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OKcIulyaTaliisi MAaruCTpaJIbHBIX — HE(TENpPOBOJOB: METOH. YyKa3. IO
BBIMIOJIHEHUIO  BBITYCKHOW KBaJIU(PUKAIMOHHONW pabOThl AJ CTYAEHTOB
Hampasienuss 131000.62 HedrerazoBoe neno mpoduist «IDKCIuTyaTanus U
o0cyKuBaHHE OOBEKTOB TPAHCIIOPTAa U XPAHEHUsS] HEPTH, ra3a U IPOAYKTOB
nepepabotku»/ coct. M.FO. 3emenkoBa, B.O. Hekpacos, E.A. JImutpuena,
A.A.BenrepoB; TroMeHCKHI roCyJapCTBEHHbIH HE(PTETra30BbIil YHUBEPCUTET. —
Tromennb: M3natensckuii uentp bUK, TioM[HI'Y, 2015.— 48 c.

Mertoanueckue yka3zaHUS PAacCMOTPEHBI M PEKOMEHIOBaHBl K H3JaHUIO Ha
3aceqaHuu Kaeapbl TpaHCTIOPTa YIIIEBOJOPOTHBIX PECYPCOB
« 4 »  wmapra___ 2015 rona, mporokosm Ne 7

AHHOTAIUA

Meroauueckde  ykazaHusi 1O  BBIIOJIHEHMIO  KYpCOBBIX  paboT
npeAHa3HaueHbl JUIsl CTYJIEHTOB, oOydaroniuxcs no HampasieHuto 21.03.01
Hedrerazoroe neno mpodwis «Dkcruryaranus U oOCTyKHMBaHHE OOBEKTOB
TPAHCIIOPTA M XpaHEHUs He(PTH, Ta3a U IPOTYKTOB ITepepabOTKM».

[TpuBeaeHs! MaTEpHUaIbl U UHCTPYKIMA IS BBHITIOIHEHUS KYPCOBBIX paboT
M0 MPOSKTUPOBAHUIO U IKCIUTYaTallUd CUCTEMbI HE(PTETTPOBOIOB.

N3n0xeHbl OCHOBHBIE METOJIUKHM pacueTa, CIPABOYHBIE MaTepUaIbl,
IpUMEpPbl pacdyeToB W mocTpoeHuid. [IpencraBieHbpl OCHOBHBIE TPeOOBAaHHS K
CTPYKTYpE, COACP>KaHUI0 KYPCOBBIX padboT, K OPOPMIIEHHUIO U UX 3AIIIUTE.
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BBEJIEHUE

MaructpanbHbIM He(TEpOBOIOM Ha3bIBAETCS TpyOOIIpPOBO,
NpeJHa3HAYCHHBIA 715 TPAHCIOPTHUPOBKM HEePTH H3 paiioHa NOOBYM WM

IPOU3BOJICTBA B PailoH €€ NoTpeOIeHUsI.
B cocTaB maructpanbHbIX HEPTEIPOBOIOB BXO/IAT:

v’ JIMHEHHBIE  COOpPYXKEHWs,  MPEACTAaBIAIOIKHE  CO00iM  COOCTBEHHO
TpyOOIPOBOJ, CUCTEMY MPOTHBOKOPPO3UOHHON 3aIIUTHI, TUHUU CBS3U U T.

I.;

v’ IepeKaYMBAIOIINE M TETIOBBIC CTAHIIHH;
v KOHCYHbIE IYHKTHI HE(PTEMPOBOAOB M HEPTEMPOTYKTOMPOBOIOB,

Ha

KOTOPBIX TMPUHUMAIOT MPOAYKT, MOCTYHAOMUKA MO TpyOOmpoBody, W
pacmlpeiensioT ero MeXIy MNOTPeOUTEeNsIMU — TOHAIT Ha 3aBOJ IS
nepepadOTKH WK OTIPABIISIOT Aajiee APYTUMH BUIaMU TPaHCIOPTA.

B HekoTOphIX cilydasx B COCTaB MarnuCTPaJIbHOTO HE(PTEMPOBOIa BXOJAT

¥ TIOJBOJSIINE TPYOOIPOBOIBI, IO KOTOPHIM HE(TH OT MPOMBICIOB MOAAETCS K

TOJIOBHBIM COOPYKEHHUSIM TPyOOIIpoBOa.

[lpunasiTass HA JaHHOM HEPTEHIPOBOAC TEXHOJIOTHS TEpEeKayku HedTH
JUKTYET CXEMY COCIMHEHHUS HACOCOB U pe3epByapoB. Cpelr BO3MOXKHBIX CXEM



MOKHO BBIIEIUTh TPU OCHOBHBIE: U3 HAacoca B HACOC, NOCTAaHUHUOHHYIO, C
MOJIKJIFOUEHHUEM PE3EPBYAPOB.

[Ipy wucnonb30BaHMM CXEMbl TIEPEKAUYKH «HU3 Hacoca B HACOCY,
pe3epByapbl npoMexyTouHblx HIIC (ecin OHM HMMEIOTCS) OTKJIFOYAKOTCA OT
TpyOompoBoa 1 HEDTH C MPEIBLIYIIETO Yy9acTKa MOAACTCsI HEMOCPEACTBEHHO B
HAacOChbl ATUX CTaHLUMM I JaJIbHEHIIEH TPAHCIOPTUPOBKU IO CIEAYIOLIEMY
yuyactky. Takasg cxema TME€peKaykh BeCbMa NPOrPECCUBHA, MOCKOJBKY
HCKJIIOYAET MPOMEKYTOUYHBIE TEXHOJIOIMUECKHE Olepalud U HEU30€KHO
CBs3aHHBIE ¢ HUMH NoTepu HedTu. KpoMe Toro, oHa 3HAYUTENBHO YJICHIEBISET
TEXHOJIOTHIO,  TOCKOJIbKY  HCKJIIOYAaeT  COOPY)KEHHE  JOPOTOCTOSIIIUX
pe3epByapHbIX TapkoB. HemoctaTkoM 3TOW CXEMBI SBISIETCS <OKECTKAsh
TUpaBIMYecKas CBA3b BCEX YYACTKOB, palOTalOMMX B OSTOM pEXKUME,
IOCKOJIBKY JIF00O€ U3MEHEHHE Ha OJHOM M3 HUX BBI3BIBAET U3MEHEHHE Ha BCEX
OCTaJIbHBIX. B 4YacTHOCTH, aBapuiiHasg OCTaHOBKA OJHOIO Yy4YacTKa BEAET K
OCTAHOBKE BCEX yYaCTKOB, CBSA3aHHBIX C HUM PEXKUMOM MEPEKAYKH.

[Tpu ucnonp30BaHUM MMOCTAHLMOHHON cxembl nepekauku HedTh Ha HIIC
NPUHUMAIOT MMOOYEPE]HO B OJIMH M3 PE3epPBYyapoOB CTAHIIMHM, B TO BpeMs Kak
3aKkayky HedTH B TpyOONpOBOA OCYLIECTBIISIIOT M3 JPYroro pesepByapa.
[TpenmyIiecTBa MOCTAHIIMOHHOM CXEMBI MEPEKAYKUA 3aKITFOYAIOTCS B TOM, UYTO
OTJIEJIbHBIC YIACTKU HE(TEPOBOa OKA3BIBAIOTCS HE CBA3AHHBIMU TOM KECTKOM
TUAPABINYECKON 3aBHCHUMOCTBIO, KOTOpas MMEET MECTO B Cllydae MEpeKadyKu
«M3 Hacoca B HAcoc», MOATOMY He(TEenpoBOJ HMeeT OOJBIIYI0 CTENEHb
HaJIS)KHOCTU M CITOCOOHOCTH K Oecniepe0oitHON OoCTaBKe HEPTH MOTPEOUTEINIO.
Kpome ToOro, mpu MOCTAaHIIMOHHOM CXEME BO3MOXEH MOpPE3epBYapHBIA ydYeT
KOJMYECTBA TPAHCIIOPTHPYEMOW HE(TH, YTO OYEHb BAKHO JUIsI KOHTPOJS 3a
COXPaHHOCTHIO TPOAYKIMH. OCHOBHBIM HEIOCTATKOM TMOCTAHIIMOHHOW CXEMBI
NEpPEeKaYKu SBJSIOTCS BBICOKAss CTOUMOCTh COOPYKEHHS M OSKCIUTyaTallu
pe3epByapHBIX TapKOB, a Takke ToTepu HedTH Tpu OONBIIUX JTHIXAHUSIX
pe3epByapoB, CBS3aHHBIX C BbIOpocamu mapoB HedTH B armochepy mpu
3anoJHeHU pe3epByapoB. IlocTaHIIMOHHAsA cxeMa NEepeKadykd MPHUMEHSETCS B
ocHOBHOM Ha ronoBHbix HIIC HedTenpoBoga M €ro 3KCIUTyaTallMOHHBIX
Y4YaCTKOB.

[Ipy MCHOIB30BaHUU CXEMbl MEPEKAUYKU C MOJKIHOUYEHUEM pPE3epBYapoB
BO3MOXHBI JIBA BapUaHTa: Yepe3 pe3epByapbl M C MOJKIIOYECHHBIMU
pesepByapamu. B mepBoM Bapuante HEDTH ¢ IPEIBIAYIIETO yIacTKa MOCTYIAET
B pesepByap IIHIIC u 3akaumBaercs Takke U3 3TOro pesepByapa. Takas cxema
JieNaeT  COENMHEHHWE Y4YacTKOB  He(drempoBojga Oornee  «MATKHM» B
IUIPaBINYECKOM OTHOILIEHNU. Kpome Toro, B pe3epByape IpOUCXOIUT TalllCHUE
BOJIH JIaBJICHUS, CBSI3AHHBIX C U3MEHEHUSIMU PEKMMa MEPEKAYKH, YTO MOBBIIIACT
HAJIEKHOCTh JIKCIUTyaTalluu HEPTENpoOBOAA, OJAHAKO 3TOMY CIOCOOY MPUCYIIN
BCE HEAOCTATKHU MPEIBIAYIIEr0 Cocoda 1 B HACTOSIIEE BPeMs OH MPAKTUUECKH
HE UcnoJb3yeTcs. Bo BTOopoM BapuaHTe cxeMa MpeayCcMaTpUBaAET, YTO OCHOBHOE
KOJIMYECTBO HEPTH MPOKAYUBAIOT IO TPYOOIIPOBOAY, MUHYS PE3EPBYap, OTHAKO
IIPU 3TOM JOITyCKAeTCs, YTO pacxoabl He()TH Ha MPEIBIIYIIEM U TOCIEIYIOIEM
y4acTKax MOTYT B TE€YEHUE HEKOTOPOIO0 BPEMEHHU OTIMYATHCS APYr OT JApyra, a



nedalaHC PacX0I0B KOMIIEHCUPYETCsS COpOCOM HJIM MOJKAYKOW 4acTH HE(PTH B
MOJIKJIFOUEHHBIN pe3epByap. [Ipu cuHXpoHHON paboTe y4acTKOB, T.€. epEeKayKe
C OJHUM M TE€M XK€ pacxoJ0M, ypoBeHb He(TH B MOIKIIOUYEHHOM pe3epByape
OCTAeTCs IMTOCTOSTHHBIM.

