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I'JIOCCAPUIA

ApmaTtypa — ycTpoiicTBa W JeTanu (KjIamaHbl, BEHTWJIM, BBIKJIIOYATEIU
U T. I1.), HE BXOJAIIUE B COCTAaB OCHOBHOT'O 00OPYI0OBaHMS, HO 00ECIIEUYMBAIOIINE €TO
HOpPMaJIbHYI0 paOoTy. Paznuuaror apmarypy TpyOONpOBOAHYIO, 3IEKTPOTEXHHYE-
CKYIO, [IEYHYIO U T. [I.

Bbaiinac — 00Bo1, MapajuIeILHBIA MPSIMOMY Y4acTKy TPyOOTpoBOaa, C 3amop-
HOM WM peryjiupylone TpyOompoBOIHOW apMmaTypoil WM mnpudbopamu (Hamp.,
CUETYMKAMU JKUAKOCTH WK Ta3a). CIyKUT Ui YIPABICHHUS TEXHOJOTHUECKUM IPO-
[IECCOM TPU HEUCIPABHOCTU apMaTypbl WIH MPUOOPOB, YCTAHOBIEHHBIX HA MPSIMOM
TpyOOIPOBOJIE, a TAKXKE MPU HEOOXOJUMOCTH MX CPOUYHOHN 3aMEHBbI M3-3a HEHCIIPaB-
HOCTH 0€3 OCTaHOBKH TEXHOJOTUYECKOTr0 MPOLECCa.

I'azonepexkaunBarommii arperat (I'ITA) — TexHONOTHMYECKOE YCTPOMCTBO,
BKJIIOUAroIee NpuBoJl (Ta3oTypOrHHyt0 yctaHoBKy ['TY, nmopriHeBoi asuratesns [1]]
nu6o snextpoasuratenb J/]) u HarHetarens (nentpobexusiil [IBH mwnmu oceoit OH),
IpeIHa3HAYCHHBIN JIJIs IOBBIIIICHUS JABJICHUS B MArUCTPAIbHOM Ira30IPOBO/IE).

I'azonpoBoa-nepeMbIUYKa — ra3onpoBOJ, COCIAUHSIOMUN Mexay coOoi Ma-
TUCTPaIbHBIE FA30MIPOBOABI UJIU CUCTEMBI.

I'a3onpoBoa MarucTpajbHbIii — KOMIUIEKC MPOU3BOJCTBEHHBIX OOBEKTOB,
o0ecrneunBarouX TPAHCIIOPT MPUPOIHOTO WM MOMYTHOTO HEPTSIHOTO raza, B COCTaB
KOTOPOW BXOASAT OJHOHUTOYHBIA Ta30MPOBOJI, KOMIIPECCOPHBIE CTAHIIMU, YCTAHOBKHU
JOTIOJIHUTEJIbHOW MOJTOTOBKU rasza (HarmpuMmep, mepea MOPCKUM MEPEX0I0M), y4acT-
KM C JIyIMHTaMH, IEPEXOAbl YEPE3 BOAHBIC MPETPA/IbI, 3alIOpHAs apMarypa, KaMepbl
npuéMa M 3ammycka OYMCTHBIX YCTPOMCTB, razopacrpeenuTeabHble cTaHuu, (as3o-
W3MEPUTEBHBIC CTAHIINM, CTAHIIUH OXJIAXKICHUS ra3a.

I'a30npoBOI MHOTOHMTOYHBIA — Ta30MPOBOJ, COCTOSIIMNA W3 HECKOJIBKUX
B3aMMOCBSI3aHHBIX MapAJIEIBLHO YJIOKEHHBIX TPYOOIIPOBOIOB.

I'a3onpoBoa MpocTOi — Ta30MpoOBOA C MOCTOSTHHBIM JHAMETPOM TpyO, Oe3
OTBOJIOB K TIOTIYTHBIM TOTPEOUTENSAM U O€3 JAOMOTHUTEILHOTO MpréMa rasa mo myTu
CJIEOBaHMS.

I'azonpoBoa CJI0KHBIN — Ta30MPOBOJIE MOCTOSHHBIM WJIA PA3JIUYHBIM JHa-
METPOM TPyO C OTBOJAMU K TIOITYTHBIM TOTPEOUTEIISIM, C TOTIOTHUTEIHHBIM MPUEMOM
rasa, JIylMHraMH U IepeMbIUYKaMHU.

T'osioBHas HedTenepexkaynBawmas cranuusa (I'HIIC) — koMiuiekc coopy-
KEHUH, pacnoJIOKEHHBIM B HavYalle MarucCTpajbHOTO HEPTENPOBOA UK €r0 OTAEIIb-
HOTO KCILTyaTallHOHHOI'O y4acTKa Y MPEeIHA3HAYCHHBIN JJIs1 HAKOIUICHHUS U MepeKay-
KU 110 TpyOo1ipoBoay HE()TU U HEPTETPOTYKTOB.



JlaBienue pabodee — HauOosblliee W30BITOYHOE IABJICHHE, NMPU KOTOPOM
00ecCIeynBaeTCs MPOESKTHBIM PEKUM IKCILTyaTallMK Ta30IPOBO/IA.

JMoxumHas kommnpeccopHasi cranuus (JAKC) — xommpeccopHast craHius,
YCTAHOBJICHHAs! HA BBIXOJE M3 MPOMBICIA U NPEIHA3HAYEHHAs [l MOBBIIICHUS 1aB-
JIeHUs Ta3a 10 paboyero NaBieHHs B MaruCTPaTIbHOM T'a30IIPOBOJIE.

Komnpeccopnasa cranmus (KC) — xoMmIuiekc coopyXeHUM ra3ompoBojia
(MarucTpagbHOTO), MpeHA3HAYEHHBIH 1151 KOMIPUMHUPOBAHUS Ta3a.

Koa¢ppuumenr ruapasianyeckoi 3¢ppeKTHBHOCTH ra30npoBoaa — OTHOLIE-
HUE MPOU3BOIUTEILHOCTH T'a30IIPOBO/IA K €0 pacu€THOM MPOIYCKHOM CIIOCOOHOCTH.

Ko>ddunuenT 3arpy3ku razonpoBojga — OTHOIICHHE (HAKTUUECKOW ITPOU3-
BOJUTEIIBHOCTH K MPOEKTHOW IPOU3BOAUTEIBLHOCTH ra30IPOBOAA.

Kputnueckas remneparypa — HauboJbI1as TEMIIEpaTypa, Py KOTOPOii ra3
HE MEePEXO0/IUT B KUJKOE COCTOSTHUE, KaK Obl BEJIMKO HU OBLJIO JJaBJICHHE.

Kpurnuyeckoe gaBjieHue — npeaenbHOE JaBICHUE, IPU KOTOPOM U MEHEE KO-
TOPOTO r'a3 HE NEPEXOAUT B )KUJKOE COCTOSIHUE, KaK Obl HY HU3Ka ObLIa TEMIEpaTypa.

JIuHelHAas YacTh MArUCTPAJBbHOIO Ia3onpoBOAA — Y4aCTOK MArucCTpajb-
HOTO ra30MpoBO/ia C 3alIOPHOM apMaTypoOu, C JIYNMUHTaMH, C OTBOJIAMH U MEpEMbIUKa-
MU, €3 KOMIIPECCOPHBIX U Ta30paCIpeIeIUTEIbHBIX CTAHIIUM.

JIuneiinasi yacTb MmarucrpajbHoro Hegrenposoaa (JI4 niam JIMMH) — co-
BOKYITHOCTh YYaCTKOB HE(PTEMPOBO/A, COSAMHSIOMNX HedTenepeKaynBaronue CTaH-
U MEXIy c000i TMO0 C MPUEMO-CIATOUYHBIMHU ITYHKTAMU U COOPY>KEHUMU, BXOIs-
X B COCTaB He(TEPOBO/A.

JlynuHr — pesepBHas HUTKa TPyOONpoBOAa. YCTaHABIMBAIOTCS, KaK MpaBu-
JI0, B Y4aCTKax C TOBBIMIEHHBIM TPAHCIIOPTOM HEe(PTH M raza U y4acTKax C Y3KUM
JTUaMETPOM TPYO.

MarucTpajbHbIii HACOC — TUIPABINYECKAs] MAIIMHA NPEAHA3HAYCHHAS IS
nepexkauynBanus HeQTH W HEPTEMPOIYKTOB MO MAruCTPaIbHBIM, TEXHOJIOTHYECKUM
Y BCTIOMOTaTeJIbHBIM TPYOOIIPOBOAAM.

Marucrpaiabubiii Hegprenposoa (MH) — ennHbIl UMYyIIECTBEHHBIN MPOU3-
BOJICTBEHHBIM KOMILUIEKC, COCTOSIIIUN W3 TMOJ3EMHBIX, MOJBOJHBIX, HA3€MHBIX U
HAJ[36MHBIX TPYOONPOBOJOB U CBS3aHHBIX C HUMHM HACOCHBIX CTaHIIMM, XPaHWJIUIILL
HePTH U JIPYrux TEXHOJOTHUUECKUX OOBEKTOB, MPEAHA3HAYCHHBIX ISl TPAHCIOPTH-
POBKHM HE(PTH OT MyHKTOB €€ MPUEMKH JI0 TyHKTOB CAa4u MOTPEOUTEIAM WM JJIs Tie-
PEBAJIKU Ha PYroM BUJ TPAHCIIOPTA.

Manudgoaba — HECKOJIBKO TPYOONpPOBOAOB, OOBIYHO 3aKPEIUIEHHBIX Ha O/I-
HOM OCHOBAaHMH, PACCUMTAHHBIX HAa BBICOKOE JABJICHHE U COCOUWHEHHBIX IO OIpere-
NEHHOM cXeMe, U CHa0KEHHBIX HEOOXOIUMOM 3aMIOPHOM U MHOW apMaTypOH.



Hamop — ¢usndeckas BenuuMHA, BbIpaXKAIOUIas YACIbHYIO, MPUXOASIIYIOCS
Ha €JIMHNUIY BECa, MEXaHUYECKYI0 SHEPIHUIO IOTOKA )KUIKOCTH B TAHHON TOYKE.

HedrenpoBoa — coopyxeHue s TpaHCIOPTUPOBKU HEPTU MM HEPTENPO-
OyKkToB. B coctaB HedTenpoBoa BXOAAT TPyOONPOBOI, EPEKAUNBAIOIINE HACOCHBIE
CTaHLIMH, XPaHUJIUIIIA.

OTHOCUTEJBbHAA IUVIOTHOCTH — 3TO OTHOLICHHWE IUIOTHOCTH OIPEAEIEHHOIO
ra3a K IJIOTHOCTY CTaHIapTHOrO BEIIECTBA (BO3AyXa) IPH ONPEIEAEHHBIX YCIOBHSIX.

IleperoH — cCOBOKYITHOCTb HUTOK TPYOOIIPOBOAA, BKJIIOUAs JIyIIMHTH U IEpe-
MBIYKM MEXAY IBYMs nociiefoBaTenbHO pacnonokeHHbiMu HIIC nimm mexay HIIC
Y KOHEYHBIM ITYHKTOM JOCTaBKH.

IMoanmopHsbIi HACOC — IUApPaBIMYECKas MAlIMHA Ui CO3AaHUS HEOOXOIUMO-
ro Ha BXOJ/I€ OCHOBHOT'O Hacoca Haropa, 00ecreyrBaroliero ero 6eckaBUTalMoOHHYO
paoory.

IlomMnaxk — HeycroilunBas paboTa KOMIIpeccOpa, BEHTWJIATOpAa WIM Hacoca,
XapakTepu3yemasi pe3KuMHU KoJeO0aHUsIMU Harlopa U pacxo/1a epeKaynBaeMou Cpeibl.

IIpou3BOAMTEIBHOCTH MATMCTPAIBLHOIO ra30npoBoAa (Baja0Bas) — KOJM-
YecTBa ra3a, TPAHCIIOPTUPYEMOTO 0 Ta30MpoOBOLY 3a pacu€THbIM mepuon (rox, ce-
30H, KBapTaJl, MECSL], CyTKH).

IIpome:xkyTounas HeprenepexkaunBawomas cranuus (ITHIIC) — vedrene-
pEeKauMBaroIIas CTAHIMA, OCYILIECTBIIAOIIAS ITOBBIIICHUE JABJICHUS IIEPEKaYMBAEMON
’KHUJIKOCTU B MAaruCTpajJbHOM HE(PTEpOBOIE.

IIponyckHasi cOCOOHOCTH ra30MpoOBOAA — PACUETHOE KOJIMYECTBO Ias3a, Ko-
TOPOE MOXKET MPOIYCTUTh Ta30IIPOBOJ B €JUHHUIY BPEMEHHU IIPU 3aJaHHBIX [1apaMeT-
pax U yCTaHOBUBILIEMCS PEKUME MOTOKA rasa.

Pacxon — ¢usnyeckas BeIMUMHA, BhIpaXarollas KOJUYECTBO XKUAKOCTU WIIU
ra3a, IpOTEKaroIlIeH Yepe3 MONEPEUYHOE CEYEHUE MOTOKA 32 €ANHUIY BPEMEHH.

Pacxoa raza — o0b€M rasa, mpoIe/IIero yepes nornepevyHoe ceueHmue Tpyoo-
IIPOBOZA 34 €AUHULY BPDEMEHHU, IIPUBEIEHHBIN K CTAHIAPTHBIM YCIIOBHSIM.

PacuéTHoe 1aB/ieHHe — MaKCUMaJIbHOE U30BITOUYHOE JABJIEHUE B ra30MpOBO-
7ie, Ha KOTOpOE MPOU3BOAUTCS pacy€éT HA MPOYHOCTH MPH OOOCHOBAHHHM OCHOBHBIX
pa3MepoB.

Pe3epByapHbIil NapK — KOMIUIEKC B3aUMOCBSI3aHHBIX OTAEJIBHBIX WIA IPYIII
pe3epBYapOB ISl XPAaHEHUSI, HAKOIJICHUS U YYETA )KUAKUX MPOLYKTOB.



BBEJAEHHUE

HoBble yCIIOBHSI CTPOWMTENBCTBA W OKCIUTyaTalldMd  TPYOOIPOBOJIOB
U TIOJ/ICpP/KaHUe Ha BBICOKOM YPOBHE TpPeOOBaHMI K KauyeCTBY MX IMPOEKTHPOBAHUS
TpeOYIOT OT TMPOCKTUPOBIIMKOB YBEPEHHBIX 3HAHHA M HABBIKOB, CBS3aHHBIX
C KJaCCHYECKHMMH METOJAaMH pacyéra y4acTKOB MAaruCTPalbHBIX Tra3o- H
HedTenpoBo10B [1].

JlaHHBIC METOAMYECKUE YKA3aHUS MPEIHA3HAYCHBI IS BBIMOJHCHUS KypCO-
BOT'O MMPOEKTUPOBAHMS B paMKax TUCIMILIMHBI « [IpoekTHpoBaHue ra3oHeTenpoBo-
JI0B» CTYJICHTaMH HarpasJieHus moarotoBku «Hedrerazosoe aero.

