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1.Ilean paboThI

BrlnonHEHHE KOHTPOJBHOM pabOThl M TUIIOBBIX PACUETOB — 3aKIIFOUHMTEJIbHBII
3Tall U3YyYEHUs CTYIJEHTaMHM OOLIETEXHUYECKOW AMCHUUIUIMHBI «['MapaBiuka» U Ap.
Ilenbto paboOTHI SABISETCS 3aKpEIUIEHUE IOJIYYEHHBIX CTYAEHTAMU TEOPETUYECKUX
3HAHUM, a TAaKK€ OCBOCHHME MMM METOAMKHM pacuera W NMPOCKTUPOBAHUS MarucTpaiei
TMIPABINYECKUAX U THEBMAaTUYECKUX IIPUBOJIOB MAIIMH U MEXAHU3MOB.

JIJ1g yCIIenTHOTr O BBINOJIHEHUS Pa0OThI CTYACHT JI0JKEH:

- 00nanaTh HEOOXOAUMBIM 00BEMOM TEOPETUUECKHUX 3HAHUIA;

- YMETh aHaJU3UpOBATh PACUEThl C LEIbI0 OOOCHOBAHHS MNPUHUMAEMBIX
IIPOEKTHBIX PEIICHUM;

- BBITMIOJHATh TpeOOBaHMsI, MPEAbIBIAEMbIE K O(OPMICHUIO TEXHUYECKOM
JOKYMEHTaLUU;

- YMETh TIOJIb30BaTbCA TEXHUYECKOW JIMTEPATypOH, CIPAaBOYHUKAMH,
['OCTamu u ApyrumMu HOPMaTHBHBIMHA MaTe€pUaIaMu.

II. CocTaB u coJiepKaHue 3aJJaHUs Ha BBITIOJIHEHUE paOOThI

3aanne CONEPKUT TeMy pabOThI, HICXOAHBIC JaHHBIC, BKIIOYAIOITHUE:

- CTpYKTYypHYIO WJIH TPUHIUIHAIGHYI0 CXEMy THIPABIMYECKOTO WU
ITHEBMATHYECKOTO MPUBOJIA C HEOOXOIUMBIMU TOSICHEHUSAMH €10 (DYHKITMOHUPOBAHUS;

- KOOPJIUHATHI DJIEMEHTOB TUAPONPHUBO/IA;

- CUJIOBBIC M CKOPOCTHBIC IMapaMeTphl (JIaBJICHHE, CKOPOCTh MEPEMEIICHHS
BBIXOJTHOTO 3BEHA, IT01a4a THAPOJABUTATEIICH) MOTPEOUTEICH;

- JTAHHBIE O MECTHBIX THAPABIMYECKUX COMPOTUBIICHUIX U MaruCTPAJIsX;

- OMHMCAaHWE TEMIEPATYPHBIX W JAPYTUX YCJIOBUM (DYHKIIMOHUPOBAHUS
IPUBO/IA.

[11. DTanbl BHITOTHEHUS pabOThI

N3yuyenune u aHaan3 UCXOIHBIX TAHHBIX, IPEACTABICHHBIX B 3a1aHNH. byKBeHHbIE
MO3UIIMOHHBIE 0003HAYEHUSI OCHOBHBIX 3JIEMEHTOB THIPOIPUBOIA TPHUBEIACHBI HIDKE.
[Togbop nmTeparypbl, HEOOXOAUMOW JJIsI BBITIOJIHCHHUS PAOOTHI, CM. CIIHCOK
PEKOMEHJIOBAHHOW JUTEPATYphl, TUAPABIMYECKUN pacyeT ¥ BBIOOp JJIEMEHTOB,
MarucTpaien npusojaa, cM. IIpunoxenue A;

- onpeeseHue BHYTPEHHUX TUAMETPOB M TOJIIIUH CTEHOK TPYyOOIPOBOIOB
Ha OTHENbHBIX YyYacTKax Marucrpajieil u BbIOOp pa3MepoB TpyO o
cootBeTcTBYIOIMM ['OCTawm;

- pacyeT IMHEHHBIX THAPABINYECKUX COMPOTUBIICHUN;

- pacyeT MECTHBIX TUAPABINYECKUX COTPOTUBIICHUM;

- ompeneneHue  KOIPPUIUEHTOB  THAPABIMYECKAX  COMPOTHUBICHUIN
JPOCCETUPYIOMIUX IEMEHTOB, 00ECTICUNBAIOIINX PACIPEACIICHNE YHEPTETUYECKIX



MOTOKOB MPHUBO/A, U BBIUUCICHHE MOTEPh JABJICHUS HA 3TUX JAPOCCEIUPYIOIIUX
AIIEMEHTaXx;

- ornpeeneHrue NoTpedHoro paboyero JaBaeHUs;

- MOCTPOEHHUE XaPAKTEPUCTUK TPYOOIIPOBOIOB;

- OCTPOEHUE MHE30METPUUECKON U HAIOPHOU JIMHUIN SHEPTUU.