OBLIUE YKA3ZAHUA

3amaHue NI KypCcOBOW pabOTHI BBIAACTCS TpEMoaBaTeieM B Hadae
Kypca. YTBepKICHHOE 3a/laHue MOAIINBACTCS B KypCOBYIO PaOOTy U COICPKHUT
WCXOHBIC JaHHBIC I PACYETOB KYPCOBOW PabOTHI.

KypcoBass pabora pmomkHa coaepXaTb 3 OCHOBHBIX  YacTH:
TEXHOJOTUYCCKUN pacueT ¢ OKPYIJICHHEM B OOJIBIIYI0 U MEHBIIYIO CTOPOHY,
pacdyer pexxuMa paboThl (COTIACHO 3aJaHUI0), TPAPUUECKYI0 YacThb — JIACT
dopmara Al ¢ mpodusisiMu Tpacchl U JIMHUSAMH THAPABINICCKUAX YKIOHOB.

Bce pacuetsr w3 pasmenoB | w2 ABIAIOTCS  00sI3aTEIBHBIMU
COCTaBIIIOIIMMU  KypcoBod paboTel. CrnemyeT oOpaTuTh BHHMaHHE Ha
HEO0OXOIMMOCTh TIepecueTa Ha BSI3KYIO KHUIAKOCTh XapaKTEPUCTHUK BBIOPAHHOTO
Hacoca, roctpoeHus: Q-H XxapakTepucTuK JIsl BCEX PACCUYMTAHHBIX PEKUMOB.
Pacuer w3 paszmena 3 BBIMOMHSAETCS COTJIACHO 33JIaHUIO TIPETOJaBaTessl Ha
KypCOBYIO paboTy.

Breimonnennas pabora AOMKHA COAEp)KaTh OTJIaBJeHHE(COoAepiKaHuE),
BBCJICHMC, 3aKIIOYEHUE, CIIMCOK HCIOJB30BAaHHBIX HCTOYHUKOB. [lpwm
UCTIOJIb30BAHMM ~ MCTOYHMKA CChUIKA O(QOPMIISIETCS COTJAacHO TpeOOBaHUSIM
I'OCT P 7.0.5-2008. Crnucok HMCTOYHHMKOB JIOJKEH coiepkaTbh He MeHee 10
HanMeHoBaHu# U He MmeHee 50% uctounukoB Trom[ HI'Y.

Cucrema  craHmaptoB 1o  uHopmaruu,  OHOIMOTEYHOMY U
U3JaTenbCcKoMy neny. bubmmorpadudeckas ccpuika. OOmme TpeOoBaHHS |
MpaBuiIa COCTaBJICHMUS

JIist yCIenmHoro M Ka4eCTBCHHOTO BBITTOJIHCHUS 3a/J1aHUS HEOO0XOIUMO
U3YYHTh KOMILICKC MAaTEepUajoB W3 CIHCKAa PEKOMEHIYEeMBIX HWCTOUYHHUKOB
HACTOSIIINX YKa3aHUH.

CoBpeMEeHHBIN COPTaMEHT TPYOOIPOBOJHBIX MAaTEPHAIOB WJIM HACOCHO-
CUJIOBBIX arperaToB MOXET ObITh OMPEICICH C MOMOIIBI0 OHJIAITH HCTOYHHKOB!
KaTajoroB, XapaKTCPHUCTHUK, ITACIOPTOB C YKa3aHUEM COOTBETCTBYIOIICH
CCBLJIKH.

KypcoBasi pabora mpeacTaBisieTcss K 3alldTe B pacreyaTaHHOM U
MOAIIUTOM BHUJE (VTSI CTYyJACHTOB JTUCTAHIIMOHHON (POPMBI B 3JIEKTPOHHOM).
KypcoBas pabora odopmisercs B coorBeTcTBUU C TpeboBanusmu ECK]I,
rpaduyYecKuii JMCT cBopauuBaercs A0 ¢opmara A4. B Oonbpmoi pamke
00s13aTEIIBHO CTAaBUTCS J1aTa cAa4u PabOThI U TIOJIIUCH CTY ICHTA.



1. OCHOBHAS YACTb. TEXHOJOT'MYECKUHN PACUET
MATI'NCTPAJIBHOI'O HE®TEITPOBOJA

Llenv  mexuonocuueckoeo pacuema: ONPEACINTH TOJIIMHY CTCHKHU
He(TEmpoBO/Ia, CALNATh THIPABIMUECKHA pacueT, MoA00paTh HACOCHO-CHUIIOBOE
0o0opya0BaHKE, ONPEICIUTh YHUCIO HACOCHBIX CTAHIMH, pPAacCTaBUTh HX IIO
Tpacce He(pTempoBoIa M CAeNaTh AHAIUTHIECKYTO TIpoBepKy padotsr HIIC.

1.1. OnpeneJsieHne CBOMCTB TPAHCIIOPTHPYEMOM KUIAKOCTH
1. OnpeneneHue MIOTHOCTH MPH pacueTHOM TeMIepaType

_ P
1+ B, (t—20°C)’

IJie { — pacueTHas TeMIepaTypa; p, - K03pGUIHUEHT 0OBEMHOIO PaCIIUPEHUSI.
p20 =830 —839 kr/m®> B, =0,000868 1/°C
p20 =840 — 849 xr/m* B, =0,000841 1/°C
p20 =850 — 859 kr/m* B, =0,000818 1/°C
p20= 860 — 869 kr/m* B, =0,000868 1/°C.

2. OnpeneneHue BA3KOCTH IIPHU pacyeTHON TeMrepaType

P

—u(t—ts) , 1 hlv—2

V, =V,-€ u=
L=t v

t

> b

i€ V+ - BA3KOCTD MPH JIF000I U3BECTHOM Temreparype, Hanpumep ¢+ = 20 °C.
3. OnpeneneHre pacueTHOW MPOU3BOIUTEIIBHOCTH
G M M
= =0, —|/3600=0,| — |,
=02 300
rae N, - umcino paboumx AHEH TpyObompoBona B TOMY, ONpEACNsAeTCS B
3aBUCUMOCTH OT JuameTpa D u jiiiHbl L TpyOonpoBoa no NpUiI0KEeHHIO 2;

M3
0, — | - ayg BeIOOpa MapKH HAacocCa;

3
M

0, {—} - JUTSl TUAPABJIMYECKOT0 pacyeTa.
c

4. Ytob6s! onpenenuts N,, He00X0MMO 3HaTh quameTp D TpyOonposona; D

OTIpeNIeIIACTCS B 3aBUCUMOCTH OT (G, [MJTH. T./TOJ1] IO MPUIIOKEHUIO 3.
Omnpenensiercst Hapy>XHbINA AuameTp - D,. UToOBI onpenenuTb BHYTPEHHUMA
nuameTp Dy, Hy>)KHO pacCUUTaTh TOJIIUHY CTEHKUA HePTenpoBoia 1o hopmyre:
_ nl i P : Dn
2-(n,-P+R,)’

rae - Kod(OPHUIIMEeHT HAJeKHOCTH TI0 Harpy3Ke - BHYyTpEHHEMY pabodeMy
JABJICHUIO B TPYOOIIPOBO/IE, MPUHUMAEMBIH TI0 [TPIIIOKECHITO 8;
m,

k, -k

R =R, -

H



rae k- KO3(PQOUIMEHT HAJEKHOCTH 110 MaTepualy, HNPUHUMAEMBII II0

MIPUJIOKEHUIO 4;
k. - xoddduumeHT HAAEKHOCTH TO OTBETCTBEHHOCTH TPyOOINpPOBOAA,

MPUHAMAEMBIN 10 IPUIIOKEHUIO J;
JUTs pacdyeTa MPUHUMAEM:
R,;=500Mlla; my=09; k;=1,4; k,=1,1;

P — BHyTpeHHee naBieHuE B TPyOONpPOBOJE, OMpeNeNsieTcsi, UCXOAS U3
JABJICHUSI, CO3aBAa€MOr0 OCHOBHBIMM HAcOCaMU W TMOIAINOPHBIM HACOCOM, T.€.
9TOOBI ONIPENIETUTh 0, HaJI0 HATH P.

Ecnu B 3a1anuu yka3aHo, 4TO HEOOXOAUMO MPOBE3TH PaCUET JjIsl 3SMMHUX U
JIETHUX YCIOBUM SKCIUTyaTalluk, TO HEOOXOJAMMO OMPEACIUTh KPUTHYECKUE
YCIJIOBUS JJIsI 33JaHHOTO pailoHa MPOEKTUPOBAHUS.

1.2. lloabop HACOCHO-CHIIOBOTO 000PY/10BAHMSA

Jnst mondopa HCA mno vacoBoi mMpoU3BOAUTENIEHOCTH HYKHO OIMpPENeTUTh
MapKy Hacoca W HalWTH Hamop Hacoca MpH MaKCHUMaJIbHOM pOTOpE, MPHUHSB
YUCJIO pabOYrX HACOCOB PAaBHBIM YMCITY HACOCOB IO 3adaHuio. Hampumep, mis
TPEX HACOCOB HANOp OCHOBHBIX HACOCOB OyneT 3H,q, 3aTeM HYKHO 1O (uuc
ONPENENUTh MapKy MOJANOPHOTO HAacoca W Harop MOANOPHOrO Hacoca NpH
MaKCHUMaJIbHOM poTope H,, 3aTeM HaliTu pabouee AaBleHHUE B TPYOONIPOBOIE.

Py =(H,+3-H,,)-p, 5.

[Tocme »aTOrO HYXHO CpaBHUTH pabodee MaBICHWE C JIABIICHUEM,
PEKOMEHI0BaHHBIM B MpuiiokeHuu 3 mis Bamieil mpousBoautensHoctu. Ecnu
P,,s nomydaercs 0oJbllle, 4eM PEKOMEHJOBAaHHBIM MHTEpPBal, TO HEOOXOIUMO
B3iTb H, 1 H,.,, 110 HIDKHEMY POTOPY HAcOCa U CHOBA IPOBEPUTH P45
Ppaﬁ = (Hn +3 ‘Hocu ’)' P, g= Ppa&n[)u.’l .

Jlis mombopa 00OpymOBaHUS HEOOXOAMMO 3amoJHUTh Tabmuubl 1 w2
NPUIIOKEHUS 9 HACTOSAIIUX METOJIMUECKUX YKAa3aHU.

JInst kKauecTBEHHOTO 000CHOBAHHMS BEIOOpA 000PYIOBaHUS 11€7IeCO00pa3HO
paccMOTpeTh HE MEHee 3X BapUMaHTOB OCHOBHOIO Hacoca W HE MeHee 2X
MOATIOPHOTO.

1.3.11lepecuer xapakrepuctuk HCA ¢ Boabl HA BA3KYIO KMJIKOCTh

I[Ipu wmaneix 3HaueHmsXx Re (menee 60 000) HeoOXomuMm Iepecyer
XapaKTEPUCTUK HAacoca C BOJbI HA HEPTH.

