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MeTtoauueckue yka3zaHUsl [0 BBIMOJIHEHHUIO KypCOBOrO IpoeKTa pa3paboTaHbl B
COOTBETCTBHH C:

- ®enepanbHbIM TOCYJApPCTBEHHBIM 00pa30BaTEbHBIM  CTaHAAPTOM IO
HampaBieHuto noarotoBku 21.03.01 «Hedterazoroe memo» M ypOBHIO BBICIIETO
oOpa3oBanus OakalaBpHarT, YTBEP>KIACHHBIN MpUKa3oM MHHHCTEpCTBa 00pa30BaHUs U
Hayku Poccuiickoii @enepamun Ne 96 ot 09 pespana 2018 rona, 3aperucTpupoBaHHbIHA
B Munrocre 02 maprta 2018 rona, per. Homep 50225

- y4eOHbIM IUTAaHOM (OYHO-3204HOM (opmMam OOy4YEHHs) IO HaNpPaABICHUIO
noaroroBku 21.03.01 «Hedrerazosoe aeno».

- paboueii mporpamMmMon quctuiuiuHbl «IIpoekTupoBanue ra3oHeTENPOBOIOBY.

ABTop DenopoB Jlennc HropeBwnu, KaHaIMIAT TEXHUYECKUX HAVK, JOIEHT
kadenpbl TPAHCHOPTHO-TEXHOJIOTHYECKUX MAIWH

(vkazamv @HUO, yuenyro cmenens, yuernoe 36anue uiu OOIHCHOCMY)

Meroanueckrue VvKazaHus OJIOOPEHbI Ha 3acelaHuu Kadeapbl TPaHCIIOPTHO-
TexHoJgorndyeckux ManH (mpotokos Ne 11 ot 14.05.2022 1.)

B MeToauueckux ykazaHUSX W3JI0KEHBI METOJIOJOTHUSI M METOJIMKA MOATOTOBKHU
KypCOBOTO TPOEKTa, a Takke TpeOOoBaHUs K €€ O(pOPMIICHHUIO; JaHbl PEKOMEHIAIUU
CTYJIEHTaM I10 3aIIUTe KypCOBOTO MPOEKTA.

MeTonuueckre peKoOMeHAAIMN MPeAHa3HAYEHBI JJII PYKOBOJIUTENIECH KypPCOBBIX
paboT, a Takke Uil CTYACHTOB Bcex ¢GopM 00ydeHus, OOydalImuxcs I
cnermanbHocT  21.03.01 «HedrerazoBoe nemo» B UYeOokcapckOM HWHCTUTYTE
(punmane) MOCKOBCKOTO MOTMTEXHUYECKOTO YHUBEPCUTETA.
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I'’”IOCCAPUI

Apmartypa — yCTpoWCTBa W JieTanu (KJamaHbl, BEHTUJIM, BBIKIIOYATEIN
U T. I.), HE BXOJSIIUE B COCTAaB OCHOBHOT'O 000PY/I0BaHUsI, HO 0OECIIEYMBAIOIIHNE €T
HOpMaJIbHYIO0 paboTy. PaznuuaroT apmarypy TpyOONpOBOIHYIO, AJIEKTPOTEXHHUYE-
CKYIO, IIEYHYIO U T. 1.

Baiinac — 06Boj, mapajieabHbIN OpSIMOMY YYacTKy TPyOOIpoBo/ia, C 3arop-
HOM WM peryiupyromeid TpyOOnmpoBOAHOM apMartypod WM mnpubopamu (Harp.,
CUYETUMKAMHU KUJKOCTH Wi ra3a). CiyKuT AJid yIpaBieHUs TEXHOJIOTHYECKUM MPO-
[IECCOM MPU HEUCTIPABHOCTU apMaTyphbl WK NMPUOOPOB, YCTAHOBJICHHBIX HA MPSIMOM
TpyOOMpoBOIe, a TAKKE MPHU HEOOXOIUMOCTH MX CPOYHON 3aMEHBI M3-32 HEHCITPaB-
HOCTHU 0€3 OCTaHOBKH TE€XHOJIOTHYECKOIO Mpoliecca.

I'azonepexkaunBaromuii arperat (I'IIA) — TeXHOJIOrMYECKOE YCTPOMCTBO,
BKJIIOYaroIIee npuBojl (ra3oTypOuHHyto yctanoBky ['TY, nopuineBoii asurarens [1]]
au6o0 anekTpoasurarens JJ1) u Harnerarens (ueHTpodexHubiit [IBH win oceBoit OH),
npeAHA3HAYCHHBIN J1J1s MOBBIIIECHUSI TaBJICHUSI B MAaTUCTPAIbHOM Ta30MPOBOJIE).

I'azonpoBoa-nmepeMbIUYKa — ra30lPOBOJ, COCIUHSIOMNN MEXTY COO0H Ma-
TUCTPAJIbHBIE Ta30MPOBO/IbI WIIH CUCTEMBI.

I'a3onpoBoa MarucTpajJbHbI — KOMIUIEKC MPOU3BOJICTBEHHBIX OOBEKTOB,
00eCIeunBaloX TPAHCIIOPT MPUPOTHOTO WITH MTOMYTHOTO HE(PTSIHOTO Tra3a, B COCTaB
KOTOpPOM BXOJST OJHOHUTOYHBIN Tra30mpoOBOJ, KOMIPECCOPHBIE CTAHIIMM, YCTAHOBKH
JOTIOJIHUTENIbHOM MOJATOTOBKHU ra3a (HarpuMep, nepei MOPCKUM MEPEXOA0M), y4acT-
KU C JIyIIMHTaMU, MEPEXO0Ibl Y€pe3 BOJHBIE MPErpajbl, 3aMOpHAS apMaTypa, KaMephbl
npuéMa M 3allyCKa OYMCTHBIX YCTPOMCTB, Ta3opacipeieuTelbHble CTaHluu, ¢$azo-
U3MEPUTENbHBIE CTAHIIUU, CTAHIIMU OXJIAXKICHUS rasa.

I'a3ompoBo MHOTOHMTOYHBINA — Ta30MpPOBOJ, COCTOSIIMN M3 HECKOJIBKHX
B3aMMOCBSI3aHHBIX MAPAILIEIBHO YIOKEHHBIX TPYOOIPOBOIOB.

I'a3onpoBoa MPOCTOH — Ta30MPOBOJ C MOCTOSHHBIM JIHAMETPOM TpyO, Oe3
OTBOJIOB K TMOIYTHBIM MOTPEOUTENAM U O€3 JOMOJIHUTENLHOTO pUéMa ra3a 1mno myTH
CJIEOBaHMS.

I'a3onmpoBoa CJI0KHBIN — Ta30IIPOBOJIE MOCTOSHHBIM WM PAa3IUYHBIM JIHA-
METpPOM TpyO ¢ OTBOAAMH K MOMYTHBIM MOTPEOUTENSIM, C TOMOJIHUTEIbHBIM TPUEMOM
ra3a, JJylMHIaMu U ePEMbIUKaMHU.

TI'osioBHas HedTenepexkayuBawomas cranuusa (I'HIIC) — xommiekc coopy-
YKEHUM, PacroJIOKEHHbIA B HAYaje MarucTpajlibHOrO HEPTEIPOBOAA UM €TI0 OT/IEIb-
HOTO 3KCIUTyaTallMOHHOTO Y4YacTKa U MPEIHA3HAYEHHbIN I HAKOIUJIEHUS U MepeKay-
KU TI0 TPyOOIIpOBOAY HEPTH U HEPTEIPOTYKTOB.
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JlaBiieHnne paGouee — HauOoJiblliee M3OBITOYHOE JABIIEHHUE, TIPU KOTOPOM
o0ecreunBaeTcsi MPOSKTHBIA PEXXUM IKCILTyaTaI[My Ta30IIPOBO/IA.

Jo:xumHas kommnpeccopHas cranuusa (JIKC) — kommnpeccopHast craHuus,
YCTAHOBJIEHHAS! HA BBIXOJIC U3 MPOMBICIIA U NMPEAHA3ZHAYEHHAS ISl TTOBBILICHUS J1aB-
JIeHUSs Ta3a 0 pabovero JaBJICHHs B MAarUCTPaIbHOM Ta30MPOBO/IE.

Komnpeccopnas cranumsa (KC) — xomiuiekc coopyKeHUM ra3onpoBoja
(MarucTpajibHOr0), MpeIHA3HAYCHHBIN JIJI KOMIPUMUPOBAHUS rasa.

Ko puument ruapaBianyeckoin 3(p)(peKTUHBHOCTH ra30MpPoOBOAa — OTHOIIIEC-
HHE MMPOU3BOAUTEIBHOCTH Ia30MIPOBO/IA K €r0 PacyETHOM MPOMYCKHON CIIOCOOHOCTH.

Kox(ddumuent 3arpy3ku razonpoBojga — OTHOIIIEHHE (PAKTHUYECKON MPOHU3-
BOJUTEIBHOCTU K MPOEKTHON POU3BOJUTEIBHOCTH ra30MPOBO/A.

Kputunyeckas remneparypa — HauOoJIbllIas TEMIEpaTypa, pyu KOTOPOil ra3
HE TIEPEXOJINT B KUJIKOE COCTOSIHHE, KaK ObI BEJTUKO HU OBLIO JTaBJICHUE.

Kputnueckoe naBjaeHue — npeaeiibHOE JABICHUE, IIPU KOTOPOM M MEHEE KO-
TOPOTO Ia3 HE MEPEXOAUT B KUAKOE COCTOSIHME, Kak Obl HM HU3Ka ObliIa TeMIiepaTypa.

JIuHellHasi YacTh MArucTpajbHOr0 ra3onpoBoJa — y4aCTOK MarucTpalib-
HOTI'0 Ta30IPOBOJIA C 3alIOPHOM apMaTypou, C JyNUHIaMH, C OTBOJAMH U IEPEMBIYKA-
MU, 0€3 KOMITPECCOPHBIX U T'a30paCpEeAeIUTEIbHBIX CTAHIIUH.

JIuneiiHasi yacTh MarucTpajibHoro Hedprenposoaa (JI4 nwian JIYMH) — co-
BOKYITHOCTh Y4aCTKOB HE(PTEMPOBOIA, COSAMHSIONMUX HedTernepeKaynBaronue CTaH-
UK MEXIy co00i 1100 ¢ MpUEMO-CAATOYHBIMU ITyHKTAMU U COOPYXEHUH, BXOs-
IIMX B COCTaB He(pTenpoBo/Ia.

JlynuHr — pesepBHas HUTKa TPyOONpOBOAA. YCTaHABIMBAIOTCS, KaK MPaBU-
JI0, B y4acTKax C TMOBBIIICHHBIM TPaHCIOPTOM HE(TU M rasa U ydacTKax C y3KUM
JTUaMETPOM TPYO.

MarucTpajbHbIi HACOC — THIPABIMYECKAS MallMHA MPEIHA3HAYCHHAs s
nepexaynBanusg HehTH U HEPTEIPOAYKTOB MO MATUCTPAIBHBIM, TEXHOJIOTUYECKUM
¥ BCTIOMOTaTEIbHBIM TPYOOIIPOBOIaM.

MaructpansHibliii HepTenpoBoa (MH) — eauHbIi UMYIIECTBEHHBIN MPOU3-
BOJICTBEHHBIM KOMIUIEKC, COCTOSAIIMN W3 NOA3EMHBIX, IOJABOJHBIX, HA3€MHBIX H
HAJ3E€MHBIX TPYOOITPOBOJOB M CBSI3aHHBIX C HMMH HACOCHBIX CTaHIUH, XPaHUIIUII
HEe(TU U JIPYTUX TEXHOJOTUYECKUX OOBEKTOB, MPEAHA3HAYEHHBIX IJI TPAHCIOPTH-
POBKHU HE(PTH OT MYHKTOB €€ MPUEMKH J0 MYHKTOB C/Iaud MOTPEOUTENSAM WU JIJIS T1e-
PEBAJIKK HA APYTOM BUJ TPAHCIIOPTA.

Manugoiba — HECKOIBKO TPyOOIPOBOIOB, OOBIYHO 3aKPEIIEHHBIX Ha OJI-
HOM OCHOBaHWH, PACCUUTAHHBIX HA BBICOKOE JIABJIEHUE U COCIMHEHHBIX MO ONpeJe-
IEHHOH cXeMe, M CHA0KEHHBIX HEOOXO0IMMOM 3aIIOPHOM M HHOM apMaTypoi.
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Hamnop — ¢u3nueckas BenuurHa, BbIpaXKarollas yAEIbHYI0, MPUXOASLIYIOCS
Ha €AVHMILY BECA, MEXaHUYECKYIO SHEPTHUIO MIOTOKA KUAKOCTH B JAHHON TOUKE.

HedrtenpoBoa — coopyxeHue Jisi TPAaHCIOPTHUPOBKUA He(TH WK HedTenpo-
IyKTOB. B coctaB HedTenpoBoa BXOAAT TPyOONpPOBO/, IEPEKauYNBAIOIINE HACOCHBIE
CTaHLMH, XPaHWINILA.

OTHOCHUTEJBbHAA IVIOTHOCTH — 3TO OTHOLIEHHE IUIOTHOCTH ONPEACIEHHOTO
rasa K INIOTHOCTH CTaHJapTHOTO BEIlleCTBa (BO3/1yXa) MpHU ONpeAeIEHHBIX YCIOBUSIX.

Ileperon — COBOKynmHOCTh HUTOK TPyOOIpPOBOJA, BKJIIOYasl JYNHUHIU U TEpe-
MBIYKH MEXAY ABYyMs mociienoBareibHO pacnosioxkeHHbiMu HIIC mnm mexny HIIC
Y KOHEYHBIM ITYHKTOM JIOCTaBKH.

IoanmopHbIii HACOC — rUIpaBIMYECKas MaIIMHA JUIsl CO3/IaHUS HEOOXOAMMO-
ro Ha BXOJI€ OCHOBHOI'O Hacoca Haropa, 00ecreyrBarolero ero 0eCKaBUTalMOHHYIO
pabory.

IMommnaxk — HeycToiuMBasi paboTa KOMIIpeccopa, BEHTWISITOpa WIM Hacoca,
XapakTepusyemasi pe3KuMU KoJIeOaHUsIMH HaIlopa U pacxo/ia NepeKaunBaeMOM CPeIbl.

IIpon3BoAUTEJIBHOCTE MATHCTPAJIBLHOIO Ia30NpPoBoAA (BajaoBasi) — KOJIU-
4yecTBa rasza, TPaHCIOPTHPYEMOIO IO Ta30IPOBOAY 3a pacu€THbIM mepuoj (roj, ce-
30H, KBapTaj, MeCsL, CyTKH).

IMpome:xxkyTounas HeprenepekaunBamwmas cranuus (IIHIIC) — nedrene-
peKadnBaronias CTaHUMs, OCYIIECTBIISAIONIAS TOBBILICHUE AABJICHUS IIEPEKauYnBaeMOn
’KMJIKOCTH B MarucTpajbHOM He(TEIpOBOIE.

IIponyckHasi cmocoOOHOCTH ra3onpoBoa — pacyETHOE KOJIMYECTBO ras3a, Ko-
TOPOE MOXET IMPOITYCTUTh I'a30IPOBOJ B €IMHMILY BPEMEHU TP 3aJaHHBIX apaMerT-
pax U yCTaHOBUBLIEMCS PEKHUME ITOTOKA rasa.

Pacxon — ¢usnyeckas BeIMUMHA, BbIpaXkarolllas KOJUYECTBO XKUAKOCTU WIIU
rasa, IpOTEKAOIIECH Yepe3 NONEPEYHOE CEUEHHE MIOTOKA 3a €IMHUIY BDEMEHHU.

Pacxon raza — o0b€M rasa, npomiemero 4yepe3 nonepevyHoe ceyeHue Tpyoo-
IIPOBOJIA 34 €UHUILY BPEMEHU, NPUBEAEHHBIN K CTAHAAPTHBIM YCIOBUSM.

PacuéTHoe naBJjieHHe — MaKCUMaJIbHOE U30BITOYHOE J1aBJIEHUE B I'a30IIPOBO-
Jie, Ha KOTOpO€ MPOU3BOJIUTCS pacdy€T Ha MPOYHOCTh NpU OOOCHOBAHHMU OCHOBHBIX
pa3MepoB.

PesepByapHbIii MapK — KOMIUIEKC B3aUMOCBS3aHHBIX OTICJIBHBIX WIIW TPYIII
pe3epByapoB Ul XpPAHEHUs, HAKOIUICHUS U YUYETa )KUJIKUX IIPOTYKTOB.



BBEJAEHHUE

HoBbie ycrmoBUS CTpOWTENBbCTBA W IKCIUTyaTalldUU  TPYOOIPOBOJIOB
U TIOJIZIep)KaHNe Ha BBICOKOM YPOBHE TPeOOBaHMU K Ka4eCTBY MX MPOCKTUPOBAHUS
TpeOYyIOT OT TPOCKTUPOBIIMKOB YBEPEHHBIX 3HAHWW W HAaBBIKOB, CBSI3aHHBIX
C KJACCHMYECKMMH METOJaMHM pacuéTa y4YacTKOB MAarucTpalbHBIX Ta30- W
HedTernpoBoioB [1].

JlaHHBIE METOAWYECKHE YyKa3aHUS MpeAHA3HAYCHBI JUIS  BBITOJHEHUS
KypCOBOTO  TPOCKTHPOBaHMS B  paMmkax auciurumbbl  «I[IpoextupoBanme
ra3oHe(TenpoBoOB» CTYJACHTaAMU HampaBieHus moaAroToBku «HedrerazoBoe aerno.