ConepxaHue yka3zaHUIl COOTBETCTBYET palouell mporpaMMe JAMCLUILIMHBI
U COJICPKUT TPEOOBAHMS K COJIEPKAHUIO U OPOPMIIEHUIO TIPOEKTA, 3aAaHUs U UCXO/-
HbI€ JIaHHBIE I IPOEKTUPOBAHUS yYacTKa MaruCTpaibHOIO T'a30- U HEPTENPOBOJIA,
METOAMKHU MX pacyéTa, peKOMEHAAIMHN B YaCTU BbIOOpA JUTEPATyPhl, a TAKKE 3HAUU-
TEJIbHYIO YaCTh HEOOXOAUMBIX JJIsl IPOEKTUPOBAHMSI CIPABOYHBIX MATEPUAIIOB.

BelnonHeHre W ycnemnHas 3anura padoThl MO3BOJISIOT CTYIEHTY HOJYYHUTh
JOITYCK K 3K3aMeHy 1o nucuuiuimie «[IpoektupoBanue razoHeTEpOBOIOBY.



1. TPEBOBAHUA K COAEP KAHUIO 1 O©@OPMJIEHUIO ITPOEKTA
1.1 Copepsxkanue npoexkTa

[TpumepHOE conepskaHue MpoekTa npeactarieHo B [Ipunoxkennu 1. B 06s13a-
TEJTLHOM TIOPSIKE pabdoTa ODKHA UMETh TEOPETUUYECKYIO YacTh U COMPOBOKIATHCS
rpaduyeckuM MaTeprasioM (oauH JucT opmara Al).

HcTounuky, peKOMEHIyeMble K HCIIOIh30BAaHUIO B paboTe Hal IMPOEKTOM,
npeactasiieHsl B [Ipunoxenun 2.

1.2 llpaBusia opopmireHus

PaGota (nosicuutenbHas 3anucka u e€ rpaduueckas 4acTh) JI0KHA OBITH BbI-
TIOJTHEHA B COOTBETCTBUU C TpeOoBaHUsIMU [2, 3, 4] ¥ IeHCTBYIONMMH TPeOOBAHUIMHU
k ECK]JI.

[MTosicHuTenbHAs 3amUcKa BhIONHACTCS B peaaktope Microsoft Word. Tomyc-
KalOTCsl HE3HAYUTENIbHbBIC UCTIPABIICHUS TACTON YEPHOTO 1[BETA.

OO0bEM paboTHl JODKEH COCTOATH He MeHee uyeM W3 30 MOJHBIX CTPaHMIL
dbopmata A4.

Hanmuane conmeprkanus 1 HyMepaluy CTPaHUII — 00s3aTEBHO.

bubmorpadudecknii CiMcok TODKEH COAep)KaTh HE MEHEE IIIECTH UCTOYHUKOB.

Xoja pelieHus] pacImUChIBACTCSI MAKCUMAJIbHO TOJIPOOHO M B COOTBETCTBUU
¢ TpeboBanusMHU [2].

PaGoTpl, HE OTBeUarOIIKE BBHIMICIEPEUUCICHHBIM TPEOOBAHUAM, Ha MIPOBEPKY
HE TPUHUMAIOTCS.

2. SAJAHUE. UCXOJHBIE JAHHBIE

Tema paboThl W WCXOMHBIC JAHHBIC HA3HAYAIOTCS MpErojaBaTenieM. 3amadeit
MIPOEKTUPOBAHUS SIBJISICTCS] BBIOJHUTH PACUYET Yy4acTKa MAaruCTPaIbHOTO Ta30MpOBOA
i HedrenpoBoa B coorBeTcTBUM ¢ [Ipmnokenuem 2. ['padudeckas yactb KypcoBOro
NpOEKTa JIOJDKHA coAep KaTh OJUH JIMCT (popmarta Al, ohopMiieHHBIE B COOTBETCTBUU C
nevictByronmmMu TpedoBanusimu kK ECKJI n MeTonnueckumu ykazanusmu [2, 3, 4].

Hcxonubie nanHpie K pacuéry mo teme «lIpoektnpoBaHme ydacTka Maru-
CTPaJIbHOT'O Ta30MPOBOJIAN:

— TOJ0Bast NPOM3BOAUTENLHOCTh, Q, Mip. M3/Tox;

— abcomoTHOE pabouee naBieHue B razonposoze, P, Mlla;

— abcomorHoe pasienne Ha Bxoae ' KC, P1, MlIla;



— temneparypa raza Ha sxoge ['KC, 71, K;

— IPOTSHKEHHOCTH y9acTKa ra3onpoBoaa, L, km;

— CpeIHero/I0Bas TeMIlepaTypa OKpy Karorero Bo3ayxa B paiione ' KC, t sos01, K;

— CpeIHeroioBas TemMmepaTypa okpyxaromiero Bozayxa KC , t sos, K;

— cpeaHeroioBas remneparypa rpynta B paiione ['KC, tp1, °C;

— CpemHerooBas Temieparypa rpynra B parione KC, t2, °C;

— BBICOTA pacnoyiokenus Haj yposaeM mopst ['KC, hi, m;

— BBICOTA pacrojioxeHus Haj ypoBHeM Mopst KC, hz, m;

— COCTaB TPAHCIIOPTUPYEMOTO Ta3a (1o 00béEMY), %0;

— BUJ ¥ IPOTSHKEHHOCTH MTEPECEKAEMOM TPerpaibl.

Hcxonupie manHbBIe K pacd€éry mo teme «lIpoekThpoBaHme ydacTka Maru-
CTpaJIbHOTO HEDTETPOBOIAN:

— nHa TpyoornpoBoaa L, ku;

— 00BEM rofoBoit nepekauku, G, T/rox;

— mwiotHoCcTh Hetu ipu 20°C, P20, Kr/M3;

— KUHeMaTuueckas Ba3kocTh Heu mpu 20°C, v20, M?/c;

— KUHeMaTuueckas Ba3kocTb pu 0°C, vo, M%/c;

— MUHUMaJIbHas TeMreparypa skcruryarauuu t’ , °C;
min
— MaKCUMaJlbHas TemriepaTypa rpyara t™ | °C;

. ep
— MUHUMaJIbHas Temrneparypa rpynra, t™" ,°C;
ep

— 3HaYEHMsI HUBEJIMPHBIX OTMETOK TPAcChl TPyOONpoBoOa.

[Tpumep odopmenus rpaduueckoii yactu padbotsl (Ha Temy «IIpoekTupona-
HUE y4acTKa MarucTpaibHOTO HEPTEIPOBO1a» ) MPEICTABJICH HAa pUCYHKE 1.

Heobxonumast cripaBoyHasi MH(pOpMaLUs JJIsi KypCOBOIO MPOEKTHUPOBAHUS
npeacrasiena B [Ipunoskennn 2.

3. PACUET YYACTKA MAT'UCTPAJIBHOI'O I'A3OITPOBOJIA

Pacuér yyacTtka MarucTpasbHOIO ra3onpoBOAAa CBOAUTCA K IOCIIEI0BATEIb-
HOMY PELIEHUIO CIEAYIOMINX 3a/1a4:

— OIpeiesIeHNe OCHOBHBIX (DU3MUECKHUX CBOMCTB NEPEKaunBaeMOro rasa;

— BBIOOD TPYO U pacyér TOJIINHBL

— Pacy€T NbUICYJIOBUTENEN KOMIIPECCOPHOM CTAHIUU;

— pacYET KOMIIPECCOPHOM CTAHIINY;

— pacu€t ABO raza Ha KOMIPECCOPHOU CTaHIINH;

— pacy€T IMHENHOTO Y4acTKa MEK1y KOMIIPECCOPHBIMH CTAHLIASIMHU.

[TocTpoeHne TEXHOTOTHYECKON CXEMbl MarucTpajJbHOTO Ta30MpoBOAAa HEOO-
XOJMMO MTPOBOUTH B COOTBETCTBUHU C pEKOMEHIAIMsIMU [2, 4].
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3.1 Onpenesienne OCHOBHBIX (pM3MUECKUX CBOMCTB MepeKaunBaeMoro ra3a

HpI/I BBIIIOJTHCHUN OAHHOI'O pa3aciia pCKOMCHAYCTCA HCIIOJIb30BATH pacqéT—

HYIO METOMKY, IpeUIOKeHHYIO B [5]. B maHHOM pasaene HeoOX0qMMO OTIpeeTiTh:

rac

rac

rac

rac

— MOJIEKYJIIPHYIO MacCy CMECHU Ta30B Mcy, KI/KMOJIb;

— IUTOTHOCTb Ia30BOM CMECH IIPU CTAHAAPTHBIX YCIOBHUSIX Pem, KI/CT. M,
— IUIOTHOCTH CMECH ITPH HOPMAJILHBIX YCIOBHSAX Pr, KI/H. MC;

— OTHOCUTEJIbHYIO INIOTHOCTD T'a3a M0 BO3AYXY, A;

— IICEBJIO-KPUTHYECKYIO TeMIiepaTypy raza I, K;

— TICEBJIO - KPUTHUYECKOE J1aBiieHue ra3a Pux, Mlla.

MonexynsipHas Macca cMecH razoB Mey, KI/KMOJIb

My, = in ‘M,
Xi — MOJISIpHAs! KOHIIEHTPAIIHS I-T0 KOMIIOHEHTA B CMECH, JIOJIH SINHHIIBL;
Mi — MoseKysipHast Macca i-ro KOMIOHEHTa B CMECH, KI/KMOJTb.

I[110THOCTB Ta30BOM CMECH ITPU CTAHAAPTHBIX YCIOBUSAX Pem , KT/CT. M

Pem = 24046
[IJI0THOCTH CMECH ITPY HOPMAJIBHEIX YCIOBHUAX Py , KI/H. M°
— MCW
Pem = — .
24,046
OTHOCHUTENbHAS TUIOTHOCTH ra3a 1Mo BO3ayXy, A
- APT_ .
1,206

IIceBnokpuTHuEeCKas TeMnepaTypazasa T, K
i ke

Tk = X T,
Tipi — KpUTHUECKAs TEMIIEpaTypa I-ro KOMIIOHeHTa ra3a, K.

Ornpenenvm MnceBIOKPUTHYECKOE IEBneHne rasza Pu., Mlla,
i kpi

P = X P

Piyi — KpUTHYECKOE TaBJIeHUE I-T0 KOMITOHEeHTa ra3a, MI]a.

1)

(2)

(3)

(4)

()

(6)

Onpenenenne HU3UIEHN TEIIOTHI CTOPAaHUS T'a30BOM CMECH Qp , MTx/cT. M3

Q: = Zn;,xi q,
3

(Q«i — HU3IIAs TEIJI0Ta CrOpaHus I-ro KoMIoHeHTa rasa, MJIx/ct. M°.

3.2 Bu16op TPYO U pacyéT TOJIIMHBI

(7)

VYcnoBHBINM AUAMETp IJIs JIMHEHHOW YacTH TPyOONpoBoia MOAOUPAOT UCXO-

11



A1 U3 €10 SaﬂaHHOﬁ IMPOU3BOJHUTCIIbBHOCTH. I[anee, B 3aBUCUMOCTH OT YCJIOBHOTO
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JTMaMeTpa u JaBieHus B razonponojie mo TY 14-3-1138-82 noxpbuparoT MapKy cTaiu
JUTSI U3TOTOBJICHUSI TPYO UM OTIPEIEISIOT €€ CBOMCTBA:

— BPEMEHHOE COTIPOTUBIIEHUE PA3PhIBY Gsp, MI1a;

— npenen tekydectu ot, Mlla;

— K03 bULMEHT HaIEKHOCTH IO MaTepuainy Ki.

TounmuHa CTeHKH TPyOOIpoBoOa 6, MM

__nP-D
0= 2-(R+n-P) (®)

rie N — ko3 PUIHEHT HaIEKHOCTHU M0 HAarpy3Ke U BHYTPEHHEMY pabodyeMy J1aB-
JIeHUI0 B TpyOomposoze, N = 1,10;

P — pabouee naBnenue B Tpyoomnposoe, Mlla;

D. — HapyXHbI{ 1uaMeTp TpyOOonpoBoIa, MM;

R1—pacu€THoe compoTuBiieHUE pacTskenuto, MIla
A R"-m
1= —, 9
<K 9)

rie R —HOpMaTuBHOE CONMPOTUBICHHUE PACTKEHUIO MeTaiuia TpyOsl, MI]a;

K1 — ko3 punmienT HagéxHocTn no Matepuainy Tpyosl, K1=1,4;

K. — xoappurmenT HaiéKHOCTH M0 Ha3HAYSHUIO TpyoOorpoBoa, Ky = 1 ,05.

[lonydyeHHy0 pacy€THYIO TOJIIWHY CTEHKHM TPYOONpPOBOJA OKPYIJISIEM [0
Ommkaiimiero OoJbIIero 3HavyeHWs, npemxycMoTpeHHoro TV 14-3-1464-82. Jlamee
OTIPENIEIISIFOT BHYTPEHHUI IaMeTp TpyoomnpoBoa, d, Mm

d=D.—-2"5. (10)
3.3 Pacuét nbLiey10BUTE 1€ KOMIIPECCOPHOI CTAHIIUM

Mapka nbUIEYJIOBUTENS Ul OYMCTKHM Ta3a Ha KOMIIPECCOPHOM CTaHIIMM IO/
OMpaeTcs B 3aBUCHMOCTH OT paboyero JapaeHHs ¥ NPOM3BOJUTEILHOCTH yIacTKa ra-
300pOBOA C Y4ETOM TOTO, YTO COMAEPKAHME MEXAHUYECKMX IIPUMECEH B rase He
JIOJKHO MPEBBIIATh 5 Mr/Me,

[IporycKHast CoCOOHOCTH OJHOTO MBUIEYIOBHUTENSA Q |/, MJIH. CT. M%/CyT.
q
Q I = — (11)
n
rae (- KOJMYECTBO Ta3a IEPE NbLICYIOBUTEIEM, MIIH. CT. MY/CYT.;
N — KOJINYECTBO IbLUICYJIOBUTEIECH.
KonuuecTBo rasa nepeji nbUIeyJIOBUTEIEM [, MIIH. CT. M%/CYT.
Q-10°
q= ;
365K, K, K,

(12)
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rie  Kpo — K03pPUIIMEHT pacyéTHOI 00eCIeYeHHOCTH Ta30CHA0KEHHs TOTpeOuTeNeH;
Kpo =0,95;
Kom — xoapuninent sxcTpeManbHbIX Temneparyp; Kom = 0,98;
Ko — ko3 dunmenT Haa&KHOCTH razornpoBojaa; Ky = 0,98.

Jlasiee HEOOXOAMMO TPOBEPUTH HE BHIXOJIUT HArpy3Ka Ha BCE MBLICYTOBUTEIN
3a TPaHUIy MUHUMAJIbHOU TTPOU3BOJAUTEILHOCTH, B TOM YHUCJIC W TPU OJTHOM OTKITIO-
YCHHOM, ¥ OTIPEJICITUTh JIaBJICHUE Ha BXOJIC B MBLICYJIOBUTEIb.

