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Jleknusa Nel

1. Tema 1: Beenenue. Llenu u 3a1aun AUCIUTUIMHBL. JHEPTETHUYECKUE PECYPCHI 3€MIIU U UX
HCIIOJIE30BAHME.

2.llenb: OcCBOWTH TOHSATHS: DHEPTUS, SHEPTOPECYPCHI, KiIacCU(UKAIU U METOJAbl HX
W3MEPEHUS, 0 MUPOBOM PBIHKE SHEPTOPECYPCOB.

3. Te3uchl JeKkuun:

1. Dueprus, sHepropecypcsl, Kiaccudukanus U METOAbl UX W3MEPEHUs, MUPOBON PHIHOK
SHEPropecypcoB.

2. DHepreTHMYeckass M JKOJIOTO-O5KOHOMHYECKas XapaKTepUCTHKA pa3IUYHBIX BHUIOB
SHEPropecypcoB.

3. MupoBo# ppIHOK PHEPIeTUYECKUX PECYPCOB. DHepreTuieckue pecypebl Kazaxcrana.

1. BaBeaenue

Hemu u 3apaun AucuUIUIUHbL. OCHOBHOM EIBI0 U3YYEHUS TUCHUIUIMHBI « DHEPTOPECYPCHI,
WCTOYHUKU TIOJYYCHHsS] W METOJbI»: SBIsAETCA (OPMHPOBAHHWE 3HAHWK O BHUAAX MPUPOIHBIX
HWCTOYHMKOB 3HEPIUU U CIOCO00ax MpeoOpa3oBaHUsl UX B AJICKTPHUUECKYIO U TETUIOBYIO DHEPTHUU Y
OyIyIUX WHXEHEPOB-TEXHOJIOTOB XMMHKO-(apMaIleBTUUECKUX MPOU3BOJICTB, TPUBUTHSI HABBIKOB
palMOHAIBHOTO HCIIOJIB30BAHUS PA3JIMYHBIX BHUIAOB DHEPTHUU, O3HAKOMIICHHE C KOHCTPYKIHMSIMHU
CJIO’KHBIX DHEPTreTUYECKUX YCTAHOBOK M X TIPHHIIMIIAMHU PAOOTHI, a TAKXKE U3YyYCHUE B3aUMOCBSI3U
MIPOIIECCOB MPOU3BOJICTBA M MOTPEOICHUS SHEPTUH C OKPYXKAOIIECH Cpeoi.

Bcs ucropus yenoBeuecTBa, Tak, WM MHAYE, CBsi3aHA C BCE BO3PACTAOIINM ITOTpeOIecHuEM
sHepruu. J[7s yImoBIETBOPEHHUS ATOM NMOTPEOHOCTH BBOAWIINCH B 0OOPOT BCE HOBBIC HMCTOYHHKHU
sHepruu. [lepBoHaYaIbHO 3TO OBUIM B OCHOBHOM TOJIBKO Pa3HbIC BHJBI OPraHUYECKOTO TOILINBA —
OT APEBECUHBI U Y 10 HeTH ¥ mpupoaHOro raza. C Ha4aJioM MPOMBINIJIEHHOTO Pa3BUTHS TaKUX
ctpan, kak Kutait 1 Uaaus poct noTpeOieHuns: OpraHu4ecKoro TOIIMBA 3aMETHO YCKOPHJICS.

OrpoMHasi pojIb SJHEPTETUKU B HAPOTHOM XO3SICTBE CTPAHBI ONMPEACIISICTCS TEM, UTO JIFOO0M
MIPOM3BOJICTBEHHBIH TPOIIECC BO BCEX OTPAC/SIX MPOMBINUICHHOCTH, B CEIBCKOM XO3SHCTBE, Ha
TpPaHCIOPTE, BCE BUIbI OOCIYKMBAHHUS HACEIICHUS CBS3aHBl C HCIOJb30BAHUEM HHEPrHUMU.
DHEpProBOOPYKEHHOCTb TpyAa SBIAETCA OAHOM M3 TJABHBIX MAaTepUalbHBIX OCHOB pOCTa
MIPOU3BOJIUTENBHOCTH TpyAa. Ha mpoTshkeHHMM BCel HCTOPUM YEIOBEYECTBA MPOUCXOAMIIO
COBEPIICHCTBOBAHKE M Pa3BUTUE MCTOYHUKOB U BUJOB SHEPTUH, UCIOJIB3YEMOM B MPOU3BOJACTBE U
B ObITy. B gamexkoMm mpomuioM SHEpreTH4ecKod OCHOBOM CHYyXHJIa MYCKYIbHas CHIIA IIOJEH,
JIOTIOJIHEHHAsI IBUTaTEeJIbHOM CHJION ’KUBOTHBIX, BOJIbI U BETpa. C OTKPHITHEM SHEPrUU Mapa CBA3aH
MOCJEAYIOMUNA TEXHUYECKUI TMpOorpecc MPOU3BOJCTBA U POCT MPOU3BOAMTEIBHOCTU TpYyAa.
Co3panue napoBoil MalIMHBI TO3BOJWIIO OTIEIUTH MPOU3BOACTBO SHEPTUM OT €€ MOTEHIHUAIBLHOTO
HUCTOYHUKA. DHEPreTMYecKOW OCHOBOM  pa3BUTHUS  COBPEMEHHOTo  OOIIecTBa  SIBISIETCS
anekTpudeckasi sHeprus. [IpuMeHeHne 3JeKTPOIHEPTUH MO3BOJIUIO MTPOCTPAHCTBEHHO Pa300IIUTh
paboyrie MaIIMHBI U TEPBUYHBIC [BUTaTENH, OTJACIUTH MECTO TPOHM3BOJACTBA SHEPTUU OT €€
noTpebuTeneil. BakHelmieil oTpacipl0 MPOMBINIJICHHOCTH — SIBISETCS  DJEKTPOIHEPTeTHKA,
obecrieunBaromias MOTPEOHOCTh CTPaHbl B DIEKTPUYECKOW M (YaCTMYHO) TEMJIOBOW 3Hepruu. B
COCTaB 3TOM OTpAciy BXOIAT TEIJIOBBIE, aTOMHbIE M THUJIPABINYECKUE DIIEKTPUUECKHE CTaHIUU,
pailoHHbIE U MUKOBBIE KOTENbHBIE, JIMHUM DJIEKTpoIiepeadn U TpaHCHOpMaTOpHBIC MOACTAHIINU,
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UIEKTPUYECKUE M TEIUIOBBIE CeTU. B mocnenHue rojapl K yKa3aHHBIM HCTOYHHMKAM SHEPIUU
MPUCOETUHSIOTCS HETPAJAWIMOHHBIE HMCTOYHUKU dHepruu (Omomacca, BETpOBask W COJIHEYHAs
SHEprusi, SHEpPrus NPUIMBOB M OTIMBOB U Jp.). OCHOBHAas NpPOAYKLHS — 3JIEKTPOIHEPIUs —
oOecrieunBaeT MOBHIIIEHUE TEXHUIECKON BOOPYKEHHOCTH U POCT IPOU3BOIUTEIHLHOCTH TPYIa.

2.JHeprusi, IHepropecypcbl, KjiaccupuKamuss ¥ MeToaAbl UX u3Mepenus. MupoBoii
PBHIHOK JHEpPropecypcos

[Tox sHepropecypcaMyu NMOHMMAIOTCSI MaTepUaabHble OOBEKTHI, B KOTOPHIX COCPENOTOUYEHA
BO3MOXHAsI ISl UCTIOJIb30BaHUSI SHEPTUS.

JHeprusi — (OT rped.energeia — JeiCTBUE, AEATEIbHOCTb, MHTEHCHUBHOCTb, paboTa)
npencTaBisieT co0oil OOIIyl0 KOJUYECTBEHHYIO MEpY JABM)KEHUS M B3aWMOJCWUCTBUS Pa3UUHBIX
BHJIOB MaTepuu. DHEPrHH MPUCYIIH CIEAYIOIINEe OCHOBHbIE CBOMCTBA:

— CIIOCOOHOCTH MEPEXOAUTH U3 OJIHOI (POPMBI B IPYTYIO;

— CIIOCOOHOCTH MPOU3BOIUTH MOJIE3HYIO /Ul YesloBeKa padoTy;

— 3HEPIUI0 MOKHO OOBEKTUBHO OMPEEIIUTH U KOJTMYECTBEHHO U3MEPHTb.

Ha Hacrosiiiee Bpemsi 4elOBEUYECTBY H3BECTHO O CYHUIECTBOBAHHMM CIIEIYIOLIUX BUIOB
SHEPrUU: MEXaHHUYECKOMW, TEIJIOBON, XUMUYECKOW, JIEKTPUUECKOM, DIEKTPOMArHUTHOM, SIACPHOM,
rPaBUTALIMOHHOM.

N3 Gousblioro pasHooOpasusi pecypcoB, BCTPEUAIOIUXCS B IPUPOJE, BBIICISAIOT OCHOBHBbIE,
UCIOJIb3yeMble B OOJIBUIMX KOJMYECTBAX JUISl TPAKTHUECKUX HYXI.

K OCHOBHBIM  3HepropecypcaM OTHOCAT DJHEPrUI0 pEK, BOJOMNAIOB, pa3IUYHbIC
OpraHM4ecKue TOIUIMBA, TaKWe Kak: yrojib, HE(PTh, ras; sSAEpHOE TOIUIMBO — TSKENbBIE IEMEHTHI
ypaHa U TOpHUs, a B IEPCIIEKTUBE JICTKUE IIEMEHTHI U T.1I.

OHepropecypcsl pas3lesifloT Ha BO300HOBIsEMble M HEBO30OHOBisgeMble. K  mepBbIM
OTHOCSTCS T€, KOTOpPbIE IPUPOJAA HEMPEPHIBHO BOCCTAHABIMBAET (BOJA, BETEP U T.1.), @ KO BTOPBIM
— paHee HaKOIUICHHbIE B IPUPOJE, HO B HOBBIX TIEOJIOTMYECKUX YCIOBMSX MPAKTHUECKU HE
oOpasyromuecs (HarpuMep: KaMeHHBIA Yrojib, HeQTh, Ta3 U Jp.).

DHeprus, HENOCPEICTBEHHO HW3BJIeKaeMas B HpHpoje (dHeprusi TOIUIMBA, BOMBL, BETpA,
Teruia 3eMIId, iAepHast), Ha3bIBaeTCs MePBUYHOM.

OHeprust IoJiydyaeMasi 4eJIOBEKOM Iocje MpeoOpa3oBaHus TEPBUYHONW SHEPruM Ha
CHELUAIbHBIX YCTAHOBKaX — CTAHIMX, HA3bIBACTCS BTOPHYHOM (SHEpPrus 3JeKTpUyeckas, mapa,
ropstueit BoJpl U T.J.).

Enununeii usmepenus suepruu spnsercs 1 [k (Jxoyns).

B T0 xe Bpems Ui U3MepeHHsl ONPEIIEHHbIX BU0B 3HEPTHH UCIOJb3YIOTCS CIEAYIONINE
€IMHULIBL:

— JUTsl ©3BMEPEHHUs TeTJIOBOM SHepIruu ucnosib3yercs kanopus, 1 kan = 4,189 Jlx;

— JUISL U3MEPEHHUS AIEKTPUUECKON SHepruu ucnoib3yercs 1 kBr-u = 3,6 Mx;

— JUIS U3MEPEHUsT MEXaHUYeCKO 3Hepruu ncnojib3yercs 1kr-m = 9,8 JIx.

MexaHnyeckasi JHEpTHsl — 9TO SHEPI s, XapaKTepU3yeMasi B3AUMHBIM PACIOJIOKEHUEM TEI
WJIA 4acTeu Tea.

B sHepretuke Ha JeKTpOCTaHLUAX NIEPBUYHASI MEXaHHUECKasi SHEPTUs BbIpabaThIBaeTCs Ha
MapOBBIX, FA30BbIX U TUAPOTYPOMHAX, MOPIIHEBBIX IBUTATENAX BHYTPEHHETO CTOPAHUSL.

VY notpebutens BTOpUYHAs MEXaHUYECKash SHEPrusl BbIPAOATHIBACTCA NMPEUMYILECTBEHHO
ACUHXPOHHBIMH 3JIEKTPOIBUTATEIISIMU.

TenuioBast 3Heprusi — 3TO BHEPIUs, XapPaKTEPU3YIOLIASCS XAOTHUECKUM JBMKEHUEM
MOJIEKYJI U aTOMOB BelIECTB. YeM BBIIIE CKOPOCTh TAKOTO JIBHKEHHS, TEM BBILLIE TEMIIEpATypa Tea.
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B sHepreTuke TEIOBYIO SHEPrUs MOJYy4YalOT IPEUMYLIECTBEHHO IYTEM CKUTAHUS OPraHUYeCKOIo
TOIUIMBA, KOHIIEHTPALMEH COJIHEYHOI0 M3JIY4YECHHUsI, UCIIOJIb30BAHUEM TEIUIOTHI 3€MHBIX HEJp WU
MyTEeM paciajia TSHKEIbIX saep (ypaHa, IIyToOHUs U T.10.).

TemioBast sHEprus BbIpadATHIBACTCS B BUJIE HEPIUM I1apa, ropsyeidl BOJbI, BO3/1yXa WIH
IIPOJIyKTOB CrOpaHMs TOIUIUBA.

JJIeKTpUYecKasi J3Heprusi — OHTO DHEPrus JBWXKYLUIUXCA IO DJIEKTPUYECKOW IenH
AJIEKTPOHOB WJIM MOHOB. B sHepreTuke snekTpuyeckas SHEeprus B BUJe Tpex(a3HOro NepeMeHHOTro
TOKa IMPOMBIIIJIEHHOW YacTOThl BbIpaOaThIBA€TCSI HAa CHUHXPOHHBIX, aCUHXPOHHBIX T'€HepaTopax,
YacTOTHBIX MpeoOpa3zoBarensx. TpexdasHblii TOok yaoOeH [uid mepejadyd MeXaHH4eCKOro
BpAIIAIOIIErocss MOMEHTA MOCPEICTBOM BPALAIOLIETOCs JIEKTPOMArHUTHOTO TOJIsL, IEPEIaBaeMoro
110 MPOBOJIaM Tpex(a3Hoi Lenu.

Uucno a3 «rpu» ObUIO B3ATO U3 IKOHOMHUYECKHX COOOpakeHUH KaK HaUMEHbIIEe YHCIIO
(a3 1o ycJIOBHUSAM YCTOWYMBOTO M OJHO3HAYHOTO 3amlycka Tpex(a3HbIX aCHHXPOHHBIX JBHUraTeNeH,
KOTOpPBIE PacXoyioT okoyio 90 % Bcel 3IeKTPOIHEPTHH, WAYIIECH Ha BCE AJICKTPOABUTATEIN WIIH,
JIpyruMu cioBamu, okoiio 40 % Bcell BbIpaOaThIBa€MOM 3JIEKTPUUECKON SHEPTUH.

XuMHYecKasi IJHePrusi — 3TO SHEPIUs, MPOSBISIONIAACS NMPU XUMUYECKHX peakuusax. B
SHEPreTHKE HCIHOJIB3YIOTCS AK30TEPMHUUECKHUE PEaKIUU OKUCIEHMs TOIUIMBA, IMPOTEKAIOIIHUE C
BBIZICTIEHUEM TETLIOTHI.

DJIEKTPOMATHUTHASI JHEPrusi — HTO DHHEPrus B3aWMHO MOPOXKIAOIIUX JAPYyr JApyra
ANIEKTPUYECKUX U MAarHUTHBIX COCTABJISIOIIUX JIEKTPOMATHUTHOIO MOJIS, TIPOSBISIONIASACS B BUIE
3JIEKTPOMArHUTHBIX BOJIH.

ATOMHas (s1/1epHasi) JHePTUsi — 5TO SHEPTUsl, BBIICISIOMIAsACS MPU pacnajie TSHKEIbIX sSaep
WJIM TIPU CUHTE3€ JIETKUX e BEIECTB.

B osHepretuke moka HCHOJb3YyeTCA TOJIBKO MEPBBIM BapHaHT, T.€. pacHaj B aTOMHBIX
peaKTopax TKENbIX AJIep ypaHa, IIYTOHHUS.

I'paBUTAllMOHHASI PHEPTUsl — DTO SHEPrUs B3aUMOJICHCTBUS (MPUTSHKEHUSI) MAaCCUBHBIX
TeJl.

B osHepretuke rpaBUTAlIOHHAs SHEPrHsl HCIOJB3YETCS B TUIPOIHEPreTHKE IyTeM
NPUTSHKEHUS Macc BoAbl kK 3emuie, Jlyne u ComHiy.

[log 3HepreTMYecKHMMH pecypcamMM IIOHUMAIOTCS HOCHUTEIH JHEPrHH, KOTOpbIE IpHU
JTAHHOM YPOBHE TEXHUKH WIH B MPEIBUAMMON IMEPCIEKTHBE €€ Pa3BUTHS HCHOJB3YIOTCS THOO
MOTYT OBITh UCIIOJI30BAHBI JIJIs OJIYYCHHSI HEOOXOAUMOM dHepruu [2].

PaznuuaoT npupoaHble (NMepBUYHbIE) W NMO00YHbIE (BTOPHYHBbIE) SHEPrETUUECKUE
PECYpCHI.

[Ipupoanbie SHEPreTUYECKUE pPecypchl 00pa3oBaliUCh B pe3yJbTaTe€ TI'€0JOTHYECKOTO
pa3BUTHUS 3eMJIM M JAPYTUX MPUPOIHBIX TMpoueccoB. K HX dYHCIy OTHOCSATCS yroyib, HeQTh,
HPUPOJIHBIN ra3, ClaHIpl, TOpQ, sIepHOE TOIUIUBO, APEBECHHA, T€OTEPMaIbHOE TEIUI0, SHEPTHs PEK,
BETpa, IPWINBOB U OTIMBOB, COJIHEYHAS SHEPTUS.

[ToOouHbIE HHEPreTHUECKUE PEecypChl MOJYyYarOTCsl B KauecTBE MOOOYHOTO NMPOJYKTa HIIN
OTXOJIOB OCHOBHOIO Mpou3BojcTBa. [loOOYHBIMU 3HeEpropecypcaMu SBISIOTCS B YaCTHOCTHU
roproure M ropsiuue ra3bl, OTpabOTaHHbII MPOU3BOJACTBEHHBIN Nap, a TAKXKE T, KOTOPbIE CBSI3aHbI C
M30BITOYHBIM JIaBJICHUEM Ta30B U KHUJIKOCTEH.

JHepreTuyecKue pecypebl KIaCCUPUUIMPYIOTCS Ha TOIUIMBHbIE U HeTOIUIMBHBbIEe. K
TOIUIMBHBIM OTHOCSITCSI TaKUE€ SHEPropecypcChl, KOTOPBIE BBIIEISIIOT HEPIHIO IPHU MX CKUTAHUU
(yronb, HedTh, MPUPOAHBIA Ta3, ClaHIbl, TOp(, ApeBecMHa), K HETOIUIMBHBIM — SHEpPIrus pekK,
MIPWJINBOB U OTJIUBOB, BETPA, FEOTEPMAIILHOE TEIIO, COITHEUHAs DHEPIUSL.
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SlnepHO€ TOIIMBO YCIOBHO MOYKET OBITh OTHECEHO K TOIUIMBHBIM, XOTSI SHEPIUs IIPU €ro
HCII0JIb30BAHMU BBIACISAETCS B pe3ylbTaTe LENHOW peakluy, a He Cxkuranus. TorumBHbIE
SHEPropecypchl UMEIOT OPraHUYECKYI0, YIVIEPOJHYIO OCHOBY (II09TOMY OHM HAa3bIBAIOTCS TaKXKe
OpraHMYECKUMHU) U SHEPrHs BHICBOOOXK/IAETCSl B HUX, [JIABHBIM 00pa3oM, B Ipoliecce 00pa3oBaHUs
JIBYOKHCH YIJepoja.

JHepropecypchl MOTYT KJIACCH(PUIIMPOBATHCS HAa MCKOIMIAEMbIE M HEMCKOIIAEMBIE.

Takue rckomnaeMble SHEPTrOpecypehl, Kak yroib, HeGTh U MPUPOAHBIN ra3 0Opa3oBaJIUCh U3
OpPraHMYECKOT0 BEIIECTBA PACTEHUN U MUKPOOPTaHU3MOB, KUBLINX MUJJIMOHBI JIET Ha3aJl.

Paznnumne BeTpedaromuxcs B 36MHOM KOpe BHJAOB NPUPOJHOIO OPraHMYECKOTo TOIJIMBA
00yCIIOBJIEHO OCOOEHHOCTSIMH  HUCXOJHBIX OpPraHUYECKHX OCTATKOB, W3 KOTOPBIX OHHU
c(hOpMUPOBAITUCE.

[IpupoaHbie TOMIUBHBIE pecypchl MOTYT OBbITh KiIacCU(PUIMPOBAHBI HA TBepPOe, KHUAKOE,
razoodopasnoe. K TBep/ioMy TOIUIMBY OTHOCSTCS OYpblil yroib, KAMEHHBIN yroJib, aHTpPaLUT, TOPJ,
claHupl, ApoBa. K KuaKOMy TOMIMBY OTHOCUTCS He(Th, K ra3000pa3HOMY — ras3bl MPUPOJHBIN U
nonyTHeId. Ha 6a3e mpupoIHBIX 3HEPropecypcoB MOTYT OBITh MOJYYEHbl HCKYCCTBEHHbIE. J[ist
TBEPAOro TOIUIMBA 3TO JPEBECHBIN yroJib, KOKC, MOJIYKOKC, OpUKETHI U Ap. JlJis *KUIKOrO TOTUIMBA —
3TO Ma3yT, O€H3MH, KEPOCHH, JAU3EJIbHOE TOIUIMBO, OEH30J, cupT U Ap. s ra30BOro — 3710 rassl
JIOMEHHBIN, KOKCOBBIN, CBETUJIbHBIN, T€HEPATOPHBIA U JP.

B 3aBucumMocTH OT XapakTepa WHCIOJB30BaHMs TOIJIMBA OHO THOJpa3fAeiseTcss Ha
JHEepreTHYeckoe M TexHojorudeckoe. IlepBoe wucmonb3yeTcss Ha 3JIEKTPOCTAHLUAX Ui
MIPOM3BOJICTBA AJIEKTPUUECKON U TEIIOBOM 3Hepruu. Bropoe — B MIaBMIIBHBIX U HarpeBaTeIbHBIX
YCTaHOBKaX, CYLIWJIKaX M APYTUX, a Takke Ui XUMHUYECKOW mepepaOOoTKU B pa3IMyHbIE BUJIBI
HCKYCCTBEHHOI'O TOILJIMBA. JHEPropecypchbl MOT'YT ObITh KJIACCH(PUIIMPOBAHBI HA BO30OHOBIISIEMbIE
1 HEeBO300HOBIsieMble. BO30OHOBIsIEMBIMU CUMTAIOTCS SHEPTUSl PEK, MPUIMBOB U OTJIMBOB, BETpA,
COJIHEYHAsI DHEPTHUs, JIpeBecHOe TOIINBO. K BO30OHOBISIEMBIM MOXET ObITh OTHECEH U TOpd —
€IMHCTBEHHOE BO300HOBIISIEMOE B MPUPOJIE OPraHUIeCKOe TOIUIUBO. Exkeroupiii poct TophsIHUKOB
cocTaBisieT 1-2 MM, 4TO yBenMuuBaeT 3amackl Topda Ha 1 ra B cpeaHeM Ha 2 1. OmHAKO HAJIO
3aMETUTh, YTO Jallek0 He Be3Je Uu3-3a IPOBOJUMOIO OCYyIIeHUs O0JOT obecrneynBaeTcs
BO30OHOBJNICHHE TOpdsHOro TominBa. OcTajlbHble BHABI YHEPrOPECYpPCOB  OTHOCATCS K
HEBO300HOBJISIEMbIM.
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Pucynok 1.1 - Pacnosiaraemble SHEPreTHUYECKUE PECYPCHI

Hapsiny ¢ TEpMHHOM «JHEPreTHYECKHE PECYpChl» IMIUPOKO HCHOIB3YeTCS TEPMUH
«IHEPTOHOCHUTEIb», KOTOPBIH B psje CIy4yaeB NPUMEHSETCS KaK CHHOHHMM IepBoro. OHako
HEOOXOJMMO  JIeNaTh  pa3iuyue Mexay HuMH. [loJ  SHEproHocuTeNeM  IOHUMAeTCs
HETIOCPEJICTBEHHO ~ WCIIOJIb3YEMbIi HA CTaJMUM KOHEYHOTO TOTPEOJIeHHs 00JaropoKeHHbIH,
nepepadoTaHHBIN, TPEOOPA30BAHHBIN U MMOOOYHBIA SHEPropecypc. DHEProHOCUTEIIEM MOXKET OBbITh
TaKXKe W TPUPOJHBIA SHEPropecypc, MOTPeOIsIeMbI B HEIOCPEICTBEHHOM BHJIE Yy KOHEYHOTO
OTPeOUTES SHEPTUU.

OueHuTh 3amacbl UCTOYHHUKOB TMEPBUYHON SHEPTUU JOBOJIBHO CIOXKHO H3-3a Pa3UYHON
OIICHKH SKOHOMHYECKOH 11eJIeCO00pa3HOCTH M3BJICUEHUS UX U3 3eMIId U BoJI MHpPOBOTO OKeaHa.

Bonpoc o0ecrniedeHHOCTH  TPaJUIIMOHHBIMM HEBO300HOBIIIEMBIMH  JHEPrOPECypcaMu:
He(ThIO, Ta30M U YIJIEM BIEPBBIC BCTAJl Mepe]] YeIOBEYECTBOM BO BTOPOW MOJOBHHE MPOILIOTO
Beka. [lociie Bropoit MUpOBO# BOWHBI CYIIECTBEHHO YBEIUYMIUCH TEMITbI IPOMBIIIJICHHOTO POCTa
BO MHOTHX CTpaHaX MHUpa, B TOM 4YHCJIE MPOU3BOACTBO aBTOMOOMJIECH. DTO IMPHUBEIO K POCTY
NoTpeOIeHUsT YHEPTOPECYpCcoB U B MEpBYIO ouepeb — HedTu. PazBenanHble 3anackl HeTH Toraa
(1950-€ rompr) ObUTH HEBEIHMKH, U CUUTATIOCH, YTO €€ OCTaNOCh Ha 20 JieT. DHEPreTHUECKUN KPU3HC
1973—1979 rr. CTUMYAMPOBAI LIMPOKOE BHEPEHHE IHEProcOeperaroInX TEXHOJIOIHM B CTpaHax —
OCHOBHBIX MOTPEOUTENSIX SHEPIOPECYPCOB, C OJHOW CTOPOHBI, U CYILECTBEHHBIH POCT MHBECTULIUH
B pa3BEIKy HOBBIX MECTOPOXICHHUNH — ¢ Jpyroil. [lockoibKy pa3BeJaHHBIX K TOMY BpPEMEHHU
3aIlacoB YIJIsl XBAaTaJl0 HA HECKOJIBKO COT JIET, OCHOBHBIC YCHIIMS OBLIM HAalpaBJICHBI Ha Pa3BEAKY
MECTOpOXXJIeHUH HedpTH W raza. B pesymbraTe NpeAnpHHATHIX ycuiauid 3a mocieanue 30 net
JI0Ka3aHHBIE 3amachl He()TH U rasza CyLIECTBEHHO BO3pociu: B 2 U 3.6 paza COOTBETCTBEHHO (TaluI.
1.1). Pa3HpiMH OpraHu3alMsIMU JAIOTCA OIEHKH KOJMYECTBA TOrO WM MHOTO pecypca Kak s
OTJENBHBIX MECTOPOXKIECHUH, TaKk ¥ B LenoM. /g HedpTn MakcuManbHas 1 MUHUMaJIbHas OI[CHKA
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pazmuyatorcs B 1,3 paza (tabn. 1.2). OdeBmmHO, YTO I00As OIICHKA KOJHMYECTBA TOILTMBHO-
SHEPTreTUYECKUX (M HE TOJIBKO) PECYPCOB MPUOJIM3UTENBHA M OTHOCUTHCS K HEH HY)KHO C TOHM Win
WHOU CTeNeHbio BeposTHOCTH. HedTh B HacToOsIIee BpeMs SBIISECTCS OCHOBHBIM YHEPTOHOCUTEIIEM,
Ha JIO0JII0 KOTOpod mpuxoautcs 38 % wmupoBoro sHepromnorpednenus. Jlons Hedtu B 00ImEM
MOTPeOJICHUN TePBUYHBIX HEPTOPECYPCOB CTajia OBICTPO pacT mocie BTopoit MUpPOBOI BOWHBI,
MIPEKJE BCEro B CBSI3U C POCTOM aBTOMOOMIM3auuMu U HedrexuMuu. CoriacHo OOJIBLIIMHCTBY
MPOTHO30B  MHUPOBBIX  CHCIHUAINCTOB, B  OMmKalimue JAeCATWIECTHS Jojia HedpTH B
SHEPTONOTPEOICHUN YMEHBIIUTCS HE3HAYUTENbHO U ToJIbkO mocie 2030—2035 rr. oHa HayHET
3HAYUTENIbHO COKpamiaThes. VIMEIoTcs NMPOTHO3bI, KOTOpBIE MPEAINOoararT, 4YTO poJib HepTH B
SHEProoOECTICUeHUH YEeJOBEYEeCTBA OCTAHETCS CyllecTBeHHOM, He Humxke 20 % oobmero
SHEPronoTpeOIeHUs O KOHIIA TeKyIero croieTus [1].

Tabmmma 1.1
dunasituks MUpOBLIX IGEAIAHHEY DeIepBOE HedimH B rEia, Mapy T 1.3 [30)

[on Hefrk I'a3
1570 I b
1575 s 56
150 1 Tl
1S5 94 LB
150 135 112
159495 135 1500
2001 144 1 56

B nmactosimee Bpemsi 00beM J0Ka3aHHBIX HM3BIEKAEMBIX pe3epBOB HeTH cocTaBisieT 150
MJIpPI T, XOTS UMEIOTCS W Apyrue oueHkd (Tabm. 1.2). C yderoM BO3MOXHBIX C pa3HBIMU
BEPOSITHOCTSIMU OTKPBITHM 3Ta IM(pa MOXKET BO3pacTh IMOYTH B 2 pasza. 3amacbl HedTH
pacnpezeneHsl B MUpe Haubosiee HEpaBHOMEPHO MO CPAaBHEHMIO € razoM u yriem (tadm. 1.3).
Oxono 60 % pa3BenaHHbIX pe3epBoB HedTH mnpuxoautcs Ha Cpeauuit BocTtok, a ¢ ydyerom
Jlatunckoit Amepuku u crpan CHI' sta nonst cocrasnser 81 %. OOpaiaer Ha cebs BHUMaHHE TOT
(akT, 4YTO MPOMBIILJIEHHO Pa3BUTHIE CTpaHbl pacnoiaraioT MeHee 4yem 10 % pa3BegaHHBIX pe3epBOB
HehTH

[Ipupoansiit Ta3 g0 koHIAa 60-X rOJOB MPOILIOTO CTOJIETHUS MOTPEOISICS B OCHOBHOM B
ctpa"ax-npousBogutensax: CCCP, CIILIA. B Hauane 70-X ro/10B MOSIBWICS MUPOBOM PBIHOK Ta3a U
JI0JIsl Ta3a B SHEPronoTpeOIeHn MHOTHX CTpaH (M MHpa B 11e7IoM) cTaia ObicTpo pactu. Ceiiyac Ha
JIOJIF0 TIPUPOJHOTO ra3za NpuxoauTces 22 % MHUPOBOTO SHEPronoTpeOIeH s, U IO BCEM MPOTHO3aM B
Onukaiiiive necaTuieTus oHa oyner pactd, a k 2050 r. MoxkeT Jaxe MpeBbICUTH 1010 HeTu. Ha
HA4aJl0 TEKYIIEro CTOJIETUS JOKAa3aHHbIE M3BIEKAEMBIE PE3EPBBI IPHUPOJHOTO ra3a OLIEHWBAIOTCS
pasHBIMHU oprausamusamMu B 146—176 tpau M. TIpu 5TOM OCHOBHBIE PE3EPBBI I'a3a COCPENOTOYEHBI
B ocHoBHOM B mpenenax ObviBimiero CCCP (38,3 %) u Cpemnero Bocrtoka (38,0 % MupoBbix
3amacoB) (Tabmn. 1.2).

3amackl IPUPOTHOTO ra3a B MPOMBIIIIICHHO Pa3BUTHIX CTPaHaX, TaK K€ Kak U 3amachl HeTH,
HEBEJIMKHU U He npeBbimatT 9 % mupossix. Poccust o61amaer caMmpiMu OOJBIIMMU B MUPE 3aTIacCaMu
IIPUPOJIHOTO rasa.

Pa3Benannbie 3amachl raza oueHuBairoTca B 46—48 TpaH M°, yto cocraBiuser 31-32 %
MUpPOBBIX. OOECIeUeHHOCTh Pa3BelaHHBIMH 3amacaMu MpHPOJHOro raza cocrasiser 80—100 ner.
KaMeHHBIN yroiap MCHOJIB3YETCs UYEIOBEYECTBOM YK€ HECKOJIBKO CTOJIETHH, UMMEHHO YroJib CTall
JIBUTATETIEM TIEPBOU MPOMBIIIJICHHONW PEBOIONUH. 3amackl KAMEHHOTO YIJIsl BENIMKH, OOJIbIIe, YeM
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TPaJUIIMOHHBIX HE(TH U ra3za BMECTE B3SATBIX, U JOCTATOYHO XOPOIIO pa3BedaaHbl. MeCcTOPOKICHHUS
yrist 6oJjiee paBHOMEPHO PACIPEeICHbl TI0 CTpaHaM M KOHTUHEHTaM, Ye€M MECTOPOXKIEHHS HeDTH
u rasa (tabn. 1.4). Ha mosto mpOMBIIIEHHO Pa3BHTHIX cTpaH mpuxogutcs 0oiee 40 % MUPOBBIX
pe3epBoB yris. HecMoTpss Ha TO, YTO JONS yrJis B MHPOBOM SHEPrONOTPEOJICHUH TOCTOSHHO
CHUKAETCs, B HACTOsIIee BpeMsi oHa coctaBiisieT 24 %, ero pojib B paccMaTpuBaeMOM IEPUOJIC
OCTaHETCSl BEChMa CYILIECTBEHHOM, a IO HEKOTOPHIM MPOTHO3aM — naxxe Bo3pacterT [1]. B mo6om
cirydae 00beMbl TIOTPEOTICHUS YIS ISl SQHEPTreTHUECKUX IIeNiei B OrKalime Tec THICTHS OyIyT
pactu. Crenyer OXHUAATh IMIMPOKOTO BHEAPCHHS HOBBIX TEXHOJIOTHH HCIIOJIB30BAHUS YTIIA, B TOM
qucie TOJNyYeHHs OKHIKOTO ToluiMBa. B 1memoMm pecypcHas ©6a3a  HEBO300HOBISIEMBIX
SHEPTrOpPECypCcoB J0CTaTOYHO Benuka (Tadim. 1.5). Cpenu pa3BemaHHBIX 3aMacoB MOYTH MOJIOBUHA
(47,3 %) npuxoauTCs Ha yroJib, HO C YUE€TOM JOIMOJIHUTENbHBIX pecypcoB (50 % BeposTHOCTH) ero
JIOJIS YK€ TPEBBIIIAET pecypchl HETH U ra3a BMECTE B3ATHIX U cOoCTaBisieT 66,8 %. OOpamaer Ha
ce0si BHUMaHKUE TOT (aKT, YTO pecypcHas 0a3a ypaHa JUIsl TEIUIOBBIX PEaKTOPOB TakKas XkKe, KaK |
TpaJuIUOHHONW HeTH. BaxkHyI0 poiib B 0OECIICUeHUN SHEPropecypcaM UTrpaeT WX CTOUMOCTH y
norpeduteneld, B KOTOPOW 3HAYUTENBHYIO JOJIIO COCTABJISIIOT 3aTpaThl Ha A00brdy. [lombiTkm
pacrpeeNuTh 3anackl JHEPropecypcoB MO KaTerOPHUsIM B 3aBHCHMOCTH OT CTOMMOCTH MX J0OBIYH
npennpuHUManuck naBHo. Emie Ha 10-i kondepennnn MUPOK skcnepThl NpUIIM K BBIBOY, YTO
W3BJICKaeMbIC 3arachbl HEPTH MO CTOMMOCTH JOOBIYM NETATCS CICAyIoIuM oOpa3zoM: meHee 36
10J1./T — 36 %; 36—80 noiu./T — 26 %; 6onee 88 moiu./T — 38 %.

[IpuBeneM OLIEHKY MPUBJIEKAEMBIX PECYpPCOB TOIUIMBA U3 [36], pacCUUTaHHYIO Ha OCHOBE
knaccudukanuu M. I'perona (tabm. 1.6).

Tabmuna 1.2
Ouenka peiepeos nedTi 1 BX pacHpeaeIenns N0 PerioHaM Mupa, mapa 1 [33]
Hacurndmumposannsie peicpant JokazaHueic Jokazaunee Pecypeu npn
Pernou Mactrepe n | 1lmoc 95%-a | [lmoc 50%-s [Lnoc 5%-5 HIBICKACMEIC peIcpEh HHTCHCHMUKALIMN
ap., 1994 BCPOATHOCTE |  BCPOATHOCTH BCPOATHOCTE PCICpBL (BP. 1999) A00kRIHN
OTKPBITHA OTKPBITHA OTKPBITHA (WEC, 1998)
Cesepnas Amcpuxa 85 143 17,0 237 4.6 4.6 13.6
JlaTunckan AMepuxa 17,3 226 26,2 416 19.2 199 238
3anagnas Espona 5.6 6.8 7.7 112 2.5 2.5 39
Henrpanenas u Bocrounas 0.3 0.4 0,5 L1 03 0.2 0.5
Eepona
busmnii CCCP 17.0 251 30.6 499 8.0 9.1 112
Cpeannii Boctox 1 Cescpras
Adpuxa 87.6 97,0 104.6 126.4 99.6 96,8 59.2
Adpura, wmnee Caxaps 4.0 59 73 123 4.0 4.5 33
IOro-Bocrounas Aus 3.1 4.1 48 73 1.5 1,5 2,1
Ksrraii S.1 78 9.8 17.9 54 34 37
ATP (0OCP) 0.4 0.6 0.7 1.3 04 0.4 0.5
Beero 150 186 210 295 146 143 123

Tabmuna 1.3
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Pacnpejesenie MEPOBLIX PeIEPEOE I PECYPCOB ra3a 10 pernonam, Tpan »° [34)
Pernon I pagnumonnsii raz Herpagnuuonssic pecypent
Cymmapsag 106wma | OcraBumtecs joka- JonoasnTeasseic Vroasusii mctas, raz 8 | ['ajoewie muapa-
2002 r FHHBIC PEICPBR peIcpeL (OucHxa) IUIOTHLIX (POPMALNAX, Thl
CRaHUCBLIE ra3
Ceecpras Amcpuka 26,9 15 30-52 22 6100
Henrpanenas u 1Omuan Awmc- io 56 7-22 91 4571
pHKa
Espona (nckmouan CCCP) 7.3 47 5-14 36 765
brsuniit CCCP 16.1 510 95-110 159 4208
Cpeannii Boctox 39 44.6 28-50 99 203
Adpuxa 2.1 9.3 5-14 29 383
O0ro-Bocrounas A3us 3.6 9.2 25-41 203 2528
Beero 62,9 1319 197-303 639 18758
Tabmumna 1.4
Pacnpejeaenne pelepeor yras no pernonam ua konen 2001 r., sam 1 [35]
Peruon Asrrpaunr i On- CyoouTryMHHOIH BT Beero Jloas o1 mupo- (BeCneyeHHOCTS,
TYMHHOINBI W JIMTHNT BRIX, Yo JaeT
VIOJlb

CLIA 115891 134 103 249994 254 246

Ceecpras Amcpika 120222 137 561 257 783 26.2 234

IOmuan 1 Hentpanshas Amepuka 7738 14014 21752 22 381

Espona 47512 77 883 125395 12,7 167

brusmuii CCCP 97 362 132613 229975 234 > 500

B Tom uncae Pocous 49 088 107 992 157010 159 = 500

Adipuxa n Cpeannit Bocrok 56 881 196 57077 5.8 246

ATP 189 347 103 124 292471 29.7 146

Mup B nenom 519 062 465 391 984 453 100 216

B 1om ancne ODCP 211084 234 686 445770 453 215

Tabmuua 1.5

Mupoesie 3a0ackl 0CHOBEHEIY NEPENYHEIY Mepropecypeos (K konuy XX g) |31, 32|

Pazscnannsic 3AMack Pecypow (50 %a Pecyponan Daza
HEPrOHMCATE BEPORTHOCTH |
AP Yo MIRA "o sapa Yo
T H.A. TH.A. T H.A.
Hegre
TPa ALK OH HAR 150 11,7 145 18 295 5.8
HETPRAH IHHELA 193 15,0 332 L) 325 1,3
BCEMD 343 20,7 477 125 w2 6,1
I'an
TP AL O HEL 141 11,0 L 7.3 421 B2
HETPAAH IMOHHE 192 15,0 238 6.5 430 L
BCEMD 333 26,0 537 14.1 L 17.1
¥YIue B JIHCHAT Gl 47.3 2794 134 3400 Gy, 8
Hroro  Bckonasuoro
TOMHE] 1282 L] JE0E L] S0ven) o0
¥ pan
TENRBLE PEAKTOPE 57 203 26
DEICTPRIC PCAKTOPE 33450 12150 15540

Tabmuma 1.6
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Mupopsie HOTEHIHATEHD HEIETCKAEMEIE PECYPCE] TOILUTHEA H BEPEMA HY BOIMIEKEDID
nocuepnanuna |36]

[ Insasarens FANACH N0 KATEMOHAM, Bpess HCHepIaHHg, 1et
MAPA T ¥.T.
1 ] 11 I 1] 11

CTOMMOCTR, JOIL.T Ao Gl Gi—1100 1O—125

Heirs 26T 03 174 33-38 2941 5475
I'az 297 144 L34 —135 44967 A3
Yronk, CTOHMOCTE Mo 25 25-50

Janachl Bl 11035 120125 22275

Takum 00pa3oM, B J0JTOCPOUHOM IJIaHE YEJIOBEYECTBO 00ECIEUEHO HAa HECKOJBKO COT JIET
KaK YIJeBOJOpoJaMu, Tak U yriaem. OJHaKo BO3HHMKAeT BOMPOC OOECIEYEHHOCTH YeOBEYECTBA
SHEpPropecypcamMm B KpaTKO- W CPEAHECPOYHOM IUIaHE. B KakIpld JaHHBIA NEPUOJ] BpPEMEHU
YeJIOBEYSCTBO MMEET B PACHOPSHKEHUH CTOJIBKO PECypCOB, CKOJBKO IO3BOJISIET JCHCTBYIOIIAS
SKOHOMHKA. B Hacrosiiee BpeMs MUpOBas SKOHOMHKA, HA Hall B3TJISA, MOXKET IMO3BOJIUTH cebe
ncnoJib3oBath pecypebl [-III u naxe [-IV kareropuii yrieBoaopoaoB u kareropuu A—Jl yris, T.e.
TpaauiroHHbIe pecypehl. 1o manubiM [38], 3amackr TpaguionHbX (kateropuu [-1V) Hedru u rasa
coctaBysitor 478 mupa T 1 450 Mapa T H.3. COOTBETCTBEHHO (Tabi. 1.16, 1.17). Droro konuvecTBa
HeTH ¥ raza IOJDKHO XBaTHTh YesoBedYecTBY nmpumMepHo a0 2075 r. (tabda. 1.19). C yuerom Toro,
YTO KaTerOpuu SHEPropecypcoB M0 Mepe pa3BUTHS HaAyYHO-TEXHUUYECKOTO MpOorpecca MepexoasT 13
0ojyee JOpOorux B MeEHee JOpPOrHe, MOXKHO CYHMTaTh, YTO TPATUIUOHHBIMH YIJIEBOJOPOAAMHU
yenoBedyecTBO obecneueHo Ha Bech XXI Bek.

JlocTrKeHHsT HAayYHO-TEXHUYECKOTO Iporpecca 3a MOCIEAHUE NECATUIICTHS] MPUBEIH, C
OJIHOI CTOpPOHBI, K TMOSBJICHUIO HOBBIX TEXHOJOTHUH, 00jiee SKOHOMHUYHBIX IO CPaBHEHHUIO CO
CTapbIMH, a C APYroi — K YBEJIUYCHUIO IKOHOMUYECKOH 3(PPEKTUBHOCTH CTAPHIX TEXHOJIOTHA.

3.JHepreTuyeckKasi U 3KO0JI0T0-3KOHOMMYECKAsl XaAPAKTEPUCTHKA Pa3JMYHBIX BH/I0B
IHEPropecypcoB

TonnuBHBIE SHEPreTUYECKUe pPecypchl pa3HbIX BUIOB MMEIOT PA3JIMUHble KaueCTBEHHbBIE
XapaKTepUCTUKU: TEIUIOTa CTOPAHUS, CEPHUCTOCTh, 30JIbHOCTb, BIAXKHOCTh U Ap. [3]. Baxueimen
XapaKTePUCTUKOMN SBJIAETCS TEIUIOTa CrOpaHMsl. DTOT MOKA3aTellb XapaKTepU3yeT 3HEPreTHYECKYIO
LIEHHOCTb TOIUIMBA U OH CYLLECTBEHHO KOJIeOJeTCs MO BUAAM TOIUIMBA. VMIHOrIa 3TOT mokKasaTellb
Ha3bIBAlOT SHEPIoCO/Iep KaHNEeM TOIIMBA UM TEINIOTBOPHOM CLIOCOOHOCTBIO.

JUis u3MepeHusi 3Heprocojep’kaHus (TEIIOThl CrOpaHus TOIUIMBA) HCIIOJIB3YIOT TaKHe
€IMHULBI, KaK KaJIOpHs WIH JPKOYIb. MeX1y HUMHU CyHIECTBYET cOOTHolIeHHe | kanopus = 4,189
JIK.

VY enbHas TeMI0Ta CropaHys JAJIs pa3IMYHbIX BUJOB TOIUIMBA MIPE/ICTABIICHA HUKE:

Ceipas Hedth — 43 000 x/Dx/kr (10260 kxan/kr),

npupoHklii ras — 35 000-37 000 x/Ix/m3 (8 350-8 830 xxan/m3),

kameHHbIi yrois — 25 000-28 000 xJIx/xr (5 970-6680 kkai/kr),

Oypsiit yroas — 12 000-15 000 x/]x/kr (2860-3560 kkan/kr),

cianipl — 10 000-12 000 x/Ix/xr (2390-2860 kkan/kr),

topd — 6000-10 000 x/Ix/kr (1430-2400 kxan/kr), ma3yt — 38 000—40 000 x/[x/kr,

oen3uH — 45 000 xJx/KT.
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4. MupoBO#i pbIHOK JHepPreTHYeCKUX pecypcoB

KamenHblii yroJb. Ilo omeHkamMm MHPOBBIX MEXKIYHApPOJHBIX OpraHU3aldii MUPOBBIE
MPOMBIIIJICHHBIE 3amachkl yris ceiiyac coctaBisitor 900 Miapa TOHH M TPU TEKYIIEM YpPOBHE
NoTpeOJICHUS UX JIOJHKHO XBaTUTh MpUMEpHO Ha 165 ner, Toraa kak Hedu xBaTuT Ha 40 Jer, raza
— MeHble, yeM Ha 70. YTobHbIe MECTOPOKICHHS IIMPOKO PACIPOCTPAHEHBI (pa3BelaHHbBIE 3aIachl
yras uMerorcs npumepHo B 100 ctpanax mwupa; okosio 60 % HpOMBINIJIEHHBIX 3aMacoB YIiis
COCpPEA0TOUYEHO JIUIIb B TPEX PETHOHAX:

B CIIA (27 %), na tepputopun OniBiiero CoBerckoro coro3a (Poccus, Ykpanna u
Kazaxcran — 25 %) u B Kutae (13 %)).

Ha Takue yrinenoOsiBaroiue crtpabl, kak ABcrpanus, Wumusg, I'epmanus u IOAP,
MPUXOAUTCS B 001IeH Co’KHOCTH 0K0J10 30 % MPOMBIIIIEHHBIX 3a1aCOB.

l'ogoBast 1o0ObIva yriis B MUpE COCTaBJIsIeT MpUMEpHO 5,5 muipa T. JluaepcTBO 3aHMMArOT
Kuraii (35 %) u CHIA (18 %). 3a Humu caneaytor Ascrpanus u Uuaus (mo 7 %), FOAP u Poccus
(mo 5 %), I'epmanust (4 %), Honsma (3 %), Unnonesus (2 %), Kazaxcran u I'perus (Menee 2%).
TeHeHIIMM Ha YroJbHOM PBIHKE TakoBbl, 4T0 Kutail m MHIOHE3Us HapaluBarOT MPOU3BOJCTBO
yris, a CIIA, Kanana u [losnbira ciepkuBaroT 00beMbI JOOBIYM HA OJTHOM YPOBHE, a B OTACIBHBIX
ClIydasx jJaxke X cHwkaroT. Poccus Bmameer 11 % mupoBbIX OanmaHCOBBIX 3amacoB yrist — 200
MJIpA. T, B TOM YHUCJI€ K KaT€rOPUU MPOMBIIUIEHHBIX MOXHO OTHeCTH 157 mapa. T. B nenom Poccust
3aHUMaeT 5-¢ MecTo B MHpe To A00bde yrimst (280 MuH T), a [0As yriisi B HAIMOHAIBHOM
sHeprodanance Poccuiickoit @enepanuu cocraniser 12 %, yTo npuMepHO B 2 pa3a MEHBIIIE, YEM B
nenomM B mupe. OCHOBHBIMH yrojbHbIMH OacceliHamu Poccum siBnsrotcs: Kysuenkwmii, Kancko-
AunHckuid, [Teqopckuid, JJoHEenKU.

VYkpanHa pacrosnaraeT 3HAYUTENIbHBIMHU 3aracaMu YIS BcexX craauil yrieduxanuu (Ot
OypBIX JI0 aHTPAIMTOB) U 1O 00ObEMaM pecypcoB 3aHUMaeET 8-¢ mecto B mupe (117,3 Mapa T, B ToM
Yyclie K KAaTerOpUH pa3BelaHHBIX 3a11acoB OTHOCATCS 52,6 MIPI T).

Kazaxcran 3anumaer 6-¢ MecTo B MHpe 1Mo o0bemaM 3anacoB yris. OOmue reoJoruyeckue
3anacel Kazaxcrana onienensl B 150-160 mup T, B TOM 9mCIIe 3amackl OYphIX yIriled coCTaBisAoT 62
%, kameHHbix — 38 %. o 80 % oOmieil 51eKTpo’HEepruu, MNPOU3BOJAUMON B CTpaHe,
BbIpalaThiBaeTCsa Ha yrojbHOM ToriuBe. [lo oObemam noObiun yris Kazaxcran 3aHMMaeT BOCbMOeE
Mecto B Mupe u Tpethe cpeau ctpan CHI' (oxomo 80 muH. T). B mepcrekTvBe IUIaHUpyETCS
yBeJIMYeHHE 00IMUX 00beMOB J0OBIUH YIiisi 70 90 MIIH. T B TOA.

Aznarcko-THUX00KeaHCKUil pernoH mpuMeyaTesieH MPUCYTCTBUEM Ha HEM CaMOro KPYIMHOTO
UMIIOpTEpa Yris B Mupe — SIMOHUH, CaMOro KpPYMHOTO SKCIopTepa Yris B MUpe — ABCTpaiuu, a
TaK)Ke€ CaMOro KpYIHOTO MPOU3BOIUTENS M MOTPEOUTENs YrOJIbHOW MPOayKIuu B mupe — Kuras.
Ha nomio kpymueiimnero notpedutens yris, Kurtas npuxomutcs 34 % MUPOBOro moTpeOieHus
3TOTO BHJA TOIIMBA. BBICOKHME TEMITBI 3KOHOMHYECKOTO POCTa, COMPOBOMKIAIOLIMECS AKTUBHBIM
pa3BUTHEM MPOMBIIIEHHOCTH W CTPOUTENHCTBOM TPAHCHOPTHBIX Marucrpaiel, o0yclaBIuBaOT
MOBBIIIEHHBIE TOTpeOHOCTH KuTas B AemeBoi SIeKTpodHEepTun U cTainbHOM mpokare. Coimie 60 %
noTpebnenus yras B Kurae mnpuxomuTcs Ha TPOU3BOACTBO  TEMJIOBOM OSHEPTHH IS
MIPOMBILIJIEHHOTO MCIOJIb30BaHUs, B OCHOBHOM B XHWMHUYECKOW, LEMEHTHOW U UEJUIIOJIO3HO-
OyMa)kKHOU OTpacCIIsiX, a TAaK)Ke Ha MPOU3BOJICTBO KOKCA JUISl HYXK]T YePHOUM METalTypTrUH.

ITo coctosinuto Ha 2016 rox Kazaxcra 3aHsu1 BOCBMOE MECTO B MUPE TI0 00beMY JJOKa3aHHBIX
3amacoB yris (25,6 miapa ToHH, win 2.2% MUPOBBIX 3aMacoB, corjacHo ctatuctuke BP Statistical
Review of World Energy, June 2017) u necsitoe Mecto B Mupe 1o o0bemy tipou3Bojicta (102,4 miH
TOHH, WK 1.4% MHUPOBOTrO NPON3BOJICTBA).
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B 2016 roxy, mo nmanaeiM British Petroleum, B Ka3zaxcrane B moTpe®ieHHH TEpBUYHBIX
9HEPropecypcoB Ha JIOJIIO YIS puxoamiock 56,5%, nedru — 20,9%, npupomHoro raza — 19,1%,
THIIPOSHEPTETHKH - 3,3%.

VYTrosIbHAsE NPOMBIIJIEHHOCTh SBJIIETCS OJHOW W3 BaXKHEWIIHMX PECYPCHBIX OTpacien
skoHOMUKH PK.

B Kazaxcrane n3ectHo cBbimre 300 MeCTOPOKACHUH NCKOTIAEMBIX YTJIEH C Te0JIOTHIeCKUMHU
3amacamu 170,2 mupa toHH. bosee 9/10 Bcex 3amacoB yrisi COCPEIOTOYEHBI B LIEHTPAJIBLHOU U
CEeBEpHOIT yacTsax cTpanbl. KpynHeimnmu 6accelinamu siBisitoTes Dxubactysckuit (12,5 muipn ToHH),
Kaparanauuckwii (9,3 muipn Toun) u Typravickuii (5,8 mipa toun). Haunbomnbinue 3amnace! u Hanbosee
KpYIHbIE KaMEHHOYIOJIbHbIE OacCeiHbl M MECTOPOKJIEHUS OTHOCATCS K OTJIOKEHUSIM KapOoHa
(Kaparapauackuii u DxubacTy3ckuil yrojabHbI OacceiiHbl) M IOopbl. Bce u3BecTHbIe 3amackl
KOKCYIOIIMXCS yrieil cocpenoToueHsl Takke B KaparanamHckoM OacceliHe U MECTOpPOKIECHUSX-
cnyrHukax — CamapckoM U 3aBbSIIOBCKOM.

bacceitHpl 1 MeCcTOpOXKAECHUS ME3030MCKOT0 BO3pacTa pacloJiararorcs B M30JHMPOBAHHBIX
BITaIMHAX TEPPUTOPHH OOIMPHBIX TporudoB — Typraiickoro, Mptemickoro, Ipubanxamickoro.

VYroapHas NPOMBIIIIEHHOCTh SIBJSIETCSI OJTHOM M3 KPYITHBIX OTpaciieil SKOHOMUKH CTPaHbl U
ofOecrieunBaeT MPOU3BOACTBO 74% 3JEKTPO’HEPrHM, TOJHYIO 3arpy3Ky KOKCOXMMHYECKOIO
MIPOU3BO/ICTBA, LIEJTUKOM YJOBJIETBOPSIET MOTPEOHOCTH B TOIUIMBE KOMMYHAJIbHO-OBITOBOTO CEKTOpA
U HAcCeNEHUs. YToylb HaXOOUT TaKXKe IIUPOKOE NMPUMEHEHHE B TSDKEIOH M TOpHOIOOBIBAIOLICH
MIPOMBIIIIEHHOCTH, B JPYTHUX OTPacisAX, CBSI3aHHBIX C JOOBIUEH MOJIE3HBIX HCKOMaeMbIX. [loiu
METAJUTYpPrMM M JAPYrMX OTpaciiell MPOMBIIUICHHOCTH B OOIIeH CTpPyKType NOTpeOsieHus yris
COIIOCTABUMBI C MOKAa3aTelIeM, XapaKTePHbIM /151 KOMMYHAJIbHO-OBITOBOIO CEKTOpa (IPUMEPHO MO
20% ot ob6miero o0bema noTpedyeHus). YroyibHas MPOMBIILIEHHOCTh KazaxcTana siBisieTcst HeTTO-
3KcropTepoM yriist. JloJig 3KCnopTUpyeMoro yrisi K Mpou3BOJCTBY cocTaBiseT 25,3% B 2016 roxy.
DKcnoprt yris coctaiseT nopanka 1% Bcero skcropra Kazaxcrana.
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6. KonTpoJsb (Bonpockl, 3a1a4u, pelieHue)
1. OObsicHUTE POJIb IHEPTETUKH B HAPOJHOM XO3SHCTBE.

2. OObACHUTE TIOHATHE TEPBUYHOMN, BTOPUYHON SHEPTUU

3. O6bsacHUTE IOHATHE — YHeprus. Ha3oBuTe eIMHULIBI H3MEPEHHS SHEPTHH.

4. OObsicHUTE YTO COOOM MPECTABIISET TEILIOBAs SHEPTHUs, IEKTPUUECKasl, XUMUYECKas
sHeprus?

5. O0bsacHUTE IOHATHE HEPreTUYecKue pecypcenl. IlepedrciuTte BUABI SHEPrOPECYpCoOB.

6. HazoBuTe m0Ka3aHHbIE MUPOBBIE 3aM1aChl TOIIMBHO-YHEPTETHUECKUX PECYPCOB

7. HazoBuTe Kakue pecypchl OTHOCSTCS K TOTUTUBHBIM.

8. JlaiiTe XapaKTepHUCTUKY SHEPTeTHUECKOM 1 IKOJIOT0-3KOHOMHUYECKOH XapaKTePUCTUKE
Pa3IMYHBIX BUJIOB SHEPTOPECYPCOB.

9. IIpoBecTu aHaM3 MUPOBOTO PhIHKA SHEPTrEeTUUECKUX pecypcoB. Mecto Kazaxcrana B
HEM.

10. OmwucaTh CTPYKTYpY dHEpreTudeckux pecypcon Kasaxcrana Ha CeroqHsIIHAN ICHb.

Jlexkuus 2
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1. Tema 2: HeBo300HOBIIsSIEMbIE HCTOUHUKHU SHEPTUU

2. leab: OCBOCHUE OHITHI O HEBO30OHOBIISIEMBIX HCTOYHHUKAX YHEPTUU
3. Te3ucChl JeKINU:

HeB0300HOBsIEMbIC HCTOYHUKH YHEPTUU

KamenHbl1it 1 Oypblil yroib.

JloObIYa U IOATOTOBKA YIJIs

JloObrua u moAroToBKa He(PTH UM rasa

TpaHCIIOPT KUIKUX U Ta3000pa3HBIX YTICBOIOPOIOB

HedrsHas mpoMBIILIICHHOCTb

CocrosiHre U IEPCIIEKTUBBI PECYpPCHON 0a3bl aTOMHOW YHEPTETHKH
[Tpupoaueri ra3. BcnomorareibHbl€ TOITUBHBIE PECYPCHI

. SlnepHoe TOMIUBO.

10. T'oproume u ra30HOCHBIE CITAHIIBI

©CoOoNo kR WNE

1. Te3ucnl JeKIMU:

1. HeB0300HOB/IIeMble HCTOYHUKH IHEPTHH

O6pazoBaBiiuecs 3a JIUTENbHbIE POMEXKYTKH BPEMEHHU Ha3bIBalOT HEBO30OHOBIISIEMBIMU
SHepropecypcamu, 3a KOPOTKHE (HE MPEBOCXOIALINE MPOAOJLKUTEIBHOCTh JKU3HHU YEIOBEKa) —
B0O300HOBIsIeMbIMH. K epBoii Ipymie OTHOCST 3armackl OCHOBHOIO MHUHEPAJIbHOTO OPraHUYeCcKOro
ToruBa (HepTh, yroap, ra3) W AIEpHOrO TOTUIMBA (YpaH, TOPHM), a TAaK)KE T.H. BCIIOMOTATEIbHOE
TOITMBO (TOPIOYME CIIAHIIBI, YTOJbHBIM METaH, MOMYTHBIA HE(PTSIHOW Ta3 W Ap.); KO BTOPOH —
SHEPrHI0 COJIHIA, BETPa, IOTOKOB BOBI U JIP.

CxeMa 3aeranusi MUHEpaJIbHOTO TOIUIMBA TIOKa3aHa Ha puc. 2.1, a JMHAMUKA €ro JOObIYH —
Ha puc. 2.2.

: Byposas ycraHoBKa

.. — —

MetaHn YronbHbix Nnacroe

Tpy6a/ckBaxkuHa
L\ /L— MpupoaHbiiA ras

Mecyanuk

Hedtb
lopHas nopoaa

-2

“»

-

a3 NNOTHLIX NECHaHbIX KONNEKTOPOR




ONTUSTIK-QAZAQSTAN ole SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
QD

«OHTYyCTiK KazakcTaH MmeauumHa akanemusicbl» AK AO «KOxHo-Ka3zaxcTaHCKast MEOUUMHCKAS aKafeMuUust»

Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
DHepropecypcsl, ICTOYHUKA W METOJIBI TIOTYICHUS 2022-2023
’ 16¢tp. u3 174

Pucynok 2.1 - Cxema 3aneranus HedTH, Toprodero raza (IpUPOTHOTO, CIAHIEBOTO H
YTOJBHOIO) U YTJIst

14000

10000 /

)
(o]
v
o
o
g - A
o % 8000 /
o
2 Z 6000
m =
) 4000 —
% /
O
o 2000 =
= 0 =
1860 1880 1900 1920 1940 1960 1980 2000 2020

lon
Pucynok 2.2 - JIlnarpamma MEPOBOH JOOBIYH SHEPIrOPECYPCOB.

[IpencraBicHre 0 MECTE MUHEPAILHOTO TOIUIMBA B TJIO0ATLHOM SHEPreTHIECKOM OajlaHce
narot puc. 2.3 u 2.4. u tabm. 2.1.

Pucynokx 2.3. - Jloas pa3nuyHBIX IMEPBUYHBIX HEPreTMUYECKUX PECYpPCOB B MHUPOBOM
SHEpPreTU4YEeCKOM OanaHce
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Pucynox 2.4 - MupoBasi TMHaAMHKa SHEPronoTpeOICHUs

Tabnuna 2.1
WNHnukaTopbl U3MEHEHUS CTPYKTYPHI TOTUTMBHO-3HEPT€THUECKOTO OamaHca B COOTBETCTBUHU
¢ DC-2030
HuaukaTopel/ HanpasieH Ha 2B ¢ | Lpra S 3@
P It (haxT) (2015r.) | (2020r) | (20301

[1pOM3BOACTEO AIEKTPOIHEPIHH

Jlons HETOMTHEHBIX HCTOYHHKOR
IHEPIUH B CTPYKTYPE MPOHIBO/- 325
CTEA AEKTPOIHEPTHH, %o

HE MEHEe
34

HE MEHee HE MEHEee
35 38

TonmueoobecnedeHHe TENMOBLIX JIEKT POCTAHL] HiH

Jons raza B CTPYKTYpe

= . 70,3 70-71
TOIUIHEOODECTIEYEHHA, Yo '

6566 6062

Jons yris B CTPYKTYpe

) : 26 25-26
TOIHROODECTIEYEHHA, Yo

29-30 34-36

Kak Buano 13 tadn. 2.1, Bruots A0 2030 r. paaukanbHble H3MEHEHHS CTPYKTYPbI TOTLIUBHO-
sHepreTrueckoro Oamanca (TODb) He mmaHupyroTcs — AOMUHUPYIOIIAS [OJSI MHUHEPATBLHOTO

TOIINIMBA B HEM COXPAHUTCH. HpI/I COBPEMCHHOM YPOBHC TEXHOJIOTUH

JAaJICKO HC BCC OTKPBITHIC

MCCTOPOKACHUSA 110 SKOHOMHUYCCKUM, DKOJIOTUYCCKUM N TCXHOJIOTUYCCKUM KPHUTCPHUAM HNOCTYITHLI

JJI UCITOJIb30BaHUSI. HauGonee yacTto Ha3bIBaIOT CJICAYIOIIHUC 00BEMBI

Pa3BCAaHHBIX U YI[O6HLIX

HJIA ,[[O6LI‘-II/I 3aI1aCOB MUHCPAJIBHOTO SHEPTCTUICCKOT'O ChIPbhA Ha 3eMJ'Ie, MIPATY.T.:

- yrois — 800;
- He(ptp — 90,
-ras3 — 85;

- ypan — 5-10 (B 3aBUCHMOCTH OT MPHUHATON B KadyecTBE NpHUEMIIEMON Ce0eCTOMMOCTH

TOOBITOTO ypaHa).
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OTkpeITBIE U TeM OoJiee yAOOHBIE ISl MOOBIYM 3amachl MUHEPAJIBHOTO TOIUIMBA XOTS U
BEJIMKHU, HO, K COKaJICHUIO, KOHEUHBI (MCUEPIIAEMBI).

B ocoOGeHHOCTH ¢ y4eTOM TOTO, YTO Ha MPOTSHKEHUH €IIe HECKOJBKUX JECATHIICTUH (Kak
MHUHHUMYM JI0 CEpPEAMHBI BTOPOW TIOJOBMHBI HAIIETO CTOJIETHUS) MOTPEOHOCTH YEJIOBEYECTBA B
SHEpruu (Ha CErOJHs MO Pa3sHBIM MCTOYHUKAM OHH COCTaBISIOT 12—15 mupa T y.T. B rox) Oyayr
YAOBJIETBOPATHCSI B OCHOBHOM 32 CYET MCKOMAEMBbIX HEBO30OHOBISIEMBIX DHEPreTHYECKUX
pecypcoB. U3 Hux 6oiiee 50 % cocraBisatoT HEPTH U Ta3.

['MaBHBIM MOTpEOUTENIEM MEPBUYHBIX SHEPTOPECYPCOB SBIISECTCS JIEKTpodHepreTuka (44 %
OT 0011ero MOTpeOIeHUs), OCHOBHBIE MOTPEOUTENU DIEKTPOIHEPTUN — TPAHCTIOPT (OKOJIO 75 MIIpA
kBT'4), HEQTen0oObIBatONIasi MPOMBIIUIEHHOCTH (0K0J10 50 Mupa kBT-4), cama 31eKTposHepreThKa
(6onee 32 wmupn kBt-u), cenbckoe Xo3siicTBO - (HemMHoruM Oonee 16  wmupa  kBTou),
HedTenepepabaThIBatOIas MPOMBIIIICHHOCTh (0ko0 13 Mipa kBT 4), mumeBast mpOMBINIIEHHOCTh
(memuorum Oomsee 12 mupa kBt-u) [35]. [IpumepHO B TakuX K€ MPOMOPIUAX PACTPEICICH IO
OTpacJIsIM U MOTEHIIAAJ dHEProcOepekeHu .

Kamennblii u 0ypbliii yrosib

B Mupe nobsiBaercst 6onee 4 MIpA. T YIJIA B TOJ, MPUYEM CBBINIC | MIPA. T TPUXOAUTCS Ha
noJiro Tpex crpad — CHI', CILIA, Kuraii.

[IporHo3upyemsbie 3amacbl KAMEHHOTO U OypoTro yIils B MUpPE OlleHuBatoTcs B 14,8 TpiH. T, a
B Poccum u CIJA B 6 u 1,5 TpiH. T COOTBETCTBEHHO. Pecypchl KOKCYIOIIMXCS YIJIE B MHUpPE
coctaBisaoT 10 % ot ob6mmx 3amacoB (1,5 Tpnu T). B Poccum 3amacel yrisi, KoTopbleé MOTYT
NOOBIBaTHCSI OTKPBITBIM CIIOCO0OM, mpeBbimatoT 200 MiIpa T, OHM B OCHOBHOM COCPEIOTOYEHBI Ha
BocTOKe cTpanbl. OCHOBHBIE yroipHble Oaccelinbl Poccum — Kysnenkuii, KaHcko-AYnmHCKHIA,
[Tewopckuit. Pecypenl kokcyrommxcsi yriaeit B Poccun coctaBmsitor 9 % (ot 3 % B PoctoBckoi
yactu Jlonenkoir obmactu a0 18 % B Ilewopckom Oacceitne, 33 % — Kysnernk, 60 % — HOxHo-
Sxytck).

MupoBsle 3anacsl Topda COCTaBISIOT OKOJIO 5 MIPA T Y. T.

YronpHas MPOMBIIIEHHOCTh SBISIETCS OJHOM U3 BaKHEHMIIUX pPECYpCHBIX OTpaciei
Pecyomuku  Kazaxcran. B Tekymed CTpyKType TOIUIMBHOM T'€HEpaliu YroJib COCTaBJISET
OCHOBHYIO JI0J1I0 — (4% OT COBOKYNHOro NOTpeOieHHs B TOHHAX YCIOBHOTO ToIuMBa. B
Kazaxcrane mnpejacraBieHbl BCE OCHOBHBIE CEIMEHTHI YTOJIbHOW MPOMBIIUIEHHOCTH, OJHAKO
0COOCHHO pa3BUTHI J0ObIYa M UCHOJb30BaHUE dHepreTuueckoro yrid. [lo cocrosauio Ha 2013
roj, PecniyOnnka Kazaxcran 3aHMMaeTr ceapbMoe MECTO B MHUpE MO0 00beMy JOKa3aHHBIX 3aIacoB

YIS

Tabmuna 2.2
O0beM oKa3aHHBIX 3aMacoB Yris B Mupe 1o coctosiHuio Ha 2013 rog,.
HammenoBanne rocymapcraa O0BeM TOKa3aHHBIX 3aMAaCcOB YIS, MIIP. TOHH

CIIIA 237

PD 157

KHP 115

ABcTpanus 76

50501058 61

@PI’ 41

Kazaxcran 35
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Yxpauna 34

IOAP 30

KomymoOust 7

Kanana
[onbma 6
[poune 31

JloObIua ¥ MOATrOTOBKA YIJIst
Jlob6brya sHepreruueckoro yrisi B Pecriyonuke Kazaxcran craOuibHO pociia B MOCIEIHUE
TOJIbl CO CPEAHUM TeMITOM 2%, KOKCYIOLIErocs — HE3HAaUUTEIbHO COKpalaiach.

Tabnnma 2.3
JloObrua yris, 2008 2009 2010 2011 2012 2013
MJIH. TOHH
DHEPreTUIecKuit 92,9 82,5 93,4 98,6 102,4 101,1
Koxkcyrommmiics 12,0 11,8 11,9 11,5 11,3 11,7
Bceero 104,9 94,3 105,3 110,1 113,7 112,8

B cTpykType n00BIUM 3HEPreTUYECKOTO YIJIs BBIpOCHIa A0Js Oyporo M JUTMHHOILJIAMEHHOTO
yras — ¢ 20% B 2008 roay no 27% B 2012 roxy. bnaromaps 3HauntensHOMYy 00beMy H0ObIUU
sHepreTryeckoro yris, Kasaxcran 3aHuMaeT 1ecToe MeCTO B MUpE I10 100bIYe yriisl.

PeiHok  sHeprernueckoro yriusi B Kazaxcrane oTHOcuTENnbHO (parMEHTUPOBAaH —
KpYIHEHIIIUM UTpOKOoM, obecrieunBaromuM 10 30% COBOKYIMHON J0OBIUM, SBISACTCS KOMIIAHHS
«ENRC» (pa3pe3 «Boctounslity, «lllydbapkons Komupy»), BTOPEIM M TPETbUM HIPOKaMHU IIO
o0vemy n00b1un sBisitoTes «Campyk-Ouepro» u «PYCAJI» — mo 20% xaxnsiii («boratbipb
Komupy), nanee unyr «Kazaxmbic» (8%), «Kapaxsipa» (6%), «Anrpencop Ouepro» (5%) u
poyue.

OcHoBHasi  jgoyii  [OOBIBAEMOTO  DHEPreTUYECKOr0  Yyriigs  WAET  Ha  HYXKJIbI
ANEKTPOSHEPIETUUECKON OTPaCIH Pecniyonnkn  Kasaxcram u Ha oskcrmopt (51% u 31%

COOTBETCTBEHHO), OCTaJbHON 00BEM — Ha KOMMYHAIbHO-OBITOBBIE HYXKJbl HACEJCHHS U Ha

MIPOMBIILICHHBIC TIPEAPUATHS (13% u 5% COOTBETCTBEHHO).

PrHok Kokcyromierocst yrist Ha 95% cdopmupoBan A00biueil KoMmaHnuu «ApcenopMurram.
OcHoBHast Jonsi  JTOOBITOTO  KOKCyromierocs yrius (mopsaka 95%) mpoxomuT mpoueaypy
oboramenus, mocie uero 70% KOHIIEHTpaTa HampaBisieTcs ISl oOecredeHHs] COOCTBEHHBIX
MOTpeOHOCTEH KOMMAaHUM B KOKCE, OCTaJbHOW KOHIIEHTPAT HIET Ha DJKCIOPT B YKpauHy H
Poccuto.

JHepreTu4ecKuii yroJjib

Hcxons 3 TeppuUTOPHAIBEHOTO PACTIONOKEHUsI OTHOCUTENIFHO KPYIHBIX MTOTpEeOUTeNnel yris,
CYIIECTBYIOT TP MOTEHIMAIBHBIX HAIIPaBIEHUs dKcropTa yris u3 Kasaxcrana:

1) B Poccuto HamnpsiMyto yepe3 OOIINyr0 TpaHuILy;

2) B Kuraii HanpsiMyto yepe3 OOIIyr0 rpaHHmILy;

3) B EBporny u Ha npoume riio0abHbIe KPYITHBIC PHIHKH T10 XKEJIE3HOM J0POTe U Jlajiee uepes3
POCCUICKHE IIOPTBHI.

HecMmoTps Ha mOTeHITMAN YBETMUEHUS TOOBIYH, Pa3BUTHE KAXKIOTO U3 YKa3aHHBIX
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SKCTIOPTHBIX HAIIPaBICHUH MOCTaBOK yrisi u3 Pecryonmuku Kasaxcran cBsizaHo co
3HAYUTEIHHBIMHA OTPAHUYCHUSMHU.

MupoBoii PbIHOK 3HEPreTUYECKOro yriig OyleT pacTh ¢ HE3HAYUTENbHbIM TemnoM 1% B
rof. Oxumaercs CYyLIECTBEHHOE COKpalleHHE J0JM HOTPEOICHUs] HSHEPreTHUYECKOTO  YIJis
crpanamu EBpomnbl: ¢ Tekymux 30 % oT rimobansHOro crpoca o 18 % x 2025 rogy. 3amemienue
pocta cnpoca B EBporne v akTMBHOE HapalllBaHuE 00beMa MOCTaBOK YIJsl M3 TaKUX CTpaH, Kak
WNunone3us u ABcTpanusi, IpUBEIYT K NEPEHACHIIIEHHOCTH ITI00AJbHOTO PbIHKA U MAJEHUIO IIEH.
DKCMOPT Ka3aXCTaHCKOTO0 JHepreThueckoro yris B EBpomy Oyaer HEKOHKYPEHTOCHOCOOHBIM
BCJIE/ICTBUE CpPAaBHUTEIBHO HU3KOTO KadecTBa M BBICOKMX TPAHCHOPTHBIX u3aepxkek. M3-3a
BBICOKOW 30JbHOCTU M OTHOCHTEIBHO HU3KOW TEIUIOTBOPHOCTH Ka3aXCTAHCKUU Yroyib MOXKET
MPO/IaBaThCsi HAa DKCIOPTHBIX PBIHKAX TOJBKO CO 3HAYUTEIbHBIM AUCKOHTOM (0T 30% mo 50%).
N3 xpymHBIX MeCTOpOXAeHH HCKIroYeHue coctaBiser IllybGapkosib, KauecTBO yrisi KOTOPOTO B
IIEJIOM COOTBETCTBYET IKCMOPTHBIM cTaHmapTam. (Taoim.2.4).

Tabnmma 2.4
[Toka3arenu 30JbHOCTH YIJisd, JOOBIBAEMBIX B CTpaHaX MUpa
TenmoTBOpHOCTS, 3onbHOCTE, %
DKCcnopTep TBIC. KKQJI/KT
Kanana 6,7 11%
Mo3zamOuk 6,7 18%
ABcTpanus 6,6 6%
PO 6,5 15%
CIIIA 6,5 10%
IOAP 6,2 17%
Komnymbus 6,2 8%
Wunounesns 5,7 14%
Pecnyonuka Kazaxcran 41 22%
(MaiikyOeH)
Pecnyonuka Kazaxcran 4,2 42%
(Oxubacry3)
PecniyOnuka Kazaxcran 6,1 15%
(I1IybGapxosmb)

B nepcnextuse 10 2030 roga OCHOBHBIM HMCTOYHHUKOM CIIpOCa Ha DHEPreTHYECKHH yroib
OCTaHeTCs BHYTPEHHsIs1 yrosbHas reHepanus Pecryonuku Kasaxcran. C ydeToMm MiIaHOB MO BBOIY
U BBIOBITHIO T€HEPHUPYIOMIMX MOILTHOCTEH MOTPeOHOCTh B yriie MpOAOJDKUT pact: K 2030 roxy
MOIITHOCTh HOBBIX YTOJIBHBIX 3JIEKTPOCTaHLUH cocTaBUT 20% OT COBOKYITHOHM YyCTaHOBJICHHON
MOIITHOCTH, IIPH 3TOM JI0JIsl CTapbIX cokpaTutcs ¢ Tekymux 60% no 39%. OOmas norpeOHOCTH B
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JHEPreTHYECKOM YIJIe JUIs TeIulo- W 3nekTporeHepanuu B Kazaxcrane Beipacter k 2030 romy c
TeKymux 53 10 76 MIIH. TOHH, TO ecTb Ha 50%.

Jo0bI4a 1 MOATOTOBKA yIJIsk

[loTenuman cH>XeHUs NOTPEOIEHNS SHEPTUU MIPU 100bIYE U MPEABAPUTEIBHOM MOATOTOBKE
yras B [1, 3] ouenuBaercst BenuuuHoM 0,26 MJIH T H.3. B NPEANOJIOKEHUH, YTO 3(PPEKTUBHOCTD
TEXHOJIOTUH B 3TOM CEKTOPE MOXKET OBITh MoBhIIeHa Ha 15 %.

ODTOro MOBLIIIEHHS MOKHO JOOUTHCS 3a CUET:

a) UCII0JIb30BaHU 0oJiee 3HEProd(PPEeKTUBHBIX TEXHOIOT UM,

0) yBenMuYeHHUS JOJU YTHIM3UPYEMBIX TBEPJIBIX TOprouux OTX0J0B. ClieyeT y4uThIBaTh,
YTO TOKazaTenu HHEProdp(EeKTUBHOCTH B OOJBIION CTENEHH 3aBUCAT OT XapaKTEPUCTHK
pa3zpabaThIBAEMbIX MECTOPOKICHU.

TpaHCHOPT )KUIAKHUX U Fa3000pa3HbIX YIJI€BOI0OPOA0B

Pacxonx sneprumn, motpediseMoli CHCTEMaMH AJICKTPOTPHUBO/Ia HATHETATEJIbHBIX YCTPOMCTB
TpyOOTIPOBOTHOM CHUCTEMBI (HAacocamMH, KOMIIPECCOPAMHM), 3aBHUCUT HE TOJBKO OT CBOWCTB
JKUJIKOCTEH M Ta30B, HO MU OT XapaKTEPUCTUK CaMOM CHUCTEMBbI. YacTh MEXaHUYECKOW HSHEPruw,
MPUOOPETEHHOM MPOAYKTAMH OT HarHeTaTeNbHBIX YCTPOUCTB, MPEBPAIAeTCs B TEILIOBYIO SHEPTUIO
U ABJsieTCs noTepsiMu 3Heprun. C 3TUM CBS3aHbI THAPABINYECKHE MTOTEPH NABJICHUS U HAOPa JBYX
BUJIOB — MOTEPU HA TPEHUE U MECTHBIEC MOTEPH, MPOSBISIONINECS Ha y4acTKaxX CY)KEHUs TPYyObl, B
MeCTax CIMSHMS U pa3jielieHHs] TMOTOKOB, a TaKKe B TPyOONMpOBOAHOM apmarype (BEHTWIAX,
KJlamaHax, 3aJBHXKKax, Jpocceisix U Ap.). OcHOBHas XapakTepUCTUKa TPyOOMpPOBOIHOM
TPAHCIOPTUPOBKA — KOIPPHUIMEHT TpeHUuss — JUIsi KOHKPETHBIX YCJIOBHUH oOmpenensercs
AKCIEPUMEHTAJIbHBIM IMyTeM, a Ul Hanbosee TUMUYHBIX cllydaeB HH(opmarus, o000IIeHHas B
BHJIE SMIUPUYECKUX (HopMyIl, TaOIHI, rpaUKOB, U3BJIEKAETCS U3 CIIPABOYHUKOB.

CocTosiHNe M MePCHEeKTUBBI PECYPCHOI 0a3bl AaTOMHOI YHEPreTUKHU

ATOMHAas1 JHEeprus

B ocHoBe nomydenus anexkrpuuectBa Ha ADC JEKUT peakuus ACICHUS sAep aTOMOB
palMoakTUBHOrO ToIUMBA (ypaHa-235 wuiaM sjuep psAa JApYyrux TsOKENbIX METauloB) HpHU
6ombOapaupoBke ux HelTpoHaMH. CyTh 3TOH peaklMu COCTOUT B pa3zeleHUU sifpa aToMa Ha JiBa
CPAaBHUTEIBHO KpYMHBIX (parMeHTa, 4YTO CONPOBOXAAETCS BBICBOOOXKJICHHEM  OOJBLIOTO
KOJIMYECTBA TEIUIOBOM 3Hepruu u 7y -nmydeld. KpymHbele ¢parMeHThl, WM HPOAYKTHI JIEJIEHUs,
IPEJCTABISAIOT COOON aTOMBI, KaKJblii U3 KOTOPBIX COCTOUT M3 HEKOTOPOTO YHMCIIA IEKTPOHOB U
YacTH sJIpa «POJUTENBCKOTO» aTroMa. IJTH OCKOJKH OOBIYHO paJMOAKTHBHBI U TOATAITHO
pacrazaiTcsi, HpeBpalaschb B CTaOMIbHBIE aTOMbl W BBICBOOOXKJasi SHEPrUI0 HU3JIy4EHUs Ha
KaX/I0M 3Tane pacnaja. B xoze JeneHust BOSHUKAIOT HE TOJBKO (hparMeHTHI siiep, SHeprus U y -
Jy4d, HO U HelTpoHbl. Korjia oiMH 13 TakMX HEHTPOHOB coyaapseTcs ¢ APYruM sApoM ypaHa-235,
OH MOJKET BBI3BATH JEJIeHUE 3TOro siapa. [Ipu 3ToM BbLaesieTcs emle 00blIe SHEPruy, MOSIBIISIOTCS
HOBBIE OCKOJIKM sIJIep U HEHTPOHBI; TAKMM 00pa3zoM, siepHasi peaklus HauMHAeT OXBAThIBaTh BCE
HOBBIC U HOBBIE s[Ipa, HE MPEPBIBASCh, T. €. CTAHOBUTCS CAMOIIOIECPKUBAIOIICICS, UM LIETTHOM.
3amacel ypaHa B Heznpax — Oosnee 4 MIH T, U3 HuUX 10 50 % IOCTOBEpHBIE U MpEAIoJiaraeMsble.
Bonbuiyto nepcrekTuBy Aisi BRIPAOOTKH aTOMHOI SHEPrHM MPEICTaBIAIOT PEAKTOPhl HAa OBICTPBIX
HelitpoHax (B Poccunm — tuma BH). B aTHX peakropax MOKET HCHOJIB30BATHCS HE TOJIBKO
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oOoraieHHbIid, HO U OOCIHEHHBIM ypaH, B TOM YHCJIC HAXOMSANIUICS B OTBAJIaX; a TUTYTOHHHA HE
TOJBKO CKUTAETCsI, HO U BOCIIPOU3BOJIUTCS U MOXKET OBITh CHOBA MCITOJI30BAH B PEaKkTOpax.

BcnomorareibHbl€e TOIJIMBHBIE PeCYpPChI

BaxHbpIM HanpaBieHUEM pealin3aliy CTPATEruu SHEPTO3aMeLEeHHs SIBISETCS paclliipeHue
MacmTaboB HUCIOJIb30BaHUS HETPAJIULMOHHBIX TOIUIMBHBIX pecypcoB (HTP), Kk KoTopsIM NpUHATO
OTHOCHTB!

—roproune u razoHocHsie cnanibl (I'C),

—OoutymuHo3HbIe necyanuku (bIT),

—razoruapatel (I'T),

—nonyTHbIA HedTsaHO ra3 (ITHT),

—yroyibHbIN (11axTHBIN) MeTaH (YM),

—CHUHTETHYECKHH Ta3 (CHHTa3).

[To mepe comepmiencTBoBaHUS n00buM u yrunusaruu HTP ux moms B TOB Oymer
Bo3pacTarh. OJHaKO M3-3a OOJBIINX TEXHOJOTHYECKUX CIIOKHOCTEN B 00o3puMoM Oyaymem HTP
OyIdyT HE albTepHATHBOM «TOIUIMBHOM Tpuaae» (HedTH, NPUPOJHOMY rasy, yril) U ypaHy, a
TOJIbKO noacnopseM. VckinroueHne Moryt coctaButh ['C kak MICTOUHUKH CIIAHLIEBBIX Ta3a U HEPTH.

SinepHoe TONJIUBO

AKTHUBHasi 30HA JHEPreTUYecKoro siiepHoro peaxktopa (a.3.94P) - 510 wyacte ero
00bEMa, B KOTOPOHl KOHCTPYKTHBHO OPraHU30BAHbI YCIOBUS JAJS OCYIIECTBJICHUS HENpPEepbIBHON
CaMOIIOJIEP/KUBAIOLIEHCA 1IEMHOM peakUuu JeNeHHsl SJEpHOro TOIUIMBAa M COalaHCUPOBAHHOIO
OTBOJia FTEHEPUPYEMOTO B HEM TEILIA C LEJbIO €r0 MOCIECIYIOIEr0 NCIOIb30BaHMSL.

BrymaBimmce B CMBICI 3TOTO ONpPEAEIECHHUs MPUMEHHUTEIBHO K AKTHBHOHM 30HE TEIUIOBOTO
OSIP, MOXHO MOHATH, YTO NPUHLUINNAIBHBIMA KOMIIOHEHTAMHU TAKOW AKTUBHOM 30HBI SBISIOTCS
AJIEPHOE TOIUIMBO, 3AMEIUIMTENb, TEIUIOHOCUTENb M JAPYrHe KOHCTPYKIIMOHHBIE MAaTepHalIbl
[Tocnennue 00bEKTUBHO HEOOXOIMMBI, TaK KaK siIEPHOE TOIJIMBO U 3aMEJIMTENb B aKTUBHOM 30HE
M caMa aKTUBHAs 30HA JOJDKHBI OBbITh HEIMOJBIKHO 3a(UKCUPOBAHBI B PEAKTOPE, MPEICTABIIAsA
co00i 10 BO3MOXKHOCTH Pa300pHBIN TEXHOJIOTMUECKUI arperar.

Ilon sinepHBIM TOIIMBOM OOBIYHO MOHUMAETCS COBOKYIHOCTb BCEX AEIAIINXCS HYKIUIOB B
aKTHUBHOM 30HE. BOJBIIMHCTBO MCHOIB3yeMbIX B 3HEproonokax ADC TemnoBbix DSP B HavanbHON
CTaJUM JKCILTyaTallud paboTaroT Ha YHUCTO YPAaHOBOM TOIUIMBE, HO B IpoOliecCe KaMIaHWU B HHUX
BOCIIPOU3BOJUTCS CYLIECTBEHHOE KOJMYECTBO BTOPHYHOIO SJIEPHOrO TOIUIMBA - IUTYyTOHHUA-239,
KOTOPBIM Cpa3y mocie ero oOpa3oBaHUS BKIJIIOYAETCS B IPOLIECC Pa3MHOXKEHHs HEHUTPOHOB B
peaktope. Iloaromy TomnmuBom B Takux DSP B mi000i MPOU3BOJIBHBEIM MOMEHT KaMMaHHH HAJO
CUMTATh COBOKYIHOCTb TPEX Aesmuxcsa kommnonenTon: 2°U, 28U u 2°Pu. Vpan-235 u miyronuii-
239 nenarcs HEHTPOHAMHU MIOOBIX SHEPruii PeakTOpHOro crekTpa, a U, kak yxke OTMEYasoch,
TOJIBKO OBICTpBIMU HajanoporosbiMu (¢ E > 1.1 MaB) Heifrponamu.

OCHOBHOH XapaKTEpUCTUKON YpPaHOBOI'O SIEPHOrO TOIIMBA SBIAETCA €r0 HadalbHOE
oOorairenue (X), MoJ KOTOPbIM NOHUMAETCs 01 (MM MPOLIEHTHOE COJiep KaHue) siiep ypaHa-235
Cpeay Bcex sijiep ypaHa. A MOCKONBKY Ha Ooiniee uem 99.99% ypaH COCTOMT U3 JIBYX M30TOIOB -
25U u 238U, TO BEJIMYMHA O0OTalllCHU

X = Ns/Nu = Ns/(N5+Ns) (2.2)
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B NIpHpOAHOM METaIMYecKOM ypaHe coiepxutcs mpubmusutensro 0.71% smep U, a
6onee 99.28% cocrapiuser 28U, [Tpoune uzoToms! ypana (233U, 234U, 2°U u 2'U) npucyrctByior B
MPUPOJHOM YpaHE B HACTOJIBKO HE3HAYUTEIBHBIX KOJIWYECTBAX, YTO MOTYT HE NPUHUMATHCS BO
BHUMaHHUE.

B peakropax ADC ucnonb3yercs ypan, ooorameHHsiii 10 1.8 + 5.2%, B peakTopax MOPCKHX
TPAHCMOPTHBIX SJIEPHBIX YHEPTOYCTAHOBOK HaYaJbHOE 00OTAIEHUE SAEPHOTO TOIUIMBA COCTABIISIET
20 + 45%. Vcrionp3oBaHue TOILIMBA HU3KUX oOorameHnid Ha ADC 00BsICHACTCS SKOHOMHUYECKUMU
COOOpaKEHUSIMH: TEXHOJIOTHS IPOM3BOJCTBA OOOTAIIEHHOTO TOIUIMBA CJIOXHA, JHEProéMKa,
TpeOyeT CI0KHOTO ¥ TPOMO3IKOTO 000PYIOBaHMS, & TIOTOMY SIBJSIETCS JOPOTOM TEXHOIOTHEH.

Mertammudeckuii ypaH TEPMHUYECKH HE CTOEK, MOJBEPKEH aJUIOTPOITHBIM MpPEBPANICHUSIM
MIPU OTHOCHUTEIHFHO HEBBICOKHMX TEMITEpaTypax U XMMHYECKH HECTaOWIIeH, a IOTOMY HEIpHEeMJIEM B
KayecTBE TOIUIMBA DHEPTETHYECKUX PEakTopoB. [loaTOMYy ypaH B peakTopax HCIOJIb3yeTcsl HE B
YHCTO METAJUIMYECKOM BHUJE, a B OpME XUMHUYCCKHX (WM METAJUTYPrHUECKHX) COCTMHEHUU C
JIPYTUMH XUMHYECKIMH JIEMEHTAMHU.

OTH COeTMHEHUS Ha3bIBAIOTCS M ONIUGHBIMU KOMROZUUUAMU.

Hawubouree pactipocTpaHeHHbIE B PeaKTOPHON TEXHUKE TOTUITMBHBIC KOMITO3UIIHH:

UO2, Us0s, UC, UC,, UN, UsSi, (UAI3)SI, UBezs.

Hpyroi (npyrue) XUMHYECKUI 3JIEMEHT TOILJIMBHOM KOMTIIO3UIIN T
Ha3BIBAIOT pazjycudcumenem monaued. B TepBbIX [BYX U3 MEPEUUCICHHBIX TOIUIMBHBIX KOMIIO-
UMM PazKIDKUTETIEM SIBJISIETCS KHCIOPOJA, BO BTOPBIX JBYX - YIJIEpOJ, B MOCIEIYIOLIUX
COOTBETCTBEHHO a30T, KPEMHHUH, AIFOMUHUI C KPEMHUEM U OCPUILITHIA.

I'oproune u ra3oHOCHBIE CJIAHUBI

I'oproune ciaaHnbl — 3T0 MOJe3HOE MCKONaeMoe, TBEplas roproyas ocajouyHas Mopoja,
BH/I UICKOTIAEMOT'0 TOILJIMBA, COCTOSIAs U3 OPraHMYECKON U MUHEPaJIbHOM YacTeil.

I'oproune ciaaHubl — 3TO OcajoyHas MOPOAA CO CIOUCTOM (IIACTUHYATON) CTPYKTYpOit
ceporo, TEMHO-CEpPOro, YePHOT0, KOPUUHEBOTO, KEITOr0 M OJIMBKOBOTO IBeTa. Jlerko pacnagaercs
Ha OTJEJIbHBIE TUTKHU, CIIOMU.

MunepanbHasi 4YacThb MPEACTaBlIEHAa OCAJO0YHON TOpPHOHM MOPOJOW, a OpraHuvecKas —
KkeporenoM. Keporen siBisiercst oqHoU U3 GopM HeTpaaullmoHHON HedTu. BHemHe oH HanoMUHaeT
cmointy. Ilpum HarpeBaHMM TOpIOYMX CJIAHIIEB M3 KeporeHa BblIenseTca HePTh, UMeEHyemas
«crnaHieBas HeQTb» WM «KEpOT€HOBas HEPTh», W MPUPOIHBINA Ta3, UMEHYEMbIN «CJIAaHIEeBbI
ras».

I'oprouue ciaaHubl 3aroparoTcst OT CHUYKK M IIPU TOPEHUHU HU3JAI0T 3amax }OKEHOM pe3UHBL,
CHJIBHO KONTST. BocIIaMeHsI0TCS U TOPAT B HEM TOJIbKO OPraHUYECKUe BELIeCTBa.

Opranuyeckass 4YacTb  COCTOMT U3  KeporeHa. Keporen npezacrasiaser  co6oif
CMeCh OPraHMYEeCKHX MaTepHajoB (IETPOJECHOB, OUTYMOB, TYMYCOBBIX BellecTB U T.11.). Ero cocras
MEHSETCS OT MECTOPOKICHUSI K MECTOPOKACHNI0. OH HE MOXET ObITh ONMCAaH KaKON-1100 eTUHOMN
XUMu4eckoi (opmysnoi. Bo BcskoMm ciydae, B €ro COCTaB BXOJAT YIVIEBOJOPOIbI M INPUMECH:
CEpOBOAOPOJ, a30T U IIp.

B 00bIYHBIX roprouMx ciaHnax Jojs keporeHa cocrasiser 10-30 % ot maccel. U TosIbKO
JUIIb B CJIAHI[AX CaMOr0 BBICOKOTO KadecTBa aocThraer oHa gocruraer 50-70 %. OcranbHoe —
0caJI0o4Has opo/a.

Hannuue B cnannax yriieBoAOpOAHOM cOCTaBIAIONIEH O3BOISIET U3BJIeKaTh ee. [lomyuaercs
HehTb W mpupoAHbI Ta3. OnHako WX J00blYa HE BCerjla SKOHOMHUYECKM M IKOJIOTUYECKU
OIpaBJIaHa.
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Tabmuna 2.5
Du3nyecKre CBOKMCTBA TOPIOYNX CIAHIIEB:
HaumeHoBaHue mapamerpa: 3HauyeHue:
ILI0THOCTD, T/CM® 0,9-1,99
Teepaocts mo mkaine Mooca Ot 2 o 6
VYnenbHas Teruiota cropanus, MJbx/kr Ho 14

JloObiua HETH U ra3a U3 rOPIOYUX CIAHIIEB:

Jo0biua HedTH M raza M3 TOPHYUX CJAHLEB MPOU3BOJUTCS IIYTEM TEPMUUYECKOTO
BO3JICUCTBUSI Ha KEPOTEH, COJEpKAIUiCsI B Toprouux chadnax. OHa TPOBOAUTCS JBYMS
OCHOBHBIMH CTIOCOOaMU: MOOBIYEH CJIaHIla OTKPBITBIM WX OOBIYHBIM IAXTHBIM CIIOCOOOM C
MocJIeayIomel neperoHkol nmbo Jo0puelt B IUlacTe, KOTJa HarpeBaHUue MPOU3BOAUTCA
HEMOCPEICTBEHHO O] 3€MJIEH.

4. UnumiocTpaTuBHBIA MaTepuas: /[ mpoBeaeHNs 3aHATHS HCIIOJIB3YETCS CIAEAYIONIEe
MaTepHaIbHO- TEXHUYECKOE oOecreueHne: HOyTOyK, MyJIbTUMEMHHBIN POSKTOP, SKPaH.

5.JIuTreparypa:

OCHOBHas

1. bBepnanueBa A.A., JlaynerbaeBa J[.A. DHepropecypchl, HICTOUHUKH H METOIbI
noxydeHus.- Yaeonoe nocooue.-IlIeivkent 2022. -244 c.

2. beictpunkmii I'.®. O6mas snepretuka (IIpon3BOACTBO TEMIOBONW M AJIEKTPUUYECKON
sHeprumn): yueOnuk / I'.®D. beictpunkuii, I'.I". 'acanramkues, B.C. KoxxuueHkos. - 2-¢ usm., cTep. -
M.: KHOPYC, 2016. - 408 c. - (bakanaBpuar).

3. Pumons- Caparocu T.JI. Kyyck A.b., Bo3oOHOBIsIeMbIE 1 HETPAAUIIMOHHBIE HCTOYHUKHU
sHeprun. YdebHo-meroaudeckoe nmocooue. Poctor u//l: Poct. roc. yH-T. myre#t cooOmienus, 2019.
- 122 c.

4. DOmuepreruka XXI| Beka: YcioBus pa3Butus, Texnonoruu, nporsosst / JI.C. bensies, A.B.
Jlarepes, B.B. Ilocekanun u ap.; OtB. pea. H.U. Bopomnaii. — HoBocubupck: Hayka, 2014. — 386 c.

5. J.P. Deane et al. / Renewable and Sustainable Energy Reviews 14 (2010) 1293-1302.

6. JOMONHUTENbHAS:

7. becnanoB B.M. Cucrembl 1 MCTOYHHKHU 3HeprocHaOxeHus: yyebHoe mocodbue /B. U.
becnanoB; HaumoHaneHbI wucciaenoBaTeNbCkuii TOMCKUN TMONMUTEXHUYECKUN YHUBEPCUTET. —
Tomck: M31-Bo ToMcKOro nomTexHudeckoro ynusepcurera, 2011. — 208 c.

8. Cwmopoaunn C.H., benoycos B.H., Jlakomkun B.}FO. Metoasl sHeprocOepexkeHust B
SHEPreTUYECKUX, TEXHOJIOTMYECKUX YCTAaHOBKaX U CTPOUTENbCTBE: YyueOHOoe mocobue /
CII6I' TYPIL.- CII6., 2014.- 99 c.

9. Marepuainsl Pecniybnmukanckoit Hay4YHO-TECOPETUYECKON KOH(pepeHIH
«CelipynnuHckue uTeHHss — 9. HOBBI BEKTOp Ppa3BUTHS BBICIIET0 OOpa30BaHUS U HAYKH»
nocaseHnas quio [lepBoro Ilpesunenra Pecnybnuku Kazaxcran. — 2013. — T.2, u.1. — C. 22-24
I'EOTEPMAJIBHAA SHEPT'US - DHEPTUA BYAYHIEI'O. Myxanos C., Myxanosa /l.

10. OOH 3CKATO. O0630p nepexona KazaxcraHa K cCLieHapuIO «3€JIE€HOW» SKOHOMHUKHU
IyTEM YBEIUYEHHUS JOJU BO30OHOBISEMBIX MCTOUHUKOB PHEPIUU B DSHEPreTHUYECKOM OayiaHce -
[Ipeo6pazoBaHue CETbCKOXO3SIMCTBEHHBIX OTX0/I0B B OMOTEIUIOBYIO SHepruto. 4.12.2019
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11. 3eicun JI. B. IlaporazoBbie M Ta30TypOMHHBIE TEIUIOBBIC 3JEKTPOCTAHIUU: Y4eO.
noco6ue. — CII6. : U3n.-Bo ITommrexH. yH-Ta, 2010. — 368 c.

12. Cr. 1 3akon OO sHeprocOepekeHUH | TOBBIICHUN 3HeprodddextuBHOCTH PK o1 13
saBaps 2012 roma No 541-1V. [eiicTByromuii ¢ M3MEHEHUSIMU W JomoJHEHUsAMH. [IpoBepeno
15.01.2022

13. O6 yrBepxkneHnn KoHuenmuu pa3BUTHS TOIUTMBHO-DHEPIETUYECKOTO KOMILIEKCA
Pecniyonuxu Kazaxcran no 2030 rona. [locranosnenne IlpaBurensctBa Pecriyonuku Kazaxctan ot
28 uronst 2014 rona

DNEeKTPOHHBIE PECYPCHI:

http://www.studmedlib.ru,

JIOT'MH ibragim123, ITAPOJIb Libukmal23

http://lib.ukma.kz /ru/ ba3el ganHbIX

Pecny6nukanckas MEXBY30BCKast JJIEKTPOHHAs oubnmoreka, Aknurpress
www.aknurpress.kz.

6. KoHTpoJIb (BONIPOCHI, 32/1a4H, peLLICHUE)

1. Jlath onpeseneHre HEBO30OHOBISIEMbIX HCTOUHUKOB 3Hepruu. [IpuBectr mpumepsl.

2. JlaTb aHANIM3 HEPTETUYECKUX PECYPCOB B MUPOBOM SHEPreTHUECKOM OanaHce.

3. HoObrua sneprerudeckoro yris B Pecriyonuke Kazaxcran

4. Kak nmpousBoauTcst 700bIYa U TOATOTOBKA HE(TH U raza?

5. Ha3nauenue m wmcmonp3oBaHWe KaMeHHOTO M Oyporo yromis?. Kak mpousBoguTcs
TPAHCHIOPT KUAKUX U Ta3000pa3HbIX YII€BOI0POI0B?

6. Hedrsanas npomeinuieHHOCTs COCTOSIHUE U MEPCIEKTUBBI PECYpCHOM 0a3bl aTOMHOMN
SHEPreTUKU

Jlekus 3

1. Tema 3: HeTpaauiimoHHbIC ¥ BO30OHOBIISIEMbIC HCTOYHUKH SHEPI HH.

2.1lenb: 3HAHWE: OCHOBHBIX HMCTOYHHUKOB HH(POPMAIIMH O BO30OHOBJISEMBIX HCTOYHHKAX
SHEPTUH, OCHOBHBIX TPUHIUIIOB PpabOThl YCTAaHOBOK, HCIOJIB3YIOIIUX BO300HOBISCMbIE
HMCTOYHHUKHA DHEPrHH; HEJOCTaTKOB HEBO30OHOBIIIEMBIX HCTOYHHMKOB DSHEPrUU: HEOOpaTumoe
YMEHBIICHUE KOJUYECTBA 3aIIaCEHHON B HUX SHEPTUHU M 3arpS3HCHUU OKPY)KAIOIICH CPEIIbI.

3. Te3ncChbl JEeKINU:

1. VICTOYHHMKH SHEPryuu: BO30OHOBIISIEMbIC M HCBO30OHOBJISIEMbIC

2. HemocraTtku HEBO300OHOBIISIEMBIX HCTOYHUKOB SHEPTHU: HEOOPAaTUMOE YMCHBIICHHE
KOJIMYECTBA 3allaCeHHON B HUX SHEPTUU M 3arpsi3HEHUE OKPYKaIOIIEeH Cpeibl

3. CoBpeMeHHOE COCTOSIHHE Pa3BUTHUS BO30OHOBISIEMOM SHEPreTUKH

4. Bunbl BO30GHOBIISIEMO SHEPT U

Hetpanuiimonnsie ¥ BO300HOBIISIEMbIE HCTOYHUKH SHEPTHH.

