiBaer, 4To OOBYHO HaHGOJbIIEe CHHXKEHHE IOJauyH BO-
Abl (HauGosibliee yBeJHYEHHe [HAPABJMYECKOTO CONPOTHBJIEHHS)
MPOUCXONNT MPH BHIKJIIOUEHHH yyacTKoB, HauGosiee OJIH3KO pacro-
JIOXKEHHBIX K HCTOYHHKY MHTaHHS.

[MpuMepH! OBEPOUHBIX  PacyeTOB KOMbUEBHX CeTeil Ha cyvali aBa-
puu npusefess! B r1. VI

ClieiyeT OTMETHTB, 4TO NIPH BBIKJIIOUEHHH OTJEJbHbIX JHHHI BOKO-
BOIOB M ceTeil TpeGyeMas Moflaua BOMbi MOXKeT ObITh ofecreyeHa pas-
JIMYHBIMH METOAAMH, T. €. MOTYT OBITh HCIOJb30BaHB! PasfaHuHbIE [YyTH
pesepsupoBanusi. MoxeT ObiTh NPELYCMOTPEHO YyBeNHYeHHe NPONYCK-
HO#l ClIoCOGHOCTH JIMHHMI B TIPEABH/IEHHH BO3MOXKHBIX apapyil. [1pu sTom
CeTb ¥ BOJOBOJibI B OOLIYHBIX YCAOBHSIX PaBOTAIOT C HECKOIBKO Y MeHbllleH-
HBIMH TIOTePSIMM Harlopa (T. €. «pe3ePBHPOBaHHe» OCYIIECTBJISIETCS MY -
TeM yCwieHusi JMHu#). Moxer ObiTh NpelyCMOTPeHa yCTaHOBKa Haco-
COB, KOTOpHIE B IepHoAbl JHKBHIALHH aBapuu ofecrieyar BCe HOpMa-
THBHBIe TPeOOBaHHsi TI0 PAaCXOfiaM U Haropawm, cosjaBasi Goslee BHICOKHe
LaBneHHs.

CoBepIIEHHO OYeBHJHO, YTO B Tpoilecce MPOEKTHPOBAHHS CHCTEMbI
TiofayH M paclpeeienyst BOAH NOMKHEI GHITh BHIGpaHb! HaHCo/ee KO-
HOMHYHBIE H TEeXHHUECKH NpHeM/IeMble  pelleHHs.

Bouibilioe BiMsHHe HA TIOBHILIEHHE HAEXKHOCTH CHCTEMBl BOJOCHAG-
JKeHHs] MOXKeT OKasaTh pailHOHAJbHOE HCTIONb30BaHKe Pery IHpyIomHX
# sanacHbix eMKocTeil. Hanpumep, OecriepeGoiiHoe BofooGecreyeH e
06BeKTa B LEeJOM MOKET GhiTh JOCTHIHYTO KaK AyGiupoBaHUeM JIHHHI
BOZLOBONOB, NOJAIOMIMX BOJY OT HCTOMHHKOB, TaK M yCTPOHCTBOM (TIPH
OIHOH JIMHMH BOROBOZA) Pe3EPBYapoB, YCTaHaBJIHBAaEMbIX B MNpenenax
o6beKTa U cofiepKallix 3anac Bofbl, IOCTAaTOYHBI JIsi cHalKeHHs TO-
Tpebuteneil B TeueHHe BPeMeHH, HeoOXOLMMOro sl JIMKBHAAUUH aBa-
puu. [Ipy 3ToM fomKHA ObiTh oOecliedeHa BO3MOXHOCTb TOIAuYM BORB!
B CHCTeMy M3 3aracHoro pesepByapa (CaMoTeKoM HJIH ClelMaJibHbiMHU
HacocaMH).

Hanuuve HanopHo-peryJIHpYIOMUX eMKocTe#l B CHCTeMe MO3BOJAET
TIOBEICHTb He TOJBLKO PAaBHOMEPHOCTh PalOThl CHCTEMH!, HO M B 3HAYH-
TeNbHON CTeNeHH ee HalleXHOCTb. [IpH JI000H apapHy Ha CeTH HajHule
ONpefie/ieHHOro KOMHYeCTBA BOXB! B 0aKax HaTlOPHEIX eMKOCTed naer
BO3MOKHOCTb TIOIEDXHBaTL B NMPH/IEraloMMuX K HUM paioHax ropoia
TpeGyemMble Haropbi ¥ O0ecleYHBaTh BOROH MOTpeOuTeNell No Hcuepna-
HHUS MMelolllerocs 3anaca. 1o B J000M cilyyae CoKpailaer nepHoi Ha-
pylIeHHs HOPMaJbHOTO BORoOGecIeueHHsl MoTpeCHTeNedl B pesynbTaTe
aBapui.

44



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=

46



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-

49



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.

54



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-
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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.
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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
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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
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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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/7= paCYRITIHGS NEOIOMATIOLELKDS OITMEImka, M

Z-OmmeImKa  3emn, M

H.a~COD00CMIG HONGo, M




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.

79




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)

81



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,

Az -3148A]]
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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




06

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
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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
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‘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
100



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.
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IlocKonbKy B paccunTHBaeMol crcteMe 6alllHs paclosiosKeHa B Haya-
Jle ceTH, CBOOOIHBIE HATIOPH! B y3JaX ONpPEeAe/siloTCsl YPOBHEM Bofibl B 6a-
Ke. B ¢Bsi3H ¢ 3T1M aBapHs Ha BOJOBOJIE He BHISOBET NafleHus! CBOBGO/IHBIX
HalopoB ¥ CHHIXeHHsl NOJlauH BOJbl B TOPOJL B TEYEHHE HEKOTOPOro nepu-
oJla BpeMeHH, NOKa ee HefoCTaTOK Gy eT KOMNEHCHPOBaTHCS cpabaThlBa-
HueM obbeMa peryaupyiomeil eMKocTH. B MoMeHT, Korzia 6ax BoZoHanop-
HOl GallHy cTaBeT NYCTBIM, B FOPOfie HAuHeT HabiofaThes AeuuuT B
BoJle ¥ cBOGOIHBIe HaNopwl GyAyT HHiKe TpeGyeMblx. B cooTsercTBuM ¢
yxkasanusmu CHull, cBoGORHBIA Hallop B KPHTHYECKOI TOUKE CETH B yKa-
SaHHBI} NepHOJ BpeMeHH He HNOMKeH ObiTh HHxXe 10 M.
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Puc. VILI1

CrenioBate/1bH0, BOLOBOAE! HEOGXONUMO 3aNPOEKTHPOBATH TAKUM 06-
PasoM, uToGH! B Cilyuae aBaPUM Ha HYX Tofiada BoAHY B} ropoa cocTapisi-
J1a He MeHee 70% moTpe6HOCTY B yac HaHGOJBIIErO BozionoTpebieH s, a
CBOOONIHBI HAaNop B KPUTHYECKOH TOuKe 6T He HuKe 10 M.

C 3Toft 1eMBI0 HeOGXOHMO, OTKIOUHB ONHH BOLOBOK, IPOBECTH Pac-
YeT COBMECTHOH paGoThl ceTH ¥ HaCOCHON CTaHLHHM NIPH YKa3aHHOM BOJIO-
notpeGiienuy roposa. Ecan Gyner BuisiBieno, uto cBOGOAHHI Harlop B
KpHTHYeCKOH TouKe MeHbiile 10 M, HEOGXOXHMO YCTPONCTBO MepeKioye-
HUH, NO3BOJSIOIMX PaséuTh BOAOBOAL Ha OTHEJBHHE YYACTKH H Bbl-
KJIoYaTh NPH aBapHy TOJbKO MOBPeXJeHHBIH yuacTOK. DTo MpHBeneT
K Meliee Pe3KOMY BO3PacTaHHIO MOTepk HANIOPA B BOROBOJAX, a CJENOoBa-
TeJIbHO. JIACT BO3MOXHOCTH 3HAYHMTENbHO YMEHBIUNTD CHIMXKeHHe MOfauK
BOJbI. 3aTeM pacueT NOBTOPSIIOT NPH OTKJIOYEHHOM YuaCTKe, Ha KOTO-
POM mpennojaraeTcsi apapHsi, H CPAaBHHBAIOT NOJyueHHBle CBOGOAHBIE
Hanophl ¢ fonycTuMbMU. EC/iH BHOBBL OKa¥eTcsi, UTO B HEKOTOPHLIX y3-
Jiax cBoGofHble Hanopbl Menpine 10 M, TO cJleLyeT NpefycMoTpeTs Xo-
MoJIHUTEbHbIE TIEPEKJIIOUeHH S U T. 1.

Ins yMeHRBiIeHHS! YHCia PACYETOB, CBSI3AHHBIX C YBA3KOH CHCTEMH,
4HUCJIO MEPEKIIIOYeHHH MOXKHO ONpefleiNTh NPUGIHIKEHHO, YTOUHSAS ero
B JlaJIbHelilieM B cllyuae HeoGXonuMocTH. T1pH HCIONb30BAaHKM YIIPOIIEH-
HBIX METOJIOB J0/XHA ObITH YBePEHHOCTh, YTO OYleT rapaHTHPOBAHO BHL
nonuerne tpeGopanni CHull.

Hast paccMaTpuBaeMoii CHCTEME! yKasanHbie TpeGOBaHMs rapaH-
THPYIOTCSl, €c/IH HAacocH npu nofave 709 pacxoma B uac HanGosp-
ero BoAonoTpe6sienns OyoyT pasBHBAaTH HANOP, NPH KOTOPOM
Nbe30METPHUCCKasA OTMETKa B MeCTe YCTAHOBKH GalHH GOJbIIE OT-
MeTKH jHa 6aka Gawnu (/Ig=49 M) unu papua ei. Torma croGon-
HBle HANOPH B 1000/ TOuKe ceTh GYNyT He HHXKE, YeM NpPH HOPMAaJib-
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Hoit pa6ote cucTeMbl (Hey = 20 M). D70 MOKeT IPHBECTH K YBETHIEHHIO
uHCAA MePeKIIOUeHHH 0 CPABHEHHIO ¢ GaKTHUECKH TPe6yeMbIM. B cny-
yae HeoBXONMMOCTH OHO MOKET OBITh YTOUHEHO ITyTeM JIOMOJHHTEIbHBIX
pacueToB COBMeCTHOH PaGoThl HACOCHOM CTAHLLMH, CeTH M BONOBOAOB.
MexKny THe3OMETPHYECKHMH OTMETKAMH, COOTBETCTBYIOUIMMH Haropy
HacocHoit cTanmuk [7, o ¥ YPOBHIO BOMb! B 6ake ITg., CYIIECTBYCT 32BH-
cumocte: Iy = Hg.p + s

B uac HanGosblIero BoionoTpebaerust — 8 nepuon or 18 no 19 u
(cm. Ta6n. VIL.8) — ropon pacxonyer 0,51 m*/c. [Ipu aTOM B cnyuae
aBapMH Ha BOIOBOJE TONA¥a HACOCHOH CTaHIMH JO/KHA CbITh paBHa
g, = 0,7-0,51 = 0,357 m*/c. B cootBercTByM C XapaktepHCTHKOH Q —
H (cm. puc. VIL6), VyKasaHHBI pacXoll MOryT NOAaTh TPH Hacoca.

IbesoMeTpHuecKasl OTMETKa, COOTBETCTBYIOIAsi Hanmopy Tpex Tna-
pannesbHo paboratomux Hacocos (cM. § 25), BHIpaXaercs 3aBHCHMOCTEIO:
M. = 7588 — 89,5 ¢ (3nech ¢ B Mm3/c).

B coorpeTcTBHHE ¢ popMyJioH, npusenenHof B § 25, 5.5 = ¢ +Ss.9-

TNpemnonaraercsi, uto 6aK NonHOCTHIO cpaborad M Ilgs = g =
=49 M. DT0—TIbe3OMeTPHUECKasl OTMETKd, Ha KOTOPYIO NIOKHO ObITh
nofaHo TpebyeMoe KOJMYECTBO BOABL.

Torepu Hanopa B BOLOBONAX BBIUMCIHAIOT Mo (opMyJe: hy =S,k G
rae Syxp — IKBHUBAJIEHTHOE CONPOTHBJIEHHE BOIOBOLOB.

Ecnu s dopmyay Iy, = g6 + by TOLCT2BHTE UHC/IOBblE 3Ha-
yeHS! BXOMNSIIINX B Hee BEJIHMUHH, TO, 3HAs1 JONY CTHMBI i aBapUHHBIR pac-

xoll g, = 0,357 M¥/c, MoMHO HaliTi conpoTHBenue S 2, TIPH KOTOPOM

Cpobonnble Hanopsl H, Bo BCeX yanax cetn 6yayT He Menee 20 M:
75,88 —89,5-0,357 =49+ S2,-0,3572, win S5, =121,43.

SKB

ConporHeliente oflHoro  Bofioofia S = 54l = 0,06778- 1600 =
= 108,44 TlocKoinKy 3Ta BeJHYMHA MeHbille, 4YeM Onpefie/icHHaA
(121,43), T0 c4eBHMAHO, YTO B CJyyae aBapHH HA OJHOM M3 BOLOBOLOB I0-
[laua HeoGXOIMMOro KommuecTsa opbl (0,357 M%/c) o HamopoM, obecne
YHBAIOLL MM BO BCeX Y3NaX TpeGyeMbiii cBOGOAHBIH Harop, Moxker ObITb
OCYIIIECTR JieHa TPEMsI HACOCAMH IO IPYTOMY HerNOBPEXIeHHOMY BOLOBO-
Iy U, cliefloBaTe/IbHO. HHKAKHX TIePEKJIOucHNH TPey CMaTpHBaTh He TPe-
Gyerca. Ecnu 66l BelMuMHA S OKasajach MeHbille CONPOTHBJCHHUS
onHofI JIMHHMH BOJIOBOZA S, Heo6XomuMO 6bLio Gbl yCTPOHCTBO MepeK/ito-
YE€HHH.

Jlasi cucTeMBl M3 [IBYX BOAOBONOB AMaMerpoM d M JJMHOM [ uucno
nepeksIoueHuil MOXeT ObITh HalileHo BechbMa pocTo. Eciin Ha BopoBOnax
Npely CMOTPEHO YCTPOHCTBO N NePeKJ/IIoueH i, TO Ha KaXKJoM U3 BOJIOBO-
nos GyneM uMeTb n -+ 1 yuacTkos. ConpoTHBjienve ABYX Napasdesb-
HO BKJIIOUEHHBIX YYaCTKOB MOXET ObITh BBIPAXKEHO uepe3 3KBHBAJEHT-
Hoe S,y = Soli/4, THe s, — yHenbHOe conpoTHBenRue TPYGonpoBona;
l; — JJWHa yyacTKa.

Tlpn aBapyu Ha ONHOM M3 YYaCTKOB 7 ydacTKop Oyfier MMeThb CONpo-
THBJeHHe Sol;/4 M NVIIL OIMH YUACTOK, TJie IpoH3ola asapusi, Gyner
XapaKTepPH3OBAThCSI CONPOTHBJEHHEM So/;. Torga mnorepn Haropa B
KaXKIOM M3 YUacTKOB C CONPOTHBIeHHeM Soli/4 pahbi: hy =(Soli/4)X
X%, a Ha yuacTKe, MMeiolIeM oBpexkenne, f;=Sol;¢". TloaHble noTepH
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Haropa B BOJIOBOlaX NPY aBapHU PaBHEI CyMMe [OTePhL HANopa BO BCEX
yyacTKax:
n41
D hi=n(sol;/4) @+sl; g2,
T
3Hast ionyCTHMOE 9KBHBAJICHTHOE CONPOTHB/ICHHE TIPH aBapid Sofg,
TIOTePHU HANopa B BOJOBOJAX MOXKHO BHIPa3HTL Kak A, = S22 o2

sked
n+1
OuesnpHo, uto Y h; = hy u
1

St 62 =1 (so1:/4) @ +-s0'l; .

Ecnu npuHATL paccTosiHUsi Meay NepeKMIoueHUsIMH OJHHAaKOBbIE,
TO JUIMHA Kaxporo yyactka [; = I/(n + 1). Torna npuBefeHHOe Bbillie
PaBEHCTBO NMPUMeT BMJI:
sol 1
S E=n — @+
sxce & B B gy
Besnuuuna se/ ecTh conpotulieHue S 0fIHOro BOXOBOJA NPH HOPMAJib-
Hol ero pa6ore.
Ipoussens: 3ameny Syl Ha S, nonyuum
nS 1 1
S gt = s
WY of M
Pazfieaus o6e yacTi 3Toro paBeHCTBa Ha G2 U NPOU3BE/ISA COOTBETCT-
ByloLHe npeofpasoBanusi, NoMYIUM (GopMyJiy st onpejieeHHs! YHcaa
TepeKJIoYeH uii: -

q2.

q2.

18)

3KB/
4S;KB/S =

Pacuern! cetn Ha cayuait aBapwii Ha OTAeJbHBIX yyacTKax. B coorT-
BETCTBHH ¢ pekoMeHfanusmu CHull cienyer nposeputn pa6oTtocnoco6-
HOCTEL CHCTEMB! IPH aBapuu Ha ceTH. B cniyyae apapun Ha opHol K3 JH-
HUil ceTd HEOOXOIMMO, UTOBH B AMKTYIOLlEH TOuKe CBOGOMHBIH Hamop
6bin He menbite 10 M, a Nojlava BoAE! Ha X03sIACTBEHHO-MHTLEBLIE HY K-
Bl ropofia CHUXKaJack He Gosiee 4eM Ha 30% . OueBujHO, uTO eC/iH yKa-
8aHHEIe TPeOoBaHHUst GyNlyT BHOJHSATLCS NPH HanGoJee HArpy»KeHHOM
pexume paboTbl CHCTeMB, TO NPH BeeX APYTHX PeXXUMaX, KOraa noTepu
Hanopa B CeTH MeHbille, HX BHIIOJHeHHe GyJeT rapaHTHPOBaHO. DTOT
PeXHM, KaK yiKe YKashBaJoch, Oy JIeT B uaC HauboJbLIero BOLONOTpes-
JieHus, T. €. oT 18 10 19 u.

UTo0Bl BEISIBUTL HCTHHHYIO KapTHHY PaboThl CHCTEME! IIPH aBapuH,
HeoOXO[INMO NPOBECTH COOTBETCTBY IOLIHE pacueThl. [IpH 3ToM npexnoda-
Taercst, YTo JJIsl KaXKI0ro BapuanTa pacyeTa aBapUsi BO3SMOXKHaA JIMIIL Ha
OZIHOM yuacTKe ceTH. B mpoBesenun pacueros Ha Bee ciyyau noouepesi-
HOrO OTKJIIOYEHUS! JIMHHH CETH HeT HeoOXOMMMOCTH. ITo O6BSICHSIEeTCS
TeM, 4TO PasHble YYACTKH CeTH TPAHCTOPTHPYIOT PasJiHuHble PacXojbl
W BBITIOVHSIOT pasnuyeble pyHknuu. Tak, He Tpebyercsi paccMoTpeHue
BapHaHTOB aBaPHH HA MaJIOHATPYXeHHEIX NePeMBIYKaX, MOCKONEKY B
STUX CJyYasiX 3HAYWTEJLHLIX H3MEHeHHEl NoToKopacnpene/eHHsi He

4(1—s8

n=
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NPOU3OHNIET, N MOTePH Hamopa B JIMHHMAX OCTAaHyTCsl MPHOIH3HTEIBHO
TeMu 3e. OyeBHJIHO, UTO PACUETH! NOIKHEI ObITh NMPOBENEHH NMPH aBa-
pHSX Ha JMHHAX, OTKJIOUEHHE KOoTOPHIX NMpUBEleT K Haubolnee HeGJa-
TONPUATHLIM YCIOBUSAM paboTH cicTeMbl. OHM BOZHHKHYT, €C/IH BBIKJIIO-
YHTH YUACTKH CETH, 0 KOTOPHIM MPH HOPMAJbBHOH paboTe NMpoTeKalor
3HayHTesbHble pacxonsl Bofbl. K TakuM yyacTKaM B NepBYIO ouepelb
crnefyeT oTHeciu Maructpand. IloBpexzeHue Ha OHOM M3 yyacTKOB
MaruCTpaJi NPUBEET K YBEJHUEHHIO NOTePhL HAalopa B APYTHX JIMHUAX,
paGoTaBILHX TapasJieibHO € OTKJIOUeHHBIM, BCJIEJICTBHE TPaHCNOpTH-
poBaHHsl N0 HHM yBEJHYEHHLIX PacXOO0B.

TocnencTpus apapuu HauGosee ocTPo GYAYT HCNEITHBATL NMOTPESH-
TeJu, KOTopble MHTAKOTCH OT palioHa CeTH, PacnofoKeHHOro 3a MeCTOM
NOBPEXIEHHs1, TaK KaK TOBBHILIEHHe NoTepb Hanopa B JIWHHAX, TpaHC-
MOPTHPYIOLIKX YBeJUYEHHBIE PACXOMbl, MOXKET NPHBECTH K 3HAUMTE/b-
HOMY CHHKeHHMIO HallopOB B y3Jiax aToro pakiona. IlorpeGutenu, pacro-
JIoXKeHHble MeXLy NOBPEXIEHHbIM yYacTKOM H HCTOYHMKOM INHTaHHf,
HCTILITBIBATE HEOCTATKA B BOJIE PaKTHYeCKH He Oy 1yT Garojapst ToMy,
4TO yCJIoBHS PaboThl CeTH 3TOro pafioHa GIM3KH K HOPMaJbHBEIM.

Jlas npaBUIBHOrO HaXOXJeHHsl NOTOKopacnpenesenys, norepb Ha-
nopa B IHHUAX U HAIlOPOB B Y3J1aX y3JI0Bble pacxolibl Qyy, caienyer pac-
CcMaTpHBaTh MPH 3THX pacueTax, B OTJIMYKE OT PacyeToB NPH HOpMaJb-
HEIX PeXHMaX paGoT, Kak (QyHKUMIO OT Hamnopa, T. e. KaK HeUKCHPO-
paHHble. PaccMoTpeHue BCeX Y3JOBBIX PAcXo/loB CeTH B KauecTBe He-
(MKCHPOBaHHBIX NPAKTHUECKH He NPEACTABJAETCH RO3MOXKHHIM, NO3TO-
My HeOGXOIMMO HAMETHTH HECKOJIBKO XapaKTEPHBIX IHKTYIOWHX Y3JIOB
B Pa3/IMUHBIX palioHaX, PaCXOfbl B KOTOPBIX 3aJldHbl B BHJIE aHAJTHTHYEC-
Ko# 3aBHCHMOCTH Qysy = f (H), ¥ mp-BecTH HeoOXOLMMEIE pacueTs ¢
yueToM Hx xapakrtepucTuk. OnHako M3-3a GobwOro o6beMa BbIMHCIH-
TeJIHbIX oNepauuii faXe Takoe ynpouleHHe B GOJBIIMHCTBE CJyyaes
MPaKTHUECKH He IO3BOJSET NPOBECTH 3TH pacueTsl Ges NplMeHeHHs
3BM.

PyuHbIM clioco6oM (PakTHIECKH BO3MOXKHO TIPOBEJIEHKE JIHIIb OPHeH-
THPOBOYHBIX PACueToB, NMPH KOTOPLIX Y3JIOBbIE PaCXOfbl paCCMaTP HBAIOT-
csl KaK ukcupopaHubie. HauBosee mpocT pacueT, NPOBOJAMMbBIH M3
NpPEANoioReH)S, YTO Y3JIOBHIE PAacXofibl H3MEHAIOTCS NPONOPILHOHAIBHO
nojiaue BOJIB OT MCTOUHMKA MUTaHWSA. PesysbTaThl TAKMX pacyeTcs Nos-
BOJIAIOT OPHEHTHPOBOYHO TIPOAHANH3HPOBATh YCAOBHS paboThl CHCTEMBI
NpH aBapuH, NOCJAEACTBHS, K KOTOPHIM OHa MPHBEZET, B HaMeTHThL Heol-
XONHMblE MePONPHSTHA ]ISl YIOBJETBOPEHHS YKasaHHLIX TPeOOBaHHH.

Jlaisi paccMaTpuBaeMoli CHCTeMbl MPHHATO, YTO aBapHH MOTYT IPo-
HCXOJMTh NIOOUEPEIHO Ha MaTHCTPaJbHbIX JTHHUAX [4—17; 10—13; 5—9
H 2—5. Kak nokasblBaloT npeiblymue pacuetsl (cm. puc. VII.4), no
9THM JIMHUSIM TP aHCTIOPTHPYIOTCS 3HAUHTEJLJibie PacXofip BOAH. BuikJlio-
YyeHue TOH MJTH APYTof W3 HasBaHHHIX JIMHUI MOXKeT MPUBECTH K CyllecT-
BEeHHOMY H3MeHEHHI0 TOTOKOpacnpesiesleHHsl U Bo3pacTaHHIO TOTEPb
Haropa Ha yuacTKaX C YBeJHYEeHHLIMH PaCXOaMK BOIbl. ¥3JIoBble pac-
xomb! Qysn BHUHCIEHD] Iy TeM YMHOXEHHS PAacXoioB Quay NI ciyuast
Haubosbilero pogonorpebienus (cm. prc. VII.4) na xkoapduunent K,
onpeeNAUUi NoMYyCTHMOE CHIKeHUe NMOoflauM BOJbl TOPOAY B MOMEHT
aBapHH 110 OTHOLUEHHIO K BOJONOTPeGJIeHNIO MPH HOPMaJbHOM peXHMe
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Ta6aununa VILY

BrliksioueHHas Ne pukryronedt T l = l Ts.6
JIHHUA TOYKH "
14—17 6 23 22,08 45,08
10—13 10 24 10,97 34,97
5—9 5 21 14,01 35,01
25 2 19,8 11,55 31,35

pabotsl. Kak yiKe yKasblBaloCh, IIPY aBapuy Iofiada Bofsl B ropon Q2
MoXeT GHITh CHHKeHa He Gojee ueM Ha 30%, 7. e. Q2 = 0,7 Q =0,7X
X510 = 357 alc, cnegosarenso, K =0,7. Conporusiienust TMHVE NPH
3THX pacyerax B3siThl PABHBIMM CONPOTMB/IEHHSIM, ONpEeNeHHHIM TpH
pacuere Ha yac HauGoubliero Boflonorpebnenus (cm. tabn. VII.4), a no-
TePH Hanopa olpelieJieHbl 110 KBaApaTHYHON 3apicuMocTd b = Sg?.

PesyiibraTsl pacyeta npueelienbl Ha puc. VII.12—VII. 15. Jas kax-
Jloff JIMHUH CeTH YKasaHbl pacxof ¢, j/c, ¥ norepy Haropa b, M. B kax-
JioM y3Jle JaHbl pacyeTHasi be3oMeTpHyecKast orMerka /1, M, oTMeTKa
TIOBEPXHOCTH 3eMJIH <, M, U CBOSONHBIH Hanop H . [Ise3omerp nuecKas
OTMETKa B MecTe pacliofoKeHHst GallHM onpefeleHa U3 yciaoBus obec-
nedeHHsl B NUKTYIOLEl (KpUTHYeCKOH) ToUKe CBOGOJHOrO Hanopa, paB-
#Horo 10 m.

B Ta6n. VII.9 npuBelieHb nbe3oMerpHyeckHe OTMETKH NUKTYIOLIHX
Touek /1;, norepy Hanopa 2h Ha Ny TH OT AUKTYIOUMX TOYeK J0 GallHH,
2 TaKIKe [Ibe30MeTp YecKHe OTMETKH B MecTe pacrosioxkerys: 6awHH [g.q .

= KaK BUIHO M3 TNpMBEJEHHBIX JNaHHBIX, HaUGO/MBIUAS TIHE30METPH-
yecKast OTMETKa B MeCTe pacIofioxeHus falny, Heobxonumast s obec-
Teyerns nofayy 357 ni/c npu cBoGOAHOM Hanope B KPUTHYECKOH TOYKe
10 M, cOOTBETCTBYeT CNIy4al0 aBapMH Ha nuHuM 14—I17, npumbiKaomei
K BofloBoiiaM. B ciuyuae, ecanm Bech pacxonl, paeubiit 357 ni/c, Gyner
1I0JlaBaThCSl HACOCHOM CTaHUMedl (0allHsi OTKJ/IIOYeHa), TIOTePH Hamopa
B BOJIOBOJIAX COCTABSAT

hy=27,11q2 =27,11.0,357=3,44 u.

Torza Hanop™ Ha HacocHo# CTAaHIMH, HY XKHBIH [jisi ofecrieyeHHs yKa-
3aHHOH Bbllle Nbe3OMETPHYECKOH OTMEeTKH B TouKe b5, OyleT paBen
Hy.o=6.6+hp—2or = 45,08 3,44 —9=239,53 u.

Ilo xapakrepuctike Q — H Tpex mapaJuenbHo paboTalOLIHX Haco-
«coB (cM. puc. VIL.6) MoxHO yCTaHOBHTE, 4To aBapMitHbLH pacxon 357 a/c
Hacochl MOryT MojaBaTh NPH Halopax, 3HaYMTeNbHO GOJBLIHX MHHH-
MasipHo TpeGyembix (39,53 M). Takum obpasoM, aBapHY Ha OTJEABLHBIX
JIHHHUSIX CETH He NMpPHBENYT K YMeHbIIeHUIO NoJayy Bofbl ¥ CBOBOIHBIX
HanopoB HHKe TpeOyeMblX H KaKHX~JHO0 MepONpHsITHi 110 NOBBILIEHHIO
HaJleXXHOCTH paboTHl CHCTEMBI NPeLyCMaTPHBATh He HYIKHO.
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FTHABA VI

THAPABJIMYECKHH PACYET CUCTEM
C KOHTPPE3EPBYAPOM

§ 27. MeToapl pacueTa CHCTEM NOJAYM W PacnpeneseHusi BOAbI
C yueToM COBMECTHOM paGoThl BOAONHTATENEH
U He(PUKCHPOBAHHBIX OTOOPOB

B nanHO# riaBe pacCMOTPEHBI CHCTEMbI, B KOTOPHIX CYMMapHOE YHCJ10
pojionutatesell ¥ HeQUKCHUPOBaHHBIX OTCOPOB PABHO JBYM, T. €. CHC-
TeMbl, MMEIOLLE UM [IBa BOAOTUTATEIS, HJIK ONMH BOAOIUTATENb U ONUH
He()MKCHPOBaHHEIH 0TGOP.

Bononutatenb (HacocHasi CTaHIUsi WJIH HANoPHbI pesepsyap) mo-
JIaeT B CUCTeMY HeKOTOPBIi «<He(hMKCHPOBaHHBIH IPUTOK» Boxbl. [1pH 5TOM
B KaxJbil MOMEHT paboThl TaKoH
cHCTeMbl ajirebpaudeckasl CyMMa 2 4

nojau BojonuTaresed (WK BOHO-
nurateis W HePHUKCHPOBAHHOTO P b v
ot6opa) paBHa CyMMe (HKCHPO- }\LJ J/T%
7
L

%)
HC
us cetd XQ;.
Harnopuo-perynupyiomue  em- 9
Koctd (PE) — Gaunu, peseprya-
pbl, PacriollokeHHbe Ha BOSBBI- py 2 o
IIEHHBIX OTMETKaX MeCTHOCTH, — ¢ N P
MOTYT KakK I[10flaBath BOAY B CeTb, wuaa
Tak U IPUHUMATD ee U3 ceTH (pHc. I0K Tumanus
VIII.l, a, 6) B COOTBETCTBHH
¢ rpadukoM pojonorpeGaenus. FPue. VIILI
Taxkum o6pasom, B OfHH TiepUO-
Il OHM GYJyT BONONHUTATENSIMU, B APYrie — HeUKCHPOBAHHBIMU OT-
6opamu. K HedukcuposaHHEIM OTOOPaM OTHOCATCH TaKike HAaCOCHbIe
CTaHIUMH, 3abUpaloliie BONy U3 CeTd, U JPyTrHe crielMalibHble oTGOpHI.
Hau6onee pacnpocTpaHeHHBEIM THIIOM PaccMaTpHBaeMbIX CHCTEM SiB-
JISIOTCA TaK HasbiBaeMble CUCTeMbI C KOHTppe3epByapoM. B 3Tux  cucre-
MaX B MOMeHT HauOoJibliero BOLONOTPeOsIeHHs CeThb NMUTaeTcsi OT Ha-
cocoB (Q,) u ot Gawmu (Qg), IpU 3TOM

Qu+Q6=2 (Qs)maxc,

T. e. 6amHs paboraer Kak BOJONUTaTeNb.
t B MOMeHTHI NPeBLILIEHHS] oiaul BOAbI HaL NoTpebieHneM GaluHs pa-
Gotaer Kak HeUKCUPOBaHHBIE 0TGOP

Qu=2Q;+s.

¥ BOJa, ToCTyMaliasi B GAlHIO OT HACOCOB, MPOXOAUT TPAH3UTOM Yepes
BCIO CETb.

XapakTepHbIM C/ydaeM SIBJSieTCS MOMeHT HauGoJibliero TPaH3MTa
gozibl B Gawnio *. Yackl Hauboapluero Bofonotpebnenus 1 HaubombLie-

P
BaHHBIX (Y3JI0BBIX) OTGOPOB BOMIBI
s

-
-

* B nepuoxn HauGoJsibliueii NojauH BOAbI HACOCAMH.

(R}



ro TPaH3WTa BOJLl B Gammo:ﬂmmorcn, Kak Obuio yKasaHo B § 10, oc-
HOBHLIMH PacCUeTHEIMH CJyyasiMi PaGOTEL CHCTeM ¢ KOHTPPE3epByapoM.

Pacrionokelne NbesoMeTPHYECKHX JIMHHI B CHCTeMe ISl Cyuast
JBYCTOPOHHero THTaHHs MIOKasaHO cXeMaTHueckH Ha puc. VIIL.2, a,
a IJsi cnyvasi Hanbospiiero TpaHsuTa — Ha puc. VIIL.2, 6.

B otsnune ot cerelt, muralomuxes Beersia oT 0HOrO BOLONHTATENS,
B CHCTeMaX ¢ KOHTPPe3epByapoM BeJIMUHHEL Q, 1 Qg ABNSIOTCS HEH3BECT-
HEIMH, HO B3aMMOCBSI3aHHBIMH U1l KaXIOrO MOMEHTa PabOThl CHCTEMEL;
B CHCTEMAX C KOHTPPe3ePBYapOM HeJlb3sl TPOBECTH BHYTPEHHIOK YBA3KY
cety Ges yueTa ee COBMECTHOH PaboThLI ¢ HacocaMH M GaliHed.

2)

Puc, VIIL2

B cucreme ¢ onnnm BofonmTatenem (1 6e3 HedHKCHPOBAHHBIX OTGO-
POB) B J0GOi MOMEHT ee paboTH Nojiaua BONOTHTATENs PABHA OTAAue
BOJIbl M3 CeTH, MO3TOMY CeTb MOXKET GHIThL YBsidaHa NPH IPONyCKe
OfnpeLie/ieHHOro  3aJlaHHOrO  Pacxofa, ¥ B Pe3yJibTaTe €€ BHYTPeHHel
YBA3KH MOTYT ObiTb Ha¥iieHEl [IOTEPH Hanopa, Mo KOTOPLIM ONpefessieT-
¢s1 TpeCyemblil HaNoOp HACOCHOH CTAHLVMK M MOXBHPAIOTCH peasibHble Ha-
cochl. Ecan npunsthit Hacoe naer Hanop Gonbie TpeGyeMoro, To 3TO
BBI3bIBAET JIMIIBb HEKOTOPoe M3MeHeHMe (YBesHueHHe) CBOOOMHBIX HAro-
POB B CeTH H HHKaK He BJIMSIET Ha ee YBA3KY, T. €. Ha ToJlyuaeMble B MPo-
Liecce YBASKH MCTHHHEIE 3HaU€HHsI PaCXOfOB BOLb! B yY4acTKaxX CeTH.

B cueremax ¢ KoHTppesepByapoM [BHIKeHHe BOJIbI B YUACTKAX CETH
3aBHCHT OT COOTHOLLEHHsI HAllOPOB M Hojay BOJibl, ofeclieynBaeMbIX Ha-
COCaMH M TIoZaBaeMblX (WJIH OTGHPaeMbix) GaiuHell NP COBMeCTHOH HMX
pabore. TlosToMy ruzpaBinuecKnii pacueT cHCTeM ¢ KOHTPPe3epByapoM
C/eflyeT MPOBOAMTH ]ISl BCEX PaCUETHEIX CJIyuyaeB OfHOBPEMEHHO Ha
BHYTPEHHIOIO YBSI3KY CeTH, T. €. HAaXOX[EHHe HCTHHHOIO pacnipesiee-
HHs1 PACXOJIOB B €€ yuacTKaXx ¢ cobJiofieHHeM BToporo saakona Kupxroda,
W Ha BHELIHIO YBS3KY, T. €. HaXOX/leHHe JieHCTBHTeNIbHBIX MOJlay BOJb
B CETb OT HACOCOB M OT GaluHH.

TlpoBenenne onepannu olHOBPEMEHHO i BHYTPeHHeH 1 BHeillHeH yBA3-
KH CHCTeMbI C KOHTPPE3ePBYapOM MOMXKeT GHITh OCYLIECTBJIEHO Mocie To-
ro, KaK HaljieHbl HaMBbIrojHefINe HaMeTPLl TPYO CETH M HaMeueHBL
B pesyJibTaTe NMpeiBapHTeNLHOTO NMofGopa THIT HCIOJIB3YEMBIX HACOCOB
W BLICOTA BOJIOHATIOPHO¥ GallHK  ( KOHTppesepByapa).
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IMocsienoBaTeibHOCTE U OCOGEHHOCTH TNPOBEJIEHUsT oNepalMil no Ha-
yanBHOMY TIOTOKOPACIpPeAesIeH IO, a TaKiKe MOPSIOK HasHayeHHs jHa-
MeTpOoB AJIA ceTeil ¢ KOHTppe3epByapeM ObUIM paccMOTpeHH! B ral. IV.

Iposenenye runpaBiInYeCKHX pacyeToB CHCTEM C KOHTPpe3epBYapoM
BPYYHYIO NpejicTaBisieT coOOH BeCbMa TPOMOBAKYIO H TPYHOEMKYIO pa-
6oty. nsi pacyeTa NMOLOOHBLIX CHMCTeM 1ieJleCOOOPAa3HO HCIO/B30BATH
DBM, uT0 NO3BOJISIET CYLIECTBEHHO COKPATHTh BPeMsl pacyera H NOBbI-
CHUTb €ro TOYHOCTb.

Onepanusi oHOBPEeMeHHO! BHYTDeHHeH M BHellHel YBS3KHM CeTH C
KOHTPpe3epByapoM, TaK ¥e KakK M C JII0ObIM GOJIBLIMM YHC/IOM BOHLOMNH-
TaTesiell U He(PHKCHPOBAHHBIX OTOOPOB, 3HAYUTENLHO YIPOUAETCsl PK
BBEJIEHHH B PeajbHyl0 CHCTeMYy KoJell CeTH JONONHHTENBbHBIX (QUKTHB-
HBIX Konell (KOHTYPOB),0TOGpaatoluX BHEIUHHe CBSI3H — CBSI3U BOJIO-
nuTaTesiefi 1 HeMKCHPOBAHHLIX OTOOPOB IPHM COBMeCTHOF paGoTe Ha
JaHHY10 ceTb. UHCao (MKTHBHEIX KOJell BCErfia Ha e/MHHIY MeHblue
CYMMapHOTO uHcia BOAONMTaTeiell W HepUKCHPOBaHHBIX 0T60poB. Ta-
KHM 06pa3oM, /sl CHCTeMbl C KOHTppesepByapoM Tpefyeicsi BeeeHHe
omHoro ¢ukTHBHOTO Kosiplia. IlopoOHas pacuerHasi cxeMa AJisi caydast
JiBy CTOPOHHEro [IHTaHHs1 CeTH NoKasana Ha puc. VIIL3, a.

DUKTHBHOE KOJbl10 @ 06pasyercs: AByMsl QMKTHBHLIMH BeTBSIMH, CO-
€/IMHSIOIMMH GUKTHBHBI y3es1 O ¢ HacocHol crannueit u GaluHefi, U 3a-
MBIKaeTcst JII060# I1eNbI0 YIACTKOB CETH H BOJIOBOJIOB PeaJlbHOM CHCTEMbI,
COEIMHSIIONMX HACOCHYIO CTaHIMIO C GaluHed (Hanpumep, neneo HC —
1—9—10—11—12 —4— B). K yany O noapoxurca (pUKTHB-
HBIH pacxofi, paBHbIi 2Q;, T. €. CyMMa (PHKCHPOBaHHBIX 0T6OPOB BOABY
3 cetn. OT yana O K HaCOCHOH CTaHIMH HanpapJsiercst pacxof Q, (To-
Ka HensgecTHBI1). OT 3TOro Xe yasa K 6alllHe HanpaeJserca pacxoft Qs,
paBHBIfi TIofaye BOAH B ceTb M3 GawHu. Jlna ciyuasi TpaHsuTa BOAB B
6Gamunio (cM. puc. V111.3, 6) pacxon Qg Hanpasssiercs: or Galtu K ysny
0. CnepopaTeiibHo, 6anaHC pacxonos B (HKTHBHOM y3jle 1Jisl Clydast
JBYCTOPOHHEro MUTaHHUsl CeTH umeeT BUA: Qy + Qs = ZQ; 1 ana cay-
yasi TpaH3uTa Bofsl B GawHio: Qg + ZQ; = Q.

DUKTHBEDIE JIMHMHM He HMEIOT CONpPOTHBJEHHH, HO HM YCJOBHO NpH-
CBaHBaIOT HaNlOPhl, COOTBETCTBY IOLLME HallopaM, CO3/iaBaeMbiM HacOCaMH
n Gamnedi. ®ukiupHol suaun O — HC np ucsausalor Hanop H, (scerna
CO 3HAKOM MHHYC), TaK KaK COOTBETCTBYIOLIMH pacXof Qg OTXOAMT OT
yana O. QukrusHoil Jiukun O — B npucBauBaloT Hanop Hg co 3HaKoM
MMHYC JJIS1 CJlyyasi IBYCTOPOHHEro UTAHHS CeTH U CO 3BAKOM ILIIOC IS
ciyuas TpaHsuta Bojbl B Gawnio. O6Xon Bcero (MKTHBHOrO KoJblia
MO3BOJISET COCTABUTE ypaBHeH e, cBsiabiatouiee Fy n Hg uepes cymmap-
Hble IOTePH Hanopa B CeTH.

Jlnst pacueTa cHCTEMbl M ONpefieleHHs] HCTHHHBIX 3HadeHui Qy u
Qg, @ TaKKe BCEX PACXOIOB B Y4aCTKaX CETH ¢;, BEJHYHMHB Hy v Hg
JIO/XKHB! OBLITE BbIPaXKeHbl Yepe3 PacXofibl [0 HX NPHUXOAHO-PACXOAHBIM
xapakTepucTikaM. Bennunna H,= Ho— S, Q8 , rne H, S, up co-
OTBETCTBYIOT XapaKTePUCTHKE HAMEUEHHBIX [JIsl HCMOJb30BAHHMA HACO-
coB; BesinukHa Hg = const, Tak Kak oHa He 3aBHCHT OT pacxola (3apaer-
csl Nlocsle TpesipapuTensHoro pacyera). TaknM oOpasoM, Mbl NOJyYaeM
CEeTh U3 N PeaNbHEIX KOJIEL M OJHOro GHKTHBHOTO. YBSI3Ka 3TO CeTH
[03BOJISIET ONPEIETHTh YHCIEHHBIE 3HAUCHUsA PAcX0ioB Qu, Q6 U i
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VBsI3Ka cHcTeMbl MOXKeT GBITh IIpoBefieHa 110 JIIoGoMY METOLY, B YacT-
HOCTH TIo Metofly JloGauesa — Kpocca. B xammoii ntepaunn onpefie-
JISIIOTCS HeBAI3KY Ay ¥ TlonpaBouHele pacxonibl Agy.

INpu ob6xofle PUKTHBHOIO KoJbLia 10 YaCOBOH CTpeiKe, HauuHas C
HACOCHOH CTaHLMH, MOJYYHM cliefylolltie ypaBHeHNsA:

a) 1as ciyyasi IBYCTOPOHHEro MHTaHHSi CeTH — OT HacocoB H OT
Gawny (pacueTHHI CIyyal HAUGOJBLIENO BOXONOTPebeH s)

~—(Hy+2) -+ o+ Ehe—hp.6—[—(Ho-+20)] = + Ahg,
HiH

—(Hg+ 2u)+ho.u+Zhe—hp.6+Ho+26= + Dhes (VIIL Iy
6) sl cayuasi TPaH3uTa BOAbl B GALIHIO
—(Hg -} 24) +hputZho+hp.6+He+26==% Ahy, (VIIL.2y

rfie g5 U Hp.6 — TIOTEPH Hanopa B BOAOBOA@X COOTBETCTBEHHO OT HaCOCHOH CTaH=
LMK JIO CETH M OT ceTH Jo 6awnu; Zhe — anre6padyecKas CymMMa notepnh Hanopa
B CETH OT HayalBHOil 10 KOHeuHOil ToukH; Ahg — HeBA3Ka HanopoB B PHKTHBHOM
Kosble; AJIs yBsisaHHOH cHcreMbl Ay = 0.

IoncTaByB B 3TH ypaBHeHHsl BMecTo H, ero BhlpakeHue 1o gopmyJie
H, = H, — S,Q}, rae S, — runpasnuuecKoe CONPOTHBIIEHHE HAco-
ca, a SyQ% = hy, v NlepeMeHUB 3HAKH, NOJTYYHM:

Ho+2g— (b +-he.n+Zho—hs.6) —Ho—2z6 = = Ahy; (VIIL1a)
Ho~+ 24— (A by +-Zho+hs.6) —Ho—26 = + Ahgp. (VIIIL. 2a)

Bhipaennsi B CKOOKaX B STHX YPaBHEHHSX NPEICTABASIOT CoOo#
asnrebpanyeckye CyMMBl I0TePb Haropa, BKJIOuasi [IoTepH B CaMoM Ha-
coce, B BOJIOBOJIaX U B CETH, T. €. BCE BEJIHYMHEI, 3aBHCAILINE OT PaCXOJIOB,
NPOXOAANMX 110 Ha3BaHHLIM JieMeRTaM crctembl. Bennuvnn Hy + 2z,
H — Hg — 2 OT pacxofioB He 3aBHCAT H ABJSIOTCS NOCTOSHHBIMH NPH
BLIGPAHHBIX HacocaX M HasHaueHHOH BbicOTe BOJOHATOPHOH GarlHH.
Otzienst NOCTOSHHBIE Be/IMYUMHBL OT NlePeMeHHbIX (TIpH H3MeHeHHH pacXo-
10B), MoxHo ypapHenust (VIIL.1a) u (VIII.2a) sanucatsb B Takoit opme

(Ho+zn_H6-Zﬁ) —Zheper =+ Ahd)»
HIH
(Ho—Hreom) —Zheucr = & Ahy, (VIIL.3)

rae Hreom = He + 26 — 2y — NoiHas reoMeTpHYECKas BHICOTAa MOABEMA BOMBI;
Shepcr — alre6paHyeckas CyMMa NOTePb HalOpa BO BCEX SJEMEHTAaX CHCTeMBl
nojayv BOABL.

TIpakTHuecKuii CMBIC/ NPOBEJEHHBIX TPeoGpasoBanuii popMyJibl Iist
onpejie/ieHHst YBSIB0YHOIO PacXofa B QNKTHBHOM KOJIbLle 3aKJII04aeTcst B
TOM, YTO B NonyueHHOH (opMyJsie BeeJeHa Beqnunna Ho — Hieom,
OCTAIOILASICS TIOCTOSHHOMN B TeueHHe BCEro Ipollecca BHeIlHeH YBA3KY,
B TO BpeMsl KaK BeJHUYUHA Zfuer OyNeT H3MEHAThCA MPH KaXLAOM
nepepacnpepeneHHy PacxofoB.

Tpu yBA3Ke ceTH MeTONOM ABIpHAIIEBA MOXKHO IPHHHMATD JUTA PHK-
THBHOH BeTBH (PHKTHBHOTO KOJIbLia I0CTOSIHRYIO0 BeNunBy Hy — M reon
(puc. VII1.3, 8). IlonpaBounklii pacxos B GHKTHBHOM KOJIbLE ONpefes-
fOT IIPH 3TOM TIO HaHJIEHHBIM HeBA3KAM METONAMH, H3/I0MeHHbIMY B § 22.
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Ilpu pacuere cuctemsl no merony Jlo6auesa — Kpocca monpasou-
HBIH pacxoq B QHKTHBHOM Koablle MOXeT ObiTb RaiifieH O (opMyJie TOro
e BUJA, KaK U JJis1 OOLIUHBEIX KoJlell CeTH:

Ahg
BE (Sin qindo

JocTriKenHe yBA3KH KaK (PUKTHBHOrO, TaK U peallbHEIX KoJell CBUJle-
TeNILCTBY €T, YTO HalJleHb! JeHCTBUTE/IbHEIC PAacX okl BOILI HAacocoB U Gaul-
B (noflaua ¥ oT6OPHI), a TAKKe UX pacnpejesicHue N0 y4acTKaM CeTH,
T. €. 3HAUCHMUS JCHCTBUTEJILHBIX JIMHEHHBIX PAcXOJOB.

B § 28 nan anroput™ ofHOBPEMeHHOIT BHYTPeHHel U BHELIHCH YBA3KH
cetd, B § 29—npuMep pacueTa ceTH BPyuHyI (110 MeTony Auapusiuiesa)
u B § 56 — npumep pacyera cetu Ha IBM.

Agp= (VIIL 4)

§ 28. AsropuTm pacuera KoJibLEBO# ceTH
€ KOHTppE3epByapoM

3apaHo: KOH(pUrypanys ceTH, MecTa pacrosoxenus 6aluHu U Hacoc-
HOMW CTaHIUM, reofie3NYecKHe OTMETKH BCEX Y3J10B CHCTEMbl, BETHYHHB
(UKCUPOBAHHBIX Y3JIOBBIX OTOOPOB J/isl PACUETHHIX ClyyaeB, Tpefyemble
(4 monycTHMEE) CBOGONHBIC HANOpbl B ceTH (B KPHTUYECKHX TOUKaX),
rpauk BoponotpeGeHus.

PacueTHble ciyuamu:

a) wac HauboJIbLIEro BOAONOTPeOACHYS;

6) yac HauGoabUlero NPEBHIIEHUs NOJAY¥ BOIBl B CeThL HACOCAMM
HaJ BofonotpebaeHyeM (4ac Haubosbulero TPaH3WTa BObL B GaulHIO);

B) TYyuUIeHUE NOXKapa B yac HauGOJIbLIEro BOAONOTpeOieH us;

r) paboTa cHCTeMbl [IPH BBIKJIIOYECHHH OTHE/BHBIX (BLIGPAHHBIX) yua-
CTKOB Maructpaseil Ha BpeMsl JIMKBHAALUY aBapHi.

Crnyua «a» 4 «6» IBJISIFOTCA OCHOBHBIMH, OCTaJIbHbl€ —I10BEPOYHbIMHU .

TpeGyeTcs onpenesnTh AHaMeTphl H IOTEPH HAIMOPa /s BCeX JHHUM
CeTU U BONOBOJOB, CBOOOJHbIE HANOPhl B y3JaX CHCTEMBbl /sl BCeX BbI-
6paHHBIX PACUETHBIX CJIyYaeB, BbICOTY BOLOHANOPHOI GamHu (Uyid OT-
MeTKy [Ha HallOPHOro pesepByapa), o6beM U BeicoTy Gaka (pesepByapa),
napamverps HauGojlee MONXOMNSIUKX, H3TOTOBJISEMBIX IMPOMBILLICHHO-
cTBIO, Hacocos craunuu 11 nogbema (THI, Nojauy, Hanop, 4uc/I0), Aek-
CTBUTEJILHYIO 1Ofa4yy BOIBI HACOCAMH IyTeM pacyeTa CHCTEMbl Ha COB-
MECTHYO paboTy e 3jieMEeHTOB, I0flauy U 0TGOP BOAK! 6anIHel jisl OCHOB-
HBIX PAacyYeTHHIX CJy4aes.

Onepaunuu:

1 — HaMeuaoT B COOTBETCTBHH C 3aJ@HHEIM I'PaMKOM BOLONOTpPeO-
JleHWsl B TeYeHHe PACYETHLIX CYTOK PauHOHANBHBIH rpaduk nojayv BO-
JIbl HACOCAMH, YKHCJIO HACOCOB, MX Mojady Y Nepuonkl pabotsl. Ilo cos-
MeIlleHHOMY TpadyKy Nogayu W notpebsieHHs NpeBapUTejpHO onpene-
JISIIOT BeJIMUMHbLI Hau60JIbLIEro TPAH3UTA BOMEL B GALIHIO H HAUOOABILIETO
NOCTYIJICHHS BOAH H3 GAUIHK B CeTh B Yachi HaHGOJIbLIErO BOLONOTPe6-
snenusi. OnHoBpeMeHHO HaMeyaloT TpefyeMbiil 06beM Gaka OaniHu;

11 — nasuauaioT HavasJbHOE pacrpelesieHue IIOTOKOB BOMLL MO JiH-
HUAM CeTH [/if 0G0UX OCHOBHBIX PACYETHBIX C/yYaes € yAOBJNETBOPEHUEM
(TOUHBIM WM MPUGJHKEHHBIM) NepBoro 3akona Knupxroda U oCHOBHBIX
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TpeGoBaHull HafieXXHOCTH (B3aHMO3aMeH€MOCTH TPAaHBHTHBIX Marucrpa-
Jeit Npu apapusx); HAMEYAT BEPOSITHOE PACTIOJIOKEHHE TPAHHIB! 30H
IUTaHus (0T HACOCOB M OT GallHM) VIS MOMeHTa HauGOJbILero BOJOMO-
TpebaeH nsi;

111 — onpegensiioT AMAMETPH JUHHH CeTH, NPHHMMAs 32 OCHOBHO#H
pacuerrblil cnyuaii HanGoNBLIKIT TPAHUT BOJibl B OaILHIO 1 Hameuast st
3TOTO Clyyasl CXeMy pacnpefenehusl KO3QUUHEHTOB X;p (UKTHBHBIX
PACXOJiOB) 11O JIMHHSIM TPaH3MTHEIX Maructpaseii v APYTHM HArpyXKeH-
HBIM JHEHAM ceTH (cM. 1. IV);

1V — BHIMC/IAIOT NPHBEEHHBE PacXombl g Mo Gopmyse (1V.6),
NpHHAMasi 33 ¢z, PACXONH B yUacTKax NMPH paboTe CETH B 4achl HauGOMD-
1iero TpaH3uTa;

V -— HaXofsT AMaMeTphi TPY6 V4acTKoB ceTH d;; ¥ BOJIOBOJIOB:

a) /15 TPAH3WTHBIX Maructpasell ¥ IPYTUX HarpyKeHHbIX JIMHUH —
Mo MOJyYeHHBIM NPHBELEHHEIM pacxofiaM, T. €. SKOHOMHYECKH HaHBbl-
rofHe#iNe [UaMeTprl (C HCMOJb30BaHHeM TalJHI IPe[ieIbHBIX SKOHO-
MHYECKHX PacXoJioB);

6) [J151 MaJIOHATPYXKEHHBIX JIMHUE ¥ NepeMbiYeK — 10 YCIOBHAM HX
paGoTEl B TepuOiBl aBapuii M N0 KOKCTPYKTHBHBIM COOODaXKeHMsIM;

VI — onpenenisitor o HafifieHHbIM iaMeTpaM d; W 110 M3BeCTHbIM
pauHaM l;;, JHHuHE ceTH M BOJIOBOJOB YJieJibHbIe So U TOJIHBIE S = sl
CHPaB/IHYecKHe CONPOTUBJIEHHS YYaCTKOB;

VII — npoBofsiT NpeiBapHTE/Ibib [HPaB/HYecKHil pacyeT CeTH
(BHYTPEHHIOI W BHEIUHIOK YBf3Ky) JUlsi 000OMX OCHOBHBIX PacyeTHBIX
Cc/yyaeB: MaKCHMaJBbHOTO BOJONOTpeC/ieHyst U MaKCHMaJBHOro TpaH-
3uTa *. JIJs1 KaXJoro U3 PacyeTHbIX CJIy4aeB OIPENEJisiioT MoTepu Ha-
nopa B yuacTKax f;, = S;nG: B COOTBETCTBHH C PacXomaMH @, NPH-
HATHIMH [PH HayaJbHOM MOTOKOPACTIpee/ieHHH, ¥ BeJHYHHbl HeBsI30K
B KoJsibllaX CeTH; NPOM3BOASIT B IIEPBOM npub/aMKeHUY YBASKY Kodaeil;
OIpeneJIslioT CyMMapible TToTepH B CETH OT GailHK 1o HACOCOB (Ha cilyyail
HauGOJbILEro TPaHaKTa) ¥ OT TPaHMIlbl 30H MUTaHHsI [0 HACOCOB M MO
GaliHy, pacueTHBE bE30METPHUECKHE OTMETKH, COOTBETCTBYOLIKME IHY
U pepxy Gaka Gaumu Hg ¥ Hanopy HacocoB Jyist 0O0MX PacyeTHbIX
clydaes;

VII1 — nopGuparoT BO3MOXKHEIE /151 HCIIOIb30OBAHMS B IAHHOMN CHC-
TeMe THIIbL HACOCOB M OTPENeNIsiOT MX XapaKTepucTHkn Q — H (swipa-
JKeHHBble rpadMuecKy Wiu aHaJHTHYeCKH). B pesyJsbrate nonbopa Haco-
COB MOXeT MoTPeGOBAThCs BHECeHHe KOPPEKTHBOB B CyTOUHBLH rpaduk
paBOTEl HACOCHOH CTAHILIMH [y TeM H3MEHEHHsl YHC/la OAHOBPEeMeHHO pabo-
TAKLIHUX HACOCOB;

I1X — npoBoisT OKOHuaTeJbHBIH TMAPABAHYECKHI pacyer CeTH,
BKJIIOYAIOLH ee BHYTPEHHIOI H BHEIUHIO YBsZKY, T. €. ONpejelleHye
IeliCTBHTe/bHBIX TIOZAy ¥ HAOPOB HACOCOB MPH HX COBMeCTHOH paboTe €
Gammeil (npu faHHOil ceTH). JLnsi MHOTOKOMBIEBBIX CeTeH 3TOT pacueT

* Ec/M HayalbHoe TOTOKOpacipejieJieHHe OBUIO OCYIIECTBJEHO C cOG/Ioae-

HHeM TepBOro sakoha KupXroda, mosyueHHbie 3HaueHHsl PacXOfioB B ydYacTKaX
0

MOTYT GHITh NPHHATH 3a HaualbHEe 3HaYeHHA gik TIPH YBA3Ke CeTH. B mpoTnBHOM

cayyae HeOGXOIHMO MPHHATH HOBOE paclipefieleHHe PAcXOJoB ¢ ofecneyeHHem Ga-
JaHca B y3nax (2Q; = 0).
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MOXeT GbITh TPAKTHYECKH BHIOJIHEH TONBKO NPH HCTop3oBanyy IBM.
B pesyJisrate pacuera nosyyaiorcsl 1Jisi 0G0HX PaCYETHBIX CJyyYaeB HC-
THHHbIC 3HaUeHHs] PACXONOB BOJbl B YYaCTKaX H COOTBETCTBYIOLIKE TO-
TepH Hanopa, a TaKkXe HCTHHHBIE napamerpr (Q H F/) paboTsl Hacocos U
GaluHu;

X — KOPPEKTHPYIOT CBOOOHEIC HATIOPH] B Y3JaX CeTH;

X1 — npoBonsiT NoBepO4HbIE pACYETHl CHCTEMBbl Ha paboTy MpH Ty-
LeHuy NoXKapa B yachl HauGObILEro BOAONOTPEOICH S, a TAKIKE Ha CITy-
yaii BOSMOXHBIX aBAPHH HA MATHCTPaJIbHOM CeTH.

§ 29. Pacyer ceTd ropoACKoro BORONPOBOAA
C KOHTppe3epByapoM

Paccmarpupaemasi cets npencraeiiena Ha puc. VIIIL4. ITnowans 3a-
cTpoiiku ropoza cocrasssier 500 ra. PacueTnas nIoOTHOCTL HaceleHHSA—
180 uesi/ra. Pacxon Bonpl Ha XO03sfiCTBEHHO-TIHTHEBHIE  HYIKIBL —
250 n/uen B cyTKM cpepHero BoponorpeGnenns. Koaddunuent cyrou-
Hoil HepaBHOMePHOCTH Bojlonorpebnenus Ky, = 1,2. Pacuetnoe uwmc-
Jio xurenelt N = 180-500 = 90 TeIC. yes.

Onpejiesiene PacueTHBIX PacxofioB BoAbl. MakcHMasibHBEIfI CyTOU-
HbI pacXof BOAbl Ha XO3AHCTBEHHO-TIHTHEBHIC HYXKIAbl HACe/eHMf
Quaxc = Key:gN = 0,001-1,2.250.90 000 = 27 000 mM*/cyT.

Kounuuectso Boapl, pacxoznyeMoil Ha HY¥ /b MeCTHOH MpOMBHILILICH-
HOCTH, 00c1yKHBawolel HaceJeHye, ¥ Ha HeNpelBHIeHHEIC HYX b, CO-
crapisier 8,9%, unu oxpyrieHno — 9% Quaxer T- € NpuMepHO 2400
m¥/cyT.

YCI0BHO NIPYMEM, YTO M3 TOPOACKOTO BONONPOBONA MONYHAIOT BOAY
fiBa TPOMBILICHHBIX NpeRNpusTHs: npennpustie Ne 1 ¢ cyTouHEIM pac-
xonoM 3600 M%cyr u mnpemnpusithe Ne 2 ¢ CYTOYHBIM PacXoioM
1200 m®/cyT.

Pacxof Bofibl Ha NOJHBKY YJIHIL ¥ 3€JIeHbIX HACAKAECHHH H3 TOPOACKO-
r'o BOLOMNPOBOAA He NpellyCMarpHBaeTcs.

CyMMHPYsi CyTOUHBIE PACXOfbl BCEX NepeyHC/ICHHBIX KaTerophit mno-
TpebuTesiel, MONYYHM MAKCHMAJIBHBIH CYTOUHBIH pacxol BOAb B Topo-
Ie:

ZQuanc =27 000+ 2400~ 3600 |- 1200 =34 200 m3/cyT.

B CHulT 11-31-74 xoabduunent yacoBoll HepaBHOMEPHOCTH BOAONO-
TpeGJieHHsl ONpeNesisieTCsi KaK NpovisBeileHne NBYyX K03GbOhHIHMEHTOB: KO-
sgduuLenTa ©, YYMTHBaAIOLIEro CTelleHb GaroycTpoHcTBa 3iaHuil, U
xos¢ddunrenta B, sapucsuero or yucia xuresei (em. rai. I). Jas pac-
CMaTpHBaeMoro ropojid, CorJiaCHo HopMaM, MOTYT ObITb IPHHATH CJely-
tonHe Ko3buiyieHTh 4acoROl HePaBHOMEPHOCTH:

Ka.mare = Omare Puare =1,3-1,1=1,43;
Kazun= omfPrmr=0,5-0,7=0,35.
Torja MaxcuManbHBIN YaCOBOH PacXofl Ha X035 HCTBEHHO-IINTHEBbIE
HYXJIbl HACENIHUS  Gumane = Ky.mane Quanc/24 = 1,43-27 000/24 =

= 1600 M%4 W MakKCuMasbHBI CEKYHAHBIH PACXON: §z—y = 1600-10%
/3600 = 448 n/c. .
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Puc. VIIL4

Pac xofi0BaHHe BOJb IPeANPUATHAMY NIPeATiosiaraeTcst paBHOMEPHBI
B TeueHne cyTok. TOrAa 4acoBOH pacxoj BOAbl HA MPEANPHATHH Ne 1
Gup1=3600/24=150 m3/u=~41,6 n/c; Ha NpPELNPHATHH Ne. 2 Gupz=
=1200/24 =50 m%u~13,6 q/c.

Pacxofi BOJE! HA HY Kbl MECTHOH NIPOMBILIVIEHHOCTH G g == 2400/24 =
= 100 m¥/u =~ 27,8 alc.

Pacripefieledrie  PACXOfOB BOIbl Io dYacaM CYTOK TIPHBENEHO
g Tabn. VIIL.1.

AHasina COBMelleHHbIX rpadMKOoB 10/jaul H ITOTPebJieHHs1 BOJIbL TIOKa-
sbIBaeT, uTo o6beM peryJmpymolueil emrocts (6aka GaliHK) COCTaBHT

Wp.e=0,01-2,7-34 200=930 M3,

Pacxojl BOJH Ha noxapoTymente. s Topoa ¢ UuCIOM XKuTenei
N = 90 Tbic. UeJl. i 3aCTPOHKOIl LOMAMH BLICOTO# B TP 3Taxa M BhHIIE,
COrJIACHO aHHBIM Ta61. 1.2, pacXof BOABI Ha OZHH T0KAap paBeH 35 alc,
pacyeTHoe YHCJIO OIHOBPEMEHHBIX IMOXAPOB PaBHO 2.

Ilns npennpustust Ne 1, xapaKkrepHsYIoLIerocs 111 crenexvto orue-
CTOKOCTH, KaTeropueil B pousBozicTBa 10 Mo&KapHOI ONACHOCTH, 06D~
€MOM HaHGOJbILIEro 3faHKA 18 ThC. M® H IIOLA/IbI0 TepPHTOPUH MeHee
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Ta6nuua VIILI
x PacxoZl Ha X0 & EI§ Pacxoj npe, Cymm: i g gé 2 -
2 sstitcTeenno- (28 2 # npnamem.pmglu );Jac?(g;b’ §§ E.':’ o §
7 | murvesvie wyx-| > G E 23S | 8¢ | 82| £
z N - 1 S8 |85 |28 |88
g | ———(g¥=E] N o 0 %
& % l o/ EESE o 1 Ne 2 M2 /u % %
0—1 | 3 810f 100 | 150 | 50 {110 3,3 | 2,6 {— |0,710,1
1—2 | 2,3 [ 620 100 | 150 | 50 920 2,7 | 2.6 | — |O.,1]0
23] 1,6 | 430| 100 | 150 | 50 730 | 2,1 | 2,6 |0,5] — |0.,5
3—4 | 1,5 405) 100 | 150 | 50 7051 2,1 2,6 05| — |1
45 [ 2,1 | 565| 100 | 150 | 50 865 | 2,5 12,6 0,0 — [1,l
56 | 2,7 | 730 100 | 150 | 50 [ 1030] 3 2,6 |— [0.4]0,7
6—7 | 3,9 | 1050 | 100 [ 150 [ 50 | 1350 { 4 48 10,8 — [1,5
7—8 | 5,5 | 1290 | 100 | 150 | 50 |1790] 5,2 [ 4,8 | — | 0.4 1,1
89|53 [1430] 100 | 150 | 50 | 1730 | 5,1 | 4,8 [— 10,3]|0.8
9—10{ 5,2 | 1400 | 100 | 150 | 50 | 1700 { 5 4,81 — 10,2]/0,6
10—11) 4,9 | 1320 | 100 | 150 | 50 | 1620 4,8 | 4,8 |0 0 0,6
11—12] 4,1 {1110} 100 | 150 § 50 | 1410] 4,2 {1 4,8 [ 0,6 — | 1,2
12—13] 4,6 {1240 f{ 100 | 150 | 50 | 1540 | 4,5 | 4,8 {0,3) — | 1,5
13—14| 4,9 [1320| 100 | 150 | 50 j1520 | 4,8 | 4,8 [0 0 1,5
14—15| 4,8 | 1200 | 100 | 150 | 50 | 1590 | 4,6 [ 4,8 | 0,2 | — | 1.7
15—16{ 4,7 | 1270 | 100 | 150 | 50 {1570 { 4,5 [ 4,8 { 0,3 — |2
16—17] 4.4 | t190 | 100 | 150 | 50 | 1490 | 4,3 | 4.8 | 0,5} — [ 2,5
17—18| 4,8 | 1200 | 100 { 150 | 50 {1590 ] 4,6 [ 4.8 | 0,2 | — |27
18—191 5 1350 | 100 | 150 | 50 [ 1650 ] 4.8 | 4,8 | 0 0 2,7
19—20| 5,4 | 1460 | 100 | 150 | 50 1760 | 5,1 | 4.8 | — [0.3[2,4
20—21| 5,9 [ 1600 | 100 | 150 | 50 | 1900 | 5.6 | 4,8 | — [0,8]1,6
21—22] 5.5 [ 1490 | 100 | 150 | 50 | 1790 | 5,2 | 4,8 | — 0.4 {1,2
20-93| 4.4 | 1190 | 100 | 150 | 50 | 1490 | 4,3 | 4.8 |0,Bf— | 1,7
93924] 35 | 950 | 100 | 150 | 50 |1250 | 3,7 | 2,8 | — |0,9]0,8
Wroro| 100 [27000 | 2400 |3600 | 1200 [34200 | 100 | 100 | 4,5 [ 4.5 | —

150 ra, pacXof Ha ofuH noxap pasen 20 a/c (cM. Ta6a. 1.3), pacuetHoe
HCJIO OHOBPEMEHHBIX MOXKapOB paBHo 1.

Ons npeanpusitnsi Ne 2, xapakrepuayiomerocsi 11 crenespio orse-
CTOHKOCTH, KaTeropHeil B MPOM3BOACTBA 110 MOXKaPHOH OMacHoCTH, o0b-
eMoM Haubosbiero sfanus 40 TeiCc. M® M ILICLWAALIO TEPPUTOPHH MeHee
150 ra, pacxof Ha ofiuH noxap pasex 20 n/c (cm. Ta6a. 1. 3), pacueTHoe
YHCJIO ONHOBPEMEHHEIX [0XKapoB pasHo 1.

PacyeTHOe YHCIO ORHOBPEMEHHBIX N03KapoB AJls oGbeiHHEHHOr o Mpo-
THBOMNOMAPHOIO BOXONPOBOAA IOPOfid U MPOMBILLIEHHBIX npenpHsTHE,
cornacio CHull 11-31-74, pagHo TpeM: /ipa Moxapa ¢ PacXofoM BOAH Ha
X TylueHue o 35 n/c B ropoJie W OiMH TIOXap ¢ PacXoloM BOJbl Ha €ro
Tymenne 20 a/c va npennpusTHH. CilefoBaTeNbHO, TONHEL pacyeTHEIH
Pacxofl Ha MOKapoTyLIeHHe Qqoy = 35:2 + 20 = 90 a/c.

PacuerHasi IPOJOIIKUTCILHOCT oXKapa paBHa 3 4.

TpaccHpoBKa MarHCTPa/IbHOH CETH FCPOJCKCro BOZONPOBOAA. B ka-
yeCTBE HCTOUHHKa MUTaHHUsA BHIGpana peka. Mecto 3abopa Bojibl HaMeueHo
NPUGNH3HTENBHO B 2,5 KM BHILIE TOPOJi@ 110 TeYEHHIO PEeKH. Bonosabop-
HOe CoOpY¥KeHHe COBMeLIeHo ¢ HaCocHoil cTannuell 1 nopbema. Bonusu
oT BORO3aGopa PacloJioKeHb! TaKiKe OYHCTHEIE COOPYIKeHHsl, pesepBy-
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apel 4uCTOM BOAB! M HacocHas craHuMs Il nmoamema. Ot HacocHol
crauuuu 11 noabema Boja nofaercst B ropos 1o AByM BOJAONPOBOAAM.

Ha teppuropun ropoza ryiaBeble MarucTpaJjH BOLOTNPOBONHOH CeTH
(B KO/IHUECTBE YeTHIPEX ) TPACCHPYIOTCS 110 OCHOBHOMY HallPaBJIeHHIO IBH-
JKeHHs BOIH! C I0ro-3aflafia Ha ceBepo-BocTOK (06yC/IoBJeHHOMY (opMoit
TePPUTOPHH ropola). MarucTpalH COeIMHSIOTCS NepeMbluKaMu, ofec-
NeuUBAIOIHMH MepepaclipefieieHe BOIH MeXAy MarucTpajiiMH INpH
aBapHH Ha HHX.

OcHoBHasi MarucTpalibHast ceTb NpoeKTHpyercst M3 12 Kosnen. Kpome
TOro, /sl O6C/Y }KHBaHHUS TPYNN KBaPTasioB, PacloOXeHHHX B BOCTOY~
HO¥ 4aCTH ropojia, NPeLyCMOTPEHO [iBa NOTOJHUTENBHBIX MarucTpasib-
HBIX KOMblid, MPUMBIKAIOIKX K OCHOBHOH MarHCTpajibHOH CETH.

Tpomsiunientsle npeanpustus (Ne 1 v 2) noayuaror Bosy H3 ropop-
CKOIl CeTH Jyist X035 HCTBEHHO-ITUTHEBHIX, IIPOM3BOICTBEHHBIX H MPOTHBO-
MOXKaPHHIX 1esiell OT y3J10BbIX ToueK 2 M 7.

CyMmaphas IJIHHA MarHCTpasbHOl cetH cocraBisier 20 130 m.

Pacnipenesutenbrasi CeTb COCTOHT H3 JIMHHUMH, NPOJOXEHHHX 110
BCEM YJIHIIaM M TPoe3jiaM ropojia M NPHCOSAHHEHHBIX K MarHCTpanbHOM
CceTH.

OnpefiesieHHe HArpy30K CETH JJIS OCHOBHBIX PACYETHBbIX CJyyaes.
PexuM pacxofioBaHusi BOAH M3 CETH JUlsl pacueTHBIX CYTOK ONpefessi-
€Tcs CyMMapHEIM rpadukom Boponorpetienus (tabn. VIIL.1, nunus I Ha
puc. VIIL5).

Jlns paccMaTpHBaeMoro ropofiCKoro BOAONPOBOAa HaMeualoT rpa-
¢uK pabotet Hacocos II momvema, HsoOpaxenuolt Ha puc. VIILS

5 3ak. 385 12t



Ta6aunna VIIL2

VuacTok Jauna I, M VuacTok Hanua I, m YuacTok Jnpna I, M
1-2 1000 1—13 850 11—19 330
2—3 670 13—14 890 3—14 400
3—4 560 14—15 800 14—18 330
4—5 950 15—16 300 9—18 550
5—6 250 16—17 170 4—15 260
6—7 900 17—18 700 —17 350
7—7 200 18—19 950 8—21 430
7—8 400 19—20 200 6—16 650
8—9 380 20—12 650 5—15 800
9—10 500 10—21 830

10—11 800 21—7 1050

11—12 950 2—13 500

12—1 300 13—20 280 Z1=20130m

saunueit 2. I'paduk npunsar asyxcrynenuareM: ot O 1o 6 u u ot 23 no
24 4 HacoCH! OJIKHBI [0[@BaTh B ceTb 2,6% pacyerHoro CyMMapHOro
pacxopa ¥ ot 6 10 23 u — 4,8% Q. Takum o6pasom, 3a CyTKH TOPOA Ho-
aryunt 1009% pacueTHOro CyTOUHOTO pacxofia.

B paccmaTpuBaemoM npumepe cerb Garofapsi pacnosioxeHHio Gam-
HH B NPOTHBOMNOJIOKHOM KOHIlE TOpPOia B 4achi HaHOOJBLIErO BOAOMNOT-
pebienusi Gy et MUTATBCS C IBYX CTOPOH (T. €. MBI HMEEM CHCTEMY C KOH-
TppesepByapomM). OCHOBHEIMH PaCUETHBIMH CJIyyasiMH Ji71si TAKOH ceTH 6y-
HyT: a) paboTra B yac HauboJbliero Boponorpebaerus; 6) pabora B yac
HauOGoJIbIIIEro TPAaH3UTA BO/b! B GallHIO.

Cnyuait HaubGoapmero sofonorpebaenus Us
tabn. VIII.1 u puc. VIIL.5 MoxHO ycTaHOBHTD, 4T0 HaHGOJIBLIEE BOJIO-
notpebJjieHye TNPHXOAWTCS Ha NPOMeXyToK BpeMeHu ot 20 go 21 u.
B ator uac ropon norpebnsier 5,6% Quaxes T- € Guaxec = 5,6-34 200/
/100 = 1900 M*/u = 531,2 si/c. Vs HHX Ha HYIKIB! HaceJleHHs! TOPoOia
pacxoayercsi 1600 m%/u (448 ni/c); na npeanpusituu Ne 1 pacxopyercst
150 %/ (41,6 n/c); na npennpustir Ne 2 — 50 M3/ (13,8 1/c); Ha Hy K-
Il MecTHOH npombiiuiennocts — 100 M*/u (27,8 ai/c).

B coorBercTBUH ¢ npejpapHTeNbHO HaMeueHHBIM IpadukoM paGoThl
HacocoB, Tofaua BOAbl HacocHOH craHuueil II noxrema B 3TOT wac co-
cragsieT 4,8% Quae, T- € Q = 1640 M*/y =~ 455,5 a/c.

CrenoBatedibHO, B yac HauGoJbllero BoAonotpeGieHHs BOACHAIIOP-
Has 56aun;;1 JloJXHa TojlaBaTh B ceTb HepocTatomue 531,2—455,56 =
= 75,7 alc.

Cnyuaii nauboapwero tTpaHsurTa. Haubonbumii
TPaH3HT BOJIbl B GALLHIO NPH MAKCHMAJIBHOH NoJlaue BO/bl HACOCAMH Mpefi-
rojiaraercsi B IPOMeXKyTOK BpeMeHH ot 6 fio 7 4. B stor yac ropopn no-
Tpebaser 4% Quaxes T- €. go—7 = 1350 M*/u = 379,8 n/c. s Hux Ha
HYX]IBl HaceJleHHsi Topofia pacxogyercsi 1050 m%u (296,6 n1/c); Ha npen-
npusituu Ne 1 pacxopyercs: 150 Mm%y (41,6 a1/c); Ha npegnpusitun Ne 2 —
50 m%yq (13,8 s/c); Ha HyXabl MecTHO#H npombiuLteHHOCTH — 100 M%/y
(27,8 alc).
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Ta6auna VIL3

Somnbale]
g TipHMbIKaloBe YIaCTKH B, m %ﬂ:ﬁ; npu
5 Bofionor- | TpansnTe
= pebieHBy
1| 1—-2; 1—12; 1—13 1000}-300~-850=2150 25,4 17,3
21 1—2; 2—-3; 2—13 1000-}-670-}-500=2170 25,7 17,5
3| 2—-3;, 3—4; 3—14 670-}-560-+4-400=1630 19,3 13,2
4| 3—4; 4—5; 4—15 560-}-950--260=1770 20,9 14,3
5 4—5; 5—6; 5—15 950~-250--800=2000 23,6 16,1
6| 5—6; 6—7; 6—16 250-1-900-}-650=1800 21,3 14,5
7\ 6—7;7—7; 721 900~-200-1050=2150 25,4 17,3
7 77 7—17; 7"—8 200-4-350-}-400=950 11,2 7,6
8| 77—8; 8—9; 8—21 400--380--430=1210 14,3 9,8
9| 8—9; 9—10; 9—18 380-4-500--550=1430 16,9 11,5
10 | 10—21; 9—10; 10—11 830-}-500--800=2130 25,2 17,2
11| 10—11; 11—19; 11—12 800-{-330-1-950=2080 24,6 16,8
12 | 1—12; 11—12; 12—20 300-}-9504-650=1900 22,4 15,3
13 | 1—13; 2—13; 13—14; 850--500-{-890--280=2520 29,8 20,3
13—20
14 | 13—14; 3—14; 14—15; 890-1-400}-800-}-330=2420 | 28,6 19,5
14—18
15 | 14—15; 4—15; 5—15; 800-+260-800-}-300=2160 25,5 17,4
15—16
16 | 6—16; 15—16; 16—17 650--300-4-170=1120 13,9 9
17 | 16—17; 17—7°; 17—18 170--3504-700=1220 14,4 9,8
18 14—58; 17—18; 9—18; 330-}-700--550-1-950=2530 29,9 20,4
18—19
19 | 18—19; 19—20; 11—-19 9504-200--330=1480 17,5 11,9
20 | 19—20; 13—20; 12--20 200~-280-+650-=1130 13,4 9,1
21 | 7—21; 8—21; 1021 1050--430-830=2310 27,3 18,6
Hroro 475,8 324,4

I'lpunsitasi, cornacHo rpaduky, nojaua BoOIbl HACOCAMH COCTABJISET
4,8% Quaxc» T- € Q; = 1640 M*/u ~ 455,5 n/c.

Taknm 06pasoM, KoNM4ecTBO BOAB!, NPOXO/SIIEE TPAH3UTOM yYepes
cers B Oaiinio, coctaBut 455,5—379,8 = 75,7 a/c.

BriyKciienye y3J10BBIX PACXOJIOB [ OCHOBHBIX PaCYETHBIX CJIyuaeB.
Cxema oTGopa BOIBEL U3 CETH NpPelyCMaTPHBAeT OTGOPHL IBYX THIIOB:

a) (akTHyecKHe y3JoBBle PacXofibl B Toukax 2 (npeanpusitue Ne 1)
u 7 (npexnpuarue Ne2), a TakKe B pACYETHBIX [OKAPHBIX TOUKaX (IpH
NpoBePKE CETH Ha NPONYCK NoXkaPHOro pacxoa);

6) yClIOBHO NMpHBeJieHHBlE K Y3JIOBBIM IyTeBble PACXONbl YUACTKOB
Ha XO03AHCTBEHHO-TIHThEBbIE HYXK/Bl HaceleHHsl Opoia H Ha HYKIH
MECTHO#! P OMBILVIEHHOCTH, a TaKKe HEYYTeHHbIe PACXOJIbI.

Ins yaca nambonetilero sogonorpebnenus (20—21 u) yuenpHblii pac-
XOJL BOJB! COCTABJSIET:

Gyu = mtlun _ MILITE _ 0936 s/(c-m).
LinuHBl y9acTKOB MarMcTpadibiol ceTy npupeneds B tabn. VIIL.2.
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IlyreBoft pacxon yuactka Qp = Gyl YcnoBHBIH yaaoBoil pacxor
YYacTKOB MOXHO ONPEeNIUTh 1O BbPaXeHHIO Quy, = 0,5 Q. [pn
STOM CyMMHpOBaHHe pacpOCTPaHsAETCs Ha BCe YYaCTKH, NPHMbIKAIOIHe
K JIAHHOMY Y3J1y, T. €.

Qyan=0.5¢y5 31,
HITH Qyan=0,5-0,0236%1 =~ 0,01 1831.

PesyJIbTaThl pacuera yC/IOBHBIX Y3/OBHIX PACXONOB NpHBEAEHH B
Ta6a. VIII.3 1 Ha puc. VII1.6 u VIII.7.

