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NCHOJb30BAHUE KOMIBIOTEPHBIX MOJIEJIENA
JUISA TIPOEKTUPOBAHUSA CJIO’KHBIX
TPYBOIIPOBOJHBIX CUCTEM

Kanpa. rexn. nayk KOJIECHUKOB C. B., kana. texs. Hayk, nou. KYIMUHOB H. B.,
acnupantsl EPEMHUH A. B., BPAHOUJIEBA A. H.

@I'BOY BIIO «Camapckuii 20Cy0apcmeenHblil MeXHU4eCKull YHuepcumemy»

E-mail: totig@yandex.ru

Pa3paboTaHbl OCHOBHbIE MONOXEHUSI MOCTPOEHWSI KOMMbIOTEPHBIX MOAENei,
npeAHasHavYeHHbIX ANns NPoeKTMPOoBaHWS TPYOonNpoBOAHbIX CETEW, paccMaTpuBast
WX Kak eduHble Lenble rmapaBnuyeckne cuctembl. MocTpoeHre HOBbIX y4acTKOB
TennoceTe BO3MOXHO NMULLb MOCHE MX NMPOEKTUPOBaHWS C Lienblo obecneveHns
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YHKUMOHMPOBaHNA B 3adaHHOM pexume paboTbl. B npaktuke akcnnyaTauun
TEeNnoBbIX CeTel OCHOBHbIMM Mpobnemamu ABNATCA: HEAOCTAaTOYHbIN nepenag
OaBneHns mexay npsMbiM M 06paTHbIM TpybonpoBogamu, NOBbILLEHHOE OaBrie-
Hue B obpaTHoM TpybonpoBoae, pasperynvpoBaHHOCTb CeTU U apyrue npobne-
Mbl. WX npuuMHamyn moryT ObiTb: HeAoCTaTOuHblE AMameTpbl TpybGonpoBoaoB,
yMeHbLUEeHNe AnamMeTpoB TpyO M3-3a OTNOXEHWNA Ha BHYTPEHHUX MOBEPXHOCTSX,
nepekpbITUe 3aABWKEK Ha ydacTkax ceTu ¢ BOMbLUMMK CKOPOCTAMU TEYEHUS Ten-
NIOHOCUTENS, «Mapa3vnTHbIE» LMPKYNAUMM 1 np. OdeKTMBHLIM CpeacTBOM Ans
Hambornee AOCTOBEPHOrO OnpeferneHnst OCHOBHbLIX MPUYMH yKasaHHbIX Npobrem,
UMeILLMXCA B NMoboN TennoceTn, a Takke Anst MPOEKTMPOBaHWS HOBbIX Tensoce-
TeN ABMAKTCA KOMMNbIOTEPHbIE MOAENW, MO3BONSAIOWME NPAKTUYECKN MONTHOCTLIO
BOCNPOU3BOAUTL MMApaBNMYeckne n TemnepaTypHble pexvmMbl nx paboTol.

Llenb paboTbl — MCnonb3oBaHMe KOMMbIOTEPHOW MOAENW AN BbINOMHEHUS
npoekTa HOBOro TennoBbiBoda oT TonbaTTMHCKOM TOL ¢ uenbto otonneHus Liex-
TpanbHOro paroHa r. TonbATTH, 3anuTbiBaemoro oT TOL| Bommkckoro aBTOMO-
6unbHoro 3aBoga. C nomoLLblo pa3paboTaHHOW AN peLleHus 3To 3aJadn KOM-
NblOTEPHOW Moaenu Obinu onpefdeneHbl MecTopacnonoxeHve obopyaoBaHUst
N ero OCHOBHbIE XapakTEepPUCTUKN C y4EeTOM COBMECTHOM paboTbl ABYX UCTOYHU-
koB TennoTbl (0T TonbsaTTnHCckoM TOL n T3L, Bormkckoro aBTOMOOMITbHOIO 3a-
BOAA).

KnioueBble crnoBa: KOMMblOTEpHas MoAernb, NPOEKTUPOBaHWE TEMNOCETEN,
3aKkoHbl Kupxroda, Teopus rpacoB, cuctema anrebpanyecknx ypaBHeHUn, antopbl
[aBIEHUN.

Mn. 6. Bubnwuorp.: 10 HasB.
USING COMPUTER MODELS FOR DESIGN
OF COMPLEX PIPELINE SYSTEMS

KOLESNIKOV S. V., KUDINOV I. V., EREMIN A. V., BRANFILEVA A. N.

Federal State — Financed Educational Institution of Higher Professional Education
“State Technical University of Samara”

The main rules of computer models construction were developed, which in-
tended for pipeline networks design and they were considered as single whole
hydraulic systems. The construction of new sections is possible after their design
in order to provide operation in given regime. In heat networks operation we see
the following problems: irregular change in pressure between direct and return
pipelines, increased pressure in return pipeline, misalignment of network and ot-
hers. Their causes may be: undersize thickness of pipelines, reduction in diameter
caused by scales in internal surfaces of pipes, closure of gate valves in sections of
networks with big speeds of heat coolant, “parasitic” circulations and others. Efficient
mean for determining the main reasons of these problems, they may be in any heat
pipeline, and also for new heating pipe networks design we consider computer mo-
dels, which allow to simulate (practically in the whole volume) hydraulic and tempera-
ture regimes of their work.

The purpose of work — using computer models for implementation of project of
new heat removal pipe from Tolyatti central thermal station in order to heat the
Central Region of Tolyatti, feeding from heat power station of the Volga car factory
.With the help of developed computer model the location of equipment and their
main characteristics were determined, they take into account joint work of two
sources of heat (central thermal station of Tolyatti and the Volga car factory).

Keywords: computer model, design of heat-supply systems, Kirchhoff’s laws,
graph theory, system of algebraic equations, pressures diagrams.

Fig. 6. Ref.: 10 titles.

