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IIporpamma kypca «O0mas JHePreTUKa

Bynymue cnenuamicTbl 3HEPreTHYECKOTro MpOoQHIIs JODKHBI 3HATH CIIOCOOBI IO-
Jy4YEeHUs SJEKTPOSHEPTHHM HA PA3IMYHBIX THIAX DJIEKTPOCTAHIUHU TPAAUIIMOHHOM
sHepreTukd. Kpome Toro, B HacTosiee BpeMsi BOIPOCH TEXHOJIOTHMHU OCBOCHUS He-
TPaTUIIMOHHBIX BO30OHOBIISIEMBIX HCTOYHUKOB YHEPTUU OTHECEHBI K MPUOPUTETHHIM
HampaBJICHUSM HAyKd M TeXHUKH. COBpEMEHHBIH MOJIOAOH CIEMUAUCT, Hapsay C
rTyOOKHMHU TEOPETUIECKUMH M IKOHOMUYECKUMH 3HAHUSAMHU BO BCexX cepax sHepre-
TUYECKOTO XO3SIICTBA, TOJKEH MPaBUIIHLHO OLEHUBATH SHEPTETHUECKYIO0 CUTYAIUIO U
BBIOMPATH ONTUMANIBHBIC ITyTH YHEPTOCHAOKEHUSI OOBEKTOB.

1. Heab 1 3a1a4M JUCHUIJIMHBI, €€ MECTO B y4eOHOM mpouecce

I1.1. HCHB npcrnogaBanus JUCHUIIIINHBI

—>OCHOBHOH LOCJIbIO IIPCIIOAaBaAHUA AUCHHUINIMHBI ABJIACTCA IMOJTYUCHHUC 3HAHMHU II0
crocodam IMOJYUCHUA OJJICKTPOOHCPIUHU HaA PA3JIMYHBIX THIIAX OSJICKTPHUYCCKUX
CTaHHI/Iﬁ (HGBHGKTPH‘JGCK&H I‘IaCTI:), a Taxke B o0JlacTh HCTPAAUITNOHHBIX B0300-
HOBJIICMBIX HCTOYHUKOB OHCPIUU.

1.2. 3amaun u3y4eHus: JUCUUIUIUHBI
JIst TOCTHIKEHUs TTOCTaBJICHHOW 1€ B MPOLIECCE MPENoJaBaHusi HEOOXOAUMO pe-
IIUTh CIAEIYIONIME OCHOBHBIC 3a/1aUH:

1.2.1. ChpopmupoBath y CTyAieHTa MPEACTABICHUE O:

=> POJIM U MECTE TPAAULMOHHBIX HICTOYHUKOB YHEPIUH;

=> METOJaxX U3BJICYEHUS U TPEOOPa30BaAHUS SHEPTUU TPAAUIIMOHHBIX UCTOYHUKOB,;

—> YCTPOMCTBE NEUCTBYIOIINX YHEPTETUUECKUX YCTAHOBOK U MX THUIIAX;

—> POJIM U MECTE HETPATULIMOHHBIX UICTOYHUKOB SHEPTUU;

=> METOJax W3BJCUCHUs, MPeoOpa30BaHUs, AKKyMYJIMPOBAaHUS U HCIOJb30BaHUS
SHEPrUM BO30OHOBIIIEMbIX HCTOYHUKOB;

=> yCTpOWCTBE, NPUHIMIE ACUCTBHUS 0a30BOr0 TEXHOJOTHYECKOTOo 00OpYyAOBaHUs
TPAaAULMOHHON Y HETPAJULIMOHHON SHEPIETUKH.

1.3. HayuuTts cryneHra:

- pa3buparthbCs B Ipolieccax MpeoOpa3oBaHUs U UCIOJb30BAHUS SHEPTUU B pa3iny-
HBIX ee hopmax;

- TPaBUJIBLHO OIICHUBATH JHEPTrEeTUUYECKYIO CHUTYallUI0, BBHIOMPATh ONTHUMAbHBIC
TEXHUYECKUE U IKOHOMHUYECKHE IyTH YHEPTOCHAOKEHHS O0BEKTOB;

- YYHUTHIBATH DKOJIOTMYECKHUE MPOOJEMBI CO3TaHUS HOBBIX M IKCIUTyaTallUI0 CYIIle-
CTBYIOIIUX YHEPTETHUECKUX OOHEKTOB;

- OIICHUBATH DHEPTETHUECCKUE BOZMOKHOCTH PETHOHA MO TPUMEHEHHUIO B MCTIOJIb30-
BaHUIO HETPATUITMOHHBIX HCTOYHUKOB SHEPTHH.



1.4. IlepeueHb TUCIUIUINH, 3HAHUE KOTOPHIX HEOOXOAMMO MPHU U3YUCHUH JAHHOMN
TV CLUUTUIAHBI
JIJist yCcTIenHOro yCBOEHUs cTyAeHTaMu Kypca «O011ast 3HepreTuka» CTyieHTam
HE0OXO0/IUMO 3HATh U3ydaeMble paHee Kypchl (PM3UKU, XUMHUHU, MAaTEMAaTUKH, MaTEePH-
aJOBEJEHUSA, OCHOBBI 3KOJIOTUH, & TAKXKE KypChbl TEOPETUUECKOW U MPUKIATHOU Me-
XaHUKH.

2. Cogep:xanue TUCHUILINHBI (85 yacoB)

2.1. HaumeHoBaHue TeM, UX cofepKaHue U 00beM

2.1.1. Tunsl a5ekTpudecKkux cranuui. JIekius (2 gaca)

Tunel 2JIEKTPUUECKUX CTAHIMM, UX JO0JI1 B 0OIIEM MPOU3BOJACTBE DJIECKTPOIHEPTHUHU.
[Ipeumy1iecTBa U HEJOCTATKU PA3JIMYHBIX TUIIOB IEKTPUUECKUX CTaHIMM. [TpuHIu-
MMAAJIBHBIE CXeMBI. KpynHENIne 3JIeKTpOCTaHIMKU CTpaHsl [2,4].

2.1.2. TeopeTnueckue OCHOBBI MPeOOpPa30BaHUs SHEPIHMHM B TEIUIOBBIX JIBUTATENISX.
Jlexrus (4 gaca)

3akonbl TepMmoguHaMuku. Coxpanenue ’Hepruu. Temnota. Paborta. Tepmonunamu-
yeckue napamerpel. Bropoil 3akoH tepMmoguHamuku. [Ipsmoit nukn Kapuo. Tepmu-
yeckuit KIIJ[. OuTponus. DHranenus. Juarpamma BoasiHoro mnapa. [{ukn Penkuna
HACBHILIEHHOTO U neperperoro napa [2,1,4].

2.1.3. ITapoBbie KOTJbI (3 yaca)
Pa3BuTHE KOHCTPYKIHI KOTJIOB. Y CTPOWCTBO COBPEMEHHOTO MAPOBOT0 KOTJIA.
[IpuHun pa®oThl MapoOBOM KOTEIbHON YCTAaHOBKHU. DJEMEHTHI TApOBOro KOTIa [2,4].

2.1.4. SinepHble sHEpPreTHUECKUE YCTaHOBKY (3,5 yaca)

OCHOBHBIE AJIEMEHTHI SIIEPHOrO peakTopa. Tumbsl U Kiaccupukalus sAEpHbIX peak-
TOpOB. Bono-BoIsIHOM sHEpreTnyecKknid peaktop. OJTHOKOHTYPHBIE U IByXKOHTYPHBIE
ADC. IlpuHuun IeWCTBUS U CXEMbI PEAKTOPa-pPa3MHOKUTENS Ha OBICTPBIX HEHUTpPO-
Hax [1,2,4].

2.1.5. ITapoBeie TypOuHbI (4 yaca)

Momnocts u KITJ[ TypOuHBI. AKTHBHBIC M peakTUBHBIC TYpOUHBI. Temnodukarus.
Ternoduxanmonnsii uki B TS-guarpamme. Knaccuduxarus TypOuH, NpuMeHEeHUE
TypOUMH C peryaupoBaHHBIM OTOOpPOM Tapa. YTWiIHu3alus W30bITOYHOW TEIJIOTHI.
Crnioco0n1 oxnaxaeHus copocoBoit Bojabl. Termmoseie cxembl TOC u ADC[2,1.,4].

2.1.6. I'maposHepreTuyeckre yCTaHOBKHU (6 4acoB)

['unposnepropecypcebl. Cxembl UCIOJIB30BaHUS TUIpaBiIrdeckoit snepruu. [Ipeobpa-
30BaHHME THIPOIHEPIHMU B DJIEKTPUUECKYIO HA PA3IMYHBIX TUIAX TUAPOYCTAHOBOK.
MormHocTs 1 BeipaboTka sHepruu ['DC. Kinaccuduxanus ruapotypous. IToBopoTHo-
JIOTIaCTHBIE U PAJAMAIIbHO-OCEBBIE TUIBI THUAPOTYPOUH. PerynupoBaHue peyHoro cro-
ka. CyTouHoe M HenenpHOE peryinupoBaHue. Ce30HHOE peryaupoBaHHUE CTOKA, KC-
wryataus ['9C. Pabora I'DC B 3umHee Bpemsi; mporryck naBojka. [IpoektupoBanue
U npo0jeMa KOMIUIEKCHOTO MCIIOJIb30BaHUS THApOpecypcoB. ['maposnepreTrka ma-
JIBIX PEK.

[IpoekTupoBaHue U SKCIUTyaTalusl TUAPOIHEPrOyCTaHOBOK [4].
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2.1.7. HetpaguuyioHHbIE BO30OHOBIISIEMbIE UCTOUYHUKHU YHEPTUHU (6 4acoB)

Conneynas sHepretuka. [Ipunnun padotsl comHeunoit DC OamenHoro tuna. Col-
HEYHasl SHEPTUs, aKKyMyJIHpoBaHHasl okeaHoM. I'eorepmaiibHas sHeprus. BoiaHoBeIe,
MIPWIMBHBIE 3JIEKTPOYCTAHOBKH, TMAPOAKKYMYIHPYIOIIKE 3JEKTpOCTaHIMU. Betpo-
sHepreTuka. Kmaccudukarms BetpoyctaHoBok [ 1,3,4].

2.1.8. DddexTuBHOE HCTIOIB30BaHKE dHEPTUH (4 Haca)

CtpykTypHas cxeMa cocTosiHUs BeniecTBa. [lytu cOepexkenust sHepruu. Bropuuneie
pPECYpCHI - HICTOYHUK PHEPrornoTeHIMana. TUunbsl ycTaHOBOK. DHeprusi Ouomacchel. Pe-
cypcocOeperaromue TexHojgoruu. Hakonurenu sueprum [1,2,3,4,].

2.1.9. ConuanbHO-?KOHOMHYECKHE aCTIEKThI (2 yaca)

2.1.10. IlepBuuHble W BTOpUYHBIC 3arps3HUTENN Bo3ayxa. CoumanbHO-
AKOJIOTMYECKHUE ACTIEKThl. JKOHOMUKA. DHepreTudeckas crparerust Poccuu [1,2].

2.2. JTaboparopHbie pabOThI
JlabGopaTopHbIe 3aHATHS MO AUCITUIUIMHE ICHCTBYIOMNUM YYCOHBIM IIJIAHOM CIICIIH-
ATBHOCTH HE TIPETYCMOTPCHEI.

2.3.Ilpaktuueckue 3aHsaTus (4 yaca)

2.3.1. IIppuHIMNMATBHBIE CXEMBI JJIEKTPOCTAHIMM pas3indHOro tumna. Kpynaenmme
AJIEKTPOCTAHILIUM CTPaHbl, X apameTpsl [2,4] (0,5 yaca).

2.3.2. O6parssiii 1ukn Kapno. Pacuer tepmuueckoro KIIJI. Jluarpamma BoastHOTO
napa [2] (0,5 gaca).

2.3.3. IIpuHuunuanbHas cxeMa IapoBOM KOTEJIbHOW YCTaHOBKH [2,4].
[TpunnunuansHas temwioBas cxema TOIl ¢ Typounoit Tuna 1T [2] (0,5 gaca).

2.3.4. IlpunnunuanpHbie TerioBblie cxeMbl (0,5 Jaca):
= sueproosioka ADC ¢ peakropom BBOP - 1000;

= sHeproosioka ADC ¢ peakropom BBIP - 600;

= sHeproosioka ADC ¢ peakropom PBMK - 1000;

= ATOII [2]

2.3.5. [Ipuumnst aBapuu Ha YepHooOsuibckoit ADC [ 3] (0,5 gaca)
2.3.6. Uctopus pa3BuTHs THAPOYCTAHOBOK B AJITAICKOM Kpae. 3MEMHOTOpCKasi TH -
pocusoBas yctanoBka K.J[. ®posnosa (0,5 gaca)

2.3.7. OCHOBBI TPOEKTUPOBAHMS BETPOIHEPIETUUECKUX YCTAHOBOK. PacyeT OCHOB-
HBIX pa3MepoB Mexanuueckoil vactu BY3 (0,5 vaca)

2.3.8. IlepcrieKTUBBI pa3BUTHUSI SHEPTETUKH rOPOJia, Kpast (BEAYyIIHE CIEIUATUCThI
sHEeprocHadkaronmx opranuzarmii) (0,5 gaca).



2.4. PacuetHo-rpaduueckue paboThl
PacuetHo-Tpaduyueckre pabOThl O AUCHUILUIMHE HE IPEIYCMOTPEHBI.

2.5. ConepxaHue KypcoBOro MpOeKTa
KypcoBoii mpoekT mo AMCHHUIIIMHE ACHCTBYIONUM YY€OHBIM TUTAHOM HE MPEIyCMOT-
PEH.

3. YueOHO-MeTOAMYEeCKHE MaTepPHUAJIbI
3.1. OcHoBHas nuTEpaTypa

1. deBunc 1. Dueprust M.: Dueproaromusaat, 1985.

2. Tennmotexuuka /Ilon pen. A.Il. backakoBa. M.: Dueproaromusnar,1991.

3. DHepreruka ceroans u 3aBtpa /Ilox pen. A.d. JIpskoa. M.: DHeproaroMmusar,
1990.

4. BennkoB B.A, Ilyratun E.B. Beenenue B sHepretuky.-M.: Briciias mikona, 1988.
5. CrenanoB H. I'mnpaBnuyeckue mamunbl. Kues: Boicias mikosna, 1978.

3.2. JlononHUTENbHAS JIUTEPATYpA

1. Texuuueckuii nporpecc 3Hepretuku CCCP /Ilox pen. I1.C. Hemoposxxuero. M.:
Oneproaromuzaart, 1986.

2. Ynanos C.H. Bo3oOHoBsiembie ucTOuHMKY dHeprun: Korncnekr nekiuid. Yactu 1,
2. HoBocubupck, 1998.

3. 3Hams. 1987. Neb6.

4. YepkacoBa H.W. 3meunoropckas ruapocuiioBas ycranoBka K.J[. ®@ponosa: Tes.
JOKJI. MEXIyHap. Hayd-TexH. KOH(. /PyOIOBCKMI WMHIyCTpUAIbHBIA HUHCTUTYT. —
Py6mosck, 1999. — C. 79-80.

4. CamocrosiTesibHast padora cTyaeHToB (75 4acoB)

CamocTosaTenbpHas paboTa MPeAnoiaracT caMOCTOSTENIbHYI0 paboTy CTyneHTa
C OCHOBHOM W JIOTIOJHUTEIBLHOMN JINTEPATYpPOM, KOTOpask ykazaHa B CKOOKax [ | mocie
Ha3BaHus TeMmbl B yHKTe 2 «IIporpammel kypcay. [lapamnensHo ¢ u3ydeHHEM TeM
JTUCITUTUTMHBI, BKIIFOYCHHBIX B IIPOTPaMMy Kypca, HY’KHO O3HAKOMUTHCS C BOITPOCAMH
K 3a4eTy, MPUBEJICHHLIMU B MpuiiokeHuu 1. B mporecce ycBoeHust maTepuana CTy-
JICHT JIOJDKEH YCTHO c(hopMyIMpoBaTh OTBETHI Ha BOMPOCHI K 3adery. [[ns 3akperie-
HUS TIPONCHHOTO MaTepHrayia CTYJEHTOM JO0JIKHA OBITh OpopMIIeHA TMCHMEHHAS Pa-
0ota, ycroBHO Ha3BaHHas pedeparom. PedepaT comepKuT Tpu BOIIpoca U TPH 3aa4u
B COOTBETCTBHH C BapuaHTOM. JIJIS MOJIy4eHHS 3a4eTa HY)KHO 3alUTHUTh IMACHMCH-
HYI0 pabOTy M YCTIIEITHO OTBETUTH HA YCTHBIN BOTIPOC.



BBEJAEHUE

«OO01as »>HepreTuka» — HOBBIM Kypc. OH OOYyCIIOBJIEH MOSIBICHUEM HOBOIO
Crannapra obpazoBanus. JlJis CTYy/IEHTOB JTHEBHOTO OTJIEJICHUSI KypC pacCUMTaH Ha
51 dac aynuTOpHOU HArpy3KkH, U3 KOTOpbIX 34 yaca nocsmiaercs jJekuusm (17 nek-
1uit) 1 17 yacoB OTBEICHO HA MpakTHueckue 3ansatus. Kpome 3Toro npegycmarpuba-
ercst 21 yac s camocTosiTenbHOU padoTsl ctyaeHTa (CPC) u 6 yacoB — KOHCYJIbTa-
1uid. 3aBepIIUT KypC — HK3aMEH.

JUIsl CTYZ€HTOB 3a04HOIO OT/AEJICHHs y4eOHasi Harpys3ka pacrpenesnsercs cie-
TyromuM o0pa3om: 6 4acoB JIeKIuH, 4 yaca MPaKTUYECKUX 3aHITUH, 85 yacoB caMo-
CTOSITEJIBHOM paOOThI, 3aBEPILIAET KypC — 3a4eT.

CranmapTt 00pa30BaHus BKIKOYAET B CEOSI CIIEYIONINE BOIPOCHI:

TernoBble U aTOMHBIE 3JIEKTPOCTAHIIUU. THUIIBI TEIJIOBBIX U aTOMHBIX 3JIEKTPO-
craHuuid. TeopeTnueckrne OCHOBBI MPEOOPAa30BAHUS SHEPTUU B TEIIOBBIX JBUTATeE-
nsax. [lapoBble KOTIBI MU MX CXEMBI. SIIepHBIE 3HEPreTUYECKUE YCTAHOBKH. THIIBI
aepHbIX peakTopoB. IlapoBbie TypOunHbl. DHepreruueckuii 6amanc TOC u ADC.
Tennoseie cxembl TOC u ADC.

I'unposHepreTuueckue ycTaHOBKH. CXEMBbI MCIIOJIB30BAaHUS THIPABINYECKON
sHeprui. Ilponecc npeobpazoBaHusi THAPOIHEPTUN B FIEKTPUUYECKYIO HA PA3IUUHBIX
TUNAX TUAPOYCTaHOBOK. COBpEMEHHBIE MPOOIEMbl KOMIUIEKCHOTO HCIIOJNIb30BAHMS
rUApopecypcoB. PerynnpoBanre peqHoro CToka.

[IpoekTupoBaHue W 3KCIUTyaTalusl TUAPOIHEPrOyCTaHOBOK. TpaaulmoHHas U
Majasi THIPOIHEPreTHKA.

Herpaauimonsnsie BO30OHOBIIIEMbIE UICTOYHUKHU SHEPTHU: COJTHEYHbIE, BOJIHO-
BbI€, IPUJIMBHBIE AJIEKTpoycTaHOBKU. Maibie ' OC. Bropuunsie pecypcesl. ctounun-
KH DHEPronoTEeHLINANa; TUIIbl SHEPTOYCTAHOBOK, COLIMAIbHO-I3KOHOMUYECKUE ACTICK-
Thl, 5KOHOMHKA, HAKONUTENIN 3Heprun. PecypcocOeperaromine TeXHOJIOTUH.

