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Jleknusa Nel

1. Tema 1: Beenenue. Llenu u 3a1aun AUCIUTUIMHBL. DHEPTETHUECKUE PECYPCHI 3EMIIU U UX
HCIIOJI30BAHME.

2.llenb: OCBOWTH TOHSATHS: SHEPTUS, SHEPTOPECYPCHI, KiIacCU(UKAIU U METOAbI HX
W3MEPEHUS, 0 MUPOBOM PBIHKE SHEPTOPECYPCOB.

3. Te3uchl Jekuum:

1. Dneprus, sHepropecypcsl, Kiaccuukanus U METOAbl UX W3MEpPEHUs, MUPOBON PHIHOK
SHEPropecypcoB.

2. DHepreTHyeckass U SKOJIOTO-OKOHOMHYECKas XapaKTepUCTHKA pa3IUYHBIX BUOB
SHEPropecypcoB.

3. MupoBo# ppIHOK SHEPreTUYECKUX PECYPCOB. DHepreTuueckue pecypebl Kazaxcrana.

1. BeBeaenue

Hemu u 3apaun AUCUUIUIMHBL. OCHOBHOM EIBIO U3YYEHUS TUCHUIUIMHBI « DHEPTOPECYPCHI,
WCTOYHUKU TIOJIYYCHHS] M METOJbI»: SBIsETCA (OPMHPOBAHHME 3HAHWK O BHUAAX MPHUPOIHBIX
HMCTOYHUKOB SHEPIUU U CIOCO00ax MpeoOpa3oBaHUs MX B AJICKTPUUYECKYIO U TETUIOBYIO DHEPTHUU Y
OyIyIUX WHKEHEPOB-TEXHOJIOTOB XMMHKO-(apMaIleBTUUECKUX MPOU3BOJICTB, TPUBUTHSI HABBIKOB
paIlMoOHAIBLHOTO HCIIOJIB30BAHUS PA3JIMYHBIX BHUIOB DHEPTHUU, O3HAKOMIICHHE C KOHCTPYKIHSIMHU
CJIO’KHBIX PHEPTreTUYECKUX YCTAHOBOK M MX MPHHIIMIIAMHU Pa0OTHI, a TAKXKE U3YyYCHUE B3aUMOCBSI3U
MPOIIECCOB MPOU3BOJICTBA M MOTPEOJICHUS SHEPTUH C OKPYXKAFOIIECH CpeIoi.

Bcs ucropus yenoBeuecTBa, Tak, WJIM MHAYE, CBs3aHA C BCE BO3PACTAOIIMM IOTpeOIeHUEM
sHepruu. J[as ymoBIETBOpPEHUS ATOM MOTPEOHOCTH BBOAWIIMNCH B 00OPOT BCE HOBBIE HMCTOYHHKHU
sHepruu. [lepBoHaYabHO 3TO OBUIM B OCHOBHOM TOJIBKO Pa3HbIC BHJIBI OPraHUYECKOTO TOILINBA —
OT APEBECUHBI U Y 10 HeTH ¥ mpupoaHOro raza. C HaYaJIioM MPOMBIIIJIEHHOTO Pa3BUTHS TaKHX
ctpas, kak Kutait 1 Uaaus poct notpeOieHuss OpraHMdecKoro TOIIMBA 3aMETHO YCKOPHJICS.

OrpoMHasi poJIb SHEPTETUKU B HAPOTHOM XO3SICTBE CTPAHBI ONPEACIISICTCS TEM, YTO JIFOOOH
MIPOM3BOJICTBEHHBIH TPOIIECC BO BCEX OTPAC/SIX MPOMBIINUICHHOCTH, B CEIHCKOM XO3SHCTBE, Ha
TpaHCIOPTe, BCE BUIbI OOCIY)KMBAHHUS HACENICHUS CBS3aHbl C HCIOJb30BAHUEM HHEPrHUHU.
DHEpProBOOPYKEHHOCTh TpyJAa SBIAETCS OJHOM M3 TJABHBIX MAaTepUalbHBIX OCHOB pOCTa
MIPOU3BOJUTENBHOCTH TpyAa. Ha mpoTsHkeHHMM BCeH HCTOPUU YEIOBEYECTBA ITPOUCXOAUIIO
COBEPIICHCTBOBAHNE M Pa3BUTHE MCTOYHUKOB U BUJOB SHEPTUU, UCIOJIB3YEMOM B MPOU3BOJICTBE U
B ObITy. B gamexkoMm MpouuioM SHEPreTHYecKod OCHOBOM CHYyXHJIa MYCKYIbHas CHIA IOJEH,
JIOTIOJIHEHHAsI IBUTATEJIbHOM CHJION KUBOTHBIX, BOJIbI U BeTpa. C OTKPHITHEM SHEPTrUU Mapa CBA3aH
MOCJHEAYIOUMNA TEXHUYECKUI TMpOrpecc MPOU3BOJCTBA U POCT MPOU3BOAMTEIBHOCTU TpyAA.
Co3pnanue mapoBOil MalIMHBI TO3BOJWIIO OTIEIUTH MIPOU3BOACTBO SHEPTUU OT €€ MOTEHINUAIBLHOTO
HUCTOYHUKA. DHEPreTMYecKOW OCHOBOM  pa3BUTHUS  COBPEMEHHOTOo  OOIIecTBa  SIBISIETCS
aneKkTpudeckasi sHeprus. [IpuMeHeHne 3JIeKTPOIHEPTHH TO3BOJIUIO MPOCTPAHCTBEHHO Pa300IIUTh
pabourie MalIMHBI U TEPBUYHBIC JBUTaTENH, OTJCIUTh MECTO TPOHM3BOJACTBA SHEPTUU OT €e
noTpebuteneil. BaxHelmiel oTpacibl0 MPOMBINIJICHHOCTH — SBISETCS  DJEKTPOIHEPreTHKA,
obecrnieunBaromias MOTPEOHOCTh CTPaHbl B DIEKTPUYECKONW M (YaCTUYHO) TEIJIOBOW JHepruu. B
COCTaB 3TOM OTpaciy BXOIAT TEIJIOBbIE, aTOMHbIE M TUJIPABIMYECKUE DIIEKTPUUECKHE CTAHIUU,
pailoHHbIE W MUKOBBIE KOTENbHBIE, JIMHUM DJIEKTpOIepeadn U TpaHChOpMaTOpHbIE MOACTAHIINU,
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JJIEKTPUYECKUE M TEIUIOBBIE CeTU. B mocnenHue rojpl K yKa3aHHBIM HCTOYHHMKAM 3HEPrUU
MPUCOCTUHSAIOTCS HETPAJAULIMOHHBIE HCTOYHUKU dHepruu (Omomacca, BETpOBask W COJIHEYHAsS
SHEprus, SHEprusi NPUIMBOB M OTIMBOB U Jip.). OCHOBHAas NPOAYKLUHUS — 3JIEKTPOIHEPIUsl —
o0ecrieyrBaeT MOBHIIIEHUE TEXHUIECKON BOOPYKEHHOCTH U POCT IPOU3BOIUTEIHLHOCTH TPY/Ia.

2.JHeprusi, IHepropecypcbl, KjiaccuuKamusa ¥ MeToabl WX H3MepeHus. MupoBoii
PBHIHOK JHEpPropecypcos

[Tox sHepropecypcaMyu NMOHMMAIOTCSI MaTepUaabHble OOBEKTHI, B KOTOPHIX COCPENOTOYEHA
BO3MOXHAsI ISl UCTIOJIb30BAHUSI SHEPT U

JHeprusi — (OT rped.energeia — JeiCTBUE, AEATEIbHOCTb, HMHTEHCHUBHOCTb, paboTa)
npencTaBisier co0oil OOIIyI0 KOJMYECTBEHHYIO MEpYy JBM)KEHUS M B3aUMOJACWUCTBUS Pa3IUYHBIX
BUJIOB MaTepuu. DHEPrHH MPUCYIIH CIEAYIOIINEe OCHOBHBIE CBOMCTBA:

— CIIOCOOHOCTH MEPEXOAUThH U3 OJIHOI (OPMBI B APYTYIO;

— CIIOCOOHOCTH MPOU3BOIUTH MOJIE3HYIO /Ul YelloBeKa padoTy;

— HEPI'HI0 MOXHO OOBEKTUBHO ONPEEIIUTH U KOJTMYECTBEHHO U3MEPHTb.

Ha Hacrosiiee Bpemsi 4eloOBEYECTBY H3BECTHO O CYUIECTBOBAHMM CIIEIYIOLIUX BUOB
SHEPrUU: MEXaHUYECKOMW, TEIJIOBOM, XUMUYECKOU, DIIEKTPUUECKOM, SIEKTPOMArHUTHOM, SIACPHOM,
rpaBUTAIIMOHHOM.

N3 Gosbiioro pasHooOpasusi pecypcoB, BCTPEUAIOIIUXCS B IPUPOJE, BBIACISIOT OCHOBHBIE,
UCIOJb3yeMble B OOJIBUINX KOJUYECTBAX JUISl TPAKTHUECKUX HYXI.

K ocCHOBHBIM »3HepropecypcaM OTHOCAT JHEPrUI0 pPEK, BOAONAJIOB, pa3IUYHbIE
OpraHu4ecKue TOIUIMBA, TaKue Kak: yrojib, HE(Th, ras; sAepHOE TOIUIMBO — TSIKENbIE JIEMEHTHI
ypaHa U TOpHsl, a B IEPCIIEKTUBE JIETKUE 3JIEMEHTHI U T.JI.

OHepropecypcsl pas3liesiiloT Ha BO300HOBIsEMble M HEBO30OHOBisgeMble. K mnepBbIM
OTHOCSTCS T€, KOTOPbIE IIPUPOJAA HEIIPEPHIBHO BOCCTAHABIMBAET (BOJA, BETEP U T.J.), @ KO BTOPBIM
— paHee HaKOIUICHHbIE B IPUPOJE, HO B HOBBIX TIEOJIOTMYECKUX YCIOBMSIX IMPAKTHUUECKH HE
oOpasyromuecs (HarnpuMep: KaMeHHBIA Yrojib, HeQTh, Ta3 U JIp.).

DHeprus, HENOCPEICTBEHHO H3BJIeKaeMas B HpHpoje (dHEeprusi TOIUIMBA, BOMBL, BETPA,
Teruia 3eMIIH, SAepHast), Ha3bIBAaeTCs NePBUYHOM.

OHeprust IoJiydaeMasi YeJIOBEKOM IIocje MpeoOpa3oBaHUsl IEPBUYHONW DSHEPruM Ha
CHELUAIbHBIX YCTAHOBKaX — CTAHIMSX, HA3bIBACTCS BTOPHUYHOM (SHEpPrus JeKTpUYecKas, mapa,
ropstueit BoJpl U T.J.).

Enununeii usmepenus sueprun spnsercs 1 [k (Jxoyns).

B T0 xe Bpems Ui U3MepeHHsl ONPENIeIEHHbIX BUJ0B 3HEPIHH UCIOJb3YIOTCS CIEAYIOINE
€/IMHULIBI:

— JUTSl I3BMEPEHHUs TEeTJIOBOM SHepruu ucrnosib3yercs kanopus, 1 kan = 4,189 Jlx;

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

— JUI U3MEPEHUsI MEXaHUYeCKO! 3Heprun ncnojib3yercs 1kr-m = 9,8 Jix.

MexaHnyeckast JHEPTHsl — 9TO SHEPIUs, XapaKTepU3yeMasi B3AUMHBIM PACIOJIOKEHUEM TET
WJIA 4acTeu Tena.

B sHepreTuke Ha JIEKTPOCTaHLUAX IEPBUYHASI MEXaHUUECKasi SHEPTUs BbIpabaThIBaeTCs Ha
MapOBBIX, FA30BbIX U TUAPOTYpOMHAX, MTOPIIHEBBIX JBUTATENAX BHYTPEHHETO CTOPAHUSL.

VY notpebutens BTOpHYHAs MEXaHWYECKash SHEPrusl BbIPAOATHIBACTCA MPEUMYILECTBEHHO
ACMHXPOHHBIMH JIEKTPOIBUTaTEIISIMH.

TenuioBasi 3Heprusi — 3TO BHEPTHUs, XapaKTEPU3YIOLIAsCS XAOTHUUECKUM JBMKEHHUEM
MOJIEKYJI U aTOMOB BeIIECTB. YeM BBIIIE CKOPOCTh TAKOTO JIBUKEHMS, TEM BBILLIE TEMIIEpATypa Tela.
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B sHepreTuke TEMIOBYIO SHEPrUs MOJYy4YalOT IPEUMYILLECTBEHHO IYTEM CKUIAHUS OPraHUYeCKOIo
TOIUIMBA, KOHIIEHTPALUEH COJHEYHOIO U3JIY4YEHHUsI, UCIIOJIb30BAHUEM TEIUIOTHl 3€MHBIX HEJp WU
MyTeM pacriajia TSHKEIbIX saep (ypaHa, IIyTOHUS U T.10.).

TemoBast sHEprus BblpadaThIBA€TCS B BUJIE DHEPIUM I1apa, ropsyeidl BOJbI, BO3/1yXa WIH
IIPOJIyKTOB CrOPaHUs TOILIMBA.

DJIeKTpUYecKass JHepPrusi — HTO DHEPrus JABWXKYUIUXCA IO DIIEKTPUYECKOW Ienu
AJIEKTPOHOB WJIM MOHOB. B sHepreTuke snekTpuyeckas SHEprus B BUJIE Tpex(a3HOro NepeMeHHOTro
TOKa MPOMBIIIJIEHHOW YacTOThl BbIpaOaThIBA€TCSI HA CHUHXPOHHBIX, aCUHXPOHHBIX T'€HepaTopax,
YacTOTHBIX IpeoOpa3zoBarensx. TpexdaszHblii TOk yaoOeH [uid MepeJadyd MeXaHH4eCKOIro
BpAIIAIOIIErocs MOMEHTA MOCPEICTBOM BPALAIOLIETOCS 3JIEKTPOMArHUTHOTO T0JIsL, IEPEIaBaeMOro
10 MPOBOJIaM Tpex(a3Ho Lenu.

Uucno a3 «rpu» ObUIO B3ATO U3 SKOHOMUYECKHX COOOpakeHHUH KaK HAUMEHbIIEe YHUCIIO
(a3 1o ycJIoBHUSAM YCTOWYMBOTO M OJHO3HAUYHOTO 3amycka Tpex(a3HbIX aCHHXPOHHBIX JIBUTaTENEH,
KOTOpPBIE PacXoyroT okoyio 90 % Bcel AIEKTPOIHEPTHH, WAYIICH Ha BCE AJICKTPOABUTATEIN WIIH,
JIpyruMu cioBamu, okoJio 40 % Bceli BbIpaOaTbIBaEMOM 3JIEKTPUUECKON SHEPTUH.

XHMHYeCKasi IJHePrusi — 3TO PHEPIus, MPOSBISIOMIAACS NMPU XUMHUYECKHX peakuusax. B
SHEPreTHKE HCIOJB3YIOTCS AK30TEPMHUUECKHUE PEaKIUU OKUCIEHMS TOIUIMBA, IMPOTEKAIOIIUEe C
BBIJICTICHUEM TETLIOTHI.

DJIEKTPOMATHUTHASI JHEPrusi — HTO DHHEPrus B3aUMHO TMOPOXKIAOIIMUX JAPYr JApyra
ANEKTPUYECKUX U MAarHUTHBIX COCTABJISIOIINUX JIEKTPOMATHUTHOTO MOJIS, IPOSBISIONIASCS B BUIE
AIIEKTPOMArHUTHBIX BOJIH.

ATOMHAas (s11epHasi) SJHePTUsi — 3TO SHEPTUs, BBIIENSIOMAsACS MPU pacnaie THKEbIX sSaep
WJIM TIPU CHHTE3€ JIETKUX SJIep BEIECTB.

B osHepretuke moka HUCHOJB3YyEeTCA TOJIBKO MEPBBIA BapHaHT, T.€. paclaJ B aTOMHBIX
peaKTopax TSKENbIX AJIep ypaHa, IIYTOHUS.

I'paBUTAllUOHHASI PHEPTUsl — 3TO SHEPrUs B3aUMOJICHCTBUS (MPUTSHKEHUSI) MAaCCHUBHBIX
TeJl.

B osHepretuke rpaBUTAlMIOHHAs SHEPrHsl KCIOJB3YETCS B TUIPOIHEPreTHKE IyTeM
NPUTSHKEHUS Macc Bobl K 3emuie, JIyne u Comniy.

[Tog sHepreTMYecKHMMH pecypcamMM IIOHHMAIOTCS HOCHUTENIH OJHEPrHH, KOTOpbIE IpHU
JAHHOM YPOBHE TEXHUKHU WIH B TPEABUAMMON IMEPCIEKTHBE €€ Pa3BUTHS HCIHOJB3YIOTCS THOO
MOTYT OBITh UCIIOJI30BAHBI JIJIs OJTYYEeHHSI HEOOXOAUMOM YHepruu [2].

PaznuuaroT npupoaHbie (NMepBUYHbIE) W NMO00YHbIE (BTOPHYHBbIE) HHEPrETUUYECKUE
PECYpCHI.

[Ipupoanbie >HEPreTUYECKUE pecypchbl 00pa3oBaliuCh B Pe3yNbTaTe TI'€0JOTHYECKOTO
pa3BUTHUS 3eMJIM M JAPYTUX MPUPOJHBIX TMpoleccoB. K HX dYHCIy OTHOCSATCS yroiyib, HeQTh,
MPUPOJIHBIN ra3, ClaHIpl, TOpQ, sIepHOE TOITUBO, IPEBECHHA, FEOTEPMAIbHOE TEIUI0, SHEPTHs PekK,
BETpa, IPWINBOB U OTIMBOB, COJIHEYHAS SHEPTUS.

[ToOouHBIE HHEPreTHUECKUe PEecypchl MOJIyYaroTCsl B KauecTBE MOOOYHOTO MPOJYyKTa HIIU
OTXOJIOB OCHOBHOTO Mpou3BojcTBA. [loOOYHBIMU 3HepropecypcaMu SBISIOTCS B YacCTHOCTHU
roproure M ropsiuue rasbl, OTpabOTaHHbII MPOU3BOJACTBEHHBIN Nap, a TAKXKe T, KOTOPbIE CBSI3aHBbI C
M30BITOYHBIM JIaBJICHUEM T'a30B U KHJIKOCTEH.

JHepreTuyecKue pecypebl KIACCUPHUIMPYIOTCS Ha TOIUIMBHbIe U HeTOIUIMBHbIe. K
TOIUIMBHBIM OTHOCSITCSI TAKHUE IHEPrOPECYPCHI, KOTOPBIE BBIAENSAIOT SHEPTUI0 NPU HUX CKUTAHUU
(yronb, HedTh, MPUPOAHBIA Ta3, ClaHIBl, TOp(, IpeBecMHa), K HETOIUIMBHBIM — SHEPIrHs peK,
IIPWJINBOB U OTJIUBOB, BETPA, FEOTEPMAIILHOE TEIUIO, COJTHEUHAs DHEPIHUSL.
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SlnepHO€ TOMIMBO YCIOBHO MOYKET OBITh OTHECEHO K TOIUIMBHBIM, XOTSI DHEPIUsl IIPU €ro
HCIIOJIb30BAHMU BBIACISAETCS B pe3ysibTaTe LENHOW peakluy, a He CKuraHus. ToIuIMBHbIE
SHEPropecypchl UMEIOT OPraHUYECKYI0, YIIIEPOJHYIO OCHOBY (IIOSTOMY OHM HAa3bIBAIOTCS TAaKXKe
OpraHMYECKUMHU) U SHEPrHs BHICBOOOXK/IAETCS B HUX, IVIABHBIM 00pa3oM, B Ipoliecce 00pa30BaHUs
JIBYOKHCH YIJepoja.

JHepropecypchbl MOTYT KJIACCH(PUIIMPOBATHCS HAa UCKOTIAEMbIE  HEUCKOIIAEMBIE.

Takue rckomaeMble SHEPropecypehbl, Kak yroijb, HeGTh U MPUPOAHBIN ra3 0Opa3oBaIUCh U3
OpPraHMYECKOTO BEIIECTBA PACTEHUN U MUKPOOPTaHU3MOB, KUBIIUX MUJJIMOHBI JIET Ha3a/l.

Paznuumne BcTpeuaromuxcs B 36MHOM KOpe BHJAOB MIPUPOJHOIO OPraHUYECKOTo TOIJIMBA
00yCIIOBJIEHO OCOOEHHOCTSIMH  HUCXOJHBIX OpPraHMYECKMX OCTAaTKOB, W3 KOTOPBIX OHHU
c(hOpMUPOBATHUCE.

[IpupoaHble TOMIUBHBIE PeCypchl MOTYT OBITh KiIacCU(PUIMPOBAHBI HA TBepoOe, KUAKOE,
razoodpasnoe. K TBepioMy TOIUIMBY OTHOCSTCS OYpbIil YTOJb, KAMEHHBIHN yroJib, aHTPAIUT, TOP,
claHupl, ApoBa. K KuAKOMy TOMIIMBY OTHOCUTCS HE(Th, K ra3000pa3HOMY — ras3bl MPUPOJHBIN U
nonyTHeIH. Ha 6a3e mpupoIHBIX 3HEPropecypcoB MOTYT OBITh MOJYYEHbl HCKYCCTBEHHBbIE. J[is
TBEPAOTrO TOIUIMBA 3TO JPEBECHBIN yroJib, KOKC, MOJYKOKC, OpUKETHI U Ap. JlJis *KHUIKOTO TOTUIMBA —
3TO Ma3yT, O€H3MH, KEPOCHH, JAU3EJIbHOE TOIUIMBO, OEH30J, CupT U Ap. [ ra30Boro — 3To rassl
JTOMEHHBIN, KOKCOBBIN, CBETUJIbHBIN, T€HEPATOPHBIA U JP.

B 3aBucumocTH OT XapakTepa WHCIOJIb30BaHMs TOIJIMBA OHO TOJpa3feseTcss Ha
JHepreTHYeckoe M TexHojoruueckoe. IlepBoe wucmonb3yercss Ha AIEKTPOCTAHLUAX  JUIS
MIPOM3BOJICTBA AIIEKTPUUECKON U TEIJIOBOM 3Hepruu. Bropoe — B MIaBMWIBHBIX U HarpeBaTeIbHBIX
YCTaHOBKaX, CYIIWJIKaX M APYTUX, a Takke Ui XUMUYECKOW mepepaOOoTKH B pa3IMYHbIC BUJIBI
HCKYCCTBEHHOTO TOILJIMBA. JHEPropecypchbl MOTYT ObITh KJIACCH(PHUIIMPOBAHBI HA BO30OHOBIISIEMbIE
1 HEeBO300HOBIsieMble. BO30OHOBIsIEMBIMU CUMTAIOTCS SHEPTUSl PEK, MPUIMBOB U OTJIMBOB, BETpA,
COJIHEYHAsI PHEPTHUs, JIpeBecHOe TOIIMBO. K BO30OHOBISIEMBIM MOXET OBITH OTHECEH U TOpd —
€IMHCTBEHHOE BO300HOBIISIEMOE B MPUPOJIE OPraHuUYeCcKOe TOIUIUBO. Exkerouslii poct TophsIHUKOB
cocTaBisieT 1-2 MM, 4TO yBenmMuuBaeT 3amackl Topda Ha 1 ra B cpeaHeM Ha 2 1. OIHAKO HAJIO
3aMeTUTh, YTO Jajlek0 HE Be3[e H3-3a MPOBOJUMOIO OCyIIeHUus O0J0T obecrneynBaeTcs
BO30OHOBNIEHHE TOpdsHOro TomumBa. OcCTalbHble BHABI JHEPrOPECYpPCOB  OTHOCITCS K
HEBO300HOBJISIEMbIM.
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Pucynok 1.1 - Pacnosiaraemble SHEPreTHYECKUE PECYPCHI

Hapsiny ¢ TEpMHHOM «IHEPreTHYECKHE pECypChl» IMIUPOKO HCHOIB3YeTCS TEPMUH
«IHEPTrOHOCHUTEIb», KOTOPBIH B psie CIydaeB NPUMEHSETCS KaK CHHOHMM IepBoro. OHaKo
HEOoOXOJMMO  JIeNaTh  pa3inyue Mexay HuMH. [loJl  SHEProHOCHUTENIeM  TOHUMACTCs
HETIOCPEJICTBEHHO HCIIOJIb3YEMbIi HA CTaJMM  KOHEYHOTO TIOTPEOJCHHUS O0O0JaropoKeHHbIH,
nepepadoTaHHBIN, MPEOOPA30BAHHBIN U MOOOYHBIA SHEPropecypc. DHEProHOCUTEIIEM MOXKET OBbITh
TaKXKe W TPUPOJHBIA SHEPropecypc, MOTPEOIsIEMbId B HEMOCPEICTBEHHOM BHJIE Y KOHEYHOTO
MOTPEOUTEIISI SHEPTUH.

OneHuTh 3amachl UCTOYHUKOB IMEPBUYHOM 3HEPTrUM JOBOJIBHO CIIOKHO H3-32 Pa3IM4HON
OLIEHKH SKOHOMHMYECKOH 11e71eCO00pa3HOCTH U3BJICUCHUS UX U3 3eMJIM U BOJ MUPOBOTO OKeaHa.

Bonpoc 00ecre4eHHOCTH — TPaJUIIMOHHBIME  HEBO300HOBIIIEMBIMU  JHEPrOPECypCcaMu:
He(ThIO, TA30M H YIJIEM BIIEPBBIC BCTAJ] IEpPE]] Y€JI0BEYSCTBOM BO BTOPOH IMOJIOBHHE MPOILIOTO
Beka. [lociie BTopoii MUPOBO# BOMHBI CYIIECTBEHHO YBEIMYWIUCH TEMITbI TPOMBIIIJICHHOTO POCTa
BO MHOTHX CTpaHaX MHUpa, B TOM 4YHCJE IMPOU3BOACTBO aBTOMOOWJICH. DTO MpHBENO K POCTy
noTpeOIeHUs] YHEPTOPeCYpcoB U B MepBYI0 ouepes — HedTu. PazBenanHble 3amackl HeTH Toraa
(1950-€ rompr) ObUTH HEBEIHMKH, U CUUTATIOCH, YTO €€ OCTaNoCh Ha 20 JieT. DHEPreTHUECKU KPU3HC
1973—1979 rr. cTUMYAMPOBAI LIMPOKOE BHEJPEHHE SHEProcOeperaroInx TEXHOJIOIH B CTpaHax —
OCHOBHBIX MOTPEOUTENSIX SHEPIOPECYPCOB, C OJTHOW CTOPOHBI, ¥ CYILIECTBEHHBIH POCT MHBECTUIUH
B pa3BeIKy HOBBIX MECTOPOXXICHUNH — ¢ Jpyroil. IlockonbKy pa3BeJaHHBIX K TOMY BpPEMEHHU
3aracoB YIJisl XBaTaJl0 Ha HECKOJIKO COT JIET, OCHOBHBIEC YCHIIMSl OBLIM HAIpaBJICHBI Ha pa3BeAKY
MECTOpOXXJIeHUH HedpTu U raza. B pesymbraTe NpeAnpHHATHIX ycuiauid 3a mocieanue 30 net
JIOKa3aHHbIE 3amachl He()TH U rasza CyLIECTBEHHO BO3pociu: B 2 U 3.6 paza COOTBETCTBEHHO (TaluI.
1.1). Pa3HbpiMM OpraHu3alMsIMU JAOTCS OLEHKH KOJMYECTBAa TOrO WM MHOTO pecypca Kak s
OTJENBHBIX MECTOPOXKIECHUH, TaK M B 1enoM. /g HedpTn MakcuMaibHas ¥ MUHUMAaJIbHas OI[EHKa
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pazmuuarorcs B 1,3 paza (tabn. 1.2). OdeBumHO, 9TO r00ast OIICHKA KOJHMYECTBA TOILTMBHO-
SHEPTeTUYECKUX (M HE TOJIBKO) PECYPCOB MPUOJIM3UTENBHA M OTHOCHTHCS K HEH HY)KHO C TOW WK
WHOU CTeneHbio BeposTHOCTH. HedTh B HacToOsiIIee BpeMsl SBIISICTCS OCHOBHBIM SHEPTOHOCUTEIIEM,
Ha JIOJI0 KOTOpod mpuxoautcs 38 % mupoBoro sHepromnorpebnenus. Jloyns Hedtu B 00ImEeM
MOTPeOJICHNN TEPBUYHBIX HEPTOPECYPCOB CcTajia OBICTPO pacT mocie BTopoit MUpPOBOH BOWHBI,
MPEKJE BCEro B CBSI3U C POCTOM aBTOMOOMIM3auuMu U HedrexumMuu. CoriacHo OOJIBIIMHCTBY
MPOTHO30B  MHUPOBBIX  CHCIUAINCTOB, B  OmKaliue JAecATWIECTHS Jojia HedpTH B
SHEPTONOTPEOICHUN YMEHBIIUTCS HE3HAYUTENbHO U ToJIbko mocie 2030—2035 rr. oHa HayHeT
3HAYUTENIPHO COKpamaThes. VIMeIoTcs NMpOrHO3bl, KOTOpBIE MPEAINOararT, 4TO poJib HepTH B
SHEProoOECTICUeHUH YeJOBEYeCTBAa OCTAHETCS CyllecTBeHHOM, He Hmxke 20 % oobmero
SHEPronoTpeOIeHUs O KOHIIA TEKyIero croieTus [1].

Ta6muma 1.1
dunasiHKs MEpIBLIX IHEAIAHHEY BEICpROE HegimH B rEsa, Mapy T 1.3 [30)

[on Hefrs I'a3
1570 7l 36
1575 s 56
Bl 1 Tl
15985 a4 L
150 135 112
155 135 1500
20001 144 156

B nactosimee Bpemsi 00beM J0OKa3aHHBIX HM3BJIEKAEMBIX Pe3epBOB HePTH cocTaBisieT 150
MJIpPI T, XOTS HMEIOTCS U Apyrue omeHkd (T1abm. 1.2). C yderoM BO3MOXHBIX C pa3HBIMU
BEPOSITHOCTSIMU OTKPBITHIM 3Ta IM(pa MOXKET BO3pacTd IMOYTH B 2 pasza. 3amacel HepTH
pacnpeziesieHbl B MUpe HauOojiee HEpaBHOMEPHO MO CPAaBHEHMIO € razoMm u yriem (tadm. 1.3).
Oxono 60 % pa3BenaHHbIX pe3epBoB HedTH mpuxoautcs Ha Cpeanuit BocTok, a ¢ ydyerom
Jlatunckoit Amepuku u crpad CHI' sta nons cocrasnser 81 %. OOpaiaer Ha cebs BHUMaHHE TOT
(akT, 4TO MPOMBIIIJICHHO Pa3BUThIE CTPaHbl pacrnoiaraoT MeHee yem 10 % pa3BegaHHBIX pe3epBOB
HehTH

[Ipupoausit ra3 g0 koHHa 60-X TOJOB MPOILIOrO CTOJIETUS MOTPEOISICS B OCHOBHOM B
ctpanax-npousBogutensax: CCCP, CIIIA. B nauane 70-X roioB MOSIBWICSA MUPOBOM PBIHOK Ta3a U
JI0JIsl Ta3a B SHEPronoTpeOIeHn MHOTHX CTpaH (M MHpa B 11eJIoM) cTaia ObicTpo pactu. Ceiiyac Ha
JIOJIF0 TIPUPOTHOTO raza NpuxoauTcs 22 % MUPOBOTO 3HEPronoTpeOIeH s, U IO BCEM MPOTHO3aM B
Onukaiiiive aecaTuieTus oHa oyner pactd, a k 2050 r. MoxkeT naxe MmpeBbICUTH 010 HegTu. Ha
Ha4aJi0 TEKYIIEro CTOJIETUS JOKAa3aHHbIE M3BIEKAEMBbIE PE3EPBBI IPHUPOJHOTO ra3a OLICHUBAIOTCS
pasHBIMHU opraHusamusamMu B 146—176 tpau M. TIpu 5TOM OCHOBHBIE PE3EpPBBI I'a3a COCPENOTOUYEHBI
B ocHoBHOM B mpeneinax ObiBaiero CCCP (38,3 %) u Cpeanero Bocrtoka (38,0 % MupoBbix
3amacoB) (Tabmn. 1.2).

3amachkl IPUPOTHOTO ra3a B MPOMBIIIIIEHHO Pa3BUTHIX CTPaHaX, TaK XK€ KakK U 3amachl HeTH,
HEBEJIMKHU U He npeBbimatT 9 % mupossix. Poccust o6m1amaer cambiMu OONBIIMMU B MUPE 3alIacCaMu
IIPUPOJIHOTO rasa.

Pa3Benannbie 3amachl raza oueHuBaroTca B 46—48 TpaH M°, yto cocrtaBiuser 31-32 %
MUpPOBBIX. OOECIeueHHOCTh pa3BelaHHBIMK 3alacaMu MpHpoJHOro rasa cocrasiser 80—100 ner.
KaMeHHBIN yrojap MCHOJIB3YETCs YEIOBEUECTBOM YK€ HECKOJBKO CTOJIETUH, MMEHHO YroJib CTall
JIBUTATEIIEM TEPBOU MPOMBIIIJICHHONW PEBOIONUH. 3amackl KAMEHHOTO YIJIsl BEIUKH, OOJbIIE, YeM
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TpaIUIIMOHHBIX HE(TH U Ta3a BMECTE B3STHIX, U JOCTATOYHO XOPOIIO pa3BenaHbl. MeCTOPOKICHUS
yriast 6oJiee paBHOMEPHO PACIpeeNieHbl 10 CTpaHaM M KOHTUHEHTaM, Ye€M MECTOPOXKICHUS HeDTH
u raza (tabn. 1.4). Ha nomo mpoMBIIIJIEHHO pa3BUTHIX CTpaH npuxomutcs Oonee 40 % MHPOBBIX
pe3epBoB yrisi. HecMoTpss Ha TO, YTO AONS yIJIs B MHPOBOM JHEPrONOTPEOIICHUH TOCTOSHHO
CHUKAETCs, B HACTOsIIee BpeMsi oHa cocTaBiisieT 24 %, ero pojib B paccMaTpuBacMOM IEPUOJIC
OCTaHETCsl BEChMa CYILIECTBEHHOW, a 0 HEKOTOPHIM MPOTHO3aM — naxxe Bo3pacteT [1]. B mobom
cirydae 00BeMBI TIOTPEOTICHUS YIS Il SQHEPTETHUECKUX eIl B ONrpKalIme AeCATHICTHS OyIyT
pactu. Cnenyer 0XKHIATh MIUPOKOTO BHEIPEHUS HOBBIX TEXHOJIOTHH HMCIIOJB30BAHMS YIS, B TOM
qHucie TOJNyYeHHsS OKHIKOTO TOIUTMBa. B 1memoMm pecypcHas ©0a3a  HEBO300HOBISIEMBIX
SHEPTOPECYPCOB JOCTATOYHO Benuka (Tadi. 1.5). Cpenu pa3BemaHHBIX 3aMacoB MOYTH TMOJIOBUHA
(47,3 %) npuxoauTCs Ha yroJib, HO C YUE€TOM JOIOJHUTENbHBIX pecypcoB (50 % BeposTHOCTH) ero
JI0JIS YK€ TIPEBBIIIAET pecypchl HETH U ra3a BMECTE B3ATHIX U cOoCTaBisieT 66,8 %. OOpamaer Ha
ce0s1 BHUMaHKME TOT (AaKT, YTO pecypcHas 0a3a ypaHa JUIsl TEIUIOBBIX PEaKTOPOB Takas ke, KaK |
TpaTUIMOHHON HedTH. BakHyI0 poiib B 00€CIeueHuN YHEPrOpecypcaMu UTPAET X CTOUMOCThH Y
norpedurenel, B KOTOPOW 3HAYUTEIBHYIO JOJIIO COCTABJISIIOT 3aTpaThl Ha A00brdy. [lombiTkm
pacrpeneNuTh 3amackl JHEPropecypcoB M0 KaTerOPUsIM B 3aBUCHMOCTH OT CTOMMOCTH MX J0OBIYH
npennpuHUManuck naBHo. Eme Ha 10-it kondepenunn MUPOK skcnepThl NpUIIIM K BBIBOY, YTO
M3BJIEKaeMbI€ 3amachl HePTH MO CTOMMOCTH JOOBIYM NETATCS CleayronuM oOpa3zoM: meHee 36
10J1./T — 36 %; 36—80 noiu./T — 26 %; 6onee 88 moiu./T — 38 %.

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

Tabmuma 1.2
Ouenka peiepeos HepTi ¥ BX pacnpeleIeHns N0 pernonam Mupa, mapa v [33]
Hacurndmunposannsie peicpast Jokazanueic Jokazanuue Pecypeut npn
Pernon Mactrepec n | Ilmoc 95%-a | [lmoc 50%-a [Lnoc 5%-5 HIBICKACMEIC peIcpBhE HHTCHCHpUKALMN
ap., 1994 BCPOATHOCTE | BCPORTHOCTH BCPOATHOCTE PCICPEL (BP, 1999) RITACH
OTKPBITHS OTKPLITHA OTKPBITHA (WEC, 1998)
Cesepnas Amcpuxa 85 143 17,0 237 4.6 4.6 13.6
JlaTunckan Amepuxa 173 22,6 26,2 416 19.2 199 238
3anagnas Espona 5.6 6.8 7,7 112 25 25 39
Henrpanenas u Bocrosnas 03 0.4 05 1Ll 03 0.2 0,5
Espona
busmnii CCCP 17.0 251 30.6 499 8.0 9.1 11,2
Cpeanunii Boctox 1 Cescpras
Adppuka 87.6 97.0 104.6 126.4 99.6 96.8 59,2
Adpuka, wmnee Caxaps 4.0 59 73 123 4.0 4.5 33
[Oro-Bocrounas Auns 3.1 4.1 48 7.3 1.5 1,5 21
Kurraii 5.1 78 9.8 17.9 54 34 3.7
ATP (0ODCP) 0.4 0.6 0.7 1.3 0.4 0.4 0.5
Beero 150 186 210 295 146 143 123

Tabmumna 1.3
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Pacnpejesenne MEPOBLIX PeIEPEOE I PECYPCOB ra3a 10 pernonam, Tpan »° [34)

Pernon I pagnumonnssii raz Herpagnumonssic pecypent
Cymmapsag nobema | Ocrasumecs aoka- Jonoaunreasueic Vroasusii metan, raz 8 | I'azoewie nupa-
2002 r FIHHBIC PEICPBR peicpent (OucHxa) MIOTHBIX (POPMALMAX, Thl
CaaHUCBbI a3
Ceecpras Amcpuka 26,9 7.5 30-52 22 6100
Henrpanenas n 1Omuan Awmc- i0 5.6 7-22 91 4571
pHKa
Espona (nckmouas CCCP) 73 47 5-14 36 765
brmnit CCCP 16.1 510 95-110 159 4208
Cpeannii Boctox 39 44.6 28-50 99 203
Adpuka 2,1 9.3 5-14 29 383
10ro-Bocrounas Aans 3.6 9.2 25-41 203 2528
Beero 629 1319 197-303 639 18758
Tabnuna 1.4
Pacnpejeaenne peiepeor yras no pernonam ua konen 2001 r., san 1 [35]
Peruon Anrpaunr u Ou- CyoouTyMuHo3HbE] Beero Jloas or mupo- (OecneueHHOCTS,
TYMHHOIHBI W JIMTHNT BRIX, Yo aer
VIoih
CIIA 115 891 134 103 249994 254 246
Cepcpras Amcpitka 120222 137 561 257 783 26.2 234
IOmuan 1 LHentpansnas Amepuka 7738 14014 21752 22 381
Espona 47512 77 883 125 395 12,7 167
brsmmii CCCP 97 362 132613 229975 234 > 500
B oM uncae Pocous 49 088 107 992 157010 15,9 = 500
Adpuka u Cpeannit Bocrok 56 881 196 57077 5.8 246
ATP 189 347 103 124 292 471 29.7 146
Mup B nenom 519 062 465 391 984 453 100 216
B tom uncne OICP 211084 234 636 445770 453 215
Tabmuua 1.5
MupoBwe IaNECE] OCHOIEHEY NEPENYHEIX JHepropecypool (K koaoy XX g) |31, 32|
Pazsenanusie Fanacs Pecypow (50 % Pecyponan Daza
HEPrOHMCATEE BEPORTHOCTH |
AP Yo MARA Yo MARA Yo
TH.3. TH.3. TH.A.
Hedgrs
TPa ALK OH HAR 150 11,7 145 18 295 5.8
HETPRAH LHHELA 193 15,0 332 L 53235 1,3
BCETD 343 26,7 47T 125 R20 1,1
a3
TP AL O HEL 141 11,0 2T 73 421 52
HETPLAHLHHHERI 152 15,0 258 il 451 L]
BCETD 333 260 537 14,1 L] 171
Yroak o JIHFHHET i 47,3 2794 734 34000 By, H
Hroro HCE IO
TOMIHEL 1242 10 JEOR 1o S0 10
¥pan
TENRBLIE PEAKTORE 57 203 26
DRICTRRIE PEAETORE 33450 12150 15540

Tabmuua 1.6
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MupoBsie DOTEHIHATEHD HIETCKAEMEIE PECYPCE] TOILUTHEA H EPEMA HX BOIMIEKEDITD
neuepnaauna |36]

[ losasarens FANACH N0 KATEMOHAM, Bpesmsa HoHepadug, 1er
MIAPA T ¥.T.
1 il 11 I 1 11

CTOMMOCTE, Q00T Ao Gl G100 LO—125

Heds 267 203 378 33-38 2941 54-75
[az 297 [ 4= 1 3% P—-135 44967 4663
¥Vroih, CTOMMOCTh Mo 25 2550

JAMACE s 1103 12125 220275

Takum o0Opa3om, B J0JITOCPOUYHOM IIJIaHE YEJIOBEYECTBO 00ECIIEYEeHO HAa HECKOJBKO COT JIET
KaK YIJIeBOJOpOJaMH, Tak U yriaem. OJHaKO BO3HHMKAaeT BONPOC OOECIEYEHHOCTH YeIOBEYECTBA
SHEpPropecypcamMm B KpaTKO- W CPEAHECPOYHOM IUIaHE. B KaxkIpld AaHHBIA NEPUOJ] BpPEMEHU
YeJIOBEYSCTBO MMEET B PACHOPSHKEHUH CTOJIBKO PECypCOB, CKOJBKO ITO3BOJISIET JCHCTBYOIIAS
SKOHOMHKA. B Hacrosiiee BpeMss MUpOBas SKOHOMHKA, Ha Hall B3TJISA, MOXKET IMO3BOJIUTH cebe
ucnoJib3oBath pecypebl [-III u naxe [-IV kareropuit yrineBogopoaoB u kareropun A—Jl yris, T.e.
TpaauiroHHbIe pecypehl. 1o manubiM [38], 3amackr TpaguioHHbX (kateropuu I-1V) Hedru u rasa
coctaBysitoT 478 mupa T 1 450 Mapa T H.3. cooTBeTCTBEHHO (Tabim. 1.16, 1.17). Droro xonudecTa
HepTH M raza IOJDKHO XBaTHTh YeloBedYeCTBY nmpumMepHo a0 2075 r. (tadn. 1.19). C yuerom Toro,
YTO KaTerOpUU SHEPropecypcoB MO MEpe pa3BUTHUS HaAYyYHO-TEXHUYECKOTO MpoTpecca MepexoasT 13
Oosee JOporux B MeEHee JOpPOrHe, MOXKHO CYHMTaTh, YTO TPATUIUOHHBIMH YIJIEBOJIOPOAAMHU
yenoBedecTBO obecneueHo Ha Bech XXI Bek.

JlocTrkeHsl HAyYHO-TEXHUYECKOTO Iporpecca 3a MOCIEAHUE NECATUIICTHS] NPUBETH, C
OJIHOM CTOpPOHBI, K MOSBJICHHUIO HOBBIX TEXHOJOTHH, 00jiee SKOHOMHUYHBIX IO CPaBHEHHUIO CO
CTapbIMH, a C APYro — K YBEIUYEHUIO IKOHOMUYECKOH 3(PPEKTUBHOCTH CTAPHIX TEXHOJIOTHIA.

3.JHepreruyeckasi U 3KOJOI0-3KOHOMHMYECKAs] XaAPAKTEPUCTHKA Pa3JHYHBIX BH/I0B
IHEPropecypcoB

TormnuBHBIE SHEPreTHYECKUEe PEecypchl pa3HbIX BUIOB MMEIOT PA3JIMUHblE KaueCTBEHHbIE
XapaKTePUCTUKU: TEIUIOTa CTOPAHUS, CEPHUCTOCTh, 30JIbHOCTb, BIAXKHOCTh U Ap. [3]. Baxueimei
XapaKTePUCTUKOMN SBJIAETCS TEIUIOTa CrOpaHMsl. DTOT MOKA3aTellb XapaKTepU3yeT 3HEPreTUYECKYIO
LIEHHOCTb TOIUIMBA U OH CYLLECTBEHHO KoJIeOJeTcs MO BUAAaM ToIUMBA. MIHOTa 3TOT mokasarelib
Ha3bIBAlOT SHEPIrOCOIePKaHNEM TOIIMBA UM TEIIOTBOPHOM CLIOCOOHOCTHIO.

JUiss M3MepeHusi 3Heprocojep’kaHust (TEIJIOThl CrOpaHusl TOIUIMBA) MCIIOJIB3YIOT TaKue
€IMHHULIBI, KaK KaJIOpHs WIH JPKOYJIb. MeXy HUMHU CyHIECTBYET cOOTHolIeHHe | kanopus = 4,189
JIK.

VY nenbHas TeNMa0Ta CropaHys JAJIs pa3IMYHbIX BUOB TOIUIMBA MPEJICTaBIIEHA HIDKE:

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

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

kamMeHHbIH yross — 25 000-28 000 xJIx/xr (5 970-6680 kkain/kr),

Oypsrit yroms — 12 000-15 000 x/]x/xr (2860-3560 kkan/kr),

cinanipl — 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,

oensuH — 45 000 xJx/Kr.
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4. MupoBOJi pbIHOK JHEPreTHYeCKNX pecypcoB

KamenHnbplii yroJb. Ilo omeHkamMm MHPOBBIX MEXKIYHApPOJHBIX OpPraHU3aldil MUPOBBIE
MIPOMBIIIJICHHBIE 3amachkl yris ceiiyac coctaBisitor 900 Miapa TOHH U TPH TEKYIIEM YpPOBHE
noTpeOICHUs UX JIOJDKHO XBaTUTh MpUMEpHO Ha 165 ner, Torna kak Hedtu xBaTutT Ha 40 Jer, raza
— Menble, yeM Ha /0. YTobHbIe MECTOPOKICHHUS IIMPOKO PACIPOCTPAHEHHI (pa3BelaHHbBIE 3aTachl
yras uMerorcs npumepHo B 100 ctpanax mwupa; okosio 60 % HpOMBINIJIEHHBIX 3alacoB YIis
COCpPEA0TOUEHO JIUIIb B TPEX PETUOHAX:

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

Ha Takue yrnenoObiBaroue crpabl, kak ABcrpanus, Wumusa, I'epmanus u IOAP,
MPUXOAUTCS B 001IeH cioskHOCTH 0K0J10 30 % MPOMBIIIIEHHBIX 3aI1aCOB.

l'ogoBast 1oObIva yriis B MUpE COCTaBJISIeT MpUMEpPHO 5,5 muipa T. JluaepcTBO 3aHMMArOT
Kurait (35 %) u CHIA (18 %). 3a Humu cneaytor Actrpanus u Unaus (mo 7 %), FOAP u Poccust
(mo 5 %), 'epmanus (4 %), Honsma (3 %), Unnonesus (2 %), Kazaxcran u I'perus (Menee 2%).
TeHeHIIMM Ha YroJbHOM PBIHKE TakoBbl, uTo Kurtail m MHIOHE3Ms HapaluBarOT MPOU3BOJCTBO
yris, a CIIA, Kanana u [osnpiia ciepkuBaroT 00beMbI JOOBIYM HA OJTHOM YPOBHE, a B OT/ACIBHBIX
clIydasx jJaxke uX cHWkaroT. Poccus Bmameer 11 % mupoBbIx OanmaHCOBBIX 3amacoB yriist — 200
MJIpA. T, B TOM YHCJI€ K KaTETOPUU MPOMBIIUIEHHBIX MOKHO oTHeCTH 157 mipa. T. B nienom Poccust
3aHUMaeT 5-¢ MecTo B MHpe mo a00bde yrimst (280 MutH T), a HOJs yris B HAIMOHAIBHOM
sHeprobanance Poccuiickoit @enepanuu cocranisier 12 %, 4To npumMepHO B 2 pa3a MEHBIIIE, YEM B
nenomM B mupe. OCHOBHBIMH yroibHbIMH OacceiiHamu Poccum siBisirotcs: Kysnenkwmii, Kancko-
AunHckuid, [Teqopckuii, J{JoHenKu.

VYkpanHa pacrojaraeT 3HAYUTENIbHBIMHU 3alacaMy Yris BcexX craauil yrieduxanuu (ot
OypBIX JI0 aHTPAIMTOB) U 1O 00OBbEMaM pecypcoB 3aHUMaET 8-¢ mecto B mupe (117,3 mapa T, B ToM
Yuclie K KaTerOpUH pa3BelaHHbIX 3a11acoOB OTHOCATCS 52,6 MIPI T).

Kazaxcran 3anumaer 6-¢ MecTo B MHpe 1Mo o0bemaM 3anacoB yris. OOuue reoJoruyeckue
3anacel Kazaxcrana onenensl B 150-160 muip T, B TOM 4HCIIe 3amackl OYphIX yIiied cOCTaBisAoT 62
%, kamenHbix — 38 %. o 80 % oOmieil s1eKTpo’HEepruu, NPOU3BOJAMMON B CTpaHe,
BbIpalaThiBaeTcs Ha yrojbHOM ToruBe. [lo oObemam noObiun yris Kazaxcran 3aHuMaeT BOCbMOeE
Mecto B Mupe u Tpethe cpeau ctpan CHI' (oxomo 80 muH. T). B mepcrektuBe MiaHupyeTcs
yBeJIMYeHHE 00IKUX 00beMOB J0OBIUH YIiisi 70 90 MIIH. T B TOA.

Aznarcko-THUX00KeaHCKUIl pernoH mpuMeyaTesieH MPUCYTCTBUEM Ha HEM CaMOro KPYITHOTO
UMIIOpTEpa YIiis B Mupe — SIMOHUH, CaMOT0 KPYIMHOTO SKCIopTepa YIis B MUpe — ABCTpaiuy, a
TaK)Ke CaMOro KpYyIMHOTO MPOU3BOJIUTENS M MOTPEOUTENs YrOJbHOW MpOoayKiuu B mupe — Kuras.
Ha nomto kpymueiimnero motpebutens yrisa, Kurtas npuxomutcs 34 % MUPOBOro moTpeOieHus
3TOTO BHJA TOIUIMBA. BBICOKHME TEMITBI 3KOHOMHUYECKOTO POCTa, COMPOBOMXKIAIOUIMECS AKTUBHBIM
pa3BUTHEM MPOMBIIIIEHHOCTH W CTPOUTENHCTBOM TPAHCHOPTHBIX Marucrpaiel, 00yclaBIUBalOT
MOBBIIIEHHBIE TOTpeOHOCTH KuTas B AemieBoit AIeKTpodHEepTUn U cTanbHOM mpokare. Coimie 60 %
notpebnenus yrns B Kurae mnpuxoauTcs Ha TPOU3BOACTBO  TEIUIOBOM OSHEPTHH IS
MPOMBILIJIEHHOTO MCIOJIb30BaHUs, B OCHOBHOM B XHMHUYECKOW, LEMEHTHOM U UEJUIIOJIO3HO-
OyMa)kKHOU OTpacIsiX, a TAaK)Ke Ha MPOU3BOJICTBO KOKCA JUISl HYXK]T Y€PHOUM METalTypTrUH.

ITo coctosinuto Ha 2016 ronx Kazaxcran 3aHsu1 BOCBMOE MECTO B MUPE TI0 00beMY JJOKa3aHHBIX
3amacoB yris (25,6 mapa ToHH, win 2.2% MUPOBBIX 3amacoB, corjacHo ctatuctuke BP Statistical
Review of World Energy, June 2017) u necsitoe Mecto B Mupe 1o oobemy npousBojictsa (102,4 miH
TOHH, WK 1.4% MHUPOBOTO IPOU3BOJICTBA).
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B 2016 roxy, mo nmanaeiM British Petroleum, B Ka3zaxcrane B moTpe®ieHHH NEpBUYHBIX
SHEPropecypcoB Ha JIOJIIO YISl Mpuxoauiiock 56,5%, nedru — 20,9%, npupoaHoro raza — 19,1%,
THIIPOdHEPTETHKH - 3,3%.

VYroJsibHAsE NPOMBIIIIEHHOCTh SABJIIETCS OJHOM W3 BaXXHEWIIHMX PECYPCHBIX OTpacien
skoHOMUKH PK.

B Kazaxcrane n3ectHo cBbimre 300 MECTOPOXKACHUH NCKOTIAEMBIX YTJIEH C Te0JIOTHIECKUMHU
3amacamu 170,2 mupa toHH. bosnee 9/10 Bcex 3amacoB yrisi COCPEJOTOYEHBI B LIEHTPAJIBLHOU U
CEeBEpHOI1 yacTsx crpanbl. Kpynueimnmu 6accelinamu siBisitoTest Dxubactysckuit (12,5 muipn ToHH),
Kaparanauuckwii (9,3 muipn Toun) u Typravickuii (5,8 miapa toun). Haubombinue 3amnace! u HanboJsee
KpYIIHbIE KaMEHHOYIOJIbHbIE OacCeiHbl M MECTOPOKJIEHUS OTHOCATCS K OTJIOKEHUSIM KapOoHa
(Kaparanauackuii u DxubacTy3cKuil yrojbHbId OacceliHbl) M Opbl. Bce u3BecTHbIE 3amackl
KOKCYIOIIMXCSL yrieil cocpenoToueHsl Takke B KaparanamHckoM OacceiiHe M MECTOpPOKIECHUSX-
cnyTHuKax — CamapckoM U 3aBbSIOBCKOM.

bacceitHpl 1 MeCTOPOXKACHUS ME3030MCKOT0 BO3pacTa pacloJiararoTcs B M30JMPOBAHHBIX
BIIaJIMHAX TEPPUTOPHH OOIMPHBIX TporudoB — Typraiickoro, Mpteiickoro, [Ipubanxamickoro.

VYroapHas NPOMBIIIIEHHOCTh SIBJSIETCS] OJTHOM U3 KPYIHBIX OTpaciieil 5JKOHOMUKU CTPaHbl U
ofOecrieunBaeT MPOU3BOACTBO 74% 3JEKTPO’HEPrHH, TOJHYIO 3arpy3Ky KOKCOXMMHYECKOIO
IIPOU3BO/ICTBA, LIEJTMKOM YJOBJIETBOPSIET MOTPEOHOCTH B TOIUIMBE KOMMYHAJIbHO-OBITOBOTO CEKTOPA
U HaceleHUs. YToylb HaXOOUT TaKXKe IIUPOKOE NMPUMEHEHHE B TSDKEIOH M TOPHOJIOOBIBAIOLICH
IIPOMBIIJIEHHOCTH, B JAPYTUX OTpacisiX, CBS3aHHBIX C JOOBIUEH MMOJIE3HBIX HCKOMaeMbIX. [lonu
METAJULYprMM M JAPYrMX OTpaciiell MPOMBIIUIEHHOCTH B OOIIEH CTPYKType MNOTpeOJIeHUs yriis
COINIOCTABUMBI C MOKA3aTelIeM, XapaKTEPHBIM /ISl KOMMYHAJIBHO-OBITOBOTO CEKTOpa (IIPUMEPHO IO
20% ot obmero o0bema notTpedseHus). YroybHas MpoMbIILIeHHOCTh KazaxcTana siBisieTcst HeTTO-
3KcropTepoM yriist. 1o 3KCnopTUpyeMOoro yrisi K Mpou3BOJCTBY cocTaBisieT 25,3% B 2016 rony.
Dkcnoprt yrias coctaBiseT nopanka 1% Bcero skcropra Kazaxcrana.
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JJIeKTPOHHBbIE peCcypChl:

DJIEKTPOHHBIE PECYPCHI:
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6. KonTpoJb (Bonpocel, 3a1a4u, pelieHue)
1. OOBsicHUTE POJIb PHEPTETUKH B HAPOJHOM XO3SHCTBE.

2. OObACHUTE IOHATHE TEPBUYHOMN, BTOPUYHOU SHEPTUU

3. O0bsacHUTe OHATHE — YHEeprus. Ha3oBuTe eIMHUIIBI H3MEPEHHS SHEPrHH.

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

5. O0bsacHUTE OHATHE SHEPTeTUYECKUe pecypcbl. IlepedrcnuTte BUABI SJHEPrOPECYPCOB.

6. HazoBuTe moKka3aHHbIE MUPOBBIE 3aM1ACHl TOIIMBHO-IHEPTETHUECKUX PECYPCOB

7. HazoBuTe Kakue pecypchl OTHOCSTCS K TOTUTUBHBIM.

8. JlaiiTe XapaKTepHUCTUKY SHEPTeTUYECKOM U IKOJIOT0-3KOHOMHUYECKOH XapaKTepUCTUKE
Pa3IMYHBIX BUJIOB SHEPTOPECYPCOB.

9. IIpoBecTu aHaIM3 MUPOBOTO PHIHKA SHEPTETHUECKHUX pecypcoB. Mecto Kazaxcrana B
HEM.

10. Omwucath CTPYKTYpY dHEpreTudeckux pecypcon Kasaxcrana Ha ceroHsIIHAN ICHB.

Jlexnus 2
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1. Tema 2: HeBo300HOBIISIEMbIE HCTOYHUKH SHEPTUU

2. lleab: 0CBOCHUE IOHITHI O HEBO30OHOBIISIEMBIX HCTOYHHUKAX YHEPTUU
3. Te3uchl JeKIMU:

HeB0300HOBsIEMbIC HCTOYHUKH SHEPTUU

KameHnHbIi1 1 Oypblit yrob.

JloOBIYa ¥ OATOTOBKA YIJIS

JloObrua 1 moAroToBKa He(PTH U rasa

TpaHCIIOPT KHUIKUX B Ta3000pa3HBIX YTIIECBOIOPOIOB

HedrsHas mpoMBIILIICHHOCTD

CocrosiHrE U IEPCIIEKTUBBI PECYPCHON 0a3bl aTOMHOW DHEPTETHKH
[Tpupoauerii ra3. BcnomorarenbHbl€ TOITUBHBIE PECYPCHI

. SlnepHoe TOMIMBO.

10. T'oproume 1 ra30HOCHBIE CITAHITBI

CoNo R~ WNE

1. Te3ucnl JeKIMU:

1. HeB0300HOB/IsIeMble HCTOYHUKH IHEPTHH

OO6pazoBaBiiuecs: 3a JJIUTENIbHbIE MPOMEXYTKH BPEMEHHU Ha3bIBalOT HEBO30OHOBIISIEMBIMU
SHepropecypcamu, 3a KOPOTKHE (HE MPEBOCXOIALINE MPOJOJIKUTEIBHOCTh JKU3HH YEIOBEKa) —
B0O300HOBIsieMbIMH. K 1epBoii rpyre oTHOCST 3arnackl OCHOBHOIO MHUHEPAJIbHOTO OPraHUYeCcKOro
toruBa (HepTh, yroap, ra3) U SAAEpHOrO TOTUIMBA (YpaH, TOPHM), a TakKXKe T.H. BCIIOMOTATEIIbHOE
TOIIMBO (TOPIOYME CIAHIIBI, YTOJbHBIM METaH, MOMYTHBIA HEe(PTSHOW Ta3 W Ap.); KO BTOPOH —
SHEPrHIO COJIHIIA, BETPA, IOTOKOB BOJBI U JIP.

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

-~ I..-

i f BypoBas ycraHoBKa

MetaHn YronbHbiX Nnacroe

MNpupoaHbiiA ras
Mecyanuk

Hedtb
lopHas nopoaa

»
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a3 NNOTHbLIX NECYaHbIX KONNEKTOPOoB
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Pucynok 2.1 - Cxema 3aneranus HedTH, Toprodero raza (IpUPOTHOTO, CIAHIIEBOTO H
YTOJBHOIO) U YISt
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Pucynok 2.2 - JIlnarpamMmma MEPOBOH JOOBIYH SHEPTrOPECYPCOB.

[IpencraBicHre 0 MECTe MUHEPAILHOTO TOIUIMBA B TI00ATLHOM SHEPreTHYECKOM OajlaHce
narot puc. 2.3 u 2.4. u tabm. 2.1.

Pucynox 2.3. - [lons pa3iuyHBIX MEPBUYHBIX 3HEPreTMUECKHX PECYpPCOB B MHUPOBOM
SHEPreTUYecKoM OanaHce
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Pucynox 2.4 - MupoBasi TMHaMHKa SHEPronoTpeOIeHUS

Tabmuma 2.1
WNHnukaTopbl U3MEHEHUS CTPYKTYPHI TOTUTMBHO-3HEPTE€THUECKOTO OajaHca B COOTBETCTBUHU
¢ DC-2030
HuaukaTopel/HanpasneHus 2008 . | sran 2 3ran 3 yman
AMEATOPBIHATE (axT) (2015r.) | (2020r) | (20301

[1pOM3BOACTEO ANEKTPOIHEPTHH

Jlons HETOMTHEHBIX HCTOYHHKOR
IHEPrUH B CTPYKTYPE MPOHIBO/- 325
CTEA IMEKTPOIHEPTHH, Yo

HE MEHEE
34

HE MEHEee HE MEHee
35 38

TonnueoobecnedeHne TENIOBLIX INEKTPOCTAHL] HiH

Jons raza B CTPYKTYpe

- o 70,3 70-71
TOIUTHBOODECTIEYEHHA, Yo

6566 6062

Jons yris B CTPYKTYpe

_ . 26 25-26
TOMMHEOODECMEYEHHA, Yo

29-30 34-36

Kak Buano u3 tabn. 2.1, Bots A0 2030 r. paaukanbHble H3MEHEHHS CTPYKTYPbI TOTUIUBHO-
sHepreTrueckoro Oamanca (TODbB) He mmaHupyroTcs — JAOMUHUPYIOMIAS IOJISI MHUHEPATBLHOTO

TOIINIMBA B HEM COXPAHUTCH. HpI/I COBPEMCHHOM YPOBHC TEXHOJIOTUI

JaJICKO HC BCC OTKPBITHIC

MCCTOPOKACHUSA 110 SKOHOMHUYCCKUM, DKOJIOTUYCCKUM U TCXHOJIOTUYCCKUM KPHUTCPHUAM HNOCTYITHBI

A1 UCITOJIb30BaHUS. HauGomee yacTto Ha3bIBaIOT CJICAYIOIIUC 00BEMBI

Pa3BCAAHHBIX U YI[O6HLIX

HJIA ,[[O6LI‘-II/I 3aIMaCOB MUHCPAJIBLHOTO SHEPTCTUICCKOTO ChIPhA Ha 3eMJ'Ie, MIPATY.T.:

- yrois — 800;
- Heptp — 90;
-ra3 — 85;

- ypan — 5-10 (B 3aBHCHMOCTH OT NPHUHATON B KauecTBE NpHUEMIIEMON Ce0eCTOMMOCTH

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

B ocoOGeHHOCTH ¢ y4eTOM TOTO, YTO Ha MPOTSHKEHUH €Ie HECKOJBKUX JECATHIICTUH (Kak
MUHHAMYM JI0 CEPEIUHBI BTOPOW TIOJIOBHHBI HAIIETO CTOJICTHS) MOTPEOHOCTH YEIOBEYECTBA B
SHEpPruu (Ha CErOJHs 1O Pa3HBIM MCTOYHUKAM OHHU COCTABISIIOT 12—15 mupa T y.T. B rox) Oyayr
YAOBJIETBOPATHCSI B OCHOBHOM 32 CUYET MCKOMAEMBbIX HEBO30OHOBISIEMBIX JHEPreTUYECKUX
pecypcoB. U3 Hux 6oiiee 50 % coctaBnsaroT HEPTH U Ta3.

['maBHBIM MOTpeOUTENIEM MEPBUYHBIX YHEPTOPECYPCOB SBIISECTCS IEKTpodHepreTuka (44 %
OT 00111ero MoTpeOIeHUs), OCHOBHBIE MOTPEOUTENU SIEKTPOIHEPTUN — TPAHCTIOPT (OKOJIO 75 MIIpH
kBT-u), HEQTenoObIBatOIIasi TPOMBIIUIEHHOCTH (0K0J10 50 Mupa kBT-4), cama 31eKTposHepreThKa
(6onee 32 wmapn kBt-u), cenbckoe Xxo3siicTBO (HemMHoruMm Oonee 16 wmupa  kBTou),
HedTenepepabdaThIBatoIas MPOMBIIUICHHOCTH (0K0yI0 13 Mipa kBT 4), mumeBast mpOMBINIUIEHHOCTh
(memuorum OGomsee 12 mupa kBt-u) [35]. [IpumepHO B Takux kK€ MPOMOPIUAX PACTIPEICICH IO
OTpacIIsIM U MOTEHIIUAJ HEProcOepeKeHu .

Kamennblii u 0ypbliii yrosib

B Mupe nobrsiBaercst 6onee 4 MIpA. T YIJIA B TOJ, MPUYEM CBBINIC | MIPA. T TPUXOAUTCS Ha
noutiro Tpex crpan — CHI', CIIIA, Kuraii.

[IporHo3upyemsbie 3amacbl KAMEHHOTO U OypoTo yrils B MUpPE OlleHuBatoTcs B 14,8 TpiH. T, a
B Poccum u CIJA B 6 u 1,5 TpJIH. T COOTBETCTBEHHO. PeCcypchl KOKCYIOIIMXCS YIJIE B MHUpE
coctaBisatoT 10 % ot obmux 3amacoB (1,5 tpnu T). B Poccum 3amacel yrisi, KoTopbleé MOTYT
NOOBIBaTHCSI OTKPBITBIM CcIIOCOOOM, mpeBbimatoT 200 MiIpa T, OHM B OCHOBHOM COCPEIOTOYEHBI Ha
BocTOKe cTpanbl. OCHOBHBIE yroipHble Oaccelinbl Poccum — Kysnenkuii, KaHcko-A4YWMHCKHIA,
[Tewopckuit. Pecypesl kokcyromuxcsi yriaeit B Poccun coctaBmsitor 9 % (ot 3 % B PocTtoBckoit
yactu Jlonenkoit obmactu a0 18 % B Ilewopckom Oacceitne, 33 % — Kysnenk, 60 % — FOxHo-
SAxyrck).

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

VYronpHas MPOMBIIICHHOCTh SBISIETCS OJHOM U3 BaKHEHMIIUX PECYpCHBIX OTpaciei
Peciyomukn Kazaxcran. B Tekymield CTpyKType TOIUIMBHOW T'€HEpalldiy YroJib COCTaBJISET
OCHOBHYIO 10110 — (4% OT COBOKYNHOro noTpeOieHHss B TOHHAaX YCIOBHOTO ToIuMBa. B
Kazaxcrane mnpeacraBieHbl BCE OCHOBHBIE CEIMEHTBI YTOJBHONW MPOMBIIUIEHHOCTH, OJHAKO
0COOCHHO pa3BUTHI J0ObIYa M UCHOJb30BaHUE SHepreTudeckoro yrid. [lo cocrosmuio na 2013
ron, PecniyOnuka Kazaxcran 3aHuMaer cepMoe MECTO B MHUpE MO 00beMy JOKa3aHHBIX 3aIacoB

YIS

Tabauua 2.2
O0beM oKa3aHHBIX 3aMacoB Yrisi B Mupe 1o coctosiHuio Ha 2013 rog,.
HammeHnoBanme rocymapcrea O0BeM TOKa3aHHBIX 3aMAcOB YIS, MJIPJ. TOHH

CIIA 237

PD 157

KHP 115

ABcTpanus 76

50501050 61

@PI’ 41

Kazaxcran 35
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Yxpauna 34
TOAP 30
KomymoOust 7
Kanana
[onbma 6
[Mpoune 31

JloOblua ¥ MOATrOTOBKA YIJIsI
Jlo6prya sHepreruueckoro yrisi B Pecriyonuke Kazaxcran craOuibHO pociia B MOCIEIHUE
roJibl CO CPEAHUM TEMIIOM 2%, KOKCYIOLIErocs — HE3HAUUTEIbHO COKpallaiach.

Tabnnma 2.3
JloObrua yris, 2008 2009 2010 2011 2012 2013
MJIH. TOHH
DHEPreTUIecKui 92,9 82,5 93,4 98,6 102,4 101,1
Koxkcyrormmiics 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 BhIpOCHa A0Js Oyporo M JUIMHHOIJIAMEHHOTO
yras — ¢ 20% B 2008 roay no 27% B 2012 roxy. bnaromaps 3HauntensHOMy 00beMy 10ObIYU
sHepreTryeckoro yris, Kasaxcran 3aHuMaeT 1ecsiToe MeCTo B MUpE I10 100bIYe yriisl.

PoiHok sHeprernueckoro yrisi B Kazaxcrane oOTHOCUTENbHO (parMEHTUPOBAaH —
KpYIHEHIITUM UTpOKoM, obecrieunBaromuM 10 30% COBOKYIMHOW A0OBIUM, SBISAECTCS KOMIIAHHS
«ENRC» (pa3pe3 «Bocrtounslity, «lllybapkoss Komupy»), BTOPEIM M TPETbUM HIPOKaMHU IIO
o0vemy n00b1un sBisitoTes «Campyk-Ouepro» u «PYCAJI» — mo 20% xaxnsiii («boratbipb
Komupy), nanee unyr «Kazaxmbic» (8%), «Kapaxsipay (6%), «Anrpencop Ouepro» (5%) u
poyue.

OcHoBHass g0yt [0OBIBAEMOTO  DHEPreTUYECKOr0  Yyrisg  UAET  Ha  HYXKJIbI
ANEKTPOIHEPreTUUECKON OTPACIH Pecniyonukn Kaszaxcran u nHa oskcmopt (51% u 31%

COOTBETCTBEHHO), OCTalIbHOII 00bEM — Ha KOMMYHAJIbHO-OBITOBBIE HYXKJbl HACEJCHHS U Ha

MIPOMBIIIICHHBIC TIPEANPUATHS (13% u 5% COOTBETCTBEHHO).

PriHok kokcyromierocst yrist Ha 95% cdopmupoBan A00bueil KoMmaHnuu «ApcenopMurram.
OcHoBHast foNsi  JTOOBITOrO KOKCyromerocs yrius (mopsaka 95%) mnpoxoauT mpoueaypy
oboramenus, mocine uvero 70% KOHIIEHTpaTa HampaBisieTcs sl oOecredeHHs COOCTBEHHBIX
MoTpeOHOCTEeH KOMIAaHUM B KOKCE, OCTaIbHOW KOHIIEHTPAT HIET Ha DJKCIOPT B YKpauHy H
Poccuto.

JHepreTH4ecKuii yrojib

Hcxons u3 TeppuUTOPHAIBEHOTO PACTIONOKEHUsI OTHOCUTENLHO KPYITHBIX TOTpEeOUTeNnel yris,
CYIIECTBYIOT TPH MOTEHIIMATBHBIX HAIIPaBIEeHUs dKcropTa yris u3 Kasaxcrana:

1) B Poccuto HamnpsiMyto uepe3 OOIIyr0 TPaHUILy;

2) B Kuraii HanpsiMyto yepe3 oOIIyr0 TpaHHmILy;

3) B EBporny 1 Ha npoume riio0aibHbIe KPYITHBIC PHIHKH IO XKEJIE3HOM J0POTe U Jlajiee uepes
POCCUHCKHE MOPTBHI.

HecMmoTps Ha moTeHIMAN YBeTMUEHUS TOOBIYH, Pa3BUTHE KAXKIOTO U3 YKa3aHHBIX
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SKCTIOPTHBIX HAIpaBIICHUH MOCTaBOK yris u3 Pecnyonmuku Kasaxcran cBsizaHo co
3HAYUTEIbHBIMHA OTPAHUYCHUSMH.

MupoBoil PbIHOK 3HEPreTUYECKOro yriisg OylIeT pacTu ¢ HE3HAYUTEIbHbIM TeMioM 1% B
roa. Oxumaercs CyLIECTBEHHOE COKpalleHHE J0JM HOTPEOJIEHUs] HSHEPreTUYECKOTO  YIJis
crpanamu EBpomnsl: ¢ Tekymux 30 % oT rimodansHOro cripoca 1o 18 % x 2025 rogy. 3amemienue
pocrta cnpoca B EBporne v akTMBHOE HapallliBaHuWE 00beMa MOCTaBOK YIJISl M3 TaKUX CTpaH, Kak
WNunone3us u ABCTpainusi, IpUBEIYT K NEPEHACHIIIEHHOCTH ITI00aJbHOTO PbIHKA U MAJEHHIO IIEH.
DKCIOPT Ka3aXCTaHCKOTO »HepreTuueckoro yrias B EBpomy Oyaer HEKOHKYPEHTOCIOCOOHBIM
BCJIE/ICTBUE CpPAaBHUTEIBHO HU3KOTO KadecTBa M BBICOKMX TPAHCHOPTHBIX u3aepxkek. M3-3a
BBICOKOW 30JbHOCTM M OTHOCHUTEIBHO HU3KOW TEIUIOTBOPHOCTH Ka3aXCTAaHCKUU Yrojib MOXKET
NPO/IaBaThCsl Ha DKCIIOPTHBIX PBIHKAX TOJBKO CO 3HAYUTENbHBIM AUCKOHTOM (0T 30% mo 50%).
N3 xpymHBIX MeCTOpOXAeHHN HCKIroYeHue coctaBiser [llybGapkosib, kauecTBO yriisi KOTOPOTO B
1IEJIOM COOTBETCTBYET IKCMOPTHBIM cTaHmapTam. (Taoim.2.4).

Tabnmnma 2.4
[Toka3zarenu 30JbHOCTH YIJis, JOOBIBAEMBIX B CTpaHaX MHUpa
TennoTBOpHOCTS, 3onbHOCTH, %
DKcHopTep TBIC. KKaJI/KT
Kanana 6,7 11%
Mo3zamOuk 6,7 18%
ABcTpanus 6,6 6%
PO 6,5 15%
CIIA 6,5 10%
IOAP 6,2 17%
Konymbus 6,2 8%
Wunounesns 5,7 14%
Pecniyonuka Kazaxcran 41 22%
(MaiikyOeH)
Pecnyonuka Kazaxcran 4,2 42%
(Oxubacrys)
Pecniyonuka Kazaxcran 6,1 15%
(IIybGapxo:nb)

B nepcnextuse 10 2030 roga OCHOBHBIM MCTOYHHUKOM CIIpOCa Ha DHEPreTHUYECKHH yroib
OCTaHeTCs BHYTPEHHsIsl yrosbHas reHepanus Pecnyonuku Kazaxcran. C ydeTom MjiaHOB 1O BBOIY
U BBIOBITHIO T€HEPHUPYIOIMIMX MOIIHOCTeH MOTPeOHOCTh B yriie MpOAOLKUT pactu: K 2030 roxy
MOIITHOCTh HOBBIX YTOJIBHBIX JJIEKTpOCTaHLui cocTaBUT 20% OT COBOKYIIHOHM YyCTaHOBICHHOMN
MOIITHOCTH, MIPHU 3TOM JIOJIsL CTapbIX cokpatutcs ¢ Tekymux 60% no 39%. OOmas norpeOHOCTH B
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SHEPreTHYECKOM YIJIe JUIs TeIulo- W 3ekTporeHepanuu B Kazaxcrane Beipacter k 2030 romy c
TeKyImux 53 10 76 MIIH. TOHH, TO ecTb Ha 50%.

Jlo0bI4a ¥ MOATrOTOBKA yIJIst

[loTeHuman cHM>KeHUs NMOTPEOICHNS SHEPTUU TP 100bIY€E U MPEABAPUTEIBHON MOATOTOBKE
yras B [1, 3] ouenuBaercst BenuunHOM 0,26 MJIH T H.3. B NPEANOJOKEHUH, YTO 3(PPEKTUBHOCTD
TEXHOJIOTUH B 3TOM CEKTOPE MOXKET OBbITh MoBhIIeHa Ha 15 %.

OTOro MOBLIIIEHHUS MOKHO TOOUTHCS 3a CUET:

a) UCII0JIb30BaHU OoJiee 3HEProd(PPEeKTUBHBIX TEXHOIOTHUH,

0) yBenMuYeHHUS JOJU YTHIM3HPYEMBIX TBEPIBIX TOprouux OoTXxoJ0B. ClieyeT y4uThIBaTh,
YTO TIOKa3aTedu HHEProdh(EeKTUBHOCTH B OOJBIION CTENEHH 3aBUCAT OT XapaKTEPUCTHK
pa3zpabaThIBa€MbIX MECTOPOKICHUH.

TpaHCHOPT )KUIAKHUX M Ta3000pa3HBIX YIJIEBOIOPOA0B

Pacxonx sneprum, motpediseMoll CHCTEMaMH AJIEKTPOTPUBO/Ia HATHETATEIBHBIX YCTPOMCTB
TpyOOTIPOBOTHOM CHUCTEMBI (HAacocamMH, KOMIIPECCOPAMH), 3aBHUCUT HE TOJBKO OT CBOWCTB
JKUJIKOCTEH M Ta30B, HO U OT XapaKTEPUCTUK CaMOW CHUCTEMBbI. YacTh MEXaHUYECKOW HSHEPruw,
MPUOOPETEHHOM MPOAYKTAMH OT HarHeTaTeNbHBIX YCTPOUCTB, MPEBPAIAeTCs B TEILIOBYIO SHEPTHUIO
U ABJIsieTCs oTepsMu 3Heprun. C 3TUM CBSI3aHbI THAPAaBINYECKHE MTOTEPH JaBICHUS U HAIOPa IBYX
BUJIOB — MOTEPU HA TPEHUE U MECTHBIE MOTEPH, MPOSBISIONINECS Ha y4acTKax CY:KEeHHUS TPYyObl, B
MecTax CIMSHMS U pa3fielieHUs] TMOTOKOB, a TaKkKe B TPyOONMpOBOAHOM apmarype (BEHTWIIAX,
KJlamaHax, 3aJBHXKKax, Jpoccelsix U Ap.). OcHOBHas XapakTepUCTUKAa TPyOOMpPOBOIHOM
TPAHCIOPTUPOBKA — KOIPPUIMEHT TpeHUuss — JUIsi KOHKPETHBIX YCJIOBHUH ompenensercs
SKCIEPUMEHTAJIbHBIM IMyTeM, a Ul Haubosee TUMMYHBIX cllydaeB HMH(opmaius, 0000IIeHHas B
BHJIE SMIUPUYECKUX (HopmMyIl, TabIull, rpauKOB, U3BJIEKAETCS U3 CIIPABOYHUKOB.

CocTosiHNe M MePCHEeKTUBbI PECyPCHOil 0a3bl AaTOMHOI HEPreTUKHU

ATOMHAas1 SJHeprus

B ocHoBe momydenus anexkrpuuectBa Ha ADC JEKUT peakuus ACICHUS sAIEp aTOMOB
paluoaKkTUBHOrO ToIUMBA (ypaHa-235 wiaM sjuep psAa JpYyrux TsOKENbIX METauIoB) IpU
6ombOapaupoBke ux HelWTpoHaMu. CyTh 3TOH peaklUu COCTOUT B pa3zeleHUH sifpa aToMa Ha JiBa
CPAaBHUTEIBHO KpYMHBIX (parMeHTa, 4YTO CONPOBOXAAETCS BBICBOOOXKJICHHEM  OOJBLIOTO
KOJIMYECTBA TEIUIOBOM sHepruu u 7y -nmydeld. KpymHbele ¢parMeHTbl, MM HPOAYKTHI JIEJICHUS,
IPEJCTABISAIOT COOON aTOMBI, KaKJblii U3 KOTOPBIX COCTOUT M3 HEKOTOPOTO YHMCIIA IEKTPOHOB U
YacTH sJIpa «POJUTENBCKOTO» aroMa. IJTH OCKOJKH OOBIYHO paJMOAKTHBHBI U TOATAITHO
pacragaioTcsi, NpeBpalasch B CTaOMJIbHBbIE aTOMbl W BBICBOOOXKJAs SHEPrUI0 HU3JIy4eHUs Ha
KaX/IOM 3Tamne pacnajia. B xoje neneHust BOSHUKAIOT HE TOJBKO (hparMeHTHI siiep, SHeprus U y -
Jy4H, HO U HeUTpoHbl. Korjia oiMH U3 TakuX HEHTPOHOB coyaapseTcs ¢ APYruM sApoM ypaHa-235,
OH MOJKET BBI3BATH JEJeHUE 3TOro siapa. [Ipu 3ToM BbLesieTcs eie 60IblIe SHEPruH, MOSBIISIOTCS
HOBBIE OCKOJIKM sIIep U HEUTPOHBI; TAKMM 00pa3zoM, sJIepHasi peaklys HauMHAeT OXBAThIBaTh BCE
HOBBIEC U HOBBIE s[Ipa, HE MPEPBIBASCH, T. €. CTAHOBUTCS CAMOIIOICPKUBAIOIICICS, WU LIETTHOM.
3amacel ypaHa B Hezipax — Oosiee 4 MIH T, U3 HuUX 1o 50 % IOCTOBEpHBIE M MpEAIoJiaraeMsble.
Bonbiyto nepcnekTuBy AJsi BRIpAaOOTKH aTOMHOI SHEPrHH MPEJCTAaBIISIOT PEaKTOPhl HA OBICTPBIX
Heiftponax (B Poccunm — tuma BH). B aTHX peakTopax MOKET HCHOJIB30BATHCS HE TOJIBKO
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oOoraieHHbId, HO U O0CIHEHHBIM ypaH, B TOM YHCIIC HAXOMSAIIUINCS B OTBAJaX; a IUTYTOHHHA HE
TOJBKO CKUTAETCSI, HO U BOCIIPOU3BOJAUTCS U MOXKET ObITH CHOBA MCIIOJIb30BAH B PEaKTOpax.

BcnomorarteiabHbl€e TOIJIMBHBIE PeCypChI

BaxHbIM HampaBieHHEM pealln3aliy CTPATEruu SHEPrO3aMelIeHHs IBISETCS pacIliipeHHe
MaciTaboB MCIOJIb30BaHUS HETPAJIULMOHHBIX TOIUIMBHBIX pecypcoB (HTP), Kk KoTopeIM NpUHSATO
OTHOCHTB:!

—roproune u razoHocHsie cinanibl (I'C),

—OoutymuHo3Hble necyanuku (bIT),

—razoruaparel (I'T),

—nonyTHbIN HedTsaHoi ra3z (ITHT),

—yroyibHbIN (1axTHeI) MeTaH (YM),

—CHUHTETHYECKHH Ta3 (CHHTa3).

I[To mepe comepmieHcTBOBaHUS M00buM u yrunmsaruu HTP wux mons B TOB Oynmer
Bo3pacTath. OHaKO M3-3a OOJNBIINX TEXHOJOTHYECKUX CII0KHOCTEH B 00o3puMoM Oyaymem HTP
OyIyT HE albTepHATHUBOM «TOIUIMBHOM Tpuaae» (HedTH, NPUPOJHOMY rasy, yril) U ypaHy, a
TOJIbKO noacnopseM. Vckinrouenre Moryt coctaBuTh ['C kak MICTOUHUKH CIIAHLIEBBIX Ta3a U HEPTH.

SinepHoe TONJIUBO

AKTHBHasi 30HAa JHEPreTUYecKoro siiepHoro peaktropa (a.3.94P) - 510 wyacte ero
00bEMa, B KOTOPOIl KOHCTPYKTHBHO OPraHU30BAaHbI YCIOBHS JAJS OCYIIECTBJICHUS HENpPEpbIBHON
CaMOIIOJIEP/KUBAIOLIEHCA 1IETHOM peakuuu JeleHHsl SJepHOro TOIUIMBAa M COalaHCUPOBAHHOIO
OTBOJia TEHEPUPYEMOTO B HEM TEIlIA C LIEJIbIO €r0 MOCIEAYIOIIEr0 HCIIOIb30BaHUs.

BrymaBmmchs B CMBICI 3TOTO OIpPENEICHUs MPUMEHHUTEIBHO K AKTUBHOM 30HE TEIUIOBOTO
OSIP, MOXHO MOHATH, YTO IPUHLUINAIBHBIMU KOMIIOHEHTAMHU TAKOW AKTUBHOM 30HBI SBISAIOTCS
AJIEPHOE TOIUIMBO, 3AMEIUIMTENb, TEIUIOHOCUTENb M JPYrH€ KOHCTPYKIIMOHHBIE MAaTepHalIbl
[Tocnennue 0ObEKTUBHO HEOOXOIMMBI, TaK KaK SIEPHOE TOIJIMBO M 3aMEJIUTENb B AKTUBHOM 30HE
U caMa aKTUBHAs 30HA JOJDKHBI OBbITh HEMOJBIKHO 3a(UKCUPOBAaHBI B PEAKTOPE, MPEICTABIIAA
co00i IO BO3MOXHOCTH Pa300pHBIN TEXHOIOTMUECKUN arperar.

[Ton sinepHBIM TOIIMBOM OOBIYHO MOHUMAETCS COBOKYIHOCTb BCEX AEIAIIMXCS HYKIUIOB B
aKTHUBHOM 30HE. BOJBIIMHCTBO MCHOJB3yeMbIX B 3HEproonokax ADC TemnoBbix DSP B HavanpHON
CTaJMM SKCIUTyaTallud paboTaroT Ha YHUCTO YPAaHOBOM TOIUIMBE, HO B MpOLIECCe KaMIaHUU B HHUX
BOCIIPOU3BOJUTCS CYLIECTBEHHOE KOJMYECTBO BTOPHYHOIO SJIEPHOrO TOIUIMBA - IUTYyTOHHUA-239,
KOTOPBIM cpa3y mocie ero oOpa30BaHUS BKJIIOYAETCS B IPOLIECC Pa3sMHOXKEHUsS HEHUTPOHOB B
peaktope. Iloaromy TomnmuBoMm B Takux DSP B mi000i MpPOU3BOJIBHBEIM MOMEHT KaMIMaHHH HAJO
CUMTATh COBOKYIHOCTb TPEX Aelsmuxcs kommnonenTon: 2°U, 28U u 2°Pu. Vpan-235 u miyroHuii-
239 nenaTcs HeHTpoOHAMHU MOOBIX SHEPrUii PeakTOpHOro crekTpa, a U, kak yxke OTMEYasoch,
TOJIBKO OBICTpbIMH HaAnoporosiMu (¢ E > 1.1 M»3B) nelitponamu.

OCHOBHOM XapaKTEpUCTUKON YPaHOBOTO SIIEPHOTO TOILUIMBA SBIISETCA €r0 HadalbHOE
oOorairenue (X), MoJi KOTOPbIM MOHUMAETCs JOJIs (MM MPOLIEHTHOE CoJiep KaHue) siiep ypaHa-235
Cpelu Bcex sijiep ypaHa. A MOCKOJBbKY Ha Ooiniee yem 99.99% ypaH COCTOUT U3 JIBYX M30TOIOB -
25U u 238U, TO BEJIMYMHA 00OTalllCHUS:

X = Ns/Nuy = Ns/(N5+Ns) (2.2)
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B 1IpHpOAHOM METaIMYeckoM ypaHe coiepxkutcs mpubmusutensro 0.71% smep U, a
6onee 99.28% cocrapiuser 28U, [Ipoune 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 ucrnonb3yercst ypas, oodorameHssii 10 1.8 + 5.2%, B peakTopax MOpCKHX
TPAHCMOPTHBIX SJIEPHBIX YHEPTOYCTAHOBOK HaYaJbHOE 00OTaIlIeHNE SAEPHOTO TOIUIMBA COCTABIISET
20 + 45%. Vcronp3oBaHue TOIDMBA HU3KUX oOoramennid Ha ADC 00BsICHSACTCS SKOHOMHUYECKUMU
COOOpaKEHUSIMH: TEXHOJIOTHS TPOM3BOJCTBA OOOTAIIEHHOTO TOIUIMBA CJIOXHA, JHEProéMKa,
TpeOyeT CI0KHOTO U TPOMO3AKOTO 000PYIOBaHMS, & TIOTOMY SIBJISIETCS JOPOTOM TEXHOJIOTHEH.

Mertanmuieckuii ypaH TEPMHUYECKH HE CTOEK, MOJBEPKEH aJUIOTPOIHBIM MpPEBPAlICHUSIM
MIPU OTHOCHUTEIIFHO HEBBICOKHMX TEMITEpPATypaxX U XMMHYECKH HECTaOWIIeH, a IOTOMY HEIpHEeMJIEM B
Ka4eCcTBE TOIUIMBA JHEPTETHYECKUX PeakTopoB. [loaToMy ypaH B peakTopax HCIOJb3yeTcsl HE B
YHCTO METAJUIMYECKOM BHUJC, a B POpPME XUMHUYECKHX (WM METAJUTYPrHUECKHX) COCTMHEHUH C
JIPYrUMH XUMHYECKIMH JIEMEHTAMHU.

OTH COeTMHEHUST HA3bIBAIOTCS M ONIUGHBIMU KOMROZUUUAMU.

Hawuboutee pactipocTpaHeHHbIE B PEaKTOPHON TEXHUKE TOTUTMBHBIE KOMITO3UIIHH:

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

Hpyroi (npyrue) XUMHYECKUU 3JIEMEHT TOILJIMBHOM KOMIIO3ULINHT
HA3BIBAIOT pazycudcumenem monaued. B TepBbIX IBYX U3 MEPEUUCICHHBIX TOIUIUBHBIX KOMIIO-
UMM PazKIDKUTETIEM SIBIISIETCS KHCIOpPOJA, BO BTOPBIX JBYX - YIJIEpOJ, B TOCIEIYIOLIUX
COOTBETCTBEHHO a30T, KPEMHHH, AIFOMUHUI C KPEMHUEM U OCPUILIHIA.

I'oproune u ra3oHOCHBIE CJIAHUBI

I'oproune ciaaHnbl — 3T0 MOJe3HOE MCKoNaeMoe, TBeplas roproyas ocajoyHas Mopoja,
BH/I UICKOTIAEMOT'0 TOILIMBA, COCTOSIAsl U3 OPTraHUYECKON 1 MUHEpaJIbHOM YacTeil.

I'oproune caaHubl — 3TO OcajoyHas MOPOAA CO CIOUCTOM (IJIACTUHYATON) CTPYKTYpOit
ceporo, TEMHO-CEpPOro, YePHOT0, KOPUUHEBOTO, KEITOrO M OJIMBKOBOTO 1BeTa. Jlerko pacnagaercs
Ha OTJEJIbHBIE IUTUTKHU, CIIOMU.

MunepanbHasi 4YacTh MPEJCTaBIIEHAa OCAJO0YHON TOpPHOM MOPOJOH, a oOpraHuveckas —
keporenoM. KeporeH siBisiercs ool U3 GopM HeTpaaulimoHHON HedTu. BHemHe oH HanoMUHaeT
cmointy. [lpum HarpeBaHMM TOpIOYMX CJAHIIEB M3 KeporeHa BblenseTca HePTh, HMeHyemas
«crnaHieBas He(Tb» WM «KEpOT€HOBas HEPTh», U MPUPOIHBIA Ta3, UMEHYEMbIH «CJaHIEeBbIH
ras».

I'oprouue ciaaHubl 3aroparoTcst OT CHUYKM M IPU TOPEHUHU U3JAI0T 3amax }OKEHOM pe3HHB,
CHJIBHO KONTAT. BoCIIaMeHsI0TCS U TOPAT B HEM TOJIbKO OPraHUYECKUE BELIeCTBA.

Opranuyeckass 4acTb COCTOMT U3  KeporeHa. Keporen npezncrasiser  co6oif
CMeCh OPraHMYEeCKHX MaTepHajoB (IETPOJIECHOB, OUTYMOB, TYMYCOBBIX BellecTB U T.1.). Ero cocras
MEHSEeTCS OT MECTOPOKICHUS K MECTOPOKACHNI0. OH HE MOXET ObITh ONMCaH KaKON-1100 eTUHOMN
XUMu4eckoi (opmysnoi. Bo BcskoM ciaydae, B €ro COCTaB BXOJAT YIVIEBOJOPOIbI M NPUMECH:
CEpOBOAOPOJ, a30T U IIp.

B 00bIYHBIX roprouMx ciaHiax Jojs keporeHa cocrasiser 10-30 % ot maccel. U TosbKO
JUIIb B CJIAHI[AX CaMOro BBICOKOTO KadecTBa aocTuraer oHa gocruraer 50-70 %. OcranbHOoe —
0CaJI0o4Has opo/a.

Hanuuue B cnannax yriieBoA0pOAHON coCTaBIsIOMIEH MO3BOISIET U3BJIeKarTh ee. [lomyuaercs
HepTb W TpUpoAHbIH Ta3. OnHako WX J00blYa HE BCErjla SKOHOMUYECKH M 3KOJIOTMYECKH
OIpaBJaHa.
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Tabmnmna 2.5
DuU3nYECKUE CBOKMCTBA TOPIOYNX CIIAHIIEB:
HanmeHnoBaHnue nmapamerpa: 3HaveHue:
[T10THOCTD, T/CM® 0,9-1,99
Tsepaocts mo mkane Mooca Ot 2 o 6
VY nenbHas Teriora cropanus, MJbx/kr Ho 14

JloObiua HEQTH U ra3a U3 rOPIOYNX CIAHIIEB:

Jo0biua HedTH M raza M3 TOPHYUX CJAHLEB MPOU3BOJUTCS IYTEM TEPMHUUYECKOTO
BO3JICUCTBUSI Ha KEPOTEH, COJEpKaIUics B Toprouux chaHnax. OHa TPOBOAUTCS JBYMS
OCHOBHBIMH CTIOCOOaMU: MOOBIYEH ClIaHIla OTKPBITBIM WX OOBIYHBIM IMAXTHBIM CIIOCOOOM C
Mocleayromel mneperoHko mmbo no0puelt B IUlacTe, KOTJAa HAarpeBaHUE MPOU3BOAUTCA
HEMOCPEICTBEHHO MO/ 3€MJIEH.

4. UnumocTpaTuBHBIA MaTepuas: /[ mpoBeaeHus 3aHATHS HCIIOJIb3YETCS CIAEAYIONIEe
MaTepuaIbHO- TEXHUYECKOE oOecrieueHne: HOyTOyK, MyJIbTUMEUUHBIA TPOSKTOP, SKPaH.

5.JIureparypa:

OCHOBHas

1. BepnmamueBa A.A., JlaynerbaeBa J[.A. DHepropecypchl, HCTOUHUKH H METOIbI
noxy4yeHus.- Yaeonoe nocooue.-IlIeivkent 2022. -244 c.

2. beictpunknii I.®. O6mas sHepretuka (IIpon3BOACTBO TEMIOBOW M DIEKTPUUYECKON
sHeprumn): yueOnuk / I'.®. beictpunkuii, I'.I". I'acanramkues, B.C. KoxxnueHkos. - 2-e u3m., cTep. -
M.: KHOPYC, 2016. - 408 c. - (bakanaBpuar).

3. Pumons- Caparocu T.JI. Kyyck A.b., Bo3oOHOBIsIeMbIE 1 HETPaAUIIMOHHBIE HCTOYHUKH
sHeprun. YdebHo-meroaudeckoe nmocooue. PoctoB w//l: Poct. roc. yH-T. myre#t cooOmienus, 2019.
—-122 c.

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

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

6. [OMONHUTENbHAS:

7. becnanoB B.M. Cucrembl 1 MCTOYHMKHU 3HeprocHaOxeHus: yyeObHoe mocobue /B. U.
becnanos; HammoHnanbHblil uccienoBareabCkuii TOMCKMI MNOJUTEXHUYECKUI YHHUBEPCHUTET. —
Tomck: M3a-Bo ToMCKOro noamTexXHu4eckoro yausepcurera, 2011. — 208 c.

8. Cwmopoaun C.H., benoycos B.H., Jlakomkun B.FO. Metoasl sHeprocOepexeHust B
SHEPreTUYECKUX, TEXHOJIOTMYECKUX YCTAaHOBKaX M CTPOUTENbCTBE: YueOHoe mocobue /
CII6I' TYPIL.- CII6., 2014.- 99 c.

9. Marepuainsl Pecnybnukanckoi HAy4YHO-TECOPETUYECKOU KOH(pepeHIH
«CelipymnuHckue uTeHMss — 9. HOBBI BEKTOp Ppa3BUTHS BBICIIET0 OOpa30BaHUS U HAYKH»
nocasieHHas aHio Ileporo Ipesunenta Pecnybmuku Kazaxcran. — 2013. — T.2, u.1. — C. 22-24
I'EOTEPMAJIBHAS SHEPT'UA - DHEPI'MA BYAYIIEI'O. Myxanos C., MyxaHnosa /1.

10. OOH 3CKATO. O630p nepexona Kaszaxcrana K cLieHapuIO «3€IE€HOW» HKOHOMHUKHU
MyTEeM YBEJIUYEHHUS JOJU BO30OHOBISEMBIX MCTOUHUKOB PHEPTUU B DHEPreTHUYECKOM OasiaHce -
IIpeobpazoBaHue CeTbCKOXO03SIMCTBEHHBIX OTX0/I0B B OMOTEIUIOBYIO 3HEpruto. 4.12.2019
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11. 3eicun JI. B. IlaporazoBbie W Ta30TypOMHHBIE TEIUIOBBIC 3JEKTPOCTAHIUU: Y4eO.
noco6ue. — CII6. : U3n.-Bo IlomurexH. yH-Ta, 2010. — 368 c.

12. Cr. 1 3akon OO sHeprocOepekeHUH W TMOBBIICHUN 3HeprodddextuBHocTH PK ot 13
saBaps 2012 roma No 541-1V. leiicTByromuii ¢ M3MEHEHUSIMU W JoTOJHEHUsAMH. [IpoBepeHo
15.01.2022

13. O6 yrBepxknennn KoHuenmuu pa3BUTHS TOIUTMBHO-DHEPTETUYECKOTO KOMILIEKCA
Pecniyonuxu Kazaxcran no 2030 rona. [locranonenue IlpaBurensctBa Pecriyonuku Kazaxctan ot
28 uronst 2014 ronga

DNEeKTPOHHBIE PECYPCHI:

http://www.studmedlib.ru,

JIOT'UH ibragim123, ITAPOJIb Libukmal23

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

Pecnybnukanckas MEXBY30BCKasi JJIEKTPOHHAs oubnmoreka, Aknurpress
www.aknurpress.kz.

6. KoHTpoJb (BONIPOCHI, 321a4H, peLICHUE)

1. Jlate onpeneneHre HEBO30OHOBIISIEMbIX HCTOUHUKOB 3Hepruu. [IpuBectu mpumepsl.

2. JlaTb aHANIM3 HEPTETUYECKUX PECYPCOB B MUPOBOM SHEPreTHUECKOM OanaHce.

3. HoObrua sneprerudeckoro yris B Pecriybnuke Kazaxcran

4. Kak mpou3BoauTcst 700ObIYa U TOATOTOBKA HE(TH U raza?

5. Ha3nauenune m wmcmonap3oBaHWe KamMeHHOTo W Oyporo yroms?. Kak mpousBoauTcs
TPAHCIOPT KUAKUX U Ta3000pa3HbIX YIIIeBOI0POIOB?

6. Hedrsanas npomeinuieHHOCTs COCTOSTHUME U MEPCIEKTHUBBI PeCypCHOM 0a3bl aTOMHOMU
SHEPreTUKU

Jleknusa 3

1. Tema 3: HeTpaauimoHHbIC ¥ BO30OHOBIISIEMbIC HCTOYHUKH SHEPIHH.

2.1lenb: 3HAaHWE: OCHOBHBIX HMCTOYHHUKOB HH(POPMAIIMH O BO30OHOBJISEMBIX HCTOYHHKAX
SHEPTUH, OCHOBHBIX TPUHIUIIOB pabOThl YCTAaHOBOK, HCIOJIB3YIOIIUX BO300HOBISIEMbIE
HMCTOYHUKHA DHEPrHUH; HEJOCTATKOB HEBO30OHOBIIIEMBIX HCTOYHHUKOB SHEPIrUU: HEOOpaTHMoe
YMEHBIIICHUE KOJMYECTBA 3aIIaCEHHON B HUX SHEPTUHU U 3arPSI3HCHUU OKPY)KAIOIICH CPEIIbI.

3. Te3nchbl JEeKINU:

1. VICTOYHHMKH SHEPrUu: BO30OHOBIISIEMBIC M HCBO30OHOBJISIEMbIC

2. HemocraTku HEBO300OHOBIISIEMBIX HCTOYHUKOB SHEPTHU: HEOOPATUMOE YMEHBIICHHE
KOJIMYECTBA 3allaCeHHON B HUX SHEPTUU U 3arpsi3HEHUE OKPYKAIOIIEH Cpelibl

3. CoBpeMeHHOE COCTOSIHHE Pa3BUTHUSI BO30OHOBISIEMOM SHEPreTUKH

4. Bunbl BO30OHOBIISIEMO SHEPTUH

HerpaauiimonHsie ¥ BO30OHOBIISIEMbIE HCTOYHUKH YHEPTHH.

Hcnonps3oBaHue BceX TPAIUIIMOHHBIX BUJIOB TOIUIMBA JIJISl SHEPrETHUECKUX Iiened (He(Tb,
yrojib, Ta3) OKa3bIBaCT CEPbhE3HOC HETaTUBHOE OJKOJOTHYECKOe Bo3neiicTBue. B  koMIuiekce
SHEPreTUKa, OCHOBAHHAs Ha UCIOJIb30BAaHUM TPAJUIIMOHHBIX HCTOUHUKOB TOIUIMBA, 00YCIIaBIIUBACT
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 aTMOCHEPY 3eMITH

Cpeny HCTOYHUKOB 3arpsi3HEHUs aTMOC(epHOro BO3AyXa HamboOJee arpecCUBHBIM SIBIISIETCS
aBTOMOOMIBHBIN TpaHcnopT, TOC, TOL u ap.
KonunuectBo 00pa3yromuxcsi 3arpsi3HAIONIMX BEHIECTB U3MEHSAETCS B 3aBHCHUMOCTH OT IMpoliecca
MOJIyYEHUSI SHEPruu, BHUAA HCIOJIB3yEeMOIro TOIUIMBA, €ro XHMHYECKOro COCTaBa M JIPYrux
xapakrepucTuk. Hanboiiee omnacHeIMU 3arpsisHUTENSIMU aTMOc(hephl, KOTOpbIe BbIOPAchIBAIOTCS B
caMbIX OOJIBIINX KOJMYECTBAX, SIBISIOTCS OKCHUJIBI YTIIEPOJa, Cephl, a30Ta, YIIIEBOIOPOIbI U APYrue
COCJIMHEHUSL.
YenoseuecTBo enié, mo kpaiHned mepe, 50 u 6oiee JeT CMOXKET 00ECIICUNTh
3HAYUTENIbHYIO YacTh CBOMX MOTPEOHOCTEN B PAa3TUYHBIX BUAAX HPHEPTHH 33 CUET OPraHHYECKOTo
ToruBa. OrpaHUYHUTh Ype3MEPHOE UX MOTpebIeHne MOTYT Ba (akTopa:
- OYEBH/IHAS HCUEPIIAEMOCTh 3aI1aCOB TOILIHBA,
- OCO3HAaHME HEU30EKHOCTU TI00aNbHON KaTtacTpo(dbl K3-3a YBEJIUYEHHUS BPEIHBIX BBHIOPOCOB B
atMocdepy
OcHOBHOE 3arpsi3HEHHE OKpYXKamllell cpeasl co3gaeTcss B pe3ylbTaTe  XO3sIMCTBEHHOU
JeATeIbHOCTH YEJIOBEKA, T.€. HCKYCCTBEHHOE MTPOMCXOXKIECHHE.
HauOosbiiee koJM4ecTBO BBIOPOCOB OOYCIOBIEHO OTXOJAaMHU TEIUIOOHEPreTHKH U Pa3IHUHBIX
oTpacieil mIpoMBIIIJIEHHOCTH U TpaHcnopTa. B crpanax CHI' oTHocuTenbHBIE 10711 UX BBIOPOCOB B
OKPYKAIOIIYI0 CPEly COCTABJISAIOT:

- TETIOPHEPreTUKou - 27%

- uepHOU Metayutypruei - 24.3%

- 1uBeTHOU MeTtammypruei - 10.5%

- HedremoObIBatOIIEH 1 HePTEXUMHUECKON oTpaciasiMu -- 15.5%

- aBTOTpaHcnoproMm - 13.3%
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- TpEeANpHATUSAMU cTpoiimarepuanos - 8.1%

- XUMHYECKOH MPOMBIIIICHHOCTHIO - 1.3%.
WHTEeHCUBHOE CKUTaHKME TOIUIMBA B TEINIOTEXHUUECKHUX YCTAHOBOK pa3pyllarolLle BO3IEHCTBYIOT Ha
oKkpyxamwulyto cpeay. Iloaromy ee 3ammra crama B Hacrosiiee BpeMs IN00aibHON mpoOiemMoit
4eJI0BEYECTBA.