Kpome yKasaHHBIX pacxofio NPH HauGO/bLIEM BOJlONOTpe6JIeHHH OT-
GHpaloTCs B OTAE/BHEIX y8JaX cyeflyiomye GpakTHYeCKHe COCPeoTOYeH-
Hble pacxompl: mpennpusitHeM Ne 1 41,6 a/c (ysen 2); mpeanpusTiem
Ne 2 13,8 n/c (ysen 7). Bcero B BHAe COCPeNOTOYEHHBIX pacxofioB H3
cetet otGupaercsi 41,64-13,8 = 55,4 a/c, uto B CyMMe ¢ paBHOMepHO pac
npejeneHHBIMH pacxonaMH coctasHT 475,8-+455,4 = 531,2 a/c, 1. e
TOJHBIH PaCXOR BOABL TOPOOM B YaC HAHGOJIBLLETO BONOMOTPE6IeHHS.

Ins cayuas HauGosbluero TpansuTa (ot 6 10 7 u) MosIHOE KoMHYecT
BO BOJIBL, pacxonyemoii roposioM, paeHo 379,8 a/c. Us nux Ha Hy»ubl
HaCeJIEHHs IopoJia H Ha MECTHYI0 IIPOMBILIIEHHOCTE pacxonyercs 296,6-+-
+ 27,8 = 324,4 n/c. OcransHoil pacxon, pasebiii 379,8 — 324,4 =
= 55,4 a/c, pacnpesiesied MeXLy NPOMBIILIEHHBIMH NPeAnpUATHSAMH CJle-
aytomumM obpasom (cM. tabn. VIII.1): mpenmpuarmio Ne 1—41,6 a/c,
npexnpusAThio Ne 2—13,8 a/c. D1 pacxofibl HameyalOTCs B BUJle COCpe-
JIOTOUEHHBIX B Y3JIOBbIX TOUKaX 2u 7.

OG6bMHO NPHHUMAIOT, YTO YAe/bHble PacXOAHl (a CieloBaTeNbHO, ny-
TeBble H Y3JI0BblE PaCXofibl) H3MEHSIIOTCS P ONOPLHOHAJBHO H3MEHeH HIO
TIOJIHOTO PACX0Jia BOMLI HA HY X/Ibl HaCe/IeHHA FOPOJia, BKJOUas X03AHCT-
BEHHO-MHTREBBIE HYXK/Ibl U HYX/ibl MECTHO# [IPOMBIILIEHHOCTH. B cBsAsH ¢
STHM BCE YCJIOBHBIE Y3JI0BblE PACXObl [JIA Clyyasi HaHGOJBLUEro TPaH-
3HTa MOTYT GHITb ONpE/IeeHbl O 3HAYEHHSIM YCOBHBIX Y3JIOBBIX pac-
XOJIOB, BBIMHC/IEHHBIX JUIsi CJIyYasi HAHGONBIIEro BOAONOTPEGIEHHS, Y-
TeM YMHOXEHHS HX Ha OTHOLleHHe 324,4/475,8 = 0,682. YcsaoBHbie y 3-
JIOBblE PACXONbL JUIAA C/lyYasi HaHGOJIBIIEro TPAHSHTA TAKKE NpPHBEJEHH
B 1aba. VIIL3.

Mpensaputensroe mnorokopacmpenenenne. Ha cxeme, npupenexHod
Ha puc. VIIL.6, naHo npeppaputeibHoe pacrpesieieye pacXofoB Mo
JIHHHSM CeTH JJ1s1 Clyyas HaHGOJbLIEr0 BOAONOTPe6/eHHS, a Ha CXeMe
puc. VIIL.7 — s cnyyast HauGosbIIero TpaH3HTa Bofsl B GamiHIO®.

Tpu HasHaueHHH CXeMBI pacripeJie/ieHHs! IOTOKOB YUHTHIBAIOT TPeGo
BaHHe obecreyeHHn GecnepeboHHOCTH nogayy BOAB! norpeburensM. Has
STOrO BOAY OT TOYKH IPHCOEJMHEHHs] BOJOBOJOB K CETH PACHpENeNAT
TIO OCHOBHBIM MarHCTpafbHEIM JHHHSIM NIPUMEPHO PaBHBLIMM NOTOKAMH,
UTO rapaHTHPYeT B3aHMO3aMeHIEMOCTh STHX JIMHHII NpH aBapHsax. Kak
y¥e YKasblBaJloch, B IaHHOH CeTH OCHOBHBIMH SIBJISIOTCH YeTbIPE Mar-
crpamu: | — 2 — 3 —4—5; 1—I18—14—15—5; 12— 20—.

* Ha pucyHKaX OKOJIO CTPEJIOK B y3NaX yKa3aHbl BeTHUHHbBI 0TGOPOB BOJL
Yy GonbuiMX CTPenoK (yank 2 u 7) — COCPEAOTOYEHHbIE OTGOPH! BOABI AJIS NPO-
MEIUIEHHBX NPEANPHATHH; UNPPH HA JHMHAX CETH — pacyeTHHIE pPacXOAH
yuacTKOB, J/c.
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19 —18—17 —16—6-—5;, 12— 11 —10—9—8—-7 —7—
6 — 5. Jluuus 10 — 21 — 7, orpanmyusaiomias X/ u VII konvua, siB-
NISIETCS BTOPOCTENEHHOH 1 HECeT MEHBIUYIO Harpy3Ky.

IlpenBapurenbHoe pacnpejeneHre NOTOKOB BOfbl  NPOH3BOIMTCH C
cobaiofieHreM nepeoro 3akoHa Kupxroda. O6mas nopaya Bofb! Hacoca-
mu 455,5 a/c pacnipejieneHa Mo BOXOBOJAM clelyomuM obpasom: 227,5
/e x yany 1w 228 n/c K yaay 12, yTo no3BoJisieT H3MEPATb PACXOfbl PH
pacueTe C TOYHOCTBHIO [0 JIECATHIX .

Io Kaxpmomy yany nocruraercs GanaHc pacXonoB, NPHXORSAILINX H
YXONSAILMX OT HEro, M y3JI0BOro pacxofia (OTHABaeMoOro norpeGuTesm).
Hanpuwmep, B yac HauGosnbiero TpaHauTa:

nns yana 1
NPHTOK . . e« e e e e« s a w 2215 g/
OTBOA 1O yqacmam
— z S § (1 I
1—13 . .. e . . . . . . 1000 »
oT6op (ys.nosoﬁ pacxon) S 4 Y
Bcero . . e e e e ... 2275 afc
aJst yana 13
NPHTOK MO y4YacTKaM:
—13 . . . . . . . . . .« .+ . . 1004/
3—20 . . . . . . . . . .. 3 »
Bcero Sl e e e e e« o« . . 108 g/c
oTBOJ 10 yqac-rKaM
. . . . . . L o . 19 afc
13—14 ol - e I )
or6op (ysnoBoi pacxon) e e e e e e .. 203 >
Bcero . - e+ . . . . . . . 108 g/

Tpu nepBoHayanbHOM pachpelesieHIIH PACXONoB Asl Clyuasi IBY CTO-
POHHEro NHTaHMs ceTH 06pa3yeTcs TPaHHIA 30H NUTAHHS QQ OT HACOCOB
U or 6amHH. B npouecce yBA3SKH CeTH B pesyJibTare nepepacipejene-
HH5l PACXOJIOB NOJIOXKEHHe IPaHHLE MOXKET H3MEHSIThCS.

C yueToM BceX H3JIONKEeHHBIX B V1. 1V cooBpakeHHH [/l pacCYMTHI-
BaeMOH KOJbIIEBOE CEeTH TOPOACKOrO BONONPOBOAA HaMeueHOo NpeiBapH-
TeJbHOE pacnpefie/ieHHe MOTOKOB BOJIb 1O CETH JIJ15 IBYX OCHOBHBIX pac-
YETHBHIX CJlyyaeB H TeM CaMbIM HaHJeHB! 3HaueHHsi PacyeTHBIX PacXofoB
BOJ bl JIIAl BCEX YYaCTKOB ceTH (YKasaHbl Ha CXeMaX y KaXKJoro yyacrka
ceTH).

OnpejiesieHHe AMAMETPOB YUaCTKOB ceTH. JuaMeTprl Tpy6 JuHUI ce-
TH C KOHTPpe3epByapoM ONpEJeNsiioT B COOTBETCTBHH C HAaMeYeHHBIMH
pacyeTHHIMH PacXo[iaMH IO OTACJBbHBIM YYacTKaM ¢ yuyeToM TpeGoBaHHH
HaJleXKHOCTH H 5KOHOMHuYHOCTH (cM. ra. V).

B KayecTBe OCHOBHOTO PacyeTHOro ciyuasi NPH ONPeNeieHH! nHa-
METPOB NPHHAT HAaHOONBIIME TPAH3UT Boxbl B GawuHio. OpHaKo B OT-
HENBHBIX CIyYasiX M 1Sl OTAEJBHBEIX YYacTKOB HEOGXONMMO YYHTHIBATH
pacueTHbIe pacXofibl B HHX U IIPH paboTe ceTH B Yachl HAHGOJbILETrO BOJIO-
norpebGneHus.

OKOHOMHYECKH HaHBHITOIHEHIHI nHameTp onpefensiercs no Gopmy-
ae (IV.2).

Ins HenocpencTBeHHOro no6opa CTaHAAPTHBIX NHAMETPOB HCIONb-
30BaHbl TaGJHIB NPeJ eNIBHEIX S5KOHOMHYECKHX pacxofios (cMm. npui. I)
TIpH 3KoHOMHyecKoM ¢a KTope 3 = 0,75 (ans pacxonos B M%/c).
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Ta6aunna VIIL4

Qx; 3/ ax, 3
VYuacTok Pa;:g;g;m *ip T & - /-QX"’ d. MM
G /e %n % ""”‘"ikl/ 9
1—2 110,2 { 0,25 1,1 1,0t 111,2 350
1—13 100 0,25 1,14 1,045 104,5 350
12—20 100 0,25 1,14 1,045 104,5 350
12—11 112,7 10,25 0,99 0,997 115,5 350
19—20 87,9 [0,25 1,3 1,09 95,8 350
10—11 107,9 | 0,25 1,06 1,02 110 350
2-3 70,1 0,2 1,3 N 76,4 300
13—14 63,7 10,2 1,43 1,13 300
18—19 64 0,2 1,42 1,12 71,6 300
9—10 63 0,2 1,45 1,13 71,2 300
1021 27,7 10,2 3,55 1,53 39,3 250
3—4 47,9 10,2 1,91 1,24 59,4 250
14—15 47,7 | 0,2 1,91 1,24 59,1 250
17—18 42,1 10,2 2,16 1,29 54,4 250
8—9 58,5 10,2 1,56 1,16 67,8 250
7—21 17,4 10,2 5,24 1,74 30,3 200
16—17 27,1 | 0,2 3,36 1,5 40,6 250
77" 38 0,2 2,4 1,34 50,9 250
45 28 0,25 4,07 1,6 44,8 250
5—15 29 0,25 3,93 1,58 45,9 250
6—16 25 0,25 4,56 1,66 41,5 250
6—7 24,3 10,25 4,7 1,75 37,4 250
87’ 40,4 0,2 2,26 1,31 53 250

Jins BosMOXHOCTH MNosb3opanust dopmynamu (IV.2) u (IV.6) me-
00XOIMMO NepBOHAYANBHO HAMETHTb 3HAYEHHS] BEJIMUYMH X;p. [Ipums-
Toe pacnpejie/leHHe X;; MIoKasaHo Ha cxeme puc. VIIIL.8. PacyeTHble faH-
Hble JIsl Ha3HaueHHs JMaMeTPOB MaricTpaJibHbIX JIHHHI NpHBELEHH B
Ta6n. VIIL.4.

JuameTprl OTAENBHEIX y4aCTKOB, PACTIOJIOKEHHBIX NePNEHAMKYIAPHO
HaNpPaBJIEHHIO OCHOBHBIX MNOTOKOB BOIBI, — NepeMblueK — Noa6uparoT
110 KOHCTPYKTHBHBIM COOGPAKEHHsIM, YUHTbIBAsI BO3MOKHYIO HX paboty
B ciyuae aBapuu. Mcxosisi M3 3THX cooBpamenuii HasHaueHbl THaMeTPhl
Tpy6 Ans yuactkos [—12; 2—18; 18-—20; 19—11; 3—14; 14—18; 18—
9; 4—15; 15—16; 16—7; 17—7'; 8—21, nokasannble Ha puc. VIIL.8.

OnpeJiefieHne rUAPaBAHYECKHX CONPOTHEBIEHHH yyacTkoB. B cootser-
CTBHH C NPHHATHIMH JHAMETPAMH JIMHHH BBIUHCJIEHE! 3HAYEHHS! TUAPAB-
JIMUeCKHX COMPOTHBJAEHHE S [l ClyuaeB pacueTa CeTH Ha HaHGOJb-
it TPaH3uT ¥ HauGosbiee BofonoTpebaene (tabn. VIIL5).

TpenBapurensnblii NOXGOP HACOCOB H ONpejesieHHe BHICOTHI GaluHH.
HTo6Bl paccYHTATh CHCTEMY HACOCHI— CeTh —— GalluHsi (KOHTppe3epByap)
TP COBMECTHOH paboTe, HeOOXONMMO NPeIBapUTENLHO B NEPBOM MPH-
G/KeHHH ONpPeJeJHTh OCHOBHBIE HapaMeTphl HacocoB (Qy, f1,) M BhI-
6paTh HauboJiee TOAXOASIUME HACOCHI M3 YHC/A HM3rOTOBJIfEMBIX NPO-
MBIILIJIEHHOCTRIO. Jlaisi onpenenends TpeGyeMoro Hamopa HacoCoB
HonXHa ObTe Ha3HayeHa npelBapHTeNbHO BBICOTa OamlHH (KOHTP-
pesepByapa) uJH, TO4YHee, pacueTHast OTMeTKa IHa 6aka u ero Bhl-
cora.
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Puc. VIILS

OpHeHTHpY sich Ha IIpeJiBAPHTENBHO NPHHATEI rPadK nofayH BogEl
Hacocam (cM. puc. VIIL.5), npunnmaem Pacxon, nofiapaeMblil HacoCHOM
CTaHWMeH, OfIMHAKOBEIM Il OGOMX pacyeTHbIX CIyYyaeB M paBHBIM
455,56 a/e. Torpa pacxon Ha OIHY JIHHHIO BOIOBOJIOB COCTABJISIET
455,5:2 ~ 228 n/c.

B coorsetcTBHH ¢ TeM ke rpapukoM, B pacyeTHbIH yac HauGoJiblIe-
o BOJoNOTpeCIeHHs M3 ceTH oT6HpaeTcs 531,2 J/c ¥ M3 Gawmu
531,2—455,5=75,7 a/c.

B pacyernnii yac HauGosbiiero TPaH3MTa Topol noTpebsieT
379,8 n/c. CnenomatenbHo, B GalHiO nocrynaer 455,5 — 379,8 =
= 75,7 a/c, T. . pacXof 1o JHHHAM, COeJIMHSAIOLINM CeThb ¢ GamHel (Jiu-
HHH 5 — K), nonyymiIcs B JaHHOM Cly4Yae OfHHAKOBDIM.
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Ta6auna VIILS

Haubonblhfi TpaHIAT I
YuacToxk LM d, MM Sp- 10—8
q, ale v, M/c [ S=s4b! ¢ ajc v, M/c 6 S=s4bl
1—2 1000 350 0,0004365 | 110,2 | 1,13 1 0,0004365 | 102,1 1,06 | 1.02 0,000445
2—8 670 300 0,0009485 | 70,1 | 0,96 1,035 | 0,000658 50,8 0,7 1,085 | 0,00069
8—4 560 250 47,9 | 0,9 1,035 | 0,00147 21,5 0,43 | 1,185 | 0,00168
4—5 950 250 28 0,56 1,13 0,00272 8 = 1,41 0,00339
5—6 250 250 4,8 | 0,7 1,085 | 0,000685 38,1 0,76 | 1,07 0,000676
6—7 900 250 0,002528 24,3 | 0,49 1,15 0,00262 10 A 1,41 0,00321
7—7' | 200 250 38 0,76 1,07 | 0,000542 17,7 | o,35 | 1,24 | 0,000627
7'—8 400 250 40,4 | 0,81 1,06 0,00107 13,6 0,2 1.3 0,00132
8—9 380 250, 58,5 | 1,16 1 0,00096 41,9 0,8¢ | 1,05 0,00101
9—10 500 300 0,0009485 | 63 0,87 1,05 0,000498 39 0,53 1,12 0,00053
10—11 800 350 107,9 1,11 1 0,000349 89 . 1,03 0,000364
11—12 950 350 12,7 | 1,15 1 0,000415 | 105.6 1,06 | 1,02 0,00042
12—1 | 300 350 oSl 5 LD 1,41 | 0000185 | © a 141 | 0,000185
1—13 | 850 350 100 1,03 1 0,000382 | 100 1,03 | 1.08 0,000382
13—14 | 890 300 0,0n09485 | 3,7 | 0,88 1,04 0,000878 56,2 0,77 | 1,07 0,000904
14—15 800 250 0,002528 47,7 0,95 1,035 0,0021 31,6 0,61 1,1 0,00221




181

15—16
16—17
17—18
18—19
19—20
20—12
10—-21
21-7
2—13
13—-20
11—19
3—14
14—18
9—18
4—15
7'—17
8—21
6—16
5—15

300
170
700
950
200
650
830
1050
500
280
330
400
330

260
350
430
650
800

200
250}
300
350
as0)
200
300
250
250
200
200

200,
250}

0,008092

0,002528
0,0009485

0,0004365

0,002528
0,008092

0,0009485

0,002528

0,008092

0,002528

6,9

8.3

1,4

1,13
1,05
1,04
1,04

1,13
1,13
1,33
1,4
1,4
1,4
1,4
1,4
1,4
1,4
1,33
1,15
1,115

0,00342
0,000486
0,00186
0,000037
0,0000904
0,000284
0,00238
0,00958
0,00063
0,000372
0,000439
0,00142
0,00117
0,00195
0,00296
0,00399
0,00463
0,00189
0,00226

0,27
0.48
0,43

1,1

1,35

1,28
1,06
1,05
1,02
1,15
1,24
1,35
1,41
1,41
1,41
1,41
1,2
1,3
1,16
1,18
1,41
1,41

0,00268
0,00058
0,00226
0,000954
0,0000916
0,00029
0,00242
0,0105
0,00064
0,000374
0,000441
0,00143
0,00117
0,00167
0,00273
0,00328
0,0041
0,00232
0,00286



Pacuernas oTMeTKa nHa Gaka BOJOHAMOPHO! GalllHM Ha3HayaeT-
Csl M3 YCJIOBHSI HeOOXOIMMOCTH ofecredyeHHsi CBOGOIHOTO Hamopa
(npH MHHMMAJIbHOH BHICOTE CJIOSl BOJAB B 0ake) B HauGojee Hebua-
TONPHATHO PACIOJIOXKEHHOH TOYKe CeTH.

AHasii3 reofle3HYECKHX OTMETOK y3JIOB CETH B 30He MHTAHHS OT
GalllHH M MX yJaJleHHOCTH OT Hee (T. €. BO3MOXHBIX MOTEpb Haropa
OT HEX 0 GallHH) NOKa3aJl, 4To HanboJiee HeGJIaronpusITHOR TOYKOM
SIBJISIETCS y3eJ 5.

= — e

Huz

Hur

i —

x|
N N

Puc, VIIL9

Torna oTMeTKa pacrnoJioxeHus JHa 6aka GallHu:

26+ Ho=25+Hen +hp.6
#IIH He=Hep +hp.6-+25—26-

OtmeTkn MecTHocTH: 26 = 132 M; z; = 131 m (cm. puc. VIII.4);
OTMeTKa och Hacoca 113 M. 3ananHblfi cBoGonHEI Hanop B cetd Ho, =
=24 M.

Tlotepu Hanopa B IHHHsIX 5§ — B onpepnedsieM Io pacxony 75,7/2 ~
~ 38 n/c Ha onny auHuO giuHOH [ = 200 M 1 guaMerpoM d = 250 mm.

Mcnoneayst pacyetHble Tabiuubl ais 4yryHHBIX TPY6 [7], onpene-
qsieM hy g = 3,91-0,2= 0,78 m. Torna

Hg=24-0,784131—-132=23,78 =~ 24 M,

Bruicoty 6aka GalHu g MpEHEMaeM OPHEHTHPOBOYHO PaBHOM 4 M.

Hanop, cospaBaeMblit HacocoM B yac HauGOJBILETO BOAOHOTpeGIie-
aust (puc. VIILY):

HH]:Zﬁ’|‘Hﬁ_hR.ﬁ+Ehc[+hB.H_zn

M Halop Hacoca B yac HauGOJBLIEro TpaH3uTa .

* B Bopaxennn st Hy,j NPHHEATO NOJIOBHHHOE HaNOJIHeHHe 6aKa GallHy.
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H oy =26+ Ho~+0,5h6+ hp.6 4-Zh 4 hy s —2n.

HewuapecTHBIME 31eCh OCTAOTCHA MOTEPH Hallopa B BOLOBOJAX OT Ha-
COCHOI! CTaHIMH [0 TOYKH NPHCOEIHHEHHUS UX K ceTd K., U NOTEPHU B
CeTH 1511 OOOHX PACYETHBIX CJyYaeB.

To BozoBOnAM NopaeTcs NOCTOAHHBII pacxon 455,5 ni/c; niHHa BoLo-
BoJioB coctasJset 3300 M u guamerp ux d = 500 mm. [Tpu 510M cCKopocThb
v = 1,16 M/c, nonpasounsifi kosppHLHeHT Mo Taba. 4 npun. 11 6yner
8 =1,01.  Comporupsenne S = 0,06778 - 1,01-3300 - 10-¢ =
= 0,000225 (a1 onro# nunHuy). [l ABYX Napajie/ibHO BKJKOUEHHBIX
JIUHUH BopoBoma S, , = S/4 =
=0,0000562. Iotepu Hanopa ki, ;= 79
=8, Q4 =0,0300552- 455,52= \2
=118 m.

HeoGxomuMo ykasate Ha oo
yrpotlleHHe CXeMbl CeTH, MpHHS-
Toe B JajbHeHIHX pacyerax.

IlBa BoNOBOAA, MOZAMOLIKE BO-
Jly OT HACOCHOW CTaHLUH, NpHCOoe-
JHHEHBI K IBYM Y3J1aM ceTH — [ U
12. Y4actoK ceTH MeXpy 3THMH
ysnaMH ipu  oObl4HOl pabote cH-
CTeMbl HeceT OYeHb MaJslylo Ha-
TPY3KY, 00yC/oBAeHHYI0 HeKoTopol acHMMeipueit ceri. Ero amametp
onpenesieTcsi B OCHOBHOM To# HarpysKoil, KoTopasi MoXeT HOSBUTBCS
TPH aBapHH OJHOTO M3 BOJOBOIOB MM OJIHOH U3 MArUCTPaNbHBIX JH-
HUH ceTH, MPUMBIKAIOWUX K y3aam [ u 12.

Ipu BHemHel! yBsisKe ceTH YZOOHO coBMecTuTh y3abl [ u /2 B onHokl
Touke A (puc. VIIL.10) i cumrars, ute K 370l TOUKe NPUMBIKAIOT 06a
BOJIOBOJIa H BCE YeThipe Marucrpanu — I[—2, [—183, 12—20 u 12—11.
Ha rounocru pacyera 310 NpakTHYeCKH He OTPaXKaeTCs, TaK KaK NOTepH
Harlopa B nunuH /—J2 npy-HopMaJibHOH pabote KpaiiHe MaJbL.

Totepy Hamopa B CeTH NMPH PacyeTHOM TPaH3HTe BOIB! B GalIHIO
onpefiejeHbl MPHO/IKKeHHO 10 NPeBapHTEBHOMY paclpeieeHuio pac-
XOJ10B BOJIbI 110 CETH (C YZOBJIeTBOPEHHeM TOJbKo NlepBoro 3akona Kupx-
roda). Jlnsl OCHOBHEIX GeThpex NapasjeNbHO MIYIUX Maructpadeti,
COEHHAIINX HAYAJNBHYIO TOYKY CETH C TOYKOH §:

Sy g 5 g 5=5,3+83,24+33612,13-214,03 m;
Shp_ 15— 14155 —3,824-3,56--4,781-1,9=14,06 u;
Shp_ 30 19— t5—17—65=2,84+0,7+3,84-+3,310,3641,18}
+4-0,83=13,05 m;
Zhp_g1—10—9—8—7"—7—5—5=5,26+4,05+1.98+3,28-}
-+1,75-+0,7841,55-}-0,83=19,49 M.
CnenoBarensHo,
Zhe.cp=(14,03+4-14,06 + 13,05--19,49)/4=15,16 M.

Ilnsi onpenesienus MOTepb HANOPA B CETH IS CYYast HAHGOIBIIETO
BOJIONOTPeGNeH sl BBIYHC/IACTCA CPeNHAs PeJNHYMHA aJre6paHyecKux

Puc. VILIO
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CYMM HOTePb 10 TeM e YeThipeM MArHCTPaJIsM:
Shy_ g g 5=4,651,7840,78—0,22=6,99 1
Sy 15— 14—15—5=3,82+2,851-2,93—0,1 =8.8 m:
Sh g 20— 19— 18— 7715 —6 5 =29 +0,66+3,34+0.55—0, 13—
—0,11—0,98=6,23 u;
Zha 1 10—9—§—7+—7—5_5=4,68-2,8840,84-1,77+
+0,25+0,2-0.32—0,98=9,28 M;
Ehc,cp=(6,99+8,8+6,23+9,28)/4=7,83 M.

Taxum o6pasoM, ollpefiesieHb! YHC/EHHEIE SHAYEHHS BCEX BeJIMYMH,
BXOAAIMX B BEIpaXeHHe TPeOyeMbIX HAllOPOB HACOCOB 1St OGOMX pac-
YeTHRIX CJIyyaeB.

B uac HanGonbiero BogonorpeGaenns

H=132+24—0,78-+7,83+11,8—[13=61,85 u;

B 4ac HaMOoJbLIEro TPaH3uTa

Hoy =1324+24-+2-40,78+ 15,164 11,8 —113=72,74 .

Tlpy aToM reoMeTpHuecKasi BHICOTA MOXBEMA BORBI HACOCAMYU Oyner
COOTBETCTBEHHO: 132-+24—113 = 43 m n 13242442113 —45 w.

Io nonyuenneim Benmunnam Qg u Hy BHOGHpaeTcs B Karamore Ha-
coc. Taknm nacocoM ¢ Gmxafiuumu XapaKTePUCTHKAMMY fIBJISIeTCS Ha-
coc JI-1250. Ananutnyeckoe BHIpameHHe XapaKTepHCTHKH 3TOro Ha-
coca H = Hy — S,Q2, rne S, Moxer paccMaTpuBaThCsi Kak THAPaB-
JIMYECKOE COMPOTHBNEHHe Hacoca. 3HaueHmsi Ho = 90,8 M u Sy =
= 0,000435. B paccmatpuBaembie Tleprofbl paGoTaloT napanjiesbHO
ZBa TakuX nacoca. COMpoTHB/EHNE IBYX HAcoCOB Spp= (1/2)? S, =
= 0,0001087. XapaxTtepncTuKa TIpYNNE HACOCOB — BORONHTATONeH
paccmatpuBaeMoii cucTeMbl Gy €T BLIPAKaTLCH Y PaBHEHHEM H,=90,8—
—0,0001087 Q3.

Fuppabmmueckan yesaska cetw mpm ee HopmambHoi pa6ote. [Tocne
IPHHATHS. HAYaJLHOIO NOTOKOPAcnpene/eHus Aasi 0GOHX PacyeTHBIX
Clyuaes M ONpeJlesieHHsi ANaMeTPoOB TPY6 BCEX YYaCTKOB NPOBOLUTCS
THAPAB/IMYECKasl YBsIBKa CETH COBMECTHO € Bofonutatensmu. Ocymect-
BJICHHE YBSA3KH HeoOXOAMMO I/15l HAXOMK/CHHS HCTHHHBLIX 3HAYEHHT pac-
XONOB B yyaCTKax CeTH B COOTBETCTBHH C NPHHATHIMH JHaMeTPaMH,
a TaxiKe onpejleieHHst NOTePh HaNopa, YIOBJETBOPAIOMMX BTOPOMY
sakony Kupxroda.

OnHoBpeMeHHO B pesyJsibTaTe YBSI3KH (BHYTpeHHelt u BHeumei)
YTOUHAIOTC NPHHATHIE TNPelBapUTENbHO 3HayeHuss Q, u Q. Tony-
HeliHble 3HAUEHNs NI0TEPb HANloPa NOSBOSIOT BBYHCIMTL Mbe3OMETPH-
YeCKHe OTMETKH ¥ CBOGOZHbIE HAMOPh! B y3JaX CETH.

VYBfi3Ka ceTH NPOBOANTCA B NEPBYIO ouepellb Ha OCHOBHOH PacyeTHBbIi
Clyuaih ee HOpManbHOH PaboTH — NepHON HAHCOMBLIEro TpaH3uTa
BOJIb! B GaiuHio, M 3aTeM Ha PaGoTy B Yachl HaHGOJbLIEro BozionoTpebie-
HYS.

Crepyer orMernts, uTo pyuHoil pacuer crcreM ¢ KOHTppe3epByapom
(1 BOOGLLE BCex cHCTeM C He(HKCHPOBaHHBIMI oT6OpaMit) Tpebyer che-
LHpHYECKOro NOKXOAA K BLIGOPY M HCIO/bL3OBAHHMIO (DMKTHBHBIX KoJell.
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Kak ye Gbliio cKazaHo, (HKTHBHOE KOJIBLLO MOXeT ObiTh oOpasoBa-
HO 3aMbIKaHHeM (HKTHBHBIX JIHHHF 1060 1enblo yyactkoB ceTh. OpHa-
KO BHIOOp 3TO#i 1elH (MK Lieneil) MoXKeT B 3HAYHTENBHOI CTelleHH BJIH-
AT Ha YHCJO MTepauuii, TpebyeMbIX [/l NOCTHIKEHHS YBA3KH; YAauHO
clle/ladHBLl BHIGOP MOXKET 3TO YHCJO CYIIECTBEHHO COKPATHTD.

INpu ucnonwsoBannn DBM HeoGxonHMOCTb B TIIATeJbHOM BbiGOpe
(UKTHBHOrO Kosbua ornajgaer. OueBHIHO, YTO YBe/JHUEHHe YHCJla WTe-
pauuii Py MaLIMHHOM Cyere SKOHOMHMYHee [IONOJHHMTEeJBbHON 3arparhl
BpeMeHH TIPOeKTHPOBLIKHKA Ha NpeiBap HTebHLIH BLHIOOP H OLEHKY (pHK-
THBHOTO KoJsiblia. [IpH pyurOoM 3Ke cueTe 3TQT BLIGOP MOXKeT 3HaYHTe/LHO
06/IerYuTL ¥ YCKOPHTE NPOLLECC YBSISKH.

Ipu ucnonbsoBanuu Merofa JloGaueBa — Kpocca HeyaauHLI# BbI-
60p (PMKTHBHOTrO KoJibila PHBeZieT JHLIb K YBeJHUEHHIO YHCna [10ciieno-
BaTe/ILHBIX NMPUOAMKeHHH (B CBSISH C OCYILECTBJEHHEM BHelIHell yBsi3-
ku). OfHako Nporecc pacuera, NPOBOAYMOTIO MO OINpeJieNIeHHOH «KecT-
Koll» cHcTeMe ornepauni, 1aer Bce ke TpefyeMyIo YBsI3KY .

INpu ucnions3oBanuu Meroga AHapusiueBa, TpeOyOIIEero HHHIIHATHB-
HOTO MOIXOfia PACYETUHKA M €ro BMeLIaTe/bCTBa Ha KajoM Liare (3Ta-
e) WTepaMOHHOro Ipolecca, HeyaauyHbli BbIOOp (MKTHBHOTO Ko/MbL@
MOXKeT 3aTsIHyTh NPOLECC YBSISKH Ha HeolpeleJieHHO JIOJroe BPeMs,
IMostomy mpu pacuere Mo Merofy AHJpusileBa HeoGXOIMMbI BecbMa
0By MaHHbIH MTOAXO0/ K BLIGOPY GDHMKTHBHLIX KOJIell U HCII0/Ib30BaHHE OCO-
6bix MpHeMoB N0 HX yBsiske. CoofpakeHHsl O TaKuX NpHeMax M peKo-
MEHJAUMH 10 MX MPAKTHYECKOMY HCIOJIb30BAHHMIO MPHUBONSTCS 37€Ch
Ha KOHKpPEeTHOM IpHMepe pacuera CeTH C KoHTppesepByapoM. Pacuer Be-
jietcsi o Metony M.M. AuppusiueBa (cM. § 22 u 27).

TpuHsAT Ceny oLk TOPsiOK 3alTHCH CXOAHBIX JAHHBIX H Pe3ysibTa-
TOB pacuera Ha paboueil cxeme cern (puc. VIIL.11). V xaxzaoro yyacrka
CeTH B PSIMOYTOJIBHONH PaMKe 3alHCHIBAIOT 3HaUeHHe THAPAaBJInIeCKOro
COIpPOTHBJIEHHUS yuacTka S;;, (47151 pacXofioB B J1/c); MOJl HUM  yepes THpe
3aIHCHLIBAIOT HOMEP KOHTypa 00XOfa, pacyeTHblil pacxof, Ji/C, U coOT-
BeTCTBYIOLIKE TOTepH Hamopa, M. B neppofi cTpoke salHCBIBAIOT 3TH
Be/IMUMHBL NI HAyaJbHOTO MOTOKOpaclpefiesieHusi, B HHKepacnoJo-
JKEHHBIX CTPOKax NepBasi LHppPa COOTBETCTBYET HOMePY IMOC/IEIHETO
KOHTYpa 00Xxofa, No KotopoMy Obli IPOBEJEH COOTBETCTBYIOLUMHA IO-
MpaBOYHbIil PacXof.

THanee (cm. puc. VIIL. 12 u VIII.14) Bce KoHTYpHI (IYTH [OMpaBoY-
HBIX pacxofoe Agy) NokasaHbl OTJENBHO /i COOTBETCTBYIOLIHX ABYX
pacueTHBIX CJyuaeB.

[Nonyuennble Jfsi HaualbHOTO paclpefieieHHsi PACXOLOB HEBSBKH
BO BCEX 3JE€MeHTAapHBbIX Kosblax Ah;, paBHble anre6panyeckol CyMMe
noTeps HANoOPa B KOJBIAX, 3allHCHIBAIOT OKOJIO MYHKTHPHLIX (H3OTHY-
THIX) CTPeJIOK BHYTPH COOTBETCTBYIOIIETO KONEIA, 4 HEBSISKH, MOJY4eH-
Hble Mocsie NPOBENeHHsT OTAENBHBLIX IONPABOYHBIX PACXOLOB, — OKOJIO
TAKHX K€ CIJIOUIHbIX CTPEJIOK.

Ipu 3ToM nM(pa, HaNMcaHHasi y KaXKJAOH TaKOH CTpeskH, 060-
3HayaeT HOMEp IONPABOYHOrO pacxoia (KOHTypa), mocne NpoBeje-
HHUSI KOTOpOTO ONpelefieHa JaHHAs HeBsiska. IlompaBouHbIM pacxo-
ZlaM, TIPOBOAHMMBIM MO JIMHHSM (DHKTHBHOTO KOJibLla NPHCBAHBAIOT
o6o3Havenusi: @y, Py U T. 1.
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Iocne npoeefienyts Kaxuoro NonpaBodyHOro pacxofia no rpynmie Ko-
JIel, WY TI0 OTAEJIBHOMY KOJBbLY aHAJH3MPYIOT NONYYEHHBEIE HEeBSISKH.
DTOT aHa/u3 MO3BOJSAET BbiSBUTb, KaKHe JIHHHM CeTH TePerpyIKeHb! H
KaKhe HeJorpyxeHel. B pesyiabtate MoryT GbiTh BEIOpaH bl KOHTYPHI,
110 KOTOPHIM MPOBOAAT CiieAy IOUIHE TIONPABOYHBIE PACKXO/IBI JIS AOCT HXKe-
Husl HanGoJsee 3(peKTHBHOrO CHUIKEHHs HEBS3OK.

Cnyuyaii HaubGonpbmwero TpaHSsHUTa. [lepoHayans-
HOe pacrpefie/ieHye PacXofioB Mo yyacTkKaM cetH (cM. puc. VIIL.7) 6suto
OCYUIECTBJIEHO ¢ coOJiomeHreM nepBoro 3akoHa Kiupxroda ¥ B cBsisu
C 3THM TMoJyYeHHbIe pacueTHble pacXo/ibl y4aCTKOB MOTYT ObITh NPHHATHI
B KayeCTBe HayaJlbHbIX 3HaueHUH PacXopos NPH MPOBEfeHUH YBA3KH Ce-
TH.

Jlna paccMaTpHBaeMoii CHCTeME! (KaK BCAKO cHCTEMEBI ¢ KOHTPpesep-
ByapoM) fioJXKHa ObITh TPOBe/ieHa ONHOBPEeMEHHO BHYTPEHHSAS U BHELIHAS
yBsisKka. [lis BHelIHeH YBA3KM, oONpefesiomleil XapaKTep COBMeCT-
Holl paBoTel HACOCHOH CTaHLMM ¥ GailiHH, K CeTH J00aBjsioT aBe (HK-
THBHBIE JIMHUH, coefuHsIomye GUKTHEHEL y3ea O ¢ HacocHO# cTaHiHeR
H Gawukeil. B pesynibraTe ofpasyercs GUKTHBHOE KOABILO.

B ¢uKTHBHEL y3es MojiaeTcsi pacXof, PaBHBI CyMMe BCeX Yy3JI0B
ot6opoB M3 cet XQ;. Jas paccmatpuBaeMoro caydas ZQ; =
= 379,8 ni/c. o ¢uxTHBHOM nuuuu O — HC or y3na O oTXonuT pacxon
Qg v o ivuuu O — b x yany O nopaercs pacxop Qg.

B cooTBeTCTBHM C NPHHATHIM HayaJbHBIM paclpesiesieHHeM pacX ofoB
Inia ciydas HauGonpluero TpaHsuta Q, = 455,5 n/c u Qg = 75,7 nlc
(cM. cxemy Ha puc. VIIL11).

DUKTURHOE KOJBIO 3aMbIKaeTcsi JIMHHell, BKKYalowel BOROBOAbL U
Mo6YI0 Lellb YYacTKOB CETH OT €e HauajabHOM TOYKM A J0 KOHeyHoD
T0uKM 5. Ilnsi ycKopeHHMs mpotiecca YBA3KH (PMKTMBHOrO KOJiblia 1efe
coo6pasHo BHIGPATh TaKyIo Lelb YYacTKOB, KoTopas NMPH NepBoHayafb
HOM pacrpejieieHHH pacxofioB HauGosee neperpyxeHa (M1 Heorpy xe-
Ha), T.e. laeT Haubopulee 00 aGCOMIOTHOH BeIMuMHe 3HaYyeHHe HEBSISKH
B (DHKTUBHOM KoJblle. B paccMaTpuBaeMoft ceTd MOryT ObITh HaMedeHb
yeTElpe TAKKX HalpapJeHusi — 4eThipe Lely yyacTkoB (cM. puc. VII1
11):

1 . . A—2-3 ¢ 5c X h—14,03
mo..... A—13—14—15—5 ¢ £ hy—=14,06 M

mr . ..... A—20—19—[8—17—16—6—5 ¢ = hyy;—13,05
v ... e A—11_10—9—8—21—7—6—5 ¢ £ hyy =20,18 M

Takum ob6paszoM, Hanbo/ee neperpyKeHHbIM 5BJISIETCS HalpaBJeHHe

Hepsiska notepb Hanopa B (MKTHBHOM Kosiblle Ahy Toyyaercs B
pesyabTaTe ero obxofa 1o yacosoi ctpenke. Cnenys ot Touku O no Ha
npapJieH o, yKasaHHOMY Ha cxeme puc. VIII.11, u yunteisas, uro Benn-
uyunbl H,; u Hg He BKIIOYAIOT Treoie3MyecKUX OTMETOK MecTa pacrono-
JKEHMsl Hacoca Y MIOBEPXHOCTH 3eMJH Y GallHu (T. €. Z; ¥ Zg), NONYYHM:

—(Hy+2y) +Zhe -+ Zhe+ (26-+ He) = Ahg»

rze 2hy — TOTEpH HaNOPa B BOAOBOAAX, COEAMHAIOUHX CEThb C HACOCHOH CTaHNE-
ell v 6amneii; Zh, — noTepn Hanopa B CeTH.
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Bennunna H,; B COOTBETCTBUH C Xap aKTEPUCTHKON HAcoca MOMET
GBITH NpeJicTapjeHa ClAeRyIoIHM o6pasoM:

HH'_—HO'“SH Q;Zi:Ho—th
ue hy = S,.,Qf; -— MOTEePH Hamopa B CaMOM Hacoce.
Orciofa noay4yum
A hy=Hyeou—Ho~+Zhp+Zhe+hy,
rne Hreom = Hg -\ 26 — 2y — reoMeTpHuecKas BEICOTA nOjbeMa BOAHL.

Kak 6pino onpenienieno panee, H, ooy = 45 M 1 Hy = 90,8 M. Ilpu
epBOHAYaJIbHOM pacnipefiesieHHH PacXOfiOB [/l PACUETa CHCTEMbI Ha Cly-
4ail HanbouIbLLEro TPaH3HTa NOTEPH Hallopa B HACOCE COCTABUJM f, —
= 22,6 M.

lorepu namopa B BomoBOmax My, + h, GYAYT ONMHAKOBBIMU
55l BCeX BHIOPaHHBIX yeThipeXx HanpapaeHui: 11,840,78 = 12,58 m.

Toncrasue B BEIpaXenue Aasi Ahy, NoJyyeHHble YHCJIEHHBIE 3Have-
st Hyeny, Ho ¥ noTeph Hanopa B Hacoce H BOLOBOAAX, MOJYYHM:

Ahgy= +445—90,8+ 12,58+ Zhe+22,6 = Zho—10, 62,

tae Zhg — NOTEPH Hanopa No OAHOR H3 NapajVIeNbHO BKIIOUEHHWX 1lenell yuact-
XOB Mal‘HCTpaJIBHOﬁ CeTH.

Tozcrapnsist B 370 BRIpaMenue NONyYEHHble NPH TPeABAPHTEABHOM
pacnpeniesieHHH PACXOIOB 3HaYeHHs NOTePh Hanopa 2A, B yeTHIPeX BEI-
6paHHbIX LeNsAX Y4acTKOB CETH, NONYYHM YHC/eHHbE 3SHAYEHHS HeBSASKH
B (QUKTHBHOM Kosbre: Ahyp = 3,41 M; Ahyu = 3,4 M; My =
= 2,43 M; Ahgiv = 9,56 M.

Kak u cnefoBano oXuparh, Haubosbluas HEBS3KA B (PHKTUBHOM
KoJiblle OyIeT IPH BKJoyeHuH B Hero nenu IV. Ouesujno, uTo nponyck
TONPABOYHOro pacxona Agy yepes 3Ty weNb YUacTKOB IPUBEET K CyIlle-
CTBEHHOMY CHHXEHHIO HeBSI3KH B QMKTHBHOM Koabue. Herpyaro Buners,
4TO HEKOTOPOEe He3HAYHUTeILHOE OTKJAOHEHHE NYTH pacxofia Agy OT IenH
IV (npoxon or yana 8 K ysity 7 uepes yses 21) 103BOMUT OJNYIHTD ele
GoMbLIKA SPPEKT CHUKEHHS HEBA3OK. DTOT KOHTYP 06X0a H Obist MpH-
uat (puc. VIIL. 12).

TonpaBounblil pacxon Npu pacueTe no MetonyFAHIpUsiIEeBa MOXeT
OBITb onpefiesieH 1o Qopmysie

Ahgep
Agp=——7—
qr 2 (), .

fIe Gcp—CPENHUH pacXoj IS YHacTKOB, COCTaBISIOIMX PACCMATPUBAEMbIH KOH-
TYp, T. €. Ggp = (Eqih)I/N, (3necy Ny — uucsI0 yuacTKOB KOHTYpa).

Cpermuit pacxon nis Beex 11 yuacTkoB KOHTypa: Gep = (455,64
+112,7 + 107,9 + 634-58,5 + 8,3 + 17,4 + 24,3 + 34,8 +
+ 75,7 4 455,5) /11 = 128,5 a/c.
Cymma a6cosoTHBIX 3HaueHMH NOTePh Hamopa Mo KOHTYpy: Sh =
= 11,8+-5,264-4,06+41,98+3,284-0,32+2,9-+1,55-+-0,83-1-0, 78
+ 22,6 = 55,36 m.
TlonyueHHas Briue HeBsiska B GMKTHEHOM KoJblle TIPH BHIGPaHHON
UeNTH Y4acTKOB cocTapdsieT Ahy, v = 9,56 M.
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Toncrapass gep U Ahg B dopmyny (VILS) mnst onpenesieHus
MONPaBoYHOTO PacXolia, MoJydHM:
9,56-128,5
2.55,36
IanvHeliniee CHUXeHMe HessisoK B Koabuax IV, XI1, X111, IX,V,
VII, XI u onHOBpeMeHHO B CMEXXHBIX C HUMH KOJIbIlaX 0JyYaeTcs npo-
BeJleHHeM TOMPaBOYHBIX PacXOf0B 10 CIEAYIOHM BLIGPaHHBIM KOHTY=
am:
’ BTOPOMY KOHTYPY, BKnoyarouiemy Konota VII u XI:
Ah,—=2,134+1,67=3,8 Mv; Zh; =8 m;
3,8-34
2.8

Agy=— ~—11 alc.

Gep =~ 34 alc; Agp— — ~—17,5 alc;

TpeTbeMy KOHTYPY, BKnoyaromemy Kometla XI1 u XI11I:
Ahy—1,25-10,98=2,23 m.

B 310M KOHTYpe 1enecoo6pa3Hee onpefensTh NONPaBOYHBIH Pacxoll
0 MeTOZly MPOGHBIX PacXofloB, TaK KaK ycpellHeHYe PacXojia 37leCb NpHu-
BOAUT K GOJIBUIMM MOrPEIHOCTSM, 00YyC/OB/IHBAaeMbIM HaNHYHeM JBYX
yuacTkoB (2—I3 u 13—20), He Hecyumuix pacxona (nepembrkH). Tlo-
npaBouHbIl Pacxofl, onpefenenHblii no dopmyne Ag = Ahg.p/(23h).
nonydaercss papHeIM Ags & — 6,5.1/c (3aHMKEHHBLIM), B T0 BpeMsi KaK
no ¢opMyJsie poBHEIX  pacxofioB Agy = — 12,5 ai/c.

CHauana 1o KoHTy Py nponycKaercst 1pobHeli pacxon Ag = — 2 n/c;
MPOMYCK 3TOro PaCXofia 1o KOHTYPY CHHXKaeT HeBsisKy Ha 0,35 M, T. e.
Ahy = 2,23 — 0,35 = 1,88 m.

OcTtaTouHas HeBsi3Ka, clefloBaTeNibHO, 6y et 1,88 M 1 oKOHUaTeTBHBIH
TnionpaBouHblil pacxon Ag = — 2-1,88/0,35—=— 10,5 a/c.

CyMMapHBlii nonpapouHblil pacxof Agy = — 2 — 10,6 = — 12,5
nlc (BMecro — 6,5 n/c, onpeneneHHBIX Mo NPHGMHKeHHOH (opMmye).

UeTpepTHIH KOHTYp BKNOYaeT ofHO Koabio IV: Ahy=—1,45 m;
Sh=8,35 M; Gep~28 a/c; Aga=2,5 n/c. Ilo meTony mpoGHBIX pacxo-
10B Ags=4 si/c. DTOT pacxof U NIPHHHMAETCH 1O YETBEPTOMY KOHTYpY.

Hecognanenue sHaueHHl NoNPaBoYHbIX PaCXO/IOB, ONPEJIENEHHBIX 110
pasnuuHbM GopMynaM, o0BSICHAETCS HalHYHeM B KOHTYpe Y4acCTKOE,
HeCyIMX HeGoJbLIoi pacxof, 4TO 3aHMIKaeT 3HaueHHe NMOMNPaBOYHOro
pacxofia, onpeiesieHHOro mo ¢opMyJie, BKJIOYAIOmeld cpefHHii pacxol
1o KOHTYPY.

TlaTwii KOHTYp BKJOYaeT Koabla IX u X: Ags=2 n/c.

Iecroit KoHTyp BKJOUaET Konbito 1X: Agg=1 n/c.

B pesyanTate npoBefieHHOH YBSI3KH CeTH HEBSIBKH BO BCeX KOJBIAX
He npepbILIanT fAonycTuMok Bennuunel (0,5 M). Hepsiska noreps Hanopa
BO BHelIIHEM KOHType ceTH cocTasnser Ak, . = 0,36 M, uTo Moxer
GHITh PU3HAHO AOMYCTUMBIM. 3TO CBHIETEIBCTBYET O TOM, YTO PacXObl
U OTePH Haropa B y4acTKax CeTH oflpeieNieHbl ¢ I0CTaTOYHOM 1S npak-
THYECKHX 1ieNiell TOYHOCTBIO.

B pesysprate yBSI3KH (MKTHBHOTO KOJbI@a YTOUHEHBl 3HaueHHsi
pacxona BOAHI, TMoiaBaeMoil HaCOCHOH CTaHuMeH, Hamopbl, Co3JaBae-
Mble HacocoM Npu paboTe B NepHOJA HaHOONBLIEro TPaH3HTa, a TaKKe
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pacxona Bopbl, nocrynawouefl B 6axk Gawmn: Q, = 444,5 n/c; H, =
= 70,03 M; Qs = 64,7 n/c. ITonyuennsle sHauenus Q, n H, oGecre-
YHBAIOTCS HACOCAMH BRIOPAHHOrO THIIA NPH MX pabote B 06JIACTH fOCTA-
To4HO Bhicokoro KIT/.

Cnyya#ti mnanb6onbwero BOXONOTpPeGieHHS .
Ilpy By CTOpOHHEM NHTAHHH KOJIBLEBOH CeTH TIPOLECC ee YBSIZKH YacTo
BBI3BIBAET OOMIbILKE TPYIHOCTH, YeM NIPH TPAH3UTE BOAB! B 6AIIHIO, 0CO-
GeHHO ecyii BEIOPaHHBIE HACOCH! CO3/AIOT HANOpP, GIM3KHMIl K TpeCyeMoMy
Haropy B Yac Hau6oJibllero TpaHauTa Bousl B 6aumio. [Ipu sTom ocox-
HFIETCS XapaKkTep JBHXXeHWsl BOJb! B €eTH, 3aTPYJHAETCS aHANKM3 MoJy-
YeHHBbIX HEBA30K M BbIGOp HanGosee speKTHBHON CHCTEMBl KOHTYPOB
NIPOBE/ICHHS TIONPABOYHBIX PACXOJOB.

B cBsisi ¢ 3THM 0COOEHHO BaXHO WeTKO ONpeNeNHTh Te YC/IOBHS,
cofatozieiie  KOTOPEIX CBHMAETE/NLCTBYET O JIOCTHMKEHMH YBS3KH BCeil
CHCTeMBI, a TaKXe yCTaHOBHTh TOC/ENOBATENEHOCTb NPOBEEHHS NPO-
ecca YBS3KH.

CucTeMa MOXKET CYUMTATLCS VBASAHHOM NPH IOBEJleHHH (JIIOGBIME Cllo-
coBamu) HeBsI30K BO BCEX KOJBUAX CeTH U B PUKTHBHOM KOJIBLE [0 BEJH-
YHH, 6IU3KHX K HYJIO.

B npakruueckux pacyerax B OTLEJBHBIX KOJBLUAX OGBIYHO AOMYCKa-
ercsi abcollioTHas BevgHHa HeBszku 0,3—0,5 M, Mexay TeM Hajuuue
TaKHX HeBSI30K MOXKeT NMPHBECTH K 3HAYUMTE/IbHON PasHMUe I0Teph Ha-
nopa B TPaH3UTHBLIX MAarHCTPaJisiX CeTH W K HeJloNyCTHMOH HeBsi3Ke B ee
BHellIHeM KOHTYpe. B CBA3H ¢ 3THM KpPHTePHeM NOCTHIKEHHS YBASKH CHC-
TeMbl (PH NI0GOM PacueTHOM CJydYde) sIBISETCH HaJHYMe HeBA30K, He
NPEeBbIUAIOIMX JOMYCTHMYIO BeIMYHHY He TOJIBKO BO BCEX 3JieMeHTap-
HBIX KOJIBLAX CETH, HO H B €e BHelllHeM KOHTYpe, a TaKKe B (MKTHBHOM
KOJIbLIE.

Merton AnppusitieBa npejlyCMaTpHBAeT BOBMOMKHOCTE TI0C/IEL0BATE b
HOro TpOBe/ieH st TIONPABOYHbIX PACXOOB 110 JIHOOLIM BHIGPAHHBIM KOHTY -
pam obxozia ¢ TeM, 4To0bl NONYUHTH HaHGOJIEe 3HAYUTENBHOE CHIMEHHe
HeBA30K. TaKue KOHTYPH! BEIGUPAIOT HA KaXKJOM 3Tafe HTepalliH MyTeM
aHany3a 1 OLLEHKH T0TyyeHHbIX PaHee HeBs30K. OueBHIHO, UTO HET OCHO-
BaHUHl [/1f HAPYUIEHHs TOTO NPHHUMIIA H B OTHOMEHHH (UKTHBHOIO
KO/IBIIA, T. €. MOXKHO BKJIIOYHTL (PUKTHBHEIE JIHHHH B JIOOble KOHTYDH
NpoBe/ieHHs! TIONPABOYHBIX PACXOJIOB.

Kontponb 3a X0/10M YBA30K MOXKET OCYUIeCTRAATECS PA3HEIMH CTIOCO-
6amu. B paccmaTpuBaeMoM npumepe pacuera (MKTHBHOE KOJBLO (A5
pasJiMYHBIX 3TalloB YBASKM) o6pasyeTcsi HyTeM 3aMblKaHHs (QUKTHB-
HBIX JTHHHH NATHIO TPAHSUTHBIMH MArHCTPAJIbHLIMU JIMHHSMH CeTH, CO-
€/IMHSIOLIMMH HayaJibHbI W KOHeuHHbli yasibl cetH (A u §). Takoe obpa-
30BaHHe (MKTHBHOTO KOJIbLA TO3BOJISIET YCKOPHTH NPOLECC YBAIKH 1
06JieTyaeT KOHTPOJIb.

OTgenbHele KOHTYPH, 110 KOTOPBHIM IPOBOASAT [I0NPABOYHbIE PACXOLB!,
BKJIKOYAIOT QMKTHBHEIE JIMHHM HJIH TOJILKO KOSibla (MAM TPYNMEL KOJIel)
peanbHOH ceTH.

IepBonauansuoe pacnpeienenue pacxoios BOAs! IJisl paccMaTpUBae-
MOTO Cny4asi M COOTBETCTBYIOUlee PaciloOXKeHHe IPAHMIB! 30H IHTa-
HHSI CEeTH OT HACOCOB M OT GalHu (TYHKTHPHAS JIHHHSA ad) N0KasaHb! Ha
cxeme puc. VIII. 6.
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B coorteercTBHE € NPHHATHIM rpadHKoM paboThl HacocoB Q =
=455,5 a/c. [Ipn makcnMasbHoM ot6ope Boawbl 531, 2 /e Gawns po/KHa
nonasath HepocTawoume 531,2—455,5 = 75,7 si/c.

B COOTBETCTBHY C IPHHSATHIM HAYAJBHEIM paclipese/ieHeM pacXojoB
onpefe/siOT MOTEPH Hanopa B yY4acTKaX CeTH H HEBA3KH B JIeMeHTap-
HBIX KOJIBLAX.

Becoh nyTh pacuera M ero pesyJbTaThl 3alHCHIBAIOT Ha paboueit cxe-
Me (puc. VIIL.13). Ilpunsteie obo3HaueHHs: W MOPAJOK 3aMHCH Te XKe,
4TO W NpH pacyeTe Ha caydai HaHOOJBIIero TpaH3WTa. BHIHO, YTO B
pesyJibTate THAPaBIHYECKOro pacueTa MOJOXKeHHe TPaHWmbl 30H MH-
TaHHl QQ W3MEHHJIOCh.

Tlo HaliieHHBIM TOTEPSIM Hanopa B OTAE/NBHBIX YydacTKax HaXonst
ajreSparyecKie CyMMEl IIOTePb HAaNopa B NATH OCHOBHEIX TPaH3UTHBIX
MarHcTpassx:

P....... A2 3 4 5cZh=6%9n

Ho...... AI3—14—15—5¢ 2 h;;—8,8m

HI . - v .o A—20—19—18—17—16—6—5 ¢ = hy;=6,23
WV oo Al—10-9—8-7"—7—65¢ % pry=928u
V oo A—II—10-21-7—6—5c 2 hy=9,15

Topcrasnisis 3TH 3HaueHHs MOTePb Halopa B obllee BHIpaXKeHHE He-
BSI3KH B (PUKTHBHOM KOJIBLLE:

Ahg = — Hy~} Hyeom+ ha.n—he.6+Zhe,

nolyyaeM HeBSISKH IJIsl BCeX MATH HAMeUeHHBIX CJIydaes.

Hanop nacocos Hy = Hy — hy. s npuuaTHX HacocoB Hy =
= 90,8 M; Hpeoy = 43 M. .

Iotepu Hamopa B BOJOBOAE OT Hacoca o cet# Hg., TIPH NPHHATON
iogaue HacocoB Qg = 455, b ai/c pasusl 11,8 M; norepu Hamopa B ca-
MoM Hacoce hy = SyQ% = 22,6 M; norepH Hanopa B BOLOBOZE OT OallIHy
1o ceth Ay = 0,78 M. Torga: Ahgy = — 90,8 + 43 +- 22,6 4 11,8 —
— 0,78 + Xh, = Xh, — 14,18.

ITonctapisina B STO BblpameHHe MPHBEIEHHBlE BhIlle 3HAYEHHS
Sh pis Kaxjoi U3 OSTH NapajuleibHO BK/IOYEHHBIX TPAH3UTHBIX Maru-
crpaneii, nonyunm: ARy = — 7,19 m; A~y = — 5,38 »; Ahyy =
=79 M Ay = —4,9 M; Ay = — 5,03 m.

3HaKH HeBSI30K JJisl BeeX MATH QUKTHBHBIX KOJell NMOKa3BIBaKoT, YTo
NepBOHAYajibHO HaMedaeMasi (1o rpaduKy) Tolada HACOCOB 3aHHIKEHa.
B peficTBHTeIHOCTH NPH MaKCHMAJILHOM OTOOpe BOZB M3 CeTH Mojaya
HACOCOB JIOJKHa GbITh Goiiblie. HanGosee Helorpy :eHHBIMU OKa3aHuch
TpansuTHHe Maructpaiu I u IIl. OueprpHo, 4To 5T MarucTpaiu u
IOJKHBl GBITH MpeXfe BCEero HCNOMb30BaHB! IS BKJKOYEHHS B KOHTYP
obxoaa, oXxpaTelBatolinii (GHKTHBHBIE JHHHH MEPBOro MOMNPaBOYHOroO
pacxona Agy,. KoHTypE! 06X0a Bcex MonpaBoYHEIX PacXoloB NOKasaHbi
Ha puc. VIIL.14

AHanN3 HeBSI30K B 3JIEMEHTAapHBIX KOJbLiaX CETH, IPaHHYallHX ¢
1 u III maructpansiMi, HOKasblBaeT, 4To HaHOOMbILNA a(deKT YBAIKH
CceTH MOMKeT JaTh MpoBejeHNe MOMPaBOYHOrO Pacxofia 10 HEKOTOPOMY
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Puc. VIIL14

KOMOHHUPOBaHHOMY TyTH HC—A—20—18—2— 84— 5—F—_HC. Ta
Koil NyTh obecrieyHBaeT He TOJNBKO CYILeCTBEHHOE CHIDKEHHe HEeBsi3K
JQHKTHBHLIX KOJbUAX, HO M CHHXaeT HeBSISBKH B Psyjie Kojel CeTH
(X1, XIII, IV, I u pp.).
Tonpasounntii pacxon 1o HaMeYeHHOMY ITyTH MOXeT GBITb olpenesien
no omHoll u3 ¢opmys Axapusiiuesa:

Ahgy Jep

A =—r
A P agans
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Cpenuce 3HaUEHNEe PACXOfa B LeNH YuacTKoB, COCTABJSIOUIMX KOR-
yp, (4555+100+2+16+508—|—215+8-|—757—|—
+ 455 S)fé ~ 133 a/c. CymMa aBCoNIOTHBIX 3Ha4YeHHII MOTeph HATNOPa
B (QuKTHBHOM Konmbue 2k = 11,8 + 2,9 4 0,16 + 1,78 4 0,78 -
+ 0,22 4+ 0,78 + 22,6 == 41 .

Hessiska notepn Hanopa B paccMaTpHBaeMOM KOHType Ahg =
= — 8,78 m, Torxa Agg = 14,5 alc.

Hcnonwsosanue yKazaHHo# (GOPMYJIbI B IAHHOM CJIyyae faeT HeCKOoMb
KO 3aHMKeHHOe 3HauyeHHe Ah, TaK KaK HEKOTOPHle Yy4yaCTKH KOHTYpa
KoJblla TIOUTH He HMeIOT Harpyski (2—13; 13—20; 4—5).

- @_\

I7/-7 707-065
L 597—047

2, -705 32/
%-75-072 @,~116- 392

TP-4605-12,1
G-471,5-124

Puc. VIIL15
147



Ta6aunua VIILE

Hepsizki Ahg B (UKTHBHOM KoJbIle, M
LiuKaer
YBS3KH
1 | 11 l jeis v , \4
0 —7,19 —5,38 —7,95 —4,9 —5,03
[0 —1.05 —2,57 —4,1 —2,1 —2,3
1u?2 —1,05 —31 —2,93 —3,06 —3.8
D, —0,09 —0,96 —1,05 —1,9 —2,6
D, +0,68 —0,19 +0,28 +0,07 —0,49
+0,45 —0,19 +0,28 +0,26 —0,49

Ecnu onpefiensits st TOro e KOHTYyPa HEBA3KY, MCTIONL3YS Me-
TOJI TIPOOHBIX MOMPABOYHBIX PACXONOB (TaKKe NpeoxeHnbiii M. M. Anx
pusiwesbiM), T0 Agy, = 16 J/c, uto Gosnee GIH3KO K HCTHHHOMY SHaye-
Hulo. PesyJbTathl HCNOJB30BaHHS 3TOFO0 MeTofia TOKasaHBl Ha
puc. VIIIL15.

Ecnu cHauana npony cruth Mo PaccMaTpHBaeMOMY KOHTYPY NPOGHEI
TONPABCUHEI pacxof, Agy, = 5 Ji/c (co 3HaKOM, OGPaTHHIM SHAKY He-
BASKH), TO 3HaueHUe HEBSi3KM cHusutcs ¢ — 8,78 1o — 6,14 M, T. e.
Ha 2,64 M. [TockosbKy Mpomyck 5 51/ CHUXaeT HeBASKY Ha 2,64 M, OKOH-
YaTeJIbHBIN TONPaBOYHEI! PacXofl, KOTOPHIN JOMKeH CHATH OCTAJILHYIO
HeBsisKy 6,14 M, coctaBur Agy = 5-6,14/2,64 = 11,56 ~ 11 an/c.

[lonHbiil noONPaBoYHBINl PacXofl MO (UKTHBHOMY KOMBLY Age =
=5+ 11 =16 alc.

Ananusnpyst HeBSI3KH B KOJIblIAX CETH TMOC/e MPOBeieHUs TONPaBoy-
Horo pacxoia Agy,, BHIUM, YTO IS HEKOTOPHIX IPYMI KoJlel, OHH MO-
TyT GLITb CYLIECTEEHHO CHIXKEHBI MPOBE/ieHHeM TONPABOYHBIX PACXONOB
Mo NepBoMy U BTOPOMY KoHTypaM (cm. puc. VIII.14).

B nepeom «komtype (6—7—21—8—9—I18—17—16—6): Ah, =
= — (0,89 4 1,74 + 1,36) = — 3,99 m; Zh = 0,32 + 1,39 + 0,8 +
+ 1,77 4+ 0,66 + 0,55 + 0,13 + 0,11 = 5,7 m; g.p = (10 + 11,5 +
+ 14 4 41,9 4 19,8 4 15,4 + 14,3 + 6,8)/8 = 16,5 n/c. Torpa
—3,99-16,5

2.5,7

Bo BropoM koutype (I4—15—16—17—18—14) Ah, = 2,33 m;
Zh~ 4,5 M; ¢.p = 17,6 njc. Torpa

2,83-17,6
quz_T?s'z‘l ale.

[Tocre nposeneHys No yKasaHHBIM MyTSM MONPAaBOYHLIX PACXOIOB
Ag, u Ag, HeBsi3sKM cHusuauch B Koawuax I11, 1V, V, VI, VII (cm.
puc. VIIL13).

VsMeHenus notepb Hanopa, BHSBaHHBIE TIPOBEJICHHEM TIOMPABOY-
HBIX PacXofioB Aggy, Agy u Ag,, TPebyIOT Mepecyera HEBSI30K BO BCEX
MATH KOJBLAX, 00pasyeMbiX GUKTUBHBIMH JIMHUSMH H TPAaH3UTHBIMH Ma-
ructpanamu I, 11, 111, IV u V. 3nauenus 31ux HeBA3OK NpuBelieHBl B
Taba. VIILG6.

48

Agy=— =6 a/c.



Ananvs HeBsi30K B QUKTHBHEIX KOJBLAX M KOJBLAX CETH JIaeT OCHO-
paHue AAs BHIGOPa BTOPOro YB3CYHOTO KOHTYpa, BKJOYaomero (ux-
TUBHEIE JIHHHH (KOHTYpa Dg).

Bce ocHOBHEBIE TPaH3UTHEIE MATHCTPANTH OCTAKOTCS HEIOTPY XKeHHBIMH;
6onee Beex Heporpyxensl marucrpanu 11, 111, IV u V. Takum o6pasom,
KOHTYD TNpPOBENEHHS TIONPABOYHOTO pacxoia Agge JOMKEH BKJIOYATH
(MKTHBHBIE JHHKUE (115 BO3MOXKHOCTH OOILLEro NOBbUIICHHS TIOfaYH BOAbI
B CeThb OT HACOCOB) U OJHOBPEMEHHO 00eCneyMBaTh CHHMKeHMe HeBfA30K
B KoApluax cerd. JLisi npoBeieHUst 5TOro pacxopa seiGpaH nyte HC—
A—1—13—14—18—17—16—6—5—b5—HC, pxmodaomui yyact-
ku II u I1I marucrpaneil. Pacxonel m notepy Hanopa B y4acTkax CeTH, a
TaKKe HeBA3KHM B KOJbLAX yKasaHbl Ha pabouell cxeMe (puc. VIII.13),
2 HEBSI3KU B (DHKTUBHBIX Koabuax — B Tabn. VIIL6.

IonpagouHblil pacXol AJif pacCMATPUBAEMOro KOHTYPA MOXKHO NpH-
GMIKEHHO ONpee/uTh HCXOAf M3 aHANH32 Pe3yJibTATOB NPOBENEHUs
TpellecTBYOUEro MNonpasounoro pacxopa Agy,. [lposesenue storo
pacxonia, paeHoro 16 n/c, yMeHBUINIO HEBASKY B KOHTYpe Py NpUMEPHO
Ha 8 M.

Ecau cpapHHTH 3HauyeHUs BeJHYMHB ZSg ]ISl PAaCCMATpHBAEMOrO
KOHTYpa U JUisi KOHTYPa, 110 KOTOPOMY TNPOBOJIMJICS YBA3OUHBIH PacXol
Aggy = 16 ni/c, TO MOXKHO BHAETH, YTO OHH MAJIO OTJIHYAKITCS. 3r0 oT-
HOCHTEJIBHOE paBeHCTBO 2S¢ MOXHO HCNOABb30BaTh V1A NPHOHXEHHOTO
onpejiesieHHs TONPAaBOYHOTO PACXONA B PACCMATPUBAEMOM KOHTYypE.

Hessiska B 3170M KoHTYpe Ahge &~ 3 M. CreJlopatesibHo, NONPaBod-
HBIH pacxon Agge = 6 alc.

Iocsie nposeseHUs NoNpaBoYHOro pacxona Aggs HeBi3Ka B QUKTUB-
HOM KOJbli€ 3HAYHTENbHO YMEHBIIHIACh, HO NepPerpyKeHHEIMH ellle oc-
Tanuch ¢uxTEBHEE Kosbua IV u V.

Crenywoumuit pacyeTHEH KOHTYP D3 BKJIOYAET YYacTKH, BXOAAILHE
B 3TH Koablla. Iloche npoBejeHHst NONPaBo4YHOro pacxofia Aggs =
= 4 n/c no KoHTYypy D3 HEBAZKH BO BCeX (PUKTHBHEIX KOJbBIAX CHU3ATCSH
JI0 TMPaKTHYECKU TpUeMJeMbIX BeJMYUH. B OTHENbHBIX 3/eMeHTapHBIX
KOJBLAX HEBA3KH HECKOJBKO Gofbllie NOMYCTHMBIX; J/Ifl MX CHIKEHHA
TIPOBOJMTCA TONPABOYHBEINL PACXOX TO TPeTheMy KOHTYpY — Agy =
= 2 Jalc.

Jlns nipoBelienus Tpoilecca YBA3KH CeTH MOXeT ObITh HCNONB30Ba-
Ha TaKKe U MHas CHCTeMa NPHeMOB, B NPHHIMNe OGoJslee MpocTas v Tpe-
Oylomas MeHbLero NPosiBJeH Hsi MHUIHATHBEL PacyeTyHKa, HO BHISBIBAKO-
was oOBHO 3HAYHTENbHOE YBeHYeH He YHCa NOoC/IeloBATENbHEIX Tepe-
pacnpepnenenuil pacxofioB. Oco6eHHOCTb TaKOH CHCTeMBl YBA3KH CO-
CTOUT B BHIOOPE OIIHOH oNpeieNIeHHOH LieNH Y4acTKOB ceTd s ofpaso-
BaHusA QUKTUBHOrO KOJIBIA, KOTOpOe COXPAHSETCA B TeYeHNe BCero npo-
Llecca YBA3KH. B oTnenbHBIX HUKJAAX NONPABOYHBIH PacXol NPOBOAHTCA
Mo (PUKTHBHOMY KOJbLY, N0 BHEIUHEMY KOHTYPY WJIH NO KaKoMy-JuO6o
5JIeMEHTAPHOMY Koably (WM TpyTilie sJleMeHTaPHBIX KoJelr). Jlns npose-
JieHUsl TIONPABOUHBIX PACXOJOB BHIOMpaeTcst KOHTYP € OTHOCHTENBLHO
HauboJIbLIEH HEBA3KOIL.

ITa cHCTeMa IPUEMOB YBSI3KH PACCMATPUBAEMOI KOJIbLEBOH CeTH
npu ee pabote B nepuos HauGOJBIUETO BORONOTPEOJiEHUs COCTOUT B
CJeLYIOIIEM.
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B ¢uKTHBHOE KOJBLO BKJIIOYAIOTCSA JIMHHMH CETH, NPOXOASIlHe Yepes
yaaet HC—A—20—13—2—3—4-—5—B5—HC, 1. e. Ta Xe Lenb y4a-
CTKOB, KoTopasi Gblia MPHHSTA JJs o0pasoBaHusl NepPBOro GHKTHBHOTO
KOJbIla B M3JIOKEHHOM Bhlllle MeTofie pacueTa. Kak BHAHO H3 pacuet-
Holl cxemnl (puc. VIIL16), [Jisi yIOBNETBOPHTELHOH YBSSKH CeTd NpHt
BTOpOM MeTofie HoTpeGoBajioch 15 mrepanuii, Toria Kak paHee 3Ta ke
ceTh Gbila yBsisaHa 3a LecTb Mrepanuii. KoHTYpel poBefieHust nonpa-
BOYHBIX PAacXollOB B (PMKTUBHOM KoJblle 0003HaueHb! @;; NoNpaBOUHbIE
PacXofibi, NPOBOAMMbIE 11O BHEIUHEMY KOHTYDY CeTH, OOOSHaueHBI HO-
Mepamu 3, 4, 9, 12, a 10 OTAEJBHBIM KOJIbIlAM M TPYNIIaM KoJiel, —HOoMe-
pamu — 1, 2,5,6,7, 8, 10 11.

Ecnu npoaHanusupoBaTh H3MeHEHHe HEBSI30K B (PMKTHBHOM KOJIBLLE,.
TO MOXKHO YCMOTPETh B HEM ONpefie/eHHYI0 3aKOHOMEPHOCTD.

Kak 6bljlo OTMeYEHO Bbillle, TPAHSUTHEIE MArkCTpajH ceTH (<OCHOB-
Hble HallpaBJieHHsi») OKA3aJIHCh TIPH NlepBOHauaJbHOM IOTOKOpacnpesie-
JIeHUM JJIsi TePUOka HauboJbILEro BOAONOTpeOaeH s HEIOTPY XKeHHBIMH Hi
HEBSI3KM B (PMKTHBHBIX KOJIbLlAX, 3aMBIKAEMBIX OT/[EJBHBIMY PA3JIHUHBI-
MH MarucTpajisiMM, cocrapasiau 6—8 m. CilefioBaTesIbHO, TPeOOoBasoCh
BCE MaruCTpaJiH JOrpyathb.

B paccMarpupaeMoM (BTopoM) criocobe YBASKH NPH NMPOBeIeHHH CO-
OTBETCTBYIOLIEro MONPaBOYHOTO PACXORA MO BHIOpaHHOMY (€MHCTBEH-
HOMy) (QUMKTHBHOMY Koiblly Maructpaib A—20—13—2—38—4—5 po-
rpyaeTcsi U HeBsi3aKa B (PMKTHBHOM KoJblie cHixKaeTcsl. OfHOBpPeMeHHO:
BO3PACTalOT HEBSISKM BO BHEIUHEM KOHTYpe M B OTAEJBHBIX KOHTYpax
u Koabiax ceru. Ilocnenyroinee NposeieH e MONPAaBOYHBIX PACXOlOB MO
BHEIIHeMY KOHTYPY M APYTMM KOHTYpaM CHHXKaeT B HHX [OJy4YeHHBie
HEBSI3KM, HO CHOBA YBeJIMUMBaeT HeBsi3KY B (DHKTHBHOM Kosbile. B pe-
3yJbTaTe NPOBENEHHs HOBOrO IONPABOYHOrO pacxofia B (PUKTHBHOM
KOJIblle HEBSI3KA B HEM CHOBAa CHHIKAeTCs, HO YBeJIMUHBAIOTCS He BA3KH
8 IPYTHX KOHTYpaX, NIPUMBIKAOLMX K Maructpanu A—20—13—2—3—
4—5, U T. A

Taxkum obpasoM, MPOKCXOAMT HeKOTOpHill KojebaTebHbIN NpoLecce
H3MEHEHHs HeBA3OK C MeJJIeHHbIM 3aTyXaHHeM aMIIMTY/b KoneGaHHil.

B pesyJabtate NpOBEfieHMsi NePBOro NolpaBoyHoro pacxofa Agg
(Mo GUKTHBHOMY KOHTYpY) norpeGoBasioch NMposefieHHe NOMPaBOYHOTO:
pacxona Ag; o BHEIIHEMY KOHTYPY CeTH M pacXomoB Ag; 1 Ag, 1o ot-
JeJIbHBIM rpynnam Kodew. [TonpaBouHstil pacxos Agy, NOBJEK 3a coboik
HeoOX0MMOCTb NPOBefieHHs] HOBOTO MONPaBOYHOro Pacxofa Mo BHEIIHe-
My KOHTYpPY Aq, ¥ pacxonoB Ags ¥ Agg B IpYTHX KOHTYpax.

Iocse npoBeneHusi Agg; BO3HHKaeT HeOOXONMMOCTb B IPOBENEHUH
Ag, 1 Agg; nocne nposenenus Agy, TPOBOAMTCS TPETHI NONPaBOYHBIME
pacxonl Ags MO BHEIHEMY KOHTYDY M NONPaBOYHBIE PacXoibl Agio B
Ag; Mo JpYrHM KOHTYypam.

CreoBaTenbHO, NpHeMlieMasi CTelleHb YBSISKH CHCTeMbl Oblia Jio-
cTurHyTa nyteM 17 mocnefoBaTe/bHBIX NpHOJHIKeHHI.

Bce KoHTYpHI 06x0fla NOKasaHbl Ha cxeme cetH (co. puc. VIIIL.16),
a I0CJIe0BaTeIbHOCTD NMPOBENeHHs W 3HAueHMs! NONMPaBOYHBIX Pacxo-
zoB paHel B TaGn. VIIL7.

Jlnst pyyHoro cyeTa Nofo0Has cHCTeMa YBSI3KH NPefiCTaBJIseTcs Upes~
MEPHO T'POMO3RKOH.
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Ta6aunna VIILT

Iocaenosa- Tocnenosa- Tocsenona-
TeNbHOCTH
npoBesenHs Ag, aje n;zg:;mbx Ag, afe nm:x%?:ﬂ Ag, nje

Aq Aq Agq

D, 16 5 2 9 1

1 6 6 3 10 2

2 4 [ 3 11 1

3 3 7 3 [ 1

D, 3 8 3 12 1

4 2 Dy 2

ToBepounblil pactieT CeTH Ha NPONYCK NOXapHOro pacxoga. B co-
orBerctBud co CHuIl 11-31-74, pnist npoBepKu cHCTeMBl Ha TIoflayy pac-
XoJa, TpebyeMoro A5l TYIIeHHsI BOSMOXHEIX N0XapoB (B nepHOJL Hau-
Gosplero BOAONOTpeOJeH s1), NPUHATO TPM ONHOBPEMEHHBIX MoXapa:
JiBa B XXHJIBIX KBapTajaXx ropoja (B Toukax 4 u 5, HanGosee yaaJieHHbIX
OT HACOCHOM CTaHuMH) ¢ Mopaueit 35 j/c U ofuH HA NPOMBILLJIEHHOM
npeanpusTul (Touka 7) ¢ nogauei 20 s/c (puc. VII1.17). Orciopa cyM-
MapHEIH PacXofl Ha HyKIbl NIOXKapoTyIeHus coctasster 90 gi/c, a bl
pacxop Boasl ropomoM 531,2 + 90 = 621,2 s/c.

Tax Kak Bo BpeMsi noXapa o6beM Gaka GallH{ He MOKeT 00ecneyuThb
nofayd TpebyeMbIX KoJHYeCTB BOABI (M BooOuie 6aK OGallHH MOXKeT B
3TOT MOMEHT He HMeTb BOMBI), PH pacueTe CHCTEMbl Ha Toxap npen-
noJiaraercsi, 4to GalHsi B paboTe CUCTeMBI He Y4acCTBYeT.

 Ha HacocHo#! cTaHuuu Ha BpeMsi noXapa BKJ/IOYAlOTCS W paGoTaloT
TPY Hacoca, T. €. K JIByM NOCTOSIHHO PaGoTaiouiM HacocaM JOMOJHU-
TeJIBHO NPHCOEAUHSIETCS TPETHIl HacoC TAKOro 3Ke THIa. XaparepucTHKa
Q—H Ttpex coBMecTHo paGoOTalOLIUX HACOCOB TMpUBeneHa jajiee (CM.
puc. VIIL.19).

Ipu ycioBun vick/moueHus 6aliHy U3 paboThl CUCTEMB! BO BPeMsl 1o-
Kapa oTHajiaeT HeoOXONMMOCTb BO BHeILHeH YBs3Ke CETH U NPOBOAUTCS
JIHLIL ee BHYTPEHHSIsl YBS3Ka Jyisl HAXOK/EHUSI HCTUHHOTO pacnpezesne-
HUS PACXOJIOB, TPeGyeMoro Haropa Ha HacoCHON CTAaHIMK M TOTePb Ha-
fopa.

B nponecce yBsIsKH ceTH, NpoBOMBLIeHCsS Mo MeToly AHupusiepa,
NoTpe6oBasioch MoC/eloBaTe/ibHoe TpOBeleHHe 1IecTH NONPaBOYHBIX
PacXoloB: ABYX — N0 TPynnaM KoJiell U YeThipex — MO OT/eNbHBIM
KOJIBLIAM  CeTH.

3anuch NpoBeleHUsl pacyera W KOHTYPHl HpPOBeJieHHsI NONPaBOY-
HHIX pacXopoB HaHwl Ha puc. VIIL.17.

OKoHuate/bHasl HEBSI3KA O BHEIUHEMY KOHTYPY PaBHa HYJIIO; B OT-
JIeNBHBIX KOJBIAX HeBsizKa pocturaer 0,7 m. JlanbHelnneil yBssKH He
Tpebyercsl, TaK KaK OHa He MPUBEJET K CKOJIBKO-HHOY b Cy1eCTBEHHOMY
H3MeHEHHIO PaCyeTHOro Hanopa Ha HacocHol ctannuy. CKopocTh TeYeHHst
B OTHEJBHBEIX YYacTKaX CeTH He HPEBHIUAeT JOMYCTHMBIX NPEeJesioB.

Cpennye cymMmapHble niotepH B cetd (ot yana A jo yana 5), cuuras
Mo BHEIIHeMY KOHTYPY CHCTeMEl. cocraeisior 23,86 m. Ilorepu nanopa
B BOJIOBOJaX OT HaCOCHOI! CTAHIMM JI0 CETH Npu nponycke 621,2 a/c co-
crasnsiiotr 21,25 M npu ckopocTu Teuenusi 1,58 m/c.
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§ 30. AHanu3 pe3yJbTaTOB pPacyYeTa CeTH
ropojCKOro BOAONPOBOAA

PesyJibTaThl YBSI3KH CETH JJIsi BCEX TPeX PACCMOTPEHHBIX C/ydaeB
ee paboTe! O3BOJISIOT NPOBEPHUTh, HACKOJIBKO IpHeMJeMBl BHIOpaHHbIE
HACOCHl ¥ YTOYHHUTD PEXKHM HX paGoThl B 3aBUCHMOCTH OT PEXHMa BOJIO-
noTpedJeHHs.

