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1 Iessn, nuianHnpyeMble pe3yabTaThl 00y4eHHUs 10 JUCHHUIIIMHE (MOIYJII0)

[lenbto ocBoeHUs AUCHUIUIMHBI « TpaHCcOpTHasE UHPpACTpyKTypa HEDTH U raza» SBISIETCA
M3y4YEeHHE BUJIOB MarUCTPAJIbHBIX TPYOOIPOBOIOB, MX COCTaBa, CTPYKTYPHI U HA3HAUCHHUS.

Jl1s nocTrKEeHMs MOCTaBIEHHOM 1IeJIM HEOOXOAMMO PEIIUTh CAEAYIOLIUE 3a0auu:

- 03HAKOMUTKCS C COCTOSIHUEM U MIePCIEeKTUBAMU Pa3BUTHUS TPYOOIIPOBOAHOIO TPAHCIIOPTA B

Poccuu;

- O3HAKOMUTLECA C BUAAMU MaruCTpajJbHbIX pr6OHp0BOI[OB, HUX COCTaBaMU U HaAa3HAYCHUEM,
- HIPOBECTH HU3YUYCHHUC MU aHAJIN3 crmoco0oB u mapaMeTpoOB TpPAHCIIOPTA PA3JIMYHBIX II0

COCTaBY Cpel.

[InanupyeMbIMu pe3ynbTaTaMyd OOydeHHUs MO AMCLUUIUIMHE (MOAYIIO), SIBISIOTCS 3HAHMS,
YMEHUs, HaBBIKH. [lepedeHb IJIaHUPYEMBIX PE3YJIBTATOB OOYUYCHHS MO JUCIMILIHHE (MOJYIIO),
C IUIAHHPYEMBIMH pe3ylIbTaTaMH OCBOSHHUS 00pa3oBaTEbHON TMPOTPaMMBI,
npeacTaBieH B Tabmure 1.

COOTHCCCHHBIX

Tabnuua 1 — Komnereniuu, popmMupyemMbie B pe3yibTaTe U3yUeHUs AUCIUILTUHBI (MOJTYJIs)

Kon u PesynbTaThl 00yYeHsI IO JUCIUTUTNHE
HasBanue Konn (bopMyITUpOBKa
OIIOII BO, (opMmymHpoBKa HMHIUKATOpa Koxn
COKpAlICHHOE KOMIIETCHIINH AOCTHHCHUS pesynb ®DopMynHpoBKa pe3yIbTaTa
KOMIIETCHIINH
Tara
21.03.01 OIIK-3 : Cnocobern | OIIK-3.1xk : 3HaHue | IPOEKTHOIO UHCTPYMEHTapUs
«Hedrerazosoe | yuacTBOBaTh B UCIIONB3YeT JUIsl IUIAHUPOBAHUS U
JIeTI0» YIIPaBICHUH MPOEKTHBII OpraHu3alMy JesTENbHOCTH B
(b-HIO) npodeccHoHaNbHO# | MHCTpYMeHTapHii 00J1aCTH TPaHCHIOPTHOM
JIeATEIbHOCTBIO, JUIS TUTAaHUPOBAHUS nHdpacTpyKTyphl HeBTH U
UCTIONb3Ysl 3HAHUSL | ¥ OpraHu3anuu rasa
B o0yactu npoecCHOHANBHOMN VYMeHue | MPUMEHSTH IPOEKTHBIN
MIPOEKTHOTO JIeSITeIFHOCTH Ha HHCTPYMEHTApHiA JUist
MCHEIKMEHTA OCHOBE CTaHIAPTOB [UTAHUPOBAHUS U
YIPaBICHUS OpraHu3ally JIesSTEeNbHOCTH B
IIPOEKTAMU 00JIaCTH TPAaHCIIOPTHOH
HHOPACTPYKTYpPBI HEPTH U
rasa
HaBblk | mpakTH4ecKoro npuMeHeHHs
IIPOEKTHOTO UHCTPYMEHTapHsl
JUIsl TUTAaHUPOBAHYS U
OpTaHM3aINH JIESATENEHOCTH B
00JIacTH TPaHCIIOPTHON
HHPPACTPYKTYpH! HePTH U
rasa
OIIK-6 : Cnocober | OITK-6.2k : pemaer 3HaHWe | METONOB PEUICHHS
HNPUHUMATh CTaHJapTHbIE CTAHJAPTHBIX 33/1a4 B
000CHOBaHHBIE 3aJauu 00J1aCTH TPaHCHIOPTHOM
TEXHUYECKUE npoecCHOHaNBHON nHdpacTpyKTyphl HeBTH U
perieHus B JIeATEIBHOCTH C rasa
npodeccHoHaBHOH | ydeToM YMeHHe | pemath CTaHAapTHBIC 3a1a9H
JIeATENbHOCTH, TpeboBaHU B 00J1aCTH TPAHCTIOPTHOM
BBIOMPATH 6e3omacHOCTH nHPACTPYKTYpHl HePTH U
3¢ peKTHBHBIE U rasa
Ge3omacHble
I — HaBpIk | pemeHuUs CTaHAAPTHBIX 3aj1ad,
cpesicTBa H BO3HHKAIOIUX B IIpoIecce
TeXHONOIHH TpaHcHopTa He(TH U Ta3a no
MarucTpaibHbIM
TpyOOIpOBOIAM




OIIK-6.3k : 3HaHue | MHCTpyMEHTapus st

000CHOBBIBAET peleHus 3ag1a4 B 00J1acTH

BBIOOD TPaHCIIOPTHOH

COOTBETCTBYIOLIETO HHPACTPYKTYpHl HePTH H

HMHCTPYMEHTapUH rasa

JUTSL peTICHUS YMeHHe | HCIONIB30BaTh

MTOCTABJICHHBIX COOTBETCTBYIOLIUH

3a1a4 UHCTPYMEHTAPUH AJIs
peleHus 3a1a4 B 001acTu
TPaHCIIOPTHOMN
nHdpacTpyKTyphl HePTH U

rasa
HaBpik | npuHATHS 000CHOBaHHBIX
pemIeHui mpu BEIOOpE
HHCTPYMEHTApHs 1JIst
pelIeHus 331249 B 001acTu
TPAaHCIIOPTHOM

HHOPACTPYKTYpPBI HEPTH U
rasa

2 MecTo aucuuminnbl (MoayJsi) B ctpykrype OINIOII

Jucuumimba «TpancnopTtHas wuHOpacTpykTypa HeTH U ra3a» BXOAUT B CTPYKTYpY
6a30Boif yactu yueOHoro rana Hanpasienus 21.03.01 Hegrerazosoe aero.

3. O0beM AUCHUNIMHBI (MOTYJISA)

O0veM juCHMIUIMHBL (MOXYNsA) B 3a4ETHBIX €IMHHMIIAX C YKa3aHHEM KOJIMYEeCTBa
aKaJIeMUYECKUX YacoB, BBIACICHHBIX HA KOHTAKTHYIO paboTy ¢ oOydarommucs (IO BHIAM
y4eOHBIX 3aHATUI) U HA CAMOCTOSITENbHYIO paboTy, IPUBEIEH B Tabaue 2.

Tabnuna 2 — O61mas TpyJ0eMKOCTh AUCIUTIITNHBI

Tpyno- OO0BeM KOHTAKTHO# paboThI (dac)
CCMCCTp C€MKOCTb
e | GO | o | S J— Breayan | cpe | Gt
OI10I1 BO Y VI 3 o YHHIOp TopHas
Hi > 3.E.) Bcero Tanmm
0300)
nek. | mpak. | 1na0. IA KCP
21.03.01
Hedreraszosoe 0d0 b1.b 6 5 55 36 18 0 1 0 125 €]
JIENI0

4 CTpyKTYypa U cojiepKaHue TUCUUILIHHBI (MOTYJIsA)

4.1 Crpykrypa gucuuniauasl (moayas) xisga OPO

TemaTHueckuil TIaH, OTpaXKaroIUK coAepkKaHUe TUCHUILUINHBI (IEpEUEHb Pa3AeioB U TEM),
CTPYKTYpHUPOBAHHOE MO BUIAM Yy4eOHBIX 3aHATUN C yKa3aHHMEM HX OObEMOB B COOTBETCTBUM C
y4eOHBIM IIJIaHOM, ITpUBEJEH B Tabmuue 3.1

Tabmuua 3.1 — Paznmensl qucuuruiiHbel (MOAYAs), BUIBI yU4eOHOW AEATEIBHOCTH U (HOPMBI
Tekymiero Koutpods st OO

Kon pe- Kon-Bo yacoB, 0TBeAeHHOE HaA
dopma
Ne Ha3zBanue TeMbl 3yJIbTaTa
Jlex IIpakr JIab CPC TEKYLIEro KOHTPOJIs
00y4eHuUs
IIpakTrueckue 3agaHus
1 | Pasgen 1 10 4 0 34 P HAHIA,
cobecemoBaHme
[IpakTHueckue 3agaHus
2 | Pasnen2 12 6 0 41 P JIAHIA,
cobeceoBaHKe




IIpakTuueckue 3aganus,

3 | Pasmen 3 14 8 0 50
cobeceoBaHKe

HToro mo Tadauie 36 18 0 125

4.2 Copepxxanue pa3fesoB M TeM JMCUMILVIMHBI (Moayas) aiass ODO

Tema 1 Paszoen 1.

Conepxanne Tembl: Tema 1. CocTOsSHME W TIEPCIIEKTUBBI PA3BUTHS TPYOOIPOBOIHOTO
Tpancniopta B Poccun. Vcropusi TpyOGompoBogHOro TpaHcmopTta HedTH, HEDTEnpOAYKTOB U
npupogHoro rasza. CoBpeMEHHOE COCTOSHHE TpPyOONpPOBOAHOTO TPAHCIOPTA YIJIEBOJOPOIOB.
[lepciekTBBl  pa3BUTHS TpyOompoBoAaHOoro tpaHcnopta B Poccun. Tema 2. [lopsnox
MPOSKTUPOBAHUS M MEXaHWYECKH pacyeT MarucTpaibHBIX TpyOompoBoaoB. [lopsmok
MPOCKTHPOBAaHUS TPyOompoBoAoB. OnpeneneHne TOJMIMWHBI CTEHKH TPyOONpoBojaa. YTOYHEHHE
TOJILIMHBI CTEHKU TPYOOINPOBOJOB. Y TOUHEHHUE TOJIIMHBI CTEHKH TPYObl Ha OTIENBHBIX y4acTKax
MarucTpaibHOro TpybompoBoja. [IpoBepka NPOYHOCTM W YCTOWYMBOCTH  IMOJ3EMHBIX
TpyOomnpoBogoB. Pacuer ycroilumBoCcTM TpyOONpPOBOAOB TMPOTHUB  BCIUIBITHA. Tema 3.
TpyOompoBonubiii  Tpancnopt HedTH. Kiaccudukanus toBapHbix HedTed. Kiaccudukamms
HedTernpoBooB. OCHOBHbIE OOBEKTHI M COOPYXKEHUS MarucTpaibHOro HedrenpoBoga. CHUCTEMbI
nepekadku. OcHOBHOE 000pynoBaHne HePTENEePEKAUNBAIOIINX CTaHIMI. Paboune xapakTepucTuKu
HACOCHBIX arperatoB M cTaHUWd. TeXHONOTWYECKUH pacdeT MarucTpaibHBIX He(TEnpOBOIOB.
HcxoaHble naHHBIC I TEXHOJIOTHYECKOro pacueTa. OCHOBHBIE 3TAIbl TEXHOJIOTUYECKOTO pacueTa
HepTenpoBoaa. Ilorepu Hamopa U TUAPABIMYECKHM YKIOH B NPOCTOM HEPTEHPOBOJIE.
TpyOGonpoBOIBI € TyNMUHTaMH U BcTaBKamu. OmpeneseHue nepeBalbHON TOYKU U paCYeTHON JITUHBI
He(renpoBoma. XapakTepucThka HePTEnmpoBoja. YpaBHeHHE OailaHca HamopoB. OrmnpejerneHue
yiclia TepeKauMBalolIMX CTaHIMHA. PaccTaHoBKa mMepekaunBaloIIMX CTaHUUMH 1O Tpacce
HedTenpoBoaa. Pacuer HedTenpoBosa mpu 3aAaHHOM MOJOXKEHUU MEPEKAYMBAIOIIUX CTAHIUH.
Pacuer kopoTkux TpyOOmpoBomOB. M3MeHeHHe moamopa Tepea CTAaHIUSIMH TPH H3MEHEHUH
BA3KOCTH TepekaunBaeMoil HedTH. PerymupoBanme pexxumoB paboTel HedrempoBoaa. Pexum
pabotel HedTenpoBogOB. BBIOOp palMOHANBHBIX PEKUMOB JSKCILTyaTalldid MarucTpaibHOTO
HedrenpoBoma. Pexxum paboThl HedTENmpoBOIa MPH OTKIIOYCHUH TEPEKAYUBAIOMIMX CTAHITUN.
HedrenpoBoasl co cOpocamu u mnoakadkamu. HedrempoBon co cOpocom. HedrenmpoBox ¢
MOJKAaYKOH. YBEeMMYeHHE TMPOIMYCKHOH CIIOCOOHOCTH HE(TErnpoBoAa. YABOSHHE YHCIA
HedTenepekaunBaomux craniuuit. [Ipoknanka aynuHra. .

@opMbl M METOJBl TPOBEACHUS 3aHATUH IO Teme, NpUMEHseMble 00pa3oBaTeIbHbIC
TEXHOJIOTUH: JICKINH, TPaKTHIECKUEe 3aHATHSL.

Bunesl caMocTosTENbHON MOATOTOBKU CTYAEHTOB MO TeMe: M3ydeHune KOHCIEKTa JIeKIUH.
[ToaroToBKa K MPaKTUYECKUM 3aHSATHSIM.

Tema 2 Paszoen 2.

Conepxanue tembl: Tema 4. TpyOompoBojHbli TpaHcHopT rasa. CocTaB COOpYyXEHHH U
KJ1acCU(UKalusl MarucTpajibHBIX ra3ompoBooB. OCHOBHbIE (hM3MUECKHUe CBOMCTBA ra3oB. Pacxon
raza B TrasonpoBoje. V3MeHeHMe MAaBiIeHHMS NO AMuHE TrasomnpoBonga. CpenHee [aBjieHUE B
razomnpoBosie. l3MeHeHHWe Temmeparypel Tra3za IO JUIMHE Ta3omnpoBoja. HeobxommmocTh
OXJIAKJEHUS Ta3a Ha KOMIIPECCOpPHON cTaHIMH. BrnusHue penbeda Tpacchl Ha MPOMYCKHYIO
crocoOHOCTh TazonpoBona. Kosddumment ruapaBiamueckoro compotuicHus. KoadduiueHT
sbdexkTuBHOCTH. PacyeT ClOXKHBIX Tra3ompoBONOB. THIBI U XapaKTEPUCTUKU IIEHTPOOEKHBIX
HarHeTarened.  [lopsOoK — TEXHOJOIMYECKOTO  pacyera  MarucTpajJibHOTO — Ta30MpoBOJA.
AKKyMyIUpyIoIIasi CliocOOHOCTh ydacTKa Ta3onpoBoja. [ uapaTtoobpa3oBanue B ra3onpoBOAax U
6opnba ¢ HUM. YBeIMUeHHEe TPOU3BOAUTENFHOCTH Ta30MPOBOI0B. DPGHEKTUBHOCTH MEPEMBIYEK TTPH
9KCIUTyaTauu ra3onpoBoaoB. Tema 5. [locnenoBarenpHas nepekadka Hered U HePTempoyKTOB.
IlenecooOpa3HOCTh OCYILIECTBIEHUS MOCIEAOBAaTEIbHON Mepekadyku. CTpyKTypa COBPEMEHHOIO
HedTenpoAyKTonpoBoaa. OCOOEHHOCTH TEXHOJOTHUHU MOCIEA0BATEIHbHOCTH NepeKayku. MexaHu3M
cmeceoOpazoBanmsi. [IpubnmmkeHHass Teopust CcMeceoOpa3oBaHUs TMPH  TOCJIEIOBATEIBHON



nepekayke. BimsHue paznuuHbIX (aKkTOpOB Ha Tpolecc cMmeceoOpa3oBaHUs M Ooppda ¢ HHUM.
[IpuMeHeHne pasgenurTenell NpH NOCIENO0BAaTEIbHOM Iepekauke. KoHTpoiap mociaeaoBaTesbHON
nepekauykd. DuU3MKO-XMMHUYECKHE TIOKa3aTeNnd HEePTEeNpOAyKTOB M HUX H3MEHEHHe NpHu
cmemuBanuu. [lpuem m peanmzamus cMecH Ha KOHEYHOM MyHKTe TpyOorpoBojaa. OmpeneneHue
Yyclla MEPeKaYMBAIONIMX CTaHIMK MpU MOCIEIOBATENIbHON Tmepekadke. OmnpeneneHue 4vucia
IIUKJIOB TIOCJIEOBaTeNIbHON mepekauku. Ormnpenenenue HeoOXoauMoro o0Obema pe3epByapHOH
emMkocTH. Pacuer oTBoja OT MarucTpajabHOW dYacTu HedTenpoaykronpoBoaa. M3meHneHnue
napamMeTpoB paboTkl TpyOONpoBOAa B MEPUO CMEHBI xxuakocTell. ContacoBanue padoThl CTAaHLIUI
IIpU MOCJIeNoBaTeNbHON nepekauke. Tema 6. [lepexauka BBICOKOBSI3KMX U BBICOKO3ACTBIBAIOIINX
HedTell. Peonornueckre cBoCTBa BHICOKOBSI3KMX U BBICOKO3aCThIBaIOIUX HeTei. OcobeHHOCTH
TMJPaBIMYECKOTO pacyeTra TPyOONpPOBOJOB INPU H30TEPMHUECKOM IepeKayke HEHbIOTOHOBCKHMX
xunkocted. CrocoObl MepeKayKu BHICOKOBA3KUX M BBICOKO3ACTHIBAIOUINX HE(TEH. .

@opMbl M METOJbl NPOBENEHUS 3aHATUH IO TeMme, IpPUMEHseMble 00pa30BaTENIbHbIC
TEXHOJIOTMM: JIeKny, NpakTUYECKNe 3aHATHUS.

Buasl caMOCTOSTENBHON MOATOTOBKM CTYJAEHTOB IO TeMe: M3ydeHue KOHCIEKTa JIEKIHM.
ITonroroBka K NpaKTUYECKUM 3aHATHM.

Tema 3 Pasoen 3.

Conepxxanne TeMbl: Tema 7. TexHHWKa, TEXHOJOTHS U PACUET «ropsAYEH» MEpPEKAYKU
BBICOKOBSI3KMX W BBICOKO3AaCThIBaOIMX HedTell u HedTenpoaykroB. OO0pynoBaHHE HACOCHBIX H
TEIUIOBBIX CTaHIMH. l3MeHeHue TemmepaTypsl MO AJIUHE «TOPSYUX» TPYyOOIPOBOJOB IMpH
NepeKayKe BHICOKOBSI3KMX M BBICOKO3ACTHIBAIOIINX HEPTeH. PexxMbl TeueHUs! He()TH B «TOPTUUX»
TpyOonpoBogax. IloTepm Hamopa W THIAPABIMYECKUH YKIOH B «TOpsdemM» TPyOOIpoOBOJE.
XapakTepucTuka  «ropsdyero»  TpyoOompoBoga.  OnTUMallbHbIE  MapaMeTphl  «TOPSIUUX»
TpyObonpoBooB. OrmpeneneHue 4ucia ¥ pacCTaHOBKA CTAaHIMM Ha «ropsiuem» TpyOompoBoje.
HcxonHple JaHHBIE U TIOCTIEA0BATEIBHOCTh TEXHOJIOTUYECKOTO pacyeTa «ropsuero» TpyoornpoBoja.
HecTanuoHapHOCTh PEXKMMOB MPH IKCIUTyaTallUd «TOPSiUUX» TpyOompoBogoB. Ocobbie pekUMBbI
«ropstaux» TpyoOorpoBonoB. Tema 8. TpyOOnmpoBOIHBINH TPaHCIIOPT HECTAOMIIBHBIX KUAKOCTEH.
OO6yacTh MPUMEHEHHSI TIEPEKAYKU HECTAaOMIBHBIX KUAKOCTEH. JIByX(ha3HbI TPaHCTIOPT KUIAKOCTH
u rasza. [lepekauka razoHacblmieHHbIX HedTeill. TpyOompoBOAHBIM TpaHCIOPT HECTAOMIILHOTO
ra3oBOro KoHjaeHcarta. [lepexauka CKIKEHHBIX YIIIEBOJIOPOIHBIX ra3oB. Tema 9. O4yucTka moaocTu
MarucTpalbHbIX TpyOOrmpoBoAoB. OuncTka TpyOOIPOBOAOB OT OTIOXKEHUH mapaduHa. YaaneHue
ra3oBbIX W BOJSHBIX CKOIUIGHHH W3 Hedre- M HePTenpoayKTOnmpoBoAoB. OUMCTKA MOJOCTH
razonpoBonoB. Tema 10. 3ammra TpyOONpoOBOJOB OT MEPErpy30K IO JABICHUIO M KOPPO3HUU.
[TprunHBI BOBHUKHOBEHUS MEPETPY30K MO AaBieHuto. CpencTBa U METObI 3allUThl TPYOOIpoBoIa
OT Teperpy3ok Mo naBieHuio. Kiaccudukanus KOppo3HOHHBIX TporueccoB. IlpuumHbel U
MEXaHU3Mbl KOPpPO3UU TPyOONpOBOIOB. 3alUTHBIE MOKPHITHS s TpyOompoBonoB. Karoanas
3ammra TpyOorpoBonoB. IIpoTekTopHas 3amuTa TPyOOHNpPOBOJAOB. DJEKTPOJPEHAKHAS 3alluTa
TpyOOIPOBOJIOB. .

@opMBl U METOABI TPOBEACHHS 3aHATHI MO TeMe, NpUMEHseMble 00pa3oBaTeIbHbIC
TEXHOJIOTMH: JIeK1nn, NpakTUUECKNE 3aHATHUS.

Buapl camMoCTOSTENbHON MOJATOTOBKH CTYAEHTOB MO TeMe: M3ydeHne KOHCIEKTa JICKIIH.
[ToaroToBKa K MPaKTUYECKUM 3aHITHSIM.

5 MeToanueckue yKkazanus Ajs 00y4yaomuxcs M0 M3YYeHHI0 M peanu3alii JUCHUTLIUHBI
(MmonxyJis)

5.1 Meroauueckne peKOMeHIAUMH OO0y4YAIIUMCS M0 HU3YYeHUK0 [MCUUIUIMHBI W 10
ofecreyeHn 0 CaMOCTOSITeIbHOI padoThl

B X04€ M3YUCHHA HOAHHOI'O KypcCa CTYACHT CiIymacT JICKOHUW I10 OCHOBHBIM TEMam,
nocemacT MpPaKTUYCCKUC 3aHATHA, 3aHUMACTCAd HWHIAHUBUAYAJIBHO. HpaKTI/I‘-IeCKI/Ie 3aHATUA



npeanojgaraloT Kak HWHAWBUAYAJIbHOC, TaK W TPYHIIOBOC BBIIIOJHCHUC IIOCTABJICHHBIX 3aaadv,
KOJUIEKTUBHOE O0OCYK/ICHHE MTOTyYCHHBIX PE3YJIbTATOB.

Ocoboe MecTo B OBJaJE€HUM JaHHBIM KYpCOM OTBOJAUTCSI CAMOCTOSITEILHOM paboTe 1o
W3YYCHHUIO JTUTEPATyphl, JJIEKTPOHHBIX W3JaHUH, paboTe ¢ OMOIMOTEYHBIMH W TMOWCKOBBIMH
CHCTEeMaMH.

Hauunas u3y4yeHue TUCIMIIMHGI, CTYJCHTY HEe00X0AUMO:

- O3HAKOMUTBCS € IPOrPaMMOi, U3yUHUTh CIIMCOK PEKOMEH1yEMOM JINTEpaTyphl;

- BHUMATENIFHO pa3o0paThcs B CTPYKTYpe Kypca, B CHCTEME paclpenesieHus ydeOHOro
MaTepHaa 1o BUJIaM 3aHIATUH, popMaM KOHTPOJISL, YTOOBI UMETH MPEJCTABICHHE O KypCe B IIETIOM;

- na(opmannonusie TexHosnoruu: Microsoft Office Professional Plus 2013 Russian.

5.2 OcoOenHocTH opraHu3anuu oOy4YeHUs JIS1 JIUI € OTPAHHYEHHBIMM BO3MOKHOCTSIMH
310POBbSI 1 HHBAJIN/I0B

[Tpu HEOOXOIUMOCTH OOYYAIOLIUMCS U3 YHCJIA JIUII C OTPAaHHYECHHBIMH BO3MOKHOCTSIMU 3/I0POBBS H
MHBAJIUIOB (T10 3asiBJICHUIO 00YYaIOIIET0Cs) IPEAOCTaBIseTCS yueOHass HHPOPMALUs B TOCTYITHBIX
dbopmax ¢ y4eToM UX HHAUBUAYATBHBIX ICUXO(PU3UIECKUX OCOOCHHOCTEH:

- JJIsL UL ¢ HapYUICHUSIMU 3PEHUs: B NeYaTHON (GopMe yBEITHMUEHHBIM mpudTOoM; B Gpopme
AIIEKTPOHHOIO JIOKyMEHTA; WHAUBHU1yaJlbHbIE KOHCYJBTallH c IPUBJICYEHUEM
TU(IIOCYpIOTIEPEBOUNKA; UHIMBUAYAJIbHBIE 3aaHNs1, KOHCYJIbTALUU U JP.

- 17151 JIMIL C HApYLICHUAMH CyXa: B Ie4aTtHoi Gopme; B (hopMe IEKTPOHHOTO TIOKYMEHTA,
MHAUBUAyalIbHbIEC KOHCYIBTAIlMK C PUBJICYEHUEM CYypIOTIepEeBOAUNKA; UHIMBUYaJIbHbIE 3a/1aHNUS,
KOHCYJIbTAllUM U JP.

- U1 JIAL ¢ HApYIICHUSIMH OMTOPHO-ABUTaTEeIBHOTO anmapaTa: B medaTHoi (opme; B popme
AIIEKTPOHHOIO JOKYMEHTA; MHIANBHyaJIbHbIC 3a1aHUs, KOHCYJIBTALMN U JIP.

6 ®oH OLEHOYHBIX CPEACTB JISl MPOBEACHHS TEKYLIero KOHTPOJISA W NMPOMEKYTOYHOM
arrecTalMu 00y4aroIMXCs M0 JMCUMILIHHE (MOTYJIIO0)

B coorBerctBum ¢ TpeboBaHmsimu DPI'OC BO g arrectanmuu  oOydaroImuxcs Ha
COOTBETCTBHUE UX TIEPCOHAIBHBIX JOCTHKCHUHN IJIAHUPYEMBIM pe3ylibraraM OOy4YeHHs II0
TUCIUTIINHE (MOIYIIO) CO3MaHbl (DOHIBI OIIEHOYHBIX CPECTB. THIOBBIE KOHTPOJLHBIC 3aaHUS,
METOJIMYECKUE MaTepHallbl, ONPEACISAIONIUE MPOLEYPhl OIICHUBAHUS 3HAHWI, YMEHUN M HABBIKOB,
a TaKkKe KPUTCPUU M IIOKa3aTeld, HEOOXOAWMBIC IJisi OLEHKH 3HAHWW, YMEHWH, HaBBIKOB W
XapaKkTEepU3yIOIIre 3Tarbl (POPMUPOBAHUS KOMIIETCHIIMHA B MPOIECCE OCBOEHHUs 00pa30BaTeIbHOM
nporpammel, rpeacTanieHsl B [Ipunoxennn 1.

7 Y4yeOHO-MeTOAMYECKOE M NH(POPMALIMOHHOE 00ecneuyeHue TUCIUIJIMHBI (MOLYJIs1)

7.1  Ocnoenas rumepamypa

1. Hanxanenxko, U. I1. TIpaBoBoe obecniedeHre TPaHCTIOPTHOM 0€30MMaCHOCTH Ha 00BbEKTaX
TPAHCTIOPTHON HMH(PACTPYKTYpbl U TPAHCIOPTHBIX CpPEACTBaX : y4eOHOe mocoOue s By30B /

M. TI. Hamxanenxko, A. B. ®enmopoB, E. I. [onuenko ; mox oOmei pegakuuen
N. TI. Hamxanenko. — MockBa : WzmarensctBo IOpaiit, 2022. — 83 c¢. — (Beicmiee
oOpazoBanue). — ISBN 978-5-534-12391-3. — Tekct : snextpoHHbIi // OOpa3oBaTenbHas

matdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/496201 (mata ob6pamenus: 15.05.2024).

2. TpancnoptHas uHdpacTpykTypa : yueOHoe nocodue / E. B. ®omun, E. C. BoeBoaus,
A. C. Kamypa [u np.]. — Kpacnosipck : COY, 2020. — 104 ¢. — ISBN 978-5-7638-4307-1. —
Texkct : oanexktponHsld //  Jlawb : 2JekTpoHHO-OMOMMoOTe4yHass cuctema. —  URL:
https://e.lanbook.com/book/181618 (mata oOpamenus: 17.05.2024). — Pexum goctyma: s
aBTOPH3. MIOJIb30BATEIICH.



3. [lenokoB, C. B. [Ipon3BoacTBEHHO-TEXHUUYECKAsT UHPPACTPYKTYpa TPAHCIIOPTHOTO
npennpusTus : ydeOHo-meroauuyeckoe mnocodue / C. B. IlenoxkoB, M. B. Jlamenko. —
Hosocuobupck : CI'VIIC, 2020. — 83 ¢. — ISBN 978-5-00148-121-8. — TekcT : 37€KTPOHHBIH //
Jlanp : snexTpoHHO-OMONMMOTeuHas cucrema. — URL: https://e.lanbook.com/book/164607 (nara
obpamenus: 17.05.2024). — Pexum goctyna: i aBTOPHU3. MTOJIH30BATENCH.

7.2 /lonoanumenvnas numepamypa

1. TyOkun, U. M. T'eonorus vedtu u raza. Uz6panusie counnenus / M. M. ['yOkun. —
Mocksa : UznarensctBo Opaiit, 2023. — 405 c¢. — (AnTosnorust mpiciau). — ISBN 978-5-534-
09193-9. — Tekcr : snexTpoHHbI // ObOpa3oBarenbHas 1atdopma lOpaiit [caiit]. — URL:
https://urait.ru/bcode/517019 (nara obpamenus: 15.05.2024).

2.  TpancnoptHas uHpacTpykTypa : yueoHoe nmocodue / E. B. ®omun, E. C. BoeBoaus,
A. C. Kamrypa [u np.]. — Kpacnosipck : COY, 2020. — 104 ¢. — ISBN 978-5-7638-4307-1. —
Tekcr : oanexktponHsld // Jlamb : 2JeKTpoHHO-OMOnMmoreyHas cucrema. — URL:
https://e.lanbook.com/book/181618 (mata obpamenus: 17.05.2024). — Pexum poctyna: ans
aBTOPH3. IOJIb30BATEIICH.

7.3 Pecypcovt ungpopmayuonno-menekommynuxkayuonnou cemu "Hnmepuem',
6KI0YAA  npogheccuonanvHvle 0azl OAHHLIX U UHOOPMAUUOHHO-CHPABOYHDbBLE
cucmembsl (npu HeobX00UMOCmuU):

1. OG6pasoBarenbHas miathopma "FOPANT"

2. DmnexktpoHHO-OuONMHOTEUHas cuctema "JIAHB"

3. Open Academic Journals Index (OAIJI). [Ipodeccronanbras 6a3a maHHBIX - Pexxum
noctyma: http://oaji.net/

4. [Ipesunentckast Oubnmoreka uMm. b.H.Enenmua (0a3a JaHHBIX pa3IHMYHBIX
npodecCHOHANBHBIX 00nacTeil) - Pexxum gocryma: https:// www.prlib.ru/
5. Nudopmannonno-cnpaBoynas cucreMa "Koncynsrant Ilmroc" - Pexxum moctyna:

http://www.consultant.ru/

8 MarepuasbHO-TeXHHYECKOE o0ecreyeHue AUCHMIUIMHBI (MOAYJisI) W TepeYeHb
HH(OPMAIMOHHBIX TEXHOJIOTHii, HCIO/Ib3yeMbIX MPH OCYILIECTBJICHHH 00pPa30BATEJILHOIO
npouecca no AUCHMILINHe (MOYJ/II0), BKJIOYAs NepevyeHb IPOrPpaMMHOro odecreyeHust

OcHOBHOE 000PYI0BAHUE:

- Komnibrotepsl
- [Ipoekrop

[IporpammMHoe obOecrieueHue:
- AutoCAD
- Microsoft Office 2007 Suites



MHWHOBPHAYKHU POCCUN

BJIAJUBOCTOKCKUI I'OCYJIAPCTBEHHBIN YHUBEPCUTET

KA®EJIPA TPAHCIIOPTHBIX ITPOLIECCOB U TEXHOJIOT' M1

@DOoH/1 OIICHOYHBIX CPEJICTB
JUTSI IPOBEJICHUS TEKYIIET0 KOHTPOJIS
Y IPOMEKYTOUYHOMN aTTECTAIIMHU IO TUCIUTUTAHE (MOIYITIO)

TPAHCIIOPTHASA UH®PACTPYKTYPA HE®THU U T'A3A

Hanpasienue 1 HanpaBiaeHHOCTD (TIPO(UIIb)

21.03.01 Hedrerazosoe neno. Hedrerazosoe neio

['on Habopa na OIIOII
2022

dopma 00yueHHst
OYHast

Bnamusoctok 2023



1 Ilepeyenb popMHEpyeMbIX KOMIIETEHIHIT

Hassanne OITOIT BO,

Konx 1 popmynipoBKka KOMIIETCHITH

Kon u ¢hopmynipoBKka HHANKATOPA JOCTHKEHHS

obJactu MPOCKTHOT'O MCHCIPKMCHTA

COKpaIeHHOe u KOMIETEHIINU
21.03.01 «Hedrerazop | OIIK-3 : CrnocoOeH yyacTBOBaTh B OIIK-3.1k : UCTIONB3yeT NPOCKTHBIH HHCTPYMEHT
oe JIe110» YIpaBICHUN NIPO(QECCUOHANBHON Ie | apwii JuIs IUIAHUPOBAHUS U OpraHu3alyy rnpodec
(B-HI) ATENBHOCTBIO, HCTIOJb3YsI 3HAHUS B CHOHAJIbHOM JIEATEIEHOCTH Ha OCHOBE CTaHapTO

B YIIpaBJICHUS MMTPOCKTaAaMU

OIIK-6 : Cioco6eH mprHUMATh 000
CHOBAHHbBIC TEXHHYCCKUE PEIICHHS

B IpO(heCCHOHATILHOM ACATEIBHOCT

1, BBIOUPATh 3P PEeKTUBHBIC U 6301
ACHBIC TEXHUYECKHE CPE/ICTBA U TEX
HOJIOTHH

OIIK-6.2k : pemaeT cTaHAApTHBIC 3aa4u Ipote
CCHOHAJIBHOM JCSITEILHOCTH C Y4ETOM TpeOOoBaHU
i 6e3omacHOCTH

OIIK-6.3k : 000CHOBBIBAacT BBIOOP COOTBETCTBYIO
mero I/IHCprMeHTapHﬁ JUTSL PCIICHUA MTOCTABJICH
HBIX 3aJa4

KOMHCTGHLII/IH CUHUTACTCA C(I)OpMHpOBaHHOﬁ Ha JaHHOM 3Tale B CJIy4dac, CCJIIM MMOJTYUYCHHBIC
06y‘IGHI/I$[ o JUCHHMINNIMHE OICHCHBI

pe3ynbTaThl

MOJIOKUTENBHO  (AMana3oH KpUTEpUEB

OLOCHUBAHUS PC3YIILTATOB O6y‘l€HI/I$I «GBAaYTCHO», KYAOBJICTBOPUTCIIbLHO», «XOPOIIO», <<OTJ'II/I‘IHO>>). B

CIyd4ac OTCYTCTBUA MMOJI0KUTEILHOM OLCHKM KOMIICTCHIIMA Ha JaHHOM DJOTall€ CUYHUTACTCA

Hec(OPMHUPOBAHHOM.

2 [loka3aTe/u OlleHUBAHUS NJAHUPYEMBbIX Pe3yJIbTATOB 00y4YeHHUs

Komnerennus OIIK-3 «CriocoGeH y4acTBOBaTh B yrpaBiIeHUH MPodeccHOHATBHON
JeSTEIbHOCTBIO, UCIIONb3YsI 3HAHHSI B 00JIACTH MPOEKTHOTO MEHEHKMEHTa

Ta6JII/II_Ia 21— KpI/ITCpI/II/I OLICHKU MHAUKATOPOB JOCTUIKCHUA KOMIICTCHIIUN

Kox u popmynupoBKka HHIUKAT
opa JOCTHKEHUS KOMIIETEHIINH

Kputepuu onieHuBaHus pe3ysbT
aToOB 00yUYeHUS

OIIK-3.1k : HCTIONB3yET MPOEKT
HBIM HHCTpYMEHTapuil 1 1aH
UPOBAHUSI U OpraHU3aLUK Ipod
€CCHUOHAIIbHOM AeATeIbHOCTH Ha
OCHOBE CTaHJapPTOB yNPaBICHH
S TIPOEKTaMHU

CdopmupoBasimeecst cucreMar
MYECKOE 3HAHHE MPOSKTHOTO HH
CTPYMCHTApHS AJIsI IUIAHUPOBAH
WSl M OpPraHU3aluy ACsTCIBHOCT
U B 00JIaCTH TPAHCIIOPTHOU
MHPPACTPYKTYphI HEPTH U ra3a

CcopmupoBasiieecst CHCTEMAT

UYECKOe YMEHHE MPUMEHAThH I
OEKTHBIA MHCTPYMEHTApUM IS
TUIAHUPOBAHUS U OPraHU3aLUH

JIeSITEIFHOCTH B 00JIACTH TPaHC
MOPTHOH HHPPACTPYKTYpHI HEe(
TH 7 Ta3a

PesynbraThl 00y4YeHHS 110 AUCHUILIIHHE
T
K
u
on
i
pe Pesynprar
pe
3_
3_
Ta
Ta
MIPOCKTHOT'O UHCTPYMEHTAPHUS [T
3H | 1 INIAaHUPOBAHUS U OPraHHU3aI]
aH | WM JCATCIBHOCTH B 00JaCTH Tpa
ue | HCIOPTHOW MH(PPACTPYKTYpPHI H
edtn 1 raza
y | mpuMeHsTH NPOCKTHBIA HHCTPY
" MEHTApHiA TS TNTAHUPOBAHUS U
o | OPTAHM3ALMH JEATENBHOCTH B O
e 6J1aCTH TPAHCIIOPTHOM HH(DpacT
PYKTYpPBI HE()TH 1 Ta3a
MIPAaKTHYCCKOTO IPUMEHEHHUSI TP
H | OEKTHOTO MHCTPYMEHTApHs JUIS
ap | TU1aHHMpOBaHMS M OpraHM3aLUU
b1 | ZleATENBbHOCTH B 06/1aCTH TPAHC
K MOPTHOM HHPPACTPYKTYPHI HED
TH ¥ raza

CdopmMupoBaBIIHECs CHCTEMAT

MUYECKUE HABBIKK IPAKTHYECKOT
0 IPUMEHEHUS TPOCKTHOTO HHC
TPyMEHTapus VIS ITIAaHUPOBAHH
s ¥ OPTAaHHU3AINH ESATEIEHOCTH
B 00J1aCTH TPAaHCHOPTHOM HHOP

aCTPYKTYphI HETH U raza




Komnerennus OIIK-6 «CrnocoGeH npuHuMaTh 000CHOBaHHBIE TEXHUYECKUE PELICHUS B
npodecCHOHATIBHOM 1A TeNbHOCTH, BEIOUPATh 3P PeKTUBHBIE U O€30IacHbIE TEXHUYECKHE CPEICTBA
Y TEXHOJIOTUN

Ta6mmia 2.2 — Kputepuu OlleHKH WHANKATOPOB TOCTHXKCHHS KOMITETEHIIUN

PesynpraTel 00y4eHUs [0 AUCIUILIIHE
K T
Kon u dopmynupoBka HHAUKAT " Kpurepuu onieHrBaHUS pE3yNbT
opa IOCTHXKEHUSI KOMIIETEHIINN on - aToB O0yYeHUs
pe Pesynbrar
pe
3_
3_
Ta
Ta
OIIK-6.2k : pemiaet cTaHIapTH CdopmupoBasiiieecst cCuCTeMar
. METO/IOB PEIICHHS CTaHAAPTHBI
bI€ 33124 IPO(ECCHOHAIBHON 3H MUYECKOE 3HAHUE METOIOB Pelle
X 3a7a4 B 00JIaCTH TPAHCIOPTH
JIESITEIFHOCTH C Y4€TOM TpeOoB aH . HUSI CTaH/IApTHEIX 3a7a4 B o0a
. ot HHPPACTPYKTYPHI HEYTH U T .
aHuit 6€30MacCHOCTH we | oo CTH TPAHCIIOPTHOH MHDPACTPYK
TypHI He)TH U Ta3a
v CoopmupoBasIeecs: cucTeMar
y | PeIIaTh CTaHIApTHBIC 3a/1a4H B MYECKOE YMEHHE PEeIlaTh CTaH/
. 00JIaCTH TPaHCIIOPTHOHN WH(pac | apTHBIC 3aTa49X B 00IACTH TPaH
ue | TPYKTYpHI HedTH M Taza CTIIOPTHOM HHQPACTPYKTYPHI HE
¢TH M raza
CdopmMupoBaBIIHECS CHCTEMAT
H | pemenus crannapTHBIX 3a/1a4, B | HYECKHE MPAKTHYECCKHE HABBIKH
aB | O3HMKAIOIIMX B IPOIECCE TPAHC | pemIeHUs CTaHAapTHHIX 3a/1ad, B
Bl | TopTa He(TH M rasa II0 MarucTp | O3HUKAIOUIMX B IIPOIECCE TPAHC
K IBHBIM TPYOOIIPOBOIAM noprta He()TH | Ta3a 1o MarucTp
AIBHBIM TPYOOIpOBOIaM
OITK-6.3k : 000CHOBBIBAET BHIO CdopmupoBasieecs cucTeMar
Op COOTBETCTBYIOIIETO HHCTPY 3H | MHCTpYyMEHTAapHs JUISA pemIeHUs | Wdyeckoe 3HaHUE HHCTPYMEHTap
MEHTapHi TSI PeIIeHus TI0CTaB aH | 3amad B 00JIACTH TPAHCHOPTHOHM | W u1g pemreHns 3a1ad B o6mact
JICHHBIX 3a/1a4 ne | mHPpacTPyKTypsl HeQTH M Ta3a | ¥ TPAHCHOPTHOH HHPPACTPYKTY
pslI HeTH U Taza
CdopmupoBasIeecst cCTEMAT
HCIIONIF30BaTh COOTBETCTBYIOI
vy o o HMYECKOe YMEHHE HCIOIb30BaTh
Wi HHCTpyMEHTapuii IS penieH .
M COOTBETCTBYIOIINI HHCTPYMEHT
us 33724 B 00JIaCTH TPAHCIIOPTH .
eH . apuii 11 peneHns 3a1a4 B 0071
ol mH(pPaCTPyKTypsl HepTH U T .
ue | oo acTU TPAHCIIOPTHOU HH(PPACTPY
KTypbl He)TU U ra3a
CcopmupoBaBIzecs CHCTEMaT
g | mpumsTHA 00OCHOBAaHHBIX pelle | WYecKHe HaBBIKH NPUHATHI 000
aB HUH TIpH BEIOOpE HHCTPYMEHTAP | CHOBAHHBIX PEIICHUH MPH BEIOO
L | WV pelenus 3anad B obnact | pe HHCTPYMEHTApHs JUIA PeIleH
< U TPAHCTIOPTHON MHPPACTPYKTY | WS 3a71a4 B 0OJIACTH TPAHCIIOPTH
pbl HETH U Ta3a oif HHGPACTPYKTYpbl HEYTH U T
aza

Tabnuna 3anonHsSeTCsl B COOTBETCTBUU C pasnenoM 1 PaGoueit mporpammbl AMCHMITITUHBI
(Momyst).

3 IlepeyeHb OLICHOYHBIX CPEACTB

Tabnuna 3 — [lepedeHb OLIEHOYHBIX CPEACTB MO TUCIUILUIUHE (MOIYITIO)



KonTponupyemsle MIaHUpyeMbIE pe3y
JBTaThl 00y4eHUS

Konrtpoaupyembie TeMbl

HaumeHoBaHHE OIIEHOYHOTO CPEACTBA U TP
encrasienne ero B DOC

JIACLIMIUIMHBI

Texy1uii KOHTPOIIb

ITpomesxyTouHas at
TecTalus

OuHas popma oOydeHHUs

P/I1 3HaHMe : IPOEKTHOTO HHC
TPYMEHTApUsL 1JIsL IIaHUP
OBaHMS U OPTraHU3ALMH e
ATEIBHOCTH B 00JIACTH TP
AHCIIOPTHOM HH(pacTpyK

TypHI HeTH U Ta3a

1.1. Pasnen 1

CobecenoBanue

DK3aMeH B MUChMEH
HOU (opme

P2 YMeHue : IpUMEeHsTh PO
€KTHBI HHCTPyMEHTApHUI
JUIs IJJAaHUPOBAHMA M Opra
HU3aLUH AEATCIHHOCTH B
00J1aCTH TPaHCTIOPTHOH H
HPaCcTPyKTypsl HEQTH
rasa

1.1. Pa3zgen 1

INpakTrdeckas pado
Ta

DK3aMeH B IUCbMEH
HOH (opme

P13 HaBpik : npakTuyeckoro i
PUMEHEHHS TPOSKTHOTO U
HCTPYMEHTAPHSI TS TUIaH
WPOBaHMS U OpPTraHU3aInU
JIESITETTbHOCTH B 00J1aCTH
TPaHCHOPTHOU HHPpACTP

YKTYpbI HE(DTH U ra3a

1.1. Pa3nen 1

IMpakTudeckas pado
Ta

DK3aMeH B MMChbMEH
HOH opme

P14 3HaHHE : METOJIOB PEIICH
WS CTAHAAPTHBIX 3271349 B

00J1acTH TPAaHCTIOPTHOU H
HOPACTPYKTYpHl HeHTH U
rasa

1.2. Pa3nen 2

CobecenoBanue

DK3aMeH B MUCHMEH
HOU popme

PS5 ‘YMeHue : pemiate cTaHaa
PTHBIC 3a7a49H B 00IaCTH
TPaHCTIOPTHOH HH(PACTp

YKTYpBI HE(DTH U Ta3a

1.2. Pa3nen 2

IMpakTudeckas pado
Ta

DK3aMeH B IMChbMEH
HOH (opme

PLi6 Haspik : pemienus cranzna
PTHBIX 337124, BO3HUKAFOLL|
UX B IIPOLIECCE TPAHCIIOPT
a He(TH | Ta3a 1o Maruct

pabHBIM TPYOOIIPOBOIAM

1.2. Pa3nen 2

[Ipaktuueckas pado
Ta

DK3aMeH B MUChbMEH
HOH (opme

pPa7 3HaHUE : UHCTPYMEHTApH

s 711 pelIeHns 3a/1a9 B 00
JIACTH TPAHCHOPTHOH MH)
pacTpyKTypsl He(TH U Ta3

a

1.3. Pa3znmen 3

CobecenmoBanue

DK3aMeH B MUChbMEH
HOH (opme

P8 YMeHue : UCIoyib30BaTh C
OOTBETCTBYIOIIHI HHCTPY
MEHTapUi AJIs pelleHUs 3
azad B 00JacTH TpaHCIIOP
THOU MH(PACTPYKTYpHI HE

¢ty 1 raza

1.3. Pa3znen 3

INpakTudeckas pado
Ta

DK3aMeH B MUChbMEH
HOH (opme

P9 HaBpIk : mpHHATHS 000CH
OBAHHBIX pEIIECHUN IIPU B
BIOOPE HHCTPYMEHTAPHS 1T
TS pereHus 3aaa4d B 067a
CTH TPAHCIOPTHON UH(pa

CTPYKTYpPBI HE()TH U Ta3a

1.3. Paznen 3

IpakTudeckas pado
Ta

DK3aMeH B MMCHMEH
HOU popme

4 Onucanme nmpouecaypbsl O€eHUBaHUA




KauectBO cpopMHUpPOBAaHHOCTH KOMIICTCHLMH Ha JaHHOM JTale OICHHUBACTCS IO
pe3ynLTaTaM TCKYIIII/IX u HpOMe)KYTO'-IHI)IX aTTCCTaHI/II\/II HpI/I IIOMOIITN KOHI/I‘ICCTBGHHOI\/’I OILICHKU,
BBIPOKCHHOW B Oayutax. MakcuMmajbHas cymMMa OayuloB MO JAMCHUILIMHE (MOIy/da0) paBHa 100
oayuam.

KauecTBO chopmMrpoBaHHOCTH KOMIETEHINI HA TAHHOM 3TaIle OIIEHUBAETCS M0 PE3yJIbTaTaM
TEKYIUX U MPOMEXYTOUYHBIX aTTECTAlMi MPY HOMOIIY KOJMYECTBEHHOM OLIEHKH, BBIPAKEHHOH B
Oamnax. MakcumainbpHas cyMMa 0aisioB 1o AUcUUIUIMHE (Moayio) paBHa 100 6amiam.

. (O11eHOYHOE CPEICTBO
Buy yueOHOM esITebHOCTH
(CobecenoBanme [IpakTHueckue 3aHsATUs DK3aMeH l1Toro

Ulexun 20 20
[IpakTHueckue 3aHsTUs 30 30
(CamocTosiTenbHas paboTta 10 10
[TpomexyToUHas aTTecTalus 40 40
HToro 100

CYMMa 6aJ'IJ'IOB, Ha6paHHLIX CTYACHTOM II0 BCEM BUaM yqe6H0171 ACATCIIBHOCTH B paMKax
JAUCHUIIIIMHBI, ICPEBOAUTCA B OLICHKY B COOTBCTCTBHHU C TaﬁHHHeﬁ.