Hcnonbs3oBaHue BceX TPAIUIIMOHHBIX BUIOB TOIUIMBA JIJISl SHEPrEeTHUECKUX ener (HeTb,
yrojib, Ta3) OKa3bIBaeT CEPHhE3HOE HETaTHBHOE OJKOJOTHYECKOoe Bo3neiicTBue. B koMIuiekce
SHEPreTHKa, OCHOBAHHAs Ha UCIOJIb30BAaHUH TPAJUIIMOHHBIX HCTOUHUKOB TOTUIMBA, 00YCITaBIIUBACT
OCHOBHYIO JIOJIIO BBIOPOCOB B OKPY)KAIOIIYIO CPey, pexkie Bcero B armocdepy (puc. 3.1).
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Pucynoxk 3.1 - OCHOBHBIE HCTOYHHMKH BHIOPOCOB MAPHUKOBBIX Ta30B B aTMOC(EPY 3eMITH

Cpeny HCTOYHUKOB 3arpsi3HEHUs aTMOC(EepHOro BO3AyXa HambOOJee arpecCUBHBIM SIBIISICTCS
aBTOMOOMIBHBIN TpaHcnopT, TOC, TOL u ap.
KonuuecTtBo 00pa3yromuxcsi 3arpsi3HAIOMMX BEIIECTB U3MEHSAETCS B 3aBHUCHUMOCTH OT Mpoliecca
MOJIyUYEHUsl SHEPruu, BUIA HCIOJIB3yEeMOIro TOIUIMBA, €ro XHMHYECKOIo cocCTaBa M JPYrux
xapakrepuctuk. Hanboisiee onacHeMU 3arpsisHUTENIMU aTMOc(hephl, KOTOpbie BbIOPAchIBAIOTCS B
caMbIX OOJIBIIHUX KOJIMYECTBAX, SIBJISIOTCS OKCHUJIBI YTIIEPO/a, Cephl, a30Ta, YIIIEBOIOPOIbI U APYrue
COCJIMHEHUSI.
YenoseuecTBo enié, mo kpaiHed mepe, 50 u 0oiee JIET CMOKET 00ECIICUNTh
3HAYUTENIbHYIO YacTh CBOMX MOTPEOHOCTEH B Pa3TUYHBIX BUAAX SHEPTUH 33 CUET OPraHHYECKOro
TorumBa. OrpaHUYHUTh Ype3MepHOE UX MOTpebIeHre MOTYT aBa GakTopa:
- OUEBHJIHAS HCUEPIIAEMOCTh 3a11aCOB TOIUIHBA,
- OCO3HAaHME HEHM30EKHOCTU TI00abHON KaracTpo(dbl K3-3a YBEJIUYEHHS BPEIHBIX BHIOPOCOB B
atMocdepy
OcHOBHOE  3arpsi3HEHHE OKpYXKamllell cpeasl co3gaercss B pe3ylbTaTe  XO3sIMCTBEHHOM
JeATeIbHOCTH YEJIOBEKA, T.€. HCKYCCTBEHHOE MTPOMCXOXKIEHHE.
HauOosbiiee K0JIM4ECTBO BBIOPOCOB OOYCIOBIEHO OTXOJAMHU TEIUIOOHEPreTHUKH U Pa3IHMUHBIX
oTpaciieil IpOoMBIIITIEHHOCTH U TpaHcnopTa. B ctpanax CHI' oTHocuTenbHbI€ 10711 UX BBIOPOCOB B
OKPYXKAIOIIYI0 Cpey COCTABJISIOT:

- TEeTUIOPHEPreTUKou - 27%

- uepHO# Metayuypruei - 24.3%

- 1uBeTHOU MeTamypruei - 10.5%

- HedremoObIBatOIIEH 1 HePTEXUMHUUECKON oTpacisiMu -- 15.5%

- aBTOoTpaHcmnoptoM - 13.3%
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- TpEeANpHUATUSAMU cTpoiimarepuanos - 8.1%

- XMMHYECKOH MPOMBIIIICHHOCTBIO - 1.3%.
WHTEeHCUBHOE CKUTaHME TOIUIMBA B TEINIOTEXHUUECKHUX YCTAHOBOK pa3pyllarolle BO3/IECHCTBYIOT Ha
oKpyxamwluyto cpeay. Iloaromy ee 3ammura craja B Hacrosiiee BpeMs IJ100aabHOU npoOiemoit
4eJI0BEYECTBA.

[ToBellIeHNe cpeaHel Temmeparypsl miaaHeTsl Ha 5 °C MOXeT BbI3BaTh TasHUE JIEAHUKOB U 30H
BEUHOW MEp3JIOThI, KOTOpPOE MpHBENET K pOCTy YypoBHS MUpPOBOrO OKeaHa, 3aTOIUICHUIO
TEPPUTOPUN OCTPOBHBIX M MNPHUOPEKHBIX TOCYIApCTB, a TaKKe pallOHOB BEYHOW MEP3JIOTHI.
OCHOBHBIM TEXHOI'€HHBIM HMCTOYHMKOM TMOCTYIUIEHUS YIJIEKUCIOro Ta3a B aTMocdepy sBiseTcs
MIpOLIECC CKUTaHUsl OPraHUYECKOro ToIMBa. B HacTosmiee BpeMs TOJbKO OT TEIJIOBOW SHEPreTUKU
B aTMoc(epy MoCTynaeT npuMepHo 1 T yriepoja Ha 4ejoBeKa B IoJl, WJIM OKOJIOo 6 MIpA T/TOJ Ha
3emHOM miape. IIporHosupyercsi, 4to B nepBoii nmojoBuHe XXI B. BBIOpoc Bo3pacteT 10 10 mupx
1/roa. Knumartonoru kpaliHe OnmacHBIM CUHUTAIOT BRIOpoOC mopsiaka 1520 mupa 1/ro.
XapaKTepUCTHKU OCHOBHBIX IMTAPHUKOBBIX TA30B MPEJCTaBIeHbI B Ta0m. 3.1.

Tabnuma 3.1
XapakTepUCTUKN OCHOBHBIX TAPHUKOBBIX Fa30B
[TapHukoBbIii ra3 OCHOBHO# NUCTOYHHUK DddexruBHOS Crioco0 MmorJIOmCHIUS
BpeMs
HAXOXJCHHUSA B
atMmocgepe
JIByokuch yriepona IIpousBoacTBO ~ 2HEpruy,  CBEACHHUE 50-200 ner Atmoctepa; OkeaH; yBEIUYCHUE
JIeCOB, CXKUTaHUE JIPYroil GnomMaccsl mwiomaau  jgecos B CeBepHOro
HOJTYLIapUU (poucxomur
HECKOJIbKO  JIET). TTornomienue

MOYBOH M OKCAaHCKUMHU TJIyOMHAMH
(CTONETHUI LIUKIT)

Meran IIpon3BoACTBO HPUPOAHOIrO raza U ero 12,5 et BoiBomsiTcT B OCHOBHOM IIyTeM
TPaHCHOPTHPOBKA; nporecc peakuuu c TponocQepHbIM
nmumieBapeHus  (Hamp., |y CKOTa); rugpocunpaaukanom (OH); Taxxe
PHMCOBOJICTBO;  BBIJICJICHHE MYCOPHBIX aTMoc(epa, ousa
r'a30B; CBEJCHUE JIECOB

T'anokapOoHbI HUcknrountensHo AHTPOIIOICHHOr0 | OT HECKOJbKUX | ATMoc(epa; B OCHOBHOM YAAIISIOTCS

ocHoBHbie: CFC-11, | mpOMCXOXKICHHS;  HCHONB3YIOTCS B | JIeT 0 | IpU B3aUMOJECHCTBUM C COJHEYHBIM

CFC12 IIPOMBIILITIEHHOCTH, a  TaKkke B | HECKOJIBKOMX CBETOM (mpu ¢doronuse) B

(CFC — | KOHAMIIMOHEPAX U XOJIOAWIBHUKAX (B | THICSYECNICTHIA crparochepe

XJIOpO(TOPYTIIEPO/Ibl) | KauecTBe OXJIaJUTeNei)

Oxkcun a3ora B ocHoBHOoM or  wucnomb3oBaHus | 120 mer B ocHoBHOM ypamstorcs  mpu
yIOOpEeHNH M CKUTaHUS HCKOMAeMOro B3aUMOJEMCTBUM  C  COJIHEYHBIM
TOIUIMBAa B [BHUrATEIIX BHYTPEHHEIO CBETOM (mpu thoronmze) B
CTOpaHHsI crpatochepe

[TpoGnema KHCIOTHBIX MOXk7AeH. B mporiecce mpon3BOACTBEHHON NEATETBHOCTH MPOMBIIUIEHHBIX
npeanpustuii, TOC wu TOL[, pabGoTel naBurarenseil BHYTPEHHETOo CropaHuss B arMocdepy
BbIOpachIBalOTCA JMOKCHIBI cepbl U a3oTa. CoeauHssACh B Tpomocdepe C MapaMud BOJAbI, OHU
IIPEBpAILAIOT BhIMAJAIONINE J0XKIU B ciadbie pacTBopbl KUCIOT (pH 3—4). CaMmblii KHCTBIH A0XKIb C
pH 2,4 (mpuGiu3uTeNbHO COOTBETCTBYET CTOJIOBOMY YKCycCy) OblI 3apeructpupoBat B lllotnanmuu
(r. IutnxopH). BeinaneHne KUCIOTHBIX TOXKIEH MPUBOAUT K 3aChIXaHMIO JIECOB, 3aKHUCIICHUIO MIOYB,
BOJOEMOB, THOEIN pbIObl, AKTUBHOMY Da3pyLICHUIO ApPXUTEKTYPHBIX COOpPYXKEHHH U
METAJUIMYECKUX KOHCTPYKLIUMN.

@DOTOXMMHUYECKHI CMOT. 3arpsi3HUTENH, MOoNaJaue B arMoc(epy C BBIXJIONHBIMU TIa3aMu,
OKa3bIBAIOT pa3HOOOpa3HOE HEraTMBHOE BO3JICWCTBHE HAa COCTOsSHHE OKpyxkaromieil cpeabl. Tak,
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cienyer 0cob0 OTMETHTh (aKT (POTOXMMHUYECKOTO OKHMCICHHUS YTJIEBOJOPOJOB IMOJ JCHCTBHEM
yibTpaduosieToBoro obmydeHus B npucyrcTBUM NOX. [TpoayKThl STUX OKHCIUTEIBHBIX PEAKIIHA
CIOCOOCTBYIOT 00pa30oBaHHIO TaK Ha3bBAeMOrO (OTOXMMHYECKOTO CMOra, 00JaJaromero
pa3apakaronuM ¥ CIC30TOYMBBIM JCHCTBHEM IS YEJOBEYECKOro opraHusMma. [IposBieHHro
(OTOXMMHYECKOTO CMOTa TaKXKe CIIOCOOCTBYET HAIMYUE MPU3EMHOTO 030HA, 00pa3yIoMerocs mpu
HEIOJIHOM CTOPAaHUH TOTLIMBA aBTOMOOMIICH M 3arps3HSIOIIUX BRIOPOCOB peanpustuid. [Tockobky
030H (O3) mMOYTH B JBa pasza TsKENEe BO3/yXa, OH CKAIUTMBAETCA B MPUJIOPOKHBIX TOJOCAX M
HU3uHAX. OTIMYUTETFHOW OCOOCHHOCTBIO (POTOXUMHUYECKOTO CMOTa SBJISETCS TO, YTO OH
MPOSIBIIIETCS Ha SPKOM COJIHEYHOM CBETY, B OTJIMYME OT cMmora JIOHIOHCKOTO THIA, KOTOPBIH
BO3HHMKACT B YCIIOBHUSX TyMaHHOUW MOrojpl. GOTOXMMHYECKHUH CMOT MOXKET BbI3BAaTh MOPAKCHHE
JBIXaTeIbHBIX TyTEeH, PBOTY, pa3ApaKCHHE CIU3UCTON OOOJIOYKH Tja3 W OOIIyI0 BSIIOCTS,
MTOBBIIIAIOT BEPOSITHOCTh BOSHUKHOBEHHUS PAKOBBIX 3200JICBAHHIA.

Hecropesmue yrnesogopoasl (CxHy). Meran (CH4), sBnsromuiics ra3oM IpsIMOTO IMapHUKOBOTO
JNCUCTBUS, OOBIYHO pPACCMATPHBACTCS OTJACIBHO OT JPYTHUX YIIEBOJAOpoAOB. llpm ckuranum
OMOMAacChl OH SIBIISICTCS BAXKHBIM TIOCPSIHUKOM B IMPEOOPA30BAHHMH COJICPIKAIICTOCS B TOILIUBE
yriepoaa B CO2 u coaepxaiierocs: B Torumse Bogopoaa B HoO. Psan yrimeBomopooB o6pasyercst B
nporiecce nepepadboTku He)TH U MPEACTABISET COO0M CEPhE3HYIO YIPO3Y TSl OKPYKAIOIIEH Cpepl
U 370pOBbsi HaceleHUs. B 4acTHOCTH K HUM OTHOCATCS LUKIMYECKHE YIIIEBOIOPOJbI, TBEpPIbIE
BemecTBa (caxa) u yeryune opranumdeckue coemaunenus (JIOC) m mpyrue BemiectBa. B cocrase
JIOC coneprkarcst MHOTHE OTIaCHBIE COCTMHEHUS, BKIroYas 6en3oi, 1,3-0yranueH, popmanpaerua u
Ap.

CoBpeMEeHHOE COCTOSIHUE Pa3BUTHS BO30OHOBIIIEMON SHEPTCTHKH

TexHonmornn BO30OHOBIISIEMBIX HMCTOYHUKOB JHepruu (BUD) oTBewaroT BceM TpeOOBaHUSIM H
OTPAHUYEHUSIM COBPEMEHHBIX TEXHOJOTUW TeHEepalud M MOTPEOSICHUS SHEPrUU U JOMOJHSIOT
CYUIIECTBYIOIIME CHCTEMBbI IMPOU3BOJICTBA SHEPrUU, a TaKKE MOTYT BHECTH OOJBIION BKIad B
JabHENITYI0 MOJEPHU3ALINIO SHEPIrETHUECKOTO CEKTOPa.

BUD Takxke MOTyT yIydlIUTh YCIOBUS KOHKYPEHIIMH HA PIHKE U UMEIOT MOJIOKUTEIILHOE BIUSHUE
Ha pPErMOHAJIbHOE PAa3BUTHE M 3aHATOCTh HaceneHus. B mupoBoM Mmacmitabe HaumHas ¢ 2010 r.
MIPOTHO3UPYETCS MHTEHCHBHOE CHUKEHHE MOTPEOJICHUS YIIIEBOJOPOJHBIX HCTOYHHUKOB IHEPIUH,
KoTopoe Oyner KOoMIeHCHpoBaThcsi 3a cueT BUD, nons kotopbix B oOmem sHeprodanaHce
nocturaet k 2050 r. senmuunnsl 50 % (puc. 3.3).
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Pucynox 3.3 - [IporHo3HBIH crieHapuit sHeproobdecneuenus B mupe g0 2080 r.
Texyiue TeHIEHIINN MOKa3bIBAIOT, YTO B T€UEHUE MOCIEAHMX JIET ObUT JOCTUTHYT 3HAUUTEIbHBIN
TeXHOJIOTHYeCKui mporpecc B obmactu BUD. Crommocts TexHosoruit BHMD 3HaunuTensHO
CHHU3UJIaCh, MHOTHE TEXHOJIOTMU BO300HOBIIIEMOM SHEPreTHUKH JOCTHUIIIM, MPH OMPEIeSIEHHBIX
YCIIOBUSAX, WJIH MPUOIMKAIOTCS K 9KOHOMHUYECKOH ku3HecrocooHoctu. Kpome Toro, mosiBisiroTcst
MepBble MPU3HAKK KPYMHOMACIITaOHOTO NPUMEHEHHS MPOEKTOB Ha OCHOBE HCIOJIb30BaHUS
sHepruu Berpa u ConHua. HekoTopele TeXHOJIOTHMH, B YACTHOCTH Ha OCHOBE OMOMAcCChl, BETpa U
Maneix ['OC, sBASIOTCS B HACTOSIIEE BPEeMs KOHKYPEHTOCIIOCOOHBIMH ¥ 3KOHOMHYECKHU
KU3HECMIOCOOHBIMU B~ CpPaBHEHHMM C  JOPYTUMU  JEHEHTPAJIM30BAHHBIMU  criocobaMu
SHEProcHaOKEHUS.
@DOTOZIEKTPUUECTBO, XOTSI OHO M XapaKTepu3yercs OBICTPO YMEHBIIAIOMIEHCS CTOMMOCTHIO,
ocraercsi Haubosee 3aBUCUMBIM OT OJaronpUATHBIX IKOHOMHUYECKUX YCIOBUM BHUJIOM TEXHOJOTHU M
BUD. Conneunsie BoJOHArpeBaTeNd B HACTOSIIEE BpPeMs KOHKYPEHTOCHOCOOHBI BO MHOT'HX
peruonax EC.
Buiet BO306HOBIIIEMOI! SHEPTUH
BerposHepretuka B HacTosiee BpeMs SBISETCS OAHOM M3 HauboJiee JUHAMUYHO PAa3BUBAIOIIUXCS
TEXHOJIOTUH T€HEPALMU 3JIEKTPOIHEpPrun. B OTIEnbHBIX MECTax C XOPOIIMMH YCIOBHUSIMH BETpPA
BerpoasiekTpocTanuu (BOC) yxke celiyac SKOHOMUYECKH BBITOJIHBI U KOHKYPEHTOCIIOCOOHBI.
HecmoTps Ha rnoOanbHBIE 3KOHOMUYECKHH KpU3HC, MOIIHOCTh YCTaHOBIEHHBIX B 2009 r.
BETPOYCTAaHOBOK COCTaBWJIa pekopaHoe 3HaueHue B 38 I'Bt, TakuMm o0pa3om, ux cymMapHas
MOIIHOCTh B mMupe cocrasuia 159 I'Bt. [11]. JIugepom peiHka BeTpoycraHoBok B 2009 r. cran
Kuraii, kotopsiit ycranoBun 13,8 I'Bt HoBbix MomtHOCTeM, qoctur 25,8 ['Bt. CIIIA ycrtanoBunu B
2009 r. okono 10 I'Br, eBponeiickuii muaep I'epmanns ycranosuna 1,9 I'BT, 1ocTUTHYB cyMMapHOI
MougHoctH 25,8 I'BT. K 1pyrum eBporneiickum crpaHam, aKTUBHO Pa3BUBAIOLIUM BETPOIHEPIETUKY,
oTHocATcs Mcnanus, Uranusa u Opannus.
OcHOBHas 4acTh TAaKUX YCTAHOBOK MPUMEHSAETCS sl MPOU3BOJICTBA 3JIEKTPOIHEPTUHN KaK B €UHOU
SHEPrOCUCTEME, TAK U B ABTOHOMHBIX CUCTEMAX.
IIpu ckopoctu BeTpa Up 1 IIIOTHOCTH BO3AyXa p BETPOKOJIECO, OMETAIOIIEE MJIOUIaAb A, pa3BUBACT

MOIIIHOCTD:
3

P = C,PHT
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rae Cp, — mapamerp, XapakTepu3yomuid 3p(HEeKTUBHOCTh MCIOJIb30BaHUSI BETPOKOJIECOM SHEPIUHU
BETPOBOTO TIOTOKAa H HAa3bIBaeMbIi KOA(PGHUIMEHTOM MOMHOCTH. OOBIYHO CpPEJHEr00Bas
MOII[HOCTh, CHHMaemasi C €JUHMIbI IUIONIaJM BETpoKojeca, mpomnopuuonaibHa Cp,, TIOTHOCTH
BO3/lyXa M KyOy cpesHeil ckopocth, T.e. P ~ C,p 3()°.

MaxkcumanbHasi MPOEKTHAas MOLIHOCTh BETpOldHeprernyeckoil ycranoBku (BOVY) paccuutsiBaercs
JUIsl HEKOTOPO# cTaHJIapTHOU ckopocTu BeTpa. OOBIYHO 3Ta CKOPOCTh paBHa mpumepHo 12 m/c. B
TakoM ciydae ¢ 1 M? oMeTaeMoii IIomaay cHuMaeTcs nopsiaka 300Bt npu 3rauennu Cp ot 0,35 110
0,45. B tabn. 3.2 npexncrasiieHa kiaccu(uKalys U OCHOBHbIE XxapakTepucTuku BOY pasnuunbix
KjlaccoB. B paiioHax ¢ OaronpusiTHBIMM BETPOBBIMU YCIOBUSIMH CPEIHET0J0BOE MPOU3BOJCTBO
ANEKTPOIHEPTUH cocTaBisieT 25...33 % ero MakCMMaJIbHOTO MPOSKTHOTO 3HAUCHUS.

Ta6numa 3.2
[TapameTper BDY paznudHo#l MpoeKTHON MOIIHOCTH NPU CKOPOCTH BeTpa 12 m/c
Knacc B3Y PacueTHasa (npoekTHas) | AuameTp BeTpokoneca | Mepuog BpaweHuaT, C
MOLWHOCTb, KBT
Manble 10...25 6,4..10 0,3..04
CpenHue 10...100...150 14...20...25 0,6..09..1,1
Bonbwue 250...500...1000 32..49...64 1,4..2,1..31
OyeHb bonblune 2000...3000...4000 90...110...130 3,9..4,8.5,7
ITo HEKOTOPBIM ~ JaHHBIM  TEOPETHYECCKUU BeTponoTeHiuan Kazaxcrana

cocTaBiisieT okoi0 1820 muipa kBT 4 B roa. {15 TOUHOM OLIEHKH BETPONOTEHIMAIA IEPCHEKTUBHBIX
MECT CO3/1aH BeTpoBoil arinac KazaxcraHa, ryie Ha KapTe MoKa3aHO pacrpeesieHue CKOPOCTH BETpa.
[TepBbIe TIOMIAAKHY JUISI COOPYKEHUS BETPOBBIX AnekTpocTanmuii (BOC):

1) Jxynrapckas BOC - 40 MBr.

2) Illenexckas BOC - 140 MBr.

3) Capniuexckas BOC - 140 MBr.
4) Anaxonsckas BOC - 140 MBr.

5) Kapoiickas BOC - 20 MBr.

6) lenreasauuackas BOC - 20 MBr.

7) Kypnaiickas BOC - 20 MBr.

O6mas momHuocTs — 520 MBT, Beipadotka — 1,8 + 2 mupa kBt'4u B ro.

BerporeneparopHble yCTaHOBKM  BBIMYCKAIOTCA PA3IMUYHBIX KOHCTPYKUMH W TuUnoB. OHH
KJIacCU(UIUPYIOTCS TI0 IBYM OCHOBHBIM MPH3HAKaM — T€OMETPHU BETPOKOJIECA U €T0 TOJIOKEHUIO
OTHOCHTEIJILHO HarpaBiieHHsI BeTpa. Eciin och BpallleHusl BETpOKOJeca MapauieiibHa BO3IYIITHOMY
MOTOKY, TO YCTAaHOBKAa HA3bIBACTCSl TOPU3OHTAILHO-OCEBOM, €CIM MEepPHeHAUKYIsIpHA —
BEepTUKaIbHO-0ceBoU (puc. 3.4). Kaxknas u3 yka3aHHBIX CHCTEM XapaKTEepPH3yeTCs KaK CBOMMH
MPEUMYILECTBAMU, TaK U HEJOCTaTKaMU. BONBIIMHCTBO MOIIHBIX COBPEMEHHBIX BETPOYCTAaHOBOK
oTHOCATCS K BOVY ¢ ropmsoHTalbHON OCHIO BpalieHus. BeTporeHepaTopsl COBPEMEHHOTO THIIA
MMEIOT TPEXJIOMACTHOE BETPOKOJECO, HAMpaBiIsieMOe€ Ha BETep C TOMOIIBIO CIEHATbHBIX
JIBUTATENECH, yIpaBiIseMbIX KOMIbIOTEpaMU. BbicOTa MayThl MPOMBIIUIEHHOTO BETpOTeHepaTropa
Bappupyetcs B nuanazose oT 60 50 go 100 m u Beie. Berpokosneco cosepuraer 10-20 noBopoToB
B MUHYTY. B HEKOTOPBIX CHCTeMax MPUCYTCTBYET MOJAKI0YaeMasi KOpoOKa mepesad, Mo3BOJISFOIIast
BETPOKOJIECY BpallaThCs OBICTpee WM MeIJIEHHEe, B 3aBHUCHMOCTH OT CKOPOCTH BETpa, IpH
COXpPaHEHHWU peXHMa BBIPAOOTKH DJIEKTPOIHEpTruu. Bce CcoBpeMeHHBbIE BETPOTE€HEPATOPHI
OCHAIIEHBI CUCTEMON aBTOMATUYECKOW OCTAHOBKH HA CIy4aid CIMIIKOM CHJIBHBIX BETPOB.



ONTUSTIK-QAZAQSTAN ole SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYyCTiK KasakcTaH MeavuvHa akanemusicel» AK N Y/ AO «HOxHo-KasaxcTaHcKas MeAVUMHCKAS akaaemMus»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcsl, ICTOYHUKA W METOJIBI TIOTYICHUS

3lctp. u3 174

Pucynok 3.4 - BeTpoycTaHOBKH ¢ TOPU3OHTAILHOM (a) M BEPTUKAIBLHOH (0) OCBIO BpaIleHUs

Hcnonp3oBaHne SHEPTUH COTHIA

B 3aBUCHMOCTH OT MpPHUMEHSEMBIX TEXHWYECKHX DPEUICHHW BBIJCISIOT AKTUBHOE M TTACCUBHOC
WCTIOJb30BaHNE COJTHEUHOHN »Hepruu. IlaccuBHOe mcnonb3oBanue dHeprun CONHIA TPEoiaract
OTCYTCTBHE CIICIIUAIBHBIX TEXHHUYECKUX YCTPOMCTB M JIOCTUTACTCS MPUMEHCHHEM CIeIHalbHbBIX
AJIEMEHTOB WJIM APXUTEKTYPHBIX PEHICHHH Ui 3(PQPEKTHBHOTO WCIOJB30BAHMS  COJIHEYHOM
SHEPTHUH.

B cBowo ouepenp, akTUBHOE HCIONb30BaHHe SHepruu CoyHIa MPEANoaraeT HCIOIb30BaHHE
CTCIUATBHBIX TEXHHYECKHX YCTPOUCTB:

— (oToneKkTprUECKIX MOMIYJCH Ui MpeoOpa3oBaHWE COJTHEYHON SHEPTUU B DICKTPUYCCKYIO
(dpoToBONBTANKA);

— COJIHEUHBIX TEIJIOBBIX KOJUIEKTOPOB, MCIOJB3YIOMIUXCS Ul HArpeBaHUsl TEIJIOHOCHUTENs, TU00
JIPYTUX PELIeHUH 715 HEIOCPEICTBEHHOTO UCIIOJIb30BaHUS TEILIA.

@doTtosnekTpruecTBO. Hapsimy ¢ BeTpOIHEpreTHKO#, TeHepamus 3JIEeKTPOIHEPTrud 3a CHeT
HEMOCPEJCTBEHHOTO IMPEo0pa3oBaHUs COJHEYHOW SHEPruu MOCPEACTBOM  (DOTOINEKTPUUECKUX
Moxynel ((hoToBOJbTaMKa) SBISETCS HA CETOAHSIIHUNA JIeHb OJHUM M3 Hauboyee OBICTPO
pasBuBaromuxcsi cektopos BI3. B To xe BpeMs ce0eCTOMMOCTh MOTy4aeMOi 3JEKTPOIHEPTUHU OT
COJIHEYHBIX YCTAHOBOK 3HAYMUTEIBHO MPEBBIINIAECT TOT Mapamerp Ul APYTUX BO300HOBIISEMBIX
HMCTOYHUKOB DHEPTHH.

Oueprus conHna Kazaxcrana wuMeeT OnarompusiTHble KIMMAaTHUYECKHWE YCIOBHUS JUIS €€
WCIOJIb30BAaHUs MIPAKTHUECKHA Ha Bceil Tepputopuu. KonmuecTBo sHepruu, mpuxonsumieiics Ha 1
KB.M TOPHM30HTAJIbHOW TOBEPXHOCTH B HIOJE MeECAIE, COCTaBisAeT B cpeaHeMm ot 6,4 mo 7,5
KBT'4 B JieHb.

HesaBucumo oT reorpadudeckoro pacmoioxenus KazaxcraHa, pecypchbl COJNHEYHOW JHEPTHH B
CTpaHe SBJSIOTCS CTaOWIBHBIMH ¥ TPHEMIEMBIMH, Onarojaps OIarompusiTHBIM  CYXUM
KITMMATHYECKUM YCJIOBHSIM, YTO J€JIaeT BO3MOXKHBIM CO3/IaHHE€ TAHENHU COJIHEYHBIX OaTaped B
CENIbCKOW MECTHOCTH, B YACTHOCTH, MOPTATUBHBIE CUCTEMBI (POTOINEKTPOUCTOUHUKOB. [Ipu Takom
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YpOBHE SHEPrUM MEpPCHEKTUBHBI COolHEuHble HarpeBatenu BoAbl (CHB), ocobeHHO B OTIENbHBIX
pailoHax, He UMEIOLIUX J0CTyIa K ra30BOMY TPyOOIIpOBOY.
[loTeHumanpHBI ypOBEHb MOTOKA AHEPrUM Ha Bced Teppuropun Kaszaxcrana cocrasnser 1 TpiH
KBT'u. VYpoBeHb BO3MOXKHOIO HCIOJB30BaHUS IIOTOKA OHHEPrMU IO YCJIOBUSIM DKOJIOTUU
coctaBisier 1 TpauH. kBtu (mpm KIIJ mnpeoOpazoBanuss 100%). IloTeHumnassHO BO3MOKHAS
BbIpaboTKa Ha ©0a3e (oTompeoOpa3oBareneil MpU BO3MOKHOM CyMMapHOM  MOIIHOCTH
renmodniekrpocranimit 2500 MBT cocrarmsier 2,5 mupa kBT u/ron.
Haubonee mnpeanmodrurensHble paiOHBI pa3MENICHUS TeIMOAIeKTpocTaHnmii B Kazaxcrane —
[Tpuapanse, Koi3putopanuckas u TypkecTanckast o0aacTu.
Bupl mpeobpazoBatesieli COJIHEUHOM SHEPTUN
Pa3znnyaroT Tpu OCHOBHBIX MPeoOpa3oBaTessi COJHEUHON SHEPIHU B AIEKTPHUECKYIO:

- (orosnexTpuueckue mpeobdpazoparenu — OIII;

- remuoanekrpoctanimu (I'EDC);

- conHeuHble KosuiekTophl (CK).
[TonynpoBoaHuKOBBIE  (poTO3NEKTpUUeckne mpeobOpazoBatenu (DOII) sBusgioTcst Haumbosee
3¢ GEeKTUBHBIMU C PHEPreTUYEeCKOM TOUKM 3pEHHUs] YCTpOMCTBaMH JJsi MpEBpAllleHHs] COJIHEYHON
DHEPIUU B DJIIEKTPUUECKYIO.

ANIOMUHIEBAS NOANOKKA
(nonoxuTensHsii anexTpon)
KpemHUeBbIit P-CNOI

n-cnoit

3aUMTHO® aHTUBNVKOBOE CTEKNO
OTpULATENLHLI aNeKTPOs

Pucynox 3.5 - [IpocTeiias KOHCTPYKIHsI COTHEYHOTO eMenTa (CD)

[Ipu xapakrtepnoit mia PIII paBHOBecHoU Temmeparype nopsaka 300-350 K u Temmneparype
Connma oxkono 6000 K, ux mnpenensHbiii Teopernueckuit KII > 90%. Dto o3nagaet, 4TO, B
pe3yinbTaTe ONTHUMH3ALUN CTPYKTYphl M TapaMeTpoB MpeoOpazoBaTels, HAMpPaBICHHONW Ha
CHIDKEHHE HEOOpaTUMbBIX TOTEpPh JHEPIHH, BIOJHE pEalbHO YAACTCS MOJHATH MPAKTUYECKUIN
KILJ no 50% u 60xee (B nabopatopusix yxxe gocturayTt KI1J1 40%).

I'enmuosnexTpocTaHuu (FEB3C) - COJTHEYHBIE YCTaHOBKH, WCIIOJIE3YIOIINE
BBICOKOKOHIIEHTPUPOBAHHOE COJHEYHOE W3IydeHUE B KauecTBE DHEPTUM MJis TPUBEICHHUS B
JeCTBHE TEIUIOBBIX MAIIWH (IApOBOM, Ta30TypOMHHOM, TEPMOAJIEKTPUYECKOW U Jp.).
ConneuyHasi (POTOIIAEKTPOCTAHIIMSI METABATTHOTO

YPOBHSI COACPKHUT HECKOJIBKO IWHUN (HOTOBONBTAUYECKUX TaHeNed (CONHEYHBIX MOJYJei),
YCTaHOBJICHHBIX Ha CUCTEMY MOHTHUPOBKH (PUCYHOK 3.6).

ConHe4yHbIn
moaynb

KonTponnep

o

Batapes SnekTpoobGopyaosaHue
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Pucynok 3.6 — CtpykTypa COTHEUHOH (HOTOAIIEKTPOCTAHITUH

Kaxxnast nuHus noAkiIoueHa NMOCPEACTBOM Kalennel MOCTOSIHHOTO TOKa K HMHBepTepy. MHBeprop
npeoOpa3yeT TOCTOSHHBI TOK B TIEPEeMEHHBIH, KOTOPBIH MHUTAeT 3JIEKTPOOOOPYIOBaHHE
(moTpebuTeNnu MEKTPOIHEPTUN ).

ConHeuHble KOJIIEKTOpHI - ycTpoicTBa Juisi cOopa TermnoBoil sHepruu CoHIa, MEPeHOCUMOM
BUJIUMBIM CBETOM U OJMKHUM MH(QpakpacHbIM u3nydeHHeM. KoJuleKTop Tak e CIIyKUT JUIs
reperayd Temja TEeIIOHOCUTENI0, TEeIJIoTa KOTOPOro pacXoAyeTcsi Ha HYXAbl TOpsSYero
BOJIOCHA0KEHHU, OTOIUICHUS U mojorpea OacceifHa. [IOCKMIl CONMHEYHBIH KOIEKTOP COCTOUT U3
CTeKJIa WM MpPO3PAavyHOro MOKPBITHS W3 IUIaCTUKA (OJUHAPHOTO, JIBOMHOIO WM TPOMHOTO)
(pucyHok 3.7), TEMJIONPUEMHHKA C KaHAJIaMU JJIS1 IUPKYISILIUK BOJIBI.

aexno ¢
TIOKpBITHEM.

BLXO HATpeTOrD
TemonoaTens

abcopbep
TennoN3ONAUMA

Kopnyc

MeAHbiE TPyOK

BXOR TeNnOHOCHTENS

Pucynoxk 3.7 — KoHCTpYKIIHS TUIOCKOTO COJTHEUHOTO KOJIJICKTOpa

CoutHeuHbIe (POTOIITEKTPUICCKUE TPEOOPA30BATEIH.

B nacrosiiee Bpemst B Kazaxcrane u B Mupe HauOoJIblee pacipocTpaHeHHE OTYYMIH 1A BUIA
COJIHEUHBIX SHEPreTUYECKUX YCTAHOBOK:

1) cosHEeUHbBIE KOJUICKTOPHI;

2) conHeuHbIe (POTOIICKTPUYECKHE TIPEOOPA30OBATEIIH.

doTosnekTpuieckuil  npeobpaszoBarenb  (oTodnmeKkTpuueckas — A4eika,  (HOTOIIEMEHT) —
AIIEKTPUYECKOE YCTPOMCTBO, KOTOpOE JCHCTBYET Kak ImpeoOpa3oBareib, H CIYXHT IS
npeoOpa3oBaHUs YaCTH MOTOKA JIEKTPOMATHUTHOTO W3JTydeHHs (Kak MPaBHJIO, BUIUMOTO CBETAa U
MHOPPAKPaCHBIX  AJIEKTPOMATHUTHBIX  BOJH) B  DJEKTPUYECKYI) OSHEPrHI0 C  IOMOIIBIO
dboToanekrpuueckoro 3ddekra. Padora doTornexkTpuueckoro mnpeoOpa3zoBareiss OCHOBaHA Ha
BHYTpPEHHEM (OTO3IeKTpruiIeckoM 3hdexte B monynpoBoaHukax. B ¢oTosnemenTe cBoOOAHBIC
MOJIOKUTEIIbHBIC (JBIPKK) M OTPHUIATEIBbHBIC (JJIEKTPOHBI) HOCUTEIH 3apsiga 00pa3ylTcs B
pe3ynbTaTe B3aMMOJCHCTBHUS TMOIYMPOBOJHUKA C SIEKTPOMArHUTHBIM H3JIy4€HHEM, a 3aTeM
pa3nensoTcs MojA ACUCTBUEM JIIEKTPHUYECKOTO TOJS, BO3HUKAIOIIETO BHYTPH AJIeMEHTa. Takum
o0pa3oM, TMOTIOIIEHUE HW3IYy4eHUS B HACATHHOM TMOJYIPOBOJHUKE MPHUBOIUT K TOSBICHUIO
ANIEKTPOH-IBIPOYHON Taphl, BpeMs >XWU3HHU, KOTOPOH 3aBHUCHUT OT CTPYKTYPHOT'O COBEpIICHCTBA
MOJIYIPOBOAHUKOBOTO MaTepuana. [Ipoliecc aHHUTHISALNU AIIEKTPO-IBIPOYHBIX Map Ha3bIBAETCS
pexomOuHanuen. V3nydeHne HE BCSKOM YacTOTHI BBI3BIBAET T€HEPAIUIO AIEKTPOH-IABIPOYHON
mapel, a TOJIBKO TAKOW, Y KOTOPOTO DHEPrHs JOCTATOYHA JUIS Pa3pPYIICHHS CBS3U SJICKTPOHOB C
saapoMm aroma. [lpomecc ompenensieTcss HE TOJIBKO XapaKTEPUCTUKAMU DJICKTPOMArHUTHOTO
W3ITy4YeHUs], HO ¥ CBOMCTBAMU TOJIYIIPOBOIHUKOBOTO MaTepuana, odTOMY He BCE TOTYIPOBOIHUKI
SIBJISTFOTCSI YYBCTBUTEILHBIMH K K TAKOMY OOIY4EHHUIO.
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YcrpoicTteo hoToanementa

Pucynox 3.9 — YeTpoiicTBO COTHEYHOTO dIIeMeHTa

I'maposnepreruka

['uaposHepreTuka sBisieTcss Haubojiee pa3BUTOM OOJACTHIO HHEPreTUKH Ha BO300HOBIISIEMBIX
ucroyHnkax. OOBIYHO TOJ TEPMHHOM «THAPOIHEPreTHKA» MOHUMAIOT OOJacTh SHEPTETUKH,
KOoTopasi mpeoOpaszyeT SHEeprur0 majaroledl Win JABMKYIIEeHcs Boabl. Yamie Bcero sta 3Heprus
npeobpazyeTcsi B dIeKTpuyeckyo. HecMoTpst Ha TO, 4TO THAPOIHEPTreTHKA PAa3BUBACTCS BOT yiKE
6onee 120 set, u cymMmmapHas MOIIIHOCTh BCEX THIPOTEKTPOCTAHLIMNA MUpPa COCTABIIAET TPUMEPHO
500 000 MBT, ona ycnemHo pa3BuBaercd M B nociaeanue 20 JieT yBEIUYMBAET CYMMAapHYIO
MomHOCTh Ha 5% B roxa. [loTeHnmanmbHbIE BO3MOXHOCTH THIPOIHEPTETHKH OICHUBAIOTCS
npumepHo B 1,5x1012 Brt. Odenp Oomplime 3amachkl THAPOPECYpcoB mMeroTcsi B Kazaxcrane, B
gactHocTH AO «Ilappapunckas ['9C», AO «Motinakckas ['DC» u ap.

'eoTrepmanbHasi DSHepreTMka — HaMpaBJICHWE DSHEPreTUKHU, OCHOBAaHHOE Ha IPOU3BOJCTBE
AIEKTPUYECKON W TEIJIOBOM DHEPTHH 3a CUET TEIUIOBOM PHEPIHM, COJEpkKAUIEHCS B HEAPAX 3EMIIU.
l'eorepmanbHasi  dHEpPreTHKa  XapakTEepU3yeTcs  psIoM  TpeuMmyliecTB. [ eoTepmalibHbIE
anektpoctanuu (I'eoDC) moryr paborarh 24 yaca B CyTKH W, TaKUM 00pa3oM, MOTYT CHaOXaTh
ANeKTpodHeprueil  6a3oByro Harpy3ky. KIIJ[ reHepammu 5SJIeKTpOdHEpPrMM U Telia Ha
KOMOMHHUPOBAHHBIX I€OTEPMANIbHBIX CTaHLHUAX cocTaBisieT 10 97 %. Bcenencrsue Toro, 4ro IeHa
AIIEKTPOIHEPTHH, Mpou3BeaeHHON oT ['e0DC, CUIIbHO 3aBUCUT OT XapaKTEPUCTHK T'e€O0TEPMaIbHOTO
pe3epByapa, MOTEHLIMAN TeoTepMallbHOM 3HepreTuku B EBpome He Tak BeIMK, KaK B JAPYrUX
cTpaHax Mupa (Hanmpumep, B A3uu win FOxHo#t Amepuke).

Opannucko. OOmas miomaab TEPPUTOPUM, HA KOTOPOM paclOJOKEHbI TeoTepMabHbIC
VICTOUHMKH, COCTaBIIseT 78 KM2. DHeprus OT STUX HCTOYHMKOB II03BONSET obecreunts 60 %
MOTPEOHOCTHU B DIIEKTPOIHEPTUHU CEBEPHOro nodepexbs KanudopHuu.

- Bomusu ropona llemvkent, JxxamOyn, Keizpui-Oppa, rayouna 1200-2100 M, Temneparypa 45-
80°C, obmas MuHepanu3anus 1 r/i.

-  JHomuna pexku Yy u ceBep mnycthiHU Koi3pul-Kym; reorepmanbhbiii rpagueHT 35°C/kM,
temiieparypa 80-90°C, o6mas Munepanuzanuei 1,5 r/m.

- Honuna pexu Unu (IlandunoBckoe mose); MenoBble BOJOHOCHBIE TOPU3OHTHI - Tirybuna 2000-
3500 M, Temmeparypa 90-115°C, oOmas muHepanuzamus 1,5 r/m, pacxon 20-90 n/c; Oomee
riy6okuii (4500 M) BOJOHOCHBIN TOPU3OHT OBLIT OMpeIeNieH paccoioM Temmepatypoii 170°C.

- OkpectHOCTH roposia Anmartsl; rimyouna 2500-3500 M, remnepatypa 80-120°C.

- Tanneikypranckasi 0051acTh; ObUIO OOHAPYKEHO 3HAUUTEIbHBIE pecypchl ropsyeit (90°C) Bopl.

- [Inato Yctiopt (oxosio mobepexbs Kacnuiickoro Mopsi); AaHHBIE OT HEPTSIHBIX CKBAKUH yKa3alH
Ha 3HAYUTENbHBIE pecypchl ropsyeil Boabl (> 120°C). IloTeHnnan TEmIOBBIX BOJHBIX PECYPCOB
Kazaxcrana ouenuBaetcs Ha gaHHbId MOMEHT B 4500 MBT. Jloka3aHHbIe pecypChl IPUTOIHBIE IS
npousBojicTBa dnekrpodHeprun (IlandunoBckoe mone) cocraBmsitor 12MBT ans  MenoBoro
BOJIOHOCHOTO TOPU30HTa, a g OoJjiee TIyOOKMX BOJOHOCHBIX TOPU30HTOB CYIIECTBYET
HEO0OXOUMOCTh B JaJIbHEHIIeM ucciaeaoBanuu.[10].

Tabmumna 3.3
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Hcnonp3oBanne 3¢ (eKTUBHOCTH T€0TEPMATbHOM SJHEPTUHU B IPOMBIIIJICHHOM CEKTOPE:

3HayeHuMe TemMnepaTypbl reoTepmanbHon Bogpl, °C

bonee 100

Menee 100 CuCcTeMbl OTOMN/IEHUA 34aHWIA U COOPYIKEHWI

Okono 60 CucTembl ropsvero BOA0CHabeHus

Huxke 60 CucTeMbl reoTepMasibHOro Tena0CHabXeHusa Tenauu,
reoTepmMasibHble X0/104M/IbHble YCTAHOBKM U T.1.

buosnepreruka

[Ipomnecc momy4yeHust Ouoraza u OWOYMOOpEHUs] W3 CHIPbS Ha3bIBAIOT (epMEHTAIMen, WIn
METaHOBBIM cOpakuBaHueM. COpaXWBaHWE CBIPbS MPOUCXOTUT B TPH dTama B pe3yJbTare
Pa3JOKEHUsI OPraHMYECKUX BEIIECTB JIBYMS OCHOBHBIMH TPYIIIaMH MHKPOOPTaHU3MOB —
KHACIIOTHBIMU M METaHOBBIMH. broras siBisiercsi mpoaykToM oOMeHa BEIeCTB OaKkTepuid, KOTOPHIH
BO3HHUKAET, KOTJa OHU pasjlaraloT opraHuudeckuii cyocrpar. Ha mepBom stame (rmaposin3) Ha
OpraHUYecKOe BEIICCTBO BO3ACHUCTBYIOT BHEKJIETOUHBIE (DEPMEHTHI MUKPOOPTaHU3MOB (KJIETUATKa,
aMuiasa, TpoTeasa W Jmmasza). Ad’poOHbIE OakTepuud C MOMOIIBI (EPMEHTOB MPeoOpaszyroT
BBICOKOMOJICKYJISIPHBIE OpraHnudeckue cyoOctaHuuu (Oenok, yrieBoabl, 91 >kup, HEUTI0N03y) B
HU3KOMOJIEKYJISIPHBIE COCTMHEHUS, TakKhe KaK MOHOCaXapul, aMUHOKHUCIIOTHI, KUPHBIE KUCIOTH U
Boay. Ha BTOpOM 3Tame KHCIOTONpOaylupyrolue OakTepuu MOTYT OCYILECTBISAThH AalibHEHIee
paznoxenue. [Ipu 3Tom B cOpakuBaeMoil cpenie MOSBISIOTCS MEPBUYHBIE MPOAYKTHI OpOKEHUS —
[JIaBHBIM 00pa3oM KHUpPHBIE KHUCIOTHI C KOPOTKOM IIenbio (KapOOHOBBIE KHCIOTHI, TaKUE Kak
ykcycHas kuciaota (CH3COOH), wmypaBpunas kucinora (HCOOH), wmacnsnas xuciota
(CsH7COOH), nponmonosas kuciora (CH3CH2COOH)), Hu3koMoJeKysipHbIe CIIUPTHI, TAKUE Kak
atanos (C2HsOH), u rassl, Takue kak yraekucisiii rasz (CO2), Bomopon (Hz), cepoBomopon (H2S) u
ammuak (NH3). 3arem Oaktepuu yKCYCHOM KHCIOTHI W3 OPraHMYECKUX KHUCIOT MPOU3BOMAST
UCXOJHBIE BellecTBa Jisi 00pa30BaHUs METaHa, a UMEHHO: YKCYCHYIO KUCJIOTY, YIJICKUCIbBIN Ta3 U
BOJOPOJI.

DOxoHoMuka Kazaxcrana sBisieTcsi OTHOM U3 KPYIHEHIIIMX

VYuuTbiBas TOTOBHOCTh pPbIHKa M HOBHU3HY TEXHOJIOTMI B pETHOHE, y Takux (epMm ecTtb [Ba
OCHOBHBIX BapHaHTa:

Bapuant A - 6uorazosas texuosorus mwioc TOL. B atom ciyyae depma OyneT ucmnonb3oBaTh Kak
HABO3, TaK U OTXOJbl CEIbCKOXO3SUCTBEHHBIX KYJIbTYp B KaueCTBE OpraHM4eckoil cmecu. Takas
CMECh OTIpABJISETCS Ha OMOTa30BYI0 YCTAaHOBKY Ui aHa3POOHOT0 COpaKMBAaHUS, U B PE3ylbTaTe
dbepma momydaeT ABa OCHOBHBIX MPOIYKTa: qUrecraT u Ouoras. /lurectaT MOXHO HCIIOJIb30BaTh B
KayeCcTBE YHCTOTO M BBICOKOKAYECTBEHHOIO yaoOpeHUs, KOTOpOe MOKHO BO3BpaIllaTh OOpaTHO Ha
0JIsl, B TO BpeMs Kak Ouora3 B komOuHanmu ¢ TOL 6yaer renepupoBaTh Kak IEKTPUUYECTBO, TaK U
TEIJIOBYIO SHEPruto Uit (epMmbl U cocenHux 3AaHui. OnHako, 06€3 PKOHOMMUYECKHX CTUMYJIOB
TaKOW BapUaHT HEAOCTAaTOYEH, MOCKOJbKY HEOOXOAMMBbIE HWHBECTULIUM B HWHOPACTPYKTYpy U
o0opy/noBaHHE BBICOKH, a CTOMMOCTb WPOU3BOJCTBa BbIpacTaeT Ha 60% B cpaBHEHUU C
MCIOJIb30BAHUEM TPAIUIIMOHHOTO TOTIHBA (YIJIs1) UTs TETIJIOCHA0KEHHS U TIOKYIKOW HE0O0X0AUMO
AJIEKTPOIHEPTUU U3 CETH.

Pucynox 3.11: Konuenius npeo6pazoBaHus CebCKOX035CTBEHHBIX OTX0I0B B Ouoras
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BapuanTt A - buorasosas TexHonorusa naoc MuHn-T3L

Pucynox 3.11 - Konnenmus mpeoOpa3oBaHusI CEIbCKOXO3HCTBEHHBIX OTXO0IOB B OMOTa3

Bapuant b - TemnmnoBas xoTenpHas yCTaHOBKa Ha OCHOBE OmomMacchl B 3ToM ciyuae, TomuiMBHas
CMECh B  OCHOBHOM  BKJIIOYaeT CyXO€ BENIECTBO - TIJAaBHBIM 00pa3oM  OTXOJbI
CEICKOX035MCTBEHHBIX KYIbTYp. TOMIMBHAS CMECh CKUTAETCS B KOTJIC B IEJISAX TETUIOCHAOKCHUS
u I'BC. DTOT BapuaHT MMEET MEHbIIIE MPEUMYIIECTB, YEM BapHaHT ¢ OMOra3oMm, HO u3-3a Oojee
HU3KUX WHBECTHUIIMOHHBIX 3aTpaT MPEACTaBIsSETCS OoJjiee OCYIIeCTBUMBIM. TeM HE MeHee, OH
oboiinercs Ha 30% moporxke, 4eM UCTOIB30BAaHUE TPAJAUIIMOHHOTO TOTIITUBA.

BaPMaHT b - TennoBas koTenbHas ycTaHOBKa Ha ocHoBe 6uomaccol

Pucynok 3.12 - KoHnenmmsi mpeoOpa3oBaHus CENbCKOXO3IUCTBEHHBIX OTXOJIOB B OHOTEIJIOBYIO
SHEPrUI0

i Jobpuamarem

Pucynox 3.13 - Cxema GMOra3zoBOro 3HepreTHYeCcKoro KOMILIeKca
4. AnnocTpaTuBHbIN MaTepuas: [ NpoBeIeHUS 3aHATHS HCIIOIb3YETCs CIenyolee
MaTepHalIbHO- TEXHUYECKOE obecrieueHne: HOyTOyK, MyIbTUMEAUHHBINA TIPOEKTOP, SKPaH.

5.JIuteparypa:
OCHOBHas
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6. KonTpoJs (Bonpocsl, 3a1a4u, pemieHue)

1. TlepedncnuTh OCHOBHbIE HCTOUHUKU MH(DOPMAIIH O BO30OHOBISEMBIX UCTOYHUKAX SHEPTUH

2. Onmcath  NPUYUHBI 3arpsA3HeHusl  OKpyxkawomed cpeapl. llepeuncnure  oTpacim
IIPOMBIIIJIEHHOCTH M TPaHCIOPTA.

3. Omnwucare HEJOCTATKH HEBO30OHOBIISIEMbIX HCTOUHHKOB SHEPTHUH.
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4. OOBACHUTH NPUYMHBI TAPHUKOBOTO 3P PeKTa, MpodsieM KUCIOTHBIX 10K 1eH, POTOXUMUYECKOTO
cMmora.

[lepeuncnuth BpeaHbIE BEIIECTBA, BPEIHO BIUSIOUINE Ha OKPYKAIOLIYIO CPEAy.

[TosicHUTH BO3MOXHOCTH pa3BUTHsL BETposHEpreTHKHU B Kazaxcrane.

[TosicHUTH BO3MOKHOCTH pa3BUTHs UcOb30BaHus sHeprun Connua B Kazaxcrane.

OOBACHUTH NPUHLMI NPeoOpa30BaHMs COJTHEUHBIX U3JIy4YE€HUH (COTHEYHBIN AIEMEHT).
OOBICHUTDH TIPUHITUI TOTYUEHUS YHEPTUH € TIOMOIIBIO (DOTOIIEKTPUUECKOTO MTPEOOPa30OBAHUS
10 [TosicauTh MOoTEeHMAN pa3BuTHs OMosHepreTHKU B Kazaxcrane.

©oo~No O

Jlexnus 4

1. Tema 4. IlpupoaHoe OpraHnYecKoe TOMJIMBO U OCHOBBI MPOIECCOB IOPeHUs!

2. lleab: OCBOUTH OCHOBHBIE MIOHATHS MIPUPOIHOTO TOILTUBA H OCHOBBI IPOIIECCOB TOPEHHUS
3. Te3uchl JieKUMU:

[IpuponHOE OpranruecKkoe TOTUTMBO U OCHOBBI TIPOIIECCOB TOPEHMUSI

XapakTepUCTUKH OPTAaHNYECKOTO TOTIIMBA U MPOTIECCHI €TI0 TOPEHUS

DJIeMEHTapHBIN COCTaB TBEPJOTO M KHIKOTO TOTUINB

OcHOBHBIE CTaIMU TIPEBpaIeHNs TBepA0To TormBa. Cocras.

TeroTa cropanus TOIUIMBA

AN

IIpupoaHoe opraHuYecKoe TOIIMBO H OCHOBBI POI[ECCOB I'OPEHHs

B TpamuniMOHHOW SHEPreTUKE MPUMEHSIOTCS 2 THMA TOIUIMBA — OPraHUYECKOE U SIAEPHOE.
HecmoTpss Ha TO 4TO €O BTOpOM MOJOBHMHBI XX B. fJIEpHAs SHEPreTUKA pa3BUBACTCS OYEHb
aKTHBHO, JOJIsI OPTaHMYECKOTO TOproYero B oOmiel CTpykType npeobnamaer. B Hacrosmee Bpems
TO OCHOBHOW MCTOYHHMK JJIsi IPOU3BOJICTBA TEIUIOBOM M AJIEKTPHYECKOW SHEprum. Bceero
YEeJIOBEKOM TIPUMEHSIETCSl OKOJIO JBYXCOT €ro BHWJIOB, KaKIOMY M3 KOTOPBIX MPHCYIIH CBOU
XapaKTEPUCTUKH U TIOKA3aTEeIH

CymiecTByeT HECKOJIBKO KJIACCH(HMKAINN OpPraHUYecKoro TorumBa: [1o MpOUCXOKIACHUIO:
€CTEeCTBEHHOE (ITPUPOTHOE); UCKYCCTBEHHOE (TT0JTydaeMoe TIpH repepaboTKe MPUPOTHOTO).

[lo obGyacTH WCMOJB30BAHHS: DHEPreTHYeckoe (Il BBIPAOOTKH DIIEKTPOIHEPTUU U
TEIUIOTHI); TEXHOJIOTUYECKOE (JIJ1s1 IPOU3BOJICTBA PA3IIMUHBIX MPOMBIIUICHHBIX TPOYKTOB).

I[lo ¢usuueckoMy  cocrosiHMIO  BemecTBa (B CKOOKax  yKazaHbl  HauOolee
pachpocTpaHeHHbIe): KHUAKoe (Ma3yT); TBepHoe (MCKOIMaeMble YIiH); raz000pa3sHoe (IPHUPOIHBIHA
ra3). [lo «cpoky >ku3HM»: BO30OHOBIIsieMOE (IpeBECHHA, PACTEHMs); YCIOBHO BO300HOBISIEMOE, Y
KOTOPOTO TEPUOJI HAKOIICHHS B 3E€MHON KOpPE COCTAaBJISIET HECKOJBbKO Thicsad JieT (Topd); He
BO300OHOBIIsIEMO€ (KaMEHHBII yroJib, CIaHLbIL, He(Th, ra3).

Y HeBO30OHOBISEMBIX HCTOYHUKOB TOPIOYErO TEpUOJ HAaKOIUIGHHS BO MHOTO pa3
MPEBOCXOAUT MPENoIaraeMblii CpoK MOTPEOICHHUS.

[Ipupoanrbie BHUIBI OPraHUYECKOTO TOIUIMBA MOJPA3NEISIIOT Ha CIEAYIOIINE TPYIIIbL:
Hckonaembie (M3BieKaeMble M3 HEAp): KAMEHHbIM W Oyphlif yroyib, NPUPOIHBIA Ta3; Topd;
aHTpaluT; He(Th, roploYne CIaHIBl U Apyrue. VckyccTBeHHBbIe: OSH3WH; KEPOCHH; CIAaHIIEBOE
Macjo; TOIUTUBHBIE OpUKETHI; APEBECHBIM Yrolib; THAPOJU3HBIA JIMTHUH; OTXOJIbl MHIIEBOMH,
CEJIbCKOXO3SUCTBEHHON W IIeJUTFOJIO3HO-OYMaKHON TMPOMBIIIIEHHOCTH; Ma3yT; Ta30BO€ TOIUIMBO,
MoJiydaeMoe B BUJe TOOOYHOTO MPOIYKTa IpH MepepaboTKe TOPIOYUX CIIAHIIEB, BHIIJIABKE YyryHa,
MUPOJN3e W JAPYruX TEXHOJOTHYECKHX TMpoIleccax; OTXOJbl JepeBomepepadaThIBAIOIINX
MPOU3BOJICTB (CyXHe OMUIIKH, CTPY’KKA, KYCKOBBIE OTXO/IbI).
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N3 cenbCKOX035IIICTBEHHBIX OTXOJ0B Yallle BCEro MPUMEHSIOTCS CIEAYIOUIUE: JTy3ra CeMsiH
MOJICOJIHEUHHMKA; WIeJlyXa IPEYKd; JIy3ra pucoBas; cojioma. Tak Kak 00BbEM ATHX HCTOUYHUKOB
HEBEJIMK, TO OHM Yallle BCEro UCMOJIb3YIOTCS B KAUE€CTBE TOIIMBA JJIl MECTHBIX KOTEIbHbIX.

CoriacHO Hay4YHBIM MPECTABIICHUSM, BCE BHUJIbl OPraHMUECKOI0 TOILUIMBA 00pa30BaJIUCh U3
pPacTUTENBHBIX OCTATKOB WU MUKPOOPraHU3MOB, KOTOphie cymecTBoBaim oT 500 Thic. 10 500 MiH
neT Ha3aj. VX HakomieHue MpOUCXOAUJIO B TEX y4acTKaxX 3eMHOU KOPbI, KOTOPbIE ObLIM 3aIIUIIEHbI
OT aKTHBHOTO OKHCJIEHHS (MEJIKOBOJHBIE MPUOpPEk HBIE 30HBI BOJIOEMOB, 00JIOTa, AHO MOpEN).
XUMUYECKUN COCTaB ATHX OCTAaTKOB BKIIOYaeT 4 OCHOBHBIX 3JEMEHTA: YIJIEBOJbI; JUTHUH
(MEXKIJIETOUHOE BEIIECTBO BBICIIMX PACTEHUH); KUPOINOIOOHbBIE BellecTBa (CMOJIbI, BOCKH, 3(UPbI
rmnepuna); Oenku. OCTaTKM BBICHIMX PACcTeHUM W MXOB, CKAIUTMBABIIMECS Ha 3a00JIOYEHHBIX
y4acTKax CyIIW, CTaJd OCHOBOW [uisi OOpa3oBaHWs TyMOJUTOB (MCKOMAEMbIX yTieh), a
MHUKpOBOJIOpOCIEH U OakTepuil Ha JHE BOJIOEMOB — camnponenutoB. [1o Bo3aeiicTBrEM BBICOKOTO
JaBJI€HHUS MW  TEMIEpaTypbl MPOUCXOAWIO  MpeoOpa3oBaHHWE  OPraHMYEeCKOTO  BEIecTBa
(yrnedukauus). I'yMonuThl ¢ Manol CTeNeHbIO yrieQUKauu Has3biBaloT OypeiMH yrisiMu. [lpu
0ojiee BBICOKOW TemIilepaType T'YMUHOBBIE KHUCIIOTHI NpPEBpAIlaJNCh B HEHTpanbHbIE T'yMUHBL. B
KaMEHHOM YTJjie Ha0Jt0/IaeTCsl MOJHOE OTCYTCTBHME TYMUHOBBIX KUCIOT. B canponenurax B MSTKuX
YCIOBUAX  MPEUMYIIECTBEHHO  MPOTEKAJIM  MPOIECCHl  MOJMMEpPU3alUU  HENpeAeIbHBIX
YIJIEBOAOPOJIOB C 00pa30BaHMEM TOPIOYMX CIIAHLIEB, IPH MEPETOHKE AAIOIINUX O0JIBIIOE KOJINYECTBO
CMOJIBI, CXOJHOM MO cocTaBy ¢ HEPTHI0. MeTaMmopdo3bl camporess Mpu BEICOKUX TeMmIepaTypax 1
KaTaJUTHYECKOM YYacTUM TOPHBIX TMOPOJ MPUBEIM K 00pa30BaHUIO CMECH YIJIEBOAOPOJOB B
KUJIKOM U Ta3000pa3HOM COCTOSTHUH (He(Th, MPUPOIHBIHN, MOMYTHBIN Ta3).

TBepnoe oprannyeckoe TOIUIMBO — 3TO KalUJUIIPHO-TIOPUCTHIE T€TEPOTCHHbIE MaTepUabl.
Ux crpykTypa coaepXUT O0JbllIoe KOIMYECTBO Mop u TpemuH. Ilepexq ckuranuem Ha
TEIJIOAJICKTPOCTAHIIMIX ChIphe H3MENIbYAIOT Ha ApoOMIKax 10 pa3zmepoB 15-25 mMMm (crmoeBoe
C)KMTaHUe B KOTJIAaX) WM B MBUIEBUIHOE COCTOSTHUE JUISI CHUYKEHHS IOTEPh OT HEJI0KOTA.

B ocHOBe JKHMOKOTO U TBEPAOTO OPraHUYECKOTO TOIUIMBA HAXOMIATCA S5 TOPHOYMX
xumudeckux snemeHToB: C, Ho, O., S. BHemHwmi (307pHBIM OCTaTOK IOCIIC TOPECHHS, Bilara) M
BHYTpEHHHUH (@30T M KUCJIOpOJ) OaiacT yXyAlIaeT KadecTBO TOpIOYEro. XapakTepUCTUKU
TBepAoro ToruBa. OCHOBHBIE BHJIBI TOPIOYMX OPraHUYECKUX TOIUIMB, MX MapKd M KpaTKas
XapaKTepUCTHUKA MPEACTABICHBI B TA0IUIIE HUXKE.

Bun rorusa Mapku u XapakTepucTHKa
Pa3sHOBUAHOCTH
Bypsrii yromns 16, 2b, 3b (B | HU3KOCOPTHBII BU TOIUTHBA; BHICOKASI TUTPOCKOITUIHOCTH
3aBUCHMOCTH OT | M BIAXHOCTh; HU3Kasl MEXaHW4ECKast IPOYHOCTh; BHICOKHI
BJIATOEMKOCTH) BBIXOZI JIETyYMX COECJWHEHWH; CHIDKCHHOE COJEpKaHHUE

yIIeposia; MOBBIMIEHHAs CKIIOHHOCTh K CaMOBO3TOPaHUIO;
terutora croparus 7-20 MJIx/kr

Kamennsrit yrons, | J, 1I, 2I, 117K, | TpanuMOHHEIA BUA TOIUIHBA; BHICOKAS TEIIOTA CTOPAHUS
AHTPALUTHI 210K, 12K, 2K, 1K, | (mo 25 MJIx/kr); O0MbIoe CoepKaHue yriiepoaa; Hu3Kast
2K, 1KO, 2KO, 1KC, | rurpoCKONUYHOCTh U BIJIa’KHOCTB; BBICOKAS NPOYHOCTH;
2KC, 10C, 20C, TC, | Bbixon JieTyunx komnoHeHToB 3-40%. -

1CC, 2CC, 3CC, 1T,

2T, 1A, 2A, 3A
Topd (bpesepHoIL; MECTHBIA BHJ] TOIUTMBA; BBICOKAS BIIAYKHOCTB; OONBIION
KYCKOBOH - BBIXO/]] JETY4YHUX COEMHEHUH; CKJIOHHOCTb K
CaMOBO3TOPAHMIO; TEIUIOTa CTOPAaHUS TIOCIE CYIIKH — 8
MJIx/xr.
T'oprouwii cnanern | TyMHTO- caMblii  BBICOKMHA  BBIXOJ  JIETYYUX  KOMIIOHEHTOB;

CaHpOHeHHTOBLIﬁ; BLICOKOpeaKIII/IOHHHﬁ BUJ TOIUIMBA;, CPEOHSAA TEIJIOTA
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CarnpoIeMTOBbIC cropanust — 4,6-9 MJDK/Kr; HH3KOCOPTHOE Toplovee,
KyKEPCHUTBI UCTIONB3YETCs [Tl MECTHBIX HYXI, a TakKe B KauecTBe
(knmaccubuKanys TO | CHIPbS IS MPOU3BOJACTBA BHICOKOIHEPTETUUESCKUX BHIOB
TIPOUCXOXKICHHUIO). TOIUTHBA (CIIAHIIEBOE MACJIO, ra3000pa3HOe roprovee). -

MuHepanbHbIe IPUMECH

Bo Bcex Buaax TBEpIOTO TOIUIMBA HMMEIOTCS MUHEpAIbHBIC IMPUMECH, B OCHOBHOM
COCTOSIIIIUE U3 CIEAYIOMNX COCAMHEHUN: CHIIMKATHI; Cyab(uabl; yriekucnsie comu Ca, Mg u Fe;
docdater; xmopubl; cyabdaThl Kaablldsg U Keje3a. B mporecce ropeHus opraHndeckoro TOTuInBa
OHM TIOJIBEPTarOTCS BBICOKOTEMITEPATYpPHOU TpaHChOpMAIlMU, B Pe3yiabTaTe KOTOPOH OcCTaeTcs
TBepAast Heroproyas 30Jia. Ee cocTaB CHIIBHO OTJIMYACTCSI OT MCXOJIHBIX BEIIECTB M3-3a CICIYIOIINX
peaKkui: TpeBpaIlcHHEe OKUCHBIX COJICH JKele3a B OKCHJBI; JIETHApAaTalus CHIUKATHBIX
COCMHECHUH; pa3iokeHue kapOoHaroB, BeiaeneHue CO2, 00pa3oBaHWE OKCHJOB; OKHCICHUE
CePHHUCTBIX COCJWHEHWH, BBIIICIICHHE CEPHUCTOrO ra3a; MCIIAPCHHE COJICH IEIOYHBIX METAIIIOB.
KoHeuHBbI# coCTaB 30JIbHOTO OCTaTKa 3aBUCUT OT YCIIOBHM CKMTaHUs OpraHudeckoro Torumaa. [lpn
BBICOKMX TEMIIEpaTypax OH MOYKET PacIUIaBHTHCS W MEPEUTH B KUAKOE cOCTOsiHME (1miak). YacTh
30761 YIAISIETCSl M3 TOTOK BMECTE C JICTYYUMH MPOJYKTaMH CTOPaHUs, YTO MPHUBOIUT K
3arpsA3HEHUIO, 3alNIAKOBBIBAHUIO U KOPPO3ZHOHHOMY M3HOCY TOITOYHOTO 000PYI0BAHUS.

XapakTepuCTUKN OPraHUYECKOTO TOIUIMBA U MPOIIECChI €r0 TOPEHHUS

Kunkue opraHuueckue TOIUIMBA AJIS SHEPreTUUECKON MPOMBIIIICHHOCTH IMOJIy4aloT W3
He(TU ¢ TOMOIIBIO €€ TEPMOXUMHUYECKOTO pasyiokeHusl. Ma3yT HCMONb3yIOT Ha KPYIHBIX 00bEKTax
(TOC, xoTenbHBIC), @ B OBITOBBIX IEIAX MPUMEHSIOT JUCTHUIATHBIC (PaKIUK HEPTEpPOIYKTOB
(6eH3MH, KepOCHH, COJIsSIpKa, AU3TOIUIMBO). MasyT, kKak W He(Th, TPEICTaBIsACT COOOM CII0KHOE
KOJUIOMJHOE coefuHeHue. Ero xummuueckuil cocTaB BapbUpyeTcsl B CIEAYIOUIMX Npenenax (B
nporeHTax): yriaepoa — 86-89; Bogopon — 9,6-12; cepa — 0,3-3,5; kucnopon u azor — 0,5-1,7. Bussr
masyta. Kiaccudukanusa Ma3yToB Ipou3BOAMUTCA cienyromuM obpazom: Ilo comepikanuio cepsi:
HuskocepHuctoie (<0,5%); manocepuuctoie (0,5-1%); cepuuctoie (1-2%); BbICOKOCEpHHUCTbBIE (2-
3,5%). ITo Bsa3kocTH (B CKOOKax ykasaHbl Mapkw): Jierkue win diaorckue (D5, P12); cpeanne (40B,
40); tsoxensie (100, 200 u 100B); yronpHbIE B cllaHIeBbIe (00pa3yroTcs IpH NepepadoTKe CaaHIa U
yIIIs).

TemoTa cropanus »HJIKOTO TOpIOYero Bapbupyetcs B mpenenax 39-41 MJTx/kr.

["a3006pa3Hoe TorIMBo

CoctaB ra3000pa3HOro TOIUIMBA BKIIOYAET CIEAYIONIME BELIECTBA: roproune (IpeaesibHbIe
yraesoaopoasl, Hz, CO, H2S) u Heroprouue (Auokcup yriepoja U cephl, a30T, KUCIOPOI, BO3IAyX
aTMoc(epHBIif) Ta3bl; BOASHBIC TMapbl; CMOJbI; NbUIb. Hanboliee IMHUPOKO HCHOIB3YIOTCS
CIIeyIOIIMe BUIbl OpraHuueckoro Ttoruiusa: [lpuponHsiii ra3. OCHOBHONW KOMIOHEHT — METaH.
[lepen moTpebiieHneM ra3 OcCymiarT, 00eCIbUINBAIOT, YIAISIOT BPEAHbIE MPUMECH CEPOBOAOPOIA.
[TonyTHBII Ta3, BeIASHSIOMUICA Tpu 100bue HedTu. OTaeneHne oT KUAKON (as3bl yriIeBoA0POIOB
MPOU3BOJUTCS B cemaparopax. OObemMHas [0Ji1 MeTaHa MEHbIEe, YeM B MPHPOJHOM raze, a
TSOKENBIX YTJIEBOJOPOJOB — BbIMIE. B CBS3M C STUM HpU TOPEHUH OPraHUYECKOTO TOIUIMBA
BhbIENsIeTCs OonbIne Tera. CxukeHHbIN ra3. OCHOBHbIE KOMIIOHEHTHI — ITPONaH U OyTaH, a TaKkke
MpUMECH TshKenbIX yriaeBogoponoB. [Ipu Temmepatrype 20 °C u aTMocdepHOM [aBICHHH OH
MpUHUMAET razoobpasHoe cocrosiHue. [Ipu yBenndeHnn AaBleHUS WU YMEHBIIICHHH TeMIepaTyphl
ra3 MmepexoauT B KUIAKYIO (a3y, 4TO MCHOIIB3YeTCs ISl €ro TPAaHCHOPTHUPOBKHU. CHIPhEM ISl 3TOTO
BH/JIA TOTNIMBA CIYXXKUT MOIMYTHBIN Ta3 U ras, moxy4aeMblil mpu nepepadoTtke HedTu. KoKcoBsIif ras.
[IpencraBnser coboil MOOOYHOE BeEMIECTBO, OOpa3yroleecss MpU KOKCOBAHUM Yriia. VICXOIHBIHM
MPOJIYKT OYHIIAIOT OT BPEAHBIX IPUMECEH, aMMUaKa, apOMaTHYECKUX YTIEBOI0POIOB.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcbl, MICTOYHUKU U METOBI MTOTY4YEHUS

41ctp. m3 174

TonnuBoM Ha3bIBAIOT rOPIOYHME BELIECTBA, MCIOJIb3YEMbIE JUISl MOJTy4eHUs: TeoThl. OHO
MOApA3JeNIAeTCs Ha MPUPOJHOE U MCKYcCTBEHHOE. K MpHpoaHOMY TOIUIMBY OTHOCSTCS TOpIOYME
ClIaHLbl, TOpQ, IpoBa, Oyphl U KaMEHHBIN YTrojb, aHTPALUTHI, IPUPOIHBIN TOPIOYMM Ta3 U HEPTH.
Bce oHM ABIAIOTCS NPOAYKTaMU OPraHUYECKOIO IPOUCXO0XKAEHHUSA. TOIIMBO OpraHu4ecKoro
MIPOUCXOXKACHUS 1O (PU3MUECKOMY COCTOSIHUIO JIEJIUTCA Ha TBEpAOE, ra3000pa3HOE MU KHUJIKOE.
®u3nyeckoe COCTOSIHME TOIUIMBA OINpEAENseT CIOCOObl €ro XpaHEHUs, CXKUTaHUud W
TPAHCTIOPTHPOBAHUSI.

HckyccTBeHHOE  TOIUIMBO —TOJY4arOT TOCHe TMepepabOTKH E€CTECTBEHHOIO C  IIEJIbIO
BBIJICJICHUS] U3 HEr0 pa3jMuYHbIi MPOJYKTOB, HAlpUMEP CMOJI, OEH3MHOB CMAa30YHBIX Maced U Jp.
HckyccTBEHHBIM TOTIJTUBOM SIBIISIFOTCSI KAMEHHO YTOJBHBIN KOKC, YTOJIbHBbIE U TOP(DSAHBIC OPUKETHI,
JPEBECHBII yroib, Ma3yT OEH3UH, KEPOCHH, pa3JINYHbIe Ta3bl: T€HEPATOPHBINA, KOKCOBBIH H
JTOMEHHBIH.

DJieMeHTapHbIii COCTAaB TBEPAOI0 U KUJAKOI0 TOIJIMBA

TommmBo B TOM BHIE, B KAKOM OHO TIOCTYNAeT JJIA C)KHUTAaHWsI B TOIMKE WA JBUTATENH
BHYTPEHHET0 CrOpaHus U CHElHalIbHbIE allapaThl, Ha3bIBACTCS PAG0OUMM.

B o0miem citydae, B coctaB pabodero (TBEpIOTO WU KHUIKOTO) TOIUIMBA BXOAAT yriepon C,
Bojopoa H, xuciopon O, azot N u nerydas cepa S, a TakKe HETOPIOUNE MUHEPAIbHBIE TPUMECH —
30y1a A u Bnara W.

CognepxaHue XUMHUYECKHX DJIEMEHTOB M JPYTMX COCTABISIOIIMX TOIUIMBA HMCYHUCIAETCS B
MPOLIEHTaX OT €AUHMIIBI MacChl MJIM 00beMa UCXOMs U3 OIMpEeNIeIeHHON yacTu (Macchl) ToruuBa. B
3aBHCHMOCTH OT COCTOSIHUS TOIUIMBA Pa3IMYalOT pabodvylo, aHAJTUTHYECKYIO (BO3IYIIHO-CYXYIO),
CyXyI0 W Jpyrue Macchl TormBa. Kanolf Macce mpucBamBaeTcs cooTBeTcTByrommid mumekcli:
paboueir — «p», AaHATUTHIECKON — «@», CYyXOH — «C», TOPIOYEH - «T», OPraHUYECKON — «O».

Jlis TBepAbIX TOIUIMB MPUMEHUMBI Bce MATh Macc. O cocTaBe TOIUIMBAa COOTBETCTBYIOLIEH
Macchl CyIAT MO HMHJAEKCY 3JeMEHTOB. TOIUIMBO B TOM BHJE, B KOTOPOM OHO MPHUXOJIUT K
noTpebuTesnto, HazpiBaeTcsl pabounm. Ero cocraB Hanbosee MOIHO OTpakaeT COCTOSIHUE TOIUIMBA.
DneMeHTapHBIN cOCTaB paboyeil MacChl 3aMCHIBACTCS B CIEAYIOIIEM BUJIE:

Ji1s paGoueii Macchl TOIJIUBA UMEET MECTO OUEBUHOE PABEHCTBO:

CP +HP + 0P + N? + 5P 4+ AP + WP = 100% (4.2)

I'ne anementsr CF, H¥ OF u 1.1, — 37eMeHTHI pab0Y€Ero TOILIMBA B IIPOIIEHTAX OT OOIIeiH
MAacchl TOILIMBA.

J171s1 MpaBWIIBHOTO TIPEACTABIICHHS O TEIJIOBBIX CBOMCTBAX TOIUIMBA BBOJAUTCS IMOHATHE
roproyYeld Macchl, Ik KOTOPOH

C™+H"+ 0" + N + 55 =100% (4.3)

I'me uHIeKc cBepXy MOKa3bIBAET, YTO MPOLIEHTHBIM COCTAB OTAEIbHBIX 2JIEMEHTOB OTHECEH K
rOproYer Macce.

HaszBanue roprouas macca HOCUT YCIIOBHBIM XapakTep, TaK Kak JEHCTBUTEIBHO MOPHOYUMHU
SIBJIIFOTCS. TOJIBKO YIJIEPOJI, BOAOPOJ U cepa.

s ToruiMBa, conaepi:Kaiiero OOoJbIIoe KOTUYeCTBO Biard (Oypwlid yromib, Topd, Aposa,
HEKOTOPBIE PACTUTENBHBIE OTXObI), B HEKOTOPBIX CIy4asiX yI0OHO MCIOIb30BaTh MOHSATHE CYXOi
MAcChI, T.€. XapaKTE€PU30BaTh COCTAB a0COJIOTHO CyXOTrO TOILIMBA CyMMOI aneMentos C°, HS O0F
N¢ §° AF
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C°+H"4+0"+ N +5°% +A° = 100%

HpI/I 3TOM I'I€ MHACKC IIOKAa3bIBACT, UTO HpOHeHTHLIﬁ COCTaB OTACIIbHBIX 2JICMCHTOB
OTHECEH K CyXOM Macce.

J1Jis B3aMHOTO TIepepacyeTa TOIUIHMBA B COOTBETCTBUY C IMTOHITHEM O MaccaxX TOTLIMBA
ciyxat dhopmynsl (Taodum. 4.1)

Tabmnumna 4.1
@opmyaibl AJI IEpEcUYeTa COCTaBa TOIUIMBA C OJIHOW MAacChl Ha APYTYIO
3apaHHaA macca TonanBea McKomasa macc tonamea, %
Pabouas Cyxan loptoyas
Pabouasn 1 100 100
100 — We 100 — (WP +47)

Cyxas 100 — WF 1 100

100 100 — A
Foptoyas 100 — [(WF £ 47) 100 — AF 1

100 100

30JIbHOCTh TOIUIMBA. 30JI0M HA3bIBAIOT TBEPJbI HETOPIOYMI OCTATOK, OCTAIOUIMNCS MOCIe
CKMTaHus TOIJIMBA B aTMOc(epe BO3ayxa.

B cocraB 30761 OOJBIIMHCTBA BHUIOB TBEPAOTO TOIUIMBA BXOAAT: riaumHO3eM AlxO3
kpemuueBas kuciora SiOz, m3Bects CaO, maruesuss MgO, menoun NaoO, okucisl xkene3a FeO u
Fe20s.

Bnaxxnocts ToruuBa onpenensiercs mo 'OCT 11014-70 peicymnBanueM HaBecku mipu 105-
110°C. Brara cHmKaeT TeMIepaTypy B TOAKe H yBEIMUHBAET 0OBEM JBIMOBHIX ra3os. s
npeBpaiieHus 1 Kr BOJibl B Map KOMHATHOM TEMIIEPATYPhl HY’KHO 3aTpaTuTh 2,5 MK TenaoTsl.
OueBHIHO, YTO BJIara siBJsieTcs 0aJlJIaCTHON MPUMECHIO, TaK KaK YMEHBIIAeT TEIUIOBYIO IIEHHOCTh
UCXOIHOTO ToruMBa. KpoMe TOro 4yacTh TEIIOTHI , BBIAEISEMOE TOIJIUBOM IIPH €r0 CrOpaHuH,
pacxoayeTcsl Ha UCIIapeHue BIIary.

Jleryuue BemecTBa. [Ipu HarpeBaHnM TBEpAOTO TOIJIMBA O6€3 I0CTYMa BO3/AyXa €ro
OpraHMyecKas Macca pasiaraercs, B pe3yibTare 4ero 00pa3yroTcs ra3bl, BOASHbBIC H CMOJISIHBIE
napbl ¥ yriaepoacoaepxaiinii ocratok. CyMMapHOe KOJIMYECTBO BBLACISIOMINXCS JIETYYHX BELIECTB
YBEJIMYMBACTCS C YBEIMUECHUEM TEMIIEPaTypbl U BPEMEHHU BbIIEPKKHU. BBIX0O 1eTyuynX BelecTB
SIBJIIETCS BaYKHEHIIIEH XapaKTepUCTUKON TOPIOYEH MacChl TOTIMBA U YMEHBIIIAETCS MO Mepe
yBEJIMYCHHS BO3pacTa.

Kunkoe TommuBo. IlpakThuecku Bce KUAKUE TOIUIMBA TMONYYalOT MyTEM MepepadOTKu
HedTu (OeH3WH, KePOCHH, MU3eIbHOE TOTUIMBO U Ma3yT). OCHOBHBIE CBOMCTBA KHUAKHX TOIUIUB -
IUIOTHOCTh, MCTAPSEMOCTh, BS3KOCTh, CTAOWJIBHOCTH MPHU XPaHEHUHU, TEMIEPATyphl 3aCThIBAHUS,
BCIIBIIIKH, BOCIUTAMEHEHHUS U CAMOBOCILUIAMEHEHUS], aHTUICTOHAIIMOHHASL CTOUKOCTD U JIp.

I"a3006pa3nbie TomnuBa. ['a3000pa3Hoe TOMIMBO MO CPABHEHHIO C JPYTMMHU BHIaMU TOTLIUB
MMEEeT psJA CYIIECTBEHHBIX MpeuMyiecTB. ['a3000pa3HOe TOIMIMBO CropaeT mpu HeOONbIIOM
M30BITKE BO3/AyXa, 00pa3ys MPOIYKTHl MOJHOTO TOpPEHHs 0€3 JpIMa U KOMOTH, HE JaeT TBEPIbIX
OCTaTKOB; yJOOHO ISl TPAHCTIOPTUPOBKH IO Ta30IPOBOAaM Ha OOJIBIINE PACCTOSHUS U TIO3BOJISET
MPOCTEIIMMH CPEACTBAMH OCYIIECTBIISITh C)KHUTaHUE yB YCTAHOBKAX PAa3IMUYHBIX KOHCTPYKIUN U
MotHocTel. ['a3000pa3HoOe TOTIIMBO JENUTCS Ha €CTECTBEHHOE U MICKYCCTBEHOE.

Tensiora cropanus TonJmMBa.
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OCHOBHOM XapaKTEPUCTUKOW TOIUIMBA SIBIISICTCS TAaK Ha3blBaeMas TEIUIOTa CrOpaHUS.
TermtoTolt cropanvs TBEPIOTO W KUAKOTO TOIUIMBA HA3BIBACTCS KOJIMYeCcTBO Termia (kJ[x),
BhIZIeTIsIeMOe 1 KT TOIUTMBA MIPH €T0 MOJTHOM CropaHuu. TemnoTy cropanust 0003Ha4aroT OykBor Q u
n3mepstoT B K/Dk/kr (B cucteme MKI'CC B KKaul/Kr).

Tennory cropaHuss Ta3000pa3HOrO TOINMBA OTHOCAT OOBIYHO B IM°, B3iTOMY mIpH
HopManbHEIX yeroBusx (0°C, 760 MM.pT.cT), 1 m3MepsioT a KJx/m>.

TerutoTa cropanusi 3aBUCUT OT XHMHYECKOTO COCTaBa U YCIOBHMA €TI0 CKUTAHUS.

PaznmyaroT BeICITYIO M HU3MTYIO Q TEIJIOTY CrOpaHusl.

[TepByro TOJIy4arOT TIPU TIOJHOM CTOPAHWW TOIUIMBA W KOHJCHCAIIMH BOJSHBIX ITapOB,
00pa30BaBIIMXCS MTPU TOPSHUHU, C OTIAYCH TEIUIOTHI, U3PAcX0I0OBAHHOW HA WX UCTapeHue (CKphITas
TEIUIOTa UCTApPCHUs). B MPaKTUYECKWX YCIOBUSX BOJSHBIC TMAphl, COACPIKANIUECS B JIHIMOBBIX
ra3ax, yXOoIiIT B atMocdepy BMeCTe C JPYTHMH KOMIIOHEHTaMH. WX CKphITas TemioTa
MapooOpa3oBaHus HE UCTIOB3YyeTCs. B TEIIOTeXHUYECKHX pacueTax MPUMEHSIOT HA3IIYIO TETUIOTY
CrOpaHHs TOIUIMBA, KOTOpas MPHUBOJUTCS O€3 ydera TEIIOTHl KOHJEHCAIIMU BOJSHBIX ITapOB.
[TepecueT ¢ BBICIIETO HA HU3IIUH MPEEIT TSTUIOTHI CTOPaHUs Ta3a MPOU3BOIAT 10 (popmyIram:

TUTs1 pab0Yero COCTOSTHUS

Qr = Qs - Y(W + 8,94H);

JUISL CyXOT'O COCTOSIHUS

Qi = Qus - 8,94 yHa

JUISl OpraHUYeCKOM MacChl

Qoi=Q - 8.94 yH¢’

YcnoHoe TomnuBo. 7S cpaBHEHHs 3amacoB pa3HbIX BUJIOB TOIUIMBA IMPH OIpPEAeIeHUU
HOpPM €ro pacxoja, IUIAHUPOBAaHUU MOTPEOHOCTH TOIUIMBA M JPYTUX pacyeTax IOJb3yIOTCs
MOHATHEM «YCJIOBHOE TOIUIMBOY». 32 YCIOBHOE MPUHATO TaKO€ TOIUIMBO, HU3IIAS TEIUIOTa CTOPAHUS
paboueii macchl kotoporo cocrasisier 29308 kJ[x/kr (7000 kkan/ kr). J[is nepeBoia HaTypaIbHOTO
TOIUIMBA B YCIIOBHOE U HA0OOPOT MOJIb3YIOTCS TEIUIOBBIM 3KBUBAJIEHTOM, BEJIMYMHA KOTOPOTO
3aBUCHT OT Q.

TemioBoil KBUBAJIEHT - 3TO OTHOILLIEHUE HU3LICH TEIJIOTHI CrOpaHUsa paboyero TOIIMBA K
HU3IIEH TeIJIOTE CrOPaHMsl YCIIOBHOTO TOIUINBA, T. €.

D1 = Q/729308 mmu It = Q/7000.

HepeBoL[ HAaTYpaJIbHOTO TOIUIMBA B YCJIIOBHOC BBIIIOJIHAKOT IIYTEM YMHOKCHHA KOJIMYCCTBA
HaTypaJbHOTO TOILJINBA Ha TEIJIOBOM SKBHBAJICHT By = BO: un NepeBoJ YCJIOBHOI'O TOILJIMBA B
HaTypaJlbHOC IIYTEM JACJICHUA KOJIMYCCTBA YCIIOBHOI'O TOIIJINBA HA KaﬂoprIHLIﬁ OKBHUBAJICHT

Bu = By/Or

IIponecc ropenus. I'opeHune - XMMHYECKOE COEIMHEHHE TOPIOYMX BEIIECTB TOIUIMBA C
KHCIIOPOJIOM BO3]lyXa, CONPOBOKIAIOIIEECS PE3KUM IMOBBILIEHUEM TEMIIEPATYpbl U BBIICICHUEM
3HAYUTENBHOTO KOJMYEeCTBa TeMoThl. Ilpm ropeHuu TommBa 00pa3yroTcsi Tra3o00pasHble
OPOAYKTHI (IBIMOBBIE Ta3bl) M OYAroBble OCTAaTKM B BHJE 30Jbl U ILUIAKA. YCIOBHO Ipolecc
C)KUTaHMUs TBEPAOTO TOIIMBA MAENSAT HA TPU CTaJUU: BOCIUIAMEHEHHE (3a)KUTaHHE), aKTUBHOE
ropeHue M JoKurasue. B mepBoii craguM TBEpAOE TOIUIMBO BHAYale IOJOTPEBAECTCS M
nozacymmnaercs U npu temmeparype 105-110°C tepser cBoro Bnary. 3atem npu temneparype 300-
400 °C oHO HayMHaeT pa3jaraThCs Ha JIETy4yMe BELIECTBA U TBEPJbIM ocraTok. IIpn nanpHelmem
Harpese, KOIrJa €ro TeMIlepaTypa CTaHOBHUTCS PaBHOM TeMIEpaType BOCIUIAMEHEHUs, TOILIUBO
3aropaercs.
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4. UnmocTpaTuBHBINA MaTepuas: /[y mpoBeaeHUs 3aHATHS UCTIOIB3YETCs CIEAYyOIIee
MaTepHATBLHO- TEXHUICCKOE 00eCIIeYCHHE: HOYTOYK, MYJIbTUMEIUNHBINA TPOSKTOP, IKPAH.
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6. KonTpoJs (Bonpocel, 3a1a4u, pelieHue)

Jatb onpeiesieHe MOHATHIO OpraHudecKkoe TOmmMBo. O01acTh UCIOIb30BaAHMS.

Ha xakue rpymiibl noapasaensiercst OpraHu4eckoe TOIIUBO?

IosicHuTh Kak 0Opa3yeTcst TBEp10€ OpPraHNnYeCKOe TOILIMBO?

JlaTh XapakTepUCTUKHU TBEPOTO TOILIMBA.

OOBACHUTD, KaK IPOUCXOAUT TEPMHUUECKOE PA3JI0KEHUE TOTIIUBA?

OOBACHUTD, KaK BIMSET COJIEpKaHue BIard Ha BOCINIAMEHEHUE TOPIOYUX MaTepHaioB?
[lepeuncnuth MUHEpajibHbIE MPUMECH, BXOJSIINE B COCTaB TBEPAOTO OPraHUYECKOIrO

NouhkownhE

TOTLJINBA.

8. IlepeunciuTh BUABI )KUAKOTO OPTaHMUYECKOTO TOIUTHBA. [IpuBecTr mpuMep XUMHUYIECKOTO
cocTasa.

9. IlpuBecTn mpuMep cocTaBa ra3000pa3zHOTO TOIUTHBA.

10. Ha3Batb srieMeHTapHbII cocTaB padoveld MacChl TOTUTUBA.

11. JlaTe ompeneneHne 307161 TBEPAOTO TOTUIMBA.

12. JlaTh ompeseneHne TeIIOThl CTOpaHHs TOIUTNBA

13. Yro Ha3pIBAETCS YCIOBHBIM TOIUTMBOM? J{aTh ONpeeieHre TEIUIOBOTO YKBHBAJICHTA.

Jeknus 5

1 Tema 5. TenoBbIe AMEKTPUUECKUE CTAHIIAN

2. Heab: 3HaTh TUIBI AICKTPOCTAHIIMN U OCOOEHHOCTH HUX TEXHOJOTHYECKOTO IMKJIA ISt
3a/1a4 TPOU3BOJCTBA TETUIOBOW W 3JEKTPUUYECKON IHEPTUHU, Pa30oMpaThCs B MPUHITUIIAX PAOOTHI
OCHOBHOTO TEIJIOTEXHUYECKOTO M AJICKTPUUECKOTO 000PYAOBaHUS IEKTPOCTAHITUN, 0COOCHHOCTSIX
TEXHOJIOTUYECKUX IMPOIECCOB Ha TEIUIOBBIX JIEKTPOCTAHITUAX

3. Te3uchl JeKINM:

TennoBbie 3JIEKTPOCTAHIINY.

Knaccudukanus TOC.

Tennosie anekTpoctanimu PK: onToBbie reHepupyronime KOMIAHAM W TEPPUTOPHATIBHO-
TEHEPUPYIONTUE KOMITAHHUH.

TernnoBbIe AIEKTPOCTAaHIIUU

[IpeoOpa3oBaHue TEIUIOTHI B MEXaHUYECKYIO Pa0OTy MPOUCXOJUT C TOMOIIBI0 paboyero
tena. HambGonee »sddexktuBHbIME pabounmu Tenamu OyayT Te, KOTOpble 007afaioT pe3Ko
BBIP2)KCHHBIMU YIIPYTUMH CBOMCTBaMH, TO3BOJISIOIIMMY B 3HAYUTEIHLHOU Mepe Ae(OopMUPOBATHCS
(M3MEHSTh CBOM 0O0BEM) IOJ BIMSHUEM MEXaHWYECKUX CWII (JaBICHHS) WIH TEPMHUYCCKHX
BO3JICHCTBUI Temia, TeMIepaTypbl), MW, MPOIE TOBOPS, MOJA BIUSHUEM KOMOWHHUPOBAHHBIX
TEPMOMEXaHUYECKUX BO3ICHCTBUH.

Habmionass 3a moBeneHHEM Tel B MPUPOJE, B MX PA3JIMUYHBIX arperaTHBIX COCTOSHMSIX,
MO>XHO 3aMETUTh, YTO HamboJjee 11eIeco00pa3sHbIMU paboYMU TellaMU IS MCIOJIb30BaHUs UX B
Pa3IMYHBIX TEIUIOBBIX YCTPONCTBAX SIBISAIOTCA Ta3bl WM THapbl. VIMeHHO OoHHM Hauboliee MOJIHO
MOTYT OBITH HUCIIOJIE30BAHBI B Mpolieccax MpeoOpa3oBaHMsl TEIJIOThl B MEXaHUYECKYIO paboTy, Tak
KaK Ta3bl ¥ Mapbl, C OJHOM CTOPOHEI, JIETKO AePOPMUPYEMBI (JIETKO CXKUMAIOTCS, PACIIHPSIOTCS)
MOJ BIUSHUEM BHEIIHUX CHJ, a C JPYrod CTOPOHBI, UM K€ CBOWCTBEHHBI 3HAYUTEIbHBIC
(CpaBHUTENBHO C JPYTMMH arperatHbIMH COCTOSHHUSIMHU TeN) IO BeTHYMHE KOA(D(UIIMEHTHI
00BEMHOTO pacIIMpPEHHUS.
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B Hactosiiee BpeMs Ui HOJYYEHHs SJIEKTPUUYECKON SHEPruu MCIOJIb3YIOT CIIENYIOLINe
THIIBI JJIEKTPOCTAHIIMN:

1) temnoBbie 3nekrpoctaniu (TOC), KOoTOpBIe MOAPA3ICISIIOTCS HAa KOHICHCAIIMOHHBIC
(KOC), rermmnodukanmonusie (Teriodnekrpouentpanu - TOL) u razorypounnsie (I'TOC). Kpynabie
KD2C, oOcmyxuBaromue moTpeOUTEeNel 3HAYUTENBHOTO paliOHAa CTpaHbl, MOJIYYWIM Ha3BaHHE
rocyapcTBeHHbIX paioHHbIX AekTpocTtannuii (I'POC);

2) ruaposnektpoctanimn (I'DC) u ruapoakkymynupyromue stekrpoctaninuu (ADC);

3) aromusie anekrpocTannuu (ADC);,

4) TenModIEKTPOCTAHIINY WK cofHeuHbIe 31ekTpocTaniuu (COC);

5) reotepmanbhbie nekrpoctaniuu (I'TAC);

6) nusenbHbIe nekTpocTannuu (J19C);

7) npunuBHbie 31ekTpocTaniyu (I19C);

8) Berpoanekrpocranmuu (BOC).

Bonemryro wacte amektposHeprum (kak B Kazaxcrane, Tak U B MHPOBOW OJHEPreTHKE)
BoIpabateiBatoT TemioBeie (TOC), atomubie (ADC) u ruapaBnuyeckue (I'9C) 3MeKTpPOCTAHIINH.
CocraB >J€KTPOCTAHIIMN PA3TUYHOTO THIA 10 YCTAHOBJICHHOW MOITHOCTH 3aBUCHUT OT HAIMYUS W
pa3MeNIeHus MO0 TEPPUTOPHH CTPAHBI THAPOIHEPTETUIUECKUX U TEIJIODHEPTETUIECKUX PECYPCOB, UX
TEXHUKO- IKOHOMUYECKHX XapaKTEPUCTHK, BKJIIOYAs 3aTpaThl Ha TPAHCHOPTHUPOBKY TOIUIMBA, a
TaK)Ke OT TEXHUKO-IKOHOMUYECKUX MMOKa3aTeseil 1eKTPOCTaHITHI.

PaccmoTpuM HEKOTOpBIE 0COOEHHOCTH 3JIEKTPOCTAHIINM, KOTOPHIE B TOW WM WHOW CTEIICHU
MPUXOAUTCS YIUTHIBATH MPU UX CTPOUTENILCTBE U SKCILTyaTaluu.

Tennossie kKoHAeHCaMOHHBIE AekTpocTaHnu (KOC) cTposT Mo BO3MOXKHOCTH OJMKE K
MecTaM J00BIYM TOIUIMBA, YIOOHBIM IUISI BOJOCHAOKEHHS. VX BBITIOJHSAIOT W3 psifa OJOYHBIX
arperatroB (kKoTes - TypOoreHepaTop - MOBBIIAIOIINKI TpaHchopMaTop) MOUIHOCTRIO OT 200 110
1200 MBT, BeI1arOIIKX BhIpaOb0TaHHYIO SHEprUro B cetu 110-750 xB.

OcoOennocts arperatroB KOC 3akimioyaercs B TOM, YTO OHU HEIOCTATOYHO MaHEBPEHHBI:
MOATOTOBKA K MYCKY, Pa3BOPOT, CHHXPOHU3alMs U HabOp Harpy3ku TpeOytoT 3-6 dacoB. [lostomy
JUI HUX TPEANOYTUTEIbHBIM SIBISIETCA PEKUM pabOThl C paBHOMEPHOM Harpy3koi B Impejaenax oT
HOMHHAJIBHOM 0 HAarpy3Ku, COOTBETCTBYIOLIEH TEXHUYECKOMY MUHUMYMY, OTIPEIeNIIeMOMY BHJIOM
TOIJIMBA ¥ KOHCTpyKuuen arperara. Koadhdumnuent nonesnoro aeiicteus KOC He npebimaet 32-
40%. OHHU CYIIECTBEHHO BJMSIOT Ha OKPYXAIOIIYIO CpPedy - 3arps3HAI0T atMocdepy, W3MEHSIOT
TEIJIOBOM PEXUM UCTOYHHKOB BOJOCHA0XKEHHUS.

Tennodukanuonusie 3nextpocTaniuu (TIOL[) cTposT BONMM3M mNoTpeOuTenel Temia, Mpu
3TOM HCIOJIb3YeTCsl OOBIYHO NPUBO3HOE TOIUIMBO. PaboTalOT 3TH AIIEKTPOCTAHLIMU HauboJjee
SKOHOMHYHO (k03¢ duLMeHT wucnonb3oBaHus Ttemna jgocturaer 60-70%) mpu  Harpyske,
COOTBETCTBYIOIIEH TEIUIOBOMY MOTPEOIECHUI0 U MUHUMAJIbHOMY MPOTMYCKY Iapa B 4YacThb HU3KOTO
JaBJICHUS TypOMH U B KOHJEHCATOPhI. EquHIYHAsS MOIIHOCTH arperaToB coctasinseT 30-250 MBT.

Crannuu ¢ arperatramu 10 60 MBT BKIIOYHTENBHO BBITIOJNHSAIOT B TEMJIOMEXaHUUYECKOM
4acTU C MOTEPEYHBIMU CBSI3SIMU IO Mapy W BOJE, B DJIEKTPUUECKOHN 4acTh - cO COOPHBIMU IIMHAMU
6-10 kB u Bhimaveld 3HAYUTENHHOW YacTH MOIIHOCTH B MECTHYIO pPacClpeAeTUTENbHYIO CETh.
Crannuu ¢ arperatamu 100-250 MBT BBINIOJNHSAIOT OJOYHOTO THUIMA C BbIJa4ei MOIIHOCTH B CETH
noBbIiieHHOro HampsbkeHus. TOL, kak u KOC, cyniecTBeHHO BIUSIOT Ha OKPYXKAIOILYIO CpEAYy.

ITaporypOunnbie djexkrpudeckue crannuu (K9C u TIIN)

Ha coBpeMeHHBIX TEMIOBBIX AMEKTPOCTAHIUAX OOJIBIION MOIIHOCTH
MpeBpalleHue TemIa B padOTy MPOU3BOJAUTCS B IMKIAX, MCIOJIb3YIONIUX B KAa4eCTBE OCHOBHOTO
pabodero Tena BOJSHOM Map BHICOKUX JABICHUN U TEMIEpaTyp.
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BonsHoii nmap npousBoAMTCS HaporeHeparopamu (IapoBbIMH KOTJIaMH), B TOIKaX KOTOPBIX
CKMTalOTCS pa3IMuHble BUbl OPraHUYECKOT0 TOIUIMBA: YTOJb, Ma3yT, a3 U Jp.

TepmoauHaMUyeCKui LUK IPeoOpa3oBaHus TEIUIA B padOTy € IOMOILLBIO
BOJITHOTO TIapa ObLT MpeyiokeH B cepeanne XIX Beka umkeHepoM U Gu3ukoM Y. PeHKUHBIM.

[lpunuunuaneHas  TemjaoBas cxeMa KoHJeHcanumoHHo#  snekrpoctaniuu  (KOC),
paboraronieit o nukiry Penkuna, moka3ana Ha puc. 4.1, a ee oOmuit Bua-Ha puc. 5.1, 0.

B maporenepatope 1 3a cyer Temjga CXKUraeMoro TOIUIMBAa BOJIa, HAarHeTaeMas B
IaporeHepaTop HacocoM 5, MpeBpaliaeTcs B BOASHOMN Hap, KOTOPBIN 3aTeM MOCTYNaeT B TypOuHY 2,
Bpallaollyo 3nekTporeHepatop 3. TeruioBas sHeprus napa mnpeobOpasyercs B TypOMHE B
MEXaHHYeCKyl0 paboTy, KOTopas, B CBOIO oOdepedb, IpeoOpasyeTcsi B TIeHepaTope B
aneKTpodHepruo. M3 TypOuHbl 0TpaboTaHHBIN map nmoctynaer B kKoHAeHcaTop 4. B koHaeHcarope
nap KoHJAeHcupyeTcs (mpeBpaiaercs B Boay). Hacoc 5 HarHeraer xKoHJeHcaT B MaporeHeparop,
3aMblIKasi TAKUM 00pa30oM IMKIL.

Pucynok 5.1. [lpuanunuansHas TemioBas cxema TOC, paboraromieit mo mukny Penkuna: a -
TEII0Bas cxeMa; 0- OOIINKi BU

Ha puc. 5.2 uzo0paken nukin PeHkuHa Ha meperperomM mape B p, V- u T, S - Auarpammax,
COCTOSIIIMIA U3 CIEAYIOIINX MPOIECCOB:

- m300apa 4-5-6-1 - mporecc HarpeBa, UCITApEHUs BOJBI U TIEpEerpeBa mapa

B IMaporeHepaTope 3a CUeT MOABOAUMOM TEIJIOTHI CrOpaHus TOIUIHBA (1;

- anuabara 1-2 - mpoiiecc paciupeHus napa B TypOruHe ¢ COBEpIICHUEM

MOJIC3HOM BHEITHEH PabOTHI It

- m300apa 2-3 - mporecc KOHIeHCAauH 0TPabOTaHHOTO Tapa ¢ 0TBOJIOM

Teruia (2 OXJIaXKIaIoIIei BOIOI;

- anquabara 3-4 - mpoliecc CkaThs KOHACHCATa MUTATEIbHBIM HACOCOM JIO

IEPBOHAYANILHOTO [aBIEHHUS B IAPOTEHEPATOPE ¢ 3aTPaToil MOABOIUMON U3BHE PaboTHI Iy .
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2

Hacoc
P2

a 7]
Pucynok 5.2 - [luxn Penknna Ha meperperoM mape B p,V a- T,S 6-auarpammax

B cootBerctBHU co || 3ak0HOM TEpMOAMHAMMKHY TI0JI€3HAs paboTa 3a LUK
paBHa pa3sHOCTH IOJIBEJICHHOTO U OTBEAEHHOTO B LIUKJIE TEIIa:

= gy —ay = Ly~ I

Tepmuueckuit KI1J] mukna Penkuna onpeaensercs, Kak 0ObIYHO, TI0
YpaBHEHHIO
q—q,  L—13

d1 q1

TepMoauHamMuueckue  UCCIENOBaHUS  IMKIa  PeHKWHA  MOKa3bIBalOT, 4YTO  €ro
3¢ GeKTUBHOCTh B OOJBIION CTENEHU 3aBUCHT OT BEIMYUH HAYaJIbHBIX M KOHEYHBIX MapaMeTpoB
(1aByieHHS U TEMIIEpaTyphl) mapa.

HccnenoBanusi MOKa3bIBAIOT, 4TO 1, YBEIMYMBACTCS C YBEJIMYEHHUEM  HAYaJbHBIX
rapaMeTpoB Mapa P1¥ t1 ¥ yMEHbIIEHHEM KOHEUHBIX P2 U t2 .

KoHneunsle mapameTpsl mapa cBsi3aHbI MEX/1y COOOM, TaKk Kak Map B 9TOW 00JIaCTH BIaXKHBIH,
Y TIO3TOMY MX YMEHBIIIEHUE MPUBOJIUT K YMEHBIICHHUIO P2 T. €. JaBJICHUS B KOHJCHCATOPE.

VYBenuueHue ti OrpaHUYMBAETCSA JKAPONPOYHOCTHIO MaTEepHaliOB,  YBEJIWYCHHE Pi-
JIOTYCTUMOM CTEMEHbIO BIKHOCTH Mapa B KOHIE PACIIMPEHHS U MPOYHOCTHIO Marepuana Tpyo;
MOBBILIEHHAS BIAXKHOCTH (X > 0,8-0,86) mpuBOIUT K 3p0o3uHu JieTanieil TypOuHBI.

B HacTosiiee BpeMsi Ha 3NIEKTPOCTAHLUSAX B OCHOBHOM HCHOJIB3YIOTCSI TapaMeTpbl Napa pi
= 23,5 MIlIa (240 xrc/cm2) u t1 = 565 °C. Ha OnBITHBIX yCTAaHOBKaX MPUMEHSIOTCS ITApaMETPhl P1 =
29,4 MIIa (300 krc/cm2) u t; = 600-650 °C.

[ToHmwxkeHnue AaBieHUS B KOHJAeHcaTope Oojiee yeM 1o p2= 3,5-4 klla 0,035-0,040 KFC/CMZ),
YeMy COOTBETCTBYET TeMIlepaTypa HachllleHus t2= 26,2-28,6°C, orpaHuyYMBaeTCsl MpPEXe BCETo
TEMIIEPATYpOl OXJIXKIAIOMEH BOIBI toxs, KOJEOMIONMIEWCS B 3aBUCUMOCTH OT KIMMATHYECKHUX
yeaoBuid ot 0 no 25-30°C. Ilpu manoii pazHOCTH t2-toxn MHTEHCHBHOCTH TEIJIOOOMEHa MajaeT, a
pa3mepsl KOHJEHcaTopa pactyr. Kpome TOro, ¢ MOHM)KEHHEM p2 CTAHOBHUTCS BCE OOJBIINM
yIenbHBIA 00BhEM Tapa, 4TO TOKE BENeT K YBEIMUEHHUIO pa3Mepa KOHJEHcaTopa, a Takke U K
YBEIIMYEHHUIO TOCIEAHUX cTyrneHerd TypOuHbl. Ha puc. 5.3 u 5.4 mokazaH rpaduuecku xapakrep
BITUSIHUS TIOBBIIIICHUS P1 U t1 IOHMKEHUS p2 Ha Tepmuueckuit KIT/.

n. =
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Pucynok 5.3 - BiusHue TOBBIINIEHHS HAYaJIbHBIX AABJICHUS W TEMIIEpaTypbl IMapa Ha
SKOHOMHUYHOCTH IUKJIa PeHKknHa

2
T y, 0= 550°C; p, = 16,67MIla = 170 krc/cm
K t
0,46 ™~
'}[4'4 -‘\\‘-““-“1‘-‘-“
0,42 [
0,40 —
02 06 10 14 18 pyxlla

a 6
Pucynox 5.4. BiusiHue NOHWKEHUS TaBJICHUS B KOHICHCATOPE Ha BIAKHOCTh
rapa B KOHIIC pacIIMpeHus (a) 1 SKOHOMHYHOCTH 1uKja Penkuna (0)

K3C. BHeprobnok mpeactaBimsieT coboi Kak Obl OTAETBHYIO JJICKTPOCTAHIIMIO CO CBOUM
OCHOBHBIM M BCIIOMOTATENIbHBIM O0OPYAOBAaHHEM W IIEHTPOM YIpPAaBIIEHUs - OJOYHBIM IIUTOM.
Cesizeli MEXIy COCEIHHMH DJHEProOJIOKaMu 110 TEXHOJOTMYECKHM JIMHUSAM OOBIYHO HE
MpeIycMaTpruBaeTCsl.