Heo0OxoaumMocTh BO3HUKHOBEHHSI HOBOTO Kypca «O011ast 3JHepreTuKa» cBsi3aHa
c 0o0OCTpeHHEeM MHPOBOM JHEPreTHYecKor cutyaruu. [losBunack Oosblmas cepus
nyOaMKaIui, TOCBSILEHHBIX COBPEMEHHOMY COCTOSIHUIO M MEPCHEKTUBAM Pa3BUTHUS
HYHEPTreTUYECKOTO X03gicTBa. HeKoTOphie U3 HUX MPEACTABIISIIOT COOOM MOMBITKY 00-
paTUTh BHUMaHUE IIUPOKOH OOIECTBEHHOCTH Ha HEOOXOJIMMOCTh IO-HOBOMY Olle-
HUBATh CYIIHOCTh NMPOMCXOIALIMX B MHUpE COOBITUH B cepe sHepreTuku. ABTOPHI
JOPYTUX KHUT TJIABHOE BHUMAHUE YIEISIOT MPOTHO3UPOBAHUIO PAa3BUTHSI SHEPreTUY e-
CKOro xo3siiictBa Ha Omkaiimme 20 — 30 sier u Oosiee OTHAJEHHYIO MEPCIEKTUBY.
OCHOBY TpeTheil KaTeropuu KHUI COCTAaBJISIOT BOMPOCHI MOBBIMICHUS] SHEpreTuye-
CKOM 3(P(PEKTUBHOCTH IKOHOMHKH, METOIbl U IMYyTH SKOHOMHUHU TOIUIUBA, DJEKTPO-
SHEPTrUU U TEIJIOTHI B MPOMBIIUIEHHOCTH, HA TPAHCIIOPTE, B CEIBCKOM U >KHIIMIIHO-
KOMMYHaJIbHOM XO3SIICTBaxX, B CTPOUTENbCTBE U B ObITYy. HakoHen, cymiecTByer 1e-
JIBIA PSJ KHUT TIO Pa3JIMYHBIM acleKTaM YHEPTETUKU, OXPaHbl OKPYKAIOIIEN Cpebl U
sHeprocOepekeHusi. MIMEHHO KOMITJIEKCHBIM MOAXOA K HIMPOKOMY Kpyry mpobiiem
HHEPreTUKHU MOCTY>KUJI MOBOAOM I BOSHUKHOBEHMSI HOBOTO Kypca «Oo1as sHepre-
THUKaY.

YueOHoe mocobue st ctyaeHToB crnenuanbHocTd 100400 3ao0unoit hopmbl
oOyuenust «OO011as SHEPreTHKay MPEACTABISET KOHCIEKT JICKIHM aBTOpa, e KOpOT-
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KO M C)KaTO PACKPBITHI BOIMPOCHI, BKIIOUEHHBIE B CTaHIAPT OOpa30BaHUs, KOTOPHIC
IIPUBEIICHBI BBIIIEC, B COOTBETCTBUM C YTBEPKIAECHHOM MpOrpamMmonl kypca. JlaHHas
paboTa, M0 MHEHUIO aBTOpa, OOJErYuT YCBOCHUE CTyJeHTaMu Kypca «Oo01as sHep-
TeTUKa» MPHU IMHPOKOM HCIIOJIB30BAHUU OCHOBHOM U JIOMOJHUTEIBHON JUTEPATYpHI,
YKa3aHHOW B CCBUIKAax. YKpENSAT 3HAaHWS OTBEThl HAa BOMPOCHI ISl CaAMOIIPOBEPKH,
IPUBEJICHHBIC TIOCJIE KAXKIOW JIEKIIUH, a4 TAKXKE MOATOTOBKA BOIPOCOB KOHTPOJIBHOTO
3a/1aHUs U PELIEHUE MTPEIOKEHHBIX 33/1a4.

CoBpeMeHHOE PHEPreTUYECKOE XO3SUCTBO CIIOXKHO U MHOTOIPaHHO, OHO OBICT-
po pa3BuBaetcs. CO3/1al0TCA U BHEAPSIOTCS MPUHIIMITUATIBLHO HOBBIE THIIBI SHEPTETH-
YECKUX YCTAHOBOK, COBEPIICHCTBYETCS CTPYKTypa DHEPTeTUYECKOro OamaHca, Wc-
MOJIB3YETCS DHEPTUsl HOBBIX, TaK HA3bIBAEMBIX «HETPAJUIIMOHHBIX» HCTOYHUKOB
DHEPTUU, B TOM YHCIIC DHEPTUsS BO300OHOBISIEMBIX HMCTOYHHKOB: dHeprus CoHIla,
reoTepMaiibHasi U BETpOBasi YIHEPTHs, SHEPTHsi Onomaccel. Bee 3To TpeOyeT oT coBpe-
MEHHOT'O MOJIOJIOTO CIIEIHAIIMCTA TTYOOKHUX TEOPETUYECKUX W SKOHOMUYECKHUX 3Ha-
HUW BO BcexX cdepax dHEpreTHUeckoro xossicta. OH JOHKEH yMETh IMPaBUIBHO
OLICHUBATh YHEPreTUYECKYIO0 CHUTYallUI0, BHIOMpATh ONTHUMAJIbHBIE MYyTH (TEXHUYE-
CKH€ W DKOHOMHYECKHE) PHEProCcHAOXKEHHUs, B JOHKHOM Mepe YUUTHIBAsK MPU ITOM
HKOJIOTUYECKHE TTPOOJIEMBbI CO3J[aHUsI HOBBIX M AKCILTyaTallui CYIIECTBYIOIINX SHEP-
TeTUYECKUX OOBHEKTOB.

Mosonoif cnienuaiucT, MPUCTYMAONIMI K padoTe Ha OOBEKTax B 001acTH
yIpaBJI€HUs] COBPEMEHHBIM YHEPTETUUECKUM XO35IUCTBOM, JIOJIKEH BJIAICTh HAPSIY C
HEOOXOJIMMBIMHM 3HAHUSAMH B 00JIACTU MPOCKTUPOBAHUSI, CTPOUTEIHCTBA U IKCILTya-
TallMU YHEPreTUYECKUX YCTAHOBOK JOCTAaTOYHO IIMPOKUM MPEACTaBICHUEM O OOJb-
IIMHCTBE 3a/1a4, KOTOPbIE MPUXOAUTCS peliaTh B 00JaCTH dHEProcHAOKEHUs, JHEP-
rocOEpeKeHUST U OXpaHbl OKPYKAIOIIEH Cpebl OT 3arpsi3HEHUs, BO3HUKAIOIIUX MPHU
paboTe PHEPreTUUECKUX YCTAHOBOK.

DHepreTuka Kak cdepa JesTEIbHOCTH YEIOBEUECKOro OOIeCTBa SBIISETCS
OOJIBIION TJIO0ATBHOM CHCTEMOM, BKIIOYAIOIIEH KaK TMOJICHCTEMBI OKPYXKAIOIIYIO
CpeAy U pa3lIMuHbIe OTPACIH HAPOJHOTO XO35MCTBA.

[ToHsiTHS «OHEPreTHKA» W «IHEPreTHuecKas Hayka» YIOTPeOJstoTCs TaBHO,
OJIHAKO BKJIQJbIBAEMbId B HMX B HACTOSIIEE BPEMsI CMBICI HEJIb3s CUUTATh YCTaHO-
BHUBIIUMCS.

[Ton onepeemuxoii, Uy sHepeemuyeckol cucmemol, cienyer NIOHMMaTh COBO-
KYITHOCTh OOJIBIIMX €CTECTBEHHBIX (IIPUPOJHBIX) U UCKYCCTBEHHBIX (CO3JaHHBIX Ye-
JIOBEKOM) CHUCTEM, MpEIHA3HAYEHHBIX JIJIs MOJy4YeHUsl, MpeoOpa3zoBaHus, pacipee-
JICHUS ¥ MCTOJIb30BaHUS B HAPOJIHOM XO35HUCTBE YHEPIreTUUECKUX PECYPCOB BCEX BHU-
noB. Ilon snepeemuueckumu pecypcamu MOHUMAIOTCS MaTepUATIbHbIE OOBEKTHI, B KO-
TOPBIX COCPEIOTOYCHA DHEPTvs, BO3MOXKHAs JJIsI HCIOJb30BAHUS €€ YEIOBEKOM.
ITomuepkrBaeTCs CUCTEMHBIN MOJAXOM K SHEPreTHKE, T. €. OHa pacCMaTPUBAETCS Kak
OompIas cucTeMa, BKIIOYAOIIasi B ceOsl Ha MpaBax MOJCUCTEM YaCTH APYTUX 0O0b-
IIUX CUCTEM.

DHepreTuka UMeeT OOJBIIIOE 3HAYCHHE B JKM3HU YEIIOBEYECTBA. Y POBEHH €€
pPa3BUTHS OTPaKaeT YPOBEHb pa3BUTUSA  OOMIECTBA W BO3MOXXHOCTH HAy4dHO-
TEXHUYECKOTO Iporpecca.
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Tpu acnexkrTa 3HepreTHKH. DHEPreTHKA B €€ COBPEMEHHOM COCTOSIHUM U pas-
BUTUM JIOJDKHA PAacCMAaTpPUBATHCSA B TPEX ACHEKTaX — TEXHUYECKOM, COLMAIBHOM U
HKOJIOTHYECKOM.

TexHu4yeckuil acekT SHEPreTUKU XapaKTepU3YEeTCsl MPEKIE BCErO0 OIPOMHBI-
MU MOIIHOCTSIMH, KOTOpBIE€ MOJIY4YaeT YEJOBEK, UCIOJIb3Ysl SHEPreTUUECKUN MOTEH-
UaJl IUIaHeThl. Tak, MOLIHOCTh 3JEKTPOCTAHIMM, CYIIECTBYIOIIMX B HACTOSIIEE
BpEMsI B MHUpPE, COCTABJIIET OKOJIO 2 Mipa. KBT. O0mas e MOIIHOCTh BCEX AHEpre-
TUYECKUX YCTaHOBOK gocturaet 10 mapa. kBt. Insa obecriedeHust 3TUX MOIIHOCTEH
YeJI0BEK €XeroiHo Oepet y npupojibl He MeHee 40 — 50 MiipA. T yCIOBHOTO TOIIMBA
(ITox ycno6nbiM MOHUMAIOT TaKOE TOILIMBO, IIPU CrOPAaHUU 1 KI' KOTOPOTO BBIIEISET-
cs1 29,3 Mk temtotsl). [Tpu aTom KIIJI ncnosib3oBaHus B3THIX Y IPUPOABI SHEPTE-
TUYECKHUX PECYpCOB HE O4eHb BeNHK — He Ootee 0,2 %. OTcroga BOZHUKAET OJHA U3
OCHOBHBIX 33J]a4 SHEPreTUKH - CHIKEHHE NMOTEPbh JHEPTrUU Ha BCEX CTaIUsIX €€
npeoOpa3oBaHus (OT MOITYYEHHs] SHEPIeTUYECKUX PECYpCOB O KOHEYHOIO HUX HC-
10Jib30BaHus). lJig TOro HeoOX0IMMO U yJydlIeHrue 00opyioBaHus, U OoJiee pa3yM-
HO€ HCII0JIb30BAHUE MOJyYEHHOM SHEPTUH, UYTO YK€ BBIXOJUT U3 CPepbl UUCTO TEX-
HUYECKOM U JIOJDKHO PACCMAaTPUBATHCS B COLIMAIIBHOM aCIIEKTeE.

CHmwxKeHHe NoTeph IIpH Iepefade, MOJYYEeHUH U PaclpelelCHUN 3JIEKTpruye-
CKOM DHEPIUU 3aBUCUT B 3HAYUTEIBHOW CTEIIEHH OT KOJIMYECTBA M3PACXOJOBAHHOIO
MeTaijia, B OCHOBHOM aloMHUHM. Jlomyckasi OOJpIIME IUIOTHOCTU TOKa B CEYEHUU
nposoza (1,0 — 1,2 A/MM® ), CHIKAIOT PACXOJ ATIOMHHHS, HO YBETHIHBAIOT MOTEPH
ANEKTPO3HEPTUH. MI3MeHeHre MUPOBON KOHBIOHKTYPHI B OTHOIICHHUH 1IEH Ha allOMU-
HUN TaKOBO, YTO 3TOT METAJJI CTAHOBUTCS JICILIEBIIE, [IOATOMY B SHEPTE€TUKE BBICOKO-
Pa3BUTHIX CTpaH MOSBISAETCA TEHACHIMS K PE3KOMY CHI)KEHMIO IUIOTHOCTEW TOKa
(0,35 A/Mm? ). CnenoBaTenbHO, CTOMMOCTh aTIOMUHUS HEOCPEICTBEHHO BJIUSET HA
BBIOOp CEUYEHUs MPOBOJAOB JIMHUIA 3JIEKTpONEpeay, T. €. Ha ONpeaesieHue TeXHUuYe-
CKHX XApPaKTEPUCTUK JJEKTPUUYECKON cUCTEMBl. CHM)KEHHE MOTEPh 3HEPIUM ITyTEM
MPUMEHEHUST DHEProcOeperarmx TEXHOJIOTHH, BHIPAOOTKH TapudoB Ha IIEKTPO-
HHEPTHUI0, KOTOPhIE Obl CTUMYJIMPOBAIIN MOTPEOIEHNE SHEPTHH B «IIpOBaax» rpadu-
Ka Harpy3Kd U MPUBOJAUIIM Obl K YMEHBILIEHUIO 3TOr0 NOTPEOIEHUS BO BpeMsl MAaKCH-
MYMOB, OIPEAEIISIETCS YCIEUIHBIM PELIEHUEM COLIMAIBHO-O)KOHOMHYECKHUX 3aad.

Bonpocel ObICTpO HapacTarolIero UCIOJIb30BAHUS SHEPreTHUYECKUX PECYpCOB
IJIAHETHI JOJDKHBI pacCMaTpUBATHCS HE TOJBKO B TEXHUYECKOM ACHEKTE, HO U B ac-
MEKTE BIUSHUS YHEPreTUYECKUX YCTAHOBOK M MPOLIECCOB AOOBIUM TOIIMBA HA OKPY-
KAIOLIYIO CPeNy, T. €. B ACMEKTE 3KOJIOTUYECKOM.

Opranuyeckue TOIUIMBA - YroJib, HEPTh U TPUPOAHBINA Ta3 — COCTABJISIOT CEMl-
yac U OyJyT COCTaBJISATh B NEPCIEKTUBE MOAABISIIONIYIO YACTh BCETO SHEPTronoTped-
nenusi. OOpa3oBaHKe OPraHUYECKUX TOIUIUB SIBISIETCS pPe3yJbTaTOM TEIJIOBOIO, Me-
XaHUYECKOT0 M OMOJOTrMYEeCKOTO BO3JEHUCTBHS B TEUYEHHE MHOTMX CTOJIETHM Ha
OCTAHKHU PACTUTEIBHOIO U )KMBOTHOI'O MHUpPa, OTKJIA/IbIBAaBIINECS BO BCEX I'€0JIOTHYe-
ckux popmanusx. Bece 3TH TOIUIMBA UMEIOT YITIEPOJHYIO OCHOBY, U HEPIHsl BHICBO-
00X /1aeTcs U3 HUX B IPOIIECCe TOpEHUsl U 00pa30BaHMHU, TTIABHBIM 00pa30M, JBYOKH-
cu yraepona u qpyrux Bemiects (CO, H,O, NOy, SOy ).

W3BneueHne W3 HeEAp 3€MJIM OPraHUYECKUX TOIUIMB OKa3bIBAET CEPbE3HBIE
HEraTHUBHBIE BO3JCHCTBHS Ha OKpYyXarolryto cpeay. [Ipobnemsbl, cBsi3aHHbBIE C OTKPbI-

11



TOM M TIOJI3EMHOM TOOBIYEH YTIIsl, H3BECTHBI MPAKTUIECKU KakaomMy. Ho cymecTBytoT
Takke W MpoOJIeMbl, CBSI3AHHBIC C H3BJICUYCHHEM HEePTH U TpUpoAHOro raza. B
NEPBYIO OYepellb — 3TO oceqaHue nouysbl. HedTh U ra3, ckonuBIIMECS B MOPUCTHIX
NOpOJax MOJ MOBEPXHOCTBIO 3EMJIM, CIYXKAT «IOLYIIKON», MOIIEPKUBAOIIEH Jie-
Kalryro cBepxy nopoay. Korma sra «moayiikay U3BIEKaeTCs, 3€MHAsi TOBEPXHOCTH B
paiioHe 3ajeranus HeTH U raza onyckaercs Ha rryouny 1o 10 m.

B mporiecce cxxuraHusi TOIUIMBA BO3HMKAET MHOTO MOOOYHBIX BemlecTs. [Ipu
CKUTAaHUU YTJI BO3HUKAET 3HAYUTEIBHOE KOJIMYECTBO 30Jbl U IIJaKa. BosbIIyro
4acTh 30J1bI MOKHO YJIOBUTh, HO HE BCIO. Bce oTXod1ne ra3pl NOTEHIIMAILHO Bpe-
HBI, Ta)K€ Maphbl BOJABI U JIBYOKHCH YIJIepOaa. DTH Ta3bl MOTJOMAIT HHPpaKpacHOEe
M3JIyYEHUE 36MHOM MOBEPXHOCTU U YaCTh €r0 BHOBb OTPAXKaIOT HA 3eMJII0, CO3/1aBast
TaK Ha3bIBa€MbIl «apHUKOBLIN 3pdext». Ecnu ypoens xonuentpamuu CO , B at-
Mochepe 3emin OyIeT YBEIMYMBATHCSI, MOTYT TMPOU30UTH T100AJIbHBIC KIIMMAaTHYE-
CKHE U3MEHEHUS.

PacxonoBaHue TOIUIMBAa OTHOCHUTCSI HE TOJIBKO K TEXHUYECKOMY M 3KOJOTHYE-
CKOMY acIleKTaM, HO ¥ B 3HAQUYUTEJIBHON Mepe K conuaibHOMy acrekty. Tak, 30%
HaceJIeHUs 3eMHOT0 mapa notpediser 6onee 90% Bcelt BripabaThiBaeMON Ha TLIAHE-
T€ 3HEpruu, Ha noito ke 70% HaceneHus, MPEUMYIIECTBEHHO B Pa3BUBAIOLIUXCS
cTpaHax, npuxoautca meHee 10% Bceil sHeprun. Mexay TeMm, YpOBEHb MPOMBIIII-
JIEHHOCTH, COCTOSIHUE ObITa W Pa3BUTHE KYJIbTYpPbhl TECHEHUIIUM 0Opa30M CBS3AHBI C
KOJINYECTBOM MCIOJIb3YEMOM SHEPIHUH.

3anackl SHEpPruu pa3HbIX BUOB paclpejiesieHbl Ha TJIaHEeTe HEPAaBHOMEPHO U
M0 KOJIMYECTBY, U TIO BO3MOKHOCTH UX peanu3aiuu. B 3ToM miiane uHTEpeCcHO COIo-
CTaBUTh TPeOyeMoe UUCIIO CKBaXXUH 1 100bun 500 MuIH.T HETU B pa3HBIX CTpa-
Hax. B CIHA pua storo Heooxoammo 500 Teicad ckBakuH, B Poccum — 60 ThIcSY
ckBaxuH, B Mpane — tonbko 600 ckBaxuH, B Caynosckoit Apasuu — 300, B Kyselite
— 100 cxkBaxkxun. MHOTHE U3 CTpaH, MOTPEOISIOMIMX HAMOOJbIIEE KOJIUYECTBO IHEP-
YU, UCTIOJIB3YIOT UMIIOPTUPYEMbIe dHeproHocuTenu. Tak, Anonus 6onee 80% »Hep-
TeTUYECKUX PEeCypcoB (MPEUMYIIECTBEHHO HE(DTh) BBO3UT U3 CTPaH, JISKAITUX B paii-
one Ilepcunackoro 3anuBa. EBponelickue cTpaHbl MOJy4arOT OTTyAa ke okoio 20%
sHepruu. He cnydallHO MPOMCXOAIINE B MUPE MOTUTHUYECKUE COOBITUSI TTPOUCXOISIT
M3-32 BO3MOXKHOCTH O0JIaJlaHUs MCTOYHMKAMU DHEPTUH, W3-3a JKM3HEHHO BaXKHBIX
sHepreTudeckux uHTepecoB. He ciydaitno CHIA oObsBistor paiton Ilepcumackoro
3ayinBa cepoil CBOMX KU3HEHHBIX MHTEPECOB M OTCTAUBAIOT WX IYTEM BOCHHBIX
neucteun B Upake.