JlaBneHue Ha BXOJIC B IIbLICYJIOBUTEIH, Psc, MIla

Psc = P1— 0Py, (13)
rne  Pi1— naBieHue B KOHIIE JIMHEHHOTO yyacTka, Ml1a;

0P« — moTepu naBnenus Ha Bxoje, Mlla.
3.4 PacuéTt koMIpeccOpHOM CTAHIUM

JI1st yCTAaHOBKHM B LI€X€ KOMIIPECCOPHOM CTaHLMM Ta30lepeKayrBarolue ar-
peratbl NOJOUPAIOT B 3aBUCUMOCTH OT pabodero naBieHus. B pacuére ncnomab3yror-
Csl CJIETYIOIINE XapaKTEPUCTUKHN BBIOPAHHOI'O HarHETATEsL:

— TUII LEHTPOOEKHOTO HarHeTarTess (IOJTHOHATIOPHBINA WM HENOJIHOHATIOPHBIN);

— K.ILJI. IPHBOJIA B CTAHIIMOHHBIX YCJIOBHUAX, N, %0;

— HOMHHAJIbHAS 4aCcTOTa BPAIICHUS CHIIOBOM TypOWHBI, Ny, 00./MUH.;

— KOMMEpUECKasi MPOU3BOJIUTENBHOCTh HarHeTatend npu 20°C u naBieHUn
0,1013 MIla, Q., mutn. cT. M%/ cyT.;

— CTEIEHb CXKATHs HarHEeTaTeNs, €;

— MOJUTPONMYECKUN K.I1.Jl. HATHETATEIIS, Nnor, Y0.

KonnuectBo padounx I'TIA B cTynenu nexa, n

Q| (14)

Q.

e Qxy — IPOM3BOUTENHEHOCTS KOMIIPECCOPHOTO 1I€XA, MIIH. CT. M°/CYT.;

n=

Q. — KOMMepUECKas IPOU3BOAUTEILHOCTS HATHETATENS, MIIH. CT. M/ CyT.

[TomyuernHoe xommuecTBo pabounx ['TIA B cTymeHu 1iexa OKpyristoT B 00JIb-
LIYI0 CTOPOHY U HA3HAYAKOT KOJIMYECTBO PE3EPBHBIX ArperaTros.

Jlanee onpenenstor pabodyro MPON3BOAUTEILHOCTh HarHeTaTenst Qx, MIIH. CT.
M3/CyT.

Q
Q =—, (15)
8 n
rae N — 9ucio pabovrx ra3ornepeKavunBaroIuX arperaTos.
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TemnepaTypy rasa Ha BXOJA€ B KOMIPECCOPHBIN LeX s, K, mpupaBHUBAIOT
K TEMIIepaType B KOHIIE ydacTka razonposoja 71, K. Jlanee onpenenstot ko3 duru-

CHT CXKUMAacMOCTH I'a3a IIpu mapaMeTpax Ha BXOA€ B HArHETareiib, Z

0,0241- FZ
g =1 (16)
T

ec

rJe P.» — ipuBenéuHoe nasnenuie, Mlla;
T — TeMITepaTypHBIA K03 UITUCHT.
[IpuBenénnoe nasnenue Py, Mlla

i
Py =5 (n
TemnepaTypHbIil k03P HUITUEHT T
1=1-168-T,+0,78- T2 +0,0107 -T° , (18)
rne  Tnp — mpuBenéHHas Temmeparypa, K
T, =7 (19)
["a3oBas nocrosinHas komnpumupyemoro rasza R, Jx/kr-K
R= E , (20)
A

rae Rs — ra3oBasi moctosiHHas KoMrnpuMupyemoro rasa, JDHx/xr-K;
A — OTHOCUTEJIbHAS IUIOTHOCTH IO BO3AYXY.

I[InoTtHOCTH raza B YCIOBHAX BXO0AAa B HArHECTATCIIb Ysc, Kr/ M3

6
Y@c "= ﬂ . (21)
ZSC : TSC : R
OO0BEMHAsT TTPOM3BOUTEIIPHOCTh HAarHeTarels IpH mapaMmerpax Bxojaa Qos,
M3/MUH.
24-Q -z -T
Q06 = P . (22)

P
3agaéMmcs yacTOTOM BpalieHus potopa HarHeratess = 5 185 00./MuH.
[IpuBenéunas 00bEMHAS IIPOU3BOAUTENLHOCTE Qup, M3/MUH.
Q =q . @23
np 6
raie Ny — HOMUHAJbHAs YacTOTa BpallleHUs CUJIOBON TypOUHbI, 00./MUH.;

N — MpUHATAas 4aCTOTOW BpaIIeHUsI POTOpa HAarHeTaTes1, 00./MUH.

n
[IpuBen€nHas yacToTa BpalleHHUsl POTOpa, {——‘
n

an

15



‘l_n_l—| _ n, an'Rnp'[TH]np ’ (24)
|_nH an n, Zy - R 'Tec
I1€  Znp — NPUBEIEHHBIN KOAP(OULIMEHT CKUMAEMOCTH;
Rnp — IpuBeI€HHAS Ta30Basi NOCTOSIHHAA, KI-M/KIK;
[T:]#p — mpuBenénHas TemnepaTypa HarHeTanus, K;
R — rasoBas nmoctostHHas), Kr-M/Kr-K.
Jlanee no npuBEIEHHON XapaKTEPUCTUKE HATHETATENs ONPEACIIAIOT CTENEHb
CKaTHs ra3a € U NOJIUTPONMYECKUI K.II.JT Mrox.

BHyTpeHHs MOIIHOCTD, ToTpebnsiemast HarHeTaTteneM Ni, KBT

3
N =y Nit.[n], (25)

Y n

H H

I ec

Ni—\
rae (— — OTHOCHTENbHASA BHYTPEHHS MOIMHOCTh HarHeTaTens, KB1/(kr/m®).

LV by

MomHocth Ha MmydTe npuBoaa N, kBt
N.

N=__
—, 26
0,951, 29)

rae  Muex — Mexannueckn KIIJI npuBona.
Jlanee TpoOBEPSIIOT yCIOBHE YIAJIEHHOCTH peKMMa pabOThl HarHeraTess OT
TPaHUIbI HOMIIaXa

(Q /Q™)>11, 27)

rjae (sr:f{; — I'PaJIMCHT YAAIEHHOCTH PexKUMa
np
@Q /Q™)=Q /Q™, (28)
_ np np np np

rae Q, — MUHMMaIbHOE 3HAYEHHE NPUBEIEHHON 00BEMHOM TIPOM3BOIUTETHHO-

CTH, B3STOE U3 IPUBEAEHHON XapaKTEPUCTUKH, MY/MHH.
[Ipu OTCYyTCTBUM OMITaXKA MTPOBEPSIETCA YCIOBUE PACIIONIAraeMO MOITHOCTH

N< N, (29)
e N/ — HOMHHAJIbHAs MOLIHOCTb, KBT.
Pacrionaraemas mommaocts [ TIA N7, kBt
NP=N"-K -K K -|1—K Tg,—Tg”\| P,, (30)
S U A XTI

rie  Ku — ko3(hdUIMeHT, yUUTHIBAIOIIMA AOMYCK U TEXHUYECKOE COCTOSIHHUE Ta-
30TypOuHHOM ycTaHoBkH, Ky = 0,92;

16



Ko6 — K03PIUIIMEHT, YUYUTHIBAIOIIUN BIUSHUE MPOTUBOOOJICIMHEHUE CUCTE-
MBI, Koo = 1;

Ky — ko3 punrenT, yuuThIBaronuil BIUsSHUE cucTembl yTumn3nun, Ky = 0,99;

Kt — xoadpuieHT, yauThIBalONIMi BIUSIHUE TEMIIEPATypbl HAPY>KHOTO BO3-
nyxa, Ki = 2,8;

7, — HOMHHAaJIbHAs TEMIIEpaTypa BO3AyXa Ha BXOJI€ B ra30TypOUHHYIO yCTa-
HOBKY, K;

Pan— pacu€THoE naBieHue HapykHOTO Bo3ayxa, MlIa;

T3 — pacuérHas Temneparypa, K,

T3=Tu+ 87y, (31)

rae T2 — cpenHeroioBasi TEMIepaTypa OKpyKarouiero Bo3ayxa, K;

07, — momnpaBka Ha U3MEHYUBOCTh KIMMATHUYECKUX MapaMeTPOB U MECTHBIN
MO/IOTPEB HApY)KHOTO Bo3yxa Ha Bxoje ['TIA; 67, =5 K.

Jlanee nmpoBepsrOT yciaoBue HopMasibHOM padoTel ['TIA

N< N/ <1,15 N, (32)
JlaBnenue HarHeTaHus Pewx, MIla,
Povix = Pec - €. (33)
Temneparypa raza Ha BeIX0Ji¢ U3 HarHeTaTels onx, K,
Toeur = Toc + ATuux, (34)
¢ ATswx— IMOBBIIICHHE TEMIICPATYPHI ra3a Py KOMIIPUMUPOBaHUH, K,
0,235
AT = Toe(£ ™ —1). (35)
Pacxo/1 TOMJAMBHOTIO Ta3a me, THIC.CT.M>/4
q, =0, (075 N +025- [T Fu ), (36)
L N, 7, 0,1013)
e q", — HOMHHAJIBHBIA PACX0J] TOIUIMBHOTO I'a3a, ThIC.CT.M>/4
860 N”
Q. = W 1 (37)
rae M. — HOMMHAJIBHBIA 2 dexTHBHBIA K111, ['TY;

3

Q7 — HM31Ias TEMIOTa CrOPAHUs TOIJIMBHOIO I'a3a, KKaJl/CT.M
Qr=79874 KKaJI/CT.M°.

AHaJIOTMYHO PaCCUMTBIBAIOTCS KAXKIbII Fa301IEPEKAYNBAIOIIMI arperar B rpyn-
1€, yCTAaHOBJICHHBIN HA KOMIIPECCOPHOM CTaHLUU.

3.5 Pacuér ABO rasza Ha KOMIIpPeCCOPHOM CTAHIIUM

Tpedyemoe konmuectBo ABO razan

17



11-Q
n=g .9 .F ' (38)
HR cp

aso

rie  Qnp — KOIMUYECTBO TeMia, IEpelaBaeéMoe B arapaT BO3AYIIHOTO OXJIaXKICHUS
OT Ta3a K BO3AYyXY U3 ypaBHEHUS TEIIOBOTO Oaanca, KBT;

Kin — xoauimenT Tteronepeaadynd, OTHECEHHBIM K TOJHON MOBEPXHOCTU
opeOpéHHOI TpyObl ¢ yuéroM 3arpsisHeHuil, Bt/M?>K, (00BIYHO NPHHMMAIOT
K = 20 Br/M2K);

0cp — cpenuuit TemnepatypHsiii Hanop, K;

Fueo — TIOJIHAS IOBEPXHOCTH OpebpERHOM TpyOsl ABO, M2,

KonnuectBo Temna, nepegaBaeMoe B ammapaTr BO3AYIIHOTO OXJIAXACHUS OT
ra3a K BO3JyXy M3 ypaBHEHHs TEIJIOBOTO Oananca, Quqp, kBT,

Qp=G-Cp-(TL—-Tp), (39)
rie G — pacxon raza yepe3 ABO, kr/y,

Cp — cpenusig uzo0apHas TEII0EMKOCTh ra3a, Kkai/Kr-K;

T1 — Temnepatypa rasza Ha Bxoae ABO, K;

T» — remnepatypa ra3a Ha Beixozie ABO, K.

Pacxon raza uepe3 ABO G, kr/4,

G = pem + Qg s (40)
TI€  Pem— IIOTHOCTH I'a3a IIPU CTAHAAPTHBIX yCIOBHSAX, KI/CT. M°,

Qy — MPOM3BOUTEILHOCT KOMIIPECCOPHOTO LIeXa, MJIH.CT.M%/4.

Cpenuss nzobapHas TerioéMKocTb ra3a Cp, kkan/Kr-K
C,=1,695+1,838-10%. T, + 1,96 - 10°- (P, —0,1)

Tcp3 (41)

rae Tep — cpennsisi Temneparypa raza Ha KC, K,
Tp= 02, (42

2
rae T1 — Temnepatypa raza Ha Bxoae ABO, K;

T» — remnepatypa raza Ha Beixose ABO, K,
7> = T3+ (10+195), (43)

raie 13— dakTuyueckas Temrneparypa Bo3ayxa, K,
T3=Ta+ 0T,, (44)

rae  Ta— cpenHerogoBas TEMIIEpaTypa OKPYKaroUIEro Bo3ayxa, K;
dTa— TemnepaTypHas nornpaska, 6 la = 5 K.
Cpennuii TeMnepatypHbiit Hanop Oy, K,
Ocp = 0 - ent, (45)
raie 0 —cpemgnuit norapudmMudecKkuii TeMrepatrypHsii Harop K;

18



€At — TIOTIPABOYHBIN KOA(D(GUIIMEHT ONPEACIIeMbId B 3aBUCUMOCTH OT BCIIO-
MoraTeiabHbIX BesinuuH P u R.

0= o (46)

rae 01— TeMrepaTypHBbIil Halop Ha BXoJie anmnapara, K;
02 — TeMIiepaTypHbIil Hamop Ha BRIXO/E amnmnapara, K.
TemnepaTypHblIil Hartop Ha Bxo/e anmnapata 01, K

0,-0
0= o @47
6,
01=T1—12 (48)
rae t2 — remmnieparypa Bo3ayxa Ha Bxone ABO, K,
t2 = t1 + Ato - Ka, (49)

rae t1 — TeMneparypa Bo3ayxa Ha Beixozie ABO, K,
Ato — moBbIIIEHNE TEMIIEPATYPhI BO3yXa TP HOPMAJIIbHBIX YCIOBUSX, K;
Kat — monpaBoYHBIA KOI(PPHUIIMECHT, 3aBUCAIINNA OT BBICOTHI MECTHOCTH HaJl
YPOBHEM MOpPS ¥ TEMIIEPATYPhI OKPYKAIOIIETO BO3AyXa.
[ToBbIIEHUE TEMIIEPATYPhI BO3IyXa TP HOPMAJIbHBIX YcIoBusxX Ato, K,
to= Q :
1,211-m-n-K,, v

rie  Q — KoJaM4ecTBO mepeaaBaeMoro B anmapare Termia, KBT;

(50)

M — opueHTHpOBOYHOE unciao ABO rasa, mr.;

N — KOJIMYECTBO BEHTHJIATOPOB B armapare, B 3aBUCUMOCTH OT THIIa anrmapara
U JITTUHBI TPYO, IIT.;

Ko — K03 dUIIMEeHT, YIUTHIBAIONINN KOJIMYECTBO KAIIO3U B amnmnapare (mpu
OTCYTCTBHH KaJTt03H IpHHUMaeM Koe = 1);

v — 00BEMHEIN PacXo/] BO3AyXa 4€PEe3 OAUH BEHTUIIATOP, MY/C.

TemmnepaTypHbIil Harlop Ha BeIxoj1€ anmapara 02, K,

02=T2—11. (51)
[TonpaBounskIit KO3 PUITUEHT 7151 onpeneneHus eat R
T1 - Tz
R=" ~. (52)
tz - t1
[TorrpaBouHBIM KO3 GUITMEHT AJ1s onipeiesieHust eat P
_L-1
P= : (53)
T-t

[Tocne nomy4deHust pacu€THOro 3HaueHHs: koiauuectBa ABO ero okpyrisirot
B OOJIBLIYIO CTOPOHY.
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3.6 PacuéT 1nHeitHOT0 yYyacTKa MeK1y KOMIIPeCCOPHBIMH CTAHIUAME

Koneunoe nasnenue B razonposone Px, MIla

p=[p AAMZ T Q.L (54)
“ " 105,087%-d° !

rae P — navanbpHOE gaBieHue B razonpooe, Mlla;

A — oTHOCHTENBHAS TUNIOTHOCTH Ta3a 10 BO3IyXY;

A — k03¢ PUIMEHT THAPABINYECKOTO CONPOTUBIICHHS Ta30IIPOBO/IA;
Zcp — cpenHuit Kod(pPUIUEHT C)KUMAaEMOCTH Ta3a;

Tep — cpenHsisi 1O JIJTMHE y4acTKa ra3ornpoBojia Temmneparypa rasa, K;
d — BHYTpeHHHUIA IUaMETp ra30MpoBo/a, M;

Q — IpOM3BOAUTENLHOCTE FA30IIPOBOA, MIIH.CT.M/CYT.;

L — yimHa ygacTka ra30mpoBoa, KM.