HpI/I BBITIOJTHCHHUU PAaCYCTOB CJIOXKHBIX PAa3BCTBJICHHBIX MHOT'OKOJIBIIEBBIX
TUAPABIIMYCCKUX ceTeﬁ, 3alIMTBIBAEMBIX OT HECKOJBKHX HWMCTOYHHUKOB, 3(1)(1)61(—
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TUBHBIM HaIPaBICHHEM OKa3bIBAECTCA NPUMEHEHHE KOMIIBIOTEPHBIX MOZEIEH,
KOTOpBIE MO3BOJISIOT MPAKTUYECKH MOJIHOCTHIO BOCIIPOM3BOANTE MPOTEKAIOIIHE
B CeTSIX TMApABIMYECKHE MPOLECChl, paCCMAaTpUBas UX KakK €IUHbIE LIeJble TH/I-
paBIMUYECKUE CHCTEMBI. Takue MOAETN MO3BOJISIIOT ONPENENATh JaBJICHUE, pac-
XOJIbl, CKOPOCTH TEUEHHUs CpeJibl, MOTEPH HAIlopa, pacXoi 3HEPIrUu Ha Iepeme-
menne W mp. Pemenne momoOHBIX 3amad KaKUMHU-TMOO APYTHMH CPEICTBAMHU
JUIA YKa3aHHOTO BUJA THAPABIMYECKUX CETEH B HACTOSINEE BpPEMs HE IPECTaB-
JIIETCSI BO3MOXKHBIM.

B 0OCHOBY mHOCTpoeHHs KOMIBIOTEPHONH MOJENIM IIOJOXEHBl J1Ba 3aKOHA
Kupxroda, npumeHseMbIX IpH pacyeTax dEKTPUIECKUX ceTel. Mcnoabp3oBaHue
3THX 3aKOHOB B pacueTax I'MIpaBINYecKUX ceTeil 000CHOBBIBAETCS MOJHOMN aHa-
JIOTHEH MPOIECCOB MPOTEKaHMUs TOKAa B MPOBOJHUKAX U KMIKOCTH B TPyOOMpoO-
BOAHBIX THApaBIMYECKUX cucTemax [l]. B kauecTBe KOHKpETHOro mnpumepa
HaliieM pacmpefiefieHHe pacXoloB B CETH, COCTOALIEH U3 OJHOIO KOJbla
(puc. 1), uMeromero Tpu oTBeTBICHHUs. Pacxopl O ydacTkam Koubla &, b, ¢, d
obosHaunM Q,, Q,, Q,, Q,, a mo orBerBnenusam — Q,, Q,, Q,. Tpebyercs

HaAWTH pacrpezeneHre pacXxoJI0B Mo y4acTkaMm @, b, ¢, d npu 3agannoM pacxoe
Q Ha BXxoJ€e B K0JIb1O. Pacxosl BozbI O OTBETBIEHHAM OT Koiblia Q;, Q,, Q,
M3BECTHBI, a WX CyMMa paBHa pacxoay Q Ha BXOle B KOJIBIIEBYIO CETh
Q = Ql + Qz + Q3-

[epesiii 3akoH Kupxroda B nmpuMeHEeHHH K pacueTy THIPaBIMYECKHX CH-

CTEM YCTaHABIIMBAECT PABEHCTBO MPUTOKA U OTTOKA CPEJbI B KAXKJIOM Y3Jie CETH,
T. €. TpeOyeTcs BHIITOIHEHUE YPaBHEHNUs OajlaHca pacxo/I0B

Ya=o @

TJe 7 — YUCII0 TPYOOIpoBOJOB, coeauHsomuxcs B y3ue; Q, (i =1,_n) — pacxon

Cpeabl IO BCEM Tp}I60HpOBOI[aM, COCAUHAIOMIUMCSA B JAHHOM Y3JIC.

Puc. 1. Cxema
KOJIBIICBOU CETH

CornacHo BTOpomy 3akoHYy Kupxroda, cymma Hamopos i i1000ro 3am-
KHYTOTO KOHTypa paBHa HYJIIO

PDEEELED @
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rae S, (i =1,_n) — TUJIPABIMYECKOE CONPOTHUBIICHHUE I-r0 ydacTka; Q. (i =1,_n) -
pacxoji cpe/sl Ha i-M ydacTke.

Ucnone3ys ypasuenus (1), (2), Ha OCHOBE HTEPAaTHUBHOTO METO/a pacyera
MOXKHO HAlTH pacmpenelicHHe pacXojiOB MO BCEM YYacTKaM CETH MPU H3BECT-
HOM pacxojie Q, 3a7jaHHOM Ha BXOJ€ B KoJbllo. Ha mepBoM 1are urepaunuu 3a-
JaeTCs MPOHU3BOJILHOE paclpeiejiCHHE PacXOo0B CPelbl Ha Ka)IOM YYacTKe
KOJIbIIA, T. €. 3amatoTcs 3HadeHus Q,, Qp, Qc, Qq4. Torma mns y3mos 0, 1, 2 u3
nepBoro 3akoHa Kupxroga nmeem:

Q=Q0-Q: Q=Q+Q; Q=Q+Q.

ITo BTOpOMYy 3akoHy Kupxroda Ha OCHOBE HPHHATHIX PACXOJO0B IO BCEM
y4acTKaM KOJIbLa HaliJIEM BETMUMHY HEBA3KU HAIIOPOB

OH = ZsiQi2 =S,Q7 +5,Q7 +S,Q% - S,Q2% (3)
i=1

Jlnst mpubMKEHUsT HEBS3KKM HAamopoB OH K HyJl0 BBEJEM B pacyeT IoImpa-
BOUHBIN (YBSA304HEIN) pacxox 0Q — OH JOIDKEH BBIYMTATHCS U3 BEUYMHBI pac-
X071a Ha MEPerpy>KeHHbIX U NO0aBIAThCS HA HEAOTPYKEHHBIX ydacTkax. Bemu-

YMHY YBSA30YHOTO pacxoga 0Q MOKHO HAaWTH M3 COOTHOIIEHMS (3), MOIO0XKHB
oH =0:

S, Q,-8Q°+S, @ -8Q “+S, Q =8Q * =S, Q,+3Q *=0. (4

2
Ecnu npenebpeus wieHamu, coaepxamnmu (0Q)°, Kak BEITHYMHAME JJOCTa-

TOYHO MAaJIbIMH, TO COOTHOLICHHE (4) OTHOCHTEIBHO YBSI304HOrO pacxoia OQ

OyzeT npelcTaBisATh alre0pandecKoe JIMHeHHoe ypaBHeHHe. Ero pemenue

5Q=5H/[23'5Q | (5)

rae zSiQi =85,Q, +5,Q, +S.Q,. +5,Q;.
i=1

IMocne HaxoxkaeHuss OQ YTOUHSIFOTCS pacXojibl Ha ydacTKax KOJblia, U yKa-
3aHHAs IMOCJEAOBATEILHOCTh PACUCTOB BHOBH MOBTOPSIETCS. Takoil UTEepaTHB-
HBII pacyeT BBIMOJHICTCSA JIO0 TEX IOp, MOKA IMOJydyaeMble U3 JIBYX MOCIEIHUX
uTEpanuil pacxojibl He OYAyT OTIMYAThCS HAa 3aJaHHYIO (JOCTATOYHO MAITyIO)
BEIUYUNHY.

B cnygae MHOTOKOJBIIEBBIX Pa3BETBICHHBIX THIPABINYECKUX CETel peasu-
3ays W3JI0KEHHOTO allTOpUTMa pacdyera IOTOKOpacHpeneNieHHs] BO3MOXKHA
JIATIH C WCTOIB30BaHUEM BBIUMCIUTENbHON TexHuku [2—10]. s atoro HeoO-
XOJUMO CO31aTh KOMIIBIOTEPHYIO MOJE/b THApaBIMUYeCKOr cetu. Ilpu sToM
UCToJb3yeTcs Teopust rpadoB [8], corylacHO KOTOPOH co37aeTCs «JIepeBO» Tell-
nocetu. ['paduueckas uHTepnperanus rpada gaaHa Ha puc. 2. 3xech nudpa-
mu 1,2, 3, ..., 9 o003HaueHBI BepiInHbI rpada, a OykBami a, 0, B, ... — €ro AYTH.
[IpyMEHUTENEHO K THAPABIMYECKOW CETH BEPIIUHBI Tpada UHTEPIPETUPYIOT
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TOYKH COEIUHEHHUS TPyOONpPOBOAOB, a IyIrd — YYacTKH TpPyOONPOBOIHBIX
cucreM. [y onmcaHus anropuTMOB pacdeTa MCIOJb3yETCs CleluaabHas HyMe-
panus BepmIMH M Iyr «zaepesa». Kaxnmas BepiminHa (y3en) XapaKTepH3yeTCs
HOMEpOM (MMEHEM), Ie0JIe3NYeCKON OTMETKOM BBICOTHI PACIOJIOKEHHS, BETH-
YIHOM MPUTOKA WM OTTOKA cpersl U 1p. Kaxkaas nyra rpada nmeer cienyromue
XapaKTePUCTUKU: HOMEp (MMs1), IJIMHY U JUaMeTp TpyO, KO3 PHUIKEHT THApaB-
JIMYECKOT0 CONPOTHUBIICHUS U JIpyTHe MapaMeTpshl.

Puc. 2. I'papuaeckas
uHTepnperanus rpada

Cootromenuit (3), (5) hdopMabHO TOCTATOYHO JJISL TIOCTPOCHUS 3aMKHYTON
CHUCTEMBl ypaBHEHHI OTHOCHTEIHHO HEW3BECTHHIX PACXOJOB B BETBAX CETH
U JJaBJICHUI B €€ y3J1ax.

[Ipu pa3paboTKe KOMITBIOTEPHOH MOJAETH OMPEACISIOTCS THIPABINYECKHE
XapaKTepUCTUKN TPyOOIrpoBoaoB Teruiocet. [loTepn Hamopa B TpyOoIpoBoe
CKJIaJIbIBAIOTCS U3 NOTEPh HA TPEHUE (JIMHEMHbIE) U B MECTHBIX COMPOTUBIICHUAX

I'w’ w?
Ah:k——+2§—, (6)
d 2g 29
rie Ah — norepu nanopa, M; A — koddduument tpenuns; | — auna TpyGonposo-
na, M; d — BHyTpeHHHUH quamerp, M; W — CPEHsIsi CKOPOCTh, M/C; Z&—cyMMa
KO3 (UIIMEHTOB MECTHBIX COMTPOTHBIICHUH Ha yUacTKe.
BBos TOHATHE 9KBUBAJICHTHOH [UTMHBI, TOTEPH HANIOpA Ha MECTHBIE COIPO-

TUBJICHHUS. MOXXHO CBECTH K JIMHCHHBIM MOTEPAM. OKBUBaJICHTHAS JJIMHa MECT-
HBbIX COHpOTI/IBJ'IeHI/Iﬁ HaXoauTCsa U3 COOTHOIICHUA

|, =dY &/ @)

C yuerom (7) popmyna (6) mpumMeT BHJ

2 2
PO NLIAPY ) P ®)
2917 d " "d | 2dg
Ecnu pacxo ®HAKOCTH Yepe3 yuacTok Q, To
w=4Q /nd?. )

IMoacrasmsis (9) B (8), Haxomum
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RN
~ nPgd®

2

Ah

Takum 00pa3om, ruapaBIMuecKas XapaKTEpUCTHKa ydacTka (TpyOsl) mpu-
HUMAET BHJ

Ah =sQ?,

2, 5
— TU/IPaBIMYECKOE CONPOTUBIIEHUE TPYOBL, C/M".

l'unpaBnuyeckast XxapakTepUCTUKA yUacTKa (3aIBUKKH) UMEET BUJL
2
Ah=sQ",

rae S — Ko (UIIUEHT COMPOTUBICHUS 3aABIDKKH, 3aBUCSIIIANA B OCHOBHOM OT
CTEIEeHU €€ OTKPBITHS.