Jasi HopMasibHO# paGoThl CHCTEMBL B COOTBETCTBHHU € IpadMKoM Mo-
Tpebaenusi Bogbl (cM. puc. VIII.5) Gbina Hameuena paBHoMepHasi paboTa
IIBYX TapaJUle/ibHO BKJIIOYEHHBIX HacocoB ¢ obuiell mopauei 455,5x/c.
IIpeBapuTeNbHO OINpEJie]EHHBIA HAIOp, KOTOPHIH JIOMKHEI ObIIN CO=
3/1aBaTh HACOCHI, COCTABJIST OKOJIO 73 M JiNis ciTydasi HauboJIbLIero TpaH-
3uTa ¥ OKoso 62 M Jyisl ciydasi HauGoJbIIero BOXONOTPeSNeH s,

IIpoBenenue BHYyTpeHHelH W BHelIHell YBSKM CETH IIOKasallo, 4TO
B 4achi HaMOOJBLIEro TPaH3WTa NpPU 3alaHHOM OTOOpe BOJBLI M3 CeTH
379,8 a/c BLIOpaHHEIe HaCochl MOIYT NoxaBaTh B ceTb 444,5, a He
455,5 5i/c, v us Hux 64,7 a/c GyayT TPaH3UTOM NepefaBaThes B GallHIO.
B yacki HauGosbluero BoAOMOTPeONeHUs TIPU JIBYCTOPOHHEM IHTaHUH
ceTH Hacochl (aKTHyecKu OynyT nopasaThb 481,5 ni/c npu sajaHHOM O1-
6ope Boztbl (B 37H yack) 531,2 ji/c. Henocraromue 49,7 ai/c Gyner naathb
GawHsi. Takum oOpasoM, gakTHYecKuil rpaduk paboTel (IpU 3arllaHu-
POBAHHOM peXnMe BofoNnoTpelieHNs) OyneT CyLIeCTBEHHO OTIMYATHCA
OT NpeJIoJaraeMoro; nojada HacocoB GyneT MeHSITbCA B JUalasoHe OT
444.5 1o 481,5 a/c. CooTBeTCTBEHHO GYyT MEHSTHCS H CO3/1aBaeMble MU
HAaloPHL.

DTH Halopbl MOXKHO OIPEfeJsiTh KaK MyTeM CJIOMKeHHs I'eOMeTpude-
CKO¥ BBICOTBI [10/'beMa BOJIb! U BCEX NOTEPh HANOPa B CHCTEMe J1J1s1 000HX
PACCMOTPEHHBIX C/ydaeB paboTHI, TaK M IyTeM KCIOJb30BaHMs Xapak-
TEPUCTHK Q—H TNPHHATEIX HACOCOB.

B yacel maubosibiiero Tpansuta (puc. VIIL.18, a)

Hy=Hyeom~+hp.a-+Zhe+hs.6.

TeomeTpuyeckasi BbicoTa nogbeMa Hreon= (He+he—+ (26—2x) =
= (24 + 2) 4 (132 — 113) = 45 M. [Ilotepu B BOmOBOZAX: Ky, =
= 11,1 m; A, .6 = 0,57 M. CpenHue NoTepu Harnlopa B CeTH, olpesie/ieH-
Hble 10 YeTHIpeM TPAH3WTHEIM MalHCTpansM, cocTaBnsioT 13,36 M (npu
Hepsi3Ke IO BHelUHeMy KOHTYpy Ah = 0,36 m).

Oxkonyatenpio  noayuwim  Hp, = 45 + 11,1 4 13,36 + 0,57 =
= 70,03 M.

Ilns cayuass Haubonbwero BoponotpeGinenus (puc. VIII.18, 6)

Hy=Hreom+hp.ntZhe—lp.6,
rae Hreon = 43 M; hp.y = 13 M; Zhc — anreGpamyeckas cymma nortepb Hanopa
B CeTH MpPH ee JBYCTOPOHHeM NUTaHKWH, onepejesieHHas Kak cpegHAd Mo YeThpeM
maructpadisiv; Zhe = 10 m; hg. = 0,34 M.

Cnenoarentio, Hy = 43 4+ 13 4 10 — 0,34 = 65,66 m.

TakuM o6pasoM, 1Ba BKJIIOYEHHBIX IapajjielbHO Hacoca NPHHATOH
MapKu IPH COBMeCTHOH paGoTe ¢ ceTblo U GallHel (Ipu 3anylaHUPOBaH-
HOM pexkuMe BOJONOTpeO/enYs) 6yayT QakTHIecK paGoTaTh B CJey0-
IeM JluanasoHe usMeHeHuil Q, M Hy: ot Q, = 444,5 n/c mpu H, = 70 ™
o Q, = 481,5 a/c mpu H, = 65,7 m.
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Tor e pesyJsbTaT MoXeT OBITb HOMYYeH HENOCPEACTBEHHO M3 pac-
CMOTPeHHS HallOPHO-PACXONHBIX XaPAKTEPHCTHK HCIIO/Ib3Y eMbIX HACOCOB
(puc. VIII.19). 3peck kpuBasi | — XapakTepHcTHKA NPHHATOrO AJIS HC-
NOJB30BaH s Hacoca; Kpusasi /] — XapaKTepuCTHKa ABYX NapaJJenb-
HO paGoTalolHX HACOCOB (IPH OGOMX CIYyasiX HOPMaJibHON PaboThi
cucreMbl) M Kpupasi /] — xapaKTepucTHKa TpeX COBMEeCTHO paboralo-
LKX HACOCOB TOrO ¥e THNA B IePHOMBI NIOXKapoTyLleHHs. Touku @ u 6,
pacrofioXeHHbIe OKO0 KPHBOil /1, UMEIOT OpPAMHATH, COOTBETCTBY IoLIlHe
3HAYEHUSIM HaNopPa HAcOCOB JJisi Cllyyasi HaHGOJbILEro BOXONOTpese-
Hus (Touka a, Hy = 62 M) u ans1 cayyas naunbonbluero TpaHauTa (Tod-
Ka 6, Hy = 73 M) npu NepBoHAYaJIbHO 3aIJIaHUPOBAHHON NOCTOSIHHOM
nofiave HacocoB 455,5 si/c. Pacmonoxelue STHX TOYEK OTHOCHTeJBHO
kpusoit 11 (Touka a Gosnee ynajieHa oT KpUBOI, 4eM TOUKa 6) IOKA3hIBAET,
YTO NIePBOHAYANIBHO NPHHSITEIE LJIST YBSI3KU CETH NapaMeTpsl paboThl Ha-
cocoB Gblu Gosee GNU3KH K NeHCTBHTENLHOCTH IS CIyYast TPAH3HTA,
yeM JiA clydast HanOoabulero Bogonorpebnenusi. B pesynwrate storo
TIPOILeCC YBA3KH AJSIIINOCAEIHErO PACYETHAIO CJIyuasi ObUL OCJIONKHEH.
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. Toukn @' u 6, nexamue Ha KpUBOH Q—H NPHKSTHX IS HCHOML-
30BalHsi Hacoco (kpusas /1), HMEIOT aGCLCCH, COOTBETCTBYIOIIME Mpe-
JeJbHBIM 3HAYEHUSM U3MEHSIOLMXCA PAcXofloB MNoJaBaeMoil BoOIbL
Q = 444,5 n/c — npu uanGonniuem Tpauaute ¥ Q = 481,5 nfc — npu
HaubosbeM Bogonorpebiensy. OpIuHATH STHX TOYEK COOTBETCTBYIOT
HanopaM, COo3/1laBaeMbIM HACOCAMH NPH YKa3aHHbIX NolayaX. DTH BesH-
uyiHbl 6IM3KO COBNAZAlOT C MOJYYEHHBIMH NPH pacyeTax.

[Tpoenennbiii pacyer crcTeMbl Ha cilyyail NOXKapa B Yackl HAHGOJb-
1Iero BOJIONOTPeO/IeHUs NaeT cJefylolle NOTePH Hanopa B CHCTeMe:
B BOJIOBORAX Ay, =21,6 M; B ceTH OT TOUKH NPUCOEIHHEHHS K Heil BOJO-
BOAOB A0 caMoil ynaneHHol TOYKH noxapa (Zh)a_s = 23,86 M.
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Puc. VIIL1IY

Cpobonnbiii Hanop B ysnie 5 onpenensieTcs ¥s Bupamenus: Hy =
=H, —h, ,— Zh, — (25 — z,). PasHoCTb OTMETOK 25 —2, = 131 —
— 113 = 18 m. Hanop, cospaBaemblii TpeMs napannenbHo paboTato-
LMY HacoCaMy NPUHATOTO THNA NPY fojaye 1o ABYM JIMHHSM BOJOBO-
na 621,2 n/c, moxer GbTh HaiifleH Mo xapakTepucTKe (xphpas //] Ha
puc. VIIL.19) wiau no npuG/IHKeHHOMY aHATHTHYECKOMY BBIPAMKEHHIO
H, = 90,8 — S,Qi. Tem u IpyruM cnocoboM nosyuena pesnuyiHa H,,
6nuzkas K 72 M. Orcriopa Hy = 72 — 21,6 — 23,86 — 18 = 8,54 M.

Takum o6pasom, B HauGosee HeGIATONPUATHO PACTIONOKEHHOH TOU-
Ke Iloxkapa ofecreudBaeTcsi Hanop HeCKOAbKO HHXKe PeKOMeHIyeMoro
HOPMaMH, Ho JoNycKaeMblii MU B OTe/NBHBIX CTyYasx. B nanHom cay-
uae «pacyeTHbIE» TOUKH NOXKAPOB PacrooXeHbl Hauboee HeGnAronpusT-
HbIM 06Pa30M, MOCKONBbKY OHM CKOHLEHTPHPOBAHEI B CAMOM Y IaJeHHOM
OT HaCOCHOH CTaHLIMM K CaMOM BO3BBHILLIEHHOM paiioHe ceTH. B cBsisu ¢
STHM MOXKHO CUMTaTh JIONYCTHMBLIM HCIIONL30BaHHe BO BPeMsi NoXapa
COBMeCTHO#H paboThl TPeX BHIOPAHHBLIX HacocoB. [Ipu 3ToM ciexyer yuH-
THIBATh 3HAYUTeJIbHBE NPeUMylleCTBAa YCTAHOBKH Ha CTaHUHE OHO-
THIHBEIX HACOCOB.

Pesynprate! pacueroB GbUIK HCIOB30BAHEl TAKKeE JIS onpeeseHus
CBOGOIHBIX HANOPOB B y3NaX CETH NPH BCeX PACUETHHIX CJydYasX ee
paboret. CBoGonbil Hanop Heg; = I1; — 2;, T. e. oH paBeH pasHOCTH
Nbe30METPHYECKOH ¥ Teole3UyecKoil OTMETOK y3na.

Ha puc. VIII.20 u VII1.21 cooTBercTBeHHO NpHBeIeHE! CXeMbl ce-
TH JW151 0OOHX PaCueTHbIX ClyyaeB HOpMaJibHOH PaGoThl CHCTEMBI C YKa-
3aHHeM Nbe30METPHYECKHX OTMETOK (BEPXHssl CTPOKa), FeofesuuecKoil
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OTMETKH (CpefHssl CTPOKa) M CBOGOAHOrO Hamopa (HIKHSA CTPOKa);
BCe 3TH [MQPLI TIOMeIlieHbl B NPSAMOYTOJNbHUKaX, MPUBA3AHHEIX K KaX-
gomy yaay. IlpesomeTpuueckie OTMETKM Jsisi cJyyasi HauGoJbLIero
TPaHsWTa BBHIYUC/ISINCH NPU TMOJIOBUHHOM Halo/JHeHHWH Gaka GaluHu.
B MOMeHT ee NOJIHOrO HAMOJIHEHNsT OTMETKH BO BeeX y3aax OyAyT 6o/b-
we Ha 2 M. [IbesoMeTpuyecKre OTMETKH W CBOOONHBIE HATIOPHI sl Te-
pHofa HauGOJBLIETO BOLONOTPEOEHHS BLIYKC/IEHB! B TIPEAIONOKeH HH,
yTO0 B GaKe HeT BOABIL.

TIbe3oMeTpHUECKHE OTMETKH, a CJIeJoBaTebHO, ¥ CBOOOAHbIE Halo-
Pbl BLIYUCIANINCH TyTeM NpuOaBJieHust WK BLYUTaHUS TNOTEPH Hamopa
B y4YacTKax NPH NePeXofie OT OAHOTo y3Ja K apyromy. Ilonyyaemast nbe-
soMeTpuYecKasi MOBEPXHOCTb NPHBA3LIBAaNach K TOYKaM € (pMKCHPOBaH-
HeIMu (M3BECTHBIMH) OTMETKaMH. B mepByIo ouepesb ObIN ONMpesie/ieHbl
Nbe30MeTPHYECKHE OTMETKH Y3JI0B BHEIUHero KOHTYPa H K HUM MpUBf-
spIBajluch BHyTPeHHUe y3Jsbl. Tak Kak ceThb Nocsie yBSISKH HMesa HEeKO-
TopLie NONMYCTHMBbE HEBASKH MOTePb Hamopa B KOJbUAX, TBE3OMET-
pUYecKHe OTMETKH BBIYHCJSLINCH MPHOIMIKEHHO, MOSTOMY Ha CXeMax
puc. VIIL20 n VIII.2] pasHocTh nbe3oMeTpUYeCKHX OTMETOK COCEl-
HUX Y3JI0B OTJMYaeTcs] B HEKOTOPOH cTeneHH OT MOTEPb HAnopa B JH-
HUSIX, COCAUHAIOIMX Y3Jbl, T. €. OT NOTEPb, NOJYYeHHEX B pesyabTate
pacyeTa. D10 HeusGeKHOE OTJIHYME HESHAYUTENBHO H He CO3J1aeT CKOb-
KO-HHOYZb CYILIECTBEHHOTO HCKaMKeHHsl XapakTepa Nbe3oMeTpHYecKofl
MOBePXHOCTU ¥ BeCbMa MaJio BJiHsieT Ha BeJMYMHY CBOOOHBIX HallOpOB.
Pe3yJbTaThl BBIYUCIEHUS CBOGOJHEIX HAIOPOB MOKA3bIBAIOT, YTO OHH
JexaT B 3aflaBaeMbIX Npejeliax, T. €. He Hiuke TpeGyeMuix 24 M (cor-
JIacHO PaCUETHOH 3Ta)KHOCTH) H He BHIIE MPEJeJbHO NOMyCKaeMbiX
60 M.

Ilnsi crydast paGoThl CHCTeMbl BO BpeMsi Noxapa MONOCHbIe CXeMbl
NBEe30METPHYECKUX OTMETOK ¥ CBOGOJHLIX HANOPOB HE COCTABJISUIMCB.
JlomyCcTUMOCTD TOJTyYeHHBIX CBOGOZHBIX HANOPOB B MOHHIKEHHBIX pak-
OHaX ceTH GLlia NpoBepPeHa Mo Haubosiee HU3KOPACTIOIOXKEHHBIM U OJIH3-
KUM K Hayajly ceTd y3JjiaM. DTH Hanopbl He MPEeBLILAIOT JOMYCTHMBIX.

Haxonen, va puc. VII1.22 naHa cxeMa ¢ HaHeceHHBIMH Ha Hell 3Ha-
YeHUSIMH HAMEeTPOB M JUIMH BCeX Y4YacTKOB M OKOHYaTeNbHLIMU Pacxo-
JlaMH U CKOPOCTSIMH B y4acTKaX CeTH JUIsl BCeX PacCMOTPEHHBIX ClydYaeB
ee paboThI.

B paHHOM mpuMepe pesyJbTaThl pacyeTa He HCMOJIbL3OBAJHCH st
KOpPeKTUPoBKH TpadUKOB NOAAYH BOALI B TeUEHHE PacYeTHBIX CyTOK,
TakK e KaK U KOPPEKTMPOBKU NPHHATOrO NepBOHauYanbHo ofbema Gaka
BofloHanoproil Gammu. [lofo6Hble pacueTs! Gblni TpoBelieHs! B 1. VII.
Tam e GLLIM NPOBefieHbl pacyeThl BOJOBOJOB Ha C/y4adl aBapuu.

B 3akmoueHHe HeoOXOOUMO yKasaTh Ha HMeIolHecsi HeJOCTaTKH
cHcTeM ¢ KOHTppesepByapoM. OCHOBHEIM He[IOCTATKOM 3THX CHCTEM SIBJIf~
eTcsl HensGeXXHOCTb BeChbMa 3HAYUTENBHOrO JHuanasoHa KosiebaHus LaB-
JIeHWH B CeTH U BOJOBOAAX MPH PasjMYHLIX PeuMax pabOTHl CUCTEMbL.
B nepuos TpaH3uTHO# Mofa4y¥ BOALI B KOHTPPe3epByap HAcOCHL JOMMKHBI
obecrnednBaTh Noaayy OTHOCHTENBHO GOJBIIOrO COCPefOTOYEHHOro pac-
XOJia B CaMYI0 yaJeHHYIO TOUKY CHCTEMBI, KOTOPas B TO 3Ke BPeMsl HMe-
€T CcaMyIo BLICOKYIO NLE30METPUYECKYI0 OTMeTKY. B yKasaHHBIX yciio-
BUSIX OblBaeT BecbMa TPYIHO oGecreunThb JOMYCKaeMoe JaBjieHHe B ce-
TH (He Gosiee 60 M).
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OfHUM U3 KapAuHaJbHBIX PellleHH#l 10 YCTPAHEHHUIO YKasaHHKIX He-
JIOCTAaTKOB SIBJISIETCS YCTPOMCTBO HHU3KOPACIIOJIOKEHHBIX Pe3epBYyapoB
(B yacTHOCTH, NION3EMHEIX) BOJHU3H KOHTPPesepByapa. IIpu TpaH3uTHOMH
fiofiaue BOZB! yepe3 cerhb (B 4achl MPeBBLIIEHUs] TIOAAYK Haj moTpebie-
HUeM) H30LITKH BOJbI MOTYT IOCTYNAaTh B 9TH pe3epBYapHl, JJisi Yero He
Tpebyercst 3HaUNTENbHBIX (MK BoOOIe He TPebyeTcst) NOBhIIIeH i Hallo-
pa HacocoB rojioeHoii crannuu. CoGpaHHasi B yKa3saHHble NEPHOAL B
STHX pesepByapaX BOHa MOXeT NePeKauyuBaTbCsi MeCTHOH HacocHOR
CTaHIuell B KOHTPpe3epPByap H NOCTYINaThb OTTYJd B CeTb B NIEPHOMBI IIpe-
BBILIEHHsI NOTPeOsieHust Hax Nojiadell BoIbl OT TOJOBHOH HACOCHOH CTaH-
LHH. Y CTPOHCTBO JONOJMHUTEILHOIO pe3epByapa B HAaCOCHOH —CTaHIMH
BEISHIBAET OIPEJieIEHHOE Y BeJYeHHe CTPOUTENLHOI CTOUMOCTH CHCTEMBL
B L(eJI0M, HO MO3BOJISIET CHU3UTb CYMMapHEI{l PACXOJf SHEPTUH Ha NIOLBEM
BOJIBL.

FTJIABA IX

OCOBEHHOCTH THJPABJIMYECKHX PACYETOB CHCTEM MNOJAYH
W PACNIPEINEJIEHHS BOIbI

€ HECKOJIbKMMH BOJONHUTATEJISIMH

H HE®PHKCHPOBAHHBIMH OTBOPAMH

§ 31. OcHOBHBIE THIILI CHCTEM

CucTeMbl BOJOCHAOXKEHHsSI ¢ HECKOJBKHMH BOJONUTATENsIMH W He-
(HUKCHPOBAaHHLIME OTOOPaMH HMEIOT IUHPOKOe PaclpocTpaHeHMe, OCO-
OeHHO B KPYMHBIX M PacTyUIHX TOpPOJax.

Poct BopmonoTpebsieHNsi U 3HAYHTENBHOE pacliupeHHe TepPUTOPHU
ropola BHIBLIBAIOT HeOOXONMMOCTb IPHBJIEYEHHs] HOBBIX HCTOYHHKOB
BonocHaGxenusi. [Ipu sToM Nofaya Bopbl OT OFHHMX HCTOYHHKOB MOXKeET
OCYLIECTBJISITECS CAMOTEKOM (BONOXDAHHJIHIIA, POXHHKOBBIE KalTax-
Hble COOPYXKEHHS H T. 1.), a OT JPYTUX — HACOCAMH, YTO BeJleT K yEe-
JINYEHHIO YHCJIa OCHOBHBIX MUTAMLIMX HACOCHEIX CTAHIMH M PaiOHHBLIX
CTaHLUH IoAKayKH.

B psine ciy4yaeB pocT TepPHUTOPHH ropofia oOyCJOBJIHBAET Iie/leco-
0BpasHOCTb YBeJIHUeH st yKCa (PaccpefioTodeHHs) HallOPHO-PeryJInpyo-
uux eMkocreih. Ecin Ha TEPPUTOPHM HMEIOTCS BO3BBHIIIEHHBIE MeCTa
(X0/Mb1), HANlOPHEIE EMKOCTH, BBHITIOJIHEHHHIE B BHJE Ha3eMHBIX pesep-
BYapoB, MOryT OBEITh DacloJIOXKeHEl Ha HUX.

Hanuuve B cucteMe BomocHaGiKeHNsi HECKOJILKHX HallOPHO-PEryJin-
PYIOLIKX eMKOCTEH HMeeT Psifi OJOKUTENBHBIX CTOPOH. Y Be/IHYHBAETCS
HaJIEXXHOCTh CHCTeMB! KakK OJsarofiapsi oflieMy YBe/JHYEHHIO 3alacoB
BOJILL B CHCTeMe, TaK K GJaroiapsi HX PaCCPEOTOUEHHIO II0 TEPPUTOP HH
ropoza. TeM caMBIM NOBBIIIAETCS BEPOSTHOCTb TOTO, YTO NPH ABAaPHAX
Ha TPAH3UTHBIX MArHCTPaJsiX CeTH HACeAeHHe yJaJNeHHEIX PaloHOB ro-
pona Gyzer obecriedHBaTHCS BOLOH K3 OJHKaHIleli HAIOPHO-PeryNUpPYo-
el eMrocTa. Kpome Toro, yBe/nyeHHe YHCAA HallOPHEIX eMKocTel obec-
neyuBaeT HEKOTOPOE «peryJupoBaHue» (HHBEAHDOEaHUE) NaBJEHHS B
BOJOIPOBOIHON CeTH U COKpallleHue AHaNa3oHa ero KoJebGaHuil, 4To
GnaroTBOPHO OTparKaeTcsi Ha paboTe HaPYIKHEIX B BHYTPeHHHX CeTeH,
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a Takike BOJOPasOCOPHOI U peryaupyiomeil apMaTyphl, BefeT K CHUMKe-
HUIO yTeyeK BOJBI.

CucteMbl ¢ HeCKOJBKMMH BOAODMTATENSIMH U He(GHKCHPOBaHHBIMH
orfopaMil MOKHO IIOAPAsHE/INTb Ha CJEAYIOLe OCHOBHbIE THIIBL:

1) ¢ oZHUM OCHOBHBIM BOJONHTATE/IEM (HACOCHAS CTaHLMS) U JBYMs
unu Gosnee HANOPHBIMU PErYJHPYIOLMMY €MKOCTSIMH; :

2) ¢ mByMSI NHTAIOLIMMH HAaCOCHBIMH CTAHLMSIMH M OfHOH HalOPHOH

- peryJupyomeli eMKOCTBIO;

3) ¢ HeCKONBKHMH IMTAIOUIMMH HACOCHBIMH CTAHLMSIMH H HECKOJb-
KHMH HeHKCHPOBaHHBIMH 0TOOpPaMHM (BKJIOUasi HamopHble PeryJupylo-
mye eMKOCTH).

Hannuye HecKo/IbKHX BofioMHTaTesefl H HECKOILKUX HepHKCHPOBAH-
HBIX OTOOPOB NPH HX PaboTe COBMECTHO € KOJIBMEBHIMU CETAMH SHauYH-
TeNIbHO OCNOXKHSIeT pacyeT CHCTeM Iofayd M pacupefesieHHsl BObI.

Jlnst BceX cHCTeM IepeyHC/IeHHBIX THIIOB, TaK e KaK U AJisi paccMo-
TPEHHOH paHee CHCTeMbl ¢ KOHTPPe3ePByapoM, XapaKTePHbl iBa OCHOB-
HBIX PaCyeTHBIX MOMeHTa UX PabOoTH: MOMeHT HauboJbilero BOKoNoTpes-
JleHUsi ¥ MOMEHT HauOOJblIero NOCTYINIeHHs! BOABI yepes ceTh B HAIop-
HBle DeryJIHpYIOIHe eMKOCTH.

Ommaxo B cucTeMax, HMEIOIHX Goslee OXHON HANOPHON PeryJupyio-
Iiell eMKOCTH, MOTYT IOSIBUTHCA HOBBIE PacyeTHble CJy4aH, KOraa BO3-
HHKaeT NepeJiMB (Depefpoc) BOAB U3 ORHONR €MKOCTH B APYTYIO.

§ 32. Cucremnl ¢ oHO#M nNUTaloLIel HACOCHOM CTaHIMeR
M ABYMsl HJIH GoJiee HANOPHO-PEryJIHPYIOLIMMHI
€MKOCTSIMH

MecTa pacnioioxeHnusi peryJUpyoOLIMX eMKocTell Ha TeppHTOPHM
cHaGxaeMoro Bojiol ofbeKTa B S8HAUHTENBLHON CTENleHH NMKTYIOTCS Ha-
JINYHEM BBICOKHX IeOfie3HYeCKUX OTMeTOK. Ecii Takye oTMeTKU HaXofsiT-
csi B pafioHax, yHaJleHHBIX OT TOYKH IIOfiayyl BOABI, CHCTEMA HMeeT B,
npencrasienHsift Ha puc. 1X.1. Jlns nopoGHOM cHCTeMbl XapakTep ee
PaboTe! B 060HX OCHOBHBIX PacyeTHBIX C/Iy4YasiX aHaJOTHYEH CHCTEMAM
¢ KOHTppesepByapoM. HauaneHoe noTokopacrpesiesientie B CeTH HasHa-
4aeTcsl B COOTBETCTBUH C COBMEILEHHBIM rpaduKoM BoronoTtpebienus U
BOJIONOJIaYH C Y4eTOM KOHGHIYPAL UK CETH A MeCT PacriofOXeHHs! Pery-
JIHPYIOIHX eMKoCTel.

B momenT HauGonsiero oT6opa BoLI H3 CeTH IPaHMIIB! 30H ee [HTa-
HHsl 3aiiMyT HeKOTOPOe NoJI0XKeH e, NoKasaHHoe Ha fpuc. 1X.1 nymkTu-
pom. Paiionsl cetH, npuMblkaiomue K GalHsM, NuTaoTcs oT HEX (] —
80Ha nuTanus ot Gaumu By; /I —sona nutanus ot Gammu By, a oc-
TaJpHasi ceThb CHaCXaeTcs BONOM, NoxaBaeMoil Hacocamu. IIpu sTOM
30Ha, IHTaeMasi OT HaCoCoB, H3oMUPyeT (PasyelisieT) 80H MUTAHMS CETH
OT nepBOH U BTOpO# CallleH.

Ecin B ykasaHHbléi pacueTHBIi MOMeHT fonsi yuacTHs HACOCHOMH
CTaHIHH B NOKPHITHY ofliel noTpeGHOCTH B Bofie GyNeT OTHOCHTENLHO
MaJjia, IpaHHLB! 30H MOTYT 3aHATh [0JI0¥eH e, yKasaHHoe Ha pHc. 1X.2.
3riech 30HB! UTAHHA CeTH OT ABYX GalleH CONPHKACAIOTCS: JHHHS ab
Gyzer nutathCst oT oBenx Gawen. OT60p Boxw B ysie 6 Gyger BOCHON-
HATHCS BCeMHM TPeMs HCTOYHMKAMH IHTAHHS CeTH.
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Puc. 1X.1

Puc, 1X.2

B or1pesibHBIe MOMEHTH B 3aBHCHMOCTH OT COOTHOLIEHMS ¢$akTnye-
CKHX Y3JIOBBIX OTGOPOB M CONPOTHEJIEHHH YUaCTKOB HEKOTOPHIE YUaCTKH
CeTH MOryT NHTaThCs ONHOBPeMeHHO OT HaCOCOB M OfHOH M3 GaiueH
(yuacToxk a6 na puc. 1X.3) nu or 1Byx Gaiex (yuacTok 68 Ha puc. 1X.3).

B Tolt ke cucTeMe B MOMEHTHl HauGOMNBIEro NPEBBIIEHHs oAyt
BOJIbl HacocaMi Q, Haz ee oT60poM Hs ceTH SQ; NBHIKeHHe BOIH GyIeT
NMPOUCXOAHTE MO cXeMe, oKasaHHOH Ha puc. 1X.4. B sti MomeHTH obe
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Puc. 1X.3

He

Puc. 1X4
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GallHH JOJKHBI Noay4aTh Bogy. Eciu ofHa us Gallled B TaKHe MOMEH Th
He 6GyJieT MonyyaTh BOLY, 3HAYUT OHA HHKOrZa He 6GyJeT NOMONHATHCS
BOZON M HE CMOXKET BBHIIOJMHATH (GYHKIMH Perysaupyiomeil eMKOCTH.

OJHaKo B 3aBHCHMOCTH OT. KOHQHIYPaUuK CeTH H Mbe30MeTPHIeCKUX
OTMETOK B MeCTe PacioJioKeHMsi GaiieH MOXKeT OKasaThCsl, 4TO B OT/eNb-
Hble NlepHoapl paGoThl CHCTEMBbI TIOfiada BOAbl OT HacocoB OyneT obeclie-
YHBaTh €€ NOCTYIJIeHHe TOJIbKO B OfiHy U3 GameH (6511 — Ba puc. 1X.5).
Bawns B; Gyner npoposxaTh OTAaBaTh BORY, NPHUEM BOSMOXKHO €€
4acTHYHOe MNePereKanne B GamHio bBij.

Ha puc. 1X.6 cxemarnyeckn NMOKa3aHO PAacloO¥eHNe Nbe3oMeTpH-
YeCKHX JIMHHI B CHCTEMe JJisl Clydasi ONHOBPeMeHHOM TOfauH BOMBI Ha-
cocamu B 00e Gammu — I, 1JIsi cydasi IMTaHMsl ceTH OT obenx GalueH
U OT Hacoca — 2 W AJsi Cydasi IMTaHHSI CETH OT HAcoCOB M OT GalluHu
br—38. B nocnegseM ciyuae nofiada Bopsi B Gammio By ocymmecTssi-

A
4 Puc. IX.5
b !
Sgar = 5,
2% ==l
1 2
=] ] 5 5 =
= S = N
HE Puc. 1X.6
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eTCsl YaCTHUHO HacocaMy M 4acTuyHo OGaiuHeH 5 (B COOTBETCTBHM CO
cxeMoll NOTOKOpacTpeniesieHusi, npupefieHHoll Ha puc. I1X.5).

B pesynbraTe TaKoro NepesivBa MOXeT MPOUSOHTU IepenosiHeHuHe
6oJlee HH3KO pacliosioKeHHoro 6aka, 4To MpHBeieT K IOTEPSIM BOABL.
Creflyer oTMETHTB, YTO IePeNMB BOABl 3 ONHOH GallHU B IPYrylO BO3-
MOMKeH MPY PA3/MYHBIX Ibe30METPHYECKHX OTMETKaX B MeCTax WX pac-
HOJIOKEHUA U CPaBHHUTENbHO GIH3KHX 00BbeMax MoTpebJieHusl BOIbL U ee
nofauv Hacocamu. IlepeSpoc Boap! U3 ORHOH GallHY B IPYTYIO BIVseT Ha
pacuetHEiil o6beM 6akoB. HisMeHeHHe ypoBHs BoAbl B Gakax GaileH B
OTJleJibHBIE Yachl CYTOK (T. €. CTeleHp Hallo/NHeHUs1 6aKoB) Oy /€T BIUSTH
Ha cXeMy HOTOKOpacHpefiefieHUsi H PaclojioKeHHe Mbe30MeTPHIECKHX
JIMUHUH.

Jlisi aHanusa 3Toro Bonpoca nesecoo6pasHo MpoBelieHre TOBepoY-
HBIX PAaCYeTOB CHCTEMb! JJISl OTAGIBHBIX YacOB CY TOK C HCTIO/Ib30BaHUEM
DBM.

B nensix npeforspalneHus GecriosiesHoro NepeGpoca BOAb U3 OfHOM
GalHU B APYTYIO U NepelioHeHUst 6aKoB MOTYT HCHO/Ib30BATECS CPeACT-
Ba aBTOMATHKY M TeJsi€yNpaBJeHus.

Heckonbko vHBIM GyZieT XapakTep paboThl CUCTEM B TeX Cly4asX,
Korjla TeppUTOpHsi cHabXaeMoro Bofok oObeKTa BLHITSIHYTa B HanpasJe-
HUU JIBHIKEHHS] OCHOBHBIX IIOTOKOB BOAB! Mo cetu. Pacrionoxenue Ha-
MOPHBIX PeryUPYIOLIHX eMKOCTel 3aBHCHT OT penbeda MectHocTU. Ecau
BO3BLILIEHHEIE OTMETKU HaXOJIATCH TOBKO B 30He MNPHCOEMHEHUs K ce-
TH BOJOBOJOB, TO HET OCHOBaHHsl yCTaHaBIWBATb HECKO/bKO GarleH,
¥ Mbl MoONyYaeM oGbIMHYIO CHCTEMY C OJHON HamopHol peryaupyomeit
eMKOCTBI0 B HauyaJjie ceTH. Ec/H BO3BBIILIEHHBIE OTMETKH HaXOASITCS B
paiioHax Kax GNU3KMX K TOYKe NMOAAYd BOABl OT HCTOYHMKA, TaK H
yJaJleHHBIX OT Hee M TaKHX BO3BBHILUECHHBIX OTMETOK HECKOJIBKO, TO HMe-
eTCs OCHOBaHHWe JJisi YCTAHOBKH HECKONBKUX OallleH Ha TePPUTOPUHU
ofbeKTa.

Ecnu Mbl ycraHoBuM e GawwmM, Hanpumep By v By unu By u
Bbin (puc. 1X.7), To monyuum cucremy C JABYMsi MOC/TEIOBATENBLHO
PacnoioxkeHHbLIMH PETYJIMPYIOIUMY eMKOCTAMH (M0 OTHOMWIEHHIO K Ha-
IPaBJEHHIO OCHOBHOIO IOTOKA BOAB B CHCTEME), B OTJIHYHE OT PaccMo-
TPEHHOro Bble C1ydasi, Koraa 6amHy GbliM BKJIOYEHB! NapalijiesibHo.
Taxoe «nocjeloBaTeNbHOeY BKJOYeHUe OallleH CUJIBHO OC/IOXNHSIET HX
palMOHATIBHYIO COBMeCTHYIO pabory. Hanonsenue 6aka Gosee yaaseH-
1ol GalllHyu MOXKeT 0KasaThCsl TPYAHO OCYLIeCTBUMBIM — Gosee OMM3Kas
K HUCTOUHMKY NTUTaHus GaluHsl MOXeT Iepero/HUTLCA panblile, yeM Gyner
JIOCTUTHYTA BO3MOXKHOCTE MOAAYH BOLbL B Y/aJleRHyI0 Ganmio. TakuM o6-
pasoM, ofiH¥ GaLIHU MOTYT MelllaTh ycheliHod paGoTe APYTrvX, BHISHIBas
HeNpOU3BOUTE/IbHEIE [IOTEPH BOAB! M JIHMHTHPY S co3fiaHue TpeGyeMblX
JaBneHui B Gosee yaaneHHbIX PafloHaX ceTd. Y CTaBOBUTH PallUOHAILHOE
COOTHOLLIEHYE PACYETHBIX Mbe30METPUYECKHX OTMETOK GaKOB HECKONbKHX
coBMecTHO paboraiolux GauleH (B YCJHOBHUAX TNEPEMEHHOro pexuma
BozionoTpebiienus) KpaiiHe TPYAHO U BOSMOXHO TOJIBKO MyTeM aBTOMA-
TH3anVy ynpasjieHHs cucteMofi. Llenecoo6pasHo Takxke pasielsiTh
ceTd Ha 30HHI C MOJIKAYKOH BOJBI MOBBICUTEJBHEIMU HACOCHBIMHU CTaH-
LHSIMH M C YCTAHOBKOfi HANOPHEIX PEryJMpPYIOUIMX €MKOCTel AJisi OT-
JeJIbHBIX 30H.
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- Ilepen nmpoBepeHMeM coGCTBEH-
@ o HO TrHJpaBiuYecKoro pacyera
/ (BHYTpeHHEll U BHellHell YBA3KH)
NOAOGHHIX CHCTEM HeoOXOAHMO,
KaK M B PacCMOTPEHHBIX BHILE
cAydYasx, HaMeTHTh HauallbHoe 1o~
TOKOpacnpene/ieHe U HasHAYUTh
ApefiBaPUTEJIBHO TOJiauyy OCHOB-
,~ 5 HOTO BOJOMHUTATEJs] (HacocHoi
o7 CTaHUHMH) K 076OpH (MM Toiauu)
"724\' perysaHpymomux emxocreil. s
N KaXKJOro PAcYeTHOro Cjiyyasi Bhbl-
YHUCASIOT (PUKCHPOBaHHLIE Y3J0-
Bble OTOOPHL.
,’ Tlpu HecKONBKUX EMKOCTSX 3a-
Jlaua MpelBapUTEJbHOTO pacrnpe-
IieJIeHHs] PaCKOJIOB OCJIOXKHSAETCS,
MOCKOJIBKY TPYAHO YCTAHOBHTH
JieHCTBUTENBHBIN XapaKTep COBME-
ctHolt paGoTht HacocoB, OalteH W
CeTH.
Havanenoe mnorokopacnpese-
JieHMe Cllefiyer HaMeTUTh JyIsl BeeX
pacyeTHHIX ciydaeB. B paccmar-

P

r
/
I

)
3

v S

Puc, 1X.7

pUBaeMo¥ cHcTeMe K TakKHUM OT-
HOCSITCS

1) cnyuait nonauu Bogsl B CETh
OT HAacOCOoB M OT BCEX peryJiupyio-
IHX eMKocTell (MOMEHT HaHbOoJib-
ero BofionoTpelbieHus);

ez
2) cayuail nojaus Bofbl yepes
ceTh BO BCE eMKOCTH( MOMeHT HauGonbliero MpeBhllieHHst TofaYH BOJbI
HACcoCaMH Haji notpelieHuem).

IlpH HecKoNbKHX OamHAX €deRyer NpoaHalH3MPOBATh BOSMOXHOCTH
nepesiMBa BOABI M3 oftHol OamiHM B Apyrylo. B cooTsercTuM ¢ 3tHM
JIONKHM OHTH CKOPPEKTHPOBaHM rpadMK paboThi HACOCOB H OTMETKH
GareH.

TTocae ocyiecTsiieHHsT HayanbHOrO NOTOKOPACHpPeeieHUs OMKHEEL
ObITH HasHaYeHb! QHKTHBHEIE Pa€X o/l [/ BeeX AUHUH cerH (cM. rar. IV).
OCHOBHHIM pacHeTHBIM CAy4yaeM JJisi ONpelesieHHsi RHAMETPOB 3Jech,
TaK JKe KakK H B CHCTeMe C OHHM KOHTPpe3epByapoM, OyJieT cilyyal Hau-
Goapmiero TpaHsuTa (Nojada Bo Bee GailiHM).

Ecnm otmeTku GalleH NpeamoJaraloTcsi PasHEIMH, 3To ClefyeT
yuYecTh HpH HasHayeHHH cOpoecoB r; B HuX (cm. § 12).

Onepanuy 1o oNpefie/ieRNi0 SKOHOMHYECKH HAMBBLIOAHEHIUNX JiMa-
METPOB TPAH3UTHHIX MarucTpaJsieil H KOHCTPYKTHBHEIE COOOpaXKeHHs AJIst
HaSHaYeHHUsi iMaMeTPOB MNepeMblueKk Te JKe, YTO M MPH APYrHX THOAX
CHCTEM.

ToBepoukkie pacyeThl pacCMAaTPHBAEMO CHCTEMB! 1/1sl ONpele/leHHsT
IEAICTBUTE/IBHEIX 3HAYeHM#l Nojay ¥ HeQHKCHPOBAaHHHIX OTGOPOB, a
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Puc. 1X.8

TakiKe JIEfICTBUTENBHEIX PACXOJIOB B YYacTKaX CETH BHIOMHSIOT IyTeM
TNIPOBEJIEHNsi COBMECTHO BHYTPeHHell U BHelllHell yBA3KY CUCTEMEL, aHaNo-
I'MYHO H3JIOXKEHHOMY [JIfl CHCTEMEL C KOHTPPe3epPBYapoM.

B cucremy ¢ asyms unn Gonee GalHsAMH BBOLUTCA COOTBETCTBYIO-
mee yKcio GuKTHBREIX Kosell (puc. 1X.8, a). CoBmecTHas yBa3Ka QHK-
THBHBIX M PeasibHbIX KoJiell @aeT HCKOMble 3HAaYeHHUs 110/lauy HacocoB, OT-
GopoB (unu mofau) GaiieH U PacXolOB B BOJAOBOJAX M y4YaCTKaX CETH.
B npouecce TaKoll yBsisKH NepBOHAYaJbHO HaMeyeHHEIe HepHKCHPOBaH-
Hble TIO@4yX ¥ oTGOPHL MOTYT TpeTeprieBaTh CYIeCTBeHHEIE H3MEeHeH s,
B pesysibTaTe MOMeT NoTpebOBaTbCS 3aMeHa NEPBOHAYaNbHO HaMeyeH-
HBIX MapoK HACOCOB, M3MeHeHHe OGbEMOB (a2 HHOF/@ H OTMETOK) Harop-
HBIX perysupyromux emrocteil. ITocsie 3Toro npouece yssiaky noeTops-
eTes.

§ 33. CucreMbl ¢ HECKOJBLKMMH MUTAIOIMMM HACOCHBIMH CTAHLUSAMM
M OJLHOH WJIH HECKOJNbKMMH HANOPHO-PEryJIHpPYIONMMH )
€MKOCTSAMH -

ITpocrefinet cucremoli nofo6GHoro Tuna Gy feT cHcTeMa C ByMs Ha-
COCHMMH CTaHIHSIMY, MOAAIOIIHMH BOLY B OJHY CETb, HMEIOILY IO OfHY Ha-
MOPHO-PEryJIHPYIOLLYI0 eMKOCTb. TaKuM o6pa3oM, TaKasi cHcTeMa HMe-
eT JiBe HeHKCHPOBaHHHE I0Iautl (JIBa BOJCMUTATENST) M OHH HepUKCH-
poBaHHBIH OTOOP, KOTOPHIH NEPHONNYECKH MOIKET NPEBPaIaThCs B TPe-
THH BoJONHTaTeNb. [0 Xapakrepy paGoTel paccMaTpHBaeMasi CHCTeMa
6nu3Ka K CHCTEMaM C KOHTPpPEe3epByapoM.

Bce noarotoButesbHule onepauyy MO pacyeTy TaKoH CHCTEMBI aHa-
JIOTHYHEL paccmoTpeHHsM B 1. VIII. Tlocse onpenenenus auaMeTpos
NPOBOASAT COBMECTHYIO BHYTPEHHIOIO U BHEILHIOIO YBSA3KY CETH, JUIS Ye-
IO BBOIAT JBa GUKTHBHEIX KoJbua (@ H Py Ha puc. 1X.8, 6).
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B ofuwieM ciyuae Tpolleflypa pacyeta cHCTeM ¢ JoObIM YHCJIOM Ha-
COCHBIX CTaHIHEl U PeryJAupYIOUHX eMKocTel aHaIorHYHA H3JI0KEHHBIM
3JleCh; pacTeT JHIIL YHC/IO BBOLKMHIX B CHCTEMY (PHKTHBHEIX KOJer H,
CliefloBaTebHO, YHC/O YPaBHeHHH BHeIHeH YBA3KH.

PasyMeercsi, B CTOJIb CNOKHBIX CHCTeMax eille Gonee 3aTPyAHACTCH
Tpe/iBapHTeNbHOE HasHaueHHe HeUKCHPOBAHHLIX Tofiay ¥ OTGOPOB, UTO
MOMeT TIpHBeCTH K HeoGXofuMocTH (B mpollecce pacueta) HeoJHOKpaT-
HOTO H3MeHeHMs! apaMeTPoB BOJONHTaTeNell H eMKOCTel.

CucTeMaM, TJie MMeloTcsi He(MKCHpOBaHHBE OTCOpH!I THNA, OTJIMY-
HOTO OT HAlOPHO-PEryJIMPYIOIMX €eMKocTell, CBOHCTBEHHA HeKoTopasd
criennguka pacueta. K Takum or6opaM, B 4aCTHOCTH, OTHocsTCA Gycrep-
Hible HACOCHBIE CTAHILKH, 3a0Hpalolie BOJly M3 OCHOBHO[ CeTH M MoJiaKc-
uMe ee B CeTh BhillesexKalllell 30HBI 30HMPOBAHHBIX BOJOIPOBOJOB.

§ 34. 3oHHasn cucTeMa
€ NOCHENOBATENABHO BKJIIOYEHHBIMH 30HAMH

30HHAsl CHCTEMa C TIoCJIe/loBaTeNbHO BKAIOYEHHBIMA 30HAMH MOKasa-
Ha CXeMaTuuecku Ha puc. IX.9.

Jlnisi KamJIoro pacyeTHoro Clyuasi aajaHbl GUKCHPOBAHHEIE YaJIOBbIe
©oT6opH B Kaxofi soHe. [Tocsie ocyluecTB/eHHs TIpeBapHTENBLHOrO 10-
ToKOpaclpejie/ieHHsi, OmnpeJie/leHHsl SKOHOMHYECKH HaHuBBIrofHe KX
IMaMeTpPoB, a TaKiKe BHIGOpa THIIA HACOCOB HBEICOTH GalllHy pacueT CBo-
JWTCS K TpoBepPKe AeiCTBUTENILHBIX PACXOJIOB B JIMHUAX CETH, nelcTBH-
TeJpHBIX 3HAUCHHI MONAYH HACOCOB ¥ He(MKCHPOBaHHBIX OTOOPOB NMPH
coBMecTHOl paGoTe BceX 3JIeMEHTOB CHCTEMBL.

ITpemnonoXUM, YTo COOTHOLIEHHE ofbeMOB BOJIONOTPeONieHHsl B 30-
uax I u 11 Takoe, uTo ceTh 30HE | Bcernia paGoTaeT ¢ TPaH3WTOM BOJb!
B 30ny I1. Cerb 30HH | He uMeer HaTlOpHO-PeryJiupyomell eMKOCTH.
Craunvs nopkauku fCy saGupaeT BoAYy HENOCPEICTBEHHO W3 CeTH
30l I ¥ nopaet ee B ceThb 3oHbl /. Tlopaya craHIiHH NOJKAYKH NlepHo-
ZMueCKH TpeBHIIaeT oT6op Boibl B3 cetk 3oHbl 1. Takum obpasoM, aTa
CeTh NepHOJHYeCKH PaboTaeT ¢ TPaHIUTOM BObl B GallHIO MIIH MKTaeT-
¢si ¢ IByX cTopoH — oT HCy 1 oT Gawny.

OcobeHHOCTb NOLOOHEIX CHCTEM COCTOHT B TOM, YTO CTAHILUSA No/Kay-
ki HCy siBnsieTcs olHOBPEMEHHO U He(MKCHPOBaHHBIM oTGopoM (mst
ceTw sons! I), u BojonuTareseM (s cetd sousl I1). Ilpu sTom o16op Bo-
16l Hacocamn HCyp BcerZa paseH Iojiaue.

PaccMoTpyM B TlePByIO Ouepelb TOT ciayyaii paGoThl-CHCTeMbl, KOraa
BoJia TIOCTyTaeT B GallHIo, T. €. paGoTy B NMePHOJ OTHOCUTENILHO MaJioro
BoponoTpelaesys.

VicKoMble BeMuHHB: Tofaua HacocoB HCy (Qp), or6op (u mopaya)
macocoB HCy (Qn), moctyrienue Bojbl B Gaumio Qs . ITpH yKasaHHOM
B3aHMHOM PACIONOXKEHHH 371eMEeHTOB CHCTEME! M TIPH 3aJIaHHbIX CyMMap-
HbIX oT6opax Bozbl us cetu 3ou I v I1 (2Q; )1 ¥ (2Qi)u BennumHbl Qr,
Qu ¥ Qg CBs3aHL! CIEIYIOMUMH COOTHOLUEH H5IMH:

Q[— (ZQih ‘—‘Qu; Q][— (zQi)u =Q6
Q;— Q6= (2Q0); 1+ (2Qa) 1= (2Qi)e (IX.1)
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Takum o6pasoM, He3aBHCHMOH NepeMeHHOH SiBJISeTcs TONbKO OfHE
M3 Tpex Tofad Boabl (Hanpumep, Q). OcTasibHble IKECTKO CBS3aHBI C
Hell uepes M3BecTHble oTGOpPH #3 ceTH (2Q;); W (2Qy)u. Kaxnoe
Y3 HalMCAHHBIX YDaBHeHHil JaeT BO3MOXHOCTb YHCJIEHHO ONpPefeJHTh
pasHOCTE MeXJy Heu3BeCTHBIMH (), B3siThIMH nonapuo. s 3Toro He-
06XonMMO NpHBJeYh ypaBHeHHe GaJjiaHca oTePh Halopa B (DPMKTUBHOM
KoJiblle, 00pasoBaHHOM JIMHHSIMH, COEAMHSIOMMMY (QUKTHBHBI ysen O
co cranumeit HC; u Gawnedt B (cM. puc. 1X.9). Iro ypasHeHHe uMeeT
crenyomui Bup (ecnu npeneGpeds NOTEPSIME HAlOPA B JIMHUSAX, CORNH-
r’miomnx craniuio HCy ¢ ceramu son I v 11 v 6aimio b ¢ ceThio 30HBE

I):

H]—ha—(mik)["‘h'u_(Ehik}u:flﬁ (IX.Z)

Puc, 1X.9

M4, NpU BEIpa’X€HMH HANOPOB M IIOTePh Hallopa 4Yepes PacXOibl
Fi(Q)—Ss @~ (Zsnigf )i+ Fry Qu)— (ZSima)r, =H - (1X.3)
Bripaxas B siBHOM BHje cBsisb MexAy nopadeil Q u nanopomM H Ha-

cocoB (C HCTONB3OBAaHHEM yPaBHeHMH!, allIPOKCHMHPYIOWHUX rpaduue-
CKHe XapaKTePUCTHKH NDHHSATEIX HACOCOB), MOJYYHM:

Hyg— Sy & —Ss Q8 —(=Sir qiﬁk)l'l'HHD_sull;Q?l—
—(ZSim b n=Ho (IX.4)
BropriM ypasHeHHeM [J151 ONpejenieHHsi HEM3BECTHHIX Q1 U Qi 6y-
IeT ypaBHenMe Gananca pacxonos B ¢puKTHBHOM y3ie O (cMm. prc. 1X.9).
CoBMeCTHOE pellleHUe 3THX NBYX yPaBHeHHI JaeT BO3MOMHOCTH Haill-

TH YHC/IeHHEbIe 3HaueH st Q1 M Qp. DT0 MOXKHO Cfies1aTh MyTeM NOCTAHOB-
k4 B ypasHenue (IX.4) smMecro Qu ero BHpaxenus uepes Qr:

Qu=Q—(EQ),, (IX. )
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Torza nonyunm ofHo ypaHeHHe ¢ OQHHM HeH3BECTHBIM Qu
Hio—S,1 Q& —Sa QB —(=Sun o) + Hypo— Sy [Q—(ZQ:) P —
— (=S af)n=Ho. (I1X.6)
INpakTiyeckn Bce Hamope, TIoTePH Hallopa M pacxoibl HAXOUAT B
TIpolecce YBSSKH PeasibHbX H (QHKTHBHBIX KOJell ceTH (C COBMIOIeH HeM
TiepBoro 3akona Kupxroda) no tex nop, noka me Gyzner YIOBJIETBOP €H

BTOPoit 3akon Kupxrogpa. CootseTcTrylome 3TOMY YCJIOBHIO 3HaY€HHS
PAaCcXolioB U HANOPoOB M GYAYT HCKOMBIMH.

~
S
B w
s = =}
1 f
<
3 |a s
B o
B3
4, \ (£l
EQi) N
Y (5 RR  1
Puc, IX.10
Bennunna Qn onpenensiercst mo BbipaxeHHI0 Qn = Qr — (2Q))1.

3nast Q1 M Qu1, NOMYHAIOT HATIOPE!, CO3aBaEMElE HACOCHBIMH CTaHUMSIMH
Xapakrtep pacriosioxeHus Nbe3oMETPHIECKHX JIHHUT B CHCTeMe, Co-

OTBETCTBYIOIHH YBsI3Ke HKTHBHOTO KOJIbla, HOKAa3aH Ha puc. 1X.10.
CBoGOnHEL Hallop B TOUKe or6opa Bofibl H3 CeTH 30HbI /

Hop =Hy—hy—Shy—2.

B nposezentom panee pacuere s1a BeMumHA HuuEM He 6bla orpa-
HHYeHa. MeXny TeM pH COBMeCTHORH paboTe HAaCOCHBIX CTaHIHE MOXKeT
©OKa3aThbCsi, YTO HAllOp B CeTH BONU3H TOYKH OTGOPa H3 Hee BOAbl HACOCA-
MH HCy ynajer Huxe KonycTHMoil BeAHuHHbL. OGbIHO STOT Hallop He
HONXeH GhITh HHKe TPeGyeMoro cBOGOAHOro Hallopa H.g, o6ycaosnupae-
MOTrO 3TaXHOCTBIO 3aCTPOHKM JaHHOTO paioHa.

Paccmorpennast panee 3azaua MoXeT GbIThb PellleHa B BapHaHTe, KOT-
Ja 3HaueHue H, B paiioHe, NpHMbIKaOmmeM K craunuu HCy, Gyner
sajiato (cm. puc. 1X.10). 3uavennus Beex pacxonos u HallopOB B CHCTEMe
MoryT GbITh NOJIyHEHE! B 5TOM CJydae NyTeM COBMECTHOR YBAI3KH peasib-
HBIX KoJlell ¥ IBYX GUKTHBHBIX KoJler, P i Dyy (puc. 1X.11).

B xonbiie P; oHa BetBb coeuEsier y3en O co craunueit HCy, a
Apyrasi — C BCaChIBAIOIMMH TaTPyGKaMH HacocoB craHuuu HCy; B
Kosibile Py OfHa BeTBb uzeT ot yada O K HaloOpPHBIM NaTpy6KaM HacoCcoB
crannuun HCr, a Bropasi— K Galude.

B yause O cobniopaercs 6anauc Pacxonos B 060X QUKTHBHBIX KOJb-
nax:

st &y

QI—Q":(ZQi)[;
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nas Py
Qn_Qﬁz(ZQi)".

YpasHeHue yBsi3KH (HKTHBHBIX KoJiell (T. €. YC/IOBHS Gajauca Ha-
MOpPOB) HMeeT BHI:

H[ *‘hn—(zhih)[=ch

HCB+H[1—(2hik)11:7H6~

Konglio, o6pasosantoe IByMst GHKTHBHBIMH JIHHUSIMH, COEJHH SOLILH~
mu ysen O co cravumeit HCyp, orofpaxaer xapaktep paGoThi HACOCOB
510l cravuu. B konmpue uupkynupyer pacxon Qu, pasHbi 0TGOPY
BOJIBI HACOCAMH K3 CeTH 30HHI / 1 ee Nojaue B ceTb 30Hb //; IPH NPOX0MX-
HeHHH BOJBL Yepes Hacoc Hanop mosbluaercst of Hy, no Hey + Hin
Jlnst npakTHUECKHX PacueToB CHCTEMbl 3TO KOJBLO He TPeSyercs.

PaccMoTpHM NOBEPOYHBLH pacueT 9ToJ 1Ke CHCTeMH JI/151 Cyuasi, Kor-
Aa cetb 30Hbl /] nuTaercs ¢ IBYX cTopoH: ot ctanuud HCip ¥ ot Gaiinu
b. Hawmeuennas rpanuna nutanusi pafoHOB 3TOH 30MBI IPOXONHT 1O
nuaun aa (puc. 1X.12).

Benuuunnt Q1, Qu u Qs cBSI3aHBI B 3TOM CJyyae CJIeAYIOLIHMH CO-
OTHOLUEHHAMH:
Q["(EQi)[=Q[|; Q":(zQi)[]‘—Qﬁy
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HIH

Qi +Q6= (2Qa); + (2Qi)1 = (2Qi)e-

Kak u B npefpiiyiieM ciydae BefnuuHa Qp MoXeT GbiTh MosydyeHa
B pesyJbTaTe COBMECTHO! BHYTPeHHell M BHelllHeH YBSIBKH CHCTEMb
(. e. Bcex peasIbHBIX M OQHOrO (PUKTHBHOrO Kosbua) (cM. puc. 1X.12).

YpaBHeHMe GafllaHca HalopoB B (HKTHBHOM KoJibile OyJeT HMeTb
BUL*:

Hy—hy—3hy +H ; —Zhy, | Shy —He, (IX.7)

rae Zhy, — cyMMa noTeph Hamopa B_ceTH 30HH [;iShy o 1 Zhyy g — CYMMBI 0w
Tepb Hanopa B ceTH TeX PafioHOB 30HH /], KOTOpHIE OHUTAIOTCS COOTBETCTBEHHO OT
HacocoB H GalllHH.

Ecaiu noncraBuTh B 570 ypaBHeHHe Bhlpaxenust Hyu Hy B dyHKiuH

Q1 ¥ Qu ¥ BHIPa3sUTb Bce NoTEPH YePes pacxonbl, GyfieT NoNyyeHa Be-
JuurHa Q.

* Cuepyer MMeTb B BHAY, YTO HpH ~BceX MNPeo6pa3oBaHMSX STOTO ypaBHe-
HHS 3HAaK OPpn Hyy He MeHsieTCsl W 5Ta BeJWYHHA OCTA€TCsi MOJOKHTENBHON (HPH
[PHHATOM HAIIPABJICHHH JBHKEHHS] BOJbI) .
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FJABA X

OCOBEHHOCTH PACHETA
TPABUTAILUOHHBIX CUCTEM BOJOCHAB)XEHHS

§ 35. O6mue nonoxenns. Tunsl cucrem

B rpaBHMTanMOHHBIX (CaMOTEYHBIX) CHCTeMaX BOXOCHaGXeHHsi BOja
nofiaeTcsi B CeTh H3 BLICOKOPACHOJIONEHHEIX BONOEMOB — KaK ecTecT-
BEHHBIX, TaK ¥ MCKYCCTBEHHBIX (03epa, BOJOXPaHWJHLLE, Pe3epByaphl,
PONHMKOBEIE KanTaxu W T. I.). IIpuHUEN onpeseneHys 3KOHOMHYECKH
HaHBBITOfHEHIINX JHaMeTPOB TPYO BONOBOJOB H JIHHHH CETH B 3THX CH-
cTeMaX HHOH, 4eM B CHCTeMaX, Jie BOJia IOAAeTcsi HacoCaMu.

B rpapuTanHOHHBIX cHCTeMaX JUisi JBHIKEHHS BOABI MCIOJIB3YETCS
noTeHLHajbHasA SHEePTHs, ONpefensieMas BelMUHHON «pacrosaraeMoro
Hanopa» NHTAIOLIEro pesepByapa IO OTHOIIEHHIO K JIbe30MeTPHUECKHM
OTMETKaM BofionoTpeSureneil.

Ha puc. X.1 cxeMaTHYecKH NMoKasaHbl NPOROBHEIH NPOQHIL TaKoi
CHCTeMbl H paclojioKeHHe Ihe30OMETPHYECKOH JIHHHMH.

DKOHOMUYECKH HaUBHITONHEHHMH JHaMeTPaMi BOLOBO/A H YUaCTKOB
ceTH 3jech OyJlyT TakHe, NPH KOTOPHIX CTPOMTE/EHAsh CTOMMOCTb BOZO-
BOla W ceTell OyZeT HaMMeHbLieli DU YCJIOBHH NoaayH TpebyeMbiX pac-
XOZIOB BOJIBI K TOYKaM ee oTO0pa M DM INOJHOM HCIOIB30BaHHY Paciona-
raemoro Hariopa / (Ha npeonofieHHe TMAPABIHYECKUX COIPOTHBIEHHI
Tio MyTH ABHXXeHHs Boxbl). JlJisi paccMaTprBaeMoli clcTembl pacriosiarae-
MbIM HallOPOM FIBJSIETCSI Pa3HOCTL Nbe30MeTPHYECKOH OTMETKH YPOBHSI
BOJIbl B NTHTAIOLIEM Pe3epByape U Nbe30MeTPHYECKOH OTMETKH B IMKTYIO-
el TOYKe CHCTeMB! (B3ATHIX OTHOCHTENBHO HEKOTOPOH IJIOCKOCTH).

B cucreme, nokasannofi Ha prc. X.1, nuKTyIOWEN TOYKON siBnseTcs
camasi yhasleHHasi TOYKa.

Pacrionaraempit wanop H = Hy, — (H,., + 2;), tne H, — Tpe-
Oyembifi cBOOOAHBINH Hamnop B AMKTYwouleil Touke ceTd. OueBHIHO, YTO
BesiMunHa H [oJIKHa PaBHATHCA CyMMe NOTeph Haropa B CHCTEMe, T. €.
H = Zh;;, (no noGoMmy NyTH ABMIKEHHS BOJbl OT TOYKH NHTAHUS CeTH
0 KOHEYHOH TOYKH CXOfia).

¥

=Shig

H

fp
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7

STyt

Puc. X.1



Kak noKasblBaloT TeXHHKO-9KOHOMHYECKHE PacyeThl, Juisl onpejese-
HHS 5KOHOMHYECKH HaHMBBIFOAHEHINHX JHAMETPOB JIMHHH rpPaBHTALHOH-
HBIX CHCTEM MOrYT HCIOJIb30BaThCsA (OPMYJIBI TOrO XKe BHAA, YTO M JJIS
CHCTeM c Tiofiayedl BOABI HacocaMH, HO [PH HHOM 3HAayYeHHH KOHOMHYe-
cKoro ¢akropa.

Pacyersas BenuyuHa pacrionaraeMoro Hanopa H = Zhy, nomxsa
OPHHUMATBCS JIJISI MOMeHTa HaHOOo/ibLIero BONONOTPeGseHHsl. DToMY
MOMEHTY COOTBETCTBYeT HaHGOJALIUHH YKJIOH Mbe3oMeTpPHuecKoil JHHHH
(IpHu JIOGEIX TIPHHATHIX AuaMerpax TPY6). [Ipu naMeHeHuu (yMeHplie-
HHH) PacXolioB YKJIOH Nbe30MEeTPHYECKOH JIHHHH GYJeT yMeHbllaThes

Heg
Hig

Puc. X.2

BILIOTB 70 { == O mpH npeKpallieHuu Bogonorpebnennsi. [Ipu sTom B cetH,
B YAaCTHOCTH B ee JUKTYIOLleH TouKe, AapjieHne OyjeT NpeBHILATh TPe-
GyeMoe (COOTBeTCTBYIOLlee 3aflaHHOMY Hanopy H.,).

OnHaKo B rpaBHTallHOHHBIX CHCTeMaX, IJie JBHXKeHHe BoJbl obeclie-
YHBaeTcA TOTEeHNHaNbHOH Hepruell BojonuTaressi (1apoBoH), B OTJIH-
YyHe OT CHCTeM ¢ Mozfayell Boxbl HacocaMH, Kosebauusi Bojonorpedie-
HHSI He OTPaXXaloTCsl Ha HX KOHOMHKe U He BJIMSIIOT Ha 3HayeHHe HaH-
BBHIrOfIHEHMINX nuameTpoB. CielioBaTeNbHO, 31ech OTNafaerT HeoGXOMH-
MOCTb B HCIONb30BaHHH Koadduimenta y (em. § 12).

Onpenenenne auameTpoB TPYG MO KaKHM-JIHGO OCPeIHEHHBIM (3a
pacueTHBIl CPOK) pacXofiaM B PacCMATPHUBAEMbIX CHCTEMaX He HMeeT
CMEIC/IA.

KoneGarnsi BononorpeG/ieHusi BLIBHIBAIOT 3lieCh JIMINL H3MeHeHHe
(baKTHIECKHX CBOOOJHBEIX HAIOPOB B CHCTEME H, B YaCTHOCTH, B IUKTYIO-
mel Touke cetn (puc. X.2).

OueBHNIHO, YTO CBOGOAHBII Hamop B Jii0GOH TouKe ceTH HpH JioGoM
BOZIOOTOOPe He JIOJKeH MajaTh HHXKe 3ajaHHOro (Tpebyemoro) sHaue-
HHSI U He JIO/iXKeH NpeBHIllaTh AONYCTHMOro0 MaKCHMAJIbHOIO 3HaUeHHS
(60 m).

CoGuofiente YKasaHHBIX TPeGOBAHHE MOXeT BLI3BATh CYLIleCTBEHHBIE
TPYIHOCTH, TaK Kak NpPH pacrosioXeHHH Bojonutatenss Pp (puc. X.3)
Ha BO3BBILEHHBIX OTMETKAX MECTHOCTH H IpH 3HAUMTEJILHOH NJIMHe
BOJIOBOJIOB JlaBjieHHe M KojeOaHHe €ro B CeTH (IPH H3MeHEHHH BOJO-
TOTPebJIeHHsT) MOrYT OKasaThCsl GOJBIIHMH.
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OpnuM 13 MeponpHATHE, O0eCIEYHBAIOMINX YMeHbIIEHHe AHana3ona
XoneGaHKsl JaBleHHsl B CETH, SIBJSETCS YCTPOHCTBO Ha BOIOBOAE pas-
rpy3ouHoro pesepsyapa Py (cm. puc. X.3). Takoii peseppyap («mpe-
PHIBaTesIb Hanopa») MOXKeT ObITh PacIioNoXeH Ha BOAOBOJE Ha OTMETKE,
obecrieunBaiolell HaJHuKMe B CETH JaBJeHHH, He MPEBLIUAIOMKX [ONY-
CTHMBIX TIPH TIPefeNBHO MaJsioM BoponorpelieHuu. [1pu 3Tom HauGosb-
uiasi BeJIMYMHA BO3MOKHOrO JUIs HCTIONB30BaHHsl Hanopa coctaput H =
= Zhyp.

Wa6riTounslit pacnonaraemslii Hariop AH, Npu H3JfvBe B peseppyap
Py MoxeT GHITb B ofpefie/IeHHON Mepe HCIOJb3OBaH A5 TIPEOfOeH s
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Puc. X.3

THAPABAHYECKUX CONPOTHBNEHHU Ha myTH oT Py K Py Ecau npu 3tom
nosTyyaioTcsl HelomyCTHMO Gonbliineé CKOPOCTH, TO YacTb Hamopa AH,
MOXKET JAPOCCeNNPOBATLCH 3afBHXKKOH NPH H3nuBe B pesepeyap Py
HJIH HCIOJIL30BAThCA ANl TeHEPALHH 3JIeKTPOIHEPTHH.

B nacrosiiee Bpemst HMeeTCst Psifi TPHMePOB YCTPOHCTBA THAPOINEK-
TPOCTAHIMH /NSl YTHNH3AUHH H3OBITOYHLIX HATIODOB B I'PABHTAllHOHHBIX
CHCTeMax Mofayd Boful. B nopobHbIX ciyuasx eesnunnst AH ycranag-
JHBAIOT ¢ yyeroM TpeGosanuit I'3C.

IpaBuTallONHbIE CHCTEMB! MOTYT OBITH MOAPasfieeHbl Ha Cliey 10LiHe
OCHOBHBIE THIIBI:

1) ¢ opHHUM rpaBHTALHOHHLIM BOAOIHTaTe/eM (BOLOEMOM WIH pesep-
ByapoM C 3aJaHHO¥ pacyeTHOH OTMETKOH YPOBHS BOAHI) Ge3 HedHKCH-
POBaHHLIX OTGOPOB;

2) c gByMs HJH Gosiee PPABHTAIMOHHBIMH BOJOTIHTATENAMH H HedHK-
CHPOBaHHBIMH OTOOpaMH;

3) CMeliaHHOro NHTaHHsl (C PABHTALMOHHLIMH BOAOTHTATENSIMH H
HaCOCHBIMH CTaHLIHSIMH);

4) 3ouHble (cHCTeMB! «OOpaTHOTO» 30HHPOBaHHS).
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§ 36. Cucrembl, uMeIOLIHE KOJBLERbIE CETH
H OMH rPaBHTALMOHHBIA BOJNONMMTATEND

Kak yixe GbUIO CKasaHO, B TPaBUTALMOHHLIX CHCTeMax pacrosarae-
MBI Hanop H ponmxeH ObITL BO3MOIKHO GoJiee NOJIHO UCIOJB30BaH Ha
TipeofioieHHe THAPABJIUIECKHX CONPOTHRJEHHI B BOJOBOJIaX U CETH. DTG
obecrieyuBaeT HauGosee IKOHOMUYHOE PellieHye 3afiaul: JuaMeTpsl Tpy6
NIPH 3aflaHHbIX pacxofax OyAyT HauMeHbluMu. ClieoBaTeNBHO, NOMKHO
co0moaaTbCsl paBeHCTBO:

H=Zh,
rne Zh;p — NOTEpH Hanopa B BOFOBOAAX M CETH IO JIO60MY MPOM3BOJIBHO BHIGPaH -

HOMY HanpaBleHHIO OT MHTAIOUIeTo pe3epByapa A0 KOHEUHOH AMKTYioLleH TOYKH
KOJIbLEeBOiH CeTH.

3ameHsis mortepu Hamopa h;; 4epes GUMKTUBHBIE HOlepH Hanopa
hy i, mOTYUHM:

2a __m
a-tm a-+m
He Zhoin 2q;p Lin %,
il m . m m
atm at+m oa-tm
(AQ) A Q
Orciona
2a __m a+m/
o-t+m at+m m
A=[<}:‘hk Lin x;p )/H] Q; (X.1}
at+m 2a __m a+tm
m a-+m atm / m /
=k A=|k 2q Lin x5 H Q. (X.2)

Ec/iu NOACTaBUTH MOy YeHHOE BbIPakKeH e S B 0611y 0 HopMy 1y Hau-
BHITOIHeMIero Auamerpa
1 _r 3
1 .

a-tm a-+m
d=3 (Qx;r/qs1) i (X.3)

TO NOMYYHM caeyIoIyio GopMyy IJsi olpejiesieHus: HauBLIroHeero
IMaMeTpa JMHHH KOJBIEBOH CeTH TIPaBHTAIMOHHBIX CHCTEM:

2a __m a+m 1
a+m a-+m / m / a-+m
din=|[k\Zqy,  linxy H Q X
2

= CEE _2aF . (G 1t 2
at+m atm atm a+t+m m at+m atm

X (Qx3n/qs1) %G =|k\2g; Lin X;p H Xip Gip
(X.4)

Ipu npoBesieHHH YHCIEHHBIX PACYETOB yI00Hee, ONPeNC/IHB BeIHIH-
Hy 9 no ¢opmyne (X.2), nonyyats sHaueHUs: HaHBBIrOAHEHILMX JHA-
METPOB HerocpeCTBeHHO 1o o6ieli popmyse (X.3). Dto nospoaser uc-
HOJIb30BATh NOHSATHE NPHBEIEHHBIX PACXOJOB H TOJIL30BATLCS TabJMIa-
MH TIpefleIbHbIX SKOHOMHUYECKHX DPAaCXOJIOB.
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Ilopsilox pacyera rPaBUTALUOHHEIX CHCTEM C KOJBLEBBHIMH CETSMH
6e3 HehUKCHPOBAHHBIX OTGOPOB MOXeT OBITH CJlelyIOMIHM:

I — HaMmeualoT Haya/JbHOE IIOTOKOpAclpefeNeHHe B y4acTKaX CeTH
B COOTBETCTBHH C yKasaHusmu § 11;

Il — nameyator pacnpeneneHue (QUKTHBHEIX PacXofloB;

111 — Bbiyncasior 3xoHoMuueckuil daxkrop I mno ¢opmyne (X.2).
151 3TOTO HCNONB3YIOT 3HAYEHHUS ;5 H X;p, JU1sl ONHOTO M3 My Tel ABHIKe-
HHS BOIEI OT TOYKHU ITHTaHHsI 10 KOHEYHOH TOUKH CX0a IIOTOKOB (npeli-
noJaraercs, 4To CeThb UMEET ONHY TOYKY CXOfa), 33/laHHYI0 BeJHYUHY

)(=l,}25\30‘

x=05

pacnosiaraemoro Hanopa H u BeluuuHYy k (B COOTBETCTBHHU C HCIIONB3Ye-
moit opmysioft morepr Hamopa).

PacrnipesiesieHHe BETUUHH Xz M ONpefieeHNe AUaMeTpOB NP OU3BOMISAT
TaK, KaK ykasaHo B 1. IV. B ocHOBHOM (QHKTHBHEIE PACXOME! Xij, PO~
BOJIAT N0 TPAH3UTHEIM MarucrpaisiM. JMaMerphl nepeMuluex M MaJloHa-
rPyeHHBIX JUHH{I HA3HAYUAIOT NO KOHCTPYKTHMBHBIM COOOpaMKeHHsM C
yueToM TpeGOBaHUil HaleXHOCTH.

Tlpy HaMMYKKH B PACCYMTHIBAaEMOfl CETH JIBYX MU 6o/iee KOHEYHEIX
TOYEK CXOJla JIOTOKOB NPH PaclpeleNeHnt X;; JOIKHE ObITh YUTeHE BCe
coobpaxeHusi, usJoxeHHele B ri. IV. YuuthiBaercs Taxxe pasHoCTb
3aJlaHHbIX TTHE€30METPHYECKHX OTMETOK B 3THX TOYKaX.

JluaMeTphl MOXKHO NMOAGHPATL 110 PUBENEHHBIM PACXOJAM C HCTIO/b-
30BaHNeM OOBIYHBIX TaGJHLl NpPefeJbHBIX 3KOHOMHYECKHX PacCXoJoB.

TNocne onpepieNieHust 1UaMeTPOB TPYG NMPOBOAAT OOLIYHYIO BHYTPEH-
HIOIO YBAI3KY ceTH. [losyueHHble B pe3ysibTaTe YBA3KH I0TepH Hanopa
MO3BOJSIOT ONPEAENUTh CyMMy XH;; Ha NyTH OT BONONMHUTaTess J0 Ko-
HeuHoll (IUKTYyIOmEelH) TOYKH CeTH U NPOBEPUTH CTelleHb HUCIONb30BaHHA
pacronaraeMoro Hamnopa
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Pasnocts H — Zhy, = == Ah paer peanuuny obuieit Hepsisku. Ilpu
Shy, # H cBobopHEEl Hanop B JAMKTYIOUlel TouKe OyjeT HeCKOJILKO
Gonpie KK MeHbllle Tpebyemoro. Bennuuna Ah He fomxHa ObiTh 3Ha-
YHTeJBHOH.

Npumep X.1. Tpebyercst ONpefe/inTh ANaMeTPH KOJIbLeBOH CeTH FPaBHTa-
HHOHHOH CHCTeMb! BOROCHaGXKeHHs, noKasaHHo# Ha puc. X.4. Cerh nuraercs ot
pesepByapa P, pacliooxeHHOro Ha ycioBHoj otmerke 100 M. B MOMeHT HaHGOb-
mwero BojonorpeCienns B ceth Nofaercs Q = 260 n/e. D10 e KONTHYECTBO BOJBI
pacxofiyercsi B BUfi¢ YCTOBHBIX Y3JI0BEIX 0TGOPOB (uMdpnl Y CTpeloK B Yy3Jax).
B peayJibrare HayaJbHOrO IOTOKOPACH pefie/IeH s, OCYECTBICHHOTO C yYeTOM Tpe-

e ) ¥ %
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2
k)
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." Hg =25
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Sy
N

X

Puc. X.5

GoBaHMil HaleKHOCTH, ONPEfieeHbl PaCXORbl B YuacTKaX ceth gix, (puc. X.4, ung-
PHl Y CTPEJIOK Ha y4acTKax). Il7nHb BceX Y4aCTKOB H3BECTHB (umndpsl B cko6KaXx) .

JIns TpUGIHIKEHHOTO OnpenefieHHs SHauYeHWH (QUKTHBHOIO pacxona xik Ha
cerb HaHeceH PSA cedeHHH (NYHKTHDHEIX JHHUY). BeJHYHHA X3 y9acTKa NPHHH-
MaeTcsi paBHOji 1/n, Tae n — WHC/IO nepeceKaeMblX NaHHOM JIKHHEH Y4acTKOB {cm.
ra. 1IV). ToayyeHHbIe BeJHYKH X;; TOKa3aHB HA CXEMe CETH. B naHHOM 4acTHOM
cayyae 3HaueHHsS Xjp YAOBJETBOPSIOT NEePBOMY 3aKOHY Kupxroda.

Tpu npHMeHEHHH METOLOB TOYHOIO TEXHHKO-IKOHOMMYECKOTO pacuera CeTH
(HKTHBHBlE PacXofbl (MepBOHAYaJbHO HaMEYEHHBIE YKa3aHHBIM cnoco6oM) n0JK-
Hbl GbITh YTOYHEHEBl B IIpOLEcce YBA3KH CETH IO (HKTHBHBIM NOTEpPsAM Hanopa. [as
BLIYHCIeHHS (QUKTHBHBIX NOTePh Hamopa hg i HCnoJL3YIOT NOJNYuEHHBE 3Ha-
yenus x;k. HaXxoxfenue GHKTHBHBIX NOTEPh Hanopa, NPUBEAEHHBIX B TaGl. X.1,
HeOGXOAMMO JI/Isi BLIYHCJIEHHS SKOHOMHYECKOro (paktopa 3, B COOTBETCTBHH C KO-
TOPHIM ONpefe/fIOT HaUBbropHefiliie AHAMETPh CETH.

B BEIpa)KeHHE YKOHOMHYECKOro $haktopa 3 A5 rPaBHTaLHOHHBEIX CHCTEM BXO-
AT cyMMa (HKTHBHEIX NMOTephb Harmopa:

m 200 m

otm atm i o4m
Shein=ZSgin Xz, =3q  lw'xip . (X.5)

Takum 06pasom, AJis onpeseieHnst hjn HEOGXONHMO HaliTH CYyMMY QUKTHBHBIX
noTtepb Hamopa.
IlpunkMas npHGIHKEHHO

20, m
=0,5
a+tm 0.5 w o+m

=0,75,
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Ta6aununa Xl

Qx;, |3 /Ous 3 g Gk=Tn 00X
" 1, 0.5 —0.75 . Qrin Qx3p i = am,
ol I Al B I T Il e I | ol Rl i B VAT
9k
1—2| 128 |11,31] 0,34 3,80 |05 | 1,7 6.55 130 | 1,02{ 1,01 0,5] 64 250
2-3 50 | 7,35] 0,21 1,55 |0.25{ 2.8 4,35 65 [ 1,22 1o7 0,53 28,8 200
5—4 18 | 4,24 0,36 1,53 |o,25] 2.8 4,29 65 3.6 | 1.54 0.75 13.5 150
45 17 | 4,12 0,48 1,8 |o5 | 1.7 3,37 130 | 7.6 | 1,97 0,96 16.4 150
sh =
b1—4—5
== 18,56
1—8| 120 |10,95] 0,51 5,61 0,5 | 1.7 9,52 130 | 1.08| 1,03 0,5 60 250
87 30 | 5.48]|0,33 1,8 0,25 2.8 5,05 65 | 2,16| 1,3 0,64 19,2 150
7—6 12 | 346|023 0.8 0,9 | 2.8 2,2 65 5.4 | 1.75 0,86 10,4 150
6—5 18 | 4,24]0,23| 0,8 0,5 | 1.7 1,67 130 | 7.2 | 1,98 0,95 17.1 150
sh =
p1—8—5
—=18,48
Bogno- | 260
w‘l‘ < =1%0|11.4 | 2 22,8 0.5 | 1,7 38,8 130 | — — — 130 350
g




Ta6anma X2

» pE—
Qx;y |3 Qx Qx.
Vaac-Lagp, | L | 2p | Qrpp | —2 —iR| TR g | dipe
TOK | a/cl M ik ik %in i 9 E=q;p0,49 T 4 oL

2—9 1 50 {0,36(0,25| 65 | 1,3 1,1 26 7,41 200
9—61 27 10,42/0,25) 65 | 2,4 1,34 17,7 11,3] 150
8—91 40 10,2310,25| 65 | 1.6 1,17 22,9 3 200
9—4 | 32(0,21({0,25( 65 | 2,06 1,27 20,1 8 150
noJyuuM

hoin=a%" lin x5 075 (X.6)

[o 3r10it dopmyse BHUHCASIOT hj, AS Lenell yuacTKOB CETH OT HayaJsibHOM
TOYKH [ 0 KOHe4uHO# TOuKM 5. Peaynbrathl BHuucjeHuH jjis o6enx Berseil BHELU-
HEro KOHTYpa (MeIy YKa3aHHHIMH TOUKaMH) npHBefeHb B Taba. X.1.

CymMapHblie QHKTHBHbBC IIOT€PH Hanopa 0O JIMHHSAM BHEIIHETO KOHTYpa CeTH:

hy 1_4_5=18,56 m; Zhy, 5 5 =18,48 m. CpenHee 3HaueHHe CyMMapHBIX NO-
Tepb HANOPa HO BETBAM BHeILIHero KOHTYpa: hg.cp= 18,52 M. -PUKTHBHLC NOTEPH
Hanopa B Bogososie: hy.p= 38,8 M. INoJHbie (cpentue) GHKTHBHBIC NIOTEPH Hanopa
or nu;aslgmero PesepByapa 0 KOHeyHO} TOYKH cXoja NOTOKOB 5: 18,52+ 38,8 =
= 57,32 wm.

Jl3is onpenesieHHs SKOHOMUYECKOro hakTopa J KpoMme BeNHUHHEL Zhg yp He-
©06XonMMO 3HaTh MOJHBI pacnosiaraeMelll Hamop H H KosdduumeHnT K.

[Ipeanonoxum, uto nbe3oMeTpHYeCcKas OTMETKA NHTAIOINEro pesepByapa pab-
Ha 100 ™, pacyeTHas nbe30OMeTPHUECKas OTMETKA B KOHEUHOH TOUKe CXONa MOTO-
kOB 5 cocrasnger Hy = 2z -+ Heg = 55 M (puc. X.5). Torpa pacnonaraemeil ha-
nop H= Hy — Hs = 100 — 55 = 45 m.

ot

DKoHOMHueCKuil daktop 9 =k " A.

Jns Beiukcienss A ucnoansyem dopmyay (X.1). Buipamenne B unciHTeNe
97108 $OPMYJNH NpencTaBiser co6oll cyMmy QUKTHBRHEX notepb Hanopa Zhyp jx B
CeTH H BOJIOBOZE, T. €.

o +m

A=[(Shgw)/Hl ™ /Q=[(1000-10—2/2.57,32)/45]*/3/0,26 =575 .

