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MeTtoauueckue ykazaHus MO BBIOJHEHUIO KYPCOBOM paOOThl COCTaBJICHBI
nou. CoxosoBoit C.C u o0CykeHbl Ha 3acelaHUM Kadeapsl
«CaHUTapHO-TEXHUYECKHUX cucTeM» MHCTUTYTa rOPHOIO J€1a U CTPOUTEIHCTBA

npoToKoa Ne  OT « » 20 r.

3aB. kadenpoii P.A. KoBanen

Meronuueckre  ykazaHusd K CaMOCTOSITEIbHOM  paboTe  CTYACHTOB
MEePECMOTPEHBI U YTBEPKIEHBI Ha 3acenaHuu Kadenpsl «CaHUTapHO-TEXHUUYECKUX
cuctem» ['opHO-CTpOUTENLHOTO (haKyIbTeTa

IPOTOKOJ Ne OT « » 20 T.

3aB. kadempon P.A. KoBanes




BBenenue

Hactosimue MeTtoanyeckue YyKazaHUs NpeAHA3HAYEHbl ISl OKa3aHUs
MOMOIIM  CTYJASHTAaM TMPU BBIOJHCHUH KYpCOBOW pabOTBI 1O  KypCy
"IIpuknannas rugpaBIuKa’.

BrlnonHenre KypcoBoi paboThI MO3BOJIUT CTYAEHTAM:

— CKOHIIGHTPUPOBATh IIABHOE BHHMAHHE Ha Y3JIOBBIX MpoOiieMax H3ydaemMou
TUCITUTUTHBL;

— chopMUpOBaTh HABBIKM TBOPYECKOTO CAMOCTOSITEIIBHOTO  HCIOJIB30BAHHUS
TIOJTYYCHHBIX 3HAHUH TS PEIICHHS TPUKIIAHBIX 33]1a4;

— pa3BUTh TIOTPEOHOCTH CaMOCTOSITEIBHOTO W3Y4YEHUS HOBOTO HAy4YHO-
TEXHUYECKOTO MaTepHaa;

— c(hopmupoBaTh HaBBIKH PaOOTHI CO CIPABOYHON U CIEIMAILHON JTUTEPATYPO,
rOCyJ1IapCTBEHHBIMHU U OTPACJIEBBIMU CTaHIaPTaAMHU;

— HAYYUThCS MPABUWIBHO OPOPMIISATh TEXHUYECKYIO JOKYMEHTAIIHIO.

KypcoBas pabora BhIMONHSAETCS B TEYEHHE 5-TO ceMecTpa W BKIIOYACT JIBa
OCHOBHBIX pacueTHO-rpadUyYeCKuX 3ajaHus: "DKCIJIyaTallMOHHBIA pacyer
HAacoCHON yctaHoBKH" u "l'mapaBiumdeckuil pacueT JeMCTBYIOILIEH
CUCTEMBI TeTJIoCHaOX)eHus"

[lepen BBHITIOJIHEHWEM KaXKJIOTO 3aJaHUsl CTYACHTHI OOS3aHbl TPHOOPECTH
YMEHUSI W HaBBIKM pPEIIeHUs 3a/lad Ha YKa3aHHbIE TEMbI, O3HAKOMHUTHCA C
TEOPETUUECKUMHU TOJIOKEHHUSIMUA COOTBETCTBYIOIIUX Pa3JIesIOB Kypca.

BapuanTel u mpuMepsl BBIMIOJHEHHUS OCHOBHBIX PACUYETHBIX —3aJIaHUN
MIPUBEICHBI B JAHHBIX METOJUYCCKUX YKA3aHUSX.

Pexomennyemast nurepaTtypa, moje3Has IpU BHITIOJTHEHUH KypCOBOM pabOTHI,
MpUBEACHA B KOHIIE JAHHBIX YKa3aHUM.

[TosicHuTeNBbHAS 3aMKCKa K KYPCOBOM paboTe 10DKHA OBITH 00HEMOM HE
Menee 30 ctpanull popmaTta A4, be3 OaHka 3a1aHusl CTYJIEHT HE JOMYCKaeTCs K
3allUTe KypCOBOM pabOTHI.

[TpaBuiia ohopmiIeHUS TOSICHUTELHOMN 3aIMUCKU

[losicuutenbHas 3anucka (I13) sBiseTcss TEKCTOBBIM JOKYMEHTOM MTPOEKTA,
COJIEpIKaIllM OIMKMCAHUE MPOESKTUPYEMOIO YCTPOUCTBA, U OOOCHOBAHUEM
MIPUHUMAEMBIX TEXHUYECKUX U TEXHUKO-IKOHOMUUYECKuX pemreHnid. Conepxanue
u oopmiierue 113 momkHO oTBeUaTh TpeOoBaHUsAM EnnHoMN cucTeMbl

KOHCTPYKTOPCKOM JOKyMeHTaIluu, KoTophie perinamentupyrorces ['OCT 2.105- 95.

[TosicHUTENBHYIO 3alKMCKY BBIMOIHAIOT HA OJJHOW CTOpPOHE Oenoi
HEJIMHOBAaHHOU mcyeil Oymaru ¢popmara A4 (210x297 mm) ¢ pamkoii. PacctosiHue
OT Kpasi CTpaHUIIbl 0 JUHUM paMKH ciieBa 20 MM, a cripaBa, CHU3Y U CBEpPXY — D
mM. Ha nmepBom TekcToBOoM srcte (coneprxanue [13) BBIMOIHSIOT OCHOBHYIO
Hajnuch (mrami) o ¢popme 2 'OCT 2.104-68, a Ha
BCEX MOCIEAYIONMUX — 1Mo GopMme 2a.

Pamku, OCHOBHBIE HAIITMCH U JIOTIOJIHUTEIHHBIC TPa()bl K HUM BBITIOJHSIOT
CILJIOIITHBIMHA OCHOBHBIMH U CILIOIIHBIMHA TOHKHMH JuHUAMHU 110 'OCT 2.303-68.



20 185 5
7,10, 23 15 10 70 p 50
2708006..NN.II3
= |z | Mot M2gokym. [Mogmecs |[AaTa s
‘TJI' Pyrosog. [ECowHWKOE M. NMucT | MecToe l-l'?_“
Ty [— H.HETFIEIB 3.1']EH'TFIEI'TEI{HHHE H W o
é 3.11EE‘E'TFIIJEHEI.5)KEHHE — ? A
CTPOMTEABHON MI0MIA TN, ’ 1 1 13
HxoHTp. [ToACHHTEABHAR SANHCKA TyalY. kad. CTC e
¥TE. rp. -
'l
OcHoBHAaA HAANUCE NEpPBOro TekcTororo nucTa (opma 2 M0OCT 2.104-68)
4 1,
185 "
L 200 LT L0, 22 15 D 110 ‘IE]dS
t{? [
i 2708006...NN.I13 feon
- Wasa JMuecT [Nemoncysa | NMogn. JAaTa =
""" B i KHN/KKIT.
(JCHOBHAA HAANWCE OMA BCEX N TensHOW 3anvckn (thopma 2a MOCT 2.104 - 68)

OdopmiieHre MOSICHUTENIbHOM 3aMMCKH BBITOJHSIOT OJJHUM U3

CJICTYFOIIHNX CITOCOOOB:

— MaIlIMHOIMCHBIM;

— PYKOIIUCHBIM;

— C IPUMEHEHHEM TeUaTaloMX U rpaguueckux yCTpOHCTB BeiBoga DBM.

B kypcoBoii paboTe He3HAUUTENIbHBIE OIMOKH, OOHAPYKEHHBIE B IIPOLIECCEe
Hanucanus 13, nomyckaercss ucpaBisiTh MOAYUCTKON MM 3aKpallliBaHUEM
oenoit kpackoii. [Ipy 3HAUNTETHHBIX HETOYHOCTSIX UCIIPABJICHUSI BHITIOTHSIOT
PAIOM Ha YUCTOM CTOPOHE mpeaplayiero jucra [13.

VY nanenune 3amedaHui IPEnoaaBaTess He JOMYCKACTCS.



1. OcHOBHBIE TeOpeTHYECKHE CBEICHUS

1.1 IlapameTpsbl padoTHI HATHETATEJICH

Haruerarensmu Ha3bIBatOTCsSl YCTPOMCTBA JJISl TOBBILIEHUS SHEPTUU KUIKOCTU
wiu raza. Harneratenu mpeoOpa3yroT BHEIIHIOK MEXAaHWYECKYI0 DHEpPruio (Kak
paBuiIo, OT Bajla AJEKTPOJBUTATENS) B SHEPTUIO KUAKOCTH WM raza. TepMuH
"Hacoc" MPUMEHSIETCA K HArHETaTeAM, MEPEMEIIAOIINM KalleJIbHbIE KUAKOCTH, a
TepMUHBl "BeHTWISATOP" M "KOoMmpeccop" - K HarHeraressiM, MepeMEeIlarolIuM
ra3oBbIe Cpe/ibl. BEeHTUIIATOPHI pa3BUBAIOT OTHOCUTEIIBHO HEOOJbININE ABIICHNUS, U
pacdyer pPEeXHMOB WX pabOThl MPOM3BOAUTCS O€3 ydeTa TEepMOJUHAMHYECKUX
3aBucuMoOcTel. KoMmrpeccopsl, HA000pOT, CKUMAIOT ra3bl A0 OOJBIIMX JaBIICHHM,
B pe3yJibTaT€ Yero 3HA4YUTeNbHAs 4YacTh SHEPrUd MEPEeXOAUT B Temio (ra3
paszorpeBaeTcsi), MOATOMY PacyeT PEeKUMOB KOMIIPECCOPOB CIEAYET MPOBOJAUTH B
COOTBETCTBUHM C TEPMOJMHAMUYECKUMHU 3aBUCHUMOCTSMH, U3J1araéMbIMU B Kypce
"TepmonuHamuka'.

OCHOBHBIMM TapamMeTpaMu padbOThl JIOOOr0 HArHETATENsl SIBISIOTCS PacxXo/l,
JABJIEHUE WM Hamop, norpedssieMass MOIIHOCTh, KO3()(UIMEHT MOJE3HOr0o
JICVCTBUSL.

Pacxo0 uarueratens Q, M°/c, 4acTo Ha3bIBacMbIil [OAAYCH, €CTh BEIHUMHA,
YUCJIICHHO paBHAasi 00bEMY KUJKOCTH, MPOXOAAIICH Yepe3 HarHeTaTellb B €IUHUILY
BPEMEHHU.

Q=V/Ar.
[Tpu ABMKEHUU KUAKOCTH B TPYOOTIPOBOJIE PACXO] MOKET OBITH OTPEEIICH 110

bopmyie

Q=vF, 1)
I7Ie V - CKOPOCTh JABMKEHMS KUIKOCTH, M/C; F - TUIOIIa/lb MONEPEYHOro CEYSHUS
TPyOBI, M.
s xpyriion TpyObl
F=nd?/4, (2)

rle T - YUCJIeHHBIH ko3 duimeHt, paBubii 3,14; d - BHyTpeHHUWI auamerp
TpyOOIpoBoa, M.

N3 (1) u (2) MOXKHO MOAYUYUTH (POPMYJTy JIJIsT pacueTa CKOPOCTU KHUIKOCTU B
TpyOOnpoBO/IE:

v=4Q/(nd?. (3)

/laenenue naruerarens P, [1a, onpenensercs kak pa3HuLa J1aBICHUN )KAJIKOCTH
Ha BBIXOJE M BXOJ€ HarHeratens. JlaBieHue SBISIETCS HHEPreTUUECKOU
XapaKTepUCTUKON MOTOKA U TMOKA3bIBAECT, HA CKOJIBKO YBEIMYMBAECT HATHETATEINb
SHEPIUI0 MOTOKA. B 3TOM KOHTEKCTE JaBliEHHE CIEAyeT MOHUMAaTh HE KakK CHUIy,
JNEUCTBYIONIYI0 Ha EIMHMIYY IUIOLAAU, a KaK SHEPruio, MPUXOASUIYIOCS Ha
eAUHUIlY 00beMa KUAKOCTH WJTU Ta3a:

ITa = H/M® = (H-Mm) /(M* M) = [ix/m°
P=F/S=E/V.