[ToBellIeHNE cpeAHel Temieparypsl miaaHeTsl Ha 5 °C MOXET BbI3BaTh TasHUE JIETHUKOB U 30H
BEYHOM MEp3JIOThI, KOTOpPO€ MpHBENET K pOCTy YypoBHS MUPOBOrO OKeaHa, 3aTOILIEHUIO
TEPPUTOPUN OCTPOBHBIX M MPHUOPEXKHBIX TOCYIApCTB, a TaKKe PpPallOHOB BEYHOW MEP3JIOTHI.
OCHOBHBIM TEXHOTE€HHBIM HMCTOYHMKOM IOCTYIUIEHHUS YIJIEKUCIIOro ra3a B arMocdepy sBIsSeTcCs
MIPOLIECC CKUTaHUsl OPraHMYECKOro TOIIMBa. B HacTosiee BpeMs TOJBKO OT TEIJIOBOW dHEPreTUKU
B aTMoc(epy MoCTynaeT npuMepHo 1 T yriepoja Ha YejoBeKa B IoJl, MJIM OKOJIO 6 MIIpA T/TOJ Ha
3eMHOM miape. [IporHosupyercs, 4to B nepBoii nojoBuHe XXI B. BbIOpoc Bo3pacteT 10 10 mupx
1/roa. Knumatonoru kpaiiHe OacHBIM CUHUTAIOT BRIOpOC mopsiaka 15-20 mupx 1/ro.
XapaKTepUCTHUKH OCHOBHBIX MTAPHUKOBBIX Ta30B MPE/CTaBIeHbI B Ta0m. 3.1.

Tabnuma 3.1
XapakTepUCTUKN OCHOBHBIX TAPHUKOBBIX ra30B
[TapHukoBbIif ra3 OCHOBHO# MCTOYHHUK DddexruBHOS Crioco0 MorIOomeHHUS
BpeMs
HAXOXJCHHUA B
arMmocgepe
JIByokuch yriepona IIpousBoacTBO ~ 2HEpruy,  CBEACHHUE 50-200 ner Atmoctepa; oOkeaH; yBEIHYCHUE
JIeCOB, CXKUTaHUE IPYroii Gnomaccsl mwiomaau  jgecos B CeBepHOro
HOJTYLIApHU (npoucxomur
HECKOJIbKO  JIET). TTornouienue

MOYBOM M OKCaHCKUMH TJIyOMHAMH
(CTONETHUI LIUKIT)

Meran IIpon3BoACTBO MPUPOAHOrO Taza U ero 12,5 ner BbIBOmSITCSI B OCHOBHOM  IIyTEM
TPaHCHOPTHPOBKA; nporecc peakuuu c TponocdepHbIM
mumieBapeHust  (Hamp., |y CKOTa); ruapocwipaaukanom (OH); Ttaxxke
PHMCOBOJICTBO;  BBIJICJICHHE MYCOPHBIX aTMoc(epa, 1ousa
r'a30B; CBEJICHUE JIECOB

TanokapOoHbI HUcknrountensHo AHTPOIIOIEHHOr0 | OT HECKOJbKUX | ATMocdepa; B OCHOBHOM YHAIISIOTCS

ocHoBubie: CFC-11, | mpoMCXOXKICHHS;  HCHONB3YIOTCS B | JIET 0 | IpU B3aUMOJECHCTBUM C COJHEYHBIM

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

(CFC — | KOHAMIIMOHEpPAX U XOJIOAWIBHUKAX (B | THICSYENCTHI crparocdepe

XJIOpO(TOPYTIIepO/Ibl) | KauecTBe OXJIaJuTelNei)

Oxkcun a3ora B ocHoBHoM or  wucnoms3oBaHus | 120 mer B ocHoBHOM  ypamstorcs  mpu
yIOOpEeHNH M CKUTaHUS HMCKOMAeMOro B3aUMOJEMCTBUM  C  CONIHEYHBIM
TOIUIMBAa B [JBHUrAaTENIX BHYTPEHHETO CBETOM (mpu thoronuze) B
CTOpaHHsI crpatochepe

[TpoGnema KHCIOTHBIX HOXk7Aed. B mporecce mpon3BoACTBEHHON NEATEIBHOCTH MPOMBIIUIEHHBIX
npeanpustuii, TOC wu TOL[, pabGoTel aBuUrarenseil BHYTPEHHETO CropaHuss B arMocdepy
BbIOpachIBalOTCA JMOKCHIBI cepbl U a3oTa. CoeauHssACh B Tpomocdepe C mapaMu BOJAbI, OHU
IIPEBPAILAIOT BBIMAJAIONINE J0XKIU B ciadble pacTBOpbl KUCHOT (pH 3—4). CaMmblii KHCTBIN H0XK]Ib C
pH 2,4 (mpuGin3HUTENBbHO COOTBETCTBYET CTOJIOBOMY YKCyCY) Obl 3apeructpupoBat B Lllotnanauu
(r. IlutnxopH). Beinmanenne KUCIOTHBIX TOKIEH MPUBOAUT K 3aChIXaHUIO JIECOB, 3aKUCIICHUIO MOYB,
BOJOEMOB, THOETN pbIObl, AKTUBHOMY Da3pyLICHHUIO APXUTEKTYPHBIX COOpPYXKEHHH U
METAJUIMYECKUX KOHCTPYKLIUMN.

@DOTOXMMHUYECKHI CMOT. 3arpsi3HUTENH, MOMNajale B arMocdepy C BBIXJIONHBIMU Ta3aMu,
OKa3bIBAIOT Pa3HOOOpa3HOE HEraTMBHOE BO3/ICWCTBUE Ha COCTOSHHE OKpyxkaroueil cpeabl. Tak,
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cienyer 0co00 OTMETHTHh (PAKT (POTOXMMHUYECKOTO OKHCICHHUS YIJIEBOJIOPOJOB TOJ JCHCTBUEM
yibTpaduosieToBoro oonydenus B npucyrcTBUd NOX. [TpoayKThl 3TUX OKHCIUTEIBHBIX PEAKIIHA
CIOCOOCTBYIOT 00pa30oBaHMIO TaK Ha3bBAEMOTO (OTOXMMHYECKOTO CMOra, 00JaJaromero
pazipaxkaronuM M CJIE30TOYMBBIM JIEUCTBHEM [UISl 4YEJIOBEUECKOro opranusma. [lposiBieHuio
(OTOXMMHYECKOTO CMOTa TaKXKe CIIOCOOCTBYET HAIMYUE MPHU3EMHOTO 030HA, 00pa3yroerocs mpu
HEMOJIHOM CTOPAaHUH TOILIMBA aBTOMOOMIICH M 3arps3HSIOIIUX BRIOPOCOB nipeanpustuid. [Tockombky
030H (O3) mMouyTH B JBa pasza TsKENee BO3/yXa, OH CKAIUIMBAETCA B MPUJIOPOKHBIX TOJOCaX M
Hu3uHAX. OTJIMYUTETFHOW OCOOCHHOCTHIO (POTOXUMHUYECKOTO CMOTa SBJISETCS TO, YTO OH
MPOSIBIIIETCS. Ha SPKOM COJIHEYHOM CBETy, B OTJIMYME OT cMmora JIOHIOHCKOTO THIA, KOTOPBIH
BO3HHMKACT B YCIIOBHSX TyMaHHOUW TOrojpl. DOTOXMMHUYECKHUH CMOT MOXKET BbI3BAaTh MOPAKCHHE
JBIXaTeIBHBIX TYTEH, PBOTY, pa3ApaXCHHE CIM3UCTON OO0OJIOYKH Tja3 W OOIIyI0 BSIJIOCTS,
MOBBIIIAIOT BEPOSITHOCTh BOSHUKHOBEHHUS PAKOBBIX 32a00JICBAHHIA.

Hecropesmue yrneBogopoasl (CxHy). Meran (CH4), sBnsromuiicss ra3oM OpsiMOTO MapHUKOBOTO
JNCUCTBHS, OOBIYHO pPACCMATPHBACTCS OTJACIBHO OT JPYTHUX YIIEBOJAOPOAOB. llpm ckuranum
OMOMAacCChl OH SIBJISICTCS BAXXHBIM TIOCPEIHUKOM B IMPEOOPA30BAHHMH COJIEPIKAIICTOCS B TOILIUBE
yriepoaa B CO2 u coaepxkaiierocss B Torumee Bogopoaa B HoO. Psan yrimeBomopooB oopasyercst B
nporiecce nepepadoTku HeDTH U MPEACTABISET COO0M CEPhE3HYIO YTPO3Y ISl OKPYKAIOIIEH Cpepl
U 370pOBbsl HaceleHUs. B 4acTHOCTH K HUM OTHOCATCS LMKINYECKHE YIIIEBOJOPOJbI, TBEPIbIE
BemiecTBa (caxka) u yeryune opranumdeckue coemaunenus (JIOC) m mpyrue BemiectBa. B cocrase
JIOC coneprkarcst MHOTHE OTIaCHBIE CO€IMHEHUS, BKIIo4as 6en3on, 1,3-0OyranueH, popmanpaerua u
Ap.

CoBpeMEeHHOE COCTOSIHUE Pa3BUTHS BO30OHOBIIIEMON SHEPTCTHKH

TexHonmornn BO30OHOBIIIEMBIX HCTOYHHUKOB 3Hepruu (BUD) oTBewaroT BceM TpeOOBaHUSM H
OTPAaHUYEHUSIM COBPEMEHHBIX TEXHOJOTUW TE€HEpalud M MOTPEOSICHUS SHEPrUu U JOMOJHSIOT
CYIIECTBYIOIIME CHCTEMbI IMPOU3BOJICTBA SHEPrUU, a TAaKKE MOTYT BHECTH OOJBIION BKIaA B
JabHENITYI0 MOJEPHU3ALINIO SHEPIETHUECKOTO CEKTOPa.

BUD Takxke MOTyT yaydlIUTh YCIOBHUS KOHKYPEHIIMU HA PIHKE U UMEIOT MOJIOKUTEILHOE BIUSHUE
Ha pErMOHAJIbHOE Pa3BUTHE M 3aHATOCTh HaceneHus. B mupoBoM macmitabe HaumHas ¢ 2010 r.
MIPOTHO3UPYETCS MHTEHCHBHOE CHUXEHHE MOTPEOJICHUS YIIIEBOJOPOJHBIX HCTOYHUKOB IHEPIUH,
KoTopoe OyaeT KoMIeHCHpoBaThcsi 3a cueT BUD, nons kotopbix B oOmieM sHeproOanaHce
nocturaet k 2050 r. senuuunsl 50 % (puc. 3.3).
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Pucynox 3.3 - [IporHo3HbIi crieHapuit sHeproodecnieuenus B mupe g0 2080 r.
Texyiue TeHIESHIIMN MOKa3bIBAIOT, YTO B T€UEHUE MOCIEAHMX JIET ObUI JOCTUTHYT 3HAUUTEIbHBIN
TexXHoJIOTHYeCKui mporpecc B obmactu BUD. Crommocts TexHosoruit BHD 3HaunTensHO
CHHU3UJIAaCh, MHOTHE TEXHOJIOTMU BO300HOBIIIEMOM SHEPreTHUKU JOCTHUIIIM, MPHU OMPEIesIEHHBIX
YCIIOBUSAX, WIN MPUOIMKAIOTCS K SKOHOMHUYECKOH ku3HecriocooHocTtu. Kpome Toro, mosiBisitoTcst
MepBble MPU3HAKK KPYMHOMACIITA0OHOTO TNPUMEHEHHsS MPOEKTOB Ha OCHOBE HCIHOJIB30BaHUS
sHepruu Berpa U ConHua. HekoTopele TEXHOJIOTHH, B YACTHOCTH Ha OCHOBE OMOMACCHI, BETpa U
Maneix ['DC, sBASIOTCS B HACTOSIIEE BPEeMS KOHKYPEHTOCIIOCOOHBIMH ¥ 3KOHOMHYECKU
KU3HECIIOCOOHBIMM B CpPaBHEHHMM C  JPYTUMH  JEIEHTPAIM30BAHHBIMU  criocobamu
SHEProcHaOKEHUS.
@DOTOZEKTPUUECTBO, XOTSI OHO M XapaKTepU3yeTcs OBICTPO YMEHBIIAIOIIEHCS CTOMMOCTBIO,
ocraercsi Haubosee 3aBUCUMBIM OT OJaronpUsTHBIX YIKOHOMUYECKUX YCIOBUH BHJIOM TEXHOJIOTHU
BUD. ConHeunble BoJOHArpeBaTeNd B HACTOSIIEE BpeMs KOHKYPEHTOCHOCOOHBI BO MHOT'HX
perunonax EC.
Buet BO306HOBIISIEMO#! SHEPTUH
BerposHepreruka B HacTosee BpeMs SBISETCS OAHON M3 HauboJiee JMHAMUYHO Pa3BUBAIOIIUXCS
TEXHOJIOTUH T€HEPALMU 3JIEKTPO’HEPrun. B OTIEnbHBIX MECTaXx ¢ XOPOIIMMH YCIOBHUSIMH BETpa
BerpoasiekTpocTaniuu (BOC) yxke celiyac SKOHOMUYECKH BBITOJHBI U KOHKYPEHTOCIIOCOOHBI.
HecmoTps Ha rnoOanbHBIE IKOHOMUYECKHH KpU3HC, MOIIHOCTH YCTaHOBIEHHBIX B 2009 r.
BETPOYCTAHOBOK COCTaBWJIa pekopaHoe 3HaueHue B 38 I'BT, TakuM oOpa3om, ux cymMmapHas
MOIIHOCTh B mMupe cocrasuna 159 I'Bt. [11]. JIugepom peiHka BeTpoycraHoBok B 2009 r. cran
Kurait, kotopsiit ycranoun 13,8 I'Bt HoBbIx MontHOCcTel, qoctur 25,8 ['Bt. CILIA yctanoBunu B
2009 r. okono 10 I'Br, eBponeiickuii muuaep I'epmanns ycranosuna 1,9 I'BT, 1ocTUTHYB cyMMapHO#
MougHoctH 25,8 I'BT. K 1pyrum eBporneiickum ctpaHam, aKTUBHO Pa3BUBAIOLIUM BETPOIHEPTETUKY,
oTHocATcs Mcnanus, Utanusa u Opannus.
OcCHOBHas 4acTh TaKUX YCTAHOBOK MPUMEHSETCS sl IPOU3BOJICTBA 3JIEKTPOIHEPTUHN KaK B €UHOU
SHEPrOCUCTEME, TAK U B ABTOHOMHBIX CUCTEMAX.
IIpu cxopoctu BeTpa Uo 1 IIIOTHOCTH BO3AYyXa p BETPOKOJIECO, OMETAIOIIEE IIoUIab A, pa3BUBacT

MOIIIHOCTD:
3

F= C,FHT
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rae Cp, — mapamerp, XapakTepu3yomuid 3p(OEeKTUBHOCTh MCIOJb30BaHUSI BETPOKOJIECOM SHEPTUHU
BETPOBOTO TIOTOKAa W Ha3bIBaeMblii KOA(PGUIHEHTOM MOMHOCTH. OOBIYHO CpPEJHEr00Bas
MOIITHOCTh, CHMMaemas C €JUHHIBI IUION[aJy BETpOKojeca, mpomnopuuonanbHa Cp, TIOTHOCTH
BO3/lyXa M KyOy cpeneil ckopocty, T.e. P ~ C,p 3()°,

MaxkcumanbHasi IPOEKTHAasi MOIIHOCTh BETpOl’Heprernyeckoil ycranoBku (BOVY) paccuuthiBaercs
JUI HEKOTOPOH cTaHJIapTHOU ckopocTu BeTpa. OOBIYHO 3Ta CKOPOCTh paBHA HpumMepHo 12 m/c. B
TakoM ciydae ¢ 1 M? oMeTaeMoii IIomaay cHuMaeTcs nopsiaka 300BT npu 3rauernu Cp ot 0,35 110
0,45. B tabn. 3.2 npencrasiieHa kiaccu(uKalysg U OCHOBHbIE XapakTepucTUku BOY pasnuunbix
KjlaccoB. B paiioHax ¢ GiaronpusiTHBIMU BETPOBBIMU YCIOBHUSIMH CPEIHET0J0BOE IPOU3BOJICTBO
ANEKTPOIHEPTUH COCTABISIET 25...33 % ero MakCMMaJIbHOTO MPOEKTHOTO 3HAUYCHHUSL.

Ta6nwuma 3.2
[TapameTper BDY paznudHoil mMpoeKTHON 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 6bonblune 2000...3000...4000 90...110...130 3,9..4,8.5,7
ITo HEKOTOPHIM  JaHHBIM  TEOPETHYECCKUH BeTponoTeHuan Kazaxcrana

coctaBiisieT okoy10 1820 mupa kBT 4 B roa. {151 TOUHOM OLIEHKH BETPONOTEHIMAIA IEPCIEKTUBHBIX
MECT co3/1aH BeTpoBoii atnac KazaxcraHa, ryie Ha KapTe MoKa3aHo pacrpeesieHue CKOPOCTH BETpa.
[TepBbie TIOMAAKHN JUISI COOPYKEHUS BETPOBBIX AnekTpocTanmuii (BOC):

1) Jxynrapckas BOC - 40 MBr.

2) lllenexckas BOC - 140 MBr.

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

5) Kapoiickas BOC - 20 MBr.

6) lenreasauuckas BOC - 20 MBr.

7) Kypnaiickas BOC - 20 MBr.

O6mras momuocTs — 520 MBT, Bripadotka — 1,8 + 2 mupa kBt-4u B ro.

BerporeneparopHble yCTaHOBKHM BBIYCKAlOTCS PA3IUYHBIX KOHCTPYKUMH M TuUmoB. OHH
KIaCCH(PUIUPYIOTCS MO IByM OCHOBHBIM IPU3HAKaM — F€OMETPHUU BETPOKOJIECA U €TO TOJIOKECHUIO
OTHOCHUTEJIBHO HampaBlieHHs BeTpa. Eciu ochk BpalieHHs BEeTpoKoJeca mapajuiesibHa BO3AYLIHOMY
MOTOKY, TO YCTaHOBKAa Ha3bIBA€TCs TOPU3OHTAJIBHO-OCEBOM, €CIU MEepHeHAMKYIsIpHa —
BEpTUKAIbHO-0ceBOM (puc. 3.4). Kaxnas M3 yka3zaHHBIX CHCTEM XapaKTepHU3yeTcs KaK CBOUMHU
IPEUMYIIECTBaMH, TaK U HEIOCTATKaMU. BOJBIIMHCTBO MOIIHBIX COBPEMEHHBIX BETPOYCTaHOBOK
oTHocATCA K BOY ¢ ropusoHTanbHOM OocCklo BpalieHus. BeTporeHepaTopbl COBPEMEHHOTO THIIA
UMEIOT TPEXJIOMACTHOE BETPOKOJIECO, HANpaBIsieMOE Ha BETep C IOMOIIBIO CIELHATIBHBIX
JIBUraTesied, ympaBisieMblX KOMIbIOTEpamMH. BpicOTa MauThl HMpPOMBIIIJIEHHOTO BETpOreHepaTopa
Bappupyetcs B nuanazone oT 60 50 no 100 m u Beie. Berpokoneco cosepmaer 10—20 noBopoToB
B MUHYTY. B HEKOTOPBIX cucTeMax MPUCYTCTBYET MOAKIIOUaeMas KopoOKa mepeiay, mo3BoJIsoast
BETPOKOJIECY BpaIlaThCsi ObICTpee MM MEUIEHHEee, B 3aBUCHMOCTH OT CKOPOCTH BETpa, IpH
COXpaHEHMH peXuMa BBIPAOOTKH 3JIEKTPOdHEpruu. Bce coBpeMeHHbIE BETPOreHEPATOPHI
OCHAIIIEHbI CUCTEMOM aBTOMAaTHYECKOM OCTAHOBKH Ha CITydail CIMIIKOM CHIJIbHBIX BETPOB.
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Pucynok 3.4 - BeTpoycTaHOBKH C TOPU30HTAILHOM (a) M BEPTUKAIBLHOH (0) OCBIO BpaIlleHUs

Hcnonp3oBaHne SHEPTUH COTHIA

B 3aBUCHMOCTH OT TpPHUMEHSEMBIX TEXHWYECKUX DPEUICHHH BBIJCISIOT AKTUBHOE M ITACCUBHOE
WCTIOJIb30BaHNE COJTHEUHOHM »Hepruu. [laccuBHOE mcnonb3oBanue Heprun CONHIA TPernoiaraet
OTCYTCTBHE CIICIUAIBHBIX TEXHUYECKUX YCTPOMCTB M JIOCTUTACTCS MPUMEHEHHEM CIeIHaIbHBIX
JJIEMEHTOB WJIM APXUTEKTYPHBIX pPEMICHHH Ui S(PQPEKTHBHOTO WCIOJIB30BAHUS COJIHEYHOM
SHEPTUH.

B cBowo ouepenp, akTUBHOE HCIONb30BaHHe SHepruu CoNHIA MPEANoaracT HCIOIb30BaHHE
CTECIUATBHBIX TEXHHYECKHX YCTPOUCTB:

— (oToanekTpuuecKX MOAYJCH UIi mpeoOpa3oBaHWE COJHEYHOH HSHEPTUU B DICKTPUYCCKYIO
(dpoToBONBTANKA);

— COJIHEYHBIX TEIJIOBBIX KOJUIEKTOPOB, MCIOJB3YIOMIUXCS Ui HArpeBaHUs TEIJIOHOCHUTENs, 00
JOPYTUX peUIeHHH ISl HETIOCPEICTBEHHOTO NCIOJIb30BaHHUS TEILIA.

dorosnekTpuuecTBO. Hapsimy ¢ BeTposHEpreTHMKO#, TeHepamusl JIEeKTPOIHEPTrUd 3a CHeT
HEMOCPEJCTBEHHOTO MPeo0pa3oBaHUs COJHEYHOW SHEPruu MOCPEACTBOM  (DOTOIIEKTPUUECKUX
Moxynei ((hoToBOIbTaMKa) SBISETCS HA CETOAHSIIHUNA JIeHb OJHUM W3 Haubosee OBICTPO
pasBuBaromuxcsi cektopos BI3. B To xe BpeMs ce0eCTOMMOCTh MOTy4aeMOi 3JIEKTPOIHEPTUU OT
COJIHEYHBIX YCTAHOBOK 3HAYMUTEIBHO MPEBBIIIAET STOT Mapamerp JUisl JPYTUX BO30O0HOBISEMBIX
HMCTOYHUKOB DHEPTHH.

Oueprus conHna Kazaxcrana wuMeeT OnarompusiTHble KIMMAaTHUYECKUE YCIOBHUS UL €€
WCIOJIb30BaHUsI TIPAKTHUECKHA Ha Bceil TeppuTopuu. KommuecTBo sHepruu, mpuxonsumieiics Ha 1
KB.M TOPHM30HTAJIbHOW TOBEPXHOCTH B HIOJE MeECsAle, COCTaBisAeT B cpeaHeMm ot 6,4 no 7,5
KBT'4 B JicHb.

HesaBucumo oT reorpaduyeckoro pacmonoxenus KazaxcraHa, pecypchbl COJNHEYHOW JSHEPTHU B
CTpaHe SBJISIOTCS CTaOWIBHBIMH M TNPHEMIEMBIMH, Onarojaps OIarompusiTHBIM CYXUM
KITUMATHYEeCKHM YCJIOBHSIM, YTO J€JIaeT BO3MOXKHBIM CO3/IaHHE€ TAHENHU COJIHEYHBIX OaTaped B
CEJIbCKOW MECTHOCTH, B YACTHOCTH, MOPTATUBHBIE CUCTEMBI (POTOINEKTPOUCTOUHUKOB. [Ipu Takom
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YpOBHE SHEpPruM MEepCHEKTUBHBI colHEeuHble HarpeBatenu Bojbl (CHB), ocobeHHO B OTIENbHBIX
pailoHax, He UMEIOLIUX JA0CTyIa K ra30BOMY TPYOOIIpOBOY.
[ToTeHumanpHBI YypOBEHb MOTOKA AHEPrUM Ha Bced Teppuropun Kaszaxcrana cocrasnser 1 TpiH
KBT'u. VYpoBeHb BO3MOXKHOIO HCIOJB30BaHUS I[IOTOKA OHHEPrUM IO YCJIOBUSIM DKOJIOTUU
coctaBisier 1 Tpnu. kBtu (mpm KIIJ| npeoOpazoBanus 100%). IloTeHumnassHO BO3MOKHAs
BbIpaboTKa Ha ©0aze (¢oTompeoOpa3oBareneil MpH BO3MOKHOM CyMMapHOH  MOIIHOCTH
renmodniekTpocranimit 2500 MBT cocrarmsier 2,5 mupa kBt u/rog.
Haubonee mnpennmoururensHble paiOHBI pa3MENICHUs TeIMOAIeKTpocTaHnmii B Kaszaxcrane —
[Ipuapanse, Koi3putopanuckas u Typkectanckast o0iacTu.
Bubl mpeobpaszoBaterieii COJIHEUHOM SHEPTUN
Pa3znnyaroT Tpu OCHOBHBIX NpeoOpa3oBaTessi COJTHEUHON SHEPIHU B AJIEKTPHUECKYIO:

- (orosnexTpuueckue mpeobdpazoparenu — OIII;

- remuoanekrpoctanimu ('EDC);

- conHeyHble KosueKTopsl (CK).
[TonynpoBoaHuKoBbIe  (poTO3NEKTpUueckue mnpeobOpazoBatenu (DOII) sBusrorcss Haumbosee
3¢ (GEKTUBHBIMU C PHEPreTUYECKOM TOYKM 3pEHUs] YCTPOMCTBaMM JAJIsl MPEBpALlEHUS COJIHEYHOU
JHEPIUU B DJIIEKTPUUECKYIO.

ANIOMUHIEBAS NOANOXKA
(nonoxuTensHsii anexTpon)
KpemHUeBbiit p-CNOi

n-cnoit

33WMTHOE aHTUBNUKOBOE CTEKNO
OTpULATENEHEI aNeKTPOS

Pucynok 3.5 - Ilpocreiinas KOHCTPYKIIUS COJTHEUHOTO AneMeHTa (CD)

[Ipu xapakrepnoit mng POl paBHOBecHoU Temmeparype nopsaka 300-350 K u Temmneparype
Connna oxkono 6000 K, ux mnpenenbubiii Teopermueckuit KIIJ[ > 90%. Dto o3navaet, 4TO, B
pe3ynbTaTe ONTHUMH3AIUM CTPYKTYphl M TapaMeTpoB MpeoOpazoBaTens, HAMpaBICHHONW Ha
CHIDKEHHE HEOOpaTHUMBIX TOTEpPh JHEPIHH, BIOJHE pealbHO YAACTCS MOJHATH MPAKTUYECKUUN
KILJ no 50% u 601ee (B mabopatopusix yxxe gocturayTt KI1J1 40%).

I'enuosnexTpocraHuu (FEB3C) - COJTHEYHBIE YCTaHOBKH, WCIOJIB3YIOIIHE
BBICOKOKOHIIEHTPUPOBAHHOE COJHEYHOE W3NyYEeHUE B KaueCcTBE DHEPTUM MJisi TPUBEICHUS B
NeCTBHE TEIUIOBBIX MAIIWH (IapoBOM, Ta30TypOMHHOM, TEPMOAJIIEKTPUYECKOW W Jp.).
Conneunas (POTOIIEKTPOCTAHIIMSI METaBATTHOTO

YPOBHSI COACPNKHUT HECKOJIBKO IWHUN (DOTOBONBTAUYECKUX TaHeNed (CONHEYHBIX MOJIYJei),
YCTaHOBJICHHBIX Ha CUCTEMY MOHTHUPOBKH (PUCYHOK 3.6).

ConHe4HbIn

KonTponnep MORYIE:

o=

sasemnenne

Barapes AnexkTpoobopyaosaHue
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Pucynok 3.6 — CtpykTypa comHEdHOH (HOTOCKTPOCTAHITUH

Kaxxnast nuHMS nmoakiIoueHa MOCPEACTBOM Kalenel NMOCTOSHHOTO TOKa K HMHBepTepy. MHBeprop
npeoOpa3yeT TOCTOSHHBI TOK B TIEPEMEHHBIH, KOTOPBIH MHUTAeT d3JIEKTPOOOOPYIOBaHHE
(moTpebuTeNnu MEKTPOIHEPTUN ).

ConHeuyHble KOJIJIEKTOpHI - yCTpoicTBa sl cOopa TerioBoil sHepruu CoHIA, MEPEeHOCUMOM
BUJIUMBIM CBETOM U OMMKHUM HMH(ppakpacHbIM u3nydeHueM. KoJulekTop Tak Ke CIyKUT IS
neperayd Temja TEeIMIOHOCUTENI0, TEMJIoTa KOTOPOro pacXoAyeTcsi Ha HYXAbl TOpsSYero
BOJIOCHA0KEHHUs, OTOIUIEHUS U mojorpeBa OacceifHa. [Imockuil conMHEeUHbIH KOIEKTOP COCTOUT U3
CTEKJIa WJIM MpPO3PayHOro MOKPBITHS W3 IUIaCTUKA (OJUHAPHOTO, JBOMHOIO WJIM TPOMHOTIO)
(pucyHok 3.7), TeMIONpHUEeMHHKA C KaHAJIaMU JJIsl IIUPKYISILIUK BOJIBL.

aerno C
TIOKpBITHEM.

BHXO HAFPETOrD
TemonoaTens

abcopbep
TennoI3ONAMA

Kopnyc

MefHbiE TPYOK

XA TennoHOCHTENA

Pucynoxk 3.7 — KoHCTpYKIIHS TUIOCKOTO COJTHEUHOTO KOJIJICKTOpa

CoutHeuHbIe (POTOIITEKTPUICCKUE TPEOOPA30BATEIH.

B nacrosiiee Bpemst B Kazaxcrane u B Mupe HauOoJIblee pacipoCTpaHeHHE OTYIHIIH [Ba BUIA
COJTHEUHBIX SHEPreTUYCCKUX YCTAHOBOK:

1) cosHeuHbIE KOJUICKTOPHI;

2) coHeuHbIe (POTOIICKTPUIECKHE TIPEOOPA30OBATEIIH.

doTtosnekTpudeckuii  npeobpaszoBarenb  (oTodnmekTpuueckas — sA4eika,  (HOTOIIEMEHT) —
ANIEKTPUYECKOE YCTPOMCTBO, KOTOpOE JCHCTBYeT Kak IpeoOpa3oBareib, M CIYXHT IS
npeoOpa3oBaHUs YaCTH MOTOKA JIEKTPOMArHUTHOTO M3JIydeHHs (Kak MPaBUJIO, BUIUMOTO CBETAa U
WHQPPAKPACHBIX  AJIEKTPOMArHUTHBIX BOJH) B  DJEKTPUYECKYID OSHEPIHI0 C  IOMOIIBIO
doToanekrpuueckoro 3ddekra. Pabora doTornekTpuueckoro mnpeoOpa3oBareiss OCHOBaHAa Ha
BHYTpPEHHEM (OTO3NIeKTpruieckoM 3(ddexre B monynpoBogHukax. B ¢oToanemenTe cBoOOaHBIC
MOJIOKUTEIbHBIE (JIBIPKHM) M OTPHUIIATEIBbHBIC (JJIEKTPOHBI) HOCUTEIH 3apsga oO0pa3ylTcs B
pe3ynbTaTe B3aMMOJCHCTBUS TMOMYMPOBOJHUKA C JJIEKTPOMArHUTHBIM H3JIy4€HHEM, a 3aTeM
pasnensTcs MojA ACUCTBUEM JIIEKTPHUYECKOTO TOJS, BO3HUKAIOIIETO BHYTPH AJIEMEHTA. TaKkum
o0pa3oM, TMOTJOUIEHUE HW3IIy4eHUS B HACATHHOM TMOJYIPOBOJHUKE MPHUBOIUT K TOSBICHUIO
AIIEKTPOH-JIBIPOYHOM Tapbl, BpeMs >KU3HU, KOTOPOH 3aBUCUT OT CTPYKTYPHOT'O COBEpIICHCTBA
MOJIYIIPOBOTHUKOBOTO MaTepuana. [Iporiecc aHHUTHISALMU DIIEKTPO-IBIPOYHBIX TMap Ha3bIBAETCS
pexomOuHanuen. M3nydeHne He BCSKOM YacTOTHI BBI3BIBAET T'€HEPAIUIO AJIEKTPOH-IABIPOYHON
mapel, a TOJIBKO TaKOW, y KOTOPOTO DHEPrHs JOCTATOYHA JUIS Pa3pYIICHHs CBS3U JJICKTPOHOB C
saapoMm aroma. [lporecc ompenensieTcss HE TOJIBKO XapaKTEPUCTUKAMU DJICKTPOMArHUTHOTO
W3ITy4eHUs, HO ¥ CBOMCTBAaMU TOJIYIIPOBOIHUKOBOTO MaTepHana, IodTOMY He BCE MOTYIPOBOIHUKI
SIBJISTFOTCSI YYBCTBUTEILHBIMH K K TAKOMY OOJIY4EHHUIO.
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YcrpoiicTeo hoToanemenTa

sy

Pucynox 3.9 — YcTpoiicTBO COTHEYHOTO dIIeMeHTa

I'maposnepreruka

I'uaposHepreTrka sBisieTcs: Hanboyiee pa3BUTOM OOJACTHIO HHEPreTUKH Ha BO300HOBIISIEMBIX
ucroyHukax. OOBIYHO TOJ TEPMHHOM «THAPOIHEPreTHKA» IMOHUMAIOT OOJacTh SHEPTETUKH,
KOTOpas mpeoOpa3yeT SHEPTrUi0 MAJANIeH WM JABWXKYIIEHCs BOIbI. Yarmie BCero 3Ta SHEPTUs
npeobpasyeTcsi B dIeKTpuyeckyo. HecMoTpst Ha TO, 4TO THUAPOIHEPTreTHKA Pa3BUBACTCS BOT yXKE
6onee 120 ner, u cymMmmMapHas MOIIIHOCTh BCEX T'MIPOIEKTPOCTAHIIMNI MUpPa COCTABIIAET IPUMEPHO
500 000 MBT, ona ycnemHo pa3BuBaerca M B nocieanue 20 JIeT yBEIMYMBAET CYMMAapHYIO
MomHOoCTh Ha 5% B roxa. IloTeHnuambHbIE BO3MOXHOCTH THIPOIHEPTETUKH OIICHUBAIOTCS
npumepHo B 1,5x1012 Bt. Odenp Oomnplme 3amachkl THAPOPECYpcoB mMeroTcsi B Kazaxcrane, B
yactHocTH AO «Ilapmapunckas ['9C», AO «Moiinakckas ['DC» u ap.

l'eorepmanbHasi HSHepreTMka — HaNpaBJICHWE DSHEPreTUKHM, OCHOBAaHHOE Ha MPOU3BOJCTBE
AJIEKTPUYECKON W TEIJIOBOM HEPTHU 3a CUET TEIUIOBOM PHEPTHM, COJEPKAIIEHCS B HEAPAX 3EMIIU.
l'eorepmanbHasi  dHEpPreTHKa  XapakTEepU3yeTcs  psjoM  TpeuMmyliecTB.  ['eoTepmalibHbIE
anektpoctanuu (I'eoDC) moryTr paborarh 24 yaca B CyTKM W, TaKUM 00pa3oM, MOTYT CHaOXaTh
aNeKTpodHeprueit  6a3oByro Harpy3ky. KIIJ[ reHepammm 5SIeKTpoOdHEpPrMd W TeIJia Ha
KOMOMHUPOBAHHBIX I'€OTEPMANIbHBIX CTaHLUAX cocTaBisieT 10 97 %. BcenencrBue Toro, 4ro 1eHa
ANIEKTPOIHEPT U, Tpou3BeeHHON oT ['e0DC, CUIIbHO 3aBUCUT OT XapaKTEPUCTHK I€0TEPMAIILHOTO
pe3epByapa, NMOTEHIIMAJ T'eOTEepPMalibHOM 3HEepreTuku B EBpome He Tak BeIMK, KaK B JAPYrUX
cTpaHax Mupa (Hampumep, B A3uun win FOxHo#t Amepuke).

Opannucko. OOmas miuomagb TEPPUTOPUM, HA KOTOPOM PaCIOJIOXKEHBl TeoTepMajIbHbIE
FICTOUHMKH, COCTaBIIfgeT 78 KM2. DHeprus OT 3TUX MCTOYHMKOB ITI03BONSET obecreunts 60 %
MOTPEeOHOCTH B DIIEKTPOIHEPTUU CEBEPHOT0 Nodepexbs KanudpopHum.

- Bomusu ropona lleivkent, JxxamOyn, Keizpu-Oppa, rnyouna 1200-2100 M, Temnepartypa 45-
80°C, obmas MuHepanu3anus 1 /1.

- JHomuna pexku Yy u ceBep mnycThiHU Kbi3pui-Kym; reorepmanbhbiii rpagueHT 35°C/kM,
temmeparypa 80-90°C, o6mas Munepanuzanuei 1,5 r/m.

- Homuna 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; Oonee
riy6okuii (4500 M) BOJOHOCHBIN TOPU3OHT OBLIT OMpe/eNieH paccosioM 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 Yctropt (okxosio mobepexkbs Kacnuiickoro Mopsi); AaHHBIE OT HEPTSIHBIX CKBAYKUH yKa3alH
Ha 3HAYUTENbHbIE pecypchl ropsyeil Boabl (> 120°C). IloTeHnnan TEMIOBBIX BOJIHBIX PECYPCOB
Kazaxcrana ouenuBaetcst Ha gaHHbIA MOMEHT B 4500 MBT. Jloka3aHHbIe pecypChl IPUTOIHBIE IS
npousBojicTBa dnekrposHepruu (IlandunoBckoe mone) cocraBmsitor 12MBT anms  MenoBoro
BOJIOHOCHOTO TOPU30HTa, a g Oojiee TIyOOKHMX BOJOHOCHBIX TOPU30HTOB CYIIECTBYET
HEO0O0XOIUMOCTh B JalIbHEHIIIeM uccieaoBanuu.[10].

Tabmumna 3.3




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiKk KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHo-KaszaxcTaHCKas MeOUUMHCKAS akaneMus»
Kadenpa MHxKeHEPHBIX JUCITUTLIIH 044/76-11
2022-2023

DHepropecypchl, MICTOYHUKU U METOBI MTOTY4YEHUS

35ctp. u3 174

Hcnonp3oBanue 3 (eKTHBHOCTH T€0TEPMaIbHOM YHEPTUHU B IPOMBIIIJICHHOM CEKTOPE:

3HayeHuMe TemMnepaTypbl reoTepmanbHon Bogpl, °C

bonee 100

Menee 100 CucTeMbl OTONIEHUA 34aHWIA U COOPYIKEHUI

Okono 60 CucTembl ropsvero BOA0CHabeHun

Huxke 60 CucTeMbl reoTepmMasibHOro TenaoCHabXeHusa Tenauu,
reoTepmMasibHble X0/I04W/IbHblE YCTAHOBKM U T.1.

buosnepreruka

[Ipomecc momydyeHust Ouoraza u OWOYMOOpEHUS] W3 CHIPbS HAa3bIBAIOT (GepMEHTAIMen, WIn
METaHOBBIM cOpakuBaHueM. COpaXMBaHWE CBIPbS MPOUCXOTUT B TPH dTama B pe3yJbTare
pa3JoKEHUsT OPraHMYECKUX BEIIECTB JBYMS OCHOBHBIMH TPYIIIaMd MHKPOOPTaHHU3MOB —
KHACJIIOTHBIMU M METaHOBBIMH. broras siBisieTcss mpoayKToM oOMEeHa BEmeCTB OaKkTepuid, KOTOPHIH
BO3HHUKAET, KOTJa OHU pasjlaraloT opraHuueckuii cyocrpar. Ha mepBom stame (rmaposns) Ha
OpraHUYecKOe BEIIECTBO BO3ACHCTBYIOT BHEKJIETOUHBIE ()EPMEHTHl MUKPOOPTaHU3MOB (KJIETUATKa,
aMuiasa, TpoTeasa W Jmmasza). A’poOHbIe OakTepuud C TMOMOIIBI0 (EPMEHTOB MPeoOpaszyroT
BBICOKOMOJICKYJISIPHBIE OpraHudyeckue cyoOctaHuuu (Oernok, yrieBoabl, 91 >kup, IEUTI0N03y) B
HU3KOMOJICKYJISIPHBIE COCIMHEHUS, TakKne KaK MOHOCaXapul, aMUHOKHUCIIOTHI, KUPHBIE KUCIOTH U
Boay. Ha BTOpOM »3Tame KucIoTompoayuupyromue 0akTepud MOTYT OCYILECTBISAThH JalibHEHIee
paznoxenue. [Ipu sTom B cOpakuBaeMoil cpefie MOSBISIOTCS NEPBUYHBIE MPOAYKTHI OpPOKEHUS —
[JIaBHBIM 00pa3oM JKHpPHBIE KHCIOTHI C KOPOTKOM IIemnbio (KapOOHOBBIE KHCIOTHI, TaKUE Kak
ykcycHas kuciaora (CH3COOH), wmypaBpunas kucnora (HCOOH), wmacnsnas xkuciota
(C3H7COOH), nponmonosas kucinora (CH3CH2COOH)), Hu3KoMONeKyIsIpHbIe CITUPTHI, TAKUE KaK
atanos (C2HsOH), u rassl, Takue kak yraekucisiii rasz (CO2), Bomopon (Hz), cepoBomopon (H2S) u
ammuak (NHs). 3arem Oakrepuu yKCYCHOM KHCIOTBI W3 OPraHMYECKUX KHUCIOT MPOU3BOMST
UCXOJHbIE BElIecTBa sl 00pa30BaHUsI METaHA, @ UMEHHO: YKCYCHYIO KUCJOTY, YIJICKUCIBIN Ta3 U
BOJOPOI.

DOxoHoMuka KazaxcraHa sBisieTcsi OTHOM U3 KPYMHEHIIINX

YuuTbiBas TOTOBHOCTh PbIHKa M HOBHM3HY TEXHOJIOTHH B pEruoHe, y Takux (epm ecTb [Ba
OCHOBHBIX BapHaHTa:

Bapuant A - 6uorazoas texnosnorus mioc TOL. B atom ciyyae depma OyneT ucmnonb3oBaTh Kak
HABO3, TaK M OTXOJbl CEIbCKOXO3SHUCTBEHHBIX KYIbTYp B KadecTBE OpraHuveckoil cmecu. Takas
CMECh OTIpABJISETCS Ha OMOTa30BYI0 YCTAaHOBKY Ui aHa3pOOHOTO COpa’kKMBaHUS, U B PE3yJIbTaTe
dbepma moydaer JBa OCHOBHBIX MPOJIYKTa: qUrectaT u Ouoras. /lurectaT MOXHO HCIIOJIb30BaTh B
KayeCTBE YHCTOTO M BBICOKOKAYECTBEHHOTO yA0OpEeHUs, KOTOPOe MOKHO BO3BpalllaTh OOpaTHO Ha
0JIsL, B TO BpeMs Kak Ouora3 B komOuHanmu ¢ TOL Oyaer renepupoBaTh Kak IEKTPUUYECTBO, TaK U
TEIUIOBYIO BHEpruto ais (epmbl M cocenaHux 3gaHui. OnHako, 6€3 HKOHOMHUYECKHX CTUMYJIOB
TakoWl BapHUaHT HEJOCTATOYEH, MOCKOJIbKY HEOOXOOUMBbIE HWHBECTHIIMM B HH(PACTPYKTYpYy H
o0opynoBaHHE BBICOKM, a CTOMMOCTh MPOU3BOJCTBa BbIpacTaeT Ha 60% B cpaBHEHUHU C
MCIOJIb30BAHMEM TPAIUIIMOHHOTO TOIIIHBA (YIJIsl) TSl TETJIOCHA0KEHHS U TIOKYITKOM HE0O0X0 1Mo
AJIEKTPOIHEPTUU U3 CETH.

Pucynox 3.11: Konuenius npeo6pazoBaHus CEbCKOX035HCTBEHHBIX OTX0/I0B B OMoras
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BapuaHT A - buorasosas TexHonorus nawc MuHn-TIL

Pucynox 3.11 - Konnenmus mpeoOpazoBaHusI CEIbCKOXO3IHCTBEHHBIX OTXO0/IOB B OMOTa3

Bapuant b - TemoBas koTenpHas ycTaHOBKa Ha OCHOBe Onomacchl B 3ToM ciiyuae, TOTUIMBHAs
CMECh B OCHOBHOM  BKJIIOYa€T CyXO€ BEIIECTBO - TJaBHBIM  00pa3oM  OTXOJbI
CEJIbCKOXO3SUCTBEHHBIX KYJIbTYp. TOIMIMBHAS CMECh CKUTAETCS B KOTJIE B IEJIAX TEIIOCHA0XKEHUS
u I'BC. DToT BapuaHT nMeeT MEeHble NMPEeUMYIIecTB, YeM BapHaHT ¢ Ouorasom, HO H3-3a Ooiiee
HU3KUX HMHBECTHIIMOHHBIX 3aTpaT MpejacTaBiseTcss Oojiee OCyIIeCTBUMBbIM. TeM HE MeHee, OH
oboiinercs Ha 30% moporxke, 9eM UCTIOIb30BaHUE TPAJAUIIMOHHOTO TOTIITUBA.

BaPMaHT b - TennoBas koTenbHas ycTaHOBKa Ha oCHOBe 6uomaccol

Pucynok 3.12 - KoHuenmmsi mpeoOpa3oBaHus CENbCKOXO3IUCTBEHHBIX OTXOJIOB B OHOTEIJIOBYIO
SHEPIrUIo

Tawomaep T

Totpuasmaress.

Depuenrep

Pucynox 3.13 - Cxema GMOra3zoBOro 3HepreTHYecKoro KoMIieKca
4. AnnocTpaTuBHBbIA MaTepuas: [ IpoBeIeHUS 3aHATHS HCIIOIb3YETCs CIenyolee
MaTepHalIbHO- TEXHUYECKOe obecrieueHne: HOyTOyK, MyIbTUMEAUHHBINA TIPOEKTOP, SKPaH.

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

1. TlepeuncnuTh OCHOBHbIE HCTOYHUKU MH(DOPMAIIMH O BO30OHOBISEMBIX HICTOYHUKAX YHEPTUH

2. Onmcath  HPUYUHBI 3arpsA3HEeHusl  OKpykawomed  cpeapl. llepeuncnure  oTpaciu
IIPOMBIIIJIEHHOCTH U TPaHCIOPTA.

3. Omnwucare HEJOCTATKH HEBO30OHOBIISIEMbIX HCTOUHHKOB SHEPTHH.



http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/

ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiKk KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHo-KaszaxcTaHCKas MeOUUMHCKAS akaneMus»
Kadenpa MHxKeHEPHBIX JUCITUTLIIH 044/76-11
2022-2023

DHepropecypchl, MICTOYHUKU U METOBI MTOTY4YEHUS

38ctp. m3 174

4. OOBACHUTH NPUYUHBI TAPHUKOBOTO 3PQeKTa, MpodsieM KUCIOTHBIX 10K 1eH, POTOXUMUYECKOTO
cMmora.

[lepeuncnuth BpeaHbIE BEIIECTBA, BPEIHO BIUSIOUINE HA OKPYKAIOLYIO CPEAY.

[TosicHUTH BO3MOKHOCTH pa3BUTHs BeTposHepreTHkH B Kazaxcrane.

[TosicHUTH BO3MOKHOCTH pa3BUTHS Ucnoib30BaHus 3Heprun Connua B Kazaxcrane.

OOBACHUTH NPUHLUI NPeoOpa30BaHMs COJTHEUHBIX U3JIy4E€HUHN (COTHEYHBIN AIEMEHT).
OOBICHUTDH TIPUHITUI TTOTYIEHUS YHEPTUU C TIOMOIIBIO (DOTOIIEKTPUUECKOTO MTPEOOPA30OBAHUS
10 [TosicauTh MoTeHMan pa3Butus 6nosHepreTrky B Kasaxcrane.

©oo~No O

Jlexnus 4

1. Tema 4. [IpupoaHoe OpraHnyYecKoe TOMJIMBO U OCHOBBI POIECCOB IOPEeHUs!

2. Heab: OCBOUTH OCHOBHBIC MIOHATHS MPUPOIHOTO TOILTUBA H OCHOBHI IPOIIECCOB TOPEHHS
3. Te3ucol JJeKuMU:

[IpupoaHOE OpraHrdecKoe TOTUTMBO U OCHOBBI IIPOIIECCOB TOPEHUSI

XapakTepUCTUKH OPTAHNYECKOTO TOTIIMBA U IMPOTIECCHI €TI0 TOPEHUS

DNeMEHTapHBIN COCTaB TBEPOTO M JKHUIKOTO TOTUINB

OcHOBHBIE CTaIUU TIPEBPAILICHHs] TBEpAOTO ToTHBa. CoCTas.

TeroTa cropanus TOILUIMBA

agrwNE

IIpupoaHoe opraHuYecKoe TOIIMBO H OCHOBBI MPOI[ECCOB rOPEeHHs

B TpamuniMOHHON SHEpPreTUKEe NMPUMEHSIOTCS 2 THMNA TOIUIMBA — OPraHUYECKOE U SIAEPHOE.
HecmoTpss Ha TO 4TO €O BTOpOM MOJOBMHBI XX B. fJIEpHAs SHEPreTUKA pPa3BUBACTCS OYEHb
aKTHBHO, JOJISI OPraHMYECKOTO TOPIOYero B o0miel CTpykType mpeobiamaer. B Hacrosimee Bpems
3TO OCHOBHOW MCTOYHHMK JJIsi TMPOW3BOJICTBA TEIUIOBOM M AJIEKTPHUYECKOW SHEprum. Bcero
YEeJIOBEKOM MPUMEHSIETCSl OKOJIO JBYXCOT €ro BHJIOB, KKIOMY M3 KOTOPBIX MPHCYIIH CBOU
XapaKTePUCTUKH U TIOKA3aTeNN

CymiecTByeT HECKOJIBKO KJIACCH(PHUKAUK OpPraHUYecKoro TorumBa: [1o MpOUCXOKIACHUIO:
€CTECTBEHHOE (IIPUPOIHOE); HCKYCCTBEHHOE (TI0JIy9aeMOoe MpH MepepadboTKe MIPUPOTHOTO).

[lo o6macTu WCHOJNB30BAHHS: DHEPreTHYecKoe (11 BBIPAOOTKH AIIEKTPOIHEPTUU U
TEIUIOTHI ); TEXHOJIOTUYECKOE (711 IPOU3BOICTBA PA3IUYHBIX MPOMBIIUICHHBIX TPOYKTOB).

I[lo  ¢usmueckoMy cocrosiHuIO  BemectBa (B CkoOkax  yKazaHbl  HauOolee
pacnpocTpaHeHHbIC): KHUAKoe (Ma3yT); TBEpaoe (MCKOIMaeMble YIiH); razoo0pasHoe (IPHUPOIHBIHA
ra3). [lo «cpoky >ku3HM»: BO30OHOBIIsieMOE (JIpeBECHHA, PACTEHHMS); YCIOBHO BO300HOBISIEMOE, Y
KOTOPOTO TEPUOJI HAKOIUICHHS B 3E€MHOM KOpPE COCTAaBJISIET HECKOJBKO ThiCAY JieT (Topd); He
BO300HOBIIsIeMO€ (KaMEHHBII yroJib, CIaHIIbL, He(Th, ra3).

Y HeBO30OHOBISEMBIX HCTOYHUKOB TOPIOYETO TEpUOJ HAKOIUIGHHsT BO MHOTO pa3
MPEBOCXOIUT MPEroaraeMblii CpoK MOTPeOIeHNUS.

[IpupoanHbie BHUIBI OPraHUYECKOTO TOIUIMBA TMOAPA3NEISIOT Ha CIEAYIOIINE TPYIIIbL:
Hckomaembie (M3BieKaeMble M3 HEAp): KaMEHHbIM W Oyphlif yroyib, NPUPOIHBIA Ta3; Topd;
aHTpaluT; He(Th, rOprOYMe CIAHIBI U Apyrue. VckyccTBeHHBbIe: OCH3WH; KEPOCHH; CIIaHIIEBOE
Macjo; TOIUIUBHBIE OpHUKETHI; JAPEBECHBIM Yrolib, THAPOJIU3HBIA JIMTHUH; OTXOJbl MHIIEBOMH,
CENIbCKOXO3SUCTBEHHONW M IIEJUTFOIO3HO-OYMaKHON MPOMBIIIIIEHHOCTH; Ma3yT; Ta30BO€ TOIUIHMBO,
MoJiydaeMoe B BUJIe TOOOYHOTO MPOYKTa pH NepepaboTKe TOPIOYUX CIIAHIIEB, BHIIIJIABKE YyTyHA,
MUPOJN3e W JPYruX TEXHOJOTHYECKHX TMpoIleccax; OTXOIbl JepeBorepepadaThIBAIOIINX
MIPOU3BOJICTB (CyXHe OMHIIKH, CTPY>KKA, KYCKOBBIE OTXO/IbI).
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N3 cenbCKOX035IIICTBEHHBIX OTXOJ0B Yallle BCEr0 MPUMEHSIOTCS CIEAYIOUIUE: JIy3ra CeMsH
MIOJICOJIHEYHHMKA; WIeJlyXa IPEYKH; JIy3ra pucoBas; cojioma. Tak Kak 00BbEM ATHX HCTOUYHUKOB
HEBEJIMK, TO OHU Yallle BCEro UCMOJIb3YIOTCS B KAUE€CTBE TOIIMBA JJI1 MECTHBIX KOTEIbHbIX.

CoriacHO Hay4YHbIM MPEICTABICHUSM, BCE BHUJIbI OPraHMUECKOI0 TOIUIMBA 00pa30BaIMCh U3
PaCTUTENBHBIX OCTATKOB U MUKPOOPraHU3MOB, KOTOphie cymiecTBoBai oT 500 Thic. 10 500 MiH
neT Ha3aj. VX HakomiieHne MpOUCXOAUJIO B TEX ydacTKaxX 3eMHOU KOPbI, KOTOPbIE ObLIH 3aIIUIIEHbI
OT aKTHBHOTO OKHCJIEHHS (MEIKOBOJHBIE MPUOpPEk HBIE 30HBI BOJIOEMOB, 00JIOTa, AHO MOpEN).
XUMUYECKUH COCTaB ATHX OCTAaTKOB BKIIOYaeT 4 OCHOBHBIX 3JEMEHTA: YIJEBOJbI; JUTHUH
(MEXKJIETOUHOE BEIIECTBO BBICIIMX PACTEHUH); JKUPOMOI0OHbBIE BEllecTBa (CMOJIbI, BOCKH, 3(UPbI
rmnepuna); Oenku. OCTaTKH BBICHIMX PACTEeHUM W MXOB, CKAIUIMBABIIMECS Ha 3a00JI0YEHHBIX
y4acTKax CyIIW, CTaJld OCHOBOW [uisi OOpa3oBaHWs TyMOJUTOB (MCKOTIA€MBbIX yTJiel), a
MHUKpOBOJIOpOCIIEeN U OakTepuil Ha JHE BOJIOEMOB — camnponenutoB. [lo Bo3aeiicTBrEM BBICOKOTO
JaBI€HUS W  TEMIEpaTypbl MPOUCXOAWIO MpeoOpa3oBaHWE OPraHUYEeCKOTO  BEIECTBa
(yrnedukanus). 'yMonuThl ¢ Manol cTeneHblo yrieQuKauu HaszblBaloT OypeiMu yrisiMu. [lpu
0ojiee BBICOKOW TemIlepaType T'YMUHOBBIE KHUCIIOTHI IpPEBpaIlaIUCh B HEMTpanbHble T'yMUHBEL. B
KaMEHHOM yTJjie Ha0Jt0/IaeTCsl MOJHOE OTCYTCTBUE TYMUHOBBIX KUCIOT. B canponenurax B MSTKuX
YCIOBUAX  MPEUMYIIECTBEHHO  MPOTEKAJIM  MPOIECCHl  MOJMMEpPU3alUU  HENpeAeTbHBIX
YTIEBOJAOPOJIOB C 00pa30BaHUEM TOPIOYMX CIIAHLIEB, MTPU MEPETOHKE AAIOIIUX O0JIBIIOE KOJINIECTBO
CMOJIBI, CXOAHOM MO cocTaBy ¢ HEPTHI0. MeTaMopo3bl camporens Mpu BHICOKUX TeMIepaTypax 1
KaTaJIUTHYECKOM YYacTUM TOPHBIX IMOPOJ MPUBEIM K OOpa3oBaHUIO CMECH YIJIEBOAOPOJOB B
KUJIKOM U Ta3000pa3HOM COCTOSIHUH (He(Th, MPUPOIHBIHN, MOMYTHBIN ra3).

TBepnoe oprannyeckoe TOIUIMBO — 3TO KalWJUISPHO-TIOPUCTHIE T€TEPOTCHHbIE MaTepUabl.
HUx cTpykTypa coaepXHUT O0JbllIOe KOJIMYECTBO MOp u TpemuH. llepen cokuraHuem Ha
TEIUIOAJIEKTPOCTAHIIMIX ChIPhE H3MENIbYAIOT Ha ApoOMiKax 10 pasmMepoB 15-25 mMm (cimoeBoe
C)KMTaHUE B KOTJIaX) WX B MBUIEBUHOE COCTOSHUE JUISI CHUYKEHHS IOTEPh OT HEJI0KOTA.

B ocHOBe JXHMOKOrO U TBEPAOTO0 OPraHUYECKOTO TOIUIMBA HAXOMATCA S5 TOPHOYMX
xumudeckux anemeHToB: C, Ho, O., S. BHemHmi (307pHBIM OCTAaTOK IOCIIC TOPEHHS, Bilara) M
BHYTpEHHHUI (@30T M KHUCJIOPOJ) OamiacT yXyAllaeT KadecTBO TOpIOYero. XapakTepUCTUKU
TBepAoro toruBa. OCHOBHBIE BHJIBI TOPIOYMX OPraHUYECKUX TOIUIMB, MX MapKd M KpaTKas
XapaKTepUCTHUKA MPEACTaBICHBI B TA0IUIIE HIKE.

Bun ronusa Mapku u XapakTepucTrKa
Pa3sHOBUAHOCTH
Bypsrii yromns 16, 2b, 3b (B | HU3KOCOPTHEII BU TOIINBA; BHICOKASI TUTPOCKOITUMIHOCTH
3aBUCHMOCTH OT | WM BIQXHOCTh; HU3Kasi MEXaHW4ECKast IPOYHOCTh; BHICOKHI
BIIATOEMKOCTH) BBIXOZI JIETyYMX COECJWHEHWH; CHIDKCHHOE COJEpKaHUE

yIIeposa; MOBBIMIEHHAs CKIIOHHOCTh K CaMOBO3TOPaHUIO;
teriora croparus 7-20 MJx/kr

Kamennsrit yrons, | J, 1I, 2I, 117K, | TpanuIMOHHEIA BUA TOIUIMBA; BHICOKAS TEIIOTA CTOPAHUS
AHTPALUTHI 210K, 1K, 2K, 1K, | (mo 25 MJIx/kr); O0MbIIoe ColepKaHue yriiepo/ia; Hu3Kast
2K, 1KO, 2KO, 1KC, | rurpoCKONUYHOCTh U BIJIAKHOCTB; BBICOKAs NPOYHOCTD;
2KC, 10C, 20C, TC, | Bbixon Jietyunx komnoHeHToB 3-40%. -

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

2T, 1A, 2A, 3A
Topd (bpesepHoii; MECTHBIIl BUJI TOIUIMBA; BBICOKAs BIIAXKHOCTH; OONBIIOM
KYCKOBOH - BBIXOZ  JIETYYHX  COCAWHCHWIA; CKIIOHHOCTb K
CaMOBO3TOPAHUIO; TEIUIOTa CTOpaHMs IOCIe CYNIKA — 8
MJIx/xr.
[oprounii canen | TyMHTO- CaMblil  BBICOKMHA  BBIXOI  JICTY4YHX  KOMIIOHCHTOB;

CaHpOl'[eJ'IPITOBLIfI; BLICOKOpeaKIIHOHHLIfI BUA TOIUIMBA; CpCAHsAA TCIJIOTA
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CarpoIeIMTOBbIC cropanust — 4,6-9 MJDK/Kr; HH3KOCOPTHOE Toplovee,
KyKEPCUTBHI UCTIONB3YETCsl ISl MECTHBIX HYXK[, a TakKe B KauecTBe
(knmaccubuKkanys TO | CHIPbS IS MPOU3BOACTBA BHICOKOIHEPTETUUESCKUX BHIOB
MIPOUCXOXKJICHHUIO). TOIUTHMBA (CIIAHIIEBOE MACJI0, ra3000pa3HOe roprovee). -

MuHepanbHbIe IPUMECH

Bo Bcex BuWaax TBEpIOTO TOIUIMBA HMMEIOTCS MUHEpAIbHBIC IMPUMECH, B OCHOBHOM
COCTOSIIME U3 CIEAYIOMNX COSAMHEHUMN: CHIIMKATHI, Cyab(uabl; yriekucnsie conu Ca, Mg u Fe;
(docdater; xmopubl; cyabdaThl Kaablldg U XKeje3a. B mporecce ropeHus opraHudeckoro TOTUIMBA
OHM TIOJIBEPTAIOTCS BBICOKOTEMITEPATYpPHOU TpaHCHOpMAIlMU, B pe3yiabTaTe KOTOPOH OcCTaeTcs
TBepast Heroproyas 3o0J1a. Ee cocTaB CHIIBHO OTJIMYAETCSI OT MCXOJIHBIX BEIIECTB M3-3a CIICIYIOIINX
peakIuii: TpeBpalllcHHEe OKUCHBIX COJICH JKene3a B OKCHJBI, JIETHApAaTalus CHUITHKATHBIX
COCTMHEHUH; pa3nokeHue kapOoHatoB, BeaeneHue CO», 00pa3oBaHWE OKCHOB; OKHCIEHHUE
CEPHHUCTBIX COCJWHEHUH, BBIJICIICHHE CEPHUCTOTO Tra3a; MCIIAPCHHE COJICH IEIOYHBIX METAIIOB.
KoHeuHBbI#1 cOCTaB 30JIbHOTO OCTaTKa 3aBUCUT OT YCIIOBHM CKMTaHUs OpraHUYecKoro Torumaa. [lpu
BBICOKMX TEMIIEpaTypax OH MOYKET PacIUIaBHTBCS W MEPEUTH B KHUAKOE cOCTOsiHME (1miak). YacTh
306l yIAISIETCSl M3 TOTOK BMECTE C JICTYYUMH MPOJYKTaMH CTOPaHUs, YTO TPHBOJIUT K
3arps3HEHUIO, 3alNIAKOBBIBAHUIO U KOPPO3ZHOHHOMY M3HOCY TOITOYHOTO 000PYyI0BAHUS.

XapakTepuCTUKN OPraHMYECKOTO TOIUIMBA U MPOIIECCHI €r0 TOPEHUs

Kunkue opraHmyeckue TOIUIMBA AJISl SHEPreTUUECKOW MPOMBIIIICHHOCTH MOJIY4aloT W3
He(TU C TOMOIIBIO €€ TEPMOXUMHUYECKOTO pasfiokeHusl. Ma3yT HCMONb3yIOT Ha KPYIHBIX 00bEKTax
(TOC, xoTenbHBIC), @ B OBITOBBIX IEIAX MPUMEHSIOT JUCTUUIATHBIC (PaKIUKd HEePTEpPOIyKTOB
(6eH3MH, KepOCHH, COJISIpKa, AU3TOIUIMBO). MasyT, Kak W He(Th, TpEnCTaBIsAeT COOOM CII0KHOE
KOJUIOMJHOE coefnHeHue. Ero xuMmuueckuil cocTaB BapbUpyeTCs B CIEAYIOUIMX Npenenax (B
nporeHTax): yriaepoa — 86-89; Bogopoxa — 9,6-12; cepa — 0,3-3,5; kucnopon u azor — 0,5-1,7. Bumsr
Masyta. Kiaccudukanusa Ma3yToB Hpou3BOAMTCA cienyromuM obpazom: Ilo comepikanuio cepsi:
HuskocepHuctoie (<0,5%); manocepuuctoie (0,5-1%); cepuuctoie (1-2%); BbICOKOCEpHHUCTHIE (2-
3,5%). ITo Bsa3kocTH (B CKOOKax yKa3aHbl Mapkw): Jierkue win (iaorckue (PS5, P12); cpeanne (40B,
40); tsoxensie (100, 200 u 100B); yronpHbIe U cliaHlieBbie (00pa3yroTcs Npu nepepadoTKe ClaHIa U
YTJIs).

TemoTa cropanus ’HUJIKOTO TOPIOYEro Bapbupyetcs B mpenenax 39-41 MJIx/kr.

["azo006pa3Hoe TorIMBo

CoctaB ra3000pa3HOro TOIUIMBA BKIIOYAET CIEAYIOIIME BELIECTBA: roproune (ImpeaeibHbIe
yraeBoaopoasl, Hz, CO, H2S) u Heroproune (Auokcup yriepoja M cephl, a30T, KUCIOPO, BO3IAyX
aTMoc(epHBIif) Tas3bl; BOASHBIE Tapbl; CMOJbI; NbUIb. Hanboliee MMIMPOKO HCHOIB3YIOTCS
CIIeyIoNIMe BUIbl OpraHuyeckoro ToruiuBa: [lpuponusiii ra3. OCHOBHOW KOMIIOHEHT — METaH.
[lepen moTpebieHneM ra3 OcCymialT, 00eCIbUINBAIOT, YIAISIOT BPEAHbIE MPUMECH CEPOBOAOPOIA.
[TonyTHBIi Ta3, BeIASHSIOMUICA Mpu 100bue HedTu. OTaeneHne oT KUAKON (as3bl yraeBoA0POIOB
MPOU3BOJUTCS B cemaparopax. OObemMHas [0Ji1 MeTaHa MEHbIEe, YeM B MPHPOJHOM rase, a
TSOKENBIX YTTIEBOJAOPOJOB — BBINIE. B CBS3M ¢ STUM MpU TOPEHUU OPraHUYECKOTO TOIUIMBA
BhbIIeNsIeTCS OonbIie Tera. CxukeHHbIN ra3. OCHOBHbIE KOMIIOHEHTHI — MTPOMNaH U OyTaH, a Takke
MpUMecH TshKenbiX yriaeBogoponoB. IIpu Temmnepatrype 20 °C u aTmMocepHOM [aBICHHH OH
MpUHUMAET razoobpasHoe cocrosiHue. [Ipu yBenndeHnn AaBleHUs WU YMEHBIIICHHH TeMIepaTyphl
ra3 mepexoauT B KUIKYIO (pa3y, 4TO MCHONB3YeTCs ISl €ro TPAaHCHOPTHPOBKU. CHIPhEM ISl TOTO
BH/JIA TOTIMBA CIYXKUT MOMYTHBIN ra3 U ras, Mmoxy4aeMblil pu nepepadboTtke HedTu. KokcoBslii ras.
[IpencraBnser coboif MoOOYHOE BEIIECTBO, OOpasyroleecss MpU KOKCOBAHUM Yriid. McXoIHBIHA
MPOJYKT OYMIIAIOT OT BPEAHBIX IPUMECEH, aMMHUaKa, apOMaTHYECKUX YTIEBOJI0POIOB.
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TonnuBoM Ha3bIBAIOT TOPIOYHME BEILIECTBA, MCIIOJIb3YEMbIE JUISl MOIYy4EHUs TEIuloThl. OHO
MOApa3JeNIAeTCs Ha MPUPOJHOE U MCKycCTBEHHOE. K MpHpoaHOMY TOIUIMBY OTHOCSTCS TOpIOYME
cllaHlbl, TOpQ, poBa, Oyphlil U KAMEHHBIN YTrojb, aHTPALMThI, IPUPOIHBIN TOPIOYM Ta3 U HEPTH.
Bce oHu SBAAIOTCS NPOAYKTaMU OPraHUYECKOIO IPOUCXO0XKAEHHUSA. TOMIMBO OpPraHM4ecKoro
MIPOUCXOXKACHUS MO (PU3MUECKOMY COCTOSIHUIO JEJIUTCS Ha TBEpAOE, razo00pa3HOE M KUIKOE.
@u3nyecKkoe COCTOSIHME TOIUIMBA OMNpEAeNseT CIOoCOObl €ro XpaHEHUs, CXKUTaHUui W
TPaHCIIOPTHPOBAHHUS.

HckyccTBeHHOE TOIUIMBO TOJY4arOT TOcie MepepabOTKH E€CTECTBEHHOTO C  IIEJIbIO
BBIJICJICHUS U3 HEro pa3jMuHbIi MPOJYKTOB, HAlpUMEP CMOJI, OEH3MHOB CMAa30UYHBIX Maced U Jp.
HckyccTBEHHBIM TOTIJTUBOM SIBJISIFOTCSI KAMEHHO YTOJBHBIN KOKC, YTOJIbHBbIE U TOP(DSIHBIE OPUKETHI,
JPEBECHBII Yroib, Ma3yT OEH3UH, KEPOCHH, pPa3JIMYHbIE Ta3bl: TE€HEPATOPHbINA, KOKCOBBIH H
JTOMEHHBI.

DJieMeHTapHbIii COCTaB TBEPAOI0 U KUJAKOI0 TOIJIMBA

TommBo B TOM BHIE, B KAKOM OHO TIOCTYIMAET JJI CKUTAaHWsI B TOMKE WM JBUTATENN
BHYTPEHHETO CrOpaHUs U CHelHalIbHBIE allllapaThl, Ha3bIBAETCS PAG0OUMM.

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

CopnepxaHue XUMUYECKHX DJIEMEHTOB M JIPYTMX COCTABISAIOIIMX TOIUIMBA HMCYHUCIAETCS B
MPOLIEHTaX OT €AMHMIIBI MacChl UJIM 00beMa UCXOAs U3 OIMpEeNIeIeHHON JyacTH (Macchl) ToruuBa. B
3aBUCHMOCTH OT COCTOSIHHS TOIUIMBA Pa3IMYalOT pabodvylo, aHATUTHYECKYIO (BO3IYIIHO-CYXYIO),
CYyXYyI0 WM JIpyrue Macchl TorumBa. Kakmoii Macce mpucBamBaercs cooTBeTcTByrommid mumekcl:
pabouelt — «p», aHATUTHIECKON — «@», CyXOW — «C», TOPIOYEH - «T», OPraHUYECKON — «O».

Jlis TBepAbIX TOIUIMB MPUMEHUMBI Bce MATh Macc. O cocTaBe TOIUIMBA COOTBETCTBYIOLIECH
Macchl CyIAT MO HMHJAEKCY 3JEeMEHTOB. TOIUIMBO B TOM BHJE, B KOTOPOM OHO MPHUXOJUT K
noTpeduTento, HazpIBaeTcs pabounM. Ero cocraB Hanbosiee MOIHO OTpakaeT COCTOSIHUE TOIUIMBA.
DeMeHTapHBIN cOCTaB paboyeil MacChl 3aMCHIBACTCS B CIEAYIOIIEM BHUJIE:

Ji1s paboueli Macchl TOIJIMBA UMEET MECTO OUEBUHOE PABEHCTBO:

CP +HP + 0P + NP + 57 4+ AP + WP = 100% (4.2)

I'ne onementsr CF, H¥ OF u 1.1, — 37eMeHTH pab0Yero TOILIMBA B IPOIIEHTaX OT OOIIei
Macchl TOILIMBA.

JI1s1 mpaBHIILHOTO TIPEACTABICHMS O TEIUIOBBIX CBOMCTBAaX TOIUIMBA BBOJUTCS IMOHITHE
ropro4yei Macchl, Il KOTOPOi

C™+H"+ 0" + N + 55 = 100% (4.3)

I'me unAEKC CBEpXY MOKA3BIBAET, YTO MIPOLICHTHBIN COCTaB OTACIIBHBIX JIEMEHTOB OTHECEH K
roprouer Macce.

HasBanue roprogyas macca HOCUT YCIOBHBIN XapakTep, TaK KaK JCHCTBUTEIBLHO TOPIOYUMU
SBJISIOTCA TOJIBKO YIJIEPOJ, BOJOPO U Ccepa.

Jlnst ToruIMBa, cojeprkaliero 0ojblioe KOJW4ecTBO Biard (Oypelif yrosb, Topd, ApoBa,
HEKOTOPbIE PACTUTEIbHBIE OTXO/Ibl), B HEKOTOPBIX CIIydasix yI0OHO HMCIIOIb30BaTh MOHATHE CYyXOH
Macchl, T.€. XapaKTepU30BaTh COCTaB abCOJIOTHO CYXOTO TOILIMBA CyMMOH sjiementos C°, HE OF
NE, 5° AF



https://studme.org/283676/tehnika/energeticheskie_topliva_osnovy_goreniya#gads_btm
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C°+H"4+0"+ N +5% +A° = 100%

HpI/I O9TOM I'I€ MHACKC IIOKA3bIBACT, UTO HpOHGHTHI:Iﬁ COCTaB OTACIIbHBIX 2JICMCHTOB
OTHECEH K CyXOH Macce.

J1J1s B3aMHOTO TIepepacyera TOIUIMBA B COOTBETCTBUU C IMMOHITHEM O MaccaxX TOTUINBA
ciyxat ¢popmynsl (Taoum. 4.1)

Tabnumna 4.1
@opmyaibl AJIs IEpecyYeTa COCTaBa TOIUIMBA C OJTHOM MAacChl Ha APYTYIO
3apaHHaA macca Tonanea McKomasa macc tonamea, %
Pabouas Cyxan loptoyas
Pabouas 1 100 100
100 — We 100 — (WP +47)

Cyxas 100 —W# 1 100

100 100 — A
Foptodas 100 — (WF + 47) 100 — AF 1

100 100

30JIbHOCTh TOIUIMBA. 30JI0M HA3bIBAIOT TBEPJbI HETOPIOYMUA OCTATOK, OCTAKOUIMICS MOCIe
CKMTaHus TOIIMBA B aTMOC(epe BO3ayxa.

B cocraB 30761 OOJBIIMHCTBA BHJIOB TBEPAOTO TOIUIMBA BXOAAT: riaumHO3eM AlxO3
kpemuueBas kuciora SiOz, m3Bects CaO, maruesuss MgO, menoun NaoO, okucisl xkene3a FeO u
Fe20a.

Bnaxxnocts TorumuBa onpenensiercs mo 'OCT 11014-70 peicymmBanueM HaBecku mpu 105-
110°C. Brara cHmKaeT TeMIepaTypy B TOAKe M yBEIMUHBAET 0OBEM JBIMOBEIX ra3os. s
npeBpaiieHus 1 Kr BOJibl B Map KOMHATHOM TEMIIEPATYphl HY’KHO 3aTpaTuTh 2,5 MK TEraoThl.
OueBHIHO, YTO Bjara siBjsieTcst 0aJlJIaCTHON MPUMECHIO, TAK KaK YMEHBIIAET TEIUIOBYIO [ICHHOCTh
UCXOJHOTO ToIuMBa. KpoMe TOro 4acTh TEIJIOTHI , BbIAEISEMOE TOIJIUBOM IIPH €r0 CrOpaHHH,
pacxoayeTcsl Ha UCTIapeHUe BIIAry.

Jleryuue BemecTBa. [Ipu HarpeBaHNM TBEpAOTO TOIIMBA O€3 I0CTYMa BO3/AyXa €ro
OpraHMyecKas Macca pasiaraercs, B pe3y/bTare 4ero 00pa3yroTcs ra3bl, BOJSHBIC H CMOJISIHBIE
napsl ¥ yriaepoacoaepxainii ocratok. CyMMapHOe KOJIMYECTBO BBIICISIOMIMXCS JIETYYHX BELIECTB
YBEIIMYMBACTCS C YBEIMUECHUEM TeMIIepaTyphl U BPEMEHHU BbIICPKKU. BBIXOT IeTyuynX BelecTB
SBJIETCS BaYKHEHIIIEH XapaKTEepUCTUKON TOPIOYe MAacChl TOTNIMBA U YMEHBIIIAETCS MO Mepe
yBEJIMYEHHS BO3pacTa.

Kunkoe TommuBo. IlpakThuecku Bce KUAKUE TOIUIMBA IMONYyYalOT MyTEM MepepadOTKU
He(pTu (OeH3WH, KePOCHH, MU3eIbHOE TOTUIMBO U Ma3yT). OCHOBHBIE CBOMCTBA KHUAKHX TOIUIUB -
IUIOTHOCTh, MCTAPSAEMOCTh, BS3KOCTh, CTAOMJIBHOCTH MPHU XPaHEHUHU, TEMIEPATyphl 3aCThIBAHUS,
BCIIBIIIKH, BOCIUIAMEHEHHUS U CAMOBOCILUIAMEHEHUS], aHTUICTOHAIIMOHHASL CTOUKOCTD U JIp.

I"a30006pa3nbie TomnuBa. ['a30006pa3Hoe TOMIMBO MO CPABHEHHIO C JPYTMMHU BUIaMU TOTLIUB
UMEEeT psJ CYIIECTBEHHBIX MpeuMyiecTB. ['a3000pa3HOe TOIMIMBO CropaeT Mpu HEOOJIBIIOM
M30BITKE BO3/AyXa, 00pa3ys MPOIYKThl MOJHOTO TOpPEHHs 0e3 JbIMa U KOMOTH, HE JaeT TBEPIBIX
OCTaTKOB; yJOOHO ISl TPAHCTIOPTUPOBKH IO Ta30IPOBOIaM Ha OOJIBIIINE PACCTOSHUS U TIO3BOJISET
MPOCTEIIMMH CPEACTBAMH OCYIIECTBIISITh C)KHTaHUE yB YCTAHOBKAX PA3IMUYHBIX KOHCTPYKIUN U
MoIHocTel. ['a3000pa3HoOe TOTIIMBO JENUTCS Ha €CTECTBEHHOE U MCKYCCTBEHOE.

Tensiora cropanus TonJmBa.
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OCHOBHOW XapaKTEPUCTUKOW TOIUIMBA SIBIIICTCS TAaK Ha3blBaeMas TEIUIOTa CrOpaHUS.
TermoToll cropaHvs TBEPIOTO W KUAKOTO TOIUIMBA HA3BIBACTCS KOJIWMYecTBO Tera (kJ[x),
BBIZIeTIsIeMOe 1 KT TOIUTMBA MIPH €T0 MOJTHOM cropanuu. TemnoTy cropanust 0003Ha4aroT OykBor Q u
u3mepsiroT B K/Dx/kr (B cucteme MKI'CC B Kkai/Kr).

TennoTy cropaHus Ta3000pa3HOrO TOINIMBA OTHOCAT OOBIYHO B IM°, B3ATOMYy IIpH
HopManbHEIX yenoBusax (0°C, 760 MM.pT.cT), 1 n3MepsroT a KJx/m>.

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

PaznmyaroT BeICITYIO M HU3MTYIO Q TEIJIOTY CrOpaHusl.

[TepByro TOJIy4arOT TPU TIOJHOM CTOPAHWW TOIUIMBA W KOHJCHCAIIMHM BOJSHBIX I1apOB,
00pa30BaBIIMXCS MTPU TOPSHUH, C OTAAYCH TEIUIOTHI, U3PACX0JIOBAHHOW HA WX UCTapeHue (CKphITas
TEIUIOTa UCHApeHUs). B MPaKTUYEeCKWX YCIOBHUSX BOJSHBIC MAphl, COACPIKANIUECS B JBIMOBBIX
ra3ax, yXoIiT B arMocdepy BMECTe C JPYrHMH KOMIIOHCHTaMH. MX CKpbITas TemioTa
MapooOpa3oBaHUs HE UCTIONB3YyeTCs. B TEIIOTEXHUYECKHX pacueTax MPUMEHSIOT HU3IIYIO TETUIOTY
CrOpaHHs TOIUIMBA, KOTOPas MPHUBOJUTCS Oe3 ydera TEIIOTHl KOHJECHCAITMH BOJSHBIX ITapOB.
[TepecueT ¢ BBICIIETO HA HU3MIUH MpeeIT TSTUIOTH CTOPaHUs T'a3a MPOU3BOIAT 0 (popMyIram:

JUTst paboYero CoCTOSTHUS

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

JUISL CyXOT'O COCTOSIHUS

Qi = Qus - 8,94 yHa

JUISl OpraHUYeCKOM MacChl

Qoi=Q - 8.94 yH¢’

YcnosHoe TomnuBo. {7 cpaBHEHHs 3amacoB pa3HbIX BHUJIOB TOIUIMBA MPH OIpeAeiIeHUH
HOPM €ro pacxoja, IUIAHUPOBAaHUU MOTPEOHOCTH TOIUIMBA M JPYTUX pacyeTax MOJb3YIOTCS
MOHATHEM «YCJIOBHOE TOIUIMBOY». 32 YCIOBHOE MPUHATO TaKO€ TOIUIMBO, HU3MIAs TEIUIOTa CTOPAHUs
paboueii maccol kotoporo cocraisier 29308 kJ[x/kr (7000 kkan/ kr). J{is nepeBoia HaTypaIbHOTO
TOIUTMBA B YCIIOBHOE M HA0OOPOT MOJIb3YIOTCS TEIUIOBBIM JKBHUBAJICHTOM, BEJIMYMHA KOTOPOTO
3aBUCHT OT Q.

TemnoBoil KBUBAJIEHT - 3TO OTHOIIEHUE HU3IICH TEIJIOTHI CrOpaHusa pabdoyero TOIUIMBA K
HU3IIEH TeIJIOTe CrOpPaHusl YCIOBHOTO TOILIMBA, T. €.

D1 = Q/729308 wu I = Q/7000.

HepeBoL[ HAaTypaJIbHOTO TOIUIMBA B YCJIIOBHOC BBIIIOJIHAKOT IIYTEM YMHOKCHHA KOJIMYCCTBA
HaTypaJbHOTO TOILJINBA Ha TEIIOBOM SKBHBAJICHT By = BO: un MepeBoJ yCJIOBHOI'O TOIIJIMBA B
HaTypaJlbHOC IIYTEM JACJICHUA KOJINYCCTBA YCIIOBHOI'O TOIIJIMBA HA KaﬂopHﬁHLIﬁ OKBHUBAJICHT

Bu = Bvy/Or

IIpouecc ropenus. 'opeHune - XMMHUYECKOE COEIMHEHHE TOPIOYMX BEIIECTB TOIUIMBA C
KHCIIOPOJIOM BO3]lyXa, CONPOBOKIAIOIIEECS PE3KUM IOBBILIEHUEM TEMIIEPATYpbl U BBIIEICHUEM
3HAYUTENBHOTO KOJMYEeCTBA TeIIoThl. Ilpm ropeHuu TomumBa 00pa3yloTcsi ra3o00pasHble
HOPOAYKTHl (IBIMOBBIE Ta3bl) M OYAaroBble OCTaTKM B BHJE 30Jbl M IUIAKA. YCIOBHO Ipolecc
C)KUTaHMs TBEPAOTO TOIJMBA JAEISAT Ha TPU CTaJUU: BOCIUIAMEHEHHE (3a)KUTaHHe), aKTUBHOE
ropeHue M JoKuranue. B mepBoil craguM TBEpAOE TOILUIMBO BHAYale IOJOTPEBAETCS M
nozacymuaercs U npu temmeparype 105-110°C Tepser cBoro Baary. 3atem npu temneparype 300-
400 °C oHO HauyMHaeT pa3jaraThCs Ha JIETy4yue BELIECTBA M TBEPJIbIM ocraTok. IIpn nanpHelmem
HarpeBe, KOrJa €ro TeMIepaTypa CTaHOBHUTCS PaBHOM TeMIEepaType BOCIUIAMEHEHUs, TOILIMBO
3aropaercs.
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4. UnmrocTpaTuBHBIA MaTepuas: /{71 mpoBeeHUs 3aHATHS UCTIOIB3YETCs CIEAYIOIIee
MaTepHATBLHO- TEXHUIECKOE 00ECIIeYCHHE: HOYTOYK, MYJIbTUMEIUINHBINA TPOSKTOP, IKPaH.
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6. KoHTpoJsb (BONIPOCHI, 321a4H, peLICHUE)

Jlatb onpeenieHue MOHATHIO OpraHudecKkoe TOmMBo. O01acTh UCIOIb30BaHMS.

Ha xakue rpymibl noapasiensiercst OpraHu4eckoe TOIIUBO ?

[osicHuTh Kak 0Opa3yeTcs TBEpI0€ OpPraHNnYeCKOe TOILIMBO?

JlaTh XapakTepUCTUKHU TBEPOTO TOILIMBA.

OOBACHUTH, KaK IPOUCXOAUT TEPMHUUECKOE PA3JI0KEHUE TOIIIUBA?

OOBACHUTD, KaK BIMSET COJIEpKaHUE BJIard Ha BOCINIAMEHEHHE TOPIOYUX MaTepHaioB?
[lepeuncnuth MUHEpalibHBIE MPUMECH, BXOJSAIINE B COCTAaB TBEPAOTO OPraHUYECKOIrO

NoukrwhE

TOTLIINBA.

8. IlepeuncnuTh BUABI )KUAKOTO OPTaHMUYECKOTO TOIUTHBA. [IpuBecTH mpuMep XUMHUYIECKOTO
cocTasa.

9. IlpuBecTn mpuMep cocTaBa ra3000pa3HOTO TOIUTHBA.

10. Ha3Batb srieMeHTapHbIi cocTaB paboveld MacChl TOTUTUBA.

11. JlaTe ompeneneHue 307161 TBEPAOTO TOTUIMBA.

12. JlaTh ompezeneHne TeTIOTH CTOPaHHs TOTUTNBA

13. Yro Ha3pIBaETCS YCIOBHBIM TOIUTHBOM? J[aTh ONpeeieHre TEIUIOBOTO SKBHBAJICHTA.

Jeknus 5

1 Tema 5. TenoBbIe AMEKTPUUECKUE CTAHIIUN

2. Heab: 3HATh TUIBI AICKTPOCTAHIIMN U OCOOCHHOCTH HMX TEXHOJOTHYECKOTO ITMKJIA IS
3a/1a4 TMPOU3BOJACTBA TETUIOBOW M SJEKTPUUYCCKON IHEPTUHU, Pa30oMpaThCsl B MPHUHITUIIAX PaOOTHI
OCHOBHOTO TEIJIOTEXHUYECKOTO M AJICKTPUUECKOTO 000PYAOBaHUS JIEKTPOCTAHITUH, 0COOCHHOCTSAX
TEXHOJIOTHYECKUX MPOIECCOB HA TETUIOBBIX JIEKTPOCTAHITUAX

3. Te3uchl JeKUNM:

TennoBbIe 2JIEKTPOCTAHITNY.

Knaccudukanus TOC.

Tennosie anekTpoctanimu PK: onToBbeie reHepupyronime KOMIAHAUK W TEPPUTOPHUATIBLHO-
TEHEPHUPYIONTHNE KOMITAaHHUH.

TemnnoBbIe IEKTPOCTAaHIIUU

[IpeoOpa3oBaHue TEIUIOTHI B MEXaHUYECKYIO Pa0OTy MPOUCXOJUT C TOMOIIBI0 paboyero
tena. HaumbGonee »sddextuBHbIME pabounmu Tenamu OyayT Te, KOTOpble 0O0NafaroT pe3Ko
BBIP2)KCHHBIMU YIIPYTUMH CBOMCTBaMH, TO3BOJISIOIIMMY B 3HAUYUTEIHLHOU Mepe Ae(OpMUPOBATHCS
(M3MEHSAThL CBOM OO0BEM) IOJ BIMSHUEM MEXaHWYECKUX CWII (JaBICHHS) WM TEPMHUYCCKHX
BO3JICHCTBUIN Temsa, TeMIepaTypbl), WU, MPOIIE TOBOPS, MOJA BIUSHUEM KOMOWHHUPOBAHHBIX
TEPMOMEXaHUUECKUX BO3JCHCTBUIA.

Habmionass 3a moBeneHHEM Tel B MPUPOJE, B MX PA3JIMUHBIX arperaTHBIX COCTOSHHSIX,
MO>XHO 3aMETUTh, YTO HaumOojee 1eeco00pa3sHbIMU pabouMU TellaMUu IS MCIOJIb30BaHUs UX B
Pa3IMYHBIX TEIUIOBBIX YCTPOWCTBAxX SIBISIOTCA Ta3bl WM THapbl. IMeHHO oHHM HauOoliee MOJHO
MOTYT OBITh MCIIOJIB30BaHBI B MpoIlleccax MpeoOpa3oBaHUsl TEIJIOThl B MEXaHUYECKYIO paboTy, Tak
KaK Ta3bl ¥ Mapbl, C OJHON CTOPOHBI, JIETKO JePOPMUPYEMBI (JIETKO CXKUMAIOTCS, PACIIHPSIOTCS)
MO/ BIUSHUEM BHENIHUX CHUJ, a C JPYrod CTOPOHBI, UM K€ CBOWCTBEHHBI 3HAYUTEIbHBIC
(CpaBHUTENBHO C JPYTMMH arperaTHbIMH COCTOSHHUSIMHU Tel) IO BeTUYMHE KOA(D(UIIMEHTHI
00BEMHOTO PacIIMpPEHHS.
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B Hactosiiiee BpeMs Ui HOJYYEHUs SJIEKTPUUYECKON SHEPruu MCIOJIb3YIOT CIIEAYOLINe
THIIBI MIEKTPOCTAHIINN:

1) temnoBeie 3nekrpoctanimu (TOC), KoTOpbIe MOAPA3ICISIIOTCS HAa KOHJCHCAIIMOHHBIC
(KOC), termnodukanmonusie (Teriodnekrpouentpanu - TOLI) u razorypounnsie (I'TOC). Kpynabie
KD2C, obcmyxuBatomue moTpedUTeNell 3HAYUTEIBHOTO paliOHa CTPaHbl, MONYYWIM Ha3BaHHE
rocylapcTBEHHbIX pailoHHBIX AnekTpocTtanuuii (I'POC);

2) ruaposnektpocranimn (I'DC) u ruapoakkymynupyromue stekrpoctannuu ('ADC);

3) aromusbie anmekrpoctannuu (ADC);,

4) TearodIEKTPOCTAHIINYN WK cofHeuHbIe 31ekTpocTaniuu (COC);

5) reotepmanbhbie nekrpoctannuu (I'TAC);

6) nusenbHbIe AntekTpocTannuu (J19C);

7) npunuBHeie 31ekTpocTaniyu ([19C);

8) Berpoanekrpocranmuu (BAC).

Bonemyro wacte amektposHeprum (kak B Kazaxcrane, Tak ¥ B MHpPOBOW DSHEPTETHKE)
BoIpabateiBatoT TemioBeie (TOC), atomubie (ADC) u ruapaBnuyeckue (I'9C) amMeKTpOCTaHIIHH.
CocraB >J€KTPOCTAHIIUN PA3TUYHOTO THUIIA 10 YCTAHOBJICHHOW MOIIHOCTH 3aBUCHUT OT HAIMYUS W
pa3MeNIeH s Mo TEPPUTOPHH CTPAHBI THAPOIHEPTETUIUECKUX U TEIJIODHEPTETUIECKUX PECYPCOB, UX
TEXHUKO- IKOHOMUYECKHX XapaKTEPUCTHK, BKJIIOYAs 3aTpaTbl Ha TPAaHCHOPTHUPOBKY TOIUIMBA, a
TaK)Ke OT TEXHUKO-IKOHOMHUYECKUX MMOKa3aTeseil 31eKTpOCTaHITHI.

PaccmotpuM HEkOTOpBIE 0COOEHHOCTH 3JIEKTPOCTAHIINM, KOTOPHIE B TOW WM WHOW CTETICHU
MPUXOAUTCS YUUTHIBATD MIPH UX CTPOUTEIILCTBE U SKCILTyaTallUu.

Tennossie kKoHAeHCaMOHHBIE AekTpocTaHnu (KOC) cTposT Mo BO3MOXKHOCTH OJMKE K
MecTaM J0OBIUM TOIUIMBA, YAOOHBIM Ui BOJOCHAOXKEHHS. VX BBITIOJHAIOT W3 psia OJOYHBIX
arperatroB (KoTen - TypOoreHepaTtop - MOBBIIAKOIINKI TpaHchopMaTop) MoUIHOCTRIO OT 200 110
1200 MBT, BeI1atOIKX BeIpaboTaHHYIO0 dHEpruto B cetu 110-750 xB.

OcoOennoctp arperatroB KOC 3akimioyaercs B TOM, YTO OHU HEIOCTATOYHO MaHEBPEHHBI:
MOATOTOBKA K MYCKY, Pa3BOPOT, CHHXPOHHU3alUs U Ha0Op Harpy3ku TpeOyroT 3-6 uacoB. [losTomy
JUI HUX TPEANOYTUTEIbHBIM SIBISIETCA PEKUM pabOThl C paBHOMEPHOM Harpy3koi B Ipejaeiax oT
HOMHUHAJIBHOM 10 HAarpy3KH, COOTBETCTBYIOLIEH TEXHUYECKOMY MUHUMYMY, OTPEeIIeMOMY BUJIOM
TOIJIMBA ¥ KOHCTpyKIuen arperara. Koaddunuent nonesnoro aeiicteus KOC He npesbimaer 32-
40%. OHU CYIIECTBEHHO BJMSIOT Ha OKPYXAIOIIYIO CpPedy - 3arps3HAI0T atMocdepy, U3MEHSIOT
TEIJIOBOM PEXUM UCTOYHHKOB BOJOCHA0XKEHHUS.

Tennodukanuonneie 3nekrpoctaniuu (TOLl) crpost BOIM3M moTpeduTeneld Teria, Mpu
3TOM HCIIOJIb3yeTCsl OOBIYHO NPUBO3HOE TOIUIMBO. PaboTaOT 3TH AIIEKTPOCTAHLIMK Haubojee
SKOHOMHYHO (KO3 dulMeHT wucnonb3oBaHus Temna jgocturaer 60-70%) mpu  Harpyske,
COOTBETCTBYIOIIEH TEIUIOBOMY MOTPEOIEHUIO U MUHUMAJIbHOMY MPOMYCKY Mapa B 4acThb HU3KOTO
JaBJICHUS TypOHMH U B KOHJEHCATOPbl. EMuHIYHAas MOIIHOCTH arperaToB coctasiseT 30-250 MBT.

Crannuu ¢ arperaramu 10 60 MBT BKIIOYHTENBHO BBITIOJNHSAIOT B TEMJIOMEXaHUUYECKOMN
Y4acTU C MOTEPEYHBIMU CBSI3SIMU TI0 Mapy W BOJE, B SJIEKTPUUECKOM YacTh - cO COOPHBIMU IIMHAMU
6-10 kB u Bhimaveld 3HAYUTENHHOW YacTH MOIIHOCTH B MECTHYIO PaclpeAeTUTENIbHYIO CETb.
Crannuu ¢ arperatamu 100-250 MBT BBITIONHSAIOT OJOYHOTO THMA C BbIJA4ei MOIIHOCTH B CETH
noBbiieHHOro HanpsbkeHus. TOL, kak u KOC, cyecTBeHHO BIUSIOT Ha OKPYXKAIOILYIO CpEAYy.

ITaporypOunnbie djekTpudeckue crannuu (K9C u TIIN)

Ha coBpeMeHHBIX TeIMIOBBIX AMEKTPOCTAHIUAX OOJIBIION MOIIIHOCTH
MpeBpalleHue Temia B padoTy MPOU3BOJAUTCS B IMKIAX, MCIOJB3YIOIIUX B KAa4eCTBE OCHOBHOTO
pabodero Tena BOJSHOM Map BHICOKUX JABICHUN U TEMIEpaTyp.
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BonasHoii nap npousBoanTCS aporeHeparopamu (IapoBbIMH KOTJIaMH), B TOIKaX KOTOPBIX
COKMTalOTCs Pa3IMuHbIe BU/bl OPraHUUECKOT0 TOIUIMBA: YTOJb, Ma3yT, a3 U Jp.

TepMoanHaMuyecKuil UK IpeoOpa3oBaHus TEIUIa B padOTy ¢ IOMOIIBIO
BOJISTHOTO TIapa ObLI npeyioxkeH B cepeaune XIX Beka nmxkenepom u puzukom Y. PEeHKUHBIM.

[IpuHuunuaneHas  TeMJjoBas cxXxeMa KoOHJeHcanuoHHoW  snektpoctaniuu  (KOC),
paboraromieit o nukiry Penkuna, moka3ana Ha puc. 4.1, a ee oOuuit Bua-Ha puc. 5.1, 6.

B maporenepatope 1 3a cuer Temiua CHKUraemMoro TOIUIMBAa BOJla, HAarHetaeMas B
IaporeHepaTop HacocoM 5, MpeBpallaeTcs B BOASHOMN Nap, KOTOPBIN 3aTeM MOCTyNaeT B TypOuHY 2,
BpallamIyo 3nekTporeHepatop 3. TeruoBas sHeprus mnapa mnpeobOpasyercs B TypOHMHE B
MEXaHWYEeCKyl0 paboTy, KOTopas, B CBOIO oOdepedb, IpeoOpa3yeTcss B TIeHepaTope B
aneKkTpos3Hepruio. M3 TypOuHbl 0TpaboTaHHBIN Map mocTynaer B kKoHAeHcaTop 4. B koHaeHcarope
nap KoHjaeHcupyerTcs (mpeBpaiiaercs B Boay). Hacoc 5 HarneTaer xoHJeHcaT B MaporeHeparop,
3aMbIKast TAKUM 00pa3oM IMKIL.

Pucynok 5.1. IlpuanunuansHas TemioBas cxema TOC, paboTaromieit mo mukiny Penkuna: a -
TEII0Bas cxeMa; 0- oOIIHi BU

Ha puc. 5.2 nzo0paken nukin PeHkuHa Ha meperperoM mape B p, V- U T, S - auarpammax,
COCTOSIIINIA U3 CIAEAYIOIIUX MPOIECCOB:

- m300apa 4-5-6-1 - mporecc HarpeBa, UCIIAPEHUS BOJBI U TIEpEerpeBa napa

B IMaporeHepaTope 3a cUeT MOABOAUMON TEIJIOTHI CrOpaHus TOIUIHBA (1;

- anquabara 1-2 - mporiecc paciupenus napa B TypOruHe ¢ COBEpLICHUEM

MOJIC3HOM BHEITHEH PabOThI It

- m300apa 2-3 - mporecc KOHIeHCauu OTPabOTaHHOTO Tapa ¢ 0TBOJIOM

Teruia (2 OXJIaXKIaIoIIei BOIOI;

- anquabata 3-4 - mpoliecc CkaTus KOHAEHCaTa MUTAaTeIbHBIM HACOCOM JIO

IEePBOHAYANILHOTO JaBIEHHUs B IAPOTeHEPaToOpe ¢ 3aTPaToii MOABOIMMOM U3BHE PaboTHI Iy .




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiKk KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHo-KaszaxcTaHCKas MeOUUMHCKAS akaneMus»
Kadenpa MHxKeHEPHBIX JUCITUTLIIH 044/76-11
2022-2023

DHepropecypchl, MICTOYHUKU U METOBI MTOTY4YEHUS

48ctp. m3 174

2

Hacoc
P2

a &
Pucynok 5.2 - Iluxn Penkuna Ha meperperoM nape B p,V a- T,S 6-auarpammax

B cooTBercTBHH co || 3aKk0HOM TEpMOMHAMUKH TTOJIE3HAsE paboTa 3a ITUKIT
paBHA pPa3HOCTH MOABEJACHHOTO M OTBEICHHOTO B IMKJIE TETIA:

0= gy —ay = Ly~ If

Tepmuueckuit KI1J] mukna PenkunHa onpeaensercs, Kak 00ObIYHO, TI0
YpaBHEHHIO
q1—qy _ LI

q1 q1

TepMmoauHamMuueckue  UCCleNOBaHUS  IMKIa  PeHKMHA  MMOKa3bIBalOT, 4YTO  €ro
3¢ deKTUBHOCTh B OOJBIION CTENEHU 3aBUCHT OT BEIMYUH HAYAJIbHBIX M KOHEYHBIX MapaMeTpoB
(maByieHMS W TEMIIEpaTyphl) mapa.

HccnenoBanusi MOKa3bIBAIOT, 4TO 1, YBEJIMYMBACTCS C YBEJIMYEHHEM  HAYaJbHBIX
rapaMeTpoB Mapa P1u t1 ¥ yMEHbIIEHHEM KOHEUHBIX P2 U t2 .

Koneunsle mapameTpsl mapa cBs3aHbI MEX1y COOOM, TaK Kak Map B 3TOM 00JIaCTH BIaXKHBIH,
Y TIO3TOMY MX YMEHBIIEHUE MPUBOJAUT K YMEHBIICHUIO P2 T. €. JaBJICHUS B KOHJCHCATOPE.

VYBenuueHue ti OrpaHUYMBAETCS JKAPONPOUYHOCTHIO MAaTEpHANOB,  YBEJIWYEHHE Pi-
JOTYCTUMOM CTEMEHbI0 BIKHOCTH Tapa B KOHIE PACIIUPEHHS U MPOYHOCTHIO Marepuana Tpyo;
MOBBIIIEHHAS BIaXXKHOCTH (X > 0,8-0,86) mpUBOIUT K 3p0o3uHu JieTaseld TypOuHBI.

B HacTosiiee BpemMsi Ha 3NIEKTPOCTAHLUSAX B OCHOBHOM HCIOJIB3YIOTCS HapaMeTphl Napa pi
= 23,5 MIla (240 xrc/cm2) u t1 = 565 °C. Ha ONBITHBIX YCTAHOBKAX MPUMEHSIOTCS TTApaMETPhl P1 =
29,4 MIIa (300 krc/cm2) u t1 = 600-650 °C.

[ToHmwxkeHnue gaBieHUs B KOHJeHcaTope Oojiee yeM 1o p2= 3,5-4 klla 0,035-0,040 KFC/CMZ),
YeMy COOTBETCTBYET TeMIlepaTypa HachllleHus tz= 26,2-28,6°C, orpaHuuyMBaeTCsl MpexkJe BCETo
TEMIIEPaTypoOl OXJIXKIAIOMIEH BOIBI toxs, KOJEOMIOMIENWCS B 3aBUCUMOCTH OT KIMMATHYECKHX
ycnoBuit oT 0 mo 25-30°C. I[Ipu manoii pa3sHOCTH to-lox; HHTEHCHBHOCTH TEIUIOOOMEHA IMajaer, a
pa3Mepsl KOHJeHcatopa pacTyT. Kpome Toro, ¢ MOHIKEHHEM P2 CTaHOBUTCS BcCe OOJBIINM
yIenbHBIA 00BhEM Mapa, 4TO TOXKE BEAET K YBEIMUEHHUIO pa3Mepa KOHJEHcAaTopa, a Takke U K
YBEIIMYEHHUIO TIOCIEAHUX cTyrneHed TypOuHbl. Ha puc. 5.3 u 5.4 mokazaH rpaduuecku xapakrep
BITUSIHUS TIOBBIIIICHUS P1 U t1 IOHMKEHUS p2 Ha Tepmuueckuit KIT/I.

n. =
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Pucynox 5.3 - BiusHue TOBBIINIEHUS HAYAJIbHBIX AABJICHUS M TEMIIEpaTypbl IMapa Ha
SKOHOMUYHOCTH IIUKJIa PeHKnHA

2
T n, 1= 550°C; p, = 16,67 MITa = 170 krc/cy
K t
0,46 ™~
'}[4'4 -‘\\‘-““-“1‘-“-
0,42 [
0,40 [ —
02 06 10 14 18 pyxlla
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Pucynox 5.4. BiusiHue NOHWKEHUs TaBJICHUS B KOHICHCATOPE Ha BIAKHOCTh
rapa B KOHIIE pacIIupeHus (a) 1 SKOHOMUYHOCTH 1HKjIa Penkuna (0)

K3C. DHeprobnok mpeactaBisieT coboi Kak Obl OTAETBHYIO JJIEKTPOCTAHIIMIO CO CBOUM
OCHOBHBIM M BCIIOMOTAaTENIbHBIM O0OPYAOBAHHEM W IIEHTPOM YIpPAaBIIEHUS - OJOYHBIM IIUTOM.
Cesizeli MEXIy COCEIHHMH DJHEProOJIoOKaMu [0 TEXHOJOTMYECKHM JIMHUSAM OOBIYHO HE
Mpe1yCMaTprUBaeTCsl.