Cymma 6anioB
Ouerka 1o mpomeskyT XapakTepHCTHKa KadyecTBa C(HOPMUPOBAHHOCTH KOMITETEHIINI
MO0 TUCIMILI |ounoit aTrecTaruu PaxTep PMHP
HHEC
CTyzmeHT 1eMOHCTpHUpPYET c(HOPMUPOBAHHOCTD JUCHUIUIMHAPHBIX KOMIIETCHIINH,
«3aUTEHOY / 00HapyXHMBaeT BCECTOPOHHEE, CUCTEMAaTHUECKOE U ITyOOKO€e 3HaHHE yueOHOro MaTepual
o191 110 100 a, yCBOMJI OCHOBHYIO JIUTEPATYypy U 3HAKOM C JOIOJHUTEIBHON TUTEpaTypOl, pEKOMEH]I0
BaHHOH ITPOTpaMMOH, yMeeT CBOOOIHO BEIITOTHATH MPAKTHIECKHUE 3aJaHUsI, TIPEIYCMOTpe
«OTJIHIHO» HHBIE IPOTPaMMOH, CBOOOIHO ONEpUPYeT MPHOOPETEHHBIMU 3HAHUSIMU, YMEHUSIMHU, TIPH
MEHICT UX B CUTyalluaX MTOBBIIIICHHON CJI0KHOCTH.
«3aYTEHOY / CTyzmeHT 1eMOHCTpHUpPYeET cHOPMUPOBAHHOCTD JUCHUIUIMHAPHBIX KOMIIETCHINI: OCHOBH
o1 76 10 90 bI€ 3HAHUS, yMEHUS OCBOEHBI, HO JOIYCKAIOTCSl HE3HAUUTENbHbIE OIINOKH, HETOYHOCTH, 3
aTpyJHEHUs [IPU aHAIUTHUYECKUX ONepalusX, IepeHOCe 3HAaHUH U yMEHUI Ha HOBbIE, HEC
«XOpoIo» TaHJApTHBIC CUTyaLUN.
«3a4TEHO» / CryzeHT IeMOHCTpUpPYeT c(OPMUPOBAHHOCTh JUCHHUIUIMHAPHBIX KOMIIETCHIIUIT: B X0 K
OHTPOJIEHBIX MEPOIIPHUSTHH TOITYCKAIOTCS 3HAYUTEIbHBIE OIIMOKH, IIPOSIBIISIETCS
ot 61 mo 75 «yJIOBIICTBOPHUTE OTCYTCTBHE OTZEJIbHBIX 3HAaHUI, yMECHUI, HABBIKOB 110 HEKOTOPBHIM JAUCLIUIUINHAPHBIM KO
MIIETEHLIMAM, CTYACHT UCIIBITHIBACT 3HAYUTEIILHBIC 3aTPYIHEHUS IIPH ONIEPUPOBAHUU 3HA
JIbHOY HUSIMH U YMEHUSIMH TIPH MX NIEPEHOCE HA HOBBIE CUTYAIUH.
«HE 32a4TEHO» /
VY cryznenTta He cOpPMHUPOBAHBI TUCHHUIUIMHAPHBIE KOMIIETEHIINH, IIPOSIBIISETCS
ot 41 o 60 o "
«HCYHOOBJICTBOPH |HEAOCTATOYHOCTD 3HAHUM, YMCHUH, HABBIKOB.
TCIBHO»
«HE 324TeHO» /
JucuunirHapHble KOMIIETEHINH He copMupoBaHbl. [IpOsBIISIECTCS ONHOE WK MIPAKTHY
ot 0 10 40 . .
«HCYOOBJICTBOPH |ecku MOJIHOE OTCYTCTBUE 3HAHUN, YMEHHUH, HABBIKOB.
TCIJIIBHO)

CymMmma 06anoB, HAOpaHHBIX CTYACHTOM IO BCEM BHJaM YYEOHOW AESITEIBHOCTH B pamMKax
JICIIATUTHHBL, TICPEBOIUTCS B OIICHKY B COOTBETCTBHUU C TAOJUIICH.

Cymma banioB O1eHKa IO IPOMEKY

w XapaKTepI/ICTI/IKa Ka4dyeCTBa C(i)OpMPIpOBaHHOCTI/I KOMIICTCHIINHN
110 JUCLIUIIJINHE TOYHOMU aTTECTALIUN

CTyIeHT IeMOHCTPHUPYET CHOPMHPOBAHHOCTh JUCLMIUTMHAPHBIX KOMIICTEHIUH, 00
Hapy>KMBaeT BCECTOPOHHEE, CUCTeMaTHIeCKoe U NTy0oKoe 3HaHue y4eOHOro mMaTep
«3a4TCHO» / Haia, yCBOWJI OCHOBHYIO JINTEPATYPy U 3HAKOM C JONOJIHUTEILHOMN IUTepaTypo, pe
«OTJIMYHOY KOMEH/JOBaHHOH MPOTPaMMOH, yMeeT CBOOOAHO BBINOIHATH MIPAKTHUECKUE 3a1aHN,
HpeyCMOTPEHHBIE TIPOrPaMMOii, CBOOOJHO ONEpUPYeT NPHOOPETEHHBIMHU 3HAHUSIM
U, YMEHUSMH, IPUMEHSIET UX B CUTyaLUsIX IOBBIIEHHOH CI0XKHOCTH.

ot 91 mo 100




CTyneHT IeMOHCTPHPYET COPMUPOBAHHOCTD IUCHUILTHHAPHBIX KOMIIETCHIUA: OC
ot 76 10 90 «3auTeHO» / HOBHBIC 3HAHUSA, YMEHUSA OCBOCHBI, HO JOIYCKAIOTCSl HE3HAYUTEIbHBIC omvn61<n, HET
«XOPOIIIO» OYHOCTH, 3aTPY/IHEHHUS NIPU aHATUTHUYECKUX ONEpalusix, IEPEeHOCE 3HAaHUN U YMEHHU
1 Ha HOBBIE, HECTAHJAPTHBIC CUTYalllH.
CTyneHT 1eMOHCTpUpyeT chOPMUPOBAHHOCTh AUCIUIUINHAPHBIX KOMIIETCHIUH: B X
«3a4TeHo» / 0J1¢ KOHTPOJIEHBIX MEPOIIPUSITUH JOIYCKAIOTCS 3HAUUTENbHBIE OIIMOKH, POSIBIISIETC
ot 61 1o 75 «YJIOBJETBOPUTENLH s1 OTCYTCTBHE OTJICJIbHBIX 3HAHUI, YMEHUN, HABBIKOB 10 HEKOTOPBIM JUCHUIUITMHAPH
o» BIM KOMIIETCHIIMSIM, CTYICHT HMCIIBITBIBACT 3HAYNUTEIbHBIC 3aTPYIHEHUS IIPU OLIEPHUP
OBaHMHU 3HAHUAMHU M YMEHUSAMHU IPU UX IIEPEHOCE HA HOBBIEC CUTYALIUH.
«HE 3a4TCHOY /
or 41 10 60 S — VY crynenra He C(bOIiMHpOBa}{LI JHCLUAIIIIMHAPHBIC KOMIICTCHIIUH, TIPOSBIICTCS HENO
CTaTOYHOCTDb 3HAHWW, YMCHHUH, HABBIKOB.
HO»
«HE 3a4TEHOY /
ot 0 110 40 P ——— JlucuumimuHapHbple KOMIIETCHIUH HE cdjopmnpoxzaﬂbl. [IposiBnsieTcs moyiHOE WM
Hon MPAaKTUYECKH MTOJTHOE OTCYTCTBHE 3HAHWM, YMEHUM, HABBIKOB.

S IlpumepHBIe OLICHOYHBIE CPeACTBA

5.1 CobecenoBanue — 3al{UTa HHAUBUAYAJIBHOTO 321aHUS

1. Maructpanbnblii TazonpoBoj «Caxanmna — XabapoBck — BiranuBocTok»

2. Tpy6ompoBoaHas cucreMa «Bocrounas Cubups — Tuxuit Oxean»

3. MarucrpanbHblii razonposo «Marpub — EBpomna»

4. O6opynoBanue mectopoxaenus «lIpupaszinomuoe»

Kpamxue memoouueckue yxazanus

ColecenoBanue MPOBOAMTCS KaK CIeMalibHas Oecema MperojaBaresisi CO CTYICHTOM Ha
TEMBbI, CBSI3aHHBIE C W3y4aeMOW TUCIUIUIMHON, pacCYMTaHHas Ha BBIICHEHHE O0beMa 3HaHUUN
CTY/ICHTA TI0 ONPEACIICHHOMY pa3zelly, TeMe, MpodaeMe U T.I. YPOBEHb YCBOCHHS TEOPETHUECKOTO
Marepuana MpoBEPSIETCS MOCPEACTBOM OIpOca MO OJHOMY BOIPOCY U3 KAXKJIOTO MPEICTABIEHHOIO
BBIIIIE pa3jiena.

IlIxana oyenku

OreHka banner Onucanne
OO 20 CTyZmeHT NpaBIIbHO, TOJTHO U YETKO OTBEYAET HA ITOCTABICHHBIN BOIIPOC, HCIIOb3
ysI Ipo(ecCHOHATBHYIO TEPMHHOIOTHIO
<ODOLLO 15 CTyZAeHT NpaBIIbHO, TOJTHO U YETKO OTBEYAET Ha ITOCTABICHHBIN BOIIPOC, HO 3aTp
P yaHsIeTcs B GOPMYIHPOBKE MPOPECCHOHATBHBIX TEPMUHOB
CTyJIeHT IPaBUIBHO, HO HEIIOJIHO U HEYETKO OTBEYAET Ha I10CTaBJICHHBIH BOIIPOC
YZIOBIETBOPUTENBHO 10
U 3aTpyAHserca B GopMyIupoBKe Npo(hecCHOHANBHBIX TEPMUHOB
J10X0 3 CTyJIeHT HellpaBUIbHO OTBEYAET Ha II0CTaBJICHHbIH BOIIPOC
HEYIOBIETBOPUTEIHHO 0 CTyzeHT He 0TBeuaeT Ha OCTABICHHBII BOIIPOC

5.2 Ilpumepbl 3aaHuii A/ BHIIOJHEHUS] IPAKTHYECKUX padoT

3amanue 1. Ber6op ontumanbHOM Tpacchel TPyOOIIpoBoIa.

3ananue 2. TexHOMOTHYECKUH pacueT MarucTpalbHOro HedTenpoBoaa u pacctanoBka HIIC
IO Tpacce.

3amanwue 3. PaccranoBka HIIC mo Tpacce HedTenpoBoaa, 000pyA0BAaHHOTO JIYITHHTOM.

3ananue 4. YTOYHEHHE TOJIIMHBI CTCHKH MarucTpaabHOro HeTernpoBoa.

3ananue 5. PacueT pexHMOB 3KCITyaTallud TEXHOJOTHYECKOTO y4acTKa MarucTpajibHOIO
HedTenpoBoIa.

3ananue 6. PexxuMm paboThl HEPTEPOBOIA MTPU OTKITFOUYEHIUH HACOCHOW CTAHIUH.

3amanne 7. BriusHME CE30HHOTO M3MEHEHHS TEMIIepaTypbl NepekaduBaeMon HEPTH Ha
MOJIIOP CTaHLIUM.

3amanue 8. TeXHOTOTHYECKU pacyeT MaruCcTpaIbHOTO Ta30MpoOBO/IA.

3ananue 9. I3Menenue naBpneHus Mo JJIMHE MaruCcTPabHOTO ra30MpoOBOa.

3ananue 10. OmpeneneHue 4uciia HACOCHBIX CTAHLMN IPU MOCIEA0BATEIbHON MEPEKauKe
He(TENPOAYKTOB.



3ananue 11. PaccranoBka HIIC mpu mocnenoBaTensHOM nepekayke HeTempOayKTOB.

3ananue 12. OnpeneneHue yucia HUKIOB MOCIEI0BaTENbHOM epeKkayku HeQTEnpOayKTOB.

3apanue 13. OmnpeneneHue TONIIMUHBI TEMIOBOM M30JISIUU MPU MEPEKAUYKE BBICOKOBS3ZKUX
HeTEH.

Kpamkue memoouueckue ykazanus

Jns  Toro, 4YroObl TOATOTOBUTHCS K MPAKTUYECKOMY 3aHATHIO, CHayaja CIeayeT
03HAKOMUTBCS C COOTBETCTBYIOIIMM TEKCTOM yueOHHKa (Jiekuuu). [TonroroBka K mpakTuyeckomy
3aHATHUIO HAYMHAETCS T0JIE W3YYEHHs 3aJaHusi M 1M0oAOOpa COOTBETCTBYIOIIMX JIUTEPATYpPhl U
HOPMATHBHBIX MCTOYHUKOB. PaboTa ¢ nurepaTrypoil MOMKET COCTOSTh M3 TPEX ITANOB - YTCHHUE,
KOHCTICKTUPOBAaHUE W 3aKIIOUYMTEIbHOE 0000IIeHne cyTu uizydaemoil pabotel. [loaroroBka
MPaKTUYECKUM 3aHATHUSIM, MOAPa3yMEBAE€T AKTUBHOE HCIOJIb30BAHUE CIIPABOYHOW JIUTEPATYPHI
(SHLUKIIOTIEIUH, CIIOBapel, aibO0OMOB CXeM W JIp.) W TCPUOJAMYECKUX W3JAaHui. Bramenue
MOHSITUMHBIM arnapaToM U3y4aeMoro Kypca sSBISETCs] HE0OXOAUMOCTBIO.

Illkana oyenxu

Bbasb! o pe3ynsT
Ne araM UTOroBoi or |Onucanne
E€HKH

O6yqalomnl7lc;1 TTOKA3bIBAET BHICOKHIA YPOBCHL 3HAHUHT IIpH BBINIOJIHEHWU 3a/1

OTJIMYHO 40 .
aHui

OOy4aromuiicst MoKa3pIBacT XOPOLIMH yPOBEHB 3HAHHH NP BHITIOTHCHUH 331

X0pouIo 32 o
aHuit
OO0y4aromuiics MoKa3pIBaeT CPEAHUN YPOBEHb 3HAHHM IIPH BBITOJHEHHUH 3371
YAOBJIETBOPUTENBHO 24 YHaIo ped P P A
HUH
- 16 OO0yuarommuiicst MoKa3pIBacT HU3KHI YPOBEHb 3HAHUI PH BBHITTOTHEHUN
3a7aHui
OOyyaromuiicst He MPOAEMOHCTPUPOBAI 3HAHUI IO TeMe MPH BBITOTHEHUH 3
HEYJIOBJIETBOPUTEIHHO 0

aJlaHMi.

5.3 IIpumepHBIii NepevyeHb BONPOCOB 10 TEMaM

1. TpyOonpoBoOAHBIH TPaHCHIOPT HEPTH

2. TpyOompoBOIHBII TPAHCTIOPT HEPTEIPOYKTOB

3. TpyOorpoBOAHBIN TPAHCTIOPT Ta3a

4. Tlopsiiok NpOeKTHPOBAHUS TPYOOIIPOBOJIOB

5. Onpenenenue TOMMIMHBI CTEHKH TPYOOPOBOIOB

6. YTOYHEHHWE TONIIMHBI CTCHKH TPyObl Ha OTHENBHBIX YYacTKaX MAarucTPalbHOTO
TpyOOIpoBOIa

7. IIpoBepka NPOYHOCTH U YCTOWYHBOCTHU MOJ3EMHBIX TPYOOIIPOBOIOB

8. Pacuer ycToiuMBOCTH TPYOOIIPOBOIOB MMPOTUB BCILIBITHS

9. Kimaccudukanms ToBapHbIX HeTEH

10. Knaccuduxarus HedrenpoBooB

11. OcHOBHBIE OOBEKTHI U COOPYKEHUSI MATUCTPATHLHOTO HEPTEPOBO 1A

12. Cucrembl nepexayku

13. OcHoBHOE 000pyIOBaHKE He(PTENEPEKaYNBAIOIIUX CTAHLIUI

14. PaGoune XxapakTEPUCTUKNA HACOCHBIX arperaToB M CTAHITHI

15. TexHONMOTHYECKUIT pacueT MaruCTPaIbHBIX HE(TEIPOBOIOB

16. McxoHble TaHHBIE TSI TEXHOJIOTHYECKOTO pacuera

17. OcHOBHBIE 3TaIbl TEXHOJOTUYECKOTO pacdyeTa HeTempoBoIa

18. TloTrepu Hamopa U TUAPABINYECKUI YKIIOH B IPOCTOM HE(PTENPOBOIE

19. TpyOGonpoBOABI C TYMMHTaMU U BCTABKaMHU

20. Onpezenenne nepeBalbHON TOUYKH M paCYETHOM IITMHBI HEPTEIPOBOIa

21. Xapakrepuctuka HeTernpoBoia

22. YpaBHeHue O6anaHca HallopoB

23. Onpezenenne yucia NepeKaunBarouX CTaHIIUN

24. PaccTaHOBKA MEPEKAYMBAIOIIMX CTAHIIUN 1O Tpacce HedTenpoBoaa



25.
26.
27.

HeTH

28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.

Pacuet HedrenpoBoa nmpu 3aJaHHOM TOJIOKEHUH TIEPEKAYNBAIOIIUX CTAHIUI
Pacuer kopoTkux TpyOOIIpOBOI0B
N3menenue moamopa mnepeA CTaHUMUSIMH MPU U3MEHEHHM BSI3KOCTH IEPEKAYMBAEMOM

PerynupoBanue pexxumMoB paboThl He(TEIPOBOIA

Pexxum paGoTel HEPTETPOBOIOB

Br160p panmoHanbHBIX PEKHUMOB SKCILTyaTallMd MaruCTPaIbHOTO HE(TETPOBOAA
Pexum paboTsl HeTenmpoBoa Npu OTKIIOYECHUH MEPEKAYNBAIOIINX CTAHIIHMA
HedrenpoBoas! co cOpocamu U mogKauKaMu

Hedrenposox co copocom

HedrenpoBoa ¢ noakaukoit

YBenuyeHne nporycKHON CIIOCOOHOCTH HEPTENPOBOIa

Y Boenue yncia HePTenepeKauYMBaIOIMUX CTAaHITUH

[Ipoknanka iynuHra

CocraB coopyx)eHuM U KiIacCu(DUKAIMsI MaruCTPAIbHBIX Ta30IPOBOIOB
OcHoBHbIE (U3HYECKHE CBOMCTBA ra30B

Pacxon rasa B razonposoje

W3MeHeHune AaBlieHus 10 JUIMHE Ta30MpoBoaa

CpenHee naBieHUE B Ta30MPOBOE

W3MmeHeHne TemMnepaTypsl ra3a 1o JJIMHE Ta30lpoBoja

HeoOxomnmocts oxiaxaenud rasa Ha KC

Bnusiaue penbeda Tpacchl Ha MPOMYCKHYIO CIIOCOOHOCTH ra30MpoBoia
HaxnonHbI# razonpoBoj

Penbednplii razonpoBo

KoaduimeHT rugpaBIudeckoro COnpOTHBICHUS.

Koadpounuent adpdextuBHocTH

Pacuer cinoXHbIX ra30IpoBOI0B

OauHOYHBIN Ta30MIPOBOJ] C YYaCTKAMHU Pa3IMYHOr0 JUaMeTpa
[TapannensHbIE Ta30MPOBOBI

["azonpoBoj co cOpocamy U MOJAKAYKaMH rasa

Tunsl U XapakTEpUCTUKU LEHTPOOEKHBIX HarHeTaTesIen

[TopsiiOK TEXHOIOTMYECKOTO pacueTa MaruCTpajibHOIO ra30IpoBoO/Ia
Omnpenenenue quameTpa ra3onpoBoja U 4uciia KOMIPECCOPHBIX CTaHIMM
YTO4YHEHHBIN TETUIOBOM U THIPABINYECKUN pacyeT y4acTKa ra3olpoBOIa MEXIY JIBYMsI

KOMITPECCOPHLBIMU CTAHIIUAMHA

58.
59.
60.
61.
62.
63.
64.
65.
66.

67

Pacuer pexnma paboThl KOMIIPECCOPHOH CTaHIIUU

AKKyMyJUpyoIas ClloCOOHOCTb y4acTKa ra3onpoBoja

['mapaTooOpa3oBaHue B ra3onpoBojax u 6opbda ¢ HUM

OnpeneneHue 30HbI BO3MOXKHOTO 00pa30BaHUE THAPATOB B Ta30IIPOBOJIE
MeponpusTus 1o NpeaynpexaeHu0 00pa3oBaHus ITMIPATOB U UX PA3PYyLICHUIO
YBenuueHne Nponu3BOAUTEIBHOCTH a30POBOIOB

O} PexTUBHOCTH NMEepeMbIYEK IPU IKCIUTyaTaI[MH ra30IIPOBOIOB
[lenecooOpa3HOCTh OCYIIECTBICHUS MOCIE0BATEILHON MEepEeKauKu

CrtpykTypa COBpEeMEHHOT0 HE(pTEempOayKTOIIPOBOIA

. OCOOEHHOCTH TEXHOJIOIMH MOCIEI0BATEIBHOCTU IIEPEKAUYKH
68.
69.
70.
71.
72.
73.
74.
75.

MexaHu3m cMeceo0pa3oBaHus

[TpubnmxeHHas Teopusi cMeceoOpa30BaHUsI IIPH MOCIIEIOBATEIHHOM IepeKauke

BnusiHue paznuuHbIx (pakTOpoB Ha mpolecc cMeceoOpa3oBaHus U 6opb0a ¢ HUM
BinsiHue ckopocTH nepekauku

Bnusinue ocTaHOBOK MepeKkayku

BrnusiHre KOHCTPYKTUBHBIX OCOOCHHOCTEH OOBSI3KM NEpEeKauUBAOLINX CTAHIUII
Brnusiare o0bema nmapTHii nepekaynBaeMbIX KUIKOCTEH

BnusiHue COOTHOLICHUS BSI3KOCTH JKUKOCTEH



76. IlpuMeHenue pa3aenuTesei pyu Nociue10BaTeIbHOM epeKkayke

77. KOHTpOJIb MOCIE0BATENBHON MEPEKAYKH

78. KoHTponbs cMecH 10 U3MEHEHHIO TNIOTHOCTH

79. KoHTpOab cMecH 110 BEIMYMHE TUIEKTPUUECKON TOCTOSHHOM

80. KoHTpoIb CMECH IO CKOPOCTH PaCcIPOCTPAHEHUS YIbTPa3ByKa

81. KoHTpoabs cMecu 1o ONTUYECKON MIIOTHOCTH

82. KoHTposb cMecH ¢ TOMOIIIbIO MHIUKATOPOB

83. ®u3HUKO-XMMHYECKHE TTOKa3aTeN He()TENPOAYKTOB U MX U3MEHEHHUE TIPU CMEIIMBAHUU

84. beH3uHBI aBTOMOOMIIbHBIE

85. TpakTOpHBI KEPOCHH, TOIUIMBO IS PEAKTUBHBIX JBUTATEIEH, TOIUIMBO MEYHOE
ObITOBOE

86. [Ipuem u peanuzamus CMECH Ha KOHEYHOM ITyHKTE TPyOOmpoBo1a

87. Ilpuem Bcel cMecHu B OTAEIBHBIN pe3epByap

88. Jlenenue cmecH momoiaaM

89. [Ipuem Bceil cMecu B OJIMH YUCTBIM HEQTEPOIYKT

90. [leneHnue cMecu Ha TPU HEPABHBIC YaCTH

91. Pacnipenenenue cMecH 10 HECKOJIBKUM pe3epByapam

92. Onpenenenre Yucia MepekaunBarONuX CTAHIINKN MPHU MTOCIIEI0BATEILHOMN MIEpeKauKe

93. OnpeneneHue yncia HUKIOB MOCIEI0BATEIbHOM MepeKayKu

94. OnpeneneHre HEOOXOAUMOTO 00BEMA PE3EPBYAPHON EMKOCTH

95. PacueT 0TBOJIa OT MarucTpaIbHOM YaCTH HE(PTEIIPOAYKTOIIPOBO, 1A

96. 3menenne napamMeTpoB paboThl TPyOOIPOBOa B IEPUOJI CMEHBI KUAKOCTEH

97. U3menenue pacxoaa

98. I3MeHeHue JaBlIeHHs Ha BBIXOJE NEPEKAUUBAIONICH CTAHIIMKI

99. Ckauku Haropa B TpyOonpoBoje

100. MI3mMeHeHne naBieHus B IMHEWHOW YacTH TPyOOIPOBOIa

101. CornacoBanue pabOThI CTaHIUI MTPH MOCIIEI0BATENbHOM NepeKauke

102. Peonornyeckue CBOMCTBA BHICOKOBS3KUX U BBICOKO3aCTBHIBAIOUINX HEe(TElH

103. OcoOGeHHOCTH THAPABIMYECKOTO pacueTa TPyOONPOBOJOB TMPH H30TEPMHUUECKOMN
IepeKauyKe HEHbIOTOHOBCKUX KUAKOCTEN

104. CriocoObI Tiepekayky BBICOKOBS3KUX M BBICOKO3aCTHIBAIOUINX He(Tei

105. 'maponepekayka

106. Ilepexauka HedTe, TpeABAPUTEIHHO OABEPTHYTHIX OapoobpaboTKe

107. Ilepexauka HedTEl ¢ IPUMEHEHUEM TEPMOIECTPYKTUBHON 00pabOTKU

108. Ilepekayka c MpenBapUTEIbHBIM YAYUYIIEHHEM DPEOJIOTHUYECKUX CBOWCTB HedTeil 3a
CYEeT MEXaHUYECKOT0 BO3AEUCTBUS

109. TIlepekauka BBICOKOBSI3KMX HEPTEH B CMECH C JKHAKUMHU YTJIEBOJOPOIHBIMHU
pa30aBUTENIMH

110. Ilepexauka TepMudeckn 00pabOTaHHBIX HEPTEH

111. TIlepekauka BBICOKO3aCTHIBAIOIIMX TapapUHUCTBIXHEPTEH C  JIEMPECCOPHBIMU
pUcagKaMu

112. Tlepexauka HedTH ¢ TOAOTPEBOM

113. O6opynoBaHre HACOCHBIX U TEIUIOBBIX CTAHIIHIMA

114. V3smeHeHue TeMiepaTrypbl IO JUIMHE «TOPSYUX» TPYyOOIIPOBOJOB IpPH MEpPEKAUKe
BBICOKOBSI3KHUX M BBICOKO3aCTBIBAIOIINX HeTen

115. Pesxumbl TeueHHst He(PTH B «TOPSIUX» TPyOOIpoBOgax

116. IloTepu Hamopa ¥ THAPABINIECKUAN YKIIOH B «TOpsiYeM» TPyOOIpoBoe

117. XapakTepHuCcTHKa «TOpsvero» TpyoonpoBoia

118. OnTumanbHble TapaMeTPhl KTOPSUYUX» TPYOOIPOBOIOB

119. OnTumansHas TeMIiepaTypa moaorpena

120. ITpumeHeHne TEMIOBON U30ISLUN

121. O6umwii cinydvaii ompeneseHrsT ONTUMAIBHBIX MapaMETPOB «TOpsSYei» MEepPeKadKd I10
TEIUION30IMPOBAaHHOMY TPyOOIpOBOaY



122.
123.

OmnpezneneHue 4nucia U pacCTaHOBKA CTAHIMIA Ha «ropsyem» TpyOonpoBoe
HcxonHble naHHBIE U MOCIEIOBATEIBHOCTh TEXHOJIOTMYECKOIO PAacueTa «ropsyero»

TpyOompoBoaa

124.
125.
126.
127.
128.
129.
130.
. OCHOBHBIE XapaKTEPUCTUKHU ABYX(a3HOro MOTOKa
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.

131

poo

142.
143.

HecrammmonapHOCTh PEKUMOB TP IKCIUTYATAIIMH «TOPSIIUX» TPYOOIIPOBOIOB
Oco0bIe PEXKUMBI «TOPSINX)» TPYOOTIPOBOIOB

3amnonHeHne TpyOOIpOBOa BHICOKOBSI3KON HE(PTHIO

OcTaHOBKH NepeKayKu

3ameleHue BBICOKOBSI3KIX HedTell B TpyOOmpoBoIax

O06acTh IpUMEHEHUS TIEPEeKAUYKH HeCTAOMIBLHBIX )KHUIKOCTEH

JIByx(a3Hblil TpaHCHIOPT )KUIKOCTH U ra3a

CrpykrypHBbIe GOpPMBI 1BYX(ha3HBIX TOTOKOB

[MunpaBnuyeckuii pacyeT TpyOOIIPOBOIOB TSI MEPEKAYKH Ta305KHIKOCTHBIX CMECei
XapakTepHucTuKka TpyOoIrpoBo/ia Mpu MepeKavke AByX(pa3HbIX TOTOKOB

[Tepekayka ra30HACHIIICHHBIX HEQTEH

OcobeHHOCTH NIepeKauyKy ra30HaChILIEHHBIX HedTel o TpyOornpoBoiamMm

OcHOBHBIE TapaMeTPhl Ta30HACHIILIEHHON He)TH

Bnusinue pacTBOpeHHOro raza Ha napaMeTpbl paboThl HEPTEPOBOJOB
TpyOonpoBOAHBIN TPaHCHOPT HECTAOMILHOTO I'a30BOT0 KOHAEH AT
TexHomornueckue cxeMsl TOJIOBHOM U MPOMEKYTOYHOU HACOCHBIX CTAHLIUM

Pacuer mapameTpoB HecTaOMJIBHOTO KOHJIEHCATa IO pe3yibraTaM pa3rasupoBaHUs

HepeKaqKa CKMIKCHHBIX YITICBOAOPOJAHBIX I'a30B
dazoBBIe MMpCBpalICHHUA MHOT'OKOMITIOHCHTHBIX cMecel 1o ux KOMIIOHCHTHOMY COCTaBY

Kpamxue memoouueckue ykazanus

DK3aMeH B TMHCbMEHHOW (opMe TMPOBOAUTCS HA TEMBI, CBS3aHHBIE C H3y4aeMOU
JTUCIUIUIMHOM, paccuuTaHHass Ha BBIICHEHHE OObeMa 3HAHUM CTyAEHTa IO OMpeIeICHHOMY
pasneny, TeMme, mpobiieMe W T.II. YPOBEHb YCBOCHHUS TEOPETHUYECKOTO MaTepualia IpOBEpsieTCS
MOCPEJICTBOM BBIOOPOYHOTO OIPOCa MO pa3zesiaM TACIUILTAHEI.

Illkana oyenxu

Ne Bannst Onucanue
OTIIHO 40 CTyzeHT MpaBUIIBbHO, TOJHO U YETKO OTBEYAET Ha MTOCTABIEHHBII BOIIPOC,
UCTIONB3YsI NPO(ECCHOHANBHYIO TEPMUHOJIOTHIO
<ODOLLO 3 CTyzeHT MpaBHIBHO, TOJHO ¥ YETKO OTBEYAET HA MMOCTABIECHHBIN BOIIPOC, HO 3aT
P pyausiercs B GopMyIHpOBKe NPOHECCHOHAIBHBIX TEPMUHOB
CTyzeHT npaBHIbHO, HO HEMOIHO W HEYETKO OTBEYAET Ha ITOCTABICHHBIN BOIIPOC
YIOBIETBOPUTEIHHO 24
U 3aTpyAHseTcs B GopMynupoBKe npodhecCHOHANIBHBIX TEPMUHOB
ILUIOXO 16 CTyZeHT HeTIpaBIUIBHO OTBEYAET Ha IOCTaBICHHBIH BOIPOC
HEYOBJIETBOPUTEIHHO 0 CTyzeHT He OTBeUaeT Ha OCTaBJICHHBII BOIIPOC




KJ/IIOYU K OHEHOYHbIM MATEPUAJIAM 1O JUCHUIIVIMHE

«TPAHCIIOPTHASA UHOPACTPYKTYPA HE®THU U I'A3A»

5.1 CobecenoBanue — 3a1MTa HHAUBUAYAJIBHOTO 32/IaHUS

1. MarucrtpanbHbiii razonposoa «Caxanun — XadapoBck — BiiaguBocTok»
lazorpancnoptaast cucrema (I'TC) «Caxamma — XabapoBck — BmaguBocTok»

npeHa3HayeHa sl JOCTaBKM Ta3a, noObiBaeMoro Ha menbde CaxanmnHa, TOTpeOHTESIM
Xabaposckoro u [Ipumopckoro kpaes

[TpotspkerHOCTH Tpacchl — Oosee 1800 kM.

OcHoBHo# auameTp Tpyo — 1220 mm.

Pa6ouee naBnenue — 100 atmocdep (9,8 MIla).

[IpoekTHAs TPOM3BOIUTEIHFHOCT MEPBOTO ITYCKOBOTO KOMILIEKCa — 5,5 Mupa KyO. M
rasa B rofl.

Tpacca razompoBoia NPOXOJUT IO TEPPUTOpUH Tpex cyowrekToB Pd: CaxanuHckoi

obnactu, Xabaposckoro u [Ipumopckoro kpaes.

2. Tpy6onpoBoanasi cucrema «Bocrounass Cuoups — Tuxuii Oxean»

MHII BCTO 06bu1 NOCTPOEH B COOTBETCTBUH C PaCHOpsSIKEHUEM IpaBUTeNbCcTBa PO 1utst
TpyOOIPOBOJHON TPAaHCHOPTUPOBKH HE(PTU ¢ MecTopoxkIeHHi BocTtounoit n 3anagnoit Cubupu
Ha HedTenepepabaTpIBaOIIMe MPeANpHusITHs poccuiickoro lanpHero BocToka u peIHKM cTpaH
Asuatcko-Tuxookeanckoro peruona (ATP).

Maructpansusiii HedTenpoBon (MHII) Bocrounas Cubups - Tuxuit Okxean (BCTO)
COCIMHAET MeCTOpoXXIeHHs 3amagHod u Bocrounoit Cubupu ¢ He(pTEHAIMBHBIM HOPTOM
Ko3emuno B 3asmiBe Haxopaka IIpumopckoro kpasi.

MHIT BCTO obecriednBaeT TpyOONMpPOBOAHYIO  TPAHCHIOPTHPOBKY HepTH C
MecTopoxkaeHnit Bocrounoit u 3anagHoit Culupu Ha HedTenepepadaTbiBaloLIue TPEITPUITUS
poccwuiickoro JlansHero Bocroka u peIiHKH cTpaH A3uatcko-Tuxookeanckoro peruona (ATP).

Copr HedTH, mocraBisieMblii Ha MHUPOBOM pbIHOK mocpenctBoM BCTO, momyunn
HazBanue ESPO.

Ob6mas npotskenHocts MHIT BCTO cocraBnsier 4 741 kM, MpoekT pasfesieH Ha 2
cermenta - BCTO-1 (1s ouepens) u BCTO-2 (25 ouepensp).

BCTO-1 npoxoaut no mapuipyty Taiimer - CKOBOPOJIHMHO 10 TEPPUTOPUU 3 PETHOHOB -
pecniyonuku Caxa (SAxytust), UpkyTckoit 1 AMypckoii o0nacTeil.

[IpOTSHKEHHOCTh y4acTKa COCTABIISIET MPOTSKEHHOCTh 2694 KM.

3. MarucrpajbHblii razonposoa «Marpud — Esponay»

MarucTpanbHslii ra3onpoBojl Marpu6-EBpona cBsi3pIBaeT rMTaHTCKOE Ta30KOH/IEHCATHOE
MecTopoxaeHue Xaccu-Pmens B Aimmkupe — vepes tepputopuro Mapokko — ¢ I'TC HMcnannu n
ITopryranuu.

Jnuna tpy6omnposoaa — 1620 kunmomerpos (1010 mMuis).

TpyOonpoBoa COCTOUT U3 MATH YYAaCTKOB. AJDKMPCKUIM, MAPOKKAHCKUHA U aHAATy3CKHH
y4yacTku TpyOompoBona umeror guamerp 48 mroiimoB (1220 mm). IlonBoanblit yuacTok
ra3onpoBojia COCTOMT U3 ABYX 22-mioWMOBBIX (560 MM) HuTOkK. CeKIUs Tra3ompoBojia B



[TopTyranuto, mpoxoasias yepe3 UCMAHCKYI0 aBTOHOMHYIO 00jacTh DcTpemManypa, CBapeHa u3
TpyO nuamerpom 28 u 32 mroiimMa.
[lepBoHauanbHO MPOMYCKHAs CHOCOOHOCTH TPYyOOIpoBOJa cocTaBisia 8,6 miapa w3
MpUPOIHOTO Ta3a B roj. B 2004 roxy ona 6puta yBenuueHa a0 11,5 mupa m* B ron
[TepBoHavanbHas cToMMOCTh IpoekTa — $2,3 Mip.

4. O6opynoBanne mecropoxaenust «Ilpupasiomuoe»

[lpupa3nomMHOe MECTOPOXKICHHE Ha CETOAHSIIHUN JIeHb SBISETCS €IWHCTBCHHBIM
necTByromnMM B Poccum mpoekToM 1Mo A00bIYe YIICBOJAOPOJOB Ha mienbpe ApPKTHUKH.
OCHOBHBIM OOBEKTOM OOYCTpOWCTBA MECTOPOXKICHHS SBIAETCS MOpCKas JeJ0oCTOMKas
HedTenoobBaromas mwiaropma «IIpupaznomuasy.

HedrenobriBaromas Mopckas Jjenoctoiikas crauumoHapHas rwiardgopma (MJICID)
«[Ipupasnomuasiy ~ ObTa  co3AaHa  crnenualbkHO s paspabotrkm  [IpupasznomuHoro
MectopokaeHus. OHa oOecredrBaeT BBHIIIOJHEHNUE BCEX TEXHOJIOTMYECKUX Omepaluii: OypeHue,
no0BIYy, XpaHeHHe He(TH, MOATOTOBKY M OTTPy3Ky rotoBod mponykiuu. «l[Ipupazmomuasp»
MPOCKTHPOBANIACh C YYETOM XapaKTepUCTHK apKTUYECKOTO pETHOHA W paccyhTaHa Ha
OKCIUTyaTallMi0 B JKCTPEMAIBHBIX TMPHUPOTHO-KIMMATHYCCKAX YCJIOBUSAX, OTBEYACT CaMbIM
KECTKMM TpeOOBaHMSAM O€30MacHOCTH M CIOCOOHA BBIJEPKATH MaKCHMallbHbIE JIeIOBbIE
Harpy3KH.

Hauanpabie 3anacer (kareropun C1+C2) — 6omnee 3,5 TpaH Ky0. M rasa, okono 80 MiH
TOHH T'a30BOT0 KOHJICHCATa U He(PTH (U3BIICKAEMBIC).

[IpoextHast MomHOCTH — 130 Mip Ky6. M rasa B Tof.

5.2 Ilpumeps! 3a1aHuTi VI BBITIOJIHEHHUSI IPAKTHYECKHUX PadoT

3ananue 1. Bbi6op onTuMaJbHOM TpPacchl TPyOONpoBoaa
[Tonck onTuManbHOW Tpacchl OCYIIECTBISETCS MO IM(ppoBoil mMonenu.Bece mcxomHbie

JTAHHBIE MO>KHO TOJAPA3ACINTh HAa 2 OCHOBHBIE Ipynnbl: | rpynmna - HadaigbHas, KOHEYHas U
IPOMEKYTOUHbIE TOYKH TPYOOIpPOBOJA ,ero JAMAMETP, BHJ M KOJIMYECTBO IEPEKaunBaEMOIo
IIPOAYKTa, KpaTdallllee pacCTOSHUE MEXJy HadaJIbHOM M KOHEYHOW TOYKaMHy; 2rpymnna —
JTaHHBIE KOTOPBIE B K-J1 MEPE 3aBUCST OT MOJIOKEHUS Oy1yIiero TpyoonpoBoia U OT MPUPOTHBIX
YCIOBUH. B KOTOPbIX OH MOXET OKa3zaTbCsi (Tomorpaduyeckue, TeoJIOTUYeCKue U
TMJIPOTEOJIOTUYECKUE YCIIOBUS, NCKYCCTBEHHBIE M €CTECTBCHHBIC IPENSATCTBHUS, HACEICHHBIC
ITyHKTBI, YACJIO NEPEKAUYNBAIOIINX CTAHIIUN).

OCHOBHBIE KPUTEPUU ONTHMATBHOCTH, UCIIOIB3yEeMbIE TIPU BHIOOPE ONTHUMAIBHBIX TPACC
TpyOompoBoja: 1 mpuBeneHHbIE 3aTpaThl; 2 JUIMHA TPyOONpoBoJa; 3 TpyAOBbIe 3aTpaTel; 4
Ha/IeKHOCTh (DYHKIIMOHMPOBAaHUS TpyOompoBojaa; 5 BpeMs cTpouTenbcTBa. Kak mpaBuio,

JKellaTelIbHO ObIBAcT YAOBJICTBOPUTH HECCKOJIBKUM KPUTCPUAM. B sTom CJIydac KpUTCpunu ONITUM-



TH CJEQYeT pAaCIOJOXKUTh B TMOpsSAKE YOBIBAaHUS «BAKHOCTH», OINPENEIIEMOM B KaXI0M
KOHKPETHOM CJlydae B COOTBETCTBUU C TPEOOBAaHUSAMHU, NPEABABIIEMBIMH 3aKa3uukoM. 3 Bcex
CPaBHUBAEMBIX TpacC NPEANOYTEHUE OTHAOT TOW, y KOTOPOW HAWIy4YlIMH MEpBBIA IO
«BAXXHOCTH» TIOKa3aTenb. Eciu 3HaueHWs mepBOro mnokaszaTens y ABYX Tpacc WM Oojee
OJIMHAKOBBIE, TO BBIOMpAEeTCs TOT BApPHAHT, y KOTOPOrO Jyyllle CICAYIOIIMN IOKa3aTellb IO
BaYKHOCTH.

YToObl COEIMHUTH HAyalbHYIO M KOHEUYHYIO TOYKM TpyOONpoBOJa, HAaJ0 OTPAHUYUTH
00J1aCcTh MOUCKA TPACcChl YMEHBIIUTh 00bEM UCXOAHON MHpopmanuu. Ho mpu 3ToM oHa A0KHA
OBbITH TakoM, YTOOBI B HEH 00s3aTeIbHO HAXOAMJIACh JIydlllas Tpacca, a 3a ee MpejesiaMu Jrobas
Tpacca Obuia 3aBemomo xymmiei. [Ipu onpeneneHun 00JIACTH TIOMCKA MOTYT MCIOJB30BaTHCS 2
OCHOBHBIX METO/Ia: METOJ] CPEeITHECTATUUECKOT0 KO3 (ULIMEeHTa pa3BUTHUS TUHUH TPyOOIpoBoaa

1 MCTOA CPaBHCHUSA CO CTOUMOCTBIO pr6onp0Boz[a oo FGOHCSHQCCKOIZ HpHMOI;'I.

3aganme 2. TexHoOJIOTMYECKHI pacyeT MAarucTpajbHOro He@TenpoBoaa u
paccranoska HIIC no Tpacce.
tr.H, C — cpelHeB3BellIeHHas TeMIepaTypa nepekaunaeMoit no MHII nedru;

p ct, kr/M3 1 =Hcr, MITa-c — COOTBETCTBEHHO IIOTHOCTD M TUHAMHYECKAsT
BS3KOCTh HE()TH B CTAaHAAPTHBIX YCIOBUSAX (HOPMaJIbHOM arMochepHOM
nasnennn Per = 0,1MIla = latm = 1kr/cm2 u remneparype tet =20 ¥ C);
Gr, MJIH T HeTH B r0oJ1 — 3TO MJIAHOBOE 3aJ[aHKE Ha NepeKauKy WIn
Ipy30II0TOK B HE(PTENPOBOIE;

L, km — nmpoTspkénHocts MHIT (reometpuueckas amuna MHIT);

N3 — KOJIMYCCTBO OKCILTYATaAllHOHHBIX YYAaCTKOB, Ha KOTOPLIC ACIIMTCA TpacCa

MHIT;
AZ = (Zx- 7ZH), M — pa3HOCTh BBICOTHBIX OTMETOK KOHEUHOTO K (pe3epByaphl
HedTenepepabaThIBAIONIETO 3aBoJa WIM He()TEHATMBHOTO TEpPMHHANA) W3HAYAIBHOTO ZH
(rosoBHas HedTenepekaunBaroas cranuus) mynkros MHIT.
TonmuHa cTeHKH TpyOOTTpOBOIA:
Ku p-FPgono - Du
2 ([op] + Kup - Paom)

5=
BryTpennuii quameTp TpyOompoBoa:
deg = Du — 2 - &

[TnoTHOCTH MepekaurBacMoi HETH MPH 3aJaHHON TeMIIepaType :

pt = per — y(tmH. —tcT)



Pacuernbiii wacoBoir (QQu (mis BbIOOpa Mapku Hacoca) M cekyHanblit Qc (s
THPaBIMYECKOTO pacyeTa) pacxo bl HEPTH:
Gr -10"- En
Qi=—
Mr 24 -pt

Qc = Qu/3800

CKopocTb NEepeKauKu:
Q. 4,

IJr = =
Srrp-:-x L dﬁn

3ananue 3. PaccranoBka HIIC mno Tpacce HedTenpoBoaa, 000pPYyIOBAHHOIO
JIYIIUHTOM.
HeoOxomumoe myis oOecrieueHus 3aJaHHOW MPOMYCKHOW CHOCOOHOCTH HedTernpoBoaa

yucino HIIC OIIPCACIIICTCA U3 YPABHCHUA OanaHCOB MCXKAY NOJHBIMHU IIOTCpSAMU HAIlOpa B

TpyOoOIIpoBOJIE U HallOpoM, pazBuBaeMbIM Hacocamu HIIC.
h,+n, H_ —H +h,_

rze hH — HauanbHBIM HaMoOp B yyacTKe (HAop pa3BUBaeMblil MOANIOPHBIMU HACOCAMHU);

n0 — reopernyeckoe yuciao HIIC;

Hcr= kHn-hct — nanop passuBaemsiii HIIC; k — konndecTBo pabounx MarucTpaibHBIX
Hacocos Ha, HIIC;

Hn — Hanop pa3BuBaeMblil OJJHUM HACOCOM;

hct=20M — BHYyTpUCTaHIIMOHHBIE TIOTEPU HAIIOPA;

hx=20-+40M — ocTaTOYHBII HAMOP B KOHIIE y4acTKa.

3ananue 4. YTO4HEeHHE TOJIIMHBI CTEHKHA MATUCTPAJILHOT0 He)TenmpoBoaAa.
. npD_

a 2(R, +np)

rzie 7 - K03 HUIMEHT HAJIEKHOCTH 110 Harpy3Ke — BHYTPEHHEMY pabodyeMy JaBICHUIO B

TpyOompoBose, p — pabodee maBinenue, D, - HApYyKHBIA TUaMeTp TPYyOBI, cM; R, — pacdeTHoOe

COIIPOTUBJICHUEC PACTAXKCHUIO

3aganue S. Pacuer pekMMOB JKCIUIyaTAMM TEeXHOJOTHYeCKOI0 y4acTKa
MarucTpajbHOro Hedrenposoaa.
DHepro3aTparsl XapaKTEPHU3YIOTCS BEJIMYMHON aAKTUBHOM MOTPEOIIEMONW MOITHOCTH

QJICKTPOJABUI'ATCIIAA HACOCA, OHpeHeHHCMOﬁ U3 COOTHOLICHMA:



_Qopgh
M M Mae

Romp
IJie p- pacueTHas IUIOTHOCTh HEPTH;
g - yCKOpeHHue CBOOOHOTO Ma/ICHHUS;
h - Hanop, pazBuBaeMblit HacocoM Inpu nojaue Q;
n=kQ+kQ +ksQ”
Na=ro+1y K, +1, I

N pg
g ——2_Qpgh

’ N.’ﬂ N.’ﬂ ;r??d rl').rac

I[J'ISI KaXXJI0Iro0 M3 BAPHAHTOB BKIIOYCHUSA HACOCOB Ha HIIC OonpeacirsieTCsa CymMmma

noTpedIsieMoil MOIIHOCTH JUIsl BCEX HACOCOB, BKIIOUEHHBIX B paboTy. B kauectBe kpuTepus
OLIEHKU Y(PPEKTUBHOCTH PEKUMOB MEPEKAYKH MOTYT OBITH MPUHSATHI YJEIbHBIE YHEPro3aTpaThl

Ha | TOHHY He(TH, onpeensieMble 1o GpopmyJie:

1 o
E}'ﬂ:_: Nmmpn+zzqﬂjk'wmmpﬂjk
rﬂQ j=1k=1

Bpemsi paGotsl HedrTempoBoga Ha JABYX MAMCKPETHBIX pPEXHMAax OMNpEIeNsercs U3

peuICHUs CUCTCMBbI ypaBHeHI/Iﬁi

_[Q1T1+Q: T,=V

| Ty+T,=T
T 0.—V VT
TF—E;— T, 2
Q.—0, T Q-0

C yuerom V=Q'T oxkoHYaTEIBHO NOJYyUYUM

r _T(9:-9] r _T(0-0,
. Q:_Q1 ’ Q:_Q1 (3_8_9)

V ienbHBIE 3aTPaThl JEKTPOIHEPTUH B 3TOM Cliydae OyIyT ONpPEAESATCS YpaBHEHUEM
_E T Q+E 5 T,0Q,
v oT

3ananne 6. Pesxum padoTsl HedTenpoBOAa NMPH OTKJIOYEHUH HACOCHOW CTAHLMH.
o _AH, +(n-Ua- Az
) (n- b+ fL

3ananue 7. Biusinne ce30HHOT0 M3MEHEHHUsSI TeMIlepaTypbl nepekaunBaemMoil HedTH
HA MOAIOP CTAHIMM.
B Teuenue rona mpu ce30HHOM CMEHE TeMIEPaTyphl BA3KOCTh TPAHCIIOPTUPYEMOI HEPTH

u3MeHsiercs. B ciydae moOBbImIEHHS TeMmepaTypsl HepTH OT t; 10 t», BA3KOCTH HePTH



YMCHBIIACTCHA. 910 MNPUBOAUT K YMCHBIICHHUIO THAPABINYCCKOTIO COIIPOTUBJIICHUA pr6onp0Bo;[a

(H><H,) u Bo3pactanuto pacxona (Q>Q).

3ananue 8. TexHo/ioru4eckuii pacyer MarucTPajibLHOr0 ra3onpoBoaa.
[enpro TEXHOIOTMYECKOTO pacyeTa ra3onpoBoJia SIBISETCA PELICHUE CIEIYIOMINX 3a/1ay:

ONpeAeNnuTh AUAMETP Ta30lpoOBOJA; ONPECIUTh HEOOXOJUMOE KOJIHUYECTBO KOMIIPECCOPHBIX
CTaHIIMI U PacCTaBUTh UX MO Tpacce ra3onpoBOja; pacCUUTaTh pexxuMbl pabotel KC; mpoBecTu
YTOYHEHHBIH THAPABINYECKUNA M TEIUIOBOWM pacyeT JIIMHEHHBIX yYaCTKOB M PEKHUMOB PaOOTHI
npoMexxyTouHbIX KC 10 KOHEYHOT0 IMMyHKTa ra30mpoBo/a.