N3BecTHO, YTO XapaKTEPUCTUKU HACOCOB OMPEIEISIOTCS MPH HCIBITAHUIX
nepekauku BoJibl. HedTh ke, B OTAMYHME OT BOJBI, UMEET OOJBIIYIO BSI3KOCTD,
MO0PTOMY BO3HHMKAET HEOOXOAMMOCTD MEpecueTa XapaKTepUCTUK HAcoca C BOJBI
Ha HePTh. CymiecTByeT HECKOJIBKO METOJOB, KOTOPHIC pPACUETHBIM ITyTEM
BBISIBIIIIOT ~ W3MCHEHHS ~ XapaKTePUCTUK [0  BIUSHUEM  BSI3KOCTH
MIEPEKAYMBAEMOM KUJKOCTH, CAMOM PACIpPOCTPAHEHHOU U3 KOTOPBIX SIBJIAETCS
METONKA AN3ECHIITENHA.

[Ipu nalinenHom 3HaueHun PeilHONbACA  HAXOOAT  MONPABOYHBIC
Ko3ppuumentsl ko, ku, kn, kan. 13 puc. 1
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203/ D.b.p, 3600

rae Qonr — ONTUMalibHAas (HOMHHAJIbHAs) MOJaya HAcoca; V - pacueTHas
BA3KOCTb KMAKOCTH, M?/c; D, - muamerp pabGodero koseca, BEIOMPAETCS IO
MapKe Hacoca, M; b, — IIMpUHA JIOTTACTH HA BBIXOJE KOJIeca, CM. MpUIoKeHne |;
p.— KO3(h(UIMEHT CTeCHEHUs TOTOKa JOMacTIMH Ha BBIXOJE KoOJeca,

Re =

BbIOHMpaETCst MPOU3BOJIBHO U3 nuamnaszona 0,9-0,95.

[lepecuer O-H u 1-Q XapakTEpUCTUK HACOCOB C BOJbI HA MEPEKAUMBAEMYIO
KUAKOCTh IMPOBOJUTCS MO W3BECTHOM METOIWKE, XapaKTepucTuku Q-N - mo
MEepPEeYrCIeHHbIM XapaktepuctukaMm (O-H u 7-Q ¢ mnomomusio  GopMysbl
N=p-g-Q-H/3600-n. Takum o00pa3oB, Ha TMPAKTUKE, XapaKTCPUCTUKU
IEPECUUTHIBAIOT C IPUMEHEHHE IMOIPABOYHBIX KOA()PHUIHMEHTOB 110 (GOpMYyIIaMm:
Qu:kQ'Qg:Hn:kH'H«: n,=ky-n,, A, =ky-Ah,

[lepecuer BBIMOJHAETCS JUIS TpPEX-4EThIpEX INojady U3 padodeil 30HBI
xapaktepuctuk HacocoB. [Ipm mnpoektupoBanum ['HIIC nepecunteiBaroTCs
XapaKTEPUCTUKHN OCHOBHBIX U ITOATIOPHBIX HACOCOB.

Opnako, ecam B OyaymeM  HE  IUJIAHUPYETCS  YBEJIMUECHHE
npou3BOIUTEIBLHOCTH TpyOoIipoBoja 1 HC, u3 BceX KOHKYpPHUPYIONIUX HACOCOB
BBIOMpAETCsi HAcOC Ha MEHBIIY0 mnojady (kKak HamOojee JelIeBbii),
yIIOBJIETBOPSIIOIINI paHee OTMEUEHHBIM KpUTEpUSAM Noadopa.

[Ipu nmepecuere XxapaKTEpPUCTUKU C BOABI HA BSI3KYIO KHIKOCTh HEOOXOAUMO
NOCTPOUTH HOBYIO COBMELICHHYIO XapaKTEpUCTUKY Hacoca U JajbHEHIIMHA
pacdeT BECTH IO XapaKTEPUCTUKAM BSI3KOM KUIKOCTH.

1.4. OnpenesieHue TOJIIUHBI CTEHKU TPyOonmpoBoaa

oonn one *



Ilocne onpenenenust Py PAacCUUTBIBAIOT & - TOJIIMHY CTEHKH
HedTenpoBoga mo 1. 5. 3HaUYEHHE O OKPYIUIIIOT A0 OOJIbIIero OJmKaiIiero
3HAYEHHSI [0 COPTAMEHTY U OIpENeSIIoT BHYTPEHHUM AuaMeTp HedTenpoBoa,
HEOOXOIMMBIH JIJIs1 THJIPaBIMYECKOIO pacyera.

D,=D,-2-5.
7. 3aTeM OnpeseNsaIoT PEKUM TeUEHHSI HEPTH B HEPTENPOBOJIE:
Re=_+Q
w-D-v,
rae O — CeKyHIHbIH pacxo, M>/c; D — BHYTPEHHUI quaMeTp TpyOOIpoBoa, M;
V, - KAHEMATUYECKas BA3KOCTh [IPH PACYETHON TEMIIEPAType, M%/C.
8. 3aTeM omnpenesitoT rpaHuuHble 3HaueHus Re: Re; v Rey;
Re,le'D; ReHZSOO-D’
e e
r7ie e — abCONMI0THAS LIEPOXOBATOCTh TpyOomnpoBoa, npuHuMaercs mo BHTII-2-
86, e =(0,1+0,2) mm; D — BHyTpeHHUI quameTp TpyOomnmpoBoaa, MM.

Ecmum 2320 < Re < Re;, TO pexuM Te4eHUsT — TypOYJEHTHbIA (30HA

bnasuyca). Torga

>

03164  _ ._
A=rim> m=0.25; f=00246.
Ecm Re; < Re < Rey, TO peXuUM TeYCHHs] — TypOYJICHTHBIA (30Ha

CMEIIAaHHOTO 3aKOHA CONPOTUBIIEHUS). Torna

0,25 e
4=0,1 1(ﬁ +§J :m=0,123; g=0,0802-10" o "
D Re

9. OmpenenuB A - KO3(PPUIMEHT THAPABINYECKOTO COMPOTUBIEHUS,
HaXOIsIT TMOTepU Hamopa Ha TpeHue B HedTempoBoge mo dopmyne Jlapcu-
BeiicOaxa:
L

D 2g’

rae L — nnuHa TpyoornpoBoaa, M; D — BHyTpEHHUN AuaMeTp HedTenpoBoaa, M; g
— yCKOpeHHe cBOOOIHOro najaeHus, g = 9,81 m/c?; v — ckopocTh TeueHUs HedTH,
Mm/c

h =2

4.0
’ w-D*’
rae O — pacxoz Tpybonposoaa, m>/c.
10. 3aTem ompenensatoT MOJHBIE TOTEPU HAIopa B TPyOOTPOBO/IE, M:
H=101-h+Az+H,.
Takke onpeaensaoT rTuAPABINYECKUN YKIIOH:
1
P=he— .
D 2.¢g
11. 3atem onpenesstoT HaOp OJHON CTAHIUU:
Hcm zk'HUC‘H _hm-t’




rjae k — 4KuCIIO OCHOBHBIX HacocoB, k = 3; H,, — Hamop OCHOBHOT'O Hacoca
(ompenensercs no (—H XxapakTepHCTUKE Hacoca B TMPWIOKEHHUH); Mgy -
BHYTPHCTAHIIMOHHBIC TTOTEPU HAMOpa, g, = 15 M, mo BHTII 2-86.

12. 3areM onpenenstoT YUCI0 CTaHIUMI:

_101-i-L+Az+ H, - H,
" k : HOCH - h&H -

3aTeM YKCIIO CTAHIIUNA OKPYTJISIOT:
a) B OOJIBIIIYIO CTOPOHY;
0) B MEHBIIIYIO CTOPOHY.

1.5 PaccranoBka cranuuit meronom B.I'.lllyxoBa npu OKpyrjeHuud B
00JIBIIIYI0O CTOPOHY
Ecnu n; > n, TOo onpenenstoT ACHCTBUTEIBHBIM HAMOpP OJHOIO Hacoca; HO
CHauaja OMpeAessioT AeWCTBUTEIIEHO HEOOXOIUMBIN HATIOP OAHOM CTaHIIUH:
_10l-i-L+Az+H, - H, .
= . ;
H - H, '+h, _H,%15
k 3
YTouHuB H,,', NPOU3BOJAAT OOTOUKY pabouero Kojeca Hacoca.

nac 9
Dz'_\/HW'ﬂLb-Q2 _\/Hm'-(Qf—Qf)ﬂL(Hl—Hz)'Qz
D a - H-0;—H,-O

rae O — pabouas IPOM3BOAUTENLHOCTE, M/c; H; - nanop npu Q;, m; H, -
Hariop npu O, ™m; H;, Q;; H>, O, - nwobbie TOukH, B3sAThie ¢ (QO-H
XapaKTEepUCTUKH Hacoca.

13. Tlocne oOrouku pabouero kojieca Hacoca JIJar0T PAcCTaHOBKY II0
Tpacce, ¢ OKpYIJIEHUEM YHUCJIa CTAaHIUI B OOJIBIIYIO CTOPOHY.

Jns ynpouenus: 3agauu onpeneneHus nojoxkeHnus HIIC wucmomb3yercs
rpadoanamuTraecknii  Merox (merox B.I'. lllyxoBa) mx  paccraHoBku. [
Hayajga paccMOoTpuM BapuaHT paccraHoBku uerbipex HIIC, npuuem npu
OKPYTJICHUU KOJMYECTBA CTAHIMA B OOJBIIYI0O CTOPOHY M PETyJIUPOBAHUH
M30BITKA Harlopa ImyTeM 00TOYKH paboyero KoJjieca Hacoca.

Jist aToro Ha cxkaroM mnpodwie (BepTUKaIbHBIA MacmTad mnpoduist
COOTBETCTBYET MacllTady Haropa, FOpU30HTAIbHBIN — IJTUHE HEPTENPOBOAA) OT
HAYaJIbHOW TOYKM Tpacchl B MacIITa0e BBICOT MNPOQHIIS OTKIAIbIBAEM II0
BEPTHMKAIN BEJIWYMHY MOANOpa '+, 3aTeM OT MOANOpa OTIOKHM CyMMApHBI

H '

cm

2

9

H .
Hanop Bcex HIIC "« momyunMm TO4uky A. OT KOHEUHOM TOYKHM TPacChl

OTKJIAJbIBAEM BEJIINYUHY H, (20-40m), nosryunm touky B. Coenunum Touku A u
B, nonyyeHHas HakJIOHHas MpsMas U €CTh JUHUS TMAPABIMYECKOr0 YKJIOHA 1.
N3 Touek 3,2,1 cyMMapHOro Hanopa CTaHUMK NPOBOJAUM JIMHUH, MapAJIJIEIbHBIE
JIMHUM TUAPABINYECKOTO YKJIOHA. TOYKHM MEepecedeHMs] dTUX JIMHUM C JIMHUEH
MOJIIIOpa CHPOEIMPYEM Ha MPO(QUIb TPacChl U MOIYYHUM MECTO PACIOIOKCHHUS
HIIC.
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Hct 4

Hct 3

Her 2

Hetr 1

|

V\

HIIC-3

HIIC-4

KII L

Puc. 2. PaccranoBka HIIC ¢ okpyrieHrem B O0JbIIYI0 CTOPOHY YHCIIA

CTAHIIUUA

Jlanee aHaIM3UPYIOT BO3MOXKHOCTH U II€JIECOOOPA3HOCTh COOPY)KEHHUS
HIIC B BeiOpannom wmecte. Bmecto Toukm pacnonoxenuss HIIC moxHO
noyiyuuth 30Hy pacnonoxenuss HIIC. [Ipu sTom mpaBasi rpaHuiia 30Hbl OyJeT

COOTBCTCTBOBATH

MHHHUMAJIbHO

JOIYCTUMOMY

MOANOpY IO

YCJIIOBHUIO

0e3KkaBUTAIIMOHHON pabOThI HACOCOB [ar,] , JIEBasi — OTPAaHUYNBATHCS BEITUYNHON
Hamopa, KOTOpBIM CmocoOEH BBIAEPKATh TPYOONpPOBOHA, T.€. MaKCHUMAaJbHO

JTOMYCTUMOMY HAaIopy U3 yCJIOBUS IIPOYHOCTH pr6onp0130)1a[”’ wn]
3arem 3anonHs0T Tabuuiy 1.