IV.CtpykTypa, mopsiiok u3oxeHus: u 0ohopmiIeHus: padboThl

- TUTYJIbHBIN JIUCT;

- 3aJlaHuE Ha BBITIOJHEHUE PAOOTHI,

- BBEJICHUE;

- CTPYKTypHasi WJIM NPUHLHUIIMAIBHAS CXeMa MPUBOJAA, €€ ONHUCAaHHE U
HE0OXOMMbIE K HEH MOsSCHEHUS;

- pacueTHasi 4aCTh B COOTBETCTBHH C MPHUBEAEHHBIMH HIDKE METOAMUECKUMU
yKazaHusmu, cM. [Ipunoxenue b;

- HepeyeHb JIMHEMHBIX YYaCTKOB MarucTpajied ¢ yKa3aHHeM HX
reOMETPUUYECKUX pPa3MepoB (UIMH, BHYTPEHHUX AUAMETPOB, TOJIUH CTEHOK);

- HepeyeHb MECTHBIX I'MIPaBIMYECKUX CONIPOTUBICHUN (BKIItOUYAs anmnapaThl)
C YKa3aHHeM UX KO3()PUIMEHTOB CONPOTUBIICHUI;

- rpauKy XapaKTEPUCTUK TPYOOIIPOBOJIOB;

- muaus sHeprun H-H u mbezomerpuyeckas nAuHMUS P-P Ul pacyeTHOM
CXEMBbI; BBIBOIBI.

Pabota odopmusercs Ha nucrax popmata A4 u Opouropyercss B 00JIOKKY H3
I0THOM OyMaru. Ha nuieBoil ctopoHe 00JOKKA OQOPMIISIETCS TUTYJIbHBIM JHCT B
cootBetcTBum ¢ CTII1-2001.

Cnucok peKOMEHIYEMOM JINTEPATYPHI

l.bamra T.M. m np. I'mapaBivka, TMAPOMAIIMHBI W TUAPONPHUBOABL. — M.:
MammHoctpoenue, 1982.

2.Bunbnep A.M., Kosane .T., HekpacoB b.b. u ap. CnpaBounHoe
nocobue Mo TUApaBIMKE, THAPOMAIIMHAM U TuAponpuBoiaMm. — MuHck: Bricmias
mKoja, 1985.

3.Ilonos JI.H.I'magpomexanuka. — M.: MI'TY um.H.DO.baymana, 2002.

4.3amayHuK O THAPABIMKE, THIPOMAIIMHAM WM ruapornpuBoaaMm mnoj pena.b.b.
HekpacoBa. — M.: Beiciias mikona, 1989.

S5.IlonoB JI.H. Mexanuka rugpo-u nmHeBMonpusonoB. - M.: MI'TY um. H.D.
baymana, 2001

6.Banyesa B.I1. Beenenue B mexanuky xuakoctu.- M.: MOU, 2001.

7.T'ynunun AILT'uapasnvika u r/npuBo.-M:«I opHast kaura»,2001.

8.Kamunyn B.JI.  OcHOBBI THIOpaBIMKM W a’pOAMHAMUKM. —  M.:
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[Ipunoxxenue A
bykBeHHbIE 0003HAYEHUSI OCHOBHBIX
AJIEMEHTOB THAPONPUBOA

VYerpoiicTBo (00111€€ 0003HAUEHME) A
['unpoakkyMynsTop (THEBMOAKKYMYJISITOP) AK
Anmapart TeroooMeHa AT
['unpobax b
Brnarootaenurens B/
Bentuiib BH
[THeBMOTrITyIIMTEIH r
['unponsurarens (MTHEBMOABUTATEIb) TOBOPOTHBIM |
Jlenutenp mOTOKa JI1
IM'uapoapoccens (MHEBMOIPOCCEIb) JP
['unpo3aMok (THEBMO3aMOK) 3M
['unpoxnanaH (MHEBMOKIIAMaH) K
INonpoxsanan oGpaTHbIi KO
['oxpoxkitanan nperoXpaHUuTENbHBIN KII
['oxpoxkianan peyKIHOHHBIN KP
Kommnpeccop KM
['ogpomoTop (THEBMOTOP) M
Manometp MH
l'opponnnamuueckas nepenayda AL
Macnopacnpuirens MP
[lMunporuHp (MTHEBMOIMIIUHIIP) 0
[Nogponunamuueckas mydra r'’imM
Hacoc H
[TaeBMoruapomnpeoOpa3zoBaTesb [I'TI
[M'unponpeobpazoBaTeb I'T1
I'mppopacnpenenurens P
Pexe naBnenusa PJ1
I'unpoannapar (mHeBMoarmapar) 30J0THUKOBBII P3
['unpoannapar (mHEeBMoanmapar) KJIanaHHbIA PK
Perynsarop noroka PII
Pecusep PC
CymMmarop noroka CII
TepmomeTp T
[Munponunamudeckuit TpanchopmaTop TP
OwIbTp )