Pacyer BbIIONTHSAETCS B CIEAYIOLIEM MOPSAKE:

1) ITo u3BecTHOMY COCTaBy OMPEIENIAIOTCS OCHOBHbBIE (PM3NYECKUE CBOWCTBA Ta3a:

- IUDIOTHOCTh Ta3a MPHU CTaHJAAPTHBIX YCIOBUAX
R
Pr= Z 0P0n
i=1

rae % - o6beMHast (MObHAS) 0 i-TOr0 KOMIIOHEHTA CMECH, HMEIOIIEro MIOTHOCTb i,
N-4UCJI0 KOMIIOHEHTOB CMECH;

- OTHOCUTCJIbHAA INIOTHOCTDL I'a3a I10 BO3AYXY

A= 'Gi
pmsﬂ
"
Mr= Z a; M
i=1
T = Z Q; T
IICEBJOKPUTUYECKOE JIABJIEHHE Ta30BOM CMECH

Pm= Z Q; Py

ede Pra _ a5comorhoe KPUTHYECKOE JIABJIEHHUE i-TOr0 KOMIIOHEHTA CMECH;
- ra3oBas NOCTOsIHHAsA
r=-2_

My

edeR . YHUBEpcabHas ra30Bas MOCTOSTHHAS, R =8314,3 JIx/(xmoib K)

PaccuMThIBaETCS OIIEHOYHAS IPOIMYCKHAs CIHOCOOHOCTH Tra3omnpoBoja (KOMMEPUECKHI
pac-

X0, MJIH. M */CyT)
 Qup 10°
=363 K,



I€ Ky= Kpo Kor* Kuz- OLEHOYHBIH KOA(PPHUIMEHT TMPOMYCKHOM CcrnocoOHOCTH
ra3onpoBo/a;

Kpo - KOO GUIIUEHT pacueTHOM obecrieueHHOCTH oTpeduTene, Ky, =0,95;

Kor - KO3 (PULIMEHT yueTa SKCTpeMalIbHBIX TeMIepaTyp, Ky =0,98;

Kuz - OLICHOYHBIA KOX((UIMEHT HaIeKHOCTH Ta3olpoBOJA, 3aBUCALIMA OT AJUHBI U
TaMeTpa Ta30IpoBO/Ia, YUUTHIBAIOIINNA HEOOXOIUMOCTh KOMIICHCAIIMH CHIDKEHHS TTPOITYCKHOM
CIOCOOHOCTH ra30MpoBo/a MPH OTKa3ax JIMHEWHBIX y4acTKOB 1 obopynoBanus KC.

[Tonaras, uro pabouee naBneHue P B razonpoBoje paBHO HOMUHAJIBHOMY JABJICHHUIO Ha-
THETaHMsI, BEIYUCISAIOT TOJNLIMHY CTEHKH 0o Ta30MPOBO/Ia Mo (hopMyiie

_ nPDy
“ 2(Ry+n,P)

rae n,=1,1(ko3pPpunueHT HaJe)KHOCTH 110 HarpysKe);

pacyeTHOE CONPOTUBIICHNE METaJlIa BBIYUCIISIIOT IO (hopMyJie
— m}"
R,=7, K. Ka

rze m, - Ko3pUIUEeHT yciaoBUi paboThl  TpyOONpoBOAa, 3aBUCALIMA OT  €ro
kareropun: (m,=0,9 nust pydonposonos 11 u IY kareropwuii, m,=0,75 mis tpyoonposoos [ u 11
kareropuii, m =0,6 nist TpyOOIpoBOOB KaTeropuu B.

K - ko3 dunmeHT HaIe)KHOCTH TI0 MaTepUaly

K, - koo puureHT Hae)KHOCTH 110 Ha3HAYECHUIO TPyOONpoBOAa, 3aBUCIIUI

OT €ro AuaMmeTpa, a i ra3olpoBOJIOB U OT €ro pabovero J1aBiIcHUs

BrruncienHoe 3HaueHWE TOJIIMHBI CTEHKH Jg OKPYTJISIETCS B OOJBIIYIO CTOPOHY /0
CTaHJApTHON BEJIMYUHBI O U3 PACCMATPUBAEMOI0 COPTAMEHTa TPYO, MOCIE YEro onpenensercs
3Ha4YeHUe BHyTpeHHero quamerpa D.

OrnpeaensioT AaBJiIeHHs B HaYalle U B KOHIIE TUHEHHOTO yJacTKa ra3ornpoBojia

P,=Py—LP,, .
P =F_+AP,_
ITo dpopmyIie paccUnTHIBAIOT CPEAHEE NaBJIICHHE B IMHEWHOM y4acTKe Ta30MMpoBOa:
_2 Pi-P? _2 |P,—P |(Pi+P, P _+F) 2 P,|P,+P |+F: _2 "P +P_:-.
* 3 p-p 3 |P,—P,|[P,+P,] 3 P +P, 3% P+P,

Hnsa  pacuera paccrosHus Mexay KC  3agarorcs B IepBOM  IPUOIMKEHUH
OpPUEHTUPOBOYHBIM 3HAUEHUEM CPEJHEHN TeMIlepaTypbl Ha IMHEIHOM y4acTKe

TCP :0,5(TH+T())



rane T,- HavanpHas TemmepaTypa Ha BXOA€ B JMHEHHBIH ydacToKk. B mepBom
MpUOJIMKEHUH MOKHO TpuHITH T, =293.. .303 K (20.. .30° C); T, - TemnepaTypa OKpyxaromiei

CpeJibl Ha YPOBHE OCH I'a30IPOBOJIA.

P T
Twmp, T
_ 0,0241P,,

z —_—
[ . . 2 » 3
1-1,68T,,+0,078 T +0,0107 T,
Honaraﬂ B HepBOM HpI/I6HI/I}KeHI/II/I pe}KI/IM TSCUCHU KBa,Z[paTI/I‘lHBIM, paCC‘II/ITBIBaIOT KOB(b—
(I)I/II_[I/IGHTLI anpaBanecxoro COHpOTI/IBJ'IeHI/IH 7\,.-p n ?\,Z
[ 2k, %2
A =0067|—
=0057| 2|

Aﬂt
A=1,05-12
E

rae K, =0,03 (mo pexkomennauuu BHUUT a3) - 3HaueHne 3KBUBaJIEHTHO LIEPOXOBATOCTH
CTEHKM  raszompoBoja; £ - kodpduuueHt  ruapaBindeckodl 3P GEeKTUBHOCTH
rasonposoja, £ =0,95 npu Hain4uuKM Ha ra3onpoBOJE€ YCTPOMCTB AJIs MEPUOJUYECKON OYMCTKHU
BHYTPEHHEH MMOJIOCTH TPyOONPOBOAA, a MPH OTCYTCTBUH YKa3aHHBIX ycTpoiicTB E=0,92.
Omnpenensiercs cpejHee OPUEHTUPOBOUYHOE paccTosiHue Mexy KC
26l pl)
+ KD (P,—Fy)
[ =—
Q Az, AT,

OmnpenensieTcs YUCII0 KOMIIPECCOPHBIX CTAHLIUN

KOTOPOE OKPYTJISAETCS A0 1EJIOT0 My (KaK MPABUIIO B OOJIBIIYIO CTOPOHY).

VYTounsercs paccrosaue mexny KC

(Pi-POD _ o | (Px-PO)D

G=F = F-
Lz R-Tx Lz RT(L-X)
2 2 2 2
X L- X

X

P, = P2 - (P2 - PKZ)E



3aganue 10. OmnpenesieHHe 4YHCJIAa HACOCHBIX CTaHIMI NPH NOCJIeJ0BATEIbHOMN
nepexaykKe He(pTeNpPOAYKTOB.
I'uapaBnnueckuii pacyer HehTEeNpoBOAa HEOOXOIUM IS ONIPENIEICHUS MTOTEPh HAMopa B

TpyOoIpoBoJe€.

CekyHaHBIN pacxon HeQTH B Tpybomposoae (M/c):

_ %
¢ 3600
Cpennsis ckopocTh HedTH B TpyOOTpoBoe (M/C):
43,
W= —
nDy
[ToTepu Hamopa Ha TpeHUe B TpyOe KPYTIOro CEUSHUs ONpeaesiioT o ¢popmyie Jlapcu-
Beiicbaxa:
h=A L_W
D229 ynm no 0606mennoi dbopmyite JleitbeH3oHa:
Mo
h=pf % L
DB

5

rae A- K03QpPUIHEHT THIPABIMYECKOTO CONpOoTUBIeHH (Ta0m.3.6.1),

L, m- ko3 durrerTs 00001meHHo popmyisl Jleiibensona (ta6m.3.6.1).

3HadueHuss KOI(P(DUIMEHTOB 4, f, m 3aBUCAT OT PEKAMA TEUYCHHUS IKUIAKOCTH H
[IEpOXOBAaTOCTM  BHYTPEHHEW  MOBEPXHOCTH  TpPyObl, a  TakkKe  XapaKTepusyeTcs

6e3pasMeprIM yuciaom Penonvoca:
W DB 4 Q c

¥ = =
" v nD

BVT [Ipu 3HaueHHAX Re<232() peskUM TeUeHHs KUIKOCTH JAMHHAPHBIMH.
[Tpu TypOyNIeHTHOM TEYCHHUU PA3TUYAIOT TPU 30HBI TPCHHUS:

- TUAPABIUYECKH Inakue Tpyosl: 2320< Re<Re;,

-CMENIaHHOTO TpeHus: Re;< Re< Rej;

- KBaJIpAaTUYHOTO TpeHUs: Re> Rey;.

10
N=—
£ . .
2 2 b
rae € - OTHOCHTENbHAs IIEPOXOBATOCTD TPYO,
['MppaBnuyeckuid YKIJIOH - 3TO IOTEpPU HANopa Ha TPEHUE HA EIHWHHUILY JUIUHBI

TpyOOIpOBO/a U oIpeiensercs no Gpopmyie:

AWt Qi
‘_DEEQ_BD?“‘

Ilonnvie nomepu nanopa B TpyOoONpOBOJIE ONPEAETAIOTCS 10 hopmyie:



H=102iL+AZ+N,H_

rae 1,02- ko3¢ ¢unueHt, yduThiBaromMi Hag0aBKy Ha MECTHBIE COINpPOTHBIICHHS B

JMHEWHOU YacTH He()TENpOBOa;

AZ. Pa3HOCTh re0Ie3NUECKUX OTMETOK KOHIIA U Hayasla HeTernpoBoia, M;
H,, - oCTaTOYHBII Hamop B KOHIE SKCIUTyaTallMOHHOTO ydacTka. HeoOxommmbrid is
3akauku Heptu B pesepByapbl, Hi, =30-40 Mm;
N

# = QUCJIO 3KCIUTYyaTallUOHHBIX YUYAaCTKOB:

B L
Nﬂ_dm..sm

Ha rpanune skcrulyaTallMOHHBIX YYacTKOB CTAHLMU SIBJISIOTCS CBOETO pOJa TaKkKe
«TOJIOBHBIMH», BMECTHMOCTBIO pe3epByapHoro mapka 0,3-0,5 CyTo4HOW MpOIyCKHOM
crnocoOHocTH  TpyOompoBoja. B cioywae ofecredeHnss NpPUEMOCIATOYHBIX — Omepanui
BMECTHMOCTb PE3epBYyapHOro Mapka Jo/bkHa ObITh yBenauueHa 10 /,0-1,50.. Ha romoBHbBIX
OCHOBHBIX HE()TENEPEKAUNBAIOMINX CTAHIUAX 10 3Qcym.

Cymmapmnolii Hanop, paszeugaemulii HACOCHbLIMU cmanyuamu
Hegpmenpoeoda, CKIIa[IbIBACTCS W3 HAIOpa, Pa3BUBAEMOr0 BCEMH NOJINOPHBIMM HacocaMu

«TOJIOBHBIX» HACOCHBIX CTaHLIMN U CYMMApPHOI'0 Ha1iopa n CTaHLIUH:

H = N;H,., +nHcm, ;
Hem=muHs,

rae H., - pac4eTHBIN HaNOp OJHOM CTaHIUU.
Ypasnuenue 6ananca nanopos nmeer Bu;
N,H,, +nH., = 1,02iL + AZ+ N,H,,

Otcrona uucino HacocHwvlX cmanuuﬁ paBHO:

- 1,02iL+AZ+N,(H,—H,,) H-N,H,
- H - H

L Lad

3aganme 11. PaccranoBka HIIC npm mocienoBaTeqbHO — MepeKavyke
He(pTEeNnpPOAYKTOB.
Pacnonararorcst Ha HeTEPOBOIAX c HWHTEPBAJIOM 70-150 KM.

Hedrenpoaykrsl HauMHAIOT CBOE JBM)KEHHE B He(TenpoBoje ¢ OOJbIIOW CHUJIOW, HO CO

BPECMCHEM U PpACCTOAHUCM TCPACT HAIIOP.



3aganue 12. OmnpepeneHue 4YHMCIa DHMKJIOB I0CJHEI0BAaTeIbHON NepeKaYKH
He(TENPOAYKTOB.

T]IZT/H
B=—t (N, 0;+N;-0)

175

= 2&5(17‘!'5 Clups Py Voi Crpy pE)

3aganue 13. OmnpeaeseHne TOJNIIMHBI TeIUIOBOH H30JALMM TNPUH TepeKavkKe
BBICOKOBSI3KUX He(Tel.
OmnpenenuM  HEOOXOIUMYIO TOJIIMHY TEIJIOBOM W3OMSAIMH, KOTOpas IO3BOJIUT

obecreunTh 3aJaHHYI0 TEMIIEPATYPy B KOHIIE TPyOOIPOBO/IA.

Tu-To
LU*,r—InTH_Tﬂ
L 1
5, E‘"”2'?‘w3'(q.p-cp-|.uv_u2~DH
D A 20,
(P_):T T~ To\a, -y
d Tup’Tn

B kadecTBe TEMIOM30JIAMOHOTO MaTepraia BO3bMEM CTEKJIOBaTy, /Ui kotopoid Br/m K,

Toraa
3.14 - 20000 1
xp|2 - 0,058 - :
D, pr[ | (ﬂjﬁ'}’ﬂm-lﬁﬂﬂﬂ,ﬁi ||35~n,¢a3}]
D 0058 e = 1,0040
n 0,63\ [ 365282 \eoes
((],ﬁl |] (3 I ?m—zsz)

D,,=1.0040 - 0,63 = 0,633

TomnmuHa U30IA1UHN



5.3 IIpumepHBIii NepeYyeHb BONPOCOB 10 TeMaM

1. TpyOonpoBoaHbIii TPAHCHIOPT HePTH
TpyOonpoBoabI ciayXat il TPAHCTIOPTUPOBKU OOJIBIIMX KOJHUYECTB

He(TH, HEPTENPOAYKTOB M CKIDKEHHBIX HE(TSHBIX Ta30B B OJHOM HaIPaBIICHUU.
TpyOGonpoBOHBIN TPAHCIIOPT 00JIAAET CIECAYIONMMHU TPEUMYIIIECTBAMHU

M0 CPaBHEHUIO C IPYTUMH BHIaMU TPAHCIIOPTA!

* Tpacca TpyGomnpoBoa Kopode Tpacc APYTUX BUAOB TPAHCIIOPTA, MPUIEM

TPYOOIPOBO MOXKET OBITH MPOJIOKEH MEXKY IBYMS JIFOOBIMY ITyHKTAaMHU Ha

CyIlle, HaXOIAITUMHUCS Ha JTF0OOM PACCTOSHUH JIPYT OT JIPYTa;

e TpyOompoBOAHBIN TpaHCIOPT B OTJIWYHE OT JPYTUX BHUAOB TpaHCHOpPTa —
HEMPEPBIBHBIHN, UTO 00ECTIEYNBACT PUTMUYHYIO PabOTy OCTABITUKOB U Oecriepe0oitHoe

CHa0)XeHHE MOTpeOuTeNe, Oaroaaps yeMy OTIagaeT HeoOX0AUMOCTb CO3/IaHuUS

KPYITHBIX 3aIT1acOB TPAHCIOPTUPYEMOTO IPpy3a Ha KOHIIAX TPACCHI;

* [Torepu HedTH 1 HEPTENPOIYKTOB MPH TPYOOIPOBOIHOM TPAHCIIOPTE MEHBIIIE,

4eM IPH MepeBO3KaxX APYTUMU BUAAMHU TPAHCIIOPTA;

TpancropT HEPTH — TO MPOIECC JOCTABKU CHIPOW HePTH U HEPTEHPOAYKTOB, KOTOpAs

OCYIIECTBIISIETCS OT HE(PTAHBIX MPOMBICIIOB JI0 MPEANPUATHI-IOTpEeOUTENEH.

2. TpyOonpoBoaHbIii TPaHCHOPT HePTENMPOAYKTOB
TpyOompoBoAbI CiTyKat Ui TPAHCTIOPTUPOBKHU OOJBIINX KOJTUYECTB

HeTH, He(PTENPOAYKTOB U CXKWKEHHBIX HE(TAHBIX Ta30B B OJHOM HalpaBJICHUH.
TpyOonpoBoAHBIN TpaHCHOPT 00Ia1aET CIETYIONUMH MPEUMYIIECTBAMU

M0 CPAaBHCHUIO C IPYTr'UMHU BUAAMU TpaHCIIOPTA:

* Tpacca TpyOompoBoia KOpode Tpacc APYrHX BUIOB TPAHCIOPTA, IPUIEM

TPyOOIPOBOJ MOXKET OBITh IIPOJIOKEH MEX/TY JIByMsI TFOOBIMM ITyHKTaMH Ha

cylle, HaXOIAIIMMUCS Ha JTI000M PacCTOSIHUU JAPYT OT IpyTa;

* TpyOompoBomHBIA TpPaHCHOPT B OTIMYHE OT JAPYTUX BHJOB TpaHCIOpTa —
HENpPEepBIBHBIN, UTO 00ECTIeYMBAET PUTMUUHYIO pPa0OTy OCTAaBLUIMKOB U OecriepeboitHoe

cHa0XxeHue noTpedburenei, Onarogaps 4eMy oTnagaeT He0OX0IUMOCTh CO3AaHUS

KPYIHBIX 3aI1aCOB TPAHCIOPTUPYEMOTO Ipy3a Ha KOHIIAX TPACCHI;

* [Torepu HedTH 1 HEPTETTPOAYKTOB MPH TPYOOIIPOBOTHOM TPAHCIIOPTE MEHBIIIE,

4YeM IIpU NepEeBO3KaxX APYTUMU BUAAMH TPaHCIIOPTa,

HedtenpoaykTel mepeBo3sAT B aBTOLUCTEPHAX I MENKOM

Tape. ABTOTPAHCIIOPT B OCHOBHOM HCIIOJIb3YETCS Uil NMEPEeBO3KU HEPTENPOAYKTOB OT

KPYITHBIX He(hTeOa3 K MEJIKUM U Jlajee K HOTPEOUTEIsIM.



3. TpyOonpoBoaHbIii TPAHCTIOPT ra3a
TpyOomnpoBoHas TPAaHCTIOPTUPOBKA T'a3a OCYIICCTBISICTCS 10 JIMHUSAM Jnuamerpom 1,4

MeTpa moJ JaBieHueM 75 artmocdep. [Ipy THOBBIIEHHMM TeMIlepaTypbl ra3 CKIOHEH K
pacIIMpeHHIo, TOITOMY PEKUM I0JIa4M TOJOUPAIOT B pealbHOM BPEMEHH, OCOOCHHO B 30HAX C

OONBIIMU CPCAHECYTOYHBIMU IIEpEIIagaMu.

4. Ilopsinok NpoeKTHPOBaHUsI TPYOONIPOBOAOB
[lepBbrit sTam paboOT HauwWHAETCs C pa3pabOTKU XojaTaiicTBa (ACKIapamuu) O

HAMEPEHHSAX, KOTOPOE COCTABISETCS 3aKa3YMKOM MM TI0 €ro IOPYYEHHIO MPOCKTHOMN
OpraHu3aleil Ha JOroBOPHOW OCHOBE

XonaTaiicTBO (JIeKJ1apalysi) 0 HAMEpEeHUsIX pa3padbaThiBaeTCsl HA OCHOBAHUU:

peKoOMeHJalul, TPHUHATBIX B CXEMax pa3BUTHS TPyOOIPOBOAHOIO TpaHCIOPTAa Ha
ONMKaNIIIYIO TIEPCTICKTHUBY;

MaTepUasoB MPEABAPUTENBHBIX UCCICTOBAaHUHN U U3YUSHHS IEPCTIEKTUBHOM MOTPEOHOCTH
U MOIIHOCTH CBIPHEBOM 0a3pl HE(TH MM Ta3a C yYETOM pa3BEAaHHBIX W YTBEPKICHHBIX
3aI1acoB;

BO3MOXXHOCTH COBITa HAa BHYTPEHHEM U BHEIITHEM PBIHKE.

B cocTaB BTOpOro sTana npoeKTHBIX paboT M0 000CHOBAHUIO UHBECTUIIUHN BXOST:

OCHOBHBIC PpPCIICHUA 10 pr6OHpOBOI[y, BKJIIO4asas C€ro Mnpou3BOAUTCIBHOCTL U
MEPCIIEKTUBHYIO MOTPEOHOCTh HUCXOAS W3 HANUYMsl ChIpbeBOM 0a3bl, a TaKKe OCHOBHBIE
TEXHOJIOTUYECKUE W CTPOUTEIIBHBIC PCIICHHUS;

NOTPEOHOCTH B HEOOXOAUMBIX pecypcax JJisi CTPOUTENHCTBA U HICTOYHUKH UX TIOTYUYSHHUS;

aHaJIM3 BapHAHTOB Tpacc TPyOOmpoBoaa ¢ 0OOCHOBaHUEM BBIOPAHHOW TPACCHI M KpaTKast
ee XapaKTepUCTHKa,

CPOKH M OYEPETHOCTh CTPOUTEIHCTBA, €T0 OPraHU3aIINS;

NOTPEOHOCTH B TPYIOBBIX PeCypcax;

CTOMMOCTH CTPOUTENIHCTBA, OTPEIeIIeMast IO aHaJIoraM M YKPYITHEHHBIM [TOKa3aTeNsIM;

OLCHKAa 3(1)(1)GKTI/IBHOCTI/I I/IHBeCTI/ILII/II\/’I U YTOYHCHUC BO3MOXHBIX HWCTOYHHUKOB HX
(bUHAHCUPOBAHMSL.

Ha Tperbem oTame mpOEKTHBIX paboOT OCYIIECTBIsAETCS pa3paboTKa TEXHUKO-
skoHOMHYeckoro obocHoBanus (TDO) mpoekra crpoutenbeTBa TpyOompooga. THOO
BBITIOJIHACTCS HA OCHOBC O}IO6p€HHBIX 000CHOBaHUH I/IHBeCTI/ILII/II\/'I B CTPOHUTECILCTBO, HAJIUYHUA
YTBEPKIIECHHOTO PEIICHUSI O TMPEIBAPUTEIBHOM COTJIACOBAaHMHM MECTa pa3MeEIleHUs 00beKTa U

MaTCpraJIOB MHIKCHCPHLIX HSLICKaHHﬁ, a TaKXC pa3p3.60TKI/I pa60qel71 AOKYMCHTAIlUU TI0CJIC



paccMOTpCHUA T30 FOC}’I{&pCTBCHHOﬁ 3KCHCpTH30fI U YTBCPXKACHHA €TO B YCTAaHOBJICHHOM

MOPSIZIKE.

5. Onpenesnenue TOJIMHBI CTEHKH TPYOONIPOBOI0B
PacueTnast TonmmHa CTeHKH TPYOBI ompeienisieTcs o Gopmyre
5 Ku p-FPgono - Du

2 ([op] + Kup - Paom)

rae n — Kod(pPuIMeHT neperpy3Ku, MPUHUMAEMbIA TPHOTMKEHHO IS He(DTEPOBOIOB
muamerpoMm Menee 700 mm paBHbIM 1,1; a ans vHedTenpoBogom auamerpom 700 — 1400 Mmm —
paBubiM 1,15 (CHull 2.05.06-85* ); P — pabouee nmaBnmenue B HedrenmpoBoae, MIla; Duap —
HapyXHBIA nuameTrp HedrenpoBoga, M; R1 — pacueTHoe compoTuBiIeHHE MeTayuia TpyObl U
cBapHbIX coeanHeHuit, Mlla, onpenensiercs mo popmyie:
RIXm
Dok Xk
rae 1 H R — HOpMaTuBHOE CONPOTHMBIIEHHE PACTSDKEHUIO (CXKAaTUIO) MeTaia Tpyo u
CBapHBIX COCAMHEHUH, ONpeesieMoe U3 YCIOBHM paboThl Ha Pa3pbIB, paBHOE MUHUMAIILHOMY
npezeny Npo4HOCTH
m — ko3hdUIHMEHT YCIoBUH pabOThl TpyOONMpOBOAA, 3aBUCHUT OT KaTETOPHUH
TpyOoOImpoBoJa M €ro ydactka (mpuHHUMaeMmblii 1o Tadm. 5.3, ¢ ydyerom Tabn. 5.3 a); k1 —
KOA(PUITMEHT HANEKHOCTH MO MaTepHally, YYUTHIBAET CIIOCOO H3TOTOBJICHHUS TPYyOBI U €€
MPOYHOCTHBIC XAPaKTePUCTHKHU (MPUHUMaeMbld mo Tabn. 5.4 ¢ yu€rom Tabm. 5.4 a); kH —
Kod(PUIMEHT HAACI)KHOCTH IO Ha3HAYEHUIO TPYyOOIPOBO/Ia, 3aBUCSIIIHI OT €ro JuamMeTpa.

6. YTouHeHHEe TOJIIHHBI CTEHKH TPYObl HA OTAEJIbHBIX YYACTKAX MATHCTPAIBLHOIO
TpyOOnpoBoaa
TonmuHy CTeHKH TPyO, ONPENeIeHHYI0 MO0 (OopMyJiaM CieAyeT NMPUHUMATh HE MEHee

1/140 DH, HO He MeHee 3 MM /1711 TpYO yclioBHBIM JuameTrpoM 200 MM U MeHee, U He MeHee 4 MM

— 11 TpyO YCIOBHBIM AuaMeTpoM cBbie 200 MM.

7. IIpoBepka NPOYHOCTH M YCTOMYMBOCTH NMOA3EMHBIX TPyOONIPOBOAOB
IIpoBepky MNPOYHOCTH MNOA3EMHOIO MArucCTPalbHOrO TpPyOONpOBOAAa HAa OCEBBIE
COKUMAIOILHE HAIIPSDKEHUS IPOU3BOIAT U3 YCIOBUS

nph__

oy = —eEAL + 0,25

rae o — K03(pQUIMEeHT TMHEWHOT0 paclIMpeHusl MeTasuia Tpyosl, 11t ctanu o = 12-10-6
rpag-1;

E — monyne ynpyroctu Meramia, 1 crand E = 2,06-105 MlTa;

At — pacu€THBI TEMIEPAaTYpHBIM Iepenaj, PaBHbIM Pa3sHOCTH MEXAY MaKCUMaJIbHOU
TeMIeparypoi ykiaaku Tpyoonposoaa (eciu At <400C, o npunumaetcs At = 400C);

DBH — BayTpennuii auametp tpyodomnposona, DBH =D — 26, m;

O — TOJIIMHA CTEHKHU TPYOBI, M.

8. Pacuer ycToiiunBocTH TPyOONIPOBOAOB NPOTUB BCILIBITHS



BBITaJ'IKI/IBaIOH_IaH CHuJia BOObI OHpe,Z[eJ'ISIeTC}I 110 (I)OpMYJ'IC
aD?
HuU

q e = 4

rae: D #= - nmaMeTp ra3onpoBoja HApYKHbIA C U30JSALNECH,

¥e

¥ - ynenbHBI Bec BOABI C Y4ETOM pAacTBOPEHHBIX B Heil coiei, mpuHuMaeM ¥« =
1,15 -10°H / m

Tonmuua  TPeXCIOMHOrO  HM3OJALMOHHOIO  MOKPBHITUA  YCHJIEHHOIO  TUIA
npuHEMaeM 4 =3MM

HapyxHblil AMaMeTp ra30npoBoja ¢ U30JALIKeld HaX0AuM 1Mo Gpopmyie

D = D, +2a =1420 +2 -3 =1426mm

BBI‘II/ICJ'ISIGM BLITaJ'II(I/IBaIOIHYIO CI/IJ‘Iy BOAKI 110 (I)OpMYJ'Ie
3,14 1,426°
q 8 —

BpruucnseM HMHTEHCHUBHOCTH HarpysKkm OT YIIpyroro OTIIOpa IIpu CBO60,I[HOM n3rude

1,15 10* =18357H / m

ra3omnpoBojia no ¢hopmyie

32E1

2 3
q uze — 9/) pmin R

Trac I_ 0CEBOM MOMEHT HHEPUHH ITOIICPCYHOT'O CCUCHHA TPY6LI

Z (- bty 22 1,420" - 1,3886*) =1738 10 " m*
yroin IOBOPOTA ocu ra3onpoBoja B BEPTHKAILHOM IJIOCKOCTH

=0,1744pad p,.,, —2150m

npuanmaem - =10° , Torja q == o dopmyse (19)

_32-2,06 10" 1738 10°*
e 9 0,1744% -2150°

=421H / m

PacuerHast Harpy3Kka OT Beca TpyOsbl

qmpqu+tu+q"P,(21)

rae: q * - Harpyska oT COOCTBEHHOI'0 Beca MeTajlila TI)Y6BI;
q ** - pacd€THas Harpys3ka OT BE€Ca U30JIAINOHHOT'O ITIOKPBITHA,

q ¥ -Harpy3Ka OT Beca MpoJyKTa, mpu MoHTaxe q * =0 H/m.



Hany3Ka OT COOCTBEHHOI'0 Beca MeTala Tp}/'6H pu ¥ - YACJIbHOM BE€CC MCETAJlJId, U3

KOTOPOTO M3rOTOBIIEHBI TPYObI, 2 =78500 H/M * HaxoauM 1o dbopmyiie

T . : 314
= (D?- D) 78500 =
)/M 4 ( H GH)= 4

qM=

PacuerHas Harpyska oT Beca U30JISUOHHOTO IIOKPBITUS

q Uz = ncg (qsn + qsﬁ) (23)

rre: Mee =0.95

Beca TpybOompoBosa [5];

= H

(1,427 - 1,3886%) =5537,15H / m

(22)

- K03((UIMEHT HAJEKHOCTH 10 HAarpy3Ke OT JEUCTBHUS COOCTBEHHOTO

q¥" ¥ q °% - HOpMaTHBHbIC Harpy3KH OT Beca M3OJSILHOHHOTO MOKPBITHS U 00€PTOYHOTO

CJI0s

qun =%u 7 Dy 0w P9 (24)

q 3?1 :KUE T 'DH .606 ‘poﬁ 'g’ (25)

k= - Koappuument, yuuTriBaomuil BeJIMUUHY HaXJIECTa, IpU ABYXCIOHHOM n3omsaun k

vz =) 3 1pu oHOCHOWHON 06epTke k »= =1,09 [5];

y -3
Oun = 0,635 107" m -TOJIIIIMHA U30JISLMOHHOTO OKPHITUA [S];

. -3
Oos =0,635 10°° M _ 1oqmumma o6éptxn [5];

— 3
Pun =1090kz/ m - INIOTHOCTH U30JALUMOHHOI'O MMOKPBITUA

0. =1055k2 / m”

Pacuer Harpy3ok 1o

q un — 2,3 314 1,42 -0,635 10™* 1090 9,81 =69,63H / M.

q o5 —1,09 3,14 1,42 0,635 10°° 1055 -9,81 =32H / m

Harpy3ska oT Beca H301s1IMOHHOTO MOKPHITHS 110 popmyiie (23)

qus =0:95 (69,63 +32) =96,55H / m

Harpy3ka ot Beca TpyOsI 1o ¢popmysie (21)

qme —5537,15+96,55+0 =5633,7H / m

Paccuuraem Bec 6aJlJlaCTI/IpOBaHHOFO ra3omnposoga B BOAC TIIpH

OamracTupoBKe 1Mo GhopMmyIie

paBHOMEPHOU



I 1
QG(.M.B. :n_(kﬂ.(fqﬂ + qu.?d - qlﬁp - qg(}fl)

6

1
:E(l’OS 18357 +42,1- 5633,7 - 0) =15203,6H /' m

H
b

rac: Qoon - Harpyska OT BECa IEpCKavYruBacMoro npoayKra, nppuHuMacm Hoon =0 )

s ~ KOB(I)(I)I/IL[I/ICHT HaaCKHOCTH 10 Harpyske, JJIsA ’Ke1e300€ TOHHBIX

TIpUTpy30B "5 =09 [5].
Yucno npurpy3oB, He0OX0AMMOE ISl 0aTaCTUPOBKH Y4acTKa Ta30IpoOBOJIa OTNpeeNsieM
o ¢popmyIe
L
N =——
IL

O0BeM 0JTHOTO TPy3a HAXOAUM 10 (hopmyIie

I 0
V, =pab- (a- 2d)h- 7R, nc

0 2
0 3,14 -0,8%0 5
V, =02,1 1,75- (2,1- 2 -0,25)0,62- — 1,0 =1,678m
i g

I, =(4000 -9,81- 1,15 -10* 1,678)/15203,6 =1,31m

N :150
1,31

=114,5wum

9. Knaccuduxanus TopapHbix HedTei
ToBapHoil Ha3piBaeTcsi He(pTh, NOATOTOBIEHHAs K TIOCTaBKE MOTPEOUTENI0 B

COOTBECTCTBHH C Tpe6OBaHI/I$IMI/I roCyJapCTBCHHBIX CTAHAAPTOB U TCXHUYCCKUX YCHOBHfI.
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Hedmexummmeckoe [
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L Teepame yraeROIOpOIL

(mapaduHbl, UepeIHHB)
= e TepMorasoilie 1R NPOHIBOICTRL

TEXHHUECKOrD YIACpoaa
| | TInacTiqsbie (KOHCHCTEHTHLIE)

CMAIKH
Hedrenpomykrs

= CHELHATLHOD

OcpeTHTENLHLR KepOocHH I
HAaIHaYe HHA

|
1
-—[ Pacrropurenn |

[Mpucankn (aobaskn) x TOMLAHBY |

10. Kinaccndukanus HegprenpoBoaos

BHYTPEHHUE — COEOUHSIOT pa3JinyHble OOBEKThl W YCTAHOBKM Ha MPOMBICIAX,
HedTenepepadaThIBaONINX 3aBOAaX U HeTebazax;

MECTHBIE — [0 CpPaBHEHUIO C BHYTPEHHHUMH HMEIOT OOJBIIYI0 MPOTSKEHHOCTH (10
HECKOJIBKUX JECSTKOB KHUJIOMETPOB) u COEUHSIOT HEPTEPOMBICIIBI WIH
HedTenepepadaThIBaIOIINE 3aBO/IbI C TOJIOBHOW CTaHIMEH MarucTpaibHOro He(h)TEnpOBOAA UIIH C
ITyHKTaMH HaJMBa Ha JKEJIE3HOU JOPOTre WU B TAHKEPBI;

MarucTpajibHble — XapaKTepU3yIOTCS OOJbIION NPOTSHKEHHOCTbIO (COTHU M THICAYU
KAJIOMETPOB), IO3TOMY IepeKauka BEAETCS HEe OJHOM, a HECKOJbKUMH CTaHLUSAMH,
pacnosoKeHHbIMU Ha Tpacce. Pexxum paboTsl TpyOOnpoBOIOB —

HeNpepbIBHBIN (KPaTKOBPEMEHHBIE OCTAHOBKH HOCAT CIIy4YailHbIM XapakTep Win

CBSI3aHbI C PEMOHTOM).

11. OcHOBHBIE 00BEKTHI M COOPYKEHUSI MATUCTPAJILHOI0 He()TeNnpoBoaAa

MarwuctpanbHblii HeQTenmpoBo, B 00IIEM cllydae, COCTOUT U3 CIEAYIOIIUX KOMILIEKCOB
COOPYKEHHI:

- TIOJIBOJISIIITE TPYOOTIPOBOIBL;

- TOJIOBHAs ¥ MPOMEXKYTOUHbIE HedTenepekaunBatouiie craniuu (HIIC);

- KOHEYHBIN ITYHKT,



- IMHENHBIE COOPYKEHMUS.

[MomBonsmme  TpyOOMpPOBOABI  CBS3BIBAIOT  HCTOYHUKA HEPTH C  TOJIOBHBIMH
coopyxkeansimu MHII.

I'onoBnast HIIC npennasHaueHa miis npuema He(Ted ¢ MPOMBICIOB, CMEIIEHHUS WM
paszieneHus uX o copTaM, ydeTa HepTu U ee 3aKauKH U3 pe3epByapoB B TPyOOIPOBO/IL.

[Ipomexyrounsie HIIC ciyxar A BOCHOJIHEHMsI SHEPTuM, 3aTPA4€HHOM MOTOKOM Ha
IPEOJOJCHHE CHJI TPEHUs, C Leiblo oOecredeHusl JajbHeHmeld mnepekauku HePTH.
[Tpomexxyrounsle HIIC pasmemniaror mo Tpacce TpyOOIpoBOJa COINIACHO THUAPABIMYECKOMY
pacuety (4epe3 kaxasie 50...200 km).

Kpome TexHonormueckux coopykeHuil Ha rojgoBHoi U npoMexytounbix HIIC umerorcs
MEeXaHM4YecKas MacTepcKas, IOHHU3HUTEIbHAs dJEKTPOIOJCTAaHIMSA, KOTelbHAs, OOBEKTHI
BOJIOCHA0>KEHUS U BOJIOOTBEICHUS, 110ICOOHBIE M aJMUHUCTPATHUBHbBIC TOMELCHUS U T..

KoHeuHbIM  MYHKTOM  MarucTpajJibHOro  He(TenpoBoAa  OOBIYHO  SIBJISETCS
HedTenepepadbaThIBAIONIHIA 3aBOJT WIIH KPYITHAS ITepeBaioYHast Hedrebasa.

K nuHeiHbIM coOpyKeHHUSIM MarucTpaibHOro HeTenpoBOia OTHOCSTCS:

1) co6cTBEeHHO TPYyOOTIPOBO (MIIH JIMHEHHAS YacTh);

2) TUHEHHBIC 3aJIBUKKH;

3) cpeacTBa 3amMTHI TPYOOIPOBOJA OT KOPPO3UHU (CTAHIIMM KATOIHOW U MPOTEKTOPHOM
3aIUTHI, IPEHAKHbIE YCTAHOBKH);

4) nepexo/bl yepe3 eCTECTBEHHbIE U UCKYCCTBEHHbIE NMPENATCTBUS (PEKH, JOPOTH U T.I1.);

5) TUHUM CBSI3H;

6) JINHUU JIEKTPOIIEpPEIAYY;

7) noma 00X0TINKOB;

8) BepTOJIETHBIE TUIOMIA/IKH;

9) TpyHTOBBIE JOPOTH, IPOKJIAIbIBAEMbIE BI0JIb TPACCH TPYOONPOBOA.

12. CucremMbl nepekavuku

B 3aBucuMocTH OT TOro Kak OpPraHWU30BaHO MPOXOXKJIEHUE HEPTH Uepes
HeTenepeKaunBaroIne CTAHIIUN, Pa3INYaroT CIEAYIOIUE CHCTEMBI:

1. mocTaHIIMOHHAS,

2. yepe3 pe3epByap CTAHIIUU;

3. ¢ NOAKJIIOYEHHBIMH pe3epByapaMu;

4. U3 Hacoca B HacocC.

[Ipu mocTaHIIMOHHON CHUCTEME TIEpeKadyKu HePTh MPHUHUMACTCS IMOOUYEPEIHO B OJHMH W3
pe3epByapoB CTaHIMH, a €€ ToJavya Ha CICAYIOUIYI0 CTaHIMIO OCYIIECTBISETCS W3 APYroro
pe3epByapa. DTO MO3BOJIIET OPTAaHU30BATh YUET MEPeKaYMBacMON HEPTH HA KaKJOM IEPETOHE
MEXy CTaHLHUSAMU U OJarogapsi 3TOMY CBOEBPEMEHHO BBISIBISATH U YCTPAHAITh BO3HHUKAIOIIHE
yTeukd. OHaKO IPH ITON CUCTEME TIEPEKAYKU 3HAUUTEIbHBI TOTEPU OT UCTIAPEHUS.

Cucrema nepekauku «4epe3 pe3epByap CTaHIUKY) UCKIIIOUaeT YYeT He(pTH Mo MmeperoHam.
3aro nmotepu HE()TH OT MCTAPEHUST MCHBINIE, YeM TPU TOCTAHIMOHHOHN cucTeMe nepekauku. Ho



BCE PaBHO M3-3a YCWJIGHHOTO TepeMelINBaHMusg He(TH B pe3epByape ee MOTepH OT MCIapeHUs
OYEHb BEJIMKHU.

bonee coBepmieHHa cuCTeMa IIEPEKAYKM «C IIOAKIIOYEHHBIMU pe3epByapaMm».
PesepByapsl 31€ch, Kak U B PEABIAYIIUX CUCTEMaX, 00€CIIeUNBAIOT BO3MOXKHOCTh MEPEKauKH Ha
CMEXHBIX TIeperoHax ¢ pa3HbIMH pacxojamMu. Ho B 1aHHOM cilydyae OCHOBHas macca HeTH
IIPOXOJNT, MUHYS PE3€pBYaphl, U NO3TOMY IOTEPU OT UCIIAPEHUS MEHBIIIE.

13. OcHoBHOE 000py10BaHMe HedTenepeKaYuBAIOIIMX CTAHIUM

HIIC wnu HedTenepekauuBaromas CTaHLIUS — 3TO KOMIUIEKC Pa3IMYHOTO poja
000pyZI0BaHUS U COOPYKEHUM, TJIaBHBIM IIPEIHAa3HAYEHUEM KOTOPOTO SIBJISETCS co3JaHue (IIpH
MOMOIIM HACOCOB) B HE(PTENPOBOJE JaBICHUS Ul NepeKauku HeQTH OT HEPTENPOMBICIOB WM
HII3 1o KOHEYHOH TOYKH.

[IIC — IIpomexxyTouHble He(TenepekaynBarolue CTaHIUM, HAa HEe(TEnpoBOJE OHU
pasMeraiTcss 4yepe3 omnpeneneHHbie pacctosHus (ot 50 go 200 kM), KOTOpbIE 3aBUCAT OT
pa3HbIX (PakTOpOB: (U3UYECKUX CBOMCTB HEPTH (B MEPBYIO OUYepeb — BI3KOCTH), 3aJaHHOTO
pacxona HedTH (T.e. Kakoe KOJIMYECTBO HEOOXOJUMO MEPEKaYMBAaTh 3a ONPEACIICHHYIO €IMHUILY
BpPEMEHH), IuaMeTpa He(TenpoBOJa, XapaKTEPUCTHKH NPUMEHSIEMBIX HACOCOB M JIPYTHX
YCIIOBUU.

HedrenpoaykronepekaunBaromas CTaHIMsS — NEPEeKauyuBaeT TOTOBBIA HEPTENPOIYKT C
3aBOJIOB J10 MecT noTpedaenus. Ee coctaB u HazHaueHue Takue ke kak HIIC.

OcHoBHOe MM TexHoJI0rn4Yeckoe odopynosanune HIIC

pe3epByapHblii napk (PII);

y3en pUIbTPOB — Ipsi3eyI0BUTENECH;

MaructpanbHas HacocHas (MHC);

MOJIIIOPHAsl HACOCHAs;

cuctema criaaxuBaHus BosH naBieHus (wim CCBJl, koTopasi cTaBUTbCS TOJNBKO Ha
[II1C);

TEXHOJIOTHYECKUEe He(TEepOBOIbI U 3aI0PHO-PETYIUPYIOIAs apMaTypa;

PETYJIATOPHI 1aBIEHUS;

KIIIT COJI (xamepsl mycka U IpHeMa CPEICTB OUUCTKU U AUATHOCTUKH).

14. PaGo4ne XxapaKTepuCTHKH HACOCHBIX arPeraToB M CTAaHIMI
XapakTepuCTUKaMU LEHTPOOEKHBIX HACOCOB HA3bIBAIOTCS 3aBUCHMOCTH Pa3BUBAEMOI0

Hanopa H, notpebnsemoit MomHocTuN, k03 duiinenTa none3Horo AeUCTBUS 1| U TOIMYCTUMOTO
KaBUTAIIMOHHOTO 3anaca Ahot noxaun Q.
Jns onpeneneHuss CyMMapHOW HAINOPHOM XapaKTEPUCTUKU HECKOJIBKHUX IapajuleIbHO

paboTaronrx HacoCOB CKJIaAbIBatoTCs abcuuccel xapakrepuctuk H(Q)



Hamophasi xapakTepucTika IEeHTPOOESKHOTO HAacoca MOXKET OBITh OMUCaHa ypaBHEHUEM
napaboJIb

h=a-b Q% |,
rae a u b — KodhHUIUEHTHI, ONPeIeNAeMbIe 10 3aBOJICKOM XapaKTEPUCTUKE HACOCA.

HpI/I nmapaijieJIbHOM COCAWMHCHUHU p OJHOTUIIHBIX HACOCOB HUX CYMMApHas HaIlOpHasa

XapaKTEePUCTUKA UMEET BUJT

2
h=a-b EQH
p
HpI/I IIOCJICI0OBATCIIBHOM COCANHCHUU SOOJHOTUITHBIX HAaCOCOB AHAJINTHNYCCKaAa
3aBUCHUMOCTbH CyMMapHOI‘/'I HaHOpHOﬁ XapaKTCPHUCTUKU MOXKET 6BITB InpeacTaBjiCcHa B BUIC
h=sla-b -Qz) .
Ecnu coenuHsieMble HACOCHI Pa3HOTHITHBI, TO KOIDQOUIMEHTHI ISl MX CYMMAapHOM

XapaKTepUCTUKHU MPHU MOCIEA0BATEIHLHOM COETUHEHNH MOXKHO ONPEAETIUTh Mo hopMynam

a:ZS'ai; b :Zbi
= 4

15. TexHOJIOrH4eCKUH pacyeT MarncTpajJbHbIX HehTenpoBo10B
[Ienbro TEXHOIOTMYECKOrO pacyeTa ra30MpoBOJa ABJIETCS PELICHUE CIEAYIOINX 3a1a4:

OIpENIeIUTh JUAaMETp Tra3oNpoOBOAA; ONPENEIUTh HEOOXOAUMOE KOJIMUYECTBO KOMIIPECCOPHBIX
CTaHLUH U paccTaBUTh UX IO Tpacce ra3ornpoBoja; paccuuTarh pexumMsl pabotel KC; mposectu
YTOUHEHHBIN THIPABIMUYECKUI M TEIJIOBOM pacyeT JMHEHHBIX YYaCTKOB U PEKUMOB pabOTHI
npoMexyTouHbiXx KC 10 KOHEYHOTro MyHKTa ra30lpoBoa.

Pacder BBIOIHAETCS B CIEAYIOIEM MOPSAKE:

1) ITo u3BECTHOMY COCTaBY OIPEENIAIOTCS OCHOBHbIE (PU3MUYECKHe CBOMCTBA rasa:

- IJIOTHOCTh Ta3a MPHU CTaHJIaPTHBIX YCIOBUAX
i
Pr= Z 0Pn
i=1

rae % - o6bemHast (MOIbHAS) OIS i-TOr0 KOMIIOHEHTa CMECH, HMEIOIIEro MIOTHOCTb pi,
N-YUCJIO0 KOMIIOHEHTOB CMECH;

- OTHOCUTCJIbHAA IJIOTHOCTD I'a3a IO BO3AYXY

p=Pe
pm;ﬂ
M=, aMp
i=1
Tm::z 0 T g

MCCBAOKPUTHYCCKOC 1aBJICHUC ra3oBoil cMecH



Pm= E 0; P g
ede Pra _ a5comornoe KPUTHYECKOE JIABJIIEHHE i-TOT0 KOMIIOHEHTA CMECH;
- ra3oBas NOCTOsIHHAas
R

My

E=

edeR YHUBEpCaabHas ra3oBas IOCTOSIHHASA, R =8314,3 J1x/(xmoib K)

PaccunTeiBaeTcs oreHOYHAS IIpOITyCKHasA CITOCOOHOCTH ra3ormpoBozia (KOMMep‘IeCKI/Iﬁ

pac-
XOJI, MJIH. M */CyT)
_ Qe 10°
=36 K,
A€ Ku= Kpo Kyr' Kuz- OICHOYHBIH KOIPPUIUEHT TMPOMYCKHON CIOCOOHOCTH
ra3onpoBoaa,

Kpo - KOO (OUIIMEHT pacueTHON 00ECTIEYeHHOCTH TIOTPEOUTENeH, Kpo =0,95;
Ky - KOOP(GUIMEHT ydeTa SKCTPEMAIbHBIX TEMIEPATYP, Ky =0,98;

Kux - OIEHOYHBIA KOI(PGUIMEHT HAJACKHOCTH Tra3olpoBOja, 3aBUCAIIUN OT JUITMHBI H

AuaMeTpa ra3onpoBoa, y‘-II/ITLIBaIOH_[I/Iﬁ HeO6XOIII/IMOCTB KOMIICHCAllMK CHMIXXCHUA HpOHyCKHOﬁ

CIOCOOHOCTH Ira30IpOBO/A P OTKAa3ax JMHEWHBIX y4acTKOB U 00opynoBanus KC.

[Tonarasi, uro pabouee nasieHue P B razonpoBoje paBHO HOMUHAIBHOMY JaBJICHUIO Ha-

TFHETaHUs, BBIYUCIIIOT TOJMIUHY CTCHKU 80 ra3orpoBoja 1o (I)opMyne

_ n,PDy
Y=
2|Ry+n,P)
rae n,=1,1 (ko3 PpuLreHT HaAeKHOCTH 10 HArpy3Ke);
pacueTHOE COMPOTUBIICHHUE METaJlIa BBIYHUCIISIIOT 10 (hopMyJie
m
B =g —
17 e
Ky Ky

rae m, - KooppuimenT  yciaoBud  paboTel  TPyOONpOBOJA, 3aBUCAIIMNA OT €0

kareropuu: (m,=0,9 nus tpyoonposonos Il u IY kareropuii, m,=0,75 misa tpydonposozaos I u I1

kareropuii, m =0,6 1ig TpyOonpoBo 0B Kateropuu B.