[octpoenne KOC no 6;104HOMY IPHUHIIUILY JA€T OMPENEICHHBIC TEXHUKO- SKOHOMUYECKUE
MPEUMYILECTBA, KOTOPBIC 3aKII0YAIOTCA B CICAYIOIIEM:

obrneryaeTcsi MpUMEHEHUE Mapa BHICOKUX U CBEPXBBICOKUX MapaMeTpOB BCIEACTBHE OoJiee
MPOCTOI CHCTEMBI TAPOMPOBOJIOB, UYTO OCOOEHHO BAKHO MJIsi OCBOCHHUS arperatoB OOJBIION
MOIIIHOCTH;

yIpOIAaeTcss M CTaHOBUTCSH OoJiee YETKOW TEXHOJIOTHYEeCKas cXema DJICKTPOCTaHIIUH,
BCJIE/ICTBHE YETO YBEIMUMBAETCS HAAECKHOCTh PabOTHI M 00JIer4aeTcsl HKCILUTyaTallus;

YMEHBILIAETCS, a B OTIENbHBIX CIydasX MOXET BOOOIIE OTCYICTBOBATH pE3EPBHOE
TeIJIOMEXaHUYECKOoe 000pyI0BaHUE;

COKpamaercsi 00beM  CTPOWTENBHBIX M  MOHTaXHBIX  paboT;

YMEHBILIAIOTCS KalUTalbHBIE 3aTPAThl HA COOPYKEHUE DJIEKTPOCTAHIINY;

obecnieunBaeTcs ya1o0HOE pacHIMpeHNe MMEKTPOCTAHIINY, IPUIEM HOBBIC YHEPrOOIIOKU MpHU
HEO0OX0IUMOCTH MOTYT OTJIMYATHCSI OT MPEABIIYIIUX [0 CBOUM IapaMeTpaM.
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Texnonornueckas cxema KO3C cocTouT W3 HECKOJIBKUX CHCTEM: TOIUIMBOIIO- JIA4H,
TOTUTMBOITPUTOTOBJICHH S, OCHOBHOTO TIAPOBOJISTHOTO KOHTYpPa BMECTE C
MaporeHepaTopoM W TypOWHOW, [HPKYISIUOHHOTO  BOJOCHAOXKEHHS, BOJOMNOJITOTOBKH;
30JI0YJIABITUBAHUS U 30JI0YAAJICHUS U JICKTPHYCCKON YaCTH CTAHIINU.

Pucynok 5.5 - [Ipunniunuanshas texHosornueckas cxema KOC:
1 - ckmajg TomMBa M CHCTEMa TOILIMBOIIOAAYM,
2 - cucTeMa TOIUIMBOIIPUTOTOBIIEHUS; 3 - KoTel; 4 - TypOuHa; 5 - KOHAEHCaTOP;
6 - MUPKYJIALMOHHBIA HAcOC; 7- KOHIEHCATHBIN HACOC; 8 - MUTATEIbHBIN HACOC; 9 - TOPENKH KOTIIa;
10 - BentmnsaTop; 11 - apiMococ; 12 - Bo3zmyxomojorpeBarenb; 13 - BOAsHOW sKOHOMai3ep; 14 -
[0JIOTpeBaTEb HU3KOTO JIaBjieHus; 15 - neasparop; 16 - nmomorpesaresnb Beicokoro nasieHust; CH -
COOCTBEHHBIC HYKJIbI

MexaHu3mMbl U YCTAaHOBKM, oOecneuMBarollMe HOpMalbHOE  (YHKIHOHUPOBAHUE
BBIIIICHA3BAHHBIX CHUCTEM, BXOJSAT B TaK HAa3bIBAEMYIO CHUCTEMY COOCTBEHHBIX HYXJ CTaHIHMU
(?HEproodIIOKa).

Ocobennoctu TexHosmornyeckot cxembl TOIl mokazanel Ha puc. 5.10. Yactu cxemsl,
KOTOpbIe MO CcBOEHl cTpykType moaoOHbl TakoBbiM 11 KOC, 3mech He moka3anbl. OCHOBHOE
OTIIMYME 3aKJII0YALTCs B cHelM(UKe MapoBOASHOTO KOHTYpA.
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Pucynok 5.6 - OcoOeHHOCTH TeXHOJIOTHIEeCKOU cxeMbl TOL:
1 - ceTeBoit Hacoc; 2 - CETEBOM MOOTPEBATEIH

YacTe nmapa npu pacmmpeHnd B TypOuHe (¢ mapamerpamu Pog= 0,9-1,2 MIla) otoupaercs u
OTBOJIUTCS. B CETEBOM MAPOBOASHOW MOJOTpEBATENs 2, 4epe3 KOTOPBIM CETEBBIM Hacocom |
MIPOrOHSETCA BOJA, HCHOJNb3yeMas ISl OTOIUIEHUS 3JaHUN W JUId APYIMX HYXK]J TOPOACKOTO
X0341CTBA M MPOMBIIUIEHHBIX NpeanpusaTtuil. Ha npon3BoacTBO map nojgaercs B TeX Cilydasx, Koraa
BOJIM3M  CTAaHIMM  UMEITCS  NPOMBIIUIEHHBIE — NPEANpHATHsA, Tpedyromue mnap Ui
TEXHOJIOrn4eckoro mnpouecca. KoanuecrBo oT6MpaeMoro oT NpoOMEXyTOYHbIX CTYHNEHEH TypOUHBI
rapa ornpeessercs IOTPeOHOCThIO TEIUIOBBIX MOTPEOUTENEH B ropsiuelt BoJie 1 nape.

Hcnonp3oBaHue [yl TEIIO(PUKALUU YAaCTUYHO OTPAOOTABILEro Mapa U3 IPOMENKYTOUHBIX
CTymeHeH TypOMHBI yMEHBIIAET KOJIMYECTBO I1apa, IOCTYIAIOLEro B €€ KOHJEHcaTop, a
CJIeZIOBATEINIbHO, U MOTEPU TeIUla ¢ LUPKYISIMOHHON BoJo. Bee Teruto, conepikaiieecs B ropsueit
BOJE U Iape, KOTOpble MOCTYNAIOT CO CTaHLUMU B TEIUIOPUKALMOHHYIO CETh, CUMUTAIOT I10JIE3HO
OTHYLICHHBIM TerioM. KoapduimeHT HCmob30BaHusl TEIIOTHI TEIUIOAICKTPOLICHTpaIed (Mur )
YUUTBIBAIOUIEH OTIYCK MOTpeOUTeNsAM OOOMX BHUJIOB 3HEPrUU - AIEKTPUYECKONH M TEIUIOBOH, -
nocturaer 60-70% wu gaxke Oojee. DTOT MOKa3aTellb XapaKTepu3yeT OOIIee HCIOIb30BaHUE
SHEPIUM TOIUIMBA HA TEIUIOIEKTPOLEHTpalsix. OueBUAHO, YTO HKOHOMHYHOCTH pPalbOTHI
TEIUIORJIEKTPOLICHTPAIM 3aBUCUT OT BEIMYMHBI 0TOOpa napa Ha teriopukanuio. C yMEeHbIICHUEM
KOJIMYEeCTBAa Iapa, IMOCTYMAIOIIEro B KOHJEHCATOphbl Temo(ukaunoHHelx Typoun, KIIJI
TEIUIOAJIEKTPOLICHTPAIN BO3PACTaEeT.

OueBUIHO, YTO SKOHOMHYHOCTh PAaOOTHI TEMJIONIEKTPOLEHTPAIN 3aBUCUT OT BEIMYUHbI
orbopa mapa Ha Temlopukanuio. C yMEHbIIEHHWEM KOJIMYECTBA Iapa, MOCTYHAIOLEro B
KOH/IEHCATOPbI TerutopuKannoHHbIX TypOuH, KI1/I TernosnekTponeHTpaiu Bo3pacTaert.

«KEGOC» (KASE: KEGC), Aknuoneproe ooimiectBo «KazaxcTaHckass KOMIAHHS 10
yhpaBiieHUI0 saekTpuuyeckumu cetsiMu» (Kazakhstan Electricity Grid Operating Company) -
KOMIIaHMS, BBIMOJHSIOMAS (QYHKIMHM CHCTEMHOIO oOIepaTopa M oOIleparopa MarkucTpalbHBIX
anekTpuyecknx cereil Kasaxcrana (JIuHUMI 3iexkTponepenadd U MoJCTaHUMN HampspkeHuem 220,
500, 1150 xB). Takxe siBiseTCsl ONEpaTOpOM TOProBIIM AEKTposHeprueil mexay Kazaxcranom u
cornpeieibHBIMU cTpaHaMu. KoHTponupyercs rocyaapcrBeHHbIM XonauHrom AO «®PHB ,.Campyk-
Kaspina*“y. OcnoBana B 1997 rony.

ITo nanapiM KEGOC — cucTeMHOTO0 oneparopa eIMHOMN 3JIEKTPOIHEPTeTUUECKON CHCTEMBI
KazaxcraHa —  MpOW3BOJACTBO  IJJMEKTPUUECKOM  SHEprMd B CTpaHE  OCYIIECTBIISIOT
119 >JIeKTpOCTAHIMK pa3IHuHOl (opMbl cobcTBeHHOCTH L,
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KEGOC mnogpa3zaenser 5JeKTpPUYECKUE CTAHIIMU Ha BJICKTPOCTAHIMHM HAIMOHAIBHOTO
3HAUEHHs, IEKTPOCTAHLIMM B COCTABE IIPOMBIIIJICHHBIX KOMIUIEKCOB U 3JIEKTPOCTAHLIUU
PErMOHAIBHOTO 3HAYECHHUS.

B cnmcke mepeuncnsrorcs anekTpoctaHumu Kaszaxcrana, BKIIOYEHHBIE B (DaKTHUECKHMA
O6amanc wmomHocTH EDC Kazaxcrana. CHOHCOK CTpYNIHPOBaH MO BUAAM  DJIEKTPOCTAHIIHI.
VYcTaHOBIIEHHAs MOIIHOCTh U CTPYKTypa COOCTBEHHOCTH 3JIEKTPOCTaHIM TNPUBOAUTCS B
COOTBETCTBUH C O(PHUIMATGHBIMU TOJOBBIMH OTYETAMH TeHepupyromux kommanuii Kazaxcrana. B
KauecTBe coOcTBeHHMKA 3MekTpoctaHimii AO «AnDCy» (Anmaruackue TOII-1, TOL-2 u TOII-3,
Kanuaraiickas I'9C n Anmatunckuit kackan ['9C) ykazeiBaercs Campyk-OHepro, Tak kak 100 %
akumii AO «AnDC» npunaiexuT CaMpyK-OHEpro.

TennoBeie  anmekTpocTanimu — pecnyonuku — Kazaxcran:  Okmbacrysckas  [POC-1
(ycranoBnennass momrHocTh 3500 MBT), XKamo6puickas ['POC (ycranoBneHHass momHOCTH 1230
MBT), Kaparanmuackas ['POC-2 (ycranoBnenHas wmomHOCTE 743 MBt), TOC MABK
(ycranoBnennas MomHocTh 630 MBT), TOI[-2 MAD (ycranoBieHHas MomiHocTh 625 MBT),
HIemvkenTckas  TOI[-3  (ycranoBimenHas wmomHOCTh 160 MBT), IlaBmomapckas TOI[- 3
(ycranoBiieHHass MOMIHOCTH 350 MBT), Amvarunckas TOII-2 (ycTaHOBJIEHHas MOIIHOCTH 173
MBT), Kaparammuackas TOL-2 (ycranoBnennas momHocTh 435 MBrT), JXKeskasranckas TOIL]
(ycranoBneHHass MomiHOCTh 152 MBT), Dkubacrysckas TOL] (ycranoBiennas momiHocTh 12 MBT)
u Jp.
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Pucynox 5.7 —Kapra TOC Ka3zaxcrana

Pasmemenne TOLl mpenMyliecTBEHHO B KPYMHBIX MPOMBIIIJICHHBIX LEHTPAX IOBBIMIAET
TpeOOBaHUs K OXpaHE OKpykKarwmied cpenbl. Tak, s yMmeHblIeHUsT BpeAHbIX BeiOpocoB TOIL]
11eJ1ec000pa3Ho, e 3TO BO3MOXKHO, HCIOJIb30BaTh B MEPBYIO OYEpeIb ra3000pa3HOE WM JKUIKOE
TOIUIMBO, & TAK)KE€ BHICOKOKAUE€CTBEHHBIE YTIIH.

4. MiuniocTpaTuBHBIA MaTepuan: /1 npoBeaeHNs 3aHATHS NCIIOJIB3YETCA CIENyIOIIee
MaTepHallbHO- TEXHUUYECKOe 00ecTiedeHrne: HOyTOyK, MyJIbTUMEIUMHBIN TPOEKTOP, IKPaH.

5.JIuteparypa:
OCHOBHast
1. bepnanueBa A.A., JaynerOaesa [I.A. DHepropecypcol, HCTOYHUKU U METO/BI TOJIy4EHHUS. -
Vuebnoe nocodue.-IIbmvkent 2022. -244 c.
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https://ru.wikipedia.org/w/index.php?title=%D0%A8%D1%8B%D0%BC%D0%BA%D0%B5%D0%BD%D1%82%D1%81%D0%BA%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6-3&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%B2%D0%BB%D0%BE%D0%B4%D0%B0%D1%80%D1%81%D0%BA%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6-3
https://ru.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%BC%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6-2&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%B0%D0%B3%D0%B0%D0%BD%D0%B4%D0%B8%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6-2
https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%B7%D0%BA%D0%B0%D0%B7%D0%B3%D0%B0%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%B8%D0%B1%D0%B0%D1%81%D1%82%D1%83%D0%B7%D1%81%D0%BA%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6
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2. beicrpunkuii I.®. 595 O6mas snepreruka ([Iporn3BoacTBO TEMIOBON U ANEKTPUUIECKON IHEPTHH)
yuebnuk / I'.®. Bbeictpuukuii, I'.I'. 'acanramxues, B.C. KoxxuuenkoB. — 2-e u3a., crep. — M. :
KHOPYC, 2016. — 408 c. — (bakanaBpuar).

3. Badwumn, 1. b. B23 KorensHble YCTAaHOBKH U aporeHepatobl: yueonoe nocobue / JI.b. Badum.-
Huxnaekamck: HikHekaMCKUH XUMUKO-TEXHONMOrnYeckuit HHCTUTYT (pumuar) ®I'BOY BIIO
«KHUTY», 2013. - 176 c.

DIeKTPOHHBIE PecypehI:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, TTAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sl maHHBIX

PecmybiMkaHCKas MEXBY30BCKas JIEKTpOHHast 6uomroreka, Aknurpress www.aknurpress.kz.

6. KoHTpoJb (BONIPOCHI, 321a4H, PeLICHUE)

[lepeunciuTh TUIIBI DJIIEKTPUUECKUX CTAHIIAM.

Kaknmu ctaHnmsiMu BeipabaThiBacTCsl OO0JIbIIAs 4acTh AJICKTPUUECKAst SHEPT U
Kazaxcrana?

OOBACHUTH NPUHIUITHAIBHYIO CXEMY KOHICHCALIMOHHON AIEKTPOCTAHIUH.
Onucath UK Penkuna.

OOBICHUTH MIPUHITUN TOTyYeHUs MeKTpraeckoit sHeprun Ha TOL, orouune TOL] ot KOC.
Omnucatp npeumyiectsa nmocrpoeruss KOC no 6;104HOMY TPUHIIMITY.

Omnucathk TexHOJOTHYECKYI0 cxemy TOLI.

Haznauenue n pynkmus AO «KEGOC»

[Iepeuncinth ocHOBHBIE TemloBble cTaHnuu Ka3axcrana.

N

©oNe Ok W

Jlexkuus 6

1 Tema 6. BropuuHble YJHepreTudecKne pecypchl

2. lean: 3HaTh K1accuduKanuio U obgactu npuMeHeHuss BOP , MmeTon0B ncnoap30Banms
TeraoBeIX BOP;

3HaTh MPHUHIIUIBI UCIOJIb30BAHUS BTOPUYHBIX SHEPreTUUYECKHX PEeCcypcoB H30BITOYHOTO
JIaBIICHUS;

3HaTh MPHUHIMIIBI UCITOJIH30BAHUS HU3KOMOTCHIIMAIIBHOTO TEIJIa C TIOMOIIBI0 TEIJIOBBIX
HacoCOB

3. Te3nchbl JeKINU:

[ToHsITHE O BTOPUUYHBIX SHEPTETUYECKUX PECYpCax U UX UCTOYHUKAX

HcToyHnKH TETIOBBIX OTXOIOB.

OcHoBHBIE ONPEIENICHNUs, UCTIOb3yeMbIe MpH olieHKe BOP.

YTunuzanus TemaoBbIX OTXOJOB M Iiefiel OTOMJICHUS M TOPSYETro BOJOCHAOXKEHUS U
MPUMEHSIEMOE ISl ATOTO MPOMBIIITIEHHOE 000pyJOBaHHE.

YTunuzanus HU3KONOTSHIIUAIBHBIX TETIJIOBBIX OTXO0/IOB

TemnoBoit Hacoc. OCHOBHBIE TUITBI IPOMBIIIUICHHBIX TETIJIOBBIX HACOCOB.

Hcnonp30BaHKe TETIOBBIX OTXOA0B I IPOU3BOACTBA AIIEKTPOIHEPTUN

Ilonstue o BTOPHUYHBIX DOHCPTCTUUCCKUX PECYpPCaX U UX UCTOUYHUKAX



http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/
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B oHeprermueckux OamaHcax TPEANPHATHH  OCOOCHHO DHEPrOEMKHX  OTpaciieit
3HAYUTEJILHOE MECTO 3aHMMAIOT BTOPUYHBIC SHEpreTuyeckue pecypceol (BOP).

OKOHOMUS TOIUIMBHO-3HEpreTndyeckux pecypcoB (TOP) moxer ObITh peanuzoBaHa B ABYX
HalnpaBJIeHUsAX. Bo-IepBbIX, 3a CUET YCOBEPUICHCTBOBAHMSI TEXHOJOIMYECKHUX IIPOLIECCOB MU
anmaparoB (HOBBIX SHEProcOeperarnx TEXHOIOT i), O1arogapss 4eMy JOCTUTAETCs MOBBIIICHHE
KIIJI u cHmxkaercs pacxona ToIUIMBa W SHepruu. Bo-BTopbiX, mocpeactBoM yrunuzauuu BOP,
KOTOpbIe HEM30EKHO BO3HUKAIOT B O0JIBIINX 00beMax 0COOEHHO B SHEPrOEMKHX MPOU3BOJICTBAX, U
3a CUeT KOTOPHIX MOKHO ToJyuuTh 30 — 35% coepexxenust TOP.

DHepreTuyeckrue OTXO0/bl, KOTOpPbIE BO3BpAIIAIOTCS OOpaTHO HA BXOJ B TEXHOJIOIMUYECKUN
arperat, HaspiBatoTcsi BOP BHyTpenHero ucnonb3zoBanusi, a BOP, yrunuszupyemble B Ipyrux
YCTaHOBKaxX — BHEIIHEro Hcmoib3oBaHus. CaM TEXHOJOTMYECKMH arperar, KOTOpBIM SBISETCS
HWCTOYHHUKOM SHEPreTUYECKUX OTXOJI0B, Ha3zbiBaeTcsl uctounnkoM BOP. Bce BOP noapasznenstor Ha
TPH OCHOBHBIE TPYIIIIHIL.

Bropuunbie sHepreTuuyeckue pecypchl - 3TO JHEprus, Mojydyaemas B XOJie Jr00ro
TEXHOJIOTHYECKOI0 Mpoliecca B pe3yibTaTe HEJOUCIOIb30BAaHUS MEPBUYHON HEPIUU WK B BUIEC
MOO0YHOTO MPOAYKTa OCHOBHOTO IMPOM3BOJCTBA M HE MpPUMEHSEMas B 3TOM TEXHOJOTUYECKOM
npouecce. [pyrumu  cioBaMu, BTOPHYHBIE JSHEPreTHYECKHE pPECypchl €CTh  pe3ysbTar
npeoOpazoBaHus IEpPBUYHON dHEpruu (puc. 6.1).

MO’KHO BBIIETUTH TPU OCHOBHBIX HCTOUYHUKA IEPBUYHON SHEPIHHU:

— MHcuepnmaembie pecypchl (HMCKOMaeMmple TOIIMBA): Yrojib, HE(Th, MPUPOIHBINA Ta3,
SJIEPHOE TOIIMBO U JIp.

— Bo3006HOBIsIEMbIE HICTOUHHMKH: SHEPTUs COJHIIA, BETPA, ABMKYIIECHCS BOJbI, IPUINBOB U
OTJIMBOB, Fre0TEpMasibHas YHEPrus, OuoMacca u T.11.

—  OTXOZEBL.
Puc. 6.1. [lepBuyHble U BTOPUYHBIE UICTOYHUKHU SHEPTUM PaznuyaroT Tpu BUAa BTOPUUHBIX
JHEPTeTUYECKHX pecypcoB (manee BOP):

[Tepenunas aHeprus BropiuHble HCTOYHMKM HEPIHUM

Hedrs. yrom.
NPHPOIHKIN ras,
ADEPHOE TOIUHEO .

HedrenponykTs,
’ NpOH3BOOHEIC —
TOINEA

SnexTpHiecKas
“® u Terosas sueprua

Otxonsi

ITpeoGpazoeammie
K norpeburemmo

SHeprus COMHIa, "
BETPa, BOTEI,
reoTepMansHas

\‘ Buoronmma

Pucynox 6.1 - [lepBuuHbie 1 BTOPUYHBIE HCTOYHUKH SHEPTUU

Paznuuator Tpu BUja BTOPUUHBIX SHEPreTUYECKUX pecypcoB (nanee BOP):

1. TenaoBbie BOP — TemioBas sHeprus, oOpasyromuiascs B pe3ybTaTe TEXHOJOTHYECKOTO
npoiecca Ui paboThl 000PYAOBaHUS, KOTOPas HE MOXKET ObITh B JaJbHEHIIEM HCIOJIh30BaHA B
JAHHOM TEXHOJOTMYECKOM TIpollecce WM arperare, HO MOXET ObIThb MCIIOJb30BaHA IS
IIPOU3BOJICTBA TEIUIOBOM SHEPrUM B BHJE TOpAYE BOABI WM Iapa B JPYyroM IpOLECCE WM
arperate. TemmoBbie BOP Moryr ObITh HCHONB30BaHBI JUIsl LENEHd OTOIJIGHHWS M TOPSYero
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BojiocHaOxkeHus. K rermmoBeiMm BOP OTHOCAT M HM3KOMOTEHIIMATIBLHOE TEIJIO, KOTOPOE HE MOMKET
OBITh HAIIPSIMYIO UCIOJIB30BAHO 0€3 CIeNHaTbHBIX YCTPOMCTB sl 1eTIeH TEeTI0CHA0KEHHSI.

2. Toprtoune (torumBHble) BOP — XxmMudeckas »HEprus OTXOJOB OT OTHETEXHHYECKOTO
00OpyZIOBaHUs. DTO TOPIOYHE Ta3bl IUIABHWIIBHBIX I€4el, BarpaHoK M T.d., TOPIOYHE OTXOJbI
MPOIIECCOB XUMHUYECKOH M HE(PTEXMMHUYECKON NPOMBIIUICHHOCTH, TOPIOYUE OTXOAbI YEPHOU H
[BETHOI MEeTaJulypruy, ra3oBoi mpoMbllIeHHOCTH. McTounnkoM roprounx BOP sBisitoTcst Takxke
JiecHas U JIepeBooOpadaThIBaOIIasi MPOMBIILIEHHOCTb.

3. BOP n30bITOUHOTO MaBIIEHUS — SHEPTUS T'a30B, )KUIKOCTEH, mapa, MOKUIAIOIINE arperaThl
¢ n30bITOYHBIM AaBieHUEM (P>Pam), KoTOpoe HEOOXOMUMO CHIDKATh TIpU BBIOpOce B atMmocdepy.
Bce Bugst BOP B 3aBUCHMOCTH OT MX CBOWCTB MOTYT HMCHOJIb30BaThCS MOTPEOUTEIEM KaK B BHUJIC
TOIUTMBA WJIM JUISL BBIPAOOTKHM TEIJIOTHI, XOJOJa, SJEKTPOSHEPIHHU U MEXaHHMYEeCKOW paboThl
ITOCPEACTBOM CIIEHHAIN3UPOBAHHBIX YTUIN3ALMOHHBIX YCTAHOBOK.

[IpOMBIIIIEHHOCT, 3MEKTPOCTAHIUU M TPAHCHOPT 00JaAal0T 3HAYUTEIbHBIMU 3amacamu
BTOPUYHBIX PHEPreTHYecKuXx pecypcoB. Cpenan HuUX HamboJjee CyleCTBEHHBIMH MPOU3BOIUTEISIMUA
BOP gBndroTcsi NpOMBILUIEHHbIE W SHEPreTHYECKue MNpeAnpusitTus, HedrenepepabaThIBaromIe
3aBOJbI, CTAJIETUIABUIIBHBIE TIPOU3BOJICTBA, TPAHCIIOPT.

HcToYHNKH TEIUIOBBIX OTXOI0B

HaunBaxxHemmMu KCTOUHUKAMU TEIJIOBBIX BOP sABIISIIOTCS MPOMBINIIJICHHBIE PENPUSITHH,
ANIEKTPOCTAHIIMU U TPAHCIOPT.

K 0CHOBHBIM NPOMBIIIIEHHBIM MPEITPUITHIM-UCTOUHUKAM TEIUIOBBIX OTXOJIOB OTHOCSIT:

— KOMIIPECCOPHbIE CTaHIINH;

— HedTe- 1 ra30100bIBAIOLIUE IPEATIPUSITUS;

— HedrTe- U yrienepepadaThIBAIOIINE TPEIPUSITHS,

— LIEMEHTHBIE 3aBO/JIBI;

— XUMHYECKHE IPOU3BOJICTBA;

— MPEeAnpUsATHS 10 MPOU3BOICTBY STaHOA,

— LEJUII0I03HO-0yMa)KHbIE KOMOMHATHI;

— MeTaJuTypruueckue 3aBo/ibl;

— CTEKJIOTUIAaBUJIbHBIC IPEATIPUSITHUS;

— MYCOPOCKUTaTeNbHbIE 3aBO/IBI;

— 3aBOJIbI 10 MPOU3BOJICTBY KUPIIUYA U APYTUX CTPOUTEIHHBIX MATEPUATIOB;

— MPEeANnpUsATHS MO MPOU3BOJACTBY MCKYCCTBEHHBIX CHHTETHUECKUX BOJIOKOH, KaydyKa,
PE€3UHBL, CMOJI.

OCHOBHBIMM ~HOCHUTEISIMU W  arperaraMu-uctouHukamu BOP Ha mpoMblUIeHHBIX
NPEANPUITUSIX ABJISIFOTCS:

— KOTJIOAarperarsl;

— TEXHOJIOTMYECKHE HarpeBaTellbHbIE YCTPOUCTBA, [1€YH;

— KOHBEKTUBHBIE, pAJUALMOHHBIE TEIUIOBBIE OTXOJbl OT HArpeThiX IOBEPXHOCTEH
00opyI0BaHuUs;

— KOHBEKTHUBHBIE, paJUaIl[MOHHBIE TEIJIOBBIE OTXObl OT HATPETHIX MPOAYKTOB;

— yXoJjdlue MPOAYKTHI CTOpaHUs TOIUIMBA JI0 UX BBIOpOCa B atMochepy;

— KOMIIPECCOPBI, Ta30TypOUHHBIE YCTAHOBKH, BHIXJIOMHBIE Ta3bl MOPIIHEBLIX BUTATEIEH;
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— BOJla  CHUCTEM  OXJIAKICHHS  TEXHOJOTHYECKOTO  OOOpYIOBaHWS,  BO3IYIIHBIX
KOMIIPECCOPOB, JIBUTATEICH BHYTPEHHET'O CTOPAHMS.

Huxe npencraBineHbl HEKOTOPhIE TPUMEPHI HCTOYHUKOB TEIIOBBIX BOP 1 Bo3mMokHOCTH HX
HCIIOJIb30BAHUS:

1. Temmorta yxomsmmux ra3oB. Bo3MOXHOCTP M 1€1€COO0PA3HOCTh €€ HCIOJB30BaHUS
3aBUCHUT OT TEMIIEPATYPhI Ta30B U PACTET C €€ YBEIIMUCHUEM.

2. TernoTa, cojepxaiascs B OTpaOOTAHHOM Tape: BO3MOKHOCTh UCIIOJH30BAHUS 3aBHCHUT
OT MapaMeTpoB Mapa, KpoOMe STOTO BO3ZMOXKHO MCIOJIb30BAHUE CKPBITOM TEIUIOTHI Tapo0Opa30BaHMS
MPHU €ro KOHJCHCAIUH.

3. KoHBekTHBHBICE ¥ paJMAlMOHHBIC TETUIONIOTEPH Yepe3 HAPYKHBIC IMOBEPXHOCTH
TEXHOJIOTHYECKOTO 000PYI0BAHUS: KaK MIPABUIIO, TO HU3KOMOTEHIIUATHEHOE TEIJI0, KOTOPOE MOXKET
OBITH MCTIOIB30BAHO IS IIeJIeH OTOTICHUS U TOPSIETO BOJOCHAOKEHUS.

4. TennoBas »Hepruu, oTOMpaemass TpPHU OXJIAXKIECHUU BOJBL: MOXKET ObITh IOJE3HO
WCIIOJb30BaHA TMPU YCTAHOBKE TEIUIOOOMEHHBIX amnmapaToB IS TMOJOTPEBa CBEKEW BOJBI Ha
pa3IUYHBIC HYXKIBI.

5. Temnora HarpeTol MPOW3BOACTBEHHOW BOJIBI: MOXET OBITh WCIIOJb30BaHA A
MMPOM3BOJICTBA XOJIOAa TP JOCTATOYHO BBICOKOM TeMmIiepaType (CpeaHe- U BBICOKOTIOTCHITHAIBHOE
TEIUIO0), WU JIJIsl TIPOU3BOACTBA TEIIOBOM PHEPTUU C TIOMOIIBIO TEIJIOBBIX HACOCOB, €CIU TEIUIOTa
HarpeTom BOJIbI SIBJISAETCS HU3KOMOTECHIIUAIBLHOM.

6. Temnora MNPOAYKTOB, MOKUIAIONIMX TEXHOJIOTHYECKYI) YCTAaHOBKY: BO3MOXKHOCTH
WCTIOJIb30BAHUS 3aBUCUT OT TEMITEpaTypbl M JOMYCTUMOCTH OXJIAXICHUS, UCXOA U3 TpeOOBaHUMA
TEXHOJIOTMYECKOT0 Mpoliecca.

7. TertoTa XUJIKUX W Ta3000pa3HBIX CTOKOB, MOKHAAIONIMX YCTAaHOBKY (B TOM YHCIE U
TOIJIUBHBIX): BO3MOXKHOCTh MCIIOJB30BaHMS JOCTATOYHO HU3KAs, €CIIM CTOKU CHUJIBHO 3arpsi3HCHbI U
TPeOYIOT BBITIOJHEHHS MOBEPXHOCTEH TEIFIOOOMEHHBIX aIapaToB U3 0COOBIX CIIJIaBOB.

Kpome »storo, rtemnoBasi 3Heprus sBiseTcs MOOOYHBIM d(DdexkToM paboThl Pa3IMIHOTO
000pyI0BaHUS CHCTEM SHEPTOCHAOKECHUS U SHEPTONMOTPEOICHUS 3JaHUI U COOPYKEHUH (TaKHX KaK
QNEKTPUYECKUE TOACTAHIIUU, CHCTEMbl KOHAMIIMOHHPOBAHUS). OTO TEIJIO dYalle BCEro
BBIOPACHIBACTCS B OKPYXKAIOIILYIO CPEAY, B TOM BpPEeMsI KaK OHO MOTJIO ObI OBITH COOpaHO, HAKOIIJICHO
U UCIOJb30BAHO I CUCTEM OTOIUICHUS M BEHTWISLHUM KUJIbIX WM aJIMUHUCTPATUBHBIX 3IaHUM.
TeXHUKO-DKOHOMHYECKUH aHaIM3 TOKa3bIBAC€T, YTO IPOCKTHI IO HCIOJH30BAHUIO IMOOOYHBIX
MIPOJIYKTOB PabOThl OCHOBHBIX CHCTEM B KOMMYHAIbHOOBITOBOM CEKTOpE UIsl HYXI OTOIUICHHUS
SIBJIIFOTCSL TIPUBJICKATEIBHBIMU C TOYKHM 3PEHMSI MPUBJICUCHHUS MHBECTUIMHN I MX pealu3aluu.
Kpome Toro, ucrnoap30BaHUE TAKOTO TEIlIa MO3BOJISET CHU3UThH BEIOPOCHI BPEAHBIX BEIIECTB, TAKUX
kak CO2 u NOx.

OcHoBHBIC OIIPpCACIICHHU, NCIIOJIb3YEMBIC ITPU OLICHKC BOP

Breixonq BOP — komuuectBo BOP (Qgux), 0Opasyrommxcss B Mpoliecce MPOU3BOJICTBA B
JAHHOM TEXHOJIOTMYECKOM IIPOLIECCE 3a €AUHUIY BPEMEHH.

BripaboTka 3a cuer BOP — xonuuecTBo Temia, Xoia0/1a, 3MeKTPOIHEPI U WA MEXaHUYECKOH
paboTbl, mosyyaeMoit 3a cuer BOP B yrunuzaunonHoit ycranoske (Qyr). Paznnyaior Bo3MOXHYIO,
HSKOHOMHYECKH IIeJeco00pa3Hyto, IUIAHUPYEeMYI0 U (akTHYeCKylo BbIpabOTKy. Bo3moxkHas
BBIPAa0OTKa — 3TO MaKCUMaJIbHOE KOJHMYECTBO TEIUIA, XOJI0JIa, HIIEKTPOIHEPTUU UM MEXaHHUUECKOM
paboThI, KOTOPOE MOXKHO NPAKTUYECKU IMOJIYYHUT 3a CUeT JaHHOro Buaa BOP ¢ yuerom pexumoB
paGoThl arperata — UCTOYHMKa BOP u  yTHIM3allMOHHOW YCTaHOBKHU. ODKOHOMHMYECKH
1esiecoodpa3Has BoIpabOTKa — 3TO KOJIMYECTBO TEIUIA, X0JI0/a, HJIEKTPOIHEPT U MITH MEXaHUYECKOM
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paboThI, 11e1eco00pa3HOCTh MOMYYEHUS KOTOPOTO OT YTHIIN3allHOHHOW YCTAaHOBKH ITOATBEPIKIACTCS
SKOHOMMUYECKUMHU pacueramu. [lnanupyemas BbIpaOOTKa — KOJIMYECTBO TEIUIA, XOJ0Ja, KOTOpOe
npearnoaraeTcs MoixyduTh 3a cuer BOP. daktudeckast BbIpa0OTKa — (DaKTHUECKH MOJyYCHHOE
KOJIMYECTBO TEIIa, X0JIOAa Ha JIEHCTBYIOUIMX YTUIN3AMOHHBIX YCTAHOBKAX 3a OTUYETHBIN MEPUOI.
Koaddutment BeipaboTku 3a cuer BOP — oTHomeHne akrudeckoit (mmaHupyeMoii) BEIpaOOTKH K
SKOHOMHUYECKH TIiesnecooOpasHoit. Mcmonms3oBanme BOP — konamdecTBO ucmosib3yeMou y
notpebuteneit sueprun (Qu), BelpadbaThiBaeMoil 3a cueT BOP B yTunm3anmoHHBIX ycTaHOBKax, a
TaKKe TOIJIMBA U TEIUIA, TOJYy4aeMbIX HENOCPEACTBEHHO B KaU€CTBE BTOPUYHBIX IHEPrOPECYPCOB.
UcnonszoBanne BDOP Ttakxke, kak u BbipaboTka 3a cuer BOP, MoxeT OBITHh BO3MOXKHOE,
SKOHOMHUYECKH I1eJ1eco00pa3Hoe, INIAHUPYEMOE U (PaKTHIECKOE.
Koadpunment ucnons3zoBanus BeIpad0TaHHOM 3Hepruu 3a cuet BOP.
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KonmuectBo wcnosib30BaHHBIX TemaoBbix BOP Qu Bcerja MeHblle BBIPaOOTKH HMX B
YTUIN3alMOHHOM ycTaHOBKE Qyr. Bo3moxHas BeipaboTKa Termaa Qr B yTHINM3alIMOHHOM yCTaHOBKE
3a cuet TermIoBeiXx BOP [1]

0., =(G,hy — Gyhy P(1-2)-107°, Thk/rox.

I'me Gim G2 — macca >HEProHOCHUTENS] COOTBETCTBEHHO HA BXOJI€ B YTWIW3ALMOHHYIO
YCTaHOBKY M Ha BBIXoje U3 Hee (B obOmem cimydae Gi # G2 BCiIeacTBHe yTeUeK WM TOJCOCA
BO3JlyXa MO ra30BOMY TPAkKTy); hi - SHTaNbNHs SHEPrOHOCUTEINS Ha BBIXOJE U3 TEXHOJOTUYECKOTO
arperara - uctounuka BOP; h, — sHTanpnusa sHeproHocuTeNs Mpu Temmeparype t2 Ha BBIXOJAE U3
YTUIM3AIAOHHOH yeTaHoBKH, KJK/M3, kJIK/KT; B - K09((dUIHMEHT, yIUTHIBAIOIIHIT HECOOTBETCTBUE
peXHMa U 4YHCIa 4YacoB pabOThl YTUIM3AaMOHHOW YCTAaHOBKM W arperarauctounuka BOP; & -
KO3 (UIIMEHT, YUUTHIBAIOUIUI TEIJIOOTBOJI B OKPYKAIOIIYIO CPey.

Bo3MoxHYI0 BEIpaOOTKY TEIIOTHI MOKHO HalTH 10 GopmyIie

Q}"r = QEED{ ’ ﬂ}"r

rze Nyr - yenoBHbld KITJ{ yrunuzanuonHoi ycraHoBKU. Bo3moxHast BeipaboTka xosona Qx
3a cyeT TeroBbiXx BOP paccunteiBaercs no popmyie

Qx = Q}rr tE

IJie € - XOJIOOUIbHBIN KOBCI)(I)I/II_[I/ICHT MaluHbL. Bo3MoxkHas BLIpa6OTKa QJICKTPOSHEPIHUU B
TCHHO(bHKaHHOHHBIX Typ6I/IHaX IIpu TOJYYCHHUU B y’THJIH3aI.[HOHHOﬁ YCTAHOBKE IIapa BBICOKHX
napaMeTpoOB MOKECT OBITH onpeaciicHa
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rae D - yzAenbHas BBIPAOOTKA SJIEKTPOSHEPTHMH HA EAWHUIYy OTIYIIEHHOW TEIUIOTHI,
kBt-w/I'J[k; qr - yAETbHBIA pacxo] TEIJIOTHl HAa MPOHM3BOJCTBO AJIEKTPOIHEPTHU IPH TEIUIOBOM
notpeonenun, I'JHx/kBt-).

Otnyck TemioTel Qr B 3TOM cilyyae, T.€. NpU KOMOMHHPOBAaHHOM HCHOJb30BaHuM BOP
COCTaBUT

Q}'r

% =G5 g

[Ipn mocrymieHMH napa BBICOKMX IIapamMeTpOB M3 TEIUIOYTHJIM3aLMOHHBIX YCTaHOBOK Ha
KOHJICHCAIIMOHHYIO TYpOUHY BbIpaboTKa 37eKTposHepruu W paccUuThIBAETCs 10 COOTHOLLIEHUIO

Q}' r
x

W =

r€ Jx - YASTBHBIN pacxo ] TEIUIOTHI Ha MPOU3BOJICTBO JIEKTPOIHEPTUU B KOHICHCAIIMOHHON
typoune, I'J[x/kBt-4. ['omoBas 3KOHOMHS TEIIOTHI — KOJWYECTBO TEIJIOBOM DHEPTHUH, KOTOPOE
MOKET OBITh COKOHOMJIEHO MpU IPOU3BOJICTBE TEIUIOTHI U3 BTOPUYHBIX SHEPIETUUECKUX PECYPCOB
(' Ix/rox). DKOHOMHUSI TOTIJIMBA — KOJTMYECTBO TIEPBUYHOIO TBEPIOTO, XKHUIKOTO UK ra3000pa3HOTO
TOIUIMBA, KOTOPO€ MOXKET OBbITh CIKOHOMJIEHO IpU MCIOJB30BAHUM TEIUIOTHl BTOPUYHBIX
SHEpreTuyecKux pecypcon. [Ipu TenaoBoM ucnoib3oBaHuU BOP s3koHOMMS TOIUTMBA ONIpEaEseTcs
€ro pacxoJO0M B OCHOBHBIX WJIM 3aMEUIaeMbIX YCTAHOBKAaX Ha BBIPAOOTKY TAKOIO K€ KOJIMYECTBa U
TEX € MapaMeTPOB TEIJIOThI, KOTOPHIE MOJTy4YeHbI 3a cueT BOP.

yTI/IJ'II/I3aI_[I/I5I TCIIJIOBBIX OTXOJ0B JJIA ueneﬁ OTOIUICHUA W TOPSAYEro BOI[OCHa6)KeHI/I$I u
IMPUMEHACMOC IJIA 5TOI'O IIPOMBIIIJIICHHOC 060py,Z[OBaHI/Ie

OcHOBHBIE HANpaBJICHUS MOBBIMICHUS SHEProdGPEeKTUBHOCTH Ha MPOMBIIIICHHBIX
OPEeANPUATHIX (XUMHYECKOH, HEPTEeXUMUUECKOM, MUIIEBOM, (papManeBTUYECKOH U psala APYrux
oTpaciei  MPOMBIIIJICHHOCTH)  OPHEHTUPOBAHbBI ~ HA  CHIDKGHHE  DHEpromnoTpediieHus
TEXHOJIOTHYECKOr0 000py1oBaHus (KOTJIOArperaTtoB, Meveid, CyIMIbHBIX YCTAHOBOK, CENapaTopoB,
JIBUTATENICl U HACOCOB) M COBEPIICHCTBOBAHHS TEXHOJIOTHM Mpou3BOoACTBA. OJHUM U3 CHOCOO0B
NOBBIIIEHUS 3((HEKTUBHOCTH YHEPrONOTPEOISAIONIEro 000pYA0BaHUS SBISIETCA cOOp U MOBTOPHOE
HCII0JIb30BAaHNE TEIUIOBBIX OTXOJIOB. B HEKOTOPHIX chy4asX, YTHJIM3allUs TEIIOBBIX OTXOJOB
MIPOMBIIIJICHHBIX Y€l MO3BOJsSET MOBLICUTh UX 3 dekTuBHOCTh HA 10% - 50%. HakomnenHoe u
MMOBTOPHO HCIOJb30BAHHOE TEIUIO TIO3BOJISIET 3amellaTh JOPOroCTOSIIEe TOIUIUBO WU
AIIEKTPUYECKYIO DHEPTHIO, HE CO37aBasi IPHU 3TOM JOIMOJIHUTENBHBIX BRIOPOCOB BPEIHBIX BEIIECTB B
atMocdepy. CyiiecTByeT psa TEXHOJOTHH, TO3BOJAMUX 3((ekTHBHO MpeoOpa3oBbIBATH
TEIJIOBBIE OTXOJIbl B MPOAYKT KOHEYHOIO HCIOJb30BaHMS. TeM HE MeHee, 3HAYUTEIbHOE
KOJINYECTBO TerioBbIX BOP Bce emie ocTaeTcss He HCNOJIb30BaHHBIM.

Hns >ddextuBHON yTHnmM3anuu TemioBbix BOP  Tpebyercss Hanmuume CleIyOMIAX
KOMITOHEHTOB:

1) MOCTYMHOTO NCTOYHMKA TETJIOBBIX BOP;

2) TEXHOJIOTMH WX MCIIOJIb30BaHHS;

3) KOHEYHOTO MOTPEOUTENs MPOAYKTOB yTHiau3anuu. OCHOBHBIMH XapaKTEPUCTHKAMHU
HMCTOYHUKOB TEIJIOBBIX OTXOOB SIBIISIFOTCS UX KOJIMUYECTBO U KAUY€CTBO, IOCTYITHOCTh TEXHOJOT UM
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YTWJIN3alUKUU, NpoOJaeMbl MpU OpPraHu3alUUd CUCTEMBbl peKylepaluu Terula. Pe3ynabTaThl aHanusa
9THX (PaKTOPOB HCHOJB3YIOTCS sl ONpeesieHus] BeipaboTku 3a cuer BOP, xotopas mo3Bosser
MOBBICUTH SHEProd3(h(HEeKTUBHOCTH MPOMBILLIECHHOTO TIPEAIPUITHS.

Kaxnpiii ncrounuk BOP paccMmarpuBaeTcsi ¢ TOUKM 3pEHHs COAEPXKALIErocs B HEM
KOJIMYECTBA TEIIOTHI, KaYeCTBEHHBIX IOKa3aresiei (cOpocHas TemiepaTypa), CYILIECTBYIOIIMX U
JOCTYIIHBIX TEXHOJIOTMM, MpoOJieMbl OpraHM3alMM CUCTEM peKynepanuu Teruia. KonuuecTBo
TEIUIOTHI, COJIEprKalllee B TEIJIOBBIX OTXO0JaX, 3aBHCHT OT pacxojia TEIIOHOCHUTEINs], €ro COCTaBa,
TEeMIIEpaTypbl U ONpPEAEISeTCS Ha OCHOBE PEXXHMMa SHEPronoTpeOieHns, TpedyeMbIX TeMIIepaTyp 1
MaccoBoro Oananca [4]. MakcuManbHOE KOJIMYECTBO 3HEPTUHU, KOTOPOE MOKET OBITh MOJYYEHO MPU
WCIOJIb30BaHMHU TeIyioBbiXx BOP 1u1s mpuBoja TENiIoOBOro JIBUraTels OIpeaessieTcsl BEITUYUHOM,
Ha3bIBa€MOil MoTeHuuaabHas padoTa (3kceprus). OnpeneneHre TOW XapaKTEpUCTUKU TO3BOJISET
OLIEHUTh  A(PPEKTUBHOCTh MPUMEHEHHUS Pa3NUYHbIX HUCTOYHUKOB BOP ¢ paznuunbiMu
TeMIepaTypaMu.

Hcnonb3oBaHne TEMIOBBIX OTXO0B BO3MOKHO MO TPEM HAIPaBJIEHUSAM: 3aMKHYTHIE CXEMbI
— TEIIO UCHOJIb3YeTCsl [UIsl MPOILIECCOB, MPOTEKAIOIIMX B OCHOBHBIX TEXHOJOTMYECKIX YCTAaHOBKAX
(moorpeB KOMIIOHEHTOB TOpPEHUs, MPEABAPUTENbHBIN MoaoTpeB Marepuana). CieayeT OTMETHTb,
YTO COTrJIacHO ompeaeneHnto BOP, TemioBbie OTXObI, UCIOJb3yeMbI€ MO TaKUM CXEMaM, He
OTHOCSATCA K BTOPUYHBIM JHEPreTHYECKUM pecypcaM. Pa3oMKHyTble CXEMBbl YCTAaHOBOK C
ucnoJyib3oBanneM BOP xapakrepusytorcs teM, yto BOP ucnons3yroTcs sl BHEIIHUX LIEJICH, HE
CBSI3aHHBIX C IPOILIECCaMM, MPOTEKAIOIMMHI B OCHOBHBIX TE€XHOJIOTMYECKUX ammaparax, KOTOpble
ABJIAIOTCS McToOuHMKamMKu BOP (BbIpaboTka nmapa B maporeHepaTopax, MoJ0orpeB BO3yxa CTOPOHHUM
noTpeduTesaM U T.1.). TpeTbe HampaBiieHUe — KOMOMHUPOBAHHBIE YCTAHOBKH, B KOTOPBIX OTXO/IbI
UCIOJb3YIOTCS KaK A BHYTPEHHHMX, TaK W U1 BHEUIHMX II0 OTHOLIEHHIO K Mpoleccy B
TEXHOJIOTUYECKON YCTaHOBKE IieJiel (3aMKHYTO-pa30MKHYTBIE CXEMBI).

VTunu3anus HU3KOIOTEHIIMAIBHBIX TEMIOBBIX OTX0I0B

OcHoBHyIO 0710 B 00meM oObeMe BDP cOCTaBisAlOT TEIJIOBBIC, KOTOPHIE HMMEIOT
TemuepaTtypHbli noteHuran B auamnazone 20...1800 °C. Ilo temmepaType TEIIOHOCUTENS OHU
MOAPA3ACIIAIOTCS HA HU3KO-, CPEIHE- U BHICOKOTIOTCHITMAIBHBIC.

K nuzkonomenyuanonoim mennogoim BOP OTHOCATCS SHEPrOHOCUTEIU C TeMIEpaTypou 110
50 °C, cpeonenomenyuanvrvim — 50...250 °C. OTBOAATCSA OHU OT HUCTOYHHKOB C OXJIaXKIAIOIICH
BOJIOH, yAJISIEMbIM U3 MTOMELIEHUI BO3AYXOM, YXOASIIUMHU ra3aMu U UCIOJIB3YIOTCS B OCHOBHOM B
CUCTEMax OTOIUICHHS, BEHTHWIALMK U TOPSIYEro BOJOCHAOKEHHUS 3/IaHUH PA3JIMYHOIO Ha3HAYCHUS
WM B TEXHOJIOTUYECKHUX YCTAaHOBKAX.

K 6wvicokonomenyuanvuvim mennoevim BIOP OTHOCATCS WCTOYHHUKU TCIUIOTHI, MMECIOIIHE
temneparypy Bbime 250 °C. B ocHoBHOM 310 BOP mnpomsbinuieHHOCTH W 3Hepretuku. OHu
HCIIOJIB3YIOTCA B TEXHOJOTMYECKHX YCTAaHOBKaX W uacTuyHO B cucrtemax OBK wu ropsuero
BOJIOCHAOXKCHHUSL.

OcHOBHBIE UCTOYHHKHU BBICOKOMIOTEHIIUATIBHBIX BOP (TEmnoBbIX, TOprOYMX M U30BITOYHOTO
JaBJICHUS)  —  TPOU3BOJCTBEHHBIE  MPOLECCHl  MPOMBIIIEHHOCTH.  HecoBepieHCcTBO
SHEPrOUCIONb30BAHMS TEXHOJOTHYECKOT0 OOOpYIOBaHUS CIY)KUT MNPUYMHON TosiBieHus BOP.
Haubonee  sHeproeMku  MeTajulypruueckas,  XMMUYECKas,  dHEpreTudeckas  OTpaciH,
MAaIIMHOCTPOEHHE, TPOMBIIUIEHHOCTh CTPOUTENBHBIX MaTepuanoB. VX sHepreTmueckuil OamaHc
MOKPBIBAETCS B OCHOBHOM HHU3KOOpPraHM30BaHHOW »sHepruei. Ha pomio TemnoBod »Hepruu
(TETIOHOCUTENN — TIap U ropsyas BoJa) MPUXOIUTCS MPUOIU3UTENBHO 28 %, HEMOCPEeACTBEHHO
TOIIMBA — OKO0JI0 46 %, Ha JOJIIO0 dIeKTpo3Heprun — 26 %.
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TemriepaTypHblii TOTEHIMAI TEIJIOTHl TPOU3BOACTBEHHBIX IPOIIECCOB HAXOIUTCS B
muanazone 20... 1800 °C, onHako B 0OLIEM KOJUYECTBE HHEPrMM H30BITOYHOM TEIJIOTHI
BBICOKOMIOTCHIIMAIBHBIE ~ TEIUIOHOCUTENH  COCTaBisitoT  Bcero 25  %.  CoBpeMeHHbIE
TETUIOMCIIOJIB3YIOIIUE arperarbl OTIMYAIOTCS OOJBIION €AMHUYHONW MOIIHOCTHIO. B Ky3HEUHBIX
MOJIOTax pacxoayercst okoJyio 6,5 kr mapa Ha 1 Kr mMokoBkH, npu jauTbe Bbiaensercs 1200... 1400
ThIC. KJ[>K TemtoTsl Ha 1 T MeTasuia. bosbiioe KOJIMYECTBO TEIJIOTHI BBIJCISIIOT TEPMUYECKUE TICUH,
CYIIUJIbHBIE YCTAHOBKU, KOHBEPTEPHI U Ipyroe odopynoBanue. Hampumep, eciin KOHACHCAIIMOHHAS
anektpoctanus (K3C) momuocteio 1200 MBt motpebnsier B aeds g0 9000 T yrius c
MakcumaiabHbIiM KIIJI 45 %, To 0k0i0 55 % XUMHUYECKOW SHEPruu TEPSeTCs C OXJIaXKIarolien
BOJIOM, ABIMOBBIMU Ta3aMU, BO3JIYXOM M MOXET ObITh MCIOJB30BAHO B Ka4eCTBE TEIIOBHIX BOP.
[4].

Kpynabpie  mpoMBINIJIEHHBIE  YCTAHOBKM  —  HMCTOYHUKA ~ W30BITOUYHOM  TEIJIOTHI
IKCIUTYaTHUPYIOTCS, KaK TMPaBUJIO, KPYIJIOCYTOYHO © MOTYT O0O€CIeUduTh HENpPephIBHOE
«mpou3BoAcTBO» BOP.

l'oproune BOP (koHBepTepHBIN U Jpyrue ras3bl) MCHOJB3YIOTCS B OCHOBHOM B KaudecTBe
TOIJIMBA, a TAKXKE JJI BRIPAOOTKH TETUIOTHI U AJIEKTPHIECCKON SHEPTHH.

Husko- u cpennenorennuanpasie BOP B sHEpreTHYecKkux 1ensiX MOYTH HE HCIOB3YOTCS
M3-3a CJIOKHOCTHM MX DHEProTeIUIOBOM  yTWIM3alUMH. TemaoTa BOJbI,  OXJaXAarollen
TEXHOJIOTHYECKOE O000pYyAOBaHME, TEMJIOTa OTXOMASIIMX Ta30B, TEMJIOTAa BO3JyXa, YIAISIEMOTro
CUCTEMaMH MECTHOM M 0OIe0OMEHHON BEHTIJIALMM, HE BCEerja HAaXOIUT TpPHUMEHEHUE B
TEXHOJIOTHYECKHX TMpOIleccax, HO BCErJa MPEICTABIAETCS DSHEPreTUYeCKH U SKOHOMHUYECKH
1esecoo0pa3HbIM WX UCIOJIb30BaHUE Tl cucTeM TeriocHabxenus, cucteM OBK. TlonaBnsrormiee
OOJIBIIMHCTBO  HU3KONOTECHLHUAIbHBIX HMCTOYHMKOB BOP, mpuroaselx s  yTHIM3alUH,
PacroJio’)KEHO B MPOMBILIUICHHBIX, TPAXIAHCKUX W KWIbIX 3AaHusX. K HUM cieayer oTHecTH u
TEIUIOTY 3arpsi3HEHHBIX CTOYHBIX BOJI, YAAJISEMbIX U3 3/1aHUH.

Tabmuna 6.1
Buaest BOP npeanpusituii pa3indHbiX OTpaciaeil IPOMBIIIIICHHOCTH
Temnoseie BOP
Otpacinb B3P
b ['oproune
HapOJIHOr0 BOP N30BITOYHOT
X03s1HCTBA HUSKOIIQ JTaBJICHUS
BBICOKOIIOTCHIIMAIIbHbIC CpEIHEIOTeHIHATIbHbIE
LMaJIbHbIE
Temnnora \
Terutora  OTXOIAIINUX JloMeHHBIH,
yAQIAEMOro \S
YepHas ra3os, arJomMepara, Bogivxa 4 | KOHBEpTEpHBI
METALTYprus METaJUTypI UYECKUX X A (eppocmnaBHbIi
OXJIXKIAIOILEH
LIJTAKOB M MeTaJuia raspl
BOJIBI
[Tap
Temnora msATOrO Mapa o
Tersora  oTXOmAMIKX Barpanounsiii BTOPUYHOTO
MammHoctpoeHue KY3HEUHO-TIPECCOBOTO Toxe
razoB ra3 BCKHIIAHMs
000pymoBaHUs N
MSTBIH nap
Temnora rasos,
Tennora loproune  rasel,
OTXOJIAIINX or .
. | oxmaxpmaromed  BOABI nony4aeMble B
HedrenepepabarbiBarorias TpyOUaThIx neyeit
NPOMBIBOYHBIX ~ BaHH, nporecce
u He(TeXuMUUecKasi | CHKMMaHHUs »
KOHJICHCATOPOB nepepaboTKu
MIPOMBIILICHHOCTb CepoBOIOpPO/a,
CMEIICHHS, BBITAPHBIX YIJIEBOIOPOAHOTO
YCTaHOBOK
YCT@HOBOK U TIp. CBIPbS
pereHeparyy u r. 1.
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Temnora  yxomsmmx
TTpOMBIILIEHHOCTE Temnora  OTXONAIIMX | TIa30B TYHHEJIBHBIX, Termora Otxom
CTPOUTEITBHBIX rasoB Ie4eil OOXKura | IIAXTHBIX neyel, | ymauseMmoro eBiHHH
MaTepHaioB KJIMHKEpa CYIIHIBHBIX BO3yXa P
YCTaHOBOK U T.II.
Temnora KOHJIEHcaTa
TTpOMBIILIEHHOCTE YCTaHOBOK ~ TEILIOBOU T
. 0 XxKe
CTPOUTENHEHOH NHIYCTPHN 00paboTkH,
CYLIMIILHBIX KaMep
Temnora
Temmora JIBIMOBBIX
Kunuao- CTOYHBIX BOI,
. ra3oB  OTOIMTEJILHBIX
KOMMYHAJILHOE X03HCTBO yAAIAEMOro
KOTEJIbHBIX
BO3/IyXa
OcHOBHOU TEXHOJIOTUYECKUN IMponecc MOXET JOITIOJIHATHCA

BCIIOMOTATEIbHBIMHU ~ OTMEpAlUsiIMA O THUITY KOT€HEPAIIMOHHBIX YCTAaHOBOK —
Hanpumep, eciau Tpedyercs npeodpa3oBaHue HECKOIBKUX BUJOB ToIunBa. Puc. 6.2.

B cems

—_ Oxmxnaomas

[0 ttorpesmen
[ =X7
]

X010

I3 cetn

Korenepauna

Tpnrenepauia

KV - koren-yrunusarop; P — panuarop; P3 - perynupyromas 3acnonka; [ITO — npomexyrounsiii TemiooomenHuk; TCT —
tepmocrar; TXK — tpexxonoBoit knanas; IIH - uupKyasuuoHHbIA Hacoc.

Pucynok 6.2 - YopouieHHas npuHIMIKAIBHAS cXxeMa TpureHepauuu: JIB - npuraresb:

TomnuBHOE cXUraHue B arperarax, HCIOJIb3YIOIIMX TOTOBOE Ul TEIUIOBOM 00pabOTKH
ceipbe. Peanmmsyercs mpocTas cxema BbIpAaOOTKM TEIJIOThl 0€3 IPOMEXYTOUYHBIX 3TaroB
nepepaboTku U IpeoOpasoBaHus. TemsoBoe wucnoip3oBaHMe. ['eHepamyst B TEMJIOBBIX
YTWIM3MPYIOLUIUX arperarax. B oriuume oT mpensiaymiero croco0a HCIOJB30BaHUS PECYpPCOB
MOJKET PpEalM30BbIBATHCS KOTEHEPALMOHHBIA MNPUHIUI BBIPAOOTKHM SHEPruM, HO Takxke 0e3
omepauuii mpeodOpasoBaHus. K mnpumepy, Ha pa3HbIX JHUHHMSIX TE€HEPATOPHOW CTaHIMU
HCII0JIb30BAHNE BTOPUYHBIX SHEPIETUYECKUX PECYPCOB MO3BOJISIET MOJIY4YaTh TEILIO, FOPSAYYI0 BOLY
win nap. TeroBoe M KOMOMHMpPOBAHHOE MCIONb30BaHME. Hapsay ¢ BeIpaOOTKON Temiia Takxke
BBITIOJIHAETCS TpeoOpa3oBaHue B 3eKTpodHepruioo. Hampumep, TypOoarperaTsl TIeHEPHUPYIOT
SJIEKTPUYECTBO B TEIJIODUKAUMOHHBIA WM  KOHJCHCAIIMOHHBIA  BHIBl  DHEPIHM.
OnexrposHepreruyeckoe.  IlpousBogurcs  BbIpaboTKa  DJIEKTpUYECTBA € MOMOIIBIO
YTUIM3HPYIOLIETo ra3oBoro typboarperara. Knaccudukanus mo tumy Hocurens. [loa Hocurenem
NOHUMaeTcs (opMa PHEPreTMUECKOTO pecypca, a TaKKe €ro arpoTeXHWYEeCKoe COCTOSHHE, IMOJ
KoTOpoe OyAeT MmoaOHpaThCs M YTHIM3MpYIOIIas ycTaHoBKa. [Io 3ToMy NpH3HAaKy BBLAEISIOT
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CIIEIYIOIIAE PECYPChl BTOPHYHOTO CHIPhs: JKuakwe, TBepable W Ta3o00pa3Hbie oTXObl. [lapbr —
oTpaboTaHHbIe M TomyTHBIC. OTXO0MsIHE Ta3bl. [IpOMEKYTOUHBIC U TOTOBBIC MPOU3BOJICTBCHHBIC
npoaykThl. TexHuueckas oxyiakaaromnias Boia. ['a3pl ¢ MOBBIIICHHBIM JAaBJICHUEM.

Jisi W3BJIEYEHHMS SHEPTrUM M3 BTOPUYHBIX PECYPCOB HCIMOJB3YIOTCA YTWIM3UPYIOIINE
YCTaHOBKH, KOTOpPBIE MOTYT OOeCne4YrBaTh pa3HbIe MPOILECCHl MEPepadOTKU U MPOU3BOJICTBA.
CymiecTBYIOT Kak CHEIUaTIN3UpOBaHHbBIE, TAK U YHUBEPCAIbHBIC arperaThl.

[TockosbKy K BTOPHYHBIM pecypcaM OTHOCSITCSI TAaKU€ CPEJbl, KaK BOJSHOM mMap ¢ razoM H
BOJIOM, YHUBEpCAJIbHBIE KOTEIbHbIE M OOWJICPHBIC YCTAHOBKM MOKHO paccMaTpuUBaTh B KadeCTBE
KOT€HEepallMOHHOTO 000py10BaHUSI.

[leneBbIM MPOAYKTOM TaKUX CHCTEM, KaK TMpaBUJIO, SBJSIETCS  AJIEKTPOIHEPTHS,
BbIpa0aThiBaeMas B 0OJBIIMX 00BbEMaX.

Ecnm ke roBOpUTh O CHEIUATBHBIX Y3KOHAMPABIEHHBIX YCTAaHOBKAX, TO K HUM OTHOCSITCS
cieayronme: Korabl-yruiauzaroppl. JkoHomaizepbl. TemoBble Hacochl. Terioo0MeHHbIe
YCTAHOBKH. AOCOPOLMOHHBIE XOJIOAW/JIbHbIE CcHCTeMbl. BoaoHarpeBaresn. Arperartsl
HCIIAPUTEJIBLHOr0 oxJaxkaenusi. TypOoreneparopsl u 1p. Pazymeercs, i TOJHOLIEHHOMN
IKCIUTyaTaI[iU TaKMX arperatoB TpeOyeTcs M NIMPOKHI KOMIIJIEKC BCTIOMOTATEIbHBIX YCTPOUCTB, 3a
CYET KOTOPBIX CHCTEMa TMOJKIIOYAeTCS K WCTOYHMKAM TOIIMBA. Tak, s OOCITy)KHBaHUS
BTOPUYHBIX JSHEPreTUYECKUX pECypCcOB B €IMHOM KOMIUIEKCE C Ta30MpOBOJOM MOXKET
MOTPeOOBATHCS YTHIIM3ATOP C OTACIBHOM KOMIIPECCOPHOU CTAHIIMECH.

B 3aBucuMoCTH OT XapaKTEpUCTHUK CaMOI0 pecypca, MOTYT IPUMEHATHCSA TAKXKE CHCTEMBbI
OXJaKICHUS, QUIbTPALUY, HarpeBa, peryisluu JaBJIeHus U T. 1.

Hcnonas3oBanue BOP m1a otormienus

Ha MHorux npeanpustusx HENOCPEICTBEHHO B TEXHOJOTMYECKHUE MPOLIECCHl TPOU3BOACTBA
3aKI1aJIbIBA€TCS BO3MOXKHOCTh OTOILJICHUS TIOMEIIEHUI 1 000rpeBa 000pyI0BaHUS 3a CUET SHEPTUH,
BBIpa0aThIBAEMON MECTHBIMU K€ OTXOJIaMU.

Hampumep, TepMmuueckue KOTIbI M TE€YHM B Ipolecce paboThl BBIAEISIOT BTOPHYHBIC
JSHEPreTUYECKHE PECYpChl B BUJE rasa.

Cucrema ux yTwiu3anuu paboTaeT ¢ NOMOIIbIO BOJISHBIX IOJIOTpeBaTeNiel, KOTOpbIe
CHayaja YCTaHaBJIMBAIOT TEeMIEpaTypy Tra3oBbIX cmeced mnpumepHo g0 250 °C, a 3arem
pacnpeenstoT SHEPTHUIO MO TeIJIO0OMEHHBIM KOHTYpaM.

[Tocne sToro ocraBiIMecs: TEXHOJIOTHYECKUE UCTIAPEHUS YAAISIOTCS Yepe3 JbIMOBYIO TPYOy.
[Tomorperass Boga MOXET pacxoJOBaThCs Mo-pazHOMYy. OOBIYHO €€ UCHOJB3YIOT B CaMOM
IIPOU3BOJICTBEHHOM MIPOLIECCE KaK TEXHUYECKYIO KMAKOCTh UM B KAUECTBE pecypca VISl TOPSiuero
BoJI0CHAOXKeHUA. D(G(GEeKTUBHOCTh MPUMEHEHMsI MOJOOHBIX TEXHOJOTHH o0orpeBa HEBBICOKA U
coctapiseT juib 10-12 %, HO ¢ yueToM OTCYTCTBHS 3aTpaT Ha ChIPHEBOM MaTepHall 3TOT MOAXO0]
ceOsl OIpaB/IbIBAET.

Henocrarku ucnosb3oBanus BOP

[IupokoMy pacnpOCTPaHEHHUIO JaHHOW KOHIENIMU HSHEPreTHYECKOTo obecredeHus
MPEMmsITCTBYeT  HECKOJNBKO  (haKTOpOB, TIABHBIM U3  KOTOPBIX  SIBISETCA  CJIOXKHOCTb
TEXHOJIOTMYECKOT0 YCTPOMCTBA MOAOOHBIX cHucTeM. [laxke ecnu He OpaTh B pacyeT 3aTparhl Ha
obopynoBaHHWE B BHIE YTUIM3AaTOPOB, MPU TEXHUYECKON OpraHmsalvy Mpoiecca Hen30exKHO
noTpedyeTcst MepeyCTPOICTBO y4acTKa IKCILTyaTallly, TaK Kak cucTtemMa OyaeT paboTaTh B CBSI3KE C
Pa3HBIMH UH>KEHEPHBIMU y3JIaMH.

Eme ognH HEAOCTATOK OT MCHOJIB30BaHUSI BTOPUYHBIX PECYPCOB MOXHO MPEACTABUTH KaK
HU3KUE NMOKA3aTEIN SHEPreTUUYECKOM OTJauH.

1. Tenno ¢ Temmepatypoit or 40 no 150°C, koTopoe MOXeT OBITH HENOCPEICTBEHHO
WCIIOJb30BAHO JJI1 OTONMTENIbHBIX 1IEJICH.
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B nanHOM ciyyae mpu yTWIM3alMM TEIUIOTHI OCYLUECTBIISIETCS IEPEHOC TEIUIOThI OT
HCTOYHHUKOB ¢ 00Jiee BHICOKON TEMIIepaTypoi K UCTOUHUKAM ¢ 0ojiee HU3KOU TeMIepaTypoil.

OCHOBHBIMU UCTOYHUKAMU TAKUX OTXOJOB SBJISIOTCS:

- 0TpaOOTaHHBIN nap;

- Harpetas BoJa;

- OTXOJSIIIME T'a3bl HAPOBBIX U ra30BbIX TYpOUH.

2. Tenno ¢ Temmepatypoit Hmwke 40°C, KOTOpoe He MOXKET OBITH HATIPSMYIO MCIIOJIB30BAHO
JUId OTOIUJIEHUS W TOpPSYEro BOJIOCHAOKEHMs, TaK Kak ero TemIiieparypa HHXe TpeOyeMol y
notpedurenss. YacTo 3To TEMI0 cOpACHIBAETCS B OKPYKAIOIIYIO CPEIy.

Hanpumep, Ha npeanpusTHU MOTYT UMEThCSl B HAIMYUU 3HAYUTENIbHBIE 3alachl TEIIOBBIX
oTxoj0B mpu Temmeparype 30°C, B To Bpems Kak i APYTHX HPOIECCOB MOXET TPeGOBATHCS
ropsdas Boja ¢ Temmepatypoii 60°C u Brie. B TakoM cirydae MoKeT OBITh HCIIOTB30BaH TETLIOBOM
HAcoC, KOTOPBIM TMO3BOJISIET MOBBICUTH TEMIIEPATYpHBI YpOBEHb TEIUIa B COOTBETCTBHM C
TpeboBaHUAMU MOTpeduTeneil. s mpuBoJa TEMIOBOrO Hacoca TPeOYrOTCsl 3aTpaThl BHEUIHEH
SHEeprud. B 3aBUCUMOCTU OT KOHCTPYKIMH, TpaHCPOPMATOPhI TEIUIOTHI MOTYT BBIMOJHAThH JIBE
(GyHKIMM: MOJIydeHUE TEIUIOThl 00Jiee BBICOKOTO TEMIEPATYpHOTO YpPOBHS, WM HCHOJb30BaHHE
TEIUIOBBIX OTXOJI0B Ul IPHUBOAA A0COPOLIMOHHBIX XOJIOAUIBHBIX CUCTEM.

TexHonoruyu yTuinM3anuym HU3KONOTEHLMAIBHBIX TEMJIOBBIX OTXOJOB C TEMIEPATYpOH 10
40°C.

TemioBoii HACOC - 3TO YCTPOMCTBO, IMO3BOJISIONIEE MOBBICHTH TEMIIEPATYPY HCTOUYHHUKA
TEIUIOBBIX OTXOJIOB JI0 TeMIlepaTyphl, TpeOyemol moTpebutesnto. T.e., MoJie3HOE HCMOJIb30BaHUE
TEIUJIOBBIX OTXOJOB MO3BOJISIET 3aMECTUTh 3aTPAThl HAa MOKYIKY dHEPIHH.

OpaHako Takoe MOBBIIICHUE TEMIIEPATYPHOTO YPOBHS HEBO3MOKHO OCYILIECTBUTH O€3 3aTpaT
W3BHE.

TenoBoii Hacoc TpeOyeT HATUYMs BHEIIHEr0 MCTOYHHKA MEXaHMYECKOW WM TEeIIOBOU
SHEPrUu.

['maBHOW 3amaueit siBisieTcs pa3pabOTKa TaKOH CHCTEMBI, B KOTOPOW ASKOHOMHUYECCKUU
3¢ deKT OT BHEAPEHUS TEIJIOBOIO HAcOCa MPEBBICUT 3aTPaThl HA €ro MPUBOJI.

CyliecTByeT HECKOJIBKO THIIOB TEIUIOBBIX HACOCOB, HEKOTOPBIE M3 HUX TPEOYIOT MOABOJA
BHEIIIHEH MEXaHWYeCKOW paloThl, APYrUM TpeOyloTcs 3aTparhl TEIJIOBOW sSHepruu. TemaoBbie
HACOCHI TIOJIE3HO MCIIOJIB3YIOT TEIIOBBIE OTXObl, KOTOPbIE ObUIH OBl BBIOpOIIEHBI B aTMOChepy U
MOBBILIAIOT UX TEMIEPATYPY IO YPOBHS, IIPU KOTOPOM TEIJIO MOKET OBITh MOJE3HO HUCIOJIE30BaHO.

TenyioBasi 3Heprusi, NOJy4eHHAsl ¢ MOMOLIbIO TEILIOBOr0 HACOCA, 00XOAUTCH JelleBie,
4eM ee MPOM3BOACTBO MyTEeM CXKUTAHMS TOIUIMBA WU B 3JIEKTPHYECKHX KOTJIAX.

B ocHoBe paboThl TpaHCHOPMATOPOB TEIUJIOTHI JIEKUT TEPMOJUHAMHYECKUN ITHKI,
M3BECTHBIN Kak oOpaTHbIN 1K1 KapHo.

B nukine Penkuna cHukeHUE TeMIlepaTypHOTO MOTEHIMANA TEIIOBOM SHEPTUU MMPUBOJUT BO
BpalleHHe BajJ TYpOUHBI, YTO COMPOBOXKAAETCS TPOU3BOJACTBOM MEXaHUYECKOHN SHEPTHUH.

B mapoBoii TypOuHe, 3TO JOCTHraeTcsl MyTeM IOoJadd B Hee Mapa BBICOKOTO JIaBICHUS U
BBIMIYCKA Mapa ¢ 0oJiee HU3KUM JIABICHHUEM.

MexaHn4yecKkue  TEMJIOBBIE  HACOCHl  paboTaroT  HaoOopor. OHM  mpeoOpa3yroT
HU3KOMOTEHIMAbHBIE TETJIOBBIE OTXOJIBI B IMOJIE3HOE TEIUIO ¢ OoJiee BBICOKOH TemrmepaTypoi, Ha
YTO pacxo/lyeTcsi MeXaHu4yecKas SHeprust BpaiieHus Baia (puc.9) [4].
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KommyectBo paboThl, TpeOyemol s MpUBOJAA TEIUIOBOTO HAcOCa, 3aBHCHT OT TOTO,
HACKOJIPKO TOBBIIIACTCS TEMIIEpaTypa HU3KOMOTEHIIMAIHHOTO MCTOYHHMKA DHEPTUH, TAK )K€ KaK B
[apoBOM TypOMHE KOJIMYECTBO MPOU3BOAUMON pabOThl BO3pAcTaeT C YBEIMYEHUEM CTENEHU
WU3MEHEHUs JaBJICHUN.

Bce TemioBbie HacOCH! OCYLIECTBIISIFOT TPU OCHOBHBIE (DYHKIINU:

— [lonydenue sHepruM OT UCTOUHHKA TEIUIOBBIX OTXO/IOB;

— IloBbIlIeHUE TEMIIEPATYPHI TEIUIOBBIX OTXOO0B;

— OGecneueHue Mojae3HON TEIIOBOM SHEPTHH IIPH MOBBILLIEHHON TeMIieparype.

[IpuHIMn neicTBUS KOMIPECCHOHHOTO TEIJIOT0 HAacoca, Kak OJJHOrO U3 HanboJjee UPOKo
MIPUMEHSIEMbIX TUIIOB, PEJCTaBIIeH Ha puc. 6.2.

lap:esbicoxoe P Tenno: esicoxkan.T

|

Mapoeas Tennoeoii

myp6una =) IP-‘lbunm‘ Hacoe @mm PaGoma

Nap: Huixoe P Tenno: wuskas T

Pucynoxk 6.2 - CpaBHeHHEe IPUHIUIIOB paObOThI MK/ TEIJIOBOTO ABUTATENsl U IIUKJIA TEIIOBOTO
Hacoca

DHeprus TEIIOBBIX OTXOJOB MOJBOJAUTCS K paboueMy BEUIECTBY B HCIapHUTENe, B
pe3ysbTaTe Yero XJaJareHT KUIUT U ucnapsercs. B xommpeccope naBieHHE Mapa MOBBIIIAETCS,
COOTBETCTBEHHO BoO3pacTaeT M Temneparypa. [locie storo pabouuii map KOHAEGHCUPYETCS B
KOHJIEHCAaTOpe, MepeiaBas TeIJIoTy HarpeBaemMoi cpene. KitoueBbiM mapaMeTpoM, OKa3bIBAOIIUM
BIUsiHUE Ha 3()p(PEeKTUBHOCTH pabOThI TEIUIOBOTO HACOCA, KaK YK€ ObLIO OTMEUYEHO paHee, SBISETCS
Pa3HOCTh TEMIIEpaTyp UCIAPEHUs U KOHJEHC Al paboyvero BelecTna.
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PI/ICYHOK 6.3 - HpI/IHHI/IHI/IaHLHaSI CXeMa KOMIIPECCCHUOHHOT'O TCIIJIOBOT'O HACOCa

3neck Q2— noABOAMMAsT DHEPTHUS TEIUIOBBIX OTXO/I0B;

Tk — TeMmepaTypa KOHAEHCalluy pabovero BelecTBa;

Tu — TemnepaTypa McrapeHus paboyero BeLecTBa;

W — pabora, 3aTpaurBaeMas KOMIIPECCOPOM ISl CKATUS pabodero
BELIECTBA;

Q1 - MPOM3BOIMMOE TETIJIOBBIM HACOCOM TEILIO.

Qi=Q2+W
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D¢ddexTrBHOCTH pabOTHI TETUIOBOTO HACOCA, KAK OBLIO OTMEYEHO
paHee, xapakrepu3yercs KodpdumrerroM npeodpaszosanus COP (o) :

CDP=¢J=%}1

OcHOBHBIE TUITBI MPOMBIILIEHHBIX TEIIOBBIX HACOCOB

Hwxe mpencraBieHbl OCHOBHBIE THIIBI TEIJIOBBIX HACOCOB M KPATKO OIMUCAH TPUHIIUI HX
paboTHI:

e 3aMKHYTBIM LMKJI TEIUIOBOTO HAcoca: OCYIIECTBIISIET MEXaHMUYECKOE CKaTue paboueit
YKUJIKOCTH IS TIOBBITIIEHUST TeMIIepaTypbl. Pabodei cpemoit valie BCero sIBISIETCS XIadareHrT.

Hawnbonee pacmpocTpaHeHHBIE THITBI MEXaHWYECKHUX JBUTATEICH, KOTOPhIE MOTYT OBITh
WCIOJIb30BaHbI JUIsl pabOThl TEIJIOBOTO HACOCA, BKIIOYAIOT 3JIEKTPOIABUTATEH, MApOBble TYpOUHBI,
JIBUTATETN BHYTPEHHETO CTOPAHMS, Ta30TypOUHHBIE YCTAHOBKH.

e He3aMKHYTBHI LUK ¢ MEXaHMYECKOW Kommpeccued mapa. Ui MOBBIMIEHUS JTaBICHUS
rmapa MCIOJIb3yeTCsl MeXaHn4yeckasi sHeprusi. Paboueit cpenoi B UCImapuTese Jaiie BCEro SIBISICTCS
BOJSIHOM map. Takue cUCTeMbl Ha3bIBAIOTCS HE3aMKHYTHIMH, TaK Kak pabouast )KHUJIKOCTh SBISETCS
TEXHOJIOTUYECKUM ITOTOKOM.

e He3zaMKHYTBIE TEPMOKOMIIPECCUOHHBIE TEIUIOBBIE HACOCHI UCIIONIBb3YIOT SHEPTHUIO paboyero
rapa BBICOKMX IapameTpoB Ji1 NOBBIIICHHs NABJICHUS XOJIOOHOrO mapa B 3kekrope. Kak u B
MIpebIAYIIEM CiTydae, TEIUIOBOM HacoC paboTaeT Mo pa3oMKHYTOMY LIUKITY.

e 3aMKHYTHIE aOCOpPOIMOHHBIC TEIJIOBBIE HACOCHI HCIOJB3YIOT JBYX(a3zHble pabouune
KUJKOCTU W IMPUHUUI TOBBILICHUS TOYKA KHUIEHUS M TEIUIOThl HOIVIOIIEHUs JUIsl HOBBILICHUS
TEeMIIEpaTyphl AJs yIOBJIETBOPEHUSI HYXKI MOTpeOuTeNne nmpu 0oJiee BEICOKUX TeMIlepaTypax.

Hcnonb3oBaHue TEMI0BBIX 0TX0/I0B /LISl IPOM3BO/ICTBA 3JIEKTPOIHEPTUH

Hcnonb3oBaHue TEIIOBBIX OTXOJOB JUIsl MPOU3BOJACTBA 3JEKTPOIHEPIHMH - 3TO MPOIECC
coopa COpPOCHOTO TeIula TEXHOJOTMYECKHUX IPOLECCOB M HKCIOJb30BAaHHE 3TOr0 Temia s
MIPOU3BOJICTBA AIIEKTpUUECKON sHepruu (puc. 6.14). DHeproeMkue MPOMBIIUICHHBIE MPOIECCH —
Takue, KaK TpOIecChl HMEIIIUe MeCTo Ha HedTenepepadbaThIBAIONINX — MPEANPUITHIX,
CTAJICIUTEWHBIX 3aBOJAX, CTEKIOAYBHBIX TPOU3BOJACTB, IIEMEHTHBIX I[€4aX — SIBIISIFOTCS
HMCTOYHUKAMU TEIJIOBBIX OTXOJOB M TOPSYMX OTPabOTaHHBIX Ta30B, KOTOpPbIE MOTYT OBITh
HCIIOJI30BAaHBI B COBPEMEHHBIX TEXHOJIOTHSAX IPOU3BOJACTBA JIIEKTPOIHEPTUU. Y THIM3ALUS
TEIUIOBBIX OTXOJIOB JUIsI TAKUX LieJeH MpelCTaBiseT cOOOM HEHCIOJIb30BAaHHYIO Pa3HOBHIHOCTH
KOMOMHUPOBAaHHOM BBIPAOOTKM 3HEPruM (KOoreHepauuu), B KOTOPOH OJWH MCTOYHHK SHEPrHU
(TOTUIMBO) MCMOJB3YETCs A1 COBMECTHOM BBIPaOOTKHU TerJa (X0JI0/1a) U 3JIEKTPUUECKON SHEPrHH.
KorenepanmonHas cucreMa COCTOMT W3 IEPBUYHOIO HCTOYHHMKA, TE€HEpPATopa, CHCTEMBI
YTWIM3AlMM  TeIUIla W 3JIEKTPUYECKOrO B3aMMOCBSI3aHHOTO OOOpYJIOBaHHUS, COOpaHHOTO B
UHTETPUPOBAaHHYIO cucTeMy. J[i1si KOMOWHUpPOBaHHOHM BBIPAOOTKM XapaKTEpHbI 0Oojiee BBICOKHE
KIIZI 1 BO3MOXHOCTM H30€XaHHUS WM CHUXKEHUS IOTepb IPU TPAHCHOPTUPOBKE BSHEPIHMHU OT
MCTOYHMKA K MOTPEOUTENIO, B pe3y/IbTaTe Yero CHUKAETCS pacXo]] HEPBUYHOTO TOILIMBA U BBIOPOC
B aTMOC(epy BPEIHBIX BEIECTB.
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Tennoeas
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annapam \[enepamop.
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Pucynok 6.14 - Cxema HCIIOJIb30BaHUS TEIJIOBBIX OTXOJOB Ui NPOMU3BOJICTBA AJIEKTPOIHEPIHU
(HYDKHUHN 1IUKT)

HauGonee pacnipocTpaHeHHBIN BapHaHT KOMOMHUPOBAHHOM BBIPAOOTKU OCYIIECTBIISIETCS 110
TaK Ha3blBAEMOMY BEpXHEMY IMKJIY, KOTJa TOIJIMBO MEpPBOHAYAIbHO HCIOJB3YETCS B TEIJIOBOM
JBUTATENe A7 MPOM3BOACTBA MEXAHMYECKON WM JJIEKTPUYECKOW SHEpruM, a 3aTeM cOpocHas
TEIJIOTa OCHOBHOTO OOOPYAOBAaHMS YTUIU3UPYETCA UiS IPOU3BOJCTBA TEIUIOBOW SHEPTHUU.
Hanpumep, rasoBas TypOMHa WJIM MOPUIHEBOW ABUTaTelb MPOM3BOAMUT SJIEKTPOIHEPTHIO 32 CUET
C)KMTaHUs TOIUIMBA, U 3aTE€M YTUJIU3alMOHHAs yCTAaHOBKA COOMPAET MOJIE3HYIO TEIIOBYIO YHEPTHIO
COpPOCHBIX TTOTOKOB U MMOTOKOB CHCTEM OXJIaXk/AE€HHS. AHAJOTHYHO, TApOBbIE TYPOUHBI T€HEPUPYIOT
ANIEKTPUYECKYIO SHEPTHIO, UCIOJb3Ys Iap BHICOKOTO JaBIEHUS, UAYIIUNA U3 KOTJIOArperaTos, Mocie
4yero oTpaboTaBIIMii map 60Jee HU3KOTO JABJICHUS UCIIOJIB3YETCsl ISl TEXHOJIOTMUECKUX IIeNiel WK
Lene TemjuocHaOKeHUs. TeruioBble OTXOABI MOTYT HCIOJIB30BAThCA JUISL MPOU3BOJCTBA
ANEKTPUYECKOM WM MEXaHMYECKON SHEpPruu MO TaK Ha3plBaeMOMY HIXKHEMY LHKIY. B Takom
[UKJIE TOIJIMBO IEPBOHAYAIBHO HCIOJBL3YyeTCA ISl OOECHeueHUs TEXHOJIOTMYECKHUX IMPOIECCOB
TEIJIOBOM AHEpruei, HalpuMep B reyax, a TEIUIOBbIE OTXObI ATOTO MPOLecca 3aTeM UCTIOIb3YIOTCS
JUIS TIPOM3BOJICTBA AJeKTpruyecTBa. OCHOBHBIM MPEUMYIIECTBOM TaKUX CHUCTEM SIBJISIETCA TO, YTO B
HUX HCTOJB3YETCA TEIJIO OT CYHIECTBYIOIIUX MPOILIECCOB, KOTOPOE B JIIOOOM cllydyae HMMeJo Obl
MECTO WJIM ObLJIO OBl BBHIOPOIIEHO B OKPYXKAIOIIYIO Cpeny, IS MPOU3BOJCTBA AIIEKTPHUUECKON
SHEpruu, BMECTO TOrO, YTOObI 3aTpayuBaTh [OTOJHHUTENBHOE TOIUIMBO HAa OTH HYXIBL.
Hcnonb30BaHue TEMIOBBIX OTXOJIOB JIJIsl BBIPAOOTKU AJIEKTPOIHEPTUH

HpI/IMeHHeMHC TCXHOJIOI'MH

IMaposoii uuka Penkuna (SRC) - Hanboniee pacnpoCTpaHEHHBIN CIOCOO0 MPOU3BOICTBA
AJIEKTPOIHEPTHHM M3 TEIUIOBBIX OTXOJIOB — BOBIEKAET B HCIOJIb30BAHHME TEIUIOTY OTXOJOB IS
MIPOM3BOJICTBA B KOTJIE-yTHJIM3aTOpE Mapa, KOTOPHIHA 3aTeM HAMpaBiseTcsl B MapOBYIO TypOUHY.
[TapoBasi TypOuHAa — ogHA W3 HauOoJiee CTAPBIX M YHUBEPCAIBbHBIX TEXHOJOTHI MPOU3BOJICTBA
sHepruu. CHucTemMa  «KOTENyTHIM3aTOp — TapoBas TypOuHa» paboTaeT Ha OCHOBE
TEPMOAMHAMHYECKOT0 ITMKJIa PeHKMHA, mpecTaBIeHHOro Ha puc. 6.15 [4]

B mapoBom nukiie Penkuna pabodee BelIeCTBO — BOJa — CHadajga CKMMAaeTCs B HAcoce,
3aTeM HallpaBJIsIeTCAd B KOTEN-yTUIM3aTop. Boja ¢ MOBBIIEHHBIM JaBICHUEM HCIApPSETCs 32 CUET
TEIVIOTBl TOPAYUX OTXOJOB, OOpasyloIIuiics Map pacmupsercs B TypOMHE C TOHWKEHHEM
TeMIepaTypbl U JABJIEHUA, TP ATOM NMPOU3BOJUTCS MEXaHWYECKasl SHEPIus, KOTopas MmepenaeTcs
Ha OJeKTpuuecKuid reHeparop. llap HH3KOro maBieHHS TOCIAE TYpOUHBI OXJIAXKIAETCS B
KOHJICHCATOPE, B KOTOPOM MOJIEPKUBAETCS JaBJIeHUE, OJIM3KOe K BaKyyMy, B pe3yJIbTare 4ero mnap
KoHJeHcHupyeTcs. OOpa3yronuiicss KOHACHCAT NMepeKayuBaeTCsl HAcOCOM B KOTEN-YTUIIU3aTOp U
LUKJI 3aMBIKAETCSI.
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Pa6ovee eewecmeo

3nexmpo-
- ‘ anepaun
03603 Komen- TypGua |
mennomss ymunu- eHepamop
omxodoe samop

KowdeHcamop

{ ' *

Hacoc

Omeod menna

Pucynok 6.15 - [{ukn TeroBoro asurarens (Penkuna)

4. MumiocTpaTuBHBIA MaTepuaJ: /(s npoBeaeHus 3aHATHS HCIIOJIb3YETCS CIAEAYIONIEe
MaTepuaIbHO- TEXHUYECKOE oOecrieueHne: HOyTOyK, MyJIbTHMEANIHBIN MPOEKTOP, IKPaH.

5.JIureparypa:

OCHOBHast

1. Bepaanuera A.A., Jlaynerbaesa JI.A. DHepropecypchl, HCTOYHHKH U METO/IBI TTOJTYICHHUS. -
VYyeoHoe nocodue.-IlsimkenT 2022. -244 ¢.

2. Beictpunkuii I'.®. B95 O6mas snepreruka ([Ipor3BoacTBO TEIIIOBOW M DIIEKTPUUECKON SHEPTUH)

: yueonuk / I'.®. buicrpumkuii, I'.I'. Tacanramkues, B.C. Koxnuenkos. — 2-e uzn., ctep. — M. : KHOPVYC,
2016. — 408 c. — (bakamnaBpuar).

3. Badumn, /[. b. B23 KorensHble YCTAaHOBKH M ITapOTreHepaTobl: yueobHnoe mocobue / J1.b. Bapumn.-
Hmwxaekamck: HmxHeKkaMckuit XuMIKO-TexHoorndeckuii HHCTUTYT (pruman) @I'BOY BIIO «kKHUTVY »,
2013. - 176 c.

4. Hlapornasor b. A., ®apadontoB M. ®., Knementser B. B. JIBurarenu BHyTPEHHEr0 CropaHus:
Teopus, MOICIMPOBAHWE W Pacu€T MpolleccoB: Y4eOHHMK 1Mo Kypcy «Teopus pabodmx TPOIECCOB U
MOJIEIMPOBAHIE MPOILIECCOB B JABUTATENSX BHYTPEHHEro cropanusy». — Yemsomuck: Uzg. FOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon O6 sHeprocobepexeHHH W TOBBIIMICHUN dHeprodddexkruBHocTH PK ot 13 sHBaps
2012 roma Ne 541-1V. JlefictByrouuii ¢ n3MeHeHUsIMH 1 qononHeHusmu. [Iposepeno 15.01.2022

6. Bcriomoratenpaoe obopymoBanne TOC. KoHCHeKT JEKIui sl CTYISHTOB CIEIHATbHOCTH
5B071700 — Temnosnepreruka. Anmatsr 2017. ¢.104

7. JlomonHUTENbHAS TUTEpaTypa

8. JlemyxoBckuii ['.B., llocmemoB A.A. Pacder m HOpMHpOBaHHE IIOKa3aTeNell TerIoBOi
skoHOMHUYHOCTH obOopyaoBanus TOC: Yued. mocobue / ®I'BOYBIIO «lBaHOBCKMI ToCyqapCTBEHHBINA
sHepreruyeckuil yuuepcuteT uM. B.W. Jlenuna». — Banoso, 2015. — 468 c.

9. Harnerarenu u temiossie aqeurarenn / B. M. Uepkacckuit, 1. B. Kanuawnn, 10. B. Ky3nenos, B.
H. Cy66otun. M. : DHeproarommuzaar, 1997

10. Konuennust pasBuTvsi TOIUNIMBHO-3HEpreTHUECKOro Kommekca PecriyOnuku Kaszaxcran mo
2030 roga. Ilocranosnenue IIpaButenscrBa Pecyonnku Kazaxcran ot 28 utonst 2014 roga Ne 724
11. [Mmwmnenko H.B., CuBakoB M.A. DHeprocOepexeHHE M MOBBIILICHUE YHEPreTHYECKON

3¢ GEKTUBHOCTH HHXXEHEPHBIX CUCTEM M ceTeil. YueOHoe nocodue. — CI16: HUY UTMO, 2013. — 274 c.

DJIEKTPOHHBIE PeCypChl:

http://mww.studmedlib.ru,

JIOTUH ibragim123, TIAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Bassl nanHsIX

PecriybukaHcKas MexXBY30BCKast JIEKTpOHHast oubamoreka, AKnurpress www.aknurpress.kz.

6. KonTpoJsb (Bonpocsl, 3a1a4u, penieHue)
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1. ITosicHUTD TTOHSATHE -PHEPreTUYECKUE OTXO0bl. Ha30BUTE UX TUIIBI U BUIBI.

2. [TosicHUTH IOHSTHE - BTOPHYHBIC YHEPIeTHUECKUE pecypchl. [IpuBeCcTH KIIacCU(pHKAIIIO
BOP.

3. OnucaTh BUIBI BTOPHYHBIX SHEPTETUIECKUX PECYPCOB.

4. Vctounuku TemioBeix BOP

5. Ilepeuncnuth OCHOBHBIE HOCHUTEIM M arperatbl-UCTOUYHMKH BOP Ha mpoMbIIIieHHBIX
MPEANPUATHSIX.

6. ['te m Kak MOTYT OBITh MCIOIH30BaHBI HCTOYHUKH TEIIOBHIX BOP?

7. YeMy paBHO KOJIMYECTBO BbIPAOOTKH TEIIOTH BOP

8. Kak o1eHuTh 3KOHOMUIO TOTUTHBA 32 CUET UCIOJTb30BaHUS TEIIOBBIX MJIH roprounx BOP?

9. Ha3oBuTe OCHOBHBIC THUIIBI TEIUIOOOMEHHBIX aNmlapaToB IS YTUIU3AlUW TETUIOTHI
HU3KOTEMIIEPaTYPHBIX U BbICOKOTEMIEpaTypHbIX BOP

10. Kakue BB TEIIIO0OMEHHHUKOB HCIIOJIB3YIOTCS B CHCTeMax yruiu3anuu BOP?

11. Kak pacuuThiBaeTcs BbIpaOOTKa 3JIEKTPOIHEPTHU NMPH MOCTYIJICHUH Mapa BBICOKUX
rapaMeTpoOB U3 TEIJIOYTHIIM3AIMOHHBIX YCTAHOBOK Ha KOHACHCAIIMOHHYIO TYpOUHY?

12. Hamnume Kakux KOMIIOHEHTOB TpeOyercs mins 3()(EeKTUBHON yTHIHM3AalHUN TETUTOBBIX
BOP?

13. TlepeuncauTe HU3KOMOTEHIIUATIBHBIE TeTIOBBIE BOP?

14, TlepeuncauTe HICTOYHUKH BBICOKOITOTEHITHATBHBIX TETUIOBHIX BOP?

15. OOBbCHHUTH YIPOUIEHHYIO TPUHITUITHATBHYIO CXEMYTPUT CHEPAITIH.

16. OOBSICHUTH TPUHIMITHAIBHYIO CXEMY paOOTHI ITMKJIA TETUIOBOTO HAacoca Ha IMpUMeEpE.

17. TlepeuncanTb NpuUMEPHI UCIIOJIB30BAHUSI OTXOA0B JIJIsl IPOU3BO/ICTBA.

18. OOBSICHUTHL TEPMOAMHAMUYECKUN UK PeHkuHa.

Jlekuusa 7

1 Tema 7. AKKyMyIMpOBaHHUE TETUIOBON U DJICKTPUUCCKON SHEPIUH

2. Heab: 3HaTh TUIIBI AKKYMYJIATOPOB U 001aCTH UX MPUMEHEHHMSI, IPUHIIMUIIBI U CIIOCOOBI
aKKyMYyJUPOBaHMsI B 3aBUCUMOCTHU OT BUJIA DHEPTUU.

1. AxkymynupoBaHHE SHEPIHUU.

2. OCHOBHBIE TIOHSTHSL.

3. CnocoObl aKKyMyJIUPOBaHMS B 3aBUCUMOCTH OT Buja dHepruu. OOuue noHsItus

AKKYMYyJIUPOBaHUE SHEPTHH.

KoMMyHaneHBIN CEKTOp M TPAHCHOPT CTPEMSTCS MOJHOCTHIO MEPEUTH HA BIEKTPUUECKYIO
SHEPrui0, U B CBSI3M C OSTUM OBICTPO pAacTET MOTPeOHOCTH B HaIEKHOM, 3(P(PEKTUBHOM H
SKOHOMHMYHOM aKKyMYJIMPOBAaHUH SHEPTUU U €€ OTJaue BO BpeMsl MMKOBBIX HATPY30K.

barapen, KOHIEHCATOPBI, KHHETUYECKAs! SHEPTUsl, XPAHEHUE PHEPIUM B BUJE HArpETOM WM
OXJAKICHHOW JKMJIKOCTH, a TaKkKe B BHAE BOAOpPOJAa — BCE JTO YK€ JOCTYIHBIE H
HCIOJIb3YIOLIUECS PEUICHMS], JAI0IINE ITUPOKNE BO3MOKHOCTH.

TexHOJOrMK HaKOIUIEHHUs] SHEPTUU UTPArOT Bce OOJIBIIYIO POJb B Pa3BUTUU COBPEMEHHBIX
CHCTEM KOMMYHAJIbHOIO 3HeprocHabxkeHus. Hanpumep, o0mas eMKOCTb HaKOIUIEHHs SHEPIUU B
CIOA yxe mnpeBbicuiaa 2 ['Br-4, mpuueM HENaBHO €XKEroJHOE YBEIMYEHHE OOBEAMHEHHBIX
XPaHWJIHIL 3Hepruu npuodausminoch k 50%. OTpacip MpoJIOIDKAET pa3BUBATHCA, aaNTUPYICh K
M3MEHEHHSIM SHEPTeTUUECKOro JaHamadTa 1 BHEAPSS HOBbIE TEXHOJIOTHH.

ITon akkymynupoBaHuEM (HAKOIJIGHWEM) SHEPrMM IOHUMAETCs BBOJI KaKOro-imbo BHJA
SHEPTUHM B YCTPOMCTBO, O0OOpYyIOBaHHME, YCTAHOBKY WJIHM COOPYKEHHE — B aKKyMYJISTOp
(HaKOMUTENb) PHEPTUM — I TOTO, YTOOBI OTy DHEPruI0 OTTyAa 3aTeM B yjnoOHOe s
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noTpeOJICHUsT BpEMsl CHOBa B TOM JK€ WJIM B NPEOOpa3soBaHHOM BHJE MOJY4YHUTh oOpaTHO. [lis
3apsIKA  aKKyMYJISITOpa dSHEprueld WHOTIA HYy)KHA JOTIOJIHHUTENbHAS DHEprus, W B Ipolecce
3apsiIKM MOTYT BO3HHKAaTh MOTepH SHepruu. llocie 3apsaku akKyMylsiTOp MOMKET OCTaBaThCs
B COCTOSIHUM TOTOBHOCTH (B 3apsDKEHHOM COCTOSIHHH), HO W B 3TOM COCTOSIHUHM YacTh DHEPTrUU
MOXKET TEpAThCS H3-3a IPOU3BOJIBHOTO  pacCesHUs, YTEUYKH, camopaspsiia WIM JPYTHX
nooOHBIX siBieHU. llpum oTmaue »HEPrUM W3 aKKyMyIsiTOpa TaKKe MOTYT BO3HHKATh €€
MOTEepPH; KpPOME TOTO, HWHOTJIA HEBO3MOXHO TIOJIYYUTh OOpaTHO BCIO aKKyMYJIHPOBAHHYIO
sHEepTrHi0. HeKoTophie akKyMyIsITOPBI YCTPOCHBI TaK, YTO B HUX M JIOJDKHA OCTAaBAaThCS HEKOTOpas
ocratoyHas OdHeprus. COCTOsSHHE aKKyMyJsTopa TIpU TOTPEOJNICHHH SHEPTHH, BO BpeMs
TOTOBHOCTH, TIPH OTJa4€ PHEPTUH H MOCIIE OTIA4YM CXEMaTHYHO NPeCTaBIeHo Ha puc. 7.1
o, Oulnpivy it : ‘

Pucynox 7.1 - Coctosinue akkymyssitopa suepruu (A) (YIpoIieHHo).

1 - mpuem sHeprum, 2 -COCTOSHHE TOTOBHOCTH, 3- OTJauda SHepruu, 4 -paspspkeHHOe cOCTOsHHE. Pin - morpebisemas
MOIIHOCTB, Pex - OTHaBaeMast MOIHOCTb, tin - JUTMTEIBHOCTD 3aPSIKH, tex - NIMTEIBHOCTD OTAAYHM SHEpruu, W - akKyMy/IMpOBaHHAsS
sHeprust, Wres -ocTaTo4Has sHeprust, Win - morepu npu 3apszke, - Wex - orepu npu oraaue sHeprud, Wd - HOTEepH SHEPTUH H3-3a
MIPOM3BOJIBHOTO PacCesHUS.

AKKYMYyJUPOBAaHHUE OSHEPrud OOBIYHO TOHMMAETCS Kak IIeJICHANpPaBJICHHOE JEHCTBHE.
OnHako JHEPrus MOXKET aKKyMYJIUpPOBAaThCS (HAKAIUIMBATHCS) W HE3aBHCHUMO OT BOJM WU
JICHCTBUN YeJOBEKa — B pe3yibTare (PU3WUECKUX IMPOIECCOB, MPOUCXOMANIUX B MPUPOJIC WU B
HMCKYCCTBCHHBIX YCTpOWCTBaX. B kadecTBe mnpumMepa Ha pHUC. 7.2 TPEICTaBICHBI HEKOTOPHIC
MPOIIeCChl aKKyMYJIUPOBAHUS YHEPTUH B npupoie. Kpome HUX cieayeT OTMETUTB:

- 04eHb OOJIBIIIOE KOJIMYECTBO TEIUIA, COACPIKAIIETOCS B TOPSYUX JKHIAKUX BHYTPEHHUX
CIIOSAX 3eMIIH,

- KHHETUYECKYIO SHEPTUIO BpalieHus 3eMin BoKpyr CosIHIIa B BOKPYT CBOCH OCH,

- KHHETUYECKYIO DHEPrUI0 BETpPa, BOJHBIX MOTOKOB M JBHIKYIIHUXCS IIPEIMETOB,

- XUMHYECKYIO SHEPTHI0, HAKOIIJICHHYIO B )KMBBIX CYILIECTBaX.

Pucynox 7.2 - ITpuMepbl akKyMyIUpOBaHHS SHEPTUHU B IPUPOAE

[Ipy MCKYCCTBEHHOM aKKyMYJIHUPOBaHUHM JHEPTUU MOTYT CTaBUTHCS CIICIYIOIIHME TICITH:

- co3aHMe 3amaca dHepruu (OOBIYHO B BHJIE 3allacoOB TOIUIMBA) MPHU MPEPHIBUCTOM
MOCTYIUICHUM SHEPrOHOCHTENCH, a Takke Ha Cllydad BPEMEHHOTO MPEKpalleHUs MOCTaBOK
SHEPTUU WJIM BO3HUKHOBCHHMU KPH3UCHBIX CUTYaIlUH M T. II.;

- MOJIydeHHE OOJIBIION  KpaTKOBPEMEHHOW MOIIHOCTH OT HMCTOYHUKOB IHUTAHUS
OTPaHUYCHHOW MOIIHOCTH, HANpUMEpP, Ul MUTAHUS JIAMIT-BCIIBIIICK HWJIM YCTAaHOBOK TOYCYHOM
cBapk# (puc. 7.3);
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- OCYULIECTBIICHUE HEPrOCHA0KEHUS, HE 3aBUCUMOIO OT BHEIIHUX HWCTOYHUKOB 3HEPIUH,
HanpuMep, B CPEICTBaxX IEPEIBUKEHUS, NPU HCIOJB30BAHUU MEPEHOCHOIO U IEPEMELAEMOro
obopynoBanus (puc. 7.4);

- BbIpaBHUBaHUE IIEPEMEHHON Harpy3Ku, HalpuMmep, B MOPLIHEBBIX MEXaHM3MaX, MpuU
WCIOJIb30BAHUN ~ TTHEBMATHUYECKUX  HMHCTPYMEHTOB, IIPU  YpPE3MEPHOW  HEPAaBHOMEPHOCTH
CYTOYHBIX I'paMKOB Harpy3Ku 3HEProcucreM (puc. 7.5) U B IpYrux NOJOOHBIX CIIydasx.

P

Pucynox 7.3 — IlpumeHenne akkymynsitopa sHepruu (A) JUISL TIOJIyYEHHUsI UMITYJIbCa
SHEpPrUH MOBBIIIEHHON MOIIHOCTH

1 2

E - A ® A

A AW A (DAY,

Pucynok 7.4 — [IlpuMep mpHUMEHEHUS aKKyMyIsiTOpa OJHEPIUH B  IEPEIBIDKHOM
SHEPromnoTpeouTene

1 — 3apsaka OT CTAIMOHAPHOTO HCTOYHWKA 3nekTposHeprun (E), 2 — umcnosb3oBaHue
aAKKyMYJINPOBAHHOU SHEPTHU.