ComHOMkuTeNb 1000 BEefEH B 3TO BHPaMXKeHHe [JiA,IePeRoAa NAHHbI JUHHA H

KHJIOMeTPOB (Kak nako B 7a61. X.l1) B MeTphi, a COMHOXHTEND 10732 a5 ne-

PeBOzial PaCXOfa M3 JIMTPOB B CeKYHAY B KyGHueCKHe MeTPhl B CeKYHIY. 0
n

Jlas pacemarpupaeMoro ciyuas k=1,69-10-8 (x1a Q, m3/c). Torna k " =
= K% = 2,07 - 104

B pesyasrare 3 = k*/® 4 = 2,07 - 10—4 - 575 = 0,119.

Jluamerphi TpY6 MOTYT GbiTh OTipefielieHbl ¢ HCIOJIb30BaHHEM TabJIHI, Npeesb-

HBIX 9KOHOMHYECKHX PacXOfiOB, MOICYHTAHHEIX N0 (OPMYyJe IPHBEJEHHOro pac-
xoza:

9l =¥ 3157 ¥V Qenl g

EciiH HCHOJb30BATh TaGMHLY NpPefe/bHLIX SKOHOMHYECKHX DacXoloB IIpH
9 =1 (an1 Q, m¥Cc), 10:

3/ B578,=3/0,0119/1= 0,49.
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B Ta6n. X.1 BhiuMc/IeHH GHKTHBHEIE NOTEPH Hanopa Vil BOAOBOXA U JIHHHEA
BHEIWIHEIO KOHTYpPa paccyHThiBaeMol ceTH. Haxoxjenne cymMMapHBIX GHKTHBHEX
noTepb B cHCTeme (OT BOJAONMTATENS LO KOHEYHOH TOYKH CXOJa NMOTOKOB) OHWIC
HeoGXOMMO (H HCNOJBL30BAHO) JYIsl ONPeJieIeHHs] SKOHOMHYeCKoro (akTopa rpa-
BHTAIlHOHHOH CHCTEeMBI.

Brelnul KOHTYP 0Ka3asICsi XOPOLIO YBASAHHEIM N0 PHKTHBHLIM NOTEPAM Has
nopa H HX JajibHeilllee yTcuHeBHe He NPOBONHJIOCH.

Nanee, B Toit e TaGJiHLE ONpeJieleHBl sl YYaCTKOB BHEIUHEro KOHTYpa
CeTH MpPUBEACHHbIC PacXoAbl H HaiijieHsl (Mo TabiHle NpefeIbHBIX SKOHOMHYECKHK
pacxofioB) GaHxkailllHe K HAHBBLITOJAHEHIIHM CTAHAAPTHLIE AHAMETPHL.

% 18-445
235-73
(150)

Senobyere o0psmayverus

® Bhgsey =Q7n G e = P

’ KoKy I Y ~ Vi M
Neyana ( ) (d,mm] 3 . alM' e
Puc. X.6

Tlpexpe uem NPOBOIUTE FHAPABIKYECKYIO YBS3KY CETH, BHYHCIHM NpHBeJIeH-
Hu6e pa;{xg;)m, JiHaMeTPHI K NOTEPH HANOpa JVIsl YeTHPeX BHYTPEHHHX YYACTKOB CETH
Taba. X.2).

PesynbraThl THAPaBIHYECKOH YBA3KH paccMaTpHBaeMoll YeTHIPEXKOJbIEBOH
CeTH 3aNHuCanbl Ha PHC. X.6 (An5 KaX0ro yyacTKa yKasaHp HaualbHbe 3HAYCHHS
PaCXOJOB M NOTEPb HaNOPa Gy M hy U MX OKOHYATENLHBIE 3HAYEHHS g H hy.
B uenTpe koJell yKasaHE KOHeUHble SHAUCHHs HeBA30K Ak B Hux. CpenuHe norepu
uanopa BO BHEIIHEM KOHTYPE CETH OT HaYaJbHOH TOYKH /| no KoHeuHo# 5 paBibl
32,34 m. Tlotepu Hanopa B Kaxpoil U3 IBYX JHHHI BOJIOBOJIOB (npH [ = 2 KM,
d = 350 mm u g = 130 &/c) cocTamst 7,38 - 2 = 14,76 M. Takum 06pasom, cym-
MapHble NOTEPH Hanopa B CHCTEME OT pesepByapa [0 AMKTYIOWEH TOUKH ceTH 5
Gynyr: 32,34 + 14,76 = 47 M. Dra BeNTHYHHA Ha 2 M MpeBHINAET 3aaAHHBIL pac-
noflaraeMbiil Hanop, 4TO NPHBENIET K HEKOTOPOMY (HE3HAYHTEIEHOMY) CHHXKEHHIO
noflaBaeMoro pacxofia. Eciis 310 Hefonmycrumo, TO aHaMeTp BOROBOAOB CJEAYeT
YBEJIHYHTD [0 GJIHKAHMEro G0JbIETO N0 COPTaMeNTy (T. e. go 400 MM). D70 ue-
71eCO06PA3HO H C TOYKH 3PeHHust ofecrieueH s 06beKTa BOAOH NpH aBapHH Ha OfHOM
M3 JIHHHH BoOjoBOAA.



§ 37. CucteMb! ¢ [ByMs Wik GoJiee rpaBUTALHOHHBIMH
BOJONMHUTATENAMH H HePHKCHPOBAHHBIMH
or6opamu

HeobxoznuMocTs NpUBTEUeHHs IONONHHTENBHBIX HCTOYHHKOB BOJIO-
<cHabXeHHs BOSHHKaeT OOBIYHO B pe3yJibraTe POCTa BONONOTPEO/EHHS
¥ HeZlOCTAaTOYHOH MOLIHOCTH yIXe HCTONL3YeMOro HCTOUHHKA [/ yJI0B-
JIeTBOPEHHAl BO3pacTalOluX notpefHocTedl B Boze.

[lpyu Banuuuy coOTBETCTBYIOMHMX TPHPOAHBIX YCJAOBHI MOTYT GHITH
COOPYKeHbl CHCTEMEI ¢ By Msi{HNN Goslee rPaBHTAIHOHHBIMU BOJONHTA-

Puc. X.7 -

TensiMi. XapaKTep H PeXHM COBMECTHOH paboThi STHX BOJONHTaTesel
BaBHCHT OT MX B3aHMHOT'O PaclloNOXeHHsI H OTMETOK, 8 TaK¥Ke OT (OpMbI
TePPUTOPHHU CHab¥aeMoro oo ofbekta. Eciu BojonuTareay HaXonsT-
¢ Ha GMU3KHX TO BBICOTE OTMETKaX M pacrmoJaralorcsi Goljiee MIH Me-
Hee «CHMMETPHYHO» 110 OTHOLIEHHIO K 00BEKTY, TO OHH MOTYT YCHEUIHO
paboTaTe NPH NOOLIX H3MEHEHHAX KOJHYECTBA OTGHpaeMofi morpebure-
JIAMH BOJBL.

BoJbiHHCTBO TPaBHTALMOHHBIX BojlonkTaTesell (03epa, BOIOXPaHH-
Jifilla) T03BOJISieT MSMeHSATHb Mofauy BoAbl OGBEKTY B COOTBETCTBHH C
€ro rpadukoM BoponorpebseHus.

Ponurkosble KanTaxy JaloT [NOCTOSHHOE, MHOTZa MelTEHHO H3Me-
HsloIleecst [0 Ce30HaM rofia KOJHYECTBO BOJHL.

I'papuTanoHHBIN BOZONHTATENb, HOJAIOWHI BOLY HeNoCpeACTBeH-
HO B pacnpeNeuTeNbHYIO CeThb, IePHOAHYECKH (B Yachl MaJloro BOAOIO-
TpeCJenus) BHHYXJIeH cOpacbiBaTh (Gecnosie3Ho) HSOHITOK BOJEL.

B HexoTOpbIX c/1yuasix nesecoo0pasHo HCIONb30BATE /IBa BOJONHTA-
TeJIsi B yachl GoJibllioro BofiolloTpebeH s, a B 4ackl MaJjioro Bofonotpe6-
JieHHsi — OJMH M3 HHX, BBIKJIOUas M3 paboTel BTOpoH, OOBMHO MeHb-
wuii. B nonoBHo# crcteMe B Hachi HaHGOMBIIETo BOAONOTPEGIEHHS BTO-
Pofi BojonKTaTeNb HrpaeT Polb KOHTPPe3epByapa (Ho ¢ He3aBHCHMEIM
nutaHreM). B uacel Masoro BomoNOTPeGseHHS B 3TOT BONONMTATENb,
€CJ/IM ero He OTKJIIOYAIOT, OyZler MoCTyNaTh W3GHITOK BOAHI, NoAaBaeMbIH
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B CeTb OT TIePBOTO WCTouHMKA. [IpH OTHOCHTENBHO MaJiofi MOLIHOCTH
BTOPOro MCTOUHHKA TaKoe NePHOIHMUECKOe €ro TMOMNOJIHeHHE MOXET OKa-
3aTHCS 1ie/1eco00pasHbIM Jyisi Ga/laBCHpoBaHHA OOLIEro KONMYECTBA BO-
Iibl, 3a6upaeMoil M3 TIPHPOIAHBIX HCTOYHHKOB.

B orpesie/ieHHEIX YCJOBHSIX MOXET 0Ka3aThbCsl LieJ1eC000pasHEIM yCT-
POICTBO CrElHANBHOTO KOHTppe3epByapa /ISl TPaBHTAlHOHHOM CHCTe-
MB — PEryJHpYIOlell eMKOCTH, He HMeloleH cOGCTBeHHOIO MHTaHHUS
OT TIPHPOAHOTO HCTOUHHKA. DTO PALIHOHAJIBHO [IPH BHITSIHYTOH TePPHTO-
puH cHa6xkaemoro ofbekTa (puc. X.7), Tak Kax MO3BOJSAET YMEHBIIHTD

a) 7 | I (4]

Py ] -
R il A P
// \Q\O, U

0 ’ e U"//*Hu
T, Tre,

Puc. X.8

LAMaMeTphl Maructpasiefl, TORAIOMIMX BOAY OT THTAIOUIEro pesepeyapa
P, HJIH CHH3UTH OTMeTKY ero pacrioioseHus (TPH Tex xe JHaMeTpax).

PacueTHoe pacTioNoKeHHe TBe3OMeTPHYECKUX JIHHHH B CHCTEME B
MOMEHT HaHGOJIBLIETO BOLOMOTPEOIEHUsT LOMKHO OOecrnednTh ceobog-
HBlil Harop B ceTd H,,. [IpH cHUXeHHH BOIONOTPEC/IEHUs TOUKA BCTPe-
YH NEe30METPHYCCKUX JIHHHH GY/eT MOCTelleHHO MOJHUMATHCS, TIoKa He
JokzieT 1o YPOBHst 2, i1 Ilocsie 9TOro HauHeTcs TMOCTYIVIEHHE BOALI B
KoHTppe3epByap Py, T. €. OH NPeBPAaTHTCA B HepHKCHPOBaHHBIl OT-
6op. Hanmude KoHTppesepByapa OyZheT TaxkiKe GJaronpHsTHO BIHSTH
Ha CHHXKEHHC NTbe30MeTPHYECKHX OTMETOK B CHCTEME B 4aChl MUHHMAJIb-
HOro BOpOpasbopa.

Pacuer rpaBUTAllHOHHBIX CHCTeM NpPH HaJlW4YHH HepUKCHPOBAHHBIX
oT60pPOB NPOBOJAMTCS AHAJIOTHYHO H3JIO2KEHHOMY B IJI. VIII c Tof pas-
HHIEH, YTO OCHOBHBIE BOLONHTATe M (ONMH WJIH HECKO/IbKO) HMEIOT Xa-
PaKTePHCTHKY 2 = const.

Tak, mjs cXeM CHCTeMbl, TNPEeACTaBJEHHBIX Ha PHC. X.8, pacuer
CeTH TPOBOAHTCS TyTeM BBEJIEHHs JOMOJIHHTENHHOTO PHKTHBHOTO KOMb-
na.

VpaBHeHH e YBA3KH (PHKTHBHOTO KOHTYpa AJsi Cyuasi HaHOoIblie-
ro Bofonorpebnenus (puc. X.8, a):

Hy—(2Sm )i +(=Sin afyu—Hu=0; X.7
ypaBHeHHe OajlaHca DacXolOB B (JMKTHBHOM ysJje 0:
Q;— (2Qi)maxe +Qp; =0- (X.8)

Ilns ciyuas Ha¥MeHBieTo BoOJoNOTpelsienns (HauGoabmero TpaK-
aura B P1y) (puc. X.8, 6):

Hl“(zsw‘h.k |‘-(zsik q&)u—H"=0 (X.7a)
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Q1 — (ZQ)wma— Qpy =0. (X.8a)

HeussecrieiMu sipnsitorest Qr, Qu M ¢y, T- €. p+e=n-+m+
-+ e — | HensBeCTHBIX (P — YHCJO YYaCTKOB; € — 4HCIO HedHKCHPO-
BaHHBIX OTGOPOB; 71 — YHCJIO KOJIEL H M1 — YHCJO Y3JIOB).

INpuBeseHHble ypaBHeHHsT JOGABASIOT K CHCTeMe 1 ypaBHEHUH BH-
fa 28;; q?k =0 I KoJell peajrHON CeTH M fm ypaBHeHH# BHIa
Q; + 2gi, = 0 nns Bcex yaJsioB cerd. Takum o6pasoM, ofliee YHC/IO
ypaBHeHHi Gyzner # -+ m -+ e — 1, T. e. paBHO YHC/Iy HEU3BECTHLIX pac-
XOIIOB.

3ajauy pelmialoT NyTeM TNpPOBENEHHs] COBMECTHOH BHYTPEHHeH M
BHeIIHe YBA3KH CHCTeMBl. TOT 3Ke yTh pellieHHsi MOXKeT OBITh HCTOMb-
30BaH TNpH Ji0OOM yKcse BoponuTaTeneii 1 HeUKCHPOBa™" ~*X oTGOPOB
soboro THNAa.

§ 38. CucremMbl cMeLMIAHHOTO MHTAHUA

PaccMOTpHM CHCTEMEI, TOJyYalollHe BOAY OT BHICOKOPACHOJOMKEH-
HOro BojioeMa (caMOTeKOM) H OT HaCOCHOH CTaHuMH (3a6Hparoliell BORY
H3 APYroro HCTOYHHKA). YCTPOHCTBO TaKMX CHCTEM MOXKeT GHITh
BbI3BAHO KaK COOTHOLIEHHEM MOIHOCTH MMEIOIHXCST (BOSMOXHBIX sk
HCTIONBL30BAHHUS) MPHPOIHBIX HCTOYHHKOB H TpeOyeMoro ofhbeMa BORO-
noTpebJIeHHs1, TaK H YCJIOBHSIMH pasBUTHA (pocta) ofbekTa BogocHaG-
XKeHHs.

Hanpumep, ropon Ha mepsblit NepHOR NPEANONATAEMOrO PasBHTHS
(Ha HeKOTOpBIH pacyeTHBIH CPOK) MoXeT GhITh MOJHOCTHIO OGecTieyeH
BOJIO¥ BBICOKOPACTIOJIOXKEHHBIX POIHHMKOB. BBICOKOE KauecTBO BOIH B
HHX M 3KOHOMHMYeCKHe NpeHMyIlecTsa TPaBHTALHOHHOHM NOJAauH BOMbE
OObIYHO NMPHBOASAT K BHIGOPY 3TOM0 MCTOYHHKA Kak NepBOOYEPeNHOro.
OnHako Ha HeKOTOpPOM 3Tale PasBUTHS FOPOLA €10 Bo3pocuike norped-
HOCTH B BOJ€ MOIYT BHI3BATH HEOGXONMMOCTb NPHBJEYEHHS JONOJHH-
TeJBHHOrO HCTOYHHKA, HallpHMep peKw (C rojavell Bogbl HacoCaMH).

Ilpy peKOHCTPYKUMH CHCTEM BonocHaGXeHHs1 B psifie ciyuyaeB NpH-
XOIMTCS NePEXOANTh K CHCTeMaM cmelianHoro muraHusi (puc. X.9).
Ipy 3T0M OueBHAHA 11€/1€COOBPASHOCTL MPOLOIKEHHS HCIOJIB3OBAHHS
BBICOKOPACIIOJIOKEHHOr0 HCTOUHHMKA B Haubosee NMOJHOH Mepe (H BO3-
MOXHO JIOJIbILIE) H TIOAYH HEJIOCTAIOLIET 0 KOJHYECTBA BOJH OT PEKH.

INpeanonoxum, uyto B NepHOAbl HanGOIBLIEr0 BOXONOTPECEHHSR
(Quaxc) BOIBL, TIOlaBaeMOli OT POJIHHKA, XBaTaeT [Jisi CHAaGXKeH s TOPOAa
JI0 TpaHHIE aa. B aror nepuon Hacock NONKHE! ToaBath Quax, — Qp-
B MomeHT HanGosbLlero BoLoNoTpe6/ieH s CBS3b MeXKAY HanopaMH, co-
3JaBaeMbIMH 0COHMH BOJONHTATENsIMH, GYET BBIPAXKATLCS CJAERYIOIHM
obpasom (cMm. puc. X.9):

Hy—Shy = Hy -+ 23— Shy. (X.9)

3nech NOCTOSHHBIMA BeauunHaMy 6yaytr Hp v z,. Bennunsa H, =

= HO—S,,QQ H3MeHsieTCs] TPH H3MeHEHHU NOJAayH BOABI HACOCaMU

Q, — Bo3pactaer ¢ ee yMeHbilieideM. [Ipu 3ToM B pesynbrate KoJeba-

HHsi ofbeMa BOJIONOTPeOsIeHHs! IPaHHa 30H NHUTaHMsl ceTH OyJeT Me-
HSTL CBOE MOJIOXKEHHe.
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Tlpu nocrenennom pocre ¢ rofiaMH BOLONOTPESTEHHS YIeBHEIH BeC
TnofauM Bojibl OT peKu GYJieT BO3pacTaTh, TOTAAd KaK PONHMK GYIeT Ipo-
Ro/KaTh obecreyrBaTh ONpPeNeicHEYIO YaCTh TePPUTOPHH roOpofia B CO-
OTBETCTBHH C €ro NpefesbHON MOLIHOCTHIO.

PacueT NoJloGHBIX CHCTEM CMeIlaHHOTO MHTAHMS 111 JII060T0 MOMeH-
Ta MX PaboTHl NPOBOAAT NYTEeM COBMECTHOH BHYTPeHHeH M BHeILHeil
YBSIBKH CETH.

Jluamerprl TPYG ceTeil W BOJOBOMOB JJIsi 30H IHTAHHSI CHCTEMbI OT
HACOCOB M OT Pe3epBYapoB CJe/lyeT ONpPeReJisiTh O Pa3JHIHEIM IPHHIIH-
naM. Jlns 30HEl IMTaHHsl CHCTEMbl OT Pe3epPBYapoB (IPaBHTALHOHHOTO
HCTOYHIKa) HaHBLITOHEHIIHe JHAMETPHl HAXOASAT 10 PHHIMITY TOJIHO-
ro HCTIONB30BaHHsl pacrojiaraeMoro Hamopa (1o MOMEHTY MNpefesibHOH
HarpysKkH); AJisi 30HBl IIMTAHUS CHCTEMBl OT HACOCOB SKOHOMHYECKH HaM-
BHIFOIHefllNie IMaMeTPLl ONPENe/IsIoT HCXONS W3 NMPHHLUHINA oeceye-
HHSI MHHHMAaJIbHBIX IPHBEJIEHHBIX 3aTpaTt Ha CTPOUTENIBCTEO M SKCILIY-
aTalHi0 CHCTEME.

TpynHocTb (Heolpefie/leHHOCTE) BOSHHKAET B yCTAaHOBJICHHH Pacier-
HBEIX cjlyyaeB paGoThl, TaK KaK Psjl y4acTKOB CeTH GYZeT MorepeMeH-
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HO HaXOAHMTbCA To B OAHOM, TO B ApYrofl 3oHe NHTaHus. B aToM oTHO-
LIeHHH PacCMaTpHBaeMasi CHCTEMa CMelIaHHOTO NMTaHMs Nofo6Ha o6blY-
HO¥ cHCTeMe ¢ KOHTpPe3ePByapOM ¢ Tofi pasHHLel, YTo B jit060fi MOMeHT
cBoell pa6orbl pesepByap (TPaBHTALHOHHBIH MCTOYHMK) OCTaeTCs BOJO-
nyUTaTe]eM M He UIPaeT POJiH aKKyMyJisiTopa Bofp! (epHOnMYecKH Ha-
nosHsieMoro HacocaMu yepes cets). CiieioBaTelIbHO, OT/iaBaeMasi TaKHM
pesepByapoM Bojia He TpeOyeT 3aTpat SHePrHH H CPEJICTB Ha ee Nojauy
HacocaMH.

Cxema TpOBEIEHHs! BHelllHell yBA3KH BoJONHTaTe]lell NP HX pabore
B elMHYI0 CeTh NMoKasaHa Ha puc. X.9. B pacuetHBIX TouKax ¢ HanGoOMb-
e Nbe30METPHYECKOH OTMETKOH, JieXallliX Ha IpaHMile 30H NHTaHHA
CeTH OT JBYX HCTOYHMKOB, JIONIKHBI GHITh TaPaHTHPOBAHHI 3ajlaHHbie
cBoboHble HATOPHL.

§ 39. AHasin3 Hesecoo6PasHOCTH HCNOJIb30BaHHA
FPaBHTALHOHHOM TOAa4H BOALI
TMIPH MaJibiX pacrnoJjara¢MbiX Hamopax

OKOHOMHYECKHe TPeHMYIeCTBA HCHONB30BAHMS B CHCTEMax BOJO-
cHaGXeHusl «1apoBofi» SHePrHH TPaBHTALMK JUJisi NOaul BOJbI OYeBL-
Hel. Criefiyer, oHaKo, HMeTh B BHAY, YTO NPH MaJbIX Pa3HOCTAX ITbe30-
MeTpH4YecKMX OTMETOK B HayaslbHOH M KOHeYHOM TOuKaX BOJOBOJA ToAa-
Ya 1o HeMy 3aJlaHHOrO pacXofia MoOXeT NoTpe6oBaTh 3HAYHTEIBHOrO
yBeJIHUeHHsi IHaMeTpa M, CJENOBATeJBHO, YBeJHUeHHS CTPOUTeNLHOM
CTOHMOCTH CHCTEMBI.

Pa6ora nacoca B rpaBHTAllHOHHEBI BOLOBOJ MOXeT paccMaTpHBATh-
cs1 KaK 4aCTHBIH cayyaft paGoTel Hacoca MPH Jil0GOM COOTHOLIEHHH Mbe-
30METPHYECKHX OTMETOK B HauaJibHOM M KOHeYHOH ToykaX BOJOBOJA.
Tak, npu coorHowenun Hy = Az -+ h, nokasausom Ha puc. X.10, a,
Mbl HMeeM OGBIYHBIH HarHeTaTe/bHbIH BOJOBOJ, Ile Az — TaK HasbiBae-
Masi «reoMeTpHYECKasi BHICOTa» NMObeMa BoZlbl HacocaMu™®, He 3aBHCAIAsA
OT TOTeph Hamopa; A — MoTepH Hanopa Ha NpeofioJieHHe THApaBJiHye-
CKHX CONPOTHBJIEHHH 110 NYTH ABHXKeHMs BOABL. B 3ToM ciiydae BO3MOX-
Ha TOJBKO HarHeTaTeJbHasi TMofiaya BOJHI.

Ecsin nbe3soMeTpHYeCKHe OTMETKH B Havya/bHOL H KOHeYyHOH TouKaX
BOJIOBOJId OIMHAKOBH, T. e. Az = 0 (puc. X.10, 6), nofaua Bojkl TaKKe
BOSMOXHA TOJNBKO C MCIo/b3oBaHHMeM Hacoca: Hy, = h.

Korza npesomerpuyeckast OoTMeTKa B KOHEUHOH TOUKe BONOBOMA
MeHbIlle OTMETKH €ro HauyaJIbHOH TOYKM, BO3MOXHA TPaBHTAllUOHHAs
Tofiauya BOIbL, HO MOXeT OKa3aThCsl peHTale/JBHBIM H OHOBpEeMeHHOe
HCNOJIb30BaHue TNOAKauKH Bogpi HacocoM (puc. X.10, 6).

Hakonel, yeTBepTeIM cilyyaeM GyJieT YHCTO TPaBHMTALOHHAR MOAA-
ya Bogpl, h = Az (puc. X.10, 8, nmyHKTHD)**.

* 3jiech YCJIOBHO BHICOTA NOABEMa BOJbl OTCYHTHIBAETCH OT OTMETKH OCH Ha-
coca, a He OT OTMETKH YPOBHS 3a6HpaeMOR BOJHL.

** 3neck HARO PasjaMuaTh CPeRHHE reoMeTPHYeCKHi YK/IOH rPAaBHTaUHOHHOIO
BOJOBOJia K CPefHHE NBbE3OMETPHYECKHE YKJIOH [, KOTOPHI MOMHO CPaBHHTH
C Nbe3OMETPHYECKHM YKJIOHOM NPH HarHeTaTeJbHOM JBMIKEHHH.
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Hy=h

¥

N

— q
Puc. X.10 |
Tlpu rpaBMTALMOHHOM JABHKeHHH BeinynHa Az (kKak Owlno IoKasa-
HO paHee) obecliedyBaeT NOJHBI pacrionaraeMbifl Harop H No3BOJNACT
ollpefie/iNTh COOTBETCTBYIOUIME HaupbrofHeiinil guameTp, NpH KOTO-
pOM 3TOT Hanop MNOMHOCTDHIO peasin3yercs:

d=(kQ2 1/ Az)! ™} (X.10)

ECTeCTBEHHO, YTO C yMeHblieHHeM Az (IpH 3alaHHbiX £, Q U [) nna-
MeTp BOAOBOJA Gy /leT YBeJIHUHMBaThCH, JOCTHras B Ipejieie (opu Az = 0)
GecKoHeuHo Goablioro 3HayeHHsi. CoOTBETCTBEHHO PACTET H CTPOHUTE/b-
Hasi CTOMMOCTb BOJIOBOAA.

VeTaHOBKa Hacoca B HadalpHOM TOWKe BOAOBOAA (IpU Majibix A2)
oOyCJIOBIIMBAET KCKYCCTBEHHOE IIOBBILUEHMe Haropa B 9TOH TOYKe Ha
pesinyuHy H,. CoOOTBETCTBEHHO YBeJH4YHBaeTCs pacriosiaraeMblii Harop
no seanunnsl Hy = Az + H, u ymenpluaercst iMaMeTp BOLOBOAA AO

BQEL \Um
L 1
d ( H) . (X.11)

OueBHAHO, Y10 IIPHU 5TOM Gy /IeT CHHIKAThLCS CTPOHTE/IbHAs CTOMMOCTD
H COOTBETCTBEHHO BEJIHUMHA eXXerofHbIX oTunc/eHuil. Ho onHoBpeMeHHO
NosBATCS W GYAYT BO3pacTath (C yMeHblueHHeM d) IKCHNyaTalHOHHME
pacxofipl, CBsi3aHHbIE C 3aTpaTaMy SHePIHM Ha pa6otry Hacoca.

DKOHOMHUECKH HaWBbIrofHeHi1il Jo6aBoYHbli HaTop, Go37laBaeMbli
Hacocamu, Hy Moxer GbITH onpejesieH MyTeM MHHHMU3AUKH BeJIUYHHBI
npuBelleHHbx 3atpaT W Ha cucteMy NOJayi BOBI (npu 3amaHHBIX AZ,
Q, k u I~

B ofuem Buae

W=(P+E)(a+bd%) |+PH; Q . (X.12)
Jns HarHeTaTeJbHO-rPaBUTALMOHHOrO JIBUIKEHUS
Hy=h—Az=#Q2 l/d™—Az

* OGo3HAYEHHS BCeX SKOHOMHUECKHX MNOKasartesiell, MPHBeAEHHHX 3AeCh H
najiee, Te Xe, 4TO B M. V.,
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W =(P+E) (a+6d%) 1 +P (kQ2 1/d™ —A2) Q. (X.13)
Hausbironsefiluee 3HaueHue AxameTpa IOJdy4aeM H3 YpaBHeHHs
dW/dd=0
HJTH
o (P E) bd®—! l—m%Q:O‘
Orciona
Ph aalh. _SL
d=| ———— |e+m gutm, (X.14)
L Pt E)
L3

Bennunna, sakiloueHHass B cKoBKax, HpeicTaBiasieT coGod 3KoHo-
MHYecKHH ¢akTop 2, mnosToMy

3

1
d=30F moatm, (X.15)

T. €. lloNy4eHo obbuHoe obllee BEIpaXKeHHe HAHBHTOAHeHIIero 1HaMeTpa
HarueTaTeJlbHOro Bogosozia. B nporecce auddepeHnHpoBanHs MOCTORH-
Hasi BeJiHubHa Az pbiniaziaeT (Tak e Kak Bblllajiania reoMeTpHUECKas! Bbl-
COTa NOJBEMA BOJbl B PaHee PACCMOTPEHHBIX CJydasiX).

Huamerp, KoTopelil criefiosajio Obl NPHHATL AAA TeX Xe B, Q u
fpH YHCTO TPABHTALHOHHOM JIBHIKeHHH, GymeT:

dp= (kQ2 1/ Az)! ™. (X.16)

Ouesnano, uto npu d << dy, GyleT 9KOHOMHYECKH ONPaBIaHO HC-
fo/1b30BaHHe NOAKadKH Bojbl HacocoM. Haobopor, mnpu d > d,, non-
Kaukd He TpeOyeTcs.

Pasywmeercsi, cpaBHHBaTb cjleflyeT GnHXKalillHe K NoJiy4eHHBIM NPH
pacuetax CTaHZApTHHE AHAMeTPsl TPYO.

Ty e 3ajiayy MOXHO GbLIO PEIUHTL H B OTHOLIEHHH YKJIOHOB, T. €
MHHHMH3UPOBaTh PYHKUHIO ¢ = F (i) U cpaBHMBaTbL CpeHH pacro-
JiaraeMblii y KJIOH JUIst TPaBHTANKHORRON NOJaul im,=Az2{lc HauBblrofHe#-
KM THIPABJIHYECKHM YKJIOHOM iy, = kQda (pH cMelaHHO# HarHe-
TaTe/bHO-TPaBHTAIMOHHOR Tioflaue Bofwl). [lpH i, > i, NonKauka
penTalenbha; NPH iy, < iy — NOIKauKH He Tpebyercs.

AnasHsupyst oOlHH BHJ BHIPaXKeHHS] BEeJHUHHBI NPHBEJIGHHBIX 3a-
Tpar AJisl HarHeTaTe bHO-TPaBUTANHOHHON nopaud Bomel (X.13), ser-
KO 3aMeTHTb, KaK UsMeHeHHe BeJHUYHHB [y (npH sagaHHoM Az) Biuser
Ha aGCoJIIOTHDBIE BeJIHYHHBI CTOHMOCTH CTPOHTEJILCTBA (TepBhii ujleH dop-
MyJIBI) H €XKeroiHbiX 3aTPaT Ha SHEPrHIO IPH HaJHYHH NOJKaYKH (BTO-
poii uyeH GopMyJIbi).

Ha puc. X.11 Bce KpHBbIe H306paXKkaloT BeTHYHHY HPHBEICHHBIX e3Ke-
ronHbIX 3aTPaT 0 paccMaTpuBaeMoi cHcreMe® B (PYHKUHH AHaMeTpa

= CTpDHTeﬂl:Haﬁ CTOMMOCTb HaCOCHOH CTaHIMH 3J1eCh He YYHTBIBAETCSH.
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sofoBofia. KpuBasi I TNoKasbiBaeT M3MeHeHHe eXKeTORHBIX OTUMC/IeHMt
co crpomtensHoil cronmoct: (P + E) (a + bd®) L. Kpusas I no-
KasplBaeT H3MeHeHHe eXEerofHBIX 3aTPaT Ha 3JeKTPOIHePTHIO, pacxo-
JyeMmyio Ha paboTy HAaCOCOB NMpH IOJHOCTBHIO HAaCOCHOH Mofiaue BOAbI:

PQh=PQHy,
rae
365- 24
p_ 020 g0
102y n

Kpusass W orpaxaer xapakrep H3MeHeHHsl TIOJHOH BeJMUHHBL NPH-
BeIeHHBIX €XerofHbIX 3aTpaT; ee OPAMHATH! MHOJy4YeHbl CyMMHDOBaHHeM
opauHat KpuBBIX I u 11 (IpM NmoJHOCTBIO HacocHOH Mofade Boxwl). I1pu
pelleHHH MOfOOHBIX 3ajiau Nofava Q M AJKHa BofioBoza [ Beerna H3BeCT-
HBI, BeJIMUHHA AZ TaKKe MoxeT ObITb 3ajiaHa M TOT/ia NoJIHEBle TIoTepH Ha-
Tiopa B BOROBOfE Jist 0OLlero ciaydasi HCNOJb30BaHMsl CMeIaHHOH Ha-
COCHO-TPABHTALHOHHOH MOfiauM MOTYT OHITh BRIPaXkeHb! yepes d ciefylo-
mHM obpasoM:

Q1
h=Hﬂ+Az:k—dT.
HIH
dk(k Q1 l/m_szl)I/m
"\ HptAz ‘( h

Ilpu uMcTo HacocHoil mopaue
Az=0 u Hy=h=FkQ2/d™
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d=(kQ2 1/ Hyg)" 1™ — (kQ2 1/ 1) I,
Haxoren, npu uncro rpasuTanyoHHoll Nogaue

h=Az =kQ21/d™
HIH
d=(kQ21/Az)" /™.

Bo Bcex Tpex ciyyasix penuunHa h npu saganHeX k, Q u [ saBHCHT
TOJbKO OT RHaMeTpa.

3HaueHHe HaHBHIrOHeHIIero IHaMeTpa d,, B 3TOM cJayuae Jaer
abeuricca ToukH M® xpupoli W, uMeromell HaHMeHBIIYIO OPAHHATY .

Ipu cmelwanHoOl Nofaye BoABl BeqHUHHA Hg, a cnemoBartesnbHo, H
CTOHMOCTD 2JIEKTPOSHEPTUH, PacXofyeMol Ha mofauy Boibl, Gyzer TeM
MeHbllle, YeM Gosbie Az. [IpH HekoTopoM 3anaHHOM 3HauyeHHH AZ on-
penensiercst BeauynHa H,=h — Az, U MoXeT ObITb BHIYHUCJIEHA CTOH-
Moctk sHepruu C,, satpauuBaeMoli Ha ToONauy BOMbL:

Co=PQH =PQ (h— Az) = PQh— PQAz.

Opnunarel kpusoil /1' (puc. X.11), uipaxatoweii C, B (yHKIHH
ZHaMeTpa, NONyYalOTCsl BEMHTAHUEM U3 OPIMHAT KpuBoii /] oTpPe3KOB
PQAZ'.

Cymmupys oppunatsl kpuBbix I u I1', nosyuaem xpusyio W', Bur-
Paxaroly10o 3aBUCUMOCTL OT AHaMeTpa d BEJUYMHEl NPHBEJEHHBIX 3a-
TPat 1o CHCTeMe «HAaCOC—BONOBOAY» JJIsl CJyYasi CMelaHHOH (HACOCHO-
rpaBUTalOHHOM) TIOXayd BOABI TNPH AaHHOM Az.

Ta xe xpupas W' morsia GHITb NOCTPOEHa C oNpepnesieHHEM ee OP-
[UHAT NyTeM BBIYMTAHHA OTPe3koB PQAZ' u3 opmuHaT kpuBoii W.

Kpupasi W' HMeer HalMeHBIUYIO OPAMHATY INDPH TOi 3Ke abCIHCCE,
Kak H kpusass W, u ciefoBaTesbHO, [AeT TO ¥e 3HaUeHHe HAVBBLIIOJ-
Hefiwero nuamerpa (4To BHITEKaET U3 NPHBeleHHbIX Panee cooOparKeH Hil
[0 aHAJIUTHYEeCKOH MHHHMH3aUMH (QYHKIUH CTOMMOCTH).

Hurepecto ormetutb, uto abenmcca Toukd N, B KoTopoli KpHBas
11" nepecekaetcsi ¢ ocbto aenuce, Ta Xe, yro H aGeuucca ToukH A’, B
Kotopoll xpupasi W' npuMLiKaer XK KpHpoii /. 2To ecTecTBCIIHO, TaK KaK
TIpaBee 3Toli TOUKU 3aTPaT 3HEPrHH Ha Nohayy BOAH! y¥Ke He Tpebyercs.

B Touxe N opnuHara xpHsoil I1' pasHa Hymo, 1. e. PQ (h — A2) =
= 0, u, cnenoBatenbHo, h = Az, T. e. IPH COOTBETCTBYIOlIleM 3HAYEH HH
nuamerpa (onpestessieMoro aGeLHCCol TOUKH N) U NpH GOJBIIHX fHa-
MeTpax TpebyeMasi nojiaya BOABLI MOXKET OCYLIECTBJISITHLCS OMHOCTHIO 32
cyer rpaButauud. Ecin Touka nepeceuenusi kpupoit 11’ ¢ ocblo aGenuce
(npu Gonblunx 3HaueHHsiX Az) Gyner pacnonararbCsi pasee TOUKH M
(T. e. ecin guaMeTP, COOTBETCTBYIOLIMIT Touke N, Golble HAHBBHITORHEH-
LIero iuamMetpa dy,), TO NOAKAYKa BOJBI IPH TakoM Az Gyner pentabenb-
Ha (opaunara Toukn A’ Kpusoit W' MeHblue opAMHATH TOUKH A Kp HBOI
W). Takoii paGore coorserctByer 3HayeHue H, = h — Az.

Ipu 66abwHx 3HaueHusix Az BeJuunao PQAz Gynyt ysenu-
unBathca M KpHBasi /1 Gyner npHOIMKATLCS K OCH aGCLLUCC, @ TOYKA ee
nepeceyeHHsi ¢ oceto abenuce GyfeT nepenBHratecsi BJeso. Tak, ecau
KpuBasi I/ npu HekoTOpOM HOBOM 3HaueHMH Az” 3aiiMeT NOJOKEHHe
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Ta6numa X3

(P+E)x Bou
a+tbdl:6, | (a+bdle6)1, 1,6, A2600| PQR, py6.
Ba +py6/u . X (:l_t.b:y@)x (npan/c) 50 'Qh, PY6.
0.5 37,3 186 500 35400 84,5 127 000
0,8 49,3 246 500 46 800 32,6 49 000
0,7 62,5 312 500 59 500 14,5 23 000
08 76,9 384 500 73 000 73 11 000
0.9 92,4 462 000 87 800 4,0 6000
1 109,0 545 000 104 000 3,2 4000

11", Touka ee MepeceyeHHs ¢ oCbi0 abelyice R nepelBUHETCs: JieBee Toq-
KH

B 3ToM caiyyae 4HCTO rpaBUTALMOHHOE ABHMKEHHE S9KOHOMUYHee, YeM
CMelllaHHoe; TOAKauKa He Tpelyercs.

ATo CpaBeIHBO /ISt BCEX CIydaeB, KOrJia TOUKa MepeceueHHs KpH-
poit 1/ ¢ ochlo abelice JiexuT Jesee Toukd M. Jlas rpaButanvoHHOro
JIBUKEHHUS] HAUBBITOHEHIINM
ABJISieTCS JuaMeTp, NPH Ko- H
TOPOM IOJIHOE HCTOJB30Ba-
HHe pacrojiaraeMofi pasHoO-
CTH OTMeTOK Az HoCcTaTodu-
HO IS HOJa4y¥ 3alaHHOTO
pacxoza (npH 3aiaHHbIX JUTH-
HeHTHNe TPY6). B cessm ¢ Teo \wacoce !
3THUM JieBee OPJMHATH TOYKH 7 T e AN

______ e ”“1
Lo
1

@-#),

+82

=67

M wcnonb3oBaHHe KPHBBIX
W He ¥MeeT cMbIC/1a, B 3TOH
o6acTy yxe HauyWHaeT JeH-
CTBOBAaTb MHOH 3aKOH ONTH-
MH3alUM — JIBHXKeHHE TPO-  pyc. X.12

HcxojuT Oes sarpar IHep-

THH Ha MOJBEM BOJKL

Kpueble Ha puc. X.11 nocTpoeHs! st cliefyoliero peasbHoro Cly-
4asi: BOJOBOJ BHINOJHSETCs M3 YYTYHHBIX TPyO; AnmHA BojoBoja ! =
= 5000 M; samaHHBHIH pacxop Q = 500 x/c.

CrpowutenpHas CTOMMOCTb BOJOBOJIA OIPeJeNisieTcs o SMIMPHUecKOd
¢dopmyae Bupa Ce = (a + bd'-6) I npu b = 107.

CrouMocTb 3HepTHH 3a 1 kBt npuusaTa 2,5 xom; KI HacocHo# cTaHe
uuun ) = 0,75.

Besmuvnel £ onpenenens no tatauuam Illesesesa jis passHuBBIX
IHaMeTpoB (B MPHHSTOM fHanasoHe). TIPHHATO, YTO BEIHYMHBI eXKerof-
HBIX npuBefileHHbIX satpat (P + E) cocrabasior 0,19 or crpowtens-
HO# cToHMOCTH. PesyJbTarThl ONpefie/ieHHs: CTOMMOCTH TNpHBeeHH
B Taba. X.3.

B sakmoueHHe cliefilyeT OTMETHTD, YTO NPH NOAGOpe HATOTOBJIsieMBIX
NPOMBILIEHHOCTBIO HACOCOB 15l MOAKAYKH B I'PABHTALMORHLIE BOJIOBOZ
notpebyercs (Kak M o6bIYHO) MPOBECTH aHAJIHS COBMECTHO! PaGOTH BHI-
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6paHHOro PeasbHOro Hacoca (B COOTBETCTBHH C €rO XapaKTepHCTHKOF)
¥ 3anpOeKTHPOBAHHOM CcHCTeMBl (BOJOBOAA).

Ha puc. X.12 cXemaTHuecKH NOKa3aHO BJIHfHHE IOJOXKUTENBHbIX
WM OTPHIATENbHLIX SHAYeHHil NOCTOAHHOM cocrapafiolell Hanopa
Hacoca (TeoMeTpHuecKas BbICOTa TNOABbEMa, pacrosiaraeMblil rpasura-
HHOHHBIH Hamop Az).

FJABA XI

OCOBEHHOCTH PACYETA CKBA)XHHHbIX CHCTEM
BOJLOCHAB)XEHUA

§ 40. O61Ke NOJOKEHUS

CKBaXHMHHble CHCTEMBl BOJOCHAOMXKeHHs, KaK NpaBHio, TpeJcTas-
Js0T co6oii Pa3BETBJEHHYIO CeThb, B KOHIEBHX Y3JaX KOTOpO# pacno-
JlaraloTcsl cKkpaxuHbl. Kazas us 5THX CKBaXHH o0OpYNOBaHa apTe3H-
aHCKHM HacocoM, 3a6MpaloliHM BOLY M3 BOJOHOCHOrO ILIacTa H Mojia-
MM ee B COOPHBLI BOTOBOJL NOJ HAaNoOPOM, HeOGXOANMbIM JU15 TPaHCOp-
THPOBaHHS TOTPeOUTEIO.

TIpHRNMNKANEHAs CXeMa STOH CHCTeMbl Tpupesena Ha puc. XL.1.
Boia u3 ckpaxuH | 3a6upaercs apTesHaHCKHMH HacocaMu 2 M IO Tpy-
6Gonposoxy 3 MocTynaer B cOOPHBIH BOJOBOJ 4 H Jialiee K NOTPebHTENIO
5. B KauecTBe NOTPeGHTENS] MOTYT BLICTYNIaTh OYHCTHHIE COOPYIKEHHS,
pesepByaptl, NPOMBIILIEHEEIE NPeJNpHATHA, FOPOA U T. 1., YTO Olpe-
Jleasiercsl ofLlell cXeMoH BOJOCHAGMKEHHs.

HecMorps Ha To, 4TO CKBaXKHHHEIE CHCTEMbI CTyXKaT uist sabopa Bo-
BB, OHH TIO YCJOBHAM PaGoTHl, B3aHMOCBA3H OOPasyOIUX HX 3JieMeH-
TOB, PEXHMa KX PaboTel MOTyT ObITH pacCYMTaHBl KCXOMS M3 NPUHIK-
NoB, NpeJHasHaYeHHBIX Jyifi pacyeTa CHCTeM Iojlaud H pacnpeliefieHun
BOLH. DTO MO3BO/SIET NPUMEHHTD NIPH HX NPOEKTHPOBAHHH METONIB! TH-
PaBJIHYECKOrO ¥ TEXHHKO-9KOHOMHUECKOro pacuera, HCTosib3yeMble IIPH
pacueTe BONOMPOBONHBIX CeTel.

Crelpgnueckoll 0cOGEHHOCTBIO 3TUX CHCTEM SIBJISTCS 3aBHCHMOCTD
¥IX NapameTpoB OT THAPOTeOJIOPHYECKUX YCIOBHI.

OcHoBHAs 3ajaya NPOEKTHPOBaHHs COCTOHT B Bbi6Ope p alHoHalib-
HOTO THIIA M CXeMbl CKBaXHMHHOM cucteMbl. [Tof 3TUM NojpasymMeBaercs
onpejieNien e ONTHMAJIBHOTO YHC/Ia CKBAXKUH, PACCTOSIHHI MeXKAy HUMH,
MX B3aMMHOTO PaCliO/IOMEHHsi HA MeCTHOCTH, KOHCTPYRUMM (HiETpa,
IMaMeTPOB M TPaCCHPOBKH TPYyGONpPOBONOB, XapaKkTepHCTHK HACOCHO-
ro o6OpPYNOBaHHS C YYETOM BOSMOMKHOH BeJHYMHbI NOHUIKEHHs YPOBHSA
BOJEI B CKBaXKHHA .

YacTh M3 5THX BOIPOCOB PEIIAOT Ha OCHOBE IMIPOreo/orHYecKHX
pacueToB: onpejiesieHue [e6HTa CKBAaXHH M TNOHHMKEHHS YPOBHA BOJIBL
B Npollecce 3KCIUIyaTallMH; ONeHKa B3aUMHOTO BJIMSIHUS OTHENBbHBIX
CKBaXHH NPH COBMeCTHOM HX pabote.

OnHOBPEMEHHO C pellleHHeM S3THX BONPOCOB HA OCHOBE T'HAPOreoJo-
THYECKHX DACUeTOB YTOUHSIOT CXeMy PpacllooweHHs BoL03aGOPHBIX
CKBaXHH, X uucao H Tvn. [Ipu NpoBefieHHH FHIPOreosior HueCKHX pac-
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YeTOB B KayeCTBe WCXONHOM BelHYHHH NPHHHMAIOT NeOMT, COOTBETCT-
BYIOLMii 3aZaHHOMY BOLONOTPeONeHHIO, HJH MAaKCHMallbHBI! 1e0HT,
KOTOpHLi MoXeT ObITh oyyeH. B ofoux ciaydasx pacueTami ycraHaB-
JIEBAIOT pasMepbl BOLOSAGOPHEIX COOPY¥KEHHH, YHC/0, pacTioNoXeHHe
U JeOUT CKBaXHH IIpH 3aJJlaHHOH TIHTeIbHOCTH SKCITyaTallilt H MaKCH-
MaJIBHO ZOMYCTHMBIX NOHIKEeHHSX YPOBHS BOJBL

Ha ocHoBaHHHM BapHaHTHHIX T'HAPOTeO]OTHYECKHX pacuyeToB paccma-
TpHBaeMbIX CXeM BHIGHpAIOT oNnTHMankHYIo. Bo Beex BaphanTax pacyer-
Hble TIOHHMMKEHHSI YPOBHS
COIOCTABJISIOT C 10Ny CTHMBI-
MM noHMxeHusiMH. [lpu no-
HHKEHHH PacYeTHOro YPOB-
Hs1 GoJiplile 0NYCTHMOTO Jle-
6UT CKBaXHHBl He MOXeT
ObiTh obecnieyeH. B atom
cnyyae HeoOXOIUMO YBeJIH-
YHTh YHCJIO CKBAXKHH HJH
pacripenenuTe HX Ha 0Olb-
IeH TOUazH.

Ilpy NoHHXKeHHH YPOBHS
MeHblIle OMYCTHMOTO LeOUT 4
CKBaXXHH MoXeT ObiTh yBe-
muued. Ecnn ysennuenns | -J
nebnra He Tpebyercs, TO
wgcno  cKBaMuH fonkuo  [OF 7
OEITh COKPALLEHO HITH YMEHb-  p yy o
LIEHO pacCTosiHHE — MeXIy 2
HHMH.

OTH BONpPOCH NPEACTABNSIOT 3HAYHTENBHYIO CJIOXKHOCTH H paccMa-
TPHBAIOTCsl B CHELHANIBHOH JiHTepaType.

BapepipoBaTh MOXKHO H CXeMy NPOKJMafK# COOPHBIX BOAOBOMOB.

Ilnsi HaXOXKIeH s SKOHOMHYECKH HaHBbITOHEHIINX IHaMeTpoB TPY6
BOZOBOZIOB, NapaMeTpoB HACOCHOrO 0OOpYJAOBAHHSI M PEXKMOB PaGOThi
CHCTEMBE! HeOOXONHMO NpOBeleHHE COOTBETCTBYIOUIHMX THAPABIHYECKHX
H TEXHHKO-3KOHOMHYECKHX PacyeroB ¢ y4eToM TpeOoBaHHi, orpejesie-
MBIX FHAPOTreo/OrH4eCKHMH pacyeTaMi.

Ciefy eT OTMETHTD OTJIHYHS YCIIOBHI paGoThl HACOCHBIX CTaHLHT CKBa-
SKHHHOI1 CHCTeMB! OT yCJloBHit paboTsl HacocHBX cTaHuuil [ u 11 nopbe-
MOB, 3aGHpaIoNLHX BOLY M3 OTKPHTLIX HcTouHHKoB. Hacocs!, ycranosen-
HBle Ha CTaHIMsAX, 3a6HPAIOIIUX BOAY H3 OTKPBITOrO HCTOYHHKA, HaXOAT-
csl TPHONUSHTENBHO B ONMHAKOBBIX YciopHsax. OHu 3aGupaioT BORY C
PaBHBIX OTMETOK, HMEIOT HeGOJIbINYO IIPOTSI¥eHHOCTh BHY TP HCTAHIHOH-
HBIX KOMMYHHKalUHil. DT0 NMO3BOssET NPOBOAHTL BHIOOP ONTHMAJBHBIX
pPeXUMOB NyTeM MOCTPOEHHsI H aHA/H3a CyMMapHOll XapaKTepHCTHKH
BOLOBOIOB, 110 KOTOPHIM NepeKauynBaeTcsl BOJA 3TUMH HaCOCaMH, HCXO-
sl B3 JIONyIleHHsl, 4To NOTEPH Hanopa B TpyGonpoBojie, OObeAHHSIOLEM
3TH Hacochl, npeHeGpexumo MaJbl. OcobeHHOCTH yca0BHH paboThl Ha-
COCHBIX CTAaHUKH CKBaXKHHHBIX CHCTeM BBI3BaHBEI MeCTOpaclo/ioXKeHHeM
APTe3UAaHCKUX CKBAaXHH B CHCTEMe «HAcOCH—TPYyOOonpoBoabl», Heos-
XOIHMOCTHIO PaGOThl NPH PA3JHYHEIX CTATHYECKHX YPOBHSX BOJBI, 3a-

5
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BHUCHMOCTBIO CHUXXEHUS YPOBHS BOZBl B CKBaXMHAX OT KOJMYECTBA 3a-

‘61MpaeMoil BOJIbl, B3aHMHBIM BJHMSIHHEM CKBaxKHH. B To 2Ke Bpewmst oue-

BUJHO, YTO YC/I0BUS PabOTH 3THX HACOCHBIX CTaHIUH, KaK U JI0CbIX

JPYTHX, 3aBHCAT TaKXKe OT XapaKTEPHCTHKHM HacoCoB, NOTeph Haropa

B BOJOTOLBEMHBEIX H HaNOPHHIX TPYGONPOBOAAX M BeJHUHMH Ipe30MeTpH-

-gecxux OTMETOK, Ha KOTOpBle MoJaeTcsl BOJa, a TAKIKE DeXuMa HX pa-
OTBL.

§ 41. MocnenoBaTENBHOCTb PACYETA CKBAXKMHHMX CHCTEM

a5 npoBefeHusi TEXHHKO-9KOHOMHYECKHX M THAPABJIHYECKHX pac-
YeTOB CKBaXKWHHBIX CHCTEM HeOOXOfIMMBI ClIeNYIOHe JaHHble: KOHQHTY-
palusi ceTH, JJIMHBL BCEX JIMHHI TPYOGONPOBOLOB, TPeOyeMblil CBOGOAHBIN
Hanop B Mecte ot0opa BOfibl, PacXofbl, NoOJaBaeMbie HaCOCHBIMH CTaH-
LMSIMH, a TaKKe rpaduk BogonoTpeGieHus Mo yacam CYTOK, ecu Npe-
JIyCMaTpPHBAETCS HepABHOMePHas paboTa CHCTeMH.

Teopusi TeXHUKO-3KOHOMHYECKOro pacyera MO3BOJIAET HaXOAMThH
SKOHOMMYECKH HaWBBIMOfHEHIIME JUaMeTPbl CeTH U ONTHMaJjbHBIE Mbe-
BOMETPHYECKHE OTMETKH HACOCHBIX CTaHLMH Jyisi cHCTeM C 3afaHHBIM
TloToKopacnpesejeHneM. OdeBHIHO, YTO cmammmu%‘ CHUCTEMH BOJO-
cHaOXeHusi, UMelole GOMBLIOE YUCAO HACOCHBIK CTAHIMK, MapaMeTph!
KOTODPBIX Ha NepBoil CYagiy NPOEKTHPOBAKHs He 3afatbl, He MOTYT OBITh
TOYHO PacCYUTaHbl 0 IKOHOMUUECKOMY TPHHIMIY. JLAsi BOSMOXKHOCTH
peluennusi 3ajauy ClefyeT 3ajaThCsl TEPBONAYAALMBIMM PacXofaMH OT
KaXJoil HacocHo# craHuuu. Ecny craTHyeckHe ypOBRM BOJMB BO BCeX
CKBaXXMHaX GYAyT ONMHAKOBE, IPHOAUNKEHHO MOIKHO CUHTaTh, YTO Kax-
Jasl U3 HUX [OJaeT PABHOE KOAMYECTBO BOM! M, CAIEfBATENBHO, s pas-
BETRJIEHHOH CeTH NOTOKOpaclpesieaeH e HaBecTHo. Eciin Bona 3abupaercst
#3 CKBaXHH C PasHHMM CTATHUECKHMH YDOBHSIMM, CJIellyeT IpeLyCcMOoT-
PEeTh yMeHBLIEHHE [Oflayl OT CKBAXHH, MMEIOMHX MeHbIUMe 3HaYeHUs!
OTMETOK CTATHUECKHX YPOBHEH, H YBeAHYeHHe NOJlauN OT CKBAXKHH C BbI-
COKHMH YPOBHSIMH BOfitt. [IpH 3TOM ciiefiyeT NOMAWTL TaKke, UTO B CH-
cTeMax, o6OPYLOBAHNHMX ONMHAKOBHMH HACOCAMH, M3 CKBaXWH, Gosee
YAaJIeHHBIX OT notpeburtensi, 6yAeT MOAABATLCA MeHplliee KONHYECTBO
BOLBI, @ M3 CKBaXHH, OMUM3KHX K NoOTpeGuTento, Gonplliee.

[lpu 3ajaHHOM MOTOKOPACTIPENEACHHH H K3BECTHOR Mpe30METpHYe-
CKOH OTMeTKe B MecTe BOfIoOTOOpPa MOMKHO, NPOBEAS TEXHHKO-9KOHO-
MuuecKkuil pacuer MeTofioM GUKTHBHHX DPacXofioB, HaiiTH 3KOHOMHYECKH
HaupbirofHedlive guaMeTpsl TPYGOTIPOBOAOB M HAlIOPE! HACOCHBIX CTaH-
uuit. OnHako NposefieHHe TAKHX TPYJAOEMKHK DPacCyeToB NPaKTHYECKH
BO3MOXKHO TOBKO ¢ puMetieineM SBM. Ecau 3o sarpyaHeHo, auaMer-
PHl MOXKHO HasHa4arh NPUOAMMEHHO KAK JUIN OfHADUHO PaGoTaloiiux
JSVHUH 0 TPaHCIIOPTHPY EMOMY PACXOAY H SKOROMUUXSHOMY dakTtopy I,
XapaKTepH3yIOUeMy YCAOBHSI CTDOHTEARCEBA U SKCIWIyaTallMH.

Onpenenus AuamMeTpsl M BHIYHCAHB KOTEPH Harlopa B TPY60NpoBoOAax,
yCTaHaB/MBalOT TpefyeMbie HalopHl HacocoB.

3uan AuanasoHbl HANOPOB M Pacxojos, mogGupator Hacockl. [locre
STOro HeoGXOIMMO NMPOBECTH THAPABAHMYECKME pACHET COBMeCTHOH pa-
GOTHL BCEX 3JIEMEHTOB CHCTEMBI € ILE/IBI0 OlpefiefieHHsT HCTHHHON KapTH-
HH ee paboThl.
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Ananus pe3yJabTaToOB pacye-
Ta N0SBOJIsieT OLeHHuTb addeKTHB-
HOCTb IPUHSATHIX PelueHHH, T. e.
YCTaHOBHTb, paboTaloT JH Ha-
cochl B onruManbHoit soHe KITI,
OTBENAIOT /1Y BbIGPaHHBEIE [HaMeT-
PH OIFTHMAJIbHBIM, ¥ ONpEJENHTb
COOTBETCTBHE OTOHpaeMHIX pacxo-
JIOB BOIbl M3 CKBaXHH JONYyCTH-
MbIM  pacxoiaM, OlipeieeHHbIM
THPOreo/IOrHYECKHMH  pacyeTa-
MH.

1 23) K pesepbyapy
yucmod 6006t
Zer

~
-]
<

1 fnan

Ecnu 3TOT. aHanu3 MoOKaxker,
YTO YCJIOBMA PaboThl cHCTeMBl He
COOTBETCTBYIOT TPeOy€eMbiM, B HHX
HeoOXOIUMO BHECTH KOPDEKTHBBI.
JluaMeTpbl JIMHMH ceTH  MOryT
6LITb  YTOYHEHBHl B pe3yJbTaTe
TeXHUKO-5KOHOMHYECKOI'O pacye-
Ta HCXOAs U3 MOJYYEeHHOTO NOTOo-
KopacrpejieJieHUs] MeXAy Hacoc- Puc. X1.2
HblMM  cTaHuMaMu. Moxer OCbITh
H3MeHeH PEXHM PaboTH CHCTEMBl, BO3MOXKHA TaKkKe 3aMeHa MPHHA-
THX HacoCOB Ha [pyrHe, B HEKOTOPBIX ClyyasX lesiecoolpasHo Hc-
KJIoueHHe (BKJIOYcHUE) M3 paCoThl OTHAEbHBIX CKBaXMH.

Tlocie BHECEHHSI COOTBETCTBYIOUMX KODDEKTHMB THIPaBJIHYECKHH
pacuer noJeH ObiTb rosropeH. [Ipw 3ToM 4YHC/IO KaK THApaBIHYe-
CKHX, TaK H TeXHHKO-9KOHOMHYECKHX PACUETOB LOIKHO OBITH HOCTa-
TOUHBIM JI/isi BblOOpa ONTHMAJBHOTO BapHaHTa.

TakuM o6pasoM, pacyeT CKBamKMHHBIX CHCTeM, KaK H JPYTHX CH-
cTeM MoJlau U pacrpelesieHus] BOAbl, OCHOBaH Ha IPUHIIHIIE BapHaHT-
HOTo NpoeKkTHpoBaHusl. OTJHYHTEIbHOM OCOOEHHOCTHIO 3TOFO pacyera
SIBASieTCS JIOTIOJIHMTE/bHBIH y4eT H3MeHeHHsl JHHAMHYECKOFO YPOBHs
BONBEl B CKBaXUHAX, OMpPENe/IsieMoro THAPOreosIorHYeCKHMH pacdeTaMu.

§ 42. OcoGenHOCTH rHAPABIHYECKOTO PACIET ¢
CKBAXKHHHBIX CHCTEM )

PaccMOTpHM CKBaXKMHHYIO CHCTeMy, NoKasanHyio Ha puc. XL.2.
B 3700l cucTeMe Bojia 3a6upaercsl U3 CKBaXHH IeHTPOOeXHBIMH Hacoca-
Mu 1 ¥ 3 M mocTyraer 1o HaNOPHOMY BOMIOBOAY, OObEJUHSIIOLIEMY 5TH
CKBaXUHBI B y3/1e 2, B pesepByap YHCTOH BOMHL

J1Ji1 BO3MOXHOCTH MPOBEJEHHsI pacyera CHCTEMbl BeoOXOUMO Npel-
CTaBUTb B aHAJIUTHYECKOM BHJI€ XapPaKTeDHCTHKH HacocoB H TPyGornpo-
BOJIOB, a TaK¥e H3MeHeHUe JMHAMHYECKOTO YPOBHSA BOABI B CKBAXKHHAX.

M3 panee NpHBeleHHBIX JAHHBIX HBBECTHO, YTO XapaKTEPUCTHKH Ha-
COCOB MOTYT OBITh BhIpaXKeHbl 38BHCHMOCTSIMH CJEAYIOLLero BHAA:

H=Ho— Sz Q2
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Ilnsi BO3MOMKHOCTH y4eTa B Npoliecce pacdeTa B3aHMHOrO BBICOT-
HOT'O pacnoJiolKeHHsi HACOCHHIX CTAHIMH HX XapaKTePHCTHKH HeoGXo-
JIHMO NpHBsA3aTh K GaKTHYECKHM Npe30MeTPHYECKHM oTMeTKaM. Ilpume-
HHUTEJIBHO K CKBAXXHHHBIM CHCTeMaM OHH GYAyT HME€Thb BHJ

Mg.o=13 —SaQZ,

rie Ily ¢ — nbe30OMeTPHYeCKHH, HAIOP HACOCHOR CTaHUWH; Mf.c= zgn Hy—
NBe30MeTPHYCCKHN Hamop Ha HACOCHOH CTaHIHA OPH NOJHOCTBIO 3aKPHITOH 3a-
JIBHKKe Ha HanopHOM natpyG6ke, 7. e. Iph Qy = O (specblzcy — OTMETKa CTaTH-
YeCKOTO YPOBHS BOAH! B CKBaXKHe)j Sy — THAP aBIHYECKOe CONPOTHBJEHKE Haco-

ca.

TlockosbKy coBMeCTHO paGoTaloliie CKBaXKHHBEI NMHUTAKOTCA OOLIMHO
U3 OJHOrO BOJAOHOCHOTO NJIacTa, OTMeTKH CTaTHUeCKHX YpOBHe# B 3THX
CKBaXUHaX NMpUOJIH3HTENBHO OfHHAKOBHL 15 HexoTOporo 3amaca ue-
necooGpasHO NpHHHMATL CTaTHYECKHEl yDOBEHB, OTBeYalOUMH Hau-
MeHpllell OTMeTKe.

TIpu npoBefieHHH PacueTOB MOXKHO JONYCKAaTh C AOCTATOYHOH juist
NPaKTHYeCKHX IeJlelf TOYHOCTBIO, YTO NOHHKeHHe JHHAMUYECKOr0 YPOoB-
Hsi h, NPONOPIHOHANBHO KOJIHYECTBY BOJEI ¢, OTGHpaeMOMYy H3 CKpa-
YKHHBL:

hy=5gq, (XL.1)
rae Sy = 1/gyy — «yrnelibHoe CONpOTHBJEHHE» CKBAKHHE (3Mech Gy — YHelb-
HBIH neﬁm‘ CKBaXHHBEI, T. @. PacXoj; H3 CKBa*XHMHEI, DA KOTOPOM NajieHHe JHHa-
MHYECKOTO YPOBHsI PaBHO 1 M),

Tlapamerprl, olpenensiiolllie NOTePH HaNopa B TPyGonpoBoAax, BE-
paxarorcsi paHee NPHBEJEHHBIMH OOLIEH3BECTHHIMH 3aBHCHMOCTSIMM TIO-
Tepb Hamopa OT pacxoja.

Jlnsi BO3MOXKHOCTH TNpPOBENeHHSI pacyeTa TaKoil CeTH HeoGXOoAUMO
COCTaBHTb PacdeTHYIO cXeMy, MMpelyCMATpHBAIOLLYIO NpeBpalieHue pas-
BETBJICHHOH CeTH B KoJbileByl0. [IpH 3TOM 2715t KOPPEKTHPOBKH pacxo-
JOB BOJBI MO YYaCTKaM CETH B 9Ty CXeMy He0GXOAMMO BBECTH HONOM-
HHUTeJbHbIE NHHUH |—7 1 3—4, UMUTHPYIOLIHE THAPARJIHYECKHE XapaK-
TEPUCTHKH HACOCOB, a TaK¥e JNUHUH 6—7 u 4—5, orobpaxaloliye u3-
MeHeHHe JMHAMHYECKOro YPOBHSI BOJbl B CKBAXKMHAaX. DTH JIMHUH pac-
CMaTpHBAIOT KaK Y4acTKH ceTH. Uuceno NHHUH Kamoro THNA PABHO YHC-
Ny cKBaxuH. JlJisi BO3MOXKHOCTH NPOBeJIeHHst NOMPaBOYHBIX PACXO/I0B N0
pac4eTHOMY KOJBIY NpH YBs3Ke CETH Pa3BETBIEHHYIO CeTh PeBPaulalnT
B KOJIBIIEBYIO TyTeM BBEJIEHHS HOBBIX [ONOJHUTENBHEIX JIHHHIL, KOTopble
COEJIUHSAIOT MeXJly co60i KOHIleBble TOUKH 5 u 6, oOpasoBaHHBE paHee
BBeJICHHBIMH JIONOJHUTENBHEIMH JIHHUSMH. OyeBHIHO, YTO YHCIO 3THX
NMHUHA 6yeT paBHO YHCHY KOHIEBBIX TodeK Ge3 oxHoi. [lnsi momoaHu-
TeJIbHBIX JIMHUI, 00pa3oBaBIINX KOJBIO, CONPOTHBJEHHE NPHHHMAET-
Csl paBHBIM HYJIIO, @ CJIEIOBATENIBHO, H NOTEPH HAalopa B HUX HE3aBHCH-
MO OT TIPOTEKAIOUINX NMONpPABOYHBIX packofoB Ag OyiyT paBHBI HYJIO-

Tlpu yps3Ke ceTH, YUHTBIBasi, YTO B KOHTYP BXOJISIT IMHUH C Pa3Jiuy-
HEIMH 32KOHaMH CONPOTHBJIEHHS], TNONPABOYHEIA PacXol ONpefensiioT
no ¢opmyse

Ah

N=————a
2BS; P!

. (X1.2)



cne Ah — anreGpanyeckasi CyMMa NOTepb Hamopa IO PaccMarpHBaeMOMY KOHTY -
py; B — nokasarenn crenens B dopmyne b = Sqa, onpepensiomei noTepy Hanopa
B 3aBHCHMOCTH OT PAcXofa ¢; S; — IMAPaBIHYECKOe CONPOTHBJEHHE JIMHHH.
Tak kak S;gP—1 = Sqgb/q = h/q, To Popmyna (X1.2) npunumaer
CHenyoWHMi BH:
Ak
Sphlqg

Ara dopMysa yaoOHa AN MPaKTHIECKOro HCMONb30BaHHS.

Ag= (X1.3)

§ 43. Pacuer cKBaxXKMHHOI#i CHCTEMBI

Ha ocHoBaHHH TUAPOreoJOrHYeCKHX HCCJENOBaHHI yCTaHOBJEHO,
YTO OTMETKA CTATHYECKOro YPOBHSA Z.r BOB! B CKBaXHHAX, 3a6HPAIOINX
BOJIy M3 OJIHOr'O BOJCHOCHOrO Il1acTa, pasHa 267 M. lonycruMasi Harpys-
Ka Ha CKBaXHHY JIoJuKHA ObiTh He Gosee 140 mM%/u mpu ynennHoM je-
6ure gy, = 12,75 v¥/q = 0,00354 M%/c.

Tpebyercst 3anpoeKTHPOBaTh CKBAaXXHHHYIO CHCTEMY C PacXojioM
“765 M®/u ¥ mopaTh 5TO KOJHMYECTBO BOABI B Pe3epByap YMCTOH BOJBI Ha
OTMETKY 2p.q., = 305 M. OTMeTKa NOBEPXHOCTH 3eMJIH B MeCTe pacio-
JioXeHNs CKBaxHMH 2, = 290 M. [IpuHsTO, YTO NOJaya KaxIo#i CKBaXKH-
Hbl ¢ C YYeTOM JJIUTEJNBHOCTH ee SKCIyaTalMH JIoMXHA GbITh paBHa
127,5 M3y = 0,0354 M%*c. B sTOM ciiyuae HeOGXOMMOE YHC/IO CKBAXKHH
cocrasut 765 : 127,5 = 6.

Ha puc. XI1.3 npuBeges niiaH cCKBaXHHHOH CHCTeMbl, TpaHcpoOpMH-
POBaHHOI 110 yKa3aHHOMY BBIlle IPHHILHITY B CXeMy, YJ0GHYIO JVisi Po-
BeJleHHs1 pacueTa.

IlocKoNbKY MPHHATO, YTO M3 KaMJAOH CKBaXKHHBI 3a6HpalOTCsl OfH-
HaKoBble PaCXoibl, NepBOHAYANLHOE IOTOKOpACTIPefiesieHHe 3aJaHo eLHH-
CTBEHHBIM 00pa30M. Y CJIOBHSI CTPOMTENBCTBA H SKCIIYaTallHl CHCTEMBI
COOTBETCTBYIOT 5KOHOMHYecKOMy dakropy I = 1.

PaccvaTpyBast KaXfplii H3 TpyOGonmpoBOLOB KaK CaMOCTOSTENBHO
paboraroLiyii, BLIGHPAIOT AHAMETPb TPYO MO TabHLIaM NPeJebHbIX KO-
HOMHMYECKHX DacXofoB. 3uasi AHaMeTpbl TPYO, NpoTeKaouive M0 HUM
pacxofibl M JUIMHBI JIHHHH, MOMKHO ONpEJeNIHTh NOTEPH HANopa B HHX.

JlAMHEl HaNOpPHBIX JHMHHE, OGBEeIHHSIOUMX CKBaXKHHBI, [pelBapH-
TeJIbHOE pacrlpejieieHne PacXoJoB, a TaKKe COOTBETCTBYIOLLHE HM JHa-
MeTPHI, CONPOTHBIEHHS H NOTepH HANopa yKasaHbl Ha pacueTHOH cxeMe.
Hcxonnan mubopmanus No3BosisieT oNpesienTh TpedyeMble HAMophbl Ha-
cocoB no ¢opmyae

H=zp.q-n—'zm+hB-T+haan+hn+2hct (XL.4)
rae hg.p — NOTEPH Hanopa B BORONOABEMHEIX TPY6aX; Hgam — NMOTepH Hanopa
H3-32 IOHMKEHH st JUHAMHYECKOro YPOBHSI B Pe3yJibTaTe B3aUMHOTO BJIHsIHUsI pa6o-
TAIOMHUX CKBaXHH; hy — MOHMXEHHE JNMHAMHYECKOTO YPOBHsI BOLbl B CKBaXKHHE
npu oT6ope pacxona §; Zhe — NOTepH Hanopa Ha yYacTKaX OT YCTbSl CKBaXXHH
RO pe3eppyapa YHCTOH BOJHI.

Ilpu npunsToll Mojade CKBAXHH M 3a[aHHON BeJHYHHE Gy, TOHH-
¥eHHWe JMHAMHYeCKOro YpoBHsi, coriacHo ¢opmyne (XI.1), pasuo
1

by = ——————0,0354=10 M.
= ="0,00%2 °° gu
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BenuunHa fgoy M0 JAHHBIM IPOGHBIX OTKayeK NPHHAMAeTCsl PABHOH
3 M.
Tlotepu Hanopa B BOXONOABEMHEIX TPYGax onpenensiior no ¢popMyJie

hg.o=Sq?%, (XI.5%

rae S = sol (3mechb Sy — yHeabHOe CONMPOTHBJIeHHe BOJOMOABEMHKIX TPYG; [ —
JAJMHAa BOONOABEMHEIX TPYOE).

Bennuuny / ¢ HEKOTOPHIM NPHOJIHMKEHHeM MOKHO NPHHATH PABHOM
2, — 2ep + By = 290 — 267 + 10 = 33 m.

YuHTeIBasi, YTO TeOMeTpHYECKasi BEICOTA TObeMa BOAB HAacOCaMit
H,= 2y 45— 2 + hy = 306 — 267 + 10 = 48 m, a nojavya Kax-
Jioro us Hacocos ¢ == 127,5 M¥u4, MOXHO NPEIJIOKHTD JJIsl YCTAHOBKK
Hacocel Mapox IIIB-10-120-60, 3IIB-12-160-65, 21IB-12-210-85, ans
KOTOPBIX JIHAMETPHl BOIOMOI'beMHBIX TPY6 paBebl 150 mM. Torgpa, monb-
sysicb Tabauuamu @. A. IlleBesieBa, MOMHO YCTaHOBHTB, UTO Hy.p =
= $,lq* = 30,54-33-0,0354> = 1,26 ™.

Tloncrasasisi B Gopmyaty (X1.4) 3HaueHHs! BXOAALIHX B Hee BEIHYHH,
onpejiesisieM [HanasoH TPeCyeMBIX HarnopoB HacocoB H;:

Hay=305—267+ 1,264 3+ 10+3,39+1,15 1,471 1,69 ~ 60m;
Hyg=305—267 41,26 4-3--10+ 1,40+ 1,47 +1,69 ~57 M.

Ilo 3apanHol Nojaue Kamnuoil ¥3 ckpaXuH ¢ = 127,5 M*/u u Hano-
Py, HaxonsieMycsl B nipefenax ot 57 no 60 M, Mo KaTajiory BhiGHpaeM
Hacoc Mapku SL[B-10-120-60, umelomuil cjaenyiouyio ONTHMAJbHYIO
obnacte pabore: Q = 80 ... 150 mM¥u (0,022 ... 0,0417 M¥/c) u H =
= 68 .., 50 M. XapaKTepucTuKa Hacoca yKasaHHOH MapKH NpHBeleHa
Ha puc. X1.4.

Jlist BLIABJIGHHS! WCTHHEHON KapPTHHBI PaGOTHl CKBAaXKWUH M NPOBePKH
NPaBHIBHOCTH BHOGOPa HACOCHOTO 00OPYIOBaHHS HeOOXOAUMO NP OBECTH
THPABJIMYECKYIO YBSI3KY 1O PaCCMOTPEHHOH paHee METOIHMKe.

Jnsi npencTaBieHMs] XapaKTePHCTHKM Hacoca B aHaJIMTHYECKOM
BHJIe HeOBXOIMO PELIUTD CEAYIOLIYIO CHCTEMY ypaBHEHHI:

Hy=H,—Suq};
Hy=Ho—Suq}
rae Hy = 68 M 1 Hy = 50 M — Hanophl, pasBHBaeMbi€, HACOCAMH NPH PacXopax

g, = 0,022 m%c u gy = 0,0417 M%c ma rpaHHnax paGoueil SOHKI KaTaJJOXHOM Xa-
paKTepHCTHKH Hacoca.

Haxonum, uto S, = 14 062.

ITocKoNBKY BCe HACOCHI NPHHATH! OAHOH MapKHM M BeJHMYMHA Zcr
BO BCEX CKBAXKHMHAX OAHHAKOBA, BeNMYMHY IT§c = 2o -+ H, MOXKHO
He YUHTHIBATh KaK He OKasHIBAIOU(YIO BJIHSIHHS Ha YBS3KY KOJell.

PesyJibTaThl YBS3KH CKBaXKMHHOH cucreMsl o Merony M. M. Am-
npusimieBa npuBegenbl Ha puc. X1.3. OKkoHuaTeNbHBle Pe3yJIBTaTHl MOA-
YepKHYThI.

Tlonpasounsle pacxond onpefenels no ¢opmyse (XI1.3).

B 1a6n. XI.1 npusenens! ¢axkTHiecKHe pacxojpl, NojiaBaeMble Ha-
cocaMH, M PasBHBaeMble HMH IOJIHBle HANoOpHl, ONpefesieHHble Mo pe-
3yJIbTaTaM YBSISKH.
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Puc. X1.4

CpapHeHMe TOJyYEHHBIX JaH-
HEIX C KaTaJloXHOH Xapakrepu-
CTHKOH HACOCOB MOKA3bIBaET Npa-
BHJIBHOCTD HX BEIGOPA, TMOCKOJ/Ib-
Ky BCE OHM paboTaloT B ONTH-
ManbHOH obaacty aHaveHuit KIT/I.
Hexkoropoe HecoBnanenue pacuer-
HBIX napamerpoB Q u H ¢ kara-
JIOKHBIMH  OOBsICHSIETCST TP HOJH-
JKEHHOCTBIO pacyeTa, BbI3BAaHHOH
HEJlOCTATOYHO  BHICOKOH  TOYHO-
CThiO (OPMYJI, ONHCHIBAIOLUIMX Xa-
paKTepUCTHKH Hacoca. Kpome To-
ro, NMoTepH HamoOpa B BOAONOND-
eMHBIX TPy6aX NMpPHHHMAJHCh NPH
pacuere NOCTOSIHHEIMH, 2 He Bbl-
YUC/AANNCh MO COOTBETCTBY IOLIHM
¢opmyaM notepr Hamopa.

IMockonbky dakTuyeckne sna-
yeHusi b, ., NPHBEJEHHEIE B TabJl.
XI1.1, Mano ominuaioTcs ot paHee
NPHHATHIX, BHOCHTH KaKHe-JInGo

KoppeKTHBEI He TpefyeTcs. B ofiem ciyyae st yyera morepb Harmo-
pa B BOLONOXBEMHRBIX TPyGaX B PACYETHYIO CXeMy CJeAyeT BKJOYATH
JIMHHIO IHAMETPOM U JIIUHOM, PAaBHBIMU IHAMETPY M IJIHHE BOAOTIONBEM-
Ho# TPyOrl. OKasbiBalOT BAHSIHHE H BEJHYHHE! HEBSI30K 110 KOHTYPaM.
PaccMoTpente NosydYeHHEIX Pe3yJbTaToB pacyera NMOKASHIBAET, YTO
YCJIOBHSL PaBOTHl HACOCHOH CTAHIIMH 3aBUCAT OT €e MECTONOJIOKEHHS B

CHCTeME «HaCOCBHI—BOAOBOIBLY.

Ta6annma XLI

Zp.a.s™ K [ h Zh, H
cxn,)tunu g. nfe ~Zr > i e 5
M
3 35,4 37 10 3 1,26 6,44 57,
9 35,4 37 10 3 1,26 8,84 60,1
12 34,0 37 9,5 3 1,15 8,21 58,9
15 36,8 37 10,3 3 1,39 6.84 58,5
18 36,5 37 10,2 3 1,38 4,63 56,2
21 34,3 37 9,6 3 1,17 7,47 58,2
FTABA Xu1

OCHOBHBIE CBEJEHHS OF 3BM

§ 44. O6wue noJoxenus

B npenbinymux raasax GblIM PACCMOTPEHB! BOMPOCH pacyeta CHCTEM
nojayu ¥ pacnpesiesieH sl BOIB! H HENOCPEACTBEHHO CBSI3AHHEIX € HHMH
COOPYKeHHIl, PHBE/IEHb! TeXHHYECKasH MOCTAHOBKA 3aliay, aHa/lH3 pas-
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JIMYHBIX cydyaeB PabGoTH cerelt M METORB MX pacyeTa. IIpH 3ToM raasHoe
BHMMaHHe YJeNsJI0Ch TeM MeTOfaM, KOTOpLIe NIO3BONSIOT PACCUUTHIBATD
ceTH Ge3 UCTONb30OBAHUS CPEICTB BBIUHC/IUTESBHOH TeXHHKH.

B To e BpeMsi 3HAaUUTebHOE YCI0MHEHHe BOSHHKAIOIHX Ha NPaK-
THKe Tpo6JieM, HeoOGXOMMOCTb pacyeTa cetel, paboTalONIMX B PasJny-
HHIX peXHMaX, yueTa BSaUMHOIO BJIHsIHHs BOAOTMTaTesleH M caMoli
CeTH, MCCJeJOBaHHUsI BONPOCOB ONTHMU3ALMH TPeOYIOT NpPHBJIeYeHHsE
coBpeMeHHBIX DBM. B cBsi3u ¢ 3THM 3/leCh JAl0TCsl HEKOTOPbIE CBEIeHHUS
o npuMeHeHHio IBM fy1s1 pacyera BOXONPOBOIHBIX ceTel, O3BOJISIIOLLHE
NOHAITb, KaKHe MMEHHO 3aJiayd HMeeT CMbIC] peliaTh Ha MallMHaX,
YSICHUTb BOSHMKAIOLIHe TPH 3TOM TPYAHOCTH, CyMeTb, NPH HeoOXonu-
MOCTH, 4eTKo cbopMyTHPOBATh AJTOPUTM JJIl IPOTPAMMHUCTA, PELIUTh, B
KakoM BHJie yIoOHee Bcero safaBaTb HHopMauumio fis OBM u sicho
MPEJCTABUTh, YTO MOXKHO NOJYYUTh OT TaKHX PacyeTos.

He crnenyer saGuiBatn, uro OBM He pelliaer 3a Hac 3ajiauy, a JiHUIb,
cJleflysi YKa3aHHOl HaMM TIporpaMMe, MO3BOJIsET HCC/efioBaTh GoMbLIoe
YHCJIO PA3JIMUHBIX BAPHAHTOB M B Psifie CJydyaep BHIOpaTh HawJydliue
U3 Hux. BHI6Op e KpUTEPUEB ONTHMAJIBHOCTH sIBJIsieTcs 3ajiaueld crie-
LHAJIHCTOB.

B coOTBETCTBUM €O CKa3aHHBIM B 3TOfl M NOCJIENYIONIMX TJaBax OyayT
OMHCAHB OCHOBHBIE THIHl COBPeMeHHBIX JBM, nokasaHo cocTaBjieHHe
nporpaMM Ui HUX M PacCMOTPeHHI:

1) MaTeMmaTuuecKuil annapart, HeoOXOAHMbIH JUisi pacuera THAPAB/IN-
YeCKHX CeTelf, B TNepPBYIO ouepeib TOT, KOTOPHIH HYXKeH NMPHU HUCNOJb-
soBaHun OBM;

2) cnenuduKa pacuera ceTeBhIX 3afiay Ha 9BM, B ToMm uHcie 3ajia-
Hus HEGOPMALMH O CeTH, YAOOHOro NpU HenosibsoBaHuH OBM;

3) mpuMeph! PelueHHs! 3aflad YBSISKH CETH Ha BLIUUC/IUTENBHBIX Ma-
LIWHAX;

4) xapaKTepUCTHKa HEKOTOPHIX CYLIECTBYIOLIUMX NMPoOrpaMm AJjisl Bbi-
YMCJMTENBHBIX MAllMH, Peajiu3yIouuX pelueHHe THIOBBIX 3ajlad CUCTEM
Nofiauy M pacrpefesieHtst BOJbl.