YyacTku — HacoChbl — B PAaCYETHOM CXeM€ T'HIIPaBIMYECKON CETH MpencTaB-
JIEHBl aHATUTHYCCKUMHU XapaKTePUCTHUKAMHU, CBS3BIBAIOIIIMH MEXIY Cco00i
Harop, pa3BUBAEMbIil HACOCOM, U MOJady. XapakTEpPUCTUKA HAcOca B KOOpIUHA-
tax Q-H c gocratouHOl IS MPAKTUKU TOYHOCTBEO MOXET OBITH BBIpaXKEHA
ypaBHEHHEM BUIA

H=H, -Q3,, (10)

rae Hy — Hamop, pa3sBMBAaEMBI HACOCOM ITPH 3aKPHITOM HA BBIXOJAE 3a/IBHIKKE
(Q. = 0), m; Q, — momaya Hacoca, M3/C; Sy — TMApaBINYECKOE CONPOTHBIIE-
HHUE Hacoca.

C ucnonp30BaHNEM KOMITBIOTEPHON MOJIENH BBITIONHEH MPOEKT HOBOTO (UeT-
BepTOro) TeroBbiBoAa OT Tomesarrurckoir TOL (ToTJIl) ¢ menpio oTorieHMsS
LenTpanbHoro paioHa I. TONBITTH, 3aIMTHIBAEMOr0 B HACTOSILEE BPEMS OT
TOLI Bomxkckoro aBromobmibHoTO 3aBosa (TOLl BA3) (munHa marucrpaneit —
12 kM, muamerp TpyoOompoBogoB — 1200 MM, pacxoj] TEIUIOHOCHUTENS — JIO
10000 1/9). DTOT TPOEKT MO3BOJIAI OIPEACITUTHL MECTOPACTIONOKEHHE 000pyI0-
BaHUS (HACOCHBIC, 33/IBIKKH, PETYIHPYIONIUE KiamaHbl U Tp.), €r0 OCHOBHBIE
XapaKTEPUCTUKH, TIPHYEM C YUETOM COBMECTHON pabOTHI ABYX HCTOYHUKOB Tell-
notel (ToTOIl m TOLl BA3). HeobxomumocTs qaHHOHN paboOTHI CBsi3aHa C ILIa-
HaM{ PEKOHCTPYKIMH TemioBbix cered ToTOL] ¢ wmenbro mepemaynm 4acTu
Harpy3Kd JUIs OToIuieHHs1 morpebuteneii llenrpanpHoro paiiona r. TombpsaTTa
¢ TOIl BA3 ma ToTDLl. C »Toil 1enpi0 BHIOIHEH MPOCKT CTPOUTEIBCTBA
4-ro TemnoBeiBojia ot ToTOL, cocrosiiero u3 Tpex TpyoonpoBoos 1200 mm,
OJIUH U3 KOTOPBIX — PE3EPBHBIN.

Ha mepBoM srtame mnpegycMaTpuBaeTcsl Nepegada Harpy3ku 3-To paioHa
r. TompsiTTH B KOTIuecTBe 4600 1/4. C y4eTOM MEepCIeKTHBHOTO POCTA HATPY3KU
ATOTO palioHa PacXo]l TETUIOHOCHUTEIS MOXKET COCTaBIATh 5800 T/4.

Ha BTOpoMm 3Tane npejmnonaraercs nepenada Bceii Harpysku 3-1o (5800 1/4)
W 4acTH Harpy3ku 2-ro paiionoB (10 3000 1/4) ¢ TOL BA3 na ToT3L. Kpome
TOTO, Ha 4-i1 BeIBO TOoTOLl nmnanupyercs nepenada yactu Harpys3ku 15-it maru-
ctpamu TompsarruHckux TerioBbix cereit (ToTC) B o6veme 1600 1/4. B cBszm
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¢ TeM, uTo Teruiocetb TOTDI] pabGoTaeT Mo 3akpeITO CXeMe M MMEET OTpaHMU-
YeHHbIE BO3MOXKHOCTHU TI0 TOJAINUTKE, MOANUTKY B HEOOXOAWMBIX KOJHMYECTBAX
IJIAaHUPYETCST OCYIIECTRBILATE 3a cuer TOI] BA3.

Huxe npeacraBieHbl pe3y/IbTaThl pACYETOB HA KOMITBIOTEPHON MOJIEIH TH]I-
PABIMYECKUX PEKUMOB IPOCKTUPYEMBIX TPYOOIPOBOIOB 4-TO TEIUIOBBIBOJA
ToT31I u TermnorsiBogoB oT TOL] BA3 no nacocusix ITHC-1, ITHC-2 u ITHC-3
MIpH UX COBMECTHOW pabore. Ha mepBoM »Tarme nepefadn Harpy3ku ObUTH 3afa-
HBI CJIETyIOIINe TEXHUUYECKHE YCIOBHA.

1. B touke monkmrodeHus 4-ro temioBeiBoga ToTIIl k ceram TOIL[ BA3
(rouka D Ha puc. 3—6) naBieHHe B TMOJAIOIIEM TPYOOIPOBOJE JOJDKHO OBITh
11 kre/cM?.

2. IMoanuTka TpeThero paitona Terocereil TOL[ BA3 qoikHa BBITTOTHATHCS
OT ceTelt 2-To paiioHa uepe3 CYIIECTBYIONIYIO mepeMbraky nuamerpom 1000 mm
MEK/1y 0OpaTHBIMH MarkuCTpalisiMi 2-T0 U 3-ro pailoHoB (puc. 3, nuHus AB).

3. Hna monepkaHUS TOCTOSHHOTO NaBJEHHS B OOpaTHOM TpPyOOIPOBOjE
2-T0 paiioHa yctaHOBHTH peryssitop mainenus (PJI) (puc. 3-6), nmomuaepKuBaro-
1IHiT JaBICHHE B TOYKE €ro YCTaHOBKH (10 celst) pp = 7 Kre/cmP.