[Toctpoenne KOC no 6;104HOMY IPHUHIIMITY JA€T OMPEIEICHHbIE TEXHUKO- SKOHOMUYECKUE
MIPEUMYIIECTBA, KOTOPBIEC 3aKII0YAIOTCA B CICAYIOIIEM:

obreryaeTcsi MpUMEHEHUE Mapa BHICOKUX U CBEPXBBICOKUX MapaMeTpOB BCIEACTBHE Ooiee
MPOCTOM CHCTEMBI TMAPOMPOBOJIOB, UYTO OCOOEHHO BAKHO MJIi OCBOCHHUS arperatoB OOJBIION
MOIIIHOCTH;

yIpOINAeTCss M CTAaHOBUTCS OoJiee YETKOW TEXHOJIOTHYEeCcKas cXema dJIEKTPOCTaHIIUH,
BCJIE/ICTBHE YETO YBEIMUMBAETCS HAJACKHOCTh pabOTHI U 00JIerdaeTcs IKCILTyaTallus;

YMEHBIIIAETCS, a B OTIENbHBIX CIydasX MOXET BOOOIIE OTCYTCTBOBAaTh pE3EPBHOE
TeIJIOMEeXaHUYeCcKoe 000pyI0BaHUE;

COKpamaercss 00beM  CTPOWTENBHBIX M  MOHTaXHBIX  paboT;

YMEHBIIAIOTCS KalUuTalbHbIE 3aTPAThl HA COOPYKEHUE DJIEKTPOCTAHIIUY;

obecrnieunBaeTcs ynqoOHOE pacHIMpeHUe AMEKTPOCTAHIIUU, TIPUIEM HOBBIC YHEPrOOIIOKU MpU
HEO0OXO0IMMOCTH MOTYT OTJIMYATHCSI OT MPEABIIYIIUX [0 CBOUM IapaMeTpaM.
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Texnonornueckas cxema KOC cocTtouT W3 HECKOJILKUX CHCTEM: TOINIMBOIIO- JIa4H,
TOTUTMBOITPUTOTOBJICHHSI, OCHOBHOTO TTAPOBOJITHOTO KOHTYpPa BMECTE C
MaporeHepaTopoM W TypOWHOW, MHPKYJISIIUOHHOTO  BOJOCHAOXKCHHS, BOJONOJITOTOBKU;
30JI0YJIABITUBAHUS U 30JI0YAAJICHUS U JIEKTPHYCCKON YaCTH CTAHIINU.

Pucynok 5.5 - [Ipunniunuansuas texHosornueckas cxema KOC:
1 - ckiajg ToIIMBa M CHCTEMa TOILIMBOIIOAAYM,
2 - cucTeMa TOTUIMBOIIPUTOTOBIIEHUS; 3 - KoTel; 4 - TypOuHa; 5 - KOHACHCATOP;
6 - MUPKYJIALMOHHBIA HACOC; 7- KOHJIEHCATHBIN HACOC; 8 - MUTATEIbHBIN HACOC; 9 - TOPENKH KOTIIA;
10 - BenTmnsTop; 11 - gpiMococ; 12 - Bo3zmyxomojorpeBarenb; 13 - BOAsgHOW sKOHOMai3ep; 14 -
MOJIOTpeBaTEIb HU3KOTO JIaBjieHus; 15 - neasparop; 16 - nmogorpesaresnb Beicokoro nasieHust; CH -
COOCTBEHHBIC HYKIbI

MexaHu3mMbl U YCTaHOBKM, oOecneuuBarolive HOpMalbHOEe  (YHKIHOHUPOBAHUE
BBIIIICHA3BAHHBIX CHUCTEM, BXOJSAT B TaK HAa3bIBAEMYIO CHUCTEMY COOCTBEHHBIX HYXJ CTaHIIMU
(?HEprooIIOKa).

Ocobennoctu TexHomornyeckoit cxembl TOIl mokazanbl Ha puc. 5.10. Yactu cxemsl,
KOTOpbIe MO CcBOEil CcTpykType moaoOHbl TakoBbiM 11 KOC, 3mech He moka3zanbl. OCHOBHOE
OTJIMYME 3aKJIIOYAETCs B CHelM(UKE MapOBOASHOTO KOHTYpA.




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiKk KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHo-KaszaxcTaHCKas MeOUUMHCKAS akaneMus»
Kadenpa MHxKeHEPHBIX JUCITUTLIIH 044/76-11
2022-2023

DHepropecypchl, MICTOYHUKU U METOBI MTOTY4YEHUS

51ctp. w3 174

BH

Or naporeneparopa

CH

MecTanie notpeburenn
3IMEKTPOIHEPIHA

1

1

|

|

|
-

B ~ K naporeneparopy
Ny

-

Pucynok 5.6 - OcoOeHHOCTH TeXHOJOTHIeCKOU cxeMbl TOL:
1 - ceTeBoit Hacoc; 2 - CETEBO MO0TPEBATEIH

YacTe nmapa npu pacmmpernd B TypOuHe (¢ mapamerpamu Pog= 0,9-1,2 MIla) otoupaercst u
OTBOJIUTCS B CETEBOW IMAPOBOASHOW MOJOTpEeBaTeNh 2, 4epe3 KOTOPBIM CETEBBIM HacocoMm |
IIPOTOHSETCA BOJA, HCHOJb3yeMas JUIsl OTOIUIEHUS 3JaHUN M JUIs APYrMX HYXKJ TOpPOJACKOTO
X034HCTBA M MPOMBIIIUIEHHBIX Npeanpusatuil. Ha nponsBoacTBO map nojgaercs B TeX Cilydasx, Korjaa
BOJIM3M  CTAaHIMM  UMEIOTCS  NPOMBILIUIEHHBIE — NpPEANpHsATHdA, TpeOyromue mnap Ui
TEXHOJIOTHYecKoro mnpouecca. KoarmuectBo oT6MpaeMoro oT NpoMeXyTOYHbIX CTYHNEHEH TypOUHBI
rapa ornpeJeseTcs IOTPeOHOCThIO TEIUIOBBIX MOTPEOUTENEH B ropsiuelt BoJie U nape.

Hcnonp3oBanue Ui TEIIO(UKALMK YAaCTUYHO OTPAOOTABILEro Mapa U3 IPOMEXKYTOUHBIX
CTymeHed TypOMHBI yMEHBIIAET KOJMYECTBO I1apa, IOCTYNAIOLIEro B €€ KOHJEHcaTop, a
CJIEZIOBATEIIbHO, U MOTEPU TeIUIa ¢ LUPKYISALMMOHHON BoJoi. Bee Teruto, conepikalieecs B ropsueit
BOJIE U Iape, KOTOpble MOCTYHNAIOT CO CTaHLUMU B TEIUIOPUKALMOHHYIO CETh, CUUTAIOT I10JIE3HO
OTHyLICHHBIM TerioM. KoaduimeHT HCmosb30BaHusl TEIIOTHI TEIUIOAIEKTPOLCHTpaIed (Mur )
YUUTBIBAIOLIEH OTIYCK MOTPEOUTENAIM OOOMX BHJIOB 3HEPrUM - DJICKTPUYECKOHM M TEIUIOBOH, -
nocturaer 60-70% wu gaxe Oojee. DTOT IMOKa3aTellb XapaKTepu3yeT oOOIIee HCIOIb30BaHUE
SHEPIUM TOIUIMBA HA TEIUIOIEKTPOLEHTpasix. OueBUIHO, YTO HKOHOMHYHOCTh pPalOTHI
TEIUIORJIEKTPOLICHTPAIN 3aBUCUT OT BEIMYMHBI 0TOOpa napa Ha teriopukanuio. C yMeHbIICHHEM
KOJIMYEeCTBa Iapa, IMOCTYNAIOIIEro B KOHJEHCATOphl Temo(ukauuoHHelXx Typoun, KIIJI
TEIUIOAJIEKTPOLICHTPAIN BO3PACTaeT.

OueBUIHO, YTO SKOHOMHYHOCTh PaOOTHI TEMJIONIEKTPOLEHTPAIN 3aBUCUT OT BEIMYUHBI
orbopa mapa Ha Ttemwiopukanuio. C yMEHbIIEHHEM KOJIMYECTBA Iapa, IOCTYHAIOLIEro B
KOH/IEHCATOPbI TerulopuKanoHHbIX TypOuH, KI1/I TernosnekTpoleHTpaiu Bo3pacTaert.

«KEGOC» (KASE: KEGC), AxumonepHoe o0mectBo «KazaxcraHckash KOMIAHUS IO
ynpaBiieHHI0 siekTpuueckuMu cetsiMu» (Kazakhstan Electricity Grid Operating Company) -
KOMIIaHUS, BBINOJHSIOMAS (YHKIMH CHCTEMHOIO oOIepaTopa M oOIleparopa MarkucTpalbHBIX
anekTpuyeckux cereil Kazaxcrana (IWHUM 3iekTponepenadd M MoJACTaHUUN Hampspkenuem 220,
500, 1150 xB). Takxe siBisleTCsl ONEpaTOpOM TOProBIIM 3EKTpolsHeprueil mexay Kazaxcrtanom u
comnpeieibHBIMU cTpaHaMu. KoHTponupyetcs rocyaapcrBeHHbIM XonauHroMm AO «®PHbB ,.Campyk-
Kaspina*“y. OcnoBana B 1997 rony.

ITo nanaeiM KEGOC — cucTeMHOTro oneparopa eIMHOMN 3JIeKTPOIHEPTeTHIECKOM CHCTEMBI
Kazaxcrana —  MpOW3BOJACTBO  OJJEKTPUUECKOM  SHEprMd B CTpaHE  OCYIIECTBIISIOT
119 pIeKTpOCTAHIMK pa3IHuHOl (opMbl cobcTBeHHOCTH L,



https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D1%81%D1%82%D0%B0%D0%BD%D1%81%D0%BA%D0%B0%D1%8F_%D1%84%D0%BE%D0%BD%D0%B4%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B1%D0%B8%D1%80%D0%B6%D0%B0
http://www.kase.kz/ru/shares/show/KEGC
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D1%80%D1%83%D0%BA-%D0%9A%D0%B0%D0%B7%D1%8B%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D1%80%D1%83%D0%BA-%D0%9A%D0%B0%D0%B7%D1%8B%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/KEGOC
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B8%D1%81%D0%BE%D0%BA_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D0%B9_%D0%9A%D0%B0%D0%B7%D0%B0%D1%85%D1%81%D1%82%D0%B0%D0%BD%D0%B0#cite_note-kegoc_yr_2015-1
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KEGOC mnogpa3zaenser 5JEKTPUYECKUE CTAHIIMU HaA BJICKTPOCTAHIMH HAIMOHAIBHOTO
3HAUEHUS, JJIEKTPOCTAHLIIMU B COCTABE IPOMBIIIJIEHHBIX KOMIUIEKCOB U  AJIEKTPOCTAHLIUU
PErMOHAIBHOTO 3HAYECHHUS.

B cnmcke mepeuncnsrorcs daekTpocTaHumu KaszaxcraHa, BKIIOYEHHBIE B (DaKTHUECKHMA
6amanc wmomHocTn EDC Kazaxcrana. CHUCOK CTpyNNHpPOBaH MO BUAAM  DJIEKTPOCTAHIIHI.
VYcTaHOBIIEHHAs: MOIIHOCTh U CTPYKTypa COOCTBEHHOCTH 3JEKTPOCTAaHIMM NPUBOAUTCA B
COOTBETCTBUHU C O(UIIMATHHBIMH TOJIOBBIMU OTYETAMH TeHepHpyronux kommanuii Kazaxcrana. B
KauecTBe coOcTBeHHMKA 3MekTpoctanimii AO «AnDCy» (Anmaruackue TOII-1, TOL-2 u TOII-3,
Kamuaraiickas I'9C u Anmatunckuit kackan ['9C) ykazeiBaercs Campyk-OHepro, Tak kak 100 %
akumii AO «AnDCy» npunaiexut CaMpyK-OHEpro.

TennoBeie  amekTpocTanimu  pecriyonuku — Kazaxcran:  Okmbacrysckas  [POC-1
(ycranoBnennass momiHocth 3500 MBT), XKamo6puickas ['POC (ycranoBneHHass momHOCTH 1230
MBT), Kaparanmuackas ['POC-2 (ycranoBnenHas womHocTh 743 MBt), TOC MADBK
(ycranoBnenHnas MomHocTh 630 MBT), TOI[-2 MAD (ycranoBieHHas MouiHocTh 625 MBT),
HIemvkenTckas TOI[-3  (ycranoBimenHas wmomHOcTe 160 MBT), IlaBmomapckas TOI[- 3
(ycraHoBiieHHass MOMIHOCTH 350 MBT), Amvarunckas TOI[-2 (ycTaHOBJIGHHas MOIIHOCTH 173
MBT), Kaparanmumackas TOILI-2 (ycranoBnennas mommHocTh 435 MBT), XKeskasranckas TOIL]
(ycranoBneHHass MOITHOCTh 152 MBT), Dkubacrysckas TOLl (ycranoBiennas MmontHocTh 12 MBT)
u Jp.
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Pucynox 5.7 —Kapra TOC Ka3zaxcrana

Pasmemenne TOLl mpenMyliecTBEHHO B KPYIHBIX MPOMBIIIJICHHBIX [EHTPAX IOBBIIMIAET
TpeOOBaHUs K OXpaHe OKpykarwmed cpenbl. Tak, 1isi yMmMeHblIeHUsT BpeaHbIX BeiOpocoB TOIL]
1enecoodpa3Ho, T/ie ATO BO3MOXKHO, HCIOJIB30BaTh B MEPBYIO OUYEpeb ra3000pa3HOe WU KUAKOE
TOILJIMBO, a TAK)KE BBICOKOKAUECTBEHHBIE YTJIN.

4. MiunocTpaTuBHBIM MaTepuan: /1 npoBeaeHNS 3aHATHS UCIIOJIB3YETCA CIIENYIOIIEe
MaTepHalIbHO- TEXHUUYECKOe o0ecTedeHrne: HOyTOyK, MyJIbTUMEIUMHBIN TPOEKTOP, IKPaH.

5.JIuteparypa:
OCHOBHast
1. bepnanueBa A.A., laynerOaeBa /I.A. DHepropecypcsl, HCTOYHUKH U METO/BI OJIy4EHHUS. -
Vuebnoe nocodue.-IIsmvkent 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 suepreruka ([Iporn3BoacTBO TEIIOBON U ANEKTPUIECKON IHEPTHH)
yuebnuk / I'.®. Bbeictpuukuii, I'.I'. 'acanramxues, B.C. KoxxuuenkoB. — 2-e u3a., crep. — M. :
KHOPYC, 2016. — 408 c¢. — (bakanaBpuar).

3. Badwun, 1. b. B23 KorensHble YCTaHOBKH U MAaporeHeparobl: yueonoe nocobue / J1.b. Badum.-
Huxuaekamck: HikHekaMCKUH XUMUKO-TeXHONMOrnueckuii HHCTUTYT (prmuain) ®I'BOY BIIO
«KHUTY», 2013. - 176 c.

DJIeKTPOHHBIE PecypehI:

http://mwww.studmedlib.ru,

JIOI'MH ibragim123, TTAPOJIb Libukmal23

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

Pecny0iMkaHCKas MEXBY30BCKasl SJIEKTpOHHast 6uororeka, Aknurpress www.aknurpress.kz.

6. KoHTpoJb (BONIPOCHI, 321a4H, peLICHUE)

[TepeunciuTh TUIIBI JJIIEKTPUUECKUX CTAHIIUM.

Kaknmu ctaHnmsiMu BeIpabaThiBaeTCsl OOJIbIIAs 4acTh AJIEKTPUUECKast SHEPT U
Kazaxcrana?

OOBACHUTH NPUHIUIHAIBHYIO CXEeMY KOHICHCALIMOHHON AIEKTPOCTAHIUH.
Onucath UK Penkuna.

OOBICHUTH IPUHITUI TIOJTyYeHUs AMeKTpraeckoit sHeprun Ha TOL, orauune TOLL ot KOC.
Omnucatp npeumyiectsa nocrpoeruss KOC no 6;109HOMY TIPUHIIHITY.

Onucatp TexHOJOTHYECKyI0 cxemy TOLI.

Haznauenne u pynkmus AO «KEGOC»

[Iepeunciuth 0cHOBHBIE TerIoBbIe cTaHMK Kasaxcrana.

N

©CoNe MW

Jlexkuus 6

1 Tema 6. BropuuHble YJHepreTudecKue pecypcol

2. lean: 3HaTh K1accuduKamio U obgactu npuMmeHeHuss BOP , MeTo10B ncnoap30BaHus
TemaoBeIX BOP;

3HaTh MPHUHIUIBI UCIIOJIH30BAHUSI BTOPUYHBIX SHEPreTUYECKHX PEecypcoB H30BITOYHOTO
JIaBIICHUS;

3HaTh MPHUHIMIIBI UCIIOJIH30BAHUS HU3KOMOTCHIIMAIBHOTO TEIJIa ¢ TIOMOIIBIO TEIJIOBBIX
HacoCOB

3. Te3nchbl JEeKINHU:

[ToHsITHE O BTOPUUYHBIX SHEPTETUYECKUX PECypCax U UX UCTOUYHUKAX

M cTOYHNKH TETIOBBIX OTXOIOB.

OcHoBHBIE ONpE/IENIeHNUs, UCTIOIb3yeMbIe MPpH olleHKe BOP.

YTunuzanus TemaoBbIX OTXOJOB JAJS IIeNiel OTOIJIEHUS M TOPSYEer0 BOJOCHAOXKEHUS U
MPUMEHSIEMOe ISl ATOTO MPOMBIIITIEHHOE 000pyIOBaHHE.

YTunuzanus HU3KONOTSHITMAIBHBIX TETIJIOBBIX OTXO/IOB

TennoBoit Hacoc. OCHOBHBIE TUITBI IPOMBIIIUICHHBIX TEIIJIOBBIX HACOCOB.

Hcnonb30BaHKe TEMIIOBBIX OTXOA0B I IPOU3BOACTBA AIIEKTPOIHEPTUN

Ilonstue o BTOPHUYHBIX DOHCPTCTUUCCKUX PECYPCaX U UX UCTOUYHUKAX



http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/
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B oHepretmueckux OasaHcax TMPEANPHATHH  OCOOCHHO DHEPrOEMKHX  OTpaciieit
3HAYUTEIILHOE MECTO 3aHMMAIOT BTOPUYHBIEC SHEpreTuueckue pecypcol (BOP).

DOKOHOMUS TOIUIMBHO-3HEprernyeckux pecypcoB (TOP) moxer ObITh peanuzoBaHa B ABYX
HampaBlIeHUsAX. Bo-mepBbIX, 3a CUET YCOBEPLICHCTBOBAHHUS TEXHOJIOIMYECKHUX IIPOLIECCOB U
anmaparoB (HOBBIX SHEProcOeperaronx TEXHOIOT i), Oarogapss 4eMy JOCTUTAETCs TOBBIIICHHE
KIIJI u cHmxkaercs pacxon ToIUIMBa W SHepruu. Bo-BTopbiX, mocpeactBoM yrunuzauuu BOP,
KOTOpbIe HEM30EKHO BO3HUKAIOT B OOJIBIINX 00BbeMaxX 0COOEHHO B SHEPrOEMKHX MTPOU3BOJICTBAX, U
3a cUeT KOTOPBIX MOKHO ToJ1yunTh 30 — 35% coepexxenust TOP.

DHepreTudyeckrue OTXO/bl, KOTOPbIE BO3BpAIAlOTCS OOpaTHO HAa BXOJ B TE€XHOJIOIMUYECKUN
arperat, HaspiBatoTcsi BOP BHyTpenHero ucnonb3zoBanusi, a BOP, yrunusupyemble B Ipyrux
YCTaHOBKaxX — BHEIIHEro Hcmoib3oBaHUs. CaM TEXHOJOTHYECKMH arperar, KOTOPBIM SBISETCS
HWCTOYHHUKOM SHEPreTUYECKUX OTXOJI0B, Ha3biBaeTcsl uctounnkoM BOP. Bce BOP noapasznenstor Ha
TPHU OCHOBHBIE TPYIIIIHI.

BropuuHbie sHepreTuyeckue pecypchl - 3TO JHEprus, Mojydyaemas B XoJie JH00ro
TEXHOJIOTHYECKOI0 Mpoliecca B pe3yilbTaTe HEJOUCIOIb30BAaHUS MEPBUYHON HEPIUH WM B BUIE
MOOOYHOTO TMPOAYKTa OCHOBHOTO IMPOM3BOJCTBA M HE NMpPUMEHSEMas B 3TOM TEXHOJOTUYECKOM
mpouecce. [lpyrumu  cioBaMu, BTOPHYHBIE JSHEPreTHUYECKHE pPECYpChl €CTh  pe3ysbTar
npeoOpazoBaHus IEpBUYHON dHEpruu (puc. 6.1).

MO’KHO BBIJETUTH TPU OCHOBHBIX HCTOUHUKA IEPBUYHON SHEPIHH:

— MHcuepmaembie pecypchl (MCKOMaeMmple TOILIMBA): YroJjib, HedTh, NPUPOIHBINA Tras,
AJIEPHOE TOIIMBO U JIp.

— Bo3006HOBIsIEMbIE HCTOUHUMKH: SHEPTUs COJHIIA, BETPA, ABMKYIIEHCS BOJbI, IPUINBOB U
OTJIMBOB, Fe0TEpMasbHas FHEPrus, OuoMacca u T.1.

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

[Tepenunas axeprus BropiuHble HCTOYHMKN 3HEPrHUM

Hedrs. yrom.
NPHPOIHEI ras3,
ADEPHOE TOIUHEO .

He¢renpoaykTs,
f NpOHU3BOOHEIC —
TOIES

SnexTpHiecKas
“* u rennosas sueprua

Otxonsl

ITpeoGpazoeamme
K norpeburemmo

OHeprua COJHIA, 4
BETpa, BOTHI,
reoTepManbHas

 Buoronmma

Pucynox 6.1 - [lepBuuHbIe ¥ BTOPUYHBIE HCTOYHUKH SHEPTUU

Paznuuaror TpH BUja BTOPUYHBIX SHEPreTUYECKUX pecypcoB (nanee BOP):

1. TenaoBbie BOP — TemoBas sHeprus, oOpasyromniascs B pe3yabTaTe TEXHOJIOTHYECKOTO
nporecca MiIM paboThl 000PYAOBaHUS, KOTOPas HE MOXKeT ObITh B JaJbHEHIIEM HCHOJIb30BaHA B
JAHHOM TEXHOJOTMYECKOM TIpollecce WJIM arperare, HO MOXKET OBbIThb MCIIOJIb30BaHA IS
IIPOM3BOJICTBA TEIUIOBOM SHEPrMM B BHJE TOpAYE BOABI WM Iapa B APYroM IpOLECCE WM
arperate. TemnoBble BOP Moryr ObITh HCHONB30BaHBI JUISL LeNeHd OTOIMJIGHUS M TOPSYEro
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BojocHaOkeHus. K temmoBsiM BOP OTHOCAT M HHU3KOTOTEHIIMAIBHOE TEIUIO, KOTOPOE HE MOMKET
OBITh HAIIPSIMYIO UCIIOJIB30BAHO 0€3 CIEeNHATBHBIX YCTPOMCTB s IIeJIei TEeTIOCHA0KEHHSL.

2. Toptoune (torumBHble) BOP — xmMudeckas »HEprus OTXOJOB OT OTHETEXHHYECKOTO
0o0OpynoBaHusA. DTO TOPIOYHME Ta3bl IUIABMIIBHBIX I€4Yel, BarpaHoK W T.d., TOPIOYHE OTXOJbI
MPOIECCOB XUMHUYECKON M HE(PTEXMMHUYECKOH NPOMBIINLICHHOCTH, TOPIOYUE OTXOJAbl YEPHOU H
L[BETHOI METajTypruu, ra3oBoi MpoMbIlUIeHHOCTH. McTouHnkoM roprounx BOP sBisitoTcst Taxxke
JiecHasi U JIepeBooOpadaThIBaOIIAs MPOMBIIILIEHHOCTb.

3. BOP n30bITOYHOTO JaBIIEHUS — SHEPTHS T'a30B, )KUIKOCTEH, Mapa, MOKHIAIOIINE arperaThl
¢ n30bITOYHBIM AaBieHUEM (P>Pam), koTOpoe HEOOXOMUMO CHIDKATh TIpU BBIOpOce B atMmocdepy.
Bce Buast BOP B 3aBUCHMOCTH OT X CBOWCTB MOTYT HMCHOJIb30BaThCSl MOTPEOUTETIEM KaK B BHUJIC
TOIUIMBA WJIM JUISL BBIPAaOOTKH TEIUIOTHI, XOJOJa, SJIEKTPOSHEPrHH U MEXaHMYEeCKOW paboTh
ITOCPEACTBOM CIIENMAITN3UPOBAHHBIX YTUIN3ALMOHHBIX YCTAHOBOK.

[IpOMBINIIEHHOCTD, 3EKTPOCTAHIMU M TPAHCHOPT 00JaAal0T 3HAUYUTEIBHBIMU 3amacamu
BTOPUYHBIX PHEPTreTUYEeCKuX pecypcoB. Cpean HUX Hambosee CyIeCTBEHHBIMH MPOU3BOIUTEISIMU
BOP gBnsioTcsi NpOMBILUIEHHbIE U SHEPreTHUECKUe MpeAnpusitus, HedrenepepabaThIBarolIne
3aBOJbI, CTAJIEIUIABUIIBHBIE TPOU3BOJICTBA, TPAHCIIOPT.

HcToYHMKH TEIUIOBBIX OTXOI0B

HaunBaxxHeHmmMHu HCTOYHUKAMU TEIJIOBBIX BOP SBIISIIOTCS MPOMBIIIJICHHBIE PENPUSITHH,
ANEKTPOCTAHIIMU U TPAHCIIOPT.

K 0CHOBHBIM NPOMBIIIIEHHBIM MPEITPUITUSIM-UCTOUHUKAM TEIUIOBBIX OTXOJIOB OTHOCSIT:

— KOMIIPECCOPHbBIE CTaHIINH;

— HedTe- 1 ra30100bIBAIOILIUE IPEATIPUSITHUS;

— HedrTe- U yrienepepadaThIBaIOIINE MPEIIPUSITHS,;

— LIEMEHTHBIE 3aBO/JIBI;

— XUMHYECKHE IPOU3BOJICTBA;

— MPEeAnpUsATHS 0 MPOU3BOACTBY STaHOA,

— LEJUII0NI03HO-0OyMaKHbIE KOMOUHATHI;

— MeTaJUTypruueckue 3aBo/ibl;

— CTEKJIOIUIAaBUJIbHBIC MIPEATIPUSITHUS;

— MYCOPOCKUTaTeIbHbIE 3aBO/IBI;

— 3aBOJIbI 10 MPOU3BOJICTBY KHPIIUYA U APYTUX CTPOUTEIHHBIX MATEPUATIOB;

— MPEeAnpUsATHS MO MPOU3BOJICTBY MCKYCCTBEHHBIX CHHTETHUECKHUX BOJIOKOH, KaydyKa,
PE€3UHBI, CMOJI.

OCHOBHBIMM HOCHUTENSIMU W arperaraMu-uctouHukamu BOP  Ha npoMblIIUIEHHBIX
NPEANPUITHUIX ABISIFOTCS:

— KOTJIOAarperarsl;

— TEXHOJIOTMYECKUE HarpeBaTellbHbIE YCTPOUCTBA, [1EYH;

— KOHBEKTUBHBIE, pAJUALMOHHBIE TEIUIOBHIE OTXOJbl OT HArpeThiX IOBEPXHOCTEH
000pyIOBaHUS;

— KOHBEKTHBHBIE, paJHallMOHHbIE TEIJIOBBIE OTXObI OT HATPETHIX MPOAYKTOB;

— yXoJflue MPOAYKTHI CTOpaHUs TOIUIMBA JI0 UX BBIOpOCca B aTMochepy;

— KOMIIPECCOPBI, Ta30TypOUHHBIE YCTAHOBKH, BHIXJIOMHBIE Ta3bl MOPIIHEBIX BUTATEICH;
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— BOJAa CHUCTEM  OXJ@XKJICHHUS  TEXHOJIOTHYECKOTO  O0OpyHOBaHHS,  BO3IYIIHBIX
KOMITIPECCOPOB, ABUTATEIEH BHYTPEHHETO CTOPAHUSL.

Hwuxe npencraBineHbl HEKOTOPBIE TPUMEPHI HCTOYHUKOB TEIUIOBBIX BOP 1 Bo3MokHOCTH HX
HCIIOJIL30BAHUS:

1. Temmorta yxomsmmux ra3oB. BoO3MOXHOCTP M 11€1€COO0PA3HOCTh €€ HCIOJb30BaHUs
3aBUCHUT OT TEMIIEPATYPHI Ta30B U PACTET C €€ YBEIIMUCHUEM.

2. TerioTa, copepaiascs B OTpaOOTAHHOM Tape: BO3MOKHOCTh UCTIOJH30BAHUS 3aBHCHUT
OT TIapaMEeTPOB Iapa, KpOME STOTO BO3ZMOXKHO MCIOJIb30BAHUE CKPBITOM TETUIOTHI Tapo0oOpa3oBaHMs
MIPU €ro KOHJCHCAIUH.

3. KoHBekTHBHBIE ¥ paJHAMOHHBIC TEIUIOTIOTEPH dYepe3 HAPYKHBIC IMOBEPXHOCTH
TEXHOJIOTHYECKOTO 000PYI0BAaHHUS: KaK MIPABUIJIO, 3TO HU3KOTIOTEHIIUATEHOE TEIJI0, KOTOPOE MOMKET
OBITH MCTIOJB30BAHO IS IIeJIeH OTOIUICHUS U TOPSYETO BOJOCHAOKEHHS.

4. TennoBass »Hepruu, oTOMpaemass HpPHU OXJAXKICHUU BOJBI: MOXKET OBbITh IOJE3HO
WCIIOJIb30BaHA TPU YCTAaHOBKE TEIUIOOOMEHHBIX amnmapaToB IS IMOJOTPEBa CBEKEW BOJBI Ha
pa3IUYHBIC HYXIBI.

5. Temnora HarpeTol MPOW3BOACTBEHHOW BOJBI: MOXET OBITh WCIIOJb30BaHA A
MMPOM3BOJICTBA XOJIOAa TIPH JIOCTATOYHO BBICOKOW TeMIiepaType (CpeaHe- U BBICOKOTIOTCHITHAIBHOE
TEIUIO0), WU JJIsl TIPOU3BOCTBA TEIUIOBOM PHEPTUHU C TIOMOIIBIO TEIJIOBBIX HACOCOB, €CIU TEIUIOTa
HarpeTom BOJIbI SIBJISAETCS HU3KOMOTECHIIUAIBLHOM.

6. Temnora mNPOAYKTOB, MOKUIAIONIAX TEXHOJIOTHYECKYI) YCTAaHOBKY: BO3MOXKHOCTH
WCIIOJIb30BAaHUS 3aBUCUT OT TEMIIEPATyphl M JOMYCTUMOCTH OXJIAXKICHUS, UCXOIS U3 TpeOOBaHUM
TEXHOJIOTMYECKOT0 Mpoliecca.

7. TerutoTa XUIKUX W Ta3000pa3HBIX CTOKOB, MOKHAAIOIIMX YCTAaHOBKY (B TOM YHCIE U
TOIJIUBHBIX): BO3MOXXHOCTh MCIIOJB30BAHMS JOCTATOYHO HU3KAs, €CIIM CTOKU CHUJIBHO 3arpsi3HCHbI U
TpeOYIOT BBITIOJHEHHUS MOBEPXHOCTEH TEIFIOOOMEHHBIX amiapaToB U3 0COOBIX CILJIaBOB.

Kpome »toro, rtemmoBasi 3Heprus sBiseTcs MOOOYHBIM d(DdexToM paboThl Pa3IMIHOTO
000pyI0OBaHUS CHCTEM SHEPrOCHAOKEHUS U SHEPTOMOTPEOICHUS 31aHUI U COOPYKEHUH (TaKMX KaK
ANEKTPUYECKUE TOACTAHIIUU, CHCTEMbl KOHAMIIMOHHPOBAHUS). OTO TEIJIO dYalle BCEro
BBIOPACHIBACTCS B OKPYXKAIOIIYIO CPEAY, B TOM BpeMsl KaK OHO MOTJIO ObI OBITH COOpaHO, HAKOIIJICHO
Y UCIOJb30BAHO JIJII CUCTEM OTOIUICHUS M BEHTHJISLUM KWUJIbIX WM aJIMUHUCTPATUBHBIX 3JIaHUM.
TeXHUKO-?PKOHOMHYECKUH aHaIM3 IOKa3bIBACT, YTO IPOCKTHI IO HCIOJB30BAHUIO TMOOOYHBIX
MPOJIYKTOB PabOThl OCHOBHBIX CHCTEM B KOMMYHAIbHOOBITOBOM CEKTOpE ISl HYXJ OTOIUICHHUS
SIBJIIFOTCSL TIPUBJICKATEIBHBIMU C TOYKHM 3PEHHS MPUBJICUYCHUS MHBECTULIMHN I MX pealu3aluu.
Kpome Toro, ucrnoap30BaHUE TAKOTO TEILIa MO3BOISAET CHU3UTH BEIOPOCHI BPEAHBIX BEIIECTB, TAKUX
kak CO2 u NOx.

OcHoBHBIC ONPpCACIICHHUA, NCTIOJIb3YEMBIC ITPU OLICHKC BOP

Beixon BOP — komuuectBo BOP (Qaux), OOpasyrommxcss B mpoliecce HMPOU3BOJCTBA B
JAHHOM TEXHOJIOTMYECKOM MPOLIECCE 3a EAUHUILY BPEMEHH.

BripaboTka 3a cuer BOP — konuuecTBo Tema, Xoia0/a, MeKTPOIHEPI U WIIH MEXaHUYECKOM
paboTbl, mosyyaemoi 3a cuer BOP B yrunuzaunonnoit ycranoske (Qyr). Paznuuaior Bo3MOXHY!O,
HSKOHOMHYECKH I1€Jeco00pa3Hylo, IUIAHUPYeMYyI0 U (aKTHYecKylo BbIpabOTKy. Bo3moxkHas
BbIpaOOTKa — 3TO MaKCUMaJIbHOE KOJHMUYECTBO TEIUIA, XOJI0JIa, HIIEKTPOIHEPTUU UIIH MEXaHHUECKOU
paboThI, KOTOPOE MOXKHO NMPAKTUYECKU TMOJIYYHT 3a CUET JaHHOro Buaa BOP ¢ yuerom pexxumoB
paGoTbl arperatra — UCTOYHMKa BOP u  yTHIM3allMOHHOW YCTaHOBKH. ODKOHOMHYECKH
1esiecoodpa3Has BHIpabOTKa — 3TO KOJIMYECTBO TEIUIA, X0JI0/a, HJIEKTPOIHEPTUU MITH MEXaHUUECKOM
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paboTBhI, 11e71ecO00Pa3HOCTh MOMYYEHUSI KOTOPOTO OT YTHIIM3alIMOHHOW YCTAaHOBKH TTOATBEPIKIACTCS
SKOHOMMUYECKUMHU pacueramu. [lnanupyemas BbIpaOOTKa — KOJMYECTBO TEIUIA, X0J0Ja, KOTOpOe
npeanojaraeTcs MoixyduTh 3a cuer BOP. daktudeckass BbIpaOOTKa — (PaKTHUECKH IMOJyYEHHOE
KOJIMYECTBO TEIIa, X0JIOAa Ha JIEHCTBYIOIIMX YTUIN3ALMOHHBIX YCTAHOBKAX 3a OTUYETHBIN MEPUO/I.
KoaddurmenT BripadboTku 3a cuer BOP — otHomeHne dakruueckoit (miaHupyeMoii) BEIpaOOTKH K
SKOHOMHUYECKH TIiesnecooOpaszHoit. HMcnons3oBanme BOP — konamdecTBO wucmosib3yeMou y
notpebuteneit s3ueprun (Qu), BelpadbaTbiBaeMoil 3a cueT BOP B yTunm3annoHHBIX yCTaHOBKax, a
TaK)Ke TOIJIMBA U TEIUIA, TOJy4aeMbIX HEMOCPEIACTBEHHO B KaU€CTBE BTOPUYHBIX IHEPrOPECYPCOB.
Ucnonw3oBanne BOP Ttakxke, kak u BbipaboTka 3a cuer BDOP, MoxeT OBITh BO3MOXKHOE,
SKOHOMHUYECKH 11eJIeco00pa3Hoe, INIAHUPYEMOE U (PaKTHYECKOE.
Koadpunument ucnons3zoBanus BeIpadoTaHHOM 3Hepruu 3a cuet BOP.

Mae =
B3P O

T
H

¥T

KonunuectBo ucrnosib30BaHHBIX TemaoBbix BOP Qu Bcerja MeHblle BbIPaOOTKH HX B
YTUIN3alMOHHOM ycTaHOBKe Qyr. Bo3moxkHas BeipaboTKa Termia Qr B yTHIM3allMOHHOM yCTaHOBKE
3a cuer TermIoBeiXx BOP [1]

0., =(Gyhy — Gy hy B(1-2)-107°, T Tx/ron.

I'me Gim G2 — macca 3HEProHOCHUTENS] COOTBETCTBEHHO HA BXOJI€ B YTWIW3ALMOHHYIO
YCTaHOBKY M Ha BhIXoje W3 Hee (B obOmem cimydae Gi # G2 BClmeacTBHe yTeueKk WM TOJCOCa
BO3JlyXa M0 Ta30BOMY TPAKTy); hi - SHTaNbIMS SHEPrOHOCUTEINS Ha BBIXOJIE€ U3 TEXHOJOTUYECKOTO
arperara - uctounuka BOP; h, — sHTanenusa sHeproHocuTens mpu Temmneparype t2 Ha BBIXOJAE U3
YTUIN3AIUOHHOH yeTaHoBKH, KJ[k/M°, KIDK/KT; B - KO3(D(HUIMEHT, YUNTHIBAIOIIHI HECOOTBETCTBHE
peXHMa U 4YHCla 4acoB pabOThl YTUIM3AalMOHHOW YCTAaHOBKM W arperarauctouynuka BOP; & -
KO3 (GUILIMEHT, YIUTHIBAIOUINI TEIIJIOOTBO/I B OKPYKAIOIIYIO CPEy.

Bo3MoxHYI0 BEIpaOOTKY TEIJIOTHI MOKHO HalTH 10 GopmyIie

Q}"r = QEED{ ’ ﬂ}"r

rze Nyr - yenoBHeld KIIJ[ yrunuzanuonHoi ycraHoBKU. Bo3moxHast BeipaboTka xosona Qx
3a cyeT TeroBbIX BOP paccunteiBaercs no gpopmyie

Qx = Q}rr tE

IJIe € - XOJIOOUIbHBIN KOB(I)(I)I/II_[I/ICHT MaluHbl. Bo3MoxkHas BLIpa6OTKa QJICKTPOOHEPIHUU B
TCHHO(bHKaHHOHHBIX Typ6I/IHaX IIpu TOJYYCHHU B y’THHH3aHHOHHOﬁ YCTAHOBKE IIapa BBICOKHX
nmapaMeTpOB MOKECT OBITH onpeaciicHa

_ 20
(1+3-q,)
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rae D - yzAenbHas BBIPAOOTKA AJIEKTPOSHEPTHMHM HAa EAWHUIYy OTHYIIEHHOW TEIUIOTHI,
kBT-w/I'J[k; qr - yHAeTbHBIA pacxo] TEIJIOTHl HAa MPOHM3BOJCTBO AIEKTPOIHEPTHU IPU TEIIOBOM
norpeonenuu, I'JHx/kBt-).

Otnyck TemioTel Qr B 3TOM cilyyae, T.€. NPHM KOMOMHHPOBAaHHOM HCHOJb30BaHMM BOP
COCTaBUT

Q}'r

O =TT g

[Ipn mocrymieHnH napa BBICOKMX IapamMeTpOB M3 TEIUIOYTHMIIM3AaLMOHHBIX YCTaHOBOK Ha
KOHJICHCAIIMOHHYIO TYpOHHY BbIpaboTKa 37eKTposHepruu W pacCcUUTHIBAETCS IO COOTHOLLIEHUIO

Q}' r
x

W =

re Jx - YASTBHBIN pacxo ] TEIUIOTHI Ha TIPOU3BOJICTBO YJIEKTPOIHEPTUU B KOHICHCAIIMOHHON
typoune, I'J[x/kBt-4. ['omoBas 3KOHOMHS TEIJIOTHI — KOJWUYECTBO TEIJIOBOM DHEPTHUU, KOTOPOE
MOKET OBITh COKOHOMJIEHO MpU IMPOU3BOJICTBE TEIUIOTHI U3 BTOPUYHBIX SHEPIeTUUYECKUX PECYpPCOB
(I'1x/romm). DKOHOMHUSI TOTIJIMBA — KOJTUYECTBO TIEPBUYHOTO TBEPJIOTO, KHUIKOTO UK Ta3000pa3HOTO
TOIUIMBA, KOTOPO€ MOXKET OBbITh CIKOHOMJIEHO TIPU KCIOJB30BAHUM TEIUIOTHl BTOPUYHBIX
SHepreTuyeckux pecypcon. [Ipu TenaoBoM ucnosib3oBanuu BOP skoHOMUS TOIIMBa ONpeaenseTcs
€ro pacxoJOM B OCHOBHBIX WJIM 3aMEUIaeMbIX YCTAHOBKaX Ha BBIPAOOTKY TAKOIO K€ KOJIMYECTBA U
TEX e MapaMeTPOB TEIJIOThI, KOTOPHIE MOJIY4YeHBI 3a cueT BOP.

yTI/IJ'II/ISaI_[I/IH TCIIOBBIX OTXOJ0B OJIA ueneﬁ OTOIUICHUA W TOPAYETro BOI[OCH&6)KCHI/IH u
MIPUMEHACMOC IJIA 5TOI'0 IIPOMBIIIJIICHHOC 060py,Z[OBaHI/Ie

OcHOBHBIE HampaBJICHUs MOBBIMICHUS SHEProdG(PEeKTUBHOCTH Ha MPOMBIIIJICHHBIX
MNPEeANpUATHIX (XUMHYECKOH, HePTEeXUMUUYECKOM, MUIIEBOM, (papManeBTUYECKOW U psala APYrux
oTpacieid  MPOMBIIIJICHHOCTH)  OPHEHTUPOBAHBI ~ HA  CHIDKEHHE  DHEPronoTpediieHus
TEXHOJIOTHYECKOT0 000py10BaHuUs (KOTJIOArperaTtos, Meveid, CyIMIbHBIX YCTAHOBOK, CENapaTopoB,
JIBUTATENICl 1 HACOCOB) M COBEPIICHCTBOBAHHS TEXHOJIOTHM Mpou3BoACTBa. OJHUM U3 CHOCOO0B
MOBBIIEHUS 3((EKTUBHOCTH IHEPrONOTPEOIIAIONIEro 000pyA0BaHUS SBISIETCS cOOp U MOBTOPHOE
UCIOJIb30BAHME TEIUIOBBIX OTXOJIOB. B HEKOTOPHIX chy4asX, YTHJIM3alUs TEIIOBBIX OTXOJOB
MIPOMBIIIJICHHBIX MeYeil MO3BOJSET MOBLICUTh UX 3 dekruBHOCTh HA 10% - 50%. HakomnenHoe u
MOBTOPHO HKCIOJBb30BAHHOE TEIUIO TIO3BOJISIET 3amellaTh JOPOroCTOSIIEe TOIUIMBO WU
AIEKTPUYECKYIO DHEPTHIO, HE CO3/aBasi IPHU 3TOM JOIMOJIHUTENBHBIX BEIOPOCOB BPEIHBIX BEIIECTB B
atMocdepy. CyiiecTByeT psa TEXHOJOTHH, NO3BOJIAMUX 3(dekTuBHO MNpeoOpa3oBbIBATH
TEIUIOBbIE OTXOJbl B TPOAYKT KOHEYHOTO MCIOJB30BaHUs. TeM He MeHee, 3HAuuTelIbHOE
KOJIMYECTBO TeIIoBbIX BOP Bce emie ocTaeTcst He HCIOJIb30BaHHBIM.

Hns sddextuBHON yTHnM3anuu TemioBbiX BOP  Tpebyercss Hanmuume ClEeIyOMIUX
KOMITOHEHTOB:

1) 1OCTYIMHOTO MCTOYHUKA TETJIOBBIX BOP;

2) TEXHOJIOTMH WX MCIIOJIb30BAHMS;

3) KOHEYHOTO MOTPEOUTENsT MPOAYKTOB yTruiau3anuu. OCHOBHBIMH XapaKTEPUCTHKAMHU
HMCTOYHUKOB TEIJIOBBIX OTXOJOB SIBJISIFOTCS UX KOJIMYECTBO U KAUY€CTBO, IOCTYITHOCTh TEXHOJOTUM
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YTWIN3alKUU, NpoOaeMbl MpU OpPraHu3alllyd CHCTEMBbl peKynepaluu Teruia. Pe3ynabTarhl aHanusa
TUX (aKTOPOB HCHOJB3YIOTCS sl OIpeesieHus] BeipaboTku 3a cuer BOP, xotopas mo3Bosser
MOBBICUTD SHEProd3(h(HEKTUBHOCTH TPOMBILUIEHHOTO IPEAIPUITHS.

Kaxnpiii ncrounuk BOP paccMmarpuBaeTcsi ¢ TOUKM 3pEHHS COJAEpIKALErocs B HEM
KOJIMYECTBA TEIIOThI, KaYECTBEHHbIX IOKa3arenel (cOpocHas TemiepaTypa), CYILECTBYIOIIMX U
JOCTYIIHBIX TEXHOJOTHM, MpoOJieMbl OpraHM3alMM CUCTEM peKynepanuu Teria. KonnuecTBo
TEIUIOThI, COJIEpIKalllee B TEIJIOBBIX OTXO0J]aX, 3aBHCHUT OT pacxojia TEIIOHOCUTENs], €ro COCTaBa,
TEMIIEpaTypbl U ONpEAEIAeTCS Ha OCHOBE PEXXHMMa SHEPronoTpedieHus, TpeOyeMbIX TeMIIEpaTyp U
MaccoBoro Oananca [4]. MakcumanbHOE KOJIMYECTBO 3HEPTUHU, KOTOPOE MOKET ObITh MOJYYEHO MPHU
WCIOJIb30BaHMHU TemyioBbIXx BOP 11 mpuBoja TEmIoBOro JIBUraTelis OIpeAesseTcsl BEITUYMHOM,
Ha3bIBa€MoOl MoTeHuuadbHas padoTa (3kxceprus). OnpeneneHre TOW XapaKTEPUCTHUKU TO3BOJISET
OLIEHUTh A(PPEKTUBHOCTh TNPUMEHEHHUS Ppa3NUYHbIX HCTOYHUKOB BOP ¢ paznuunbiMu
TeMIepaTypaMH.

Hcnonb30BaHue TEMIOBBIX OTXO0B BO3MOKHO MO TPEM HAIPaBJICHUSAM: 3aMKHYTHIE CXEMBbI
— TEIIO0 UCHOJIb3YeTCs ISl MPOILIECCOB, MPOTEKAIOIIMX B OCHOBHBIX TEXHOJOTUYECKUX YCTAaHOBKAX
(moorpeB KOMIIOHEHTOB TOpPEHUs, MPeIBAPUTENbHBIN MoaorpeB Marepuana). CieayeTr OTMETHUTb,
YTO COrJIacHO ompeaesieHnio BOP, TemnoBble OTXO/bI, UCHOJb3yeMbI€ MO TaKUM CXEMaM, HE
OTHOCATCA K BTOPUYHBIM DHEPreTHUECKUM pecypcaM. Pa30MKHyTble CXEMBl YCTAaHOBOK C
ucnoJsib3oBanneM BOP xapakrepusytorcs teM, yto BOP ucnons3yroTcst sl BHEIIHUX LIEJICH, HE
CBSI3aHHBIX C IPOILIECCaMM, MPOTEKAIOIMMHU B OCHOBHBIX TE€XHOJIOTUYECKUX ammaparax, KOTOpble
ABJIAIOTCS McTouHMKamMKu BOP (BbIpaboTka nmapa B maporeHepaTopax, MoJ0rpeB BO3yxa CTOPOHHUM
notrpeduTensaM U T.1.). Tperbe HampaBiieHuE — KOMOMHUPOBAHHBIE YCTAHOBKH, B KOTOPBIX OTXO/IbI
UCIOJB3YIOTCS KaK A BHYTPEHHHMX, TaK M U1 BHEIIHMX IO OTHOUIEHHIO K IMpoleccy B
TEXHOJIOTHYECKON YCTaHOBKE 1ieJiel (3aMKHYTO-Pa30MKHYTBIE CXEMBbI).

VTunu3anus HU3KONOTEHIIMAIBHBIX TEMJIOBEIX OTX0I0B

OcHoBHyIO 0710 B o0meM oObemMe BDOP coCTaBisOT TEIJIOBBIE, KOTOPHIE HMMEIOT
TemnepaTypubii noteHunan B auanazone 20...1800 °C. Ilo temmepaType TEIUIOHOCUTENS OHU
MOPA3ACIIAIOTCS HAa HU3KO-, CPEIHE- U BBICOKOTIOTCHIIMAIbHBIC.

K nHuzkonomenyuanonoim mennogoim BOP OTHOCATCS SHEPrOHOCUTEIU C TEMIEpaTypour 110
50 °C, cpeonenomenyuanvrvim — 50...250 °C. OTBOAATCSA OHU OT HUCTOYHHKOB C OXJIaXKJIAIOIICH
BOJIOH, yIAISIEMbIM U3 IOMELIEHUI BO3AYXOM, YXOASIIUMU ra3aMu U UCHOJIB3YIOTCS B OCHOBHOM B
CUCTEMax OTOIUICHHS, BEHTWISALMK U TOPSYEro BOJOCHAOKEHHUS 3JIaHUKM PA3IMYHOIO Ha3HAYCHUS
WM B TEXHOJIOTUYECKUX YCTAaHOBKAX.

K e6wvicokonomenyuanvuvim mennoevim BOP OTHOCATCS WCTOYHHUKH TCIUIOTHI, MMCIOIIHME
temneparypy Bbime 250 °C. B ocHoBHOM 310 BOP mnpomsbinuieHHOCTH U 3Hepretuku. OHu
WCIIOJB3YIOTCA B TEXHOJOTMYECKUX YCTAaHOBKaX M uacTuyHO B cucrtemax OBK wu ropsuero
BOJIOCHAOXKCHMUSL.

OcHOBHBIE UCTOYHHKHU BBICOKOMIOTEHIIUATbHBIX BOP (TEmIOBBIX, TOPIOYNX U U3OBITOYHOTO
JaBIE€HUS) —  TPOU3BOJCTBEHHBIE  MPOLECCHl  MPOMBIIIEHHOCTH.  HecoBepieHcTBO
SHEPrOUCIONb30BAHMS TEXHOJOTHYECKOTO OOOpYIOBaHUS CIYKUT MNPUYMHON TosiBieHus BOP.
Haubonee  sHeproeMku  MeTajulypruueckas,  XMMHYECKas,  dSHEpreTuveckas  OTpaciH,
MAaIIMHOCTPOCHHE, TPOMBIIUIEHHOCTh CTPOUTENBHBIX MaTepuanoB. VX sHepreTmueckuil OamaHc
MOKPHIBAETCS B OCHOBHOM HHU3KOOpPraHM30BaHHOW »sHepruei. Ha pomio TemnoBoi »Hepruu
(TETIOHOCUTENN — Tap U ropsyas BoJa) MPUXOIUTCS MPUOIU3UTENBHO 28 %, HEMOCPEACTBEHHO
TOIIMBA — OKO0JI0 46 %, Ha OJII0 3IEKTpo3HEprun — 26 %.
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TemrepaTypHblii MOTEHIMAI TEIJIOTHl MPOU3BOACTBEHHBIX IPOIECCOB HAXOIUTCS B
muanazone 20... 1800 °C, onHako B 0OLIEM KOJUYECTBE HHEPrMM H30BITOYHOM TEIJIOTHI
BBICOKOMIOTCHIIMAIBHBIE  TEIUIOHOCUTENM  COCTaBisitoT  Bcero 25  %.  CoBpeMeHHbIE
TEIUIOMCIIOJIB3YIOIIUE arperarbl OTIMYAIOTCS OOJBIION €AMHUYHOMW MOIIHOCTHIO. B Ky3HEUHBIX
MOJIOTax pacxoayercst OkoJsio 6,5 kr mapa Ha 1 Kr MokoBKH, npu JauThbe Bbiaensercs 1200... 1400
ThIC. KJ[>K TeroTsl Ha 1 T MeTasuia. bosbiioe KOJIMYeCTBO TEIJIOTHI BBIJCISIIOT TEPMUYECKUE TICUH,
CYIIUJIBHBIE YCTAHOBKU, KOHBEPTEPHI U Apyroe odopynoBanue. Hampumep, eciiu KOHACHCAITHOHHAS
anektpoctanus (K3C) wmomuocteio 1200 MBt mnotpebnsier B gens g0 9000 T yrius c
MakcumanbHbIiM KIIJ[ 45 %, To 0k010 55 % XUMHUYECKOW HHEPruu TEepseTCs C OXJIaXKIarouen
BOJIOM, ABIMOBBIMHU Ta3aMu, BO3JYXOM M MOXET ObITh MCIOJB30BAHO B KadyeCTBE TEIIOBHIX BOP.
[4].

KpynHbeie  mpoOMBINIJIEHHBIE  YCTAHOBKH —  HMCTOYHHUKA  W30BITOYHOM  TEIJIOTHI
IKCIUTYaTUPYIOTCS, KaK TMPaBUJIO, KPYIJIOCYTOYHO © MOTYT OO€CIeunuTh HENpephIBHOE
«mpoun3BoacTBO» BOP.

l'oprounie BOP (koHBepTepHBIN U Jpyrue rasbl) UCHOJB3YIOTCS B OCHOBHOM B KauecTBe
TOIJIMBA, a TAKXKE JJIs1 BBIPAOOTKH TETUIOTHI U AJIEKTPHUUECKON SHEPTHH.

Huzko- u cpennenoreHuuanbabie BOP B sHEpreTHueckux LeisiX MOYTH HE HCIOJIb3YHOTCA
M3-3a CJIOKHOCTHM MX DJHEProTeIuioBOM  yTWiIM3auuu. TemnoTa BOJbI,  OXJaXAarollen
TEXHOJIOTHYECKOe 000pyJAOBaHME, TEMJIOTa OTXOASIIMX Ta30B, TEIJIOTAa BO3JyXa, YIAISIEMOTO
CUCTEMaMH MECTHOM M 0OOLe0OMEHHONW BEHTWIALMM, HE BCErJa HAaXOIUT NpPHUMEHEHUE B
TEXHOJIOTHYECKHX TMpoIleccax, HO BCEr/Ja MPEICTABIAETCS DSHEPreTUYeCKM U SKOHOMHUYECKH
1esecoo0pa3HbIM WX UCIOJIb30BaHUE sl cucTeM TeriocHabxkenus, cucteM OBK. TlonaBnsromiee
OOJBIIMHCTBO  HU3KONMOTEHLHUAIBHBIX HMCTOYHMKOB BOP, mpuroaneix s  yTHIW3alUH,
PacroJio’)KeHO B MPOMBIIUICHHBIX, TPaXAAHCKUX U KWIbIX 3laHusIX. K HUM cieayer OTHECTH u
TEIUIOTY 3arpsi3HEHHBIX CTOYHBIX BOJI, YAAJISEMbIX U3 3/1aHUH.

Tabnuna 6.1
Bunst BOP npeanpusituii pa3iudHbiX OTpaciaeil TPOMbBIIIICHHOCTH
Temnoseie BOP
Otpacib B3P
b INoproune
HapOIHOr0 BOP H30BITOYHOT
X03s1HiCTBA HH3KOIIO JABJICHUS
BBICOKOIIOTCHIIMAIIbHbIE CpEIHEIIOTeHIIMATIHBIE
LMaJIbHbIE
Temnnora o
Teruiora  OTXOIAIIMX JloMeHHBIH,
yAQIAEMOrO .
YepHas rasos, arJiomMepara, Bo3IYXA 4 | KOHBEpTEpHBI
METAJLTYprus METAUTyPI UYEeCKUX X . (eppocmnaBHbIi
OXJIXKIIAIOILEH
LIJTAKOB M MeTaJuia rasbl
BOJIBI
[Tap
Temnora msaTOro nmapa o
Terora  OTXOIAMIMX Barpanounsiii BTOPUYHOTO
MammHocrpoeHue KY3HEUHO-TIPECCOBOTO Toxe
razoB ra3 BCKHTIAHUS
000pyIOBaHHS N
MSTBIH Tap
Temnora ra3os,
Tennora l'optoune  rasel,
OTXOJISAIINX or .
. | oxmaxparomed  BOABI nony4aeMble B
HedrenepepabarriBatomas TpyOUaThIx rieyeit
NPOMBIBOYHBIX ~ BaHH, nporiecce
u He(TeXMMUUecKasi | CHKMraHUs »
KOHJICHCATOPOB nepepaboTKu
MPOMBIILICHHOCTb CepoBOIOpO/a,
CMEIIIECHHS, BBITAPHBIX YIJIEBOIOPOAHOTO
YCTaHOBOK
YCTaHOBOK U TIp. CBIPbSI
pereHeparyy u r.J1.
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Temnora  yxomsmmx
IIpombIlIeHHOCTH Temmora  oTXomsammx | Ta30B TYHHEJIBHBIX, Temnora Orxomi
CTPOUTEITBHBIX ra3oB Ieyed oOOXKHMra | IIaXTHBIX Teyei, yZaIs1eMOoro eBeiHHH
MaTepuaIoB KJIMHKepa CYUIMJIBHBIX BO3/yXa P
YCTaHOBOK H T.II.
Tenmora  koHzeHcaTa
IIpoMbInIeHHOCT YCTQHOBOK  TEIUIOBOM T
. 0 Ke
CTPOUTENEHOH HHYCTPHU 00paboTkwy,
CYIIMJIBHBIX KaMep
Temnora
Temmora JIBIMOBBIX
Kunvso- CTOYHEIX BOJ,
. ra30B  OTOIUTEIBHBIX
KOMMYHAJIbHOE X 035HCTBO yaansieMmoro
KOTENBHBIX
BO3/1yXa
OcHOBHOU TEXHOJIOTUYECKUU mponecce MOXCT JOITIOJIHATHCA

BCIIOMOTATEIbHBIMM ~ OTEpAlUsIMA IO THUIY KOT€HEPAIMOHHBIX YCTaHOBOK —
Hanpumep, eciau Tpedyercs npeodpa3oBaHUe HECKOIBKUX BUJOB TOIUMBA. Puc. 6.2.

113 cetn

Korenepammns

Tpnrenepauna

KV - koren-yrunusarop; P — panuarop; P3 - perynupyromas 3acnonka; [ITO — npomexxyrounsiii Temiooomentuk; TCT —
tepmocrar; TXK — tpexxonoBoii knanan; IIH - uupkyasunoHHbIN Hacoc.

Pucynok 6.2 - YoporieHHas npyuHIMIIMAIbHAS cXxeMa Tpurenepanuu: /IB - nBurarens:

TonnmBHOE cxuUraHue B arperarax, HCIOJIB3YIOIIMX TOTOBOE Ui TEIUIOBOM 00pabOTKU
ceipbe. Peanmmsyercs mpocTas cxema BbIPAaOOTKM TEMJIOThl 0€3 MPOMEXYTOUYHBIX 3TaloB
nepepaboTku M 1npeoOpasoBaHus. TemsoBoe wHcHojb30BaHME. ['eHepamust B TEMJIOBBIX
YTWIM3HPYIOLUINX arperarax. B oriauume oT mpenpiaymiero croco0a HMCMOJIB30BaHUS PECYpPCOB
MOJKET PpEalN30BbIBATECS KOTEHEPAIMOHHBIA MNPUHIUI BBIPAOOTKM SHEPruM, HO Takxke Oe3
omepauuii mpeobOpasoBaHus. K mnpumepy, Ha pa3HbIX JIMHMSIX TE€HEPATOPHOW CTaHLIUHU
HCII0JIb30BAHNE BTOPUYHBIX SHEPI€TUYECKUX PECYpPCOB MO3BOJISIET MOJIY4YaTh TEILIO, FOPSAYYI0 BOLY
win nap. TeroBoe U KOMOMHMPOBAHHOE MCIONb30BaHME. Hapsgay ¢ BeIpaOOTKON Temia Takke
BBITMOJIHAETCS NpeoOpa3oBaHUEe B 3UEeKTpodHepruioo. Hampumep, TypboarperaTsl TIeHEPHUPYIOT
SJIEKTPUYECTBO B TEIUIOPUKALMOHHBIA  WIM ~ KOHJCHCAIIMOHHBIA  BHJBI  DHEPrHM.
OnekrposHepreruyeckoe.  IlpoumsBoaurcs ~ BbIpaboOTKa  dJIEKTpUYECTBA € MOMOIIBIO
YTHIM3HPYIOLIET0 Tra3oBoro typboarperara. Kinaccudukanus mo tumy Hocurens. [lox Hocurenem
MOHUMaeTcs (opMa PHEPreTHUECKOTO pecypca, a TaKKe €ro arpoTeXHHYECKOe COCTOSHHE, O]
KoTOpoe OyAeT MmoadHpaTbcs M YTHIM3HpYIOIIas ycTaHoBKa. [lo 3ToMy MpH3HAaKy BBLAEISIOT
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CIIEIYIOIINE PECYPChl BTOPHYHOTO CHIPhs: JKuakwe, TBepable W Ta3oo0pa3Hbie oTXOnbl [lapbr —
oTpaboTaHHbIe M TomyTHBIC. OTX0MsMTHE Ta3bl. [IpoMEKyTOUHBIC U TOTOBBIC MTPOU3BOJCTBECHHBIC
npoayKThl. TexHuueckas oxyiakaaromnias Boia. ['a3pl ¢ MOBBIIICHHBIM JaBJICHUEM.

JInst W3BJEYEHHMS HSHEPTrUM M3 BTOPUYHBIX PECYPCOB HCIOJB3YIOTCA YTHIM3UPYIOIINE
YCTaHOBKH, KOTOpBhIE MOTYT OOECHeYMBaTh pa3Hble MPOILECCHl MEpPepadOTKU MU MPOU3BOJICTBA.
CymiecTBYIOT Kak CHEIMaTIn3upOBaHHbBIE, TAK U YHUBEPCAIbHBIC arperaThl.

[TockosbKy K BTOPHYHBIM pecypcaM OTHOCSITCSI TAKUE CPEJbl, KaK BOJSHOM Map C razoM H
BOJIOM, YHUBEpCAJIbHBIE KOTEIbHbIE M OONJIEpHBIE YCTAHOBKHM MOJKHO paccMaTpuBaTh B KadeCTBE
KOTE€HEPAIMOHHOTO 000py/I0BaHMUS.

[leneBbIM MPOAYKTOM TaKUX CHCTEM, KaK TPaBUJIO, SBJSIETCS  AJIEKTPOIHEPTHS,
BbIpaOaThiBaeMas B OOJIBIINX 00beMaXx.

Ecnu xe roBOpUTh O CHEIUANTBHBIX Y3KOHAMPABIEHHBIX YCTAHOBKAX, TO K HUM OTHOCSITCS
cnenyrome: Kotabl-yruiu3aropsl. JkoHomaiizepbl. TemsioBble Hacocbl. Tensoo0MeHHBbIE
YCTAHOBKH. AOCOPOLMOHHBIE XOJOAWJbHbIE CHCTeMbl. BoaoHarpeBarejsn. Arperarsl
HCNAPUTEJIBHOT0 oxJaxaenusi. TypOoreneparopsl u 1ap. Pasymeercs, mis TOJHOLEHHON
IKCIUTyaTaIliy TaKUX arperatoB TpeOyeTcs ¥ MIMPOKHI KOMIIJIEKC BCIIOMOTATEIbHBIX YCTPOUCTB, 3a
CYET KOTOPBIX CHCTEMa TMOJKIIOYAETCS K WCTOYHMKAM TOIUIMBA. Tak, I OOCITy>KHMBaHUS
BTOPUYHBIX JSHEPreTHUYECKHX pECypCcOB B €IMHOM KOMIUIEKCE C Ta30lpOBOJOM MOXKET
MOTPeOOBATHCS YTHIIM3ATOP C OTACIBHOM KOMIIPECCOPHOM CTAHITHEH.

B 3aBucuMocTH OT XapakTEpUCTHK CaMOI0 pecypca, MOTYT NPUMEHSATHCSA TaKXKE CHCTEMBbI
OXJIaXKJCHUS, PUIbTpALUY, HarpeBa, peryysluy JaBJIeHUs U T. 1.

HcnonanzoBanne BOP 1i1s otormienus

Ha MHOrux npeanpustusx HEMOCPEICTBEHHO B TEXHOJOTMYECKHUE MPOLIECCHl TPOU3BOICTBA
3aKJIaJIbIBA€TCS BO3MOXKHOCTh OTOILJICHUS IOMEIIEHHUI 1 00orpeBa 000pyI0BaHUS 3a CUET SHEPTUH,
BbIpa0aThIBAEMON MECTHBIMU K€ OTXOJIaMHU.

Hanpumep, TepMmuueckue KOTIbl M TE€YM B HpoIEcce paboThl BBIACISIOT BTOPHYHBIC
SHEPreTUYECKHE PECYPChI B BUJE rasa.

Cucrema ux yruiu3anuu paboTaeT ¢ NMOMOIIBIO BOJISHBIX IOJOTpeBaTeNiell, KOTOpbIe
CHayaja YCTaHaBJIMBAIOT TEeMIEpaTypy Tra3oBbIX cmeced mnpumepHo g0 250 °C, a 3arem
pacnpeensoT SJHEPTHUIO M0 TeIJIO0OMEHHBIM KOHTYpaM.

[Tocne sToro ocraBiMecs: TEXHOJIOTUYECKUE UCTIAPEHUS YAAISIOTCS Yepe3 JbIMOBYIO TPYOy.
[Tomorperass Boga MOXET pacxXoJOBaThCs Mo-pazHOMYy. OOBIYHO €€ UCHOJB3YIOT B CaMOM
MIPOU3BOJICTBEHHOM IIPOLIECCE KaK TEXHUYECKYIO )KMAKOCTh UM B KAUECTBE pecypca ISl TOPSiUero
BoJ0CHAOXeHUA. DG(GEeKTUBHOCTh MPUMEHEHMsI MOJOOHBIX TEXHOJOTHH 0o0orpeBa HEBBICOKA U
coctapiseT juib 10-12 %, HO ¢ yueToM OTCYTCTBHS 3aTpaT Ha ChIPhEBOM MaTepHall STOT MOAXO0]
ce0s OIpaBbIBacT.

Henocrarku ucnosab3oBanus BIP

[IIupokoMy pacnpOCTpPaHEHHUIO JaHHOW KOHIIEMIIUU HSHEPreTHYECKOTo obecredeHus
MPEMsITCTBYeT  HECKOJbKO  (paKTOpOB, TIABHBIM U3  KOTOPBIX  SIBISETCA  CJIOXKHOCTb
TEXHOJIOTHYECKOTO YCTPONCTBA MOAOOHBIX cucTeM. Jlaxke ecnu He OpaTh B pacueT 3arpaThl Ha
obopynoBaHHWe B BHJIE YTUIM3AaTOPOB, MPU TEXHUYECKON OpraHM3alMy Mpoiecca Henz0exHO
noTpedyeTcst MepeyCcTPOICTBO y4acTKa dKCILTyaTallly, TaK Kak cucTtemMa OyaeT paboTaTh B CBSI3KE C
Pa3HBIMH UHKEHEPHBIMU y3JIaMH.

Eme oauH HEAOCTATOK OT MCHOJB30BaHUSI BTOPUYHBIX PECYPCOB MOXHO MPEACTaBUTH KaK
HU3KHE MOKA3aTENN SHEPreTUUECKOM OTJauH.

1. Temno ¢ Temmepatypoit or 40 mo 150°C, koTopoe MoOXeT OBbITh HENOCPEICTBEHHO
WCIIOJIb30BAHO JJI1 OTONUTENIbHBIX 1IEJICH.
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B nanHOM ciyyae npu yTWIM3alMM TEIUIOTHI OCYILECTBIISIETCS IEPEHOC TEIUIOThI OT
HCTOYHUKOB ¢ 00Jiee BHICOKON TeMIepaTypoi K UCTOUHUKAM ¢ 0ojiee HU3KOW TeMIepaTypoil.

OCHOBHBIMU UCTOYHMKAMH TAKHX OTXOJOB SIBJISIOTCS:

- 0TpaOOTaHHBIH nap;

- Harperas BoJa;

- OTXOJISIIIME Ta3bl MAPOBBIX U ra30BbIX TYpOUH.

2. Terno ¢ Temmepatypoit Hmke 40°C, K0Topoe He MOXKET OBITH HATIPSMYIO HCIIOJIB30BAHO
JUIs OTOIUJIEHUS W TOpPSYEro BOJIOCHAOKEHMs, TaK Kak €ro TemIiieparypa HMkKe TpeOyeMol y
notpeduresnss. YacTo 3To TEMIO cOpaChIBACTCS B OKPYKAIOIIYIO CPEIy.

Hanpumep, Ha npeanpusTHU MOTYT UMEThCSl B HAJIMUUU 3HAUUTENIbHBIE 3aMachl TEIIOBBIX
oTxoz0B mpu Temmeparype 30°C, B To Bpems Kak i APYTHX HPOIECCOB MOXET TpeGOBaThCS
ropsaas Boja ¢ Temmepatypoii 60°C u Bee. B TakoM cirydae MOXKET OBITH HCHIOTB30BaH TETLIOBOM
HAcoC, KOTOPBI TMO3BOJISIET MOBBICUTH TEMIIEPATYPHBIN YpOBEHb TEIUIa B COOTBETCTBHM C
TpeboBaHUAMU MoOTpeduTeneil. Jns mpuBoJa TEIJIOBOrO Hacoca TPeOYOTCSl 3aTpaThbl BHEUIHEH
SHepruu. B 3aBUCUMOCTH OT KOHCTPYKIMH, TpaHC(POPMATOPhl TEIUIOTHI MOTYT BBIMOJHSAThH JIBE
(GYHKIMM: MOJIyd€HUE TEIUIOThI 00Jiee BBICOKOTO TEMIIEPATYpHOTO YPOBHS, WJIM HCIHOJb30BaHHE
TEIUIOBBIX OTXOJI0B JUIs IPHUBOAA A0COPOLIMOHHBIX XOJOAUIBHBIX CUCTEM.

TexHonornu yTuinM3aluu HU3KONOTEHLMAIbHBIX TEMJIOBBIX OTXOJOB C TEMIIEPATYpOH 10
40°C.

TemnoBoii HACOC - 3TO YCTPOMCTBO, IMO3BOJISIIONIEE MOBBICUTH TEMIIEPATYPY HCTOUYHHUKA
TEIUIOBBIX OTXOJIOB JI0 TeMIlepaTyphl, TpeOyemol moTpebutesnto. T.e., MoJie3HOE HCMOJIb30BaHUE
TEIUIOBBIX OTXOJ0B MO3BOJISIET 3aMECTUTh 3aTPAThI HAa MOKYIKY YHEPTHH.

OpaHako Takoe MOBBIIICHUE TEMIIEPATYPHOTO YPOBHS HEBO3MOXKHO OCYILIECTBUTH O€3 3aTpaT
W3BHE.

TenoBoii Hacoc TpeOyeT HATUYMS BHEIIHEr0 MCTOYHHKA MEXaHMYECKOW WIIM TEIUIOBOU
SHEPruu.

I'maBHOW 3amaueit sBIsieTcs pa3pabOTKa TaKOHW CHCTEMBl, B KOTOPOM ASKOHOMHUYECKUU
3¢ deKT OT BHEAPEHHS TEIJIOBOIO HAcOCa MPEBBICUT 3aTPaThl HA €ro MPUBOJ.

CyliecTByeT HECKOJIBKO THIIOB TEIIOBBIX HACOCOB, HEKOTOPHIE M3 HUX TPEOYIOT MOJABOJA
BHEIITHEH MeXaHW4eCcKO paloThl, APYrUM TpeOyloTcs 3aTpaThl TEIJIOBOM sSHepruu. TermoBbie
HACOCHI TIOJIE3HO HCIIOJIB3YIOT TEIIOBBIE OTXObI, KOTOPbIE ObUIH OBl BHIOpOIIEHBI B aTMOchepy U
MOBBILIAIOT UX TEMIIEPATYPY IO YPOBHS, IPU KOTOPOM TEIJIO MOKET OBITh IMOJIE3HO HUCIOJIE30BaHO.

TenoBasi 3Heprusi, NOJy4eHHAsl ¢ MOMOIIbIO TEILUIOBOr0 HACOCA, 00XOAUTCH JelleBie,
4yeM ee MPOM3BOACTBO MyTeM CXKUTAHMS TOIUIMBA MJIH B JJIEKTPUYECKHX KOTJIAX.

B ocHoBe paboThl TpaHCHOPMATOPOB TEIUIOTHl JIEKUT TEPMOJUHAMHUECKUN ITUKI,
M3BECTHBIN Kak oOpaTHbIN 1K1 KapHo.

B nukne PenkuHa cHUKeHUe TeMIiepaTypHOTO MOTEHIMaNa TEIIOBOM SHEPTUU MPUBOJUT BO
BpallleHue Baj TYpOUHBI, YTO COMPOBOXKAAETCS TPOU3BOJACTBOM MEXaHUYECKON SHEPTHUH.

B mapoBoii TypOuHe, 3TO JOCTHraeTcsl MyTeM IOJadd B Hee Mapa BBICOKOTO NABICHUS U
BBIMTYCKA Mapa ¢ 0oJiee HU3KUM JaBICHHUEM.

MexaHn4yecKkue  TEMJIOBBIE  HACOCHl  paboratoT  HaoOopor. OHM  mpeoOpas3yroT
HU3KOMOTEHIMAIbHBIE TEIJIOBBIE OTXOJIBI B IMOJIE3HOE TEIUIO ¢ Oojiee BBICOKOH TemrmepaTypoi, Ha
YTO pacxoJlyeTcsi MeXaHu4yecKas SHeprust BpaiieHus aia (puc.9) [4].
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KomnyectBo paboTel, TpeOyemol s MpUBOJAA TEIUIOBOTO HAcOCa, 3aBHCHT OT TOTO,
HACKOJIBKO TOBBIIIAETCS TeMIIEpaTypa HU3KOMOTEHIIMAIHHOTO MCTOYHHMKA DHEPTUH, TAaK JK€ KaK B
[apoBOM TypOMHE KOJIMYECTBO MPOU3BOAUMON pabOThl BO3pAacTaeT C YBEIMYEHUEM CTENEHU
VM3MEHEHHUs JaBJICHUN.

Bce TemioBbie HacOChl OCYLIECTBIISIFOT TPU OCHOBHBIE (DYHKIINU:

— [lomydeHue sHEprUM OT UCTOUHUKA TEIIOBBIX OTXO/IOB;

— IloBbIlIeHUE TEMIIEPATYPhI TEIUIOBBIX OTXOIOB;

— OGecneueHue Mojae3HON TEIIOBOM SHEPTHH MIPH MOBBILLIEHHON TeMIIeparype.

[IpuHIMNI neiicTBUS KOMIIPECCHOHHOTO TEIJIOTO HAacoca, Kak OJJHOTO U3 HanboJjee UpPOKo
MIPUMEHSIEMbIX TUIIOB, MPEJCTaBIIEH Ha puc. 6.2.

lNap: esicoxoe P Tenno: esicokan T

8 |
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Pucynok 6.2 - CpaBHeHHE IPUHIMIOB paOOTHI LKA TEIJIOBOTO ABUTaTENsl U IIUKJIA TEIIOBOTO
Hacoca

DOHeprus TEIUIOBBIX OTXOJOB MOJBOJUTCS K padoueMy BEUIECTBY B HCIapHUTeENe, B
pe3ynbTaTe 4ero XJaJareHT KUMUT U ucnapsercs. B xommpeccope naBieHHE Mapa MOBBIIIAETCS,
COOTBETCTBEHHO BoO3pacTaeT M Temmeparypa. Ilocie storo pabouuii map KOHAEGHCUPYETCS B
KOHJICHCAaTope, MepeiaBas TeIJIoTy HarpeBaemoi cpene. KimodeBbIM mapaMeTpoM, OKa3bIBarOIIUM
BIUsiHUE Ha 3(P(PEeKTUBHOCTH pabOThI TEIUIOBOTO HACOCA, KaK YK€ ObLIIO OTMEUYEHO paHee, SBISETCS
Pa3HOCTh TEMIIEpaTyp UCIAPEHUs U KOHJIEHCAIlMKU paboyvero BelecTna.
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PI/ICYHOK 6.3 - HpI/IHHI/IHI/IaJ'ILHaSI CXeMa KOMIIPECCCHOHHOTO TCIIJIOBOT'O HAacoCa

3neck Q2— nOABOAMMAsSL SHEPTUS TEIUIOBBIX OTXO/I0B;

Tk — TeMmepatypa KOHA€HCalluu pabovero BelecTBa;

Tu — TemnepaTypa McrapeHus: paboyero BEUIeCTBa;

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

Q1 - MPOU3BOIMMOE TETIJIOBBIM HACOCOM TEILIO.

Qi=Q2+W
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DddexTruBHOCTH pabOTHI TEIUIOBOTO HACOCA, KAK OBLIO OTMEYEHO
paHee, xapakrepu3yercs KodpdumrearoM npeodbpaszosanus COP (o) :

CDP=¢J=%}1

OcHOBHbBIE TUITBI MPOMBIILIEHHBIX TEIIOBLIX HACOCOB

Hwxe mpencraBieHsl OCHOBHBIE THIIBI TEIJIOBBIX HACOCOB M KPATKO OIMUCAH MPUHIUI HX
paboTHI:

e 3aMKHYTBHIM LMKJI TEIUIOBOTO HAcoca: OCYLIECTBIISIET MEXaHMUYECKOe CKaTue paboueit
YKUJIKOCTH JJIs TIOBBITIIEHUS TeMIiepaTypbl. Pabodei cpemoil valie BCero sIBISICTCS XJIadareHrT.

Hawnbonee pacnpocTpaHeHHBIE THITBI MEXaHWYECKHUX JBUTATEICH, KOTOPHIE MOTYT OBITh
WCI0JIb30BaHbI JUIsl pabOThl TEIJIOBOTO HACOCA, BKIIOYAIOT JIEKTPOIABUTATENH, TAPOBbIE TYpOUHBI,
JIBUTATEIN BHYTPEHHET'0 CTOPAHMS, Ta30TypOUHHBIE YCTAaHOBKH.

e He3aMKHYTBHI LMK ¢ MEXaHMYECKOW Kommpeccued mnapa. Jlid MOBBIMIEHUS JTaBICHUS
rapa MCIOJIb3yeTCsl MeXaHW4yecKast SHeprusi. Paboueit cpenoil B MCIapuTese Jaiie BCEro SIBISICTCS
BOJsTHOM map. Takue cucTeMbl Ha3bIBAIOTCS HE3aMKHYTHIMH, TaK KakK pabouasi )KUJIKOCTh SIBISETCS
TEXHOJIOTUYECKUM ITOTOKOM.

e He3zaMKHYTbIE TEPMOKOMITPECCUOHHBIE TEIUIOBBIE HACOCHI UCIIOJIB3YIOT SHEPTHUIO paboyero
rapa BBICOKMX IapamMeTpoB JI1 NOBBIIICHUS NAaBJICHUS XOJIOOHOrO Mapa B 3kekrope. Kak u B
MpebIAYIEM CiTydae, TeIUIOBOI HacoC paboTaeT 1Mo pa3oMKHYTOMY IIHKITY.

e 3aMKHYTBIE aOCOpPOIIMOHHBIC TEIJIOBBIE HACOCHI HCMOJB3YIOT JBYyX(a3zHble pabouune
KUJKOCTH W MPUHUUI TOBBILICHUS TOYKM KHUIIEHUS M TEIUIOTHl MOIJIOLIEHUS JUIsl NOBBILIEHUS
TEeMIIepaTyphl AJs yIOBIETBOPEHUS HYX ] MOTpeOuTeNnel mpu 0oJiee BRICOKUX TeMIIepaTypax.

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

Hcnonb3oBaHue TEIUIOBBIX OTXOJOB JUIsl MPOU3BOJACTBA 3JEKTPOIHEPIHH - 3TO IMPOIEece
coopa COpPOCHOrO Terla TEXHOJOTMYECKHUX IPOLECCOB M HCIOJb30BAaHUE 3TOT0 Temia s
MIPOM3BOJICTBA AIIEKTpUUECKON sHepruu (puc. 6.14). DHeproeMKrue MPOMBIIIICHHBIE MPOIECCHl —
Takue, KakK TpOoIlecCChl HMEIoIIHe MecTo Ha HedTenepepadbaThIBAIONINX MPEANPHUITHIX,
CTAJICIUTEWHBIX 3aBOJAX, CTEKIOAYBHBIX TPOU3BOJACTB, IIEMEHTHBIX I[€4aX — SIBJISIFOTCS
HMCTOYHUKAMU TEIUJIOBBIX OTXOJOB M TOPSYMX OTPabOTaHHBIX Ta30B, KOTOpPbIE MOTYT OBITh
UCIIOJIb30BaHbl B COBPEMEHHBIX TEXHOJIOTHSAX MPOU3BOJACTBA AIIEKTPOIHEPTUU. Y THIM3ALUS
TEIUIOBBIX OTXOJIOB JUISl TAKUX LIEJe MpelCcTaBiseT cOOOM HEMCIOIb30BAaHHYIO Pa3HOBHIHOCTH
KOMOMHUPOBAaHHOM BBIPAOOTKM 3HEPruM (KOreHepaluuu), B KOTOPOH OJWH MCTOYHHK SHEPrHH
(TOTUIMBO) UCIIOJIB3YETCs ISl COBMECTHOM BBIPAOOTKHU TerJa (X0JI0/1a) U 3JIEKTPUUECKON SHEPrHH.
KorenepanmonHasg cucreMa COCTOMT M3 IEPBUYHOTO HCTOYHHMKA, TE€HEpPaTopa, CHCTEMBI
YTWIM3AallMM TeIUla W JJIEKTPUYECKOIO B3aMMOCBSI3aHHOTO OOOpYJOBaHHUS, COOpaHHOTO B
MHTETPUPOBAaHHYIO cucTeMy. J[1s1 KOMOWHUpPOBaHHOHM BBIPAOOTKM XapaKTEpHbI 0Oojiee BBICOKHE
KIIZI 1 BO3MOXHOCTH H30€XaHWS WM CHUXKEHUS IOTEepb NPU TPAHCHOPTUPOBKE SHEPIHMHU OT
UCTOYHMKA K MOTPEOUTENIO, B pE3y/IbTaTe YEro CHUKAETCS PacXo]] HEPBUYHOTO TOILIMBA U BBIOPOC
B aTMOC(epy BPEIHBIX BEIIECTB.
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Tennosas
Tenno- aHepaus
06MEHHBIU Typbuna
annapam {renepamop.

3nekmpoanepaus

Tennosbie omxodst

Cxueanue
Tonnueo monnuea

Pucynok 6.14 - Cxema HCIIOJIb30BaHUS TEIMJIOBBIX OTXOJIOB Ui MPOU3BOJICTBA AJIEKTPOIHEPIHU
(HYDKHUHN ITUKT)

Haubonee pacnipocTpaHeHHBIN BaprHaHT KOMOMHUPOBAHHOUM BBIPAOOTKU OCYIIECTBIISIETCS 110
TaK Ha3bIBAEMOMY BEpPXHEMY IIMKIY, KOIJa TOIUIMBO MEPBOHAYAIbHO HCIOJB3YETCS B TEIJIOBOM
JBUTATENe A MPOW3BOACTBA MEXAHMYECKON WM JJIEKTPUYECKOW HPHEpPruM, a 3aTeM cOpocHas
TEIJIOTa OCHOBHOTO OOOPYAOBAaHMS YTUIU3UPYETCA Ui MPOU3BOJCTBA TEIUIOBOW DSHEPTHUU.
Hanpumep, rasoBas TypOMHa WM MOPUIHEBOW OBUTATeNh MPOM3BOAMUT SJIEKTPOIHEPTHIO 33 CUET
C)KMTaHUs TOIUIMBA, U 3aTE€M YTUJIU3allMOHHAsl yCTAHOBKA COOMPAET MOJIE3HYIO TEIIOBYIO SHEPIHIO
COpPOCHBIX TTOTOKOB U NMOTOKOB CHCTEM OXJIaXk/IE€HUS. AHAJIOTUYHO, TApOBble TYPOUHBI T€HEPUPYIOT
ANEKTPUYECKYIO SHEPTHIO, UCTOJIb3Ys Map BHICOKOTO JABIEHUS, UAYIIUNA U3 KOTJIOArperaTos, Mocie
4yero oTpaboTaBIIMii map 60Jee HU3KOTO JAABJICHUS UCIIOJIB3YETCS ISl TEXHOJIOTMUECKUX IIeNIel WK
1ene TemuocHaOKeHHs. TeruioBble OTXOABI MOTYT HCIOJIB30BAaThCA JUISL MPOU3BOJCTBA
ANIEKTPUYECKOM WM MEXaHMYECKOM SHEpPruu MO TaK Ha3blBaeMOMY HW)XXKHEMY LMKIY. B Takom
LMKJIE TOIJIMBO IEPBOHAYAIBHO HCIOJB3YyeTCA ISl OOeCreueHUs: TEXHOJIOTMYECKHUX IMPOIECCOB
TEIUJIOBOM AHEprueil, HalpuMep B Meyax, a TEIUIOBbIE OTXOAbI ATOTO MPOLecca 3aTeM UCHOIb3YIOTCS
JUIS IPOU3BOJICTBA AeKTpruyecTBa. OCHOBHBIM IMPEUMYILECTBOM TAaKUX CHUCTEM SIBJISIETCA TO, YTO B
HUX HCHOJB3YETCsS TEIJIO OT CYHIECTBYIOIIUX MPOLIECCOB, KOTOPOE B JIIOOOM cllydyae HMMeEJo Obl
MECTO WJIM ObLJIO OBl BBHIOPOIIEHO B OKPYXKAIOIIYIO Cpeny, Il MPOU3BOJICTBA AIIEKTPUUECKOU
SHEPruu, BMECTO TOrO, YTOOBI 3aTpayvBaTh JOTIOJHUTEIHHOE TOIUIMBO HAa OTH HYKIBL.
Hcnonb30BaHue TEMIOBBIX OTXOJIOB JIJIsl BBIPAOOTKU AJIEKTPOIHEPTUH

HpI/IMeHHeMHC TCXHOJIOI'MH

IMaposoii uuka Penkuna (SRC) - naubonee pacmpoCTpaHEHHBIH COCOO MPOU3BOICTBA
AJIEKTPOIHEPTHH M3 TEIUIOBBIX OTXOJIOB — BOBJIEKAET B HCIOJIb30BAHHME TEIUIOTY OTXOJOB IS
MIPOM3BOJICTBA B KOTJIE-yTHJIM3aTOpE Mapa, KOTOPHIM 3aTeM HAmpaBiseTcsl B MapoOBYIO TypOUHY.
[TapoBast TypOuHa — ogHa W3 HauOoJiee CTAPBIX U YHUBEPCAIBbHBIX TEXHOJOTHI MPOU3BOJCTBA
sHepruu. CHucTeMa «KOTENyTWIM3aTOp — TapoBas TypOuHa» paboTaeT Ha OCHOBE
TEPMOJUHAMUYECKOTO 1IMKJIa PEHKUHA, peIcTaBIeHHOro Ha puc. 6.15 [4]

B mapoBom nukiie Penkuna pabodee BelecTBO — BOJa — CHadajga CKMMAaeTCs B HACOCe,
3aTeM HallpaBJIsieTCAd B KOTEN-yTUIU3aTop. Boja ¢ MOBBIIEHHBIM JAaBICHUEM HCIApPSETCs 3a CUET
TEIUIOTHI TOPSIYMX OTXOJOB, OOpa3ylolIMiicss Tap pacmupseTcs B TypOMHE C TOHIKEHUEM
TeMIEpPaTypbl U JABJIEHUA, [IPU ITOM MPOU3BOJUTCS MEXaHUYECKas dHEPrus, KOTopas mepenaercs
Ha OJeKTpuueckuid reHeparop. llap HHM3KOro naBieHHS TOCIAEe TYpPOWHBI OXJIAXKIAeTCS B
KOHJICHCATOPEe, B KOTOPOM MOJIEP>KUBAETCS aBJIeHUE, OJIM3KOe K BaKyyMy, B pe3yJIbTaTe 4ero mnap
KoHJeHcupyeTcs. OOpa3yronuiicss KOHACHCAT NepeKayMBaeTCs HACOCOM B KOTEN-YTUIU3aToOp U
LUKJI 3aMBIKAETCSI.
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Pa6ovee sewecmeo

3nexmpo-
- ‘ awepaus
03603 Komen- Typ6una
mennomet ymunu- renepamop
omxodoe samop

Kowndercamop
| ¥ +

Hacoc

Omeod menna

Pucynok 6.15 - [{ukn rermoBoro asurarens (Penkuna)

4. UnumocTpaTuBHBIA MaTepuas: /(s npoBeaeHUs 3aHATHS HCIIOJIb3YETCS CIAEAYIONIEe
MaTepuaIbHO- TEXHUYECKOE oOecrieueHne: HOyTOyK, MyJIbTHMEAUINHBIN MPOEKTOP, SKPaH.

5.JIureparypa:
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2. Boictpunkuii I'.®. 595 O6mas snepreruka ([Ipor3BoAcTBO TEIIIOBOW M DJIEKTPUIECKON SHEPTUH)
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TEOpHsi, MOICIMPOBAHWE W PACUET MPOIECCOB: YUeOHMK MO Kypcy «Teopuss paboumx IIPOIECCOB U
MOJIEIPOBAHIE MPOILIECCOB B JABUTATENSAX BHYTPEHHEro cropanusy». — Yemsomuck: Uzg. FOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon O6 sHeprocOepexeHHH W TOBBIIMICHUN dHeprodddexkruBHocTH PK ot 13 sHBaps
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6. BcriomoratenpHoe obopymoBanne TOC. KoHcmekT JeKIui Jjisl CTYISHTOB CIEIHAbHOCTH
5B071700 — Termosnepreruka. Anmatsr 2017. ¢.104

7. JlomonHUTENbHAS TUTEpaTypa

8. JlemyxoBckuii ['.B., IlocmemoB A.A. Pacder u HOpMHUpOBaHHE IIOKa3aTelell TerIoBoi
skoHOMHUYHOCTH obOopyaoBanus TOC: Yueb. mocobme / G®I'BOYBIIO «lBaHOBCKHii TOCyIapCTBEHHBINH
sHepreruyeckuil ynusepcuteT uM. B.W. Jlenuna». — Banoso, 2015. — 468 c.

9. Harnerarenu u temiossie aqeurarenn / B. M. Uepkacckuit, 1. B. Kanuaun, 0. B. Ky3nenos, B.
N. Cy66otun. M. : Dueproarommuzaar, 1997

10. Konnenmust pa3BuTusi TOIUIMBHO-DHEPreTHYECKOro Komruiekca Pecrybmmku Kazaxcran mo
2030 roga. [locranoenenne [IpaBurtenscrBa PecriyOnmmku Kazaxcran ot 28 uronst 2014 roga Ne 724
11. [Mmwmnenko H.B., CuakoB M.A. DHeprocOepexeHHE M MOBBIILICHUE HSHEPreTHYECKON
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1. [TosicHUTD TIOHSATHE -HPHEPrEeTUYECKUE OTXO bl Ha30BUTE UX TUIIBI U BUIBL.

2. [TosicCHUTH TIOHSTHE - BTOPUYHBIC YHEPTeTHUSCKUE pecypchl. [IpuBecTH KiIacCUpHKAIUIO
BOP.

3. OnucaTh BUIBI BTOPHYHBIX SHEPTETUICCKUX PECYPCOB.

4. Vicrounuku TermioBbix BOP

5. Ilepeuncnuth OCHOBHBIE HOCHUTEIM WM arperatbl-UCTOUYHMKH BOP Ha mpoMbIIIIeHHBIX
MPEANPUATHSIX.

6. ['te  Kak MOTYT OBITh MCIIOJIH30BaHBI HCTOYHHUKH TEITIOBBIX BOP?

7. YeMy paBHO KOJIMYECTBO BbIPAaOOTKH TEIIOTH BOP

8. Kak o1ieHuTh 5KOHOMUIO TOTUTHBA 32 CUET UCIOJIL30BaHUS TEIIOBBIX WM roprounx BOP?

9. Ha3oBuTe OCHOBHBIC THUIIBI TEIUIOOOMEHHBIX almlapaToB IS YTUIU3AlUW TETUIOTHI
HU3KOTEMITEPATYPHBIX U BEICOKOTEMIIEPATYpHBIX BOP

10. Kakue BB TEIIIO0OMEHHHUKOB HCIIOJIB3YIOTCS B CHCTeMax yruiu3anuu BOP?

11. Kak pacuuThiBaeTcs BbIpaOOTKa 3JIEKTPOIHEPTUU NMPH MOCTYIJICHUH Mapa BBICOKUX
rapaMeTpOB U3 TEIJIOYTHIIM3AIMOHHBIX YCTAHOBOK HA KOHJACHCAIIMOHHYIO TYpOUHY?

12. Hamnume Kakux KOMIIOHEHTOB TpeOyercs mins 3()p(eKTUBHON yTHIM3alUN TETUTOBBIX
BOP?

13. TlepeuncauTe HU3KOMOTEHIIUATILHBIE TeTIOBBIE BOP?

14. TlepeuncauTe UCTOYHUKH BBICOKOTIOTEHITHATBHBIX TETUIOBBIX BOP?

15. OOBCHUTH YIPOIIEHHYIO TPUHITUITHATBHYIO CXEMYTPUT CHEPAITHH.

16. OOBSICHUTH TPUHIIMITHATBHYIO CXeMY paOOTHI ITMKJIA TETUIOBOTO HAacoca Ha IMpUMeEpe.

17. TlepeuncanTb NpuMeEPHI UCIIOJIB30BAHUS OTXOA0B ISl IPOU3BO/ICTBA.

18. OOBSICHUTHL TEPMOAMHAMUYECKUM UK PeHkuHa.

Jlekuus 7

1 Tema 7. AKKyMyIMpOBaHHUE TEIUIOBOW U DJIEKTPUUCCKON SHEPIUH

2. Heab: 3HaTh TUIIBI AKKYMYJIATOPOB U 001aCTH UX MPUMEHEHHUS, IPUHIIUIIBI U CIIOCOOBI
aKKyMYyJUPOBAaHUS B 3aBUCUMOCTHU OT BUJIA SHEPTUU.

1. AxkkymynupoBaHHE SHEPTHUU.

2. OCHOBHBIE IOHSTHSL.

3. CnocoObl aKKyMyJIMPOBaHUS B 3aBUCUMOCTH OT Buja SHepruu. OOuiue noHsITus

AKKYMYyJIHPOBaHUE SHEPTHH.

KoMMyHaneHbIM CEKTOp M TPAHCHOPT CTPEMSTCS MOJHOCTHIO MEPEUTH HA IIEKTPHUYECKYIO
SHEPrui0, U B CBSI3M C OTUM OBICTPO pAaCTET MOTPeOHOCTh B HaAEKHOM, 3(P(PEKTUBHOM H
SKOHOMHYHOM aKKyMYJIMPOBaHUH SHEPTUU U €€ 0TJaue BO BPeMsl MMKOBBIX HATPY30K.

barapen, KOHIEHCATOPBI, KHHETUYECKAs! SHEPTHsl, XPAHEHUE PHEPIUM B BUJIE HArpeTO MM
OXJIAKJCHHOW JKMJIKOCTH, a TaKkKe B BHJAE BOAOpPOJAa — BCE JTO YK€ JOCTYIHBIE H
HCIIOJIb3YIOUIUECS PEUICHMS], JA0IINe ITUPOKNE BO3MOKHOCTH.

TexHONOrMKM HAaKOIUIEHUS] SHEPTUU UTParOT Bce OOJIBIIYIO POJb B PAa3BUTUU COBPEMEHHBIX
CHCTEM KOMMYHAJIbHOTO 3HeprocHadxkeHus. Hampumep, o0mas eMKOCTb HAaKOIUICHHS SHEPIUU B
CIIA yxe mnpeBbicuiaa 2 I'BT-u, mpuueM HENaBHO €XEroJHOE YyBEIHMYEHHE OOBbEAMHEHHBIX
XPaHWJIHIL 3Hepruu npubiausminoch kK 50%. OTpacib MpoJIODKAaeT pa3BUBAThCA, aJalTUPYICh K
M3MEHEHHSIM SHEPTeTUUECKOTro JaHamadTa 1 BHEAPSS HOBbIE TEXHOJIOTHH.

[lon akkymynupoBaHuEM (HAKOIJICHHEM) SHEPrMH IMOHUMAETCs BBOJI KAaKOro-JMOO BHJIA
SHEPTUU B YCTPOMCTBO, O0OOpYyIOBaHME, YCTAHOBKY WJIHM COOPYKEHHE — B aKKyMYJSATOp
(HaKOMHUTENb) PHEPTUM — I TOTO, YTOOBI 3Ty DHEPrui0 OTTyAa 3aTeM B ynoOHoe s
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noTpeOJICHUsT BpeMsi CHOBa B TOM JK€ HJIM B NPEOOpa3oBAaHHOM BHJE MOIY4YUTh oOpaTHO. [lis
3apsIKM  aKKyMYJISITOpa SHEprueld MHOTA HYy)KHA JOTIOJTHHUTENbHAS DHEPrus, W B MpoIecce
3apsiIKM MOTYT BO3HUKAaTh MoTepu SHepruu. llocie 3apsaku akKyMylsiTOp MOYKET OCTaBaThCs
B COCTOSIHUM TOTOBHOCTH (B 3apsDKEHHOM COCTOSIHHH), HO U B 3TOM COCTOSIHUHM YacTh DHEPTrUU
MOXKET TEpAThCS H3-32 IPOU3BOJILHOTO pacCesHUs, YTEUYKH, camopaspsiia WId JAPYTHX
nonoOHBIX siBeHui. Ilpu oTmade »HEPrMM W3 aKKyMyJsiTOpa TaKKe MOTYT BO3HHKATh €€
MOTEepPH; KpPOME TOTO, HWHOTJIA HEBO3MOXKHO TIOJIY4UTh OOpaTHO BCIO aKKyMYJIHPOBAHHYIO
sHepru0. HekoTophie akKyMyIIsITOPBI YCTPOCHBI TaK, YTO B HUX M JIOJDKHA OCTAaBaThCS HEKOTOpas
ocratoyHas OdHeprus. COCTOsHHE aKKyMynsTopa TIpU TOTPEOJNCHHH DSHEPrHH, BO BpeMs
TOTOBHOCTH, TIPH OTJa4e PHEPTUH H MOCIE OTIA4YM CXEeMaTHYHO NpeCcTaBiIeHo Ha puc. 7.1
dmeintoum : ‘

Pucynok 7.1 - Coctosinue akkymyssitopa suepruu (A) (YIpoIeHHo).

1 - mpuem sHeprum, 2 -COCTOSHHE TOTOBHOCTH, 3- OTJauda SHepruu, 4 -paspspkeHHOE COCTOsHHE. Pin - morpebisemas
MOIIHOCTB, Pex - OTHaBaeMast MOIHOCTb, tin - JUTMTEIIBHOCTD 3aPSIKH, tex - NIMTEIBHOCTD OTAAYHM 3HEpruu, W - akKyMy/IHpOBaHHAsS
sHeprust, Wres -ocraTo4Has sHeprust, Win - morepu npu 3apszke, - Wex - orepu npu oraaue sHeprud, Wd - HOTEpH SHEPTUH H3-3a
MIPOM3BOJIBHOT'O PacCesHUA.

AKKyMyJIMpOBAaHUE DSHEPrud OOBIYHO TIOHMMAETCS KakK IIeJICHANpaBJICHHOE JEHCTBHE.
OnHako 2HEPrus MOXKET aKKyMYJIHpPOBAaThCS (HAKAIUIMBATHCS) W HE3aBHCHUMO OT BOJM WU
JCHUCTBUN YeloBeKa — B pe3ydbTare (PU3WUECKUX MPOIECCOB, MPOUCXOMANIUX B MPUPOJIC WU B
HMCKYCCTBEHHBIX YCTpOWCTBaxX. B kadecTBe mpumepa Ha pHUC. 7.2 TPEICTaBICHBI HEKOTOPBIC
MPOIIECChl aKKyMYJIUPOBAHUS SYHEPTUH B Mpupoie. Kpome HUX cieayeT OTMETUTD:

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

- KHHETUYECKYIO SHEPTHIO BpalleHus 3eMin BOKpyr CosTHIIa ¥ BOKPYT CBOCH OCH,

- KHHETUYECKYIO DHEPrUI0 BETPa, BOJHBIX IMOTOKOB M JBHIKYIIHUXCS IIPEIMETOB,

- XUMHYECKYIO DHEPT'HI0, HAKOIIJICHHYIO B )KMBBIX CYILIECTBaX.

Pucynox 7.2 - I[TpuMepbl akKyMyIMpOBaHHS SHEPTUHU B IPUPOE

[Ipr MCKYCCTBEHHOM aKKyMYJIUPOBaHUHM DHEPTUU MOTYT CTaBUTHCS CICIYIOIIHE IICITH:

- co3aHMe 3amaca dHeprud (OOBIYHO B BHJIE 3allacoB TOIUIMBA) MPHU MPEPHIBUCTOM
MOCTYIUICHUM DSHEPrOHOCHTENEH, a Takke Ha Cllydal BPEMEHHOTO MPEKpalleHUs MOCTaBOK
SHEPTHU WJIM BO3HUKHOBCHHMU KPH3UCHBIX CHUTYaIlUH H T. II.;

- TmoJiydeHHE OOJIBIION  KPaTKOBPEMEHHOW MOIIHOCTH OT HMCTOYHUKOB  IUTAHUS
OTPaHUYCHHOW MOIIHOCTH, HANpUMEp, Ui MHUTAHUS JIAMIT-BCIIBIIIEK WJIM YCTAaHOBOK TOYCYHOM
cBapki (puc. 7.3);
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- OCYUIECTBIIEHUE HEPrOCHA0KEHUsS, HE 3aBUCUMOTO OT BHEIIHUX HWCTOYHUKOB 3HEPIUH,
HampuMep, B CPEICTBaX MEPEIBUKEHUS, MPU HCIOJb30BAaHUU MEPEHOCHOIO U IEPEMELAEMOro
obopynoBanus (puc. 7.4);

- BbIpaBHUBAaHUE IEPEMEHHON Harpy3Kd, HalpuMep, B MOPLIHEBBIX MEXaHM3MaX, MpuU
WCIOJIb30BAHUM  TTHEBMATHMYECKUX  HHCTPYMEHTOB, IIPU  YpPE3MEPHOW  HEPAaBHOMEPHOCTH
CYTOYHBIX I'paMKOB Harpy3Ku 3HeprocucreM (puc. 7.5) U B Ipyrux MoJ0OHBIX CIIydasx.

]

Pucynox 7.3 — IlpumeHeHne akkymynsitopa dSHepruu (A) JUISL TIOJIyYEHHsI UMITYJIbCa
SHEPrUM MOBBIIIEHHON MOIIHOCTH

el al ® A ®\@j|
i\ \ U LJ
Pucynox 7.4 — Ilpumep mnpuUMEHEHHUS aKKyMyJIsTOpa OSHEpPrud B MEPEIBHKHOM

sHEpromnoTpeduTene

1 — 3apsaka OT CTalMOHApHOTO HCTOYHWKA 3ekTposHeprun (E), 2 — umcnosb3oBaHue
aAKKyMYJIMPOBAHHOW SHEPTHUU.

AKKYMYJSTOPBI SHEPTUH OOBIYHO XapaKTEPU3YIOTCS:

- BUJIOM aKKyMYJIUPYEMOW JHEpPruu (JIEKTPOIHEPTHUs, TEIUIO, MeXaHHYecKas SHeprus,
XUMHYECKas SHeprus u Jp.),

- KOJIMYECTBOM aKKyMYJIHPYEeMO SHEpPIuH,

- OTpeOIsieMOl M OTAaBa€MON MOIIHOCTBIO,

- JUIMTETTLHOCTBIO 3apSAIKU U OTJAaYU SHEPTUH,

- KITA akkymymsiuun 1 = Wex/ Win, tie Wex— OTHaBaeMasi U3 akKyMyJsiTOpa SHEprus,
Win — noTpebisiemasi akKyMyJIsSITOPOM SHEPTHs,

- YAETBHOM aKKyMYyIUPYIOIIEH CIOCOOHOCTHIO Ha €AUHUILY Macchl MM 00beMa,

- a0COJIIOTHOM U yIeNbHON CTOUMOCTBIO aKKYMYJISTOPA,

- YAETBHOM CTOMMOCTBIO IOy4aeMOl U3 aKKyMYJIsITOpa SHEPTUU.

CriocoObl aKKyMyIHPOBAHHS B 3aBUCUMOCTH OT BUJIa DHEPTUU

Bozo6HoBnsiembie uctouHuku dSHeprun (BUD) o6bruno (3a wuckmouenuem [D3C u
OMOMacChl) OTIMYAIOTCS HEMOCTOSIHCTBOM W HEMpPEICKa3yeMOCThI0 BPEMEHHBIX 3aBHUCUMOCTEN
BBIJJaBAEMOM MOIIHOCTU. MOKHO BBIICNIUTh CE30HHBIE U CYTOUYHbIE HEPABHOMEPHOCTU I'€HEPALINH,
B TO BpeMs Kak TpaduK Harpy3Kku MOTpeOuTeNss OOBIYHO TOXKE HE MPEICTaBIAECT COOOM MPSIMYIO
JIMHUIO M UMEET CBOMCTBO MEHATHCS IO BPEMEHU CYTOK BpeMeHaM rojia. Bee 3To npuBoauT kK Tomy,
9TO HEOOXOJMMa CHCTEMa, MO3BOJISIIONIASl COTJIACOBATh T'€HEpAaIMi0 M MOTPEOIeHUE PHEPTHUH OT
BUD.