Tabnuna 1
MecTopacnoyioKeHne CTaHIMK 10 TPAcce
No HIIC KM 7 Paccrosnue OTMeTKH
mexny HIIC | meperonos
1 0 0

11
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2 l; Z>

12 Z3'ZZ
3 [+ 1 /3

I3 YARWA
KII i +L+1; Ly

1.6 AHaauTHYecKasi NMPOBepPKa pe:kAMa PpadoThl NMPH PacCTAHOBKE
CTAHIMI ¢ OKPYIJIEeHHEM B 00JIbIIYI0 CTOPOHY

[locne ompeneneHus MECTOIMOJIOKEHHSI HACOCHBIX CTaHIMH Ha Tpacce,
ONpCaAcCIICHUA IJIMH MCXKAY HHUMH W OTMCTOK, IMPOU3BOJAT AHATUTHYCCKYIO
npoBepky pexkuma pabotel Bcex HIIC, mist 5T0oro HE0OXOOUMO OMpeneIuTh
1,,,] n [am,,]:

P8
2-6-R
B )= ——
nl ' (DH - 2 : 5)
/i€ 0 - OKpyTJIEHHas: B OOJIBIIYIO CTOPOHY TOJIIWHA CTEHKU MO0 COPTAMEHTY;
PP,
+ hec ; H\' == Ahnpomm& >
P8
rne P, = 760 mm.pr.cT.; P, = 500 MM. pT. cT.; Ahypom. xas. ONPEAETSAETCS C
rpaduxa Q—H Hacoca, [m]; hee =10 M.
[IpoBepsrOT pexuM padOThl CTAHIIMNA U3 YCIIOBHIA:
Hcm < [Ht)];
AHcm 2 [AHO]’

[AHdon] = |Hs

H, =30 m.
H,, =H,+k-H,,~h,<[H,];
AH,, =H, —101-i-l,—Az,  >[AH,];
—h, <[H,];

H, =AH, +k-
AH,, =H, —101-i-l,— Az, , >[AH,];

H,, =AH,, +k-H,,—h,<[H,];
H,=H, —101-i-,-Az, ;>H,.

Ecnu npoBepka conuiack, Clie10BaTENbHO, CTAHIIMN PACCTaBIEHBI BEPHO.

1.7 TlocTpoeHne COBMELICHHOM XapaKTepUCTUKH HedrenposBoaa H
Beex HIIC

15. 3aTem cTposaT coBMecTHBIN rpaduk padoTel HedTenpoBoaa u Bcex HIIC
1 OTIPENIEIISIOT rpaduuecku pabodyro TOUKY CUCTEeMBI (pHC. 3).

Jns noctpoenusi rpadpuka HIIC HaxomsaT ans HECKONbKHUX 3HAYCHUU Q)
COOTBETCTBYIOIIUE MM 3HA4Y€HUs /{ OCHOBHBIX HACOCOB (MOCJIe OOTOYKH), a
TaK)Ke ONPENENSIIOT / MOANOPHOTo HAacoca.

H, - OTKNnaAbIBAIOT OJIMH Pa3;

12



ZHHHC :k‘n‘HOCH’
rae k — aucno HacocoB Ha HIIC; n — yucno HIIC Ha Tpacce HedTenmpoBoa.
3arem pucyiot rpaduk Bcex HIIC

Hy MH
H
p
> HIIC
Hi’l
-
9,

Puc. 3. O-H xapaxrepuctuku Bcex HIIC u MH

[locne 3TOro aHAJIWTHUYECKH ONPEACINAIOT 3HAYEHHs MOTEpU Hamopa s
IPOU3BOJILHO 33J1aBAEMbIX IPOU3BOAUTENbHOCTEN HedTenpoBoaa (bepyt 3 — 4
TOUYKH) MO popMyJie:

Q2—m ‘vm L

H=101-f 5=+ A+ H,

3areM cTposT rpaduK HeYTENPOBOIA U OMPEAETAIOT KOOPAUHATHI pabouei
TOUKUA Opus U Hpes 1 cpaBHUBAIOT UX C Opaey U Hpyey, T.€. Tpaduuecku pabouast
TOYKa TIOATBEP)KIAeT NPABWJIBHOCTh THIPABIMYECKOTO pacuera W BbIOOpa
HACOCHO-CHJIOBOTO O0OpPYIOBAHMUS.

1.7 Ocob0ennoctn paccranoBku HIIC ¢ oxkpyrieHuem 4ucia
CTAHI[HI B MEHBIIIYIO CTOPOHY.

Tax kak 4ucI0 CTaHIUN MEHbIIEe TpeOyeMoro (pUMeM YHUCIIO CTaHIINH,
paBHOE TPEM), TO HAMOp, Pa3BUBAEMbBIM UMHU, HeOCTATOYCH. UTOOBI M30€xKaTh
CHWDKCHHSI  NPOM3BOAMTEILHOCTH, HYXHO YMEHBIIUTh THJIPABIMYECKOE
COTMPOTHBJICHHE  JIMHEWHOM  YacTH  TyTeM  COOpPYKECHHS  JIYIIHHTA.
[IpeaBapUTENLHO HYKHO ONPENEINTh THAPABIMYECKHH YKIOH IIyIMHIa U
NOCTPOUTHh TPEYTOJbHUK TUIPABIMYECKUX YKJIOHOB B MaciiTabe OCHOBHOIO
gepTexKa.

OCHOBAaHHE TPEYTOJBHUKA OCPETCS PABHBIM AF=100ku — BF =h=i-10"y
BE=h7=i1~105(4)'

B macmtabe BeICOT mpouisi OTIOXKUM IMOAIOP M CyMMapHBI Harop
CTAaHUMUWA aHAJTIOTMYHO BblIen3NokeHHOMY. [lonyuum Touky M. OT KOHEuYHOI
TOYKM TPacChl OTKJIAAbIBAEM BeIUUMHY ) momyuum Touky D. U3 Touku D
MPOBOJIMM JIMHUIO THIPABIMYECKOTO YKJIOHA 1. M3 Touku M mpoBoauM JMHHIO
TUJIPABIMYECKOrO0 YKJIOHA JIyIIMHIa “W TaKkKe JIMHUIO 1. Bee auHHM

13



TUPABIMYECKUX YKJIOHOB [OJIy4YEHHOT O napajierpamma MNDC
COOTBETCTBEHHO IMapaJUleNibHbl JIMHUSAM TpEYroJbHUKA YKIOHOB. J[lanee
cpaBHUBaeM Npoekunio MN ¢ aHAIMTUYECKON IJIMHOM JIYIIMHTa, HAUIEHHOMN 10
(4). Ecim cxoauMOCTh YIOBIJIETBOPUTENbHASA, TO 3HAYUT IapajlIeIOrpaMm
MNDC noctpoeH npaBuibHO. 3aTeéM M3 TOYEK 2 M 1, Kak W3 BEpLIMH, CTPOUM
napajieJJorpaMMbl  CO  CTOPOHaMH, MapajuleIbHbIMM IIEPBOMY, HO HE
«3aKpbIBAEM» UX.

Xn

6)
Hcer 3

Hcer 2

Her 1

Hn

X
HIIC-1 HIIC-2  HIIC-3 KII

Puc. 4. PaccranoBka HIIC ¢ okpyrieHneM B MEHBIIIYIO CTOPOHY YHCJIA
CTaHLIHI

JluHUM nepeceyeHns CTOPOH MOYYEHHBIX apajieIorpaMMOB C JIMHUEH
noanopa OyayT OmpeaensaTh 30HbI BO3MOKHOTO pactonokeHuss HIIC — ab u cd.
JlynuHru mydine pacronarate B KoHIle nieperoHa. C TOYKH 3peHusl HAJACKHOCTH
3TO ONpPAaBJAHO TE€M, YTO K KOHILy MEpPEeroHa JIaBJICHHE CTaHOBHUTCS MEHBIIC U,
CJIeJIOBAaTEIbHO, MEHBIIIE BEPOATHOCTH aBapuu. [1o 3Toif ke nmpuunHe He UMeeT
CMBICTIA CTPOWUTh BECh IyIMHI Ha OJIHOM TieperoHe. B naHHOM ciydae
11e71IecO00pa3HO YCTPOUTH JBa JIYIIMHTA HA TIEPBOM U TPETHEM II€PETOHE, JITHHBI
KOTOPBIX B CYMME JIOJI’KHBI COCTaBUTh
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2. IPUMEPBI PACYETOB

Cnenath TUJIpaBIMYECKUN pacdyeT HeTenpoBoja, eciu JyiMHa ero L =
600xm, AZ =100 M, mpousBoauTenbHOCTh G = 34 MutH./To/1. 3a/1aHBI BI3KOCTh U
TUIOTHOCTH HePTH: Poo = 852 k1/M3; Va9 = 48 cCrt; v50 =22 cCr.

Pacuernas temmeparypa nedtu t =7 °C, MHUHUMAaNbHAS TeMIIepaTypa
He(TH B TpyOOIIPOBO/IE.

CnenaTth MEXaHMYECKUU pacueT HedTenpoBoja, moaodpaTh HACOCHO-
cuiioBoe obopynoBanue, onpeaenuts uncio HC, pacctaBuTh MX MO Tpacce C
OKpYTJICHHEM B 0OJIBIINYI0 CTOpOHY. C/Ie/iaTh aHATUTHYECKYO MPOBEPKY paOdOTHI
HIIC u moctpouts Tpaduk Q-H padoter HIIC m MH. Paccuurtate pexum
pabotel TpybomnpoBoaa u HIIC.

Pemenne
1. Onpenenenue MIOTHOCTH HEPTHU TIPU 33]JaHHOMN TEMIIepaType
852
P, P =861,16 kr/Mm’.

T148,(t—20°)  1+0,000818(7—20)
2. Onpenenenue BSI3KOCTU HE(QTH NPH £,
v, =y,e ) = 4870024720 — 67 3 ¢(Cr,
u=— m2o L #_g00.
t,—t, v, 50-20 22
3.0npenenenue pacueTHON IPOU3BOIUTEIHLHOCTH

G
Opuen = PN2A
T.K G =34 miH. T/Trox , Torga D = 1020 MM (riput. 3).
Yucno pabouux queit N, = 349 (npu. 2).
_34.10°
Oracs = 861,16-349-24
4.0npeneneHne TOJNIUHBI CTCHKH
_ nPD,
S 2mP+R)’

=0, M’/4ac,

=4713,66 M>/uac = 1,31 m’/c.

raoe n; = 1,15.