Hauanenoe nasiienue B razomnponoae Py, Mlla

PH = P” - 6Pgb1x, (55)

6blX

rie  P" — naBnenme raza mociue I'TIA, MIla;

6blX

OPsux —moTepu aasnenust B ABO raza u Beixonnom nuieiige, MITa.
CpenHsis 1o IMHe ydacTKa ra3onpoBdiia Temmneparypa rasa 1o, K,

, (56)
r, T
Ten =21 “o
T2
rae T\, — HayanpHas TEMIIEpATypa B ra3onpoBoae, K;
To— cpenHerooBas TeMrieparypa rpynra, K.
[IpuBenénnas remneparypa 1np
T
Tnp = ?““’P‘ . (57)
Kp
[IpuBenénnoe naBiaeHue Py
P
Pu= 57 (58)
=P,
IPIS P — cpennee 3nauenue nasienus, MIIa
2 ( P3 )
Pcp‘%'LPﬁP—-'-—P—J, (59)
H xl
IPIS P« — xoHeuHOe naBieHue B nepBoM npudamkenun, MI1a.
Cpennuit K03hHUIMEHT CKUMAEMOCTH Ta3a Zep
0,0241- Pn
Zyp=l-— " (60)
T
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Koaddunuent ruapaBindeckoro COnpoTHBICHUS ra30IpoBOIa A

1,05-4,,
p=__"" (61)

E? |
e Awp — KOOPQPUIMESHT COMPOTUBIICHUS TPEHHUIO,
E — xoadunment ruapapnudeckoii 3gppextuBHOCTH Tazonposoa, £ = 0,95.
KoaddurmeHt conpoTruBiIeHUS TPEHUIO Amp

Aoy = 0,067 - [ 2K Vo2, (62)
)
rae k — skxBHBaJIeHTHAs IEPOXOBATOCTh, MM, K = 0,03 MMm.

Ecin naBnenue Ha Bxone B KC mosyyaeTcst HEIOCTaTOUHBIM JJIsi TPAHCIIOP-
TUPOBKH T'a3a, TO JJI YBEIMUYEHHUS KOHEYHOIO JAaBJICHHSI Ha y4acTKe IpH 3aJaHHON
TOJOBOM TMPOU3BOJUTEIILHOCTH Ta30MpPOBOJa HEOOXOIWMO COOpPY)KCHHE IYIHHTA.
JIynuHr IpUHUMAOT TOTO XK€ JUAaMETPa, YTO U OCHOBHOM MaruCTpaJbHBIA Ira3ompo-
BOJI ¥ ONIPEJIEIISAIOT €T0 JIJIHHY.

Jnuna nynusra, X ; , M

X 4%' (1—5‘245‘2—2} (63)

rne  Pk2— aBlIeHME B KOHIE JIMHEMHOM YacTy ra30npoBoja ¢ xynuarom, Mlla.
Jlanee onpenensitoT 3KBUBAIICHTHYIO JUIMHY L., M, 1 yTOUHEHHOE KOHEYHOE
JABJICHUE B Ta30IIPOBO/IE B EPBOM MPUOJIMKEHUHU NIPU HATMYMU HA YUaCTKE JIyITUHTa
Pxi, MIIa.
DKBHUBajeHTHAS AiauHa L, M,
X,

L = (L - Xﬂ ) .52
’ 1_(d 76 dé,b)l + a> —\ d3 ' (64)
1 J 1

Cpennee naBieHue Ha TaHHOM y4acTke, Pcp, MIla,
2 ( P? 3
Pszﬂ.LPH-i_?D_—If_P_J' (65)

Cpennsist TeMiieparypa TpaHCIIOPTUPYEMOTo rasa 1¢p, K,
T -T ) P-P [ 1 N
T =T+ " - (l-e*)-D-_» * q1- " (1-e*)}, (66)
% a-L ' 2-a-L-P, [ a-L J

rae  a— pacyE€THbI KOYPPUIUEHT

Ky-di (67)

Q-A-C,

rie Ko — KodQQUIMEHT TerIonepenady oT Ta3a B OKPYKaIIyIo cpeny, M- -K/BT

a=0,225-
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( A
KCP: LR i ) (68)
ot J
a
ap
rac Rus — TCPMHUYICCKOC COIIPOTHUBIICHUC H30JIAINH TPY6OHpOBO,Ha, M2 : K/BT,
Ru=0 M2 . K/BT,

aer — Koo dumuent terooraayn ot I'Tl B rpynT, Br/M? - K,
2
o =A% (0,65+( dH) ], (69)
2p -
d L \h, ) J

rie A,, — Koo duumenT Temnooraaun rpynra, Br/m - K;

d» — HapyXHBII JHaMETp Ta30IPOBOA, M;
ho> — SKBUBaJICHTHAS TJIyOHHA 3aJI0)KEHUSI TPyOOIIPOBO/IA, M.

Koaddunment ternootnauu rpyara A, , Br/m-K, onpenensitot u3 BeipaxeHus

o1
103 Igh,y = -920,27 + 139 - ® + 18,6 - pop + 3,26 - T2, — 0,36 - »?, (70)
I1€ O — BJIQXHOCTb IpyHTa, %0;
Pp — IUIOTHOCTh TPYHTA, KI/M>,
T-p — cpenHeronoBas Temieparypa rpynra, K.

DKBUBAJICHTHAs TITyOHHA 3aJI0KEHUS Nos, M,

h =h+L l+6cn\ (71)
09 0 ep (1,_ }\’ J;

6 CH

rne  h, — riyOuHa 3a10KeHus TpyOOIpoBoO/ia OT MOBEPXHOCTH TPYHTA, M;
Ols — KOI(DPUIIMEHT TErIo0Taa4l OT TMOBEPXHOCTH TPYHTA B aTtMocdepy,
Br/mM?K;
Ocn — TOJIITMHA CHEXKHOTO TTOKPOBA, M, 0OBIYHO MPUHUMAIOT Ocy = 0,3 M;
Acn — KOO GUIIMEHT TETUIONPOBOIHOCTH cHera, BT/m-K;
Aen = 0,64 Br/Mm-K.
['myOuHa 3a51okeHust TpyOOIpoBoia OT MOBEPXHOCTH IpyHTa No, M,
ho =1+ d./2. (72)
Koadduument temnoornayn OT MHOBEPXHOCTU TPyHTa B atMochepy O,
Br/M?*K,
s =6,2 +4,2 - v, (73)
rie L — CKOpPOCTh BeTpa, M/C.
Koaddumment [xoyns—Tomcona Di, K/MIIa,
1 (10 )

D, :c_'LO'%'T_;_l’E’J’ (74)

p
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rae Cp — yelbHas TEIoEMKOCTh, KJ[x/kr-K,
P -01

Cp=1,695+1,838-102- T, +1,96 - 10°- Cst : (75)
cp
[IpuBenénnas remneparypa 1np
T
Top = fi’j : (76)
[IpuBenénnoe nasnenue Prp
P
Pnp = 7):" . (77)
KoaddummenT cxxrumaeMocTy ra3a mpu mapameTpax Ha BXOJIC B HarHETaTelb Zp
0,0241. P
7, =l-— " (78)
T
Uucino PeitHonbaca Re
A
Re=17,75. 24 (79)
d-u

rje U — K03 HUIMEHT TMHAMHUYECKOHN BSI3KOCTH rasa, [la-c
[ P
u:5,1-10‘6(1+Pcm -(L1—0,25-pcm)) -(0,037+Tnp -(1—0,104-Tnp))-| 1+ " ) (80)
L)

KoadduienT ruapaBIudecKoro COMPOTUBICHUSI TPEHUIO Il JTaHHOTO

y4acTka, A,

5 = 105-2,, (81)
E2
Jlanee ompenensioT NaBlieHWE B KOHIIE y4acTKa BO BTOPOM MPUOIMKEHUH,
P, MIIa
ANZ T
P - P2 _ cp. p. QZ . L . (82)
<" 105,087 - d° ?

HpI/I IIPpaBHUJIBHO BBIIIOJJHCHHOM pacqéTe JAOJIDKHO BBIIIOJIHATBCA HCPABCHCTBO

Lo P 1009 <196, (83)

xll

Ecnau ycioBue BBITIOJIHEHO, OKOHYATEIbHO MPUHUMAIOTCS 3HAYEHUS JaBJie-
HUI B Ta30MPOBOJIEC U OMPEIEIsIeTCS] KOHEUHas TeMIlepaTypa ra3a Ha y4acTke.
Koneunas remneparypa Tk, K,

T =T -T —e-a'L)—D- PZ—PZ -(1—e*“)- (84)

+L(T )(
1
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rae T, — TemniepaTypa Okpy:xatouieut cpensl, K;
T, — HayanbpHas TeMIieparypa rasa, K;
L — ayivHa pacu€THOro yyacTKa ra3onpoBo/a.

4. PACUET YYACTKA MATUCTPAJIBHOI'O HE®TEIIPOBOJA

Pacuér yyacTka MaructpaibHOro HeTenpoBoia CBOAUTCS K MOCIEA0BATENb-
HOMY PEIICHHIO CIEAYIOIINX 3a1a4:

— 00paboTKa UCXOTHBIX JaHHBIX;

— TEXHUKO-PKOHOMHYECKOe 000CHOBaHHE cr1oco0a TPAHCTIOPTUPOBKU HEPTH;

— pacu€r HedTenpoBoJa Ha MPOYHOCTh (PACUET TOJIIIMHBI CTEHKU TPYOOIpo-
BOJIa, MPOBEPKa HA HAJTMYKUE OCEBBIX COKMMAIOIIUX HAIPSKEHUN );

— TEXHOJOTUYECKHM pacué€T (ompenereHue pexuma MOTOKa, OIpeiecHue
TUAPABIMYECKOTO YKIIOHA, MPOBEPKA CYIIECTBOBAHUS MEPEBAJIBLHON TOYKH M CaMO-
TE€YHBIX YYaCTKOB, ONPEICICHUE KOJIUYECTBA HACOCHBIX CTAHILIMM, pacUET CI0KHOIO
He(TenpoBoja, B TOM YKCJIE PACCTAHOBKA JIYIIMHIOB U BCTaBOK IO Tpacce HedTenpo-
BOJIa TpapruecKuM crocooom);

— ONpEJIETICHUE KalMTAIbHBIX, IKCIUTyaTallMOHHBIX W MPUBEAEHHBIX 3aTpar
(ompesneneHne KamUTAIbHBIX 3aTpaT, OMPEICICHHE JKCIUTyaTallMOHHBIX 3aTpar,
oInpezeieHne NPUBEAEHHBIX 3aTPaT);

— BBIOOp ocHOBHOTO 0OOpynoBanus HIIC (BbIOOp MarucTpanbHBIX HACOCOB,
BBIOOP MOATIOPHBIX HACOCOB, BHIOOP JIEKTPOABUTATENECH NI HACOCOB);

— TOCTPOCHHUE COBMEUIEHHOW XapaKTEePUCTHKU TPYOONpPOBOJAa U HACOCHBIX
CTaHIMK (B TOM YHCIIe TOCTPOEHHWE CYMMAapHO HAMOPHON XapaKTEPUCTUKU BCEX pa-
00YMX HACOCOB).

[TocTpoeHHE THAPABIMYECKOTO YKIIOHA, PACCTAHOBKA HACOCHBIX CTaHIIUM,
OIpEEIICHNE CAMOTEYHOI0 y4acTKa M PACCTAHOBKY JIYIIMHIOB M BCTABOK IO Tpacce
HedTenpoBoga TpeOyeTcs OCYymeCTBUTh rpaduueckum crocobom Ha dopmare Al
C y4éTOM peKOMEHIaui ucTounuka [6], 1 opopMIICHBI B COOTBETCTBHH C TPeOOBa-
Husmu, npeabasasiembiMu K ECKJ] u pexomenparusivu [2, 3].

OnpeneneHue KamUTaIbHBIX, IKCIUTyaTallMOHHBIX W TPUBENEHHBIX 3aTpaT |
NOCTPOCHHE COBMENIEHHONW XapaKTEPUCTUKU TPYOONpPOBOJAa M HACOCHBIX CTaHIUH
HE00XO0IMMO MPOBOJIUTH C YUETOM peKOMeHaIui [6].

4.1 O0paboTKa HCXOAHBIX JAHHBIX

Pacuér maructpanbHOro HeTernpoBoAa MpU €ro NPOEKTUPOBAHUM BEAETCS IS
CaMbIX HEBBITOJIHBIX YCJIOBHM, KaKOBBIMU SIBJISIFOTCS 3UMHHUE YCIIOBUS C HamOolee
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HU3KUMHU Temreparypamu. CBoiicTBa HE()TH OMPEACISIFOTCS TPU MUHHUMATBHOU TEM-
nepaType rpyHTa.
['myOuna 3anoxxenust ocu HepTenpoBoaa Hs, MM,

Hsz =D/ 2 + 800, (85)
rne  Du — HapyXHBII quameTp TpyOOnmpoBojia, MM, IPUHUMAEMBII B 3aBUCHMOCTH
OT MPOU3BOUTEIBHOCTH B COOTBETCTBHH C [IpHioxkenuem 2.

CekyHIHBII pacxo npy pacuéTHoi TemmnepaType Qc, M3/c,
Q, = G
° 350.24.3600-p, -107°°

rae G — 00BEM T10J10BOM TIepEeKaUKH, T/TOJ;

(86)

Pt — IIIOTHOCTb HE()TH NP PACUYETHOM Temmeparype, Kr/m>,
pt = p20 — F,('[";'n —20), (87)
rme  p20— mwiotHocTh Heru ipu 20°C, kr/m3;

£ — TemmepaTypHas nonpaska, Kr/M°-°C, NpuMHMMaeMas B 3aBHCHMOCTH OT

IJIOTHOCTH MPU HOPMAJIBHBIX YCIOBHSAX 1O pekoMeHaanusaM [Ipumoxerus 2.
4.2 TeXHUKO-IKOHOMHYeCKOe 000CHOBAHHE CMOCO0a TPAHCHOPTHPOBKH HeTH

B TexHMKO-I7KOHOMUYECKOM OOOCHOBAaHHWU CTPOHUTENLCTBA HE(PTEMPOBOIA CO-
MMOCTaBUTh BO3MOXKHBIE B pacCMaTpUBaeMOM Ciydae CIIOCOOBI TpaHCIopTa He]TH
MEXTy 3aJaHHBIMH ITyHKTaMH IT0 PUBEAEHHBIM 3aTpaTaM MPH CIACAYIONINX YCIOBHSIX:

— nnHa TpyoorpoBoaa — L, km;

— pacxon — G, MITH T/TOJ;

— mnotHocTh 1pu 20°C — p20, K/M3;

— KMHeMaThdeckas BsaskocTh npu 20°C — v20, M2/c;

— KMHeMaThdeckas BsskocTh npu 10°C — vio, M?/c;

— TeMIrepaTypa OKpyKaroien cpeabl — toxp. cp, °C;

— MaKCHUMallbHasl TeMIepaTypa rpyHTa — tp. max, °C;

— MUHUMaJIbHAs TeMrepaTypa rpyHTa — Ly, min, °C;

— pPa3HOCTh OTMETOK KOHIIa ¥ Havaja TpyoorpoBoaa — A Z, M.