Co3/iaHHbIE YEJIOBEKOM HHEPreTUYECKUe YCTAHOBKHM, HUMEIOIUE OOJbIlne
SHEPreTUYECKUE MOIIHOCTH, OKa3bIBAIOT 3aMETHOE BIIMSIHUE HA €CTECTBEHHBIC MPO-
1IECChI, TPOUCXosIIue B 6uochepe. ITo BIMSHHUE BO MHOTHX CIy4asX HOCUT Hera-
TUBHBIN XapakTep, KOTOPbI HEOOXOIUMO YUUTHIBATH MPU MPOSKTUPOBAHUU DHEPIO-
o0wbekToB. Tak, mocTpoenHas Ha rpanuiie bpasunuu u [laparsas B HacTosiee BpeMs
camasi MollHasi B Mupe snekTpoctannus (Mraiiny), umeromas 18 reneparopos no 720
MBT, ¢ o6meii momHOCTRI0O 12960 MBT, BBI3BaNa psifl CEPHE3HBIX IOCIEICTBUN B
BHUJIE 3€MJIETPSICEHUM, TOSIBIICHUE KOTOPBIX CBSI3aHO C COOPYKEHHEM MOIIHOM ILIO-
THHBI W BOJOXPAHWININA, TIPUUEM 3€MJICTPSICEHUS OBLIM TaKOW CHUJIBI, YTO OOBIYHO
npuHATas mKana Puxrepa okazanach HEIOCTATOYHOM /1JI1 UX OLEHKH.
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JlpyruM mpuMepoM MOXKET CIY>KUTh MPOEKT ruapocTanuuu B ['uOpanrtape, Ko-
TOopast Moryia Obl 0OeceunThb JAelieBoi 3Heprueit Bcro Eppory. OT coopyKeHUs Tui-
POCTAHIIMKM OTKA3aJIKMCh, TaK KaK MOCJIEACTBUS €ro ObUIM Obl OYEHBb TSDKEJIBIMU U J1a-
neko uaymumu. OXuaanoch, 4To Mocie CO3JaHus IIOTUHBI Cpean3eMHOE MOpE 13-
MEHHT JABJICHHE HA JTHO, MOCJI€ YETO U3MEHUTCS BYJIKAHUYECKAS NESITEIBHOCTH BO
BceM peruoHe. Otnenenne Cpeln3eMHOro MOpPSl OT OK€aHa IJIOTHHOMW BBI3OBET II0O-
BBIIIICHHE €r0 3aCOJICHUS U TMOJIHYI0 THMOENIh BCEro >KUBOI0, HAXOSIIETOCs B MODE.
W3meHeHnne BOJHOro OanaHca IpUBEAET K TOMY, YTO MOPE OTOWIET OT OEperoB U Ta-
Kue ropoza, kak Humna n Mapcens Bo @panunu, bapu B tanuun, okaxxyTcs He Npu-
MOPCKHUMH rOpOJaMH, & TOpOAaMu, HaXOIAIUMHUCA CPEIU MMECYaHON MyCThIHU. Pa3y-
MeeTCs, MPU 3TOM YXYJUIUTCS KIUMaT HE TOJIbKO pailoHa Cpeau3eMHOro Mopsi, HO U
Bcell EBponel. Bee 3T BMecTe B3sIThbie (paKTOpPBI U MHOTHE JIPYTHE CIIOCOOCTBOBAIU
OTKa3y OT TaKOr0 3aMaH4YMBOI0 B TEXHUYECKOM M 3KOHOMHUYECKOM OTHOIIEHUH CO-
OpYXKEHU.

B pszpe cTpaH, B EpBYIO0 O4Yepenb IN€ MIHUPOKO PA3BUT TYPU3M, OCTPO CTOMT
BOIPOC 00 M3MEHEHUH JaHAmadTa COOPYKEHHUEM JHMHHUHA 3JIEKTpoliepenayu, Tpyo
ANIEKTPOCTAHLIUU U JApP., YTO OTIYyTMBAaeT TypucToB. Bo ®panuun, Ascrpuu, Urannn
SHEPreTUKaMU MPOBOAATCS CHELMAIbHbIE paOOThI, ONPENEIAIONINE BIUSHUE TEXHU-
YEeCKUX COOpPYKEHUU Ha naHamadr. B psge ciyyaeB MMEHHO M3-3a 3TOTO BIIMSIHUS
IPUXOJUTCS MEHATh TeXHUYeckue pemeHus. Hanpumep, cHaOxenue rora Wramuu
ANEKTPOIHEPTHEN MOIJIO OBl OCYIIECTBIISITHCS BOCEMBIO JIMHUSMH CYIIECTBYIOIIETO
HarnpspkeHust 400 kB. OnHako npu 3ToM notpedyercs Oosplas miomanas (OonbIas
10JIOCA) OTUYKJIEHHU, & ONOPHI M IPOBOA MHOTOYKCIICHHBIX JINHUW 3JIEKTponepead
He BIUIIyTcs B JanamadT. boiiee mpuemieMbiM OKa3bIBa€TCS COOPYKEHUE JTMHUU
1200 kB B10JIb aBTOMOOMIBHOM TPACChl, YTO HAHECET MUHUMAJIbHBIN 3CTETUYECKUI
YpPOH OKpyKaromiei cpene. Takum 00pa3oM, MOSBIISIETCS HOBBIA BHUJ] HETaTUBHOTO
BIIMSIHUSL HA OKPY’KAIOIIYIO CPEy - 3CTETHUYECKOE.

DHepreTuka, Kak U BCSl IPOMBIIUIEHHOCTh, OKa3bIBAET OTPULATEIBHOE BO3IEH-
CTBHUE Ha OKPYXAIOUIYIO CPeAy: Kaxbli U3 00BEKTOB SHEPTeTUKN HETaTUBHO BIIUSET
Ha JKOJIOTHIO.

[Ipu crpoutensctBe JIDII HeoOXxoaMMa Mmosioca OTUYXKIACHUS B CpelHeM Ha 1
kM JIDII 3 ra; ecnu nanpsokenue 500 kB u Boime, To B 1Ba pasa 6ombiie. CuibHbIC
AJIEKTPOMArHUTHBIE TOJISl OKA3bIBAIOT BPEIHOE OHMOJIOTMYECKOEe BIMSIHUE Ha >KUBBIC
opraHu3Mbl. [1osSBASIOTCS aKyCTHUECKUE ITYMbI, TPOUCXOAUT O30HUPOBaHUE, U 00pa-
3YIOTCSI OKUCIHBI a30Ta. IMEIOT MECTO palMONIOMEXH. DKOJIOTUYECKH BaXKEH BOIIPOC O
Mecte ctpoutenbeTtBa TOC, ADC u ['DC 1 uX MOIIHOCTH.

TOC paccenBarotr okosi0 70% dHEPrUM CKUraeMoro TOIUIMBA B OKPYKAIOIIEH
cpelie C ABIMOBBIMU Ta3amMy U MOJOTPETOM BOAOU. B BO3AyX C IBIMOBBIMU ra3amu
MOMNAJA0T TBEP/bIE YACTHUIIbI, CEPHUCTBIM aHTUAPUI, PTYTh, OKHCh a30Ta, YTIEKHC-
70Ta U okucu MetauioB. CopocHbie Boasl TOC momorpeTsl Ha 8...10°C. Ilomanmast B
MPUPOJIHBIE BOJOEMbI, OHU MOTYT HapylllaTh UX TEIJIOBOM OajaHC.

CoBpemennbie ADC obecnieunBaroT 0€30MacHbI YPOBEHb paavallid BHYTPH
CTaHIIMU U B OKPY’KaIOIIeld MECTHOCTH MPU HOPMAaJIbHOH ee pabote. OgHAaKO cOBEp-
IIEHHO SICHBI mocyeacTBusl aBapuit Ha ADC u MacmTadbl 30H MOPAXEHUS paJnoaK-
TUBHBIMH BbIOpocamu. [ToaToMy Bompoc o mecte ctpoutensctBa ADC Ha cCOBpeMeH-
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HOM 3Tarne TpeOyeT TIIATEeIbHOTO UCCIIEI0BAHUS BO3MOXKHBIX MOCIEACTBUM MpU aBa-
pusix, a TakkKe pa3pabOTKU HOBBIX O€30MacHBIX KOHCTPYKIMM peaktopoB. Heobxo-
UM TaKKe IMEPECMOTP BOIPOCA O 3aXOPOHEHUH OTXOJIOB CTOPAHHMS SIAEPHOTO TOPIO-
YEero.

Coopyxenne ['9C, 0coOOEHHO Ha paBHUHHBIX PEKAaX U B XO3SUCTBEHHO OCBO-
EHHBIX pallOHaX, OKa3bIBaeT OOJIBIIOE BIMSIHUE HA MUCIOJIb30BAHKUE 3€MeNIb U BOJHBIX
pecypcoB. B 3TUX yCIIOBHUSIX OCTPO CTOUT BOIPOC O MEJIKOBOJHBIX 30HaX BOJAOXPaHHU-
JUII, KOTOpble B Tmpoilecce dkcruryaranuu ['DC nepuoandeckd MOATOIUISIOTCS U
ocymarTcs. VICKyCCTBEHHBIM THAPOJIOTMYECKUN PEXUM MEIKOBOJIHBIX 30H BOJO-
XpaHWIHIL OTPUIATENIFHO CKa3bIBaeTcsi Ha Ouocdepe, B OCHOBHOM B pe3yibTare
HapyILIEHUs KUCIOPOAHOro pexkuma. Kpome TOro, MCKyCCTBEHHBIE BOAOXPAHMIIMILA
MOTYT CYIIIECTBEHHO BJMSATH Ha KOJIeOaHWsSI YpOBHSI TPYHTOBBIX BOJ W Ha KJIMMaT
CMEXHBIX TEPPUTOPUI. P OTpHUIIATENBHBIX SKOJOTMYECKUX MOCIEACTBUN CO3TaHUS
KPYITHBIX BOJOXPAaHWIMI €Il€ M3YYEH HEJOCTATOYHO, OJIHAKO CIIEYET OTMETHTD,
yto B CIIIA umeercs 1220 I'DC, ux cpennsiss momHocTh 70 MBT, a Ha Tepputopun
osiBiiero CCCP oxono 200 I'2C, ux cpemusis momHocth 300 MBT. Cpenu Hux Ta-
kue Turantsl, kak CasHo-Illymenckas — 6400 MBt, Kpacnosipckas — 6000 MBT.

PaccMmoTpeHHbIe BAMSHUS OMPENeIEHHBIM 00pa3oM OTpakaroTCsl Ha KiUMarTe,
MEHSISI PHEPTeTUKY aTMoc(epbl, BO3MOXXHOCTH YMPABJICHUS] KOTOPOH MOKa B JIOCTa-
TOYHOU MEpE HE BHISICHEHBI.

JHepreTnyeckasi Hayka. V3 MoHATHS SHEPTETUKU BBITEKACT MOHSATUE YHEPTE-
THUYECKOW HAYKH, IPEIMET U METOABI ee uzyuenus. [lon snepeemuueckou naykou no-
HHUMAETCsl CUCTEMA 3HAHUM O CBOMCTBAaX W B3aMMOJCHUCTBUSIX IHEPTETUUECKUX MOTO-
KOB, BJIMSHUM MX Ha YE€JOBEYECKOE OOIECTBO B COLUAIBHOM, SKOHOMHUYECKOM H
HayYHO-TEXHUYECKOM ILJIAaHAX, BIUSHUHM HA OKPYKAIOIIYIO CPELy.

DHepreTuyeckasl Hayka 3aHHUMAeTCsl M3yYeHHEM 3aKOHOMEPHOCTEN MPOLIECCOB
U SIBIIGHUU, TIPSIMO WJIM KOCBEHHO CBSI3aHHBIX C MOJYYEeHHUEM HEOOXOIUMBIX ISl de-
JIOBEKAa DHEPreTHMUECKUX PECypCOB U CO3JIaHMEM YCTAaHOBOK, BbIpaOaTHIBAIOIIUX,
peo0pa3yIonuX U MOTPEOIISIONINX PA3TUIHbIC BUBI SHEPTHH.

Pa3BuBasch B TECHOU CBSI3U C DJIEKTPO-, TEIUIO- U TMIAPOTEXHUUYECKUMH IUC-
UUIUIMHAMH, a TaKX€ MHOTMMH JPYTMMU HAYYHBIMU JUCIUIUIMHAMH, dHEPreTHde-
CKasi HayKa TpeOyeT MPUMEHEHHUS] MaTeMaTHKH, (PU3UKH U aBTOMATUKU. DHEpreTuye-
CKasl HayKa pa3BUBAETCS B TPEX OCHOBHBIX HAPABICHUSAX:

1) wW3ydeHHE 3aKOHOMEPHOCTEH Pa3BUTHS M ONTHMAJBHBIX POMOPIUI SHEpPreTh-
KM U JJIEKTpU(PUKALINY, a TAaK)KE U3YUEHUE TTPUPOJIBI U CBOMCTB OOJIBIIUX Pa3BUBAIO-
IIMXCSI CUCTEM B SHEPreTUKe. ITO HaIlpaBiIeHUE, UMEIOIEe CBOCH 1EIbI0 COBEPIICH-
CTBOBAaHHWE METOJOB NPOTHO3UPOBAHMS, TUIAHUPOBAHUS M SKCIUTyaTalldd CHUCTEM
AHEPreTUKH, TECHO CBSA3aHO C COI[MATbHBIMU MPOIECCAMU, IKOHOMUKOUN CTPaHBI;

2) COBEpIICHCTBOBAHUE CIIOCOOOB MOJYUYCHHS, IPEOOpa30BaHus, MepeIadu, pac-
MpEJEICHUs U UCIOJIb30BAaHUSI YHEPrOPECYPCOB M SHEPTUU PA3JIMUHBIX BUJOB; IO-
BoiieHrne KIIJ Bcex »HEproycTaHOBOK M yMEHBIIEHUE WX HEOJIaromnpusTHOIO BO3-
JEUCTBUS HA IPUPOJY U KUBBIE OPTAHU3MBI;

3) co3maHWe HOBBIX METOJIOB M CPEICTB MOJYYCHHUS SHEPIHH U MPEeoOpa3oBaHUe
pa3IMYHBIX BUJIOB SHEPTUH B 3JEKTPUUECKYIO; pa3paboTKa HOBBIX CIIOCOOOB mepesa-
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YM 3JIEKTPUYECKON SHEPIUU U €€ UCIOJIb30BAHUE B CTAIMOHAPHBIX U MEPEABHKHBIX
YCTaHOBKAX.

Byayuu Gonbiioi cucTeMoil U B3aUMOJAEUCTBYS C MOJICUCTEMAMH, SHEPreTHKa
B TEOPETHUUYECKOM AacClEKTE CBsI3aHA C PAJOM HAyUYHbIX JUCLMILIMH M OOBIYHO pac-
CMaTPUBAETCS COCTOSALIEH U3 OTAEIBHBIX pa3esioB. B aTHX pa3nenax BBIICISIOT 00-
IIYI0 PHEPTETUKY, YIPABIECHUE SHEPTETUKOM, DJIEKTPO-, THUJIPO- U TEIJIOIHEPIreTUKY,
aTOMHYI0 dHepreTuky. K sHepreTuke B IIMPOKOM IJIAHE OTHOCUTCS TAK)KE TOILJIMBO-
cHa0)keHue, BKIIOYaroliee B ce0s cHaOKeHHWE MCKOMAeMbIM TOIUIMBOM (YIJieM, Ta-
30M, TOpPOM, HEPTHIO, SIACPHBIM TOPIOYHIM).

Hcnonb3oBanne IHEPreTHYECKUX pecypcoB. JHepeusa - BceoOlask OCHOBA
MPUPOIHBIX SBJICHHM, 0a3UC KyJIbTYpbl M BCEl AEATENBHOCTH 4ejoBeka. B To xe
BpEMS DHEPIUs MOHUMAETCS KaK KOJMYECTBEHHAs OICHKA Pa3IuYHbIX (popM JIBHMkKe-
HUS MaTepuu, KOTOpPbIE MOTYT NpeBpallaThca oAHa B Jpyryro. Ilo Bumam sHeprus
MO/IPA3JIEIAETCA HA XUMUYECKYI0, MEXaHUYECKYI0, SJIEKTPUUECKYIO, AIEPHYIO U T. [I.
Bo3MoskHas 111 MPaKTUYECKOIO UCIIOIb30BaHUS YEJIOBEKOM SHEPTHS COCPENOTOUEHA
B MaTEpUAJIbHBIX 00BbEKTaX, HA3bIBAEMbIX IHEPZEMUUECKUMU PeCyPCAMU.,

N3 mMHOroo0pasus 3HEpPropecypcoB, BCTPEUAIOLIUXCS B IPUPOJIE, BBIIEISIOT
OCHOBHBI€, UCIIOJIb3YEMBbIE B OOJIBIINX KOJIMUYECTBAX JIJIS MPAaKTUYECKUX Hyx 1. K HuM
OTHOCSIT OpraHu4eCcKHe TOIUINBA, TAKUE KaK yroyb, He(Th, I'a3, a TAKXKE SHEPTUIO PEK,
MOpel U OKEaHOB, COJIHIIA, BETPa, TEIUIOBYIO SHEPTUIO 3€MHBIX Help (reoTepMaib-
HYI0) U T. 1.

DHEPropecypesl pa3feiiaioT Ha 60300HO61AeMble N He80300HO06s1emble. K
MEPBBIM OTHOCSIT SHEPTrOPECYPCHI, HEMPEPHIBHO BOCCTAHABIMBAEMbIE IPUPOAOH (BO-
1a, BETEP U T. 1I.), @ KO BTOPBIM — SHEPTrOPECYPCHI, paHEE HAKOIUIEHHbIE B MPUPOJIE,
HO B HOBBIX I'€OJIOTMUECKHUX YCJIOBHSX MPAKTUYECKH HE oOpasyroliuecs (Hampumep,
KaMEHHBIA yTOJIb).

DHeprus, HEMOCPEICTBEHHO U3BJIeKaeMasi B IpUpo/ie (3HepTUs TOIIIMBA, BOJIBI,
BETpA, TEIJIOBAs SHEPTHs 3EMJIIM, SIAE€pPHAsi), HA3bIBACTCA MEPEUYHOU. DHEPTHUS, MO-
Jy4yaemasi 4eJIOBEKOM Iociie MpeoOpa3oBaHMsl MEPBUYHON 3HEPTUU Ha CIIEHUaTbHbBIX
YCTAaHOBKaxX — CTaHUMSAX, HA3bIBACTCA 6MOPUYHOU (SHEPTUs SJIEKTpPUYECKas, mapa,
ropsiueit BOJbI U T. I1.).

B cBoeM Ha3BaHMM CTAaHLMM COJIEPKAT YKA3aHUE HA TO, KAKOW BUJ MIEPBUYHOU
SPHEPruM Ha HUX MpeoOpasyercs. Hampumep, TemoBas sieKTpuyeckash CTaHLUA
(T2C) nmpeobpa3yeT TEIIOBYIO 3HEPTUI0 (MIEPBUYHYIO) B DJEKTPUUYECKYIO IHEPTHUIO
(BTOpUuHy10), ruaposnektpoctanius (I'DC) — sHepruio Boabl B AJNEKTPUYECKYIO,
aToMHBbIe 2JiekTpudeckue ctaHiuu (ADC) — aTOMHYIO DHEPTUIO B DJICKTPUUYECKYIO;
KpOME TOro, MEPBUYHYIO DHEPTUI0 MPUIMBOB MPEOOpPa3ylOT B AJIEKTPUUECKYIO Ha
nprIMBHBIX 3eKkTpocTaHusIX (II19C), akkyMyIupyrOT SHEPTUIO BOABI — HA THIPOAK-
kymynupytouux craniusx (CA3C) u T. 1.

[Tomyuenue sHepruv HEOOXOAUMOTO BHJAA U CHAOXKEHHE €10 MOTpeduTenei
IIPOUCXOJIUT B IPOLIECCE IHEPZEMUUECKO20 NPOU3BOOCHIEA, B KOTOPOM MOYKHO BBI-
JICJIUTH MATH CTAIHN.

1. IlonyyeHne U KOHLEHTPALMS SHEPTETHUECKUX PECYpcoB: A0ObIYa U oboraiie-
HUE TOIUIMBA, KOHLUEHTpPAIMs HAIlOpa C IOMOLIBIO THIPOTEXHUUYECKUX COOPYKEHUI U
T. A.
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2. Ilepenaua SHEPreTHUECKUX PECYpCOB K YCTaHOBKaM, MpeoOpa3yroliuM SHEp-
THIO; OHA OCYIIECTBIISICTCS MEPEBO3KAMHU IO CYIIE M BOJIE WM MEPEKAYKOU MO TpY-
O0mpoBoAaM BOIBI, Ta3a U T. 1.

3. [IpeobpazoBaHre MEPBUYHON PHEPTHHM BO BTOPUYHYIO, UMEIOIIYI0 Hamboiee
yIOOHYIO JIJIs pacrpeiefieHrs U MoTpeOIeHUs B TaHHBIX YCIOBUAX (HopMy (OOBIYHO B
AIIEKTPUIECKYIO SHEPTHUIO U TETUIOBYIO).