5. OmpezernsieM MapKy Hacoca M HaiJleM Halop Hacoca MpU BEpXHEM M
HUOKHEM POTOPE, MPUHSAB YUCI0 pabOYnUX HAcOCOB paBHBIM 3. Hamop oCHOBHBIX
HacocoB 3H,,

m, 0,9

R =R, =530- =3236,
KK 1,34-1,1

1> n 5 )
me=0,9; K; = 1,34; K,=1,1; R,;=530 MlIla. Crans 131 2A0D, TY 14-3-1424-86.
NzrotoButens — HOBOMOCKOBCKHMIA TPYOHBIH 3aBO/I.

Bri6upaem Hacoc HM 5000-210 1o Q.6 (M*/4ac).
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XapakTeprucTuka paboThl Hacoca
[Ipn
0=4713,67 m3/aac = 4714 m3/uac,
H;=220 m (poTop BepxHuit),
H,=160 M (poTop HM>KHHIA).
[Toanopnerii: HIIB 5000-120
[Ipn
0=4714 m*/4ac,
H;=123 m (poTtop BepxHuit),
H>=92 M (poTop HIKHHI).
Cuuraem, 4yTo y Hac 3 OCHOBHBIX U | MOJANIOPHBIN HACOC.
Haiinem pabouee naBineHue B TpyOONpPOBOE
Ppa6 =(H,+3Hocn)p,g;
a)P,., =(123+3-220)-861,16-9,81= 6,6 MIla;

0)P, _, =(92+3-160)-861,16-9,81 = 4,8 MlIla;

pa62
B) P, =(123+3-160)-861,16-9.81= 5,1 MITa.

Bri6upaem BapuaHT B), T.€. HIDKHUAN POTOP KaK H .

B pesynbraTe mpoBepkr Ha HEOOXOJMMOCTD IepecueTa ¢ BOJBI Ha HEPTH
YCTaHOBJICHO, YTO TEpecyeTa Mo JABJICHUIO (HAropy) B JAHHBIX YCIOBHUSIX HE
Tpebyercs.

6. OmnpenenuM TOJIMHY CTEHKH TpyOs! ipu P,.=5,1 Mlla

_ 1,15-5,1-1020 ~9.07 MM,
2(1,15-5,1 + 323,6)
npuHUMaeM 0=9,2 MM, Kak OJMXKaWITyro OOJIBIIYIO 10 COPTAMEHTY, CTajlb
13r2A®, HoBOMOCKOBCKHI TPYOHBIH 3aBO/I.
D, =D, 6 -20;
D, =1020-2-9,2=1001,6 MM.
7. Pexxum TedeHus HeTu B HEPTEIIPOBOIE

Re= 10
D, v,
Re = 41,31 — =24757
3,14-1,0016-67,3-10
8. OnpenensieM uucno PeitHonbaca
Re, = 10D _ 10-1001,6 66773
e 0,15
Re, = 500D _ 500-1001,6 — 3338666
0,15
2320 < 24757 <Re, .
TypOyYJIEHTHBIN pexuM, 30Ha biaznyca
m=0,25; =0,0246;
P 03164 03164 - 0,02522.

Re®®  24757%%
16



9. I'mipaBIMYECKHUI YKIIOH
1 v 0,02522-1,66°

i=)——— =20 () 0035,
D2g  10016-2-981
_A0 A3 66wl

- zD*  314-1,0016°

2-m_.m 2-0,25 . . -610,25
i=p 0 5_v _ 0,0246-1,31 5EO6275,3 107™) _ 0,003574075 —0,0035.
D™ 1,0016™™ 1,0076

10. Tlorepu namopa Ha TpeHue B HedtenpoBojge mo dopmyne [lapcu-

BeiicOaxa
Lv: |
h =4 =i-L=0,0035-600000=21219 M.
D2g
11. IMonHabIie MOTEpH HanOpa B HEPTEIPBOAC
H=101h,+AZ+H,, H=30 vm;
H =1,01-2121,87 +100+30 = 2273,09~2273 M, npu AZ=100 m.

12. Hanop oiHOM CTaHIIMH.
H(:m = K ) H

OCH hen :

he,=15M BHYTPUCTAHITMOHHBIE TIOTEPH.
H, =3-160—15=465 M.

13. OnpegesnsieM 4UCIIO CTAHLIUMN.
_1L,0l-i-l1+AZ+H, —-H, 101-0,0035-600000+100+30-123 _46
kH, —h, 3-160-15 o

a) OKpyTJysieM B OOJIBIIYIO CTOPOHY 1,>H, 1;=5 CTaHIUH.
JlelicTBUTENEHO HEOOXOTUMBIN HAOP OJHOM CTAHITHH:
" = 1,01-i-l+AZ+H,-H, _ 1,01-0,0035-600000+100+30—-123 _ 4256 M.
n, 5
JIENCTBUTENIBHBIN HAIIOP OJJHOTO Hacoca
, _Hl +h, 4256+15
nac K -
[TpousBoaum 00pe3Ky padboyero koseca
D _ \/H +60" _ JH,;,C(Qi ~0})+(H, — H,)Q’
D, a H,0; —H,0} .
0,=4800 m*/aac=1,33 m*/c, H=157 m, 0;=3200 m*/uac=0,89 m*/c, H;/=207 m.

D _ \/ 146,87(1,33 —0,8292)+(2O7 - 2157)1,312 22968 48, T OGpesacy a 5.2%
D, 207-1,33 -157-0,89 2418
D} = D, -0,948 = 405- 0,948 = 384 MM — HOBBIII IMaMeTp pOTOpa.

Paccranoska HIIC no Tpacce mipu n,>n. Heo6X0a1MMO BBIYHCINTH MACIITa0
O BEPTUKAJIU U OTIOXKHUTh AZ,H, B MacliTade HAmopoB CTaHIMU. 3aTeMm
OTKJIaABIBAIOT BEJIMYMHY HAIlopa IMOAIOPHOIO HACOCa U HAIOp CTaHLUU 71; Pa3 U

CyMMapHblii Hamop craHuud ¢ FH,, TOJIy4aroT JIMHHIO
MecTopacnosioxkeHue CTaHLIUN ONPEACIIIIOT

n

=146,87 M.

COEUHSAIOT
TUJIPABINYECKOrO YKJIOHA I.
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NEPECCUCHUCM JIMHUU THAPABJIUMYCCKOTO YKIJIOHA C HHHHGﬁ, OTCTaIOHICﬁ oT
npo¢uIs Ha BETUYUHY MOAMOpa. DTH TOUKH MEPEHOCAT Ha MPOGUIIL TPACCHI.
14. IIposepka pexxuma padotsl Bcex HIIC.
[P, ]=_ 20R__2-9.2:3245
(D, —28)  1,15-1001,6
[P,.] 518107

[H,,]= = =613,6 M;
pg 86116-981

=5,18 MIlIa;

P,—P,
HS = : _Ahnpamkae.'
P
P=760 mm pr. ct., P,=500 MM pr cT.,, no (Q-H XapakTepUCTHKE Hacoca

Ahnpom‘Ka6.=3 8 M

_ (760—500)-1333

* T 861,16-9.81

Hacoc He oOnamaeT caMoOBCachIBarOIICH CIIOCOOHOCTBIO, HYXEH MOIIIOP,
BEJIMYNHOU

38=-339 M.

[AH

don

|=[-339/+10=439 m.
[TpoBepsiem pekuM pabOTHI CTAHIMM U3 YCIIOBUI:
H, <[H,,
AH,, 2[AH,, ]
H,,=H,+kH,, ~h,<[H,,]
H,, 6 =123+3-146,87-15=548,61<613,6 M;
AH,,=H,, -101-i-l_,-AZ, , >[H,,];
=548,61-1,01-0,0035-111000-18 =138,2 > 439 M;
H,,=AH,,+xH,, —h, < [AHbon];
H,,=1382+3-146.87-15=5638<613,6 M;
AH, . =563,8—1,01-0,0035-116100—-19 =134,39 > 43,9 M,
H_, =13439+3-146,87—-15=560 < 613,6 M;
AH ,, =560—-1,01-0,0035-111900-20 =144,4 > 43,9 M;
H,,6=144,4+3-146,87 -15=570,04 < 613,6 M;
=570,04-1,01-0,0035-113400—-17 =152,17 = 439 M;
H,.=15217+3-14687—-15=5778<613,6 M;
H. =H, . -101-i-l. —AZ, . >H,;
H,=577,8-1,01-0,0035-147600 —26 = 30,034 > 30 M.
[TpoBepka conuack, c1e10BaTeIbHO, CTAHLIUN PACCTaBICHbI IPaBUIIBHO.
15. Ctpoum coBMecTHBIN Tpaduk padoTel Hedrenpooma u Bcex HIIC.
OmnpenensieM pabouyr0 TOUKY CUCTEMBI.

npu H,=30 m;

AH

cm2

AH

cm$S
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Hcm’ M
>H,;
2000
1500 : ‘z
I
1 Hn
i i
1000 ; HK
Hcm N N N N '\
Hn \ \! \l \HK
0 =pmi=== = < — = — Bl \- - I
0 100 200 300 400 500 600 L, xm
Puc. 5. PacctanoBka uncna cTaHuui 0pu n;=3; n;>n
Tabmuna 2
Xapakrepuctuka HIIC Ha Tpacce npu n,>n
Ne HIIC L, xm Li, kM Zi, M AZ
1 0 0 0
2 111 111 18 18
3 227,1 116,1 37 19
4 339 111,9 57 20
5 452.4 113,4 74 17
KII 600 147,6 100 26
> L=600xm >AZ=100Mm

[Toctpoenune Q-H xapaKTepUCTUKHU:
Opaca=4713,7 M*/uac, H,,=147 M,
Opacy. - 800=3913,7 M*/uac, H,, =171 wm;
Opac. + 800=5513,7 m*/uac, H,.=113 m;
CyMMapHbIi Harmop BCEX CTaHIIUM

Y H,=H,+H-K-n-15-n
rae K — uucno vacocoB Ha HIIC; n — uncnio HIIC na tpacce; H,=123 m.
XapakTepucTuka TpyOoIpoBo/ia CTPOUTCS IO YPABHEHHUIO:

H

Q2—mme

:1,01ﬁ’bT’;+AZ+Hk

XapaKTepUCTHUKA CTAaHLINHU
1) Opuce=4713,7 M*/uac, H,,=147 M
D> H, =147-3.5-15-5=2128 M;
2) Opaca. - 800=3913,7 m*/uac, H,.=171 M
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> H, =171-3-5-15-5=2490 M;

3) Opacy. + 800=5513,7 m*/uac, H,,=113 m

> H, =113-3-5-15-5=1620 M.
XapakTepucTHKa TpyOOIpoBoJa:
£=0,0246, m=0,25

2-025 =60.25
1317 7(67,3-10 1) 77600000 504 30 = 2279.5 ™

1) H=1,01-0,0246-

1,0016%7
1,75 . -640,25
” 57 101:0,0246 1,0817001(2Z;35 107°) 77600000 125 _ 1681 M
3) H=2955,6 m

Crpoum Q-H XapakTepucTUKy B Maciurade (puc. 6)

o ropusonTtamu: 1 Mm=40 m*/gac

no Beptukayiu 1 mmM=20 m
Paboyas Touka CUCTEMBI:

Opas=4713,7 M3/9ac = Q,

H,,;=22"73 M =H (T1011HBIE NIOTEPH)
0) Uncio craHIuii OKPYTJIIEM B MCHBIITYIO CTOPOHY.
n,<n, n,=4 CTaHIUH.