CopepkaHue yka3zaHUN COOTBETCTBYET pabouell NporpaMMe JHCLMILIAHBI
U COJICPKUT TPeOOBAHMS K COJIEPKAHUIO U O(POPMIICHUIO MPOEKTA, 3a/IaHUsl U UCXO/I-
HbI€ JIaHHBIE JJI1 MPOEKTUPOBAHUS y4acTKa MaruCTpajibHOIO Ta30- U HEPTENpPoOBO/a,
METOJIMKHU UX pacy€ra, peKOMEHJAlMH B YaCTU BHIOOpPA JIUTEPATYphl, @ TAKKE 3HAYU-
TEJIbHYIO YacTh HEOOXOJUMBIX JJIsl IPOEKTUPOBAHUS CIIPABOYHBIX MATEPHAJIOB.

BeimonHenue u ycnemHas 3amura paboThl MO3BOJSIOT CTYIAEHTY HOJYYUTh
JIOIYCK K 3K3aMeHy 1o aucuumivbae «IIpoektupoBanne ra3oHedTenpoBoi0BY.



1.TPEBOBAHUSA K COAEPKAHUIO U O®OPMJIEHUIO ITPOEKTA

1.1 Coaep:xxanue npoexra
[IpumepHoe coaepxkaHue mnpoekTa mpeactaBieHo B Ilpunoxenun 1. B
o0s3aTeNIbHOM  TOpsiiKe paboTa JOMKHA UWMETh TEOPETHUECKYH YacTb W
COMPOBOXAThCS TpadudecKuM Matepuaiom (oauH auct Gpopmata Al).
Hctounuku, pexoMeHIyeMble K KCIOJIb30BaHUIO B pa0OTe Haj MPOEKTOM,
npeacTasieHbl B [Ipunoxenun 2.

1.2 Ilopsaok opopMiieHUsI KYPCOBOIO IPOEKTA

KypcoBoii pOEKT BBHIMIOIHAETCS Ha KOMIBIOTEPE HA CTAaHAAPTHBIX JHCTax A4.
Texct medaraeTcss Ha OAHOM CTOpOHE JaKcTa. Ha cTpaHule NOJKHO pacmosiaratbest
28-30 cTpok, KaxkaasA M3 KOTOPBIX coaep:KuUT 60-65 3HaKoB, BK/IKOYAs NMPoOeJIbI.
Me:xkaycTpounblii unTepBaa — 1,5, mpudr texkcra — 14 (Times New Roman), B
Tabimmax - 12, B moacTtpouHbix cHockax -10. TekcT medaraeTcsi CTPOYHBIMU
OykBamMH (KpOME 3arjlaBHBIX), BBIPAaBHHMBAETCA 110 MIMPUHE C HCHOJIb30BAHUEM
MEepEeHOCOB cJoB. Ha TUTynIbHOM JIMCTE HAINUCh: KypcoBasi pabora mevaTtatorcs 18
mpugrom. [loguepkuBanue ClIOB U BbIICICHHE UX KypCHBOM BHYTpPHU camMoil paboThI HE
nomyckaercs. OHaKO 3aroJIOBKHM M TI0/13ar0JI0BKH NP NeYaTaHUHU TEKCTa MUCbMEHHOM
paboOThl  BBIIEISAIOTCA  MONYXUPHBIM — WIpUPTOM. AO3alHBIA OTCTYNl  JOJDKEH
CO0TBETCTBOBATH 1,25 ¢cM U ObITh OJIMHAKOBBIM 110 Bcel padoTe.

OpueHTHPOBOYHBIM 00BEM KYpCOBOI'O MpoekTa coctamiser 25-35 crpanuu. B
JTaHHBIA 00BEM HE BXOJIAT MPUJIOKEHUS U CHUCOK MCIOJIb30BAaHHBIX MCTOYHUKOB. [1o
COTJIaCOBAHMIO C TIpenoaBareaeM 00bEM paboThl MOXKET ObITh YBEIHUEH.

CrpaHullbl, Ha KOTOPBIX U3JIaraeTcs TEKCT, JOJKHBI UMETh MOJs: JieBoe -30 MM,
npasoe - 10 mm, BepxHee - 20 MM, HH:KHee - 20 MM.

B Tekcre paborel «BBenenuwe», Ha3BaHUE TIUIaB, «3akioueHue» U «CHHCOK
WCITI0JIb30BAHHOM JINTEpaTyphD» NeyaTaroTcsl (HAUMHAKOTCS) C HOBOW CTPaHUILIBL.

PaccrossHue  Mexnay  3arojJoBKOM M IOA3arojlOBKOM,  3arojlOBKOM U
MOCJIEYIOUIUM TEKCTOM, MOJ3aroJIOBKOM M MPEABIAYIIUM TEKCTOM OTAEISIOT JBYMS
MOJIyTOPHBIMU ~ MEXKCTPOYHBIMM ~ MHTEpBaJIaMH, a MEXAy [OA3arojJlOBKOM H
MOCJIETYIOUIUM TEKCTOM - OJHUM MOJyTOPHBIM MEXKCTPOUYHBIM HHTEPBAIOM.

['maBpl NUCBMEHHBIX PabOT HYMEPYIOTCS apaOCKUMH LHUPPaMH U JTOJKHBI
HAYMHATBCS C HOBOW cTpaHUIbl (ucTa). Homep riaBel cocTouTt U3 uncna: 1, 2 u 1.1.

3aronoBku (MOJ3aroJIOBKM) pacroiaraloTcs LEHTPUPOBAHHBIM (IIOCEepeuHe
TEKCTa) CIIOCOOOM.

CTpaHuubl NHCbMEHHBIX PaldoOT MOJKHBI MMETh CKBO3HYI) HYMepPalHIo
apa0ckumu nudpamu no scemy tekcry. Homep crpaHuubl NpocTaBiIsslOT B BHU3Y
MOJIAA CTPAHUIIbI MO LHEeHTPY 0e3 TOUKH B KoOHUe. [lepBoil cTpaHuuel NUCbMEHHON
paboThI sABJsieTCSl TUTYNIbHBIN JucT. OH He HymepyeTcsa. B paGore BTOpoii cTpanuiien
ABIIETCS COAEPIKAHUE.

TUTYJNBHBI JUCT JOJDKEH COJAEpKaTb HAMMEHOBAaHUE Y4YEOHOro 3aBEACHMS,
dbopmbl 00ydeHusi, 0003HaUCHUE XapakTepa paboThl (KypcoBasi), ee TeMy, (haMUIIUIO,
UMs1, OTYECTBO BBIIIOJHUBIIETO €€ CTYI€HTa, HOMEP Kypca U IPYIIbl, yYEHYIO CTEIEHb,
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JOJKHOCTh WJIM YUYEHOE 3BaHHE HAyYHOTO PYKOBOAMTENS, €ro (aMIINI0 U MHULIHAAJIBI,
rpadbl «/lata cnaumy, «/lomyctuth Kk 3ammTe», «Jlata 3amuTe», «OLEHKa», MECTO U
rOJl HarMcaHus paboTHI.

OrnaBienue pabOThI, KOTOpPOE CIEAyeT IMOC]e TUTYJIBHOTO JHCTa, JOJIKHO
COJIEp>KaTh Ha3BaHUS FJIEMEHTOB CTPYKTYpPbI pabOThl M HOMEpa JIMCTOB, C KOTOPHIX OHH
HAYMHAIOTCSL.

[lpy wucCnoMB30BaHWU JIUTEPATYPbl M LUTUPOBAHWU OTACIBHBIX HAYYHBIX
MOJIO)KEHUH CTyNEeHT 00s3aH OCYIIECTBISATh B CHOCKAaX CCBUIKA Ha aBTOPOB H
UCTOYHUKH, OTKyJa OH 3auMCTByeT wmarepuan ((pamMuimus ¥ WHUIUANBl aBTOPA,
Ha3BaHHE PabOTHI, MECTO U T'OJ U3JJaHUS, KOHKPETHAsI CTPAHMIIA, OTKY/la 3aMMCTBOBaHA
mutara). [Ipu 3TOM IUTHPOBAHUE IOIMYCKAETCS TOJBKO B OTPAaHUYCHHOM 0OBeMe,
ONpPaBIaHHOM  IEJbI0  LOUTHUpOBaHHMSA (A7  OOOCHOBaHMS  aKTyaJbHOCTH
paccMaTpuBaEMOro BOIPOCA; JEMOHCTPAIMM Pa3INYHbIX B3IJISA0B, CYIIECTBYIOIINX B
HayKe MO mpobieMaM TeMbl, MOATBEPKICHHUS WJIM OINPOBEPKEHHUS BbIABUTAEMBIX
CTYJIEHTOM TE€3UCOB U T.IL.).

[Ipsimoe 1MTHpPOBaHME B TEKCTE€ O0sA3aTeIbHO OQGOPMIISIETCS C TOMOIIBIO
KaBblYeK. B cmyyae OyKBaqbHOTO BOCIIPOM3BENICHUS MOJOXKEHUI HAyYHBIX TPYAOB 0e3
yKa3aHus Ha MX HA3BaHUA U aBTOPOB KypcoBasi paboTa K 3aliTe He JOMyCKACTCs.

B cmumcke MCHOIB30BaHHBIX HCTOYHUKOB JOJDKHBI OBITH YKa3aHBI TOJIBKO T€
MaTepHalibl, Ha KOTOPbIE UMEETCsl CChUIKa (CHOCKA) B padoTe.

Ecim B KkypcoBoil paboTe HMEIOTCS TMPWIOKEHUS, UX HE00X0IuMO
IPOHYMEpOoBaTh. Bce TUCTHI KypCcOBOTO MPOEKTA TOJKHBI OBITH IPOHYMEPOBAHBI.

Hywmeparusi ctpanuil B KypcoBOi paboTe MOJDKHA OBITH CrutomHON. CTyaeHT
OTBEYAET 3a IPAMOTHOCTb U aKKyPaTHOCTb O()OPMIICHUS] KypCOBOIO MTPOEKTA.

Hannune rpammartnyeckux, opdorpaduyeckux M MyHKTYaAIIMOHHBIX OIIUOOK
6o  HeOpexxHoe  odopmiieHHe  pabOThI  MOXKET  TMOCHYXKUTh  NPUYUHON
HEYJIOBJIETBOPUTEIHHON OLICHKH PAaOOTHI.

1.3 Ilopsaok npeacTaB/IeHUs KYPCOBOIO IMIPOEKTA HA 3AILHUTY

KypcoBoii mnpoekT, MNOAroTOBIEHHAs CTYJEHTOM B OKOHYAaTEIbHOU (opme,
JOJKHA OBITh MpeJACTaBieHa JAENONPOM3BOAUTENIO0 Kadeapsl B  CIEAYIOLIEM
KOMILIEKTE:

B NUCbMEHHOI ¢opMe B NMPOMIMTOM, COPOIIIOPOBAHHOM MJIM CKPeIJICHHOM
Buje — 1 3k3eMIsp;

B JJICKTPOHHOW (opmMe IMOCPeICTBOM HANPABJIEHUSA HA JJIEKTPOHHbIN
MOYTOBBII ajpec kadenpsl TPAHCIOPTHO-3HEPIreTHYECKHUX CHCTEM
ttm@chebpolytech.ru— 1 3x3emmsp.

JlenonpousBoautenb Kadeapsl Mocie perucrpauuu (akra U JaThl Ccoadu
KypCOBOI'O IIPOEKTA MEPEAAET €€ I IPOBEPKU HAYYHBIM PYKOBOJIUTEIIEM.

[lepemaua KypcoBOTO TPOEKTa B JJIEKTPOHHOH (opme MOXKEeT OBITh
OCYILECTBJIEHA IIyTEM HANpaBJIEHUs €€ CTYAEHTOM HENOCPEACTBEHHO HAayYHOMY
PYKOBOJUTEIO 110 AJIEKTPOHHOM ITOYTE.

[locne mocTymieHus: KypcoBOro MnpoekTa Ha Kadeapy Hay4dHbId pyKOBOAMUTEIb
MpOBEpSET €€ B TeueHue 14 KaneHJapHbIX JHEH ¢ MOMEHTA MOCTYIUIeHHs Ha Kadeapy,
IIOCJIE YETrO BO3BpAlIacT €€ JEIONPOM3BOAUTEND CO CBOMM OT3bIBOM. B OT3bIBE
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YKa3bIBAIOTCS CICAYIONINE TTOJOKEHUS:

— HaMEHOBaHME y4eOHOro 3aBefieHus, Kadenpsl, GopmMbl 00yUCHHUS;

— 0003HaUCHME XapaKTepa padoThl (KypcoBasi), €€ TeMY;

— (ammmro, WM, OTYECTBO BBIMOJHUBIIETO €€ CTYyJCHTa, HOMEp Kypca H
TPYIIIEI,

— YYEHYIO CTEICHb, JOJDKHOCTh WJIM YYCHOE 3BaHHE HAYYHOTO PYKOBOIAUTEIIA,
ero (paMuInIo U UHUITUAIBI,

— COOTBETCTBHE TPEJICTABICHHON KYpCOBOTO IPOEKTa OOIMMM TpeOOBaHUSM,
yKa3aHHBIM B HACTOSAIINX METOIUYCCKUX YKa3aHUSIX;

- yKa3aHUE Ha UMEIONIHecs B KypcoBOi padoTe HeqocTaTKh (Kak mo ¢popMme, TaK
U TIO COJIEpKaHuI0 paboThl), HE MPEMSATCTBYIONINE IOMYCKY paOOTHI K 3aIHTE;

— BBIBOJ] O BOBMOKHOCTH JIOITyCKa KypCOBOT'O MPOEKTA K 3allUTe.

B cnydae ecnu mocTaBieHHbIE HAYYHBIM PYKOBOIMTEIIEM BOIMPOCHI HE SICHBI
CTYJIEHTY, OH BIIpaB€ YTOYHUTh MX y HAYYHOTO PYKOBOAMUTENS JTUYHO BO BPEMS €T0
©XKCHEIEeNbHBIX KOHCYJIbTAMK (ISKYpPCTB Ha Kadeape) WM IHUCTAHIIMOHHO dYepe3
AIIEKTPOHHYIO TTOUTY.

B cmywae ¢dopmymupoBaHuS ~ HAaydHBIM ~ PYKOBOJHUTEIEM  BBIBOJAA O
HEBO3MOXKHOCTH JOITyCKa KypCOBOT'O MPOEKTa K 3allUTe KypcoBas paboTa MOAIEKHUT
MOJTOTOBKE 3aHOBO C YYETOM 3aMEUaHWW, YKa3aHHBIX HAyYHBIM PyKOBOJHTEIIEM, H
MOBTOPHOMY IPEICTaBICHHUIO HA 3aIIUTY B MOPSAIKE, MPEAYCMOTPEHHOM pa3jeiamu 3-
5, TOMy € Hay4YHOMY PYKOBOJIUTEITIO.

1.4 IlopsiioK 3aIIMTHI KYPCOBOI'0 MPOEKTA

3ammTa KypcOBOTO IMPOEKTa MOMKET MPOBOJUTHCS TOJIBKO HAyYHOMY
PYKOBOJUTEITIO.

3ammura KypcoBOrO MPOEKTa MPOBOAUTCS B (OpME, YCTAHOBIEHHON HAy4YHBIM
pykoBoauteneM. [Ipu ycTHON ¢opMe 3amuThl KypCOBOTO MPOEKTa CTYACHT JODKCH
MOATOTOBUTH OTBETHl HAa BOIMPOCHI, MMOCTABJICHHBIE €My HAyYHbIM PYKOBOAUTEJIEM B
PELIEH3UU.

Hayunblil pykoBOaUTENb BIIPABE MO CBOEMY YCMOTPEHUIO 3a/1aBaTh CTYACHTY
JOTIOJIHUTEIIbHBIE BOIIPOCHI JIJIsl MPOBEPKHU YPOBHS M KaueCTBA OCBOCHHS UM 3HAHUH IO
TeME€ KypCOBOIO  TPOEKTa, a TakXkKe i  JIONOJHUTEIbHOW  MPOBEPKHU
CaMOCTOSITEJILHOCTH BBITTOJTHEHUSI KYPCOBOTO TTPOCKTA.

[Io wtoram 3amuUTHl HAay4YHBIA PYKOBOJUTEH OIPEIENSIET, MOXKET JId OBITh
3alllMTa 3a4TeHa, WK TpeOyeTcs MOBTOPHAS 3alIUTa.

[lo uToram mepBOHaYaIbHOM WM (B Clydae €€ HEey/Jaud) MOBTOPHOM 3alUTh
KYpPCOBOI'O MPOEKTa HAYYHBIA PYKOBOJMTENb CTABUT OTMETKY O 3alllUTE KypPCOBOTO
MPOEKTa B 3a4ETHOM KHMKKE CTYJICHTa, B BEIOMOCTH U Ha TUTYJIbHOM JIUCTE PaOOTHI.

Ilocse 3amUTHI peneH3usi U KypcoBasi padoTa MONJIEKUT CKAHUPOBAHUIO
caMMM  CTYJEHTOM ¥ 3aJlMBKe B  JJIEKTPOHHYI0  HMH(OPMAIUOHHO-
oOpa3oBaresibHYI0 cpeay (DJeKTpoHHoe nopTgoauo) YedokcapcKoro HHCTHUTYTA
(puamnana) MOCKOBCKOr0  NMOJUTEXHHYECKOT0  YHHMBEPCHTETa o ajapecy

http://students.polvtech21.ru/login.php, nocie yero pabora B MUCBMEHHOW (opme
NEPEJAIOTCS CTYJEHTOM AEJIONPOU3BOAUTENIO A1l XpaHEeHUsl B apxuBe Punana.
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2. 3AJAHME. UCXO/IHBIE TAHHBIE

Tema paGoThl M MCXOMHBIC JaHHBIC HA3HAYAIOTCS IperojaBaTesieM. 3aaadcii
MIPOCKTUPOBAHUS SBJIACTCS BBINOJIHUTH PACUYET ydacTKa MaruCTpajibHOrO ra3ompoBOja
Wi HeTenpoBojia B cooTBeTcTBUM ¢ [Ipunoxkenuem 2. ['padudeckast 4acTb KypcoBOTO
MpOEKTa JIOJKHA COJIepKaTh OJuH JUCT popmara Al, opopmiieHHBIE B COOTBETCTBUU C
neiictpyrommu TpedoBanusimu Kk ECKJl u metoanueckumu ykazanusimu [2, 3, 4].