AKKYMYJSATOPBI SHEPTUH OOBIYHO XapaKTEPU3YIOTCS:

- BUJIOM aKKyMYJIUPYEeMOW 3HEpPruu (SJIEKTPOIHEPTUs, TEIUIO, MeXaHH4ecKas SHeprus,
XUMHYECKask SHEPrus u JIp.),

- KOJIMYECTBOM aKKyMYJIHPYEeMO SHEpPIu,

- OTpeOIsieMOl M OTAaBa€MOM MOIIHOCTBIO,

- JUIMTETIbHOCTBIO 3aPSAIKU M OTAAYU SHEPTUH,

- KITA axkymymsiuun M = Wex/ Win, tie Wex— oTmaBaemasi U3 akKyMyJsiTOpa SHEprus,
Win — noTpebiasiemasi akKKyMyJIsSITOPOM SHEPrus,

- YAECTBHOM aKKyMYIUPYIOIIEH CIIOCOOHOCTRIO Ha €AUHUILY Macchl MK 00beMa,

- a0COJIOTHOM U yIeNbHON CTOUMOCTBIO aKKYMYJISTOPA,

- YAETBHOI CTOMMOCTBIO OTy4aeMOl U3 aKKyMYJIsITOpa SHEPTUU.

CriocoObl aKKyMyIUPOBAHUS B 3aBUCUMOCTH OT BHJIa DHEPTUU

Bozo6HoBnsiembie uctouHukd dSHepruu (BUD) o6bano (3a wuckmouennemM [D3C u
OMOMacChl) OTIMYAIOTCS HEMOCTOSIHCTBOM U HEMpPEICKAa3yeMOCThI0 BPEMEHHBIX 3aBUCUMOCTEN
BBIJJaBAEMOM MOIIHOCTU. MOKHO BBIENUTH CE30HHBIE U CYTOUYHbIE HEPABHOMEPHOCTU I'€HEPALNH,
B TO BpeMs Kak TpaduK Harpy3ku MOTpeOuTeNss OOBIYHO TOXKE HE MPEICTABIAECT COOOU MPSIMYIO
JIMHUIO M UMEET CBOMCTBO MEHATHCS IO BPEMEHU CYTOK BpeMeHaM rojia. Bee 3To npuBoauT kK Tomy,
9TO HEOOXOJMMa CHCTEMa, MO3BOJISIIONIASl COTJIACOBATh I'€HEpaIlMi0 M MOTPEOIeHUE PHEPTUH OT
BUD.

AxxymynupoBaHue ruiposnepruu (I'uapoakkymymasiTopbl)

['upoakKyMyIaTOPHI SBISIOTCS OJHOM M3 CAMBIX PAHHHUX TEXHOJIOTHUHN 3armacaHusi O0IbIINX
00BEMOB  DHEPruu. [IpunnunuansHo TUAPOAKKYMYIISTOP MOXOXK  Ha  OOBIUHYIO
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THIPOAJIEKTPOCTAHIIUIO, TJe TYpOMHBI BPAIIAIOTCS MOTOKOM HAOETraromieil BOJbI 3a CYET Pa3HOCTH
YpOBHEH BEpPXHEr0 U HWKHETO BOJSHOIO pE3EpByapa, TO €CTh IMOTEHIMAJIbHAS SHEPrUsl BOJbI
npeoOpa3yeTcsi B MEXaHHYECKYI0 M AJIEKTPHUYECKYIO SHEpruio. I103ToMy THApO3IEKTPOCTaHIUN
OOBIYHO CTPOSITCA Ha peKax ¢ JOCTaTOYHBIM IepenagoM BbICOT. [lepemazomM BBICOT BO MHOTOM
ONpeJeNsieTcss MOIMHOCTh TeHepauuu. CleayeT TakkKe OTMETHTb BBICOKYI0 MAaHEBPEHHOCTb
TUAPOSJIEKTPOCTAHINM, TaK Kak Hamop BOAbI Iepel TypOOTreHepaTopoM MOXHO PperyjinpoBaTh
MEXaHWYECKH, IIMPUHOW IIII03a. B ciiyyae THIPOAaKKyMyJTOpa BBIIIEONHCAHHAs CHUCTEMaA
JIOTIOJTHSIETCS HACOCaMHU, KOTOPbIE B Yachl OTCYTCTBHUSI MOTPEOICHUS 3JIEKTPOIHEPIHMH HAarHETaloT
BOJYy B BepXHUH pe3epByap. B mociienqHee Bpemsi IIHMPOKOE paclpOCTpPaHEHUE MOJIyqaroT
KOMOMHHUPOBAaHHBIE CHCTEMbl — THUJPOAKKYMYJSTOpPbI, MOCTPOCHHbIE HAa pEKax U CHOCOOHBIE
paboTaTh B pexuMe 00bIYHON THIPOINEKTPOCTaHIINN [6)].

[IpumeHeHne ruApoaKKyMyIsITOPOB MOKET OKa3aThCsl dPPEKTUBHBIM B TOM Cilydae, Koraa
perynupyercs paboTa He OJHOW 3IEKTPOCTAHIIMKM Ha OCHOBE TPAJUIMOHHBIX TEXHOJOTMHM WU
BO300OHOBJISIEMBIX HCTOYHUKOB 3HEPTUH, a 00Jiee KPYMHOW SHEPTrOCUCTEMBI.

JUis aKkyMyJIupOBaHUS M MOCIEAYIOUIEr0 HCIOJb30BAHUS THUIPOIHEPTHUH COOPYKAIOTCA
ruipoakkymynupytomue 3iaexrpoctaniuu (I'ADC), npuHIMN yCTpOHCTBa KOTOPBIX MpeACTaBlIeH
Ha puc. 7.5, 7.6. K Tako¥l CTaHIIMW OTHOCSTCS JBa BOJOXpaHWUIHUINA (BEpXHEe U HWXKHEE),
Pa3HOCTh YpOBHEH KOTOPBIX IMPH TMOJTHOCTHIO 3alOJIHEHHOM BEPXHEM XpaHWJIMILE OOBIYHO
coctaBisieT oT 50 m 10 500 M. B MammHHOM 3aje HMMEIOTCS OOpaTHUMBIE arperartbl, KOTOPHIC
MOTYT paboTaTh Kak B KauyecTBE JBUTaTesieii-HacoCOB, TaK U TypOMHAMHU-T€HEpaTopoB; Mpu
BhIcOKOM Hamope (mpuommsutenpbHo 500 M umu GoJibllie) WCIONIB3YIOTCS OTIEIbHBIE HACOCHBIC
u TypOuHHBIE arperaTbl. Bo Bpems, Korja Harpys3ka HEProCHCTEMbl MUHUMAaJIbHA (HAIpUMep,
HOYbIO) 3THU arperaThl 3amloJHSIOT BOJOW BEpXHEE BOJOXpPAHWIMILE, a BO BpeMs MHUKOBOM
HArpy3Kd CHCTEMbI MpeoOpa3yroT HAKOIUICHHYIO T'HIPO3HEPTHIO B AJIeKTpuueckyro. HecmoTpsa Ha
t0, yro KIIJ] takoro axkymymnupoBanus paBeH (70...85) % u uyTO ceOeCTOMMOCTH MOJy4aeMoi
TakKUM CIOCOOOM DJIEKTPOSHEPTrUU HAMHOTO (O HECKOJbKUX pa3) BBINIE, YeM Ha TEIUIOBBIX
AJIEKTPOCTAHLIUSX, BbIpaBHUBAHUE Ipaduka HArpy3KH U BO3MOKHOCTh YMEHbILIEHUSI HOMUHAJIbHOM
MOIIIHOCTH TEIUIOBBIX AMEKTPOCTAHIIMIA CHMIKAIOT SKCITyaTallMOHHBIE PAcXO/bl SHEPrOCUCTEM H
BIOJIHE ONpaBAbIBAIOT coopyxeHue ['"ADC.

Pucynox 7.5 - I[IpyuHIun ycTpoiicTBa ruIpoakKyMyIupYIOIIeH 3IeKTPOCTaHLIUH




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcbl, MICTOYHUKU U METOBI MTOTY4YEHUS

72ctp. u3 174

FMapoakKyMynupyoLas 3nekTpOCTaHUUs

PucyHnox 7.6 — YcTpoiCTBO rTHAPOAKKYMYITHPYIOIIEH 3JIEKTPOCTAHIHN

Onenuts 3anacaemyro ['ADC 3HEpruo MOXKHO, 3Hasi BBICOTY h MeX1y BEpXHUM U HIKHUM
Ovedamu U Maccy Bobl M, 3al1acCeHHYIO B BEpXHEM BOJOEME (32 BBIUETOM T.H. «MEPTBOTO 00BEMay
- 00beMa BOJIbI, KOTOPBI HAXOIUTCS B BEpXHEM BOJOEME HUKE YPOBHS IIJTH03a):

Wj_:M'g'h'ﬂ

rae g — yckopenue cBoboanoro maneHusi, a  — KIIJ] rereparopoB u mpeobpazoBaTernei.
Oueprus W2, 3aTpaunBaeMas Ha epeKavky BOJbl B BEpXHHUI BOJOEM:

W, =N-t

rae N — cyMMapHasi MOIIIHOCTh HACOCOB, t — BpeMsl, 3aTpaulBaeMoe Ha 3alloJIHEHUE BOJON
BEPXHEI0 BOJIOEMA.

Ha ceromusmuuii neus B Kazaxcrane Hetr TADC.

HNutencuBnoe paszputue ['ADC nmpoucxomutr mo Bcemy Mupy. Ha ceroassminuii 1eHb
MmotrHocTh TADC B CIIIA 6onee 23 I'BT (13 Hux 9 momntHocThio 60see 1 I'Bt), B Anonun — Gomee
27 I'Bt (w3 Hux 8 montHocThio Oosiee 1 I'Bt), B EBponie — 6onee 25 I'Bt (13 Hux B ['epmanun — 5,3
I'BT), B IOxHoi1 Kopee — 4,7 I'Br.

Camas kpynHasg [TADC — bac Kayntn mommuoctsio 3,003 I'Bt, nocrpoennas B CILA.
Opnako crposmasics B kurtaiickoil mpoBuHuu X3091 ['ADC Fengning mommoctsio 3,6 I'Br,
KOTOpasi J0JDKHA OBITh MOJHOCTHIO BBEAEHA B JKcIUTyaTanuio B 2023 romay, cTaHeT KpynHeHIiei
TUAPOAKKYMYJIMPYIOIIEeH dsiekTpocTaHiuein B wmupe. OHa Oyger paboTaTh Kak MUKOBas
ANIEKTPOCTAHIMS JJIsi OoOecrieyeHus] CTaOuIbHOM paboOThl CETH, YPaBHOBEIIWBAs MPEPHIBUCTOEC
SHEpProcHa0KeHHWe OT KPYNHBIX BETPSHBIX U COJHEYHBIX MMApKOB B PETMOHAX CEBEPHOro X035 U
Buyrpennein Monroimu.

B Poccuu moctpoeno 4 I'ADC (3aropckas ['ADC momnocteio 1200 MBT, 3aropckas
I'ADC-2 — 840 MBT, Jlennnrpanckas 'ADC — 1560 MBT, I’”ADC Kackana Kybanckux I'9C — 1590
MBT) u 3ampoektupoBato 6osee 20. A J[nectposckas I'ADC Ha YkpauHe MoUIHOCTBIO 2268 MBT
B TypOMHHOM pexnmMe U 2947 MBT B HacOCHOM peXxuMe cTaHeT camoil 6osbinoii B EBpore.

AKKyMyJIMpOBaHHE TEIIa

Temo MOXHO AaKKyMYJIMpPOBaThb OTHOCHUTEIBHO TPOCTO -IIyTEM HarpeBa TBEpHbIX
BEIIECTB WM JKUAKocTe. OTOOp Tema M3 TaKoro akKyMyJjasTopa MOXKeT [POUCXOAUTh
€CTECTBEHHON WJIM MPHUHYIUTEIHHONW KOHBEKIMEH, N3Ty4eHUEM WM MpPU IMOMOIIM KaKOTo-Ir0o
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teroHocuTeld. [IpuHIun yeTpoicTBa NpOCTEMIIEro TEIIOBOTO aKKyMYJISITOpa MPEACTABIICH Ha
puc. 7.6.

Pucynox 7.8 - IlpuHIum ycTpoiicTBa TEIIOBOTO aKKyMyJsiTopa. 1 snmekTpudeckuid mim
Jpyroi HarpeBarenb, 2 - TEMI0AKKyMYJIUPYIOLIEe BEIECTBO

AKKyMyIHpOBaHHE Terja B OOJBIIMX KOJIMYECTBAX MOKET OKa3aThCs 11eJ1eCO00pa3HbIM
Ha 3JIeKTpocTaHluaX. Mcnonb3ytores, Hanpumep,

- aKKyMYJISITOPBI TEPETPeTOro Mapa MEXIY KOTIOM U TypOMHOM Ui BbIpaBHUBAHUS
pacxoja mapa, Korjaa Harpyska TypOoreHeparopa BO BPEMEHHU CIMIIKOM HEpaBHOMEpHA

- aKKyMYJISITOPbI ropsueil BOJbl Ha TEMJIOAJIEKTPOLEHTPAIsX, YTOObI o0ecneunTs Oosee
paBHOMEpHYIO Harpy3ky TOIl mpu cyTOUHBIX KOJEOAHHUSAX TETUIOMOTPEOICHUS;

- aKKyMyJSTOpbl ~ Harperoro  JKUAKOTO  TEIUIOHOCHUTENS]  MEXAY  COJHEYHBIM
HarpeBarejbHbIM yCTPOWCTBOM U MAapOT€HEPATOPOM COJIHEYHOM 3JIEKTPOCTAHIUHU, UYTOOBI
obecneunTh pabOTy CTaHLMU MPHU KOJEOAHUSAX U MEpepbiBax MPSIMOIO COTHEUHOTO U3ITY4EHUS.

AKKYMYJTUPOBAHHUE JICKTPUUECKOU SHEPT U

DIEKTPOIHEPTUS MOKET aKKYMyTUPOBATHCS

- B KOHJIEHCATOpax (B BUAE SHEPTHH JIEKTPUUECKOTO TOJIA),

- B KaTylIKaxX WHIYKTUBHOCTH (B BHJI€ DHEPTMH MarHUTHOTO TOJIs),

- B IEPBUYHBIX U BTOPUYHBIX TaJbBAaHMYECKUX OJJeMEHTax (B BHUAEC XUMHUYECKOUN
SHEPTHUH).

[Ipumep. [lpunuun ycTpoiictBa mpocreiiiero (MIOCKOro) KOHACHCATOpa MPeaCTaBlIeH
Ha puc.7.9.

Pucynox 7.9 - [IpuHImn ycTpoicTBa INIOCKOTO KOHJIEHCATOPa
1 - oOkagku, 2- TUIICKTPUK

A
EMKOCTBH Takoro konjeHcaropa omnpezensercss no gopmyne €= e— , rne C — emMKocTh

KoHJeHcaTopa, O; A — miomaabs 0OKIaIKu, M?; d — TonmmHa JUDJIEKTPUKA, M; € —IUJIEKTPUYECKas

npoHUIIaeMocTb, ®/M
'3

DHeprusi, 3amaceHHas B KOHJAEHcaTope, ompenensercs Qopmynoin W = %, rie W—
3anmaceHHas sHeprus, Jx; C — emkocTh koHAeHcaropa, @; U-—HanpspkeHue, NPUIIOKEHHOE K
KOHJIeHcaTopy, B.

Ecnu ucnonb3oBaTh OOKIanKW K3 (QOJBIM M MHOTOCIOWHBIA IJICHOUHBIA JUAIIEKTPUK,
TO MOXHO M3TOTOBHUTH KOHJIEHCATOPHI PYJIOHHOTO THIA, Y KOTOPBIX YAEIbHAs aKKyMYyJIUPYIOIIAs
CIOCOOHOCTh HaxoauTcs mpubmm3utenbHo B mpeaenax oT 0,1 JDx/kr mo 1 [Dx/kr umm ot 0,03
MBT-u/kr 10 0,3 MBT-u/kr. U3-3a Mmanoi yaenbHON aKKyMyJIMpYIOIIeld CIOCOOHOCTH KOHEHCATOPBI
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TAKOTO BUA HE MOAXOJT ISl JITUTEIHHOTO COXPAaHEHHS CYIIECTBEHHOTO KOJIMYECTBA SHEPTUHU, HO
OHM IIMPOKO TIPUMEHSIOTCS KaK WCTOYHHKU PEAKTHUBHOW MOIIHOCTH B IEIMSIX IMEPEMEHHOTO
TOKa M KaK EMKOCTHBIEC COITPOTHBIICHUS.

CymectByer erie 00JIbIIee MHOKECTBO aKKyMYJIUPYIOIIUX YCTPOIMCTB: AIIEKTPOIUTHICCKUE
KOHJICHCATOPBI, yIABTPAKOHICHCATOPHI (CYNEPKOHAEHCATOPBI, MOHUCTOPHI) U T.1.

CucTeMbl HaKOTUICHHSI YHEPTHU

Jlnst 3axBata SHEPTUH, MPOM3BENECHHON 3a KOPOTKHH MPOMEXKYTOK BPEMEHH, C LIENBI0 €e
WCTIOJIb30BAHUSI B JIalbHEHIIEM JIOCTYIHBI CaMble pa3HbIe CpPeICcTBa M TeXHOJOTHH. CHCTEMBI
aKKyMYJIMPOBAHUS AIIEKTPUYECKON U TEIIJIOBOM SHEPTHHU SIBISIOTCS HanboJee pacipoCTpaHeHHBIMH,
MMO3TOMY TPU MPOCKTHPOBAHUHM COBPEMEHHBIX OOBEKTOB W WHKCHEPHBIX CHUCTEM HMCHHO OHH
UCTIOJB3YIOTCS KOMMYHAIIBHBIMH TIPEANPUATUSAMHI, KOTOpPBIE, B CBOIO OYepelnb, MpeIaraoT
KUTbIAM 3JaHHI TaKue MPEHMYIIECTBa, KaK GOJIbIIAsS OTKA30YCTOHUMBOCTD, SKOHOMHS 3aTpar,
MOBBIIIEHUE FHEPT03()PEKTUBHOCTU U YI0OCTBO 0JIb30BAHUS SHEPTHEH JTH000T0 THIIA.

DIeKTpruYecKas SHEPrus

HauOonbmmii pocT KOJMYECTBA YCTAHABJIMBAEMBIX CHUCTEM HAKOIUICHUS DJHEPTHH 32
moclieiHee ACCATHIICTHE TPHUIIEICS Ha JJICKTPHUYECKHE CHCTEMBI, TaKHe KaK aKKyMYIISTOPHBIC
O6arapeu U KOHJEHCATOPBHI.

JIuTuii MOHHBIE aKKyMYJATOpHbIE OaTapeu SBISAIOTCS OCHOBHBIMM KOMIIOHEHTaMU U B
OBICTPO pacTylieM Tapke dJIeKTpomMooOmiield. B kadectBe mpumepa 3¢gdeKTUBHON OaTtaper MOMKHO
npuBectd Ty, uro moctpomsn Mmon Mack (Elon Musk) B ABcrpanmuu. OnHa Oblia BBEJCHa B
skcrutyataruio 1 mexabpst 2017 r., u yxke 14 mexaOps eit ygamock mokasaTh ceOs B Jesie BO BpeMs
c00s1 Ha MECTHOHW yrosibHOW 3nekTpocTaHiuu. KpoMme Toro, paspabaThIBalOTCS TaK Ha3bIBAEMbIC
MpOTOYHBbIC WM OydepHble OaTtaper, KOTOpPbIEe MOXKHO HCIOJIb30BAaTh C YYETOM TPeOyeMBbIX
MMUKOBOM €MKOCTH M MPOJOJIKUTEIBHOCTH KOMIIEHCAIlMM HelocTaomel sHepruu. VX poss Moryt
BBITIOJIHATh KOHJIEHCATOPbl — YCTPOMCTBA, XpaHAILIUE DJICKTPUUYECKYI0 BSHEpruro B dopme
AJIEKTPOCTATUYECKOTO 3apsijia, HAKOIUIEHHOTO Ha UX TOKOMPOBOISAIINX METAITMYECKUX OOKJIaaKax
0e3 XMMHUYECKOro IpeoOpa3oBaHMs. ODHEprusi, HaKOIJEHHas B KOHJEHCATOpE, OIUCHIBACTCA
M3BECTHOM CO MIKOJIBHOM CKaMbu (POpMYITO¥:

W= 0.5% = 0.5C- V*?

Irac Q - KOJIMYCCTBO 3apsaaa, HAKOIIJICHHOTO Ha KOHACHCATOPC, C - eMKOCTB KOHACHCATOopa, a
V - HaIIps’KCHUEC Ha KOHACHCATOPEC.

Kak BHUJIHO M3 MPUBCIACHHOI'O YPaBHCHUS, MAKCHUMAJIIBHOC KOJIMYCCTBO SHECPIUH, KOTOPOC
MOXCT XpPaHHUTbBCA Ha KOHACHCATOPC, 3aBUCUT OT CMKOCTH, a TaKXC OT MaKCHMAaJIbHOI'O
HOMHUWHAJIBbHOI'O HAIPs’KCHU A KOHACHCATOpA. Hakomnnennas OHEpPIusia MOXCET 6BICTp0
BLICBO60)KI[&TBCH N3 KOHACHCATOpPAa 6nar0nap;1 TOMY, YTO KOHIACHCATOPBI MMCIOT KpaﬁHe HHU3KOC
BHYTPCHHCEC COIIPOTHUBIICHUC. DTO CBOMCTBO 4YacToO HCIIOJIB3YETCA B CHUCTEMAX, IJId KOTOPBIX
XapaKTCPHBI OOJIbIIIME CKAYKH HAr PY3KHU. KOl"Ila KOHACHCATOP MOAKIIOYECH K MCTOYHUKY IMUTAHUA,
OH HaKallIMBA€T SHEPIruro (3ap}I)KaeTC}I, HC Tpe6y51 IIpHU 5TOM CHICHHUAJIBHBIX 3apsAAHBIX YCTpOﬁCTB).
HpI/I HCO6XOI[I/IMOCTI/I B IOpHoUHA JOTIOJTHUTEIIFHOM OHCPIrUHU KOHACHCATOP OTAACT HAKOIUICHHYRO
OHEPTrUro (pa3p;1>I<aeTc;1), B 5TOM OTHOIIICHHUH OH ITOXOXX Ha 6aTapeIO. Pa3nwuiia B TOM, 4TO GaTapeﬁ,
KaK YK€ OBLIIO CKa3aHO, UCIIOJIB3YCT SJICKTPOXUMHUUCCKUEC MTPOLECCChI I HAKOIUICHUA SHEPTHUH, B TO
BpEMsd KaK KOHACHCATOP MPOCTO XpPAHUT BHCKTpI/ILICCKI/Iﬁ 3apsa. Taxkum o6pa30M, KOHACHCATOPLL
MOTYT BBIACIISITH HAKOINNICHHYKO 3HEPrur0 € ropasao 0oJlee BBICOKOM CKOPOCTBIO, YEM 6aTapeH,
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MOCKOJIBKY XHMHUYECKHE NpoIecchl Uit TpaHchopMallid SHEpruM W €€ BhIXojJa U3 Oarapeu
TpeOyIOT OOIBIIIC BPEMEHH.

[Ipumep. CBUHIIOBO-KUCIOTHBIE aKKYM YIS TOPBI.

Orto HamboJiee U3YUEHHBIM W OCBOCHHBIN THUIT HAKOMUTEICH Kak jis cuctem ¢ BUD, Tak u
MHOTHX JPYTrux npuMeHeHUi. CBUHIOBO-KUCIOTHBIE akKKyMynsaTopbl (CKA) MOXXHO BCTpPETUTH U
Ha KPYIHBIX 3JEKTPOCTAHIUAX (MCTOUYHMKHM aBApUHHOIO MHUTAHMUS COOCTBEHHBIX HYXK]I), U B
JIETKOBBIX aBTOMOOWJISIX (CTapTepHas 6arapesi, 00PTOBOE IIAEKTPOIIUTAHHUE).

AKTUBHBIE BELIECTBA AKKYMYJISATOpPA COCPEAOTOUYEHBI B BJEKTPOJIUTE U MOJIOKUTEIBHBIX U
OTpULATENBHBIX JIEKTPOAAX, a COBOKYIHOCTb 3THUX BEIIECTB HA3bIBA€TCS 3JEKTPOXUMHYECKON
cucTeMOi. B CBHHIIOBO-KHCIOTHBIX aKKYMYJSITOPHBIX OaTapesX 3JIEKTPOJINTOM SIBIISIETCSI PACTBOP
CEpHOM KHUCIJIOTBI, aKTUBHBIM BEILIECTBOM IOJIOKHUTEIbHBIX IUIACTUH — ABYOKHCh cBHHLA PbO2,
OTpHUIATENbHBIX TIIaCTUH — cBHHEN Pb. CxeMa akkymynsatopa npencrabieHa Ha puc. 7 10.

Pucynoxk 7.10 - CocraBnsie yactu CKA.

DIEeKTPOXUMHUIECKUE peaKInu, mpoTekaroniue npu padote CKA, mpeacraBieHsl HUKE:

AHOZHAA peakuma (3apan
PbSO,+5 H,0e>Pb0,+3 H;0* + HSO,+2 &
PbSO,+ H30* +2 e>Pb + H,0 + HSO,

B nacrosiee Bpemsi cyiiecTByeT Heckoiabko pasHoBuiHocTe CKA. OHu paznuyarorcs
XUMUYECKUMHU J1I00aBKaMU K MaTepually MOJO0XKHUTEIbHBIX U OTPULATENbHbIX MNIACTUH, COCTOSTHUEM
NIEKTpOIMTAa U obnacTaMu npuMeHeHus. CaMbIMU NEPBBIMU 10 BPEMEHHM CO3IAHUS SIBIISIIOTCS
3aJMBHBIE AKKyMYJSATOPbl CO CBOOOJHBIM 3JEKTPOJUTOM, B KOTOPBIX IOJIOKUTECIBHBIA U
OTPHULIATENIbHBIA 3JIEKTPOAbl IOTPY)KEHbl B BOJIHBIM pPAacTBOpP CEpHOM KHCIOTHL. TexHonorus
JIOCTAaTOYHO IpOCTasi M JelieBas, TaKME AKKYMYJISITOPHI IIHPOKO MPUMEHSAIOTCA B CTapTEPHBIX
Oatapesix aBromoOuieil. BerpeuaroTcs OHM M B CTallMOHAPHBIX CUCTEMax aBapUMHOIO NMUTAHMSL
OcHoBHas mpolOiieMa, W3BECTHAsT KaXAOMY AaBTOMOOWJIUCTY — TaKUE€ aKKyMYJISTOPbI TpeOyroT
OOCIIy’)KMBaHUs, 3aKJIIOYAIOLIErocsi B MEPUOJUYECKOW TIPOBEpKE YPOBHS KHUCIOTBI U €€
KoHIeHTpauuu. Kucnora tepsiercss mpu HMCHAapeHUH >JIEKTPOJIUTa M MPHU SJIEKTPOJIM3E BO BpeMs
3apsiia. IlocrneqHee oOCTOATENBCTBO MPUBOJIUT K BBIIEICHUIO BOJIOpPOJa B Ipollecce 3apsja U
HE00X0IMMOCTH BEHTUJISILIMY TIOMEILIEHUH BO BpeMs 3apsaa

K HemocrarkaM CBHMHIIOBO-KHCIIOTHBIX AaKKyMYJISITOPOB B II€JIOM CIEAYET OTHECTH
HeOonblylo TyouHy paspsga (1o 30-50%), 4yBCTBUTENBHOCTh K TeMIIepaType OKpYyKaromien
cpenabl, HU3KUE YJelabHble XapakTepUcTUKU (mopsaka 20-30 BTu/Kr) ¥ OTHOCUTENBHO HU3KUN
pecypce (500-800 mmkiioB npu riryouHe paspsnaa 40-50% i 60JIbIIMHCTBA TPOU3BOAUTENEN ).

JInTHIi-nOHHBIE AKKYMYJISITOPBI, HATPUH-CEPHBIE aKKYMYJISTOPBI U3yYUTh CAMOCTOSITENBHO.
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Pucynok 7.11 - HoBas cuctema ot Tesla - yacte npeAnpuHUMAEMBbIX YCUIUH 1O PEIICHUIO
npoOieM sHeprocHaOkeHuss B HOkHOM ABCTpanuu, >KUTEIM KOTOPOM CHIJIBHO CTpPajaioT OT
MTOCTOSIHHBIX CKQUKOB HAMPSKEHUS U OTKJIFOUEHUHN 3JIEKTPOCETU

MexaHn4ecKkrue CUCTEMBI

MexaHn4yeckue CHCTEMbl HAKOIUIEHUS YHEPIHU MPEeoOpazylOT AUIEKTPUUYECKYIO SHEPTUIO B
MOTEHIIMATBHYI0 WM KWHETHYECKYI0 U XpaHAT €€ B TakoM BHJE, IpeBpaias oOpaTHO B
ANIEKTPUYECKYI0, KOrjJa 3T0 HeoOxoaumo. OOBIYHO CHCTEMBbI, OCHOBaHHbIE Ha ATOM MOJIXOJE,
BKJIKOYAKOT KPYIHBIE THIPOAKKYMYJIUPYIOIIUE HACOCHI, MEXaHNYECKHE MAaXOBUKHM U YCTPOMCTBA JIJIS
XpaHEHHUsI C)KATOro BO3/yXa.

[Ipunuun neiictBust kuHeTnueckoro Hakomutens (KHD) wmmm MaxoBuka OCHOBaH Ha
npeoOpa3oBaHUM KUHETUYECKOW OHHEpruM B JJEKTpUUecKylo U oOparno. Ilpu 3apsne
KHMHETUYECKOTO HAKOIUTENS NIET PacKpyTKa MaCCUBHOIO KoJjleca O BBICOKOM CKOpOCTU. Bbicokas
Macca HeoOXoJuma JjIsl COXpaHEHUs 3allaceHHOM SHEeprun B TeueHue OOJIbIIEro BPEMEHH 3a CUeT
nHepuuu. [Ipu pa3psae MaxoBUK BpallaeT MpUBOJ T€HEPATOPA 10 TEX MOP, MOKA MOTEPU HA TPEHHUE
U NEPEBOJ KMHETHMYECKON SHEPIHM B ANMEKTPUUECKYIO MOJHOCTBIO HE moracit 3ty mHepuuro. [lo
obnacTu MpUMEHEHUs JaHHasl cucTeMa OJiM3Ka K CYNEepKOHJIeHCaTopaM, HO MO3BOJISIET paboTaTh B
nuamna3oHe 0oJjiee BHICOKMX MOIIHOCTEH MPH MEHBIIEM YpOBHE KamUTalbHbIX 3aTpaT. OCHOBHbBIE
WCCIEA0BaHUs, MPOBOJMMBIE B HACTOSIEE BPEMS, CBS3aHbl C MOHWCKOM HOBBIX MaTEpHAJIOB,
CIOCOOHBIX 00€CIIeYUTh CHIYKEHUE IIEHbl MAaXOBUKA IIPHU COXPAHEHUH MPUEMIIEMBIX MPOYHOCTHBIX
XApaKTEPUCTHUK U YMEHBLIECHHUE YPOBHS IMOTEPh HA TPEHHME, HA PACKPYTKY MAaCCHBHOIO Tena, Ha
CONPOTUBIIEHHE Bo3ayxa. Jlis pemeHus nDocieqHed 3aJayd  MaxOBHKM —pacrlojlaraloT B
BaKyyMHPOBaHHOM OObeMeE.

Hcnonp3oBaHne  CynepMaxoBHUKOB  JUIsl ~ HAKOIUIEHUS  SHEPIUM  CUUTAETCS  CAMBIM
MePCIEKTUBHBIM. B Hy)XKHO€ BpeMsl 3HAUUTEIbHYIO YaCTh HAKOIUIEHHOW SHEPTrUU MOKHO TIOJTYyUUTh
KaK 3a KOPOTKOE, TaK M 3a JUIMTEIbHOE BpeMs B 3aBUCUMOCTH OT moTpeOHocTeil. Teoperuueckue
pacy€Tbl MaxOBUKA U OMBITHI TIOKA3bIBAOT, YTO IO KOJIMYECTBY HAKOIUICHHOW HEPrUU Ha KaXKJbIi
KUJIOTPaMM Beca, 0 MPOJOJDKUTEIBHOCTH XPAaHEHHUS DHEPIHH, CPOKY CIYXKObI, MAXOBUKU MOTYT
omepexarh aKKyMYJISTOpBI, KOHJIEHCATOphl M Apyrue Hakonutenud. Ho, peanpHO paboTtaromiue
MAaXOBUKH UMEIOT JOBOJBHO CKPOMHBIE XapaKTEPUCTUKU U BOT IOYEMY.

UccnenoBaHusMH HAKOMHTENEW SHEPrUM, B TOM UHCIE U MAaXOBUKOB CEPbE3HO 3aHUMAJICS
npodeccop HypbOeit Bnamumuposuu ['ynmua (Poccus). Ilpaktuyeckoil peanusanueid ero uiei
3aHMMasach aMepukaHckas kommnanusi Beacon Power. E€ HakonuTenu — 370 eMKOCTH-LIMIIMHAPSL, €
MOJBEUICHHBIMM Ha MAarHUTHBIX MOJIIMITHUKAX C CYIIEpMaxOBHKaMu BHYTpPU. BhINOIHEHHbIE U3
YTJIIEBOJIOKOHHOTO KOMIIO3UTa, MaxOBUKH packpyuuBaroTcss a0 22500 o6/muH, Bpamias poTop
MOTOpP-T€HEpaTopa, BhIPAOATHIBAIOIIET0 TOK NMpPU MOJAKIIOYEHHH Harpy3ku. llpu mpueme sHepruu
MaIllMHA PACKPYyYMBAET MAXOBUK.

ITo pacueram Beacon Power cynepmaxoBuku, oObe1uHeHHbIe B OaTapero o 10 HakomuTenen,
CMOr'yT o0ecreurBaTh MOIIHOCTh B 1 MeraBaTT M 3amacaTh 3Hepruto B 250 kuiaoBaTT-yacoB. Jlerom
201 1r xommnanueii Beacon Power B ropoze Stephentown (s mrrare Huto-Hopk) Bo3BesieH mepBbiit
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B mupe kiactep u3 200 maxoBu4HbIX Hakonutene. Takol «mapk» cmnocoOeH BblpadaThiBaTh
MorfHocTh 20MBT, Ha 4TO OBUI MOJYy4YEH TOCYNAPCTBEHHBIN KPEOUT ISl TMOAICPKKH «3EIEHBIX
TEXHOJIOTUH.

[pyununun padoThbl MAXOBHYHBLIX HAKONUTEJNEH HJHEPruM OCHOBaH Ha IOCTENEHHOM
pacKpy4MBaHUM Bpallalollerocs Tejaa 3a CYET BHEIIHEW sHepruu. lMcnosb30BaHME MaxOBHUKOB
MI03BOJISIET ITOCTENIEHHO HAKaIlJIMBaTh SHEPIUIO MPU Pa3roHE MaXxOBHKa, a 3aT€M OT/AaBaTh €€ B BUJIE
AIIEKTPUYECKON MM MEXaHMYECKON SHEPTUH 3a KOPOTKOE WJIH JUTUTEIHLHOE BpEMSI.

KonunuectBo 3anac€HHOM SHEPTUM B MaXOBUKE 3aBUCUT OT MaccChl, FEOMETPHUUECKUX Pa3MEpOB
U cKopocTu BpamieHus. [Ipu oguHakoBo# mMacce 00JbIlle SHEPTUH MOKHO HAKOMUTH MPHU OOJIbIICH
ckopoctd. Ho, ckopocTh BpallleHus OrpaHUYUBAETCS MEXaHMUYECKOM MPOYHOCTHIO MaTepuana.
Hampumep, nuThle METAIIMYECKUE [UCKH WA UWIUHAPHI HMMEIOT HEKOTOphie BHYTPEHHHUE
HEOHOPOJAHOCTHU U Je(EKThI, KOTOPHIE MOTYT MPUBECTH K Pa3PYIICHUIO MaXOBUKA U MIOBPEKICHUIO
HaxoJsImuxcs  BOMuM3M  mpeametroB. [losTomy  mpoBOAMIINMCH — CepbE3HBIE  UCCIIEIOBAHUS
MEXaHUYECKOM MPOYHOCTH pa3IMYHbIX MaTepUasoB.

Hakomurens ceromgust Ouarojgapsi BBICOKOH SHEPrOE€MKOCTH CYNEPMAXOBUKH MPUMEHSIOT
BO MHOTHX O0OJacCTAX — OT MPUMEHEHHsSI B CIIyTHHUKAX CBSI3M B KAYECTBE aKKyMYJATOpa SHEPTHUH
JI0 UCIOJIB30BaHUS B dJekTpocTtaHmusx mius mosbimeHus ux KIIJ[. Ha cxeme wu3o0paxen
MaxOBUYHBIM  HAKONWTENb, KOTOPBIM  MPUMEHSIOT  HA aMEPUKAHCKUX  DJIEKTPOCTAHLIMAX
st noBbiienuss ux KIIZ. Ilotepu sHeprum B cymepMaxoBHKax COCTABISIIOT Bcero 2% — 370
JOCTUTAETCsl, B TOM YHCIE, 32 CUET TOr0, YTO OH BPAIIA€TCsl B BAKYYMHOM KO>KYX€ Ha MarHUTHBIX
MOAIIUITHUKAX.

CynepMaxoBH K — OJMH W3 THIOB MAXOBHKA, NPEJHA3HAYCHHBIH JUIS HAKOIUICHUS
MexaHnueckoil sHepruu. [1o cpaBHEHUIO ¢ OOBIYHBIMH MaXOBHUKaMH, CLIOCOOEH COXpaHATh OoJbliie
KMHETUYECKON SHEPTUU.

3a cuéT KOHCTPYKTHBHBIX OCoOeHHOcTel crocobeH xpanuth mo 500 Br-u (1,8 MJIx) Ha
kuwiorpaMm maccel [4]. B wactHoctH, B 1964 romy coserckuii mmxkenep H. B. I'ynua 3asBun
aBTOPCKHUE ITpaBa Ha OJIHY U3 KOHCTPYKIMI, KOTOPOU U 1aJl Ha3BaHUE «CYIEPMaXOBHK».

CoBpeMeHHBIN  CyepMaxoOBHK MpeAcTaBisieT coOod  OapabaH, M3rOTOBJIEHHBIA U3
KOMIIO3UTHBIX MAaTE€pUajoB, HallpUMEP, HAMOTAaHHbIM M3 TOHKUX BUTKOB CTaJIbHOW, IJIACTUYHOMN
JICHTBI, CTEKJIOBOJIOKHA WJIU YIJIEPOJHBIX KOMIIO3UTOB. 3a CUET 3TOro 0OECIeyMBAETCs BBICOKAs
MIPOYHOCTh HA Pa3pbiB U OE30MACHOCTH IKCILTyaTALIUH.

3

Pucynok 7.11 - bnok-moayne KHD cymmapHoOil MomHOCTEIO 10 2,5 MBT. DHEproeMKoCcTh
— 250 xB1/ yac. KommuecTBo 1UkII0B «3apsa-paszpsaay» - 10 50000. Camopaspsia Ha TpeHue — 2%.

TenaoBele CHCTEMBI AKKyMy.]'IHpOBaHI/IC TEIIOBOH OHCPTHUU TIIO3BOJIACT HAKAIJIMBATH
TCIUIOBYKO  DHEPTHUIO (I‘Op}I‘IYEO HNIn XO.TIO)IHYIO) n  TO03JHEC HCIIOJIb30BaTh €€, YTOOBI
CGaHaHCI/IpOBaTB HOTpe6HOCTL B SHCPrun MCXKAy OAHCBHBIM M HOYHBIM HOTpe6J'IeHI/IeM NN JaxX<E B
Pa3HbIC KIIMMATUYCCKUC CC30HBI. Yame Bcero Takas cHUCTeMa pCaAIM3yCTCd B BUIC €MKOCTEH I1s
XpaHCHHA OXJaXOAIOIIEe BOABI WM BOALI I Har pPeBa, KOTOpPAsA MOXKCT T'CHCPHUPOBATHLCA B
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nepuoAbpl 0oJee HHU3KOTO NOTPEOJCHUS SHEPrHH, a 3aTeéM OTAaBaThCs B TMHKOBOE BpPEMS,
MOJUIEPKUBAsI CTPATErHI0 OTPaHUYCHUS MAaKCUMaJIbHOW Harpy3ku. J[pyrue cCUCTEMbl HAKOTUICHHS
TEIJIOBOM YHEPrUU BKIIIOYAIOT PACILJIABJICHHBIE COJU, XPAHUJIUIIE JIbJIa U KPUOTEHHYIO TEXHUKY.

XUMUYECKUE CUCTEMBI

B nononHeHMe K aKKyMYJIATOPHBIM CHCTEMaM, KOTOpbIE, Kak IpaBMJIO, OCHOBaHbI Ha
NIEKTPOXUMHUYECKOM TPOLECCE, JOCTYIHBl M JAPYrUe CUCTEMBbl XpaHEHUS XUMUYECKOW SHEpruw,
HanmpuMep MyTeM BbIpaOOTKM M XpaHEHHs Bojopoja. s BeIpaOOTKM BOJOpPOJAA U3 BOJBI ITyTEM
ANIEKTPOJIN3a MPUMEHSETCS dJIEKTpUUecKas dHeprus. 3aTeM BOJOPOJ CXKUMAETCS M XpaHUTCS Ui
OyAyllero HCIOJb30BaHUS B TeHeparopax, paOOTaromMX Ha BOJOPOJHOM TOIUIMBE, WM B
TOIUIMBHBIX 3JIEMEHTaX, OISATh IMpeBpamlasch B BOAy. Takol MOAXOJ IMO3BOJSET HaKaIlUIMBaTh
0oJbiIe 00BEMBI PHEPTHH, OJTHAKO OH HEeoOs13aTenbHO OyneT cambiM 3¢ dekTuBHbIM. [Ipobnema B
TOM, 4TO OH caM M0 cebe 3Hepro3arpaTHblii, MOCKOJIbKY TpeOyeT OOJBIIOro KOJIMYECTBA SHEPTUU
JUI BBIJEJIEHUS BOJOPOJIa M3 BOJBI, MPHUPOJHOTO Ta3a WIM OHOMACChl, XpaHEHHWs rasa IyTeM
CHKATUS WU COKMKEHMS, TTIepeiadll SHEPTOHOCUTES MOJIb30BaTEN0. TakkKe 4acTh SHEPIHH TepSeTCs
py NpeoOpa3oBaHUU B IOJIE3HYIO 3JIEKTPOIHEPIHIO C TOIUIMBHBIMH d3ieMeHTamu. HambGonee
MPAaKTUYHBIM MOKAa OCTAETCs MOJy4eHUE BOJIOPOAa U3 MpUpoaHOro raza — mertana, CHa. Onun u3
MIPUMEPOB TaKOM YCTAaHOBKH TOKa3aH Ha puc. 4, HO B IJaHHOM cllyyae BCe paBHO TpeOyeTcs: SHEprus
JUISl €r0 u3BJIeueHus. sl MpakTH4eCKOro UCIOJb30BaHUS OCTAETCS TOJIBKO MPUMEPHO 25%.

Pucynox 7.13 - s oiy4eHusi BOJOPOAa IPUMEHSETCS 3JIEKTPOJIN3, MOCIIE ero reHepalnu
BOJIOPOJT CXKUMAETCSI WM CHKMKACTCSI M XPAHUTCS Ui MOCIEAYIOIIEr0 €ro HCIOJIb30BaHUs B
reHepaTopax WIM TOIUIMBHBIX 3JIeMeHTax. M3o0pakeHune mpemocraBieHo kommanueid Affi liated
Engineers

[IpeumyiiecTBa, NoxydyaeMble OT MCIIOJIb30BaHUS CUCTEM HAKOIUICHUS SHEPTrUU

CucteMbl HaKOIJIGHUS SHEPTUM MOTYT UCHOJIb30BaTh, YTOOBI MOAEPKATh CTAOMIBHOCTh €€
[IOCTABOK, CHU3UTh 3aTpaThl U 00ECIEUUTh YCTOWYMBOCTh SHEPTETHUECKOM CUCTEMBI B LIEJIOM.

WHBecTUIIMM MOTYT BEPHYThCS JIOBOJIBHO OBICTPO: Tak, akKKyMyisTopHas Oatapes Miona
Macka, coriacHo otuery Renew Economy [4] Bcero 3a HeckojibKko AHEH Jana 3apaboTarhb
BajenblaM | MIH aBcTpanuickux Aoswiapos, wid $800 teic. [Ipu sTtom ABcTpanus sBIseTCS
OJIHUM U3 JTUIEPOB IO PA3BUTHIO BO30OHOBIISIEMOM SHEPTreTUKH, U Han4Ke 3PpPEeKTUBHOTO criocoba
XpaHUTh TaKyl DHHEPruio0 JenaeT ee KpaiiHe pemieBoid. Emie oJHO NpeuMyIecTBO CUCTEM
HAKOTJICHHs SHEPrMH — HX OBICTpOE pearupoBaHHe. BOJIBIIMHCTBO TEXHOJIOTHI XpaHEHUSI MOTYT
KOMIIEHCHPOBaTh HEXBATKY MOILIHOCTH 3JEKTPOIHEPTHMH B CETH OYEHb OBICTPO, B TO BpeMs Kak
UCTOYHMKM Ha OCHOBE MCKOMAEMOTro TOIUIMBA MMEIOT TEHJCHIIMIO JIOBOJBHO MEJUIEHHO
YBEIMUYMBATh /J00aBOYHYIO MOIIHOCTh. Takas CKOpOCTh BakKHa il OOecredeHus CTaOWIbHOTO
SHEpProcHa®KeHHs B CIydasx, KOIja MPOMCXOIUT HEOKUJAHHOE pEe3KOe YBEJIIMYEeHHEe Harpysku. B
Ka4yecTBE IIYyTKH, XOPOIIO MILTIOCTPUPYIOLIEH MpobieMy, MOXKHO MPUBECTH SIU30]1 U3 U3BECTHOTO
¢unpma «PoxxaecTBeHckue kaHukynbl» (“National Lampoon’s Christmas Vacation”, 1989), rue
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Knapk I'pu3Boi HEOKHMIAaHHO BKJIFOUMII BCE 25 THIC. JIAMIIOYEK POXKIECTBEHCKON HILTIOMUHAIIUH.
[Ipuniock 3anmycTuTh AOMOTHUTEIBHBIA aTOMHBIN peakTop Ha ADC, 10 €ro MOJKIIOUEHUS YacTh
palioHOB rOpoJia OKa3ajiach 00ECTOUCHHOM.

PesepBHoe mmTanue CuCTeMBbl HAKOIUICHHUS SHEPIHM MOTYT CIYXKHTh HAJACKHBIM
HMCTOYHUKOM PE3epBHOIO MHUTAHUS HA CIIy4ail MOTEPH MUTAHUSA OT JJEKTPOCETH H3-3a TSDKEIBIX
MOTOJIHBIX YCJIOBUU WM UHBIX TpoOiem. [lomoras oObekTaM ocTaBaThCs B pabodyeM COCTOSTHUH,
TaKHUe CHUCTEMBbl HCKIIIOYAIOT TOTEPH M3-3a COKPAICHHS BPEMEHU TMPOCTOS U 00ECIeUHnBAIOT
TIOBBIIICHHYIO YCTOMYHBOCTH K KDUTUYECKUM CHUTYAIUsIM.

DHEpPreTUYECKNe CUCTEMBI YETBEPTOTO MOKOJICHHS

XpaHeHHEe SHEPTUHM UrPacT BAXKHYIO POJb U B CHCTEMaX T'OPOJACKOTO TEIJIOCHAOXKEHUS U
oxnaxaeHusi. CUCTEMBI pacpeIeICHHOTO TeTUIOCHAOXKEeHHS UCTIob3ytoTes ¢ 1880-x IT. u 10 cux
MOp TMPOAOJDKAIOT pa3BUBATHCA. YUepe3 TOPOJCKYI0 SHEPrOCHCTEMY pa3IMYHbIE HWCTOYHHKH,
CBSI3aHHBIE C OTOIUICHHEM W OXJIAXICHHEM, TaKKe MOTYT OBITH JOTOJHEHBI COOTBETCTBYIOIIUM
xpanuiumieM. OauH W3 TakuX TPOEKTOB B BHJAEC CHUCTEMBl XPAaHEHUS TEIUIOBOW DJHEPTHH
OXJIQXKJICHHOW BOJBI [Tl opranm3anuy HammoHamsHBIX MWHCTUTYTOB 3710poBbhs (National Institutes
of Health) CILIA, Bemonnennsrit komnanueit Affiliated [6].

Pacnipenenennoe TeIJIOCHAOKEeHHE, HapsIy v porpaMMaMu TTOBBIIIICHUS
9Heprod’(pPeKTUBHOCTH U MEPEXOJOM K CHCTEMaM YETBEPTOTO IMOKOJIEHHUS, MO3BOJIAET MOJIy4aTh
0oJbIIe OTAAYHM OT OTPadOTAHHOTO Telja M BO30OHOBIISEMBIX HCTOYHUKOB SHEPruM B
JHEeprocucTeMe U obecrneyuBaeT OaJaHCHpPOBAHHE IEPEMEHHBIX BO30OHOBISEMBIX HCTOYHHUKOB
SHEpPruM, TAKUX KaK COJIHEYHas sHeprus u Berep. CUCTeMbl YeTBEPTOrO MOKOJIEHHs paboTatoT MpH
0oJiee HU3KUX TEMIlepaTypax BOJbI, YTO MPUBOJUT K CHIKEHHIO MOTEpPh TEIIa M0 CPaBHEHHIO C
MPEeNbIAYIIMMUA TIOKOJIEHUSIMH W TO3BOJISIET HCIOJIb30BAaTh PAa3JIMYHbIE MCTOYHUKH I €ro
MOJIyuYeHUs, TaKue KaK OTXOJbI, Ire0TepMalIbHBIII OOMEH, COJHEYHOE TEIUI0, KOMOMHUPOBAHHOE
TEIUIO U peKylepalus dHEepruv U Temia. B coyeTaHnu C HAKOMUTENEM TEIUIOBOM SHEPruH U
UHTEJUICKTYaJbHBIM  yIIPaBJICHHEM Takas CHCTeMa CTAaHOBUTCS SKOHOMHUYHBIM CIOCOOOM
MHTErpaluy BO300OHOBIIIEMOM SHEPrUU W TEXHOJOTUN HAKOIUICHUS B IOBCEIHEBHYIO MPAKTUKY
MPEIOCTABIICHUS YCIYT SHEPTOCUCTEMAMHU.

CoBpemeHHbIE 3HepreTuyeckue (B 0O0IIEeM NOHMMAaHWHM) M KOMMYHAJbHBIE CHCTEMBI
CTaHOBSTCA Bce OoJiee AeKTpuuIMpoBaHHbIMY. V3-3a pa3BepThIBaHUs BCE OOJIBIIETO KOJIMYECTBA
CHUCTeM paclpeleNieHHOW BbIPaOOTKH SHEPruu M, COOTBETCTBEHHO, PACHpPECICHHOTO €e
HAKOIUICHUsI MECTHbIE (TpaJWLIMOHHBbIE) HAa OCHOBE TOIUIMBA MM BO30OHOBISIEMbIE HCTOYHUKH
SHEPruM, a TaKkKe TEXHOJOTMM HAKOIUICHUS HSHEPrUU JIOJDKHBI OBITh B COCTOSIHUM CTaTh
B3aMMOCBSI3aHHBIMU — ISl OOCITY>KUBaHMSI 00BbEKTa, KaMITyca, TOpoJia I Kakoro-nubo paiiona. B
TaKUX CIy4asx Ui MOJy4eHHs JJICKTPOIHEPTUU MOTYT UCHOJIB30BATHCS, HAIPUMEP, F€HEPaTOPHI
Ha MPUPOTHOM Ta3e, MUKPOTYPOHHBI, TOIJIUBHBIC AJIEMEHTHI, COJHEUHBIC (DOTOAIEKTPUUECKHE
CUCTEMBI, BETPOIHEPreTHYEeCKHe YCTAaHOBKH, KOMOWHUPOBAaHHBIE CHCTEMBI COBMECTHOTO
MPOU3BOJICTBA TEIUIOTBI M DJHEPIHM (KOTCHEpAlMOHHBIE YCTAHOBKM). METON HaKOIUICHUS
OXJIQXKJIEHHOM BOJIbI M €€ HarpeBa BMECTO CKHMIAaHHsS MCKOMAeMOI0 TOIUIMBA MaKCHUMAJIbHO
YBEJIMYHUBAET KO3 UIUEHT HCIOJIb30BAHUS 3IEKTPOIHEPIUH, BbIpabaThIBaeMOM
BO30OHOBIISIEMBIMH UCTOYHHKAMU DJHEPTUH, a TaKKe HKOHOMUYECKYIO A((HEKTHBHOCTH CHCTEM
XpaHEHHUsI JIEKTPUUECKON SHEPTUH.

4. MiuniocTpaTuBHBIM MaTepua: /1 npoBeeHNS 3aHATHS UCIIOJIb3YETCA CIEAYIOIIEe
MaTepHalIbHO- TEXHUUYECKOe O0ecTiedeHrne: HOyTOyK, MyIbTUMEIUMHBIN MPOEKTOP, IKPaH.

5.JIuteparypa:
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6. KouTpoJb (Bonpocsl, 3a1aum, pemieHne)

UTo noHMMaeTcs MoJ aKKyMYJIHUPOBAHUEM SHEPTHU?

Kakwue npouecchl akKyMyJSILIMKA SHEPTUU B IPUPOJE BaM U3BECTHBI?

Pacckaxute npuniun padotsl [ADC

IlepeuncnuTh N3BECTHBIE TEXHOJIOIMH HAKOIUIEHUS SHEPTUH.

Kak MOXHO aKKyMyJIupOBaTh TEIIO?

Uewm xapakTepu3yroTcs aKKyMYJISITOPbI S3HEprun?

Onucarh NPUHIUI aKKYMYJIMPOBAHUS TUAPOIHEPTUN

Kax moxHO onieHuTs 3anacaemyto ['ADC snepruto?

. Uemy paBHa 3HEprus, HaKOIJIEHHAs B KOHJIEHCATOPE SHEPrusi?
10. OOBSICHUTH MPUHLIUIT ACUCTBUSI KHHETUYECKOTO HAKOTIUTEINS CYyIIePMaxOBUKa
11. OOBIACHUTH MPEUMYIIECTBA, HOTYyYaeMble OT UCIIOIb30BAHHSI CUCTEM HAKOTUICHUS

SHEPIUH.

© 0N TTE WM
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Jlexnust 8

1 Tema 8. KoTenbHBIC YCTAHOBKU

2. Heab: ocBoeHHe OCOOCHHOCTEH TEXHOJOTMU CKUI'aHHMS TOILIMBA W HCIOJIb30BaHHUS
BBIJICJISIIONIEHCS  TEIJIOTHI, 3HAHUE  yCTPOMCTBA KOTEJIBHOTO  arperara, Ha3HAuY€HUE U
KIIACCHU(PUKAIUIO KOTEITHHBIX YCTAHOBOK

3. Te3uchl JeKIUM:

1. O6mue cBeIeHHs U IOHATHUS O KOTEIBHBIX YCTAHOBKAX

2. Ha3Hauenwue u Kraccu(uKanus KOTI0arperaTton

3. OcHOBHBIC BUJIBI KOTEIBHBIX arperaTton

3.TemoBoii OanaHc KOTEJIBHOTO arperara

OOmre cBeieHUs ¥ IOHATHUS O KOTEIBHBIX YCTAHOBKAaX

KoTenpHast ycTraHOBKa TMpencTaBisieT co00M KOMIUIEKC YCTPOWCTB, pa3MENmIeHHBIX B
CTIEIUANBHBIX TMOMENICHUSIX U CIYXKAIuX JUIsl MPeoOpa3oBaHMs XUMHUECKOW IHEPrUU TOILIMBA B
TEIUIOBYIO SHEPTHIO Tapa WM ropsiaeid Boabl. OCHOBHBIE 2JIEMEHTHI KOTEIHHON YCTaHOBKH — KOTEM,
TOTIOYHOE YCTPOMCTBO (TOTKA), MUTATEIBHBIC U TATOYTHEBbIE YCTPOICTBA.

YcrpoiicTBa, peaHa3HAuYSHHBIE JUTS TIOJIYYEHUS Mapa WA TOpSYei BOJBI MOBHIIIEHHOTO
JaBJICHUS 3a CUET TEIUIOTHI, BBICIAEMON NP CKUTAHUH TOIUTMBA, WM TEIUIOTHI, ITOIBOIUMOM OT
MOCTOPOHHUX MCTOYHUKOB (OOBIYHO C TOPSYMMH Ta3aMH), HA3BIBAIOT KOMENbHbIMU Acpecamami.
OHH fenaTcsi COOTBETCTBEHHO HA KOM.Ibl NAPOsble U KOM.Ibl 600ozpetinbie. KoTeabHbIe arperarsl,
UCTIONB3yonHe (T. €. YTWIM3HPYIOIIUE) TEIUIOTY OTXOMAIIMX M3 TedYeld ra3oB WM JIPYTrHX
OCHOBHBIX ¥ TOOOYHBIX MTPOAYKTOB PA3IMYHBIX TEXHOJIOTHUECKHUX MIPOIIECCOB, HA3BIBAIOT KOM.IAMU-
YMUnU3amopami.

B COCTaB KOTIIa BXOJISIT: TOIIKA, naponeperpeBaresb, HKOHOMaK3ep,
BO3/1yXOIIOJIOrpeBaTelb, Kapkac, 0OMypOBKa, TEIUIOBas 301N, OOIMINBKA.

Bcnomozamenvuvim  060py0osanuem CUUTAIOT: TATOAYTHEBBIC MAIIMHBI, yCTPOWCTBA
OYHMCTKM TIOBEPXHOCTEH HarpeBa, YCTPONCTBAa TOIUIMBOIIPUIOTOBJICHHS W TOIUIMBOIOJAYH,
00OpyIOBaHME WDIAKO- M 30J0YHAJCHUS, 30JI0YJIAaBIMBAIONINE M JPYrHe Ta3004HCTUTEIIBHbIC
YCTPOHCTBA, Ta30BO3LyXOIPOBO/IBI, TPYOOTIPOBOABI BOJIBI, MTApa U TOIUINBA, apMaTypy, TapHUTYPY,
aBTOMATHUKY, IPUOOPHI U yCTPOWCTBA KOHTPOJIS M 3aLIUThI, BOJOIOArOTOBUTEILHOE 000PYIOBaHUE
U JIBIMOBYIO TPYOYy.

K apmamype oTHOCAT perynupyooniue W 3amopHbIE YCTPOWCTBA, MPEIOXPAHUTEIBHBIC U
BOJIONIPOOHBIE KJIATIaHbI, MAHOMETPBI, BOI0YKa3aTeIbHbIC IPUOOPHI.

B eapnumypy BXonsT na3el, TISACIKHY, JTIOKU, INOEPHI, 3aCIOHKH.

31aHue, B KOTOPOM PACHOJIararTCsl KOTIIbI, Ha3bIBalOT KOTEIbHOM.

Kommieke ycTpoHCTB, BKJIIOYAIOIIMK B ceOs KOTENBHBIM arperar M BCIIOMOTATEIbHOE
000pyJI0BaHUE, HA3BIBAIOT KOMENbHOU YCMAHO6Kol. B 3aBUCUMOCTH OT BUAA CKUTAEMOIo TOTIJIMBA
U PYTUX YCIOBUI HEKOTOPBIE U3 YKAa3aHHBIX 3JIEMEHTOB BCIIOMOTaTeIbHOTO 000PYAOBAaHUS MOTYT
OTCYTCTBOBATb.

KoTenbHble yCTaHOBKH, CHaOXarolue napoM TypOUHBI TEIIJIOBBIX JJIEKTPUUYECKUX CTAHIHH,
Ha3bIBAIOT SHEPre€TUYECKUMHU.

Jlns cHaOXeHMs MapoM MPOU3BOJICTBEHHBIX MOTpeOuTeNeil M OTOMIEHHUsS 3AaHUN B psne
CIIy4aeB CO3/JIat0T CIIEHUAIIBHBIE NPOUIBOOCHEEHHbLE U OMONUMENbHbIE KOMENbHblE YCIMAHOBKU.

B kauecTBe MCTOYHMKOB TEIUIOTHI /ISl KOTEJIBHBIX YCTAHOBOK MCIOJIB3YIOTCS IPUPOIHBIE U
UCKYCCTBEHHbIE  TOIUIMBA  (KaMEHHbIM  yroib, OKMJIKME U  Ta3000pa3Hble  MPOIYKTHI
He(PTEeXMMHUYECKONH MepepaboTKu, MPUPOIAHBIA M JIOMEHHBIA Tra3bl U Jp.), OTXOMAIINE Ta3bl
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MIPOMBIIIJICHHBIX TIEYEH U IPYrUX YCTPOMCTB, COJTHEUHAS FHEPTHUs, SHEPTUS JEICHUS P TKETBIX
2JIEMEHTOB (ypaHa, IUIYTOHHUS) U T. A.
TexHonornueckas cxema KOTEJIbHON YCTaHOBKM ¢ ©OapabaHHBIM NApOBBIM KOTJIOM,
paboTaroNIMM Ha MBUIEBUTHOM yIJIe, IPUBEACHA Ha puC. 8.1.
TormmmBo ¢ yroapHOTO CKIIaja mocie IpooeH s MoaeTCsi KOHBeepoM B OyHKEp ChIPOTO
yriis 1, 13 KOTOPOTo HAMPABISAETCS B CUCTEMY MBUICTIPUTOTOBIICHUSI, UMEIOIIYIO YTIIEPa3MOJIbHYIO
MenbHUILy 2. [IpI7IEBUTHOE TOTIITUBO C IIOMOIIIBIO CHENHUATFHOTO BEHTUIISATOPA 3 TPAaHCTIOPTUPYETCS
1o TpyOaMm B BO3JIYIIIHOM IOTOKE K ropeikaM 4 TONKH KOTJIa 5, Haxoasmierocs B kotenbHou 14. K
TOpeNIKaM TOJABOJUTCS TAK)KE BTOPUYHBIA BO3AYX AYTHEBBIM BEHTHIIATOpOM 13 (0ObIYHO uepes
Bo3ayxonogorpesaresib komia 10). Boma mns muTaHus KOTia mojaercs B ero Oapaban 7
MUTATEIbHBIM HacocoM 12 u3 Gaka nmutateabHOM BoIbI 11, mMeromiero nea’paimoHHOe YCTPOUCTBO.
Ilepen momaveii Boasl B OapabaH OHa TOAOTPEBAETCS B BOJSHOM 5JKOHOMaizepe 9 kotna.
Hcnapenue BOIbI TPOUCXOIUT B TPyOHOU crcteMe 6. Cyxoi
HACBINEHHBIA Tap W3 OapabaHa IMOCTyIaeT B MapoleperpeBaTtellb 8, 3aTeM HaIpaBlIAeTCA K
MOTPEOUTEITIO.

Pucynok 8.1. Texnonorudeckas cxema KOTEJIIbHOW YCTaHOBKHU:

a - BOMHOMH TpaKT; O - meperpeTsiid nap; B - TOIUIMBHBIA TPAKT; I' - IyTh ABWKEHHS BO3IYXA; O - TPAKT IPOIYKTOB CrOPaHUS; € - IIyTh
301bl1 U U1aKa; 1 - OyHKep TOIUMBa; 2 - yriepa3MoibHasi MEJbHUIIA; 3 - MEJIbHUYHBIH BEHTUISITOP; 4 - TOpEIiKa; 5 - KOHTYP TOIKU U
ra3oxofIoB KOTEJIHOrO arperatra; 6 - 9KpaHbl TONKH; 7- OapabaH; 8 - mapomeperpeBatenb; 9 - BomsHOW 3koHOMaiizep; 10 -
BO3/IyXOIOJI0rpEBATENb;

11 - Gak 3amaca BOJbI C J€a’paliOHHBIM YCTPOUCTBOM; 12 - muTaTenbHblii Hacoc; 13- BeHTHwIATOp; 14- KOHTYp 31aHUS KOTEIBHON
(moMeleHus KOTEJIBHOTO OTIEICHH); 75 - 30J0yIaBIMBaoLIee YCTPOUCTBO; 16- apiMococ; 17- npiMoBast TpyOa; 18 - HacocHast uist
OTKa4KH{ 30JI0ILLIAKOBOH MYJIbITbI

N3 puc. 8.1 BugHO, 4TO OapabarHwlll KOMENbHBII acpeeam COCTOUT U3 MONOYHOU Kamepbl U
2a30x0008, bapabana, nosepxHocmell Hazpesda, HAXOIAIIUXCS I0J] JAaBJICHUEM padouel cpeipl
(BOJIbI, MAPOBOJITHON CMECH, Mapa), 8030YX0no0ocpesamelis, cOeOUHUMENbHbIX MPYOOnpo8ooos u
6030Yx060006. 110BEpXHOCTH HarpeBa, HAXOSAUIUECS O] AABJICHUEM, BKIIOUYAIOT B CEOsl BOJASHOM
SKOHOMAaM3ep, HCIAPUTEIIbHBIC JJIEMEHTHI, OOpa30BaHHBIE B OCHOBHOM OJKpaHaMH TONKH M
(becToHOM, U MaporneperpeBaTeb.

Bce moBepxHOCTH HarpeBa KOTJa, B TOM YHCIIE M BO3YyXOIOJOrpeBaTelb, KaK MPaBuUIo,
TpyOuateie. JIUIIbL HEKOTOpPHIE MOIIHBIC MApOBbIE KOTIBI MMEIOT BO3AYXOMOJOTpeBaTEed WHOM
KOHCTPYKIIHH.

HcnaputenbHble TOBEPXHOCTH MOJKIIOYEHBI K OapabaHy U BMECTE C OMYCKHBIMU TpyOamu,
COCUHSIOMIUMHI OapabaH ¢ HIDKHAMHU KOJIJIEKTOpaMH SKpaHOB, 0Opa3yloT IUPKYISIHOHHBIN
KOHTYyp. B 6apabaHe mpouCXOIUT pa3/ielieHHe mapa | BOJbI, KpOME TOro, OOJIBIION 3amac BOAbI B
HEM TOBBIIIAET HAJECKHOCTh PabOTHI KOTIIA.

HuxHIoI0 TpamenneBUIHYI0 4acTh TONKH KOTEIhHOTO arperara (cM. puc. 8.1) Ha3bpIBaroT
XOJIOJTHOM BOPOHKOM - B HEW OXJaXIAeTCs BHIMAAAONMUNA U3 (akema YaCTUYHO CHEKIIHHCS
30JIbHBIA OCTATOK, KOTOPBIMA B BHJIE IIJTAKA MIPOBATUBACTCS B CIEIUAIBHOE MPHUEMHOE YCTPOMCTBO.
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['azoma3yTHBIE KOTJIBI HE HIMEIOT XOJOJIHOM BOPOHKH. ['a30X0/1, B KOTOPOM PACHOJIOKEHBI BOJISHOU
SKOHOMAaM3ep M BO3IyXOIMOI0TPEeBaTelb, HA3bIBAIOT KOHBEKTUBHBIM (KOHBEKTUBHAS IIaXTa), B HEM
TEIUIOTa IepelaeTcsi BOJE M BO3JIyXy B OCHOBHOM KoOHBekuue. IloBepxHocTu Harpesa,
BCTPOEHHBIE B 3TOT Ta30X0Jl U HAa3bIBAEMblE XBOCTOBBIMM, MO3BOJISIOT CHU3UTH TEMIIEPATYPy
npoaykToB cropanus ot 500-700°C mocne mapomeperpeBarens moutu g0 100°C, T. e. moiHee
MCIO0JIb30BATh TEIUIOTY CKUTAEMOT0 TOTUIMBA.

Bes tpyOHas cuctema u OapabaH KOTNa MOJJICPKUBAIOTCS KapKacoM, COCTOSIIIUM W3
KOJIOHH U TMOMNepeyHbIX Oasok. Tomka M ra3oXo/bl 3alllMIIEHbl OT HApYKHBIX TEIJIONOTEPD
OOMYpOBKOH - CJO€M OrHEYHNOPHBIX M M3OJSALHOHHBIX MaTepuaioB. C HapyKHOH CTOPOHBI
OOMYpOBKHM CTEHKHM KOTJa HMEIOT Ta30MIOTHYI0 OOIIMBKY CTaJbHBIM JIUCTOM C  IIEJIbIO
MpeIOTBpAILlEHUs] IPUCOCOB B TONKY M30BITOYHOTO BO3JYyXa M BbIOMBAHUS HapyKy 3allbLIEHHBIX
rOpsSYMX MPOAYKTOB CTOPAHMSL, COJIEPIKALINX TOKCUUHbIE KOMIIOHEHTHI.

Haznauenue u KnaccuuKamnms KOTI0arperaTos

KoTenpHble YCTAaHOBKH B 3aBHCHMOCTH OT XapakTepa IOTpeOHTeneld pas3iensioTcs Ha
SHEPTreTUYECKHE, MPOU3BOACTBEHHO-OTONHTEIBHBIE W OTOMUTENbHBIE. [lo BuAy moirydaemMoro
TEIJIOHOCHUTENSL UX JENST Ha MapoBble (A7 BbIpaOOTKH Mapa) M BOJOTpeHHbIE (Ui BHIPaOOTKU
ropstueii BOJIbI).

DHepreTuyeckne KOTeJIbHbIE YCTAHOBKH BBIpAOATHIBAIOT Map JUIsl MapoBBIX TypOWH Ha
TEIUJIOBBIX 3JIEKTPOCTAHIUAX. Takue KOoTelbHble O00OpYAYIOT, KaK IMpaBUIIO, KOTJOarperaTamu
00JIBIION U cpeiHEeN MOLIHOCTH, KOTOPBIEC BIPAa0ATHIBAIOT ap MOBBIILIEHHBIX TApaMETPOB.

KorenbHbIM arperaToM Ha3bIBae€TCS IHEPreTUYECKOE YCTPOWCTBO JUIsl TMOJIy4EeHHS Mapa
3a/IaHHOTO JAaBJICHHUS U TEMIIEpaTyphl U B 3aaHHOM KosimuecTBe (p, MIla; t, °C; D, 1/4). Yacto 310
YCTPOMCTBO HA3bIBAIOT MaporeHepaTopoM, MO0 B HEM MPOMCXOIUT IeHepalus Mapa, WK IpoCcTo
MapoBbIM KOTJIOM. EciyM KOHEUHBIM HpPOAYKTOM SIBISIETCS ropsidasl BOJa 3aJaHHBIX MapaMeTpOB
(maBneHUs U TEMIEPATyphl), UCIIOJIb3yeMasi B IIPOMBIIUICHHBIX TEXHOJIOTMUYECKUX Mpoleccax U Jis
Leei OTOIIIEHUSI MTPOMBIIIJICHHBIX, OOIIECTBEHHBIX U KIIBIX 3/JaHUH, TO YCTPOHCTBO Ha3bIBAIOT
BOJIOTPEUHBIM KOTJIOM.

[lo xapakrepy [IBUKEHUS BOJbl, IAPOBOJASHOM CMeCHM U Iapa MapoOBble  KOTJIBI
noapazaensroTcs (cM. puc. 8.2) Ha:

1) 6apabaHHbBIE C €CTECTBEHHOM IIUPKYIISIIUCH;

2) bapabaHHBIE C MHOTOKPATHOM MPUHYIUTEIBHOM UPKYIIALHEH;

3) IpSIMOTOYHBIE.

B GapaOaHHBIX KOTJIAaX ¢ €CTECTBEHHOU HUpKyNsuuen (cM. puc. 8.3) BCIeICTBUE Pa3HOCTU
IUIOTHOCTEW MapoOBOASHONW CMECH B JIEBBIX TpyOaxX 2 M KUAKOCTU B MpaBbIX Tpybax 4 Oyzaer
MIPOUCXOUTH JABIKEHUE MTApPOBOISHON CMECH B JIEBOM DSy - BBEPX, @ BOJIbI B IIPABOM DSy - BHU3.
TpyObl mpaBoro psijia Ha3bIBAIOTCS OMYCKHBIMH, a JIEBOTO - TIOJbEMHBIMU (3KPAHHBIMH).

Pucynox 8.2 - Cxembl reHepaiuy napa B MapoBbIX KOTIAX:
a - €CTeCTBEHHAas LHUPKYISKSA; O - MHOTOKpaTHAs NPUHYIUTEIbHAS HUPKY/IIHS; B - IPIMOTOYHAS
cxema; b - Oapaban; UCII - ucnapurensusie noepxnoctu; IIE - mapomeperpeparens; 9K -
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BOJISIHOM 3KOHOMai3ep; D - pacxon mapa; Dy - pacxon nurarensHoi Boawl; [TH - nutaTenpHbIi
Hacoc; IHH - mupkynsuumonnsii Hacoc; HK - mwxuuit komnexrop; Q - moason teria; OIT -
onyckubie TpyObI; [TIO/] - moxbeMHbIe TPYObI

OTHolIEHNE KOJIMYECTBA BOJIbl, NMPOXOJALICH Yepe3 KOHTYp, K MapoIlpOU3BOIUTEIBHOCTH
KOHTypa D 3a TOT € IpOMEKYTOK BPEMEHH HAa3bIBACTCA KPATHOCTBIO HUpKysauun Ky s
KOTJIOB C €CTeCTBEeHHOM 1upkyssinuei K, konebnercs B mpenenax ot 10 go 60.

PazHocTh BecoB ABYX CTOJ00B KUAKOCTEH (BOIBI B ONYCKHBIX M MMapoOBOJISHONW CMECH B
MOJBEMHEIX TPy0ax) CO3[aeT ABIKYIIMI HAmop LUPKYIAIMM BOABI B Tpybax kxotaa Ap, H/m?,
PaBHBII

Ap = gh(p, — p..),

I'ne p, u oo,
- IJIOTHOCTH (0OBEMHAasi Macca) BOJIbI M MapOBOASIHON CMECH, kr/M°, h — BeICOTA KOHTYypa, M

Nap, D,

Pucynok 8.3 - Cxema ecTecTBEHHOH IUPKY/ISAIIAN BOJBI B KOTIE: 1 - HIOKHUI
KOJIJIEKTOD; 2 - JieBas TpyOa (dkpaH); 3 - 6apaban koTIa; 4 - mpaBas Tpyda

JIBMKYIIM HAnop LUPKYISALKN PAcXOlyeTcsl Ha MPEOJI0JIEHUE COMPOTUBIICHUS JBUKCHHUIO
1o TpyOaM BOJIbI U NTAPOBOJSTHONM CMECH, a TaKXkKe Ha COOOIIEHHE YCKOPEHUS MapOBOJITHON CMECH B
CBSI3H C POCTOM 00beMa KHUIKOCTH, IPOUCXOISAIINM MPU apooOpa3oBaHUM B MOABEMHBIX TpyOax.

B xotnax ¢ mpHUHYAMTETHHON LUPKYISALUUEH ABMKEHHE BOJBI U MAapOBOJSHON cMecHu (puc.
8.2, 0) ocymiecTBIseTCA NPUHYIUTEIHLHO C TIOMOIIBI0 UPKYIALUOHHOTO Hacoca [IH, nBrxymimii
Hamop KOTOPOTO paccuMTaH Ha MPEOJI0JICHUE COIPOTUBIICHUS BCEU CHCTEMBI.

B mnpsMoTtounpix Komiax (cM. puc. 8.2, B) HET UUPKYISIIHOHHOTO KOHTYpa, HET
MHOTOKpPaTHOW MHPKYJIALUKA BOABI, OTCYTCTBYeT OapabaH, BOJa MPOKAUMBAETCS MNHUTATEIHHBIM
HacocoM [TH uepes skonomaiizep OK, ucnapurensusie nosepxHoctu MCII n naponeperpeBareins
[1E, BK/IIOUEHHBIE MOCIIEA0BATEIBHO.

Crnenyer oTMETUTb, YTO MPSIMOTOYHBIE KOTJIBI HCIIOJIB3YIOT BOY 00JI€e BHICOKOTO KauecTBa,
BCS BOJa, Mocrymaromas B wucnapureiabHbli TpakT WCII Ha BbIXOJE W3 HEro IMOJHOCTBIO
MpeBpalaeTcs B map, T.e. B 3TOM cliydae KpaTHOCTh mupkysiinuu K= 1.

[TapoBoii KOTEJIbHBII arperar (maporeHeparop) XapaKkTepu3yercs
MIapONPOU3BOIUTENBHOCTBIO, IaBJIEHUEM M TEMIIEPATypOi MTPOU3BOJUMOIO Mapa U TEMIEPATypou
MUTATENILHOM BOIBL.

[Taponpon3BOIUTEIHHOCTH TAPOreHepaTOpa BEIPAKAIOT B T/4 WM KI/C.

IlockonbKy naporeHepaTop MNpeAHA3HAYEH JUIsl MPEBPALLEHUS TEIUIA, 3aKIOYEHHOIO B
TOIUIMBE, B MOTEHIMAJIBHYIO OJHEPrUI0 TIapa, OH MpeACTaBiIsieT co00i pPa3HOBUIHOCTD
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nmpeoOpa3oBareisi DHEPrHH, a MOTOMY €ro MOYKHO XapaKTepH30BaTh TaKKe IO MOIIHOCTH,
BeIpakacMo B KBT mim B MBT. Ilo maponpou3BOAMTENBHOCTH PA3IMYAIOT KOTIBI MaJlod
MapOIPOU3BOIUTEIBHOCTH, 10 20-25 T/4, cpeaHed maponpon3BOAUTEIBLHOCTH, 0T 35-50 no 160-220
T/4, ¥ OOJIBIIION TAPOIPOU3BOAUTEILHOCTH, OT 220-250 T/4 1 BBIIIE.

JlaBJIeHue MPOU3BOIMMOTO B KOTIIE Mapa BhIpaxkaroT B KH/m? 1 MH/M?.

[To naBneHMIO TPOM3BOAMMOIO Iapa pa3inyaloT KOTJbl: HU3KOro JamBieHus - jno 1,37
MH/Mm?, cpennero masieHus - 2,35 u 3,92 MH/M2, Beicokoro nmasnenus - 9,81 u 13,7 MH/M? u
3aKPUTHYECKOTO JaBiieHus-25,1 MH/Mm2. I'panuua, otnpensdronias KOTIbI HU3KOTO JaBJIEHUS OT
KOTJIOB CpPEJIHEro JaBJICHHUS, YCIOBHA.

B koTenbHBIX arperarax MpoOM3BOJAAT JHOO HACBIIEHHBIN map, MO0 map, MeperpeTsid 10
pa3IMYHON TEeMIEepaTyphl, BEIMYMHA KOTOPOM 3aBHCHUT OT €ro JaBieHus. B Hacrosiee Bpems B
KOTJIaX BBICOKOTO JaBJEHHUsI Temieparypa mnapa He mnpebimaer 540-570°C. Temmneparypa
MUATATEILHOM BOJBI B 3aBUCUMOCTH OT JaBJICHUS mapa B KoTie koseonercst ot 50 mo 260°C.

Bonorpeiinple KOTIBI XapakTEPU3YIOT MO MX TEIUIOMPOW3BOJAUTEIBHOCTH, TEMIIepaType U
JABJICHUIO TTOJIOTPETOM BOJIBI, & TAKXKE MO POy METaJlIa, H3 KOTOPOTO M3TOTOBJIEH KOTEIL.

Tennonpon3BOIUTENHFHOCTh BOJAOTPEHMHOTO  KOTJIa BBIPAXAIOT B  KWJIOBATTaX  WJIH
MmeraBaTTax (B cucreme MKI'CC B I'kan/u).

[To pomy metamia pa3iuyarOT YYTYHHbIE W CTaJbHbIE BOJOrpEHHbIE KOTJbL. [lepBbie
MpelHa3HayaloT  JUIsl  OTOIUIEHUS  OTHCNbHBIX 3JaHMM W BBINOJHSIOTHA  HEOOJIbLINE
TEIUIONPOU3BOIUTEIBHOCTH, HE mpeBbimatomue 1,2-1,6 MBT, 1y nogorpeBa BoJbl C JIaBJICHUEM
He Bemre 300-400 kH/M? no Temmeparypsl 115°C. BTOpblc BBHITIONHAIOT Ha OOJBIINE
TEIUIONPOU3BOIUTENBHOCTA OT 4,75 no 210 MBT u ycraHaBiauBaloT B KPYIHBIX KBapTAJIbHBIX U
pallOHHBIX KOTEJbHBIX JJISi TEIJIOCHAOXKEHUs OOJbIIMX KWIBIX MaccuBoB. Kpome Toro,
BOJIOTPENHBIE KOTJIbl TEIJIONPOU3BOAUTENBLHOCTEIO 35 MBT UM BbIlI€ yCTaHABIMBAKOT TaKKe Ha
TOIL] B3aMeH NUKOBBIX MOJOTPEBATENEH CETEBOM BOBL.[4].

B 3aBucumoct OT MacmTaba TEMJIOCHA0XKEHHS OTOMHUTENbHbIE KOTENIbHbIE OBIBAIOT
MeCTHBIE (MHAUBHIyaJIbHbIC), TPYIIIOBIE U PaliOHHBIE.

MecTHble KOTETbHBIE OOBIMHO OOOPYAYIOT BOJOTPEMHBIMU KOTJIAMHU C HArpeBOM BOJbI JIO
temmneparypbl He 6osiee 115 °C wim napoBeIMu KOTJIaMH ¢ pabounm gaieHueM no 70 klla. Takue
KOTeJbHbIE MPeHa3HAUYCHBI JIIs1 CHA0KEHHI TeIIIOTOM OJHOTO WIIM HECKOJIbKHUX 3JaHH.

I'pynmoBbie KOTENbHBIE YCTAaHOBKM OOECIEUMBAIOT TEIUIOTOM TPYIIbI 3JaHUN, KUIIbIE
KBapTaldbl WM HEOOJbIINE MUKPOPAOHBL. VX 000pyAyIOT Kak MapOBBIMU, TaK M BOJAOTPEHHBIMU
KOTJamM# OoJIbIIEH TEIIONpPOU3BOAUTEILHOCTH, Ye€M KOTJIBl JUIS MECTHBIX KOTENbHBIX. OTH
KOTeJIbHbIE OOBIYHO Pa3MEIIAlOT B CIICHUATIBHO COOPYKEHHBIX OTAEIbHBIX 3AAHUSIX.

PaiioHHBIe OTOMUTENBHBIE KOTENbHBIE CIYXaT A TEIUIOCHAOXKEHHUS KPYIMHBIX KUJIbIX
MacCUBOB: UX 000PYAYIOT CPABHUTEIHLHO MOIIHBIMH BOJOTPEHHBIMH MU MAPOBBIMU KOTJIAMHU.

Pucynox 8.4 - [Ipumep TeppUTOPUH KOTEIBHONW U HEKOTOPOTO €€ 000py10BaHUs
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Pucynox 8.5 - [IprMepsl KOMITOHOBKH HEKOTOPBIX KOTEIBHBIX U MX 000PYIOBaHUS

KorenpHBIEC YyCTAHOBKHA MOTYT pacloJiaratbcsi Kak BHYTPH 00BEKTa, TaK U 33 €ro MpeJIeIaMH.
BHyTpr 00BEKTa OHM MOTYT YCTAHABIMBATHCS B TOJBAIE, OTACIHHOM TOMEIICHHH W JaXKe Ha
kpeime. Eciam 3ganme mpeacTaBisieT co0O0M OOJNBINON 1O pasMepaM OOBEKT, TO KOTEJIbHbIE
YCTAaHOBKHM BBITIOJIHSIOT B BHUJC OTJCIBHO CTOSIIMX TOCTPOEK C COOCTBCHHOH WHI)KEHEPHOI
CHUCTEMOM, MOJIKIIFOUEHHON K 001 HHXKEHEPHOU CHCTeME 00BEKTa.

B paboTe KOTENBHBIX YCTAHOBOK HCIIOJIB3YIOT Pa3IMUHbIC BHJbI ToIUuMBa. Hawmbosbiee
pacipoCTpaHeHHe CeroIHS MPHOOpPETH KOTeIbHbIe, padoTanue Ha MpUpoHOM rase. ITockombky
HaIlla CTpaHa SBJISCTCS JHJISCPOM T10 3amacaM 3TOTO BHIA TOILIMBA, MOKHO HE OIMacaThCs TOTO, YTO
HEPropecypchbl MOTYT 3aKOHYUTHCS. [IoMHUMO ra3a, KOTCJIbHBIC YCTAHOBKH HCIOJIB3YIOT B KAUECTBE
TOIUTMBA HEPTEHPOAYKTHI (Ma3yT, JAWU3EIbHOE TOIUIMBO), TBEPJOE TOIUIMBO (Yroyib, KOKC,
npeBecrHa). Psii KOTENBHBIX MOTYT MCIIOJb30BaTh KOMOWHHPOBAaHHBIC BHUIBI TOIUTMBA. BaxkHOM
XapaKTePUCTHKOM JIIO0OW KOTCILHOM SIBJISICTCS KaTEropHvs HAJISKHOCTH TEIJIOCHAOKCHUS
oTpeOuTENeH.

B nipoMBINIIIICHHOCTH, CETbCKOM M KOMMYHAIBHOM XO35HCTBE TPUMEHSIOT Pa3IuYHbIC BUIbI
KOTJIOB.

IlapoBoii koTes mpencrasiseT co0O yCTPOHWCTBO C TOMKOH, 000rpeBaeMoe MpOoayKTaMU
CKMUTaeMoro B HeW TOIUIMBAa M TMpeJHAa3HAauYeHHOE JUIs TOJIY4YeHHUsS T[apa JaBlIEHUEM BBIIIE
aTMOoC(epHOTro, UCIOIB3YEMOT0 BHE YCTPOUCTBA, a BOJOTPEUHBIN KOTEN — TaKoe K€ YCTPOUCTBO,
HO IpeAHA3HAYEHHOE JIJI1 HarpeBaHUs BOJIbI, HAXO/ISIICHCS 1101 TaBJICHUEM BBIIIIe aTMOC(HEpPHOTO U
HCIO0JIb3YeMO B KaUeCTBE TETNIOHOCUTEISI BHE YCTPOMCTBA.

Kotena-yruiauzarop — 3TO MapoBOM WM BOJOTPEIHBIA KOTEN, B KOTOPOM B KauecTBE
MCTOYHUKA TEIUIa UCIOJB3YIOTCS TOpSYMe Ta3bl TEXHOJIOTMUECKOTO TMpoliecca, KOTea-0oiijep —
MapoBOM KOTEN, B MapoBOM IPOCTPAHCTBE KOTOPOTO Pa3MENIEHO YCTPOMCTBO JUIsl HArpeBaHUS
BOJIbI, UCTOJB3yeMON BHE KOTJIa, @ B €CTECTBEHHYIO IHUPKYISIIHIO BKIIOYEH OTHACIBHO CTOSIIHIA
ooitnep.

CranmoHapHBIM Ha3bIBAIOT KOTEN, YCTAHOBIEHHBIM Ha HEMOABIKHOM (yHIaMEHTE,
MEPEeBIKHBIM — KOTEJ, WMEIOUIUI XOJOBYIO YacTh WM YCTAaHOBJICGHHBI Ha TEPEeIBUKHOM
dbyHIameHTe.

IlaponeperpeBarteib MpeacTaBisieT cO00M YCTPONUCTBO, MpeHA3HAYEHHOE IS Meperpena
mapa BBIIIE TEMIEPaTyphl HACHINIEHUS, COOTBETCTBYIOIICH IaBICHHUIO B KOTJIE, B pPE3yibTare
neperayu eMy Teruia ABIMOBBIMU Ta3aMu, a SKOHOMaii3ep — yCTPOUCTBO, 00OrpeBaeMoe TMpOayK-
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TaM{ CropaHMsl TOIUIMBAa M CilyXKallee s IOAOIpeBa WIM YacTUYHOTO MCIApEHUs BOJIbI,
MOCTYIAOIIEH B KOTEN.

Bo3ayxonmogorpeBaresib IpeiHa3HAYeH s MOJOrpeBa IMOCTYHAIOUIETO B TOMNOYHOE
YCTPOMCTBO BO3/lyXa TEIJIOM YXOJSILKX T'a30B.

I[IuTaTtenbHass ycTAaHOBKA COCTOUT M3 MUTATEJIbHBIX HACOCOB JUISl MOJAYM BOJbI B KOTEJ
MO/ JaBJIGHUEM, a TakKe COOTBETCTBYIOIIMX TpyOONpPOBOJOB M apMaTyphl, TATOAYTheBOe
YCTPOHCTBO — U3 JYThEBBIX BEHTWISITOPOB, CUCTEMBI [a30BO3AYX0BOJOB, JbIMOCOCA U JBIMOBOM
TpyOBI, 00ecreunBaIINX MoJadyy HE0OXOIUMOro KOJUYECTBA BO3JyXa B TONOYHOE YCTPOMCTBO,
JBUKEHHE MTPOYKTOB CrOpPaHUs 10 T'a30X0/1aM U yAaJeHHe UX 3a IPeJelibl KoTioarperara.

YcTpoiicTBO TEmIOBOr0 KOHTPOJISI M ABTOMATHYECKOr0 YNpPaBJIeHUS] BKJIIOYAET
KOHTPOJIbHO-U3MEPUTENbHBIE MPUOOPHI M aBTOMaThl, oOecneunBaromiue OecriepeOoNHyl0 U
COTJIaCOBAHHYIO pabOTy KOTEJIbHON YCTAaHOBKH Ul BHIPAOOTKM HEOOXOJIMMOTO KOJMYECTBa mapa
OTIpe/IeIEHHOM TeMIIepaTyphl U JaBICHHUS.

B ycrpoiicTBO i MOATOTOBKHM NHUTATEJIbLHOM BOABI BXOJAT amnmaparel U
MpHUCnocobIeHus], 00eCIeUnBaIOIINE OYUCTKY BOABI OT MEXaHMYECKUX MpPUMeECcEeil U PaCTBOPEHHBIX
B Hell HakumeoOpa3yoluX CoJe, a TaKkkKe yaJeHne U3 Hee ra3os.

KorenbHble ycTaHOBKH, paboTaromiye Ha MbUIEBUIHOM TOIUIMBE, 000PYAYIOT IpOOHIIKAMH,
CYLIWJIKAMM, MEJIbHHUIIAMH, NHUTATEISAMHM, BEHTHWIATOPAMH, a TAaKK€ CHCTEMOW TPAaHCIOPTEPOB M
IIBIEra30IPOBOI0B.

YCTpoHCTBO Ul yAaneHUs 30Jbl W IIJIAKa COCTOUT M3 TUAPABIMYECKMX CHUCTEM H
MEXaHMYECKUX MTPUCIIOCOOICHUI: BarOHETOK MJIM TPAHCIIOPTEPOB MIIM TEX U IPYTHUX.

TonnmuBHEIN CKIIaZ CIYKUT AJIS XpaHEHMs! TOIUIMBA.

TennoBoii 6amaHc KOTEIBHOTO arperara

TennoBoii 6ajlaHC MapoBOTO KOTJIa

TennoBoil OangaHc MapoBOro KOTJIA 3aK/IIOYAETCs B YCTAHOBJIEHUH PABEHCTBA MEXIY
IOCTYIIMBUIMM B arperar INpd CKHWraHUM TOIUIMBA KOJIMYECTBOM TEILIOTHI, Ha3bIBAEMBIM
pacnonazaemol meniomotl, Q‘g U CYMMOM HCIOJB30BaHHOW TEIUIOTHIY;M TEIUIOBBIX MOTepb. Ha
ocHoBe TeruoBoro 6ananca HaxoaT KIIJI u pacxon romusa.

[Ipy ycTaHOBHUBIIEMCS pexkuMe paboThl arperata TerwioBoi Gamanc mms 1 kr wm 1 m°
C)KMIaeMOro TOIUIMBA 3aIIUCHIBAETCS KaK

Q=01 +Q+ Q@+ Qs+ + Qs (8.1)

I'ne Q:,’ - pacmiojlaraemasi TeIJIoTa, MPUXOAAIIAasIcs Ha 1 KT TBEpAOro MM JKHUJKOTO TOIIJINBA
win 1 M3 ra3006pa3HOro TOIINBA, 371eCh U Aanee KJK/Kr 1in
kJIx/M3; @4 - ucnonk3oBaHHas Terw1oTa; Q2 - MOTEPH TEMIOTH C YXOJIAIMMU U3 arperara ra3aMHu;
Q3 - moTepu TEIJIOTHl OT XUMHUYECKOW HETMOJHOTHI CrOpaHus TOIUIMBa; Q4 - MOTEpU TEIIOTHI OT
MEXaHUYECKOM HEMOTHOTHI cropanus; Qs - MOTepH TETMIOTH B OKPYKAIOIIYIO Cpe/ly Uepe3 BHEITHEe
orpakJeHue kotia; Qs - MOTEPU TETUIOTHI ¢ PUINYECKON TEIUIOTOM Iuaka (puc.8.6).

OObIYHO B pacyeTax HCIONb3YEeTCS YpaBHEHHE TEMJIOBOTO OanaHca, BBIPAKEHHOE B
TPOLIEHTAX 110 OTHOIICHHIO K PacIoiaraeMoii Temiore, npuauMaemoi 3a 100% ( @5 =100%):

100=qg; + g, + 43 + g4t g5 T g, (8.2)
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rie  g;=@,- 100- PERLE Q- oF HT.L

Pacnomaraemas TeImioTa BKIIOYAeT BCE BUJBI TCIIJIOTHI, BHECCHHOU B TOIIKY BMCCTC C
TOIIJTMBOM:

Q’.ﬂ S QI?:’ + Qd:u.'r + QE.EH + Qd;-' (83)

raie @3, - OdusnMyeckas TemnoTa TOIUIMBA, BKIIOYAas MOJY4EHHYIO IIPU MOJCYHIKE H
nojorpese; ¥z - TEIUIOTA BO3MyXa, MONyYCHHAs MM IIPH IOJOrPEBE BHE KOTIA; @y - TeIuoTa,
BHOCHMas B TOIIKY C PaCHMJINBAIOMINUM (POPCYHOUHBIM IapOM.

Pucynok 8.6 - OcHOBHBIE TOTEPH TEIIIOTHI

TerioBoil GajlaHC KOTENBHOTO arperara COCTABJIAIOT OTHOCUTEIBHO  HEKOTOPOTO
TEMIIEPATYpHOTO YPOBHS WM, JPYTMMH CIOBaMH, OTHOCHUTEJIBHO HEKOTOpPOH OTHpaBHOMN
temreparypbl. Eciaum B KauecTBe OTOW TemmepaTypbl MPUHATH TeMIepaTypy BO3Iyxa,
MIOCTYMAIOIIETO B KOTEJIbHBIN arperar 6e3 mojorpeBa BHe KOTJIA, HE YUYUTHIBATh TEIUIOTY MapOBOTO
1yThsl B (POPCYHKAX M MCKIIIOUMTH BEIHYMHY {3, TAK Kak OHA MPEHEOPEKUMO MaJia [0 CPABHEHHUIO
C TEIUIOTOM CropaHus TOIJIUBA, TO MOXHO MPHHSTD

Q2 = (8.4)

Crnenyer OTMETUTh, YTO B BbIpaxeHHH (8.3) HE YUMTHIBAETCS TEIUIOTa, BHOCHMAas B TOIKY
TOPS'YMM BO3JIyXOM COOCTBEHHOTO KOTia. /[eno B TOM, YTO 3TO K€ KOJIMYECTBO TEIUIOTHI OTAACTCA
MPOJyKTaMH CTOpPaHUsl BO3AYXY B BO3JyXOIOJOrpeBaTelie B Mpe/esiax KOTeIbHOro arperara, T. €.
OCYILIECTBIISIETCS CBOETO POJIa PEUUPKYISAIUS (BO3BPAT) TEILUIOTHI.

Hcnonvsosannas menioma @1 BOCTIpHHHMAETCS TIOBEPXHOCTAMHM HarpeBa B TOMOYHOM
KaMepe KOTJIa U €ro KOHBEKTHBHBIX Ta30X0JaX, MepemaeTcss pabodyeMmy Tely M pacXoayercs Ha
MOJOTPEB BOJBI IO TEMIEpaTypsl (azoBOro Mepexoja, UCIapeHue u mneperpeB mnapa. Kommdectso
HCMONBb30BAHHON TEMIOTHL, mpuxojdmeiics Ha 1 kr wim 1 M® COXKEHHOTO TOILIMBA,
MOJICYUTHIBAETCS KaK

O =2 (g — ) + 2 (= ) + 2 (1 =iy, (8.5)
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rie B - pacxom TomiuBa, Kr/c WU m/c; D1, Dy, Dy - COOTBETCTBEHHO

MPOU3BOIUTEIHHOCTh MAPOBOTO KOTIA (pacxoi MEperpeToro mapa), pacxo]] HACHIIIEHHOIO Mapa,
pacxo] KOTJIOBOH BOJBI Ha MPOJYBKY, KI/C; inn., I", I, lnn- COOTBETCTBEHHO SHTAJIBIIMH IIEPETPETOTO
napa, HachIIIEHHOTO Iapa, BOJbI HAa JIMHWHA HACHIIICHHS, MUTATEIBHON BOJBI, KJ[x/Kkr. [Ipu moie

D100
MPOJAYBKH P =%=‘: 200 U OTCYICTBMM pacxoja HackllleHHoro tmapa Qopmyna (8.5)

HpI/IHI/IMaCT BU]JL
@y =2 (g — i) (8.6)

J1J1s1 KOTEIBHBIX arperaToB, KOTOPBIE CIY)KAT JUTSI TOTYYESHUS TOPSYEH BOJIBI
(BoztorpeitHbIe KOTIIbI),

Q= % (i;—iy) (8.7)

rae Gs - pacxoJ ropsiueit BOJbI, KI/C; 11 U 12- COOTBETCTBEHHO Y/ICIbHbBIE YHTAIBITHHU BOJIBI,
MOCTYTAOIIEH B KOTE M BBIXOAIICH U3 HETO, KJK/KT.

Koaddumnuent nosesnoro necTBUs U pacxo1 TOILINBA

CoBepIeHCTBO TEIUIOBOM PabOThI MApOBOTO KOTJIA OIICHHBACTCS ko3¢ purmenTom
TI0JIE3HOTO JIeHCTBUS OPYTTO 1oF, h.

Tak, mo mpssmMomy Gastancy

Gp = = —Q‘-.il}ﬁ = Q‘-

rae Qk - TemioTa, moJae3HO OTAaHHask KOTIIY U BhIpaXKeHHasl yepe3 Terio-
BOCIIPUSITHE IOBEPXHOCTEN Harpena, kJx/c:

QK T D(il'[.l'[. - I.’EIZ.E.) + fop(if - II’I.'II.E.j + QI’.‘I" (8'9)

rze Qer- TEII0Ta BOABI UM BO3/yXa, IOJAOIPEBAEMbIX B KOTJIE U
OTJaBaeMbIX Ha CTOPOHY. TemioTa npoyBKM yUUTHIBACTCS TOJIBKO s
D >2%D.

KIIJ koTna, %, MOXHO pacCUnThIBATH U [0 0OpaTHOMY OajlaHCy:

??eﬁ-:p =100 — (g, + g5 + 95+ g5+ q¢) (8.10)

Mertoa nmpsimoro OanaHca MeHee TOUYEH B OCHOBHOM H3-3a TPYJAHOCTEH pu
OTIpeIeNIeHUH B HKCILTyaTalluy OONBIINX MacC pacxoyeMoro ToIiuBa. TenaoBsle
MOTEPH OTpPENeNIAIOTCS ¢ O0JblIell TOYHOCTBIO, U TO3TOMY METOJ OOpaTHOro  OajaHca Hamiesn
[IPEUMYILIECTBEHHOE pacipocTpanenue npu onpenenenun KI1. [4].

4. UnarocTpaTuBHBIA MaTepuast: [ npoBeieHNs 3aHATUS UCIIOJIb3YeTCsl CIeayolIee
MaTepHalIbHO- TEXHUUYECKOe 00ecTiedeHrne: HOyTOyK, MyabTUMEUHHBIN IPOEKTOP, SKpaH.
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3(PEeKTUBHOCTH WHKEHEPHBIX CUCTEM | ceTeit. YueoHoe mocodue. — CI16: HUY UTMO, 2013. — 274 c.

DJIeKTPOHHBbIE PeCypPChI:
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JIOI'UH ibragim123, ITAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sl qaHHBIX

PecnyOnrkaHcKast MEXXBY30BCKast JIEKTPOHHAsT Oubnoreka, Aknurpress www.aknurpress.kz.

6.KoHTpoJIb (BONIPOCHI, 3a1a4H, pelIeHHe)
1. Onucary Ha3zHAUYeHHE U KJIACCU(UKALUIO KOTIOArperaTon

2. Ha3zoBuTe OCHOBHBIE BU/IbI KOTEJIbHBIX arperaToB U MEePEUnCIIUTE UX

3. OCHOBHBIE JIEMEHTHI.

4. OnuiuTe NCIapUTEIbHbIE TOBEPXHOCTH KOTJIa; BU/IbI ITaponeperpeBaresei 1 crocoObl
perylupoBaHus TEMIIEpATyphl IEPErPETOTO Mapa.

5. Kakue BHJIbI BOJISIHBIX SKOHOMAM3€pOB U BO31yXONOAOTpeBaTeIei HMCIOJIb3YIOTCS B
koTs1ax? ONMUIIUTE MPUHIUIBI UX YCTPOKUCTBA.

6. Kak ocymiecTBisieTcs mojiaua Bo3ayxa 1 yJlaJleHUue TbIMOBBIX Ta30B B

7. KOTENbHBIX arperarax?
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8. OnmmuTe Ha3HAYCHHE ABIMOBOM TPYOBI, ONIPE/ICIIEHUE €€ CAMOTATH; YKaKUTE BUIBI
JILIMOCOCOB, IPUMEHSIEMBIX B KOTEJIbHBIX YCTaHOBKAX.

9. Yro Takoe TeIIoBoii OataHC KoTeabHOro arperara? [lepeunciuTe moTepu Teruia B KOTIIS
U YKa)KUTE UX IPUUUHBI.

10. Vkaxwute, kak onpenensercs KI1J] koTeapHOTO arperara u MopsAA0K €ro BeTHYHHBL

11. OnucaTh npuMepbl KOMIIOHOBKU KOTEIBHBIX U UX 000py10BaHUs

12. TlepeunciuTh BUIBI TOIUTHBA, UCIIOJIB3YEMBIX B pa00Te KOTEIBHBIX YCTAHOBKAX.

Jlexuus 9
1 Tema 9. IlapoBbie TYpOMHBI U TA30TYPOMHHBIE YCTAHOBKH

2. Heab: 3HaTh KiIacCH(UKAIUIO IMAPOBBIX TYypOWH, IMPOIECCHI B CTYNEHSX TYypOuH,
000CHOBBIBATh BBIOOP PA3IMYHOTO TEIJIOIHEPTEeTHUECKOTO 000pYI0BaHUS;

3. Te3uchl JeKIHH:

1. OOmas knaccuukanys MapoBbIX U ra30BbIX TYPOUH

2. ITapoBbie TypOUHEI.

3. IlyTu moBBITIIEHNsT 5KOHOMUYIHOCTH padoTel [ICY

4. T'a30TypOMHHBIE YCTAHOBKH

5 ['a3oTypOuHHAs YCTaHOBKA W €€ IKOHOMUYHOCTh

B konue XIX B. B CBA3M C Pa3BUTHEM DSJICKTPUYECKUX MAIIUH U IIUPOKUM BHEIPEHUEM
ANIEKTPOIHEPTUH PA3BUTHE MAPOTYpOOCTPOCHUs MoLUIo OblcTppiMH Temnamu. [lepBbie mapoBbie
TypOunbl B Poccum Havanmu BeinyckaTh B 1907 r. Ha Metammuyeckom 3aBojae B IletepOypre.
PazButne nmaporypooctpoenuss B CCCP 6b110 TECHO cBsIi3aHO ¢ 3nekrpudukanuei ctpadsl. B 1920
r. no ununuatuse B.W. Jlenuna Obu1 pa3paboTaH v MPUHAT IPaHIMO3HBINA FOCYAapCTBEHHBIN IIaH
anektpudukanuu Poccuu - 'ODJIPO, mo koTOpoMy IJIaBHYIO JOJIO AJICKTPOIHEPTUH JIOKHBI
ObUTH BBIpaOaThIBaTh TEIUIOBHIE JIEKTPOCTAHIIMHU, UMEIOIME B KauecTBE JBUTATENeH IjIs MpuBOAa
ANIEKTPUYECKHX T€HEPAaTOPOB MapoBbie TypOuHbI. [lepBasi coBeTckas maposasi TypOMHa OCTPOEHA B
1924 r. na JIM3. Ona 6bL1a paccunTaHa Ha HauanbHbIe TapameTps mapa 1,1 MIla (11 krc/cm?), 300
°C u umena mourHocTh 2000 kBT. B 1926 r. JIM3 Oblia BhinyiieHa TypOrMHa MOIIHOCTRIO 10 ThIC.
kBT npu uwacrore Bpamenus 50 ¢ i, B 1930 r. - Typ6uHa MOIIHOCTHIO 24 Thic. KBT mpu uyactoTe
Bpamenns 50 ¢ Ha HavanbHBIE napaMeTpsl mapa 2,55 MIla (26 xre/em?) u 375 °C, a B 1931 1. -
TypOuHa MouHOCTBI0 50 Thic. KBT mpu yactoTe Bpamenus 25 ¢! Ha mapameTps! nmapa 2,85 Mlla
(29 xrc/em?) 1 400 °C.

CoBpeMeHHbIE MapOBbIE U Fa30BbIC TYPOUHBI SIBJISIFOTCSI OCHOBHBIMU JIBUTATEIISIMU TETUIOBBIX
W aTOMHBIX DJIEKTPOCTAHUMWW, 3HAYEHUE KOTOPBIX I HHEPreTUKH OIpENeNseTcss Bce
BO3PACTAIOIIMMH TMOTPEOHOCTSAMH CTpaHbl B 3JEKTpodHepruu. llapoBbie TypOWHBI TO3BOJISIOT
OCYILIECTBIISITh COBMECTHYIO BBIPAOOTKY JJIEKTPUYECKOW JHEPrUM W TEIUIOTHI, YTO TIOBBIIIAET
CTENEHb IOJIE3HOTO  MCHOJB30BaHMUS  TEIJIOTHl ~ OPraHUYeCKOro W SAEPHOr0  TOIUIMBA.
l'a3oTypOuHHBIE YCTAaHOBKH OO0ECTEYMBAIOT BBICOKYIO MAaHEBPEHHOCTb OSJIEKTPOCTAHIIMMA IS
MOKPBITUS IEPEMEHHON YaCTH CYTOUHOTO Tpadrka 3JIeKTPUUECKO HATPY3KH B DHEPTOCUCTEME, a B
COUCTAaHUH C TAPOTYpPOMHHBIMH YCTAaHOBKAMH JalOT MAaKCUMAIbHYIO DKOHOMHUYHOCTH TIpU
MUHUMAJIBHOM YAEIBbHOW CTOUMOCTH.