KamuraneHbie 3aTpaThl B TPyOOIIPOBOIHBIN TPAHCTIOPT Kip, THIC. PYO.

(L ) (L, )

K,, =C, Lmﬁfgc L1 Y Cuwt (M | Chc (88)

rne  Cr — ynenpHBIE KanmuTaJdbHBIC BIIOKEHHWs Ha 1 KM TpyOOmpoBOja, ThIC.

pyO0./KM;

Lmp — paccTosiHEE TPAHCTIOPTUPOBKY 1O TPYOOIIPOBOTY, KM;
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| — IMHA SKCIUTYaTallMOHHOTO Yy4YacTKa, KM;
Czc — KanuTaJdbHBIC BJIOXEHHS, B OAHY TOJIOBHYIO He(TElepeKaunBarOIIyI0
ctaamuio ('HC) 6e3 pesepByapHOTO Mapka; ThiC. pyo.;
Cne — KanUTaJbHBIE BIOXKEHUSA B OJHY NMPOMEXKYTOUHYIO He(TernepexaunBa-
romyto crannuto (ITHC) 6e3 pe3epByapHoro mapka, Teic. pyo.;
Chep — KanIUTAIbHBIE BJIOYKECHUS B OJTHY HHg C pe3epBYyapHbIM [TAPKOM, ThIC. PYO.
C =C +15: .C,
nep ne 3 5 O N P

rne  Cp — CTOMMOCTb €IMHHMIIEI 00BEMA PE3EPBYapHOTo HapKa, pyo./m>;

(89)

p, —IUIOTHOCTB He(TH [PU PaCUETHON TeMIeparype, Kr/m>,
p.=pz—&-(t-20), (90)
rae p,o —MoTHOCTH TipH 20°C, KF/MB;
t — MUHUMaNbHasA TemnepaTypa rpyHra, °C;
& — TemmeparypHas monpaska, Kr/m>-°C.
§=1,825-0,001315-p,, (91)

B ciyuae, ecnu | =L, , To KanuTanbHbIC 3aTpaThl B TPYOOIIPOBOIHBII TpaHC-

'mp 1
opT Kmp, THIC. py0., HAXOJAT MO hopmyIIe:

K =C -L +C +,n _LmPJ.C . (92)
mp J mp 2c Lcm —I— ne

OrnpenesnisieM 4YMCI0 HACOCHBIX CTAHIIMUM.

OOBEMHBIN CEKyHIIHBIN pacxon Q,., M/,

G
= 31! 93
= 350.24.3600-p, 10°° (93)

rIe G — pacxoma, MJTH T/TOJ.
[Tonaras, 4To peXXMM MOTOKa TYpOYJICHTHBIM B 30HE THIPABINYCCKH TJIAJIKHX

TpyO, HAWAEM THIPABINYECKUAN YKIIOH I, M/M,

= Qv 94
- D 65H—m 1 ( )
rae M, B — 310 KO3PPUIMEHTHI, 3aBUCSIINE OT PEeKUMA MOTOKA; MPUMEM KO-
ummenter M=0,25 u B =0,0247 c?/m.
[Tepepacuér BsizkocTu He(TH HA PACUETHBIC YCIOBUS (BS3KOCTh MPU PACUET-

HOM TemIepaType) BeIEM 110 cleayromei Gopmyie v,, Mm7c,
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v, =V, - g u(t-). (95)

In-tz
Uu=-— th (96)
-t
2 1 5
rae Vy, Viz — KMHEMATHYECKHUE BA3KOCTH HE()TU npH Temreparype t u t2, m /c;
u — ko3¢ punueHt nonpasku, 1/°C.
OrnpegensieM MOJHY0 NOTEPIO HAaNopa
H=101-i-L, +Az, (97)
raie Az — pa3HOCTb OTMETOK BBICOT, M;
1,01 — koaddunmeHT, YyYUTHIBAIONUNA MECTHOE COMPOTHUBIIEHUE HA TPyOO-
IIPOBOJIE;
L, — pacu€tHas quHa, M;
Onpenensem Haop, pa3BUBAEMbII OHOM HACOCHOW CTaHUUEH Hem, M,
HCT = B ' (98)
P9
rie P — pabouee naBnenue B TpyOompoBoe, I1a.
HaxoauMm 41CI0 HACOCHBIX CTAHLUU N
H
Ner =4 (99)
HCT
Kanuranbhbie 3anaT(551 B KEJIE3HOJOPOKHBIN TpaHCTIOPT Koo, THIC. PYO.
K = (2-L ) e \
- +1 —+C (100)
- 365-10°-q-p L x ”BJ Your | ”J
e \ 4,
rie G —rpy30mnoToK, MIIH T/TOf;

g — BMECTUMOCTb OJTHOU ITUCTEPHBI, T ;

p; —TUIOTHOCTbH MPHU PACUETHOMN TemriepaType, KI/M ;

Lo — paccTosiHUE TPAHCTIOPTUPOBKH 10 JKEJIE3HON JOPOre, KM;

leo — cpeHEeCyTOUHBIN TPOOET IIUCTEPHBI, KM/CYT.;

T718 — BPEeMs TIOTPY3KHU M BBITPY3KH K/JI COCTaBa, CyT.;

Yoo — KOIPHUITMEHT HEpaBHOMEPHOCTH paboThl XK/ TpancnopTa; yxo=1,1;
Cz— CTOMMOCTH OZHOTO JJOKOMOTHBA, ThHIC. PYO.;

Cy— croumMocTh ofHOM 1ucTepHsl 50 T, ThIC. pyo.;

L]y — 91CII0 UUCTEPH.

KanuranbHbie 3aTpaThl B BOAHBIM TPAHCIOPT K, ThIC. PYyO.
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K

2l (1 1y, | _ 2. _
- GrH LLB . E+E ”nBJ'(CEP +C P5)+ Cp-. 2;G t 365-7, , (101)
rie ¥ — Kod(hUIMEHT HEPAaBHOMEPHOCTH PAdOTHI BOAHOTO TpaHcHopTa; ¥z = 1,1;

TH — TPOJOJKUTEILHOCTh HABUTAIIMOHHOTO MEPUO/Ia, CYT.;

Ls— paccrosiHue TpaHCIIOPTUPOBKHU IO BOJIE, KM;

|1 — cyTouHBIi X0 KapaBaHa OapiK MO TCUYCHUIO, KM/CYT.;

l2— cyTounbIif X0/ KapaBaHa Oap>k MPOTUB TECUCHUS, KM/CYT.;

rlnB— BpEMSI TTOTPY3KH U BBITPY3KH OapkH, CyT.;

Csp— CTOMMOCTD €TUHUIIBI TPY30IIOABEMHOCTH OapkH, PyO./T;

Cr— CTOMMOCTb €TMHUIIBI MOIITHOCTH OyKCHpa, ThIC. pyo.;

P5— MomHOCTS 17151 OYKCUPOBKH €IMHUIIBI Tpy3a, KBT/T;

Cp— CTOMMOCTb €IUHHIBI 00bEMA Pe3epByapHOro Hapka, pyo./m>;

¢ — kodppurmenT 3anoauHenus: Emxkoctu, @ = 0,95.

[TpuBenénnbie 3aTpatThl ISl BRIOPAHHOTO BHJIa TPAHCHIOPTa S;, ThIC. PyO.,
S=E; K +3, (102)
rie  En — HOpMmaTuBHBIN KO3PPuLEHT 3P (HEKTUBHOCTH KAUTAIBHBIX BIOKEHHI,
En=0,12 rox?;
Ki — xanuTaneHbI€ 3aTpaThl 7151 BRBIOPAHHOTO BUAA TPAHCIIOPTA THIC. PYO.;
Ji— 3KCIUTyaTallMOHHBIE 3aTPaThl JJ1 BELIOPAHHOTO BUA TPAHCIIOPTA, ThIC. PYO.
DKCITyaTallMOHHBIE 3aTPaThl D, ThIC. PYO., onpeaeauM no popmyre:
2=S5-G-L, (103)

rae S — cpemHss ce0eCTOMMOCTh TPAHCIIOPTHUPOBKH.
4.3 Pacuér HedTenpoBo/1a HA MPOYHOCThH

[IpoBecTr MEXaHUYECKUN M PACUET MaruCTPaIbHOrO HeTenmpoBoa IpH Clie-

TYIOIINX YCITOBUSX:

— nnHa TpyoorpoBoja — L, km;

— pacxon — G, MJIH. T/TOx;

— motHocTh Ipu 20°C — p20, KI/M3;

— KMHeMaThdeckas BsaskocTh npu 20°C — v20, M2/c;

— KMHeMaThdeckas BsaszkocTh npu 10°C — vio, M?/c;

— TeMIeparypa oKpyxKaromen cpeabl — toxp. ¢p, °C;

— MaKkCHUMallbHasl TeMIeparypa rpyHta — tp. max, °C;
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— MHUHHUMAaJIbHas TeMIIepaTypa TpyHTa — tp. min, °C;
— pa3HOCTh OTMETOK KOHIIa U Havaja TpyOorpoBoaa — AZ, M.

Bribepem mapky cranmm marepuaia TpyOOIpoBOJa AJIsi OMpEICICHUS Mpod-
HOCTHBIX XapaKTEePHUCTHK: Tpejiesia MPOYHOCTH | Tpe/iesia TeKYIeCTH B COOTBETCTBHUH
c [Tpunoxxenuem 2.

Omnpenennm pacy€THYIO TONIIMHY CTEHKH TPyOOIIPOBOJa O, MM,

__n-P-D,
0% 2. (R+n-P)’ (109

rie P —pabouee naBnenue B Tpyoomnposoae , Mlla ;
N — KO3 PUIMEHT NEepErpy3Ku;
D« — HapyXHBIN AHAMETP, MM;
R1 — pacuérnoe conporuBnenue, Mlla.
PacuétHoe conmpoTuBIeHHE MOXHO HalTH 10 cleayrolei Gpopmyne Ri1, Mlla,

R'-m
Ri= , (105)
kl * kH
rae R, — MUHMManbHOE 3HaYEHUE BPEMEHHOTO CONPOTHBICHUs MeTaiuia TpyO, MIla;

M — korhHULUEHT yCIIOBUs pPabOThI TPYOOIIPOBO/IA;

K1— K03 GUIMEeHT HaAEKHOCTH TI0 MaTepHay;

Ku — KO3 OUIIMEHT HAAEKHOCTH TI0 Ha3HAUCHUIO.

[TomydeHnHoe 3HaueHHE O OKPYIIIAIOT J0 OOMBIIETO CTAaHAAPTHOTO 3HAYCHUS.

Jlanee mpoBEPSIOT, HET JIU NPOAOJIBHBIX OCEBBIX CKMMAOILIMX HAMPSHKEHUH GnpN, Ml a,
n-P-D
6HYymMm
OmpN=—0" E - At+ 0,25 —26 i ) (106)

rae o — kKo>QQUIMEHT IMHEHHOTO pacIIMpeHns MeTajuia Tpyo, rpag
E —Monyns ynpyroctu merainna, Mlla;

At — pacu€tHblil TeMniepaTypHblii niepemna, °C

At = tep.max - toxp.cp . (107)
Jlanee mpoBepseTcs MPOYHOCTH MOJ3EMHOTO TPYOOTPOBOIA MO YCIOBHUIO
6,,n < V2o Ry, (108)

rae Y, — KO3 UIIMEHT, YYUTHIBAIONIUN JBYXOCHOE HANpPSKEHHOE COCTOSIHUE

MeTasuia Tpyo;
R1 — pacuérHoe conporusnenne, Ml1a.
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4.4 TexHOJOTMYECKHU pacuéT

[IpoBecTH TEXHOJOTHYCCKUN PACUET MarucTpalbHOTO He(TEpoBOJa TNpHU
CIICTYIOIIUX YCIIOBUSX:
— JyrHa TpyoonpoBoaa — L, km;
— pacxon — G, MiTH T/TOS;
— motHocTh pu 20°C — p2o, KI/M3,
— KMHeMaTHdeckas BszkocTh npu 20°C — v20, M?/c;
— KMHeMaThdeckas BszkocTh npu 10°C — vio, M?/c;
— TeMIepaTypa OKpyKaromeu cpeasl — toxp. op, °C;
— MaKCHMaJIbHasl TeMIIEpaTypa rpyHTa — tz. max, °C;
— MHUHUMAJIbHAS TeMnepaTypa rpyHTa — tzp. min, °C;
— pa3HOCTh OTMETOK KOHIIA U Hayasia TpyOornpoBoaa — AZ, M.
JIJis onpeielieHusT pekuMa IOToKa HaxoAuM uncio PeiHonbaca (Re) mo cre-
nyronien hopmyie:

Re= —2Q—, (109)

n-D,.. Vv

eHym

rae Q, — 0OBEMHBII CEKYHHBIN pacxof, Me/c;
2

V, — KHHEMATHYECKas BA3KOCTh IIPH PACUETHOMN TEMIIEPATYPE, M /C.
Pe)KI/IM TCUCHUA ABJIACTCHA Typ6yJIeHTHBIM B 30HC rI/II[paBJII/IquKI/I TJIaAKUX
TpyO, TaK KAaK BHIOJIHIETCS CIEAYIOIIEE YCIOBUE
D
6H
2300<Re<10- o (110)

rae K — SKBUBaJICHTHAs IIEPOXOBATOCTH TPYObI, MM.

OmnpenensieM THAPABIMYCCKUNA YKIIOH 1, M/M,
i 8-\ Qf
%903, -
rae J — yCKOpEHHE CBOOOJHOTO MaeHus, M2/c;
A — KO3(PPUITUEHT TUAPABINYECKOTO COMPOTUBIICHHS (OTPELISICTCS] B 3aBH-

CUMOCTH OT peXuMa MOTOKA)

7\«: 4Re . (112)

4.5 Pacuér cioxnoro HedrenpoBoaa

O060CHOBATh CTPOUTENHCTBO JYIHUHTA HA MarCTPAIbHOM HEDTENPOBOJIE MPH
CIEAYIOIIMX YCIOBUAX:

31



— JunHa TpyoonpoBoaa — L, kwm;

— pacxon — G, MJIH T/TOx;

— motHocTh pu 20°C — p2o, KI/M3;

— KMHeMaTHdeckas BszkocTh npu 20°C — v20, M?/c;

— KMHeMaTHdeckas BszkocTh npu 10°C — vio, M?/c;

— TeMIIepaTypa OKpyKaromen cpeabl — toxp. ¢p, °C;

— MaKCHMaJlbHasl TeMIIepaTypa rpyHTa — . max, °C;

— MUHUMaJIbHAs TeMIiepaTypa rpyHTa — tzp. min, °C;

— Pa3HOCTh OTMETOK KOHIIA U Hayasia TpyOorpoBoaa — AZ, M.