4. Ilepenaya u pacrpezeeHue mpeodpa3zoBaHHONW YHEPTHH.

5. [lotpebnenue sHEeprun, OCyIECTBIsIEMOE KaK B TOM Gopme, B KOTOPOH OHA J0-
CTaBJICHa IOTPEOUTEIIO, TaK U B MPEOOPA30BAHHOM.

Ecnu oOmryto 3HEpruio mpruMEHsEMbIX MEPBUYHBIX 3HEPTOPECYpCOB MPUHATH
3a 100 %, To MOJIE3HO UCTOJIb3yeMasi SHEPTUs COCTABUT TOJIbKO 3540 %; ocTanbHas
4acTh TEpsieTCs, MprueM OOJIbIlasi YacTh B BUJIE TEIUIOTHI.

[lotepu sHEprUM OMPEAENAIOTCA CYIIECTBYIOIMIMMHU B HACTOAIIEE BPEMs TEX-
HUYECKUMU XapaKTePUCTUKAMU YHEPTeTHUECKUX MAIIIKH.

Pa3nuyHble BUIBI TOIUIMBA UMEIOT CYIIECTBEHHO pa3Hble SHEPrOEMKOCTH, Be-
JMYMHA KOTOPBIX MpUBeJeHa B Tabmnuie B.1.

Ta6mmma B.1
Bun tommBa | YciioBHOE Yrob HpoBa | Hed1h a3 Bonopon
TOIUIMBO | (aHTparmT) | (Cyxue) (mpormas)
VY nenvHas
SHEPTrOEMKOCTb:
10° T / xr 29,35 335 105 | 41,9 | 461 12,06
KKaJI / KT 7000 8000 2500 | 10000 | 11000 28 800
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Jlexkuus 1
THUIIBI DJIEKTPUYECKHUX CTAHI[I/Iﬁ

DJIEKTPUYECKON CTAHIIUEH HA3bIBAETCS DHEPTreTHUECKas yCTaHOBKA, CysKalas
JUIsl IpeoOpa3oBaHus MPUPOTHON SHEPTUH B DIICKTPHUUECKYIO.

B 3aBHCHMOCTH OT UCTOYHHMKA SHEPTUHU Pa3InyaroT (pUCYHOK 1):

1. Temnossle 3nexkrpoctanuuu (TIC);

2. Atomusie anektpocTanimu (ADC);

3. T'unposnextpuueckue cranuuu (I'2C);

4. DIeKTPOCTAHIINH, UCIIOIL3YIONINE HETPAIUIIMOHHBIC BO30OHOBISIEMBIC MC-

touHuku 3Heprun (HBUD)

15% 1%

oTaC
BA3C
Orec
OHBUS

12%

Pucynok 1.1. TuIbI 2JI€KTPUYECKUX CTAHITUN

Haubonbiiee pacnpocTpaHeHre MOTYYHIIN TEIJIOBbIE 3JIEKTPUUECKUE CTAHLIUU
(T2C). OHM UCTIONB3YIOT TEIJIOBYIO SHEPIHIO, BHIAEISIEMYIO MPU CKUTAHUU OpPTaHU-
YECKOTr0 TOIUIUBA: TBEPJOTO, KHUIKOTO U ra3000pa3Horo (yrojib, He(Th, ra3).

TenioBble U ATOMHBIE YJIeKTPUYECKUE CTAHIIUN

Ha TemioBbIX AIEKTPUYECKUX CTAHIUAX JJICKTPOIHEPTHs BbIpabaThIBaeTCs
BpAIIAOIIMMCS T€HEPATOPOM, MMEIOIIUM MPHUBOJA OT TEIUIOBOTO JIBUTATEJNs, Yalle
BCETO OT MAapOBOM, PEKE — Ta30BOM TypOUHEI.

Koaddumuent monesnoro aeiictBus coBpeMeHHbix TOC ¢ mapoBeIMH TypOu-
Hamu gocturaet 40 %, ¢ razoBsiMu TypOuHamu - He nipeBbitaeT 34 %. Ha TOC ¢ na-
POTYpOMHHBIM MPUBOJOM BO3MOXKHO HCIOJIb30BAaHUE JHOOOTO BHJA TOIUIMBA; Ta-
30TypOMHHBIE CTAHIIMK HUCTIOIB3YIOT TOJBKO XKHUAKOE U razoodpaszHoe. [lapoBas Typ-
OWHa HE CTOJIh MaHEBPEHHA, KaK ra30Basl.

[To Buay ormyckaemoi 3Hepruu napoTypounusie TOC Ha opraHM4ecKOM TOII-
JMBE MOJpa3JeNsoTCs Ha KOHAEeHCAMOHHbIE dekTpuueckue ctaniuu (KOC) u ren-

17



noanektpoueHTpanu (TOL). Ha koHAeHCAIMOHHBIX ANIEKTPUUYECKUX CTaHIUAX YyCTa-
HOBJICHBI TypOoarperatbl KOHJACHCAIIMOHHOTO THUIA, OHU MPOU3BOMASAT TOJBKO DJIEK-
TPO3HEPruto. TerIodJeKTPOLICHTPATN OTIYCKAIOT MOTPEOUTENSAM JIEKTPUUYECKYIO U
TEIJIOBYIO YHEPTHUIO C TTAPOM U ropsiueid BOJOK.

Pucynok 1.2. Cxema napocusIoBOi YCTaHOBKHU JUIsl BRIPAOOTKH 3JIEKTPOIHEP-
ruu (K3C): I1K- nmapoBoit koten; T- mapoBas TypouHa; O1 - aneKkTporeHeparop;
K- kongencarop; H — Hacoc; oxyiaxkaaromasi Boga noka3zaHa CTpesIouKaMu

OHeprus TomivBa npu cxuranuu B napoBom kotmie (IIK) mpeoOpasyercs B
TEIUIOBYIO, KOTOpasi UCIOJb3YETCs JUIsl HOJOTPEeBa BOJbI B KOTJIE U 00pa3oBaHUs Ia-
pa. DHeprusi BOJASHOTO Mapa MPUBOANT BO BpallleHHWEe TypOUHY, COSTUHEHHYIO C PO-
TOPOM 3JIEKTpOreHeparopa. B reneparope mexaHudeckas SHEprusi MPeBpaIaeTCs B
IIEKTPUUECKYIO.

Oxnaxnaroias Boja B pe3ysibTaTe MPOKauYMBaHUS Yepe3 KOHJEHcaTop Harpe-
BaeTCs U 3aTeM cOpachiBaeTcs 00bIYHO B BogoeM. Ho nMeeTrcss BO3MOXKHOCTh HCIIOb-
30BaTh COPOCHYIO TeroTy (0z) (KoTopas cocTaBisieT OoJsiee MOJIOBUHBI BCETO KOJU-
YyecTBa TEIJIOThI, 3aTPAYCHHOM B IIUKIIE) Ui OTOIIEHUSI, TOPSYET0 BOJOCHA0KEHUS U
Pa3IMYHBIX TEXHOJIOTUYECKUX MPOLIECCOB.

;%
“Q

Pucynoxk 1.3. Cxema napoCcusioBOM YCTaHOBKH JJIs1 COBMECTHOM BBIPAOOTKHU
TEIJIOBOM U 3nekTpuueckoit aneprun (TILL)

OxnaxeHHasi BOJla, HarpeTas B KOHJIEHCATOPE, HE BHIOPACHIBAETCSI B BOJOEM,
a TPOTOHSETCS Yepe3 OTOomuTeNbHbIe Ipubopsl TemaoBoro notpedutens (TII) u,
OXJIAXK/IasCh B HUX, OT/IA€T MOJIYYEHHYIO B KOHAEHcaTope TemioTy. Jto - TOLIL.
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TOII cBsizaHa ¢ MpeANPUATHEM WIIH KWIBIM PaiiOHOM TPyOOTpoBOAaMU Tapa
WU TOpAYEH BOABL, U UX YPE3MEPHOE YAJIMHEHUE BbI3bIBAET MOBBILICHHBIE TEIJIOBBIC
notepu. [Tortomy TOL] pacnonararorcsi 0ObIYHO HEMOCPEIACTBEHHO Ha MPEANPUITHH,
B ’KWJIOM MacCHUBE WJIM BOJIU3U HUX.

K3C cBs3bIBaIOT C OTpEOUTENEM TOJIBKO JIMHUU AJIEKTPOIEepeaadu, MO3ITOMY
OHAa MOKET HaXOJIUThCA BAAJIM OT MOTPEOUTEINS, HAIpUMEp, BOJIM3U MecTa JOObIYU
TOILJIUBA.

Kpymasie KOC, obecrieunBaronme 31€KTPOIHEPTHEH 11€bIe TTPOMBITIUICHHBIE
paiionsl, HaszbiBatoTcss ['POC (rocynmapcTBeHHBIE pPAOHHBIE AJIEKTPOCTAHIIMM), HX
MOIIIHOCTb COCTaBJISIET 10 2/3 BCEH 3JIEKTPUYECKON MOIMHOCTH CTpaHbl (TabymIiia
1.1).

OCHOBOI TEXHOJIOTMUECKOTO mpoliecca naporypounnoir TOC sBisieTcs: Tep-
MOJMHAMHYECKUN 1TUKJI PeHKUHA JJIs meperperoro mapa, KOTOpbld moJipoOHee pac-
cMOTpeH B Jiekiuu 4. [{ukn PenkuHa cocTouT U3 1nMoABoAa TEIUIOTH ((; ) B aporeHe-
paTop, OTBOJIa TEIJIOTHI B KOHJIeHCATOpe ((z ) U MPOIIECCOB pacIIMpPEeHUs] TMapa B Typ-
OWHE U MOBBIIICHUS AaBJICHUS BOJbI B HacocaX. COOTBETCTBEHHO 3TOMY ITUKITY CXeMa
MpoCTelIel KOHJIEHCAIMOHHOM 3JIeKTpOoCcTaHIuu (pUCYHOK 1.2) BKItOuaeTr B ceOs
KoTenbHBIN arperar ¢ maporeperpeBareneM (I1K), typ6oarperar (T), koHzmeHcaTop
(K) u nacocel (H) anis noOaBiieHHs MATATEIBLHOM BOJIBI U MEPEKaYKU KOHJIEHCATa U3
KOHJIEHCATOpa B MaporeHepaTtop (KOHICHCATHBIN U MUTATEIbHbIE HACOCHI).

ATOMHBIE JIEKTPUYECKHE CTAHINH

ATOMHBIC JJICKTPUYECKHE CTAHIMU MPEUMYIIECTBEHHO KOHJACHCAIMOHHOIO
TUTA - 3TO TE€ € TEIUIOBBIC JICKTPUUECKUE CTAHIIMU C MApOTYPOMHHBIM MPHUBOJIOM
(pucynok 1.4.), HO BMECTO MapoOBOr0 KOTJa HAa HUX HUCHOJB3YIOT SIACPHBIA PEaKTOP
(P). B peaktope mnpoucxomuT neineHue uzotonoB ypaHa 235 (U235) u ypana
238(U238) (pucynok 2.2). lludpamu o603HaueH aToMHbIi Bec u3oTona. Koadduiu-
eHT nosiezHoro nevictBusg ADC cocrasisier 32 %.

Pucynok 1.4 . Cxema napocuaoBOi YCTaHOBKH JUIsl BBIPAOOTKH 3JIEKTPOIHEPTUU
Ha ADC

H)ICPHOC TOIJIMBO OO€ECIICYNBACT SHAYUTCIIbBHYIO 9KOHOMHIO OPraHH4YCCKOIO
TOIJIUBA. ATOMHBIC QJIICKTPUYICCKUE CTAHIIMKU MOKHO COOPYKAaThb B JIFOOOM MecTe.
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ATOMHBIM 3JEKTPUYECKUM CTAHLMAM MpeJcKa3biBaian Oosbioe Oyayiuee. 1o
nporHo3am, BbipaboTka snektpodHepruu Ha ADC k 2000 romy mnoipkHa Obuia J0-
cTUTHYTb 32 % OT Bcell BbIpabOTKH B cTpaHe, HO aBapust Ha UepHoObuibckoit ADC 26
anpensa 1986 rona BHecna cepbe3HbIE KOPPEKTUBBI B PA3BUTHE aTOMHOM SHEPTUH HE
TOJIbKO Halllel CTpaHbl, HO U BCcero Mupa. B3pbiB Ha yeTBepTOM OJIOKE SIIEPHOTO pe-
aKTopa C YTEUKOW pajualii MpHUBE K PaJUOAKTUBHOMY 3apaXKCHHUIO TEPPUTOPHUU
OKOJIO THICSYHU KBaJPaTHBIX KUJIOMETPOB. ABapusi HaHecCa 3HAYUTEIbHBIA IKOHOMU-
YECKUWA W TcUXojorudyeckuid ypoH. OHa 3acTaBuia KPUTHYECKH MEPEOLEHUTH YpO-
BEHb 0€30IIaCHOCTH BCEX ACHCTBYIOUIMX M CTPOSLIMXCS ATOMHBIX AJIEKTPHYECKHUX
CTaHUMHI U OTKAa3aTbCAd OT CTPOUTENBCTBA HOBBIX. B HacTosIEee BpeMsl peanu3yroTcs
MEPONPUATHS MO MOBBIIICHUIO YPOBHS 0€30MIaCHOCTH M HAJAECKHOCTU JEHCTBYIOIIUX
ADC.

I'maposnekrpuyeckue cranuuu (I'C)

UTo0bl KCIOJIB30BaTh BOJHYIO JHEPrUI0, HEOOXOJUMO TMOCTPOUTH Ha JaHHOM
y4acTKe PEKH TUAPOCUIIOBYIO YCTAaHOBKY, B KOTOPOM BOJHAsI SHEPTHUSl MPEeOOpPa30BbI-
Bajach Obl B MEXaHUYECKYIO Pa0OTy WIIU JIEKTPUUYECKYIO SHEepruto. B OonbimHCTBE
CIIy4yacB B T'MAPOYCTAHOBKE BOJHAS HEPIUS NPEBPAILACTCS, B KOHEYHOM CYETE, B
ANEKTPUYECKYIO SHEPIUI0, MO3TOMY TaKas YCTAHOBKA HA3bIBACTCS THUIPOIJIEKTpUYE-
CKOM CHJIOBOM YCTaHOBKOM, WK THApodiekTpuueckoi crtaniueit (I'9C).

—T : - T, . _"""TW
TR ETE //f,f// ----- SR VAT v
(2 "D, J—

_._—-ﬂ,,

Pucynok 1.5. Cxema npumiotunnoi ['DC ¢ pacnosioxeHrneM mioTUHbI
W 3[IaHUs CTAHIIMU B OJJHOM CTBOpE: | — 3/1aHMe CTAHIUH; 2 — BOJOCIUBHAS
MJI0THHA; 3 — OETOHHAS TUIOTHHA

JIJisi MCroNib30BaHUsl DHEPTUU JAHHOTO YYacTKa PEeKHM HEeOOXOAMMO HCKYC-
CTBEHHO CKOHIICHTPUPOBATH MMaJICHNE PEKU B OJHOM KaKOM-THOO MecTe (CTBOpE), T. €.
CO3/1aTh Pa3HOCTh YPOBHEH BOJIbI, KOTOPYIO Ha3bIBAIOT HATIOPOM.

Pa3HocTh ypoBHEH BOJBI BEPXHETO U HIXKHETO Obe(hOB HA3bIBACTCS cmamuye-
ckum Hanopom Her,

20



['uaposaekTpocTaHIUK 00a4aI0T CISAYIOIUMH J0CTOMHCTBAMM:

1.

7.

Bricokas >@¢deKTUBHOCTh HMCHOJIB30BaHUSI THAPOIHEPTUu Oiaromaps
oospmuM 3HaueHusiM KIIJI TypOun u reneparopoB. ITomusrit KIT run-
poarperara npesbimaet 90%.

CebecroumocTth BeipabaThiBaemoit Ha ['DC sneprum B 5-10 pa3 meHblie,
YEM Ha TEIUIOBBIX 3JIEKTPOCTAHIUSAX.

I'unpoarperarsl Ha ['DC oueHb MaHEBPEHHBI U MOTYT OBITH MOCTaBJICHbI
10| TIOJIHYIO HArpy3Ky B Te€4eHue 1-2 MuH.

CopemenHble ['DC — 3TO MOJHOCTHIO aBTOMATU3UPOBAHHBIE MPEAPHUSI-
tus. Ha BeipaboTky sHepruu Tpatutcs B 15-20 pa3 mensbIe paboueid cu-
JIbl, YeM Ha BBIPAOOTKY TOTO K€ KOJIMYECTBA JIEKTPOIHEPTUU Ha TEILIO-
BBIX CTaHIIMSX.

['uaposnexTpocTaHuy 0ojiee HaEKHbI B KCIUTyaTallH, YEM TEIJIOBbIE
CTaHLIMM, U OOECIIEYMBAIOT BBICOKYIO HA/IEKHOCTb CHAOKEHUS DJIEKTPO-
SHEPrUe Bcex MoTpeOuTeei.

IIpu ctpoutenscTBe I'DC pemaroTcss BOIPOChl KOMIUIEKCHOTO MCIOJIb30-
BaHUS PeK AJIs CylO0XOJACTBA, OPOLICHUs, BOJOCHA0XKEHUS U JPyTrue, Ko-
TOPBIE OTJEIBHO NHOI' 1A PELINTH HE YAAECTCS.

['MpO3IEKTPOCTAaHIIMY MCTIOJIB3YIOT SHEPTHIO PEK, KOTOPAsl HENPEPBIBHO
BO300HOBJISIETCSI.

OnmHAaKO TUAPORIEKTPOCTAHIIMU 00JIATAIOT U PSIIOM CYIIECTBEHHBIX HENO0CTAT-
KkoB. [Ipu 3amoTHeHNH BOIOXPAHUIIMII TPOUCXOAUT 3aTOIUICHHE OOJIBIITUX TUTOMIAIeH
CEJIbCKOXO3SCTBEHHBIX 3€MeJIb, 3aTOTNICHUE KEJIE3HBIX JOPOT, JIMHUN dJIEKTporepe-
7adv, JTUHUW CBSI3W, aBTOJOPOT, HACEICHHBIX MyHKTOB W Tip. Hamnune 3HauMTeIbHOM
BOJTHOM ITOBEPXHOCTH BBI3BIBACT CHJILHOE CTIAPCHUE U M3MEHEHHUE KIIMMaTa, KOTOpOe
He Bcera ObIBaeT 0JIarompUsTHBIM.

['unposnekTpocTaHIMU KIACCU(MUIIUPYIOTCS MO MOIIIHOCTH:

menkue 10 0,2 MBT;
Maneie 510 2,0 MBT;
cpenuue 1o 20 MBT;
KpynHble cBbiie 20 MBT

ITo Hamopy pa3nuyaror:

HuzkoHanopHeie ['DC (H < 10m) ¢ BennunHoM Hanopa 10 10 MeTpoB;
I'DC cpennero Hanopa (10 <H < 100 m) ot 10 70 100 Mm;
BBICOKOHAMNOpHbIE cBbie 100 M.

B tabnume 1.1 npuBenens! kpynHeitmme snekTpocTaniuu Poccun. Cymmapnast
MOIIHOCTb 3TUX AJEKTPOCTaHIIMI cocTaBisieT 18% Bcell reHepupyroneid MOIHOCTH
3JIEKTPOCTAHLIMMN CTPAHBI.
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Tabmuma 1.1
Kpynuetinmme 351eKTpocTaHIun

Ha3zBanue snexkrpuueckon MONIHOCTB, Yucno l'ox mycka
CTaHIIUU MBrT arperaTton
Casno-llymenckas I'9C 6400 10 1985
Kpacnosipckas I'9C 6000 12 1971
Cyprytckas ['POC-2 4800 6 1988
Bbpatckas I'2C 4500 18 1966
Jlenunrpanckas ADC 4000 4 1984
Kypckas ADC 4000 4 1985
Yere-Unumckas '2C 3840 16 1979
Pedrunckas ['POC 3800 10 1980
Koctpomckas ['POC 3600 9 1980
Cyprytckas ['POC-1 3330 16 1983

OCHOBHBIM TEXHHUKO—KOHOMUYECKHM TIOKa3aTesieM padOThl 3JIEKTPUUECKOM
CTAaHLIMM SIBJISICTCSl PAcX0Ji TOIUIMBA Ha €IMHUILY OTIYILIEHHOW 3Hepruu. s Beme-
HUSI PKOHOMUYECKMX PAacueTOB Ha €AMHON 0a3e BBEICHO MOHATHE TaK HA3bIBAEMOTO
YC106H020 monauea. TennoTBOpHAas CIOCOOHOCTh YCJIOBHOIO TOIUIMBA IPHUHSTA
paBHoit 29,35 MJIx / kr (7000 kxan / kr), T.e. OJU3KOM K TEIJIOTBOPHOU CIIOCOOHO-
ctu antpauuta. B cpegnem no TOC ynenbHBIA pacxo] TOIUIMBA HA OTHYIIECHHBIN
KBT-u coctaBysier 327 r yCIOBHOTO TOIUIMBA. Y IEIBHBIA PACXO/l YCIOBHOTO TOIIMBA
Ha otniyck 1 I'J[>x termoTel coctaBuin 41,32 kr.