§ 45. Tunbl BLIYHCAHTENBHBIX YCTPOHCTB
H cTpykTYypa 3BM

Hcnonb3opaHde BHIYMC/IUTEIBHBIX MAllMH B PA3JIMYHBIX OTPAcAX
HapOJIHOrO X03511CTBa N03BOJIsIET He TOJIbKO YCKOPHUTH pelieHHe MHOTHX
3ajlaq, 3aHMMaBIIMX PaHee IPU PYYHBEIX BEIYHCJIEHUSIX MHOTHE JIHU H Jia-
7Ke MeCsiilbl, HO U peluaTh NPUHIUIHAJIBHO HOBEE TPoOJeMbl, caMa Io-
CTAHOBKa KOTOPHIX OhlIa HeBO3MOXKHa fo Mosieienusi IBM. Hanpuwmep,
€CJIM TIpOBeJieHHe THAPABJNYECKOl YBA3KH JOCTATOYHO TPOCTHIX ceTel
ellle BO3MOXKHO C TIOMOIILI0 PYUHBEIX PacyeToB, TO NPOBeicHYHe PacueToB
NPU MHOTMX PeKUMaX, YUUTHIBAIOLIMX COBMECTHYIO paboTy BOZOTMUTATE-
Jeil ¥ ceTell, cpaBHeHYe PA3MYHBIX BAPUAHTOB ceTell MO TeXHHKO-9KO-
HOMHYeCKHM JJaHHBIM M BLIGOP ONTUMAJILHBIX M3 HMX, HCCllefjloBaHHe Ha-
JIe3KHOCTH paboThl CHUCTEM BOAOCHAOXKeHHsl, KaK MNpaBujio, B PeallbHO
gcmeqa}omuxc;{ Ha TpaKTHKe CJIyyasiX HeBO3MOXKHO 6e3 NpuBJjiedeHHs

BM.
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CyluecTBYIOT JiBa NPHHUKIHAJBHO PAs/IMYHBIX THIA BbIYHCIAHTENb
HBIX yCTPOHCTB:

1) anajoropele BhMMC/AMTeNbHBle Mawmes (ABM);

2) 3J1eKTpOHHBIE WH(POBLIE BBHIYHCIHTENbHbIE MAHIHHBL JHCKPETHO-
ro peicreust (SBM).

B yerpolictax IepBoro THA YHCJIOBble 3HAUeHHS apaMeTpoB HH-
Tepecyioliero Hac (PM3HYeCKOro sBjeHMsi (3HaueHusi pacXoioB, Ha-
fIOPOB U T. L.) NPEICTABJSIOTCS HEMPepLIBULIMH (PH3UYECKHMH BelHUH-
HaM¥ MOJe/IMpYIOLero ycrpolictea (Hanpumep, 3J1eKTPHYECKOH cXeMbi),
npollecchl B KOTOPOM ONHCHIBAIOTCS] ONHHAKOBLIMH C (PH3HYECKHM sIBJle-
HHeM MaTeMaTHYeCKHMMH COOTHOLIEHHSIMH. TakHe ycCTpoiicTBa Hasbl-
BalOT MOZENMPYIOIHMMH UJIH aHanoroBbivi. [lisi pacyeTa BORONpOBOX-
HEIX CHCTeM OObIYHO MPUMEHSIIOT 3JIeKTpHYecKHe aHaloroBule yCTpoHeT-
Ba, B KOTOpbLIX CHJIA TOKa W NajeHHe IOTeHUHana MOLeNHPYIOT PaCcXox
BOJH U HOTepH Hariopa B cerH [8].

TpynHOCTb MOZeNHPOBaHIis THAPABAWYECKHX CHCTEM 3aKJIOYaeTcst
B TOM, 4YTO JIHHeHHble COOTHOIIEHH 1, CBA3bIBAIOLINE NajieH He MoTeHIiHala
AU. u cuny Toxa I B moGom yuacTKe aseKTpuueckoil nenu: AU = rl
(rae r — 3JeKTpHYecKoe CONPOTHBJeHHE Y4YacTKa), He 3KBHBaJIeHTHbI
HenyHeHHbIM COOTHOLIEH HSIM, CBS3HIBAIOLIMM 10TEPH Hanopa k 1 pacxofibl
g B JMHEAX BOLONPOBOAHOH ceru: A = SgP, rne S — ruppasinyeckoe
conpoTuBieHue yyacTka. [lns npaBHiLHOrO MoORelHpoBaHHS! HeoOXo-
nuMo cobJiopeHre paseHcTBa I = Sgb—l.

CKOHCTPY HpOBaHb! 2J1eMEHTH, HMelollHe Y KazaHHble HeluHedHble Xa-
pakTepucTHKM. [lo6aBiisist K HUM CrielHalibHble 3JIeMeHTEl, MOJIeIupYio-
re paGoTy BORONHMTATesell Pa3jIHYHBIX THIIOB, M CBA3LIBAsl X B €IH-
Hoe MofieJIHpyIoLLee yCTPOHCTBO, ONYYHM TaKOe aHaloroBoe YCTPOHCT-
BO, B KOTOPOM pacripefieieHHe TOKOB H HanpsxKeHu# OyJieT COOTBeTCT-
BOBaTh paclpe/leieHHIO PACXOLOB H HAMIOPOB B MOJGHPYeMOH BOJONPO-
BOIHOI cHcTeMe. B Hawell crpaHe aHasoroBbie MatilkHu!l JUisl BOROPO-
pogubix pacyeros (MABP) paspaborans B AKX um. K. JI. ITamdu-
J0Ba. DTH MaLIMHB HAXONST NpaKTHYECKOe mpHmeHenue. Ananoro-
BEHIE YCTPOACTBA mpefiHa3HAYeHH OOLIYHO 115l PellieHusl CPaBHUTENb-
HO y3KOro KJacca 3ajau.

OTMeTHM XapakTepHble OCOOEHHOCTH aHaJlOFOBBIX  YCTPOWCTB:

a) BeICOKOE OHICTpOfieficTBHe (ClieflyeT yKasaTh, UTO OHO OrpaHH-
yeHo BpeMeHeM CHSITHS MOKasaHMil NpUGOPOB, H3MePSIOLINX 3HaYEHHs!
(PHM3UYECKHX BEJIMUHH);

6) orpaHWueHHasi TOYHOCTb W3MePeHMA 3HaueHWil napaMeTpoB;

B) y3Kasi crenmaivsauusi (COBMelleHHe B OJIBOM YCTPOWHCTBE BO3-
MOXHOCTEH pellieHHs! PasJiMYHBIX 33aJiay NP HBOIHUT K CO3NAHHIO CAHLIKOM
TPOMOBJKHX CHCTEM);

r) Gosbluvie 3aTpaThl pyyHOTo TpYAa (BXOMHBie fapaMeTphl 3ajayd
NPHUXOAUTCS YCTAaHABJIHBATL BPYYHYIO, aHaNu3 MOJY4YeHUBIX pPe3ylib-
TATOB W WX CpaBHeHMe [Uisi Pa3jMyHbIX BAPHAHTOB TaK¥Ke [PHUXORHTCS
BHIOJIHATL BPYYHYIO).

JlpyruM THIIOM BEIUMCIUTESBHEIX YCTPOHCTB SBASIOTCS 31€KTPOHHbIE
uuGpOBble BHIYHC/IHTe/bHEIE MALUKHE!, TIO3BOJISIIOMNE 110 yKa3aHHOH ve-
JIOBEKOM TpOTPamMMe BHIIOIHSTL JIOGYIO COBOKYNHOCTL apH(MerHye-
CKHX H JIOTHYeCKHX ofepaIyi.
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XapakTepHBIMH ocoGeHHocTsiME DBM sBnsiores:

a) YHHBepCaJbHOCTD (B NPHHLHNE JOGYIO, CKOJb YTONHO CJIOXHYIO
HHIKEHEPHYIO 3ajlauy MOXKHO C TOMOIIbIO METOJIOB BBIYHC/IHTEIbHOH Ma-
TeMaTHKH CBECTH K IOC/IENOBaTebHOCTH NPOCTEHIMX apHpMeTHIeCKHX
onepaiiii);

6) aBTOMaTH3M (MallHMHA MOMXKeT pelllaThb BCIO 3ajlaqy 6e3 BMellaTelb-
cTBa wejiopeka). [list 9Toit e/ HMeeTcsl HaGop KOMaHJ, peaslu3yIomiux
JIoTHueCKHe H HeKOTopbie pyrHe onepauuH, KoTopble NO3BOJISIIOT aHa-
JIM3UPOBaThb B XOJl¢ CUETa Pe3YJIbTaThl H B 3aBHCHMOCTH OT HHX BHIGHPATh
JanpHelllee HanpaBjieHHe BEIMHCIHTENBHOrO Nporecca. YenoBek «KOH-
TaKTHpYeT» ¢ DBM TosbKo Ha nepBoM M NoCJeIHEM 3Tanax pelleHusi 3a-
JayH: NpH 3aJaHHH HCXOIHEIX JNaHHBIX M NpOrpamMMmbl JieficTBHs M NPH
NoJlyueHHH pesyJisTatoB cuera. OTciofa cenyer, uTo, B OTJIMUKE OT PO-
BEJICHHS] PYUYHBIX PacueToB, TZie 4eJOBEeK BCerjla MOXKeT BMeEIIATbCsi H
BHECTH KOPPEKTHBHL B N0CJIE10BATENBHOCTD JIeHCTBHH, NPH HCIIOJIB30BA-
Hur DBM Tpebyercs npenBapHTeNbHEH TIATe/BHBIH aHa K3 BCero Xona
pellieHHsi 3ajia4H, YTOOLl NPELYCMOTPETh B NPOrpaMMe BCE BO3MOXKHbIE
CHTYauHH.

AneKTpoHHas! BHIMKC/IHTENbHAS MALIHHa SBJIAETCA YCTPOHCTBOM, KO-
TOpoe MO3BOJISieT BBOAUTH B HETO B CMELHaJbHO 3aKOANPOBaHHOM BHIE
urdpoByio H GyKBeHHYIO HHGOPMALMIO, 3allOMUHAThL, XPaHUTh H Tpe-
06pasoBbIBATH e N0 YKa3aHHOH YeJIoBEKOM NporpamMMe W BBIBOAHTD pe-
3yJBTATHl PACYETOB B BHAE, TIOHATHOM YeJloBeKy. TakuM ofpasoM, TpH
HCIoNb30BaHHH DBM Heo6XogHMO BBECTH B Hee JiBa INPUHIHIIHAJIBHO
pasHBIX THna MHQOPMALMM: ajJTOPUTM pellleHUs 3ajiauH, T. €. CHCTeMy
(opMasBHEIX NPaBHJ, YeTKO H OJHO3HAUHO ONKCHBAILIWX Nporecc
pellleHHs 3a7laul, H BCe HCXOAHBIE JAHHBIC JJIsi €e PellleHHs. Ty HH-
(hopMaLMIO HAJIo BBECTH B MAlMHY Ha TOHSATHOM ]ISl Hee f3biKe.

CyIIeCcTBYIOT PassigHbIE CIOCOCH 3alHCH aJirOPHTMOB, T. €. COCTaB-
JieHHe TIporpaMM JUisi MALIMHB: HA s3bIKE MAIIHHHBIX KOMAaHJ W Ha
CrelHaJbHBIX aJITOPHTMHYECKHX si3blKaX. Ilocsenune GBUH CO3/1aHbl
I71a obJierdeHdsi Tpyla NpOrpaMMHCTOB H NpPeJACTaBfisioT co6oi Ha-
[JISIIHYIO 3aMKCh aJTOPHTMa B BHIIE COBOKYITHOCTH CJIOB €CTECTBEHHOIO
s13bIKa, OOGBIYHBIX MATEMATHYECKHX (GOPMYJI H CIELHAJbHBIX CHMBOJIOB.

Ilnst nydinero noHMUMaHus BOBMOXKHOCTed Hcnonb3osanus OBM pac-
CMOTPHM KpaTKo HX cTpykrypy (puc. XIL.1).

OBM COCTOUT OGBINHO K3 CJIEYIOUIHX OCHOBHBIX YCTPOMHCTB, CBSI3aH-
HBIX MeX[y Co6ofi H O6MeHHBaIOLIKX Csl HHPOpMaliHeli Pa3/IHIHOro THIA:

LeHTpanbHoro mpoteccopa (L[I7), obecneyyBaioillero BHINOJIHEHHE
MalIMHHBIX KOMaH]| ¥ yTPABJISIOLIErO NOC/IE0BATeAbHOCTEIO HX BHIIOJ-
HeHHsl;

onepaTHBHOTO 3aloMuHarllero ycrpoiictea (03¥), npennasHaueH-
HOTO J/Isl 3aNIOMHHAHUsA, XpaHeHHsl W CYHTHIBAHUSA OnepaTHBHOH HH(OP-
MallHH B TIpoliecce pellicHusi 3ajayd Ha DBM;

BHEIUHUX 3alOMHHAOMKX ycTpolcts (B3Y) mas monrospeMeHHOro
xXpaHeHHsl HH(OpMaIVH;

YCTpOiCTB BBOla M BHIBOAA HH(OpMAaIHH.

OnumeM KpaTko GYHKIHOHANBHOE HasHauyeHHe yCTPOMCTB.

LlenTpasnbhbl it npolieccop COCTOHT U3 apHMeTHYECKOro YCTpPOHCTBa
(AY) wu ycrpoiicTea ynpasierust (V).
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Apudmernuekoe YCTPOHCTBO BHNOMHSACT apudMeTHUCCKIe H JiorHde-
CKHe onepaliut Hajl YHCaMH WM JAaHHBIMH Py TMX THIIOB, 3aMHCAHHBIMK
B BHle MallMHHBIX KopoB. HaGop KoMaHj, KOTOpEIE MOXKET BbINOJHHTB
AY, zaBucur or tTvna 9BM u o6bUHO cOZepKHUT Bce apudmeTnyeckue
ONepallMy Haj LeAbIMH 1 HeHCTBHTEeJIEHBIME YHCJAMH, JOTHYecKMe ore-
paluy M HeKoTopble APYrHe KoMaujpl. [Inf opraHuMsaiiy BblyMCleHH#
H 3aNOMHHAHHA NOJYYeHHBIX PesyJbTatoB A4 nMeeT HeCKONBKO CBOHX
fiyeeK TNaMATH, HasbiBaeMbIX perucipamu. OHHM HcHoNB3yloTes s 3a-
DOMMHAHHS ONepaHioB, HaJi KOTOPHIMHM JIOJI’KHA BBUIOJHATLCS Onepa-
1HS, H pe3yJbTaTOB BHINOJHEHYs onepaiy.

— — OcHoBHas (QyHKIHa YY —
(w1 [wif ofecrieunTs  MOCAENOBATENEHOCTE
BHINOJIHEHHUS K OMaHI B Mporpam-
un Me U ynpaBfieHHe BHINOJHEHHeM
. Kam0#l ornespHoll KoMmannwt. Ilpn
IT’”’”"’” o3y H-‘/””/"’””’W BHIIOJHEHNY NporpaMmel Ha 9BM
Soiboda tbode YV 8u6 03y
- ) BHIGHpAET U3 ouepenHyto
¢ KOMaHny, aHajM3upyer ee, NOA-
: rorapnuBaer AY pas  BemOJ-
HEHUS COOTBETCTBYIOLIell onepa-
Puc. XIL1 UMM H Tnepecbiaer us O0O3Y
B pernctps AY uncia MM KOJbl, HAJ KOTOPHIMH HEOOXOAMMO BhINOJ-
HHUTH onepaimio. Tlocne OKoHUaHHS BHIOHEHNS ONeEPAaLH¥ Pe3ysLTaT
nepecsinaercss B O3Y, a ¥ ananusupyer NPH3HAK Pe3yJbTaTa. B 3a-
BUCHMOCTH OT MPH3HAKA pesyJsibTaTa &Y JaH00 BHIOHPaeT H BHIMOJHAET
ouepeHYI0 KOMaHJy, CJEAYIOllyi0 B NPOrpaMMe HeMOCPENCTBEHHO 3a
BHITOTHEHHOH, JIM60 NePeXORHT K BHIONHEHHIO APYTOH KOMaH[B, HO~
Mep KOTOpOil ONpefieNIsieTcsl U3 aHali3a BHITOJHEHUs Npebiyilied Ko-
MaH/p. [IpHHINTHAJIBHO BaKHEIM 3/leCh SIBJASETCH TO, YTO HOMEp CJle-
nywoueli BHNOAHAEMO} KOMAHIbI MOXeT 3aBHCeTb OT Toro, KakHe pe-
3yJibTaThl GBUIM MOJYuYeHB! NMPH BHINOJHEHHH npenplayIleli KoMaHzapl.
370 NosBOJISET PeaNu3oBaTh Ha MalllHe aArOPHTMEL, B KOTOPHIX MocJe-
7I0BaTeNBHOCTh JiefiCTBHE OnpefiesifieTcsl PesyJ/ibTaTaMH, NOJYyYeHHbIMH
Ha npepiAylnX sTanax. TeM caMbiv ofecleyHBAETCA ABTOMATH3M BEI-
nonHenys wa SBM moboro adroputMa Ges BMeIIATeNbCTBA 4elioBeKa.

Kaxnas OBM uMeer 1pa THNA 3allOMHHAIOLHX YCTpolcTe (uacTo
X HASMBAIOT naMaTelo SBM) — onepatupHoe (03Y) U Bueumee
(B3Y). 03Y obnanaer CPaBHHTEJILHO HeOONMBIUMM 00BeMOM NaMATH
(06HIIHO OHO MOXeT XPaHWTb OT HeCKOJBKHX JECATKOB TBICAY S0 He-
CKOJBKUX COT THICAY YHCeJT MIIM KOMaHJ) H BHICOKHUM GHICTpOneiicTBHEM
(10°P—107 cunTEiBaeMBIX WJIH 3aNHCHIBAEMBIX QHCEN B cekyHny). Hanpo-
THB, B3Y obnajaer odeHp OOJBLIINM, MPAKTHYECKH HEOTPAHNYEHHBIM
OGbeMOM NaMATH (ReCSITKH HJIH COTHH MIJIJHOHOB WHCEJl HIM KOJOB) H
CPaBHHUTEJILHO HEBHICOKMM GHICTpoJieficTBHEM. B kauectBe B3Y B cOB-
peMenibiX DBM HCTOAB3YIOTCS MAIHUTHLIE JIGHTH H MATHUTHBIE THCKH.
OuangecKUMH HOCHTeNASMM HHPOPMALMH SIBJSAIOTCA KAaTYLIKa Mariut-
HOH JIEHTH U TIaKeT CheMHbIX UCKOB. 3alHCaHHYIO HA HUX HHOPMAIHIO
MOMHO XPaHHTD JIOCTATOUHO JOJITO M HCTIONB3OBATD IIPH HEOGXOMMOCTH
Ha pasubix OBM IIpH ycJIOBMH COBMECTHMOCTH COOTBETCTBYIOMIMX YCT-
poiicTB BBOJ@ U BBIBOAA.
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B 03 xpauurcs uacto ucronbsyeMast M TeKylllast nHbopmanust (pa-
6oTalollKe YaCTH NPOTPaMMbl, TPOMEXKY TOUHBIE Pe3YJIBTATHl, HCIIOMbB3Ye-
MBle B IIPOrpaMMe KOHCTAHTB! H CTaHJaPTHBIE IPOTPAMMBL HJIH TIPOLENy-
pet). B B3V xpauunrtcs undopmaniusi, KoTopasi HCIoJb3yeTcsl B Ipoltec-
Ce pelueHHs] 3aayl PEJKO M IIOCTOSTHHOE NMPHCYTCTBHE KOTOPOH B ole-
paTuBHOII aMsiTH He TpefyeTcs (CHCTeMa MaTeMaTHYeCKOTo o0eciedeH Hsi
OBM, GoJsiblie MACCHBBI YHCJIOBHIX JAHHBIX, KOTOpHIE HCIIONB3YIOTCS B
nporpamme, Ho He noMetaiorcst B O3Y, nporpaMmsl U laHHble passiny-
HBIX noKasateseil 9BM, o6besuHeHHble B GHOJIHOTEKH PasHOro THNa U
T. I.).

B 6ouibliuHCTBe coBpeMeHbix IBM O3Y opranusoBaHo ciienyommm
oBpasoM. MuHNManpHON efnHNUIeH HHGOPMAIHH, KOTOPYIO MOXHO Xpa-
HUTB U 06pabaTHBATH B 3BM, siBaisiercs 6aiitT, COCTOSILIME U3 BOCEMHU JIBO-
HYHBbIX pa3psifoB (Guros). Kaxawil Gaiit cocTaBnsier siueliKy naMsiTH U
HMeeT CBOI NOCTOSIHHLIN HoMep, HasbiBaeMblii afipecoM. Afipeca nocsiesno-
BaTesILHO PaClOIOKeHHBIM GalitaM NPHCBOEHB! NMyTeM HX HyMepaluu
nocaefoBaTeJbHBIMH LeJIBIMH YHC/IaMH, HaydHasi OT HYJIsl.

OnHako B GoJIbLIMHCTBe CllydaeB OaliT CJIHIIKOM Masas efyHHIa WH-
dopmanuu, nosromy B IBM npestycMoTpeHa BO3MOKHOCTb OlIepPHPOBaTh
¢ untopManueii, PACNOJOKEHHOH B HECKOJBbKHX IIOCJIENOBATEBHBIX
GaliTax, npuyeM ajfipecoM TaKoil rpynnbl 6aiToB cuMTaeTcst afpec nep-
poro Gaiita. Kak npaBujio, HCONIB3YIOTCS Clefiylouike Irpynnsl 6aiiToB:
NOJIyCJIOBO — J1Ba NOC/IefloBaTeIbHBIX Gaitta (16 pBOMUHBIX paspsinos),
CJI0BO — YeThIpe NoC/efoBaTe/IbHbIX Oalita (32 IBOHYHBIX paspsiia), NBOk-
Hoe CJIOBO -—— BOCEMb IOC/IeloBaTeNbHbIX OaiitoB (64 HBOMYHBIX paspsi-
na). Ilpu petienun GosnblUIMHCTBA MHIKeHEPHHX 3a/lau JlaHHHE HCTIOJb-
3yIOTCSl M XPaHATCS B MaMsITH B BHJie clIoB (YeTwipe Galita). [lpn yka-
3aHHH oObeMa naMATH (KaK ONePaTHBHOM, TaK H BHellHell) oOblgHO HC-
nonbayercss epMHuna Hu3MepeHust kwiaobait (1 K = 1024 Gaiitos).
Y 2BM cepun EC DBM o6beM namsiTi oObiuHO cocTaBasier 128, 256,
512 unu 1024 K.

Eue pas noguepkuBaeM, uto B O3Y Xpanurcsl KaK YHCJIOBasi WH-
¢opmanysi, TaK U KOMaHJBl NPOTPaMMbl, IO KOTOPO#l OCYIIeCTB/AETCH
pelueHHe 3aiauH, XOTS COcob 3aNMCH ITHX @HHBIX B HaMSITH PasJiHueH.

Bson v BbIBOA HHGOPMAMH OCYILECTB/ISIETCS ¢ OMOIIBIO CleliHalb-
HBIX YCTPORCTB, CYNTHIBAIOIHNX HH(OPMANHIO ¢ TepPOKAPT HIH Gy MaKHBIX
nepgosiedT (MM NepeHOCSIIMX MHpOpMaLHIo Ha 3TH Hocurean). Ilox
CJIOBOM BBOJ, 3eCh NOHHMAaeTcsi Nepefiaya HHpopManun HssHe SBM ¢
MalIMHOYHTaeMBIX HocHTeJslell (HanpuMep, ¢ Nepdokapt) B ONEPaTHBHYIO
namats IBM. KoueuHo, npu 3TOM nogpasyMmeBaercst, 4To MMeercst Ha-
6op ycrpoiicts (nepdopaTopoB pasJHyHBIX THIIOB), HA KOTOPHIX 3apaHee
MOXKHO IOATOTOBUTH TaKHe HOCHTesIM HHpopMaluK (KoJjony mepdokapT,
nepopupoBanHyI0 GyMakuyio Jienty). [lof cioBOM BHIBOJ NOHMMaer-
cs1 epefiaya MHGOPMALMH U3 ollepaTHBHOM NamsaTH OBM BoBHe Ha ofuH
u3 BHJIOB HocHTesell HHopManuu. Yaliie Bcero Ji/ist BEIBOAA UCHIONB3YeT-
csi asgaBuTHO-IIM(POBOE Neyararoiee yCTPOHCTBO, C MOMOIBIO KOTOPOTO
MOXKHO BHaBaTh pe3yJsbTaTsl, nosyueHHble Ha OBM, B BHIe, ya06HOM
IS yTeHUst nosip3oBaTeneM DBM. B nocieniHee BpeMst B CBSI3H C IIpuMe-
HeneM DBM 1npu ynpaeyieHHH TeXHOIOTMYeCKUMH TIPOLECCAMH B CHCTe-
Max NouckKa MHGQOPMAIMH H B CHCTeMaX MalUMHHOrO NPOeKTHPOBaHUSA
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HCIIONB3YIOTCS W JPYyTrHe YCTPOHCTBa BbIBOZa: rpadhonocTpOUTENH, 103-
BOJIAIIOIIYE BHIATE Pe3yJbTalhl PelleHHsi 3ajiaydl B LUAe IPaduKOB H
yepTeXkel, HeNMOCPeNCTBEHHO HCNOJIB3YEMbIX Al aHaJi3a Pe3yJbTaToB
HHXKeHePaMH U JUisl CHCTeM MallMHHOIO NPOEeKTHPOBaHHsl; JKCILIeH —
yCTpoficTBa, CHaGXeHHble SKPaHOM /ISt OTOGPAXKeHHs] CHMBOJLHOH W
rpadugeckoli MHGOPMaUMH H KNaBHATYPO# ANS BBOLA M HCIPABJIeHHSA
5710§1 nHGpopManuy B IBM; TepMHHANEI Cllellr a/1bHOr0 BHAA 19 NePelaqy
nH$opmanuy u3 IBM Ha Gosblive paccTOsiHUA W IpyrHe YCTPOHCTBA
NoJOGHOro THNA.

Ipocreiuyio cxemy peiteHusi 3ajiauv Ha IBM moxuHo mpeacraBuTh
crenyomumM ob6pasom. Ilpexze Bcero nmporpamma pellieHusi 2afadv H
HCXOIHBIE JaHHBle ISl Hee, 3allMCaHHble Ha CrelHaNbHBIX OfaHkax,
NIepeHOCSATCH € MOMOLLEI0 NepdopanHOHHBIX YCTPOHCTE Ha MallHHOYHTA-
eMble Hocutenn HH(opMamuu (nepdokapTel usu OyMaXcHbie nepgosieH-
TeI). 3aTeM € NMOMOILBIO YCTPOHCTB BBOAA TH JaHHHIE BBOLSITCS B One-
parueHylo namate DBM. Ecnu 3ajaua cpasHHTeNnbHo HeGosbluas, TO
BCsL HHGopMalys pasmetaercst B O3y, B IPOTHEHOM CJlyyae yacTh 9Tobh
vHpopmaunH uyepes O3Y 3achliaeTcsi BO BHeIIHHE 3alOMHHAIOMKE
yCTpoiicTBa, OTKyla oHa GyzeT BuisbiBaThcsi B O3Y mo Mepe HeoGXo-
IMMOCTH HCIO/1b30BaHHS €€ B X0Jie pellleHns 3anaun. [Tocse 3aBepiueHns
BBozia 2BM HaunHaeT noc/iefoBaTeJILHO BHINOJIHATE KOMaHbi Nporpam-
MBI TaK, KakK 06 3ToM 6bL10 CKa3aHO NPH ONMHCaHHH paboTsl mpoeccopa.
Tocsie OKOHYaHHS cYeTa De3yJILTaThi, yKasaHHble NPOrPaMMHCTOM B
nporpaMMe, BBIBOASATCSI Ha OfIHO M3 YCTPOHCTB BHIBOJA.

OnncanHas cXeMa BbIIOJIHEHHs nporpaMMbl Ha 9BM sensercs Becs-
ma ynpoiuerHoll. Tak 6b1a opraHmsopaHa paboTa JiHilb Ha CPaBHH-
TeJIbHO NPOCTHIX BHIYNCAHTENBHEIX MallMHaX NMEPBOrO M BTOPOTO MOKO-
nenui*. Ha stux OBM passnnuHble YCTpOICTBa OOLIYHO HE MOIVIH pa-
60TaTb OZHOBPEMEHHO M IOSTOMY Hedlb3sl GBLIO IPUCTYTIHTE K PELIeHHIO
caeyolel 3aiaut 10 3aBeplleHHs PelleHus npeasinyimeli. 1o npuso-
a0 K HesddeKTHBHOMY Mcmosb3oBaHMiO ycrpoficts DBM.

Han6onee xapakTepHoli ocoGeHHocTblo 9BM Tpernero moxoneHnus,
K KOTOpHIM OTHOCHTCH GOJBLIMHCTBO SKCIyaTHpyeMbix cefluac I9BM,
ABJISIETCA BO3MONKHOCTH HX PabOThl B MHOrONMPOrpaMMHOM pexuMe. D10
o3HayaeT, 4To Ha DBM Moxer oJHOBPEMEHHO pelIaThCl HECKOIBKO
3a7a4, PacHOIOKEHHBIX B PasJiMYHBIX y4acTKaX onepaTHBHOM NMaMsiTH
¥ HCUOJB3YIOMHX B KaXKAbA HNaHHBIH MOMEHT Da3JiHuHble YCTpoHCTBa
mawukel. Jlig peanusaumy Takod BO3MOXHOCTH CTPYKTypa COBPeMeH-
Heix OBM umeer cienyioliMe ocoGeHHOCTH:

a) Joboe pHelllHee ycTpoiicteo DBM (Beoz, BRIBOA, YCTpoHCTBa
3anMCH Ha MarHHWTHble JIeHTHl H MarHHTHble JMCKM H YTEHUS ¢ HHX)
MoxeT paGoTaTh OJHOBPEMEHHO C LIEHTPAJILHEIM NPOLECCOPOM H B HEKO-
TOPOM CMbIC/le He3aBHCHMO OT Hero;

* TIpunsToe OGHYHO B JIHTEPaType je/cHHe BHYHCTHTENBHEIX MAIWHH Ha TO-
KOJICHHSI SIBJISIeTCA JIOCTATOYHO YCJOBHLIM H3-3a Psifia NPHYHH; BO-TNE€PBHX, H3-32
PasnMyHs T€X NPH3HAKOB, KOTOPHE KA3NyTCA B OCHOBY KJIaCCHOHKAUHH (STHMH
NPH3HAKAMH MOTYT GHITH JIMGO S/1eMEHTHl, H8 KOTOPHX BHNOJHeHH SBM, nnbo tre-
neHbL PasBHTHS MaTeMaTHUECKOro oGecneyeHHs, auGO TO M IPYroe B COBOKYI-
Hocmg); BO-BTOPLIX, HE BCEI/ia MOXXHO NIPOBECTH YeTKYIO FPalb MEXAY NOKONEHH IMH
MawHH (koHKpetHan IBM moxer cofiepxaTh B cefe YepPThl MAIHH KaK OJIHOTO, TaK
H APYroro noKoJeHHS).
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6) HEeCKONBbKO BHEINHHX YCTPOHCTB MOTYT PaboTarh OJHOBPEMEHHO
Y HE3aBHCHMO JPYT OT Apyra Jjsi OOCHYXKHBaHHSI HECKOJBKHX TIPO-
TpaMM, OJHOBPeMEHHO HaXonfLIMXCsl B oNepaTHBHOH THamstH IBM;

B) peallM30BaHHl allliapaTHble H NPorpaMMHble CIIOCOBH 3aUIUTHI Ta-
MATH Kaxjok Haxopsulekics B O3Y nporpammsl or Bo3AeiCTBUS APYTHX
PaCTONIOKEHHBIX TaM IPorpamM;

r) paspaGoTaHbl anniapaTHble H IPOrPaMMHEIe CTIOCOGH! TIPephIBAHHST
BBITIOIHEHUS TIPOTPaMM H €TI0 TOCJELYIOEro BO30OHOBIIEHHSI, a TaKKe
criocofbl Mepexofia TPOLEeccopa OT BHITOJNHEHHST ONHOH MporpamMMbl K
Jipyro#t (cpenr MPHYMH, BbI3LIBAIOWMX TIPepPHIBAHHE, MOTYT OBITH OLIHG-
KH B NIporpaMmMe, HeoOXOAMMOCTD BHINOJIHEHHS Ollepalliil BBOAA-BHIBOAA
unu obmeHa ¢ B3y, cbom B cuctemMe W T. 1.).

DU malyHb He TONBKO obnanaior Gollee COKHON CTPYKTYPOH, YeM
MailMHbl TPeNHAYLIIHX TOKOJeHHH, HO H TPefyIoT ANA cBoeH paGoThl
3HaYHTeJbHO Ooslee CIKHOIO MATeMaTHIeCKOro TPporpaMMHOro obecrie-
yenusi. [lon maTeMaTHuecKHM ofeclieyeHHeM TTOHHMAETCS COBOKYITHOCTD
Iy XeBHBIX IporpaMM PasiuyHOrO HadHaueHHs, OGeCTeUuHBAIONHX Ofi-
HOBpeMeHHbIH cyer Ha DBM HecKoAbKHX 3aiay, OPTaHH3YIOUMX Hesa-
BHCHMBIH BBOJL H BBIBOJ, HH(OPMALIKH JUIsi STHX 3a]au Y ToC/eA0BaTeN b-
HOCTh HX TIPOXOXKAeHHS Ha DBM, NosBo/SIIONHX KOMIIOHOBATE POTPaM-
Mbl PellleHHs] CIOMKHBIX 3a/iad H3 OTAENBHEIX GJIOKOB, COCTABJIEHHBIX Ha
Pas3IMYHLIX f3BIKaX NporpaMMHpoBaHusi. Bee 3TH QYHKIMH BHIOHSAET
ofepalliOHHasl CHCTeMa, SIBJISIOWIASICS BEChMA CJIOXKHBIM KOMIIEKCOM
CHCTeMHO CBSI3aHHBIX NPOrpamm, HaCYHTHIBAIOIIHM COTHH THICSY KOMaH/.
K onepantoHHOH CHCTeMe OTHOCATCS TaKikKe TPOrPaMMbI-TPaHCASATOPSI,
OCYUleCTBJSIONIMe TlepeBOA NPOrpaMME, 3allHCAHHOH Ha alropHTMHYe-
CKOM fI3blKe, Ha fI3bIK MAIUUHHBIX KOAOB; OGHOIHOTEKH CTAHAAPTHBIX
TporpamMm AJs pellleHHs! THIIOBBIX MaTeMaTHuYecKUX 3ajiad; GHOMHOTEKH
TaKeroB NPHUKJIAAHBIX NporpaMM IJIsi PeleHHs] PasHYHbIX HHXKeHep-
HeIX 3aniay. OnepanyoHHasi cHCTeMa B COBOKYNHOCTH C anmnaparypoit
IBM ofecrieurizaet BLICOKUI YPOBeHB cepBHCa IS oNib3oBaresiell DBM,
4T0, 6e3yCoRH9, ONpPAaBibIBAET Te NONOJHHTENbHbE YCHIHS, KOTOpPBIe
OHH JIOMKHDI [PIJIOKHTh, YTOGbI HAYUHTHCH HCIIOML30BATH BO3MOKHOCTH
STHX MalllH.

B CCCP X BLIMUCAKTCALHLIM MAlUHHAM TPCTEETO TOKOCITHS TPOKIE
BCEr0 OTHOCSITCS MaluMHbl cepHH «Psi», BbIIyCcKaeMble cTpaHamM CO-
unanucriyeckoro conpyxkecrea (EC 2BM — enunasi cucrema 3BM
crpad COB). dro psin MaumH, OTIHYAIOUWMXCA APYT OT APyra MOIl-
HOCTBIO (BbIcTpOneHCTBYEeM, OOBEMOM OlepaTHBHOH NaMSTH H YUCJIOM
YCTPOUCTB BBOJA-BBIBOAA), HO HMEIOUMX OBULYIO CTPYKTYPY TOCTpoe-
HHUSl U CHCTeMy KOMaHJ U COBMECTHMBIX KaK IO MateMatHyecKoMmy obec-
neyeHHIO, TaX M 110 annapatHeIM ycrpoiicTBaM. B npusuune nporpamma,
cocTaBieHHast sl ofHOH 3 stux DBM, Mmoxer GbiTh MpocuHTaHA Ha
noGoil apyroit DBM stoit cepun npy YCAOBUHY, [TO MOWHOCTL €€ LOCTa-
TOYHA.

K Mawunam Tpernero nokojieHusi MOryT GhITh OTHeceHs Takke S9BM
«Munck-32» 1 BOCM-6, Tak Kak W Ha HUX Peaji30BaH - HOTONMPOrpaM-
MHBIH pexnM pa6orbl.
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§ 46. dtann peweHus 3agaun Ha IBM

Tlpu pewienuu moGo# 3apayk Ha DIBM MOXHO BBIIEJIHTH HECKONBKO
OCHOBHBIX 3TanoB. IIpousulOCTPUPYeM 5T0 Ha NpPHMepe THIpaBJHYe-
€KOHl YBSI3KH CeTH.

Hrxenepnas nocranoska sapaun. Ha stom srane ykasbiBaiotcs bu-
3HyecKHe NapaMeTpbl, XapaKTepHsyIollHe 3ajiaqy; ONHCHIBACTCS KOHey-
Has LieJib NPOBelleHHs] PacueToB W GOPMHPYIOTCS CIOCOBH! ONpeencHHs
stoit wenu. Hampumep, TpeGyercsi mpoBectd yBfISKY 3alaHHOi CeTH
IpH yKe BHIGPAHHBIX AMaMerpax TpyG. McxonHble janHble: Kougurypa-
LMs CeTH, PHKCHPOBAaHHble PACXONbl B Y3/aX, XapaKTePHCTHKH BONO-
nuTatenefl U 3ajaHHble 3HaueHWs AMaMeTpoB TPY6. Koneunas wess
NpOBeJicHHs] PacyeToB— ONpefe/ieHHe PACXONOB BO BCeX YYAaCTKaX CeTH
H 3H4YEHWH HaloOpPOB BO BCeX ee y3jaX. Ilnsi pewenus sToil 3anaun
HCMONB3YIOTCst MePBblit U BTOpoil 3aKonbl Kupxroda nas ceru. [otepu
HalnopoB B TPy6ax oNpenessiioTCs Mo 3aKoHaM rMapasiuky. [1pu pelne-
HHUM 3aJlayll 3aBMCHMOCTH T'MAPABJHYeCKOro CONMPOTUBJIEHHS KaXIoro
YyacTKa CeTH OT JUaMeTpa, pacxofia ¥ JMJIMHBI TPY6bl CYMTAIOTCS 3a/iaH-
HBIMH.

Cospanne maTeMaTmueckoit Mollen 3ajiaun. Hcnonebsys copmy sH-
POBaHHYIO MHIKEHEPHYIO [I0CTAHOBKY M PSJ YNPOWAIOLIMX NPeAnonoxkKe-
HU, 3alauy CBOIAT K COCTABJEHMIO M DELIEHHI0 CHCTEMB! yPaBHEHMH
(anrebpanyecknx HH AUQOEPEHUHMANbHBIX), CBA3BIBAIOLIMX HCXOLHbIE
U MCKOMble NapaMeTphl 3ajiayd. B maweMm ciyyae mMaTeMaTHuecKoil Mo-
HeJIbIO 3aJla4H SIBJSIETCS CHCTEMA JIMHEHHBIX M HeJIMHEHHBbIX ypaBHeHHI,
ONMCHIBAIOWMX NepBblii 3akoH Kupxroba nas ysso cetu™:

3g:5+Q;=0 (XII.1)
1 BTOpoit 3aKon Kupxroda A/si cHCTeMBI He3aBHCHMbIX KOHTYPOB CETH:
> hp=0. (X11.2)

k

Cucrema ypasnenuit (XII.1) u (X11.2) aBasiercss MaTeMaTHuUeCKoMH
MOJIE/ILI0  TIOCTaBJIeHHOH 3ajauM.

CneyeT OTMETHTb, YTO NPH MNOCTPOEHHH MaTeMaTHHYecKoil Momenu
3aflayM MHIKeHePY NPUXONHTCS JielaTh HEKOTOPhie YMNpOoLuaiolite Npes-
nonoxenus. McKyccTBo MHMKeHePa, B 4aCTHOCTH, 3aKJIOYaeTcst B TOM,
4TOOBI, COXPaHsisi (M3HYECKYIO CYLIHOCTH 3ajayd, NOJYdYHThL HanGosee
NPOCTYI0 MaTeMaTHYeCKYl0 MOJEJIb.

BbiGop uncienHoro Meropa. INosyuenne MaTeMaTHIECKOH MOLEJH
€elle He O3HayaeT, YyTo HalifieH crnocob peuieHus 3agaun. Ecsu Hac MHTe-
pecyer He aHaJIMTHYeCKoe BHIParKeHHe PelleHMsi, 8 KOHKPeTHble YHCJIO0-
Bble Pe3yJILTathl, T0 HEOOXOLHMO yKa3aTh CNocoG MOJYYeHHsT STHX pe-
3YJIbTATOB C MOMOLILIO 3JIeMEHTaPHBIX apH(pMeTHUECKUX JNeHCTBHI, T. €.
YKasaTb YMCJCHHBIH MeTOH PelIeHHs] 3ajlauH.

Ecnv Ha #ByX Npepblgyliux sTanax Hac He MHTEPECOBaJo, KaKMM
obpasoM Mel 6yjeM peluaTh 3ajauqy (¢ nomouupto 9BM vau py unbm cro-

* B oTsiHuMe OT NpeAbIAYIIMX I1aB, 6ykBaMu i H j 6yfieM 0603HayaTh HOMepa
Y3JI0B ceTH, a 6yKBY k HcrmosbayeM RJsl 0603HaueHHsI HOMEPa He3aBHCHMOTO KOH-
Typa.
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cofoM), TO Teleph 3TOT BOINPOC CTAHOBUTCH CYyLIECTBEHHBIM. Bribop
YHC/JIEHHOrO MeTola NPHMHIHUIHAILHO 3aBHCHT OT Crozo0a pelueHUsl 3a-
Jnauu. [Ipu pyuHoM cyeTe OObIYHO OTHAIOT MpENTNOYTEHHE METOAAM, Ko-
Topble MOFYT GEITh JOCTATOMHO CJOMHBIMH MO CTPYKTYPE, HO TpeCyIoT
HeBosblIoro yucaa onepauuii. [Ipu pacuere Ha OBM ynoGHee nonb-
30BaThCS CPABHMTENLHO NMPOCTEIMM, YHHMBEPCANbHBIME MeTonaMH, KOTo-
PHIe COCTOAT M3 COBOKYITHOCTH OHOOOPA3HBIX JEHCTBHI, JIEFKO MOJAat0-
UMXCS TPOrPaMMHPOBAHMIO.

OnHaKO HEeJI0CTAaTOYHO TOJILKO BHIOpATh YHCJIEHHBIH METONl. Heo6-
XOIHMO ellle YOeNUTHCS, YTO HUKaKHe MOrPelHoCTH, KaK MMerotecs
B MCXOJHBIX JJAHHBEIX, TAK H BHECEHHHIE B NPOIECce BLHIYMCIEHHH, He 1o~
BJIUSTIOT 3aMETHO Ha TOYHOCTD Pe3YJILTaTOB M NPH NPHMeHeHUH BEIOpaH -
HOPO METOAA MOJIYYMTCH CXOAALLHUIACSH K MCKOMOMY PelleHHUIO YMCIIeHHbIH
npouecc. UHC/JEHHEIH METOJ, YLOBJIETBOPSIIOLIME 3THM TPeGOBaHHUSM,
SIBJISIETCS! YCTOMUMBEIM M cxonsmumcst. [Ipu cuete Ha IBM Hano nenosnb-
30BaTh TONBKO TaKue MeTogbl. OTMETHM, OJHAKO, YTO YCTOMYMBOCTb H
CXOIMMOCTb MeTOa OOBIYHO 3aBUCHT OT MCXOAHBIX NapaMeTpoB periae-
Moit 3anaun. Hanpumep, meton Jlo6auea—Kpocca st HEKOTOPHIX 3a-
Jad MOMXKeT CTaTb PacXOAsIUIUMCS.

Mporpammuposanue 3afaun. Ilocse Beibopa YHCIeHHOTO MeToaa pe-
urenusi cpopMyJIHPOBAHHOI 3afauk NepexosiT K COCTAB/IeHHIO aJITOPHUT-
Ma ee pemenusi Ha OBM. CrenyeT NonuepKHYTh, YTO MallHHA <MOHH-
MaeT» TOJILKO Te aJrOPHTMbl, KOTOPble HAMMCAHE! HA TIOHSITHOM efl fi3bl-
Ke, T.€.B ee Kogax. OnHaKo NporpaMMbl, cocTaBJieHHBIE B Koax KOH-
kpetHoii 9BM, obnafaor pstioM HeNOCTAaTKOB. Bo-mepsuix, co-
CTaBJISITh UX TPYJIHO, H 3Ta PaboTa TpeSyeT BEICOKOH KBaJHpHKAILHH PO~
rpamMmucTa. Bo-BTOpBbIX, IporpaMMa, COCTABJIEHHAs! B KOjiaX OZHOH Ma-
I HBl, He MOKeT ObITh KCIOJNbB30BaHa jJist PaGoThl HA APYTOf MauuMHe.
B-TpeTbux, TAKYIO IPOrPaMMy TPYAHO NOHSATH IPYTHM IIPOrpaMMHCTaM.

J1is npeojloNieHHsi STHX TPYNHOCTeH M aBTOMATH3ALUHM NPOrpaMMH-
poBaHust ObLJIM CO3JAHBI AT OPUTMUYECKHE SISHIKK IPOrpaMMHpPOBAHHUS.
TIporpaMma, HanmMcaHHAS! HA AJFOPHTMUYIECKOM f3bIKE, COCTOM T M3 0ObIY-
HBIX MaTeMaTHYeCKuX (opMyJi, HEKOTOPBIX JONOJIHHUTENBHBIX KOHCTPYK-
1Ml ¥ 3HAKOB, [IOSICHUTE/IBHBIX CJIOB €CTECTBEHHOrO s13bIKa. Bee 3To Ze-
JiaeT nporpaMMy yaoGHOf A1 HaMUCaHusl, MPOBEPKH ¥ NOHUMAHHS APY-
ruM yenosekoM. HauGonee pacnpocTpaHeHHEIMH SI3EIKAMH JUIsl PeLLeHHsT
HHXXeHepHBIX 3aau cefiyac sisasiiotest Asron u PoptpaH, [Jist peleHust
SKOHOMHMUECKMX ¥ HH(POpPMAuMOHHBIX 3ajad — Kobon. B mocremnee
BpeMst Bee GodlblIee PacipocTpaHeH e N0y YaeT arOPUTMUYECKHUH SIBBIK
[1J1-1, KoTopbiil 06BENHHSIET B cebe MO/0KHTENIbHBIE KaYyeCTBa HMEtOIX -
¢l 13BIKOB M MPEOCTABJISIET MPOrPaMMUCTY JIONOJIHUTEbHEIE BO3MOXK-
Hoctu. S1sbiK I1JI-1 mcnosbsyercst fisi pellleHMst KaK BBIYHCJIMTENBHBIX,
Tak M MHpOPMAIHMOHHBIX 3ajad. [loutn Bee coBpemerHbie IBM nmetor
crielManbHEIe TPOFPAMMEI-IEPEBONYHKH (TPAHCIATOPbI), KOTOPHIE Mepe-
BOJISIT MPOrpaMMy, COCTAaBJIEHHYIO HA OJHOM M3 3THX $I3bIKOB, Ha fI3BIK
Z@HHOH MALIMHBI. B CBSI3U ¢ 3THM Io IPOrpaMMe, COCTABJIEHHOH Ha aii-
FOPHTMHYECKOM SI3bIKE, MOXKHO PeliaTh 3aJauH Ha Jiro6oil MalllkHe, HMeto-
mweil TPaHCJAATOP € 3TOro si3biKa.

Hcnonb3oBanue airopUTMHYECKHX S3LIKOB SIBJISIETCS] MOLHEIM CPel-
cTBOM o6Mena mH(opMAalUeil U NpOorpaMMaMu MEXKy JIOIbMH.
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Tporpamma, HanHcaHHAas Ha TaKOM SI3bIKE, NPeJCcTaBJiser cobolt nog-
poGHBI NepeyeHb BCeX oOlepalliil, Korophle HeoOXOMMO BBINOJHHTD.
Ee cocraBieHui0 OGBIMHO TPEMILECTBYET coCTaBJieHMe O/IOK-CXeMBl pe-
lIeHHUs 3ajauH, rje B rpadHyeckoM BHjie YKasaHbl OCHOBHbIE 3Tallbl pe-
IIeHys | [0C/1e10BaTelbHOCTh UX BhiNo/HeRus Ha DBM. Ilo cocrasier-
Holi GJ10K-cXeMe MOXHO JIerKo HallHCcaThb NIPOrpaMyy Ha Jilo0oM aJropHT-
MHYECKOM fISBIKE.

Otaajika mporpammbl. Ha 5ToM 3Tane NPOMCXOAMT MOMCK OLIHOOK,
HMeIOUIMXCA B porpamMe, TaK KakK Ha PasyMyHbiX STanax nporpamMmHpo-
paHHsl HMEeTCSl MHOrO BO3MOXHOCTEH clleflaTh MX.

OwH6KH 3fiech MOTYT ObITH pasJiMuHOrO BHMAA:

a) owHbKH B (OpPMaJSbHOM HAMHCAHHH NPOrpaMMEbL (takne oIMOKH
oGBLIYHO HaXOAMT caM TPAHCISATOP, M 3ajiagda NPOrpaMMMCTa 3aKJII0YaeT-
CA B TOM, 4TOOBI WX HCIPaBHTB);

6) CMBICJIOBbIEe OIIMOKH B 3aITHCH aNTOPHTMA (31 OIMOKH HE MOXeET
HalTH HHKaKoll TPAHCIATOP, H ANA MX OGHApYKeHus HeoGXOauMo npo-
BECTH pacyeThi NPOGHBIX BAPHAHTOB 3a/la4YM, PelleH sl KOTOPbiX HaM H3-
BECTHBI).

OTHOCHTENILHO 3TOr0 5Tala MOXHO elle 3aMeTHThb, 4TO ObicTpoTra
OTJa KM TIPOrpaMMBl CYLIECTBEHHO 3aBHCH1 OT KBanM(pUKallky ¥ OnbiTa
nporpammucta. JIHb Iocae TOTO, KaK €cTh YBePeHHOCTb B INPaBHIlb-
HOCTH paboibl IPOrPamMMbl, MOKHO NPHCTYNHTH K NPOBEeHHIO PacieToB.

IpoBelienne pacyeToB W QHAAM3 Pe3YJbTATOB. }:7 5TOM STale Ha-
YHHAIOIIME PACYETYHKM CTPEMSITCH MOCYMTATh KaK Mo.. HO Oonbile Ba-
PHAHTOB, TI0J1Arast, YTo MMEHHO 3TO [IOMOKET MM [JIy6Ke YACHHTH CMLICI
ycenenyeMoro ABjenys. Ha camom e fienie MPOUCXOAMT o0paTHOe: 33
oBusMeM YHCel OHM MOTYT He YBHAETb CYyTH jenia™.

BaHO IIOHMMATB, YTO Ha 5TOM STalle pellleHHe MHIKeHeDHOH HiH
¢usuueckoil 3anauk TofbKo Hauunaercst. Iloayuns perrenue He6oAbLIO-
ro uKc/ia TIaTelbHO MMofoOpaHHBIX BapHaHTOB M NPOaHasli3HPOBaB MX,
ClelyeT yCTaHOBMTb, COOTBETCTBYET JIH NOCTPOEHHAs MaTeMaTHYecKasn
MofleIb NccielyeMoMy (H3HYECKOMY SIBJICHHIO M HACKOJBKO NP aBHJILHO
creal BHIGOp yMcienHoro Mertoja. Ha stom srane Hajo YerKo paspe-
NATh, YTO B NOJYYaeMbIX pe3yJbTaTaX siBJsieTCs Ce[CTBHEM INorpein-
HocTelf TPHMeHsleMOro YMC/IeHHOrO MeTofia, a 4YTo —- CYThiO paccMar-
pHBaeMoil 3afiaun. B cBAISH ¢ 5THM HHOILA@ NPHXOANMTCA BOSBpAIlATh-
Cfi K IIEPBBIM TPEM 3Tallam peiueHHs 3aflayll i BHOCHTD B HHX HeoGXomm-
Mbl€ H3MEHEHHS .

§ 47. MonroToBKa Aanubix ajs IBM

Tlpu pelennu 3agauu Ha DBM neobxonnmo 3ajath Ba BUIa undop-
MaluM: IPOrPaMMy H MCXOJHble YHCICBble JaHHbE. 3/IeChb Mbl paccMo-
TPHM THIIBI JAHHBIX, KOTOPbie MOTYT GBITH HCTOJB30BaHbl Ha 3BM, u
9Tambl NPOXOXK/EHHn 3anaun Ha OBM, onmpasice riaBHbM 00pasoM

* 3[eCh TOJIE3HO NIPUBECTH JBa Te3Hca, NMPHHAJIEKAUHX CHEUHaNnCTy B 06-
JlacTH BHYMCIKTENbHOH Martematuku P. B. Xemmunry: «llesn pacueros — IOHE-
MaHHUe, a He YHCJIa» K «TIpex/e YeM pellaTh 3ajavy, TNoAyMait, 4To feJ1aTh C €e pe-
LIeHHeM».
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Ha airopHTMHdeckuii s3pk Poptpan pas EC 9BM, HanGo/iee LINPOKO-
pacnpocTpaKeHHHil cefiluac B IPaKTHKe HHKeHepHHX PacieroB.

Tpexpe Bcero caenyer NonuepKHyTb, 4TO pas/iH4aloT BHELIHee 1
BHYTPEeHHee INpPeICTaBJieHHe JIaHHBIX. Ton BHyTpeHHHM IpENCTaBjie-
HHeM JaHHBIX NONPa3yMeBaeTcs Clocod X Npencrapleiis B orepaTHB-
Hoil namaTH DBM, HcnonbayeMblii B Ipoliecce BLIMOJHERNS MPOTpaMMEL.
Tlox BHEIIHNM TIpeACTaBNEHHeM IIOHHMAETCs Crocod npeicTasJients 1an-
HBIX Ha YCTPOHCTBaX BBOJA-BBIBOAA. Bueiinye TNPeACTaB/IeHNsl Ha
pas/IMUHBIX HOCHTENSiX MH(pOpMAllK MOryT, KOHEYHO, OTJIMYaTLCA ApYr
ot apyra. Hanpumep, croco6 Hsobpaxkenust HCXOIHBIX JlaHHBIX Ha nep-
dokapTax MONKeT OTJIHYaTLCH OT IPeAcTaBlieHHst KOHEUHBIX pe3yJibTa-
TOB Ha NeyaTalolleM ycrpoiictee. Ecau B nepsoM Cyuae HCXONAT H3
MenaTenbHOCTH KOMIIAKTHOTO HsoOpakenust yuces Ha nepdoraprax,
TO Jy1sl TleYaTH Pe3yJibTaToB OCHOBHBIM KPHTepUEM SIBISIeTCs yA0BCTBO-
UTeHMs! H IIOHHMaHUS Pe3yJILTaToB JVfl JI0GOro Mmo/ib30BaTes, He fB-
ASIOMIErocs CllelHamcToM B obitactt OBM. OrepaliHOHELIE CHCTEMb
coBpeMeHHBIX 3BM npepnocraBnsior LIMpPOKHii BLIOOP BO3MOXXHOCTEH
I pPelakKTHPOBaHHs IaHHLIX Kak NpPH BhIBOJE Ha neyarb, TaK HIpH
obMere HudoOPManHeli MeXy onepaTHBHON MaMsiTbio M BHEIIHHMH 32-
TNOMMHAIOWMME ycTpolictBamu. Hanpumep, Ha c. 214 NPHBENEHb pesy b
TaThl THPABIHYECKON YBF3KH BOJiONpOBOHON CETH, n3obparKeHHOH
Ha puc. XI111.2.

O6paTHM BHEMaHHe Ha TO, UTO IIOMUMO JlefiCTBUTETPHBIX HHCE, orl-
PeJleISIOIMX PacXonbl Ha yyacTKax M Hamopwl B y3JaX, B pacrnedaTke:
HCIONBL30BAH MOSICHUTENbHbI TeKCT, MO3BOJISIOLH JIErKO OPHEHTHPO-
BaTbCH B Pe3yJbTaTax, M yKasaHbl HoMepa y4acTkoB H y3J108B (sIBJISIO-
LIMXCH LieAbIMH 4YHCNaMH), COOTBETCTBYIOLIHE nosy4eHHBIM pacxonaM
H HanopaM.

Kak npaeujio, BHyTpeHHee NPEACTaBJleHHe B 9BM ncnonssyer ABo-
HYHYIO CHCTeMy CUHC/IEHHs H COIEePKHMT Habop NBOHYHBIX Paspsiios,
YIOPSIOYeHHBIX TeM MM MHBIM o6pasoM. C TouKH 3peHus noJib3oBaTe-
7 OCTATOUHO TIPENCTaBASTD OafiTosylo cTpykTypy OBM 72K, KaK 570
Gbinio ONKCAaHO B NpefblylleM naparpade. .

BHeluHee npecTaBneHre Ha nepdoKapTax H nedararomeM YCTPOHCT-
BE MCHOMb3YeT NPUBHYUHYIO HaM JECSATHYHYIO CHCTEMY. [lpu nepenaue
JlaHHBIX W3 yCTpolicTBa BBOAA B onepatiHylo namaTh 9BM uu npu
1epeaye U3 NaMATH Ha Neyatalollee yCTPorcTso 11p OHCXORHT npeoGpa-
30BaHMe NaHHBIX K3 BHEIUHEro NPENCTaBjeHHs BO BHYTPEHHEE, WIIH
HaoGopor. [lpy 3ToM BHYTp3HHee NpPENCTaBjleHHe onpejensieTca THIIOM
JlAHHBIX, ONHCHIBAEMBbIX B IPOTPaMMe, a BHeluHee NPELCTaBJeHNe onpe-
JiensieTcsl caMMM [POrpaMMHCTOM H3 coobpaxenuil ynofcTea BBOJA H
neuatn. B sisbike QOpTPaH IS 3TOrO HClO/L3YeTCs ONEpaTop FOR-
MAT.

B DBM MoTyT KCIIO/IB30BAThCs ClefyloliHe ocHOBHbIC THIIB! JJAHHBIX
L7151 YMCesl, NePeMEeHHbIX M MacCHBOB: lieJible, JeficTBHTE/bHbIC ¢ QuKcH-

poBaHHOl TouKoii*, HeficTBHTeNbHble C MJlaBatolleH TouKofl, JeHCTBH-

* Bo BceX aJirOPHTMHYECKHX sI3blKaX [IPH 3alHCH ec ATHYHBIX npobeit B Ka-
yecTBe pasjesiHTels Lesiolt M APOGHON YaCTH UHCAA HCroJb3YeTes He 3anATas, a
TOUKa, KOTOPYIO HashBaloT JECATHYHO Toukoi. Hanpumep, YHCIO 12,47 3anuchbi-
paercs Tak: 12.47
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E METOJ: TOBAUEBA — KPOCCA YUCTIO UTEPALIMEI NU =18

HOMEPA BETBEN 1 2 3 4 50
3HAYEHHS PACXOJI0B 0.5113E 00 0.4649E—01 0.4649E—01 0.5113E 00 0.4887E 00
HOMEPA BETBEIN 6 7 8 9 10
3HAUEHHS PACXO10B 0.4887E 00 0.4887E 00 0.4887E 00 0.4649E 00 0.4€49E 00

HEB$I3KH [10 KOHTYPAM

HOMEPA KOJIELL 1 2 3

HEBSI3KH 0.1192E—06 0.0 0.0
OKOHUYEHA VYBSI3KA

HO=:10.00

HOMEPA V3JIOB 1 2 3 4 5
3HAYEHHS HAITOPOB 0.9045E 01 0.9306E 01 0.9522F 01 0.9739E 01 0.9284E 01

HOMEPA Y3JIOB 6 7 8
3HAYEHHS HAIOPOB 0.9522E 01 0.9761E 01 0.1000E 02



TEJIBHBIE C YABOEHHOH TOYHOCTHIO, KoMIieKcHble. KpoMe Toro, Hcnosb-
8YIOTCS! JIOTHUECKHE, GMTOBBIE M TEKCTOBbIE aHHblE, HO MBI HX paccMa-
TpuBaTh He GyfieM (ToC/EfHMe, HANPHMED, MCTIOJL3YIOTCS AJsi NeyaTH
TIOAACHUTE/IBHBIX TEKCTOB TIPH Bbifiaye Ha NeyaTs). OGBIUHO B MHIKeHep-
HBIX 38ajiayaX MCIOJNBL3YIOTCSl TNEPBHIE TPU THNA AAHHBIX.

Uenkle uucia H NepeMeHHble HCTIONBL3YIOTCS, HAOPHMEP, TIPH HyMe-
pauyu ysJioB, BETBEH M KoJell CeTH B HCXOJHBIX JaHHBIX NP pacyere
BOJIONIPOBOJIHO¥ CETH, B KayecTBe apaMeTPOB LKKJIA U PA3JIHYHBIX CHeT-
unkoB. [lonuepkHeM, YTo XOTs LleJble YHC/IA U ABJSIOTCS YACTHBIM CJIY-
yaeM JlefiCTBUTEBHBIX yHcell, ofiHako B 9BM nenble u peficTBuTe/IbHEIE
YHCJla — 3TO [iBA PA3HBIX THUIA YHCe, KaK C TOYKH 3PEHHS BHYTPEH-
Hero npesictasjienus B 9BM, tak u ¢ Touku speHus felicTBHi Haj HHMH.
Apudmernyeckne ollepalluy ¢ LEJIBIMH YHCAAMH COBEPLIAIOTCS TOYHO,
a ¢ iefiCTBUTeNBHBIMK YHCJAMH — NPHOJIHKEHHO, IPHYEM TOYHOCTD BbI-
YHC/IEHHH OTpeAeNsieTCsl YuCIoM LuQp B 3anuck yucaa B S9BM.

eficTuTeBHEIE YyHCAa 1O CIIOCOOY BHEIIHEro NPEICTABNEHHS Jie-
JISITCS1 HA 4HCJa ¢ QUKCHPOBAaHHOH M C IJaBaroliedl Toukol (Ha S3bIKe
Doptpan — 370 uncna B Gopmatax F u E). Ieperie ucnonmsyores mist
3alHCH He oYyeHb OOJIBLUMX M HE OYeHb MaJblX YHMCEJl U NPEACTaBJSIOT
coboit eCATHYHYIO APobb, Lenasi ¥ APobHAas 4acTh KOTOPOH pasfie/IeHEl
JleCSITHYHOM TouKoH (Hampumep, 1.02; —127.99). HeiicTBuTe bHblE YHC-
Jla ¢ NJlaBaloledl TouKoH — 3To feCsiTHYHAs APo6b, CJIEOM 332 KOTOPOH
upier nopsinok. Ilopsnok ykasbiBaer, 4To fECSTHYHYIO APOOH Hajio yM-
HOXHTb Ha HeKoTopywo crenenb uucaa 10. [opsifok sanuchBaercs B
Bujle 6yxsol E, 3a Koropoii cienyer He Goslee yeM ipe fecATHYHBle LH(PEL
CO 3HAaKOM WM Ge3 3Haka. Ilpumepbl 3anucu aeiicTBHTENBHBIX wHCEJ
¢ nuapaowel Toukoit: 23.1E7 (rak wusoGpaxaercs wwcso 23,1- 107);
1.LBE — 10 (1,5 - 10-1%; —0.99E —15 (—0,99 - 10-%). Hanuble B
STOM BHJi€ YOOHO HCIO/B30BaTh ANl BBOAA € NepdoKapT, Korja Hajo
BBOAUTD GOJIBLUKE WJIH MaJible YMCJIa, U NIPH NeYaTH Pe3yJIbTATOB, KOTJa
3apaHee HEH3BECTHO, KaKHe BEJHYMHB GYAyT NOJNyYeHH B pacyerax.

Beonumbie B 9BM piaHHBIe COCTOST U3 OTJle/IBHBIX YHCEJ H OObENH-
HEHHBIX B IPYNIEl ONHOTHIHEIX yHces (MaccuBoB). [Tox MaccupoM IoHu-
MaeTcsi yNopsiloueHHasi COBOKYNHOCTD JIEMEHTOB (4HCEN HJIH [lepeMeH-
HBIX), 0603HAYEHHBIX OfHMM HMEHeM M OTJHMYaIOLHXCS APYT oT Apyra
BHJEKCaM¥, YKasblBAaIOIMMH MOJ0XKEHHe KaXkK/oro 9JeMeHTa B MacCHBe.
Hanpumep, orpesbHbIMU yucaMu 3afiaeTcs obwas uHboOpMaLus o THL-
PaBJIHYECKOH CETH: YMCJIO YUACTKOB P, YHCJIO Y3JIOB B CETH M, YHC/O He-
3aBHCHUMBIX KOHTYPOB 1 U T. JI. JlaHHEIMH O CeTH, 3a1aBaeMbIMH MacCH-
BAMH, SIBJISIIOTCS: MACCHB THAPABJIMYECKHX CONPOTHBJIEHH BCeX ydacT-
KOB CETH (3TOT MACCHB.COCTOMT W3 p YHCEJ — B STOM CJyuae TOBOPST,
UTO /ITNHa 3TOrO MACCHBA PaBHA p), MacCHB (UKCHPOBaHHBIX OTGOPOB
BO BCEX y3JlaX ceTH (ero JUIMHA paBHa ), MaTPMLA HHIUAEHI(H, OLHO-
8HAYHO OMKCBHIBAIOLIAS TOMOJIOTHIO CETH M paccMoTpeHHas B ra. XIV,
HJI IpyrHe, 6oJiee MPOCTble MACCHBLI, ONMCHIBAIOLME TOIOJOCHIO CETH.
Tlepebie fBa MaccHBa COCTOSIT M8 NEHCTBHTEJNBHEIX YHCEN, a MACCHBEL,
OMKCHIBAIOLIME BUJl CETH, COCTOAT M3 IeNBIX YHCEN.

TouHoCTh 3a7aHKst HCXONHBIX JAHHBIX ONMPELENSETCS YHCIIOM eCs-
THYHBIX 1P, HCTIONE3YeMBIX JUISl KaXAOTo laHHOTo. B si3bike @opTpan
LISl cyeTa ¢ oObIYHOM TOYHOCTBIO B H306PaXKeHHH UHC/1A MOMKET MCIOJb-
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BoBathbcs He Goslee ceMu aHavamux undp. [IpHMepHO ¢ TaKoil e TOU-
HOCTBIO BeJleTcsi U pacyeT Ha OBM. B sTom ciyyae B onepaTuBHOl ma-
MATH J/151 Ka¥JIOro RefiCTBHTENLHOro 4HCaa (¢ (HKCHpOBaHHOH HJH
Tinapaoliedl TOYKOM) OTBOIHTCS OFHO CJIOBO (YeThipe Gaifita). Cyuect-
BYeT BOSMOXKHOCTb BECTH BBIYHCJIEHHS H C BABOe GOJbLIEH TOYHOCTHIO.

9TOM CJlydae IJIAl KaXKJoro Yuc/ia B NaMsiTH OTBOAHTCH ABOHHOE CJIO-
80 (BoceMb GafTOB).

Ilnst BBONA NaHHEIX TpeGyeTcsi MpeXje BCEro samkcaTh HX Ha Clle-
UHANBHLIX G/laHKaX B TOM NOPsiJKe, B KOTOPOM NPEyCMOTPEH HX BBOJA
B IIPOrpamMme, U € TAKHM YHCJIOM JIeCHTHYHBIX P, KOTOPoe MpeflycMaT-
puBaer oneparop FORMAT sizbika Qoptpan. 3aTeM 3Ta HH(OpMALHS
TIEPEHOCHTCS Ha MePpoKapTLL C TOMOLIBIO 3JEKTPOMEXAHHYECKHX YCT-
POMCTB — nepdopaTOpPoB, KOTOPHE OCYLIECTBISIOT NpPOGHBKY OTBepC-
THIl B HyXHBIX nosHuusiX. [TepokapTa cocTout u3 80 KOIOHOK, B KaX-
Jof1 H3 KOTOPBIX C MOMOIILI0 CHellHalbHOM KOIHPOBKH MOXHO 3aIlHCaTh
-OIHY LHOPY WK OfHH cuMBoJL. Oblilee KOIHYECTBO THCe, KOTOPOE MOXK-
HO 3anucaTh Ha OHOH NepoKapTe, 3aBHCHT OT KoaHYeCTBa LHDP B Kax-
JloM 4Hese H onpenensiercsi onepatopom FORMAT. B cayuae ecan
€ 1epOKaPT BBOIMTCS MACCHB, €I0 P HX OJIHTCS PACTIONATATE Ha HECKOJb-
KX neporaprax. ConepixHmoe ofiHOH NepdoKapThl, Kak fApaBHJIO, 3a-
THCEIBACTCS Ha ONHOM cTPoKe Gnanka. Huxke B KauecTe mpumepa npn-
BeJieH GaHK MCXOAHBIX IAHHEIX JUIsl IPOTPAMMEL YBSISKH THAPaBJIHYEC-
KOH ceTH, H3oOpakenHoft Ha puc. XIII.2.

NAR IBNE M P K NC NB EPS
000 000 008 010 000 000 0000. 1E—05
Maccus IDK

——— e e m e
HAYAJIbHBIE PACXObI
MACCHB Q0

—~0.5E — 00 — 0.5E -— 00 — 0.5E — 00 — 0.5E «— 00 — 0.5E — 00
— 0.5E— 00— 0.5E — 00— 0.5E— 00— 0.00 — 00— 0.00000

Ckopocth BBOfla HHopManui B 3BM cocraBnsier: st nepdokapT
600—900 kapr B 1 MuH, gasa nepdonent 1500 snakos B 1 muH. B Heko-
Topeix OBM, HMEIOIHX CHCTEMy DaspieseHHsi BpeMeHH*, HCXOLHBIE LaH-
Hble MOXHO BBOJHTbL HEIOCPEACTBEHHO C YCTPONCTB THINA AHCILIEs] HIM
TeJeTaina.

* Hanuume cucreMsl pasgesieHHsi BpeMenn y DBM osHauaer BO3MOKHOCTH
TMapasieJbHOTO HCNOJAb30BaHHS PECYPCOB BHIUHCIHTENbHOR CHCTEMBl GOJIBILMM
9HCJOM TIOJIb30BaTelied C MNOMOHBIO YCTPONCTB THNa IHCIUIEs HJH Tejeraina.
TIpx 5ToM KaXIOMY NOMIb30BATENIO KAKETCH, YTO OH HMeeT B CBOEM PaclOpSIKeHHH
BcI0 DBM uesIHKOM, B TO BpeMst kak Ha camoM Jfiesie DBM 6ricTpo nepexJIuaeTcs OT
‘OBHOTO MOJIb30BATENA K APYTOMY, HCNO/B3YS BpeMsi HaGopa Ha nyJsbre HHOOPMa-
MMM U151 pELIeHHs 3afay APYTHX nmosib3oBaTeseii.
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FITABA XIil

YHCJEHHBIE METOAb! PACYETA BONONPOBOJHON CETH
HA 3BM

§ 48. IBa cnoco6a maTeMaTHYECKOI NMOCTRHOBKH 3a/auH
NPH UCCICAOBaAHUH BOAONPOBOJHOMN CETH

Ipy paccMoTpeHMs TexHuyecKux NpoGrieM, BOSHHKAOIUX B MPO-
Lecce NPOEKTHPOBaHKs HOBBIX H SKCIUIYaTALHM CyLIECTBYIOUIMX ceTell
BOJOIPOBOJia, MOXHO BbIJIEJNHTh JBe NPHHUMIHAJBLHO pasHHe rPYyIIb
3ajay:

1) Bompochl, cBsisaHHBle ¢ NOAGOPOM IHAMETPOB TPYGOHPOBOIOB,
pelleHHe KOTOPHIX TpeOyeT NpHBJIEUEHHS] IKOHOMHYeCKHX (PaKTOpPOB;

2) rHApaBINYeCKHe pacyeThl, IPH KOTOPBIX IHaMeTphbl TPYGOIPOBO-
JIOB CYMTAlOTCA 3aJlaHHbIMH M TpebyeTcsl onpeie/luThb eHCTBHTE/1bHEIE
pacxofibl BO BceX yuacTKax CeTH, Hanophbl BO BCEX y3JaX M yCJ0BHs pa-
Gothl BoflOMHUTATEEH.

Ilpu pereHuu n060H U3 3THX 3a1ay OYeHb BaXKHbBIM siBJisieTcsl BONPOC
MaTeMaTHYeCKOH NOCTAHOBKH WJIH, TouHee, BHIGOP MateMaTHyeCKOH MO-
IiesH nccieflyeMoro sipieHusi. OGbIYHO HCIIONB3YIOT ABa PA3JIHUHBIX MOA-
Xofia JJisi MateMaTHYecKoil (popMyJIHPOBKH 3aJauH.

[lepebii, TpaduIHOHHBIH, NPUMeHsIEMbIH /IS THAPaBIHYECKOH yBA3-
KH CeTH NIPH 3aflaHHbIX JMaMeTpax, — CBeJeHHe HCC/enyeMoll TeXHH-
4eCKOH 33/1auM K PellleHUI0 COBOKYIHOCTH CHCTeM JIMHEHHBIX H HeJHHek-
HBEIX YPaBHEHHH OTHOCHTENBHO PasJIMYHLIX NapaMerpos cetd. IIpu 3TOM
Ha HCKOMble apaMeTphl IOMUMO IEPBOTO H BTOPOro 3akoHor Kupxroda
MOryT ObITh HaJIOXKeHBI HEeKOTOpble OrpaHHUeHHsl, BbITeKalouie H3 Ca-
MOil MHXKeHepHOH NOCTAHOBKH 3aJauM.

Bropoli nogxon, nosBHBIIHMiicS B CPaBHHTENLHO HeJaBHee BpeMs,
3aKJ/oyaercst B QOpMyIHPOBAH HH HEKOTOPOH OYHKIHH MHOTHX MepeMeH-
HBIX (3aBHCSiLIEH OT NapaMeTpoOB CeTH), MEHHHMYM HJIH MaKCHMYM KOTO-
poii TpeGyercst HaiitH. OTMeTHM, YTO MPH TaKOM [OAXOj€e YNOMAHYTHE
Bblllle OrpaHMYeHHUs He SIBJSIIOTCST JTONOJHHTENBHBIMH YCJIOBHSIMH H MO-
IYT Y4HTHIBATBECA NPH MOCTPOEHHH caMoll GyHKuuH. DToT Nnopxoll, Kak
NPaBHIIO, NPUMeHsieTCs NPH TeXHHKO-3KOHOMHYeCKHX pacyerax.

JlioGast M3 5THX cHOPMYJIMPOBAHHBIX MaTeMaTHYeCKHX MojeleH Mo-
}KeT OHTh MCHOJNb30BaHa NPH PEIIeHHH Pas3JIHYHbIX 3afady BOLOCHaOMKe-
uus. Bonpoc sakitouaercsa nuie B TOM, B KAKHX CIyyasx KakKyo H3 STHX
Mogienell yobHee Mcronb3oBath. [lo-BHAMMOMY, IpH THApPaB/JIHYeCKOH
YBsi3Ke CeTH, KaK BHYTPEHHeH, TAK K BHELIHeH, H HeC/leloBaH UM pa3yiny-
HBIX PeXHMMOB paGoTbl ceTH NpeAlloyTHTENbHee HCIOJb30BaTh CHCTEMEBI
ypaBHenuit. Hanporus, npu peleHHH 3ajay, CBfI3aHHBIX ¢ BHIGOPOM
JIHaMeTPOB M ONTHMAJILHBIX PEXHMOB Pa0OThl HACOCHBIX CTaHIHH, MpPel-
NOYTHTENbHee CBOAKTL MX K MHHHMH3AUMH (QYHKIMH MHOTMX IlepeMeH-
HbIX. B nociegHem ciiyuae yaaercsi HCHOJIBb30BaTh YiKe paspaboTaHHbIH
annapaT JHHEHHOro H BBINYKJIOrO NPOrpaMMHPOBaHMs1, NJisi pelleHHs]
THIOBBIX 337124 KOTOPOro MMeeTcsl Psiji CTaHJapTHBIX niporpamM Ha DBM.

IlpuBeseM THNHYHBlE TpHMepPbl MaTEMAaTHYECKOH (QOPMYJIHPOBKH
3ajlayH ¢ NOMOLLbIO KaK NepBoro, Tak U BTOPOro rofgxoaa. It Gopmy K-
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POBKM B JajibHeiilleM OyAyT MCIOJB30BAaThCS IPH PACCMOTPEHMH Das-
JINYHBIX YHCJEHHBIX METOJIOB PeLIeHHs HEeKOTOPHIX THIMYHBLIX 3afad.
Hccnenosatvie coBMecTHO! paGoTsl BOIOIPOBOAHOMN CeTH, HACOCHBIX
CTaHLHMI U PEeryJHPYIOIMX eMKOCTell MOXKHO CBECTH K PeLIEHHIO CHCTe-
Mbl JIHHEHHBIX M HeJMHeiiHbIX aareGpamyeckux ypaBHenuii (31M ypas-
HEHHS y>Xe PacCMaTPUBAJHCh B IPefBIAYIINX IJaBax KHHCH).
YpaBHeHusi GanaHca PacXofOB B y3JaX, BeIpaXKalollye INepBHil 3a-
koH Kupxroga, MoxHO 3amycath B CJeAyIOLleM BHJe:
2q;;—Q;=0 (i=1, 2, ..., m—1), (XHL.1)
rje gjj— PacXojbl Ha yyacTKaX (3jech i, j — HOMepa y3JIoB ceTH); Q; — (HK-
cHpoBaiHble 0TGOPH! B y3JlaX; m — YHCJO Y3JIOB B CETH.
YpaBHeHHs il IOTePb Hallopa BO BCEX HE3aBHUCHMBIX KOHTYpax
cetd (BTopoil 3akoH Kupxroda) umeior Bupa
Zhij=3Siqf=0, (XIIL.2)
rje h;j— norepu Hamopa Ha yuyacTKaX; S;j — THAPaBIHYECKOE CONPOTHBIEHHE;
P — napamerp, XapakTepusyiowuii H3MeHeHHe NOTEPb Hanopa B 3aBUCHMOCTH OT
pacyerHbiX pacXonoB ¢ij.
HHorpa ansi onpe peneHHoctn GyfieM paccmaTpuBath pa6oty Tpy6
B KBaJpaTH4HO¥ 06JacTy, T. e. Ipy f = 2. B omnune or anHanutnyec-
KHX U rpaduyecKHX MeTOJOB, NIPH HCIOJIL30BAaHHH YHCJIEHHBIX MeTONOB
He BO3HHKAaeT HUKAaKNX NONOJHHUTeNbHbIX TPYAHOCTEH npy B<2. Yuc-
no ypaesenui (XI11.2) paBHO n — uucny HE3aBHCHMBIX KOHTYPOB.
K ypaBnenusm cucrems! (X111.1), (XII1.2) noGasnsirorest cootHolle-
HHsl, CBSI3BIBAIOIIME HCKOMble PAcXoOlibl M HaNopbl BopoNMTaTeNel M He-
¢uKcupoBanHex o160poB. B ofieM cayuae, Korma umeercst N HacocoB
U He(PMKCHPOBaHHBIX OTGOpPOB, K ypaBHerusim (XIIL.1) u (XII1.2) no-
6apnsiiorcsi N — 1 HesaBMCHMBIX ypaBHeHMl BHellHeH YBSI3KH CeTH:

Hy— Hp=3Syqf (I k=1, 2, ..., N—1). (XII1.3)

OTH ypaBHeHMSs! CBSIZLIBAIOT 3HaueHUsl HAllOPOB B TOYKaX, Ijie paclo-
JIO¥eHbl BONONUTaTeN ! U He(hHKCHPOBaHHbIe OTOOPH!, C TOTEPSIMHU Hallopa
10 y4YacTKaM ceTH MeXJy 3THMM TouKami. Mcronrsyss Q — H xapakte-
PHCTHKM BofionuTaTeneil, ypapHenuss (XII1.3) u GanaHcoBble coOTHO-
LIeHHs] [/IS HeN3BECTHBIX PaCXOfiOB BOJONMHUTaTeNel, MOXKHO ONpefeNuTh
BenHYMHBEl Q M H 17151 BceX BoponwTatedell, T. €. PelIUTDb 3ajiady BHelll-
Hell YBSI3KH CeTH.

Jlnst cnyuasi BHewHeHl YBSI3KM K He3aBHCHMBIM KOHTYPaM CaMoi
CHCcTeMbl loGaBistioTcst GHUKTHBHBbIE KOHTYPBIL. Torzna Bce ypasHeHus cc-
TeMmbl (X111.1), (X111.2) sanuceBaroTcsi B €MHOM BHJie. JTO IIO3BOJISIET
M B JlaHHOM cJy4ae HMCIIOIb30BaTh Pa3paboTaHHble METOMbl M aJIrop MTMbI
pewenus 3agauu (X111.1), (X1I1.2). Onnako He cnenyer 3a6biBaTh, 4TO
NpH Hanuy¥y GUKTHBHHIX KOHTYPOB MCXOJIHAsl CeTh MOMKET MMeTh yua-
CTKH, NPHHajexXaiye Golee YeM IBYM He3aBHCHMBIM KOHTYpaM. JTo
HaJlo HMeTb B BHJY IIPH OlleHKe CXOIMMOCTH UMCJIEHHBIX MeTONOB pellle-
HHS 3ana4.

Hanpumep, na puc. XII1.1 yyactok bc Moxer npHHajjexaTh TPeM KOHTYpaM:
sJeMeHTapHEIM KosbliaM [ u /1 v ¢ukrtuBHOMY KOHTYpY OHabcdeCO. Ecau xe B
KauecTBe HKTHBHOTO B3siTh KOHTYp OHabfeCO, To Kaxpsiii yuactox Gyjer nmpu-
HajJlexkaTb He GoJlee yeM ABYM He3aBHCHMBIM KOHTYPaM (eCsu B ceTH BhIGpaHa CH-
CTeMa 3JIeMEHTapPHBIX KoJell).
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[lpuBeieHHasi Bbllle MaTeMa-
THyeckast (opMyJiMpOBKa Kaca-
Jlach BOIIPOCOB COBMeCTHOH pabo-
Thl ceTH M Boponutateneil. [lpu-
BeJleM IPHMep TOCTaHOBKH JipY-
roil 3ajauM, CBA3aHHOH C TeXHH-
KO-9KOHOMHYECKHM pacyeroM, pe-
weHue KOTOPO#l CBOAMTCH K MU-
HUMM3aumMu PYHKUM# MHOrMX ne-
peMeHHBIX.