O6mas knaccu@uKalys NapoBbIX U T'a30BbIX TYpPOUH

[Tpuniun paboThl TYpOUHBI.
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TypOuna - poTaTHBHBIN TEIJIOBOM JBUTATENb C HEMPEPHIBHBIM IMPOIECCOM IpeoOpa3oBaHUs
TEIUIOBOW SHEepruu paboyero BemIecTBa B MEXaHMYECKylo pabory. Kunemartmueckas cxema eé
IpesenbHo mpocTta. TypOUHA COCTOUT U3 ABYX OCHOBHBIX Y3JI0B:
1. Bpamaromiasicst 4acTb — poTOp
2. HemonsmxHas 4acTh - KOpITyc (CTaTop).
[lepen kaxabIM AUCKOM ¢ pabOYMMHU JIONIaTKaMU YKPEIJIEH COIJIOBOM ammapar, COCTOSIIHIMA
13 HECKOJIbKUX HETIOJIBHKHBIX COTIEN, 3aKpEeIUICHHBIX B Kopmyce. (puc. 9.1).
OCHOBHBIM YCJIOBHEM pabOThl TypOUHBI SIBIISIETCS HAJIMYME PA3HOCTH JAaBJIEHUN — Mepen
COTUIOBBIM arapaToM U 3a pabouumu JionaTkamu (puc. 9.2).
Comnua, coBMecTHO ¢ paboyuMu JioMaTKamMH, OOpa3yloT NPOTOUYHYIO 4YacTh TypOuHBI. B
MIPOTOYHOM YaCTH MPOUCXOIUT ABOMHOE NMpeoOpa3oBaHKUe SHEPTUH pabOYero BellecTBa:
1. B coIUlax MOTEHIMaJlbHAs SHEPrHs Mapa WIM Ta3a MpeBpallaeTcss B KHHETHYECKYIO; Ha
BBIXOJIE U3 COMEN CKOPOCTh IOTOKA COCTABISIET COTHU METPOB B CEKYHY;

2. Ha paboyux JIomaTKax KMHETHYeCKas SHEPrus MOTOKa HEIOCPEACTBEHHO MPEBpAaIlaeTCcs B
MEXaHWYEeCKyI0 paboTy BpallleHHs Baja TypOWHBI; CKOPOCTh BpalleHHs, KaK IMPaBHIIO,
COCTaBJISIE€T THICAYH 00OPOTOB B MUHYTY.

NAPOBAR TYPBMHA

Pucynok 9.2 — O6muii BUJ comnen, COCTaBISIONINX padoyunii anmapar

1. ITo mpuHLUMIY AEHCTBUS Mapa: aKTUBHbIE U PEAKTHBHBIE,

2. [To xonuyecTBY CTyrneHel: OJHOCTYIIEeHYaTble 1 MHOTOCTYyIeHYaThle. MHOTOCTyeHYaThIe,
B CBOIO oOdYepenb, MOTryT ObITb CO CTYHNEHSAMH JaBJECHHUS, CO CTYNEHSAMH CKOPOCTH U
KOMOMHHUPOBaHHbIE (KaK CO CTYNEHSIMU CKOPOCTH, TaK U CO CTYIEHSAMH JIaBJICHNUS).

3. Ilo HampaBeHUIO MOTOKA pabOYero BEIIECTBA: OCEBbIE, paIMANIbHBIE U TAaHTCHIIHAIbHBIE.

4. ITo ncnoabp30BaHUIO B TPOMBIIIIEHHOCTH:

1. crannoHapHsIe;

2. TPAHCIIOPTHBIE.

ITo xapakrtepy mporecca: KOHAeHCaIlMOHHbIEH TeII0(pUKaIMOHHbIE TYPOUHBI.

[To yncny UIMHAPOB: OJHOLMIMHIPOBBIE 1 MHOTOLMIINHAPOBHIE.

[Monpa3nenenue TypOUH MO MPUHIUITY ASHCTBUS

AKXTHBHBIE TYpOHHBI (TYypOUHHBIE CTYIIEHN)
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ITpoTouHast 4acTh, COCTOSIIIAsi U3 OMHOTO psiia CONENI M OAHOTO psga pabOuMX JIONMATOK,
o0pa3yeT mpocTeHiyo TypOUHHYIO CTYIICHb.

B akTHBHOM BapuaHTe CTYIIEHHU pacliMpeHHe padoyero BeuiecTna (1aeHue J1aBJICHUs) UMEET
MECTO TOJIBKO B COIUIAX; HA pa00YMX JIONATKaX JAAaBJICHUE OCTAETCS IOCTOSHHBIM.

PeakTuBHBIEC TYpOMHHBIC CTYIICHU

Pacmmpenue pabouero BeliecTBa UMEET MOCTENEHHBIN XapaKTep: 1aBJIeHUE YaCTUYHO MaJaeT
B COIUIaX, @ 3aTeM - J0 KOHEYHOTO 3HAYCHHs - Ha pabouux JIonaTkax, 4To OOYCIOBIIMBAETCA
COOTBETCTBYIOLIUM IMPO(dUIeM NPOTOYHOMN YaCTH.

Ha nonaTtkax, BcieICTBUME HalW4Msl Iepernajga JaBleHUM, Hapsay C HENOCPEeICTBEHHBIM
yAapHbIM (aKTHBHBIM) JEHCTBHEM CTpYyH, MOSBISETCS peakTHUBHAs OTAaya, T.€., MOJHAas CHia,
JefcTByIoIas Ha JIOMATKY, CKJIAIbIBA€TCS U3 IBYX COCTABIISIOIINX.

[Toppaznenenne TypOuH Mo KoJaudecTBY cryneHeil OaHoctyneHuarsie TypOuHbl KomOuHanms
OJIHOTO psja (IO OKPY)KHOCTH) CONEN M OJHOrO BEHIL@ pabouux JIONATOK HA3bIBACTCA aKTHUBHOMN
WJIM PEAKTUBHOM CTYIIEHBIO.

Mmuoroctynenuarsie TypOUHbI. TypOUHBI CO CTYNEHSIMHU JaBICHUS

B manHOM cilydyae TypOMHAa COCTOHMT W3 HECKOJIBKHUX, IMOCIIEIOBATEIBHO PACIOJIOKECHHBIX
MPOCTEHIINX OJHOCTYIICHYATHIX TYPOUH, SBISIONUXCS ""CTYNEHSIMH'" MHOTOCTYIIEHYATON TYpOUHBI.
Pacumpenne paboyero BelecTBa NPOMCXOAUT IIOCTENIEHHO, OT CTYHNEHH K cTyneHu. Takue
TYpOMHBI MOTYT OBITh KaK aKTUBHOTO, TaK U PEAKTUBHOTO THIIA.

MapkupoBKa napoBbIX TypOUH

Jlnst 0003HAUEHHS TUIIOB TYPOHMH MpUMeEHseTcs crienraibHas Mapkuposka (TOCT 3618-82),
oTpeNeNsIomas TUI W Ha3HAaYeHHE TYpOWHBI M COCTOsIIas u3 OyKBEHHOW W IM(poBOI dacTw.
Hcnonb3yembie OyKBbI 0003HAYAIOT:

K — TypOuna xoHAeHCAalMOHHAs (MMEET HEpErylupyeMble pereHepaTUBHbIE OTOOPBI s
MoJI0TpeBa KOHACHCATa U MUTATEIbHON BOJIBI B IOIOIPEBATENSAX HU3KOTO U BBICOKOTO JAABJICHHUA);

I1 — koHIeHcalMOHHas TypOMHA C PEryJlIupyeMbIM MPOU3BOJACTBEHHBIM MPOMBILILICHHBIM
0TOOPOM Iapa Ha TEXHOJOTHYECKUE HYXK/IbI oTpeduTenei ¢ nasinenueM 0,4 — 4 MIla;

T — xoHAeHcaMOHHAsSE TYpOUHA C PETYIUPYEMBIM TEIIOPHUKAIMOHHBIM OTOOPOM mapa AJis
MOJIOTPEBa CETEBOM (0TONUTENBHOM) BOBI ¢ naBiaeHueM 0,07 — 0,24 Mlla;

I[IT - xoHaeHcaMOHHAas TypOMHA C  PETYIUPYEMbIMU TMPOU3BOJACTBEHHBIM U
TeII0PUKAIIMOHHBIM OTOOPAMH Tapa;

P — typOuna ¢ npoTuBoAaBIeHNUEM (KOHICHCATOP OTCYTCTBYET);

I1P — TypbuHa c MPOTUBOJABICHUEM U PETYIUPYEMBIM MTPOU3BOJICTBEHHBIM OTOOPOM Mapa.

IlepBoe yncno 3a OykBOHM MMOKa3bIBa€T HOMUHAIBHYIO MOIIHOCTh TYpOMHBI B MEraBarTax.
MaxkcumanbHasi MOIIHOCTh YKa3bIBaeTcsl B 3HaMeHatTene Apobu. Crenyromiee 4YMCIO O3HAYaeT
HOMMHAJILHOE JIaBIIeHUE Mapa repej TypOHHOl B Kre/cM2,

J5is TypOUH ¢ IPOU3BOJICTBEHHBIM PErYIUPYEMbIM OTOOPOM Tapa U ¢ MPOTUBOIABIICHUEM B
BHUJe JApoOM YKa3bIBAIOT [aBJeHHE TMapa Tmepen TypOuHOU (4uciuTenb), B OTOOpe W
MPOTUBOJABIICHNE (3HAMEHATENh) B KI'c/cM2.

[Mocnemusis wudpa, eciu OHAa HMMEETCsA, O3HAYaeT HOMEp 3aBOJCKON Moaupukauu
TypOUHBI.

Hampumep:

K-200-130 — xonneHcarmonHas TypOuHa HOMHUHAIBEHOW MOTITHOCTRIO 200 MBT, naBnenuem
napa 130 krc/cm2 (12,7 MlIla);
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[1-6-35/5 - koHaeHcalnMOHHAs TypOMHA HOMHHAIBLHOW MOIIHOCTHIO 6 MBT, HauagbHBIM
naieHneM mapa 35 krc/cm2 (3,43 MIla), ¢ perynmupyeMbIM TPOW3BOIACTBEHHBIM OTOOpOM Tapa
nasieaneM 5 kre/cm?2 (0,49 MIla);

T-250/300 -240 — TypOuHa C peryaupyemMbiM TeIIo()UKAIIMOHHBIM O0TOOPOM Tapa,
HOMUHAJILHOU MOITHOCTBIO 250 MBT, makxcumansuoii — 300 MBT, HOMUHAIIBHEIM JaBiacHueM 240
krc/em2 (23,5 Mlla);

I1P-25/30-90/10/0,9 — Ttypbuna c mupotuBogasicaueM 0,9 krc/cm2 (0,088 MIla) u
MIPOM3BOJICTBEHHBIM O0TOOPOM Tapa, HOMUHAJIBLHOW MOITHOCTBIO 25 MBT, MakcumansHo# 30 MBT,
HavyaJbHbIM JaBieHueM mnapa 90 krc/cm2 (8,82 Mlla) u naBieHueM B MpoMblIIEHHOM 0TO0pe 10
krc/em2 (0,98 Mlla).

B mapkuposke TypouH ADC 4yacTo yka3bplBalOT YaCTOTY BpalleHHUs poTopa:

K-500-60/1500 - xoHaeHcalMoOHHass TypOMHA HOMHHAIBHOW MomIHOCTRI0 500 MBT,
HavyalbHBIM naBiieHneM mapa 60 krc/cm2 (5,88 MIla), wacroroit Bpamenus 1500 o6opoToB B
MUHYTY.

[Tog HOMHHATBEHOW MOITHOCTHIO TYPOWHBI TTOHMMAETCS HAWOOJIBIIAs MOIIHOCTH, KOTOPYIO
TypOMHA JTOJDKHA Pa3BUBAThH JUTUTSIIBFHO Ha 3aKMMax IeHepaTopa MPH HOMUHAIBHBIX 3HAYCHUSX
BCEX APYrHMX OCHOBHBIX MapaMeTpoB (Iapa, OXIKIAIOMIEH BOIbI, TEXHUIECKOTO COCTOSHUS).

MaxkcuMmanbHasi MOLIHOCTh At TypOuH «K» - 3T0 Hambombiiass MOIIHOCTb, KOTOPYIO
TypOMHa T0JKHA pa3BUBATh Ha 3a)KMMaxX I'eHepaTopa MpHU HOMHUHAJIBHBIX 3HAYEHHUSX BCEX JIPYTUX
OCHOBHBIX [apaMeTpPOB, YUCTON MPOTOYHOM YAcTW U MPU OTCYTCTBUU OTOOpa Mapa Ajs BHEUIHHX
nmoTpeduTene Terna.

Jost typoun «Il», «T», «P» u «[1P» MakcumanbHasi MOITHOCTh — 3TO MOIUTHOCTH, KOTOPYIO
TypOMHA MOXET [UINTEIbHO pa3BUBAaTh Ha 3a)KMMax TIeHepaTopa MpU COOTBETCTBYIOUIMX
M3MEHEHUSX KOJMYecTBa OTOMPAeMOro mapa, a TakkKe MpH OTKIOHEHHUSX OT HOMHMHAJIbHBIX
3HaYeHUH JaBJIeHUs Mapa B 0TOOpax WM MPOTUBOJABIECHUH B npejaenax, gonyckaembix ['OCToMm u
3aBOJIOM- U3TOTOBUTEJIEM.

Cxema paboThl MapOCUIIOBON YCTAaHOBKH U ITUKIT PeHknHa
[ICY mno3Bossier ocymecTBisaTh HUKI KapHo (HO 3TO HE BBITOJHO).NOTOMY Ha MPAKTHUKE
MPUMEHSIOT MK PeHkuna.

B 1849 ropy PaHknH He3aBucumo ot Knayauyca
nonyyun oblwue  ypaBHEHWA  TEPMOAMHAMMKMU,
Yunesam [JxoH MaKyopH PaHKUH BblpaXxawuime CoOoTHOoWeHne wmMexay Tennoton u

(1820-1872) yueHbiii mennomexHuK MexaHN4eCcKom 3Hepruen. WUccneposan
TepMoAMHaMmMyeckne CBOMCTBa rasos 1 napa B 1850

rogy W coctaBun  Tabnuupl BOASHbLIX  Mapos,
nony4YMBLUMX LWIMpoKoe npumeHeHune. A B 1859 roay
OH MOCTPOMI MOJHY0 TEOPUIO MApOBON MaLUUHbI.

TepMmoauHamMudeckue McCieq0BaHns PeHKMHA MOKa3bIBalOT, YTO 3h(PEKTUBHOCTE
paboThl MapoBoil TypOMHBI BO MHOTOM 3aBHCHUT OT HA4albHBIX MapaMETPOB, OT €ro JaBICHUS U
HA4aJIbHOM TEMITEPATYPBHI.

_ 91743

q1
(1-IOJIBEICHHAA TEIUIOTA, (2 — OTBEICHHAS TEIUIOTa
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Hnst toro uroObr yBenmuuutTh Tepmuueckuii KIIJ[ nukma PeHknHa, NTpPUMEHSIOT Tak
Ha3bIBa€MBbIIl NEpEerpeB Mapa B CHELMAIBLHOM 3JIEMEHTE KOTja — Maporneperpesatene 1 (Ha puc.
9.3), rae map HarpeBaeTcs [0 TEMIIEpaTypbl, NPEBbIIIAIOMIEH TEMIEpaTypy HACBILEHUS IpH
JTAHHOM JIaBJICHUH HAIPaBISIETCS B MAPOBYIO TypOUHY 2, I/ie ainabaTHO PacIIUpseTCs U COBEPIIACT
paboty. 13 TypOMHBI 0TpabOTaBIINi TIap HAMIPABJIIETCS B KOHACHCATOP 4, TaM IMPOMCXOUT OTIa4a
TEIIOTHI OXJIAXAAOLIEN BOJIE, MPOXOAAIIel Yepe3 KOHAEHCATOP BCIEACTBUE ATOTO Map MOJTHOCTHIO
KoHJeHcupyercs. [lomydeHHbIl KOHAEHCAT HEMPEPHIBHO 3aCaChIBAETCSI HACOCOM M3 KOHJEHCAaTopa,
C)KMMaeTcs M HamlpaBJisieTcs BHOBb B NapoBoi koren. KonpeHcaTop 4 mMeeT IBOSIKYIO POJib U
YCTaHOBKHM BO IE€PBBIX OH UMEET MapoBOE U BOJSHOE MPOCTPAHCTBO, pa3JeIEHHOE MPOCTPAHCTBO
yepe3 KOTOPYIO MPOUCXOIUT TEMI000MEH MEX Ty OTpabOTaBIIMMHU ra3aMu U OXJIaKJaroIie BoIOM.
[ToaToMy KOHZIEHCAT Mapa MOXKET ObITh UCIOJIb30BaH B KAUECTBE HUJCAIbHOM BOJBI HE COAEpIKaIleH
pacTBOpPEHHBIX cojieil. Bo BTOpbIX B KOHIEHCATOPE, BCIEACTBHE PE3KOI0 YMEHbIIeHUs: 00beMa napa
€ro TMpeBpallleHue B KalelbHO-)KUJKOE COCTOSIHHE HAaCTylaeT BaKyyM, KOTOpbIH Oynyun
MOJJIEP’)KUBAEMBIl B TE€UEHUE BCEr0 BPEMEHH padOThl YCTAHOBKH MO3BOJIAET Mapy PACHIUPSTHCS
emie Ha oJlHy aTMocdepy To, ecTh, Ha AaBieHue, rae 1o 0,04 -0,06 6ap u coBepmiaTh 3a CYET ITOTO
paboty. JlaBaiite paccmMoTpuM 1K1 PeHkuHa Ha mnpuMepe auarpamMmbl B KoopauHatax T-S,
3aBUCHUMOCTb TEMIEPATYPbl OT SHTPOIIUH.

T - S-gmarpamma moka3zana Ha puc. 9.4. B 3TOoM ciydae cpemssisi Temmeparypa IMoJaBojAa
TEIIOTHI YBEIMUMBAETCS MO CPAaBHEHHUIO C TEMIIEPAaTypoil MOIBOA TEIJIOTHI B IIMKJIE 0e3 rmeperpena
U, cienoBaresibHo, Tepmuueckuii KITJ[ nukia Bo3pacraer

Pucynok 9.3 - Cxema pa6otsr [ICY

1 — mapoBoit koten; 2 — TypOuHa; 3 —3IEKTpOTeHEepaTop; 4 — KOHJIEHCATOD; S- MUTATEIbHBIN
Hacoc.

\
»

Pucynox 9.4 — ukn Penkuna B T-S nquarpamme

Ha nuarpamMe Mbl BUIUM XHUPHYIO JIMHUIO, KOTOPas SABJSETCS pa3JeNUTeIbHON U SHTPONUU
COOTBETCTBYIOLIUM TOYKAM JIEXKAIlUM Ha JMarpamMMe BbIIIE 3TOM JMHHUU CYIIECTBYET TOJBKO Map,
TO HMKE ITOW JKMPHOW JIMHUM ITO MApOBOJSHAs CMeCh. BilaykHbIN ap B KOHAEHCATOPE TOJHOCTHIO
KOHJIEHCUpYETCs 10 u300ape p2 paBHas KoHCTaHTe. JIuHus 2-3 3aTeM Boja CKUMAETCS HACOCOM OT
JIaBJieHUE P2 AaBlIEHUs p1.9TOT aAnabaTHBIN Mpouecc n3odpaxen B T-S nuarpaMMe BepTUKAIbHBIM
orpe3koM 5-3. JlnnHa oTpeska 3-5 BecbMa Mana Tak Kak n300apbl B 00JaCTH KHUJIKOCTH a, U300aphbl
9TOW JIMHUM [TOCTOSIHHOTO JIaBJIEHUS B

T-S numarpamMMe mpoxoauT OYeHb ONM3KO Jpyr K Jpyry. Mamas BenuuumHa oTpe3ka 3-5
CBHJIETEIILCTBYET O MaJloil padoTe 3aTpauMBaeMON HAcCOCOM Ha C)kaTHe BOJAbl. Masas BeTMYHHA
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paboTel Ha C)KaTUE MO0 CPABHCHUIO C BEIMYMHOW PAOOTHI, MPOW3BOJAMMON BOISHBIM IapoM B
nporiecce pacimupenus. Jlunus 1-2 sBasieTcss BaXXHBIM MpeuMyiiecTBoM Iukia Penknna. IMenHo
mo3ToMy MK PeHkuHA U siBIsieTcs: Hanbosee d3pGEKTUBHBIM M0 CpaBHEHUIO ¢ muKiioM Kapuo. U3
Hacoca BOJa TOJ JaBJICHHE Pz MOCTYNAeT B IApOBOM KOTEN, TIe K Hell m3o00apHo mporecc 5-4
MIOABOJUTCS Tello. B Hauane Boja B mapoBOM KOTJIE HAarpeBaeTcs 10 KUIEHHs 3TO y4acTok 5-4
n300aphl p1 paBHas const, a 3aTeM MO JOCTIXKCHUHM TEMIIEpPaTypbl KUTIEHUS TTPOUCXOJUT MPOIECC
napooOpa3oBaHusi, 5T0 y4acTok 4-1. HacelmeHnHsIi map u3 KoTia nocrymnaetr B Typouny. [Iporecc
paciiupeHuss B TypOuHe wH300pakeH aauadbaroil 1-2. MoXHO NOMETHTb, YTO 3TOT IMpoLEecc
OTHOCHTCSI K KJIACCHUECKOMY UKy PeHKMHA, a peaibHOM yCTaHOBKE MPOIIECC PACHIUPEHHS Tapa B
TypOWHE HECKOJIbKO OTJIMYAeTCA OT KJIACCHMUYECKOW IOATOMY OTO HYXKHO HMETh BBH]IY.
OTpaboTaHHBIN BIAXHBIM Map MOCTYMAeT B KOHACHCATOP W LUK 3ambikaeTcsi. C TOUYKU 3pEeHHS
tepmudeckoro KIIJ[ mukn PenknHa mpeacTtaBisieTcsi MEHEE BBITOJIHBIM IO CPAaBHEHHUS C IHUKIOM
KapHo, OCKOJIbKY CTENEeHb 3al0JIHEHUS [IUKJIA PABHO KaK CPeAHssl TeMIeparypa MoABojia Termja y
nukina PeHknHa okaspiBaeTcs HWke, 4eM B nukie KapHo. OgHaKko ¢ ydeToM peajbHbIX YCIOBUHN
SKOHOMUYHOCTh IUKJIA PeHKHHA OKa3bIBa€TCs BBIIIE COOTBETCTBYIOIIETro Iukia KapHo, KOTOpHIi
OyZeT OCYUIECTBIATHCS BO BJIAXKHOM Iape.

[1yTu noBeimeHNst 3KOHOMUYHOCTH padoTsl [ICY

1. uwmkn PeHkuHa ¢ MPOMEXKYTOUHBIM IIEPETPEBOM I1apa.

2. TennodukarmOHHBIA UK

3. PerenepaTuBHBII UK C TOAOTPEBOM BO/IBI.

B 1884 r. anrmmiickuii umxeHep Yapnp3 [lapcoHC mnpemiokun MHOTOCTYNEHYATYIO
pEaKTUBHYIO TypOMHY, pacUIMpeHHEe Mapa B KOTOpPOHl NpPOUCXOAWUIIO HE B OJHOW, a B psie
CIIEYIONIUX APYT 3a APYroM CTYIEHEH, MpuyYeM He TOJbKO B COIUIOBBIX (HEMOJBM)KHBIX), HO U B
pabouux (Bpamaronmxcs) penietkax (puc. 9.5), 6maromaps yemy crajia BO3MOKHa paboTa MaldHbI
CO 3HAUYMUTEIHHO MEHBIIUMH, 4eM B TypOuHe JlaBasns, CKOPOCTSIMU Mapa Ha BBIXOJE U3 COILIOBBIX
PELIETOK U COOTBETCTBEHHO C MEHBILIMMU OKPY>KHBIMHU CKOPOCTSAMHU pabOvUX JIOTATOK.

Pucynox 9.5 - MHoroctynen4arasi peakTUBHasi TypOuHa:

1 -xopmyc; 2 - GapabGaHHBIM poTOp; 3 - MOIIIUIHUK; 4 - COIUIOBBIC JIOMATKU OJHOW M3
CTyNeHeH; 5 - pabouue JIOMAaTKU OJHOM U3 CTyIe

I"a30TypOuHHBIE YCTAaHOBKU

[IpocTeiimas cxema ra3oTypOMHHONM ycTaHOBKM JaHa Ha puc. 9.5. B e€ coctaB Bxoaar: K —
komnpeccop, KI' — kamepa ropenusi, I'T — rasoBas typbuna, TH — TomimBHbIi Hacoc, IIM —
IIYCKOBOU MOTOP.

Komnpeccop 3abupaet Bo3ayx U3 aTMOc(hepbl. CKUMAET €ro JI0 Hy)KHOTO JIaBJICHUS U MOJAET
B KaMepy FOpeHHus, KyJa OT TOIJIMBHOIO Hacoca MocTynaeT Tomanso. KoMmpeccop npuBoaurcs B
JeWCTBUE OT Tra30BOM TYpOMHBI, HO MOIIHOCTb, MM TOTpeOisiemMas, MEHbIIE MOIIHOCTH,
pa3BuBaeMoii TypOuHO. B pesynbraTe, 0THOBpEMEHHO C BpalllEeHHEM KOMIIpeccopa, TypOuHa Jaetr
M0JIE3HYI0 MOIIHOCTh Ha MPHUBOJ 3JIEKTporeHeparopa. Pabouum TeloM B JaHHOM CIIydae CIIyxar
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IPOAYKTHl cropaHusi ToruuBa. OTpaboTaBIIMI ra3 W3 TypOHMHBI BBIOpAchIBacTCs B aTMocdepy.
IlyckoBoif MOTOp HEOOXOIUM ISl paCKpPyYMBaHUsl CUCTEMbI POTOPOB, B TOM YHCJIE - KOMIIPECCOPa,
C IIEJIBIO MOJIyYEHUSI HAa4aJIbHOTO C)KaTHUs BO3AYyXa IIPU IyCKE YCTAaHOBKHU.

Pucynox 9.5 - [Ipocteiinias cxema ra30TypOMHHOM YCTaHOBKU

K — xommnpeccop, KI' — kamepa ropenusi, I'T — razoBas typobuna, TH — TtoruBHbII Hacoc,
[IM — myckoBO#1 MOTOD

lNazoTypOuHHas ycTaHOBKa, paboTaromias 10 CXeMe OTKPBITOTO IUKiIa. bosee cioxHas cxema
ra3oTypOMHHOMN YCTaHOBKH, paOOTAaroOIIEeH 10 3aMKHYTOMY ITUKITY, 1aHa Ha puc. 9.6.

St

Pucynoxk 9.6 - CxeMa razoTypOMHHON YCTaHOBKH, pabOTarOIEH M0 3aMKHYTOMY ITUKITY

B kauectBe pabouero Tena 3/1e€Ch MCIOJb3YETCS BO3IYX WIM K€ KaKO-TO ApYyroi ras,
HUPKYJIUPYIOUINI B 3aMKHYTOM KOHTYpPE U HE CMEIIMBAIOUINICS ¢ IPOAYKTaMU CrOpaHUsL.

Kamepa ropenust 3aech 3ameHeHa ra3oBbiM KoTiiom ['K, mpencraBistomiem u3 ceOs
TpyOUyaTyr0 KOHCTPYKIIHIO, IOJOOHYIO OOBIYHBIM BOJOTPYOHBIM KOTJaM, paboTaromuM Ha
oprannueckoM Tormse. Ha cxeme B - monsoa Boszayxa, I1C - oTBOA IPOYKTOB CropaHusl.

Kpome u3BeCTHBIX yXe DIIEMEHTOB B CXeMY BKIIIOYEH pereHepartop - P u oxmaaurens
Boznyxa - 0. Perenepatop - TemnooOMeHHBIN amnmapar, cIy>Kalluil ajas mojgorpesa padouero rasa,
UJYIIETO B ra30BbIi KOTEN, TEIJIOM, COJIEPKAIIMMCS B OTpaOOTaBIIIEM ra30BOM MOTOKE, UIYIIEM U3
TypOuHbl. OXJIaAUTENTh BO3IyXa NEepe] KOMIIPECCOPOM 00ECIIeYMBAET OTBO/ TEIIa B OKPYKAIOIIYIO
Cpely B COOTBETCTBHHM CO BTOPHIM 3aKOHOM TE€pPMOJMHAMHUKU. B HacTosiee BpeMs NMpaKTHYECKU
BCE ra30TypOMHHBIE YCTAHOBKU Pa0OTAIOT MO CXeME OTKPHITOrO Iukjia. OCHOBHBIE TOCTOUHCTBA U
HEJOCTaTKU T'a30TypOMHHBIX YCTAaHOBOK

B otiimune ot mapoTypOMHHOTO 1MKJIA (TTApOCHIIOBOrO LKKIa PeHKUHA /U1 BOJITHOTO Mapa),
B LIMKJIaX Ta30TypOMHHBIX YCTAHOBOK pab0o4MM TEJIOM CIIy)KaT HarpeThlie /10 BBICOKON TeMIepaTyphl
ckaThle ra3pl. B KkadecTBe TakMX ra3oB Halle BCEro HCHOJBb3YIOT CMECh BO3yXa U MPOIYKTOB
CTOPAHUS KUAKOTO (MM ra3000pa3HOro) TOMIUBA.

[IpunnunuaneHas cxema razotypouHHoil ycranosku (I'TY ¢ moaBoom
Tema mpu p = const) mpeacraBieHa Ha puc. 9.6. Bozaymnbiii xommpeccop KII cxumaer
aTMOC(EepHBI BO3yX, MOBBILIAs €ro JaBJICHUE C P1 10 P2, U HENPEPHIBHO MOJAET €ro B Kamepy
cropanus KC. Tyna ke crienagbHbIM HACOCOM HEMPEPHIBHO MOJAeTCsi HE00X0AUMOE KOJIMYECTBO
KHJIKOTO WM ra3000pa3HOro TOIUIMBA.

OOpasyromnecs B Kamepe MPOJYKThl CrOPaHUS BBIXOJAAT M3 Hee ¢ Temmeparypoit Tz u
MIPAKTUYECKU C TE€M K€ JIaBJICHUEM P2 (€CIIM HE YUYUTHIBATh CONMPOTHUBIIEHHS ), YTO M HA BBIXOJE U3
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kommpeccopa (p2=ps3). CienoBaTenbHO, TOPEHUE TOTUTUBA (T. €. MOABOJ TEIJIOTHI) IPOUCXOAUT MPU
IIOCTOAHHOM JIaBJICHUH.

Tonnuso

Pucynok 9.7 - [puHIMIIHATBHAS TEXHOJOTHYECKAsI CXeMa ICKTPOCTAHITUN
C Ta30BbIMHU TypOMHAMHU:

KC- xamepa cropanus; KII- xommpeccop; I'T- raszoBas TypOmna; G- renepartop; T-
Tpanchopmarop;

M- nyckoBoi#t neurarens; CH - coGctBennbie Hyx1pl; PYBH — pacnpenenurtensHoe
YCTPOKCTBO BBICOKOTO HAIPSIKEHUS

K noctomHcTBaM ra30TypOMHHBIX YCTAHOBOK MOHO OTHECTH:

1. T'a3oTypOMHHAs yCTaHOBKA IPOILE MO0 YCTPOWCTBY, YEM MAapOCUIIOBasl U3-3a OTCYTCTBUS
KOTEJIbHOW YCTAHOBKH, CJIO)KHOHW CHUCTEMbI IapONpOBOJOB, KOHJEHCATOpa, a TaKKe OOJbILOro
4uClla  BCIIOMOTATENBbHBIX ~ MEXaHW3MOB, IPUMEHSAIOIHUXCA B MApoOBBIX  yCTAHOBKAaX.
Mertanno3aTpaTsl ¥ BeC ra30TypOMHHOHN YCTAHOBKU Ha €IMHUIY MOLUTHOCTH BCIIEICTBUE YKA3aHHBIX
IpUYMH OYAyT 3HAYUTEIBHO MEHbLIE, YeM NapOTypOUHHOM.

2. YcraHoBka TpeOyeT MMHHUMAIBHOTO pacxoja BOJAbl - IPAKTUYECKH TOJIBKO Ha
OXJIAKJCHHME Macja, NAYIIET0 K IO IUIMITHUKAM.

3. s ra3oTypOMHHBIX YCTAaHOBOK XapaKTepeH OBICTphIA BBOJA TypOoarperata B paloTy.
ITyck MOIIHBIX YCTAHOBOK M3 XOJIOJHOTO COCTOSIHUSA IO NPUHATHS Harpy3KH 3aHUMaeT nopsaaka 15
+ 18 MHUHYT, B TO BpeMsI KaK MOATOTOBKA K IIyCKY MapOCHJIOBOM YCTAHOBKH 3aHMMAET HECKOJIBKO
4acoB, YBEJINYMBAsCh C MIOBBIIICHUEM HavyalbHBIX 1apaMETPOB Iapa.

Henocrarku ra3oTypOMHHBIX YCTAHOBOK:

1. JInst Toro, yToObI ycTaHOBKA JaBajia MOJE3HYI0 MOIIHOCTh, HaualbHas TeMIepaTypa rasa
nepen TypOuHOI nomxkHa ObITh Oombmie 550 °C, T.e., BecbMa BBICOKOW. ITO BBI3BIBAET
OIpe/ieIeHHbIe TPYAHOCTH MPU MPAKTUYECKOM BBINOJHEHUU TIa30BbIX TypOuH, Tpedys Kak
CHELMAIBHBIX BECbMa ApPOCTOMKMX MATE€pPUANIOB, TaK U CIICLUAIbHBIX CHUCTEM OXJIAKICHUSA
HaunboJiee BICOKOTEMIIEpaTypHBIX YacTel.

2. Ha mpuBon kommpeccopa pacxonyercs a0 50 + 70 % MOUIHOCTH, pa3BUBaeMOM
TypOuHoil. IlosTOMy mTONE€3Hass MOIIHOCTh Ta30TYpOMHHON YCTAHOBKM TOpa3Zio MEHblIe
(aKTHUECKOM MOIIIHOCTH ra30BOM TYpOUHBI.

3. B ra3oTypOMHHBIX yCTaHOBKAX MUCKIIIOUYEHO MPUMEHEHHUE TBEPJOTO TOIJIMBA MO OOBIYHOM
cxeme. Hannyumue Buabl Torumsa it ['TY - npupoaHblii ra3 1 KaueCTBEHHOE KHUAKOE (KEpOCHH).
Ma3yT xe TpeOyeT crerraabHON MOATOTOBKY /ISl yIAIEeHHUS IIJIaKo00pa3yoIuX NIpuMecen.

4. EnuHN4YHAs MOIIHOCTh Ta30TYpOMHHOM ycTaHOBKHM orpanuyeHa. Ha xonenr XX Beka oHa
cocraBisger 120 + 150 MBt. D10 00ycnoBneHo OoJbIIMMU rabapUTHBIMU pa3MepaMH YCTaHOBKU
13-3a HEBBICOKOTO HA4aIbHOTO JaBJEHHs ra3a mepej TypOUHOH - 10 25 Kre/cM? M ero ropasio
MeHbIel paboTOCHOCOOHOCTH 1O CPAaBHEHHUIO € BOASHBIM I1apOM.
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5. Ouenp OoypIIasi IMYMHOCTH NMPH pabOTe, 3HAYUTENILHO MPEBBIIIAIONMIAS Ty, YTO HMEET
MECTO TPH IKCIUTYaTalluu MapOTypONHHBIX YCTAHOBOK.
I'a3oTypOuHHAst yCTaHOBKA W €€ IKOHOMUYHOCTb
[To cBoemy ycTpoOiiCTBY rasoBasi TypOMHA MOX0a Ha MapoByw0. PasHuiia B Tom, 4TO pOTOp
TypOMHBI, BMECTO Tapa, MPUBOJUTCS B IBM)KCHUE Ia30M BBICOKOTO JABIICHHUS, MMOJy4aeMbIM IIPH
CckHTaHuu TorumBa. C)KMraHue Ta3000pa3sHOTO WMIIM JKUAKOTO TOIUIMBA MPOUCXOIUT B Kamepe
CropaHus, Ky/a 1oJ] BBICOKUM JaBJICHHUEM TOAAIOTCS KaK TOTUIMBO, TaK W BO3MyX. JlJs mosrydeHus
C)KaToOro BO3/lyXa B COCTaBE ra3zoBOM TypOMHBI (OOBIYHO Ha OJIHOM Bajly C POTOPOM TYypOHHBI)
nMeeTcs kommpeccop. /laBmenue raza Ha Bxoae B TypOuHy oObiuHO paBHo 0,6...1,2 MPa, a
Temreparypa raza Moxer ObiTh g0 900 °C (B ciydae oxnmaxmaaeMmbix jomacteir mo 1600 °C).
COBOKYITHOCTh Ta30BOM TypOWHBI W KOMIIpECCOpa YacTO HAa3bIBACTCS Tra30TypOMHHBIM
aBuraresnem. Jlns 3amycka 3TOTO arperara OOBIYHO TIOJIB3YIOTCS ITYCKOBBIM (Yamie BCETO
AIIEKTPUUYECKHIM) JBUTATEIIEM.

N\ @/
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Pucynok 9.8 — VYcTpoHCTBO COBPEMEHHBIX Ta30TypOMHHBIX  YCTaHOBOK

[TonaBnstomee OGoapmmHcTBO [TV, paborarommx He3aBUCMMO wid B coctaBe [IIY,
paccuuTaHbl Ha paboTy Ha MPUPOAHOM Ta3e. JXKuaKoe TOTUIMBO MHOTAA ucnojb3yeTcs B I'TY manon
MOIITHOCTH, a Takke B orpanudeHHoM umcie ['TY cpegHeit u  OOJIBIIONH MOIIHOCTH,
NpeAHa3HaYEHHBIX TSl paboThl B HeTen00bIBatOIMX cTpanax bianxHero Boctoka u LienTpanbHoit
Amepuku. Ho B mocienHue rojsl B MUPOBOW DHEPTETHUKE CYIIECTBEHHO aKTUBU3UPOBAIMCH pabOThI
10 KCIOJIb30BAHUIO B MAPOTA30BbIX TEXHOJOTUSX TBEPAOTO TOIUIMBA. 3a pyOe)KOM HAKOTUICH OMBIT
JKCIUTyaTauu aeMoHcTpauuoHHbIX III'Y Ha TBepnom Torummse ¢ ucnonb3oBanueM ['TY pazinnunbix
TUIIOB. YKa3aHHbIE TCHHACHIIMHA CBA3aHBI C TE€M, YTO Ta3 SBISETCSA IIEHHBIM TEXHOJOTHYECCKUM
CBIPbEM 1T XUMHYECKOW MPOMBIIIICHHOCTH, T/I€ €r0 HMCIIOJh30BaHKHE YacTO 00Jiee peHTa0eIbHO,
YEeM B DHEPreTHUKe

[Tepexoass K TpakTHYECKOW pean3alii TOTO WM HMHOTO TEPMOJMHAMUYECKOro IIHKIIa,
MIPUXOJUTCS CTAJIIKUBATHCA C MHOMXKECTBOM HEMPEOJOTUMBIX TEXHUYECKHUX MPENATCTBUI, KOTOPbIE
KpailHEe OrpaHMYMUBAIOT HAIIM BO3MO>KHOCTH.

Haubonee xapaktepHblii MpUMep: MPHU BIAKXHOCTU Napa 6osee 8—12 % motepu B MPOTOUHOM
YacTH MapoBOi TypOMHBI Pe3KO BO3PACTAIOT, PACTYT TWHAMUYECKHE HArpy3KHU, BOSHHUKAET SPO3HUf,
9TO, B KOHEYHOM CueTe, MPHUBOJIUT K pa3pylICHHI0O MPOTOYHOM YacTh TypOWHBL. B pesynbrare
yKa3aHHBIX OTPAHMYEHUI B SHEpreTHKe (s MOTy4eHHs paboThl) MIMPOKOE NMPUMEHEHUE IMOKa
HaXOJAT TOJBKO /1Ba 0a30BBIX TEPMOIMHAMUYECKHX IMKIA: UK PenkuHa u rukn bpaiitona.

BOJIBIIMHCTBO 3HEPreTUYECKUX YCTAHOBOK CTPOUTCS HA COUYETAHUU AJIEMEHTOB YKAa3aHHBIX
ukioB. [{ukn PeHkuHA MpUMEHSIOT [Uisi pabodux TeN, KOTOphIe B MpOIEcCe peau3aliyl UK
COBEpIIAIOT (ha30BBIM MEPEXO/I, IO TAKOMY UKy paboTaroT mapocusnossie yctaHoBKH (IICY).

s pabouux Ten, KOTOpble HE MOTYT OBITh CKOHACHCHUPOBAHBI B PEATbHBIX YCIOBHSIX, U
KOTOpPBIE Mbl Ha3bIBa€M ra3aMu, MIPUMEHSIIOT UK bpaliToHa.



https://kzref.org/rukovodstvo-po-ekspluatacii-vnimaniyu-pokupatelya.html
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[To 3Tomy nukiy paboTaroT aBurarenu BHyrpeHHero cropanus (IBC) u
razotypounnsie ycranoBku (I'TY).

[Mpunuunuansuoe otnuuue JBC u I'TY cBoguTcs K cienyromemy.

B JIBC mpoteccel cxxaTtusi BO3/lyXa, CrOpaHUs TOIUIMBA U PACHIMPEHUS IPOAYKTOB CrOpaHUs
IIPOUCXOIAT B MpeJenax OJHOTO KOHCTPYKTUBHOIO 3JIEMEHTA, UMEHYEMOTO LUIUHAPOM JIBUIaTEs.
B I'TY yka3aHHble NpOLECCHI Pa3HECEHBI IO OTAEIbHBIM KOHCTPYKTHBHBIM y3JIaM: CXKaTue
OCYUIECTBJISAETCS B KOMIIPECCOPE, CTOPAHNE TOIUIMBA B KaMEpe CrOPAHMs, paCIIMPEHHUE NMPOJAYKTOB
cropanus B ra3oBoil TypOune. B pesynprate koHCTpykTHBHO I'TY m JIBC Mamo moxoku, XOTs
paboTalOT MO CXOXKUM TEPMOJINHAMUYECKUM LIUKIIaM.

CymectByer nBe Moaupukanuu nukia bpaiiToHa, oTiuyaromuecs TEpPMOAMHAMUYECKUMU
rporeccaMy MOJABOAA TEIUIOTHI: LUK C IOJBOJAOM TEIUIOTHl MpPU IIOCTOSHHOM JABJICHUH,
COKpAIllEeHHO €ro Ha3bIBalOT IMKJI bpailiToHa p=const, M HMKI C MOJABOJOM TEIUIOTHl NpPH
MMOCTOSIHHOM 00BEME,

Ha3bIBaeMblil MK bpaiitona v=const .

Pucynox 9.9 - UneanbHbiil iuka bpaiitona:
1-2-3-4-1 — moaBOJI TETUIOTHI TIPH P=CONSL;
1-2-5-6-1 — moaBO TEIIOTHI MPU V=const

B mponecce cxxarus K LMKy MOABOAUTCS pabora Lk, mpu pacmimpeHun oTBOAUTCS paboTa
Lt. U3 puc. 1.1 BugHo, uto LT > Lk , X pa3HOCTh U COCTABJIIET MOJIE3HYIO pabOTy muKiIa. SICHO,
TO YTO TOJIE3HAs Pa3HOCTh B paboTe JOCTUTHYTa 3a CUeT pPAa3HOCTH MojaBeleHHOro Qi u
oTBesieHHOro Q2 B IIMKJIE TeILIa.
Ha puc. 9.10 nokazana npuHIMIIMaNIbHAs CXE€Ma YCTAaHOBKH, peayiu3yroliel nuki bpaiitona ¢
MIOABOJIOM TEIUIA MPU MOCTOSHHOM JIaBIICHUMU.
KC
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Pucynok 9.10 - IIpunuunuansHas cxema ['TY HenpepbpIBHOIO rOpeHMsI, pealnu3yroed UK
bpaiitona p=const:

K — xommpeccop, I'T — rasoas typouna, KC — kamepa cropanus,

O — DIIEKTpOreHepaTop

Takue YCTaHOBKHM YaCTO HA3bIBAIOT YCTAHOBKaMHU HEIPCPLIBHOTO TOPCHUA. B nannoit
YCTaHOBKE pa6oqee TCII0 (BO3JIYX) 3aKa4nBaCTCs IIpHU JABJIICHHUHU P1 U3 aTMOC(I)epBI KOMIIpECCOPpOM




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcbl, MICTOYHUKU U METOBI MTOTY4YEHUS

101ctp. m3 174

K, cxumaercs 3a cuer mojaBeneHHON pal®oTbl Lk 40 maBieHHWs p2 ¥ HampaBJsieTCss B Kamepy
cropanusi KC. B kxamepy cropanusi mojgaeTcss TOIUIMBO, KOTOPOE CropaeT IpH IOCTOSHHOM
JaBJICHUH, oOecrieunBas moaBoa Temia Q .

bnaromapsi cropanuto TormMBa Temiiepatypa padouero tena yBenunuuBaetrcs ot Tz mo Tz (cwm.
puc. 9.9). Jlanee pabodee Teno (Tenepb ITO YK€ Ta3, MPEICTABISIIONICH CO00W CMech BO3IayXa W
MIPOJIyKTOB CrOpaHus) MOCTynaeT B ra3oByto TypOuny I'T, rae, pacmupssch 10 arMoc(epHOTro
JaBJIEHUs, coBepuIiaeT padboty Lt

[locne TypOuHBI Ta3bl cOpachklBatoTCs B aTtMocdepy, depe3 KOTOpyr padouuil LHUKI U
3aMbIKaeTcs. Pa3HOCTh paboThl TYpOMHBI M KOMIIPECCOpPA BOCIPHHUMAETCS AJIEKTPOTeHEPaToOpoM O,
KOTOPBIM COIyIacHO MpuBeNeHHON Ha puc.9.11 cxeme pacnonoxeH Ha oOmieM Bally ¢ TypOMHON U
KOMITPECCOPOM.

T M
Torummo m

JlEnoBETe

J K rasel

7\ T 2 Bu'xiz_\'.\: 77“"“'41
-1

BBT

L/ -

Pucynoxk 9.11 - 3amknyTas cxema paboter ['TY:
T -tomka, I'BT - razo-o3mymHbiii TermiooOMeHHUK, BBT - B03m1yX0BO3MYIIHBIHA
TemooO0MeHHHK, K - kommipeccop, I'T - razoBas TypOuHa, 3 - 3JIEKTPOTCHEPATOP

OJra CcXeMa  OTIMYAaeTCs  3aMKHYTbIM  KOHTYPOM  LHMPKYJSIMUM  TEIUIOHOCHUTEIS,
COOTBETCTBEHHO MOJI00HBIE YCTAHOBKH HA3bIBAIOT 3aMKHYTHIMU [ TVY.

[Ipn Takom cmocobOe pabOThl NMPUMEHEHHWE KaMepbl CrOpaHUsl HCKIIOYAETCS, MOCKOJIBKY
3armac KHCIOpoJa BO3[yxXa OYeHb OBICTPO MCUepIiaeTcs, U Jajgee CropaHue TOIUIMBa OyIeT MpoCTo
HEBO3MOXKHO. [I0ATOMY TEMIOBYIO SHEPTUIO0 MOABOJST B KOHBEKTHBHOMTEIUIOOOMEHHUKE (MHaye
— 4yepe3 CTEHKY).

Tak B cxeme mosiBisieTcsl ra30-Bo3ayiiHbli Terooomennuk (I'BT) u npenskinoueHHas emy
tonka T. B Tomke curaercs TOIUIMBO WM TOABOAMTCS BO3AYX, HEOOXOJUMBIN [UIsl CTOpaHUS
TorumBa. [ 14].

[ToBeiienue 3¢hGEKTUBHOCTH AOCTUTAETCA 3[ECh 3a CYET JAOMOJHUTENBHON MOIIHOCTH,
noJtydyaeMoil B ra3otypOuHHoM yactu yctaHoBku. KII/] maporazoBoil ycTaHOBKM MOBBIIIACTCS MPH
pereHepaTuBHOM MOJOTPEBE BOJIbI, IOJaBaeMoil B maporeHeparop. Mcmonb3oBanue (MOJHOE WIH
4acTUYHOE) OTpaboTaBmiero B TypOuHe mapa s Iened Termo(puKalud TakKe TOBBIIIAeT
3¢ GEeKTUBHOCTh YCTAaHOBKU. BBHIy TOTO, 4TO pabodymM TeIOM ISl Ta30BOM TypOMHBI SBIISIOTCS
ras3bl, YXOJsIlIUe U3 MaporeHeparopa, paboTa paccMaTpUBaeMOro THUIIA MAPOTa30BOIl YCTAHOBKU HA
TBEPJOM TOIUIMBE B HACTOSIIEE BPEMsI HE BO3MOKHA, UTO SIBJISIETCA HEIOCTATKOM 3TUX YCTAHOBOK.

4. MiuniocTpaTuBHBIM MaTepuan: /1 npoBeaeHNs 3aHATHS UCIIOJIB3YETCA CIIENYIOIIEe
MaTepHalIbHO- TEXHUUYECKOe 00ecTedeHrne: HOyTOyK, MyIbTUMEIUUHBIN MPOEKTOP, IKPaH.

5.JIuteparypa:
OCHOBHas
S.JIureparypa:
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OCHOBHast
1. BepmanueBa A.A., [layner6aepa [[.A. DHEpropecypchl, MCTOUHUKH U METO/IbI TOJTyYCHHUSL. -
YuebHoe nocodue.-IlIpmMkent 2022. -244 c.

2. boictpunkuii I'.®. B95 O6mas snepreruka ([Ipon3BoACcTBO TEMIIOBOM U 3IEKTPUIECKOM SHEPTHH )
: yueOnuk / I'.®. Beictpunkuid, I'.I'. I'acanrampkues, B.C. KoxxuuenkoB. — 2-¢ u3., crep. — M. : KHOPYC,
2016. — 408 c. — (bakanaBpuar).

3. Ba¢wumn, /. b. B23 KorensHble YCTAHOBKH | MapOreHeparTobl: yueobnoe mocobue / /1.6, Bapumn.-
Hwxaekamck: HukHekaMCcKuil XUMHUKO-TexHOomorndeckuid MHCTUTYT (prman) GIBOY BIIO «KHUTVY »,
2013. - 176 c.

4. Ilapornazos b. A., ®apapontoB M. @., KnementbeB B. B. Jlpuratenu BHYTpEHHETO CrOpaHMUSL:
TEOpHs, MOJEIMPOBAHME M pacuérT MpoIeccoB: YUeOHWK Mo Kypcy «Teopus paboynx MpOIECCOB M
MOJIETTMPOBAaHKE TPOLIECCOB B JIBUTATENSIX BHYTpeHHeEro cropanusy». — Yensounck: Uz, OYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sHeprocOepexeHUM W ToBbImIeHNH 3HeprodddexkruBHocTr PK ot 13 sHBaps
2012 roga Ne 541-1V. JlefictByronuii ¢ U3MeHEHUSAMH U JonoiaHeHusMu. [Tposepeno 15.01.2022

6. BcrnomoratensHoe obopynoBanne TOC. KOHCIEKT JEKIMH i CTYJACHTOB CIEIHAIbHOCTH
5B071700 — Terosuepreruka. Anmatst 2017. ¢.104

7. JlomoiHUTEIBHAS TUTEpATypa

8. Jlenyxorckuit I'.B., Ilocmemor A.A. Pacuer W HOpPMHUPOBaHUE ITOKa3aTeliel TEIJIOBOM
sKkoHOMHYHOCTH oOopyaoBanus TOC: Yued. mocodue / ®I'BOYBIIO «lBaHOBCKHI TOCydapCTBEHHBIN
sHepreTudeckuii yauBepcureT uM. B.W. Jlennna». — IBanoBo, 2015. — 468 c.

9. Haruerarenu u temioBbie asuratend / B. M. Uepkacckuid, Y. B. Kanunun, 0. B. Kysuenos, B.
H. Cyo66otun. M. : DHeproaromuszaar, 1997

10. Konmeniust pa3BHTHSI TOILIMBHO-DHEPTeTUYECKOro KoMiiekca Pecnyonmuku Kazaxcran o
2030 roma. ITocranoBnenue [IpaButenberBa Pecryonuku Kazaxcran ot 28 utonst 2014 roma Ne 724
11. ITumumienko H.B., CuBakoB N.A. DHeprocOepekeHHE W TOBBINICHHE YHEPTETHIECKON

3 PeKTUBHOCTH MHKEHEPHBIX CHCTEM M ceTel. YueoHoe mocobue. — CI16: HUY UTMO, 2013. — 274 c.

JIeKTPOHHBbIE PeCypPChI:

http://mwww.studmedlib.ru,

JIOI'MH ibragim123, ITAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sl qaHHBIX

PecrniyOnukaHckast MEKBY30BCKast DIICKTpOHHast Onbimoreka, AKnurpress www.aknurpress.kz.

6. KoHTpoJIbHBbIE BONPOCHI
1. OnumuTe npuHIKI pabOTHL TAPOBOU TyPOUHBIL.
2. OnuiuuTe NPUHIMI PabOThl HAPOBBIX AKTUBHBIX U PEAKTUBHBIX TYPOHH.
3. HazoBute ocHOBHOE ycioBHE pabOThl TYpOUHBI.
4. Kak paznenstorcst TypOuHBI 0 Xapakrepy npouecca? ITo uncny nuaaapos?
5. Onucath nojpaszeieHrue TypOMH 0 NPUHIHITY JeHCTBH
6. PacudpoBareMapkupoBKy TypOuHBI - [1-6-35/5
7. Kakoil muKi yBeIMuuBaeT TepMUUYecKuil K03 PUIHEHT TypOUHBI?
8. IlepeuncnuTh MyTH NOBBIIEHUS 3KOHOMUYHOCTH paboTs! [ICY
9. Onucath npuHLIKI pabOTHI ra30TYPOUHHOM YCTAaHOBKH.
10. 3a cuer yero gocturaercs nopelenue dppextTusHoctd ['TY?

Jlekmusa 10
Tema 10 HarnerareabHble MAIIMHBI YJIEKTPUYECKHX CTAHIIUH
OcHOBHbBIE BONIPOCHI TEMBbI:



http://www.studmedlib.ru/
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http://www.aknurpress.kz/
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|. Bugsl u knaccupukays HarHeTaTelNe.
1. Kiaccuukarmst KOMIpeccopoB.

2. [TpuHIMN ASHCTBHS KOMIIPECCOPOB

3. Obnactu npuMeHeHus

Buabl n kiaccugukanusa HarHeraresen

Hazcnemamensimu Ha3pIBAIOTCS MALIMHBI, CIYKAIIUE SISl IEPEMEIICHUS )KUIKOCTH U Ta30B U
TIOBBIIICHUS UX MOTEHIIMATLHON ¥ KHHETUYECKON YJHEPTUH.

N3BecTHO, 4YTO OOJBIIMHCTBO COBPEMEHHBIX TEXHOJOTUUYECKUX IIPOIIECCOB CBS3AHO C
nepeMerieHneM MOTOKOB JKUJIKMX M Ta3000pa3HbIX Cpell, M MOITOMY HarHETaTeIN MUMEIOT OYEHb
IAPOKOE TMPUMEHEHHE BO BCEX OTPACHAX MPOMBIIUIEHHOCTH, CEIBCKOM U KOMMYHAJIBHOM
XO03siCTBax.

B 3aBucumocTH OT BHaa mepeMeniaeMoro pabodero Teina HarHeTaTelbHbIE MAaIluHBI
MO JIpa3ICIAIOTCA Ha IIBE OoJIBIINE TPYIIbL: HACOCHI - MAaIINHBI, IO JAIOIITHE
KUJKOCTH; 8EHMUNAMOPbI U KOMNPECCOPbl - MAIIUHBI, MOIAOIIME BO3AYX U TEXHUYECKUE Ta3bl.

Bentunarop - MammHa, nepeMemiaronias ra3oByl Cpeay Mpd CTENEHHU MOBBIIIECHUS
naBieHus €, < 1,15 (creneHp MOBBINICHUS IAaBJIEHUS €p - OTHOIIEHUE JIaBJIEHUS Ta30BOM Cpefbl Ha
BBIXO/IC M3 MAIIIMHBI K IABJICHUIO €€ Ha BXOJE).

Kommpeccop - mamiuHa, cxxumaromas ras ¢ e,»1,15 u nMeromas uckyccTBeHHOE (0OBIYHO
BOJISTHOE) OXJIAK/ICHHE TIOJIOCTEH, B KOTOPBIX MPOUCXOIUT CKATHE ra30B.

Cornacao I'OCT 17398-72 Hacochl MOJpa3AesaiOTCAd Ha JABE OCHOBHBIE T'PYMIIbI: HACOCHI
JAHAMHYECKHE U HACOCHI 00hEMHEIE.

B nuHamuyecknx Hacocax W HAarHeTaTelNsx INepefada SHEPruy SKUAKOCTH WIH Ta3y
MIPOUCXOJUT IyTEM pabOThl MACCOBBIX CHJI MOTOKA B IMOJIOCTH, MIOCTOSTHHO COEAMHEHHOM ¢ BXOJIOM
H BBIXOJIOM HarHeTaTells.

B 00BeMHBIX HarHeraressx IOBBIIIEHUE YHEPruu pabodero Tena (KUIKOCTH WIHM Trasa)
JIOCTUTAETCSI CUJIOBBIM BO3JICHCTBUEM TBEPJBIX TEJ, HAIPUMEP, MOPIIHEH B MOPUIHEBBIX MAllIMHAX
B paboyeM MPOCTPAaHCTBE IMJIMHJIpA, MEPUOJUYECKHA COCIUHSAEMBIM MPU TIOMOIIU KIIAIlAHOB C
BXOJIOM U BBIXOJIOM HarHeTaTels.

Knaccudukanus HarHerareneld NPOU3BOIUTCS TAaKKE IO KOHCTPYKTHBHBIM IpHU3HAKAM,
JABJICHUIO, Pa3BUBAEMOMY MAIIMHOM, HA3HAYEHHIO B TEXHOJOTUYECKOM IIPOLIECCE.

Ha puc. 10.1 mpencraBnena knaccudukanusi HarHeraTesled MO NPUHIMIY JCHCTBUS U
KOHCTPYKTHUBHBIM IIPU3HAKAM.

Harwetarenn
Harwerarenu Harwetarenn
AR XUAKOCTER AN razos

Harnerarenn Harwerarenn Harnerarenn Harwerarenn
AMHaMUYeCKue obvemime AMHaMANECKHe obvemmbie
Nopumestie JNonacrvse Crpyinsie Nopumeswe
HacocH xomnpeccopt | [komnpeccopst| | komnpeccopst
g |
#aPo0h BEHTMARTOPL

n w— ImexTopnt
UenTpobennme
BeNTAATOPN
Buxpessie UenTpobenmie Oceswe
Hacocs! KOMNPeCCops KOMNPECCope:

Potophuie
Komnpeccope

Pucynox 10.1 - Knaccuguxanus HarHeratenen
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Ha puc. 10.2 npuBeseHa cxema IMHAMHYECKOTO HEHTPOOESKHOTO HAarHeTaTelIsl.

Eﬁ@@%

Pucynox 10.2 - Cxema 1eHTpOOEKHOTO HarHeTarTens (Hacoca)

Pabouee koieco, cHaOXEHHOE W3OTHYTBIMH JIOMATKaMU 1, BpalmaeTrcs JBHUTaTEIICM,
pacmoyioKeHHbIM B Kopryce 2. PaGodee Teno (KUAKOCTH, ra3), BXOAAIIEE B IEHTPAITBHYIO TTOJIOCTh
KoJjieca 4epe3 maTpyOoK 2, 3aloJIHSIeT BECh KOPIYC M KPHBOJIMHECHHBIC KaHAIBI KOJeca MEXKITy
nmomarkamu 1. Tlpm BpameHun pabouero kosieca TOJ JCHCTBHEM IIEHTPOOSKHBIX CHJI Macca
pabodero Tella, HAXOJAIIETOCS B ATHX KaHajaX, IMOBBIIIACT YHEPTHIO MMOTOKA M BBIOPACHIBACTCS
MMOTOKOM B CIUPaJIbHBIA KaHaj, OXBaThIBAIONIUK pabouee koiyieco. [lamee moTok mocTyrmaer B
HaIOPHBIN MaTpyooK 4 u TPyOOIpPoOBO 5.

[Ipouecc BcacbiBaHWsS M TOJA4M B TAaKUX HArHETAaTeNsX IPOUCXOIUT HEMPEPBHIBHO U
PaBHOMEPHO (MPY MMOCTOSTHHOW CKOPOCTH BpAIllEHUs pabodero KoJjeca).

Cxema mpocreiiniero oOb€MHOTO HarHeraremnsi-Hacoca naHa Ha puc. 10.3. Humuaap 1 u
KJIallaHHasi KopoOka 2 TUIOTHO COCIWHEHBI B eIWHBIA Onok. B kopoOke pa3menieHs
BcachiBaroluil 3 u HamopHbli 4 kiamanel. [lopmiens 5, aBurasch BO3BPATHO-TOCTYIMATENBHO,
MIPOM3BOJIUT BCAChIBAHUE U MOJAYY.

YckopeHue nopuIHs, JBUTAIOIIEr0CsS CHHYCOUIaIbHO, BbI3bIBACT MOSBICHUE WHEPLIUOHHBIX
CWJI, BIMSIOIIMX Ha MPOYHOCTb XOJOBOW CHUCTEMBbl HArHETaTelsi U BbI3BIBAIOIIMX Pa3pPbIBbI
CIUIOIIHOCTH MOTOKA. DTO OTPaHUUYMBAIOT JOMYCTUMYIO CKOPOCTh BpallleHHs KPUBOILIUIIHOTO Baja.
[ToaToMy mnpuMeHsitOTCA OObEMHbIE HAarHeTaTelld POTOPHOTO THUMA, JOMYCKAIOUIWE MpsSMOe
COEJIMHEHHUE C BHICOKOCKOPOCTHBIMU JBUTATEISIMU.

Pucynox 10.3 - Cxema nopiiHeBoro HarueraTesns (Hacoca)

Ha puc. 10.4 nano mpexacraBieHHE O IUIACTUHYATOM POTOPHOM HarHeraresne. MaccHBHBIN
potop 1 ¢ paananbHEIMU OPOPE3SIMU TOMEIIEH 3KCUEHTPUYHO B Kopryc 2. B mpope3u BCTaBiIeHbI
NpPSIMOYTOJIbHBIE CTalbHBIE IUIACTUHKM 3, CBOOOJHO OTKMMaemble JO YOOpa B KOpIIyC
HeHTpoOexxHbIMU cuitaMu. [lpu BpameHun portopa jaBurareieM padoudee Teno OyneT BcachlBaThbCs
yepe3 marpyOok 4 W IMOAaBaThCs 4epe3 IMOJOCTH TNEPEMEHHOro Ce4eHUs 5 M O B HaNOpHBIN
natpyook 7. Harnerarenb peBepCHMBEH: NpU HU3MEHEHHWU HANpaBIEHUS BpAIICHUS pOTOpa
HarHeTaTesb MEHSET HallpaBJIeHNUe MOTOKa pabouero Tena.
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Pucynok 10.4 - Cxema poTOpHOTO Harueratels (Hacoca)

Jlnist mepeMeIneHus JKUAKOCTEH W Ta30B Ha DIEKTPUYECKUX CTAHIMSIX M TPOMBIIIICHHBIX
yCTaHOBKaxX HaxXoJs4T IpUMEHEHHe cTpyiiHble HarHeTaTenu (puc. 10.5).

Pucynok 10.5 - Cxema ycTpo¥cTBa CTpyHHOTO Hacoca

[Totox paboyeil >XUIKOCTH BBIXOJUT C BBICOKOM CKOPOCTBIO 4YE€pe3 CYKHUBAIOIICECs
comwto 1 B kamepy 2, Ti€ yCTaHABAMBAETCS HHU3KOE aaBieHue. 1o BIUSHUEM Pa3HOCTH JIaBJICHUM
Ha MOBEPXHOCTH JKHJIKOCTH M B KaMepe MPOUCXOIUT MOIBEM KHUIAKOCTH 1O Tpyde 3 U CMEIIeHue ee
¢ paboyei KUIKOCThIO, BhIOpachiBaeMoi U3 coria. CMech XKUAKOCTEH - pabouelt U 1moJHuMaeMon
o Tpyoe 3 - TpaHcnopTupyetcs yepe3 nuddy3op 4 u HanmopHYIO TPYOy S Ha BBICOTY //.

Haubonpmiee pacmpocTpaHeHWe B MPOMBIIUICHHOCTH W DHEPreTUKE  TOJYYHIU
JIMHAMHUYECKHE JionacTHbie Hacochbl. Co3gaBaeMblii MMH Hamop MoxeT mnpeBbimath 35 Mlla, a
nogaua - 100 000 M3 /9 B o1HOM arperare.

B TemmosHepreTHYecKUx yCTaHOBKAaX JUIsl MUTaHUS KOTJIOB, MOJa4l KOHJIEHCATa B CUCTEME
pEreHepaTUBHOTO IOJ0TPEBa MHUTATEIBHONW BOJBI, ITUPKYISIMOHHONW BOJBI B KOHJIEHCATOPHI
TypOWH, CETEeBOM BOJIbI B CHCTEMaX TEIJIO(PUKAIIMK MPUMEHSIIOTCS IIEHTPOOSKHBIE HACOCHI.

[lenTpoOe)XHBIE ®  CTpyHHBIE HAcochl  mpuMmeHstorcs Ha TOC B cucremax
THJIPO30JIOYAaNICHHSL.

CrpyiiHble HACOCHI HCIIOJB3YIOTCSA ISl yOAJIEHUS BO3[yXa M3 KOHAEHCATOPOB MapOBBIX
TypOHMH 1 B aDOHEHTCKUX TEIUIO(UKAIIMOHHBIX BBOJIaX B KAYECTBE CMECHUTENEH MpsIMOil 1 00paTHO
BOJPBL.

N3 00beMHBIX HACOCOB B TEIUIOIHEPIETHKE MPUMEHSIOT MOPITHEBbIC HACOCHI ISl TTUTAHUS
MapOBBIX KOTJIOB MAaJIOM MapoNpOU3BOIUTEIFHOCTY M B KA4yeCTBE J03aTOPOB PEarcHTOB IS
nojJiep>kanust TpeOyeMoro KadecTBa MUTATENbHOW U KOTJIOBOM BOJBI KPYIMHBIX KOTIOB. PoTOpHBIE
HACOCHI YIOTPEOISAIOTCS Ha DIIEKTPOCTAHIIUAX B CHCTEMaX CMa3Ku M PerylIupOBaHUs TypOUH.

JI1st monmy4yeHust CKaToTro BO3yXa B KaUECTBE SHEPTOHOCUTEINS UCIOJB3YIOTCSI B OCHOBHOM
MOPIIHEBbIE KOMIIPECCOPBHI.

B Tennosnepretuke A oOecrneyeH s YHEPreTHUECKOTO MUK (KOTEeN-TypOrHa-TeHEPaTOP)
UCIOJIB3YIOT OoJee 20 pa3MUYHbBIX BUJIOB HACOCOB.

HacocHoe 06opynoBaH#e TEmIOdIEKTPOCTAHIINI Cpeu BCIIOMOTATEIBHOTO 000pYyI0BaHUS
M0 YCTAaHOBJIEHHON MOIIIHOCTU 3aHUMAET I1E€PBOE MECTO.

[To HazHaueHMIoO, XapakTepy paboThl, poay NepeKaunBaeMOM KXUAKOCTH U TMapaMeTpaM Ha
TOC ucmonb3yroTCs IEHTPOOEKHBIE W OCEBbIE HACOCHl PANMMYHOW KOHCTPYKIHH. ITO
LEHTPOOEKHBIE HACOCHI HU3KOTO, CPEHEr0 M BBICOKOTO JABIEHHS; OJHOCTYMEHYATHIE HACOCHI C




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcbl, MICTOYHUKU U METOBI MTOTY4YEHUS

106¢ctp. u3 174

OJTHOCTOPOHHUM H JBYCTOPOHHHM BCAaChIBAHHEM, MHOTOCTYIICHYATHIE HACOCHI IS YACTOW BOJEI,
HACOCHI JUIsl Maciia, Maszyra | TIp.

Ecnu B kauecTBE OCHOBHOTO TIPH3HAKA MPUHATH HA3HAYCHUE HACOCA, TO BO3MOXKHO JCIICHUE
Ha CJICYOIINE TPYIIITHL:

[. Hacocsl, TecHO cBsi3aHHBIE ¢ pabOTOW OCHOBHOIO AKCIUTyaTallMOHHOTO 00OpYHOBaHUs
TEIIOAICKTPOCTAHIIMKA U SBJISIONINECS 0CO00 OTBETCTBEHHBIMH MEXaHW3MaMH, T.€. OTBEYAIOIIHE
OCHOBHBIM M BCTIOMOTATEJIBHBIM IIHUKJIAM PaOOTHI CTAHIIHH:

Hacocwl ochosnbix (HenpepvleHbl) yurios pabomol.

1. Quxn yuprynayuu 600bi.

a) LupkynsimoHHbIE IS OXJIAXKICHUS 11apa B KOHICHCATOPaX.

0) PermupkymsiOHHBIE IS  OXJIAXKACHHUS IUPKYISIMOHHONW BOJBI (4epe3 MpYJbI,
XOJIOTMIHHHUKY, TPAJTUPHHA U T.1I1.).

2. [{uxn numamenvHoti 6000l

a) KoHieHcaTHBIE HU3KOTO JaBJICHUS.

0) KonneHcaTHbie CpeTHETO JaBICHUS.

B) Konnencatueie 1o6aBouHbIC (KOHACHCAT TPEIOIIETO Tapa).

) Bo3ayiiaeie, MOKPOBO3TyIITHBIC, HKEKTOPHBIC.

n) IlutarenbHble, MPOMEKYTOUHOTO TOJOIPEBA.

e) [lutaTenpHBIC KOTIIOB.

3. l{uxn mennonepedauu.

a) CereBble.

0) boiinepHsie.

4. Huxn pecynuposanusl.

a) HarnerarenbHble 17151 MUTaHUS CEPBOMOTOPOB PETYISTOPOB MAPOBBIX TYPOUH.

5. lukn oxnascoenus 0cCHO8HO2O 000PYO0BAHUS.

a) OxutaxkieHne KOJIOCHUKOBBIX OalOK KOTJIOB.

0) OxJtaxIeHre TIOAIUITHUKOB TYpOUH (OCHOBHBIC M ITYCKOBHIE).

B) Oxmaxkienne TpaHchopmMaTopoB.

2) Hacocwl 6cnomozamenvhulx yukios pabomoi.

1. [{uxn noocomosku numamenbHoll 800bL.

a) [Togaua cpIpoii BOJIBI B HCTIAPUTEIH.

0) PenupkynsiuoHHbIe (U1 OXJIaKICHUS Tapa B HCIIapuTee).

B) [logaua koHAeHCaTa U3 UCIAPUTENS B KOHACHCATHBIN 0aK WM aKKyMYJIATOD.

2. Luxn nod2comoexku monausa u yodajienue npooyKmos 2opeHus.

a) [logaua >xunxoro TorumBa (HedTH U MazyTa) K 6akaM XpaHEHUs U MUTAHUA.

0) YnaneHue 30761 THAPABINYECKUM CTIOCOOOM.

. Hacochl, He CBS3aHHBIE ¢ OCHOBHBIM JKCILTyaTallHOHHBIM 000py/I0BaHHWEM CTAHIINH, T.€.
HACOCHI, MPeHA3HAUYCHHBIC ISl TEXHUYECKUX 11eJIei, 1 HACOChl pa3HOTO HA3HAUCHHUS:

1) Hacocwl Ons mexnuueckux yenell.

1. Ipenaxknble (Ips3eBbIe) A OTKAUKH U3 KOJIO/ILIEB.

2. MacnsiHoe X0341CTBO (0OUMCTKA Macia U Ip.).

3. OTkayka Irps3eBbIX 0CAJAKOB U3 HCIIapUTENIeH.

4. J1ns mpocTpenku TpyOOK KOHIACHCATOPOB WM OOMIEpOB (MIPH UX OYHUCTKE).

2) Hacocvl paznoeo Ha3Ha4eHus.

1. TToxxapHsle.

2. X03sCTBEHHBIE.

3. PazHure.
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K m©ambosiee BaXHBIM HAcocaM, HEMOCPEACTBEHHO BIMSIOIIAM HAa HAJICKHOCTh U
SKOHOMUYHOCTh  pabOThl  AJEKTPOCTAHIIMHM,  OTHOCSTCS  TUTATEJIbHBIC,  KOHJCHCATHBHIE,
LHUPKYJSIITAOHHBIC, CETEBBIC U OarepHebIE.

B Hambosee TpymHBIX YCIOBHUSX pabOTAlOT MHUTATEIbHBIC, KOHJCHCATHBIC W OarepHbIe
HAcoChbl BCJIEJICTBHE OCOOEHHOCTEH paboyero mpoliecca Ha TEIUIOBBIX AJIEKTPOCTAHLUAX U
TpeOOBaHUH, IPEIBIBISIEMBIX K UX HAJAEKHOCTU U S3KOHOMHYHOCTU. Oco00 OTBETCTBEHHA padoTa
MUATATETBLHBIX HACOCOB, KOTOPHIC HA COBPEMEHHBIX MOIIHBIX AJIEKTPOCTAHIIMIX MTPUPABHUBAIOTCS K
OCHOBHOMY TEIUIOMEXaHUYECKOMY 000PYAOBAaHUIO HAPSTY C TAPOBBIMU TYpOUHAMH M KOTJIAMH.

OcHoBHbBIE padoyne XapaKTePUCTUKH HATHETATEJIbHBIX MAIIIUH

OCHOBHBIMHU TIapaMeTpamu (BETUYMHAMU), XapaKTepU3YIOMUMH pabOTy HarHeTaTeIbHBIX
MaIlliH, SBJSETCS mojadya (pacxoid), HAmop U JaBJICHHE, WMH pPAa3BUBAEMBIMH. OHEPIus,
cooOraemasi TOTOKY >KMJKOCTH WJIM ra3a HarHeTaTeIbHON MAallWHOM, BIIOJTHE OMPEACIISICTCS dTUMHU
BEIMYMHAMH ¥ IUIOTHOCTBIO TOJaBaeMoW cpenbl. [ uapoauHAMHUUYECKO€ U MEXaHWYECKOe
COBEPIICHCTBO MAILWHBI XapakTrepusyercs ee nouHbM KIIJI.

[Tomaua (pacxox) - KOJIMYECTBO >XKHUJIKOCTH (rasza), MepeMeniaeMoe MallMHOW B €IUHUILY
BpeMeHH. KommdecTBo rasza, moJaBaeMoOTo BEHTHJISTOPOM M KOMIIPECCOPOM, TPHHSITO HA3bIBATh
TIPOU3BOIUTEITHHOCTHIO.

Ecnu nogauy u3aMepsioT B eAMHULIAX 00beMa, TO €€ Ha3bIBAIOT 00BEeMHOM U 0003HavaloT Q.
Cucremoii CH BBemena maccoBas nojada M, Kr/c - Macca KHUIKOCTH (Ta3a), MoiaBaeMasi MalTuHO I
B €IMHUILY BpeMeHU. O4eBUIHO, YTO

M = pQ

TJ€ p - TNIOTHOCTh CPE/IBI, kr/M°; Q - 06beMHas noaya, Me/c.

B xommpeccopax u3-3a 3HAYUTEIBHOTO TOBBIIIEHUS JABJICHUS IUIOTHOCTh ras3a 1o JUTHHE
MMPOTOYHOM TIOJIOCTH BO3pacTacT, a OObEeMHas TPOU3BOAMTEIBHOCTh YMEHBIIACTCS, MO3TOMY
NPUHATO OOBEMHYIO MPOU3BOIUTEILHOCTh KOMIIPECCOPOB HUCUUCIATH MO (DU3UYECKUM YCIOBUIM
Bxoza B kommpeccop: T =293 K;/; = 0,102 MIIa.

Hamopom Hacoca H Ha3zpiBaeTCsi mpupaimieHue SHEPruH, MOJYy4aeMOW  KaXKIbIM
KHJIOTPaMMOM JKHUJKOCTH, TPOXOIAIIEH Yepe3 Hacoc, T.€. PA3HOCTh YIEIbHBIX dHEPTHHA KUIKOCTH
MEXK/Iy HarHETaTEeJIbHBIM M BCACHIBAIOIIMM TIaTPyOKaMH Hacoca, U BbIpakaeMmasi B METpax CToJioa
MepeKavYnBaCMOM JKUIKOCTH.

Knaccudukanys MOPIIHEBBIX  KOMIIPECCOPOB

YcTpoiicTBO U paboTa NOPIIHEBOIO KOMIIPEccopa

[lopiiHeBbie KOMIIPECCOPBI MO KOHCTPYKTUBHBIM IPU3HAKAM CXOJHbI C IOPIIHEBBIMU
HacocaMd. KOHCTpyKTHBHasi cxeMa OJHOCTYNEHYATOro KOMIIpeccopa € LMJIMHAPOM JIBOMHOTO
JNEUCTBUS W MHAMKATOpHAs IuarpaMma mnpeactaBieHsl Ha puc. 10.6. unuaap xommpeccopa,
3aKpBITHIA ¢ 00€UX CTOPOH KPBIIIKAMHU, UMEET JIBE MOJOCTH. B cTeHKax HUIWHApA B CHEIUATBHBIX
KopoOax pacroJIOKeHbl BCACBHIBAIOIIMK M HATHETATENbHBIM KJAaMaHbl, OHH OTKPBIBAIOTCS U
3aKpBIBAIOTCS aBTOMATUYECKH MO JCHCTBUEM Iepernaja JaBiIeHH Mexay pabodeil MoJIOCThIO U
COOTBETCTBYIOIIEH KaMepoii (BcachIBaroOmIeH, IMOO HarHeTaTeIbHOM).

HunuHapsl MOPIIHEBBIX KOMIIPECCOPOB YaIlle BCErO OXJIAXKAAIOTCS BOJIOM.

J171s 5TOTO B HUX MPEAYCMOTpPEHA CIelnaabHas BOJIsSHAs pyOaIka.

HebGomnpImrie KoMIIpeccopbl BBITIOTHSIOTCS C BO3AYIIHBIM OXJIXKICHHEM, a WX IMOpIICHb
COEJIMHEH HeTOCPEICTBEHHO C MIATYHOM (OeCKpeHIIKOTI(HBIE KOMIIPECCOPHI).
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B mecte MpoxoJa MTOKAa Y€pPEC3 KPbIMIKY HUIWHAPA NOMCIIACTCA YINIOTHCHUEC, HA3bIBACMOC
CaJIbHUKOM.

T e
K |
|

¥, ¥, %

&
a - cxema: 1- mmHp; 2 - mopuIeHs; 3 - MTOK; 4 - Kpeinkond;
5 - maryH; 6 - kxpuBomHIT; 7 1 8 - BCAaCHIBAIOIINI 1 HaTHETATENbHBII KIIallaHbl,
6 - MHANKaTOpHAS Auarpamma (IHdps! Ha AHarpaMMe COOTBETCTBYIOT
TOYKaM IpoLecca)

Pucynok 10.6 - OTHOCTYIIEHYATHIH TOPITHEBOW KOMITPECCOP IBYXCTOPOHHETO JICHCTBUS:

[lepenan maBieHui, oOeCMEUMBAIONIUN OTKPHITUE KJIANAHOB W  MPEOJOJEHHE UX
TUIPABINYECKUX COMPOTUBIICHHUM, OTIpEAEsieT NOMOJHUTENbHbIE 3aTpaThl pabOTHI MO CPAaBHEHHUIO
C HJIeaTbHBIM KOMIIPECCOPHBIM LIUKIIOM .

XoNoAuIbHBIE  TIOPIIHEBBIE  KOMIIPECCOPBl  KJIACCU(UUUPYIOTCS MO  MHOMXECTBY
OTJIMYUTETHLHBIX 0COOEHHOCTEN, N3 KOTOPBIX HauboJiee 3HAUUTEIbHbIE CIACAYIOIINE:

1.TTo Bumy pabGodero BelIeCTBAa XOJOIMJIbHBIE KOMIIpECCOphl ACIATCS Ha aMMHUAYHbIE,
(bpeoHOBBIE, TPOIIAHOBLIE, BO3AYIIHBIE U JP.

Jleranu U y37bl KOMIPECCOPOB M3TOTABJIMBAIOT M3 TAKMX KOHCTPYKLHMOHHBIX MaTE€pHAlOB,
KOTOpbIE HE BCTYNAIOT B XHMHYECKYI0 PEAKIUI0 C XOJOIWIbHBIM areHToM. Hampumep, B
aMMHUAYHBIX KOMIIpECCOopax MCKIIOYaeTCsl MPUMEHEHHEe MEIHBIX JeTalei, Tak Kak aMMHuaK
OKHUCJISIET MeJlb, YTO MOJKET MPHUBECTH K HEXKeJIaTeIbHOMY OMEIHEHHUIO CTAJbHBIX MOBEPXHOCTEH.
@peoHbl SABIAIOTCA Haubosiee TEKyYMMH XOJIOAWIbHBIMU areHtamu. [losToMy, BO wu30exaHue
yTeueKk, K MaTepuaigam OJIOK-KapTepOB MPEAbSBISAIOTCS MOBBIICHHbIE TpeOOBaHUs (OTCYTCTBHE
MUKPOTPEHINH, PAKOBUH, PUCOK U T. II.).

2.ITo nuamazony paboThl Ha BBICOKO-, CpEHE- U HU3KOTEMIIEpaTypHBIE.

Jlis  BBICOKOTEMIIEpaTypHBIX  KOMIIPECCOPOB  CTaHIapTHAas  TeMIleparypa  KUICHUS

—o T 2l
T, = 3T8R(+5°C)
XOJIOJUJIIBHOI'O arcHTa paBHa , JUJIA CpeaAHCTCMIICPATYPHBIX
fo T . P
T, = 138K (-15°C) T. = 138K(-35°C)
KOMIIPECCOPOB ,JII HU3KOTCMIICPATYPHBIX . .
3.Tlo XOJ'IO,Z[OHpOI/BBOI[I/ITCJ'IBHOCTI/I Ha MaJIbIC, CpCI[HI/IC nu prrIHBIe.

.
K ManeiM oTHOCSTCS KOMITPECCOPHBI, UMCIOIIUEC XOJIOAOIIPOU3BOAUTCIIBHOCTL ™ MCHEC 12

kBT, « cpezLHHMQ%T 12 10120 xBrt, x KpynHbIM —Q¢6onee 120kBt npu crangapTHOM
CpeHeTeMIIepaTypHOM PEXHIME.

4.Tlo  KOHCTPYKUMH  KPUBOUIMITHO-IIATYHHOTO  MeXaHU3Ma:  KpeWnkomndueie  u
OeckpenkonHele. (PUCYHOK 3)
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Pucynox 10.7— KoHcTpyKunn MexaHH3Ma JIBHKECHUST KOMIIpeccopa

a) KpeHuKonHbIi; 0) OeCKpeHIKOM(pHBIII;
1-tununap;2-matys; 3-mopiieHb; 4-KoJeHYaTbld  Bai; S-kpeiukond; 6-mTok; 7-
HarHeTaTeIbHBIA KJ1anaH; 8-BCAaChIBAIOIINN KJlalmaH.

B kpelukonHpIX KOHCTPYKLHAX KOMIIPECCOPOB (PUCYHOK 3a) NBHIKEHHE OT IIaTyHa K
MOPUIHIO TIEpeIaeTcs yepe3 ClenUaIbHbli MeXaHu3M-Kpeiikond u mTok. B OeckpeitikongHbix
KOMIIpeccopax IBIKEHHE OT IIaTyHa HEMOCPEACTBEHHO Mepenaercs nopiHio (pucyHok 10.36). B
KPEHIIKOI(HBIX KOMITpECccopax MOpIIEHh MMEET HEOONBIIYI0 BBICOTY, JOCTATOYHYIO TOJBKO JUIS
pa3MeIIeHusl KoJell, Tak Kak BCIO OOKOBYIO Harpy3Ky BOCIpPHHHMAaeT Ha cebs kpeinkornd. B
OeCKpEeHITKOTI(PHBIX KOMITPECCOpax BhICOTA MOPIITHS 3HAYUTEIIBHO 00JIbIIE, 3716Ch POJIb KpeHtKkomda
BBITIOJIHSAET HUKHSSL YacTh MOPIIHsL. B HacTosiiee BpeMs B XOJOAUIbHONW TEXHUKE MPUMEHSIOTCS B
OCHOBHOM OeCKpeHIKom(pHbIE KOMIIPECCOPHI, KaK HanuboJIee MPOCTHIC.

5.Ilo0 xonmu4yecTBY HMIMHIPOB: OJHO-, ABYX-, YETHIPEX-, IIECTH- M TaK Jajiee LUINHAPOB
(KOIMYECTBO IIWJIMHIAPOB MOXET ObITh [0 IIecTHaAuaTu). Tak Kak Bajbl XOJOIWIbHBIX
KOMIIPECCOPOB MPEUMYIIIECTBEHHO JBYXKOJIEHYAThIE, TO YUCIIO IHJINHIPOB BCEraa 4eTHOEe, KpoMe
OJIHOIMJIMHAPOBBIX C KOHCOJIBHBIM HJIN YKCIIECHTPUKOBBIM BAJIOM.

6.ITo pacronoxeHuio oceil UUIMHIPOB — BepTUKAJIbHBIC, TOPU3OHTAIBHBIC, OMIO3UTHBIE U
yraoBbie (pucyHok 10.8).

\//é, \Q\Y\ 7

o )

Pucynox 10.8 — Pacnonoxenue oceil THIMHIPOB KOMIIPECCOPOB
a — BEpTUKAIbHBIN; O — TOPU30HTANIBHBII; B — YIJIOBOM; T — OMMO3UTHBIN, 1T — V-00pa3Hblii; €
— W-06pa3Hbiii.

B BepTUKambHBIX KOMIPECCOPAaX OCH LWJIMHIPOB PACHOJI0KEHbI BEPTUKAIBHO (PUCYHOK
10.8a). ¥V ropu30HTAIBHBIX KOMIIPECCOPOB OCH LMIMHIPOB MPOXOIAT TOPU3OHTAIBHO IO OJHY
CTOpOHY KoJjieHuyaToro Bana (pucyHok 10.80). Pacmosiosxenue ocell LHWJIMHAPOB y ONIO3UTHOTO
KOMIIPeccopa TakKe FOpU30HTAIBHOE, TOJIBKO 0 00€ CTOPOHBI KoJieH4YaToro Bajia (pucyHok.10.8r).
VYIi0BEIE KOMIIPECCOPBI MMEIOT 4YacTh LMIMHAPOB, PACIOJIOXKEHHBIX TOPHU30HTAIbHO, YacTh -
BepTUKaibHO (pucyHok 10.8B). B mocnennee BpeMsi 0GoJiblioe paclpoOCTpaHEHHE TMOIYUMIIN
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YIJIOBBIE KOMIIPECCOPBI, Y KOTOPBIX OCH LMIMHIPOB PACIOJIOKEHBI Y-00pa3sHO C YoM pa3Balla

T 8¢ 10 90" (pucynoxk 10.71) 1 BeepooOpa3HO ¢ yriioM pa3Baia OT 43 10 60° (pucynox 10.8e).

7.1lo Tumy razopacnpezeneHus B LWIMHAPE: NPSIMOTOYHbIE U HENPSIMOTOYHBIE (PUCYHOK
10.9, 10.10, 10.11, 10.12).

=) Illlanum‘dm..
n.?[

PMCVHO 10.11 — NpAMOTOYHbIN
Komnpeccop PucyHok 10.12 — HenpsamoToYHbIA KOMMpeccop

1 — 610K KapTep, 2 — BcacbiBaOWMIM NAaTPyboK, 3 — 60K UMANHAPOB,
4 — KpbilWKa ULMAWHAPOB, 5 — KnanaHHasA rpynna, 6 — HarHeTaTe/lbHbIN
naTpybok, 7 — WaTyHHO-NOPLIHEBas rpynna, 8 —KoneHyaTbli Ban, 9 —
dunbTp

B npsmotouHBIX KOMIpeccopax Imap BCerja JBUXKETCA B OJHOM HallpaBJIEHUHU.
HarnerarenbHbll KJlaniaH HEMNOBMKHO 3aKpeIlieH B KJIAMIAaHHOM TOCKE B BEpXHEH 4acTH LWIMH/PA,
a BCACBIBAIOIIMIA KJIallaH HAaXOJUTCS B BEPXHEH YacTU MOPIIHS U JABHKETCS BMECTE C HUM (PUCYHOK
10.12a). B HenpsSMOTOUYHBIX KOMIIpECCOpaX, BCACHIBAIOIIUI U HArHeTaTelbHbIA  KiamaH
HEIO/IBUXKHBI M PACIOJIOKEHBI B KJIallaHHOM J1I0CKE B BEpXHEW yacTu nmuinHiapa. [lpu BcacsiBanuu u
HarHeTaHWHU Map XOJOIUIBHOTO areHTa B IIIMHAPE MEHSIET cBoe HampaieHue (pucyHok 10.1206).

8.Ilo KoMMYecTBY CTyneHeH CxKaTusl Ha OJIHO-, IBYyX-, MHOTOCTYIIEHYATHIE.

KonudecTtBo crymeHed cxatus BbIOMpaeTcsi B 3aBHCHUMOCTH OT TOTO, Kakou
TEPMOJMHAMUYECKUN UK OCYHIECTBISETCS B XOJOAWJIbHOM MamuHe. CKaThue B OJHOUM CTYIEHU
SKOHOMHYECKU He 3(PPEKTHUBHO MPHU OTHOIICHUH JIABJICHHS HATHETAHUSI U BCACHIBAHMUS:

Puy >3
o
B MHOTOCTYIICHYATOM MMOPIIHEBOM KOMIIPECCOPEC OJHA YACTh NUIIMHAPOB pa60TaeT Ha

HHU3KYIO CTYIICHB, Apyrad — Ha CTYIICHb BBICOKOT'O IaBJICHUA.
9.Ilo crenenu TCPMETUIHOCTHU HA TCPMCTUYIHBIC, OeccaIbHUKOBBIC U CaJTbHUKOBBIC.
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1 — snexrpoxBUTraTens , 2 — KOJICHYaTHIH Bal , 3 — MaTyHHO-TIOPIIHEBAs rpymma, 4 — OJI0K MIMHAPOB, 5 — TIIYIIHUTENb
mryma , 6 — Koxyx.

Pucynox 10.13 - ['epMeTHYHBIH XOJIOAUIBHBIH KOMIIPECCOP

B repmernyHBIX KOMIpeccopax BeCh MEXAaHH3M JIBUXKEHUS BMECTE C JJIEKTPOABHUTaTEIeM
MTOMEIIEH B OJIMH HEepPa3beMHBIH CBapHON KOXKyX (pucyHok 10.13). beccanbHUKOBBIN KOMIIpECcCcOp
HMEET KapTep CO BCTPOCHHBIM AyekTpoasuratesneMm (pucyHok 10.13). Kaprtep BbIOSHEH cO
CbEMHBIMU KpBIIIKaMU, OOECHEYMBAIOIIUM JOCTYNl K KJalaHaM, MEXaHH3MY JBWXKCHHUS U
anektpoaBurarento. CaabHUKOBBIE KOMIIPECCOPHI COEAMHSIOTCS C MPUBOJOM 4Yepe3 My(pTy uiau
pemMeHHy0 mepeAady. TyT TepMETHYHOCTh MEXIY BBIXOJHBIM KOHIIOM KOJEHYaTOro Bajia H
KOPILYCOM JIOCTHTaeTCsl YCTAHOBKOM CIIEIUAIbHOTO YCTPONUCTBA-CaTbHHUKA.

Pucynoxk 10.14 - beccanbHUKOBBINM XOJI0JMIBHBII KOMITPECCOP

1 - G6nokx kaptep, 2 - pOTOp INEKTPOABHUraTels, 3 - cTarop dJeKTpojaBurarens, 4 -
TE€PMETU3UPOBAHHBIE SJIEKTPOBBO/IBI

10. ITo B3auMHOMY KpeIUICHUIO LUJIUHApPAa W KapTepa: Ha OJOK-KapTepHble U OJIOK-
LIWJIMHIPOBBIE.

brok-kapTepHbie KOHCTPYKIIMA MMEIOT OJMOK HWIMHIPOB M KapTep B oOmiel oTimBke. B
ONOK-IIMJIMHPOBBIX KOMIIpPECCOpax KapTep W ONOK IMUIUHAPOB OTAENbHBIC JIE€Talld, Kpersiuecs
Ipyr K Apyry Oonramu. BIOK-IIMIMHAPOBBIE KOMIPECCOPHI MPUMEHSIOTCS B HACTOSIIEE BpeMs
CPaBHUTENBHO PEAKO U TOJIBKO B MAJIBIX XOJOJAUIBHBIX KOMIIPECCOPAX.

11. TTo ymcny paboyux MOJOCTEH MUIMHApPA: HAa KOMIIPECCOPBI MPOCTOrO JEHCTBUS U
JIIBOMHOTO JIEHMCTBHU.
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B xommpeccopax mpocToro AEHCTBUS CXKATHE MMapa OCYIIECTBIAETCS OIOHOM CTOPOHOM
MOPIIHSA, @ B KOMIIPECCOPAX IBOMHOTO IEHCTBHS 0OEMMHU CTOPOHAMHM IOPIIHS, COOTBETCTBEHHO B
IBYX pabouux MOJIOCTAX HHIUHIpA. KpeWnkomdHble KOMIIpeccopbl B OCHOBHOM JIBOHHOTO
nevictBus (pucyHok 10.14a), 6eckpeiinkondubie — mpoctoro neicTBus (pucyHok 10.140).

12. TIo BuAy OXJIaXAEHHUS: Ha KOMIIPECCOPHI C BOASHBIM OXJIAXIACHUEM U C BO3IYLIHBIM
OXJIAKJICHUEM, C OXJIAXKJACHUEM MapoOM XOJIOJAUIILHOTO areHTa, ¢ KOMOMHUPOBAHHBIM OXJIaKICHUEM.
[Ipn BOASHOM OXJAXKIEHUM BEPXHSAS YacTh LWIMHAPOB, a MHOTAA U KPBIMIKH, HUMEIOT
BOJITHYIO PYOalllKy, BBIMOJHEHHYIO B OJOK-KapTepe uiau B Onok-umiauHiape. B kommpeccopax c
BO3JIyLIHBIM OXJIQX/IEHUEM JUIsl YBEIMUEHUS TEIUIoNepeIaonieil HOBEpXHOCTH Ha OJOK-IIMIMHIpax
Y KPBIIIKaX JIeJaeTcsi opedpeHue.

13. Tlo cnocoOy cMa3ku TpyLIUX AETajeil: Ha KOMIIPECCOPbl C MPUHYAUTEIbHOU CMa3KOH,
pazOpeI3ruBaHreM, KOMOMHUPOBAHHON CMa3KOM U O€3 CMa3KH.

JUis cMa3Kku MOBEPXHOCTEN TPEHHUS HCIOJIB3YETCS CHEIHATbHOE JKUIKOE Macio, KOTOpoe
HaXOJUTCS B HUKHEH 4acTH KapTepa kommnpeccopa. [IpuHyauTensHas cMaszka OCyIEeCTBISETCs Ipu
MTOMOIIY MacJITHOTO HAacoca Yepe3 MPOCBEPICHHBIE OTBEPCTHS B KOJIEHYATOM BaJie U IIaTyHE.

[Tpu cmaske pa3OpbI3TUBaHMEM, MACIIIHOTO Hacoca HET, a CMa3Ka OCYLIECTBIISIETCS 3a CUET
pa30pbI3TUBaHusl Macia [0 BCEMY BHYTpeHHeMYy o0beMmy Kommpeccopa. [Ipu komMOWHHMpOBaHHOM
CMa3Ke MpPHUMEHAETCSI COBMECTHOE  JCWCTBHE  IPHUHYIWUTENBHOM  CHCTEMBI CMa3KH U
pa30Opsi3ruBanreM. B HacTosiee Bpems BBIITYCKAIOTCSl KPEHLKOI(HBIE KOMIIPECCOPBI, Y KOTOPBIX
LWIMHAPOIIOPINIHEBAsT TpyNna HE CMa3blBacTCs, a KPUBOIIMITHO-LIIATYHHBIA MEXaHU3M HMEET
OOBIYHYIO IMPKYJSLMOHHYIO CMa3Ky OT Hacoca. [l mnpenoTBpalleHus NONaJaHus Macia K
LWIMHApPaM, B HUX Ha IUTOKE, MEXJy IOPIIHEM M KpeHIKON(OM, YCTaHABIMBAETCS CAJbHUK.
[Tpommn ycneniHsle McnbITaHUs OeCKpeHLKON(HbIE MOPLUIHEBBIE KOMIIPECCOpPHl 03 CMa3Ku, e
IIOJIHOCTBIO OTCYTCTBYET MXKHUAKOE Macio. B Takmx KoMIpeccopax IIAaTyHHBIE IOJIIAIHUKH,
IIOPLIHEBBIE KOJbLA, BTYJKM BEPXHMX TI'OJIOBOK INATyHOB H3TOTOBJIEHBI W3 KOMIIO3UIIMOHHBIX
aHTU(PUKIMOHHBIX MaTepHaioB C HU3KUM Ko3(p¢puuueHntom TpeHus. Mmerorea Taroke
KOMIpeccopbl  0e3 CcMa3Kku, B HWKHUX TOJIOBKAaX IIaTyHOB KOTOPBIX  YCTaHOBIIEHBI
IFEpMETU3UPOBAHHBIE TOJMINIIHUKA KadeHHs C KOHCUCTCHTHOM cMa3koil. Takue Kommpeccopsl
HUMEIOT Pa3beMHbIN Ball.

IMopuman

[lopmwens mnpegHasHaueH UId CO3JaHUS Pa3psODKEHHMS B LWIMHApPE KOMIIpeccopa IIpu
YBEJIMUYEHUH €r0 BHYTPEHHEro o0beMa U CKaTus apa XJaJareHTa Mpu YMEHBIICHUH BHYTPEHHETr O
o0bema. [lo KoHCTpyKIMH pa3indaoT AuddepeHnnaibHble, JUCKOBbIE U TPOHKOBBIE MOPILIHU.

Huddepenuuansupie  mopimHd  (pucyHok  10.14a) mpuMeHSIOT B KOMIIpeccopax
MHOTOCTYIIEHYAaTOTr0 CKaTus. I[lopIHM W3roTaBNIMBAaIOT Kak LEIbHBIMH, TaK U COCTaBHBIMHU.
JIByxcryneHyarsle qudQepeHnnanbHble MOPUIHK TOPU30HTAIBHBIX KOMIIPECCOPOB BBINOJIHAIOT
MIOABEIICHHBIMA Ha INTOKE. bojee ClIoKHBIE TOPIIHM [ETar0T CKOJIB3SIIMMHU II0 TOBEPXHOCTH
munHapa. Kommpeccopsl ¢ anddepeHIuanbHbIMU HOPIIHAMU NPUMEHSIOT B OCHOBHOM ISt
COKaTUsl pa3IMYHBIX T'a30B U B XOJOJMJIBHOM TEXHUKE OOJIBIIOrO MPAaKTHYECKOro 3HAYCHUS He
TOJTYYHIIN.

JIMCKOBbIE TIOPIIHM HCHOJB3YIOTCS B KPEHLKOM(HBIX XOJOJIMIBHBIX KOMIIpeccopax
(pucyHok 110). JIuCKOBbIE NOPLIHU JIENAIOT OOBIYHO MOJIBIMM U JIHUILA COEAUHSIOT MEXAY cOO0M
peOpamu. BricoTa mopuiHs koMrpeccopa HeOObIIAS U ONPEeNseTCs U3 YCIOBHS pa3MelIeHUs Ha
HEM YIUIOTHUTEJIbHBIX KOJIELL.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcbl, MICTOYHUKU U METOBI MTOTY4YEHUS

113ctp. u3 174

rznacoa

B) n

Pucynox 10.14 — INopurau KoMIpeccopoB

a — muddepeHuranbHbii; 6 — AUCKOBBIN; B — TPOHKOBBIA HEMPOXOIHOMN; I — TPOHKOBBIN
IIPOXOJTHOM.

[HopurHu KpeHIKOMPHBIX KOMIIPECCOPOB MOTYT MOJBEUIMBATHCS HA IITOKE WM OMUPATHCS
Ha pa0ouyr0 MOBEPXHOCTh UWIMHIApa. B mocienHem ciydyae TUCKOBBIM MOpIIEHb CHAOXaroT
JIOTIOJTHUTEIbHOM HECYIIEH MOBEPXHOCTHIO, BOCIPUHUMAIONIEH BEC MOPIIHS.

TpoHKOBBIE MOPIIHM MPUMEHSIIOT B XOJIOAUIBHBIX OECKpEeHIKON(HBIX KOMIpeccopax, OHU
COEIIMHSIOTCS HEMOCPEACTBEHHO € MIATYHOM IIPH MOMOIIY TOPIIHEBOTO Nanblia. B HENMpAMOTOUYHBIX
OeckpeHKON(HBIX KOMIIpECCOpax MPUMEHSIOT TPOHKOBBIE HEMPOXOAHbIE MOPIIHH, KOTOpHIE
UMEIOT BHJ IEPEBEPHYTOI0 BBEPX AHOM cTakaHa (pucyHok 10.14B). Ha BepxHelt yacTu mopiiHs
UMEIOTCS KaHaBKM JUIA YIUIOTHUTENIBHBIX W MaclOChEeMHBIX Koyiell. B  oTedecTBEHHBIX
KOHCTPYKIUSAX IMPUHSATO MPUMEHSTHh JBA-TPU YIMJIOTHUTEIBHBIX M OJHO MAacCJIOCHEMHOE KOJIBLIO.
[IpsimoTouHble  OGeckpeHnKon@HbIE KOMIPECCOpbl CHAOXKEHbl TPOHKOBBIMU  MPOXOJIHBIMU
nopurHsaMH. [IpoxoiHOM MoOpIIeHb HE UMEeT JHA, BMECTO KOTOPOrO YCTaHAaBJIMBAeTCs KJaraHHAs
Jocka € BcachlBaromuMu KiamaHamu (pucyHok 10.14r). ®opma mOpiiHS yAJIHMHEHHAs, TIe
MPEeIyCMOTPEHbl OKHA WMJIM KaHalbl Ui MPOXoJa Mapa XOJIOAMIBHOTO areHTa W3 BCACHIBAIOIIETO
TpyOOTIPOBO/Ia K BCACHIBAIOIINM KIIallaHaM.

TpoHKOBBIE TOPIIHM BBINOJHAKOT M3 BBICOKOKauecTBEHHBIX 4yyryHoB CY21, CU24 wnmm
amroMuHMeBBIX cruiaBoB AJI10B, AJI30. Jlns maneix mopriHed (muamerpom g0 S50mm) Ges
YILIOTHUTENBHBIX KOJIEI MPUMEHSIOT YYT'yH, allOMUHUEBBIC CIUIaBBI WM HU3KOYIJIEPOAUCTYIO
ABTOMAaTHYIO CTaJlb.

4. MiuniocTpaTuBHBIM MaTepuaJs: (11 IpoBeAeHNs 3aHATHSI UCIIOJIb3YETCS CIIELYOIIEe
MaTepHalIbHO- TEXHUUYECKOe O0ecTiedeHre: HOyTOyK, MyJIbTUMEIUMHBIN TPOEKTOP, IKPaH.

5.JIuteparypa:

OCHOBHasl

5.JIureparypa:

OCHOBHast

1. BepnanueBa A.A., Jayner0aeBa [[.A. DHepropecypchl, HCTOUHUKH U METO/BI ITOJIy4YEHHUS. -
VuebHoe nocodue.-IIbmvkent 2022. -244 c.
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2. boictpunkuii I.®. B95 O6mas snepreruka ([Ipon3BoacTBO TEMIOBON M JJIEKTPUIECKON SHEPTHH)

: yueOnuk / I'.®. beictpunkuii, I'.I". I'acanramkues, B.C. KoxxnuenkoB. — 2-¢ u3n., crep. — M. : KHOPYC,
2016. — 408 c. — (bakanaBpwuar).

3. Ba¢wum, /[. b. B23 KorensHble YCTAaHOBKH | MaporeHeparobl: yuebnoe mocobue / /1.6, Bapumn.-
Hwxnexamck: HukHekaMckuil XUMHUKO-TexHonorndeckuid MHCTUTYT (pumman) GIBOY BITO «KHUTVY »,
2013. - 176 c.

4. Ilapornazos b. A., ®apadontoB M. @., Knementoes B. B. JlBurarenu BHyTpEeHHETO CrOpaHHUSL:
TEOpHs, MOJEIMPOBAHME M pacuéT MNpoIleccoB: YueOHUK mo Kypcy «Teopus pabouux MpoIeccoB MU
MOJIETTMPOBaHNE TIPOLIECCOB B JBUTATENSAX BHYTpeHHeEro cropanusy. — Yemsounck: Uzn. OYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sHeprocOepexeHUN u MOBbIMIeHHH 3HeprodddexruBHocTr PK ot 13 sHBaps
2012 roma Ne 541-1V. JleticTBytomuii ¢ U3SMEHEHUSIMH 1 omonHeHmsiMu. [IpoBepeno 15.01.2022

6. BcromoratensHoe obopynoBanne TOC. KoHCIEKT JEKIMH jis CTYACHTOB CIEIHAIbHOCTH
5B071700 — Teruosnepreruka. Anmatsr 2017. ¢.104

7. JlomoiHUTENBHAS TUTEpaTypa

8. Jlenyxorckuii I'.B., IlocmemoB A.A. Pacuer W HOpMUpOBaHHE IIOKa3aTeleld TEIIOBOH
9KOHOMUYHOCTH oOopynoBanust TOC: Yued. mocodue / GI'BOYBIIO «MBaHOBCcKUi TrocynapcTBEHHBIH
sHeprerndeckuil yauBepcuter uM. B.U. Jlennnay. — MBanoso, 2015. — 468 c.