K - ko3¢ uLreHT HaieKHOCTU IO MaTepUay
K, - ko3 puureHT Hae)KHOCTH 110 Ha3HAYEHUIO TPyOONpOBOAA, 3aBUCSILUI
OT €ro JUaMeTpa, a Jyis ra3omnpoBOJIOB U OT €ro pabouero JaBjieHus

BrrunicrieHHOEe 3HAYEHWE TONIIUHBI CTEHKHU Oy OKPYIIISIETCS B OOJBIIYIHO CTOPOHY MO

CTaH/JapTHON BEJIMYMHBI O U3 pacCMaTPUBAEMOI0 COpTaMeHTa TpyO, MOCIE YEro OnpelesieTcs

3HaYeHHe BHYTpEeHHero quamerpa D.



Onpez(emnoT JaBJICHUS B Hayajie U B KOHIIE JUHESHHOIO y4dacTKa ra3omnpoBoaa

P,=Py,—OP,, .
P =P_+AF,_
[To dpopmyie paccunTHIBAIOT CPEAHEE NaBJIICHUE B IMHEWHOM y4acTKe Ta30MpoBOa:
2 Pi-P? 2 |P,—P |(P+P, P +P) _2 P,(P +P, |+P: 2 "P +p_§"
? 3 pPop? 3 |P,—P,|(P,+P,] 3 P +PF, 3" P,+P,|

Jns pacuera paccrosHus Mexay KC 3agatorcss B mepBOM  IPUOTMKEHUU
OpPUEHTUPOBOYHBIM 3HAYEHUEM CPEJHEHN TeMIIepaTypbl Ha IMHEHHOM y4acTKe
TCP =0,5(TH+T0)
rae T, - HayasbHAas TemmepaTypa Ha BXOAE€ B JMHEHHBIM ydacTok. B mepBom
MPUOJIMKEHUH MOKHO TpUHATH T, =293.. .303 K (20.. .30° C); T, - TemnepaTypa OKpyKaromiei

Cpeabl Ha YPOBHEC OCH Ira3onpoBoaa.

P T
Po=p— Tw=7_
_ 0,0241P,,

Z —_—
Pyl . . 2 F 3
1-168T +0,076T_+00107T,,
[onarast B mepBOM MpHOIMKEHUN PEKUM TEUCHUS KBAAPATHUHBIM, PACCUUTHIBAIOT KOA(-
(GUIUEHTHI THIPABINYECKOTO COPOTUBICHUS Ay U A

| 2 RS]DE
’J'mp :D’DE?|T

Aﬂt
A=10522
E

rae K, =0,03 (mo pexkomenmauuu BHUUT a3) - 3HaueHne S5KBUBAJICHTHO IEPOXOBATOCTH
CTEGHKM  Ta3zompoBoja; £ - kodhduIMeHT  ruapaBiIndeckoil 3¢ QEKTUBHOCTH
razonpoBoja, £ =0,95 npu HaIM4uMu Ha ra3olpoOBOJE YCTPOWCTB I NEPUOAUYECKON OUYHUCTKU
BHYTPEHHEH MOJIOCTH TPyOOIIPOBO/Ia, & IIPH OTCYTCTBUHU yKa3aHHBIX ycTpoicTB E=0,92.
Ornpenensercs cpeiHee OpUeHTUPOBOUHOE paccTossHre Mex 1y KC
e T 24
. KDY P,—F;)
[.=——
Q Az, AT,

OHpe,I(CJ'IHCTCSI YUCJIIO KOMITPECCOPHBIX CTaHI_II/Iﬁ

KOTOPOE€ OKPYTJISIETCS J0 LENOTO 7 (KaK MPaBUIIO B OOJIBIIYIO CTOPOHY).

YTounsiercs paccrosaue mexay KC



16. Ucxoanble 1aHHbIE 1)1 TEXHOJIOTMYECKOI0 pacueTra
OCHOBHBIMH ~ HMCXOJHBIMH  JTaHHBIMH, JAIOIMIUMHA  BO3MOXKHOCTH  BBITIOJTHEHUS

TEXHOJIOTHYECKOro pacyera MI, ABIAIOTCA: MPOU3BOIAMTEIBHOCTh Ta30IpOBOJA, (U3NUECKUE
CBOIICTBa TpaHCHOPTHUPYEMOIO ras3a, TeMIepaTypa TIpyHTa Ha [JIIyOMHE 3aJl0KEHHUS OCHU
TpyOompoBoja W TeMmIeparypa BO3AyXa, MeEXaHHMYeCKHe CBOWCTBa Meramia Tpyo,
HKOHOMUYECKHE TMOKa3aTeNu 3aTpaT Ha COOPYXKEHHE U IKCIUTyaTalHi0 ra3onpoBoja, Mpoduib
Tpaccel ra3orpoBo/aa.

Ilpouzeooumenvnocms 2a3onpoeoda yKa3blBaeTCsl B 3aJaHMM Ha NPOEKTUPOBAHUE B
MJIpI. M® B TOJI TP CTaHAAPTHHIX ycnosusx (temmnepatype T = 293,15 K u nasnenuu P = 0,1013
MIIa.). TexHnomorudeckuii pacuyeT MI' BBINMOTHSAETCS C MCIOIB30BAHHEM PACUCTHOW CYyTOUYHOM

MPONU3BOAUTCIILHOCTU

Q, 10’
365K

rne K.’ — oneHounslii  K03(Q(GHUIMEHT HCIONB30BAHUSA TPOIMYCKHOW —CIOCOOHOCTH,

Q:

omnpenensieMblit o popmyiie:
K? =K, K, K?
" PO oT HT

rae Ky, — kKoapduimeHT pacyeTHOH 00ECIEYCHHOCTH Ta30CHA0KECHUS MOTPEOUTENCH,
CBS3aHHBIN C HEOOXOJIMMOCTBIO YBEIMUEHUSI IPOMYCKHONW CIIOCOOHOCTH ra30npoBOjia B MEPUOA
MOBBILIEHHOTO crpoca Ha raz; K,; — koo puimeHT skcTpeMalbHbIX TeMIIEPaTyp, YIUTHIBAIOLIUI
CHIDKEHHE MPOIMYCKHOM CHOCOOHOCTH Tra3onpoBOAa IMpPHU MOBBILIEHUH TEMIEpaTypbl BO3IyXa
BBIIIIE PAaCYETHOrO 3HaueHus; K.’ — OIEHOUHBIA KOX()PUIMEHT HAIEKHOCTH Tra30MpPOBOJA,
YUUTBHIBAIOUINI CHM)KEHUE MpOMycKHOW crmocoOHocth MI' mpu oTkazax nMHEWHON 4YacTu u
obopynoBanus KC.

B cootBerctBun ¢ OHTII cienyer npuHUMaTh Cleayroye 3HaueHUs KO UIIMEHTOB:

Kpo =0,95; Kot =0,98;

17. OcHOBHBIE 3TalNbI TEXHOJOTHYECKOI0 pacyeTa He)TeNPoOBOAa
Omnpenenenue napaMmerpoB NpoekTupoBaHus: Ha 3Tom sTame onpeaemnstoTcs OCHOBHBIE

napaMmeTpsl He()TEPOBOIa, TaKKe KaK TuaMeTp TpyOorpoBoa, UIHHA, pacxol He(TH, 1aBIeHUE
U TeMIlepaTypa MepekaynBaeMoil cpelibl, CBOMCTBa He(TH U MaTepHall TpyOOIpoBoIa.
lMunpaBnuueckuii pacder: DTOT 3Tal BKIIOYAET ONpeiesieHue HeoOXOIUMOro JaBJICHUS

JUIS TIEpeMelneHns HeTH depe3 TPyOOIpoBOJI C yUETOM €ro mapameTpoB, reorpaduydecKux



0cOoOCHHOCTEH (HanmpuMmep, BBICOTHOTO MPOQHIS MapuIpyTa), CONMPOTHBICHUS TPEHUS U IPYTUX
TUPABINYECKUX TTOTEPb.

Mexannueckuii pacyer: Ha 3ToM 3rtame mnpoBOAATCS pacdeTsl IMPOYHOCTH U
YCTOHYMBOCTH TPyOONPOBOIA. ITO BKIFOYAET OIIEHKY MEXaHUYECKUX HANpPsHKCHUH, BBI3BAHHBIX
BHYTPEHHHMM JaBJICHUEM, BHCIIHHUMHU BO3JCHCTBUSIMH (HampuMep, TPy3bl Ha MOBEPXHOCTH
3eMIJIH), @ TAK)KE YCTOMYMBOCTH TPYOOIPOBOJIa OTHOCUTEILHO IPAaBUTALIMOHHBIX HATPY30K U CHII,
BO3HUKAIOIINX B PE3yJIbTATE MEPEMEIICHUS HEDTH.

OnpenencHue HeoOXOAUMOW 000pymOBaHHMS M MaTepuayioB: Ha ocHOBe pe3ysbTaToB
OpEeABIIYIIMX pPacueToB OIpeesercss HeoOxoaumoe oOopyaoBaHME s oOOecreueHHs
6e3omacHoi U A HekTHBHON padOTH HEPTEIPOBOIA, a TAKKE MATCPHUANTBI JUISI CTPOUTEIILCTBA H
AKCIUTyaTaIuy TPyOOIIPOBOIA.

OkoHOMHUYeckuid aHanmu3: [IpoBOAMTCS OlEHKa 3aTpaT Ha CTPOMTENBCTBO W

9KCILTyaTaluro HG(I)TGHPOBOILB., a TaK’KC MMPOTHO3UPOBAHUC JOXOAOB OT €Iro UCIIOJIb30BaAHUA.

18. IloTepu Hanmopa ¥ rUAPABJIAMYECKHH YKJIOH B POCTOM He(TenpoBoe
IIpu mnepekauke HePTH TO MaArUCTpaIbHOMY HE(TENPOBOLY HAIoOp, pa3BUBAEMBII

HAcoCaMH INepeKayMBaIONINX CTaHIMM, pacXoyeTcss Ha TPEHHE JKUIKOCTH O CTEHKY TPYOblI h,
NPEOJIONIEHUEe MECTHBIX COMPOTHBICHUH h,, CTATHYECKOTO COMPOTHBICHUS H3-3a Pa3HOCTH
re0/Ie3MYCCKUX (HUBEIUPHBIX) OTMETOKAZ, a TaK)Ke CO37aHus TPeOyeMOro OCTaTOYHOTO HAropa
B KOHIIE TPyOOTIpoBOaa hocr.

[TonHbIe TOTEPH HAOpa B TPYOOIIPOBO/IE COCTABST

H = h‘[.'+ hMCJ’_AZ + hOCT

19. TpyGonpoBoabI ¢ JYNMUHIAMU U BCTABKAMM
B omnpenenénupix cnydasx He(TENpoBOA MOXKET HMEThb CTPYKTYpy, OTIMYHYIO OT

CTPYKTYPBI OOBIYHOTO TPYOOTIPOBOIA.

Bcmaska — y4acToOK TpyOOIPOBO/Ia C OTIIMYHBIM OT OCHOBHOTO JHAMETPOM.

BcraBka mpezcraBisier co0oi  MOCIEOBATENbHOE COCAMHEHHE TPYOOIPOBOAOB C
pPa3NUYHBIMM ~ JMAMETpaMH, M CIYXHUT JJs YBEJIHMYEHHUs MPOIYCKHOW CIIOCOOHOCTH
TpyOOIIpOBOJa U JUIsl CHUKEHUS IOTEPh HAIOpa.

Jlynune — NOTIONHUTENBHBIA TPyOONPOBOJ, MPOIOKEHHBIH MapaijieIbHO OCHOBHOMY H
COEIMHEHHBIN C HUM.

JlynuHr npejcTaBisieT coOOH J1Ba MapajuiebHO COSAMHEHHBIX TPYOOIPOBOAA, U CIYKHUT
JUTSL yBETTMUEHUSI TIPOITYCKHOM CITOCOOHOCTH TpyOONpOBOIa U TSI CHIKEHUS TOTEPh HaIopa.

20. OnpenesieHne nepeBajbHON TOYKU U PACYETHOM NJIMHBI He(pTENPOBOAA
Ilepesanvholi moukoul Ha3pIBAETCSl TaKas BO3BBIIIEHHOCTh HA Tpacce HedTEnmpoBOaa, OT

KOTOpOH He(Th MPUXOIUT K KOHEUHOMY IYHKTY He(dTenmpoBojga caMOTeKOM. Takux BepuIuH B



o01ieM ciryyae MOKET OBbITh HECKOJIbKO. PaccTosiHue OT Hauana HedTernpoBoja 10 Onvkanien
U3 HUX Ha3bIBACTCS pacuemuol OIUHOU Hepmenposoda. PaccMOTpuUM 3TO Ha TpUMEpe
He(dTenpoBoIa MPOTKEHHOCTHIO L, tuamerpom D 1 mpon3BoauTenbHOCTHIO Q.

npenensieTcs 3HayeHHe MOTeph Hamopa Ha TpeHHe (C y4eToM HaJg0aBKH HAa MECTHbBIC
COIIPOTHUBIICHUS ) JUIsl yyacTKa JUIMHOH |

I WZ m _QZ»m
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h, =102 ‘A -— — =102 6 - | =102 i
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21. XapakTtepuctuka Hegrenposoaa
XapakTepuCcTUKON HeTenpoBoJa Ha3bIBa€TCsl 3aBUCUMOCTb HAropa, HE00X0AUMOTo JUIs

BCACHU IIEPCKAYKH, OT pacxoaa.

22. YpaBHeHHe 0aj1aHCa HATIOPOB
h;(Q)+H_,(Q) =1,02 -i(Q) -L, + Az +h,,,

A€ hoen=pi/(0 -g) — ocTaTounbli Hamop B koHIe MH, m. Ilepexom or nmaBimeHus x
OCTAaTOYHOMY HAmopy YIOOCH IMOTOMY, YTO TMOCJCIHUH ONpeAeseTcss yYpOBHEM B3JIHBa B
pe3epByape, €ro HHUBEIHPHON OTMETKOW M TMOTEpSIMH B MOABOISAIIMX TPyOONpPOBOJAX.

OpHUEHTUPOBOYHO MOXKHO MPUHATD Ao, =30—40 M [2, 3, 25-27].

23. OnpenesieHne YUCIa NEPEKAYUBAOIIMX CTAHIUH
Ha ocHoBanuu ypaBHeHUs OajlaHca HAropoB, HEOOXOIMMOE YMCIIO IMEPEeKaYHBAIOIINX

CTAHILIMI COCTAaBUT

Ny
Myhy Her

PaccmoTrpum BapuanT okpyriienust yucia [IC B MeHblIyo cTopoHy B 3TOM cityuae npu
n<no Hafmopa CTaHIMI HEJOCTATOYHO, CJIEJOBATENbHO JUIsi OOecledeHHsl  IIJIaHOBOM
MMPOU3BOAUTCIILHOCTU QHJI H€06XO,Z[I/IMO YMCHBIIUTDH TUAPABINYCCKOC COIIPOTUBJICHUC
TpyOomnpoBoa IIPOKJIAIKOU JIOTIOJIHUTEIBHOTO JIYTIHHI A (BcTaBKU 00JbILIErO
nuametpa HeoOxoqumyo JJIMHY JIyOMHTa OIpeleisieM CIEQyoIUM o0pa3oM. 3amnuiieMm
ypaBHEHHE OallaHCa HAMOPOB JUIS PACUETHOTO Ng MU OKPYIJIEHHOTO N YMCia MepeKayrBarONINX

CTaHIUMN
Nohq +ng Hep =102 0 -Lp +AZ +Njhoo
Nho +n Her =102 Ly - | (1- ) + Az +Nohye .

Brranras u3 MEPBOro ypaBHCHHA BTOPOC, IIOJTYyUUM



(- 1) Hy =102, (- 0) |
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24. PaccTaHOBKA NMepeKavYUBAIOIIMX CTAHIMIA MO Tpacce HepTenpoBoaa
PaccranoBka nepekaunBaOMUX CTAHIIUHN BBIMOIHIETCS TpaUIecKy Ha C:KaTOM mpodrie

Tpacchl. B ocHOBe MeToza eXUT ypaBHEHHE OajaHca HAallOPOB.

MyCTUM, YTO B paboTe HaxOIATCS TPHU TMepeKayuBarolue CTaHIUHU (0O0OPYIOBaHHBIE
OJIHOTHMITHBIMH MarvcTpaJIbHBIMM HacoCaMU U CO3JAlolIMe OJUHAKOBBbIE HANopbl H.., = Hen =
Hc;. Ha ronoBuo#t HIIC ycraHoBieHBI MOAMOPHBIE HACOCHI, CO3Jaroliye noAamnop hn. B xoHme
TpyOOIpoBOa (IKCILTYyaTallMOHHOTIO y4acTKa) 00eCeurnBaeTcsi OCTaTOUHBIN Harop A.

N3 HavanbHOM TOYKM TpacChl BEPTUKAIBHO BBEPX OTIOKUM OTpe30K AC, paBHBIH
CyMMapHOMY HAaNopy, pa3BUBA€MOMY MOANOPHBIMH HAacocaMd U IEepPEeKAuYnBAIOUIUMU
cranmusvu, AC = h,+ nH,, a U3 KOHEYHOH TOYKHU OTPE30K B,B, paBHBI OCTaTOYHOMY HAIOPY
h..CoenunuB Toukn C u B nony4yaeMm JMHHUIO THUAPABIMYECKOTO YKJIOHA C Y4€TOM MECTHBIX
COIPOTHUBJICHUIA.

Mecrononoxenue Ha Tpacce npomexxyTounslx HIIC onpenensercs npoBeaeHUEM JIMHUM,
napajuIeIbHbIX JVHUH TU/IPaBIMYECKOTO YKJIOHA yepes BEPILHNHbI
otpeskoB H.., u H..,,+H... Pacnonoxxerre BTopoil HedTernepeKauynBaroONIe CTaHIIMK Ha Mpoduie
Tpacchbl COOTBETCTBYET TOUKE M, a TpeThel — TOUke N.

JloGaBnsiss kK Hamopy craHuuu nonmnop A, nepenasaeMelii ['HIIC, momyuum nuHUIO
pacripeieieHus] HaropoB I10 UTHHE He(TenpoBoIa.

Hoxaxem, uro mecronosioxxerue Bropoit HIIC onpeneneno Bepno. CymMmapHBIid Harop,
paszBuBaembiii ['HIIC, paBeH 4.+ He. DTOT Hamop paBeH cymme moTepb Hamopa 1,02 i o
[, pa3HOCTH HUBEIHUPHBIX BBICOT Az, = Zy— Z,, @ TAK)K€ OCTATOYHOI'O HANlOpa Ha BXOJIE BO BTOPYIO

HIIC. Takum o6pa3om, Ha nieperone mexxay ['HIIC u HIIC-2 ypaBHeHue 6anaHca HanmopoB MpU



HpOGKTHOfI MPONU3BOAUTCIILHOCTU BBITIOJIHACTCA. CHCI[OB&TGJIBHO, nonoxenue HIIC-2 HalICHO

BEpHO.

25. Pacuet HedTenpoBoa MPH 32AHHOM MOJIOKEHUHU MEePEeKAYNBAIOIIUX CTAHIIAN
B cooTtBercTBUM C HOpMaMHM TCXHOJIOTMYCCKOTO IPOCKTHUPOBAHUA, NCPCKAYMBAIOMIUC

CTaHOHHN MNPCANOYTHUTCIBHO pasMEllaThb BOIM3M HACEIECHHBIX IIYHKTOB, HCTOYHHUKOB JHCPIro- u
BOJIOCHA0)KEHUsI, CYILECTBYIOLIEH CeTH JKelne3HbIX M IIoccedHbIx jopor. Kpome Toro,
olnpenieieHHble TpeboBaHUs mpenbsBiatorcs U k miomankam [IC. Takum obpazom, B pse
cirygaeB Mecromnosoxenue I1C MoxxeT ObITh 3a7JaHO N3HAYAIIBHO.
B mpenenax sKCIulyaTallMOHHOrO yd4acTka monamnop Ha Bxoge c-i IIC m Hamop Ha ee
BBIXO/JI€ OIPEEIAIOTCS BBIPAKECHUAMU
C-1 C-1
AH; =hy + Y Hepi - Aze - 102 f Q%™ M),
i=1 i=1

Hpce =AH¢ +Here ’

rie Azc=zc-z; — pa3HOCTh Teoie3ndecknx oTMeTok c-if [1C u Hauana HedrenpoBosa;

hp=an — bnQ*™ — moamop na I'TIC;

Heri =myi - (ami - bwiQ*™) — Hanop, paszsuBaemblii Hacocamu i-it I1C;

My —KOJMYECTBO pabOTAIONINX MaruCTpalIbHBIX HacocoB Ha i-if [1C;

Q — mnpou3BOAMTENHHOCTH TPYyOONpPOBOMAA, oOmpeneiseMas W3 ypaBHEHUs OanaHca
HAIOPOB JIJISi MATUCTPAJU B I[EJIOM.

Hns xaxnoi i-i [1C Berumcnsitorest 3HadeHust daxktudeckoro moamnopa AH;u mHamopa
Hiici , KOTOpBIE TOMKHBI yIOBIETBOPSITH YCIOBUSAM

AH; =AH,, i
Hnei =Hpc maxi
1€ AHmini, Hric maxi — COOTBETCTBEHHO pa3pelleHHbIE

S3HAYCHHUA MUHHUMAJIBHOTO IMOAIOPAa Ha BXOAC M MAKCUMAJIbBHOI'O Halopa Ha BBIXOAC 1-i

I1C.

26. Pacuer KOpPOTKHX TPYOONIPOBOI0B
[Ipy nBWXXKEHUU pEaTbHBIX KHUJIKOCTEH B TPyOONpoBOJaxX MPOUCXOIAT MOTEPH Hamopa

(y,HCHBHOﬁ BHCPFI/II/I), KOTOpBIC B COOTBCTCTBHM C 3daKOHOM HAJIOXCHUA COHpOTI/IBHeHI/Iﬁ

ONpCACIIAOTCA MCKAY ABYMS PACUCTHBIMHU CCUCHUAMU 1-1 u 2-2 Kak cymma:

th,z :ZhM +Zh,

h o
rac Z M - CyMMa IIOTEPhb HaAImopa Ha MPeoJ0JICHUE MECTHBIX CONPOTHUBICHUU,



2h

Bce Tp}I6OHpOBO,[[BI, pa6OTaIOI_I_II/IC B HAlTOPHOM T'HJAPABIIMYCCKOM PCIKUME, 110 HpHHHTOﬁ

- cyMMa MOTepb Haropa 1o JJIMHE (Ha TpeHue).

KJTaCCU(UKAIIUH JICTIST Ha TPH BHUJIA:

1. Hacaiku - BecbMa KOpOTKHE TPYOBbl, IJIMHA KOTOPHIX HAaXOJAUTCS B Mpeaeax

3d <l =7d

IIpu rugpaBINYECKOM pacueTe HaCaJKOB YUUTBIBAKOTCS TOJIBKO MECTHBIE IIOTEPH HAIOPA,
MOTEPSIMU HAropa 1o JJIMHE BBUIY UX MaJIOCTH MpeHeOperaroT.

2. Koportkue TpyOomnpoBoJibl - TpyOONpPOBObI, B KOTOPBIX MECTHBIE NMOTEPH Hamopa U

IoTepu MO [JIHWHE COIMOCTaBMMBI II0 3HAYCHUIO, IIOOTOMY IIPpU THUAPABINYECKOM PpPaCUCTEC
KOPOTKHUX Tp}I6OHpOBOI[OB YUUTBIBAOTCS BCC ITOTCPHU HAIIOPpA KaK MECTHBIC, TAK U I1O IJIUHE.

3. lnuHHBIE TPYOOHPOBOIBI - TPYOONPOBO/ABI, B KOTOPBIX IOTEPU HAMOpa IO JAJHHE

HACTOJIBKO MPEBBILIAIOT MECTHBIE MOTEPU, YTO IOCIEIHUMH, BBUIY MAJIOCTH, MpPEHEOperaroT
WM YYUTBIBAIOT JI0JIeH B OOILIUX MOTEPSX, YBEINUYHMBAs HailleHHbIE 3HAUECHHUS MTOTeph Haropa o
muHe Ha 5-10 %.

I'maBHEHmMMM ypaBHEHUSIMH, KOTOpBIE TPUMEHSIOTCA JUIsl pacueTa HacaJkoB U
KOPOTKUX TpyOONPOBOIOB, SIBJISIFOTCS:

1) ypaBHeHue bepHyIH 1)1 11e7I0T0 TOTOKA peaabHOM KUIKOCTH;

2) ypaBHEHHE HEPa3phIBHOCTHU MM OallaHCa pacxoa;

3) ypaBHEHUS 1715 ONIPEAEICHHS TOTEPH HANOpa.

B 3aBucHMOCTH OT MCXOJHBIX JaHHBIX U METOJMKU pacdyeTra KOPOTKUX TPyOOnpoBOJIOB

pasinyaroT TPpU THUIIA 3a1a4:

1) onmpeneneune Hamopa 1 | Heo6XomuMoro s Mpomycka pPacuyeTHOTO pacXofia B
TPyOOTIPOBO/IE 3aITaHHBIX Pa3MEPOB;

2) ompenenieHue pacxoaa Q npu pacuetHom Hanope H B 3agannOoM Tpy6onposose;

3) ompenenenne auamerpa @ TpyGompoBoaa, 0GECIECYHBAIOIIErO MPOMYCK PACYETHOTO
pacxona @ npu 3ananHom Harope H .

YacTo B uymucliie 3a/a4 THIPABIUYECKOTO pacyeTa KOPOTKHX TPYOOIPOBOIOB TpeOyeTcs
BBITIOJTHUTH MMOCTPOCHHE HATTOPHOU (JIMHUU yAETHHOM SHEPTUH) U TEE30METPUIECKON JTMHHIA.

Crnenyer OTMETUTh, UTO C THAPABINYECKOW TOUKH 3pEHMSI K KOPOTKUM TpyOOIpoBogaM
(Tpybam) OTHOCATCSI BCE COOPYXKEHHUS TpyOdaTod KOHCTPYKIMH, pabOTarolyue B HAIOPHOM

THJIPaBIMYECKOM PEKHUME.



OCHOBHBIM ypaBHEHMEM THIPOAMHAMMKH, YCTAaHABIUBAIOLUINM CBSA3b MEX1Y OCHOBHBIMU
XapaKTepUCTUKAMHU TOTOKA - CKOPOCTBHIO, JIABIIEHHMEM B JIByX BBIOpaHHBIX ceueHHsAx 1-1 m 2-2,

ABJISIETCS] ypaBHeHHe bepHysum:
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27. MHW3meHeHHMe mOANMOpPa mepel CTAHUMSAMHU TPH HM3MEHEHMH BS3KOCTH
nepexkayuBaemMoii HepTH
B Tedenue rona npu ce30HHON CMEHE TEMIIEpaTyphl BI3KOCTh TPAHCIIOPTHPYEMOM HEPTH

u3mensercs (puc. 1.20). B ciydae noBsieHus TemnepaTypsl HeTu oT t; 10 t, , BA3KOCTh He(hTH
yMEHbLIaeTcsl. TO MPUBOAUT K YMEHBIICHHUIO THAPABINYECKOIO CONPOTHBIIEHUS TPyOONpoBoaa
(H><H)) u Bo3pactanuto pacxona (Q>Q).

PaccmoTpuM BimsiHHE W3MEHEHHs BA3KOCTH HedTn Ha BenmumHy mnoxanopos IIC.
[Ipenmosnioxum, 4To Ha BCEX CTAHIUSAX YCTAaHOBJIEHO OJMHAKOBOE YMCJIIO OJHOTHUITHBIX HAaCOCOB,
HOJIOpP Ha IOJOBHOM IepeKaunBarolie CTaHIuu hy, OCTaTOYHBIN HAllOp Ha KOHEYHOM IYHKTE
hocr. IlpumeMm assi MpPOCTOTHI, YTO HEPTENPOBOA COCTOMT W3 OJHOIO SKCILTyaTallMOHHOTO
yuacTtka N»=1, a yucno [1C cocraBnser n

Hanop nepekxauunBaroieid CTaHIMK B 3MMHUIN NTEPUOJ COCTABUT

_Hl'hn

HI31'.I.

B JICTHHI TIEPHOJ

rae Hi, H, — cymmapable notepu Hamopa B TpyOOIpOBO/E, COOTBETCTBEHHO B 3UMHHM U
JIETHUN NIEPUOJIBI.

Benmuuny noanopa AHe nepen c-it I1C MoxHO HalTH U3 ypaBHEHHS OajlaHCa HAIIOpOB

by +c- 1) la- b @¥ ™ =1p2 £ Q™ F + Az, +4H
&'l C [

1<l

Otkyna
0 €l
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3HaueHHe pAcXola B BHIDAKEHNH ONPENENSETCS M3 ypaBHEHMs OalaHca HaIopoB
He(TENPOBO/A B LIENIOM, 4TO IO3BOJISIET 3aITMCATH
gz m _hp - hgep +na- Az
nb+102 1 L

ITocne moaCTaHOBKHU MOIYYUM
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Kak CJIeaAyCeT K3 BbIpAKCHHUA OT BCIUYHUHBI BA3KOCTH 3aBUCUT TOJIBKO OIUH
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28. PeryiupoBanue pe:kuMoB padoThbl HeTenpoBoaa



Pexumbl pa®oTbl HedTenpoBoAa OIpeneNsaoTcs mnoaadel u HamopoM HacocoB IIC B
paccMaTpuUBaeMblii MOMEHT BPEMEHH, KOTOPbIE XapaKTEPH3YIOTCSl YCIOBHSIMA MAaTEPUATBHOTO U
SHEPTeTUYECKOro OanaHca MepeKauynBaroONMX CTaHIMK U TpyOompoBoaa. Jlroboe HapyrieHUe
OanmaHca MNPUBOAMT K U3MEHEHHIO pexXuMa padoTel M 0O0yCIaBIMBAaeT HEOOXOJUMOCTb
peryIupoBaHMUs.

K ocHoBHBIM (hakTOpaMm, BIHMSIONIMM Ha peXuMbl paboTel cuctembl «lIC —
TpyOONpPOBO/I», MOKHO OTHECTH CIIEAYIOIIHE:

IepeMeHHas 3arpy3ka He)TenpoBo/ia, BbI3BaHHAs PA3IMYHON 3aKOHOMEPHOCTBIO PaOOTHI
MOCTaBIIMKOB HeTH, HedTenpoBoa u norpedureneit (HII3);

U3MEHEHHE PEOJIOTHUECKUX MapaMeTpoB HE(PTH BCJIEICTBHE CE30HHOTO HW3MEHEHHS
TEMIIepaTyphl, a TAKXKE BIMSHUS COICPIKaHUS BOIbI, MapaduHa, pacTBOPEHHOTO Ta3a U T. 11.;

TEXHOJIOTHYECKUEe (HAaKTOphl — H3MEHEHHE I[apaMeTpOB HACOCOB, UX BKIIOYEHHE H
OTKJIIOYECHHUE, HATMYHE 3a11acoB HE(TH WM CBOOOIHBIX €MKOCTEH U T. II.;

aBapuifHble WM PEMOHTHBIC CHTYyallid, BBI3BAHHBIC MOBPEXKICHUSIMH Ha JIMHEHHOMN
yacTH, oTkazamu obopynoBanus I1C, cpabaTbiBaHUsSMU IPEIEIbHOMN 3aIUTHI.

Hekoropple u3 3THX (akTOpOB JAEHCTBYIOT CHCTEMAaTHYECKH, HEKOTOpble —
nepuouueckd. Bee 3TO co3maer ycnoBHsA, NMPH KOTOPBIX PEeXUMBbI padoTel cuctembl «lIC —
TpyOOIPOBO» HETMPEPHIBHO H3MEHSIOTCS BO BPEMEHHU.

W3 ypaBHeHHMs OayiaHCa HAINOpPOB CJEMyET, YTO BCE METOIBI PETYJIHUPOBAHUS MOKHO
YCIIOBHO pa3JeNIuTh Ha JIBE IPYIIIbL:

METO/IbI, CBA3aHHBIE C U3MEHEHHEM MTapaMEeTPOB MEePEKauYNBAIOIINX CTAaHIIUN

U3MEHEHHE KOJMYECTBa pabOTAIONINX HACOCOB MIIM CXEMBI UX COCIHMHEHUS;

peryJImpoBaHKe C MOMOIIBI0 TPUMEHEHUsI CMEHHBIX POTOPOB WIJIM OOTOYEHHBIX PaboUumx
KOJIEC;

peryaupoBaHue U3MEHEHNEM YacTOTHI BPallleHUs Bajla Hacoca;

METO/IbI, CBS3aHHBIE C U3MEHEHUEM MapaMeTPOB TPYOOIpoOBOIa

JPOCCENINPOBAHUE;

MEPEeIyCK YacTH KHUJIKOCTH BO BCACHIBAIONIYIO TUHUIO (OalimacupoBaHue).

29. Pexxum padoThl HedTenpoBOI0B
Pexumbl pa®oTbl HedTenpoBoAa OIpeneNsaoTcs moaade u HamopoM HacocoB IIC B

paccMaTpuBaeMblii MOMEHT BPEMEHHU, KOTOPBIE XaPAKTEPU3YIOTCS YCIOBUSIMHU MaTEPUAIIBHOTO U
SHEPTeTUYECKOro OanaHca MepeKauuBaroONuX CTaHIMA U TpyOompoBoaa. Jlroboe HapyrieHUe
OajaHca TPHBOAMT K W3MEHCHHIO peXuMa paboThl M 00yCIaBIMBACT HEOOXOIUMOCTb

peryaupoBaHus



K ocHOBHBIM (akTopam, BIUSIONIUM Ha pexXuMbl pabotel cucrtemel «IIC -
TPyOOIPOBOI», MOXKHO OTHECTH CIICAYIOIIHE:

NepeMeHHast 3arpy3ka He(TerpoBo/Ia, BRI3BaHHAS PA3IUIHON 3aKOHOMEPHOCTBIO PaOOTHI
mocTaBITMKOB HepTH, HeTenpoBoaa u motpedutenei (HII3);

U3MEHEHHE PEOJIOTHUECKUX MapaMeTpoB HE(PTH BCJIEJICTBHE CE30HHOTO H3MEHEHHS
TEMIIepaTyphl, a TAKXKE BIUSHUS COACPIKaHUS BObI, MapaduHa, pacTBOPEHHOTO Ta3a U T. 11.;

TEXHOJIOTHYECKHE (HaKTOPBI — H3MEHEHHE I1apaMeTpOB HACOCOB, WX BKIIOYCHHE H
OTKJIIOUEHHE, HAJTMUHE 3a11acoB HEPTH UITU CBOOOIHBIX EMKOCTEH U T. II.;

aBapyifHbIE WJIM PEMOHTHBIC CUTYyallMM, BBI3BAHHBIC TMOBPEXKICHUSIMH Ha JTUHEHHON
qacTH, oTkazamu obopynosanus [1C, cpabaThiBaHUSME MTPEIEIBHOM 3aIUTHI.

Hekxotopeie w3 3THX (akTOpOB ACWCTBYIOT CHCTEMATHYECKH, HEKOTOphIE —
nepuoanuecku. Bce 3TO cozmaeT ycnmoBus, IpU KOTOPBIX PEKUMBI paboThl cuctembl «IIC —
TpyOOIPOBO/» HENPEPHIBHO U3MEHSAIOTCS BO BPEMEHHU.

W3 ypaBHeHust OamaHca HAmopoB CIEAYET, YTO BCE METOJBI PETYIUPOBAHHS MOXKHO
YCIIOBHO pa3eNIUTh Ha JIBE TPYIIITHL:

METO/IbI, CBS3aHHBIE C U3MEHEHHEM MapaMeTPOB MePEKaYNBAIOIINX CTAHIIUHA

U3MEHEHHE KOJMYECTBa paboTAIONIMX HACOCOB MIIM CXEMBI UX COCIMHEHUS;

peryIupoBaHue C MOMOIIBI0 IPUMEHEHUSI CMEHHBIX POTOPOB MJIM OOTOUEHHBIX PabOUNX
KOJIEC;

peryJupoBaHie N3MEHEHHEM YacTOThl BpallleHUs Bajia HAcoCa;

METO/IbI, CBA3aHHBIE C U3MEHEHUEM MTapaMeTPOB TPyOOIpoBoOIa

JPOCCETNPOBAHNE;

MEePEMNyCK YacTH KUIKOCTH BO BCACHIBAIOIIYIO JTUHUIO (OaliacupoBaHue).

30. BpiOOp panMOHAJBHBLIX PEXKHMOB  JIKCIUVIYaTAIIMM  MATUCTPAJIBHOIO
HedTenposoaa
DHepro3arparbl XapakTepU3YIOTCS BEIUYMHON AaKTHUBHOW MOTpeONsieMOil MOIIHOCTH

AIIEKTPOJIBUTATEINS HACOCA, OTIPEACIIAEMON U3 COOTHOIICHUS:
_Qpgh
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TJie p- pacueTHas IIIOTHOCTh HE(PTH;

g - YCKOpeHue CBOOOHOTO MaICHHUS;

h - Hanop, pazBuBaeMblit HacocoM npu nojaue Q;

Me M3 Nuec - cOOTBETCTBEHHO 3HAueHwWs K. IL . Hacoca, OJJIEKTPOABUTATEN U

MEXaHUYEeCKOH nepcaadu, Maaee = [:I‘ 93

3HadeHue K.II.A. HaCOoCa OIIKMChIBACTCA ITOJIMHOMOM
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rae ki, kz, ks - Koo PUIMEHTH anmpoOKCUMAINH, ONPECSIsIEMbIe METOJIOM HaUMEHBIITUX

KBaJIpaToB

Koo pHUIHeHT Moe3Horo AeiCTBHS YIeKTPOABUIATENs '3 ONpeensIeTcs BEpaKeHHEM
Na=ro+r K+, K,
Iz ro, I, T,— MIOUpPUYECKUE KOI(P(UIUEHTHI, OnpeensieMble METOAOM HaMMEHBIINX
KBaJIpaToB 110 NMaCIOPTHBIM XapaKTEPUCTUKAM JIEKTPOJBUTATEIEN HACOCOB.
K, - xoaddunmenT 3arpy3ku SJIEKTPOABHUraTelsl, PaBHBI OTHOIIEHHIO MOIIHOCTH Ha
BaIly 3JIeKTpoABUrareis N , K €ro0 HOMUHAJIbHOW MOITHOCTH N .
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Jns xkaxmoro w3 BapuaHTOB BKItoueHHs HacocoB Ha HIIC ompenensercs cymma
noTpedIseMoil MOIITHOCTH JJIsi BCEX HACOCOB, BKJIIOYEHHBIX B paboTy. B kauecTBe kputepus
OLIEHKU A(PPEKTUBHOCTH PEKUMOB MEPEKAYKH MOTYT OBITH MPUHATHI YJEeNbHbIE YHEPro3aTpaThl

Ha | ToHHY HedTH, onpenensiemMble o Gopmyiie:
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[Ipu 3amanHOM 1UIaHe mniepekadyku V 3a miuaHoBoe Bpemss T pacxon HepTH B
TpyOonpoBoJe noinkeH cocTaBiaTe Q=V/T. BelnmonHeHHe 3aJaHHOrO IJIaHa BO3MOXHO NpHU
LMKJINYECKON NIEPEKAUKe Ha ABYX peXHUMax, YIOBIECTBOPSIOIINX YCIOBHIO:

Q<Q<Q
Bpemsi paboTel HedTempoBoga Ha JBYX JUCKPETHBIX peXUMax ONpelesercs H3

pEeIlIeHUs] CUCTEMbI YpaBHEHUI:
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JleBoii TpaHuUIEll KYyCOYHO-BBIMYKJIOW JIMHUU OyAeT PEeXUM, UMEIOIIUNA HANMEHbIIYIO
BEJIMYMHY YAEIBHBIX 3HEPro3arpaTr Ha IMEpPEeKauyKy. 3HAYEHHUS OCTAJIbHBIX Y3JIOBBIX PEXHMOB

OyIyT ONpeAensiThCS U3 yCIOBUS
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31. Pe:xuM padoThl HeTenpoBoAa NPH OTKJIYECHNH NMePeKAYNBAIOIINX CTAHIMIA
BpemeHHOe OTKIIIOUYEeHHE KaKOH-TMOO0 MepeKauyuBarollell CTaHIIMM MOXKET ObITh BBI3BAHO

HCpeGOHMI/I B CUCTCME 3HepFOCH36>KeHI/I$I, aBapHeﬁ, PEMOHTHBIMHA pa60TaMI/I HT. II. HpI/I BBIXOJC
W3 CTPOS NEPEKAYMBAOIICH CTAHIMH PEXKHMM HeTEnpoBOAa PE3KO M3MEHHTCS. PaccMoTpum
He(TENPOBO, COCTOSMIUNA M3 OJHOTO JKCIUTYaTAMOHHOIO YYacTKa ¢ N IepeKauyMBaIOIIHMMH
cranmusamu. Bee TIC 06opymoBaHEl OJHOTHITHBIMM HACOCAMH. 3alMIIEM ypaBHEHHE OanaHca
HAIOpPOB
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rae am, bm, am, buv— KO3DOUIMEHTH HAMOPHOW XapaKTEPUCTHKU TMOANOPHOTO H
MarucTpaIbHOTO HACOCA;

My — YUCIIO pabOTAOLINX MaruCTpaJibHBIX HACOCOB HA i-1 MepeKaunBaroIiel CTaHIuH;

My — 9UCII0 paboTaromux noaAnopHsx Hacocos Ha I'TIC.

N3 ypaBHeHusi OamaHca HamopoB MPOM3BOIUTEIHLHOCTh HE(PTEIPOBOAA CO BCEMH

pa60TaIOH_II/IMI/I CTaHIHUAMHM COCTABJIACT
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Ecnu Ob1 HEGTEenmpoBo 1 OBIT paccunTaH Ha PabOTy MpH JTHOOBIX HAMOpax (AaBICHHSX ), TO

IPH OTKJTFOYEHHUH JTIF000M OHOM CTaHIIMK pacxo] B TpyOOIpoBoe COCTaBus Obl
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32. HeprenpoBoabl ¢o cOpocaMy U MOAKAYKAMH
HedrempoBox co copocom



I[Ipu cOpoce kommuecTBO H, mocTymaromieid B TMpaBblii Y4acTOK, YMEHBIIIAETCA.
[TepexaunBaromue CTAHIIMU, PACTIONOKEHHBIC HAa MMPABOM ydYacTKe, HAYHYT «BBICACHIBATH» H u3
JIEBOW YacCTH TP-7a, YTO MPHUBEJET K BO3PACTAHUIO pacxo/ia Ha JIeBOM ydacTke. [loamopsr Ha Bcex
MPOMEKYTOYHBIX CTaHIMSAX YMEHbIIATCA. HanMeHblllee 3HaueHHs TOIIOpa OyAeT Ha mepeka-
YUBAIOIICH CTAaHINH, I/ie pa3MmerieH myHKT copoca(Il1C).

Hedrenposos ¢ moakaukoi

B ciaydyae mojkadyku THIPABIMYCCKOE COMPOTHBIICHWE B JICBOW YacTH TPYyOONpoBOja
BO3PACTACT, YTO MPUBOJNUT K YMEHBIIICHUIO PAaCcX0/ia.

Takum oOpa3oM, B cCilydae KpUTHYECKOW TMOJKAYKH (xp HAamop Ha Bbixoae c-it [IC
JIOCTUTACT MAaKCHUMAJILHO JIOIMYCTUMOTO 3HaUeHUS Hricmax.

33. He¢gprenmposog co copocom
Hedrenporoa co copocom

[Ipn cOpoce xommuuectBo H, mnocrynaromeid B TmpaBblid y4acTOK, YMEHBIIAETCA.
HepeKatH/IBa}omHe CTaHIOUH, PACIIOJIOKCHHBIC HA IMPAaBOM YUACTKE, HAYHYT «BbICACBIBATH)» H u3
JIeBOM YacTH TP-Za, 4TO MPUBEJET K BO3PACTAHHUIO pacxojia Ha IeBoM ydacTke. [loamnopsl Ha Bcex
IPOMEXYTOUHBIX CTAHIMAX yMeHblIaTca. HanMeHbllee 3HaueHHs moamnopa OyZeT Ha mepeka-
YUBAIOIICH CTAHIUH, Iie pa3MenieH myHKT copoca(I1C).

34. He¢prenpoBoj ¢ nogKa4Koit
HedrenpoBox ¢ monkaukoit

B ciyyae monakauku THAPABIWYECKOE COMPOTUBIECHHUE B JIEBOM YacTH TpyOOINpoBoOaa
BO3pAaCTaeT, YTO MPUBOJINT K YMEHBIIICHHIO PAcX0/a.

Takum oOpa3oM, B cilydae KpUTHYECKOW MOJKAYKH (xp Hamop Ha Bbixoae c-it [IC
JIOCTUTaeT MAaKCUMAIbHO TOMYCTUMOTO 3HAYeHUS Hiicmax.

35. YBeiuueHnue nNponycKHOM CocoOOHOCTH He(pTenpoBoaa
YBenuueHne mnoTpeOHOCTH B HE(PTENPOIyKTaX B paccMaTpUBAEMOM SKOHOMHUYECKOM

paiioHe, 00yCIIOBIEHHOE OCOOCHHOCTSIMH €T0 Pa3BUTHSA, BIEUET 32 COOON yBEIHUCHHE:

a) MourHocTH HedTenepepadbaThIBAONIETO 3aBoAa (3aBOJIOB), OOCIYKHBAIOIIETO ATOT
paroH.

0) CpeaCTB JOCTaBKU MPOIYKTOB MepepaboTKH HEPTH MOTPEOUTEIISIM.

Bospacranne MOIIHOCTH 3aBOja, B CBOK OYepelb, MPUBOAUT K HEOOXOIUMOCTH
YBEIIMYCHUSI TIPOIYCKHON CIIOCOOHOCTH TPAaHCIOPTHBIX CPENICTB, JOCTABIAIONIMX HEPTH OT
MIPOMBICIIOB Ha HedTenepepadbaThIBAIOLINI 3aBOI.

Tak BO3HMKaeT 3ajaya 00 YBEJIMYEHUU TMPOMYCKHON CIIOCOOHOCTU JACHCTBYIOLIETO
HeTenpoBoaa.

Yacro emre B 3alaHIM HA IPOSKTUPOBAHUE CTABUTCS YCIOBUE, YTO MPOU3BOJUTEIHHOCTD

HeTempoBoAa JODKHA HAPANIMBATBCS W HAWMOOJBIIETO 3HAYECHHS] JIOCTUYL JIMIIh K



OlpesielIeHHOMY CpoKy. Jluamerp Takoro HedTenpoBojga BbIOMpPAETCS COOTBETCTBYIOIIUM
HanOoJbIIeH MPOM3BOAUTENBHOCTH. HedTenepekaunBaroye CTaHIIMH CTPOSATCS U BBOJATCS B
HKCIUTyaTaluI0 HE OJHOBPEMEHHO, a 110 OYEPEIIM.

36. YaBoeHnue yncia HeTenepeKauMBAKIINX CTAHIUI
[IpousBoauTensHOCTE HETENPOBOAA, KOTOpast Obuta 10 yaoeHus uucia HIIC, moxer

obITh ompeneneHa no ¢opmyne (1). Ilocme Toro kak kommuectBo HIIC Oyner yasoeHo, B
COOTBETCTBUH C YpaBHEHHEM OajlaHCa HallOPOB

hy+ 2n(A — BQZ™) = 1,02f * Q2™ + L, + Az + hocy

B HE(TEIIPOBOJIE YCTAHOBUTCS MTPOU3BOIUTEILHOCTh
1
hn +2m—.ﬂz—hm]ﬁ
1,02fsLy+2n5B

o-|

[Tomyuum:

i 1 A 72—
| { hn+2nd-Az—hger ( 1,02 f+Lp+nB )Z—a_ T e —
IHHC l,DEstp+2nE h-r[‘l"]‘lﬂ—ﬂz—hncr

- + ng
1.02f+Lp+nB

z—m
2

Xanc =\ 7w
1+:L+W

W3 ypaBHeHus OanaHca HAOPOB ISl TPYOOIIPOBO/Ia, UMEIOIIETO JIYMUHT IiuHOM 1J1
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37. Ilpoxknagka JynuHra



Jlynune — JTOTIOMHUTENBHBIN TPyOOIPOBOA, MPOJIOKEHHBIN MapauiebHO OCHOBHOMY H
COCJIMHEHHBIN C HUM.

JlynuHTr mipencTaBisier coO0# /1Ba MapajuieIbHO COSAMHEHHBIX TPYOOIIPOBOIA, M CITYKUT
JUTSL YBETHMUEHUS TIPOMYCKHON CIIOCOOHOCTH TPYOONpPOBO/Ia U JIJIsl CHHXKEHUS TIOTeph HaIopa.

38. Cocras coopy:xeHHil U KJaccHPUKALUS MATHCTPATbHBIX I'A30IIPOBO0B
CocTtaB COOpYKEHUI MarucTpaJbHOr0 ra3onpoBoaa

1 - IpOMBICTBI ; 2 - Ta30COOPHBINA MYHKT ; 3 - MPOMBICIOBBIN KOJUICKTOD ; 4 - YCTaHOBKa
MOATOTOBKM Ta3a ; 5 - rosoBHas kommpeccopHas crtaHuua (KC) ; 6 - maructpaibHBbIH
TpybomnpoBof ; 7 - npomexxyrouHast KC ; 8 - nuHeliHbIe 3a110pHbIE YCTPOICTBA ;

9 - MOJIBOJIHBIN MEPEXO]] C pe3€PBHOM HUTKOM ; 10 - mepexo1 Mo )KeJIe3H0r TOPOrow ;

11 - oTBOA OT MaruCTpaJbHOIO ra3onpoBoa ; 12 - razopacrnpenenuTeNbHas CTaHLMS
(I'PC) ; 13 - koneunast ['PC ; 14 - cranmus noazemuoro xpanenus raza (CIIXT) ;

15 - razoperynstopusiii myHKT (I'PII) ; 16 - TennoBast anexkTpoctanuus ; 17 - razonepepa-
OarpiBaronuii 3aBon (I'T13)

NOJpa3AeIIAIoTCs Ha JABa Kjacca:

1-# xiacc — npu pabouem nasienuu csbiie 2,5 MIla 1o 10 MIla BkimtouuTeNbHO;

2-it xmacc — npu padboueM gasnernu ceimie 1,2 MIla no 2,5 MIla BKITIOYHUTENBHO.

["a3ompoBOaBI, AKCIUTyaTUpyeMble TIpU AaBieHusx Huxke 1,2 Mlla, k mMaructpaibHbIM
ra3onpoBojaM He OTHOCATCA. IIpOTSHKEHHOCTh MarucCTpaiabHBIX Ta30IPOBONOB COCTABISAET
OOBIYHO OT HECKOJIBKUX JECATKOB /10 HECKOJIBKHMX THICSU KWJIOMETPOB, a auamerp — ot 150 o
1420 MM BrItOUMTENBbHO. bosblas yacTe razonpoBojoB umeer auameTrp oT 720 nol1420 mm
BKJIFOUUTENBHO.