H3BeCTHO, YTO OCHOBHBIM BO- A~~~ "~~~ ~7777 r
TMPOCOM  TEXHHKO-5KOHOMHYECKO- /
ro pacuera BOJONPOBOMHBIX ce-

Tell sABJsieTCA oNpefieJicHUe JHa- Puc. XIIL1

MerpoB Tpy® BCeX  yuacTKOB

CeTH W BOJOBOJOB, OOECNEUMBAIOMX MUHUMaJibHble — 3aTpathl Ha
CTPOUTEILCTBO W FKCITyaTalio. B 3ToM ciyuae BelmMyuHa TpHBEAEH-
HBIX €XerofHelX sarpar Io cucreMe OyfeT 3alycaHa B BHAe Clefyro-
el QyHKuMHU:

W =AS (a+bd%) L;j+P (Ho+Zhi) Qs (X111.4)

rie A u P — SKOHOMHYECKHMe MOKa3aTeqW; @ M b — SMOMpHUeCKHe KOHCTAHTH
d;j v l;;—RuaMeTphl W [JIMHBEI Y4acCTKOB CeTH W BOJOBOJOB; Ho — IbesoMeTpu-
4ecKasi BEICOTa B AUKTYIOILEH TOuKe ceTH; hj; — MOTEPH Hanopa Mo ydacTKaM ce-
TH; Q — MOJHBIl PaCcXOX BOAbI, MOJaBaeMOH B CHCTEMY.

[lepBblil uner B npasoll uactd Bepaxenus (XII1.4) onpepenser
TpHBEJIeHHbIE FOIOBbIE 3aTPATHI OT CTPOHTEJIBHO CTOHMOCTH, a BTOpoil —
SKCILIyaralMOHHble 3aTpaThl, TpeSyeMsle s TogbeMa Bombl. Cymmu-
poBanue B nepBoM usieHe GyHKIHMH pacupocTpaHsiercss Ha BCe yYacTKH
CeTd, a BO BTOPOM — TOJBKO Ha yyacTKH, KOTophie o0pasyioT myTb,
COEMUMHSIONIME HAYAIBHYIO TOYKY CeTH C AHKTYHOWeH.

3agauy TeXHUKO-5KOHOMUYECKOro pacuera BOJONPOBOJHBIX Cereld
MaTeMaTHYeCKH MOXHO c()OpMYJIMpOBaTh CJEAYIOmUM ofpa3oM: MHHH-
MuanpoBarh QyHKIHIO W, 3aBHCAILYIO OT TepeMeHHbIX ¢i; U dij yuu-
ThIBasi IIPU STOM, YTO IlepeMeHHbIe ¢;; a CEJOBATENbHO, U 3aBUCAIINE
OT HHX BeJUYUHB! F;; YOBJETBOPAIOT IIePBOMY M BTOPOMY 3aKOHaM
Kupxroda.

Hrak, monyyeHa TUNHMYHAs 3ajaya MareMaTHYeCcKOro IporpaMmH-
poOBaHUs — HalTH MUHUMYM 3afaHHOH QYHKUMM MHOIMX IepeMeHHbIX
[IPH YCJOBUM, YTO 3TH IlePeMeHHBIE Y IOBJIETBOPSIIOT JOMOJHHTENbHBIM
OrpaHnyeHUsM, 3alicaHHbIM KaK B BHJie PaBEHCTB, TaK U HepaBeHCTB
MeXAy STUMH NepeMeHHbIMH.

Meroipl pellleHUsi TIONOOHBIX 3afiay paspaboTaHbl B TeOPHH MareMma-
THYeCKOro nporpamMmupoBais. IIpuMeHHTENBHO K BOAONPOBOAHBIM Ce-
THIM 5TH BOTPOCH NMOAPOGHO ucceloBanuck B paborax JI. @. MoumnuHa
131 u mp.

[IpuBe/ieHHble BbILIE /iBa Pa3JMYHBIX MaTeMaTHyecKHX ITOfXofa #iB-
JIA0TC Haubosee THIMYHBIME NpHMepamu. Crielyer NMORYEpPKHYTb, 4TO
I peleHUs ONHOM U TOH e T2XHUYeCKoH NpoGyieMbl HHOI'id BO3MOMeH
KaK TepBbiil, TaK 1 BTOpOil Mozixox. Jlobas safaya OTbICKaHUs pelleHUs
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CHCTEM HedMHelHBIX WM JHHeWHBIX ypaBHeHHil MOXeT ObITb CBeicHa
K MMHVMMH3aUMH QYHKIVH, SaBHCALLEH OT MCKOMBIX IepeMeHHBIX.

Bropoii NoAX0y, HepaluoHaNLHO NPUMEHSTD TPH YBSIZKe ceTel. TIpo-
MAMOCIPHPYEM €0 3JIeCh TOLKO JISi TOTO, YTOOb! NOKasaTh OOIIHOCTH
¥ YHHBEPCAJBHOCTH BTOPOTrO TIOAXOM@. DTOT FIPHEM XOPOLIO H3BeCTeH
v TIpHMeHNTeNLHO K pelnenuto cucTemst (X111.1), (X111.2) sakmoua-
eTCsi B CJIeNyIOmeM.

ByneM pewiath ypabhents yBsskn cetu (XI11.1) n (X1I1.2), xoto-
phle sanyilleM B 0OlleM BHfe CIENYIONHM obGpasom™:

©i(G1r Gzr +oy Gp) = D, 05— Q=0 (=1, 2. ..., m—1); (XHL5)
7
Vr(G1s Gar -oer Gp) = D Sjaf =0 (k=1,2, ..., ),  (XILE)
fek
TH€ Gy, Gps ---» Gp — PACXOIbl BOJBI B YYAaCTKaX CETH; p — WHCJIO YUaCTKOB; m-—-

YHCJO Y3A0B; N — YHCJIO He3aBHCHMBLIX KOHTYPOB.

Cymmuposanse B i-m ypasuenun (X111.5) pacnipoctpansiercs Ha sce
yuacTKH, TpyJeralouLye K i-My ysny, a CyMMHPOBaHHe B k-M ypaBHeRHH
(X111.6) — Ha Bce yyacTku k-To KoJbLA.

BgefieM ClielyI0LLyIo GYHKIHIO ¢, 3aBHCSLIYIO OT HCKOMBIX TepeMeH-
HBIX Gy; Go» ---> Gp'

9 (@1 Gar ---» 99) = QIH O34 QE_ F VIR R (XILT)

JIerko BHAeTh, YTO €CHH BeNMMMHH g1, g3, ..., §p SIBNSIOTCS pelle-
nuem cucrempl ypaphenuii (X111.5), (XIIL6), T. e.

i (5 950 ---s G=0;
P (@35 95 -o-0 =0,
T0 QYHKIHS @ TPH STHX 3HAYEHHSX NePeMeHHbIX HMeeT MHHHMYM, KOTO-
pHlil B JlaHHOM CJyuae paBeH HYJIO:
n;inq)(qp Gor --es Gp)= @ (91, G35 -+ q;‘,):O. (XII1.9)

(XIIL.8)

OueBnfiHa CIl PaBeJIMBOCTb H OOPATHOTO YTBEPIK/eHHUS. A umenso,
eC/Y HalifleHbl 3Haue HHS 3, G5, ..., Gpy KOTOPHlE 0OpalllaloT QYHKUHIO
@ B MHHEMYM, DaBHbIl HYJIIO, TO STH SHAUEHHS {1, G3, .. gp SABNSAIOTCS
pelieHusME cucTeMs! ypaprenuit (X1I1.5), (X1I1.6). D10 cnenyer u3
BHAA GYHKUHH @, TaK KaK B PaBo# 4aCTH COOTHOILEHHS (X111.7) vaxo-
JSITCS TOJBKO TOJOKHTEIbHbIe uneHbl. s paBencTsa HYmo QYHKINH @
B HEKOTOPO!l TOUKE CHefyeT CHPaBefsiMBOCTb COOTHOUIEHMH (X111.8).
WraK, 3ajaua peulenusi cuctembl ypapnenuii (XII1.5), (X111.6) sxsy-
BaJieHTHA 3ajiaue O HaXOMeHHMH abGCOMOTHOTO MuHMMyMa (YHKIHM @
(q1s 2s -5 Gp)-

B BRIUHCIMTENBpHOM MaTeMaTHKe HMeeTcsl Psiji NIPHEMOB H MeTOLOB
MMHEMH3ALMH (PYHKIHH MHOTHX NepeMeHHbIX. Vlmeercsl psiil mporpaMm
Ha DBM, peanusylomux 5TH METOABI. Hautosiee H3BeCTHEIMH H3 HHX $IB -~

* Jins yRo6cTBa NPOrPaMMHPOBAEHMA B JanbHeRIleM BMeCTO ABYX MHIEKCOB
«i», «j», HCOJIB3YEMBLIX PaHee s 0603HauelHs HOMEpa ywacTKa, 6YAeM MOJb30-
BaTLCH TOALKO OfHHM HHJEKCOM «j».
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JIAIOTCA METO] HaKcKopefillero cnycKa, MeTof [OKOOPAMHATHOIO CHyc-
Ka, METON CAYYalHOrO MoMcKa. TakHM oOpasoM, BMECTO YHC/IEHHOro
pewennst cuctembl (XII1.5), (XII1.6) MoXHO YHC/IEHHO MCKATh MHHH-
mym pyuruun ¢. [lonoGumniit npuem ucnosnsosan B. C. Kysomuubim [11]
JUISl THAPABJINYECKOH YBASKH BOLONPOBOAHOMN CeTH MPH 3a/idHHBIX pac-
Xofiax BofoNuTaTe ell. AHaJOrHYHble IOAXOAB GBUIH HCIIOAL30BaHE TPH

CIeHUH HEKOTOPBIX 3ajau BojocHabxeHHust B paborax H. Y. Koiina
fS, 10].

OrHOCHTENBHO BTOPOro TOAXOAA K MaTeMaTHUecKoil (OpMyJHpOBKe
3a7aud HeoOXONHMO 3aMETHTh ClieflyIoLilee.

B nuteparype no ponpocaM BOJOCHAGIKEHMs HHOT/a MOXHO BCTpe-
TUTb yKasaHHe O TOM, YTO NPH CBEAEHNH THAPABJIMYECKOH YBA3IKH CeTH
K MaTeMaTH4eCKOH 3ajiaue 0 MUHUMH3aLUK GYHKUMH He Tpebyercs 3HaTh
HPEABAPUTEJBHOIO PaclpefielleHHsi pacXofoB Mo yyactkam. Kowewwo,
5TO He Tak, U060 OOBIYHO NPUMeHsieMble METOAE MUHUMH3aLHH GyHKIHH
SIBISIOTCH HTePAalMOHHBEIME U TI03TOMY TPeGYIOT 3aJlaHHs HauallbHOro
pacrpesiesienusi pacxonop (HadasnpHoro npuGamkenusi). Bonee Toro,
3aJlaHue 3TOro pacnpefieJleHHsl CYLIECTBEHHO BJIMSIET Ha CKOPOCTh, €
KOTOPOH MOXHO TIONYYHTH pelueHHe.

[lpeumyIiecTBO MeTofa MHHMMH3ALlHH 3aKJIOUaeTCs, BO-NePBHX, B
TOM, YTO 3ajiaBaeMble HauaibHble PACXOfibl He JIO/IKHE! Y IOBJIETBOPATD
Ganancy pacxonos B yanax (nepsoMy sakony Kupxroda), Kak 31o Tpe-
6yercs, HallpuMep, TIPH NpHMehenHH merona JloGauesa—Kpocca mis
OTHICKaHHUs TIONPABOK LNMPKYJIALHMOHHKX pacXonos. Bo-ropuix, y me-
TO/|a MUHUMH3ALKU 00J1aCTh CXOINHMOCTH B 3aBHCHMOCTH OT HayaJibHOTO
NpHOIMXKEH sl 3HAYHTENBHO LIHPe, YeM y MeTofla HbloTona, ¢ noMompio
KOTOPOro oOBIYHO pellarT CHCTeMbl HeJIMHeHHBIX ypaBHeHHi. B To xe
Bpemst BONHU3NM pelleHHsi MeTof HplotoHa oBBIMHO laer CXOIHMOCTb To-
pasno GeICTpee, YeM NPAKTHUECKH NPUMEHSeMble MeToikl MHHHMH3ALHH
(YHKLHH, NOITOMY HHOra yJoOHO MPHMEHATh KOMOHHMPOBAaHHLIE Me-
TOABl, KOrJa Ha MepBOM 37alle IPOBOAMTCS MHHHMH3aUHs (YHKIHH,
BBE/IEHHOM OJIHNM M3 YKa3aHHBIX BHILLE CII0COOO0B, 4 Ha 3aKJIOUHTEIbHOM
stare BONMU3H pelleHUs NPUMeHsIeTCst GEICTPO cXonamuiics meton Hpro-
TOHA pelleHHsi CHCTeM ypaBHEHHH IlepBoro M BToporo sakovos Kupxro-
da janst ceru.

INonxonkl, cRA3aHHBE C PELIEHHEM CHCTEM YPaBHEHHH H MMHHMH-
saiveil pyHKIMH, BoOOIIE FOBOPS, SKBHBAJIEHTHBI APYT APYTY 110 CA0K-
HOCTH UHCJIEHHOH peasiu3auuy. YpoGCTBO IPHMeHEeHHsI Toro MAH HHOro
U3 TOAXOMOB CYIIECTBEHHO 3aBHCHT OT KOHKPETHOro BHJIa PellaeMoil 3a-
naun. HenocraTkoM rnopxona, CBISaHHOrO € MMHMMU3alHefl, sIBIsSEICS
HaJinyre GoJbLIoro YMca NepeMenHbIX. Hanpumep, npu ¢opmynuposke
sanauu (X111.7) HCKOMBIME NepeMeHHBIMH, 10 KOTOPLIM OCYHIECTBIISETCH
TIOUCK MUHUMYMa GYHKUHH, SBASIOTCS PACXOBL BO BCEX YYACTKaX CeTH.
B 10 e Bpemsi IpH pellenuH cucTeMb! ypasreHuii (XII1.5), (XIIL.6)
¥ BBEJIEHHH LHPKYJSIHOHHBIX DACXONOB 110 HE3aBHCHMBIM KOHTYPaM
YHCJIO HCKOMBIX TlepeMEHHEBIX CYIIECTBEHHO YMEHbIIAETCH — OHO PAaBHO
YHC/Y HE3aBHCHMBIX KOHTYPOB B CeTH, BKJouyasi ¢puKTHBHBE. Cylmect-
BEHHBIM JIOCTOMHCTBOM METOJa MHHHMM3aLHH sIBJsieTcsi €Fo YHHBEp-
CaJIbHOCTh, TO3BOJIAIOIIAST YYHTEIBATH BCEBO3MOXHLIE OrpaHHueHHSs,
HaKJ/aJibIBaeMble Ha HCKOMEIe TlePeMeHHbIe NIPH PellieHHH KOHKPeTHBIX
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TeXHHYeCKHX BoNMpocoB. MMeercsi Gosibluo#i KJace 3ajiay ONTHMHM3AIMH,
B KOTOPBIX HHMKAaKOH J[pYyroil NoAXofl, KpOMe MHHHMH3AIHOHHOTO, He-
BO3MOXEH H3-32 chelHPHKH CcaMoH [OCTaHOBKHM 3ajaud. K HuMm
OTHOCHTCS1, Hanpumep, 3agada (XIII.4) TexHHKO-3KOHOMHYeCKOro pac-
yeTa BOJONPOBOJHON CeTH.

QYHKUHIO, KOTOPYI0 Mbl XOTHM MHHHMH3HPOBATh, ¥KeJaTeJbHO BBO-
JWTh He ¢ MIOMOLLBbIO TPocToro GopMaJLHOr O NOAX0/a, KaK 3T0 GBIIO Clle-
Jiano B cootHowenuu (X1I1.7), a ¢ moMombto co0GparkeHU , MPUHHMA-
IOLINX BO BHHMaHHe ee (u3nyeckuil cMuicy. Hanpumep, B kauectse Ta-
KoH (yHKuHH y[0GHO B3siTh Pa6oTy, 3aTPauHMBAEMyl0 Ha MPeofosieHHe
CHJI THJIPABJIMYECKOTO CONPOTHBJIEHHS! BCEX YYACTKOB CETH.

B nocnenytouux naparpadax JaHHoO# rsianl GYLYT PaccMOTPeHEI
YHUCJIEHHble METOZbI pellleHUsi KaK NMPH OfHOM, TaK M IPH JPYroM IOA-
Xofle.

§ 49. MeTonb! penieHHsi CHCTEM YpaBHEHHIt

XapaxkTepHOH 0COGEHHOCTBIO YPABHEHHH YBSASKH CeTH SIBJISETCH Ha-
JIMYHe cPefil HHMX KaK JIMHEeHHBIX ypaBHeHHMH — ypaBHeHuil Gasanca
pacxofioB B y3/1aX, TaK H HeJIHHEHHBIX — PaBeHCTBO HYJIIO MOTePhb Ha-
nopa o He3aBHCHMBIM KOHTyPaM. MeTojpl YMCJEHHBIX peLIeHHH JiH-
HeHHBIX M HeJHHEHHBIX yDaBHeHHMH 06JajaloT CHelH(pHYeCKHMH OCO-
GeHHOCTSIMH U MX HaJlo paccMaTpHBath OTAeNBHO. 31ech GYLYT AaHbl
npocrefiline o6iHe COOOPAXKEHHSI O PElIEHUSIX JIMHEHHBIX W HeJHHel-
HBIX ypaBHeHHMH, KOTopble NOHaJ00sTCs B JlasibHefileM NPH paccMotpe-
HHH YHCJEHHBIX METOJIOB YBSI3KH CETH.

Cnoco6pl peliieHHst CHCTeM JIHHEHHBIX YpaBHEHMH XOpOLIo paspa-
6OTaHbl — MMeeTCS MHOTO NpPOrpaMM, peajiH3yIOIHMX KaK KOHeYHEIe,
TaK M HTePallOHHble MeTOfbl MX perueHHs. KOHeUHBIMH NP HHSTO Ha3bi-
BaTh TaKHe MeTOJp!, KOTOpPhle B NPHHIHIIE NO3BOJISAIOT NOMYYHTb TOUHOE
pellieHHe CHCTeMbl 32 KOHeuHoe YHCJIo waroB. K HUM, Hanpumep, oTHO-
curesi u3BecTHHIH Merop Naycca mocsienoBatesbHOrO MCKIIOYEHHs Nepe-
MeHHBIX. B ominude oT KOHEUHBIX HTepalHOHHBIE METOMB! MO3BOJSIOT,
3a/laBasicb Ha4yaJbHBIM NPHOJIMKEHHEM, ONpeleHTh pelleHHe JIHIIb
NPHOJIHKEHHO € J1I060H Hanepes 3aJaHHOH TOYHOCTBIO, IOBTOP SISt MHOIO-
KPaTHO BBIYHCJIEHHS 110 elHHOOOPa3HbIM HTePallHOHHBIM opMyJiaM. Tu-
DHYHBIMH IPHMEPaMH HTePANHOHHBIX METOJIOB SIBJISIIOTCS METOJ NP OCTOMH
urepauun $ko6u, mMeron 3eiinesis. K nrepaioHHbIM MeTOIaM OTHOCHT-
csl M IIPUMeHsieMBLil JJisl PelleHHS 3ajiad BOjlocHabkeHHs1 Metof Jloba-
yeBa—Kpocca (nipaBaa, 3filecb OH MPUMeHSIETCS JJIsi PellieHHs! CHCTEMbl
HeJIHHEeHHBIX YypaBHeHMH, XOTSl ¢ NOMOIIBIO JIHHeapH3alHM 3ajaya B
KOHI1e KOHILOB CBOJMTCS K PelleHHIO CHCTEMBI JIMHeHHBIX YpaBHeHHH Aisl
onpefie/leHHsl NONPABOYHBIX KOHTYPHBIX PACXOOB).

KoHeyHble 0 UTepallHOHHBIE METOAB! IIHPOKO NPHMEHSIIOTCH 1Jif pe-
LIeHHs] CHCTEM JIMHEeHHBIX ypaBHeHHil. OfHaKo KaMJplii U3 3THX MeTO-
JIOB HMeeT CBOH XapaKTepHble 0COOEHHOCTH H CBOIO 06/1aCTh NP UMEHEHHS.
PaccmoTpHM cHcTeMy JIMHefHBIX YpaBHeHHI:

ay X1+ %ot ..t xn=by;
azl xx‘l‘azz xn+ +azn Xn=by; (XII1.10)

anl xl + anz x2+ +ann xn—bn
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Unes Meropa [aycca sakaoyaercs B TOM, YTO MCXOIHaf CHCTeMa C
MOMOLIBI0 KBHBAJICHTHLIX NpeobpasopaHui, HE H3MEHAIONIHX ee pe-
LIeHHs!, CBOLUTCA K CHCTEMe YPaBHeHHil, HMEIOUIUX BePXHIOO TPEYrofb-
HYIO MaTpHIy:

Uy Xyt tp %o+ . ooy g Xn—1tlUin X0 = by;
Uga Xp+ ...t g n —1 Xn—atlen Xn="b3;

Up_1, n—1 xn—l‘l’”n—l,nxn:b;._”
Un nXpn= bfl.

Peulenne TocaeHell cHcTeMbl MOXeT OHITb JIETKo HaillieHo. Jefict-
BUTE/bHO, M3 TIOCJEIHEro ypaBHeHHs onpefelsieM x,. [loncrabnss sua-
yeHHe X, B IPEANocIeHee YPABHEHNE, HallIeM 3 Hero X,—1- Wpsa takum
06pasoM B TPEYro/bHON CHCTEMe CHH3Y BBEPX, Mbl IOC/IENIOBATENIBHO Oll-
peziefifieM 3HaUEHHs MICKOMOTO PElleHHs Xp, Xp—1, ---» Xo» X1 Csenenue
ncxonroit cucreMsi (XI111.10) k cHcTeMe ¢ TpPeyroJibHOM MaTtpuuei Ha-
ablBaeTCH NMPAMBIM XooM Metoia Taycca, a onpejiesienne PELIEHHs Tpe-
YrosbHOM CHCTEMbI— OOPaTHBIM XOLIOM. OGpaTHBIH X0J, OCYlIECTBJIAET-
5 IPOCTO 1 He TpeGyeT TMosicheH uil. [IpsAMOf Xof ocylilecTs/IseTcs cie-
ayronmM obpasom. Ha nepsom sTane o BeeX ypaBHEHHAX, KpOME Iiep-
BOrO, MCKJIONAeTCsl MepeMeHHasi X;. Jlns 3TOro M3 BTOPOro, TPETHEro,
..., N-TO yPaBHeHHsl BEMHTAeTcA TNePBOe ypaBHeHHe, yMHOMEHHOE Ha
KO3(UIMEHT, NON0oOPaHHbLIA TaKUM 06pasoM, yTo6bl KO3(dHIHEHT NpU
X, BO BCEX 3THX YDaBHEHHAX Toc/ie BHMMTAHUs GBI PaBen HyJIO. B no-
JIyYeHHO# Mocje TaKoro NpeobpasopaHus CHCTeMe B TEpPBOM crosbue
MATpHIB! BCe SJIEMEHTEl, KpoMe Nepeoro, GyAyT PaBHbl HyJIO. Ha cre-
LYIOILeM Talle HCKJIOYAeTCs BE/IMYNHA X3 BO BCEX YDABHEH HsiX, KpOME
nepBoro u Broporo. TakuM o6pasoM MPOH3BOMMTCH TIOC/IE JOBATENBHOE
AcK/Ioyenne nepeMennbix B ypastenusx (XII1.10). B peayssrate Bee
Koa(bdunKenTsl NpeoGpasopaH HOM MaTPHIb!, Jiexallue HiKe riasHoM
[uaroHany, GYAYT PaBHBl HYJIO M, cliefloBaTe/ibHO, MaTpuua NpHMET
TPEYTOJbHBIN BHJL.

Meron Taycca siBisieTcss OYeHb SKOHOMHBIM C TOYKH 3peHHs HHCId
TpebyeMbix onepanuil 1J1s HaXOXKJEHHs PelleHHs] CHCTEMBI. Hanpumep,
L5 pelieHHs CHCTEMbl 7L YPABHEHHH C 7 HEH3BECTHBIMU HeobXoxuMo
pEINONHUTD oKodsio (1/3)n® onepaunii. Jlna cpaBHeHHs! OTMETHM, 4TO U3-
BECTHBIl CTOCO6 PElleHHs CHCTEM JIMHEHHBIX ypaBHeHUH ¢ MOMOUIbIO
oTHomeHUs ompenenuteneil (npasuio Kpamepa) tpebyeT okolio n - n!
onepanyii ¥ No3ToMy ero npuMeHeHHe NpH CKOJIbKO-HUOY b GONBILIHX
1 aGCOIOTHO HCKJIoYaeTcsi, jaxe NpH uchosib3osanun IBM. Meron
Taycca npuMeHsieTcA B Pa3JiHYKbIX BapHaHTaX, KOTOpbIE anrebpanyecku
TOMJIECTBEHHB], HO OT/HMYAIOTCA CIlocOGOM XpaHeHHs Koa(guiueHToB
MaTpuubl CHCTeMbl, TOPAIKOM HCKJIIOYEHHS TepeMEeHHBIX, crocobaMu
«60pBOB» ¢ MOTPeNIHOCTAME OKPYTJeHHs. Cyuectsyet GoJiblLioe YHCIO
CTaHNapTHLIX TPOrPaMM, PeanusyIONHX PasiuyHbie MOHQHKALHH 5TO-
ro Metosa, Kak obliye, TaK H [Jf MaTpHL CIelMajpHOro BHIA, UMEo-
HMX MHOrO HYJeBbIX Ko3(QHIHEHTOB (IPAKTHYECKH TaKok Habop cTaH-
JAPTHHIX [pOrpaMM ecTb y KaXpuofl phyHCAMTeNbHOR MaimkE). Ha
cpenHuX MaiuHax «Munck-32», EC-1022 u EC-1033 Ge3 ucnoJib3oBaHus
BHellIHel NaMATH MOXHO pewaTh oOllHe JIHHEHHble CHCTeMBl, YHC/IO
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YyPaBHeHu#l B KOTOPBIX JIOCTHIaeT HeCKOJILKHX coTed. [Ipu ncmonbaosa-
HHH BHeIlHed NaMATH YHCJI0 PellaeMblX YPaBHEHHE MOXHO ZIOBECTH J10
HeCKOAbKHX Thicsiy. [Ipasia, ayist petueHusi GOABIIMX CHCTEM CO3JAIOT-
Csl crieuMalipable, Golee IPOMO3JKHE MPOrpaMMbl, [10Jib30BaHHE KOTO-
PHIMH HHOTZ2 ObIBA€T 3aTPYIHHUTEALHBIM.

B orumune or KOHEYHBIX METOJIOB, HTEPALMOHHbIE METOMb OGIANAI0T
CBOHCTBOM CaMOKOPDEKTHPOBAHMS!, YTO Jie1aeT HX YJOOHBIMH JIsi pe-
IUeHHS CHCTeM BLICOKOTO MOPsi/IKa (C GOMBIINM YHCIOM YPaBHEeH il H He-
H3BECTHBIX).

SpdeKTHBHOCTD NPUMEHEHHs! KOHEUHOTO HJIH HTepPaliHOHHOIO METO-
J1a 3aBUCHT OT K03(uLleHTOB pelliaeMoii nuHel Ol cHcTempt. Tak Kak
HTEPaLMOHHBIH METOMl Ha KaXKJloM Ilare utepalliu TpeGyer BLHIOIHeHYs
nipHMepHoO #® onepanuil, a B MeTone Iaycca YncIo 3THX onepaliii 0KoJIo
#°, TO DpUMeHeHHe WTEPALMOHHOTO MeTOJia ONPABJaHO TOrJ@, Korja
YHC0 HTepauuii 2 MeHblie MOPSIIKa CHCTEMB 71, T. €. MeTOJl GBICTPO CXO-
autcs. OObiyHO HauGo/ee MPOCTHE HTEPALMOHHBIE METOABl CXOJSITCS
JIOBOJIBHO MeJJIeHHO, MO3TOMY B BBIYHC/IHTENBbHOI MareMaTHKe W B MH-
JKEHEPHHIX NPHJIOKEHHSX Pa3pabarbiBalOTCs PasiHUHbIe METOIBl YCKO-
peHHs CXOAMMOCTH HTePaLlMOHHBIX IPOIECCOB.

Hrtepaunonsple MeTofb! OKa3bIBAIOTCS YNOOHBIMH M IIPH pelleHHH
TaKHX 3ajlay, KOrja MaTpuia Kos(pdHLHEHTOB CHCTEMB! IHHEHHBIX YPaB-
HeHHH ABJIAETCH «PEIKOH» — B KaXKA0il CTPOKe HMeeTcs JIMILL HeCKOJh-
KO HEHYJIEBbIX 3JIEMEeHTOB, a BCE OCTasbHble KOI(POUIHEHTH [IPU Hens-
BECTHBIX paBHBI HYJII0. B 3T0M cllydae Ha KaXKJloM luare urepaluu npu-
XOAWUTCH BBINOJHSATH HAMHOIO MeHblle, 4eM n?, apudMeruyecKux onepa-
IHH, B TO BpeMsi KaK B MeTofle I'aycca o6beM BbIUHCAHTENbHOI paGoThl
OCTaeTcsi TAaKHM e, KaK M JJIsl 3aloJHEeHHO# MatpuLbl. Mtepanionnee
MeTOJbl B C/1yyae PeJKHX MaTtpHLl Y/IOOHBI ellle H TeM, YTO NPH ITOM He
HAJ0 XpaHHUTb BCe KO3(DOUIHMEHTH CHCTEMB! YPaBHEeHUil B MaMsITH MaLlH-
HbI, I0CTATOYHO XP aHUTD JIHIUL HeHYJIeBble 3JIEMEHThI MaTpulbl, KOTOpbIE
cobcTBeHHO M GYyT MCIIONIB30BaThCs B ITpoliecce urepauuii. Bosee Toro,
BO MHOTHX NpPHKJI3JHbIX 33/la4yaX Ko3(pULIMEHTb! peliaeMOil JHHEAHON
CHCTeMbI JIETKO BLIYHCISIIOTCA KaxKaAbH pas, Korja HCIoJab3yTCsl B HTe-
PaLIOHHOM Ipoilecce.

[lpuMepaMH pefKMX MaTPHLl SIBISIOTCS MHOrME MaTpHIBI CHCTEM
JMHeHHbIX ypaBHeH Wi, Nosydarolyecss NPH PelleHHH MEeTOJIoM CeTOK
ypaBHeHHH MateMaTHuyecKoil (U3MKM, ypaBHEHMH, OIMCHIBAIOLINX JIBH-
3KeHHe HJieaJIbHOll 1 BSI3KOH XKMJIKOCTH, YDaBHEHHIl TeOpHH YIPYTrOoCTH
Y T. A

Pepkne MaTpHLibl OJTYYAIOTCH M NIPH pacyere BOAOMPOBOJHBIX ceTeil.
Hanpumep, npu rujpapindeckoil yBsiake ceTH MeTOOM NOMNPaBOK L{Hp-
KYJAALHOHHBIX PAcXOflOB /sl HAaXOK/IEHHS 3THX NONPaBOK HEOOXOAHMO
pemlaTh cucTeMy JsHHeHHBIX ypaBHeHuil (XII1.23).

Matpuna KosddurreHTOB 910l CHCTeMbl SIBISIETcs PelKoil, TaK KakK
B KaX/0f ee CTPOKe CTOHT TOJNbKO HeDOJbLIOEe YHCI0 HeHYJeBbiX 3Je-
MEHTOB, He3aBHCHMO OT TOTO, H3 CKOJBKHX KOJIELl COCTOMT CeTb. DTHMH

HEHYJIEBLIMH 3JieMeH TaMH Jiisl k-1 CTPOKH SIBJISIFOTCS: BEJIMYHHA Zsjqi,
i

pacrionoxeHHasl Ha TJIaBHOH JHaroHal M, e CyMMa paclipocTpaHsiercs
Ha BCe YYaCTKH k-To KOJblia, M BeIHYHHBI ) S;q;, TJle CyMMupoBaHHe
CMex
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pacnpocTpansiercst Ha ofline y4acTki k-T0TH CMEXHBLIX € HEM Koviell.
Bcero unc/o HeHYJIeBbIX 2JIEMEHTOB B k-1 CTpOKe OyJleT PaBHATHCS SHC-
Jiy CMEXKHBIX € k-M KOJell IJTIOC efHHLA. B 00HUYHBIX CeTAX YHC/O Heny-
JIEBBLIX 3J1€MEHTOB B KaXKJoH CTPOKe PaBHO YETHIPEM-NSTH, B T0 BpeMst
KaK NOPALOK CHCTEMBl yPaBHeHHil A5 Onpefe/eHus NONPaBoK K MHp-
KyJISIHOHHBIM PACXOlaM paBeH YHCy KoJel HiH B oOlieM Cilyyae gHC-
JIy He3aBHCHMEIX KOHTYPOB i MOXeT GbITh I0CTAaTOYHO GonpimM (o He-
ckonpkux coren). CilefioBaTe/IbHO, ecii HeoOXOLHMO PEMIHTh CHCTeMY
ypaBHeHH i1 JOCTATOUHO TOYHO™ , TO MOXKHO HCIOJIL30BATD OfIHH H3 H3BeCT-
HBEIX HTepalUOHHBIX METOJOB, KOTOPHIH B 5TOM Cllyyae NPeJNOYTHTeNb-
Hee MeToja laycca.

Jlyist masipHeIero HaJIoXeH s Oy ieT TI0J1e3HO PAaCCMOTPeTh HeCKOMIb-
Ko monpobHee 1Ba npocTeiiliX HTepauHOHHBIX MeTo/ia, 8 HMeHHO—
MeTOJ MPOCTOil UTepalluH, HasbiBaeMblil HHOrAA MeToloM SIKOGH, B Me-
Top, Sefifenst. DM MeTOIH GYIYT UCTIONL3OBaHbl Jajlee TPH H3ydeHHH
CII0COGOB YCKOpEeH!sI CXORNMOCTH H JUISi YCOBEPIIEHCTBOBaHHS MeTolla
Jlo6auepa—Kpocca.

anueM cucremy ypasuenuii (XII1.10) B sune, ynoGHom mas npo-
BeJleHHsi HTEPalMOHHOrO Mpoiecca, pellas ee OTHOCHTEBLHO HEH3BECT-
HBIX Xy, Xg, -..p Xn®

1o 3 n b
X=Xy T Mg T T X a—;
ap a1 11 1
Q91 a3 Qan, 0 by .
Xg=— = Xy o Xg—— ... — Xn+—3
27 Q2o [ [£%3 (XHL.11y
Qny Gng n,n—1 bn
Xp=——""" X3— — " Xg— ... Xn—1t+ o
Qnn nn ann Qnn

Martpuna Kos(@QHIHEHTOB IIPH HEM3BECTHEIX 8 NPaBOH YacTH npeot-
pasoBaHHOl CHCTEMBI MeeT BHA:

0 — G2 s - _ G
ayy @ Qyy
. ! 0 — %) Qon
B= (2] Qoo ’ Qnn
B e fGn3
Qnn Qnn Qnn -

Bce 3/leMeHTH, CTOsILIME Ha TJIaBHOM AHAaroHany MaTpansl B, pasHbi
HYJIIO.

Cucremy (XI11.11) yno6Ho sanucaTs B HeCKONbKO Goslee obimem uje,
KOTOpHI# TIO3BOJIMT PACCMOTPETH HTepallHiOHHbie NPOLECChl, HCNOIb3ye-

* Heo6XOA¥MOCTb TOYHOIO pelleHHs TaKOH CHCTeMBH BOSHHKaeT, HanpHMep,
IIpH TOMBITKE YCKOPHTH CXOAUMOCTh MeTofia Jlo6auesa — Kpecea. Kak wspecto,
B Merofie Jlo6aueBa — Kpocca cucteMa pelnaercsi Ges yueTa BJIMAHHSA CMEXKHHX
KOJIELL, T. €. BeChMa NPUOIVMKEHHO. YBeJIHUeHHe YHCJa OnepauMil s OTHCKaHHSA
TOYHOTO PelleHH s JMHeHHOM CHCTEMB! KOMIIEHCHPYeTCsl YMeHbLIEHHeM OOIero JHc-
Jla uTepaumii, T. €. yCKOpeHHeM CXON¥MOCTH METOAA.
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MBIE 17151 PellieHHs He TOJIBKO JIMHEHHBIX , HO M HeJIMHeHHBIX CHCTeM ypas-
HeHHUH:

x1=F1 (Xis X35 ..., Xp);
S A (XIIL 12)
Xn="Ffn (%1, Xa» ..., %n) .

Vs 3Toli cucTeMBl JierkKo MosydHTh HTepa LHCHHBE (POPMYJIBl METON
SIkobu.

BospMeM B KauecTBe HauanbHOrO NMPUGJMKEHHS] KaKylo-THOO COBO-
KymHocTh uMcen x{%, x4%, ..., x£’ M BoCHONE3yeMCHI 3aBHCHMOCTSIMH
(XII1.12), noxpcraBnAs B MpaByl® 4acTb HX BMeCTO MepeMeHHLIX
Xy, X3, ..., X, OPHHATEIE HaYaJbHBlE 3HaueHHsl. Torna mosyuyHM nepsoe
NPUO/MIKEHHE K PelleHHI0 HCXOHOH cHcTembl ypasHenmi (XII1.12):

XU =Fy (240, 240 ..., x,‘1°));
x(zn=f2 (x§°’,x‘,“’ . x:'o));

Sra onepanus nosyyeHUs nepsoro npubaxenus xi, x§, ..., x5
K PellieHHIO CHCTeMB! yPaBHeHHH HasbIBaeTCsl MePBBIM [AFOM HTEPALHH.
Tenepr Mel MOXeM HCIIOJIB30BATH NOJMYYeHHble Goslee TOYHBIE 3HAYCHHS
M, x4V, ..., x4 B KauecTBe HOBOro MpUGIHKeHHs. Jlaa 5Toro, mof-
CTaBMB HailJlecRHble 3HaYeHHs B Npasylo yacTeb ¢opmya (X111.12), onpe-
NeUM crieflyrollee (BTOPOe) HTepalHOHHOoe MPHOMHIKEHHE K PelIeHHIO

2, x4, ..., x{». Tlpogenas r 1Waros HTePalMM, MOXKHO MOJYYHTH
r + 1)-e npuGnmKeHHe K PelleHHIO HcXop Hoil cucremsr (XII1.12):
D= (60, 40, L x0);
AHEV=F (4 0 . 1) (XIIL13)
Xg+l)=fn (x(lr), x(2'), o xslr))_

Dopmyaet (X111.13) sBAsIOTCS HTEPALMOHHBIMH (JOPMYJIAMH MeTOAd
SAKobu. MTepailHOHHBIA MpoLece MOXKHO CYHMTATh 3aKOHUEHHBIM, eciy
BCE 3Ha4Y€HHsi MePeMeHHBIX, ToJyyeHHble Ha (r -+ 1)-# uTepauuu, otiu-
YalOTCsl OT 3HAYeHHH COOTBETCTBYIOWIMX NepPeMeHHBbIX, MONYYeHHEIX Ha
npefpiayied HTepalliy, o MOLYJIIO MeH blle Hanepes 3aJaHHOH TOYHO-
CTH €, T. €. eCJu

[#+D— D <e (=1, 2. ..., n). (XIII.14)
OuesHpiHo, JHIOOBIM HMTEPALMOHHEIM METOHOM MOXHO TOJB30BATHCS

TOJIBKO B TOM Clly4yae, Korja oH CXOAMTCSl, T. €. Korja npuOJHKeHHoe
pelenye CTPeMHTCA K TOYHOMY

x> x* mpu r > o0 (i=1, 2, ..., n).

3neck  xi — TOuHOe pelieHHe, YIOBJETBOPSIOMEe YPAaBHEHHSM
(XII1.12).
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CxopuMocTb MeTozia S1ko6u 3aBucwT ot Buma GyHKuM# fi, fa, ...y fa-
Bepiee, oHa 3aBUCHT 0T MaTpHuib F’, cocTapieHHOH 13 YacTHbIX NPOH3-
BOJHBIX 3THX QYHKUu:

Of  Oh 9fy
0xy 0%y Oxp
Ofy  Ofa ofs
Fr=ltax, 0x, ==~ 0xa
fn  Ofn Ofn
%, O0x, = Oxp
Jlns nunedinof cHcTeMbl ypaBHeruil Bee QyHrum f; (i=1, 2, ..., 7)

ABASIOTCA JHEHHBIME QyHKUMAMH, a sHaunT F' sBjsercs MaTpuue
KO3 (MHUIHEBTOB, CTOSILLNX NPH HEH3BECTHBIX B NPABbIX YaCTAX yPaBHe-
Huit (XI11.11), T. e. cosnapaer ¢ marpuueil B. Ilns Toro o6kl urepa-
LMOHHBII IPOLECe CXONMJcs, HeoOXONMMO H IOCTATOYHO, YTOOH! MORYJIb
MAKCHMAJILHOTO COOCTBEHHOr'o 3HayeHHsi MaTpHipl B Gbul MeHbIlle efy-
HHLHL.

3ajiaua oTHICKAHHS MAKCHMAaJILHOrO COGCTBEHHOrO 3HaueHHsl MaTpH-
LBl IOBOJILHO CJIOXKHA, TOSTOMY [JIfi MPOBEPKH CXOOMMOCTH HTepanu-
OHHOTO Npouecca Ha NMPaKTHKE NOJB3YIOTCH ClIeJYIOUlM IPOCTBIM A0~
CTAaTOUHBIM YCJIOBHEM: METOJ CXOLMTCS, €CJIH CyMMa MOJlyJieH 3JIeMeHTOB
Kalofi CTPOKH (WIn cTonbna) Matpuns! F' (a sHaunT u B) Menblue efu-
HYILB], T. €. €C/IH HMeeTCsi CJIe/lyIowasl CHCTeMa HePaBeHcTB™:

lae/agg )+l a/agi 1+ - .. Flaw/an 1 <1
| Ggy/gp | 4| @as/ @aa |+ - o F1Gan/aaa | < 1;

3Ty cucTeMy HEPaBeHCTB MOXKHO NepenucaTh TakKuM o0pasoM:

law |41 ags|+ ...+l gl <lanl
| aayl+laes |+ 4l aanl <lanl;

(X1IL.15)

Ycnosue (X111.15) osHauaeT, uro [UAroHaNbHbIE 3JEMEHTH! Kax Aol
cTpoku Marpuibi A ucxonmoii cucrembl (XI11.10) no Monyaio Gonbiie
CYMMbI MOZYJleH OCTaJIbHBEIX 3JIeMEHTOB 5Tofl CTPOKH. B sToM ciyyae ro-
BOPAT, yTO Matpuia A HMeeT fHaroHanbHOe HpeobiafaHue.

Hrak, urolbl MeTOR NpOCTOR HTEPANMH CXONMICS, AOCTATOMHO, UTO-
661 MaTpuna A KoshHUHEeHTOB IIPH HEHSBECTHBIX B HCXOLHO# crcTeMe
ypagHenuit (XII1.10) umena puaroHansHoe npeobiapanye.

Meron 3elipens orTnuyaercst o MeTola NMPOCTOH HTePANMH TEM, YTO
BBIYHC/IEHUs] BELYTCsl HE NO HTepauioHHBIM ¢opMmynam (X111.13), a no
caefyroluM popmynam:

¥ Boo6uie ropopsi, 3feck Hafio NOCTABHTL 3HAK «<», NPHYEM XOTS GHl OHO
M3 HePaBEHCTB JOJKHO GHITL CTPOLHM.
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ATD=F (47, 2020, ..., 20,

1 .
A0, ) —
x${+”=fn(X‘{+”» xgr-i-l), vy x::jll), xf,”)_
OGpatiM BHHMAHEHe, 4TO NIPH BHMHCIEHHH sHavenns x§' 1) ucnons-
syiorcst sHauenns nepemenabix x{ T, x§ 4D yike nonyuennse

Ha (r 4 1)-fi urepaunn. OTcioxa MOXHO OXHIATh, YTO CKOPOCTh CXOJH-
MOCTH B Metofie 3eitfiensi Golblle, YeM B MeTofie IPOCTOH HTepauHH, a
3HAYMT, JJIS1 TIOJYUEHHs PelleHHsi CHCTEMbI yPaBHEHHil ¢ 3a/laHHOH
TOYHOCTBIO MPH HCNOJB30BAHHH MeTofla 3eiijienss noTpedyercst MeHb-
1Iee YHCJO HTepalHil N0 CpaBHEHHIO ¢ MeTojioM $IKoOH (mpoctoit
utepaiyn). ITox CKOpOCTBIO CXOAUMOCTH MOHHMAETCsl CKOPOCTh yObI-
BaHUs BeJIHYHHbI

8= max yxf— x|,
l<z<n'

HsmMenetivie 3T0i1 BEJIHYHHB! B npolecce mepalmﬁ TIOKasbiBaeT, Kak

OLICTPO NMPHOIHXKEHHOE pellleHHe x", ToJlydeHHOE Ha r-i HTepaluH,

CTPEMHTCSI K TOYHOMY peIleHHIO Xj.

YcaoBust CXOOMMOCTH MeTofioB 3elifienst H TMPOCTOH HTepauMH pas-
nuunel. OrpasHyiMcst 3[€Ch JIHIIb CJAEAYIOUMHMM NMPAKTHYECKHM YKasa-
HHeM: ecii MaTpHUA A KopdHIHEHTOB TIPH HeH3BECTHBIX B JIHMHeHHOMH
cucreme ypasHaennii (X111.10) umeer guaroHaneHoe npeobsajiadve, T. €.
poinonnenst yenoshst (XI11.15), to meron 3efienst cxomurcs, NpHUYeM
6uicTpee, YeM MeTOH NPOCTOH HTepaIryH.

IlepeiiieM K pacCMOTPeHHIO HeNHHEHHBIX ypaBHeHHI.

OGbIYHO METONIb! PeLleH s CHCTEMb! HeJTMHEHHBIX yPaBHeHHH oCHOBa-
HBI HA TOW MJM HHOM JIHHeapH3aIlHH, CMBICJI KOTOPOH COCTOHT B TOM,
4YTo0bl CBECTH KaKHM-JHOO — CIocoGOM peleHHe CHCTEMB! HeJTHHEHHBIX
ypax«meﬂm{ K pelleHHIO TI0C/Ie/oBaTeIbHOCTel CHCTeM JHHEHHBIX ypaB-
Henuil. Pasnuuiible MeTo/lbl pellieHHsl HeNMHEHHBIX YpaBHeHHH oTyHYa-
I0TCAl cllocoBaMi OCTPOEHHST H pellleHHsi 3THX TOC/eloBaTebHOCTe .

Cruenyer oTMeTdTh, YTO B OOIIEM CJIyuae ¢KOHEHHBIX» aJIrOPHTMOB
pelleHus] CHCTEMb! HeJMHEMHBIX YpaBHeHHH NMOCTPOMTh HeNb3fl, H 103-
TOMY BCE MCIIOJIL3y€eMble METOMB! SIBJIIIOTCS, KAK NPABHJIO, HTEpalHOH-
HeiMi. HanGosee nspectunl Metos, HeloToHa H ero passjiHuHble MOIM(pH-
Kauuu. [TosicHHM Her0 3TOro MeTozia Ha NpHMepe THAPABJIHYeCKO# yBAs-
KH BOJZONPOBOHOH CeTH.

IMycTe Ham M3BecTHBI HauasbHble SHAUEHHsI PacXofioB q© pns sa-
zanHoi cetH. ECJIH BBECTH BEKTOp ¢, KOMIIOHEHTAMH KOTOPOrO SIBISIIOTCS
BCE pacXofibl Ha Y4acTKax ¢;, YNOpsIoueHHble KaKHM-THOO oBpasoM,
To HeJMHelHHble y paBHeHHs (X 111.2) MoxHO 3anHcaTh B MATPHUHOM BHJIE

F(7)=0. (XIIL.17)

B cKansipHOM BHe 9TH ypaBHEHHsI NPeJCTaBIsIOT co0oH CHCTeMy
HEJIMHEHHHIX YpaBHEHHH:
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F1(915 Ga» -~-yl1p)=0;]

f2(@1s G2s -1 gp)=0; (XII1.18)

fn{gy G2 ---» gp)=0-

Bextop ¢ maer HauwadbHoe OpuGIKeHHe sl PelleHHs CHCTeMBl
(X111.18) u mostomy

F(@)=AH +0,

rne AH = {Ah, Ahy, ..., Ahp} — BeXTOp HeBf30K NOTEPL Haropa Mo He3aBH-
CHMBIM KOHTYDaM.

ByneM uckaTh peivenve cucremsl (X111.17) B cnenyromiem suze:
g =g + Aq. (XI11.19)
TopcraBum cootHomenue (X111.19) B ypasuenune (X111.17) u pas-

sioxum ¢ynxumo F {g) B psan Tefinopa B okpectHocTy Touku ¢, orpa-
HUYKBASICh JIMIUb JIMHEHHBIMH UEHAMH Pa3JOMKEHHSL:

F GO+ 89)= FGO)+ g7 G®)= &R+ Mg G)=0.
B CKaJIIPDHOM BHJle 3TO ypaBHEHHEe BLIMVISIIUT TakK:

af, Le/7Y Sia. )
An A e A =0
1+Ag 2, 0% g, T BIRG, I
af, of» oy .
Ahy+-Agy 20, 4-Ags % +...+4 Agp dap i (XI11.20)
O Ofn S
P ag A =0.
Ahy+4-Agy %0, + gy F. + .. +4Agp 3dp J

Tonyuernas cucreMa (X111.20) siBnsercst cuereMoi siuHe BHBIX ypaB-
Henull JUisl OTHICKAHUS HeW3BeCTHHIX MonpaBok Ag;. Bce uacTnble mpo-
uzBogHHe B ypapHenusax (XI11.20) polucnsiorcs Py sHAYEHHSAX §; =

= ¢9. Tlpu onpejeneHnH Xe IMONPABOK Aq}” Ha r-ii WUTepalluyi 3Haye-
Hus npousBOfHBIX  Ofi/0q; BHYUCJSAIOTCA NP 3HaueHWsX pac-
XO[0B, TMOJY4YEHHBIX Ha NpejplAyliell uTepauyu qf-'“'”. Tak kak
yucao ypashenuit B cucreMe (X111.20) pasHo n (4ucay HesaBHCHMBIX
KoJiell) M OHO MeHbIlle YHC/IA HEN3BECTHBIX p (4HC/Ia YYACTKOB CETH), TO
ee HeoGXOIHMO peluath coBMectHO ¢ cucreMoii (XI1I.1). Tounee, npu
3TOM Hano ucronp3oBaTh He cuctemy (XIIL.1), a cucremy

ZAg;=0 (i=1,2, ..., m—1). (X1IL.21)

Takux ypasHenuit 6yner (m — 1), rae m-—uucio ysJioB ceTH; cyM-
MHPOBaHHe Ke B Ka)KOM YDaBHEHHH NPOBOJMTCS 1O BCEM y4yacTKaM,
NPUMBIKAIOLUM K JanHoMy yaay. Takum o6pasom, Meton Hutorona cso-
JWT pelleHne HeruHeHHOH CHCTeMbl YpaBHeHHI (X11L.1), (XI11.2) &
PEllleHuI0 TOC/EIOBATEIBHOCTH JINHEHHBIX 3ajlay CHcTeMbl ypaBHeHuk
(X111.20), (XII1.21).

Creyer oTMETUTb, 9To Kosddnnuentsr cucremsl (X111.20) aapucsar
OT PACXOMOB ¢, KOTOPbIE MEHAIOTCS OT OFHOrO L1ara NMoCJ/ef0BATEBHBIX
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npubnuxkenuil K Apyromy. B To xe Bpemsi Ko3(puiMEHTH CHCTEMBI
(X111.21) mocTosIHHLI H He MEHSIIOTCSI OT MTEPalUM K HTepallMH. 3STtor
(akT JlaerT BO3MOXKHOCTB Mcnio/ib3oBath cucteMy (X111.21) gns uckmo-
YeHHs YacTH HeusBecTHBIX Ag;. Dta Hiesl NMoJOXKeHa B OCHOBY IpHema
YMeHBIIEHHS! HEH3BECTHbIX B cHcteMe ypasuenuil (X111.20), (X111.21),
npennoxennoro B. I'. JloGaueBbiM.

Onpenenue us cucrembl (XII1.21) kommonenTs! Ag; BekTopa Ag,
noayyuM Bektop ¢ = ¢(® 4 Ag, sBnsiolMics ClefyIOWUM IPUGIH-
XKeHneM sl HcKoMoro pewenus cuctembt (XIIL1), (XII1.2). Temeps
MOXKHO B35ITh B KauecTBe HauasibHOro NP HOAMKeHUs BeKTop ¢/ H noBTO-
PHTH OIMCAaHHYIO Bble npouenypy. Ilpoiecc Gyner cuMTaThCs 3aKOH-
YeHHBIM U PellieHHe HaiIeHHbIM C 3alaHHOl TOYHOCTBIO, €C/IH TI0CJIe OYe-
pelHoro r-ro wara moTepH Haropa YAOBJETBOPSIOT YCJIOBHIO:

|AH|=|F(g) ] <e.

Bektop g Gyner npuGnuKeHHBIM peiueHHeM cucteMbl (XIII.18).

TIpounmocTpupyeM BaXKHOCTH NPABHJILHOrO 3ajiaHHsl HayasbHOro
npuGnuKeHUs: B Merofe HbloTOHa M cuTyaluu, KoTopble 371eCh MOTYT
BOSHHKHYTb, Ha NMPOCTOM MPHMEPE OfHOrO YpPaBHEHHs:

F(x) = x*—x=0. (XI11.22)

OueBupiHO, YTO KOPHSMH 3TOr0 ypaBHeHHS! OyNyT 3HaueHHsi: X; =
= —1, x; = 0, xg = 1. IJocMOTPHM, K KaKHM U3 5THX KopHel Gyner
CXOIUTLCS UTEPaALMOHHEBIA Tpoiece MeTofa HeloTona nmpH 3ajianuM pas-
JIMYHBIX HauaJibHBIX NpuGamKenui. Ilycrb x(9)— HauanbHoe npuGnIKe-
HHe, a XM — n-¢ NpubNMKeHHe, ToayyaeMoe no ¢opmyne Heiorona
21 =y =13 _  (y(r=1))[p7 (xn—1)),
" PaccmoTpuM pasniMuHble HHTepBasbl 3afianus x(0):

1) x(© << —}/3/3—B sT0M ciyuae MeTop, HelOTOHA CXORUTCA K Tep-
BOMy KOpHIO X; = —I1, T. e. (") — —1 npu n— oo;

2) (9> V'8/3—apech M- 1 Ipu n — oo, T. €. METOA CXOAHTCS
K TPeTbeMy KODHIO;

3) |x] < V'5/5 — B 3TOM Cayuae x(™ — 0;

4) x(9 = 4 1/5/5—npy 3ajaHKN TAKHX HAUAJbHbIX 3HAYEHHE Me-
Ton HbloToHa «3anMKauMBaeTcsi»: TNOCAEIOBATENbHbIE NPHOIHIKEHUs!
npunuMatoT 3Havenus )/ 5/5 u —)/5/5, Meton He cxomuTes;

5) V'5/5 < |x(W] << }/3/3 — B 3ToM Calyuae B 3aBHCHMOCTH OT X(%
HTepallOHHBIH TIPOLleCC MOXKET CXOAMThCSI JHOO K X3 =1, H6O K X; =
= -—1, HO MOXKeT NONAaCTh H B TOUKy Xx(M) = +V'3/3, B KOTOpO# npo-
usBogHas F' (x), crosiilas B 3HaMeHaTesie, oOpaTUTCs B HYJb.

Ilpoananuaupyem TosyYeHHBIe pe3ysbTaThl. B mepBbIX Tpex cnyua-
SIX KOpeHb, K KOTOPOMY CXOIMTCS HTEPAllMOHHBIH [POLECC, JIEXKUT B TOM
2Ke HHTePBaJie, B KOTOPOM 3a/laeTCsl HauasibHoe NpHONMIKEeHHe, U TaKas
CHTYyalMsl NpefcTaBJsiercsl NOBOJBHO ecTecTBeHHOH. B msitom cnyuae
HTepallMoHHHIH TIpollecc BefieT ceba He TaK. Ilpu HeKotopbix x(9), jexa-
IMX, HampHMep, Ha oTpeske — J/8/3 << 1 << —)/5/5, mpouecc mo-
JKeT CXOMMTBCS KaK K «GIH3KOMY» KOPHIO X; = —1, TaK M K «afeKo-
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My» KOPHIO );\3:— 1 (upu mpyrux x(® s 9TOro XKe OTPe3Ka), «repenphi-
rupas» yepes KopeHb xp = 0.

Visnoxenusii Boile MeTof HetoToHa peanHsoBaH BO MHOTHX MpoOr-
pammax nisi DBM pasHEIX TUNOB, MpuueM, Kak IPaBuiio, NPOrpamMmel
HCIONB3YIOT TaK HasbiBaeMbifl MORM(HUMpPOBAHHBI MeTOX HetotoHa.
[pu nprmeHerun ofbNHOro Metolia HetoToHa Gonbluyro yacTs Bpe-
MeHM 3aHUMaeT BhIMHCIEHMe MATPUis! KosQOHIHENTOB fPH HEUSBECT-
Helx cucreMul (X111.20). Mipesn MomuduuupoBaHHOro Merofia 3akfioda-
ercst B TOM, YTO MaTpHna KoaddHIyeHTOB CUHTaeTCs He Ha KaX oM 1are
NoCJ/efoBaTeNbHLIX NPUOIMKEHHIH, a UL yepes ornpefesieHHoe YUCTIO
waros. [IpyueM NPH BEMMCIEHHM NONpaBoK Ag;, onpefensieMblX M3
nuHeiHo# cucTeMbl (X 111.20), sHaueHus: Ko3QQUUHEHTOB PN HEU3BECT-
HBIX 3TOH CHCTEMbl CYHTAIOTCS MIOCTOAHHBIMH, UTO 1103BOJIseT 3ddeKTHB-
HO 5KOHOMHTH MalVHHOE BPeMsi IPH PellleHHH HeJIMHelHbIX CHCTeM Bbl-
COKOro NOPANKa, JieBble YaCTH KOTOPHIX BBIUHCSIOTCST JOCTATONHO COXK-
HO.

Beite 751 peleHys JUHeHHBIX cucTeM ObUM NpHBeJieHb! 1Ba HTepa-
LIHOHHBIX MeTofa (MeTox MPocToll uTeparun ¥ Metol 3efifiens), KoTopsie
nenone3yoT dopmynst (X111.13) u (X111.16). YkasarHsle METOAB! MOTYT
GLITH MPUMEHEHE! M JUIsl PeIlleHHs] CHCTEM HeJIMHeHbIX Y paBHeHHH. Tlpu
3TOM B MpaBoil yacTd uTepalMoHHEIX (dopmyn (XIIL.13) u (XI11.16)
OyayT ye Henuuedinble GYHKIWN f; (X3, X3, -.., Xp). ITH METONB! CXO-
JIATCSL MeJlJIeHHee MeTolia HEBIOTOHA, HO 3aTO He TPeGYXOT BHIYHC/ICHMS
IIPOH3BOMHBIX.

Harno orMeTHTh, YTO YHUBEPCANBHBIX METONOB, YIOOHBLIX IJisi pelle-
HUs JIOGHIX 3apay, He cymlectsyer. Ha npakTuke 1/ Kaxioll KOHKper-
HO#l 3a/aui JOJKeH GLITh BLIGPAH TOT METON, KOTOPHIi B JaHHOM c/yyae
f@aeT JYHUIYI0 CXOMMMOCTH M JIOCTATOYHO MPOCT B peanusailyy.

Jlo cuX Mop BKparTile paccMaTpUBA/UCh BOMNPOCH! YHC/IEHHOrO perie-
HYsl CHCTEM JIVHEelHBIX M HeJHHeHHBIX ypaBHeHMiHl ofwlero Bnna, 4to
UMeJIO HeNblo AaTh caMoe ofLiee MPeJCTaRIeHHe O PelleH!y 3alay TaKo-
ro tuna 2a OBM. Bompocs! e uncienHoro pemenus cuctem (XII1.1),
(X111.2) paccmaTpuBanuch JIMLIL B caMbX obmux yeprax. KonkperHoe
IpUJOYKEHUe PAcCMOTPEHHBIX BBl METONOB M MPUEMOB IS pacyeTa
BOJONPOBOAHBIX ceTefl MPUBOAUTCS Hanee.

§ 50. MeTonbl MHHHMH3AUHH PYHKUHH MHOTHX NEpeMEHHbIX

MareMaTHYecKasi MOJENb 3afaud pacdera BOJOMPOBOAHON CETH MO-
eT 6uiTh chOpMyTUpOBaHA KaK 3ajiada OTHICKAHUS 6e3ycloBHOro (M
YCIIOBHOr0) MMHMMYMa HEKOTOPO#l crieuyanbHbIM 06pasoM OCTPOEHHOT
poinyknoit* ¢ynkuuu. Yante Bcero Tak (opMyJiHpyercs sajada Tex-
HMKO-3KOHOMMMECKOTO pacueTa TMApaBIMuecKol ceTH. 3[ech HLIETCS
MUHUMYM BBUTYKJIOH (YHKUMH MHOIHX TepPeMeHHbX (HeHsBecTHbIMH

* QyHKuug f {x) Ha3LIBAETCS BHIMYKJOH, €CHIH JUIf JIOGHX NMEePeMEHHHX Xi,Xg
g + (1= ] <ME)+1—Mfx) 0<A<]). TeomerpHyecKR
3TO OsHayaeT, 4TO Jio6as TOYKa, MPHHajJexkamas Xopfe, NPOXojAweH vepes
Toukd My [x5; F (x)1 u My (x5, F (x5)], Haxopurcs Brie TOYEK, TPHHaJJIeNa-
mux rpadury OyHKUHA [ (X) MeXLY TEMH Ke TOYKaMH.

231



AIBJISIIOTCS PACXOABl HA yuacTKaX W iWaMeTphl TpyC, T. €. BeJHUHHHL gj,
d;).

Insi pewenns 3Toil 3aiaun MOXKHO BOCIIONB30OBATHCS MeTOHAMH Ge-
3YCJIOBHO! MHHHMH3ALMH GYHKIMY (WM  METOJAMH pellleHHs 3ajlau
TIPH 33JiaHHbIX YCJIOBHAX). DTH MeTofbl PazpaGoTaHbl B TEOPHH HENH-
HeilHoro NporpaMmupoBanusi. B GuGiHoTeke CTaHIAPTHBIX Nporpamm
Ha qoGoil IBM cymecTByer HaGop NporpamMM, Peaslu3yIONHX COOTBET-
CTBYIOLIHE ANrOPHTMEI, H €0 MOXHO NPHMEHSThH NPH PelleHHH 3ajiau
Ha DBM

I'pynna MeToz0B, H3BECTHES IO/ Ha3BAHHEM METOJIOB CIYCKa, BKJIO-
uaeT B cebsi HauGoslee YacTo NMPHMeHsieMBe [IOCTATOYHO MPOCTHIE B HC-
TIOIB30BAHHH aJIropuTMbl. CaMo HasBaHHE 3THX METOJOB TOBOPHT O TOM,
UTO B HX OCHOBY II0JIOKEH TOT HJIH HHOI CIIOCOG  «CIyCKa» K MHHHMAaJlb-
Holi TouKe BBINYKJIOH GYHKIHH, KOTOpas B 3afiauaX, pellaeMbiX Ha THJ-
PaBJIHYECKHX CETHX, YAIle BCETO SIBJISIETCS] TOUKOH abCOMIOTHOrO MHHH-
MyMa (pyHKIHH.

OnHuM K3 caMbIX MPOCTHIX METOJOB B 3TOH IPYIIIe SIBJSIETCS. METOL
TIOKOOPAMHATHOTrO CliycKa. Mnesi MeToza 3anoxeHa B caMoM ero Has3Ba-
HHUM — CNYCK K TOUKe MHHHMyMa (YHKIIHMH IIPOBOAMTCS HooYepeaHo Mo
Kaxnoit Koopnuuate. MeToJi NOKOOPAMHATHOIO CIlyCKa CBOAMT 3afauy
OTBICKAHHST MMHHMyMa QYHKLHH 1 TlePEMEHHBIX K TOCJef0BaTebHOCTH
LIaroB, Ha KaXIOM W3 KOTOPBIX HILETCS MHHMMYM (yHKIHH OJHOTO
NepeMeHHOro MPU (PHKCHPOBAHHBIX OCTAJBHBEIX TlepeMeHHBIX. Lluka mu-
HUMH2AUHH (QYHKUKH OJHOro TepeMeHHOro MOBTOPSIETCS BHOBb, HauH-
Hasi C OTHICKaHHSI MUHHMYMa GYHKIHH 10 TepeMeHHOH X;, U T. 4. Adro-
PHTM 3aKaHYMBAETCs, KOIZia Ouepe/iHasl ToYKa OKaXkeTcs TOuKoil abco-
JIIOTHOrO MHHHMyMa IleJleBoi QYHKIHM, JHGo, Yalile BCero, Mo JOCTH-
JKEHUH 3aJIaHHOH TOYHOCTH pPelleHHs. M3BeCTHO, YyTo HEOBXOIHMBIMH YC-

JIOBMSIMH JUISl TOUKH JIOKANbHOTO MHHMMyMa GyHkuuH f (x) sBsorcs
yenosusi 0f/0x = 0, MOSTOMY, eCilH Ha OYepefHOM r-M Lare CIycKa
OKaIKeTCsl, 4TO BCe KOOPJMHATHI BekTopa | (8f/0x)") | <<e, rae e—sanas-
Hasi TOYHOCTD pellleHHsl, TO cYeT IpeKpamaercsi. BekTop

Of /0%y
vi @)= Grran | 7% |,

of/0xp

HasblBaeMblil rpajuenToM ¢yHKuuE f (X) B TOUKe X, HrpaeT sHAYHTEJb-
HYIO poJib B TEOPHH Hesid HefiHoro nporpammupopaiusi. OH yKasbiBaeT
HarnpasJieHHe BO3PacTaHH 51 QyHKLUH f (x), a 3HAUHT NIPOTHBOTIOIOKHOES
HanpaBJieliie — HaNpABJI eHHE aHTHIPa/HeHTA — OMpeje/isieT Hampap-
Jende yObipahus ¢ynknuu. U ecnn yf (x) 5= 0, To, Buibupas —yf (x)
KaK HanpaeJeHue [BHIK €HHsl, MOXHO JAOGHTHCS YMeHblieH s (yHKIHH.
OnuH u3 caMbIX CTapbiX ¥ XOPOLIO H3BECTHHIX METOZOB — METOJ HaH-
CKopefiuero cnycka, BN epBble TpenoXeHHbl Kolk, — NocTpoeH Ha
aToit uzee. B Touke x!) onpepnesnsiercsi rpaiueHT M HaXOAWTCS TOYKa
x+D), vunuMuzupys f (x) B HanpaeseHHH aHTHrpajiMeHTa, HCXOASILEM
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3 TOUKH X(7, T. e. BBIMHC/EHHE HA KAXJOi MOCAERYIOWeH HTepalix
NpoH3BOIHTCH No (opmyse

D (a0 g (),

rae M7 — Hanmenbiee HeoTPHLATeNbHOE 3HayeHHe A, MHHMMEH3HpyOmee [ (x)
no nanpasnermio —Vf (x(7).

K coxasienHio, MeToi HaHCKopeHiIero cnycka HmeeT HeKoTopble He-
HocTaTKH. B nocniefsee BpeMst st pewenust sanau 6e3yca0BHOH MHHH-
MH32UHH LIHPDOKOE pacrpocTpaBeHyne NONYUHIH rpafgHeHTHbIE METOABI,
OCHOBZHHBIC H2 TaK Ha3biBae€MbIX CONPAMKEHHBIX HaNpaBJIEHHsIX. & nog-
pOﬁHb]l\:/II ONHCaHHeM 3THX METOAOB MOXHO NO3HAKOMHTLCH B MOHOIpa-
¢uu [9.

§ 51. Meron JloGauesa — Kpocca

B npaxTHKe NpOeKTHPOBaHHS H PaCuyeTOB BOIONMPOBOAHLIX ceTeil
Haubosiee pacnipocTpaieR Mertop Jlo6auera—Kpocca. Iror meron, 6y-
JY4H OYeHb YAOOHBIM [/t PYYHBIX PACueToB, COXPaHHJ CBOe 3HAYeHHe
U pH HcnoisaoBaHHH DBM Graronapst npocTore H eqHHOOBPasHIO pac-
ueTHbIX QopmyJi. B nocsienee speMsi Npesioxen psAjl €ro YJayudilleHHit
U MoxupuKanui. B GosbiIMHCTBE HMEIOHMXCsi POrpaMM peasiH3oBaHa
Ta MIM uHas Moju(uMKauMst Metona JloGauera—Kpocca.

Jlnsi ycnelwHoro MCHONBb30BAHMSI METOfA HEOOXOIMMO UeTKOe TOHH-
MaHHe NPHYHH, 00YyCJIOBIHBAIOUIHX €0 CXOAHMOCTb HJIH PACXORHMOCTh,
H 3HaHHe CHOCOOOB YCKOpPEeHHs! CXORHMOCTH.

Meroy Jlo6auesa—Kpocca npencrasisier coboil CleAyIMYIo COBO-
KYNHOCTE TpHeMoB JJisl peweHust cucrembl (X1I1.1), (XIII1.2):

I — sananre HeKOTOPOro NPHOIHKEHHOTO HAYAJNBHOIO peLleHHs
3aziaun gf*?, yKOBJIETBOPSIOLIEr0 YpaBHEHHsIM Gananca B yanax (XII1.1);

IT — nnHeapusauMsi HCXORHOH 3afiaut H MOJNYYeHHEe CHCTeMb JIHHel-
HbIX YPaBHeHWH st MONpaBoK Ag; K 3aiaHHbIM HAUaJIbHEIM DACXOHaM;
YHCJIO 3THX YDaBHEHHWH DaBHO P — UHCJY Y4YacCTKOB CETH;

Il — ymeHbIIeHHe uHCIa HCKOMBIX NEPEMEHHEIX MyTeM HCIONb30-
BaHMsl ypaBHeHui Gananca B ysnax. OcTpoyMHBIM cnocoGoM peanusa-
LMK 3TO HIeH sIBNisieTc BBefeHHe KOHTYPHBIX PacXOfioB MO HE3aBHCH-
MbIM KosibuaM Agy (B = 1, 2, ..., n). B pesysisrate nonyuaercs cucreMa
JIMHEHbIX YpaBHEHHH OTHOCHTENLHO HOBHIX NepeMeHHBX Ag,. Uwcio
TaKHX YPaBHeHHH CYIIECTBEHHO MeHbille H DABHO YHCY HE3aBHCHMBIX
KoJlelt 71. DTa CHCTeMa MMeeT CJeAYIOnHA BMA:

Ahy Ay Aqy Ay Agy ...+ Ayn Agn =0;
Ahy+Agy Agy+Agg Agy+-. .. + Agp Agp =0;

(XII1.93)

e Apy=p ¥ Spaf !, (XIII.23a)
m
3nech & B [ — HOMepa He3aBHCHMBIX KOMel; Sy, W Gp — FUAPABIHYECKOE conpo-
THBJEHHE H PACXOJX Ha M-M YYaCTKe CETH, a CYMMHPOBaHHE PacnpocTPaHAEeTCs Ha
BCe Y4YacTKM CeTH, obmue xiasi k-ro u [-ro Xojewn.
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B uactHOCTH, BCe Ko3bdHiMeHTsl Ay, MPecTaBisior coboit cyMmy
BENTHYHH ISquE,T' Mo BCeM yyacTKaM k-ro Kosbla.

Martpumy
All AIZ' o= Aln
A?l Aﬂﬁ- ) Azn

A=

GyleM HasblBaTb MaTpHiledl Ko3((HLHEHTOB CHCTEMEL ypaBHeHH#
(XII1.23), a saementsr A (B =1, 2, ..., n) — Ko3(uueHTaMH,
CTOSIIUMHE Ha TJIaBHOH AHMaroHalu Matpuust A;

IV — ucnonb3oaHKe NPHOIHEKEHHOro crocoba JUis PelieHHsi CHC-
Temt (XII1.23). Sror cmocob 3akmouaercs B TOM, YTO B CHCTeMme
(XI11.23) orGpachiBaloTCs BCE WIEHbI, KPOME TeX, KOTOpHEe CTOSIT Ha
rnapHoOfi AuaroHand. Vicxomnas cucrema ypasHenumit (XIIL.23) sa-
MeHsieTcs CJIefyIoniei:

Ay - Ay Agy=0;

Ahy -+ Agy Agy=0; (XI11.24)

Ahn‘l‘Ann Agn=0.

Pemuas cucreMy (X111.24), npuxofum K Xopoluo H3BecTHo# QopmyJie
Jlo6auesa—Kpocca:

Agp= —Ahp!/App (R=1,2,..., n). (X111.25)

O6ocHoBaHHeM, IpaBia, He COBCEM CTPOTHMM, JOMYCTHMOCTH 3aMe-
ue cucreMnl (X111.23) cuctemoit (X111.24) siBnsiercs ToT (akT, 4To Wist
MHOTHX ceTell, B UaCTHOCTH JIJIfl BCeX INIOCKMX ceTeil, BEINOJHAETCS CO-
OTHOLIEHHe

n
App> D) Ap (R 1I=1,2,...,1), (XII1.26)
*FD
-T. e. MaTtpuna crcrems! (XI1I1.23) umeer puaronansHoe mpeobnajanwe.
OTor (akT U no3eoseT orpaHuyKTECs B cereMe (XI11.23) Toneko une-
HaMM, CTOSIMMH Ha CJiaBHOH JuaroHaJH, T. e. [epedTH K cucTeMe
(X111.24).

Coornoienrie (XII1.26), xak Gyner oTMeueHo jalee, CyIleCTBeHHO
BJIMSieT Ha CXOLMMOCTH METOJa.

Tlocse Toro, Kax Mo cucreme (X111.24) 6ynyT BelUKCIeHEl 3HaYeHHs
Ag,, MOXHO ONpeNeNUTL HOBbIE, YTOYHeHHEle 3HAayeHHs DacXoloB Ha
YyacTKaX CeTH. ITH HOBHIE 3HaUeHHMsi PACKOJIOB §i'’ MOryT OHITb HCIIOMb-
30BaHbl KaK HCXOAHbIE JUIf CJIeyIOIero yToYHeHH s 3HaueH sl PacXOLOB;

V — mocTpoeHHe HTepailMoHHOro TIpoliecca, MO3BOJISIONIEro B pe-
3yJpTaTe MHOrokpatHoro peiuenusi cucrembl (XI11.24) monyware Bce
Hosiee M Gosiee TOUHBIE 3HAYeHHs PACXOHOB:

gD == gl L AGY D) =g 36y, AT, (XII1.27)
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3pech MHIEKC «r» O3HayaeT HOMEp HTepaluH; Aqfﬁ"”—pemeﬂne

cuctempl (X111.24), B KoTopoil KoshduuueHTs! A, BHUHCAEHB TpH
3HaYeHUsIX PacXoloB qi'), NONYYEHHBIX Ha NpeRblayLlel r-ii uTepauuy;
napamerp O;; olpenessieTcst ClELYIOWUM 06pasom:
+1, ectn pacxop Ha i-M yuacTke K-To Ko/l blia HanpabdeH 1o 4acOBO#
cTpenke;
8py=1{—1, eciu pacxog Ha i-M yuacTKe k-ro KoJblla Hanpab/ileH NPOTHB YaCOBOR
CTPEJIKH;
0, ecsiu i~ y49acTOK He NMPHHAANEKHT K-MY KOJBLY.

OrtmeruM Hekotopble ocoGenHocTH cuctemsl (X 111.23), Bakuble pis
JaNpHeHIero U3/I0XKeHHUs.
Bee KoodpuuueHTE! MaTPHUUBL CHCTEMBI TIOJIOMKMTEIBHE

Ap>0(k, 1=12,...,n), (XII1.28)

TaK Kak 0pu cymmupoBanyy B Bhipaxkenuu (X 111.23a) sce pacxonst qﬁ,—’
GepyTest o aGCOMIOTHOH BeJIHUMHE.
Matpuna kosdduuneHTOB CHMMETPHYHAE, T. e.

Apy=Ay (anst Beex k u I), (XII1.29)

H, KpOMe Toro, MMeeT IHaroHaspHoe npeobjafaHue (IPH COOTBETCTBY-
1oLIeM BbI6OPe HE3aBHCHMBIX KOHTYPOB, O ueM OyJieT cKasaHO flajiee; B
YACTHOCTH, JJIsi CHCTEMbl 3J1eMeHTapHBIX KoJsel Matpuua A Bcerga o6-
JajfiaeT 3THM CBOHCTBOM).

21H cBoficTBa MaTpHubl cuctembl (X111.23) nocratounsl anst cxomu-
MOCTH UTepallMOHHBIX METO/OB, a ClefloBaTeslbHO, U MeTofia JlobaueBa—
Kpocca.

PaccMoTpuM NozpoBHee BONPoC 0 CXONUMOCTH MeTona JloGaueBa—
Kpocca. Hecnenopanuto sToro Bonpoca Oblt NocesieH psifi paGor. Hau-
GoJlee moc/eNlOBATENIEHO OH paceMoTpeH B ctaThe Kapio Kao. OcHosHbie
pesyabTaThl 3T0H paGoThl OyAYT MCHOJNL30BaHBL B lAJbHEHIIHX BbIK/Ak-
Kax.

Merop Jlob6auera—Kpocca, Kak yxe GbLI0 0TMeYeHo, SIBISIETCS UTe-
PailOHHBIM METOZIOM. DTO 3HAUKT, 4TO, 3a/1aBasiCh HauaNbHEIM IPHGIH-
KeHHeM M IOBTOPSiSi MHOTOKPATHO NPOLECC CueTa Mo HTepalliOHHbIM
dopmyaam (X111.25) u (X111.27), MoxHO NOKYYHTH pellleHHe 3afaul ¢
J060H 3a/laHHOM TOYHOCTHIO.

Kak Cbu10 moKasaHo, (opMysbl HTepalHOHHOIO TPOLECCA MOryT
OLITh 3allkcaHbl B BHJeE:

A= (¢ 60, ..., D)
(D (gl g0, ().
9 B (60, a8 q); (X111.30)
gy = (a0, ¢, ., olD).
Cooteercteyromue npasble wactu yHkumii f; (g0, g1, ..., gb)
Iast merofia JloGawesa—Kpocca npencras.siores dopmynoh
n
Ahy,
fr(ad 6. a) =g — 3 by 2=
k=1 &E
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" E [:i: S (r)) ]
=¢"— 3 Gm————— (i=1,2....p). (XIL3I)
k=1 l3 VS (q(r))

B npuBefieHHOM BbIpayKeHHH HMCNOJBL3YIOTCS 0603HaUeHHs (HOpPMYJILI
(X111.23a), a 3HaK B YKMC/IMTENe YUUTHLIBAET HAlpaBJieHue pacxofia Npu
BHIYHCJICHHH TIOTePh Haropa Mo KOHTYpY.

JInisi POBEPKH CXOAMMOCTH JIIOGOTO MTEPAIlHOHHOrO MeTOfa Heol-
XOJIMMO OLeHHUTL M3MeHeHue ero omubku. Ilycerb ¢* ={gf, ¢3. ..., ¢p}—
TOYHO® pelileHHe UCXORHOH 3afiaun u g = {gi, q") «ess Gp} —Bex-
TOp NPUGNHIKEHHOTO PelleHus, NOoNyYeHHbIH Py r-i mepaunn Bek -
Top &) = g* — g GyjeM HasLiBaTh OWIMGKOH NpU r-il HTepaluu.
Cucremy (XI11.30) B BeKTOpHOM BHJIe MOYKHO 3aITHCATD CJIEAYIOIMM 00-
pasom:

D =F(gn), (XII1.32)
rne F — onepatop, npeo6pasyromuit Bexrop ¢ ") B pexrop g +1).

Buiyntas u3 g* ofe wactu pasencrpa (X1I1.32) u wcronbsys co-
oTHolueHKe ¢} = ¢* — e, nomyyum

E(r+l)=6t_p (g*—e). (XIII. 33)

D10 ypaBHEeHMe ONMUCHBAET U3MeHeHHe OIHOKH MeTola B MTEPAIHOH -
HOM Tipollecce NpU Nepexofie OT r-i urepauuu K (r + 1)-it urepanuu.
Ecan ¢ poctoM yucaa utepauuil r Moy ib BeKTopa &) He yOblBaer, To
UTEepallMOHHbI npolecc He OyfeT cXoasuumcs. TaKHMH YHCJIEHHBIMH
npolieccaMd Ha NPaKTHKe MOJIb30BAThCH HeEJb3S.