BmecTo moHsATHS NaBieHUs NPUMEHUTEIBHO K HAacocaM 4YacTO HCIHOJb3YIOT
MOHSITUE HATIOP.

Hanop wnarneratenss H, M, ecTh BbICOTa CcTOJI0A KHUIKOCTHU, CO3/AIOIIETO



OTIpEICTICHHOE 3HAYCHHE NaBJICHUS, T.€. Ta BBICOTA, HA KOTOPYID MOXET OBITH
MOJHSTA KUJIKOCTh TOJI ACHCTBUEM AaHHOTO JaBiieHus. CBS3b MEXK]y HAlOPOM U
JTABJICHUEM OYEHb MPOCTasl:

P=pgH,
IJI€ P - INIOTHOCTH YKUJKOCTH, Kr/M3; g - yckopeHue cBoOoaHoro najaenus, g = 9,81
M/c?.

Pazniuualor mojgHOe, CTaTMYecKoe M JIMHAMMYECKOE JIaBJICHWE WJIM Harlop.
[ToHOE MaBiIeHUE PaBHO CyMME CTAaTUYECKOTO U JTMHAMHYECKOTO.

P,=P,+ P,

Cmamuueckoe oOaenenueP. ectb ckanspHas BenanunHa. OHO JIEUCTBYET
PaBHOMEPHO BO BCE CTOPOHBI, M XapaKTEPHU3yeT MOTCHIIMAIbHYIO YHEPTUIO COKATUS
KUIKOCTH WJIH Ta3a.

Jlunamuueckoe oOasnenueP, (nmpaBunpbHee ObUTO OB  HA3BIBATH  €TO
KMHETHYECKMM) €CTh BeKTOpHas BeiuuuHa. OHO JEWCTBYeT TOJBKO B
HaIpaBJICHUU CKOPOCTH M XapaKTEepU3yeT KUHETUUYECKYIO SHEPIHIO JKUJIKOCTU WU
rasa.

P,=pv?2.

Mownocms N, BT, xapaktepusyer oOIIyI0 SHEPrHIO0 MOTOKA, MPOXOISIIETO
yepe3 HEKOTOPOE CEYEHHE B €/IMHUILY BPEMEHHU.

N=PQ. (4)

[IpeoOpazoBanre »HEpPruM B HArHETATESIX HEBO3MOXKHO 0€3 TMOTEpb.
O¢ddexTuBHOCTD NpPeoOpa3oBaHUsl DHEPIUU  XAPAKTEPU3YET Kodgpduyuenm
nonesnozo oeiicmeusn (KIIJI) m, paBHBIM OTHOIICHUIO TMOJIE3HOM MOIIHOCTH,
NepeTaHHON TTOTOKY, K 00IIel moTpebisieMoil HarHeTaTesIeM MOIITHOCTH.

N =N/ Ny (5)

N3 (4) u (5) cnegyer BbIpakeHHE JIA pacdeTa MOIIHOCTH, MOTPEOIsIeMOn
HarHeTaTeJIeM:

Nuar =P Q /1. (6)

B orauume ot mapameTrpoB pabOThl HAarHETaTesel, €ro Xapaxmepucmuku
OMKCHIBAIOT CBSI3b MEXKAY OTICIbHBIMU NapamMeTpaMu. Halie BCero Ucroiab3yroTces
CJIeYIOLME XapaKTEPUCTUKU HarHeTaTeleH:

a) TuApaBiaMYeckas (HAMoOpHas) XapakTepUCTHMKAa - 23TO 3aBHUCUMOCTH
pa3BUBAaEMOr0 HarHETaTeJIeM JIaBJICHUS WJIM HAropa OT pacxoja:

P=f(Q wuwm H=1(Q);

0) XapaKTepuCTUKa MOIIHOCTH - 3TO 3aBUCUMOCTh MOIIHOCTH, MOTPeOIIsieMOoit
HarHeTaTesieM, OT €r0 pacxo/a:

N =f(Q);

B) XapakTepucThuka 3(PGEeKTUBHOCTH - 3TO 3aBUCHUMOCTh KO3 (HUIIUECHTA
MIOJIE3HOTO JICUCTBUS HATHETATENSl OT €0 pacxojia:

n=1Q).

XapaKkTepuUCTUKH HarHeTaTeldsl MOTYT OBITh MPEACTaBICHBI B Pa3IUYHOU
dopme: TaOMMYHONW, MaTreMaTuyeckod (B BHIE YpaBHEHUs), TIpadUyuecKOu.
Haubonee yacto ucnonb3yercs rpaduueckas popma npeacrabieHus. B cBssu ¢
IIUPOKAM  BHEAPCHHEM  KOMIBIOTEPHOM  TEXHUKH  BO3POCIO  3HAYCHHUE
MaTeMaTH4eCKON (hOPMBI OTTMCAHUS XapaKTEPUCTHUK.



1.2 Ilorepu naBJjieHHsI M HANIOPa B TPYOONPOBOAHBIX CHCTEMAX.
XapaKkTepUCTUKH CETH M HATHETATEJIbHOU YCTAHOBKHU

[Tpu ABM>KEHUH KUJKOCTU B TPYOOIIPOBOaX MPOUCXOAAT MOTEPU IHEPTUU
MOTOKA, TO €CTh €ro JIaBJieHUs. B utore morepsiHHasi MexaHU4YecKasi YHEPTUs
MOTOKA MEPEXOAUT B TEIJIOTY, U KUJIKOCTh HATPEBAECTCHL.

PacuerHble 3aBUCMMOCTH ISl TIOTEPh JABJIEHUS 3aBUCIT OT PEXHMMA JBHKECHUS
KUAKOCTU (JIaMUHApHBIM WK TypOyJeHTHbIN). Tum pexxuma ompeaensercs o
kpumepuio PeiinonvocaRe, KOTOpBI YUCICHHO PaBEH OTHOIICHUIO CHUJI MHEPLMHU
Y BA3KOCTH B IIOTOKE.

Re=vd/, (7)
IZI€ VU - CKOPOCTb JIBH>KEHHUSI )KUJIKOCTU B TPYyOOIIPOBOJE, M/C;
d - BHyTpeHHHIA TUamMeTp TpyOOmpoBOa, M; V - KHHEMaTUIECKasl BSI3KOCTb CPEIIbI,
m2/c.

[Tpu Re< 2200 pEXKUM JBU>KEHUSI JJAMUHAPHBIN, npu
2200 <Re< 10000  pexkuM  JBWKEHHUS ~ TEPEXOJHBIA | npu
Re> 10000 pexxum ABUXKEHUS YUCTO TYpOYJICHTHBIM. B cucTemax Tero- raso- u
BogocHaOxenuss (TT'B) B mopapmnsitomeM OOJBIIMHCTBE cllydaeB HaOJo/aercs
SIPKO BBIPAKEHHBIN TYypOYJEHTHBIN PEXHUM - ISl BCEX BO3IYXOBOJOB M BOJISHBIX
cucteM ¢ amameTpamu Tpyo Oosee 100 MM (HapyXHBIE TEIUIOBBIE CETH,
TpyOONIPOBOJBl ~ KOTENBHBIX, MAaruUCTpall TEIUIOCHAOXKEHUS M  OTOIUICHHUSA
BHYTpeHHUX cucteMm). [lepexoaHblil pekuM HaOI0aeTCsl B BOASHBIX CUCTEMax C
HEOOJIBIITUM JTUAMETPOM TPYO (CTOSIKM U MPUOOPHBIE y3JIbI CUCTEM OTOILICHUS,
ropsdero  BojgocHaOeHms). OgHako  OOJNBIIOE  KOJUYECTBO  MECTHBIX
CONPOTUBIIEHUHN JOMOJHUTENBHO "BO3MYIIAET" TOTOK, U PEKUM T€UEHUs OJU30K K
TypOynentHoMy. [losTomy B pacuerax cuctem TI'B 00bIYHO HCHONB3YIOTCA
3aBUCUMOCTH Il TYpOYJEHTHOTO pPEXHMa, YTO JAeT NPHUEMIIEMYIO TOYHOCTH
pacueroB. l3maraemblidi HWKE MaTepuald TaKkKe OPUEHTHPOBAH TOJBKO Ha
3aBUCUMOCTH TYpOYJIEHTHOTO peXuMa.

Paznuuaror aBa BHa MOTEPh: MOTEPU HA TPEHUE O CTEHKU TPYyOONPOBOJOB U
MECTHBIE TMOTEPH, T.€. MOTEPU B MECTHBIX compoTuBieHusx (MC) (moBopoTax,
CY)KeHMSIX, TPOMHUKAX, TPyOONPOBOJIHOW apmaType M TakK Jajiee), BbI3BaHHBIC
NepecTpoiikoid moToka mnpu mpeogoiecHun MC U BO3HMKAIOIIMM MPH 3TOM
BUXPEOOPa30BaAHUEM.

ITomepu na mpenue nponOPIMOHAIBHBI JITUHE TPyOOIIpoBoa |

P,=RI=(Q1/d)P,, (8)
rae R -ynenpHble oTepu Ha TPEHUE, TO €CTh MOTEPU HA TPEHHE, MPUXOIAIIUECS
Ha CJMHUILY JUIMHBI TpyOompoBoja, Ila/m; A - koadduIMeHT THAPaBINYECKOTO
TPEHUS.

Koagppuyuenm zuopasnuueckozo mpenus ) daiie BCEro ONpeAeseTCs IO
dbopmyiie ANbTirys

A=0,11 (68 / Re + K, /d)** | (9)



rae K, - skBuBaneHTHasl 1MIEPOXOBATOCTh CTEHOK TPyOOMpoOBOJAa, MM, YHCIEHHO
paBHasl CpeJHEHN BBICOTE BBICTYIIOB ILIEPOXOBATOCTH HAa BHYTPEHHEH MOBEPXHOCTH
TPYyOBL.

[Ipu Oonpimux 3HavYeHUsXx Re 3HaueHHWe A B OCHOBHOM OIpeAeiseTcs
IIEpPOXOBATOCTHIO TPYOOIIPOBO/IA U OYEHBb MAJIO 3aBUCHUT OT Re, a, cienoBarensHo,
U OT CKOPOCTH JKHUIKOCTH B TpyOompoBojae. 3HadeHHe Re nponopuuoHaIbHO
CKOPOCTH, KOTOpasi, B CBOIO OYEpe]lb, MPOMOPIIMOHANIBHA PACXOy, MO3TOMY A B
3TOM Ciy4yae MpaKkTUYeCKH He 3aBUCUT OT pacxoga Q. Yacro B pacuerax
OPUHUMAIOT TOCTOSIHHOE 3HaueHHe KO3 (UIMEeHTa TPEHUs, YTO 3HAYUTEIHHO
yIpOILAaeT METOJUKY pacyera.

MecTHbIe MOTEpPH ONpEESIIOTCs 110 hopMyIie

Z=%(P, (10)
rae 20 -cyMMa Ko3(p@UIMEHTOB MECTHBIX CONPOTUBJIEHMI Ha paccMaTpUBacMOM
y4acTke TpyOOIpoBo/a.

Kosdunments MecTHOro comnpoTuBieHUs ( O Pa3IUYHBIX 3IIEMEHTOB
TpyOONPOBOJAHBIX  cUCTeM (o0Oo3Hauaemble yacTo cokpameHuemM KMC)
OIpPEAEIIAIOTCS, KaK IIPaBUIIo, ONBITHBIM ITyTeM. B cripaBouHMKax NpUBOASATCS WIH
rotoBele 3HaueHuss KMC, wnmmu Qopmynsl u tabnuubl g ux pacuera. B
OPAKTUYECKUX pacyeTax dyaie Bcero npuHumaerca, 4yto KMC He 3aBuUCHUT OT
CKOPOCTH MJIM pacxo/ia Cpeibl B TPyOOIIPOBOJIE.