U3 Tpex mpoektupyeMbix TpyOompoBooB 4-ro BeiBoga ToTOLl B manHOM
BapuaHTe npucoeauHeHus K teriocetsM TOL BA3 ucnons3yroTcs aBa (mpsamoit
u o0patHsIit). TpeTuii TpyOOIPOBO HAXOAUTCS B PE3EpBe.

Pacuer napameTpoB pabOTHI TEIIOCETH BBIMOJIHEH ISl TPEX Pa3jIMYHBIX pe-
KUMOB, OTJIMYAIOIINXCS BEIMYUHOW HArpy30K 3-TO paioHa: CYIIECTBYIOIIEH,
MEPCIIEKTUBHON U MUHUMAIIbHOW. VICXOIHBIE TaHHBIC TS PEKUMA C CYIIECTBY-
IOIIEe Harpy3Koi ObUTM MPHUHSITHI HA OCHOBE PEANLHOTO pekuMa paboThHl Tem-
mocetu. Pacxonm Boapl B mojaromieM TpyOOmpoBoae 3-TO paiiOHa COCTaBIISUI
4575 1/4, B obpaTtHOM — 3097 1/4. Pacxop Ha ropsiaee BogocHabxkenue (I'BC) —
1478 1/4. CooTBeTCTBYIOIINE JaHHBIE TI0 2-My paitony — 5064, 3181 u 1883 1/4.

Tl BA3 = ‘
- T A 74 BA
@ @ @ w (=]
L L Hso
MHC-1 | | | I I
| \ | ! |
— _{ He _ _ _ _ _ I | I : | —p— — 3aKpbITbIE 3a4BUKKN
1-1 paiioH | ! ! P,
pa _0_" Y, LA J | : | _&_ﬂ — perynsiTop AasneHus
| | —
| | | AB — CyLLeCTBYyIOL|as NepemMbivka
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Puc. 3. llpuHIMnNAansHas cxeMa nprucoeanHeHus 4-ro termiossiBoga ToTOL]
K TertoBbiM ceTsim TOL[ BA3

Bennunna noanutku kKoHTypa 4-ro BeiBoga ToTOL] Obia paBHa Bogopaz6o-
py 3-ro pationa TOILl BA3 u cocraisuia 1478 1/4. JlaBneHue B 00OpaTHOM Tpy-
OomnpoBosie 2-ro BeiBoAa Ha TOLl BA3 — 2,2 krc/cm’. JIaBlieHHE B MOAAIONIHX
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Tpy6onpoBoaax nocne HacocHbix [THC-2 (Hg) u TTHC-3 (Hyp) (2-i u 3-# 30H) —
10 krc/cm?. Jlanenue B obpatHOM TpyGomposoxe mepex ITHC-2 cocrasisuio
3,0 KFC/CMZ, anepen ITHC-3 — 4,5 Kre/em?.
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Puc. 4. VIcXO/IHbIE IAHHBIE U PE3YIIBTATHI PACUETOB THAPABINIECKOTO PEKIMA
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Puc. 5. VicxonHble 1aHHbIE U pe3yIbTaThl PACUETOB T'HPABINYECKOrO PEXXUMa
IpU yBEIUUEHHON Harpys3ke

C yderoMm pomosHuUTENbsHOW Harpy3ku 15-i maructpanmu ToTC (1573 1/9)

CyMMapHBI pacxojl BOJBI B ToJamIieM TpyOompoBoae (a cIeaoBaTeNbHO,
u B oOpatHoM) 4-it maructpanu ToTOL] 61 paBen 6148 /4.
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Puc. 6. [lpuHuMnHanbHas cxema npucoeTuHeHust 4-ro reriobiBoga ToTOLL
K TerioBbIM ceTsiM TOIl BA3 ¢ moBBICHTEIbHBIMU HACOCAMH
Ha MOJAIOIIeH 1 00PaTHOH MarucTpassx 4-ro TEIUIOBBIBOIA

OCHOBHBIM TIapaMeTPOM PETYIHPOBAHUS TI0 IIPUHATON cXeMe paOOTHI SBIIET-
cs IaBJIEHHE Ha Bcace IMOANOPHBEIX HacocoB ToTDII (touka 5 Ha puc. 4, 5). OHo
JOIKHO 6BITH B mpegenax 1,5-3,0 kre/cm?. Tlouiepikagie TaHHOTO MapaMeTpa B
YKa3aHHOM [IMala30He JaBJIEHUI 00ecrednBaeTcs COOTBETCTBYIONIEH HACTPOH-
Kol perynsropa naenenusi P/l, ycranaBiuBaeMoro Ha oopatHoM TpyOOIpoBoje
2-ro BeiBoga TOLI BA3.

HcxonHble TaHHBIE U PE3YIbTAaThl PACUETOB ATOTO PEKUMA MIPEICTABICHBI HA
puc. 4. Kak nokazanu pacyersl, Ui 00eCIeUYCHUs AaBIICHUS Ha Bcace IMOIIOop-
HbeIXx HacocoB ToTOLl na ypoBHe 2,5 krc/cm® PJI HE06X0aHMO HacTpOUTH Ha
J@BIICHKE 5,5 Kre/cm?, uTo He MIPEBBIIIACT 3a/JAHHON TEXHHYECKUMHU yCIIOBUSIMHU
BEJTMUYMHBI JABICHHS B 3TOH Touke (7 Kre/cM?).