Ecnn e ¢ poctom r BesuyuHa £ yOblBaer, To HTePALMOHHEL IPO-
ecc 6yJierT CXONAIMMCS ¥ METONOM MOXHO NOJIL30BaThCA IS NoJyye-
HUS1 pellieHHs 3afiauu ¢ JiioGol Hanepes 3aflaHHo# ToYHoCThIO. CKOPOCTh
y6biBaHus &) xapaKrepuayeT CKOPOCTb CXOAMMOCTH MeTOAa K TOYHOMY
peweruio. ITonyyurs olieHKYy CKOpocTH yOblBaHHSI B SIBHOM BHJE LJIsSt
NpoU3BoJLHOrO HesMHelHHoro ureparpoHHoro nporecca (X111.33) za-
TpynHuTeabHO. O6LIYHO Ha NPAKTHKE OrPaHUYMBAIOTCS JIMHEHHBIMH CO-
OTHOIUEHHSIMM JJISl M3MepeHHsl NMOTPEUIHOCTH, CYMTasi, YTO BeJMYHHA
e} = g*¥ — g0 nocraTouHo Masia. DTo 03HAydeT, YTO HayasbHOEe pac-
npefiesieHre PACXOMOB HE CHJILHO OTJIMYAETCsl OT TOYHOro pellleHusi. B
3ToM cayyae BolpaxkeHue (X111.33) MoxkHO ympoctuth, MoNb3ysch Ma-
J10cTBio BetuykHbl &(N). Pasnoxum dynxuuio F B pan Teitnopa B oxkpect-
HOCTH TOYKH ¢* U, OCTaBJsisi TONLKO YJIEHbl, CoflepKaiive &() B HepBoi
CTeleHH, TNOJNYYUM cne,uyxomee COOTHOIIEHHE:

erth s __F @t)+F (‘7*) el (XII1.34)

Tak KaK ¢* — TOuHOe pelleHue, To §* = F (%), nostomy u3 coor-
HoweHust (X111.34) nonyuaem:

D _p (G4 50,
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3anuweM 310 BEKTOPHOE COOTHOUIEHHe B CKaJlﬁpHOM BUE:

o, y
o Fie af e+ f sy + e,

U 9qp

of, af f;
o+ 2 ) T2 (4. D2 (. |
3 e{"? e +...+ eln),
g 9, ' " og dgp P i (XIIL. 37)
o+ O

f (f)+ + f 8(I
0g 7p

Bee vactible npovssoibie 0f;/0g; B coorowennnx (X111.35) Gep yT-
csl B TOUKe ¢*, T. €. IPH ¢y = qi, Gy = §3, ..., §, = G}. CoOTHOLIEHHSI
(X11I1.35) noxaspipaioT, 4TO MpeoGpPa3oBaHHe BeKToPa OUMOGKH Ha r-il
urepauuu &) B BeKTOp OWHOKU Ha (r + 1) urepaumu e+ cosepma-
ercsl ¢ NOMOIIBIO C/eaylomedi MaTpUibl npeobpasoBaHy si:

Sh O Oh

0q, 9gy ogp

O O O
F'=|l 0q1 0g: ~ " 9gp |l

ofp Ofp 9p
0gr 9gy 77

B BbluMCiuTebHOR MaTeMaTHKe IOKasblBAETCs, YTO NS CXOfsillle-
rocsi MeTofia HopMa* MaTpHUb AOMKHa ObiTh Mexbite efuuuns. Hopma
MaTpHIbl MOXKeT ObiTb onpejesieHa PasiHYHBIM 00pasoM ¥ B 3aBHCHMO-
CTH OT 3TOTO CYUIeCTBYIOT Pas3JsiHuHbie KOHCTPYKTHBHEIE ClocoGHl ee Bbl-
uncienus. Hanpumep,fee Besnundy MOMHO OUEHMTHL NyTeM BHIHCIe-
Husl cOOCTBEHBHIX 3HaueHMil MaTpuubl F’'. CoBcTBeHHble sHaueHHs A,

;\42, &3 7\. 3TOH MaTpHIBL ABJISIIOTCA pelleBHsAMH CJeAYIoero xapaxk-
Tepucrmecxoro ypaBHeHHS:

N _,%h oh

0qy 0gy . 4qp

oy o, s

g1 0qz 99p =0.

v 9fp ofp —a

9g, 9g, 9qp

* Hopmo#t MaTPHIE! HA3EIBAETCH YHCIIO, XaPaKTepH3YIomee HaHGoblee pac-
TskeHHe Bektopa &) npu npeo6paszosaunn ero B pektop &V 1) ¢ momompio Mat-
puner F’. HanucasHoe YCJIOBHe M O3HauaeT, 9To BexTop &) (kak ero Kampas
KOMINOHEHTa, TaK U JIHHA) y6LIBaeT ¢ DOCTOM 7 H, CJIeAOBATENLHO, q:n - q,;; (npu
T > co0).
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Ecan packphITh ONpegesnTenn, 3allHCAHHLIN B JIeBOE YAaCTH 3TOrO
YPaBHEHHS], TO NOJYYUTCA MHOTOYJIeH p-H CTelleHH OTHOCHTEJBLHO He-
H3BeCTHOH A:

A 4ay A”"—I—ag?\,”_?—l—...—l-ap_l A+ap=0.

STOT MHOTOUNIEH, HASHIBAEMbIH XapaKTepHCTHYECKHM MHOTO4JIEHOM,
HMeeT p KopHell Ay, Ay, ..., Ay, KOTOpBIE M Ha3BIBAIOTCH COGCTBEHHBIMH
SHAYEHHsIMH MaTpuubl F’. YC/loBHE CXONMMOCTH MeTonia GYAieT BINOJ-
HEHO, eC/IH MaKCHUMAJbHOe [0 MOAYJII0 COGCTBEHHOE SHAYCHHE MATPHIE!
OyZer MeHbllle eMHHIbI

meMil<l~

Onuako 3ToT cloco6 onpesieieH st CXONUMOCTH NIOBOMBHO CIIOMKEH.
Ha npakrike uame mcnonbsytor nerko npopepsieMbiii clioco, npuBe-
Zenublil B § 49. B paccMatpuBaeMoM cilyuae oH 3a KJOuaeTcst B crenyo-
LIeM. 3
BrlynciEM cyMMy MonyJefi s/eMeHTOB Kakio it CTPOKH MaTpuup! F’:

Cy =10f,1/0g, |+18f,/9g, |-+ o 10f1/0gp
Co=10f2/0qy | +10f2/0Gs |+ . .. ++| 0fa/0gp ;

U3 nonyueHHBIX ynces BBIGepeM MaKCH MajlbHoe:
C= max (C;).
1<i<p

Besnnynna C paet oueHky Hopmbl Matpuunbl F'. Moxuo YTBepK/aTh,
uto ecn € << 1, To meron Jlobauesa—Kpocca cxonures. Jlois HCXOfI-
Holi cHcTeMbl ypaBHernil (X111.23) yciloBHS CXOAMMOCTH MOMKHO 3allH-
cathb B BHJle cucTeMbl HepaseHcTB (XII1.15). Hanomuem, uto uneHm,
CTOsILE Ha IJIABHOI AMATOHANH (Be/MYHHLI Ay,), SIBISAIOTCA CyMMoil
BesinynH $SgP—! o BceM yuacTKaM k-ro Kombua, a A 11 — €CTh CyMMa
5THX e B&JHYHH IO OOLMM y4acTKaM k-ro M I-ro Kojell.

Crenyer oT4ersiuBO NpefCTaBAsiTh, UTO BCe NPUBENCHHbE OLEHKH
CXOMMMOCTH HOCAT JIMLIb NPHOJHIKEHHBIH XapakTep. 3To 06y CJ0OBIEHO
npexne BCEro TeM, YTo [PH BEIBOLE 3THX OLLEHOK HCIIOIb30BAJINCH HEKO-
TOpHe JOMYILEHUs, 8 UMEHHO:

1) mccienoBaHye CXOAMMOCTH MPOBORHMJIOCH B JIHHEHHOM npu6nu-
eHHH. DTO 03HAuaeT, YTo B CJyyae KOTa HayalbHOe IIPHOJIMKEHHe
SHAYHTEJILHO OTJIMYAETCS OT TOYHOTO PelleHHs, Pe3yJbTaThl IpaKTHYeC-
KOT0 CyeTa MOryT Ha NePBbIX UTePaIUAX CHIBHO OTJIMUATLCS OT NPECKa-
3aHMH JMHeHAKOH Teopun cxomuMoctH. IIponecc MoxeT GBITh CXOASAIMM-
Csl TaM, IJie IO JIMHeHHO! TeOPUH OH PacXofuTCs, W HaobopoT. B 1o ke
BpeMsi B Clyyae KOrjd yxe IPOBEIeHO NOCTATOYHOE YHCJIO HTepanHil u
pacrpejie/ienne pacXofioB IO YYacTKaM ceTH GNH3KO K TOMHOMY pellle-
HHIO (160 KoTNla HayasbHble PACXOJbI CPasy 3a JaHHl JOCTATOUHO GJIH3-
KHMH K HCTHHHBLIM), YC/IOBHS JIHHEHHOH TeOPHH CXOIHMOCTH IOCTATOYHO
XOPOLLO ONKCHIBAIOT PeasibHYI0 CHTYALHIO;

2) ucnionbayercs BesiHunEa C, BBeEHHAS paHee, KoTopasi JHaeT JIHLIb
NPHOTHKEHHYIO OLEHKY CXOAHMOCTH;
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Ta6numa XIIL1

Ne yuacTxa LA S; Ne yuacTxa q; S;
1 0,5 1 6 0,5 1
2 0,5 100 7 0,5 1
3 0,5 100 8 0,5 1
4 0,5 1 9 0 1
5 0,5 1 10 0 1

3) sneMenThl MATPHUBI F' BHUHC/SIOTCS He B TOUKE §*, KK 3TOro
Tpebyer TeopHsi, a B To4Ke ¢(%), KOTOPasi MOKET CYLIeCTBEHHO OTNIHIATE-
csi ot g*.

Pacnionaras npuGIHIKeHHBIMH CIIOCO0aMH OLEHKH CXONUMOCTH Me-
Tofa JloGauea—Kpocca, MOXKHO PACCMOTPETh O4eHb BAXKHEIH NSl pac-
YeTHOI NPAKTHKH BONPOC: KaK sl 3afaHHOM CeTH NPHMEHUTH METON,
06ECIIEUHB €ro CXOAMMOCTh, H KaKHe CYLIeCTBYIOT Criocobbl AN ycKope-
HHSI CXOAUMOCTH.

s nepapercts (XII1.15) BumHo, uTO BHINONHEHHE YCOBUH CXORHU-
MOCTH 3aBHMCHMT OT BbIOOpa CHCTeMbl PACYeTHBIX KOHTYPOB, THJPaBJIH-
4eCKOrO COMPOTHBIIEHHS YUaCTKOB S;, HAYaNbHBIX 3HaUeHHH pacxo-
noB ¢i®.

VuuThBas 9Ty 3aBHCHMOCTb, MOMKHO CHENaTh BBIBO, uTO MeTof Jlo-
6auepa—Kpocca GyzieT CXORATBCS, ey JIoGoH y4acToK CetH NpHHaR -
NeXuT He Gosiee, 4eM IBYM He3aBHCHMBIM pacdeTHbHIM KoHTYypaM. Ecnu
e KakoH-THOo y4aCTOK CETH BXOAMT Gojlee YeM B iBa HE3aBHCHMEIX
KOHTYypPa ¥ BeJHdHHA Sq /il 5TOrO YyYacTKa 3HauUTe/bHO Oosiblle, 4eM
IJ15 OCTANIbHBIX YYaCTKOB TeX e KOHTyPoB, MeTof, JloGauea—Kpocca
OyZer paCXORHUTECH.

TIpounsocTppyeM 3TC Ha npUMepe npocTeiilieil TPEXKOMNbUEBOH CeTH, CXeMa
xotopoit npuseiena Ha puc. XI111.2, a. BriGepem B xauecTBe He3aBUCHMBIX KOH-
TYPOB CAEAYIONHE: 3eMeHTapHoe KONbUO 2—3— J0—9 u KOHTYphl I—2—3— 10—
7—8 u 2—3—4—5—6—9. CxeMaTHUeCKH S5TH KOHTYpPHl TNOKa23aHbL Ha pHC.
XIII. 2, 6. 'uppaBnlivecKde CONPOTHBJIEHHS W HadaJbHbie Pacxoibl q}'” Ha
yuacTKax sanucaHnl B Tabn. XIIL.1.

Martpuna A xosdduuuenTos cuctembt ypaprennit (X111.23), sanucannas aas
5TO# CeTH ¢ 3a|aHHBIMU 3HaYeHusmMu S U npu f = 2, Gyner uMeThb cilepylomuil BUL
¢ yyeroM Beipaxkenuit (X1I1.23a):

200 200 200
A=}|200 203 200 ||-
200 200 203

OvueBupno, uto yenosus (XII1.15) nas KosdduunesToB 3TOH MaTpUllbl He Bbl-
MOJMHEHBbl, TI0STOMY MOXHO NpeanoJaratb, 4T0 Meros JloGaseBa— Kpocca mpu
yBsi3Ke 9TOH ceTH Gyjer pacxoauthes. JlefCTBUTENBHO, pacyersl, NpOBefeHHbIE HA
3BM EC-1022 mo nporpamme, omnucannoit B r1. X1V, noxassiBaior, Y10 B 3TOM
chiyqae merop, JloGaueBa— Kpocca pacxopurcs.

Opuako eclii B KayecTBe pacyeTHbiX KOHTYPOB BeiGparTh sleMeUTapHble KOJb-
ua 2—3—10—9; 1—9—7—8u 10 —4—5—6 (puc. XIIL.2, 6), To MaTpuua A npu

239



Ta6nuuga XII1.2

Yueso uTepanuil NpH CHCTEME
METO.“ HE3aBHCHMbIX KOHTYDPOB
no puc. XII1.2, 6 no puc. X112, &

Jlo6auena — Kpocca Meroa pacxoautcs 12
[TocsienoBaTENBHOrO BHECeHHS TNONpa- 92 9
BOK
Buecenss NONPaBOK B KOHTYP € MakCH- 235 15
MaJbHON HEBA3KOMH

TeXx e 3HadenHAX S H g 6yner HMETb CIAERYIOImMHE BHA
300
A=|{0 200 0
00 3

Venosust (X111.15) BHIMOHEHE B METOA CXOMMTCS K PELIEHHIO Tocae 12 ute-
pauuii. Pacyetsl nNpOBOAWMICH Ha 3BM EC-1022 pgo 71ex Tmop, NOKa 3Ha-
JeHHs HEB 30K MO KOHTYPaM He CTalH MeHblie &€ = 10—¢. Pesyabrathl 3THX pac-
uetos npusesennl B Ta6a. X112, rae nokasawo wHCIO HTePaLHil NPH YBA3KE TPeX-
KONbLEBOH CeTH TpeMs Ppas3ubIMH MeToAaM¥ Jjlsl PasHhIX BapHaHTOB CHCTEM He3a-
BHCHMBIX KOMTYPOB.

INps pacuere peaibHbX ceTell ¢ GOABIIHM YHCIOM KOnell 4acto npu-
XOJMTCS CTAJIKHBATHCS C MEAJIEHHOH CXOJMMOCTBIO METOAA JloGaueBa-—
Kpocca. EcrecTBenHo, BCTaeT BONpoC 06 YCKOPEHHH CXOAHMOCTH 3TOTO
MeTOfla, YTO MOXKHO OCYLIECTBHTD JIBYMfl DY TSIMH:

1) BLIGOpPOM TaKO# CHCTEMb! HE3aBHCHMbIX KOHTYPOB, TpPH KOTOp Ot
meroz, GyleT CXOMMTBCH JIOCTATOYHO GrICTPO;

2) mpHMeHeHKHeM TaKHX MOIM(pHKalli Merona JloBauesa—Kpoccea,
06NacTh CXOMMMOCTH KOTOPHIX INHpe OGMacTH CXOAMMOCTH coGcTBEHHO
metona Jlo6asea—Kpocea, a TakKe yCKOPSIOMHX CXOAHMOCTD (nogn-
PoBHO HeKOTOpHie MONMOHKAIlMK MeToAa JloGavepa—Kpocca OymyT
paccMoTpeHbl Janee).

Fcn 3ajiaua YCKOPEHHsI CXOAMMOCTH MeTO/la PellaeTCst NepBhiM 11y~
TeM, TO CJElyeT HMETb B BHAY, 4TO JUIfl pasHbIX KoMOMHALME He3aBHCH-

2) 8)

Puc. X112
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MEIX KOHTYPOB 3JIeMeHTH MaTpuil A pasiuusel. UrtoGe meton JloBa-
yesa—Kpocca cxoauicst GuicTpee, Hallo U3 BCeX BOSMOMHBIX KOMOUHA-
LHil HESABHCHMBIX KOHTYPOB BHIGpaTh TaKyIO, JJisl KOTOPOH OTHOLIeHHe
IMArOHAJILHOTO 3JleMeHTa MaTpuiel A K CyMMe BCEX OCTAJIBHBEIX Jic-
MEHTOB 5TOIl CTPOKH OblIo Obl MaKCHMaJibHBIM.

§ 52. Monudukauun Merona Jlo6auesa — Kpocca
# Apyrie MeToNbl YBA3KH CETH

IlpH paccMOTpeHHH OIHOro M3 HanGoJiee YacTo NPHMEHSEMBIX MeTo-
JIOB YBSI3KH CeTH — MeTofa JloGauepa—Kpocca ¢ TOUKH 3peHus ero
peanuzauun Ha 9BM u cxonMMoCTH GO MOKA3aHO, YTO B 3aBHCHMOCTH
OT BHOPaHHOH CHCTEMHl He3aBHCHMbIX KOHTYPOB, HauaJbHBIX 3HaYeHHH
pACXOJOB M 3HAueHHUil THAPABIHYECKHX CONPOTHBJCHHH YYaCTKOB CeTH
B HEKOTOPBIX CJy4asiX OH MOXeT PACXOAMTLCS WIH CXO[HUTBCA OYeHb Mell-
JICHHO.

3jieCb PAacCMOTPUM PasJiHyHEIE ClocO0Ll  YCOBEPLIEHCTBOBAHHS 3TO-
ro METOJIA M HEKOTOPHIE APYTHE MeTOb!, IPHMEHsieMble IPH YBASKE CETH
Ha OBM. Ocuoplble TpeGoBaHHUs, KOTOPBIM NOJIXKEH YIOBJieTBOPATD JIIO-
60ii yCOBEPIlIEHCTBOBAHHBIN MeTOJl Y BASKH CETH, MOXKHO CHOpMYJTHpOBaThL
CIefyIomuM 06pa3oM:

a) ofecreuenne Gosee MIMPOKOH, 4eM Y MeToza Jlo6auesa—Kpocca,
06J1aCTH CXOOUMOCTH ;

©) obecrieyeHHe GLICTPOH CXONMMOCTH METOZA;

B) IPOCTOTA PeasiM3alliil Ka¥KJioro miara HTepalHOHHOro rporecca
YBSA3KH;

r) ynofero mporpamMmupoBanus s OBM.

TIpaKTHKA NPOBEEHHs! PACYETOB BOAOIPOBONHOI CeTH, 4 TAKKe Teo-
PeTHUECKHe Pa3PaGOTKH IIOKA3LIBAIOT, YTO BO MHOTHX cilydasx Hanfonee
YIOOHE! [I7isi YBSIBKH CETH METOJBI, OCHOBARHbIE HA HAXOMJIGHUM NOMNpa-
BOK KOHTYDHEIX PaCXOfOB Ha KaXJIOM Illare HTepPalyOHHOro mpouecca.
B 5ToM cityuae Jiist [I0NPABOK 1101y 4aeTCs CHCTEMa JIMHEHHBIX ypaBHeHHI
(X111.23), KoTOpYIO HYIKHO pelaTh Ha KaXKJOM UTepalLlHOHHOM Iuare.

CyIllecTBYeT JiBa Pa3JiMUHBIX HOAXOJA K PEUIeHMIO STOfl CHCTEMBL:
1) oTbiCKaHFKe pelleHHs Ha KaXJIOM HTePallHOHHOM Liare yIpoleHHbIMH
METONaMH; 2) TO4HOE PelleHHe CHCTeMbl Ha KaXKIoM HTePalMOHHOM [ia-
re.

KpoMe Toro, ¢ NOMOILBIO ONY4€HHLIX MONpaBoK Ag; MOXHO No-pas-
HOMY OPTaHH30BaTbh KOPPEKIHIO 3HaUEHHi1 PacXOOB BO BCeX Y4acCTKax
CETH.

MeTozbl NpHGIHMKEHHOrO oNpeiesieHysl MONPaBOK KOHTYPHBIX pac-
XOOB Ha KaX70M wmare utepanud. PaccMoTpuM 3jeCh JHUIL T€ Me-
TOJbI, KOTOPHE OCHOB@HEI Ha HCIIOIb30BAHMM H3BECTHOH (POPMYJHI
Jlo6auesa — Kpocca (XI11.25):

Agp= —Ahy /Ay, (k=1,2,...,n),
rne Agy — mompaBKa KOHTYPHOTO PacXofia il k-To KOHTYpa Ha JaHHOM Iuare
urepaunu; Ahp — ToTepH Hariopa B k-M KOHTYpe; App ~—— BeIHUHMHA f2Sg B kM
KOHTYpe (CYMMHpOBaHHE DacHpocTpaHsieTcss Ha Bce YYaCTKH, BXOAswHe B k-it
KOMTYp, IpHUEM BCe Y/eHBl CYMMbl GepyTCH MOJOXKHTEJbHHMH B KaX|OM ydacTKe
He3aBHCHMO OT HalpaB/JeHHS PACXOAa B HHX); m — YHCJIO He3aBHCHMBIX KOHTYPOB
B8 paccMaTpPHBaeMOH CeTH.
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[Monpasku, Haitnennsle o ¢op-
myaam (XIII.25), weo6xogumo
BHECTH B 3HaYeHHs PACXOHOB ¢,
Q35 ---s Gp JIMHHUIE ceTH (p — 4HC-
JIO y4acCTKoB B cetu)®,
[Tonpasku Ha KaxjoM ware
HTePalHu MOXHO BHOCHTH BO BCe:
Y @ 2 KOHTYPH! CETH WJIH B HEKOTophle
L\ us HHX. B saBucHmoctH or 3TOrO
TIONIYYAIOTCS PasjiMuHBle MeTOBL,
5 OT/IHYAIOLIMEC YCJOBHAMH CXO-
JHMOCTH M YMCJIOM HTepanHi,
TpebyeMblX JJIfi HOMydeHHs pe-
LWIEHHA C 3aflaHHOH TOYHOCTBIO.
2 @ b a. Meton oapHoOBpe-
'/ MEHHOTO BHECEHMU A
nonpaBoK BO BCE KOH-
Typs ceTH (MeTon Jlo-
6aveBa —Kpocca). Ilo
3TOMy METOAY BesnHuMHel Al H
Ay, BHIUHCISIOTCA IS BCEX He-
3aBHCHMBIX KOHTYPOB, IPHYEM 1pH
Puc. X113 HX BEIYUCJIEHHH  MCHONBL3YIOTCS
3HaYeHHA PacXofoB, IOJYYeH-
HEle Ha Dpemployuledl  HTepa-
uuu. [Tocne Berumcienns nonpasok Ag, no ¢opmyae (XI111.25) onn on-
HOBPEMEHHO BHOCATCH B 3HAaUeHHS PAacXolOB BCEX YYACTKOB BCEX Hesa-
BUCHMBIX KOHTYpoB. [IpH 3TOM Ha Tex ydacTkax, KoTopble BXOJAT B
JiBa WJiH Goutblie KOHTYPOB, BHOCATCS [ONPABKY, COOTBETCTBYIOIIHE KaXK-
oMy KouTypy. Ecnn B KauecTBe KOHTYDOB BHIOPAHH! 3jleMeHTapHEBIE
KOJIbI@, TO 3TOT METOJ, NPeACTaBisieT coboH o0bIYnbIH MeToR Jlobauesa—
Kpocca.

6. MeToa nocaelopaTenbHOro BHEeCEHHUSH Mo
NpaBOK BO BCeé KOHTYpPH ceTH. PaccMorpum cers, co-
CTOfILILYIO U3 N HE3aBUCHMBIX KOHTYPOB. IIpoHyMepyem sTH KOHTYPH
KakHM-JIH60 obpasoM yHcaaMu ot 1 son, T. e. k= 1,2, ..., n.

[pexne Bcero BuuMCANM BesinguHy Ay, M HEBASKY ToTeph Hallopa
Ah, B NepBOM KOHTYPe, IPHYEM fJ15 BBIYHCTIEHHS STHX BeJTUYHH HCIOJIb-
3yeM HauaJIbHBe 3HaYeHHs PacXoioB B yYacTKax, BXOIAIMX B NEPBBIA
koutyp. IloscunTaeM sateM monpaBKy KoHTYpHoro pacxopma Ag, 1o
¢dopmysie JlobaveBa—Kpocca (X111.25). Hcnoabsys nosydeHHoe 3Ha-
ueHHe Agy, BEIUHCIHM YTOUHEHHblE 3HAUEHHS PACXOAOB WISl BCEX ydacT-
KOB, BXOJfAIIUX B NePBblH KOHTYP.

[NepefineM Tenepr KO BTOPOMY KGHTYPY M GYZeM JJisl HETO BBIYHC-
JATh BeTMYHHB Ahy M Age, NPHUEM JJia Tex YYacTKOB, KOTOPHE He
BXOJAT B IeP BEIH He3aBHCHMBIi KOHTYD, 6yieM GpaTh 3HaUYeHWs Hadalb-
HBIX PacXOJIOB, @ AJiIfl TeX YUacCTKOB, KOTOPHIE ABJSIOTCA OCUIMMH AJIS

* TlockonbKY M3MeHEHHE ; OCYLIECTBJISIETCS C IOMOIbIO KOHTYDHEIX pacXo-
RoB Agp, ypaBHeHHs GallaHca B y3JiaX IPH S5TOM He HapywaioTcs.
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1epBOro ¥ BTOPOrO KOHTYPOB, 6yJieM HCIOJIb30BATH YTOYHEHHBIE NOC/e
KOPPEKTHPOBKH 3HaueHMsi PacXofioB. BBIUMC/IMM 3aTeM BeJHYMHY IO-
NpaBKH KOHTYPHOI'O pacXxofia BO BTOPOM KOHType Ag, no dopmyiie
(X111.25) u onpefearM yToYHEHHbBIE 3HAUEHHSI PACXOJIOB BO BCEX Y4acT-
KaX, BXOASILMX BO BTOPOH KOHTYP.

AHAJIOTHYHO IOCTYIUM, MEPEXOfisi OT BTOPOTO KOHTypa K TpeThbe-
My, 3aTeM K YeTBepTOMy M Tax jajee 10 T€X Mnop, IOKa HE YyTOYHHM
pacXofill BCEX YYACTKOB, BXOIALIUX B MOCJENHHI KOHTYD.

OnuH 1ar UTepaluy 3aKaHYMBAeTCs MOCJe MPOBEJeHHs KOPPEKIHH
PacXOOB BO BCEX HE3aBHCHMbIX KOHTYPax. 3ateM MOXHO NEpedTH KO
BTOPOMY ILIATy HTepallH, TIOBTOPsisi BeCh IpoLlecc, HauyHHasi C fEPBOTro
KoHTypa. TakuM 0GpasoM, OiHH HTepallHOHHBIH 1Ll B 9TOM METOAE 3a-
KJII0Yaercsi B MOCJIENOBATE]bHOM BBIYMC/AEHHH BO BCeX KOHTypax Iomn-
PaBKH KOHTYDHOTO pacxona Ag, ¥ yTOYHEHMH 3HaueHHH PacXofoB AJs
YYaCTKOB KaXJOro KOHTypa, NPHYeM BO BCeX JaJbHEHILMX orepaunusx
HCTIONB3YIOTCS Y¥Ke YTOYHEHHbIE 3HAYeHHsi PaCXOOB. WrepannosHbli
npolecc 3aKaHYMBaeTcsi Mocjie TOro, Kak HEBA3KM IOTEPL Hanopa BO
BCeX KOHTypax GyAyT MeHblue 3a/laHHOH BEJHYHHBL

Jlnst npuMepa PaccMOTPHM HPHMeHeHHe STOTO MeTOJia JJIsi pacyera mpoCTeli-
well JBYXKOMbleBOH ceTH, nokasaHHoil Ha puc. XIIL.3. Ha pHcyHke yKasaHbl
HanpapJieHHsi PacXOJOB BO BCeX YyacTKaX, HOMepa YYacCTKOB H IOJIOXHTEbHOE
HanpaBJieHHEe B KaxJoM KOJble.

Iycte g507, ¢4, ¢4, 427, ¢{®) —3HaueHHs HaYaJbHLIX PACXOMOB BO BCEX
yuacTKaxX CeTH (fiajee Beslie B 5TOM IPHMePe BEDXHHH HHJeKC GyneT 0603HavaTh
HOMep HTepalHH, a HHXHHI — HoMep yuacTKa); Sy, Sp, Sg, Sas Sp — THApPaBJIH-
YeCKHe CONMPOTHBJIEHHSI COOTBETCTBYIOIIHX YYaCTKOB.

IpuBelieM NOCJIENOBATENLHOCTL AECTBHH U HBYX NePBBIX HTEPALHOHHBIX
maros.

Iepeas umepayus. Buiyncasiorcst BeHuHHb AT 1 Alls BXOAflLHE B ¢op-
myay (XII1.25):

Aty = — S, @) 45 @57)+ s (@470
Ar1=2(5, 91 +S. g8+ S5 44).
Onpenellﬁe'rca nonpaBka KOHTYPHOIro pacxona B nepBoM KOJIblle:
Agy= —Ahy Ay,
YrouHsOTCH pacxonsr B yyacTkax, BXOAAIHX B nepBoe KOJIBILO:
g =g 481 Agy; g =82 -85, Agp; gk =a4” + 81 Agy.
BesHuHHB 835 BJ3THX GOPMYJIaX ONpeAe/IsioTCs CIeNYIoIHM 06pasom:

+1, ecan HanpaBJieHHe pacxofia B i-M Y4acTKe coBlajiaeT CO 3HAKOM

nionpaBKH Agy, KOHTYPHOro pacxofia B k-M KOJBIE;
— 1, ecsm HanpaBjeHHe pacXola B i-M yyacTKe NPOTHBOMOJIOKHO

3HAKY NONPaBKH B k-M KOJIbLE .

6ik:

Bhiyncasiiorest BeqMuHHE Afyp B Ay p A1 BTOPOTO KOJIBLA € HCHO/B30Ba-
HAEM nOMyYeHHOro sHavehus gi:

Ahyy=Sq (g827)2— Sa (9§°1)2— S5 (g8
Ay 11 =2 (S3959 4 S295°" 4 S5 g81") .
Onpegessiercsi NonpaBKa KOHTYPHOTO PacXofia BO BTOPOM KOJbLe:

Agyy=—BDhyl Ay .
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VTOuNSIOTCS 3HAUEHHS PACXOOB JUIA YYacTKOB, BXOASIIEX BO BTOPOE KOJb-
g =g{0+ 85 Aqyyy 980 =87+ 841y Aayy;
gk =g’ -+ 85,y Agyy.

B necnemnedi dopmyJie uepTa Hajl BeTHUHHOK gLt o3Hauaer, YTO POUBBOAKTCH
NOBTOPHOE yTOYHEKKe PAacXoJla B NATOM yYaCTKe, TAK KAK STOT yuaCTOK SIBISETCH
ofmuM st ABYX KoJell. Jlajiee Py nepeXojie k CAEAYIOUEMY HTePaLKOHHOMY mia-
ry sty uepry GyAeM onyckatb, CYMTafl, YTO BeJHYHHa ¢§'? — suauense pacxofa
nocae meppoil WrepauMu (M, CIefOBaTeNBHO, CKOPPEKTHPOBaHHas aBaxanl). Ha
5TOM nePBasi HTepallksi 3aKaKUKBACTCA: MO 3a/laHHbIM 3HAYEHHAM HauaNbHEIX pac-

X0f0B q§ ) onpesiesieno crepyollee NPUOTHIKEHBE JUIA HHX q}“ =1,2 ...,1565)
Bmopas umepayus. B KauecTbe HavalbHEIX NpUONKKEHHHE AN PacXojoB
HPpHHHMaKOTCS BEJIHYBHE Qi”, B OCTaJIbHOM HPOLECC aHaJOrkyen neﬁCTBHﬁM, npoe-
H3BeJeHHBIM TPH NePBOH HTEpauHu:
Ahy = —S8, (q§2°)2+ Sz (§517)2+ Ss (981)%
Ay =2 (51 g{" +S: 08+ Ss g8)) 5
1
Agy=——3
2 AI 1
052’24” +8,; Aq; ¢4® =gV +38, Agy;
@2 =gi+85, Mg Alyy = S; (52— Sa (@51)2— S5 (05*))%
Ay = 2(Ss 8" +Saqi+Se gi2);
Ahyy
Agy=——""3
AII 11
g5 =gV + 83y Agyys g8 =" 48,1 Aoy
g5 =g’ + 85 Bayy
MeToR nocleoBaTeNILHOTO BHECEHHs NMONMPaBoK BO BCe KOHTYpHI
CeTM HMMeeT CJeAYIOHHe XapaKTepHbie oCOOEHHOCTH:
1) on ofkuHO cXoauTcs OBHICTpEe, yeM METOZ, JloGayera—Kpocca,
T. e. Al YBASKH C OJHOH H Toii Xe TOYHOCTBIO TPeCyeTcs MeHblle HTe-
pauuii;
2) Ans OmHOW WTePaUMH STHM MeToloM TpelyeTcsl CTONBKO Xe orne-
pauuit, ckoiibko u B Merofie JloGavesa—Kpocea;
3) npu coctasnenuy nporpammbl ius IBM stor MeTop TaK e IpocT
B peanusanyuu, kak ¥ Meron JloGauesa—Kpocca;
4) OB CXOJUTCH H TOFAa, Korja Meton JloGauesa—Kpocca pacxonut-

o:

csl.
Bonee GHCTpas CXOOMMOCTb MeTOJla IOCHENOBATENPHOro BHece-
HUsl MONPABOK TIo cPaBHeHHIO ¢ MetogoM JloGadesa — Kpoccea 06bAC-
HAETCS, B YACTHOCTH, TeM, 4YTO B8Jlech’ YYUTHIBaercs KOCBEHHOE
BRuSHKE KOHTYPOB JPYr HA Apyra Ha KaxJOM iare urepauun. JTO
BIHsIHYE NPOSABJIAETCA B TOM, YTO IIpH pacyeTe n06Oro k-ro KOHTYpa
(haKTHYECKH MCTOJB3YIOTCH pe3yJbTaThl pacyeToB MpeiblayLlnX
(k£ — 1) xomtypoB.

M3 ckasaHHoro clielyeT, 4T0 MeTOJ IOC/efloBaTebHOro BHeCeHHst
NonpaBoK MoXeT GBITh C yCIeXoM HCMOoNb30BaH BMeCTo Merofa JloGa-
yepa— Kpccca He TonbKo npy cyete Ha IBM, Ho 1 npH NpoBeleHuH pyy-
HBIX PacyeToB.
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B. MeTol BHeceHHSs NMoNpaBOK B KOHTYD ¢
MakKcHUMaJbHON HeBs3 KON DTOT METOI 4acTo MCHONL3Y-
eICsl KaK B NPOrpaMMax, peaiusoBaHHBIX Ha OBM, Tax u mpu pywHHX
pacuetax. CyTb €ro 3aK/IOuaeTcs B TOM, YTO TONPABKa, BHIUHC/ICHHAS
no ¢opmyne JlobaueBa—Kpocca st KOHTYpPHOTO pacxofia, BHOCHTCH
He BO BCE He3aBHCHMbIE KOHTYPHI, @ TOJLKO B TOT W3 HUX, HEBA3KA B KO-
TOPOM MaKcUMaJibHa. [1yCTh HMeeTCs CeTb, COCTOSIIIAS H3 7 He3aBHCH-
MBIX KOHTYpoB. [loicunTaeM TpexKie BCero TOTepH Halopa B KaXIoM
KOHTYype W OMpeJieNHM HeBSISKH B HHX!

en=0hp =2 (+ Sjgf) (k=1,2,.... n).
i

Ham ny»HO NOGHTLCH, yToObl B pe3yJbTaTe HTEPallHOHHOTO Mpo-
Ilecca HeBHI3KH TIOTEPb HAIlOpa BO BCeX KOHTYPaX CTajil MeHblle HeKo-
Topoil BHIGPaHHOI Manoil BeJuuMHEL. BribepeM cpesyt MOJyYcHHBIX He-
BFA30K MAKCHMaJbHYI. [lycTh MAKCHMAJBHOM OKaXKeTcsi HeBsizka B [-M
KOHTYype

g;= max |&g|.
1 1<k<n‘ |

BriyncauM Tenephb TONPaBKY KOHTYPHOTO pacxoia B 3TOM KOHType

no ¢opmyne Jlobauesa—Kpocca

Agq=—Aml Ay,

rre Ay = Zqu_i (CyMMUpOBaHHe pacnpoCTpPaHsieTcsi Ha Bce YYacTKH, BXOAsilMe
i
B [-#t KOHTYD).

Jlanee KoppeKTHPYeTCsi PacXofl B TeX yuacCTKaX, KOTOpbie BXOAAX
B [-ii kouTyp. [locsie 9T0TO BHOBb ONPEENsIOTCS MOTePH Hamopa B Te-
KOBTypax, Ijle M3MeHSIIOTCS PAaCXOJibl B OTAEJBHBIX YyuacTKax, olpesie-
JifleTCsl KOHTYP ¢ MAaKCHMaJbHOM HEBA3KOH U B YYaCTKH 5TOTO KOHTypa
BHOCHTCH Tionpasku 1o dopmyne JlobaseBa—Kpocca. Taxoit mpouecc
BLIYHCJIEHHII TIOBTOPSETCS 10 TeX MOP, TOoKa MaKCHMasibHasi HeBfsKa,
a CJieloBaTeNBHO, H BCE OCTANILHBIC HEBSABKH CTAHYT MeHbIle 3ajlaHHOI
BenuunHb & : Je,| <<€ (k =1, 2, ..., n). OrMeruM, uTO TIPM TiepeXo-
Je OT OfHOTO WTEPAllMOHHOTO Wara K JPyroMy HeT HeoOXOIMMOCTH
3aHOBO BLIUHCJSITH TICTEPH Hanopa Bo BeeX KOHTypaxX. Tak Kak rornpas-
KH BHOCSITCSI TOJIBKO B PacXojibl y4acTKoB [-ro KOHTYpa, To OTePH Ha-
Ilopa Ha CCAYIONleM IIare HAZ0 BHIMHCIATL TOJNBKO B [-M H CMEXKHBIX
KOHTYpaX, HMEIOLIHX C HEM oOOLiHe YYacCTKH.

OnucaHublil MeTofl obsiafiaeT OJHHM BaXKHbIM TIPEHMYIIECTBOM MO
cpaBHeHEIO ¢ MeToiom JloBaueBa—Kpocca: oH OOBIMHO CXOMTCH M TOT 1A,
xorna MeTon Jlo6auera—Kpocca pacxonures. B To e BpeMsi CKOPOCTH
CXOIMMOCTH 3TOTO MeTO/d, TIO-BHINMOMY, MeHblle, YeM Y MeToAa Tocie-
JIOBATeJILHOrO BHECEHHs MOMPaBoK. DT0 TOKasbBalOT MOBEPOYHLIE pac-
yeTbl Ha OBM Kak 145 MoJelbHBIX, TaK H JUlsl pealbHbiX 3ajiay, Ipose-
JleHHble Pa3JIMYHBIMKE MeToflaMi. PeaynbTaThl 3THX pacyeToB NpHBeJICHbL
nanee B ra. XIV. Jlns oObeKTHBHOH OLLEHKH TOJIY4€HHBIX Pe3yJIbTaToR
HeoGXOAMMO TIPOBECTH CPaBHEHHE TPYJI0EMKOCTH 3THX METOMOB.
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Bpemsi, saTpaurBaeMoe Ha pellleHHe 3a/layH, ONPeNle/IsieTcs YHCIAOM
utepaunil, TpeSyeMbX [/ HAaXOXAEHHA peLleHHs C 3aJlaHHOH TOuHO-
CTbIO, ¥ YHCJIOM apHMETHUECKHX ONepalliil, BHIIONHAMbIX Ha KaX o
urepaunn. OfiHa Tepallisl MeTo/ia OC/IeloBaTe/IbLHOr0 BHECEHH s TIoNpa-
BOK TpeGyer CTOJNBKO e apH(MeTHYeCKHX ollepauyii, CKOJbKO H HTe-
pauus Merona Jlo6auesa—Kpocca. CrnenopaTenbHO, HTepalHH B 3THX
MeTofiaX 1o TPYNOEMKOCTH DaBHOLEHHH, 00llasi e CpaBHHTeJbLHast
TPYOEMKOCTb METOJIOB OIpejie/sieTcst yHcaoM Hrepauuit. IIpoBenetnbie
pacueTh! IOKasHIBalOT, YTO YHCJIO HTEPaLkil B MeTO/Ie I10C/IeIOBATENBHOrO
BHeCEHHs! TIONPABOK OCBIMHO SHAUMTEJbHO MeHbllle, YeM B MeToje Jlo-
6auesa-—Kpocca. B 3ToM sakmouaercsi sHauHTe/lbHOE IPEHMYLIECTBO
MEPBOrO METOAA 110 CPAaBHEHHIO CO BTOPBIM.

B MeTone BHeceHHs NONPaBOK B KOHTYpP C MAKCHMAJILHOH HEB3KOH
YHCI0 apHOMETHUECKHX ONepaluil Ha KaXk/ioM Ilare HTepaiii MeHblue,
YeM B TMEPBBIX IBYX MeTofaX. JleficTRHTeBHO, B HHX Ha KaX/IOM Luare
Hajo ONpPeJe/HTh NOTEPH HANopa BO BCEX 1l HE3ABHCHMMBIX KOHTYpax H
Be/MYHHE XS;g; B 9THX KoHTypax. Ilo Merony «B» HEOOXOMMMO BBIUKC-
JIATL TOTepH Hallopa TOJLKO B HECKOJBKHX KOHTYypax: B KOHType [, B
KOTOpOM Ha npeawbiiyuiell Hrepanui Gblla MaKCHMalibHash HeBs3Ka ¥ BO
BCEX YyacTKaX KOTOPOrO pacXofibl ObliH CKOPPeKTHPOBaHLI, H B KOH-
Typax, CMEXHBIX C 3THM KOHTYPOM. OCBIYHO B CETAX Y KaXJA0ro j1eMeH-
TapHOro KOJblia HMeeTcsl OT TPeX 0 NMATH CMEXHbIX KoJjell, T03ToMY,
€C/HM B KauecTBe HE3aBHCHMBIX KOHTYPOB B3fTb JieMeHTapHbIE KOJbUa,
TO OTHOLIEHHME YHC/Ia oOflepalMit Ha Kamfol HTepallid B METOHE «B»
K 9HCNy Ollepaliii B METOJe «a» HJH «6» MOXHO rpy6o OLEHHTb Be-
nuuHol 5/n=v (3nech n — obLee YHCJIO 3J€MEHTAPHBIX KOJIEW H
NPHHATO, YTO Ka)KIoe KOJILIO HMeeT B CPEIHEM YeThipe CMEeMHBIX
KOJbIla).

C npyro#l CTOPOHH!, B MeTofie «B» Tpebyercs GoJibliee YHCIO HTepa-
1Hil, TaK KaK Ha KaXJol UTepallMi H3MeHeHHsl BHOCATCS TOJIBKO B pac-
XOJIb! YUACTKOB OJIHOrO KOHTYpa, B TO BPeMsl KaK B MeTOfiaX «a» H «G»
¥3MeHeHHs] BHOCATCS B Pacxoibl BCeX YYacTKOB CETH.

Ortciofa cnepyer, 4To MeToX «B» GyfeT NpemlouTHTe/bHee MerToia
«a» WM «6» TONBKO B CJIyyae, eciii TpeGyeMoe YHCIO HTepalHil B HeM
Gy ieT NPeBLILATL YHC/IO0 HTEpaLHil B MEeTORaX «a» HJH «O» He Gosee yeM
B v pas.

B stoM chyuae ofuiee yHCJIO apH(METHUECKHX Onepalluii, Tpe-
GyeMbIX JA TIOJYUYeHHsl PeleHnst C 3aflaHHOM TOYHOCTHIO, OY/IeT B Me-
ToJie «B» He MeHblle, yeM B MeToflax «a» M «Ov.

Ananuas pesynLTaToOB NOKa3HIBA€ET, YTO HanGosee SpPeKTHBHBIM A7
paccMOTPEeHHBIX MPHMEPOB OKasaJsics MEeTOJ TOCJIE0BATe/IbHOro BHece-
HHUSA [OIPABOK — METOR «O».

MeToN TOUHOTO PellieHHs CHCTEMbI JHHEHHBIX ypaBHeHHd Ani Monpa-
BOK KOHTYDHBIX PACXO0B Ha KaK/JOM Iare HTepalMH. Y Ke 0TMeuasock,
a0 J0GOH YHC/EHHBIH MeTOfi YBSISKH CETH BCJEICTBHE HelUHEeHHOCTH
ypaBHesuil, BbipaXkaoux BTopok 3akon Kupxroda, siBisercss no He-
OGXOJMMOCTH HTepallMioHHEIM. B 4acTHOCTH, METOJ, TMOIPAaBOK KOHTYp-
HBIX PACXOJIOB CBOHT 3afiauy olpe/eJieHHsi PACXOJIOB BO BCEX YYaCTKax
CeTH K HTepaIlMOHHOMY TIpOLeccy, Ha KaX oM lare kotoporo Tpefyercs
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peliaTh CHCTEMY JIMHEHHBIX ypaBHeHHH J/Is MONPABOK KOHTYPHBIX pac-
xonoB Agy:

Ay Ag+Ar Mgyt ..+ Arn Aqn= —Ahy;
Agi Agqy+Agy Agat. .. 4 Agn Agn = —Ahy; (XI11.36)

An 8g1+ABne Mgyt .. .+ Ann Agn = —Ahyp.

Stot MeTof ABASETCA B cylHocTH MerofoM HeloToHa, npyMeHeHHbIM
K HeMHefHBHIM yPaBHEHNSIM, BbIparKalolliM BTOPoil 3akoH Kupxroda.
HsBecTHo, uTo MeTos, HploToHa B TOM cilyuyae, Korjia oH CXOAWTCSsl, HMeeT
BTOPOI! MOPANOK CXONMMOCTH. JTO 03HAYAET, YTO, €CM §* FABASETCSt
TOUHBIM pellienueM, a ¢') u g+1) mpuGnyKeHHble 3HaueHHsl PelIeHus,
fonyueHHble MetofoM HEploToHa cCOOTBETCTBEHHO Ha r-M M r+ DM
WTePALIOHHBIX 1Iarax, To
gD gt | < Al gl —g* 2, (X111.37)

rae A — HekoTopasi KOHCTaHTa, ONpefie/isieMasi BUIOM TOH HeJMHeHHOH CHCTEMEl,
Kotopasi pewaercsi MeronoM Hplorona.

Tlpu nonyuenyu nvHeiHo# cucremsl (XII1.36) us ncxomHo# Henu-
HefHO} CHCTEMB, BHIpaXaiwlleil BTopoll 3akoH Kupxrobda, B Merone
HyloToHa npeHeOperatoT uieHaMu Bufa Agf, T. e. uleHaMH, HMEIOUIMMH
BTOPO¥ MOPANOK MaNOCTH. B 3TOM ciyyae ynaercsi HONYYHUTD BEICOKYIO
CKOPOCTb CXOJMMOCTH, OlpefienisieMyio cootHomenvem (XII1.37). Bee
NpefibylNe MeTOZE!, MPHBEJEHHEE B JaHHOM naparpade, OCHOBBIBa-
1o1cst Ha opmynie JloGaueea—Kpocca M, cilefioBaTesbHO, 3aMeHAIOT
TouHoe peltietue crctemsl (X 111.36) ee IpuOIHIKEHHEIM pPelIeHHEM ITyTeM
oT6pacLiBaHus YeHOB, He CTOSIINX Ha [JIaBHOH JMaroHanu. Ilpu aTom
He YYHTHIBAIOT HEMOCPEJCTBeHHOro BJMAHUA CMEXHBIX Kosel ApPYT Ha
Apyra ¥ IpeHeOperaloT yiKe ueHaMH NepPBOTO MOPsAKA MAJOCTH THNa
Ag; nnst cMeXHEIX KoJtell. SIcHO, YTO CKOPOCTb CXOJMMOCTH STHX MeTO-
nioB 6y JieT 3HauuTeIbHO MeHbllle, YeM MPH HCIOb30BAHNHI MeTOAA Hpio-
ToHa. [Ipu pelenuy 3afayu MeTogoM HBIOTOHA Ha KaXJIOM HTEpPalHOHHOM
ware MPHXOAMTCS TOUHO pelats cucreMy ypasHenumii (XIIL.36), uro
Tpebyer Golbllle oflepaiyiil Ha KaXI0M Liare HTeparuy, YeM IPH HCIob-
aopaHuH GopMyn THNA dopmyJel JlobaueBa—Kpocca. OnHako npu 3TOM
utepanuil norpedyercs sHaUNTebHO MeHbIUE, YeM NPH HCI0Ib30BaHHH
MeTozia «av, «G» WiH «B». Ec/M Npy NPoBe/ieHHH PYUHEIX PacyeToB pelile-
H¥e JHHeiHO# cucTembl ypaBHenuit (X111.36) sinsercst saTpy iHUTEIb-
HEIM U TI0STOMY MpeJIflouTeH e 3[1eCh MOXeT GhITh 0TAaHo Goslee MPOCTHIM
B peaNlMsallMK MeTosiaM — «O» WIH «B», TO MPW MPOBEJIEHHH PacueTon
Ha DBM tounoe peierne cucteMbl (X111.36) nomxHO NpuBECTH K anro-
pUTMaM YBsI3KH CeTH, TPeGyIOUIMM MeHBbLIMX 3aTpaTr MallHHHOro Bpe-
Menu. [IpuMeHeHue yKasaHHOro MojXoja YIPOUIAercs elle U TeM, 4To
cucrema (XII1.36) siBnsiercsi «xopoueil» ¢ TOYKH 3peHHS] BBIMHCIIH-
TeNbHON MaTeMaTHKM: OHa MMeeT CHMMeTPHYHYIO MATPHIy M Bce ee col-
CTBeHHBle 3HaueHUs TOJOXKHUTENbHEL. [l TAKMX MaTPHIL HMeeTCsl MHO-
ro 5KOHOMMUYHBIX MPOrPaMM pelIeHWsl CHCTeM JHHEHHBIX ypaBHeHHIl.
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FrJABA XIV

HCMOJIb30OBAHHE 3BM
JJ1si YBSA3KK BOJAONPOBOAHONM CETH

§ 53. Pazanunblie cnoco6bl 3ajaHua HHPOPMaLHA
0 KOH(pUrypauuu ceTn

IlepBrlil BONpOC, BO3BMKAIOMIKI NPH HeOOXOAHMOCTH pelleHHs Ha
IBM mo6uix 3anau, CBSIBaHHBIX C PacueToM BOAOIPOBOJHOH CeTH, —
3TO BOIPOC O TOM, B KaKOM BUje YoOHee Bcero 3afiaBarthb AJis MallHHbI
undopManuio o0 Konburypannu ceru. CymiecTByeT MHOTO PassM4HBIX
cnocoGoB 3ajanusi Takoil MHGbopMauu#. CpenH BHX Hajo BHIOpaTh Te,
KOTOpHe B HauGoJIbLIeil CTeleHu YI0BJIETBOPSIOT CJIeNYIoIHM TpeGopa-
HHUSIM:

1) no dopme uHpopMauusi LoJKHA ObITb LOCTATOYHO KOMIAKTHOH
M He 3aHMMAaTh MHOTO MecTa B 3allOMHHaOIEM ycTpoiictee DBM;

2) no conepxKanuio HHpopMaLKs LOJKHA ObITh YIOOHOH NJs peanu-
8allid B NporpaMMe BHIGPaHHOrO aJiropuTMa pelleHHsl 3ajay;

3) pelueHuUs passIMYHBIX BaPHaHTOB 8afiaqy UM BHeCeHHe UsMeHeH s1
B OT/ieJIbHBle YYACTKU CETH WM ee XapaKTePHCTUKU He JOJIXKHO BeCTH
K KOPeHHOH INepecTpoiike Bcell BBOIMMOI HH(pOPMaluH, T. e. clocob sa-
JlaHnsi MHGbopMalUH JIOKeH ObITh THOKHM;

4) vngopManust 101KHA OBITL JOCTATOYHO NPOCTOl U yAOOHOH st
MOArOTOBKH €€ PAcyeTdUKOM, HCTOJL3YIOMUM NPOorpaMmy.

Ykasauuble TpeGoBaHHsl MHOTZA IPUXOAAT B NPOTUBOpeYHe APYT C
npyroM. B stoM csiyuae sajaua sakJj0daercsi B TOM, 4TOOH BHIOPAarh B
HEeKOTOPOM CMbiCJle ONTHMAasibHBI cnoco6 3ajigHus uHGOpManuu iy
J@HHOrO KJjacca 8ajay, TaK Kak cIocol, YAOGHBIH 1A PelleHus] ONHUN
3ajad, MOXKeT 0Ka3aThCsi COBEPLIEHHO Hey[COHBIM IPU peuleHuu 3ajnay
npyroro tana. Hanpumep, npu onpenesienu ¢ novoisio IBM navanb-
HEIX PacXoOoB B ydacTKax cerH (Iocsie TOro, Kak BHIOpaHb! JHaMeTpHl
Tpy6) ynobHbIM cllocoGoM 3aaanus MH(pOPMANUM SBJfeTCsl NOCTPOeH e
«riepeBax ceTd. B To ke BpeMsi 191 IPoBeleHHA YBA3KU CeTH HYKHa UH-
(opMainus 0 He3aBHUCUMBIX KOHTYPaXx — CBeJleHHs 0 BHIOpaHHOH cUCTEME
KOHTYpOB, 06 HX B3aHMOCBSI3H, O YHCJe YYacTKOB B KaxJOM KOHType
H 00 yuacTKax, BXOASILIMX B BMX.

PaccMoTpuM HeKoTOpbie H3BECTHBie CNocobbl 8afanus MHGOpMauuu
0 KOH(Urypanuy ceTH ¢ TOYKH 3peHus yao6eTBa HX MCNoNp30BaHus IPH
pewenuu s3aaad na DBM.

Matpuua coepunenuii. OfHUM U3 CaMBIX NPOCTHIX M YHHMBEPCAJbHBIX
crnocoGoB 3afianusl HH(opMaLUH o PopMe ceTH sIBISETCs MaTpHua Coe-
nunennii A. Ctpoutes: TabJiuna, YHCJIO FOPUSOHTANLHBIX CTPOK KOTOPOH
P4aBHO YHCY Y3JI0B B CETH, a YUCJIO CTOJOLOB — YHUCJY Yy4acTKOB ce-
TH. Bee y3JIbl M y4acTKH ceTH HyMepyIOTCsl IIPOM3BOJILHEIM 00P430M C
TIOMOIIBIO  TIOCTe0BATENILHOCTH HATYpaibhbiX yuces. MBdopmanus o6
yaJie ¢ HoMepoM i GyJeT HAXONMThLCS B i-H CTPoKe, a uudopmanusi o6
yuacTKe ¢ HOMEPOM j — B j-M crosible. Tabauuna sanonnsercs cienylo-
UM obpasom:
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Il, ec/iu j-fi y4acTOK BBHIXOAMT M3 i-ro y3/a (WM BXOIMT B Hero) (j-it yuac-
@;;=1TOK WHUUJEHTEH i-MYy Y3J1y);
lO B [POTHBHOM CJy4ae (€CHIH j-i yuacTOK W i-# y3en He WHLHJEHTHBI).
B maTpuie coefiHHeHHil MOXHO yKasblBaTh M OPHEHTALHI0 YYacTKa.
B 5ToM ciyyae sanuchiBaloT @;; = 1, ecaM j-H y4acToK BXOAMT B i-i
ysea u a;; = —I1, ecau j-it y4acToK BHIXOIMT M3 i-To y3na. B kauectse
npuMepa PHUBELEM MATPHLY COeflMHEHMUH JJIsi CXeMbl IPOCTOH IBYXKOJb-
nesofl cerH, HsobpaxkenHoit Ha puc. XIV.1:

Ne yyacTKa
o ya T | ¢ | 7
1 —1 0 0 0 0 —1 0
2 1 -1 0 0 0 0 —1
3 0 1 —1 0 0 0 0
4 0 0 1 1 0 0 0
5 0 0 0 —1 1 0 1
6 0 0 0 0 —1 1 0

XoTs MaTpuua coeiHHeHHUil 3aNoNHAETCA OY4eHb IPOCTO U B NP HHLK-
Iie COfiep XHT BCIO HH(QOPMALHIO O CeTH, IPHMeHATE ee pH cyete Ha OBM
Hele/lecoo6pasHo. Bo-IiepBbiX, 5Ta MATPHLA 3aHMMaeT CJAMLUIKOM MHOTO
MecTa 1A Gonbluux ceteil. Hanpumep, ecau cets cocrout us 300 yasnos
u 200 yuyactkoB, To Matpuua A Gyner copepxarp 300 - 200 = 6 - 10*
3J1eMEHTOB, IPHYEM GONBLIKHHCTBO 3TUX 3JIeMeHTOB OYAYT HYJIAMH, T. €.
Matpuna A penkas. Bo-BTOpbIX, MpH pellleHHH 3aJa4k O THAPABJIHYEC-
KOl YBASKH CeTH METOHOM INONPAaBOYHBIX KOHTYPHBIX PacxoiosB Heol-
XOJMMO 3a/iaTh JOMONHUTEIBHYI0 HHGQOPMALHIO O He3aBHCHMbIX KOHTY-
pax. 3TH HeAOCTaTKH LeJIAl0T YKa3aHHbIH criocod 3ajianus HH(OpMAaLHH
MaJIo IPUrOHBIM NPH cyete Ha DBM.

VudopmMamo o ceTH, 3aaBaeMylo B MaTPHIE COeJMHEHHH, J0BOb-
HO NIPOCTO MOXKHO 3aNIHCATE B MaTPHILY MEHbLINX Pa3MePOB, HA3HIBAEMY IO
Matpuneil BepuMH. JlJisi KaXK[Oro y4acTKa yKasblBaloT TOJILKO HOMepa
y3710B, KOTOpHIE €T'0 OrpaHHYHBaloT. Torja Matpuna OyieT HMeTh BCEro
7Ba ctonblia, a 4UCJIOo ee CTPOK GY/eT PABHO YHC/Y YYaCTKOB CeTH.

Jlasi paccMOTPeHHOH ABYXKOJBILEBOI CeTH Marpulia BepLIMH OyneT
uMeTh TaKoH BHA:

SlpnfAsick MeHee HarJsgHOf,

N orpammmsammers yera €M  TepBas MaTpHUa, 5Ta Ma-

N yuacrxa TpHLla, OJHAKO, 3aHHMaeTr Cy-
HAuAILHOrO | komewHoro  [IeCTBEHHO MEHbIUE MeCTa B Na-

P) P 9 maTh OBM u  HeceT Ty e HH-

2 2 3 dopmaumio (uMcio BeTBel, BXO-

3 3 4 ISILHX B KaXAbIH ysen, HajHyHe

; g z TYNHKOBBLIX Y4aCTKOB H T. A.),

7 1 G 4yto U mnepBas. JlefcTBUTENBHO,

7 2 5 nepBulil CTOJIGEL, CONEPIKUT HO-

Mepa ys3JIOB, ABJSAILINXCS Haya-
JIOM y4acTKOB, BTOPO# — HOMepa KOHeYHLIX y3ji0B. TeM caMbiM Ma-
TPHLIA BEPIINH ONpeJejisieT HalpaBJeHHe PAcXOAa B KaXJOM yYacT-
Ke. UHCJ10 v4acTKOB, BXOAALIMX B KaXKABH y3eJ (MM BHIXOASALINX H3
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HEro), ONpeJeNsieTcs YHCJIOM NOBTOPEHHH HOMEPA STOrO y3na B mep-
BOM (BTOpOM) cTOJIGle MaTPHLb BepIUHH. TYMHKOBHIE YY4aCTKH OIl-
peleJsiloTCsl HOMEPAMH TeX Y3JIOB, KOTODHIE BCTPEYAIOTCH  TOJBKO
OMH pa3 B OfHOM H3 cTosibLoB. Tlopsinok nepeudcrienus ysJmos,
OrpaHHYHBAIOIHX AAaHHBIH Y4aCTOK, MOXHO HCIIOJIB30BAThb, HaMpH-
Mep, ISl 3a/aHHsl HANpaBJIeHHs HaYyaJbHBIX PACXONOB BOJBI B yda-
CTKax B CJIy4yae, €CJH HavaJbHOE 3HAYEHHE PacXOJOB He CUHTaeTcs
B OBM, a sanaercs Bpyunylo. Hanpumep, nauanbuelli pacxon B
NEepBOM yYacTKe HalpaBJIeH OT IIEPBOrO y3Jia KO BTOPOMY.

MaTpHua coepuHeHHI ya00Ha 418 MaTp MYHOK 3aITHCH CHCTEMbI ypas-
HeHHH H ]ISl IPOBeeHUs TeOPETHYECKHX OLEHOK, OTHAKO NPH HCIIOJNb-
soBaiH OBM H cocTaBJIeHHH aJlrOPHTMOB HaMHOTO ynoOHee ee MOMH-
(uKalHs — MaTPHLLA BEpPILHH.

Koutypuasi maTpuua. B stolt Matpuue conepaxurcs nudopmarius™ob
yuyacTKax CeTH, BXOASIHX B KaK[blit HE3aBHCHMbIH KOHTYP. Jliisi Kax-
Ioro KOHTyPa OTBOAUTCS OfiHa CTPOKa, a /15l Ka¥XKAOro ydyacTka — OfHH
cronGew, MaTpuubl. Ha nepecevennn cTpok M cTon6io Matpuusl B 3a-
NMCHIBAIOTCS ee 3JeMeHTH! by CJefyIounuM obpasoM:

'O, €CJIH j-it YUacTOK He NPHHAJNEXKHUT k-My KOHTYPY;

1, ecnnu j-H yuacTOK NpuHajfiexkuT k-My KOHTYPY H HarnpabJieHHe PacXoxa

0 3TOMY Y4acCTKy COBNaJIaeT C NOJNOXKHTENbHLIM HanpaBJieHHeM B k-M KOH-
byj={TYPE (Hanpumep, NO 4YacOBOH CTpeJiKe);

—1, ecqiu j-H y4acTOK NpHHafJIeXKHT k-My KOHTYPY M HanpasfieHHe pac-

XOJia MO 3TOMY Y4acTKy NPOTHBOMOJIOXHO MOJOXKHTENLHOMY Hanpablie-

HHIO B k-M KOHTYpe.

Hanpumep, KonTypHasi MaTpHla st npuBefentoll Ha puc. X1V.1
CXeMBl JIByXKOJIbILEBOH CeTH HMeeT CJENYIOWHH BHJ (B KauecTBe KOH-
TYPOB B3ATH 3JieMeHTapuble Koabua ! u I/, nanpaesieHuss pacxonos
MoKasaHbl CTpesnKaMH):

Ne yuacTKa
Ne
KOHRYER r ] 2 3 4 5 6 7
1 1 0 0 —I1 —1 1
1 0 1 1 —1 0 —1

JocToMHCTBa KOHTYPHOH MaTpHUB! NPOSBAAIOTCS NPH HEOOXOIHMO-
CTH THAPaBJHYECKOH YBSI3KH CE€TH, TaK KaK C ee MOMOLIbI0 MOXKHO JJisi
KaXJIoro KOHTypa BHIGHPaTh BXO/ISILIHE B HETO YYacTKH HellOCPe/ICTBeH-
HO U3 NaMaTH IBM. Tpasna, H y Matpuus! B, Kak H 'y MaTpHIbl COeMIH-
HeHHH, NIPH ceTH ¢ GOJIbILUHM YHCJIOM YYacTKOB H Y3JI0B GOJILIHHCTBO
3JIeMeHTOB GYJyT PaBHBI HYJIO. DTy MaTpPHiy MOXHO CyLIeCTBEHHO CO-
KPaTHTb, YKashlBas VIl KaXI0ro KOHTYpa HOMepa JIHIIbL TeX Y4acTKOB,
KOTOpble B HEro BXOMNAT, NMPHUeM INlepell HOMePaMH y4YacTKOB CTaBHTCS
3HAK «—-» HJIH «—» B 3aBHCHMOCTH OT TOr0, COBNajaeT HalpaBJieHHe pac-
Xofla B y9acTKe ¢ BbIGPaHHBIM IOJIOMHTEJIBHBIM HallpaBJIeHHEM 06XOfa
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HJIH HeT. UHCno CTpoK B TaKo# MaTpHiie GyleT Mo-npexHeMy PaBHO HC-
J1y He3aBHCHMbIX KOHTYDOB, @ YHCJIO CTOMOLOB PABHO MAKCHMANBHO BO3-
MOMHOMY YHCJY YHaCTKOB B BEIGPaHHEIX KoHTypax. Tak, gus pacemat-
pHBaeMo# IBYXKonbuesoi cetH (cM. prc. XIV.1) B cayuae korna aa He-
3aBHCHMbie KOHTYpHl [ 1 I BHGHpAlOTCs 1Ba SMieMeHTapHBIX Konblla,
3Ty MaTpHUy MOXHO 3aNHCATh CJIEAYIOLHM 0Gpasom:
I 1 7 —5 —¢
m 2 8 —1 -7

s
e 4 S

Puc. XIV.1 Puc. XIV.2

Ta xe Matpuua B caryyae Korna aa HesaBHc HMbIE BHIGPaHb! KOHTYPHI
MoKasaHHbie Ha prc. X1V.2, npumer caenyiomuit un:

I 17 —5 —6 0 0
m 1 2 3 —4 —5 —6

Tlpu sandcH 37ofi MATPHUBI B MAMATL MallHHL HYJH, SATHCAHHEE B
KOHIe NepBoil CTPOKH, MOXHO ONYCTHTb, 2 HOMEPa YUYACTKOB cnenyo-
Ulero XOHTYpa 3alHChiBaTh HENOCPEICTBEHHO BCJIE] 32 HOMEPOM NoCJIeN-
Hero y4acTka npejwiiymero Koutypa. [lpaBna, B Takom ciyuae npw-
JeTcsl 3aj1aTh JONONHHTENIBHYI0 HHGOPMAUHIO O YHC/IE yYacTKOB B Ka¥K-
JIOM KOHTYpe.

[prBenennbiii criocob sananust uHQOPMALHH O KOH(QHUTYDaIHH CeTH
MOXKHO YJIYYUIHTDb, €CJIH MOCTPOHTH, KaK 3TO JeJaeTcsi B GONBIIHHCTRE
NpOTPaMM, IEpPeBO» CeTH.

TocTpoenne «pepenar ceT. ITOT METOR SIBASETCS OHHM H HaHGOIEe
YROCHBIX H KOMNAKTHBIX IPU npuMeRennn SBM pns PelueHHs WIHPOKOTro
Kpyra sajay pacueTa rHADaBIHYECKHX ceTeil.

Ins noctpoenns: nepesa B JaHHOM KOMbLEBOH HIH CMEIUAHHOH ceTH
CJIEJlyeT, OCTaBJIslsl BCE €€ YaJbl, HCKJIOUHTD HEKOTOPHIe YYaCTKH TaKHM
o6pazoM, uToOH NPEBPATHTL CETh B paspeTBlienHyto. Hanomuum, uto
Pa3BeTBIIEHHOI HashIBaeTCs CeTh Ge3 3aMKHYTHIX LHKJOB, T. e. TAKHX
nyTed, y KOTOPHIX HayasbHBI H KOHEYHbIH yansl coBnagaior. MssectHo
{1, 8, 141, uro npu nocrpoennn JlepeBa JUisi KOJIBLLEBOH CeTH HeoGXomaH-
MO H3 KaMoro UHMKNa HCKJIIOUHTL OJIHH 3aMbIKAIOWMH YuacToK CeT.
Yucno Takux or6packiBaeMuix Y4acTKOB PaBHO YHCJY He3aBHCHMbIX
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KOHTYPOB (MJIH, UTO TO Ke, YHCJY 3JeMeHTADHBIX Kojell) B CeTH. dTo

YHCJO JUIsl TIOCKOH CeTH onpefiensieTcss TeopeMoil Dinepa
n=p—m-1,

TAe n — YHCJIO He3aBHCHMBIX KOHTYPOB (HJH KOJel); p — YHCIO YY4CTKOB; M —

YHCJIO Y3J0B.

lNoctpoenne jepeBa NosBosisieT 3a7aBaTh B KOMNAKTHOM BHAe HH-
tdopmanmo g IBM o KoH(Mrypauuu ceTH M onpelensiTb 3HaueHHs
HayaJbHbIX PACXOMOB B CETH, Y/IOB/ETBOP AIOIIMX NepBoMy 3akoHy Kupx-
roda, no sagaHHbM QHKCHPOBAHHBIM 0T6OPaM B y3JiaX H 3HAYeHHAM No-
Niau BOJibl BOJIONIUTATE/IAAMH (3TO OCHOBAHO Ha TOM, UTO /i1l PA3BETBJICH-
HOl CeTH TaKoe onpejiefieHHe 3HAYEHMI HayaJlbHBIX PACXOJIOB BBIIOJN-
HAETCSl OJIHO3HAYHO).

HazopeM He3aBHCHMBIMH JIMHHSIMH CeTH TaK¥e ee yuaCTKH, yIaleHue
KOTOPHIX NPH AAHHOM cnocobe™ NocTpoeHHs JiepeBa MpeBpalllaeT CeTh
B pasBeTBNeHHYI0. Bce ocTasbHbie yyacTKM ceTH GyfieM HasbiBaTh 3a-
BHCHMBIMH nHHusiMH. Takum o6pasoM, yjiajeHHe BHIGpaHHbLIX He3aBH-
CHMbIX JIHHHII B JII0GO# KOJBIEBOH HJIH CMeIuaHHOi! CeTH TpeBpailaer ee
B Pa3BeTBJIEHHYIO CeTb-lePeBO, COCTOAILYI0 H3 3aBHCHUMBIX JIHHHIL.

TNepeiineM Teneps K BONpoCy o TOM, KaK, BHGPAB iepeBo, 3a/aTb O
HeM mEGopMaiuio B IBM. Tlpexye Bcero HeoGXxomuMo TPOHYMepPOBaTh
BCE y3JIbl CeTH, yTOObl HCTIOJb30BATh 3TH HOMEPA NPH ONUCAHHH Pa3Juy-
HOil KOHQUIypaLuH ceTH (liepeBa, HE3aBHCHMBIX JHHHi, KOHTYPOB H
U T. I.). Takyro HyMepaiui MOXHO IPOM3BECTH JIOOLIM CTOCOGOM, Ofi
HaKo NPOHSBOJIbHAS HeCHCTeMaTHyecKasi HyMepallusi IpHBeneT K Godib-
UM TPYJHOCTAM B 3ajilaHMH HH(popMaiuM jis SBM.

CyiecTByer ynoGHbi cnocob HyMepallnH y3J0B CeTH, KOTOpblit nos-
BOJIfieT B KOMNaKTHOM BHJle BBOAMTH HH(opMaiuio o cety B DBM [14].
On peannzoBaH B GOJLIIMHCTBE POrPaMM, B KOTOPbIX HAYAJLHDLIE SHA-
4eHHs] PACXO0B, HeoOXOiMbIe I/l NPOBEJIEHUS YBSASKM CeTH NPH 3a-
JIAHHBIX JMaMeTpax BCeX YYacTKOB, CUMTAIOTCS ABTOMATHUECKH. DTOT
cnocol 3aKNI0YaeTCsl B CJELYIOHieM.

BriGepem Kakoit-nGo yzes ceTu 3a 6asucHEIH. Yi00Hee BCero npu-
HHMaThb 3a TaKoii y3eJl TOT, B KOTOPOM PACIO/IOMeHa OfiHA M3 I'OJIOBHBIX
HACOCHBIX cTaHIMi. [locTpoMM Tenepe HepeBo CeTH W NPeBpaTHM TeM
caMbIM KOJIbLEBYIO CeThb B Pa3BeTJeHHy0. ByneM neurarecs ot Gasvic-
HOMH TOUKHM Mo J1060H BeTBH JiepeBa 10 KOHeYHOro yaJga 3Toi BeTBH. YKe-
JlatesIbHO BHIGPATh ISl 3TOrO OlHY U3 HaHGoJee JIMHHbIX BeTBefl mepe-
Ba. IlpucBouM KoHeuHoMy ysJay 310l BetBH Homep /. Tenepn 6yaem aBH-
raTbCsl OT 3TOTO y3Ja B OOPAaTHOM HanpaB/ieHHH MO BHIOPAHHOH BeTBH
CeTH H HayHeM HyMepOBaTh BCE BCTPEYAIOIHECs Y3JIbl BO3PacTaOLIUMU
HOMepaMH HaTypaJbHOTO Pfifia yHces IO TaKoMy npaeuay. Ecam oue-
peziHOi y3es He fIBSIETCS TOYKOH OTBETBJEHHS CETH, T. €. Y3/10M, B KO-
TOPOM cxofaTcs Gosee YeM JiBa ydacTKa, JHEGO sIBJASETCS TOYKOH OTBeT-
BJIeHNS1, HO BCe y3JIbl BeTBeil, HayHHAKLHXCSA H3 3TOH TOYKH, yXKe Npo-
HYMepOBaHbl, TO eMy NPHCBAaHBAeTC HoMep HATYDaJBHOro psja unces,
ClleJlyIOLlIH# 32 HOMEPOM NOCJeJHero NpOHYMepOBaHHOro yana cetd. B

* Hmeercs B BHAY, YTO CYIIECTBYET MHOTO CIOCOGOB NOCTPOSHAA AepeBa Aas
OIHOM M TOM e CeTH H YTo BHIGpaH OAMH H3 TAKHX COCOGOB,
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STOM C/lyuyae eCTECTBEHHas BO3pacTalOllasi HyMepauHs ysjoB Ha Tol
BETBH, TI0 KOTOPO# MBI IBHraeMcs, He Hapylaetcs. Eci xe, OuepeHOH
y3esl SBJAeTCs TOYKOH OTBETBJEHHS M Y3Jbl KaKux-J1u60 ApYTHX Mpo-
XONMAILMX uepe3 Hero BeTBell He TPOHYMePOBaHHI, TO MBI €ro Toka He
HYMepyeM, a ciefylomuit HoMep HaTypajibHOro psifd NprcBauBaeM Ko-
HeuHol TouKe JII00O0f K3 STHX BeTBedl, Y3JIBl KOTOPO# ele He NpoHyMe-
poBaHHL. 3aTeM OT 3Tof KOHeuHol TOYKH OysieM ABHrarbcd B o0patHYIo
CTOPOHY TO BeTBH, HyMepys BCTPEUAIOIMeCs Y3Jbl YIO TeM 2Ke NPaBH-
naM. Tagum 06pasoM, ysel, SBJISIOMHIACS TOYKOH OTBETBJIEHHH, He 1O~
JYYHT HOMePa JIO TeX Xop, MoKa He Gy/yT NPOHYMepPOBAHB! YaJIbl BCEX
BeTBEll, HCXOAALNX H3 HEro.

Vaen, sBasiomuics TOYKOH OTBETBJIEHHS (y3en BeTBJEHHS), OTJIH-
yaercsl OT APYTHX TeM, YTO B HeM Hapyluaercs eCTeCTBEHHas HyMepaitsi.
OueBKHO, YTO NPH TaKoM Crocobe HyMepalMH Mel He NPONYCTHM HH
OZIMH y3eJl H BCe HX NPOHyMepyeM, NoKa He JIokfieM 110 GasHCHOM TOYKH,
sBAsiomelicss KopHeM Jiepesa. I1py aToM GasHCHasi TOYKa NOJYIHT HaK-
GOJBIINE HOMEpP, PaBHEI YHC/IY Y3JIOB B CETH.

Ha puc. X1V.3 nokasan npuMep HyMepaiuH y3JIoB KOJIbLIEBOI1 CceTH
O NIPHBEIEHHLIM NpaBHiaM. Bce HesaBHCHMEIE JIHHMH CETH, KOTOPHIE -
MbI OTGpachiBaeM NPH MOCTPOSHHH JiePeBa, NOKasaHbl Ha PHCYHKe WTPH-
XOBBIMH JIHHHSIMH, a 3aBHCHMble JIMHHH, 00pasyIollte iepeBo, NOKasaHbl
CILIOIHBIME JINHHSIMH.

TTosiCHIM, KaK NpoBeneHa HyMepauusi 570l ceTi. BeiGepeM 3a 6asuc-
HHli ysen B. KoHileBolt TouKe caMoii UVIHHHON BEeTBH NMPHCBOHM HOMEp
1. Bynem gsuratecsi o BEIGpaHHOI BETBH 1O HANPABJIEHHIO K y3Jly B.
BerpeyalomHecs yabl BeTBH HyMepy eM BO3PaCcTaioliMiL HaTy pajlbHEIMK
arcniamu. TaknM obpasoM GyIyT NpPCHyMepoBaHH YaJbl 2, 3, 4,5,6.
K yaay, crosimemy Ha 5Toil BETBH 32 Y3/10M 6, NPHMBIKAIOT elue JBe BeT-
BH — OH SIBJISIETCS Y3JIOM BETBJIEHUS, MO3TOMY €ro TOKa He HyMepyeM,
a coenytomil HoMep 7 NPHCBaHBaeM KCHUEBOMY Y3Jy nepBCH M3 3THX
perpedl. Mg 1o sTofl BeTBH OT y371a 7 B cOpaTHOM HanpasJieHl, Tocle-
NoBaTesIbHO HyMepyeM y3Jel 8, 9, 10. Mpl ousTe JOLLTH 10 y3Ja BeT-
8JleHHs1, HO HyMepOBaTh €ro elile He MO¥XeM, Tak Kak ocTaslach €le 0iHa
BETBE, y3Jbl KOTOPOH MOKa He MPOHYMepPOBaHHI. OuepenHoll y3en 3T0H
BeTBH — y3esl /9 — B CBOIO OYepelb SIBJISIETCS Y3JIOM BETBJIEHHS, K
KOTOPOMY TPHMBIKAIOT fiBe BeTBH. Ilpoilecc HyMepaiuHi y3J/CB HauHeM
¢ nocnefsero 11-ro yana neppoii ns stix Bersefl. Hymepyem yaiel o1
11 fo 14 m, polins fo ysja BeiBjieHHsi 19, oNsTh NpepelBaeM Hymepa-
umio. Crepytomuii HoMep 15 nmpucBanBaeM KOHIlEBOMY YsJy MHoC/lel-
Hell BersH. JlBHrasicb B 0OPaTHOM HanpapieHMH O 3Tofi BeTBH, NPO-
HyMepyeM BCe Y3JIbl, B TOM YHCJle y3JIbl BeTBJIEHHS 19 u 20, Xoropule
Tellepb MOKHO HYMepOBaTb, TaK KaK BCe BeTBH, BBIXOLsLLNE H3 HHX,
yiKe TpPOHYMepoBaHbL. DasncHas Touka B monyuwt MaKCHMaJbHBIH
Homep 21.

Y06l BBeCTH HHPOPMALLHIO O IOCTPOEHHOM  JiepeBe CeTH B 3BM, He-
O6XOMMO 3ajiaTh TabJHily HapylleHHil HaTtypaJbHOro psifia B Hymepa-
LLHH Y3JI0B CETH U YHCJIO CTPOK B STOH Tabauue.

Ta6nua HapylueHHH yKasblBaeT, CKOJIBKO Pa3 M Nepejl KaKHMH y3-
JlaMH BeTBJIEHHs! IPOKCXOAUIIO HapylLieH e eCTeCTBEHHOM BO3pacTalolel
HyMepalliH y3J10B H3-3 TOFO, YTO y3JIbl HEKOTOPBIX BeTBeH, BRIXONALIX
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Puc. XIV.3 Puc. XIV4

43 yasia BeTBJIeHHs, ObLIH ellle He NPOHYMepoBaHbl. TaG/iHila COCTOMT
H3 CTOIBKHX CTPOK, CKOJIBKO HapyLieHH il HyMepallHH HMeeTcs B Jiepese.
B kaxjoii cTpoKe ykKasbiBaeTcsi IMOC/TEAOBaTeNlbHO JBa 4MCJa: HoMep
ysJia, Ha KOTOpOM Tpeppasiach HyMmepalHs HaTypaJjibHbIMH BO3pactalo-
UHMH YUCIaMH, H HOMEp y3Jia BETBJIEHHsI, TNepel KOTOPBIM INPOH30LLIO
HapylieHye.

IpuBeneM TabnuLly HapyiueHHH 1A ceTH, NloKasaHHo# Ha puc. X1V.4
(HyMepanus ysjioB HaHa Ha PHCYHKe),

13—12 BCEro WecTb HapymeHHil HyMepauuyt

BropuIMH yHCaMH B Kax ol _CTPOKe ABJAAIOTCS HOMePa ysJ/ioB BETB-
nenua. Kaxpiii Tako#l ysen u3 HMeIOIMXCS B [iepeBe BCTPETHTCA B 3Tol
Tab/iHlle BO BTOPOM cTonGlle XoTs Obl ofiMH pas. Ecin ke Kakue-nn6o
HoMepa Y3J/I0B BeTBJIeHHA BCTPeTATCA OGoJbille ONHOrO pasa, HanpHMep
! pas, To 370 6YJeT TOBOPMTL O TOM, YTO K LaHHOMY y3Jy NPHMEIKaeT
! + 2 yuactka. B kauyecTBe npuMepa npHBesieM TaGiHIy HapylieHHE
2151 Ipyroro cnocoGa NocTpoeHus Aepesa Toft me ceTH (cM. puc. XIV.3).
HyMepanus ysnoe B 3ToM cilydae GyZeT yiKe, KOHeYHO, MHOIL:

6—20
;g—fg } BCETO TPU HAPYLUICHUS HyMepauHH.

Homep 20 BcTpeyaeTcs ABaXIbl, TaK KaK y3ea ¢ STHM HOMEPOM coe-
JIMHAET yeThipe yyacTKa (2/—20, 6—20, 10—20, 19—20) v npu LBH-
JKeHHH OT Gas3HCHoro yana (y3na 21) nepeBo B 3TOM y3Jjie pa3BeTBJseTCA
Ha Tpu BetBH (20—6, 20—10, 20—19).
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CTpoK¥ HapyilleHRii pacIoNaraloTcsi TakiM o6pasoM, yToOH! NnepeLie
ylcia B KaXoli CTPOKe 1M B Mopsifike sospacranus. OTMernM eiue
CIENYIONLYI0 XapaKTepHylo 0COGEHHOCTH TabauLbl HapylueHui. Ecnn
KakJioe M3 YKces MePBOro CTojbla YBelNYHTh Ha eIMHHLly, TO Mbl 110-
JY4HM HOMepa BCeX KOHIEBHIX TOY€K JiepeBa, Kpome y3na 1. Jlns nepe-
Ba, npHBeNieHHoro Ha puc. X1V .4, s1o 6ynyr ysnu 5, 7, 12, 14, 16, 18.

Yneno cTpoK B Tabnvle HApyLUeHHH B NepBOM cayyae (pHc. X1V.4)
GyZeT paBHO IUECTH, a BO BTOPOM Cilydae — TpeM (puc. X1V.3).

IMpennoxennas B pabore JI. @. Moumuna, E. M. Tanbnepyna H
E. M. T'nasyHosa [14] Takas cucTema HyMepailii BO MHOTHX OTHOLIE-
HUSX oueHb yHoOHa npu npumeHennn IBM.