AxxymynupoBaHue ruaposHepruu (I mapoakkymyasiTopbl)

['uIpoakKyMynaToOpsl SBISIOTCS OJHOM M3 CAMBIX PAHHHUX TEXHOJIOTUN 3aracaHust 00IbIINX
00BEMOB  DHEPruHu. [IpunnunuansHo TUAPOAKKYMYIISITOP MOXOX  Ha  OOBIYHYIO
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THJIPOAIIEKTPOCTAHIINIO, TJ€ TYpOMHBI BPAIIAlOTCS MMOTOKOM HAOETraromeil BOJBI 3a CYET Pa3HOCTH
YpOBHEH BEpPXHEr0 U HIKHETO BOJSHOIO pE3EpByapa, TO €CTh IMOTEHIMAJIbHAs SHEPrUsl BOJbI
npeoOpa3yeTcsi B MEXaHHYECKYI0 M AJIEKTPHUYECKYIO dHEepruio. I103ToMy THIpO3IEKTPOCTaHINU
OOBIYHO CTPOSITCA Ha peKax C JOCTAaTOYHBIM IEPenagoM BBICOT. IlepemazomM BHICOT BO MHOTOM
ONpeJeNsieTcss MOIIHOCTh TIeHepauuu. CleayeT Takke OTMETHTh BBICOKYI0 MAaHEBPEHHOCTb
TUPO3JIEKTPOCTAHINM, TaKk KakK Hamop BOABI Iepel TypOOTr€HepaTopOM MOXHO PperyiupoBaTh
MEXaHWYECKH, [IMPUHOW III03a. B cilyyae THUIpPOAaKKyMyNsTOpa BBIIIEONHCAHHAsI CHUCTEMaA
JIOTIOJTHSIETCS HACOCaMHU, KOTOPbIE B Yachl OTCYTCTBHUSI MOTPEOIEHUS 3JIEKTPOIHEPIHMH HAarHETaloT
BOJYy B BepXHUH pe3epByap. B mocieqHee Bpemsi IIMPOKOE paclpOCTpPaHEHUE MOIy4aroT
KOMOMHHUPOBAHHBIE CHCTEMBl — TUIPOAKKYMYJSTOpPbI, MOCTPOCHHbIE HAa pEKax U CIOCOOHbIE
paboTath B peKUME OOBIYHOM TUIPOITEKTPOCTAHIHNH [6].

[IpumeHeHne rUAPOAKKYMYIISITOPOB MOKET OKa3aThCsl dPPEKTUBHBIM B TOM Cilydae, KOraa
perynupyercs paboTa He OJHOW AJIEKTPOCTAHIIMM Ha OCHOBE TPAJUIMOHHBIX TEXHOJIOTMHM WU
BO30OHOBJISIEMBIX HICTOYHUKOB SHEPTUH, a 00Jiee KPYIMHOW SHEPTrOCUCTEMBI.

JUis akKyMyJIUpOBaHHUS M MOCIEAYIOUIEr0 HCIOJIb30BAHUS THUIPOIHEPTHH COOPYKAIOTCA
ruipoakkymynupytomue saexrpoctaniuu (I'ADC), npuHIMN yCcTpoHCTBa KOTOPBIX MpEACTaBIeH
Ha puc. 7.5, 7.6. K Tako¥l CTaHIIMW OTHOCSTCS JBa BOJOXpaHWUIHUINA (BEpXHEE U HUXKHEE),
Pa3HOCTh YpPOBHEH KOTOPBIX IMPHU TOJTHOCTHIO 3alOJHEHHOM BEPXHEM XpaHWJIMILE OOBIYHO
coctaBisieT oT 50 m 10 500 M. B MammHHOM 3aje HWMEIOTCS OOpaTUMBIE arperarbl, KOTOPHIC
MOTYyT paboTaTh Kak B KauyecTBE JBUTaTelieii-HacoCOB, TaKk U TypOMHAMHU-T€HEpaToOpoB; MpuU
BhICOKOM Hamope (mpuomm3utenbHo 500 M uau GoJibllie) KCIOIB3YIOTCS OTIEIbHBIE HACOCHBIC
u TypOuHHBIE arperaTbl. Bo Bpems, Korja Harpy3ka HEPrOCHCTEMbl MUHUMAaJIbHA (Hampumep,
HOYbIO) 3THU arperaThl 3amloJHSIOT BOJOW BEpXHEE BOJOXpPAHWIMILNE, a BO BpeMs IHKOBOH
Harpy3Kud CHCTEMbI MpeoOpa3yroT HaKOIUIEHHYIO THAPO3HEPTUIo B AleKTpuueckyro. HecmoTpsa Ha
t0, yro KIIJ] takoro akxkymynupoBanus paBeH (70...85) % u 4yTO ceOECTOMMOCTH MOIy4aeMoi
TakKUM CIOCOOOM DJIEKTPOSHEPTrUUM HAMHOTO (O HECKOJbKUX pa3) BHIIIE, YeM Ha TEIUIOBBIX
AIIEKTPOCTAHIIUSX, BbIpAaBHUBAHUE Ipaduka HArpy3KH U BO3MOKHOCTh YMEHbILIEHUSI HOMUHAJIbHOM
MOIIIHOCTH TEIUIOBBIX AJIEKTPOCTAHIIMNA CHIKAIOT SKCILTyaTallMOHHBIE PAcXOJbl SHEPrOCHUCTEM H
BIOJIHE ONpaBAbIBAIOT coopyxenue ['"ADC.

Pucynox 7.5 - I[IpuHun ycTpoiicTBa ruIpoakKyMyIUPYIOIIEeH IEKTPOCTaHIIUH
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FMapoakkyMynupyoLas 3neKkTpOCTaHUUs

PucyHnox 7.6 — YcTpoiCTBO THAPOAKKYMYITHPYIOIIEH 3JIEKTPOCTAHINN

Onenuts 3anacaemyio ['ADC sHepruo MOXKHO, 3Hasi BBICOTY h MeX1y BEpXHUM U HIKHUM
Opedamu 1 Maccy BOJbI M, 3allaCeHHYIO B BEpXHEM BOJOEME (32 BBIUETOM T.H. «MEPTBOTO 00BEMaY
- 00beMa BOJIbl, KOTOPBIM HAXOIUTCS B BEpXHEM BOJOEME HUKE YPOBHS I1IJTH03a):

Wj_:M'g'h'ﬂ

rae g — yckopenue cBoboanoro maneHusi, a  — KIIJ] rereparopoB u mpeobpazoBaTernei.
Oueprusa W2, 3aTpaunBaeMasi Ha lepeKadky BOJbl B BEpXHHUI BOJOEM:

W, =N-t

rae N — cymMMapHasi MOIIIHOCTh HACOCOB, t — BpeMsl, 3aTpaulBaeMo€e Ha 3all0JIHEHUE BOJOU
BEPXHET0 BOJOEMA.

Ha ceromusmuuii neus B Kazaxcrane et 'ADC.

HNutencuBnoe paszsutue ['ADC mpoucxomutr mo Bcemy Mupy. Ha ceroassimnuii J1eHb
MmorHocTh TADC B CIIIA 6onee 23 I'BT (13 Hux 9 momntHocThio 60see 1 I'Bt), B AAnonun — Gosee
27 I'Bt (w3 Hux 8 momHocThio Oosiee 1 I'Bt), B EBponie — 6onee 25 I'Bt (u3 Hux B ['epmanun — 5,3
I'BT), B IOxHoi1 Kopee — 4,7 I'Br.

Camas kpynHaa ['ADC — bac Kayntu mommsoctsio 3,003 I'Bt, nocrpoennas B CIILA.
Opnako crposmasics B kurtaiickoil mpoBuHimu X3031 [TADC Fengning mommuoctsio 3,6 I'Br,
KOTOpasi J0JDKHA ObITh MOJHOCTHIO BBEACHA B 3KcIUTyaTanuio B 2023 roay, cTaHeT KpymHEHIIen
TUAPOAKKYMYJIHUPYIOIIEH dsnekTpocTtaHimeir B wmupe. OHa Oymer paboTaTh Kak MUKOBas
ANIEKTPOCTAHLIMS sl OOecreyeHus] CTaOWUIbHOM paboThl CETH, YPaBHOBEIIMBAs IPEPHIBUCTOE
SHEProcHa0KEeHHE OT KPYIMHBIX BETPSIHBIX U COJHEUHBIX MApKOB B PETMOHAX CEBEPHOT0 X035 U
Buyrpenneit Mounrosmu.

B Poccun moctpoeno 4 'ADC (3aropckas ['ADC momnocthio 1200 MBT, 3aropckas
I'ADC-2 — 840 MB, Jlenunrpanckas 'ADC — 1560 MBT, ’”ADC Kackana Kybanckux I'9C — 1590
MBT) u 3ampoektupoBato 6oiee 20. A JInectposckas I'ADC Ha YkpauHe MouiHocThio 2268 MBT
B TypOMHHOM pexxnmMe U 2947 MBT B HacOCHOM pexumMe cTaHeT camoil 6osbioii B EBpore.

AKKyMYJIMpOBaHUE TEIIa

Tenno MOXHO aKKyMyJIMpOBaThb OTHOCUTEIBHO TMPOCTO -IyTEM HarpeBa TBEPAbIX
BEIIECTB WM KHUAKOCcTed. OTOOp Temia M3 TaKoro AakKyMyJsiTopa MOXKET MPOUCXOAUTH
€CTECTBEHHOW WJIM MPUHYIUTEIBHONW KOHBEKIIMEH, M3IydeHHUEM WU MpU TOMOIIU KaKOTo-JIH00
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TertoHocuTels. [IpuHIUI yeTpoMCTBa MPOCTEMUIIEro TEIIOBOTO aKKyMYJISITOPA IIPEACTABIICH Ha
puc. 7.6.

Pucynox 7.8 - IlpuHIum ycTpoiicTBa TEIIOBOTO aKKyMYJsITopa. 1 sNeKTpu4ecKuid wim
Jpyroi HarpeBarenb, 2 - TEMJI0AKKYMYJIUPYIOIIEe BEIECTBO

AKKyMylHpoBaHHE Terja B OOJBIIMX KOJMYECTBAX MOKET OKa3aThCs 11e1eCO00pa3HbIM
Ha 3JIeKTpocTaHluAX. Mcnonb3yroTes, Hanpumep,

- aKKyMYJISITOPBI TEPErpeToro mnapa MEXIY KOTIOM U TypOMHOU Ui BbIpaBHUBAHUS
pacxoja mapa, Korja Harpyska TypOoreHeparopa BO BPEMEHHU CIMIIKOM HEpaBHOMEpHA

- aKKyMYJISITOpbI ropsiueil BOJIbl Ha TEIJIOAJIEKTPOLEHTPAISX, YTOObI o0ecneunTs Oosee
paBHOMEpHYIO Harpy3ky TOLl mpu cyTOUHBIX KOJEOAHHSIX TETUIOMOTPEOICHUS;

- aKKyMyJSTOpbl ~ Harperoro  JKMUAKOTO  TEIUIOHOCHUTENS] ~ MEXAY  COJHEYHBIM
HarpeBaTejIbHbIM YCTPOWCTBOM U IAapOT€HEPATOPOM COJIHEYHOM 3JIEKTPOCTAHIUHU, YTOOBI
obecrieunTh pabOTy CTaHLMU MPHU KOJEOAaHUSAX U MEpephiBax MPSMOIO COJHEUHOTO M3ITY4EHUS.

AKKYMYJTUPOBAHUE JICKTPUUECKOM SHEPT U

DNEKTPOIHEPTUS MOKET aKKYMYIUPOBATHCS

- B KOHJIEHCaTOpax (B BUAE SHEPTHH JIEKTPUUECKOTO T0JIA),

- B KaTylIKax WHIYKTUBHOCTH (B BHJI€ DHEPTHMH MAarHUTHOTO TOJIS),

- B TEPBUYHBIX U BTOPUYHBIX TaJIbBAaHMYECKUX OJJIeMEHTax (B BHUAEC XUMHYECKOUN
SHEPTHUM).

[Ipumep. [IpuHuun ycTpoiictBa mpocreiiiero (MIOCKOro) KOHAEHCATOpa MPeCTaBlIeH
Ha puc.7.9.

Pucynox 7.9 - [IpuHimmn ycTpoicTBa INIOCKOTO KOHJIEHCATOpa
1 - oOkagku, 2- TUIICKTPHUK

A
EmMKocTbh Takoro konnaeHcaropa omnpezensercs no gopmyne €= e— , rne C — emKkocTh

KoHJeHcaTtopa, O; A — miuomaas 0OKIaIKuy, M2, d — TonmmHa JTURJIEKTPUKA, M; € —IUAJIEKTPUYECKAs

npoHUIIaeMocTb, ®/M
z

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

Ecnu ucnonb3oBaTh OOKIanKW W3 (ONBIM M MHOTOCIOWHBIA IJICHOYHBIA JUAIIEKTPUK,
TO MO>XHO M3TOTOBUTH KOHJICHCATOPHI PYJOHHOTO TUIA, Y KOTOPBIX Y/A€NbHas aKKyMYJIHpYIOIas
CHOCOOHOCTh HaxoauTcs mpubmm3utenbHo B mpeaenax oT 0,1 Jlx/kr mo 1 [Lx/kr umm ot 0,03
MBT-u/kr 10 0,3 MBT-u/kr. U3-3a Manoii yaeinpbHON aKKyMyJIUpYIOIIeld CIOCOOHOCTH KOHEHCATOPHI
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TaKOTO BUA HE MOAXOJT sl JITUTEIHHOTO COXPAaHEHHS CYIIECTBEHHOTO KOJIMYECTBA SHEPTUHU, HO
OHM IIMPOKO TPHUMEHSIOTCS KaK WMCTOYHHKH PEAKTHBHOW MOIIHOCTH B ICIMSIX MEPEMEHHOTO
TOKa M KaK EMKOCTHBIEC COITPOTHBIICHHUSL.

CymiectByer emie 00JibIlIee MHOKECTBO aKKyMYJIUPYIOIIUX YCTPOMCTB: AIIEKTPOIUTHICCKUE
KOHJICHCATOPBI, yIABTPAKOHICHCATOPHI (CYNEpKOHIEHCATOPBI, MOHUCTOPHI) U T.1.

CucTeMbl HaKOTUICHHSI YHEPTHU

Jlnst 3axBaTa DHEPTUH, MPOU3BENECHHON 32 KOPOTKHH MPOMEXKYTOK BPEMEHH, C LIENBI0 €
WCTIOJIb30BaHUSI B JIaJbHEHIIEM JOCTYIHBI CaMble pa3HbIe CpeNCcTBAa M TeXHOJOTHH. CHCTEMBI
aKKyMYJIMPOBAHUS AIIEKTPUYECKON U TETIJIOBOM SHEPTHH SIBIISIOTCS HanboJiee paclpoCTpaHEHHBIMH,
MMOATOMY TPHU MPOCKTHPOBAHUHM COBPEMEHHBIX OOBEKTOB W WHKCHEPHBIX CHUCTEM HMCHHO OHH
WCTIONB3YIOTCS KOMMYHAQIIBHBIMH TIPEANIPUATHSAMHI, KOTOpPHIE, B CBOIO OYepelnb, MpeIararoT
KUITbLAM 3JaHHI TaKue MPeHMYIIECTBa, KaK GOJIbIIAsS O0TKA30YCTOWYMBOCTH, SKOHOMHS 3aTpar,
MOBBIIIEHUE FHEPT03()(PEKTUBHOCTH U YI0OCTBO MOJIb30BAHUS SHEPTHEH JTH000T0 THIA.

DIIeKTprUYeCKast SHEPrus

HaunOonmpmmii pocT KOJMYECTBA YCTAHABJIMBAEMBIX CHUCTEM HAKOIUICHHS DJHEPTHH 32
MoclieIHee JCCATHIICTHE TPUIIETCS Ha JJICKTPHUYECKHE CHCTEMBI, TaKHe KaK aKKyMYJISTOPHBIC
O6arapeu U KOHJEHCATOPBHI.

JIuTuii MOHHBIE aKKYMYJSATOpHbIE OaTapeu SBISAIOTCS OCHOBHBIMM KOMIIOHEHTaMU U B
OBICTPO pacTylieM Mapke dJeKkTpomMooOmiield. B kadectBe mpumepa 3¢ hekTUBHON OaTaper MOMXKHO
npuBectd Ty, uro mnoctpowsn Mmon Mack (Elon Musk) B ABcrpanmmn. OnHa Oblia BBEJCHa B
skcruryataruio 1 mexkabps 2017 r., u yxxe 14 mexaOps eit yaanock mokasaTh ceOs B Jiejie BO Bpems
c00sl Ha MECTHOHM yroJpbHOW 3nekTpocTaHiuu. KpoMme Toro, paspabaThIBalOTCS TaK Ha3bIBAEMBIC
MpOTOYHBIC WM OydepHple Oaraper, KOTOpPbIeé MOXKHO HCIIOJIB30BAaTh C YYETOM TPEOYyeMBbIX
MMUKOBOM €MKOCTH M MPOJOJIKUTEIBHOCTH KOMIIEHCAIlMM HelocTaomel sHepruu. VX poss Moryt
BBITIOJIHATh KOHJIEHCATOPbl — YCTPOMCTBA, XpaHAILIUE DJICKTPUUYECKYI0 BHEpruro B dopme
ANIEKTPOCTATUYECKOTO 3apsijia, HAKOIIEHHOTO Ha UX TOKOMPOBOISAIINX METAITUYECKUX OOKIIaaKax
0e3 XMMHUYECKOro mnpeoOpa3oBaHMs. ODHEprusi, HaKOIJIEHHas B KOHJEHCATOpE, OIUCHIBACTCA
M3BECTHOM CO IMIKOJBHOW CKaMbu (POPMYIIO¥:

W = 0.5% = 0.5C- V*?

Irac Q - KOJIMYCCTBO 3apsada, HAKOIIJICHHOT'O Ha KOHACHCATOPC, C - eMKOCTB KOHACHCATOopa, a
V - HaIps’KCHUEC Ha KOHACHCATOPC.

Kax BHUJHO M3 NPUBCACHHOI'O YPAaBHCHUS, MAKCHUMAJIIBHOC KOJIMYCCTBO 3HEPIUH, KOTOPOC
MOXCT XpPaHHUTbBCA Ha KOHACHCATOPC, 3aBUCUT OT CMKOCTH, a TakKXKC OT MaKCHMAaJIbHOI'O
HOMHWHAJIBHOI'O HaIPs’KCHU A KOHACHCATOpA. Hakomnnennas OHEPTHUA MOXCET 6BICTp0
BLICBO60)KI[3.TBCH N3 KOHACHCATOpPa 6nar0nap${ TOMY, YTO KOHIACHCATOPBI UMCIOT KpaﬁHe HHU3KOC
BHYTPCHHCEC COIIPOTHUBIICHUC. DTO CBOMCTBO 4YacTo HCIIOJIB3YETCAd B CHUCTEMAX, IAJId KOTOPBIX
XapaKTCPHBI OOJIBIIINE CKAYKH Har PY3KH. KOF,Z[a KOHACHCATOP MOAKIIOYCH K UCTOYHUKY IMUTAHUA,
OH HaKallIMBaA€T SHEPIruro (3ap;1>1<aeTc;1, HC Tpe6y51 IIpHU 5TOM CHICHHUAJIBHBIX 3apsAAHBIX YCTpOﬁCTB).
HpI/I HCO6XOI[I/IMOCTI/I B IOpHouun JIOTIOJTHUTEIIbHOM OHEPIrUr KOHACHCATOP OTAACT HAKOIUICHHYRO
OHEPTrHUIo (pa3p;1>I<aeTCﬂ), B 5TOM OTHOIICHHUHN OH ITOXOXX Ha 6aTapeIO. Pa3zuwuiia B TOM, 4TO 6aTapeﬁ,
KaK YK€ OBLIIO CKa3aHO, UCIIOJIB3YCT SJICKTPOXUMHUUCCKUC MTPOLCCChI I HAKOIUICHUA SHEPTHUH, B TO
BpEMs KaK KOHACHCATOP MPOCTO XPAHUT BHCKTpI/ILICCKI/Iﬁ 3apsna. Takum O6p330M, KOHACHCATOPLL
MOTYT BBIACIISITH HAKOIUJICHHYKO 3HCPruro € ropasao 0oJiee BBICOKOM CKOPOCTBIO, YEM 6aTapeH,
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MOCKOJIBKY XHMHUYECKHE NpOoIecCchl Ui TpaHchopMallid SHEPrMM W €€ BhIXojJa U3 Oarapeu
TpeOyIOT OO0JIBIIIe BPEMEHH.

[Ipumep. CBUHLIOBO-KUCIOTHBIE aKKYM YIS TOPBI.

Orto HamboJiee U3YUYCHHBIM W OCBOCHHBIN THUIT HAKOMUTEICH Kak Jjis cucteMm ¢ BUD, Tak u
MHOTHX JPYTUX IpuUMeHEHUH. CBUHIOBO-KUCIOTHbIE akKKyMynsaTopbl (CKA) MOXHO BCTpPETUTH U
Ha KPYIHBIX 3JEKTPOCTAHIMUAX (MCTOUYHUKHM AaBapUHHOTO MHUTAHUS COOCTBEHHBIX HYXK]), U B
JIETKOBBIX aBTOMOOWIISIX (cTapTepHas OaTtapesi, 00PTOBOE IEKTPOTIUTAHUE).

AKTUBHBIE BEIIECTBA AKKYMYJISATOpPA COCPEAOTOYEHBI B 3JIEKTPOJIUTE U IMOJIOKUTEIBHBIX U
OTPULATENbHBIX AJIEKTPOAAX, @ COBOKYIMHOCTb 3THUX BEIIECTB HA3bIBA€TCS SJIEKTPOXUMHYECKON
cUCTeMON. B CBHHIIOBO-KHCIOTHBIX aKKYMYJSTOPHBIX OaTapesx 3JIEKTPOJIUTOM SIBIISIETCSI PacTBOP
CEpHOM KHUCIJIOThI, aKTUBHBIM BEILIECTBOM IOJIOKHUTEIbHBIX IUIACTUH — JBYOKHCh cBHHLA PbO2,
OTpHUIATENbHBIX TIaCTUH — cBHHEN Pb. CxeMa akkymynsaropa npejcrabieHa Ha puc. 7 10.

Pucynoxk 7.10 - CocraBnsie yactu CKA.

DIEeKTPOXUMHUYECKUE peaKInu, mpoTekaroniue npu padote CKA, mpeacraBieHsl HUKE:

R —
PbS04+5 Hy,0»Pb0,+3 H,0* + HSO+2 e
ITOHAA peakumua (3apag
PbSO,+ H30* +2 e>Pb + Hy0 + HSO,

B nacrosiee Bpemsi cymiecTByeT Heckoibko pasHoBuiaHocte CKA. OHu paznuyarorcs
XUMUYECKUMU J100aBKaMU K MaTepually MOJO0XKHUTEIbHBIX U OTPULATENbHBIX MJIACTUH, COCTOSTHUEM
NIEKTPOIUTAa U o0nacTaMU npuMeHeHus. CaMbIMH NEPBBIMH 10 BPEMEHHM CO3IAHUS SIBIISIIOTCS
3aJMBHBIE AKKyMYJIATOPbl CO CBOOOJHBIM 3JEKTPOJUTOM, B KOTOPBIX IOJIOKUTEIBHBIA U
OTPHULIATENIbHBIA 3JIEKTPOJAbI IMOTPY)KEHbl B BOJHBIA pPAacCTBOpP CEpPHOM KHCIOTHL. TexHonorus
JOCTAaTOYHO MpocTast M JelieBas, TaKMe AKKYMYJISITOPHI IIHPOKO NPUMEHSIOTCA B CTAPTEPHBIX
Oatapesix aBromoOuieil. BerpeuaroTcs OHM M B CTallMOHAPHBIX CHUCTEMax aBapUMHOIO MUTAHMSL
OcHoBHas mpoOsieMa, W3BECTHAsl KaXKAOMY aBTOMOOWJIUCTY — TaKUE aKKyMYJISATOPbI TpeOyroT
OoOCIIy)KMBaHUs, 3aKJIOYAIOLIErocsi B IEPUOJUYECKOW IIPOBEpKE YPOBHSA KHUCIOTBI U €€
KoHIeHTpauuu. Kucinora tepsiercss mpu HMCHIApeHUH SJIEKTPOJIMTa M IPHU JIEKTPOJIU3E BO BpeMs
3apsiia. IlocieqHee 0OCTOSATENBCTBO MPUBOJIUT K BBIIEICHUIO BOJIOPOJAa B Ipollecce 3apsjia U
HE00X0IMMOCTH BEHTUJISILIMY TIOMEILIEHUH BO BpeMs 3apsa

K Hemocrarkam CBHMHIIOBO-KMCIIOTHBIX AaKKyMYJISITOPOB B IE€JIOM CIEAYET OTHECTH
HeOonblylo ryouHy paspsga (1o 30-50%), 4yBCTBUTENBHOCTh K TEMIEpaType OKpYyKaromien
cpeabl, HU3KUE YJelbHble XapakTepucTUku (mopsiaka 20-30 BTY/Kr) ¥ OTHOCHTENIBHO HU3KUN
pecypc (500-800 muxiioB npu riryoune paspsnaa 40-50% i 60JIbIIMHCTBA IPOU3BOAUTENEH ).

JInTHii-nOHHBIE AKKYMYJISITOPBI, HATPUH-CEPHBIE aKKYMYJISATOPBI U3yYUTh CAMOCTOSITENBHO.
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Pucynok 7.11 - HoBas cucrema ot Tesla - yacTe npeanpruHUMaeMbIX YCUJINN MO PEHICHUIO
npoOieM HsHeprocHaOkeHuss B HOkHOM ABCTpanuu, >KUTEIM KOTOPOM CHIJIBHO CTPajaloT OT
MTOCTOSIHHBIX CKQUKOB HAINPSKEHUS U OTKJIFOUEHUHN 3JIEKTPOCETH

MexaHn4eCcKrue CUCTEMBI

MexaHu4ecKne CUCTEMbl HAKOIUICHUS SHEPTUU MPeoOpasyroT SJAEKTPUUYECKYIO SHEPTHIO B
MOTEHIIMATBHYI0 WM KHHETHYECKYI0 M XpaHAT €€ B TaKOM BHJE, NpeBpamas oOpaTHO B
AMEKTPUYECKYI0, KOT/Aa 3TO HeoOxoaumo. OOBMHO CHCTEMBI, OCHOBAaHHBIE Ha STOM IOJXO]IE,
BKJTFOYAIOT KPYITHBIE THIPOAKKYMYIIUPYIOIINE HACOCHI, MEXaHUYECKHE MaXOBHKHU U YCTPOUCTBA JIJIst
XpaHEHMS CKaToro BO3ayXa.

[Mpunnun neiictBus kuHetnueckoro Hakomutens (KHD) wmmm MaxoBuka OCHOBaH Ha
npeoOpa3oBaHUM KUHETUYECKOW »HHEpruM B JJIEKTpUYecKylo u oOparHo. Ilpu 3apsne
KMHETUYECKOTO HAKOTUTENS UIET pacKpyTKa MaCCUBHOIO KoJjeca IO BBICOKOM CKOpPOCTH. Bbicokas
Macca HeoOXoJuma JJIsl COXpaHEHUs 3allaceHHOM SHepruu B TeueHue OOJIbIIEro BPEMEHH 3a CUeT
nHepuuu. [Ipu pa3psae MaxoBUK BpallaeT MpUBOJ T€HEPATOPA 10 TEX MOP, NOKA MOTEPU HA TPEHUE
U NEpPEeBOJ KMHETHMYECKON SHEPTHM B AJEKTPUYECKYIO MOJHOCTBIO HE moraciat 3ty mHepuuro. [lo
obnacTu MpUMEHEHUs JaHHasl cucTeMa OJiM3Ka K CYNEepKOHJIeHcaTopaM, HO MO3BOJIsIET paboTaTh B
nuamna3oHe 0oJjiee BHICOKMX MOIIHOCTEH MPH MEHBIIEM YpOBHE KalUTalbHbIX 3aTpaT. OCHOBHbBIE
HCCIEA0BaHUs, MPOBOJMMBIE B HACTOSIEE BPEMs, CBS3aHBl C MOHUCKOM HOBBIX MaTEpHAJIOB,
CHOCOOHBIX 00€CIeYUTh CHUYKEHUE IIEHbl MaXOBUKA MPU COXPAHEHUH MPUEMIIEMBIX MPOYHOCTHBIX
XapaKTEPUCTUK U YMEHBILIECHHWE YPOBHS MOTEPh HA TPEHHME, HA PACKPYTKY MAacCHBHOIO Tejla, Ha
CONPOTUBIIEHHE Bo3ayxa. Jlis pemeHus nociaeqHEd 3aJayd  MaxXOBHKM paclojlaraloT B
BaKyyMHPOBaHHOM 0ObeMe.

Hcnonp3oBaHnne  CynepMaxoBUKOB  JUIsl ~ HAKOIUIEHUST  SHEPIUU  CUUTAETCS  CAMbBIM
MEPCIEKTUBHBIM. B Hy)KHO€ BpeMsl 3HAUUTEIbHYIO YaCTh HAKOIUIEHHOM SHEPTrUU MOKHO TNOJIYYUTh
KaK 3a KOPOTKO€, TaK M 3a JUIMTEIbHOE BpeMs B 3aBUCUMOCTH OT moTpedHocTeil. Teoperuueckue
pacy€Thl MaxOBUKA U OMBITHI IOKA3bIBAOT, YTO IO KOJIMYECTBY HAKOIICHHOW 3HEPIUU Ha KaXKJbIid
KUJIOTPaMM Beca, M0 MPOJOJDKUTEIBHOCTH XPAaHEHUs DHEPrHH, CPOKY CIYKObI, MAXOBUKU MOTYT
omepexarh aKKyMYJISTOpBI, KOHJIEHCATOpPhl M Apyrue Hakomutenu. Ho, peanmpHO paboTtaromiue
MaXOBUKH UMEIOT JOBOJBbHO CKPOMHBIE XapaKTEPUCTUKU U BOT IOYEMY.

HccnenoBaHusMH HAKOMMTENEW SHEPrUM, B TOM UHCIE U MAXOBHUKOB CEPbE3HO 3aHUMAICS
npodeccop HypbOeit Bnamumuposuu ['ynmua (Poccus). Ilpaktudeckoil peanuzanueid ero uiei
3aHMMasach aMepukaHckas kommnanusi Beacon Power. E€ HakonuTenu — 370 eMKOCTH-LMIIMHAPSL, C
MOJBEIICHHBIMM Ha MAarHUTHBIX MOJUIMIIHUKAX C CYIIEpMaxOBUKaMU BHYTPU. BBINOJHEHHbIE U3
YIJIEBOJIOKOHHOTO KOMIIO3UTa, MaxOBUKH packpyuuBaroTcs a0 22500 o6/muH, Bpamias poTop
MOTOpP-T€HEpaTopa, BHIPAOATHIBAIOIIETO TOK MpPU MOJAKIIOYEHUH Harpy3ku. llpu mpueme sHepruu
MalllMHA PACKPYyYMBAET MAXOBUK.

ITo pacueram Beacon Power cynepmaxoBuku, oObennHEeHHBIE B OaTapero mo 10 Hakomurenei,
CMOTYyT o0ecreuynBaTh MOIIIHOCTh B 1 MeraBarT u 3amacarh dHepruro B 250 KuinoBarT-4acoB. Jletom
201 1r xommanueii Beacon Power B ropoze Stephentown (s mrrare Huro-Hopk) Bo3BesieH mepBslit
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B mupe kiactep u3 200 maxoBU4HBIX Hakomutene. Takol «mapk» cnocoOeH BblpadaThiBaTh
MorrHocTh 20MBT, Ha 4TO OBUI MOJYYEH TOCYJAPCTBEHHBIN KPEIUT JUIsl TOAJEPIKKH «3EIEHBIX
TEXHOJIOTUH.

[Mpunuun padoTbl MAXOBUYHBLIX HAKONUTEJIEH HSHEPruM OCHOBaH HA IOCTENEHHOM
pacKkpy4MBaHMHM BpallaloOIIerocs Tejaa 3a CYET BHEIIHEW sHepruu. lcnosb30BaHME MaxOBHUKOB
MIO3BOJISIET TOCTENIEHHO HAKaIlIMBaTh SHEPTHUIO MPU Pa3roHE MaXOBHKa, a 3aT€M OT/JaBaTh €€ B BUJIE
AIIEKTPUYECKON UITM MEXaHMYECKON SHEPTUH 3a KOPOTKOE MUJIH JUTUTEIHLHOE BpEMSL.

KonunuecTBo 3anacéHHOM SHEPTUM B MaXOBUKE 3aBUCUT OT MaccChl, FEOMETPHUUECKUX Pa3MEpOB
U cKopocTu BpamieHus. [Ipu oguHakoBo# macce 00JbIle SHEPTUM MOKHO HAKOMUTH MPHU OOJBIICH
ckopoctd. Ho, ckopocTh BpallleHuS OrpaHUYUBAETCS MEXaHMUYECKOM MPOYHOCTHIO MaTepuana.
Hampumep, nuThle MeETAIIMYECKHUE JWMCKH WIA UWIUHAPHI HMMEIOT HEKOTOphIe BHYTPEHHHUE
HEOTHOPOJHOCTHU U Je(EKThI, KOTOPhIE MOTYT MPUBECTH K Pa3PYIICHUIO MaXOBUKA U MIOBPEKICHUIO
HaxoJsImuxcs BOmM3M  mpeameroB. [losromMy mpoBOAMIIMCH — CepbE3HBIE  UCCIIEIOBAHUS
MEXaHUYECKOW MPOYHOCTH PA3TMUHBIX MAaTEPUAJIOB.

Hakomutenp ceromnst Omaromapss BBICOKOM SHEPTOEMKOCTH CYNEPMAaXOBUKH TPUMEHSIOT
BO MHOTHX OOJIAaCTSX — OT MPUMEHEHUsI B CITYTHHUKAX CBSI3M B KAYECTBE aKKyMYJATOpa SHEPTHUH
JI0 WCIOJIb30BaHUSA B dJekTpocTaHmusx misa moseimmeHus ux KIIJ[. Ha cxeme wu3o0paxken
MaxOBUYHBIM  HAKOIHWTENb, KOTOPBIM  MPUMEHSIOT  HA aMEPUKAHCKUX  DJIEKTPOCTAHLMUAX
st noBbiieHuss ux KIIZ. Ilotepu sHeprum B cymepMaxoBHKax COCTABISIOT Bcero 2% — 3TO
JOCTUTAETCsl, B TOM YHCJIE, 332 CUET TOTO, YTO OH BPAIIACTCs B BAKYyMHOM KO>KYX€ Ha MarHUTHBIX
MOAIIUITHUKAX.

CynepMaxoBH K — OJMH M3 THIOB MAXOBHKA, NPEJHA3HAYCHHBIA JUIS HAKOIUICHHS
MexaHuuyeckoil sHepruu. [lo cpaBHEHUIO ¢ OOBIYHBIMH MaXOBHUKaMH, CLIOCOOEH COXpaHATh O0Jblle
KMHETUYECKON SHEPTUU.

3a cuéT KOHCTPYKTHBHBIX OcoOeHHOcTel crocoOeH xpanuth a0 500 Br-u (1,8 MJIx) Ha
kuwiorpaMm maccel [4]. B wactHoctu, B 1964 rony coserckuii mmkenep H. B. I'ynua 3asBun
aBTOPCKHUE ITpaBa Ha OJIHY U3 KOHCTPYKIIMHI, KOTOPOM U a1 HA3BaHUE «CYIEPMaXOBHK».

CoBpeMeHHBI  CyIIepMaxOBUK MpeACTaBisieT cobOoii  OapabaH, WM3rOTOBJICHHBIN W3
KOMIIO3UTHBIX MAaTe€pUajoB, HallpUMEP, HAMOTAHHBIM M3 TOHKUX BUTKOB CTaJbHOW, IJIACTUYHOMN
JICHTBI, CTEKJIOBOJIOKHA WJIU YIJIEPOJHBIX KOMIIO3UTOB. 3a CUET 3TOro 0OeCreyrMBaeTCsl BBICOKAs
MIPOYHOCTH HA Pa3pbiB U OE30MACHOCTH IKCILTyaTallUH.

»

Pucynok 7.11 - bnok-moxyns KHD cymmapHoil MomHOCTEIO 10 2,5 MBT. DHEproeMkocTh
— 250 xB1/ yac. KomnuecTBo 1MKII0B «3apsa-paszpsaay» - 10 50000. Camopaspsia Ha TpeHue — 2%.

TennoBele CHCTEMBI AKKyMy.]'IHpOBaHI/IC TEIJIOBOH OHCPTHUU TIIO3BOJIAACT HAKAIJIMBATH
TCIUIOBYKO  DHEPTHUIO (I‘Op}I‘IYEO HNJIn XOJ'IOI[HYIO) 1N  T03JHEC HCIIOJIb30BaTh €€, YTOOBI
C6aJ'IaHCI/IpOBaTB HOTpe6HOCTL B SHCPru MCXKAy AHCBHBIM U HOYHBIM HOTpe6J'IeHI/IeM UJIn JaxX<E B
Pa3HbIC KIIMMATUYCCKUC CC30HBI. Yame Bcero Takas cHUcCTeMa peaIM3yCTCd B BUIAC €MKOCTEH 11
XpaHCHHUA OXJaXOAIOIIEe BOABI WM BOALI IJIS Har pPeBa, KOTOpAss MOXKCT TI'CHCPHUPOBATHLCA B
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nepuoAbpl 0oJee HHU3KOTO TOTPEOJCHUS SHEPrHUH, a 3aTeéM OTAaBaThCs B THKOBOE BpEMS,
MOJICPKUBASI CTPATErHIO0 OTPAaHUYCHUS MAaKCUMaJIbHOW Harpy3ku. J[pyrue cCUCTEMbl HAKOTUICHHS
TEIJIOBOM YHEPTUU BKIIIOYAIOT PACIIJIABJICHHBIE COJIU, XPAHUJIUIIIE JIbJIa M KPUOTEHHYIO TEXHUKY.

XUMUYECKUE CUCTEMBI

B nononHeHMe K aKKyMYJIATOPHBIM CHCTEMaM, KOTOpbIE, Kak IpaBUJIO, OCHOBaHbI Ha
ANIEKTPOXUMUYECKOM MPOLECCE, JOCTYIHBl M JAPYrU€ CUCTEMbl XpPaHEHUS XUMHUYECKOW 3HEpruu,
HampuMep MyTeM BbIpaOOTKM M XpaHEHHs Bojopoja. s BeIpaOOTKM BOJOpPOJA U3 BOJbI ITyTEM
AIIEKTPOJIN3a MPUMEHSETCS DJIEKTpUUEcKas dHEprus. 3aTeM BOJOPOJA CKMMAETCS M XpaHUTCS s
OyAyllero HCIOJb30BaHUS B TeHeparopax, paOOoTarolmMX Ha BOJOPOJHOM TOIUIMBE, WU B
TOIUTMBHBIX 3JIEMEHTaX, OIATh IpeBpallasch B BOAY. Takod MOAXOJ IO3BOJSET HaKaIlUIMBaTh
Oombie 00BEMBbI PHEPTHH, OJTHAKO OH HEeoOs13aTeNbHO OyneT cambiM 3¢ dekTuBHbIM. [Ipobnema B
TOM, YTO OH caM M0 cebe 3Hepro3arpaTHblii, MOCKOJIbKY TpeOyeT OOJBIIOro KOJUYECTBA SHEPTUU
JUI BBIJICJIEHHUS BOJOPOJIa M3 BOJbI, MPHUPOJHOTO Ta3a WIM OHMOMAcChl, XpaHEHHs rasa IyTeM
COKAaTHS UITU COKMKEHHUS, TIepeiadll SHEPTOHOCUTES OJIb30BaTEN0. TakKe 4acTh SHEPTHH TepSeTCs
py MpeoOpa3oBaHUU B TOJIE3HYIO 3JIEKTPOIHEPTHIO C TOIUIMBHBIMM d3ieMeHTamMu. HambGonee
MPAKTUYHBIM MOKAa OCTAETCs MOJy4eHUE BOJIOPOa U3 MpUpoaHOro raza — mertana, CHa. Onun u3
MIPUMEPOB TaKOM YCTAaHOBKH TOKa3aH Ha puc. 4, HO B JaHHOM cllyyae BCe paBHO TpeOyeTcs SHeprus
JUISl €r0 u3BJIeYeHus. sl MpakTUYeCKOro UCIOJIb30BaHUS OCTAETCS TOJIBKO MPUMEPHO 25%.

Pucynox 7.13 - 115 moy4eHusi BOJAOPOAA IPUMEHSIETCS SJIEKTPOJINU3, MOCIIE €ro FreHepalnu
BOJIOPOJT CKUMAETCSI WM CHKUKACTCSI M XPAHUTCS U MOCIEAYIOIIET0 €ro HCIOJIb30BaHUS B
reHepaTopax WIH TOIUIMBHBIX 3JIeMeHTax. M3o0pakeHue mpemoctaBieHo kommanueid Affi liated
Engineers

[IpenmyiiecTBa, moxydyaeMble OT MCIIOJIb30BaHUS CUCTEM HAKOIUICHUS SHEPTUU

CucTeMbl HaKOIJIGHUS SHEPTUH MOTYT UCIOJIb30BaTh, YTOOBI MOAEPKATh CTAOMIBHOCTh €€
[IOCTABOK, CHU3UTh 3aTpaThl U 00ECTIEUUTh YCTOWYMBOCTh SHEPTETHUECKOM CUCTEMBI B IEJIOM.

WHBecTULIMM MOT'YT BEpHYThCSI JIOBOJIBHO OBICTPO: TaK, akKKyMyisiTopHas Oatapes Miona
Macka, corizacHo otuery Renew Economy [4] Bcero 3a Heckoibko AHEH ndana 3apaboTaThb
BiajenblaM | MIH aBcTpanuickux aosapos, wid $800 teic. [lpum sTom ABcTpanus sBIsieTCS
OJITHUM U3 JIUJIEPOB IO PA3BUTHIO BO30OHOBIISIEMON SHEPTEeTUKH, U HAIN4KE 3PPEeKTUBHOTO criocoda
XpaHUTh TaKyl OHHEPruI0 JejaeT ee KpaiiHe aemieBoid. Emie oJHO NpeMMyIIecTBO CUCTEM
HAKOTUJICHHs SHEPrMH — HX OBICTpOE pearupoBaHHe. BOJIBIIMHCTBO TEXHOJIOTHI XpaHEHUSI MOTYT
KOMIICHCHPOBaTh HEXBATKY MOIIHOCTH 3JEKTPOIHEPIHMH B CETH OYEHb OBICTPO, B TO BpeMs Kak
UCTOYHUKM Ha OCHOBE MCKOMAEMOIr0 TOIUIMBA MMEIOT TEHJCHIMIO JIOBOJBHO MEJUIEHHO
YBEIMUMBATh /100aBOYHYIO MOIIHOCTh. Takas CKOpOCTh BakKHa Uil OOecledeHus CTaOWIbHOTO
SHEeprocHaOXeHus B CIydasx, KOI/a MPOMCXOIUT HEOKUJAaHHOE PEe3KOe YBEJIMYEeHHE Harpysku. B
Ka4yecTBE IIYyTKH, XOPOIIO MILTIOCTPUPYIOLIEH MpobieMy, MOXKHO MPUBECTH 3IU30/1 U3 U3BECTHOTO
¢unpma «PoxxaectBeHckue kaHukynbl» (“National Lampoon’s Christmas Vacation”, 1989), rue
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Kiapk I'pu3Bos HEOKHMIaHHO BKJIFOUMII BCE 25 THIC. JIAMIIOYEK POKIECTBEHCKON HILTIOMUHAINH.
[Ipuniock 3anmycTUTh AOTOJHUTENBHBIA aTOMHBIN peakTop Ha ADC, 10 €ro MOJKIIOUEHUS YacTh
palioHOB TOpoJia OKa3ajiach 00ECTOUCHHOM.

PesepBnoe mnmTanue CHCTeMBbl HAKOIUIGHHWS SHEPIHM MOTYT CIYKHTh HAJACKHBIM
HMCTOYHUKOM PE3epBHOIO NMHUTAHUS HA CIIy4ail MOTEPH MUTAHUS OT JJEKTPOCETH M3-3a TSHKEIBIX
MOTOJIHBIX YCJIOBUU WM UHBIX TpoOiem. [lomoras oObekTaM ocTaBaThCs B pabOvYeM COCTOSTHUH,
TaKUe CHUCTEMBl HCKIIIOYAIOT TOTEPH M3-3a2 COKPAIICHHS BPEMEHU MPOCTOSI U 00ECIEeUnBaIOT
MOBBIIICHHYIO YCTOMYHUBOCTh K KDUTUUYECKUM CHUTYAIUSIM.

DHEPreTUYECKUe CUCTEMBI YETBEPTOTO MOKOJICHHS

XpaHeHHe SHEPTUH WrpacT BaXXHYIO POJb U B CHCTEMaX TOPOJACKOTO TEIJIOCHAOXKEHUS U
oxnaxaeHusi. CHCTEMBI PacTpeIeICHHOTO TEeTUIOCHA0XKEeHHS UCTIoNb3ytoTes ¢ 1880-X IT. U 10 cux
MOp MPOJOJDKAIOT pPa3BUBATHCA. YUepe3 TOPOJCKYI0 SHEPrOCHCTEMY pa3IMYHbIE HWCTOYHHKH,
CBSI3aHHBIE C OTOIUICHHEM W OXJIAXICHHUEM, TAKKe MOTYT OBITh JOTOJHEHBI COOTBETCTBYIOIIUM
xpanwnumieM. OauH W3 TakuX TPOEKTOB B BHJIE CHUCTEMBl XpPAaHEHUS TEIUIOBOW DSHEPTHH
OXJIQXKJICHHOW BOJBI JIUISl OpraHu3anuy HammoHamsHBIX MHCTUTYTOB 3710poBbhs (National Institutes
of Health) CIIIA, Bemonnennsiit komnanueit Affiliated [6].

Pacnipenenennoe TerIoCHa0KeHHeE, HapsIy c poTrpaMMaMu TTOBBIIICHUS
9Heprod’(pPeKTUBHOCTH U MEPEXOJOM K CHCTEMaM YETBEPTOro IMOKOJIEHUS, MO3BOJIAET MOJIy4aTh
0osbIIe OTAAYM OT OTPadOTAHHOTO Telja M BO30OHOBIISEMBIX HCTOYHUKOB SHEPrUM B
JHeprocucreMe M obecrneyuBaeT OaJaHCHpPOBAHHE IEPEMEHHBIX BO300OHOBISEMBIX HCTOYHHUKOB
SHEpPruM, TAKUX KaK COJIHEeYHasi sHeprus u Berep. CUCTEeMbl YeTBEPTOrO MOKOJIEHHs paboTatoT MpH
0oJiee HU3KMX TeMIlepaTypax BOJbl, YTO MPUBOJIUT K CHIKEHHIO MOTEpPh TEIia M0 CPaBHEHHIO C
MPEeNbIAYIIMMUA TIOKOJIEHUSIMH U TO3BOJISIET HCIOJIb30BATh PA3JIMYHbIE MCTOYHUKH I €ro
MOJIy4YeHUs, TaKue KaK OTXOJbI, 'e0TepMalIbHBIII OOMEH, COJHEYHOE TEIUI0, KOMOMHUPOBAHHOE
TEIUI0O M peKyIlepalus dHepruv W Temjia. B coyeTaHuM ¢ HAKOMUTENEM TEIUIOBOM HSHEPruH U
UHTEJUJICKTYaJbHBIM  yIIPaBICHHEM Takas CHCTeMa CTaHOBUTCS JKOHOMHUYHBIM CIIOCOOOM
MHTErpauy BO30OHOBIISIEMOM SHEPrUU W TEXHOJOTHUH HAKOIUICHUS B IMOBCEIHEBHYIO NPAKTUKY
MIPEIOCTABJICHUS YCIYT SHEPTOCUCTEMAMU.

CoBpemeHHbIE JHepreTuyeckue (B 0OIEeM NOHMMAaHWHM) M KOMMYHAJbHBIE CHCTEMBI
CTaHOBSTCA Bce OoJiee AeKTpuuupoBaHHbIMU. V3-3a pa3BepThiBaHUs BCE OOJIBIIETO KOJIMYECTBA
CUCTeM paclpeleNeHHOW BBIPAaOOTKH SHEPTrUU M, COOTBETCTBEHHO, pACHpPEICICHHOTO €e
HAKOIUICHUsS] MECTHbIE (TpaJULMOHHBbIE) HAa OCHOBE TOIUIMBA MJIM BO30OHOBISIEMbIE HCTOYHUKH
SHEPruM, a TaKXKe TEXHOJOTMU HAKOIUICHUS HSHEPrUu JIOJDKHBI OBITh B COCTOSIHUM CTaTh
B3aMMOCBSI3aHHBIMU — ISl OOCITYy>KUBaHUsI 00BEKTa, KaMITyca, TOpoJia WM Kakoro-nmubo paiiona. B
TaKUX CIy4asx JUid MOJyYEHHs SJICKTPOIHEPTHH MOTYT UCIOJIB30BATHCS, HAIPUMEp, T€HEPaTOPHI
Ha TPUPOTHOM Ta3e, MUKPOTYPOHWHBI, TOIJIUBHBIC JJIEMEHTHI, COJHEUHBIE (DOTOAIEKTPUUECKHE
CHUCTEMBI, BETPOJHEPreTHYEeCKHE YCTAHOBKH, KOMOWHUPOBAHHBIE CHCTEMBI COBMECTHOTO
MPOM3BOJICTBA TEIUIOTBI M DJHEPrUM (KOTCHEpPAllMOHHBIE YCTAHOBKH). METOJ HaKOIUICHUS
OXJIQXKJICHHOM BOJIbI M €€ HarpeBa BMECTO C)KHMIAHHWS MCKONAeMOro TOIUIMBA MaKCUMAaJIbHO
YBEJIMYHUBAET KOdhUIUEHT HCIIOJIb30BAHUS ANEKTPOIHEPIUH, BbIpa0aThIBaeMOM
BO30OHOBIISIEMBIMH UCTOYHUKAMHU DSHEPTUH, a TaKKe HKOHOMUYECKYIO A((HEKTHBHOCTH CHCTEM
XpaHEHHUsI IIEKTPUUECKON SHEPTUH.

4. MiunrocTpaTuBHBIA MaTepuad: /[ npoBeaeHNS 3aHATHS UCIIOJIB3YETCA CIENYyIOIIEe
MaTepHalIbHO- TEXHUUYECKOe O0ecredeHrne: HOyTOyK, MyIbTUMEIUMHBIN TPOEKTOP, IKPaH.

5.JIureparypa:




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiKk KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHo-KaszaxcTaHCKas MeOUUMHCKAS akaneMus»
Kadenpa MmxeHepHBIX AUCIUITIIHH 044/76-11
DHepropecypchl, MICTOYHUKU U METOBI MTOTY4YEHUS 2022-2023
80ctp. m3 174
OCHOBHas
1. Bepnanuera A.A., [layner6aepa J[.A. DHEepropecypchl, HCTOUHUKH U METO/IbI ITOJTyYCHHUSL. -

VYuebnoe nocobdue.-IlIpmmkent 2022. -244 c.

2. beictpunkuii I.®. B95 O6mas snepreruka ([Ipon3BoAcTBO TEMIOBON U AIEKTPUIECKON SHEPTHH )
: yueOnuk / I'.®. Boictpunkuid, I'.I'. I'acanrampkues, B.C. KoxuuenkoB. — 2-e u3., crep. — M. : KHOPYC,
2016. — 408 c. — (bakanaBpwuar).

3. Ba¢um, /[. b. B23 KorensHble YCTAHOBKH | MaporeHeparTobl: yuebnoe mocobue / /1.6, Bapumn.-
HwmwxkHexkamck: HimkHekaMCKuil XUMUKO-TeXHOMOrnueckuii HHCTUTYT (puman) ®IBOY BITO «kKHUT Yy,
2013. - 176 c.

4. Ilapornazos b. A., ®apapontor M. @., KnementbeB B. B. Jlpuratenu BHYTpEHHETO CrOpaHHUsL:
TEOpHs, MOJEIMPOBAHME M pacuérT MpOIeccoB: YUeOHWK Mo Kypcy «Teopust pabouyux MpOIECCOB M
MOJIETTMPOBaHNE TIPOILIECCOB B JIBUTATENSAX BHYTpPEHHEro cropanusi». — Yemsiounck: Mzn. FOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sHeprocOepexxeHUN u ToBbImeHNH 3HeprodddexkruBHocTr PK ot 13 sHBaps
2012 roma Ne 541-1V. JleticTBytomuii ¢ U3BMEHEHUSAMH U JonoHeHussMu. [Iposepeno 15.01.2022

6. Bcromoratensnoe obOopynoBanue TOC. KoHCHEKT JeKIMiA i CTYJACHTOB CIIEIHAIbHOCTH
5B071700 — Termosnepreruka. Anmatst 2017. ¢.104

7. JlomoiHUTEIBHAS TUTEpaTypa

8. Jlenyxorckuii I'.B., TlocmemoB A.A. Pacuer W HOpMUpOBaHHE IIOKa3aTeliell TEIJIOBOM
skoHOMHYHOCTH oOopynoBanus TOC: Yuebd. mocodoue / ®I'BOYBIIO «/BaHOBCKMIT TOCYyIapCTBEHHBII
sHepreTudeckuiit yauBepcuteT uM. B.U. Jlennnay. — IBanoBo, 2015. — 468 c.

9. Haruerarenu u temioBbie nsuratenu / B. M. Uepkacckuid, Y. B. Kanunumn, 0. B. Ky3uenos, B.
H. Cy06otun. M. : Dueproaromusaar, 1997

10. Konmenmus pa3BHTHSI TOILIMBHO-IHEPTETUYECKOro Komiiekca Pecnyomuku Kazaxcran 1o
2030 roma. ITocranosnenue IIpaButenserBa Pecrryonuku Kazaxcran ot 28 utonst 2014 roma Ne 724
11. ITumumienko H.B., CuBakoB N.A. DHeprocOepekeHHWE W TOBBINICHHE YHEPTETHIECKON

3 PEeKTUBHOCTH WHKEHEPHBIX CUCTEM | ceTeil. YueoHoe mocodme. — CI16: HUY UTMO, 2013. — 274 c.

DJIeKTPOHHBbIE PeCypChl:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, ITAPOJIb Libukmal23

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

PecniyOnukaHckast MEKBY30BCKas SJIEKTpOHHast Onbimoreka, AKnurpress www.aknurpress.kz.

6. KouTpoJsb (Bonpocsl, 3a1aum, pemieHue)

UTo noHMMaeTcs MoJ aKKyMYJIHUPOBAHUEM SHEPTHn?

Kakwue npoiiecchl akKyMyJISILIMKA SHEPTUU B IPUPOJE BaM U3BECTHBI?

Pacckaxute npuniun pa6otsl [ADC

[lepeuncnuTh N3BECTHBIE TEXHOJIOIMHM HAKOIUIEHUS SHEPTUU.

Kak MOXHO aKKyMyJIupOBaTh TEIIO?

Uem xapakTepu3yroTcs aKKyMYJISITOPbI S3Heprun?

Onucath NPUHIUI aKKYMYJIUPOBAHMS TUAPOIHEPTUN

Kax moxHO onienuTs 3anmacaemyto ['ADC snepruto?

. Uemy paBHa 3Heprus, HaKOIJIEHHAsA B KOHJIEHCATOPE SHEPrusi?
10. OOBSICHUTH IPUHIIUIT ACUCTBUSI KHHETUYECKOTO HAKOMIUTENS CYyIIepPMaxOBUKa
11. OOBICHUTH MPEUMYIIECTBA, OTYyYaeMble OT UCIIOIb30BAaHHSI CUCTEM HAKOTUICHUS

SHEPIUH.
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Jlexmust 8

1 Tema 8. KoTenbHBIE YCTAaHOBKU

2. Ileanb: ocBoeHHe OCOOCHHOCTEH TEXHOJOTMU CKUI'aHHMS TOILIMBA W HCIOJIb30BaHUS
BBIJICJISIFONIEHCS  TEIJIOThI, 3HAHUE YCTPOMCTBA KOTEIBHOTO  arperara, Ha3HAu€HUE U
KJIACCHU(PUKAIUIO KOTEITHHBIX YCTAHOBOK

3. Te3uchl JeKuM:

1. O6mue cBeieHHs U IOHATHUS O KOTEIbHBIX YCTAHOBKAX

2. Ha3nauenwue u kiraccu(uKanus KOTI0arperaron

3. OcHOBHBIC BUJIBI KOTEITBHBIX arperaTtoB

3.TemnoBoii OanaHc KOTEJIBHOTO arperara

OOm1re cBeieHUs ¥ IOHATHUS O KOTEIBHBIX YCTAHOBKAX

KoTenpHast ycTraHOBKa TMpencTaBisieT co00M KOMIUIEKC YCTPOWCTB, pa3MENIeHHBIX B
CTIEIMANBHBIX TOMENICHUSIX U CIYXKaIUuX JUIsl TPeoOpa3oBaHMs XUMHUECKOW IYHEPTUU TOILIMBA B
TEIUTOBYIO SHEPTHIO 1Tapa WM ropsiaeid Boabl. OCHOBHBIE 2JIEMEHTHI KOTEITHbHON YCTaHOBKH — KOTEN,
TOTIOYHOE YCTPOMCTBO (TOTKA), MUTATENBHBIC U TATOIYyTHEBBIE YCTPOICTBA.

YcrpoiicTBa, NpeqHa3HAuYSHHBIE TS TIOJMYYEHUS Mapa WA TOpS4Yei BOJBI MOBHIIIEHHOTO
TaBJICHUS 3a CUET TEIUIOTHI, BBICISAEMOH MPH CKUTAHUH TOIUTMBA, WIIM TEIUIOTHI, ITOIBOTUMOM OT
MOCTOPOHHUX MCTOYHUKOB (OOBIYHO C TOPSYMMH T'a3aMH), HA3BIBAIOT KOMENbHbIMU Azpecamamu.
OHH fenarcst COOTBETCTBEHHO HA KOMJIbl NAposble U KOm.ibl o0ozpetinbie. KoTeabHbIE arperarsl,
UCTIONB3yone (T. €. YTWIM3HMPYIOIIME) TEIUIOTY OTXOMAIIMX M3 Te4Yeld ra3oB WM JIPYTrUX
OCHOBHBIX ¥ TOOOYHBIX MIPOIYKTOB PA3IMYHBIX TEXHOJIOTHUECKHUX MPOIIECCOB, HA3BIBAIOT KOMIAMU-
YMURU3amopami.

B CoCTaB KOTIIa BXOJIAIT: TOIIKA, naponeperpeBaresb, HKOHOMai3ep,
BO3/1yXOII0JIOrpeBaTelb, Kapkac, 0OMypOBKa, TEIIOBast H30JISLHUs, OOIINBKA.

Bcnomozcamenvuvim  060py0osanuem CUATAIOT: TATOAYTHEBBIC MAIIMHBI, YCTPOWCTBA
OYHMCTKM TIOBEPXHOCTEH HarpeBa, YCTPOHCTBAa TOIUIMBOIIPUIOTOBJICHHS W TOIUIMBOIOJAYH,
00OpyOBaHME INIIAKO- M 30JO0YHAJICHUS, 30JI0YJIAaBIMBAIONINE M JPYrHe€ Ta3004HCTUTEIIBHbIC
YCTpO#CTBA, Ta30BO3yXOIPOBOIBI, TPYOOIIPOBOBI BOJIBI, I1apa M TOIUIMBA, apMaTypy, TapHUTYPY,
aBTOMATHUKY, IPUOOPHI U YCTPOMCTBA KOHTPOJIS M 3aLUThI, BOJOIOArOTOBUTEIILHOE 000PYIOBaHUE
U JBIMOBYIO TPYOYy.

K apmamype oTHOCAT perynupyoonie W 3amopHbIE YCTPOWCTBA, MPEIOXPAHUTEIBHBIC U
BOJIOTIPOOHBIE KJIATIAHbl, MAHOMETPHI, BOI0YKa3aTeIbHbIE TPUOOPHI.

B eapnumypy BXonsT na3bl, TISACIKH, JIOKU, INOEPHI, 3aCITOHKH.

31aHue, B KOTOPOM PACHOJIararTcsi KOTIIbl, Ha3bIBalOT KOTEIbHOM.

Kommieke ycTpoHCTB, BKIIOYAIOMIMK B ce0s KOTENBHBIM arperar M BCIIOMOTATEIbHOE
000pyZI0BaHUE, HA3bIBAIOT KOMENbHOU YCManoeKol. B 3aBUCUMOCTH OT BUJAa CKUTAEMOI0 TOILIMBA
U JPYTUX YCIOBUI HEKOTOpBIE U3 YKAa3aHHBIX 3JIEMEHTOB BCIIOMOTaTeIbHOTO 000PYAOBAaHUS MOTYT
OTCYTCTBOBATb.

KoTenpHble ycTaHOBKH, CHaOXarolue NapoM TypOUHBI TEIJIOBBIX JJEKTPUUYECKUX CTAHIUM,
Ha3bIBAlOT SHEPre€TUUYECKUMHU.

Jlns cHaOXeHMs MapoM IMPOU3BOJICTBEHHBIX MOTpeOuTeNneil M OTOIIEHUs 37aHUN B psze
CIIy4aeB CO3/JIal0T CIIEHHUAIIBHBIE NPOUIBOOCHEEHHbIE U OMONUMENbHbIE KOMENbHblE YCIMAHOBKU.

B xauecTBe MCTOYHMKOB TEIUIOTHI /ISl KOTEJIBHBIX YCTAHOBOK MCIOJIB3YIOTCS IPUPOJIHBIE U
UCKYCCTBEHHBbIE  TOIUIMBA  (KaMEHHbI  yroib, OKMJIKME M  Tra3000pa3Hble  MPOTYKTHI
He(pTEeXMMHUYECKONH NepepabOTKU, MPUPOIHBIA M JIOMEHHBIA Tra3bl M Jp.), OTXOJAIIME Ta3bl
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IIPOMBIIIJIEHHBIX N€YEH U JPYTUX YCTPONCTB, COJTHEYHAs! SJHEPI UL, SHEPTUs IEICHUS SIIEP TAKEIbIX
2JIEMEHTOB (ypaHa, IUIYTOHHUS) U T. 1.
TexHonornueckass cxema KOTEJIbHON YCTaHOBKM ¢ OapabOaHHBIM NApOBBIM KOTJIOM,
paboTaroNMM Ha MBUICBUHOM yIJIe, TPUBEICHA Ha puc. 8.1.
TormmmBo ¢ yroapHOTO CKIIaja mocie IpooieH s oTaeTcss KOHBeepoM B OyHKEp ChIPOTO
yris 1, U3 KOTOPOTO HAMpPaBISIETCS B CUCTEMY MBUIETPUTOTOBIIEHUS, UMEIOILYIO YTIIEPa3MOJIbHYIO
MenbHUILY 2. [1puIeBHIHOE TOIIMBO C MOMOUIBIO CHEIHATBHOTO BEHTUIIATOPA 3 TPAHCIIOPTUPYETCS
1o TpyOaMm B BO3JIYIIIHOM MOTOKE K TopeskaM 4 TONKH KOTJIa 5, Haxosmierocs B kotenbHou 14. K
TOpesKaM TIO/IBOJANTCSI TaK)K€ BTOPUYHBIN BO3IyX IYTbEeBBIM BEHTWISATOpoM 13 (0OBIYHO uepes
Bo3ayxomojorpeBarensy komia 10). Boma mis muTaHus koTia mojpaercss B ero Oapaban 7
MUTATEILHBIM HacocoM 12 u3 Gaka mutareabHON BoJIbI 11, mMeromniero nea’pamoHHOe YCTPOKUCTBO.
[lepen momaueii Boasl B OapabaH OHa TMOAOTPEBACTCS B BOJSHOM HJKOHOMai3epe 9 kotma.
Hcnapenne BoIbI TPOUCXOTUT B TPyOHOU cucteMe 6. Cyxoi
HACHIIICHHBIA Map W3 OapabaHa TOCTymaeT B MapoleperpeBarenb 8, 3aTeM HANpaBIseTCs K
MOTPEOUTEITIO.
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Pucynok 8.1. Texnonorudeckas cxema KOTEJIIbHONW YCTaHOBKHU:

a - BOHOM TpaKT; O - meperpeTsiii nap; B - TOIUIMBHBIA TPAKT; I' - IyTh ABWKEHHS BO3/YXa; O - TPAKT IPOYKTOB CrOPaHUS; € - IIyTh
301blI U U1aKa; 1 - OyHKep TOIUIMBA; 2 - yriepa3MoibHasi MEIbHUIIA; 3 - MEJIbHUYHBIH BEHTUISITOP; 4 - TOpeliKa; 5 - KOHTYP TOIKHU U
ra3oxoIoB KOTEJILHOrO arperata; 6 - 9KpaHbl TONKH; 7- OapabaH; 8 - mapomeperpeBatenb; 9 - BomsHOW 3koHOMaiizep; 10 -
BO3/IyXOIOJI0PEBATENb;

11 - Gak 3amaca BOJbI C J€a’palliOHHBIM YCTPOUCTBOM; 12 - muTaTenbHblil Hacoc; 13- BeHTHIATOp; 14- KOHTYp 31aHUS KOTEIBHON
(ToMeleHus KOTEJIBHOr0 OTIEJICHH); 75 - 30JI0yIaBIMBaOLIee YCTPOUCTBO; 16- apiMococ; 17- apiMmoBast TpyOa; 18 - HacocHast st
OTKa4KH{ 30JI0ILIAKOBOH MYJIbITbI

N3 puc. 8.1 BugHO, 4TO OapabarHwlll KOmenbHbII azpecam COCTOUT U3 MONOYHOU Kamepbl U
2a30x0008, bapabauna, nosepxHocmell Hazpeséd, HAXOIAIIUXCS I0J JAaBJICHUEM padouel cpeipl
(BOJIBI, TAPOBOJISTHON CMECH, Tapa), 8030YX0n00ocpesamelis, COeOUHUMENbHbIX MPYOONnPo8oo0s u
6030YX060006. 110BEepXHOCTH HarpeBa, HAXOAIIUECS IO JABJICHUEM, BKIIOUYAIOT B CeOsl BOASHOM
SKOHOMAaM3ep, HCIAPUTEIIbHBIC JJIEMEHTHI, OOpa30BaHHBIE B OCHOBHOM OJKpaHaMH TONKH |
(becToHOM, U MaporneperpeBaTeb.

Bce moBepxHOCTH HarpeBa KOTjia, B TOM YHCIIE U BO3YyXOIOJOrpeBaTelb, KaK MPaBUIIO,
TpyOuartbie. JIUIIb HEKOTOpPHIE MOIIHBIE MApPOBbIE KOTIBI MMEIOT BO3AYXOIOJOTpEBaTENd WHOM
KOHCTPYKIIHH.

HcnapurenbHble MOBEPXHOCTH MOJIKIIOYEHBI K OapabaHy U BMECTE C OMYCKHBIMU TpyOamu,
COCUHSIONUMHI OapabaH ¢ HIDKHAMHU KOJIJIEKTOpaMH SKpPaHOB, 00Opa3yloT IUPKYISIUOHHBIN
KOHTYyp. B 06apabaHe mpouCXOIUT pa3jielieHue mapa | BOJbl, KpOME TOT0, OOJIBIION 3amac BOAbI B
HEM TOBBIIIAET HAZEC)KHOCTh PAabOTHI KOTJIA.

HwxHIOI0 TpamenueBUIHYIO 4acTh TOINKH KOTEIBHOTO arperara (cM. puc. 8.1) Ha3bpIBarOT
XOJIOJTHOM BOPOHKOW - B HEW OXJIaXIAaeTCs BhIMAAAMUNA U3 (akema YaCTUYHO CHEKIIHCS
30JIbHBIA OCTATOK, KOTOPBIM B BHJIE IIUTAKA MPOBATUBACTCS B CIEIUAIBHOE MPHUEMHOE YCTPOMCTBO.
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['a3oma3yTHBIE KOTJIBI HE HIMEIOT XOJIOJIHOM BOPOHKH. ['a30X0/1, B KOTOPOM PACHOJIOKEHBI BOJASHOU
SKOHOMAaM3ep M BO3IyXOIMOI0TPEeBaTelb, HA3bIBAIOT KOHBEKTUBHBIM (KOHBEKTHUBHAS I11aXTa), B HEM
TEIUIOTa IepelaeTcsi BOJE M BO3JIyXy B OCHOBHOM KoHBekuuei. IloBepxHocTu Harpesa,
BCTPOEHHBIE B 3TOT Ta30X0Jl U HAa3bIBAEMble XBOCTOBBIMM, MO3BOJISIOT CHU3UTH TEMIIEPATypy
npoaykToB cropanus ot 500-700°C mocne mapomneperpesarens moutu g0 100°C, T. e. moiHee
HCIO0JIb30BATh TEIUIOTY C)KUTAEMOTO TOTUIMBA.

Bces tpyOHas cuctema u OapabaH KOT/a TMOJJICPKUBAIOTCS KapKacoM, COCTOSIIIIUM W3
KOJIOHH M TMONepeyHbIX Oanok. Tomka M ra3oXojpl 3alllUIIEHbl OT HApYKHBIX TEIJIONOTEPD
OOMYypOBKOH - CJ0O€M OTrHEYHOPHBIX M M3OJSALHOHHBIX MaTepuaioB. C HapyKHOH CTOPOHBI
OOMYpOBKHM CTEHKHM KOTJa MMEIOT Ta30IUIOTHYI0 OOIIMBKY CTaJbHBIM JINCTOM C IIEJIbIO
MpeIOTBPAILlEHUS] PUCOCOB B TONKY M30BITOYHOTO BO3AYyXa M BbIOMBAHMS HapYXKy 3albUIEHHBIX
ropsSYMX MPOIYKTOB CTOPAHMSI, COJIEPKALINX TOKCUUHbIE KOMIIOHEHTHI.

Ha3znauenue u Kaccuukanms KOTI0arperaTosn

KoTenpHble yCTaHOBKM B 3aBHCHMOCTH OT XapakTepa IOTpeOHTeneld pas3iensioTcs Ha
SHEPTreTUYECKHe, IMPOU3BOJACTBEHHO-OTOTMTENBHBIE W OTOMUTENbHBIE. [l0 Buay moirydaemMoro
TEIJIOHOCHUTENSI UX JENSAT Ha MapoBble (A1 BbIpaOOTKH Mapa) M BOJOTpeiHbIe (Ui BHIPaOOTKHU
ropstueii BOJIbI).

DHepreTuyecknue KOTeJIbHbIE YCTAHOBKH BBIpAOATHIBAIOT Map JUIsl MapoBbIX TypOWH Ha
TEIUIOBBIX 3JIEKTPOCTAHIUAX. Takue KOoTelbHble O000OpYAYIOT, KaK MpPaBUJIO, KOTJOarperaTamu
00JIBIION U cpeiHEeN MOIIIHOCTH, KOTOPBIE BHIPAa0ATHIBAIOT Map MOBBIIIEHHBIX TAPaMETPOB.

KorenbHbIM arperaToM Ha3bIBaeTCS IHEPreTUYECKOE YCTPOMCTBO JUIsl TMOJIy4EHHS Iapa
3a/IaHHOTO JABJICHUS U TEMIIEPATyphl U B 3a1aHHOM KosimuecTBe (p, MIla; t, °C; D, 1/4). Yacto 310
YCTPOICTBO Ha3bIBAIOT MMapOreHepaTopoM, MO0 B HEM MPOUCXOAMUT TE€Hepalus mapa, Wil MPOCTO
MapoBbIM KOTJIOM. EciM KOHEUHBIM HpPOAYKTOM SIBISIETCS ropsidas BOJa 3aJaHHBIX IapaMeTpoB
(maBneHUs U TEMIEPATyphl), UCIIOJIb3yeMasi B POMBIIUICHHBIX TEXHOJIOTMYECKUX MpoLeccax U st
1eei OTOIUICHUS! MPOMBIIIJICHHBIX, OOIIECTBEHHBIX U KIWJIbIX 3/JaHUH, TO YCTPOWCTBO Ha3bIBAIOT
BOJIOTPEHHBIM KOTJIOM.

[lo xapakrepy [IBHWXKEHHUS BOJbI, IAPOBOJSHOM CMeCM U Iapa MapoOBble  KOTJIBI
noapazaensroTcs (cM. puc. 8.2) Ha:

1) 6apabaHHbBIE ¢ €CTECTBEHHOMN IIUPKYIISIIUECH;

2) bapabaHHbIE ¢ MHOTOKPATHOM NPUHYIUTEIBHOM UPKYIIAIHEH;

3) IpSAMOTOYHBIE.

B GapabaHHBIX KOTJIaX ¢ €CTECTBEHHOU HMpKyIsuuen (cM. puc. 8.3) BCIEICTBUE Pa3HOCTH
IUIOTHOCTEW MapOBOASHONW CMECH B JIEBBIX TpyOaxX 2 M KUAKOCTU B MpaBbIX TpyOax 4 Oyzaer
MIPOUCXOIUTH JBIKEHUE MAPOBOISHON CMECH B JIEBOM PsIIy - BBEPX, a BOJIbI B IIPABOM DSy - BHU3.
TpyObl mpaBoro psijia Ha3bIBAIOTCS OMYCKHBIMH, a JIEBOTO - TIOJbEMHBIMU (9KPAHHBIMH).

Pucynox 8.2 - Cxembl reHepaiuy rnapa B mapoBbIX KOTJIAX:
a - €CTeCTBEHHAs LHUPKYJISIINA; O - MHOTOKpaTHAs NPUHYIUTEIbHAS UPKYIISLMS; B - PIMOTOYHAS
cxema; b - Oapaban; WCII - ucnapurensusie noepxnoctd; IIE - mapomeperpeparens; DK -
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BOJISIHOM 3KOHOMaizep; D - pacxon mapa; Dys - pacxon nurtarensHoi Boawl; [TH - nuraTenpHbIi
Hacoc; IUH - mupkynsuumonnsii Hacoc; HK - mwxuuit komnexrop; Q - moason tera; OIT -
omyckHbie TpyOsI; [TIO]] - mogbeMHBIC TPYOBI

OTHolIeHNE KOJIMYECTBA BOJIbl, MPOXOJALICH depe3 KOHTYp, K MapOIpOU3BOJIUTEIBHOCTH
KOHTypa D 3a TOT € IpOMEXKYTOK BPEMEHH HAa3bIBACTCA KpATHOCTBIO HUpKysaumn Ky s
KOTJIOB C €CTeCTBEHHOM 1upkKyssinuen K, konebnercs B mpenenax ot 10 go 60.

Pa3HocTh BecoB ABYX CTOJ0OB XKUAKOCTEH (BOJBI B OMYCKHBIX M MMAapoOBOISHONW CMECH B
MOJBEMHEIX TPy0ax) CO37aeT ABIKYIIMI HAmop LUPKYIAIMHM BOABI B Tpybax kotma Ap, H/m?,
PaBHBII

Ap = gh(p, — p..),

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

Tap, D,

Pucynok 8.3 - Cxema ecTecTBEHHOM IUPKY/ISAIIUNA BOJBI B KOTIE: 1 - HIOKHUI
KOJIIEKTOD; 2 - JIeBas TpyOa (dkpaH); 3 - 6apaban KoTJa; 4 - mpaBas Tpyda

JIBMOKyImMi Hanop LUMPKYJSILUN PacXOLyeTcsl Ha MPEOIOJIEHUE COIPOTUBIICHUS JBIKCHHUIO
10 TpyOaM BOJIbI ¥ MAPOBOASHOM CMECH, a TAaKXKe Ha COOOLICHHE YCKOPEHUs NapOBOJSHON CMECHU B
CBSI3U C POCTOM 00BbEMa )KMKOCTH, IPOUCXOAALINM IIPU apooOpa30BaHUM B MOIbEMHBIX TPYOax.

B koTnax ¢ npuHyIUTEIbHON LUPKYJSALMENH JBY)KEHUE BOJbBI M IApOBOJSHON cMecH (puc.
8.2, 6) ocyuiecTBIsAETCA MPUHYAUTEIBHO C MOMOILIBIO HUPKYIAMUOHHOTO Hacoca L{H, nBroxymmii
HaInop KOTOPOro pacCUMTaH Ha INPEOJI0JEHUE COIPOTUBIICHUS BCEH CUCTEMBI.

B mpsamortounslx Komiax (cM. puc. 8.2, B) HET UUPKYJIALMOHHOTO KOHTYpa, HeET
MHOTOKpPAaTHOM LUPKYJISALUU BOJBI, OTCYTCTBYeT OapabaH, BOJa NPOKAUYMBACTCS NMTATEIbHBIM
HacocoM [IH uepes sxonomaiizep OK, mcnapurensusie nosepxHoctu MCII n nmaponeperpeBarens
I1E, BKJIFOYEHHBIE NTOCIIEN0BATEIBHO.

Crnenyer OTMETUTb, YTO MPSIMOTOYHBIE KOTJIBI HCIIOJIB3YIOT BOy 00Jiee BHICOKOTO KauecTBa,
BCd BOJa, nocrtynaromas B ucnaputenbHbli TpakT MCII Ha BbIXOAE€ M3 HEro IOJHOCTBIO
IpeBpalaeTcs B mnap, T.€. B 3TOM cllyyae KpaTHOCTh Hupkymauuu Kq= 1.

ITapoBoii KOTEJIbHBII arperar (maporeneparop) XapaKTepU3yeTcs
[IapOIPOU3BOJAUTEIBHOCTBIO, JABICHUEM U TEMIIEPATypOU IPOU3BOJUMOTIO Iapa U TEMIIEPATypou
MIATATEILHON BOJBIL.

[Taponpou3BOIUTEIHHOCTH TAPOTreHepaTOpa BEIPAKAIOT B T/4 WM KI/C.

ITockospKy maporeHepaTop IpeAHA3HA4YeH Ul NPEBPAIEHUs TeIlUla, 3aKJIIOUYEHHOIO B
TOIUIMBE, B TMOTEHIMAJIbHYIO DSHEPruUIl0 TMapa, OH TNpeAcTaBiIseT CcoO0OH Pa3HOBUAHOCTH
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nmpeoOpa3oBarensi DHEPrHH, a IOTOMY €ro MOXKHO XapaKTepH30BaTh TaKKE IO MOIIHOCTH,
BeIpakaeMol B KBT mimm B MBT. Ilo maponpou3BOAMTENBHOCTH PA3IMYAIOT KOTIBI MaJION
MapOINPOU3BOIUTEIBHOCTH, 10 20-25 T/4, cpenHel maponpon3BoAUTEILHOCTH, 0T 35-50 no 160-220
T/4, ¥ OOJILIIION TAPOTPOU3BOAUTEIHLHOCTH, OT 220-250 T/4 1 BHIIIE.

JlaBienue MPOU3BOAMMOTO B KOTIIE Hapa BhIpaxkaroT B KH/m? 1 MH/M?,

[lo naBneHHIO NPOM3BOAMMOIO Mapa pa3inyaloT KOTJbl: HU3KOro JaBieHus - jno 1,37
MH/™m?, cpennero masieHus - 2,35 u 3,92 MH/M2, Beicokoro nmaBnenus - 9,81 u 13,7 MH/M? u
3aKPUTHYECKOTO JaBlieHus-25,1 MH/Mm2. I'panuna, otnpensdronias KOTIbI HU3KOTO JIaBJIEHUS OT
KOTJIOB CpPEJIHEro JaBJICHNUS, YCIOBHA.

B koTenbHBIX arperarax MpOW3BOJAAT JHOO HACBIIEHHBIN map, OO map, MeperpeTsid 10
pa3IMYHON TeMIEepaTyphbl, BEIMYMHA KOTOPOH 3aBHCHUT OT €ro JaBjeHus. B Hacrosiee Bpemsi B
KOTJIaX BBICOKOTO JABJICHHS Temmeparypa mapa He mnpesbimmaer 540-570°C. Temmepatypa
MATATETHLHOMN BOJBI B 3aBUCUMOCTH OT JaBJICHUS mapa B kKoTie kosebnercs ot 50 mo 260°C.

Bonorpeiinpie KOTIBI XapakTEPU3YIOT MO MX TEIUIOMPOM3BOJAUTEILHOCTH, TEMIIepaType U
JABJICHUIO TTOJIOTPETOM BOJIBI, @ TAKXKE IO POy METaJlla, 3 KOTOPOTO M3TOTOBJIEH KOTEIL

Tennonpon3BOIUTENHPHOCTh BOJAOTPEHHOTO KOTJIa BBIPAXAIOT B  KHJIOBATTaxX WJIHU
meraBaTTax (B cucreme MKI'CC B ['kan/u).

[To pony metamia pa3iuyarOT YYTYHHbIE W CTaJbHbIE BOJOrpEHHbIE KOTJbL. [lepBbie
MpelHa3HayaloT JUIsl  OTOIUIEHUS  OTHENbHBIX 3JaHMM W BBINOJHSIOTHA  HEOOJIbLINE
TETUIONPOU3BOIUTEIBHOCTH, HE mpeBbimatomue 1,2-1,6 MBT, 1y nogorpeBa BoJbl C JIaBJICHUEM
He Bemre 300-400 kH/M? 1m0 Temmeparypsl 115°C. BTopble BBHITIONHAIOT Ha OOJBIINE
TETUIONPOU3BOIUTENBHOCTA OT 4,75 no 210 MBT u ycraHaBiIuMBaIOT B KPYIHBIX KBapTAJIbHBIX U
pallOHHBIX KOTENbHBIX JJISi TEIUIOCHAOXKEHUs OOJBIIMX KUIBIX MaccuBoB. Kpome Toro,
BOJIOTPEHHBIE KOTJIbl TEIJIONPOU3BOAUTENBHOCTEI0 35 MBT UM BbIlI€ yCTaHaBIMBAIOT TaKKe Ha
TOI] B3aMeH NMKOBBIX MOJOTpEBaTENEH CETEBOM BOABL.[4].

B 3aBucumoct oT MacmTaba TEMJIOCHA0XKEHHS OTONMHUTENbHBIE KOTENIbHbIE OBIBAIOT
MeCTHbIE (MHAUBHIyaJIbHbIC), TPYIIIIOBBIE U PaliOHHBIE.

MecTHble KOTEIbHBIE OOBIYHO OOOPYAYIOT BOJOTPEHMHBIMU KOTJIAMHU C HAarpeBOM BOJbI JIO
temmneparypbl He 6osiee 115 °C wim napoBeiMu KOTJIaMH ¢ pabounm faBieHueM 1o 70 klla. Takue
KOTeJIbHbIE MPeHA3HAUYCHBI JIJIs1 CHA0KEHHsI TeTIOTOM OJHOTO WIIM HECKOJIbKHUX 3[aHHi.

I'pynmoBbie KOTENbHBIE YCTAaHOBKU OOECIEUMBAIOT TEIUIOTOM TPYIIbI 3JaHUN, KUIIbIE
KBapTaibl WM HEOOJbIINE MUKPOPaioHbL. X 000pyAyIOT Kak MapoOBBIMU, TaK M BOJAOTPEHHBIMU
KOTJaMHu OOJIbIIEH TeIIONpPOU3BOAUTEILHOCTH, Ye€M KOTJIBl JUIS MECTHBIX KOTENbHBIX. OTH
KOTEJIbHbIE OOBIYHO Pa3MENIAIOT B CIICHUATBHO COOPYKEHHBIX OTAEIbHBIX 3AaHUSIX.

PaiionHble OTOMUTENBHBIE KOTENbHBIE CIYXaT A TEIUIOCHAOXKEHHUS KPYIHBIX KUJIBIX
MacCHBOB: UX 000PYAYIOT CPABHUTEIHLHO MOIIIHBIMH BOJOTPEHHBIMH MU MAPOBBIMU KOTJIAMHU.

Pucynox 8.4 - [Ipumep TeppUTOPUH KOTEIBHONW U HEKOTOPOTO €€ 000py10BaHUs
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Pucynox 8.5 - [IpuMepbl KOMITOHOBKH HEKOTOPBIX KOTEIBHBIX U MX 000PYI0BaHUS

KorenbpHBIE yCTAHOBKHA MOTYT pacroJiaratbCsi Kak BHYTPH 00BEKTa, TaK U 33 €ro MpeJIeIaMH.
BHYTpI/I 06’I)GKTa OHM MOI'YT YCTAHAaBJIMBATHCA B MOJABAJIC, OTACIBHOM IIOMCIICHUHU M Ja)K€ Ha
kpoime. Ecam 3manme mpeacTaBisieT co0O0M  OOJBIION 1O pasMepaM OOBEKT, TO KOTEJIbHBIE
YCTAaHOBKHM BBITIOJIHSIOT B BHUJE OTJCIBHO CTOSIIMX TIOCTPOCK C COOCTBCHHON WHI)KEHEPHOM
CHUCTEMOMH, MOJIKIIFOUEHHON K 00IIIe HH)KEHEPHOU cUCTeME 00BEKTa.

B paboTe KOTENBHBIX YCTAHOBOK HCIIOJIB3YIOT pa3IMYHbIe BHJBI ToIUuMBa. Hawmbosbmiee
pacripocTpaHeHHEe CEroIHS MPHOOpPETH KOTelbHbIC, padoTaye Ha MPpUpPoHOM rase. ITockombky
HaIlla CTpaHa SABJISACTCS JHMJICPOM TI0 3amacaM 3TOr0 BHA TOILTUBA, MOKHO HE OITAcaThCs TOTO, YTO
HEPropecypchbl MOTYT 3aKOHYUTHCS. [IoMHUMO rasa, KOTeJIbHBIC YCTAHOBKH MCIOJIB3YIOT B KAUECTBE
TOIUTMBA He(PTEHpOAYKThI (Ma3yT, JAW3EIbHOE TOIUIMBO), TBEPJAOC TOIUIMBO (Yroyib, KOKC,
npeBecrHa). Psii KOTENBHBIX MOTYT MCIIOJIb30BaTh KOMOWHHPOBAHHBIC BHIBI TOIUTMBA. BaxkHOM
XapaKTePUCTHKOW JIIO0OW KOTCIBHON SIBIISICTCS KAaTEroOpUsl HAJEKHOCTH TEILIOCHA0KCHHS
oTpeOuTENeH.

B mipoMBIIIICHHOCTH, CETbCKOM M KOMMYHATBbHOM XO35HCTBE MPUMEHSIOT Pa3IuYHbIC BUIBI
KOTJIOB.

IlapoBoii kotes mpencrasiseT co0O yCTPOKWCTBO C TOMKOH, 00OrpeBaeMoe MpPOayKTaMH
CKMUFaeMoro B HeW TOIUIMBAa M TMpeJHa3HAuYeHHOE JUIs TOJY4YeHHUs T[apa JaBlIEHUEM BBIIIE
aTMOoc(epHOro, UCIOIB3YEeMOT0 BHE YCTPOUCTBA, a BOJAOTPEUHBIN KOTEN — TaKoe K€ YCTPOUCTBO,
HO TIpeAHAa3HAYEHHOE JIJIsi HArpeBaHUs BOJIbI, HAXO/ISIIECHCS 101 IaBJICHUEM BBIIIIe aTMOC(HEpPHOTO U
UCIO0JIb3YeMOM B KaUueCTBE TETNIOHOCUTEISI BHE YCTPOMCTBA.

Korena-yruiauzarop — 3TO MapoBOMl HIJIM BOJOTPEHHBIA KOTEN, B KOTOPOM B KauecTBE
WCTOYHUKA TEIUIa UCTOJB3YIOTCS TOpSYMe Ta3bl TEXHOJOTHMUECKOTO TMpoliecca, KOoTea-0oiijep —
MapoBOM KOTEN, B MapoBOM MPOCTPAHCTBE KOTOPOTO Pa3MENIEHO YCTPOMCTBO JUIsl HArpeBaHUS
BO/JIbI, UCTOJh3yeMON BHE KOTJIa, @ B €CTECTBEHHYIO LHUPKYISIHIO BKIIOYEH OTIACIBHO CTOSIIHIA
Ooitnep.

CranmoHapHBIM Ha3bIBAIOT KOTEN, YCTAHOBIIEHHBIM Ha HEMOABIKHOM (yHIAMEHTE,
MEePEeBIKHBIM — KOTEJ, WMEIOUIUA XOJOBYIO YacTh HIIM YCTAaHOBJICHHBI Ha TEPeIBUKHOM
dbyHIameHre.

IaponeperpeBarteib MpencTaBiIsieT co00i YCTPONUCTBO, MpeAHA3HAYEHHOE ISl Meperpena
mapa BBIIIE TEMIEPaTyphl HACHIINICHUS, COOTBETCTBYIOIICH IaBICHUIO B KOTJIE, B pPe3yibTare
nepenayd eMy Teria ABIMOBBIMU Ta3aMu, a SKOHOMaii3ep — yCTPONCTBO, 00OrpeBaeMoe MpOayK-
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TaM{ CropaHMsi TOIUIMBAa U CiIyXKallee s IOAOIpeBa WM YacTUYHOTO MCIApEHUsl BOJIbI,
ITOCTYIAIOIIEN B KOTE.

Bo3zayxonmogorpeBaresib IpeiHa3HAayeH s MOJOrpeBa IOCTYNAIOUIETO B TOMNOYHOE
YCTPOICTBO BO3/lyXa TEIJIOM YXOJSILKX T'a30B.

IIuTratenbHass yCTAHOBKA COCTOUT U3 IMUTATEJIbHBIX HACOCOB JUISl MOJAa4YM BOJbI B KOTEJ
MO/ JAaBJIEHWEM, a TaKK€ COOTBETCTBYIOIIMX TpPyOONpPOBOJOB M apMaTypbl, TATOAYTheBOe
YCTPOHCTBO — U3 JYThEBBIX BEHTHWJISITOPOB, CUCTEMBI [a30BO3AYX0BOJOB, JBIMOCOCA U JBIMOBOM
TpyOBl, 00ecreurBaIUX Mojadyy He0OXOIUMOro KOJMYECTBAa BO3JyXa B TONOYHOE YCTPOMCTBO,
JBUKEHHE MTPOYKTOB CrOpPaHUs 10 Ta30X0/1aM U yAaJeHHe UX 3a IPeelibl KoTioarperara.

YceTpoiicTBO TEVIOBOr0 KOHTPOJISI H ABTOMATHYECKOr0 YNPaBJIeHUS] BKJIIOYAET
KOHTPOJIbHO-U3MEPUTENIbHbIE MPUOOPHI M aBTOMaThl, oOecneduBaromue OecriepeboiiHy0 U
COTJIaCOBAHHYIO pabOTy KOTEJIBbHON YCTAaHOBKH Ul BHIPAOOTKM HEOOXOIMMOTro KOJMYECTBa Mapa
OTIpe/IeIEHHOM TeMIIepaTyphl U JaBICHHUS.

B ycrpoiicTBO i NMOATOTOBKH NHUTATEJIbLHOM BOABI BXOJAT amnmaparbl U
MpHUcrnocobaeHus], 00ecreunBaroIIie OYUCTKY BOAbI OT MEXaHMYECKUX MpUMeEceil U PaCTBOPEHHBIX
B Hell HakumeoOpa3yoInX CoJe, a TaKkkKe y/lajJeHHe U3 Hee ra3os.

KorenbHble ycTaHOBKH, paboTaromiye Ha MbUIEBUIHOM TOIUIMBE, 000PYAYIOT IpOOHIIKAMH,
CYLIWIKAMH, MEJIbHULIAMH, MHUTATEISIMH, BEHTHWIATOPAMH, a TAK)K€ CHCTEMOW TPAaHCIOPTEPOB U
IIBIETa30IPOBOI0B.

YCTpoHCTBO Ul yAaneHUs 306l W IIJIAKa COCTOUT M3 TUAPABINYECKMX CHUCTEM H
MEXaHMYECKUX MTPUCIIOCOOICHUI: BarOHETOK MJIM TPAHCIIOPTEPOB UJIM TEX U IPYTHUX.

TonnuBHBIN CKIIaZ CIYXKUT AJIs XpaHEHMSI TOIUIMBA.

TennoBoii 6aaHC KOTEIBHOTO arperara

TemnnoBoii 6ajlaHC MapoBOTO KOTIA

TennoBoil 6GanmaHc MapoBOro KOTJIA 3aK/IIOYAETCs B YCTAHOBJIEHUH PABEHCTBA MEXIY
IIOCTYIIMBUIMM B arperar Ipd CKHWraHUM TOIUIMBA KOJIMYECTBOM TEILIOTHI, Ha3bIBAEMBIM
pacnonazaemol meniomot, Q:,’ U CYMMOU HCIOJB30BAaHHOW TEIUIOTHIY;M TEIUIOBBIX MoTepb. Ha
ocHoBe TeruoBoro 6ananca HaxoaT KIIJI u pacxon romnusa.

[Ipu ycTaHOBHUBIIEMCS pexkuMe paboThl arperata TemioBoi Gamanc jms 1 kr wm 1 m°
C)KMIaeMOr0 TOIUIMBA 3aIUCHIBAETCS KaK

QG =Q+Q:+ Q@+ Qs +Q: + Qs (8.1)

I'ne Q:,’ - pacmojlaraemasi TeIIoTa, MPUXOoAAIascs Ha 1 KT TBEpAOro MM JKUJIKOTO TOIIJINBA
wn 1 M3 ra3006pa3HOro TOIINBA, 371eCh U Aanee KJK/KT 1iu
kJIx/M3; @4 - ucnonb3oBaHHAs Ter1oTa; Q2 - MOTEpH TEMIOTH ¢ YXOIAIMMU U3 arperara ra3aMHu;
Q3 - moTepu TEIIOTHI OT XUMHUYECKOW HETMONHOTHI CrOpaHus TOIUTHBA; Q4 - MOTEPU TEIIIOTHI OT
MEXaHUYECKOU HEMOTHOTHI cropanus; Qs - MOTepu TETMIOTH B OKPYKAIOIIYIO Cpely uepe3 BHEITHee
orpakJeHue kotia; Qs - MOTEPU TETUIOTHI ¢ PUINYECKON TEIUIOTOM Iaka (puc.8.6).

OObIYHO B pacyeTax HCIONB3YEeTCS YpaBHEHHE TEIJIOBOTO OalaHca, BBIPAKEHHOE B
MPOIIEHTaX M0 OTHOLIEHUIO K pacrojiaraeMoi temiore, npuaumaemoit 3a 100% ( Q:: =100%):

100=qg; + g, +q3 + g4+ q5 T g, (8.2)
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100 100
rie g,=@,- 100- PERLE Q- oF HMT.L

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

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

raie @3, - du3nMyeckas TemioTa TOIUIMBA, BKIIIOYAas MOJYYEHHYIO IIPU TOJCYHIKE H
nojorpese; ¥z - TEIUIOTa BO3MyXa, MONyYeHHAs MM IIPH IOJOTPEBE BHE KOTIA; @y - TeIuora,
BHOCHMas B TOIIKY C paCHMJIMBAIOIINM (POPCYHOUHBIM HapOM.

e —
Pucynok 8.6 - OCHOBHBIE TOTEPH TEIIIOTHI

TeroBoil GajlaHC KOTENBHOTO arperara COCTABJIAIOT OTHOCUTEIBHO  HEKOTOPOTO
TEMIIEPAaTYpHOTO YPOBHS WM, JPYTMMH CIOBaMH, OTHOCHUTEIBHO HEKOTOpPOH OTHpaBHOMU
temreparypbl. Eciaum B KauecTBe OTOW TemmepaTypbl IMPUHATH TeMIepaTypy BO3Iyxa,
MOCTYMAIOIIETO B KOTEJIbHBIN arperar 6e3 mojorpeBa BHE KOTJIA, HE YUYUTHIBATh TEIUIOTY IMapOBOTO
1yThsl B (POPCYHKAX M MCKIIIOUMTH BEIHYMHY g, TaK Kak OHA MPEHEOPEKUMO MaJia 110 CPABHEHHUIO
C TEIUIOTOM CropaHus TOIJIMBA, TO MOXHO MPHHSTH

Q2 = (8.4)

CrnenyeTr OTMETUTh, 4TO B BbIpaxeHHH (8.3) HE YUMTHIBAETCS TEIUIOTa, BHOCHMAs B TOIKY
TOpPS'YMM BO3JIyXOM COOCTBEHHOTO KOTia. /[eno B TOM, YTO 3TO K€ KOJIMYECTBO TEIUIOTHI OTIAAeTCA
MPOJIyKTaMH CTOpPaHUsl BO3AYXY B BO3JyXOIOJOTpeBaTesie B Mpe/esiax KOTeIbHOro arperara, T. €.
OCYILIECTBIISIETCS] CBOETO POJIa PEUUPKYIAIUS (BO3BPAT) TEIUIOTHI.

Hcnonvsosannas menioma @y BOCIpHHMMAETCS IOBEPXHOCTAMHM HarpeBa B TOMOYHOM
KaMepe KOTJIa U €r0 KOHBEKTHBHBIX Ta30X0JlaX, mepenaeTcss pabodyeMmy Tely M pacXoJyercs Ha
MOJIOTPEB BOJBI IO TeMIEpaTyphl (azoBOro Mepexoja, UclapeHue u mneperpes mnapa. Kommdectso
HCMONb30BAHHON TEMIOTHl, mpuxojdmeiics Ha 1 kr wam 1 M® COXKEHHOTO TOIIMBA,
MOJICYUTHIBAETCS KaK

O =2 (e — ) + 2 (= ) + 2 (1 — i) (8.5)
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rie B - pacxom TomiMBa, Kr/c  WIH m/c; D1, Dy, Dy - COOTBETCTBEHHO

MIPOU3BOIUTEIBHOCTh MAPOBOTO KOTIA (pacxoj MEperpeToro mapa), pacxo]] HACHIIIEHHOTO Mapa,
pacxo] KOTJIOBOH BOJBI Ha MPOYBKY, KI/C; inn., I", I, lnn- COOTBETCTBEHHO SHTAJIBIIMU IIEPETPETOTO
napa, HaCHIIICHHOTO Iapa, BOJbI HAa JIMHWHM HACHINICHHS, MUTATEIBHON BOJBI, KJ[x/kr. [Ipu mome

D100
MPOAYBKH P =%=‘: 200 U OTCYICTBUM pacxoJa HackllleHHoro mapa Qopmyna (8.5)

IMIPUHUMACT BU
Qi == (i’n.n:. - i’n.s.j (86)

J1J1s1 KOTEBHBIX arperaToB, KOTOPBIE CIYKAT JUIsI TOTYIESHHUS TOPSTIEH BOIBI
(BozorpeitHbIe KOTIIbI),

Q= % (i, —iy) (8.7)

rae Gs - pacxoJ ropsiueit BOJbI, KI/C; i1 U 12- COOTBETCTBEHHO Y/ACIbHbBIE YHTAIBITHHU BOJIBI,
MOCTYIAOIIEH B KOTEN M BBIXOAIIEH U3 HETO, KJ[K/KT.

Koaddumuent nosiesHoro necTBUs U pacxo1 TOIINBA

CoBepIleHCTBO TETUIOBOM PabOTBI MAapoOBOTO KOTJIA OIICHHBACTCS ko3¢ purmenTom
TI0JIE3HOTO JIeHCTBUS OpYTTO 1°F, Oh.

Taxk, mo mpssMomy Oanancy

op = = —Q‘-.il}ﬁ = Q‘-

rae Qk - TemoTa, moJae3HO OTAaHHas KOTIIy U BhIpaXKeHHasl yepe3 Terio-
BOCIIpUSITHE IOBEPXHOCTEN Harpena, kJx/c:

QK = D(il'[.l'[. - I.’EI:.E.) + fop(if - II’I.'II.E.j + QI’.‘I" (8'9)

rze Qcr- TEII0Ta BO/ABI MM BO3/yXa, OJOIPEBAEMbIX B KOTJIE U
OTJaBaeMbIX Ha CTOPOHY. TemioTa npoJyBKH yUYUTHIBACTCS TOJIBKO /s
D >2%D.

KIIJ kotna, %, MOXHO pacCUUThIBATH U [0 0OpaTHOMY OajlaHCy:

??eﬁ-:p =100 —(g; + g5 + g5+ q5 +q¢) (8.10)

Mertoa nmpsimoro OanaHca MeHee TOUEH B OCHOBHOM H3-3a TPYJAHOCTEH Ipu
OTIpeIeNIEHNH B HKCIUTyaTalluy OOJIBIINX MacC pacxoyeMoro ToIuBa. TensoBsle
MOTEPH OTpPENEeNIAIOTCS ¢ O0JblIell TOYHOCTBIO, U MO3TOMY METOJ oOpaTHOro  OajlaHca Hariesn
IIPEUMYILIECTBEHHOE pacipocTpanenue npu onpenenenuu KII. [4].

4 UnarocTpaTUBHBIA MaTepuas: [ npoBeieHHs 3aHATUS HCHIOJIb3YETCs CIeyIoIIee
MaTepHalIbHO- TEXHUYECKOe 00ecriedeHrne: HOyTOyK, MyabTUMEUMHBIN POEKTOP, IKpaH.
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1. Onucary Ha3HAYEHHE U KJIACCU(UKALINIO KOTIOArperaTon

2. Ha3zoBuTe OCHOBHBIE BU/IbI KOTEJIBHBIX arperaToB U MEePeUnCInTe Ux

3. OCHOBHBIE JIEMEHTHI.

4. OnumuTe UCIapUTEIbHbIE TOBEPXHOCTH KOTJIA; BU/IbI TaponeperpeBaresei 1 crocoOsl
pEryIIMpOBaHuUs TEMIIEPATYphl IEPErPETOTO Mapa.

5. Kakue BHJIbI BOJIIHBIX SKOHOMAM3€pOB U BO31yXONOAOTpeBaTeael HCIOoIb3yIOTCS B
koTi1ax? ONUIIUTE MPUHIUIBI UX YCTPOKUCTBA.

6. Kak ocymecTBisieTcs mojjaua Bo3ayxa 1 ylaJleHUe IbIMOBBIX Ia30B B

7. KOTENbHBIX arperarax?
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8. OnmmuTe Ha3HAUYEHHE ABIMOBO TPYOBI, ONIpeIeIeHUE €€ CAMOTATH; YKaXUTE BUIBI
JIBIMOCOCOB, IPUMEHSIEMBIX B KOTEJIbHBIX YCTAHOBKAX.

9. Yro Takoe TeIwIoBoii OaaHc KoTeapHOTro arperara? [lepeunciuTe moTepu TeIuia B KOTIIS
U YKaKUTE UX IPUUUHBI.

10. Vkaxwute, kak onpenensercs KI1J] koTeapHOTO arperara v MopsaoK €ro BeTHYHHBL

11. Onucath npuMepbl KOMIIOHOBKU KOTEIbHBIX U UX 000pyI0BaHUs

12. TlepeuncnuTh BUIBI TOIUTMBA, UCIIOJIE3YEMBIX B pa00Te KOTEIBHBIX YCTAHOBKAX.

Jlexnus 9
1 Tema 9. IlapoBbie TYPOMHBI U TA30TYPOMHHBIE YCTAHOBKH

2. Ieab: 3HaTh KiIaccH(UKAIUIO IMAPOBBIX TYpOWH, IMPOIECCH B CTYNEHSX TYypOuH,
000CHOBBIBAThH BBIOOP PA3IMYHOTO TEIJIOIHEPTETHUECKOTO 000PyI0BaHUS;

3. Te3uchl JEeKIHH:

1. OOmas knaccuukanys MapoBbIX U ra30BbIX TYpPOUH

2. ITapoBbie TypOUHEI.

3. IlyTu moBBIIIEHNsT 5KOHOMUYIHOCTH padoTel [ICY

4. T'a30TypOMHHBIE YCTAHOBKH

5 ['a3oTypOuHHAsI YCTAaHOBKA W €€ SKOHOMUYHOCTh

B konme XIX B. B CBA3M C Pa3BUTHEM DSJICKTPUYECKUX MAIIUH M IIUPOKUM BHEIPEHUEM
AIIEKTPOIHEPTUH PA3BUTUE MAPOTYpOOCTPOCHUS MOLUIO ObICTppiMM Temnamu. [lepBbie mapoBbie
TypOunbl B Poccum Havanmu BeimyckaTh B 1907 1. Ha MertammudyeckoM 3aBojae B IletepOypre.
PazButne naporypo6octpoenuss B CCCP 6bu10 TECHO cBsi3aHO ¢ 3nekTpudukanuei ctpadsl. B 1920
r. no ununmatuse B.W. Jlenuna Obu1 pa3paboTaH v MPUHST IPaHIUO3HBINA FOCYAapCTBEHHBIN TUIaH
anektpudukanu Poccuu - 'ODJIPO, mo xoTopoMy IJIaBHYIO JOJIO SJICKTPOIHEPTUH JIOKHBI
ObUTH BBIpaOaThIBaTh TEIUIOBHIE JIEKTPOCTAHIIMHU, UMEIOIME B KauecTBE JIBUTATeNel IJs mpuBOAa
ANIEKTPUYECKUX F€HEPaTOPOB MapoBbie TypOuHsbl. [lepBasi coBeTckas maposasi TypOMHa OCTPOEHA B
1924 r. na JIM3. Ona 6bl1a paccunTaHa Ha HauanbHbIe TapameTpsl mapa 1,1 MIla (11 krc/cm?), 300
°C u umena mourHocth 2000 kBT. B 1926 r. JIM3 Oblna BhinyieHa TypOrHa MOIIHOCTHIO 10 ThIC.
kBT npu uwacrore Bpamenus 50 ¢t B 1930 r. - Typ6uHa MOIIHOCTHIO 24 Thic. KBT mpu uyacToTe
Bpamenus 50 ¢ Ha HavanbHbEIE mapaMeTpsl napa 2,55 MIla (26 xrc/em?) u 375 °C, a B 1931 1. -
Typ6uHa MouHOCTbI0 50 Thic. KBT mpu yactoTe Bpamenus 25 ¢! Ha mapameTps! nmapa 2,85 Mlla
(29 krc/cm?) 1 400 °C.