Jasnenue nepen motpedburensivu 3-ro paiiona (mocne [THC-3) na tpebye-
moMm ypoBre (10 Krc/cm’) Moxer 6biTh obecredero ToTDII, uTo MCKmOYaeT
HEO0XOMMOCTh Pa0OThI MOBLICUTENBHBIX HacocoB Ha [THC-3. [Ipu 3Tom naBie-
HUe B mojaronieM TpyoOompoBozae 4-ro BeiBoga Ha ToTOLl momkHO cOCTaBIATH
He MmeHee 11,5 Kre/em?. Pesepsrl HacocoB ToTILl mo3Bossi0T mOgAEPKUBATH
u OoJiee BEICOKOE /IaBJICHUE.

lunpaBnnyeckre pexkuMbl 00paTHBIX TPYyOOTPOBOJOB 2-TO U 3-TO paifloHOB
obccreunBarOTesl paboTON MOHU3UTEIBHBIX HacocoB HacocHbix [THC-2 (Hg)
u [IHC-3 (Hj;). Pexwumsr padotsr TpyOomnpoBoaoB 1-ro BeBoaa (1-it paiioH) u
mojrarorero TpyoorpoBoaa 2-ro BeiBoga TOL BA3 ocratorcs 6e3 namMeHeHMA.

Amnanu3 rpad)MKoB MO3BOJISIET 3aKIIIOUNTh, YTO Ha yuyacTke 10°—11 oOpaTHOTO
TpybompoBoaa 2-ro temwtoBsiBosa TOLl BA3 (ot TOL] BA3 no perymsitopa gas-
nenust PJ) naBnenune cHmxaercs 1o BenwmduH okojio 10 M, 9TO co3maer omac-
HOCTb BCKUIAHUS KUAKOCTU. DTO CBSI3aHO C YMEHBIIICHUEM PACX0/Ia HA YUaCTKE
10-11 2-ro rtemnoBbiBoga TOIl BA3 Ha BelW4YMHY HOAIMTKH 4-TrO BBIBOJA
ToTOIl. B cBsizu ¢ yeM peKOMeHIyeTcs M30BITOYHOE JaBliEHHE, CO3/1aBaeMoe
noanmuTodnbiMu Hacocamu TOI[ BA3 B Touke 10, mogusars go 30-35 M.
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Juisa pacdera THAPaBIUYECKOTO pPEXHMa C IEPCIIEKTHBHBIM YBEIUMYCHHEM
Harpy3ku Ha 3-m paifoHe TOL[ BA3 ObuiM mpHHATHI CIEIYIONIME HCXOAHBIC
naHHbeie. Pacxonm Boapl B mojaromeM TpyOompoBojae 3-To pailoHAa COCTaBIISI
5800 T/4, B obpaTHOM — 3972 T1/4, Bomopaz6op Ha 'BC — 1873 1/4 (moamuTka
KoHTypa 4-ro BeiBoa ToTOL] Obuta paBHa Bomopazdopy Ha ['BC 3-ro paiiona,
1. €. 1873 1/4). C ygerom nomauu Bombel Ha 15-10 Mmaructpanbs ToTC B xommde-
crBe 1573 1/4 cymmapHslii pacxon Ha 4-M BeiBoge ToTOLl cocrasmsin 7373 1/4.
Pacxop Bojpl Ha moTpedutenu 2-ro paiiona TOI] BA3 Obul HEM3MEHHBIM.

VcxonHbIe TaHHBIE W PE3yJIBTAThl PACUETOB THAPABIMUECKOTO PEXXUMA TIPH
YBEJIMYCHHON TEPCIEKTUBHOW Harpy3Ke MpeacTaBieHbl Ha puc. 5. M3 aHanuza
pe3yNbTaTOB ClEAyeT, 4TO Ui MOAJAEp)KaHUS Ha Bcace MOJIINOPHBIX HAcOCOB
ToTDII tpeGyemoro naenenus 2,5 krc/cm’ PJI momKeH ObITh HACTPOGH Ha
6,6 krc/cM’. DTO JaBIeHHE H B JAaHHOM CIydae He MpPEBBINIAET ONpeaeNCHHOI
TEXHHYCCKUMH YCIOBUAMH Bemduubl 7,0 kre/cm’. Clenyer OTMETHTb, 9TO0 MO
ropuble Hacockl ToTOL[ MoryT HopManbHO (YHKIIMOHHUPOBATH M MPHU JaBJIc-
mun 1,4-1.,5 KFC/CMZ, clieoBaTelIbHO, nmaBieHue Ha PJ MOXeT ocTaThCs Ta-
KHM €, KaKk ¥ B TNpeAbIAyIleM BapHaHTE pacdera C CYIIEeCTBYIOIIEH Harpys-
Koii (5,5 kre/em?).

B nanHOM ciyvae naBnenue B nomaromem TpyOomposoae nepex ITHC-3 co-
crapmser 9,0 Krc/cM” pH yCIOBUH, YTO B HAIOPHOM KOJIIEKTOPE CETEBBIX HACO-
coB ToTOLl naBneHue NoaAECPKUBAETCS, KaK U B IPEABIIYIIEM BapUAHTE pacyue-
Ta, Ha ypoBre 11,5 krc/cm?. TTpn 5ToM uIs 06ecieueH st TpebyeMoro IaBIeHHs
y motpeGuteneii 3-ro paiiona TOL] BA3 1010,0 kre/cm® BO3HHKAET HEOOXOU-
MOCTb BKJIIOUEHUS MOBBICUTENbHBIX HacocoB Ha [THC-3. OgHako BO3MOKHOCTH
HacocoB ToTOI] mO3BOISIOT U B 3TOM CJIy4ae OTKA3aThCS OT BKIFOUYCHHUS ITOBHI-
cutenbHbIX HacocoB [THC-3. [{nst atoro B nogaromieM tpyoornposojae Ha ToTOI]
HEOOXOIMMO TIOBBICHTD JaBiIeHue 10 12,5 kre/cm?. TIpn HEOOXOIMMOCTH YBEIH-
YeHHUs JaBJIeHHus B Touke 3 go 11 Krc/eMm? naBienue Ha ToTDIl gomKHO OBITH
yBemuuero 10 13,5 xrc/cm?, PexxuMbl paGoThl 0OPAaTHBIX TPYOOMPOBOIOB 2-TO
n 3-T0 palioHOB TIO-TIPEKHEMY 00eCIeUNBaIOTCS TMOHU3UTENILHBIMA HAaCOCAMH
ITHC-2 (Hg) 1 ITHC-3 (Hyp).