Ucxonnwie nanHble K pacu€ty mo teme «lIpoekTupoBaHuE ydacTKa Maru-
CTPaJIbHOI'O Ta30IPOBOIAN:

— T0/10Basi IPOU3BOAUTENHLHOCTE, O, MIIPI. M>/TOJ;

— abcouroTHOE pabouee JaBiieHHe B ra3onpoojie, P, Mlla;

— abcomotHoe nasieHue Ha Bxoje I KC, Pi, MI]1a;
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— TeMrieparypa raza Ha Bxojae ['KC, 71, K;

— MPOTSHKEHHOCTH y4acTKa ra3onpoBoja, L, KM;

— CPEHET0/I0BAs TEMIIEpATypa OKpy:xkarouero Bozayxa B paitone I'KC, £ s0s01, K;

— CpeIHeTroIoBas TeMIepaTypa okpysxarorero Bozayxa KC , £ s, K;

— cpeaHerojioBas Temmeparypa rpyarta B paitone I'KC, z1, °C;

— CpelHeroioBas TeMiepatypa rpyuta B paiione KC, 2, °C;

— BbICOTa pacnojioxkeHus Haja ypoBHeMm mopst ['KC, A1, m;

— BbICOTa pacnoyioxkeHus Haja ypoBHem mops KC, /2, m;

— COCTaB TPaHCIIOPTUPYEMOro Ta3a (1o o0neéMy), %;

— BUJ ¥ IPOTSKEHHOCTH MEPECEKaeMOM Mperpaibl.

Hcxonnple maHHBe K pacuéry mo teme «lIpoektupoBaHme ydacTka maru-
CTpaJIbHOTO HEe(PTETPOBOIAN:

— nnuHa TpyOonpoBoja L, KM,

— 00BEM TO10BOI mepekauku, G, T/TOI;

— mnoTtHOCTh HedTu pu 20°C, p2o, KI/M;

— KMHeMaTHuecKas BA3kocTh HedtH 1pu 20°C, v2o, M2/c;

— KuHemaTuueckas Ba3kocTh mpu 0°C, vo, m2/c;
— MUHUMaJIbHasl TEMIIEPATypa KCIUTyaTalluu £ °o(C;

— MaKCUMaJlbHas TeMIepaTypa rpyHTa £ min
o .
> b
— MUHMMaJIbHAs TeMIlepaTypa rpyHTa, £ .,
ocr.
b 2
2p
— 3HAQYEHUS1 HUBEJIMPHBIX OTMETOK TPacChl TPyOOIIPOBOAA.
[Tpumep odopmiienus rpaduyeckoit gactu padotsl (Ha TeMy «IIpoekTupona-
HHUE y4acTKa MarucTpajibHOro He(hTEpoOBOIay) MPEICTaBICH Ha PUCYHKE 1.
HeoOxoanmas cnpaBodHast nHMOpManus i KypCOBOTO MPOSKTHPOBAHHUS

npeacrasieHa B [Ipwiioxennn 2.
3. PACUET YYACTKA MATUCTPAJIBHOI'O I'A30IIPOBO/IA

Pacuér yyacTka MarucTpajibHOTO ra3onpoBOJia CBOAUTCS K MOCIEI0BATEb-
HOMY PEIICHHIO CIETYIOUIUX 3a/1a4:

— OTpeJIEICHNE OCHOBHBIX (DU3NYECKUX CBOMCTB MEPEKAYMBAEMOTO T'a3a;

— BbIOOD TPyO M paCcU€T TOMUIUHBL

— Pacy€rT NbUICYJIOBUTENIEN KOMIIPECCOPHOU CTAaHLIUM;

— pacU€T KOMIIPECCOPHOW CTAaHIIUH;

—pacuét ABO rasza Ha KOMIPECCOPHOMN CTaHIINHU;

— pacy€T JIMHEMHOr0 y4acTKa MEXIy KOMIIPECCOPHBIMU CTAHIUSMH.
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[TocTpoeHne TEXHOJOTUYECKON CXEMbl MAruCTPaJIbHOIO Tra30MpoBO/ia HEOO-
XOJIMMO MPOBOJAUTH B COOTBETCTBUU C PEKOMEHIALUAMU |2, 4].
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3.1 OnpenesieHue OCHOBHBIX (PU3MYECKUX CBOMCTB MEepPeKaAYMBaeMoOro raza

[Ipu BBIMOJHEHUM JAHHOTO pa3jena PEKOMEHAYETCsl MCIOIb30BaTh Pacdér-

HYIO0 METOJIUKY, MIPEUIOKEHHYIO B [5]. B manHOM pazjene HeoOX0auMOo OnpeIeTuTh:

rac

rac

rac

rac

— MOJIEKYJIIPHYIO MacCy CMeCH Ia30B Mcy, KI/KMOJIb;
— MJIOTHOCTB Fa30BO CMECH HPHU CTAHAAPTHBIX YCIOBUSIX Pem, KI/CT. M*;
— IIIOTHOCTH CMECH MPH HOPMAJIbHBIX YCJIOBMSAX Py, KI/H. M;
— OTHOCHUTENBHYIO TUIOTHOCTB I'a3a 1o BO3AYyXY, A;
— ICEB/IO-KPUTUUYECKYIO TeMIiepaTypy rasza I, K;
— IICEBJIO - KPUTHUYECKOE NaBieHue raza Pux, MIla.
MonexkynsipHas Macca cMecH ra3oB Mcy, KI/KMOJIb
Mey = Z X.-M,, (1)
Xi— MoJIIpHasi KOHLEHTPAUUs i-r0 KOMIIOHEHTA B CMECH, 0N €IHHHIIBL;
M — MonexynsipHast Macca i-ro KOMIIOHEHTa B CMECH, KI/KMOJIb.

[110THOCTB Ta30BO CMECH IPU CTAHIAPTHBIX YCIOBUSAX Pem , KI/CT. M

cm . 2
24,046 2)

[110THOCTH CMeCH TIPH HOPMAIbHBIX YCIOBHUAX Pu , KI/H. M

pcm - MCH
our 3)
24,046
OTHocHTeNbHAs INIOTHOCTD ra3a Mo BO3AyXy, A
A — pc‘r
1,206 ° 4)
[IceBnokpuTHUecKas TeMIepaTypayrasa Tk e, K
i pi
)
TnK = X - T )
Txpi — KpUTHUECKAS TEMIIEPATYPA I-TO KOMIIOHEHTA ra3a, K.
Onpenenvum NceBIOKPUTHUECKOE PPBIICHNAC Iasa P, Mlla,
i kpi
(6)

Pn}( = X -P )
Pipi — KpuTHUECKOE naBiieHUE i-ro KOMnoHeHra rasa, Mlla.

Ornpenenenue HU3MIEH TEMIOTHI CTOPAHUS TA30BOM CMECH Q” MJTx/ct. w3
H .

Q.= 2. %4, (7)

@i — HU31As TEMI0Ta CroOpaHus i-ro KOMIIOHEHTa rasa, MJx/cT. M.

3.2 Bb16op Tpy0 U pacyéT TOJIIUHBI
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VYcnoBHBIN AuameTp AJist IMHEHHOM YacTu TpyOomnpoBoja moaOUparoT UCX0-
I U3 €ero 3aJaHHOW INPOU3BOAUTEIBLHOCTU. [lanee, B 3aBUCHMOCTH OT YCJIOBHOTO
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JyaMeTpa U JaBiieHus B rasonposoje 1no TY 14-3-1138-82 noaduparot Mapky craiu

JUTSL U3TOTOBJIEHUS TPYO M ONpEAeIatoT €€ CBOMCTBA:

rie

— BPEMEHHOE COITPOTUBJICHUE PA3PBIBY Gsp, MI1a;
— Ipenei Tekydectu o1, Mlla;
— K03(GHULIMEHT HAIEXHOCTH 110 MaTepuainy Ki.
Tonmunua creHku TpyooIpoBoa o, MM
n-P-D
= —, 8
2-(R+n-P) (8)

n — ko3 PuIeHT Haa&KHOCTU TI0 Harpy3ke U BHyTpeHHEMY pabodeMy /aB-

d

JeHUI0 B TpyOomnpoBose, n = 1,10;

rae

P — paGouee naBnenue B TpyOomnpoBoe, Mlla;
Dy, — Hapy>XHBII TMaMeTp TPpyOOIIPOBO/Ia, MM;

R1—pacuérHoe comnporusiieHue pactskenuto, Mlla
R'-m
Ri=—o, ©)
K, -K,

R _ HopMaTHBHOE COIPOTUBIICHHE PACTSHKECHHIO MeTaia TpyOsr, MIla;
K1 — xoappurment HaaEKHOCTH IO MaTtepuaty Tpyosl, Ki=1,4;

K. — xoadpurmeHT HanéKHOCTH 10 Ha3HAYEHUIO TpyoOonpoBoaa, K, =1 ,05.
[Tony4yeHHyt0 pacy€THYIO TOJIIMHY CTEHKH TpPyOOINpPOBOAA OKPYIJISIEM IO

omkaifiiero Oosbliero 3HadeHwus, npeaycMmorpeHHoro TY 14-3-1464-82. lanee

OTIPEENISIIOT BHYTPEHHUM naMeTp TpybornpoBoja, d, MM

d=D.—2" 3. (10)

3.3 Pacuér nbLiey/I0OBUTE e KOMIIPECCOPHOM CTAaHIIUH

MapKa NBbUICYJIOBUTCIIA JJIA OUMCTKH ra3a Ha KOMHpGCCOpHOﬁ CTaHIIUU IIOO-

6I/Ipa€TC$I B 3aBUCUMOCTH OT pa60qer0 AAaBJICHUA U IIPOU3BOJAUTCIIBHOCTHU Y4daCTKa ra-

30IIPOBOJIa C YYETOM TOIO, YTO COAEP)KAHWE MEXAHMYECKUX IMPUMECEH B ra3e He

JIOJ>KHO TIPEBBIIIATH 5 Mr/Mm°.

rac

TporyckHas Coco6HOCTh OHOTO MBLIEYIOBUTENS O, MIH. CT. M/CYT.
q
n
¢ — KOJIMYCCTBO I'a3a 1epca IblJICYJIOBUTCIICM, MJIH. CT. M3/CYT.;
n — KOJIM4YECCTBO HBIJIGYJIOBI/ITCJ]Cﬁ.
KomnnuecTBo ra3a mepes MbLIeyTOBUTENEM ¢, MITH. CT. M>/CYT.
3
010
q= )
365K, -K,, - K,

(12)



rae  Kpo — KOOpPUIMEHT pacu€THON 00ECTICUCHHOCTH ra30CHA0KEHUs TIOTpeOUTeNeil;
Kpo=0,95;
Kom — k02 QPuIimeHt skcTpemManbHbix Temmnepatyp; Kom = 0,98;
Ko — koadpurmenT HanéxxuocTtu rasomnponoja; Ko = 0,98.

Jlanee HEOOXOAMMO MTPOBEPUTH HE BBIXOJUT HArpy3Ka Ha BCE IbLICYJIOBUTEIU
3a TpaHMIly MMHUMAaJbHOW IPOU3BOAUTEIBLHOCTH, B TOM YHUCJIE U MPU OAHOM OTKIIIO-
YEHHOM, U ONPEJEINUTh IaBJICHUE HA BXOJIE B MbUICYJIOBUTENb.

JlaBieHue Ha BXOJI€ B NbUICYJIOBUTENH, Psc, MIla

Py = P1 — 8Pa, (13)
rae  Pi1— naBiieHue B KOHIIE JIMHEMHOro yyactka, Mlla;

O0Psx — moTepu gaBneHus Ha Bxoje, MIIa.
3.4 Pacyér KOMIIPECCOPHOM CTAHLMU

JIJist yCTaHOBKM B 1I€X€ KOMIIPECCOPHOM CTaHIMHU ra3olepeKayrBarolIfe ar-
perarbl MoJOMPAIOT B 3aBUCMMOCTH OT pabouero AasieHus. B pacuére ncnonb3yror-
Csl CJIETYIONTUE XapaKTEPUCTUKN BHIOPAHHOTO HATHETATEIIs:

— THM IIEHTPOOEKHOT0 HarHeTaTesl (TIOJIHOHATIOPHBIN WIJIM HEMIOJTHOHATIOPHBIN );

— K.II.JI. PUBOJIA B CTAHI[HOHHBIX YCIOBHSX, 1), , %0;

— HOMHUHAJIbHAS 9acTOTa BPAIICHUS CUIOBOM TYpOUHBI, 711, 00./MHUH.;

— KOMMep4YecKasi MPOU3BOIUTEIILHOCTh HarHeTaTels npu 20°C U naBiIeHUH
0,1013 MITa, Qu, MIH. cT. M’/ CYT.;

— CTEIEHb C)KATUS HarHEeTaTeNd, €;

— MOJUTPONMYECKUN K.I1.JI. HAarHETATEIIS, Nnox, Y.

KonnuectBo padounx I'TIA B ctynenu uexa, n

Ky

n=__ (14)
0,

rie  QOw — NPON3BOAUTEIBHOCTH KOMIIPECCOPHOTO I€Xa, MIH. CT. M>/CyT.;

On — KoMMepUecKas TIPOM3BOAUTENLHOCTh HATHETATENS, MITH. CT. M/ CYT.

[Tomyuennoe komuuectBo pabounx I'TIA B cTyneHu mexa OKpyTJsitoT B 00JIb-
IIYI0 CTOPOHY M Ha3HAUAIOT KOJIMYECTBO PE3EPBHBIX arperaTos.

Jlanee onpenessatoT pabouyro MPOU3BOIUTEIIEHOCTh HarHeTaTeNst Ok, MITH. CT.
M>/CYT.

K
n
rae n — Yucio pa6oq1/1x ra3zorncpeKavYnBaAIONIUX arperaToB.



Temmepatypy rasa Ha BXOJ€ B KOMIPECCOPHBIA 1EX Tec, K, mpupaBHUBAIOT
K TeMIlepaType B KOHIIE y4yacTka razomnposoaa 711, K. Jlanee onpenensitor kosddurm-

CHT C’)KMMACMOCTH Ira3a IIpy mapaMceTpax Ha BXOAC B HAroHeTaTcllb, ch
0,0241- P,
S R (16)
T

rae Py — ipuBen€énnoe nasienue, Mlla;

T — TeMIepaTypHbIA KO3 (HUIIUEHT.
ITpuBenénnoe nasienue Py, MIla

P”P P@c
= (17)
P,
Temneparyphsiii KoOdDPUIUEHT T
_ 2
T—1—1,68‘Tnp+0,78'T” +O’0107T3 , (18)
rne  Tnp — mpuBenéHHas Temneparypa, K
=7 (19)
Kp
["a3oBas nocrosiHHasg KoMnpuMupyemoro rasza R, JLx/kr-K
R
R=°
= (20)
rne  Rs—razoBas mOCTOSIHHAs KOMIpUuMupyemoro rasa, JHx/kr-K;
A — OTHOCHUTEIIBHAS TUIOTHOCTH I10 BO3AYXY.
[110THOCTB r'a3a B YCIOBUAX BXOJA B HATHETATENb Yec, KI/M’
Yec '= 6
_P 107 21)

c

ZBC ’ TSC ) R
OOBEMHasT TTPOM3BOUTEIIBHOCTh HarHeraress mpu mapamerpax Bxojaa Qos,

M>/MHUH.

Q06 B 0’24 . QK . ch 'Tsc (22)

P

6c
3agaéMcs 4acTOTOM BpallleHus poTopa HarHeTaresns = 5 185 00./muH.

[IpuBenénHas 00bEMHAS IPOU3BOAUTENLHOCTE Onp, M°/MUH.

Q :Q .nH, (23)



np 06
n

ri€ 1y — HOMUHAQJIbHAS 4YacTOTA BPAIICHUS CUIIOBOM TYpOUHBI, 00./MUH.;

n — IPUHSATAs 9aCTOTOM BpallleHUs] pOTOpa HarHeTarTess, 00./MUH.

n
[IpuBen€nHast yacToTa BpalleHHs poTOpa, {——i
n

H np



||_n_‘—| _ n w Ry [T,1,,
|_nH an nH ZSC ) R ‘Tsc

rae Znp — IPUBEIEHHBIA KOY(PHUIIMEHT CKUMACMOCTH;

) (24)

Rup — ipuBeI€HHAS Ta30Bas MOCTOsIHHAS, KT-M/KT-K;

[7%]np — npuBenEHHAS TeMIepaTypa HarHeTanus, K;

R — ra3oBas nocrosiHHas, Kr-M/Kr-K.

[anee no mpuBeAEHHONW XapAaKTEPUCTUKE HATHETATEINS] ONMPEACISIOT CTENEHb
CKaTH ra3a € U MNOJUTPONUYECKUHN K.I1.JT Nnox.

BrayTpeHHss MOIITHOCTB, MoTpedasieMast HarHeTatesneMm Ni, KBT

3
Mo vt in (25)
i 8c - | _ |
v n
L .10
{Ni—|
rae |_7 | — otHOCHTENBHAS BHYTPEHHss MOIHOCTb HarHeTaTens, KB1/(kr/m?).

Ly

MorurHocTs Ha MydTe npuBoaa N, kBt

N= ¢
0795 : TlMex ’

rae  Muex — Mexannueckui KIIJI nmpuBona.