O6BEMHBIH (akTraeckuii pacxon Qgp, MY/c

Q,=Q -(ﬁ:ljovse, (113)

om
rie  Qc— OOBEMHBIA CEKYHIHBIN Pacxom, M>/c;

Nem — TETI0€ YMCIIO HACOCHBIX CTAHIINH, IIIT;

n*cm — (PAKTUYECKOE YUCIIO CTAHILIUM, MIT.

Jlsst Toro, 4TOOBI HE COOPYXaTh TPETHIO HACOCHYIO CTaHIHIO, HEOOXOIMMO
MIOCTPOUTH JIYIHHT, JUIMHY KOTOPOTO Xi;, M, MOXKHO ONPEICIUTh W3 CICIYIOIICTO

BBIPAKECHUS

n -—-n
Xl:Hcm : u’ (114)
i—i

rie N'em — KOMMYECTBO HACOCHBIX CTAHIMIA C yUETOM JIyNMHTIa, IIT.;

I» — TUAPABINYECKUN YKIIOH C Y4E€TOM JIyMHUHTA, M/M, OMPEIEISIONTUICS 10

dbopmyie:

1.=0,296 - i. (115)
KanuransHbie 3aTpaThl HA CTPOUTCILCTBO pr6onp0130)1a C JIYIIMHI'OM
K =C-L +C X +C +(ia—1)-C n —y.c . (e
mp n mp ayn 1 ne I nep C I nc

rne  C;— yaenbHbIE KalMTaIbHBIC BIOKEHUS Ha 1 KM TpyOOmpoBoaa, THIC. py0./KM;
Cryn — yIeTIbHBIC KaITMTAJIbHBIE BJIOXKEHUS HA 1 KM JIynuHTa, THIC. PY0./KM;
Lmp — paccTOsTHUE TPAHCIIOPTUPOBKH IO TPYOOTIPOBOAY, KM:;
| — mMHA SKCIUTyaTallMOHHOTO yYacTKa TpyOOmnpoBoia, KM;
X: — IJIMHA TyTIUHTa, KM;
Czc, Cne— KanuTabHBIC BJIOKEHHUS COOTBETCTBEHHO B OJIHY T'OJIOBHYIO CTaH-
uo (I'C) u npomexxytounyro HacocHyto ctaniuto (ITHC) 6e3 pesepByapHoro mnapka,

ThIC. pyO.;
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Cnep — xanuranbHble Bioxenus [THC ¢ PE3epBYapHBIM [APKOM, ThIC. pyo.
C =C +15 C,

nep ne ﬁ p

rne  Cp— CTOMMOCTB €IMHULBI 00BEM PE3EPBYAPHOTO MAPKa, ThIC. py0./M°.

(117)

DKCIUTyaTallMOHHBIC 3aTpaThl Ha HE(PTENpPOBOJ MPU €ro SKCIUTyaTaluu I,
THIC. pYO.

3ﬂ=((14+ (1.2) Kt [( o3+ (11) “Kem+ 35+ 3n+ 35 +H] * Ner, (118)
Trac K, — xanuTajabHBIE BJIOKECHUS B HHHCI;'IHYIO qaCTb, ThIC. pY6
K/z = C/z : (I + Xa ) Kmep ' Km, (119)

rie  C;— CTOMMOCTb OJTHOTO KHUJIOMETpa TpyOonpoBoa, ThIC. pyo.
Omnpenenum NpuBEEHHBIE 3aTPAThI ISl y4acTKa HETENpPOBOa C JIyIMHHTOM

1 IBYMsI HACOCHBIMH CTAHIIUSMH S;, TBIC. PYO.,

S/z = EH : K1c + 9/1. (120)

4.6 OnpenejieHUe KOJUYECTBA HACOCHBIX CTAHIIUIA

OmnpenenuTs KOJIWYECTBO HACOCHBIX CTAHIMI MarucTpaibHOro He(TEnpoBO-
71a TP CIAEAYIOLMNX YCIOBUIX:

— IPOTSHKEHHOCTH Tpacchl — L, km;

— HayabHAas BHICOTA OTMETKH — Z1, M;

— KOHEYHas! BBICOTa OTMETKH — 72, M;

— IPOMYCKHask CIOCOOHOCTH TpyOompoBoaa — G, MutH T / ro;

— IWI0THOCTH HedTH pu Temmepatype 20°C — p20, Kr/M3;

— KO3 PUIIMEHT KUHEMaTH4ecKoM BsizkocTH npu temreparype 10°C — v, ¢Cr;

— K03(p(HUIMEHT KMHEMATHYECKOM BSI3KOCTH Iipu Temiieparype 20°C — v, , ¢Cr;

— MUHUMAJIbHAs TEMIIepaTypa Ha TTyOuHe 3anoxeHus ocu Hedrenposoja —t, °C.

B cooTBeTcTBHM € MPOM3BOAMTEILHOCTHIO TPYOOIPOBOIAa IPUHUMAEM HaPYK-
HBIW 1uamerp Tpyoonposoaa D,,, MM, i pabodee gaBieHue B Tpyoomnporoae p , Mlla.

Tak Kak TEXHOJOTHYECKHUM pacuéT HepTenpoBoaa BEAETCS IJIsl CaMbIX HEBBI-
TOJIHBIX YCJIOBUM, KAKOBBIMH SIBJISIFOTCS 3WMHHE YCJIOBUSI C Hanboyiee HU3KUMU TEM-
neparypamu, CBOMCTBAa HE(TH OMPEACNAIOT JJIsl TeMIIepaTyphl Ha TIIyOMHE 3aJl0Ke-
HUsA ocu HedTenpoBoaa. PaccTosiHue OT MOBEPXHOCTH TPYHTA 110 BEpXHEH 0Opasyro-
e TpyoonpoBoia npuHUMaroT paBHbIM 0,8 M.

['myOuna 3amoskenust ocu TpyoomnpoBoaa Hs, m,
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H =""108. (122)

[TnoTHOCTH HeTH MpH pacyETHON TemmepaType Ha TIIyOuHe 3aJI0KEHUs TPy-

OomnpoBoa pt, Kr/ M,

P =Pz —&(t—20), (123)

rae  p20— WIOTHOCTH Heu mpu Temmeparype 20°C m, kr/m;

& — TemmeparypHas nompaska, Kr/m® °C
£=1,825-0,001316 p,,. (124)

BS3KOCTb IpH pacyETHOM TeMIIEparype vi, M/c,
-u(t-t;)
2
[V (@] .
rae v, — KO3 HUIMEHT KHUHEMaTHYeCKOH Ba3kocTu mpu Temiieparype 10°C, m /c;

u-— KOBCI)(l)I/IHI/IeHT, 3HAYCHUC KOTOpOFO onpez[enﬂeTc;I I10 U3BCCTHBIM 3HA4YcC-
HUSM BS3KOCTEM IIPU JBYX TeMIIEpaTypax
v
In "2

U=— Y, (126)

tz _tl ’
2

re v, — kodQPUIMEeHT KHHEMAaTHYECKOH BsI3koCcTH TipH Temmeparype 20°C, m /c.
OOBEMHBIHN ceKyHIHBIM pacxon HedTu Qc, M/c

G
Qc = -3
350-24-3600-107 -p,

, (127)

rie G — npou3BOIUTEIBHOCTH TPYOOIIPOBOIA, T. TO/I.

Janee nns BbIOOpa METOJMMKH pacyéTa TUIPABIMYECKUX COMPOTHBICHUN
HE0OXO0IMMO OTIPEACIIUTh PEKHUM ITOTOKA.

Yuciao Pertnonsaca Re

4Q
Re = —,
7D, v, (128)
rae D,, — BHYTpEHHHI TuaMeTp TpyOonpoBoaa, M
D, =D,-29, (129)
rae O — TOJIIMHA CTSHKH TPyOOIpOBOAa, M

- 2(R1+np) ’

rae D, — HapyXHbII n1uaMmeTp TpyOonpoBoja, M;
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P —pabouee nasnenue B Tpyoomnposoze, Mlla;

N — ko3 PUIMEHT meperpy3Ku, NPUHUMAEMbIN MPUOIMKEHHO B 3aBUCH-

MOCTH OT JuaMmeTpa HedTenpoBoa auamerpom meHee 700 mm N = 1,1;

R, — pacuérroe conporusnenue, MIla,

H
m
R, = R ) (131)
KKy
H
rac Rl — MHWHHUMAJIBHOC 3HAUCHHC BpeMeHHOFO COHpOTI/IBHeHI/IfI McETaJljia TPY6,

Mlla;
M — ko3 HUIUEHT yCIOBUH pabOTHI TPYOOIIPOBO/IA;

K, — KO3(p}uIueHT 6€30macHOCT 110 MaTEpUaIy;
K, — K03(Q(UIMEHT HanEKHOCTH.

[ToryueHHOE pacu€THOE 3HAYEHHUE TOJIIMHBI CTEHKU TPYOBl OKPYTJISIEM [0
OJIvKalIIero 3Ha4eHusl, MPETyCMOTPEHHOTO TOCYIapCTBEHHBIMH CTaHAAPTAMH WJIU
TEXHUYECKUMHU ycIIoBUAMU. [lepBoe nepexonnoe 3HaueHns yncio PeiiHonbaca Re

10D
Re. =_ "™, (132)

lnep
K

1nep

rac K — OKBUBAJICHTHAA IICPOXOBATOCTDH Tp}I6, MM.
I[anee IMPOBEPACTCA PCIKUM TCUCHUA JKUAKOCTH U OIIPCACIIACTCA THAPABINYC-
CKHUC COIIPOTHUBIICHUAA.

I'mapaBirdeckuil YKIOH I, M/M,

. 8\Q?
l=—< | (133)
2 5
n gDGH
rae A — KO3(PUIMEHT THAPABINYECKOTO COMPOTHUBJICHUS I TYpOYJIEHTHOTO
MOTOKA B 30HE THAPABINYECCKH TTIATKUX TPYO

0,3164

[TonHble moTepu Hanopa B TpyoonpoBoae H, M,

H =1,01liL+AZ, (135)
rie 1,01 — xkoopdunmreHT, yIuThHIBaIONUNA MECTHBIC COMPOTUBICHHUS B TPYOO-
IPOBOJIE;

A Z— pa3HOCTh OTMETOK KOHIIA U Hayaja TpyoopoBoa, M;

L — nimuHa TpyOonpoBoja, M.
Ywucio HaCOCHBIX CTaHIMK N
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H

n,=——, 136
H, —Ah (136)
rac Hcm — HaHOp Ha BBIXOJEC HaCOCHOﬁ CTaHIIMHU, M,
_ P
H,=——> (137)
P9

riae  p — Jomyckaemoe AaBieHue B Tpyoonposoze, MIla;

Ah — OTONHUTENBHBIN HATIOP, ClIAraeMbIi U3 TOTEPh B KOMMYHHKAIIUSX CTaH-
IIUHM 1 BEJIMYMHBI IEPEIaBaeMOro JIaBJIeHus, TpeOyeMoro /it obecreueHus: paboThl Oc-
HOBHBIX HACOCOB 0€3 KaBUTAIUH, M.

Yucio ctadiuii OKpyTJsFoT J10 OJvpKaIero menoro yucia. [lanee Heo6xoammo
pacnonioxuth rpaduyeckum crnocooom HIIC mo Tpacce mpocToro u CioKHOTO TPyOo-
IPOBOJA U IPOBEPUTH HAJMYUE CAMOTEYHBIX YYACTKOB Ha MPOEKTUPYEMOM HEPTEnpo-
BOJIE, @ TAK)KE CYILIECTBOBAHUE NIEPEBAIIBHON TOUKH.

4.7 Boioop ocHoBHOT0 000opynoBanust HIIC

BeiOpate ocHOBHOE 000pyIOBaHWE HACOCHBIX CTaHIMA MAarucTpalbHOTO
He(PTENPOBO/IA MPH CIEAYIOIUX YCIOBHIX:

— MPOTSHKEHHOCTH Tpacchl — L, km;

— HayaJibHast BEICOTa OTMETKH — Z1, M;

— KOHEYHAs BBICOTA OTMETKH — 22, M;

— MPOIYCKHAsl CIOCOOHOCTH TpyOompoBoaa — G, MiH T / ro;

— IWI0THOCTH HedTH 1pu TemmnepaType 20°C — p2o, Kr/m3,;

— k09 uIMeHT KnHEeMaTu4IecKoi Bsa3kocTH mpu temmneparype 10°C — v, cCr;

— k03 puIMeHT KuHEMaTH4eCcKOu Bsi3kocTH mpu Temmeparype 20 °C — v,, ¢Cr;

— MUHUMAJIbHAs TEMIIepaTypa Ha ITyOuHe 3anoxeHus ocu Hedrenposona —t, °C.

[To 3amaHHON MPOMYCKHOW CIOCOOHOCTU OMPECNISIOT MapKy HAcOCOB U Jia-
Jie€ pacCYUTHIBAIOT HEOOXOIMMOE UX KOJIMUYECTBO (C yU€TOM pe3epna).

KonnuecTBO MarucTpajibHBIX HACOCOB HA OJHOM cTaHiuu N,

N = Hem | Hu.

B cooTtBeTcTBUM C TpeOyeMbIM KaBUTAIIMOHHBIM 3arlacOM MPUHUMAIOT KOJIHYE-
CTBO pabOuyMX U PE3EePBHBIX MOJMOPHBIX HACOCOB JJIsl TOJJIOBHOM HACOCHOW CTAHIIUU U
MIPOMEKYTOUYHBIX HACOCHBIX CTAHIIMIA, & TAK K€ UX IEKTPOABUTATEIIH.