39. OcHoBHbIE (pu3HUECKHE CBOWCTBA ra3oB
®u3nueckue CBOMCTBA HAMNPAMYIO 3aBUCAT OT COCTaBa W YCIOBUM OJKCIUTyaTalluH,

M03TOMY IIPUBEICHHbIE HUXKE MTapaMeTPbl YKa3aHbl JJisl OOLINX CIIy4aeB:

TeMnepaTrypa camoBosropanus - 650°C;

yZenbHas TeryioTa cropanus okomio 28-46 MJx/m3;

IUIOTHOCTh B CYXOM Ta3000pa3HoM coctossHuu B mpenenax 0,68 - 0,85 xr/m3, B
cxmxeHHoM - 400 kr/m3.

YucThlil Ta3 TOPUT IJIaMeHeM roiy0oro 1Bera, HO IPUMECH MOTYT M3MEHSTh OKpAacKy,
YTO MO3BOJISIET OLIEHUTh Ka4eCTBO CropaHMs. B 4acTHOCTH, JKENTHI OTTEHOK MPOSBISIETCS MPU
HEJOCTaTKe KHCJIOPOJa M CHUTHAIM3MPYET O HEMOJIHOM CrOpPaHMM Tra3a M, KakK CIEICTBHE,
MOBBIIEHHOM 00pa30BaHUM KOIIOTH U yTapHOIo rasa.

[TpuponHsIii ra3 u BO3ayx

[IpupoaHbIil Ta3 B UNCTOM BHUJAE XapaKTEpU3YyeTCs OTCYTCTBHEM 3alaxa M IBETa, 4TO

TpeOyeT 100aBJIEHUsI OJOPAHTOB - CHEIUAIBHBIX BEIIECTB, KOTOPBIE MPUAAIOT Ta3y HEIPUSITHBIN



U pEe3KUHl 3amax, a TakKe [MOMOTAI0T ONPEEIUTh YTEUKH B Cily4yae aBapuiiHOM cutTyaruu. [lpu
STOM MPUPOJHBIN Ta3 IPHU yTEUKE MOJHUMAETCS BBEPX, TaK KaK OH Jierde Bo3ayxa B 1,8 pasa.

[Tpu monaganuy MpUPOJHOTO Ta3a B BO3AYX 00pasyercs B3pbiBoonacHasi cMmech. HuxHuit
npeses B3pbIBAEMOCTH HaXOAUTCA B ipejaenax oT 3 1o 6%, a Bepxuuii — ot 12 10 16%.

40. Pacxox raza B razonpoBoje
Bce snemeHTBHI cucTeM Ta30CHA0KEHHWS PACCUUTHIBAIOTCS HA MaKCHMAJIbHBIE YaCOBBIC

pacxojbl rasza, Tak Has3bIBaeMble pacyeTHble pacxoiabl. [Ipy Hamuuuu paszHbIX HOTpeOuTenei
CHUCTEMA pacHpelielieHUs Tra3a pacCUMTBIBAETCS Ha COBMEIICHHBIM pacueTHBId pacxon,
OTIpeieNsIeMblid IO CYyTOYHOMY TpaduKy MOTpeOIeHNS Ta3a BCEMH MOTPEOUTEISIMH.

PacyetHble pacxozpl ra3a MoTpeOUTENIMU ONPEIEIIAIOT HECKOIbKUMHU CIIOCOOAMMU:

Ha OCHOBAHHH JJAHHBIX MPOEKTOB ra30CHA0KEHUS;

0 HOMHMHAJBHBIM pacxojaM ra3a Ta30BbIMH MpHOOpaMH MIM IO TEIUIONpPOH3-
BOJMTEIBHOCTU YCTAaHOBOK;

110 HOpMaM T'0JIOBOTO pacxo/ia ra3a MoTpeOUTeNsIMU;

10 YKPYITHEHHBIM NTOKa3aTeJIsAM.

YacoBoil pacxoi ra3a pa3IMyHbIMUA MPOMBIIUICHHBIMH YCTAHOBKAMU TaK)K€ MOKET OBITh
orpeneneH 1o (aKTUYECKUM JaHHBIM TOIUIMBOTIOTPEOJICHUS, HO Yalle €ro ONPEAeNSIOT 0
YAETBHBIM pacxofaM YCJIOBHOI'O TOIUIMBA, T.. IO PAacXOJy YCJIOBHOIO TOIJIMBA HA €AMHUILY
MPOYKIIHH.

41. U3meHeHHe JaBJIEHUS 110 JJIMHE Ia301POBOAA
[Io Mepe ypaneHuwss OT Hadaja Ta30MPOBOAA, WHTECHCHUBHOCTH TMAJICHUS JaBJICHUS

BO3pacTaeT. IT0 OOBSICHIETCSA TEM, UTO C MOHIKEHUEM JaBJICHUS YMEHbBIIIAETCs TUIOTHOCTH Tasa.
B cooTBeTcTBMM C ypaBHEHUEM HEpPA3PbHIBHOCTH, MPU YMEHBIIEHUH IJIOTHOCTH Tasa
YBEIMYMBAETCS CKOPOCTh €ro JBI)KEHHS, TO €CTh BO3pacTaloT IOTEPU Ha TPEHUE W,
CJIe/I0BaTeNIbHO, BO3pAcTaeT THIpaBIMYECKUN YKJIOH. TakuMm oOpa3om, MOTEpU [AaBJICHUS Ha
TpPEeHHE MPOIOPIIUOHAIIBHBI KBAJPaTy CKOPOCTH Ta3a.

C yBeIMYEHHEM PACCTOSIHUS MEXIYy KOMIIPECCOPHBIMU CTaHIUSIMU BO3pacTaloT
yJeNbHbIC TIOTEPH JABJICHUS, a 3HAYUT, U TTOTEPU SHEPTUU Ha mepekauky rasza. CiegoBaTesibHO,
JUIST YMEHBIIICHHS YJIEIbHBIX DHEPro3arpaT Ha MEPeKadyKy ra3a — OJHOW W3 OCHOBHBIX CTaTei
AKCIUTYaTal[MOHHBIX pPacXOJ0B Ha Ta30IMpoBOfaX, IeIecooOpa3sHo paboTaTh C BBICOKHUMH
naenenusamu Ha Bxojge KC. HecMoTpss Ha TO, 4TO mNpuU 3TOM BO3pacTaeT KOJUYECTBO
KOMITPECCOPHBIX CTAHIINI, SKOHOMHUSI SHEPro3aTpaT BeChMa CYIIIECTBEHHA.

42. Cpeanee 1aBjieHHE B Ia3o0npoBoje
CpennHee AaBieHHE raza B Ta30IpoBOJe HEOOXOIUMO JUIsl OTIpesIeNIeHUs ero (prusnyeckux

XapaKTCPUCTUK, a TaKKC IJId HaXO0XICHHA KOJIWYCCTBA Tras3a, 3aKIIIOYCHHOI'0 B o0BeMe

TpyOoOIpoBoa.



HOCKOJILKy HN3MCHCHHUC JaBJICHUA 110 IOJIMHC Ta30llpoBOJa IIPOUCXOAUT II0 3aKOHY
Hapa60JH)I, TO CpCIAHCC OaBJICHUC H€06XOHI/IMO OIPCACIIAThL KaK €ro CpCAHCHHTCIPAJIbHOC

3HA4YCHHC
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43. U3meHeHue TeMIepaTyphbl ra3a Io JUIMHe ra3onpoBoja
Ecnu rasompoBoj He mMmeeT cOpOCOB M IOJKadeK, TO MAacCOBBIM pacxo]l raza B HEM

Hen3MeHeH. Ha 3ToM OCHOBaHMHM MOKHO 3aIHucaTh
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rae X,Px— COOTBETCTBEHHO pAacCTOSIHME OT HAYAIBHOTO IYHKTa Ta30MpoBOJa JI0
IIPOM3BOJILHOTO CEUEHUSI U IaBJICHUE B 3TOM CEUECHUHU.
OcBo6oxkasack OT 3HaMeHatesnei u pemas (2.33) otHocutenbHO PX, momyuum dopmyy

pacnpeaciiCHud JaBJICHHUA IO AJIMHE ra3onpoBoa
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[lo mepe ynaneHus OT Haydajga Ta30NpoOBOJA, WHTEHCHUBHOCTb NAJCHUS JIaBICHUS
BO3pacTaeT. IT0 OOBSICHIETCSA TEM, UTO C MOHI)KEHUEM JaBJICHUs YMEHbBIIIAeTCs IUIOTHOCTD Tasa.
B cooTBeTcTBHUM C YypaBHEHHEM HEpa3pbIBHOCTH, NpPU YMEHBIIEHHMHM IUIOTHOCTH Trasa
YBEIMUUBAETCS CKOPOCTb €r0 JBMJKEHHUS, TO €CTh BO3pacTalOT IOTEpU HA TpPEHUE W,
CJIEJIOBATENIbHO, BO3pAcTaeT T'MIpaBIMYECKUN YKJIOH. TakuMm o0Opa3om, MOTEpU JaBJICHUS Ha
TpPEeHHE MPOIOPLIMOHANIBHBI KBAJPaTy CKOPOCTH Ta3a.

C yBenMYEHHEM pACCTOSHUS MEXKAY KOMIIPECCOPHBIMU CTaHIUSIMU BO3PacTarOT
yAelbHbIE IOTEPU JABJICHUS, a 3HAYUT, U TOTEPU SHEPTrUU Ha mepekadky raza. CiegoBaTesbHO,
JUIsl YMEHBILIEHUS yJIEIbHBIX SHEPro3aTpar Ha MEpeKadyKy raza — OJHOM M3 OCHOBHBIX CTaTei
AKCIUTYaTallMOHHBIX pPAacXOJ0B Ha Ta30IlpoBOfaX, IeaecooOpa3Ho paboTaTh C BBICOKHUMH
nasienussmu Ha Bxojge KC. Hecmorps Ha TO, 4TO mpu 3TOM BO3pacTaeT KOJIMYECTBO
KOMIIPECCOPHBIX CTaHIIMM, SJKOHOMHUS SHEPro3aTpaT BECbMa CYIIECTBEHHA.

44. Heo0xoauMocTh oxuaxaenud raza ua KC
B mpornecce cxatus raza Ha KC moBbIaeTcst €ro Temiiepatypa, Mo3TOMy Ta3 HYKHO

oXJIaxxaaTb, YTOOBI HE JOMMYCTHUTDh NOPpYHU 060py,Z[OBaHI/I}I. I[J'I&I 9TOI'0 HUCTIOJIB3YIOTCA alllapaThbl



Bo3aymHOrO oxnaxaeHus (ABO). Kpome Toro, ra3 oxiakaaroT, YTOOBI YBEIHUUTE IPOMYCKHYIO

CIIOCOOHOCTH ra3omnpoBoaa.

[TpuponHblil ra3 3aHMMaeT HAaUMEHBIIMH O0O0BEM, €CIM OH HAXOIUTCS B CHKIKEHHOM
coctosiHuu. M ero To’ke MOKHO TPaHCIIOPTUPOBATH, HO YK€ B CIIELIUAJIBHBIX EMKOCTSIX.

45. Bausinue pesibeda Tpacchl Ha NPONMYCKHYIO CNIOCOOHOCTH ra3onpoBoia
Jlis ra30mpoBOIOB, HAYLIMX HOJ YKJIOH, MacCOBBIA pacxo] rasza Oyner Oojiblle, 4eM B

TOPU30OHTAJILHOM I'a30IIPOBOJIC

46. Hak/j10HHBIH ra30npoBoJ
Pacuernas cxema HaKJIOHHOTO Ta30MPOBOIA

I[BI/I)KGHI/IG ra3a B HAaKJIOHHOM Ia30IIpOBOJAC OIMNChIBACTCA CHCTEMOM ypaBHeHHfI:

P L g.dy+g-dh. =0
yaenbHou sHepruun P ;

HEPA3PBIBHOCTHA G=F-p W,

E:Z .R .T

cocrosiaus P
Jlns1 HaKITOHHOTO Ta30MpPOBOJIA

dy: de = ﬂdx

L L
VMHOXUB JIEBYIO M TNPAaBYI0 YacTH yPaBHEHWs YIEILHONW JHEPIUM Ha 2P’ BBHIPA3UB

A ow?

dh, =— —-
- D 2g

, TIOJTy UM
2
20-dP+ 2p° g -&dx o2 & -dx =0
L D F? )
P

p=
BBIpaE}I/IM INIOTHOCThL T'a3a U3 YPAaBHCHUA COCTOSHHA zR-T . Torma BBIPAXKCHUC

(2.61) npumer Bux

) 2 A 2
D F?

zRT (zR-T)? L

-dx =0

YMHO)UM Bee ciaraemble (2.62) Ha z - R - Tu, rpynnupys ux, nojiy4um

pdpe [ 29 A, MZRT ol 4o
1z RT L D -F? 0
29 | _wzRT
OGosnauns = ZR Ty ’ D F? , 3alMIlIeM YpaBHECHHE YJIEIbHOW SHEPruu B

BUIC

a, ‘A
v Y pey b, G2 dx =0

¥

2P -dP +




Pazgenss NEPCMCHHBIC, TPOUHTCTPHUPYCM BBIPAKCHUC

Lfdx— PKJ 2P -dP o 2P -dP
- : - A
0 Py ay Ay P2+ b G2 Py ay Ay P2+ b -G
y L y
[Ipown3BoHas 3HaAMeEHATEIs IPABOM YaCTH BBIPAXKEHUS PAaBHA
a, ‘A a, ‘A
A% Y pe g, b, -Gl =2P - d
dPl L L
a, -Ay

TO €CTh JOCTATOYHO YMHOXHUTH YMCIMTENb Ha L u Oymem umers auddepeHuman
dt

— =Int
3HameHaTenst. CienoBaTeNbHO, MpaBas 4acTh MPEJICTABIAECT COOOM MHTErpaja BHIa

Huter PUPYSA B YKA3aHHBIX IIpEAciiax, MoJIydYuM

b, -L
a, Ay 2 y 2
y 2 2 P+ G
L P+ by G L "oa iy
" ey e, o b, L
a, - a, - a - .
e y-P,3+ b, -G v Y P2+ —L — .G?
a, Ay
HOTGHI_II/IpySI u OCBO60)K,Z[3.5{CB OT 3HaMCHATCJIA, IOJIyUYUM
HP,? L Bt -GZH eV = p2y by L G*
H a, Ay H ay -Ay
OTKyZa
a, Ay
P2 . p2 ¥ — 32 _by L(e”" -1
H K -
a, Ay

MaccoBbIit pacxo ra3a B HAaKJIIOHHOM I'a30IIpOBOJIC COCTABUT

.- EET y | P2-P2e¥Y)D
\ Heayﬂy } 1H R L H eayﬂy . 1H

e o e |

47. PenbedHblii ra3onpoBo/
I'mppaBinueckuii pacyer ydacTka ra3onpoBo/ia, Ha IPOTSKEHUH KOTOPOIO OTCYTCTBYIOT

TOYKH C Pa3HMIICH BEPTUKAIBHBIX OTMETOK Oojee uem 100 m, ciemyeT BBIMOJIHATH O€3 ydeTa
penbeda Tpacchl. Y4YacTKU ra3omnpoBojia, HA KOTOPBIX 3TO YCIOBHE HE BBIMOIHICTCS, JTOJKHBI
paccuuTHIBaThCS C y4eToM penbeda Tpaccsl. [Ipu 3ToM ra30mpoBo/ CiieayeT paccMaTpuBaTh Kak
COCTO?IHII/Iﬁ N3 HAKJIOHHBIX HpﬂMOHHHCﬁHLIX Y4aCcTKOB C YCPCAHCHHBIM IMOCTOAHHBIM YKJIIOHOM.

OTMeTKa HavaJabHOM TOYKM MpUHUMaeTcs paBHOW HYIHO (h, = 0).



pomyckHas crnocoonocts (Mia.M’/cyr mpu T = 293,13 K u P = 0,1013 MIlla)

OJHOHUTOYHOI'0 ydYaCTKa rasomnpoBoJa AJid BCEX PCKUMOB TCUHCHHA JOJDKHA BBIYUCIIATHCA I10

dbopmyme:

P - Py

Q =105,087 -D*° |—2L—X_
AAZ T L

C yueToM pernbeda

Q =105,087 -D** Pi- Px+ah,)

AAZ,T L1+ N (h +h.)
2L

rac

o A
14,64 T, Zp .

3

D — BuyTpennuit nuamerp, M; P, u P — cooTBeTCTBEHHO aOCOIOTHBIEC IaBICHUS B HavYase
U B KOHIE yyacTka raszompoBoga, Mlla; A - koopduuueHT ruapaBIMdecKoro COMPOTHUBICHUS
ydacTka rasomposoja; T, — cpemHdas IO JUIMHE Y4acTKa Ta30IpoBOJa TemIlepaTrypa
TPAHCHOPTUPYEMOTO ra3a; Z., — CPEAHUN 0 JUIMHE ra30MpoBoa KO3(PPUIUEHT CKUMAEMOCTH
rasa, onpenensiemsiii ¢ yuetoM P, u Tep; A — OTHOCUTENBHASA IIOTHOCTH ra3a mo Bo3ayxy; L —
JUIMHAa y4YacTKa Tra30lpoBoJa, KM; hy— TMpEeBBbILIEHUE WM CHIKEHHE KOHEYHOM TOYKHU
pPAcUETHOr0 y4acTKa OTHOCUTEIBHO HAYaJIbHOW TOUYKH, M; h; — IPEBBIIIEHUE WU CHUXKEHHE 1 — U

TOYKH TPACChlI OTHOCHUTCIIBHO HayaabHOM TOYKMU, l,' — JJIMHa 1-T0 BIIEMEHTA ydacTKa ra3omnpoBoza.

48. KoappuuueHT ruApaBIndecKoro conpoTuBJIeHHs.
Oto Ge3mMepHast BeIMUMHA, TOKa3bIBAIOIIAsl, KAKOBBI IOTEPU YCIbHON YHEPTUU.

JlamuHapHOe niepeMelieHre pabouero moToka
[Ipu namuHapHOM (paBHOMEpPHOM) NEpEeMENICHHH pabodeil cpenbl Mo TPyOOmpoOBOIY

KpYTJIOTO CCUCHUS ITOTCPU AABJICHUS 110 JJIMHE BBIYHUCIIACTCA 11O cbopMyne I[apCH—Beﬁc6axa:

2
=X Sad
I'ne:
'h'; - IOTEPU JABJIEHUS 10 JIJIMHE;
A

- KOO GUIMEHT TUAPaBINYECKOIO COPOTUBIICHMS;
V — CKOPOCTb JIBM)KEHUS paboueit cpeabl;
€ — YCKOpPEHHE CUJIBI TSHKECTH;

d — nuameTp TpyOOIIPOBOTHON MarucCTpay.



[IpakTuyecku ompeneneHo, 4To Ha KO3(PPHUIMEHT THAPABIMYECKOTO COMPOTHBICHHS
HENOCPEACTBEHHOE BIMSHUE OKa3biBaeT uucio PeiiHonbiaca (Re) — Oe3smepHas BesnnuuHa,
KOTOpass XapakKTCpu3yeT IIOTOK XHUAKOCTH W BbIPAXKACTCA OTHOIICHHUEM JHHAMUYCCKOI'O
JIaBIICHUS K KacaTeJIbHOMY HaNpPsHKEHUIO.

Ecnu Re mensiie, yem 2300, To mist pacuéra mpuMeHsieTcs: hopmyna:

fde
A= —
Re
Jliist TpyOonpoBo10B B (JopMe KPYIJIOro LUIHHIPA:
64
A=
R c
Jl1s TpyGOIPOBOAHBIX KOMMYHHKALUH C IPYyTHM (HE KPYTJIBIM) CEUCHUEM:
A
A=
Re

I'me A=57 — ns KBaapaTHBIX TPYO.

49. Koappuument 3ppexTuBHOCTH
Jlnis yueTa MECTHBIX CONPOTHUBIICHUI HA JMHEHHOW YacTH Ta30MpoBOJa PEKOMEHIYETCs

OpUHUMATh KOI(QUIIMEHT THIPABINYECKOT0 CONMpOTHBICHHUS Ha 5% Oombine Kod(duiuueHTta
COTIPOTHBIICHUSI TpeHUs Arp. BemmumHa koddduumeHTa THAPaBIMYECKOTO COMPOTHBICHUS
ra30MpOBOJIAa PACCUUTHIBACTCS M3 BEIPAKCHHUS
A
5 =105 —>
E 2

rae E— xoaddunuenT ruapasiudeckoit 3pPeKTUBHOCTH ra30MpoOBO/IA.

Koapduuuent runpaBnudeckoil  3((EKTUBHOCTH  XapaKTEpU3yeT  yMEHBIICHUE
IIPOU3BOJUTENIBHOCTY B PE3yJIbTaT€  IOBBIIIEHHUS  T'MAPABIMYECKOIO  CONPOTUBIICHUS
ra3onpoBo/ia, BBI3BAHHOIO OOpa30BaHHWEM CKOIUIEHMH Bjard, KOHJAEHCAaTa M BBINAJCHUEM
ruaparoB. Cormacho Hopmam OHTII 51-1-85, s pacuera A3HadeHwe Kod(duimeHTa
ruapaBIueckoi 3¢dekTuBHOCTH NpuHUMaeTcss paBHbIM 0,95 mpu HaTUUMM Ha Ta30MpPOBOJE
YCTpOICTBa JUIsl TNEPUOJMYECKOW OUYMCTKM BHYTPEHHEH IOJOCTH TpyOOnmpoBoAa, a Ipu
OTCYTCTBHMM YKa3aHHBIX YCTPOWCTB MpUHUMAaeTCs paBHbIM 0,92.

Koaddumuent ruapaBianueckoit  3PQPexkTUBHOCTH B TpoOIecce  IKCIUTyaTaluu
onpezensercs A Kaxaoro ydactka mexnay KC He pexe omHoro pasa B rox. Ilo Benmunne
EcynaT o 3arpsi3HEHHOCTM JMHEMHOM wacTH Tas3omnpoBoja. llpu mnpeBblllIeHMH yKa3aHHBIX

3HaueHnii E HGO6XOJII/IMO MMPOBOAUTE OYHCTKY IIOJOCTH Tras3olpoBOa. CkormreHust BOOblI H



KOHACHCATa YIAJIAKOT HpOﬂYBKOﬁ. Eciun sto He NIPpUBOJUT K HCO6XOJII/IMOMy B(I)(I)GKTY, 1o

ra3onpoBOJy MPOMYCKAIOT OYUCTHBIC MOPIIIHHU.

50. PacuyeTr CJ10:KHBIX Ira30IIPOBO/IOB
[Ipu ruapaBINYECKOM pacdeTe CIOXKHOTO Tra30mpoBo/ia (KaK U MPOCTOr0) peraeTcs: OIHa

U3 3a7a4:

OTIpeieIeHue MPOIYCKHOW crocoOHocTH QmpH 3aJaHHBIX HAa4YaJlbHOM M KOHEYHOM
JABJICHUSIX U T€OMETPUUECKUX pazmepax yuacTkos (Li, Dj);

onpejiefieHue KOHEYHOro [aBJi€HMsI MPH 33JaHHBIX pacxolax M T'eOMETPHUUYECKUX
pa3mepax y4acTKOB;

OTIpe/ieIeHUue JTMaMeTPOB OTICNIBHBIX YYaCTKOB IO 33/JaHHBIM Tepenany aBJICHUS U
pacxoiam Juisl y4acTKOB U3BECTHOM JIJTUHBI.

Jlns pacuera ClIOKHBIX Fa30TPAHCHIOPTHBIX CUCTEM MPUMEHSIOTCS CIEeIYIOIINE CIIOCOOBI:

3aMeHa CJI0’KHOTO T'a30IPOBOJIa HKBUBAJIEHTHBIM ITPOCTHIM I'a30IIPOBOJIOM (IIPUMEHSETCS
IIPU OTCYTCTBUH COPOCOB M MOJIKAYCK);

3aMEHa CJI0YKHOTO ra30IpoBO/Ia C Pa3IMYHBIMU PAaCcCXOJaMH 10 y4acTKaM 3KBHUBAJICHTHBIM
MPOCTBIM Ta30MPOBOJIOM C TIOCTOSHHBIM SKBHBAJICHTHBIM DPAcXoA0M (TPUMEHSIETCS B Cllydae
cOpOCOB W TIOJIKAYEK T'a3a).

51. OnuHO4YHBII ra30npoBOA ¢ Y4ACTKAMHM Pa3IH4YHOI0 AHaMeTpa
Bocnonezyemcss gopmysoil asis onpeaeneHus MPOIMYCKHOM CIOCOOHOCTH MPOCTOTO

ra3omnpoBoza

P|-2| B PK2 'D5
}\. 'ZCP 'A 'TCP 'L

Q =K

Torna N3 BBIPAXKCHUA OUCBUIHO COOTHOICHUC

P; - P12 — =
/11 Zep, 'TGP1 11 D1_J
P I)nz-l-Pn2 — Ph;'z- PK2

Hcxons u3 onpeneneHus 3KBUBAJICHTHOTO Ta30IIPOBO/IA, MTPEIIOJIAraroIero paBeHCTBO
TEMIIEPATYPhI M JIaBJICHHS ra3a B Ha4ajie M B KOHIIEC PeaJIbHOr0 U SKBUBAJICHTHOI'O Ia30MPOBO/IA,
MOKHO 3aIHCaTh

P; - PZ _ PZ - P¢
hy Zep, "Tep, Ls D3’ 3

2 Zep, Tep, °li D;®)
i=

OTKyJa



L n
Ay Zep, “Tep, ‘D_: 20 Zep, Tep) —¢
Tes, =idem -y PENONIOKUB, UTO PEKUM TEUEHHUS

CnenaB jomylieHue, 4To < Ter, =Zep ,

KBaJPaTUYHBII, MOXKHO 3aMMUCaTh
L oo
2 _ 2’ |
D5,2 . D5,2
3 1= Y,
Bripaxass nuamerp 3KBHBAJIEHTHOTO Ta30MpoBOJa 4Yepe3 JuUaMeTp IEepBOro yuacTka,

HaneM 3KBHBAJICHTHYIO JJIAHY
n 52
Dl
—~ {|D,
=1

52. IlapannenbHble ra30npoBOAbI

HOCKOHBKy HayaJgbHOEC M KOHEUHOE JaBJICHHE IS KaXXJOM HUTKH napannenLHoﬁ

CUCTCMBI I'a30IpoOBOAOB OAMHAKOBO, U3 YPAaBHCHUA HECPASPBIBHOCTHU CIICAYCT, UTO

[Tonaras, 4To pexum TeUeHHs KBaIPaTU4YHBINA U Zee, Top, =idem , 13 (2.90) nomyuum

52 n
D3 —

OKBUBaJICHTHAS JIJIMHA napannenLHoﬁ CHUCTEMBI Ia30IIPpOBOJIOB COCTaBUT

52
D]

D-‘
DI
iz | X

[Tonp3ysice ypaBHeHHEM pacxona (2.84), MOXKHO 3amucaTh
Q% A Zep A Tep L
K? -D°

Pi-Pf =



OTKyJa U3 YCIOBHUA KBaJApaTUYHOI'O 3aKOHA COIPOTHUBJICHHUA W  BBIIOJHCHUA

Tep, =Zcp, ‘Tep, =idem

YCIIOBUSE “%s , pacxos B 1000 nmapauieIbHOW HUTKE COCTaBUT

5,2

D~

I
|

& b
5

Ecan JJIMHBI MAapaJlJICJIbHBIX HUTOK OAWHAKOBBI, CIIPABCIJIMBO COOTHOIICHUC

Q =Q-

D7®
Q =Q nl—

ZDE,E

i=1

53. I'azonpoBoa co cOpocaMu M MOJAKAYKAMH ra3a
Ha ocHoBaHum ypaBHEHHST OOBEMHOH TPOM3BOAMTENBHOCTH Ta30MpPOBOJA MOXKHO

3anmcaTh
2 p2 Q1 hZgp AT L
PH = PK =
K? -D°
K
A=
O603HaYNB VZer A Ter g IPOCTOTO  DKBUBAJIEHTHOrO  Ta30lpoBOJa
n
L =31
nuametpomMDs =D u qmuHoML = =l IOJIy4yuM
¢ 2
Q2 e L ZQI ‘)\’i 'li
p2.p2_ et b_ =
Ho Pk = =
AZ DS AZ D

OKBUBAJICHTHBII pacXxoj B 3TOM CIy4ae OIpeeiseTcs U3 paBeHCTBa

I[aBJ'IeHI/IH B TOYKax IIOAKJIHOYCHHA OTBOIAOB (y3J'IOBBIX TO‘lKaX) MOXHO HaWTH U3

COOTHOIICHUA

54. Tunbl ¥ XapaKTePUCTUKHU LEHTPOOEKHBIX HATHETATe el
B Hacrosmee BpeMs Ha IPEANPUATHIX MaruCTPajlbHOIO TPAHCIIOPTA ra3a IPUMEHSIOTCS

eHTpoOeKHBIE Ta3onepekaynBaromue arperatsl (I'TIA) ¢ mprBOAOM OT Ta30BBIX TYPOHH U pexe

C TPUBOJIOM OT 3JIEKTpoABHUraresnei. PaznuyaroT nmonHoHanopHble HEHTPOOEKHBIE HarHETATEIH



(ITH) co cTeneHpio MOBBIIICHHS AaBlIeHUS (CTETICHBIO CKaThs) B OJHOM arperate €=1,45---1,5 u
HETIOJIHOHAIIOPHBIE HarHeTaTelIH, CTEICHb IMOBBIIICHHS JIaBJICHHS KOTOPBIX
cocraBnsere=1,2---1,3.

Paznuyarot napajienbHOE U NMOCIe0BaTeIbHO-MapaeabHoe coequuenne ['TIA

— napajuiesibHOE coeAMHeHue nojJHoHanopHbeIx I'TIA

0 — nocienoBaTeNbHO-MAapaIeIbHOE COEJUHEHNE HenoJIHOHanopHbIX ['TIA

[TorHOHATIOpHBIE [IEHTPOOCIKHBIC HarHeTaTelIn COCIUHSIOTCS MapayIeIbHO
(omHocTymeHuaroe cxatue). Hemonmnonanopusie [IH coenuHsIOTCS MOCae0BaTeIBHO B TPYIIITY.
['pynmel B CBOIO ouepeab COSIMHAIOTCS apaJlIeIbHO (IBYXCTYIIEHYATOE CKATHUE).

Ha puc. 2.14BBenens! creayromnie 0003HauYeHUs:

Psc,Puar— COOTBETCTBEHHO J1aBJICHHE BO BCACBIBAOIIECH M HarHeTaTeabHOM auauu [{H;

APgc— motepu naBnmenus Bo BcachiBatomeid JuHUM KC.APpc3aBucaT oT pabodero
JABJICHHUS B Ta30MPOBOJIE W YHUCIIC CTYNEHEW OYHCTKH Ta3a B Onoke mbuieynoButenein (I1Y).
[TpuP=7,5 MIla u onnoctynen4aroii ounctkeAPp=0,12 Mlla;

APuar=0PuartO0Poxn— motepm naBneHuss B HarHeratenbHoW JuHMM KC u 00Bsi3Ke
ABO,&PHArZO,l 1 MH3,6POXH:0,06 MHa,

Pu=Puar - APuar — IaBlIeHHE Ta3a B Ha4YaJIe JINHEMHOTO y4YacTKa;

Px=Pgc + APgsc — naBiieHHEe Ta3a B KOHLIE JUHEWHOTO y4acTKa.

55. IlopsiiOK TEXHOJIOTMYECKOI0 PacyeTa MaruCTpajabHOro ra3onpoBoaa
Lenpt0  peKUMHO-TEXHOJIOTMYECKOTO pacyeTa Tra3olpoBOJAA  SIBIAETCS  pEIICHUE

CIIEIYIOIIMX 3aa4:

Omnpenenenne quaMerpa razonpoBoia;

OmnpeneneHnre HEOOXOAUMOTO KOJUYECTBA KOMIIPECCOPHBIX CTAHLMI M PAacCTaHOBKA UX
10 TPacce ra3onpoBoa;

Pacuet pexxumoB padotsl KC;

YTO4YHEHHBIH TUAPABIMYECKUI M TEIUIOBOM pacueT JMHEHMHBIX yYaCTKOB M PEKHUMOB
paboThl ¥ mpoMekyTouHbIX KC 10 KOHEUHOTr0 IMyHKTa ra30IpoBOJa.

Jlis BBIMIOJTHEHUSI TEXHOJOTHMUYECKOTO pacueTa Ta3onpoBoJa HEOOXOTUMBI CIETYIOIIe
HCXOJIHBIE TAHHBIE:

CocTaB TpaHCIOPTUPYEMOTO ITPUPOJHOTO Ta3a;

['0/10Bast IPOU3BOAUTENBHOCTS Ia30mnpoBoaa Qr, MiIpa.M*/t;

[IpoTskeHHOCTh ra30MpoBOAa, peibed, KIMMaTHIEeCKUe TaHHbIE 110 Tpacce.

Onpedenenue ouamempa 2a3onpo6ooa u YUC1a KOMRPECCOPHBLIX CHIAHUYUTL

Pacuer BbINOMHAETCS B CIIETYIOLIEM TOPSJIKE.

1. OHpe,I[CJ'IHIOTCH OCHOBHBIC (1)I/ISI/I‘ICCKI/IG CBOICTBa Ta3a:



IJIOTHOCTH T'a3a MPU CTAHJIAPTHBIX YCIOBUSX Pcr;
OTHOCHUTCIIbHAA INIOTHOCTD ra3a 1o BO3yXy A,

MOJIsipHasg mMacca raza M;

NCEBAOKpUTHYECKHE TeMiieparypa Trnxu AaBieHuePrx;

ra3zoBas nocrosinHas R.

PacueTHOe 3HaYeHHE pacxoja raza (KOMMEPUECKUH Pacxo/l, MIH.M/CyT)

_Q 10°

Q=365 Ky .

rae  ku= kpo -kor -kug— oneHouHbIit k03 HUIMEHT NPOMYCKHOH CIMOCOOHOCTH
razonpoBoja, ky=0,875---0,992;

kpo— KO3 GuIHEHT pacueTHON 00ecriedeHHOCTH ToTpeduTenei, kpo=0,95;

kor— K03 duIMEHT yuyeTa SKCTpeMalbHBIX TemnepaTyp, kor=0,98;

knp— oneHouHBIH KOA(h(UIMEHT HAJAEKHOCTU Ta30MpoOBOJA, 3aBUCAIIUN OT JUIMHBI U
JuaMeTpa ra30lpoBoa, a TaKXkKe OT TUIa HarHeratene, ky;=0,94---0,99.

B 3aBucumoctu OT Benmu4uHBI QrM TPHHSTOTO pPabdOyero MaBICHUS ONpPEIEISIeTCS
OPUEHTHPOBOYHBIA AuamMeTp raszompoBoja (tabdn.2.1). B Hacrosmee Bpemsi MarucTpaibHBIE
ra3onpoBOJIbI  MPOCKTUPYIOTCS Ha pabouee mainenneP=7,5 Mlla. [IpoextupoBanue
ra3omnpoBojioB Ha pabodee naBieHneP=5,6 MIla mnpousBOAUTCS TOMBKO /ISl CIIy4aeB
COCIMHEHUS MTPOCKTHPYEMBIX Ta30IIPOBOJIOB C CUCTEMON CYIIECTBYIOIIUX T'a30MIPOBOIOB TAKOTO

e pabodvero TaBJICHHUS.

56. Onpenesienne fuamMeTpa ra3onpoBoOIa M YHCJIa KOMIIPECCOPHBIX CTAHIUIA
1) ITo u3BecTHOMY COCTaBy OMPEIENIAIOTCS OCHOBHBIE (PU3NYECKUE CBOWCTBA Ta3a:

- IJIOTHOCTH ra3a npu CTaHAAPTHLIX YCIIOBUAX T10 (bopMyne (51)
pr=". 0.p;=0637-0,6687+0,102- 1,264+ 0,126 1,872+0,076-2,519+0,036 -3,228+0,007- 1,84
i=1

- OTHOCHUTEJIbHAS TUIOTHOCTH Ta3a Mo BO3AyXy 1o dhopmyie (5.2)

Pec _ 1,132
A=—==—=10,88
Pensa J-azg '

- MOJIsIpHasi Macca rasza 1o gopmye (5.3):

M =Y aM.;=0637 16,043+0,102-30,07+0,126- 44,097 +0,076 - 58,124 +0,036 - 72,151+0,007
i=1

- ICEBAOKPUTHUYECKAs TEMIIepaTypa ra3oBoii cmecu no popmyie (5.4):

T =2 0T =0,637- 190,65+0,102-305,25+0, 126 - 368,75+0,076 - 425,95+0,036 - 470,35+0, 01

MICEBIOKPUTUIECKOE JaBJICHUE Ta30BO cMecH 1o Gopmyre (5.5)



Pp=3 0P x=0637-4,74+0,102-526+0,126-4,49+0,076-3,6+0,036 - 3,41+0,007 7,54 +0,01
- Ta30Basi MOCTOSIHHAS TI0 (hopMmyJie

R 83143

- R _ =311,76 e/ kaans K )
M. 667 oib70 Al kaans K)

9

B cootBerctBum ¢ Tabn. 5.3 mpuHUMAETCS OPUEHTHPOBOYHOE 3HAYCHHE AHAMETpPa
ra3onpoBoja. B Hacrosiiee BpeMsi MarucTpalbHble Ta30MPOBOIbI MPOEKTUPYIOTCS HA pabouee
nasnenue P = 7,5 MlIla.

[Ipuaumaem Dy = 700 mm

PaccuntbiBaeTcs oreHOUYHAs TPOIYCKHAs CIIOCOOHOCTH Ta30mMpoBoAa (KOMMEpPUYECKHA

3
pacxol, MITH. M”/CyT) 110 hopmyJie

55 10° 3
Q :m: 16,35 man ™ foym

Bri6upaem tum nieHTpoOexHoro Haruerarens u npuojaa - PCL802/24. 1o macropTHRIM
nanubM [[H onpenensieM HoMuHaNbHbIE JAaBIE€HUS BCACBIBAHUS P, U1 HATHETAHUSA Ppyar.

P, = 5,00 MIla

P..=7,45 Mlla

[Tonarasi, yto pabouee AaBlieHWE B Tra3ompoBoje P paBHO HOMHUHAJIBHOMY JIaBJICHHIO
HArHEeTaHUsl, BEIYUCIISIEM TONIINHY CTEHKH Oy ra30MpoBoia 1o hopmyie

pacueTHOE COMPOTUBIICHNE METaJlIa BBIYUCISIEM IO (hopMyJie

[To paGoueMy naBieHHIO U TOJIIMHE CTEHKH BbIOMpaeM MOCTaBLIMKA TPYO (IpUIoKeHuE

3), ompenensieM npeaen IPOYHOCTH Giyp.

Gup- 550 MITa
m g 009

R,=0, —24—=550-10f —+=—=353,57 MITa

T ® K Ky 1410 “

n,PDy  11745-10°0,7 000791

°"2(R;+n,P) 2(353,57+1,1-7,45- 10°)

BrrurcnenHoe 3HaYEHUE TONIUHBI CTEHKH 0o OKPYTJISIEM B OOJIBIIYIO CTOPOHY
JI0 CTaHJAPTHOW BEJMYMHBI 0 W3 PacCMAaTPHUBAEMOr0 COPTaMEHTa TpPyO, TMOCIE Yero
ompeenseM 3HauyeHHe BHYTPEHHEro quamerpa D:
0=10 MM
D=1020 mm
OrnpezernsieM 1aBJIeHUs B Ha4ajle ¥ B KOHIIE JJMHEHHOTO yJacTKa ra3orpoBo/ia
F =P, —AP,. =745-0=745 MIIa :

P =P_—AP_=5+AP_=5MIIa



I[To dopmyne (5.10) paccuuThIBalOT CpeaHEee JdaBlIEHHWE B JIMHEHHOM y4yacTKe

ras3ornpoBoja:

5°|_
|:u15+5 a5 =630 MITa.

3HaueHue CpeaHero NaBJeHHUS Ta3a HEOOXOIWMO MJisi ONpeAeNieHHs ero (U3NYECKUX
XapaKTEepPUCTHK, a TAaKXKe JIJIsl HAXOKIEHHS KOJTMYeCTBa ra3a, HaXoIsAIIerocs: B TpyoonpoBoie.

Benuunna cpeHero naBieHus: B ra30npoBojie, BerarncieHHas no gopmyne (5.10), Bcerna
BBIIIIE CpeHeapu(METHIECKON: ¢ yBemudIeHueM pasHocT P, u P Oyzer Bo3pacTath U pa3HHIa
ITUX 3HAYEHUH.

Jns pacuera paccrosHus Mexny KC 3amaem B mepBoM  IpUONMKEHUU
OPUEHTHPOBOYHBIM 3HAYCHHEM CpeJHel TeMmepaTypbl Ha JIMHEHHOM ydacTke 1o (opmyie
(5.11)

B mepBom mnpubamxkenun wmoxxkHo mnpusiATh T,=293... 303 K (20..30° C); To-
TeMIeparypa

OKpYKarolllel cpesibl Ha yPOBHE OCHU I'a30IIPOBO/A.

Tep = 0,5(Tw + To) = 0,5(298 + 294, )= 296 K

[Ipu P = Pcpu T =Tcp mo dopmynam (5.12) paccuuThiBaeM NPHUBEIACHHBIE TEMIIEPATYPY

T 1 naBaenue Prp:

SB35y g (T 2%
P 5 ; T 25275 ITo dbopmyne(3.13) onpenensoT
KO3 PHUITUEHT CKUMAEMOCTH
I 0,0241-1,37 —1039

* 1—1,68 1,17+0,078 1,17°+0,0107 - 1,17°

[Tonaras B mepBoM NpUOIMKEHUH PEXXKUM TEUEHHs KBaAPaTUYHBIM, pACCUUTHIBAEM KO3 -
(UIHMEHTHI TUAPABIMYECKOTO COMPOTHBIICHUS A, U A TIO opMyTaMm (5.14) n

rae K, =0,03 (o pexomennaunu BHUUNT a3) - 3HaueHne sKBUBaJIEHTHO 1LIEPOXOBATOCTH

CTEHKH Ia30IpoBoJa; £ - KOAQGHUUMEHT ruipaBIndeckoil 3¢ (peKTUBHOCTH ra30lpoBo/a,
KOTOPBIA XapaKTEPU3yeT YMEHBIICHHUE IPOU3BOAUTEIBHOCTH B PE3YyJIbTaTe IOBBIIICHUS
THPaBIMYECKOTO COIPOTHBIICHUS ra30MpOBO/IA, BEI3BAHHOTO 00pa30BaHUEM CKOIUICHUH BIary,
KOHJIEHCAaTa W BbIIaJeHUEM TuapaToB, £ =0,95 npu Hanu4uuu Ha ra3olnpoBOAE YCTPOWCTB IS
NEPUOINYECKON OYMCTKM BHYTPEHHEH HOJOCTH TpyOOIpoBOJa, a MPU OTCYTCTBHM YKa3aHHBIX
ycrpoiicts E=0,92.

12.0,03 1%
Ay =0,067 —0.038
1,02 _.| !

2



A=1,052238 0 0as

0,95
Ornpenensem cpeaHee OpueHTUPOBOYHOE paccTossHre Mex 1y KC o gpopmyite
;o 105,087°- 1,02°(7,45°—5°)

= - =98,34 xu
16,357 0,044 -1,039- 296

OmnpenensieM 4uciIo KOMIPECCOPHBIX CTAHIIMN

L 145
= =" —147
" L 9834

KOTOPOE OKPYTJISETCS J0 LEJIOTO My (KaK IPABUIIO B OOJIBIIYIO CTOPOHY). Myxe=2
YTounsiem paccrosinue Mmexay KC mo dhopmyne
L 145

——=—=T725K
= 3 , 2 KM

N

57. YTOYHEHHBIH TeIJI0BOH M THAPABIMYECKHIl pacyeT y4acTKa Ia30lpoBoOja
MeEsKIY ABYMS KOMIIPECCOPHBIMHU CTAHIUAMU
AOcConoTHOE JaBICHME B KOHIIE ydYacTKa TIa30lpoBOJa ompeaenserca u3 (GpopMylibl

pacxoja

P, Z\/P,ﬁ _ Qz AN Zep Tep L
KZ 'D5

YTO4YHEHHBINH pacdeT y4acTKa ra30IpOBO/ia BEIIIOJIHACTCS B CIECLYIOLIEM IOPSJIKE:

1. IlppuHumMaemM B KadyecTBE IEPBOTO TPHUOMIKEHUS 3HA4eHUs A U Zgpu T U3
MIPEABAPUTENIbHBIX BBIUNCICHUM.

2. OnpexensieM B EpPBOM NMPHUOIMKEHUH 3HaUeHUeE Py .

3. Ilo uzBectHbIM 3HauUeHUsIM Py 11 P onpenensiercst cpennee napienue Pep.

4. OnpenensitoTcsi cpeHre MpuBeaeHHbIC naBienue Prp u Temmneparypa Trp.

Jlis pacyeTa KOHEYHOTO JABJICHUS BO BTOPOM MPUOJIMKEHUH BBIUYUCISIIOTCS YTOYHEHHOE
3HaueHue Te,. g aToro 6yaem UConb30BaTh BETUUMHBI CpeIHEH yaeabHOH TemnoeMKkocTu Cy,
sapdexra Ixoyns-Tomcona D u koadduirienta a,, BBIYUCICHHBIC IPH HAWJACHHBIX 3HAYCHUAX
P, u Te, mepBoro npubauxKeHus.

C, =1,695+1,838 10° T, +
+1,96 10° (P, - 0,1)/T,,
6
D= Hwi—zm - lsﬁ
P cP .

a, =0,225 _Kep D
QA C,.



-a, L
T, =T +(1,-T7) 1% .
a, -L

p?. p2 _al
- Di —1" 7k -Hl— 1-e H
2-a, "L-F, a, L

2

rae K, - cpemnmii Ha ywacTke oOmmil Ko3hdUIMEHT Terionepenadyd OT Tra3a B
oKkpykaromyto cpexny, Br/(m? - K).

6. Bo Bropom nipubimxeHnu BeIYUCISIOTCS Prp , Trp, W 1 Zep.

7. Onpenenstorcs 3HadeHus Re, Arp 11 A.

8. OmpenenseM KOHEUHOE JaBiIeHUE Pk BO BTOPOM NMPUOIMKEHNH.

9. Ecnu nony4eHHbIH pe3ynbTaT OTInYaeTcsa OT NpeAbIAYyIIero NpubmmKeHus oomiee, 4em
Ha 1 %, UMeeT CMBICT YTOYHHUTH PACUETHI, BHIMIOJIHAS TPEThe MPUOIIDKEHUE, HAUMHAS C MyHKTa
3. Ecimu pe3ynbrar yHOBIETBOPSIET TPEOOBAHUSAM TOYHOCTH PACUETOB, TMEPEXOJUM K
CIIEAYIONMEeMY MTyHKTY.

10. Ytounsercs cpeanee napieHue Pep.

OHpGI{eJ’IHeTCH KOHCYHaA TCMIICpaTypa rasa

2 o2
Ty =Ty +(Ty-Tp) gk, D PR (l e'atL)
28, L Py

58. Pacuer pe:knMa padoTbl KOMIIPECCOPHOH CTAHIIUM
Pacuet pexxuma pa6otsl KC BbITIOMHSAETCS B CIIEIYIONIEM TOPSIKE:

OnpenensdioTcss 3HA4YEHUs JaBJICHUs W Temmeparypsl raza Ha Bxoae B I[H. Ilo
M3BECTHOMY COCTaBy Tasza, Temmeparype H naBieHuto Ha Bxojge B IIH ompenensercs
KOX(PUITUEHT CKUMAEMOCTH Zgc;

Onpenensercst IIIOTHOCTh ra3a Pgc U MPOU3BOJUTEIBHOCTh HAarHETATENs MPU YCIOBUIX
BcachIBaHUs Qgc.

Omnpenensiercs TpeOyemasi CTeTIeHb MOBBIIICHHSI TABJICHHUS €.

[lo ynuBepcanbHOM mpuBeneHHON Xxapakrepuctuke LIH omnpenensiorcs 3HaueHus Qrp,
Nnon¥ [Ni /Pec]ne. 3HaueHUE Qrp IOJDKHO YAOBIETBOPATH YCIOBHUIO YIAJE€HHOCTH OT 30HBI
nommaxa, To €cTb Qnp = Qmp min.

Omnpenensiercss BHYyTPEHHSSE MOIIHOCTH N;, motpebnsiemast [[TH

OrnpenensieTcst MOITHOCTh Ha MypTe mpuBojia N..

Brruncnsercs pacnonaraemas MomHocts I TY N°

Tsoa - T§o3 P
Ne =NI' Ky ‘Kogn Ky '%1' K .'?_ ﬂH '01513
BO3/] i



rae N — HomunaneHas momHzocts I'TY;

ky — k09 PUIHEHT TEXHUYECKOTO COCTOSIHUS 110 MOIITHOCTH;

Kosn — K03 PUIIMEHT, Y4YUTHIBAIOIIUN BIIMSHHUE CHCTEMbI NPOTUBOOOJEACHEHUs (TpU
OTKJIIOUEHHOU cucteme Kosni=1);

ky — k03 puLIMeHT, yUUTHIBAIOIINI BIUSHUE CUCTEMbI YTHIN3AIMH TEIIA;

k— ko3¢ punment, yuuteBaromuii BIMsHuEe aTMOC(hEpHOTo Bo3ayxa Ha MOITHOCTh [ TY;

Trozn, Trozs™ — COOTBETCTBEHHO (haKTHHECKas M HOMUHAIILHAS TEMIIEpaTypa Bo3ayxa, K

3uauenus N', Ky , Kosn , Ky , K¢, Tross'" IPUHUMAIOTCS 110 CIIPABOYHBIM AaHHLIM [TV,

IMpoussomurcs cpaBHenue N.u N¢ . gomkHO BbIMONHATHC yciaoBue Ne < N, Tlpu
HEBBIIIOJIHEHUM JTOTO YCIJIOBUS CJIEAYET YBEJIMYUTHh YUCJIO My M IOBTOPUTH PACUYET pPEKUMA
pabotsl KC HaunHas ¢ nmyHkra 2.

Omnpenensiercs TeMIeparypa ra3a Ha Beixoe u3 11TH
k-1
Thar = Tac -g ¢ Mnon
rae k — moka3zarens aguadatel npupoaHoro raza, k=1,31.
Jlanee mocienoBaTeNbHO PACCUUTHIBAIOTCS OCTANBHBIC JTHMHEWHBIC YYACTKU U PEKHMBI

pabotsr KC.