[Tpunoxxenue b

MeToanyeckue yKa3aHus 10 TUIPABINYECKOMY pPacueTy
MarucTpaieu mpuBoaa

3amaya pacdera COCTOMT B ONPEIEICHUU IUAMETPOB THIPOJIMHUN U IOTEPS,
BO3HUKAIOIMX B HUX NPU JBWXKCHHM XKUAKOCTH. PacdeT mpoOU3BOAMTCS IO ydacTKam,
Ha KOTOpbIE pa30MBaIOT IMAPABIMYECKYIO (THEBMAaTUYECKYI0) CUCTEMY, IIPU ITOM O]
Y4acTKOM IOHHMMAETCsl 4acTh TPYOOINPOBOJA MEXY Pa3BETBICHUSAMHU, IPOIYCKAIOIIAs
OJIMHAKOBBIA PacxoJ M UMEIONIas OJNMHAKOBBI BHYTPEHHHUU ITHAMETP. YYaCTOK MOYKET
BKJIIOYATh JIMHEHWHBIE COMPOTUBICHUS (Yy4acTKM TpyObl) M pa3iHyHble MECTHBIC
CONPOTUBIEHUS (IOBOPOTHI, CY’KEHHUS, PACIIMPEHHUS, TUAPOANIapaTsl U T.11.).

1.PacueT nuameTpoB ruipOIVHUI

BryTpenHui qauaMeTp ruApOIMHAN ONIPENEISAETCS:

Do2* | | L)
7[ .V max
rac Q — pacxoa KHUAKOCTH Ha pacCMATpUBACMOM Y4YA4CTKC T'HAPOJIHMHHHU, VmaX —
AoI11yCctTumMasa CpCausiass CKOPOCTD KUAKOCTH.
3Ha4YCHHUS JOMYCTUMBIX CPEIHUX CKOPOCTEH BRIOMpArOTCs 1Mo TadJ. 1.

Tabmuma 1
3HaYeHMS JOMYCTUMBIX CPEITHUX CKOPOCTEU TCUEHUS
KUJKOCTH B TUAPOTUHUSIX
Hasnauenue rugponvaun Vmax, m/c
He OoJee
BcacrwiBaromas 1,2
CianBHas 2
Harnerarenbnas npu nasienusx, Mlla
1o 2,5 3
1o 5,0 4
1010,0 5
cBbie 15,0 8-10

C yuyeToM BeIWYMHBI JABJIECHUS >KUJIKOCTH B TPyOONpOBOJE MO IMOTYYECHHBIM
3HaueHusiM D BwIOupaem TpyOsl B cootBeTcTBUU ¢ [[OCT 1o Hapy)HOMYy JuaMeTpy U
TOJIIIIUHE CTEHKH, YTOOBI BHYTPCHHUI auamerp d mpeBbIliain pacueTHbIH He Ooliee YemM
Ha 0,3 mMM. PekomeHayemble TONIIMHBI CTEHOK TPYyO IJIsi BCACBHIBAIOIIMX U CIHMBHBIX
Maructpaie 10 1,0 mm, Hanmopubsix — 1,0+4,0 Mm.

[lo BHYTpEHHUM JAMaMeTpaM BBIOPAHHBIX TPYO OMNpPEAENSIIOTCS HCTUHHbIC
CKOPOCTH Ha y4acTKax TMAPOJIUHUM:



-2
d
3H3‘1€HI/I§I paCXO,ZIOB, I[I/IaMeTpOB u CKOpOCTeﬁ, ABIAIOIIUXCA HWCXOIHBIMU
JAaHHBIMUA OJIA pacqua FI/II[paBJ'II/I‘leCKI/IX HOTepL, 3dHOCATCA B Ta6JI.2.

V

Tabnuua 2
HcxomHble JaHHBIC IS pacyeTa THAPABINYECKUX MTOTEPh
Homep | Ha3na Ckopoctb, M/c Pacx. | Bmnyrp. nmamerp, | Hnuna
ydacTKa | YeHue Q,n/ MM y4acT-
JTonyctum | PacueT- | MUH. | pacder | IPHHSIT. Ka
as Hasl -ppiid, [mo I'OCT,d| Im
Vmax \Y D
1
2

TosMHA CTEHKW HAarHETaTEIbHOW THIPOJIMHUY TIPOBEpsieTCs Mo Gpopmyrie:

K-p.d

0 ZW’ (2)

rac K=2-K03(1)(1)I/IHHGHT 3aliaca, p - HaBJICHUC Had HOAdHHOM Y4YaCTKC TPY6BI,

NPUHATH:  [UI1  BCACBHIBAIOIICH THAPOMMHMM [ =005MIla, s  CIMBHOH
6C

ruaponuHun P, =0.5MIla, Ui HATHETATENbHON THIPOIUHUY MPUHATD aBJICHUE Ha
BXO/I€ B THUJPOLWIMHAP WJIA B TUIPOMOTOP pH =p, wm pH = pFM, d -

CTaHJIApTHOE 3HAYCHHE BHYTPEHHEro auamerpa ruaponuHuii (cm.tadm.2);[o] -
JIOTyCKaeMble  HaMPSKCHUS Matepuana ruapoauHui. [lpuHsATE C y4eTOM
koa(dduimenTa 3amaca, s craabHbIX TpYyO [0] = 50 Mlla, ans TpyO M3 HBETHBIX
METaJIJIOB [0]=25 MIla.