MorHocTs anekrpoasuratenis Ny, kBT,

N = QHyp9

H
1000n,
rae H — Harop, pa3BUBaeMblii HacocoM, M;Q — nojaua Hacoca, M/c;n  — KIIJ] Hacoca.
H H

, (138)
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HNPUJIOKEHUA

[Tpunoxenue 1
[TpumepHOe comepikaHue MpoekTa Ha TeMy: «lIpoekThupoBaHHE ydacTka Ma-
THECTPAILHOTO Ta30MPOBOIa

Bsenenue

1. 3aganue. MicxonHble JaHHbIE

2. TeopeTnueckas 4acTh

3. Pacuérnas yactb

3.1 OcHoBHBIE (PM3NYECKUE CBONCTBA MEPEKAYMBAEMOTO ra3a
3.2 Bei6op TpyO U pacuér TOJIMHBI CTEHKU
3.3 Pacuér neueynosureneit (ITY) I'KC

3.4 Pacuér I'TIA T'KC

3.5 Pacuér ABO raza I'KC

3.6 Pacuér nmuHeitHOrO yJacTka

3.7 Pacuér neuteynoBureneit KC

3.8 Pacuér I'TIA KC

3.9 Pacuér ABO raza KC

3aKIIOUYCHHE

bubnunorpadguueckuii cnucok

[TpumepHOe comepikanue mpoekTa Ha TeMy: «lIpoexkThupoBaHHe ydacTka Ma-
THCTPAIbHOTO HE(PTEIIPOBOIAY

BBenenne

1. 3aganue. MicxonHble JaHHbIC

2. Teoperudeckas 4acTh

2.1 Knaccudukariust HepTenpoBo0B

2.2 OcHOBHBIE 00BEKTHI M COOPYKEHHSI MaruCTPAIbHBIX He(PTEPOBOIOB
2.3 TexHoJIOTMYECKasl cXeMa MepeKaurBaroIIe CTaHIuN

2.4 OcHoBHOE 000PYIOBaHUE MMEPEKAYNBAIOIINX CTAHITUI

2.5 BcnomorarensHoe o6opyaoBanue HIIC

3. O0paboTKa UCXOAHBIX JaHHBIX

4. TexHUKO-3KOHOMUYECKOE 00OCHOBaHKE CIIOCO0a TPAHCIIOPTUPOBKU HeDTH
5. Pacuér HedTenpoBoaa Ha MPOYHOCTh

5.1 Pacuér ToMIuHBI CTEHKH TPyOOTIpOBOIa

5.2 IlpoBepka Ha HAMYKE OCEBBIX CKUMAIOIINX HANPSHKEHUN

6. TexHonOru4eckuii pacuér
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6.1 Onpenenenue pexuma MOToKa

6.2 OnpeneneHue rupaBInueCcKOro yKJIOHa

6.3 IIpoBepka cyiiecTBOBaHUS EPEBATHLHON TOUKH M CAMOTEYHBIX YYACTKOB

6.4 OnpeneneHne KOJINISCTBA HACOCHBIX CTAHITUN

7. OnpesienieHne KanuTalbHBIX, SKCIUTyaTaI[MOHHBIX U MTPUBEACHHBIX 3aTPaT

7.1 OnpeneneHue KamuTaabHbIX 3aTpaT

7.2 OnpeneneHune dKCIUTyaTallMOHHBIX 3aTpaT

7.3 OnpeneneHre MPUBEAEHHBIX 3aTpaT

8. Bb16op ocHOBHOTO 060pYI0BaHNUs

8.1 Br10op MarucTpaabHbIX HACOCOB

8.2 Br160op mOAMOpHBIX HACOCOB

8.3 Br100p anekTpoiBUraTeNei sl HACOCOB

8.3.1 Bei0op anekTpoaBUTaTeneit Jjisi MarucTpabHbIX HACOCOB

8.3.2 BrI0Oop amekTpoaBuTaTesnei s MOAMOPHBIX HACOCOB

8.4 IlocTpoeHne COBMELIEHHON XapaKTEPUCTUKU TPyOONpOBOJa U HACOCHBIX
CTaHII

8.4.1 TlocTtpoeHrne CyMMapHOW HAlOpPHOW XapaKTEPUCTHKH BCEX pabodmx
HacoCOB

8.4.2 TlocTpoeHre COBMEMIEHHON XapaKTePUCTUKH TPYyOOIIPOBOa U BCEX pa-
00YMX HAcCOCOB

BriBoibI

bubnunorpadguueckuii cnucok
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Heobxonnmast cipaBouHasi HHpopManus

Tabnuma 1 — XapakrepucTUKU HEKOTOPHIX Ta30B

[Tpunoxxenue 2

[L10THOCTB u Teoperuueckoe | leopeTnyeckoe
M3Ias TEeIUI0Ta
rasanpy [ XUMHYECKas ) KOJIMYECTBO BO3- KOJIM4ECTBO
Ias cropanus Q7 ,

0°Cu0,1 dbopmyna . ", | Myxanunscropa- | HPOXYKTOB ro-

MITa, kr/v® M]x/v/kkan/ m arst VO, M3/ perms V 0, M3
Meran 0,716 CH4 35,83/8 558 9,52 10,52
Ortan 1,342 C2Hs 63,77/15 230 16,66 18,16
[Tpornan 1,967 CsHs 91,27/21 800 23,8 25,8
Byran 2,598 CaH1o 118,68/28 345 30,94 33,44
IleHTan 3,218 CsH12 145,12/34 900 30,08 41,08
Dr1uineH 1,251 C2oH4 59,08/14 110 14,28 15,28
AueruieH 1,173 CaoH2 56,04/13 385 11,9 12,4
Boxopon 0,09 H2 10,78/2 576 2,38 2,88
Oxetc 1,250 co 12,63/3 016 2,38 2,88
yriepoja
Ceposozto- 1,520 H2S 23,38/5 585 7,14 7,64
poxa
[Mponunen 1,877 CsHs 86,00/20 541 — —
Byruien 2,503 C2Hs 113,51/27 111 - -

Tabnuma 2 — 3aBUCUMOCTH TEIUIOEMKOCTH Ta3a OT TEMIEpaTypbl W JIaBICHHS,

xkan/(m3-°C)

Temneparypa, °C

P, MIla
-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

41




0)%

Tabnuua 3 — Kputnueckue napaMmeTpbl UHIUBUAYATbHBIX Ta30B

JnHamuy.
MonexynsipHbIi Temniepatypa, Hwusmas ternora cropanus,
Hasnenue, Py BSI3KOCTb,
XHM. BEC T ITnoTHOCTH _ Qui,
KoMnoHeHT Hixp,
dbopmyna i | M
KI/KMOJIb krc/em? | MIla K P pem. MMa-c M]Dx/kr 1 ! 3
Kr/m® Kr/M° KMOJIb CT. M

Asor N2 28,013 34,61 3,394 126,20 311 1,166 18,05-10° 0 0 0
Meraun CHa4 16,043 47,32 4,640 190,66 162 0,667 15,89-10% | 50,012 802,34 | 33,41
Dran C2Hs 30,068 49,80 4,884 305,46 203 1,263 20,99-10% | 47,485 | 1427,90 | 59,85
[Tponan CsHs 44,097 43,39 4,255 369,90 220 1,899 22,76-10° | 46,352 | 2044,00 | 86,53
n - byran CsHz1o 58,124 38,74 3,799 425,20 228 2,524 23,94-10% | 45,740 | 2658,50 | 114,27
i - Byran CsHz1o 58,124 37,19 3,647 408,10 221 2,503 23,94-10% | 45,620 | 2651,60 | 113,81
n - Ientan CsHiz 72,146 34,40 3,373 469,50 232 3,221 23,84-10° | 45,240 | 3264,10 | 144,02
i - Ilenran CsHiz 72,146 34,59 3,392 460,40 236 3,197 24,03-10% | 45,240 | 3264,10 | 144,02
I'excan CsH14 86,170 30,89 3,029 507,30 234 3,585 2423-10° | 45,010 | 3878,50 | 161,36

Heyorucs CO» 44,011 7532 | 7,386 | 304,26 468 | 1,842 | 34.24-10° 0 0 0

yriiepoa

CepoBoaopos H2S 34,082 91,85 9,007 373,60 359 1,434 - 15,220 518,59 | 21,75
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Ta6J'II/IHa 4 — I[aBJIGHI/Ie HaCBINICHHBIX AapOB Px, INIOTHOCTDH KUAKOCTHU P, IIJTIOTHOCTh HACBIICHHOTO I1apa pPn, CKpbITaAsA TCIJIOTA
UCIIapCHU: I HEKOTOPBIX YIJII€BOAOPOA0B

Temnepatypa, [Iponan N30-byran H-Byran
°C Py, MIla | pac, KT/ | pn, kr/MC |, kJx/kr | Pu, MIIa | pow, KT/ | P, kr/m® | r, KJx/Kr | Py, MIIa | poc, KT/ | pa, kr/mC | r, kJx/kr
-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 0,532 154 322




Tabnua 5 — Pekomenaanuu no BEIOOPY KoMYecTBa pabounx M pe3epBHBIX HArHETAaTENeH

I'TIA ¢ nprBOAOM OT Ta30BOM TYpOUHBI I'TIA ¢ npuBOAOM OT JIEKTPOABUTATENS Hoprmersre
razomoTtopHsie I'TIA
Tun Haruerateneu
HEIOJIHOHAIOPHBIE IIOJIHOHAIIOPHBIE HETOJIHOHAIOPHBIE IIOJIHOHAIIOPHBIE
Pa6ou. Peseps. Pa6ou. Peseps. Pa6ou. Peseps. Pa6ou. Peseps. 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

Jnst BapuanToB ocHameHnss KC, 0TMEUEHHBIX 3BE3OYKOM, JOMYCKAECTCS COKpAIIaTh 4uciao pe3epBHbIX [ TIA Ha enununy,
s TIPEXKIE BCEro B KOMIPECCOPHBIX LeXax BTOPOM U TOCJIEAYIOIINX OYepeled MHOIOTOUYEUYHBIX T'a30IPOBOJAOB, €CJIM BAPUAHT CO-
KpaI¢HHOTO pe3epBUPOBAHUS 000CHOBAH TEXHUKO-3KOHOMUYECKH.
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Tabnuia 6 — OcHOBHBIE TEXHUYECKHE TIOKa3aTenu ra3oTypOouHnbix ['TIA

[Tpon3BOAUTENBHOCTD .
HanmenoBanue KITJI mpuBona B | HomMuHanmsHast yacrota Crenenp |Ilonmurponuueckuii
Tun 1eHTpo6exHOro . Har"Heraress mpu
I'TIA CTALIMOHAPHBIX BpAILICHUS] CUJIOBOM cxatua | KIIJl naruerarens,
HarHeTaTels T=20°Cu P=0,1034 Mlla,
(Tun npuBoAQ) YCIOBHSIX, %0 TypOHHBI, 00/MUH 3 HarHeTartess %
MJIH. CT. M” /CYT.
I'TIA c HarHeTaTeIsIMH Ha BBIXOJHOE JaBiIeHue 56 krc/cm (5,5 MITa, aGcomoTHOE)
['TH-6 H-300-1,23 24 6 150 19,0 1,23 83
(HK-12cr1)
HII- M-1,4 24 2 10,7 1,4 2
ITIA-L1-6.3B/56 11-6,3/56M-1,45 8 200 0, 45 8
I'TK-10-4 520-12-1 29 4 800 29,3 1,23 83
['TIA ¢ HarHeTaTeIsIMM Ha BBIXOIHOE AaBjienue 76 Kre/cm? (7,45 MlIla, abconroTHOR)
I'TIA-11-6,3B/76 |HILI-6,3/76M-1,45 24 8 200 11,4 1,45 83
I'TIA-11-6,3A npumenntenbHo HII- 29 8 200 110 145 83
(1-336) 0,3/76M-1,45 ’ ’
I'TIA-IT1-6,3T npumenutensHo  HII- 29 8 200 110 145 83
(HK-14c1) 6,3/76M-1,45 ’ ’
I'T1y-6 npumenutensHo  HII- 305 8 200 110 145 83
(AT-7111) 6,3/76M-1,45 ' ’ ’
I'TK-10-4 370-18-1 29 4 800 37,0u 30,0 1,23 83
['TH-16M-1 H-16-76-1,25 31 6 380 51,0 1,25 83
I'TH-16M-1 H-16-76-1,44 31 6 340 31,0 1,44 83
['TIA-11-16-AA |mpUMEHHUTEIHHO 347 5 300 330 15 84
(AI-31ct ABua)|H-16-76-1,45 ' ’ '
I'TIA-11-16C IIPUMEHUTEIBHO 340 5300 330 15 83
(- H-16-76-1,45 ’ ’ '
I'TIA-11-16/76  |H-16-76-1,45 27,5 4 900 32,59 1,44 83
I'TH-25 650-22-2 28,1 3700 47,0 1,44 83
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Tabawma 7 — OcHoBHBIE TToKa3aTesm 1t pacuéta ['TIA (mo OHTII 51-1-85)

O6o3nauenue | Pazmep- | ['T-700- [['T-750-6][ T-6-750| I'TIA-LI- [TK-10 | FIIV-10 I'TH- |KoGeppa [TK-16 | 'TH-16 I'TIA-LI- CTH-25 I'TH-
MoKasareisi | HOCTh 5 (I'TK-5) |[(I'TH-6)| 6,3 10M 182 16 251
N : kBT (2,421(5)8) 6000 6300 6300 | 10000 | 10000 | 10200 | 12900 | 16000 | 16000 | 16000 | 24000 | 24400
T 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
q;;lw Trie-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
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
Kn — 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
0,95 0,975
- ’ ’ 4 2
Nu (0.977) 0,983 (0.984) 0,98 0,990 | 0,990 | 0,990 | 0,985 | 0,990 | 0,990 | 0,993 | 0,99 0,995
Tabmuna 8 —3nauenune abCOTIOTHOTO 1aBJIeHUsT aTMOC(EPHOTO BO3/IyXa B 3aBUCHMOCTH OT BBICOTHI HaJl YPOBHEM MOPS
BricoTa Hax ypoBHEM MOpsi, M 0 250 500 750 1000 1500 2000
AbcomroTHOe 1aBneHne atmochepHoro Bo3ayxa, Pa , MIla 0,0998 0,0969 0,0940 0,0913 0,0886 0,0833 0,0783
Tabmuna 9 — Mexannyeckue NoTepyu MOIIHOCTH HA My(pTe U B MOAMUIHUKAX Nyex, KBT
Tun HarHerarens
O6o3HaueHne A 1163
nokasarens | Pasmeprocts (370 — 18 — 1520 — 12 — 1{H — 300 - 1,23|235 - 21 — 1| 650 — 22 -2 o |TIA-11-16| H-16-76
P (HI] - 6,3/56,76) =
Naex kBT 100 150 100 250 350 80 140 160




Ta6muia 10 — OpueHTHPOBOYHBIEC TUAMETPHI TPYOOIIPOBO/IA U JIaBJICHUHN HA CTAHIIU-
SIX B 3aBUCHUMOCTH OT MIPOMYCKHOM CIIOCOOHOCTH TPYOOIpoBOAa

Huamerp, MM [asnenne, Mlla [TpomyckHast citoCOOHOCTH, MITH T/ TOJ

529 5,3-6,4 6-8
630 51-6,1 10-12
720 4,9-59 14-18
820 4,7-5,7 22-26
920 4,5-5,6 32-36

1020 4,5-5,5 42-50

1220 4,3-5,3 70-78

Tabmuna 11 — Koaddunment & 00bEMHOTO paciimpeHus

NoNe IT0THOCTS P, KI/M° Koaddumuenr &, (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

Tabnuma 12 — [IpoyHOCTHBIE XapaKTEPUCTHKHU TPYO

Hapyxnpii | HomuHanpHas Mapka IIpenen IIpenen
TaMeTp TOJIILMHA T [os IPOYHOCTH HE TEKy4eCTH He
TpyO, MM CTCHKH, MM menee, Mlla menee, Mlla

1 2 3 4 5 6
1420 25 NmnoprHas [Ipsamoit 590 410
1420 20,5 NmmnoprtHas To xe 550 410
1420 19,5 NmnoprHas To xe 590 410
1420 17,5 NmmnoprtHas To xe 550 410
1420 17,5 1712CD To xe 540 370
1420 16,5 NmmnoprtHas To xe 590 410
1420 16 1712CD To xe 540 370
1420 13,5 1712CD To xe 540 370
1220 15,2 19r'1C To xe 510 350
1220 15 14I"2CAD To xe 560 390