(26)

Jlaniee MpoBEPSIOT YCIOBHE YIAIEHHOCTH peXMMa pabOThl HarHETATENs OT

I'paHHUIIBI IIOMIIA’Ka

©Q /0™)>1.1, 27)
np np
an o
rae (W) — IpaJveHT yAaJI€HHOCTH pEeXKUMaA
np )
© /10™)=0 o, (28)
np np np np

min

rae an — MUHHUMAaJIbHOE 3HaUY€HUE MPUBEAEHHON 00bEMHOM MPOU3BOAUTEIIHHO-

CTH, B3STOE U3 NPUBEIEHHON XapaKTEPUCTUKHU, M°/MUH.
IIpu oTcyTcTBHM NOMITaKa IPOBEPSETCS YCIOBUE PACIIOIAracMOU MOIIIHOCTH

N< N, (29)

N
Tae " — HOMHHaJIbHAasI MOIITHOCTh, KBT.

e
Pacnonaraemas momuocts I'TIA
N, kBt

[ "\
P _ —
Ng=N"-K K =~ 1-K T

3 am



(30) |
e e H 06 y /

| :
L T, ) 0,1013

rnie  Ku — ko3hPUIMEeHT, yYUTHIBAIOMINNA JOMYCK U TEXHUYECKOE COCTOSHUE ra-

30TypOuHHOMN ycTaHoBKH, Ky = 0,92;



Ko6 — k03P IUTTMEHT, YUYUTHIBAIONTUN BIUSHUAE MTPOTUBOOOICINHEHUE CHCTE-
Mbl, Koo = 1;

Ky — ko purmeHT, yauThIBarONINil BAUSHUE CUCTEMBI yTHim3Imu, Ky = 0,99;

K: — k03 dunrieHT, YYUTHIBAIOIINN BIUSHUE TeMIEpaTypbl HApY>KHOTO BO3-
nyxa, Kr=2,8;

Ty — HOMMHAJIbHAS TEMIIEPATypa BO3yXa HA BXOJE B ra30TypOMHHYIO yCTa-
HOBKY, K;

Pam — pacu€THOE aBieHne HapyKHOTO Bo3ayxa, Mlla;

T3 — pacuérHas Temneparypa, K,

T3=Ta+ 38T, €2y

rae T, — cpegHeroaoBas TeMIIepaTypa OKpyKarouero Bo3ayxa, K;

07, — mompaBKa HA U3MEHUYMBOCTh KIIMMATHYECKUX MAPaMETPOB M MECTHBIN
MOJ0OTPEB Hapy)KHOTO Bo3ayxa Ha Bxoje ['TIA; 67.=5 K.

Janee npoBepsIOT yciaoBUue HOpMaiabHOM pabotsl [TIA

N< N’ <1,15-N". (32)
JlaBnenue Haruetanus Peswx, Mlla,
Poux = Psc - €. (33)
TemmepaTypa rasa Ha BLIXOJ€E U3 HarHeTarens Teux, K,
Toorx = Toc + AT@bzx, (34)
rie  ATswx— MOBBIIIEHHE TEMIIEPATYPHI Ta3a Py KOMIPUMHUPOBaHuH, K,
0,235
ATsux = Tec‘( € Moo _ 1) (35)
PaCXOI[ TOIINIMBHOI'O I'a3a ¢me, TBIC.CT.M3/q
g =¢" .(0,75.N +025 T ‘ P, \, (36)
me me | — w — m— | |
. N T, 0,1013)
Tae g, — HOMHHAJIBHBIA PacXoJ] TOIUIMBHOTO Ta3a, TBIC.CT.M /4
860 - N"
e = =3 > 37
q - o’ 10’ (37)
rac

M, — HOMUHAIBHBIH Y dexTuBHbi k.11 ['TY;

3

>

Q! — Hu3MIas TEmI0Ta CrOpaHus TOILIMBHOIO ra3a, KKaj/CT.M

OF =7 987.4 xxan/cT.M’.

AHaJOTMYHO PACCUUTHIBAIOTCS KAXK/IbIM ra30MepeKaunBaroIii arperar B IpyIi-
I1€, YCTAHOBJICHHBIN HA KOMIIPECCOPHOM CTaHILIUMU.

3.5 Pacuér ABO rasza Ha KOMIIPEeCCOPHOM CTAHLMU



Tpebyemoe konmuectBo ABO raza n



1,1-
n= K o (38)

Hn cp aeso

rie Onp — KOJIUYECTBO TEIUIA, IepelaBacMOe B alllapaT BO3AYLUTHOTO OXJIAXKICHUS
OT Ta3a K BO3/IyXy W3 YpaBHEHHUS TEIJIOBOTO Oananca, KBT;

Kin — xoaddumenT rterionepenadn, OTHECEHHBIN K TOJTHOW MOBEPXHOCTH
opeOpéHHOII TpyObl ¢ yuérom 3arpssHeHuii, Br/M*K, (00BIYHO HPHHUMAIOT
Kn =20 Br/M*K);

0cp — cpenHuii TeMnepaTypHbiil Hanop, K;

Fao — TIONHAS TIOBEPXHOCTH OpedpénHoil TpyOost ABO, M2,

KonuuecTBo Temna, mepegaBaeMoe B ammapar BO3AYIIHOTO OXJIAXIEHUS OT
rasa K BO3/lyXy U3 YpaBHEHHS TEIJIOBOTO OanaHca, Onp, KBT,

Op=G -Cp-(T1 — T, (39)
rIe G — pacxon raza uyepe3z ABO, kr/y,

Cp — cpenHsis n3o0apHas TeII0EMKOCTh Ta3a, KKkan/kr-K;

T1 — TemniepaTypa rasza Ha Bxojae ABO, K;

T> — TemniepaTypa rasza Ha Beixozne ABO, K.

Pacxop raza uepe3z ABO G, kr/y,

_ '
G - pcm ‘ QK JIg) (40)
rae Pem — INTOTHOCTD I'a3a IIPpU CTAHIAPTHBIX YCIIOBHAX, KI/CT. M3,

!
QK r — HPOU3BOAUTCIIBHOCTDL KOMIIPECCOPHOTO 11€Xa, MJIH.CT.M3/‘I.

Cpenusis uzodapHas TeroéMKOCTh raza Cp, Kkai/kr-K
Cp=1,695+1,838-107- T, + 1,96 - 10° -

(Psbuc - 0’1)
3 ’ (41)
T,
rae Tep — cpennsisi Temneparypa raza Ha KC, K,
T, +T,
Tcp = > (42)
2
rne 11— Ttemneparypa rasza Ha Bxoje ABO, K;
T> — tremniepaTypa raza Ha Bbixoge ABO, K,
o= T3+ (10+15), (43)
rne 13— daxTudeckas Temmneparypa Bo3nyxa, K,
T3:Ta+6Ta, (44)

rae  Ta— cpemHeronoBas TeMIepaTypa OKpysKaroulero so3ayxa, K;
07« — TemnepaTypHas nonpaska, 07 = 5 K.
Cpennuii TemnepaTypHbIii Harmop O, K,
Ocp =0 - e, (45)



rae 0 — cpeanuii norapudmuueckuii remneparypHsiid Hamop K;



€At — TIOMTPABOYHBIN KOI(PDHUIIMEHT OmnpeaeIsieMblii B 3aBUCUMOCTH OT BCIIO-
MOTraTelbHEIX BeJInuH P u R.

In_' "~ (46)

rae 01 — TeMmepaTypHbIil HarOp Ha BXO/Ie amnrmnapara, K;
02 — TemnepaTypHbIii Harop Ha BBIXOJIE anmapara, K.
TemnepatypHslif Harop Ha BxoJjie anmnaparta 01, K

6, -0
0= o 47)
e2
0="T1—1, (48)
rie r — TeMrieparypa Bo3ayxa Ha Bxoae ABO, K,
=1t + Ato - ka, (49)

rae t1 — TeMriepatypa Bo3ayxa Ha Beixoqe ABO, K,

Ato — MOBBILIIEHUE TEMIEPATYPhI BO3/IyXa MPU HOPMAJIbHBIX YCIOBUSX, K;

kat — onpaBOYHBIN KO3(PHUIIMEHT, 3aBUCAIIUN OT BBICOTHI MECTHOCTH HaJl
YPOBHEM MOPS U TEMIIEPATYPhI OKPYKAIOIIETO BO31yXa.

[ToBbIlIEHUE TEMITEPATYPBI BO3yXa MPU HOPMAJIbHBIX ycloBUax At, K,

Ato= 0

1,211-m-n-K,, ’
)

(50)

rie  Q — KOJMYECTBO MepeaBaeMoro B amrmnapare termia, KBr;

m — opueHTupoBouHoe uncio ABO rasza, mr.;

1 — KOJIMYECTBO BEHTWISITOPOB B anmapare, B 3aBUCUMOCTH OT THUIIA anmapara
U JUIMHBI TPYO, IIT.;

Ko — K03 GULIMEHT, YUUTHIBAIOMIMN KOJIMYECTBO KaJIO3U B amnmnapare (Ipu
OTCYTCTBUU Kat03u npuHUMaeM Koe = 1);

v — 0OBEMHBII PAcXo/] BO3LyXa Yepe3 OJUH BEHTUIATOP, M°/C.

TemneparypHbiii Hanop Ha BeIXOJe anmnaparta 02, K,

0=T2— 1. (51)
[TonpaBouHbIil KO3 PULIMEHT At onpefeneHust ear R
R=_"'" *. (52)

tz_tl

[TonmpaBouHbIil KOAPGUIUEHT IS OTIPEACIICHUS €A P
t,—t
_ 2 1
P= . (53)
T 1~ L




[Tocne nonmyuenus pacué€rHoro 3HaueHus konmuectBa ABO ero okpyrisior
B OOJIBIIIYIO CTOPOHY.



rac

rac

rac

rac

rac

3.6 PacuyéT JMHEHHOr0 y4acTKa MeK1y KOMIIPeCCOPHbIMHU CTAHIIUSAMH

Koneunoe nasienue B razomnposojae P, MIla

p=|p AAMZ-T, (54)
¢ " 105,087 d° ’

P, — navansHOE naBieHue B razonposone, Mlla;

A — OTHOCHUTENBbHAS TUNIOTHOCTH ra3a Mo BO3AYXY;

A — K03 HUIUEHT THAPABINYECKOTO COPOTUBRIICHHUS ra30IPOBO/IA;
Zep — cpeTHUM KOd(POUIIUEHT CKUMAEMOCTH rasa;

Tep — cpenHsis IO IJIMHE y4acTKa ra30mpoBojia TeMneparypa rasa, K;
d — BHYTpEHHMI THaMeTp ra3ornpoBojia, M;

O — IPOU3BOAUTENLHOCTh IA30MPOBO/A, MIIH.CT.M /CYT.;

L — nnvHa y4yacTka ra3onpoBojia, KM.

Hauvanbsnoe naBienue B razonposojae Py, MIla

PH:PH _6P6blx, (55)

8blX

PH

8blX

— maBnenue rasa nocie I'TIA, MIla;

OPsux — motepu napieHuss B ABO rasa u BeixogHom nuieride, Mlla.
CpenHsis o JUIMHE y4acTKa ra30mpoBdaa Temmeparypa raza Iep, K,
9

(56)
T w = T T
2
T\, — HayanpHas TeMIrepaTrypa B razonposoje, K;
Ty — cpenHeroaoBas TeMiieparypa rpysra, K.
[IpuBenénnas remmneparypa Tnp
T
Top= 76;“ (57)
[IpuBenénHoe nasneHue Prp
P
Py=p"" (58)
Kp
Py — cpennee 3nauenne nasnenus, Mlla
2 ( 2 \
_ . P
P,=5 le +P—+19—J= (59)
H xl

P — xoHeunoe naBieHue B nepBoM npudmmkennn, Mlla.

Cpenuunii K03hQHUITUEHT CKUMAEMOCTH rasa Zep
0,0241- P
Zop =1 —



np

(60)



Koaddumuent ruipaBinyeckoro COnpoTUBICHHS ra30IpoBoaa A

1,05-2,,
A= — (61)
EZ
rie A — KOdQ(UIMEHT CONTPOTUBIICHUS TPEHHUIO;
E — xoaddunuent runpasnrueckoit 3¢ hexkTuBHOCTH ra3onposoja, £ = 0,95.
KoapduumeHt conpoTuBaeHus: TpEHUIO Anp

2k
domp = 0,067 - [ 0

i

rae k — KBUBaJIEHTHA 1I€POXOBATOCTh, MM, kK = 0,03 mMm.

Ecnu naBnenue Ha Bxoae B KC mosydaercsi HEIOCTaTOUHBIM JJISI TPAHCIIOP-
TUPOBKH Ta3a, TO JJI1 YBEIUYEHUS KOHEYHOTO JIABJIICHUS HA y4YacTKE IMpU 3aJaHHOU
rOJIOBOM MPOU3ZBOAUTEIBLHOCTH Ta30MpPOBOJa HEOOXOJIUMO COOPYKEHHE JIYIHHTA.
JlynvHr NOpUHUMAKOT TOTO XK€ JUAMETPa, YTO U OCHOBHOM MAaruCTpPaJIbHBIM Ia30Ipo-
BOJl M ONIPEJIETSIOT €T0 JUINHY.

Jnuna nynunra, X, , M

X 43L ( )
= Pop
o |_1 P2_2P2 " (63)

K H K])

rie  Pk2— naBneHue B KOHIE JIMHEMHOM 4acCTH Ta30npoBoja ¢ synuHrom, Mlla.
Jlanee OnpesensOT SKBUBANCHTHYIO NIMHY [ v i yTOYHEHHOE KOHEUHOE

JIaBJICHHE B Ta30IIPOBOJIC B IEPBOM MPUOIMKCHUH TTPU HAJTMYHMH HAa YJaCTKE JIYITHHTA
Pk, MI1a.

OKBUBAJICHTHAs JUIMHA [, , M,

' ) : (L_X”)ﬂ & 64
32 (d K +d;,o + da,z ' : ( )
A C
Cpennee naBjieHUE HAa TaHHOM y4acTke, P, Mlla,
2 ( 2 \
_ P
o= P pop|. (65)
A
Cpennsist TeMnepaTypa TpaHcnoptupyemoro rasza Tep, K,
— — 1
T =T » °(l1-e® N 1—e“"LB, 66
! ) o | | ( > (66)
Y7 a "2-a-L-P| a-L ]

L



rae @ — pacu€THBIA KOdPOUITUEHT
a = 05225 * ch
0-A-C,

, (67)

rie Ko — Kod(UIHEHT TEIIoNepeaayn OT ra3a B OKPYKakoIIyko cpeny, M - -K/Bt



TIE

Ruz=

rac

TIE

rJe

( As
ch: | R 1

L u3+a—J ’
2p

Ru; — TepMHYECKOe CONPOTHMBIEHHE M3OISAIMH TpyOomposoga, m> - K/BT,

(63)

0 M?- K/Br;

ap — KodddunuenT Tennootnaun ot I'Tl B rpynT, Br/™M? - K,
2
o =065+ ( d, ) 1, (69)
ep d_ -
H | |_ Khoaj U

A,, — K03 duImeHT TemnooTaaul rpyura, Br/m - K;
dy — Hapy>KHBIN TUaMeTp ra3orpoBojia, M;
ho> — DKBUBaJIEHTHAs TITyOHUHA 3aJI05KeHUsI TPYyOONpoBOIa, M.

Kosdpuumnent remnooraaun rpynra A,,, Br/m-K, onpenenstior u3 BeipaeHus

10° - 1ghep = —92027 4+ 13,9 - @ + 18,6 - pop + 3,26 - Tp— 0,36 - @7, (70)
® — BJIAXKHOCTb TpyHTa, %;
Pzp — TIIOTHOCTb TPYHTA, KI/M>;
T-p — cpenHerogoBas Temrieparypa rpynra, K.
OKBUBaJIEHTHAs T1yOMHA 3aJI0KEHUS Moo, M,
h =h +A
l s 5, an

03 0 ep -
a A
6 CH

ho — TITyOMHA 3aJI05KeHUST TPYOOIPOBO/Ia OT MOBEPXHOCTH TPYHTA, M;

Ols — KOA((UIMEHT TemIooTJa4l OT TOBEPXHOCTH TpyHTa B aTMocdepy,

Br/M*K;

Ocv — TONIIMHA CHEXHOTO MMOKPOBA, M, 0OBIYHO MPUHUMAIOT Ocr = 0,3 M;

Acn — KOO OUIIMEHT TETUIONPOBOIHOCTU cHera, BT/m-K;

Aen = 0,64 Br/™M-K.

['myOuna 3amoxxenust TpyO0npoBoa OT MOBEPXHOCTH IPYHTA /o, M,
ho=1+d./2. (72)

Kosddumment TemmooTnaym OT TOBEPXHOCTH TpPyHTa B aTtMochepy O,

Br/M* K,

rac

o =6,2 +4,2 - v, (73)
L — CKOPOCTh BETpa, M/C.
Koaddunment xoyns—Tomcona D;, K/MlIla,



\| 0,98
-1,5
)l | )
(74)

p



re Cp — yAelbHas TeIIoEMKOCTh, KJ[x/kr-K,

— -3 6 Pcp
Cp=1,695+1,838-107- T + 1,96 - 10° - o1 (75)
T3
IIpuBenéunas temmneparypa 1y P
T
Tw=T"" (76)
Kp
ITpuBenénnoe nasineHue Pnp
P
KoadduimenT cxxumaeMocTy ra3a npu napamerpax Ha BXOJE B HarHETaTeNb Zep
0,0241- Iip
=1 —— 2 (78)
b T
Yucao PertHonbnca Re
Re=17]15-0
A (79)
d-n
rae K — Ko3(hHULHEHT JMHAMUYECKOU BSI3KOCTH Ta3a, [la-c
( W
u=>51-10" (1.1-0.25 ))-(0,037 .7(1— 0104 )1 "L (80)
(1+ p P +T . ¥

L)

KOB(i)(i)I/IHI/ICHT T'HAPaBINYCCKOrO COIIPOTUBJICHUSA TPCHUIO I OAHHOTO

yJacrka, A,

LOS-A,, . (81)
_ -
Jlanee ompenensioT MaBlIeHUE B KOHIIE y4acTKa BO BTOPOM MPUOIMKEHHUH,
P, MIla
A-AN-Z - T
P :\/1)2 . cp. cp. . Q2 . (82)
il 7105087 & ?