Ecimu pacueTHoe 3Haue€HHME TOJIIMHBI MEHBIIE BBIOPAHHOTO, TO TPYOOIPOBOJ
BBIOPAH MPaBUJIBHO.

2. Pacuer 'MAPABINYCCKUX ITOTCPb JABJICHUA B THAPOJINHUAX

I'mppaBinueckue Morepu JaBJICHUS B THUAPOJIHUHUSAX CKIIAJBIBAIOTCS U3 CYMMBI
MOTepb B JIMHEHHBIX COMPOTHBICHUAX APl (Ha mpsMbIX ydacTKax THAPOJIMHUIA) H

IMOTEPb B MECTHBIX COIMPOTHUBIICHHUAX Apm.

2.1.1ToTepu naBieHUs B JMHEUHOM COMPOTUBIICHUU:

AP :j/ﬂl—v—z

, ®3)
d 29



rae V. yIenbHbI Bec pabouel xkmakoctw; A - ko3 duImeHT
ruapaBiandeckoro Tpeuus; d u | - nguamerp M JUiMHA ydacTka ruaposvHud; Voo -
CPEIHSSI CKOPOCTD KHJIKOCTH Ha Y9aCTKE THIPOJIMHHUH.

Jns  BelumcineHUs KOd(QQUIMEHTa THAPABIMYECKOTO CONPOTUBICHUS A

HEOOXOAMMO OTPEACTUTE PEKUM JIBIKEHUS )KUIKOCTH T10 YnciTy PefiHonbaca
vd
v @)
Re=""
riae v - Kod(pPUImMeHT KWHEeMaTHIeCKON BI3KOCTH pabodeil sKUIKOCTH.

Ecan Re < Rer , TO PCXKHUM OBUKCHUA pa60qu KUIAKOCTHU HA JTAHHOM Y4YaCTKC

TUAPOJIMHUH - JAMUHAPHBIN U

64
=—. ()

Re

Ecmn  Re> Rer, TO PEXUM JBIKCHHS pabdodel JKUAKOCTH Ha JIAaHHOM

y4acTKe -TypOYJEHTHBIM U ISl TUAPABIMYECKU TIAIKUX TPyO A ONpPENEIAECTCS 110
¢dopmyne bnazuyca
/1 _ 0,3164 (6)

Re

Kputnueckoe 3Hauenme uncna PelHonpaca [ TUIPOIMHUM  KPYIJIOTO
MONEePEeYHOro ceueHus npuHITh 2320. Pe3ynbTaThl pacueTa BHECTH B Ta0J.3.

Tabmuua 3
Pe3ynbTaThl pacueTa moTeps JaBICHUS B IMHCHHBIX COMPOTHBICHUIX

Howmep Lnuna Bnympennuui | Pacxoo Cpeonssa Yucino Koadd. ITotepn
y4JacTKa | cudponunuu | ouamemp | scuokocmu | ckopocms | PeiiHONb/CA | THAPABINY. | maBil. Ap| ,
Iy d, mm Q umn |V /e Re TpeHI/ISIi ITa
1
2

2.2.1loTepu naBieHUs B MECTHOM COINPOTHUBJICHUH:
2

AP, - 7/g\2/—g , (7)

rae ¢ - K03 UIEMeHT TaHHOro MecTHOTO conpotuBieHus (cM. [punoxenue B).
Pe3ynbpTaThl pacyeTa BHECTH B Ta0I1.4.




Tabmnuma 4
Pe3ynpTaThl pacyeTa moTeph AaBJICHHUS B MECTHBIX COIMPOTHUBJICHUSX

Howmep Buj conpoTuBiieHus Kon-Bo | Koadd.me | Tlorepu | Cymma
y4a- CTH.COIIPO- | JIaBJICHU | TOTEPh
CTKa THBIL., ¢ 1APm, JaBIL.