C y4eToM BBIILIEU3TI0KEHHOTO BbIBEAEM OOLIYI0 (GOpMyIly JUIsl pacueTra MoTepb
Ha y4yacTke TpyOonpoBoia

P=RI+Z=QA1/d+Z0)P,=

=\ /d+32) pvi2=
=M+ 20 p (4Q/ (nd?))? /2=

=[(L1/d +30) 8p/ (n*d )] Q2. (11)

Ecnu cuntaTth, 4T0 KO3()(PULIHMEHT T'MAPABIMYECKOIO TPEHUS A HE 3aBUCUT OT
pacxoja W IUIOTHOCTh IMEPEMEIIAeMOM Cpelbl IOCTOSIHHA, TO BBIPAKEHUE B
KBaJIpaTHBIX CKOOKax B (11) siBisieTcst KOHCTaHTOM, HE 3aBUCSILEN OT pacxoAa, T.K.
BCE OCTaJIbHbIC MapaMeTpbl B HEM €CTh MOCTOSHHbIE BeIHMYMHbI. OO03HAYUM 3Ty
KoHCTaHTy R wu Oyzem Ha3piBaTh €€ K03(G(PUUHMEHTOM CONMPOTUBJIEHUS
TpyOonpoBoaa. OKOHYATEIBHO MOTYYUM

P=RQ?% (12)

Boipaxkxenune st Hamopa OOBIYHO 3alMCHIBAIOT B Takoil ke (opwme,
nojpa3ymeBasi, 4YTO 3HaueHue Kodpduiuenta R Oyner BbIpaXXeHO B
COOTBETCTBYIOIIUX €IMHULIAX

H=RQ? (13)
rie R=8MAI/+Z&)/(gn*d?). (14)
N3 (12) cnegyer, 4To €ciau HET pacxo/a B TpPyOOIPOBOE, TO HET U MOTEPh
nasnenus. Beipaxkenust (12) u (13) ecTh ypaBHEHUS MapadOJIbl, BEPITHHA
KOTOPOM HAaXOJUTCS B Hayajie KOOpAUHAT.

KpOMe IOTCPb JABJICHUA HAa TPCHUC U MCCTHBIC COIMPOTHUBIICHHA HAIHCTATCIIAM
JacTO IPUXOAUTCSA MTPCOIAO0JICBATHL W OOIOJHUTCIIBHBIC 3aTpPAaThbl SHCPIMU HaA
IoABEM KHUJAKOCTH B CUCTCEMC, €CJIM ) KUAKOCTD IICPCKAYMBACTCA HA Ooiece BBICOKYHO



re0Ie3NYECKY0 OTMETKY. Takue 3aTparbl CyIIECTBEHHO OTJIMYAKOTCA OT IOTEPH,
TaK KaK dHEprus Mpu 3TOM HE TepseTcs OE3BO3BPATHO U HE MEPEXOAUT B TEILIO.
OHa npocTO UCHOJIB3YETCS HAa MPUPALIEHUE NOTEHUUAIBHONW YHEPTUH KUIKOCTH,
T.€. €€ CTaTUYECKOro Hamopa. B HEeKOTOphIX ciyyasx oHa MOXKET ObITh BO3BpAIlleHA
B CHCTEMY, €CJIM KHUIKOCTh OyJeT cTeKaTh ¢ Oojee BbICOKOW oTMeTku BHU3. C
Y4ETOM THAPOCTATUYECKOTO HAmopa BBIPAKEHUE I 3aTpaT Hamopa MOpH
JIBUKEHUU KUAKOCTH B TPYOOIPOBOI€ OYIET BHITIIAIET CIEAYIOIIUM 00pa3oM:

H=RQ?%+H, (15)
rae H, - mnpeonmoneBaeMblli THIPOCTATUYECKUM HAIOP, PAaBHBIM Pa3HOCTH
re0/Ie3NYECKUX OTMETOK B TOYKE BBIXOJA KUJAKOCTH U3 CUCTEMBI U B TOUYKE BXOJAA
€€ B CUCTEMY.

Hr = HF.BLIX-HF.BX'

Jlis TpyOOIpoOBOAOB, Th€ cpeda UUPKYJIUPYeT MO 3aMKHYTOMY KOHTYDY,
MIPEOJOJIEBAEMBIN  THUAPOCTATUYECKUN HAIOp paBEH HYJIIO, T.K. DHEPIUs,
3aTpaynBaeMas Mpu MOABEME JKUIKOCTH B OJHOW YAaCTH CHUCTEMBI, BO3BPAILACTCS
IpU OINYCKaHWUU JKUJAKOCTM B JPYyrod YacTH CHCTEMBI. B Takux cucremax
HarHeTaTellb 3aTPaurBacT SHEPIUIO0 TOJBKO HA MPEOJOJICHUE NOTEPh HA TPEHUE U
MECTHBIE CONPOTUBIICHHUS.

[TacriopTHBIE XapaKTEPUCTUKN BEHTUIISTOPOB OOIIEro Ha3HAYEHUS PUBOSATCS
JUUISl CTaHJIaPTHBIX (HOPMaJIbHBIX) YCIIOBUM, T.€. OAPOMETPUYECKOE JaBJICHHUE
BO3/ayxa nmpuHumaetcst paBubIM B,,=101,3 xIIa, Temnepatypa t,,=20°C, mIoTHOCTH
Pro=1,2 Kr/M°.

JIns mcronp30BaHus MaCIOPTHOM XapaKTEPUCTUKN HarHETaTels HAa IPYTHE
napaMeTpsl pekuMa paboThl HEOOXOAUM UX MEPECUeT Ha CTAHJAPTHBIE YCIOBHUA.

[Tpenedperast HEOOIBIITON MOTPEITHOCTHIO, CBI3aHHOW ¢ H3MEHEHUEM
0apoOMETPUYECKOTO JIaBJICHUS, TFIOTHOCTh BO3/TyXa MPU OTKJIOHEHUU €T0
500
temmnepatypsl ot t,,=20 "C paccuutbiBaeTcs o Gpopmyie:

Pu= Pro (Liot273) / (t,+273) =1,2-(20+273)/ (t,+273) =
= 353/(t,+273). (16)

Benuuuna naBneHus P, pa3sBuBaeMOro JIOMacTHBIM HarHeTaTesleM, MpsSMO
IPONOPLMOHANIbHA IJIOTHOCTH MIEPEMEIIAEMON CPEIbl M HA CTaHJIAPTHBIE YCIOBHUS
OHA MePEeCUUTHIBACTCA MO PopmyIie

Po=P"pyo / ps=P(t,+273)/293, (17)
IIOJIC3HAs1 MOIITHOCTD
No=Npuo/ P, (18)
06’beMHa$I HpOI/IBBOI[I/ITeJ'IBHOCTI) HpI/I N3MCHCHUU ITJIOTHOCTU
Qo=0Q. (19)

[Ipy wu3MeHeHHUH YTIOBOM CKOPOCTH BpallleHus padboyero kojeca N 1o
CPaBHEHUIO C HCXOJHOW CKOpPOCTBIO N, TPHUBEIACHHOM Ha XapaKTEPUCTUKE



HarHeTaTelsl, epecyeT paboynx napaMmeTpoB MPOU3BOIUTCS MO (HOpMyIaMm:

oO0BbeMHas IMPON3BOANUTCIIbHOCTD:

Qo=Q-no/n, (20)
JAaBJICHHUC

P,=P(n,/n)?, (21)
MOIIHOCTb

No=N(n,/n)*. (22)

Jlis ompeneneHus pexuma pabOThl CHUCTEMBI 4Yalle BCETO HCIONb3YIOT
rpaduueckuil METoJ], Kak OYeHb MPOCTOM U HArMsAAHBINA. [[71s1 aTOrOo Ha rpaduke B
koopauHarax H-Q tpeOyercst oToOpa3uTh XapaKTEpPUCTUKH HarHeTaTeIbHOU
YCTaHOBKH U CETH.

OTmeTHM, YTO IPUMEHUTEIBHO K rpadyuuecKoMy aHaIU3y paboThl CUCTEM
MPUMEHSIIOTCS] TOHATHUSA "pexkuM'” U "XapakTepucTuka'.

Pestcum o3HavaeT HEKYIO TOUKY Ha rpaduke, KOTopas XapaKTepusyercs ABYyMs
KOOPAMHATAMH - PACXOJIOM U HAIOPOM.

Xapakmepucmuka €cTb IJIMHHS, TO €CTb COBOKYMHOCTb O€CKOHEUHOI'O
MHOECTBa TOYEK, Ka)asi U3 KOTOPHIX OTPAKACT OJMH W3 BO3MOXXHBIX pabO4MX
PEKMMOB paccMaTpUBAEMOTrO 3JIEMEHTA CHUCTEMBI - HArHETATEIbHOM YCTAHOBKH
WJIU CETH.

Pabouas Touka, oTpaxaromas (HaKTUYECKHM, T.e. JIEUCTBUTEIbHBIA, a HE
BO3MOXHBIM, pabounii pPeXUM d3JIEMEHTa, JOHKHA 0053aTeNbHO JIeKaTh Ha €ro
XapaKTepUCTHKE.

Jlist HaxoXKJIeHus pabovyero pekMMa CUCTEMBI, COCTOSIIIEH W3 HarHEeTaTeIbHOU
YCTaHOBKHU U TPYOONPOBOJAHOM CETH, TPEOYETCS PEIIUTh CUCTEMY YPaBHECHMUIA:

{Qny =Q.; (23)
H,, = H,

Ecnu u3BecTHBl MaTeMaTHYECKHE YpaBHEHHUS MJI ONUCAHUSL XapaKTEPUCTHUK
HarHeTaTeNss U CeTH, TO cucTema (23) MOKeT OBITh pellieHa YHUCTO aHATUTUYCCKU
TEeM WM Apyrum crnocoboM. Creayer OTMETUTh, YTO YPABHEHHE XapaKTePUCTUKU
CETU M3BECTHO - OOBIYHO TIPH TYypOYJIEHTHOM PEXUME TEUEHHUS 3TO YpaBHEHUE
suma H = RQ * + H,. YpaBHEHUE K€ XapAKTEPUCTUKHU HArHETaTels, BBUIAY HX
OYCHb OOJIBIIIOTO Pa3HOOOpa3ws MO0 KOHCTPYKTUBHBIM U PEKUMHBIM TapaMeTpaM,
yaiie Bcero HemzBecTHO. Kpome Toro, popma TMHUM XapaKTEepUCTUKH MOXKET OBITh
JIOCTAaTOYHO CJIOXHOM, U ee OBbIBaeT TPYJHO OMUCATh C JOCTATOYHOW TOYHOCTHIO
YpPaBHEHHEM IIPOCTOrO BUAA. [laxke Iyl CEpUHMHO U3TrOTOBIISIEMBIX HarHETATEJIEH B
CIIPAaBOYHHMKAX, IMACHOPTAaX M KaTajlorax HE MPUBOIAT YPABHEHWHN I JUHUU
xapaktepuctuk. I[loaToMy 10 cux mop s pemieHus cucrtemsl (23) dgacTo
UCIIONIb3yeTCsl  IrpaMyecKuid  METOJ  pPElICHMs, Ha3blBaEMbIl  Memooom
Hanoxcenusa xapaxmepucmuk. HaxoxzaeHue paboudero pexuma HpU MOMOIIU
JAHHOTO METOJa JJIi CUCTEMbl C HAarHeTarelieM W THAPOCTATUYECKUM HamopoM
MPUBEJICHO Ha PUCYHKE 1.