H, M
2000 i
1500 ~—W—

0 100 200 300 400 500 600 L, km

Puc. 6 PaccranoBka cTaHumii pu n,<n; n,=4
Tabnuma 3
Xapaxkrepuctuka HIIC no tpacce npu n,<n
Ne HIIC Lxm | Lyxm | Zym AZ |
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1 0 0 0

2 150 150 28 28

3 274,5 124,5 48 20

4 399 124.5 68 20
KII 600 201 100 32

CHU3HUM COMPOTUBIICHUE TUHEUHOM YaCTH, T.€. HOCTPOUM JTYNUHT JJIUHON X.
JlnvHa IynuHra

_H,, (n—n,) _ 465(4,6-4)

~ il—-w)  0,0035(1—0,296)

VYKIIOH JylHHra

=113230,5 m = 113,23 xm.

1

i, =i-w, ecnia D,=D, T0
i
w=-+=0,296 B 30He bnazeyca;

1
i, =0,0035-0,296 = 0,001036;
Myooe, =i-10° =0,0035-10° =350 M;
h, =i, -10° =0,001036-10° =103,6 M.
Vrounennsiii pacuer HIIC, npu n,<n; n,=4; IyOUHT MPOJOKEH HA 1-0M
neperose — 41,4 kM u nociaenHem neperode — 71,8 km.
H, <[H,,]|=6136 M;
AH,, >[AH,, |=439 M;
H,, =H, +xH) “"-15<H,,;
H,, =123+3-160—-15=588<613,6;
AH,,=H,, —101-i(/_, - X,,)-101i, - X, —AZ > H,;
AH,, , =588-1,01-0,0035(150000—-41,4- 10°)—1,01-0,001036-41400 —28 = 132,78 > 43,9 ;
H,_ ,=13278+3-160—15=1597,78 < 613,6;
AH . =597,78-1,01-0,0035-124500-20 =137,67 2 43,9 ;
H, . =137,67+465=602,67<613,6;
AH_ , =602,67—-1,01-0,0035-124500—-20 =142,56 = 43,9 ;
H, ,=142,56+465=607,56 <613,6;
H =H,,-101-i(/, - X,)-101-i,-X, )-AZ > H};
H, =607,56-1,01-0,0035(201000—71800) —1,01-0,001036 - 71800 —32 = 43,4 > 30.

cml

[TocTtpoenne Q-H XapakTEPUCTUKU TPU OKPYTJIEHUU YMCIIA CTAaHUUN B
MEHBIIIYIO CTOPOHY
0,=4714 M*/uac = 1,31 m*/c, H,=160 w;
0,=3914 m*/gac = 1,087 m*/c, H=180 M;
05;=5514 m*/aac = 1,532 M*/c, H;=125 Mm;
H =H, +k-H,, -n,—15n,;
H,=123+3-160-4-15-4=1983 M;
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H, =123+3-180-4-60=2223 M,
H, =123+3-125-4—-60=1563 M,

2-m_.m
H, :l,OlﬁQZ)T:’[L—X,,(l—w)]+AZ+H,(;
1,75 1061025
H. =1,01-0,0246 51 ©73 10 ) 7 1600000 —113230,5(1 - 0,296)]+ 100+ 30 = 1994 m;
v 1,0016%7
1,75 i -610,25
H, =1,01-0,0246. 2987 18271’24}? ) 520285728+ 130 = 1474,6 M;
1,75 . —-60,25
H, =0,024846.2>2 15)%71’24}? ) 520285728 +130 = 25814 M.
H,m
3000 !
2000 | = é ARG
— \\: 3 H npun,<n
1500 =~ 4 Hpnpun1>n
1000
500
0

3900 4400 O 4900 5400 O, M*/u

Puc. 7 O-H xapakTepucTuka
1 — xapaxrepuctuka Q-H HedTenpoBona npu n;=3; 2 — xapakrepuctuka Q-H HedrenpoBona
npu n2=4 (¢ nynudrom); 3 — xapakrepuctuka Q-H HIIC npu n;=5; 4 — xapakrepuctuka Q-H
HIIC npu n,=4; O, — pabouas npousBoauTensHocTs MH.

3. PEXKUMbI PABOTBI HE®TEITPOBOJA
3.1. Peskum padorsl HeprenpoBoaa npu orkiawdennu HC

OnmHuUM M3 cambIX Ba)KHBIX PEXHMOB IPH AKCIUTyaTaluu HedTenpoBoIa
sBisieTcst pabora npu otkimodeHun oanoi m3 HIIC na Tpacce. BpemenHoe
OTKJIIOUEHHE KAaKOH-TMOO CTAaHIMM MOXET ObITh BbI3BAHO HENOIAJKaMU B
cucteMe HedTecHaOXeHUs, aBapuek u T.1. Beixox u3 crpost HC pe3ko MeHsieT
pexxuM paboThl HEPTENIPOBOAA, & UMEHHO Pacxojl, JaBJICHUE, MOANOPHI Iepea
HC. PaccMoTpum m3meHeHne pexkuma padboTsl Mpu oTKItoueHuu Tperbeit HIIC
(pu n;>n).

MeToauka pemeHus
1. PaccmoTpum paboty HedTenpoBoaa Mpu OTKIIOYEHUH cTaHuu «C» u
OTIpEIEIUM MTPOU3BOAUTEIHLHOCTD.
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Hrc-1  Hrc-(c-1)  HAC-C pnc-c+1)  HMAC-n Kr1

levs Ll
- >« L

Puc. 8. Cxema HerenpoBoza ¢ pacctaHoBkoit HIIC no tpacce

ITpumem, uto AZ = 0. Toraa TMHUA U3MEHEHUS HAIIOPOB UMEET BU/IL;
i*<i
~

6]

\

C-1 c* C+1

Puc. 9. JIunus nzmeneHus Haropos npu otkiroueHnn 3-u HITIC
i — TUpaBIMYecKuii yKIoH 10 oTkmodenus HIIC; i* — ruapapnudeckuil yKiIoH Hocie
otkirouenus HIIC.

[Ipy OTKIIOUEHUH CTaHIUM pacxon O yCTaHaBIMBAeTCS aBTOMATUYECKH B
pesynbTate camoperyiauposanus. OuesupHo, uto Q° < (. MakcumanbHas
BeJIMUMHA (J* BOBMOKHA, €CIIU:

Hc.=[Hy];
AHCH:[AH()],
TOT'/1a MOTYYUM:
1
2-m
1
o - H,—-AH,—,Z
max vn1 H
1,01'ﬂ'm'(lm ~le,)
rne Hy-AH, — pacnojlaraeMplii Hamop Ha CABOCHHOM meperone; AZ I AZ
CIABOCHHOTO TeperoHa; /¢ - lc.; — IIuHA CABOCHHOTO TIEPEroHa.
Bennunna O Oyzner JMMUTHPOBATH (orpaHnYMBaTh)

IIPOU3BOUTEIHLHOCT BCETO TPYOOIIPOBO/A, €€ MOKHO IIPUHSATH 32 PACUETHYIO.
2. Onpeaenum MOJIHBIE TOTEPHU HAMopa B TPyOONPOBOAE MPHU OTKIHOYEHUHU
HIIC:
H=1,01-h+AZ+Hg,
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r]ie h, — IOTepH HAIopa Ha TPEHUE, PaBHBL:

*2—m m
ho=p Lo VL

max
DS—m
3. OnpenenuM KOJIMYECTBO HACOCOB:

K =
H

rae H oomuac — HAIOP OOTOYEHHOTO HACOCA HPH IIPOUZBOAUTENLHOCTH O oy (110
XapaKTEPUCTHUKE HACOCA).

[TonmydeHHOe KOJWYECTBO HACOCOB PACCTAaBIISIEM MO JUTMHE TPyOOIpoBOIa
(ma HIIC-(C-1) craBsST MakCcMMajibHO BO3MOKHOE IO YCJIOBHUIO IPOYHOCTH
He(TenpoBoa KOJIMYECTBO HACOCOB, T.€. 3).

4. TITpoBepstoT pexxuM paboThl CTAHIINI U3 YCIOBHIL:

H, < [Ha ];
WH,, 2 [AHO];
H,,=H, +K1* 'H:(smuac —h,, S[Ha];
rae K*; — Konmu4ecTBO HACOCOB Ha MEPBOI CTAHIMH.
sHop=H,, 10101 ,—,Z, 2 [AHo];
TJI€ i* - HOBBIU YKJIOH IIPU O .
H,,=\H,, +K; 'H:(;mmc —h,, < [Ho];
WHeopp=H,,-101-i-1, ;=\ Z, , 2 [AHa];
H,,= H +K: ’H:6myac —h,, < [Ha]é

H =H, —101-i,-I, —,Z _,>H,_; (H~ 30 m).

cm.n

* b

obm.Hac

Ecau xakue-To ycaoBuUsl HE BBIIOJIHSAIOTCS, TO HAOP APOCCEIUPYIOT A0 €ro
JOIyCTUMOrO 3Ha4yeHus. Eciau 1mocne 3TOro mpoBepka Couiach, CTaHUWU
pacCcTaBIIEHBI BEPHO.

Ilpumep pacuema pesxcuma pabomot Hedpmenposooa

npu omknwyenuu HC

[lo naHHBIM, MOJTYYEHHBIM B pe3ysbTaTe TEXHOJOrMYeckoro pacueta MH
(npeabL AN pa3/iell) IPOU3BECTH pacueT pexuma padoTsl HeTEpoBoIa MPU
orkimrouennn HC.

Pemenne

2—-m
613,6 —43,9—(57-18)
025 10°(339—111)
1,0016"7
[To xapakrepuctuke H oomuac = 180 M.