MMa | 2. APm

B Mlla
1
2

2.3. Jlanmee ompenensroTcs oOlue MOTEpH JaBJICHHS B TUApornpuBoje. Ecim
YY9aCTKA THUIAPOJUHHUM COCIUHEHBI IMOCIEA0BATEIBLHO, TO OOINas MOTepsl JaBJICHUS B
TUAPOIPUBO/IC MIPEACTABIAECT CO00M CyMMY MOTEPh NABJICHUS B JIMHEHHBIX U MECTHBIX
CONPOTUBJICHUSX HA BCEX yYACTKAX:

ApzzAp|+zApM_ (8)

ITorepu BO BCEX THUAPOJIMHHUAX, COCAUHEHHBIX IAapaUIeIbHO, PACCUYUTBHIBAIOTCS
pa3lieabHO Uil KaXJOW M3 HUX M INpU OINpEeAeIeHHH pabodyero AaBJIeHHs] Hacoca
YUHUTHIBAIOTCS HaWOONbIIME W3 3TUX NoTepb. Hampumep, mpu pacuere mnorepp B
TUAPOCUCTEME, H300paXKEeHHOM Ha puc.l, CyMMapHble NOTEPU B TUIAPOIUHUAX
TUAPOIMIIHHIPA (YJacTKu 2-3-4-7) paBHBI:

Apu - Aplz + Ap|3 + (Ap|4 + Ap|7) "Kut ApMz + Apms + (ApM4 + Apﬂ/n) "Kwm (9)

rae mudpoBbIe HMHICKCHI COOTBETCTBYIOT HOMEpPaM YYacTKOB THIPOJIMHHIA,
oTepsl JaBJICHUS B PACIPEACIUTENIC COOTBETCTBYET MECTHBIM COIPOTHBIICHUSAM C
uHACKCaMu M3 U M4, KM-k03¢HUIMeHT MyJIbTUIUIMKAIMK  THIPOLMIHH]IPA.
AHAJOTHYHO ONPEICIIAIOTCS CyMMapHbIe MOTEPH B THUAPOJHMHUSX THUApOMOTOpa M
(yuactku 2-5-6-7).

2.4. Jlanee ompenensercs AaBICHHE Hacoca, HEOOXOaWMoe Il oOecreueHUs
(YHKITMOHUPOBAHUS THUIAPOLMIIMHAPA U THIAPOMOTOpA, IIPH YCIOBHUHU WX HE3aBUCHMOU

PadoTHL.
pHU:ApL[+ pa ! pHFM:ApFM+ prM’ (10)

rJie JaBJIeHHs HA BXOJE B TUAPOLMIMHAD P, U B TUAPOMOTOpP P, NPHUBEIECHBI B
pas3n. 7, «MIcxoiHbIe TaHHBIE JUIST PACUETA).
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Pucynok 1 - CtpykTypHas cxema ruiponpuBoaa

2.5.I1ockoNMbKY THAPOIMIMHAP U THUIPOMOTOP JIOJDKHBI paboTaTh BMECTE, TO
HEO0OXOJMMO TIOBBICUTH JaBJICHHE B MEHEE HArpy>KCHHOW BETBU JI0 OOJIBIIEro,
YCTAaHOBUB B THAPOJIMHUSIX 4 WK 6 TONOJHUTEIBHBIN ipoccenb JIP.

[loTepu naBieHus Ha APOCCENE ONMPEACIIAECTCA U3 BIPAXKEHUN:

Apgpe - pHu = Prne € Py > Py (11)

Apgp4 =Py~ Pry > ecom Py, > Py (12)

ITo monydeHHOU MOTEepe NaBICHUS U PACXOAYy Ha y4aCTKE YCTAHOBKH JAPOCCEIs,
moJyiarasi, 4TO JAPOCCENb MPEACTABISIET CO00N OTBEPCTHE KPYIJIOro MOMEPEeUHOTO
CEUCHHMSI, ONPEACNACTCS MUaMeTp YCIOBHOTO MPOXOJa JAPOCCENS U ero KOdPPHUIIUEHT
MECTHOTO conpoTuBiieHUs. Jpoccenu Ha yyacTkax 4 U 6 He OKa3aHbI.

3. [locTpoeHne XxapakTepUCTUKH THIPOJIUHAN

XapakTepuCTUKONW TUIPOJIUHUN Ha3bIBAETCs TpaduK 3aBUCHUMOCTH CYMMAapHOM

MOTEepU Hamopa (JaBjieHHs])) B THAPOJMHUU OT pacxona, T.e. sh= f(Q) W

AP=Y> h-F (Q) . Ilpm naMuHapHOM pEXUME TEYEHUS  XAPAKTEPUCTUKY

TpyOOTIpOBOJa 6€3 MECTHBIX CONMPOTUBICHUN OOBIYHO CUUTAIOT JTUHEHHON U CTPOST B
BUJIC IPSMOM IO IBYM TOYKaM (cM. puc.2,a). Eciu B TpyOOIIpOBO/Ie UMEIOTCS MECTHBIE
CONPOTHUBJICHUSI (HANpUMEpP, BEHTWIb WIM JAPYTHE THAPOAIIAPAThl CO 3HAYUTEIbHBIM
COTIPOTUBJICHUEM), TO JIMHEWHOCTh XapaKTEPUCTUKU Hapymiaercs. [Ipu TypOyaeHTHOM
peKUME XapaKTePUCTUKA THAPOJMHUM HenuHeiHa (cM. puc. 2,0). IIpu moctpoenuun
XapaKTePUCTUKU TUJPOJIMHUY 3aJal0TCs 5-6 3HAYEHUSIMU pacxoa, He MPEBBIIIAIOIIETO



s3HaueHust Q, m Q, (cm. pasn.7, «McxomHble naHHBIE UISI pacdyeTa»), U AJIs HUX

OIIPEENAIOT HOTEPH HAMopa » N wm norepu aasneHus AP .