9. Haruerarenu u teruioBble auratend / B. M. Uepkacckuid, M. B. Kanunuw, 0. B. Ky3uernos, B.
H. Cyo6otun. M. : Dueproaromuszaar, 1997

10. Konmenmus pa3BUTHSI TOILIMBHO-IHEPTETUYECKOr0 Komiiekca Pecnyomuku Kazaxcran 1o
2030 roma. ITocranosnenue [IpaButenberBa Pecryonmku Kazaxcran ot 28 utonst 2014 roma Ne 724
11. ITumumienko H.B., CuBakoB N.A. DHeprocOepekeHHWE W TOBBINICHHE IHEPTETHIECKON

3¢ (HEeKTHBHOCTH HH)KEHEPHBIX CUCTEM H ceTel. YuebHoe nmocodue. — CI16: HUY UTMO, 2013. — 274 c.

DJIeKTPOHHBbIE pecypchl:

http://www.studmedlib.ru,

JIOI'UH ibragim123, ITAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sl maHHBIX

PecrniyOnikaHckast MEXBY30BCKast JIEKTPOHHAst 6ubnoreka, Aknurpress www.aknurpress.kz.

6. KoHTpoJib (BONpockl, 3a1a4n, pemieHne)

1. OObsicHuTE CcrIOCO0 ASUCTBUS TUHAMUUYECKUX U 0OBEMHBIX HarHeTaTesei.

2. [lepeuncnure OCHOBHBIC MTapaMeTPhl HATHETATEIbHBIX MAIIKH.

3. Uro Takoe mapajuieIbHOE W TOCIENIOBATENbHOE COEAMHEHHUE HarHeTateneil? B kakux
ClIydasix OHU MIPUMEHSIFOTCS?

4. Kakue CymecTBYIOT MPAaKTUYECKUE CIOCOOBI PEryIUpPOBAHUS MOJA4YU IEHTPOOEHKHBIX
HacocoB?

5. HazoBuTe OCHOBHBIE MOKA3aTENU U XapaKTEPUCTUKH IEHTPOOESIKHBIX BEHTHIISITOPOB.

6. Kakue cyiiecTByIOT CriocoObl peryaTupoBaHus TPOU3BOIUTENEHOCTH BEHTHISTOPOB?

7. Kakue mpolieccsl MPOUCXOIAT B pealIbHOM MOPIIHEBOM KoMITpeccope?

8. Kak ompenenuts momuocth u KI1/] mopurneBoro xommpeccopa?

9. Kakwe cyiecTByrOT criocoObl perylIupoBaHHsl [101a4M MOPIIHEBOTO KoMIpeccopa?

Jlexnusa 11

1 Tema 11. CucreMblI TEIIOCHAOKEHUA M HCTOYHUKH



http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/
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2. Ienb: 3HaTh OCHOBHBIC O CUCTEMaX U MCTOYHUKAX TEIUIOCHAOKCHUS, 3HAT ITyTH
NOTPeOICHUS TEIJIOBON SHEPTHU

3. Te3uchl JEeKIHH:

Kiaccudukariyst cucteM TeriocHa0KeHUs.

[ToTpebnenne TemI0BOM SHEPTUN.

OCHOBHBIE CBEJICHUS O CUCTEMAX TEIJIOCHA0KEHHUS.

BoisiHble ¥ TApOBBIE CHCTEMBI TEIIOCHAOKEHHUS

Kunaccunpukanus cucrem TenjioCHA0KeHUs U HCTOYHUKHU

UenoBeuecTBO HCMOJB3YET TEIUIOBYIO SHEPTHIO C Hadaja CBOEro cymiecTtBoBaHus. Jlo
BTOpoM mojoBUHBI XYII B. OHa HMCHOJIB30BAJIACH HA MECTE €€ IOJYy4YEHHS, T. €. MPUMEHSIIOCH
MECTHOE€ OTOIUICHHE. Y PUMJIISIH MPUMEHSUTUCH BOJISIHBIE CHCTEMBI OTOIUJICHHUS C WCIOJIH30BAaHUEM
TepMaJbHBIX BOJ W TIOJIMOJHHOE OTHEBO3IYIIHOE OTOIUIEHWE JBOPIIOB. DTH CIIOCOOBI TOCTE
nagenust Pumckoit umnepun (Y B. 0 H. 3.) ObUIM COBEPIICHHO 3a0bITHI U OOHAPY>KEHBI TOJIBKO
ceiiyac B pe3yabTaTe paboThl apXeOoJIOTOB.

Otpap — cBugerens pacupera Kaszaxcrana B snoxy Benwukoro IllenkoBoro mnyrtu. OH
OCTaBaJICs KPYMHBIM TOPrOBHIM IIEHTPOM BIUIOTH JIO CpeaHeBeKoBbs. OTpap ObUI 3HAMEHHT
CcOOCTBEHHBIM MOHETHBIM JIBOPOM, POCKOIIHBIMU BOCTOYHBIMH OaHSIMH C OPUTHHAIBHON CHCTEMOU
OTOILICHUS, OTPOMHOM OMOIMOTEKOM, HE YCTYIABIICH cCaMbIM U3BECTHBIM OMONIHOTEKaM APEBHOCTH.
B sTOoM ropozae pomuics, KW U TBOPWI BCEMUPHO M3BECTHBIM CPEIHEBEKOBBIN MBICIHTEIb AJb-
®apabdu. B xonue XIII Beka Bo BpeMsi MOHTOJILCKOTO HAIECTBUS TOPOA OBbLIT YHUUTOXKEH.

B XYII - XYIII BB. NOABJISAIOTCS CUCTEMBI [IEHTPAIBHOTO OTOIUICHHS, B KOTOPBIX OT OJHOTO
HMCTOYHMKA OTAIUIMBAINCH BCE OMEILECHHUS.

B Poccuun mepBasi cuctema mapoBoro oTOILIEHUs ObLTa ocyliecTBieHa B 1816, a BOASIHOTO
oTtoruieHus - B 1834 r. Havanom meHTpanu3amnuy CUCTeM TeIUIOCHAOKEHHS clieyeT cuuTaTh 1818
r. AHrnm4aauH TpearosbJ ONMUCHIBAET CMOHTHPOBAaHHYIO B TOM JK€ TOJy HMapoOBYHO CHCTEMY
BBICOKOTO JIaBJIEHUS, OTAIUIMBABIIYIO LIETYIO TPYIIY OpaHXkepel oT 00Iel KOTeIbHOM, OTCTOSIIeH
OT HanboJiee yIaIeHHOU opamxepen Ha 127 m.

B 1830 r. B 'epManuu nosiBuiiach repBas CHCTEMa apoOBOT0 OTOTUICHHUSI, B
KOTOPOi1 ObLIT UCHIOIH30BaH BBIXJIOITHOMW Tap MapoBOM MAIlIWHBI.

Xopolie TeXHUKO-?PKOHOMUYECKUE TOKa3aTelu EHTPAIN3alMd UCTOYHUKOB TeIuia JJis
CWJIOBBIX U OTOMUTENBHBIX 1enei Obutn nmosyueHsl B CIIHA. B 1878 1. B

r. Jloxnopre (mrrat Heto-Mopk) ocyliecTBiIeHa MepBasi paiioHHas CHCTEMA TEIIOCHAGKEHHUS
210 10MOB C UCHIOJIb30BAHUEM JIJIS1 STOM 1IEIU Tapa MapoBbIX MaIKH.

[TepBoHauanbpHas AIMHA MOJ3EMHBIX APOMPOBOIOB cOoCTaBisia 2 KM. B 3T0 ke Bpems ObL10
OCYILIECTBIICHO HACOCHO-BOJSIHOE OTOIUJICHHE, COBMEILEHHOE C TOpPAYUM BOJOCHA0XKEHHUEM,
60JTBIIO TPyl ToMOB B BanTteare (rat Heto-Hopk).

Crnenytomieil cTpaHO#, OCYyIIECTBUBIICH IIEHTpalbHOE TEIUIocHaOkeHue, Obuta ['epMaHus.
3nech cucTeMa IeHTPAIM30BAaHHOTO MApOBOTO TeIUiocHaOkeHusi mossuiack B 1900 r. B T.
Hpe3nene. Ilap c¢ naBnenuem 0,8 Mlla nonaBancs Ha paccrossHue 1050 M Kk JABeHaaUaTu
OTPEOUTEIISIM.

B nawane XX B. B CBS3M C CEPUMHBIM IIPOU3BOJICTBOM JJIEKTPOJABUTATEIEH ITOIYYaET
pa3BHUTHE IIEHTPATIHLHOE BOASHOE TETNIOCHAOKECHHUE.

Knaccudukarus cucreM TeriocHa0KeHus

OcHOBHOE Ha3HaYeHUE JIFOO0H CHUCTEMBI TEIUIOCHA0KEHHS COCTOUT B
obecneueHnn NoTpeduTenei HeoOX0MMBIM KOJIMYECTBOM TETUIOTHI 33JaHHBIX TAPAMETPOB.
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B 3aBucumocTH OT pa3MemIeHUs HCTOYHHWKA TEIUIOTHI MO OTHONICHHIO K TMOTPEOHTEINsIM
CUCTEMBI TEIUIOCHAOXKEHHS Pa3/ICISIFOTCS Ha JICIICHTPATN30BaHHBIC U [ICHTPAIM30BaHHBIC.

B neneHTpann30BaHHBIX CUCTEMaX MCTOYHUK TEIUIOTHI M TEIUIONPHEMHUKH MOTpeOUTENeH
COBMEIIICHBI B OJIHOM arperate WIH pPa3MENIeHBl CTOJbh OJM3KO, YTO IMeperadya TeIrIoThl OT
HMCTOYHUKA J0 TETUIOTIPUEMHUKOB MOXET MPOU3BOAUTHCS 0€3 MPOMEKYTOYHOTO 3BEHA - TCILIOBOU
CETH.

B crcreMax meHTpalM30BaHHOTO TEIUIOCHA0KEHHS HCTOYHHUK TEIIOTHI U TEIIONPHEMHUKH
MOTpeOuTENIeH pa3MeNIeHbl pa3/elIbHO, YacTO Ha 3HAYUTEIHHOM DPACCTOSIHHH, ITOATOMY Tepeaada
TEIIOTHI OT KCTOYHUKA JI0 MTOTPEONTENICH TIPOU3BOIUTCS 10 TETJIOBBIM CETSIM.

CucTeMBbl JICTIEHTPATU30BAHHOTO TEIUIOCHAOKECHUS PAa3/IEISIFOTCS HAa WHIUBUIYATbHBIE U
MECTHEIC.

B wHIMBHIyaTbHBIX CHCTEMax TEIUIOCHAOKEHUE KaKJIOTO TOMEIIeHUs (YJ4acToK Iiexa,
KOMHAaTa, KBapTHPa) 00€CIIEINBACTCS OT OTJACIEHOTO HCTOYHHKA.

K TakuMm cuctemam, B 9aCTHOCTH, OTHOCSITCS [IEYHOE U IIOKBAPTHPHOE
OTOIUICHWE. B MECTHBIX CHCTEeMaX TeIUIOCHAOKEHUE KaXJI0TO 3JaHus O00eCIeYrBAETCS OT
OTACIHHOTO MCTOYHHKA TEIIOTHI, OOBIYHO OT MECTHOM KOTenbHOM. K 3TOM crucTeme, B 4aCTHOCTH,
OTHOCHUTCSI TaK Ha3bIBaeMOE IIEHTPAJILHOE OTOIUICHWE 3JaHWi. B 3aBHCHMOCTH OT CTeneHU
LEHTPATU3alld CUCTEMbl  LIEHTPAJU30BAHHOTO TEIIOCHAOKEHMSI MOXHO  pa3lieiuTh Ha
CIIEYIOIIME YEThIPE IPYIIIIbI:

- TPYMIOBOE - TEIIOCHA0KEHUE TPYIIIbI 3/1aHHI;

-paifOHHOE - TEII0CHA0XKEHNE HECKOJIBKHUX TPYII 3AaHHH (paiioHa);

- TOPOJICKOE - TEIIOCHA0XEeHUE HECKOJILKUX PaiioHOB;

-MEKTOPOJICKOE - TEIIOCHA0KEHNE HECKOJIBKHUX rOpOJIOB. [4].

[Ipouiecc 1EHTPANIN30BAHHOTO TEIUIOCHAOKEHUS COCTOMT U3 TpPeX IMOCIeA0BATEIbHBIX
oneparuii:

a) IOJITOTOBKH TEIUIOHOCUTEJIS;

0) TpaHCIIOPTa TETUIOHOCHUTEIIS

B) HCIOJIb30BaHUS TETJIOHOCUTEIIS.

[loaroToBka TEIUIOHOCUTENS] MPOU3BOAUTCS B  CHEHHUANbHBIX, TaK  Ha3bIBa€MBbIX
TEIUIONOATOTOBUTENbHBIX ycTaHOBKax Ha TOLl, a Takke B ropoACKHX, pallOHHBIX, T'PYMIIOBBIX
(KBapTaJbHBIX) WJIM IPOMBIIUICHHBIX KOTEJIbHBIX.

[ToTpeGieHne TemIoBOM SHEPTUH.

TpancropTupyeTcsi TEIIOHOCUTENb MO TEIUIOBBIM ceTsM. Vcmomp3yercss TemIoHOCHUTENh B
TEIUIONPUEMHHUKAX moTpeduteneil. Komniekc ycmano8ox, npeoHazHayeHHvix OJisi NOO20MOGKU,
Mpawcnopma U UCNONb308AHUS  MENJIOHOCUMENs, COCMAsiaem CUcmemy YeHmpaiu308aHHO20
mennocHabdiceHus. JIns TpaHCmopTa TEIUIOThl Ha OOJBIIME PACCTOSHUSA TMPUMEHSIOTCS [1Ba
TEIUIOHOCUTENIS: BOJIa U BoJsHOM map. Kak mpaBuio, Ans yIoBIETBOPEHHS CE30HHON HATpy3KH U
Harpy3Kkd TOpSYETO0 BOJOCHAOKEHHMSI B KaueCTBE TEIUIOHOCUTENS WCIIONb3yeTcs BOJa, s
MIPOMBIIIJICHHOW TEXHOJIOTUYECKOM HAarpy3KH - map.

Ecnu cpaBHUTH O OCHOBHBIM IMOKa3aTelsM BOAY M Tap, MOKHO OTMETHThH CIEIYIOIINE
MPEUMYILECTBA UX IPYT Meped IPYTOM.

[IpeumyriecTBa BOABL:

1) cpaBHHUTEIBHO HU3KAs TEMIIEpATypa BOJIbI, a CICIOBATEIBLHO, TEMIIepaTypa MOBEPXHOCTH
HarpeBareIbHBIX MPUOOPOB;

2) BO3MOKHOCTh TPAHCIIOPTHPOBAHUS BOJBI Ha OOJIbIIME PACCTOSIHHS O€3 YMCHBIICHHUS €€
TEIUIOBOTO MOTEHINAIIA;
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3)  BO3MOXHOCTh  IICHTPAJIBHOTO  PErYIUPOBAHMS  TEIUIOBOW  OTHAYM  CHCTEM
TEIUIONOTPEOICHNUS;

4) BO3MOXKHOCTH CTYIEHYaToOro MojaorpeBa Boiasl Ha TOL[ ¢ ucnosibp3oBaHMEM HU3KUX
JaBIICHUH MMapa W YBEIHMUYCHHS TaKHM 00pa3oM BBIPAOOTKH DIEKTPUUYECKON DHEPTUU HA TEIUIOBOM
NOTpeOSICHHUN;

5) mpocroTa TPUCOCAMHEHHUI BOISHBIX CHCTEM OTOIUICHHUS, BEHTHIIALUU M TOPSUYETO
BOJIOCHA0KEHUS K TETJIOBBIM CETSIM;

6) coxpaHeHue KOHeHcaTa rpetoriero napa Ha TOLI niau B palOHHBIX KOTEJIBHBIX;

7) OOJBIION CPOK CITY)KOBI CHCTEM OTOTUICHHS M BEHTHJISIIHH.

[IpenmyiecrBa napa:

1) BO3MOYKHOCTh IPUMEHEHHS TT1apa HE TOJBKO VIS TEIUIOBBIX MOTPEOUTENCH, HO TaKXKe JIJIsI
CWJIOBBIX Y TEXHOJIOTHICCKUX HYK/I;

2) OBICTpBIE  TPOTPEeB M OBICTPOE OCTHIBAHWE CHCTEM IAPOBOTO OTOIUICHHUS, YTO
MpeaCTaBIsieT coO00M IEHHOCTh TSl OMEIICHUH ¢ TIEPHOINIECKAM 000TPEBOM;

3) map HU3KOTO JaBiIeHuUs (0OBIYHO IPUMEHSIEMBIN B CHCTEMAaX OTOTUICHHS 3IaHHUi) HMeeT
MaJyro 00beMHYI0 Maccy (mpumepHo B 1650 pa3 meHbIe 00beMHOMN
Macchl BOJIBI); 9TO OOCTOSITEILCTBO B INMApOBBIX CHCTEMaX OTOIUICHHUS IO3BOJISIET HE YYHUTHIBATH
TUIPOCTATUYECKOE JaBICHHUE U CO3/1aeT BO3MOXKHOCTh IPUMEHSATH Map B KAUECTBE TEINIOHOCUTEIS B
MHOTOATAKHBIX 3[aHUSX; [TaPOBBIE CUCTEMbI TEIUIOCHAOXKEHHUS O TeM K€ COOOpaKeHHSIM MOTYT
MPUMEHSTHCS TIPA CaMOM HEOJIaronpusTHOM peiibee MECTHOCTH TEIJI0CHA0X)aeMOTO paiioHa,

4) Oonee HHU3Kas [EpBOHAYAIbHAS CTOMMOCTH IAPOBBIX CHCTEM BBUIY MEHbIICH
MOBEPXHOCTH HarpeBaTeNbHBIX MPHUOOPOB U MEHBILIUX JUAMETPOB TPYOOTIPOBOIOB;

5) npocToTa HaYaTBbHOM PETyIMPOBKH BCIICACTBHE CaMOpacIipeieeHus mapa;

6) oTCyTCTBHE pacxo/ia SHEPIUU Ha TPAHCIIOPTUPOBAHHUE TTapa.

K HenmocraTtkaM mapa MOKHO OTHECTH JOTOTHUTENIBHO:

1) mOBBIIICHHBIE
MOTEPH TEIUIOTHI MAPONPOBOJAMH H3-3a 00Jiee BLICOKOM TeMIlepaTyphl apa;

2) CpoK CiyObl MapOBBIX CHCTEM OTOIUICHHS 3HAYUTEIHHO MEHBIIE, YeM BOJSHBIX, U3-3a
MHTEHCUBHOW KOPPO3UU BHYTPEHHEN MOBEPXHOCTH KOHCHCATOIIPOBOIOB.

[IpynuMas BO BHMMaHHE CKa3aHHOE, HECMOTpPS Ha HEKOTOpbIE MPEUMYIIECTBA Mapa Kak
TEIJIOHOCHUTEIISI, TIOCIEIHUN MPUMEHSETCS ISl CUCTEM TEIJIOCHA0XKEHUSI U OTOTUTEIbHBIX CHUCTEM
3HAYUTEIBHO PEXE BOJIBI U TO JIMIIb AJIs
TeX MMOMEIIeHUH, TJIe HET J0JITOBPEMEHHOTO MpeObIBaHNUs JTIO/ICH.

CrtpouTtenbHbIMA HOPMaMHU M MpaBUJIAMHU MapoBOE OTOIJICHHE pa3peliaeTcss MPUMEHSATh B
TOProBBIX MOMEIICHUSX, OaHAX, IPAYEUHBIX, KUHOTEATpax, B MPOMBIIIJICHHBIX 3JaHUIX. B jKHUITbIX
3/IaHUSX MapOBBIE CUCTEMbI HE MPUMEHSIOTCS.

B cucremax BO3AYIIHOTO OTOIUICHHS W BEHTWISAIMHM JIOOBIX 3JaHUM  pasperiaeTcs
MPUMEHEHNE Mapa B KaYeCTBE MEPBHUYHOTO (HArpeBarollero BO3AyX) TeruioHocutens. [IpuMeHsaTsb
€ro TaKKe MOXHO JJIs HarpeBaHUsl BOJIOIIPOBOJIHON BOJIBI B CHCTEMAX TOPSYEro BOJOCHAOKEHNUS.

[TapameTpamu TemIOHOCUTENEH HA3BIBAIOT TEMIIEPATYPY U JaBJICHHE.

Bmecto naBneHHS B MpPaKTHKE SKCILTyaTallMd IIUPOKO IMOJIB3YIOTCSA APYrodl emuHuIei -
HaTroOpPOM.

Hamop u naBneHue cBsi3aHbl 3aBUCUMOCTBIO
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rae H - wanop, M; P - naBnenue, I1a; p - IIOTHOCTh TEIUIOHOCUTEIIA Kr/MS; g - YCKOpEHUE
cBOOOIHOTO TIaCHUS, M/c2.

Boja xak TernaoHOCUTENb XapaKTepru3yeTcs pa3IundHbIMHU TEMIIEpaTypaMu
0  CHUCTEMBl  TEIUJIONOTpeOJeHHs  (HarpeBaTelabHOro  mpubopa) M IOCIE  CUCTEMBI
TEIUIOTIOTPEOJICHHUSI.

MOoIIHOCTH TEIJIOBOTO MOTOKA, KBT, oTmaBaemoro Booi, Q omnpenensercs
hopmyoi

Q = Ge(t, — 1) (11.1)

rae G - KOJIMYECTBO BOJIbI, MPOXOJAIIEH Yepe3 CHUCTEMY TeIIonoTpeOseHus, Kr/c; ¢ -
yaenapHas TeIIoeMKocTh Bojbl, paBHas 4,19 x/Dx/(kr°C); t1 - Temmeparypa BOJIbI 10 CHUCTEMBbI
TertonoTpeOeHus (mocie MUCTOYHHMKA TeroThl), °C; tz - Temmeparypa BOJBI TOCIE CHCTEMBI
TerIonoTpedieHus (10 UCTOYHKUKA TeroThl), °C.

B coBpeMeHHBIX cHCTEMax TEIUIOCHAOKEHUS TPUMEHSIOT CICAYIOIIUe 3HAYCHUS
TeMIepaTyp BOJIBI:

a) t1 = 105°C (95°C); t2 = 70°C B cucTeMax OTOIUICHHUS KHIIBIX U OOIIECTBEHHBIX 3aHUM;

0) t2 = 150°C; t2 = 70°C B cuctemax IEHTPaJIU30BAHHOTO TEIJIOCHAOKEHHS OT KOTEIHHON
niu TOL, a Takke B cUCTEMaX OTOTUICHUS MPOMBIIUICHHBIX 3aHU.

Temnepatypa BoJbl B ccTEMaXxX TEIJIOCHAOKEHHUS JOJKHA COOTBETCTBOBATH JABJICHUIO, TIPU
KOTOPOM He OyZeT BCKUMNaHus (Harpumep, Bojaa npu temneparype 150°C nomkHa UMETh 1aBJICHHE
e Hmwke 0,4 MIla).

[loBeilIeHne TeMIiepaTypbl BOJIbI B MCTOYHHUKE TEIJIOCHAOXKeHHs (y TeHepaTropa TerioTh)
BEIET K CHIDKEHUIO KOJIMYECTBA IEPEeKadyMBAaEcMON BOJbl, YMEHBIICHHUIO TUAMETPOB TpPyO U
pacxoI0B SHEPIrUU HA MEPEKAUKY.

Ckazannoe Oyzert sicHo, eciau Gopmyny (11.1) pemmTh OTHOCHTEIBHO PAcXo/1a BOJBI, KI/c,

6= (11.2)

ety —tg)

Jlis mepenayn TOTO K€ KOJIMYECTBA TEIJIOTHI Q TeM MeHblle mnorpedyercs Bojsl G, yeM
0oJIbIIIe Pa3HOCTH TeMIiepaTyp (ti- 2).
Jliist mepexojia OT Macchl IEPEKaYMBaeMOi BOJIBI K ee 00beMy V, M/C, UCTIONB3YIOT GOpPMYITy

V= f (11.3)

rae G - pacxo/bl BOJBL, KI/C; P - IIIOTHOCTh BOJBI, KI/M",

B cucrtemax mapoBoro TeminocHabKeHus MPUMEHSETCS Map pa3NuyHbIX AaBieHuid, MIla:

B cucremax mapoBoro otoruienus Huszkoro nasienus - 0,005-0,07

B cuctemax mapoBoro oTorieHus: BEICOKOTo Aaienus - > 0,07

J71s TEXHOIOTHH TIPUMEHSIETCS TIap ¢ PA3IUYHBIMU 00JI€€ BHICOKUMHU JIaBICHUSMHU.

MoIHOCTh TEIIOBO# oTAauM mapa, KBT, B cucreme TemnonoTpednenus Q U KOIMYECTBO
napa G Juig nepeiadu 3TOro ke KOJIMYECTBA TeIJIOTHI OMpeIessitoTes 1o Gopmyre:

Q=6 [I' — Cplyac (114)
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rjae G - KOJIMYeCTBO Mapa, Kr/c; | - SHTAJIBIHS CyX0Tr0 HAChIIIEHHOro mapa, K/ k/kr; ¥Hac -
TeMIlepaTypa HachllleHus napa, °C.

TemnoeMKOCTh KOH/IEHCATA CK, KaK ¥ BOABI, paBHa 4,19 kJ[x/(kr°C), Mmo3TOMY SHTaJIBIHS
KOHIEHcaTa Ik =tuac, Cx =4,19 thac.

Jlnst mapa Huskoro naBnenus popmyna (11.4) MokeT ObITH ypoIieHa

Q =GT’

rJie I - CKphITas TeIioTa mapooopasoBanus, paBHas 2260 kJx/kr.
Pacxox mapa (1 koHaeHCaTa), KI/C,

TemioBbIe CUCTEMBI HCTOYHUKOB TEIIA

Bonbimas 4YacTe TEmioBOM HArpy3kd IpU TeUIo(UKAlMKU TOKpBIBaeTcs oTpaboTaBIen
TEIUIOTOM, MoslyyaeMoil OT ycTaHOBIeHHBIX Ha TOIl Termno@ukanMoOHHBIX TYpOMH, B KOTOPBIX
AIIeKTpUYecKasi SHeprus BblpabaThIBaeTCss KOMOMHUPOBAHHBIM METOJIOM.

Ha cospemennsix TOLl, paGoTaromux Ha OpraHMYECKOM TOIUIMBE, YCTAaHABIMBAIOTCS, Kak
MPaBUJIO, TEIJIO(PUKAIMOHHBIE TYpOWHBI OOJBIION €IMHUYHOW MOuTHOCTHhIO (50-250 MBT) Ha
BBICOKHE U 3aKpUTHYECCKHE HadaibHbIC TapameTpsl (13 u 24 MIla) nByX OCHOBHBIX THIIOB:

a) KoHAeHcaoHHble ¢ oroopoM mnapa (T u I1T);

6) c mnporuBomaBieHneM (P). OcHoBHbIE mapameTpbl TEIIOMUKAIIMOHHBIX TypOUH
CEePHITHOTO TIPOM3BO/ICTBA MPUBEICHBI B Ta0JI. 9.1.

Tadmuma 11.1

Mapku OCHOBHBIE MapaMeTpbl CTAI[MOHAPHBIX TEIIOPUKAUOHHBIX TYpPOUH CEPUHHOTO
MIPOM3BOJICTBA eAMHUYHON MOIITHOCTBIO N=25 000kBT

\¥ 1
| Hacarwnue | ncno
| Homu- " 5 | Temnepa- | Hucwo Temie-
3 - | : acxon whtn-
3ason- o ki br o anll Fm 4 Jlansenne Typa perenc- patypa
Tun O seckan nanaewne, napa s v | pffamnie S Apos
suasenwe | wroro x0 AMpyemix . X
TypGine \ o\ SO \\ el Ly otSope,
suTens 1 octporo | orBopos, MIla y woft poaM, | mozorpe- amowch
nepary, i
3 U] napa, T/ '+ l sarened’ som, °C
& sl
P 1 A 2 J1_3 4 s 6 2o | 8\V o 0 | n 12
{ 25000 | |
T-2590 | T™3 9; 535 130 0,07-0,25 2 225 | 20 1
i 30000 ) M
{
| 55000 | 0,05-0,20 4
T-50/60-130 ™3 13;565 | 256 180 230 20 | 2
| | 60000 I 0,06-025 g |
| Konaenea- [ | I
105000 0,05-0,20 4
T-105/120-130-2 | T™3 13; 565 460 310 230 20 3
4 i I 120 000 I ) 006025 _| 3
OTOUHTEAL 1] 175000 | N 00508 7
uum ot60- | T-175210-130 | TM3 e 13; 565 745 et 520 22 3 20 3
sttt ———t 210000 | 006030 | "~ | T | | AV
180000 13; 0,05-0,15 4
T-180215-130 | T™3 628 465 232 20 3
215000 | 560/565 0,06-0,20 3
250,000 24; 0,05-0,20 s
T-250/300-240 | T™3 "~ 905 645 265 - 20 4
& 300000 | 560/565 | l 0,06-0,20 3 j

OCHOBHBIE CBEJICHHSI O CUCTEMAX TETIOCHAOKEHHUSI.

Ha mpoMblIlieHHOM MpeanpusTHH TEIJI0OBask SHEPrys paclpeiensercss Ha TeXHOJIOTHIECKUe
MPOILIECChl, OTOIUICHHWE, BEHTWJALMIO M Tropsdyee BOAOCHAOKEHHE. B KUIMIIHO-KOMMYHAIbHOM
X031 CTBE OCHOBHBIMH MOTPEOUTEISIMH TEIIOBOM SHEPTUH SIBISIOTCS CUCTEMbI OTOIJICHUS 3JJaHUH.

B cucremy TeniocHabxkeHHs BXOJUT cleaytoliee o0opynoBaHue:

— HCTOYHUKH TEIIOTHI;

— TpyOOIPOBOBI;

— HAacoCHl;

— TermonoTpedsonue mpudopsl 1 000pyIOBaHUE;

— peryiHpyolas, CATHATU3UPYIOIIas ¥ PErUCTPUPYIONIas anmaparypa;
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— YCTpPOMCTBA aBTOMAaTUKHU

HcToyHnKH TETUIOTH BRIPA0aTHIBAIOT TETLIOBYIO YHEPTHIO TPEOYEMBIX TapaMETPOB, KOTOpast
3aTeM TPAHCHOPTHPYETCS MO TEIIOBBIM CETSIM K MPOMBIIUIEHHOMY U YKUJIMIIHO-KOMMYHAIbHOMY
CEKTOpY.

TemoBeie cetn oT TOL| M KpyNHBIX KOTENbHBIX MMEIOT B CBOEM COCTaBE LIEHTPAJIbHBIE
terioBble yHKTHI (LITII), mectHble TeroBbie myHkThl (MTII), koHTpOJIBHO-pacnpeenuTeIbHbIE
nyHkTsl (KPII), noakaunBatomue Hacocusie cranuuu, (ITHC).

TenoBbie noTpeOUTENN KIIACCUPUIIUPYIOTCS 110 ABYM OCHOBHBIM KAaTErOpUsIM:

a) noTpebiieHre Temia s KOMMYHaJIbHO-OBITOBBIX HYXKJ (U151 o6ecrieueHus: KoM(pOPTHBIX
YCIIOBUI TpyZa U ObITa B )KUJIbIX, OOIIECTBEHHBIX U MPOU3BOICTBEHHBIX TOMELIEHUSX);

0) mnorpebneHue Temjga JUIs TEXHOJOTMYECKHX HYXKI (s oOecreueHus BBIITyCKa
MIPOMBIIIJIEHHON MJIH CEIbCKOXO03HCTBEHHON MPOAYKIIMU 3a/JaHHOTO KauecTBa).

OcHoBHasl 3a7jauya CUCTEM TemlocHaOkeHusa. V3 OCHOBHOM 3ajaud BBITEKAIOT MPOEKTHbHIE
3aJla4uM U SKCIUTyaTallMOHHbIE (PYHKIMU TEIIOCHA0XKAIOIIEeH CUCTEMBI.

[IpencraBnenre 06 OCHOBHBIX UCTOYHHKAX TEILIA.

Ha puc. 11.1 npuBenena B kadecTBe INpuMepa MPOCTEHINAs NPUHIMUIHAIBHAS CXema
BOJIOTpelHOM KoTenbHOM ¢ koTinamu [ITBM, paboTaromumu Ha rase.

1 I %82
=
{©

5 7
4 ®

1 - BopmorpeiiHbie KOTJIBI; 2 - CETEBOIT HACOC; 3 - PEUPKYISHOHHBII Hacoc; 4 — XuMHUYecKas BOAOMOATOTOBKA ; 5 — Hacoc;
6 - neasparop; 7 - MOANUTOYHBIH HACOC; 8 - PEryJIaTop Hepermycka.

Pucynoxk 11.1. - TeruioBasi cxema BOAOrpeliHO# KoTenbHOM ¢ kKoTiamu [ITBM:

Knaccugukanus cuctem TeriocHa0XeHusl.

VICTOYHMKH TETI0ThI

B 3aBucMMOCTH OT pa3MelleHHs HWCTOYHHMKA TeMJOThl MO OTHOLIEHHIO K MOTPEeOUTENsIM
CHCTEMBI TEINIOCHAOKEHHS pa3eisIIoTCs Ha J1Ba BUJIA:

1) neHTpann3oBaHHbIC;
2) JIeleHTPaIU30BaHHbIC.

1. B cucremax yeumpanuzosannoco TENJOCHAOXKEHHUS MCTOYHUK  TEIUIOTHI U
TEIUIONPUEMHUKH TIOTpeOuTeNnel pa3MelleHbl pa3esibHO, YacTO HAa 3HAYUTEILHOM PAacCTOSHHH,
M03TOMY Iepe/iaya TeIUIOThl OT UCTOUYHUKA JI0 MOTpeOuTeNeil MpOoU3BOUTCS IO TEMIOBbIM CETSAM.

[Iporecc EeHTPaNU30BaHHOTO TEIJIOCHA0XKEHHUS COCTOMT U3 TPEX OIEpaluil: MOATO0TOBKH,
TPAHCIOPTA M UCNOJIb30BAHUS TENJIOHOCUTEIS.

IloaroToBKa TEMIOHOCHUTENSI IMPOU3BOJIUTCS B CHELUAIBHBIX TEIUIO-TIOArOTOBUTEIBHBIX
ycraHoBkax Ha TOL[, a Takke B TOPOACKHX, palOHHBIX, TPYNIOBBIX (KBapTalbHbIX) HIH
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MIPOMBIIUICHHBIX KOTEJIBHBIX. TPaHCIOPTUPYETCS TEIUIOHOCUTENIb TI0 TEIJIOBBIM CETSIM, a
HCIIOJIB3YETCs B TEIJIONPUEMHHUKAX MOTPEOUTEIICH.

B  3aBucuMocTM < OT  CTEMEHW  I[EHTPAIM3AIMM  CHUCTEMbl  LIEHTPAIM30BAHHOTO
TETJIOCHA0KEHHSI MOXKHO Pa3JIeIUTh Ha CIICAYIONINE YE€ThIPE TPYIIIIbL:

- TPYIIIOBBIC - TETUIOCHAOKEHUE TPYIIITHI 3IaHHIA,

- palilOHHBIE - TETUIOCHA0KEHUE HECKOJIBKUX TPYIII 31aHui (paiioHa);
- TOPOJICKKE - TEIUIOCHA0KEHUE HECKOJIbKUX PalioHOB;
- MEXTOPOJICKHUE - TEIJIOCHA0KEHHE HECKOIBKUX TOPOJOB.

WCTOYHMKM TENNOCHAGXKEeHUs

ToU Paitonnbie ABTOHOMHBIE 1
" KOTENnbHbIE  WHAMBUY KoTenbHble

e e B~

LleHTpanu3oBaHHble CUCTEMBI FRmTRANE e

cucTems:

~70% nocrasox Tenna ~30% nocrasox Tenna

PucyHok 11.2 — Cuctema TennocHabxeHun PucyHoK 11.4 — UICTOUYHMKM
ropoaa TENNOCHAbXKeHUA

[To BUAY TETIOHOCUTENS CHUCTEMBI IEHTPATM30BAHHOTO TEIUIOCHAOKEHHS Pa3[eNsIioT Ha
BO/AsIHbIE U MapoBble. Boga ncnonb3yeTcs sl YAOBICTBOPCHUSI CE30HHOW HArpy3KH U HArpy3KH
ropstuero BogocHaoxkenus (I'BC); map - 1t mpOMBIIITIEHHOW TEXHOJIOTMYECKON HArpy3KH.

2. B Oeyenmpanuzosanuvix CHCTEMax TEIUIOCHAOXKEHHMS WCTOYHUK TEIUIOTHI U
TEIUIOTIPUEMHHUKH TIOTPEOUTENICH COBMEIICHBI B OJHOM arperare Wid pa3MemeHbl CTOJb OJIM3KO,
YTO TMepenada TeIIOThl OT MCTOYHHKA JI0 TEIJIONMPHEMHUKOB MOXET IPOU3BOJMUTHCS 0e3
MIPOMEKYTOYHOTO 3BEHA - TEIJIOBOM CETH.

CucTeMbl JICIICHTPAIM30BAHHOTO TEIUIOCHAOKEHUS Pa3JelIOTCs Ha WHAWBUIYAJIbHBIC U
MECTHBIE.

B uHIuBHAYyalbHBIX CHUCTEMaX TEIIOCHAOKEHUE KaXJO0ro mHoMenleHus (y4acToK Iiexa,
KOMHaTa, KBapTHpa) oOecreyrBaeTcsl OT OTACIBbHOIO MCTOYHMKAa. K TakuM cucrtemam OTHOCSTCS
MEYHOE M IOKBAPTHPHOE OTOIUICHHE. B MECTHBIX cHcTeMax TeIUIOCHA0KEHHE Ka)JI0TO 3JaHMUs
obecrieunBaeTcs OT OTAETBHOTO UCTOYHUKA TEIJIOThI, OOBIYHO OT MECTHOU KOTENbHOIA.

Cucmemotl ~ meniocHabceHusi  HA3bI6AIOM — KOMNJIEKC ~ TEXHUYECKUX  YCTPOWCTB,
00eCIeYrBarOIIUX MPUTOTOBJICHUE TEIUIOHOCUTENIS, €r0 TPAHCIOPTHPOBAHUE S PACTIPEICIICHUE IO
MOTPEOUTEIISM.

Haznauenue cucrembl TemnocHaOXeHUsT — oOecredeHue MoTpeOuTeNneil TemioThl
HEO0OXO0IMMBIM KOJTUYECTBOM TETIOBOW SHEPTHH TPEOYEeMbIX IMapamMeTpoB,

Ilompebumensmu  meniomsl  SBISIOTCS  CHCTEMbI  OTOIUICHUS,  BEHTHISALUU U
KOHJMIIMOHUPOBAHUS BO3/yXa, TOPSYETO BOJOCHAOKEHHUS, a TAK)KE TEXHOJIOTUYECKAE YCTAHOBKU
MIPOMBIIICHHBIX TPEIIPUSTHIA.

B 3aBUCHMOCTH OT WM3MEHEHHUs MOTPEOHOCTH B TEIUIOTE BO BPEMEHHU  pasiiu-
YAIOT Ce30HHbIX U KPY2l0200UdHbIX TIOTPEOUTENeH TeIIO0THI.

CucremMbl OTOTUICHHUS, BEHTUJISINH, KOHIUIIMOHUPOBAHUS BO3AYyXa SIBISIFOTCS CE30HHBIMH
NOTPEOUTENIMHU TETUIOTHI.
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[IpuMeHSIIOT ~ 1IEHTpaJu30BaHHbIE U JICLICHTPAIN30BaHHbIE (ABTOHOMHBIE) CHUCTEMBI
TerocHaokeHus. B yewmpanuzosanmvix cuctemMax OJMH HMCTOYHUK TEIUIOTHI  OOCTYKUBAET
pa3zienbHO PacIoJIOKEHHBIE TETUTONOTPEOIONTIe yCcTpoicTBa psina a0OHEHTOB.
B oeyenmpanuzosannwvix (aBBTOHOMHBIX) CUCTEMaX TEIUIOCHAOKEHUS KaXKIbl MOTPEOUTEIh UMEET
COOCTBEHHBIN HCTOYHHUK TEIUIOTHI.

Tennonocumens — MatepuanabHas cpejia, KOTopas UCMOJIB3YeTCs IS TIepeiadd TeIJIOThl OT
HUCTOYHHMKA K TOoTpeduTensiM. B cucremax TerocHaOXeHHsS B KayeCTBE TEIUIOHOCHTEIS CIIy>KaT
BO/JIa U BOJISTHOM Tap. Bo3myx /utst mepenaun TerioThl Ha 3HAYUTEIHHOE PACCTOSTHUE MAJIOTIPUTOIEH
H3-3a €r0 HEBLICOKOM IJIOTHOCTH U TEINIOEMKOCTH.

Boga: p= 1000 kr/m?; ¢ = 4187 xJIx/kr-°K; v= 1,5 m/c;

Hap: p = 0,6-1,6 xr/M3; ¢ = 2250-2160 x[x/xT; v = 40-80 m/c.

Jlnst obecrieueHnsT TETUIOTOW OOJBIINX JKHIBIX MAacCCHBOB TOPOJOB ¥ IPOMBIIICHHBIX
NPEANPUITHI  NPUMEHSIOTCS CUCTEeMbl YEHMPAIU308AHH020 MmeniocHabcenus. VIcTouHIKaMu
TEIUIOTHl B HUX SBJSIOTCS menaodnekmpoyenmpary (TOL]) wm kpymable (0OBIYHO paiioHHblE)
KomebHble.

[TpuMeHsTOTCSt BOASHBIE U TTAPOBBIE CUCTEMBI TETINIOCHAOKESHHSI.

K npeumywecmeam 600wl kax menponocumenssi OTHOCSATCS 3HAYUTEIHHO MEHBIINE TIOTEPU
TEIUIOTHI MIPU TPAHCIIOPTUPOBAHUHU. B OONBIIMX cHCTeMaX TeMIiepaTypa BOJbI MMaacT MPUMEPHO Ha
1 °C ma 1 kM TemyIonmpoBOJa, B TO XK€ BpeMs JaBJICHHUE Mapa CHUxkaeTcs npumepno Ha 0,1-0,15
MIlIa, uro cooTBercTBYeET 5-10 °C.

[IpenmMytiecTBOM BOJIBI KaK TEIUIOHOCHUTEIIS SIBJISIETCS TAKKE BO3MOYKHOCTH PEryIUPOBaHUS
MOJIa4M TEIUIOTHI MyTeM W3MEHEHUs TeMIepaTypbl BOJbI (KAUYECTBEHHOE PETyInpoBanue). BoasHas
cucteMa Oojiee TMpoCTa B OJKCIUTyaTallMH, YeM TapoBas, TaK KaK B HEH OTCYTCTBYIOT
KOHJIGHCATOOTBOTYMKH, KOHJCHCATO-TIPOBOBI, KOHJACHCATHBIC HACOCHL. [Ipu TerioHocuTENne-BoIC
MOJICPXKUBAETCs 00Jiee HU3Kasl TeMITepaTypa OTONMUTEIBHBIX MPUOOPOB. ITO SABIACTCS THTHCHHYE-
CKUM TIPEUMYIIECTBOM BOJBI. TpyOOMpOBOJIbI, TPAHCHIOPTUPYIOIINE BOIY, B MEHBIICH CTEICHU
MIOIBEPYKEHBI KOPPO3HUH M CIIY)KAT JIOJIBIIIE, YEM TAPOITPOBO/IBI.

Jlocmouncmeom napa s6isiemcsi BO3SMOKHOCTh YAOBJICTBOPATh KaK OTOMHUTENIbHBIC, TaK W
TEXHOJIOTHYECKHE HArPY3KH, a TAK)KE MaJIOe THAPOCTaTHYeCKoe aaBiieHne. C ydeToM MPEeuMYIIeCTB
U HEIOCTAaTKOB TEIJIOHOCHTENICH BOJSHBIC CUCTEMBI TPHUMEHSIOT IS TEIJIOCHAOKEHHUS >KUJIBIX
JIOMOB, OOIIIECTBEHHBIX W KOMMYHAJIBHBIX 3JaHHM, MPEANPUATHA, KOTOPHIM HEOOXOAMMA ropsyas
BO/JIa, a TAPOBBIC CUCTEMBI — ISl CHAOXKEHHUS MPOMBIIICHHBIX NpeanpusaTuii. [lenTpanuzoBaHHoOe
TeIIocHa0XXeHne ropo0B coctapisieT 10 70—80% B KpyIMHBIX rOpoJax, B KOTOPBIX MpeodiaraeT
COBpEMEHHas 3aCTpOMKa.

Tenjodukanus- neHTpaIM30BaHHOE TeIIOCHAOKeHHE Ha Oa3e TOI] .

Ha xonnencanuonHnoit anekrpocranuuu (K9C) 40% TtemnoTel - Ha MPOU3BOJICTBO
AIEKTPOIHEPTUH.

B 5THX KOTENBbHBIX MOTYT OBITh MEXaHH3WPOBAHBI IOJla4a TOIUIMBA, yJOAJCHUE 30Jbl H
IJaKa.

CoxkpallieHre KOJTMYeCTBA UCTOYHUKOB TETUIOTHI M MX YKPYIMHEHHE TIO3BOJIAIOT 3HAYUTEIHHO
YIYUIIUTH YKOJOTUYECKYIO CUTYAI[UIO0 B KPYIMHBIX TOpo/ax. YMEHbBIIAETCS KOJIMYECTBO JBIMOBBIX
TpyO, uepe3 KOTOphIe B OKPYKAIOIIYIO CPEy BEIOPACHIBAIOTCS MPOAYKTHI CTOPAHHUSI.

Her HeoOxoaumocTu B OOJNBIIOM YHCIE CKIQJ0B TOILTMBA, MOXET OBITh MEXaHHU3UPOBaH
MpOoILIeCC yAaNeHus 30JIbl U LIJIAKOB. Jlerye oCcyIecTBIsATh OUUCTKY JBIMOBBIX Ta30B OT TOKCUUHbBIX
KOMITOHECHTOB.
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Hapsiny co 3HaYUTENBHBIMH TTPEUMYILECTBAMU [IEHTPATM30BAHHOE TCIUIOCHA0KCHHE UMEET
oTpe/ie/IeHHBIC HEMOCTAaTKH. K HUM B TIEPBYIO OUYepeib OTHOCSITCS 3HAYUTEILHBIC TIOTCPH TEIUIOTHI
B TCILIOBBIX ceTAX, gocturaromue 30%.

B kadecTBe MCTOYHWKA TEIUIOTHI B ATHX CHUCTEMax BCE IIMPE MPUMEHSIOTCS OJIOYHBIC U
KPBIIIHBIC KOTEIIbHBIE, Pa0OTAONIME HA Ta3e M KUIAKOM TOIUTHBE. TerutoBas MOIIHOCTh KOTEIBHBIX
ot 50 no 3840 xBT.

TernoBble ceTu

BoasiHbIE TETUIOBBIE CETH Pa3AeiSIIOTCS Ha 3aKpbimble U omKpvimbsle. B OTKPBITBIX CETSIX
UPKYIUPYIONIas B TEIJIOBOM CETH BOJA IMOJHOCTHIO WIJIM YAaCTUYHO Pa30OMpacTCs AJI TOpsSUIero
BOJIOCHA0XKEHUS. B 3aKpBITHIX CETAX BOJIAa U3 CETH HE OTOMpPALSTCS.

Tennosas cems - 3TO cHUCTEMa TPYOOIIPOBOIOB, IO KOTOPHIM TEIUIOHOCUTENH (TOpsYast BOJIa
WIM Tap) TOCTYHaeT OT HCTOYHHKA K TOTPEOUTENSIM TeIUIOTh. B TEIIoOBOH CeTH MOKHO
BBIJICIUTD  MPU  OCHOBHBIX  2leMeHma. mpybonpogoosl, No  KOMOPbIM  Nnepemeudencs
MmenioHocUmensb, U30NAYUI0, NPeOHAHAYEeHHYIO OJisl YMEeHbUeHUs NONYMHbIX Nomepb Meniomsl;
cmpoumenvHvle KOHCMPYKYUU (KaHatbl, ONOpol U Op.).

B 3aBUCUMOCTH oT CXEMBI MarvuCTpaTbHBIX TPYOOIIPOBOJIOB
MIPAMEHSIIOT Ko/iblesble U paduaivbhbie (JIy9eBbIE) TETUIOBBIC CETH.

TemnoBbie ceTH pa3AesioTCs Ha MasucmpaibHule, pacnpeoerumenvHole (BHYTPU KBapTana,
MUKpOpPaOHA) U omeemesieHus K OTICIbHBIM 3JaHUSIM.

TennoBsie ceTH MOTYT OBITh OJHO-, TIBYX- H MHOTOTPYOHBIMH. 3-TpyOHBIC: 1-5 U 2-51 TpyObI
— TMOJIAIONIKE TETUIOHOCUTENh C PA3HON TeMIepaTrypoi, 3-s1 -oopaTHasi.

4-tpyOHas: 1-s, 2-g TpyOBI - A1 OTOTUICHHSI, BEHTHJISIIMN U KOHIUITHOHUPOBAHHUS; 3-51, 4- -
VIS TOPSYEro BOJOCHAOKEHHS U TEXHOJIOTUYECKUX HYXKI.

TennoBeie ceTH MOTYT OBITb nO0O3eMHbIMU W HaozemHubimu. IloozemHas TIpOKIaaKa
MIPOU3BOIUTCS Ha TEPPUTOPUU HACEJIEHHBIX MYHKTOB u MPEANPUATHIA.
[Ipumensiercst kananrvhas N beckananrbHas TPOKIAaKa.

Haoszemnas npoxianka IpoU3BOAUTCA Ha TEPPUTOPUU MPEANPHUSITHH, B HEKOTOPBIX CIIydasx
Ha HE3aCTPOCHHBIX TEPPUTOPHIX B HACEJICHHBIX IMyHKTax. TpyObl ycTaHaBIMBAIOTCS Ha BBICOKHX
oropax, Ha3eMHBIX ONOpax, KpOHIUTEHHAX y CTEH 3/IaHUH, 3cTakagax. Tpaccy TEIUIOBBIX ceTei
MIPOKJIAJBIBAIOT B CMENHUAIBLHO OTBEICHHBIX TEXHUUYECKUX IMOJI0OCaX MapajuielbHO YIIULAM, 10poram
U TIpoe3/iaM.

Ilpu 6eckananvroli IPOKIAIKE TEIUIOBBIX CETEH HEOOXOIMMO BBLACPKUBATh OMPE/ICIICHHBIC
paccTOSIHUA 10 BEPTHKAIM U TOPU3OHTAIIM OT 3JaHHUM, COOPYKEHHH, BOJOTPOBOIA, KaHATH3AIUH,
ra3onpoBo/ia, JIEKTPUUECKUX Kabeseil, kabeneil cBs3u.

lloozemnasn NPOKIAOKA TIPOU3BOIUTCS B KAHAIAX U OECKaAHATbHbIM cnoco-
oom. VIcToNb3ylOTCS MpOXOOHble U Henpoxoousie KaHaibl. KaHaibpl OOBIYHO COOPYKAIOTCS U3
TUTIOBBIX JIeTalel WHIYCTPUATHHOTO U3TOTOBICHUS.

IIpoxoonvle xaHanbl 0Oonee yHOOHBI B OSKCIUTyaTalldd, OHHM [JAIOT BO3MOKHOCTH BECTH
MOCTOSIHHOE HaONoJieHue W oOciyxuBaHue TpyoonpoBonoB. llpu beckananvroti mpokiIagKe
TpyOONIPOBOJBI HAXOASTCS HEMOCPEACTBEHHO B TpyHTe. OTOT cmoco0 MPOKIAAKHA  JaeT
CYUIECTBEHHYIO 9SKOHOMHUIO. Temmon30aauoHHas KOHCTPYKILHUS COCTOUT U3 YETHIPEX CIIOEB:
AHTHUKOPPO3HOHHOTO, TETUIOM30JSIIMOHHOTO, THAPOU3O0JIAIMOHHOTO, 3allUTHO-MEXaHHYECKOTO.
[TpUMEHSIOT CreayIonue BU/Ibl TEIUIOBON H30JISILMU: 3ACbINHYIO, COOPHYIO U MOHOJIUMHYIO.

IIpucoennHenne noTpeduTe e K TEMIOBBIM CETSIM

CxeMmbl IPUCOETNHEHUS

[IpuMeHSIOT 3a6ucumoe 1 He3a8ucuUMoe IPUCOSTUHEHUSI MECTHBIX CHCTEM K TEIIOBBIM
CETSIM.
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[lpn 3asucumom TPUCOCAMHEHUM BOJA W3 TEIUIOBOW CETH MOMKET IOCTYNaTh 0e3
MOJMEIINBAHUS B OTONMUTEIBHBIC MPHUOOPHI CUCTEM OTOIUICHHUS. JTa cXeMma MPHUMEHSEeTCs, eClu
napamMeTpsl BOJBI B TEINIOCETH COOTBETCTBYIOT ITapaMeTpaM BOJIBI B MECTHOM CHCTEME.

Ipu nezasucumoii cxeme BoJia U3 TEIUIOBOM CETH MOCTYNAET B TEMJIOOOMEHHUKH MECTHOM
cucreMbl. OTHAaB TEIJIOTY BOJE MECTHBIX CHUCTEM OTOIUICHUS M BEHTWISAIMH, CETeBas BOJA
BO3BpalIaeTCs K UCTOYHUKY TEIJIOCHA0KEHHUS.

[Ipn 3aBUCMMOM NPHUCOEIMHEHUU MECTHas CHCT€Ma M TeIUIOBas CEeTb MEeXay Cco0oi
THJIPABIINYECKU B3aUMOCBS3aHbl. [Ipr He3aBUCHMOM MPHCOETMHEHUN TaKOW CBSI3U HET.

IIpn mpucoenWHEHWHM CHUCTEM TOPSYEro  BOJOCHAOKEHUS K OTKPBITOM CHCTeMe
TEIIIOCHA0XKEHUS BOJIA U3 TEIIOCETH MOCTYMAET Ha 8000paztop.

[Ipu  3akpeiTOil ~ cucteme BoJa JUIsl TOPAYErO  BOJOCHAOKEHHUsT  HArpeBaeTcs
B Menjio00MeHHUKe.

K napoevim TennoBeIM ceTSIM CHCTEMBI OTOTUICHHS W BEHTWISIIUU MOTYT IPUCOCIHHSTHCS
HEMOCPEJCTBEHHO U HE3aBUCUMO C TIOMOIIIbIO TETJI00OMEHHHKA.

TenJioBble MYHKTbI

TennoBo# MyHKT CKOBBIBAET TEIUIOBYIO CETh C MOTPEOUTEISIMUA TEIUIOTHI. TerIOBbIE TTYHKTHI
pacroyararoTcss B OTJCNBHO CTOSIIUX CIIEHUAIBHBIX 3JaHUAX WA B OTBEICHHBIX TTOMEIICHHIX
3IaHUM - nompeobumesneu meniomsl.

B TemnoBOM TyHKTE  OCYHIECTBISAIOTCS  IpPHUEM, TOATOTOBKA U  pachpeieieHue
TEIJIOHOCHUTENST Uil T[OJa4yd B MECTHbIE CHCTEMbl, a TaKkKe BO3BpaT HCIOJIb30BAHHOTO
TEIJIOHOCHUTENS B TETUIOBYIO CETh.

Ha TemmoBoM TIyHKTE B COOTBETCTBUM C TIPUHATOM CXeMOW MOTYT OBITH YC-
TAQHOBJICHBI  271€8AMOpblL,  YEHMPOOEeI’CHble  HACOCHL,  AKKYMYJISAMOpbl — 20pAvell  800bl,
MeniooOMeHHUKU OJisi CUCeM OMONJIEHUS U 20psaue20 8000CHAONCEHUS, 2PA3EBUKU, DUTbMPbl U
Op. YupasieHue paboTON TEIUIOBOTO IMYyHKTa MPOU3BOAUTCA C TMOMOILIBIO MPUOOPOB KOHTPOJS U
aBTOMATUYECKOTO PEryIHpPOBAHUSL.

Ecniu B TemioBoM MYyHKTE TMOATOTABIMBAETCS TEIJIOHOCUTENb TOJBKO [UISI CHCTEM
OTOIUICHUS U BEHTWISLIMU, TO TAaKOH TEIJIOBOM MYHKT HOCUT Ha3BaHUE aOOHEHMCKULL 800.

Onesamop OCyIIECTBISET MOAMEIIMBAHUE BOJbI U3 MECTHOM CHCTEMBI OTOIUICHUS K BOJIE,
MOCTYHAIOIIeH U3 TEIIoBOM cetu. B pe3ynbrare cMelleHHs MECTHbIE CUCTEMBI MOJIy4aloT BOIY C
3aJaHHOM TeMrepaTypol. DIeBaTOp BBHINOJHSET Takke (YHKIHIO HAacoca B MECTHOH CHCTeMe
OTOTLICHHUSI.

DneBaTop paboTaeT 3a CYET Pa3HOCTH TUAPABINYECKOIO JABJICHHS B MOJAIONICH U 00paTHOMN
TpyOax mepes 3J1IeBaTOPOM.

Ecnu Hanop HetocTaroueH, NPUMEHSIOT MOIMENIMBaHUE C TIOMOIIBIO HaAcocd.

Tennoobmennuxu (OOWIEPHI, BOJOHATPEBATENN) YCTAHABIUBAIOTCS HA TEIUIOBBIX IMyHKTaX
JUIs HarpeBa BOJBI Ml OTOIUIGHHUS U TOPSYEro BoAoCHAOKeHUs, [IpUMEHSIOT MapoBOJASHBIE H
BOJIOBO/ISTHBIE TETNIOOOMEHHHUKHU. Bo-1epBBIX, TEIIOHOCUTENEM SBISIETCS Map, BO-BTOPHIX - BOJIA.

Taxxe paznu4aroT emMKoOCmHble U CKOPOCMHblE MENi1000MEHHUKU.

I'pazesux - yYCTPOWCTBO [UISI OCaXKACHHUS 3arpsi3HEHUH, KOTOphIE HeEceT ¢ co0oit
TerioHocuTe b, OHU COCTOSIT W3 3€MJIM U TECKa, MOMAaBIIMX B TPyOONpPOBOJ TPU PEMOHTHBIX
paboTax, OKaJIMHBI U OTJIOKEHHUH. ['ps3eBUKHN yCTaHABIMBAIOT B TEIJIOBBIX MYHKTAX Ha MOJAIOIINX
TpyOax, a Takxke repen BojJoMepamu . ['psi3eBUK MMeeT HeOOJbIIoe T'HIPABINYECKOE COMPOTHB-
nenue. Jluamerp Kopmyca B TpH pa3za 0oJibllie JuaMeTpa BXOAHOTO natpyoOka, CKOpOCTh BOJbI PE3KO
Ma/IaeT, YTO CHOCOOCTBYET OCaX/IEHUIO YacTHIl. B rps3eBHKe UMeeTcs TakkKe CheMHBINH (QUIBTP B
BH/JIE OTpe3Ka TPYOBI C MPOPE3SIMH, 3aTIHYTHIMHU JTaTYHHOU CETKOH.

IloTpebeHue TeNJI10BOM IHEPT UM
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Buabl TenjoBbIX HATPY30K

B cucremax LEHTPalIM30BAHHOTO TEIJIOCHAOXKEHUS TEIJIO0 PacXOayeTcsi Ha OTOIUICHHE B
CHUCTeMax OTOIUICHUS 3JaHWl, HarpeBaHWe MPHUTOYHOTO BO3JAyXa B YCTAaHOBKAX CHCTEM
BEHTUJISIUY, Ha Topsiuee BomocHabxkeHue B cuctemax 'BC, a Takke TEXHOJIOTHUECKUE TIPOIECCHI
MIPOMBIIIITICHHBIX PEATPUSATHH.

B cucremax oTOTUICHHS M BEHTHIISIIUN TEIUIO PACXOIyeTcsl He HEMPEPHIBHO B TEUCHHE I0JIa,
a TOJILKO MPU CPABHUTEIHLHO HU3KUX TEMIIEpaTypax HApYKHOTO BO3/IyXa B OTONMUTEIILHBIN TIEPHO/I.
Takux moTpeOuTeNell TEIIOBOW YHEPTUH MPUHATO HA3BIBATH CE30HHBIMU, a UX TEIUIOBBIE HATPY3KH
- CE30HHBIMU
TEIJIOBBIMU HArPy3KaMH.

TerutoBast SHEPrUs B CUCTEMAaX TOPSYETO BOJOCHAOKEHHS U B TEXHOJIOTHYECKUX MPOTIECCax
TIPOMBIIIJICHHBIX MPEANPHUATHH PacXOJyeTCs HEMPEepPhIBHO B TCUCHUE roJia W Majo 3aBHCHUT OT
TeMIepaTypbl HAPY)KHOTO BO3TyXa.

TerutoBbic HATPY3KH HA TOpsSYEe BOJIOCHAOKEHUE M TEXHOJOTHUSCKUE HYXKIBI CUHUTAIOTCS
KPYIJIOTOJIOBBIMH TEIUIOBBIMH HAarPy3KaMH.

[Tpu MpOEKTHPOBAHUH CHCTEM TEIUIOCHAOKCHHS PACUCTHBIE JJAHHBIC O CE30HHBIX TETIOBBIX
Harpy3kax cjiejayeT TpPHHHMATh W3 TPOCKTOB OTOIUICHUS W BEHTWIAIMH 31aHuil. [lpwm
MEPCIEKTUBHOM CTPOUTEIBCTBE PACUYCTHBIC PACXOIbl TeIJla PEKOMEHAYETCS NPUHUMATh W3
TUTIOBBIX MPOEKTOB C COOTBETCTBYIOUICH KOPPEKTHPOBKOW MO KIMMATHYECKUM YCIOBUSM paiioHa
CTPOUTEIHCTBA.

[Ipy oOTCYTCTBMM TPOEKTHBIX TaHHBIX OTOINUTEIbHBIC TEIUIOBBIC HArpy3Kd 3[aHUHN
OTIPENIENISIOTCS OJTHAM U3 CICAYIONINX METOJIOB:

1) pacyeToM TEIUIONOTEPh Yepe3 DIEMEHThI OTPaXIAFOUIMX KOHCTPYKIMNA M JT00aBICHUS
MOTePh Ha HArpeB WHPHIHTPAITHOHHOTO BO3/IyXa ;

2) pacyeToM TEIUIOBBIX HATPY30K MO YKPYITHEHHBIM [TOKa3aTeIsIM;

3) onpeeneHreM TEIIOOOMEHA YCTAHOBICHHOTO B 3[IaHHH OTONUTEILHO BEHTHIISIIIMOHHOTO
000pYyI0BaHUS .

Pacuer Temonoreps yepe3 orpaxaaronine KOHCTPYKIIMH BBITIOTHIECTCS TIPU
Heo0XouMOCTH 0oJiee TOYHOTO OTIPE/ICICHUS TEIUIOBBIX IOTEPh, HANpHUMEp, NpPU pacueTax,
TPeOYIOIINX COCTABJICHUS TEIUIOBOTO OallaHCa 3MaHMsI U OTACTBHBIX €r0 MOMEIICHHH.

[Ipu OTCYTCTBUH MPOEKTHBIX JAAHHBIX OTOMHUTEIIHHBIC TEIUIOBBIC HAIPY3KH,KaK MPaBUIIO,
OTIPENICNISIOTCS TI0 YKPYITHESHHBIM TTOKA3aTEIIsIM.

KoHeuHO# 11e7bI0 pacyeToB SIBIISCTCS ONPENEIICHUE TEIUIOBBIX HArpy30K (MaKCHMaJbHBIX,
CPEIHUX ISl OTOMUTEIBHOTO MEPHUO/ia U T.J.) 0OBEKTOB CHCTEMBI TEIUIOCHA0KEHHS Ha OTOILICHHE,
BEHTHJIAIIUIO M TOPsiuee BOJOCHAOKECHHE, pacueT U OCTPOCHHE TPaPUKOB TEIUIOBBIX HArPY30K.

Ce30HHBIE TENI0BbIEe HATPY3KH

Benuunna u Xxapaktep H3MEHEHUS CE30HHOM HArpy3Kd 3aBHUCAT TJIaBHBIM 00pa3oM OT
KITMMATHYEeCKUX YCIIOBUN: TEMIIEpaTypbl HApPY)KHOTO BO3[yXa, HAMpPaBIICHUS W CKOPOCTH BETpA,
COJIHEYHOTO W3NMy4YEeHHsI, BIAKHOCTU BO3ayxa U JAp. OCHOBHOE BIMSIHHE Ha BETUYMHY TEIJIOBON
Harpy3kd OKa3blBaeT HapyxHas Temmeparypa. Ce30HHas Harpyska HMEET CpPaBHHUTEIHHO
MIOCTOSIHHBIN CyTOYHBIN rpaduK U IEPEMEHHBIN rOJJ0BOM Ipaduk HArpy3KH.

Pacyer TemoBBIX HAarpy3ok Ha OTOIUICHHE, BEHTHIIALUIO W Topsyee BOJAOCHAOKEHUE
TeIIonoTpeduTeneii, mpucoenuHeHHbIX K wuctouHukaMm (TOLl, koTenpHas), NPEANIECTBYET
TEIJIOBOMY pacdeTy UCTOYHUKOB CUCTEM TETNIOCHA0KEHHSI M TUIPABINYECKOMY PaCUETy TEIUIOBBIX
ceteil. TouHOCTH pacueTa TEIJIOBBIX HArpy30K OYIeT OmpeaessTh JOCTOBEPHOCTH PE3yIbTaTOB
pacuera CHCTeMbI TeTIOCHAOKEHHS B LIETIOM.

TenoBasi HArpy3Ka HA OTOIJIEHHE
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JUis BBINOJTHEHUS] OCHOBHOM (DYHKIMU CHCTEMbI OTOIUICHHSI HEOOXOIUMO COXpaHEHHE
PAaBHOBECHS MEXJy TEIUIOBBIMU IOTEPSMM 3AAHHUS U TEIJIONPUTOKOM OT CHCTEMBI OTOILICHUS.
VYcioBue TEMIOBOrO PaBHOBECHSI 3/1aHUSI MOKET ObITh BHIPAKEHO B BHJIE PAaBEHCTBA

0,.=0,+0,=0, +0, ., MBr (I'kan/4),

rie Qoc — CyMMapHBIE TETUIOBBIE TIOTEPH 3/1aHHS;

QT — TenonoTepu Teruonepeaayeii uepes HapyKHbIE OTpakJICHHUS;

Qu — TerutonioTepy MHPHUIBTPAIMEH U3-3a TIOCTYIUICHUS B TOMEUICHHE Yepe3 HeTUIOTHOCTH
HAapyKHBIX OTrPaKICHUN XOJIOAHOTO BO3YXa;

Qo — OBOI TETUIA B 3/1aHUE YePE3 OTOMUTENFHYIO CHCTEMY;

Q: — BHYTpEHHHE TETIIOBBIICTICHUS.

CyMMapHbI€ TEIUIOBBIE IOTEPH 3JaHUS MOKHO MPEJICTAaBUTh B BUE

Qoc = Qr (u+1), MBT (I'kan/u), (2.2)

rae i = % ko3 purmeHT HHPUIBTPAITUY;

Kosdbduument muduabTpauuu [ 3aBUCUT OT THUIA 3JaHUM, F€PMETUYHOCTU HAPYKHBIX
OTpakJeH1I, CBOOOJHOIN BBICOTHI 37aHMS (HE pa3fesieHHON MEXIy 3Ta)xaMH MNEpEeKpPhITHIMHU),
BHYTPEHHEH 1 HApy»KHOI TeMIiepaTypbl BO3AyXa U CKOPOCTH BETpa

5.JIuTreparypa:

OCHOBHas

S.JIutepartypa:

OCHOBHas

1. bepmanueBa A.A., layner6aeBa J[.A. DHEpropecypcsl, UCTOYHUKH U METOIbI ITOITyY eHHSI. -

VYyebnoe nocodue.-IlIsmmkent 2022. -244 c.

2. Beictpunkuii I.®. 595 O6mias sxepreruka (IIpon3BoACcTBO TEILIOBOM U 3JCKTPUICCKON SHEPIHH )

. yueOnuk / I'.®. Beictpurikwuit, ['.I'. ['acanrampkues, B.C. KoxuuenkoB. — 2-¢ u3i., crep. — M. : KHOPVYC,
2016. — 408 c. — (bakamaBpuar).

3. Baodumn, /1. b. B23 KorebHble YCTAHOBKH M ITApOreHeparosl: yueonoe nocoodue / J1.b. Bapum.-
Hwmxnaexamck: HmkHexkamckuit xumuko-TexHonorndecknit ”HCTHTYT (dpumman) GI'BOY BIIO «KHUTY »,
2013.-176 c.

4. MapornazoB b. A., ®apadontoB M. @., KnementseB B. B. /IBuratenn BHyTpEeHHETO CrOpaHUS:
Teopusi, MOAEIHPOBAHUE M PACUET MPOLECcCOB: YueOHMK No Kypcy «Teopus paboumx mpoLeccoB M
MOJIETIMPOBAHNE MPOLIECCOB B JBUTraTENIsIX BHYTpeHHEro cropanus». — Yemaounck: Uzn. HOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO sHeprocOepexxeHuH U TMoBblIeHHH 3HeproddpdextuBHoctd PK or 13 sHBaps
2012 roma Ne 541-1V. JlelicTByromuii ¢ U3BMEHEHUAMHU U JononHeHussMu. [Iposepeno 15.01.2022

6. BcomorartensHoe obopynoBanne TOC. KoHCIEKT JeKumid aisi CTYACHTOB  CIEIHabHOCTH
5B071700 — Temmosuepreruka. Anmatst 2017. ¢.104

7. JlononHMTENbHAS IUTEPATYPa

8. JlenyxoBckuii I'.B., TlocmenoB A.A. Pacyer u HOpMHpOBaHHE TIIOKa3aTelned TEIIOBON
9KOHOMHUYHOCTH obopyaoBanust TOC: Yuebd. mocodue / ®I'BOYBIIO «/BaHOBCKUH ToOCynapcTBEHHBIH
sHepreTuyeckuil ynusepcuteT uM. B.U. Jlenuna». — Banoso, 2015. — 468 c.

9. Haruerarenu u temiossie aeurarenu / B. M. Uepkacckuii, 1. B. Kanuaun, 0. B. Ky3nenos, B.
N. Cy66otun. M. : DHeproaromusaar, 1997
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10. Konuenuust pa3BUTHsL TOIUIMBHO-3HEPreTHUECKOro Komruiekca Pecrybmuku Kaszaxcran mo
2030 roga. [Tocranosnenue [IpaButenscrBa Pecyomiku Kazaxcran ot 28 uronst 2014 roga Ne 724
11. [umunenko H.B., CuBakoB M.A. DHeprocOepexeHHe W TOBBIIIEHHE JIHEPrETHYCCKON

3(()EeKTUBHOCTH HH)XEHEPHBIX CUCTEM U ceTel. YueoHoe nocodue. — CI16: HUY UTMO, 2013. — 274 c.

DJIEKTPOHHBIE PeCYPChI:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, TIAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sl maHHBIX

Pecmy0sMkaHCKas MEXBY30BCKas JIEKTpOHHast 6uororeka, Aknurpress www.aknurpress.kz.

6.KoHTpoOJIb (BONIPOCHI, 321a4H, pellIecHHE)

1. Onumure kaccupUKaUIO0 CUCTEM TEIUIOCHAOKEHHS 1 HA30BUTE

OCHOBHBI€ ITapaMeTphl TEIIOHOCUTEIEH.

2. HazoBHTE OCHOBHBIC HCTOYHUKH TEIIJIOTHI B TEIIOCHAOKECHHH.

3. Kak omenmBaercs sHepreTrdeckas dpQeKTHBHOCTh TETO(GUKAIN?

4. HazoBuTe pa3nnane MeXy paiOHHON M MPOMBIIIJICHHOW OTOMUTEIBHON

KOTEJIBHOU.

5. s gero ucnons3ytoT L[TIT u kakue TenaooOMeHHbIE anmapaThl B HUX

MIPUMEHSIIOT?

6 IlepeuncanTh cUCTEMBI LIEHTPATU30BAHHOTO TEIUIOCHAOKEHUS B 3aBUCUMOCTH OT CTETICHU
LEHTpaIN3aluH.

7. Onucath cucTeMy HEHTPATU30BaHHOTO TEIJIOCHAOKEHHUS

8. [lepeuncnuth MpeuMyIlIeCTBA UCTIOIB30BAHUS Mapa.

9. Ha3Batb mapaMeTpsl TEIUIOHOCHUTEJICH.

10. xak onpeaenuTh MOUTHOCTh TEIIOBOM OTJa4U Mapa.

11. Kak obecrnieunBaetcst paboTa TeIIOBOro MyHKTA.

Jlekuusa 12

1 Tema 12. TTopiurHeBbie ABUTaTEIN BHYTPEHHETO CTOPaHUs

2. Heanb: 3HaTh paboume MPOLECChl B JBHUraTeNIIX BHYTPEHHErO CrOpaHHs, CXeMy H
NPUHIMI  JSHCTBUS MOPIIHEBBIX JBUraTeleii BHYTPEHHErO CropaHus; MPUHIUI PabOTHI
KapOIOpaTOPHBIX U AU3ENbHBIX ABUTaTeneil; criocoOsl nmoBeimenus KI1/ B JIBC.

3. Te3ucsl Jexknuu:

Paboumne nporieccsl B ABUraTesIX BHYTPEHHET O CrOPaHMUs.

Knaccugukanus JIBC.

O6ee yctpoiictro /IBC.

OcHoBHble oHATHA U onpenenenus. Tomnusa /IBC.

CoznmateneM TmepBoi TEIUIOBO# (mapoBoi) MamuHbl (1766 T.) SBASETCS POCCHMCKHIA
nzobperarens U. U. Ilonsynos. Ero mammuna Obiia co3gana Ha 12 neT paHblie MapoBOH MallluHBI
VYarra. Mamyny Ilon3yHOBa MOXHO CUMTaTh MEPBBIM TEIUIOBBIM JBUIATENIEM YHHUBEPCAIBHOIO
Ha3HadyeHUsA. MalmHa yKe colepkajlla MEXaHHU3M I1apO-BOJOPACIPENEICHUs, KOTOPbIA, MOKHO
CKa3aTh, CTal TpooOpa3oM MexaHu3Ma TraszopacnpeneneHus coBpemeHHblx JIBC. Ilepsiit
nopurHeBoit aeuratens B 1807 r. nzo6pen mBeinapen Opancya Mcaak ne Pusas.
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Kak uCTOYHMK MEXaHMYECKOW SHEpPIruM IOPIIHEBOM JBUrarejlb BHYTPEHHErO CrOPaHMs
MOJIy4MJI TOCHOJICTBYIOIIEE MPUMEHEHUE B DHEPIeTUKE U Ha TPaHCIOpPTE. DTO OOBSACHSAETCS TEM
0OCTOSTEILCTBOM, YTO IO COCTOSIHMIO Ha CETOJHS Ha Halled TUlaHeTe HeT 0ojee SKOHOMHYHOU
TerioBoi MamuHbl. VM Ha3BanHOe mnpeumyiuectBo mnopiHeBoro JIBC coxpaHuTcs 3a HUM, IO
OILICHKaM YY€HbIX, Ha OIKallyto epcrnekTUBY, KOTopas olieHuBaercs rnpumepHo B 30...40 ner.

PaGounii nukn gBUrareneil BHyTpeHHEro cropaius (OCHOBHbBIE MTOHSTHS).

B nBuratensx BHYTPEHHETO CropaHus NMpeoOpa3oBaHHE XMMHYECKOH PHEPruM TOIUIMBA B
MEXaHUYECKYI0 paboTy MPOUCXOAUT B PE3YyNbTaTe MEPUOIUUECKOrO OCYIIECTBICHUS B LIMIUHAPAX
psana TpoleccoB. 3aKOHYEHHAs COBOKYIHOCTh IPOLIECCOB, MEPUOJUYECKH IMOBTOPSIOUIUXCS B
nunuuape JIBC u Heobxoaumast 1jist ero paboThl, HA3bIBAETCS PAOOYUM ITUKIIOM JIBUTATEIIS.

OcCHOBHBIE THIIBI IBUraTeNIEll BHYTPEHHETO CrOpaHus

[lo xapakTepHBIM NpU3HAKAM OCYILIECTBIECHHUS pabodyero HUKIa IBUTATEIN NENATCS Ha
HECKOJIbKO TumoB. Huxe, Ha cxeMe, MpUBOAUTCS Takas KjiacCU(UKAIMS JABUraTeseldl BHYTPEHHETo
cropanus (puc. 12. 1).

o] ) !

Huskoro exarns
C NIPHHY/AHTEIIBHBIM 3KHTAHHEM

C HemHIM cMeceoBpazoBanHeM | ’c BHYTPEHHIM CMeCeoGpaloBatHeN

] [ [

C snpuicknsanien
Tasonbie

B LHANHAD
opramepHBIc (€ NOCTORHIN
cmeceoGpasoBanien)

lKup\'m\]mmpm,lc l Kanopmsatophsic

C BiphcKBaRteM 50
BRyCKHOI TPYGONpOBOA

Pucynok 12.1 - O6mias cxema KiaccupuKaluy IBUTaTeIIeH

B cBoto ouepesp, ¢ yueTroM 0COOEHHOCTEH Kamep CropaHus, MpoleccoB BOCIIAMEHEHUS U
cMeceo0pa30BaHMsl JBUTATEIN BHICOKOIO CXKATUS TAKKEe MOTYT ObITh MOJpa3/ieieHbl Ha HECKOJIBKO
KJIACCOB. JTO TOSICHSIETCA CXEeMOW, mpeacraBieHHoM Ha puc. 12. 2. IlpenmyuiecTBeHHOE
pacnpocTtpanenue nonyyuiaun asa tuna JBC: aBurarenu ¢ BHYTpPEHHUM cMeceoOpa3oBaHHEM
(mM3enu) W JABUraTeld C BOCIUIAMEHEHHEM TOpIOYed CMecH OT IMOCTOPOHHErO0 HUCTOYHHKA
3akuranusi (OeH3MHOBBIE KapOIOpaTOpHbIe, a TaKXKe JIBUTaTeNd C BIPHICKUBAHHWEM TOIUIMBA BO
BITYCKHOI TpyOONPOBOJI U, peXKe, — B LIUIUHJP).

nmest (« Jaypep
SIM3, AM3

Pucynox 12.2 - Cxema kinaccupuKauy JBUraTesied BBICOKOTO CHKATHS

[Tonosxenust moprHs ABUTaTENs B XapakTepHblx Toukax (BMT, HMT) npu ocymiectieHuu
pabouero IUKIa Jal0T OCHOBAHUS BBECTH MOHATHUSA O XapaKTEPHBIX 00bEMax IMIMHApA (a TaKke
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pabodero Tena): Va — momHBINH 006EM muuHIpa (padodero tena); Vi — padbounii 006EM; Ve— 00BEM
KaMmepsl cropanus. OTHoIIeHHE 00hEMOB

V. V.4V I
_Ezc—h:1+_h:£
LA . V.

HA3bIBACTCSl CTENEHBIO CXKATHA. DTO — BAXKHBIM IMMOKa3zaTellb (IapaMeTp) IUKIA W JBHATATENS B
L[EJIOM.

TomnmmBo. B kauecTBe TOIIIMBA HCHOJIB3YIOTCS JIMIIL T€ TOPIOYHE BEIIECTBA, KOTOPBIE JIETKO
MEPEMELLMBAIOTCS C BO3YXOM, a B IIPOIIECCE CropaHus He 00pa3yroT TBEPJOTO 30JbHOTO OCTaTKa

B kauecTBe ra3oBBIX TOIUIMB TPHUMEHSIOTCS TPUPOIHBIE W TPOMBINIICHHBIE ra3bl. [lof
MPOMBIIUICHHBIMI TIOHUMAIOTCSL Ta3bl, TMOJIydaeMble TpU J0OBYe H TepepaboTke HEPTH,
KaHAJIM3alMOHHBIE Ta3bl, a TAKXKE Ta3bl, MOydaeMble MyTEM CIIEIHATBHON TIepepadOTKU TBEPIBIX
TOIUTUB (ra3uuKanus TOIJINB).

XKunkoe TOIIMBO, MPUMEHSEMOE B JIBHTATENSIX, SBISIETCS, KaK TIPAaBUJIO, MPOIYKTOM
nepepadboTkn Hedtu. Takumu HpOayKTaMHu OOBIYHO SIBISIFOTCS: OEH3WH, JIUTPOMH, KEPOCHH,
TI3EeIbHOE TOIIIIUBO, COJIIPOBOE MAacIo.

OCHOBHBIMH KOMIIOHEHTaMH JIr00oro TorumBa sBisitotcs yriepoa (C), Bomoponm (H),
kuciopon (O). Uuorma conepkarcs cepa (S) m azor (N). CoxmepxaHue cepbl U a30Ta OOBIYHO
HeBeJIMKO. Tak 4TO HaJWYMEeM B TOIUIMBE 3THUX BEIIECTB MpPHU BBIMNOJHEHHH TEIJIOBBIX pPacdy&ToB
JIBC o0pryHO mpeHeOperaroT. CrieayeT WMeTh B BHAY, YTO COJEPKAHHE JBYX TOCIICIHUX
KOMITOHEHTOB OTPaHUYMBAETCS WK JakKe 3allpeliaeTcsl CTaHJapTaMu Ha TOIUIHBO.

B Teopum nBurareneil 3yneMeHTApHBIA COCTAaB TOIUIMBA — 3JEMEHTapHBIM XHUMUYECKUN
coctaB (3XC) — MpUHATO 0TOOPAXKATh 3AMKUCHIO

C+H+0=],

B kotopor C, H, O — noneBoe comepkaHHE COOTBETCTBYIOIIUX KOMIIOHEHTOB (yrjiepo/a,
BOJIOPO/JIa, KUCJIOPOa) B €HHUIIE MAaCChl TOILIMBA.

Baxkneiimm  mokasareneMm  JI0O0Or0  TOMJIMBA  SBISETCS €r0  TEMIOTa  CrOpaHHs
(TemnmotrBopHOCTh). [loA TemiaoToil cropaHusi (TEIJIOTBOPHOCTHIO) MOHMMAETCS TO KOJIHYECTBO
TEIUIOThI, KOTOPOE BBLACISETCS MpPHU TOJHOM CTOPAaHUM EAMHUIIBI €r0 KOJIMYeCTBa, HAIpHUMeEp,
OJIHOTO KT.

PaGounii nmki nBuratens ¢ BHYIPEHHHUM cMeceoOpazoBaHueM OCHOBHBIMU MPU3HAKAMHU
paboyero 1MKIIa ABUTATENS C BHYTPEHHUM CMECeo0pa30BaHUEM SIBIISIOTCS:

1. Beicokas creneHb c:kaTus BO3AYIIHOTO 3apsaa (€ = 14...18);

2. BrpeickuBaHue TSDKENOTO TOIUIMBA BHYTPh LMJIMHApA JABHUraTelsl B KOHIIE Mpoliecca
CoKaTus;

3. CamoBocIUIaMEHEHHE TOIJIMBA 3a CUET BBICOKOH TeMIeparypbl BO3AYIIHOTO 3apsna,
CKaToro B LWIMHApE (B TMOCHEeAHEe BpeMs MNOSBUINCh JU3€IU € TNPUHYIUTEIbHBIM
BOCIJITAaMEHEHUEM TOIIIUBA JIEKTPHUUECKOM HCKPOH);

4. HenonHOTa cropaHus TOIIMBA, XapaKTepHU3YIOLIasics, II1aBHbIM 00pa3oM, COAEpP)KaHUEM B
0TpabOTaBUIMX ra3ax Cakl U 04eHb HEOOJBIIOTO KOJIMUYECTBA OKCHIA YTIIepoia.

Paboumne npo1iiecchl B IBUTATENSAX BHYTPEHHETO CTOPaHUSL.

KiroueBpim aneMenTom JIBC siBiisieTcss OQMH WM HECKOJBKO METAIIIMYECKUX LUIMHIPOB,
BHYTPHU KOTOPBIX IPOMCXOJUT CXKUraHue Torumsa [ 14].
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ABUTATENb BHYTPEHHEIO CrOPAHWSA
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Pucynox 12.3 — BHyTpeHHEe yCTpOMCTBO IBUTATEISI BHYTPEHHETO CrOPaHMs

Bayrpn nuimmHOpa pacmnosioKeH MNOpHIEHb, JUAMETP KOTOPOIrO 4YyTh MEHBIIE JHaMeTpa
LHWINHAPA, YTO MO3BOJIAET EMY CBOOOJHO IEPEMEIIATHCS.

Inesment i nopumeit
e ROPLINA C KEPAMMMECKNM NOKPITHEN

Pucynok 12.4 — Yerpoiicto nopuras [IBC

[lopmienp mpexacraBisger CcoOOM  TMOJBIA  METAUIMUECKUH  IUJIUHAD,  OIMOSCAHHBIN
NPYKUHSIIAMHA  KOJbIIAMH, BJIOKEHHBIMHM B KaHaBKM Ha TOpIIHE (TIOpPITHEBBIE) KOJIbIIA.
Haznavenne mopurHeBbIX KOJICI] — HE MPOMYCKaTh T'a3bl, 00pa3yroIruecs Py CropaHuy TOTUTHBA, B
MPOMEXKYTKA MEXKIy MOPIIHEM M CTEHKaMH MIIMHIpA. K MOPIIHIO MpUKPETUIeH MeTaUTHYeCKHUi
cTepkeHb (“mmanerr’), KOTOpbI COCMMHSIET MOPIICHb C maryHoMm. IlaTyH CIyXWT mis mepeaadu
BEPTUKAJIBHOTO YCHJIMS OT IMOPIIHS K KOJEHYaTOMY Baiy. B BepxHel 4acTw IUJIMHIPA UMEIOTCS
JIBa KaHaja, 3aKpbIThble KiIamaHamu. UYepe3 OIWH KaHal — BITYCKHOM IOJAeTCsl roprodas CMech
(TOTLTMBO C BO3/IyXOM), a Uepe3 APYroH - BHITYCKHOMW - BEIOPACKIBAIOTCS MPOAYKTHI CTOPAHUS.

B BepxHell yacTu umiIMHIApa pasmenieHa cBeya 3axuraHus. C MOMONIBIO ATOM JeTanu
MPOU3BOJUTCSA TIOJDKUT TOPIOYEH CMECH OT HCKPBI, BO3HHUKAIOIIEH MeXay  OJIu3Ko
PacCIOJI0KEHHBIMU AJICKTPOJaMHU CBEUH.

[IpunHnun neiictBus kapOropatopa

6 - KpusoLWINaS Kawpa

Pucynok 12.5 - Pagota kapOroparopa JIBC

Ecnu B muuinHApe OTKPBIT TOJIBKO BITYCKHOM KJIallaH U MOPIIEHb JABUXKETCS K KOJEHYATOMY
Bajly, TO CKBO3b OTBEPCTHE B pa3psKEHHOE MPOCTPAHCTBO aTMOC(EpPHOE TaBJIEHUE PE3KO IMOJAeT
BO31yX. 1loTOK Bo3ayxa ¢ OOJBLION CKOPOCTBIO MPOXOAUT MUMO HH)KEKTopa (KapOropaTopHOH
TpyOKH) U 3acaceiBaeT OeH3UH. TakuM 00pazoM mosydaercsi roprodas cMech (OCH3MHOBbIE Haphl U
BO3/1yX). Mckpa OoT cBeuM MOIKUTAET CMECh, MOJY4aeTCsl MUKPOB3PHIB, B pe3ylbTaTe KOTOPOTO
packajieHHble MPOJIYKTHl CropaHus (ra3pl) paclIMpsisich JaBsAT Ha IMOPIIEHb, M 3THM CO3/aeTcs
noJiezHasi paboTta. BHyTpeHHss sHeprus ra30Boii cMecu peodpa3yeTcs B MEXaHHMUECKYI0 SHEPIHIO
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nopmHs. [lopmiens uepe3 miaTyH repefaeT yCWIME Ha KOJICHUAThIM Bajl, KOTOPHIA CO3/aeT
BpallaTeIbHbI MOMEHT, TIepe/IaBas €ro Ha KoJjieca (MJId Ha BUHT, IPOTIEIJIEP U T.1.).

YersipextakTHblil JIBC

OnHOUMIMHAPOBBIC JIBUTAaTEIW CTaBATCS TIJaBHBIM o0Opa3oM Ha MoTouukinax. Ha
ABTOMOOWISX TPAKTOPAX | T.II. CTaBATCS 4, 6, 8 U OoJiee IMHIPOB.

PabGounii 1ukn IMWIMHIpPAa COCTOWT W3 YETHIPEX TAKTOB: BCACBHIBAHMS CMECH, CXKaTHS,
cropanus u BbIxiyiona. [losydaercsi, 4TO TOJIBKO OJWH TaKT SBISAETCS TOJE3HBIM (pabodum).
[TosTomMy ObLT pa3paboTaH ABUTATENb, COCTOSILIUMN W3 YETHIPEX IMIMHAPOB, KOTOPHIE PabOTaIOT
MMOOYEpPETHO M, TaKUM 00pa3oM, MpU KaXKIAOM TakTe MO KpalHeW Mepe OJMH W3 IHJIMHIPOB
paboTaet: BpalaeT KoJeHYaThIi BaJl.

Tunel BUraTene BHyTPEHHEr0 CrOpaHus

JAu3esibHbIe IBUTaTEIH PA0OTAIOT MPH CTEIICHIX CKATHs TOproueit cmecu B 3-4 paza
00JIBIITUX, YeM OCH3MHOBBIC. DTO TIO3BOJIMIIO TIOBBICUTH K.I1.JI. ABUTATEJIS U A0 BO3MOXKHOCTh
OTKa3aThCsl OT CUCTEMBI 3auTanus. CMech CaMOBOCIUTAMEHSITCS TIPH BBICOKOM JABJICHUH, KOTJa
BO3/IyX OT CKaTHs pasorpesaercs 10 500-600C°. Kpome 3Toro, Takme quraTeny paboTaroT Ha
JENIEBBIX COPTAX TOIUIMBA, KOTOPOE TaK M HA3bIBAIOT “AU3TOILIIUBO .

I'azoBble ABUTraTEe M pabOTAIOT OT CMECH CKIDKEHHBIX MPUPO/IHBIX Ta30B, XPAHSIIIUXCS B
0aJUIOHax MO/ 1aBJICHNUEM HACBIILIEHHBIX MapoOB.

Haznauenue u npuHun paboTel KapOIOPATOPHOTO U JU3EIHHOTO ABUTATEIICH.

PaGouunii mukn auratens — 3TO KOMIUIEKC MOCIEAOBATENbHBIX IMPOIIECCOB BHYTPHU
UWIMHIAPA, B pe3yJabTaTe KOTOPBIX SHEPTHUs TOILIMBA MIPeoOpa3yeTcsi B MEXaHUUECKYIO paboTy.

TaxT - 310 yacTh paboyero MUKIIA, IPOUCXOAAIIAS 32 BPpeMsl IBUXKEHUS TOPILHS OT OAHON
MEPTBOM TOYKH JI0 APYTOM, T.€. 38 OJMH X0/ IMTOPILIHS.

JIBurarenu, B KOTOPHIX pabOYMii IIMKJI COBEpIIaeTCs 3a JBa 000pOoTa KOJIEHYATOro Bajla WU
3a YeThIpe XOJa MOPIIHS, HA3bIBAIOTCS YETHIPEXTAKTHBIMU. J[BUraTenu, B KOTOPBIX paOOyuil UK
coBeplIaeTcs 3a OJWH O0OpPOT KOJIGHYATOrO Bajla WJIM 3a JIBa XOJa MOPUIHS, Ha3bIBAIOTCS
JIBYXTaKTHBIMH.

Pabounit  mmkn  kapOHOpPATOPHOTO  YETHIPEXTAKTHOTO  JBUTATENsl  COCTOUT W3
MOCJIEIOBATENIHLHO MPOUCXOISIINX TAKTOB BIIYCKa, C)KaTHUsl, PACHIMPEHUS U BBIITyCKa.

PaGounii UMK YeTBIPEXTAaKTHOTO KapOropaTopHoro apuratens (puc. 1) cocTouT wu3
CJIEYIOIIHUX TaKTOB:

- BILYCK TOpIOYeil cMecH;

- cxxaTue paboyeit cmecu;

- paboumii X0;

- BBIIIYCK OTPaOOTaBIINX Ta30B;

loproyeil cMecbl0 Ha3bIBAETCS CMECh MEJKO pACMBUICHHOTO O€H3MHAa C BO3AYXOM B
ompeseneHHoi nponopiuu. [IpuroToBneHnemM cMecu B ABUraresie 3aHUMaeTCsl KapOropaTop, O 4eM
MBI C BAMH MOTOBOPUM YYTh MO3Ke. A TOKa ClIeyeT 3HaTh, YTO COOTHOIIIEHUE OCH3MHA K BO3IYXY
1:15 cuuTaeTcst ONTUMANIBHBIM 7Sl 00ecTieueHUs HOPMAIbHOTO TIpOIecca TOPEHHUs.
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BryckHOA KnanaH oTkper OBa KnanaHa 3aKpeiTbl BeinycKHOMA KNanaH orkpelT

©

Pucynok 12.6 - PaGouwii UK 4ETHIPEXTAKTHOTO KapOIOPATOPHOTO JABUTATEIIS:
a) BIYCK; 0) cxaTue; B) pabounii X0[; I') BBIITYCK

Ilpu maxme enycka (puc 12.6,a) MOPIIEHh OT BEPXHEW MEPTBOW TOUKH TEPEMEIIACTCS K
HIKHEN MepTBOM Touke. OOBbEM Haj HopiiHeM yBenuuuBaercs. L{ununap 3amonHsiercs roproueit
CMEChIO Yepe3 OTKPBITHI BIYCKHOHM KiamaH. VHBIMH clOBamMH, MOPIIEHh BCACBIBAET TOPIOUYIO
CMECh.

Bnyck cMecu mpoaospkaeTcs 10 TeX mop, MoKa MOPIIeHb HE AOWAET A0 HWKHEH MEpTBOM
TOYKH. 32 TIEPBBIA TaKT paOOTHI ABUTATEINSI KPUBOIIMI KOJEHYATOTO BaJia IOBOPAYMBAETCS HA TOJI-
obopora.

B mnpomecce 3amosiHeHus HWIMHApA TOpIOYasi CMECh IMEPEMEIIMBAEeTCsl C OCTaTKaMU
0TpaboTaBUIMX T'a30B U MEHSET CBOE HAa3BaHUE, TETIEPh 3Ta CMECh Ha3bIBaeTcs — paboyas.

Bmopoii makm - cxxarue padouen cmecu (puc. 12.6,0).

IIpu TakTe cxKaThs MOPIICHb OT HUXKHEH MEPTBOM TOYKH MEPEMEIIACTCS K BEpXHEH MEPTBOM
TOUKE.

O6a wiamaHa IUIOTHO 3aKPBITBI M MO3TOMY pabouas cMech cxumaercs. M3 mKoIbHON
(Gu3MKM BCEM HM3BECTHO, YTO MpPH CXKATUU Ta30B HUX TeMIlepaTypa MoBbImaercs. Tak M 37ech.
JlaBleHue B IMUIMHAPE Haji TOPIIHEM B KOHIE TaKTa CkaThs jgocturaer 9 - 10 kr/cm? a
temmneparypa 300 — 400 °C.

B 3aBojcKoi HHCTPYKIIMK K aBTOMOOMIIIO MOKHO YBHUJIETh OJWH M3 MapaMeTPOB JABUIaTEs,
MMEIOIINI Ha3BaHKWE — CTEIIeHb cxkaTus (Hampumep 8,5). Uto 310 Takoe?

CreneHp c)KaTHsl MMOKa3bIBAE€T BO CKOJIBKO pa3 MOJHBIA 00beM IMuMHApa Ooublie oObema
kamepsl cropanus (Vu/V.). Y kapOropaTopHbIX IBUraTejell B KOHIE TaKTa CKaTHs, 00beM Haj
MopIIHEM yMeHb1aeTcs B 8 - 10 pas.

B mporecce TakTa cykaTHs KOJIEHUYAThIN Bajl ABUraTelis IOBOPAYMBACTCS HA OUEPEIHBIC MOJ-
o0opoTa. A B cymMMe, OT Haydaja MepBOro TaKTa U J0 OKOHYAHHS BTOPOTO, OH MOBEPHETCS yXKE Ha
OJIMH 000POT.

Tpemuii maxm - pabounii xox (puc. 12.6,B).

Bo Bpemsi TpeThero TakTa TPOUCXOAMUT IMpeoOpa3oBaHHE BBHIACIAEMONW MPU CrOPAHUU
paboyeil cmecH DHHEPruM B MEXaHHUYECKyl0 paboTy. JlaBmeHHe OT pacHIMpSIONIUXCS Ta30B
nepeAaeTcsl Ha MOPIIEHb M 3aTEM, Yepe3 LIATyH W KPUBOILLUMII, Ha KOJIEHYaThll Basl. BoT oTkyna
OepeTcst Ta cuia, KOTOpas 3acTaBlieT BpAlllaThCS KOJIGHYATHI Bajl JABUraTeNs U, B KOHEYHOM
uTOre, BEAYIIHNE KOJeca aBTOMOOUITSL.

B camom KoHIle TakTa c:kaTus, pabodasi CMECh BOCIUIAMEHSETCS OT AJIEKTPUUYECKOM HCKPBI,
MIPOCKAKUBAIOIIEH MEXIy OJJEKTPOJaMU CBeud 3akuranus. B Haudane Takta pabouero xona,
Croparolias CMeCb HAaUMHAET aKTUBHO PACIIMPATHCS. A Tak Kak BIIYCKHOW M BBIITYCKHOM KJlanaHbI
BCE €IIE 3aKpbIThl, TO PACIIUPSIOMIMMCS ra3aM OCTAETCS TOJIBKO OJIMH €IWHCTBEHHBIM BBIXOJ -
JIABUTH Ha TMOJBIDKHBIN mopineHs. [lopineHs Mo aeicTBreM 3TOTro JaBieHwus, nocturatomiero 40
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KI/CM2, HAUMHAET TIepEeMeIaThcs K HIDKHEH MepTBoii Touke. IIpy 3TOM Ha BCIO TIONIAAb TOPIIHS
naBut cuia 2000 kr u 6ojee, KOTOpas uepe3 IIaTyH NepelaeTcs Ha KPUBOIIUI KOJICHUATOTO Bajla,
co3maBas Kpytsamuii MomeHT. [Ipu Takte pabouero xoza, remmneparypa B mumHape nocruraer 2000
°C ¥ BBbIIIE.

Konenuartslii Ban npu paboyem Xxo/ie HOPIIHS JeJIaeT OYepeIHbIE N0JI-000pOTa.

[To3Hee MBI BEpHEMCSI K 9TUM OT'POMHBIM LU(PpaM, MTOX0KHUM Ha TEeMIEPaTyphl B JOMEHHOU
neyu. A moka cieAayeT OTMETUTh JJisl ceOs, 4To mpoliecc pabodyero xoja MPOUCXOAMUT 3a OYEHb
KOPOTKUN MPOMEKXYTOK BPEMEHH, 10 CPABHEHHIO C KOTOPHIM, YIUBIEHHOE «XJIOTIaHBE» PECHHUIIAMU
BAaIlIUX IJ1a3 MOCJIE IPOUYTEHUS STOTO CIOYKETA, JUTUTCS LETYI0 BEYHOCTb.

Yemeepmuiti maxm - BBITYCK OTpaOOTaBIIUX ra3oB (puc.12.6,r)

[Ipn pgBuKEHMM NOpPIIHA OT HWXKHEH MEPTBOM TOYKM K BEpPXHEM MEpPTBOM TOUKeE,
OTKPBIBAETCS BBIITYCKHOM KJlanaH (BILYCKHOM BCe €Ille 3aKpbIT) U OTpabOTaBILIKE T'a3bl C OTPOMHOM
CKOPOCTHIO BBIOPACKIBAIOTCS M3 IIJIMHJPA JBUTATENsl. BOT moueMy CIBIIMIEH TOT CUIIBHBIN TPOXOT,
KOI'/Ia TI0 I0pOTe eAeT aBTOMOOUIIb 0€3 TIYIINTENsl BBIXJIOMHBIX ra30B, HO 00 3TOM Mo3Xke. A Moka
o0paTiM BHUMaHWE HA KOJICHYATBIM Bajl JBHUTATENsl - MPU TAaKTE BBIMYCKAa OH JENaeT emie IoJi-
obopota. U Bcero, 3a 4eThIpe TakTa pabovero MuKiIa, OH CeNal ABa MOJHBIX 000poTa.

[locne TakTa BBIMyCKa HAYMHAETCS HOBBIM pabOuMii LIMKI, U BCE MOBTOPSETCS: BIYCK —
c)KaTtue — paboumii X011 — BBITYCK U TaK Jaliee.

Pabouyuii u0MKJI 4YeTBIPEXTAKTHOIO IM3€JbHOr0 JABUrarenas. B ormauume 0T
KapOIOpaTOPHOTO ABUTaTeNsl B IMJIUHAP AU3EIIS BO3YX U TOIUIUBO BBOISTCS pa3/eiibHO.

[lepBrlif TakT — BIyck (puc.2,a), CIYKUT Ui HAlOJIHEHUS LWJIMHApA ABUraTeNs TOJIBKO
BO3/IyXOM.

[Ipu nBWXEHMHM TMOPIIHA OT BEpXHEH MEpPTBOM TOUKM K HIDKHEH MEpPTBOM TOYKE,
MIPOUCXOAUT BCACBIBAHME BO3lyXa Yepe3 OTKPBITHII BITyCKHOM KJIallaH.

Bropoii Takt — cxxarue (puc.12.7,0), HeoOX0aUM IS TIOATOTOBKH K CaMOBOCILIAMEHEHHUIO
JU3EJIbHOTO TOTUIMBA.

[Ipu cBOEM ABMKEHHM K BEpXHEH MEPTBOW TOUKE, MOPILIECHb CKUMAET BO3AYX B 18 - 22 paza
(y xapOropatopubix B 8 - 10 pa3). IlosToMy B KOHIle TakTa C)KaTus, JNaBJICHHE HaJ MOPIIHEM
nocturaet 40 xr/cM?, a TemnepaTypa noHuMaeTcs Boie 500 Tpaaycos.

Tperuit Takt - pabouuii xoxm (puc. 12.7,B), CAyXUT Uisi TpeoOpa3oBaHUS IHEPTUH
CropaeMoro TOIJIMBA B MEXaHUYECKYIO paboTy.

B koHIile TakTa cxkatus, B KaMepy cropanus, depe3 (OopCcyHKy IMOJ JaBICHHEM IMOAAeTCs
JI3€JIbHOE TOIUIMBO, KOTOPOE CAMOBOCIUIAMEHSETCS 3a CYET BBICOKOW TEMIIEpaTyphbl CKATOTO
BO3JlyXa.

[Ipu cropanuu TU3eaBHOTO TOIIMBA (B3PBIBE), IPOUCXOIUT €r0 PACIIUPEHNUE U YBEIHMUCHUE
naBieHus. [Ipu 3ToM BO3HHMKAET ycuiine, KOTOPOe NepeMeIaeT MOPIIeHb K HIXKHEW MEPTBOM TOUKE
Y uepe3 MIaTyH MPOBOpaYMBaET KOJCHUATHI Bald. Bo Bpems pabouero xona JaBieHHUE B IIMIMHIpPE
nocturaet 100 kr/cm?, a Temneparypa npesbimaer 2000 °C.

UeTBepThIil TaKT — BBIMYCK OTpabOTaBIIMX Ta30B (puc. 12.7,r), CAyKUT i1 0OCBOOOKICHHS
HWINHAPA OT OTPabOTaBIIMX Ta30B.

[lopirenb OT HWKHEH MEPTBOW TOYKH NMOJHUMAETCS K BEPXHEM MEpPTBOM TOUYKE M, YEpeE3
OTKPBITBHIN BBIMTYCKHOM KJIamaH, BEITATKUBAET OTPAOOTABIINE Ta3kl.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypchl, ICTOYHUKA U METOJIBI MOTYICHHUS
PN 0 X 134ctp. u3 174

; 4 4 ‘
(0000 | R
= ‘ : :}‘—*
LI \ U '.I U L .

Pucynox 12.7 - PaGounii MUK YeTBIPEXTaKTHOTO AU3ETHHOTO JIBUTATEIIS:
1 — Bo3ayxX; 2 — BIIYCKHOW KJamaH OTKPHIT; 3 — ¢opcyHKa; 4 — BBIXJIOMHBIE Tasbl; 5 —
BBIITYCKHOM KJIallaH OTKPBIT

[Ipn cBoeM moOCHIEIyIOIMIeM JBW)KCHHHM BHU3, TOPIICHb 3aCachiBacT CBEXKYIO MOPIIHIO
BO3]lyXa, MPOMCXOUT TaKT BIyCKa U pabOuMii UK OBTOPSIETCA.

B nuzensHOM ABUraTene, Harpy3Kd Ha BCE MEXaHM3MBbI U JAE€TaIl 3HAUUTEIHHO OOJIbIIIE, YeM
B KapOIOpaTropHOM OEH3MHOBOM, U 3TO 3aKOHOMEPHO MPHUBOIUT K YBEIWYCHHUIO €ro MAacChl,
pa3MepoB U ctouMmocTH. OHAKO NU3ENbHBIA IBUraTellb UMEET U HEOCHOpPUMBIE MPEUMYIIECTBa -
MEHBUINM pacxoj TOIUIMBA, YeEM Yy ero kapoOropatopHoro «Opara» (mpubausurtenbHo Ha 30 %), a
TaK)K€ OTCYTCTBHE CHCTEMbl 3aKUTAHUSA, YTO 3HAYUTENILHO YMEHBIIAET KOJMYECTBO BO3MOXKHBIX
HEUCIPABHOCTEH MPU AKCILTyaTALUH.

Padouuii UMK JBYXTAKTHOro KapOwpaTtopHoro aBuraresi. HawmbGonee wyacro
MPUMEHSIOT ABYXTAaKTHbIE KapOIOpaTOpHbIC IBUTATEId C KPUBOIIMITHO-KaMEpHOM MpoayBkoil. B
CTeHKE LWIMHJpA JABHUraTeleld 3TOro THMA BBIMOJIHEHbI TPU OKHA: BIIYCKHOE, IPOAYBOYHOE U
BbilyckHOe. KapTep (KpuBoLIMIHAs Kamepa) ABUTATeNs HEMOCPEACTBEHHO € arMocdepoi He
coobmieH. BmyckHoe OKHO coeauHEHO ¢ KapOroopaTopoMm, a NpOAYyBOYHOE — dYepe3 KaHal C
KpUBOIIUITHOM KaMepOU JBUTATEIS.