1 - xapakrepucTuka
HarHerarens,
2 - XapaKTepUCTUKA
CEeTH

Pabouas
Q------- TOYKA
Pucynok 1.

Hamnoxenune
XapaKTEPUCTUK
Hargerareys U CETH

o
o------

CymHOCTh METO/Ia 3aKJII0YAeTCsl B TOM, YTO Ha OJJHOM U TOM XK€ Irpaduke B
OJITHOM M TOM K€ MacumTade CTPOST JMHUM XapaKTEPUCTUK HarHETaTeJIbHOU
YCTAHOBKM W ceTU. JIMHWS CeTHM MAET C MOJIOKUTEIbHBIM HAKJIOHOM, a JIMHUA
HAarHeTaTeJIbHOW YCTAHOBKH - C OTPULATENbHBIM. YUUTHIBAS NPUHUUIIAAIBHO
Pa3HbIM HAKJIOH JIMHUW, BCETJa HAUIETCA TOYKA, B KOTOPOU JIMHUU XAPaKTEPUCTUK
nepecekyTcs. JTa Touka ux nepeceuenus (padoyas touka) PT u ecth rpaduyeckoe
pelieHnue cucTeMbl ypaBHEHMM OanaHca pacxoja M sHeprud B cucteme. OHa
OTpaXkaeT TOT (PaKTUYECKU pabOUMil PeKUM, KOTOPBI YCTAaHOBUTCS B CHUCTEME.
Pacxon, coorBercTBytomuii Touke PT, u ecTh TOT pacxoma, KOTOphI OyneT UATH B
CHUCTEME Yepe3 HarHeTaTeIbHYI0 YCTAHOBKY M CE€Th, a Hanop To4yku PT, ¢ onHou
CTOPOHBI, PABEH HAIIOPY, PA3BUBAEMOMY HArHETATEJIbHOW YCTAaHOBKOM, a C IPyTrou
CTOPOHBI, PABEH HAIIOPY, TEPSIEMOMY B CETH.

Kak siCHO W3 mpenplayliero pasziena, I PeleHus 10 METOAY HaJOKEeHUs
XapaKTepUCTUK TpeOyeTcs paccMaTpuBaTh CUCTEMY KaK COCTOSIIYIO TOJBKO W3
JBYX DJJIEMEHTOB - HATHETATEIbHOM YCTAHOBKHM M CETH. PeaslbHbIE KE CHCTEMBI
COCTOAT M3 OOJIBIIOTrO KOJUYECTBA OTAEIBHBIX 3J€MEHTOB. Jlisi TOro 4toObI
YOPOCTUTh PACUETHYIO CXEMY CHCTEMBI U MPe0Opa3oBaTh HECKOJIBKO AJIEMEHTOB K
OJIHOMY YCJIOBHOMY 3KBUBAJICHTY, UCIIOJIb3YETCS CIIOKEHUE XaPAKTEPUCTHUK.

CnoxxeHne XapakTepUCTUK MOXKET ObITh BBITIOJHEHO AHAIUTUYECKH UITU
rpaguuecku. AHATUTHYECKOE PELICHUE MOTYYaeTCsl MPOCTHIM TOJBKO B CAMBIX
IIPOCTBIX CUTYAlHsIX, KOTJA B CETH OTCYTCTBYIOT THAPOCTATUYECKUE HAIIOPHI.
I'paduueckoe cnokeHue YHUBEPCAIIBHO U HAIJIAIHO, XOTS HHOT/IA U JOCTaTOYHO
TPYIOEMKO, T.K. IPUXOJUTCS CTPOUTH KPUBBIE JIMHUU 10 TOUKAM.
OxoHuYaTeabHBINA BEIOOP METO/1a CI0KEHHSI OCYLIECTBIISIET UCIIOTHUTEIb
pacuera.

PaccMOoTpuM DNpHMHIMIBL BBIIOJHEHUS CIIOKEHUS XAPAaKTEPUCTUK UL JIBYX
3JIEMEHTOB CeTH TpyOompoBoAoB. /[IBa yuyacTka ceTM MOTYT OBbITh BKJIFOUEHBI
HIOCJIE0BATENBHO WM MApaJIIEIBHO.

Ilocnedosamenvnoe coedunenue- 310 TAKOE COENWHEHUE, NPU KOTOPOM JBa
DJIEMEHTAa MMEIOT OJHY OOILIyI0 TOYKYy, MPUYEM KOHEL IEpPBOTr0 JJIEMEHTA
COECIMHEH C HAYaJOM BTOPOIO, a PACXOX M3 OJHOIO JJIEMEHTA IMOJIHOCTBHIO
NOCTyNaer BO BTOpod. OOHIMII Hamop paBeH CyMME HAlNoOpOB Ha KaXIOM



QJICMCHTC. HOCH@I[OB&TCJ'IBHO@ COCAMHCHUC JIBYX JJICMCHTOB U COOTBCTCTBYIOIIIUC
CMY 3aBUCHUMOCTH IIPCACTABJICHBI HA PUCYHKC 2.

Touka coeMHeHUsT

%Hl ./ QZ'.H; Qu2=Q:1=Q;
e Hi.»=H;+ H;
Q1+2, Hivz

1- tpyGonpoBoa Ne 1, 2 - tpy6onpoBos Nel
Pucynox 2. IlocnenoBarenbHoe coenMHEHHE TPYyOOITPOBOIOB

Ilapannenvnoe coeduneHue-3T0 TAKOE COEOUHEHUE, NPHU KOTOPOM JBa
3JIEMEHTAa MMEIOT JBE OOIIMX TOYKH, MPU 3TOM HAyalo IEpPBOTO 3JIEMEHTa
COEIMHEHO C HAayajJOM BTOPOIO, KOHEIl MEPBOr0 3JIEMEHTA COEJUHEH C KOHIIOM
BTOPOrO, a PAacXoJ OJIHOTO 3JEMEHTa HUKOTJa HE MPOXOAUT 4Yepe3 BTOPOU.
Hamopsl Ha KaXJA0M 3J€MEHTE OJIMHAKOBBI M PaBHBI OOILEMY Hamopy, a OOIui
pacxoJl paBeH anreOpanvyeckoil CyMMe pacXo/IOB, MPOXOSIIMX Yepe3 KaxKIblil
anemeHT. [lapannenbHoe coeMHEHUE JBYX AJIEMEHTOB U COOTBETCTBYIOLIUE €MY
3aBUCUMOCTH MPEJCTaBICHbI HA PUCYHKE 3.

er Hl
Q1+ Q12 _
— ) Qi2=Q1 + Q;
Qz H: Hy.o=H;=H;
'

H1+2

1- tpyGonpoBoa Ne 1, 2 - tpy6onpoBos Nel
Pucynox 3. IlapannensHoe coenuHeHne TpyOOIpPOBOIOB

HpI/I KOJIMYECTBE DJIEMEHTOB OOJIBIIIE ABYX HUTOI'OBas XapaKTCPUCTUKA NOJIKHA
MMOJy4YaTbCsd IOOYCPCAHBIM CJIIOJKCHHEM XapaKTCPUCTUK BCECX JJICMCHTOB B
COOTBETCTBHUHU CO CXEMOM UX COCIHUHCHUS.

CJ'IC)IyeT OTMCTUTL, 4YTO B CJOXKHBIX CHCTEMax OBIBacT €€ CMCIIaHHOC
COCAMHCHUC HCCKOJIbKHUX 3JICMCHTOB, KOTOPOC HC BCCTAa MOIKCT OBITH CBCACHO K
OJJHOMY 3KBHBAJICHTY IIPOCTBIM CJIOKCHUEM HJIM BBIYUTAHHUEM XaPAKTCPUCTHUK.

1.3 IlonoOue padovYux pe;KMMOB U MepecyeT
XapaKTepPUCTUK HATHeTaTeJ el

K narnerarensiMm MOTyT ObITH TPUMEHEHBI 3aKOHBI TEOPUH TOI00MS, OJTHAKO
OHH MOTYT OBITh MPUMEHEHBI TOJILKO K T€OMETPUUECKHU MO I00HBIM
HarHeTaTeNsM, paboTalOMUM B MTOJOOHBIX TUAPOJUHAMUYECKUX PEKUMAX.

Cam ceOe Har"eraTellb Bcerja moao0eH (MaciTad TeoOMEeTPUYECKOTo Moa00us
paBeH 1), MOATOMY KOTJa pacCMaTPHBAIOTCSA JIBa PEKHMMa OJHOTO M TOTO JKE



HarHeTaTelsl, BOIPOC O TEOMETPUUYECKOM MOJOOMH BBIMOIHIETCS aBTOMAaTHUECKH.
I'maponuHamMmuyeckoe Noao0Me IBYyX peKMMOB HarHeTaTee 03Ha4YaeT, uTo

BCE CWJIbI, IEHCTBYIOILIUE HA ITIOTOK, COOTHOCSATCS B OJTHO U TO YK€ YUCIIO pa3,
Ha3bIBAEMOE MacIITA0OM CHUJIOBOTO MOA00MS, & COOTBETCTBEHHBIE YIVIbI
BEKTOPOB CHJI PaBHBI. DTO BO3MOYKHO B TOM CJIy4ae, KOIrza OTOK HaTeKaeT Ha
JIOTIaTKU pabOYMX KOJIEC HarHeTaTeNed Mo OTHUM U TEM XK€ YITIOM.
dakTUYeCKH TUAPOAMHAMUYECKOE MOI00ME IBYX PEKUMOB O3HAYAET
reoMETPUUYECKOE 1M0100Ke TIIAHOB CKOPOCTEN B pabounx Kojiecax HarHeraTelel.

Fa/FG:Ga/GG: Ra/R6:Sa/86: ... =K.;

0= 05; Ba=Ps; Ya=7s,
rne F, G, R, S - Hekue cuibl, NEHWCTBYIOIMNE HAa TOTOK B paboueil mojoctu
HarHeTaTenen; o,, y - yrisl HampaBiaeHus: BeKTopoB cui; K, - Macmtad cuinoBoro
noo0usl.

VYyuTthiBas, 4To MaciITad mogo0ust MOKET ObITh JIOOBIM, IS KaXKI0T0 peKuma
HarHeTaTels CyIIeCTBYeT OECUMCIEHHOE MHOKECTBO MOJOOHBIX PEKUMOB.

Jlns mapaMeTpoB HarHeTtaTenei, paloTalouux B TOJOOHBIX peXUMaX,
CIIpaBeUIMBBI ONPEICTICHHbIE COOTHOIIEHUS, Ha3bIBaeMble (OpMyJIaMH MOAOOUS.
OHM TO3BOJISIFOT, 3HAS MApAMETPhl B HEKOM HMCXOJHOM pexume "a'", BEIYMCIUTD
npejnoiaraeMble 3HAUCHHUST T€X K€ MapaMeTpoB JJII HEKOro MOJ00HOr0 pexuMa
"0". IIpuBenem GopmyIsl mo100us 6€3 UX BBIBOJA:

Qs/ Q.= (Ds/ Da)3 (N5 / N2) Mo / Mo.a); (24)
P6 / Pa = (D6/ Da)2 (n6 / na)2 (p6 / pa) (nr.6 / nr.a); (25)
Ng /N, = (Ds/ Da)5 (ns/ na)3 (Ps / Pa) (M6 / Ma)s (26)

rie D - mmamerpel paGoumx KoJjiec HarfeTaTtelield; N - CKOPOCTU BpaIlEHUS
pabouux KoJieC HarHeTaTeseil; p - TUIOTHOCTH MEePEMENIaeMbIX CPel; Mo, Mr M -
O0OBEMHBIN, TUAPABINYECKUN M TOJHBIM KOA((UIHUEHTH MOJE3HOTO IEUCTBUSA
HarHeraTeseu.

dopmyna (26) moxyyaeTcst IpOCTHIM IepeMHOKeHreM dhopmyi (24) u (25).