45



[Tponomkenne Tabmmipl 12

1 2 3 4 5 6
1220 14,5 17T1C To xe 510 350
1220 13,0 14r2CA® To xe 560 390
1220 12,5 17T'1C To xe 510 350
1220 12,5 HNmnoprHas To xe 590 410
1220 12 17T'1C CrimpanbHbIi 510 350
1220 12 1712CD To xe 540 370
1220 11,5 14I"2CAD [Tpsimoii 560 390
1220 11 14I"2CAD To xe 560 390
1220 10,5 NmmoptHas To xe 590 410
1020 16,5 17T'1C [Mpsmoit 510 350
1020 16 HmnoprHast To xe 530 390
1020 14 17T'1C To xe 510 350
1020 12,5 14I"2CAD To xe 560 390
1020 12,5 14X1TC To xe 490 340
1020 12 16I2CAD To xe 590 410
1020 12 14I'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 [Tpsimoii 490 340
1020 10,6 ISIT'CTIO | CimpaybHBIi 520 350
1020 10 14I"2CAD To xe 520 350
1020 10 17T'1C To xe 510 350
1020 9,5 14I"2CAD To xe 560 390
1020 9 16I2CAD To xe 590 410
1020 9 NmnoprHast [Tpsmoii 590 410

820 12 17T'1C To xe 510 350
820 11,5 17T'11C CnupanbHbIid 510 350
820 11,5 17T2CO To xe 540 370
820 11 171C [Mpsimoi 510 350
820 11 17T2C® | CnupanbHbIii 540 370
820 10,5 171C [Mpsimoi 510 350
820 10 171C To xe 510 350
820 10 17T2C® | CnupanbHbIii 540 370
820 9,5 17T2CO To xe 540 370
820 9 171C ITpsamoii 510 350
820 8,5 17T11C CnupanbHbIif 510 350
820 8 17T2CO To xe 540 370
720 12 171C [Tpsmoii 510 350
720 11,5 17I2CD CrnimpanbHBIHA 540 370
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Oxkonuanue Tadaurmel 12

1 2 3 4 5 6
720 11 171°C [Tpsimoid 510 350
720 10,5 1711C CriupanbHbIid 510 350
720 10 17T'1C To xe 510 350
720 9,5 1712Cd | CriupanbHbIN 540 370
720 9 1711C To xe 510 350
720 8,5 1711C To xe 510 350
720 8,5 1712CD To xe 540 370
720 8 171C [Tpsimoid 510 350
720 7,5 171 C To xe 510 350
720 7 17T2C® | CrnupanbHblid 540 370
630 8 12I2C ki=1,4 490 340
630 9 1212¢C 490 340
630 10 1212¢C 490 340
630 11 12I2C 490 340
630 12 1212¢C 490 340
530 9 14XTC [Tpsimoid 490 340
530 8,5 17T2C® | CnupayibHbIA 540 370
530 8 14XTC [Ipsmoit 490 340
530 8 1711C CrimpasbHbIN 510 350
530 7,5 17T2CD To xe 540 370
530 7,5 17T'1C To xe 510 350
530 7 17T2CD To xe 540 370
530 7 1711C To xe 510 350
530 6,5 17T2CD To xe 540 370
530 6,5 17T'1C To xe 510 350
530 6 1712CD To xe 540 370
530 6 1711C To xe 510 350
426 10 20 becmioBnas 410 240
426 9 20 To xe 410 240
426 9 20 [Tpsmotid 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 CrimpanbHbIi 410 240
325 8 10 becmioBnas 410 240
325 7 10 To xe 330 220
325 6 10 CriupanbHbIiA 330 220
325 5 10 To xe 330 220
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Tabmuna 13 — 3nauenune K03 HUIMEHTOB yCIOBUN paboThl TpyOOIIpoBOaa M

Kareropun MarucTpaabHBIX TPYOOIIPOBOIOB | I Il

v

3naueHne KodppuIeHTa m 0,75 0,75 0,9

0,9

Tabnuua 14 — Knaccudukarus MarucTpaabHbIX TPyOOIPOBOIOB 1O KaTErOPHsIM

Haznauenue marucrpanabHOro TpyoonpoBoa

Kareropus Tpy6omnpososaa

JIJist TpaHCIOPTUPOBAHMSI IPUPOTHOTO ra3a:
— nuameTtpoM Menee 1 200 mm v
— nquameTpoM 1 200 mm u Gonee 1l

st TpacniopTpoBaHus He(YTH U HEYTETIPOTYKTOB:
— nuametrpoM mernee 700 MM Il

— nuameTpoM 700 MM u Gosee 11

Tabmuua 15 — 3nauenue ko3 uurenta 6e3onacHoCcTy 1Mo mMarepuany Ki

XapaxkTtepucTtika Tpyo Ki

Tepmuuecku ynpouHéHHbIE TPYOB! (3aKal€HHbIC U OTIIYLLEHHbIE B TpyOe WM JIU-

CT€); U3 HU3KOJIETUPOBAHHOM CTaJIU, IPOKATHOH 110 PEryIUpPyEMOMY PEXUMY 1,34
lopstueruiaBienHple (MO0 PEXKUMY HOPMAIW3ALUK), TEPMHUYECKH YIPOUYHEHHBIC
(3akasi€HHbIC U OTHYIIECHHBIC B TPYOE WUIIK JIUCTE), U3 HOPMAIM30BAHHOW CTaJId, U3

CTaJIu, IPOKATaHHOM [0 PETYIUPYEMOMY PEXKUMY 1,4
CrupanbHOIIOBHBIE U3 TOPSYEKaTaHONW HU3KOJICTMPOBAHHOM CTalM, CBapECHHBIC B

TPH CIIOSI, U TIPSIMOIIOBHBIE SKCIIAHIMPOBAHHBIE TPYObI W3 HOPMAJIM30BaHHOH JIU-

CTOBOMH CTaJM, CBapEHHbIE IBYCTOPOHHUM IIBOM JYT'OBBIM METOJIOM 1,47
[TpsMOIIOBHBIE 3KCNAaHAWPOBAHHbIE U CHUPAIBHOLIOBHBIE M3 TOpsYEKaTaHOU
HU3KOJIETUPOBAHHOM U yriepoaucToil ctanu. becioBHbie TpyObI 1,55

Tabmuna 16 — HexkoTopsie XapakTepUCTHKU TPYO M3 Pa3IUYHBIX MAaTEPUAIOB

Mapka cranu Tun TpyOsI 1 MaTepHran
14XT'C, Cr.20 I'opsiuernaBieHHBIE U3 TOPSYEKATAHBIX JTUCTOB
17T°C OKCaHIUpPOBaHHBIE U3 TOPSTYEKATaHBIX JIUCTOB
17T'1C OKCMaHIUpPOBaHHbIE U3 HOPMAIM30BAaHHBIX JICTOB
AT2CAD I'opsiueniaBneHHbIE U3 TOPAYEKATAHBIX JIMCTOB MIIM 3KCIIAHUPOBAHHbBIE U3
HOPMAaJIM30BAHHBIX JINCTOB

Tabmuua 17 — 3nauenue koapunrenta HaaexHoctu Ky

3Havyenue ko duurenta Han&xHocTu Ky
YcnoBHBIN qHAa-
J11s Ta30MpoOBO/IOB B 3aBUCUMOCTH OT BHYT-
MeTp TpyOoIIpo- pernero naserus P, MITa st HepTenpoBOIOB U
BOJIOB, MM P<55 55<P<75 ] 75<P<10 He(TEenpoayKTOIPOBOIOB
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
1400 1,155 1,210 1,265
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Tabnuna 18 —DOkBuBaNeHTHAS MIEPOXOBATOCTh K CTABHBIX TPYO

Martepuaiibl 1 B TPYOBI CocrosiHue TpyObl K, mm
0,01-0,02
BecmioBHbIe cTaibHBIE TPYOBI HogBeble 1 uncteie “ooid
Tlociie HECKOIBKUX JIET 015-03
AKCIUTyaTaluu 0,2
0 0,03-0,12
OBBIC U YHCTHIC _
0,05
C He3HAYnTENbHON KOPPO3UeH Mmocie 01-0,2
CBapHble CTaJIbHbIE OYHCTKH 015
TpYOBI 0,3-0,7
YMepeHHO 3apKaBIICHHBIC G
0,8-1,5
Crapsie 3apKaBj€HHbIE 1
CuibHO 3ap KaBJICHHbBIC UJIU C 2,0-4,0
OOJBIIMMH OTJIOKEHUSIMU 3,0

B uncinurenu IMPUBCACHBI IIPCACIIbI H3MCHCHHA K, a4 B 3HAMCHATCJIC — €TI0 CPCAHCC
3HAa4YCHUC.

Tabmuma 19 — JlonogHUTEIBHBIA HATOP B 3aBUCUMOCTH OT PacU&THOM 1MOjauu HACO-

COB CTaHIINU

il
‘;;’;‘:a 125 | 360 | 500 | 1250 | 2500 | 3600 | 5000 | 7000 | 10000 | 12000
Ah,w | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 80 | 100

Ta6mmma 20 — Texuuueckue TaHHBIC HACOCHBIX arperaToB

Hacocsl OneKTpoABUraTenn
Homyckae- YacroTa
. Moum-
[lomaua, | Hanop, | Mmblil kaBuTa- Bpalle-
Mapka 3 . KT Mapka HOCTb,
M/q M LIMOHHBIN HUS,
kBT
3arac 00/MuH
OcHOBHBIE arperarbl
HM 125-550 125 550 4 68 |Ykpauna-11-3/2 320 2 840
HM 360-460 360 460 8 75 A3I1-500 500 2970
ATJI-500
A3I1-630 630 2980
HM 500-300 500 300 12 78 AP-500 500 2930
HM 1250-260 1250 260 20 84 CT/1-1250-2 1250 3000
TJ1-2000-2 2
HM 2500-230 2500 230 32 86 CTA-2000 500 3000
CTH-2500-2 2 500 3000

49




CTA-2500-2 | 2500 3000
HM 3600-230 | 3600 230 40 87 CTJI-3200-2 | 3200 3000
HM 5000-210 | 5000 210 42 88 CT/[-3200-2 | 3200 3000
HM 7000-210 | 7000 210 52 89 CT/J-5000-2 | 5000 3000
HM 10000-210 | 10 000 210 65 89 CT/A-6300-2 | 6300 3000
HM 10000-210 | 12 500 194 89 87 CT/1-8000-2 | 8000 3000

IToamopHseie arperarsl

8H/Is 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 | JC-118/44-6 800 1000
HMII-3600-78 | 3 600 78 5,7 87 | AC-118/44-6 800 1000
HMII-5000-115| 5 000 115 6 83 | CAH-15-39-6 | 1600 1000
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Ipunosicenue 3
Obpasey 3as61eHus cmyoeHma Ha Kypco8oll NPOeKm

3aBexayromeMy kadeapoit TpaHCIIOPTHO-
AHEpPreTHUeCKuX cucteM YebokcapcKoro
uHctutyTa (hrnnana) MoCcKOBCKOTO
MOJIUTEXHUYECKOTO YHUBEPCUTETA

CTyJIEHTa

IPYIIIbI
TE.

3asBJICHHUC.

HpOIIIy 3aKpCIIUTh 3a MHOM TCMY KYPCOBOI'O IIPOCKTA
«

»

10 ANCHUIIIINHC
« ».
U HA3HAYUTHh PYKOBOANUTCIICM

CryneHt / /
(moamuce) (®UO crynenTa) (mata)

PykoBogutenn / /
(moamuce) (®UO crynenTa) (mata)

3aBenyromiui Kapeapoit N /
(moamuck) (®UO 3aB. kadeapoit) (mara)
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Ipunoswcenue 4
Obpasey mumyibHO20 UCMA KYPCo8020 NPOeKma

MWHHUCTEPCTBO HAYKH 1 BBICHIET'O OBPA3OBAHUA POCCUMCKOM ®EJIEPAILTANA
OEJEPAJTBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YYPEXKJIEHUE
BBICHIET'O OBPA3OBAHUSA «MOCKOBCKHWM MOJMTEXHUYECKUA YHUBEPCUTET»
YEBOKCAPCKHUU UHCTUTYT (PUJIAATT) MOCKOBCKOI'O NOJUTEXHAYECKOT' O
YHUBEPCUTETA

Kadeapa TpaHCIOPTHO-?)HEPreTHYECKHE CUCTEMbBI

KYPCOBOM IMTPOEKT

no pgucuuiHe «IIpoexktupoBaHue ra3oHeTENPOBOIOBY

HanmeHoBaHMEe TEMBI

Per. nHomep Brimoamn:
CTYJICHT ____ Kypca, TPYIIIbI
(dhopmbl 00yUeHUS
10 HAMPABIICHUIO MTOJTOTOBKH
21.03.01 Hedrerazosoe aemno

®.1.0.

JlomymieHa K 3ammre HayuHblil pyKOBOIHUTEIIb:
«__» 20 T

Y4. CTCHCHb, JOJDKHOCTDh

IIOAIMUCH

®.1.0.
3ammra KypcoBOro npoeKTa:
Onenka
Hata « » 20 T

[Toanuce HAyYHOTO PYKOBOJIUTENS

Yebokcaper 20 T.
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Tpunoowcenue 5
Obpaszey om3vi8a HAYUHO20 PYKOBOOUMEs

OT3bIB PYKOBOJIUTEJIA
Ha KYPCOBOIii MPOEKT
CryneHt
Kadenpa TpaHCIOPTHO-?HEPTETUUECKUE CHCTEM
Hamnpapnenue noaAroToBKH (CHEIUMaIbHOCTh) U TPOGUIIb (CrIeInaIn3aIiys)

HanmMmeHoBaHuE TEMBI:

PykoBonutens:
y4. CTENEHb, JOJKHOCTh, O.1.0.

1. AKTyanbHOCTb TEMBI KypCOBOIO IIPOEKTA

2. CoOTBETCTBHEC IMOJIYUYCHHBIX PE3YJIbTATOB 3a4BJICHHBIM LCIISIM U 3a/lda4aM

3. XapakTepucTuKa HCIOJIb30BaHUS B pabOTe HCCIIENOBATEIHCKOIO UHCTPYMEHTapUs
(aHanuza, CUHTE3a, CTATUCTUKO-MAaTEeMAaTUYECKOW METO/I0JIOTHH, MTAKETOB MPUKIAIHbBIX
pOTrpaMM H T.I1.)

4. CreneHb CaMOCTOSTENBHOCTH TMpU  paboOTe€ HaJg KypCOBBIM  IMPOEKTOM
(caMOCTOSITETLHOCTh ~ W3JIOKEHUsI M O0OOIIeHUsT Marepualia, CaMOCTOATENIbHAs
WHTEPIPETALNS TOTYYESHHBIX PE3YJIbTaTOB, 000CHOBAHHOCTH BHIBOJIOB)

5. Onenka oopMiIeHUS MPOEKTa B COOTBETCTBUM C TPEOOBAHUSIMU, COACPKAIIMMUCS B
MeTonuuecknx yKa3zaHHUSX MO BBINOJHEHUIO KypCOBOIO MPOEKTa, pa3pabOTaHHBIX U
YTBEPKJICHHBIX Kadeapon

6.3aMeuaHus 0 MOJATOTOBKE U BBIMOJIHEHHUIO KYPCOBOIO MPOEKTA

7. KypcoBoii TIPOEKT COOTBETCTBYET MPEABSBISIEMBIM TPEOOBAHHUSM M MOXKET OBITh
PEKOMEHI0BaH K 3aIUTe

8. Omenka

« » 202 r. /

(OAUCH PYKOBOJIUTEIS) pacmmdpoBKa MOIMHUCH
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