HpI/I IMpaBHUJIbHO BBIIIOJIHCHHOM pacqéTe HOJIZKHO BBIIOJIHATHCA HCPABCHCTBO

P,—-P
7 .100% < 1% . (83)

xIl
ECJ]I/I yCHOBI/Ie BBIIIOJIHEHO, OKOHYATCJIBHO HpI/IHI/IMaI-OTCH 3HAUYCHUS HOaBJIC-
HUI B Ta30IMPOBOJIE U ONPEACIISIETC KOHEYHAs TEMIIEpaTypa ra3a Ha y4acTKe.



Koneunas remneparypa 7Tx, K,

T =T _ 1 _ LY _n. B (1 - ).
LT T)(le)Dﬂlf}—(le) (84)

K ) H 0 i

2-a-L-P,



rae T, — TemnepaTypa Ookpy:xatouen cpensl, K;
T, — HayasibHas TEMIIepaTypa rasa, K;
L — nnvHa pacy€THOrO y4acTKa ra3orpoBo/a.

4. PACUET YYACTKA MATUCTPAJIbHOIO HE®TEIIPOBOJIA

Pacuér yyactka maructpaibHOro He(dTEpoBOJa CBOJIUTCS K MOCIETOBATEb-
HOMY PEIICHUIO CJICAYIOIINX 3a/1a4:

— 00paboTKa NCXOAHBIX JAaHHBIX;

— TEXHUKO-DKOHOMHUYECKOE 000CHOBAaHHE CIIOCO0a TPAaHCTIOPTUPOBKHU HE(DTH;

— pacu€t HedTernpoBoa Ha MPOYHOCTH (PACUET TOJIIMHBI CTEHKH TPYOOIpo-
BOJIa, MPOBEpPKa Ha HAJIMYKME OCEBBIX CHKMMAIOIINX HAMPSIKEHUMN );

— TEXHOJIOTMYECKHIN pacy€T (OmpeaesieHuEe peKUMa IOTOKA, OMpe/IesiCHHE
THJIPaBIMYECKOr0 YKJIOHA, MIPOBEPKA CYLIECTBOBAHUS IMEPEBAIbHOW TOUYKHM U CaMO-
TEYHBIX YYaCTKOB, OINpEACNICHNE KOJUYECTBA HACOCHBIX CTAHIIUMN, Pacd€T CIIONKHOTO
He(TenpoBoia, B TOM YUCJIE pacCTaHOBKA JYIMMHIOB U BCTaBOK IO Tpacce HePTenpo-
BOJIa TpapraecKuM criocobom);

— ONpEJICTICHUE KaMUTAIbHBIX, HKCIUTYyaTAllMOHHBIX M MPUBEIEHHBIX 3aTpaT
(ompeneneHue KamUTaIbHBIX 3aTpaT, OMNpeleSeHHe JKCIUTyaTallMOHHBIX 3aTpar,
ornpeJieJieHue MPUBEIEHHBIX 3aTpar);

— BeIOOp ocHOBHOro obopynoanus HIIC (BbiOOp MarucTpalibHBIX HACOCOB,
BBIOOD MOJANIOPHBIX HACOCOB, BEIOOP DJIEKTPOIBUTATENCH 1T HACOCOB);

— TIOCTPOCHUE COBMENIEHHOW XapaKTEPUCTUKU TPYOONpPOBOJIa W HACOCHBIX
CTaHIUU (B TOM YHUCJE MOCTPOCHUE CYMMapHOW HAIIOPHOM XapaKTEPUCTUKHU BCEX pa-
O00YMX HACOCOB).

[locTpoeHne THUIPaBINYECKOTO YKIOHA, PACCTAaHOBKA HACOCHBIX CTAHIIMH,
OTIpe/IeNIeHNe CaMOTEYHOTO Y4YacTKa U PAaCCTAHOBKY JYIMMHTOB W BCTABOK IO Tpacce
He(drenpoBosa TpeOyeTcs OCYyIIEeCTBUTh TpaduiyeckuMm crocodom Ha ¢dopmarte Al
C y4€TOM peKOMeHIAIMi UCTOYHUKA [6], 1 oOpMIICHBI B COOTBETCTBHH C TpeOOBa-
Husmu, npeabsasisieMbiMu K ECKJL u pexomenganusamu [2, 3].

OmnpeneneHne KamuTaabHBIX, AKCIUTyaTallMOHHBIX W MPUBEAEHHBIX 3aTpaT U
MOCTPOCHUE COBMEIIEHHONW XapaKTEPUCTUKH TPyOONpPOBOJAa M HACOCHBIX CTaHIIUN
HEO0OXO0MMO MMPOBOAUTH C YUETOM PEKOMEHIAIHM [6].

4.1 O0padoTKa HCXOAHBIX JaHHBIX

Pacuér marucrpanbHOro HepTenpoBoia Mpu €ro MpPOEeKTUPOBAHUN BENETCS IS

CaMBbIX HECBBIT'OJHBIX yCHOBI/IfI, KaKOBBIMH SBJIAIOTCA 3UMHUC YCJIOBHUA C HauoOoJee



HU3KUMU TemrnepaTtypamu. CBoHcTBa HEPTH OMPENCTSIOTCS TP MUHUMAIILHON TEM-
reparype rpyHTa.
['myOuna 3anoxxenus ocu HedrernpoBoaa Hi, MM,

Hs=D./ 2+ 800, (85)
rae  D. — HapyXHBIM quaMeTp TpyoonpoBoAa, MM, IPUHUMAEMbIN B 3aBUCUMOCTH
OT MPOU3BOJIUTEIILHOCTH B COOTBETCTBUM C [Ipuiioxenuem 2.

CeKyH/IHBII pacxo/ Ipu pacuéTHoit Temneparype Oc, M°/c,

Q.= G
350 -24-3600 .10°° (86)
Y
rJie G — 00bEM TOJI0BOM TIEpEKaYKH, T/TO;
p: — IIIOTHOCTH He(TH MPU PACUETHON TeMIIepaType, Kr/m>,
pr=p—E&(™ ), (87)

rie  p20 — mwioTHocTh Hedu mpu 20°C, Kr/m’;
& — TemmepaTypHas TompaBka, Kr/m>-°C, IpUHEMaeMas B 3aBUCHMOCTH OT

MJIOTHOCTHU MPU HOPMAJIBHBIX YCIIOBUSIX 1O peKoMeHanusm [punoxenus 2.
4.2 TeXHUKO-I)KOHOMHYeCKOe 000CHOBaHHE CIIO0C00a TPAHCIIOPTHPOBKHU HepTH

B TeXHHUKO-?KOHOMHYECKOM OOOCHOBAaHHWU CTPOUTEILCTBA HE(TENPOBOJA CO-
MOCTaBUTh BO3MOXXHBIE B paccMaTpUBacMOM Cilydae CIOCOObI TpaHcmopTa HedTH
MEX]Ty 3aIaHHBIMH ITyHKTaMH TI0 TIPUBEIEHHBIM 3aTpaTaM MPH CIASAYIOMUX YCIOBUSIX:

— JUTUHA TpyOonpoBoaa — L, KM;

— pacxon — G, MIIH T/TOJ;

— mmotHOCTS nipu 20°C — p2o, KI/M;

— KuHeMaTudeckas BI3KocThb npu 20°C — v2o, m2/c;

— KuHeMaTtuyeckas BsI3kocTh npu 10°C — vio, m2/c;

— TeMIIepaTypa OKPYKaIoIIEH Cpebl — toxp. cp, “C;

— MaKCUMaJjbHas TeMreparypa rpyHTa — fzp. max, °C;

— MUHUMaJIbHAs TeMIIepaTypa rPpyHTa — fzp. min, °C;

— pa3HOCTh OTMETOK KOHIIA M Hadajia TpyoompoBojia — A Z, M.

KanuraneHbie 3aTpaThl B TPYOOIPOBOAHBIN TPAHCTIOPT Kimp, THIC. PYO.

K |(me \1 | (/' ( _ Lmﬁj
mw=C L, +C,. | | el !

J P + - R

Cocs (88)

rie  Cy — ynenbHbIE KanmuTajdbHbIE BIIOKEHUST Ha 1 kM TpyOompoBoja, ThIC.



pyo0./KM;

Lmp — paccTosiHME TPAHCIOPTUPOBKH MO TPYOOIPOBOY, KM;



[ — NIMHA SKCIUTYaTallMOHHOTO y4acTKa, KM;

C-c — KamuTaJdbHBIC BJIOXKEHHs, B OAHY TOJOBHYIO HE(TElepeKaunBarOIIyIO
craniuto (I'HC) 6e3 pe3epByapHOro mapka; Thic. pyo.;

Chne — KanuTaJIbHBIE BJIOXKEHUS B OJHY MPOMEXKYTOUHYIO He(TernepexaunBa-
rfomnyto crannuio (ITHC) 6e3 pesepByapHOoro napka, Teic. pyo.;

Chep — KanmuTasibHble BIoxkeHus B oqHy [THC ¢ pezepByapHbIM apKoM, ThIC. PYO.

C =C G
+ 1,5 . C,

P (89)

nep ne

350 - p,

rie  Cp— CTOMMOCTb €IMHMIILI 00bEMA PE3EPBYapHOro Napka, pyo./m’;

p, — IIIOTHOCTH HE()TH NPH PACYETHOM TeMITepaType, KI/m>,

.= Py =& (1-20), (90)
rie  p,, — miotHocTh npu 20°C, Kr/™ ;
{ — MUHUMaJIbHAs TeMIieparypa rpysra, °C;
& — TemmeparypHas monpaska, Kr/m>-°C.
&=1,825-0,001315 91)
"P2o

B ciyyae, eciu ;- L,, , TO KaIMTalbHBIE 3aTPaThl B TPYOOIPOBOIHBI TpaHC-

noptT Kup, THIC. pYyO., HAXOIAT 110 hopmyJie:

K =C L +C/( _Lwa 92)
+ n T

mp JI mp ec L cm l J ne

OmnpenensieM Yuca0 HACOCHBIX CTaHIIMIMA.

OOBEMHBIH ceKyHHBIH pacxoa O, M°/c,

QC G

=350-24-3600 107
rae G —pacxol, MIH T/TOX.

[Tonarasi, 9TO peKuUM MOTOKA TypOYJIEHTHBIN B 30HE THIPABINYECKH TJIAJKUX

(93)

TpyO, HaIEM rUAPABINYECKUNA YKIIOH I, M/M,

2—-m m
=9 P, (94)

6H

rae  m, B — 370 KO3(PPUIMEHTHI, 3aBUCSIINE OT PEeXUMa MOTOKA; MPUMEM KO-
buumeHTs! 17 = 0,25 y B = 0,0247 c¥/m.
[lepepacu€r Bsi3kOoCcTH HE(PTHU HA PACUETHBIE YCIOBUS (BSI3KOCTh IPH PacUET-

2



HOM TemrepaType) BeAEM M0 clieayroleil popmyre v,, M /c,



VvV = th . e—u(t—tl (95)

In V2
U=—=Vy (96)
5
L= 5
rae v, YV, — KWHEMaTWYECKHE BSI3KOCTH HE(DTHU TIPHU TEMIIepaType ¢1 U f2, M /C;

tl
N 2

u — ko3¢ durment nompasku, 1/°C.

OmnpenensieM NOJHYIO MOTEPIO Haropa

H=1,01-i-L +Az, (97)

rae Az — pa3HOCTb OTMETOK BBICOT, M;

1,01 — ko3 duueHT, yUuThIBAIOIIUN MECTHOE CONPOTUBIICHUE Ha TPYyOO-
MPOBO/IE;

L, — pacu€rHas [vHa, M;

Onpenensem Haop, pa3BUBAEMbI OJHON HACOCHOU cTaHUUEN Hem, M,

H

CT
£ (98)
o
g
raie P —pabouee naBiieHHE B TpyOonpoBoje, [1a.
Haxoaum 4nciio HACOCHBIX CTAaHIUMN N
a7 99
H, (99)
Kanuraneabie 3anaT8 B JKEJIC3HOOPOKHBIN TPaHCTIOPT Koo, THIC. PYO.
K =
(2.1 \ (C \
: +T . L —+C 100
*B65 107 g p . aa wl) ”J (100
I)KZZ k ll.w

rie G —Trpy30n0TOK, MJIH T/TOJ;

g — BMECTUMOCTb OJTHOM ITUCTEPHBI, T; s
p, — IJIOTHOCTb IIPU pacu€THOU TeMIepaType, KI/M ;
Loco — pacCTOsSIHUE TPAHCIIOPTUPOBKHU 10 KEIE3HOU TOPOTE, KM;

[5co — CpETHECYTOYHBIN MPOOET IUCTEPHBI, KM/CYT.;



T778 — BpeMs TTOTPY3KU U BBITPY3KH K/J COCTaBa, CyT.;

Yoo — KO puirieHT HepaBHOMEpHOCTH paboThl JKJ[ TpancnopTa; yaxo= 1,1;
C:— CTOMMOCTH OJTHOTO JJOKOMOTHBA, THIC. pYyO0.;

Cy— cTOMMOCTb OJTHOH 1ucTepHb! 50 T, THIC. PYO.;

L] — 91CII0 UUCTEPH.

KamnuTanbHble 3aTpaThl B BOAHBIN TPAaHCTIOPT K, , THIC. PYO.



x O Zr; R R N e JeCo2 36, (10D
5 : {B | — — | BP 5 B : 1-9_3——3'64—(;7—
H L2 !

rae  ¥8 — Kod(hQUIMEHT HEPaBHOMEPHOCTH pabOThl BOAHOTO TpaHcrnopTa; y5= 1,1;

TH— TPOJOIKUTEIIEHOCTh HABUTAIIMOHHOTO TIEPUOA, CYT.;
Lp— paccTosiHe TPaHCTIOPTHPOBKH T10 BOJIE, KM;
[1 — cyTOUHBIN X0/ KapaBaHa 0apiK MO TEUYEHHUIO, KM/CYT.;

/> — cyTOUHBIN X0/ KapaBaHa 0ap:k MPOTHUB TEUEHUs, KM/CYT.;
/
T;;3— BpEMsI IOTPY3KHU U BBITPY3KHU OApKH, CYT.;

Csp— CTOMMOCTD €TUHUIIBI TPY30MOABEMHOCTH OapxH, pyO./T;
C5— CTOUMOCTb €AMHUIIBI MOIIIHOCTU OYKCHpa, ThIC. py0.;

Pr5— mMomHOCTB 17151 OYKCUPOBKH €IMHUIIBI Tpy3a, KBT/T;

Cp— CTOMMOCTb €MHHITEI 00BEMA PE3epPBYAPHOTO MapKa, pyo./m;
¢ — xkod(purmenT 3anonuenus EmMkoctu, ¢ = 0,95.

IIpuBen€HHbIE 3aTPaThl I BHIOPAaHHOTO BUJIA TPAHCIIOPTA ¢ , TBIC. PYO.,
S;=E,-K+03,, (102)

rne  En — HOpMaTUBHBINA KO3PPUIIMEHT 3PHEKTUBHOCTH KAMUTAIBHBIX BIOKEHUH,
Eu=0,12ror’;
Ki — xanuranpHBIC 3aTPAThI 1711 BRIOPAHHOTO BHJIa TPAHCIIOPTA THIC. PYO.;
i — AKCIUTyaTaIMOHHBIC 3aTPaThl JII BHIOPAHHOTO BHJIa TPAHCIIOPTA, THIC. PYO.
DKcmTyaTallMOHHBIE 3aTPAThl J , THIC. py0., onpeaenum 1o ¢hopmyie:

9=5-G-L, (103)

rae S — cpenHss ce0eCTOUMOCTh TPAHCTIOPTUPOBKH.
4.3 Pacuét HedTenpoBoa HA MPOYHOCTH

[IpoBecTn MEXaHUYECKHUI U PACYET MAaruCTPaJIbHOro He(TEMPOBOJA MIPH Clie-
JYIOIINX YCIIOBUSX:
— AyIHA TpyOompoBoaa — L, Km;
— pacxon — G, MJIH. T/TOJ;
— motHOCTS nipu 20°C — p2o, KI/M;
— KMHeMaTh4ecKasi Bsi3kocTh mpH 20°C — vao, M%/c;
— KMHeMaTuueckas BsiskocTb npu 10°C — vio, M%/c;

— TeMIeparypa OKpy>Karolen cpebl — toxp. cp, °C;



— MaKcuUMaJjbHas TeMIeparypa IpyHTa — fzp. max, °C;



— MUHUMAaJbHas TeMIeparypa rpyHTa — Lzp. min, “C;
— Pa3HOCTh OTMETOK KOHIIa M Hayaia TpyoonpoBoaa — AZ, M.
Bribepem mapky cranu marepuaia TpyOONmpoBOAa ISl ONpeNeieHUs Mpoy-
HOCTHBIX XapaKTEPUCTUK: NPe/eia MPOYHOCTH U IpeJieia TEKYUECTH B COOTBETCTBUU
c [Ipunoxenuem 2.
Omnpenenum pacd€THYIO TONIMHY CTEHKU TPyOOnpoBoJa 8, MM,
_ n-P-D,
~2-(R,+n-P)’

raie P —pabouee napienue B Tpyoomnpooje , MIla ;

S (104)

n — Kod(pUIIUEHT Meperpy3Ku;
D), — HapyXHBIN AUAMETP, MM;
R1 — pacuétHoe conporuienue, Mlla.