59. AkkyMyJMpylOIIas CIOCOOHOCTh Y4aCTKa ra3onpoBoja
OpHol U3 XapakTepHbBIX 0COOEHHOCTENW pabOThl MaruCTPaJbHBIX Ia30MPOBOOB SBISETCS

HEPaBHOMEPHOCTh  MOTpeONeHUs Ta3a HAa  KOHEYHOM  IyHKTe. HepaBHOMEpHOCTbH
ra3onoTpelieHuss MOXeT ObITb ce3oHHOU U cymoyHou.Ce30nnas HepaBHOMEPHOCTh 3aBUCHT OT
KJIMMAaTUYECKUX YCIOBHH, TO €CTh pPAa3JIMYHBIM MOTpeOJIeHWEM ras3a JIeTOM W B 3UMHUH
OTOTHTENBHBI TIepuoyl. Ce30HHas HEPaBHOMEPHOCTh KOMIICHCHPYETCS U3MEHEHHEM peKuMa
pabotet KC 1mubo mnoaxmouenueM CIIXI.Cymounas nepaBHOMEpHOCT,  00YyCIIOBJIEHA
pa3IMYHBIMH PEKUMaMU TOTPEONEHUS raza B JHEBHOE M HOYHOE BpeMs. B JHEBHbBIE YaChI
notpedieHue raza OoJbIe CpeTHECYTOYHOTO, B HOYHbIE Yachl — MeHbIe. BeneacTBue cyTouHOM
HEPaBHOMEPHOCTH OTOOp ra3a W3 IOCIEIHEro yJacTka He IMOCTOSIHEH, CIIelOBaTelIbHO, Macca
rasa, 3aKJII0YeHHOTO B HEM, U3MEHSAETCS BO BpeMeHH. B HOUHOE BpeMsi MPOUCXOIUT HAKOIIJICHHE
rasa, HayaJio 3TOrO Mpollecca COOTBETCTBYET ToUke a. Touka b XxapakTepu3yercs: 3aBepIlIeHUEM
Nepro/ia HAKOIJICHUSI Ta3a U HavaJioM mporiecca oroopa. B 3TOT MOMEHT BpeMeHH B TIOCIIEHEM
yYacTKe Ta30MpOBOAA COJEPXKHUTCS HawOoIbIlee KOMWYeCcTBO Tasza. Ilepmonm orGopa
3aKaHYMBAETCS B TOYKE C, B 9TOT MOMEHT BPEMEHH KOJIMYECTBO raza B TOCJEIHEM Y4acTKe
OyZeT HauMEHBIIIHM.

60. 'mapaTtoodpa3oBaHue B ra3onpoBoaax u 6opbda ¢ HUM



I'uapatel B razompoBojie o00pa3yroTcs B TeX ClydasX, KOIJla TOYKa POCHI
TPAHCIOPTHPYEMOTO T'a3a paBHA WM BhIIE paboueii TemMnepaTypsl rasa.

Metoabl MO TPEAYNPEkKACHUIO W JIMKBUIAIMH OOPa30BaBIIMXCS THAPATOB MOXKHO
pa3eNuTh Ha YEThIpE TPYIIIbL:

1). Ocymxka mnpupogHoro raza. OCHOBHOW METOJ MpenyNnpexIeHus 0o0pa3oBaHUA
THJPAaTOB B MAarUCTPAIBHBIX Ta30IPOBOIaX-0CyIIKa ra3a.

[lpr Gonpmux oOBEeMax TPAHCHOPTHPYEMOTO Ta3a OCyIIKa ras3a SBISETCS HauOojee
3¢ (HEeKTUBHBIM U IKOHOMUYHBIM CIOCOOOM MpeynpexaeHus 00pa3oBaHusl KPUCTAIIIOTHAPATOB
B MarucTpaJbHOM Ta30IpoOBOJIE.

2).ITonnxeHue NaBIeHUS HUKE JABJICHUS PA3JI0KEHHUS.

3)Ilonorpes raza A0 TEMITEPATypHhI, IPEBBIIIAIOINICH TEMIIEPaTyPy pPa3IOKEeHHS.

4)BBo1 MHTHOUTOPOB B TIOTOK Ta3a.

61. OnpenesieHne 30HbI BO3MOKHOI0 00pa3oBaHHue I'MAPATOB B ra3onpoBoje
['mapaTel B Ta3ompoBoje 00pa3yloTcss B TeX CHOy4asX, KOrJa TOYKa pOCHI

TPaHCIIOPTUPYEMOI'0 Tra3a paBHAa WM BbIIIe paboyeil TemmepaTypsl Tas3a. 3Has COCTasB,
BJIQKHOCTh TPAHCHOPTUPYEMOTO Ta3a, U3MEHEHUE TEeMIepaTypbl M AaBICHUS B ra30mpoBOJIE,
MOKHO 3apaHee ONpEICIUTh BO3MOXKHBIE 30HBI OOpa30BaHMA THUIPATOB M HAMETHUTH
MEPOTIPUSTHS TI0 UX TIPEIOTBPAIICHHUIO.

Jis sToro HeEoOXOIMMO 3HATh COCTaB W HauyajbHYIO BIIXXHOCTh Tra3a, a Takke
M3MEHEHUE €ro JaBJICHUS TEMIIEPATYphl B Ta30MPOBOJIE.

62. MeponpusiTusi o npeaynpexxaeHn0 00pa3oBaHus THAPATOB U UX Pa3pyLIEHUIO
Jlns npenynpexaeHus ruapaTooopa3oBaHusi MOTYT MIPUMEHSTHCS CIEAYIONINE CIIOCOOBI.

[Tonorpes rasa BbllIe TeMIIEpaTypbl TUAPATOO0pa30BaHMs. ITOT CIOCO0 MPUMEHSIETCS Ha
ra3oBbIx npomeiciaax U Ha ['PC nns npenynpexnenus oomep3anus TpyOOIpoBOIHON apMaTyphl.
ITopgorpeBaTs ra3z Ha JIMHEMHOW YacCTH ra30lpOBO/1a MPAKTUYECKH HEBO3MOKHO U SKOHOMUYECKH
Helenecoo0pasHo.

CHmxeHue AaBJIEHUS ra3a HWXKE JABJIICHHUS PAaBHOBECHOTO COCTOSIHMSI THAPATOB. DTOT
METOJ, MOXET IMPUMEHATHCA B KA4ECTBE aBapUMHOIO IPHU 3aKYyIOPKE ra30npoBOJa THIPaTHOU
npoOkoil. [[nst 3Toro aBapuifHBIN Y4YacTOK OTCEKaeTCsl JIMHEWHBIMH KpaHaMH, MOCIEe YEero
IIPOM3BOJIUTCS BBINYCK ra3a B aTMOc(epy 4epe3 NMpoJyBOouHble cBeuH. J[aBleHHe CHUXKAETCS 110
TeX MOp, IMOKa paBHOBECHAs TEMIIEpaTypa rUApaToo0pa3oBaHMs HE CTaHET HUXKe TeMIepaTypbl
rasa M ryjpaTHas npoOka He paspymurTcs. J[aHHBIM crIOcOO MpUMEHsETCs KpaiHe pelKo Kak
BBIHYKJICHHAsE Mepa, MOCKOJIbKY NPUBOJAUT K 3HAYUTEIBHBIM MOTEPSIM raza U HaHOCUT yIiepo

OKpYXaroIei cpere.



Ocymka raza TBEpABIMH M KHJIKHUMH IOIVIOTUTEISIMHUHA CTaJWM IMOATOTOBKM rasza K
TpaHcnopty. KauecTBeHHas ocymika rasa sBJseTcsl HauOosiee pPaJuKaJbHBIM METOJIOM
MpelynpexaeHNs rUIpaToo0pa3oBaHus B Ta30MpPOBOaX.

BBon uwHruOuTOpoB THUApaToOOpa3oBaHHMs B MOTOK TPAHCHIOPTHPYEMOIO rasa.
WHruburopsl, BBEICHHBIC B MOTOK ra3a, YaCTUYHO MOTJIOMIAIOT BOASHOM map M NEepeBOJsT UX B
pacTBop, He 00pa3yIOLIHii THAPATOB, WK K€ 00Pa3yIONINA UX py OoJiee HU3KUX TeMIlepaTypax.
B kauectBe MHrMOMTOPOB  THMIpaTooOpa3oBaHHUsl NPUMEHSETCS  METWIOBBIM  CIIUPT
(meranonCH3OH), a Takxke pactBopbl nudTHIEHTIUKONAS (A3[) W TpUITUIECHTIUKONIS
(TOI').Haubomnee mMpoKo UCTIONb3YEMBIM JIETYYHUM HHITHOUTOPOM SIBIISETCS METAHOIL.

63. YBeanuenue NMPOU3BOAUTECJILHOCTH Ira3onpoBoaoB
HpI/I H€O6XO,I[I/IMOCTI/I YBCIUMUCHHUC IIPOU3BOAUTCIIBHOCTH TI'a30IMPOBOAOB MOXKET OBITE

JIOCTUTHYTO HECKOJIBKUMHU CIIOCOOAMH:

- YIBOGHUEM YHUCJIa KOMIIPECCOPHBIX CTAHIUH;

- I3MEHECHHEM pa0O0YnX JABJICHHUH B Ta30MPOBO/IC;

- IPOKJIAJIKOM JIYITMHTA, WJIK U BCTABKH.

[Tocne ynBoenus uncna KC qiuHa neperoHa Mexxay HUMU yYMEHBIIAETCs BIBOE

JlynuHr — 3TO MapajienbHbII Ta30MpPOBO/, IOCTPOCHHBIA HA ONPEICTICHHOM €0 y4acTKe.
BcraBka — 310 TazomnpoBoj O0MBIIET0 AUaMeTpa, KOTOPHIA 3aMEHSET ONMpPENeNIEHHBIN Y4acTOK
MarucTpaJlbHOTO Ta30mpoBojia. Bo BcexX 3THUX ABYX CiIydasx IONEPEYHOE CEYCHUE HEKOTOPOM
JUIMHBl Ta30IPOBOJAa YBEJIUYUBAETCS, BCIEACTBUE YET0 CKOPOCTh MOTOKA B TOM YYacTKe
YMEHBIIIAETCS, YMEHbIIIasi TEM CaMbIM, TUPABINUYECKOE COMPATUBIICHUS BCETO Ta30nmpoBoja. To
€CTh YBEJIMUMUBACTCS €T0 MPOITYCKHYIO CIIOCOOHOCTb.

64. DpPeKTHBHOCTDH NMepeMbIYEK NMPH IKCIIYATAIUN FA301IPOBOI0B
[lepembluka —  TpyOOIIpOBOJ,  TEXHOJIOTMYECKHM  OOBEAUHSIONIMA  MapaiielbHO

MPOJIOKCHHBIC Ta30- WU HedTenpoBoasl. B cnydae Heobxoammoctu (aBapusi, peMOHT U T.1.)
MepeMbluka I03BOJISIET OTKIIIOYaTh OTAENbHBIE Y4YacTKM OCHOBHOTO TpyOorpoBoga. [lpu
MPOKJIAAKE MapaieIbHBIX TPYOOIPOBOIOB OJHOTO JABJICHUS MPEILyCMATPUBAIOTCS MIEPEMBIYKH
C 3alopHOM apMaTypoil, MpU pa3HOM JABJIICHUH — C Y3JIaMH PEIyIUPOBAHUS (JJIs1 CHIDKEHUS U
aBTOMATHUYECKOTO TMOJACP>KaHUs 3aJJaHHOTO JIaBJICHUS Ta3a), a TakKe C MPeAoXPaHUTEIbHBIMU
ycTpoiictBamu. Kak mpaBmiio, mepeMblYKM pa3MelaloTcss Ha paccTossHuM MHUHMUMyM 40 u
MakcumMyMm 60 KM IpyT OT Japyra.

65. Lle;1ecoo0pa3HOCTh OCYLIECTBJIEHHS MOCTe10BATEILHON MepeKayKu
Meton nocnefoBaTenbHON Mepekayku HedTell U HeTEenpPOAYKTOB 3aKII0YAETCS B TOM,

4TO  PA3JIMYHBIC IO KA4YCCTBY  YIJICBOAOPOAHLIC JKUAKOCTH  OTACIBHBIMU  MAPTUAMU

OTIpe/IeICHHBIX 00FEMOB MEPEKAYNBAIOTCS TIO OJTHOMY TPYOOIIPOBOTY.



I[Ipp »TOM J[OCTHraeTcsi MakCHMalIbHO BO3MOXKHOE MHCIIOJNB30BAaHUE IIPOIYCKHOMN
CHOCOOHOCTH TPyOOTPOBOAA M OCBOOOKIAIOTCS IPYTHe BUIBI TPAHCIIOPTA (FKEJIE3HOIOPOKHBIH,
BOJIHBIM, aBTOMOOWJIBHBIN) OT MapajuIebHBIX MEPEBO30K HEPTEH 1 HEPTEMPOTyKTOB.

Merton nocnenoBaTeabHON Nepekaykd HedTel U HePTEenpoAyKTOB 3aKIH0YAETCS B TOM,
YTO pa3iauyYHblE [0 KayeCTBY YIVIEBOJAOPOIHBIE JKMIKOCTH OTIEIbHBIMU  IMAPTUAMHU
OTIpeNIeIEHHBIX 00bEMOB MEPEKAYNBAIOTCS TIO OJTHOMY TPYOOIIPOBOTY.

[Ipu »5TOM JocTHraeTcs MaKCUMaIbHO BO3MOXKHOE HCIIOJIb30BAHHUE TPOITYCKHOM
CHocOOHOCTH TPyOONpoBOAa U OCBOOOKIAIOTCA JIpyrHe BU/IbI TPAHCIIOPTA (PKEJIE3HOIOPOKHBIH,
BOJIHBIN, aBTOMOOMIIBHBIN) OT MapajuIeIbHbIX MEPEeBO30K HePTEl U HeYTEPOTyKTOB.

npoaykTel  HedrenepepaboTku  (OEH3WHBI, KEPOCHHBI,  JM3EIbHBIC  TOILIUBA)
MOCTAaBIISAIOTCA MOTPEOUTENSIM, KaK MpaBuio, Mo TpydbonmpoBoaaM. OObBIYHO 00BEMBI OTAEIBHO
B3SIThIX HE(TENPOIYKTOB HEJAOCTATOUHBI JUIsl CTPOUTENIBLCTBA CAMOCTOSITENIbHBIX TPYOOIIPOBOIOB
WA  TpeOYIOT COOpPYXEHHS MAJIOMOIIHBIX  HE(TEenpOayKTONMPOBOMOB  JUIA  KaXJOTO
He(TEeNpOAYKTa B OT/IEIbHOCTH.

B ycnoBusix Hedrebas mocnegoBarenabHas nepekayka HeM30ekKHa, TaK KaK NMPaKTUYECKU
HEBO3MOXXHO ITOCTPOUTH OTAEIbHbBIE TPYOOIPOBOIBI AJIS KAXKI0TO HEPTEPOAYKTA.

66. CTpyKTypa COBPEMEHHOr0 He(pTenmpoAYKTONPOBOAA
B CcOoCTaB MarucTpajJbHbIX He(bTerOlIYKTOHpOBOJIOB BXOOAT HCIOCPEACTBEHHO

TpyOOINpPOBOJ, BKIItOUAsi OTBOJIbI, 3aJBM)KKH BBICOKOTO JIaBJICHHS, KOHTPOJIbHO-U3MEPUTEIbHbBIE
KOJIOHKH, CTaHIIMU KaTOJHOM U JAPEHAXHOH 3aIIMUTHI, MPOTEKTOpHAs 3amuTa, 61ok-60kcel [TIKY
U Jpyroe BaXHOE i DJKCIUIyaTalluu HePTenpoayKTONpPOBOIOB oOopyaoBaHue. Tpacca
He(TenpoAYKTONPOBOAOB 0003HaUeHa ykazareasiMu «OCcTOpoXHO, HEPTEPOTyKTONPOBOI!», Ha
MepeceyeHn ¢ aBTOMOOWIIBHBIMU Joporamu — [I-00pa3HbIMH 3HaKaMu C yKazaTelem
«OcTopoXHO, He(YTEMPOIYKTOMIPOBOA!» U TOPOKHBIMU 3HAKAMH, 3aMPEIIAIOIIUMUA OCTAHOBKY B
OXpaHHOM 30HE HE(PTENPOYKTOIIPOBOOB.

67. Oco0eHHOCTH TEXHOJIOTHH IOCJIeI0BATEIbHOCTH NePEeKAYKHU
[locnenoBarensHas mepekauka HedTedl M HedrenmpoaykroB - TpaHCOpTHpOBKa

Pa3HOCOPTHBIX HE(PTEMPOIYKTOB U HEPTEH ¢ pa3IMYHBIMU (PU3UKO-XUMUYECKHIMHU CBOMCTBaMU
0 OJHOMY  MAarucTpaJibHOMYy  TpyOOmpoBOAy  MOCHEAOBAaTENbHO  (OIMH  MPOIYKT
HEMOCPEACTBEHHO 3a ApyruM). IIpoayKThl mocTymnaT B TpyOOIPOBO HA TOJOBHON CTAHIIUU U3
OT/ICJIbHBIX PE3EPBYAPOB U MPUHUMAIOTCS B PE3€pPBYaphbl HA KOHEUHOM IYHKTE TPACCHI OTJEIBHO
OJIUH OT JPYroro Tak, 4TOObl KUJIKOCTH He mnepememuBanuck. [locienoBarenpHas nepexkayka
MO3BOJIIET MAKCHUMAJIbHO 3arpy3UTh MarucTpajibHBIM TpyOONpPOBOJA, YMEHBbIIAeT Harpy3Ky Ha
Ipyrue BuAbl TpaHcmopta. Kpome TOro, TpaHCIOPT pa3HOCOPTHBIX HePTed K
HedTenepepabaTHIBAIOIIMM 3aBOJaM 3THM METOJOM MO3BOJSET M30€XaTh CMELIeHU HedTel B

pe3epByapax Ha rOJIOBHOM CTaHIMU TPYOONPOBO/IA M YIPOCTUTH TEXHOJIOTHIO UX TIepepadOTKH.



CoBpeMeHHass TEXHOJOTHS METO/a IOC]e0BaTeIbHON IMepeKayku, OCHOBaHHAs Ha ee
UKIMYHOCTH, TMO3BOJISIET OJHOBPEMEHHO TIepeKauMBaTh HECKOJBKO JECSTKOB MapTUi
pasHOCOpTHBIX HedTenpomykToB. [Ipm IHMKINYECKOH Nepekayke B TMapTUH TPYNIHAPYIOTCS
HeQTENpOAyKThl, ONM3KHE MO CBOMM cBoiicTBaM. Hampumep, B oaHy TIpyImy MOTyT OBbITH
o0BbeIMHEHbl ~ KapOopaTopHbIE, B Jpyryl0 — Ju3elbHble TOIUMBAa. JlBe mapTuu
HEPTENPOAYKTOB, MPUHAMISKAIINX K PA3THYHBIM TPYIIIaM, COCTABIISIOT IIHKII.

[lepen HauamoM mepekayKky Uil KKIOTO IUKIA COCTABJISIOT TEXHOJIOTHYECKYIO KapTy
pacroyio’)keHust HePTENpOAyKTOB B MapTUH, TIJl€ YKa3blBalOT TOPSJIOK  CJIE€JOBAaHUS
HeTENpoayKTa JTaHHOTO copTa U ero o0beM. DopMUpOBaHME MAPTHHA M IUKJIA HA TOJIOBHOM
MYHKTE TPYyOOIpPOBO/a OCYIIECTBISETCS COTJIACHO 3TOM TexHoJjormueckou kapre. [Ipm stom
MapTUU He(PTETPOAYKTOB COCTABJISIOTCS TaKUM 00pa3oM, 4TOOBI HE OBLJIO PE3KOT0 M3MECHECHHS
(U3UKO-XMMHUYECKHX CBOMCTB MpH Nepexo/ie BHYTPU LUKJIA OT OJHOM MapTHH HeTenpoayKTOB
K JApyrod M uToObl Hambosee IeHHble He(TENpOMYKTHl (Hampumep, OCH3MH C BBICOKUM
OKTAHOBBIM YHCJIOM) COXPaHSUIA CBOM Ka4eCTBa JI0 KOHI[A MPOIecca TPAHCTIOPTUPOBKH.

68. CmeceoOpa3oBaHue NpPH NMOCJIeI0BATEIbHON NepeKayKe
B MecTe KoHTakTa MOCIIENOBATENBHO MABMKYIIMXCS >KHUAKOCTEH 00pasyercss cMech,

KOJINYECTBO KOTOPOIl 3aBUCUT OT MHOTUX (akTopoB. CMech - 3TO HEKOHAMIIMOHUPOBAHHBIN
npoaykt. [loaToMy ee KoJIMuecTBO HEOOXOAMMO CBECTH K MUHUMYMY. s 3TOro Heo0Xoaumo
M3YYUTh MEXaHU3M CMeceoOpa3oBaHUsi M YCTAHOBHUTH 3aBUCHMOCTh OOBEMa CMECH OT
ONPEAEISAIOINX TAPaMETPOB.

B 3aBucHMOCTH OT pexuma nepekauku cMeceoOpa3oBaHHE B TPyOONpPOBOJE MPOTEKAET
M0-pa3HOMY.

[Ipu namuHapHOM (CTpYyHHOM) TEYEHHMHM MeEXaHM3M CcMeceoOpa3oBaHMs TakoB. B
HayvalbHbIIM MOMEHT BpeMeHH ( = 0) rpaHuIa pa3jiena ®KHUJIKOCTe! MI0cKast, CMECH HeT.

69. IlpubéanxxeHHasi Teopus cMeceo0pa3oBaHMs NPH M0CJIeI0BaATeIbHOI NepeKkauKe
[Tpu mocnenoBaTenbHON Mepekayke pa3nuuHble HedTenpoaykTsl moctynatoT ¢ HII3 B

pe3epByappl TOJIOBHOW IE€pEKauMBalOIIEd CTAaHIMM, a MX IepeKadyka IPOU3BOAUTCS
MOCJIEZI0BATENBHO - B BUJI€ OTJENbHBIX CIEAYIOUIMX APYT 32 JPYroM HapTUil.

[leproanueckn TOBTOPSIIOMIASICS  OUYEPENHOCTh  CIIENOBaHUS He(TEnpOIyKTOB B
TpyOOINpPOBO/IE HA3BIBAECTCA IIUKIIOM MOCIIEIOBATEILHON MEPEKAUKH.

[Maptuu HedTenpoayKTOB B IHMKIE (OPMHUPYIOTCS C Y4ETOM HX COCTaBa, CBOMCTB M
Ka4yecTBa, B HEPTEMPOAYKTONPOBOIC OJHOBPEMEHHO HAXOIUTCS HECKOJIBKO MAPTHH Pa3IHIHBIX
10 CBOMCTBaM HEPTENPOAYKTOB.

70. Bansinue pa3jiu4HbIX (PAKTOPOB HA NMPOLIECC cMeceoOpa3oBaHus U 00pPb0a C HUM
OnpIT 3KCIUTyaTallud MarucTpajJbHBIX TPYyOOIIPOBOAOB, MO KOTOPHIM IOCJENI0BATEIBHO
MEePEeKaunBAIOTCS pa3NuyHble HePTH WK He(PTEMPOIYKThI, TOKA3bIBAECT, YTO 00bEM CMECH MpH
psIMOM KOHTakTUpoBaHuu paseH 0,5...1 % o6bvema TpybomnpoBoaa. OgHAKO I TPYOOIIPOBOIOB



O0JIBIIIOTO JAMaMeTpa U MPOTSHKEHHOCTH 00beM CMecH JOBOJIbHO BeluK. Tak Ha ydactke Ya-
UYensbunck uedrenpoaykronpooaa Y da-Omck oH coctaBisieT okono 785 M 3 . I[lockombky
CMeCh SBIISICTCSI HEKOHJAMIMOHHBIM MPOAYKTOM, TO HEOOXOAMMO BCEMEPHO CTPEMHUTHCA K
YMEHBUICHHUIO ee obbema.

71. BausiHue CKOPOCTH NepeKaYKH

[Tpu cxopocTsix nepekauku meHee 0,6-0,7 M/C POUCXOTUT paccIOCHUE MOTOKA U 00bEM

CMECH PE3KO BO3pacTaeT. YBEIUYEHUE CPETHEN CKOPOCTH MEePEKaYKu MPUBOIUT K YMEHBIICHUIO
obvema cmecu. OmHaKoO MOAMEp)KAaHUE CKOPOCTeH Oosiee 2 M/C MPHUBOIUT K TOBBIMICHHBIM
JHEproszarpaTaM Ha TMepekauky. I[loaToMy pekoMeHIyeMblil [uana3oH CKOpPOCTeH MpHu
MOCJIeIOBaTEIBHOM nepekauke coctasisiet 0,7-2 m/c.

72. Bansinue 0CTAHOBOK NePeKaYKu
[TocnenoBarenbHO NMepeKauYMBaAEMBbIE KUJIKOCTH, KaK NPaBuUio, UMEKT pasHyto NroTHOCTb. Y
Oen3uHa, Harpumep, oHa coctaBisieT 730...750 kr/m 3 , a y nuzenpHOro ToruBa 830...850 kr/m

Ecnu mpu ocTaHOBKE MepeKadku Oosiee TspKeast )KUIKOCTh OKaKETCS BBIIIIE FITH JTaKe Ha
OJITHOM YpOBHE C 0oJiee JIeTKOM KHUIKOCThIO, TO MPOM30U/IET UX PaCTEKaHHUE MO ICHCTBHEM
cuiel TsokecTu. [Ipu aToM Oosee Tskenas )KUIKOCTh (Ha puc 1.8. m300paxeHa TEMHOI) CTeKaeT
BJI0JIb HWOKHEH oOpasytorieit TpyOsl, a Gojiee jerkas (M300pakeHa CBETIION) - MOAHUMACTCS
BJIOJIb BEpXHEH 00pa3yroliei. DTOT MPoIlecc MPEeKpaIiaeTcs Mocjie TOro, Kak HIKHEEe KOJICHO
OKa3bIBAETCS 3AIIOJIHEHHBIM TSKEIION KHUIKOCTHIO, TEPEKPBIBAIOIICH MYyTh /IS BCIIIIBIBAHUS
0oJee JerKou.

73. Biansinue KOHCTPYKTHBHBIX 0CO0EHHOCTEN 00BSA3KH NMePeKAYMBAKIINX CTAHIUI
[lepekmioueHne pabOTAIOMIMX HACOCOB C OJHOrO HE(PTENpPOAyKTa Ha JIpyroi

IPOM3BOIUTCS 0€3 OCTAaHOBKM IE€pEeKayku. OTa MpoLEAypa 3aHUMAET OIpeJesICHHbIN
IIPOMEXYTOK BPEMEHH, B TEUEHUE KOTOPOr'O OCYILECTBISAETCS MEPEKIIOUEHUE 3aIBKEK. B aToT
nepuoJ 00e 3aBHKKH (HalpuUMep, Ha pe3epByapax ¢ OEH3MHOM U JU3TOIUIMBOM) OTKPBITHI, U B
HACOC OJIHOBPEMEHHO MOCTYHAIOT JBa Pa3HBIX HE(PTENPOAYKTa, YTO MPUBOAMUT K UX CMEIICHUIO
ele /0 3aKkauku B HepTenpoAyKTonmpoBoA. JlaHHas cMech OKas3bpIBaeTcs IEPBUYHON
TEXHOJIOTMYECKON CMECHIO.

Bonbmioe BnusiHMe Ha ee 00bEM OKa3bIBAIOT TaK HAa3bIBaeMble "MEPTBBIC 30HBI": OTBOJIBI,
TYNHUKOBBIE OTBETBJICHUS, OOBOAHBIC JHHUM, JYIUHTH, 3a/IBUKKH, CYCTUYMKH, QUIBTPHI U T.II
IIpu cmeHe opHOro HePTENpoAyKTa APYTMM 4YacTb BIEpPeAd MIyIIEro HedTenpoayKTa
IIOCTEIIEHHO  BBIMBIBAIOTCA  I03aAM  MIYIIAM, YTO MPUBOAUT K  JONOJHHUTEIBHOMY
cMeceo0pa30BaHUIo.

[lepBuuHast TEXHOJIOTMYECKAss CMECh MOXET O0Opa3oBBIBATHCI W NPU XPAaHEHUH
He(TENPOAYKTOB B pe3epByapHOM mapke. Ecim 3aaBUXKKH, OTKIIOYAIOIIME pE3epBYyaphbl,
HErepMETUYHBI, TO BCJICICTBUE Pa3InM4Ms IUIOTHOCTEH M B3JIMBOB IIOJ JEHCTBUEM Iiepemnana
TMPOCTAaTUYECKUX JaBJICHUH OIUH He(TENpoayKT OyAeT MepeTeKkaTth B pe3epByap C IPYTUM.
[Tpu Manoit mpoM3BOIUTENHFHOCTH OTKAYKH TaKOW MEPETOK KUIKOCTEH MOXKET HaONI0IaThCs B

HEePHOJI IEPEKITIOYCHUS PE3ePBYapOB.



YMeHbIIeHHI0 00beMa MEePBUYHON TEXHOJIOTHYECKOH CMeCH CIOCOOCTBYET YIpOILEHHUE
TEXHOJOTMYECKON OOBSI3KM HACOCHBIX CTaHIMM M pPE3epByapHbIX MAapKOB C NPUMEHEHUEM
OBICTPOACHCTBYIONIECH repMETUYHON 3aIIOPHOM apMaTyphl.

74. Bnusaue o0bemMa mapTuil mepekaynBaeMbIX JKUKOCTEH

75. Bausinue cOOTHOIIEHHUA BA3ZKOCTH *KUAKOCTEH
Yem MeHpIIe OOBEMBI MApTUH, TeM OOJBIINE YHUCIO KOHTAKTOB TEPEKAYMBAEMBbIX

He(TENPOAYKTOB U, CIEAOBATEIBHO, TeM 0OJbIIe 00l 00beM cMecu. MUHUMANBHBIN 00beM
NapTUil OnpesenseTcs U3 YCIOBHs, YTO BCs 00pasyromiascs B KOHTaKTaX CMECh Peau3yercs C

MCIIOJIb30BaHUEM 3ariaca KauecTBa MepeKaunBaeMbIX He(TEPOIYKTOB.

76. IlpuMeHeHue pa3geauTesiel MPHU MOCIEA0BATEIBLHOM NepeKayKe
HpI/I MEPECKAYKE NPUMCECHIAIOTCA IBa OCHOBHBIX THIIA paznenMTeneI‘/'I — XKHUJIKHUC U TBEPIBIC.

B kauecTBe ®HIKHUX pa3ienuTenei NPUMEHSAI0TCS He(QTEenpOIyKThl UM )KUJIKOCTH, KOTOPBIE HE
CMEILUBAIOTCS ¢ HEPTENPOAYKTaMH U HE 00Pa3yIOT C HUMH SMYJIbCHH, JIETKO MEePEeKaunBalOTCs
HacoCaMH IIPOMEKYTOYHBIX HACOCHBIX CTAHIIMM, HE pacCIauBarOTCs NpH UX nepekauke mo TII.
[IpuMeHsArOTCS TBEpAbIE PpA3ACIUTENN PA3NTMYHBIX THIIOB W KOHCTPYKUMMH: JUCKOBBIE,

MAaH>XCTHBIC, ITOPIIHCBLIC, cq)epnquKHe, KOMGI/IHI/IpOBaHHHC U T.AO.

77. KoHTpOJIb 10C/Ie10BATEIbHOM NePeKaYKH
[lepekauka HECKOJBKUX COPTOB HEPTHU MO OJHOMY MAarucTpalibHOMY HE(PTENpoBOIY

JIOJDKHA OCYIIECTBIIATHCS TOCIIEIOBATENIFHO C COOJIOEHHEM TPeOOBaHUN 1O COXPAHEHUIO HX
Ka4eCTBa.

[Tpyn opraHu3anuu NOCIEIOBATENbHON MEpPeKauyku JOJHKEH OBITh BBINOJHEH KOMIIIEKC
OpPraHU3alMOHHO-TEXHUUECKUX  MEpONpPHUATHH, 00ecrneumBaloOlUX €€  IpOBEJACHHE B
COOTBETCTBUU CO CHEIHAIBHO pa3paboTaHHON UHCTPYKIUEH.

OCHOBHBIE TapaMeTpbl MOCIEAOBATEIIBHON NMEPEKaYKH - MOCIEAOBATENBHOCTh IMOAAYH
pasnuyHbIX HedTell B TpyOONpPOBOJ, METOJ KOHTAKTHPOBAaHUS, BEIMYMHA NapTUil HedTel,
IpaHMIIbI pa3zeseHus napTuil Herell Ha KOHEUHOM MYHKTE, METO/Ibl peau3alii cMecH HeTe
- TOJKHBI YCTaHABJIMBATHCS TEXHOJIOTHUECKUM PAacueToOM U OTpaxaThbcs B IHCTpyKIHH.

[Ipu TypOyJIeHTHOM peXuMe NBH)KEHUS MepeKauyuBaeMbIX HeTel mMmocienoBaTeabHas
nepeKaydka, Kak MpaBUjIo, OCYIIECTBIIAETCSA NPU HEMOCPEACTBEHHOM KOHTaKTUPOBAHUU NAPTHU
He(TeH.

[Ipu TtpaHcopTHpOBaHUM OOBOJAHEHHBIX M TOJATOTOBJICHHBIX HEPTEH IO OTHOMY
TpyOONpoBOy, a TaKXke IMpH JIAMUHAPHOM pEXUME [BIKEHUS HepTell mocienoBaTenbHas

MNepeKadyKa J0JKHAa BECTHUCH C PA3ACIIUTCIIAMMU.



[Ipn BBIHYKIEHHBIX OCTAaHOBKaX MEPEKadYKM CMeCh IO BO3MOXKHOCTH JIOJDKHA
pacmojaraTteCs Ha y4acTkax He(dTenpoBoaa ¢ mpoduieM, OJIM3KAM K TOPH3OHTAIHLHOMY, TIE
He(Th C MEHBIIIEH TIOTHOCTHIO pacroiaraiack 0bl o mpoduiTo BhIe HedTH ¢ O0sIee BEICOKOM
TUIOTHOCTBIO.

[Ipu opranuzanuu nociuea0BaTeIbHON NePEeKauKH JOIKHBI OBITh MPEIYCMOTPEHBI:

- KOHTPOJIb 32 MPOXOXKJICHUEM CMECH, pa3JieuTeNeil B HehTenpoBo/Ie;

- KOHTPOJIb KauecTBa He(TH.

Ha Bcex HIIC u kOHEYHOM NyHKTE IOJKHBI OBITH KOHTPOJbHBIE ITYHKTHI JUIS
HAOIIO/IEHUS 32 TIOCTIEI0BATEIBHON TIepeKayKoi.

KonTpons 3a TpoXOXKICHHEM CMeCH MO TPYOONpPOBOAY MOMKET OCYIIECTBISTHCS
aBTOMATHYCCKUMU TIPUOOpaMU KOHTPOJIS, 00SCIICUHBAOIIMMH TPEOYEMYIO TOYHOCTh U3MEPCHHS
KOHIIEHTpaluu HedTel B cMecH.

B nucnerdyepckomM myHKTE HeTENpoBOJa HE pexke 4eMm uepe3 2 4daca (PUKCHPYIOTCS
MECTa HaXOXICHHUS CMECU WIIU Pa3JIeUTeNs U JAPYTHUe JaHHbIC, HEOOXOTUMBIC JJIsi KOHTPOIIS
MOCJIEI0OBATEIHON MEPEKAYKH.

[Ipu cmaue cmecu He(dTH Tpy30NOTydYaTENIM COJEp)KAaHUE OJHOTO copTa He(TH B
JIPYTOM JOJKHO OTBEYATh YCTAaHOBIEHHBIM TPEOOBAHUSM MO Ka4eCTBY HE(TH.

78. KoHTpOJIbL cMecH 10 U3MEHEHUI0 IVIOTHOCTH
JlaHHBIN METOJT KOHTPOJISI CMECH MPUMEHSIOT B TOM CiIy4ae, KOr/ia pa3HOCTh TUNIOTHOCTEH

KOHTaKTUPYIOLIUX KUAKOCTEH TOCTATOYHO BEIHKA.
B OCHOBy OHpGI[GJICHI/ISI KOHHGHTpaHI/Iﬁ ITOJIO2KCHBI ypaBHeHI/ISI COXpaHeHI/ISI MacCChbl U
o0bema
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79. KoHTpOJIb CMeCH 110 BeJIUYHHE THIIEKTPHUYECKOMN IMOCTOSTHHOM



JlmdnekTpudeckre TMOCTOSHHbIE HE(TENpOAyKTOB pazIuYaoTcs. Y OCEH3WHOB OHaA
coctanisier oT 1,829 no 1,942; y xepocuna - ot 1,989 no 2,088; y nuztomnusa - ot 2,054 no
2,097.

80. KoHTpoJIb cMecH 10 CKOPOCTH PACIIPOCTPAHEHUSA YJIbTPa3ByKa
CKOpOCTh pPacnpoOCTpaHEHUs! YIbTPa3ByKa B Pa3IMYHbIX HEPTAX M HEPTENPOIYyKTax

CyHIIECTBEHHO pasnuyHa (B au3torumse - oT 1375 no 1390 m/c, B kepocune - ot 1320 go 1335
M/c, B OeHzuHe - oT 1175 1o 1190 m/c), 4TOo ¥ MO3BOJIMIIO CO3/IaTh COOTBETCTBYIOIIHNE TTPHUOOPHI
KOHTPOJIS 3a [OCIIeI0BaTeIbHOM MepeKauKoil.

VYbpTpa3ByK onpeAeneHHOW 4YacTOThl Mojaercs Ha usnydarenu 1. Ilpu mpoxokneHun
4yepe3 He(YTENPOIYKT, NBHKYIIMUCS MO TPyOe, M3MEHSETCS 4acTOTa MOBTOPEHUS WMITYJIHCOB
CaMOCHHXPOHU3UPYIOIIErocs TeHeparopa, 4To (QuKcupyercs mnpuemMHukamu 2. J[lanee
pe3yabTaThl M3MEPEHHUH MOCTYMaloT Ha NpeoOpazoBaTend 3, OTKyJa OHM IEpelaroTcs Ha
BTOPUUHYIO amnmaparypy 4. 37ech pe3ylbTaThl U3MEPEHUIH CPaBHUBAIOTCS W MPeoOpasyroTcs B
HaIpsHKEHUE TIOCTOSTHHOTO TOKa, KOTOPOE PETHCTPUPYETCS Ha JUarpaMMHOM JICHTE.

81. KoHTpoJb cMecH Mo onTH4YeCKOM MJII0THOCTH
CriekTpoOTOMETPUYECKII METOA HU3MEPEHUs] KOHICHTPALUUU HEPTETPOIYKTOB JUIS

Pa3IMYHBIX MAapHBIX COYETAHUN MOCIIEI0BATENIbHO IepeKaynBaeMbIX He()TENPOAYKTOB (OCH3UH -
OeH3MH, OEH3UH - JU3TOIUIMBO, TU3TOIUIMBO - JU3TOIUIMBO) OCHOBAH HA PAa3JIMYMU ONTHYECKUX
IUIOTHOCTEH pa3HBIX MapoK He(TEenpoayKTOB, M3MEPEHHBIX B YIbTpaduOJIETOBOW 001acTH
CHEKTpa.

Omnpenenenne KOHLEHTpalMi HEPTENPOIYKTOB MPOU3BOJUTCS CIEAYIOIIUM 00pa3oM.
IToxa yepe3 GoTOMETpHl Ha BBIHOCHOM W MECTHOM KOHTPOJBHBIX IYHKTaX MPOXOAAT YUCTHIE
HeTENpoayKThl, orneparop B Onoke 7 ycranaBiauBaeT 0% u 100% KOHLEHTpAIMU OJHOTO
HedTenpoaykra B apyrom. [locime 3Toro mpu NpoOXOKIACHWH CMECH JNaHHBIX HE(PTENPOIYKTOB
yepe3 kioBeTy ¢otomerpa PA-1, ycranosiennoro Ha MKII, mpoucxoaut aBTOMaTHYECKOE
M3MEpPEHHE IUIOTHOCTH cMecH U BeluuciieHne KoHueHTpauuii KA u Kb ¢ 3anucero 3HaueHuit Ha

quarpamme npuodopa.

82. KoHTpoJb cMecH ¢ MOMOIIbI0 HHAUKATOPOB
C}’IIIHOCTI) WHIAUKATOPHOI0 METOAAa 3aKJIKOYACTCAd B TOM, YTO B 30HY KOHTAKTa ABYX

MOCJIEIOBATEIFHO TIEPEKAYMBAEMBIX JKHUJIKOCTEH TOMEIIAeTCs BEIIECTBO-MHIMKATOP, KOTOpOe
pacnpezensercs o JUIMHE 30Hbl CMECH B COOTBETCTBHHU C 3aKOHAMU pacCIpe/ie]ICHHs IPUMECH.

B xayecTBe BEIIECTB-UHIUKATOPOB MOTYT TPUMEHSTHCS PAJUOAKTUBHBIE H30TOIIBI,
KpacUTEIH, TaJUIOUIMPOBAHHBIC YTIIEBOIOPOIBI U JIP.

83. ®uzuko-xUMHMYECKHE IO0Ka3aTeJu He(PTEenpoayKTOB M HMX H3MEHEHHe IpH
CMeIIMBAaHUH



K oCHOBHBIM (U3UKO-XMMHUYECKHUM CBOWCTBAM HEPTENPOIYKTOB, TaK IUIM HHa4e
BIIUSIIOLIMM Ha TEXHOJOTHIO UX MpHEMa, XPaHEHMs U OTIYCKa, OTHOCATCA IUIOTHOCTh, BA3KOCTbD,
TeMIepaTypa 3acTbIBaHHS, HCHAPSIEMOCTh, IMOKapOB3PHIBOONIACHOCTb, JJEKTpU3AlMs U
TOKCUYHOCTb.

[110THOCTBIO Ha3bIBAIOT BEJIMYUHY, YACICHHO PAaBHYIO Macce He(TEMpOAyKTa B €MHHULIC
ero oovema. IlnoTHOCTH M3MeEpseTcs B rpaMMax Ha KyOMUYECKUN CaHTUMETp, KWJIorpammax Ha
KyOuueckuii MeTp, TOHHaX Ha KyOudeckuil MmeTp. B oTaenpHBIX ciydyasix MOJIb3YIOTCS
OTHOCUTENIbHOM TJIOTHOHOCTBHIO , YMCJIEHHO PaBHOW OTHOIICHHIO TUIOTHOCTH HE(TENpOIyKTa
npu 20 °C x uiotHOCTH Boabl nipu 4 °C.

[TnotHOCTH pasznuunbix HedrenpoaykroB mpu 20 °C (293 K) maxomutcst B mpenenax
(xr/m3): 6en3unbl — 700-780, nuzenbHble TorUIMBa — 830-860, peakTHBHBIE TOIIMBA — 755-
840, xorenpHble TorIMBa — 870-900, maciia —880-915, mazyTel — 940-970.

[InoTHOCTH HE(pTENpOAYKTOB TpU TNPOMU3BOJIBHOM TemmepaTtype T MoXeT ObITh
paccumnTana no ¢opmyie

pT=p293+{(293-T)

rae p293 — wu3BeCTHas BEIMYMHA IUIOTHOCTH mpu temmeparype 293 K, kr/m3; { —
TeMIepaTypHas OoIpaBKa IIIOTHOCTH, (KI/M3 ¢ rpaj), paBHas

£=1,8250,001315 « p293

[Ton BSI3KOCTBIO MOHMMAIOT CHUJIy CONPOTHUBJICHMSI CMELIECHUIO OJHOTO CJIOS KHUJIKOCTH
OTHOCHUTEINBHO JIpyroro. YeM 6oJibIlie BA3KOCTh, TEM MEHbIIIE TEKyUeCTh HEPTETPOIyKTa.

84. ben3uHbLI ABTOMOOUJIBHBIE
B 3aBUCUMOCTH OT IO0JIM B COCTaBE 6GHSI/IHa HU3KOKHUIISIINX yrﬂ@BO}IOpOHOB 6CH31/IH

noJipa3fieNigeTcss Ha 3UMHUN M JIeTHUH (B 3UMHEM O€H3MHE HU3KOKHILSIIUX YIIIEBOJAOPOJIOB
0O0JIBIIIE).

B Poccuu B coorBerctBUn ¢ 'OCT P 51105-97 kK 0CHOBHBIM MapKamM aBTOMOOMJIBHOTO
OeH3MHAa OTHOCATCS OEH3MH C OKTAaHOBBIMHM YHCIIAMH, HM3MEPEHHBIMH HCCIIEI0BATENbCKUM
METOJIOM:

Hopmanp-80 — ¢ okTaHOBBIM uKciIOM He MeHee §0;

Perynsip-92 — ¢ OkTaHOBBIM YHCIIOM HE MeHee 92;

[Ipemuym-95 — ¢ OKTaHOBBIM YHCIIOM HE MeHee 95;

Cynep-98 — ¢ OKTaHOBBIM YHUCJIOM HE MeHee 98

85. TpakTopHbIii KepoCHH, TOIUIMBO /Jisi PEAKTHBHBIX JBHrartesei, TOIIHBO
neyHoe ObITOBOE
ABUHAIMOHHBI KEPOCUH (aBHAKEPOCHUH, KEPOCHH JJs PEAaKTUBHBIX JBUTaTeleH,

PEaKTUBHOE TOIJIMBO) — CHEIMAIbHBIN KEPOCHH, pa3pabOoTaHHbIN KaK TOIUIMBO JUISl PEAKTUBHBIX

neurateneil. B aBuakepocuHe 0osiee CTPOTO PpErIaMeHTHUPYIOTCS (DpaKIIMOHHBIA COCTaB M



0COOEHHO HHU3KOTEMIIEpaTypHBIE CBOMCTBA — IO BA3KOCTH, TEMIEpaTypaM KpHCTAIIM3AlMUA U
MIOMYTHEHUSI, YTOOBI BO BpeMs IOJIeTa MPH TeMIepaTrypax naxe Hike —55 ?C He HapyHIHIoCh
MOCTYIUIEHHE TOIUIMBA K JABHratesnsM. Kpome Toro, mpoBepsiloT cojaepiKaHHe apOMaTHYECKUX
YTIE€BOAOPOAOB, CMOJ, CEPbI, CTENIEHb OYMCTKU KepocuHa u Jip. OJHUM U3 HauboJsee U3BECTHBIX
copToB A.K. siBisieTcsi aBuakepocuH Mapku TC-1 (tormBo camonetHoe). Ero minotHocts nipu 20
?C coctaBnsieT He MeHee 775 Kr/mM3, a KHHeMaTH4YecKasi BSI3KOCTh MPU ATOH TeMIepaType — He
menee 1,25 cCt. Cum. taxke Hedtsiabie Tormsa.

PeakTrBHBIE TOIUIMBA - IPUMEHSIOTCS B KAUECTBE TOILIMBA JIJIs1 aBUALIMOHHBIX BO3YILIIHO-
peakTuBHBIX nBurarenedl. TomnmBa juig peaktuBHbIX aurarened mno ['OCT 10227-86
MOJTYYarOTCS CMEIICHHEM KEPOCHHOBBIX ()PAKIMA, BBIACICHHBIX PEKTHU(HUKAIMEH MPHU MPsIMOI
neperonke HedTu. I[lpm mpomsBoacTBe TorumBa PT mpumeHsercs mporecc THAPOOUYUCTKH
KEPOCUHOBBIX (DpakIfii ¢ MOCIEaYIOUMM BBEACHUEM PUCAI0K, YITyUIIAOUINX CTAOUIBHOCTD U
AKCIUTyaTallMOHHBIE CBOMCTBA TOIUIMBA. BBITyCKaIOT ClIeAyIOINE MapKH:

JUISL pEaKTUBHBIX JBUTaTEIEH CaMOJIETOB C JJO3BYKOBBIMU CKOPOCTSIMHU:

TC-1 ('OCT 10227-86);

T-1 (I'OCT 10227-86);

T-2 (I'OCT 10227-86);

PT (I'OCT 10227-86).

JIJIS1 CBEPX3BYKOBOU aBUALINU:

PT (I'OCT 10227-86);

T-6 ('OCT 12308-89);

T-8B (I'OCT 12308-89).

TonumBo meuynoe ObIToBOE (TY 38.101656-87). BripabarbiBaeTcsi U3 IUCTHUILISTHBIX
¢bpakuuii OpsAMOM TMEperoHKH He(TH M JECTPYKTHUBHBIX IIPOLIECCOB - TEPMHUYECKOTO,
KaTaJIMTHYECKOr0 KPeKHHra, KOKCOBaHUSA. B oTiMuMe OT AM3eIbHOrO TOIUIMBA MEYHOE OBITOBOE
TOTUIMBO MMEET 0oJiee BBICOKYIO BS3KOCTh M OoJiee TsDKEIbId (hpakiMOHHBIN cocTaB. [lednoe

TOIUIMBO JIOJPKHO UMETh JOCTATOYHO HU3KYIO TEMIIEpATypy 3aCThIBAHMS - HHKe MuHYyC 15°C.

86. IIpuem u peanu3anus cMeCH Ha KOHEYHOM NMYHKTe TPyOOnpoBoaa
OO0pa3yrommasicsi B H/IPOB. CMeCh MEepeKauyuB. MOCIEAOBATEIHHO H/TPOB. MPUHUMAETCS

KaKk TPaBUJIO B KOHEYHOM TMYyHKTEe HE(TEmpoayKTONMPOBOAA M pEaNIu3yeTcs OJHUM U3
CJIEAYIOIINX CITOCOOOB:

1)cMech 100aBISIOT B YUCTBINA IPOAYKT B JJOIMTYCTUMBIX KOJTHYECTBAX.

2) emech otmpaistoT Ha HIT3 s mepepaboTk.

H\mpoayxTel moctynaromue ¢ HII3 uMer0T HEKOTOPHIN 3amac KadecTBa MO OTICIbHBIM

nokazarersiM. [Ipu 601bIIoM 00beMe pe3epByapoB M 3HAYUTEILHOM 3aIace KauecTBa y H/TPO.