Otnomenue KIIJI mist mogoOHBIX peskuMoB 0u3Kko K 1. X0oTs M3BECTHO, YTO
yem Oouibllie pa3mep HarHerarensi, TeM Boimie ero KIIJI, omHako mocToBepHO
IpeacKa3aTh d3TOT POCT KpaliHE TpPyAHO, W B TPAKTUYECKHX pacdyeTax
npeanoararoT paseHcTBo KITJI, To ecth npuauMaiotr mg/ n,= 1.

1.4 KaButanusi B Hacocax  J0NMyCTUMAsI BbICOTA
BCAaChIBAaHHS

KaBuranmeii Ha3bIBaeTCs SIBJICHHE MECTHOT'O BCKHIIAHUS >KHIKOCTH IIOJ
JNEeWCTBUEM MECTHOTO MOHWXEHHUS CTaTUYECKOro JaBjieHus. Pa3bepem CYyIIHOCTH
ATOTO SIBJICHUS YyTh MOJIPOOHEE.

Haj moBepXHOCTBIO BOJIBI MAapLUAIBHOE JaBJICHUE BOJASHBIX mapoB P, paBHO
JIABJICHUIO HACBIIIEHHBIX MapoB MpU Temmeparype xuakoctu Py, [laBienue
HACBIIMICHHBIX TapoB P, sBiusercs (yHKIMEH TOJNBKO TeMIIepaTypbl, MpUYEM
3aBHCHMOCTH CHUJIBHO HEJIMHEHHAs.

[Ipy HarpeBaHuM BOJbI, HaNpUMEpP B YaWHUKE, AaBJICHUE IMAPOB HAJ
MOBEPXHOCTBHIO JKUJIKOCTH pPACTET MO MEpe MOBBIIMICHUS TeMmieparypbl. OaHaKo



BOJIa €lI€ HE KWMNUT, TAaK KAaK JaBJICHUE HACHIIICHHBIX I[1APOB MEHBIIIE
cratuyeckoro  (armocdepnoro) nasinenuss P, ,<P,,. Korma naBnenue
HACBILIEHHBIX [1APOB CTAHOBUTCS PABHBIM CTaTUYECKOMY JABJICHUIO, IIPU KOTOPOM
HaXOJIUTCS JKUJIKOCTb, IIy3bIpEK TMapa, O0Opa3oBaBIIMKCI BHYTpU o0ObeMa
KUJKOCTH, HE OyAeT KOHJAEHCUPOBATHCS, a Oy/IeT MOAHUMATHCA HA TOBEPXHOCTb.
MMeHHO A3TOT mporiecCc Mbl OOBIYHO Ha3bIBaeM KHUIIEHHEM. Takum o0pasom,
YCIIOBHE BO3HUKHOBEHMS PEKUMA KUTICHUS OUYE€HB MPOCTOE:

PH.H: P CcT (27)

B TpyOGompoBOAHBIX CHCTEMax 30HBI TOHWKEHHOTO JIaBJIICHHUS MOTYT
CO37aBaThCsl B PA3NUYHBIX YYacCTKaX TPYOONPOBOAHOM CHCTEMBI, OJHAKO
HanboJiee BEPOSATHO BCKUITAHHUE BOJIBI TaM, TJI€ CTATHYECKOE JaBJICHUE HamOoJsiee
HU3KOE - Ha BXOJIe B pabouee KOJIeCco HarHeTaTelsl.

OnacHOCTh KaBUTalUM B paboyeM KoJjiece 3aKioyaeTcs B TOM, 4YTO OHa
MPUBOJIUT K MHTEHCUBHOMY SPO3MOHHOMY M3HOCY paboyero KoJjeca.

OcHOBHOM 3ajayeld NpU SKCIUTyaTalldd HACOCOB SIBJIAETCS HEIOIMYIIECHUE
BO3MOKHOCTM BO3HMKHOBEHMSI KaBUTalluMd B Hacoce. Jlocturaercss 93To
MPaBWJIbHBIM BBIOOPOM T€OMETPUUECKON BBICOTHI BcachiBaHUs Hacoca Hi ., T.e.
TOU BBICOTBI, HA KOTOPYIO IOJHAT HACOC HAJl YPOBHEM JKUIKOCTH.

B cooTBercTBMM C pacueTHONW CXE€MOM, NPUBEACHHON Ha pHUCYHKE 4,
IIPEANOJIOKUM, YTO BOJAa B pe3epByape WA BOJOEME HAXOIAUTCS IIPU
temriepatype t u armochepHom nasienun P,,. Hamumem ycrmoBue Havama
KUIICHUSI IPUMEHUTENIBHO K PAaCCMaTPUBAEMOM 3aJ1aue, BbIPaXkasi JaBJICHUS B BUJIE
HaIropoB.

PH.H /Pg = PaTM/pg - Hr.Bc - th - th' dBC/21 (28)
rae hy, - moTepu Hamopa BO BCachIBaloLIEH JIMHUU TPYOOIIPOBOAOB 10 Hacoca; Ny,
- KPUTHYECKMM KAaBUTAUMOHHBIM 3amac, T.. MHUHHUMAJIbHO JOIYCTUMOE
IIPEBBILICHUE HAIlopa IIepe]l HACOCOM HaJl HANOPOM HACBILICHHBIX BOISHBIX
napoB; p - IUIOTHOCTh I[epeMemaeMor cpeabl (BOABbI) TpPU  pacueTHOM
temreparype; d,. - BXOJHOW AUMETp paboyero kKojeca, 0ObIYHO MPUMEPHO PaBeH
JIMaMeTpy BCaChIBAIOILIETO MaTpyOKa Hacoca.

Kputnueckuil kaBUTAIMOHHBIN 3amac Hacoca Ny, 3aBHCUT OT KOHCTPYKIMU
Hacoca M pexxuma ero padotel. OH BeIUUCIsAETCS 110 (hopmyie

. =10(n\/gjg | (29)

rje N - CKOpOCTh BpalleHus pabouero kosieca, o0/muH; Q - mogaya Hacoca, MS/C;
C - kod(duiueHT KaBUTAIMOHHOW OBICTPOXOJHOCTH, SBISICTCS KPUTEPHEM
MoJ00MsT M 3aBUCUT OT KOHCTPYKIHMHM Hacoca. JIimsi OOBIYHBIX HACOCOB HMEET
3Hauenue 600-800, 11 crienuanbHBIX KOHASHCATHBIX HacocoB - 10 3000.
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Pucynok 4. PacueTHas cxema Jj1s1 OnpeieieHus 10IMyCTUMOM
r€OMETPUYECKOM BBICOTHI BCAChIBAaHUS Hacoca

YuuteiBas, 4T0 HEOOXOIUMO TapaHTHPOBATH HEBO3MOXKHOCTh BO3HUKHOBEHHSI
KaBUTALlUM, KPUTUYECKHH KaBUTALUMOHHBIA 3amac h,, OepyT B pacuerax c
nonpaBodHbM Kodhdurmentom 1,15 + 1,2. [loTrepu Ha BcacwhiBaromeld JIMHUU
MOTYT OBITh BBIUMCICHBI KaK W s JII000OTO TpyOOmpoBOAa MO HW3BECTHOU
dopmyne h = (Al /d+ 2) p v %/2. C yuerom sroro u, ucmonssys (23) u (24),
MOJIYYMM OKOHYATEILHOE BBIPAXKEHUE IS pacdeTa JOMYCTUMONU T€OMETPUUIECKON
BBICOTHI BCACHIBAHUS:

r.ecjon

Po =Py, (10, + X002 _12( nVQ J 9. (30)

pg 29 Cc 2

N3 (30) cnemyer, 4TO i1 YMEHBUIEHUS BEPOATHOCTH BO3HUKHOBEHUS
KaBUTALIUU U YBEJIMYEHUS JOMYCTUMON BBICOTHI BCACBIBAHHS HEOOXOIUMO:

a) MepeKaynuBaTh BOAY C BO3MOXXHO MEHbILIEH TemMmeparypou (yMeHbIaeTcs
Pin);

0) Ha BCachIBAIOIICH JTMHUU /10 HACOCa yBEIMYMBATH JUAMETP TPyOOmpoBoaa,
YMEHBIIATh €r0 JUIMHY U KOJHMYECTBO MECTHBIX COMPOTHBIICHUH (yMEeHbIIAETCs Ny,
);

B) HCIONB30BaTh TMPH BBICOKUX TeMIlepaTypax BOJABl CICIHAIbHBIC
KOH/IEHCAaTHBIE Hacochl (yMeHbIaeTcs hy, 3a cuet yBennuenus ko3 unuenta C).

Ilpumeuanue. 1lpu BHICOKMX TeMIlepaTypax BOJBI B PE3yJIbTaTe BBHIYHCICHUHN
MOKHO TIONyYUTh OTpHUIIaTedbHOE 3HaueHue H, e ,0n.9TO O3HAUAET, YTO HACOC
HENb3s HE TO YTO MOJHMMATH HAJ] YPOBHEM JKHUIKOCTH, a €r0 HazI0, Ha00OpOT,
3arIyOJIATh HUXKE YPOBHS BOJBI B pe3epByape.

3amanueNel
IKCIUTYATAIIMOHHBIH pacyeT HACOCHOW YCTaHOBKH

YcnoBue 3a1aHuA, HCXOIHbIE JAHHbIE

NmeeTcst HacocHass TpyOOINpoBOAHAsE cucTeMa (PUCYHOK 5), B KOTOPOM HAcoc
[IepEeKaynBaeT BOAY C TEMIlepaTypou t U3 HEKoro pesepByapa Ha BbicoTy Hi.
TpyOonpoBoaHasi CeTh  COCTOMT W3  TpPEX  Y4YacTKOB,  BKJIIOYEHHBIX
MOCJIEIOBAaTENbHO. YUacTOK | - BcachiBaromiasi JIMHUSA CETH, a y4acTku 2 u 3



OTHOCATCSI K HarHeTareJbHOM JUHUM. KaxIplii y4acTOK MMEET WHIUBUIYaIbHbIN
nuamerp d, mmHy | m cymmy k03QQHIIMEHTOB MECTHBIX CONMPOTHBICHUH .
DKBUBAJICHTHAA 111€poX0BaTOCTh TpyO K, Ha Bcex yuacTkax oguHakoBa. OCHOBHbIE
UCXOJIHbIE JaHHBIC MpUBEIEHbI B Tabiuile 1 (BapuaHT BBIOMpAETCs MO CyMMe
nocjeaHed u npeanociaeaHent mudp Homepa 3a4eTHON KHIDKKH). XapaKTepUCTHKA
apdexktuBHoct  (KIIJI) wHacoca wum ero ruapaBiaudueckas (HamopHas)
XapaKTepUCTHKA MpUBEeHBI B Tabmuile 2. dusnueckue mapaMmeTpsl BOJIbI IPUHSTh
0 TPWIOKEHUI0O 1 B 3aBUCMMOCTH OT 3aJaHHOM TEMIEpPaTypbl BOJBI.
bapometpuueckoe naBienue npuHaTh paBHbiM 101,3 kI1a.

Tpebdyercs: onpeneanTh:
1) pabounii peskuM CUCTEMBI (pacxo]l ¥ HAIoOp HAcoca);
2) MOITHOCTb, TOTPEOIIEMYIO HACOCOM B pabodeM pekKnMe;
3) IOIyCTUMYIO T€OMETPUUYECKYIO BBICOTY BcachiBaHUS H. ue o
4) HOBBIN pabouunii pexXUM Hacoca, €CJIM CKOPOCTh BpallleHUs pabovyero
KoJieca Hacoca yMmeHbInTCs Ha 20 %.

HBC-EOII

.