2. [TonHBIC TOTEPHU MPH HOBOW MPOU3BOIUTEIBHOCTH
a) [Torepu Hamopa Ha TpeHHE:

1. Q. = =1,024 M/c <Qpus.

1,01-0,0246-(67,3-107)
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1,02473(67,3-107°)600000
1,0018*7
H* =1,01-1382,98+130=1526,8 M.
3. KonnyecTBo HacocoB
H® 15268

K= = =8,48 (TyK
H,, 180 (wyK),
npuarMaeM K =9 Hacocos, T.e. 10okHO ObITh Ha Bcex HIIC He MeHbIIE 9
HacocoB. [IpyHMMaeMm, 4TO Ha CTAaHUUM IEPE] OTKIKOYEHHOM, T.€ Ha BTOPOM
uMeeM 3 Hacoca, a Ha octalibHbIX (1-#, 4-i 1 5-i1) o 2 Hacoca.
4. TlposepsieM pexuM pabOTHl KaKJIOW CTAHIIMM C HOBBIM KOJIHMYECTBOM

HaCOCOB.

h, =0,0246 =56218,85-0,0246 =1382,98 M;

H('ml
H,, =123+2-180—15=468<613,6;
AH,,=H,, —101-i'l_,—AZ, > [AHaan]5
AH,, =468—-1,01-0,0023-111000-18 =191,5;
191,5>439;
H,,=191,5+3-180—15=716,5>613,6.
YCJIOBUE€ HE BBITIOIHAETCS, ApOCcceIupyeM Ha Besmuuny 716,5-613,6=102,9 m
AH,, , =6139-101-0,0023-(339-111)10"° — (58 —17) = 43,3<43,9;
H,,=439+2-180—15=388,9<613,6;
AH,, =3889-1,01-0,0023-113400—-17 =108,47 = 43,9 ;
H,.=10847+2-180—15=45347<6136;
H,, =400,57,
YCJIOBHE€ HE BBITIOIHAETCS, ApoccennpyeM Ha 52,895 m
H. =H_.—-101-i-l. —AZ, . >H,;
H, =400,57-1,01-0,0023-147600 - 26 = 31,7 > 30.
[M'uapaBiuueckuil yKIIoH:
_ OV 0,0246x1,024" 7 x(67,3x1070)*
- D 1,0016*7
Pacuer BbINOTHEH PABUIIBHO.

-H,+K'H', —15<[H, ]

OCH

1%

=0,0023.

3.2. Pe:xxuM padoThl HepTenpoBoaa NpU NEPUOANYECKUX
cOpocax U MOJKAYKaX

OmauM W3 BaXHEHIIMX TEXHOJIOTMYECKUX PACUETOB SIBJISETCS pacdeT
paboTel HePTETPOBOIa TP MIEPHOUIECKUX COPOCAX U MOIKAYKAX.

MeToauka pelieHust
1. Copoc:
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o AH, +exa—Az,, ~AH, )"
v exb+ [l
rae (c+1) — crtanuusa coOpoca

AHg +(n—c)><a—(Az,W +H,) ﬁ
by = O { (n—c)xb+ f(L—1_,) }
€CIIU >, TO:
AH, +(n-0)a—bQ, —q) " |= fL~1., X0, —q)* " +Az,,, + H, +H
H'=kxH, +h'(0p).
2. Ilonkauka:

1
AH,+ca—Az,, —[H,—(a-bQO,")]| >
qkp = Qkp - Cb + ﬂ ;

| Hy+(n—c—Da-(Az,,, +H),) ﬁ
Oy = (n—c=Db+ f(L-1,)

c+l

Ecmu g>qip
AHn + C[a _b(Qkp - q)z_m ] = .ﬂc+l (qu) - q)z_m + AZCH + Hg - (a - bQLZp_m) + H' .

Ilpumep pacuema pexcuma padomuvt mpyoonpoeooa co copocom
Jlnst mpuMmepa paccuuTaeM pexuM paboThl TPyOONpoBOAa CO COpOCOM,
eciu cOpoc Oyzaer Ha ctanimu 3. Onpenenum ¢y, pexum padotsl. COpoc paBeH
44.p, TOE iy — KPUTHUUECKUU cOpOC, T.€. TakOH, IpH KOTOPOM NOJIOpP Ha
cTaHIK cOpoca paBeH MUHUMAJIBHO JA0ITycTUMOMY [AH,)].
Pemenue
H, =a-bQ/™"
{Hz =a-bQ>™"’
H, =146,87w; O, =4713,7/3600 = 1,31 m*/c;
H, =171m;Q, =3913,7/3600 =1,09 m*/c;

a=H +bO™ '
H,=H, +bQ*" —bQ>™’

H,—-H
b= ﬁ sm = 0,25;

Ql - Qz

171-146,87
= 2 =54,68
1,31%7° —1,09"7 0/ nacoca ;

a=146,87+54,68-131"7° = 234,58
a=234,58-3="703,74
b =54,68-3=164,04
[Iposepka: 0=5600=1,53 m*/c; H=234,58-54,68-1,531°=119,3 m.
ITo xapakrepuctuke H=120~119wm;

}() / cmanyuu ;
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m —60,25
Fe g 00046 673:107)

= =0,0022;
DS—m 1,00164“75

1

)zm =1,377 M>/c;

Qﬂesaﬂ _ 123 + 2 ° 703,74 - 37 - 43,9
k” 2-164,04 +0,0022 - 227100

1

43,9 +(5—2) 703,74 — (63 +30) }Z—m _ 0,043 MYc=153,68 M/

(5—-2)-164,04 + 0,0022(600000 — 227100)
q=4q,,=0,171 M*/c=614,7 m*/uac.

9, =1377 —[

Haiinem H':
H'=AH, +(n-o)a-bQ,, ~¢)""1- f(L-1,)0,, —9)"" =Nz, —H, =
43,9 +3(703,74 —164,04(1,377 — 0,171)%"°1 - 0,0022(600000 — 227100)(1,377 — 0,171)>"° —
—63—-30=241,76 m.
H'=1-160+81,76 M, T.e. orkirogaeM K=1 Hacoc (Hoc=160M), a ocTayibHbie §1M
JIPOCCEINPYEM.
JlemaeM MpoOBEpPKY:
Oxp — neBas 4acth, (Owp —q) — paBas 4acTh
H,., =a—b0,—q)™" =70374-164,04(1,377-0,171)"" = 489,12 ™;
H,, K =703,74—164,04-1377"" = 416,61 M;
(1,377 = 0,171)73(67,3-107)%**

i =0,0246 =0,0029;
np 1,0016*7°
1,75 . —640,25
_ 0,0246-1,377 (?35,3 107)™ _ (00385
1,0016*
H,, =H,+H, <[H,]=6136 M;

cml
H,_, =123+416,61=539,61<613,6 M;
AH,,=H,, 101/, —Az>[H,]=43,9 M;

AH , , =539,61-1,01-0,00385-111000—-18 = 89,99 > 43,9;
H,,=AH,,+H, =8999+416,61=506,6<613,6;

AH, . =H,,—101i,1,,—Az=506,6—1,01-0,00385-116100—19 = 46,15 > 43,9.

B mpaBoil yacTH OTK/IHOYAaeM OJMH HAcOoC Ha cTaHUuUM S5 W eme 81 M
JPOCCETUPYEM.
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10.9HepromMexaHnyeckoe  00OOpPYyIOBaHHME  IEPEKAYMBAIOIMIMX  CTaHITUIH
HedrenpoykTonpoBoioB [TekcT] : yueOHoe mocoOue Jiisi CTYIEHTOB BY30B,
0o0yyYarolmuxcs MO HaNpaBiIEHUIO MOATOTOBKHA cnenuanuctoB 131000
"Hedrerazooe memo" / 0. JI. 3emenkoB [u ap.] ; mom pen. O. JI.
3emenkona ; TroM['HI'Y. - Tiomens : TroMIHI'Y, 2014. - 404 c.

11.Dkcnmyaranys MarucTpaibHBIX M TEXHOJIOTMUECKHX HE(TEra3zompoBOJIOB.
OOBekThl U pexuMbl paboTel [Tekcr] : yueOHOE mocoOue sl CTYJIEHTOB
BY30B, 00YYaIOIIMUXCS 10 HAIPABJICHUIO MTOATOTOBKH crienuauctoB 130500
"Hedrerazosoe neno" / B. O. Hekpacor [u ap.] ; mox obmr. pex. FO. /.
3emenkona ; TromI'HI'Y. - Tromens : TroMI HI'Y, 2014. - 282 c.

12.OkcrryaTanuss MarucTpaibHBIX M TEXHOJOTMYECKHUX HE(PTEra3ornpoBOJIOB.
Pacnpenenenue u yuer [Tekcr] : yueOHOe mocoOue Ajsi CTYAEHTOB BY30B,
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0o0yyJarolmuxcs MO HaNpaBJICHUIO MOATOTOBKHM crnenuanuctoB 130500
"Hedrerazosoe nemno" / C. FO. [logopoxuukoB [u ap.] ; mox o6 pexn. fO.
J1. 3emenkoBa ; TroMI'HI'Y. - Tromens : TromI'HI'Y, 2014. - 370 c.
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IMPUJIOKEHHUE 1
OCHOBHBIE T€OMETPUUECKHUE pa3MepPbl HACOCOB

Pabouee xoneco HuameTp BxoaHOTrO
Mapxka Hacoca
D3, Mmm | b2, MM narpyoka*, MMm
OCHOBHBIC MaruCTPaILHBIC HACOCHI
HM 125 -550 264 16 150
HM 360 — 460 300 24 200
HM 500 - 300 300 28 250
HM 1250 - 260 440 26 300
418 26
HM 2500 — 230 430 36 400
405 38
425 26
HM 3600 — 230 450 41 500
430 43
450 29
HM 5000 - 210 450 69 700
430 72
460 28
HM 7000 - 210 465 61 800
475 49
450 52
HM 10000 —210 475 66 1000
496 57
465 58
IToamopueie Hacockr™
HIIB 1250 — 60 495 23 300
HIIB 2500 — 80 530 29 400
HIIB 3600 — 90 610 30 500
HIIB 5000 — 120 640 48 700
*HaHHLIC OPUCHTHUPOBOYHBIC
[MPUJIOXEHUE 2

PacdetHoe unciio pabounx qHEH MarucTpalibHBIX HEPTETIPOBOIOB

1 —— Jlnametp HedTenpoBoOIa, MM
1o 820
HedTenpoBoIa, KM cBbIe 820
BKJIFOUNTEIBHO

1o 250 357 355
356 333
cBolme 250 go 500 355 351
354 351
ceere 500 mo 700 350 349
352 349
cseitze 700 350 345

ITpumeuanne: Yucaurens - 11 HOPMAJIBHBIX YCIOBHUH; 3HaMEHATENb - AJS OCIOXXHEHHBIX YCJIOBHH
(ue menee 30% ropHbIX 1 3a00J10YEHHBIX Y4aCTKOB)
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I[MPMJIOXEHMUE 3

[TapameTprl MarucTpanbHbIX HEPTEIPOBOIOB

Juamerp PaGouce napieHue
[Tpon3BOANTENBHOCTD, MIIH. T/TOJ .

(HapyXHBIi1), MM MlIla Kre/cm?
0,7-1,2 219 8,8-9,8 90 —-100
1,L1-1,8 273 7,4-83 75 -85
1,6-24 325 6,674 67-75
22-34 377 54-64 55-65
32-44 426 5,4-6,4 55-65

4-9 530 53-6,1 54 -62
7-13 630 5,1-55 52-56
11-19 720 5,6 6,1 58 —62
15-27 820 5,5-59 56 —60
23-50 1020 53-59 54 -60
41 -178 1220 5,1-5,5 52 -56

[MPMJIOXXEHHUE 4

3HaueHue KodhuUIMeHTa HASKHOCTH 110 MaTepUaiy &

XapakTepuctuka tpyo ki

CBapHbIe U3 CTaIU KOHTPOIUPYEMOH MPOKATKH U TEPMHUYECKH YIIPOUHEHHBIE TPYOHI, 1,34
U3TOTOBIICHHBIC IBYXCTOPOHHEH JIEKTPOIYTOBO CBapKOil MO (hIIFOCOM IO CILIOITHOMY
TEXHOJOTMYECKOMY LIBY, C MUHYCOBBIM JIOITyCKOM IO TOJIIMHE CTEHKH He 6onee 5% u
HIOIBEPTHYTHIE aBTOMAaTHYECKOMY KOHTPOIIIO B 00beMe 100% Ha CIIONIHOCTH OCHOBHOTO METaylIa
U CBapHBIX COEAVHEHUH Hepa3pylIalOIUMK METOaMU

CBapHble, W3TOTOBIICHHBIE JBYXCTOPOHHEH JJEKTPOJAYrOBOH CBapkod rmoj ¢uocoM ¢ 1,40
[OABEPrHYTHIC ABTOMATHYECKOMY KOHTpoiao B o0beme 100% cBapHBIX COeNMHEHUI
Hepa3pyIIAOIIAMH METO/IAMH.