OO0O0OIIEHHBIM TIOKA3aTeNIeM pPadOThl AIEKTPOCTAHIIUU SIBISIETCS CceOeCTOu-
MOCTb dHepruu. s snexkTpuueckoit sHepruu oHa cocrtapisuia 0,6 — 1 komn / kBT-4,
teroBoit (Ha TOII) — okomo 0,5 py6sst 3a 1 v/l B ienax 1986 rona.

Wtak, cneuuanrucT-3HEpreTUK JO0KEH YMETh MPAaBWIBHO OLICHWBATH YHEpre-
TUYECKYIO CUTYaIlMI0O M BBHIOUPATh ONTHUMAJIbHBIC IYyTH YHEPTOCHAOKEHUS 00BEK-
ToB. [lepenaua sHEPreTHYECKUX PECYPCOB K YCTAHOBKaM, MPEoOpa3yIouM dHEP-
TUI0, MOXET OCYIIECTBIISIETCA MyTeM TpaHCopTa HedTH, ra3a u yris. DJIeKTpude-
CKasi SHEprus MOXKET MepelaBaThCs MO JUHUIM 3JekTpornepenad. CylecTByeT He-
CKOJIbKO KPUTEPHEB [JIsi BbIOOpa crmocoba mepefavyr SHEPTUH: YACIbHAs CTOH-
MOCTb DHEPruH, reorpaduyeckue yCiaoBHUs, TEXHUYECKUE XapPAKTEPUCTUKHU U BIIHUSI-
HUE Ha OKPYXAIOLIYIO Cpeay.

Bomnpocs! 11 caMorpoBepku
1. Kakue Tumbl 2JIEKTPUYECKUX CTAHIIMM BBl 3HAETE?
2. HazoBure npeumyniecTsa u Henoctatky, BenuunHy KIIJI pa3nuyHbIX THIIOB 3ieK-
TPUYECKUX CTAHLIHM.
3. Ha xaxom npunnumne padorarotr TOC, ADC u I'DC?
4. HazoBute ocHOBHBIE 35ieMeHThI | DC? Kak oHr Ki1lacCuPUITMPyIOTCs IO MOIITHOCTH
Y 110 Hanopy?
5. Ilepeunciinte OCHOBHBIE 311€MEHTHI MapocuiioBoil ycraHoBku TOC, ADC.
6. Uto Takoe ycinoBHOE TOIIMBO? J{J1s 4ero BBOAUTCS 3TO MOHATHE?
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Jlexnus 2

TEOPETHUYECKHE OCHOBBI IIPEOBPA30OBAHUSA DHEPI' U
B TEIIJIOBBIX IBUI'ATEJIAX

TemoBeIMM JBUTATENSIMU Ha3bIBAIOT MAIlIMHBI, B KOTOPBIX BHYTPEHHSS DHEP-
I'sl TOIUIMBA [IPEBPALIAETCS] B MEXaHUUECKYIO SHEPTHIO.

CymiecTByeT HECKOJIBKO BUJIOB TEIJIOBBIX JABUTATEIICH:

- IapoBas MalluHa;

- JIBUraTeslb BHYTPEHHETO CrOPAHUS;

- IapoBas U ra3oBasi TypOUHBL;

- PCaKTHUBHBINA JBUTATEIb;

- XOJIOJAWJIbHBIE U KOMIIPECCOPHBIE MAILIMHBI.

Bo Bcex 3TuX ABUraTensx SHEPrus TOIJIMBA MEPEXOJUT B SHEPruio rasa (Wiu
napa). Pacumpssce, raz cosepiiaer paboTy UM MPU ATOM OXJIAXKJAETCs, 4acTh €ro
BHYTPEHHEHN 3HEPIUU NPEBPALIACTCS B MEXaHUYECKYIO SHEPTHIO.

OCHOBHbIC OHATHSA M UCXOJAHBIE MOJI0KEHUA TEPMOAMHAMHUKH

[IpenMeToM TEpMOIUHAMUKHU SIBISETCS U3yYEHUE 3aKOHOB IMPEBPAILCHUS TEIl-
JIOBOM SHEPI'MH B SHEPTUI0 MEXaHUYECKYIO.

Tepmoounamuyeckol cucmemori Ha3bIBAETCS COBOKYIMHOCTh MAaTE€pUaIbHBIX
TE€J, HAXOAAIIMXCS B MEXAHMYECKOM U TEIJIOBOM B3aUMOJEHCTBUU APYT C APYTOM H
C OKPYXAaIOLMMHU CUCTEMY BHEITHUMU TENAMH («BHEILIHEN CPEIOM»).

Br100p crcTemMbl MPOU3BOJIEH U AUKTYETCS YCIOBHIMU peraemMoi 3agadun. Te-
Jla, HE BXOJAIIME B CUCTEMY, HA3bIBAIOT OKpYXKaromien cpenao. CucTeMy OTACHSIOT
OT OKpY>Kalollle cpeabl KOHTPOJIBHOM MOBEPXHOCTHIO (000JI0uKOM). Tak, Hanpumep,
JUISl IPOCTEUIIICH CUCTEMBI - ra3a, 3aKIF0YEHHOTO B IUJIMHAPE O] MOPILIHEM, BHEII-
HEU CpEelloU SABJISAETCS OKPYXKAIOIIUK BO3AYX, @ KOHTPOJIbHBIMU IMOBEPXHOCTSAMHU CIIY-
AT CTEHKU UUJIMHIpPA U TOPIIEHbD.

MexaHnyeckoe W TEIUIOBOE B3aUMOACHCTBUE TEPMOAMHAMUYECKOM CUCTEMBI
OCYULIECTBJISIETCSL 4Yepe3 KOHTPOJIbHBIE MOBEPXHOCTHU. IIpM MexaHMYEeCKOM B3auMoO-
JICUCTBUM caMOM CHCTEMOM WJIM HaJ CUCTEMOI coBepinaeTcs pabora. B Hamem mpu-
Mepe MeXaHu4ecKasi paboTa MPOU3BOIUTCS NPU MEPEMEILIEHUN TOPIIHS U COMTPOBOXK-
naeTcsi u3MeHeHueM oObeMa. TemioBoe B3aMMOJEHCTBUE 3aKIIIOUAETCS B MEPEXOe
TEIJIOTHl MEXY OTACIbHBIMU TEIaMHU CUCTEMbI U MEKY CUCTEMOM M OKPYKaroIIeH
Cpenou.

B o6miem ciygae cucteMa MOkKET OOMEHHMBATHCSI CO CPEION M BEIIECTBOM, Ta-
Kasi cUCTeMa Ha3bIBaeTcs OTKpbIToM. [ToTOKM ra3za umu napa B TypOuMHax u Tpyoorpo-
BOJIaX - MPUMEPBI OTKPBITBIX cucTeM. Eciau BelecTBO HE MPOXOJUT YEPe3 TPaAHULIbI
CUCTEMBI, TO OHA HA3bIBAETCS 3aKpHITON. B nmampHeiemM mbl OyneM paccMaTpuBaTh
3aKPBIThIE CUCTEMBI.

CBOIICTBA KAXKIOM CHCTEMBI XapaKTepU3YIOTCS PSIZIOM BEJIMYUH, KOTOPBIE MPHU-
HSATO Ha3bIBATh MePMOOUHAMUYECKUMU TTAPAMETPAMHU.

asnenue 00yCcIoOBICHO B3aMMOJACHCTBUEM MOJIEKYN paboyero Tena ¢ moBepx-
HOCTBIO M YHCIIEHHO PaBHO CHWJIE, IEWCTBYIOIIEH HA €IMHMILY IUIOIIAN [IOBEPXHOCTH
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T€JIa IO HOPMAJIM K MOCJHEAHENU. B COOTBETCTBUM C MOJIEKYJISIPHO-KUHETUYECKOU TEO-
pHUEl TaBIICHHUE T'a3a ONPEAEIISIETCS COOTHOLIEHHUEM

2 mc?
P - .
3 n (2.1)

re N - 9UCII0 MOJICKYJI B AMHUIIC 00beMa; M - Macca MOJIEKYJIbI;, ¢ - Cpel-
HSIs1 KBAPATUYECKAsi CKOPOCTh MOCTYNATEIBHOTO IBHXKEHHSI MOJIEKYII.

B cucreme CH maBnenue Boipaxaercst B mackamsix (1 ITa = 1 H/m?). TTockombKy
9Ta eMHHUIIA Maa, Ya100Ho ucnosb3oBath 1 klla = 1000 [1a u 1MIla = 10°ITa.

Temnepamypoti Ha3zbBaeTcs (U3MYECKas BEIMYMHA, XapaKTEPHU3YIOIIas CTe-
MeHb Harperoctu Tena. C TOUKU 3pEHUs MOJEKYJISIPHO-KMHETUUYECKUX MpeCTaBIie-
HUW TeMmreparypa €CTh Mepa MHTEHCHUBHOCTH TEIUIOBOTO JIBWXKEHUS MOJeKya. Ee
YUCJICHHOE 3HAYEHHE CBSI3aHO C BEJIMYMHOM CPEIHENM KMHETHUYECKOW YHEPIHUU MOJIE-
KYJI BEIIECTBA!

mc?

2

3
= >hT. (2.2)

riae h - nocrosHHas bonbsimana, pashas 1,38-10 23 T/K.

Temmneparypa T, onpeneneHHas TaKuM 00pa3oM, Ha3bIBAETCS aOCOIIOMHOIU.

B cucreme CU eqununeit Temreparypsl siBisiercst kenbBuH (K); Ha mpakTuke
mupoko npumensiercs rpaxyc Hemscust (°C). CootHomenne Mexay abcomotroit T u
CTOTpayCHOM t TeMIlepaTypaMu UMEET BU/T

T=t+ 273,15.

Yoenvnuiii 06vem V — 3T0 00bEM €IUHUITLI MacChl BellecTBa. Eciu ogHOpoI-
Hoe TeJio Maccoil M 3anumaet oobveM V, To 1o onpezaenenuto V=V / M.

B cucreme CU enumna yaensHoro oobema 1M°/kr. Mexy yaeabHbIM 00be-
MOM BEIIIECTBA U €r0 IJIOTHOCTBIO CYIIECTBYET COOTHOIIEHUE V=1/p.

N3menenue cocTosHUs TEPMOIMHAMUYECKON CUCTEMbI BO BPEMEHH Ha3bIBACT-
Csl mepmMoOuHamuieckum npoyeccom. Tepmoounamuyeckuti yuki — TO KPYTOBOU
MPOILIECC, OCYIIECTBISIEMbIA TEPMOJIUHAMUYECKOU CUCTEMOM.

TepMoauHaMUYECKHIA TTPOTIECC HA3BIBACTCS PABHOBECHBIM, €CITA BCE TTapaMeT-
PBI CUCTEMBI TIPH €T0 MPOTEKAHUHA MEHSIOTCS JOCTAaTOYHO MEIJIEHHO. B 3TOM citydae
cucteMa (paKTHUYECKH BCE BPEMS HAXOAMTCS B COCTOSHHHM PaBHOBECHUS C OKPYKaro-
IeH cpeioi, 4eM 1 ompeesaeTCss Ha3BaHUE poIecca.

BHyTpeHHssI 3Heprus U nmepeaavya YJHEPrun

[lon énympennetl snepeueri 6yaemM MOHUMATh YHEPTHIO XaOTHUECKOTO JABHXKE-
HUS MOJIEKYJT M @TOMOB, BKJIFOYAIOITYI0 SHEPTHIO TTOCTYIATEILHOTO, BPAIaTEIHHOTO
1 KOJIeOaTeIbHOTO JBMKEHUN KaK MOJICKYJISIPHOTO, TaK M BHYTPUMOJIEKYJISIPHOTO, a
TaK)Ke MOTEHITUATBLHYIO DHEPTUIO CUJT B3AMMOJICHCTBUSI MEXKTy MOJIEKYJIaMHU.

KuneTtndeckast sHEpTHS MOJIEKYI SBIsICTCS GYHKIIUEH TeMITepaTyphl, 3HAUCHUE
MOTEHITUATBHONW PHEPTUU 3aBUCUT OT CPEAHETO PACCTOSIHUS MEXKIY MOJICKYJIaMU H,
CJIeI0BaTeIbHO, OT 3aHMMaeMoro razoM oowema V, T.e. sBisiercs ¢pynkuuen V. Ilo-
sTOMYy BHYTpeHHss sHeprusa U ecth pyHKuMs cocTtosiHus Tena. Bemvunna u = U / M,
Ha3bIBaeMasl yIelabHON BHyTpeHHeW sHeprueit (J[k/kr), mpencraBiseT coOoi BHYT-
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PEHHIOIO PHEPTHIO €IUHMIIBI MAcChl BemecTBa. OHa MOKET OBITh IPEICTaBIIEHA B BH-
ne GYHKIMU IBYX JIIOOBIX HE3aBUCHMBIX IIAPAMETPOB, ONPEIEISIONIMX €€ COCTOSHHE:
U=¢:(p,V); u=¢2(p,T); u =@z (v,T).
Ee u3MeHeHHe B TEPMOAMHAMUYECKOM IIPOIECCE HE 3aBHCHUT OT Xapakrepa
IpoIiecca 1 ONpeaessieTcs TOJbKO HaualbHBIM M KOHEYHBIM COCTOSHHUSMH T€JIa.

2
Au = fdu =U,—U, TJe U;— 3HaueHUuEe BHYTPEHHEH SHEPTUU B HAYAJILHOM COCTO-
1

SIHWH, a U, — B KOHEYHOM.

Tennosoe Osudicenue — 3TO XaOTHUECKOE JIBUKCHHE MUKPOUYACTHI] (MOJEKYII,
aTOMOB | JIp.), U3 KOTOPBIX COCTOAT BCE Tela.

[Tepenaua suepruu (hopmMbl OOMEHA YIHEPTUEH ) MPOUCXOAUT ABYMS CIIOCOOaAMU
— pabotoii L u Teroroit Q.

[lepenada sHepruu B pe3ysibTaTe MaKpOCKOMUYECKOTO YHOPSATIOYEHHOTO JIBHU-
KEHUSI MUKPOYACTHI] HA3BIBACTCS pabOmoli.

[lepenaua sHeprum B pe3yibTaTe OOMEHa XAOTHMUECKHM, HEHAIPaBICHHBIM
JIBMKCHHEM MUKPOYACTHUI] HA3bIBACTCS Men1000MeHOM, a KOIIMIECTBO Mepe1aBaeMOil
P STOM SHEPTHUH - KOAUYECMBOM MEeNI0Mbl WU TETIIOTOM.

Pabouee meno — 310 Ta3000pazHoOE, )KUIKOE WIH IJIA3MEHHOE BEIIECTBO, C TMO-
MOIIIbI0 KOTOPOTO OCYIIECTBIISIETCSl MpeoOpa3oBaHNe KaKOW-THOO SHEPTUU MpH TO-
JTy4YeHUN MEXaHUIECKON pabOThI, TETUIOTHI, XOJIOA.

Pabora pacuumpenus

PaboTa B TepMouHaMUKe, TakK K€ KaK U B MEXaHUKE, OTPEIEISETCS MPOU3Be-
JICHUEM JICUCTBYIOIIEH Ha pabodee TeJIO CHUJIbI Ha MYTh €€ ICHCTBUS.

Paccmotpum raz maccoit M u o0beMoM V, 3aKITIOYEHHBIN B 371aCTHYHYIO0 000-
JIOUKY C TIOBEPXHOCTHIO F (pucyHok 2.1).

Pucynox 2.1. K onpenenenuto paboThl pacuiupeHus

Ecnu ra3zy cooOmuThs HEKOTOPOE KOJTUYECTBO TEIUIOTHI, TO OH OYyJeT paciiv-
PATHCA, COBEpIIasi Mpu STOM pabOTy MPOTUB BHEIIHEro nasieHus P. ['a3 nmelictByer
Ha Ka bl smeMent obonouku dF ¢ cumoit, pasuoit pdF, u mepemerias ee mo Hopma-
JIM K TIOBEPXHOCTH Ha paccrossaue dn. OOInyio paboTy MOJyduM, HHTETPUPYS TaHHOE
BBIpaKEHHE 10 BCEH MOBEPXHOCTH F 00010uKH:

dL:deF-dn.
F
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W3 pucynka 2.1 BuaHO, 9T0 M3MeHeHHe o0bema, dV, BeIpaxkaeTcs B BHJE HH-

Terpaja 1o MMoBepxHocTu: dV = I dFdn, cie1oBaTenbHO,
F

dL = pdV. (2.3)
[Tpu KOHEYHOM H3MEHEHHHM 00bheMa paboTa MPOTHUB CHUJI BHEIIHETO JaBIICHHUS,
Ha3bIBacMasi pabomoil pacuiupenus, paBHa

VZ
L= jpdV. (2.4)
Z

dL u dV Bceria uMErOT OIMHAKOBBIC 3HAKU:

eciu dV > 0, To u dL > 0, T.e. mpu pacimpeHun padoTa Tejia MOJOKUTEIbHA,
IIPU ATOM TEJIO CaMo CoBepIIaeT paboTy;

eciu dV < 0, to u dL < 0, T.e. mpu cxaThuu paboTa Tena OTPUIATEIbHA: 3TO
03HAYaeT, YTO HE TEJI0 COBEpIIaeT padoTy, a Ha €ro ckatue OblIa 3aTpaueHa paboTa
U3BHE.

B TepmonuHaMuke N1 MCCIIEIOBAHUSI PABHOBECHBIX IMPOIIECCOB HIUPOKO HC-
none3ytoT P, V-amarpammy, B KOTOpO# 0CbI0 abCHHCC CIYXHUT YACNIbHBIN 00BheM, a
OCBbI0 OpAHMHAT - JaBjeHHE. [[OCKONBbKY COCTOSIHHE TEPMOIMHAMHYECKOW CHCTEMBI
ompenenseTcs AByMs mapameTrpamu, To Ha P, V-nuarpamMmme oHo 0003HayaeTcst TOU-
KOU (pUCYHOK 2.2).

LB

I” @ 2
i
&M N

Uy

_*_
_ v v

L]

Pucynok 2.2. I'padpmyeckoe nzodpaxkenue padoThl B p, V-KOOpAUHATAX

Ha pucynke 2.2 Touka 1 COOTBETCTBYET HAa4aJIbHOMY COCTOSIHUIO CHCTEMBI,
TOYKA 2 - KOHEYHOMY, a JIUHUS 12 - mporieccy paciumpeHus: pabodero Tema ot Vi 10
V, PaboTa mporiecca 12 uzo0pakaeTcs IIONaabpi0, OrpaHUHYSHHON KPUBO IIporiecca,
OChI0 abCIHCC U KpaWHUMH OpJUMHATaMH. TakuM 00pa3oM, paboma uzmeHeHus 0ob-
eMa IKSUBAEHMHA NIoWaou noo Kpueotl npoyecca 6 ouazpamme P, V.

TenoeMKoCTh ra3oB

OTHoleHre KoJmdyecTBa TEIIoThl 0Q, MOJydeHHOW TeIoM NpH OECKOHEUHO
MaJIOM U3MEHEHUU €r0 COCTOSHHS, K CBS3aHHON C 3TUM M3MEHEHUEM TeMIIepaType
tena dT Ha3bIBaeTCS TEMIOEMKOCTHIO Tena [1]:

C=dQ/dT. (2.5)
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Koaddurment nponoprinoHaIbHOCTH MEXTY KOJIMYECTBOM MOIBEICHHOM (OT-
BEJICHHOM ) K TENy TEIUIOTH U COOTBETCTBYIOIINM HM3MEHEHHEM ero temrepatypsl AT
HasbIBaeTcs TemroeMkocThio Q=CAT[3].