PabGounii 1mMKJI JABYXTaKTHOTO KapOIOPATOPHOTO IBUTATENS TMPOUCXOIUT CIAEAYIOIINM
obpazom. [lopiieHs IBIKETCS OT H.M.T. K B.M.T., IEPEKphIBas B HaUajIe X0/1a MPOJAyBOYHOE OKHO, a
3ateM BbIyckHOe. [locie 3Toro B UMIMHIpE HAYMHAETCS CKATHE HaXOJsIlelcs B HeM pabodeit
cmecd. B To xe Bpemsl B KPMBOUIMITHONW KaMepe CO3JaeTcs pa3pekeHue, M Kak TOJbKO HUKHSS
KpOMKa MOPIIHS OTKPOET BITYCKHOE OKHO, Yepe3 Hero M3 KapOroparopa B KPUBOLIUIIHYIO KaMepy
OyZeT 3acachIBaThCS TOPIOYAs CMECh.

[Ipu monoxeHuu mMOpHIHS, ONMU3KOM K B.M.T., CXaTas pabodas cMech BOCIIaMEHSETCS
ANEKTPUYECKO UCKpOW OT cBeuu. [Ipu cropanumu cMecu naBieHHE T'a30B pe3ko Bo3pacrtaeT. [lox
JIaBJICHHEM Ta30B MOpIIEHb MepeMeniaercs K H.M.T. Kak TOJIbKO OH 3aKpoeT BIYCKHOE OKHO, B
KPUBOIIMITHOM KaMepe HAaUMHAETCs CKaTHe paHee MOCTYIUBIIEH CIoJja TOPIoUei CMECH.

B koHIle Xxoma mopIIeHh OTKPHIBAE€T BBIMYCKHOE, a 3aTeM M MpoJayBHOe OkHO. UYepes
OTKPBITOE BBITYCKHOE OKHO OTpPa0OTaBIIUE Ta3bl ¢ OONBIION CKOPOCTHIO BHIXOAAT B aTMocdepy.
JlaBieHue ra3oB B HUIUHAPE NagaeT. K MOMEHTY OTKPBITHS MPOTyBOYHOTO OKHA JIABJICHHUE CXKATOM
ropIoYeil CMECH B KPUBOIIMITHON KaMepe CTAHOBHTCS BBIIIE, UeM JIaBJIeHHE OTPabOTaBIINX Ta30B B
muuHape. [ToaToMy roproyasi cMech W3 KPUBOIIMITHOM KaMephl M0 KaHAly IMOCTYMAeT B IMIMH/P
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U, 3aI0JIHSSI €r0, BBITAJIKUBAET OCTATKU OTPAaOOTABILMX I'a30B Y€pe3 BHIIYCKHOE OKHO Hapyxy. B
JaJIbHENIIIEM BCE MPOLIECCHI IOBTOPSIOTCS B TOM K€ MOCIEI0BATEIBHOCTH.

Pabdoumnii nMKJ ABYXTAKTHOIO [M3eJsl aHAJOIMYEH padoueMy LUKIY ABYXTaKTHOTO
KapOIOpaTOPHOTO JABUraTENsl, OTIMYASCH JIUIIh TEM, YTO B LIIVIMHAP MOCTYMAET HE TOPIOYasi CMECh,
a YMCTBIM BO3JyX OT CHELMAJbHOTO HAarHeTaTells M B KOHILE Ipoliecca CXKaTUsl BIPBICKUBAETCS
TOIUIMBO, KOTOpPO€ BOCIIJIAMEHSIETCSI OT CONPUKOCHOBEHMSI C BO3YyXOM, HMEIOIIUM BBICOKYIO
TEeMIepaTypy.

CpaBHeHMe mnoKa3aTejleldl au3eiell M KapOOPaTOPHbIX ABUrartese. Jluzemnp 1o
CPaBHEHMIO C KapOIOpAaTOPHBIM JBUTATENIEM MMEET CIEeAYIOIINE MPEUMYILIECTBA: JUIsl BBIMOJIHEHUS
eMHULIBI paboThl pacxoayetcs B cpenHeM 25...30 % (1mo macce) MeHblIIEe TOIUIMBA; HUCTIOIb3yeMOe
TOIUIMBO JICIIEBJIE W MEHEee OrHEoNmacHo. XOpollne HSKOHOMHUYECKHE TIOKa3aTelu Jau3ese
obecnieuniu UM IIUPOKOE PUMEHEHHE.

OpHako BcieacTBUE 0ojee BBICOKOTO JaBJIEHUS Ta30B B LMIUHAPE IU3ENST HEKOTOpbIE
JIeTalld €ro JIOJDKHBI OBbITh MOBBIINIEHHON MPOYHOCTH, YTO NMPUBOAMUT K YBEIMYEHHIO Pa3MEpPOB U
Macchl qu3ens. [lyck ero 3aTpyHeH, 0COOEHHO B 3UMHEE BpEeMs.

JIByXTakTHble JBUTAaTead (OCOOEHHO KapOIOpaTOpHbIE) MeEHEe OSKOHOMMYHBI, YeM
yeTbIpexTakTHble. Hanbosnee HESKOHOMUYHBI IBYXTaKTHbBIE KapOOpaTOpHBIEC IBUTATENH, B KOTOPBIX
HWJIMHAPHI TPOAYBAIOT FOpIoYend cMechlo. [14].

TonnuBo [y1si ABUTATENEH BHYTPEHHETO CrOpaHus

Jlisg nutaHus IBUratesield BHYTPEHHETO CrOpaHusl MPUMEHSIOTCS KUAKHE U ra3000pa3Hble
BUJBl TomMBA. Haumbosbliee pacnpocTpaHEHHE TMOIYYUJIO JKUIKOE TOIUIMBO - OeH3WH s
KapOIOpaTOPHBIX JBUTATEICH W AW3eJdbHOE TOIJIMBO I Ju3eneid. ['a3000pa3Hbie TOMIIMBA,
TJIaBHBIM 00Pa30M CXKMKEHHBIE Ia3bl, IPUMEHSIOT JUIsl IBUraTesIel Ta300alJIOHHBIX aBTOMOOUIIEH.

ABTOMOOWJIBHBIA OEH3MH - JIeTKO€ MOTOPHOE TOIUIMBO, COCTOSIIEE U3 SKUIKUX
yriaeBoAOpOAOB. beH3uHbl mnonydaroT U3 HePTH MyTeM ee TeIuloBod mepepabotku. OnHu
MPEJICTABJISIOT CO00M OECIBETHYIO JKUAKOCTh CO CHENU(PUUECKUM 3alaxoM U IUIOTHOCTBHIO
0,70...0,76 r/cm>.

OcCHOBHBIMHU CBOWMCTBaMHU OCH3UHA, XapaKTEPU3YIOIIUMH €r0 IKCIUTyaTallUOHHbIE KayecTBa,
SIBJIIFOTCS UCTIAPSIEMOCTh, TEIJIOTAa CTOPaHUs U JeTOHAIMOHHAS CTOMKOCTb.

HcnapsiemocTs OeH3WMHA 3aBUCUT, TJaBHBIM 00pa3oM, OT ero (ppakiHOHHOTO COCTaBa,
KOTOpBI ompenensierca temmneparypoi neperonku 10,50 k 90% ero odbema. Yem Oousblie B
OeH3MHe Jerkux (pakuui, T.e. €ro COCTABISIOMIMX YacTel, MOJYYCHHBIX Mpu Oosiee HHU3KOM
TeMIieparype nepepadoTku HeTH, TeM Jydllle UCHapIeMOCTh OEH3HHA.

TemutoTol cropaHus TOIJIMBA HA3bIBACTCS KAUECTBO TEIUIOTHI, KOTOPOE BBIJCISETCS MPU €TI0
MOJIHOM CTOPAaHHWM B HOPMAaJbHBIX YCIOBHSX. BEeH3MH, Takke Kak M JU3eJIbHOE TOIUIMBO, UMEET
BBICOKYIO TEIUIOTY CTOpPaHUsl, COCTABIISIIONTYIO okomo 44 MJIK/kr.

JleToHaIlMOHHAA CTOMKOCTh XapaKTepU3yeT CIOCOOHOCTh O€H3MHa OBICTPO M TUIABHO
cropatb. JleToHanueil Ha3pIBaeTCA CBEPXOBICTPOE cropaHue paboueil cMecH B BHIIE B3pbIBa.
CkopocTb HOpMansHOTO cropaHus padoueit cmecu coctapiseT 20...40 m/c, npu aeronHanuu -2000
M/c W Bbime. JleToHanus COMPOBOXKAACTCS PE3KUMHU METAUTMUYECKUMU CTYKaMH, JIbIMHBIM
BBIITYCKOM, CHUKEHUEM MOIIIHOCTU U SKOHOMUYHOCTH JBUTATEIS.

JIeTOHAIIMOHHYIO CTOMKOCTh OCH3MHA OIICHWBAIOT OKTAHOBBIM YHCIOM. JTOT IMOKa3aTehb
OTIpeIeNIeTCSl Ha CIECIHAILHON YCTAHOBKE IMyTeM CPAaBHEHHS MCIBITYEMOT0 OCH3MHA C ITATIOHHBIM
TOIUIMBOM (CMeCh M300KTaHa C TeKTaHOM). Uem OoJbllle OKTAaHOBOE YHMCIIO OCH3MHA, TEM MEHBIIE
OH JIETOHUPYET M TeM OOJBIIYIO CTEMEHb CKATUS MOKET MUMETh JBUTATeNb. /{7 TMOBBIIICHUS
OKTaHOBOTO  4YHclia K O€H3WHY J00aBIAIOT  aHTUIACTOHAaTOphl. Hambonee  CHIBHBIM
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AQHTHUJICTOHATOPOM SIBIISICTCSl ITHJIOBAS JKHUJKOCTh. TakoW OCH3WH HA3bIBACTCS STUIMPOBAHHBIM.
DOTUIoBass JKUJAKOCTh COJICEPKUT CBUHEIl, IOSTOMY OSTUIUPOBAHHBIC OCH3WHBI SIOBUTHI, ISt
MPEAYNPEKACHUS X OKPAITUBAIOT B KPACHO-OPAHKEBBIN WIIM CUHE-3€JICHBIN 1IBET.

HedrenepepabdarpiBaromnias MpOMBIIIJICHHOCTh BBITYCKACT CIEAYIONINE MAPKH OeH3HHAa: A-
72, A-76, AU-93, AN-98. MapkupoBka 00o03HauaeT: A-aBTOMOOWIIBHBIN, V- OKTaHOBOE YHCIIO
MOJTY4eHO MCCIIeIOBATEILCKUM METOI0M, uncia (72, 76, 93, 98) - BenuurnHa OKTAHOBOTO YHCIIA.

Bce 6en3unbl, kpome A-93, BhilTycKaroTCsl B JIETHEM U 3UMHEM BapUaHTaX W pa3inyaroTCs
temmneparypoid neperodku 10% u 50% (T.e. KOJTMYECTBOM JIETKUX U CPEeTHUX (DpaKiUii, a 3HAYUT, U
ucnapsieMocts). JleTHue OeH3UMHBI NPUMEHSIOT B mepuojx ¢ 1 ampens 1o 1 okTa0pst Bo Bcex
palioHax, KpOME CEBEPHBIX M CEBEPO-BOCTOYHBIX, U B T€UEHHE BCErO ToJia -B IOKHBIX paliOHaX.
3uMHUE OCH3UHBI IPUMEHSIOT B TEUEHUE BCEX CE30HOB B CEBEPHBIX M CEBEPO-BOCTOYHBIX palioHaX
u ¢ 1 oxTs6ps g0 1 anpens - B ocTajdbHBIX pailoHax.

Ben3un A-72 npenHa3zHaveH Ui IBATATENICH CO CTENCHBIO cxkaTus oT 6,2 mo 7,0 (YA3-69,
3A3-451, T'A3-53® u np.). ben3un A-76 npuMeHsieTCs I ABUTATEICH CO CTEIICHBIO CXKATHS JI0
8,2 (I'A3-66, 3uJI-131 u np.), AM-93 nus aBurateneéi co creneHpo coxarus 8,2..9,0 (I'A3-24
«Kurymny», «MockBuu» u a.p.), AU-98 - co cremensio cxxatus 6onee 9,0 (3uJl-114, .3uJl-117).
g neurareneii «Yaiika» 1 Ipyrux aBTOMOOMIIEH 3TOTO KIacca BBIITYCKAE€TCS aBTOMOOMIb MapKU
«IKCTpay.

Jlu3enbHOE TOIUIMBO SIBJSIETCSl TAKXKE IMPOJIYKTOM IepepadOTKu HePTH, B OCHOBHOM €€
TsKeNbIX (pakiuii. OHO COCTOUT U3 KUAKUX YIJIEBOJIOPOJOB U YaCTUYHO U3 PACTBOPEHHBIX B HUX
TBEPIIBIX YIIIEBOIOPOIOB (mapaduna), miotHocTh 0,830...0,865 r/cm®.

OCHOBHBIMU CBOMCTBaMHU [JU3EJIbHOTO TOIUIMBA SIBISIOTCA: BS3KOCTh, TEMIIEparypa
MIOMYTHEHHS U 3aCThIBaHUS, UCIAPSIEMOCTh, CIIOCOOHOCTh 00ECTIeYNTh MATKYIO paboTy ABUTATEs,
coJIep’KaHue B TOILJIMBE CEPhl, CKIIOHHOCTh K HAarapooOpa3zoBaHUIO.

Bsi3kocTh TOIIIMBA OMpeAessieT ero nojJadyy U BOPHICK B LMJIMHJIPHI, a TAKXKE CIIOCOOHOCTH
cMa3bIBaTh JI€Talld TOIUIMBO MOJaromiel annapaTypbl. ONTUMAaIbHOM CYMTAETCs BA3KOCTh TOIUIMBA
2.5...8,5 ¢Cr. IloMyTHEHUE TOIIMBA U 3aTEM U €r0 3aCThIBAHUE IPOUCXOJUT IPU BBIJICIICHUU B HEM
KpUCTAJIJIOB NapaduHa BCIeACTBUE MOHMKEHUS TEMIIEPATyphl; 3TOT MOKa3aTesb ONpeaesseT MapKy
U yCJIOBHS MPUMEHEHHUE TOIUINBA.

HcnapsiemocTh JHU3€IBHOTO TOIUTMBA XapakTepU3yeT €ro CHOCOOHOCTh K OBbICTpOMY
WCIApEeHUI0 M CaMOBOCILUIAMEHEHHUIO B KaMepe CrOpaHus IBUTATENs; 3TO CBOICTBO OIICHMBAETCS
(bpakIMOHHBIM cocTaBoM (Temmeparypoil Beikumanus 50% u 90% neperoHsieMoro TOMInuBa).

CrocoOHOCTh TOIJIMBA OOECHEYUTh MSTKYI0 paboTy Au3eNs OICHMBAETCS II€TaHOBBIM
gyucinoM. Msrkas paboTa qBUTaTess HOCTUTAeTCs MPH IJIABHOM HapacTaHUU JAaBIICHUS B MpoIlecce
CrOpaHMsi, YTO BO3MOXHO B Cllydyae BOCIJIAMEHEHMsI TOIUIMBA Cpa3y K€ IMOcje MOCTYIUIEHUS B
UWIMHAPBI MEPBBIX €r0 YacTHUIl. 3ara3/blBaHHE BOCIUIAMEHEHMS NMPUBOAUT K €IUHOBPEMEHHOMY
CTOPaHHMIO 3HAYUTENBHOTO KOJIMYECTBAa TOIUIMBA, PE3KOMY BO3PACTAaHHUIO NABJICHHS U KECTKOM
pabote auratend. [leraHoBoe 4KCIO - 3TO YCIOBHAS BEIMYMHA paBHAS MIPOLIEHTHOMY COACPKAHHUIO
[[eTaHa B €r0 CMECH C allbCOAMITUITHAPTATMHOM, KOTOPAsk OJJUHAKOBAS MO0 CAMOBOCILIAMEHSEMOCTH
C IaHHBIM TOTUIMBOM.

Bonee BbICOKOE II€TAHOBOE YHUCIO MOKAa3bIBAET, YTO TOIIMBO MOXKET oOecmeuuTh Oojee
MATKYI0 paboTy paBuraresns. CKIOHHOCTh TOIUIMBAa K OOpa3oBaHUIO Harapa OLIGHHWBAeTCS €ro
KOKCYEMOCTbI0, KOTOpasi A0JnkHa ObITh He 6oee 0,05%.

Copnepxkanre cepbl B TOIUIMBE XapaKTEPU3YeT H3HOCOCTOMKOCTh JIeTaleil JBUraTels,
Mmo3ToMy 3Ta BenuunHa crporo orpanuuyuBaercsa. [lo ['OCT 300-82 gu3enbHOE TOIUIMBO
BBIITYCKAETCS TPEX MAPOK:
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JI (;mernee), 3 (3umuee), A (apkxrudeckoe). [lo comepxkaHuIO cepbl TU3EIBHOE TOTUIUBO
nojpaszensercs Ha iBa tumna: e 6oisee 0,2%, e 6oisee 0,5%.

JleTHee TOIMIMBO MPUMEHSIOT TOJIBKO TIPH TEMIIEpaType OKpykaromiero Bo3ayxa saimie 0°C,
3uMHee - npu Temmeparype 10 - 30°C, npu Gojee HHM3KMX TeMIIepaTypax CIeAyeT NMPUMEHSTbH
ApKTUYECKOE TOTUINBO.

5.JIuTreparypa:

OCHOBHas

S.JIutepartypa:

OCHOBHast

1. BepnanueBa A.A., [layner6aesa J[.A. DHEepropecypchl, HCTOUHHUKH U METO/IBI TTOJTYYECHHUSI. -

YuyeoHoe nocodue.-IlpimkenT 2022. -244 c.

2. Beictpunkuii I.®. B95 O6mas snepreruka ([Ipon3BoacTBO TEIIIOBOW M DIIEKTPUUECKON SHEPTUH)

: yueOnuk / I'.®. Boictpurikwuii, I'.I'. 'acanrampkues, B.C. KoxuuenkoB. — 2-¢ u3j., crep. — M. : KHOPVYC,
2016. — 408 c. — (bakanaBpuar).

3. Ba¢wumn, /. b. B23 KorensHble YCTAHOBKH ¥ ITapOreHepaTonl: yueobnoe mocobue / /1.6, Bapumn.-
Hwxkaekamck: HukHeKaMCKH XUMHKO-TexHOMorndeckuid MHCTUTYT (prman) ®I'BOY BITO «KHUTVY »,
2013. - 176 c.

4. IllapornazoB b. A., ®apadorToB M. @., KirementseB B. B. /[BuraTenu BHyTpeHHEro CropaHus:
TEOpHsi, MOICIMPOBAHWE W PACUET MPOIECCOB: YUeOHHMK MO Kypcy «Teopust pabodmx MPOIECCOB U
MOJICTTUPOBAHUE TIPOIIECCOB B ABUTATEISIX BHYTpEHHEro cropanus». — Yemsounck: Uz FOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon O6 sHeprocOepexeHHH W MOBBIMICHUH dHeprodddexkruBrHocTH PK ot 13 suBaps
2012 roma Ne 541-1V. JleticTBytomuii ¢ U3MEHEHUSAMH U JontoTHeHUsIMH. [Iposepeno 15.01.2022

6. BcromoratensHoe obopymnoBanne TOC. KoOHCIEKT JeKIHMH I CTYACHTOB CIEIIHMAIbHOCTH
5B071700 — Temnosnepreruka. Anmatsr 2017. ¢.104

7. JlomonHUTENbHAS TUTEpaTypa

8. Jlenyxorckuii I'.B., TlocmemoB A.A. Pacuer W HOpMHpOBaHHE TIOKa3aTejeld TerIOBON
skoHOMHUYHOCTH obOopyaoBanus TOC: Yueb. mocobue / ®PI'BOYBIIO «/MBaHOBCKHI TOCYZapCTBEHHBIN
sHepreTnyecknii yauBepcuter uM. B.U. Jlennnay. — MBanoBo, 2015. — 468 c.

9. Haruerarenu u temoskie apurarenu / B. M. Uepkacckuii, M. B. Kanunun, FO. B. Ky3ueros, B.
N. Cy66otun. M. : DHeproarommuzaar, 1997

10. Konuenuust pa3BuTus TOIUIMBHO-IHEPIeTHUECKOro Kommiekca Pecnybnuku Kazaxcran mo
2030 roga. [loctanoBnenne [IpaBurtenscrBa Pecrrybmmku Kazaxcran ot 28 nronst 2014 roga Ne 724
11. [Mumunenko H.B., CuBakoB MN.A. DHeprocOepexeHHWE W MOBBIIICHWE YHEPTETHIECKOM

3¢ (hekTHBHOCTH MHXXEHEPHBIX CUCTEM U ceTel. YueOHoe nocobue. — CI16: HUY UTMO, 2013. — 274 c.

DJIEKTPOHHBIE PeCypPChI:

http://mww.studmedlib.ru,

JIOT'MH ibragim123, TTAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3er nanHbIX

PecnyOnikaHckast MEXBY30BCKast JIEKTPOHHAst Onbnoreka, Aknurpress www.aknurpress.kz.

6.KonTpoJsb (Bonmpocsl, 3a1a4u, penieHue)

1. Onucarb OCHOBHBIE TUIIBI IBUraTeIe BHYTPEHHETO CrOPAHHs

2. O6wsicauts Knaccuduxanuio IBC

3. Onumcath NpUHLIKI pabOTHI IBUTATENEN BBICOKOTO CHKaTHs

4. IlpuBecTH 3aMUCHIIEMEHTAPHOTO0 XUMUYECKOTO COCTaBa TOIINBA
5. OOBsicuuTh BHYTpeHHE ycTpoiicto JIBC
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6. OOBsicauTh ycTpoiicTBo nopuras JIBC

7. Onwmcars paboTy Kaporopatopa JIBC

8. Omnmcath pabounii nukn nuuaapa JBC

9. Onmcatp pabounii IUKI YETHIPEXTAKTHOTO KapOIOPaTOPHOTO JIBHUTATEIIs

10.  Ommucatp paboumii LUK YETHIPEXTAKTHOTO AU3EIBHOTO JBUTATENS
11.  OmnucaTh TOIIMBO AJIsl ABUraTeNIed BHYTPEHHETO CrOpaHus
Jlexnus 13

1 Tema 13. Ilokazatenu pexuma pabOThI, SKOHOMMYHOCTHU TEIUIOBBIX 3JIEKTPHUYECKUX
CTaHIMU

2. Hean: 3HaTh TpeOOBaHMS K YCTAaHOBKAM IMPOU3BOJSIIAM 3JIEKTPOIHEPTHIO U TEIUIOTY;
nmokazaTen oOIIel SKOHOMHUYHOCTH HMCTOYHHKOB TIOJIE3HOM HSHEPrUH; COBPEMEHHBIE METOIbI
OIIEHKH TIOBBITIEHHSI TETUIOBON SKOHOMUYHOCTH MApOTYPOUHHBIX YCTAHOBOK.

3. Te3uchl JeKIHHI:

Tennosast s3xoHomuunocth KOC. [IpeoOpa3oBanre MOLUTHOCTHU B TypOUHE.

[Torepu momuocTu B TypouHe. KI1/] snextpocraniun (610Ka).

MeTop!I TOBBIIIIEHHS TETIOBOH SKOHOMHUYHOCTH TAPOTYPOUHHBIX YCTAaHOBOK.

TensioBasi 3KOHOMHUYHOCTH TII]
TemmoBas s3xoHOMUYHOCTH TOLI xapakTepusyercs:
- IOKAa3aTeNsIMU TeIIOBOM SKOHOMUYHOCTH T10 MPOU3BOJICTBY U OTIIYCKY AJIEKTPO3HEPTUH

- IOKa3aTCJIAIMU IO OTITYCKY TCIIJIOTHI TCIIJIOBBIM HOTpe6I/ITCJ'I$IM
‘PA)”ll‘h()‘L)(i

Pucynox 13.1 — Cxema napoTypOMHHOMN YCTaHOBKH C OTITYCKOM TEIUIa HOTPEOUTEIIO
1). Pacxox napa Ha TypOUHY

KI”
Dy =Dy + Dr, [?:]

D, (%j - pacxoJ napa u3 oToopa (K TernaoBoMy MOTPEOUTEINIO)

Dk - pacxo/[ 1mapa B KOHACHCATOP

2). MomHocTh T/¢) TypOUHBI
ITo orcexam

N:az[Dﬂ'(hu *hr)Jf(Dn “DT)'(hr _hx)]'%f -

I1o notokam
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N, :‘:DT '(ho - hr)+ Dy '(ho ~hy )] My Nr
5). Ab6comoTablit anekrpuueckuid KIT /¢ TY

N

2

f?=7=£
7 0,-0, 0O)

6). KI1J] cranmuu mo BeipaboTke DD

S0P

cr =5 " Tlpp " Tk

7). KI1J] craniwu mo oTmycky 99
Hemmo __ __0Op '

Nev - =MNer - (1-PB,)

KII TOIL no mpon3BOACTBY TEIMIOTHI
T | v -

Mer = Mga " Thrp

KII TOIL mo oTmycKy TemiIOThI
T —

Her = Mg " Mrp " N

Nt - KI1J] rernnoBoro noroka (y4uThIBaeT NOTEPH TEIJIOTHI IPU TPAHCTIOPTE)

IToxazaTenu o61ei skoHOMHIHOCTH TOC (TEXHUKO-IKOHOMUYECKHE MTOKA3aTEIIH )

O6mas sxoHoMuyHOCTh TOC XapakTepu3yercs:

1. KamurtaneHbiMu 3aTparamMu  Ha coopyxeHue TOC (yaeiabHBIMU KalUTaTIbHBIMU
3aTpaTamu)

2. U3nep>xkamMu MPOU3BOJICTBA

3. CebGecTOMMOCTBIO SNIEKTPUUECKOM U TeII0Bo SHepruu 4. [IpuBeeHHbIMU 3aTpaTaMu

MorurHocts 1 KITJ[ TypOuHsl

PaboTa TypOMHBI KaK TEIUIOBOTO JABUraTellsl XapaKTepu3yeTcs BHYTpeHHEN (MHIUKATOPHOI)
MOIIIHOCTBIO, pa3BUBAaEMOH JIoNMaTkaMu, U 3PPEeKTUBHOM (Ha Basly) MOIIHOCTHIO.

D¢ pextuBHast MOIIHOCTb Ne MeHbIlIe BHYTpeHHeN N, Ha 3HaUeHHEe MEXaHUYECKUX TOTEph (B
NO/IIMITHAKAX, HA HPUBOJ BCIOMOTAaTEeNbHBIX MEXaHM3MOB U T.I.). BHyTpeHHsss MomiHOCTb Nj
; MeHbIe MourHOCcTH NO, KOTOpYIO0 pa3BHBaja Obl MjeajbHas TypOMHA, HAa 3HAaYEHHUE BHYTPEHHHUX
noTepsh (0T TPEHUS U 3aBUXPEHUS B KaHAJIaX, OT IepeTeyek mapa B 3a30pax HOMUMO COILI U T. 11.).
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IHIII LI
BiyTpenny
motepi

Mexanmseckuelf DnexTpHuecKHe
noTepH N, noTepu

Pucynok 13.2 - MOIHOCTH TEIUIOBBIX TIOTOKOB MTAPOBOTO TypOOTeHEpaTopa

[Torepss oT yreukn mapa dYepe3 KOHIEBbIE YIUIOTHEHHS YBEIMYMBAET pacxoj Tapa Ha
TypOuHy. OHa He BIMSET Ha SHTAJBIIMIO [1apa, a IOTOMY €€ OTHOCST K BHEIIHUM, & HE BHYTPEHHUM
IOTEPSM.

Mexanndeckie MMOTEPU OMPCACIIAOTCA SanaTOfI YaCTH SHCPIruv Ha Mpeoao0JICHUEC TPCHUA B
OTIOPHBIX U YIMOPHBIX MOAIIUITHUKAX TypOUHBI (BKJIHOYAs OMOPHBIE MOAIIUITHUKU 3JIEKTPHUUIECKOTO
reHepaTopa WJIA JPYrod MaliuHbl, COCAMHEHHOW C BajJOM TypOWHBI), Ha TPHBOJ CHUCTEMBI
peryaupoBaHus M TJIABHOTO MaciTHOro Hacoca. [loTepu Ha TpeHHE NpeBpamiaroTcs B TEIIOo
CMa304YHOT0 Macia. DTO TEIUIO BBIIEISIETCS B MACIIHOM XOJIOJMIbHUKE U YHOCHUTCS OXJIaKJaroIIe
BOJIOM.

Bayrpennuit  otHocutenbHbd - KIIJ[ yuuThiBaeT BHYTpEHHHE TIOTEpH TYpOHMHBI U
OTIPEJIeIIIETCS OTHOIICHUEM:

Mexannueckuii KI1/] 3aBucHT OT THIIA ABUTATENS K €I'0 MOIIHOCTH.

VY 1ypbun mexanudeckuit KIIJ[ Bbille, yeM y NOPIIHEBBIX JABUraTesei, y KOTOPBIX €CTb
BO3BPATHO-TIOCTYATENBHO JIBIKYIIUECS YAacTH, BbI3bIBAIOLIUE OOJbIIME MOTepU TpeHus. Yem
BBIIIIE MOIIIHOCTH JBUTATeNsl, TeM Oobiie ero mexanuueckuii KITJ[. Mexanuueckuit KIIJ[ TypOun
J0CTaTOYHO BBICOK U COCTaBJIAET A TypOuH MomHOCTHIO OT 500 mo 5000 kBTt 96-99%, a cBbiiie
5000 kBt 99-99,5%.

KITJI snexTpuueckoro reHeparopa Ha3bIBAlOT OTHOIICHUE 3JIEKTPUYECKON MOIIHOCTU K
3¢ heKTUBHOM

1"-'-3

=y
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Pucynox 13.3 — Momrocts u KITJ[ TypOunbI

Jlts snektpudeckux rereparopoB MomrHocThi0 oT 500 mo 5000 kBt
ceeimre 5000 kBt 7.= 96-99%.

[IpeobpazoBaHme MOITHOCTH B TypOHHE
1. Teopernueckass MOITHOCTH (KM€abHOM TypOUHBI), KBT

No = Go Ho

Go- pacxon mapa Ha TypOUHY, KI/cC
Ho = ho — hkt - - paconaraemsiii (Teopetudeckuii) T/mepena, kJ[x/Kr

2. JlefictBuTenbHast (BHYTPEHHsIS1) MOIITHOCTh TYpOUHBI, KBT

Ni = Go Hi

Hi =Ho noi - nefictButenbubpli T/Iepena, K/ [x/kr

P\

et

Pucynok 13.4 — Ilpouecc pacmupenus napa B Typoune 6e3 oT60poB

7. = 92,5-96%, a

MeTo1pI MOBBIIICHUS TEIIOBOM S KOHOMWYHOCTH HapOTyp6I/IHHBIX YCTAHOBOK.

naznt'noi'nm'nar

A. TepmomHaMUYECKHE METOIBL.

Hanpagiens! Ha yBenndenue 1t . OHaKo OHU BIMSIOT U HA Noi -
- IloBbllIeHNe HadYaIbHBIX TAPaAMETPOB.

- [loHmKEeHNE KOHEYHOTO 1aBJICHUS.

- [Ipumenenne NpoMexXyTo4HOro IEPErpeBa 1 cenapamnyy Biaru.
- [IpumeHeHne pereHepaTuBHOTO NOJAOIPEBA MTUTATEIBHON BOJIBI.
KomOuHNpOBaHHOE MPOU3BO/ICTBO 3JAEKTPOIHEPTHU U TEIUIOTHI.
b. KoHCTpyKTHBHBIE METOABI.

HanpagieHbl Ha yBEIUYEHHUE Moi , M, Mor -

IloBrinieHUE KHI[ KOHJICHCAIIMOHHOM OJICKTPOCTAHIUHN ITYTCM HCIIOJIb30BaHUA TCIJIOTHI

KOHACHCAllUH 0Tpa60TaBmer0 B Typ6I/IHC Inapa
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YpoBeHb 3KOHOMUYHOCTH TeruioBoi anekrpuueckoil cranuuu (TOC) 3aBucut ot KIIJ
TEPMOAMHAMHYECKOTO IMKIIA, TIOJIO)KEHHOTO B OCHOBY ee paborel, u oT KIIJ[ ycraHoBOK, B
KOTOPBIX OCYIIECTBJISETCS MpeoOpa3oBaHUE XMMHUYECKONW DHHEPruM TOILUIMBA B TEIUIO H
HCII0JIb30BAHUE TEIUIA JJIs BbIpaOOTKU 3nekTpuyeckoil saHepruu. TOC cocTOUT U3 TpeX OCHOBHBIX
YCTaHOBOK: TIapOBOT0 KOTJIA, TAPOBOM TYpOUHBI U JIEKTPUYECKOTO F€HEPATOPA, CBSI3aHHBIX MEXIY
coboif TpyOOMpoBOJAMHU JUIsl TPAHCIOPTA TEIUIOHOCHTENEeH (BOABI M BOJSHOTO Tapa) H
AJIEKTPONPOBOIAMU Ui MPHUBOJA BCIIOMOTATENBHOIO  TEIUNIOMEXaHUYECKOTO 000PYAOBAHUS
CTaHLIUU.

PabGotra mapoBoro KoTia OCYIIECTBISIETCS € NOTepell Temja, TIJIaBHBIM 00pa3oM, C
YXOAAIIMMHU MPOAYKTAMH CrOpaHusl, B OKPY)KAIOIIYIO0 Cpely 4epe3 HapyKHblEe OTPAKJEHUS U C
HenpephIBHOW MPOAYBKOH (117151 OapabaHHBIX KOTJIOB), @ TAKXKE OT XMMHUYECKOTO U MEXaHUYECKOTO
HeZ0Kora TOIIJINBA.

[IpeoOpa3oBaHue TEIUIOBOM SHEPrUM B MEXaHUYECKYI0 pabOTy B MapoBOM TypOMHE H
BbIPa0OTKA 3JIEKTPOIHEPTUH B DJIEKTPUUYECKOM T'€HEpaTOpe HEM30EKHO CBSI3aHBbl C IMOTEPSIMH:
oTHayeil 3HAYUTENbHOM dYacTh Temla XOJIONHOMY MCTOYHHMKY (OXJaxJamoomeld Bojae B
KOHJIEHCAaTopax TypOWH); MOTEpSAMHU SHEPrHH Iapa BHYTPU TYpOMHBI; MEXaHUYECKHUMH MOTEPSIMHU
TypOHMHBI U IOTEPSIMU B JIEKTPUUECKOM T'e€HepaTope.

HesnauutenbHas dYacTh Temja TepsieTcs TpU  TPAHCIOpPTE TEIUIOHOCHUTENEH B
TPyOOINPOBOIAX, COCTUHSAIONIUX KOTEIbHYIO U TYPOUHHYIO YCTaHOBKHU.

[Ipemmaraercss  cmoco6  moBwimmenus — KIIJI — mapoTypOMHHONW  3JIEKTPOCTAHIIUU
KOHJICHCAllMOHHOTO THIIA, KOTOPBIM 3aKItoYaeTcss B HUCHOJb30BaHMM Ha TOC 4acTu TEIIoThI
KOHJICHCAIIUK OTpabOTaBIIEro B TypOWMHE Mapa MyTeM MoJadyd W3 TPaJupHU OalleHHOTO THIa
HarpeToro M HaCBIIEHHOTO BOASIHBIMU TapaMu aTMoc(EepHOro BO3JyXa B MApOBOM KOTEN IS
ropenus TorumBa [100]. TeroBas cxema napotypOounHoit TOC ¢ uCnoJIb30BaHUEM YaCTH TEILJIOTHI
KOHJICHCAIlUK OTpabOTaBIIero B TypOMHE Mapa IpezcTaBieHa Ha puc. 13.5.

Brnaxuslit BO31yx /14

—Slim e e

Torumso
K sl '
OHJICHCAT i
C i
18° 19

1- mapoBoit koTex; 2 - maponpoBo; 3 - TypOuHa; 4 - AneKTpudeckuil reneparop; 5 - kouaeHcatop; 6,14 - TpybonpoBox; 7 -
MUTATENbHbIH Hacoc; 8 - BBITsDKHAs OatHst; 9 - BogocOopHsIid O6acceitn; 10 - uupKymsauuoHHbIid Hacoc; 11 - HanopHbIi TPyOOIPOBO;
12 - cnuBHO# HamopHblid TpyOompoBon; 13 - kopo0O; 15 - pasOpsiruBatonie comia; 16 - opocurenbHoe ycTpoiictBo; 17 -
BOJIOYJIOBUTENB; 18 - 301moynoBurens; 19 - gpiMococ; 20 - npiMoBas Tpyoda

Pucynok 13.5 - Cxema KOC ¢ wHCHONB30BaHMEM 4YacTH TEIUIOTHl KOHJIEHCALUU
oTpaloTaBIIero B TypOMHE Mapa:

PaboTa TenyioBo# 3JeKTPHUECKOM CTaHIIUU OCYIIECTBISIETCS CIEAYIOIIUM 00pa3oM.

B mapoBoif koren 1 moparoTcs TOIUIMBO, NHTaTeNbHas BOjAa MO TpyobompoBoxy 6
MOCPEICTBOM MHUTATENIBHOTO Hacoca 7 M Mo TpyOompoBody 14 - Harperblii M HacCHILEHHBIN
BOJSHBIMHM TapaMy B TpajJupHe OallleHHOTo THIA aTMOC(EpHbI BO3AyX Ui OCYILECTBIICHHUS
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TOpeHusi ToIuMBa. B pesynbraTe TOpeHHs TOIUIMBA 0Opa3ylTCs MPOAYKTHI CropaHus, B KoTie |
BbIpabaThIBAETCS Map, KOTOPBIK MO MAapOIPOBOAY 2 HAIpaBIseTcss B TypOuHY 3, a OXJIaXACHHBIC
MIPOJYKTHl CropaHusl OYMINAIOTCS B 3o0Ji0yloBuTene 18 u mocpeacTtBoM JsiMococa 19 uyepes
aeIMoBYIO TpyOy 20 oTBOomsiTcst B armMocdepy. B TypOune 3 ocymectisiercss mpeoOpa3oBaHHe
KMHETUYECKOW M MOTEHLMAJIbHON 3HEPTUU Mapa B MEXaHUYECKYIO0 padoTy Ui BpallleHUs poTopa
TypOMHBI 3 U MPUBOJIA AJIEKTPUUECKOTO TeHepaTopa 4, B KOTOPOM BbIpaOAaThIBAETCS JIEKTPUUECKUM
TOK.

OtpabotaBmmmii B TypOuHE 3 map HampaBisIeTCss B KOHACHCATOP 5, T/I€ OCYIIECTBIISETCS
KOHJICHCAllUs Tapa MyTeM M0Ja4d B KOHJEHCATOp 5 LUMPKYISILMOHHOM BOJABI K3 BOJOCOOPHOTO
OacceliHa 9 HUPKyISUOHHBIM HacocoM 10 mo HanmopHoMy TpyOomnpoBoay 11. B konnencarope 5 B
rpolecce Telionepeaud LUPKYISIUOHHAs BOJia HArpeBaeTcsl 3a CUET TEeIUIOThl KOHJEHCAlUU
(mapooOpa3oBaHus) OTpabOTABIIECIO B TypOHHE 3 TIapa M 10 CIIMBHOMY HAIllOPHOMY TPYOOITPOBOTY
12 momaercss B BBITSDKHYIO OalrHIO & TpagupHH, TA€ TOTOK BOJBI TOCPEACTBOM comen 15
paz0Ope3ruBaeTcs U B opMe CTpyil M Karenb MaJaeT Ha OPOCHUTENHHOE yCTpPOMCTBO 16, a 3aTem
CTEKaeT B BUJE JIOXK I B BOJOCOOPHBIN OacceitH 9.

HaBcTpeuy mnoTOKYy BOJBI B BBITSDKHOM OamrHe 8 TpagupHU ABWKETCS XOJIOAHBIN
aTMocepHbIf  BO3myxX. B mpomecce  HEMOCPENCTBEHHOrO  KOHTakTa  TEIJIOHOCUTENEH
OCYILIECTBIISIETCSl TEIJIO- U MAacCOOOMEH MeXAy UHPKYJIAIUOHHOW BOJOH M aTMochepHbIM
BO3JIyXOM, IPU 3TOM BOJIa OXJIQKIAETCsl, @ BO3JyX HAarpeBaeTCs U HACBIIAETCSl BOASHBIMU MTapaMH.
3aTeM HAacChIIIEHHBIA BOJASHBIMU TapaMH BO3[yX MPOXOIUT BOJOYJIOBUTENL 17, roe W3 HEro
oTnensieTcs KamnenbHas Biara. M3 BeITSDKHOM OaltHu 8 TpaipHU YacTh HArpeToro M HaChIIIEHHOTO
BOJISHBIMH TTapaMH BO3JlyXa MOCPEACTBOM Kopoba 13 mo TpyOompoBony 14 momaercst B mapoBOi
KoTen 1 171 ocyliecTBIeHNUs TOPEHUs TOIUIHBA.

Takum oOpa3om, BcleACTBHE MOJaYM U3 TPaAUpHU OAlICHHOTO THIIA B MApOBOM KOTEN s
TOpPEHUs] TOIUIMBA, HArperoro M HACBHIIIEHHOTO BOJSHBIMU MapamMu aTMOC(HEpHOTO BO3IyXa,
3¢ dEeKTUBHO HCIIONBb3YETCS YacTh TEIUIOTHl KOHJAEHCAlMM OTpaboTaBIIero B TypOMHE mapa, T.e.
MOBBIIIAETCSI 3KOHOMUYHOCTh TEIJIOBOW 3JeKTpuueckoi craHimuu. Kpome Toro, momaua
HACBIIEHHOTO BOJASHBIMHU MapaMH BO3AyXa B KOTeJ Ui TOPEHMs TOIUIMBA IMO3BOJISIET B 2-3 pasa

CHU3UTH COJIep)KaHHWE OKCHJIOB a30Ta B MPOAYKTaX CrOPaHUs B TONKE U B YXOJSIIMX JABIMOBBIX
razax [ 100].
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Hwxnexkamck: HukHekaMckuil XUMHUKO-TexHOMorndeckuit MHCTUTYT (dprman) ®I'BOY BIIO «KKHUTVY »,
2013. - 176 c.

4. Illapornazos b. A., ®apadontoB M. ®@., Knementses B. B. JlBuratenu BHyTpeHHET0 CropaHHs:
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403 c.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
DHepropecypcsl, ICTOYHUKA W METOJIBI TIOTYICHUS 2022-2023
’ 144ctp. u3 174

5. Cr. 1 3akon OO0 sHeprocOepexxeHUH ¥ MoBbIIeHHH YHeprodddexTuBHocTH PK ot 13 sHBaps
2012 roga Ne 541-1V. JleficTByronuii ¢ u3MEHEHUSAMH U qononHeHusMu. [Iposepeno 15.01.2022

6. BcrnomorartensHoe oOopynoBanne TOC. KOHCHEKT JeKIMi A CTYACHTOB CIEIIHAIEHOCTH
5B071700 — Terosuepreruka. Anmatst 2017. ¢.104

7. JlomoNHUTENbHAS TUTEpPaTypa

8. Jlenyxorckuii I'.B., TlocnmemoB A.A. Pacuer W HOpMHpOBaHUE IOKa3aTeliel TEIIOBON
SKOHOMUYHOCTH oOopymoBanust TOC: Yuebd. mocodue / ®I'BOYBIIO «MBaHOBCcKUi TOCYyIapCTBEHHBIH
sHeprernyeckuil yauBepcuter uM. B.U. Jlennnay. — MBanoso, 2015. — 468 c.

9. Haruerarenu u teruioBblie naeuratenu / B. M. Uepkacckuii, M. B. Kanunun, 0. B. Ky3nenos, B.
N. Cy66otun. M. : Dueproaromusaar, 1997

10. Konnenuust pa3BuTusi TOINIMBHO-IHEpreTH4eCcKoro komruiekca PecryOnnku Kazaxcran mo
2030 rona. [Tocranoenenue [IpaButenscrBa Pecyoniku Kazaxcran ot 28 uronst 2014 roga Ne 724
11. [Mununenko H.B., CuBakoB M.A. DHeprocOepexxeHHE W IOBBIIIEHHE YHEPTETHUECKOM

3(h(HEeKTHBHOCTH MH)KEHEPHBIX CUCTEM U ceTel. YueOHoe nocodue. — CI16: HUY UTMO, 2013. — 274 c.

JIEKTPOHHBIE PECYPChI:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, ITAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sr naHHBIX

PecniybnikaHcKast MEXBY30BCKast JIEKTpOHHAst Onbnoreka, Aknurpress www.aknurpress.kz.

6.KoHTpoJIb (BONIPOCHI, 3a1a4H, pellIeHHE)

1. Omnucarp TpeOoBaHMS K YCTaHOBKAM IMPOU3BOIALINM AJIEKTPOIHEPTUIO U TEIIIOTY
2. [Tepeuncnuth Kak XapaKTepru3yeTcs TEII0oBas SKOHOMUYHOCTH TOL]
3.00bscHUTE(GOPMYITY pacxo/IB apa Ha TypOUHY

4. V3 KaKkuX COCTaBJIAIOIIUX COCTOUT MOIIHOCTh MO OTceKaM T/¢ TypOuHBI

5. Uemy pasen KIIJI TOL] no mpon3BoACTBY TEIIOTHI

6. Kak xapakrepusyercs o0mas 3koHOMHIHOCTH TOC

7. OnucaTh MOIIHOCTH TEIIOBBIX MOTOKOB [APOBOTO TypOOreHeparopa

8. Uemy pasen KIIJI snexTpudeckoro reneparopa.

9. 00BACHUTH METO/IbI OBBIIIEHUS TETIOBOM SKOHOMUYHOCTHU MAPOTYPOUHHBIX YCTAHOBOK.
10 Ot uero 3aBucuT ypoBeHb 3k0HOMUYHOCTH KOC?

Jlexkuusa 14

1 Tema 14. DueprocOepekeHUE B cUCTEMaX MOTPEOICHUS YJHEPTOPECYPCOB

2. Hean: 30aTh 3akoH PecnyOnuku Kazaxcran «OO0 sHeprocOepe:keHUW M MOBBIIICHUH
3Heprod(pPeKTUBHOCTUY», ACHEKThl YCTOWYMBOTO PA3BUTHUS: DHEPreTHUECKUN, HKOHOMUYECKUM,
9KOJIOTMYECKUH, COLIUATIbHBIN.

3. Te3ucel JeKInM:
ACHEKThl YCTOWYMBOTO Pa3BUTHUS: DHEPIETUUYECKHUM, AKOHOMUYECKUH, SKOJIOTHUECKUH,

COLIMAJILHBIHN.
3akoH PecnyOnuku Kazaxcran «00 SHEprocoepeKeHNH u MHOBBIIIICHUH

SHEProdPHEeKTUBHOCTH»

AcneKTbl yCTOHYHBOI0 Pa3BUTHSA: IHEPTreTHYECKHI, IKOHOMHYECKHUI, IKOJIOTHIeCKHH,
COLMAJIbHBIN


http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/
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DHepreTuka SBISETCS OJHOH M3 OCHOB M COCTaBHBIX dYacTeil MHEOPACTPYKTYphI
YeJIOBEUECKOW NMBHJIM3AINY, BAXHEWIIMM (aKTOPOM TPOU3BOJACTBA U IKU3HEOOECTICUCHUS
COBPEMEHHOTr0 o011ecTBa. B cTpykType ce0ecTOMMOCTH MPOIYKIIMM PacXojbl Ha SHEPropecypchbl
cocTaBisAoT OT 5 10 40 %. bonee 80 % 3Hepruu B MUpe NOJIYHArOT MYTEM CKUTaHUS HCKOIIAEMOTO
toruiiBa Ha TOC, mpu 3TOM pacHpefeleHUEe 110 OCHOBHBIM SHEPrOHOCUTENSIM BBIMJISAUT
cnenyromuM obpazom: 37 % — HedTh, 24 % — 1a3, 24 % — yroms.

OpHako cpean pa3BUTHIX CTPaH MOYKHO OTMETHTh UckitoueHus. Hanpumep, Bo @panHiuu Ha
JIOJIF0 aTOMHOM SHEpreTUKU NpUXoauTcs okoso 85 % BelpabOaTbiBaeMoil sHepruu, a Hopserus
moutd 99 % »osHeprum modydaer Ha TuIpodnekTpocTaHuusx [5]. IlorpebineHue TOMIUBHO-
SHEPreTUUECKUX pecypcoB HabupaeT Bc€ Oosiblivie 000poThl. [lepenoMHbIM B M3MEHEHUU TEMIIOB
npupocta MnoTpebseHus -sHepropecypcoB cramu 1970-e TIT., KOTOpbleé O3HAMEHOBAIKCH
SHEPreTHYECKUM KpPU3HCOM, PE3KUM H3MEHEHHWEM MHpPOBBIX LIEH Ha He(Th, B pe3yiapTaTe 4ero
MIPOMBIIIJIEHHO Pa3BUThIE CTPaHbl MPUCTYIUIIN K peau3alnun 3Heprocoeperaonmx mporpaMmm. Tem
HE MEHee, MOXXHO C YBEPEHHOCTbIO YTBEpPXKHaThb, YTO MOTPEOJIEHUE SHEPropecypcoB IMpHu
COBPEMEHHBIX TPEOOBAHUSIX K KU3HEAEATEILHOCTH YeJIOBEKa Oy/IeT HEYKIIOHHO YBEJINYNBATHCS.

Emé onuH acmnekT, KOTOphIi HEOOXOAMMO OTMETUTh — 3TO POCT JOJM HedTH M rasa B
MHPOBOM 3Heprofanance. OAHAaKO MPUPOAHBIE pecypchl He OeckoHeuHbl. HecMOTpst Ha OTKpbITHE
OTPOMHBIX 3anacoB He(Tu Mo Mupy, B crpaHax bimxaero BocToka u T.1., MOXKHO KOHCTaTHPOBATh,
YTO YEJOBEUYECTBO HAXOIHUTCS Ha pyOeke MPUHATHUS CTPAaTErMuecKOro pemieHus o0 HU3MEHEHUH
MoAXo0/1a K JalibHEHIIeMy HCIOJIb30BaHUIO TOIUIMBHO-3HEPreTHYeckux pecypcoB. CyliecTBeHHOE
HCTOIIEHUE HUCTOYHMKOB JIOCTYMHOTO TPUPOJHOTO TOIUIMBA M  KOHEL OJpbl JEHIEBOTO
YTJIEBOJAOPOTHOIO CHIPbSl JAENAal0T MpOoOJIEMAaTUYHBIM CTAOMIIbHOE 3HEProoOecredyeHrne MHOTHX
ctpad mupa. [lo MHEHHIO SKCTIEPTOB, 3aMacoB ra3a u, ocooeHHo, HedTu xBatut JeT Ha 50. 3a BCio
CBOI0O HCTOPDHUIO 4YEJIOBEYECTBO YK€ HCIOJIb30BaJi0 JI0 TOJOBHHBI HM3BJIEKAEMBIX 3aracoB
TPaJAMLMOHHOTO HCKONAeMOro TOIUIMBA, a HBIHEUIHUM CIPOC HAa HEro 4YyTh JIM HE BYETBEPO
OTIEPEKAET MPHUPOCT pacmoiaraeMbeiXx pecypcoB. Iluk noObrum mponumm yxe 54 w3 65 crpaH-
npousBoauteneii Hegtr, B mepuoa ¢ 2015 mo 2020 rr. ObLT MPOTrHO3UPOBAH €€ TIAHETAPHBIN
Makcumym [7]. Ilo manabiIM MupoBoro sHepreruueckoro areHTcTBa (MDA), moTpebieHue
sHepropecypcoB B 2010 r. coctaBuio 12 Mapa TOHH HeDTSIHOTO SKBUBaiIeHTa (T H.3.) (puc. 14.1).
[IpubaBka 3a rog cocraBuia 639 MiH T H.3. i 5,6 % — 3TO caMble BBICOKHE TeMIlbl pocta ¢ 1973
r. 3aMeTuM, 4YTO CpPEIHEroJ0BOM pPOCT MOTpeOIeHHs] PHEPropecypcoB 3a mocienHue 45 ner
cocTasiusia 2,6 % [27].

1965
1969
1973
1977
1981
1985 1
1989
1993
1997
2001 ]
2005
2009

Pucynox 14.1 - Jlunamuka notpebsieHs! SHEPropecypcoB, MIPA T H.D.

Copoc yBenuumics Ha BC€ BHIbI 3HEproHocuteneidl (HedThb, ra3, yrojb, TMIPOIHEPTHIO,
aTOMHYIO SHEPruio, OMOTOIUIMBO) M BO BceX pernoHax mupa. [lo omenkam crenuanuctoB MOA,
MUpPOBOM cmpoc Ha mnepBuuHble 3Hepropecypcbl k 2030 r. Oynmer exeroano pactu Ha 1,6 %.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTyCcTiK KasakcTaH MmeauumHa akaanemusico» AK, AO «XOxHo-KasaxcTaHcKast MEAULMHCKAS aKaneMuUs»
Kadenpa MHxKeHEPHBIX JUCITUTLIINH 044/76-11
2022-2023

DHepropecypcbl, MICTOYHUKU U METOBI MTOTY4YEHUS

146¢ctp. m3 174

[Iporao3upyemsblii pocT OyAeT NpoXoauTh Ha (OoHE MIMPOKOH OOpPHOBI MPAKTUYECKH BCEX CTpPaH 3a
HKOHOMUIO SHEPTHUHU U TOBBIIICHUE SHEProdPPEKTUBHOCTH, BBI3OBET P CTPYKTYPHBIX U3MEHEHUI
B MHPOBOW MPOMBINUICHHOCTH. [IpW 3TOM BOMPOCHI SHEProoOEeCreyYeHrss — BCErO JHUIIb YacTh
npoOsieMbl MM BEPXHSSA 4YacTh «aiicoepra». He meHnee (ecam He Oosee) BaXHBIM (HaKTOPOM
SABIISICTCSL DKOJIOTHYECcKass Oe30macHOCTh. IlapHUKOBBIN APQeKT U Tiio0anbHbIE KIMMAaTHUYECKUE
KaTaKJIM3Mbl MOCIEAHUX JIET 3aCTaBJISIOT 33yMaThCs, a KakK ke JKUTh Aaiblie? [lepcneKTuBHBIMU
HaIpaBJICHUSMU MOKHO CUMTATh TEPMOSIIEPHBIN CUHTE3 U, KOHEYHO, BOJIOPOAHYIO SHEpreTHKy. Ho
9TO BCE MOKa «BWJIAMHU IO BOJAE MHcaHO». Jla, IPOIYKTOM CXKHUraHus BOJOpOJa SIBJISETCS BOAA
(BonsHOI map). Tak 4To, €ciu pa3nokuTh 3Ty BOAY Ha COCTaBIAIONIKE (BOJOPOI U KUCIOPOL), TO
noJstyyaeTcsi 0e30TXOAHBIM U Oe3BpenHblil mpouecc. OqHa «MalieHbKas» npobiemMa — cBOOOIHOTO
BoJIopoa Ha 3emuie HeT. [t ero momy4deHust Tpedyercs sHeprusi. A rae e€ B3saTh? C MOMOIIBI0 TaK
Ha3bIBAEMBIX BO300HOBIISIEMBIX HCTOYHUKOB HHEPruM (COJIHIE, BETEp, OSHEPrus NPUIUBOB HU
OTJIMBOB, TeOTepMasbHas sHeprus u T.1.)? Ho ux g0 B MUpOBOM 3HeprobdangaHce moka 4To O4eHb
Mana, a, HapuMep, B Poccun BooOIie HUYTOXKHA. 3HAUUT, OMNATh NPUAETCS MPU3BATh HAa MOMOIIb
HCKOIIaeMbl€ TOIUIMBA. BOT Takoil «3aK0J0BaHHBIA KPYI».

3akon  PecnyOummkum  Kasaxcran «O0  JHeprocOepe:xeHMH W NOBBIIICHUU
3HeProd(p(PeKTUBHOCTID)

13 suBaps 2012 roma IlpaButensctBom Kazaxcrana Obul mpuHAT 3akoH PecrmyOmuku
Kazaxcran «O0 sHEprocOepeKeHUH U MOBBIIICHUN SHEPTOIDPEKTUBHOCTI

[Iporpamma HampaBieHa Ha oOecrieyeHUE TOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH,
(bMHAHCOBOW YCTOWYMBOCTH, SHEPTETHYECKONW M 3KOJOoTHYecKor Oe3omacHocTu skoHOMuKH PK, a
TakK€ pOCTa YpPOBHS U KauyecTBa IKU3HU HACEJIeHHMs 3a CYeT pealu3alMd MOoTeHILHasa
sHeprocOepekeHuss U MOBBILICHHS dHEpreTHdeckor 3()PEeKTUBHOCTH HAa OCHOBE MOJCPHU3AIINH,
TEXHOJIOTHYECKOIO Pa3BUTHUSL U TEpexoja K palMOHaJbHOMY M DKOJIOTMYECKH OTBETCTBEHHOMY
HCII0JI30BAHUIO SHEPTETUUYECKUX PECYPCOB.

OCHOBHBIMU ~ HAINpaBJCHUSIMH  TOCYJApCTBEHHOIO  peryidpoBaHuss B  oOrnactu
sHeprocOepekeHus U MOBbIIIEHUs SHEProd(h(HEKTUBHOCTH SBIISIOTCS:

1) ocyliecTBICHHE TEXHUYECKOTO PEryJUpOBaHUS B 0OJaCTH DSHEProcOEPEKEHUS W
MOBBIIIEHUS YHEProd((HEKTUBHOCTH;

2) ocyIiecTBiICHHE cOaTaHCHPOBAHHON Tapu(HOM MOJUTHKH M IEHO0Opa30BaHus B 001aCTH
MIPOU3BOJICTBA U MOTPEOJICHUS SHEPTrEeTHUYECKUX PECYPCOB;

3) cTUMyIUpOBAHUE PHEProcOCPEHKEHUS U TOBBINICHUS SHEProdP(EKTUBHOCTH, BKIOYAS
MCI0JIb30BaHUE YHEProcOeperariux 000py10BaHU 1 MaTEPHUAJIOB;

4) OoCyIleCTBICHHE TOCYIApPCTBEHHOTO KOHTPOJS 32 3()(MEKTHBHBIM HCIOJIb30BAHHEM
SHEPreTHYECKUX PECypPCOB;

5) nmpomaraHga SKOHOMHYECKHX, OKOJOTHYECKMX W  COIMAIBHBIX  MPEUMYILIECTB
5QPEKTUBHOIO  MCIOJB30BaHMUS  HHEPreTHUECKHX PpECypCcoB, MOBBIIIEHHE  OOIIECTBEHHOTO
00pa30BaTeIbLHOIO YPOBHS B 3TOi 001acTH;

6) oOecreueHue CcoOMIOJCHUS  3aKOHOAaTenbcTBa  PecnyOnuku — Kasaxcran 00
SHEProcOepeKeHUH U MOBBIIEHUH SHeprod3ddexTuBHOCTU.[17].

Bricokasi 9HEpro€MKOCTh MpU pocTe Tapu(OB Ha PHEPrOHOCUTEIH 3aTpyAHSET OOpnOy c
uHbnanueit. Poct TapudoB Ha 3HEProHOCUTENN HEO0X0AUM Uil 00eCieYeHHsI pa3BUTHS TOTUIMBHO-
SHEPreTUYecKOoro KoMiiekca. OHaKo pocT Harpy3KH IO OIUIATE SHEPrOHOCUTENEH, BHIXOIAIINN 3a
Mpeenbl MUIaTeKHON COCOOHOCTH HAceleHus, 3aTpyAHseT O0opb0y ¢ OeIHOCTBIO, HE MO3BOJSET
o0ecreynTh BBICOKYIO COOMPAEMOCTh IIaTeXKed M MOPOXKIAET HEJAOBOJILCTBO TpakaaH. Huskas
sHeprerudeckass 3((GEKTUBHOCTh JKIIMIIHO-KOMMYHAJIBHOTO KOMIUIEKCAa M OIOJUKETHOUM cdepbl
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BEIET K BBICOKOM Harpy3ke KOMMYHAJIbHBIX IUIATEKEH HAa MECTHBIC OIOJDKETBI, YTO CHIKAET
(DMHAHCOBYIO CTAOMIIBHOCTb.

OCHOBHBIC OpPraHMW3ALUOHHBIC MEPONPHUATHS [0 HHEProcOCPEKEHUIO U  TOBBIIICHUIO
SHEepreTuueckoi 3((PEKTUBHOCTH B 3JIEKTPOIHEPIETUKE OXBATHIBAIOT: — BHEAPEHUE CUCTEM
MOHHUTOPHUHTA HEProcOepeKCHUsI U TIOBBIIICHHS YHEpreTudeckoil apdexruBHoCTH; — 00yUeHHE U
MOBBIIIEHNE KBATU(UKALUU PYKOBOJWUTENEH M CHELMAIUCTOB B 0O0JIACTH SHEProcOEpPEKEHUS U
MOBBIIIEHUS  dHepreruyeckol 3¢Q¢deKTuBHOCTH; — pa3pabOTKy U BHEIPEHHE CHUCTEMBbI
SHEPreTHUECKOro MeHEKMEHTa. [lnaHupyeTcsl OCylecTBICHHE TEXHMYECKUX MEpPONpPUSTUH MO
SHEprocOEpe’KEHNI0 U TOBBIIIEHUIO JIHEPreTUYeCKON A(PPEKTUBHOCTH Ha KOHAECHCAIMOHHBIX
ANIEKTPOCTAHLIMAX Ha Ta3e M TBEPIOM TOIIMBE, TEIJIOAJIEKTpoueHTpansax. [Ipu TexHmueckom
MIEPEBOOPY)KEHUN  JEMCTBYIOUIUX AJNEKTPOCTAaHIMI OyneT MNpOU3BOAUTHCSI: — BBIBOJ U3
SKCIUTyaTallMM  HEIKOHOMMYHOTO,  BbIpaOOTaBIIEr0 MOpaJbHBIM M (QuU3MYECKHil  pecypc
MapOCUJIOBOTO 000pPYA0BaHUS Ta30BBIX TEIUIOBBIX 3JEKTPOCTAHIMN U 3aMEIICHUE €ro HOBBIMU
YCTaHOBKaMH C HCIOJB30BAaHUEM Ta30TypOWHHBIX M ITapOTra30BbIX TEXHOJOTHH; MOJEPHU3AINS U
PEKOHCTPYKIHS IEHCTBYIOIINX KOHICHCAIIMOHHBIX M TETUIO(HKAIIMOHHBIX YCTAHOBOK M CTAHITHH C
WCIIOJIb30BAHUEM COBPEMEHHOTO HEPTrod(h(HEKTUBHOTO 000PYI0BaHUS; — BBIBOJ W3 SKCILTyaTaIluu
MOpPAJbHO M (PU3UYECKH YCTapeBIIEro 00OPYIOBAHMS C HU3KUMHU IapaMeTpaMU Iapa YroJbHBIX
TEIUIOBBIX  JJICKTPOCTAHIMI; 3aMEIIEHHE €ro HOBBIMM YCTAHOBKAMH C HCIOJIb30BaHUEM
3G GEKTUBHBIX HKOJOTMYECKH UYUCTBIX YrOJIbHBIX TEXHOJOTHMH; MOJAEpPHU3ALUA U PEKOHCTPYKIUS
JNEUCTBYIONIMX KOHACHCALMOHHBIX M TEIUIO(UKALMOHHBIX arperaroB C IIeJbI0 TMOBBIIICHHUS HUX
SHEPreTuuecko  dPQPEeKTUBHOCTH.  DHEProcOEpeKeHWe U  TOBBIIICHUE  DHEPTreTUYECKON
3G ()EKTUBHOCTH B AJICKTPOIHEPIETUKE TAKXKE CBS3aHBl C HEOOXOJUMOCTHIO BBIBOJA U3
9KCIUTyaTallMM JU3EJbHBIX JJIEKTPOCTAHLUHN, BbIPAOOTABIIUX PECypPC, CTPOUTEIHCTBA HOBBIX
IU3ENbHBIX  3JEKTPOCTAHIMI C HCMOJB30BAHUEM COBPEMEHHBIX TEXHOJOTHH (B YCIOBHUAX
YKPYIHEHUSI ¥ KOHCOJUAMPOBAHUS TOCEIKOB, MX YaCTUYHOTO 3aKpBITUS, Pa3BUTHUSL CETEBOTO
XO03sIiCTBa), MOJEPHHU3AIMU JIU3EIbHBIX OJJEKTPOCTAHIUN C HCIOJb30BAHUEM COBPEMEHHOTO
3HEProd(hPEeKTUBHOTO 000PYIOBAHHUS.

B  pesynprate = OECKOHTPOJBHONW  JOOBIYM M PACTOUYMUTEIBHOIO  HCIOJB30BaHUS
HEBO300HOBIISIEMBIX DHEPrOpPECYpPCOB B IMOCIEAHHUE AECATUIICTHUS YEJIOBEUECTBO MPUOIHU3MIOCH K
rI1006aTpHOMY PHEpreThuyeckomMy Kpusucy. Kpome Toro, 3Ha4uTeNnpHO yXyAIIMIACh SKOJIOTHYECKast
oOcTaHOBKa: riao0anbHOE U3MEHEHHE KJIMMaTa Ha IUIaHeTe, KakK CIeICTBUE MapHUKOBOTO 3 dekra,
OHKOJIOTHYECKHe 3a00JIeBaHus, 3arpsi3HeHUE aTMOochepbl BpeHBIMU BBIOpOCaMU, 3arps3HEHHE PeK,
BBIPYOKa JIECOB.

OHeprerudeckuil kpuszuc B 1970-x TT. sSBHICA MEPBOM NPEANOCHUIKOW K OCO3HAHHIO
SKOJIOTHUECKHUX TNpobieM U Hadaiay pa3paboTKH KPYMHOMACIITAOHBIX —MPUPOIOOXPAHHBIX
npoektoB. B 1997 r. 61 moanucan Kuorckuii mpoTtokon, 12 cormacHoO KOTOpOMY rocyiapcTBa
JIOJDKHBI OTPaHMYUTh BBIOPOC MAapHUKOBBIX Ta3oB (B mepByro ouepenb, CO2) B atmocdepy. Bo
MHOTHX Pa3BUTBIX CTpPaHAX OJHUM M3 BaXXHEUIIUX OOBEKTOB TOCYAAPCTBEHHOTO PEryIUpPOBAHUS
CTalu TpeOOBaHUA K PA3BUTHIO MHHOBALIMOHHBIX YHEPTOCOEPEraronX TEXHOJIOTHI U MOBBIIIEHUIO
TETI0BON 3P PEKTUBHOCTH 3aIMUTHI 3TaHUH.

OcCHOBHBIE 3a/laud M aCHEKThl HHEpProcOeperarolux TEXHOJOTUH: — SKOHOMHS
rOCyJapCTBEHHBIX JHEPrOPECYPCOB; — PALMOHAIBLHOE HCIOJIb30BaHUE NPHUPOIHBIX PECYPCOB;
3alIUTa OKpYyXKarolleld cpeibl OT BPEIHBIX BBHIOPOCOB; — OCBOEHHE U PA3BUTHE TEXHOJOTHH,
OCHOBAHHBIX Ha UCIOJb30BaHUM BO30OHOBISIEMBIX HCTOYHMKOB JSHEPrMM; — CHI)KEHHUE
«TTAPHUKOBOTO 3 PeKTar.

Ha cerognsmHmii aeHp BCE OoJsiee akKTyalbHOM CTaHOBUTCS TpoOjeMa CHUKEHHS
SHEPronoTPeOICHUs] JKWIbIX 3JaHUMA, 4YTO JAa€T TOJUOK JUISL Pa3BUTHS SHEprocoOeperarommx
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TexHosioruii. Ha o6orpeB 1omMoB rocynapctBoM tpatutcs 10 40 % Bcex sHepropecypcoB CTpaHEbI, a
B arMocdepy B pe3yiabTare BBIOPACBIBACTCS OTPOMHOE KOJUYECTBO YIJIICKHUCIOTO Tras3a, dYTo
MIPUBOJIUT K Pa3BUTHIO «ITAPHUKOBOTO 3(hPexTar.

CoBpeMEHHYIO HCTOPHIO SHEProcOEpe:KEHHs YCIOBHO MOXHO pa3douth Ha 4 srtama: 1973—
1991 rr., 1991-2003 rr., 2003-2008 rr. u ¢ 2009 r. no Hacrosimee BpeMa. U3 3To#l XxpoHOIOTHH
OUYEBHUJIHO, YTO OCHOBHBIE YCHIJIHS, HAIPABJICHHbIE Ha SKOHOMHIO SHEPTHH, Pa3BUTHIC TOCY1apCTBa,
o0nen€éHHbIe B 3HAYMTENILHOW CTENEHH MPUPOJHBIMH pECypcaMi, HAYMHAIOT IMPENNPUHUMATH B
TIEPUO/IBI PE3KOTO pOCTa IIEH Ha YIIIEBOIOPOTHOE CHIPhE. DTH TEPHOIBI, B CBOIO OUEPE/lb, CBA3AHBI
¢ 000CTpeHreM MEXTyHapOIHON 00CTaHOBKH, KaK MPaBUIIO, €CTECTBEHHO, Ha bimxHem n CpenHem
Bocroke, T.e. B ctpanax OIIEK [31].

Ha nmepBom atane (1973-1991 rr.)

B OonpmmHCTBE pPa3BUTBHIX TOCYAApCTB OBbUIM TPUHATHI pelIeHUss O pa3paboTke
CTIEIMANBHBIX TPOTPaMM, BKITFOUAIOIINX B CEOSI CIICAYIOINE HATIPABJICHUS:

- DKOHOMWUSI SHEPTUH;

- BBIJICJICHWE 3HAYMTEIBHBIX  OIO/KETHBIX ~ CPEICTB HAa  TPOBEICHWE  HAy4YHO-
WCCIIEIOBATENIbCKUX M KOHCTPYKTOPCKHX  Pa3pab0OTOK  HMCIIOJB30BaHUS  HETPAJAUITHOHHBIX
WCTOYHHUKOB YHEPTHUH;

- CHIDKEHHUE S9HEPronoTPeOIeH s B PA3IMYHBIX OTPACIIAX IPOMBIIUIEHHOCTH;

- pa3paboTKa 3aKOHOAATENIbHBIX MHUIUATHUB, 00ECIEYMBAIOLIUX CHHKEHHE HOTPEOICHUS
SHEPreTUYECKUX PECYpcoB (Kak BBIICHMIIOCH IO3KE — caMmoe€ IJIaBHOE HalpaBlIEHHME Ha JaHHOM
JTamne).

B 10T nepuosa 3aHUMaINCh MPAKTUYECKU BCEM: DHEPrHel COJIHIA M BETpa, TEIIOBBIMHU
HacocamMH (3Heprusi 3emin), OMOTOIUIMBOM, SHEPrHed NPUIMBOB U MOPCKMX TEUCHMH U BOJIH,
reoTepMalibHOM SHEpruel, sHepruel aroma u, COOCTBEHHO, TEXHOJIOTUSIMU SHEProcOepeKeHMs..

K coxanenuto, OONBIIMHCTBY pabOT Tex JeT OblIM XapaKTepHbl HEJOCTAaTOYHAs
3QPEeKTUBHOCT, M  JUIMTENbHblE (MHOTJA  3allpelelibHble) CPOKM  OKYIAeMOCTH  M3-3a
HECOBEPILICHCTBA MAaTEPUAIIOB U TEXHOJOI'MH, UMEBIIUXCSA TOTAA B PACHOPSKEHUH CIIELUATUCTOB.
W, yto camoe riaBHOE, LIeHbl HA HE(Th U JPYrUe yrieBOAOPObl CTAIM OYE€Hb OBICTPO CHUXKATHCS.
VMMeHHO TOA3TOMY ILEApble IOHAYaldy IPAaBUTEILCTBEHHbIE ACCUTHOBAHUS Ha pa3paboOTKy
QJIbTEPHATUBHBIX U HETPAJULMOHHBIX dHepropecypcoB k cepenuHe 1980-x rr. 6buIM 3HAYUTENBHO
COKpAILCHB.

OnHako monb3a OT 3TOH «HE(QTSIHON BCTpACKW» Obula Heocnopuma. daxkTuyecku ObLIO
CIIOMaHO  TPAaJUIMOHHOE  MBILIUIEHHE, OCHOBAaHHOE HA  BO3MOXXHOCTHM  MCIIOJIb30BaHUs
HCKJIFOUUTENBHO YTJIEBOJIOPOJIHOTO TOIIMBA, ONpeeIeHbl HarnboJiee NepCleKTUBHbBIC HAIIPaBJICHHS
JanbHelero pa3BuTus. Hekoropble uccieoBaHMs NMPOJODKWIACE JaXe IOcie MpeKpalieHus
roCyJapCTBEHHOTO  (UHAHCUPOBaHMS — YaCTHbI OW3HEC MOHSUI ~ JOJIOCpPOYHyr 16
NEPCHEKTUBHOCTh HEKOTOPHIX MHHOBAI[MOHHBIX HampaBieHUH M oOecrneunBai (pUHAHCHPOBAHUE
MHOTHX IIPOTPaMM.

W BcE ’xe IJIaBHBIM YCIIEXOM I[E€pPBOIO 3Tama CTajd MHOTOYMCIECHHbIE pa3paboTKU
3aKOHOJIATEeIbCTB, CHUCTEM TIOOLIPEHUH, CyOCHMIM M JIBIOT TEM OpraHu3alusM, KOTOphIE
CIOCOOCTBOBAJIM 3HEProcOepeKeHNI0, M, HaoOOpoT, WTpadoB M APYrUX HaKa3aHUH TeM, KTO
cuuTall 3TO HeoOs3arenbHbIM. KoOHEYHO, 3akoHOJATeNbHBIE AaKThl Ha JTOM JTane Obuln
HECOBEPILIEHHBI M B JalbHEHIIEM HE pa3 KOppeKTHpoBaiuch. B ToT mepuoxa Oblna pazpaboraHa
LEJIOCTHAsE WJEOJIOTHUS SKOHOMHUHM SHEPruH, OBLIO JIOKa3aHO CO BCEW OYEBUIHOCTHIO, UTO JUIS
YCIEIIHOTO pEeUIeHUss MpoOJeM 5SHeprocOepekeHus: HEOOXOIUM KOMIUICKCHBIH MOJAXON —
yAy4llIeHHEe TOJIbKO KaKOro-HUOYIb OJHOTO »JJIEMEHTa He I03BOJIUT KapAMHAIBHO CHHU3UTh
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SHEpPronoTpediieHre, a WHOIJa MOXKET NPUBECTH JaXe K JUCKPEOUTAlUH CaMOW HWJIeH
SHEProcOeperKeHNSI.

BaxkHbpIM cTano u co3gaHue KpPYIMHBIX HcclenoBarenbckux 1eHTpoB B EBpone n CIIA, B
COCTaB KOTOPHIX BOLULIM JWHAMUYHBIE U MOOWJIbHBIE KOMAaH[bl CIIELUAIMCTOB, OINpEACIUBLINE
3HAUUTENIbHbIE YCIIEXH 3HEprocOepexeHuss B mocieayromue roisl. B uyactHocTH, B cocTaBe
3HamMeHuToi HanmonansHOW naboparopun muHucTepcTtBa HepreTuku CILIA (Lawrence Berkeley
National Laboratory — LBNL) Obut opraHu3oBaH OTIEN MO YHEProcOECPEKECHUIO B CTPOUTEIIBCTBE,
KOTOPBIM U CTaJl OJTHUM M3 «3aKOHOAATENIel MO B 3TOM oTpaciu. Kcrarn, oprannsoBai ero Aptyp
Pozendensa (Arthur Rosenfeld), xotoperit B 2011 r. Osu1 ymocroeH yupexacHHod B Poccum
Mexnynapoanoit npemun «l'nmoOanbHast 3HEprus», sBistouieiics cBoeoOpasHoit HobeneBckoit
npemMuen mo sHepretuke. MexayHapoaHas sHepreruyeckas [Ipemus «'mobGanpHas sHEPrUs» — 3TO
He3aBHCHMasl HarpaJia 3a BbIJAIOIINecs Hay4YHbIE UCCIIEIOBAHUS U HAYYHOTEXHUYECKUE Pa3pabOTKU
B 00JIaCTH SHEPreTUKU, KOTOpbIe COJACHCTBYIOT MOBBIMIEHUIO 3(()EKTUBHOCTU U 3KOJIOTHYECKON
0€30MMacHOCTH UCTOYHHKOB SHEPrUH Ha 3emMile B MUHTepecax BCEro YeslIoBEUYECTBA.

Nmenno LBNL B TecCHOM KOHTaKkTe ¢ €BpOMEHCKUMH CIIeHancTaMu pazpadorana B 1970-
x—1980-x TIT. TEXHOJOTHIO TPOMBIIUIEHHOTO IPOW3BOJICTBA MAarHETPOHHOTO  HaHECEHUS
TEIJIO0TPAXKAIOMINX TOKPBITHM Ha OoJsblieopMaTHBIE JUCTOBbIE CTEKIA, YTO CTAJIO0 PEalbHBIM
MpPOpPHIBOM B OKOHHOU oTpaciu. [lozguee, B 1990-¢ rr., TemiooTpakarolue MOKPBITUS CTaHYT
OCHOBHBIM M HEOOXOJUMBIM 3JIEMEHTOM 3SHEpProcOeperaromux CBETONPO3pauyHbIX KOHCTPYKLUH.
Taxoxke ogHUM U3 ONpPENENAIOUINX CHOCOOOB CHIKEHHs SHEPreTHUECKUX 3aTpaT B 3JaHMSX cTajaa
VMHUIMATUBA TPAaBUTEIbCTB CKAHJMHABCKUX CTpaH, KOTOpbIE 3a CYET rocygapcTBa 3aMEHHIIN
ctapple Hed(h(HEKTUBHBIE OKHA Ha HOBBIC CTekiomnakerbl. Bropoi stanm (1991-2003 rr.) Obun
OTMEYEH 3HAYUTENIbHO 00Jee MHTEPECHBIMM DPE3yJIbTaTaMH C TOYKHM 3pPEHMsI BHEIPEHMsI HOBBIX
IIPOrPECCUBHBIX SHEProcOeperaonux TEXHOIOT Hi.

VIMEeHHO 3TOT MepHo MOKHO OXapaKTepUu30BaTh CIEAYIOIIMMHU J0CTHKEHUSIMU:

- IIMPOKOE UCHOJIb30BAHNE TEIIOBBIX HACOCOB;

- BETPOBbIE I'€HEPATOPBl OKA3aIUCh COBEPIIEHHO OObIAEHHBIM JesioM B EBpomne, Snonun,
Kurae u CIIIA;

- IOSIBUJINCh COBPEMEHHbIE KOHKYPEHTOCIIOCOOHBIE COJTHEUHbIE ITAHEIH U KOHBEKTOPHI;

- B Pa3BUTBIX CTPaHaX CEPbE3HO B3SUIUCH 3a CTPOUTENIBCTBO AHEProd(P(EeKTUBHBIX 31aHUI
(Tak Ha3bIBAEMBIX «IIACCUBHBIX» JOMOB U JOMOB C HYJIEBBIM MOTPEOIEHHEM SHEPTUN);

- BIIEPBBIE MaccOBO HayajdM 3aHUMAaTbCs CaHalMeW 3JaHui CTapoil MOCTPOMKM s
JIOBEJICHUS UX JI0 COBPEMEHHBIX TpeOOBAHUI 10 3HEProCcOEPEIKEHUIO.

C BO3HUKHOBEHHMEM OYEPEJHOI0 IHEPreTHYECKOro KpH3Hca MPaKTHYECKH MTHOBEHHO B
CHIA mosiBUIICS TIEPBBI B HCTOPUH KOMIUTEKCHBINH 1okymeHT — «Energy Policy Act of 1992» [53],
OIpENIeNIMBILINI OCHOBHBIE IPOOJIEMBI B SHEProcOepeKeHUH U HalpaBiieHus ux pemienus. Koneusno,
OUYEBUJHO, YTO TaKOH OOBEMHBIN JOKYMEHT (HECKOJIBKO COTEH CTPaHMI) HE MOT OBbITh pa3paboTaH B
TEUEeHHE HECKOJBbKMX MECSIEeB IOCie TOro, Kak OH AEHCTBUTENbHO NoHanoOuics. Ilo Bcei
BUJMMOCTH, OH pa3pabaThIBaJiCsi BEAyIIMMHU clienuanuctaMu MunucrepctBa sHepretuku CLIA
emeé ¢ cepeaunsl 1980-X IT., U O CUACTIIMBOM CIy4allHOCTH B 3TOM JOKYMEHTE BO3HHUKIIA CPOUYHAs
HE00X0AMMOCTh MIMEHHO TOT/Ia, KOTJJa OH OBLJ1 MPAKTUYECKH FOTOB.

«Energy Policy Act of 1992» cran onpeaenstomiuM Ui pa3BUTUS HOBBIX TEXHOJIOIMH B
0o01acTH  SHEprocOepekeHUs W HCIOJIB30BaHMS — albTEPHATUBHBIX U HETPATUIMOHHBIX
B0O300HOBIISIEMBIX HCTOYHUKOB dHEpruu Oosee yem Ha 10 jer.

OTMeTHM JIUIIb HEKOTOPBIE €0 MOMEHTHI:

- Ha oOecreyeHHue SHEProcOepekeHUsT U 3HAUUTEIbHOE CHI)KEHHE SHEepPronoTpebiieHus
Konrpeccom CIIIA BbIzieneHbl KoJOCCaJIbHBIE CpEeACTBA (MHJLIHApABI JIOJUIAPOB), BKIIOYAs
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CpeAcTBa Ha IMyOJIMYHOE MPOABIDKEHHE MPOTPaMMBbl SHEPTOCOEPEKEHHUS M pa3bsCHEHUE €€ Ienei
MOTPEOUTEINSIM; BIIEPBbIE HA 3aKOHOJATEIHLHOM YPOBHE CJENaH yIOp Ha CO3/aHHe JIeHCTBEHHOU
CUCTeMBl CYOCHJMHA ® JIIOT JUIA  TOTPEOWTENeH, BBIMOJHAIOIMNUX TPEeOOBaHHS  TI0
SHEProcOepeIKECHHIO;

- BHEJ[pEHA TporpamMma MepCcrneKTUBHBIX CTaHIaPTOB U JIPYrUX HOPMATHBOB, HAIIPABICHHBIX
Ha HKOHOMHIO SHEPTUHU BO BCEX OTPACIISIX, BKIOYasi CTPOUTEILCTBO U MPOU3BOJCTBO CTPOUTEIBHBIX
MaTepuagoB, OCHOBaHHas Ha TaK HAa3bIBAEMbIX «CTAHIApTaxX MPOU3BOJUTEIBHOCTH», T. €.
OPHEHTUPOBAHHBIX Ha KOHEUHBIN pe3yIbTaT — SKOHOMHIO SHEPTHUH;

- ompejeneHbl [EepBOOYEPETHBbIE 33Jayd W LenH, oOecrneyeHue KOTOpBIX —ObLIO
noArotopiaeHo B 1980-e rr., B YacTHOCTH: 3aM€Ha TPAJUIMOHHBIX JaMIl HaKaJMBaHUS
SHeprocOeperarouMMy, 3aMeHa TPAJAULHAOHHBIX OKOH CBETOINPO3PAaYHBIMU KOHCTPYKIHMSIMH CO
CTEKJIONAKETaMU C TETJIOOTPAKAIOUIUMH CTEKIaMU;

- BHEIPEHbI MAPKUPOBKHU IHEprocOeperaromieil mpoayKIuu, yKa3bIBaIOLUIUe OTPeOUTENIo e€
TEXHUYCCKUE XAPAKTCPUCTUKHU U OKHIaeMbI YPOBEHb SKOHOMUHW SHEPTUH;

- CO3/1aH pAJl acCOLMALUN, KOTOPbIE JOJDKHBI ObUIM CTAaTh MPOBOJHUKAMH TOCYIapCTBEHHOM
MOJIMTUKA JHEpProcOEpekeHuss W CO3/1aBaTb HOBBIE METOJIbI OLEHKH HHeprocOeperaronmx
MaTepuaioB W KOHCTpyKiwui, B Tom uncie National Fenestration Rating Council (HarmonansHbIid
CoBeT 10 OIICHKE CBETOIPO3PAYHBIX KOHCTPYKITUH); -

- 00O3HAYeHbl 1EIH N0 MPOEKTUPOBAHUIO M CTPOUTEILCTBY (C  JajdbHEHIINM
MOJHOMACIITA0HBIM MOHUTOPUHIOM PE3YJIbTaTOB) MHJIOTHBIX TPOEKTOB HHEProdh(HEeKTHBHBIX
3IaHUM PA3JIMYHOIO HA3HAYCHUS B PA3HBIX KIIMMaTHUECKUX PETMOHAX CTPaHbL; -

- BBIJIEJICHBI CPEACTBA Ha CO3/1aHUE KOMIIBIOTEPHBIX METOJOB OLIEHKH XapaKTepUCTHK U
9HEProd(H(PEeKTUBHOCTH PA3NMYHBIX KOHCTPYKIHH. JItoOombITHRIE MeTaMOp(]O3bl MPOUCXOIUIN B
I'epmanuu. Criemyer OTMETUTh, 4TO Kpax bepnuHCckol cTeHbl U o0beauHeHue ['epmanuu B 1990 r.
BBenM Jkuteniel Boctounoit I'epmanum B siidoputo. B Jlpesnene, k npumMepy, Ha BOK3aIbHOU
wiomaan  Ob1  myOnmuyHO  coxokéH  TpabaHT — CUMBONI  «OTCTalOM  aBTOMOOWJILHOM
npowmebiieHHoctu ['JIPy». [Tocne «BaoTHOro 00beAMHEHNA» BOCTOYHBIE HEMIIBI Oy JOCTYI
K 3aMaJHbIM TOBapaM, B TOM YHCJIE U K aBTOMOOWISIM, Y€M OHHM M MOCIHEIIUIN BOCIOIb30BAThCS.
Ecnu panbiie cryneHTs [[pe3aeHCKOro TEXHHUYECKOTO YHUBEPCUTETa €3AMIIH, IPEUMYILECTBEHHO,
Ha BEJIOCHUIIEaxX, TO Telephb OHU Nepecenu Ha Ayau, Onelnpb u mpoyre aBTo.

I[Ipu ob6wvegunenun Iepmanuu B 1990 1. B CTPYKTYpy KHJIMIIHO-KOMMYHAJIBHOTO
KOMILJIEKCA CTPaHbI BIUJIOCh MHOYKECTBO 3/IaHUI B BOCTOUHOM Yactu cTpanbl (I'IP), koTopsie Obliin
MIOCTPOCHBI MO0 COBETCKHUM IPOEKTaM (Mbl MX Ha3blBaeM «XpyHIEBKW»). [IpoBeneHHbI B Hauamie
1990-x rr. KOMIUIEKCHBIII MOHUTOPUHT CTapbIX 3[IaHUM MOKa3all, 4YTO CPEAHUN PacXoJl PHEPTHH Ha
OTOIUICHUE, Topsdyee BOJOCHAOKEHUE, OCBEIEHUE U JAPYrue OBITOBBIE HYXKIbI B CTapbIX 3AaHUSIX
cocraBmi okosio 280 kBT-u/M? B TOJ, U3 HUX TOJBKO HA OTOIUICHHE pacxojioBajoch He MeHee 220
kBT-u/M? B ro. B ycloBHAX JOCTaTOYHO MATKOrO KAMMaTa B ['eépMaHMM M MOCTOSHHOTO POCTa
CTOMMOCTH SHEPTOHOCHUTENIEH 3TO OBLIO MPU3HAHO COBEPLIEHHO HEAOMYCTUMBIM. Tem Ooliee 4To K
Havyanmy 1990-x TT. yKe TMOSIBHICA OIBIT CTPOUTENHCTBA SHEProdPPEeKTUBHBIX 3HAHUNA C
HCIO0JIb30BaHNEM AbTEPHATUBHBIX BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTUH.

Kutensm Bocrounoii I'epmannu PenepaibHoe NPaBUTENBCTBO MOOOEHIAN0 B KpaTyaiimiee
BpeMsi 00eceuyuTh YpOBEHb KU3HM, Mpucymuii cranaaptam OPI. Jlnsa obecriedyennss KoMpOPTHBIX
YCIJIOBHM KM3HU U CHIKEHHUSI pa3Mepa KOMMYHAJIbHBIX IJIaTEKEH HA OTOIJIEHUE U 3JIEKTPOIHEPTHUIO
CYIIIECTBOBAJIO JIBA BO3MOXXHBIX IMYTH: JHUOO CHECTH BCE OTH 3JaHUs, JIMOO TPHBECTH HUX B
«Ooxeckuii Bu». OqHaKo ObUT MPEANPUHAT IPYrod MOAXO0J], KOTOPBIM B JalIbHEUIIEM MEPEeHSITH
MHOTHE Pa3BUTHIE CTPAHBI.
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®denepanbHbIM 3aKOHOM 1995 T. OBIJIO YCTAHOBJIEHO, YTO HOBBIC 3/IaHUS JOJIKHBI CTPOUTHCS
C y/IeNBHBIM PAacX00M PHEPTHHU Ha oTomieHue He Bomie 100 kBT u/M2 B TO1, IPU 9TOM OCTANIbHEIE
SHEPro3aTpaThl OBLIN OrpaHMYEHBI Ha ypoBHE 60 KBT-u/M? B roy [52]. Jl1s CyIIecTBYIONHMX 31aHMi
OBUT ompesesieH MepuoJ B 7 JIET, B TEYCHHE KOTOPOrO OHU JOJDKHBI OBITH JIMOO JTOBEACHBI 10
YCTaHOBJICHHOTO YpPOBHS JHEprosarpar, Ju00 CHECEeHbl B CiIydae HEBO3MOXHOCTH WU
HelenecooOpa3HOCTH WX PEKOHCTPYKIUHU. B ToMm ciydae, ecau COOCTBEHHUK 0 MCTEYEHUU 7 JIEeT
HE BBIMOJHUT YCTAHOBJEHHBIE 3aKOHOM HOPMATHBBI, JJIi HEr0 HACTYMaIH «YEpHBIC JTHI» —
YBEIUYCHUE KOMMYHAQJIbHBIX TIJIATEKEH B HECKOJIBKO pa3, OTPOMHBIC IITpadbl, YyBETUUYCHUE
00s13aTeTbHON CTPaXOBKU HMMYIIECTBA, CHIKEHHME 3aJIOTOBOM CTOMMOCTH W MHOTO€ IPYroe, 4To
MpeBpaniajio BIAJCHUE TaKUM «IpOITpaduBIIUMCS) 3JaHHEM B Jel0, (UHAHCOBO OYEHb
00peMeHUTEeNbHOE U 0eCIIepCIIEKTUBHOE.

B denepanpHOM 3aK0HE OBLT MPETYCMOTPEH PSIJ MOOMIPEHUN (IIPSTHUKOBY):

- (uHaHCOBBIE (OUEHBb HEOOJIBIIINE) BIMBAHUS CO CTOPOHBI TOCYapCTBa;

- HAJIOTOBBIE (OYEHb 3HAYUTEIbHBIE) IbTOTHl COOCTBEHHUKAM;

- (enepanbHble CyOCHAMM Ha UCIHOJIb30BAaHHE COBPEMEHHBIX HHEprocOeperaronmx
MaTepHUaIoB U TEXHOJIOTU;

- Ipyrue, He TOJIBKO MaTepHaibHbIC, HO U MOPAIbHBIE, I UMUJIKEBBIC, TOOIIPEHMUSL.

3TO0 MO3BOJMIIO MHOTUM CHELHAINCTaM, MPUIEPKUBAIOLIIIMCS MTOCTyJaTaM 3TOTO 3aKOHA U
npecinoByromy Deutsche Ordnung (Hemenkwii TOpPSNOK), CIPOCKTUPOBATh W TMOCTPOUTH
NeHCTBUTENHLHO dHEproddpexTuBHBIC ToMa 3a HE 04eHb Oosbine neHbru. 20 HecmoTps Ha TO, 9TO
LIEHbl Ha TPAAUIIMOHHOE YTJIEBOJAOPOIHOE TOIUIMBO CTallM OBICTPO MajaTh (Kak U BO BpeMs IEPBOTO
SHEPreTHYECKOro KpU3uca), yCUIHs MUPOBOTIO COOOIIECTBA MO CO3JaHHUIO SHEPTeTUKH, B MEHBIIIEH
CTETIEHH, YeM TMPexae, 3aBUCUMOM OT YIJIEBOJOPOJOB, HE IMPEKPATUINCh, a TOJbKO
aKTUBU3UPOBAIUCH M KOHCOJUAUPOBAINCH. DTHM, BEPOSITHO, U OTJIMYAeTCs coBpemeHHas Poccus
ot EBpombr u CIIA: Hemubl M aMmepuKaHUbl (M SMOHIBI, €CTECTBEHHO) MPEANOYUTAIOT «HE
HacTymnaTh BTOPOW pa3 Ha Te XK€ Tpalim, €Ciau Y)Ke OJHaXIhl HaOWIW MUKy Ha JOy» [31].
NmMenHO Ha BTOpOM 3Tame COBpeMeHHON wuctopuu 3Heprocoepexkenus (1991-2003 rr.) ObL10
Ha4yaTto OOJIBIIMHCTBO IMPOEKTOB IO CTPOUTENHCTBY «IMACCHUBHBIX)» JOMOB U IENbIX MOCEIKOB, U
OKOHYATEJIbHO C(HOPMUPOBATIOCH MOHMMaHHWE HEOOXOTUMOCTU KOMIUJIEKCHOM OLEHKHU 3JaHUi U
3¢ (HEKTUBHOCTH SHEPTOCOEPETAIOIINX TEXHOIOTHH.

Hampumep, Bo @paHiiuu 1pyu NPOCKTUPOBAHAM 3J]JaHUH B COOTBETCTBUM CO cTaHaapToM RT
2000 «MuaauBuayanbHble AoMa 0€3 CUCTEM KOHIAWIIMOHUPOBAHUS BO3IyXa» HEOOXOJAUMO HaOpaTh
20 ycnmoBHBIX 0aJUI0B O cieayromum 5 pazaenam [17]:

- TeIIOM3O0JISAIUS IEPEKPBITUIA, CTEH M KPOBIIHU (0T 2 10 5 6aiioB);

- HaJIM4Ke TETUIOBBIX MOCTUKOB B KOHCTpYyKIHH 31aHus (0T 0 10 4 6aios);

- TUIl OKOHHBIX KOHCTPYKIHii (0T 1 10 3 GaioB);

- cuctembl BeHTWwsimH (0T 1 o 4 6annos);

- CUCTEMBI OTOIUIEHHSI U TOpsiuero BogocHabxkeHus (ot 1 10 6 6amioB).

JIOTIOMHUTENHHO YYUTHIBAIOTCS TaKKe MECTOTOJOXKEHHE M OpUeHTalus 34aHus. B ciydae,
€CIId B CyMMe IO MPUMEHIEMbIM WHKEHEPHBIM U CTPOUTENBHBIM PEIICHUSIM HAOUPAIOTCS NCKOMBIE
20 GannoB, MPOEKT MPU3HAETCS YIOBIECTBOPSIOMINM TPEOOBAHUSIM IO yIETHbHOMY PACcX01y SHEPTUU
Ha 1 M? B rof. B mpoTHBHOM cilydae OH He Oy[eT yTBepXKAeH. B ykazsaHHOM JOKyMEHTE Bce
TpeOOBaHUS MPEACTaBICHBI [TOCTATOYHO HATISAJHO M OOECTIEUMBAIOT BBIMIOJTHEHUE OCHOBHOTO
TpeOOBaHUs — WCIOIb30BaHHE I(PPEKTUBHBIX KOHCTPYKIMI C TapaHTHUPOBAHHBIM BBIMIOJHEHUEM
TpeOOBaHUH MO PKOHOMHUH SHEPruu. To ecTh, XOUellb, HAlPUMEp, MPUMEHSTh JOPOTHE U OYCHD
9HEeprodPpPeKTUBHBIE OKHA, MOXKEIIb COKOHOMHTH HA TETIOM30JISAIIUU TTepeKpbITHil. Mn Ha060poT.
[Tomo6HbI MOIX0A K MPOSKTUPOBAHUIO YHEProd(h(HEKTUBHBIX 3aHUIA HE TOJIBKO A7 EBpombI, HO U
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g PK mpexacraBnsiercssi COBEpIIEHHO CIpaBeAJIUBBIM M IpaMOTHbIM. Camoe TrjaBHOE, 4TO 3TO
MIO3BOJISIET CHU3UTH «KOPPYHIMOHHYIO COCTAaBJISIONIYIO» HE Ha CJIOBaX, a Ha Jeje, MOCKOJIbKY
IIPOM3BOJUTENb HE O0053aH «3alUKIMBATbCS» HA KAaKUX-TO KOHKPETHBIX MaTepuaiax u
TEXHOJIOTUSX, KOTOpbIE €My HaBS3bIBAIOTCS UMHOBHUKAMHU «CBepXy». IlomoOHBIE TOKYMEHTHI
pa3paboTaHbl M YCIEUIHO MPUMEHSIOTCS BO MHOTHX Pa3BUTHIX CTPAaHAX, YTO PEATBHO MOMOTJO B
HMCTUHHOM CTaHOBJIEHUU 3HEprocOeperaroiero (a B JajJbHENIIeM — U «3€JI€HOr0») CTPOUTENIbCTBA.

B oxoHHOI 0Tpaciu Ha 3TOM 3Tare MOKHO OTMETHUTD CJIEIYIOIIHE MOJIOKUTEIbHbIE CIBUTH:

- NPaKTUYECKHM BO BCEX pPAa3BUTBHIX CTpaHaxX, 3a HCKIIOYEHHUEM TOCYIapCTB C KapKUM
knumatoM (Mcnanuu, Utanuu, [opryranun), okna uz [I1BX npodwmns (IIBX — nomuBunmIXIIOpH )
CO CTEKJIONMAKETaMH CTaJIM Mpeodiagaroniei Ha pplHKe TPOAYyKLIHEen

-CTaJI0 BO3MOXKHBIM M SKOHOMUYECKHU OINpPaBJaHHBIM 000pya0BaTh (acagHble KOHCTPYKLNN
BBICOTHBIX 3/JaHUI CBETOINPO3PAaYHBIMU MAHEISIMHU C SHEPrOCOEPETaAIOIIUM CTEKIOM;

- CTajJl AaKTUBHO pa3BUBAThCS MPOEKThl 3JaHUA C MaKCUMaJbHBIM HCIOJb30BaHUEM
€CTECTBEHHOI'0 OCBEIEHUS M aKTHBHOM COJHIIE3AILUTBI, YTO MO3BOJWJIO 3HAUYUTEIBHO CHU3UTH
Harpy3Ky Ha CHCTE€MbI OTOTUICHUS! ¥ KOHIMIIMOHUPOBAHUS BO3IyXa;

- (acagHble KOHCTPYKUMH 3[0aHUI BCE wYalle CcTajld COBMEUIAThCS C COJIHEYHBIMU
AIIEeMEHTaMHU JJisi BBIPAOOTKH JIOTIOJHUTENLHOM SHEPruu, MCIOJIb3yeMON sl BHYTpPEHHEro (a
WHOT/Ia ¥ BHEIIHETO) JIEKTPOCHAOKCHHS;

- IPaKTUYECKU pelieHbl MpoOJIeMbl BEHTUJISIUN MOMEIIEHUN, KOTOpble BO3HUKAIH B
3/1aHUSX MPU UX 000PYIOBAaHUU COBPEMEHHBIMHU, KaK MPaBUIIO, TEPMETUYHBIMU OKHAMH.

Emé B xoHme XX B. BO MHOTMX HE TOJBKO Pa3BUTHIX, HO M Pa3BUBAIOIIMXCS CTpaHax
WCIIOJIb30BAHNE  HETPAJUIMOHHBIX HCTOYHHKOB DSHEPIrUU  (TEIUIOBBIX HACOCOB, BETPOBBIX
reHEepaTOPOB, COJHEUHBIX KOJUIEKTOPOB MM OaTapeil u mp.) CTajo COBEPIIEHHO OOBbIICHHBIM JEIOM
B MacCOBOM CTPOUTEIBLCTBE SHEProcOeperaruux 31aHui.

Ha Ttperbem stame (2003—2008 rr.), KOTOPBIH, MOMUMO OYEPEIHOTO POCTa IIEH Ha HEe(Th,
OTMEUYEH IIOBBIIIEHHBIM BHUMAaHUEM K IIpoleccaM TJ00albHOrO TMOTEIJICHUS, TOSBUIUCH
3HAYUTENbHBIE YyCIEXH B pa3pabOTKe M BHEAPEHHUH B MaccOBOE MPOU3BOJICTBO HOBBIX
WHHOBAI[MOHHBIX MaTepUaloB W TEXHOJOTUH, MO3BOJSIOMUX Oojiee 3(P(PEeKTUBHO HCIOJIB30BATH
BO30OHOBJISIEMbIE HCTOUHUKU SHEPTUU.

Koraa u uem 3akoHUMTCS 4eTBEPTHIA dTAl B Pa3BUTUHU HHEProcOEperaroiinx TEXHOIOTHil?
Ha 510 BOmpoc moka TpyAHO AaTh Bpa3yMHUTENbHBI M apryMEHTUPOBAaHHBIN OTBeT. OgHAKO
OYEBMJIHO, YTO TIPU COXPAHEHMM U YBEIUYEHUHM COBPEMEHHOIO YPOBHS MOTpeOICHUS
TPaJMLMOHHBIX MCKOMAEMBIX 3HEproHocuresne (HedTh, MPUPOAHBIN Ta3, yroip) MjaHeTa 3emiisd
«tpoTsHe™» emé et 30-50.

9Heproc6epe>KeHI/Ie B 3JaHUAX U COOPYKCHUAX.

B name BpEMs, KOTrJla UCKOIMMAEMOT'O TOIIJIMBA Ha 3emite ocTaércs Bcé MCHBIIEC, OCTPO BCTaET
npo6neMa 3Heproc6epe>I<eHI/I;1. OI[HOﬁ 13 cTaTeu pacxola TOIUIMBA ABJAIOTCA PECYPChI HA 060rpeB
KHIIBIX CTpOCHPIfI, KOTOPBIC MOKHO COKOHOMUTDH, CHHUXKAA TCIUIOIIOTEPHU COOp}I)KeHI/II\/’I.

Kurtemsim AOMOB, MHOI'OKBAPTHPHBIX H, B OCO6€HHOCTI/I, YaCTHBIX, OTACJIIBHOCTOAIINX,
MPpUXOOUTCH KaXXJbIH MeCsI BBIKJIAAbIBATh JIOBOJBLHO KpYI'JIbBIC CYMMBI: 3UMOM Ha OTOIIICHHUEC, a
JICTOM Ha OXJTaXXIACHUC U BCHTUIIAIIUIO.

Ecau TFOBOpHUTh O TpaAUIHUOHHBIX croco0ax 3HCpFOC6Cpe)KCHI/I$I, noxa KOTOPbIMU
MMOHUMACTCA pfCain3alud TCXHUYCCKUX U HAYYHbBIX MCP, HAIIPABJICHHBLIX Ha PpalUuOHAIILHOC
HCIIOJIb30BAHNUE MW 3KOHOMHOC PACXOJO0BAHUC TOINNIMBHOOHCPICTUUCCKUX PECYPCOB, TO IMCPBbBIM
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11aroM SIBJSIETCSI CHU)KEHUE TEIUIOBBIX MOTEPh OTPAXKIAIOIIMX KOHCTPYKLUHUH pa3jIMyHOrO poja
3IaHUN U COOPYKEHHUM.

UroObl MOHATH, KaKue pecypcocOeperarommue MeponpusITHsS B 00JacTH apXUTEKTYPHO-
CTPOMTENBHBIX pEIIeHUH OKaxyTcsi HambOonee >(PpQPeKTUBHBIMH, HEOOXOJUMO IPOBECTH
KaueCTBEHHBIH aHAIN3 MOTEPH TEIUIA YEPE3 OIPAXKIAIOUIUE KOHCTPYKIIMU 3/1aHUH.

MHOTOYMCIEHHBIMU ~ MCCIEIOBAHUSAMU M pacuyéTaMH  YCTAHOBJIEHBI ~COCTaBJISIOLINE
TEIUIONOTEPh Yepe3 pa3IMyuHbIe JIEMEHTHI 3/1aHUM, IPECTaBIEHHbIE Ha puc. 2 [24].

Kpuiwa - 10 - 25%

t

BB i @'

Tlon wa rpywte - 5 - 10%

BenTunaums, AuiMoxoas!
30 - 45% ‘

Pucynok 14.1 -. Iloreps Tenna B 1oMe, BO3BEICHHOM IO TPAAUIIMOHHOW TEXHOJOTHH U U3
TPaJULIMOHHBIX CTPOUTEIHbHBIX

Pa3Butne sHeprocOeperaromux MocTpoek BOCXOAUT K HUCTOPUUYECKOM KYIbTYpe CEBEPHBIX
HapoJI0B, KOTOPBIC CTPEMUIIMCH MOCTPOUTH CBOW JI0Ma TaKUM 00pa3om, 4ToObl OHU (HPEKTUBHO
COXpaHSUIM TEIUI0 U MNOTpeONsiM  MeHbllle pecypcoB. KiaccmueckuM NpuUMepoM TEXHUKH

MOBBILLIEHUSI HHEProcOEpeKeHHsl JoMa SBJISIETCS pyccKas Iedyb, OTIMYAIOIIascs TOJICTHIMU
CTEHKaMM, XOPOIIO COXPAaHSIOMIMMH TEIUI0, W OCHAIIEHHAas JAbIMOXOJOM CO  CIJIOKHOM
KOHCTpYKITEeH 1a0upuHTOB [24]. PemuTh BOnpoc ¢ OTepsSMH TEIIa MOKHO CIEAYIONIUM 00pa3oMm:

— o0ecrneunTh BBICOKYIO TEIUIOBYIO 3alIUTy 3[aHUS WM COOPYXKEHHUS C MOMOIIBIO
UCMOJIb30BaHUS 3(PPEKTUBHBIX TEIIOU30ISIMOHHBIX CTPOUTEIbHBIX MaTEpUANIOB; — YCTAaHOBUTh
OTOMUTEIIbHBIE TPUOOPHI C BICOKUM KOI(PPHUIIMEHTOM TeIIoNepeIayn.