CoBpeMeHHbIE TapOBBIE U Ta30BbI€ TYPOUHBI SIBJISIOTCSI OCHOBHBIMU JIBUTATEISIMU TETUIOBBIX
W ATOMHBIX DJEKTPOCTAHUWW, 3HAYEHUE KOTOPBIX I HHEPreTUKH OIpENeNseTcss Bce
BO3pACTAOIIUMH TMOTPEOHOCTSAMH CTpaHbl B 3JEKTpodHepruu. [lapoBbie TypOMHBI TMO3BOJISIOT
OCYILIECTBIISITh COBMECTHYIO BBIPAOOTKY AJIEKTPUYECKOW DHEPrHHM W TEIUIOTHI, YTO TIOBBIIIAET
CTENEHb IOJIE3HOTO  MCMOJB30BAaHMS  TEIUIOTBl OPraHMYECKOro W SAEPHOr0  TOIUIMBA.
l'a3oTypOMHHBIE YCTAaHOBKH OOECIEYMBAIOT BBICOKYIO MAaHEBPEHHOCTb DJJEKTPOCTAHIIMMA IS
MTOKPBITUS IEPEMEHHON YaCTH CYTOUHOTO TpadrKa 3JIEKTPUUECKON HATPY3KH B DHEPTOCHUCTEME, a B
COUETAaHUM C NAPOTYPOMHHBIMH YCTAaHOBKAMH JalOT MAaKCUMAIbHYI0 AKOHOMHUYHOCTH TIpU
MHUHUMAQJIBHOM YIAEIBHOW CTOUMOCTH.

OOmas knaccudukanys NapoBbIX U I'a30BbIX TYpPOUH

[Tpunuun paboThl TYpOUHBI.
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TypOuna - poTaTHBHBIN TEIJIOBOH BUTATENb C HEMPEPHIBHBIM IMPOIECCOM IpeoOpa3oBaHUs
TEIUIOBOW SHepruy paboyero BemecTBa B MEXaHMYEeCKylo pabory. Kunemartmueckas cxema eé
npeenbHo mpocTta. TypOuHa COCTOUT U3 ABYX OCHOBHBIX Y3JIOB:
1. Bpamaromasicst 4acTb — poTOp
2. HemoaBmxkHas 4acTh - KOpIryc (cTarop).
[lepen xaxabpIM AUCKOM ¢ pabOYMMHU JIONIATKaMHU YKPEIJIEH COIJIOBOM ammapar, COCTOSIINMA
13 HECKOJIbKUX HETOJIBIKHBIX COTIEN, 3aKpeIyICHHBIX B Kopmyce. (puc. 9.1).
OCHOBHBIM YCJIOBHEM pabOThl TYpOUHBI SIBISIETCS HAJMYME PA3HOCTH JABJICHUN — Mepen
COTUIOBBIM armapaToM U 3a pabounmu JionaTkamu (puc. 9.2).
Comuta, cOBMECTHO ¢ paboyuMH JioMaTKamH, OOpa3yloT NPOTOYHYIO 4YacTb TypOuHBI. B
MIPOTOYHOM YaCTH MPOUCXOIUT ABOMHOE NMpeoOpa3oBaHKUe SHEPTUH paboYero BellecTBa:
1. B colulax MOTEHIMalIbHAs SHEpPrHs Mapa WIM Ta3a MpeBpallaeTcss B KHHETHYECKYIO; Ha
BBIXOJI€ U3 COMEN CKOPOCTh NIOTOKA COCTABISET COTHU METPOB B CEKYHY;

2. Ha paboyux JIomaTKax KMHETHYEeCKas SHEprys MOTOKa HEMOCPECTBEHHO MPEBPAIaeTCs B
MEXaHUYECKyI0 paboTy BpallleHus Baja TypOWHBI; CKOPOCTh BpalleHHs, KaK IPaBHIIO,
COCTaBJIISIE€T THICSYH 0O0POTOB B MUHYTY.

MAPOBAS TYPBMHA

TyPEM
CPEAHETD
AABNEHMR

TYPEHHA
BBICOKOTO
DABNEWMR

Pucynok 9.2 — O6muii Buj comnen, COCTaBISIONINX padounii anmapar

1. o npuHUIMITY NeHCTBYS Napa: aKTUBHBIC U PEaKTHBHBIC,

2. I1o konuyecTBYy CTyNeHel: OJHOCTYIIEHYaTble U MHOTOCTYyIeHYaTble. MHOTOCTyeHYaThIE,
B CBOIO OdYepenb, MOTryT ObITb CO CTYNEHSAMM JaBJCHHUS, CO CTYNEHSMH CKOPOCTH U
KOMOMHUPOBaHHbIE (KaK CO CTYNEHSIMU CKOPOCTH, TaK U CO CTYIEHSAMHU JIaBJICHNUSA).

3. Ilo HampaBiieHUIO MOTOKA pabOYero BEIIECTBA: OCEBbIE, paIaJIbHbIE U TAaHTCHIIHAIbHBIE.

4. ITo ncnoabp30BaHUIO B TPOMBIIIIEHHOCTH:

1. crannoHapHsIe;

2. TPAHCIIOPTHBIE.

o xapakrepy mporecca: KOHAEHCAIlMOHHbIEH TeTI0(pUKaMOHHBIE TYPOUHBI.

o uncny HUIMHAPOB: OJHOLMIMHIPOBBIE  MHOTOLIMIIUHAPOBHIE.

[Monpa3nenenue TypOUH 10 MPUHIUITY ASHCTBUS

AKTHBHBIE TYpOHHBI (TYypOUHHBIE CTYIIEHN)
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ITpoTouHast 4acTh, COCTOSIIAsi U3 OMHOTO psiia COMENT M OAHOrO psga pabOuMX JIONMATOK,
o0pa3yeT mpocTeiiyo TYpOUHHYIO CTYIICHb.

B akTHBHOM BapuaHTe CTYIIEHU paclllipeHHe padoyero BeuiecTna (1aeHue J1aBJICHUS) UMEET
MECTO TOJIBKO B COIUIAX; HAa pa00YMX JIONIATKaX AABJICHHE OCTAETCS IOCTOSHHBIM.

PeakTuBHBIE TYypOUHHBIE CTYIIEHU

Pacmmpenne paGodero BeliecTBa UMEET MOCTENEHHBIN XapaKTep: 1aBJICHUE YaCTUYHO MaJaeT
B COIUIaX, & 3aTeM - JO0 KOHEYHOTO 3HAYEHHs - Ha pabouux JIomaTkKax, 4To OOYCIOBIIMBAETCA
COOTBETCTBYIOIIUM MPO(dUIEM NPOTOYHOMN YaCTH.

Ha nonaTtkax, BcienCcTBHME HalW4Msl Tepernasna JaBlIe€HUM, HapsAy C HEMOCPEACTBEHHBIM
yAapHbIM (aKTHBHBIM) JEHCTBHEM CTpYyH, MOSBISETCS peakTHUBHAs OTjAaya, T.€., MOJHAas CHIa,
NefcTByIONIas Ha JIOMATKY, CKJIAIbIBAETCS U3 IBYX COCTABIISIOIIUX.

[loapaznenenue TypOHH MO Koau4ecTBY cryneHeil OpHoctyneHuarsie TypOuHbl KomOuHanms
OJIHOTO psifa (IO OKPY)KHOCTH) COIMEN M OJHOTO BEHIa pabouMX JIOMATOK Ha3blBaeTCs aKTUBHOM
WJI PEAKTUBHOM CTYIIEHBIO.

MmuoroctyneHuatsie TypOUHbI. TypOUHBI CO CTYNEHSIMHU JaBICHUS

B manHOM cilydyae TypOMHA COCTOHMT W3 HECKOJBKHUX, IMOCIIECIOBATEIHHO PACIOJIOKEHHBIX
MPOCTEHINX OJHOCTYIICHYATHIX TYPOUH, SBISIONUXCS ""CTYNEHSIMH'" MHOTOCTYIIEHYATON TypOUHBI.
Pacmmpenne pabouero BelecTBa MPOMCXOMUT IOCTETNIEHHO, OT CTYHNEHH K CTymeHu. Takwue
TYpOMHBI MOTYT OBITh KaK aKTUBHOTO, TaK U PEAKTUBHOI'O THIIA.

MapkupoBKa mapoBbIX TYpOUH

Jlist 0003HAUEHUS TUIIOB TYPOHMH MpUMeHseTcs crienuaibHas mapkuposka (TOCT 3618-82),
oTpeneNsioNmas TUM W Ha3HAauYeHUE TYpOWHBI W COCTOsIIas u3 OYKBEHHOW M IU(poBOI HacTy.
Hcnonb3yembie OyKBbI 0003HAYAIOT:

K — TypOuHa xoHAeHCAaMOHHAs (MMEET HEperylupyeMble pereéHepaTUBHbIE OTOOpBI s
MoJIorpeBa KOHAEHCATa U MUTATEIbHON BOJIBI B IIOI0IPEBATENSAX HU3KOTO U BHICOKOTO JaBJICHUA);

I1 — xoHneHcalMoOHHAas TypOMHA C PEryJlupyeMbIM MPOU3BOJICTBEHHBIM MPOMBILIUICHHBIM
0TOOPOM I1apa Ha TEXHOJOTHYECKUE HYXK/IbI ToTpeduTenei ¢ nainenueM 0,4 — 4 Mlla;

T — xoHAeHcanmoHHAsI TypOMHA C PETYIUPYEMBIM TEIIOPHUKAIMOHHBIM OTOOPOM Tapa s
MOJIOTPeBa CETEBOH (oTONUTENBHOM) BOBI ¢ naBiaeHueM 0,07 — 0,24 Ml1a;

I[IT - xoHaeHcaMOHHAass TypOMHA C  PErYIUPYEeMbIMH TMPOU3BOJCTBEHHBIM U
TeTI0PUKAITMOHHBIM OTOOPAMH Tapa;

P — typOuna ¢ npoTuBoiaBieHNEM (KOHICHCATOP OTCYTCTBYET);

[1P — TypbuHa c MPOTUBOJABICHUEM U PETYIUPYEMBIM MTPOU3BOJICTBEHHBIM OTOOPOM Mapa.

[TepBoe yncno 3a OykBOH MOKa3bIBAa€T HOMUHAIBHYIO MOIIHOCTh TYpOMHBI B MEraBarTax.
MaxkcumanbHasi MOIIHOCTh YKa3bIBaeTcsl B 3HaMeHarene Apoou. Crenyromiee 4YuciIo O3HAYaeT
HOMMHAJILHOE JIaBIIeHUE Mapa repej TypOuHOl B Kre/cM2,

Jl5is TypOUH ¢ MIPOU3BOJICTBEHHBIM PETYIUPYEMBIM OTOOPOM TMapa U ¢ MPOTUBOIABICHUEM B
BUJe JApoOM YKa3bIBAIOT [aBJ€HHWE TMapa Tmepeln TypOuHON (4uciuTenb), B OTOOpE W
MPOTUBOJABIICHNE (3HAMEHATENh) B KI'c/cM2.

[Mocnenusiss mudpa, eciu OHAa HMMEETCs, O3HAYaeT HOMEpP 3aBOJCKON MoauduKauu
TypOUHBI.

Hampumep:

K-200-130 — xonneHcarmonHas TypOouHa HOMUHAIBEHOW MOTITHOCTRIO 200 MBT, naBnenuem
napa 130 krc/cm2 (12,7 Mlla);
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[1-6-35/5 - koHmeHcanMOHHas TypOMHA HOMHHAIBLHOW MOIIHOCThIO 6 MBT, HawaabHBIM
naienneM mapa 35 krc/cm2 (3,43 Mlla), ¢ perynmupyeMbIM TPOU3BOJCTBEHHBIM OTOOPOM Tapa
nasienueM 5 krc/cm?2 (0,49 MIla);

T-250/300 -240 — TypOuHa C peryaupyemMbiM TeIIO()UKAIMOHHBIM OTOOPOM Mapa,
HOMUHAJILHOU MOITHOCTBIO 250 MBT, makcumansaoii — 300 MBT, HOMUHANIBHEIM naBiacHueM 240
krc/cm2 (23,5 MIla);

I1P-25/30-90/10/0,9 — Ttypbuna c mupotuBogasiecaueM 0,9 krc/cm2 (0,088 MIla) u
MIPOU3BOJICTBEHHBIM OTOOPOM Tapa, HOMUHAJIBLHOW MOITHOCTBIO 25 MBT, MakcumansHoit 30 MBT,
HavyalbHbIM JaBiaeHueM mnapa 90 krc/cm2 (8,82 Mlla) u naBieHueM B MpoMbIIIEHHOM 0TOOpE 10
krc/cm2 (0,98 MlITa).

B mapkuposke TypouH ADC 4yacTo yka3blBalOT YaCTOTY BpaLIEHHUS poTOpa:

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

[Tog HOMHHATBEHOW MOITHOCTHIO TYPOWHBI TOHMMAETCS HAWOOJIBIIAs MOIIHOCTH, KOTOPYIO
TypOWHA JIOJDKHA Pa3BUBAThH JJTUTEIBHO Ha 3aKMMax IeHepaTopa MPH HOMUHAIBHBIX 3HAYCHUSX
BCEX APYrMX OCHOBHBIX MApaMeTPOB (Iapa, OXIKIAOMIEH BOIBI, TEXHUIECKOTO COCTOSHUS).

MaxkcumanbHasi MOUIHOCTh A TypOuH «K» - 3T0 Hambombiiass MOIIHOCTb, KOTOPYIO
TypOHMHa JT0JKHA pa3BUBATh Ha 3a)KMMaxX IeHepaTopa MPU HOMHUHAJIBHBIX 3HAYEHHUSIX BCEX JIPYTHX
OCHOBHBIX apaMeTpPOB, YUCTON MPOTOYHON YacTW U MPU OTCYTCTBUU OTOOpa Mapa Ajs BHEUIHUX
noTpeduTene Terna.

Jst typoun «I1», «T», «P» u «I[1P» MakcumanbHasi MOITHOCTh — 3TO MOITHOCTH, KOTOPYIO
TypOMHA MOXET [UINTEIbHO pa3BUBaTh Ha 3aKMMax TIeHepaTopa MpHU COOTBETCTBYIOLIUX
M3MEHEHUSX KOJMYEeCTBa OTOMPAeMOro mapa, a TakXke MpH OTKIOHEHUSX OT HOMHHAJIbHBIX
3HAYEHUH JaBJIEHUs Mapa B 0TOOpax WM MPOTUBOJABICHUH B npejenax, gonyckaembix ['OCToMm u
3aBOJIOM- U3TOTOBUTEJIEM.

CxeMma paboThl MapOCUIIOBOM YCTAaHOBKH U ITUKIT PeHknHa
[ICY mno3Bonsier ocymecTBisATh HUKI KapHo (HO 3TO HE BBITOJHO).NOTOMY Ha MPAKTHUKE
MPUMEHSIOT UK PeHkuHa.

B 1849 rony PaHknH He3aBucumo ot Knayauyca
nonyyun obuwue  ypaBHEHWA  TEPMOAMHAMMKMU,
Yunesam [JxoH MaKyopH PaHKUH BblpaXxawuine CcooTHOoWeHne wmMexay Tennoton wu

(1820-1872) yueHbiii mennomexHuK MexaHN4eCcKom 3Hepruen. Wccneposan
TepMoAMHaMmM4yeckne cBONCTBa ra3os 1 napa B 1850

rogy W coctaBun Tabnuupl BOASHbIX  Mapos,
nony4YMBLUMX WIMpOKoe npumeHeHue. A B 1859 roay
OH MOCTPOMIN MOJHY0 TEOPUIO NApOBON MaLUUHbI.

TepMoauHamMudeckue MCCieq0BaHnsl PeHKMHA MOKa3bIBalOT, YTO 3p(PEKTUBHOCTH
paboThl MapoBoi TYpOMHBI BO MHOTOM 3aBHCHUT OT HAYalbHBIX MApaMETPOB, OT €ro NaBICHUS U
HAa4aJIbHOM TEMITEPATYPBHI.

_ 91749

q1
(1-TOABEICHHAA TEIUIOTA, (J2— OTBEICHHAS TEIUIOTA
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Hnst toro uroObr yBenmuuuth Tepmudeckuit KIIJ| mukma PeHknHa, NPUMEHSIOT Tak
Ha3bIBa€MBbIil IIEperpeB Iapa B CHELMAIBLHOM 3JIEMEHTE KOTja — Maporneperpesatene 1 (Ha puc.
9.3), rae map HarpeBaeTcs [0 TEMIIEpaTypbl, MPEBbIIIAIOMIEH TEMIEpaTypy HACBILEHUS IpU
JTAHHOM JIaBJICHUH HAIIPaBIISIETCS B MAPOBYIO TypOUHY 2, r/1e ainabaTHO pacIIupseTcsl U COBEPIIAST
paboty. 13 TypOMHBI 0TpabOTaBIINi TTap HANPABIISICTCS B KOHACHCATOP 4, TaM IMPOMCXOIUT OTIa4a
TEIUIOTHI OXJIAXAA0IIEeN BOJIE, MPOXOAAIIel Yepe3 KOHAEHCATOP BCIEACTBUE ATOTO Map MOJTHOCTHIO
KoHJeHcupyercs. [lomydeHHbI KOHAEHCAT HEMPEPHIBHO 3aCaChIBAETCSI HACOCOM M3 KOHJEHCaTopa,
C)KMMaeTcs M HalpaBJisieTCs BHOBb B NapoBoi koren. KonpeHcaTop 4 mMeeT IBOSIKYIO POJib U
YCTaHOBKHM BO IE€PBBIX OH UMEET MapoBOE€ U BOJSHOE MPOCTPAHCTBO, Pa3JCI€HHOE MPOCTPAHCTBO
yepe3 KOTOPYIO MIPOUCXOIUT TEMI0O0OMEH MEX Ty OTpabOTaBIIMMHU ra3aMu U OXJIaKJaroIie BOJIOM.
[ToaToMy KOHZIEHCAT Mapa MOXKET ObITh UCIOJIb30BaH B KAUECTBE MJCAIbHOM BOJBI HE COAEpIKaIlei
pacTBOpPEHHBIX cojieil. Bo BTOpbIX B KOHJIEHCATOPE, BCIEACTBHE PE3KOI0 YMEHbIIEHUs: 00beMa napa
€ro TMpeBpallleHue B KalelbHO-)KUJKOE COCTOSIHUE HACTylaeT BaKyyM, KOTOpbIH Oynyun
MOJJIEP’)KUBAEMBIIl B TE€UEHUE BCEro BPEMEHH padOThl YCTAHOBKHU MO3BOJIAET Mapy PAaCUIUPSTHCS
erie Ha oJiHy atMocdepy To, ecTh, Ha AaBieHue, rae 1o 0,04 -0,06 6ap u coBepmiaTh 3a CYET ITOTO
paboty. JlaBaiite paccmMoTpuM 1K1 PeHkMHa Ha mpuMepe auarpamMmbl B KoopauHatax T-S,
3aBUCHUMOCTh TEMIEPaTypbl OT SHTPOIIUHU.

T - S-gmarpamma moka3zana Ha puc. 9.4. B 3ToM ciydae cpemssisi Temmeparypa IMoJaBoAa
TEIIOTHI YBEIMYMBAETCS M0 CPAaBHEHUIO C TEMIIEPATypOil MOIBOA TEIJIOTHI B IIUKJIE Oe3 meperpena
U, cienoBaresbHo, TepMudeckuii KITJ[ nukia Bo3pacraer

Pucynok 9.3 - Cxema pa6otsr [ICY

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

\
»

Pucynox 9.4 — lukn Penkuna B T-S nquarpamme

Ha nuarpamMe Mbl BUJUM KHUPHYIO JIMHUIO, KOTOPas SBJSETCSA pa3eNUTeIbHON U SHTPOITUH
COOTBETCTBYIOIIMM TOYKAM JIEKAIUM Ha JHWarpaMMe BBILIE 3TON JIMHUM CYHIECTBYET TOJIBKO Iap,
TO HUXKE 3TOM )KMPHOU JIMHUU ITO MapOBOJSHAS CMECh. BiIayKHBIN Map B KOHAEHCATOPE MOJTHOCTHIO
KOHJIGHCUpYETCs 1o u300ape p2 paBHas KoHCTaHTe. JInHus 2-3 3aTeM Boja CKMUMAETCS HACOCOM OT
JaBlieHUE P2 AaBlIEeHUs P1.ITOT aanabaTHBIN mpouecc u3odpaxeH B T-S nuarpaMMe BepTUKAIbHBIM
otpe3koM 5-3. JlnuHa oTpeska 3-5 BecbMa Masa Tak Kak u300apbl B 00JaCTH KHUJIKOCTH a, U300aphbl
9TOW JIMHUM NTOCTOSIHHOTO JIaBJICHUS B

T-S nmarpamMMe mpoxXoAWT OYeHb ONM3KO Jpyr K Jpyry. Mamas BenuuumHa oTpes3ka 3-5
CBHUJIETENILCTBYET O MaJlol paboTe 3aTpauMBaeMON HAcCOCOM Ha C)kKaThe BOJAbl. Masnasi BeIHMYMHA
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paboThl Ha C)KAaTHE IO CPABHCHUIO C BEIMYMHOW PAOOTHI, MPOW3BOAMMON BOISHBIM IapOM B
nporiecce pacmupenus. Jlunus 1-2 sBisieTcss BaXXHBIM MPeUMyIecTBOM Iukia Penknna. ImenHo
mo3ToMy 1K PeHkuHA U siBIIsieTcs: Hanbosee Y3pPEKTUBHBIM M0 CpaBHEHUIO ¢ muKioM Kapuo. U3
Hacoca BOJa MO/ JaBJICHHE Pz MOCTYMAeT B MapoBOM KOTeN, Te K Hel m300apHo mporecc 5-4
MOABOJUTCS TeIio. B Havane BoAa B mapoBOM KOTJIE HAarpeBaeTcsl 10 KUIEHHs 3TO y4acTok 5-4
n300apsl p1 paBHAs const, a 3aTe€M MO JOCTHXKCHHH TEMIEPaTypbl KUTIEHUS TPOUCXOAUT MPOIECC
napooOpa3oBaHusi, 5To y4acTok 4-1. HacelmenHslit map u3 KoTia nmocrymnaetr B Typouny. [Iporecc
paciiupeHuss B TypOuHe wH300pakeH anuabaroil 1-2. MoXHO NOMETHTb, UYTO 3TOT MpPOLECC
OTHOCHTCS K KJIACCHUECKOMY UKy PeHKHHa, a peaibHOM YCTaHOBKE MPOIIECC pACHIUPEHHS Mapa B
TypOMHE HECKOJIBKO OTJIMYAETCS OT KJIACCHMYECKOW TIOATOMY OTO HYKHO HMETh BBHIY.
OTpaboTaHHBIN BIAXHBIM Map MOCTYMAeT B KOHACHCATOP W UK 3ambikaeTcsi. C TOYKU 3pEHHS
tepmudeckoro KIIJ[ nmukn PenknHa mpeacTaBisieTcsi MEHEE BBITOJHBIM O CPAaBHEHUS C LHUKIOM
KapHo, mOCKoJIbKY CTENEeHb 3al0IHEHUS [IMKJIA PABHO KaK CPeAHssl TeMIeparypa MoABojia Termia y
nukina PeHknHa okaspiBaeTcs HWke, 4yeMm B 1ukie KapHo. OgHaKko ¢ yd4eToM peajbHBbIX YCIOBUN
SKOHOMUYHOCTh IUKJIa PEeHKMHA OKa3bIBa€TCS BBIIIE COOTBETCTBYIOIIETO IMKIa KapHO, KOTOpHIi
OyZeT OCYLIECTBIATHCS BO BJIQXKHOM Iape.

[1yTtu noBeIIeHUS 5KOHOMUYHOCTH padoTsl [ICY

1. uwmkn PeHkuHa ¢ MPOMEXYTOUHBIM IIEPETPEBOM I1apa.

2. TennodukarmOHHBIA UK

3. PerenepaTuBHBII UK C TOAOTPEBOM BO/IBI.

B 1884 r. anrmmiickuii umxeHep Yapnp3 [lapcoHC mNpemokun MHOTOCTYNEHYATYIO
pPEaKTUBHYIO TypOMHY, pacUIMpeHHE Mapa B KOTOpPOHl MpPOUCXOAWJIO HE B OJHOW, a B psie
CIIEIYIOIIUX APYT 3a APYroM CTYIEHEH, MpuyYeM He TOJbKO B COIUIOBBIX (HEMOIBM)KHBIX), HO U B
pabouux (Bpamaronmxcs) pemerkax (puc. 9.5), 6maromaps yemy crajia Bo3MOKHa paboTa MaluHbI
CO 3HAYUTEJIHHO MEHBIIUMH, 4eM B TypOuHe JlaBasns, CKOPOCTSIMU Mapa Ha BBIXOJE U3 COILIOBBIX
PELIETOK U COOTBETCTBEHHO C MEHBIIUMU OKPY>KHBIMHU CKOPOCTSIMHU pabOvUX JIONATOK.

VoS

S

Pucynox 9.5 - MHoroctynen4arasi peakTUBHasi TypOuHa:

1 -xopmyc; 2 - GapabGaHHBIi poTOp; 3 - MOIIIUIHUK; 4 - COIJIOBBIC JIOMATKU OJHOW W3
CTyNeHel; 5 - pabouune JIOMaTKU OJJHOM U3 CTyIe

I"a30TypOMHHBIE YCTAaHOBKU

IIpocTeiimas cxema ra3oTypOMHHON ycTaHOBKH JlaHa Ha puc. 9.5. B e€ coctaB Bxoasar: K —
komnpeccop, KI' — kamepa ropenusi, I'T — rasosas typbuna, TH — TomnmBHbIM Hacoc, IIM —
IIYCKOBOW MOTOP.

Komnpeccop 3abupaet Bo3ayx U3 aTMoc(epbl. CKUMAET €ro JI0 Hy)KHOTO JIaBJICHUS U MOJAET
B KamMepy FOpeHHus, Kya OT TOIJIMBHOIO Hacoca MocTynaeT Tomnuso. KoMmpeccop npuBoautcs B
JeWCTBUE OT Tra30BOM TYpOMHBI, HO MOIIHOCTb, MM TOTpeOisieMas, MEHbIIE MOIIHOCTH,
pa3BuBaeMoii TypOuHO. B pe3ynbraTe, 0THOBpEMEHHO C BpallleHHEM KOMIIpeccopa, TypOuHa Jlaet
MOJIE3HYI0 MOIIHOCTh Ha MPHUBOJ 3JIEKTporeHeparopa. Pabounm TesoM B JaHHOM CiIydae CIIyXat
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MNPOAYKTHl cropaHusi TorumBa. OTpaboTaBmIMi ra3 W3 TypOHMHBI BBIOpAchIBAacTCS B aTMocdepy.
[TyckoBoif MOTOp HEOOXOIUM ISl PaCKPYYMBaHUs CUCTEMbI POTOPOB, B TOM YHCJIE - KOMIIPECCOPA,
C 1IEJIBIO MOJIyYEHUSI HAaYaJIbHOTO CKaTHUs BO3AYXa IIPU IyCKE YCTAaHOBKHU.

Pucynox 9.5 - [IpocTeiimmas cxema ra30TypOMHHOM YCTaHOBKU

K — xommnpeccop, KI' — kamepa ropenusi, I'T — razosas typobuna, TH — toruBHbII Hacoc,
[IM — myckoBoO#1 MOTOD

lNazoTypOuHHas ycTaHOBKa, paboTaromias 0 CXeMe OTKPBITOTO IHKiIa. bosnee cioxHas cxema
ra3oTypOMHHOMN YCTaHOBKH, paOOTaroOIIei 10 3aMKHYTOMY ITUKITY, 1aHa Ha puc. 9.6.

14

Pucynoxk 9.6 - Cxema razoTypOMHHON yCTaHOBKH, paOOTAIONIEH 10 3aMKHYTOMY ITUKITY

B kauectBe pabouero Tena 3/1eCh MCIOJb3YETCS BO3IYX WIH K€ KaKoi-To ApYyroi ras,
HUPKYIUPYIOUINI B 3aMKHYTOM KOHTYpPE U HE CMEIIMBAIOUINICS ¢ IPOAYKTaMU CrOPaHUSL.

Kamepa ropenust 3mech 3ameHeHa ra3oBbiM koTiiom ['K, mpencraBistomem wu3 cels
TpyO4YaTyr0 KOHCTPYKIHIO, IOJOOHYI0 OOBIYHBIM BOJOTPYOHBIM KOTJaM, paOoTalmuM Ha
oprannueckoM Tormse. Ha cxeme B - monBoa Bosznyxa, I1C - 0TBOA IPOAYKTOB CropaHusl.

Kpome u3BecTHBIX yXe 3JIEMEHTOB B CXeMY BKIIIOYEH pereHepartop - P u oxmaaurens
Bo3nyxa - 0. Perenepatop - TemnooOMeHHBIN amnmapaT, cIy>Kalluil A mojaorpeBa padouero rasa,
UJYIIETO B ra30BbIi KOTEN, TEIJIOM, COJIEpKalIMMCs B OTpaOOTaBIIIEM ra30BOM MOTOKE, UIYIIEM U3
TypOuHbl. OXJIaAUTETh BO3IyXa Nepe] KOMIIPECCOPOM 00eCIIeYMBAET OTBO TEIJIa B OKPYKAIOIIYIO
Cpely B COOTBETCTBHHM CO BTOPHIM 3aKOHOM TE€pPMOJMHAMHUKU. B HacTosiiee BpeMs NpaKTHYECKU
BCE ra30TypOMHHBIE YCTAHOBKU Pa0OTAIOT MO CXEME OTKPHITOro Iukjia. OCHOBHBIE TOCTOUHCTBA U
HEJO0CTaTKU Ta30TYpPOMHHBIX YCTAHOBOK

B otiimune ot nmapoTypOMHHOTO IMKJIA (TTApOCUIIOBOTO LMKIa PeHKMHA 171 BOJSTHOTO Mapa),
B LIMKJIaX Ta30TypOMHHBIX YCTAHOBOK pab0OYMM TEJIOM CIIy’KaT HarpeThle 10 BBICOKON TeMIepaTyphbl
ckaThle ra3pl. B KkadecTBe TakMX ra3oB Halle BCErO HCHOJb3YIOT CMECh BO3yXa U INMPOIYKTOB
CTOPaHUS KUAKOT0 (UM ra3000pa3HOro) TOMIUBA.

[TpunnunuaneHas cxema razotypounHoi ycranosku (I'TY ¢ moaBoom
Tea mpu p = const) mpeacraBieHa Ha puc. 9.6. Bozgymnslii xommpeccop KII cxumaer
aTMOC(EepHBI BO3IyX, MOBBIIIAs €ro JaBJI€HHUE C P1 10 P2, U HENPEPHIBHO MOJAET €ro B Kamepy
cropanus KC. Tyna ke crenuaibHbIM HACOCOM HEMPEPHIBHO MOJAaeTCsi HE00X0AUMOE KOJIMYECTBO
KHJIKOTO HJIH ra3000pa3HOro TOIUIMBA.

OOpasyronecs B Kamepe MPOJYKThl CrOPaHUS BBIXOAAT M3 Hee ¢ Temmeparypoit Ts u
MIPAKTUYECKU C TEM K€ JIaBJICHUEM P2 (€CIIM HE YUYUTHIBATh CONMPOTHUBIIEHHS), YTO M HA BBIXOJE U3
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kommpeccopa (p2=ps3). CienoBareiabHO, TOPEHUE TOTUIUBA (T. €. MOABO TEIJIOTHI) IPOUCXOUT MPH
IIOCTOAHHOM JIaBJICHUMH.

Tonnmso

Pucynok 9.7 - [TpuHIMIIHATBHAS TEXHOJOTHYECKASI CXeMa JICKTPOCTAHITUU
C Ta30BbIMU TYpOMHAMU:

KC- xamepa cropanums; KII- xommpeccop; I'T- raszoBas TypOuna; G- renepartop; T-
Tpanchopmarop;

M- nyckoBoit neurarens; CH - coOGctBennbie Hyxasl; PYBH — pacnpenenurensHoe
YCTPOKCTBO BBICOKOTO HAITPSIKEHUS

K noctomHcTBaM ra30TypOMHHBIX YCTAHOBOK MOHO OTHECTH:

1. I'azoTypOMHHAsA yCTaHOBKA IPOILE MO YCTPOWCTBY, YEM MAapOCUIIOBasl U3-3a OTCYTCTBUS
KOTEJIbHOW YCTAHOBKH, CIJIO)KHOW CHUCTEMbI IapoNpOBOJOB, KOHJEHCATOpa, a TaKKe OOJbILOro
YluCjla  BCIIOMOTATENNbHBIX ~ MEXaHWU3MOB, IPUMEHSAIOIUXCA B  MApOBBIX  yCTAHOBKAax.
Mertanno3aTpaTsl U BeC ra30TypOMHHOHN YCTAHOBKU Ha €IMHUIY MOLTHOCTH BCIIEICTBUE YKA3aHHBIX
NpUYMH OYAYT 3HAYUTEIBHO MEHbIIIE, YeM NapOTypOUHHOM.

2. YcraHoBKa TpeOyeT MMHHUMAIBHOIO pacxoja BOJAbl - IMPAKTUYECKH TOJIBKO Ha
OXJIAKJCHHUE Macja, HIYIIEro K IOIIMITHUKAM.

3. Jlnsa ra3oTypOMHHBIX YCTAaHOBOK XapaKTepeH OBICTphIA BBOJ TypOoarperata B padoTy.
ITyck MOIIHBIX YCTAHOBOK M3 XOJIOJHOTO COCTOSIHUSA IO NPUHATHS Harpy3KH 3aHUMaeT nopsaaka 15
+ 18 MHHYT, B TO BpeMsI KaK IOATOTOBKA K IIyCKY MapOCHJIOBOM YCTAHOBKH 3aHHUMAET HECKOJIBKO
4acoB, YBEJINYMBAsACH C MIOBBIIICHNEM HadalbHbIX 1apaMETPOB Iapa.

Henocrarku ra3oTypOMHHBIX YCTAHOBOK:

1. JInst Toro, yToObI ycTaHOBKA JaBajia MOJE3HYI0 MOIIHOCTh, HadyalbHas TeMIepaTypa rasa
nepen TypOuHON nomxkHa ObITh Oonbmie 550 °C, T.e., BecbMa BBICOKOW. ITO BBI3BIBAET
OIpe/ieIeHHble TPYAHOCTH MpPH TNPAKTUUYECKOM BBINOJHEHUU TIa30BbIX TypOuH, Tpedys Kak
CIELMAJIBHBIX BEChbMa ApOCTOMKMX MATE€pPHAJIOB, TaK U CIELUAIbHBIX CUCTEM OXJIAXKICHUS
HaunboJiee BHICOKOTEMIIEpaTypHBIX YacTel.

2. Ha mpuBon kommpeccopa pacxonayercs a0 50 + 70 % MOUIHOCTH, pa3BUBaeMOM
TypOunoil. IlosTOMy moONE€3Hass MOINHOCTh Ta30TYpOMHHON YCTAHOBKM ToOpa3Zio MEHbLIe
(aKTHUECKOH MOIIIHOCTH ra30BOM TYpOUHBI.

3. B ra3oTypOMHHBIX YCTaHOBKAX UCKJIIOUYEHO MPUMEHEHHE TBEPJIOTO TOIJIMBA MO OOBIYHOM
cxeme. Hannyumue Buabl Torumsa it ['TY - npupoaHblif ra3 1 KaueCTBEHHOE KUAKOE (KEPOCHH).
Ma3yT xe TpeOyeT crerraabHON MOATOTOBKH JUIsl yIAIEeHUs IIJIaKo0Opa3yIoInX MIpUMECEH.

4. EnuHu4YHAs MOIIHOCTh Ta30TYpOMHHOM ycTaHOBKHM orpaHuyeHa. Ha xonenr XX Beka oHa
cocraBisger 120 + 150 MBt. D10 00ycnoBneHo OoybIIMMU rabapUTHBIMU pa3MepaMH YCTaHOBKU
13-32 HEBBICOKOTO HAYaIbHOTO JaBIEHHS ra3a mepej TypOUHOH - 10 25 Krc/cM? M ero ropaszio
MeHbIlel paboTOCOCOOHOCTH 10 CPAaBHEHHUIO C BOASHBIM I1apOM.
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5. Ouenp OonplIasi MYMHOCTH NMPH paboTe, 3HAYUTEILHO TMPEBBIIIAIONMAS Ty, YTO HMEET
MECTO TPH IKCIUTYaTalluu MapoTypOUHHBIX YCTAHOBOK.
I'a3oTypOuHHAst yCTaHOBKA U €€ IKOHOMHUYHOCTb
[To cBoemy ycTpoiicTBY rasoBasi TypOMHA MOX0a Ha MapoByw. Pa3Huiia B Tom, 4TO poTOp
TypOWHBI, BMECTO Tapa, MPUBOJUTCS B IBM)KCHUE T'a30M BBICOKOTO JABIICHHUS, MOJy4aeMbIM IIPH
CKATaHUM ToIuBa. C)KMTaHWe Ta3000pa3HOTO HMIM JKUAKOTO TOIUIMBA IMPOUCXOIUT B Kamepe
CropaHus, Ky/a 1o BBICOKMM JaBJICHHUEM TOJAI0TCS KaK TOTUIMBO, TaK W BO3MyX. JlJIsl mosydeHus
C)KaTOro BO3JlyXa B COCTaBe ra3zoBOM TypOMHBI (OOBIYHO Ha OJHOM Bajly C POTOPOM TYpOHHBI)
nMeeTcss kommpeccop. /laBmenue raza Ha BXxoae B TypOuHY oObuHO paBHo 0,6...1,2 MPa, a
Temreparypa raza Moxer ObiTh g0 900 °C (B ciydae oxnmaxmgaembix somacteir g0 1600 °C).
COBOKYITHOCTh Ta30BOM TypOWHBI M KOMIIpECCOpa YacTO HAa3bIBACTCA Tra30TypOMHHBIM
aBurareaem. Jlns 3amycka 3TOTO arperara OOBIYHO IIOJIB3YIOTCS ITYCKOBBIM (Yamie BCETO
AIIEKTPUUYECKIM) JBUTATEIIEM.

Pucynok 9.8 — VYcTpoHWCTBO COBPEMEHHBIX Ta30TypOMHHBIX  YCTaHOBOK

[TomaBnstomee OGoapmmHCTBO [TV, paborarommx He3aBUCcMMO wWid B cocTtaBe [IIY,
paccuuTaHbl Ha pabOTy Ha MPUPOAHOM Ta3e. XKuaKoe TOTUIMBO MHOTAA ucnojib3yeTcs B I'TY manoi
MOIITHOCTH, a Takke B orpanudeHHoM umcie ['TY cpeaHeit u  OOJIBIION MOIIHOCTH,
NpeAHa3HauYeHHBIX U1l paboThl B HeTeq00bIBatOIMX cTpaHax biauxHero Bocroka u LlenTpanbHoit
Awmepuku. Ho B mocienHue rojisl B MUPOBOW YHEPTEeTUKE CYIIECTBEHHO aKTUBU3UPOBAIMCH pabOThI
10 KCIIOJIb30BAHUIO B MAPOTA30BbIX TEXHOJOTUSX TBEPAOTO TOIUIMBA. 3a pyOe)KOM HAKOTUIEH OMBIT
JKCIUTyaTauu aeMoHcTpauuoHHbIX III'Y Ha TBepnom Torumse ¢ ucnosb3zoBanueM ['TY paznnunbix
TUIIOB. YKa3aHHbIE TCHIACHIMU CBA3aHBI C TE€M, YTO Ta3 SBIISETCSA IIEHHBIM TEXHOJIOTHUYECCKUM
CBIPbEM JUII XUMHYECKOW MPOMBIIICHHOCTH, T/I€ €r0 HUCIIOJh30BaHKHE YacTo 0oJiee peHTa0eIbHO,
YeM B DHEPreTHKE

Ilepexoass K HpakTHYECKOW peaiu3alMd TOTO WKW HMHOTO TEPMOJMHAMUYECKOrO IHKIIA,
MPUXOJUTCS CTAJIIKUBATHCA C MHOXECTBOM HEMPEOJOTUMBIX TEXHUYECKHUX MPENATCTBUI, KOTOPbIE
KpaliHe OrpaHUYMUBAIOT HAIIM BO3MO>KHOCTH.

Haubonee xapakTepHblii TpUMep: MPHU BIAKHOCTU Mapa 6osee 8—12 % motepu B MPOTOUHOM
4acTH MapoBOM TypOMHBI PE3KO BO3PACTAIOT, PACTYT TUHAMUYECKHE HArpy3KHU, BOZHUKAET SPO3HUS,
9TO, B KOHEYHOM CueTe, MPHUBOJIUT K pa3pylICHHI0 MPOTOYHOM YacTh TypOuHBL. B pesynbrare
yKa3aHHBIX OTPAaHMYEHUI B HHEpreTHKe (Ui MOTy4eHHs paboThl) MIMPOKOE NMPUMEHEHUE IOKa
HaXOJAT TOJBKO /1Ba 0a30BBIX TEPMOJIMHAMUYECKHX ITMKIA: UK PenkuHa u ki bpaiitona.

BoJIbIIMHCTBO 3HEPreTUYECKUX YCTAHOBOK CTPOUTCA HA COYETAHUU AJIEMEHTOB YKAa3aHHBIX
1ukioB. [{ukn PeHkuHa mpUMEHSIOT Uisi pabodux Tel, KOTOpbIe B MPOIECcCe peaau3aliil UK
COBEpIIAIOT (ha30BBIN MEPEXO/I, IO TAKOMY ITUKITY paboTaroT mapocusnoBsie yctaHOBKH (IICY).

s pabouux Ten, KOTOpble HE MOTYT OBITh CKOHACHCHUPOBAHBI B pPEATbHBIX YCIOBHSX, U
KOTOPBIE MBI Ha3bIBAE€M ra3aMH, IPUMEHSIIOT LUK bpaliToHa.



https://kzref.org/rukovodstvo-po-ekspluatacii-vnimaniyu-pokupatelya.html
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[To sTromy nukiy paboTatoT aBurarenu BHyrpeHHero cropanus ([IBC) u
razotypounusie ycranoBku (I'TY).

[Mpunuunuansuoe otnuuue JIBC u I'TY cBoauTcs K ciemyromemy.

B JIBC mpotieccel cxxaTtusi BO3/lyXa, CrOpaHUsl TOIUIMBA U PACHIMPEHUS POAYKTOB CrOpaHUs
IIPOUCXOIAT B MpeJenax OJHOT0O KOHCTPYKTUBHOTO 3JIEMEHTA, UMEHYEMOTO LUJIMHAPOM JIBUTaTEs.
B I'TY yka3anHble NpOLECCH Pa3HECEHBl MO OTAEIbHBIM KOHCTPYKTUBHBIM Y3JIAM: CXKaTue
OCYUIECTBJISIETCS B KOMIIPECCOPE, CrOPAHUE TOIUIMBA B KaMEpE CrOPAHMS, pACUIMPEHHUE MPOAYKTOB
cropanusi B ra3oBoil TypOune. B pesynprate koHcTpykTHBHO ['TY m JIBC Mamo moxoxku, XOTs
paboTarOT MO CXOXKUM TEPMOJINHAMUYECKUM LIHKJIaM.

CymectByer nBe Moaupukanuu nukia bpaiiToHa, oTiumyaromuecs TEpPMOAMHAMUYECKUMU
IporeccaMy MOJBOAA TEIUIOTHI: LUK C IOJBOJAOM TEIUIOTHI NPU IOCTOSHHOM JABJICHUH,
COKpAIllEeHHO €ro Ha3bIBalOT IMKI bpaliToHa p=const, M LHMKI C NOJABOJOM TEIUIOTHl MpPH
MMOCTOSIHHOM 00BbEME,

Ha3bIBaeMbli MK bpaiitona v=const .

Pucynox 9.9 - UneanbHbiil iukn bpaiitona:
1-2-3-4-1 — nmoaBOI TETUIOTHI TIPH P=CONSL;
1-2-5-6-1 — moaBo TEIIIOTHI MPU V=const

B mponecce cxxarus K MKy MOABOAUTCS pabota Lk, mpu pacuiupeHun OTBOAUTCS paboTa
Lt. U3 puc. 1.1 BugHO, uto LT > Lk , X pa3HOCTh U COCTABIIIET MOJIE3HYIO padbOTy muKiIa. SICHO,
TO YTO IIOJIE3HAss Pa3HOCTb B paboTe JOCTUTHYTa 3a CYET pPa3HOCTU MoJABeACHHOro Qi u
oTBesileHHOro Q2 B IIUKJIE TeIUIa.
Ha puc. 9.10 nokazana npuHUMIIHANIbHAS CX€Ma YCTAaHOBKH, peaiu3yromiei nuki bpaiitona ¢
MOABOJIOM TEIUIA MPH MOCTOSHHOM JIaBIICHUMU.
KC

Tommmeo

Bosayx Berxmon

Pucynoxk 9.10 - IIpunuunuansHas cxema ['TY HenpepbpIBHOrO rOpeHMsl, peaTu3yIOIed UK
bpaiitona p=const:

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

O — BIIeKTpOreHepaTop

Takue YCTaAHOBKHM YaCTO HA3bIBAIOT YCTAHOBKAMHU HCEIIPCPBIBHOTO TOPCHUA. B npannoit
YCTaHOBKEC pa6oqee TCII0 (BO3JIYX) 3aKa4nBaCTCs IIpHU JABJIICHUHU P1 U3 aTMOC(I)CpBI KOMIIpECCOPOM
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K, cxumaercs 3a cuer moaBeneHHON paboThl Lk 10 maBineHHWs p2 M HampaBisieTCss B Kamepy
cropanusi KC. B xamepy cropanusi mojgaeTcss TOIUIMBO, KOTOPOE CropaeT IpH IOCTOSHHOM
JaBJICHUH, oOecrieunBas moaBoa Temia Q .

biaromapsi cropanuto TorMBa Temiiepatypa padouero tena yBenumuuBaetrcs ot T2 1o Tz (cm.
puc. 9.9). Jlanee pabouee Teno (Teneps 3TO YK€ ra3, IPEACTaBIAIONICH cOO0W CMech BO3ayxa U
MIPOJIyKTOB CrOpaHus) MOCTyHnaeT B rasoByto TypOuny I'T, rae, pacmmupssach 10 arMocepHOro
JaBJIEHUs, coBepiiaeT padboty Lt

[locne TypOuHBI Ta3bl cOpachiBalOTCs B aTtMmocdepy, depe3 KOTOpyr padouuii LHUKI U
3aMbIKaeTcs. Pa3HOCTh paboThl TYpOMHBI M KOMIIPECCOpPA BOCIIPHHUMAETCS AJIEKTPOTeHEPaTopoM O,
KOTOPBI COIJIacHO MpuBeNeHHON Ha puc.9.11 cxeme pacnonoxeH Ha oOmieM Bally ¢ TypOMHOHN U
KOMITPECCOPOM.

o

Tormeo H

JlEnoREIe

- Bosayx T '\]
v
i

BBT

[

Pucynoxk 9.11 - 3amknyTas cxema padoter ['TY:

T -tomka, I'BT - razo-o3mymHbiii TemiooOMenHuk, BBT - B03m1yXOBO3MyIIHBIHA
TerooOMeHHuK, K - kommpeccop, I'T - raszoBas TypOuHa, 3 - 3JIEKTPOTEHEPATOP

OTra cXeMa OTIMYaeTCs 3aMKHYTbIM  KOHTYPOM  LMPKYJSIUM  TEIUIOHOCHUTEI,
COOTBETCTBEHHO MO/I00HBIE YCTAHOBKH HA3bIBAIOT 3aMKHYThIMU [ TVY.

IIpn Takom crnocobe pabOThl NMPHUMEHEHHWE KaMepbl CrOpaHUsl HCKIIOYAETCs, MOCKOJBKY
3armac KHCIOpoJa BO3[yxXa OYeHb OBICTPO MCUEpIIaeTcs, U Jiajee CropaHue TOIUIMBa OyleT MpOoCTo
HEBO3MOXKHO. [I0ATOMY TEmIOBYIO SHEPTUIO0 MOABOJSAT B KOHBEKTHBHOMTEIUIOOOMEHHUKE (MHaye
— 4yepe3 CTEHKY).

Tak B cxeme mosiBiisieTcsi ra30-Bo3AyiiHbIi Termnooomennuk (I'BT) u npenskioueHHas emy
tonka T. B Tomke curaercs TOIUIMBO M TOABOAMTCA BO3AYyX, HEOOXOJUMBIN [UIsI CTOPAaHUS
TorumBa. [ 14].

[ToBeimienue 3¢hGEKTUBHOCTH AOCTUTAETCA 3[ECh 3a CYET JAOMOJHUTENbHON MOIIHOCTH,
nostydyaeMoil B ra3oTypOuHHoM yactu ycraHoBku. KII/] maporazoBoil ycTaHOBKM MOBBILIACTCS MIPH
pereHepaTuBHOM IOJOTPEBE BOJIbI, TIOJaBaeMoil B maporeHeparop. Mcmonb3oBanue (MOJHOE WIH
4acTUYHOE) OTpaboTaBliero B TypOuHe mapa s Iened Tero(pUKalud TakKe TMOBBIIIAeT
3¢ GeKTUBHOCTh YCTAaHOBKU. BBHIy TOTO, 4TO pabodyuM TeloM ISl Ta30BOM TypOMHBI SBISIOTCS
ras3bl, YXOJsIlIMe U3 MaporeHeparopa, paboTa paccMaTpUBaeMOIO THUIIA MMAPOTa30BOIl YCTAHOBKU HA
TBEPAOM TOIUIMBE B HACTOSIIEE BPEMS HE BO3MOKHA, UTO SIBJISIETCA HEOCTATKOM 3THUX YCTAHOBOK.

4. MiuniocTpaTuBHBIM MaTepuan: /1 npoBeeHNS 3aHATHS UCIIOJIB3YETCA CIIEYIOIIEe
MaTepHalIbHO- TEXHUUYECKOe o0ecriedeHrne: HOyTOyK, MyIbTUMEIUHHBIN TPOEKTOP, SIKPaH.

5.JIureparypa:
OCHOBHas
S.JIuteparypa:
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1. Bepnanuera A.A., [layner6aepa J[.A. DHEepropecypchl, HCTOUHUKH U METO/IbI ITOJTyYCHHUSL. -
VYuebnoe nocobdue.-IlIpmmkent 2022. -244 c.

2. beictpunkuii I.®. B95 O6mas snepreruka ([Ipon3BoACTBO TEMIOBOH U AIEKTPUIECKOM SHEPTHH )
: yueOnuk / I'.®. Boictpunkuid, I'.I'. I'acanrampkues, B.C. KoxuuenkoB. — 2-e u3., crep. — M. : KHOPYC,
2016. — 408 c. — (bakanaBpwuar).

3. Ba¢um, /[. b. B23 KorensHble YCTAHOBKH | MaporeHeparTobl: yuebnoe mocobue / /1.6, Bapumn.-
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2013. - 176 c.
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MOJIETTMPOBAaHNE TIPOILIECCOB B JBUTATENSAX BHYTpeHHeEro cropanusy». — Yensounck: Uzn. FOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sHeprocOepexxeHUN u ToBbImeHNH 3HeprodddexkruBHocTr PK ot 13 sHBaps
2012 roga Ne 541-1V. JlefictByromnuii ¢ U3MeHEHUSIMH U JonoiaHeHusMu. [Iposepeno 15.01.2022

6. BcromoratensHoe obopynoBanne TOC. KoOHCIEKT JeKIMH s CTYACHTOB CIEIHMAIbHOCTH
5B071700 — Termosnepreruka. Anmatst 2017. ¢.104

7. JlomoiHUTEIBHAS TUTEpaTypa

8. Jlenyxorckuii I'.B., Ilocmemo A.A. Pacuer W HOpPMHUPOBaHUE IIOKa3aTelield TEIJIOBOM
sKkoHOMHYHOCTH oOopyaoBanus TOC: Yued. mocooue / ®I'BOYBIIO «lBaHOBCKHI TOCydapCTBEHHBIN
sHepreTudeckuiit yauBepcuteT uM. B.U. Jlennnay. — IBanoBo, 2015. — 468 c.

9. Haruerarenu u temioBbie nsuratenu / B. M. Uepkacckuid, Y. B. Kanunumn, 0. B. Ky3uenos, B.
H. Cyo6otun. M. : DHeproaromuszar, 1997

10. Konmenmus pa3BUTHSI TOILIMBHO-IHEPTETHYECKOro Komiiekca Pecnyonmuku Kazaxcran 1o
2030 roma. ITocranosnenue IIpaButenserBa Pecrryonuku Kazaxcran ot 28 utonst 2014 roma Ne 724
11. ITumumienko H.B., CuBakoB N.A. DHeprocOepekeHHWE W TOBBINICHHE YHEPTETHIECKON

3 PeKTUBHOCTH MHKEHEPHBIX CHCTEM U ceTell. Yueonoe mocobue. — CI16: HUY UTMO, 2013. — 274 c.

DJIeKTPOHHBbIE PeCypChl:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, ITAPOJIb Libukmal23

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

PecniyOnukaHckast MEKBY30BCKast DIICKTpOHHast Onbimoreka, Aknurpress www.aknurpress.kz.

6. KoHTpoJIbHBIE BONPOCHI
1. Onumute npuHIKI paboThHl TAPOBOU TYpOUHBIL.
2. OnuumuTe NPUHIMI PabOThl HAPOBBIX AKTUBHBIX U PEAKTUBHBIX TYPOHH.
3. HazoBute ocHOBHOE ycioBHE pabOThl TYpOUHBI.
4. Kak paznenstorcst TypOUHBI 0 Xapakrepy npouecca? ITo uncny nummaapos?
5. Onucath nojpaszaeieHne TypOUH O NPUHIMITY JeHCTBH
6. PacudpoBareMapkupoBKy TypOHHBI - [1-6-35/5
7. Kakoi muKi1 yBeIMuuBaeT TepMUUeCKuil K03 PUIEHT TypOUHBI?
8. IlepeuncnuTh MyTH NOBBIIEHUS S3KOHOMUYHOCTH paboTs! [ICY
9. Onucath npuHIKI pabOTHI ra30TYPOUHHOM YCTAaHOBKH.
10. 3a cuer yero gocturaercs nosblenue dppextTuBHocTH ['TY?

Jlexkuusa 10
Tema 10 HarnerareabHble MAIIMHBI YJIEKTPUYECKHX CTAHIIUH
OcHOBHbIE BONIPOCHI TEMBbI:
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|. Buasl u knaccuuKaiys HarHeTaTeNeH.
1. Kiaccuukarmst KOMIpeccopoB.

2. [TpuHIMI ASHCTBHSI KOMIIPECCOPOB

3. O6nactu npuMeHeHus

Buabl u kiaccugukanusa HarHeraresen

Hacnemamensamu Ha3pIBAIOTCS MALIMHBI, CIYKAIIUE JUIS TIEPEMEIICHUS )KUIKOCTH U ra30B U
TIOBBIIICHUS UX MOTEHIIMATLHON M KHHETUYECKON YPHEPTUH.

N3BecTHO, 4YTO OOJBIIMHCTBO COBPEMEHHBIX TEXHOJOTUYECKHX IIPOIIECCOB CBS3AHO C
TepeMeIIeHneM MOTOKOB JKUJIKMX M Ta3000pa3HbIX Cpell, ¥ MOITOMY HarHETaTeIH MUMEIOT OYEHb
IIMPOKOE TPUMEHEHHE BO BCEX OTPACIAX TMPOMBIILUIEHHOCTH, CEJIHCKOM M KOMMYHaJIbHOM
XO03siiCTBax.

B 3aBucumoctr OT BHAa mepeMeniaeMoro pabodero Teila HarHeTaTelbHbIE MAaIlMHBI
MO JIpa3ICIIAIOTCA Ha ZIBE OoJBIINE TPYIIbL: HACOCHL - MAaIIUHBI, IO JATOIITHE
KUJIKOCTH; 8EHMUNAMOPbI U KOMNPECCOPbl - MAIIUHBI, MOIAOIIME BO3AYX U TEXHUYECKUE Ta3bl.

Bentwisitop - mammHa, TepeMeliaromias Ta3oBYK Cpely TMpPH CTETCHH IOBBIMICHHS
naBieHus e, < 1,15 (creneHp MOBBIMIECHUS JIaBIEHUS €p - OTHOILIEHUE JIaBJIEHUS! Ta30BOM Cpefbl Ha
BBIXO/IC U3 MAIlIUHBI K JTABJICHUIO €€ Ha BXOJE).

Kommpeccop - mamuHa, cxxumaromas ras ¢ ey#1,15 u uMeromas UCKycCTBEHHOE (OOBIYHO
BOJISTHOE) OXJIAK/ICHUE TTOJIOCTEH, B KOTOPHIX MPOUCXOIUT CKATHE Ta30B.

Cornacao I'OCT 17398-72 Hacochl MOJpa3AeisaiOTCd Ha JBE OCHOBHBIE T'PYMIIbI: HACOCHI
JAHAMHYECKHE W HACOCHI 00beMHEIE.

B nuHamuyecknx Hacocax W HarHeTaTelsx INepefada SHEPruv SKUAKOCTH WIH Ta3y
MIPOUCXOJUT IyTeM pabOThl MACCOBBIX CHJI TTOTOKA B IMOJIOCTH, MIOCTOSIHHO COEAMHEHHOM ¢ BXOJIOM
H BBIXOJIOM HarHeTaTesls.

B 0O0BeMHBIX HarHeraTessX IOBBIIICHUE YHEPruu pabodero Tena (KUIKOCTH WIM Trasa)
JIOCTUTAETCSI CUJIOBBIM BO3JICHUCTBUEM TBEPJBIX TEJ, HAIIPUMEP, MOPIIHEH B MOPUIHEBBIX MAlIMHAX
B paboyeM MPOCTPAaHCTBE IMJIMHJIpA, MEPHUOJUYECKHA COCIUHSIEMBbIM TPU TIOMOIIU KIIAIlaHOB C
BXOJIOM U BBIXOJIOM HarHeTaTeJs.

Knaccudukanus Haruerareneil NMPOU3BOIUTCS TAKXKE IO KOHCTPYKTHBHBIM IpU3HAKAM,
JABJICHUIO, Pa3BUBAEMOMY MAIIMHOM, HA3HAYEHHIO B TEXHOJOTUYECKOM IPOLIECCE.

Ha puc. 10.1 mpencraBnena knaccudukanus HarHeraTesled MO NPUHIMIY JICHCTBUS U
KOHCTPYKTUBHBIM IIPU3HAKAM.

Harwerarenn
Harwerarenu Harwetarenn
AR XUAKOCTER AN razos

— 1

Harnerarenn Harwerarenn
AnHamuueckue obvemubie

Hacocw
NONACTHLIC

Harnerarenn Harwerarenn
AvHamMuuecKne obvemsbie

|

Nopuwnessie
KOMNpeccopst

Nopuwhestie
HAcoCH!

TonactHeie Crpyinsie
xomnpeccops | | xomnpeccop

— S
O
oo
Uentpobenmme
SoTosh

PoTophie
KoMNpeccopu

Pucynox 10.1 - Knaccudukanus Haraeratenen
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Ha puc. 10.2 nmpuBeseHa cxema TMHAMHYECKOTO HEHTPOOESKHOTO HAarHeTaTeIsl.

@@@%

Pucynox 10.2 - Cxema 1ieHTpoOEKHOTO HarHeTarens (Hacoca)

Pabouee koieco, cHaOXEHHOE W3OTHYTBIMH JIOMATKaMU 1, Bpalmaercs JBHUTaTeIIeM,
pacroyio’KeHHbIM B Kopryce 2. PaGodee Teno (KUAKOCTH, ra3), BXOIAIIEE B IEHTPAITHHYIO TTOJIOCTh
KoJjieca 4epe3 maTpyOoK 2, 3allOJIHSIET BECh KOPIYC M KPHBOJIMHEHHBIC KaHATBI KOJIeca MEXITy
nmomarkamu 1. Tlpm BpameHun pabouero kosieca TOJ JCHCTBHEM IIEHTPOOSKHBIX CHJI Macca
pabodero Teiia, HAXOAIIETOCS B ATHX KaHajaX, IMOBBIIIACT YHEPTHIO MOTOKA M BBIOPACHIBACTCS
MMOTOKOM B CIUPaJbHBIA KaHaj, OXBAaThIBAIOIIUI pabouee koisieco. [lanmee MOTOK mMmocTymaer B
HaIOPHBIN MaTpyooK 4 u TPyOoONpoBO 5.

[Ipouiecc BcachiBaHWS M TOJA4M B TAaKUX HArHETaTeNsX IPOUCXOIUT HEMPEPBHIBHO U
paBHOMEpPHO (MPY MOCTOSTHHOW CKOPOCTH BpAIllEHUs paboyero KoJjeca).

Cxema mpocreiiero o0ObeMHOTO HarHeraremsi-Hacoca naHa Ha puc. 10.3. Humuaap 1 u
KJIallaHHasi KopoOka 2 TUIOTHO COEIWHEHbI B eIuHbIH Onok. B kopoOke pa3mernieHs
BcachiBatomuii 3 u HamopHbld 4 kiamanel. [lopmienp 5, aBurasch BO3BPAaTHO-TOCTYIMATENBHO,
MIPOU3BOJIUT BCAChIBAHUE U MOJAYY.

YckopeHue NopuIHs, JBUTAIOIIErOCsS CHHYCOUAAIbHO, BbI3bIBACT MOSBICHUE WHEPLIUOHHBIX
CWJI, BIUSIOIIMX Ha IMPOYHOCTh XOJIOBOW CHUCTEMBbl HArHETAaTeNdsl U BBI3BIBAIOIIMX Pa3pPbIBBI
CIUIOIIHOCTH MOTOKA. DTO OTPaHUUYMBAIOT JOMYCTUMYIO CKOPOCTh BpallleHHs KPUBOILIUITHOTO Baja.
[TosToMy mnpuMeHsitoTCI OObEMHbIE HarHeTaTelld POTOPHOTO THUMA, JOMYCKAIOIIHWE MpsSMOe
COEJIMHEHHUE C BHICOKOCKOPOCTHBIMU JIBUTATEIISIMU.

Pucynox 10.3 - Cxema nopurHeBoro HarueraTesns (Hacoca)

Ha puc. 10.4 nano nmpexacraBieHue O IUIACTUHYATOM POTOPHOM HarHeraresne. MaccHBHBIN
potop 1 ¢ paananbHEIMU IPOPE3SIMU TOMEIIEH 3KCLHEHTPUYHO B Kopmyc 2. B mpopesu BCTaBiIeHbI
NPSIMOYTOJIbHBIE CTalbHBIE IUIACTUHKM 3, CBOOOJAHO OTKMMaemble JO YIOopa B KOpIyC
HeHTpoOeXXHbIMU cuitaMu. Ilpu BpameHun portopa nBurareneMm padodee Teno OyleT BcachlBaThbCs
yepe3 marpyOok 4 W TMOAaBaThCS uepe3 IMOJOCTH TEPEMEHHOro Ce4eHUs 5 U O B HaNoOpHBIN
natpyook 7. Harnerarenb peBepCcHMBEH: NpU HU3MEHEHHWU HANpaBJIEHUS BpAIICHUS pOTOpa
HarHeTaTesb MEHSET HallpaBJeHHe MOTOKa pabouero Tena.
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Pucynok 10.4 - Cxema poTOpHOTO Harueratess (Hacoca)

Jlnist mepeMeIneHus JKUAKOCTEH MW Ta30B Ha DIEKTPUYECKUX CTAHIMSIX M TPOMBIIIICHHBIX
YCTaHOBKaX HaxoJsT IpUMEHEHHe cTpyiiHble HarHeraTenu (puc. 10.5).

Pucynok 10.5 - Cxema ycTpo¥cTBa CTpyHHOTO Hacoca

[Totox pabGoyeil >XUIKOCTH BBIXOJUT C BBICOKOM CKOPOCTBIO 4Ye€pe3 CYyKHBAIOIICECs
comwto 1 B kamepy 2, re yCTaHABIWBAETCS HU3KOE AaBiieHHE. [0 BIUSIHUEM Pa3HOCTH JaBJICHUM
Ha MOBEPXHOCTH JKHIKOCTH M B KaMEPE MPOUCXOIUT MOTBEM KHUIAKOCTH 0 Tpyde 3 U CMelIeHue ee
¢ paboyeil KUIKOCThIO, BRIOpachiBaeMoi U3 coria. CMech XKHAKOCTEH - paboyelt U 1moJHuMaeMon
1o Tpyoe 3 - TpaHcnopTupyercs yepes nuddy3op 4 u HanmopHYIO TPYOy S Ha BBICOTY //.

Haubonpimiee pacmpocTpaHeHWe B MPOMBIIUIGHHOCTH W DHEPreTUKE  TOJYYHITH
JMHAMUYECKHE JionacTHble Hacochbl. Co3gaBaeMblii MMU Hamop MoXeT mnpeBbimarh 35 Mlla, a
nomaua - 100 000 M3 /9 B oHOM arperare.

B temmosHepreTHYecKux ycTaHOBKaX JUIsl MUTaHUS KOTJIOB, MOJAa4M KOHJIEHCATa B CUCTEME
pEreHepaTUBHOTO IOJOTPEBA IMHUTATEIBHONW BOJBI, ITUPKYISIMOHHONW BOJBI B KOHJIEHCATOPHI
TypOWH, CETEeBOM BOJIbI B CHCTEMaX TEIJIO(PUKAIIMK PUMEHSIIOTCS IIEHTPOOSKHBIE HACOCHI.

LlenTpoOexkHBIE ©  CTpyHHBIE Hacochl TpuMeHstorcs Ha TOC B cucremax
THJIPO30JIOYAaNICHHSL.

CrpyiiHble HACcOCHI HCIOJB3YIOTCSA [UIsl yOAJEHHs BO3AyXa M3 KOHAEHCATOPOB MapOBBIX
TypOHH 1 B aDOHEHTCKUX TEIUIO()UKAIIMOHHBIX BBOJIaX B KAYECTBE CMECHUTENEH MpsIMOoil 1 0OpaTHO
BOJBL.

N3 00beMHBIX HACOCOB B TEIUIOPHEPICTHKE MPUMEHSIOT MOPITHEBbIE HACOCHI ISl TTUTAHUS
MapOBBIX KOTJIOB MAaJIOM MapoNpOU3BOIUTEIHLHOCTH M B Ka4yeCTBE J03aTOPOB PpEarcHTOB IS
nojJiep>kanus TpeOyeMoro KadecTBa MUTATENIbHOW U KOTJIOBOM BOJBI KPYIHBIX KOTIOB. PoTOpHBIE
HACOCHI YIOTPEOISAIOTCS Ha DIIEKTPOCTAHIIMAX B CHCTEMaxX CMa3Ku M PerylIupOBaHuUs TypOUH.

JInst momy4yeHus: CKaToTro BO3yXa B KaUECTBE SHEPTOHOCUTEINS UCIOJIb3YIOTCSA B OCHOBHOM
MOPILIHEBBIE KOMIIPECCOPBI.

B Tennosnepretuke A oOecrneyeHus YHEPreTHUECKOTO UK (KOTEeNI-TypOHHa-TeHEPaTOP)
UCMOJIB3YIOT OoJee 20 pa3NUYHbBIX BUJIOB HACOCOB.

HacocHoe o6opynoBaH#e TETIOIEKTPOCTAHIINI Cpeu BCIIOMOTATEIHHOTO 000pYyI0BaHUS
10 YCTAaHOBJIEHHOW MOIIIHOCTU 3aHUMAET MEPBOE MECTO.

[To HazHaueHMIo, XapakTepy paboThl, pojay MepeKaunBaeMOM KXUAKOCTU M TMapaMeTpaM Ha
TOC wucCmonb3ylOTCS IEHTPOOEKHBIE W OCEBbIE HACOCHl PA3NUYHOW KOHCTPYKIHH. ITO
[EHTPOOEKHBIE HACOCHI HU3KOTO, CPEHETO W BBICOKOTO JABIIEHHS; OJHOCTYMEHYAThIE HACOCHI C
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OJIHOCTOPOHHUM H JBYCTOPOHHHM BCAaChIBAHHEM, MHOTOCTYIICHYATHIC HACOCHI IS YACTOW BOJIEI,
HACOCHI [Tl Maciia, MaszyTa | TIp.

Ecnu B kauecTBE OCHOBHOTO TIpH3HAKA MPUHSATH HA3HAYCHHE HACOCA, TO BO3MOXKHO JICIICHUE
Ha CJICTYIOIINE TPYIIIHL:

[. Hacocbl, TecHO cBsi3aHHbBIE ¢ pabOTOW OCHOBHOTO AKCIUTyaTallMOHHOTO 00OpPYHOBaHUs
TETIOAICKTPOCTAHIIMK U SBIISIONTHECS 0CO00 OTBETCTBEHHBIMH MEXaHW3MaMH, T.€. OTBEYAOIIHE
OCHOBHBIM M BCTIOMOTATEJIBHBIM ITHKJIAM PaOOTHI CTAHIIHH:

Hacocvl ocnosnbix (HenpepuvigHblx) yuxios pabomol.

1. Quxn yupkynayuu 600bL.

a) LupkynsimoHHbIE IS OXJIAXKICHUS I1apa B KOHJIEHCATOPaX.

0) PenupkymsiWOHHBIE JUIS OXJIAXKACHHUS IUPKYISIMOHHONW BOJBI (4epe3 MpYbI,
XOJIOTMIHHUKY, TPAJTUPHH U T.I1.).

2. L{uxn numamenvroti 600bl.

a) KoHsieHCaTHBIE HU3KOTO JaBJICHUS.

0) KonneHcaTHbie CpeTHETO JaBICHUS.

B) Konnencarusie 1o6aBouHbIC (KOHACHCAT TPEIOIIETO Mapa).

) Bo3ayirHeie, MOKPOBO3TyIITHBIC, HKEKTOPHBIC.

n) IlurarenbHbie, MPOMEKYTOUHOT'O MOJOIPEBA.

e) [TutaTenpHBIC KOTIIOB.

3. L{uxn mennonepedayu.

a) CereBble.

0) boiinepHsie.

4. Hukn pecynuposanusl.

a) HarnerarenbHble 17151 MUTaHUS CEPBOMOTOPOB PETYISTOPOB MAPOBBIX TYPOHH.

5. Lukn oxnasicoenus 0CHO8HO20 000PYO0BAHUS.

a) OxutaxkieHne KOJIOCHUKOBBIX 0aloK KOTJIOB.

0) OxJytakIeHre TOAIUITHUKOB TYpOUH (OCHOBHBIC M ITYCKOBBIC).

B) Oxnaxkienrue TpaHchopMaTopoB.

2) Hacocvl 6cnomozamenvhulx yukios pabomeoi.

1. [{uxn noocomosku numamenbHoll 800bL.

a) [Togaua cpIpoii BOJIBI B HCTIAPUTEIH.

0) PenupkynsiuonHble (U1l OXJIaKISHUS TIapa B HCIIapuTee).

B) [logaua koHAeHCaTa U3 UCIAPUTENS B KOHACHCATHBIN OaK WM aKKyMYIIATOP.

2. uxn no02omoexu monauea u yoajenue npooyKmos 2opeHus.

a) [logaua >xuakoro TorumBa (HedTH U MazyTa) K 6akaM XpaHEHUs U MUTAHUS.

0) Y naneHue 3061 THAPABINYECKUM CIIOCOOOM.

. Hacochl, He CBS3aHHBIE C OCHOBHBIM JKCILTyaTallUOHHBIM 000py/I0BaHHWEM CTAHIIMH, T.€.
HACOCHI, MMPeHa3HAUYCHHBIE TSI TEXHUUECKUX 11eJIeH, 1 HACOChI pa3HOTO Ha3HAUYCHHUS:

1) Hacocwl Ons mexnuueckux yenell.

1. Ipenaxknble (Ips3eBbI€) A OTKAUKH U3 KOJIO/ILIEB.

2. MacnsHoe X0341CTBO (0UMCTKA Macia u 1p.).

3. OTkayka rps3eBbIX 0CAAKOB U3 HCIIAPUTENIEH.

4. Jlns mpocTpenku TpyOOK KOHAEHCATOPOB WM OOMIEPOB (MIPH UX OYHUCTKE).

2) Hacocvl paznoeco Ha3HaueHus.

1. TToxxapHsle.

2. X035UCTBEHHBIE.

3. PazHure.
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K mnamboiee BaKHBIM HacocaM, HEMOCPEACTBEHHO BIHMSAIONIMM Ha HAAEKHOCTh U
HSKOHOMHYHOCTH  pabOTBl  AIIEKTPOCTAHLIMH, OTHOCATCS ~ NUTATEIbHbIE,  KOHJCHCATHBIC,
LUPKYJISLUUOHHbBIE, CETEBbIE U OarepHsIE.

B nauboisiee TpyIAHBIX YCIOBHAX pabOTAalOT NHUTATENbHBIC, KOHJCHCATHBIE M OarepHbIe
HAcoChbl BCJIEJICTBHE OCOOEHHOCTEH pabouero mpolecca Ha TEIUIOBBIX AJIEKTPOCTAHLUAX U
TpeOOBaHUH, IPEIBIBISIEMBIX K UX HAJEKHOCTH U S3KOHOMHYHOCTU. Oco00 OTBETCTBEHHA padoTa
MUTATEJIbHBIX HACOCOB, KOTOPhIE HA COBPEMEHHBIX MOIIHBIX 3JIEKTPOCTAHIUAX MPUPABHUBAIOTCS K
OCHOBHOMY TEIJIOMEXaHUYECKOMY 00OpYI0OBaHHUIO Hapsly ¢ MApOBBIMU TYpOMHAMH U KOTJIaMHU.

OcHoBHbIe pa0oyue XapaKTepUCTUKH HATHeTaTeIbHbIX MAILIMH

OcCHOBHBIMU TapaMeTpamu (BeJMYMHAMM), XapaKTEPU3YIOIUMU pabOTy HarHeTaTeIbHBIX
MalluH, SBIsieTcd Mojada (pacxon), HANmop U JaBJi€HME, HWMH pa3BUBaeMbIMU. OHEPIUf,
coolI11aeMasi MOTOKY KHUJAKOCTU WJIM ra3a HarHeTaTeJIbHON MAallMHOMW, BIIOJIHE ONPEEIAeTCs ATUMHU
BEIMYMHAMHU M IUIOTHOCTBIO TMoOJaBaeMoi cpeabl. [wapoauHaMuyeckoe U MEXaHHYEeCKOoe
COBEPILEHCTBO MAIlMHbI Xapakrepusyercs ee nosHbM KIIJI.

[Togaua (pacxon) - KOJIMYECTBO KUJIKOCTH (rasza), MepeMeniaeMoe MAaIIWHON B €IUHUILY
BpemeHHu. KonmuecTBo rasa, mojaBaeMoro BEHTHJISATOPOM M KOMIIPECCOPOM, MPHHITO HA3bIBATH
MIPOU3BOAUTEILHOCTHIO.

Ecnu nogauy u3aMepsioT B eAMHULIAX 00beMa, TO €€ Ha3bIBalOT 00bEMHOM U 0003HaualoT Q.
Cucremoii CU BBeneHa maccoBas mojada M, Kr/c - Macca XKUIKOCTH (Ta3a), moiaBaeMasi MaluHO M
B €MHUILY BpeMeHU. O4YeBHUIHO, YTO

M = pQ

TJI€ p - TNIOTHOCTh CPE/IbI, kr/M°; Q - o6beMHas mojgada, Mo/c.

B xommpeccopax u3-3a 3HaYUTEIBHOTO TOBBIMIECHUS JABJICHUS IUIOTHOCTh ra3a Mo JTHHE
MMPOTOYHOM TIOJIOCTH BO3pacTacT, a OObEeMHas NPOU3BOAMTEIBHOCTh YMEHBIIACTCS, TO3TOMY
MPUHATO OOBEMHYIO MPOU3BOIUTEILHOCTH KOMIIPECCOPOB HUCUHUCIATH MO (U3HMYECKUM YCIOBUSIM
Bxoja B kommpeccop: T =293 K;/; = 0,102 MIIa.

Hamopom mHacoca H Ha3piBaeTcsi TmpupalieHWe SHEPruH, TOJy4aeMOW  KaKIIbIM
KHJIOTPaMMOM JKHUJIKOCTH, TIPOXOJIAIIEH Yepe3 Hacoc, T.€. PA3HOCTh YJIEIbHBIX SHEPTHH KUIKOCTH
MEXK/ly HarHETaTEeJIbHBIM M BCACHIBAIOIIMM NAaTPyOKaMH Hacoca, M BbIpakaeMmasi B METpax CToJi0a
MepeKavYnBaeMOM JKUIKOCTH.

Knaccudukanus MOPIIHEBBIX  KOMIIPECCOPOB

YceTpoicTBO 1 paboTa MOPITHEBOTO KOMIIPECCcopa

[lopuiHeBbie KOMIIPECCOPHI O KOHCTPYKTUBHBIM IPU3HAKAM CXOJHbl C MOPIIHEBBIMU
HacocaMu. KOHCTpyKTHBHasi cXxeMa OJHOCTYIIEHYATOro KOMIIpeccopa € LMJIMHAPOM JBOMHOTO
JNEUCTBUS W MHAMKATOpHAs auarpaMma mnpeactaBieHbl Ha puc. 10.6. unuaap xommpeccopa,
3aKpBITHIA ¢ 00€UX CTOPOH KPBIIIKAMHU, UMEET JIBE MOJIOCTH. B cTeHKaxX HUIUHApA B CHEIUATBHBIX
KopoOaxX pacrloJIO’)KeHbl BCACBHIBAIOIIWNM W HArHETATENbHBIM KIIAalMaHbl, OHU OTKPBIBAIOTCS U
3aKpBIBAIOTCS aBTOMATUYECKH IO ICHCTBUEM Iepernaja MaBiIeHU Mexay pabodeil MoJIOCThIO U
COOTBETCTBYIOIIEH KaMepoil (BcachIBarOIIeH, IMOO HarHeTaTeIbHOM).

HunuHapsl MOPIIHEBBIX KOMIIPECCOPOB Yallle BCEro OXJIAXAAIOTCS BOJIOM.

Jl7is 5TOTO B HUX MPEAYCMOTpPEHA CIelnaabHas BOJIsHAsL pyOaIlka.

HebGomnpImrie KoMIipeccopbl BBITIOTHSIOTCS C BO3AYIIHBIM OXJTKICHHEM, a WX IMOPIICHb
COEIMHEH HeMOCPEICTBEHHO C MIATYHOM (OeCKpeHIIKOTI(PHBIE KOMIIPECCOPHI).
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B mecte MpoxoJa MTOKa Y€pPC3 KPbIMIKY HUIWHAPA NOMCIIACTCA YINIOTHCHUE, HAa3bIBACMOC
CaJIbHUKOM.

B.‘IE

|
|

Al A v
]

&
a - cxema: 1- mmHIp; 2 - mopuIeHs; 3 - MTOK; 4 - Kpeinkond;
5 - maryH; 6 - kxpuBomHMIT; 7 1 8 - BCAaCHIBAIOIINI 1 HATHETATENBHBII KIIallaHbl,
0 - MHIUKaTOpHAs AuarpamMMa (LUQpHI Ha JUarpaMMe COOTBETCTBYIOT
TOYKaM IIpOIecca)

Pucynok 10.6 - OTHOCTYIIEHYATHIH MOPITHEBOW KOMITPECCOP IBYXCTOPOHHETO JICHCTBUS:

[lepenan maBneHuit, oOecMEeUMBAIONINN OTKPBHITUE KJIANAHOB U  MPEOJOJECHHE UX
TUIPABIMYECKUX COMPOTUBIICHUM, ONpeAesieT NOMOJHUTENbHbBIE 3aTpaThl Pa0OTHI MO CPABHEHHUIO
C UIeaTbHBIM KOMIIPECCOPHBIM LIUKJIOM .

XonoAuNbHBIE — TIOPIIHEBBIE  KOMIIPECCOPbl  KJIACCU(UUUPYIOTCSA 1O  MHOMXECTBY
OTJIMYUTETHHBIX 0COOEHHOCTEN, N3 KOTOPBIX HauboJiee 3HAUUTEIbHbIE CIEAYIOIINE:

1.ITo Bumy paGodero BeIIeCTBA XOJOIMJIBHBIC KOMITPECCOPHI JACIATCS Ha aMMHAYHBIC,
(peoHOBBIC, IPOTIAHOBHIC, BO3IYIIHBIC U JIP.

Jleranu u y37bl KOMIPECCOPOB M3TOTABJIMBAIOT U3 TAKMX KOHCTPYKIIMOHHBIX MaTE€pHAaJOB,
KOTOpble HE BCTYNAIOT B XHMHUYECKYIO PEAKIUI0 C XOJOJWIbHBIM areHToM. Hampumep, B
aMMHUAYHBIX KOMIIPECCOopax HCKIIOYAeTCsl MPUMEHEHHE MEAHBIX JeTalel, TaKk Kak aMMHUaK
OKHUCJISIET MeJlb, YTO MOJKET MPHUBECTH K HEKeJIaTeIbHOMY OMEIHEHHUIO CTAJbHBIX MOBEPXHOCTEM.
@peoHbl SABIAIOTCA Hauboyiee TEKyYMMH XOJIOAWIbHBIMU areHtamu. llosToMy, Bo wu30exaHue
yTeueKk, K MaTepuaigaMm OJOK-KapTepoB MNPEAbSABISAIOTCS MOBBILICHHbIE TpeOoBaHMs (OTCYTCTBHE
MUKPOTPEIINH, PAKOBUH, PUCOK U T. II.).

2.11o nuanaszony paboThl Ha BBICOKO-, CpEHE- U HU3KOTEMIIEpaTypHEIE.

Jlis  BBICOKOTEMIIEpAaTYypHBIX KOMIIPECCOPOB  CTaHIapTHAash TeMIleparypa KUIEHUS

oo st
XOJIOIUITBHOTO areHTa paBHa Tp = JRR(ECH , JUTST CpeIHeTeMIepaTypHbIX
- . ) - v
KOMITPECCOPOB T =138K(-15°CH ,JUI HU3KOTEMITepaTyPHBIX I = 138K(=35°CH .
3.T1o X051010TTPOM3BOIUTENILHOCTH Ha MaJIbIe, CPETHUE U KPYITHBIE.

&,
K mManeiM oTHOCSTCS KOMIIPECCOPDbI, UMCIOIIHNEC XOJOAOIIPOU3IBOJUTCIIBHOCT ™ MCHCC 12

kBT, K cpezLHHMQ%T 12 10120 xBrt, x kpynHbIM —Q¢6onee 120kBT npu craHmapTHOM
CpeIHEeTeMIIepaTypHOM PEXKHIME.

4.Tlo  KOHCTPYKIMH  KPUBOUIMITHO-IIATYHHOTO  MeXaHW3Ma:  KpeWlkomndHele U
OeckpenkonHble. (PUCYHOK 3)
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Pucynox 10.7— KoHcTpyKnny MexaHH3Ma JIBHKECHHUST KOMIIpeccopa

a) KperukonHsbIif; 0) OecKpeHKONpHBII;
1-tmnuuap;2-matys; 3-mopiieHb; 4-KoJeHYaTbli  Bai; S-kpeitukond; 6-mTok; 7-
HarHeTaTeIbHBIN KJ1arnaH; 8-BCaChIBAIOIIMN KJlalmaH.

B kpelinkonHpIX KOHCTPYKLHAX KOMIPECCOPOB (PUCYHOK 3a) JIBHIXKEHHE OT HIaTyHa K
MOPUIHIO NEpeaeTcsl yepe3 ClennaIbHbli MeXaHu3M-Kpeiikond u mTok. B Oeckpeitiikonubix
KOMIIpeccopax IBIKEHHE OT IIaTyHa HEMOCPEACTBEHHO Tepenaercst nopiHio (pucynok 10.36). B
KPEHIKOM(HBIX KOMITpeccopax MOPIIEHh MMEET HEOOJBIIYI0 BBICOTY, JOCTATOYHYIO TOJBKO JUIS
pa3MenIeHusT KOJell, Tak Kak BCIO OOKOBYIO Harpy3Ky BOCIpPHHHMMAaeT Ha cebs kpeinkornd. B
OeCKpeHITKOI(PHBIX KOMITPECCOpax BhICOTA MOPITHS 3HAYUTEIIBHO OOJIBIIE, 3716Ch POJIb KpeHIkomnda
BBITIOJIHSET HUKHSS YacTh NMOPIIHS. B HacTosiiee BpeMs B XOJOAUIbHONW TEXHUKE MPUMEHSIOTCS B
OCHOBHOM OeCKpeHnKomn(pHbIE KOMITPECCOPHI, KaK HanboJiee MpOCTHIC.

5.1lo xonM4yecTBYy HWJIMHIPOB: OJHO-, ABYX-, YETHIPEX-, IIECTH- U TaK Jajiee LUINHAPOB
(KOIMYECTBO IIWJIMHIAPOB MOXET OBITh J0 IIecTHaAuatu). Tak Kak Bajbl XOJOIWJIbHBIX
KOMIIPECCOPOB MPEUMYIIECTBEHHO JIBYXKOJIEHYAThIE, TO YUCIIO IMJIMHIPOB BCEraa 4YeTHOEe, KpoMe
OJIHOIMIIMHPOBBIX C KOHCOJIBHBIM HJIU IKCIIEHTPUKOBBIM BAJIOM.

6.11o pacronoxeHuio ocell MUIMHIPOB — BEpTUKAJIbHbIC, TOPU3OHTAIIBHBIC, OMIO3UTHBIE U
yraoBbie (pucyHok 10.8).

Pucynox 10.8 — Pacnionoxenue oceil IUIMHIPOB KOMIIPECCOPOB
a — BEpTUKAIbHBIN; O — TOPU30HTANIBHBII; B — YIJIOBOM; T — OMIO3UTHBIN, 11 — V-00pa3Hblii; €
— W-06pa3HbIii.

B BepTUKambHBIX KOMIPECCOpPAaX OCH LMWJIMHIPOB PACHOJI0KEHbl BEPTUKAIBHO (PUCYHOK
10.82). ¥V ropu30HTAIBHBIX KOMIIPECCOPOB OCH LMIMHJIPOB MPOXOJAT TOPU3OHTAIBHO IO OJHY
CTOpOHY KojeHuyaTtoro Bana (pucyHok 10.80). PacmosioskeHue oceil HWJIMHAPOB y OIMO3UTHOTO
KOMIIpeccopa Takke FOpU30HTAIBHOE, TOJIBKO 10 00€ CTOPOHBI KoJIeHYaToro Bajia (pucyHox.10.8r).
VYTroBele KOMIIPpECCOPBI MMEIOT 4YacTh LMJIMHAPOB, PACIOJIOXKEHHBIX TOPHU30HTAIbHO, YacTb -
BepTukaigbHO (pucyHok 10.8B). B mocnennee Bpemsi 0GoJiblIoe paclpoOCTpaHEHHE MOIYYHIN
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YIJIOBBIE KOMIIPECCOPBI, Y KOTOPBIX OCH LMJIMHIPOB PACIOJIOKEHBI Y-00pa3HO C YoM pa3Balla

T 80 1o 90° (pucynoxk 10.71) 1 BeepooOpa3HO ¢ yriioM pa3Baia OT 3 10 60° (pucynox 10.8e).

7.1lo Tumy razopacnpezeneHuss B LWIMHAPE: MPSIMOTOYHbIE U HENPSIMOTOYHBIE (PUCYHOK
10.9, 10.10, 10.11, 10.12).

-‘ i 1 I
T '“.Ermﬁ]ﬂl »
_T.ZI

PucyHok 10.11 — MpAMOTOYHbIN
Komnpeccop PucyHok 10.12 — HenpAMOTOYHbI KOMMpeccop

1 — 610K KapTep, 2 — BcacbiBalOWMIM NAaTPyboK, 3 — 60K UMANHAPOB,
4 — KpblWKa LMANHAPOB, 5 — KnanaHHasA rpynna, 6 — HarHeTaTe/lbHbIN
naTpybok, 7 — WaTyHHO-NOPLWHEeBan rpynna, 8 —KoaeHyaTbli Ban, 9 —
dunbTp

B mpsMoTOYHBIX KOMIIpeccopax TMap BCerja JBIKETCS B OJHOM  HAlpaBICHHUH.
HarnerarenpHbll KJlaniaH HEMOABMKHO 3aKPEIICH B KIIAIAHHOM TOCKE B BEPXHEH 4acTy LUIUH/PA,
a BCACBIBAIOIIMI KJIallaH HAXOJUTCS B BEPXHEH 4acTU MOPIIHS U JABHXKETCS BMECTE C HUM (PUCYHOK
10.12a). B HenpsMOTOYHBIX KOMIpEccopaxX, BCACHIBAIOIIMK W HArHETAaTEJIbHBINM KJIalaH
HEMO/ABWKHBI M PACIOJIOKEHBI B KJIaMIaHHOM JOCKE B BEpXHEH uacT muinHapa. [Ipu BcackiBaHuu u
HarHeTaHWHU Map XOJOIWIBHOTO areHTa B [IJIMHAPE MEHSIET cBoe HampaieHue (pucyHok 10.1206).

8.Ilo KomMYecTBY CTyNEHEH CKaTusl Ha OJTHO-, IBYyX-, MHOTOCTYIEHYATBHIE.

KonuuectBo crTymeHed cxaTtus BbIOMpaeTcsi B 3aBHCHUMOCTH OT TOTO, KaKoOW
TEPMOJMHAMUYECKUN IIUKI OCYHIECTBISETCS B XOJOAWJIbHOM MamuHe. CkaTHe B OJHOM CTYIEHU
HKOHOMHYECKU He 3(PPEKTHUBHO MPHU OTHOLICHUH JIABJICHHS HATHETAHUS U BCACBIBAHMUS:

Puy 3
Ny
B MHOT'OCTYIICHYATOM MMOPIIHECBOM KOMIIPECCOPEC OJHA YaCTh NUIIMHAPOB pa60TaeT Ha
HU3KYIO CTYIICHb, Ipyrad — Ha CTYIICHb BBICOKOT'O JIaBJICHUA.
9.1lo crenenu TCPMETUIHOCTHU HA TCPMCTUYHBIC, 6eCCﬂHBHHKOBBIe 1 CaJIbBHUKOBBIC.
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1 — snexrpoxBHUTraTens , 2 — KOJICHYATHIH Bal , 3 — MIaTyHHO-TIOPIIHEBAs rpymmna, 4 — OJIOK IMIMHAPOB, 5 — TIIYIIHUTENb
mryma , 6 — Koxyx.

Pucynox 10.13 - 'epMeTHYHBIIH XOJIOAUIBHBIN KOMIIPECCOP

B repmeTrnyHBIX KOMIIpeccopax BeCh MEXAaHU3M JIBUKEHUS BMECTE C JJIEKTPOABHUTaTEIeM
MOMEILIEH B OJMH HEpa3beMHBIH cBapHOU KoxyX (pucyHoK 10.13). beccaibHUKOBBIN KOMIIpEccop
MMEET KapTep CO BCTPOCHHBIM AyekTpoasuratesneMm (pucyHok 10.13). Kaprep BbIMOSHEH cO
CbEMHBIMU KpBIIIKaMH, OOECHEYMBAIOIIUM JOCTYIl K KJalaHaM, MEXaHU3My JBUXKEHHUS U
anekrpoaBurarento. CaabHUKOBBIE KOMIIPECCOPHI COEAMHSIIOTCS C MPUBOJOM udepe3 My(pTy uiam
peMeHHy0 mnepenady. TyrT repMeTHYHOCTb MEXAY BBIXOJAHBIM KOHIIOM KOJEHYAaTOro Baja M
KOPITYCOM JIOCTUTAETCsl YCTAHOBKOM CIIEIMAIBHOTO YCTPONCTBA-CAIbHUKA.

Pucynoxk 10.14 - beccanbHUKOBBINM XOJI0IMIBHBII KOMITPECCOP

1 - Omox kaptep, 2 - pOTOp JJNEKTPOABHUraTens, 3 - cTarop dyeKTpojaBurarensd, 4 -
T€PMETU3UPOBAHHBIE 3JIEKTPOBBO/IBI

10. ITo B3auMHOMY KpeIUICHUIO LUIUHApPAa W KapTepa: Ha OJOK-KapTepHble U OJOK-
LIWJIMHIPOBBIE.

brok-kapTepHble KOHCTPYKIIMM HMEIOT OJNOK HUWJIMHIPOB M KapTep B oOmiel oTimBke. B
ONOK-IIMJIMHPOBBIX KOMIIPECCOpax KapTep W OJOK IUIUHAPOB OTACNbHBIE JIeTalld, Kpersiiuecs
Ipyr K Apyry Oontamu. BIOK-IIMIMHAPOBBIE KOMIIPECCOPHI MPUMEHSIOTCS B HACTOSIIEE BpPEMs
CPaBHUTEIBHO PEAKO U TOJIBKO B MAJIBIX XOJOJAWIBHBIX KOMIIPECCOPAX.

11. Tlo ymcmy paboyux TMOJOCTEH MUIMHApPA: HAa KOMIIPECCOPHI MPOCTOrO NEHCTBUS U
JIIBOMHOTO JIEHUCTBHS.
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B xommpeccopax mpocTOoro AEHCTBUS CKATHE IMapa OCYIIECTBIAECTCS OIHOM CTOPOHOM
MOPIIHSA, @ B KOMIIPECCOPAX BOMHOTO JIEHCTBHS 00EMMHU CTOPOHAMHM IOPIIHS, COOTBETCTBEHHO B
IBYX pabouMx TMOJIOCTAX WHIMHIApA. KpeWnkomdHble KOMIIPECCOphl B OCHOBHOM JBOHHOTO
nevictus (pucynok 10.14a), 6eckpeiinkorndubie — mpoctoro neicTBus (pucyHok 10.1406).

12. Tlo BuAy OXJIaXAEHHUS: Ha KOMIIPECCOPHI C BOASHBIM OXJIAXIACHUEM U C BO3IYLIHBIM
OXJIAKJCHUEM, C OXJIAXJACHUEM MTapOM XOJIOJAUIILHOTO areHTa, ¢ KOMOMHUPOBAHHBIM OXJIaKICHUEM.
[Ipy BOJASHOM OXJNAXKIEHUM BEPXHSAS YacTh LWIMHAPOB, a WMHOTAA U KPBIIMIKH, UMEIOT
BOJISIHYIO pYOalllKy, BBIMOJHEHHYIO B OJOK-KapTepe Wiu B Onok-uumiauHiape. B kommpeccopax c
BO3JIYIIHBIM OXJIQX/IEHUEM JUIsl YBEIMUEHUS TEIUIoNepelaoieil IOBEpXHOCTH Ha OJOK-IIMINHIpax
Y KPBIIIKaX JIeJaeTcsi opedpeHue.

13. TlIo cnocoOy cMa3ku TpyUIUX JAeTajeil: Ha KOMIIPECCOpbl C MPUHYAUTEIbHOM CMa3KOH,
pazOpeI3ruBaHreM, KOMOMHUPOBAHHON CMa3KOM U 0€3 CMa3KH.

Jlis cMa3Kku MOBEPXHOCTEN TPEHHUS HCIOJIB3YETCS CHEIHalbHOE JKHUIKOE Macio, KOTOpoe
HaXOJHTCS B HUKHEH YacTH KapTepa koMmmnpeccopa. [IpuHyaurensHas cMaszka OCyLECTBISETCs Ipu
MTOMOIIY MacJITHOTO HAacoca Yyepe3 MPOCBEPICHHBIE OTBEPCTHS B KOJIEHYATOM BaJie U IIaTyHE.

[Ipu cmaske pa3OpbI3TMBaHMEM, MACIISTHOTO Hacoca HET, a CMa3Ka OCYLIECTBIISIETCS 3a CYET
pa30pbI3rUBaHusl Macya MO0 BCEMY BHYTpeHHEMY o0beMmy Kommpeccopa. [Ipm xomMOuHHpOBaHHOM
CMa3Ke IPHUMEHAETCI COBMECTHOE  JCWCTBME  IPHUHYAUTENBHOW  CHCTEMBI CMa3Ku U
pa30Opsi3ruBaHieM. B HacTosiiiee Bpems BBIITYCKAIOTCS KPEHLKOM(HBIE KOMIIPECCOPBI, Y KOTOPBIX
HUIMHAPOIIOPIIHEBAs TpyNna HE CMas3blBacTCs, a KPUBOIIMITHO-UIATYHHBIA MEXaHU3M HMEET
OOBIYHYIO IMPKYJSLMOHHYIO CMa3Ky OT Hacoca. /I mpenoTBpallieHus NONaJaHus Macia K
LWIMHApPAM, B HUX Ha IITOKE, MEXIy IOPIIHEM M KpeHIKON(OM, YCTAHABIMBAETCS CalbHUK.
[Ipomumn ycneniHsle UCHbITaHUS OeCKpeHLKON(HbIE MOPLUIHEBBIE KOMIIpECCOpPhl 03 cMa3Ku, Iae
IIOJIHOCTBIO OTCYTCTBYET MKHUAKOE Macyio. B Takux KoMIpeccopax IIATyHHBIE IOJIIAITHUKH,
IIOPLIHEBBIE KOJbLA, BTYJIKM BEPXHMX TIOJIOBOK IIATyHOB H3TOTOBJIEHBI W3 KOMIIO3UIIMOHHBIX
aHTU(PUKIMOHHBIX MaTepHalloB C HU3KUM Ko3(p¢puuuentom TpeHus. Mmerorea Taroke
KoMIpeccopbl 0e3 CcMa3Ku, B HIKHUX TOJIOBKaX ILIATYHOB KOTOPBIX YCTAHOBJIEHBI
IFEepMETU3UPOBAHHbBIE MOJIINIIHUKA KadeHHMs C KOHCUCTCHTHOM cMa3koil. Takume kommpeccopsl
HUMEIOT Pa3bEMHBIN Ball.

Mopman

[lopmens mnpenHasHaueH [UId CO3JaHUS Pa3psHDKEHHMS B LWIMHAPE KOMIIpeccopa IIpH
YBEJIMUEHUH €ro BHYTPEHHEro oObeMa U CKaTus Napa XJaJareHTa Mpu YMEHBIICHUH BHYTPEHHEI O
o0bema. o koHCTpyKIMU pa3indaoT AuddepeHnnanbHble, JUCKOBbIE U TPOHKOBBIE MOPILHU.

Huddepenuuanpapie  mopmHd  (pucyHok  10.14a) mpuMeHSIOT B KOMIIpeccopax
MHOTOCTYIIEHYAaTOTr0 CKaTus. [lopIIHM M3roTaBIMBAIOT KakK LEJIbHBIMH, TaK U COCTaBHBIMHU.
JIByxcTyneHyarsle JudQepeHunanbHble MOPUIHA TOPU30HTAIBHBIX KOMIIPECCOPOB BBINOJIHAIOT
MOABEIIEHHBIMA Ha IITOKE. bojee CII0KHBIE MOPIIHM JETAal0T CKOJIB3SIIMMU IO TOBEPXHOCTH
mwnHapa. Kommpeccopsl ¢ anddepeHnuanbHbIMU HOPIIHAME NPUMEHSIOT B OCHOBHOM ISt
CXKaTUsl pa3IMYHBIX T'a30B U B XOJOJMJIBHOM TEXHUKE OOJIBIIOrO MPAaKTHYECKOTO 3HAYEHUS He
TOJTyIHIIN.

JIMCKOBbIE TOPIIHM HCHOJNB3YIOTCS B KPEWLKOM(HBIX XOJOIMWIBHBIX KOMIIpeccopax
(pucyHok 110). JIuckoBble NOPLIHU JIENAIOT OOBIYHO MOJIBIMM U JIHUILA COEAMHSIOT MEXAY cOO0M
peOpamu. BricoTa mopiiHs koMmnpeccopa HeOObIIAsS U ONpeaesieTcs U3 YCIOBHS pa3MelIeHUs Ha
HEM YIUIOTHUTENbHBIX KOJIEII.
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rInacoa

B) n

Pucynox 10.14 — [Nopurau KoMIpeccopoB

a — muddepeHunanbHblii; 6 — AUCKOBBIN; B — TPOHKOBBIM HEMPOXOAHON; I — TPOHKOBBIN
ITPOXOJTHOM.

[TopurHu KpeHIKOMPHBIX KOMIIPECCOPOB MOTYT IMOJBEIIMBATHCS HA IITOKE WM OMUPAThCS
Ha palbouyi0 TMOBEPXHOCTh UWIMHIApa. B mocienHem ciydyae OUCKOBBIM MOpIIEHb CHAOXaroT
JIOTIOJTHUTEILHOM HECYIIEN MOBEPXHOCTHIO, BOCIPUHUMAIOIIEH BEC MOPITHS.

TpoHKOBbIE MOPIIHU MPUMEHSIIOT B XOJIOJAUJIBHBIX OeCKpEeHLKON(HBIX KOMIpeccopax, OHU
COEJIMHSIOTCS HEMOCPEACTBEHHO € IMIATYHOM IPH MOMOIIY MOPIIHEBOTO Naiblia. B HENMpAMOTOYHBIX
OecKkpeHKON(HBIX KOMIIpECCOpPaX NPUMEHSIOT TPOHKOBBIE HEMPOXOAHbIE MOPIIHH, KOTOpHIE
HMEIOT BHJ MEPEBEPHYTOrO BBEpPX AHOM cTakaHa (pucyHok 10.14B). Ha BepxHel yacTu mopiiHs
UMEIOTCS KaHAaBKM JUId  YIUIOTHUTENIBHBIX W MaclOChEeMHBIX Koyiell. B  oTedecTBeHHBIX
KOHCTPYKIUSX TMPUHATO MPUMEHSTHh JBA-TPU YIJIOTHUTEIBHBIX U OJHO MAacCJIOCHEMHOE KOJIBLIO.
[IpsimoTouHble  OGeckpeWlKOoNn(HbIE KOMIPECCOPbl  CHAOXKEHBI TPOHKOBBIMU  MPOXOJHBIMH
nopurHsaMH. [IpoxoHOM mopiIieHs HE UMEeT JHA, BMECTO KOTOPOrO yCTaHAaBJIMBAETCs KJlaraHHAs
Jocka ¢ BcachlBaromuMH KiamaHnamu (pucyHok 10.14r). ®opma mOpIiHS yAJIMHEHHAs, TIe
MPeIyCMOTPEHbl OKHA WJIM KaHalbl IS MPOXOJa Mapa XOJIOAMIBHOTO areHTa W3 BCACHIBAIOIIETO
TpyOOTNPOBO/Ia K BCACHIBAIOIINM KJIallaHAM.

TpoHKOBBIE TOPIIHK BBINOJHAKOT M3 BBICOKOKauecTBEHHBIX 4yyryHoB CY21, CU24 wnmm
amoMuHueBbIX crutaBoB AJII0B, AJI30. Jlns maneix mopriHed (muamerpom g0 S0mm) Ges
YILIOTHUTENBHBIX KOJEl MPUMEHSIOT YYI'yH, allOMUHUEBBIC CIUIABBI WM HU3KOYTJIEPOAMCTYIO
ABTOMAaTHYIO CTaJlb.

4. MiuniocTpaTuBHBIM MaTepuaJs: (111 IpoBeAcHNs 3aHATHSI UCIIOJIb3YETCS CIIELYIOIIEe
MaTepHalIbHO- TEXHUUYECKOe o0ecTedeHrne: HOyTOyK, MyJIbTUMEIUMHBIN TPOEKTOP, IKPaH.

5.JIuteparypa:

OCHOBHast

5.JIuteparypa:

OCHOBHast

1. BepnanueBa A.A., laynerOaeBa /[I.A. DHepropecypchl, ICTOUHUKH U METO/BI OJIy4YEHHUS. -
Vuebnoe nocodue.-IIsmvkent 2022. -244 c.
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2. boictpunknii I.®. B95 O6mas snepreruka ([Ipon3BoacTBO TEMIOBON M DIIEKTPUIECKON SHEPTUH)

. yueOnuk / I'.®. beictpuukuii, ['.I". ['acanrampkues, B.C. KoxnuenkoB. — 2-¢ u3z., crep. — M. : KHOPYC,
2016. — 408 c. — (bakanaBpwuar).