OOBIYHO TEMJIOEMKOCTh OTHOCAT K €IWHUIIC KOJMYECTBA BEIIECTBA U B 3aBU-
CHUMOCTH OT BBIOpAaHHOW €AMHMUIIBI PA3ITUIAIOT:

VOENbHYI0 MACCO8YI0 MENI0eMKOCMb ¢, OTHECEHHYIO K 1kr raza, Jx (kr-K);

MenI0eMKOCMb NPU HOCMOSIHHOM 0a81eHUl

C,=dq,/ dT; (2.6)
Tenjio0emKocnib npu NOCMOAHHOM 05‘bejl/l€
C,=dg,/ dT. (2.7)

B kypce «OOmieit sHepreTUKU» Mbl KOCHEMCSI HayKU TEPMOJIMHAMUKY JIUIb B

TOM 4acTu, 4ToObI CpaBHUBATh 3(PPEKTUBHOCTH PA3IMYHBIX METOJIOB MpeoOpa3oBa-
Hus sHepruu. [IpocTeliuM KpUTepreM Takoro CpaBHEHUS SIBISIETCS KOIPPHUIUEHT
nonesHoro nevicteus (KIIZ) mro6oro TemnoBoro ABuraresis, KOTOPbIA ONpeaeisieTcs
OMHOWEHUEM NOJIE3HO NONYYEeHHOU pabomul K meniy, KOmopoe Ha nojydexue 3mou
pabomwl 3ampadeHo.
L

Q
rae L-momyuennas pa6ora, Ik, Q;-Temora, 3aTpaueHHas Ha NOJy4yeHUE pabOThI,
JIx. OTHecs paboTy k 1 Kr macchl pabodero Tefa, MoJydyuM YACIbHYI0 padoTy

I (2.9)

n (2.8)

rae M — macca pabouero Tena, Kr.
Bennunna | npencrapisieT coboit yaenpHy0 paboTy, COBEpIIAEMYIO CHCTEMOH,
cojepkaiieit 1 kr pabouero Tena.
AHaJIOTUYHO ompeensercs yaeabHas Temiora (;, JK/kr,
g =2 (2.10)
M
U TIPENICTaBIIAeT COOON TEIUIOTY, 3aTpauyeHHYI0 Ha COBEpIIECHUE padOThl CHCTEMOI,
conepikariei 1 xr padodero tena.
KoaddurmenT none3Horo nedcTBUsi MOKHO OMPEETUTh Yepe3 y/eIbHbIE Be-
JUYUHBI TEIJIOTHI U pabOThI
n=—. (2.11)
G
Koaddumment nonesnoro nericteus TOC, paboTaromux Ha OPraHMuEeCKOM TOTUTHBE C
napoBbIMH TypOuHaMu, coctaBisieT okoiio 40%, a KITJI A3C - okomno 30%, 310 00B-
SICHSICTCSI HE CTOJIbKO HEJOCTaTKaMU MMEIOIINXCS] TEXHOJOTHM, HO ¥ TeM, 4TO CYIIe-
CTBYIOT OOBEKTHBHBIC OTPAHUYCHUS, CBSI3aHHBIE C 3aKOHAMHU TEPMOIMHAMHUKH.

IlepBblii 3aKOH TEPMOAUHAMUKH

AHAJIMTHYECKOEe BbIPAsKeHHE NMEPBOro 3aKOHA TEPMOAHMHAMHUKH

[lepBbIil 3aKOH TEPMOAMHAMUKU TPEACTABISIET cOOON YacTHBIA cily4yail Bce-
oOLIEero 3aKOHAa COXPAHEHHUS U MPEBPAILEHUS SHEPTUU. DTOT 3aKOH, ITOJIyYE€HHBIN Ha
OCHOBE 00OOIIEHHS OTPOMHOI0O KOJMYECTBA IKCIEPUMEHTOB, YTBEP)KIAET: dHEPIUs
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HE MCYe3aeT U HE BO3HUKACT BHOBB, OHA JIUIIH MEPEXOIUT U3 OAHOU (POPMBI B Ipy-
I'yl0, IpU4eM yObUIb SHEPTUHM OJHOTO BHJIA JAET SKBUBAJICHTHOE KOJIWYECTBO HHEP-
YU IPYyTrOro BUJIA.

[Tycth HEexkoTOpOMY pabodemy Teiny ¢ oobemMoMm V u maccoil M, umeromemy
temriepatypy T u naBiieHHE p, cO0OIIaeTcs M3BHE OECKOHEYHO MAJIOe KOJIMYECTBO
teroTel dQ. B pe3ynbraTe moaBoja TEIIIOTh Teslo HarpeBaeTcs Ha T v yBenuunBa-
etcs B o0beme Ha dV.

[loBbIIEHNE TEMIEPATYPBI TE€JIA CBUIAETEIBCTBYET 00 YBEIMYEHUU KHUHETHYE-
CKOI SHEpruM ero 4yacTHil. YBEJIMYeHHE o0beMa Tejla MPUBOAUT K W3MEHEHHUIO TO-
TEHIIMAJIbHON SHEpruu YacTull. B pe3ynbraTe BHYTPEHHSSI SHEPTUsl TeJla YBEIUYUBA-
ercs Ha dU. [Tockonpky pabodee TeI0 OKPYKEHO CpeIoil, KOTopasi OKa3bIBaeT Ha He-
ro JIaBJICHUE, TO MPHU PACIIUPEHUHN OHO MPOU3BOIUT MEXaHW4ecKyto padoty dL mpo-
THB CHJI BHEIIIHETO NaBicHUSA. Tak Kak HUKAKUX JAPYTHMX U3MCHCHHH B CHUCTEME HE
MIPOUCXOJIUT, TO 10 3aKOHY COXPAHEHUS SHEPTUU

dQ =dU +dL, (2.12)
T.€. TEIJIOTa, COO0IIaeMas CUCTEME, UAET Ha MPUPALICHUE €€ BHYTPEHHEN SHEPTUU U
Ha COBEPIIIEHHUE BHEIIIHEN PabOTHI.

[TonmyyeHHOE ypaBHEHHE SIBIAETCS MATEMAaTUYECKUM BBIPAKEHHUEM IIEPBOTO
3aKO0Ha TepMOJIMHAMUKHU. KaxkIbIil U3 TpeX 4JIE€HOB ATOTO COOTHOIICHUS MOXKET OBITh
MOJIOKHUTEIbHBIM, OTPULIATEILHBIM JIMOO pPaBHBIM HYNIO. PaccMOTpUM HEKOTOpBIC
YacTHBIE CITy4au.

1. dQ = O - TermI000MeH CHCTEMBI ¢ OKpYIKarolel cpemoi oTcyrcTByet. [Ipo-

necc 0e3 TermmooOMeHa Ha3bIBaeTcs aouabammuvim. JlJie HEro ypaBHEHHE
(2.12) npumeT BUL
dL = - dU. (2.13)

CrnenoBartenbHO, paboTa paclIMpeHusi, CoBeplllaeMasi CUCTeMOU B ainabaTHOM
MpOLIECCE, PaBHA YMEHBIIECHUIO BHYTPEHHEN 3HEPTUM JaHHOM cuctemsl. [Ipu anuna-
O0aTHOM CokaThH pabodYero Teia 3aTpauyrMBaeMasi U3BHE padoTa IEIMKOM UJET Ha yBe-
JTUYCHUE BHYTPEHHEW SHEPTUU CUCTEMBI.

2. dL = O - npu 3TOM 00BeM Tena He uamensiercs, dV = O (M30XOpHBIN MPO-

1ecc). YpaBHEHUE MPUHUMAET BUJI
dQ =dU, (2.14)
T.€. KOJIMYECTBO TEIIOTHI, MOABEIEHHOE K CUCTEME MPHU MOCTOSHHOM 00beMe, paBHO
YBEJIIMYECHUIO BHYTPEHHEH YHEPTUU JAHHOU CUCTEMBI.
3. dU = O - BHYTpeHHSS SJHEPTHSI CUCTEMBI HE U3MEHSCTCS, U

dQ =dL, (2.15)
T.€. coolIaemMasi CUCTEME TEIUIOTa MPEBPAIIaeTCs] B SKBUBAJICHTHYIO €/ BHEIIHIOKO
paoory.
Jlnis cuctemsl, coaepkaiieit 1 kr pabodero tena,
dg =du +dl. (2.16)

[IpounTterpupoBaB ypaBHeHus (2.12) u (2.16), noayuyum BbIpa)kK€HUE MEPBOTO
3aKOHA TEPMOJAMHAMUKH B HHTETPAIBHON (hopMme:
Q=AU+L; g=Au + I, (2.17)
rae AU=U2'U1, Au = U, - Us.
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B nukimyeckom mporiecce mpu BO3BpallleHnu padodero Tejaa B UCXOAHOE CO-
CTOSIHUE BHYTPEHHSISI DHEPrusi CUCTEMBbI TaK)Ke MPHUOOPETaeT MCXOJHOE 3HAUYCHHE,
AU=0, wu, cnenoareiabHO, BeipaxkeHue 2.17 npeBpaliaercsi B paBeHCTBO

6=l
rae g, - IpeacTaBisieT cOOOM Ty 4acTh FOPSYEro NCTOYHHMKA, KOTOpask IPEBPAILaeTCs
B paboty 1mukia, |, 3To TerioTa, moae3Ho UCIoIb30BaHHAS B IIUKIIE, OHA PaBHA pa3-
HOCTH (|1-(];.

Bomnpocs! miia camonpoBepku
1. JaTh onpeneneHue TEerIoBbIM JBUTATEISIM, IEPEUYNCIINUTD HX.
2. Yto Takoe ynenbHas pabota? Y aenbHas Terora?
3. JlaTh omnpeneneHue TepMOJIMHAMUYECKUM [TapaMeTpaM: TEMIEPATypa, 1aBICHUE; B
YeM OHM U3MEPSIOTCS?
4. YTo Takoe TeII0EMKOCTh, KAKYIO TEIIIOEMKOCTh Pa3IMYaroT?
5. Kak ompegensiercs pabora pacmdpenusi? Yemy oHaA SKBUBaJICHTHA B p,V-
nuarpamme?
S5. CdopmynupyiiTe nepBbiid 3aKOH TepMOIUHAMUKHU. JlaiiTe ero MaTeMaTUu4ecKoe
BBIPAKECHUE U PACCMOTPUTE YACTHBIE CITy4YaH.
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Jlekuus 3
BTOPOU 3AKOH TEPMOJINHAMMKU. SHTPOIIUA

OOMeH SHepruu MOKET MPOUCXOIUTH B BUJE Mepeaadyn TOro Ui UHOTO KOJIU-
yecTBa TEIIOThl Q. OgHAKO, U3MEpsisl TeMIIEpaTypy, HE BCEr/la MOYKHO ONPEIEIHUTh
KOJIMYECTBO MMepeAaHHOW TeryioThl. Hampumep, mpu MOJBOJE TEIUIOTHI K KHUIISIIEH
BOJIE €€ TEMIIEpaTypa HE MEHSETCS 10 MOMEHTA MOJHOTO BBIKUIIAHU.

[TapameTp, KOTOPBIN U3MEHSAETCS TOJIBKO OT KOJUYECTBA MEPENAHHON TEIIOTHI,
obu1 ipensioxked P. Knaysumycom B 1852 1. u BnocneacTBuu ObUT Ha3BaH 9HmMponuell
S. Jlnst mpou3BOJIBHOTO KOJIMYECTBA ra3a SHTPOIHUs 0003HaUaeTcs yepe3 S U u3Mepsi-
ercs B Jx/K, a st 1 xr raza suTponus obo3Hadaercs s U usmepsiercs B Jx/(kr-K).

OHTponHsi HE MOXET ObITh M3MEpeHa KaKUM-IU00 00pa3oMm (Kak 00beM) U
OINPEIENSAETCS TOJIBKO PACUETHBIM IIyTEM.

ds=dq/T. (3.1)

B TexHMueckoi TepMOAMHAMHUKE YacTO MCIOJIB3YIOT HE a0CONIOTHOE 3HAYEHUE

SHTPOIINH, a €€ U3MEHEHHE B KAKOM-JIMOO Ipoliecce:

2
As=s,—5 = qu/T. (3.2)
1

B TepmonnHamMuke MMUPOKO UCHOJIB3YIOT T,S -IuarpaMmy, Ha KOTOpPOM (Kak u
Ha p, V- JUarpamMMe) COCTOSIHME TE€PMOJIMHAMUYECKOM CUCTEMBbI M300pa)kaeTcsi TOU-
KOM, a pAaBHOBECHBIN TEPMOJIMHAMUYECKHUI TIpoIiece - JIMHUEH (pucyHokK 3.1)

J"'l 5

L4

Pucynok 3.1. I'padmueckoe nzodpaxkenue terminotsl B T, S — KoopauHaTax

N3 ypaBHenus (3.3) cneayeT, 4To B PABHOBECHOM IMTPOLIECCE

dg = Tds, (3.3)
q = [rds. (3.4)

dopmyna (3.4) mokaspiBaet, yTo 0Q 1 dS UMEIOT OJMHAKOBbIC 3HAKH, CJICA0BA-
TEJIBHO, TI0 XapaKTepy U3MEHEHMs SHTPOIHH B PAaBHOBECHOM IIPOILIECCE MOXKHO CY-
IWTH O TOM, B KAKOM HaIlpaBJIeHUHU IPOMCXOIUT TeItoo0MeH. [Ipy moaBoie TEMIOThI
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k teay (dq > 0) ero saTponus Bo3pacraet (ds > 0), a mpu otBoae TerioTsl (dq < 0) -
yobiBaeT (ds < 0).

KoadduumeHT moae3H0ro AeHCTBHS OLEHUBAET CTENEHb COBEPIIEHCTBA KA
TEIUIOBOro aBurareis: yem Oonbmie KII/I, Tem Oonbpiias 4acTh MOABEICHHON TEILIO-
TBI IIPEBpAIAETCs B paboTy.

Ipsamoii uuka Kapuo

[ukn, cocTosuid U3 ABYX M30TEPM U JABYX aanadaT, HOCUT Ha3BaHUE ITUKJIA
Kapno. C ero nomompto C. KapHO ycTaHOBUIT OCHOBHBIEC 3aKOHBI ITPEBPAIICHUS TETI-
JIOBOM »sHepruu B MexaHumdeckyro. OcyiiecTBiaeHue nukia KapHo B TerioBoit ma-
IIMHE MOKHO NPEJICTABUTh CIAEAYIOIIMM 00pa3oMm.

["a3 (pabouee Teno) ¢ HaUAIBHBIMU MTAPAMETPAMH, XaPAKTEPU3YIOITUMUCS TOU-
KOW @, MOMEUIEH B UWIMHAP NOJ MOpIIeHb (PUCYHOK 3.2). BOKOBbIE CTEHKU LUJIMH-
Jpa U NMOpIIEHb a0CONMIOTHO HETEIUIONPOBOAHBI. TemnoTa MOXKeT nepeaaBaTbesl TOIb-
KO 4epe3 OCHOBAaHME LUJIUHAPA.

[ 848807 '._'.'. | 408 08

Pucynoxk 3.2. IIpsmoi uukn Kapuo

BBoauM IWIUMHAP B COMPHKOCHOBEHHE C TOPSAYMM HCTOYHHKOM TEIUIOTHI.
Pacmmmpsisice nuzorepmuuecku (ag) mpu temmneparype 7; OoT oObeMa v, 10 00beMa V,,
ra3 3a0upaer OT ropsYero MCTOYHUKA TemaoTy (; = T ( S, - S1). B Touke ¢ moaBox
TEIUIOTHI MPEKpallaeM W CTaBUM IMIMHAP Ha Termtousonsarop (ec). JampHeiimee
pacIIipeHre Teaa MPOMCXOAUT anuadatHo. PaboTa pacmmMpeHust COBEPIIAETCS MPH
3TOM TOJIBKO 3a CUET BHYTPEHHEH SHEPIuH, B Pe3y/IbTaTe Yero TeMiepaTypa rasa ma-
naer 10 T,. Temepb BO3BpAaTUM TEIO B HadalbHOE COCTOSIHHE. J[JIsT 5TOr0 MOMECTHM
WIMHAP Ha XOJOIHBINA MCTOUYHHUK b M OyIeM CXKHMATh pabodee Teao M0 H30TEPME
(cd), coBepmast paboTy |, 1 0TBOAS IIPH STOM K HIKHEMY UCTOYHHKY TEILIOTY (p = T,
(S - S1). 3aTeM CHOBa MMOCTABUM IWIMHIP HA M30JATOP U JajbHEWIIEe CKaThE MPo-
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BeneM anuabatHo (da). Pabora, 3aTpaueHHas Ha ckatue, 1Mo JUHUM 0a uaeT Ha yBe-
JMYEeHHUE BHYTPEHHEH SHEPIUH, B Pe3yJbTaTe Yero TeMIepaTypa ra3a yBeInIHBacTCs
1o T;. B pe3yabTare 1uKkia KHIOIpaMM rasa mojydaeT OT ropsA4ero NCTOYHHKA TeIl-
JOTY (1, OT/IAET XOJOHOMY TEIUIOTY (p ¥ COBepIIaeT padboTy ;.

[ToxcraBuB B popmyiy (3.1) BeipaxkeHus Ui (y U (p, TOJYyYUM, YTO TePMHUUE-

ckuit KIIJI mukna Kapao onpenensiercss popmMynoit
n=1- & .
Tl

N3 nee BugHo, yto Tepmudeckuit KI1JI rukia KapHo 3aBUCHT TOJIBKO OT abCo-
JIIOTHBIX TEMIIEPATYp TOPAYETO M XOJOJAHOTO MCTOYHMKOB. ¥YBenuuuTh KIIJ[ mukna
MOXHO JIUOO 3a CUET YBEIMYCHUS TeMIIEpaTyphbl rOpsSYEro UCTOYHKKA, TUOO 3a cUeT
YMEHBIIIEHHUS TEMIIEPATYPbl XOJOAHOrO. [I[puyeM yBeanueHrue TeMreparypbl ropsiye-
ro UCTOYHHKA B MeHbIel crerneHu nopeimaer KII/ mukna Kaprao, yem Takoe xe (B

KenbBrUHAX) yMEHbIIIEHUE TEMIIEPATYPHI XOJIOTHOTO.

IIpouecc mapoodpasoBanusi. OCHOBHBIEC OHSITHS U OIIPee/ICHUS.

J{uarpaMmma BOJASIHOI'O mapa

PaccmoTpum nponece nomydenus napa. s aToro 1 kr Boasl pu temnepary-
pe 0 ° C moMecTuM B IWIMHAP C TOABKMKHBIM TOPITHEM. [IPHIOKHAM K IMOPIITHIO
M3BHE HEKOTOPYIO MOCTOsiHHYIO0 cuiy P. Torga mpu miomaau nopiHs F gaBnenue
Oynet nocrossHHBIM p= P/ F. N300pa3um nporecc mapooOpa3zoBaHus, T. €. IPeBpa-
IICHUS BEIIECTBA U3 KUJIKOTO COCTOSIHUS B Ta3000pa3Hoe, B p, V — nuarpamme (pucy-
HOK 3.3).

HauvansHoe cocTosiHMe BOABI, HaXOIAILUEWCS NOJ IaBJICHUEM p U UMEIOLIEH
temmeparypy 0 ° C, n300pa3uTcs Ha AuarpaMme TOUKOU a, IIpH 1MOaBOJE TEIIIOTHI K
BOJIE €€ TeMIlepaTypa MOBBIIIAECTCS, [I0KAa HE JTOCTUTHET TEMIEPATypPhbl KUIEHUS, CO-
OTBETCTBYIONIEH JaHHOMY JAaBieHHI0. COCTOSHUE )KUAKOCTH, JOBEICHHOM JI0 TEMIIE-
paTypbl KUTIEHUs, ©300pakaeTcsi Ha AUarpaMme TOUKou a .

[Ipu nanpHeleM NOABOMAE TEIUIOTHl HAYMHAETCS KHUIIEHUE BOJbI C CHUIIbHBIM
yBeJIMYCHHEM o0beMa. B nunuuape Teneps HaxoauTcs AByX(QasHas cpefa — CMECh
BOJIBI U TIapa, HA3bIBAEMASI B1ANCHLIM HAcblujeHHbIM napom. 110 Mepe nmoaBoaa ten-
JOTHl KOJIMYECTBO >KUJKOW (hpa3bl yMEHBIAeTCs, a mapoBoi pacrer. Hakoner, mo-
CIEeAHSS KaIljisd BOJBI MPEBPAIACTCS B Map, U UWIMHJP OKA3bIBACTCS 3alOJHEHHBIM
TOJIBKO MapoM, KOTOPBIA HA3bIBACTCS cyxum HacviujenHvim. COCTOSHUE ero u3oopa-
XKaeTcs TOUKou a”.