sh 4 sh 0
y

\ A

-Q ~ Q

Pucynok 2 - XapakTepuCTUKU THAPOJIMHUN

KpyTusHa XapakTepuCTUKH OMpEEeseTCss TUaMETPOM U JIUTMHOW THUAPOJIMHUH,
MECTHBIMU THJIPABITUYECKUMU COTIPOTUBIICHUSMHU U BSI3KOCTBIO KHJIKOCTH (HAaUOOJIbIIIEe
BIIMSIHUE BSI3KOCTh OKa3bIBACT MPHU JTAMUHAPHOM PEXHUME).

CyMMapHy0 IOTEpIO Haropa B o0IIeM citydae Y00HO BbIpa3uTh (GOPMYIIOA:

sh-AQ", (13)

rac Aum-— KOB(l)(bI/II_[HCHT IMPOIIOPHOUOHAJIBHOCTH H IIOKAa3aTCJIb CTCIICHU,
YUYUTBIBAIOIINUC COIIPOTUBJICHUC TMAPOJINHUN.

4. IlocTpoeHne Nbe30METPUIECKON U HATIOPHOMW JIMHUU SHEPTUH

JIns IByX CE€UEeHMH IOTOKA, COOTBETCTBYIOLIMX Hayajly U KOHIY TMIPOJIMHUU,
ypaBHeHnue Jl.bepHyinu numeer BUA:

Vi_

2
Zﬁ%“"l@ 22+%+a22192+2h (14)

CyMMma Tpex YJIEHOB:

P V?_
7 +7+&E_H (15)

€CTh MOJHBIM Hamop H , T.e. mONHBIN 3amac yAenbHONM SHEPIUM KUIKOCTH B
JAHHOM CE€YEHUM I[I0TOKAa, pPaBHBIM CyMMe YACIBbHBIX DJHEPIUM IIOTOKA —
HOTEHLIUAIBHBIX YHEPT Uil TOJOKEHUS - Z , JaBieHusd — P/} U KUHETHYECKOW SHEPTUH

-a\?2g.

C yuerom cootHomenus (15) ypaBHenue bepuymnu (14) MoxHO 3amucath B
BU/JIC:

H.=H.,+Xh, (16)

10



rie - CyMMapHbIe IOTEpH Hamopa 1o JuimHe moTtoka hl W B MeCcTHBIX
CONPOTHBJICHUSIX — ham,T.e. ynenbHas MeXaHWYeCKas SHEprus, 3aTpaynBacMas Ha
IIPEOJOJIEHUE CONPOTUBICHUN JBUXXEHUIO JKUIKOCTH MEXIYy paccMaTpuBacMbIMU
CEYCHUSIMU IIOTOKA.

Cratuueckuii Hamop HpP  oTiMyaeTcs OT MOJHOTO HAMopa Ha BEJIUYUHY

CKOpocTHOTro Haropa Of\/ 2/ Zg U PaBEH:

Hp=2+§, (17)

['paduk monHoro nHamopa H-H crpoutcs mo 3HaYeHUSM MOJHBIX HAMOPOB B
HayaJjie ¥ B KOHIIE KaXJ0ro yyacTka ruposnHud. [lonHsiid Hamop B ceuennn 1-1 paBeH
Hanopy Hacoca H,, cm. puc.3.

[TonHbIil HanOp B KOHIIE yYacTKa TPyOOIpoBoJa HaXOAUTCs U3 BeIpaxkeHus (16),
COOTBETCTBYIOLIEMY cXeMe Tuaponpusoja Ha puc.l npu Q,=0:

as cedenns 2: -H,=H,->. h.,.
s cevenns 3: -H,=H,-> h,, 1T (18)

s yqactka ni-H,=H; ;- Z h((n—l)—n) :

Tax kak 06H1Hﬁ 3ariac yIIGJIBHOﬁ OQHCPIrUK BJOJb IIOTOKA HCIIPCPBIBHO
YMCHBIIACTCA, TO JIMHHUA IIOJIHOI'O HAIIOpa IIOHMXKACTCA, 4 B MCCTaX YCTAHOBKHU
rugpaBIM4eckux anmaparos (P, @) oHa CHIKAETCS CKAYKOM.