3. Ba¢um, /[. b. B23 KorensHble YCTAHOBKH U MaporeHeparobl: yueonoe mocobue / /1.6, Bapumn.-
Hwxnexamck: HukHekaMcKkuii XUMHUKO-TexHOnorndeckuid THCTUTYT (prmman) GIBOY BITO «KHUTVY »,
2013. - 176 c.

4. Ilapornazos b. A., ®apadontoB M. @., Knemenroes B. B. J[Burarenu BHyTpeHHETO CrOpaHMUsL:
TEOpHs, MOJEIMPOBAHME M pacuéT MpoleccoB: YueOHUK mo Kypcy «Teopus pabouux MpoIEcCOB U
MOJIETTMPOBAaHNE TIPOILIECCOB B JBHUTATENSAX BHYTpeHHeEro cropanusy». — Yensounck: Uzn. OYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sHeprocOepexxeHUM H MOBbIMIeHHH 3HeprodddexkruBHocTr PK ot 13 sHBaps
2012 roma Ne 541-1V. JleficTBytomuii ¢ U3BMEHEHUSIMH 1 ononHeHusiMu. [IpoBepeno 15.01.2022

6. BcromoratensHoe obopynoBanne TOC. KOHCIEKT JeKIMH il CTYACHTOB CIIEIHAIbHOCTH
5B071700 — Termosnepreruka. Anmatst 2017. ¢.104

7. JlomosHUTEIbHAS TUTEpaTypa

8. Jlenyxorckuii I'.B., TlocmemoB A.A. Pacuer W HOpMUpOBaHHE TIIOKa3aTeleld TEIIOBOH
9KOHOMUYHOCTH oOopyaoBanust TOC: Yuebd. mocodue / ®I'BOYBIIO «MBaHoBckuii TrocynapcTBEHHBIH
sHeprernyeckuil yauBepcuter uM. B.U. Jlennnay. — MBanoso, 2015. — 468 c.

9. Haruerarenu u terioBbie nuratenu / B. M. Uepkacckuii, M. B. Kanunun, 0. B. Ky3uernos, B.
N. Cy660Tun. M. : DHEeproaromm3aat, 1997

10. Konmenmus pa3BHTHSI TOILIMBHO-IHEPTeTHYECKOro Komiiekca Pecnyomuku Kazaxcran 1o
2030 roma. ITocranoBnenue IIpaButenserBa Pecrryonuku Kazaxcran ot 28 utonst 2014 roma Ne 724
11. ITumumienko H.B., CuBakoB N.A. DHeprocOepekeHHWE W TOBBINICHHE YHEPTETHYECKON

3 PeKTUBHOCTH HHKEHEPHBIX CUCTEM | ceTeil. YuebHoe mocodue. — CI16: HUY UTMO, 2013. — 274 c.

DJIeKTPOHHBbIE PeCypChl:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, ITAPOJIb Libukmal23

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

PecrniybnikaHckast MEXBY30BCKast JIEKTPOHHAst Oubnoreka, Aknurpress www.aknurpress.kz.

6. KouTpoJsb (Bonpocsl, 3a1aum, pemieHue)

1. OObsicHuTeE croco0 AecTBUS JUHAMHUYECKUX U 0OBEMHBIX HarHeTaTesei.

2. [lepeuncnure OCHOBHBIE MTapaMeTPbl HArHETATEIbHBIX MAIIKH.

3. Uro Takoe mapajuiebHOE W TOCTEeNI0OBATENIbHOE COSAMHEHHE HarHeTateneil? B kakux
ClIydasix OHU NIPUMEHSIFOTCS?

4. Kakue cylecTBYIOT MPAaKTUYECKUE CIOCOOBI PEryIHpPOBAaHUS MOJA4YU HEHTPOOEHKHBIX
HacocoB?

5. HazoBuTe OCHOBHBIE MOKA3aTENU U XapaKTEPUCTUKH IEHTPOOESKHBIX BEHTHIISITOPOB.

6. Kakue cymiecTByrOT criocoObl peryaTupoBaHus TPOU3BOIUTENEHOCTH BEHTHISTOPOB?

7. Kakue mpolieccsl MPOUCXO ST B p€aIbHOM MOPIIHEBOM KoMITpeccope?

8. Kak ompenenuts momuocts u KI1/] mopiurneBoro komipeccopa?

9. Kakue cyiecTByIOT criocoObl peryInpoBaHus [01a4M MOPIIHEBOTO KoMmpeccopa?

Jlexnusa 11

1 Tema 11. CucreMblI TEIJIOCHAOKEHUA M HCTOYHUKH



http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/
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2. Ileb: 3HaTh OCHOBHBIC O CUCTEMAX M MCTOYHUKAX TEIUIOCHAOKCHUS, 3HATD ITyTH
NnOTpeOICHUS TETJIOBON SHEPTHU

3. Te3uchl JeKIMH:

Krnaccudukarus cuctem TeriocHa0KeHusI.

[ToTpebnenune TEemI0BOM YHEPTUH.

OCHOBHBIE CBEJICHUS O CUCTEMAX TEIJIOCHA0KEHHSI.

BoisiHbIe ¥ TApOBBIE CHCTEMBI TEIIOCHAOKEHHUS

Kunaccupukanus cucrem TenjiocHaA0KeHUs U HCTOYHUKHU

UYenoBeuecTBO HCMOJNB3YET TEIUIOBYID SHEPTHIO C Hadaja CBOEro cymiectBoBaHus. Jlo
BTOpoM mojoBUMHBI XYII B. OHa HMCHOJIB30BAJIACH HA MECTE €€ IMOJYy4YEHHS, T. €. MPUMEHSIIOCH
MECTHOE€ OTOIUICHHE. Y PUMJIISIH MPUMEHSIIUCH BOJISTHBIE CHCTEMBl OTOIUJICHUS C MCIOJIb30BAaHUEM
TepMaJbHBIX BOJ W TOJIOJHHOE OTHEBO3IYIIHOE OTOIUIEHHE NBOPIIOB. ODTH CIIOCOOBI IMOCTE
nagenust Pumckoit umnepun (Y B. 10 H. 3.) ObUIM COBEPIICHHO 3a0bIThI U OOHAPY>KEHBI TOJIBKO
ceiyac B pe3yapTaTe paboThl apXe0JIOTOB.

Otpap — cBugerens pacuBera Kaszaxcrana B snoxy Bemukoro IllenkoBoro myru. OH
OCTaBaJICS KPYMHBIM TOPrOBBIM IIEHTPOM BIUIOTH JIO CpeaHEBEeKOBbs. OTpap ObUI 3HAMEHHT
COOCTBEHHBIM MOHETHBIM JIBOPOM, POCKOIIIHBIMU BOCTOYHBIMHU OaHSIMH C OPUTHHAIBHONW CHCTEMOU
OTOIUICHHUS, OTPOMHOM OMOIMOTEKOM, HE YCTYIaBIIEH caMbIM U3BECTHBIM OMOIMOTEKaM APEBHOCTH.
B sTom ropozae poauics, KW U TBOPWI BCEMUPHO M3BECTHBIM CPEIHEBEKOBBIN MBICIHUTENb AJlb-
®apabu. B xonue XIII Beka Bo BpeMsi MOHTOJILCKOTO HALIECTBUS TOPOJ ObLIT YHUUTOXKEH.

B XYII - XYIII BB. NOABISIOTCS CUCTEMBI [IEHTPAIBHOTO OTOIUICHUS, B KOTOPBIX OT OJHOTO
HMCTOYHHMKA OTAIUIMBAIUCH BCE OMEILECHHUS.

B Poccuun mepBas cuctema mapoBoro oTOIUIEHUs ObLTa ocyliecTBieHa B 1816, a BOASHOTO
oTtoruieHus - B 1834 r. Havanom meHTpanu3amnuy CUCTeM TEIUIOCHAOKEHHS clieyeT cuuTaTh 1818
r. AHrnm4anuH TpearosibJ OMUCHIBAET CMOHTHPOBAaHHYIO B TOM )K€ TOJy NapOBYIO CHCTEMY
BBICOKOTO JIaBJICHUS, OTAIUIMBABIIYIO LIETYIO TPYIIIY OpaHkepel oT 00IIel KOTeIbHOU, OTCTOSIIeH
OT HanboJiee yIaICHHOM opamkepen Ha 127 m.

B 1830 r. B 'epManuu nosiBuiiach repBasi CMCTEMa apOBOTO OTOTUICHHUSI, B
KOTOPOi1 OBLIT UCHIOIH30BAH BBIXJIOITHOMW IMap MapoBO MAIlIMHBI.

Xopolime TeXHUKO-?PKOHOMHYECKUE TOKAa3aTeNu LEHTPATIN3alud UCTOYHUKOB TeIUia IJis
CWJIOBBIX U OTOMHTENBHBIX 1enelt Obutn nosyueHsl B CLIIA. B 1878 1. B

r. Joxnopre (mrraT Heto-Mopk) ocyliecTBiIeHa IepBasi paiioHHas CHCTEMA TEIIOCHAGKEHHUS!
210 10MOB C UCHOJIb30BAHUEM JIJIS1 STOM 1€JIM Tlapa MapoOBbIX MAIUH.

[lepBoHauanbHas AIMHA MOA3EMHBIX TAPOMPOBOIOB cocTaBisia 2 KM. B 310 ke Bpems ObL10
OCYILIECTBJICHO HACOCHO-BOJISIHOE OTOIUJICHHE, COBMEIIEHHOE C TOpPSAYUM BOJOCHA0XKEHHUEM,
60JIbIIOH IpyHIE! 10MOB B BanTteare (rat Heto-Hopk).

Crnenytomieil cTpaHO#, OCYyIIECTBUBIICH IIEHTpaldbHOE TeIUIocHaOkeHue, Obuta ['epmaHus.
3mech cucTeMa IEHTPAIM30BAaHHOTO MApOBOTO TeIulocHaOkeHusi mossuiack B 1900 r. B T.
Hpe3nene. Ilap c¢ naBnenuem 0,8 Mlla nonaBancs Ha paccrosHue 1050 M Kk jABeHaauatu
MOTPEOUTEIISIM.

B nawane XX B. B CBS3M C CEPUMHBIM NPOU3BOJCTBOM JJIEKTPOJABUTATEIEH ITOTYYaeT
pa3BHUTHE IIEHTPATIHHOE BOASHOE TEINIOCHAOKEHHE.

Knaccudukarus cucreM TermiocHa0KeHus

OcHOBHOE Ha3HAYEHUE JTIOO0H CHUCTEMBI TEIUIOCHA0XKEHHS COCTOUT B
obecrneueHnn NoTpeduTenei HeoOX0MMBIM KOJIMYECTBOM TETUIOTHI 33JaHHBIX TAPaMETPOB.
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B 3aBucuMocTH OT pa3MemieHUss UCTOYHHMKA TEIUIOTHI MO OTHONICHHIO K MOTPEOHTEINsIM
CUCTEMBI TETUTOCHAOKEHHSI pa3JIeISIFOTCS Ha JISIICHTPATHN30BaHHBIC U [ICHTPAIM30BAHHBIC.

B neneHTpann30BaHHBIX CUCTEMaX MCTOYHUK TEIUIOTHI M TEIUIONPHEMHUKH MOTpeOHUTENei
COBMEIIICHBI B OJIHOM arperate WIH pa3MENIeHBl CTOJb OJM3KO, YTO IMepenavya TeIIOThl OT
MCTOYHUKA J0 TCTUIOTIPUEMHUKOB MOXET TMPOHU3BOJAUTHCS 0€3 MPOMEKYTOYHOTO 3BEHA - TCILIOBOU
CETH.

B cucreMax meHTpaM30BaHHOTO TEIUIOCHA0KCHHS MCTOYHHUK TEIJIOTHI U TEIUIONPHEMHUKH
norpedurtenel pa3MerieHsl pa3AesibHO, YaCTO Ha 3HAYUTEIHLHOM PACCTOSTHUH, MOATOMY Iepeaadya
TEIIOTHI OT HCTOYHUKA JI0 MOTPEOUTENCH TPOU3BOIUTCS 10 TETIJIOBBIM CETSIM.

CucTeMbl JICIEHTPATU30BAHHOTO TEIUIOCHAOKCHHS PAa3/ICISIFOTCS HAa HWHIUBUIyAIbHBIE U
MECTHEIE.

B wHIMBHIyaTbHBIX CHCTEMax TEIUIOCHAOXKEHUE KaKJIOTO TOMEIMIeHUs (YJ4acToK Iexa,
KOMHATa, KBapTHPa) 00ECIIeINBACTCS OT OTIACIIEHOTO HCTOYHHKA.

K TakuMm cuctemam, B 9aCTHOCTH, OTHOCSITCS [ICYHOE U IIOKBAPTHPHOE
OTOIUICHWE. B MECTHBIX CHCTEeMaX TeIUIOCHAOKEHUE KaXJI0TO 3JaHHus O0O0ECIeYrBacTCS OT
OTACIHHOTO MCTOYHHKA TEIJIOTHI, OOBIYHO OT MECTHOM KOTenbHOM. K 3TOM crucTeme, B 4aCTHOCTH,
OTHOCHUTCSI TaK Ha3bIBaeMOE€ IIEHTPAJILHOE OTOIUICHWE 3JaHWi. B 3aBHCHMOCTH OT CTeNeHU
LUEHTPATU3alld CUCTEMbl  LIEHTPAJU30BAHHOTO TEIUIOCHAOKEHMSI MOXHO pa3lieiuTh Ha
CIIETyIOIIHE YEThIPE FPYIIIbL:

- TPYMIOBOE - TEIJIOCHAOKEHUE TPYIIIBI 3/1aHHI;

-paifOHHOE - TEIIOCHA0XKEHNE HECKOJIBKHUX TPYII 3aHuH (paiioHa);

- TOPOJICKOE - TEIIOCHA0XKEHNE HECKOJILKUX PaiioHOB;

-MEKTOPOJICKOE - TEIUIOCHA0KEHNE HECKOJIBKHUX rOpoIoB. [4].

[Ipouecc 1HEHTPaANIU30BAHHOTO TEIUIOCHAOKEHUS COCTOMT U3 TpPEX IMOCIe0BATEIbHBIX
oneparuii:

a) IOJITOTOBKY TEIUIOHOCUTEJIS;

0) TpaHCIIOPTa TETUIOHOCHUTEJIS

B) HCIOJIb30BaHUS TETIJIOHOCUTEIIS.

[logroToBka TEIUIOHOCHUTENS] MPOU3BOOUTCS B  CHEHUAIbHBIX, TaK  Ha3bIBAEMBIX
TEIUIONOATOTOBUTENBHBIX ycTaHOBKax Ha TOLl, a Takke B ropoJCKHX, pallOHHBIX, T'PYMIOBBIX
(KBapTaJbHBIX) WJIM IPOMBIIUICHHBIX KOTEJIbHBIX.

[ToTpebieHne TenI0BOH SHEPTHH.

TpancropTupyeTcsi TEIUIOHOCUTENb MO TEIJIOBBIM ceTsM. Mcmomnb3yercss TemIOHOCUTENh B
TEIUIONIPUEMHHUKAX MoTpeduteneil. Komniekc ycmano8ox, npeoHasHayeHHwviX OJisi NOO20MOBKU,
MPancnopma U UCNOIb308AHUSL MENIOHOCUMeNs, COCMAasiaem CUucmemy YeHmpaiu308anHO20
mennocHabdiceHus. JIns TpaHcmopTa TEIUIOTHI Ha OOJbIIME PACCTOSHUSA TMPUMEHSIOTCS 1B
TETJIOHOCHUTENS: BoJa M BOASHOW map. Kak mpaBuio, /Ui yIOBIETBOPEHUSI CE30HHOW HArpy3Kd W
Harpy3kd TOpSYETO BOJIOCHAOKEHHMS B KaueCcTBE TEIUIOHOCUTENS MHCIONb3yeTcs BOJAa, s
MIPOMBIIITIEHHON TEXHOJIOTUYECKOM HArpy3KH - Tap.

Ecnu cpaBHUTH O OCHOBHBIM IOKa3aTelsiM BOAY M Tap, MOKHO OTMETHTH CIEIYIOIINe
MIPEUMYILECTBA UX IPYT MEepPed IPYTOM.

[IpenmyriecTBa BOABI:

1) cpaBHHUTEIBHO HU3KAs TEMIIEPATypa BOJIbI, a CICIOBATEIBHO, TEMIIepaTypa MOBEPXHOCTH
HarpeBaTeIbHBIX MPUOOPOB;

2) BO3MOKHOCTh TPAHCIOPTHPOBAHUS BOJBI Ha OOJIBIIME PACCTOSIHHUS O€3 YMCHBIICHHUS €€
TEIUIOBOTO MOTEHINATIA;
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3)  BO3MOXHOCTh  ICHTPAIBHOIO  PErYIUPOBAHUS  TCIUIOBOM  OTHAYM  CHCTEM
TEIUIONOTPEOICHNUS;

4) BO3MOXKHOCTH CTYIIEHYaToro mojorpeBa Boiasl Ha TOL[ ¢ ucnosibp30BaHHEM HU3KUX
JaBIICHUH MMapa W yBEIHMUYEHHsS] TaKHMM 00pa3oM BBIPAOOTKHU DIEKTPUYECKON DHEPTUU HA TEIIOBOM
NoTpeOICHNN;

5) mpocroTa TPHUCOCAMHEHHUI BOASHBIX CHCTEM OTOIUICHHUS, BEHTHIIAIMH W TOPSYETO
BOJIOCHA0KEHUS K TEIJIOBBIM CETSIM;

6) coxpaHeHue KOHJeHcaTa rpetoriero napa Ha TOLI niau B palOHHBIX KOTEIILHBIX;

7) OOJIBIION CPOK CITY)KOBI CHCTEM OTOTUICHHS M BEHTHJISAIIHH.

[IpenmyiecrBa napa:

1) BO3MOYKHOCTbh IIPUMEHEHHS TTapa HE TOJBKO VIS TETUIOBBIX MOTPEOUTENCH, HO TaKXKe JIJIsI
CHJIOBBIX Y TEXHOJIOTHICCKUX HYK/I;

2) ObICTpBIE  TPOTPEB M OBICTPOE OCTHIBAHWE CHCTEM ITAPOBOTO OTOIUICHHUS, YTO
MpeacTaBisieT coO00M IEHHOCTH TSl IOMEIIEHUH ¢ TIEPUOTTIECKUM 000TPEeBOM;

3) map HU3KOTO JaBiIeHuUs (0OBIYHO IPUMEHSIEMBIN B CHCTEMAaX OTOTUICHHS 3/IaHHUi) UMeeT
MaJyro 00beMHYI0 Maccy (mpumepHo B 1650 pa3 meHbIie 00beMHON
Macchl BOJIBI); 9TO OOCTOSITETILCTBO B INMApPOBBIX CHCTEMaX OTOIUICHHUS IMO3BOJISIET HE YYUTHIBATH
TUIPOCTATUYECKOE JaBJICHHUE U CO3/1aeT BO3MOKHOCTh IPUMEHSATH Nap B KaUueCTBE TEINIOHOCUTEIS B
MHOTOATAKHBIX 3[aHUSX; MMaPOBBIE CUCTEMbI TEIUIOCHAOXKEHHUS MO TEM K€ COOOpaKeHHSIM MOTYT
MIPUMEHSTHCS TIPU CaMOM HEOJIaronpusTHOM pelibe)e MECTHOCTH TEIJI0CHA0X)aeMOTO paiioHa,

4) Oonee HHU3Kas T[EpPBOHAYAIbHAS CTOMMOCTh IAPOBBIX CHCTEM BBUIY MEHbIICH
MOBEPXHOCTH HarpeBaTeIbHBIX MPHUOOPOB U MEHBLIUX JUAMETPOB TPYOOIIPOBOIOB;

5) mpocToTa HaYaIbHOM PEryTMPOBKH BCIICACTBHE CaMOpacIipeieeHus mapa;

6) oTCyTCTBHE pacxo/ia SHEPIUU Ha TPAHCIIOPTUPOBAHHUE TTapa.

K HenocraTtkaM mapa MOHO OTHECTH JOTIOJTHUTENBHO:

1) MOBBIIICHHBIE
MOTEePH TEIUIOTHI MAPOTPOBOIAMH H3-3a 00Jiee BRICOKOI TeMIiepaTyphl mapa;

2) CpOK CIy»OBbl MapOBBIX CHCTEM OTOIUICHHS 3HAYUTEIHHO MEHBIIE, YeM BOJSHBIX, U3-3a
MHTEHCUBHOW KOPPO3UU BHYTPEHHEN MMOBEPXHOCTH KOHEHCATOIIPOBOIOB.

[IpyHuMmas BO BHMMAaHHE CKa3aHHOE, HECMOTpPS HAa HEKOTOpbIe MPEUMYIIECTBA Mapa Kak
TEIJIOHOCHUTEIIS, MOCIEIHUN MPUMEHSIETCS ISl CUCTEM TEIJIOCHA0XKEHUSI U OTOMHUTEIbHBIX CUCTEM
3HAYUTENIBHO PEXE BOJIBI U TO JIMIIb AJIs
TeX MOMEIICHUH, TJIe HET JOJITOBPEMEHHOTO MpeObIBaHUs JTIO/ICH.

CrpoutenbHbIMA HOpPMaMU U TpaBUJIAMHU MapOBOE OTOIJICHHE pa3peliaeTcss MPUMEHSATH B
TOProBBIX MOMEIICHUSX, OaHAX, MIPAYEUHBIX, KUHOTEATpax, B MPOMBIIIJICHHBIX 3JaHUIX. B jKHUIIbIX
3/IaHUSX [TapOBBIE CUCTEMbI HE IPUMEHSIOTCS.

B cucremax BO3AYIIHOTO OTOIJIGHHS W BEHTWISAIMHM JIOOBIX 3JaHU  pa3periaeTcs
MPUMEHEHHE Mapa B KaYeCTBE MEPBUYHOTO (HArpeBarollero BO3AyX) TeroHocutens. [IpuMeHsars
€ro TaKKe MOHO JJIs HarpeBaHusl BOJIOMPOBOIHOM BOJIBI B CHCTEMAX TOPSIYErO BOJAOCHAOKEHUS.

[TapameTpamu TemIOHOCUTENEH HA3BIBAIOT TEMIIEPATYPY U JaBJICHHE.

Bmecto naBneHHS B MpaKTHKE SKCILTyaTalldd IIUPOKO MOJIB3YIOTCSA APYroMl enuHunei -
HaTrlOpPOM.

Hanop u naBneHue cBsi3aHbl 3aBUCUMOCTBIO
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roe H - nanop, M; P - naBnenue, I1a; p - IIIOTHOCTh TEIUIOHOCUTEIIA Kr/MS; g - yCKOpEHUE
CBOOOTHOTO HAfeHuUs, M/c2.

Boga xak TernaoHOCUTENb XapaKTepru3yeTcs pa3TudHbIMHU TEMIIEpaTypaMu
0  CUCTEMBl  TEIJIONOTpeOjeHus  (HarpeBaTrelbHOro  mpubopa) M MOCIE  CUCTEMBI
TEIUIOTIOTPEOJICHHSL.

MOIIHOCTH TEIIOBOTO MOTOKA, KBT, oTmaBaemoro Booi, Q omnpenensercs
hopmyoi

Q = Ge(t, — t,) (11.1)

rae G - KOJIMYECTBO BOJIbI, MPOXOJAIIEH Yepe3 CHUCTEMY TeIIoNmoTpeOseHus, Kr/c; c -
yaenpHas TeII0eMKOCTh Bojbl, paBHas 4,19 x/Dx/(kr°C); t1 - Temmeparypa BOJIbI 10 CHUCTEMBbI
TertonoTpedenus (mocie MCTOYHMKA TeroThl), °C; tz - TemmepaTypa BOJBI TOCIE CHCTEMBI
TeIIonoTpedsieHns (10 UICTOYHHUKA TETIoThl), °C.

B coBpeMeHHBIX cHCTEMax TEIUIOCHAOKEHUS TPUMEHSIOT CIEAYIOIIHe 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 IEHTPaJU30BAHHOTO TEIIOCHAOKEHHS OT KOTEIHHON
nnu TOL, a Takke B cUCTEMaX OTOTUIEHUS TPOMBIIICHHBIX 31aHH.

Temnepatypa Bojbl B cucTeMax TEIJIOCHAOXKEHHUS JOJKHA COOTBETCTBOBAThH JABJICHUIO, IPU
KOTOPOM He OyZeT BCKuMNaHus (Harpumep, Bojaa npu temmneparype 150°C nomkHa UMeETh 1aBJICHHE
e Hmwke 0,4 MIla).

[ToBeilIeHHE TeMIiepaTypbl BOJIbI B MCTOYHHUKE TEIJIOCHAOXKeHHs (y TeHepaTropa TeIIoTh)
BEJET K CHIDKEHUIO KOJIMYECTBA IMEpPEKayMBAaEeMOW BOJbl, YMEHBIICHHUIO TUAMETPOB TpPyO U
pacxoI0B SHEPTHH HA MIEPEKAUKY.

Ckazannoe Oyzert sicHo, eciau Gopmyny (11.1) pemmTs OTHOCHTEILHO PAcXo/1a BOJIbI, KI/c,

6=—2— (11.2)

clt,—tg)

Jlis mepenayu TOTO K€ KOJIMYECTBA TEIJIOTHI Q TeM MeHblle norpedyercs Bojasl G, yeM
0oJIbIIIe PA3HOCTH TeMIepaTyp (ti- 2).
Jliist mepexojia OT Macchl IEpEKaYnBaeMOi BOJIBI K ee 00beMy V, M/C, UCTIONB3YIOT GOpPMYITy

V= f (11.3)

rae G - pacxo/sl BOJBI, KI/C; P - IIIOTHOCTb BOJBI, KI/M".

B cuctemax mapoBoro TeriocHabKeHus IPUMEHSETCS Map pa3NIuyHbIX AaBieHuid, MIla:

B cucremax mapoBoro otoruienus Huszkoro gasienus - 0,005-0,07

B cucremax mapoBoro otormieHus: BRICOKOro Aasienus - > 0,07

J171s TEeXHOJIOTUH TIPUMEHSIETCS TIap ¢ Pa3NIUYHBIMU 00JIee BHICOKMMH JIaBICHUSMU.

MoIHOCTh TEII0BO# oTHauyM mapa, KBT, B cucreme TemnonoTpebnenus Q U KOJIMYECTBO
napa G Juig nepeiadyu 3TOro ke KOJIMYECTBA TeTJIOTHl OMpeIestoTes o Gopmyre:

Q=G [I' — Cplyac (114)
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rjae G - KOJIM4eCTBO Mapa, Kr/c; I - SHTAJIBIHS CyX0r0 HAChIIIEHHOTo mapa, K/ k/kr; *Hac -
TeMIlepaTypa HachlleHus napa, °C.

TennmoeMKoCTh KOH/IEHCATA CK, KaK ¥ BOABI, paBHa 4,19 kJ[x/(kr°C), Mmo3TOMY SHTaJIBITHS
KOHIEHcaTa Ix =tuac, Cx =4,19 tyac.

Jlnst mapa Huskoro naBnenus popmyna (11.4) Moket ObITH yHporieHa

Q =GT’

rJIe I - CKpBITas TeIIoTa mapoodpazoBanus, paBHas 2260 kJx/kr.
Pacxon mapa (1 koHaeHCaTa), KI/C,

TenioBble CUCTEMBI HCTOYHUKOB TEILIA

Bonbimas 4YacTe TEIUIOBOM Harpy3kud IpU TeIUIo(UKAlMKU TOKphIBaeTcs oTpaboTaBIen
TEIUVIOTOM, MojlyyaeMoil OT ycTaHoBiIeHHBIX Ha TOIl TemnoukanMOHHBIX TYpOMH, B KOTOPBIX
AJIeKTpUYecKasi SHeprus BblpadaThIBaeTCss KOMOMHUPOBAHHBIM METOJIOM.

Ha cospemennsix TOLl, paGoTaromux Ha OpraHMYECKOM TOIUIMBE, YCTAaHABIMBAIOTCS, Kak
MPaBUJIO, TEIIO(PUKAMOHHBIE TYpOWHBI OOJBIION eTWHMYHOW MoutHOCThIO (50-250 MBT) Ha
BBICOKHE U 3aKpUTHYECKHUE HadaibHbIC TapameTpsl (13 u 24 MIla) AByX OCHOBHBIX THIIOB:

a) KouAeHcaronHsle ¢ oroopoM mnapa (T u I1T);

06) c mnporuBomaBieHneM (P). OcHoBHBIE mapaMeTpbl TeIIOMUKAIIMOHHBIX TypOWH
CEPHITHOTO TIPOM3BOJICTBA MPUBEICHHI B Ta0I. 9.1.

Taomuma 11.1

Mapku OCHOBHBIE MapaMeTpbl CTAI[MOHAPHBIX TEIIOPUKAUOHHBIX TYpPOUH CEpPUHHOTO
MIPOM3BOJICTBA eAMHUYHONU MOIITHOCTBhIO N=25 000kBT

i - :

— _
| Hacarwnue | Unero
| Howw- Pacxog? | TIPS | Mwewo | Tewne |

Jncxrpn- | napamerpu:
3ason- ekt | - Jlannenne Typa perene- patypa
Tun o “eckan manaewne, napa s s | e S Apos
swavense | wsroro X0 p——— SO [re— ¥
Typ6ine " womnocts, | Mneses | P [P orSope,
sutens 5 octporo | orfopos, Mla w noft poaw, | nozorpe- | amouwch
. nepary y |
: P | apaye «c sarened’ | soms, °C
< | et
.. & 2 ol A 4 s 6 7| 8 | 9 0 | u 12
| 25000 |
T-2590 | T™3 9;535 130 0,07-0,25 92 225 | 20 1
| 30000 )
{
] 55000 | 0,05-0,20 4
T-50/60-130 | T™3 13; 565 256 180 230 5 20 | 2
) | 60000 0,06-0,25 |
| Konaeuca- I 105 i 0.05-0.20 P I
unon T-105/120-130-2 | T™3 B0 5 ses 460 e 310 230 . 20 3
s I 120 000 I X | 006025 3 )
OTONHIEAL | l?& W ] - 0,05-0. 20 4
upm o160~ | T-175/210-130 | TM3 S 13; 565 745 i 520 22 3 20 3
o 210 000 | 006030 | "~ | T | |
pom
180 000 13; 0,05-0,15 4
T-180215-130 | T™3 628 465 232 3 20 3
215000 | 560/565 0,06-0,20 3
]
250 000 24; 0,05-0,20 s
T-250300240 | T™3 N 905 645 i 265 3 20 4 |
|.: 300000 | S60/565 | 0,06-0,20 |

OCHOBHBIE CBEJICHHSI O CUCTEMaX TETIIOCHA0KEHHUSI.

Ha mpombllieHHOM MpeanpusTHH TEIJI0Bask SHEPIUs paclpeienseTcss Ha TeXHOJIOTHUYECKUe
IPOILECChl, OTOIUICHHE, BEHTWJISIMIO M Tropsdyee BOJAOCHAOKEHHE. B KUIMIIHO-KOMMYHAIbHOM
X034 CTBE OCHOBHBIMU NOTPEOUTEISIMH TEIIOBOM SHEPTUH SIBIISIOTCS CUCTEMbI OTOIIJICHUS 3JJaHUH.

B cucremy TemnocHabxkeHHs BXOJUT cleyroliee o0opy1oBaHue:

— HCTOYHHUKH TEIJIOTHI;

— TpyOOIPOBOIBI;

— HAacoCHl;

— TermonoTpedsonue npudopsl 1 000pyIOBaHUE;

— peryjimpyrolas, CATHATU3UPYIOIIas K PErUCTPUPYIONIas anmaparypa;
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— YCTpPOMCTBA aBTOMAaTUKH

HcToyHMKH TETUIOTH! BRIPA0aTHIBAIOT TETUIOBYIO YHEPTHIO TPEOYEMBIX apaMEeTPOB, KOTOpast
3aTeM TPAHCHOPTUPYETCS MO TEIJIOBBIM CETSIM K MPOMBIIUIEHHOMY U YKUJIMIIHO-KOMMYHAJIbHOMY
CEKTODY.

TemoBeie cetn oT TOL| M KpyNHBIX KOTENbHBIX MMEIOT B CBOEM COCTaBE LIEHTPAJIbHbBIE
terioBble MyHKTHI (LITII), mectHble TernoBbie myHkThl (MTII), koHTpOJIBHO-pacnpenenuTeIbHbIE
nyHkTsl (KPII), noakaunBatomue Hacocusie cranuuu, (ITHC).

TenoBbie nOoTpeOUTENM KIACCUPUIUPYIOTCS 110 ABYM OCHOBHBIM KaTErOpHUsIM:

a) noTpebiieHne Temia s KOMMYHaJIbHO-OBITOBBIX HYXK] (1Sl oOecrieueHus: KOM(POPTHBIX
YCIIOBUH TpyZa U ObITa B )KUJIbIX, OOIIECTBEHHBIX U MPOU3BOICTBEHHBIX TOMEILIEHUSX);

0) mnorpebneHue Temjga Ui TEXHOJOTMYECKUX HYXKI (s oOecreueHus BBIIIyCKa
MIPOMBIIIJIEHHON MJIM CeIbCKOXO03HCTBEHHON MPOAYKIIMU 3a/JaHHOTO KauecTBa).

OcHoBHasl 3ajjauya CUCTEM TeIlJIoCHaOkeHHsa. V3 OCHOBHOM 3ajaud BBITEKAIOT MPOEKTHHIE
3aJlauM U SKCIUTyaTallMOHHbIE PYHKIMHU TEIUIOCHA0XKAIOIIeH CUCTEMBI.

[IpencraBienre 06 OCHOBHBIX UCTOYHHKAX TEIIA.

Ha puc. 11.1 npuBenena B kadecTBe IpuMepa MPOCTEHIIAs NPHUHIUIHAIbHAS CXema
BOJIOrpelHO koTenbHOM ¢ koTinamu [ITBM, pabotaromumu Ha rase.

3
® >
I I %82
@<=
— 6
. 7
4 >

1 - BopmorpeiiHbie KOTJIBI; 2 - CETEBOIl HACOC; 3 - PEUUPKYISHMOHHBIN Hacoc; 4 — XuMHUYecKasi BOAOMOATOTOBKA ; 5 — Hacoc;
6 - neasparop; 7 - MOANMUTOYHBIH HACOC; 8 - PEryjIaTop Hepermycka.

Pucynoxk 11.1. - TeruioBasi cxema BoAOTrpeliHO# KoTenbHOM ¢ koTiiamu [ITBM:

Knaccugukamnus cuctem TeroCcHa0XeHusl.

VICTOYHMKH TETI0ThI

B 3aBucuMOCTH OT pa3MelleHHMs HCTOYHHMKA TEMJIOThl MO OTHOLICHHIO K MOTpPeOUTENsIM
CHCTEMBI TEINIOCHAOKEHHS pa3AeisIIoTCs Ha J1Ba BUJIA:

1) neHTpanu3oBaHHbIC;
2) JIeUeHTPaIN30BaHHbIC.

1. B cucremax yeumpanuzosannoco TENJIOCHAOXKEHUS MCTOYHUK  TEIUIOTHI U
TEIUIONPUEMHHUKHN MOTpeOuTeNed pa3MelleHbl pa3/ielbHO, 4acTO Ha 3HAYMTEIbHOM DPACCTOSHUHU,
MO3TOMY Iepe/iaya TeIUIOThl OT UCTOUYHHUKA JI0 MOTpeOuTeNneil Mporu3BOUTCS MO TEMJIOBbIM CETSAM.

[Iporecc HEeHTPaNU30BaHHOTO TEMJIOCHAOXKEHHUS COCTOUT U3 TPEX OINEpaluil: MOATO0TOBKH,
TPAHCIOPTA U UCNO0JIb30BAHUS TENJIOHOCUTEIS.

IloaroToBKa TEMIOHOCHUTENSI MPOU3BOJIUTCS B CHELUAIBHBIX TEIUIO-TIOArOTOBUTEIBHBIX
ycraHoBkax Ha TOL[, a Takke B TOPOACKHMX, palOHHBIX, TPYNMNOBBIX (KBapTalbHbIX) WIH
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MIPOMBIIUICHHBIX KOTEJIBHBIX. TPAaHCIOPTUPYETCS TEIUIOHOCUTENIb TI0 TEIJIOBBIM CETsM, a
HCIIOJIb3YETCs B TEIJIONPUEMHHUKAX MOTPEOUTEIICH.

B 3aBucumMocTM  OT  CTEMEHW  [EHTPAIM3AIMM  CHUCTEMbl  LIEHTPAIM30BAHHOTO
TEIIOCHA0KCHHSI MOKHO Pa3JICIUTh Ha CIICAYIONINE YE€ThIPE TPYIIIIbI:

- TPYIIIOBBIC - TEIUIOCHAOKEHUE TPYIIIIBI 3/IaHHIA,

- palilOHHBIE - TETUIOCHA0KEHUE HECKOJIBKUX TPYIII 3/1aHui (paiioHa);
- TOPOJICKUE - TEIUNIOCHA0KEHUE HECKOJIbKUX PaiioHOB;
- ME@XTOPOJICKHUE - TEIJIOCHA0KEHHE HECKOIbKUX TOPOIOB.

WMcTouHMKM TennocHabxeHus

ToU Paitonnbie ABTOHOMHBIE 1
" KOTenbHbiE KoTenbHbie

e Bt

LleHTpanu3aoBaHHble CUCTEMBI g A vl eads

cucTems:

~70% nocrasox Tenna ~30% nocrasox Tenna

-

|
/_,.J_ = m

PucyHok 11.2 — Cuctema TenocHabxeHun PucyHoK 11.4 — UICTOUYHMKM
ropoaa TENNOCHabXKeHnA

[To BUAY TETIIOHOCHUTENS CHUCTEMBI IIEHTPATM30BAHHOTO TEIUIOCHAOKEHHS Pa3[elsIioT Ha
BO/AsIHbIE U MapoBble. Boja ncnonb3yeTcs sl YAOBICTBOPEHUSI CE30HHON HArpy3KH M HArpy3KH
ropstuero BogocHaOxkenus (I'BC); map - 11t mpOMBIIITIEHHOW TEXHOJIOTMYECKON HArpy3KH.

2. B Oeyenmpanuzosanuwix cHUCTEMax TEIUIOCHAOXKCHHS HUCTOYHUK TEIUIOTHI H
TEIUIONIPUEMHHUKH TIOTPEOUTENICH COBMEIICHBI B OJHOM arperare Wi pa3MemieHbl CTOJb OJIM3KO,
4TO TMepelnada TEIIOTBI OT MCTOYHHKA JI0 TEIUIONMPHEMHUKOB MOXET IPOU3BOIMUTHCS 0e3
MIPOMEKYTOYHOTO 3BEHA - TEIJIOBOM CETH.

CucTeMbl JIEICHTPATM30BAHHOTO TEIUIOCHAOKEHUS Pa3JeIIOTCS HAa WHAWBUIYAIbHBIC U
MECTHBIE.

B uHAMBHIyalbHBIX CHUCTEMax TEIUIOCHAOKEHUE KaKIOTO TOMEIIeHus (y4acToK Iiexa,
KOMHAaTa, KBapTUpa) 00ECleunBaeTCsi OT OTICIBLHOTO UCTOYHMKA. K TakuM cuctemMam OTHOCSTCS
MEYHOEC W TMOKBAPTUPHOE OTOIUICHHE. B MECTHBIX CHCTEMax TEIUIOCHAOKEHHUE KaXJIOTO 3JIaHMsI
o0ecrieyrBaeTcsi OT OTACIHHOTO HCTOUYHUKA TEIIOTHI, OOBIYHO OT MECTHOW KOTEIBHOM.

Cucmemotl  meniocHabICeHUsi  HA3bIBAIOM  KOMNJIEKC  TEXHUYECKUX  YCTPOWCTB,
00eCIeYrBarOIIUX MPUTOTOBJICHUE TEIUIOHOCUTENS, €r0 TPAHCIOPTHPOBAHUE S PACTIPE/ICICHUE TIO
MTOTPEOUTEIISM.

Ha3nauenue cuctembl TeIioCHaOXKeHUsT — oOecleYeHne TOTPeOUTeNed TEeIUIOTHI
HEOO0XOIMMBIM KOJIMYECTBOM TEIUIOBOM SHEPTUH TPEOYEMBIX MapaMeTpoB,

TIlompebumenamu  meniomel  SBISIOTCS ~ CHCTEMbl  OTOIUICHHS, BCHTWIALUH |
KOH/IMIIMOHUPOBAHUS BO3/yXa, FOPSYETO BOJOCHAOKEHHUS, a TAK)KE TEXHOJOTUYECKUE YCTAHOBKU
MIPOMBIIICHHBIX TPEIITPUSATHIA.

B 3aBucumocTH OT W3MEHEHHS TMOTPEOHOCTH B TEIJIOTE BO BpPEMEHH pas3iu-
YAIOT CE30HHbIX U KPY210200U4HbIX TIOTPEOUTENCH TETIOTHI.

CucremMbl OTOTUICHHUS, BEHTUJISINH, KOHIUIIMOHUPOBAHUS BO3AYyXa SIBISIFOTCS CE30HHBIMH
MOTPEOUTENSIMU TETUIOTHI.
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[IpuMEeHSIIOT 1IEHTpaTU30BaHHBIE U JICLICHTPAIN30BaHHbIC (AaBTOHOMHBIE) CHCTEMBI
TeIUIOCHAOXKEHUs. B  yenumpanuzoeannvix cucteMax OJMH WMCTOYHHK TEIUIOTHI OOCTY)KHBACT
pa3zienbHO PacIoJIOKEHHBIE TEIJIONOTPEOIIAIONINE ycTpoicTBa psna a0OHEHTOB.
B oeyenmpanuzosannvix (aBBTOHOMHBIX) CUCTEMaX TEIUIOCHAOKEHUS KaXKIbli MOTPEOUTENh UMEET
COOCTBEHHBIN HCTOYHUK TEIUIOTHI.

Tennonocumens — MatepuaibHas cpefia, KOTOpas UCMOJIb3YeTCs JJIs TIepeiaddl TeIIOThl OT
HWCTOYHHMKA K TOTpeOuTensiM. B cucrtemax TeriocHaOXKEeHHS B KayeCTBE TEIUIOHOCHUTEIS CIIy)KatT
BOJIa U BOJISTHOM map. Bo3myx /uist mepenaun TerioThl Ha 3HAYUTEIHHOE PACCTOSTHUE MAJIOTIPUTO/ICH
H3-3a €r0 HEBLICOKOM IJIOTHOCTH M TEINIOEMKOCTH.

Bona: p= 1000 kr/m?; ¢ = 4187 xJIx/kr-°K; v= 1,5 m/c;

ap: p = 0,6-1,6 kr/M3; ¢ = 2250-2160 xJ[x/xT; vV = 40-80 m/c.

Jlnst obecriedueHUs] TETUIOTOM OOJBIINX JKHIJIBIX MAacCHBOB TOPOJOB M TPOMBIIICHHBIX
NPEANPUITHI TPUMEHSIOTCS CUCeMbl YEeHMPAIU308aHH020 MmeniocHabcenuss. VIcTouHIKaMu
TEIUIOTHl B HUX SBISIOTCS menaodnekmpoyenmpany (TOL]) wim kpymable (0OOBIYHO paiioHHblE)
KomeJbHble.

[IpuMeHsFOTCSst BOJSHBIC U TTAPOBBIE CUCTEMBI TETJIOCHAOKESHHSI.

K npeumywecmeam 600wl kax mennonocumensi OTHOCSATCS 3HAYUTEIHHO MEHBIINE TIOTEPH
TEIUIOTHI MIPY TPAHCTIOPTUPOBAHUU. B OOJBITMX cHCTEMaX TeMIlepaTypa BOJbI MagaeT MPUMEPHO Ha
1 °C ma 1 kM TemionpoBoja, B TO K€ BpeMs JaBJICHUE mapa cCHuxkaeTcs nmpumepno Ha 0,1-0,15
MIIa, uro cooTBercTBYeET 5-10 °C.

[IpenMytiecTBOM BOJIBI KaK TETUIOHOCHUTEIIS SIBJISIETCS TaKK€ BO3MOYKHOCTH PETyTUPOBAHUS
MOJIa4M TETUIOTHI MyTeM W3MEHEHHUs TeMIIepaTyphl BOJbI (KAYECTBEHHOE PETyIMpoBaHue). BoasHas
cuctemMa OoJjiee MpocTa B OKCIUTyaTallMM, YeM TapoBas, TaK KaK B HEH OTCYTCTBYIOT
KOHJICHCATOOTBOTYMKH, KOHJECHCATO-TIPOBOIbI, KOHJICHCATHBIC HAcOCHl. [Ipu TermimoHocuTene-Boe
MOJICPXKUBAETCS OoJiee HU3Kasl TEeMITepaTypa OTOMUTEIBHBIX MPUOOPOB. ITO SABISAECTCS THTHCHUYE-
CKUM TPEUMYIIECTBOM BOJBI. TpyOONpoBOIbI, TPAHCIIOPTUPYIOIINE BOJY, B MEHBIICH CTEICHU
MTOJIBEPIKEHBI KOPPO3HUH M CITYKAT JIOJIBIIIE, YEM TTAPOITPOBO/IBI.

Jlocmouncmeom napa s6nsiemcsi BOSMOKHOCTh YAOBJIETBOPATh KaK OTOMHTENbHBIC, TaK H
TEXHOJIOTHYECKUE HArPY3KH, a TAK)KE MaJIOe THAPOCTaTHYecKoe naBiieHne. C ydeToM MPEUMYIIECTB
U HEJIOCTAaTKOB TEINIOHOCHUTENICH BOJSHBIE CHUCTEMBbI NMPHUMEHSIOT IS TEIJIOCHAOKEHUS >KUIIBIX
JIOMOB, OOIIECTBEHHBIX U KOMMYHAJbHBIX 3[aHUM, MPEANPUATUH, KOTOPHIM HEOOX0AUMa ropsyas
BOJIa, a TTAPOBBIC CUCTEMbI — JUISl CHAOXKEHHUS MPOMBIIUICHHBIX npeanpusaTuii. lleHTpaan3oBanHoe
TeII0CHA0KeHHE TOpoIoB cocTaBisieT 10 70—80% B KpyMHBIX TOpoOJiax, B KOTOPBIX MpeodIaiaeT
COBpEMEHHAas 3aCTpOMKa.

Tensiopukanus- NeHTpaIM30BaHHOE TeIUIOCHAOXKEeHHE Ha Oa3e TOI] .

Ha xonnencammonnoit anekrpocraniun (KOC) 40% TemmoTel - Ha MPOU3BOJICTBO
ANEKTPOIHEPTUH.

B 5TuX KOTENbHBIX MOTYT OBITh MEXaHH3WPOBAHBI TOJa4a TOIUIMBA, YyJaJleHHUE 30JbI H
IIJIaKa.

CokpallleHre KOJIMYECTBAa HCTOYHUKOB TEIJIOTHl U UX YKPYIMHEHUE MO3BOJISIIOT 3HAYUTENBHO
YIAYUIIUTH YKOJOTUYECKYIO CHUTYAIUIO B KPYIMHBIX TOPOJax. YMEHbBIIAETCS KOJIMYECTBO JTBIMOBBIX
TpyO, Yepe3 KOTOPhIE B OKPYKAIOIIYIO CPEAy BHIOPACHIBAIOTCS MPOTYKTHI CTOPAHHUS.

Her nHeoOxoaumocTu B OOJNBIIOM YHCIE CKIQJ0B TOILIMBA, MOXKET OBITh MEXaHWU3UPOBaH
MpOILIeCC yAaJeHUs 30JIbl U LIJIAKOB. Jlerye oCyliecTBIsATh OUUCTKY JBIMOBBIX T'a30B OT TOKCUYHBIX
KOMITOHECHTOB.
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Hapsiny co 3HaYUTENHBIMHA TPEUMYIIECTBAMHU [IEHTPATM30BAHHOE TEINIOCHA0KCHHE UMEET
oTpe/ieNieHHbIC HeMOCTaTKU. K HUM B TIEpBYIO OUYepe/lb OTHOCSITCS 3HAYUTEIBLHBIC TIOTEPH TETUIOTHI
B TEINIOBBIX CeTAX, gocturaromue 30%.

B kadecTBe MCTOYHWKA TEIUIOTHI B ATHX CHUCTEMaxX BCE HIMPE MPUMEHSIOTCS OJIOYHBIE U
KPBIIIHBIC KOTEIIbHBIE, PA0OTAIONINE HA Ta3e M KUIKOM TOIUIMBE. TerioBas MOIIHOCTh KOTEIBHBIX
ot 50 no 3840 xBT.

TemoBbie ceTH

BopsiHbIe TETIOBBIE CETH Pa3ACISIIOTCS Ha 3aKpbimble U omKpvimbvle. B OTKPBITBIX CETSIX
[UPKYJIUPYIONIas B TEIJIOBOM CETH BOJA IMOJHOCTHIO WIJIM YAaCTUYHO Pa30MpaeTcs I TOpsSUIero
BOJIOCHA0XKEHUS. B 3aKpBITHIX CETAX BOJIAa U3 CETH HE OTOMPALSTCSI.

Tennosas cemw - 3TO cucTEMa TPYOOIIPOBOIOB, IO KOTOPHIM TEIUIOHOCUTENH (TOpsYast BOJa
WIM TIap) TIOCTYImaeT OT HWCTOYHHKA K TOTPEOUTENSIM TEIUIOTh.. B TEIIoBOH CEeTH MOKHO
BBIJICNIUTE  MPU  OCHOBHBIX  dleMeHma. mpybonpogoosl, NO KOMOPbIM  Nnepemeudencs
MenioHocUmenb, U30NAYUI0, NPeOHASHAYeHHYIO OJisl YMEeHbUeHUs NONYMHbIX Nomepb Meniomol,
cmpoumenvHvle KOHCMPYKYUU (KaHaibl, ONOpol U Op.).

B 3aBHCHMOCTH oT CXEMBI MaruCTpaTbHBIX TPYOOTIPOBOJIOB
MIPUMEHSIOT Ko/blesble U paduaivbhbie (JIy9eBbIe) TETUIOBBIC CETH.

TemnoBbie ceTH pa3AeNsIOTCs Ha MaucmpanvHole, pacnpedeiumenvHole (BHYTPH KBapTaia,
MUKpOpPaioOHa) U omeemeneHus K OTAEIbHBIM 3JaHHIM.

TennoBsie CETH MOTYT OBITH OJIHO-, IBYX- H MHOTOTPYOHBIMH. 3-TpyOHBIC: 1-5 U 2-51 TpyObI
— TMOJIAIONIME TETJIOHOCUTENH C PA3HOU TeMIIepaTypoi, 3-51 -oOpaTHasl.

4-tpyOHas: 1-s1, 2-s TpyOBI - A1 OTOTUICHUSI, BEHTHIISIIIMN ¥ KOHIUITUOHUPOBAHHUS; 3-51, 4- -
JUIS TOPSTYET0 BOJOCHAOKEHHS U TEXHOJIOTHYECKUX HYXK/I.

TennoBele ceTH MOTYT OBITb nOO3eMHbIMU W HaOzemHbiMu. Ilod3emHas TPOKIaaKa
MIPOU3BOIUTCS Ha TEPPUTOPUU HaCEJIEHHBIX MYHKTOB u MPENPUITHIA.
[Ipumensiercs kananrvhas u beckananrbHas MPOKIAaKa.

Haoszemnas npoxianka Npou3BOAUTCS Ha TEPPUTOPUU MPEANPUSLTHI, B HEKOTOPBIX CIIydasix
Ha HE3aCTPOCHHBIX TEPPUTOPHIX B HACEICHHBIX MyHKTax. TpyObl yCTaHABIMBAIOTCS HA BBICOKUX
oropax, Ha3eMHBIX OMNOpax, KpOHIUTEHHAX y CTeH 3JIaHuM, 3cTakagax. Tpaccy TEIUIOBBIX ceTei
MIPOKJIAJBIBAIOT B CIIELIMAIBHO OTBEIEHHBIX TEXHUUYECKUX I0JI0CaX MapajielbHO YIIULAM, 10poram
U TIpoe3JiaM.

Ilpu b6eckananvroli IPOKIAIKE TEIUIOBBIX CETEH HEOOXOIMMO BBLACPKUBATH OTPE/ICIICHHBIC
pPacCcTOSIHUA M0 BEPTHKAIM U TOPU3OHTANIM OT 3JaHUM, COOPYKEHHM, BOJOTPOBOIA, KaHATH3AIUH,
ra3omnpoBo/ia, JIEKTPUUECKUX Kabeseil, kabeneil cBs3u.

Iloozemnasn NpPOKIa0Ka MIPOU3BOUTCS B KAHANAX U OECKaHaIbHbIM cnoco-
oom. VIcTIonb3ylOTCA npoXoOHvle U Henpoxoouvie KaHaibl. KaHaiabl OOBIYHO COOPYKAIOTCS U3
TUTIOBBIX JIeTaNel UHIYCTPUATHHOTO U3TOTOBICHUSI.

Ilpoxoonvle xaHanbl Oonee yAOOHBI B OSKCIUTyaTalldd, OHHM JAIOT BO3MOKHOCTH BECTH
MOCTOSIHHOE HaONoJieHue W oOciyxuBaHue TpyoonpoBoaoB. Ilpu bOeckananvroti mpokiagke
TpyOONIPOBOJBI HAXOAATCS HEMOCPEACTBEHHO B TpyHTe. OTOT cmoco0 MPOKIaAKH JaeT
CYIIECTBEHHYIO SKOHOMHIO. Temnou30aIMOHHAs KOHCTPYKIMS COCTOUT U3 YETBIPEX CIIOEB:
AHTHUKOPPO3HUOHHOTO, TETIOM3O0JSIIMOHHOTO, THIPOU3O0JIAIMOHHOTO, 3alllUTHO-MEXaHUYECKOTO.
[TpuMeHSIOT creayronue BUIbl TEIUIOBON HU30JISILMU: 3ACbINHYIO, COOPHYIO U MOHOJIUMHYIO.

IIpucoennnenne noTpeduTeIeH K TEIIOBBIM CETSIM

Cxembl IpUCOETNHEHUS

[IpuMeHSIOT 3a6ucumoe u He3agucuMoe PUCOCTUHEHUSI MECTHBIX CHUCTEM K TEIJIOBBIM
CETSIM.
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[Ipu 3a6ucumom TIpUCOCNMHEHMH BOJA U3 TEIUIOBOM CETH MOXET TMOCTynarh 0e3
MOJMEIINBAHUS B OTONUTEIBHBIE MPUOOPHI CUCTEM OTOIUICHHS. DTa CXeMma MPUMEHSIETCS, eCIu
rapameTphbl BOJIbI B TETNIOCETH COOTBETCTBYIOT IapaMeTpaM BOJbl B MECTHOM CUCTEME.

[Ipu nezasucumoii cxeme BoJia U3 TEIUIOBOM CETH MOCTYNAET B TEIJIOOOMEHHUKH MECTHOM
cucteMbl. OTIaB TEIUIOTY BOJE MECTHBIX CHUCTEM OTOIUICHUS W BEHTWISIIMH, CETeBas BOJa
BO3BpAIIAeTCs] K UCTOUHUKY TEIJIOCHAOKEHUS.

[Ipu 3aBUCMMOM MNpPUCOEAVMHEHUM MECTHAsi CHCTeMa M TEIJIOBas CETh MEXIy co0oit
TUPABIMYECKH B3aMMOCBS3aHbl. [Ipr He3aBUCUMOM TTPUCOECIMHEHUH TaKOU CBSI3U HET.

[Ipy npucoeTMHEHWH CHUCTEM TOpPSYEr0 BOJOCHAOKEHHS K OTKPBITOM CHCTEME
TEIUTOCHA0XKEHUS BOJIA U3 TETUIOCETH TIOCTYIAET Ha 8000paztop.

[Ipu 3akpeITOM  cucTemMe BoJa JJIA TOpsSiYEr0  BOJOCHAOKEHUS  HarpeBaercs
B Meni1000MeHHUKe.

K napoevim TemIoBEIM CETSIM CHUCTEMBI OTOIJICHUS W BEHTHJISIIIUU MOTYT TIPUCOEAHHSTHCS
HEMOCPEJCTBEHHO U HE3aBUCUMO C TIOMOIIIbIO TETJI000OMEHHHKA.

TensioBble MYHKTbI

TennoBoi MyHKT CKOBBIBAET TEIUIOBYIO CETh C IOTPEOUTENSIMH TEIIOTHI. TerIoBble MyHKTHI
pacroyiararoTcsi B OTACIBHO CTOSIIHUX CICIHATBHBIX 3JaHHUSIX WM B OTBEJICHHBIX MOMEIICHUSIX
3IaHUN - nompebumesnel meniomsl.

B TemnoBOM NyHKTE OCYIIECTBISAIOTCS IpHEM, TMOATOTOBKA M  pachpeieseHue
TEIUIOHOCHUTENSL JUId T[OJaYyd B MECTHbIE CHCTEMbI, a TaKXKe BO3BpAaT HCIOJb30BAHHOTO
TEIJIOHOCHUTES B TETUIOBYIO CETh.

Ha TemmoBoM TiyHKTE B COOTBETCTBMHM C TIPUHATOM CXEeMOW MOTYT OBITH YyC-
TAQHOBJICHBl  271€8AMOpbl,  YEHMPOOedCHble  HACOCLL,  AKKYMYJISAMOpbl — 20pAvel  800bl,
menio0OMeHHUKU OJisl CUCTeM OMONJIEHUS U 20psAue20 8000CHAONCEHUS, 2PA3eBUKU, DUIbMPbl U
Op. YupaBieHue pabOTON TEIUIOBOrO IMyHKTa MPOU3BOAUTCA C MOMOILIBIO MPUOOPOB KOHTPOJS U
aBTOMATUYECKOTO PEryIHpPOBAHUSL.

Ecniu B TemioBOM NyHKTE TMOJrOTABIMBAETCS TEIJIOHOCUTENb TOJBKO [UIsl CHCTEM
OTOIUICHUS U BEHTWJISLIMU, TO TaKOH TEIJIOBOM MYHKT HOCUT Ha3BaHUE aOOHEHMCKULL 8600.

Onesamop OCYIIECTBISET MOJAMEIINBAHUE BOJbI U3 MECTHOM CHCTEMBI OTOIUICHUS K BOJIE,
MOCTYNArOIIeH U3 TEIIoBoil cetu. B pe3ynbrare cMelieHus MECTHbIE CUCTEMbI MOJIy4aloT BOJY C
3aJJaHHOM TeMIepaTypoi. DIeBaTop BBHINOJHSAET Takke (YHKIHIO HAacoca B MECTHOH CUCTeMe
OTOTLICHHUSI.

DneBaTop paboTaeT 3a CYET Pa3HOCTH TUAPABINYECKOIO JABJICHHS B MOJAIONIEH U 0OpaTHON
TpyOax mepes 31eBaTOPOM.

Ecnu nHanop HeocTaroueH, NPUMEHSIOT MOIMEIINBaHUE ¢ TOMOIIBIO HAcocCd.

Tennoobmennuxu (OOWIEpHI, BOJOHATPEBATENN) YCTAHABIUBAIOTCS HA TEIUIOBBIX IMyHKTaX
JUIs HarpeBa BOJABI JJIsi OTOIUIGHHUS U TOpPsYero BoAOoCHAOeHUus, [IpUMEHSIOT MapoBOJASHBIE H
BOJIOBO/ISTHBIE TETNIOOOMEHHHUKHU. Bo-MepBbIX, TEIIIOHOCUTENEM SBISIETCS Map, BO-BTOPHIX - BOJIA.

Taxxke paznu4arOT eMKOCHmHbIE U CKOPOCHHbIE MENTI00OMEHHUKU.

I'pazesux - yYCTPOMCTBO [UIsl OCaXACHHUS 3arpsA3HEHUH, KOTOphle HeceT ¢ co0oit
TeruioHocuTeb. OHU COCTOSIT W3 3eMJIM U TECKa, MOMAaBIIMX B TPYOONpPOBOJA MPU PEMOHTHBIX
paboTax, OKaJIMHBI U OTJIOKEHHUH. ['psA3eBUKHN yCTaHABIMBAIOT B TEIJIOBBIX MYHKTAX Ha MOJAIOIINX
TpyOax, a Takxke mepen BogoMmepamu . ['ps3eBUK UMeeT HEOOJBIIOe THIPABINYECKOE COMPOTUB-
nenue. /J{luameTp Kopmyca B Tpu pa3a OoJbliie JuaMeTpa BXOAHOTO naTpyoka, CKOpPOCTh BOJBI PEe3KO
Majaer, YTo CIOCOOCTBYET OCAXKJEHUIO YacThIll. B rps3eBuKe MMeeTcs Takke CheMHBIA (pUIbTp B
BHJIE OTpe3Ka TPYOBI C POPE3SIMH, 3aTSIHYTHIMU JTATYHHOU CETKOIA.

IloTpebeHue TeN10BOM IHEPT UM
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Buabl Ten10BBIX HArPy30K

B cucremax HEHTpanIM30BaHHOTO TEIJIOCHAOXKEHMsS TEIJIO0 PacxXOayeTcsi Ha OTOIUICHHE B
CUCTeMax OTOIUICHUS 3/IaHWl, HarpeBaHWe MPHUTOYHOTO BO3JAyXa B YCTAaHOBKAX CHCTEM
BEHTWJISIUY, Ha Topsiuee BomocHabxeHue B cucrtemax ' BC, a Takke TEXHOJIOTHUECKUE TIPOIECCHI
MIPOMBIIIJICHHBIX MPEAPUATHH.

B cucremax oTOTUICHHS M BEHTHIISIIUU TEIUIO PACXOIyeTcs He HEMPEPHIBHO B TEUCHHE T'0JIa,
a TOJILKO MPHU CPABHUTEIHLHO HU3KUX TEMIIEpaTypax HaApYKHOTO BO3/IyXa B OTONMUTEIILHBIN TICPHO/I.
Takux moTpeOuTeNel TEIIOBOW YHEPTUH MPUHATO HA3BIBATH CE30HHBIMU, a UX TEIUIOBBIE HATPY3KH
- CE30HHBIMU
TETJIOBBIMU HArPy3KaMH.

TerutoBast SHEPrUs B CUCTEMAaX TOPSYETO BOJOCHAOKEHHS U B TEXHOJIOTHYECKUX MPOTIECCax
MTPOMBIIIIJICHHBIX TMPEANPHUATHH PacX0JyeTCss HENMPEepPhIBHO B TCUEHHE ToJia M Majo 3aBHCHUT OT
TeMIepaTypbl HAPY)KHOTO BO3TyXa.

TerutoBbic HATPY3KU HA TOpsYee BOJOCHAOKEHUE M TEXHOJIOTHUSCKUE HYXKIBI CUUTAIOTCS
KPYIJIOTOJIOBBIMH TEIUIOBBIMH HarPy3KaMH.

[Tpu MpOEeKTHPOBAHUH CHCTEM TEIUIOCHA0KCHHS PACUCTHBIE JJAHHBIC O CE30HHBIX TETIOBBIX
Harpy3kax cjeayeT TpPHHHMATh W3 TPOCKTOB OTOIUICHUS W BEHTWIAIMH 31aHuil. [lpwm
MEPCIEKTUBHOM CTPOUTEIBCTBE PACUYCTHBIC PACXOJIbl TEIJa PEKOMEHAYETCs NPUHUMATh W3
TUTIOBBIX MPOEKTOB C COOTBETCTBYIOUICH KOPPEKTHPOBKOW MO KIMMATHYECKUM YCIOBHUSM paioHa
CTPOUTEIHCTBA.

[Ipy OTCYTCTBMM TPOEKTHBIX TaHHBIX OTOINUTEIbHBIC TEIUIOBBIC HArpy3Kd 3HaHUH
OTIPENIENISIOTCS OJTHAM U3 CIICAYIONINX METOJIOB!

1) pacyeToM TEIUIOMOTEPh Yepe3 DIEMEHTHI OTPaXIAFOUIMX KOHCTPYKIMH M JT00aBICHUS
MOTEPh Ha HarpeB HHPHIHTPAIIHOHHOTO BO3/IyXa ;

2) pacyeToM TEIUIOBBIX HArPY30K M0 YKPYITHEHHBIM MTOKa3aTeIsIM;

3) onpezeneHHeM TEIIOOOMEHA YCTAHOBICHHOTO B 3[IaHHH OTONUTEILHO BEHTHIISIIIMOHHOTO
000pyIOBaHUS .

Pacuer Teronoreps yepe3 orpaxaaronine KOHCTPYKIIMH BBITIOTHSIECTCS TIPU
HeoOXoauMocTH 00Jiee TOYHOTO OTPE/ICICHUsT TEIUIOBBIX IOTEPh, HANpUMEp, NpPU pacueTax,
TPeOYIOLINX COCTABJICHUS TEIUIOBOTO OallaHCa 3/IaHMsI U OTACIBHBIX €ro MOMEIICHHH.

[Ipu OTCYTCTBUM NMPOEKTHBIX JAAHHBIX OTOMHUTEIBHBIC TEIUIOBBIC HAIPY3KH,KaK MPaBHUIIO,
OTIPENIENISIOTCS TI0 YKPYITHEHHBIM TTOKA3aTeIIsIM.

KoHeuHO# 11eTbI0 pacyeToB SIBIISICTCS ONPEJCIICHUE TEIUIOBBIX HArpy30K (MakCHMaJbHBIX,
CPEIHUX JIJISl OTOMUTEIBHOTO MEPHUOJIa U T.J.) OOBEKTOB CHCTEMbI TEIUIOCHA0KEHHS Ha OTOILICHHE,
BEHTHIIAIUIO M TOPsiuee BOJOCHAOKECHHE, pacueT U IOCTPOCHHE TPaQHKOB TEIIOBBIX HArPY30K.

Ce30HHbBIE TENJI0BbIE HATPY3KH

Benuunna u xapaktep HM3MEHEHHUS CE30HHOW HArpy3Kd 3aBHUCAT TJIaBHBIM 00pa3oM OT
KITMMATHYEeCKUX YCIIOBUN: TeMIIepaTypbl HApY)KHOTO BO3/lyXa, HAMpPaBJICHUS M CKOPOCTH BETpA,
COJIHEYHOTO W3Ny4YEeHHsI, BIAKHOCTA BO3ayxa U JAp. OCHOBHOE BIMSIHHE Ha BETUYMHY TEIJIOBON
Harpy3kd OKa3blBaeT HapyxkHas Temmeparypa. Ce30HHas Harpyska HMEET CpaBHHUTEIHHO
MTOCTOSIHHBIN CyTOUHBIN rpaduK U IEpEeMEHHBIN roJJ0BOM rpaduK Harpy3KU.

Pacyer TemoBBIX HAarpy3ok Ha OTOIUIEHHE, BEHTHJIALUIO W Topsyee BOJOCHAOKEHUE
TEIUIONoTpeduTenel, mnpucoenuHeHHbIX K wuctouHukaMm (TOLl, koTenbHas), MpEANIECTBYET
TEIUIOBOMY pacueTy HCTOYHHKOB CHCTEM TEIJIOCHAOKEHUS U TUAPABINIECKOMY pacCUeTy TeTUIOBBIX
cereif. TouHOCTH pacueTa TEIJIOBBIX HArpy30K OYIEeT OMpeaessaTh JOCTOBEPHOCTH PE3yIbTaTOB
pacuera CHCTeMBbI TeTNIOCHA0KEHHS B LIETIOM.

TenoBasi HArpPy3Ka HA OTOIJIEHHE
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Jlnisi BBIIOJTHEHUST OCHOBHOW (DYHKIIMM CHCTEMBI OTOIUICHHSI HEOOXOIMMO 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/1),

re Qoc — CyMMapHBIE TETUIOBBIE TIOTEPH 3/1aHHS;

QT — TemonoTepu TeruIonepeaayeii uepes Hapy>KHbIE OTpakJICHHUS,;

Qu — TerutonioTepy MHPHUIBTPAIMEH U3-3a TOCTYIUICHHUS B TOMENICHHE Yepe3 HeTUIOTHOCTH
HapyKHBIX OTrPaKICHUN XOJIOAHOTO BO3/1yXa;

Qo — MOIBOI TETUIA B 3/1aHUE Yepe3 OTOMUTEILHYIO CHCTEMY;

Q:: — BHYTPEHHHUE TETIIOBBIICIICHUS.

CyMMapHbI€ TEIUIOBBIE OTEPH 3JaHUS MOKHO MPEJICTABUTh B BUIE

Qoc = Qr (u+1), MBt (I'kan/4), (2.2)

rae i = % Kod(purmeHT HHPUIBTPAITUY;

Kosdbduuument muHbuabTpanmu [ 3aBUCUT OT THUIA 3JaHUM, F€PMETUYHOCTH HAPYKHBIX
OTpakJIeHUI, CBOOOJHOIN BBICOTHI 37aHMS (HE pa3feNieHHON MEXIy 3Ta)kaMH HEepEeKpPhITHIMMU),
BHYTpPEHHEH 1 Hapy»KHOII TeMIiepaTypbl BO3yXa U CKOPOCTH BETpa

5.JIureparypa:

OCHOBHas

S.JIutepartypa:

OCHOBHas

1. BepmanmeBa A.A., Jlayner6aeBa J[.A. DHEpropecypchl, UCTOYHUKH U METO/IbI ITOITyY eHHSI. -

VYyebnoe nocobdue.-IlIpmvmkent 2022. -244 c.

2. Beictpunkuii I'.®. 595 O61ias sxepreruka (IIporn3BoACTBO TEIIOBOM U 3JCKTPUIESCKON SHEPIHH)

: yaeOnuk / I'.®. Beictpurikwuii, I'.I'. I'acanrampkues, B.C. KoxxuuenkoB. — 2-¢ u3i., crep. — M. : KHOPVYC,
2016. — 408 c. — (bakamaBpuar).

3. Baodwumn, JI. b. B23 KoresbHble YCTAHOBKH M ITApOreHeparosl: yueonoe nocoodue / JI.b. Bapum.-
Hwmxnaexamck: Hmkaexkamckuit xumuko-TexHonorndecknit ”HCTHTYT (dumman) GPI'BOY BIIO «KHUTY »,
2013.-176 c.

4. MapornazoB b. A., ®apadontoB M. @., KnementseB B. B. /IBurarenn BHyTpeHHETO CTOpaHUS:
TEOpusi, MOAEIHPOBAHME M PACUYET MpOLEcCOB: YueOHMK mo Kypcy «Teopus paboumx mnporLeccoB
MOJIETIMPOBAHNE IPOLIECCOB B JBHUTATENsAX BHYTpeHHEro cropanus». — Yenabunck: Uzn. HOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO 3HeprocOepexxeHun W noBbllieHHH 3HeproddpdextuBHoctd PK or 13 sHBaps
2012 roma Ne 541-1V. JlelicTByromuii ¢ U3BMEHEHUAMHU U JononHeHussMu. [Iposepeno 15.01.2022

6. BcomorarensHoe obopynoBanne TOC. KoHCIEKT JeKuuid Jisi CTYACHTOB CIEIHabHOCTH
5B071700 — Temmosuepreruka. Anmatst 2017. ¢.104

7. JlononHMTENbHAS TUTEPATYPa

8. JlenyxoBckuii I'.B., IlocmenoB A.A. Pacyer m HOpMHpOBaHHME TIOKa3aTeled TEIIOBOH
9KOHOMUYHOCTH oOopyamoBanust TOC: Yueb. mocodbue / ®PI'BOVYBIIO «/BaHoBCcKui rocynapcTBEHHBIH
sHepreruyeckuil yuusepcuteT uM. B.U. Jlenuna». — Banoso, 2015. — 468 c.

9. Haruerarenu u temiossie aeurarenu / B. M. Uepkacckuii, 1. B. Kanunun, 10. B. Ky3nenos, B.
N. Cy66otun. M. : DHeproaromusaar, 1997
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10. Konmenuust pa3BUTHsI TOIUIMBHO-3HEPreTHUECKOro Komiuiekca Pecrybnmuku Kaszaxcran mo
2030 rona. [Tocranoenenue [IpaButenscrBa Pecyonuku Kazaxcran ot 28 uronst 2014 roga Ne 724
11. Mumunenko H.B., CuBakoB M.A. DueprocOepexeHHe W TOBBIIIEHHE JHEPrEeTHYECKON

3(()EeKTUBHOCTH HH)XEHEPHBIX CUCTEM U ceTel. YueoHoe nocodue. — CI16: HUY UTMO, 2013. — 274 c.

DJIeKTPOHHBIE PecypehI:

http://mww.studmedlib.ru,

JIOI'MH ibragim123, TTAPOJIb Libukmal23

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

PecnybiMkaHCKas MEXBY30BCKas JIEKTpOHHast 6uOroreka, Aknurpress www.aknurpress.kz.

6.KoHTpoJb (BONIPOCHI, 3a1a4H, pellIeHHE)

1. OnumnTe KIaccupUKaUIO0 CUCTEM TEIUIOCHAOKEHHS U HA30BUTE

OCHOBHBI€ MTapaMeTphl TEIIIOHOCUTEEH.

2. HazoBHTE OCHOBHBIC UCTOYHUKH TETIJIOTHI B TEIIOCHAOKECHHH.

3. Kak onenmnBaercs sHepreTrdeckas 3pQeKTHBHOCTh TEIIO(GUKAIN?

4. HazoBuTe pa3andne MeXy paiOHHON U MPOMBIIIJICHHOW OTOMUTEIBHON

KOTEIbHOU.

5. s gero ucnons3ytoT L[TI] u kakue TernaooOMeHHbIE anmapaThl B HUX

MIPUMEHSIIOT?

6 IlepeuncanTh cUCTEMBI LIEHTPATU30BAHHOTO TEIUIOCHAOKEHUS B 3aBUCUMOCTH OT CTETICHU
LEHTpaIN3aLuH.

7. OnucaTh cucTeMy HEHTPaTU30BaHHOTO TEIJIOCHAOKEHHUS

8. [lepeuncnuth MpeuMyIleCTBa UCTIOIb30BAHUS Mapa.

9. Ha3Barp mapaMeTpsl TEIUIOHOCHUTEICH.

10. xak onpeaeauTh MOUIHOCTh TEIIOBOM OTJauu mapa.

11. Kak obecrnieunBaetcst paboTa TEeIIOBOro MyHKTA.

Jlekuus 12

1 Tema 12. TTopirHeBbie ABUTATETN BHYTPEHHETO CTOPaHUs

2. Heanb: 3HaTh paboune MPOLECCHl B JABHUraTENIIX BHYTPEHHErO CrOpaHHs, CXeMy H
NPUHIMUI JSHCTBUS TMOPIIHEBBIX JBUTATENeil BHYTPEHHErO CropaHus; MPUHIUN PabOThI
KapOIOpaTOPHBIX U AU3ENbHBIX ABUTaTeneil; criocoOsl noBeimenus KI1/ 8 JIBC.

3. Te3ucsl Jexkuuu:

Paboune nporeccsl B ABUraTesIX BHYTPEHHETO CTOPaHMUS.

Knaccugukamnus /IBC.

Oo6mee yctpoiictro /IBC.

OcHoBHble noHATHA U onpenenenus. Tomnusa /IBC.

CoznmateneM TmepBod TEIUIOBOM (mapoBoi) MamuHbl (1766 T.) SBASETCS POCCHIMCKHIA
nzobperarens W. U. Ilonsynos. Ero mammuna Obiia co3gana Ha 12 neT paHblie MapoBOM MallluHBI
VYarra. Mamuny Ilos3yHOBa MOXHO CUMTaTh IEPBBIM TEIUIOBBIM JBUIATENIEM YHHUBEPCAIBHOIO
Ha3HadyeHMUsA. MammHa yXe colepkajla MEXaHHU3M I1apO-BOJOPACIPENEICHUs, KOTOPbIA, MOKHO
CKa3aTh, CTal MpooOpa3oM MexaHHM3Ma TraszopacnpenaeneHus coBpemeHHblx JIBC. IlepBsiit
nopiHeBoit neuratens B 1807 r. nzo6pen mBeiinapen @pancya Mcaak ne Pusas.
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Kak MCTOYHMK MEXaHMYECKOW SHEPIruM IOPIIHEBOM JBUrarejlb BHYTPEHHErO CTrOPaHMs
MIOJIyYMJI FOCHOJICTBYIOIIEE MPUMEHEHUE B DHEPIeTUKE U Ha TPaHCIOpPTE. DTO OOBSACHSAETCS TEM
0OCTOSITEILCTBOM, YTO IO COCTOSIHMIO Ha CETOJHS Ha HAlled IulaHeTe HeT 0ojiee SKOHOMHYHOU
TerioBoi MamuHbl. M Ha3BanHOe mnpeumyiectBo mnopiHeBoro JBC coxpaHuTcs 3a HUM, IO
OIICHKaM Y4€HbIX, Ha OIMKallyto epcinekTUBY, KoTopas olieHuBaercs npumepHo B 30...40 ner.

PaGounii nukn qBUrareneil BHyTpeHHEro cropaius (OCHOBHbBIE MTOHSTHS).

B nBurartensx BHYTPEHHErOo CropaHus NMpeoOpa3oBaHHE XMMHUYECKOH PHEpruM TOIUIMBA B
MEXaHUYECKYI0 pabOTy MPOUCXOAUT B PE3yNbTaTe MEPUOJUUECKOrO OCYIIECTBICHHS B LIMJIUHAPAX
psnga mporeccoB. 3aKOHYEHHAs COBOKYIHOCTh MPOLECCOB, MEPUOJUYECKH MOBTOPSIOUINXCS B
nunuaape JIBC u Heobxoaumast 1jist ero padoThl, Ha3bIBAETCS PAOOYUM ITUKIIOM JIBUTATEIIS.

OcHOBHBIE THIIBI IBUTATENIEN BHYTPEHHETO CrOpaHus

[lo xapakTepHBIM NpHU3HAKAM OCYILECTBICHHUS pabodyero HuKIa IBUTATEIN NENATCS Ha
HECKOJIbKO TumoB. Huke, Ha cxeMe, MpUBOAUTCS Takas KiacCU(UKAIUS JBUraTesneld BHYTPEHHETo
cropanus (puc. 12. 1).

[ [

Huskoro caxarns
C NPHHY/AHTEIIBHBIM 3KHTAHHEM

C BHeIHIM CMeceodpasoBaRHeM ’c BHYTPEHHIM CMECCOOpaloBaIent

I [ [ [

C BuphicKnBanmen
B LHANHAD

l!\'up\'m\])umplmch 1.unm,.c‘ Kanopmsatopusic |

DopramephBic (¢ NOCTORIBIN
cmeceopasoBanien)

C BrphicKIBaRKeM B0
BRyCKHOI TPYGONpoBoA

Pucynok 12.1 - Obmias cxema KiracCu(pUKaluy IBUTATEIICH

B cBoto ouepenp, ¢ yueTroM 0cOOEHHOCTEH Kamep CropaHusi, MpoleccoB BOCINIAMEHEHUS U
cMeceo0pa30BaHMsl JBUTATEIN BBICOKOTO CXKATUS TaKKE€ MOTYT OBITh MOJpa3/ieieHbl Ha HECKOJIBKO
KJIACCOB. JTO TIOSICHSIETCA CXEeMOW, mpeacrtaBieHHOM Ha puc. 12. 2. IlpeumyniecTBeHHOE
pacnpocTtpanenue noiayuyunun asa tuna JBC: aBurarenu ¢ BHYTpEHHUM cMeceoOpa3oBaHHEM
(mM3enu) W JABUraTeld C BOCIUIAMEHEHHEM TOpIOYed CMecH OT TMOCTOPOHHEr0 HCTOYHHKA
3akuranusi (OeH3MHOBBIE KapOIOpaTOpHbIe, a TaKXKe JBUraTed C BIPHICKUBAHHWEM TOIUIMBA BO
BITYCKHO TpyOOTIPOBOJI U, peXe, — B LIUIUHP).

nmest (« Jaypep
M3, AM3

Pucynox 12.2 - Cxema kinaccuuKamy JBUraTesieil BBICOKOTO CHKaTHs

[onosxenust mopirHs ABUTaTens B XapakrepHbix Toukax (BMT, HMT) npu ocymiectieHun
pa0ouero IUK/Ia JalOT OCHOBAHUS BBECTH MOHATHUSA O XapaKTEPHbIX 00bEMax IMIMHApA (a TaKke
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pabodero Tena): Va — moaHbINH 006EM muuHIpa (padbodero tena); Vi — padounii 006EM; Ve— 00BEM
KaMmepsl cropanus. OTHoIIeHHE 00BEMOB

c c C
HA3bIBACTCSl CTEMEHBIO CXKATHA. DTO — BAXKHBIM MMOKa3zaTellb (IapaMeTp) IUKIa W JBUTATENS B
LIEJIOM.

TormmBo. B xauecTBe TOIUIMBA HCHOIB3YIOTCS JIMIIH T€ TOPIOYHE BEIIECTBA, KOTOPBIE JIETKO
MEPEMEILNBAIOTCS C BO3yXOM, a B IIPOIIECCE CrOpaHus He 00pa3zyroT TBEPJOTO 30JbHOTO OCTaTKa

B kauecTBe ra3oBBIX TOIUTMB TPHUMEHSIOTCS TPUPOAHBIE W TPOMBINLIICHHBIE Ta3bl. [lof
MPOMBIIUICHHBIMI TIOHUMAIOTCS Ta3bl, TIOJIydaeMble TpU JOOBYe H TepepaboTke HEePTH,
KaHAJIM3alMOHHBIE Ta3bl, a TAKXKE Ta3bl, MOTydaeMble MTyTEM CIECIHUATBHON TepepadOTKU TBEPIBIX
TOIUTMB (ra3uuKaus TOIJINB).

XKunkoe TOMIMBO, NMPHUMEHSEMOE B JIBHTATENSIX, SBISIETCS, KaK IPABWIIO, IPOIYKTOM
nepepabotkn HepTu. TakuMM NPOAYKTaMHU OOBIYHO SIBJSIFOTCS: OEH3WH, JIMTPOMH, KEpPOCHH,
IM3eIbHOE TOIIJIUBO, COJIIPOBOE MAcIo.

OCHOBHBIMH KOMIIOHEHTaMHU JIr000ro TotumBa sBisitotcss yriepoa (C), Bomopoxn (H),
kuciopon (O). Uuorma comepxkarcs cepa (S) m azor (N). CoxmepxaHue cepbl U a30Ta OOBIYHO
HeBeJIMKO. Tak 4TO HaJW4YMeM B TOIUIMBE 3THUX BEIIECTB MPHU BBINOJHEHHH TEIUIOBBIX PacdyEToB
JIBC o0pryHO mnpeneOperaroT. CriemyeT WMETh B BHUAY, YTO COJIEPKAHHE JBYX TOCICIHUX
KOMITOHEHTOB OTPaHUYMBAETCS WM JaKe 3allpeliaeTcsl CTaHJapTaMu Ha TOIUIHBO.

B Teopum nBurareneil 3ieMEHTApHBIM COCTAaB TOIUIMBA — 3JEMEHTApPHBIM XHUMUYECKUH
coctaB (3XC) — MpUHATO 0TOOPAXKATh 3AMKUCHIO

C+H+0=],

B koropoit C, H, O — gnoneBoe conepxaHHE COOTBETCTBYIOIIMX KOMIIOHEHTOB (yriiepoja,
BOJIOPO/Ia, KUCJIOPO/a) B €ANHULIE MACChl TOIUIMBA.

BaxnelmuMm nokaszareneM J1000ro  TOIUIMBA  SIBJISIETCSL  €ro  TEIUIOTa  CTOpaHMs
(terutoTBOopHOCTH). Ilog TemyoToil cropanus (TEMJIOTBOPHOCTBIO) MOHHUMAETCS TO KOJUYECTBO
TEIUIOTHI, KOTOPOE BBIAEISAETCA IpPHU IOJHOM CrOpaHMM E€AMHHUIBI €ro KOJIMYECTBa, Halpumep,
OJTHOTO KT

Paboumii nukn gBuraress ¢ BHYTPEHHUM cMeceoOpa3oBaHueM OCHOBHBIMH IpU3HAKaMHU
palouero 1MKJIa ABUTaTeNsl ¢ BHYTPEHHUM CMECeoOpa30BaHUEM SIBIISIOTCS:

1. Beicokas creneHs c:kaTus BO3AYIIHOTO 3apsiaa (€ = 14...18);

2. BropbIckuBaHME TSKENOrO TOIUIMBA BHYTPh LWJIMHIpA JABUTaTesl B KOHIE IMpoliecca
CHKaTHS,

3. CamoBocCIUIaMEHEHHE TOIJIMBA 3a CUET BBICOKOH TeMIlepaTypbl BO3IYIIHOTO 3apsna,
CKaToro B LWIMHApE (B TMOCHEAHEe BpeMs MNOSBUINCh JU3€IUM € T[PUHYIUTEIbHBIM
BOCIJITAaMEHEHUEM TOILIUBA JIEKTPHUUECKOM UCKPOHT);

4. HenonHOTa cropaHus TOIJIMBA, XapaKTepHU3YIOLIasics, II1aBHBIM 00pa3oM, COAEp)KaHUEM B
0TpabOTaBIIMX razax Cakl U 0YeHb HEOOJBIIOTO KOJIMUYECTBA OKCHIA YTIIepoa.

Paboune npoiiecchl B IBUTATENAX BHYTPEHHETO CTOPaHUSL.

KmtoueBbim snementom JIBC siBisieTcss OAMH WM HECKOJIBKO METAJUIMYECKUX IMIUHAPOB,
BHYTPHU KOTOPBIX IPOMCXOJUT CXKUraHue Torumaa [ 14].
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Pucynox 12.3 — BHyTpeHHEe yCTpOMCTBO IBUTATEISI BHYTPEHHETO CTOPAaHHS

Bayrpn nmmimmHIpa pacnosioKeH HOpLIEHb, JUaMETpP KOTOPOrO 4YyThb MEHBIIE JHaMeTpa
LWINHPA, YTO MO3BOJIAET EMY CBOOOJHO IEPEMEIIATHCS.

Inesmentei nopumeit
e ROPLINA C KEPAMMIECKIM NOKPITHEN

Kanaska Bepoiero KONAPECOHONHOT KOMRLA €
Yrpowsmowe TepHOBCTaBNO

Pucynox 12.4 — Yerpoiictso mopurast [IBC

[lopmenr mpencraBiser coOOM  TMOJBIA  METAUIMUECKHH  IUJIUHADP, OMOSCAHHBIN
NPYXKHUHSAIMIMMHA  KOJIbLIAMH, BJIOKEHHHIMH B KAaHAaBKM Ha TMOpIIHE (TIOPLIHEBBIE) KOJbIIA.
HaznaueHune nopiiHeBbIX KOJel] — He MPOMYCKaTh rasbl, 00pa3ylouiiecs pyu cropaHiy TOIUIMBA, B
MIPOMEXYTKA MEXAy MOPIIHEM M CTeHKaMu IIuHApa. K mopuiHio mpuKperieH MeTaln4ecKHui
cTepkeHb (“maner”), KOTOpbId COeNUHSIET TMOPIICHb C maryHoMm. IlaTyH CIyXWT mjis mepeaadu
BEPTUKAIBHOIO YCHJIMS OT MOPIIHS K KOJIEHYaToMy Bajy. B BepxHel 4acTu LHMIUMHApPA UMEIOTCS
JIBa KaHajla, 3aKpbIThie KianaHamu. Yepe3 oJuH KaHal — BIIYCKHOHM IOJaeTcsi roprovas CMech
(TOTUIMBO C BO3AYXOM), a Yepe3 IPYroi - BBIITYCKHOM - BEIOPACHIBAIOTCS IPOIYKTHI CTOPAHHUSL.

B BepxHeil wactu ummiMHApa pa3MeleHa cBeda 3axkuraHus. C MOMOUIBIO 3TOM JeTaiu
MPOU3BOJUTCS  MOJKUT TOpIOYe CMEecH OT HCKpbl, BO3HUKAWOIIEH MEXIy OJU3KO
PacMoJIOKEHHBIMU AJIEKTPOIaMU CBEYH.

[Ipunnun neiictBus kapOropatopa

o
6 kpusoumINas xawepa; 7

Pucynox 12. S Pabota kapOroparopa JIBC

Ecnu B muuinHApe OTKPBIT TOJIBKO BITYCKHOW KJIallaH U MOPIIEHb JBUXKETCS K KOJEHYaTOMY
BaJly, TO CKBO3b OTBEPCTHE B pa3psuKEHHOE MPOCTPAHCTBO aTMOC(EpPHOE TaBJIEHUE PE3KO IMOJAeT
Bo31yX. IloTOK Bo3ayxa ¢ OOJBLION CKOPOCTHIO MPOXOAUT MUMO HH)KEKTOopa (KapOropaTopHOH
TpyOKH) U 3acaceiBaeT OcH3UH. TakuM 00pa3zoM moiydyaercsi roprodas cMech (OCH3MHOBBIE HTapbl U
BO31yX). Mckpa OoT cBeuM MOMKUTAET CMECh, MOJY4aeTCsl MUKPOB3PBIB, B pe3ylbTaTe KOTOPOTO
packajieHHbIE MPOJIYKThl CropaHus (ra3pl) paclIMpssich JaBsT HA MOPILIEHb, M 3THM CO3/aeTCs
noJiezHasi pabota. BHyTpeHHss sHeprus ra30Boii cMecu mpeoOpa3yeTcs B MEXaHHMUECKYI0 SHEPIHIO
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nopmHs. [lopiiens 4epe3 miatyH mepefaeT yCWIME Ha KOJICHUAThIM Bajl, KOTOPBIA CO3/aeT
BpalaTeIbHbI MOMEHT, TIepe/IaBasi €ro Ha KoJjieca (MJIM Ha BUHT, TIPOTIEIJIEP U T.1.).

YersbipexTakTHblil JIBC

OnHOIMIMHAPOBBIE JIBUTATEIM CTaBATCA TJaBHBIM o0Opa3oM Ha MoTouukiax. Ha
ABTOMOOWISX TPAKTOPAX | T.II. CTaBATCS 4, 6, 8 U 0oJiee UIMHIPOB.

PabGounii nukin MWIMHIpPAa COCTOMT W3 YETHIPEX TAKTOB: BCACBHIBAHMS CMECH, CXKATHS,
cropanuss M BbIxyiona. [losydaercsi, 4TO TOJIBKO OJUH TaKT SBISAETCS TOJE3HBIM (pabodmm).
[TosTomMy ObLT pazpaboTaH ABUTATENb, COCTOSIIUN W3 YETHIPEX IMIMHAPOB, KOTOPHIE PabOTarOT
MOOYEpPETHO M, TaKUM 00pa3oM, MpU KaXKJAOM TakTe MO KpaiHeW Mepe OJUH W3 IHJIMHIPOB
paboTaet: BpaiaeT KoJeH4YaThIi Ball.

Tunel nBUratene BHyTPEHHEr0 CropaHus

Ju3ejbHbIe IBUTATEIH PA0OTAIOT MPU CTETICHIX CKATHs TOproueit cmecu B 3-4 pasa
OOJIBIINX, YeM OCH3MHOBBIC. DTO TIO3BOJIMIIO TIOBBICUTH K.I1.JI. JBUTATEIIS U JJAJI0 BO3MOXKHOCTh
OTKa3aThCsl OT CUCTEMBI 3aKuTranus. CMech CaMOBOCIUIAMEHSTCS TIPH BHICOKOM JIaBJICHUH, KOTa
BO3/yX OT CKaTHs pasorpesaercs 10 500-600C°. Kpome 3toro, Takme qurateny paboTaroT Ha
JIENIEBBIX COPTAX TOIUIMBA, KOTOPOE TaK M HA3bIBAIOT “‘AU3TOILIIUBO .

I'azoBble ABUTraTEe M pabOTAOT OT CMECH CKIDKCHHBIX MPUPO/IHBIX Ta30B, XPAHSIIUXCS B
0aJuIoHax MoJ 1aBJICHHUEM HACBIIIEHHBIX MapoB.

Haznauenue u npuHIun paboTel KapOIOPATOPHOTO U JU3EITHHOTO ABUTATEIICH.

PaGounii mukn aBuratens — 3TO KOMIUIEKC MOCIEAOBAaTENbHBIX IMPOIECCOB BHYTPHU
UWINHPA, B pE3yJabTaTe KOTOPBIX SHEPTHUs TOIJIMBA MPeoOpazyeTcsi B MEXaHUUECKYIO padoTy.

TaxT - 310 yacTh paboyero HKKIA, IPOUCXOAAIIAS 32 BPEMsl IBUYKEHHS MOPILHS OT OJHOMN
MEpPTBOM TOYKH JI0 APYTOM, T.€. 38 OJMH X0 MOPILIHS.

JIBurarenu, B KOTOPBIX pabOUMii IIMKJI COBEpIIAeTCs 3a JBa 000pOoTa KOJIEHYATOrO Bajla WU
3a 4eThIpe XOJa MOPIIHS, HA3bIBAIOTCS YEThIPEXTAKTHBIMU. J[BUraTenu, B KOTOPBIX pabOuyuil UK
coBeplIaeTcs 3a OJWH O0OpPOT KOJIGHYATOro Bajla WJIM 3a JIBa XOJa IOPUIHS, HA3bIBAIOTCS
JIBYXTAKTHBIMH.

PaGouniti mmkn  kapOHOpPATOPHOTO  YETHIPEXTAKTHOTO  JIBUTATENsl  COCTOUT W3
MIOCJIEIOBATEIHHO MPOUCXOISIINX TAKTOB BITYCKa, CXKaTHUsl, PACIIMPEHUS U BBIITyCKa.

PaGounii 1MKI YeTBIPEXTAKTHOTO KapOroparopHoro apuratens (puc. 1) cocTouT wu3
CIIEYIOIIUX TaKTOB:

- BILYCK TOpIOY€eil cMecH;

- cxaTHue paboyeil cmecu;

- paboumii XO/;

- BBIITYCK OTPaOOTAaBIIIKX Ia30B;

l'oproueil cMecbl0 Ha3bIBAETCS CMECh MEJKO PACIbUICHHOTO O€H3MHAa C BO3AYXOM B
ompeeneHHoi nponopiuu. [IpuroToBneHnemM cMecu B ABUraresie 3aHUMaeTCsl KapOropaTop, O 4eM
MBI C BAMH TIOTOBOPUM YYTh MO3Ke. A TOKa ClIeyeT 3HaTh, YTO COOTHOIIEHUE OCH3WHA K BO3IYXY
1:15 cuuTaeTcst ONTUMANIBHBIM JIJIs1 00ecTieueHUs HOPMAIbHOTO TPOIecca TOPEHHSI.
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Pucynok 12.6 - Pabouwii ITUKIT 4E€THIPEXTAKTHOTO KapOIOPATOPHOTO JIBUTATEIIS:
a) BIYCK; 0) cxaTue; B) pabounii X0[; I') BBIITYCK

Ilpu maxme enycka (puc 12.6,a) MOpIIEHh OT BEpPXHEH MEPTBOM TOUKH TEPEMEMIACTCS K
HIKHE MepTBOM Touke. OOBEM Haj MopIIHEM yBennuuBaercsa. L{unmunpap 3amonHsieTcs roproueit
CMEChIO Yepe3 OTKPBITHIN BITYCKHOU KiamaH. VMHBIMH cloBamMH, MOPIIEHh BCACBIBAET TOPIOUYIO
CMECh.

Bnyck cMecn mpogoipkaercs 10 TeX mop, MoKa MOPIICHb HE AOWAET A0 HUKHEH MEpTBOM
TOYKH. 32 TIEPBBIA TaKT paOOTHI ABUTATEINSI KPUBOIIUI KOJEHYATOTO BaJia TIOBOPAYMBAETCS HA TOJI-
obopora.

B mnpomecce 3amosiHeHuss UWIMHApA TOplOYas CMECh IEpEeMEIIMBAeTCsl C OCTaTKaMu
0TpabOTaBLIMX Ta30B U MEHSET CBOE HAa3BaHUE, TETIEPh 3Ta CMECh Ha3bIBaeTcs — padoyasl.

Bmopoii makm - cxxarue paboueit cmecu (puc. 12.6,0).

[Ipu TakTe cxKaTHUs MOPIICHb OT HUYKHEH MEPTBOM TOUKH MEPEMENIAETCS K BEpXHEH MEPTBOM
TOUKE.

O6a iamaHa IUIOTHO 3aKPBITBI M MO3TOMY pabouas cMech Cxumaercs. M3 MKoJIbHON
(Gu3MKM BCEM HM3BECTHO, YTO MpPH CXKATUU Ta30B UX TeMIlepaTypa MoOBbImaeTcs. Tak M 37ech.
JlaBleHue B IMUIMHApE HajA TOPIIHEM B KOHIE TaKTa CkaThs gocturaer 9 - 10 kr/cm? a
temmneparypa 300 — 400 °C.

B 3aBojcKO# HHCTPYKIIMK K aBTOMOOWIIIO MOKHO YBHUJIETh OJMH U3 MapaMeTPOB JABUTaTEIs,
MMEIOIINI Ha3BaHKWE — CTEIeHb cxkaTus (Hampumep 8,5). Uto 3o Takoe?

CreneHp c)KaTHs MOKa3bIBAE€T BO CKOJIBKO pa3 MOJHBIA 00beM IMuMHApa Oosblie oObeMa
kamepsl cropanus (Vu/V.). Y kapOropaTopHbIX JBUraTejeil B KOHIE TaKTa CKaTHs, 00beM Haj
nopiHeM ymeHpmaercs B 8 - 10 pas.

B nmporiecce TakTa cykaTHs KOJIEHYAThIN Bajl ABUraTelis OBOPAYMBACTCS HA OUEPETHBIC MOJ-
obopoTa. A B cymMMe, OT Haydaja MepBOro TaKTa W JI0 OKOHYAHHS BTOPOTO, OH MOBEPHETCS yXKe Ha
OJIMH 000POT.

Tpemuii maxm - pabounit xox (puc. 12.6,B).

Bo BpeMst TpeThero TakTa MTPOUCXOAMT TMpeoOpa3oBaHHE BBIACISAEMONW MPU CrOPAHUU
paboyeil cmecHm »HEPruM B MEXaHHUYECKyl paboTy. JlaBmeHHe OT pacHIMpSIONIUXCS Ta30B
nepeAaeTcsl Ha MOPIIeHb W 3aTEM, Yepe3 LIATyH W KPUBOILIUII, Ha KOJIEHYaThll Bas. BoT oTkyna
OepeTcst Ta cuia, KOTOpas 3acTaBlieT BpallaThCS KOJIGHYATHIN Ball JABUraTeNsl U, B KOHEYHOM
UTOTe, BEAYIIHE KOJeca aBTOMOOKIISL.

B camom KoHIIe TakTa cxkaTus, paboyasi cMECh BOCIUIAMEHSETCS OT AJIEKTPUUYECKOU HCKPBI,
MPOCKAKUBAIOIIEH MeEXIy OJJEKTPOJaMU CBeud 3akuranus. B Hadane Takta pabouero xona,
Croparoiias CMeCb HaUMHAET aKTUBHO PACIIUPATHCSA. A Tak KaK BIIYCKHOW M BBIITYCKHOM KJIallaHbI
BCE €IIE€ 3aKphIThl, TO PACIIUPSIOMIMMCS ra3aM OCTAETCS TOJIBKO OJIMH €IUHCTBEHHBIM BBIXOJ -
JABUTH Ha TMOJBIDKHBIN mopiieHs. [lopieHs o aeicTBreM 3TOTO AaBieHwus, nocturatomiero 40




ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTiKk KazakcTaH MeauuuHa akanemusicel» AK AO «KOxHo-KaszaxcTaHCKas MeOUUMHCKAS akaneMus»
Kadenpa MHxKeHEPHBIX JUCITUTLIIH 044/76-11
2022-2023

DHepropecypchl, MICTOYHUKU U METOBI MTOTY4YEHUS

133ctp. u3 174

KI/CM?, HAUMHAET TIepeMeIaThcs K HIDKHEH MepTBoii Touke. IIpy 3TOM Ha BCIO TIIONIAAb TOPIIHS
naBut cuia 2000 kr u 6ojee, KOTopas yepes IaTyH IepelaeTcs Ha KPUBOIIUI KOJICHUYATOTO Baja,
co3maBas Kpytsmuii MomeHT. [Ipu Takre pabouero xoza, remmneparypa B mumHape nocruraer 2000
°C ¥ BBbIIIE.

Konenuartslii Ban npu paboyem Xo/ie NOPIIHS JeJIaeT OYepeIHbIe 0JI-000poTa.

[To3aHee MBI BEpHEMCSI K 9TUM OT'POMHBIM LU(PpaM, TOX0KUM Ha TEMIEPATyphbl B JIOMEHHOU
neyu. A moka cieayeT OTMETUTh A ceOs, 4To mpolecc pabodyero xoja MPOUCXOAUT 3a OYEHb
KOPOTKUU MPOMEKYTOK BPEMEHH, TI0 CPABHEHHIO C KOTOPHIM, YIUBIEHHOE «XJIOTIAaHBE» PECHUIIAMU
BAaIlIUX IJI1a3 MOCJIE€ IPOUYTEHUS 3TOTO CIOKETA, JUTUTCS LETYI0 BEYHOCTb.

Yemeepmuiti maxm - BBIITYCK OTpabOTaBIIUX ra3oB (puc.12.6,r)

IIpn pgBwKEHMM NOpPIIHA OT HWXKHEH MEPTBOM TOYKM K BEpPXHEM MEpPTBOM TOUKE,
OTKPBIBAETCS BBIITYCKHOM KJlanaH (BILyCKHOU BCe €Il 3aKpbIT) U OTpadOTaBIINE T'a3bl C OTPOMHOMN
CKOPOCTBIO BBIOPACKIBAIOTCS M3 IIJIMHPA JBUTATENsl. BOT mMoYeMy CIBIINIEH TOT CUIIBHBIN TPOXOT,
KOI'/Ia TI0 JIOpoTe €AeT aBTOMOOUIIb 0€3 TIYIIUTENsl BBIXJIOMHBIX ra30B, HO 00 3TOM Mo3xke. A Moka
0o0paTiM BHMUMaHWE Ha KOJICHYATBHIM Baj JBUTATENsl - MPU TAaKTE BBIMYCKAa OH JENaeT eme MoJI-
obopora. U Bcero, 3a 4eThIpe TakTa pabovero MuKiIa, OH CeNal ABa MOJHBIX 000poTa.

[locne TakTa BBIMyCKa HAYMHAETCS HOBBIM pabOuMil LIMKI, U BCE MOBTOPSETCS: BIYCK —
c)Katue — paboumii X011 — BHITYCK U TaK Jaliee.

Padouuii U©MKJI 4YeTBIPEXTAKTHOIO [IM3€JbHOr0 JABUrarenass. B orminume ot
KapOIOpaTOPHOTO ABUraTeNsl B UJIMHAP AU3EIIS BO3yX U TOIUIUBO BBOISTCS pa3esibHO.

[lepBrIif TakT — BIyck (puc.2,a), CIYKUT Ui HAlOJHEHUS LWJIMHApPA ABUraTeNs TOJIBKO
BO3JIyXOM.

[Ipu nBWXEHUHM TOPIIHA OT BEpPXHEH MEpPTBOM TOUKM K HIDKHEH MEpPTBOM TOYKE,
MIPOUCXOJUT BCACBIBAHME BO3/lyXa YEPE3 OTKPBITHII BITYCKHOM KJIaIlaH.

Bropoii Takt — cxxarue (puc.12.7,0), HeoOX0aUM IS TIOJATOTOBKH K CaMOBOCILIAMEHEHHUIO
JIU3€EJIbHOTO TOTUIMBA.

[Ipu cBOEM ABMKEHHUM K BEpXHEH MEPTBOM TOUKE, MOPILICHb CKUMAET BO3AYX B 18 - 22 paza
(y xapOropatopubix B 8 - 10 pa3). IlosToMy B KOHIIe TakTa C)KaTus, IaBJICHHE HaJ MOPIIHEM
nocturaet 40 kr/cM?, a TemnepaTypa nogHuMaeTcs Boie 500 Tpaaycos.

Tpernit Takt - pabouuit xoxm (puc. 12.7,B), CAyXHUT sl TpeoOpa3oBaHUS SHEPTUH
CropaeMoro TOIJIMBA B MEXaHUYECKYIO paboTy.

B koHile TakTa cxkatus, B KaMepy cropanus, yepe3 (GOpCcyHKY O] JaBICHHEM IMOAAETCs
JIM3€JIbHOE TOIUIMBO, KOTOPOE CAMOBOCIUIAMEHSETCS 3a CYET BBICOKOW TEMIIEpaTyphbl CKATOTO
BO3]lyXa.

[Ipu cropanuu TU3eIBHOTO TOIIMBA (B3pBIBE), IPOUCXOIUT €r0 PACIIUPEHNUE U YBEIHMUCHUE
naBneHus. [Ipyu 3ToM BO3HHMKAET ycuiine, KOTOPOE MEePEeMEIAeT MOPIICHb K HU)KHEW MEPTBOU TOUKE
U uepe3 MIaTyH MPOBOpayMBaET KOJeHUAThId Bald. Bo Bpems pabouero xona JaBieHHUE B IMIMHIpPE
nocturaet 100 kr/cm?, a Temneparypa npesbimaer 2000 °C.