Hacvluyennviv Ha3bpIBaeTCS map, HAXOASIIUMNCS B TEPMUUYECKOM U JUHAMUYE-
CKOM PaBHOBECHU C JKHJIKOCTHIO, M3 KOTOPOI OH 00pa3yerc.

Haceimennslii map, B KOTOPOM OTCYTCTBYKOT B3BEUICHHBIE YaCTHUIIbI
KUIKOU (ha3bl, HA3BIBACTCS CYXUM HACLIUEHHBIM NAPOM.
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L]
Al A"y
Pucynok 3.3. P, V - quarpamma BogsiHOrO napa: | — JKuakocTs;
Il — Bnaxxnsiii nap; |11 —neperpersiii nap

O61mas popmyIMpoBKa BTOPOro 3aKOHA TEPMOAUHAMUKU

HecMoTpst Ha SKBUBAJIEHTHOCTh TEIUIOTHI M PA0OTHI, TIPOIECCHI UX B3aUMHOTO
MpeBpanieHus] HepaBHO3HAYHBI. OTBIT MOKA3bIBACT, YTO MEXaHWYECKAs SHEPTHSI MO-
KET OBITh MOJIHOCTBHIO TMpEBpalieHa B TEIUIOTY, HApUMEpP, MyTeM TPEHUs, OIHAKO
TEIJIOTY TOJIHOCTHIO MPEBPATUTh B MEXAHUUYECKYIO DHEPTHIO0 B MEPUOIUYECKHU TO-
BTOPSIFOIIIEMCSI TTPOIIECCE HEIIb3sl. DTO CBA3AHO C CYIIECTBOBaHWEM (PYHIaMEHTAILHO-
ro 3aKOHa MPHUPObI, HA3BIBAEMOTO 8MOPbLIM 3AKOHOM mepmoourHamuku. O6paTumcs
K MPUHITUIIHAIBHON CXEeM€ TEIIOBOTO JABUTAaTENs (PUCYHOK 3.4).

[opavad
Uemayrsunx 1mensons/
7
r
DMGADTORAY J
’i‘_’ﬁﬂ.'(“' '——1—-“-

AN L

%

Tonodnid
OIMOYHUN MIENAOMS

%

Pucynok 3.4. TepMoarHamMuueckasi CXeMa TEeIJIOBOTO JIBUTATENs

Kak moxa3biBaeT ombIT, Bce 0€3 MCKIIOYEHUS! TEIUIOBBIE JABUTATENIN JOJIKHBI
MMETh TOPSYUNA UCTOYHUK TEIJIOTHI, pabouee Teslo, COBEPIIAIOIIee 3aMKHYTHIN Mpo-
1IeCC - UK, U XOJIOHbIA UCTOYHUK TETIOTHI.
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Ecnu uCKII0YMTh XOMOIHBIN UCTOYHUK, TO TAKOW JBUTATENh paboTaTh HE OY-
JIET, XOTS MEePBbIM 3aKOH TEPMOJAMHAMUKU HE OyJeT HapylieH. BTopoit 3akoH TepMmo-
JTMHAMHKU 3BYYHT CJICAYIOIIMM 00pa30M: HEBO3MONCHA NePUOOUUECKU OeliCMBYIouds
menyo8as MauuHa, eOUHCMEEHHbIM Pe3yIbMamoM 0elcmeus Komopou ovlio Ovl no-
JIyuenue pabomol 3a cuem OMHAMUsL Meniomsl OM HeKOMopo20 UCMOUYHUKA.

OtHotieHre paboThl, TPOU3BOJIUMOM JIBUTATENEM 32 LUK, K KOJIHUYECTBY Tell-
JIOTBI, TTOABEICHHON 3a 3TOT LUKJ OT TOPSYEro MCTOYHUKA, HA3bIBAECTCS mepmuue-
cKUM K03 puyuenmom nonesnoeo oevicmsaus (K1) yuxna:

nzﬁqu_%_ (3.5)
q 4

JIByx(a3zHasi cMeCh, IPECTaBISIONIasi COOO0M map O B3BEIICHHBIMU B HEM Ka-
IIEJIbKaMU KUJKOCTH, Ha3bIBACTCS G1ANHCHLIM HACLIUWEHHBIM NAPOM.

MaccoBast 10751 CyXOTrO HacChIIIEHHOTO Mapa BO BJIAXKHOM HA3bIBAETCs CTEIle-
HBIO CYXOCTH Mapa 1 o003Hauaercs OykBoi x. J[ns kunsmen sxkuakocty x = 0, a 1
CyXOr'o HaChIIIEHHOTo napa x = 1.

[Ipu cooOmieHny cyxomy napy TEIJIOTHI IPU TOM K€ JaBJICHUU €ro TeMIepa-
Typa OyJeT yBeIuuuBaThCs, nap OyaeT neperpeBarbes. Touka a n300paxkaer cocTosi-
HUE nepezpemo20 napa U B 3aBUCHUMOCTH OT TEMIIEpaTyphl Mapa MOXKET JIekKaTh Ha
Pa3HBIX PACCTOSHUSIX OT TOYKH a''.

Takum 00pa3om, meperpeTbiM Ha3bIBAa€TCs Hap, TEMIlepaTypa KOTOPOro mpe-
BBIIIAET TEMIIEPATYPY HACBIIIEHHOIO [1apa TOro K€ JaBJICHUS.

Ecnu pacecmotpeTs npoiiecc napooOpazoBaHus IpU 00Jee BHICOKOM JaBICHUH,
TO MOKHO 3aMETHUTh CIIEAYIOIINE W3MEHEHUS. TOoYyka a, COOTBETCTBYIOIIAS COCTOS-
auro 1 kr Boasl ipu 0 © C 1 HOBOM JIaBIICHHUH, OCTAETCS [TOYTH Ha TOM JKe BEPTHKAIM,
TaK Kak BOJa MMPaKTUYECKH Hec:kuMaema. Touka a’ cMeniaercs BpaBo, 0O ¢ pocToM
JABJICHUSI YBEITUYUBAETCS TEMIIEPATypa KUMICHHUS], & KUAKOCTh MPHU MOBBIIICHUH TEM-
nepaTtypsl pacumpsiercs. Uto ke kacaeTcs napa (Touka a ), To, HeCMOTpSI Ha yBEIH-
YeHHE TEeMIepaTypbl KUNICHUs, YAEIbHbBIH 00beM Mapa Bce-Taku MajaeT u3-3a Oosee
CUJIBHOTO BJIMSIHUS PACTYIIETO JABIICHHUS.

Ecnu Teneph coemMHUTH OTHOMMEHHBIE TOUKH (TIPY PA3HBIX JaBICHUSIX ) MJIaB-
HBIMHU KPUBBIMH, TO MOJXY4YUM TpH KpuBbIX. [loa 3HakoMm I nzobpaxena uynesas uzo-
mepma, BCe TOYKH KOTOPOM COOTBETCTBYIOT cocTostHuIO 1 kr Boas! pu 0 ° C u nas-
neHuu p. Huowcnsas noepanuunas kpusas Il mpencTraBisieT 3aBUCUMOCTD OT JTABJIECHUS
yAETbHOTO 00BbeMa XKUAKOCTU NPU TeMIepaType KHUIECHUS. Bepxusas nocpanudHasi
kpusas I11 naeT 3aBUCUMOCTH YJEIHHOTO 00beMa CyXOro HACBIIEHHOTO Mapa OT J1aB-
JICHUS.

Bce Toukn ropusoHTanen mexay KpuBbiMU [/ u /// COOTBETCTBYIOT COCTOSIHU-
SIM BJIAJKHOTO HACBIIIEHHOIO Napa, TOYKU KpUBOU // OmpeAensitoT COCTOSIHUE KUIIs-
el BOAbI, TOUKA KPUBOM /I] - COCTOSHME CyXOTO HACBHIIIEHHOrO Mapa. BieBo ot
KpuBOW /I 110 HYJNEBOW M30TEPMBI JICKUT 007IACTh HEKUTISAIIEH 0THO(MA3HON KHUIKO-
CTH, BIIpaBO OT KpuBo# /// - obnacTh neperperoro napa. Takum oOpa3om, kpuBsie /7
u [/l onpenenstoT 006JaCTh HACHIIIEHHOTO Mapa, OTAEISAS €€ OT 00JIaCTH BOJIbI U Iepe-
IPETOrO mapa, ¥ NO3TOMY HA3bIBAKOTCA nocpanuynsvivu. Beime Touku K, roe morpa-
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HUYHBIX KPUBBIX HET, HAXOAUTCS 00J1aCTh 0OAHO(A3HBIX COCTOSIHUN, B KOTOPOU HEIb-
35 IPOBECTH YETKON IPAHUIIBI MEXY KHUJIKOCTHIO U TAPOM.

TepmoauHaMuyeckre mapamMeTpbl KUIAIIEH BOJBI K CyXOTro HACBIIIEHHOTO Ta-
pa OepyTcs u3 TabIUI] TEIO(PU3NUECKUX CBOMCTB BOJBI M BOJASHOTO mapa. B atux
TabIUIaX TePMOJIUHAMUYECKUE BEIMUUHBI CO IITPHUXOM OTHOCSTCS K BOJE, HArPeToil
70 TEMIIepaTypbl KUICHUSA, @ BEJIWYUHBI C IByMsI IITPUXAMU - K CyXOMY HaCBIIICH-
HOMY Tapy.

Jlnia vccneaoBaHus pa3NUYHBIX MPOIECCOB C BOASHBIM MapoM KpoMme TaOJuIl
ucnonb3yercs 7, S-nuarpamma (pucyHok 3.5). OHa CTpOUTCS IyTEM IepeHoca Yuc-
JIOBBIX TaOJUIl BOASHOTO Napa B 7, S — KOOPAUHATHI.

7-+ P= const

aOsA ,‘L A !
—
S

Pucynok 3.5. T, S - nuarpamma BOJASTHOTO mapa

CocrosiHre BOAbl B TPOWHOM TOUYKe (COCTOSIHUE, B KOTOPOM MOTYT OJIHOBpE-
MEHHO HaXOJIUThCSl B PABHOBECHUU Map, Boja U Jex). Touka A’ Ha pucyHke 3.5 umeer
napameTpsl 5,=0; T,=273,13 K. OtknagsiBast Ha quarpamme Ijsl pa3HbIX TeMIIepaTyp
3HaueHus S’ U S”, MOly9nM KPHUBYIO HACHIIIEHNUS. BIipaBo 1 BBEpX OT KPUBOW HACHI-
HIEHUSI HAXOAUTCA 00JacTh MEPErPETOro napa, HUKe KPUBOM HACBIIIEHUS - HAXOJIUT-
cst AByX(a3Has 00J1acTh BIAKHOTO HACBIIIEHHOTO Mapa, BJIEBO - 001aCTh KUJIKOCTH.

Ha nuarpammy HaHoCAT 1300apbl, K30XOPbI U JIMHUU MOCTOSTHHOM CTENEHU CY-
XOCTH (x = const). O6macTh AMarpaMmel, Jexalias HIKe HYJIE€BOW W30TEPMbI, OTBE-
YaeT pa3InYHbIM COCTOSTHUSIM CMECH Map + JIe..

Bomnpocs! 111 caMorpoBepku
1. Yro Takoe suTponua? Kak oHa onpenensiercs, B 4eM u3MepsieTcs?
2. ChopmynupyiTe BTOPO 3aKOH TEPMOAMHAMHUKUA. UTO HA3BIBACTCS TEPMUUYECKUM
KITA?
3. U3o06pazute nmukn Kapuo B P, V u 7, S-nuarpammax. M3 kakux mpoiieccoB oH CO-
CTOUT?
4. Ot uero 3aBucut tepmuueckuid KI1/ nukna Kapuo?
5. M3oOpazurte quarpamMmmy BozasiHOro napa. Kakue obnactu ona pasnensier?
6. Kak Ha nuarpamme BOASHOTO mapa IpoxoJaT u300apbl, U30XOPbl, TUHUHU OCTOSH-
HOM CTENEHU CYXOCTH?

35



Jlexnus 4
INMUKJIBI IIAPOTYPBUHHBIX YCTAHOBOK. IUKJI PEHKHNHA

[Mukn KapHo HachllieHHOro napa MOKHO ObLJIO OBl OCYIIECTBUTH CIEAYIOLUIUM
oOpa3oMm (pucyHok 4.1). Ternnora oT ropsiuero NCTOUHUKA MOABOJUTCS IIPU MOCTOSH-
HOU Temneparype 77 1o TMHUM S-1, B pe3yibTaTe 4ero Boja ¢ mapaMeTpaMmu TOYKH 5
IpeBpalaeTcst B CyXOil HaChIIEHHBINH nap ¢ mapamerpamu Touku 1. [lap agmabatHO
pacmMpsercss B TypOuMHE 0 TeMIieparypbl 1,, cOBepllas TEXHUYECKYIO padoTy u
IIPEBPAILAsACh BO BIAXHBIM Iap C mapameTpaMu TOUKH 2.

I

Pucynok 4.1. Huxnsl KapHo n PeHKMHA HACBIIIEHHOTO BOASHOIO Mapa
B 7, S-nuarpamme

BnaxHblil map 1ocTynaeTr B KOHACHCATOP, IAe OTAAET TEIUIOTY XOJI0JHOMY HUC-

TOYHUKY (XOJIOJHOM BOJIE), B PE3YJbTATE UETO €ro CTENEHb CYXOCTH YMEHBIIIAETCS OT
. 1

X, mo  X,. BnaxkHbpldl map ¢ mapameTrpamMHu TOYKH 2~ CKUMACTCS B KOMITIPECCOpe 10

munmn 2° -5, [IPEBPAIIAsACh B BOAY C TEMIIEPATYPOU KUIICHUS.

Ha npakTuke 3TOT UK HE OCYIIECTBISIETCSA, MOTOMY YTO Ha MPHUBOJ KOM-
mpeccopa 3arpavyrBayiach Obl OOJIbINIAs YacTh MOITHOCTH, BbIpaOaThIBaeMOU TypOu-
HOU. 3HaYNTEIHHO Y00HEE U SKOHOMUYHEE B peaIbHOM ITUKJIE KOHJEHCUPOBATh Map
10 KOHIIA TI0 JIMHUU 2-3, a 3aTe€M HACOCOM yBEJIMUYMBATH JIABJIECHUE BOIBI OT P, 10 P;
no nuanu 3-4. IlockonbKy BOJa HEC)KMMaeMa, TOYKU 3 U 4 MOUTH COBMAAAIOT U 3a-
TpauuBaemasi Ha MPUBOJI HACOCa MOITHOCTh OKa3bIBACTCSI HUYTOXKHOM MO CPaBHEHUIO
C MOIITHOCTBIO TYPOUHBI (HECKOIBKO MPOIICHTOB).

Takoi HUKJ OBUT MPE/JI0KEH MIOTIAHICKUM HHXKEHEpOoM Y. PeHkuHBIM B 50-X
rogax XIX Beka.

Cxema TeIJIOCUJIIOBOM YCTAaHOBKH, B KOTOPOM OCYILIECTBIISIETCS ITOT ITUKII,
MpEeJCTaBlIeHa Ha pUCyHKe 4.2 (Ha 3TOW cxeMe IMOKa3aHa TaKXKe BO3MOXKHOCThH Iepe-
rpeBa mapa B maporeperpenaresnie 6-1, koTopas B IIUKJIE HACHIIIIEHHOTO Napa He pea-
JU3YETCH).
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Pucynok 4.2. Cxema napocunoBor ycranoBku: I1IK - mapoBoit koreun;
T-napoBas Typbuna; OI'- anektporeneparop; K- konaencarop; H - Hacoc

OTtpaboTaBiuii B TypOHMHE Map MocTynaeT B KOHJeHcaTop K, r/ie KOHACHCUPY-
€TCsl MO JIMHUU 2-3, OT/AaBasi TEIUIOTY KOHJCHCAIIMHM XOJOJHOMY MCTOYHHUKY (OXJia-
xpaaromeit Boje). Konaencar 3abupaercss HacocoM H U ojaeTcsi CHOBa B KOTeN (JIu-
Hus 3,4 Ha pucyHke 4.1).

K coxanenuro, UK HACBIIIIEHHOTO BOJSHOIO Tapa 00JiajlaeT BeCbMa HU3KUM
KIIJI u3-3a HeBBICOKOM TemriiepaTyphl HachieHus (77). Ha mpakTtuke mupoko mpu-
MEHSETCS PEreHEPATUBHBIN MTOAOTPEB BOJIbI, KOTOPBIN MO3BOJISET CYIIECTBEHHO yBE-
mnunth KIIJ[ peanbHoro nmkna. [{ukn PenkuHa HacellieHHOro napa (pereHepaTHhB-
HBII) TPUMEHSETCS B OCHOBHOM B aTOMHOW SHEPreTHKe, IZI€ MEPErpeB mapa BhIIIE
TEMIIepaTypbl HACBIILEHUS CBSI3aH C ONPECICHHBIMUA TPYIHOCTSIMHU.

B mapocuiioBoii yctaHOBKe, paboTarouiei mo pereHepaTuBHOMY IIUKITY, 4acTh
napa oToupaeTcsi B cepeiHe paboyero npoiiecca TYpOUHBI U HAMPABIISICTCS B CHEIU-
aNbHBIA TEIJIOOOMEHHUK, TJI€ CMENIMBAETCS C KOHAEHCATOM M TaKUM oOpa3oM Io-
BBIIIAET TEMIIEPATYPY CMECH, ITOAABAEMOU B KOTET.

Hamenenue
Macuwmaba

(NS

flepeepet
/

Uxp 4} /8

Pucynok 4.3. [lukn PenkuHa Ha neperpeTom mnape:
a—B P, v - nuarpamme; 6 — B T, S — quarpamme
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Tepmuueckunt KIIJ[ mapocunoBoM yCTaHOBKM BO3PAacTacT C YBEIMYECHUEM
TeMIlepaTyphl napa nepen TypouHoii. [loBbllieHre mapamMeTpoB mapa OnpeaAeiseTcs
YPOBHEM Pa3BUTHUS METAJLTYPrUH, MOCTABISIONICH METaUIbl Il KOTJIOB U TYpOUH.
Mexly TeM METauIbl, KOTOPBIMHU PACIIOIaracT COBPEMEHHOE MAIlIMHOCTPOECHUE, TI03-
BOJISIIOT reperpeBaTh map 10 550 — 600 °C. DT1o 1mo3BoJIsIeT MOBBICUTH TEPMUYECKHI
KII/I mporuecca.

Ecnu touka 1 OyneT HaXoauThCs 3HAUUTENILHO TIpaBee, B 00J1aCTH MEPErpeToro
napa, To nukia npuodperer Bua B P, v u T, S- nuarpamme (pucyHok 4.3), oH Ha3bIBa-
ercsd UMKIOM PeHkrMHa Ha meperperoM mape. MakcuMallbHas TemIepaTypa LUK
orpaHu4eHa. ITOT LMK OTIMYAETCs OT LUKJIa PeHKMHA HACBIIIIEHHOTO Tapa (pucy-
HOK 4.1) TOJIBKO HaTMYUEM JOMOJHUTENBHOrO TneperpeBa no guHuu 6-1. OH ocy-
LIECTBJISETCS B IApOIleperpeBarelie, ABISIOMEMCS 3JIEMEHTOM IapOBOIo KOTJIA.

MakcuMainbHasi TemnepaTypa LUUKJIa OrPaHUYEHA CTOMKOCTBIO MapoOIpoBOAA,
0 KOTOPOMY Tap MOCTYIMAaeT OT MapoBOro KOoTia B TypOuHy. brarogaps mpumene-
HUIO HU3KOJIETUPOBAHHBIX CTAJE€ CTAJI0 BO3MOYKHO MOJIyYEHUE Mapa C TEMIEpary-
poii 535-565 °C, a mpuMeHeHHe cTajell BHICOKO-JIErMPOBAaHHBIX JA€T BO3MOXKHOCTH
HOJIY4UTh map ¢ Temmeparypoir 600-650 °C.

[Teperpes mapa yBenuuuBaet KIIJI nukna. Cymmapnsiii KII/ nukia cocrapis-
et 40%, 6e3 neperpesa napa — 38%. [leperpeB mapa He TOJBKO YBEIUYUBACT TEPMHU-
yeckuit KIIJ[, HO Takke momoraer OOpOThCS ¢ MAapOBOM 3pO3HEl - OCHOBHOW MpO-
0JIeMOH AKCILTyaTallK MapOBbIX TYpOUH.