1 - BcachIBaroumii TpyoonpoBos; 2 - yuacTok Ne2 HaropHoro TpyOonpoBoaa;
3 - yuactok Ne 3 HanlopHOro TpyOonpoBoja
Pucynok 5. PacueTHas cxema HaCOCHOM TpyOOTPOBOIHOM CUCTEMBI

Tabnuna 1 - Ucxonusie nanubie s pacueta 3aganus Nel

[TapameTp Bapuanr
nemmnnnal| 1, | 2, 13,14,(5,16,7,18,19, |10,
u3mepenusa| 1112|1314 |115|16|17(18| 19|20
Temnepary
paBomeit, | 201030 |20 (40|30|50|40|10]|20
°C
DKBHUBaJICH
THast
mepoxosar| 2 | 1 |13,5(25(15]| 3 |25 1 |0,5] 2
OCTb TPYO
K,, Mmm
Hepeman | g 1151 71 g |11]10] 9 13|14 10
OTMETOK




H., m

Koadduim
CHT
KaBUTAIlUU

600/800|700{630(830|730|650/850|750

C

680

Jlmuabl ygactkoB |, m, as BapuanToB 1 - 10

Bapuanr

213|456 7[8]9]10

y4acTok |

10/ 8 | 6 |15]10| 5 |12] 7 |13

y4acTOoK 2

20(30]15/20({40]20|25|35|20

y4acTOoK 3

10]20/3015]20|30]15]20 |25

Jlmunabl ygactkoB |, m, st BapuanToB 11-20

Bapuanr

11

1211314 |15|16|17]18 19|20

y4acTok 1

13

/1121 5]10(15| 6 | 8 |10]| 5

y4acTOK 2

20

35125]20]40|20/15|30|20 15

y4acTOK 3

25

20115]30]20|15/30|20(10 10

JuameTpsl TpyO d, MM, J1J1s1 BADHAHTOB

Bapuanr

11

2,13, 14,|56,|7,18,]9, |10,
12| 3 [14/15]16|17[18|19|20

y4acTok |

80 {100{100| 80 {120{100/100{150{100|125

y4acTOK 2

50

80|65|50 /80|80 70|100] 80 |100

y4acTOK 3

65

65 | 50 | 65 |100{ 70 | 80 | 65|50 | 70

Cymma KMC Ha ydacTkax Jjisi BApUAHTOB

Bapuanr

4,15,16,7,18,]9, |10,
1415|1617 ]18|19 |20

y4acTok |

2135|2324

y4acToK 2

15]10/12|13| 8 |10|13

y4acTOK 3

1,
11
3
8
5

N
H
~N Q| ww

8113/ 6 |9 11|57

Tabnuna 2 - XapakTepuCTUKH Hacoca

Pac | KII [HanopHbie xapakTepuCTUKH N0 BapuaHTam, H,

xon,| I,

M

S/
c

%

1,
11

2,
12

31 4’
13 | 14

5,1

5

6,
16

7,
17

8,
18

9,
19

10,
20

0

0

24,0

22,0117,0[22,0

26,0

27,0

20,5

18,0

19,0

22,0




28 24,4122,4121,5]21,5]24,0127,5]21,0120,5]19,5]25,0
46 |24,6/22,6/24,0120,5|23,0[27,5|20,5|22,0/119,0[26,0
60 |24,4122,4125,0118,0122,0126,5]20,0123,0118,0126,5
8 | 68 |23,5]21,5]24,014,5]21,0124,5/18,5/22,5]17,025,5
10 | 67 |22,0120,022,0111,518,0[21,0117,5121,0[15,5]23,5
12 | 59 |20,018,0/18,0/ 8,0 |13,5/17,0115,5/18,5/14,0120,5
14 | 37 |17,0115,012,0, 3,0 /8,0 |12,0114,0115,5112,0117,0
16 | 9 13,011,013,0/0,0/2,0/7,0/11,012,0110,0113,0

O|BAIN

CxopocTb BpalieHus: paboudero kosieca N, 00/MUH

Bapuant| 1, | 2, | 3, | 4, |5,1|6, | 7,]8, |9, |10,
11 (1213|145 |16|17|18|19| 20
n, 00/mMun 200({150({180(240(210|170|220{140{120{900
o,0/0|0|0O0]O0O]O0O|O0}O0

IMopsimok padoThI HAJX 3aJaHHEM
PexoMeHtyeTcs cleayromuii mopsiiok padoThl HaJl 3aJaHUEM:

1) Ha rpaduxe B koopaumnarax Q-H mocTpouTh HamopHYIO XapaKTEPUCTUKY
Hacoca.

2) 3anaTbcs CpEIHUM 3HAYECHHEM pacxona, HanpuMmep
Q=10 I[M3/C, U JUIsl 3TOTO0 PacXxo/ia BBIYMCIWUTH 3HAYEHUSI CKOPOCTH BOJABI Ha
yudacTtkax 1no ¢popmyie (3).

3) Berumciute 3HaueHuss Kputepus PeliHonbACa Ha KaXXIOM Y4YacTKE I10
bopmyne (7).

4) Bpruucnuth 3HaueHUs KOd(UIIMEHTa THAPABIMYECKOTO TpPEHUS Ha
ydacTkax 1o ¢popmye (9).

5) BbluucauTh 3HaYEHUST XapAKTEPUCTHKU COMPOTUBIEHUs R nmms Beex
y4acTKoB 1o popmysie (14).

6) Bpluucauts cymmapHbli KO3((UIIMEHT CONPOTUBIEHHUS CETH, CIIOXKHUB
3HavYeHus1 Kodpduirenta R yqyacTkos.

7) 3amaBasich 3HadeHMAMH pacxona oT 0 10 16 am°/c, BBIYMCIHTH 3aTPaThI
Haropa B CETH TpH KaxaoM pacxoie mo dopmyne (15). 3HadeHus pacxona
PEKOMEHIyeTCs OpaTh C maroM 2 IM°/c B COOTBETCTBHE ¢ Tabmuueii 2. PesybTars
pacdeTa peKOMEHIyeTcsl OpOPMUTH B BHJIC TAOIHIIBI.

8) Ilo pesynbraTaM BBIYMCICHUN TaOnMIbl Ha Tpaduke MOCTPOUTH
XapaKTEPUCTHUKY CETH - 3aBUCUMOCTb IIOTEPH HAIOpa OT Pacxoja.

9) Hcnonp3yss METOJ HAJOKEHHSI XapaKTEPUCTUK, ONPENEIUTh (HaKTUUECKUN
paboumii pekuUM CHUCTEMBI (pacXxoJ W HAMoOp Hacoca) IO MapameTpam,
COOTBETCTBYIOIIMM TOYKE MEPECEUEHUsI XapaKTEPUCTHUK CETU U XapaKTEPUCTUKU
Hacoca.

10) s HatimeHHOrO 3HaUYeHHs (PaKTUYECKOTO Pacxo/ia Mo JaHHBIM TaOIHIIbI



2 ompenenuTh KO3PPUITMEHT TOJIE3HOTO JEHCTBUS Hacoca, MPU HEOOXOIMMOCTH
npousBead uHTepnossiunto 3HadeHuii KIT/1.

13) BblyMCIUTH MOIIHOCThH, MOTPEOJISIEMYI0 HACOCOM, MCHOJIB3Ys (POPMYIIbI
(6a) u (11).

14) Jlna HalieHHOTO 3HayeHUs (PAKTUYECKOTO pacxoja BBIYUCIUTH MOTEPU
Haropa BO BcachlBaromied JuHUM (ydacTok 1) mo dopmyne (13), ucnonb3ys
HaliJICHHOE paHee 3HaueHue ko3¢ duirmenta R as ygactka 1.

15) BeruncinTh 3Ha4eHUE JOIMYCTUMON I€OMETPUYECKOM BBICOTHI BCACHIBAHUS
o gopmyiie (25).

16) 3amaBasch 3HaueHUsIME pacxona ot 0 10 16 am’/c, o gopmymam moxo6us
(19) u (20) mpousBecTH MEpPECUYET XAPAKTEPUCTUKU HACOCA C YUYETOM CHIKCHUS
CKOpOCTH  BpamieHusi pabouero kojeca Ha 20 %. 3HaueHus pacxoja
PEKOMEHIyeTcs OpaTh ¢ ImaroM 2 IM/C B COOTBETCTBHHM ¢ Tabmmmeii 2. Pacuer
Jqy4iie Bcero ohoOpMHUTh B BUE TaOTUIIBI.

17) Ilo pe3ynbraram BBIYMCICHHM TaOdMIBl Ha rpaduKe MOCTPOUTH HOBYIO
XapaKTEPUCTUKY Hacoca (TI0cie CHUKEHUSI CKOPOCTH BpallleHus1 pabovero kKosieca).
18) Mcnonb3yst METO HAIOXKEHHSI XapaKTEPUCTHUK, ONPEACIIUTh HOBBIN

dbaxTuyeckuit paboyuii peKUM CUCTEMBI (Pacxo U HAIop Hacoca) Mo
napaMeTpam, COOTBETCTBYIOIINM TOYKE IMEPECEUCHUS XapaKTePUCTUK CETU U
HOBOM XapaKTEPUCTUKH HACOCA.

3aganmneNe2

I'mapaBianyeckuii pacuer JeMCTBYIOLIEH CHCTEMbI TEIJIOCHAOKEHMSI

YciaoBue 3ajaHusi, UCXOAHbIEC JaHHbIE: i1 JCHCTBYIOIIEH TEIJIOBOM CETH
JOJIKHBI OBITh MPOU3BEACHBI CIEAYIOIINE PACUETHI:
2.10mnpenenene pacxolOB BOABI HA MAarucTpPajbHBIX  Y4YacTKax
MO/IAI0IIEr0 TPYOOIPOBO/Ia TEMIOBOU CETH
2.20mnpeneneHne pacxoa0B BOJAbI HA OTBETBICHUIX
2.30mnpezenenne BeIMYMHBI 0TOOpa ropsiueil BOIbl HOTPEOUTENIEM
2.40npeneneHne pacxoa0B BOJIbI BO3BPAIIAOIINXCS U3 OTBETBJICHUM
2.5 OnpeneneHne pacxoJ0B BOABI HA MAarMCTPaJIbHBIX y4acTKaX
oOpaTHOTo TpyOOIPOBO/Ia TEIJIOBOM CETU
2.60mnpeneneHne BEIMUNHBI OJIUTKH TEIJIOBBIX CETEN
2. 7T’ uapaBauyecKuil pacyeT IEUCTBYIOLIEH TEMIOBOW CETH
2.8Tlon6op 06opy10BaHUS UCTOYHUKA TETUIOCHAOKECHHS
2.91locTpoeHue npeaBapUTEILHOIO MbE30METPUUYECKOTO rpaduKa
2.10 Onpenenenre MOTHOW THAPABIMYECKOW XapaKTEPUCTUKH CHCTEMBI
TEMI0CHAOKEHNUS
2.11 Ompenenenne pabodeit TOUKH pabOTHI HACOCA HA TETNIOBYIO CETh



HcxoaHble JaHHLBIE:

1. JlelicTByromas cucremMa TeraoCHa0KEHUSI.

2. IlpuHIMnuanbHas pacyeTHas cxemMa JCUCTBYIONIEH TEIJIOBOM CETH.

3. LlenTpanbHOE pETYNUPOBAHUE OCYIIECTBISETCS 10 OTOMUTEIBHO-
TemieparypHoMy rpaduky 150-70°C

4. Ha aOOHEHTCKUX BBOJAX PETrYJISTOPHI pacX0/1a OTCYTCTBYIOT.

5. TenonpuUroTOBJICHUE B PAOHHON KOTEIHHOM Ha 0a3e BOJOTPEHHBIX
KOTJIOB.

6. Cucrema TeIIOCHA0KEHHSI: OTKPBITas

7. BeicoTa 3Taxka 3 M.

8. Bennunny BO10pa3dopa Ha ropsvee BOAOCHA0KEHUE IPUHATE Q,  /Q) <015

9. InuHbl MarucTpaibHbiX y4acTkoB I-VII - 200m.

Cxema 1eliCTBYIOLIEH TENJIOBOW CEeTH ¢ YKa3aHUEM TO4YEeK 0TO0Opa ropsuei
BOJbI NOTPEOUTEIAMU

oy 5 % &




IMopsnok padoThl HAZ 3aIaHUEM:

2.1 Onpeoenenue pacxo006 600bl HA MAUCMPATLHBIX YUACHKAX

nooarouie2o mpyoonpoeooa mensiogoi cemu

OOBeMHBIN pacxo]1 CETEBOM BOABI HA OTOIUICHUE B MOJIAOIIICH
MAarucTpaiu:

G.
V... :_" 3
0T, 1)

rae: G — MaccoBBbIi pacxo/l CETEBOM BOABI Ha y4acTKax, KI/d;

o 3
Proo — IIJIOTHOCTH BOABI B TOJAIOMICH MarucTpaliu, KI/M".