PacuéTHOe conmpoTHBICHNE MOXHO HalWTH 10 cleayrommen Gpopmyne Ri1, Mlla,
R’ - m
Ri=——, (105)
kl ) kH
H

rie R, — MUHUMaIbHOE 3HaYCHHE BPEMEHHOI'O COMPOTUBIICHUS MeTaiuia Tpyo, MIla;
m — K03 PUIMEHT yciioBus paboThl TPYOOIIPOBOIA;
K1— KO3 PUIMEeHT HaA&KHOCTH TI0 MaTepuany;
Kn — KO3 HUIMEHT HAAEKHOCTH TI0 HAa3HAYEHUIO.
[TonydeHHoe 3HaueHHE O OKPYIJISIFOT 10 OOJNBIIEr0 CTAHIAPTHOTO 3HAUCHWS.

Jlanee mpoBepsrOT, HET JI MPOJOJIBHBIX OCEBBIX CKUMAIOIINX HANPSLKEHUN Gnp.N, MI1a,
n-P-D

ompn=—ao"E-At+0,25 2—8”” (106)

rie o — Ko3(PUIUEHT JTMHEHHOTo paclIupeHns MeTaa Tpyo, rpan’;
E — monyne ynpyroctu merauia, Mlla;

At — pacu€THbIN TeMIiepaTypHblii iepemna, °C
At = Lop.max — Loxp.cp . (107)
Hanee npoBepseTcst IPOYHOCTH MOA3EMHOI0 TPYOOIPOBOAA MO YCIOBUIO

<
an_N — \Ilz . R1 , (108)

I'ac Y, — KO3((PUIMEHT, YyUUTHIBAIOIIMNA JBYXOCHOE HANpPSXKEHHOE COCTOSIHHE

MeTajia Tpyo;
R1 — pacuérHoe conporuBnenue, Mlla.



4.4 TexHOJIOTHYECKHUI PACUET

[IpoBecTH TEXHOJOTHYECKUN PACUET MarucTpPabHOTO HEPTEnmpoBOAa MPHU
CJIEIIYIOIINX YCIIOBUSX:
— JUTMHA TpyOonpoBoaa — L, KM;
— pacxon — G, MJIH T/TOJ;
— motHOCTH npu 20°C — p2o, KI/M>;
— KMHeMaTuyeckas BsI3KoCcThb npu 20°C — voo, m2/c;
— KMHeMaTH4ecKas Bs3KkocTh mpu 10°C — vio, M%/c;
— TeMIepaTypa OKpy>Karomen cpeabl — toxp. cp, °C;
— MaKCUMaJjbHas TeMIEpaTypa IPyHTa — fzp. max, “C;
— MUHUMAaJIbHas TeMIepaTypa rPyHTa — Lzp. min, “C;
— Pa3HOCTb OTMETOK KOHIIa ¥ Hayaia TpyoonpoBoaa — AZ, M.
Jlns onpenenieHus pekuma MmoToka HaxoauM unciio PeiiHonbaca (Re) mmo cre-
nytonie hopmyiie:

Re= = p o (109)

. vt
IDIS

0. — 00BEMHBII CeKYHIHBIH pacxos, M°/c; 2
V, — KHHEMaTH4ecKas BI3KOCTh IIPU pacu€THON TeMIepaType, M /c.
Pexxum TeueHust sBisieTcss TYpOYJICHTHBIM B 30HE THAPABIUYCCKU TIIAJIKHX

Tp}I6, TaK KaK BBIIIOJHACTCA CIICAYIOIICC YCIIOBUC

2301())<Re< . (110)
10- *
k
I1€ Kk — SKBUBAJIEHTHAs MIEPOXOBATOCTh TPYObI, MM.
OmnpezenseM TUAPaBINYECKUNA YKIIOH i, M/M,
o 8L
i=—_ =
(111)

Tcz-g-DS ’

6HYM

rie g — ycKopeHHe CBOOOIHOrO MajeHus, M>/c;
A — K03 PUITMEHT THAPABINYECKOTO COMPOTUBIICHUS (OTIPEACIIAETCS B 3aBU-
CUMOCTHU OT peXHMa MOTOKA)

A="YRe - (112)
4.5 Pacyér cj10:kHOT0 HeTenpoBoaa

OO00CHOBaTh CTPOUTEIHCTBO JYNMHUHIAa HA MAaruCTpajIbHOM HE(TENPOBOIE MPHU



CIIECIYIOIIUX YCIIOBUSX:



— AyMHa TpyOompoBoaa — L, KM;

— pacxon — G, MJIH T/TOJ;

— mnotHOCTH npu 20°C — p2o, KI/M>;

— KMHeMaTuyeckas Ba3KocTh rpu 20°C — vao, M2/c;

— KMHeMaTuueckas BsiskocTh rpu 10°C — vio, M%/c;

— TeMIepaTypa OKpYKaroleu Cpeasl — top. op, ~C;

— MaKCUMaJjbHas TeMIEpaTypa IPyHTA — fzp. max, “C;

— MUHUMAaJIbHAs TeMIepaTypa rPyHTa — Lzp. min, “C;

— Pa3HOCTb OTMETOK KOHIIa ¥ Havyasa TpyoonpoBoaa — AZ, M.

O6bEMHBIH (akTHueckuii pacxon O, M>/c

0,= 0 (Zfi\o’%, (113)
")

cm
rie  QOc— 00BEMHBII CEeKyHIHBII pacxoa, M>/c;

Hem — 1IETI0€ YUCIIO HACOCHBIX CTaHIIMM, IIT;

» cm — (AKTUYECKOE YUCIIO CTAHIUMN, TIIT.

Jlyig Toro, 4toObl HE COOPYX,aTh TPEThIO HACOCHYIO CTAHIUIO, HEOOXOAMMO
HNOCTPOUTH JIYIHHT, JUIMHY KOTOPOro Xi, M, MOYKHO ONPEIECINUTh U3 CIEAYIOLIEro

BBIPAKCHUA

Xo=Hon - ———> (114)

rac n/cm — KOJIMYCCTBO HACOCHBIX CTaHI_II/Iﬁ C y‘IéTOM JyIiMHra, mr.,

i» — TUJIPABIMYECKUM YKJIOH C YYETOM JIYNUHTA, M/M, ONPEACISIOMUNACS IO
dbopmyie:

i=0,296 - . (115)
KaHI/ITaHI)HI)Ie 3anaTI)I Ha CTpOHTeHBCTBO TPY6OHPOBOI[3 C HYHI/IHFOM
L L,
K =C - L X mp — 1 +(n = ").C 116
+C rC +(—*. C) ( T) (116)
mp n mp ayn 1 nc / nep C / nc

rne  C;— yaenbHbIE KamuTaJIbHbBIE BIOXKEHUS HA 1 KM TpyOOIpoBOaa, THIC.

py0./kM; Ciyn — yI€TIbHBIE KaUTAJIbHBIE BIOXKEHUS HA 1 KM JIyIIUHTa, ThIC.

py0./kM; Lmp — paccTOSTHUE TPAHCIIOPTUPOBKHU MO TPYOONPOBOAY, KM;

[ — AMMHA SKCIUTYaTalMOHHOTO YYacTKa TPyOOIpoBOaa, KM;

Xz — IIMHA JIyTTUHTa, KM;

Czc, Cnc— KanmuTalIbHBIE BJIOKEHHUS COOTBETCTBEHHO B OJIHY TOJIOBHYIO CTaH-
o (I'C) u mpomexxyrounyto HacocHyto craniuto (ITHC) 6e3 pesepByapHOro napka,
ThIC. py0.;



Cnep — KanuTasibHble BokeHus [IHC ¢ pesepByapHbIM TapKoM, ThIC. pyoO.

c =C G
+1,5 C,

O 117
350-p (117)

rie  Cp— CTOMMOCTb €MHHULBI 00BEM pe3epByapHOro napka, Thic. pyo./m".
OKCIUTyaTallMOHHbIE 3aTpaThl Ha HE(PTENMPOBOJ MPU €ro AKCIUTyaTaluu s,
ThIC. pyO.

9ﬂ=(a4+(12) 'K1+[(a3+al ) 'Kcm+33+3m+33+]7] * Hecr, (118)
rae K — xanmuTanbHbIC BI0KEHUS B HHHCﬁHym 4acCThb, TBIC. pY6
K.:=Cs- (Z+Xv)'Kmep‘Km, (119)

rie  C:— CTOMMOCTBH OJHOTO KHJIOMETpa TPpyOOomnpoBoa, ThIC. PyO.
Omnpenenum npuBeNEHHBIC 3aTPAThI ISl y4acTKa HETEMPOBOa C TyIMTHHTOM
U JIByMSI HACOCHBIMU CTaHIUAMHU Sy, THIC. PYO.,

Si=Eu - Kie + Ou. (120)

4.6 OnpenesieHue KOJIUYECTBA HACOCHBIX CTAHIMUI

OmnpenenuTh KOJINYECTBO HACOCHBIX CTaHIMM MAarucTpajbHOTO HEPTEIPOBO-
J1a TIPY CIEAYIOLIUX YCIOBUSIX:

— IPOTSKEHHOCTD TPacchl — L, KM;

— HavaJibHasl BBICOTA OTMETKH — Z1, M;

— KOHEYHasl BICOTa OTMETKH — 22, M;

— MPOITYCKHAasl CIIOCOOHOCTH TpyOorpoBoaa — G, MJTH T / TOI;

— MI0THOCTH HedTH 1pu TemrnepaType 20°C — p2o, Kr/M;

— KO3 PUIMEHT KUHEMaTU4eCKOM Bs3kocTu nipu temneparype 10°C — v,, cCr;
9 b

— KO3 PUITMEHT KHHEMaTU4eCKON Bs3KoCcTH nipu Temmeparype 20°C — v,, cCT;

— MUHUMAaJIbHAs TEMIIepaTypa Ha TITyOuHe 3aoXeHus: ocu Hedrenposoaa — ¢, °C.
B cooTBeTcTBHM C MPOU3BOAUTENBHOCTBIO TPYOONPOBOAAa MPUHUMAEM HapyK-

HBII IMaMeTp TPyOONPOBOIA D, mm, n pabouee naBieHue B Tpyoonposone p , Mlla.

Tak Kak TEXHOJIOTHYECKUI pacu€T HedTenpoBoAa BEAETCS ISl CAMBIX HEBBI-
TOJIHBIX YCJIOBUM, KAKOBBIMU SIBJISIFOTCS 3UMHHUE YCJIOBHUSI ¢ Hanbojee HU3KUMH TEM-
nepaTypaMH, CBOKMCTBa HE(TH OMPEISIAIOT I TeMIlepaTyphl Ha IIyOWHE 3alloXkKe-
HUs ocu HedTenpoBoja. PaccTosiHue OT MOBEPXHOCTU TPYHTA JI0 BepXHEH 00pasyro-
e TpyOonpoBo1a MpUHUMAKOT paBHBIM 0,8 M.



['myOuna 3anoxkenust ocu TpyoornpoBoaa Hs, m,



H= "408. (122)

[TnoTHOCTH HEdTH MpU pacyETHON TeMIiepaType Ha riIyOuHe 3aI0KEHUS TPY-

3
oomnpoBoja pr, Kr/ M,

p,=py—&(t—20) , (123)
rie  p20— MWIOTHOCTH HedTH mpu Temmepatype 20°C M, Kr/m;

& — TemmepaTypHas nonpaska, kr/m> °C
£=1,825-0,001316 p,,. (124)

BA3KOCTb IIPU PacyéTHOI Temmeparype vi, M*/c,
—u(t—t))
=v,e ) (125)
2
(V) o .
rae v, — KO3QPUIMEHT KHHEMaTU4YeCKOU Bsi3kocTu npu Temmnepatype 10°C, m /c;

\z

u — Kod(h(UIMEHT, 3HaYeHUE KOTOPOTO OMpPEACNAeTCA 10 U3BECTHBIM 3Haue-

HUSIM BSI3KOCTEH MPHU JIBYX TeMIepaTypax

u=-_v, (126)

2
rae Vv, —K03(p(pULIHEHT KHHEMAaTUYECKOM BA3KOCTH Ipu Temneparype 20°C, m /c.

O6BEMHBIH ceKyHHBIH pacxon HedTH Oc, M/c

Q.= G
350-24-3600-10,°
P

rae G — IPOU3BOIUTEILHOCTH TPYOOIIPOBO/IA, T. TO/I.

(127)

Janee s BbIOOpa METOIMKH pacy€ra TUAPABIMYECKUX COMPOTHBIICHUN
HEOOXOAMMO OIPENIEIUTh PEKUM MOTOKA.
Yucno PertHonbaca Re

— Y, (128)
e D, — BHYTPEHHUI AMAMETpP TPyOOIIpoBOAa, M

rae O — TOJIIMHA CTEHKH TPyOOIIPOBO/Ia, M



npD,,
= 130
0 2(R,+np)’ (130)

rae Dy _ HapYyKHbBIUA JuaMeTp TpyOonpoBoja, M;



P —pabouee naBneHue B Tpydomnposoae, Mlla;

n — k03 PUIUEHT neperpy3ku, MPUHUMAEMBIN MPUOINKEHHO B 3aBUCH-
MOCTH OT AuaMmeTpa HedTenpoBoaa nuamerpom meree 700 mm n = 1,1;

R, — pacuérHoe conpotusnenue, Mlla,

H
R 'm
R, = ) (131)
K\Kn
rae
A R1 — MUHUMAaJIbHOE 3HaYy€HHWE BPEMEHHOI'O COMNPOTHBIICHHS MeTalljia TPyoO,
MllIa;

m — K03hPUITMEHT yCclIoBUM paboThl TPYOOIPOBOIA;

K, — KO3(QUIUEHT 0€30M1aCHOCTH 110 MaTepHay;

K, —kK03(hGULNEHT HaAEKHOCTH.

[TonyyeHHoe pacuy€THOE 3HAUEHUE TOJIIMHBI CTEHKU TPYObI OKPYIJIsIEM A0
ONmKailero 3Ha4eHusl, MPEeayCMOTPEHHOTO TOCYIapCTBEHHBIMU CTaHJIAPTAMH WJIU
TEXHUYECKUMHU ycIIoBUAMU. [IepBoe nepexoanoe 3HaueHus ynucio PeliHonbaca Re

lnep
10D
=, (132)
1nep

K
K — DKBUBAJICHTHAS IIIEPOXOBATOCTh TPYO, MM.

Re

Tac

Jlanee mpoBepsieTCsl PEKUM TEUEHUS KUJKOCTU U OMPENIEIISETCS THAPABINYE-
CKHE CONPOTHBIICHUSI.
['unpaBiaudeckuil yKIIOH i, M/M,

8L O

1=

2

el (133)

A — xK03pPUIHMEHT THUAPABINYECKOTO CONMPOTHBIICHUS IS TypOYJIECHTHOTO
MOTOKA B 30HE TUIPaBINYECKU ITIaJAKUX TPYO

IDI(S

0,3164

A="{Re - (134)
[Tonuble noTepu Hanopa B TpyOonpoBoae H, M,

H=10liL + AZ, (135)

1,01 — ko3¢ duIMeHT, YIUTHIBAIOIIUA MECTHBIE COTPOTUBJICHUS B TPyOO-
POBO/IE;

rae

A Z— pa3sHoCTh OTMETOK KOHIIA M Hayajia TpyOOIPOBOa, M;
L — nnuna TpyOonpoBojia, M.

Yuciio HaCOCHBIX CTAHLIUM 5
cm



H (136)
—Ah
rae  Hem — Hamop Ha BBIXOJI€ HACOCHOM CTaHIMH, M,
en— P
B ’ (137)
p.g

rie  p — JoIyckaemoe AaBiieHue B TpyoonpoBoae, Mlla;

Ah — OTIOHUTENBHBIN HATIOP, CAraéMblil U3 MOTEPh B KOMMYHHUKAIUSX CTaH-
MU ¥ BEJIMYMHBI NIEPEaBaeMoro JIaBieHusi, TpedyemMoro i ooecreueHus: paboThl oc-
HOBHBIX HAaCOCOB 0€3 KaBHUTAllUH, M.

Uucno craHiumii OKpyTIsIFOT 10 ObKaiIero menoro yncnia. Jlajgee Heo0XxoammMo
pacnonoxuth rpaduyeckum crnocooom HIIC mo tpacce mpoctoro u cioxHoro tpyoo-
NPOBOJIa M MPOBEPUTH HAIMYME CAMOTEYHBIX YYaCTKOB Ha MPOECKTUPYEMOM He(Tenpo-
BOJIE, & TAKXKE CYLIECTBOBAHNE NIEPEBAIILHOU TOUKH.

4.7 Bo16op ocHoBHOTO 000pynoBanuss HIIC

BriOpaTh OcHOBHOE 00Opy/IOBaHME HACOCHBIX CTaHIMH MarucTpajbHOrO
He(TenpoBOJa NPHU CIAEAYIOIUX YCIOBHSIX:

— NPOTSHKEHHOCTH TPACChl — L, KM;

— HavaJibHasl BBICOTA OTMETKH — Z1, M;

— KOHEYHasl BBICOTa OTMETKH — 22, M;

— MPOITYCKHAas CIIOCOOHOCTh TpyOoripoBoaa — G, MJTH T / TOJI;

— MIOTHOCTH HedTH mpu TemnepaType 20°C — p2o, KI/M;

— KO3 PUIIMEHT KUHEMaTU4eCKOM BsA3KocTH nipu Temneparype 10°C — v,
2

— KO3(QHIIMEHT KHHEMATHYeCKO! BsiskocTH rpu Temieparype 20 °C — ¢Cr; v,
, cCT;

— MUHHAMAJTbHAS TEMITEpaTypa Ha TIyOnHe 3anokeHus ocu Hedrenporona — ¢, °C.