MHOTI'/Ia MOXHO BCIO CMECh IPSMO M3 H/TIPOB. pacrlpeiesuTh Mo pe3epByapam ¢ Mepek. H/MpoJl.
CMmech pa3sHOCOPTHBIX H/mpoj., Hampumep OeH3uH W JIT 0OBIYHO nHensAT Ha JBE YacTH U
MIPUHUMAIOT B J[Ba pa3HbIX pe3epByapa. [lorom tam, rae Oosbie OeH3MHA B CMECH, A00ABIISIIOT
KaKyl0-TO 4acTbh B pe3epByap ¢ O€H3MHOM, a TaM Iae Oosbiue B cMecu [T 100aBisioT B pe3eps. ¢
AT, a ocraBuylocss cMechb OTHPABISIOT Ha nepepaboTKy. MOMEHT MepeKIoueHHs 3aJBHKEK
OTIpPEeNeNSIOT MO TpaduKy M3MEHEHHs KOHIICH-IIMM CMECH TI0 €€ JUIMHE, OINpen-od Mpudopom
KOHTPOJISL.

TexHonorus npuéma cmecH U3 He(TENpPOIYyKTONPOBOJA B pe3epByapbl KOHEYHOTO
MYHKTa OMpeJeNsieTcss CBOWCTBAMH KOMIIOHEHTOB CMECH, 3allaCOM KauecTBa M KOJIMYECTBOM
He(TenpoaYKTOB B pe3epByape.

[Tpu OonbmioM o00BEME pe3epByapoB C HEPTENPOAYKTAMU W 3HAUUTEIHHOM «3arace
Ka4yecTBa» y HMX MHOTJa MOXXHO BCIO CMECh IPSAMO U3 He(TENpoIyKTONPOBOJA paclpeieanTh

1o pe3C¢pByapam C NICPCKAYNBACMbIMU HC(I)TCHpO,Z[YKTaMI/I.

87. Ilpuem Bceii cMecH B OTIeJIbHBIN pe3epByap
Cmech pa3HOCOPTHBIX HE(PTETPOAYKTOB OOBIUHO JCNAT HA IBE YACTH U MPUHUMAIOT B JIBa

OTIENBHBIX pe3epByapa. [Ipm 3TOM B 3aBUCHMOCTH OT COCTaBa CMECH W 3araca KadecTBa B
pe3epByapax COOTBETCTBYIOIIMX TOBAapPHBIX HE(QTEIPOTYKTOB COCTABISICTCS KapTa CMEIICHUS C
yKa3aHHEM, CKOJIBKO M Kakoil cMecH MOXKHO J00aBUTb B pe3epByap C KOHKPETHBIM
HedTenpoaykrom. I[Ipu momxonme 30HBI CMECH K KOHEYHOMY IYHKTYy €€ TOJIOBHas 4YacTb
HaIpaBIISIETCS] B pe3epByap ¢ 3aMelaeMbiM HE(TETPOIYKTOM, XBOCTOBAsI 9aCTh — B pe3epByap ¢
3aMENIAloONIMM HE(QTEPOIYKTOM, a OCTalbHas OCHOBHAas 4YacTh CMECH NPUHUMACTCS B

OTJIENIbHBIN pe3epByap.

88. Jlesienue cMecH nomnoJiam
[Ipu otmycke He(TENPOAYKTOB HATUBHBIM CYJHOM B a/IpEC OJTHOTO TOMydYaTeNs KaXIyro

npoOy JIeNAT Ha IBE paBHBIC YacTH (OHY YaCTh - IJIsl IPOBEICHHSI TPHEMO-CAaTOYHOTO aHAIIN3a,
BTOPYIO - Ha CJIy4ail apOUTPakKHOTO aHAJIM3a OTIPABUTENIO U nosydarento). [[poOsr oT6uparor B
NPUCYTCTBUHM MPEACTaBUTENS CyAHa € OQOpPMIICHHEM akTa Ha OTOOp MpoO, OmeyaThIBaroOT
MeYaThlio OTIPABUTENS M BPYYalOT KaUTaHy CyAHA JUId mepenadd nonyvarento. [lpu ormycke
HEPTENPOAYKTOB HAJIMBHBIM CyJHOM B aJpec HECKOJbKHX TMoJy4areieid 4Yucio mpoo,

BpPYYaeMbIX KallUTaHy CyJHA, TOJKHO COOTBETCTBOBATH YUCIY MOJIy4yaTeeH.

89. Ilpuem Bceii cMecH B OIMH YHMCTbIN HeQTENPOAYKT
Toueunast mpoba - mpoba, orobpanHas 3a oauH mpueM. OHa XapaKTepu3yeT KadecTBO

He(TEeNnpoAyKTa B OJIHOM TapHOM MecTe (0ouke, OupoHe, KAaHUCTPE U JIP.) WIH Ha ONpeAeIEHHOM



3aJJaHHOM YpPOBHE B pe3epByape (TPaHCIOPTHOM CpPEICTBE) WM B OIpPEACTICHHBIH MOMEHT

BpPEMEHH NP 0TOOpE U3 TPyOOIIpoBOIa.

90. /lesieHne cMecH Ha TPH HePaBHbIE YACTH
JuctumnsaTel HeTH TPECTABISAIOT COOON pe3ysbTaT MHOTOCTAIUIHOTO pa3zesieHusl Ha

(bpakuuu, KOTOpble UMEIOT Pa3Hble MHTEPBAJIbl BhIKMMAHUS. PazneneHne MoXeT MpOUCXOAUThH
METOAOM JUCTHIUIALIUH, WIH C TIOMOLIbI0 00Jiee COBPEMEHHOMN TEXHOJIOTUH — PeKTH(PUKALINY.

JIr060# TUCTHIUIAT MIEPEroHKM HEPTH HE SBISIETCS TOBAPHBIM MPOIYKTOM. J[JIst mocTaBKH
norpedburento (Qpakuuy MoABEepraroT AalibHEHIIed nepepaboTke, Hampumep, ouucTke. Bce
JUCTUJIIATHI AETATCA Ha 3 TPyIIbL:

Jlerkue (OeH3MHOBBIC): TeTposieiiHass W OeH3uHOBasg. TemmepaTypa BBIKMIIAHHUSA He
npesbiiiaer 140 °C.

Cpennue (KepOCHHOBEIE): KEPOCHHOBAS, JIUTPOMHOBAS, In3ebHAs. [Ipenenbl BRIKATTaHus
— ot 140 mo 350 °C.

Tsoxenble (MaciisiHble): TasoilieBble, Ma3yT, TyApoH. Temmeparypa BBIKUIIAHHS
npesbimiaet 350 °C.

CocraB (pakumii ompenensieTcss MECTOPOXKICHHS, Ha KOTOPOM J0OBIBAJIOCh ChIpbe. B
He(TH MOTYT IIPUCYTCTBOBATh alupaTUIECKHE, ApOMAaTHUECKUE, allUKINYECKHUE YTIIeBOJOPOIbI.
B GonbimmHCTBE CilydaeB B COCTaBe HAOMIOJAIOTCA UX KOMOMHAIMH. B 3aBHCHMOCTH OT ChIpbs
MOTYT TOJY4aThCsl apOMaTHUECKUE, AUKIMYECKIE WIN an(aTHUECKUE TUCTUIIIATH HEPTH.

91. PacnipeaesieHue cMeCH 110 HECKOJIBKUM pe3epByapam
IIpu pacnpeneneHun cMecd HEPTENPOAYKTOB IO HECKOJIBKHM  pe3epByapam

YUUTBHIBAIOTCS PAa3NIUyHbIe (DAKTOPBI, TaKUE KaK BSI3KOCThb, INIOTHOCTh, TEMIIEpATypa M COCTaB
cmecu. Takke Y4YUTBHIBa€TCA TEKYIIMH CHPOC Ha KOHKPETHbIE BHIbI HE(PTENPOIYKTOB H
BO3MOYKHOCTH UX XPaHEHUS U TPAHCIIOPTUPOBKHU.

92. OmnpenejieHHe 4YHMCIA NEPEKAYUBAKIIMX CTAHUMHA NPH MOCJAeI0BATEJIbHOM
nepekavke
Ha ocHoBanum ypaBHeHusi OanaHca HAmopoB, HEOOXOAMMOE YHCIO MEPEKaYUBAIOIIUX

CTAHILIMI COCTAaBUT

rae Her=my - hy— pacueTHslil Hamop cTaHIUN.

93. OnpeaesieHHe YHCIA HUKJIOB MOCJIEI0BATEILHOMN MepPeKaYKH
[TocnenoBarenbHasi Mepekadyka Pa3HOMMEHHBIX W Pa3HOCOPTHBIX HE(PTENPOIYKTOB IO

MarucTpaJibHbIM TPYGOHpOBO,Z[aM OCYHICCTBJIACTCA LUKIIAMHU. Ka)KI[LIﬁ OUKII COCTOUT U3

HECKOJIbKUX napTui HEPTETPOTYKTOB, pacnoJararmmuxcs B OTIpeieTICHHON



1ocae10BaTeNbHOCTU. [IOpSIIOK MOC/IE0BAaTEIbHOCTH MAapTH  HEPTENPOJYKTOB B  IMKIIE
onpejensercss TakuM o00pa3oM, 4YTOObI KaxAbli HEPTENPOAYKT KOHTAKTUPOBAJI C JABYMS

APyrumu, HauoOoee OIU3KUMH K HEMY I10 CBOUM CBOICTBaM.

94. OnpenesieHne He00XOAUMOr0 00beMa pe3epByYapHOIo MapKa
[TockoJBKY CTOMMOCTh pe3epByapHOro napka, Kak IMpaBmiIo, TPEBhIIIAET CTOMMOCTh BCEX

OCTaJIBHBIX O0BEKTOB HedTeOa3bl MPABUIIBHOE OIpelelieHue 00bEMa pe3epByapHOro Mapka
He(TeOa3bl — BasKHEHIIasl 3a/1a4a MPU IPOSKTUPOBAHUU.

st onpenenenust o00bEMa pe3epByapHOro napka Hereba3 HeT HOPMAaTUBHBIX YKa3aHUH,
a OCHOBOW JUTs pacyéra CITy’KaT CIeIyIOIINe CBEICHHS — TOJI0Basi peaiu3allyisi, INIOTHOCTh HEPTH
1 HeTenpoayKTa, pAaBHOMEPHOCTh MOCTYIICHUS U peanu3anuu (Tadi. 1), a Takxke yaaaéHHOCTb
HeTeba3 OT TPaHCMOPTHBIX KOMMYHHUKAIIUN U TIOTpeOuTeNnei HeTenpoayKTOB.

O0BéM pesepByapHOTO TapKa MepBOHAYATLHOW HeTeOas3bl M0 BUAAM HEPTEIPOTYKTOB
MOYKHO OTIPEJICNIUTH 110 CIEAYIOMEeH GopmyIre:

Vn=Qx10/pxk3xk0,

rae Q — romoBas peanuzaius HEPTEIPOAYKTOB; p — IUIOTHOCTh HedTempoaykra; k3 —

KOX(UITMEHT 3amoJIHEeHUs pe3sepByapa, (Tadm. 2); kO — koddpdumment obopaumBaemoctu —

OTHOIIEHHE TOJIOBOM pean3aluu HePTEenpoIyKTOB K IOJTHOMY 00bEMY pe3epByapoB.

95. PacyeT 0TBO/1a OT MATHCTPAJILHOI YacTH HeTeNPOAYKTONPOBOA
JlnameTrp OTBOIOB ompenensieTcs HCXOoAs U3 TpeOyeMoro MaKCHMaJbHOTO pacxoja

HePTENpoayKTa B OTBOJE MPU MHUHUMAIBLHO BO3MOXXHOM JaBJICHHH B y3Ji€ NMPUCOCTUHECHUS U
obecrieueHns 0TOOpa KaXKI0i MapKku He()TENPOIYKTa B MK MOCIEIOBATEIBHON MEPEKaYKH 3a
BpeMsI POXOKJIEHUS €70 MUMO Yy3J1a IPUCOSIUHEHHUS.

OTBOmBI W pacmnpefenuTeNbHbIe TPyOONMpOBOABI K TMOTPEOUTENSIM JOKHBI  OBITh
OJTHOTPYOHBIMH, eciii 00BbeM IepeKaunBaeMOM MapTHH OAHOM M3 Tpynn He(TEempoayKTOB 3a
LIMKJI HE MeHee 00beMa 0TBOJIa MJIM paclpeeIuTeIbHOro TpyobonpoBoaa. B cimyuasx, korna no
TEXHOJOTMYECKMM TlapaMeTpaM OJHOTpyOHas cucreMa He oOecneduBaeT IepeKauyky
He(TENPOAYKTa C ONTUMATBHON CKOPOCTHIO MIIM 3arac Mokas3aTelis KauecTBa HeJJOCTaTOueH JIIs
UCTIPABJICHUS CMECH, KOJMYECTBO MapajUleJbHBIX TpPyOONpOBOJAOB B  OTBOJAE  WIIH

pacnpeeIuTeNbHOM TPyOOIIPOBOAE ONPEEINIAETC TEXHUKO-OKOHOMUYECKUM PacyeToOM.

96. U3menenue nmapameTpoB padoTsl TPyOONpoBOAa B NMEPHOA CMEHBbI KHUIKOCTEH
N3menenne mapameTpoB pabOThI TPyOOINpPOBOJAa B TEPHOJ CMEHBI KHUIAKOCTEH MOXXET OBITh
KPUTUYECKHM JUIsl oOecriedeHrs: 6€30macHOCTH U 3P PEKTUBHOCTH Mpoliecca. BoT HekoTopblie U3
[apaMeTpoB, KOTOPbIE MOTYT U3MEHSTHCS NP MEPEX0JIe OT OJHON KHUAKOCTHU K APYTOIl:

IInoTHOCTH KMAKOCTH: PaznuyHble KUAKOCTU MMEIOT PA3HYIO INIOTHOCTb, YTO MOKET

BIIUATH HAa THIPABIMYECKHUE TapaMeTpbl TPyOOIIpOBOa, TaKKUe KaK JJaBJICHUE U CKOPOCTh MOTOKA.



[Ipu cMeHe >XKUAKOCTH HEOOXOJMMO YUYHUTHIBaTh 3TOT (DaKTOp M, BO3MOXKHO, KOPPEKTUPOBAThH
pexuM pabOThI CUCTEMBI.

BsizkocTh kuMAKOCTH: BS3KOCTh Takke MOXKET CHIBHO paziuyaTrbCs y pPasHbIX
*KuakocTed. V3MeHeHHe BSI3KOCTH MOKET MOBIHITh Ha THUIPABIWYECKOE COIMPOTUBICHHE U
3¢ PeKTUBHOCTH Nepekauku. Hanpumep, 6osee BsI3Kas KHUIKOCTh MOXKET TPeOOBATh YBETHUCHHS
MOIIHOCTH Hacoca.

Xumuyeckue CcBOicTBa: XHMMHYECKHE CBOWCTBA JKHAKOCTH, Takue Kak e pH,
KOPPO3MOHHAsl aKTUBHOCTh WJIM COBMECTHUMOCTh C MaTepuallaMi TpyOOIpoBO/ia, MOTYT BIIUSATh
Ha 0e30MacHOCTh W JIONTOBEYHOCTh CHCTEMBI. [Ipu cMeHe >KMAKOCTH HEOOXOAWMO YYHUTHIBAThH
9TH (HaKTOPBI U IPUHUMATH MEPHI JIJIsl 3aIUTH 000PYAOBAHHS.

TemnepaTrypa M faaBiieHue: V3MeHEHHE >XHIKOCTH TaK)Ke€ MOXKET COMPOBOKIATHCS

HU3MCHCHHUECM TCMIICPATYPhI U JaBJICHUS B prﬁOHpOBOI{G.

97. U3MeHeHMe pacxoaa
Ha IMPOMBICJIaX 4aCTO BO3SHHUKACT HCO6XOI[I/IMOCTI) HU3MCPATH PACXO0bl I'a30B U )KHI[KOCTeﬁ

HENOCPEACTBEHHO B TPYOOIPOBOIax MpPHU MOMOIIH Pa3IMYHBIX TPUOOPOB.
Oaua w3 Takux mpuOOpoB — TpyOuaThli pacxogomep BeHTypH, KOTOPBIH MOXKET

YCTaHaBJIMBATHCA HA TPY60HpOBO,Z[€ KaK BCPTUKAJIbHO, TaAK U TOPU30HTAJIIBHO.

Hcxonss w3 ypaBHEHHS HEPa3phIBHOCTH IIOTOKA, B YKa3aHHBIX CEUCHHUSAX JIOJDKHO
COXPaHATHCS MOCTOSHCTBO 00beMHOTr0 pacxona Gy (Q) (M/c), T. e.

D1°S1 = D2°82.

Torma
[ l)z'(Sz/Sl).
Takum o6paszom,
H =[v’/(2:g)][1 - (s2/51)"].

W3 aToro BelpaskeHus ONpEAeIuM CPETHIOI CKOPOCTh B CEUEHUH 2 — 2

02 =\2-g-H/[1 - (so/s1)*].
Toraa UCKOMBIH pacxo KUAKOCTU OyIeT

G v (0) = vy5: = 5:N2"g-H/[1 - (s2/s1)"].

98. U3MeHeHMe 1aBJIeHUS HA BbIXO/1€ NePeKavyuBaloNleil CTAaHIUN
I[aB.HeHI/Ie Ha BBIXOJC HepeKaIII/IBaIOHII/IX CTaHIII/If/'I 3aBUCUT OT HCCKOJBKUX (baKTOpOB nu

MOXET OBLITh PA3JIUYHBIM [JId Pa3jIMYHBIX CUCTEM IICPCKAYKH. Bor HCKOTOPBIC M3 KIHOYCBBIX

ACIICKTOB, KOTOPBIC MOT'YT BJIMATH Ha AABJICHHUC HA BBIXOJC IMICPCKAYNBAIOIIUX CTaHLII/Iﬁl



Tpebyemblii pacxol M JNAIbHOCTh TPAHCIOPTUPOBKHU: JlaBieHHE Ha BBIXOJE CTAHIUH
JOJDKHO OBITH JIOCTAaTOYHBIM Ui oOecredeHus] TpeOyeMoro pacxojia XKHIKOCTH WJIHM ra3a Ha
KOHEYHbIN MyHKT Ha3zHadeHHs. Uem Oosbllle pacCTOSHUE JO KOHEYHOrO IMYHKTAa Ha3HA4YeHUS U
yeM Oosblie TpeOyeMblid pacXo, TEM BbIIIE T0JKHO ObITh JaBJICHUE Ha BBHIXO/IE€ CTAHIUH.

VYcnoBusa TpaHCIOPTUPOBKU: PaznuyHbIE YCIOBUS TPaHCIIOPTUPOBKH, TAKUE KaK BHICOTA
HaJ YPOBHEM MODsi, MPEOJOJIEHNE TOPU30HTAIBHBIX U BEPTHKAIbHBIX MPENATCTBUH, a TaKXKe
COMPOTUBIIEHUE TPEHHs B TPyOONpPOBOAAX, BIUSIOT Ha TpedyeMoe IaBieHHE Ha BBIXOJE
CTaHIIH.

du3nyecKkue CBOMCTBA NepeKkaunBacMon cpeipl: IMoTHOCTB, BA3KOCTh, TeMIEparypa u
npyrue GU3nvecKrue CBOWCTBA MepeKaunBaeMO KHUIKOCTH WM Ta3a TaK)Ke OKa3bIBAIOT BIMSAHUE
Ha JIaBJieHWE Ha BBIXOJE CTaHUUHU. bojee BsA3KHe XUAKOCTH WIM ra3bl MOTYT TpeOoBaTh

BBICOKOTI'O JaBJICHHA OJIA obecneyeHus HCO6XOI[I/IMOFO pacxoaa.

99. Cxauku Hanopa B Tpy0onpoBoje

[Torepu Hamopa (naBieHHs) B TOTOKE KHJIKOCTH BBI3BIBAIOTCS THAPABIMYCCKHM
COIIPOTUBJICHUEM ABYX BUJOB: MCCTHBIMU MOTCPAMHU U CONPOTUBJIICHUAMU I10 JJINHC. MecTtHbIE
COIIPOTHUBJICHUS] O0YCIIOBJICHBI M3MEHEHHSIMU CKOPOCTH ITOTOKA 10 BEIMYMHE WM HAIPABIICHUIO.
ComnpoTuBIeHHUS 1O ATHMHE 00YCIOBICHBI CUIAMU TPEHHUSL.

[Torepu Hamopa mo mHEe TpyOompoBoga hl ompenensitorcs mo ¢opmyne [lapcu-
Beiicbaxa. B coorBercTBUM ¢ hopMyI0it
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100. U3meHeHue 1aBJIeHUS B JIMHEHHOM YyacTH TPyOonposoaa

[Torepyn wHamopa (IaBjieHHs) B TOTOKE KUAKOCTH BBI3BIBAIOTCS T'HAPABINYECKUM
COIIPOTUBJICHUEM ABYX BUJOB: MCCTHBIMU MOTCPAMHU U COIPOTUBJIICHUAMU I10 JJINHC. MecTHEBIE
COIIPOTHUBJIEHUS 00YCIIOBJIEHBI H3MEHEHUSMHU CKOPOCTH ITOTOKA IO BEIMYMHE WK HAIPaBIICHUIO.
ComnpoTuBieHus Mo AIMHe 00yCIOBICHbBI CUIAMU TPEHHUS.

ITorepn Hamopa no anuHe Tpybomposona hl onpeneasitoress mo gopmyJaie Jlapen-

Beiicoaxa. B cootBeTcTBHM ¢ hopMyIoi
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101. CorstacoBanue padoThl CTAHUMH NPHU MOCJIE0BATEILHOM NepeKauKe
He cmotps Ha TO, 4TO mpolecc MepeKayku C IMOCTEHNEHHBIM 3aMEIICeHHEM OJHOMU

JKUJKOCTH JPYroM SIBISI€TCS HE CTAllMOHAPHBIM (HE YCTAaHOBHBIIUMCS), BCE MPOMCXOAIINE



W3MEHEHHUSI COBEPIUAIOTCA JOCTATOYHO MEIJIEHHO M MO3TOMY HHEPLUMEN KUIKOCTH MOKHO
npeHedpeus. B Takom ciydae, mpenmnomnarasi mpouecc 3aMenieHns Hedrel KBa3ucTalnoOHAPHBIM
U mpuHeOperasi MPOTsHKEHHOCTBIO 30HBI CMECH, 3allMIlieM ypaBHeHHWE bepHymm ajis y4acTKOB

TpyOompoBoja (cM. puc. 5.20), 3aHATBIX COOTBETCTBEHHO HEPTHIO Nel u HedThIO No2.

I :

AT " +2,,0 =i 1))

Hﬁﬂ g Py

|] Py Pk ; ( )
: Y2, 8- p——+Zgf =iy \L -1, )
Hﬁﬂz g P9 P

102. Peosiornyeckue CBOMCTBA BbICOKOBSI3KHX H BBICOKO03aCThIBAIOIINX He(l)Teﬁ
Peonornyeckue cBoiicTBa He(bTefI CJICAYCT pacCMAaTpUBATL KakK CBOMCTBO KOJIJIOUIHO-

JUCTIEPCHBIX CHUCTEM, CKJIOHHBIX TPH OIPEICICHHBIX YCIOBUSAX K OOpa3oBaHHIO OOBEMHBIX
CTPYKTYP C BBIPA)KEHHON TUKCOTPOIIHEH.

Peonoruueckue napamerpbl He(TH SKCIEPUMEHTAIBHO OLICHHMBAIOTCS IO XapakTepy
3aBUCUMOCTH HANPSLKEHUM CIBUIa OT IPaJueHTa CIBUIA.

Peonorunueckue kpuBbie HETEl U HEPTAHBIX IMYIBCHIA, COOTBETCTBYIOIINE KUAKOCTSIM
(1 - HPIOTOHOBCKUM; 2 - MICEBIOIUIACTUYHBIM; 3 - TUIATaHTHBIM); U TCEBAOIUIACTUYHBIM TejlaM
(4).

B coctosinun paBHOBecus: He(TsHAs cUcTeMa BeIEeT ce0s Kak IUIacTUYecKas KUIAKOCTh U
o0ylaflaeT  HEKOTOPOM  NPOCTPAHCTBEHHOW  CTPYKTYpOH, CHOCOOHOH  CONpPOTUBIATHCS
CABUTAOIIEMY HaIPsDKEHUIO (T), MOKa BEJIMYMHA €r0 HE MPEBBICUT 3HAYEHHE CTATHYECKOIO

HaIpsHKEHUs cABUTA (TO).

103.  OcoOeHHocTH  TI'MApPaBJMYECKOr0  pacdera  TpPyOONpoOBOJOB  IpH
H30TePMHYECKOI NepeKauke HEHbIOTOHOBCKHX KH/IKOCTEH
CBOMCTBOM HBIOTOHOBCKHX JKHMJIKOCTEM C MOCTOSHHOW BSI3KOCTBIO [ = const , He

3aBUCSIIEH OT MPOU3BOJHOM CKOPOCTH IO MONEPEYHON KOOPAMHATE, TaK HA3bIBAEMOW CKOPOCTH
casura (7y), 001a1at0T OOJIBIIMHCTBO KHUJIKOCTEN U ra3oB. JKuaKocTH JUIsl KOTOPBIX NIPUBEIEHHAS
3aBHCHUMOCTb HE BBIINOJHAETCS, HA3bIBAIOTCSI HEHBIOTOHOBCKMMM WM aHOMalbHbIMH. K
MOCJIETHUM OTHOCSITCSI MAacCJsIHbIE KPacKu, JIakd, OypOBBIE M TIMHHUCTBIE PACTBOPHI, TSHKEIBIE
He(TEeNpOAYKTHl U JIp. BSA3KOCTh TaKMX >KUJIKOCTEH SBJISETCS HE MOCTOSHHOW BEJIMYUHOMU, a
CTAaHOBMTCS 3aBHUCAIIEH OT CKOPOCTH cIBHra. Peoslormueckoe ypaBHEHHE TAKUX >KMIKOCTEH,

HAa3bIBACMBIX CTCIICHHBIMU KUJAKOCTSAMHU, OIMUCBIBACTCA YPABHCHHUEM
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104. Cnioco0bI nepekavyk BbICOKOBSA3KHUX U BbICOK03aCThIBAOIINX HedTel
[lepexauka cmemeHneM Hedren

OpHuUM 13 crnocoOOB yJIydIIEHUsT PEOJOrMYECKHX MapaMeTpoB (BSI3KOCTb, TeMIepaTypa
3aCTBHIBaHUs, HANpPSOKCHUE CIBUTA) BA3KUX He(Tel sBIsSETCS MX CMELICHHE C pa30aBUTENSIMHU.
PazbaBuTensiMu MOTYT CITy>KUTh O€H3UHBI, KEPOCHHBI, KOHJICHCATHI, MaJIOBSI3KHE HEPTH.

[Tepexauka Hedtu ¢ BomOM

Cy1iecTByeT HECKOJIBKO BApUAHTOB TPAHCIIOPTUPOBKU HE(TH ¢ BOAOI:

OCHOBHOW NMPUYUHOM CJIa00Tr0 PAacIpOCTPaHEHUs JAaHHOTO METO/a SBISETCS TPYIAHOCTb
MIPOM3BOJICTBA BUHTOOOPA3HBIX HAPE30K Il BHYTPEHHEH MOBEPXHOCTH TPYOBI.

OO6pa3zoBaHne cMecH TUNA «HEPTH B BoJe». [Ipn 3TOM He MPOUCXOAUT KOHTAKTa HEPTH C
BHYTPEHHEH IOBEPXHOCTBIO TPYObI, TaK KaK YaCTUYKU HE(TH OKPY>KEHBI BOJSHOW IJIEHKOMH.
[TosiBnsieTcst BOASIHOE KOJIBIIO, BHYTPU KOTOPOIO CKOJIB3UT BOJOHE(PTSIHAST CMECh, TOHMKAKOTCS
3aTpaThl HAa TPEHUE TIPU TEepeKayKe.

[Tpu pe3koM yMEHBIIEHUN CKOPOCTH MEPEKAYKH M TeMIIepaTypbl CMECh MOXKET NEPEHTH B
TN «BoJa B HedTm». Takasg cmech OyneT MMETh BA3KOCTh HAaMHOI'O OOJIBIIYIO, YEM Yy caMmoi
HepTH. Ha ycTOHYMBOCTH SMyJbCHMM THNA «HE(PTh B BOJE» BIUSAIOT MHOrue ¢aktopsl. B
pe3yJbTaTe UCCIEIOBaHUN BBISIBICHO, YTO MUHUMAIBHOE KOJMUYECTBO BOJBI IOJIKHO COCTABIISAThH
30 % ot o011ero KoJu4ecTBa TPAaHCTIOPTUPYEMOM JKUIKOCTH.

[Tepexauka cMmeneHneM HeTei

OnHUM U3 crOCOOOB YIYUIIEHUsI PEOJOrMYECKHX MapaMeTpoB (BSI3KOCTb, TeMIepaTypa
3aCTBIBaHUS, HANpPSHKCHUE CIBUTA) BA3KUX He(Tel SIBISETCS MX CMELICHHE C pa30aBUTENSIMHU.
PazbaBuTtensiMu MOTYT CITy>KUTh O€H3UHBI, KEPOCHHBI, KOHJICHCATHI, MAJIOBSI3KHE HEPTH.

[Tepekauka ¢ TepmMooOpadbOTKOM

TepmooOpaboTka — HarpeB HeTH Ui U3MEHEHHs peojoruyeckux napamerpoB. CyTb
3aKIII0YAeTCsl B TOM, 4TO HE(Th MMOJBEPracTcs HArpeBy /0 ONpEACTICHHON TeMIepaTypbl, 3aTeM

OXJIAXKIACTCS C HEKOM CKOPOCTBIO.

10S. I'maponepexayka
['maponepekauka — coOBMECTHasl epekayka BEICOKOBA3KUX He(PTel U BOJBI.

Cy1iecTByeT HECKOJIBKO CIIOCOOOM MepeKauku: — Mepekauka He)TH BHYTPU BOJSHOTO
KOJIbIIa; — TIepeKauka BOJOHEe(TAHOI cMecH B BUAE dMYIbCUU THIA «HEPTH B BoAe» (H/B); —
nepekadka HePTH W BOJABI 0€3 BMENIATENbCTBA B (OPMHUPOBAHUE CTPYKTYphI TOTOKA.
bapoobpaboTrka — 00paboTKa HEHBbIOTOHOBCKUX He(TEl NaBJICHHEM C LIENBbI0 YIYUIIEHHUS HUX
PEOJIOTHYECKUX CBOMCTB. TepMoIecTpyKTUBHONW 00pabOTKON HAa3bIBAETCSl HATPEB BHICOKOBS3KHUX

HepTeit 10 490 °C mpu COOTBETCTBYIOILIEM JAaBICHUU C IENBbIO PACHICIUICHUS (IECTPYKIIUH)



BBICOKOMOJIEKYJISIDHBIX COEIMHEHUI Ha JIETKME MAJIOBA3KUE YIJIEBOJOPOJHBIE COCTABISIOLIUE.
[lepekayka ¢ TpeaBapUTEIBHBIM YIYUYIIEHHEM pPEOJOTMYECKHMX CBOWCTB HedTed 3a cuer
MEXaHMYeCKOTo Bo3jencTBUs OCHOBHAsE 0COOEHHOCTh 3TOTO METOJ1a MepeKayKy 3aKIJII0YaeTcs B
TOM, YTO BBICOKONMAPA(QHUHUCTYI0O HE(Th MPEIBAPUTENILHO OXJIAXKIAIOT C LEJIbl0 00pa30BaHUsS
napauHUCTOM CTPYKTYpbI, TOCJIE YEro MEXaHWYECKHMM IIyTEeM I[OJIBEPraloT pa3pylCHHIO
nocneAHio0. CMOoJbl U acabTeHbI, KOTOPHIE COJIEPKATCS B HEPTH, 0OBOJIAKUBAIOT “OCKOJIKH”,
uUMelole Mapa@uHOBYIO CTPYKTYPY, a TakkKe MPEMsITCTBYIOT MX TMOBTOPHOMY COEIUHEHHIO.
OOBbIUHON CKOpPOCTH TMEPEeKAYKH OKa3bIBAeTCA JOCTaTOYHO, JUIsI TOrO YTOOBI CYCHEH3Us
napa¢puHa B HEPTH JONroe BpeMs HE yTpauuBajlla HYXHYIO CTENEeHb MOJBH)KHOCTH.
TepmooOpaboTkoii HeQTH sBISETCA €€ TerIoBas 00padoTKa, KOTOpas MpeyCMaTpUBAET, HAarpeB
He(TU BbIIIE TEMIIEpaTypbl Hadaja IUIaBJleHUs napaduHOB U MOceaAyrolee e€ OXIaKICHHE C
OINPEIEIIEHHON CKOPOCTBIO, C LIEJBIO YIIYYIIEHUS PEOJIOTHYECKUX CBOWCTB.

106. Ilepexauka He(Tel, NpeABapPUTEJHLHO OABEPrHYTHIX 0apoo0padoTke
[Tepexauka HedTe, MpeaBapUTEIHLHO MOABEPTHYTHIX OapoobdpaboTke. bapooOpaboTkoii

Has. 06pa60T1<a HCHBIOTOHOBCKHX H. JABJICHUCM C ICJIBIO YJIYUYIICHUA UX PCOJIOTUUCCKUX CB.-B.

107. Ilepexauka HedTeli ¢ NPpUMEHEHUEM TepMOAeCTPYKTHBHOH 00padoTKu

[lepekauka HedTel ¢ MpUMEHEHHEM TEPMOAECTPYKTHUBHON 00paboTku. TepMOaeCTPyKT.
00paboTKOil Ha3. HarpeB BBICOKOBSA3KUX H. 70 490 °C mpu COOTBETCTBYIOIIEM JAaBJICHUH C
LENbI0 pacCIIEIIEHUs (JECTPYKIMHN) BBHICOKOMOJIEKYJISIPDHBIX COEH.-MM Ha JIETKUE MAaJIOBSI3KHE
YTJIE€BO/.-bl€ COCTABJISAIOLIHE.

108. Ilepexkauka ¢ mnpeaBAPHUTEJbHBIM YJYYIIEHHEM PeOJOTHYeCKUX CBOMCTB
He(Teil 3a cYeT MeXaHUYECKOro BO3AeiCTBHS
[Tepexauka ¢ mpeaBapUTEIbHBIM YIIYUIICHHEM PEOJOTHYECKUX CBOWCTB HedTel 3a cUET

MEXaHUYeCKOro Bo3aeucTBUs. CyIIHOCTh JaH. M\Ia TMepeKaykd COCTOMT B T., 4YTO
BBICOKOTIAPA(QUHKUCTYIO H. OXJIXIAIOT J0 00pa3oBaHUs B HEW mapauHOBON CTp.-pbl, a 3aTeM
MeX.-M MyTeM paspymarT mnociaenHio. Copepkaiiuecs B H. CMOJNbI M acalbTCHBI

00BOJIAKMBAIOT «OCKOJIKH» napa(bI/IHa, HIpCIATCTBYA UX IIOBTOPHOMY COCANMHCHUIO.

109. Ilepexauka BBHICOKOBSI3KHX He()Tell B CMeCH C KUAKMMH YIJIEBOAOPOIHBIMH
pa3doaBuUTeIAMU
[Tepekauka BBICOKOBSI3KUX H. B cMecHu c KUJKUMU YTJIEBOJOPOIH.

paz6asutenamMu. OgHuM U3 3(QPEKTUBHBIX U JOCTYHHBIX CIIOCOOOB YIIYUILIEHUS PEOJOIHUECKUX
CB.-B BBICOKOBSI3KUX H. M H\IPOAYKTOB SIBJI. NPUMEHEHHE YIJIEBOJOPOJIHBIX pa30aBuTENeil:

ra3oBOro KoHacHcaTta 1 MaJJOBA3KHX H.

110. Ilepexauka TepMuyeckn 00padOTaHHBIX HedTeil



TepmooOpaboTkoii He(TH Ha3bIBaeTCs €€ TeruioBas o0paboTKa, MpeycMaTpuBaroias
HarpeB He(TH BHIIIE TEMIIEPATyphl IUIABJICHUS MapapUHOB M IMOCIEIYIOIIee OXJaKICHHUE C
3aJJaHHOM CKOPOCTBIO ISl YITYUIIIEHHS PEOJIOTHYECKIX TTapaMeTPOB.

[TepBble OMBITHI MO TEPMOOOpPaOOTKE MapadUHUCTHIX HePTeH M HEPTEHPOIYKTOB B
Hameil crpaHe Obutu BbIMOJHEHBI eme B 30-x romax. Tak, Tepmuueckas obpaboTka HedTH
PoManikuHCKOTO MECTOPOXKICHHS IO3BOJIMIIA CHHU3UTH €€ BSA3KOCTh Ooyiee 4eM B 2 pasza |
YMEHBIIUTh TeMITepaTypy 3actbiBanus Ha 20 oC.

HccnenoBanust MO3BOJIMIIM BBIIBUTH PsJl 3aKOHOMEPHOCTEH, CBA3aHHBIX C TEPMHUUYECKOM
00paboTkoil HedTeii:

1. TepmooOpaboTka TO3BOJNSET YIYYIIUTh PEOJIOTUYECKHE CBOWCTBA  TOJBKO
napaguHUCTHIX HedTeH, coaepxKamux ac(haabTo-CMOJIMCThIE BELIECTBA.

2. TepMooOpaboTKa BSICOKO3AaCTBHIBAIOUIMX MNapaUHUCTBIX HeQTeH MpH TeMiepaTrype
[OJOTpeBa MEHBIIEH, dYeM TeMIeparypa IUIaBIeHHS THapapuHOB, pPE3KO  yXY/IIaeT
peosiornyecKue cBoicTBa HeTH.

3. J1ns mapaguHUCTBIX HeTEH CylIecTByeT ONTUMalbHas TeMIleparypa moJorpena, pu
KOTOPOH 3 deKkT TepMo0oOpaboTKH HauOoabIINK. JTa TeMIepaTrypa BCerzia Bhlllle TeMIepaTypbl
IUIaBJIeHUs apaUHOB, HAXOIAIIUXCSA B HEPTH.

4. Yem Oonbime B He(PTH OTHOIICHHE COJCPKAHUSA TMapa@UHOB K COJACPKAHHIO
ac(aJbTOCMOJHUCTBIX BEIIECTB, TEM MeHbIIIE 3D (PEeKT TepMOOOPaOOTKHU.

5. Ha cBoiicTBa TepmMuuecku oOpabOTaHHBIX He(dTeil OOoJbIIOE BIMSHUE OKa3bIBAIOT
croco0 (B CTaTUKE WM AUHAMHKE) U CKOPOCTh OXJIAKICHUS HEPTH.

VYke M3 NaHHOTO MEepedHs 3aKOHOMEPHOCTEH, MPHCYIIUX TepMOOOpabOTKe, SICHO, YTO
JOCTUTAEMOE YIIYYIICHHE PEOJIOTHUECKUX CBOWCTB HE(TEeH CBS3aHO C BHUIOW3MEHEHHEM
CTPYKTypbl TnapaduHa B Ipolecce ero KpucTaIM3aluu, Ojarojapss NPUCYTCTBHIO
ac(aJbTOCMOJIMCTHIX BEIIECTB.

111. Ilepexkauyka BbICOKO3AaCTHIBAIOIIHUX NapauMHUCTHIX HedTell ¢ JenpecCOPHbIMU
NpHCAIKAMH
[lepekauka ¢ pazdaBUTENSIMU — 3TO MPOIECC TPAHCTIOPTUPOBKU BBHICOKOBSI3KMX HE(TEH C

UCIIONIb30BaHUEM pa3z0aBuTesiel, TaKUX KaK KOHJEHcaT, O€H3MH WM Jpyrue JerKue
YIJIEBOJOPOBI.

OTOT MpoIecc UCIOIB3YETCS Il YMEHBIICHUS BA3KOCTH HEPTH, YTO TIO3BOJISIET CHU3UTD
TpeOyemMoe JaBlIeHUE U TOBBICUTH CKOPOCTh TpaHCHOPTHPOBKU. Kpome Toro, pazbaButenu
TakKe€ IIOMOTalOT MpPeAOTBpPaTUTh o0Opa3oBaHHE MapaUHOBBIX OTJIOKEHHH BO Bpems
TPaHCIIOPTUPOBKH.

JlenipeccopHble  TpUCAJKM  JO0ABISAIOTCS K  HE(PTH  HEMOCPEACTBEHHO  mepen

TPAHCHOPTUPOBKOH U TIO3BOJISIIOT COXPAHUTH JKUIKYIO KOHCUCTEHITUIO HePTH MpH 00Jiee HU3KHX



TEeMIepaTypax, 4YTO CHIDKAaeT PUCK oOpa3oBaHus NapaUHOBBIX OTJIOXKEHMH Ha CTEHKax
TpyOoIpoBoJa.

112. Ilepexkauka HedTH C MOAOTPEBOM
[Tepexauka He(TH ¢ MOAOTPEBOM — OJHA M3 CaMBIX PACHPOCTPAHEHHBIX METOJIOB

TPAHCHOPTHPOBKH BHICOKOMAPAPUHUCTHIX U OBICTPO3AaCTHIBAIOIINX HEPTEeH U HEDTEIPOITYKTOB.
PasznuyaroT Heckosbko cnioco0oB nepexadku Hedrel ¢ mogorpeBoM. Ha mMalleHbKHX y4acTKOB
TpyOOIPOBOJOB HCHOJB3YIOT CIEAYIOIIME BapUaHThl 3JIEKTpUueckoro mnojorpesa: - Ilyck
AIIEKTPUUYECKOTO TOKA MO TeNly TPyOOIPOBO/a; - C MOMOIIBIO CHIEIMATIBHBIX KaOeneil 1 JIeHT.

113. O6opynoBaHue HACOCHBIX U TEIVIOBBIX CTAHLIMI
K 0CHOBHBIM KOMITOHEHTaM OTHOCSIT CJICYIOIIHE:

HACOC JIJIs1 BRIKAUMBAHUS BOJIbI U3 CKBa)KMHBI MIIH KOJIO/IIIA,
TUAPOAKKYMYJIATOP (0aK) JUIsi HAKOTUICHUS 3ariaca BOIbI,
pene naBieHus st o0ecreueHrnss He0OX0UMOTO HaIopa,
MaHOMET JIJIsi KOHTPOJI paboyero JaBiacHUs,

CUCTEMa aBTOMATHKH JIJIsl YIIpaBJICHUs paboToN CTaHIIHNH,

AJEKTPOKAOEIb JIsl OJIaYd TUTaHUSI.

114. U3MeHeHMe TeMmepaTypbl MO [JIMHE «TOPSYUX» TPYyOONPOBOAOB MNpPH
nepexkayke BHICOKOBA3KHUX U BbICOK0O3ACTHIBAIOIINX HedTeil
Ecnu razompoBoa He MMeeT cOpOCOB M TMOJAKAYeK, TO MAacCOBBII pacxojd rasa B HEM

Her3MeHeH. Ha 3ToM 0CHOBaHMH MOKHO 3al1caTh
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2
rne X,Px— COOTBETCTBEHHO pacCTOSIHME OT HAYalbHOTO ITyHKTa Ta30MpoBOjAa JI0
IMPOU3BOJIBHOI'O CCUYCHUA U JABJICHUC B 9TOM CCUYCHHU.
OcBoboxaschk oT 3HaMeHaTeneld u pemras (2.33) orHocutenpHO PX, momydum dopmyiry

pacrnpeacii€Hud JaBJICHHA 10 AJIWHE ra3ornpoBoa

P, =Jp2-Ip2- Pf]i_

[Io mMepe ypanenuwss OT Hadaja Ta30MpPOBOAA, WHTECHCHUBHOCTH TMAJICHUS JaBICHUS
BO3pacTaeT. IT0 OOBSICHIETCSA TEM, UTO C MOHM)KEHHUEM JaBJICHUs YMEHbBIIIAETCs IUIOTHOCTD Tasa.
B cooTBeTcTBMM C ypaBHEHHUEM HEPA3PbLIBHOCTH, MPU YMEHBIIEHUH IJIOTHOCTH Tasa
YBEJIMYMBACTCS CKOPOCTh €ro JBI)KEHHS, TO €CTh BO3pacTaloT IOTEPU HA TPEHUE W,
CJIeIOBATENIbHO, BO3pAcTaeT T'MIpaBIMYECKUN YKJIOH. Takum o0Opa3om, MOTEpU JaBJIEHUS Ha

TPECHUC MPONOPIHHOHAJIBHEI KBaApPaTy CKOpPOCTH rasa.



C yBeIMYEHHEM PACCTOSIHUS MEXIYy KOMIIPECCOPHBIMU CTaHIUSIMU BO3pacTaloT
yJeNbHbIC TIOTEPH JABJICHUS, a 3HAYUT, U TTOTEPU YHEPTUU Ha mepekadky rasza. CiegoBaTesibHO,
JUIST YMEHBIICHHS YJIeIbHBIX HYHEPro3arpaT Ha MEPeKadyKy ra3a — OJHOW W3 OCHOBHBIX CTaTei
AKCIUTYaTal[MOHHBIX pPAacXOJ0B Ha Ta30IlpoBOfaX, IeIecooOpa3HO paboTaTh C BBICOKHUMH
naenenusamu Ha Bxojge KC. HecMoTpss Ha TO, 4TO mpuU 3TOM BO3pacTaeT KOJUYECTBO

KOMITPECCOPHBIX CTaHHHfI, 9KOHOMHS SHEPro3aTrpaTt BECbMa CyIICCTBCHHA.

115. Peskumbl TedyeHust He)TH B «rOpA4UX» TPyOOnmpoBoaax
Paznuyaror namMuHapHBIE M TypOYJNEHTHBIM peXuUMBl TeueHus Kkuakoctu. [lpum

JJaMUHAapHOM PpCKHUME TCUCHHA JXKHUJIAKOCTH B IIOTOKEC OTCYTCTBYIOT CaMOIIPOU3BOJIBHBIC
MyJibCalluh KOMIIOHCHT CKOPOCTHU WU HAaBJICHUS. HpI/I Typ6yneHTHOM PCKUMEC TCUCHUA B ITOTOKE
HMCIOT MECTO CaAaMOITPOU3BOJILHBIC ITYJIbCALIUN CKOPOCTU U NABJICHUSA.

116. ITorepn Hanopa U rUAPABJIMYECKHH YKJIOH B «ropsiuemM» Tpyoonposoae
[Torepu Hamopa Ha TpeHue B TpyOe KPYIJIOro ceueHHst onpeaelsitor no ¢popmyie Japcu-

BeiicOaxa:

Lw
h= A —
Dg2g

['vppaBnuyecknii YKIJIOH - 3TO IOTEPH HAmopa Ha TPEHUE Ha EIWHMILY JUIMHBI

TpyOompoBoa u onpeensercs mno Gpopmyse:

Aaw Q"
L—DBEQ_BD;—M

117. XapakTepucTHKa «ropsiyero» Tpyoonposoaa
["opstamit TpyOOMPOBOA — ATO CUCTEMA C TEMITEPATypO TEIJIOHOCUTENEH WA MMPOIYKTOB,

KOTOpasi MPEBHIIIAET TEMIEPaTypy OKPY KoLl cpebl.

118. OnTuManbHbIE NapaMeTPbl KTOPSIYUX» TPYOONIPOBOI0B
["opstamit TpyOGOMPOBOA — ATO CUCTEMA C TEMITEPATypO TEIJIOHOCUTENIEH WIH MMPOIYKTOB,

KOTOpasi MPEBHIIIAET TEMIEPaTypy OKPY KoLl cpebl.

[ToTox Ha3bIBaeTCs YCTaHOBUBIIMMCS, €CIM CPEAHSSI CKOPOCTh M PACXOJ B JAHHOM
(OmMHOM M TOM K€) CEYCHHUM II0TOKA HE MEHSIOTCS BO BPEMEHH, HO TOTOK SIBIISETCA
M3MEHSIOIINMCS B IPOCTPAHCTBE.

YcTaHoBUBILIEECS ABMKEHUE )KUJIKOCTH B TPYOOIPOBO/IE€ OMKCHIBACTCS YPaBHEHHEM

dp dx @
—+ d——+d —+gdz=0
p+ D2+ 2+5;l.z'

«["opstune» TpyOONpPOBOIbI 3HAYUTEIBHYIO YaCTh BPEMEHHU Pa0OTAIOT B HECTAIMOHAPHOM

TCIIJIOBOM U THAPABIIMYCCKOM PCIKHUMAX. TennoBas HECTAllMOHAPHOCTb, CBA3aHHAA C MCAJICHHBIM

IPOrPEBOM MJIM OXJIQXKJIECHHEM OKpyKawlleid TpyOOnpoBOA Cpelbl, MOXET MPHUBECTH K



OCTaHOBKE TPyOOIpPOBOJa M3-3a YPE3MEPHOTO MOBBIIICHHS MOTEPh HAmopa B TpyOompoBoie -
«3aMOPAKUBAHUIO» €TO.

TedyeHne >KUIKOCTH B TPyOONpoOBOJE, MPU KOTOPOM THAPABIMYECKHE TapaMeTphl
(maByIeHHE, CKOPOCTh, PAcX0JI, TEMIEpATypa U T.II.) 3aBUCAT HE TOJIBKO OT KOOPAMHATHI X BIOJIb
ocu TpyOOMpoBO/Ia, HO ¥ OT BPEMEHH t, Ha3bIBACTCS HEYCTAHOBUBIIUMCS WJIM HECTAIMOHAP HBIM.
Takue Teuenust onuchbiBatoTcst PyHKIMAMU p(,t), v(X,t),Q(x, t), T(x, t) u Ap., onpeneasomUMu

KaK M3MCHAIOTCA MapaMETPhbI TCUCHUA B CCUCHNU X B 3aBUCUMOCTH OT BpEMCHU t.

119. OnTumajnbHasi TeMIepaTypa nogorpeBa
MaxkcumanbHasi TeMIieparypa MeTaulIndecKoro TpyOompoBoia MOKET OBITh OnpesesieHa

o popmyre:

120. [IpuMeHeHNe TENJIOBOM H30ISIIIUA
Penmpkynsiius  ropsiaero  BOJAOCHAaOXKEHUST — OOOpyJOBaHHUE, IOJICP KHBAIOIICE

NnocTOSHHBINA MpoTok B y3ie I'BC. bnarogaps 3Toil KOHCTPYKIIMM TemIepaTypa ropsideil BoJIbl
TOYHO PEryJIHpYyeTCs U HE 3aBUCUT OT peKUMa padOoThl HarpeBaTeIbLHOrO MPHOOopa.

121. OOmmii caydaii omnpeaejJeHHs] ONTHMAJBHBIX IApPaMeTPOB «ropsiyei»
NnepeKkavYKHu Mo TeIION30JIMPOBAHHOMY TPYOONPOBOAY
I'maBHBIMEU TapaMeTpaMu JAaHHOTO TMpOoIlecca SBISIFOTCS PACXO/, JaBJICHHUs B HAYaJIbHON U

KOHEYHOMU TOYKAX, a TAKXEC OaBJICHUC MECKOAY OTUMHU TOYKaMMU. BrisiBiienne w3MeHEHHS U
OTKJIOHEHHMS 3HAUYCHUH 3THUX mapaMCETpOB IIPH SKCILTYyaTallun He(I)TCHpOBOI[a OTHOCHUTCA K YUCITY

3aaa4 pacuCToOB U JUAIHOCTHUKHU TCXHOJIOT'MYCCKUX IMPOLCCCOB.