I'paduk CcTaTHUECKOro HAopa p-p PacHoNOKEH HIKe rpaduka MMOJHOTO HAopa

V2
Ha BCIIMYHNHY CKOPOCTHOI'O HAIIOpa 2
g
A Z A
hHaeH
g PaTM
V iaeH /2 g Y
H:
2

paT/ \ cﬂuel 2 g Z hc,u

|1 | 2 3 .
\\

B Y H > _P]_ ].l > _Pl_ (I) B v

L 1y g
Pucynox 3 - [Ipumep nmoctpoenus rpadMKoB yACIbHON dYHEPTUN

Pe3ynbTaThl pacyeToB TOTEpPh YACIBHOH JHEPTHH, TOJHOTO, CKOPOCTHOTO H
CTaTUYECKOTO HAMOPOB, IO KOTOPHIM CTPOSITCS TUHUU YACIbHBIX YHEPTUI, 3aHOCSITCS B
Tab1.5.
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Tabmuma 5
Pacuer ynenbHbIX SHEPTUiA

Homep| [Ilonueii Hanop B | [lorepu Hanopa, | Beicora ckopoctHOoro |Cratnueckuit
ydacTKa  Hayajie ydacTKa M Hanopa QC\/ 2/ 29 _ M |HAmop Hpi, M
Hi(i=1,2...n), m h h,,
1
2
3
n

5.Pacy€r MHEPLUMOHHOTO HaIopa

JI1s1 HeyCTaHOBUBIIETOCS ABUXKEHUS HEC)KUMAEMOM KUIKOCTU B )KECTKUX TPyOax
ypaBHeHue [[. bepHyium uMmeer BU:
2 2
p Vi P V
Zi+ 4ot ="2 40,2+ 2he g+, (16)
Y 29 v 29

a o o
rac h, =—I- HHCPUOMUOHHBIM HAIIOP, AJII HArHCTATCIIbHOW THUAPOJWMHHU IIPHU
9

UH

cpabaTteiBaHun pacnpeaenutens Pl, cM. puc.l, a=V/r- ycKOpeHHE JBUKECHUS
KUJKOCTH HA Y4YacCTKE THIPOJMHUU MEXIY ceyeHusmu 1 u 2 (cMm. puc.3); V —
CKOPOCTb JBHWXEHHS KUIKOCTH B THIPOJIMHHUM; 7- BPEMsI U3MEHEHHUS CKOpOcTH V;
npubsate 7=0,001c.; g - yckopeHue cBoOogHOTO maaeHus; | -  miMHA ydyacTka
TUAPOJIMHUAN IIOCTOSHHOTO AuameTpa ot Hacoca H no pacnipenenurens Pl.
HMHepuroHHOE M3MEHEHUE IaBlIeHUs onpeneisercs no gopmyne: Ap,,, = p.al,rue

IJIOTHOCTh MUHEpaJibHOTO Macia p=900 kr/m°.

Ecmu rugponuHuss COCTOMT M3 HECKOJIBKMX YYacTKOB C CEYEHHUEM Pa3HbIX
auaMeTpoB d; ¥ pasHbIX JUKH | , TO HHEPIIMOHHBIN HAIOP /IS BCEro TpyOOmpoBo/a:

Zhum' :%Ii J (20)

rome | - HOMeEp ydvacTka TpyOompoBojga mocTosHHOro muamerpa di ;a;-

i
YCKOPEHHE JBVKEHHUSI JKUIKOCTH Ha 1-OM Y4acTKe THIIPOJIMHUY.

3HaK MHEPUMOHHOIO HAIopa COOTBETCTBYET 3HaKy yckopeHus. [lpu pasrone
MOTOKAa YCKOpEHHE TMOoJIokKUTeNbHO. [IpM  TOpMOXKEHMM TIOTOKAa  YCKOpPEHHE
OTpULIATEIbHO. 3HAYEHHE WHEPIIMOHHOIO HAalopa CPaBHUThH C HAlOPOM Hacoca H, Ha

puc.3.
6.PacueT noBbIlICHUA TaBICHUS MIPU TUAPOYIApE

B paccmarpuBaemoii ruapocucTemMe, cMm. puc.l, rugpoynap BO3HHKAeT IIPHU
cpabateiBannu ruapopacnpenenureneii P1 u P2 . ['mapoynmapom HasbiBaeTcs pe3koe
U3MEHEHHE JIaBJIICHUS, BBI3BAHHOE TOPMOKEHUEM HWIJIM PAa3TOHOM ITOTOKA KUIAKOCTH.
Teopus rugpoynapa, paspadorannas H.E. XXykoBckum, paccmarpuBaeT mojeib
CKUMAEMOMW )KUAKOCTH C PacIpeaeIEHHbIMU TApAMETPaAMHU.
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[ToBbIIeHWE AaBICHUS TPU THUAPOYIApPE, BO3HHUKAIONIEE MPU CpadaThIBAHUHU
pacnpeaenuteneid P1 u P2 onpenensercss 3aBUCUMOCTSIMU:

Ap, = pVC ,korma 7z <T, (21)
2pV/
ApHH = T Jkormar>T, (22)
rae  Ap, - HOBBIIICHHE AaBJICHUS IIPH MPSMOM THApPOyAape; Ap,, - [IOBBIIIICHUE
JABIICHUS MIPH HENPSIMOM THAPOYAApe; p - IUIOTHOCTh JKHAKOCTH, TMPHHATH IS