OcCHOBHOM TyTh CHHXKCHHSI DHEpPro3arpar JeKUT B IOBBIIEHUH TEPMUYECKOTO
COMPOTHBIICHUSI OTPAXKIAIONINX KOHCTPYKLUUH C TOMOIIBIO TEIJIOM3O0JIAMOHHBIX MaTepUaIOB.
Oco0EHHOCTBIO TEIUIOM3OJISIIIMOHHBIX MAaTEPHANIOB SIBJISETCS MX BBICOKAs MOPHUCTOCTh W HHU3Kas
TEIUIONPOBOHOCTh. biaroaaps u30siiy 3HAUUTEIbHO TOBBIIAIOTCS HAICKHOCTD, JOJITOBEYHOCTh
1 3G HEKTUBHOCTD IKCILTyaTAllMHU 3JaHII H COOPYKEHUIA.

OcHoBHble (GYHKIMHM TEMJIOBOM H30JLMU: — CO3JaHHEe KOM(OPTHBIX YCIOBUHM Ui
MIPOXKUBAHUS JIIO/ICH B XKHUIIBIX JOMaX; — CHU)KEHHE TEIUIOBBIX IIOTEPh B OKPYKAIOIIYIO CPEY.

D¢ddexTrBHBIM cIOCOOOM COKpaleHHs] TOTPEOHOCTH B HEPTUHU SIBIIIETCS BBHIOOP TOM WM
WHOM CHCTEMBI MUKPOKJIMMATa (BEHTHIIALNSA, OTOTUIECHUE, KOHTUITMOHUPOBAHNE BO3TyXa).

VYXyaieHue HKOJOTHYECKOM OOCTaHOBKH — SBISETCS MOOYKIAIOIIUM  CTHUMYJIOM K
MIPEBPALIEHUIO KHUIBIX JOMOB B IKOJIOTHUYECKU YHCTOE KUIbE, OTIMYAIOIIEeCs IOMOJIHUTEIHHON
TETUIOU30JISIUEN CTeH, OKOH, ABEpei, KPBIIIU C HCIOIh30BAaHHEM MHHOBAIIMOHHBIX MAaTEpUAIOB U
TEXHOJIOTUH, YCTAHOBKOW COJIHEYHBIX OaTapedl W APYrux albTepHATHBHBIX UCTOYHUKOB SHEPTUU
(puc. 14.2).
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XXI B.
Pucynoxk 14.3 - Dpomorus sxxuiioro joma B XIX—XXI BB.

Crienuanuctsl pasHbIX cTpaH ¢ Hadana 1970-x romoB pabotamu Haj mpoOiieMoit
sHeprocOepekeHus: 3AaHui. Pa3paboTku Benuch B pa3HBIX HaIpaBJICHUAX: pa3padaThIBaINCh
BApUAHTHI ONTUMAJIbHOM popmbl 1oMa, ero 30 yCTaHOBKH OTHOCUTENILHO pelibeda U CTOPOH CBETa,
TEIUTOCOEPETAIONIUX OTPAKIAIOIINX KOHCTPYKIIUN U CHCTEM BEHTHIISIIHH.

Takum 00pazoM, Ha4aJIOCh CTPOUTENILCTBO SHEProd(P(PEKTHUBHBIX JOMOB Pa3HOTO YPOBHS
cOepexeHHs DSHEPruu W Jaxke e€ MoJIoKUTenpbHoro OanaHca. Kpurepuem rpaganuu
SHEpProcOeperaroIux JOMOB CTAlI0 KOJMUYECTBO MOIY4aeMON U MOTPeOIsieMON UMH DHEPTUU.

OHeprocoeperaromme TEXHOJIOT N

Temnon3onanus

[TaccuBHBI mOM m0/KEeH WUMeTh A((PEeKTHBHYIO TemoByr0 u3oisnuio. dotorpadus B
nH(ppaKpacHbIX Jy4yaxX IMOKa3bIBAET, HACKOJIBKO 3(PQPEeKTUBHA TEIUIOM3OJSLMS MMACCHBHOTO JA0Ma
(cipaBa) 1Mo CpaBHEHHUIO C OOBIYHBIM JJOMOM (CJIEBA).

Orpaxpaaromne KOHCTPYKIUU (CTeHbI, OKHA, KPBIIIW, TOJ) CTaHIAPTHBIX JOMOB HMEIOT
JOBOJILHO OOJBIION KOX(PPUIMEHT TeIuionepenayd. JTO NMPUBOAUT K 3HAYUTENIbHBIM TIOTEPSIM:
HaIrpuMep, TEIUIOBBIC MOTEPH OOBIKHOBEHHOTO KHPIHUYHOTO 3AaHMs cocTaBisitoT 250-350 kBt-u B
roja ¢ 1 M? oTarIMBaeMoil IUTOIA/IH.

Texnonornueckas KOHIEMNIMS I[AacCUBHOTO JoMa mpeaycMaTpuBaeT 3¢ (HEeKTUBHYIO
TEIUIOM30JISIUIO0 BCEX OTPa)KAAIONIUX IMOBEPXHOCTEH — HE TOJBKO CTEH, HO M IO0Jja, MOTOJKa,
yepaaka, mnoiBasia M (QyHnamenta. B maccuBHoM nome (GopMupyeTCs HECKOJIbKO CIOEB
TETUJIOU30JISIUN — BHYTPEHHSIST U BHEIIIHSS.

Kak npaBuio, njs yTerieHus CTeH U 1oJjia MacCUBHOTO JOMa Ha TPYHTE MCIOJIb3YeTCs CIOM
TEIUION30JIAIMH ¢ KodddunmerToM tertonpoBogHoct He 6osee 0,04 Bt/(m-K) Tommmunoi 30 cm, a
Kpbiid — 40 cM. DT0 MO3BOJISET OJHOBPEMEHHO HE BBIMMYCKATh TEIUIO U3 JIOMa U HE BITyCKaTh XOJIO]
BHYTpp Hero. Kpome TOro, meperopojku B IAacCHBHOM JOME JOJDKHBI 007aaTh BBICOKOM
CIOCOOHOCTBIO aKKYMYJIUPOBATh TEIUIO. Takke MPOU3BOJUTCS YCTPAaHEHHE «MOCTHKOB XOJIOAa» B
OTPKIAIOMINX KOHCTPYKUUAX. B pe3yapTare B NAacCUBHBIX JOMax TEIUIONOTEPH 4Yepe3
OTpakJaroIIre TOBEPXHOCTH, KaK MPaBUiIo, He MpeBbIMaT 15 kBT 9/M? B roj, 4To NMpakTUYECKH B
20 pa3 HHKE, YeM B OOBIYHBIX 3/TAHUSX.

PerynupoBanue MUKpOK/INMaTa

B nHacrosimee BpeMsl TEXHOJIOTHSI CTPOMTENBCTBA IACCUBHBIX JOMOB JAJIEKO HE BCETAa
MO3BOJISIET OTKA3aThCsl OT AKTUBHOTO OTOIUIEHUS WJIM KOHJIUIIMOHUPOBAHUS, OCOOCHHO B PErHOHAX
C TOCTOSTHHO BBICOKMMHM WJIM HU3KHUMM TeMIIepaTypaMM, WM Pe3KMMHU MepernagamMHu TeMIieparyp,
HarnpuMep, B 30HaX ¢ KOHTUHEHTAIbHBIM KIIMMATOM.

Tem He MeHee, HEOTBEMIIEMOM YacThIO MMACCUBHOTO JOMA SBJIETCS CUCTEMA PETYJINPOBAHUS
MUKpOKIUMarTa (000orpeBa, KOHIAMIMOHUPOBAHUS M BEHTHJISAIMU), pacXoJyromias pecypchl Oosee
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3pPEKTHBHO, YeM B OOBIYHBIX JOMax. B OOBIYHBIX IOMax BEHTWJIALMS OCYIIECTBIIACTCS 3a CUET
€CTECTBEHHOI'0 JIBM)KEHMSI BO3/1yXa, KOTOPBIM MPOHUKAET B IOMELICHUE Yepe3 CIEeIHalIbHbIE 11a3bl B
OKHax (MHOTJIa Yyepe3 OKOHHBIE IPOBETPUBATENN — KJIallaHbl IPUTOYHON BEHTUISILIMK) U YAAIAETCS
[IAaCCUBHBIMH BEHTUJISIHUOHHBIMH CHCTEMaMHU, PACIOJIO0KEHHBIMU B KYXHSAX M CaHy3/aX.

B sHEprospGeKTUBHBIX 3JaHUAX HCHOJB3YeTCs Ooyiee CIOKHAS CHCTEMa: BMECTO OKOH C
OTKPBITBIMU ~ TA3aMH  UCIIOJIB3YIOTCS  3BYKOM3OJUPYIOIIME TIE€pPMETHYHBIE CTEKJIOMAaKeThl, a
MIPUTOYHO-BBITSDKHAS ~ BEHTWJISIUS  [OMELIEHUI  OCYIIECTBISETCS  IL[EHTPAIM30BAaHHO 4epes
YCTaHOBKY peKynepanuu Temiaa. Jlus NoBBILIEHUS 3HEProdP@PEKTUBHOCTH MOHTUPYETCS
MMOJI3€MHBIN  BO3IyXOBOJ, CHAOXKEHHBIA TEIIIOOOMEHHUKOM. 3WMOW CBEXHUN XOJOTHBIM BO3IyX
BXOJIUT B IMOJ3EMHBIN BO3/JyXOBOJ, HarpeBaercs 3a CUéT Teria 3eMiid 0 Temieparypsl +3 °C u
IOCTyHaer B pekymneparop. B pekymneparope crapelii (OTpaOOTaHHBIN) BO3AyX OTHAET TEIJIO
CBE&XKeMy (HE CMEMINBAsICh C HUM) U BBIOPAChIBAETCS Ha YJIHUILY, @ CBEKUM BO3/IyX M3 peKynepaTopa
¢ Temnepatypoit +17 °C mocrymaer B noMm [44]. Takum 00pa3om, OCyIIECTBIsETCS OecIiaTHOE
otoruieHne. Ecnu Temmeparypa MOCTYMAIOMIEro BO3JyXa CIMIIKOM HHU3Kas, OH JOINOJHUTEIHHO
IMOJOTPEBAETCSL IEKTPUUYECKUM HarpeBareigeM MomHocTeio 2,1 kBt. Temmeparypa moporpesa
BO3JlyXa 3aJaeTcsi Ha NpPOrpaMMHOM MaHeNIu sJeKTpoHarpeBarens. B neTHuil mepuon cucrema
GYHKIIMOHHUPYET Kak OeCIUIATHBIN 1EHTPaIbHbIH KOHIUIUHOHED: Topsunii Bo3ayX (+30 °C) BXoauT B
MOJI3EMHBIN BO3AYXOBO/I, OXJIAXIACTCA 3a CUET TeMmnepaTyphl 3emiu A0 17 °C u mocTymnaeT B IOM.

MHHOBaIIMOHHBIE SHEPTOCcOepETaroIIfe TEXHOJIOTHH OYIyIIero

[ToTpebnenne »MeKTPOIHEPTUM B HACTOSIIEe BpeMs OY€Hb HMPPALMOHAIBHO, U, €ClIU He
HaWTH crOCOOBl yAyYIIUTh 3TH MOKa3aTead, TO Mbl CAMU MOXEM CIIPOBOILMPOBATH HETIOMPABUMbIE
MOCJICICTBUS, KOTOpbIE MPHUBEAYT K TJIOOANbHOM »dKojormyeckod kartactpode. Texnomoruwm,
KoTopble mosBiTcs K 2050 r., MOJDKHBI ObITh pPEHTAOETbHBIMH M YAOOHBIMU JUISI TOJIH30BATEIS,
CIOCOOHBIMU KapAWHAIbHO U3MEHUTH Hallle Oy/yIliee U CacTH MUP OT TEXHOTEHHOTO Kpaxa.

[To olleHKaM CHIENMATUCTOB, MPOLECCHl OTOIUICHUS, BEHTUJISUMHN, KOHIUIMOHUPOBAHUS U
OCBEILIEHUS 3/IJaHUH PUBOJAT K €KEroJHOMY BeIOpocy B atMochepy 6osee 100 MIIH T MapHUKOBBIX
ra3oB (TiaaBHBIM 00pa3zoM, yriiekucioro raza CO2) — 310 mpsAMOM MyThb K 3arpsA3HEHUIO U
r7100a7TbHOMY MOTEIJICHHIO.

Kmumaromor, naypear Hob6enesckoit npemun [[pH Komman (Dan Kammen) npoBén ananus
WHHOBAI[MOHHBIX TEXHOJOTUH, KOTOpPbIE CIIOCOOHBI M3MEHHUTHh HAIIM Topoja U 00eclneyuTh HaM
6osee «cBetyioey Oymymiee. MccienoBanust MpoOBOAUIUCH B IBYX HaIllPaBICHUSX:

1) sHeprocOepex)eHne 31aHuii OyayIero;

2) anbTepHATHBHBIC MCTOYHHKH SHepruu Oyaymiero [55]. Hapsay ¢ sHepreTHyecKuMmw,
COLIMANIBHBIMA M JKOJIOTUYECKUMH IMOKA3aTesIMU  OINPEACTSIONINM KpuTepueM cran ¢GakTop
CHIDKEHHUSI BHIOPOCOB MAPHUKOBBIX a30B.

3nanus Oynyiero

IIpumepro 65 % Bceil BbIpabaThIBAEMON 3NEKTPOIHEPTUU TOTPEOIsSeTCS 3TaHUSAMU
(otorenue u np.). CoBpeMeHHbIe 37aHus Ype3BbluaitHo HeapPeKTUBHBI, 0kosI0 1/3 Terna yrekaer
CKBO3b CTEHBI, OKHa U Kpbllly. /ISl CHMKEHUS TEIUIOBBIX NOTEPh JKWIIbIE U IPOU3BOJICTBEHHBIE
3/1aHMsL JIOJDKHBI OBITh KOPEHHBIM 00pa3oM IepenpoekThpoBaHbl. Hac OecrokouT riobaibHOE
MOTEIUIEHUE, a TEM BPEMEHEM Hallli JoMa U 0(pHChl 000TPEeBaIOT MPOCTPAHCTBO CHAPYKU MOYTH
TaKk ke, Kak BHyTpu. Ecim Obl 0O MOIIIM yBHUJETH MHUp 4Yepe3 Npu3My HH(QpaxpacHOTo
W3TY4YEHHUs, TO MICTEeTHIBHOCTh BO MHOTHX BOIPOCAaxX CHJIBHO Bo3pocna Obl. TenjgoBu3MOHHAs
cbEMKa MJUTIOCTPUPYET MecTa HauOousibllel morepu Teruia. Takoe BreyarieHue, OyATO BCE 3TH
3/IaHHsT OXBadyeHbI 1oxkapoM. OHu ToibKo 83 31anHus TepstoT 10-15 % mMupoBoi BeipabaTbiBaeMOi
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SHEPTUH, YTO SKBUBAJIEHTHO 4 Mipj Oappeneil Hegtu B rox. Llenble 3eKTpOCTaHIMU TPOCTO
MOJIOTPEBAIOT BO3JyX — HEBEPOSTHOE PACTOUYMTENHCTBO. TEXHOJIOTMUECKHE BHEAPECHHUS CIIOCOOHBI
MOJIOKUTH KOHEIl TEIUIOBBIM TOTEpsAM B OyaylieM. pa3palaTbIBalOTCS YEThIpe KapAWHAIBHO
pa3auyHble MHHOBALMOHHBIE TEXHOJOTHMU 3HEProcOEpeKeHus 3/1aHUM: — a’poresb; — ruOpuIHOe
COJTHEYHOE OCBEUICHHE; — KUBAs 3€JIEHAs KPBIIIA; — TeIMOTEXHONIOTUs (HaHO-(POTOraIbBAaHHUECKHUE
AIIEMEHTHI).

Abdporenb — 3TO OJMH W3 CaMbIX YAMBUTENBHBIX TEMJIOU30JSIUOHHBIX MaTepUasosB,
U3BECTHBIX Hayke. OH cOXpaHseT TEIJIo TaM, IIe eMY U M0JIOKEHO ObITh, BHYTpH [13].

Ecth ogHO MecTo, rie xopouias M30JsLUs )KU3HEHHO HE0OXoauMa — JIeASHbIE MPOCTOPbI
KocMoca. braromaps  TeIUIOM30JSIIMOHHBIM — CBOMCTBaM  a’poreniss KOCMHUYECKHE —Kopadiu
BBIJICPKUBAIOT KpailHe HU3KYIO TeMIlepaTypy noBepxHoctu Mapca.

Texnuuecknii TBEPBIA a’poresnb OO0JbIIe TOX0X Ha urpy csera (puc. 31). Jlromu
BOCIIPUHUMAIOT €ro KaK <«3aMOPOKEHHBIH JbIM», M B HEKOTOPOM CMBICIE KaXKeTcsd, YTO OH
CYIIECTBYET JIUIIb MTHOBEHHUS. DTO TBEPJOE BEILIECTBO, C CAMON MaJeHbKOW IMJIOTHOCTBIO CPEl
BCEX TBEPBIX BEIICCTB, M3BECTHBIX Ha 3eMie. 3apUKCHpPOBAaHHBIA peKop I miIoTHOCTH — 1,9 Kr/mM3
Aadporens Ha Henbix 99 % cocToMT W3 BO3/AyXa, OH MPOMYCKAET CBET, HO MPAKTUYECKH HE
MPOITyCKaeT Terwio. Takoe yHUKaJIbHOE CBOMCTBO BBI3BAHO OCOOEHHOCTHIO €0 CTPYKTYPHI.

Pucynok 14.4 -. Texunueckuii TBEPABIN adpOreiib
I'uOpuaHOE COTHEYHOE OCBEIICHUE

JlHéM ¥ HOYBIO 3[aHMS TOTJIOIIAIOT JHEPTHI0, MO OOJBIICH YacTH, Ha HMCKYCCTBEHHOE
OCBEIlIEHUE, 3aTPaThl HA KOTOPOE SKBUBAJIICHTHBI TAKOMY KOJIHMUYECTBY SHEPTUH, UTO MPOU3BOJIUT B
TpH pa3a OOJIbIlIe YIIIEKUCIOTO T'a3a, YeM BCsl MUPOBasi aBUAIHsl — OCBelleHre noTpediser okoso 20
% MUPOBOI SHEPTHH.

Kpyriocyrouno B oducax, ¢abpukax, TOProBbIX Maccakax BKIIOYAETCS IJNEKTPUYECKOE
OCBEIIEHUE, B TOM YHCJIE U B JHEBHOE BPEMs, UTO SIBJISIETCS HEJIOIMYCTUMBIM PACTOUYUTEIHCTBOM.
OcHoBHbIE TpPUYUHBI HEIPPEKTUBHOCTH TPATUIMOHHBIX JaMIl HaKadWBaHUS B TOM, YTO OHHU
MIPOM3BOJIAT TJIABHBIM 00pa3zoM Teruio. B NeHCTBUTENBHOCTH TOMBKO 5 % MOIIHOCTH OOBIYHBIX
JaMIIOUYeK MpeoOpas3yeTcs B CBET, a ocTajibHbIe 95 % — MOTEpSHHOE TEILIO.

CoBpeMeHHbIE KOMMEPYECKNE 3JaHUsl OCHAILICHbI 3aCTEKJIEHHBIMU KPBIIIAMHU, OTPOMHBIMU
OKHaMH, HO 33JIEPHYTHIMH IITOPAMH, 3aKPBIBAIOIINMH €CTECTBEHHOE OCBEILICHUE.

B03MOXHO 1T UCTIONIB30BATh COTHEYHBIN CBET AJIsi 00€CIeYeHHs €CTECTBEHHOTO OCBEIICHUS
B K&XJI0M TEMHOM YTOJIKE KaXKJIOTO 3/1aHus BceX meranoiucoB? CoNHEUHBIM CBET, MPOHUKAOIINN
B OKHAa — 3TO BapuaHT, HO NOJ HEMPaBUJIbHBIM YIJIOM OH CIIENHUT, KPOME TOTO, OH HE MOXET
MIPOHUKATh BO BHYTPEHHHE MOMEILEHUS 3AaHUI.
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CKOHIIEHTPUPOBATh COJIHEYHBIM CBET M TEpPEHANpPaBUTh JIydd Tyna, TI€ HEOO0X0IUuMO
OCBECIICHUE, MOXXHO C IOMOIIBI0O CUCTEMBI CPEPUUYCCKUX 3€pKad, MOBEPHYTHIX ONTHMAIbHBIM
o0OpazoMm. CoOJHEYHBIH KOJUIEKTOpP — OOJBIIOE TEPBUYHOE 3EPKAIO, NpeIHAa3HAYCHHOE IS
KOHIICHTPALIUU M TIEPEayd COJHEYHBIX JIy4el Ha MEHbBIIEE IO pa3Mepy BTOPUYHOE 3€pKajo.
OnHako OOJIBIIMHCTBO 3€pKaJl HPOU3BOIATCS U3 CTEKIIA, a ChEepUIeCKUe OUYSHb JOPOTH.

Kmrou x pemenuro — mactuk. [lmactukoBble 3epkana — JaemiéBas ajlbTepHATHBA, HO
mpo6JsieMa B TOM, YTO OHU IUIABATCA. 3a7adya — CIIPOCKTUPOBATH COJTHEYHBIN KOJIIEKTOP, CIIOCOOHBIH
BBIJIEPKATH TeMIiepaTypy 65 °C, mpu 3TOM OH JOJDKEeH MpopadoTath He MeHee 20 JieT, 4TOObI ObITh

peHTa0ETbHBIM.
B pesynbraTe KOMOMHAIMM aKpUJIOBBIX BOJIOKOH C OOBIYHON IJIACTMACCOM MOJTy4yaeTcs
Marcpural, KOTOpBIfI BBIACPIKUBACT BBICOKHME TEMIICPATYpPhl — IIJIACTUK, H€06XOI[I/IMI>II71 JIIsL

W3TOTOBJICHUS COJTHEYHOTO KOJUIEKTOPA.

WHTennexTyanbHass 4acTh 3TOW TEXHOJOTHU — CJEASIIAsl 3a COJHIIEM CHCTEMa, KOTOpas
MOTPeOIIsIeT SHEPTUHA HE OOJIBbIIE, YeM POKIACCTBEHCKAs THPJSHIAA, HO TOYHO OTMPEAEsEeT MECTO
HaxoxneHus Conama. GPS-Moaynb CHUCTEMBI TOYHO YCTAHABIMBAET CBOE MECTOHAXOXKJICHUS Ha
1aHeTe B r00oe 86 Bpems cyTok. Mcronb3ysl 5TH JaHHbBIE, YCTPOMCTBO BBIYUCISET TOUHBIM yro
COJIHEUHBIX JIyd€ll ¥ €ro BBICOTY HaJ TOpPWU3OHTOM. Llenbiit meHb HEOONBINON IBUTATENH
YAEPKUBAET TApEJKY, OpueHTUpYysch Ha CoiHIE, BCErza yka3blBas HEMOCPEACTBEHHO Ha HEro u
coOupasi MaKCUMaJIbHOE KOJMYECTBO COJTHEYHOTO CBETA.

Ora HOBas TEXHOJIOTHS HA3bIBAETCSl THOPUIHBIM COJIHEYHBIM OCBELIEHUEM. ODKOHOMUS
sHepruu npu ucnonszoBanuu cucrembl ['CO cBpire 80 % (puc. 14.5). [16].

Pucynoxk 14.5 - JlabopaTopHBIi MPOTOTHII THOPUTHOMN COTHEYHON YCTAHOBKH

S.JIurepartypa:
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VYuebnoe nocobdue.-IlIpmvmkent 2022. -244 c.

2. beicrpunkwuii I.®. 595 O6mas sHepreruka (IIpon3BoACcTBO TEILIOBOM 1 3JEKTPUIESCKOIM SHEPTHH )

: yaeOnuk / I'.®. Beictpurkwuii, I'.I'. I'acanrampkues, B.C. KoxxuuenkoB. — 2-¢ u3j., crep. — M. : KHOPYC,
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2013. - 176 c.
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403 c.

5. Cr. 1 3akon OO0 sneprocOepexkeHnd U MoBblieHHU 3Heprodddexkrunoct PK or 13 suBaps
2012 roga Ne 541-IV. JleficTByromuii ¢ ©3MEHEHUAMH 1 JononHeHusaMu. [Iposepeno 15.01.2022
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6. BcromorartensHoe obopymoBanue TOC. KOHCHIEKT KM A CTYJACHTOB CICIHAIBHOCTH
5B071700 — Ternosuepreruka. Anmatst 2017. ¢.104

7. JlomonHUTENbHAS TUTEPaTypa

8. Jlenyxorckuii I'.B., IlocmemoB A.A. Pacuer M HOpPMHUpPOBaHHE IIOKa3aTeliell TEIJIOBOM
SKOHOMUYHOCTH oOopyaoBanust TOC: Yuebd. mocodbme / ®I'BOYBIIO «/BaHOBCKHiA ToCyaapcTBEHHBIN
sHeprernyeckuil yausepcuter uM. B.U. Jlenunay. — MBanoso, 2015. — 468 c.

9. Haruerarenu u terutoBbie nuratenu / B. M. Uepkacckuii, M. B. Kanunun, 0. B. Ky3uenos, B.
N. Cy66otun. M. : Dueproaromuszaar, 1997

10. Konuenuust pa3BuTus TOINIMBHO-IHEpreTHUecKoro kKomruiekca PecryOnuku Kazaxcran mo
2030 rona. [Tocranosnenue [IpaButenscrBa Pecyonuku Kazaxcran ot 28 uronst 2014 roga Ne 724
11. [Mununenko H.B., CuBakoB M.A. DHeprocOepexxeHHE M TMOBBIIIEHHE YHEPTETHUECKOM

3¢ ()EeKTUBHOCTH WH)XEHEPHBIX CUCTEM U ceTell. YuebHoe nmocooue. — CI16: HUY UTMO, 2013. — 274 c.

DJIEeKTPOHHbIE pecypchl:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, ITAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sl maHHBIX

PecriyOnukaHCKas MEeXBY30BCKast aJIeKTpoHHas 6ubaroreka, Aknurpress www.aknurpress.kz.

6.KoHTpOJIb BONIPOCHI
1. MupoBoi#i TOTUIMBHO-IHEpTreTHYeCKHi OanaHc. DHeprerruka Poccun.

2. DHeprocOeperaronye TeXHOJIOTUHA — OCHOBHBIE 3a/1aUH.

3. 3akon  Pecmybmukm  Kazaxctam ~ OO0  sHeprocOEpe:KeHWM W TIOBBIIICHUH
3HEeprod3PPeKTUBHOCTH

4, OneiT WO 23HEprocoepekeHuto B pa3BuThix crtpaHax: CIHIA, T'epmanuun, Opanimw.
«DaKTOp YEThIPE».

5. Drarbl pa3BUTHA CTPATETHH YHEPrOCOEPEKEHHUSI.

6. DHeprocbepexeHne B CTpOUTENbCTBE. TerIoBbie NOTEPH 3IaHUN U UX MUHUMH3AIIHAL.

7. DHeprocbepexeHne B CTPOUTEILCTBE HAa OCHOBE MCIIOJIb30BAHMSI BO30OHOBIISIEMBIX
UCTOYHUKOB 3Heprun. cnonb3oBanue sHeprun Comnia. CoHeuHbIe MaHEIH U KOJUIEKTOPHI.

8. DHeprocbepexeHre B CTPOUTEILCTBE HAa OCHOBE HCIOJIb30BAHMSI BO30OHOBISEMBIX
HCTOYHUKOB dHeprun. ['eoTepmanbHas sHeprus. TemnoBble HaCOCHI.

9. Knaccudukamus sHeprodppexkTuBHbIX 10oMOB. CTaHmapTu3anus 3HeprodPpQekTuBHOCTH
JIOMOB.

10. IlaccuBHbie nOoMa. DHeprocbeperaronue TexHoJloruu. Cucrtema MpUTOYHO-BHITSKHOU
BEHTUJISIIIUM C peKylepanuei Tera.

11. DHeprocbeperaroiire TEXHOIOTUH. TenIon30sAIHs — BHYTPEHHSS U BHEIIIHSS.

12. 10cteknenue macCUBHOTO A0Ma. DHeprocOeperarome CTeKIa.

13. Hcnonb30BaHHE COTHEYHON SHEPTUU B DHEPrOCOEPEraroInx TEXHOIOTHSIX MAaCCUBHOTO
JoMa.

14. DueprocbOeperaromias KpoBis. «3enéHas KpbIllla» — SKCTCHCUBHAsI U MHTEHCHUBHASL.

15. TeruoBble TOTEpPH TpPU TEIIOCHAOKEHHHM TMPOW3BOACTBEHHBIX 37aHHi. CHCTEMBI
ra3o0BOr0 JYYHCTOTO OTOTUICHHS.

16. Oxkna u octeknenue 3nanuil. CreknonakeTsl. TemnocOeperaromias HI3KOOMUCCHOHHAS
IJIEHKA.

17. Oronnenue. BoastHON TEMIBINA MOJI.
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18. 3manus Oymymiero. Asporens. [ MOpuaHOE COTHEUHOE OCBEIICHHE.
19. 3panus Oynymero. XKusas 3enénas kpeima. Hano-gororanbBaHn4ecKkne 3JeMEHTHI.

Jlekmusa 15

1 Tema 15. HoBble TeXHOIOTMH MPOM3BO/ICTBA TEIIOThHI M 3JIEKTPHYECKON IHEPTrUH

2. Hdeap: 3HaTh TJ00aTbHBIE TEXHOJOTHUYECKHE TPEHBI, YPPEKTHBHBIE TEXHOJIOTHH IS
TEIJIOBOM YHEPrETUKH.

WNwmets npexacraBieHue o Hu(GpoBOM MHXUHUPUHIE U PpOOOTH3ALMU B (papMalleBTUYECKOM
MIPOU3BOJICTBE.

3. Te3uchl JeKIHH:

['moGanpHbIe TEXHOIOTMUECKHUE TPEHIBI.

ABTOHOMHBIE MUKPOTYPOUHHBIE SHEPTOyCTAHOBKH.

HudpoBoii THXXUHUPHUHT U poOOTH3aLMs B (DapMalleBTHUECKOM MPOU3BOJICTBE

I'moGanbHBIE TEXHOJIOTHIECKUE TPEHIBI.

AHanmu3 yCTOWYMBBIX TEHICHIHMH (TPEHIIOB) Pa3BUTHS MHPOBOTO SHEPTETUYECKOTO PBHIHKA
MO3BOJISIET BBIACITUTH DSl HOBBIX SIBICHWH, BO3HHUKIIMX KaK B PE3YJIbTaTe TEXHOJOTHYECKOTO
pa3BUTHS, TaK W MOJ BIUSHUEM pa3HOTO pPOAa TMOJUTUYECKUX, SKOHOMHKO-(UHAHCOBBIX U
sKosornueckux GakTopos. K unciay 3TuX TpeHAO0B OTHOCST:

- peruoHaNU3aIo MUPOBON SHEPTETUKH;

- CMElIeHHe CIIpoca Ha SHEPropecypchl B pa3BUBAIOIINECS CTPAHbL;

- pOCT CTpeMJIeHMsI CTpaH, MPEeXIEe BCEro UMIIOPTEPOB TOILIMBA, K CaMOOOECIEeUEHHIO,
COTPOBOXKIAIOIIEMYCSI aIEKBATHBIM POCTOM «PECYpPCHOTO HAIIMOHAIU3MAY;

- pOCT 3aTpaT Ha MHPOU3BOJCTBO KOHEUHBIX HEPIOPECYPCOB M, COOTBETCTBEHHO, POCT
MOTPEeOHOCTH B MHBECTULIMSIX;

- HEpaBHOMEPHOE, XOTSl M Hen30exKHOe Pa3BUTHE BO30OHOBIISIEMO SHEPT€THKY;

- yCUJIEHUE BHUMAHUS K SHEPrOCOEPEKEHUIO U SHEPrOdPHEeKTUBHOCTH;

- YCWJIEHHME MEXTOIUIMBHOW KOHKYPEHLHH, BeIylled K CcTa0Miu3alud U JIaxe
OTHOCHUTEJIbHOMY CHIKEHHUIO CIIPOCa U, COOTBETCTBEHHO, 1IEH Ha YIIeBOI0POIbI.

Ha cMeny rimo0anu3anui MUPOBBIX SHEPTETHYECKUX PBHIHKOB MPUXOIUT pPErrHOHATH3AIMS
MHUPOBOM SHEPTETHKH, U B MEPCIEKTHBE 3TO MOKET MPHUBECTH K CHIDKEHUIO 00beMa TPaAuLIMOHHBIX
TOProBBIX MOTOKOB HE(PTH U Ta3a.

JlJis KaXI0TO peruoHa XapakTepHbl CBOM 0COOCHHOCTH JaHHOTO mporecca. B CIIA — yxe
YIIOMUHABIIIUECS YCIIEXU B JIOOBIYE CIIAHIIEBOrO Tas3a, B EBpone — 3HaYUTENbHBIE TEMIIBI POCTa
cexktopa BU3 u cTabunpHOE CHUYKEHHE HYHEPrOoeMKOCTH IKOHOMUK ctpaH EBpocoroza. B Kurae u
yacTuyHO B MHOuum — omopa mpexae BCero Ha COOCTBEHHBbIE PECYpChl, HAmpHUMEp YroJb.
OCHOBHBIMU J]paliBepaMu pOCTa TOTPEOJICHUS SHEPrUM SBISIIOTCS YBEIUYEHHE HACElICHUus U
MOBBIIIIEHHE €ro A0xo0oB. B Ommwkaiimue 20— 251eT Mbl OylneM CBHIETEISIMH HENPEPHIBHOTO
pocTa 3KOHOMHUK U YUCJIEHHOCTH HaceleHHsl B cTpaHax, He Bxosuux B OOCP.

DHepreTdka BO BCEM MHpE TpaHCHOPMUPYETCS, M BCE MBI SIBISIEMCSl CBHJIETEIIEM
rJ100aTbHBIX U3MEHEHUH KaK B IPUHIIUIIAX MMOTPEOIeHNUs, TaK U B TPOU3BOJICTBE SHEPTOPECYPCOB.

Tpenn Nel. Hudposuzanmus.

[lo mporHo3y MEXIyHapOAHON UCCIeI0BAaTENbCKOW M  KOHCAJITHHTOBOM KOMIIAHUHU
International Data Corporation (IDC), x 2020 r. uaTepHer Bemieit oxBatut 50 MIIPA YCTPOMCTB.
Peub naer He TOJBKO O OBITOBOW TEXHHKE, CMapT(OHAX U ABTOMOOMIISX.

WuTepHer Bellell MHTErpUpYIOTCS TakXKe U B IPOU3BOJCTBEHHBIE MOIIHOCTH B CaMBIX
Pa3HBIX OTPACIIAX SKOHOMHUKH: CETOJIHS CI0Ba «LU(PPOBasi MOACTAHIM» UITH «IIU(PPOBO ABOMHHUK
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3aB0JIa» YK€ peallbHOCTh. JIF000e COBpEeMEHHOE MPOMBIIIUICHHOE MPEANPUATUE CTABHUT Iepe co0oi
1eb BceoOen nuppoBoi HHTErpaLlUu.

[IpekpacHBIM NPUMEPOM BBICTYIAIOT TJIOOATBHBIC JIMIEPHl B IPOU3BOJICTBE IIPOJTYKTOB
MMUTaHUS, KOTOPbIE HAXOAATCS B OCCKOHEYHOM ITMKJIE ONTHMHU3AIMH MPOHU3BOJICTBEHHBIX 3aTpaT.
Jlacxe camble HEOYCBHJHBIC OOBIBATENIO TPOIECCHI, HANPUMEP MPOMBIBKA JIMHHUHA PO3JIUBA, YKE
VIPABISIOTCS TPOJBUHYTBIMH OTNTHMH3AIMOHHBIME CUCTeMaMHu. OHM MHOTOKPATHO COKPANIAOT
3aTpaThl HAa XUMUYECKUE PEareHThl, BOY U S3HEPTOPECYPCHI.

Tpenna Ne2. YMeHbllIeHHE YTIEPOIHOTO CIIEa.

Temmbl pocTa MHBECTHIMA B BO30OHOBIIIEMYIO YHEPTeTHKY MPEBBIIIAIOT ITOT IOKa3aTellb
0 WICKOTIAeMBIM BUaM TorutkBa. [1o omeHke WH()OPMAIMOHHO-aHAIMTUIECKOTO areHTcTBa Platts,
00wvem BBOa MotiHOCTeH Ha BID B 2018 r. cocraBun 6osiee 150 I'Bt, B TO Bpemst kak 00beM BBOJIa
TPaJIULIMOHHBIX HCTOYHUKOB cocTaBuia meHee 100 ['Br.

Tpeng Ne3. Dnexkrpuduxarnmsi.

Ecnu enie HECKOJIBKO JIET HA3a][ SJICKTPOMOOUIN PacCMAaTPUBAIMCH KaK HHUINIEBOC SBJICHHE,
HECIOCOOHOE TIOMEHSTh OTHOIICHHE MHPOBBIX AaBTOTMTAHTOB K CBOCH IIPOW3BOJICTBCHHOMN

mporpamme, TO CETOJHS DJIEKTPOMOOWINM — 3TO HOBas M, BO3MOXHO, €IMHCTBEHHO BepHas
CTpaTerusa pasBUTH.
Terepb AIIEKTPOTPAHCIOPT — 3TO MOJHO. XapakTep Harpy3kd Ha DHEPrOCHCTEMBI

CYIIECTBEHHO M3MEHHUTCS: J00aBWICA HOBBIM NOTpeOuTeNb, IS KOTOPOrO HY)KHO CO31aBaTh
HEOOXOIUMYIO 3apsiHYI0 HHOPACTPYKTYypy H OOeCreduBaTh CIPOC B DIIEKTPOIHEPTHH. ITa
TEHJCHIMSI JAacT CHJIbHBIM UMIYJIbC K Pa3BUTHUIO DJHEPIreTUKH, JIOTPY3UB CYILIECTBYIOIINE
TreHepUPYIOLIUE MOILTHOCTH.

Tpena Ne4. Jleuentpanuzaums.

OtHOocuTenbHAsE JOCTYIMHOCTh TEXHOJIOTUH IO JIOKAJIbHOMY TMPOMU3BOJACTBY U XPaHEHHUIO
AJIEKTPOIHEPTHH CO3/1ajla COBEPIICHHO HOBBII PHIHOK B CTpaHax 3armajia — MUKPOIHEPIOCUCTEMBI,
i microgrids. Ilo cBoeil cyTu, 3TU CHCTEMBbI SIBIAIOTCS YMEHBIICHHOW KOMUEW TpaguLIMOHHBIX
LUEHTPAJIU30BaHHBIX YHEPTOCUCTEM, coueTasi B cebe MHMpacTpyKTypy 0 MPOU3BOJACTBY, Mepeaaye
U pacrpeieseHHI0 JIEKTPOIHEPTUH.

LenTpanu3oBaHHble 3HEPrOCUCTEMBl MHOTHE TOJbI OOecreurnBald M 00eCHeUYUBAIOT
cTaOuiIbHOE SHEProcHadKeHne MOTpeOuTeneil, HO TeM He MEHee HEBEPHBIM OyJIeT CUUTATh, YTO TEM
K€ 3amaJHbIM CTpaHaM YyXKe YAaNoCch MOCTPOUTh 3(G(GEKTUBHBIE DHEPrOCHCTEMBI, KOTOpHIE
Oecriepe00ItHO CHA0XKAIOT BCEX KIIFOUEBBIX IMOTPEOUTENCH AIIEKTPOIHEPTHH.

UYactoll sBIsieTCS CHUTYyallWsl TEPEPHIBOB B HEPrOCHAOKEHHH IENbIX PalOHOB KPYIHBIX
MEraroJicoB, KaK, HalpuMep, OTKIIIOUeHHe snekTpudecTsa B Jlonnone n Hero-Hopke nerom 2019
r., Korga 0e3 cBeTa OCTalHCh THICAYM TOpoXKaH. ['OBOpUTH O CTAOMIBHOM SHEProcHa0KeHUH
MIPOMBIIIIJICHHOCTH TaK)K€ He MPHUXOAUTCS, BOMPOC JIMIIb B TOM, KaK Takue MpoOIeMbl PEeIIatoTCs
CTpaTeTUYECKH.

MuUKpOHEpProcUCTEMbl JIMIIEHB TaKOTO HEJOCTaTKa, TaK Kak MPOEKTUPYIOTCS IO
KOHKpPETHOTO MOTpeOUTEeNsl ¢ MOHSITHON HArpy3KOi, pe3epBUPOBAHUE K€ MOKET 00eCIeunBaTHCS
KaK M3 BHEIIHEH CeTH, TaK U COUETaHWEM HAKOMUTENEeH AJIEKTPOIHEPTUH U aBAPUHHBIX UCTOYHHKOB
MIUTaHMUSL.

Tpenn Ne5. CapEx-to-OpEx

DNEKTPOIHEPTHUSA, XOTSI W SBISIETCS KIIOYEBBIM 3BEHOM B JIF000W MPOU3BOJICTBEHHOM
I[EN0YKe, HO, MO CBOCH CYyTH, SBISETCS PECYpCOM, KOTOPBI HEOOXOAMM JUIsl MPOHU3BOJICTBA
KOHKpeTHOM mpoaykiuu. [loaTomy nr000i MpPOU3BOACTBEHHBI MEHEHKMEHT paHO I TO3/IHO
CTAJIKUBAETCS C MPOOIEMOl MPUOPHUTETOB: BJIOKHUTH OTPAHUYCHHBIE CPEJICTBA B pACIIMPEHHE
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OCHOBHOTO IPOM3BOJICTBA, OCOOEHHO €CJIM CIpPOC PACTET, WM HHBECTHPOBATh BO BTOPUYHBIN
IIPOU3BO/ICTBEHHBIN MTPOLIECC, HAIIPUMEP B YIHEPrOCHAOKEHUE.

UT0oO0B! pENINTH ATY JUIEMMY, KOMIIAHUH, PEATTU3YIOIINE CII0KHbBIE U 3aTPAaTHBIE IIPOEKTHI B
o0JacTu PHEProcHadKeHus, 00paIarTCcsl K SHEPrOCEPBUCHBIM KOMITAHUSAM, KOTOPbIE IIPOJAIOT UM
KOHEYHBIN MPOIYKT — JIEKTPUUECKYIO, TEIIOBYIO SHEPruio win xonod. Kinuenram no 6oisiomy
CUeTy HE TaK BaXKHO, KaK BbIpAaOATHIBAETCS AJIEKTPOIHEPTHs: BaKHA JIMILIb IL[€HA U COOJIO/IeHUE
MPUHIMIIA MUHUMHU3aLUU YTTIEPOIHOTO CIea.

Takoit moaxox u siBisieTcss HauboIee COBPEMEHHBIM, KOI'/la KaXKIbl 3aHUMAeTCs TEM, YTO
OH yMeeT Jydlle BCEero: IMPOU3BOJAUTH TPOAYKTHl WM oOecneuynBaTh MPOU3BOACTBO
SHEepropecypcamu.

JIro6oMy TpOM3BOJACTBY HEOOXOAUMO MOCTOSIHHO MOBBIIIATH COOCTBEHHYIO 3()(HEKTUBHOCTB,
OyIb TO CHIDKEHHE IMOTPEOJIEHUS PECYPCOB MM COOTBETCTBUE MEHSIOIIUMCS MOTPEOUTENHCKUM
oXxuJaHusM. B 1r0060M cityyae, eciay KOMIIAHUM CTaBSIT LEIbI0 OCTaBaThCSA JIJEpaMu, TO BCE MATh
TPEHJIOB U €CTh TOT OPUEHTHUP, HA KOTOPBII UM CJIeIyeT ONUPATHCS B JOJITOCPOUYHOM MEPCIEKTUBE.

Hcrolienne MeCTOpPOXKICHUHM TMOJIE3HBIX HCKOMAeMbIX Ha CyIe CO3AaeT CTHUMYNbI s
MIOMCKAa HOBBIX CHOCOOOB WX J00bIYM. B mocneaHune roapl  akTUBHO — MPUMEHSIOTCS
MHUKPOOPTraHU3Mbl [T U3BJIEUEHUSI METANIOB U3 Oe/IHBIX Py U TEXHOTCHHBIX 0TX0J0B. Hanpumep,
nepepaboTka | MIIH IITYK COTOBBIX TENE(POHOB TMO3BOJSAET MOMYYHTh 16 TOHH memu, 350 xr
cepeOpa, 34 Kr 30710Ta ¥ TOYTH 15 KT masaaus.

TexHos0rn4eckune TpeHabl

AHanu3 TEXHOJIOTMYECKUX TPEHIOB MOKa3bIBAET, YTO MUPOBAsi SJHEPTETHKA CTOUT Ha MOpore
SHEPreTUYECKo peBostonuu [12], cogep:kaHueM KOTOPOH SIBIISIETCS MEPEXO] OT MHIYCTPUAIbHOU
SHEPreTHKU K TMOCTUHAYCTpUadbHOW. WMHIycTpuaibHas SHEpreTMka OCHOBaHA Ha CXKUTAHUH
HCKOIMAaeMOro TOIJIMBA, TPAHCIOPTUPYEMOrO0 Ha OOJbLIME pPACCTOSHUS, M Ha TNOTpeOIeHUU
00JBIIMX 00BEMOB PHEPTHH MPH CPABHUTEIIHHO CI1a00M YIPaBIEHUN YHEPreTUYECKUMU MO TOKAMHU
(«cunoBast  sHepreTukay). llocTuHAycTpuanbHasi  SHEpPreTMka OCHOBAaHA Ha  DHEPIUH
BO30OHOBIISIEMBIX ~HUCTOYHHMKOB OJHEpruM (a Takke, BO3MOXHO, AaTOMHOM SHEpPreTHKE),
JelIeHTpaIu3ali SHepruu, 3(p(PEeKTUBHOM HCIIOIBb30BAHUNA CPABHHUTEIBHO HEOOJBIIUX IOTOKOB
sHeprum («ymHas sHepretukay) [19, 21]. OcHoBHBIC HANpPaBICHUS YHEPTETUUECKON PEBOIIOIUHN -
[IOBCEMECTHOE PACIPOCTPAHEHUE TEXHOJOTUN SHEpProcOepekeHus, HHTErpalus SHEPreTHKU B
TexHochepy, pacnpocrpanenune BUD, nenentpanuzanusi 3HEPreTUKH, CO3aHUE «YMHBIX CETei» U
SHEProMH(POPMAIIIOHHBIX CUCTEM, «3HEPrOIPPEKTUBHBIN T0OM» U «OHEPTroIPPEKTUBHBIN FOPOI».

PecypcHble 1 3K0/10rHYecKHe OTPAHNYeHU s

DKOJOTHYeCKH (PaKTOp B HACTOSIIEE BPEMS SIBISETCA OJHUM U3 KIIOYEBBIX B PA3BUTHU
sHepreTuku. B pamkax Kuotckoro mporokona u moct-KHOTCKHMX coriamieHud, HalMOHAIBHOTO
HKOJIOTMYECKOT0 3aKOHOJATEeNLCTBA CO3JAI0TCS MIPABOBBIC M IKOHOMUYECKHE MEXaHU3Mbl, KOTOpBIE
CTUMYJIMPYIOT IpOILecC Mepexoia K IHEPreTUKe HOBOro THMA. B MHEPLUMOHHOM clieHapuu 00beMbl
noTpeOsIeHUs PecypcoB W MPOMU3BOJCTBA OTXOJOB OyayT ObICTpO HapacTathb, uto mocie 2030 r.
npuBeIeT K 3 OCTpOMY Kpu3WUCy. B CTarHalMOHHOM CLEHapuu JaBJICHHE COIMyMa Ha
OKPYXKAIOIIYIO Cpelly OydeT CHIDKAThCSA 3a CYET MPUMEHEHHs MPaBOBBIX MEXAaHH3MOB CHIKECHUS
SHEPro- U PEecypCOEMKOCTH pa3BUTHA. B MHHOBAaIMOHHOM CIIEHapUU MOTpPEOJIEHHE PECypcoB U
MIPOU3BOJICTBO OTXOJIOB MOKET OBITh PAAMKAIBHO CHUKEHO 32 CUET KOMILJIEKCA HOBBIX TEXHOIOTHIA
B DHEPreTHUKE.

JHepreTu4yecKne TPeH bl

TpeHnapl pa3BUTHA MHPOBOW SHEPreTUKU ONPEIENAIOTCS HAJOKEHHUEM [BYX IPOLIECCOB —
OBICTPOTO pPOCTa MHIYCTPUATBHOW SHEPreTUKM (M TOTPeONeHUs KMCKOMAaeMOTO TOILINBA) B
Pa3BUBAIOIINXCA CTpaHaX M MOCTENEHHOTO Mepexoja pPa3BUTHIX CTPAaH K MOCTUHYCTPUATIBLHOMU
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sHEpreTuke. JInaepoM pocrta HHAYCTpUATBHON YHEPTETHKH, 0e3yciioBHO, sBisieTcst Kuraii. 3a 2000-
2009 rr. moTpebiieHre SHEPTUU B CTpaHe BO3pocCio B 2,15pasza, B ToM uucie yrias — B 2,15 pa3sa,
Heptn — B 1,8 pasa, mpupomnoro raza — B 3,3 pasza, dnekrpodHeprun — B 2,75 paza. B
pa3BuBaromMxcsa crpaHax B 1enoM 3a 2000-e rr. moTpeOieHre 3HEPruu BhIpociao Ha 66%, B TO
BpeMsI KaK B Pa3BUTHIX CTpaHaX — TOJIbKO Ha 5%.

B nedrsanoit otpacnu B 2000-e IT. TIIaBHOW TEeHACHIMEH ObUT OBICTPBIM POCT Crpoca B
Pa3BUBAIOIINXCS CTpaHax Mpu craje crnpoca B ctpanax ODCP (c 2006 r.). B ycmoBusix ucToueHus
MECTOPOXKJICHHI C OJarompHsITHBIMUA YCIOBUSMHU JOOBIYM 3TO CTall0 MPEANOCHIIKOW OBICTPOTO
pocta 11eH Ha HeTh. B ra3oBoii oTpacin HaOIIOAAIUCH, [0 CYIIECTBY, aHAJIOIMYHbIE MTPOLIECCHI, a
TaKKe OBICTpasi MHTErpaIsi MUPOBOTO T'a30BOTO PBIHKA. B YroNbHO#M OTpaciu KOHTPACT MEXIY
Pa3BUTBIMU U Ppa3BUBAIOUIUMUCS CTpaHamu Obul emie Oornee spkuMm. B 2000-2009 rr. 92,5%
MPUPOCTa MUPOBOTO NMOTPeOIeHUs yriig npuuuiock Ha Kutail.

Hanbonee 3aMeTHBIM MPU3HAKOM TIOCTHMHIYCTPUAILHOTO pa3BUTHS cTadl Oym B cdepe
Bo300HOBNsIeMoil sHepretuku [16]. C 2000 mo 2009 r. MupoBas MOIIHOCTh BETPOBBIX
anekTpocTanimi Bo3pocia ¢ 18 mo 160 I'Bt, conneunbix @B-ctanumii - ¢ 1,8 mo 22,9 I'Bt. K 2008-
2009 rr. BUD Bemmm Ha iepBoe MeCTo B ipupocTe MotmHocTei B mupe (40% B 2009 r.). Hapsiny ¢
BUD B anekrposnepreruke, Hactosimuit Oym nepexxumn B 2000-e rr. MUPOBBIE YIIIEPOIHbIC PHIHKH.
Hx obvem x 2009 r. moctur 120 mupa moiul. B roj, yBenmuuBimuch 3a 10 jmet B 10 pa3 [15].
HNuBectrimu B «yMHbIe ceTu» AocTUIIM K 2009 1. 21 Mapa aosn. B CILLIA u 69 mnpa ot B Mupe.
O6bem prraka 3HEeprocepBucHbIX yeryr B CIIIA u EC goctur 4-5 mupa gomn. B cTpouTtenscTe
3HAYMMYIO JIOJIFO CTAJI0 COCTABIISATh CTPOUTEIBCTBO MO cTaHmapTaM 3HeprodddexkrusHoctr (LEED
B CIIIA, BREEAM B EBpomne) u 5koj0THYecKoi 6€3011acHOCTH.

CrarHauuoHHbIH (BO300HOB/IsIEeMbIii) CLIEeHAPUii

OCHOBHOM MPEANOCHIIKON CTarHAIIMOHHOTO CLIEHAPHUS SIBJISIETCA TPAaHC(EPT CYIIECTBYIOLUIUX
TEXHOJIOTUH B pa3BUBAIOIIMECS CTPaHbl C IEIbI0 CHI)KEHHMS SHEProeMKOCTH Mpoliecca
UHIYCTpUAIIN3AIUH.

[ToTpebnenne HedTH MNPOJOLKUT CBOM pOCT, HO OHO OyAeT CYIIECTBEHHO Oojee
MeJUIEHHBIM, 4eM B HHepIHOHHOM ciieHapuu (Ha 10% k 2010 r. no cpaBHenuto ¢ 30%). Ctpykrypa
MHpPOBOTO aBTomnapka K 2050 r. mpeTepnuT CyleCTBEHHbIC U3MEHECHUs. | TaBHBIM TpeHAOM Oynier
pa3BUTHE BCEX CYIIECTBYIOIIUX albTEPHATUB HEPTENPOAYKTAM U JBUTATEIIO0 BHYTPEHHETO
cropanus. llonmxkenHoe notpebiieHne HedTH MpPUBEAET K MEHbIIEH KOHIEHTpaluu JOObUM Ha
brnmxaem BocToke, MOBBIIIEHHOMY YPOBHIO CaMOJOCTaTOYHOCTH psiia PErHOHOB-UMIOPTEPOB,
MEHBIICH TeonoIUTHYECKON HanpshkeHHOCTH. Criaj HaNpsHKEHHOCTH HA HE(TIHOM PBIHKE CTaHET
JOJITOCPOYHOU MPEANOCHUIKON CHIIKEHUS IIeH Ha HepTh. B MUPOBOH ra3oBOil MPOMBIILICHHOCTH
poCcT TOTpeONeHUsI TaKKe OKAKETCS CYIIECTBEHHO HUXKE, YeM B MHEPIMOHHOM  CIIEHApUU.
«['eononurtrka raza» OyIeT Urpath ropa3zo MEHBIIYIO POJb, YEM B HHEPIIMOHHOM CIICHAPHH.

Ecnu B MHEpLIMOHHOM CLIEHApUU OKUAAJICS 3HAUUTENIbHBIA pOCT yrojbHo# oTpaciu (k 2050
r. — 6osiee ueM Ha 30%), TO B CTArHALIMOHHOM CLIEHApUU MUPOBOE MOTPEOIECHUE YIJI CYLIECTBEHHO
ynazaer. B aToMHOI sHepreTuke B CTarHaALIMOHHOM CLIEHAPUU 0’KMJIAETCSl YCTOWYMBBIA HUCXO NI
TPEHJ, OTpacib COKPAaTUTCS MpakTH4YecKu B 2 paza. [Ipennmocbuikamu Juis 3TOro OyAayT BBICOKas
CTOUMOCTh M MPOJOJKUTEIBHOCTh CTPOUTEIBCTBA, CTarHallUs TEXHOJOIMYECKOIO YPOBHH,
COXpaHsIoIIKecs MPoOsIeMbl paJUallMOHHON 6e301MacHOCTH.

BozoOHoBiisiemast sHepretuka OyJeT pacTH CYIIECTBEHHO ObICTpee WHEPIMOHHOTO
cuenapus. Jons BUD k 2050 r. nocturaer 21% MUpOBOro mepBUYHOTO MoTpedieHus sHepruu. B
B0o300HOBIIsIeMoi sHepreTuke B 2030 1. r. Oyner npeobiaaats BeTpoBas sHepreTHka (72%), HO K
2050 r. ee mons cHu3uTCcA A0 60% 3a cueT ONEPEKAIOLIETO POCTa MPOU3BOACTBA AIEKTPOIHEPIUU
13 OMOMAacChl U COJTHEYHOM 3HEPTeTHKH.
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B pesynbraTte OCHOBHBIE HM3MEHEHHS B MHPOBON SHEpreTuke OynyT peryiIsTHBHBIMH
CnoxuTCs C0XKHAasi CUCTEMa PEryJupOBaHMsI MUPOBOM SHEPreTUKH, BKIIIOUarollas riio0aibHble U
JIOKaJIbHBIC KIMMATHYECKHE COTJIAIICHHS, KIMMAaTHUYECKHE HAJOTOBBIE M TaMOKEHHBIE TapH(bl,
TEXHOJIOTMYECKUE CTAaHIAPTHI.

Cpenn HauboJee 3HaUUMBIX ITI00aJIBHBIX TPEHAO0B PHIHKA U OCHOBHBIX BEKTOPOB Pa3BUTUS
OTpAaCIN HAZ0 OTMETUTh:

Haxonurenun. DNeKTPO3HEPTHUIO KaK TOBAap YK€ BO3MOXHO XPAaHUTh. EXKErogHo cucTeMsl
XpaHEHMS YKPEIULSIIOT MO3UIUM Ha PbIHKE, UX CTOMMOCTH Ia/laeT, a 00bEeMbl MpOJax PpacTyT.
[Ipumepamu Moryt cinyxuth komnanus Enel, 3amycTuBmias B 9KCILTyaTal[MiO0 MPOMBILIUICHHOE
xpanwnuie sHeprun B Uramum, mnm Tesla Powerpack B ABcTpanmnu ¢ o0mied MOIIHOCTBIO
Hakorutened 100 MBt. B Poccum mnpumeHneHne cucTeM XpaHEHUS 3JIEKTPOSHEPTUH TOJBKO
HAaYMHAET Pa3BUBATHCS.

AJIbTepHATUBHAsA JHepreTtuka. [Ipon3BOACTBO BHITOJHO YK€ HE TOJIBKO JJISi KPYITHBIX
rerepanuii. 3a 10 et cTomMOCTh BETPSHBIX MOYJIEH CHU3WIACh OoJiee, YeM B 3 pa3a, a COJHEYHBIX
naHenen — B 8 pas, u a0 nipu pocte dhdextnBHOCcTH BUD renepanuu. B psne crpan BeipaboTka u3
BHD noi1HOCTHIO KOHKYPHUPYET € TPAIULIMOHHOW T€HEPAIIUEH.

[lepexox ot consumers xk prosumers. C pa3BUTHEM TEXHOJOTHHA KIIACCHYECKHE
MOTPEOUTENN MOCTENEHHO CTAHOBSTCS MPOM3BOIAUTENSIM SHEPIHM, HauMHAas 3aHUMAaTh Bce Oosee
BECOMYIO JIOJIO B SHeprodanance 6iaroapsi MUKpOreHepali 1 MEXaHU3MY YIIPaBJICHUS CIIPOCOM,
demand response.

Bce 510 nokaspIBaeT anbTEPHATUBHBIN ITyTh JOPOTOCTOSALIEMY CTPOMTEILCTBY KPYIHOU
TEHEpALMU U NTO3BOJISIET CEPbE3HO CHUKATh M3AEPKKU OTPEOUTEEH.

ABTOHOMHbBIE MUKPOTYPOHHHBIE SHEPTOyCTAHOBKH.
MukpoTypOUHHBIE NEKTPOCTAHIIUN

Pucynox 15.1 - MukpotypOuHHast 3JI€KTPOCTAaHLIUS

MI/IKpOTyp6I/IHHLIe SJICKTPOCTAHIIUN pa3pa60TaHLI AJIsL MMPOMBIINIJICHHOTO NPHUMCEHCHUSA U
MOJIHOCTBIO OTBCYAKOT COBPCMCHHBIM Tpe60BaHI/ISIM 10 3HepF03(I)(beKTI/IBHOCTI/I, MMpEeKKAC BCCIo 3a
CUET CBOMX TEXHOJOTUYECKUX OCOOEHHOCTEN U YHUKAJIbHBIX HOTpC6I/ITeJ'IBCKI/IX CBOMCTB.

MHUKpOTYpOMHHBIE 3JIEKTPOCTAHIIMM Ha pBIHKE MpeAcTaBieHbl ycTraHoBKamu Capstone
Turbine Corporation.

MHuKpOTYpOMHHBIE 3JEKTPOCTAHIIMHN MaJI0 OTIMYAIOTCS APYT OT Apyra Mo pekumam padoTsl,
BapuaHTaM pasMCIICHUs, TUITY UCIIOJIb3YEMOTI'O TOILIMBA.
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Bce MUKpOTypOWHHBIC SJIEKTPOCTAHIIMM BBIPAOATHIBAIOT KaK dJIEKTPHUECKYIO, TaK MU
TEIUIOBYIO BJHEPrur0. ABTOHOMHO WU MapajUIeNIbHO C CEThI0 paboTaloT BCE MUKPOTYpOUHHBIE
JIEKTPOCTAHIMU. ENMHUYHAS MOIIHOCTh MUKPOTYpPOMHHBIX 3aeKkTpocTtaHiui oT 30 mo 250 xBr.
MHUKpPOTYpOMHHBIE 3JIEKTPOCTAHIINHA UMEIOT MOAU(BHUKAIINH [T paOOThI HA JKUAKOM TOIUIHBE.

MuUKpOTYpOMHHBIE AJIEKTPOCTAHIIMM — JHEProcOCpeKeHUE 3a CUeT WHHOBAIIMOHHBIX
TEXHOJIOTU I

Jlo cux mop »5HEprocHadKeHHe OOJBIIMHCTBA MPOMBIIIJICHHBIX MPEANPUATHI  ObLIO
OpraHM30BaHO 10 DJIEMEHTApHOM CXeMe: JJIEKTPO’HEPIHsl OTOMpanach OT CETH, a OCHOBHbIE
TEIUIOBbIE HYX/Ibl MOKPBIBAIMCH 3a CYET COOCTBEHHBIX KOTEJBHBIX. JTH K€ KOTEIbHBIE YacTO
o0ecreunBalOT KOMMYHaJIbHbIE MOTPEOHOCTH ONM3JIeKalluX HaceJeHHbIX MyHKTOB. [Ipu sToM
SHEpPreTUYeCKUi MOTEHUHAad TOIUIMBA, MPEUMYIECTBEHHO IPHUPOJHOTO rasa, CKUraeMoro s
MIPOM3BO/ICTBA TEILIa, UCTIONIb3yeTcs Juiib Ha 30%.

[logo6Hoe HeahdeKTUBHOE UCHOJIB30BAHUE HHEPrOpPECYpCcoOB TMPUBOAUT K BBICOKOU
SHEProeMKOCTH  TPOMBIIIJIEHHOTO — TPOW3BOACTBA U  OTPULATENIBHO ~ OTOOpa)kaeTcsi  Ha
ce0ecTOMMOCTH KOHEYHOM MPOTyKIUHN NPEANPUSTHI.

OOueMupoBble TEHICHIMM POCTa 1IEH Ha SHEPrOHOCUTENN BBIHYXIAIOT MOTpeOuTenen
oOpalarbcs K COBPEMEHHBIM 3HEprod((EeKTUBHBIM U IKOHOMUYHBIM TEXHOJIOTHSM aBTOHOMHOM
reHepalyy Ha OCHOBE MUKPOTYPOUHHBIX JIEKTPOCTaHLIUH.

KadecTBeHHO HOBBIN MOAX0] K OpraHU3alMK HEProcHa0XEeHNs, B OCHOBE KOTOPOTO JIC)KHUT
KOMOMHUPOBAaHHOE MPOU3BOJICTBO 3JIEKTPOIHEPIrMM M TEIUIA, B COBOKYMHOCTH C IPUMEHEHHEM
MHHOBALIMOHHOTO O0OpPYJOBAHUSA MHKPOTYPOMHHBIX JJIEKTPOCTAHLUM, IO3BOJSET MOBBICUTH
3(h(HEeKTUBHOCTH HCTIOIB30BAHMSI TOTLINBA B 2,5—3 pasa.

BBoj B akcrulyaranuioo MHUKPOTYPOMHHBIX 3JIEKTPOCTAHLMH CIIOCOOCTBYET CHHKEHMIO
SHEPro3arpar U HOBBIIIEHUI0 KOHKYPEHTOCIOCOOHOCTH MPOAYKLIMH IPOMBIIIJIEHHBIX IPEIIpUATHHA
Ha PA3JINYHBIX PHIHKAX.

IIpOMBIIEHHOCTh CTPaHbl UMEET HEMaJIble NMEPCIEKTUBBI POCTa SHEProdPPEeKTUBHOCTH 32
CueT IPUMEHEHHs aJbTEPHATUBHBIX BUIOB TOIUIMBA — OMOras3a, BbIPAaOOTAaHHOIO U3 OTXOJOB
KUBOTHOT'O M PACTUTEIILHOTO MPOMCXOKIACHMS MIIU CEIIbCKOXO3SMCTBEHHBIX KYIbTYP.

Ha »stom (oHe pasButue COOCTBEHHbIX MCTOYHUKOB TI'€HEpAllMH, Ha OCHOBE
MUKPOTYPOMHHBIX JIEKTPOCTAHLIUHN, HAJAEKHBIX, FKOHOMUYHBIX M JKOJIOTUYHBIX, CTAHOBUTCS BCE
0oJiee aKTyaJIbHBIM U1l IPOMBIIIJIEHHOCTH.

TpaguumonHo mnpuMmeHsemMoe 000pyJOBaHHWE — Ta30TypOMHHbBIE YCTAaHOBKH OOJIBILOM
€IMHUYHOM MOIIHOCTH, Ta30IOpPUIHEBBIE U JU3EIBbHBIE T€HEPATOPBl, K COXKAJICHUIO, HE BCErna
OTBEYAIOT TPEOOBAHUAM 110 3HEProdPHEKTUBHOCTH U1 IPOMBIIIJICHHBIX MPEAPUITUN.

3HauyMTeNIbHbBIE PACXObl HA 00CIY)KMBAaHUE, CBA3aHHBIE C HEOOXOJIUMOCTBIO MOCTOSIHHOTO
IPUCYTCTBUS IIE€pPCOHANIa, YaCTOW 3aMEHOW JIyOpMKAaHTOB, MOTOPHOIO Macila M yTWIM3aluen
0TpabOTaHHBIX CMA30YHBIX MAaTE€PHUAJIOB, JOPOTOCTOSIIUN TPYAOEMKUI PEMOHT B COBOKYIMHOCTH C
KallUTaJbHBIMU 3aTpaTaMM, 3a4acTyl0 CBOJSIT Ha HET HKOHOMHYECKYIO LeecOO0pa3HOCTh HX
IIPUMEHEHMSL.

MHUKpPOTYpOMHHBIE 3IEKTPOCTAaHIIMN — BKJIIOYM U padoTaii!

[losiBneHne Ha pbIHKE HOBOTO TMOKOJEHHS TeHepUpyrouero o0opyIoBaHUA —
MUKPOTYpOMHHBIX 3JIEKTPOCTAHLIMN CleNadd BO3MOXKHBIM BBIpaOOTKY HOBOIO IMOJAXOAA K
00€CTeYeHNI0 Ka4eCTBEHHOW M HEJOPOrod 3JeKTPUYECKON M TEIIOBOM SHEpTHed sl HYyX1
MIPOMBIIITIEHHBIX PEATIPUATHI.

Buenpenne MUKpPOTYpOMHHBIX 3JEKTPOCTAHIMM BBIPAKAETCsl B IJIABHOM IPHHLUNE —
BKJIIOYM M paloTail, B OCHOBE KOTOPOIO JICKUT HAIEKHOE OO0OpYIOBaHHE BBICOKOW CTENEHH
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3aBOJICKOM TOTOBHOCTH, OTJIMYAOILIEECS TOJHOCTBIO aBTOMAaTU3UPOBAHHOM CUCTEMOI! yrpaBieHHUs,
OTJIMYHBIMU TEXHUYECKUMHU U SKCIUTyaTallMOHHBIMU XapaKTePUCTUKaMHU.
Hogeiimne texHudyeckue pa3pabOTKM M MHOKECTBO IIaTEHTOB IO3BOJIAIOT BBLACIUTH
MUKPOTYpOMHHBIE DJIEKTPOCTAHIINH B OTJCIBHBIN KJIACC SHEPTETHYECKUX YCTAHOBOK.
MuKpOTYpOHMHHBIE 3IEKTPOCTAHIINN — HA/ICKHOCTh U IKOHOMHUYHOCTb
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Pucynox 15.2 — O6mas cxema MUKpOTYpOWHHOM SIIEKTPOCTAHITUH

JIBurarenb MUKPOTYpOHMHHOUM SJIEKTPOCTAHIIMA COCTOUT, KaK IMPaBUIIO, BCETO W3 OJHOU
JBUKYIIEHCS IeTalnyu — BPallarollerocs Bajia, Ha KOTOPOM pa3MEIleHbl 3JIEKTPUUECKU TeHepaTop,
KOMIIPECCOP U HEMOCPEACTBEHHO MUKPOTYpOUHa.

B cuioBeIx arperatax MHKpPOTYPOMHHBIX 3JEKTPOCTAHIUI OOBIYHO HE HCIOJIb3YIOTCS
PEAYKTOPBI WM IpYre MEXaHUYECKUE MPUBO/IbI, CJEICTBUEM YEro SBISETCS BhICOKAs HAJIC)KHOCTh
MUKPOTYPOUH.

YHUKaTbHOU KOHCTPYKTHUBHOM 0COOEHHOCTHIO JIBUTaTEJIsl MHKPOTYPOUHHOM
AIIEKTPOCTAHIIMU  SIBIISIFOTCSL  BO3JYILIHbIE TMOAIIUMIHUKYA, KOTOpBIE YAEPKHUBAIOT Bajl poTOpa
reHepaTopa Ha BO3AYIIHON moaymike. BozayliHple MNOAMIMIHUKA 00ECIEeYHBAIOT CKOPOCTD
BpaieHus Basia ~ 95 000 060poTOB B MUHYTY.

OTa MHHOBALUS MUKPOTYpPOMHHOUM 3JEKTPOCTAaHIIMM JAeT BO3MOXHOCTh OTKa3aThCs OT
HCIOJIb30BAHUS Maciia, BBICOKHM pPacxo] KOTOPOro y JIPYrHMX BHAOB OOOPYAOBAaHUS COCTaBISET
3HAYUTENbHYIO YaCTh KCIUTYyaTallMOHHBIX 3aTpart.

I'enepatop MUKPOTYpOMHHON 3JIEKTPOCTAHLMHU OXJIAXAAETCs HAOETaloluMM OTOKOM
BO3/lyXa, 4YTO HCKJIIOYAaeT HEOOXOJUMOCTh CHCTEMBI KUJIKOCTHOTO OXJKICHHUS U TOBBIIIAET
HAJE)KHOCTh U SKOHOMUYHOCTh 000PYI0BaHUS.

B nmpouecce paGoTbl aBUrarens MHUKPOTYPOMHHON JJEKTPOCTAHIMH HE BO3HUKACT
3HAYUTENBbHBIX TPECHUN U BUOpAIIUi, MOATOMY PUCK OTKA30B U MOJIOMOK MUHUMAJICH.

K mpumepy, MexaHW4yeckoe YCTPOMCTBO JFOOOTO MOPIIHEBOTO JABUTATENs 3HAYUTEIBHO
CIIO)KHEe, YeM Yy CHJIOBOIO arperata MHUKPOTYpOMHHOW SIEKTPOCTAHIIMU: B HEM OrpPOMHOE
KOJIMYECTBO ABWKYIUXCS yacTel. COOTBETCTBEHHO, PUCK MEXAaHUYECKOW MOJOMKHU CYIIECTBEHHO
BBIIIIE.

B MUKpOTYpOMHHOM »IIEKTPOCTaHIMK, Olarogaps MajloMy KOJHUYECTBY periiaMeHTHBIX
3amyacTei, OTCyTCTBHUIO MOTOPHOTO Maciia U OXJIaXkAaloIeH KUAKOCTH, TOTPEOHOCTh B CEPBUCHOM
o0ciykKMBaHUU BO3HUKAET HE yalle o1Horo pasa 3a 8000 yacos, To ecTh 1 pa3 B rof.

Pecypc MUKpOTYpOMHHO# 3JIEKTPOCTAHIIMMU JI0 KalUTAIBHOTO peMoHTa coctapisieT ~60 000
YacoB.
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Pucynox 15. 3 — O6muii Bug MUKpOTYpOUHHBIE DIICKTPOCTAHITIH

[Ipumenenune pekyneparopa B  KOHCTPYKIMHM  MHUKPOTYpPOMHHOH  3JEKTPOCTaHIIMH
obecrieunBaeT BeicOkHi dekTpuueckuit KIT ~ mo 33%.

MuxkpoTypOUHHBIE 3JEKTPOCTAHIIMM HCITIOJIb3YIOTCS sl 00ecrnevyeHHuss KaueCTBEHHOU H
HaJEKHOU HSHEprueil BCEeBO3MOKHBIX 00bEKTOB, TAKUX KaK OIOKETHBIE YUpexkAeHUs 00pa3oBaHMUsl,
TOProBbl€ W pa3BJICKaTENbHbIE KOMIUIEKCHI, HIKOJbI M OOJIbHUIBL, CTaJMOHBI W aKBalapKH,
MPENNPUATHS TPAHCIIOPTAa U CBS3M, YACTHBIE KWJIbIE JOMa M MPOMBILIUICHHbIE NPEINPUSTUS U3
pa3HbIX OTpacield SKOHOMUKH.

Hudpossie nBoitHNKN U ITUGPOBBIE (HaOpPUKH

Ha cragum ympaBnenus oku3HeHHbIM mwukiaoMm  npoaykium — (Product  Lifecycle
Management, PLM) co3matorcst Tak Ha3biBaeMbie udposbie apoiauku (Digital Twin) u uudpossie
(habpukw.

MOoHO aTh HECKOJIBKO OTIPEACIICHUH MOHATHS «ITU(MPOBBIC TBOMHUKI):

— 1udpoBoii ABOMHUK — 3TO HUPPOBOE NMPEACTABICHUE PEATbHOT0 00BEKTA UM CUCTEMBI;

— 1u(poBOil ABOWHUK — BUPTyalibHAs WHTEPAKTHUBHAS KOIHUS PEATbHOTO (HHU3MUYECKOTO
oObeKkTa wWIM TMpolecca, KoTopas mnoMoraeT 3GGEeKTUBHO YHOPaBIATH UM, ONTUMUZHPYS
TEXHOJIOTHYecKre M OusHec-mpouecchl. LlndpoBoil ABOWHUK IMO3BOJISET MOJEIUPOBATH PabOTy
000pyIOBaHHUs, TEXHOJIOTUYECKUE U TPOU3BOJCTBEHHBIE IIPOIECCHI, a TAKKE HEIITATHBIE CUTYallUH;

—  1uudpoBod  NBOMHUK — MNPOTPAMMHBIA  aHAJIOT  (DU3UYECKOTO  YCTPOMCTBA,
MOJENUPYIOIINI BHYTPEHHUE MPOIECChl, TEXHUUECKHUE XapaKTEPUCTUKU U MOBEIACHUE PEaIbLHOTO
00BeKTa B YCIOBUSIX BO3JACHCTBUS MIOMEX U OKPY)KAIOIIEH CPEJIbI.

Baxxno#t ocoGeHHOCThIO HH(POBOTO NBOMHHMKA SBISETCS TO, YTO JUIsl 3aJaHUs HA HETO
BXOJIHBIX BO3ACWUCTBUI UCHOJB3yeTcs UHGOpManus C JaTYUKOB PEaTbHOTO  YCTPOMCTBA,
paboTaroriero mnapauensHo. Pabora Bo3MOkHA Kak B OHJIAWMH-, Tak U B odualiH-pexxume. [lanee
BO3MOXHO MPOBEJCHNE CpaBHEHUS MHGOPMAIUU BUPTYaJbHBIX JAaTYMKOB U(POBOro JBOMHUKA C
JaTYNKaMU PEaIbHOTO YCTPONCTBA, BHISABICHNE AHOMAIHMA U TPUYUH UX BO3HUKHOBEHUSI.

YcraHOBKa JaTYMKOB Ha peajbHOE YCTPOHCTBO OCYIIECTBISIETCS B MPOLIECCE BHEAPEHUS Ha
NPEANPUATHH TEXHOJOTUH NMpoMblIeHHOro MHTepHeTa Beeil (HoT).

be3 co3manus 1MQPOBBIX TBOMHMKOB BBITYCKA€MBIX W3/ HEBO3MOXKHO BHEIPEHUE
coBpemenHoit Texnonmorun PLM (Product Lifecycle Management, ympaBieHue >XW3HEHHBIM
uukiaom uzzgenusi). [1oT u PLM — HeoThemiiemble atpuOyThl «yMHOU (abpuku» (Smart Factory).
Ee xapakrepHas 0COO€HHOCTh — (OPMHMPOBAHME M HCHOJb30BaHME NUDPOBON MozaeIH
MaTepHaAIbHBIX IOTOKOB, T. €. IM(POBOrO JBONHMKA YyXe HE OTIACIbHOTO U3JeNnus, a
MIPOU3BO/ICTBEHHOIN CUCTEMBI.

udpoBoii ABOMHUK U3/IENUS K TEXHOJIOTMYECKOTO 000PYI0BaHMS BKIIIOYALT:

- FEOMETPUYECKYIO U CTPYKTYPHYIO MOJIEb 00BEKTa;

- HabOP pacyYeTHBIX JTAHHBIX JIeTallell, Y3JI0B U TEXHOJIOTHYECKOTO 000PYI0BaHUS B 1IEJIOM;
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- MaTeMaTH4YeCKHUE MOJICIH, OIHCHIBAIONINE BCE NPOUCXOMISIINE B TEXHOJOTHICCKOM
000py0BaHUN (U3UKO-XHMHYECKHE TTPOLIECCHI;

- WHGOPMALMIO O TEXHOJOTHYECKUX MPOIECcCaX HW3TOTOBICHUS W COOPKH OTIEIBHBIX
AJIEMEHTOB ¥ TEXHOJOTUIECKOTO 000PYIOBAHHUS B IIETIOM.

[udpoBoii TBOWHUK IPUMEHSETCS Ha BCEX CTAIUSAX KU3HEHHOTO LUKJIA H3ICIHUs, BKITFOYast
MIPOCKTHPOBAHKE, TPOU3BOJICTBO, IKCIUTYATAIMIO M YTHIU3AIAIO.

Ha artame 3CKM3HOTO MPOCKTHUPOBAHUS CO3JIAIOTCS BapHAHTHI KOMITBIOTEPHOW MOJIEITH
pa3pabaThIBacMOTO M3JIEIHS IS OLICHKH U BHIOOPA BO3MOKHBIX TEXHUYCCKUX PEIICHUH.

Ha aTame TeXHUYECKOTO MPOCKTHUPOBAHUS BBIOPAHHBIM HA TPEOBIIYIIEM 3Talle BapHAHT
JopabaThIBACTCS M YTOYHSETCS C MCIOJIb30BAHUEM MoJIeNel 31eMeHTOB. [loirydaeHHas B pe3ynbTare
MOJIEITh U3JICIIHS TIO3BOJISIET YIECTh M ONITUMU3HPOBATH B3aUMOJICHCTBHE BCEX IJIEMEHTOB C YIETOM
PEXUMOB pabOThl U BO3JCHCTBUI OKpYKaIOLIEH Cpelbl, €€ yK€ MOKHO Ha3blBaTh LHU(PPOBBIM
JBOMHHUKOM pa3pabaThIBAcMOTO W3ICITHSL.

Ha »rame wusroroBieHus paspaboTaHHas MOJCNb ITOMOTAeT OIPENSIUTh TpeOyeMble
JOMYCKU TPU HM3TOTOBIICHUH JUISA JOCTHDKCHUS TPEOYeMBIX XapaKTePUCTHK W OOecTeueHUs
0€30TKa3HOM PabOThI M3AENUS B TEUCHHE BCETO CpPOKa CIYKOBI, a TakXe TO3BOJISIET OBICTPO
BBISIBIISATH TIPUIMHBI HEUCIIPABHOCTEH B MPOIIECCE TECTUPOBAHMS.

Ha »srtame nskcrmyartanmu Mojenb IMGPOBOTO TBOWHHKA MOXET OBITH JopaboTaHa |
WCIOJIb30BaHA Ul peaju3alui OOpaTHOM CBSI3U C ILIeNIbI0 BHECEHUS KOPPEKTUB B pa3paboTKy U
W3rOTOBJICHUE W3JENINN, [OWAarHOCTUKY M MPOTHO3UPOBAHUE HEUCIPABHOCTEH, TOBBIIIEHNE
a¢hdexTHBHOCTH PaOOTHI, JIs BBISBJICHUS HOBBIX 3aIIPOCOB MOTPEOUTEIICH.

Knaccupurkauust uudpoBbIX IBOHHUKOB H3/1eJ U

[Mudpossie meoitnuku-nporotumns! (Digital Twin Prototype, DTP). DTP-aBoiiHUK COIEPKUT
nHpopMaLiI0, HEOOXOAUMYIO ISl ONMHUCAHHMS W CO3JaHus (U3MYECKUX BEpPCU HSK3EMILIIPOB
uznenus. Jta uHGOpMalKs BKIIOYAET T€OMETPUYECKYI0 U CTPYKTYPHYIO MOJIEIH, TEeXHUYECKHE
TpeOOBaHUSA U YCJIOBHS; CTOUMOCTHYIO MOJIENb, PacueTHYI0 (IIPOEKTHYIO) M TEXHOJOTHYECKYIO
Mozenu u3aenus. DTP-IBOMHUK MOHO CUMTaTh YCIOBHO-TIOCTOSIHHOM BHUPTYaJIbHOW MOJIEJIbIO
U3 JIeNHSL.

udpossie apoiinuku-sk3emiuisipsel (Digital Twin Instance, DTI). DTI- nBoiiHukn n3aenus
OMHCHIBAIOT KOHKPETHBIA (PU3UYECKHI JK3EeMIUISp H3AENusi, C KOTOPHIM JBOWHUK OCTaeTcs
CBSI3aHHBIM Ha MPOTSKEHUH BCETO CPOKa CIyxObl. JIBOMHMKM 3TOTO TUMNA co3aaroTcs Ha 6a3ze DTP-
JBOMHHMKA U JOIMOJIHUTEIBHO COJAEpKAT MPOU3BOACTBEHHYI0 U OKCIUIyaTAlMOHHYIO MOJENH,
KOTOpbIE BKJIIOYAIOT HCTOPHIO H3TOTOBICHUS H3AENUS, MNPUMEHIEMOCTh MAaTepUAIOB H
KOMILJIEKTYIOIUX, a TaKXKe CTATUCTUKY OTKAa30B, PEMOHTOB, 3aMEHBI Yy3JIOB M arperatoB u [p.
Takum o6Opazom, DTI-aBoiiHMK wu3aeNUa MOABEPracTcsl HW3MEHEHHSIM B COOTBETCTBHH C
M3MEHEHUSIMHU (PU3MUECKOTO IK3EMILISPA MIPH €r0 IKCILUTYaTal|H.

ArperupoBannbie asoiinuku (Digital Twin Aggregate, DTA). DTA- ABOWHUKH H3ICITHSI
OTIPEIeNSAIOTCA KaKk WH(OpMalMOHHAas CHUCTeMa YOpaBleHUs (PU3UYECKHUMH JK3eMILISIpaMu
ceMeicTBa U3AeNui, KOTOpas UMEET HOCTYI KO BCEM UX IU(PPOBBIM TBOMHHUKAM.

Knaccudukarus 1BOWHUKOB IPOU3BOACTBEHHON CHCTEMBI:

- 1u(pOBOI TBOMHHUK U3AETHUS HIIA TEXHOJIOTUYECKOTO 000PYIOBaHHS B POU3BOICTBEHHOM
Tpoliecce;

- n1upoBOIi ABOMHUK BCETO TEXHOJIOTUYECKOTO 0O00PYIOBAHHUS;

- n1u(poBOIi TBOMHUK BCETO MPOU3BOJICTBA.

[udpoBoii ABOWHUK MPOU3BOICTBEHHBIX MPOIIECCOB BKIIIOYAET B ceOs:

- WHXHHUPUHTOBYIO MOJENb MPOU3BOJACTBEHHBIX MPOIECCOB, COJAEpKallyo IudpoBoe
OMMCaHWE PECYpCOB MPEANPUSITUS, CTPYKTYpY TPOHM3BOJCTBEHHBIX aKTHBOB, CpEJICTBa
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TEXHOJIOTUYECKOTO OCHAIICHHUS, HOMEHKJIATYPY M TEXHOJOTHH M3TOTOBJICHUS MPOIYKIHH, CHCTEMY
cbopa uHpOpPMAIIHH O TEKYITIIEM COCTOSIHHH 000PYI0BaHHS,

- 9KCIUTYyaTallMOHHYIO) MOJIENIb TPOM3BOACTBEHHBIX IIPOILIECCOB, SIBISIOIIYIOCS IH(PPOBOI
w1aTGOpMOH ISl OTIMCAHUS JOTHCTUYECKON CTPYKTYpPHl TPEANPHUATHS, (POPMHPOBAHUS IIJIAHOB-
rpadMKOB M3TOTOBJICHUS M3JIENIMH, MEXKIIEXOBOW M BHEUIHEW KOOMEpPAINH, BKIIOYAs PETIaMEHTHI
TEXHUYECKOTO OOCTY)KMBAaHHUS W PEMOHTa 00OpyAOBaHUS. MareMaTHUECKOMY OTHMCAaHUIO TaKKe
MOJUICKUT JHUHAMHKA BHYTPHUIIEXOBBIX MAaTEpHAJIBHBIX MOTOKOB, HAa OCHOBE IU(MPOBU3AINH
KOTOPBIX (DOPMUPYIOTCS ONITUMANIBHBIE TPOM3BOJICTBEHHBIE PACITCAHUS BBITTOJHAEMBIX Pa0oT.

Haubonee cinoxHOM Il MPaKTHYECKOW pean3aliuy SBISETCA SKCIUTyaTallMOHHAs MOJEIb
U(GpPOBOTO JABOMHHUKA MPOU3BOACTBEHHOTO IpOIEcca, Ha KOTOPYIO, B YaCTHOCTH, BO3JIAraroTCs
cnenyroume QyHKIAN:

- IPOBOJINTH HEOOXOAUMBIE PACUETHI JJISl IIPHHSTHS YIPABICHYSCKUX PEIICHHIA;

- 0ToOpaXkaTh B PeXKUME PEaTbHOTO BPEMEHH MPOU3BOACTBEHHBIE TIPOIIECCHI, TPOTEKAFOIINE
B IPOU3BOJICTBEHHON CHCTEME;

- TPOBOJTUTH PA3JMYHBIC OKCIIEPHUMEHTBHl «4TO, €CIH» IIyTeM MaTeMaTHYECKOTO
MO/ICITMPOBAHUS PON3BOJICTBEHHBIX MTPOIECCOB.

Eme onpHoWt BakHOW 3amaveil AKCIUTyaTallMOHHOW Mojaend IU(pOBOro JBOWHUKA
MPOU3BOJICTBEHHOW CHCTEMBI SIBIIIETCS MHHMMM3ALMS BO3MOXKHBIX OTKAa30B TEXHOJOIHMYECKOTO
000Opy/OBaHUs 32 CYET CBOEBPEMEHHOTO IMPOBEIEHUS TEXHUUYECKOTO OOCIYKMBAHHUS M PEMOHTA
(TOuP). Ogaum u3 mepenoBbix BUAOB TO sBisieTcs: mpenukTuBHOE oOcmyxuBanue (PdM). Ono
MI03BOJISIET MPOU3BOIUTH PEMOHT HE MO 3apaHee COCTABIEHHOMY ILUIaHY, @ KOTJa B HEM BO3HHKAET
HE00X0IMMOCTb.

[TogpazymeBaercss He ycTpaHEHHE, a NPEAYNpeKICHHE OTKa30B 0O0OpyIOBaHUS IIyTeM
MHTEPAKTUBHOM OIEHKU €r0 TEXHHUYECKOTO COCTOSHUS 10 COBOKYITHOCTH JaHHBIX, MO CTYHAIOIINX C
JaTYUKOB, M OIMpEJCNICHUSI ONTUMAIbHBIX CPOKOB MpPOBEACHUS PEMOHTHBIX pabdoT. Ludposoit
JBOMHHUK MOJKET CIY)KUTh OJHHM M3 HMHCTPYMEHTOB MPEIUKTUBHOIO OOCTYKMBAHUS, KOTOPBIA
MO3BOJISIET MPOMOJICIIUPOBATh PA3IMYHbIC BapUAHTHI IMOJHBIX M YaCTHYHBIX OTKa30B, paboTy
YCTPOICTB € YUETOM PEKUMOB UX IKCIUTyaTalllH, BO3ACHCTBUI OKPYKAIOIIEH Cpebl U Pa3IMYHOM
CTemneHu u3Hoca aeraneid. [{udpoBbie NBOMHNKY MO3BOJISIOT PEMOHTHBIM OpuraaaM ObITh XOPOIIO
nH()OPMHUPOBAHHBIMU U TIPUOBIBATh HA MECTO PAOOTHI yXKe CO BCEMH HEOOXOAUMBIMHU 3allacHBIMU
4acTAMH, UHCTPYMEHTAMU U UHCTPYKIUSMHU, HEOOXOAUMBIMU JIJIs1 TEXHUYECKOTO 00CTYKIBAHUSI.

Ha ypoBHe »skcmmyaraimoHHOW Monenu UHU(POBOro JIBOWHHMKA IMPOHU3BOACTBEHHOTO
npouecca pynkuun TOuUP yuuThIBarOTCS Kak JOTOJHHUTENbHBIC OINEpaliu, ONTUMHU3UPYEMbIE B
OTEpaTUBHOM IUIAHE TPOMU3BOJICTBA TaK, YTOObl OHM MHMHHMMAIBHO BIMIA Ha CKOPOCTb
MPOXOXKIACHHUsI 00pabaThIBaeMbIX H3JENNN 4Yepe3 MPOU3BOJACTBEHHBIE AKTUBBI MPEANPHUATHS. Ty
3aauy npuHuMaioT Ha cebs MES-cuctemsl.

Baxxno, 4to0bl 1H(}poBOM ABOWHUK MPOU3BOACTBEHHOTO IIpollecca MOAIEPKUBANCS B
aKTyaJbHOM COCTOSTHUM 4Yepe3 pealln3alldi0 HEMOCPEACTBEHHOW CBSI3U C MPOM3BOJICTBEHHBIMU
aKTUBaMHU, C YUETOM TEKYIIETr0 COCTOSIHUS U3TOTaBIMBACMbIX U3Aenuid. [[is pemenus 3Toil 3agaun
ucnoab3ytorcess TexHosornn HoT. C ux momoipo obecrneunBaeTcst CBs3b CEHCOPOB, JaTYUKOB U
Ipyro# anmaparypsl cOopa AaHHBIX C CYIIECTBYIOUIUMHU CUCTEMaMHU YIIPABIECHUS TPOU3BOJICTBOM U
C 9KCILUTYaTallMOHHOM MoJ1esbo U(POBOro JBOWHUKA MPOU3BOCTBEHHOIO IIpoIiecca.

Takum o6pazoM, nudpoBoil TBOWHUK — (QyHIAMEHTAIbHOE MOHATHE «YMHOH (haOpukm»,
KOTOpOE CJeayeT CBA3bIBaTh KaK C CaMUM H3JeNueM (B 3TOM Clydyae NPUMEHSETCS TEepMUH
«uu(ppoBOM TBOWHUK H3AETH»), TaK U C MPOLECCOM HM3TOTOBJICHHS U3JEIUNH — B TOM Cliydae
CIIEyeT ~ WCIOJIb30BaThb TEPMUH  «UU(PPOBOM  JBOWHUK  MIPOM3BOJICTBEHHOM  CHCTEMBI».
Vcnonbs3yemble COBMECTHO Ha KaXKIOM JTale >KU3HEHHOTO MMKIA HW3JeNnusi, 3TH IM(poBbIE
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JIBOWHUKK JIOJDKHBI OBITh  (DYHKIMOHAJTBHO CBS3aHBI MEXIy Co0OM ©  oOecreunBaTh
9KCIUTYaTal[MOHHbIE  XapaKTEPUCTUKU IMPOEKTUPYEMOTO M  HM3rOTAaBIMBAEMOIO M3JEIUS B
COOTBETCTBUU C €r0 Ha3HAUYEHUEM.

HndpoBoit HHKUHUPUHT B POOOTH3AIKA B (hapMaIleBTUIECKOM OH3HECEe

[Tannemust kopoHaBupyca, pa3pa3uBliascs N0 BceMy Mupy B koHue 2019 r., nmocraBuna
MHOTHE UHAYCTPUU Nepes BbI30BaMH, CBSI3aHHBIMU C HEOOXOIUMOCTbIO OTBETa Ha MHOTHE yrpO3bl
U PUCKH, 00eCcIIeYeHHs] BBDKUBAEMOCTH U YCTOMUMBOCTH OM3HEca.

Dapmayeemuueckue npouzeo0cmea, KaK u 6ca IKOHOMUKA, 8 NEPUOO BbIHYIHCOEHHO20
Kapaumuna cmoakHyJauch ¢ ueablM KOMNAeKCOM npobdnem, mpeoyoujux He3ameonumenbHo2o
peuwienusn.  MuHUMM3alUs  PHUCKOB, CBSI3aHHBIX C BO3MOXXHOW 0O0JIE3HBIO IE€pCOHAaa,
HE0OX0IUMOCTh  ObICTpONl  TpaHCchOpMalMy TNPOMU3BOJACTBA HAa  BBIIYCK  JIEKApPCTBEHHBIX
MpenapaTopoB, TpeOyeMbIX B CBS3H C JMHJIEMHUOJOTHYECKON OOCTAaHOBKOM, pe3KOe MOBBIIIEHHE
cIpoca Ha psij MpenapaToB, U Pe3KOe CHWKEHUE CIIpoca Ha JAPYrue, B cBs3U c maHaemueil. U psa
JPYTUX.

HudpoBuzanuss u  poOOTHU3alMsl TMPOU3BOJICTBA BBICOKO  pE3yJIbTAaTHUBHBIA  pecypc
yIpaBleHUs] pUCKaMH U ycTOWYMBOCTU. COBPEMEHHBIM TPEHIOM JUTSl MEPEIOBBIX WHHOBAIIMOHHBIX
(hapmalleBTHUECKUX KOMIIAHUI SBJISETCS CO3/AaHUE U BHEJIpPEHHE U(PPOBBIX IBOMHUKOB, TAKMX KaK
MpeJCTaBiIeH Ha puUCyHKe 15.4, KOTOpble W TNOMOTAOT M B CTPATETMYECKOM IUIAHUPOBAHUU
pa3BUTHS, U B OPraHU3aLIOHHO-TEXHOJOIMYECKOM IPOEKTUPOBAHMM OM3HEC TpaHChopmanui, a
TaKXe B IPOrPaMMHUPOBAHUU U B YIIPABJIECHUU POOOTU3NPOBAHHBIM, ABTOMATU3UPOBAHHBIM U B M.
000pyIOBaHUEM.

Pucynok 15.4 —-Buenpenue uudpoBbIX ABOMHUKOB Ha (papMalieBTUYECKOM MTPOU3BOICTBE.

[udposoit ABOHHHMK (hapMalEeBTHUECKOrO TPOM3BOJACTBA - 3TO KOMIbIOTepHas 3D
MMUTAIMOHHAS TUHAMHUYECKas MOJIENb MPOTEKAIIINUX B IPOU3BOCTBE MpolieccoB. Mcnonb3oBanue
1M(pOBOrO JABOMHUKA MO3BOJISET CO3/MaHUE (MHKMHHUPHUHT), MOJACPHHU3ALNIO (PEHH)KHHUPHUHT) U
yrpaBieHHe (MEHEeMKMEHT) ¢apMalleBTUUECKUM TIPOU3BOJICTBOM OCYILECTBISTH B Mojeje-
perynupyemoM (model driven) pexume, 4To 0OecHeunBaeT BO3ZMOXHOCTh MHOTOKPHUTEPHAIBHOMN
ONTUMM3AINKA Ha BCEM MPOTSHKEHUW JKM3HEHHOTO IUKJIA MPOM3BOJACTBA. B 11bpoBOM NBOHHUKE
MOXET ObITh ONTHUMHU3UPOBAHA CXEMa pa3MEIleHHUs] MPOU3BOACTBA, MUHUMU3UPOBAHBI MOTPEOHBIE
IO W JIOTUCTHYECKHe MOTOKH. [Ipumep mpoeKkTHpoBaHUsS POOOTU3UPOBAHHOW JTHMHHUU
YIaKOBKU (hapMareBTHUECKON MPOAYKIIUH MPECTaBICH Ha pucyHke 15.7.
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Pucynox 15.5 - [IlpoektupoBanue poOOTH3UPOBAHHON JHHHK (apMaIleBTUYECKOTO
IIPOU3BOJICTBA

B nBoitHMKe MOryT OBITH CHPOEKTHPOBAaHBI, CMOJAEIUPOBAHbI, ONTHUMU3UPOBAHBI U
BHU3YaIIU3UPOBAHBI BCE IPOM3BOJICTBEHHO-TEXHOJIOTUYECKHE MPOLECCHl  (papMaleBTUUECKOTO
npousBojicTBa. [Ipumep CHpOEKTUPOBAHHBIX MPOLECCOB, WX TUHAMHYECKOTO HMHMTALMOHHOIO
MOJICJIMPOBAHMS U BU3yAJIM3allMK TTPEJCTABIICH HA pUCyHKE 15.9.

Pucynok 15.6 - [{unamuueckas 3D nudpoBas uMuTaiMOHHAS MOJECIB MPOU3BOJICTBEHHO-
TEXHOJIOTHYCCKOH JESITEIBbHOCTH (hapMalleBTHUYECCKON KOMIIaHUU

[Tpuuem, Takoe OpPraHU3aLMOHHO-TEXHOJIOTUYECKOE IPOEKTUPOBAHHE MOXKET  ObITh
peann3oBaHO KakK JUISL CO3JaHUs HOBOM «yMHOH (alOpuku», Tak M JUId PEUHXMHHUPHUHIA
JEUCTBYIOLIET0 IPOM3BOJACTBA. B cilyyae peMH)XMHUPUHIA MOTYT OBITh CMOJEIUPOBAHBI U
IPOCUYMUTAHBl BAapUAHTBl M3MEHEHHUS IPOU3BOJUTEIILHOCTH IPOU3BOJICTBA KaK 3a CYeT
OpraHU3allMOHHBIX M3MEHEHHMH, TaK M HapallMBaHUE MOIHOCTEH 3a CcueT BHEAPEHHs] HOBOI'O
00OpyJ0BaHuUs, HaIIpUMeEp, POOOTU3ALIUH.

Taxum o6pazom, mpu padoTarolieM JIeHCTBYIONEM TPOU3BOJICTBE MOSBISIETCS BO3MOXKHOCTD
NpOAaHAM3UPOBaTh JIOOBIE CLIEHApUU pa3BUTHA Ou3Heca U TpeOyeMbIX TpaHchopMaIuii
¢dapmareBTHUeCKON (paOpUKHM — COKpallleHHe YKCla MPOU3BOACTBEHHOIO MEPCOHAIA, U3MEHEHNE, B
TOM YHCJIE€ pajJuKalbHble, B OajaHce acCCOPTUMEHTa IMPOU3BOAMMON MPOJIYKIIMH, TNEpeHantaaKa
00OpyZI0BaHUs Ha BBIMYCK HOBOM mpoaykuuu u np. Ilpu aTom, B iudppoBoM JBOMHHUKE MOTYT OBITh
HE TOJBKO CIPOEKTUPOBAHBI U OTJIaKEHBI BCE MPOLIECCH], HO M COOpaHa Bcs aHAJMTHKA 110 TEXHUKO-
HSKOHOMHYECKUM TapaMeTpaM Mpou3BOACTBA. T. 0. MOXKET ObITh MPOU3BEIEHO TEXHHUKO-
HSKOHOMHYECKOe OOOCHOBaHME M BBIOOP JIyUIIMX [IOKa3aTesleil Npu pealn3alii [MPOEKTOB
MOJIEpHM3alMH Npou3BoAcTBa. Ha pucynke 15.7 mpencraBieH mpuMmep aHAJUTUKU B HU(POBOM
IBOWHUKE (apmarieBTHUYeckor ¢adpuku. IMEHHO Takue BO3MOXKHOCTH HU(PPOBBIX TBOMHUKOB U
o0ecreynBaoT BO3MOXHOCTH OBICTpOro H 3(QeKTUBHOro yrpaBieHHs TpaHchopMaluen u
YCTOMYMBOCTU K U3MEHEHUSIM U PUCKaM.
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Pucynoxk 15.7 - Ananumuxa gpapmayeemuueckoii habpuxu 6 yughposom 08oliHUKe

BaxHelmmM mpeuMyImecTBOM IH(POBBIX JBOWHUKOB SIBISIOTCS BO3MOXKHOCTH O(iaifH
MPOrpaMMUpPOBaHusl  poOOTOB, KOHBEWEpOB, TpaHCOOPAEPOB U JAp. ABTOMATU3MPOBAHHOIO
obopynoBanus, a Takke PLC KOHTpOJIIIEpOB, CEHCOPOB W ZIp. MATYMKOB U mp. (cM. puc. 15.8) m
3aTeM OTHPABJICHUS TOTOBOW U OTJIAKEHHOW MPOrpaMMbl HEMOCPEACTBEHHO B CUCTEMY YIPaBICHUS
COOTBETCTBYIOIIETO 00OPYI0BaHMsI, TOCPEICTBOM MHIYyCTPUAIBLHOTO HHTepHeTa Bemel (Internet of
Things — IoT). DTo moBBIMIAET KA4YECTBO MPOTPAMMHUPOBAHHS, YCKOPSET MPOIECC, PaIUKaIbHO
COKpAIaeT BpeMs MPOCTOsI 000PYAOBaHMSI B CBSI3U C MEPEHANIAKOIA.

PoGOTHI MO3BOJISIIOT  CYIIECTBEHHO MOBBICUTH MHPOU3BOAMTEILHOCTh Tpyla, MpUYEM,
poOOTH3UPOBAHHOE MPOU3BOJICTBO HE IMOJABEPKEHO PUCKY OCTAHOBKU B mepuoi snuaemuu. [Ipu
3TOM, COBPEMEHHBIM U BBICOKOA(P(HEKTUBHBIM CPEACTBOM MPOrpaMMHUPOBAaHUS POOOTOB B
HACTOSIIEE BpeMs SABJISIETCS TOT XK€ mu(poBoi nBoiHUK. Ha pucynke 15.8 mpeacraBieH CKpUHIIOT
paboThl MporpaMMHOTo obecriedenust i oduiaiiH MPOrpaMMUPOBAHUS UHAYCTPUAIBHOTO poOoTa B
M (poBOM JBOMHUKE (PapMaleBTUUECKOTO ITPOU3BO/ICTBA.

Pucynok 15.8 - Odnaiin nmporpamMmupoBaHue B HM(YPOBOM IBOWHUKE HHIYCTPUAIBLHOTO
pobota

AGV pO6OTLI ABJIIFOTCA COBPEMCHHBIM TPAaHCHOPTHBIM CPCACTBOM, OCYHICCTBIIAIOIMINM
BHYTPUIIPOU3BOACTBCHHBIC JIOTUCTUYCCKHUE OIICpalUu. Hcnonp30BaHue TaKuX pO6OTOB — 9TO,
KCTAaTH IroBOPs, TAKIKEC U CPEACTBO CO6J'IIOI[CHI/I$I COLIMAJIbHOM AUCTAHIIUKU pa6OTaIOIJ_II/IX, B YCJIOBUAX
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SMHUJIEMHUH, TaK OHH TIO3BOJISIIOT UCKIIOYUTH MEpEeMEeIeHHe JIF0IEH OT OJHOTO pabodero mecra K
JIPYroMy H, TEM CaMbIM, MUHUMH3HPOBATh PUCK 3apayKEHHsI COTPYAHUKOB B IIpoIiecce paboTHI.

®apM KOMITaHUH, KOTOpBIE PEATM30BAJHM TPOCKTHI BHEIPEHUS IM(PPOBOTO ABOWHUKA H
pOOOTH3AIMK CBOETO IMPOW3BOJACTBA IEPE]] PA3BUTHEM MMAHAEMHUH, OKa3ajlach BOOPYKEHHBIMHU K
OWUTBE C SMUAEMHUEH, YTO TOMOTJIO M MOMOTAaeT MM T'HMOKO YHPaBJISATH CBOCH MPOU3BOJACTBEHHOMH
nporpaMmoi, 3(ppexTUBHO BHEAPATh MHHOBALMH, oOecrieunBasi J00aBICHHYIO IIEHHOCTb CBOEMY
Ou3Hecy W pelias CBEpX BaXKHYIO OOIIECTBEHHYIO 3aJady oOecreueHHusl KIMEHTOB HanboJsiee
BOCTpeOOBaHHOM (hapMalleBTHYECKOUW TMpoaykiuend. HekoTopble KOMIaHUU HAYUHAIOT JIENaTh 9TO
mpsMO  ceiyac, 4YTOOBI OTBETUTh HA BBI30BEI BPEMCHH COBPEMEHHBIMH WHHOBAIIHOHHBIMH
TEXHOJIOTHSMH.

Tak ©Ha pucynke 15.9 mnpencraBnen »skcrnpecc NUPPOBOM JBOWHUK y4dacTKa st
MIPOM3BOJICTBA 3AMIMTHBIX MAaCOK, KOTOPBIA pa3paboTaH C IMedbl0 ObICTpoH M dPdeKTUBHOM
Tpanchopmalui OW3Heca W Tepexo] Ha MPOHM3BOJCTBO HamboJee BOCTPEOOBAHHOW B IMEPHO]
MaHAEMUH MEUIIMHCKOW MPOAYKIIHH.

T. o. mpumeHeHre IUGPOBBIX IBOWHHUKOB (apmareBTHUeCKUX (PaOpuk U poOOoTHU3aIUs
KPUTHYECKH BaXKHBIX MPOIECCOB — MOITHBIN MHCTPYMEHT MOBBIIICHUS POU3BOAUTEIBHOCTH TPYyIa
1 DKOHOMHUYECKOH A(PeKTUBHOCTH OM3HECA, THOKOM M OBICTPOM TpaHChOpMAIMK MPOU3BOCTBA,
yIpaBieHUs pUCKaMU 1 00eCIIeYeHNs YCTOMYMBOTO Pa3BUTHSL.

Pucynok 15.9 - IludpoBoii nBoiiHUK TpaHchopMmanuu (apMareBTUIECKONH KOMITAaHUH C
LIETIBIO CO3/IaHUSl YYaCTKa IIPOU3BOCTBA MEIUIMHCKUX MACOK
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