[To 3amaHHO¥ MPOMYCKHOW CIOCOOHOCTH OIPEACIISIOT MapKy HACOCOB W Ja-
Jie€ PACCUUTHIBAIOT HEOOXOAMMOE UX KOJIMUECTBO (C yUETOM pe3epna).

KonnuecTBO MarucTpanbHbIX HACOCOB HA OAHOM CTaHIIMU NV,

N=Hem | Hu.

B cootBercTBUM ¢ TpeOyeMbIM KaBUTAIIMOHHBIM 3alacOM MPUHUMAIOT KOJIMYE-
CTBO pabOYMX M PE3EPBHBIX MOJIMOPHBIX HACOCOB ISl TOJIOBHOW HACOCHOW CTaHIMU U
MPOMEKYTOUYHBIX HACOCHBIX CTAHIIMH, a TaK K€ UX AJIEKTPOJABUTATEH.

MomHocTh 35ekTpoasurarens Ny, kBT,



OH,pg
N =71 (138)

*1000m,
riae H — Harop, pa3BUBAEMbI HACOCOM, M;(Q — IOJa4a Hacoca, m’/c; n — KIIJI Hacoca.
H H
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Heobxonumas cipaBouHasi uHpopManus

Tabnmuua 1 — XapakTepuCcTUKH HEKOTOPBIX Ta30B

[Tpunoxenue 2

ITnoTHOCTH H Teoperuueckoe | TeopeTHdeckoe
U3Iast TEIIoTa
rasanpu  [(XumMu4eCKast » KOJINYECTBO BO3- KOJIM1ECTBO
Tas cropanus Q°,
0°Cn0,l1 dbopmyna 5 " , | JyXa s cropa- | HPOAYKTOB ro-
MITa, kr/m’ M/ fckcan/ w0 sps| perms 1, MO
Mertan 0,716 CHa4 35,83/8 558 9,52 10,52
Oran 1,342 C2He 63,77/15 230 16,66 18,16
[Mpoman 1,967 CsHs 91,27/21 800 23,8 25,8
Byrtan 2,598 CsHio 118,68/28 345 30,94 33,44
Ilenran 3,218 CsHiz 145,12/34 900 30,08 41,08
DtuneH 1,251 C2Ha 59,08/14 110 14,28 15,28
AneTriien 1,173 C2H2 56,04/13 385 11,9 12,4
Bonopon 0,09 H> 10,78/2 576 2,38 2,88
Orancs 1,250 co 12,63/3 016 2,38 2,88
yriaepoja
C -
CPOBOAO 1,520 HaS 23,38/5 585 7,14 7,64
pon
[Tpornuen 1,877 CsHe 86,00/20 541 - -
BbyTtunen 2,503 CoHs 113,51/27 111 - -
Tabmuma 2 — 3aBUCHMOCTh TEIUIOEMKOCTH Ta3a OT TeMIepaTypbl U JIaBJICHHS,
kkan/(m>-°C)
Temneparypa, °C
P, MIIa
-10 0 10 20 30 40 50 60 70 80
1 0,361 | 0,361 | 0,361 | 0,363 | 0,365 | 0,367 | 0,370 | 0,374 | 0,377 | 0,381
2 0,381 | 0,377 | 0,375 | 0,375 | 0,375 | 0,377 | 0,379 | 0,381 | 0,384 | 0,388
3 0,403 | 0,396 | 0,393 | 0,389 | 0,388 | 0,386 | 0,388 | 0,388 | 0,391 | 0,393
4 0,426 | 0,417 | 0,409 | 0,403 | 0,400 | 0,396 | 0,396 | 0,396 | 0,398 | 0,400
5 0,451 | 0,439 | 0,428 | 0,419 | 0,412 | 0,409 | 0,405 | 0,405 | 0,405 | 0,407
6 0,477 | 0,461 | 0,447 | 0,435 | 0,426 | 0,421 | 0,416 | 0,414 | 0,414 | 0,414
7 0,505 | 0,484 | 0,468 | 0,451 | 0,44 | 0,433 | 0,426 | 0,423 | 0,421 | 0,421
8 0,53 | 0,507 | 0,488 | 0,467 | 0,454 | 0,444 | 0,437 | 0,432 | 0,428 | 0,426
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Tabmuua 3 — Kputnueckue napameTpbl HHIMBHTyJIbHBIX Ta30B

JnHamuu.
MorneKyasapHbIi Temneparypa, Husias Tensaora cropaHus,
Hasnenue, Py BSI3KOCTb,
XHM. BEC T IInotHOCTH Oui,
Kommonent K ixp,
dbopmyna i T M
KI/KMOJIb krc/em® | MIla K P pam Ma-c M/k/kr o 21)K3
Kr/m° Kr/m° KMOJIb | CT. M

A3zort N2 28,013 34,61 3,394 126,20 311 1,166 18,05-10°® 0 0 0
Meran CH4 16,043 4732 4,640 190,66 162 0,667 15,89-10°° 50,012 802,34 33,41
OTtaH C2He 30,068 49,80 4,884 305,46 203 1,263 20,99-10°¢ 47,485 1427,90 | 59,85
[Ipoman CsHs 44,097 43,39 4,255 369,90 220 1,899 22,76-10°° 46,352 | 2044,00 | 86,53
n - bytan CsHio 58,124 38,74 3,799 425,20 228 2,524 23,9410 45,740 | 2658,50 | 114,27
i - byran CsHio 58,124 37,19 3,647 408,10 221 2,503 23,9410 45,620 | 2651,60 | 113,81
n - Ilenran CsHiz 72,146 34,40 3,373 469,50 232 3,221 23,84:10°¢ 45,240 | 3264,10 | 144,02
i - Ilentan CsHi2 72,146 34,59 3,392 460,40 236 3,197 24,03-10°° 45,240 | 3264,10 | 144,02
I'ekcan CeHi4 86,170 30,89 3,029 507,30 234 3,585 24,23-10° 45,010 | 3878,50 | 161,36
Jleyorich CO» 44,011 7532 | 7,386 | 304,26 468 | 1,842 | 34.24:10° 0 0 0
yriepona
CepoBosiopon H»S 34,082 91,85 9,007 373,60 359 1,434 - 15,220 518,59 21,75
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Tabnuia 4 — J[aBieHue HACBIIIEHHBIX TaPOB pPr, TIIOTHOCTH KUJKOCTH Pac, ITIOTHOCTH HACBIIEHHOTO TIapa Pn, CKPbITAs TEILIOTA
UCIIapEHUsl » HEKOTOPBIX YIJIEBOJIOPO/IOB

Temneparypa, [Iponan N30-byran H-byran
°C P, MIIa | poc, KT/11 | pn, KoM | 7, KK/ | puy MITA | poc, KT/T | pu, KO/M | 7, KIDK/KT | py M | poc, K/ | pn, KT/M® | 7, 6 JK/KT
-60 0,04 0,606 1,11 442 — — — — — — - -
-55 0,05 0,598 1,36 435 - — — — — — — —
-50 0,06 0,593 1,81 427 — — — — — — — —
-45 0,09 0,587 2,07 425 — — — — — — — —
-40 0,11 0,581 2,61 420 - — — — — — - -
-35 0,14 0,575 3,25 417 — — — — — — — —
-30 0,17 0,565 3,87 410 0,054 0,619 1,49 386 — — — —
-25 0,2 0,559 4,62 404 0,06 0,61 1,65 380 — — — —
-20 0,24 0,533 5,48 400 0,073 0,606 1,96 375 — — - -
-15 0,29 0,548 6,4 396 0,09 0,6 2,5 371 0,051 0,615 1,6 397
-10 0,34 0,542 7,57 388 0,11 0,594 3,04 366 0,08 0,611 1,95 393
-5 0,41 0,535 9,05 383 0,133 0,588 3,59 360 0,096 0,605 2,1 389
0 0,47 0,528 10,4 380 0,16 0,582 4,31 356 0,115 0,6 2,82 384
5 0,55 0,521 11,9 371 0,192 0,576 5,07 349 0,138 0,596 3,35 380
10 0,63 0,514 13,6 364 0,225 0,57 5,92 345 0,164 0,591 3,94 376
15 0,73 0,507 15,5 356 0,253 0,565 6,95 339 0,197 0,583 4,65 371
20 0,83 0,499 17,7 345 0,306 0,56 7,94 335 0,23 0,578 5,39 367
25 0,95 0,49 20,2 339 0,355 0,553 9,21 327 0,269 0,573 6,18 362
30 1,07 0,483 22,8 329 0,41 0,546 11,5 323 0,314 0,568 7,19 358
35 1,21 0,474 25,3 320 0,471 0,54 13 316 0,36 0,569 8,17 355
40 1,37 0,464 28,6 312 0,639 0,534 14,7 310 0,408 0,556 9,33 347
45 1,53 0,451 34,5 301 0,606 0,527 16,8 302 0,477 0,549 10,6 341
50 1,7 0,446 36,8 285 0,695 0,52 18,94 294 0,536 0,542 12,1 333
55 1,89 0,437 40,2 270 0,781 0,513 20,56 285 0,609 0,536 12,4 328
60 2,1 0,434 44,6 262 0,869 0,505 24,2 275 0,69 0,532 15,4 322




Tabnuma 5 — Pekomenaanuu mo BBIOOPY KOMMYECTBA paOOYNX U PEe3EpPBHBIX HAarHeTaTeNnel

I'TIA ¢ npuBOAOM OT ra30BOi TypOUHBI I'TIA ¢ npuBOAOM OT 3JIEKTPOJBUTATEIS Hoprresie
razomortopusie [ TIA
Tun Haruerarenen
HEIOJIHOHAIOPHbIE MIOJIHOHATIOPHBIE HEIOJIHOHAOPHBIE IIOJIHOHAIIOPHBIE
Pa6ou. Pezeps. Pa6ou. Pezeps. Pa6ou. Pezeps. Pa6ou. Pezeps. Pa6ou. Peseps.
2 1 2 2% 2 1 2 1 2-4 1
4 2 3 2% 4 2% 3 1 5-9 2%
6 2 4 2% 6 2 4 2% 10-13 3*
5 2 5 2
6 2 6 2

Jlnst BapuanToB ocHaiienus KC, oTMeueHHBIX 3BE37J0UKOM, JOMyCKaeTcss coKkpanaTh unciio peepBHbix ['TIA Ha equnuiy,
s TPENJIE BCETO B KOMIPECCOPHBIX Lexax BTOPOU M IMOCJIEAYIOIMNX OYEPENEH MHOIOTOYEYHBIX a30IpPOBOAOB, ECIM BAPUAHT CO-
KpamniéHHOTO pe3epBUPOBaHUS 000CHOBAH TEXHUKO-I)KOHOMHYECKH.



3%

Tabmuua 6 — OCHOBHBIE TEXHUYECKHUE TTOKa3aTenu razorypOunubix ['TIA

HpOI/IBBOI[I/ITeHLHOCTB

HanmenoBanue KITJI npuBoga B | HomunanbHas yacrora Crenenp  |[lomuTponmyeckuit
Tun 1eHTpoOeKHOro . HarHeTaTens npu
I'TIA CTaLlMOHAPHBIX BpAILLIEHNs CUII0BOU cxkarus | KILJ Haraerarens,
HarHeTaTels T=20°CuP=0,1034 Mlla,
(Tun npuBoza) YCIOBUSIX, % TypOHHBI, 00/MHH 3 HarHeTaTess %
MJIH. CT. M~ /CYT.
I'TIA ¢ HarHeTaTeIsIMH Ha BBIXOJHOE AaBieHue 56 krc/cm” (5,5 MIla, abcomoTHOE)
['TH-6 H-300-1,23 24 6 150 19,0 1,23 83
(HK-12cT)
HII-6,3/56M-1,45 24 8200 10,7 1,45 82
I'TIA-11-6,3B/56 1, ’
I'TK-10-4 520-12-1 29 4 800 29,3 1,23 &3
['TIA ¢ HarHeTATE/SIMHU Ha BHIXOIHOE JaBlieHue 76 Kre/cm” (7,45 Mlla, abcomroTHOE)

I'TIA-11-6,3B/76 |HLI-6,3/76M-1,45 24 8200 11,4 1,45 &3
I'TIA-11-6,3A npumeHuTensHo HII- 29 8 200 11.0 1.45 23
(-336) 0,3/76M-1,45 ’ ’
I'TIA-I1-6,3T npumenutensio HII- 29 8 200 11.0 145 23
(HK-14cr) 6,3/76M-1,45 ’ ’
['TIY-6 npumenutensHo  HII- 30.5 8 200 11.0 .45 23
(AT-7111) 6,3/76M-1,45 ’ ’ ’
I'TK-10-4 370-18-1 29 4 800 37,0 u 30,0 1,23 &3
I'TH-16M-1 H-16-76-1,25 31 6 380 51,0 1,25 &3
['TH-16M-1 H-16-76-1,44 31 6 340 31,0 1,44 83
I'TIA-II-16-AA  |[mpUMEHUTEITEHO 347 5 300 13.0 L5 84
(A-31ct ABua) |H-16-76-1,45 ’ ’ ’
I'TIA-II-16C IIPUMEHUTEIBHO 34,0 5300 33,0 15 83
(JI'- H-16-76-1,45
I'TIA-II-16/76  |H-16-76-1,45 27,5 4 900 32,59 1,44 &3
I'TH-25 650-22-2 28,1 3700 47,0 1,44 83
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Tabmuia 7 — OcHoBHbIe ToKazaTenu ais pacuéta ['TIA (mo OHTII 51-1-85)

- -700- 'T-750-6T-6- 11- - |Ko6 11- -
O6o3nauenue | Pazmep- |I'T-700- [ T-750-6] T-6-750|T'TIA-L] ITK-10 |FIV-10 I'TH obeppa ITK-16 | CTH-16 I'TIA-IT [TH.25 I'TH
MoKasaresisi | HOCTh 5 (I'TK-5) |(T'TH-6)| 6,3 10M1 182 16 251
4,250
kBT ’ 6000 6300 6300 | 10000 | 10000 | 10200 | 12900 | 16000 | 16000 | 16000 | 24000 | 24400
Ny (4,400)
e K (°C) [288 (15)|288 (15) (288 (15)|288 (15)|288 (15) {298 (25) (288 (15) | 288(15) | 288(15) | 288(15) | 288(15) [ 298(25) | 288(15)
3
3
q;;;e e M 1,88 2,45 2,82 3,28 3,70 4,05 4,22 5,03 6,86 5,93 6,24 9,37 9,38
9

K; — 4,4 3,7 2,8 1,3 3,7 3,7 2,0 2,2 3,2 3,2 2,8 3,2 2,2

Ky — 0,85 0,85 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95 0,95

n 0,95 0,983 0,975 0,984 | 0,990 | 0,990 | 0,990 | 0,985 | 0,990 | 0,990 | 0,993 | 0,992 | 0,995

M (0’977) ) (0,984) ) ) ) ) ) ) ) ) ) )
Tabnuua 8 —3HaueHne abCOTOTHOTO JAaBJIEHUS aTMOC(HEPHOr0 BO3/1yXa B 3aBUCUMOCTH OT BBICOTHI HaJl YPOBHEM MOPS
BeicoTa Hazx ypoBHEM MODS, M 0 250 500 750 1000 1500 2000
AOGcomtoTHoe naBneHue armocdepHoro Bozayxa, Pa , MIla 0,0998 0,0969 0,0940 0,0913 0,0886 0,0833 0,0783
Tabnuua 9 — Mexannyeckrue MoTepyu MOIUTHOCTA Ha My(TE U B HOJUIUITHUKAX Nyex, KBT
Tun HarHerarens
O6o3HaueHue
ITIA —-11-6,3
nokasarens | Pasmeprocts 370 — 18 — 1|520 — 12— 1{H - 300 — 1,23(235-21 1| 650-22-2 ITMA-11-16| H-16-76
(HII - 6,3/56,76)
Nex kBT 100 150 100 250 350 80 140 160




Tabmuua 10 — OprueHTUPOBOYHBIE JUAMETPHI TPYOOIIPOBOIA U AaBICHUI HA CTAHIIN-
SIX B 3aBUCUMOCTHU OT IIPOIYCKHOM CITIOCOOHOCTH TPYOOIPOBOIa

Huamerp, MM [asnenne, MlIla [TpomyckHast ctOCOOHOCTH, MITH T/ TO

529 5,3-6,4 6-8

630 5,1-6,1 10-12
720 4,9-5,9 14-18
820 4,7-5,7 22-26
920 4,5-5,6 32-36
1 020 4,5-5,5 42-50
1220 4,3-5,3 70-78

Tabnuna 11 — Koaddutment & 00bEMHOTO pactimpeHus

NoNe [I10THOCTH P, KI/M® Koadpdumnmenr &, (1/°C)
1. 700-719 0,001225
2. 720-739 0,001183
3. 740-759 0,001118
4. 760-779 0,001054
5. 780-799 0,000995
6. 800-819 0,000937
7. 820-839 0,000882
8. 840-859 0,000831
9. 860-879 0,000782
10. 880-899 0,000734
11. 900-919 0,000688
12. 920-939 0,000645

Ta6muma 12 — [IpoyHOCTHBIE XapaKTEPUCTUKHU TPYO

Hapyxunbiii | HomuHanbHast Maprka [Ipenen [Ipenen
JamMeTp TOJIIIIMHA i [IoB MIPOYHOCTH HE TEKy4eCTH He
TpyO, MM CTEHKH, MM MeHee, MlIla MeHee, MlIla

1 2 3 4 5 6
1420 25 NmnoprHast [Ipsamoit 590 410
1420 20,5 Nmnoptras To xe 550 410
1420 19,5 NmnopTHas To xe 590 410
1420 17,5 NmnoptHas To xe 550 410
1420 17,5 1712CP To xe 540 370
1420 16,5 NmnoptHas To xe 590 410
1420 16 1712CP To xe 540 370
1420 13,5 1712CD To xe 540 370
1220 15,2 191'1C To xe 510 350
1220 15 14I"2CAD To xe 560 390
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ITponomxkenue Tadbauis 12