AHanu3 pe3ysNbTaTOB PAaCUETOB ITO3BOJIAET 3aKIIOYUTh, YTO JaBICHHS Ha
BCEX y4yacTKaX TEIUIOCETH HaXOJSATCS B Mpe/eiax MPOeKTHRIX BeanduH. Mckiro-
YEHUE COCTABISICT JIMIIL JaBiieHHe Ha ydactke 10-11, xoTopoe cHuxkaercs
0 BeNMUMHEL, MeHee 10 krc/cm’. DTO CBS3aHO C yMCHBIICHHEM DAcXoxa Ha
yuactke 10—11 BBuay yBenuueHus pacxoga Ha I'BC 3-ro paitona TOLl BA3
Y COOTBETCTBYIOIIETO YBEIMUCHHUS MOAMUTKH KOHTYpa 4-ro BeiBoaa ToTOLI.

Kak caenyer u3 nmpeaplAyuX pacueToB, YBeTWUEHUE HArpy3Kd HA 3-i paii-
on TOLl BA3 mpuBoaut x HeoOxoaumocTH Hactpoiiku PJ[ Ha Gomnee BbICOKOE
naBieHue (C LebIo MOICpPXKaHus TpeOyeMoro IaBieHns 2,5 Kre/cm’ B o6pat-
HOM TpyOomposoge ToTOLl), uTo mpu HaIMYWK NMOHMW3UTEIHHBIX HACOCOB Ha
ITHC-2 (Hg) u ITHC-3 (Hy;) He co3maeT mpobaeM [Uist MOIePIKaHus 33 JaHHOTO
pexxuma paboThl Tertocereit 2-ro u 3-ro paiionos TOL BA3.

B cratpe mpoBeneHBI HCCIeOBaHUS BapHaHTa, NMPH KOTOPOM Harpys3ka Ha
4-m BeiBosie ToTOI] Bo3pacTaer mo 10373 1/4. Takoe ee yBeianmueHHE BO3MOXKHO
B ciyyae, korga ToTOLl moiaHOCThI0 00ecneuuBacT MEePCeKTUBHYIO YBETUYCH-
Hylo Harpy3ky 5800 1/a B Temmocerm 3-Tro paiioma TOL[ BA3, Harpysky
15-it maructpanmu ToTC (1573 1/1) m wactmuno (3000 T1/4) moTpeGHOCTH
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2-ro paiiona TOL[ BA3. B manHoMm ciydyae BecbMa 3 ¢GEKTUBHBIM OyIeT HC-
MOJIb30BaHUE PE3EPBHOTO TPYOOIPOBOJa B KadecTBE BTOPOHM BETBH 0OpaTHOMN
Maructpainu Ha 4-M BeiBojae ToTOLI.

[MonmuTka, HanpaBnsemas Ha ToTOLl, yBemmuuBaercs qo 4900 1/4. O6pat-
HBIH TpyOompoBoa 2-ro BeiBoga TOL[ BA3 Takyro moamuTky oOecrieunTh He
MOXET, TO3TOMY OH JIOJDKEH OBITh COeMHEH epeMbrukoit (inaus CA Ha puc. 6)
¢ o0paTHBIM TpyOompoBogoM 1-ro BeiBoga. B 3Toil cutyauuu oOpartHble TpyOo-
MpoBoIbI Beex Tpex BbiBoJoB TOI BA3 oka3piBaroTcsi 00 AMHEHHBIMY 110 JTH-
Huu CAB.

Pacyersl Ha Mojenu Mokasanu, 4To peryyarop naeieHus PJl mMoxxeT ObITh
yCTaHOBJIEH Ha 00paTHOM TpyOompoBoie aroboro u3 Tpex BoiBoJoB TOL[ BA3.
OpnHako, KaK MOKa3ajdu HCCIEHOBAHUS, MPEANOYTUTENbHBIM SIBISICTCS BAPUAHT
ycranoBku P/l Ha o6patHOM TpyOompoBoze 2-To BeiBoga. [IpeamnodyrurenbHOCT
ATOT0 BapuaHTa OOYCJIOBJIEHA €r0 YHUBEPCATHHOCTHIO, BO3MOKHOCTBIO TIOSTall-
HOH peanu3alyy NpoeKTa MpU MEPEX0AE OT MajbIX HArpy30K K MOBBILICHHBIM,
a TaKkKe HauMEHbIIEH Teperpy3koil 00paTHOrO TPyOOIPOBOIa MTPU MUHUMAIIb-
HOM BOZIOpa30ope (B HOUHOE BpeMsi).

IlpunsTas cxema MOAKIIOUEHUS] NPU MakCUMallbHOM Harpyske Ha ToTOI[
TpeOyer coriacoBaHuss pabOTBHl JBYX HE3aBUCUMBIX UCTOYHHKOB (ToTOI]
u TOL| BA3) Ha ogHy NpsIMyI0 MarucTpaib, MUTAIONIYIO TEIUIOCETh 2-TO paifoHa
TOIl BA3. [Ipu 5TOM OIHWH W3 HCTOYHHKOB JOJKCH OBITH MPHUHAT B Ka4eCTBE
0a30BOT0 C HEKOTOPHIM (PHUKCHPOBAHHBIM PACXOAOM IIOJaBAacMON BOJBI, YTO
peanu3yeTcsi YCTAaHOBKOM Ha €ro MpsMON MaTrHCTpPad PETyJaTopa pacxo-
na PP (puc. 6).