Bo-nepsbix, npy Takol HyMepalnH YaaeTcsi 04eHb IPOCTO BBIPAsSUTh
HauaJbHEle 3HAaUEHKS PACXONOB BO BCEX YuacTKaX jiepepa uepes (uKcH-
pOBaHHbIe PacXogb! B y34aX ¥ PAacXombl B He3aBHCHMBIX JHHUAX. JTO
JaeT BO3MOXKHOCTb ONpelleNIfATh YROBAETBOPAIOMYE MePBOMY 3aKoHY
Kupxroda HauanbHbie 3HaueHusi PaCXOlOB,BO BCEX yuacTKaX ceTH (npu
3a/laHHEBEIX AUaMeTpax Tpy6), HeoGXOAKMBle /1S IPOBENEH sl HTepaLliOH -
HOrO TMpOLECca YBSA3KH CeTH IPH JI060M criocobe petnenusi. ABToMat-
4eCKoe OMpefiefieHyie HayadbHBIX 3HaueHuii pacXonos Ha IBM nmeer
3HAYUTENbHOE NPEeHMYIIECTBO Mepell PYYHBIM, TaK KakK Jisi CHOXKHbIX
ceTeit onpelleJieHre PacXOJOB BPYUHYIO BJfieTCs TPYAOEMKHM Npoitec-
coM. Bonee nonpo6uo Bompoc o6 olipeliefieRuy 3THX PacXofoB OyneT
paccMOTPeH Janee.

Bo-BTopEiX, TakoH crnoco® HyMepauuy siB/sieTCsi YHHBepCanbHBEIM
B TOM CMBIC/ie, YTO €f'0 MOXKHO HCIIOJb30BaTh KaK B IJIOCKHX, TaK U B
NPOMSBOJBHBEIX MPOCTPAHCTBEHHBIX ceTAX. Ilpu 3TOM coxpansieTcs He
TOJNILKO TPOCTOTa HyMepaly, HO ¥ BCE €e NpeuMyIiecTsa.

B-tpertnux, nociie Takoii HyMepaluy Y308 yJaeTcsi B KOMIAKTHOM
BHJie 3a/laThb BCIO TpebyeMyIo Ans IBM nndopManuio o cet. Hanpumep,
IS THAPABJANYECKOH YBASKH CETH B NPHHIUNE HAJo MMeTb HHpOPMa-
LHI0 O BCEX He3aBHCHMBIX KOHTYpPax, KOTophle 6y iy T HCII0JAb30BaHbl IPH
yOBJeTBOPEHNH BTOporo 3akoHa Kupxroda, i 0 BXOAALIKX B HUX y4acT-
Kax. OnHaKo moc/ie IOCTPOEHHS fiepeBa CeTH BMeCTO BCeH 370l HHOOp-
MalluM Jijis npoliecca YBA3KH JOCTaTOYHO 3ajaTh JiMilb HOMepa Y3Ji0B,
OrpaHHUMBAIOILKX HE3ABHCHMble NHHMM M TaGAMIy HapyIleHHH HYMe-
pailnu ysnos.

B-ueTBepThIX, NMOCTpOeHNE JiepeBa CEeTH C KCIOJb30BaHHEM I1PHBe-
JieHHO} Hy Mepaiiy y3J0B No3BosiseT 6oJiee NPOCTO OPraHH30BaTh B BbI-
YyC/AKTENBHON MalliHe aArOPUTM YBfsKH ceTH. JlefictBUTensHo, nocie
IOCTPOEHUS JiepeBa PacXofBl BO BCeX 3aBHCHMBIX YyacTKax pasBeTBJjeH-
Holi ceTy IMHelHO BEIPAXAIOTCs Yepe3 PAaCcXofibl B He3aBUCHMEIX JIHHHAX,
N03TOMY HeT HeoOXOAMMOCTH BHOCHTH NONPABKH, I0NyYeHHble HA KaX-
-oM 1uare uTepaunu MeronoM JloGauesa—Kpocca unn mobsIM APYTHM
MeTOIOM, BO BCE JHHHHU BHIODAHHBIX He3aBHCHMBIX KoHTYpoB. Ilocta-
TOYHO BHECTH 3TH MOMPaBKK TONBKO B He3aBHCHMEBIE JIMHKH, a 3aTeM C
NOMONIbIO MPOCTEIX JHHEHHBIX COOTHOIIeHMI 110 BHOBb BbIUNCJIEHHBIM
pacxofiaM B HE3aBUCHMBIX JAHHHAX ONpeNe/iNTh HOBEIE PAaCXOAbl BO BCEX
JIMHNUSX Jiepesa.

[TpumeneHue Takoro cnocoba YBfi3KH B CYIIHOCTH O3HaYaeT, 4TO
propoil 3akoH Kupxroda ucrnonpsyercsl 3jiech B HECKOJIpKO MHOM, YeM
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OOBIYHO, HO S5KBHUBAJIEHTHOM eMy BHIe. BMecro TpeGoanusi, 4Tolbl cyM-
Ma NoTephb Haropa Mo JI000My 3aMKHYTOMY KOHTYDY Oblia PaBHa HyJIIO,
HCIONB3YeTCs PaBHOCHIIBHOE YCJIOBHe, 4ToObl NIoTepH Harlopa B JitoGoit
JINHHU ceTH ObUTH PaBHBI Pa3HOCTH Mbe30MeTPUYECKHX OTMETOK B y3JaX,
COeJIMHsAEMBIX 3TOH JiMHHeH. [IpH TaKOM NOAXOe HeBsidKa olpeZesiger-
csl KakK

en=AHp—hp, (XIV.1)

rae AHp — pasHOCTL Nbe30MEeTPHYECKHX OTMETOK B Y3JaX, OrpaHHYHBAIOIUX
k-10 He3aBUCHMYIO JIHHHKIO, KOTOPas 3aMbikaer k-§ He3aBHCHMBIHL KOHTYP Nocse
Jo6aplleHus ee X niepeBy; hp — MOTepH Banopa B k-ifi He3aBHCHMOR JIHHHH.

B cJy4yae, €CJH He3aBHCHMAas JIHHUS sBJISETCA OGBLIYHBIM Y4acrkom
ceTH,

hr =Sk,

rfie Sp M Gp — COOTBETCTBEHHO TMAPABJHYECKOe COMPOTHBJIEHHE H PACXOXN B 3TOM
yuacTke.

Ilns QUKTHBHBIX He3aBHCHMbIX JIHHHE, 3aMBIKAIOIHX (HKTHBHblE
KOHTYPHI, KOTOPbie BBOAATCSA AJIS BHEIUIHeH YBA3KH CeTH, NOTePH Hallo-
pa onpenensloTcs N0 CHELHANbHBIM (opMyJiaM, 3aBUCALIUM OT TOrO.
KaKye BORONMTATENH COefHHeHbl (DHKTHBHBIMM KOHTYPaMH.

Beesietivie niepeBa Mo3BoJser IPOBOANTE PACYETH 10 ONPEEIeH Mo
HaJIeXHOCTH CeTU NMyTeM OTKJIoYeHHs HeKOTopbIX ee sudui. Jlng storo
Y4acTKH, BAUAHUE KOTOPLIX Ha pabotry ceTH HAIEXUT OllPEieNiuTh, clie-
Jlyer NPHHATBL 33 He3aBHCHMble IIPH TocTpoeHMH Aepera. Ilpocrefiumm
CrnocoGoM HX HCKJIIOUEHHs fABJseTcs NPHCBOEHHe HM HacTONBKO 6oJb-
LIHX CHAPABJHYECKHMX CONPOTHBJEHUil, YTO PAacXof Yepe3 HHX IpaKTH-
YeCKH CTaHOBUTCS PaBHBIM HYJIO.

IlpuBenenHble coobpaykeHHst MOKAa3bIBAlOT, YTO NOCTPOEeHUEe fepeBa
cerH T03BoJiseT 3afiapaTh IBM uHdopMaiio 0 ceTH B yAOGHOM BHZE,
1 GopMHUPOBATL SKOHOMHYHBEIE AJNITOPUTMBI [UI BHYTPEHHeH M BHeIlUHel
rufpaeaudeckoil yesaku ceru. I'lpaBza, onHcanHbi cliocob 3aflanHs HH-
¢opMauny sBASeTCS HEOCTATOYHO PHOKHM, TaK KaK 31y MHQOpMauuio
TIPHXOAMTCS MEHATH NPH H3MEHEHHH pellaeMbiX 3afia4. IIpu HeKoTopbix
He3HAYHTEILHbIX M3MEHEHHs X KOH(HUIypauMH ceTH BCe NMOCTPOeHHe Je-
peBa M HyMepaLIO Y3JOB HAafo NOBTOPATH C caMoro Hadasla. OnHako
YKa3aHHble Bblille JIOCTOMHCTBA JeJaloT crocob safanus HHpOpMauHu
0 CeTH C MOMOMIBIO NIOCTPOEHHS JiepeBa H ClelHaJbHOH HyMepanHuu ys-
JIOB OJHUM M3 CaMblX yAOGHBIX NpPH NpHMeHeHHHn DBM.

§ 54. Onpenenenne na IBM HauabHbIX 3HaYeHHH pacxonoB
BO BCEX YYACTKAX CETH
IIPH NOBEPOYHOM pacueTe

I'lpu ruppaeauyeckoil yBsa3Ke ceTH, Koria KOHGUrypauus cetH 1 in-
aMeTphl BCEX YJACTKOB CYMTAIOTCS U3BECTHBIMU M TPeOyeTcs onpeetTh
JieHcTBUTENBHBIE PACXOZAH BOABl BO BCEX Y9YacTKaX, Y/OBJETBOPSIOLIMe
KaK 1epBOMy, TaK W BTOpoMy 3aKoHy Kupxroda, HeoGxofuMo MMeThb Ha-
YaJibHble 3HaYeHH$i PAaCXOAOB. DTO CBA3aHO C TeM, YTO M3-3a HesluHell-
HOCTH ypaBHeHH {1 uKCJIeHHblE METO/Ibl PeLIeHHs BCErAa ABJSIOTCS UTepa-
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IHCHHBIMH, KOT/a C IOMOIILIO TEX MJIH UHBIX COOTHOLIEHHH NePeXofsiT oT
OJIHOTO [ara NocJeoBaTeLHBIX DPHONHKeHHi K ipyroMy. Jlas Haua-
Jia TIpollecca NochefoBaTe/bHbX NTPHONHIKeE NI HeoGXOIMMO 3HaTh NPH-
GamkenHble, 67IH3KHE K HCTHHHBIM, HayajbHble 3HaueHus pacxosioB. Tpe-
GoBaHHs, HaJlaraeMble Ha 3HAYEHHs] ITHX PacXofioB, MOTYT GBITb Pasjivy-
HBIMH B 3aBHCHMOCTH OT TOTO, KaKHe METOJBI IPUMEHSIOTCS VISl YBA3KH
cerH. Tak, npu cBegeHnH 3ajjaui K MHHUMH3aUHH GyHKIHH MHOTHX Tie-
peMennbix [5, 10] HayanpHble 3HaYeHHS! PAaCXoOB, BOOOILE TOBOPS, Mo~
Ty T GbiTh NpoM3BobHEIME. KoHegHo, 6H30CTL HX K HCTHHHOMY pacnpe-
JleJIeHHIo Gy [IeT oNpeJieNisiTh, HaCKOJbKO OBICTPO 6yJeT CXOMMTHCS Npo-
1(ECC NOHCKAa MMHMMyMa (PYHKUHM, 3aBHCSIleH OT PacXonoB.

B HexoTOpbiX NporpamMMax, OCHOBaHHBIX Ha MHHUMH3allMH, HayaJlb-
Hble 3HAUEHHsl PACXOJIOB ONPENENSIOTCH H3 C/eNYIOWHX Coo0paXeHH
[10]. Ha navanphom aTarne peliieHrst pacXozbl Ha BCEX y4acTKax NPHHH-
MalOTCsl PaBHBIMH HYJIIO. 3aTeM Ha KaXJIoM 3Talle HTepallMOHHOTO Npo-
L€CCa 5TH 3HaYeHHsl yTOUHSIOTCS M3 YCJIOBHA MHHHMH3alMH HEKOTOPOH
¢yHKEuMY 2, 3aBHCSLIeH 0T pacxofos. [Ipon3poSBHOCTD 3aKlaHKs Hayalb-
HOTO paclipefie/leHHsi PaCXofiOB sIBJISIETCS OfHMM M8 JIOCTOMHCTB CIOCO-
6OB pelUEHHUs 3aiay, OCHOBAHHBIX HA CBEJICHHH YBfISKH CeTH K MHHHMH-
3anuy GPyHKUMH MHOTHX IepeMeHHBIX.

OpHako JpyrHe MeTonb!, SIBASIIOLIMECS JUISi MHOTUX KJaccoB sajiad
Gosiee YIOOHBIME, YyeM MeTofbl MHHUMU3alllH, TpeOyIoT 3HaHHA Hayallb-
HbIX 3HaueHHH DPaCXONOB, YIOBNETBOPSIOIIKX NepBoMy 3aKkoHy Kupx-
roda. [lyis onpejefieHHsl TAKHX HayallbHBIX PacXofioB BO3MOXHE! Pas-
JHYHBlEe CIOCOOLI.

Hurepechrlii coocob onpenienenis HayalbHBIX PacXofloB NPEJIOKeH
B. §I. Xacuneewim [16]. On ocHoBan Ha nHHeapH3allMH HeJHHEHHBIX
YpaBHeHUil, ONUCHIBAIOMUX TOTEPU HANopa B He3aBHCHMBIX KOHTYpax.
JluHeapusaumsi MoxeT NPOBOIHMTHECS KaK B HCXOIHOH cHMCTeMe ypaBHe-
HUH 1Sl PACXOJIOB, ONKCHIBAIOMIMX MePBbIf H BTOPOH 3aKOHbI Kupxro-
¢ha, Tak U B Ipeo6pas3oBaHHON CHCTeMe, NOJYYalOileHCsl U3 TpeabIy el
NIyTeM BbIpaxeHUsi 3HaueHHH PacXoloB BO BCeX yyacTKaxX JiepeBa CeTH
Yyepe3 3HAUEHHSI PACXOJIOB B HESABHCHMBIX JHHHSX ceTH. B ofonx cay-
4asix 2a/la4a CBOAHMTCS K PelUeHHIO CHCTEMB! IHHENHBIX YpaBHeHUH OTHO-
CHTEJIEHO HeH3BeCTHBIX 3HaueHHil pacxonos. B mepBoM ciydae nopsiiok
JIFHEeBHOH CHCTeMbl PaBeH p — YHCHY y4acTKoB ceTH. Bo BTopoM ciyyae
4HCJI0 yPaBHEHHil PaBHO N — YHCJY He3aBHCHMBIX KoHTypos. Crenyer
OTMETUTH, YTO XOTSI IPH TAKOM Crocobe onpefiefieHHsl HaualbpHBIX pac-
XOIOB UX 3HayeHMsl NAKOT JulWp rpyGoe NPHONMIKEHYe K PellleHHIO HC-
XOIHOH HeJUHelHOH CHCTeMbl, 3HAKH, 3ajalolllie HalpaBjeHHe IBH-
JKeHHsl Bofbl B yuacTKax, OyayT COBHajaTh CO 3HaKaMH TOYHOTO pellle~
HHSl HeJMHeHHOH CHCTeMBl.

B 6osblUMHCTBE TIPOrpaMM, CO3JAHHBIX Jasl pacyeTa COBMECTHOH
paboThl CeTH C pasinyHbIMH BOJONHTATENSMY H PerynupyIOLUMHE eMKoC-
TSIMH, HCIOJIL3YeTCs MeTof NONPABOK KOHTYPHBIX pacXoloB. B stoM
ciyyae HauanbHble PaCXojbl BO BCEX Y4acTKaxX CeTH [OJIKHBI yOBJeT-
BOPAITH ypaBHeHHsM Gananca B yanax (nepsoiil sakon Kupxroda). Kak
y&Ke OTMeYanoch, YACOHBIM CTocoGOM 3ajlaHusl HH(pOPMAanHH O CeTH B
3TOM Ciyuae sIBISieTCsl NIOCTPOEHHE JiepeBa CeTH U CocTaBlieHHe Tabnu-
ubl HapylueHu# B HyMepauHu Y308 CeTH. DToT cniccob Gbln peanusoBaH
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B nporpammax, cosganneix Bo BHMM BOITEO. TIloctpoenne pepesa
CeTd ¥ BBe/leHUe CllellHaJibHOM HyMepalHH Y3JI0B H YYacTKOB YA0GHO He
TONBKO KOMNAKTHOCTBIO 3aflaHusi HHpopMalluu Ais DBM, Ho ¢ ryaBHLIM
06pa3oM TeM, YTO OHH NO3BOJSIIOT Pealiu3oBaTh B MalllfHe aBTOMATHYEC-
KO€ BbIYHCJIeHHe HayaslbHBIX PACXOfIoB BO BCeX y4YacTKaX CeTH, KpoMe
He3aBHCHMBIX JIHHHI (pacXolbl B He3aBUCHMbBIX JIMHUAX JIOMKHbLI ObITh
aapasbl). Onyinem, Kak 1o fieNaeTcsi ¥ Kakylo HH(oOpMalluo Hazlo 1Js
3TOrO 3aNaTh.

3anava onpejesieHHs HayalbHbIX PACXOJOB, Y/IOBJIETBOPAIOLLUX Tiep-
BoMy 3akKoHy Kupxroda, B NpHHLHNE CBOAUTCS K PelleHHIO CHCTEMbI
JIMHeHHBIX YPaBHEHMI, ONHCHIBAIOLIHMX GaJlaHC PaCXOlOB BO BCEX Y3JaX
ceTH:

%quQz (i=1,2,....m), (X1V.2)

rZe CyMMa pacnpocTpaHseTcsi Ha BCe YYacTKH, BXOAsuMe B i-H y3ell; §; — pacxon
BOAH B j-M yYacTKe,”BXOLfileM B i-it ysen; Qj — (pMKCHpPOBaHHKIH OTGOP BOAH B
i-M yane.

HanomuuM, uTo Q; cunTaeTcsi NOJOKHUTENBHBIM, eCJIH NPOH3BOANTCS
oT6op BOJBL B i-M Y3Ji€, ¥ OTPHILATEIbHEIM, €CJIH IPOUCX OIUT Noja4ya Bofbl
B i-# y3en. CooTBETCTBEHHO PacXojl §j B YYaCTKAX CUMTAETCH [OJIOKH-
TeJILHBIM, €C/IH BoJa TOAXONMT K Y37y, H OTpHLATeNbHbIM, eCJH Boia
HIET OT y3Jja.

Cucrema (X1V.2) comeput p nepeMeHHbIX M cocTouT M3 (m — 1)
ypaBHeHui (m — urcyio y3naos). ClefloBaTelIbHO, 3Ta CHCTEMA JIMHEHbIX
ypaBHeHHil SIBISETCA HeonpeliesieHHOH -— YKCJI0 HeUsBeCTHbIX GoJiblue
gHcja ypaBHeHuil Ha BennuwHy n = p —m + 1. Ecau BuiGpath n
y4acTKOB CeTH, TO, 3a/laBasi PaCXoAbl B 3THX Y4aCTKaX MPOH3BOJILHBIM
06pasoM, MOXHO BHIPAa3WThb PacXofibl BCEX OCTaJIbHBIX YYaCTKOB Yepes
3aJlaHHble 1 PaCXO0B, TaK KaK CHCTeMa ypaBHeHul nocsie 3afaHus pac-
xonoB Gyner UMeTh eIUHCTBeHHOe peilleHne. BoiGop sTHX yyacTKOB Mo-
3KeT ObITh OCYLUECTBJIEH Pa3JIMYHBIMH MYTAMH, HO OOBIYHO HCIOJB3YIOT
HesapucHuMble JinHKuK cetH. [lociie yaaneHus HesaBUCHMbIX JIMHHUH U3 ce-
TH OHa TpeBpalllaeTcsi B IePeBO — B Pa3BeTBJIEHHYIO CeTh 0e3 3aMKHY-
THIX KOHTYPOB, BCE Y3J1bl KOTOPO# CoefiuHerkl yyacTKamu ceTu. MaBectio,
4TO JUISi PAa3BeTBIEHHOH CeTH 3Ha4YeHHsi PacXoloB BO BCEX Y4YaCTKax
MOKHO OIHO3HAYHO ONPEJENHTH 10 3Ha4eHHsIM Y3JIOBLIX 0TOOPOB U pac-
XoZaM BoIbl, NOfiaBaeMbIM BoZlonHTaTedsiMu. Ecau onpenenwth pacxo-
Jbl BO BCEX y4aCTKaxX LepeBa TaKMM 00pasoM, Mbl NOJYYHM 3HaUeHHst
HavyaJbHbIX PAcXOLoB Bo BCell MCXONHOH KosblleBoil CeTH, YAOBJETBO-
psitoipe nepsoMy 3akoHy Kupxroda npu ycioBuH, YTo pacxosl B He-
3aBHCHMBIX JIMHUSIX paBHBI HYJ10. [lonyuenHble TakuM o6pa3oM pacxo-
Zibl (KaK 3TO 4acTo M JlelaeTcsi) MOXHO B3siTh B KaueCTBe NePBOro NpH-
GmnKeHHs LJIsi HTePAllMOHHOrO Npoliecca, N03BOJSIOLIEro CKOpPeKTHPO-
BaTh WX TaK, 4TOOBL! OHM YIOBJIETBOPSJIM H BTOPOMY 3aKoHy Kupxroda.
OpHaKo BO MHOMMX CJIy4asiX pacXofibl BOIbl B BHIOpaHHBIX HE3aBHCHMbIX
JIMHHSIX JIOCTATOYHO BEJIMKH M €CJIM CYMTATh HX NPH 3ajlaHMH HayaJlbHbIX
PacXolioB PaBHBIMM HYJIIO, TO HTEPAlMOHHBL Npolecc OYAET CXOAUTHCS
JLOBOJIbHO MefJleHHo. JlJisi YyCKOopeHMst CXOJHMOCTH 3HAYeHHsi PacxofloB
B He3aBHCHMBIX JIMHUAX JOJKHBI ObiThb 3aJlaHbl HA OCHOBaHMM KaKHX-
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Nu60o npefBAPHTENBHBIX OUEHOK. B 3TOM ciyuae HauajbHoe pacnpese-
JieHHe PAacXOfioB BO BCEX yuacTKaX JiepeBa, yJOBJAeTBOpsiouee liepBOMy
3akoHy Kupxroda, MoxeT GbITh HaHeHO C YHETOM PacXOfioB B He3aBH-
CHMBIX JIHHHSIX, YTO OCYIUIECTBJSIETCsi C NOMOIIBLIO BBEleHHs B Y3JaX,
OTPaHHUYHBAIONINX HE3aBHCHMEIE NHHUH, TaK Has3blBaeMbIX SKBHBANEHT-
HBIX yanoBblx pacxopoe [14].

§ 55. Kpatkuii 0630p
HEKOTOpBIX pa3paboraHHbix nporpamMm aas IBM

B pasnuuHBIX OpraHHU3auysiX CO3J@Hbl NPOrpaMMbl, MNO3BOJISIOLINE
peluaTh KOMIJEKCHl BONPOCOB, BO3HHMKAIOIMX NPH pacuere Kak IPOEK-
TUPYEMBIX, TaK H [efiCTBYIOIIHX CHCTeM BOAOCHAaOXKeHHMS, a TaKke NpH
HX ONepaTHBHOM YNpaBieHHH. 3[ech He CTaBHTCH Bajlaua NepeyHCaHTh
BCE TaKHe NPOrpaMMbl UM XoTsi Obl 60/IBIIMKCTBO ¥3 HAX. BriGop pac-
CMaTpMBaeMHIX 8JleCh IPOrpaMM HMesl B HeKOTOPOH cTelleHH cyObeKTHB-
HBll XapakTep, OOYC/IOBJEHHHIH HaaWgWeM XOpOlUero OlKCaHHs TPO-
rpaMM, JIOCTYITHOCTBIO STHX MaTepUalioB M INOJHOTOH MX H3NOMEHHS.

Agrtopamu yyeGHoro nocobusi Oplla NOCTaBAeHa 8ajilaya Ha NpuMepe
peanbHO CYLIECTBYIOLIWX NPOrpaMM TNPOAEMOHCTPHUPOBAaTh OONAcTh HX
HCIIOJIb30BaHHUsSl ¢ TeM, uTOObl TO3BOJINTL YHUTATENsiM OPHEeHTHPOBATLCSH
B Bolpocax npuMeHeHusi IBM npu pacuere cucreM BOROCHAGMKEHHS.
C 310l UENBI0 OfHA U3 CHCTeM Nporpamm 6y et pasoGpaHa nofpoCHee.

Psp nporpamm 1o pacueraM cHcTeM BOLOCHaOXKeHH s 151 PasIHUHbIX
3BM Gbin paspaboran B 1966—1970 rr. so BHMH BOJAI'EO lplfﬂ. Ipun-
LUl COCTaB/leHHsi aNTOPUTMOB H NPOrpaMM 3aKJ0J4aercsi B TOM, 9TOOB!
IaTb NPOEKTHPOBLIHMKAM BO3MOXKHOCTb NPoBecTH Ha DBM wenwldt psag
pacyeTHbIX HCCJIeLOBaHUI BNMSAHKS PA3JMYHBIX 3JIEMEHTOB CHCTeMbl —
HACOCOB, PEryaupYIOUHX eMKocTell, OT[e/NbHBIX YYaCTKOB CeTH M T, I.—
Ha pabory cucreMbl B 1LesioM. Ha ocHoBe TaKoro MHOroBapHaKTHOTO
paccMOTPeHHsi MOXKHO 3aTeM OCYLIEeCTBHTb BHIGOP ONTHMANbHBEIX NPOEK-
THHX pelueHHH [ PaspabOTKH HOBBIX W/IH PACHIHDEHHS CYIIECTBYIO-
HIHX CHCTeM BOROCHAGXKEHHSi, a TaKkKe MCCJIelOBaHHE PeXMMOB PaboOThh
nociennux. Mcxons U3 sToro cucreMa nporpamm Gblla peannsoBala TaK,.
4yToObl TIO3BOJIMTL NOJIb30BATENSIM NPOrpaMM ONEPATHBHO BAMATL Ha
H3MeHeHHe XapaKTePHCTHK 3JIeMeHTOB H BHOOpP peXXHMoB paloThi Mok
[porpaMMei.

CylecTByIOT iBe IPYNNbl Nporpamm:

1) nporpaMmel rHAPaBIHYECKOrO PacyeTa COBMECTHOH paboTH BO>
JOTIPOBOJHON CETH, HACOCOB, PEryJNHPYMOLUX €MKOCTeH H BOLOBOJOB:
NPH pasNUYHLIX PEXHUMaX U 3aflaHHBIX [UaMeTpax CeTH;

2) nporpaMmpl TeXHHKO-3KOHOMHUECKOTO pacuera cereil o MeTopy
ukTHBHBIX pacxofoB. OcHOBHasi Ile/ib pacuera BOLOTPOBOAHBIX ceTelt —
BHIGpPaTe CPEfM BCEX BO3MOMKHBIX Te, KOTOpPHE YAOBIETBOPSIOT MOCTAB-
JIEHHBIM TeXHUUeCKHM YCNOBHSM M SIBJASIOTCS ONTHMAJILHEIME 1O 3aTpa-
TaM KaK Ha CTPOMTENLCTBO, TAK H Ha 3Kcnnyataunio. Ilpu atom B yucIor
TeXHHUECKHX YCJOBHIl BXOJAST TaKHe KpUTEPHM, KaK ofeclieueHHe 3a-
J@HHbLIX HamnopoB, TPeOOBaHHA HaLEXKHOCTH M BOSMOMKHOCTE TNPONYCKa:
Goblllero pacXofia B Ciydae fnoxapa.
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Paccvmatpupaemble NporpaMMel He NMO3BOJSIOT HAHTH ONTHMAJbLHBIE
CeTH HeMocpe/icTBeHHo Ha DBM, onHako ¢ ux noMomwsio MOXHO noiy-
9HTb 0CTATOYHOE KOJHYECTBO HHQOPMALUK O PasMUHbIX PelKHMaX pa-
GOTBI CETH B LIEJIOM U BJAUAHHH ee OTHe/bHbIX 3/IeMeHTOB. Sta uHGpopMa-
151 NO3BOJISIET NPOEKTHPOBILMKY BbIOpaTh U3 PACCMOTPEHHBIX BapHaH-
TOB ONTHMaJIbHBIE. KpoMe Toro, nporpamMMel nosBosSIOT OLEHUTD HajeX-
HOCTb paccMaTpHBaeMblX BOLONPOBOIHBLIX CeTeil IyTeM IpoBeleHHs!
PacyeToB ¢ OTKJ/IIOYEHHEM OTAE/bHBIX YYacTKOB (IpaBja, BO3MOMKHOCTD
OTKJIIOUeHHs1 YYACTKOB JOKHA ObITh NpefycMoTpeHa 3apaHee TpH 3a-
IaHuV HMCXOJHBIX JAHHBLIX AJIs1 NPOrPaMMbl).

VcXonupiMu laHHBIME L)1 THAPaBIUYECKOro pacyera cyXat KOH-
urypauusi ceTu, AuaMeTpbl BCeX Y4YACTKOB, YHC/O HACOCHBIX CTAHIHEL
U peryUpyIOLUX eMKOCTeH#l H HX XapaKTepUCTHKH.

PaspaGoTaunble anropuT™Msl u NporpaMmbl obaanaloT CIIeLYIOMUME
XapaKTepHbIMU OCOGEHHOCTSIMH.

Tlepen Hayanom paGOTHl OCHOBHO HacTH NPOrpaMMbl MO 3aiaHHOIN
HH(POPMALUH O CETH HeOGXOAMMO MOCTPOUTD IEPEBO CETH TyTeM HCKJIO-
UeHHsl He3aBHCHMBIX JIMHHH (TaKoe MOCTPOeHHe MOKHO NPOBOAMTH pas-
JINYHBIMU CocobaMu, W MOITOMY BbIOOP He3aBHCHMBIX JIMHHI BO3Jara-
€TCsl Ha II0JIb30BaTesisl NPOrPaMMmbl).

HavyanbHble sHaveHns pacxofioB ONpefensioTcss B MporpaMMe IyTeM
HCMOoJIb30BaHUsl uH(popManuu o fepese cetn. CoBMecTHas pabora ceTH,
BojionuTaTesiedl U HeUKCHPOBAHHLIX OTGOPOB YUHTHIBAETCH NyTeM BBe-
ZeHNst QUKTHBHBIX JIMHHA H COOTBETCTBYIOLMX (UKTHBHBIX KOJeIL.

Tonpaeky B KOHTYpHbBIE PaCcXOnBl A5l YAOBNCTBOPEHHS BTOPOrO 34
KoHa Kupxroda BBOATCH TONBKO B He3aBHCHMbiEe JIMHHM (xopmny).
Pacxonbl BO BCEX 0CTanbHBIX BETBAX JlepeBa JHHEHHO SaBUCAT OT pac-
X0fa B He3ABUCHMOM JIMHUM H MOTYT OHITh Jierko onpefenensl. [pu sTom
TIONPaBKH HA KaXJOM llare HTepallHOHHOIO Ipollecca BHOCATCS He BO
BCe He3aBHCHMbIe JIMHUH, a TOJIBKO B TY U3 HHX, KOTOpasl 3aMblKaeT KOH-
TYP ¢ MakKCHMaJbHOI HeBA3KOi (caMa NONpaBKa BLYUCISAETCS MO 00bY-
Holi dopmyse JloGauesa—Kpocca).

Ins sajanust MHQOPMalli¥ O KOHQUIYPALMH CETH WHCIIOMb3YeTCs
TIOCTPOEHUE iePeBa CeTH H clelHaJibHasi HyMepalusi YaJoB ceTH, obmaa-
Jlalouiasi Cliefy IOUMH JOCTOMHCTBAMH: OHA I03BOJIsleT OFHO3HAYHO Ol-
pefensATh HayajbHble 3HAaYeHUS PacXOlOB BO BCEX YdYacTKaX Jepepa
CeTH; SBJISieTCsl yNOOHOH ¥ KOMIAKTHOM KOAMPOBKOH uH(bopMaunuu o
CeTH; MO3BOJIsIET 3ajaBaTh TaKHM e o0pasoM HH(OPMALMIO O NpOCT-
PaHCTBEHHBLIX CeTAX; JaeT YAOOHbIH CMocob OTK/IYEHHS OTHEJbHBIX
JIMHUH CeTH NIPH HCCEIOBAHUH ee HAJEeXHOCTH.

TporpaMmel NO3BONAKT NPOBOAMTH pacyeTl COBMECTHOH paGoThi
CeTH 1 BOLONHTaTe/ell Pas/MYHbLIX TUIIOB (HACOCOB, HAIIOPHO-PEryIHPYIO-
LIHX eMKOCTeH M CTaHLMH MOjKayKH) NyTeM BBeleHHs! QUKTHBHBIX JIK-
HHil, COENHHSIIOUUX BCe BOAONUTATENH C GasMCHOH TOYKOI.

Ha ocHOBe aHann3a pasnuyHBIX BCTpeyaroWuXcs Ha NPaKTHKe 3aay
TIpH NPOEKTHPOBAHHU HOBLIX WJIH PA3BUTHH CYLLECTBYIOIIUX CHCTEM BO-
nocHaGxenusi B nporpamvax BHUW BOJI'EO 6butu npenycMoTpeHst
YeTblpe THMNHYHBIE CXEMbl, MCIIOAb30BaHHE KOTOPHIX IO3BOJIsIeT IPOBO-
IUTb HCCNEJOBaHUS BIUAHHS DPasJUYHLIX YacTe#l CHCTEMbl BOJOCHaO-
¥KeHus Ha paboty cucreMbl B nenoM. Hasosem ocHopnbie nannble [14],
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KOTOpBIe N0Jy4aloTest B pesyJibTate PaboThi MporpamMMbl: pACXOIbL H o=
TepH Halopa BO BCeX JIHHHAX CETH, 3HAaYeHHsl PaCXOIOB BOIBL, MOCTY-
NaIHX OoT BojoluTatesefl, 3HaueHHs HeDHKCHPOBAHHBIX OTOOPOB BO-
JIbl M3 CeTH, Nbe3oMeTpHYeCKHe OTMEeTKH BO BCeX y3JiaX CeTH.

Cxema 1. Tlo 3aanHbIM yesioBusaM paboThl BofonHTaTeNel, KoTopble
XapaKTepusyloTcst HanopoM HiH Q—FH XapakTepucTHKOM, olpenens-
10TCA OCHOBHbBle AaHHbie. KpoMe Toro, ofipefeasioTest yanbl, B KOTOPBIX
HaliJleHHble pPacyeToM Mbe3oMeTPHUYeCKHE OTMETKH MeHbille TpefyeMBIX,
¥ 3HaueHHe HeJoCTaKIero Hanopa. Jlonyckaercs OpOBOAHTE CEPHIO pac-
4eToB I10 3TOH CXeMe, H3MeHsisi OT OJHOTO pacyeTa K JPYToMy Nbe3oMeT-
PHUECKYIO OTMETKY OJIHOTO H3 BOJONHTaTeNell Ha 3aJaHHYIO BeJHYMHY
AH. TlpoBeneHte pacueToB [0 3TOH CXeMe [O3BOJISIET ONPENENHTD Tpe-
6yeMblii HANOp B 33 aHHOM BOJIONIHTATE/e C YUETOM OrpaHHueHHH B IHK-
Tyonieii Touke.

Cxemm 11 n 111 ipenHasHayensl 1151 oflpe/ie/ieHHs HAOPOB Ha HEKO-
TOPBIX H3 HACOCHBIX CTaHUMH M Olpele/ieHHsi OTMETOK YPOBHSI BOZbL B
pesepByapax, MpH KOTOPHIX (PaKTHUECKHE Mbe30MeTpHYeCKHe OTMETKH
B IMKTYIOMHX TOYKAX CeTH OKAa3BIBAKOTCSl PABHLIMH 3aJaHHbIM. JIHKTYIO-
1iHe TOYKH CeTH ONPeNeNisioTCst B IporpaMMe apToMaTHuecKH. Hveercs
BO3MOMKHOCTb NIPOBOIMTH CEPHH PacyeTop M0 3THM CXeMaM, H3MeHssi OT
OJIHOTO pacyeTa K ApyroMy oT6op BOEL B OJHON U3 TOYEK CeTH Ha 3aJiaH-
Hywo Besnunny AQ. B pesynerate paboThi DporpaMmbi olpenesisiorcst
OCHOBHBIE IaHHBIe, AUKTYIOUIHE Y3Jibl B TpefyeMule HANOPEL Y BONONMTE-
Tesefi.

Cxema 1V npenycMaTpuBaeT npoBefeHHe CePHU PacyeToB, Ha OCHOBE
aHaJIH3a PesyJbTaToOB KOTOPhIX BHIGHPAIOTCst NapaMeTphbi BofonHTateneli
(xapaKkTepHCTHKH HACOCOB H OTMETKH YDOBHefl BOIbl B pesepByapax H
GaiHAX).

Psp nporpamm bt cospan B 60-x rogax B CHGUpPCKOM 3HepreTHyec-
koM uHctutyTe CO AH CCCP rnion pyroeozcteoM B. §1. Xacunepa. Xotst
9TH paboThl CBUIH NOCBSLIEHE B OCHOBHOM PaCCMOTPEHHIO CHCTeM Telio-
H rasocHaCxeHusi, B HHX ObWIH paccMOTpPeHbl BaXKHble MeTOIHYeCKHe
BOIPOCHL, OBLIHeE JJisl Beell TEOPHH THAPABJIMYECKHX CeTell, B TOM 4uc/e
M 2SS BOJONPOBONHBIX cetefl. B yacTHoCTH, OblO MPOBeNeHO cpaBHeHHe
Pas/MUHBIX METONIOB pellleHHs 3a]layl O NOTOKopaclpesie/leHHH B CJIOK-
HbIX KOJBLEBbIX CeTAX.

CpagHeHNe NPOBOAWIOCH KaK NyTeM TeoPeTHYECKHX OLEHOK, TaK H
nyTeM NpPoBeNieH sl YHCJIEHHBIX 3KCNepHMelTOB Ha IBM 1o nporpammam,
peasusyIoIUM pasyiuuHble MeTonbli. CpapHHBANMCH PasjiMyHble YBA30Y-
Hble MeTOJIbl: METOJi OIHOBPEMEHHOI'O BHECEHHs! MONPABOK BO BCe KOJib-
na cetH (meroyn JloGayeBa—Kpocca); MeTon TociieloBaTe/ILHOTO BHeCe-
HHSl DONPaBOK B KOJBlla CeTH (aHasor MeTona 3eiifensi); ToyHoe peiile-
HHe CHCTeMbl JIMHeHHBIX YpaBHeHWH ISl NONpaBOK KOHTYPHBIX Pacxo-
JIOB Ha KaXXnoM iiiare Merosia HploToHa {3TOT Bompoc yKe paccMaTpH-
BaJics B Mpeblymed Tiiase).

Brino ycraHoBieHo, 4TO [Ba NOCTEAHHX MeTola obecrieyHBalOT yc-
TOHYMBYIO CXONMMOCTh KaK VISl IIJIOCKHX, TaK M JJIst IPOCTPAHCTBEHHBIX
cetefl ¥ 9TO HawnboJiee ObICTPYIO CXONMMOCThL MPOLECCa YBA3KH MOXHO
MOJYYHTL HYTEM TOYHOTO PELIEHHs CHCTeMbl JIMHEHHBIX YpapHeHHIl st
NoNpaBoK KOHTYPHBIX DACXOHOB Ha Kam[OM miare Mertona Huiotona
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Brin cocTapied TakiKe Psifi TPOTPaMM isl BhISICHEHHST BO3MOXHOCTEH
METOIOB, OCHOBaHHBIX Ha MMHMMH3alMH (yHKIHOHAJOB H B O0LIeM ClIy-
yae Ha NPHMEHEHHH METOIOB HeJIHHEeHHOro NporpaMmupoBanus. Takoit
1I0[iX0Ji ¥IMeeT NPeUMYIIECTBO NPH PelUeHHH TEeXHHKO-3KOHOMUYECKHX
safiay. OgnaKo, KaK 1oKasaJjii pacdyethl, IPH PelleHVH I'HipaBaHy eCKHX
3ajiay NPEIOUTEHNE CENYeT OTAATh YIIOMSIHY THIM BhIILIE METOJlaM, B OC-
HOBY KOTOPHIX TOJIOKEH METOJl OnpefieieH sl MONPABOK KOHTYPHBIX pac-
xoznoB. Bee sTu pabotst nMenn 6osblloe 3HaueHHe KaK U1 co3fiaHust 3¢-
(DEKTHBHBLIX METOLOB pacueTa THAPABIHUECKHX ceTel, TaK W JJisl pelue-
HHsl pAiJia BaXKHBIX TeXHHYecKHMx safad [12, 16].

B pasnoe Bpemst Gbu1 cO37iaH PsiJi NPOrPaMM, OCHOBAHHBIX HA YHCJ/IEH-
HOM pellieHHH 3KCTPEMaJibHBIX 3afiad, ONMCHIBAIOLMX TOTOKopacipese-
JieHHe B THIPABJHYECKHX CETHX.

B. H. Iliennynnim [15] 6blin paspaGoTaHbl MeTonbl MpHUMeHEHHS
IKCTPeMasbHbIX 3ajiad TOTOKOpaclpeliesleHHsi B THAPABIHYECKHX ce-
TaX. B cocTaBneHHBIX nNporpaMMax MCHONB3YeTCSl PSL CHELHaJbHBIX
[IPHEMOB, MO3BOMSIOLIMX YMEHBIIUTE BpeMsi cueta. IIpH peruenun sker-
peMasibHOM 3a1a4M MCIONE3YeTCsl METOR TIOKOOPIMHATHOTO CIY CKa.

Psip nporpamm cosman H. V. Koiina ¢ corpyauukamu. B stux npor-
paMMaxX peanu30BaHbl BaPHALLUOHHBIE METOfibl IJiSt THAPABJNUYECKOrO
pacdeTa ceTeil: nepBblii MeTOl, NPH KOTOPOM MHHHMHMSHPYETCsl HEKOTO-
pas GyHKIHs, 3aBHCSIas OT HATIOPOB B Y3/1aX, H BTOPO#H, IPH KOTOpOM
MHHHMMHSHpPYeTcst HeKoTopasi GYHKIHSI PAacXOOB HA YYacTKax B Npen-
NoNoXKeHHH, 4To Gananchl PacXofioB B yaiax Bbmoaustiores [5, 81, las
MHHMMU3ANKMY (YHKLMH MHOTMX MEPEMEHHBIX HCHO/Ib30BAJCS METOR

NOKOOpPAMHATHOrO ciycKa. CrieflyeT OTMETHTB, YTO YHMCJIO NepeMeHHbIX
B 3ajlayaX TaKOro THIla OKa3bIBA€TCs IOBOJILHO GOMBLIMM M JJ1s1 THAPaB-
JMgecKoH YBSI3KM CETH 3TH NPOrPaMMbl OKasblBaloTcsl, KaK IpaBUiio,
MeHee 3(QQEKTHBHEIME, 4eM TNPOTPaMMBI, PeasnayIollle METOS KOHTYPp-
HBIX pacxopoB. Hanporus, st 3ajiau TeXHUKO-3KOHOMHIECKOT'O pacueTa
IporpaMmel TA4KOro THIA MOTYT ObITh BecbMa 3(peKTUBHBIMH.

Brui paspaboTaH TaKie KOMIUIEKT y4eOHBIX nporpamm juis OBM
«Haupwu» u pns cpenanx 9BM na ssbike @opTpad. ITH NPOrpaMMel 103-
BOJIAIIOT YBA3aTh THIPABINYECKYIO ceTh (BOLOMPOBORHYIO, TEIJIOBYIO
wiK rasopyio) MeronoM B. I'. JloGadeBa; paccuntaTh COBMeCTHYIO pabo-
Ty HACOCOB, CKBaXWH, CBOGOJHBIX CTPY#, pe3epByapoB H ceTH; BHOpaTh
Tpaccy pasBeTBJEHHOro TPYOGONMpoBona Mo 3afaHHOH KOJBLEBOH CeTH C
OIHOH WJIM HECKONBKUMH TOYKAMH TNHTaHHSI; POBECTH TEXHHUKO-3KOHO-
MHYecKMil pacder ceTH IPH 3aJlaHHOM pacnpefielieHnn moroka [8, 10].

B Kueenpoekte JI. A. Kupuesckum B 1973 r. Oblna paspaGorana
nporpaMMa pacyeTa BOJOIPOBOAHBIX ceTeH, MO3BOMAIOLIAs: MPOBOIAUTH
YBSI3KY CeTH; NPOBOJIMTL pacyeT BOKONPOBOAHON ceTH ¢ nonbopoM awa-
MeTpoB TPYO Ha BCeX WJIM HEKOTOPHIX YUaCTKax Tak, 4ToObl obecriequTs
MHMHMMaJIbHOe 3HageHHe NBe30MeTPHYECKOH OTMETKH B yaje W cfielaTh
3T0 B HEKOTOPOM CMBIC/Ie ONTHMaJbHO.

B nocsiennve rofipi moTpeSHOCTH NPaKTHKK ¥ NPEXKJie BCETO HeoOXo-
JIMMOCTb aBTOMATH3allMK NPOEKTHPOBAHHS BOJOTNPOBOHBIX ceTell U onl-
THMaJibHOI'O yTpaBJieHust HX GYHKIHMOHHPOBaHHEM NPHBENH K HeoGXo-
MMOCTU JaJbHeHIlero yenaokHeHus KaK VHIKeHePHBIX NOCTaHOBOK 3a-
1ad, TaK M MX MaTeMaTMYeCKOH M anropurMuueckoil peasusauud. Cos-
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JIAlOTCS MIPOrpPaMMbl, KOTOpBIE NO3BOJSIIOT PellaTh 3afiaul ONTHMH3aIMH
pexnumMa paGoThl HACOCHBIX CTaHLMI, CTAHIMI MOJKAYKM M BCeil ceTH
B LeJOM, ONTHMAJBHOro BbIGOpa HacocHoro ofopyloBaHHMsi M APYruX
arperatop, a TakXe AuaMerpoB Bceil ceTd. MatemaTHuecKoil OCHOBO#
peIIeHNsi 3THX CJIOXKHBIX BOINPOCOB 00 ONTHMM3AIMK NPOEKTHPOBAHHS
CHCTEM BONOCHAGXeHHsi M onpelleleHHH ONTHMANBHBIX PeXHMoB paGo-
TH CYILeCTBYIOIIMX CHCTEM ABJSETCs alllapaT MateMaTHyecKoro (B yact-
HOM CJIyuae JIMHeHHOro) M AMHAMHYECKOro MporpaMmuposaus. Mero-
IIbl MaTeMaTHUeCKOro NpOrpaMMHpPOBaHHsl pa3pabaThIBAIOTCH IJisi Ha-
XOXKIeHHs MUHHMYMa (MJiM MakcHMyMa) QYHKIHM MHOIHX INMepeMeHHBIX
NPH yCNOBHH, YTO Ha 3TH NePeMeHHble HAKJIANBIBAIOTCA JIMHelHble HITH
HeJIHefiHble orpaHKYeHHs] KaK B BHJEe HepaBeHCTB, TaK M B BHIE pa-
BeHCTB. ITOT annapat Hapsiy ¢ 6oJiee NPOCTHIM MOAXONOM BaAPHAHTHOTO
NpOeKTHPOBAHKS NI03BOJIsIET PElaTh IMPOKMH KOMILIEKC 3a/ia4 ONTHMH-
3alHK C y4YeTOM OrpaHMueHHii TeXHHYeCKOro, HHIKEHePHOro M IKOHO-
MHYeCKOro XapakTepa.

O6cyKneHre 5THX BOMPOCOB, TNOCTAHOBKA 3aflay MPOEKTHPOBAHHSA
¥ ONepaTHBHOrO YTpaBJieHHsi CeTsIMM BOLOCHaGMeHHsI W rasocHabxe-
HHUA, HeoOXONMMbIH MaTeMaTHdeCKHil anmapat W aJirOPHUTMBI pacuyera,
odopMieHHLIe B BHe TaKeTa NpHKAanHbiX nporpamm aia EC 9BM, npu-
Befledsl B MoHorpaduu [9].

CrenlyeT OTMeTHTb, YTO 3aJaudl CO3/laHHs Y COBePIeHCTBOBAHHBIX
nporpaMM [Jisi THAPABJHYECKOTO M TeXHHMKO-3KOHOMHUECKOro pacyera
ceTel, JUIsi CHCTeM ABTOMATH3HPOBAHHOrO NMPOEKTHPOBAHHS M CHCTEM
ABTOMATH3MPOBAHHOIO yNPaBJieHHst HAXOAATCA B CTaUM paspaboTKH.
PeleHre 3TuX 3ajgau NortpefyeT 3HAUATENLHBIX COBMECTHBIX YCHJHH
NeunaiCTOB Mo BOAOCHAGKEHHIO H TeXHHYeCKOH KhOepHeTHKe.

§ 56. Mpumeps! yBsiaku cetd Ha IBM

TpuBejieHHble 37€Ch MPHMepH! GBUIH pellieHbl ¢ MOMOLILIO POrPAMMEL
FHIPABJIMUECKOi! YBSISKH CETH, COCTaBJeHHO# Ha ssbike PoptpaH ans
EC 2BM. IlporpaMma npemHasHadeHa AN YYeOHBIX H MeTONMUECKHX
pacueroB, MPOBOAMMBIX cTyjeHtamu ¢akysasrera BUK MIHCH B kyp-
COBHX M AMIJIOMHBIX TNpOEeKTax.

Onucanune nporpammbl. IlporpamMma mnosposisieT paCcCUMTHIBATB NPO-
M3BOJILHYIO CeThb € JIOOBIM YMCJIOM HACOCHBIX CTAHIHUE M HANopHO-pe-
ryaMpyromux eMrocredl. Jlns aToro chcteMa He3aBHCHMBIX KOHTYPOB
ceTH JonosHseTcsl (UKTHBHBIMH KoHTypami. Bsoautcsi (UKTHBHBIH
y3eJl, CoefMHsieMBIil (PHKTHBHBIMH YYACTKaMH CO BCeMH BOLONHTATENsi-
mu. QUKTHBHBle KOHTYpPH 0OOpasyloTcsi U3 (PUKTHBHBIX y4YaCTKOB CETH
W U3 YYaCTKOB 3a[iaHHOM CeTH. D70 N03BOJNfAET OCYIECTB/ISATL OIHOBPE-
MEHHO YBSi3Ky BCeH CeTH.

VicxopHbie paHHble AJisi porpaMMbl:

1) p — uncNio BCeX YHaCTKOB CeTH;

2) 1 — UNCJIO He3aBUCHMBIX KOHTYPOB (B WX 4HCJIO BRJIIOYAKOTCH
¥ (QUKTHBHBIE KOHTYPBI);

3) IDK = {kl, k2, ..., kn} — MaccuB, oNpefleNsIIOIHi YHCTo yya-
CTKOB B KaXJOM He3aBHCHMOM KoHTYpe (KI— 4ucio y4yactkoB, BXo-
ISNMX B i-il HesaBHCHUMBIH KoHTYpP, i = 1, 2, ..., n);
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4) JAK — maccuB, B KOTOPOM TNePeurcJIsITCSA HoMepa BCeX yyacT-
KOB, COCTABJISIIOIIMX KaXblil He3aBMCUMBIH KOHTYD; CO 3HAKOM ILIIOC
YKa3LIBalOTCSl HOMEPA YYAaCTKOB KOHTYpa, NMepBOHauyasibHOe Hanpasse-
HYe NOTOKa B KOTOPBIX COBNafaeT ¢ MPWHATHIM HanpapJeHueM KOHTYP-
Horo pacxofia (Bo BEeX KOHTYPax MOJOXKHTENBHEIM CUMTAETCS Hanpas-
JleHue Mo 4acoBOH CTPe/Ke); CO 3HAKOM MHHYC YKa3hBAalOTCsl HOMepa
YYacTKOB TPH HeCOBMAAEHUH HanpapsieHuli MOTOKOB; CTPYKTYPY Mac-
cupa [AK MOXHO NPEICTABUTH B CJERYIONMIEM BHAE:

IAK={Nu, Ns,..-, N1gr,; Nat> Nags-oo,Nagh 2- -0 Nni1, Nng,.oos Naan, Ji

HOMEpa y4acTKOB, HX HOMEPA Y BXOAA- HBOMEpa YYaCTKOB, BXOJAs-
B 1-fi KOHTYP mWHX BO 2-f KORTYP mux B n-# KOWTYP

5) Iz — a0, XapakTepusyouiee LuHy Macenea [AK; oHo paBHO
cymme BceX asieMeHTOB Macchea IDK;

6) S = {81, Ss, ..., Sp} — maccus, XapakTepuayIolwHli THAPaBJIH-
yecKye CONPOTHBJEHUS KaXJOoro Y4acTKa;

7) g0 = {g0,, g0, .., g0} — Maccus, XapakTepHsylouuii sHade-
HUsl HauaJbHBIX PACXONOB Ha BCEX YYAaCTKaX ceTH (3TW PacXofbl AOMIK-
HBl YJIOBJIETBOPSITH NePBOMY 3aKCHY Kupxroba); B HCXOAHBIX JaHHBIX
3TOT MaccHB MOXHO M He 3aJlaBaTh; B 9TOM CJyuYae pacieT HauasbHBIX
pacxofio GyZer npowsselieH NPOTpaMMOil aBTOMATHYECKH KO 3a7laHHBIM
(pyKCHPOBaHHEIM 0TOOPaM B Y3sax ceTH; sl 3TOro HeoOXOZHMO LONOoJ-
HUTENbHO 3aJaTh. M — oblllee uMcI0 ys3aoB B cetd; Q = {Qy, Qs .-
Qm} — Maccus (MKCHPOBaHHBIX OTOOPOB BO BCeX y3/aX CeTH.

O pononvrateasx ¥ HeUMKCHPOBAaHHLIX OTOOpaX 3ajaeTcsi Criefyio-
wasa uHbOpMALHUS:

8) NC — unc/io HacoCHBIX CTaHUMi;

9) NB — uuciio He(pHKCHPOBaHHBIX OTGOPOB;

10) NFK — uucno (MKTHBHBIX KOHTYDPOB;

11) Q—H — xapaxTepHCTHKY BC€X HaCOCOB;

12) nbesoMeTpHUeCKHe OTMETKH BCex Oarle.

Kpome Beeii nepeunciienHofi HRGOPMALUH 3a/1a10TCs1 HEKOTOPHIE MNa-
paMeTphl, ynpasasiollie PeXEMOM paGOTHl NPOrpamMMbl:

13) & — HeofxonMMas TOYHOCTb YBSIBKH; BbIUNMC/IEHHS MpeKpallla-
JOTCS TOr/a, KOria HeBsi3Ka noTepb Hanopa 1o BCeM He3aBHCHMEIM KOH-
TypaM CTAHOBMTCS MeHBILE &;

14) N — napamerp, XapaKTepH3yloulii criocol BHeCeHHs miompa-
BOK K KOHTYpPHBIM pacxofam: N = I — mo merony JloGauesa-—Kpocca
NONpaBKH K KOHTYPHbIM PacXoiaM BHOCSITCS OJHOBPEMEHHO Ha BCEX
yuactkax; N = 2 — MeTOA TOCJIe[OBATESBHOIO BHECEHHSI TONPaBoK,
MoJyueHHBIX No dopMynam JloGauesa—Kpocea (anasor MeTona 3eit-
Lelsl JUist PeUIeHHs CUCTeM JIMHeHHBIX ypapHenuit); N = 3 — nompae-
Ka, nonyuennasi no gopmyse Jlo6auesa—Kpocca, BHOCUTCS TONBKO B
KOHTYP ¢ MaKcHMaJsibHOH HeBsiakoll; N = 4 — crcrema JIMHEHHEIX ypaB-
HeHMil 151 NONPABOK KOHTYPHBIX PACXOAOCB Ha KaXJIOM Luare HTepaun-
OHHOro Metofia HEIOTOHA pelaeTcsl TCUHO; BCe 3TH CIocobbl GbLIH MOA-
poGHO onucaHbl B § 52.

Tlocne okoHuanusi [:aGoThl MporpaMMbl TedaTaroTcsl Cliefyolie pe-

3y JILTATHL:

eny
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1) ucKoMBle pacxoibl Ha BCeX y4acTKaX CeTH, YJOBJETBOPSiOLHe
BTOpoMy 3akoHy Kupxroda;

2) 3HaueHUs] HANOPOB B y3JaX CeETH;

3) KOoMMYecTBO BOAMI, MOAaBaeMoe B CeThb HACOCHBIMH CTAHIHSIMH H
nonaBaeMoe (WY OTOHpaeMoe) HANOPHO-PEryHPYIOLUMY €MKOCTSIMH;

4) OKoHuaTeJibHBIE 3HAYeHUS HEBS30K MOTEPb Haropa No He3aBHCH-
MbIM KOHTypaM;

5) uncso wrepauuii, KoTopoe norpeboBajioch /st YBS3KH CETH C 3a-
JIaHHOU TOYHOCTHIO.

MpuMepk! peieHHs: MOAeAbHBIX 3afiay. Bonpockl CXOAUMOCTH METO-
na JloGaueBa—Kpocca u pasiHyHEIX MoguuKauuii 3T0r0 MeTona yiKe
6bid paccMotpess! B § 52. Brulo nokasano, 4To 3TOT METOJ MOXKeT pac-
XOIHTBbCSH B CJlyuae, eCii KaKoli-iHbo y4acTOK CeTH siBfsiercst ofLiuM
GoJlee ueM VISl IBYX HE3aBUCHMHX KOHTYPOB H BeJnuuHa Sg Ha 3TOM
yuacTKe CPaBHHTE/BHO BeJHKa. ¥ KasblBAJOCh, YTO CXOAHMOCTD METOJA
U CKOPOCTb CXOIUMOCTH 3aBHCHT OT BHGOPA CHCTEMBI HE3ABUCHMBIX KOH-
TYPOB, OT 3HaueHWi TMAPABIMYECKHX CONPOTHBJICHHH Y4aCTKOB H OT
HauyaJbHBIX PACXONOB B HMX. TaM e GBUIM ONNCAHbI METONbI, KOTOPEIE
IJs1 paccMaTpHBaeMBIX 3aJau BCETa CXONATCS W TPeOyIOT JUIst YBSISKU
CETH MeHBILIero 4HCJa UTepaiuii. '

3peck GyyT PaccMOTPeHB! Pe3yJbTaThl HEKOTOPHIX METONMYECKHX
PAacyeToB, LeJbi0 KOTOPHIX SIBJSJINCH CPaBHEHHe CXOLMMOCTH pasiuy-
HBIX MeTOZOB T'MAPABJHUECKO} YBSISKH CETH, a TaK¥Ke aHANV3 BIHSHUS
BLIGOPA CHCTEMBbl He3aBHCHMBIX KOHTYPOB U THAPABJHYECKHX COMPOTHB-
JIeHHIl Y4acTKOB Ha CXOIMMOCTb WCIOJb3YyeMoro Metoza. B kauectse
PacueTHbIX TIPUMCPOB GBUTH B3SITHI JIBe TIPOCTHIE CETH: IBYXKOJbIeBast
ceTh, COCTOSIAS U3 ceMH yyacTKoB (cM. puc. XIV.1), u Tpexxosbile-
pas ceTb (puc. XIV.5).

PaccMoTp UM JIBY XKOJIbLEBYIO ceThb. I'HipaBJinyeckne CONPOTHBIICHHUS
YUACTKOB 3TOH CeTH M HayaJibHOe paclpese/ieHlie PacXoloB Mo y4acT-
KaM, yJIoBleTBopsiouiee NepeoMy sakony Kupxroda, NpHBEICHH B
ta6n. XIV.1.

Jlnist aTofi ceTH BOSMOXKHBI TPH BaphaHTa BHIOOPA CHCTEMB! He3aBH-
CHMBIX KOHTYDOB, JIBa M8 KOTOPEIX Mbl paccMaTpuBaeM. Bonpoc BbiGopa
STHX KOHTYPOB SIBNifieTcsl BaXKHBIM, TaK KaK yyacTKH, obuwe 1ist IBYX
WU 6ojiee He3aBHCHMBIX KOHTYPOB, MOTYT OKasaTh BJMSIHME KakK Ha
CKOPOCTb CXOHMOCTH MeTOfa, TaK H Ha ero cxomuMoctb Boobuwe. ns
HJLIIOCTpAlku 9Toro Ha DBM Gbuia npoBelieHa CCPHSi PACueToB. Iup-
paBiHgeCcKoe COMPOTHBJIEHYE HA CEIIbMOM YUaCTKe S, o0lieM 1ist obonx
He3aBHCHMBIX KOHTYPOB (KoJjell), MSMEHsJIoCh ClielylowuM ofpasoM:
1, 10, 102, 103, 10%, 10°, 108. Jlerko 3anucatn MaTpULL! JIMHEHHEIX CHCTEM
IJist HONPaBOK KOHTYPHBIX PACXOLOB MpPH CHCTEMaX HE3aBHCHMBIX KOH-
TypoB, usobpamennbix Ha puc. XIV.1 n XIV.2:

A :" 2 (S1 91 Ss g5+ Se ge+S242) A .
' 25; g5 2(S; 92+ Ss9s+S10a+S240) I
A :"2(Slql+sa%+sﬂln+svfh) 2 (S191+Ss g5+ Se 9e)
: 2(S, 1+ S5 G5+ S6Se)  2(S1g11S2 G+ S5 g5+ Sada-t+Ss s+ Se e
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Ta6nuua XIV.1

Ne yuacTka S; vz(m S, 0!‘0)

Ne yuactka

LN
——
—_—0 = -
—
o

Hs matpun BHIHO, uTO NIpH Goblukx BeHYMHAX S, (1o cpaBHennO
€ COTIPOTHB/IEHHSIMH IPYTHX YYACTKOB) CKOPOCTH CXOIMMOCTH B TIepBOM
cyyyae GyZieT MeHEIlle, YeM BO BTOPOM, TaK KaK TlepBhIi ¥ BTOPOH YJIeHBI
B Kax0#l CTpoKe MaTpuusl A, 6yAyT NOYTH paBHBL.

Jlnst BceX MOJe/IBHBIX NPHMEPOB YBSI3Ka NPOBOAIMJIACH TPEMsi Pas-
JIMIHBIMH METONAMH «a», «G» W «B», NOAPOGHO PACCMOTPEHHEIME B § 52.
3aBHCHMOCTD YHCJIa HTepaluil MPH YBsi3Ke JIBY XKOJIBLICBOH CeTH OT IHj-
PaBJIHIECKOTO COMPOTHB/IEHHS! S, Ha yuacTKe, obLEeM s oBOHX 3J1e-
MEHTapHEIX KOHTYPOB (cM. puc. X1V.1), nokasana e Ta6a. XIV.2. s
CpAaBHEHHS B 3TOH e TaGNKIle MOKAa3aHO YHCIIO HTePaLMH NpH yBsA3Ke
TOH 2Ke CeTH ¢ APYrHM BaPHAHTOM CHCTEMB! He3aBHCHMBIX KOHTYPOB (CM.
puc. XIV.2). Beyncaerus NPOBOAMJTHCE 10 TeX NMOp, NoKa MaKCHMAJ b-
Hasl HeBfI3Ka He CTaHOBMTCH MeHblue 106,

AHanus pesyJsILTaToB cyeTa NOKasbIBAET, UTO B cayyae BEIGOpa cHc-
TEMbI 5IEMEHTaPHBIX KOJICLl NPH BCeX TPeX MeTOAaX YHCJIO HMTepaHit
PAacTeT C yBeJIMueHHeM CONpOTHBJIeHHsI ofliero yyactka 7. 1o obbsic-
HACTCs1 TCM, YTO 31eCh BeJMUHHa S, BXOIMT KaK B WieH, CTOSLIHI Ha
TIaBHOH JiMaroHas, Tak M B APYroil SJIEMEHT 3Tol Ke CTPOKH MaTpHIb!
A;. HostoMy ¢ poctoM S, gHaroHaJbHOE npeoGiananue MaTpHunl A,
CTaHOBHTCs1 BCE McHee BEIpaXkeHHbIM. B MatpHue e A, (cootBetcrByio-
u[ell BTOPOMyY BapHaHTy KOHTYpOB) BeJHUMHA S, BXOIHT TOJIBKO B uJie-
Hbl, CTOSIIKE HA MIaBHOM AMaroHasIH, H M03TOMY C POCTOM S, AUArOHAJb-
Hoe npeouiafianne MATPHLEI A, CTaHOBHTCH Bee Godee BbIpaxkeHHBIM,
UTO yCKopsieT cxomumocTh MeTopa JloGauea—Kpocca ¢ pocrom S,
Crenyer oTMeTHTB, uTo UMCIO HTepALKil NpH yBs3Ke ceTH MeTonom Jlo-

Ta6auna XIV.2

Ynucso uTepaunfi NPY CHCTEME HE3ABHCHMBIX KOHTYPOB
no puc. XIV.1 ' no puc. XIV.2
Sy B HCROJL3YEMOM METONe YBSI3KH
a 6 ' B l a I 6 ,

1 7 5 8 53 26 51
10 15 8 15 37 17 38
102 39 21 40 20 11 19
103 131 64 115 14 9 17
108 423 196 327 13 9 15
108 1343 615 927 12 10 15
108 4254 1936 2622 13 11 15




6aueBa—Kpocca (MeTofioM «a») 0BBbIYHO OKashiBaeTcsi GoJibille, YeM NPH
pacyeTax HApYTHMH NPHBEIEHHBLIMH METOJAMH.

Bropoit cetblo, NPOCYNTaHHON MO TOH e MNporpamme, ABAAETCS
TpexKoJblleBasl cetb, H3oOpamenHas Ha puc. XIV.5. I'nppasnnyeckue
COMPOTHBJIEHHS Y4YaCTKOB CeTH H HauasbHoe paclpefiesieHHe PacXolioB
no yuactkam npuseseHbl B Tabn. XIV.3. Pacuer stoil ceTH MeToloM
Jlo6auea—Kpocca 6bi1 npusesier Kapayio Kao. Bruo ycraHoBieHo, 4To
ISl HEKOTOPHIX BaPHAHTOB CHCTEM He3aBHCHMbIX KOHTYPOB METOJ CXO-
IMTCH oYeHb MeNJIeHHO, a JUlfl HHEIX OH coBceM pacxonutcs. B mporpad-

Shgafe 9)

~7 ©

0k
)

Puc. XIV.5

ke Tabs. X1V.4 yKasaHo 4HCiIO HTepallMil TIPH yBASKe 3TOil CeTH BCeMH
TpeMs MeTolaMH («a», «6»  «B»), a B OOKOBHKe YKasaH BapHaHT BbIOpaH-
HOll CHCTeMbl He3aBHCHMBIX KOHTYpOB. VHTepecHo OTMeTHTb, 4TO NPH
yBAi3Ke CeTH N0 BAPHAHTY CHCTEMbl HE3ABHCHMEIX KOHTYPOB, TPHBE/ICH-
Homy Ha puc. XIV.5, e, meron Jlo6auesa—Kpocca pacxonures, onna-
Ko 06a APYTHX MeToia YBfI3KH JialH JOBOJBHO GBICTPYIO CXOAHMOCT.

Uucno urepauuil pacteT JJis BAPHAHTOB, XapaKTepPH3yeMbIX Haju-
yHeM OOIIHX YYaCTKOB JJIf BCeX TPeX He3aBHCHMbiX KOHTYPOB, OHAKO,
KakK H And nBnyo.nbueBoﬁ CETH, METOJIbl «6» ¥ «B» JalOT GoJiee 6blCpr!O
CXORHUMOCTb.

B saksiouelne MNpuBefieM NPHMep pacyeta Goflee CNOXKHOH ceTH,
cocrosielt u3 15 KoJlell ¢ ofiHOi HACOCHO! CTaHIMeH U OJHUM KOHTppe-
sepeyapoM (puc. XIV.6). Pyunas ypsska 5Toi ceTn Gblnia NpoBejleHa B
rn. VIII metonom Anppusiiesa. Pacuethl GblH NpOBEfeHB! NS TPex
XapaKTepHLIX CJlyuyaeB: HaHGOJbILEro TPaH3HTa, HAaHGOJBILETO BOJONO-
Tpe6iieHus H TyweHns noxapa. Ilpu pewennu sajayn CHCTeMa Hesa-
BUCHMBIX KOHTYPOB ceti (Ha puc. X1V.6 HoMepa KOHTYPOB CeTH sami-
CaHE PHMCKHMH LH(PaMH) NoMONHsercs: GUKTHBHBIM KOHTYPOM, KOTO-
pHlii o6pasyercsl CHeNYIOWNM 00pasoM: BBOAHTCA ¢uKTHBHBIA y3en O,
CoeiMHAeMblll (PUKTUBHBIMH YUACTKAMH C HACOCHO# CTaHLHeH (y4acToK
0—HC) v Gaumkeil (yuacrok O—B). Kontyp, o6pasyeMblil PUKTHBHBIMH
yuactkamu O—HC, O—b u yuacTkamMu ceTH 2,6, 13, 15, 32, 34, 36,
387, 38, 39, apasiercss QUKTHBHBIM.
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Ta6nuna XIV.3

Ne yuacTKa S; ql(O) Ne yuactka S; q}l])
1 0,2934-10—3 120 5 0,741-10—3 70
2 0,5558-10—3) 20 6 0,1354-10—3 90
3 0,4628-10—2 50 7 0,1467-10—3 50
4 0,1111.10—2 30 8 0,10115-10—2 20
2

I'uppapnyyeckyie XapaKTe[UCTHKH Hacoca W GallH¥ ObuH CJeayio-
LIMMU: HATIOp, CO37iaBaeMbll HACOCOM IIPH 3aKPHIToH 3aiBumKe, Hy =
= 90,8 M; ruapaBsHYecKoe coNpoTHBIEHHKe Hacoca S, = 0,562 - 10-%;
Hamop B Gaume Hg = 45 M.

Ta6anuuna XIV.4

Bapuant cucremu YHC:10 HTepauHii NMPH KCMONB3OBAHMH METOJA YBSI3KH
He3aBHCHMBIX KOHTYPOB l

a 6 B
Puc. XI1V.5,6 2 14 35
Puc. X1V.5,8 60 14 34
Puc. XIV.5,2 384 33 88
Puc. X1V.5,0 569 46 107
Puc. XIV.5.e Meton pacxoaurcs 29 79

Ilo vsBeCTHBIM 3HAUERHSIM 3THX BeJMUMH, (PUKCHPOBaHHEIM oTGOpaM
BO BCEX Y3/aX H 3a[{aHHbIM T'MPABINUYECKHM CONPOTHBIEHHUSM BCEX
BeTBel (COOTBETCTBYIOIME BEJIUUMHEI IPUBeiedbl B 1. VIII) Gbinu mony-
YeHBl MCTHHHBIE PACXOJbl BO BCeX YYacTKax CeTH, Mojaya Hacoca Q,
nopaua (uau otoop) 6aluHu Qg 1 3HaUeHHs HaNOPOB BO BCeX y3JaX CeTH.
3HaueHus PaCXOROB BO BCeX Y4aCTKax mpuseledsl B Tabu. XIV.5 mis
cayqast HauGoabiuero Tpansaura. OKoHuatenbHOE HanpasfieHYe IBHKe-
HHUSl BOJbl COBMAjaeT C TeM HanpaBieHHeM, KOTopoe ObWIO MoJy4eHo B
ra. VIII. Jast Beex cayuaes (HauGonbluuft TpaHauTt, HauGosbiiee BoJlo-
norpefnenye N TylleHHe TIOXapa) pacuersl IPOBOAMJINCH TPeMsl MeTo-

Ta6auna XIV5S

2 2
yq:{:-ma Q. n/c yqasf-ma Q. n/e yuaxg-xa Q. n/c yqa’:-rxa Q. n/c
1 221,081 11 83,356 21 42,000 31 1,044
2 221,161 12 9,213 22 7,816 32 14,063
3 98,941 13 93,126 23 49,250 33 33,095
4 98,281 14 62,242 24 26,225 34 16,059
5 111,708 15 33,707 25 8,725 35 23,774
6 100,712 16 42,218 26 26,983 36 25,334
7 70,266 17 12,841 27 6,341 37 62,442
8 30,425 18 43,560 28 26,433 38 62,442
9 66,808 19 13,124 29 5,892 39 442,242
10 19,252 20 42,125 30 34,803 40 6,559

2
@



Puc. XIV.6
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Ta6nuna XIV.6

Yucno w ! npH
Cayeant MeTOA8 YBSA3KH
a 6 | B
HawuGonsuuit Tpanaut 149 75 980
Hau6oaswee soxonorpeGnenue 80 42 503
Tyuwenne noxapa 48 30 236

namu. B ta6n. XIV.6 npusefieHo uyHcao HTepalMi, HEOOXONHMBIX AJish
yBsiaku ¢ & = 10-5

Jlna sToll ke ceTH Oblia NpoOBeleHAa CePHS PACYETOB C UEJBbIO
BBISIBJICHHsI 3aBHCHMOCTH 4HCJA HTepauHii oT TpeGyeMol TOYHOCTH
yBsI3KH, PeaysnTaThl 9THX pacueTos npuBenentl B Tabn. XIV.7. lan-
Hble Ta6auUbl MOKA3HBAIOT, YTO HeOOJbILOE YBEJHUEHHE YHCaa HUTe-
palliii MO3BOJISIET CYLIECTBEHHO YBeJHMUHTh TOYHOCTh cueTa. Tak,
€c/M yBeJHYHTh TOYHOCTh YBSI3KH € £= 108 no g=10-%, uucyio utepa-
LMi BO3pacCTeT BCEro JHILUb B 2 pasa.

Ta6auuna XIV.7

Yucno yrepauynil PR TOYBOCTH pPacueTa £
MeTtoR
ey 102 1072 104 106 108 107
a 28 40 54 66 80 93
6 16 23 29 36 42 49
B 141 230 319 409 503 595




13

NPHIAOXKEHHE 1

Ta6nuna 1

MpefeasHsle SKOHOMHYECKHE PACXOZAI, J/c, IVl METaJNIHIECKHX TDPYO

YYTYHHHIX TPH 3HAYEHHNX SKOHOMHUECKOro dakrtopa Ja

YeaoBHR CTaNbHAIX TIPH 3HAYEHHSIX SKOHOMHYecKoro ¢akrtopa Je
TIPOXOX, MM
0,5 0,75 1 0.5 0,75 1
50 3,6 3.1 2,9 2,2 1,9 1,8
60 3,6—4,7 3,1—4,1 2,9—38 — — —
75 4,7—6,6 4,1—5,8 3,8—5,2 — — —_
80 6,6—9,3 58—8,1 52—7,3 2,2—5,1 1.9—4,4 1,8—4
100 9,3—13,4 8,1—11,7 7,3—10,6 51—8,4 44—73 4—6,6
125 134—19 11,7—16,6 10,6—15,1 84—133 7.3—11,6 6,6—10,6
150 19—25 16,6—21,8 15,1—19,8 13,3—22,5 11,6—19,6 10,6—17,8
175 25—33,4 21,8—29,2 19,8—26,5 — — —_
200 33,4—53 29,2—46 26,6—42 22,56—40,7 19,6—35,5 17,8—32,3
250 53—82 46—71 42—65 40,7—65,3 35,6—57 32,3—51,8
300 82—118 71—103 656—93 65,3—95,9 57—83,8 51,8—76
350 118—161 103—140 93—128 95,9—132 83,8—116 76—105
400 161211 140—184 128—167 132—175 116—153 105—139
450 211—268 184—234 167—213 175—225 153—197 139—179
500 268—360 234—315 213—286 2256—312 197—273 179—248
600 360—507 3156—443 286—402 312—460 273—402 248—365
700 507—676 443—591 402—537 460—641 402—560 3656—509
800 676—888 591—776 537—705 641—858 560—749 509—681
900 888—1130 776—987 705—896 858—1100 749—970 681—880
1000 1130—1528 987—1335 897—1213 1100—1532 970—1338 880—1216
1200 15282197 13356—1919 1213—1744 1532 1338 1216
1400 2197—2810 1919—2456 1744—2231 — — —_
1500 2810—3248 2455—2838 2231—2578 — — —
1600 3248 2838 2578 — —_ —
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Tabanna 2

[lpenenbiLle 3KOHOMHYECKHE PACXOABI, J/C, 1S HEMETAJJNHYECKHX TPYS

0 d)am-o.pa Ja

MaCTMACCOBBIX MPR 3HAYCHHAX SKOHOMHueckoro gaxropa In

n;'ggg;'jm ac6ecT HBIX TPH
05 0.75 1 0.5 0,75 1

50 1,6 14 1.3 1.2 1,1 1,0
60 — — — 1,2—18 1,1—1,6 1,0—14
75 1,6—3,8 1.4—33 1,33 — —_ =
80 —_ — — 1,8—3 1,6—2,6 1424
100 3,8—6,7 3.3—5.9 3—53 35,1 2,6—4,4 24—4
125 6,7—10,2 59—89 5381 51—8,1 4,4—7 4—64
150 102—17.4 89—15.2 8,1—138 8,1—15,1 7—132 6,4—12
200 17.4—32.4 15,2—28,3 13,8—25,7 15,1—35,7 13,2—-31,1 12—28,3
250 32,4523 28,3457 25,7—41,5 35,7—57,1 31,1—49,9 28,3—45,3
300 52,3—75,9 45,7—66,3 41,5—60,2 57,1 49,9 45,3
350 75,9—106 66,3—92,7 60,2—84,2 — —_ —_
400 106—160 92,7—140 84,2—127 — J— —_
500 160 140 127 —_ —_ —_—




NPHJIOXEHHE 11

TaG6nuua 1

PacuetHble 3HaYeHHA PacueTHble 3HaUeHHSA
YAENBLHLIX CONPOTHRNEHHI VIensHbIX CONPOTHBNEHHIT
Yenopuniit so npx v>1,2 Mfe (g, m/c), Yenosuniit sq npn v>1,2 Mfe (g, m¥fec),
npoxon, MM BOJIONPOBOSIHBIX TPYO npoxosn, MM BOJIONPOBOAHBIX TPYO
CTanbHBIX ’ YYTYMHBIX CTaNbHBIX ’ HYCYHHBIX
50 3686 11540 400 0,1859 0,2189
60 2292 — 450 0,09928 0,1186
75 929.4 — 500 0,05784 0,06778
80 4543 953,4 600 0,02262 0,02596
100 172,9 3117 700 0,01098 0,01154
125 76,36 96,72 800 0,005514 0,005669
150 30,65 37,11 900 0,002962 0,003074
175 20,79 —_ 1000 0,001699 0,00175
200 6,959 8,092 1200 0,0006543 |  0,0006625
250 2,187 2,528 1400 0,0002916 —
300 0,8466 0,9485 1500 0,0002023 —
350 0,3731 0,4365 1600 0,0001437 —
Tabauna 2
PacyeTHsle 3HAYEHHS YIENbHBIX CONPOTHBACHMI Sg
Yeaosuslit npu v=1 mfe (g, m3[c) acbGecTouemMeHTHBIX TPYG Knacca
npoxon, MM
BT6, BT9 BTI12 BT6
50 6851 —_ —
75 835,3 — —
100 187,7 — —
125 76,08 — —
150 31,65 39,54 —_
200 6,898 8,632 —_
250 2,227 2,605 —
300 0,914 1,083 —_
350 0,4342 0,5115 —_
400 0,2171 0,2579 E
500 0,07138 0,08489 =
600 — — 0,02123
700 — — 0,009536
800 - — 0,00477
900 —_ — 0,002588
1000 -_ —_ 0,001498
Tabnuua 3
PacueTHsie 3HaueHHs PacueTHsle 3HaYeHHs
Hapyxusiit Tun | YACIBHBIX COMPOTHR- || apyxubiit Tun Y/ie/IbHBIX CONMPOTHR-
puamMerp, MM | TPY6 "f;_’f’;f;ic;‘li:‘n‘;;;a'ﬂ o nnanpa)e’w. MM | TPYE "?;.”"’:af}ic')’l’:ngjr:‘;{c
COBBIX TPYG COBBIX TPYG
16 12120000 32 204800
20 T 2695000 40 iT 65350
25 757600 50 20230
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ITpodorscenue raba. 8

PacueTHble sHaueHHs! PacueTHbie 3HaYEHHS
H a T yaembubiX conpoThs- | g # YAEJbHBIX CONPOTHB-
swawers, s | 3y fnem 5y mpn 5L/l TutlTy " | apye | nemnh 3 o 0 M
COBBIX TPYG COBBIX TP
63 6051 225 5,069
75 2431
90 T 926,9
110 323.9 280 1,308
140 92,47 315 e 0,7082
160 45,91

3HaueHHUsi NONPaBOYHEIX KO3(PPULUEHTOR O K pacyeTHBIM
SHAYEHHAM So NSl CTAJbHBIX M YYTYHHBIX TPYG

Ta6bnuua 4

o, M/C [} v, mfc L] v. Mfc v. m/c 8
0,2 141 0.45 1,75 0,7 1,085 1 1,03
0,25 1,33 0,5 1,15 0,75 1,07 1,1 1,015
0,3 1,28 0,55 1,13 0,8 1,06 1,2 1
0,35 1,24 0,6 1,115 0,85 1,05
0.4 1,2 0,65 1,1 0.9 1,04

2

P ¢
3HAYEHHAM So AN acBecToUeMeHT)

PR

MEHTOB § K paCueTHBIM
HBIX TPYO

Ta6auua &

274

v, mfc & v, M/fc [}
0,2 1,308 2,1 0,905
0,25 1,257 2,2 0,9
0,3 1217 2,3 0,895
0,35 1,185 24 0,891
0,4 1,158 2,5 0,887
0,45 1,135 2,6 0,883
0,56 L1156 2,7 0,88
0,55 1,098 2,8 0,876
0,6 1,082 2,9 0,873
0,65 1,069 3 0,87
0,7 1,056 3,2 0,864
0,75 1,045 34 0,859
0.8 1,034 3,6 0,855
0,85 1,025 38 0,85
09 1,016 4 0,846
1 1 4,2 0.843
L1 0,986 44 0,84
1,2 0,974 4,6 0,836
1,3 0,963 4.8 0,834
1.4 0,953 5 0,831
1,5 0,944 5,5 0,826
1,6 0,936 6,0 0,82
1,7 0,928 6,5 0,815
1.8 0,922 7 0811
19 0,916 7.5 0,808
2 0,91 7.8 0,806



Ta6anua 6
3nayenns MONPABOYHLIX K0I(dHUKEHTOB & K pacueTHBIM
3HAYEHHAM So AJs MINACTMACCOBHIX TPYO

v, mMjc & v, mfc [ v, Mjc ]
0,2 1,439 08 1,062 1,9 0,865
0,25 1,368 0,85 1,043 2 0,855
0.3 1,313 09 1,024 2,1 0,846
0,35 1,268 1 1 2,2 0,837
04 1,23 LI 0,981 2,3 0,828
0,45 1,198 1,2 0,96 24 0,821
0,5 0 1.3 0,943 2,5 0,813
0,55 1,145 14 0,926 2,6 0,806

X 1,123 15 0912 2,7 0,799
0,65 1,102 1.6 0,899 2,8 0,792
0,7 1,084 1,7 0,887 2.9 0,786
0,75 1,067 1,8 0,876 3 0,78
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