UeTBepThIil TaKT — BBIMYCK OTPabOTaBIIMX Ta30B (puc. 12.7,r), CAyKUT i1 OCBOOOKICHUS
HWINHAPA OT OTPabOTaBIINX Ta30B.

[lopurenb OT HWKHEH MEPTBOW TOUYKH NOJHUMAETCS K BEPXHEM MEpPTBOW TOYKE M, YeEpe3
OTKPBITBIN BBITYCKHO KJ1amaH, BRITATKABAET OTPAOOTABIINE Ta3bl.
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Pucynox 12.7 - Pabounii MUK YETHIPEXTAaKTHOTO AU3EITHHOTO JIBUTATEIIS:
1 — Bo3ayx; 2 — BIYCKHOW KJamaH OTKPHIT; 3 — ¢opcyHKa; 4 — BBIXJIOMHBIE Ta3bl; 5 —
BBIITYCKHOM KJIallaH OTKPBIT

[Ipn cBoeM moOCHIEIyIOIMIEeM IBW)KCHHH BHU3, TOPIICHb 3aCachIBACT CBEXKYIO IOPIHIO
BO3]lyXa, MPOUCXOUT TaKT BIyCKa U pabOUMii IUKI OBTOPSIETCA.

B nuzenvHOM ABUraTene, Harpy3ky Ha BCE MEXaHU3MBbI U JAETaIl 3HAUUTEIHHO OOJIbIIIE, YeM
B KapOOpaTopHOM OEH3MHOBOM, U 3TO 3aKOHOMEPHO MPHUBOIUT K YBEIWYEHHIO €r0 MAacChl,
pazMepoB U ctouMocTH. OHAKO NU3ENbHBIA JBUraTellb UMEET U HEOCHOpPUMBIE NMPEUMYIIECTBA -
MEHBILINI pacxoj TOIUIMBA, YEM y €ro kapoOropaTopHoro «Opara» (mpubnusurtenbHo Ha 30 %), a
TaK)K€ OTCYTCTBHE CHCTEMbI 3aKUTAHUS, YTO 3HAYUTENIbHO YMEHBIIAET KOJIMYECTBO BO3MOXKHBIX
HEUCIPABHOCTEH MPHU IKCIUTyaTaALIUH.

Padouuii UMK JBYXTAKTHOro KapOwpaTtopHoro asuraresi. HawmbGonee wyacro
MPUMEHSIOT ABYXTAaKTHbIE KapOIOpaTOpHbIE IBUTATEIH C KPUBOIIMITHO-KaMEpHON MpoayBkoil. B
CTeHKE LWIMHJpA JABHUraTeleld 3TOr0 THMA BBINOJIHEHbI TPU OKHA: BIIYCKHOE, IPOAYBOYHOE MU
BbIyckHOe. KapTep (kpuBomIMmHas Kamepa) IBUTATeNs HEMOCPEICTBEHHO € aTrMocdepoilt He
coobmieH. BmyckHoe OKHO coequHEHO ¢ KapOrwopaTopoMm, a HpOAYBOYHOE — dYepe3 KaHal C
KPUBOIIUITHOW KaMepOM JBUTATEI.

PaGounii 1mMKI ABYXTaKTHOTO KapOIOPATOPHOTO JBUTATENS TMPOUCXOIUT CIEAYIOIINM
obpazom. [lopiiens IBMXKETCS OT H.M.T. K B.M.T., IEPEKPhIBasi B HaUajie X0/a MPOJAyBOYHOE OKHO, a
3areM BbIyckHOe. [locie 3Toro B UMIMHIpE HAYMHAETCS CKATHE HaXoJsIlelcs B HeM paboueid
cmecd. B To ke Bpemsl B KPHMBOUIMITHONW KaMepe CO3JaeTcs pa3pekeHue, M Kak TOJbKO HUKHSS
KpOMKa IMOPIUIHS OTKPOET BIYCKHOE OKHO, Yepe3 HEero M3 KapOroparopa B KPUBOILIUIIHYIO KaMepy
OyZIeT 3acachIBaThCS TOPIOYAst CMECh.

[Ipu monoxeHuu mopmiHs, OMMU3KOM K B.M.T., cXkaTas pabodas cCMech BOCIIaMEHSETCS
ANEKTPUYECKOM UCKpoW OT cBeuu. [Ipu cropanumu cMecu naBieHHE Ta30B pe3ko Bo3pacrtaeT. [lox
JIaBJICHUEM Ta30B MOpPIIEHb MepeMeniaerca K H.M.T. Kak TOIbKO OH 3aKpoeT BIYCKHOE OKHO, B
KPUBOIIMITHOM KaMepe HAaUMHAETCs CKaThe paHee MOCTYIMUBIIEH CIoJja TOPIoUeit CMECH.

B koHIle Xoma moOpIIeHb OTKPHIBAET BBIMMYCKHOE, a 3aTeM M MpOoJayBHOE OKHO. Uepes
OTKPBITOE BBITYCKHOE OKHO OTpPa0OTaBIIUE Ta3bl ¢ OONBIION CKOPOCTHIO BBIXOAAT B aTMocdepy.
JlaBieHue ra3oB B HUIUHApE MagaeT. K MOMEHTY OTKPBITHS MPOTyBOYHOTO OKHA JIABJICHHUE CXKATOU
roproYeil CMECH B KPUBOIIMITHON KaMepe CTAHOBHTCS BBIIIE, YeM JIaBJIeHHE OTPabOTaBIINX Ta30B B
nunuaape. [ToaToMy roproyasi cMech U3 KPUBOIIMITHOM KaMephl M0 KaHaly MOCTYMAeT B IMIMH/P
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U, 3aI0JIHSSI €0, BBITAJIKUBAET OCTATKU OTPAa0OTABILMX I'a30B U€pe3 BBIIYCKHOE OKHO Hapyxy. B
JaJIbHENIIIEM BCE MPOLIECCHI IOBTOPSIOTCS B TOM K€ MOCIEI0BATEIBHOCTH.

Pa0oumii nukjI ABYXTAKTHOrO AW3eJs aHAJOTMYeH pabouyeMy LHUKIY JBYXTAaKTHOTO
KapOIOpaTOPHOTO JBUraTeNsl, OTIMYASCH JIMIIb TEM, YTO B LIVIMHAP MOCTYMAET HE TOPIOYasi CMECh,
a YHMCTBIM BO3JyX OT CHELMAJbHOTO HAarHeTaTells M B KOHILE Ipoliecca CXKaTUsl BIPHICKMBAETCS
TOIUIMBO, KOTOpPOE BOCILJIAMEHSIETCSI OT CONPUKOCHOBEHMSI C BO3JyXOM, HMMEIOIIUM BBICOKYIO
TeMIepaTypy.

CpaBHeHMe mnoOKa3aTejlell au3eiell M KapOOPaTOpHbIX ABUrarese. Jluzemnp 10
CPaBHEHMIO C KapOIOpAaTOPHBIM JBUTATENIEM MMEET CIEeAYIOIINE MPEUMYIIECTBA: JUIsl BBIMOTHEHUS
eIMHHULIBI paboThl pacxoayetcs B cpenHeM 25...30 % (mo macce) MeHblIEe TOIIMBA; HCIIOIb3yeMOe
TOIUIMBO JICIIEBJIE U MEHEe OrHEONacHo. XOpollne HSKOHOMHUYECKHE TIOKa3aTeNu Jau3eseu
obOecneuniiu UM IIUPOKOE IPUMEHEHHE.

OpHako BciencTBUE OoJiee BBICOKOTO JAABJIEHUS Ta30B B LMJIMHAPE IU3ENST HEKOTOpbIE
JIeTalid €ro JIOJDKHBI OBbITh MOBBIIMIEHHON MPOYHOCTH, YTO NMPUBOAMUT K YBEJIMYEHHIO Pa3MEpPOB U
Macchl qu3ens. [lyck ero 3aTpyaHeH, 0COOEHHO B 3UMHEE BpeMs.

JIByxTakTHble JBUTAaTead (OCOOEHHO KapOIOpaTOpHbIE) MeEHEe OSKOHOMHMYHBI, YeM
yeTbIpexTakTHble. Hanbosee HeIKOHOMUYHBI IBYXTaKTHBIE KapOOpaTOpHBIE IBUTATENH, B KOTOPBIX
HWJIMHAPHI TPOAYBAIOT FOproYend cMechlo. [14].

TonnuBo [y1st ABUTATENEH BHYTPEHHETO CrOpaHus

Jlia muTaHus IBUraTesield BHYTPEHHETO CTOpaHUsl MPUMEHSIOTCS KUAKHE U ra3000pa3Hble
BUJBI TomMBAa. Haumbousbliee pacnpoCTpaHEHUE TMOMYYUIIO JKUIKOE TOIUIMBO - OeH3MH s
KapOIOpaTOPHBIX JBUTATEICH W AW3eJbHOE TOIJIMBO I Ju3enei. ['a3000pa3Hbie TOIMUIMBA,
TJIaBHBIM 00Pa30M CXKMKEHHBIE Ia3bl, IPUMEHSIIOT JUIsl IBUraTesiel Ta300alJIOHHBIX aBTOMOOUIIEH.

ABTOMOOWJIBHBIH OEH3MH - JIETKO€ MOTOPHOE TOIUIMBO, COCTOSIIEE M3 SKUIKUX
YIIEBOAOPOJOB. beH3uHbl NONy4aroT U3 HePTH IyTeM ee TeIuioBod mepepadbotku. OnHu
MIPEJICTaBISAIOT COO0M OECIHBETHYIO JKUAKOCTh CO CIEHU(PUUECKUM 3amaxoM U IUJIOTHOCTBHIO
0,70...0,76 r/cMm>.

OCHOBHBIMHU CBOWMCTBAMHU OCH3MHA, XapaKTEPU3YIOIIUMH €ro IKCIUTyaTallUOHHBIE KayecTBa,
SIBJISIFOTCSI UCTIAPSIEMOCTh, TEIIOTAa CTOPaHUs U JJETOHAIMOHHAS CTOMKOCTb.

HcnapsiemocTs OeH3WMHA 3aBHUCUT, TJIaBHBIM 00pa3oM, OT ero (ppakluHOHHOTO COCTaBa,
KOTOpBI ompenensierca temneparypoit neperonku 10,50 k 90% ero oOnema. Yem Oosblie B
OeH3MHe Jerkux (pakuuid, T.e. €ro COCTABISIOMIMX YacTel, MOJYYEHHBIX MHpu Oosiee HU3KOM
TeMIieparype nepepadboTku HeTH, TeM Jydille UCIapIeMOCTh OCH3HUHA.

TemnoTol cropaHus TOIJIMBA HA3bIBACTCS KAUECTBO TEIUIOTHI, KOTOPOE BBIJCISETCS MPHU €ro
MIOJIHOM CTOPAaHHUM B HOPMAJIbHBIX YCIOBHSX. BEeH3MH, Takke Kak M OU3eJIbHOE TOIUIMBO, UMEET
BBICOKYIO TEIUIOTY CTOpPaHUs, COCTABIISIIONIYIO okomo 44 MJIK/kr.

JleToHaIlMOHHAA CTOMKOCTh XapaKTepU3YyeT CHOCOOHOCTh O€H3MHa OBICTPO U IUIABHO
cropath. JleToHanueil Ha3bIBaeTCs CBEpXOBICTpOE cropaHue paboueil cMecH B BHJIE B3phIBa.
CkopocTb HOpMansHOTO cropanusi paboueit cmecu cocrapinseT 20...40 m/c, mpu aeroHanuu -2000
M/c W Bbime. JleToHanus COMPOBOXKAACTCS PE3KUMHU METAUTMUYECKUMU CTYKaMH, JIbIMHBIM
BBIMTYCKOM, CHIDKEHHEM MOITHOCTH U SKOHOMUYHOCTHU JIBUTATEIIS.

JIeTOHAITMOHHYIO CTOMKOCTh OCH3WMHA OIIEHWBAIOT OKTAHOBBIM YHCIOM. JTOT MOKa3aTeib
OTIpEJIeINISIeTCS Ha CIEeIHAbHON YCTAaHOBKE IyTeM CPAaBHEHHs UCIBITYEMOT0 OCH3MHA C ATATIOHHBIM
TOTUIMBOM (CMeCh M300KTaHa C TeKTaHOM). Uem 0oJbllle OKTAaHOBOE YHCIIO OCH3MHA, TEM MEHBIIE
OH JIETOHHUPYET M TeM OOJBIIYI0 CTEMEHb CKATHUS MOXKET UMETh JBUTAaTeNb. {7 MOBBIMICHUS
OKTaHOBOTO 4YHclia K O€H3WMHY J00aBIAIOT  aHTUACTOHAaTOphl. Hambonee  CHIBHBIM
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AQHTHUJICTOHATOPOM SIBIISICTCS ATHJIOBAS JKHUJIKOCTh. TakoWd OCH3WH HA3bIBACTCS STUIMPOBAHHBIM.
DOTUNIOBasE JKUJIKOCTh COJIEPKUT CBHUHEIl, IOSTOMY OSTUIUPOBAHHBIC OCH3WHBI SIOBUTHI, IS
MPEAYNPEKACHUS X OKPAITUBAIOT B KPACHO-OPAHKEBBIN WIIM CUHE-3€JICHBIN 1IBET.

HedrenepepabdarpiBaromnias MpOMBIIIJICHHOCTh BBITYCKACT CISAYIONINE MAPKH OeH3HHA: A-
72, A-76, A-93, AM-98. MapkupoBka 0003HauaeT: A-aBTOMOOWIIBHBINA, V- OKTaHOBOE YHCIIO
MOJIY4EHO HCCIIeIOBATEILCKUM METOI0M, uncia (72, 76, 93, 98) - BennurnHa OKTAHOBOTO YHCIIA.

Bce 6en3unbl, kpome A-93, BbIlTycKarOTCsl B JIETHEM U 3UMHEM BapUaHTaX U pa3inyaroTCs
temmneparypoid neperonku 10% u 50% (T.e. KOTUYECTBOM JIETKHX U CPEeTHUX (DpaKlMii, a 3HAUUT, U
ucnapsieMocts). JleTHue OeH3MHBI NMPUMEHSIOT B mepuoj ¢ 1 ampens 1o 1 okTaOpst Bo Bcex
palioHax, KpOM€ CEBEPHBIX M CEBEPO-BOCTOUYHBIX, U B T€UEHHWE BCETO T0Jia -B IOKHBIX paiiOHaX.
3uMHUE OCH3UHBI PUMEHSIIOT B T€UEHUE BCEX CE30HOB B CEBEPHBIX M CEBEPO-BOCTOUYHBIX palioHaX
u ¢ 1 oxTs16ps 0 1 anpens - B ocTaldbHBIX pailoHax.

Ben3un A-72 npenHa3HaveH Ui IBATATENICH CO CTENCHBIO cxkaTus oT 6,2 mo 7,0 (YA3-69,
3A3-451, T'A3-53® u np.). ben3un A-76 npuMeHsieTCs JIIsS ABUTATEICH CO CTEIICHBIO CXKATHS JIO
8,2 (I'A3-66, 3uJI-131 u np.), AU-93 nns jaBuratenedt co creneHpro coxarus 8,2..9,0 ('A3-24
«Kurymny», «MockBuu» u a.p.), AU-98 - co cremensio cxxatus 6osee 9,0 (3uJl-114, .3uJI-117).
g neurareneit «Yaiika» 1 Ipyrux aBTOMOOMIIEH 3TOTO KJIacca BBIITYCKAE€TCsS aBTOMOOMIIb MApKU
«IKCTpay.

Jln3enbHOE TOIUIMBO SIBJSIETCSl TAKXKE IMPOJIYKTOM IepepabOTKu HEePTH, B OCHOBHOM €€
TsoKeNbIX (pakiuii. OHO COCTOUT U3 KUAKUX YIJIEBOJOPOJOB U YaCTUYHO U3 PACTBOPEHHBIX B HUX
TBEPJIBIX YIIIEBOIOPOIOB (mapaduHa), mnotHocTh 0,830...0,865 r/cm®.

OCHOBHBIMU CBOMCTBaMHU JU3EJIBHOIO TOIUIMBA SIBISIOTCA: BS3KOCTh, TEMIIEparypa
MMOMYTHEHHS M 3aCThIBaHUs, UCIAPSIEMOCTh, CIIOCOOHOCTh 00ECTIEUYUTh MSTKYIO0 paboTy JBUTATENs,
coJiep’KaHue B TOILJIMBE CEPhl, CKJIOHHOCTh K HarapooOpa3zoBaHUIO.

Bsi3kocTh TOIIIMBA OMpeessieT ero nojady U BOPHICK B LMJIMHIPHI, a TAKXKE CIIOCOOHOCTH
cMa3bIBaTh JIETalld TOIUIMBO MOJaromiei annapatypsl. ONTUMAaIbHOM CYMTAETCs BA3KOCTh TOIUIMBA
2.5...8,5 c¢Cr. IloMmyTHEHUE TOIIIMBA U 3aTEM U €r0 3aCThIBAHUE IPOUCXOJUT IPU BBIJICICHUU B HEM
KpUCTAJIJIOB NapaduHa BCIEACTBHE MOHMKEHUS TEMIIEPATyphl; 3TOT MTOKa3aTesb ONpeaeisieT MapKy
U yCJIOBHS PUMEHEHHUE TOIUINBA.

HcnapsieMocTh JHM3€NBHOTO TOIUTMBA XapakTepU3yeT €ro CHOCOOHOCTh K OBICTpOMY
WCIApEeHUI0 M CaMOBOCILUIAMEHEHHUIO B KaMepe CropaHus IBUTATENs; 3TO CBOICTBO OIICHMBAETCS
(bpakIMOHHBIM cocTaBoM (Temmeparypoil Beikumanus 50% u 90% neperoHseMoro TOMInuBa).

CriocoOHOCTh TOIIMBa OOECHEYUTh MSTKYIO paboTy Au3eNs OICHMBAETCS II€TaHOBBIM
gyrcinoM. Msrkas paboTa qBUTatess HOCTUraeTcs MpH IJIABHOM HapacTaHUU JAaBJICHUS B MpoIlecce
CrOpaHusi, YTO BO3MOXHO B Cllydyae BOCIJIAMEHEHMsI TOIUIMBA Cpa3y K€ IMOcje MOCTYIUICHUS B
UWIMHAPBI MEPBBIX €r0 YacTHUIl. 3ara3/bIBaHHE BOCIUIAMEHEHMS NMPUBOAUT K €IUHOBPEMEHHOMY
CTOPaHMIO 3HAYUTENBHOTO KOJIMYECTBAa TOIUIMBA, PE3KOMY BO3PACTAaHHUIO JABJICHHS U KECTKOM
pabote auratend. lleraHoBO€ YKCIIO - 3TO YCIOBHAS BEIMYMHA paBHAS MPOLIEHTHOMY COACPKAHHUIO
[[eTaHa B €r0 CMECH C allbCOAMITUIIHAPTATUHOM, KOTOPAsk OJJUHAKOBAS MO0 CAMOBOCILIIAMEHSIEMOCTH
C IaHHBIM TOTUIMBOM.

Bonee BbICOKOE II€TAHOBOE YHUCIO TMOKAa3bIBAET, YTO TOIIIMBO MOXKET oOecmeduTh Oojee
MATKYI0 paboTy asurarens. CKIOHHOCTh TOIUIMBAa K OOpa30BaHHIO Harapa OLIGHHWBAETCS €ro
KOKCYEeMOCTBI0, KOTOpasi AoJnkHa ObITh He Ooee 0,05%.

Copnepxxanve cepbl B TOIUIMBE XapaKTEPU3YeT H3HOCOCTOMKOCTh JI€Taleil JBUraTels,
nosToMy dTa BenuunHa crporo orpanumumBaercsa. [lo ['OCT 300-82 gu3enbHOE TOIUIMBO
BBIITYCKAETCS TPEX MAPOK:
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JI (;ernee), 3 (3umuee), A (apkxrudeckoe). [lo comepxkaHuio cepbl TU3EIBHOE TOIUIUBO
nojpazzensercs Ha Ba tumna: e 6oinee 0,2%, e 6oisee 0,5%.

JleTHee TOTIMBO MPUMEHSIOT TOJIBKO MIPH TEMIIEpaType OKpykaromiero Bo3ayxa Baimie 0°C,
3uMHee - npu Temmeparype 10 - 30°C, npu Gojee HHM3KHX TeMIepaTypax CIeAyeT NMPUMEHSTbH
APKTUYECKOE TOTUIUBO.

5.JIureparypa:

OCHOBHast

S.JIutepartypa:

OCHOBHast

1. BepnanueBa A.A., [layner6aesa J[.A. DHepropecypchl, HCTOUHUKH U METO/IbI TTOJTYYECHHUS. -

VYuyeoHoe nocodue.-IlpimrenT 2022. -244 c.

2. Boictpunkuii I'.®. 595 O6mas snepreruka ([Ipor3BoACcTBO TEIIOBOW M DJIEKTPUIECKON SHEPTUH)

: yueOnuk / I'.®. Boictpurikwuii, I'.I'. T'acanrampkues, B.C. KoxuuenkoB. — 2-e u3i., crep. — M. : KHOPYC,
2016. — 408 c. — (bakanaBpuar).

3. Ba¢um, /[. b. B23 KorensHbIe YCTAHOBKH ¥ MTAapOreHepaTobl: yueobnoe mocobue / /1.6, Bapumn.-
Hwxaekamck: HukHeKkaMCKuii XUMHUKO-TexHOomorndeckuid MHCTUTYT (dprman) GIBOY BITIO «KHUTVY »,
2013. - 176 c.

4. IllapornazoB b. A., ®apadorToB M. @., KirementseB B. B. /[BuraTenu BHyTpEeHHEr0 CropaHus:
TEOpHsi, MOICITMPOBAHWE WM PACUET MPOIECCOB: YUeOHHMK MO Kypcy «Teopust pabodmx WIPOIECCOB H
MOJICTTUPOBAHUE TIPOIIECCOB B ABHTATEISIX BHYTPEHHEro cropanus». — Yenmsounck: WUz IOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sHeprocOepexeHUU U MOBBIICHUH 3HEprodddexrurHocTd PK or 13 sHBaps
2012 roma Ne 541-1V. JleticTBytomuii ¢ U3MEHEHUSAMH U JontoHeHusMH. [Iposepeno 15.01.2022

6. BcomoratensHoe obopymnoBanne TOC. KoOHCIEKT JeKIMH A CTYACHTOB CIEIHAIbHOCTH
5B071700 — Termosnepreruka. Anmatsr 2017. ¢.104

7. JlomonHUTENbHAS TUTEpaTypa

8. Jlenyxorckuii I'.B., TlocmenoB A.A. Pacuer ¥ HOpMHpOBaHHE TIOKa3aTejeld TEIIOBON
skoHOMHYHOCTH obOopyaoBanus TOC: Yueb. mocobue / ®PI'BOYBIIO «/BaHOBCKHI TOCYZapCTBEHHBIN
sHepreTndeckuil yauBepcuter uM. B.W. Jlennnay. — MBanoso, 2015. — 468 c.

9. Haruerarenu u temoskie apurarenu / B. M. Uepkacckuii, U. B. Kanunun, FO. B. Ky3uernos, B.
N. Cy66otun. M. : Dueproarommuzaat, 1997

10. Konuenuust pa3BuTusl TOILIMBHO-IHEPreTHUEecKoro kommiekca Pecnybnuku Kazaxcran no
2030 roga. [locranoenenne [IpaButenscrBa Pecrrybmmku Kazaxcran ot 28 uronst 2014 roga Ne 724
11. [Mumumenko H.B., CuBakoB M.A. DHeprocOepexeHHWE W MOBBIIICHHE YHEPTETHIECKOM

3¢ (heKTHBHOCTH WH)XEHEPHBIX CUCTEM U ceTell. YuedHoe nocobue. — CI16: HUY UTMO, 2013. — 274 c.

JIEKTPOHHBIE PeCypChl:

http://mww.studmedlib.ru,

JIOT'UH ibragim123, TTAPOJIb Libukmal23

http://lib.ukma.kz /ru/ Ba3sr nanHbIX

PecnyOnikaHcKkast MEXBY30BCKast JIEKTPOHHast Oubnoreka, Aknurpress www.aknurpress.kz.

6.Kontpoasb (Bonmpocsl, 3a1a4u, penieHue)

1. Omnucarb OCHOBHBIE TUIIBI IBUTaTeJIe BHYTPEHHETO CrOPAHUS

2. O6wscauth Knaccudukanuio IBC

3. Onucath NpuUHLKI pabOTHI IBUTATENEN BBICOKOTO CKATHs

4. TlpuBecTH 3aMUCHIIEMEHTAPHOTO XUMUYECKOTO COCTaBa TOILIIMBA
5. OOBsicHUTh BHYTpeHHE ycTpoiictBo JIBC



http://www.studmedlib.ru/
http://lib.ukma.kz/
http://www.aknurpress.kz/
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6. OOBsicauTh ycTpoiictBo nopuras IBC

7. Onwmcats paboTy Kapotopatopa JIBC

8. Ommcatp pabounii nukn nuuaapa JABC

9. Omnmcatp pabounii IUKI YETHIPEXTAKTHOTO KapOIOPaTOPHOTO JABHUTATEIIs

10.  Omwucatp pabouuii HUKI YETHIPEXTAKTHOTO AU3EIBHOTO JBUTATENS
11.  OmnwucaTh TOIUIMBO AJIsl ABUraTeseld BHYTPEHHETO CrOpaHus
Jlexnus 13

1 Tema 13. Ilokazatenu pexuma pabOThl, SKOHOMMYHOCTHU TEIUIOBBIX 3JIEKTPHUUYECKUX
CTaHIMU

2. Hean: 3HaTh TpeOOBaHMS K YCTAaHOBKAM IMPOU3BOJSIIMM 3JIEKTPOIHEPTHIO U TEIUIOTY,
mokaszaTen oOIIeld SKOHOMHUYHOCTH HMCTOYHHKOB TIOJI€3HOM SHEPrHH; COBPEMEHHBIE METOIbI
OIICHKH TIOBBIIIECHHSI TETUIOBON SKOHOMUYHOCTH MAPOTYPOUHHBIX YCTAHOBOK.

3. Te3uchl JEeKIHH:

Tennosas s3xoHomuuHocth KOC. [IpeoOpa3oBanre MOLUTHOCTH B TypOUHE.

[Torepu momuocTu B Typoune. KII/] anektpocraniuu (610Ka).

MeTobI OBHIIIEHHS TETIOBOH SKOHOMHUYHOCTH TAPOTYPOUHHBIX YCTAHOBOK.

TensoBasi 3KOHOMUYHOCTH TII]
TemmoBas s3xoHOMUYHOCTE TOLI xapakTepusyercs:
- IOKAa3aTeNsIMU TeTIOBOM IKOHOMUYHOCTH T10 MPOU3BOJICTBY U OTITYCKY 3JIEKTPO3HEPTUH

- IOKa3aTCJIAIMU I10 OTITYCKY TCIIJIOTHI TCIIJIOBBIM HOTpe6I/ITCJ'I$IM
H)"ll‘h()‘L)U

Pucynok 13.1 — Cxema napoTypOMHHOHN YCTaHOBKH C OTITYCKOM TEIUIa HOTPEOUTEIIO
1). Pacxox nmapa Ha TypOUHY

KI”
Dy=Dg+ Dr, [?:]

D, (%j - pacxo] napa u3 oToopa (K TernaoBOMYy MOTPEOUTEINIO)

Dk - pacxo[ 1mapa B KOHACHCATOP

2). MouHocTs T/¢h) TypOUHBI
ITo orcexam

Na:[Dﬂ'(ho _hr)+(D0 _DT)'(hT _hx)]'mf /s

I1o notokam
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N, :‘:DT '(ho_hr)JrDK '(ho —hx)]"h; Nr

5). A6comoTablii anekrpuueckuid KITJI /¢ TY
N, N,

f?.,) =— —"}
Qn - Qr Q[]

6). KI1J] craniuu mo BeipaboTke DD

S0P

cr =15 " Tlrp " Tk

7). KI1J] craniwu mo oTmycky 99
Hemmo __ __0Op '

Ner  =Ner - (1-PB,)

KII TOIL no npon3BOACTBY TEIMIOTHI
T f— -

Mer = Mga " e

KIIJ TOIL mo oTmycKy TemIOThI
r _

Her =Nk e " N

Nt - KI1J] rernnoBoro noroka (y4uThIBa€T MOTEPH TEIJIOTHI IPU TPAHCIOPTE)

IMoxkazaTenu o61iei sxkoHOMHYHOCTH TOC (TEXHUKO-IKOHOMUYECKHE IIOKA3aTEIIH )

O6mas sxkoHoMuuHOCTh TOC XapakTepu3yercs:

1. KamuranpHeiMu 3aTparamMu  Ha coopyxeHue TOC (yaenabHbIMU —KalUTaTbHBIMU
3aTpaTamu)

2. U3nep>xkamMu MpOU3BOJICTBA

3. CebecTOMMOCTBIO SNIEKTPUUECKOM U TerIoBoi sHepruu 4. [IpuBeeHHbBIMU 3aTpaTaMu

MorurHocts 1 KITJ[ TypOuHBI

PaboTa TypOMHBI KaK TEIUIOBOTO JBUraTellsl XapaKTepu3yeTcs BHYTpeHHEN (MHIMKATOPHOI)
MOIIIHOCTBIO, pa3BUBAaEMOH JIOMAaTKaMu, U 3PEKTUBHOM (Ha Basly) MOIIHOCTBIO.

D¢ pextuBHast MOIIHOCTb Ne MeHbIlIe BHYTpeHHEN N, Ha 3HaUeHHEe MEXaHUYECKUX MOTEPh (B
HO/IIIMITHAKAX, HA MPUBOJ BCIOMOTATENBbHBIX MEXaHM3MOB U T.I.). BHyTpeHHsis MomrHOCTh Nj
; MeHbIle MourHocTH NO, KOTOpyto pa3BuBaja Obl MjeaibHas TypOMHA, HAa 3HaYEHHUE BHYTPEHHHUX
noTeps (0T TPEHUS U 3aBUXPEHUS B KaHAJIaX, OT IepeTeyek napa B 3a30pax HOMUMO COTLI U T. 11.).
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Mexanuseckuelf |=—DneKTpHYeCcKHE
TnoTepH N, noTepu

Pucynok 13.2 - MOIHOCTH TEIUIOBBIX TIOTOKOB MTAPOBOTO TypOOTEeHEpaTopa

[Torepss oT yreuku mapa dYepe3 KOHIEBbIE YIUIOTHEHHS YBEIMYMBAET pacxoj Tapa Ha
TypOuHy. OHa He BIMSET Ha SHTAJBIMIO [1apa, a IOTOMY €€ OTHOCAT K BHEIIHUM, & HE BHYTPEHHUM
MOTEPSAM.

Mexanndeckie MOTEPU OMPCACIIAOTCA SanaTOﬁ YaCTH SHECPruv Ha MpCeoa0JICHUEC TPCHUA B
OTIOPHBIX U YIMOPHBIX MOAIIUITHUKAX TypOUHBI (BKIHOYAsh OMOPHBIE MOAIINITHUKN 3JIEKTPHUUIECKOTO
reHeparopa WJIA JPYyrod MalluHbl, COCAMHEHHOW C BajoOM TypOWHBI), HAa TPHBOJ CHUCTEMBI
peryaupoBaHus W TJIABHOTO MacJsTHOro Hacoca. [loTepu Ha TpeHHE MNpeBpamiaroTcs B TEIJIOo
CMa304YHOT0 Macia. DTO TEIUIO BBIIEISETCS B MACIIHOM XOJIOJMIBHUKE U YHOCUTCS OXJIaKJatoIIei
BOJIOM.

Bayrpennuii  otHocutenbHbd  KIIJ[ yuuThiBaeT BHYTpEHHHE TIOTEpH TYpOWHBI U
OTIPEJIEeIIIETCS. OTHOIICHUEM:

Mexannueckuii KI1/] 3aBucHT OT THIIa ABUTATENsl K €TI0 MOIIHOCTH.

Y 1ypbun mexanuueckuit KII/] Beilie, ueM y MOPIIHEBBIX ABHUraTelel, y KOTOPBIX €CTh
BO3BPATHO-TIOCTYMATENBHO JIBIKYIIUECS YacTH, BbI3BIBAIOLIUE OOJbIINE MOTepu TpeHus. Yem
BBIIIIE MOIIHOCTh JBUTaTeNsl, TeM Oobiie ero mexanuueckuii KI1J[. Mexanuueckuit KITJ[ TypOun
JOCTaTOYHO BBICOK U COCTaBJIAET A TypOuH MomHOCThIO OT 500 10 5000 kBT 96-99%, a cBbiiie
5000 kBt 99-99,5%.

KITJI snexkTpuueckoro reHeparopa Ha3bIBAlOT OTHOIIEHUE 3JIEKTPUYECKON MOIIHOCTU K
3¢ deKkTuBHOM

1"-'-3

=
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Pucynok 13.3 — MomHocts u KIT/] TypOuHEBI

s snektpudecknx rereparopoB MomrHocTeio oT 500 mo 5000 kBt
ceeimre 5000 kBt 77,.= 96-99%.

[IpeobpazoBaHme MOITHOCTH B TypOHHE
1. Teopernueckass MOIITHOCTH (KM€aNbHOM TypOUHBI), KBT

No = Go Ho

Go- pacxon mapa Ha TypOuHY, KI/C
Ho = ho — hkt - - pacontaraemslii (Teopetudeckuii) T/mepemna, kJ[x/Kr

2. [lefictBuTenbHast (BHYTPEHHsIS) MOITHOCTh TYpOUHBI, KBT
Ni = Go Hi

Hi =Ho noi - nefictButenbHbll T/Iepenan, kJ[x/kr

Pl

ht i
hs

Pucynok 13.4 — Ilponecc pacmupenus napa B Typoune 6e3 oT60poB

7. = 92,5-96%, a

MeTo bl MOBBIIICHUS TEIIOBOM S KOHOMWYHOCTH HapOTyp6I/IHHBIX YCTAHOBOK.

naznt'noi'nm'nar

A. TepmomHaMUYECKHE METOIBL.

Hanpasnensl Ha yBenuueHue 1t . OJTHAKO OHU BIMAIOT U HA Toj .
- IloBbllIeHNe HadaIbHBIX TAPaMETPOB.

- [loHmKXEeHNE KOHEYHOTO J1aBJICHUS.

- [IpumeHeHne NpoMeXKyTOYHOTO IEPErPEBA U CEeNapalvy Bilary.
- [IpumeHeHne pereHepaTuBHOTO MOJAOIPEBA MUTATENBHON BOJIBI.
KomOuHHnpoBaHHOE MPOU3BOJICTBO 3JIEKTPOIHEPTHU U TEIUIOTHI.
b. KoHCTpyKTHBHBIE METOBI.

HanpagieHbl Ha yBEIUYEHHUE Moi , M, Mor -

IloBeimieHHE KHI[ KOHJICHCAIIMOHHOM OJICKTPOCTAHIUH ITYTCM HCIIOJIb30BaHUA TCIJIOTHI

KOHACHCAllUH 0Tpa60TaBmer0 B Typ6I/IHC Inapa
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YpoBeHb 3KOHOMUYHOCTH TeruloBoil anekrpuueckoil cranuuu (TOC) 3aBucut ot KIIJ
TEPMOAMHAMHYECKOTO ITMKIJIA, TIOJIO)KEHHOTO B OCHOBY ee pabotel, u oT KIIJ[ ycraHoBOK, B
KOTOPBIX OCYILECTBJISETCS IMpeoOpa3oBaHUE XHUMHUYECKOM OHHEPruM TOIUIMBA B TEIUIO H
HCII0JIb30BAHUE TEIUIa JJIs BbIPaOOTKU 3nekTpuyeckoil aneprun. TOC cocTOUT U3 TpeX OCHOBHBIX
YCTaHOBOK: IIapOBOr0 KOTJIA, IAPOBOM TYpOUHBI U JIEKTPUUYECKOTO F€HEPATOPA, CBSI3aHHBIX MEXIY
coboif TpyOOMpoBOJAMHU JUIsl TPAHCIOPTA TEIUIOHOCHTENEeW (BOABI M BOJSHOTO Tapa) H
ANIEKTPONPOBOAMHU JJIi MPHUBOJA BCIOMOTATENBHOIO TEIUIOMEXaHUYECKOTO 000PYAOBAHUS
CTaHLIUU.

PabGora mapoBoro KoTia OCYLIECTBISIETCS € NOTEepell Temja, TIJIaBHBIM 00pa3oM, C
YXOAAIIMMHU NPOAYKTaMH CrOpaHusi, B OKPY)KAIOIIYI0 Cpely 4epe3 HapyKHbIe OTPaKJIEHUS U C
HENpephIBHOW NMPOAYBKOH (/17151 OapabaHHBIX KOTJIOB), @ TAKXKE OT XMMHUYECKOTO U MEXaHHUYECKOTO
HeZ0KoTra TOIJIMBA.

[IpeoOpa3oBaHue TEIIOBOM SHEPrUM B MEXaHUMYECKYI0 pabOTy B MapoBOM TypOuHE H
BBIPA0OTKA 3JIEKTPOIHEPTUH B DJIEKTPUUYECKOM T'€HEepaTope HEM30EKHO CBSI3aHbl C IMOTEPSIMMU:
oTHavyeil 3HAYUTENbHOM dYacTh Tella XOJIOMHOMY MCTOYHHMKY (OXJaxJamoomed Bojae B
KOHJIEHCaTopax TypOHH); MOTEPSAMHU PHEPrHH Napa BHYTPU TYpOMHBI; MEXaHUYECKHUMH MOTEPSIMHU
TYpOMHBI U IOTEPSIMU B AJIEKTPUUECKOM T'e€HepaTope.

HesnauutenbHas dacTh Temjia TepsieTcs TNpU  TPAHCHOPTE TEIUIOHOCHUTENEeH B
TpyOONIPOBOIAX, COCTUHAIONINX KOTEIbHYIO U TYpOUHHYIO YCTaHOBKH.

[Ipemmaraercss  cmoco6  moBemmenus — KIIJI — mapoTypOMHHONW — DJIEKTPOCTAHIIUU
KOHJICHCAllUOHHOTO THIIA, KOTOPBIM 3aKItoYaeTrcss B HUCHOJb30BaHMM Ha TOC 4acTh TEmaoThl
KOHJICHCAIIUK OTpabOTaBIIero B TypOWMHE Tapa IMyTeM MOoJadyd W3 TPaJupHU OalIeHHOTO THIA
HarpeToro M HaCBIIIEHHOTO BOASHBIMU MapaMu aTMOoc(epHOro BO3JyXa B MApOBOM KOTEN IS
ropenus TorumBa [100]. TeroBas cxema napotypOounHoit TOC ¢ UCHOJIb30BaHUEM YaCTH TEILJIOTHI
KOHJICHCAlluK OTpaboTaBUIEro B TypOMHE Mapa npezcTaBieHa Ha puc. 13.5.

Braskubiit BO31yx 14

——m i i

Torumso
K & '
OHJICHCAT i
C i
18 19

1- mapoBoii koTex; 2 - maponpoBo; 3 - TypOuHa; 4 - AneKTpudeckuil rereparop; 5 - kouaeHcatop; 6,14 - TpybonpoBox; 7 -
MUTATENbHbIH Hacoc; 8 - BeITsDKHAS OatHst; 9 - BogocOopHslii 6acceitn; 10 - nupKymsauuoHHbid Hacoc; 11 - HanopHbIi TPYOOIPOBO;
12 - cnuBHO# HamopHblid TpyOompoBon; 13 - kopo0O; 15 - pasOpeiruBatoniue comia; 16 - opocurensHoe ycrpoiictBo; 17 -
BOJIOYJIOBUTENB; 18 - 301moynoBurens; 19 - gpiMococ; 20 - npiMoBas Tpyoda

Pucynok 13.5 - Cxema KOC ¢ wuncnonp3oBaHHE€M 4YacTH TEIUIOTHI KOHJEHCALUU
oTpaboTaBiIero B TypOMHe napa:

PaboTa TenyioBo# 37eKTPUUECKOI CTaHIIMU OCYIECTBIISIETCS CIEAYIOIUM 00pa3oM.

B mnapoBoii koren 1 mopaioTcs TOIUIMBO, NMTaTeNbHass BoJAa IO TpydompoBoxy 6
MOCPE/ICTBOM MHUTATENIBHOTO Hacoca 7 M Mo TpyOompoBoxy 14 - HarpeTblii M HacHILEHHBIN
BOJSHBIMM TapaMy B TpaJupHe OalIeHHOTOo THIIA aTMOC(HEPHBIM BO3IyX IS OCYIIECTBICHUS
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TOpeHHUsi TOIuMBa. B pesynbraTe TOpeHHs TOIUIMBA OOpa3yloTCs MPOAYKTHI CrOpaHHs, B KoTie |
BBIpabaThIBAETCs Map, KOTOPBIK MO MApOIPOBOAY 2 HAIMpaBIIseTCS B TypOMHY 3, a OXJIaXKACHHBIC
IIPOJYKThl CrOpaHusl OYMINAIOTCS B 30Ji0yioBuTene 18 u mocpeactBoM asiMococa 19 uyepes
aeIMOBYIO TpyOy 20 oTBomsTcst B armocdepy. B TypOune 3 ocymectisiercss mpeoOpa3oBaHHe
KMHETUYECKOW M MOTEHLMAJIbHON 3HEPIuu Mapa B MEXaHHMYECKYIO0 padoTy i BpallleHus poTopa
TypOHMHBI 3 ¥ MPUBOJIA AIEKTPUUECKOTO TeHepaTopa 4, B KOTOPOM BbIpaOAThIBAETCS AIIEKTPUUECKUM
TOK.

OtpaboTtaBmmii B TypOuHE 3 map HampaBisieTCss B KOHACHCATOP S5, T/I€ OCYIIECTBISETCS
KOHJICHCAllUs Tapa MyTeM MOoJa4d B KOHJEHCATOp 5 LUPKYISIMOHHON BOABI U3 BOJOCOOPHOIO
OacceiiHa 9 nUpPKyIAUOHHBIM HacocoM 10 o HanmopHoMy TpyOomnpoBoay 11. B konnencarope 5 B
mpolecce Temonepesaud HUPKYISIUOHHAs BOJia HArpeBaeTcsl 3a CUET TEeIUIOThl KOHJEHCALUU
(mapooOpa3zoBaHus) OTPaOOTABIIErO B TypOHHE 3 TIapa M MO CIIMBHOMY HAIllOPHOMY TPYOOIIPOBOTY
12 momaercss B BBITSDKHYIO OalrHiO 8 TpagupHH, T/A€ TOTOK BOJIBI TOCPEACTBOM comen 15
paszOpe3ruBaeTcsa U B popMe CTpyil M Karenb MaJaeT Ha OPOCHUTEIHHOE YCTPOMCTBO 16, a 3aTem
CTEKaeT B BUJIE JOXKIS B BOJIOCOOPHBIN OacceiH 9.

HaBcTpeuy m1OTOKY BOJBI B BBITSDKHOM OamrHe & TpaaupHUA JABWKETCS XOJIOJAHBIN
atMocepHbIif  BO3myXx. B mpomecce  HEMOCPENCTBEHHOIO  KOHTakTa  TEIUIOHOCUTENEH
OCYILIECTBIISIETCSl TEIJIO- M MAacCcoOOMEH MeXAy UHPKYJIALUOHHOW BOJAOH M aTMochepHbIM
BO3JIyXOM, TPU 3TOM BOJIa OXJIAKJIAETCsl, @ BO3JyX HAarpeBaeTCs U HACHIIIAETCS BOASHBIMU MapaMH.
3aTeM HAacChIIIEHHBIA BOJASHBIMU TapaMH BO3JyX MPOXOJUT BOJOYJIOBUTENL 17, rae W3 HEro
oTnensieTcs KamnenbHas Biara. M3 BEITSDKHOM OalHu 8 TpaJipHU YacTh HArpeToOro M HAaCHIIIEHHOTO
BOJISHBIMU TapaMH BO3JlyXa MOCPEACTBOM Kopoba 13 mo TpyOompoBoay 14 momaercst B mapoBOi
KoTen 1 7S ocyliecTBIeHNUs TOPEHUs TOIUIHBA.

Takum oOpa3om, BcieACTBHE MOJAaYM U3 TPaJAUpPHHU OAllIEeHHOTO THIIA B MApOBOM KOTEN s
TOPEHUs] TOIUIMBA, HArpeToro M HACBHIIIEHHOTO BOJSHBIMU MapaMH aTMOC(HEPHOTO BO3IyXa,
3¢ GEeKTUBHO MCIONB3YETCS YacTh TEIUIOTHl KOHJEHCAlMM OTpaboTaBlIero B TypOWHE mapa, T.e.
MOBBIIIAETCSI 3KOHOMUYHOCTh TEIJIOBOW 3JEeKTpuueckoil craHiuu. Kpome Toro, mopaua
HACBIIEHHOTO BOJSHBIMU MapaMH BO3AyXa B KOTeJ Uil TOPEHHs TOIUIMBA MO3BOJISIET B 2-3 pasa

CHU3UTH COJIEp’)KaHHE OKCHJIOB a30Ta B MPOAYKTaX CrOPaHUs B TONKE U B YXOJSIIMX JBIMOBBIX
razax [ 100].
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1. Onucarp TpeOoBaHMs K YCTaHOBKAM MPOU3BOISALINM JIEKTPOIHEPTUIO U TEIIOTY
2. I[TepeyncinuTh Kak XapaKTepru3yeTcs TEII0oBas SKOHOMUYHOCTH TOL]
3.00bscHUTH(POPMYITY pacxo/IB Mapa Ha TypOUHY

4. U3 KaKuX COCTaBJIAIOIIUX COCTOUT MOILIHOCTh MO OTCEeKaM T/ TypOUHBI

5. Uemy pasen KIIJ] TOIL] no mpou3BOACTBY TEIIOTHI

6. Kak xapakrepusyercs o0mias 3koHOMUYHOCTh TOC

7. OnucaTh MOIIHOCTH TEIIOBBIX MOTOKOB [aPOBOTO TypOOreHeparopa

8. Uemy paBen KIIJI snexTpudeckoro remeparopa.

9.00BACHUTH METO/IbI IOBBIIICHUS TETIOBOM SKOHOMUYHOCTHU MAPOTYPOUHHBIX YCTAHOBOK.
10 Ot uero 3aBucHT ypoBeHb 3kK0OHOMUYHOCTH KOC?

Jlexkuusa 14

1 Tema 14. DueprocOepekeHue B cucTeMax MOTPedICHUS JHEPTOPECYPCOB

2. Hean: 3HaTh 3akoH PecnyOnuku Kazaxcran «OO0 sHeprocOepe:keHUH M MOBBIIICHUH
9Heprod’(pPeKTUBHOCTU», ACHEKThl YCTOWYMBOTO PA3BUTHUS: HDHEPreTHUECKUN, HKOHOMUYECKUM,
9KOJIOTMYECKUH, COLIUATIbHBIN.

3. Te3ucel JeKunu:
ACHEeKThl YCTOWYMBOTO DPa3BUTHUS: DHEPTETUUYECKHH, SKOHOMUYECKUH, SKOJIOTHUECKUH,

COITMAIBHBIN.
3akoH PecnyGnuku Kazaxcraun «00 SHEpProcoepeKeHNH " HOBBIIIEHNN

9HEProdPHEeKTUBHOCTI»

AcCHeKTbl YCTOHYHBOI0 Pa3BUTHSA: IHEPTreTHYECKHI, IKOHOMMYECKHUI1, IKOJIOTHIECKHUH,
COLMAJIbHBII
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DHepreTuka SBISETCS OJHOM M3 OCHOB M COCTaBHBIX dYacTeil MHEOPACTPYKTYpHI
YeJIOBEUECKOW [MBHWJIM3AIMY, BAXHEWIIMM (AKTOPOM MPOU3BOJACTBA U IKU3HEOOECIICUCHUS
COBPEMEHHOTr0 ob1ecTBa. B cTpykType ce0ecTOMMOCTH MPOIYKIIMH PacXojbl Ha SHEPropecypchbl
cocTaBisAoT OT 5 10 40 %. Bonee 80 % »sHepruu B MUpe MOJIY4arOT MYTEM CKUTaHUS HCKOIIAEMOTO
toruiiBa Ha TOC, mpu 3TOM pacnpefefeHUe 10 OCHOBHBIM SHEPrOHOCUTENSM BBITJISAUT
cnenyrouuMm oopazom: 37 % — HedTh, 24 % — ra3, 24 % — yroms.

OpHako cpeau pa3BUTHIX CTPaH MOKHO OTMETUTh HckiItoueHus. Hanpumep, Bo @pannun Ha
JIOJIF0 aTOMHOM SHEPreTUKU NpUXOIUTCs okoso 85 % BeIpabaTbiBaeMoil sHeprum, a Hopserus
nmoutd 99 % »osHeprum mnodydaer Ha TuIpodnekTpocTaHuusx [5]. IlorpebneHue TOMIUBHO-
SHEPreTUUECKUX pecypcoB Habupaer Bc€ Oosblivie 000poThl. [lepenoMHbIM B U3MEHEHUU TEMIIOB
npupocta mnoTpebieHus -sHepropecypcoB cranu 1970-e TIT., KOTOpbleé O3HAMEHOBAIKCH
SHEPreTHYECKUM KpPU3HCOM, PE3KUM H3MEHEHHWEM MHPOBBIX 1I€H Ha He(Th, B pe3yiapTaTe 4ero
MIPOMBIIIJIEHHO Pa3BUThIE CTPaHbl MPUCTYNUIIN K peau3aliy SHeprocOeperaonmx nporpaMm. Tem
HE MEHee, MOXXHO C YBEPEHHOCTbIO YTBEpXKHaThb, YTO NOTPEOJIEHUE SHEPropecypcoB Mpu
COBPEMEHHBIX TPEOOBAHUSIX K KU3HEAEATEILHOCTU YeJIOBEKa Oy/IeT HEYKIIOHHO YBEJINYNBATHCS.

Emé onuH acmekT, KOTOphI HEOOXOAMMO OTMETHUTh — 3TO POCT JOJM HedTH M rasa B
MHPOBOM sHeprodanance. OAHAaKO MPUPOAHBIE pecypchl He OeckoHeuHbl. HecMOoTpst Ha OTKpbITHE
OTPOMHBIX 3aracoB He(Tu 1Mo MUpY, B cTpaHax bimxHero BocToka u T.11., MOXKHO KOHCTaTUPOBATh,
YTO YEJOBEUECTBO HAXOIUTCS Ha pyOeke MPUHATHUS CTPATErHUYeCKOro pelieHus o0 HU3MEHEHUH
MoAX0/la K JajibHEHIIeMy HCIOJIb30BAaHUIO TOIUTMBHO-3HEPIreTHYeckuX pecypcoB. CyllecTBeHHOE
HCTOILIEHUE MCTOYHMKOB JIOCTYMHOTO TPUPOJHOTO TOIUIMBA M KOHEH Jpbl JeHIEBOro
YTJIEBOJAOPOTHOTO CHIPbSl JAENAlOT MPOOJIeMaTUYHBIM CTAOMIIbHOE 3HEProoOecredyeHrne MHOTHX
cTpad mupa. [lo MHEHHIO SKCTIEPTOB, 3aMacoB ra3a 1, 0cooeHHo, HedTu xBatut jeT Ha 50. 3a BCio
CBOI0O HCTOPDHUIO 4YEJIOBEYECTBO YK€ HCIOJB30BaJi0O JI0 TOJOBHHBI HM3BJIEKAEMBIX 3alacoB
TPaJAMLIMOHHOTO HCKONAeMOro TOIIMBA, a HBIHEUIHUH CIpPOC HA HEr0 4yTh JIM HE BYETBEPO
OTIEPEKAET MPHUPOCT pacmojiaraeMbeiXx pecypcoB. ITuk noObrum mponumm yxe 54 w3 65 crpaH-
npousBoauteneit Heptu, B mepuoa ¢ 2015 mo 2020 rr. ObLT MPOTHO3MPOBAH €€ TIAaHETAPHBIN
makcumyMm [7]. Ilo mamabIM MupoBoro sHepreruueckoro areHTcTBa (MDA), moTpebieHue
sHepropecypcoB B 2010 r. coctaBuio 12 mMapa ToHH HePTSIHOTO SKBUBaJIeHTa (T H.3.) (puc. 14.1).
[TpubaBka 3a rog cocraBuia 639 MiH T H.3. Ui 5,6 % — 3TO caMble BBICOKHE TeMIbl pocta ¢ 1973
r. 3aMeTuM, 4YTO CpPEIHEroJ0BOH pPOCT MOTpeOIeHHs] PHEPropecypcoB 3a mocienHue 45 mner
cocTaBiusia 2,6 % [27].

1965
1969
1973
1977
1981
1985 1
1989
1993
1997
2001 4
2005
2009

Pucynox 14.1 - Jlunamuka notpe6yieHus! SHEPropecypcoB, MIIPA T H.D.

Copoc yBenuumics Ha BC€ BHJBI 3HeproHocuteneil (HedThb, ra3, yrojb, THMIPOIHEPTHIO,
aTOMHYIO HEpruio, OMOTOIUIMBO) M BO BceX pernoHax mupa. [lo omeHkam crenuanuctoB MOA,
MUpPOBOM cmpoc Ha mnepBuuHble 3Hepropecypcel k 2030 r. Oymer exeroano pactu Ha 1,6 %.
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[Iporao3upyemslii poct OyaeT NpoXoauTh HA (OHE MIMPOKOH OOPHOBI MPAKTUYECKH BCEX CTpaH 3a
HSKOHOMHUIO SHEPTHUHU U TOBBIIICHHE SHEPTOdPPEKTUBHOCTH, BBI3OBET P CTPYKTYPHBIX U3MEHEHUI
B MHUPOBOW MPOMBINUICHHOCTH. [Ipn 3TOM BOMpOCHI 3HEProoOecreyeHrss — BCETrO JHUIIb YacTh
npoOIeMbl WM BEpPXHSSI 4acTh «aiicOepra». He menee (ecmu He 0ojiee) BaKHBIM (PAKTOPOM
SBIISICTCSL DKOJIOTHUECcKass Oe30macHOCTh. IlapHUKOBBIN A(QeKT U TiIo0anbHbIE KIMMAaTHUYECKUE
KaTaKIM3Mbl TIOCIETHUX JIET 3aCTaBIISIOT 3alyMaThCs, a KaK ke KUThb nainbiie? [lepcrieKTHBHBIME
HaTpPaBJICHUSIMH MOXKHO CYHTATh TEPMOSICPHBI CHHTE3 M, KOHEYHO, BOJIOPOIHYIO dHEpreTuky. Ho
9TO BCE TMOKAa «BUJIAMH IO BOJE MHCaHOY». Jla, MPOJYKTOM CKMTaHHS BOIOPOJA SBIISIETCS BOJA
(BomsHOM map). Tak 4To, eciiu pa3iokHTh 3Ty BOJLY Ha COCTABISIOMINE (BOJAOPOI M KHCIOPO), TO
nostyyaeTcsi 0e30TXOAHbIN U Oe3BpenHblil mpouecc. OqHa «MalieHbKas» npoliemMa — cBOOOIHOTO
BOJIopoja Ha 3emuie HeT. [yst ero momydeHust Tpedyercs sHeprusi. A rae e€ B3saTh? C MOMOIIBI0 TaK
HA3bIBAEMBIX BO300HOBIISIEMBIX WCTOYHHKOB JHEPrUW (COJHIIE, BETEp, DHEPTUs TNPWINBOB U
OTJIMBOB, T€OTEpMaIbHAS YHEPTUs U T.11.)? HO UX 10J1 B MEPOBOM DHEprodasaHce MmoKa 4To OYeHb
Maia, a, HapuMmep, B Poccun BooOIIe HUUTOKHA. 3HAYHT, OTATHh MPUIAETCS MPU3BATh HAa MOMOIIb
HCKOIIaeMbl€ TOITMBA. BOT Takoi «3aKOJJOBaHHBIA KPYI».

3akon PecnyOuimkum  Kasaxcram «O0  JHeprocOepe:xxeHMH W NOBBIIICHHUH
3HepProd(p(PeKTUBHOCTID)

13 saBaps 2012 roma IlpaButensctBom Kazaxcrana Obul mpuHAT 3akoH PecmyOmuku
Kazaxcran «O0 sHeprocOepe:KeHUH U MOBBIIICHUN SHEPTO3DPEKTUBHOCTI

[Iporpamma HampaBieHa Ha oOeclieyeHUE TOBBIIIEHUS KOHKYPEHTOCIIOCOOHOCTH,
(bMHAHCOBOW YCTOWYMBOCTH, SHEPTETHUYECKONW M 3KOJOTHYECKOW Oe3omacHocTu skoHOMuKH PK, a
TaKkK€ pOCTAa YpPOBHS UM KadyecTBa IKU3HU HACEJIEHHMs 3a CYeT pealu3aluu MOoTeHIHaIa
sHeprocOepekeHnss M MOBBILIECHHUS] dHEpreTHdeckoi 3(hPEeKTUBHOCTH Ha OCHOBE MOJECPHU3AIINH,
TEXHOJIOTUYECKOTO Pa3BUTHUSL U TEpexojJa K palMOHaJbHOMY U IKOJIOTMYECKH OTBETCTBEHHOMY
HCIOJIb30BAHUIO SHEPTETUUYECKUX PECYPCOB.

OCHOBHBIMM ~ HANpaBJCHUSIMU  TOCYJApCTBEHHOIO  peryidpoBaHuss B  oOrnactu
sHeprocOepekeHus ¥ MOBbIIIEHUS SHEPro3(h(HEKTUBHOCTHU SBIISIOTCS:

1) ocyIiiecTBIeHHE TEXHUYECKOTO pEryJUpOBaHUs B O0OJAaCTH DSHEProcOEpe eHUus Hu
MOBBIIICHUS PHEPTOIPHEKTUBHOCTH;

2) ocyIiecTBiacHHE cOaTaHCHPOBAHHON Tapu(HOM MOJUTHKH M IEHO0Opa30BaHus B 001aCTH
MIPOM3BOJICTBA U MOTPEOJICHUS SHEPTETHUYECKUX PECYPCOB;

3) CTUMyIUpPOBAHUE PHEProCcOEPEKEHUST U TOBBIIICHHUS dHEProdP(EeKTUBHOCTH, BKIHOYAS
MCI0JIb30BaHUE YHEProcOeperarIux 000pyI0BaHU U MaTEPHUAJIOB;

4) oCylleCcTBICHHE TOCYIAPCTBEHHOTO KOHTPOJS 32 3()(EKTHBHBIM HCIOJIb30BAHHEM
SHEPreTHYECKUX PECYpPCOB;

5) nmpomaraHga SKOHOMHYECKHX, OSKOJOTHYECKMX W  COIMAIbHBIX IMPEUMYIIECTB
3(QPEKTUBHOTO  MCIIOJB30BaHUSI HHEPreTHUECKHMX PpECypCcoB, IMOBBIIMIEHHE OOIIECTBEHHOTO
00pa30oBaTeNIbHOTO YPOBHSA B 3TOH 001acTH;

6) oOecreueHne CcoOMIOJCHUS — 3aKoHoAarenbcTBa  PecnyOnmku — Kasaxcran 00
SHEpProcOepeKeHNH U MOBBIIEHUH 3Heprod3ddextuBHOCTH.[17].

Bricokasi 9HEpro€MKoCcTh MpU pocTe Tapu(oB Ha IHEPrOHOCUTENH 3aTpyAHSET OOpnOy ¢
uHbuAnueit. Poct TapudoB Ha 3HEProHOCUTENHN HEOOX0AUM Il 00eCieYeH sl pa3BUTHS TOTUIUBHO-
HHEPreTUYecKOro Komiiekca. OHaKO POCT HAarpy3Ku MO OIUIaTe SHEPrOHOCUTEINEH, BHIXOAAINIH 3a
npeJensl MUIaTeKHOM CocOOHOCTH HaceleHus, 3aTpyAHseT O0opbOy ¢ OelMHOCThIO, HE MO3BOJSET
o0ecreynTh BBICOKYIO COOMPAeMOCTh IJIaTeXKeW M MOPOXKIAeT HEJAOBOJILCTBO TpakaaH. Huskas
sHepreruyeckass 3(p(GEKTUBHOCTh JKHIMIIHO-KOMMYHAJIBHOTO KOMILIEKCa M OIOJUKETHOU cdepbl
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BEJET K BBICOKOH Harpy3ke KOMMYHAJIbHBIX IUIAT€KEH HAa MECTHbIE OIO/DKETBI, YTO CHIKAET
(MHAHCOBYIO CTAOMIIBHOCTb.

OCHOBHBIC OpPraHM3ALMOHHBICE MEPOIPHUATHS IO HHEProcOCPEKEHUIO W  TOBBIIICHUIO
SHEepreTuueckoi 3((PEKTUBHOCTH B 3JIEKTPOIHEPIETUKE OXBATHIBAIOT: — BHEAPEHUE CUCTEM
MOHHUTOPHUHTA HEProcOepeKeHUsI U TIOBBIIICHHUS YHEpreTndeckoil apdexruBHoCTH; — 00yUeHHE U
MOBBIIIEHNE KBATU(UKALUU PYKOBOJWUTENEH M CHELMAIUCTOB B 0O0JIACTU 3HEProcOEpeKeHUs U
MOBBILIEHUS  BHeprerudeckol 3¢ ¢dexkTuBHOCTH; — pa3pabOTKy U BHEOPEHHUE CHUCTEMBI
SHEPreTUYecKOro MeHEeKMEHTa. llmaHupyeTcst ocylecTBICHHE TEXHMYECKUX MEpPONPUSITUH MO
SHEProcOEpeKEHNUI0 M TOBBIIICHUIO JHEPreTUYeCKOM A(PGEKTUBHOCTH Ha KOHAECHCAIMOHHBIX
ANIEKTPOCTAHLIMAX Ha Ta3e U TBEPAOM TOIUIMBE, TEIJIOAJIEKTpoueHTpansax. [Ipu TexHuueckom
MIEPEBOOPY)KEHUU  JEHCTBYIOUIUX AJNEKTPOCTAHIMI OylneT MNpOU3BOAUTHCSI: — BBIBOJ U3
JKCIUTyaTalliM  HEIKOHOMMYHOTO, BbIpaOOTaBUIET0 MOpaJbHBIM W (QU3MYECKHil pecypc
MapoOCUJIOBOTO 00OpPY/I0BaHUS Ta30BBIX TEIUIOBBIX 3JEKTPOCTAHIMN M 3aMEIIeHHE €ro HOBBIMU
YCTaHOBKaMH C HCIOJB30BaHWEM Ta30TypOWHHBIX W IAapOTra30BbIX TEXHOJIOTHH; MOJEPHU3AINS U
PEKOHCTPYKIHS IEHCTBYIOIINX KOHJICHCAIIMOHHBIX M TETUIO(HUKAIIMOHHBIX YCTAHOBOK W CTAHIIHH C
WCIIOJIb30BAHUEM COBPEMEHHOTO SHEProdhHEKTUBHOTO 000PYI0BaHUS; — BBIBOJ W3 IKCILUTyaTaIlluu
MOpPaJbHO U (PU3UYECKH YCTapeBLIEro 0O0OPYIOBAaHMS C HU3KUMHU IapaMeTpaMU Iapa YroJbHBIX
TEIUIOBBIX  3JIEKTPOCTAHIMI; 3aMEIIeHHEe €ro HOBBIMH YCTAaHOBKAMU C HCIOJIb30BAaHUEM
3G GEKTUBHBIX AKOJOTMYECKH YUCTBIX YrOJIbHBIX TEXHOJOTUMN; MOJEPHU3ALHMA U PEKOHCTPYKIUS
JNEUCTBYIONIMX KOHACHCALMOHHBIX U TEIUIO(UKALMOHHBIX arperaroB C II€JbI0 MOBBIIICHUS HUX
SHEPreTHUeCKOr  d(PPEKTUBHOCTH. DHEProcOEpekeHWe U  TOBBIIIEHUE  HAHEPTreTUYECKON
3 ()EKTUBHOCTH B DJICKTPOIHEPIETUKE TAKXKE CBSI3aHBI C HEOOXOJWMOCTHIO BBIBOJA U3
SKCIUTyaTallMM JW3EJbHBIX JJIEKTPOCTAHLUN, BBHIPAOOTABIIMX PECYpPC, CTPOUTENHCTBA HOBBIX
IU3ENbHBIX 3JEKTPOCTAHIMI C HCIOJB30BAHUEM COBPEMEHHBIX TEXHOJOTUH (B YCIOBHUAX
YKPYITHEHUSI U KOHCOJIMIAUPOBAHUS IOCEIKOB, MX YaCTUYHOTO 3aKpBITHUS, Pa3BUTHUS CETEBOTO
XO03siCTBa), MOJEPHHU3AIMU JIU3EIbHBIX ODJIEKTPOCTAHIUN C HCIOJIb30BAHUEM COBPEMEHHOTO
3HEProdhPEeKTUBHOTO 000PYIOBAHHUS.

B pesynprate  OECKOHTPOJBHONW  JOOBIYM M PACTOUMUTEIBHOIO  HCIOJB30BaHUS
HEBO300HOBIISIEMBIX HHEPrOpPECYpPCOB B IMOCIEAHHUE AECATUIIETHUS YEJIOBEUECTBO MPUOIHU3MIOCH K
rJ1006aJTbHOMY PHEpreTuyeckomMy Kpusucy. Kpome Toro, 3Ha4uTeNnpHO yXYAUIMIACH SKOJIOTHYECKast
oOcTaHOBKa: riIo0anbHOE U3MEHEHHE KJIMMaTa Ha IUIaHeTe, KaK CIEICTBUE MapHUKOBOTO 3 dekra,
OHKOJIOTHYECKHE 3a00JIeBaHus, 3arpsi3HeHUE aTMochepbl BpeJHBIMU BBIOpOCAMU, 3arps3HEHHE PeK,
BBIPYyOKa JIECOB.

DOuepretudeckuii kpuszuc B 1970-x TT. sBUICA MEPBOM MNPEANOCBHUIKOW K OCO3HAHHIO
OKOJIOTHUECKUX TMpobieM U Hadalay pa3paboTKH KPYMHOMACIITAOHBIX MPUPOIOOXPAHHBIX
npoektoB. B 1997 r. Opin1 moanucan Kuorckuii mpoTokon, 12 cormacHO KOTOpOMY rocylapcTBa
JIOJDKHBl OTPaHMYUTh BBIOPOC MAapHUKOBBIX Ta3oB (B mepByto ouepenp, CO2) B atmocdepy. Bo
MHOTHX Pa3BUTBIX CTpPaHAX OJHUM U3 BaXHEUIIUX OOBEKTOB TOCYAAPCTBEHHOTO PEryIUpPOBAHUS
CTaJ TPeOOBAaHUS K PAa3BUTUIO0 HHHOBAIMOHHBIX 3HEProcOEperaonux TeXHOIOTUN U MOBBIIICHUIO
TEIUIOBOM 3(PEKTUBHOCTH 3aIUTHI 3TaHUH.

OcHOBHBIE 3a/laud M aCHEKThl HYHEepProcOeperarolux TEXHOJOTUH: — HKOHOMHS
rOCyJapCTBEHHBIX SHEPrOPECYpPCOB; — PALMOHAIBHOE HCIOJIb30BAaHUE NPHUPOIHBIX PECYPCOB;
3alIUTa OKpYXKaloIled cpeibl OT BPEOHBIX BBHIOPOCOB; — OCBOEHHE U PAa3BUTHE TEXHOJOTHH,
OCHOBAHHBIX Ha UCIOJb30BAaHUM BO30OHOBJISIEMBIX HCTOYHMKOB SHEPrMM; — CHI)KEHHUE
«TTAPHUKOBOTO 3 PeKTar.

Ha cerogusmumii neHp Bc€ OoJsiee akTyalbHOM CTAaHOBUTCS NpoOjeMa CHUKEHHS
SHEPronoTpeOsIeHUs] JKWIbIX 3JaHMM, 4YTO Ja€T TOJYOK JUISL Pa3BUTHS SHEprocOeperarommx
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texHoJsioruii. Ha o6orpeB 1omMoB rocynapctBoM tpatutcs 10 40 % Bcex sHepropecypcoB CTpaHbI, a
B arMmocdepy B pe3yiabTare BBIOPACBIBACTCS OTPOMHOE KOJUYECTBO YIJIEKHCIOTO Tras3a, 4YTo
MPUBOANT K PA3BUTHUIO «ITAPHUKOBOTO (P PEKTaN.

CoBpeMEHHYI0 HCTOPHIO SHEProcOepeKeHHsI YCIOBHO MOXHO pa3douth Ha 4 srtama: 1973—
1991 rr., 1991-2003 rr., 2003-2008 rr. u ¢ 2009 r. no Hacrosimee BpeMa. 13 3T0il XpoHonoruu
OYEBHUJIHO, YTO OCHOBHBIE yCHIIHS, HAIIPABJICHHBIE Ha SKOHOMUIO SHEPTHH, Pa3BUTHIC TOCYapCTBa,
o0nenéHHbIe B 3HAYMTENILHOW CTENEHH MPUPOJHBIMH pPECypcaMi, HAYMHAIOT MPEeNNPUHUMATH B
MIEPUO/IBI PE3KOTO pOCTa IIEH Ha YIIIEBOJIOPOTHOE ChIPhE. DTH MEPHOIBI, B CBOIO OUEPE.lb, CBA3AHBI
¢ 000CTpeHreM MEeXTyHapOIHON 00CTaHOBKH, KaK MPaBUIIO, €CTECTBEHHO, Ha bimxHem n CpenHem
Bocroke, T.e. B ctpanax OIIEK [31].

Ha nmepBom atane (1973-1991 rr.)

B OonpmmHCTBE pPAa3BUTBIX TOCYAAapCTB OBUIM TPUHATHI pelIeHUuss O pa3paboTke
CTIEIMATBHBIX TPOTPaMM, BKITFOUAIOIINX B ce0sI CIEAYIOIINE HATIPABICHUS:

- DKOHOMWUSI SHEPTUH;

- BBIICJICHWE 3HAYUTEIBHBIX  OIO/DKETHBIX  CPEICTB HAa  IPOBEICHWE  HAy4YHO-
WCCIIEIOBATEIbCKUX M KOHCTPYKTOPCKHX — Pa3pabdOTOK  HCIIOJIB30BaHUS  HETPAJAUITUOHHBIX
WCTOYHHUKOB SHEPTHUH;

- CHIDKEHHUE SHEPronoTpeOIeH s B PA3IMYHBIX OTPACIIAX IPOMBIIUIEHHOCTH;

- pa3paboTKa 3aKOHOAATENIbHBIX WHUIUATHUB, OOECIEYMBAIOLUINX CHH)KEHHE MOTPEOICHUS
SHEPreTUYECKUX PECYpCcOB (Kak BBIICHMIIOCH IO3KE€ — CaMmoOe€ IJIaBHOE HalpaBJIEHHE HAa JaHHOM
JTamne).

B sTOT mepuon 3aHUMaINCh MPAKTUYECKH BCEM: SHEPrHel COJIHIA M BETpa, TEIIOBBIMHU
HacocamMu (3Heprusi 3emin), OMOTOIUIMBOM, SHEPrHed NPUIMBOB MU MOPCKMX TEUCHMH U BOJIH,
reoTepMalIbHOM SHEpruel, sHeprue aroma u, COOCTBEHHO, TEXHOJIOTUSIMU SHEProcOepeKeHMs.

K coxanenuto, OONBIIMHCTBY pabOT Tex JeT OblIM XapaKTepHbl HEJOCTAaTOYHAs
3QQEeKTUBHOCT, W  JUIMTENbHblE (MHOTJa  3allpelesibHble) CPOKM  OKYAaeMOCTH  M3-3a
HECOBEPILIEHCTBA MAaTEPUAIIOB U TEXHOJOI'MH, UMEBIIUXCSA TOTAA B PACHOPSDKEHUM CIIELUATUCTOB.
W, yto camoe riaBHOE, LIEHbl HA HE(QTh U JPYrue yrieBOJOPObl CTAM OYE€Hb OBICTPO CHUXKATHCS.
VMmMeHHO m1OATOMY ILEApble IIOHAYady IPAaBUTEILCTBEHHbIE ACCUTHOBAHUS Ha pa3paboOTKy
aJIbTEPHATUBHBIX U HETPAJULHMOHHBIX dHEpropecypcoB k cepenuHe 1980-x rr. ObuIM 3HAYUTENBHO
COKpAILCHBI.

OnHako monb3a OT 3TOH «HE(TSIHON BCTpACKW» Obula Heocnopuma. daxkTuyecku ObLIO
CIIOMaHO  TPAJUIMOHHOE  MBILIUIEHHE, OCHOBAaHHOE HA  BO3MOXXHOCTHM  MCIIOJIb30BaHUs
UCKJIFOUUTENBHO YTJI€BOJIOPOJHOTO TOIIIMBA, ONpeeaeHbl HanboJiee epCleKTUBHbBIE HAIIPaBJICHHS
JanbpHelmero pa3BuTus. HekoTtopble uccieoBaHus NPOJODKWINCE AaXe I0Cie MpPeKpalieHus
rOoCyJapCTBEHHOTO  (MHAHCUPOBAaHMS — YaCTHbI OW3HEC TMOHsUI  JOJIOCpPOYHy0 16
NEePCHEKTUBHOCTh HEKOTOPHIX MHHOBAI[MOHHBIX HampaBieHUH M oOecrneunBai (pUHAHCHPOBAHUE
MHOTHUX IIPOTPaMM.

W BcE ’xe TIJIaBHBIM YCIIEXOM I[I€PBOIO 3Tama CTajdd MHOTOYMCIEHHBbIE pa3paboTKU
3aKOHOJIATENbCTB, CHUCTEM TOOLIPEHUH, CyOCHMIMA M JBIOT TEM OpraHu3alusM, KOTOpbIe
CIOCOOCTBOBAJIM 3HEProcOepeKeHnI0, M, HaoOOpoT, WTpadoB M JPYrUX HaKa3aHUM TeM, KTO
cuuTan 3TO HeoOs3arenbHbIM. KOHEYHO, 3aKoHOJATeNbHBIE AaKThl Ha ATOM JTarne ObulM
HECOBEPILIEHHB! M B JalbHEHIIEM HE pa3 KOppeKTHpoBaiuch. B ToT mepuoxa Oblna pazpaboTaHa
LEJIOCTHAsE WJCOJIOTHUS SKOHOMHUHM SHEpruH, OBLIO JIOKa3aHO CO BCEW OYEBHUIHOCTHIO, UTO JUIA
YCIEIIHOTO pEeUIeHUsT MpoOJeM 5SHeprocOepekeHus: HEOOXOIUM KOMIUIEKCHBIM TOJX0M —
yAy4IlIeHHEe TOJIBKO KaKOro-HUOyIb OJHOTO »JJIEMEHTa HE IO3BOJIUT KapAMHAIbHO CHU3UTh
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SHEpPronoTpedsieHue, a WHOIJa MOXKET NPHUBECTH JaXe K JUCKPEAUTAlUH CaMOW HWIeH
SHEProcOepeKeHuSI.

BaxxHbpIM cTano u co3gaHue KpPYIMHBIX HccienoBareiabckux 1HeHTpoB B EBpone n CIIA, B
COCTaB KOTOPBIX BOLIM JWHAMUYHbIE U MOOWJIbHBIE KOMAH[bl CIIELUAIMCTOB, OINpPEACIUBLINE
3HAUUTENIbHBIE YCIIEXH JHEprocOepexeHuss B INocieayrolmue roisl. B uyacTtHOCTH, B cocTaBe
3HameHuToil HamuonansHoW naboparopun munHucrepctBa sHepretuku CIIIA (Lawrence Berkeley
National Laboratory — LBNL) Obut opraHu3oBaH OTIEN MO YHEProcOECPEKEHUIO B CTPOUTEIBCTBE,
KOTOPBIM U CTAJl OJTHUM M3 «3aKOHOAATENIel MO/ B 3TOM oTpaciu. Kcrarn, oprannsosai ero Aptyp
Pozendensa (Arthur Rosenfeld), xotoperit B 2011 r. Obu1 ymocroeH yupexaéHHodt B Poccum
MexnynapoaHoit npemun «l'moOanbHast 3Heprus», sBisoLeics cBoeoOpasHoil HobeneBckoit
npemMuen mo sHepretuke. MexayHapoaHas sHepreruyeckas [Ipemus «'mobanpHas SHEPrUs» — 3TO
He3aBHCHMasl HarpaJia 3a BbIJAIONINECs Hay4YHbIE UCCIIEJOBAHUS U HAYYHOTEXHUYECKHE Pa3pabOTKu
B 00JIaCTU SHEPreTUKH, KOTOpbIE COJACHCTBYIOT MOBBIMIEHUIO 3(()EKTUBHOCTU U 3KOJIOTHYECKON
0€30MacHOCTH UCTOYHUKOB SHEPrUH Ha 3emile B UHTepecax BCEro YeJloBEUYECTBRA.

Nmenno LBNL B TeCHOM KOHTaKTe ¢ €BpONEHCKUMH CIIeHaIncTaMu pazpadorana B 1970-
x—1980-x TT. TEXHOJOTWIO TPOMBINIUIEHHOTO IPOW3BOJICTBA MAarHETPOHHOTO HAaHECEHHS
TEIUIO0TPAXKAIOIINX TOKPBITHM Ha OosblieopMaTHBIE JIUCTOBbIE CTEKIA, YTO CTAJI0 pPEealbHBIM
MpOpHIBOM B OKOHHOU oTpaciu. [lozguee, B 1990-¢ rr., TemIooTpakarolue MOKPBITUS CTaHYT
OCHOBHBIM M HEOOXOJUMBIM 3JIEMEHTOM SHEProcOeperarmux CBETONPO3pauHbIX KOHCTPYKLHUH.
Taxoxe oAHUM U3 ONpPENENAIOUINX CHOCOOOB CHIKEHHSI PHEPreTHUECKUX 3aTpaT B 3JaHMsIX cTajaa
WHUIMATUBA IPAaBUTEIbCTB CKAHJMHABCKUX CTpaH, KOTOpbIE 3a CUYET rocygapcTBa 3aMEHMIIN
crapple Hed(h(HEKTUBHBICE OKHA Ha HOBBIE CTekiomnakersl. Bropoi stam (1991-2003 rr.) Obun
OTMEYEH 3HAYUTENIbHO 00Jee MHTEPECHBIMM DPE3yJIbTaTaMH C TOYKHM 3pPEHMsI BHEIPEHMsI HOBBIX
IIPOIPECCUBHBIX SHEProcOeperaruux TEXHOIOT HH.

VIMEHHO 3TOT nepHoj MOKHO OXapaKTepu30BaTh CIEAYIOIIMMHU J0CTH)KEHUSAMU:

- IIMPOKOE UCHOJIB30BAHNE TEIIOBBIX HACOCOB;

- BETPOBBIE I'€HEPATOPBl OKA3aIUCh COBEPIIEHHO OObIAEHHBIM JenoM B EBpomne, Snonun,
Kurae u CIIIA;

- IOSIBUJIMCh COBPEMEHHBIE KOHKYPEHTOCIIOCOOHBIE COJTHEUHBIE ITAHETH U KOHBEKTOPBI;

- B Pa3BUTBIX CTPaHaX CEPbE3HO B3SUIUCH 3a CTPOUTENILCTBO AHEProd(P(eKTUBHBIX 31aHUI
(Tak Ha3bIBAEMBIX «IIACCUBHBIX» JOMOB U JOMOB C HYJIEBBIM MOTPEOIEHHEM SHEPTUN);

- BIIEPBBIE MaccoBO HayajiM 3aHUMATbCs CaHAUMeW 3JaHui CTapoil MOCTPOMKM IJIs
JIOBEJICHUS UX JI0 COBPEMEHHBIX TPeOOBAHUI 110 3HEProCcOEPEIKEHUIO.

C BO3HUKHOBEHHMEM OYEPEJHOI0 SHEPreTUYECKOro KpH3Hca MPaKTUYECKHM MTHOBEHHO B
CUIA mosiBUIICS TIEPBBI B HCTOPUH KOMIUTEKCHBIH TokymeHT — «Energy Policy Act of 1992» [53],
OIpe/IeNMBLINI OCHOBHBIE IPOOJIEMBI B SHEProcOepeKeHNH U HarpaBiieHus ux pemienus. Koneusno,
OUYEBUJHO, YTO TaKOH OOBEMHBIN JOKYMEHT (HECKOJIBKO COTEH CTPaHHUI) HEe MOT OBITh pa3paboTaH B
TE€YeHHE HECKOJBbKUX MECALEB MOcCie TOro, Kak OH JelcTBuTensHO mnoHagoOwicsa. Ilo Beeit
BUJMMOCTH, OH pa3pabaThIBajiCsi BEAyIIMMHU crienuanuctaMu MunucrepctBa sHepretuku CLIA
emeé ¢ cepeaunsl 1980-X IT., ¥ MO CUACTIIMBOM CIy4allHOCTH B 3TOM JOKYMEHTE BO3HHUKJIA CPOUYHAsS
HE00X0IMMOCTh UMEHHO TOT/Ia, KOTJja OH OBLT MPAKTUYECKH FOTOB.

«Energy Policy Act of 1992» cran onpezaenstomiuM Uil pa3BUTUS HOBBIX TEXHOJOTMH B
o0nacTH  SHEprocOepe’keHUs] W HCIOJIb30BaHMS — albTEPHATUBHBIX W HETPATUIIMOHHBIX
B0O300HOBIISIEMBIX HCTOYHUKOB 3HEpruu Oosnee yem Ha 10 jer.

OTMETHM JIUIIb HEKOTOPBIE ET0 MOMEHTHI:

- Ha o0ecleyeHne SHEprocOepekeHUs W 3HAUYUTEIbHOE CHI)KEHHE HSHEepronoTpediieHus
Konrpeccom CIIIA BbIieneHbl KoJOCCaJIbHBIE CpEeACTBA (MHJLIHApPABI JIOJUIAPOB), BKIIOYAst
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CpeAcTBa Ha MyOJIMYHOE MPOABIDKEHHE MPOTPaMMBbl SHEPTOCOEPEKEHHUS M pa3bsCHEHHE €€ Ienei
MOTPEOUTEISIM; BIIEPBbIE HAa 3aKOHOJATEIHLHOM YPOBHE CJENaH YIOp Ha CO3/aHHe JICHCTBEHHOU
CHCTEMBI CyOCHOWii W  JBrOT Il TOTpeOWTeNed, BBIOJMHSIOMUX  TPEOOBAaHUSA IO
SHEProcOepeKECHHIO;

- BHE/IpEHa IIporpaMMa MepCrleKTUBHBIX CTAHIAPTOB U IPYTMX HOPMATHUBOB, HAIIPABJIEHHBIX
Ha HKOHOMHIO SHEPTUU BO BCEX OTPACIISIX, BKIOYasi CTPOUTEIHCTBO U MPOU3BOJCTBO CTPOUTEIBHBIX
MaTepuajgoB, OCHOBaHHasT HAa TaK HAa3bIBAEMbIX «CTAHJIApTaxX MPOU3BOJUTEIBHOCTH», T. €.
OPUEHTUPOBAHHBIX HA KOHEUHBIN PE3YyNbTAaT — S3KOHOMUIO SHEPTHH;

- ompefeneHbl IEepBOOYEpETHBbIE 33Jayd W LenHu, oOecrneyeHue KOTOpBIX —ObLIOo
noarotopiaeHo B 1980-e rr., B 4YacTHOCTH: 3aM€Ha TPAJUIMOHHBIX JIaMIl HaKaJMBAaHUS
SHeprocOeperarouMMy, 3aMeHa TPAJAULHUOHHBIX OKOH CBETONPO3PAaYHBIMU KOHCTPYKLIMSIMH CO
CTEKJIONAKETaMU C TETJIOOTPAXKAIOUIUMH CTEKIIaMU;

- BHE/IpEHBI MAapKUPOBKHU SHEprocOeperaromieil NpoayKIuy, yKa3bIBaloLUIUe NOTPeOUTENIO e€
TEXHUYECKUE XapaKTEPUCTUKU U 0XKMJIAEMBIH YPOBEHb S5KOHOMHUH 3HEPTUU;

- CO3/IaH pAJ acCOLMALUN, KOTOPbIE JOJDKHBI ObUIH CTAaTh MPOBOJHUKAMH TOCYIapCTBEHHOM
MOJIMTUKA SHEprocOepe’keHuss W CO3/4aBaTb HOBBIE METOJBI OLEHKH HHeprocOeperaronmx
MaTepuaioB W KOHCTpyKmwuii, B ToM yucie National Fenestration Rating Council (HarmonansHbIi
CoBeT 10 OIICHKE CBETOIPO3PAUYHBIX KOHCTPYKITUI); -

- o00O3HAUeHbl 1EIM N0 MPOEKTUPOBAHUIO U CTPOUTEIBCTBY (C JajdbHEHIIUM
MMOJTHOMACIITA0HBIM MOHUTOPUHTOM PE3YJIbTaTOB) MHJIOTHBIX TPOEKTOB HHEProdp(HEeKTHBHBIX
3/1aHUM PA3JIMYHOTO HA3HAYEHUS B PA3HBIX KIIMMATHUECKUX PETMOHAX CTPaHbI; -

- BBbIJIEJICHBl CPEACTBA Ha CO3/IaHUE KOMITBIOTEPHBIX METOJOB OLICHKH XapaKTEpUCTHK U
9HEProd(H(PEKTUBHOCTH PA3NMYHBIX KOHCTPYKIHM. JtoOombiTHRIE MeTamMOp(]o3bl MPOUCXOIUIN B
I'epmanuu. Criemyer OTMETUTD, 4TO Kpax bepnuHckoi cTeHbl u o0beaunHeHue ['epmanuu B 1990 r.
BBenM >kutenied Bocrounoit I'epmanum B siidoputo. B Jlpesnene, k npumepy, Ha BOK3aIbHOU
wiom@aad Obl  myOnmuyHO  coxok€H  TpabGaHT — CHUMBOJI  «OTCTaloOl  aBTOMOOWIIBHOM
npomeiieHHocTu ['JIPy». [locne «BanoTHOro 00beAMHEHNA» BOCTOYHBIE HEMIIBI Oy JOCTYI
K 3aMaJiHbBIM TOBapaM, B TOM YHCJIE M K aBTOMOOWJISIM, Y€M OHHM M MOCHEIIUIN BOCHOIb30BAThCS.
Ecnu panbiie cryneHTs [[pe3aeHCKOro TEXHUUYECKOTO YHUBEPCUTETa €3AMIIH, IPEUMYILECTBEHHO,
Ha BEJOCHUIIEAax, TO Terephb OHU nepecenu Ha Ayau, Onelnpb u npoyre aBTo.

I[Ipu ob6wvegunenun I'epmanmu B 1990 1. B CTPYKTYpy KHJIMIIHO-KOMMYHAJIBHOTO
KOMILJIEKCA CTPaHbI BIUJIOCH MHOYKECTBO 3/IaHUI B BOCTOUHOM yacTu ctpanbl (I'IP), koTopsie Obln
MIOCTPOEHBI MO COBETCKUM IMPOEKTaM (MbI MX Ha3blBaeM «XpyIIEBKU»). [IpoBeneHHBIN B Hauane
1990-x rr. KOMIUIEKCHBIII MOHUTOPUHT CTapbIX 3/aHUI MOKa3all, 4YTO CPEAHUN PacXoJl IHEPTHH Ha
OTOIUICHUE, ropsiyee BOJOCHAOKEHHUE, OCBEIEHUE U JAPYrue OBITOBBIE HYXJBI B CTapbIX 3JaHUSIX
cocraBmi okosio 280 kBT-u/M? B TOJI, U3 HUX TOJIBKO HA OTOIUICHHE pacxojioBajoch He MeHee 220
kBT-u/M? B Tos. B ycloBHAX JOCTaTOYHO MATKOrO KIMMaTa B I'eépMaHMM M MOCTOSHHOTO POCTa
CTOMMOCTH 3HEproHocuTelNeil 3To ObUI0 MPU3HAHO COBEPIIEHHO HEIOMycTUMBIM. Tem Oojee 4To K
Havyanmy 1990-x TT. yKe TOSIBHICA OIBIT CTPOUTENHCTBA SHEProdPPEeKTUBHBIX 3TAHUNA C
MCIOJIb30BaHNEM ANbTEPHATUBHBIX BO30OHOBIISIEMBIX HICTOYHUKOB dHEPTUH.

Kutenam Bocrounoii ['epmannn ®enepanabHoe NpaBUTENBCTBO MOOOEHIAN0 B KpaTyaiiiee
BpeMsi 00ecTieuyuTh YPOBEHb XKU3HM, Mpucymuii cranaaptam OPI. Jlnsa obecrieueruss KoMpOPTHBIX
YCIIOBHM KM3HU U CHIKEHHUSI pa3Mepa KOMMYHAJIbHBIX IJIaTEXKEN HA OTOIJIEHUE U JIEKTPOIHEPTHUIO
CYIIECTBOBAJIO [JBa BO3MOKHBIX IIyTH: JIMOO CHECTH BCE ATHU 3JaHUsA, JMOO TNPHUBECTH HX B
«Ooxeckuii Bu». OqHaKo ObUT MPEANPUHAT IPYrod MOAXO0J], KOTOPBIM B JalbHEUIIEM MEPEeHSITH
MHOTHE Pa3BUTHIE CTPAHBI.
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®denepanbHbIM 3aKOHOM 1995 T. OBLJIO YCTAaHOBJIEHO, YTO HOBBIE 3/IaHUS JIOJIKHBI CTPOUTHCS
C Y/IEITBbHBIM PAacX0I0M SHEPTHHU Ha oToIuieHre He Boimre 100 KBT-u/M2 B TOI, IPU 9TOM OCTAIIBHEIE
SHEPro3aTpaThl ObLIM OrpaHMYEHBI Ha ypoBHE 60 KBT-u/M? B oy [52]. /s CymecTBYIONMX 31aHHit
OBUT ompeseNieH MepuoJ B 7 JIET, B TEYCHHE KOTOPOTO OHHU JOJDKHBI OBITH JIMOO TOBEICHBI 0
YCTaHOBJICHHOTO YypPOBHS JHEprosarpar, Ju00 CHECEeHbl B CJIydae HEBO3MOXHOCTH WU
HelenecooOpasHOCTH UX PEKOHCTPYKIUHU. B ToMm ciydae, ecau COOCTBEHHUK 0 MCTEYEHUU 7 JIET
HE BBIMOJHUT YCTAHOBJEHHBIE 3aKOHOM HOPMATHUBBI, JJIsi HEr0 HACTYMalIl «UYEpHBIC JTHI» —
YBEITUYCHHUE KOMMYHAJIBHBIX TIJIATEKEH B HECKOJIBKO pa3, OTPOMHBIC IITpadbl, YyBETUYCHUE
00s13aTeIbHON CTPaXOBKH HMMYIIECTBA, CHWKEHHUE 3aJI0OTOBOM CTOMMOCTH W MHOTO€ APYroe, 4uTo
MpeBpaniaio BIAJCHUE TaKUM «IpoITpadUBIIUMCS» 3/JaHHEM B Jel0, (UHAHCOBO OYEHb
00peMeHUTENbHOE U 0eCIIepCIIEKTUBHOE.

B denepanpHOM 3aK0HE OBLT MPETYCMOTPEH PSIJ MOOMIPEHUN (CIIPSTHUKOBY):

- (puHaHCOBBIE (OUEHBb HEOOJIBIIINE) BIMBAHUS CO CTOPOHBI TOCYIapCTBa;

- HAJIOTOBBIE (OYEHb 3HAYUTEIbHBIE) IbIOTHl COOCTBEHHUKAM;

- (enepanbHble CyOCHAMM Ha UCIHOJIb30BAaHHUE COBPEMEHHBIX HHEprocOeperarommx
MaTepHaIoOB U TEXHOJIOTH;

- Ipyrue, He TOJIBKO MaTepHabHbIC, HO U MOPAIbHBIE, I UMUJIKEBBIE, TOOIIPEHMUSL.

3TO0 MO3BOJMIIO MHOTUM CHELUAINCTaM, MPUICPKUBAIOLIIUMCS MTOCTyJaTaM 3TOTO 3aKOHA U
npecinoByromy Deutsche Ordnung (HemMenkwii TOPSIOK), CIPOCKTUPOBaTh M  TOCTPOUTH
NEeHCTBUTENBHO SHEproddPexTuBHBIC ToMa 3a HE 04eHb Oosbiue aeHbru. 20 HecmoTps Ha TO, 9TO
LIEHBl Ha TPAAUIIMOHHOE YTJIIEBOJAOPOIHOE TOILIMBO CTAIM OBICTPO MajaTh (Kak U BO BpeMs IEPBOTO
SHEPreTHYECKOro KpU3uca), yCUJIMsI MUPOBOTO COOOIIECTBA MO CO3JaHUIO SHEPTEeTUKH, B MEHBIIIEH
CTETNeHH, YeM TMpexae, 3aBUCUMOM OT YIJIEBOJOPOJOB, HE MPEKPATUINCh, a TOJBKO
aKTUBU3UPOBAIUCH M KOHCOJUAUPOBAINCH. DTHM, BEPOSITHO, U OTJIMYAEeTCs coBpeMeHHas Poccus
or EBpombr u CIIA: Hemubl ¥ amepuKaHUbl (M SMOHIBI, €CTECTBEHHO) MPEANOYUTAIOT «HE
HacTynaTh BTOPOM pa3 Ha Te XK€ Tpalim, eCiau YK€ OJHaXIhl HaOWIW MUKy Ha JOy» [31].
NMenHO Ha BTOpOM 3Tame coBpeMeHHOW wuctopuu 3Heprocoepexkenuss (1991-2003 rr.) ObLi0
Ha4yaTto OOJIBIIMHCTBO IMPOEKTOB IO CTPOUTENHCTBY «IACCHUBHBIX» JOMOB U LENbIX MOCEIKOB, U
OKOHYATEJIbHO C(OPMUPOBATIOCH MOHMMaHUE HEOOXOTUMOCTH KOMIUJICKCHOM OLEHKHM 3IJaHUi U
3¢ (HEKTUBHOCTH SHEPTOCOEPETAIOIINX TEXHOIOTHUH.

Hampumep, Bo @paHiiuu 1pu NpOESKTUPOBAHUAM 3JJaHUH B COOTBETCTBUM CO cTaHaapToM RT
2000 «MuauBuayanbHble AoMa 0e3 CUCTEM KOHIAMIIMOHUPOBAHUS BO3[yXa» HEOOXOJAMMO HaOpaTh
20 ycnoBHBIX 06aJUI0B 1O ciaeayromuM S5 pazaenam [17]:

- TeIJIOM3O0JIAIUS IEPEKPBITUI, CTEH M KPOBIIHU (0T 2 10 5 6aiIoB);

- HaJIM4Ke TETUIOBBIX MOCTUKOB B KOHCTpyKIHH 31auHus (0T 0 10 4 6aios);

- TUII OKOHHBIX KOHCTPYKIHii (0T 1 10 3 GaioB);

- cuctembl BeHTWwIsimH (0T 1 o 4 6anmnos);

- CUCTEMBI OTOIUICHHSI U TOpsiuero BogocHabxkeHus (ot 1 1o 6 6amios).

JIOTIOMHUTENHHO YYUTHIBAIOTCS TaKKe MECTOIOJIOKEHHE M OpUeHTalus 3A4aHus. B cioydae,
€CII B CyMME IO MPUMEHIEMBIM WHKEHEPHBIM U CTPOUTEILHBIM PEIICHUSIM HAaOUPAIOTCS NCKOMBIE
20 GannoB, MPOEKT MPU3HAETCS YAOBIECTBOPSIONINM TPEOOBAHUSIM T10 yIETHbHOMY PACcX01y SHEPTUH
Ha 1 M? B ron. B mpoTHBHOM cilydae OH He OyJeT yTBepKAeH. B ykazaHHOM JOKyMEHTE BCe
TpeOOBaHUSI MPEACTaBICHBI JTOCTATOYHO HATISAJHO M OOECTIEUMBAIOT BBIMOJIHEHHE OCHOBHOTO
TpeOOBaHUSI — HCIIOJIb30BaHHE d(PPEKTUBHBIX KOHCTPYKIHMN C TapaHTUPOBAHHBIM BHITIOJHEHHEM
TpeOOBaHUM MO PKOHOMHUH SHEpPruu. To ecTh, XOuellb, HAlPUMeEp, MPUMEHSITh JOPOTHE U OYCHD
9HeprodPpPeKTUBHBIE OKHA, MOXKEIIb COKOHOMHTH HA TETUIOM30JISAIIUU TTepeKpbITHl. Mn Hao60poT.
[TogoO6HBII MOIX0A K MPOSKTUPOBAHUIO YHEProd(h(HEKTUBHBIX 3JaHUIA HE TOJIBKO A7l EBpombl, HO U
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g PK mpezncraBnsieTcssi COBEpIIEHHO CIpaBeAIUMBBIM U IpaMOTHbIM. Camoe TrjaBHOE, 4TO 3TO
MIO3BOJISIET CHU3UTH «KOPPYHIMOHHYIO COCTAaBJISIONIYIO» HE Ha CJIOBaX, a Ha Jejie, IMOCKOJIbKY
[IPOM3BOJUTENb HE O0053aH <«3alUKIMBATbCS» HA KaKUX-TO KOHKPETHBIX MaTepuaiax U
TEXHOJIOTUSAX, KOTOPbIE €My HaBSI3bIBAIOTCS UMHOBHUKAMHU «CBepXy». IlomoOHBIE TOKYMEHTHI
pa3paboTaHbl M YCIIEUIHO NMPUMEHSIOTCS BO MHOTHX Pa3BUTHIX CTPAaHAX, YTO PEATbHO MOMOTJO B
HMCTUHHOM CTaHOBJIEHUU 3HEpProcOeperaroero (a B JajJbHENIIeM — U «3€JI€HOr0») CTPOUTENbCTBA.

B oxoHHOI1 0Tpaciu Ha TOM 3Tare MOKHO OTMETHUTD CJIEIYIOIINE MOJIOKUTEIbHbIE CIBUTH:

- TMpPaKTUYECKHM BO BCEX pPAa3BUTBHIX CTpaHaxX, 3a HCKIIOYEHHUEM TOCYIapCTB C KapKUM
knumatoM (Mcmanuu, Utanuu, [lopryranun), okna u3z [I1BX npoduns (IIBX — nomuBunmIXIIOpH )
CO CTEKJIOMAKETaMM CTaJIM MpeodIiajatoiei Ha ppIHKe TPOdYKLIHEN

-CTaJI0 BO3MOXKHBIM M SKOHOMUYECKHU OINpPaBJaHHBIM 000pya0BaTh (acajHble KOHCTPYKLUN
BBICOTHBIX 3/IaHUI CBETOINPO3PAaYHbIMU MAHENSIMU C SHEPTrOCOEPETaAIOIIUM CTEKIOM;

- CTajM AaKTUBHO pa3BUBAThCS MPOEKThl 3JaHUA C MaKCUMaJbHBIM HCIOJIb30BaHUEM
€CTECTBEHHOI'O OCBEILEHUS M aKTHBHOW COJHIIE3AILUTHI, YTO MO3BOJWJIO 3HAUUTEIBHO CHU3UTH
Harpy3Ky Ha CHCTE€MbI OTOTUIEHUS! U KOHJIMIIMOHUPOBAHUS BO3/lyXa;

- (acagHble KOHCTPYKUMHM 30aHUI BCE wYamle CcTalld COBMEHIAThCS C COJIHEYHBIMU
JJIEeMEHTaMU JJIi BBIPAOOTKH JOTIOJHUTEILHOM SHEPruu, MCIOJb3yeMON sl BHYTpPEHHEro (a
WHOT/Ia U BHEIITHETO ) JIEKTPOCHAOKECHHS;

- TIPAaKTUYECKU pelieHbl MpoOIeMbl BEHTUJISIIUM MOMEIEHUHN, KOTOpble BO3HUKAIH B
3/IaHUSX MPU UX 000PYIOBAaHUU COBPEMEHHBIMHU, KaK MMPaBUIIO, TEPMETUYHBIMU OKHAMH.

Emé B xonme XX B. BO MHOTMX HE TOJBKO Pa3BUTHIX, HO M Pa3BUBAIOIIMXCS CTpaHax
WCIIOJIb30BAHME HETPATUIMOHHBIX HCTOYHHKOB SHEPIrUU (TEIUIOBBIX HACOCOB, BETPOBBIX
reHEepaTOPOB, COJHEUHBIX KOJIEKTOPOB MM OaTapeil U mp.) CTajo COBEPILIEHHO OOBIICHHBIM JEIOM
B MacCOBOM CTPOUTEIBCTBE SHEProcOeperaruux 31aHui.

Ha Ttperbem stame (2003—2008 rT.), KOTOPBIH, MOMUMO OYEPEIHOTO POCTa IIEH Ha He(Th,
OTMEUYEH TOBBIIICHHBIM BHUMAaHUEM K IIpoleccaM TJ00alnbHOrO TMOTEIUICHUS, TOSBUIUCH
3HAYUTENIbHBIE YyCIEXH B pa3pabOTKe M BHEAPEHHWH B MaccOBOE IPOU3BOJICTBO HOBBIX
WHHOBAI[MOHHBIX MaTepUaloB W TEXHOJIOTHUHM, MO3BOJSIOMUX Oojiee 3()(PEeKTUBHO HCIIOJIB30BATH
BO300HOBJISIEMbIE HCTOUHUKH SHEPTUU.

Koraa u uem 3akoHUMTCS 4eTBEPTHIA 3Tal B Pa3BUTUU HHEProcOEperaroinx TEXHOIOTH?
Ha »sT0 BOmpoc moka TpyAHO AaTh Bpa3yMHUTENbHBI M apryMEHTUPOBAaHHBI OTBeT. OgHAKO
OYEBMJIHO, YTO TIPU COXPAHEHHMM M YBEIUYEHHH COBPEMEHHOIO YpPOBHS MOTpeOICHUS
TPaJMLMOHHBIX MCKOIMAEMBIX 3HEproHocurenei (HedTh, MPUPOAHBIN Ta3, yroip) IaHETa 3eMilsd
«tpoTsiHe™ emé et 30-50.

9Heproc6epe>KeHI/Ie B 3JaHUAX U COOPYKCHUAX.

B name BpEMs, KOT'Jla UCKOIMAeMOT'O TOIIJIMBA Ha 3emite ocTaércs Bcé MCHBIIEC, OCTPO BCTaET
npo6neMa 3Heproc6epe>I<eHI/I;1. O,I[HOﬁ 13 cTaTeu pacxola TOIJIMBA ABJAIOTCA PECYPChI HA 060rpeB
KHIIBIX CTpOCHHfI, KOTOPBIC MOKHO COKOHOMUTH, CHHUXKAA TCIUIOIIOTEPHU COOPY)KCHHﬁ.

Kurtemsam AOMOB, MHOTI'OKBAPTHPHBIX H, B OCO6€HHOCTI/I, YaCTHBIX, OTACIIBHOCTOAIINX,
MMPpUXOOUTCH KaXJbIH MecCsl BBIKJIAAbIBATh JIOBOJIBHO KpYI'JIbBIC CYMMBI: 3UMOI Ha OTOIIICHHUE, a
JICTOM Ha OXJTaXXACHUC U BCHTUIIAIIUIO.

Ecau TOBOpHUTh O TpaAUIUOHHBIX crocobax 3HCpI‘OC6CpC)KCHI/I$I, noxa KOTOPbIMU
MMOHUMACTCA pCan3alud TCXHUYCCKUX W HAYUYHbBIX MCP, HAINPABJICHHBIX Ha PpalHuOHAIILHOC
HCIIOJIb30BAHHUEC W 3KOHOMHOC PACXOJO0BAHUC TOINNIMBHOOHCPTCTUUCCKUX PECYPCOB, TO IMCPBbBIM
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[IaroM SIBJISIETCS CHIDKEHUE TEIUIOBBIX TOTEPh OTPaXKJAIOMIMX KOHCTPYKIMH Ppa3iIMdHOTO pPoja
3IaHUM U COOPYKEHUM.

UroObl MOHATH, Kakue pecypcocOeperaromue MeponpHusITHsS B 00JaCTH apXUTEKTYPHO-
CTPOMTENBHBIX pEIICHUH OKaxyTcs HambOonee d>(PPeKTUBHBIMH, HEOOXOJUMO IPOBECTH
Ka4eCTBEHHBIN aHAJIN3 MOTEPh TEIlIa Yepe3 OrpaXkIAroIIne KOHCTPYKIMH 31aHHH.

MHOTOYHCIICHHBIMA ~ WICCICIOBAHUSAMU W pacy€TaMy YCTAHOBJIGHBI ~COCTABIISIONIHE
TEIUIONOTEPh Yepe3 pa3IMuHbIe IEMEHTHI 3/1aHUM, IPECTaBIIEHHbIE Ha puc. 2 [24].