MuHepanbHoro macia 900 kr/M%V - CKOpOCTh JBMKEHHUS KUAKOCTU B THIPOJIUHUH
10 cpalOaTelBaHMs pachpeienurens; {- [aMHa TUAPOJIMHUM OT Hacoca JI0

pacnpenenuTens; r-Bpemsi usmMeHeHnus ckopoctu V, npunatek ¢ =0,001 cex; T A
daza ruapoynapa;C -t . CKOpPOCTb PacCHpOCTPAHEHUSI YAAPHOW BOJIHBI;
p, do
E E,0

E-00BEMHBII MOIyNIb YHOPYTrOCTH JKHJKOCTH; MPHUHATH JUIsi MHUHEPAJIBHOIO Macia
rugpocucteMbl  E=1500 MIla; d- BHyTpeHHMWIA JuaMeTp THAPOJIMHUUA Tepe
pacmpenenuTeseM; & - TOIIKMHA CTEHKU TpyOonposoaa; E,,, -MOIyIb YIPYrocTu

Marepualia TUAPOIMHNAN; TIPUHATE 1715 cTainbHOM ruapoiaunun 200000 MITa.
[Tony4yeHHbIE 3HAYEHHS yJapHOTO TOBBIIICHUS JABJIEHUS CPAaBHUTH C paboOuuM
JABJICHHEM Hacoca.
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/.McxonHble TaHHbIE JJIs1 pacyeTa,cm.puc. |

| BapuaHrT :

Q:= (1 +0.1%* N)*10* a%/c; Q2=(120 - N)*10°° ar%/c;
[=02M+0.01*N; I=2m + 0.1*N ; 5=2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5mM +0.1*N ; l=4m +0.1*N ; I=5m +0.1*N ; Kv= 1+0.01*N ;
Px=1,3*10"- N*10°  p;,,=3*10°+1,2* N*10° Ila

Il Bapuanr :

Q:=(130 - N)*10°° °/c; Qp= (1,2 +0.11* N)*10" ar’/c ;
[=02M+0.01*N; .=2m + 0.1*N ; 15=2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5mM +0.1*N ; l=4m +0.1*N ; I=5m +0.1*N ; K= 1+0.01*N ;
Py=1,4*10"—- N*10°  p;,=4*10°+1,2* N*10° Ila

Il BapuaHT :

Q1= (5 +0.3* N)*10* a%/c; Q.=(310 -2.5% N)*10° a/c;

[=0.2M+ 0.01*N ; =2m + 0.1*N ; |:=2.5m + 0.1*N ; .=3m +0.1*N ;
[s=3.5m +0.1*N ; le=4m +0.1*N ; :=5m +0.1*N ; K.= 1+0.01*N ;
Py=1,3*10"—- N*10°  p,=5,7*10°+ N*10° Ila

IV BapuaHnT :

Q1 =(310 -2.5% NY*10° ar%/c; Q, = (5+0.3* NY*10 M/c;
[=02m+0.01*N; L=2m + 0.1*N ; ==2.5M + 0.1*N ; 1.=3m +0.1*N ;
Is=3.5m +0.1*N ; le=4m +0.1*N ; l:=5m +0.1*N ; K.= 1+0.01*N ;

Py =5,7*10%+ N*10° ITa pry=1,3*10"— N*10° Ila

V BapuaHrT :

Q:=(120 - N)*105 ar3/c; Qo= (1 +0.1* NY*10** ar®/c ;
=02M+0.01*N; :=2m + 0.1*N ; 5=2.5m + 0.1*N ; .=3m +0.1*N ;
Is=3.5m +0.1*N ; le=4m +0.1*N ; I=5m +0.1*N ; K= 1+0.01*N ;

Py =1,3*10"- N*10°  p;,=3*10°+1,2* N*10° Ila

rae N- nBe mocnegaue nudpsl 3a4eTHON KHIDKKH CTY/ICHTA.
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[Tpunoxenue B

KoaddurmenTsl MECTHBIX CONTPOTUBIICHUN

Bun conporuiienus

Buesannoe pacmmpenue
BuesamnHoe cyxeHue
[ITynep npucoeIMHUTENbHBIN, IEPEXOTHUK
3aKpyIrJIIEHHOE KOJIEHO
CBepJieHHBIN YTOJIbHUK
TpOWHUKY MPSIMbIE

CIUSIHUE TTOTOKOB

pa3zelieHue OTOKOB

TPAH3UTHBIN OTOK
OOpatHbIN U MPeIOXPAHUTEIBHBIN KIIamaHbl
Hpoccenb
PenykunonHsIi Kiianax
Pacnipenenurens
OuibTp
BenTtunu: ¢ npsiMbIM 3aTBOPOM

C KOCBIM 3aTBOPOM

0,8-0,9
0,5-0,7
0,1-0,15
0,12-0,15
2-2,5

2-2,5
1-1,5
0,1-0,2
2-3
2-12,5
3-5
6-8
7-10
3-5,5
1,4-1,85

15