EeCIHOBHLIe, NOJABEPTHYTHIE aBTOMATHUYCCKOMY KOHTPOJIIO B oobreme 100% Ha CIUTONIHOCTH
MEeTajlla HEpa3pylmaruuMu METOAaMU

CBapHble, M3rOTOBJICHHBIC HJIEKTPOKOHTAKTHON CBapKOHW TOKAaMH BBICOKOH YacTOTBHI, CBapHBIC 1,47
COEMHEHNST KOTOPEIX TePMHIECKH 00pabOTaHBI M MOIBEPTHYTHl aBTOMAaTHYECKOMY KOHTPOITIO B
o0beme 100% HepazpylarIUMHE METOIAMU

TIpoune GecrioBHEBIE WITH AIEKTPOCBAPHBIS 1,55

TIpumeuanue - Jlomyckaercs: mpuMeHsaTs koddduimentsr: 1,34 Bmecto 1,40; 1,40 Bmecto 1,47 u 1,47 BMecTo
1,55 s TpyO, M3rOTOBICHHBIX IIBYXCIOWHOI CBapKod mox (IIOCOM HIM IEKTPOCBAPKOH TOKAMU BBICOKOH
YaCTOTHI CO CTEHKaMHU TOJIIIMHOM He 6ojiee 12 MM MpH MCMOIB30BaHUH CIIEINATLHON TEXHOJIOTHH POU3BOJICTBRA,
MO3BOJIAIOLICH HOIYYUTh KAUECTBO TPYD, COOTBETCTBYIOIIEE JAHHOMY KOG UIUenTy & .
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MMPUJIOXXEHUE 5

3HaueHue K03 uIMeHTa HaJIe)KHOCTH 110 OTBETCTBEHHOCTH TPYOONpOBOIa

Kareropum MaructpagbHbIX TpyOOIIPOBOIOB

3HaveHne K0d(PHHUIMEHTA HaIE)KHOCTH IT0 OTBETCTBEHHOCTH TPYOOIIPOBOIa Ky
HomunanbHbI JUIA Ta30IPOBOJOB B 3aBUCUMOCTH OT BHYTPEHHET'O 111 He(hTEIIPOBOOB U
JIHaMeTp JIaBIICHUA p HETENnpo,IyKTOIPOBO/IOB
TpyOonpoBoia
DN
2 £5,5 MIla 55¢p<75MrIma | 7,5¢p<10
MIla
500 u mMenree 1,100 1,100 1,100 1,100
600-1000 1,100 1,100 1,155 1,100
1200 1,155 1,155 1,210 1,155
1400 1,155 1,210 1,265 -
[TPUJIOXXEHUE 6

Hasnauenwne TpyOomnpoBoa

Kateropus Tpy6onpoBoaa pH MpoKiajaKe

ITOJI3€MHOM HA3eMHOU U
Ha/[3eMHOMI

JIns TpaHCTIOPTHPOBAHMUS TIPUPOJHOTO Ta3a:
HOMUHATBHBIM JiuaMeTpoM Menee LM 200* v I
HOMHHAIIBHBIM JuamerpoM DA 1200 u Goree I I
B CEBEPHOI CTPOUTENHHO-KITUMATHIECKON 30HE 11 I
Jliis TpancnopTUpoBaHus HeTH U HeTeIpoLyKTOB!
HOMHHAJBHBIM ITuameTpoM MeHee 1A 700 III 11T
HOMHHAJBHBIM muamerpom DA 700 u Gonee III III
B CEBEPHOH CTPOUTETHHO-KITUMATHIECKON 30HE 11 1T
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OcHOBHBIE T€OMETPUUECKHE Pa3Mephl HACOCOB

IMMPMJIOXEHUE 7

Mapia nacoca Pabouee xoieco Jlnametp BX;))IHOFO
Ds, Mu b, MM narpyoka*, MM
OCHOBHBIE MarucTpaabHbIe HACOCHI
HM 125 - 550 264 16 150
HM 360 — 460 300 24 200
HM 500 - 300 300 28 250
HM 1250 — 260 440 26 300
418 26
HM 2500 — 230 430 36 400
405 38
425 26
HM 3600 — 230 450 41 500
430 43
450 29
HM 5000 - 210 450 69 700
430 72
460 28
HM 7000 — 210 465 61 800
475 49
450 52
HM 10000 - 210 475 66 1000
496 57
465 58
IToamopueie Hacocwr™
HIIB 1250 — 60 495 23 300
HIIB 2500 — 80 530 29 400
HIIB 3600 — 90 610 30 500
HIIB 5000 — 120 640 48 700

* JlaHHBIE OPUEHTHPOBOYHBIC
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[Ipunoxenne 8§

Xapakrep Harpyska u Bo3nelictBue Crioco6 npoxiaKu Koadurienr
Harpy3Ku U TpybonpoBosa HaIeKHOCTHU 110
BO3JIEHCTBHS Harpyske »
[TomzemHbIH, Hanzemusbrit
Ha3eMHbIH
(B HaChIITH)

INocTostHEBIE Macca (coOcTBeHHBII Bec) TpyOOoIpoBoaa u 00ycTpoicTB + + 1,10 (0,95)
BosneiicTBue npenBapHTENbHOTO HaNpsukeHHs TpyGompoBoaa (ympyruit + + 1,00 (0,90)
n3rud u ap.)

JlaBnenue (Bec) rpyHTa + - 1,20 (0,80)
l'uapocraTryeckoe AaBieHHE BOIBI + - 1,00

Bpemennsie BuyTpenHee naBiieHye [Uist ra30IPOBOIOB + + 1,10

JUINTCIIbHBIC
BHytpennee paBineHue a1 He(TEHPOBOAOB HOMMHAIBHBIM JUAMETPOM + + 1,15
DN 700-1200 m HedTempOAYKTONPOBOJOB HOMHHAIBHBIM JHAMETPOM
DN 700 ¢ npomexcyrounsiMu HITC, TIC 6e3 noaKI0uCHUs: eMKOCTCH
BHyTpeHHee [JaBiicHHC U HE(TCHPOBOJAOB HOMHMHAIBHBIM JHAMCTPOM + + 1,10
DA 700-1200 u  HedTenmpOIyKTONPOBOJOB HOMHHAIBHBIM JTHAMETPOM
DN 700 6e3 mpomexyToyHbIX MM ¢ mpomexyrounsimu HIIC, TIC,

PabOTAIOIMMU OCTOSHHO TOJIBKO C MOAKIIOYCHHOW EMKOCTBIO, a TAKKE

Ui He(TenpoBOJOB M He(TENPOJYKTOIPOBOAOB  HOMHMHAIBHBIM

nuaMeTpoM MeHee A 700

Macca npogyKTa Hin BOJBL + + 1,00 (0,95)

TemmepaTypHble BO3AEHCTBHIA + + 1,00

BosneiicTust HEepPaBHOMEPHBIX nepopmaruii TpyHTa, He + + 1,50

CONPOBOXKJAOLIUECS U3MCHECHUEM €TI0 CTPYKTYPbI

CHeroBasi Harpyska - + 1,40

BetpoBas Harpyska - + 1,20

l'ononennas Harpyska - + 1,30

Harpyska, BbI3bIBaeMasi MOPO3HBIM PAaCTPECKHBAHUEM IPyHTa + - 1,20
KpaTtkoBpemen |Harpysku 1 BO3ACHCTBHMA, BO3HHMKAIOMIME NpPHM TPOMYCKE OYHCTHBIX + + 1,20

HbIE YCTPOUCTB
Harpysku i Bo3aeiicTBHS, BOSHUKAIOLINE IPH UCHIBITAHUH TPYOOIPOBOIOB + + 1,00
Bo3nciicTBUC CCIICBBIX MOTOKOB M OMOJI3HCH + + 1,00

Oco0bie BosneiictBue nmedopmariinii 3eMHOW TMOBEPXHOCTH B DPailOHaX TOPHBIX + + 1,00
BBIPAOOTOK M KapCTOBBIX paifoHax
BosneiicTBue aedopmaunii TpyHTa, CONPOBOXKAAIOUMXCS U3MEHEHHEM €ro + + 1,00
CTPYKTYpHl  (HampuMmep, JedopMaluss MPOCAXOUYHBIX TPYHTOB MPH
3aMa4YMBaHUU UM MHOTOJIETHEMEP3JIBIX TPYHTOB ITPH OTTAHBAHKH)

Bo3sacticTBusi, BBI3bIBACMBIC Pa3BUTHCM COMHMITIOKIIMOHHBIX u + - 1,05

TEPMOKapPCTOBBIX IPOIIECCOB
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Memoouueckoe uzoanue

CocraButenu
3emenkoBa Mapus OpbeBHa
Hekpacos Bnagumup Onerosuu
JAmutpueBa EBrenus AnexceeBHa
BenrepoB AHTOH AJlekcaHIpPOBUY

IKCINVIYATAIIUA HEOPTEIIPOBOAOB

Meroauueckue yKa3aHHs 10 BHIIOIHEHHIO Ta0OPATOPHBIX PAOOT 110 Kypcy OKCIITyaTaIus
He(TenpoBoA0B Il cTyaeHTOB HanpasieHus 21.03.01 Hedrerasosoe neno
npoduneit DkcrryaTaius 1 00cIyKuBaHue 00bEKTOB TPAHCIIOPTA U XpaHEHUsl HeTH, raza u
MPOJYKTOB MepepadboTKH
Bcex (hopM 00ydeHUs

[Tonnucano B nevarb . ®opmat 60x90 1/16. Yciu. neu. . 3.
Tupax 30 3k3. 3aka3 Ne

BI/I6J'II/IOTCIIHO-I/13I[3TCJIBCKI/II‘/1 KOMIIJIICKC
(henepaabHOTO TOCYIAPCTBEHHOTO OIOKETHOTO 00Pa30BaTEIHLHOTO
YUPEKICHHUS BBICIIETO MPOPEeCcCHOHATHHOTO 00pa3oBaHus
«TrOMEHCKHI1 rocy1apCTBEHHbBIN He(hTEra3oBblii YHUBEPCUTETY.
625000, Tromens, yn. Bonogapckoro, 38.

Tunorpadus 6MOIMOTEYHO-U3AATEITHCKOTO KOMILICKCA.
625039, Tromens, yi. Kuesckas, 52.