2.2. Onpeoenenue pacxo00e 600bl HA OMEEM ICHUSAX.

OOBEMHBIN pacxon ceTeBOU BOJIblI Ha OTOIINICHUC HaA OTBCTBICHHIX
OIpCacCIIACTCA 110 (I)OpMYJ'ICZ
G, -G, 3
Vigy=—"—"=, m" | u,
pnod

2.3 Onpeoenenue seruvunsvl omoopa 2opaueil 6006l ROMpeoumenAMu
Pacuernsiii pacxon Tera:
o Ha 2opsAuee 8000CHabI CEHUE:
P=cGpe(t, —ty), (2)
o Ha omoniexue:
Q,=cG,(r,— 7)),

©)

rHe_Gr,G;— pacyeTHbIe PAcXOAbl BOABI HA TOpsiuee BOJAOCHAOKEHWE U
OTOILIEHUE, T/4;

c— yaenbHas TeII0eMKOCTb BOIbI, JIK/KT °C;
t,,t, — TEMIIepaTyphl ropsiueid U XOJ0IHOM BOJbI COOTBETCTBEHHO, °C;

7,,7,— TEMIIepaTypbl CETEeBOH BOIBI B

nojaromeM ©u  0OpaTHOM
TpyOomnpoBojax, °C.

Qz ¢
Wcxons u3 cootHowmenuit (2) u (3) u coornomenus —— < 0,15
0
C'GF'(tF—tX):O,].S'C'G;'(Tll—T‘Z), (4)
PacueTHblii pacxoj ceTeBoil BOAbI Ha ropsiuee BOAOCHAOXKEHUE Ha
MarucTpajbHbIX y4acTKaX:
GF =0,24-Gi,T/‘{, (5)

rae: G~ pacyeTHBINA pacxoj] BOJbI B OIAIOIIEM TPYyOOIIpoBoOIE, T/4.

MaccoBblit pacxon CETEBOM BOJbI Ha TOpsAYCC BO,Z[OCHa6}KCHI/I€ Ha
OTBCTBJIICHHUAX .

G, =0,24-(G, -G,,,), T/4,

(6)



OObeMHBII pacxol CEeTeBOM BOJBI Ha Topsiuee BOJOCHAOXKEHHE Ha

OTBCTBJICHUAX:
0,24-(G, -G, .,)
V = ' n n+1 , 3
o pnm) " /q’ (7)

rae: G, +G,.,— MacCOBBIM pacxoj CeTeBOM BOJbI HAa yYacTKax, KI/4;

o 3
Proo — IIJIOTHOCTH BOAbI B TOJAIOIMICH MarucTpaliu, KI/M".

2.4 Onpeoenenue pacxo0oe 600vl 6038PAUAIOULEUCA U3 OMEEM TICHUIL.
OOBEeMHBIN PacXo]] CETEBOM BOJIBI HA BBIXOJE U3 OTBETBIICHHUS:
_ i) r 3
V2(o) = y M /1{, (8)
poﬁp
rae: G, ,,— MacCOBBIA PaCXOJ CETEBOM BOALI HA OTBETBIICHUM, KI/4;

G,.— MacCOBBII pacxo/l CETEBOM BOJ/IbI HA TOpsiUee BOJIOCHAOKEHHE
HAOTBETBIICHUH, KI/4;

. 3
P,5, —TWIOTHOCTb BOJIBI B 0OPAaTHOM MaruCTpau, Kr/m .

2.5 Onpeoenenue pacxo006 600bl HA MAUCMPATLHBIX YUACHKAX
00pamno20 mpyoonposooa menjioeoil cemu.
OOBeMHBIN pacxo/1 CETeBOM BOALI HA OOpaTHON MarucTpaiu:

— 3
Vay =V, +Vo(), o a6l (9)
rae:V,,, — 00bEMHBIN PACXOM CETEBOM BOABI HA y4aCTKE 0OpaTHOM
MarucTpaTu,Kr/d;

V. — 00BEMHBIN PacXo/] CETEBON BOJBI Ha BHIXOJIE U3 OTBETBICHUS, KI/4.
2(0)n-1 ’

2.6 Onpeoenenue seruuunbl NOONUMKU MENTOBBIX Cemell
B TenioBhIX ceTSIX MPOUCXOASIT YTEUKH BOABI B MECTHBIX CUCTEMAX.
BennunHa noanuTKy paBHa:

Vi =Vigy =Vauys ¢ 14, (10)
2.7 I'udpaenuueckuii pacuem oeiicmeayouiell menjiocemu
B nelicTByromieil TemIOCeTH MPU M3BECTHBIX pa3Mepax TEIUIONpPOBOIA
NOTEPH HAMOpa yA0O0HEE OMPECIIUTh IO XapaKTEPUCTHKE COMTPOTHUBIICHHUS.
AH, =S,V u, (11)
rae: S, — THAPABINYECKOM XapaKTEPHCTHKA COPOTHBICHHUS, M- 4-/M’;
V, — 00BEMHBII pacxo/1 CeTeBON BObI, My,
['uppaBnuyeckol XapakTEPUCTHKA COTPOTUBIIEHUS CETH OIPEACIICTCS
o popMmyiie:
S, =S,-(I+1,)=S, -1, (12)
rae: S,— ynenbHas THAPABIMYECKONW XapaKTEPUCTUKA CONPOTHBJIECHHUS, M-
u?/M°;
|, — DOKBHBAJICHTHAs JUIMHA MECTHBIX CONPOTHBJICHWA HA YyYacTKe
TpyOOIpoBoaa, M;
I, =a,-1,m, (13)
rae: a— KO3(POUIUEHT, YYUTHIBAIONINN OO TaJCHUS JaBIEHUS B



MECTHBIX COINPOTUBIICHUSAX II0 OTHOLICHHUIO K MAaJACHUIO JABICHUNM Ha
TPEHHE;

| - JUIMHA yyacTKa TpyOOnpoBoAa IO MJIaHy, M;

|,,~[IpPUBEACHHAs JJIMHA, M.

CornacHo npuioxennto 5 [1], mpu d <500 mm, To |, =0,7 -1, l, =171

YaenebHas ~— TUAPABIMYECKOM  XapaKTCPUCTHKA  COTNPOTHBIICHUS
ompenenseTcs mo Gopmyie:

— 1010 1025 4525
S, =7.032:107 K)® .4 °% 14)

rae: d —auameTp TpyOoIpoBoa, M;
K, —a0coJtoTHAs SKBUBAJICHTHASI IIEPOXOBATOCTH TPYOBI, M.
[Tpuaumaem K, = 0,5 mm = 0,0005 m.

2.8 Ilooobop obopyoosanus ucmouHuKa menioCHaAOHCeHUs
Ilooobop eo0ozpeiinblix Komnoe
CornacHo nureparype [2] noaOupaercss BOAOTPEHHBIM KOTENT IO
pacxopy.
Koten KB-I'M-58,2 -150 ¢ npon3BOAUTENFHOCTHIO B OCHOBHOM paboueM
pesxume 618 m>/d.

KoimunyecTBO KOTJIOB:
\/

1(1)
n= , wm,
Vv (15)
o o 3
rac: V1 — 06’I)CMHBII/I pacxoz[ CE€TCBOU BOJbI HA HCpBOM y"IaCTKC, M /‘{,

)
V — IPOU3BOIUTENBHOCTh OJJHOTO KOTJIa B OCHOBHOM paboyeM peKuMe,
M/
n= % =1 9%um.
625
[IpunumaeM k ycranoBke 2 kotiia [IITBM 50-1.
['unpaBnuyeckas XxapakTEpUCTHKA KOTJa MO JUTEpAType [2] coCcTaBIsET:
S, = 24,6-10° a0 -u? [ M°.
[Totepu Hamopa Ha BOAOTPEHHBIN KOTEN PACCUUTHIBAIOTCS 1O opMyIie
(11)
Iloo60op noonumounozo nacoca
YroObl  ompenenuTh  XapakTEpUCTUKY  MOANUTOYHOTO  Hacoca
HEOOXOJMMO 3HAaThb €€ MPOU3BOAUTENBHOCTh. [[Is 3TOro HyXHO
ONpEAeNUTh Pacxoj] BOJbI Ha ropsiyee BOJOCHAOKEHHE W PacxXoj] BOJBI,
HEOOXOUMBIN 1JI1 BOCIIOJTHEHHSI YTeUeK.
Pacxon moammuTouHoi BOABI:

VH :Vymett +VFBC’ MS/”: (16)

o 3
rae:V ., — pacxoa BOJbl, HEOOXOAMUMBIN JIJIs1 BOCTIOJHEHUS YTEUEK, M /4;

ymeu

3
V3 — PAaCXo BOJBI HA TOpsiuee BOJAOCHAOKEHHUE, M /4.

[To u3BecTHBIM pazMepam TPyOOIPOBOOB TEIIOBOM CETU OIPEAEIISIETCS
00bEM BOJIBI B TETUIOBBIX CETSX.



OO0beM BOJIBI, 3aMOJHSIONINA MECTHYIO CUCTEMY OTOTUICHHS, HalIeM U3
YCJIOBHUSI, YTO B MECTHBIX CUCTEMAX OTOIUICHUS cofepKUTcs 3 % BOIBI U3
TEIJIOBBIX CETEH.

OO6BeM BO/IbI, 3aMOJHSIIONIUNA MECTHYIO CUCTEMY OTOTUICHHUSI:

VM =AV 'Q, My, (17)
re: AV — yAelnbHblii 00beM BOJBI B MECTHBIX CHCTEMax MOTpeOuTeneit
TEIIa,

AV = 0,03 M*/kBrT;
Q- TerioBas Harpyska paiona, KBr.
G, -c-(r,-75,)

O 30 (18)
rjae: G,— pacxoJi CeTeBOI BOJAbI B MojaroleM TpyobomnpoBojae Ha | ydacTtke,
KI/4.
Pacxom BoJpI B CHICTEME OTOTUICHHSI B CBSI3M C YTEUKAMU COCTABIISIET
0,7 %0T cymMapHOTO 00BheMa BOJIBI B TEIUIOBBIX CETAX U 00beMa BOJIBI,
3aIMOJHSIONIETOMECTHBIC CUCTEMBI IOTPEOUTENEH TerIa.

vV ..=00075-(V, +V,), »2/u, (19)

ymeu

rae:V.— o0beM BOABI, 3alOJNHSAIONIMA TOMAIMMA W  OOpaTHBIN
TPyGOIPOBOIBI, M
V,— 00bEeM BO/IbI, 3aMOJTHSIOMINA MECTHBIE CUCTEMbI IOTPEOUTENEH Tera,
M.
[To HaiiieHHOMY HAMOpPy M Pacxoay MOAMUTOYHOU BOJIBI MTOAOUPAIOTCS
MO TOYHBIC HACOCHI.
Iloo6op cemesozo nacoca
CereBble HacoChbl MOAOUPAIOTCS COTJIACHO CIEMYIOIIMM TPeOOBaHUSM:
OH JIOJDKEH 00ecrneunBaTh THAPOAMHAMUYECKUN pexuM. [Ipu BrIroueHUN
€ro BKJIFOYEHUM HAYMHAETCS JBUXKEHUE BOJIbI B CUCTEME, BCIIEJICTBHE YETO
BO BCEX JJIeMEHTax (BOJOTPEWHBIC KOTJbI, MMOJAIOIMIMNA W OOpaTHBIM
TpyOOINPOBOIBI, TEIUIONMPUEMHUKH Ha aO0OHEHTCKHUX BBOJAaX) BO3HUKAIOT
notepu Hamopa. M3 a3TOro cremyer, 4YTO CETEeBbIe HACOCHI JIOJHKHBI
pa3BUBaTh TaKOW HAmop, 4YTOOBI IMPEoJoJeBaTh TOTEPU  Hamopa
BOJIOTPEMHOr0 KOTJIa, TIOJAIOIIET0 M  O0paTHOTO TPYOONpPOBOJIOB,
TETJIONPUEMHUKOB Ha a0OHEHTCKHUX BBOJIAX.
Harmop cereBoro Hacoca onpenensiercs mo Gpopmyiie:
AH, =H, +AH,  m, (20)
rjae: H,,— cymMMma MOTeph HAmopa B MOAAIOUIEM U 0OpaTHOM TPyOOIPOBOJIE,

cm?