1 2 3 4 5 6
1220 14,5 17T'1C To xe 510 350
1220 13,0 14r2CA® To xe 560 390
1220 12,5 17T1C To xe 510 350
1220 12,5 HmmioptHas To xe 590 410
1220 12 171'1C CrnupanbHbli 510 350
1220 12 1712CD To xe 540 370
1220 11,5 14I2CAD [Ipsmoii 560 390
1220 11 14I2CAD To xe 560 390
1220 10,5 NmnopTHas To xe 590 410
1020 16,5 17T'1C [Ipsamoii 510 350
1 020 16 NmnoptHas To xe 530 390
1020 14 17T'1C To xe 510 350
1020 12,5 14I"2CAD To xe 560 390
1020 12,5 14XTC To xe 490 340
1020 12 161 2CAD To xe 590 410
1020 12 141'1C To xe 510 350
1020 11,5 14r2CA® To xe 560 390
1020 11 14I2CAD To xe 560 390
1020 11 17T'1C To xe 510 350
1020 11 14XTC [Ipsamoii 490 340
1020 10,6 ISI'CTHO | CrimpanbHbIii 520 350
1020 10 14I"2CAD To xe 520 350
1020 10 17T'1C To xe 510 350
1020 9,5 1412CAD To xe 560 390
1020 9 161 2CAD To xe 590 410
1020 9 NmnioptHas [Ipssmon 590 410

820 12 1711C To xe 510 350
820 11,5 17T'1I'C | CriupasnbHblii 510 350
820 11,5 1712CP To xe 540 370
820 11 171C [psamoii 510 350
820 11 17T2C® | CniupanbHbIit 540 370
820 10,5 171C [psamoii 510 350
820 10 171°C To xe 510 350
820 10 1712CP | CnimpanbHbli 540 370
820 9,5 1712CP To xe 540 370
820 9 171°C [Ipsmoii 510 350
820 8,5 17T1I'C | CniupanbHbIiA 510 350
820 8 1712Co To xe 540 370
720 12 171C [psamoii 510 350
720 11,5 17T2C® | CniupanbHbIit 540 370

46




Oxonuanne Tadaumel 12

1 2 3 4 5 6
720 11 171C [Ipsimoit 510 350
720 10,5 17T'1C CrnupasibHbIH 510 350
720 10 1711C To xe 510 350
720 9,5 17T2C® | CniupanbHbIi 540 370
720 9 17T'1C To xe 510 350
720 8,5 1711C To xe 510 350
720 8,5 1712CP To xe 540 370
720 8 171°C [Ipssmon 510 350
720 7,5 171°C To xe 510 350
720 7 17T2C® | CnupanbHblil 540 370
630 8 12I2C kl=14 490 340
630 9 1212C 490 340
630 10 12I12C 490 340
630 11 1212C 490 340
630 12 1212C 490 340
530 9 14XTC [psmoit 490 340
530 8,5 17T2C® | CiupanbHBIHA 540 370
530 8 14XT°C [Tpsimoit 490 340
530 8 171'1C CriupanbHbiit 510 350
530 7,5 1712CD To xe 540 370
530 7,5 1711C To xe 510 350
530 7 1712CP To xe 540 370
530 7 17T'1C To xe 510 350
530 6,5 1712CP To xe 540 370
530 6,5 1711C To xe 510 350
530 6 1712CD To xe 540 370
530 6 1711C To xe 510 350
426 10 20 becmoBnas 410 240
426 9 20 To xe 410 240
426 9 20 [Tpsimoit 410 240
426 8 20 To xe 410 240
426 7 20 To xe 410 240
377 9 20 becmoBHas 410 240
377 6 20 CnupanbHbIi 410 240
325 8 10 becmioBnas 410 240
325 7 10 To xe 330 220
325 6 10 CnupanbHbIi 330 220
325 5 10 To xe 330 220
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Tabmuna 13 — 3nauenue kK03¢GHUIMEHTOB yCIOBUN paboThl TpyOOTIpOBOIA M1

Kareropuu mMaructpaibHbIX TpyOOIpOBOJIOB I II III v

3naueHne KodpPuIeHTa m 0,75 0,75 0,9 0,9

Tabmuua 14 — Knaccudukanus MarucTpajibHbIX TPyOONIPOBOAOB 110 KATETOPUAM

Haznauenne maructpanbHOro TpyoOnpoBoia Kareropust Tpy6omnpoBosa
J1J1s TpaHCOPTUPOBAHHMSI IPUPOTHOTO ra3a:

— aquameTtpoM MeHee 1 200 mm |AY/

— aquametpom 1 200 mm u Gonee 111

Jnis TpancniopTipoBaHust HeTH U He(DTENPOTYKTOB:

— auameTpoM meHee 700 Mmm III

— muametpom 700 MM u Gosee I

Tabnuna 15 — 3nauenue koaddunmenta 6ezonacHocTu 1Mo marepuaiy Ki

XapakTepucTuka Tpyo Ki

Tepmuuecku ynpouyHEHHbIE TPYOb! (3aKaJ€HHBIE U OTIYIIECHHbIE B TpyOe WU JIH-
CT€); U3 HU3KOJIETUPOBAHHOM CTaJIU, IPOKATHOH 110 PETYJIUPYyEMOMY PEKUMY 1,34

l'opsiueniaBieHHbple (IO peXUMY HOpPMaJIM3allMU), TEPMUYECKH YIPOUYHEHHBIE
(3axanéHHbIe ¥ OTHYIIEHHbIE B TpyOe WM JIHCTE), U3 HOPMAIM30BAaHHOM CTalH, U3
CTaJIA, IPOKATAHHOM 110 PETYIUPYEMOMY PEXUMY 1,4

CrnpanpHOLIOBHBIE U3 TOPSYEKATaHOW HM3KOJETMPOBAHHOM CTalld, CBapEHHBIE B
TPU CIIOSI, ¥ TIPSIMOIIOBHBIE SKCIIAHIMPOBAHHBIE TPYOBbl U3 HOPMAJIM30BAaHHOH JIU-
CTOBOM CTaJIM, CBAPEHHBIE IBYCTOPOHHUM IIBOM JYTOBBIM METOAOM 1,47

[IpsiMoIIOBHBIE 3KCMAHAMPOBAHHBIE M CIHMPAIHHOIIOBHBIE M3 TOpsSUECKATaHOU
HU3KOJIETUPOBAHHOM M YIJIEPOIUCTOM cTaiu. becimoBHbIe TPyOBI 1,55

Tabnuua 16 — HexkoTopelie XapakTepUCTUKU TPYO U3 pa3IuvHbIX MaTepUaIoB

Mapka cranm Tun TpyOBI 1 MaTepHa
14XT'C, Cr.20 I'opsiueniaBieHHbIE U3 TOPSYEKATAHBIX JIUCTOB
171C DKCIaHIUPOBAHHbBIC U3 TOPSYEKATAHBIX JTUCTOB
17T'1C OKCNaHIMPOBaHHbBIE U3 HOPMAIN30BaHHbIX JIHCTOB
AT2CAD ['opsiueruiaBieHHble U3 FOPAYEKATaHbIX JIMCTOB WJIU SKCIIaHIMPOBAHHBIE U3
HOpPMAaJIM30BAaHHBIX JINCTOB

Tabnuna 17 — 3nauenue korddunmenta HaaéxHocta K

3Havenue kodxpduurenta Haa&KHOCTH Ky
YcnoBHbIN qua-
J11s ra30mpoBOIOB B 3aBUCUMOCTH OT BHYT-
MeTp TpyOoIpo- perHero gasnerms P, MITa Jnst He(hTenpoBOIOB U
BOJIOB, MM P<5s5 55<P<75 | 75<P<10 He(TENPOTyKTOIPOBOAOB
500 u menee 1,100 1,100 1,100 1,100
600-1 000 1,100 1,100 1,155 1,100
1200 1,155 1,155 1,210 1,155
1 400 1,155 1,210 1,265
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Tabnuna 18 —JkBUBaJIeHTHAs MIEPOXOBATOCTh K CTAIBHBIX TPYO

Marepuansl u Bua TpyOsI Cocrosinue TpyOsI K, mm
0,01-0,02
becmioBHbIe cTanbHbIE TPYOBI HoBeble u uncteie T oo0l4
ITocnie HECKONBKUX JIET 0,15-03
SKCILTyaTauu 0,2
H 0,03-0,12
OBBIE U YUCTBIE —
0,05
C He3HAUUTETHLHOM KOPPO3HEH mocie 0,1-0,2
CBapHble CTallbHbIC OYHCTKH 0,15
TpyOBI 0,3-0,7
YMepeHHO 3apKaBlIEeHHbIE 05
0,8—-1,5
Crapsble 3apkaBlIeHHbIE |
CuibHO 3apiKaBJICHHBIE WU C 2,0-4,0
OOJIBIIMMH OTIOKEHUAMH 3,0

B uwnciaurenu IMPUBCACHBI IIPCACIIbI N3MCHCHUA K, 4 B 3HAMCHATCJIC — €TI0 CPCIAHCC

3HAa4YCHUC.

Ta6muia 19 — JlonoTHUTEIBHBIN HAIIOP B 3aBUCUMOCTH OT pacu€THOM 10/1aur HaCco-

COB CTaHIINH

ITomaua,

3y 125 | 360 | 500 | 1250 | 2500 | 3600 [ 5000 [ 7000 | 10000 | 12 000
M

Ah, M 25 30 35 40 45 50 55 60 80 100

Ta6muia 20 — Texuuueckue JaHHbIE HACOCHBIX arperaToB

Hacocrl DJIEKTPOJIBUTATEN
Hormyckae- Yacrorta
N Mor-
[Tomaya, | Hanop, | Mmblil kaBUTa- Bpare-
Mapka 3 . KIIA Mapka HOCTb,
M /4 M [MUOHHBIN HUS,
kBT
3amnac 00/MUH
OcHOBHBIE arperarbl
HM 125-550 125 550 4 68 |Vkpamna-11-3/2 320 2 840
A3II-500
HM 360-460 360 460 8 75 3 500 2970
ATJ-500
A3I1-630 630 2 980
HM 500-300 500 300 12 78
AP-500 500 2 980
HM 1250-260 1250 260 20 84 CTHO-1250-2 1250 3 000
CTH-2000-2 2500 3 000
HM 2500-230 2500 230 32 86 A
CTH-2500-2 2500 3 000
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CTH-2500-2 | 2500 3000
HM 3600-230 | 3600 230 40 87 CTJ1.32002 | 3200 3000
HM 5000-210 | 5000 210 42 88 CTHA-3200-2 | 3200 3000
HM 7000-210 | 7000 210 52 89 CTHA-5000-2 | 5000 3000
HM 10000-210 | 10 000 210 65 89 CTH-6300-2 | 6300 3000
HM 10000-210 | 12 500 194 89 87 CTHA-8000-2 | 8000 3000

[ToanopHbie arperatsl

8HJIs HM 360 600 28-42 3,9-6,5 79 | MA-36-51/6 100 960
14H/Ic H 800 1260 | 33-42 5 84 | MA-36-61/6 160 960
HMII-2500-74 | 2500 74 7 85 | AC-118/44-6 800 1 000
HMII-3600-78 | 3 600 78 5,7 87 | AC-118/44-6 800 1 000
HMII-5000-115| 5000 115 6 83 | CH-15-39-6 | 1600 1 000
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Ipunooicenue 3
Obpasey 3as6n1eHus cmyOeHma Ha Kypcosoli NpoeKm

CornacoBaHo H.o. 3aBenyromemMy Kadeapoi TpaHCOOPTHO-
HHEPIreTUYECKUX CUCTEM
CrynenTa(ku) rpyIsl
« » 20 r. Hanpasnenue noarorosku 21.03.01
Hedterazosoe zneno
®opma o0yueHus
TeJL.

Toanucs u U0 3aB Kadeapoi

®UO crynenta

3agBieHue

[Ipoury yTBEpIUTh TEMY KypCOBOTO IPOEKTA

(HaMMEHOBaHUE TEMBI)

IO JUCLMUIIIIMHE

(mara) (moamucs)

Tema cormacoBaHa ¢ Hay4YHBIM PYKOBOJIUTEIEM

OUO pyxoBoauTens

(mara) (moamnuce)
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Ipunoowcenue 2
Ob6paszey mumyibHO20 TUCMA KYPCOBO2O NPOEKMA

MHUHHUCTEPCTBO HAYKH U BBICHIEI'O OBPA3OBAHUSI POCCUICKOM ®EJEPALIANA
OEJJEPAJIBHOE TOCYJAAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YUYPEX/EHUE
BBICHIEI'O OBPA3OBAHUS «MOCKOBCKHUI MNOJIMTEXHUYECKU YHUBEPCUTET»
YEBOKCAPCKHU HHCTUTYT (PUJIUAJT) MOCKOBCKOI'O MOJUTEXHUYECKOI'O
YHUBEPCUTETA

Kadenpa TpaHCIOPTHO-I)HEPIreTHYECKUX CUCTEM

KYPCOBOM IMPOEKT

no aucuuiuinie «IlpoekTupoBanune razoHedrexpaHuIHID)

HaumenoBanue

Per.HOoMeDp Beimosnann:
CTYJEHT ____ Kypca, TpyIIibl
kadenpst TOC dbopmbl 00ydIeHUS

10 HAMPABIICHUIO TIOJITOTOBKH
21.03.01 Hedrerazosoe nemno

O.1.0.

Jonymena k 3amure Hayunsblii pykoBoaHTENb:
«_» 20 T

Y4. CTCIICHb, JOJIDKHOCTDh

MHOIITHCH

®.1.0.
3amura KypcoBOro mpoeKTa:
Ouenka
Jata « » 20 1.

HOI[I'IHCL HAaYYHOT'O pYKOBOIUTCIIA

Yeboxkcapsl, 2026 T.
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Ipunooscenue 3
Obpas3ey om3vlea HAYUHO20 PYKOBOOUMENS

OT3bIB
Ha KypCOBOM ITPOEKT
CryaeHr
Kypc , Tpynmna , ¢opMbI 00yUeHUA

HamnpagsJjieHue noaroroBKu
HanpasiaenHnocts (mpoguib) NporpaMMsl
Jducuumiauna

HaumMeHoBaHHe TeMbI

PykoBoaurennb

1.

IpeacraBiaenHasi padboTa COCTOMT W3: BBEICHUS, rJIaB OCHOBHOMW YacTH, 3aKJIIOYCHUS

Y CIIMCKA UCIIOJIb30BAHHOM JIUTEPATYPBI

2. OueHka KayecTsa BbINOJHEHWA KYPCOBOrO NMPOEKTa
Ounenka
Ne K (o 5
i pUTEPUM OLIEHKH ALILHO
M 1mKaJse)
2.1. | AKTyanbHOCTh TEMATHKH PaOOTHI
2.2. | JIOTMYHOCTh ¥ CTPYKTYPUPOBAHHOCTH PA0OTHI
23 CaMOCTOSTENFHOCTD U3JI0KEHHS U 0000IIEeH!sT MaTepralia, HHTEPIIPETalluu
) MOJTyYEHHBIX PE3yIbTaTOB, 000CHOBAHHOCTH BBHIBOJIOB
XapakTepuUCTHKA UCIIOJIb30BaHUS B Pa0OTE UCCIIEI0BATENBCKOTO HHCTPYMEHTAPHUS
2.4 | (aHanm3a, cHHTE3a, CTATUCTUKO-MATEMaTHIECKON METOIOJIOTHH, TTAKETOB MPUKIIATHBIX
MIporpamMm M T.I1.)
25 KadectBo ipoBeieHHOT0 pacyeTa (ITOJTHOTa 0030pa HCTOYHUKOB, BEIOPAHHBIX METOIOB
) WICCJICJIOBAHUS M TAHHBIX [T aHAJIN33)
26 Pesynbrater mpoekTa (HOBHU3HA, TECOPETHUESCKAS U MMPAKTHYECKAss 3HAYUMOCTD U
) MIPUMEHUMOCTBD)
27 KadectBo odopmieHus npoekra (00wl ypOBEHh TPAMOTHOCTH, CTHIIL U3JI0KCHUS,
Ka4eCcTBO WILTIOCTPALIMi, COOTBETCTBHE TPeOOBaHUIM 0 0POPMIICHHIO)
2.8 | Mcnonp3oBaHKe B IPOEKTE MaTEPUATIOB COBPEMEHHBIX METOJIUK pacyeTa
Hcnonp3oBaHue B MPOEKTE COOTBETCTBYIOIINX HAMIPABICHUIO HCCIICIOBAHUS
2.9 | UICTOYHHMKOB JUTEPATYPHI, PE3yIbTATOB HAYYHBIX MCCIEIOBAHNN 1 MaTEpPHUaIOB
MEPUOJNYECKON MeYaTh
Pexomenayemas oneHka 3a padoty (He 00s3aTeNbHO cpeiHee apu(MeTHIecKoe U3 JaHHBIX
OIICHOK)

3. 3amevaHusi 10 MOATOTOBKE U BHINOJHEHHIO KYPCOBOI'0 NMPOEKTAa

4. KypcoBoil NpoeKT COOTBeTCTBYeT (He COOTBETCTBYeT) MHpelbsBJsieMbIM TpPeOOBAHHUSM,
KOMIIeTeHIUH Cc(POpMHUPOBaHbl (He C(POPMHUPOBaAHBI), 3aCJHy:KMBaeT (He 3aCJy:KHBAeT)
NMOJIOKUTEIbHOI OIeHKH W MOXKeT (He MOKeT) OBITH J0oNyllleHa K 3ammuTte (HY>KHOE
MOTYEPKHYTH)

5. JlonoJiHUTeIbHbIe KOMMEHTApUM K padoTe

« » 20 T

(moAmucy pyKOBOIUTENS)
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