BenTunauun, ALIMOXOAL!
30 45% ‘ Kpbiwa - 10 - 25%

Oxwa, neepn - 15 -
25%

Tlon ua rpywte - 5 - 10%

Pucynox 14.1 -. Iloteps Tenna B 1oMe, BO3BEICHHOM IO TPAAUIMOHHOW TEXHOJOTUH U U3
TPaJULIMOHHBIX CTPOUTEIBHBIX

Pa3BuTHe sHeprocOeperaromux mocTpoek BOCXOAUT K MUCTOPUUYECKOM KYJIbType CEBEPHBIX
HapoJI0B, KOTOPBhIE CTPEMUJIMCH IMOCTPOUTH CBOW JIOMa TaKUM 00pa3om, 4ToObl OHU (HPEKTUBHO
COXpaHSUIM TEIUI0 U TOTpeONsiM  MeHbllle pecypcoB. KitaccmueckuM NpUMEpOM TEXHUKH

MOBBIILIEHUSI HHEProcOepeKeHHs] JoMa SBJSETCS pyccKas Iedyb, OTIMYAIOIIasci TOJICTBIMU
CTEHKaMM, XOPOIIO COXPAaHSIOIMIMMHU TEIUI0, W OCHAIIEHHAas JAbIMOXOJOM CO  CIJIOKHOM
KOHCTpYKIMEeH 1abupuHTOB [24]. PemmuTh BOpoc ¢ OTepsMH TEIIa MOKHO CIEAYIOIUM 00pa3oMm:

— o0ecneunTh BBICOKYIO TEIUIOBYIO 3alIUTy 3JaHUS WM COOPYXKEHHUS C MOMOIIBIO
UCIO0JIb30BaHUS 3(PPEKTUBHBIX TEIIOU30JSAIMOHHBIX CTPOUTEIBHBIX MaTEpUANIOB; — YCTAaHOBUTh
OTOMUTEINIbHBIE TPUOOPHI C BBICOKUM KOA(PPHUIIMEHTOM TeIIoNepeIayn.

OcCHOBHOM TyTh CHHXKEHHSI DHEpPro3arpar JEeXKHUT B MOBBIIEHUH TEPMUYECKOTO
COMPOTHUBIICHUSI OTPAXKIAIONINX KOHCTPYKLUUNA C TIOMOIIBIO TEIUIOM3OJIAMOHHBIX MaTepUaIOB.
Oco0eHHOCTBIO TEIUIOM3OJISIIIMOHHBIX MAaTEepPHANIOB SIBISETCS MX BBICOKAs MOPHCTOCTh W HHU3Kas
TEIUIONPOBOHOCTh. biaroaaps u30sIiy 3HAUUTEIBHO MOBBIIAIOTCS HAIEKHOCTD, JOJITOBEYHOCTh
1 3G HEKTUBHOCTD IKCILTyaTAllUU 3JaHUI U COOPYKEHUIA.

OcHoBHble (GYHKIMHM TEIJIOBOM H30JALUU: — CO3JaHHEe KOM(OPTHBIX YCIOBUHM IS
MIPOXKUBAHUS JIIO/ICH B XKHUIIBIX JOMaX; — CHUYKEHHE TEIUIOBBIX MIOTEPh B OKPYKAIOIIYIO CPEY.

D¢ddexTrBHBIM cIOCOOOM COKpaIieHHs] TOTPeOHOCTH B HEPTUU SIBIIETCS BBHIOOP TOM WM
WHOM CHCTEMBbI MUKPOKJIMMATa (BEHTHIIALNSA, OTOTUICHUE, KOHTUITUOHUPOBAHNE BO3/TyXa).

YXyameHne HKOJOTHYECKOM OOCTaHOBKH  SBISETCS MOOYKITAIOIMIUM  CTHUMYJIOM K
MIPEBPAILIEHUIO KUIBIX JOMOB B DKOJIOTHUYECKH YMCTOE KUJIbE, OTIMYAIOIIeecs MOMOJIHUTEIbHON
TETUJIOU30JISIUEN CTeH, OKOH, ABEpei, KPBIIIU C MCIOIh30BAHHEM MHHOBAIMOHHBIX MAaTEpPHUAJOB U
TEXHOJIOTUH, YCTAHOBKOW COJIHEYHBIX OaTapell M APYrux albTepHATHBHBIX UCTOYHUKOB SHEPTUU
(puc. 14.2).
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XIX 5. T XX XXI 5.

Pucynok 14.3 - Dpomorus sxxuiioro joma B XIX—XXI BB.

Creuumanuctsl pasHbIX cTpaH ¢ Havana 1970-x romoB palotamu Haj mpoOiieMoit
sHeprocOepexeHuss 3AaHui. Pa3paboTku Benuch B pa3HBIX HaIpaBJICHUAX: pa3padaThIBaIMCh
BAapUaAHTBl ONTUMAIbHOM popmbl 1oMa, ero 30 yCTaHOBKM OTHOCHTENIBHO pelibea U CTOPOH CBETA,
TEITOCOEPETAIONINX OTPAKIAIOIINX KOHCTPYKIIUN U CHCTEM BEHTHUISIIHH.

Takum 00pazoMm, Ha4yaJloCh CTPOUTENIHCTBO SHEProd3(PPEKTHUBHBIX TOMOB PAa3HOTO YPOBHS
cOepexeHMs DSHEpruM U Jaxe e€ MoJIoKUTenpbHoro OanaHca. Kpurepuem rpaganuu
SHEprocoOeperaroIux JOMOB CTalI0 KOJMYECTBO MOIY4aeMON U MOTPeOIsieMON UIMH SHEPTUU.

OHeprocoeperaroime TEXHOJIOT U

Temnonsonanus

[TaccuBHBI 1OM J0KEeH WUMeTh A(D(PEeKTUBHYIO TemoByro uzojsnuio. dortorpadus B
nH(ppaKpacHbIX Jy4yaxX IOKa3bIBAET, HACKOJIBKO 3(PQPEKTUBHA TEIUIOM3OJISLMS MACCHBHOTO JA0Ma
(cipaBa) 1Mo CpaBHEHHUIO C OOBIYHBIM JIOMOM (CIICBA).

Orpaxparoinie KOHCTPYKIUU (CTEHbI, OKHA, KPBIIIHW, TOJ) CTAaHIAPTHBIX JOMOB HMEIOT
JOBOJILHO OOJBIION KOX(PPUIHMEHT Teruionepenadyd. JTO MPUBOAUT K 3HAYUTENBHBIM TOTEPSIM:
HaIrpuMep, TEIUIOBBIC MOTEPH OOBIKHOBEHHOTO KHPIMYHOTO 3AaHMs cocTaBisitoT 250-350 kBt-u B
roja ¢ 1 M? oTarMBaeMoii IUIOLIa,IH.

Texnomornueckas KOHIEMNIMS [AacCUBHOTO JoMa IHpeaycMaTpuBaeT 3¢ (GEeKTUBHYIO
TEIUIOM30JISIUIO0 BCEX OTPa)JAIOIIUX IMOBEPXHOCTEW — HE TOJBKO CTEH, HO M MO0Jja, MOTOJKa,
yepiaka, mnoiBasia M ¢QyHnamenta. B maccuBHOoM nome (GopMUpYETCS HECKOJIbKO CJIOEB
TETUIOU30JISIIUN — BHYTPEHHSIS] M BHEILIHSSL.

Kak npaBuio, 1 yTersieHus CTeH U 1oJja MacCUBHOTO JJOMa Ha TPYHTE MCIOJIb3YeTCs CIOM
TEIUTION30JIAIH ¢ KodddunrerToM tertonpoBogHoct He 6osee 0,04 Bt/(m-K) Tommunoi 30 cm, a
Kpbid — 40 cM. DT0 MO3BOJSET OJHOBPEMEHHO HE BBIMYCKATh TEIUIO U3 JIOMa U HE BITyCKaTh XOJIO]I
BHYTpp Hero. Kpome TOro, meperopoJku B IAacCCUBHOM JOME JOJDKHBI 00JaAaTh BBICOKOM
CIOCOOHOCTBIO aKKYMYJIUPOBATh TEIUIO. Takke MPOU3BOJUTCS YCTPAaHEHHE «MOCTHKOB XOJIOAa» B
OTPKIAIOMINX KOHCTPYKUHUAX. B pe3yiapTare B NAcCCHBHBIX JOMax TEIUIONOTEPH 4epe3
OTpakJaloIIKe TTOBEPXHOCTH, KaK MPaBUiIo, He MpeBhIMaT 15 kBT 4/M? B ros1, 4To nMpakTUYECKH B
20 pa3 HHKE, YeM B OOBIYHBIX 3/TaHUSX.

PerynupoBanue MUKpoKIIMaTa

B Hacrosimee BpeMs TEXHOJIOTHS CTPOMTENBCTBA IACCUBHBIX JOMOB JAJIEKO HE BCETAa
MO3BOJISIET OTKA3aThCs OT AKTUBHOTO OTOIUIEHUS WJIM KOHJIUIIMOHUPOBAHUS, OCOOCHHO B PErHOHaX
C MOCTOSHHO BBICOKMMHM WJIM HHU3KHUMH TeMIlepaTypaMmM, WM Pe3KMMHU MepernagamMHu TeMIeparyp,
HarnpumMmep, B 30HaX ¢ KOHTUHEHTAIbHBIM KIIMMATOM.

Tem He MeHee, HEOTBEMIIEMOM YacThIO MTACCUBHOTO JIOMA SIBJIIETCSI CUCTEMA PETYJINPOBAHUS
MUKpOKIUMaTa (00orpeBa, KOHIAMIIMOHUPOBAHUS W BEHTWJISAIMU), pacxoJyrolias pecypchl Oosee
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5P PEeKTHBHO, YeM B OOBIYHBIX JOMax. B OOBIYHBIX IOMax BEHTWJIALHUS OCYIIECTBIIACTCS 3a CUET
€CTECTBEHHOI'0 JIBM)KEHMSI BO3/1yXa, KOTOPBIM MPOHUKAET B IOMELIEHUE Yepe3 CIEeIHalIbHbIE M1a3bl B
OKHax (MHOTJIa Yepe3 OKOHHBIE IPOBETPUBATENN — KJIallaHbl IPUTOYHON BEHTWISILIMM) U YAAIAETCS
[IACCUBHBIMH BEHTUJISIIUOHHBIMH CHCTEMAaMHU, PACIOJIOKEHHBIMU B KYXHSAX U CaHy3J/1aX.

B sHEprospGeKTUBHBIX 3JaHUAX HCHOJB3YeTCsl Ooyiee CIOXKHAS CHCTeMa: BMECTO OKOH C
OTKPBITBIMU [A3aMHU  HCIIOJIB3YIOTCS  3BYKOM3OJUPYIOIIME TIE€PMETHYHBIE CTEKJIOMAaKeThl, a
MPUTOYHO-BBITSDKHAS ~ BEHTUJISIUS [OMEILIEHUIN  OCYIIECTBISETCS IEHTPAJIM30BaHHO 4epes
YCTaHOBKY peKynepanuu Temiaa. Jlud mNoBBIIIEHUS 3HEProdpQPEKTUBHOCTH MOHTUPYETCS
MOJ3EMHBIA BO3yXOBOJ, CHAOKEHHBIA TEIIIOOOMEHHUKOM. 3UMOW CBEXHUN XOJIOTHBIM BO3IyX
BXOJIUT B IMOJ3EMHBIN BO3JyXOBOJ, HarpeBaercs 3a CUéT Teria 3eMid 0 TeMmieparypsl +3 °C u
MOCTyHaeTr B pekymneparop. B pekymeparope crapelii (0TpabOTaHHBIN) BO3AyX OTHAET TEILIO
CBEXKeMy (HE CMEIIHUBAsICh C HUM) U BBIOPACHIBAETCS Ha YJIHUILY, @ CBEKHUM BO3IyX M3 peKynepaTopa
¢ Temneparypoit +17 °C mocrymaer B noMm [44]. Takum o00pa3om, ocyliecTBIsieTcsl OecriaTHOe
oToruieHue. Ecnu Temmeparypa HOCTYMAIOMIEro BO3AyXa CIMIIKOM HHU3Kasl, OH JOIMOJHUTEIHHO
ITOJOTPEBAETCSL AIIEKTPUUYECKUM HarpeBareneM MomHocTeio 2,1 kBt. Temmeparypa moporpesa
BO3JlyXa 3aJaeTcsi Ha NpOrpaMMHOM MaHeNIW 3JeKTpoHarpesarens. B neTHuil mepuon cucrema
GYHKIIMOHHUPYET Kak OeCIUIATHBIN IIEHTPaIbHbIH KOHIUIUOHED: Topsunii Bo3ayx (+30 °C) BXxoauT B
MOJI3EMHBIN BO3AYXOBO/I, OXJIAXIAETCA 3a CUET TemnepaTypbl 3emiu A0 17 °C u mocTymnaeT B IOM.

MHHOBaIIMOHHBIE SHEPrOCcOepEraroNIre TEXHOJIOTHH OyIyIIero

[ToTpebnenue »MeKTPO’HEPTUU B HACTOSIIEe BpeMs O4YeHb HMPPALMOHAIBHO, U, €ClIU He
HaWTH crocoObl YAYYIIUTh 3TH MOKa3aTeld, TO Mbl CAMU MOXEM CIIPOBOILMPOBATH HETIOMPaBUMbIE
MOCJICICTBUS, KOTOpbIE TPHUBEAYT K TJIOOANbHOM »sKojormyeckoit kartactpode. Texnomoruwm,
KoTopble mosaBiTcs K 2050 r., DOMKHBI OBITh pPEeHTAOETbHBIMU M YAOOHBIMU JUISI TIOJIH30BATEIS,
CHOCOOHBIMU KapAWHAIbHO U3MEHUTH Hallle Oy/yIiee U CacTH MUP OT TEXHOTEHHOTO Kpaxa.

[To olleHKaM CHENMATUCTOB, MPOLECCHl OTOIUICHUS, BEHTUJISUUHN, KOHIUIUOHUPOBAHUS U
OCBEILIEHUS 3/IJaHUI PUBOJAT K €XKEroJHOMY BeIOpocy B atMochepy 6osee 100 MIIH T MapHUKOBBIX
ra3oB (riaaBHBIM o00pa3zoM, yriekucioro raza CO2) — 310 mpsMOM MyThb K 3arps3HEHUI0 U
rJ100aTbHOMY MOTEIJICHHIO.

Kimmmaromor, naypear Hobenesckoit nmpemun [[pH Komman (Dan Kammen) npoBén ananus
MHHOBAI[MOHHBIX TEXHOJOTUH, KOTOpPbIE CIIOCOOHBI M3MEHUTHh HAIIM Topoja U O0ecleyuTh HaM
6onee «cBetyioey Oynymiee. McciaenoBanust MpoOBOAUIUCH B IBYX HaIllPaBICHUSX:

1) sHeprocOepexeHue 31aHui OyayIIero;

2) anbTepHATHBHbBIC MCTOYHHKH SHepruu Oyaymiero [55]. Hapsay ¢ sHepreTHyecKuMmw,
COLIMANIBHBIMA M JKOJIOTUYECKUMU T[OKA3aTesIMU  OIPEACISAIONINM KpuTepueM crtai (GakTop
CHIDKEHHUSI BHIOPOCOB MAapPHUKOBBIX a30B.

3nanus Oyayiero

IIpumepro 65 9% Bceil BbIpabaThIBAEMOM 3JEKTPOIHEPTUU TMOTPEOIseTC 3TaHUSIMU
(otomienue u mp.). CoBpeMeHHbIe 37aHus Ype3BbluaiiHo HeapeKTUBHBI, Okoso 1/3 Terna yrekaer
CKBO3b CTEHBI, OKHA W Kpbllly. /Isl CHWKEHUS TEIUIOBBIX NOTEPh >KUIIbIE U MPOU3BOJICTBEHHBIE
3/IaHMsI JIOJDKHBI OBITh KOPEHHBIM 00pa3oM mepenpoekTupoBaHbl. Hac OecrokouT riobaibHOE
MOTEIUIEHUE, @ TEM BPEMEHEM Hallli JloMa U 0(pHChl 000TPEeBalOT MPOCTPAHCTBO CHAPYKU MOYTH
TaKk ke, Kak BHyTpu. Ecnm Obl J10aM MOIVIM yBHIETh MHpP 4Yepe3 Hpu3My HH(QpakpacHOTro
U3IY4YEHHUs, TO MIETIeTHIIBHOCTh BO MHOTHX BOIPOCAaX CHJIBHO Bo3pocina Obl. TenaoBu3MOHHAs
CcbEMKa MJUTIOCTPUPYET MecTa HauOousibllel morepu Teruia. Takoe BreyarieHue, OyATO BCE 3TH
3/1aHMsI OXBadyeHbI 1oxkapoM. OHu ToabKo 83 31anHus TepstoT 10-15 % mMupoBoit BeipabaTbiBaeMOi
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SHEPTUH, YTO SKBUBAIEHTHO 4 Mipj Oappeneit Hegtu B rox. Llenble 25eKTpOCTaHIMHU TPOCTO
MOJIOTPEBAIOT BO3JyX — HEBEPOSITHOE PACTOUYMTENHCTBO. TEXHOJIOTHMUECKHE BHEIPEHHUS CIIOCOOHBI
MOJIOKUTh KOHEIl TEIJIOBBIM TOTEpsSM B OyaylieM. pa3palaTbIBalOTCS YeThIpe KapAWHAIBHO
pa3aMyHble MHHOBALMOHHBIE TEXHOJOTMU 3HEProcOepelkeHus 3/1aHuM: — a’poresb; — ruOpUIHOE
COJTHEYHOE OCBELICHHE; — KUBAs 3€JIEHAs KPBIIIA; — FeIMOTEXHOJIOTHS (HaHO-(POTOraTbBAHMUECKHUE
AIIEMEHTBHI).

Abdporenb — 3TO OJAMH W3 CaMbIX YAMBUTENBHBIX TEIUIOU30JSMOHHBIX MaTepUasoB,
U3BECTHBIX Hayke. OH cOXpaHseT TeIJIo TaM, IIe EMY U M0JIOKEHO ObITh, BHYTpH [13].

EcTth ogHO MecTo, rae xopouias M30JsLUs JKU3HEHHO HE0OXoauMa — JIEASHbIE MPOCTOPbI
KocMoca. braromaps  TemIOM30MSIIMOHHBIM — CBOMCTBaM — a’poresiss KOCMHUYECKHE Kopadiu
BBIJICPKUBAIOT KpailHe HU3KYIO TeMIepaTypy noBepxHoctu Mapca.

Texaudeckuii TBEPABIA a’porenb Oo0JbIIe TOX0X Ha urpy cBera (puc. 31). Jlwomu
BOCIIPUHUMAIOT €ro KaK «3aMOPOKEHHBIH JbIM», M B HEKOTOPOM CMBICIE KaXKeTCd, YTO OH
CYIIECTBYET JIUIIb MTHOBEHHUS. DTO TBEPJOE BEIIECTBO, C CAMON MaJeHbKOW IMJIOTHOCTBIO CpEN
BCEX TBEPJBIX BEIICCTB, M3BECTHBIX Ha 3eMiie. 3apUKCHpPOBAaHHBIA peKop I mIoTHOCTH — 1,9 Kr/m3
Aadporens Ha Henbix 99 % cocTOMT W3 BO3/AyXa, OH MPOMYCKAET CBET, HO MPAKTUYECKH HE
MpoITycKaeT Terio. Takoe yHHKaJIbHOE CBOMCTBO BbI3BAHO OCOOEHHOCTHIO €T0 CTPYKTYPHI.

Pucynoxk 14.4 -. Texuuueckuii TBEPABIN adpOreiib
I'uOpuaHOE CONTHEYHOE OCBEIIICHUE

JlHéM W HOYBIO 3[aHUS TOTJIOIIAIOT JHEPTHI0, MO OOJBIIEeH YacTH, Ha HMCKYCCTBEHHOE
OCBEILIEHUE, 3aTPaThl HA KOTOPOE SKBUBAJIIEHTHBI TAKOMY KOJIHMUYECTBY SHEPTUU, UTO MPOU3BOJIUT B
TpH paza OoJbIlie YIIIEKUCIOTO T'a3a, YeM BCsl MUPOBasi aBUAIlHsl — OCBellleHre noTpediser okoo 20
% MUPOBOI SHEPTHH.

Kpyrnocyrouno B oducax, ¢abpukax, TOProBbIX Maccakax BKJIIOYAETCS AJIEKTPUUYECKOE
OCBEIIEHUE, B TOM YHCJIE U B JHEBHOE BPEMs, UTO SIBJISIETCS HEJIOMYCTUMBIM PACTOUYUTEIHCTBOM.
OcHoBHbIE TpUYUHBI HEIPPEKTUBHOCTH TPATUIMOHHBIX JaMIl HaKaJUBaHUS B TOM, YTO OHHU
MIPOU3BOJIAT TJIABHBIM 00pa3zoM Teruio. B NeHCTBUTENBHOCTH TOMBKO 5 % MOIIHOCTH OOBIYHBIX
JaMIIouYeK MmpeoOpas3yeTcs B CBET, a ocTaibHbIe 95 % — MOTEpSHHOE TEILIO.

CoBpeMeHHbIE KOMMEPYECKUE 3JaHUs OCHAILIEHBI 3aCTEKJIEHHBIMU KPBIIIAMHU, OTPOMHBIMU
OKHaMM, HO 33JIEPHYTHIMHU LITOPAMH, 3aKPbIBAIOIIMMH €CTECTBEHHOE OCBEILICHUE.

B03MOXHO 1T UCTIONB30BATh COTHEYHBIN CBET AJIsi 00€CIIeYeHHs €CTECTBEHHOTO OCBEIICHUS
B K&X/I0M TEMHOM YTOJIKE Ka)KJIOTO 3/1aHus BceX meranoiucoB? CONHEUHBIN CBET, MPOHUKAIOLINN
B OKHAa — 3TO BapuaHT, HO MOJ HENPaBUJIbHBIM YIJIOM OH CIIETHT, KPOME TOTO, OH HE MOXET
MIPOHUKATh BO BHYTPEHHHE MOMEILIECHUS 3AaHUI.
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CKOHIIEHTPUPOBATh COJIHEYHBIM CBET M IEpPEHANpPaBUTh JIyud Tyna, TJIe HEOO0XO0IUMO
OCBEIIICHUE, MOXXHO C IOMOIIBI0O CUCTEMBI CPEPUUICCKUX 3€pKajl, MOBEPHYTHIX ONTHMAIbHBIM
o0OpazoMm. COJHEYHBI KOJJIGKTOP — OOJBIIOE TEPBUYHOE 3EPKAI0, NpPEAHA3HAYCHHOE IS
KOHIICHTPALIMU M TIEPEaydl COJHEYHBIX JIydel Ha MEHbBIIEE MO pa3Mepy BTOPUYHOE 3€pKajo.
Onnako OOJILIIMHCTBO 3€pPKaJl IPOU3BOIATCS U3 CTEKIIA, a ChepUIecKue OUYeHb JOPOTH.

Kmtou x pemenuro — mactuk. [lmactukoBble 3epkana — JaemiéBas ajlbTepHATHBA, HO
mpo6JieMa B TOM, YTO OHU TUIABATCA. 3ajadya — CIIPOCKTUPOBATH COJTHEYHBIN KOJIIEKTOP, CIIOCOOHBIH
BBIJIEPKATH TeMmepaTypy 65 °C, mpu 3ToM OH JOJbKeH mpopadotath He MeHee 20 JjieT, 4TOObI ObITh

peHTa0ETbHBIM.
B pe3ynbrare KOMOMHAIMM aKpUJIOBBIX BOJIOKOH C OOBIYHOW IJIACTMACCOW IOJIy4aeTcs
Marcpual, KOTOpBIfI BBIACPIKUBACT BBICOKHMEC TEMIICPATYpPhl — IIJIACTHUK, H€06XOI[I/IMI>II71 JIIs

M3TOTOBJIEHUS COJTHEYHOTO KOJUIEKTOPA.

HHTennexTyanbHass 4acTh 3TOW TEXHOJOTHU — CJEASIAsl 3a COJHIIEM CHCTeMa, KOTopas
MOTpeOIIsIeT SHEPTUU HE OOJIbIe, YeM POXKIACCTBEHCKAs THPJSHIA, HO TOYHO OMPEAEseT MECTO
Haxoxjenus Comnama. GPS-mMoayns cHUCTEMBI TOYHO yCTAHABIMBAET CBOE MECTOHAXOXKJICHUS Ha
iaHere B 00oe 86 Bpems cyTok. Mcnonib3ys 3TH JaHHbIE, YCTPOICTBO BBIYUCISET TOUHBIM yro
COJIHEUHBIX JIydell M €ro BBICOTY HaJ TOpPWU3OHTOM. Llenbrii JeHb HEOOBINOW IBUTATENh
YAEPKUBAET TAPEIKY, OpueHTUPYsACh Ha CoiHIE, BCerna yka3blBas HEMOCPEACTBEHHO HAa HEro u
coOupasi MaKCUMaJIbHO€ KOJIMYECTBO COJTHEYHOTO CBETA.

OTa HOBas TEXHOJIOTHS HA3bIBACTCSl THOPUIHBIM COJIHEYHBIM OCBELIEHUEM. ODKOHOMUS
sHepruu npu ucnoibzoBanuu cucrembl ['CO cBpire 80 % (puc. 14.5). [16].

Pucynoxk 14.5 - JlabopaTopHBIi MPOTOTUIT THOPUTHOM COTHEYHON YCTAHOBKH

S.JIurepartypa:

OCHOBHas

1. bepnanmeBa A.A., [laynerbaesa JI.A. DHEpropecypcsl, HCTOYHUKH U METO/IbI ITOITyYEHHUSI. -

VYuebnoe nocodue.-IlIpmvmkent 2022. -244 c.

2. beicrpunkwuii ['.®. B95 O6mas sxepreruka (IIpon3BoACcTBO TEILIOBOI 1 3TIEKTPUIECKOIN SHEPTHN )

: yueOnuk / I'.®. Beictpurkwuii, I'.I'. 'acanrampkues, B.C. KoxxuuenkoB. — 2-¢ u3j., crep. — M. : KHOPVYC,
2016. — 408 c. — (bakamaBpwuar).

3. Baowumn, /1. b. B23 KoresbHble YCTAHOBKH M ITaporeHeparosl: yueonoe nocoodue / J1.b. Bapum.-
Hwmxnexamck: HukHekaMckuil XMUMHUKO-TeXHOIorndeckuit ”HCTUTYT (prman) ®I'BOY BIIO «KKHUTVY »,
2013. - 176 c.

4. apornazos b. A., ®apadonTtoB M. @., KnementseB B. B. /[Burarenu BHyTpeHHETO CrOpaHUS:
TEOpHs, MOJIEIMPOBAHME M Pacuér MNpoueccoB: YueOHUK nmo Kypcy «Teopus pabouux mpoLECCOB U
MOJIETIMPOBAaHNE MPOLIECCOB B JBHUTATENSAX BHYTpeHHeEro cropanus». — Yensaobunck: Uzn. HOYpl'Y, 2005. —
403 c.

5. Cr. 1 3akon OO0 sneprocOepexxkeHnu U moBblieHnH 3Heprodddexrunoctr PK ot 13 suBaps
2012 roga Ne 541-IV. JleficTByromuii ¢ U3MEHEHUsAMH U JononHeHusaMu. [Iposepeno 15.01.2022
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6. Bcomoratensnoe obopynoBanue TOC. KOHCHEKT JEKIMEA i CTYJACHTOB CIEIHAIBHOCTH
5B071700 — Terosnepreruka. Anmatst 2017. ¢.104

7. JlomonHUTENbHAS TUTEPATypa

8. Jlenyxorckuii I'.B., IlocnemoB A.A. Pacuer W HOpMHUpOBaHHE IIOKa3aTeliell TEIJIOBOM
9KOHOMUYHOCTH oOopymoBanust TOC: Yuebd. mocodbue / ®I'BOYBIIO «/BaHOBCKHiA ToCyaapcTBEHHBIN
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18. 3panus Oymymiero. Asporens. [ MOpuaHOE COTHEUHOE OCBEIICHHE.
19. 3panus 6ynymero. XKusas 3enénas kpeima. HaHo-goToranbBaHn4eckne 3JeMeHTHI.

Jlekmusa 15

1 Tema 15. HoBble TeXHOJIOTMH POM3BO/ICTBA TEIIOTHI M 3JIEKTPHUYECKOH IHEPTrUH

2. Hdeab: 3HaTh TJ00aTbHBIE TEXHOJOTHYECKHE TPEHIBI, YPPEKTHBHBIE TEXHOJIOTHH IS
TEIUIOBOM YHEPrETUKH.

Nwmets npexacraBieHue o HudpoBOM MHXUHUPUHIE U PpOOOTH3AIMU B (papMalleBTUYECKOM
IIPOU3BO/ICTBE.

3. Te3ucol JieKIUHU:

['mo6anpHbIe TEXHOIOTMUECKHUE TPEHIBI.

ABTOHOMHbBIE MUKPOTYPOHHHBIE SHEPTOyCTAHOBKH.

HudpoBoii THXUHUPHUHT U poOOoTH3alMs B (hapMalleBTHUECKOM MPOU3BOJICTBE

I'moGanbHBIE TEXHOJIOTHIECKUE TPEHIBI.

AHanmu3 yCTOWYMBBIX TEHIICHIHMHA (TPEHIIOB) Pa3BUTHS MHPOBOTO SHEPIETUYECKOTO PBIHKA
MO3BOJISIET BBIACITUTH DSl HOBBIX SIBICHWH, BO3HHUKIINX KaK B PE3YJIbTaTe TEXHOJOTHYECKOTO
pa3BUTHS, TaK W TMOJ BIUSHUEM pa3HOTO poAa TMOJUTUYECKUX, SKOHOMHKO-(UHAHCOBBIX U
sKosiornueckux Gaktopos. K unciay 3TUX TpEHAOB OTHOCST:

- peruoHaNU3aIio MUPOBOU SHEPTETHUKH;

- CMELIEHHE CIIPoca Ha SHEPropecypchl B pa3BUBAIOIIUECS CTPAHbL;

- pOCT CTpeMJIeHMsI CTpaH, MPEeXJEe BCEro UMIOPTEPOB TOIUIMBA, K CaMOOOECIEUEHHIO,
COTMPOBOXKIAIOIIEMYCS aIEKBAaTHBIM POCTOM «PECYpPCHOTO HAIIMOHAIU3MAY;

- pOCT 3aTpaT Ha MHPOU3BOJCTBO KOHEUHBIX JHEPIOPECYpPCOB M, COOTBETCTBEHHO, POCT
MOTPeOHOCTH B MHBECTULIMSIX;

- HEpaBHOMEPHOE, XOTS M Hen30exKHOe Pa3BUTHE BO30OHOBIISIEMO SHEPT€THKY;

- YCUJIEHUE BHUMAHUS K DHEProcOEpEKeHUIO U SHEProdPHeKTUBHOCTH;

- YCWJIEHHME MEXTOIUIMBHOW KOHKYPEHLIMH, Bemylled K CcTa0uiu3alud U Jaxe
OTHOCHUTEJILHOMY CHIKEHHUIO CIIPOCa U, COOTBETCTBEHHO, LIEH Ha YIIeBOI0POIbI.

Ha cMeny rimo0anu3anuyi MUPOBBIX SHEPTEeTHYECKUX PBHIHKOB MPUXOIUT pPErruOHaTH3aIMs
MHUPOBOM SHEPTETHKH, U B MEPCIIEKTHBE 3TO MOKET MPUBECTH K CHIDKEHUIO 00beMa TPaAUIIMOHHBIX
TOProBBIX MOTOKOB HE(PTH U Ta3a.

JlJis Ka)I0TO pernoHa XapakTepHbl CBOM OCOOCHHOCTH JAaHHOTO mporecca. B CIIA — yxe
YIIOMUHABIIIUECS YCIIEXU B JIOObIYE CIIAHIIEBOTO Ta3a, B EBpomne — 3HaYMTeNbHBIE TEMIBI POCTa
cexktopa BU3 u cTabuipHOE CHUYKEHHE YHEProeMKOCTH 3KOHOMUK ctpaH EBpocoroza. B Kurae u
yacTuyHO B MHOuum — omopa mpexkae Bcero Ha COOCTBEHHBIE PECYpChl, HAMpHUMEp YroJb.
OCHOBHBIMU J]paliBepaMu poOCTa MOTPEOJICHUS SHEPrUM SBISIIOTCS YBEJIUYEHUE HAcelIeHUus U
MOBBIIIIEHUE €ro A0xo70B. B Ommwkaiimue 20— 251eT Mbl OyneM CBHUIETEISIMH HETPEPHIBHOTO
pocTa 3KOHOMUK U YHCJIEHHOCTH HacelleHHsl B cTpaHax, He Bxosuux B OOCP.

DHepreTuka BO BCEM MHpe TpaHCHOPMUPYETCS, M BCE MBI SIBISIEMCS CBHJIETEIIEM
rI100aTbHBIX U3MEHEHHUH KaK B MPHUHIIUIAX MMOTPEOIeHNUs, TaK U B TPOU3BOJICTBE SHEPTOPECYPCOB.

Tpena Nel. [udposuzamnusi.

[Io mnporHo3dy MeEXIYHAPOJHOW HCCIENOBATENBCKOM M KOHCAJITUHIOBOM KOMIIAHUHU
International Data Corporation (IDC), k 2020 r. uaTepHeT Bemieil oxBatut 50 MIIPA YCTPOMCTB.
Peub nner He TOJIBKO O OBITOBOM TEXHHMKE, CMAapT(OHAX U ABTOMOOMIISX.

WuTepHer Belieil MHTErpUpYIOTCS TakXKe U B MPOU3BOJCTBEHHbIE MOIIHOCTH B CaMBIX
Pa3HBIX OTPACISIX IKOHOMHUKH: CETOJTHS CIIOBA «IIU(MPOBast MOACTAHIUS UITU «IU(DPOBON JBOWHUK
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3aBOJIa» YK€ peallbHOCTh. JII000e COBpEeMEHHOE MPOMBIIIUICHHOE MPEANPUATUE CTABHUT Iepe1 co00H
1eNb BceoOel nuppoBoi HHTErpaLluu.

[IpekpacHbBIM TPUMEPOM BBICTYIAIOT TJIOOATBHBIC JIHIEPHl B IPOHU3BOJICTBE IPOJTYKTOB
MMUTaHUS, KOTOPBIE HAXOAATCS B OCCKOHEYHOM ITUKJIC ONTHMHU3AIMH MPOU3BOJICTBEHHBIX 3aTpaT.
Jlasxxe cample HEOYCBHJIHBIC OOBIBATEIIO TPOIECCHI, HANPUMEP MPOMBIBKA JMHHUHA PO3JIUBA, yXKE
VIPABISIOTCS TPOJBUHYTBIMH OTNTHMH3AITMOHHBIME CUCTeMaMHu. OHM MHOTOKPATHO COKPAIIAOT
3aTpaThl HA XAMUYECKUE PEareHThl, BOY U S3HEPTOPECYPCHI.

Tpena Ne2. YMeHbllleHHE YTIEPOIHOTO ClIea.

Temmbsl pocTa MHBECTHIMIA B BO30OHOBIIIEMYIO YHEPTeTHUKY MPEBBIMIAIOT ATOT TOKa3aTellb
0 MCKOTIaeMBbIM BUaM TorutkBa. [1o omeHke WH()OPMAIMOHHO-aHAIMTUIECKOTO areHTcTBa Platts,
0o0wvem BBOIa MotiHOCTeH Ha B B 2018 r. cocraBun 6osiee 150 I'Bt, B TO Bpemst kak 00beM BBOJIa
TPaJUIIMOHHBIX HCTOYHUKOB cocTaBuia meHee 100 ['Br.

Tpena Ne3. Dnexrpuduxarms.

Ecnu emnie HeCKOJIBKO JIET Ha3aJ[ SJICKTPOMOOMIIN PacCMAaTPUBAIMCH KaK HHUIIIEBOE SBJICHHE,
HECIIOCOOHOE TIOMEHSTh OTHOIICHHE MHUPOBBIX AaBTOTMTAHTOB K CBOCH TIPOW3BOJICTBCHHOMN

mporpaMme, TO CETOJHS DJIEKTPOMOOWMIM — 3TO HOBas M, BO3MOXKHO, €IMHCTBEHHO BepHas
CTpaTerusa pasBuTHA.
Temepp ANIEKTPOTPAHCIOPT — 3TO MOJMHO. XapakTep HArpy3kd Ha JHEPrOCHCTEMBI

CYIIECTBEHHO M3MEHHUTCS: J00aBWICA HOBBIM NOTpeOUTENb, s KOTOPOrO HY)KHO CO37aBaTh
HEOOXOIUMYIO 3apsaHyI0 WHOPACTPYKTypy H OOeCrmeyuBaTh CIPOC B JIIEKTPOIHEPTHH. ITa
TEHJCHIMSI JAacT CHJIbHBIM UMIYJIbC K Pa3BUTHIO DHEPIreTUKH, JIOTPY3UB CYIIECTBYIOIINE
TreHePUPYIOLIUE MOLTHOCTH.

Tpenn Ne4. Jleuentpanu3zanmusi.

OtHocuTenbHasE JOCTYMHOCTh TEXHOJIOTUH IO JIOKaJIbHOMY IPOM3BOJCTBY U XPaHEHUIO
AJIEKTPOIHEPIHH CO3/1ajla COBEPIIEHHO HOBBII PHIHOK B CTpaHax 3arajia — MUKPOIHEPIOCUCTEMBI,
win microgrids. Ilo cBoeil cyTu, 3TU CHCTEMBbI SBISIOTCS YMEHBUICHHOW KOIMUEH TpaauIIMOHHBIX
LEHTPATU30BaHHBIX YHEPTOCUCTEM, coueTasi B cebe MHMPACTPyKTypy MO IMPOU3BOJACTBY, Mepeaaye
U pacIpeieseHUIO JIEKTPOIHEPTUH.

LlenTpanu3oBaHHble HHEPrOCUCTEMBbl MHOTHE TOJbI OOecreurMBald U 00eCHe4YuBarOT
cTabuibHOE SHEpProcHadKeHue MoTpeduTeneil, Ho TeM He MEHee HEBEPHBIM OyJIeT CUUTATh, YTO TEM
K€ 3amaJHbIM CTpaHaM YyXKe YAaIoCh MOCTPOUTh 3(G(GEKTUBHBIE SHEPrOCHCTEMBI, KOTOpHIE
Oecriepe00ItHO CHA0XKAIOT BCEX KIIFOUEBBIX MOTPEOUTENEH AIIEKTPOIHEPTUH.

UYacToil siBIsieTCS CHUTYyallMsl MEPEepbIBOB B JHEPrOCHAOKEHHH IENbIX PalOHOB KPYIHBIX
MEraroJicoB, KaK, HalpuMep, OTKIIIOYeHHe snekTpudecTsa B Jlonnone n Hero-Hopke netom 2019
r., Korga 0e3 cBeTa OCTalIKMCh THICAYM TOpOXKaH. ['OBOPUTH O CTAOMIBHOM SHEProcHa0KEHUH
MIPOMBIIIJIEHHOCTH TaK)Ke He MPHUXOAUTCS, BOMPOC JIMIIb B TOM, KaK TaKue MpoOIeMbl PEeIIaloTCs
CTpaTETUYECKH.

MuKpOHEpProcUCTeMbl JIMIIEHBI TaKOTO HEJAOCTaTKa, TaK Kak MPOEKTUPYIOTCS IO
KOHKPETHOTO MOTpeOUTEeNsl ¢ MOHSATHON HArpy3Koil, pe3epBUPOBAHUE K€ MOKET 00ecIeuynBaThCS
KaK U3 BHEUIHEH CeTH, TaK U COYETaHWEM HaKOMUTENEeH AIIEKTPOIHEPTUH U aBApUHHBIX UICTOYHHKOB
MTUTaHUA.

Tpenn Ne5. CapEx-to-OpEx

DNEKTPOIHEPTHUS, XOTSI W SBISIETCS KIIOYEBBIM 3BEHOM B JIF000I MPOM3BOJICTBEHHOM
[[EN0YKe, HO, MO CBOEH CYTH, SBISETCS PECYpCOM, KOTOPBI HEOOXOAMM JUIsl MPOHU3BOJICTBA
KOHKpeTHOU mpoaykiuu. [losTomy mr000# MpPOU3BOACTBEHHBI MEHEHKMEHT paHO WM TO3IHO
CTAJIKUBAaeTCsd C MPOOIEMON MPHOPHUTETOB: BIOKHUTH OTPAHUYCHHBIE CPEJICTBA B pACIIMPEHUE
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OCHOBHOTO IPOU3BOJICTBA, OCOOEHHO €CJIM CIpPOC PACTET, WM HHBECTHUPOBATh BO BTOPUYHBIN
IIPOM3BOJICTBEHHBIN MTPOLIECC, HAIIPUMEP B IHEPrOCHAOKEHUE.

UTOoOB! PENTh ATY JUIEMMY, KOMIIAHUH, PEATTU3YIOIINE CIIOKHbBIE U 3aTPAaTHBIE IPOEKTHI B
o0acTu PHEProcHadKeHus, 00paIatoTCsl K SHEPrOCEPBUCHBIM KOMITAHUSM, KOTOPBIE MPOJAIOT UM
KOHEYHBIN MPOIYKT — 3JIEKTPUUECKYIO, TEILUIOBYIO SHEPruio win xonoid. Kinuenram no 6omisiomy
CUETy HE TaK BaXKHO, KaK BbIpaOATHIBAETCS AJIEKTPOIHEPTHUs: BaKHA JIMILIbL I[€HA U COOJIIO/IeHUE
MPUHIIMIIA MUHUMHU3aLUU YTIIEPOIHOTO CIea.

Takoil moaxon u siBHsieTcss Haubosee COBPEMEHHBIM, KOI'/la KaXKIbli 3aHUMAETCsS TEM, UYTO
OH yMeeT Jydllle BCEero: MPOU3BOJIUTh MPOAYKTHI WM oOecnedynBaTb MPOU3BOACTBO
SHEepropecypcami.

JIro6boMy IpOU3BOJCTBY HEOOXOAUMO MOCTOSIHHO MOBBIIIATH COOCTBEHHYIO 3()(hEKTUBHOCTB,
OyIb TO CHIDKEHHE MOTPEOJIEHUs PECYpCOB MM COOTBETCTBUE MEHSIOLIUMCS MOTPEOUTENHCKUM
oXxuJaHusM. B 110060M cityyae, eciy KOMITAHUM CTaBSIT LEIbI0 OCTAaBaThCs JIMJEpaMu, TO BCE MATh
TPEHJIOB U €CTh TOT OPUEHTHUP, HAa KOTOPBII UM CJIeIlyeT ONUPATHCS B JOJITOCPOUYHOM MEPCIEKTUBE.

HcTolieHne MeCTOpOXIAEHUH TMOJIE3HBIX HCKOMAeMbIX Ha CyIIe CO3AaeT CTUMYIbI s
MOMCKAa HOBBIX CHOCOOOB WX J00bIYM. B mocineaHue roapl  akTUBHO — HPUMEHSIOTCS
MUKPOOPIraHU3MBbl JUIs U3BJIEUEHUSI METANIOB U3 Oe/IHBIX PYJ U TEXHOT€HHBIX 0TX0/10B. Hanpumep,
nepepaboTka 1 MIJIH IITYK COTOBBIX TENE(POHOB TMO3BOJISAET MOMY4YHTh 16 TOHH meaw, 350 xr
cepebpa, 34 Kr 30710Ta U TOYTH 15 KT mayaaus.

TexHos0rn4ecKkne TpeHabl

AHanu3 TeXHOJIOTMYECKUX TPEHJO0B MOKa3bIBAET, YTO MUPOBAsi SHEPTETHKA CTOUT Ha MOpOre
SHEpPreTUYecKoi peBotonuu [12], cogep:kaHueM KOTOPOU SIBIISIETCS MEPEXO0] OT MHIYCTPUAIbHON
SHEPreTHKU K TMOCTUHAYCTpUadbHOW. WHIycTpuanbHas SHEpreTMka OCHOBaHA Ha CXKUTAHUH
HCKOIAeMOro TOILJIMBA, TPAHCIOPTUPYEMOTO Ha OOJIbIIME pPACCTOSHUS, U Ha NOTpeOIeHUH
00JbIIUX 00BEMOB SHEPTHH MPH CPABHUTEIIHLHO CIa00M YIPABJICHUU YHEPreTUUECKUMU MO TOKaAMHU
(«cunoBast  sHepreTuka»). llocTuHAycTpuanbHasi  SHEpPreTMka OCHOBAaHA Ha  DHEPIUH
BO30OHOBIISIEMBIX ~HMCTOYHHMKOB JHEpruM (a TakkKe, BO3MOXHO, AaTOMHOM JSHEpPreTHKE),
JelIeHTpaIu3ali SHepruu, 3()pPEeKTUBHOM HCIOIB30BAHUU CPABHUTEIBHO HEOOJBIINX MOTOKOB
sHeprum («ymHas sHepretukay) [19, 21]. OcHoBHBIC HampaBICHUS YHEPTETUUECKON PEBOIOIUHN -
MMOBCEMECTHOE PACIPOCTPAHEHUE TEXHOJOTUN HSHEProcOepekeHus, HHTErpalus SHEPreTHKU B
texHochepy, pacnpocrpanenne BUD, nenentpanuzanusi 3HEPreTUKH, CO3aHUE «YMHBIX CeTei» U
SHEProrMH(POPMAIIOHHBIX CUCTEM, «3HEPTOAIPPEKTUBHBIN T0OM» U «3HEPTrOIPPEKTUBHBIN FOPOI».

PecypcHble 1 3K0/10rHYecKHe OrPAaHNYeHHU s

DKOJOTHYEeCKH (PaKTOp B HACTOSIIEEC BPEMS SIBISETCA OJHUM U3 KIIOYEBBIX B PA3BUTHH
sHepreTuku. B pamkax Kuotckoro mporokona u moct-KHOTCKHX corjamieHui, HallMOHAIBHOTO
HKOJIOTMYECKOT0 3aKOHOATEeNLCTBA CO3JAI0TCS MIPABOBbIE M IKOHOMUYECKHE MEXaHU3Mbl, KOTOphIE
CTUMYJIMPYIOT IpOIecC Mepexo/ia K IHEPreTUKE HOBOro THIMA. B MHEPLMOHHOM clieHapuu 00beMbl
noTpeOsIeHNs: PecypcoB U MPOM3BOJCTBA OTXOJOB OyayT ObICTpO HapacTatb, uto mocie 2030 r.
npuBeleT K 3 OCTpOMY KpH3HUCY. B CTarHallMOHHOM CLEHapuu JaBJICHHE COLMyMa Ha
OKpYXXaloIllylo cpeay OyJIeT CHMXKAThCS 3a CUET MPUMEHEHHs MPABOBBIX MEXAHU3MOB CHUKEHUS
SHEPro- U PEecypCOEMKOCTH pPa3BUTHA. B MHHOBAaIMOHHOM CIIEHapUu MOTPEOJICHHE PECypcoB U
MIPOU3BOJICTBO OTXO/I0B MOKET OBbITh paJIuKalbHO CHUYKEHO 33 CUET KOMIUIEKCAa HOBBIX TEXHOJIOTHH
B DHEPreTHUKE.

JHepreTu4yecKne TPeHabl

TpeHapl pa3BUTHA MHPOBOW SHEPIreTUKU ONPEIENAIOTCS HAJOKEHHEM JBYX IPOLIECCOB —
OBICTPOTO pPOCTa HHIYCTPUATBHOW SHEPreTUKM (MU TOTPeONeHUS KMCKOMaeMOTo TOIINBA) B
Pa3BUBAIOIIMXCA CTpaHaX M MOCTENEHHOTO Mepexoja pPa3BUTHIX CTPAH K MOCTUHYCTPUATIBLHOMU
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sHepreTuke. JIngepoM pocrta HHAYCTpUATBHON YHEPTEeTHKH, Oe3ycinoBHO, sBisieTcst Kuraii. 3a 2000-
2009 rr. moTpebiieHre SHEPTrUu B CTpaHe BO3poCio B 2,15pa3a, B ToM uucie yrias — B 2,15 pa3sa,
Heptn — B 1,8 pasa, mpupomHoro raza — B 3,3 pasza, dnekrposHeprun — B 2,75 paza. B
pa3zBuBaromuxcsa crpaHax B 1enoM 3a 2000-e rr. moTpeOneHue 3HEpruu BhIpociao Ha 66%, B TO
BpeMsi KaK B Pa3BUTHIX CTpaHaX — TOJIBKO Ha 5%.

B nedtsnoit otpacnu B 2000-e rr. TNIaBHOW TEeHACHIMEH ObUT OBICTPBIM POCT crpoca B
Pa3BUBAIONINXCS CTpaHax Mpu craje crnpoca B ctpanax ODCP (c 2006 r.). B ycnoBusix uctomieHus
MECTOPOXKJICHHI C OJaroNpHUsTHBIMU YCIOBUSMH JOOBIYM 3TO CTaJl0 MPEINOCBIIKOW OBICTPOTO
pocta 11eH Ha HeThb. B ra3zoBoii oTpaciu HaOIIOAATUCH, [0 CYIIECTBY, aHAJIOIMYHbIE TPOLIECCHI, a
TakKe OBICTpasi MHTErpaIysi MUPOBOTO T'a30BOTO PBIHKA. B YroNBbHO#M OTpaciu KOHTPACT MEXITY
Pa3BUTBHIMU U Ppa3BUBAIOUIUMHCS cTpaHamu Obul emie Oonee spkuM. B 2000-2009 rr. 92,5%
MIPUPOCTa MUPOBOTO NMOTpeOIeHUs yriisd npuuuiock Ha Kutail.

Hanbonee 3aMeTHBIM TMPU3HAKOM TOCTHHIYCTPUAILHOTO pa3BUTHS cTad Oym B cdepe
Bo30oOHOBNsiIeMoil »Hepretuku [16]. C 2000 mo 2009 r. MHupoBas MOIIHOCTh BETPOBBIX
3neKTpocTaHiui Bo3pocia ¢ 18 mo 160 I'BT, conmneunbix @B-ctanumii - ¢ 1,8 1o 22,9 I'Bt. K 2008-
2009 rr. BUD BeImumm Ha epBoe MecTo B pupocTe MotmHocTei B mupe (40% B 2009 t.). Hapsiny ¢
BUD B anekrposnepreruke, Hactosmuit Oym nepekmmn B 2000-e rr. MUpOBBIE YIIIEPOIHBIE PHIHKH.
Hx obvem x 2009 r. moctur 120 mupa moiun. B roj, yBenmmuuBimuch 3a 10 jmet B 10 pa3 [15].
HNuBectuiuu B «yMHbIe ceTu» AocTUIM K 2009 1. 21 mapa aosn. B CILIA u 69 mnpn ot B Mupe.
O6bem peraka 3HEeprocepBucHbIX yeryr B CIIIA u EC goctur 4-5 mupa gomn. B cTpouTenscTBe
3HAYMMYIO JIOJIFO CTaJI0 COCTABJISATh CTPOUTEIBCTBO MO cTaHmapTaM 3HeprodddexkruHocTr (LEED
B CIIIA, BREEAM B EBpomne) u skojoTuueckoil 6€301acHOCTH.

CrarHannoHHbIH (BO300HOB/IsIEMbIii) CLIeHAPUii

OCHOBHOM MPEANOCHIIKON CTarHAIIMOHHOTO CLIEHApUS SIBJISIETCA TPAaHC(EPT CYIIECTBYIOLUIUX
TEXHOJIOTUH B pa3BUBAIOIIMECS CTPaHbl C IENbI0 CHI)KEHHMS SHEProeMKOCTH IMpoliecca
UHYCTpHAIN3AIUH.

[ToTpebnenne HedTH MNPOJOHKUT CBOM pOCT, HO OHO OyAeT CYIIECTBEHHO Oojee
MeJUIEHHBIM, 4eM B HHepIHOHHOM ciieHapuu (Ha 10% k 2010 r. no cpaBHenuto ¢ 30%). Ctpykrypa
MHpOBOTO aBromnapka kK 2050 r. mpeTepnuT CylmecTBEHHbIC U3MEHEHHs. | TaBHBIM TpeHAOM Oyner
pa3BUTHE BCEX CYIIECTBYIOIIUX albTEPHATUB HEPTENPOAYKTAM U JABUTATEII0 BHYTPEHHETO
cropanus. [lonmxkenHoe moTpebiienne HeTH MpPUBEIET K MEHbIIEH KOHIEHTpaluu JOOBIUM Ha
brnuxaem BocToke, MOBBIIIEHHOMY YPOBHIO CaMOJIOCTaTOYHOCTH psiia PErHOHOB-UMIOPTEPOB,
MEHbIIEH TeonoINTHYeCKO HanpshkeHHOCcTH. CriaJ HAmpsHKEHHOCTH HA HE(TSHOM pPHIHKE CTaHET
JOJTOCPOYHOU MPEANOCHUIKON CHUKEHUS LIeH Ha HepTh. B MUPOBOI ra3oBOil MPOMBIIUIEHHOCTH
poCT TOTpeONeHUsI TaKKe OKAKETCS CYIIECTBEHHO HU)XKE, YeM B HMHEPIMOHHOM CIIEHApPUU.
«["eononutrka raza» OyIeT Urpath ropa3zo MEHBIIYIO POJb, YEM B UHEPIIMOHHOM CIICHAPHH.

Eciu B MHEpLIMOHHOM CLIEHapUU OKUAAJICS 3HAUUTENbHBIA POCT yrojabHo# oTpaciu (k 2050
r. — 6osiee ueM Ha 30%), TO B CTarHALIMOHHOM CLIEHApPUH MUPOBOE MOTPEOIEHHE YIJI CYLIECTBEHHO
ynazeT. B aToMHOM sHepreTuke B CTarHALlMOHHOM CLIEHAPUU 0’KMJAE€TCSl YCTOWYMBBIA HUCXO AN
TPEH[, OTpacib COKPATUTCS MpakTU4Yecku B 2 pasa. Ilpeamocwuikamu ajst 3TOro OyayT BbICOKas
CTOUMOCTh M MPOJOJDKUTEIBHOCTh CTPOUTEIBbCTBA, CTarHallMs TEXHOJOIMYECKOIO YPOBHH,
COXpaHsIoIIKecs MPoOJIeMbl pauallMOHHON 6e301MacHOCTH.

BozoOHoBiissiemass sHepretuka OyJgeT pacTH CYLIECTBEHHO ObICTpee HHEPIMOHHOTO
cuenapus. ons BUD k 2050 r. nocturaer 21% MUpOBOro mepBUYHOTO MOTpeOieHus sHepruu. B
B0o300HOBIIsIeMOl sHepreTtuke B 2030 r. r. Oyner npeobiaaate BeTpoBas sHepreTka (72%), HO K
2050 r. ee mons cHu3uTCA A0 60% 3a cueT ONEpeKaroLIEr0 PocTa MPOU3BOACTBA AIEKTPOIHEPIUU
13 GMOMAacChl U COJTHEYHON 3HEPTeTHKH.
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B pesynbraTte OCHOBHBIE HM3MEHEHHS B MHPOBOM SHEpPreTuke OymyT peryiIsTHBHBIMH
CnouTcsl Cl0XHasi CUCTEMa PEryJupOBaHMsl MUPOBOM SHEPreTUKH, BKIIIOUaroias riiodaibHble U
JIOKaJIbHBbIE KJIMMATHYECKHE COTJIALICHUS, KIMMaTHUECKHE HAJIOTOBbIE M TaMOXKEHHbBIE Tapugbl,
TEXHOJIOTMYECKUE CTAaHIAPTHI.

Cpenyn Hanbosee 3HAYMMBIX TII00aTbHBIX TPEHOB PHIHKA M OCHOBHBIX BEKTOPOB Pa3BUTHS
OTpACIIN HAZ0 OTMETUTB:

Haxonurenu. DIeKTpO3HEPTHIO KaK TOBAp YK€ BO3MOXHO XPaHUTbh. EXKErogHo cucTeMsl
XpaHEHUs! YKPEIUSIIOT MO3ULMHM Ha PbIHKE, UX CTOMMOCTh MaJaeT, a 00bEeMbl MPOJaX PpacTyT.
[Ipumepamu Moryt ciyxuth komnanus Enel, 3amycTuBmIass B 3KCITyaTallMiO0 MPOMBILIUIEHHOE
xpanwnuie sHeprun B Uramum, mnm Tesla Powerpack B ABcTpanuu ¢ 00mield MOIIHOCTBIO
Hakonutened 100 MBt. B Poccum mnpumeHeHne cucTeM XpaHEHHUS 3JIEKTPOIHEPTHH TOJIBKO
HAa4YMHAET Pa3BUBATHCA.

AJIbTepHATHBHAs JHepreTuka. [Ipon3BOJACTBO BHITOJHO YK€ HE TOJIBKO JJSl KPYIHBIX
rerepanuii. 3a 10 meT cTomMOoCTh BETPSHBIX MOJYJIEH CHU3WIIACh OoJiee, 4eM B 3 pa3a, a COTHEYHBIX
naHenei — B 8 pas, u 9o nipu pocte dhdextuBHOCcTH BUD renepanuun. B psne crpan BeipaboTka u3
BHD noiHOCTHIO KOHKYPHUPYET C TPAIUIIMOHHON Te€HEpaIUEH.

[lepexon ot consumers k prosumers. C pa3BUTHEM TEXHOJOTUHA KIACCHYECKHE
NOTPEOUTENIN TOCTENEHHO CTaHOBATCS MPOU3BOJUTENAM SHEPIUM, HauuHas 3aHUMaTh Bce Oolsee
BECOMYIO JIOJIIO B dHeprodanaHce 0arofapsi MUKporeHepalui 1 MEXaHU3My YIPaBJIEHUS CIIPOCOM,
demand response.

Bce 3T0 noka3bpIBaeT aabTEPHATUBHBIA IIyTh JOPOTOCTOSALIEMY CTPOMUTEILCTBY KPYIHOU
TeHEpalLluU U MO3BOJISIET CEPbE3HO CHUKATh U3AEPKKU NOTPeOUTEIEH.

ABTOHOMHbBIE MUKPOTYPOHHHBIE SHEPIOyCTAHOBKH.
MukpoTypOUHHBIE HIEKTPOCTAHIINN

Pucynox 15.1 - MukpoTypOuHHast 3JI€KTPOCTAaHIIUS

MHKpOTyp6I/IHHLIe QJICKTPOCTAHIIUN pa3pa60TaHLI AJIe MMPOMBIINIJICHHOTO NPHUMCEHCHUSA U
MOJIHOCTBIO OTBCYAKOT COBPCMCHHBIM Tpe60BaHI/ISIM 10 3HepF03(I)(beKTI/IBHOCTI/I, MMpeKKAC BCCIO 34
CUET CBOMX TEXHOJOTMYECKUX OCOOEHHOCTEN U YHUKAJIbHBIX HOTpe6I/ITeJ'ILCKI/IX CBOMCTB.

MHUKpOTYpOMHHBIE 3JIEKTPOCTAHIIMM Ha PBIHKE MpeACTaBiIeHbl ycTaHoBKamH Capstone
Turbine Corporation.

MHUKpOTYpOMHHBIE 3JIEKTPOCTAHIIUHN MaJI0 OTIMYAIOTCS JPYT OT Apyra Mo pekumam padoThl,
BapuaHTaM pasMCUICHUs, TUITY UCIIOJIb3YEMOI'O TOILIMBA.
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Bce MUKpOTypOWHHBIE 3JIEKTPOCTAHIMM BBIPAOATHIBAIOT KaK AJIEKTPHUECKYIO, TaK M
TEIUIOBYIO SHEPrur0. ABTOHOMHO WU MapajUIeNIbHO C CETbI0 paboTalOT BCE MUKPOTYpOMHHBIE
AJIEKTPOCTAHLIMU. ENMHUYHAS MOIIHOCTh MUKPOTYpPOMHHBIX 3ieKkTpocTtaHiuil oT 30 mo 250 xBr.
MHUKpOTYpOHHHBIE 3JIEKTPOCTAHIINH UMEIOT MOAU(BUKAIINH [T pa0OTHI HA KUAKOM TOIUIHBE.

MUKpOTYpOMHHBIE AJIEKTPOCTAHIIMM — JHEProcOepeKeHUEe 3a CUeT WHHOBAIIMOHHBIX
TEXHOJIOTUI

Jlo cux mop »5HEprocHadKeHHe OOJBIIMHCTBA MPOMBIIIJIEHHBIX MPEANPHUATHI ObLIO
OpraHM30BaHO IO 3JIEMEHTApHON CXeMe: JJIEKTPO’HEpPIusi OTOMpanach OT CETH, a OCHOBHBIE
TEIUIOBbIE HYXK/Ibl TMOKPBIBAINCH 3a CYET COOCTBEHHBIX KOTENBHBIX. OJTH K€ KOTEJIbHBIE YacCTO
o0OecrieunBalOT KOMMYHaJIbHbIE MOTPEOHOCTH ONM3JIEKalIMX HaceleHHbIX MyHKTOB. I[Ipu sToMm
SHEPreTUYeCKUid MOTEHLHAal TOIUIMBA, MPEUMYILIECTBEHHO MPHUPOJHOTO rasa, CKUraeMoro s
MIPOM3BO/JICTBA TEILIa, UCTIONIb3yeTcs b Ha 30%.

[Togo6HOe HerhheKTUBHOE HCHOJIB30BAHUE HHEPrOPECYpPCOB TMPUBOAUT K BBICOKOU
SHEProeMKOCTH  IPOMBIIIJIEHHOTO  TPOU3BOACTBA U OTPULATENIBHO  OTOOpakaeTcsi  Ha
ce0ecTOMMOCTH KOHEYHOM MPOTyKIINHU NPEAIPUSTHH.

OOueMupoBble TEHJCHIIMM POCTa LIEH Ha SHEPrOHOCUTENN BBIHYXKIAIOT MOTpeOuTenen
oOpaiarbcs K COBPEMEHHBIM 3HEProd((EKTUBHBIM U IKOHOMUYHBIM TEXHOJIOTHSM aBTOHOMHOM
reHepaluu Ha OCHOBE MUKPOTYPOUHHBIX JIEKTPOCTaHIIUH.

KadecTBeHHO HOBBIN MOAXOJ] K OpraHU3alMK HEProcHa0XEeHUs, B OCHOBE KOTOPOTO JIC)KHUT
KOMOMHUPOBAaHHOE MPOU3BOJICTBO 3JIEKTPOIHEPIMM M TEIUIA, B COBOKYMHOCTH C INpPUMEHEHHEM
MHHOBALIMOHHOTO OOOpPYJOBAaHUSA MHKPOTYPOMHHBIX 3JIEKTPOCTAHLUH, IO3BOJSET MOBBICUTH
3¢ (HEeKTHUBHOCTH HCTIOIB30BAHMSI TOTIMBA B 2,5—3 pasa.

BBon B 9kCIulyatanuioo MHMKPOTYPOMHHBIX 3JIEKTPOCTAHLUH CIIOCOOCTBYET CHHKCHMIO
SHEPro3arpar U MNOBBIILIEHUI0 KOHKYPEHTOCIIOCOOHOCTH MPOAYKIIMH IPOMBIIIJIEHHBIX IPEINpUATHHA
Ha PA3JINYHBIX PHIHKAX.

[IpOMBILIEHHOCTD CTPaHbl UMEET HEMaJIble NEPCIEKTUBBI POCTa SHEProdPPEKTUBHOCTH 32
CUeT NPHUMEHEHMs albTEPHATUBHBIX BUIOB TOIUIMBA — OMOras3a, BbIPAaOOTAHHOTO U3 OTXOJOB
YKUBOTHOT'O Y PACTUTEIILHOTO MPOUCXOKICHMSI WU CEIIbCKOXO3SMCTBEHHBIX KYIbTYP.

Ha ostom (oHe pa3Butue CcOOCTBEHHbIX MCTOYHUKOB TI€HEpAallMd, Ha OCHOBE
MUKPOTYPOUHHBIX JIEKTPOCTAHLUMN, HAJEKHBIX, FKOHOMUYHBIX M 3KOJIOTUYHBIX, CTAHOBUTCS BCE
0oJiee aKTyaJIbHbIM U1l IPOMBIIIJICHHOCTH.

TpaguumonHo mnpumensemoe 00OpyJOBaHHWE — Ta30TYpOMHHBIE YCTAHOBKHM OOJIBILOM
€IMHUYHOM MOIIHOCTH, Ta30IOpPUIHEBBIE U JU3EIBHBIE T'€HEPATOPbl, K COXKAJIECHUIO, HE BCErna
OTBEYAIOT TPEOOBAHUAM 110 3HEProd(PHEKTUBHOCTH Ul HPOMBIIIJICHHBIX MPEANPUITUN.

3HayMTeNNbHbIE PACXObl HA 00CIY)KMBAHUE, CBA3aHHBIE C HEOOXOJIUMOCTBIO MOCTOSIHHOTO
IPUCYTCTBUS IE€pPCOHANa, YacTOW 3aMEHOW JIyOpHKAaHTOB, MOTOPHOIO Maclia U yTWIM3aluen
0TpabOTaHHBIX CMA30YHBIX MAaTE€PHUAJIOB, JOPOTOCTOSIIIUI TPYAOEMKUI PEMOHT B COBOKYIMHOCTH C
KallUTaJbHBIMU 3aTpaTaMM, 3a4acTyl0 CBOJSIT Ha HET HKOHOMHYECKYIO LeJIecOO0pa3HOCTh HUX
IIPUMEHEHMSL.

MHUKpOTYpOMHHBIE 3IEKTPOCTAaHIIMN — BKJIIOYM U padoTaii!

[losiBnenne Ha pbIHKE HOBOTO TMOKOJEHHS TeHepUpyouero oOopyaoBaHUS —
MUKPOTYpOMHHBIX 3JIEKTPOCTAHLMN CleNadd BO3MOXKHBIM BBIpaOOTKY HOBOIO IOJAXOAa K
00eCreyeHnI0 KadeCTBEHHOW M HEJOPOrod 3JeKTPUYECKON M TEIJIOBOM BSHEpTHed sl HyX]
IIPOMBIIITIEHHBIX PEATPUATHI.

Buenpenre MUKpPOTYpOMHHBIX 3JEKTPOCTAHIMM BBIPAKAeTCsl B TJIABHOM IPHHLUIE —
BKJIIOYM M paloTail, B OCHOBE KOTOPOIO JIEKUT HAJEKHOE 00OpYIOBaHHE BBICOKOW CTENEHHU
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3aBOJICKOM TOTOBHOCTH, OTJIMYAOIIEECS TOJHOCTHIO aBTOMAaTU3MPOBAHHOM CHUCTEMOM yripaBJIeHMs,
OTJINYHBIMU TEXHUUYECKUMHU U SKCIUTYyaTallMOHHBIMU XapaKTePUCTUKaMHU.
Hosgeiimne texHuyeckue pa3pabOTKM M MHOKECTBO IaTEHTOB IO3BOJIAIOT BBIACIUTH
MUKPOTYpOMHHBIE SJIEKTPOCTAHIINH B OTJCIBHBIN KJIACC SHEPTETHYECKUX YCTAHOBOK.
MHUKpOTYpOMHHBIE 3IEKTPOCTAHIINN — HA/ICKHOCTh U IKOHOMHUYHOCTD

BuixnonHbie rassl
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Pucynox 15.2 — OGmast cxema MUKpOTYpOWHHOM SIIEKTPOCTAHITUH

JIBurarenb MUKPOTYpOMHHOM SIEKTPOCTAHIIMA COCTOUT, KaK IPaBUJIO, BCETO W3 OJHOU
JBUKYIIEHCS IeTalnu — BPaIIaloIIerocs Bajia, Ha KOTOPOM pa3MEIleHbI 3JIEKTPUUECKU TeHepaTop,
KOMIIPECCOP U HEMOCPEACTBEHHO MUKPOTYpOUHA.

B cunoBbIx arperatax MHUKpPOTYPOMHHBIX 3JEKTPOCTAHIUI OOBIYHO HE HCIONb3YIOTCS
PEAYKTOPBI WM IpYTe MEXaHUYECKUE MTPUBO/IbI, CJICACTBUEM YETo SIBIISETCS BBICOKAs HAJEKHOCTh
MHUKPOTYPOUH.

YHUKanbHOU KOHCTPYKTHUBHOM 0COOCHHOCTHIO JIBUTaTeJIst MHKPOTYpOMHHOM
AIIEKTPOCTAHIIMU SIBJISIFOTCSL BO3YIIHbIE TOAIIUIHUKYA, KOTOpBIE YAEPKHBAIOT Ball poTOpa
reHepaTopa Ha BO3AYIIHON mnoaymike. BozayiiHple MNOAMIMIHUKA 00ECIEeYHBAIOT CKOPOCTD
BpamieHus Basa ~ 95 000 060poTOB B MUHYTY.

OTa WHHOBALUS MUKPOTYpPOMHHOI 3JEKTPOCTAaHIMHM [AeT BO3MOXHOCTh OTKa3aThCs OT
HCIIOJIb30BAHUSI Maciia, BBICOKHHM pPacxo] KOTOPOro y JIPYrHMX BHAOB 00OPYAOBAaHUS COCTaBISET
3HAYUTENbHYIO YaCTh IKCIUTYyaTallMOHHBIX 3aTpart.

I'enepaTtop MUKPOTYpOMHHON 3JIEKTPOCTAHLMHU OXJIAXAAeTCs HaOEraloluM OTOKOM
BO3/lyXa, 4YTO HCKJIIOYAaeT HEOOXOIUMOCTb CHCTEMBI KUJIKOCTHOTO OXJQKICHHUS U TIOBBIIIAET
HAJEKHOCTh U SKOHOMUYHOCTh 000PYI0BaHUS.

B nmpouecce pabGoTbl aBUrarens MHKPOTYPOMHHON JIEKTPOCTAHIMM HE BO3HHUKAET
3HAYUTENBHBIX TPEHUN U BUOpAIUi, TOATOMY PUCK OTKA30B U MOJOMOK MUHUMAJICH.

K mpumepy, MexaHuyeckoe YCTPOMCTBO JHOOOTO MOPIIHEBOTO JABUTATENs 3HAYUTEIBHO
CIIO)KHEe, YeM Yy CHJIOBOIO arperata MHUKPOTYpOMHHON SJIEKTPOCTAHIIMU: B HEM OrPOMHOE
KOJIMYECTBO JABWXKYIIUXCS yacTel. COOTBETCTBEHHO, PUCK MEXAaHWYECKOW MOJOMKHU CYIIECTBEHHO
BBIIIIE.

B MUKpOTYpOMHHOM »IIEKTPOCTaHIMH, ONarogaps MajloMy KOJIWYECTBY periiaMeHTHBIX
3amyacTei, OTCyTCTBHUIO MOTOPHOTO Maciia U OXJIaXaoIed KUAKOCTH, TOTPEOHOCTh B CEPBUCHOM
o0cykMBaHUU BO3ZHUKAET HE yalle oHoro pasa 3a 8000 yacos, To ecTh 1 pa3 B roa.

Pecypc MUKpOTYpOMHHO# AJIEKTPOCTAHIIMHU 10 KaUTaIbHOTO peMoHTa coctaBisieT ~60 000
YacoB.
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Pucynox 15. 3 — O6muii B MUKpOTYpOUHHBIE AIIEKTPOCTAHITIH

[Ipumenenne pekymeparopa B  KOHCTPYKIMA  MHKPOTYPOMHHOH  AJIEKTPOCTAHIIUU
obecrieunBaeT BeIcOKH dektpuueckuit KIT ~ mo 33%.

MHUKpPOTYpOUMHHBIE DJIEKTPOCTAHIIMH HCHOJB3YIOTCS il oOecredeHnss KadyeCTBEHHOW |
Ha/IKHOW SHEPTHel BCEBO3MOKHBIX 00BEKTOB, TAKUX KaK OFO/KETHBIE YUpPEXKICHHsT 00pa30BaHMUs,
TOProBbIE W pa3BIeKaTEIbHBIE KOMILICKCHI, IIKOJIBI W OOJBHUIIBI, CTaJWOHBI WM aKBaIlapKH,
MPEINPUSATHS TPAHCIIOPTAa W CBS3HM, YACTHBIC JKWIIBIE JIOMa M MPOMBINUICHHBIC MPEINPUATHS U3
pa3HbIX OTpacied SKOHOMHUKH.

udposeie nBoitHUKN U ITUGPOBBIE (PaOPUKH

Ha cragum ympaBnenuss okusHeHHbIM nwmkiaoMm mpoaykiuum — (Product Lifecycle
Management, PLM) co3patorcst Tak Ha3biBaeMble mudpossie apoiauku (Digital Twin) u uudpossie
(habpuxw.

MOoHO JaTh HECKOJIBKO ONPEACIICHUH MOHATUS «ITU(POBBIC TBOMHUKI):

— 1udpoBoii ABOMHUK — 3TO IUGPPOBOE NMPEACTABICHUE PEATbHOT0 0O0BEKTa U CUCTEMBI;

— 1uQpoBOil ABOWHUK — BUPTyaJibHAs MHTEPAKTHUBHAS KOIHUS PEAbHOTO (DHU3MUYECKOTO
oObekTa WM TMpolecca, KoTopas mnomMoraeT 3GGEeKTUBHO YHOPaBIATH UM, ONTUMUZHPYS
TEXHOJIOTHYecKre M OusHec-mpouecchl. LluppoBoil ABOWHUK IMO3BOJISET MOJEIUPOBATH PadbOTy
000pynOBaHUs, TEXHOJIOTUYECKUE U TPOU3BOICTBEHHBIE IIPOIECCHI, a TAKKE HEIITATHBIE CUTYallUH;

— 1uudpoBod NBOWHMK — TMPOTPAMMHBIA  aHAIOT  (DU3UYECKOTO  YCTPOWCTBA,
MOJENUPYIOIINI BHYTPEHHHUE MPOIECChl, TEXHUUECKUE XapaKTEPUCTUKU U MOBEICHHUE PEaTbHOTO
00BEKTa B YCIOBUSIX BO3JCHCTBUS MIOMEX U OKPY)KAIOIIEH CPEeJIbl.

Baxxno#t ocobeHHOCThIO HU(POBOTO NBOMHHKA SBJISETCS TO, YTO JUISl 3a/JaHUs HA HErO
BXOJIHBIX BO3ACWUCTBUI UCHOJb3yeTcs UHPOpMaIus C JaTYUKOB PEATbHOTO YCTPOMCTBA,
paboTaroriero mnapaiuenbHo. Pabora Bo3MOKHA Kak B OHJIAMH-, Tak U B oduaiiH-pexxume. [lanee
BO3MOXHO MPOBEJCHHE CpaBHEHUS MHGOPMAIIUU BUPTYaJbHBIX JaTYMKOB U(POBOro JBOMHUKA C
JaTYNKaMU PEaIbHOTO YCTPONCTBA, BHISBICHUE AHOMAIMA U TPUYUH UX BO3SHUKHOBEHHUSI.

VYcTaHOBKa JTaTYMKOB Ha peajbHOE YCTPOHCTBO OCYIIECTBISIETCS B MPOLIECCE BHEAPEHUS Ha
NPEANPUATHH TEXHOJOTUI NpoMbllieHHoro nHTepHeTa Beeit (HoT).

be3 co3manus nM@POBBIX JTBOMHMKOB BBITYCKAE€MBIX H3JIEIMH HEBO3MOXKHO BHEIPEHUE
coBpemenHoit Texnonmoruu PLM (Product Lifecycle Management, ympaBieHue >XH3HEHHBIM
uukiaom uzzgenusi). [1oT u PLM — HeoThemiieMble atpuOyThl «yMHOU (abpuku» (Smart Factory).
Ee xapakrepHas o0coOeHHOCTh — (OPMHMpPOBAaHME M HCHOJb30BaHHE LU(DPOBOI MoaenH
MaTepUAbHBIX IOTOKOB, T. €. IM(POBOrO JBONHMKA YyXe HE OTIACIBHOIO U3JeNus, a
MIPOU3BO/ICTBEHHOIN CHCTEMBI.

[udpoBoii ABOMHUK U3JIENUS U TEXHOJIOTMYECKOTO 000PY/I0BaHMS BKIIIOYALT:

- FEOMETPUYECKYIO U CTPYKTYPHYIO MOJIEb 00BEKTa;

- HabOp pacyeTHBIX JTAaHHBIX JIeTallell, Y3JI0B ¥ TEXHOJIOTHYECKOTO 000PYI0OBaHUS B 1IEJIOM;
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- MaTeMaTH4YECKHUE MOJICIH, OIHCBHIBAIONINE BCE MPOUCXOMISIINE B TEXHOJOTHYCCKOM
000pynoBaHNN (PU3HKO-XUMHYECKHUE MTPOIIECCHI;

- WHGOPMALMIO O TEXHOJOTHYECKUX MPOIECcCaX HW3TOTOBICHUS W COOPKH OTIEIBHBIX
AJIEMEHTOB ¥ TEXHOJOTUYECKOTO 000PYIOBAHHUS B IIETIOM.

[udpoBoii TBOWHUK IPUMEHSETCS Ha BCEX CTAIUAX KU3HEHHOTO IUKJIA H3CITHUs, BKIFOYast
MIPOCKTHPOBAHKE, TTPOU3BOJICTBO, IKCIUTYATAIMIO M YTHIIU3AIIHIO.

Ha »rtame 3CKM3HOTO MPOCKTHUPOBAHUS CO3/IAIOTCS BapHAHTHI KOMITBIOTEPHOW MOJIETH
pa3pabaThIBacMOTO M3JIEIHS IS OLICHKH U BHIOOpA BO3MOKHBIX TEXHUYCCKUX PEIICHUH.

Ha »srtame TeXHUYECKOTO MPOCKTHUPOBAHUS BBIOPAHHBIM HA TPEIBIIYIIEM 3Talle BapHaHT
JopabaThIBACTCS M YTOYHSETCS C UCIIOJIb30BAHUEM MoJIesel 3ieMeHToB. [loiryaeHHas B pe3yinbrare
MOJIEITb U3JICJIHS TIO3BOJISIET YIECTh M ONITUMU3HPOBATH B3aUMOJICHCTBHE BCEX DJIEMEHTOB C YIETOM
PEXUMOB pabOThl U BO3JEHCTBUI OKpYKalOLIEH Cpelbl, €€ YK€ MOKHO Ha3blBaTh LH(PPOBBIM
JBOMHHUKOM pa3pabaThIBAeMOTO W3JICITHSI.

Ha »rame wusroroBieHus pa3paboTaHHAs MOJENb ITOMOTAeT OMNPEISIUTh TpeOyeMble
JOIYCKH TIPU HM3TOTOBICHUHM JUIS JOCTIDKCHUS TPEOYeMBIX XapaKTePUCTHK W OOecreueHUs
0e30TKa3HOM pPabOTHl M3AENUS B TEUEHHE BCETO CPOKa CIY)KOBI, a TakXKe TMO3BOJISIET OBICTPO
BBISIBIISAITH TIPUIMHBI HEUCIIPABHOCTEH B MPOIIECCE TECTUPOBAHMS.

Ha »srane »skcrmyaranum Mojenb IMGPOBOTO TBOWHHKA MOXKET OBITH JgopaboTaHa |
WCIOJIb30BaHA Ui peaju3aluy OOpaTHOM CBSI3U C II€JIbI0 BHECEHUS KOPPEKTUB B pa3paboTKy U
W3TOTOBJICHUE W3JENIUN, JUAarHOCTUKY M MPOTHO3UPOBAHUE HEUCIPABHOCTEH, TOBBIIICHUE
3¢ dexTUBHOCTH PabOTHI, IS BBISBJICHUS HOBBIX 3aIIPOCOB MOTPEOUTENECH.

Knaccupuxkauusi uu¢poBbIX JBOHHUKOB U3/1eJ IS

Hudpossie mBoitnuku-nporoTumns! (Digital Twin Prototype, DTP). DTP-aBoiiHUK COAEPKUT
uH(popMallMI0, HEOOXOAUMYIO ISl ONMHUCAHHS W CO3JaHus (U3MUECKUX BEpPCUM HK3EMILISIPOB
u3nenus. Jta uHGOpMaIKs BKIOYAET T€OMETPUYECKYI0 U CTPYKTYPHYIO MOJIEIH, TE€XHUYECKHE
TpeOOBaHUS U YCJIOBHS, CTOUMOCTHYIO MOJIENb, PAacueTHYI0 (IIPOEKTHYI0) M TEXHOJOTHYECKYIO
Mozenu u3aenus. DTP-IBOMHUK MOHO CUMTaTh YCJIOBHO-TIOCTOSIHHOM BHUPTYaJdbHOW MOJIEJIBIO
U3JIeNusL.

udpossie aBoiinuku-3x3emmuiipsl (Digital Twin Instance, DTI). DTI- nBoitHuku u3aenus
OTHCHIBAIOT KOHKPETHBIA (PU3UYECKHI JK3EeMIUISp H3AENus, C KOTOPHIM JBOWHUK OCTaeTcs
CBSI3aHHBIM Ha MPOTSKEHUH BCETO CpPOKa cIyxObl. JIBOMHUKH 3TOTO TUNa co3aatoTcs Ha 6aze DTP-
JBOMHMKA W JOIMOJIHUTEIBHO COJAEpKAT MPOU3BOACTBEHHYI0 M SKCIUIyaTAllMOHHYIO MOJENH,
KOTOpbIE BKJIIOYAIOT KCTOPHIO H3TOTOBICHUS HM3AENUS, MPUMEHIEMOCTh MAaTepUAIOB H
KOMILJIEKTYIOIUX, a TaKKe CTATUCTUKY OTKAa30B, PEMOHTOB, 3aMEHBI Y3JIOB M arperatoB u [p.
Takum o6Opazom, DTI-gBoiiHMK wu3aAeNUa MOABEPracTcsl H3MEHEHHSIM B COOTBETCTBHH C
M3MEHEHUSMHU (PU3MUECKOTO IK3EMIUISIPA MPH €r0 IKCILTYaTal|H.

ArperupoBannbie asoiinuku (Digital Twin Aggregate, DTA). DTA- ABOWHUKH H3ICITHS
OTIpeNIeNAOTCA Kak HH(OpMallMOHHAs CHUCTeMa YIpaBleHUs (PU3UYECKHUMH JK3eMIUIIpaMu
ceMeicTBa U3AeNui, KOTOpas UMEET JIOCTYI KO BCEM UX IU(PPOBBIM TBOMHHUKAM.

Knaccudukarus 1BOWHUKOB IPOU3BOJACTBEHHON CHCTEMBI:

- 1u(poBOIi TBONHHUK U3AETUS HIIA TEXHOJIOTUYECKOTO 000PYIOBAHUS B POU3BOICTBEHHOM
TpoIiecce;

- nu(poBOIi ABOMHUK BCETO TEXHOJIOTUYECKOTO 000PYIOBAHHUS,

- nu(poBOIi TBOWHUK BCETO MTPOU3BOJICTBA.

[udpoBoii ABOMHUK MTPOU3BOJICTBEHHBIX MPOIIECCOB BKIIIOYAET B CEOS:

- MHXWUHUPUHTOBYIO MOJENb TMPOU3BOACTBEHHBIX MPOIECCOB, COJAEpKaIlylo IudpoBoe
OMMCAaHWE PECYpCOB MPEANPUSITUS, CTPYKTYpY TIPOHM3BOJCTBEHHBIX aKTHBOB, CpEICTBa
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TEXHOJIOTUYECKOTO OCHAIICHNUS, HOMEHKJIATYPY W TEXHOJOTHH M3TOTOBJICHUS MPOIYKIHH, CHCTEMY
cbopa uHpOPMAIIH O TEKYIIIEM COCTOSIHHH 000PYI0BaHHS,

- SKCIUTYaTallMOHHYIO MOJIENIb TPOU3BOACTBEHHBIX IPOLIECCOB, SIBISIOMIYIOCS IH(PPOBOI
w1aTGOpMOM ISl OTMCAHUS JOTHCTHYECKON CTPYKTYpPHI HPEANPHUATHS, (POPMHPOBAHUS IIJIAHOB-
rpadMKOB M3TOTOBJICHUS M3JIENINH, MEXKIEXOBOW M BHEUIHEH KOOMEpPAIUH, BKIIOYAs PETIaMEHTHI
TEXHUYECKOTO OOCTY)KMBAaHHA W PEMOHTa OO0OpyAOBaHUS. MareMaTHUEeCKOMY OTMCAaHUIO TaKKe
MOJUICKUT JMHAMUKA BHYTPHUIIEXOBBIX MAaTEpPHAJIbHBIX MOTOKOB, HAa OCHOBE HU(PPOBU3AINH
KOTOPBIX (DOPMUPYIOTCSI ONITUMANIBHBIE TTPOU3BOJICTBEHHBIE PACITCAHUS BBITTOJHAEMBIX Pa0OoT.

Haubonee crnoxHOM Il MPaKTHYECKOW peanu3aliuy SBISETCA SKCIUTyaTallMOHHAs MOJEIb
U(ppPOBOTO JABOWHHUKA MPOU3BOACTBEHHOTO IpOIEcca, Ha KOTOPYIO, B YaCTHOCTH, BO3JIAraroTCs
cnenyronue QyHKIUN:

- POBOJINTH HEOOXOAUMBIE PACUETHI JJISl IIPHHSTHS YIIPABICHYSCKUX PEIICHHIA;

- oToOpaXkaTh B PeXKMME PEaIbHOTO BPEMEHH MPOU3BOACTBEHHBIE TIPOIIECCHI, TPOTEKAFOIINE
B MPOU3BOJICTBEHHON CHCTEME;

- TPOBOJTUTH PA3JMYHBIE OKCIIEPHUMEHTBHl «4TO, €CIH» IIyTeM MaTeMaTHYECKOTO
MO/ICITMPOBAHUS POU3BOJICTBEHHBIX MTPOIECCOB.

Eme onHolt BakHOW 3amaveil HSKCIUTyaTallMOHHOW Mojaenu Iu(poBOro JBOWHUKA
MIPOU3BOJICTBEHHOW CHCTEMBI SIBIIIETCS MHHHMM3ALMS BO3MOXKHBIX OTKAa30B TEXHOJOTHMYECKOTO
000py/nOBaHUs 3a CYET CBOEBPEMEHHOTO IMPOBEIEHUS TEXHMYECKOTO OOCHY>KHMBAHHUS M PEMOHTA
(TOuP). Ogaum u3 mepenoBbix BUAOB TO sBisiercs: nmpenuktuBHOE oOcmyxuBanue (PdM). Ono
MO3BOJISIET MTPOM3BOIUTH PEMOHT HE 10 3apaHee COCTABIIEHHOMY ILIaHy, @ KOTJa B HEM BO3HUKAET
He0o0X0IMMOCTb.

[logpazymeBaercss He ycTpaHEHHE, a NPEAYNpPEKICHHE OTKa30B OOOpYIOBaHUS IyTeM
MHTEPAKTUBHON OLEHKU €r0 TEXHHUYECKOTO COCTOSHUS 110 COBOKYIMHOCTH JIaHHBIX, MO CTYHAIOIINX C
JAaTYUKOB, M OTMpEIENICHUSI ONTUMAIbHBIX CPOKOB NpPOBEACHUS PEMOHTHBIX paboT. Ludposoit
JBOMHHUK MOKET CIY)KUTh OJHHM M3 HWHCTPYMEHTOB MPEIUKTUBHOTO OOCTYKMBaHUS, KOTOPBIN
MO3BOJISIET MPOMOJICIIUPOBATh Pa3IMYHbIE BapUAHTHI MOJHBIX M YaCTHYHBIX OTKa30B, paboTy
YCTPOICTB C YUETOM PEKUMOB UX IKCIUTyaTallH, BO3JACHCTBHI OKpYKAIOILIEH Cpebl U Pa3IMYHOM
CTerneHu u3Hoca jaeraneid. [{udpoBbie NIBOMHUKN MO3BOJISIOT PEMOHTHBIM OpuraaaM ObITh XOPOIIO
MH()OPMHUPOBAHHBIMU U NIPUOBIBATh HA MECTO PAOOTHI yXKE CO BCEMH HEOOXOAMMBIMHU 3allaCHbIMU
YacTAMH, UHCTPYMEHTAMH U UHCTPYKIUSAMU, HEOOXOAUMBIMU JIJIs1 TEXHUYECKOTO 00CTYKIBAHUSI.

Ha ypoBHe »skcmmyaralinoHHOW Mojenu HU(POBOrO JBOMHHMKA IMPOU3BOACTBEHHOTO
npouecca pynkiuu TOuP yuuThIBaroTCS Kak JOTOJHHUTENBHBIC OINEpaliu, ONTUMHU3UPYEMbIE B
OTIEpAaTUBHOM IUIAHE TMPOM3BOJACTBA TaK, YTOObl OHM MHMHHMMAIBHO BIMSUIA Ha CKOPOCTb
MPOXOXKIACHUsT 00pabaThIBaeMbIX HM3JENUN 4Yepe3 MPOU3BOJCTBEHHBIC AKTHUBBI MPEANPHUATHSI. Ty
3aauy npuHuMaioT Ha cebs MES-cuctemsl.

BaxHo, 4ToObI IM(POBON JIBOWHUK IMPOU3BOACTBEHHOTO IIpollecca MOJAECPKUBAJICS B
aKTyaJbHOM COCTOSTHMM 4Yepe3 Ppealn3allii0 HEMOCPEACTBEHHOW CBS3UM C IPOM3BOJICTBEHHBIMU
aKTUBaMHU, C YIETOM TEKYIIETO COCTOSIHUS M3TOTaBIMBAEMbIX U3aenuid. [[is pemenus 3Toil 3aqaun
ucnonb3ytorcs TexHosornn HoT. C ux momoinipio obecrnednBaeTcst CBsi3b CEHCOPOB, JATYUKOB U
Jpyro# anmaparypsl cOopa JaHHBIX C CYHIECTBYIOIIUMHU CUCTEMaMHU YIPABIEHUS TPOU3BOJICTBOM H
C KCIUTYaTallMOHHOM MOJ1eNbo U(POBOTo JBOMHUKA MPOU3BOJICTBEHHOTIO IpoIiecca.

Takum o6pa3oM, nudpoBoil TBOWHUK — (QyHIAMEHTAIbHOE MOHATHE «YMHOH (paOpukm»,
KOTOpOE cJeayeT CBA3bIBaTh KaKk C CaMUM H3JenueM (B ITOM clydyae NPUMEHSETCS TEepPMUH
«uu(ppoBO IBOWHUK H3AETHS»), TAK U C MPOLECCOM H3TOTOBJICHHS W3JENUH — B TOM Cllydae
CIIEAyeT HCIOJIb30BaThb TEPMUH  «UU(GPOBOW  JBOWHUK  MPOM3BOJICTBEHHOM  CHCTEMBI».
Hcnonbp3yemMble COBMECTHO Ha KaXKIOM JTale >KU3HEHHOTO LMKIA HW3JeNnus, 3TH IM(poBbIE
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JIBOWHUKK JIOJDKHBI  OBITh  (DYHKIMOHAJIBFHO CBS3aHBI MEXIy Cco00i ©  oOecrednBaTh
9KCIUTYyaTal[MOHHbIE  XapaKTEPUCTUKU IPOEKTUPYEMOTO M  M3rOTAaBIMBAEMOIO M3JEIUS B
COOTBETCTBUU C €T0 Ha3HAUYEHUEM.

HudpoBoit HHXKHHUPUHT B pOOOTH3ANS B (hapMaIleBTUIECKOM OM3HECEe

[Tangemust kopoHaBupyca, pa3pa3uBlluascs N0 BceMy Mupy B koHue 2019 r., mocraBuna
MHOTHE UHAYCTPUU Mepes BHI30BaMH, CBSI3aHHBIMU C HEOOXOJUMOCTBIO OTBETa Ha MHOTHE yIpO3bl
U PUCKH, 00€CTIeYeHHs] BBDKUBAEMOCTH U YCTOMYMBOCTH OM3Heca.

Dapmayeemuueckue npouzeo0cmea, KaK u 6ca IKOHOMUKA, 8 NEPUOO GLIHYHCOEHHO20
Kapanmuna cmoakHyJIUuch ¢ UeablM KOMRIAEKCOM npobdnem, mpeoyrouiux He3ameonumenbHo2o
pewienusn.  MuHUMHM3alUs PHUCKOB, CBSI3aHHBIX C BO3MOXKHON  OO0JI€3HBIO IE€pCOHaia,
HEO0OXOMMOCTh  OBICTpOHl  TpaHchoOpMalMKM TNPOM3BOJACTBA HAa  BBIMYCK JIEKAPCTBEHHBIX
IpernapaTopoB, TpeOyeMbIX B CBS3H C JIMHJIEMHUOJOTHYECKOM OOCTAaHOBKOW, pe3KOe MOBBIIIEHUE
crIpoca Ha psij NMpenapaToB, U Pe3KOe CHUKEHUE CIIpoca Ha JApPYyrue, B cBs3u ¢ nmaHaemueil. U psaa
JPYTHUX.

HudpoBuzanuss u poOOTHU3alMsI TNPOU3BOJICTBA BBICOKO PpE3yJAbTAaTHUBHBIM  pecypc
yIpaBieHUs] pUCKaMH U yCcTOWYMBOCTU. COBPEMEHHBIM TPEHIOM JUISl MEPEeIOBBIX MHHOBAIIMOHHBIX
(hapMaleBTUUECKUX KOMIIAHUI SBJISETCS CO3/aHKE U BHEIPEHHE U(PPOBBIX TBOMHUKOB, TAKMX KaK
MpEeJCTaBlIeH Ha pUCyHKEe 15.4, KOTOpble W TOMOTAIOT M B CTPATETMYECKOM IUIAHUPOBAHUHU
pa3sBUTHS, U B OPraHU3aLIOHHO-TEXHOJOIMYECKOM INPOEKTUPOBAHMM Ou3HEC TpaHchopmauui, a
TaKXe B IPOrpaMMHUPOBAHUU U B YIIPABJIECHUU POOOTU3NPOBAHHBIM, aBTOMATU3UPOBAHHBIM U B IIp.
000py/I0BaHUEM.

Pucynok 15.4 —-Buenpenue 1 poBbIX ABOMHUKOB Ha (papMalleBTUYECKOM MTPOU3BOICTBE.

[udposoit ABOWHHMK (apMaleBTHUECKOTO TPOM3BOJACTBA - 3TO KOMIIbIOTepHass 3D
MMUTAIMOHHAS TUHAMHUYECKas MOJIENb MPOTEKAIIINUX B IPOU3BOJCTBE MpolieccoB. Mcnonp3oBanue
1M(pOBOro ABOMHUKA MO3BOJISAET CO3JaHUE (MHKMHHUPHUHT), MOJAECPHHU3ALUIO (PEHH)XHHUPHUHT) U
ympaBieHue (MEHEIKMEHT) ¢apMalleBTUUECKUM MPOU3BOJICTBOM OCYIIECTBISATH B Mojeje-
perynmupyemoM (model driven) pexume, 4ro oOecreunBaeT BO3ZMOXHOCTh MHOTOKPHUTEPHAIBHOMN
ONTUMM3AIMKA Ha BCEM TMPOTSHKEHUW JKM3HEHHOTO IUKJIA MPOU3BOJACTBA. B 1udpoBoM NBOHHUKE
MOXXET OBbITh ONTHUMH3UPOBAHA CXEMa pa3MEIlEeHUs] MPOU3BOJACTBA, MUHUMU3HPOBAHBI MOTPEOHBIE
IOl W JIOTUCTHYECKHe TOTOKHU. [Ipumep mpoeKkTHpoBaHUS POOOTU3MPOBAHHOW JTHMHHUH
YIaKOBKH (hapMareBTHUECKOM MpOAyKIINH MPECTaBIeH Ha pucyHke 15.7.
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Pucynoxk 15.5 - IlpoextupoBanue poOOTU3MPOBAHHON JMHUU (apMalleBTUYECKOTO
IIPOU3BOJICTBA

B nBoitHMKe MOryT OBITH CIPOEKTHPOBAaHBI, CMOJAEIUPOBAHBbI, ONTUMU3UPOBAHBI U
BHU3YaJIM3UPOBAHBl BCE TPOM3BOJICTBEHHO-TEXHOJOTHYECKHE TIPOIECCH  (papMareBTUIECKOTro
MpOU3BOJACTBA. lIprMep CHPOEKTUPOBAHHBIX MPOLECCOB, MX JAWUHAMHUYECKOTO HMHUTALMOHHOTO
MOJICJIMPOBAHMS U BU3YyAJIM3alMK MTPEACTABIICH HA pUCyHKE 15.9.

Pucynok 15.6 - {unamuueckas 3D nudpoBas uMuTaIMOHHAS MOJEIb MPOM3BOJICTBEHHO-
TEXHOJIOTHYECKOH JESITEIIbHOCTH (hapMalleBTHUYECKON KOMIIaHUU

[Ipuuem, Takoe OpraHU3alMOHHO-TEXHOJIOTUYECKOE IPOEKTUPOBAHME MOXKET ObITh
peann30oBaHO Kak JUIsl CO3JaHUs HOBOM «yMHOH (aOpuku», Tak M JUIi PEUHXMHHUPHUHIA
JEUCTBYIOLETO IPOM3BOJACTBA. B cilyyae peMH)XMHUPUHIA MOTYT OBITh CMOJEIUPOBAHBI U
IPOCUYMUTAHBl BAapUAHTBl M3MEHEHHUS IPOU3BOJUTEIILHOCTH IPOU3BOJICTBA KaK 3a  CYeT
OpPraHU3allMOHHBIX W3MEHEHHMH, TaKk M HapallMBaHUE MOIIHOCTEH 3a CueT BHEAPEHHs] HOBOIO
00opyJ0BaHuUs, HaIIpUMeEp, POOOTU3ALIHH.

Taxum o6pazom, npu paboTarolieM JIeiCTBYIONEM IPOU3BOJICTBE MOSBISIETCS BO3MOXKHOCTD
pOAHATM3UPOBaTh JIOObIE CLIEHApUU pa3BUTHA Ou3Heca U TpeOyeMbIX TpaHchopMaIuii
dapmareBTHUeCKON (paOpUKKM — COKpallleHHe YKCla MPOU3BOJACTBEHHOIO MEPCOHAa, U3MEHEHUE, B
TOM YHCJIE€ pajJuKalbHble, B OalgaHCe acCOPTUMEHTa INPOU3BOAMMON MPOJYKIIMH, TMEpeHanagKa
00OpyZI0BaHUs Ha BBIMYCK HOBOM mpoaykuuu u mp. Ilpu 3Tom, B iudppoBoM JBOMHUKE MOTYT OBITh
HE TOJIBKO CIPOEKTUPOBAHBI U OTJIaKEHBI BCE MPOLIECCHI, HO M COOpaHa BCs aHAJIUTHKA 110 TEXHUKO-
HSKOHOMHYECKUM [apaMeTpaM Mpou3BOACTBA. T. 0. MOXKeT ObITh MPOU3BEJEHO TEXHHUKO-
HSKOHOMHYECKOe OOOCHOBaHME M BBIOOP JyUIIMX I[IOKa3aTesneil Npu pealn3alud MPOEKTOB
MOJIEpHU3alMHU Npou3BoacTBa. Ha pucynke 15.7 mpencraBieH mpumep aHAJUTUKU B HU(POBOM
IBOMHUKE (apmarieBTHYeckol ¢padpuku. FIMEHHO Takue BO3MOXKHOCTH HU(PPOBBIX TBOMHUKOB U
o0ecrneynBaroT BO3MOXHOCTH OBICTpOro H 3(QeKTUBHOro yrpaBieHHs TpaHchopMaluen u
YCTOMYMBOCTU K U3MEHEHUSIM U PUCKaM.
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Pucynoxk 15.7 - Ananumuxa gapmayeemuuecxoii habpuxu 6 yughpogom 08olHUKe

Baxknelmum npeumyiiecTBOM HU(POBBIX ABOMHHUKOB SIBIISIOTCS BO3MOXKHOCTU O(iaitH
MPOrpaMMUPOBaHusl poOOTOB, KOHBEWEpOB, TpaHCOOPAEpPOB W JAp. ABTOMATU3MPOBAHHOIO
obopynoBanus, a Takke PLC KOHTpOJIIIEpOB, CEHCOPOB W JIp. NAaTYMKOB U mp. (cM. puc. 15.8) u
3aTeM OTIPABIICHHUS TOTOBOW U OTJIAKEHHOW MPOrpaMMbl HEMOCPEACTBEHHO B CUCTEMY YIPaBICHUS
COOTBETCTBYIOIIETO 00OPYI0BaHMsI, TOCPEACTBOM MHIYyCTPUATBLHOTO HHTepHeTa Bemen (Internet of
Things — IoT). DTo moOBBIMIAET KA4YeCTBO MPOTPAMMHUPOBAHHS, YCKOPSET IMPOIECC, PaIUKaIbHO
COKpAI[aeT BpeMs MPOCTOsI 000PYAOBaHUSI B CBSI3U C IEPEHANIAKOIA.

PoGOTHI MO3BOJISIIOT CYIIECTBEHHO MOBBICUTH MPOU3BOAMTEIBHOCTh Tpyla, HpUYEM,
poOOTH3MPOBAHHOE MPOU3BOJCTBO HE IMOJABEPKEHO PUCKY OCTAHOBKU B mepuoi snuaemuu. [Ipu
9TOM, COBPEMEHHBIM U BBICOKOA(P(HEKTUBHBIM CPEACTBOM MPOrpaMMHUPOBAHUS POOOTOB B
HaCTOsIIee BpeMs SBJISETCS TOT K€ u(poBoi nBoMHUK. Ha pucynke 15.8 mpeacTtaBieH CKpUHIIOT
paboThl MporpaMMHOro obecredeHust A1 o¢uiaiiH MporpaMMUPOBAHUS HHAYCTPUAIBHOTO poOoTa B
1 (poBOM JBOMHUKE (apMaleBTUUECKOTO TPOU3BOJICTBA.

Pucynox 15.8 - OdnaitH nmporpamMmmupoBaHue B HM(PPOBOM JBOWHUKE HHIYCTPUAIBLHOTO
pobota

AGV pO6OTLI ABJIIFOTCA COBPEMCHHBIM TPAHCHOPTHBIM CPCACTBOM, OCYHICCTBIIAIOIINUM
BHYTPUIIPOU3BOACTBCHHBIC JIOTUCTUYCCKHUE OIICpalUu. Hcnonp30BaHHe TaKuX pO6OTOB — 9TO,
KCTAaTH ITOBOPs, TAKIKE U CPCACTBO CO6J'IIOI[CHI/I$I COLIMAJIbHOM AUCTAHITUKU pa60Ta101111/1x, B YCIIOBUAX
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SMUAEMHUHU, TaK OHU MO3BOJISIOT HCKIIOUUThH IEpEMEIICHHUE JII0Ied OT OJIHOr0 pabodyero Mecra K
JIPYroMy H, TEM CaMbIM, MUHUMH3HPOBATh PUCK 3apayKEHHs COTPYAHUKOB B IIpo1iecce paboTHI.

®apM KOMITAHUHM, KOTOpBIC PEATM30BAJIHM TPOCKTHI BHEIPEHUS IH(PPOBOTO ABOWHUKA M
pOOOTH3AIMK CBOETO IMPOW3BOJCTBA IEPE]] PA3BUTHEM IMAHAEMHUH, OKa3alach BOOPYKEHHBIMHU K
OuTBE C SMUAEMHUEH, YTO MOMOTJIO M MOMOTAaeT MM T'HMOKO YHPaBJIsATH CBOCH MPOU3BOICTBEHHOMH
nporpaMmoi, 3(ppexTUBHO BHEAPATH MHHOBAILMU, oOecrieunBasi JO0aBICHHYIO IIEHHOCTb CBOEMY
Ou3Hecy W pellas CBEpX BaXKHYIO OOIIECTBEHHYIO 3a7ady oOecleueHus KIMEHTOB HanboJsiee
BOCTpeOOBaHHOM (hapMaleBTHUECKOW Mpoaykiueid. HekoTopble KOMIaHUU HAYUHAIOT JIENaTh 3TO
npsIMO  ceiyac, 4YTOObl OTBETUTh Ha BBI3OBBI BPEMEHHM COBPEMEHHBIMU HHHOBAIIMOHHBIMU
TEXHOJIOTUSIMHU.

Tak ©Ha pucynke 15.9 mnpencraBinen »skcnpecc UUPPOBOKM JBOWHUK y4dacTKa st
MIPOM3BOJICTBA 3AIIUTHBIX MAacoOK, KOTOpBIA pa3paboTaH c 1enbio ObicTpoil U 3ddexkTuBHOM
Tpanchopmalnui OW3HEca W Tepexo] Ha IMPOM3BOJICTBO HamboJee BOCTPEOOBAHHOW B IMEPHO]
MaHAEeMUH METUIIMHCKON MPOIYKIINH.

T. o. mpumeHenne 1U(GPOBHIX IBOMHUKOB (apMmaneBTHYeCKX (GaOpuk U poOOoTU3aLUs
KPUTHYECKH BaXXHBIX MPOLIECCOB — MOIIHBIM HHCTPYMEHT MOBBIIIEHUS IPOU3BOIUTEIBHOCTH TPYyia
1 DPKOHOMHUYECKON A(PexkTuBHOCTH OM3HECA, THOKOM M OBICTPOM TpaHChOpPMAIMK MPOU3BOCTRA,
YIpaBJIEHUS] PUCKAMU 1 00ECTIEUeHHs] yCTOMUMBOTO PA3BUTHS.

Pucynok 15.9 - IludpoBoii nBoiiHUK TpaHchopmanuu (apMareBTUIECKONH KOMITAHHH C
LeIbI0 CO3/IaHuUs y4acTKa MPOU3BOACTBA METUITUHCKIX MACOK
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