122. OnpenesieHue YUCJIa U PACCTAHOBKA CTAHIMIA HA «ropsiueM» TPyOonpoBo/e
lMunpasnmuueckuii pacuer HedTenpoBoa HEOOXOIUM TSI OTIPEACIICHUS MTOTEPh HAMOpa B

TpyOoIpoBoE.

CekyHaHBIN pacxon HegTH B Tpybonposoe (M*/c):

_ 2
Q=500
Cpennsis ckopocTh HedTH B TpyOOoTmpoBoe (M/c):
4Q,
W=—
nDy
[Torepu Hamopa Ha TpeHHUE B TPyOE KPYIIIOro CEUSHUsS ONpeaesioT o ¢popmyie Japcu-
Beiic6axa:
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rae A- Kod)PUIUEHT THAPABIUIECKOTO COMPOTHUBIICHUS

[, m- koadurmenTsr 00001IeHHON PopMysl JIeiibeH30Ha

3naueHuss Kod()PHUIMEHTOB 4, f, m 3aBUCAT OT pEXKHUMa TEUEHUS IKUIKOCTH U
[IEPOXOBATOCTH  BHYTPEHHEW  TOBEPXHOCTH  TPyObI, a  TakkKe  XapaKTepu3yeTcs

Ge3pa3MepHBIM YHCIOM PeHombcas
w 'DB 4 Q 4
vy mDgvp

N

[Tpu 3HaueHUAX Re<232() pexuM TEUEHUS KUIAKOCTH JIaMHHApHBIN. [Ipu TypOyineHTHOM
TEUEHUU PAa3INYaAIOT TPU 30HBI TPEHHUS:

- TUAPABIUYECKH rnakue Tpyosl: 2320< Re<Re;,

-CMENIaHHOTO TpeHus: Re;< Re< Rey;

- KBaApaTUYHOTO TpeHus: Re> Rey;.

10
Ny=— Np=— t=—
£ .
rae £ - OTHOCHTENBbHAS IIEPOXOBATOCTD TPYO,

123. Hcxoanble JaHHbIe W MOCJAEA0BATEJbLHOCTh TEXHOJOTHYECKOr0 pacdera
«ropsiuero» Tpyoonposoaa
Omnpenenenue TEIIOBOM Harpy3Ku

Ha panHoM »sTame mpoOW3BOAWTCS pacdeT TEIJIOBOM JHEPruH, KOTOPYIO HEOOXOIMMO
TPAaHCIOPTUPOBATh Yepe3 TpyOonpoBod. s 3TOro yuyuTHIBAIOTCS IapaMeTpbl MaTepuaa, ero
TeMmIepaTypa u 00beM.

Br16op marepuana TpyObl

Ha ocHoBe onpezneneHHON TEIIOBON HArpy3ku U TpeOyeMoM MPOIyCKHOM crIoCOOHOCTU
BBIOMpAETCsl Marepuaj, OoOJaalolui HYXHBIMH  TEIIOPU3MYECKUMHU  CBOMCTBAMHU U
IPOYHOCTBIO.

Onpenenenue auamerpa TpyObl

Ha »stom »srame mnpousBoamTCs pacdyeT AuaMeTpa TpyObl, yUWTHIBasS MPOIYCKHYIO
CHOCOOHOCTh, TPeOyeMyl0 CKOpPOCTh IOTOKAa M JAaBJI€HHE B cucteMme. PesynbraToM sBisercs
olpeielIeHne ONTUMAaIbHOIO IaMeTpa.

Pacuer teronoreps st obecnedenuss 3((HEKTUBHOCTH  CHUCTEMBI  HEOOXOIMMO
ONPENIETUTH TEIUIONOTEPH Yepe3 CTEHKH TPYObl. D

TO JIeJIaeTCs C IOMOUIBIO pacueTa TEIIOBOI0 COPOTUBIICHHS], YUUTHIBAs TEIUIOM3O0JIALMIO

U TeMIIepaTypHBIN IPaUCHT.



[IpoBepka nmpouHocTu

Kpome TeruioBbIX XapakTepUCTHK, HEOOXOAUMO YOCIUTHCS B TPOYHOCTH TPYOOIPOBOIA.
Jnst 2TOro TMPOM3BOAUTCS pacueT HaMpsOHKEHUH, JaBieHHWS W nedopmanuii B pa3sIudHBIX
YCIIOBUSX KCILTyaTalllu.

Omnpenenenue onop

UtoObl oOecreyuTh HAAEKHOCTh M YCTOWYMBOCTH TpPyOOMpoBOAa, HEOOXOIUMO

OMpECACIIMTD OIOPHI U KPCIUVICHUA, YUYUTEIBAsA €0 r€OMCTPUIO, BEC U HAI'PY3KH.

124. HecTanmOHAPHOCTH PEKUMOB IPH IKCINIYATALMH «TOPSYMX» TPYOONPOBOI0B
«l"opsiune» TpyOONpPOBO/IbI 3HAUUTEIBHYIO YaCTh BPEMEHH pabOTal0T B HECTALIMOHAPHOM

TEIJIOBOM M THAPABIUYECKOM pekMMax. TeroBas HeCTallMOHAPHOCTh, CBSI3aHHAs C MEIJICHHBIM
MPOTPEBOM HIIM OXJIAXKJICHHUEM OKpYyKalIeld TpyOOmpoBOa Cpeabl, MOXKET MPHUBECTH K
OCTaHOBKE TPYyOONpPOBOJa M3-32 YPE3MEPHOTO MOBBIIIEHHS MOTEPh HAmopa B TpyOOmpoBoie -
«3aMOPaXKUBAHUIOY €TO.

TedeHue >KUAKOCTU B TPYyOOIPOBOAE, MPU KOTOPOM THAPABIMYECKHE MapaMeTphbl
(naBieHHe, CKOPOCThb, PAcXo/l, TEMIEPATYpa U T.I1.) 3aBUCSIT HE TOJIBKO OT KOOPAMHATHI X BIOJIb
ocH TpyOOmnpoBoja, HO U OT BPEeMEHHU t, Ha3bIBACTCSI HEYCTAHOBUBIIUMCS WJIM HECTAIIMOHAPHBIM.
Takue Tedenust onmuchiBarOTCsl PyHKIMAMU p(,t), v(X,t),Q(x, t), T(x, t) u aAp., onpeneasomMUMA
KaK U3MEHSIOTCS TapaMeTphl TEUEHUS B CEUEHUU X B 3aBUCUMOCTH OT BPEMEHHU t .

HeycranoBuBimecs mnpoiiecchl B TpyOOIPOBOAaX BOZHUKAIOT MPU MyCKaX M OCTAHOBKAX
MepeKayky, BKJIIOYECHUU WIM OTKIIOUYEHHWU OTBOJOB, PabOTE 3alopHOW W pEryiHpyloen

anmnapaTyphl, a TaK)Ke MPH pa3IUYHbIX aBapHsX - pa3pbIBax TPyObl U 3aKyMOPKaXx.

125. Oco0ble pexxuMBbI «rOpsA4ux» TPyOONpoBOAOB
1. 3amyck ropstuero He(TEIPoOBOIA.

Kaxk mokassiBaeT ombIT mycka ropsiuero Hedrenporoaa k (koadumueHT Terionepeaaun)
XOJIOZIHOTO TPYyOONpOoBOJa B HECKOJIBKO pa3 mpeBblimaeT k TpyborpoBosa mocie nporpesa. B
CBA3M C ATUM MPSAMOH MYyCK HPOTSKEHHOTO TPyOONpoBOJa MPAKTHUECKH HEBO3MOXeEH. Ilyck
BO3MOXXEH IIOCJI€ [MpEeIBApUTENIbHOTO TmporpeBa TpyObl. IlporpeB Bo3MoOxkeH ropsueit
MaJIOBSI3KOM HePThIO WM HEeDTEMPOAYKTOM WM ropsueid Bogod. CymiecTBYIOT 4 BO3MOXKHBIX
crioco0a mporpesa:

1. IIpssMoil mporpeB: MaJIOBA3KUHM TEIUIOHOCUTEIbh MPOKAUMBAETCS OT Hadaja O KOHIA
ydacTka TpybonpoBoaa. CTeneHb nporpeBa KOHTPOJIUPYETCs Mo TemrepaType HedTH B KOHIE
yuactka. TpyOompoBoA  cuuTaeTcs MPOrpeThiM MPU  JOCTIKEHWH TKOH — CTEHKH

TpyObI=Temreparypsl HeDTH;



2. OOpatTHBIi: TEMJIOHOCUTENb MEPEeKaYMBAIOT B HANpaBICHUH OT KOHIA K Hayaly
yuaacTtka. OOpaTHBIi TPOrpeB NPUMEHSIOT B CIy4ae, KOT/Ia Ha TOJIOBHBIX MMyHKTaX OTCYTCTBYIOT
HCTOYHUKHU BOJBI WM MaJIOBSI3KOW HePTH, a Takxke TexHosornuyeckas oosszka HC mo3Bosser
oOpatHyto mnepekauky. I[Ipu takom mnporpeBe Tkon>Thau crenku Tpyosl. Ho mpu sTom
BO3MOYKHO TEPMHUUECKOE MEpEeHaNpsKeHne B TexHomornyeckux Tpyoonposoaax HIIC, B oOBsizke
000py/IOBaHHUs, a TaKKe€ Ha JUHEWHOW YacTH. TeroBoi pexxuM Iycka Oosiee OJIaromnpusTeH.
Kak mpu mnpsMoM, Tak W Tpu OOpaTHOM TIIOAOTPEBE HAONIOMACTCS 3HAYUTEICH PacXo]l
TEIIOHOCHUTEJIS;

3. UToOBl YMEHBIIUTh PACXOJ TEIUIOHOCUTENS MPUMEHSIOT 4YeTHOYHbIN mporpes. Ilpu
YEeITHOYHOM IPOTPEBE COKpAIaeTcs 00beM Iperoliel KHUIKOCTH, CPEIHSS TEMIIEPAaTypa CUCTEMBI
CTaHOBUTCS BHIIIIE, TpyOa mporpeBaeTcst 0ojiee paBHOMEPHO, HO YBEITHUUBACTCSI BPEMs ITPOTpeBa
M0 CPABHEHUIO C MPSAMBIM CIIOCOOOM 3a CYET OOPaTHBIX MEepPeKayeK;

4 BerpeuHblit IpOrpeB NPUMEHSIOT JJIsi YCKOPEHHsI BpeMEHHU MporpeBa. TerioHoCuTeNb
3aKayMBaeTCs OJHOBPEMEHHO C Hauyala M KOHIa HedTrempoBona, a cOpOC MPOU3BOIUTCS B
CepeIMHe y4YacTKa.

2. be3omacHoe BpeMsi OCTAaHOBKHU «ropsyero HedTenpoBoaa».OcTaHOBKU TpyOOmpoBoaa
MOTYT OBITH CBS3aHBI C HEOOXOAWMOCTBIO IJIAHOBO-TIPEAYNPEIUTEIbHBIX HIM aBAPUUHBIX
PEMOHTOB U C IUKIMYHOCTHIO PaboThl TpyOOonpoBoaa. EcTecTBeHHO pH OCTaHOBKE MPOUCXOIUT
CHIDKEHHE TEMIIepaTyphl U yBeITMUeHHUE Bs3KOCcTH HeTh B TpyOe. OTCroAa cieayeT, 4eM JOJbIne
Oynmer crosaTh HedTenmpoBoa, TeMm Oonblne OyJaeT BeIWYMHA HAmopa Il 00ecTeUeHUS
JIOCTAaTOYHOTO pacxona. Bpems, o ucrteueHno KOTOporo BO3MOKHO BO30OHOBJICHHUE MEPEKAYKU
HedTH O€3 OCIIOKHEHHI Ha3bIBaeTCsl 0€30MaCHBIM BPEMEHEM OCTaHOBKH.

B cnywyae HemoctaTka HaaJekalied MPOWU3BOAUTEIHEHOCTH BO3MOXKHBI CJIENl BapHAHTHI
paboTHI TpyOOMIpOBOAA:

1. paboTa ¢ MOHMKEHHBIM PAcxXxoJOM. DTO ObIBaeT B HAYaJbHBIH W 3aKIIOYMTEIbHBIN
aTarnbl pa3paboTKu MecTOpoXxaeHui. Pabora ¢ MOHMKEHHOW MPOU3BOAUTEILHOCTHIO CBSA3aHA C
HEOOXOIMMOCTBIO JOTIOJTHUTEIBHOTO TOI0TPEeBa HE(TH U ¢ pabOTOW HACOCOB HA MOHWKCHHOM
KIIZ;

2. UMKJINYecKas MepeKkadka COCTOMT W3 NepuoJoB paboThl TpyOompoBoga ¢ QomnT u
npeKpaiieHne padoTel — NUKI. Yem OoJblie YHCIO IHMKIOB MEPeKayKd, TEM MEHBIIE JO0JDKHA
OBITH BMECTUMOCTh PE3epBYyapoOB I HAKOIUICHWS HEe(TH Ha TOJOBHBIX COOPYKCHHUSIX WU
KOHEYHOM ITyHKTE He(TempoBOJa, a 3HAYMT, 3aTpaT Ha HUX MoTpedyercs meHbie. C mpyroi
CTOPOHBI, Oojblle OYyIyT 3aTpaTrhbl, CBsI3aHHbIE C MOBTOPHBIM IyckoM HedrempoBona. Ilpu

YMCHBIICHUN qucia OUKJIOB KapTuHa 06paTHa51: H€O6XOIII/IMOCTI> CTPOUTECIILCTBA



JIOTIOJTHUTEIILHBIX PE3epBYapoOB U BPEMEHS OCTAHOBKM MOXKET MPEBBICUTH BpeMsi 0e30MacHOi,
CJIEI0BATENIBHO, HY’KHO BBITECHUTH BA3KUM MTPOIYKT.

3. BreiTecHeHue 3acThiBIIEN kuaKocTH. [Ipum ocraHoBKe HedTenpoBoja Ha BpeMs
Oosbliee, yeM BpeMs 0e30MacHOi OCTaHOBKHM 3aITyCK TPyOOIpPOBO/ia CTAHOBUTCS HEBO3MOXKHBIM.
s ero 3amycka HE0OXOAUMO OCBOOOAMTH €ro OT 3aCTHIBLICH HE(PTU C MOMOIIBIO MAIOBSI3KOM

He(TH

126. 3anosiHeHue TPyOONPOBO/a BHICOKOBSA3KOMH HePTHIO
Ilepen 3akaukoil BBICOKOBSI3KOH He(TH B TPyOONpPOBOI, TPYOOHPOBOJ 3arOHSAETCS

XOJIOTHOM BOJION MOcie MCTbITaHUs JaBieHHueM. Eciau 3Ta Boja BBITECHSETCS BBICOKOBSA3KOM
ropsueil He(ThIO, [UId MNEpeKaykd KOTOpOW INpeAHa3HadeH TpyOomnmpoBoA, HEPTb OBICTPO
oxJIaXx1aeTcst (0COOEHHO MPH KOHTAKTE C XOJIOJHOM BOJIOW) M CTAHOBHUTCS YPE3BbIUAITHO BS3KOH,
YTO MOXKET MPUBECTH K 3aTBEPJACBAHMIO U 3aKyIIOPKe TPyOOIPOBOIA.

BHOBb mocCTpoeHHBIE TpyOONpPOBOABI Ui MEPEKauYKH BBICOKOBSI3KHX, C BBICOKHUM
COJICpKAHUEM TBEPAbIX 4YacTUI[ WM NPEABAPUTEIBHO HArpeThlX HEPTENPOAYKTOB MOIYT
UCITIOJIb30BAaThCSl JIByMsI CIIOCOOAMHU: TyTEM TMpeBapUTEIbHOTO HarpeBa TpyOorpoBoaa u
OKpPYXalOIIEero IpyHTa HU3KOBSI3KMMH, C HU3KUM COJAEpPKAHMEM TBEPJbIX YaCTUI[ WU BOJBI
He(TEenpoAYKTaMU WM ITyTeM 3arojdHeHHs TpyOonpoBo/ia 6e3 npeaBapuTeIbHOIO Harpesa.

Maructpainbhple  TpyOOmpoBOABI ~ OOBIYHO  BBOJATCS B JIKCIUIyaTallMl0  C
npeaBapuTeNbHBIM ToJ0orpeBoM. [IpenBapuTenbHbIM MOJOTPeB BOJOW sBIsETCS Hauboliee
palMoHalIbHBIM, TaK KaK OH 3aHMMaeT B TPHU-YETHIPE pa3a MEHbLIE BPEMEHH, YEM
MpeBapUTENbHBIM MOJ0TpeB HEPThIO WM HePTenpoAyKTaMH (BoAa HMEET OOJIbLIYIO

TCIINIOCMKOCTb U CKOPOCTH HOTOKa).

127. OcTaHOBKH NepeKauKku
OcraHOBKa TepeKaykd He(TH MO TPYyOONPOBOIY OCYIIECTBISIETCS ITyTEM OCTAHOBKH

HacocHbIX arperatoB Ha HIIC B nopsiike u mocienoBaTeIbHOCTH, ONPEAEIIEHHBIX B MHCTPYKIMU
OAO MH o nopsiike mycka 1 OCTaHOBKM HEPTENPOBOJIOB, YTBEPKIEHHON IIaBHBIM MH)XXEHEPOM
OAO MH. OcranoBka mnepekauku HedTH MO TpyOONPOBOLY U MpOLEAypa OTKIHOUYCHUS
PEMOHTHUPYEMOT'O y4acTKa IPOBOIUTCS MO pyKoBoaACTBOM nuctierdyepa PHY (YMH).
OcrtaHoBKa mepekaykd HeTH Mo TpyOONpoBOMY AJs BBINOJHEHHS PEMOHTHBIX paboT
npoBOIUTCS Ha ocHoBaHWMM paspemieHuss OAO  “AK  “TpancHedTh” Ha OCTaHOBKY
HedTenpoBoaa. 3asiBKa /Ui MOJIY4YEHHs pa3pelleHrs Ha OCTaHOBKY HeTenpoBoia 0popMIIsieTcs
OAO MH B cooTBercTBUH ¢ TpeOOBAHUAMH, MPEAYCMOTPEHHBIMU PermaMeHToM... OCTaHOBOK

MH.



OcraHOBKa TMepeKkaykd HePTH MO TPyOONpOBOAY JOJKHA TPOBOAUTHCS TMOCHE
3aBEpUICHMS IOATOTOBUTENBHBIX MEPOIPHUITHM K PEMOHTHBIM paboTaMm, IperlyCMOTPEHHBIX
IJJaHOM TIPOM3BOJICTBA PabOT M OCYIIECTBISIETCS aucrnerdepckoit ciyxoor OAO MH mo
corjlacoBaHuo ¢ aucrerdepckuM YmpasiaeHueM OAO “AK “TpancaedTs”.

Ilocne ocranoBku mepekauku HegTu mo Tpydomposoay aucneruep PHY (YMH), npu
HEoO0XoIMMOCTH, opranusyer npuem Hedtu B pesepByapsl HIIC u3 omopokHsEeMOro ydacTka.
[Tocne Bemonnenus nepexmouennii Ha HIIC, aucnetuep PHY (YMH) 3akpeiBaer cekyime
JUHEMHbIE WIA TEXHOJOTMYECKHE 3aJBIKKA B DPEKUME TEICYNPAaBICHUS WIN OTIAET
pacriopsbkenue (tenedonorpammoit) HavanbHUKy HIIC O 3aKpbITHM CEKyIIUMX 3aJBIKEK C
PYYHBIM IIPUBOJIOM HJIH C DJIEKTPOIPUBOJIOM C MECTHBIM YIIPABICHUEM.

Haznauaercst oTBeTcTBEHHBIH 3a 3akpbiTue 3a1Buxkek (P.1.0, koroporo ykazano IITIP u
B Hapsle JOIyCKe), KOTOPbIM IMpoBepsieT MOJHOTY 3aKPBITUS BCEX 3aIBIKEK (C PYUYHBIM
IIPUBOJIOM, C 3JIEKTPOIPHUBOJIOM, C MECTHBIM YNpPaBIEHUEM, C YIPABICHUEM TEIEMEXaHUKOI) U
[0 pe3yjbTaTaM MPOBEPKU MpPEACTaBIsAET NUCbMEHHOE coobmeHue naucneruepy PHY o
3aKPBITHH 3a/IBUKEK C YKA3aHUEM X HOMEPOB.

[Tocne 3aKkpbITHS 3aJBHKEK OTKIHOYACTCA MX JJIEKTPOIUTAHME, C CO3JaHUEM BHIUMOIO
pa3pbiBa, U MIPUHUMAIOTCS MEPBI, UCKIIIOUYAIOLINE HECAHKIMOHUPOBAHHOE OTKPBITHE 3aJBUKEK
(1eMOHTHpPYIOTCS IITYpBajbl, BRIBEIINBAIOTCA M1akaThl — “He BkitouaTs — paboTtaroT moau!”).

128. 3amenieHne BbICOKOBSA3KHUX He(pTell B TPYOONPOBOAAX
3aMelieHue BBICOKOBSA3KMX HeTel B TpyOONpoBOAax - 3TO MPOLECC 3aMEHbl WIIH

BBITECHEHUS TSKENIBIX WJIM BBICOKOBSI3KMX HEPTENPOIYKTOB M3 TPYyOONPOBOJHON CHCTEMBI
IpyruMH, Oojiee JIETKUMU WM MEHEE BSA3KUMHU JKUAKOCTIMHU. ODTOT TPOIECC MOKET OBbITh
HEOOXOIUM  M3-3a  PA3JIMYHBIX  NPUYMH, BKJIOYass  OOHOBJIEHHE  TPyOOIPOBOJHOM
UHQPACTPYKTYpbl, yiaydmeHHe 3((EeKTUBHOCTH JKCIUTyaTallid, WJIX HW3MEHEHHE Tuma

TPAHCIIOPTUPYEMBIX IIPOTYKTOB.

129. O6s1acTh NPUMEHEHHS MEePEKAYKN HECTAOMIBHBIX KMIKOCTEl
[lepekauka HecTaOMIBHBIX JKUIKOCTEH MMEET UIMPOKUN CIEKTp NpPUMEHEHUl B

Pa3IMYHBIX OTPACIAX MPOMBIIUIEHHOCTH. HEKOTOpBIE N3 HUX BKIKOYAOT:

HedrerazoBast npomblieHHOCTh: B gaHHONW oTpaciu mnepekayka HeCTaOMIBHBIX
KHUJIKOCTEH, TaKMX Kak chipas HedTh, cxmkeHHbld mpupoansiii raz (CIII), xonmeHcaTsl U
HecTaOUJIbHbIE Fa305KUIKOCTHBIE CMECH, SIBJISIETCSI OCHOBHBIM MPOILIECCOM. DT KHUJIKOCTH MOTYT
coJiepXkaTh pas3InyHble (PpakiUK, UMETh MEPEMEHHYIO IUIOTHOCTb U BA3KOCTh, YTO CO3/AET
BBI30BBI IIPH UX TPAHCIIOPTHPOBKE U IIepepadbOTKe.

XuMH4YECKass NPOMBIIUICHHOCTh: B INpOM3BOACTBE XUMHUYECKHUX IHPOLYKTOB MOTYT

HCIIOIL30BaThC HECTAOUILHEBIE KHUIKOCTHU, TAKHUE KaK PA3JIMYHBIC paCTBOPLI, SOMYJIIBCUU, CMECH C



IIEPEMEHHBIM COCTABOM U CBOMCTBaMM. [IpuMepaMu MOTyT CIIyKUTh IIPOLIECCHI CHHTE3a
MIOJIMMEPOB, IPOU3BOICTBA YAOOPEHUN, KpacUTENIEH U JPYTUX XUMUYECKUX BEILIECTB.

[TunieBast mpoMbIIUIEHHOCTh: B 3TOM oTpacnu mepekauka HECTaOMJIBHBIX >KHJIKOCTEH
MOJKET BKJIIOYaTh B ce0s1 00pabOTKy MOJIOKA, COKOB, PACTUTENBHBIX Maced U APYTUX MPOIAYKTOB
C TMEpeMEHHOM KOHCHCTEHIMEH M cOocTaBoM. BakHO oOecrneyuTbh COXpaHHOCTh KadecTBa M
CTaOMIIBHOCTB TIPOYKTOB Ha BCEX ATArax UX 0OpabOTKH U TPAHCTIOPTUPOBKH.

®dapmareBTUYECKass  MPOMBINUICHHOCTh:  [lepekauka  HECTaOWJIBHBIX  KHUIKOCTEH
BKJIIOYAET B ce0s MpoIecchl MPOM3BOJICTBA JIEKAPCTBEHHBIX MPENapaToB, BKIIOYAs pa3IndHbIe
pacTBOPBI, SMYJIBCHH, CYCIIEH3UU U Jpyrue (opMbl JEKApCTBEHHBIX CPEJICTB. 371eChb OCOOCHHO
BaYKHO 00€CIEYUTh CTPOTHil KOHTPOJIb KA4€CTBA U CTEPUIBHOCTh IPOIYKTOB.

OHepreTudeckas MPOMBIIUIEHHOCTh: B  NpOM3BOJICTBE 3IIEKTPOIHEPTHHM NEPEKadyKa
HECTaOMJIBHBIX JKUAKOCTEH MOXKET BKJIIOYaTh B ceOsl TPaHCIOPTUPOBKY TOIUIMBA, TAKOIO Kak

MasyT, JU3CJIbHOC TOIIJIMBO U CXKMKECHHBIN HpHpO,[[HLIﬁ ra3, K TCIJIOBBIM 3JICKTPOCTAHIIHAM.

130. IByx¢a3Hblil TPAHCHOPT KUIKOCTH U ra3za
HapaJIJICJIBHO B IIOMCKax HOBBIX MCTOAOB COKpAIICHHA H3ACPIKCK BECIHCH pa6OTI>I 10

CO3/aHuI0 Mojenu AByx(dasHoro moroka. Korma ra3 ¢ KOHIEHCATOM MOCTYMalT Ha 3a00i
CKB@)KWHBI, M332 CMEHBI JIaBIICHUS U TEMIEPaTypbl OHU MPEBPALIAIOTCSA B JIBYXKOMIIOHEHTHYIO
cMmech. UTOObI TpaHCIOPTUPOBATh €€ MO TpyOe, KaKk FOBOPUIIOCH BBINIE, HYXKHO MPEOA0JIEBATh
COIIPOTHUBIICHHUE, BBI3BIBAEMOE KOHJIEHCATOM. J[JIs1 TOTO YTOOBI €T0 MPEOI0JIETh U KIIPOTOIKHYThH)
CMeCh, HCIOIB3YIOTCS KOMITPECCOPHBIE CTAHIINHU, KOTOPhIE 00ECTIEYHBAIOT TPAHCIIOPTHPOBKY 10
MecTa nepepadoTKH.

131. OcHOBHBIE XapaKTePUCTHKH ABYX(a3HOI0 MOTOKA
JIByxdaszHple CUCTEMBI KIACCHPUIIMPYIOTCS TI0O arperaTHOMY COCTOsTHUIO (a3, pazmepam

YaCTHI] TUCTIEPCHON (a3bl M XapaKTepPy OTHOCUTEIHLHOTO JBMXKEHHS (a3. Kak crutomHas, Tak u
qucniepcHast ¢a3bl MOTYT HaXOJTUTHCS B TPEX arperaTHBIX COCTOSHUAX — TBEPIOM, KUIKOM H
ra3o00pa3HoM. B03MOXHBI pa3iWuHBIC COYETAHUS AarperaTHBIX COCTOSHUW CIUIOIIHON W
qucnepcHoit ¢a3. Cuctembl ¢ MOABMKHOM (ra3o00pa3HON WM KHUJAKOW) CIUIOMIHOW (a3oif
MOXHO TOApAa3AeIuTh Ha ABa THHa: 1) ¢ TBEpHOW aucmepcHOW ¢aszoi; 2) ¢ MOABHKHOU
JUcTiepcHOM (a3oit (KUIKOCTh WK Ta3).

Cuctembl IEPBOTO TUIIA BCTPEUAIOTCS B MpOIleccax, B KOTOPBIX YYACTBYIOT 3albUIEHHBIC
MMOTOKU (TaKWe CUCTEMBI Ha3bIBAIOTCS A2PO30JbHbIMU CUCMEMAMU WA TIPOCTO A3P0304MU), TIPU
MMHEBMO- W THAPOTpaHCHoOpTe (B 3TOM Cjlydae WX Ha3bIBAIOT 2d306368eCsiMu), a TaKXKEe B
mporeccax, MPOBOAMMBIX B KHIIAIIEM CJIO€. XapaKTepHOW OCOOEHHOCTBHIO TAaKUX IOTOKOB
SIBIIIETCS. TO OOCTOSITETLCTBO, YTO (opMa W Macca YacTHUI[ JIUCIEPCHON (ha3bl OCTAIOTCS

MPAKTUYCCKH HCU3MCHHBIMH, C€CJIM HE YYHUTBIBATb IIPOLUECCOB Koazyiiayuu u HpO6HeHI/IH



(M3MenpueHUs) YacTUI] TpU HMX TPEHUH JPYr O Jpyra M O CTEHKM KOMMYHUKAllUd |
000pyTI0BaHUA.

CuctemMbl BTOPOTO THIA OOpa3yroTcs TpH OapOoTake raza uepes CIOH KHIKOCTH,
KUATICHUH H T.Jl. XapaKTepHOUW OCOOCHHOCTBIO TaKMX CUCTEM SIBISIETCS TO, YTO TPH JBHKCHUH
AIIEMEHTHI TUCTIEPCHOU (pa3bl M3MEHSIOT (opMy, a 4aCTO U Maccy.

132. CrpykrypHble ¢popMbl IBYX(a3HBIX NIOTOKOB
Crpykrypa aByx(@a3HbIX IOTOKOB BeCcbMa pazHooOpa3Ha. OHa ompeensercs pa3MepamMmu

U pacrpeiefieHueM dJIEMEHTOB TUCIEPCHON (as3bl B CIUIONIHONW M OXBATHIBAET BCE BO3MOXKHBIC
COCTOSTHUSI MKy TapauIeIbHBIM pa3/IeIbHBIM JBIDKCHUEM JIBYX (Da3, UMEIOIINX OJHY OOIIYIO
TPaHUIly pasjiena, U CMECSIMU C JIOCTAaTOYHO OJIHOPOJIHBIM pacIpe/ieIeHUeM TUCIePCHOM (a3bl
(3MyJbCHUHU, ABIMBI, TYMaHBI, IUTAMBI U T.1.

CrnomrHast nuckpeTHas (as3pl, Kak yke OTMEYalloch, B OOIIEM CiIydae, MOXKET ObITh
TBEPAOH, )KUIKOHN Win ra3oo0pa3Hoit. Ciayuaii, koraa criomrHas ¢aza TBEpAAst, OTHOCAT OOBIYHO
K 0COOOMY TE€UeHHI0 — (WIBTPAIMM KUJIKOCTH WX raza B TBEPAOM Tene. Ecam MCKIOUHTH
ClIy4ail TBepioe TeNOo - TBEpJ0€ U yUecTh, UTO JIBa raza 00pa3yroT oJHO(a3HYI0 CHCTEMY, TO BCE
MHOT000pa3ue NByX(a3HbIX TEUSHUI MOKHO CBECTH K CEMH BapuaHTaM KOMOWHAIH Qa3s.

Onucanne  3aKOHOMEPHOCTEH  JBMIKEHUS  JBYX(Aa3HBIX  CHUCTEM  OCJIOXKHSETCA
HEOJIHOPOJHOCTBIO MX COCTaBAa U Pa3IMYMEM CKOpOCTel ABMKEHUs (a3.

Jlns xapakTepuCTHKHU BYX(a3HbIX MOTOKOB HCIOIB3YIOTCS JIBE TpyMIbl napaMeTpos. K
MEPBON M3 HUX OTHOCSTCS PacXOJHbIC MapaMeTphl, ONpeAesieMble YCIOBUSIMU MaTEPUATLHOTO
Oananca 06e3 yué€ra 0COOCHHOCTEH OTHOCHUTENLHOTO JBHWXEHHs (a3, KO BTOPOH — HUCTHHHBIC
napameTpsl AByX(a3HON CHCTEMBI, ONpeesieMble ¢ YYETOM OTHOCUTEIBHOTO JBIKEHUS (as.
Baxneiimeld pacxoaHOW XapaKTEPUCTUKOW SBISCTCS MACCo8blil pacxod M, paBHBIA CcymMMe

MaCCOBBIX pacxoJ0B (1)3.3.

133. I'mapaBiauyeckuii pacyer TPyOONPOBOAOB ISl NMEPEKAYKHU Ta30:KUAKOCTHBIX
cMecei
Jlns ra30KHAKOCTHBIX IOTOKOB TEYEHHE CUWTACTCSl YCTAHOBUBIIMMCS, a (a3pl —

HaxOJAIIMMHUCS B COCTOSTHUM TEPMOJUHAMUYECKOTO PaBHOBECHS W UMEIOIIUMH OJMHAKOBBHIE
TeMmriepatypy W jaaBieHue. [Ipu 3TOM MOXKET YUYUTHIBAThCA "MPOCKaIb3bIBaHUE" >KUAKON U
razoBod (a3, TO €CTh WX ABMKEHUE C Pa3HBIMU CKOpPOCTSIMHU. B mporiecce ruapaBiImdecKoro

pac4dcTa I[BYX(baSHOFO IMOTOKA IJIs1 BCCX YUYACTKOB ITPOU3BOJUTCA paCUCT.

pPeXnumMa ,Z[BVXd)aSHOFO TCUCHUS B pa3JIMYHBIX TOUKAX pr6onp0130;[a;

HCTUHHOT'O 00BEMHOIO ra3oCoACpKaHusA (I/I Ha €ro OCHOBC PACUCT UCTHUHHBIX CKOpOCTCﬁ

¢a3, a TakKe rUIPOCTaTUYECKUX MOTEPh HAa YUACTKAX C MEPENagoM BBICOT);

OOTCPh HAa TPCHUC,



https://edu.truboprovod.ru/kbase/doc/hst/hst_rus/19_11_Two-phase_hydro_method.htm#01_Flow_pattern
https://edu.truboprovod.ru/kbase/doc/hst/hst_rus/19_11_Two-phase_hydro_method.htm#03_Friction_losses
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HOTCPb HA MCCTHBIX COIIPOTHUBJICHUAX,

INOTEPb HAa YCKOPCHUC ITOTOKA,

BeIIMYMHEI yncia Maxa.

Jns ompeneneHus peKUMOB TEUYCHHS M BBITIOJHEHHUS pacueTa MOTYT HCIOJIb30BaThCS
pasiuuHble MeTOIUKU. [1oCKONbKY METOABI pacueT NBYX(a3HBIX MOTOKOB B HACTOSAIIEE BPEMs
WHTEHCHUBHO pa3BUBAIOTCA, M HA CETOAHSIIHMA MOMEHT HE CYIIECTBYEeT KaKOro-TO

YHHMBEPCAIILHOTO OOIENPU3HAHHOIO TOJX0/a.

134. XapakrepucTuka TpPYOONpoOBOJAa NpH MNepekadyke ABYX(a3HbIX NOTOKOB
[lepexauka nByx(a3HbIX MOTOKOB Uepe3 TPyOONnpoBOI MPEACTaBIAET COOOM CIOXKHBIN mpolecc,
TpeOYIOUMI CHeNUaNbHOTO MPOSKTHUPOBAHUS M yIpaBieHHs. JIByX(daszHble MOTOKH MOTYT
COCTOATH M3 XUAKOCTM HW Trasa HWIM HW3 JABYX PA3JIMYHBIX )KH)IKOCTeﬁ. BoTr ocHoBHEBIE
XapaKTEPUCTUKH, KOTOPBIE CIEAYET YUUTHIBATH MPU MPOECKTUPOBAHUM M IKCIUTyaTallMM TaKOTro
TpyOomnpoBoja:

Pexumbl Teyenusi: JIByx¢aszHble MOTOKM MOTYT HAaXOIHUTHCA B PA3IUYHBIX PEKHMAX

TE€YEHMsI, TAKUX KaK Iy3bIPbKOBBIM, CTpaTU(UIMPOBAaHHBIN, Win cMmemaHHbi. [Ipu nmepekauxe
KHUJKOCTH M Ta3a 4YacTo IMPOUCXOIAT (a30oBble IEpPEeXO/bl, UTO 3aTPyAHSAET YIpaBicHHUE
MIPOIIECCOM.

PaBHoBecue ¢a3: BaxxHo obecneunTh paBHOBECHOE paclpeesieHUe XKUAKOH U Ta30BOii
dba3 mo guuHE TpPyOOMpoBOAAa. DTO MOXKET MOTPeOOBaTh WCIOIB30BAHUS CICIIHATBHBIX
000pyA0BaHUMN, TAKUX KaK pa3leiauTenu ¢pa3 Wik yCTPOMCTBa ISl BBEICHUS SHEPTUH B MOTOK.

HaBnenne u Ttemmepartypa: JIByx¢aszHple HOTOKM MOTYT CO3/1aBaThb HEOJIHOPOJHOE
pacripesielieHue JaBJICHUS U TEMIIEpaTypbl BAOJIb TpyOOmpoBoga. DTO MOXKET NPHUBECTH K
BO3HMKHOBEHUIO POOIIEM, TAKHX KaK 00pa3oBaHMe KOHJIEHCATA HITH 00BapKu TPyO.

Koppo3uss u abpasuBHocTh: IlpucyrctBue nByxX (a3 MOXKET YBEIHMYUTH CKOPOCTh
KOppO3UK MM abpa3uBHOE M3HOC TpyOompoBoja. HeoOXxoaumo yduuThIBaTh 3TH (HaKTOpBI MpHU
BbIOOpE MaTepuana TpyObl 1 METO/I0B 3aIIUTHI OT KOPPO3UH.

YnpaBienue mnoTokoMm: OddekTuBHOE yIpaBIeHWE TIOTOKOM MMEET KIF0YEBOE
3HaYeHHE ISl oOecriedeHus: O6e3omacHo U 3h(HEKTUBHONH pabOThI TpyOONpPOBOJa. ITO MOXKET

BKJIIOYATh B c€0s MCIOJIB30BaHHE KJIaITaHOB, PCTYJIATOPOB AABJICHUA U JPYT'UX YCTpOﬁCTB.

135. Ilepexauka razoHacblleHHbIX HedTel
CYHIHOCTI) TCXHOJIOTHUU TICPCKAYKHN T'a30HACBINICHHBIX HG(I)TGI\/JI CO CTOHT B TOM, 4YTO,

HOJJIEP>KUBAs Ha MOCIEIHEN CTyNIEeHH celapaluy AaBjleHHe OoJiblliee, 4eM aTMoc(epHoe, B He(PTH
COXPaHSIOT B PACTBOPEHHOM COCTOSHMM OOJBIIYI0O 4YacTb TSDKETBIX, Haubosiee IIEHHBIX
KOMIIOHEHTOB HE(TSHOro rasa, a 3aTeéM 0OECHEUMBAIOT TaKOE JABJICHHE B HE(QTENPOBOAE, IpU

KOTOpOM HHU B O,HHOﬁ €ro TO4KE paCTBOpCHHHﬁ ra3 u3 HC(bTI/I HC BBIACIACTCA.


https://edu.truboprovod.ru/kbase/doc/hst/hst_rus/19_11_Two-phase_hydro_method.htm#06_Mach
https://edu.truboprovod.ru/kbase/doc/hst/hst_rus/19_11_Two-phase_hydro_method.htm#05_Acceleration_losses
https://edu.truboprovod.ru/kbase/doc/hst/hst_rus/19_11_Two-phase_hydro_method.htm#04_Local_losses

136. OcoGeHHOCTH NepeKaYKH ra30HAChIINIEHHBIX HedTel mo TpydonpoBoaam
HccnenoBanue peXMMOB IpHU IMEepeKayke ra30HACBIIIEHHBIX He(Teld HEBO3MOXKHO Oe3

OIpeIeIeHUs] UX OCHOBHBIX (PM3UYECKUX MapaMeTpOB: INIOTHOCTH, BA3KOCTH, MOAYJI 0ObEMHOM
YIPYTrOCTH, KOJMYECTBA CBOOOJHOIO M PAaCTBOPEHHOTO raza B He)TH M JAp. DTH MapameTpbl

MOTYT OBITh OIPCACIICHLI ABYMA cnocobamMu OKCIICPUMCHTAJIbHBIM U PACUCTHBIM.

137. OcHoBHBIE MapaMeTPbI ra30HACHIIIEHHO HePTH
l'azoconepxanne (ra30HACHINIEHHOCTh) IUIACTOBOW HedTH - 23TO 00BEM rasa,

PacTBOPEHHOTO B TUIACTOBOM HE(DTH.

["a3oconeprkanue m1acToBoi HeTH ompeaenseTcs Mo cieayen hopmyne:

G=Vr/Viuimu,

rae Vr - oobeM rasa,

VIULH - 00beM IJIaCTOBOM HEPTH.

["a3oconeprkaHue IacToBOM He()TH BRIpaXKaroT B M3/M3.

HedTs Bcerna cofepkKUT B CBOEM COCTaBE PACTBOPEHHBIE Ia3bl.

HckroueHuem sIBISIOTCS BRICOKOBSI3KAst THIIEPTEHHO H3MEHEHHas! He(DTh.

MakcuMaabHOE KOJIMYECTBO ra3a, KOTOPOE MOXKET OBITh PACTBOPEHO B €IMHUIE 00BeMa
MJIaCTOBOM HETH MPH ONMpeAeNEHHBIX JaBICHUH U TeMIepaType, Ha3bIBAETCs PACTBOPUMOCTHIO
raza V.

I"a3oconepxanne MOXKeT OBITh paBHBIM PACTBOPUMOCTH HJIM MEHBIIIE €.

Ero ompenenstor B nabopaTopuu MO IUIACTOBOW MpoOe HEPTH, TOCTETICHHO CHIKAS
JaBJICHHE OT IJIACTOBOTO, MPU KOTOPOM OTOOpaHa mpobda, 10 aTMochepHOro.

l'azoconepxanue miacroBoi Hedtu Moxker mgocturath 300—500 m3/mM3 u OGonee,
00BIYHOE €r0 3HaUeHUE JIJIs O0NBIUHCTBA cCOPTOB HedTH - 30-100 M3/M3.

Taxoke M3BECTHO OOJIBIIIOE YHCIO COPTOB HE(TH C Ta3ocoiepkaHueM He Bbime §-10

M3/Mm3.

138. Bausinue pacTBOPEHHOI0 ra3a Ha napamMeTpbl paéoTsl HeGTENnPOBOIOB
C yBenmMueHHEM KOJIMYECTBA PACTBOPEHHOTO Tra3a yBeIM4YHMBaeTca 00beM HedTH,

YMCHBIIAKTCA €€ IIJIOTHOCTH U BA3KOCTD. Komuuecto PaCTBOPCHHOTO ra3a MaJIO BJIMACT Ha

BSI3KOCTh IINIAaCTOBOM BO/JIbI, BA3KOCTb IUIaCTOBOM BOABI B OCHOBHOM 3aBUCHUT OT TCMIICPATYPHI.

139. TpyOonpoBOaHbIi TPAHCHOPT HECTAOUIBHOI0 ra30BOr0 KOHIEHCATA
CYHIHOCTI) TCXHOJIOTHHU MICPCKAYKHU HECTaOMIILHOI'O Ta30BOr0 KOHJCHCAaTa CO CTOUT B TOM,

4TO, MOJICP)KMBAsi Ha IOCIEIHEH CTyNeHH cemapaiuy JaBiieHHe Oosbliee, 4YeM aTMocdepHoe, B

He(bTI/I COXpaHAT B PaCTBOPCHHOM COCTOSHUH GOHBIHIYIO HaCTb TSKCIBIX, Hauboee OCHHBIX



KOMITOHEHTOB HE(TSHOrO rasa, a 3aTeM 00eCHeunBaIOT TaKoe JaBlieHHE B HeTenpoBoje, Npu
KOTOPOM HHU B OJTHOH €r0 TOYKE paCTBOPEHHBIN ra3 U3 He()TH HE BBIJCIISACTCS.

B xozae nocnenyromieil mpoOMBICIOBOM MTOATOTOBKH MPOU3BOINTCS YaCTUYHAS WU TIOJTHAS
cTabmn3anus celporo KoHjaeHcara. OObIUHO pacCMaTPUBAIOT YEThIPE YPOBHS €ro NOJArOTOBKH K

TPaHCIOPTY:

140. Texnosoruyeckue cxeMbl roJIOBHOM U MPOMEKYTOUHON HACOCHBIX CTAHIUI
Texnonornueckoit cxemoir HIIC HaspBaioT Oe3macmiTaOHBI PUCYHOK, Ha KOTOPOM

MIpeJICTaBJICHA CXeMa pa3MelIeHHs ee 00BEKTOB, a TaKKe BHYTPUCTAHIIMOHHBIX KOMMYHHKAIIUN
(TEeXHOIOTUYECKUX TPYOOIIPOBOOB) C YKa3aHHEM TMaMETPOB U HANpPaBICHHUH MOTOKOB.

1. TlpuHununuanbHas TEXHOJIOTHYECKas CXeMa TOJOBHOW HedTenepexaunBaroniei
CTaHLNU:

I - kamepa mpuema cpencTB OYMCTKM MU JuarHoctuku; Il - muomanka ¢uiabTpoB-
rpsazeynoBureneit; Il - y3en mpemoxpanutenbHbix ycrpoicts; IV, VII - y3en yuera; V -
pe3epByapHblil napk; VI - moamopHas nHacocHas; VIII - maructpanbHas HacocHas; [X - y3en
pEeryJisITOpoB AaBieHUs; X - Kamepa IycKa CpPeICTB OYMCTKH W JTUArHOCTUKW; XI - eMKocCTh
cbopa yteuek ¢ morpykHbIM HacocoM; XII - GaiinacHast (0OBOIHAS ) TUHUSI.

2. [IpuHIMNManpHas TEXHOJIOTUYECKAask CXeMa MPOMEXKYTOUHON HedTenepekauynuBaroeit
CTaHLUU:

I - kamepa mpuema cpencTB OYMCTKM M JuarHoctuku; Il - tuiomanka ¢uiabTpos-
rpszeynosureneit; III - y3en mpemoxpanuTenbHbIX ycTpoiicTB; IV - eMkocTh ans cOpoca
yAapHOU BOJIHBI; V - €MKOCTh cOopa yTedeK ¢ MOrpyXHbIM HacocoM; VI - maructpanbHas
HacocHast; VII - ysen perymsatopoB pasienus; VIII - kamepa Iycka CpeiacTB OYMCTKH U

JUAarHOCTUKH

141. Pacyer mnapamMeTpoB HecTa0OWJIBHOIO KOHJEHCaTa 10 Ppe3yabTaTam
pa3ra3zupoBaHus Npood

e e I A T

rae Zirc — cojuepkaHue KOMITOHEHTa 1 B rasze cemapanuu, /M3 (oM 3 /M3 ); ZikrH —
coJiep’)kaHHMEe KOMIIOHEHTa 1 B KOHJIEHCATe ra30BOM HecTaOmiIbHOM, /M3 (am 3 /M3 ); Ziro —
coJepKaHWe KOMIIOHEHTa 1 B raze jnerazauuu, r/mMm3 (oM 3 /M 3 ); Zigk — cojepkaHue

KOMITOHEHTA 1 B JIera3upoOBaHHOM KOHAeHcaTe, I/M3 (1M 3 /m3 ).

142. Hepelcaqlca C/KMKCHHBIX YIJIEBOAOPOAHLIX I'a30B
XpaHI/IMHﬁ ra3 B CMKOCTAX HMCCT PABHOBCCHOC COCTOSHHC, IIO3TOMY HCBO3MOXKXHO

OCYHICCTBUTL CAMOCTOSATCIBHOC JABUKCHUC CPCIBI. I[JIH CO3JaHus ABMXKCHHUA M IIOJa4YM ra3a B



TpyOOINPOBO/Ta30pa3qaTOYHYI0 KOJOHKY W3/B aBTO- WM K/I IUCTEPHY U T.JA. UCIOIB3YETCS
paznuyHOe 000pYyI0BaHHE:

HACOCHI JTs TIepeKavKu KuaKoi ¢azer CYT

KOMIIPECCOPHI 7S mepekayku ra3oBoit ¢azer CYT

[To cBoE# KOHCTPYKIIUY M IPUHIIUITY PaOOTHI BBIACISIOTCS CIEIYIOIINE OCHOBHBIC THITBI
HACOCOB:

o0beMHBIE (IMOEpHBIE, IIECTEPEHHBIE), NTUHAMHYECKHE (JIOMACTHBIC IIEHTPOOESKHBIC,
BHUXPEBbIE CAMOBCACHIBAIOIINE)

HEHTPOOCIKHBIC

CaMOBCACHIBAIOILIUE (BUXPEBBIE), TOTPYKHBIE, OTYOIPYKHbIE

OCHOBHBIE XapaKTEPHUCTHKH TTOCTABISEMBIX HACOCHBIX YCTAaHOBOK IS CXKMKEHHOTO
YIJIEBOJOPOAHOTO rasa:

nasienue - 1,6 Mlla

pOU3BOIUTENHHOCTH - 10-1400 j1/MuH.

MOIITHOCTE ABUTATEIS - 10 75 KBT

BBICOTA BcachlBaHUs Hacoca - 5-310 m

muddepernmransHoe qasienue - 1,4-1,6 MIla

143. da3oBble NpeBpalIeHNsi MHOTOKOMIIOHEHTHBIX CMeceil 10 UX KOMIIOHEHTHOMY
cocTaBy
Bxonsdummme B cMech HMHIWMBUIYyaldbHbIE BEIIECTBA HAa3bIBAIOTCA €€ KOMIIOHEHTaMHU.

KoMnoHeHTHBIH cocTaB MIacTOBOro (hrouaa U TeMIepaTypa B 3aJI€KU ONPEIENISIOT THII CMECH -
He(Th WIN IPUPOJIHBIN ras.

@da30Bple  NPEBpALICHHUs]  CHUCTEM  MPUPOJHBIX  YIJIEBOAOPOJOB  ONPEIENISIIOT
MacCOOOMEHHBIE MPOLIECCHI, MPOTEKAIOIINE MPU pa3pabOoTKe M IKCIUTyaTal[Ml MECTOPOXKICHHIA

NPUPOIHBIX T'a30B U HePTEi.
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