M;

Toukn 1O cXeMe MNPUHUMAKTCS COIJIACHO MbE30METPUUECKOMY
rpaduxky.
AH , — CTaHIIMOHHBIE ITIOTEPH HAIIOPA, M.

CraHumnoHHble 1oTepu Hamopa coctaBisitoT 50 % oT motepp Hamopa
HABOJIOTPEUHBIN KOTEIL.

CTaHUMOHHBIE TOTEPU HAIIOPA — 3TO TAKKUE MOTEPHU, KOTOPHIE BOZHUKAIOT



U3 — 32 KOMMYHUKallMOHHON OOBSA3KM KOTJIA,:
AH, =15-AH, , m, (12)
rae: AH, — IOTEepH Haropa Ha BOJOTPEUHBIA KOTEI, M.

6K !

2.9 ITocmpoenue npedeapumenbHO20 Nbe30MeMPULECKO20 2paduka
JInst  mocTpoeHusl MpEeABAPUTENIBHOIO  MbE30METPUYECKOro  Trpaduka
HE0OXOJMMO BBIYMCIIUTD:

N30bITOYHBIN  Hamop [JJi1 HaumOoJiee BBICOKOTO TMOTpeOUTENsT —
omeemenerus 1,
HaXoJuTCA 1o popMyie (U3 pacyeTa BbICOTHI 3JJaHUH C 3a1acoM 5 M):
H,=5-3+5=20m.
Hamnop Ha Bcace:
H,.=H,-AH,, m, (22)
rjie: H,— n30bITOYHBII HATOp AJI Han0O0JIee BHICOKOTO TOTPEOUTENS, M;
AH,— notepu Hanopa Ha | yyacTke B 00paTHON MarucTpasim, M.
CormacHo nuteparype [4] n30BITOUHBINA HAMIOp Ha a0OHEHTCKUX BBOJAX
KOHIIEBBIXTIOTPEOUTENCH TOJDKEH OBITh AH , >15 M.

ITpunumaerca AH ,, =15 m.

2.10 Onpeoenenue nonnoil 2udpasaIuiecKoll XapaKkmepucmuKku cucmemaol
menocHabcenus
[MunpaBnuyeckas XxapakTepUCTHKA TPYOOTIPOBOOB HAa yYaCTKaX:
S,=S,-2:I (4.1.1)

2, 6.
rac: Sy — yACJbHasd XapaKTCPHUCTUKA COIIPOTHUBIICHUS, M"Y /M )

np?

l,, — IPUBEIEHHAs JUIMHA TPyOOIPOBOJa HA YYaCTKeE, M.

I'mppaBnnueckass ~ XapakT€pUCTHUKA  CONPOTUBIIEHUS  OTBETBJIEHUMU
KaOOHEHTCKHM BBOJIAM BMECTE C CAMUMHU aOOHEHTAMH:

AH
5, =2 (4.1.2)
Vu6
rje:AH — pacrmojiaraeMblii ~ Hamop B y3JaXx  OTBETBIEHUH  OT

MarucTpajJbHBIXTEIUIONPOBOOB, M;
[IpunumMaeM AH_, U3 TEE30METPUUECKOTO Tpaduka.

3
V . — pacxoJi TEIUIOHOCUTEISI Ha OTBETBIICHUSX, M /4.

[IpyarMaemM pacxom Ha OTBETBICHHSIX B  OTKPHITOM  CHCTEME
TEIUTOCHAOKEHUS TI0 CPETHEH BETMYMHE pacxo/1a Ha BXO/e (M3 MOJaroIIero
TpyOOIpOBOa) M BbIXO1e(BO3BpAT B 0OpATHBIN TPyOOIPOBO/T).

[Tpu pacyeTe XapakTEpHUCTUK COMPOTUBIICHUS OTBETBICHUN y4acTKOB B
cllydae WX  TIOCJENOBAaTENbHOTO  COCAMHEHHS,  XapaKTEePUCTHUK
COTIPOTUBJICHUSI CYMMHUPYIOTCS,B a Clydae MapajuieIbHOTO COCAMHEHUS,
UCITIOJIB3YIOT TIOHSITHE TMPOBOJAMUMOCTH.

[Tpu mocnenoBaTeIbHOM COSAMHEHUHN YUACTKOB:

S,, =S, , mu/m’, (4.1.3)



: 2, 6
r71e: S, — XapaKTepUCTHUKa COMPOTUBIIEHUS | — IO y4acTKa, M 4 /M .
IIpu napasienbHOM COEIMHEHUU YYAaCTKOB:

(4.1.4)

3, 05
, MT/M 7y,

Pacuer xapakTepuCTHK CONPOTUBIICHUS TEILUIOBOM CETH HAYMHAETCS C
KOHIIACETH B HANIPABJICHUU K TOJIOBHBIM yYAaCTKaM.

['unpaBnuyeckue XapaKTEePUCTUKHU COTIPOTHUBIICHUS CUCTEMBI
TEIUIOCHAOKEHU ;
2, 6
S, =S, +S,e, MU/M, (4.2.1)

Jnis moctpoeHuss rpaduka CyMMapHOM pacxXOAHOM XapaKTEepUCTUKU
HEOOXOJMMO COCTaBUThH TAOUILY, UCXOSI U3 (GOPMYJIBI:
AH =8, -VCZ , M,
rJe: S, — y/lelbHas XapaKTePHCTHKA COMPOTUBICHHS, M-u-/M’;

(4.2.2)

. 3
V,— 0O0OBEMHBIN pacxo.1 BOJBI, M /4.

Haxopnsrcs 3HaueHuss AH TNpu MPUHATOM 00beMHOM pacxoze Bojabl 100
— 1400 M°/u,

2.11 Onpeodenenue pabdoyeii mouku padomsl HACOCA HA MENI0BYI0

cemb

Crpoutcsi rpaduk CyMMapHOW pacxXxOJHON XapaKTEPUCTUKH H TpHU
NEPECeUCHUH C XapaKTepUCTHUKOM Hacoca, HaXoAuTCs padouyio TOuky A
paboThI Hacoca Ha TEIUIOBYIO CETh.

BapuaHTbl MCXOAHBIX JAHHBIX JJIsI 3a1aHusT Ne2

Bapu MaccoBble pacxobl ceTeBOil BOAbI HA YYACTKAX U JHAMETPbl MATUCTPAJIbHBIX
-aHT Y4YACTKOB
YuacTkn I Il 1]l v \Y VI VI
Pacxon 1150 | 850 700 550 | 400 | 300 | 150
1 TEeNJIOHOCUTEJIA, T/9
Jdunamerp
TpyOOmpoBoaa, 478x8 | 426x8 377x8 325x7 | 325x7 | 325x7 | 325x7
MM X MM
Pacxox 1140 | 900 750 600 | 500 | 400 | 300
TEeNJIOHOCUTEJIA, T/9
2 JAunamertp
TpyOonposoaa, 529x8 | 478x8 478x8 426x8 | 377x8 | 325x7 | 273x6
MM X MM
Pacxox 1125 | 925 725 625 | 525 | 425 | 250
TEeNJIOHOCUTEJIA, T/9
3 JAunamertp
TpyOonposoaa, 529x8 | 478x8 478x8 426x8 | 426x8 | 273x7 | 273x7
MM X MM




Pacxon
TEeNJIOHOCUTEJIA, T/9

1050

950

810

640

540

420

200

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

478x8

426x8

426x8

426x8

325x8

273x7

Pacxon
TEeNJIOHOCUTEJIA, T/9

1100

960

850

680

570

450

300

Jdunamerp
TpyOOmpoBoaa,
MM X MM

529x8

529x8

478x8

478x8

426x8

325x8

273x7

Pacxon
TEeNJIOHOCUTEJIA, T/9

1150

1050

950

750

620

500

400

JAunamerp
TPyOOnpoBoaa,
MM X MM

529x8

529x8

478x8

426x8

426x8

426x8

273x7

Pacxon
TEeNJIOHOCUTEJIA, T/9

1130

910

650

520

340

290

110

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

426x8

426x8

377x8

325x8

273x7

194x5

Pacxon
TEeNJIOHOCUTEJIA, T/9

1000

950

800

625

550

450

200

Jdunamerp
TpyOOmpoBoaa,
MM X MM

478x8

478x8

426x8

426x8

377x8

325x8

273x7

Pacxon
TEeNJIOHOCUTEJIA, T/9

1050

900

700

500

400

300

200

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

10

Pacxon
TEeNJIOHOCUTEJIA, T/9

1125

925

725

625

525

425

250

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

426x8

426x8

377x8

325x8

273x7

194x5

11

Pacxon
TEeNJIOHOCUTEIA, T/9

1125

925

725

625

529

425

325

Jdunamerp
TpyOOmpoBoaa,
MM X MM

529x8

426x8

478x8

426x8

377x8

325x8

273x7

12

Pacxon
TEeNJIOHOCUTEJIA, T/9

1025

800

700

500

400

300

175

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

13

Pacxon
TEeNJIOHOCUTEJIA, T/9

1125

925

750

500

350

250

125

Jdunamerp
TpyOOmpoBoaa,
MM X MM

478x8

478x8

426x8

377x8

325x8

273x7

219x6

14

Pacxon

1080

880

780

580

500

380

280




TEeNJIOHOCUTEJIA, T/9

Jdunamerp
TpyOOmpoBoaa,
MM X MM

529x8

426x8

478x8

426x8

377x8

325x8

273x7

15

Pacxon
TEeNJIOHOCUTEJIA, T/9

1070

920

750

510

400

350

250

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

16

Pacxon
TEeNJIOHOCUTEJIA, T/9

1020

900

750

550

400

350

200

Jdunamerp
TpyOOmpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

17

Pacxon
TEeNJIOHOCUTEIA, T/9

1030

920

740

510

400

320

200

Jdunamerp
TpyOOmpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

18

Pacxon
TEeNJIOHOCUTEJIA, T/9

1100

970

800

550

400

320

200

JAunamerp
TPyOOnpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

19

Pacxon
TEeNJIOHOCUTEJIA, T/9

1070

950

800

600

4800

350

250

Jdunamerp
TpyOOmpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7

20

Pacxon
TEeNJIOHOCUTEJIA, T/9

1050

900

700

500

400

300

200

Jdunamerp
TpyOOmpoBoaa,
MM X MM

478x8

426x8

426x8

426x8

377x8

325x8

273x7
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