Kak u mnpexne, mpu MakcuManbHOM Harpy3ke Ha ToTOLl ocHOBHBIM
rapamMeTpoM pEeryJupOBaHMs B JaHHOM cliydae sIBJSICTCSl JaBJCHHE Ha Bcace
noanopHeix HacocoB ToTOLl. AHanu3 pe3yibTaTOB pacyETOB MOKA3bIBACT, YTO
JUIsL IOAJIEp>KaHUsT Ha Bcace moAnopHbIXx HacocoB ToTJLl, manpumep naie-
HuA 2,35 KFC/CMZ, P/ nomxkeH ObITH HacTpoeH Ha 6,4 KFC/CMZ, YTO HE IpEeBbILIA-
€T 3aJJaHHON TEXHUYCCKUMH YCIOBUSMHU BEIHINUHEI 7,0 Kre/cM>. IIpu sTOM naB-
JICHWEe Ha BBIXOJaX MOHU3WTENbHBIX HacocoB ITHC-1 (Hy), TTHC-2 (Hy)
u [THC-3 (H1;) HE BBI3BIBaET TIpo0IIEM TIpH UX padore.

Pacuersr moxazamu, YTO IS MOJACPXKAHUS B TOYKE COCIUHCHUS TIpS-
MEIX TPyO0ompoBoi0B 4-ro BeiBoga ToTOLl u 2-ro BeiBoga TOLl BA3 naBnenwus
11 krc/em® maBnenwe Ha 4-M BbiBoje (Ha BbIxoge u3 ToTDII) mMOMKHO GBITH
He menee 16 krc/cm’ Takoe napieHue sBisercss mpenenbHeiM st ToTOL.
[losToMy Ha momatomiem TpyOompoBoae 4-ro BbiBoga ToTDLl HeoOxoanmo
MpeyCMOTPETh TMTOBBICHTEIbHYO HacocHyo ITH (puc. 6).

BbIB O bl

1. HamGomnee mpocThIM BapuaHTOM OOBEAMHEHHS BHOBH IPOEKTHPYEMOTO
termioBbiBosia ToTOI] ¢ Terocerssmu, 3anutbiBaeMbiMu 0T TOLl BA3, sBasercs
BapHaHT C YCTAHOBKOU mepeMbIuku 16—28 Mexay oOpaTHBIME TPYOOIPOBOIaMH
Temocerel 2-ro u 3-ro BeiBoAoB TOLl BA3. OmHako pacdeTsl Ha KOMITBIOTEP-
HOW MOJIeNIU TOKa3aJiv, YTO JaBJieHUs B Toukax 16, 28, 34 oOpaTHbIX TpyOoOMpO-
BOZIOB OYIyT HEAOCTATOYHHI JJIi HOPMAILHOTO (PYHKIIMOHHPOBAHUS TEILIOCE-
Tedl. /I TOBBIMIEHWsT JaBIIEHUS B OTHX TOYKAaxX Ha OOpaTHOM TpyOOIpoBoOze
2-ro BeiBoga TOLl BA3 Ha ywacTke Mexay Toukamu 16—17 HeoOXxoaumo ycra-
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HOBHThL PETYIATOP JaBICHHS, KOTOPBIH MOMXKET pAaCloyiaraTthCsi Ha OOpaTHOM
TpyOonpoBoze nroboro u3 tpex BeiBosoB TOL[ BA3. OgHako npeanoyTHTeNb-
HBIM SIBJIICTCS BapUaHT YCTAHOBKH PETYJIATOpa AaBIICHHUS Ha 0OpaTHOM TpyOo-
MPOBOJic 2-TO BBIBOJAA. [IpeInOYTUTENLHOCTh 3TOTO BapuaHTa 00YCIIOBIICHA €ro
YHHUBEPCAJIBHOCTHIO, BO3MOXXHOCTBIO MOJTANHON pealn3aliy MpoeKTa Mpu Ie-
peXoae OT MAJIbIX HArpy30K K INOBBINICHHBIM, a4 TaKXE HanMEHbIIENH neperpys-
KOH oOparHOro TpyOOIpOBOAa MPH MHUHUMAIBHOM BOJOpa3dope (Hampumep,
B HOYHOE BpeMS).

2. AHanmM3 MOJMYYCHHBIX PE3yJbTaTOB MO3BOJISET 3aKIIOYUTh, YTO MpPHU 3a-
IIUTKEC OJHUX U TEX KE HOTpe6HTCHeI>'I OT ABYX MCTOYHUKOB TCIIJIOTHI, UMCIOIINX
pasiuyYHbBIe CXEMBbl TEIUIOCHAOXEHHS, BOSHHMKAET psj Ipobiiem, 0e3 penicHHs
KOTOPBIX O6’be):[I/IHeHHail TCIUIOCETh Ha OTACIBHBIX PEKUMAX pa6OTBI MOXET
OKa3aThCsl BOOOIIE HepaboTocnocoOHoi. Cpeu Takux mpodiieM HanboJee Bax-
HBIMH SIBIITIOTCSL OTIPEIETICHIE ONTUMAILHOTO PACIIONOKEHUS PETYIATOPOB AaB-
JICHUS] M PACX0J1a, MOBBICUTENHHBIX ¥ TOHU3UTEIBHBIX HACOCHBIX, a TAKIKE MO/I-
ACPKaHUE C UX IMMOMOLIBIO 3a/IaHHBIX TEXHUYCCKUMH YCIOBUAMHM HA IIPOCKTHUPO-
BaHHE MapaMeTpoB IO JAaBICHHUIO U PACXOJIy CpPelbl B Pa3IMYHBIX TOYKAX CETH.
Kpome toro, HeoOX0AMMO paccMOTPEeTh pabOTOCIIOCOOHOCTh MPHHATOH CXEMBI
KOMITOHOBKH OOBETMHEHHOW TEIIOCETH Ha BCEX BO3MOXKHBIX PEXKHMaX padoThl,
BapbUpPYs paCXOJHBIE XapaKTEPHUCTUKH.
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PaccmoTpeHbl npouecc obpa3oBaHus yaapHbIX CTPYM 1M MX BNnsHWe Ha obpa-
30BaHVe nysbipen B nynbevpyowem crnoe. MNpu BKIMHOYEHUU OyTbsi HapyluaeTcs
6anaHc mexay CuIow rmapoaMHAMMYECKOro COMPOTUBMEHNS, C OOHOW CTOPOHBI, U
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