[TapoBojsiHast cMeCh B XBOCTOBOM 4acTH TYpOMHBI 00J1a/1a€T CUIIBHBIM 3PO3UK-
HBIM CBOMCTBOM, YTO BBI3bIBACT pa3pylICHHUE JIOMATOK U TpyObonpoBoaoB. OaHOBpe-
MEHHO C TOBBIIICHHEM TEMIIEpaTyphl Teperpena rnapa HeoOX0AUMO MOBBIIIATH U €ro
JaBJICHUE Tepesl TypOHUHOM, 4TOOBI TOIIEPKUBATh BIAKHOCTh BBIXOJISIIETO U3 TYp-
OWHBI TIapa B 3aJJaHHBIX MIpeIeIiax.

[Tap, yacTUYHO pacHIMPHUBIINICS B TypOWHE, BO3BPAIIAIOT B KOTEI M CHOBA
neperpeBaroT (y>Xe MPU MEHBIIEM JaBJICHUH), OCYIIECTBIISAS TaK Ha3bIBAEMbI BTO-
pUYHBINA (a MHOTZIA U TPETUUHBIN) pereHepaTUBHBIN moaorpeB. OJHOBPEMEHHO 3TO
noBbimiaeT tepmuyeckuit KIT/1.

Tepmuueckuit KIIJ] nukna PenknHa, eCTECTBEHHO, MEHbIIE T); HHUKIa KapHo
IpU TeX ke Temneparypax 11 u T,, TOCKOJIbKY CpeIHAsl TEMIepaTypa MOJBOJIa TEIl-
JIOThl YMEHBIIAETCS TPU HEU3MEHHOW TEIUIOTE OTBOAA.

[TeperpeB mapa gaet BO3MOXHOCTh YMEHBIIUTh MOTEPU MPHU MEepeaye Tero-
ThI OT MPOAYKTOB CropaHus K pabodyemy Telly U TeM CaMbIM YBEIUYUTH (D (PEeKTHB-
HOCTb 1IuKJa. Kpome Toro, neperpes napa yMeHbIIaeT OTEPU HA TPEHUE MPHU €ro Te-
YEeHUU B IPOTOYHOM YacTH TypOuHbI. Bece 6€3 UCKITI0UeHHs TEIUIOBbBIE JIEKTPUUECKHE
CTaHI[MU Ha OPraHMYECKOM TOILUTMBE pabOTalOT ceiuac Ha MeperperoM nape, a UHo-
I/1a ap Ha CTaHIMK MEePEerpeBaroT ABAXKAbI U JaKe TPUKJIbI.

Wtak, nis npoxoxaeHusl NUKIIA MapoCHUIOBOM YCTAaHOBKA HEOOXOIUMO CO00-
IIUTh BOJI€ TEIUIO, MOJYYUTh U3 HEe MEeperpeThiid map (3TOT MPOLiecC COBEPIIAETCS B
MapOBOM KOTJIE€ MPU MOCTOSIHHOM JABJIEHUU), 3aT€M, 33 CUET PACIIMPEHUS MOTyUYECH-
HOTO Iapa B MapoOBOM JBHratene (mIapoBoil TypOMHE), MOTYyUYUTh MEXaHUYECKYIO pa-
00Ty ¥ Janee OTBECTH TEIUIO K XOJIOAHOMY UCTOYHHKY — KOHJIEHCATOPY, I/Ie OTpado-
TAaHHBIM Map OXJIAXKAAETCS XOJIOJHOW BOJOM, MpeBpaIlasch B KOHAeHcAT. Kpyrosoii

38



MPOLIECC 3aMBIKAETCS MPHU CKATUM KOHAEHCATa C MOMOIIBIO HACOCA J0 JABJICHUS B
KOTIJIE.

B ornnuune ot nukina KapHo, B ujaeaibHOM 1UKIE€ PeHKMHA MOJBOM TEIja OT
MCTOYHHMKA U OTBOJ TEIUIA MMPOUCXOIUT HE MPU MOCTOSIHHOW TeMIlepaType, a IpH Mmo-
CTOSTHHOM JaBiieHuu (P = const). Bropoit ocobeHHOCThIO ITMKIIa PeHKHHA SBISETCS
TO, YTO B MPOLIECCE OTBOJA TEIUIA OT TEILUIOHOCHUTENSI €r0 COCTOSIHUE HOBOIUTCS 0
IIOJTHOM KOHJACHCAIIMU B JKUJIKOCTb.

Tepmuueckuit KIIJI nukia PeHkruHaA MOBBIIAETCS ¢ YBEIUYCHUEM JABIICHUS U
Temmeparypsl napa (piu T;) nepea TypOUHOM U C yMEHBIIICHHEM JIaBIICHUS 3a TypOu-
HOH (pg)

Yem BhIIIE TemIeparypa mapa, MOCTYHAIOMEro M3 KOTia B TypOWHY, TeM
MEHBIIIE BJIAXXHOCTh OTpaboTaHHOTO Mapa. OIHAKO MOBHIIIEHNE HAYAJIbHOU TeMIlepa-
TYphl Tapa JUMUTUPYETCS KaueCTBOM COBPEMEHHBIX CTalled M JPYTMMHU KOHCTPYK-
TUBHBIMHU (pakTOpaMu. B cBSI3M ¢ 3THM B MapOCUIIOBBIX YCTAHOBKAX BBICOKOTO JIaBJIC-
HUS TIPUMEHACTCS TaK Ha3blBa€MbId MPOMEKYTOUHBIA MEpErpeB Mmapa, MPOUCXO/Is-
UK 0OBIYHO B TOM K€ KOTEIbHOM arperare. [I[poMeXyTOUHBIM MeperpeB 1aeT BO3-
MOKHOCTh 3aMETHO yJydimiuTh Tepmuueckuid KIIJ[ mapoBoro mukia M TMOBBICHUTH
CPOK CITY>KOBI TTOCJICTHUX CTYIICEHEH MapoBBIX TypOUH.

DKOHOMUYHOCTh COBPEMEHHBIX MApPOCUJIOBBIX YCTAHOBOK MOYKHO IOBBICHUTH
IyTEM TMOJIOTpeBa MUTATEIBLHON BOJIBI 3a CUET YaCTUYHO OTpabOTaBIIEro Iapa, OTOU-
paeMoro u3 TypOMHBI. DTOT MPOIECC, HA3BIBAEMbIA pEreHEpPaTUBHBIM, MO3BOJISET
CHU3UTH MOTEPH TeIjIa C OTPaOOTABIIUM MapOM.

DHTAJIBIINS
B tepMmoanHaMuike BaXXHYIO pPOJIb UTPAET DHTAJBINS - BEIMYMHA, KOTOpAs SB-
nsiercs GyHKIMEH cocTosiHus 1 o0o3Havaercs H.
H=U+pV. (4.1)
DHTAJBIUA — 3TO CyMMa eHympeHHeu sHepauu cucmemsvt U u npouzsedenus
oasnenus cucmemuvl p Ha ee oovem V. Taxke Kak BHYTPEHHsS dHEprusi, padora u
TEIJI0Ta, OHA U3MepseTcs B JUKOYISIX (k).
h= IR (4.2)
rae h — ynenpHast sHTaNbNMs, KOTOpas MPEACTABIACT COOOW DHTAIBIIUIO CHCTEMBI,
cojepykaie 1 kxr BemecTBa, U usmepsiercs B JK/Kr.
M3MeHeHne SHTATBINKA B JTIOOOM MPOIECCE ONMPEALISICTCS TOIBKO HaYaIbHBIM
¥ KOHEYHBIM COCTOSTHUEM TeJla M HE 3aBUCHUT OT XapaKTepa Mporiecca.
[Tpu uzobapuom mpouecce (dp=0), ecau maBICHME CUCTEMBI COXPAHSIETCS
HEHU3MEHHBIM,
dgp,=dh (4.3)
uQg,=hy,—hy, (4.4)
T.€. TEIUIOTa, MOJABEJACHHAS K CUCTEME MPHU MOCTOSHHOM JIaBJICHUH, UJIET TOJIBKO Ha
W3MEHEHUE DHTAJBIUU JAHHON CHUCTEMBI. DTO BBIPAKEHUE YACTO HCIOJIB3YETCS B
pacdeTax, Tak Kak OTpOMHOE KOJIMYECTBO MPOIIECCOB MOABO/Ia TEIJIOTHI B TEILJIOIHEP-
reTuke (B MapoBBIX KOTJAX, KAMEpPax CrOpaHUs Ta30BbIX TYPOUH U PEaKTHUBHBIX JIBU-
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raTelieii), a TAaKkKe LENbIM Psiji MPOLIECCOB XUMHUYECKOW TEXHOJIOTUHA U MHOTHX JPYTHX
OCYLIECTBJISIETCS IIPU MIOCTOSTHHOM JIABJICHHH.

IIpu pacyeTax NpakTUYECKUN UHTEPEC NPEACTABIIIET U3MEHEHUE YHTAJBIINU B
KOHEYHOM IIpOIIeCCE:

t;
Ah=h, —h, = [C,dT,
b
rac Cp— TCINIOCMKOCTD IIPHU IMMOCTOSSHHOM JAaBJICHHUH.

OcHoBBI TeII0NEpeaAYn

[Tporecchl nepenayun Temia OT OJHOTO Tejla K APYroMy MIHUPOKO MPUMEHSIOTCS
B TexHuKke. [Iporecc Temonepenayu, Uil TEIIOOOMEH, - 3TO IMEPEexXo] TEeIIOBOM
SHEPIruH OT OJIHOTO TeJla K APYromMy, 0OyCIIOBICHHBIM Pa3HOCTBIO TEMIIEPATyp MEXKITY
ATUMU TeNaMu. Termmoo0MeH MOKET MMPOUCXOAUTH PA3IMIYHBIMH CTIOCOOaMMU:

- MenionposoOHOCMbI0, KOTJA TEIIO PaCIpOCTPAHIETCS BHYTPh Tella. B aToM
Cllydae MOJICKYJIbI, oOJiafarontue OOJBITAM 3allacoM KHHETHYECKOW DHEPThH, Tepe-
HOCSIT YacTh CBOCH SHEPTHHM HEMOCPEACTBEHHO COCEIHHM MOJICKYJIaM, UMEIOIIAM
MEHBIIIUH 3a1ac YHEPTUH;

- KoHgekyueti (COTPUKOCHOBEHUEM), KOTJA TEIUIO TEePEeaaeTCs MPH  MTOMOIIN
IBYDKYIIEHCS cpeapl. KOHBEKTHBHBIN TEIIIOOOMEH CBSI3aH ¢ TEYCHHEM JKUIKOTO WIIH
ra30o00pa3HOro Teja, MpuYeM BO3MOXKHO KakK MPUHYAUTENbHOE (IIPU MOMOIIM HACO-
COB WJIH BEHTHJISATOPOB), TaK U CBOOOJHOE T€YEHUE, OOYCIOBIECHHOE HEOUHAKOBOM
IJIOTHOCTBIO HArpeTON U XOJIOAHOW yacTsMu cpeabl. KoHBeKIus Bcerja ConpoBOK-
JIAETCS ¥ TETIONPOBOHOCTHIO B IBUXKYIIICHUCS CPEJIE;

- paouayueti (Ty4eUCITyCKaHUEM), KOTJ/Ia TEIJIOBas YHEPTHUsS HArpeToro Teja
MPEBpAIIACTCS B TYUYUCTYIO YHEPTHUIO; YACTh 3TOW SHEPTUU, BOCIPUHUMASCH APYTUM
TEJIOM, TIPEBpaIaeTCs BHOBh B TEILIOBYIO. Ilepemada Termia JdydenCITyCKaHUEM HE
HY)XJIaeTCS B KaKOM-JIMOO TEIMJIOHOCUTENE; JTYYHUCTOE TEIIO MOYKET IMepeaaBaThCs B
M000M pa3psKEHHOU cpefie.

Ha mpakTuke TemmooOMeH 4acTo MPOMCXOAUT OJHOBPEMEHHO BCEMH Ha3BaH-
HBIMH CTIIOCO0aMH, T. €. TETUIONPOBOIHOCTHIO, KOHBEKITUEH U JIYYCHUCITYCKAaHUEM.

Bomnpocs! miist caMmornposepku
1. Tlouemy Ha npakTUKE HE OCylIeCTBIIsIETCS MK KapHo HackleHHOTO napa’?
2. N306pa3uTte mukn Penknna Haceimennoro mapa B T, S — auarpamme. Ha kakux Tu-
nax OC 3TOT UKJI HAalEed MIHUPOKOE MPUMEHEHUE?
3. 3aueM NPUMEHSIOT pereHepaTUBHBIN MOJOTPEB U UTO OH MPEACTaBIsET CO00I?
4. Jlns yero nmpuMeHsieTcst neperpes mnapa? Ilepeuncnure nojioKUTeIbHBIE MOMEHTBI
€ro MPUMEHEHUSI.
5. Kakas Hanbomblas TemMiepaTypa neperpena napa Moxer gocturatbes? C uem 3To
CBsI3aHO?
6. Nzo6pasure mukin Penkuna neperperoro mapa B T, S — muarpamme. [lokaxure
criocoOsI moBbITIIeHUsT TepMudeckoro KITJI.
/. HazoBuTE OCHOBHBIE CTIOCOOBI TEMIIO0OMEHA.
8. JlaiiTe moHATHE SHTAJIBINH.
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Jleknuga 5
ITAPOBBIE KOTJIbI U UX CXEMBbI

YCTPOﬁCTBa, MNPpCAHA3HAYCHHBIC JIA IMOJIYUYCHUSA IIapa WJIN ropﬂqeﬁ BOJBI II0-
BBIIICHHOI'O AaBJICHUA 34 CUCT TCIIIIOTHI, BLIHCHHGMOﬁ IIpu C)KUI'aHUU TOILIMBA HJIHN
HOHBOHHMOﬁ OT IMTOCTOPOHHHUX MCTOYHHUKOB, HA3BIBAIOT KOTJIAMH. Onu ACIATCA COOT-
BCTCTBCHHO Ha KOTJIbI ITAPOBLIC U KOTJIbI BOI[OFp@fIHBIC.

Pa3BuTHE KOHCTPYKUMHA KOTJI0B

HcTopudeckoe pa3BUTHE MAPOBBIX KOTIOB ILIO B HAMPABICHUH IMOBBIIICHUS
MapOMpPOU3BOJUTEILHOCTH, TIOBBIIICHHS MapaMeTpOB MPOU3BOAMMOIO Tapa (iaBiie-
HUS ¥ TEMIIEpaTypbl), HAJC)KHOCTH U OE30MACHOCTH B SKCIUTyaTallu, YBEIHMUCHUS
skoHoMuuyHOCTU (KIIJ]) M cHM)KeHUs Macchl METAIJIOKOHCTPYKLMM, NPUXOsIIencs
Ha 1 TOHHY BhIpabaThIBaEMOT0 Napa (PUCyHOK 5.1).

Pucynok 5.1. Cxema pa3BuTHS IapOBBIX KOTJIOB:

a — MPOCTON UUIMHAPUYECKUN KOTeN; O — BOAOTPYOHBIN KOTEN C HAKIOHHBIM
TpYOHBIM MMYYKOM; B — AByXOapabaHHbI BEPTUKAIbHO-BOAOTPYOHBIN KoTen. Ctpe-
KaMH IMOKa3aHo JIBI)KEHHE MPOAYKTOB B razoxojax: 1- 6apaban; 2- Tonka; 3 — TpyObl

KUMSATWIHHOTO (MCTIAPUTENBHOTO) My4dKa; 4 — OMYCKHBIE TPYOBI; 5 — KOJUIEKTOPBI,
o0BbeIMHAIOIIKE TPYObI MOBEPXHOCTEHN HarpeBa; 6 — BOASHON IKOHOMaM3ep; 7 — 1e-
peropoku B razoxoaax koria, [IB — nurarensHas Boaa; 11 — nap
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HcXOIHBIM THUIIOM COBPEMEHHBIX KOTJIOB OBbUI MPOCTOM LUJIUHAPHYECKHUN KO-
Ten (pUcyHOK 5.1,a), BBIOJIHEHHBIN B BUJE€ FOPU30HTAJIBHOrO OapabaHa C TONKOM
nog HuM. CreHku OapabaHa ObUIM OJHOBPEMEHHO M IOBEPXHOCTbIO HarpeBa. B
JaJIbHENIIIEM YBEJIMUYEHHE MOBEPXHOCTH HarpeBa Lulo cienyromum odpasom. K Ga-
pabaHy NPUCOENVHWINCH JIOIOJHUTEIbHBIE HAapyXKHblE TPYOHBIE IOBEPXHOCTU
HarpeBa — KUISATWIbHBIE IMyYKH, 3all0JIHEHHbIE BOJONH U 000TrpeBaeMble TOIOYHBIMU
razamu (BoAOTpyOHBIE KOTJIBI, PUCYHOK 5.1,0).

YMeHbIIeHHe TuamMeTpa TpyO 3TUX MOBEPXHOCTEH U yBEIMYCHHE MX KOJIHYe-
CTBa BEJIM K POCTY YJIEJIIbHOM MOBEPXHOCTU HArpeBa. J|B:keHrE NapoOBOASHON CMECU
no TpyOaM KHUISATUIBHOTO IMyYKa 00ECIEeYMBAIOCH 32 CUET €CTECTBEHHOM ITMPKYIIs-
uuu (pucysok 5.1,B). [IutaTenpHas Boja U3 KOJUIEKTOpA S5 MOJAETCS B BOJASHOU HKO-
HOMai3ep 6, e OHa NMpeABapUTENIbHO MOJIOIPEBAETCs Mepel nojayeil B Oapadan 1.
N3 6apabana Boja MOCTYMAET BHU3 MO onyckuvim mpyoam 4. YToObl Ipe1OTBPaTUTh
oOpa3oBaHHE MMAPOBOASHONW CMECH B ONMYCKHBIX TpyOax W YMEHBIIUTh UX CONPOTHB-
JIeHUEe, YBEJIIMYMBAIM UX JMaMETp U YMEHbLIaIU 000TpeB, pacnojiaras B 30He Oosee
HU3KHUX TeMmIieparyp. B nanpHeiiieM onmyckHble TpyObl BBIHECIIN 3a M30JIALIMOHHYIO
CTEHKY (0OMYpOBKY) KOTJa (PUCYHOK 5.2).

KoTnbl, B KOTOPBIX BEpTUKAIBHBIE TPYObl MCHOJB3YIOTCS B KAau€CTBE KHUIISA-
TUIBHOTO IMy4yKa, MOJYYMIM Ha3BaHUE GepmMuUKanibHo-6000mpyoHsix. Brocnenctsuu
BEpPTHUKAJIbHbIE (IIOJABEMHBIE) TPYObl HCHIAPUTEIHHOW MOBEPXHOCTH HArpeBa CTaJIU
pacnoJyiaraTh Ha CTEHKax TONKH W HA3bIBaTh IKPAHHLIMU HOBEPXHOCMAMU WU IKPA-
namu (Ha3BaHue CBA3aHO C TE€M, YTO OHH, BBINOJIHSS CBOIO OCHOBHYIO (DYHKIIMIO B
KaueCcTBE MCMAPUTETBbHON MOBEPXHOCTH, €€ U IKPAHUPYIOT CTEHBI TONKHU OT U3IY-
YEHUS! TOMIOYHOr0 00beMa, MPEMSITCTBYS HAJIMIIAHUIO HA HUX Pa3MSTYEHHOIO LUTaKa
1 301b1). bapaban mocTeneHHo mepectang UrpaTh pojb MOBEPXHOCTH Harpesa. boiee
TOTO, B LIEJISIX MOBBIIICHUS HAIEKHOCTH pabOThI KOTJa, OapabaH ObLT BHIHECEH U3 30-
HBI 000TpeBa.

YCTpPOMCTBO COBPEMEHHOI'0 MAPOBOI0 KOTJIA

OnHa U3 CXeM KOTJIa C €CTECTBEHHOM LMPKYJISALMEN NPUBEIEHA HA PHUCYHKE
5.2. bapaGaHHbIi1 TApOBOIl KOTEN COCTOUT U3 TOMOYHOM KaMephl U ra30X0J0B, Oapa-
0aHa, TOBEPXHOCTEHN HarpeBa, HaXOAAIIMUXCS MO IaBlieHneM paboydeit cpenbl (BOJIbI,
MapoBOASIHOM CMECH, 1apa), BO3AYXOIOA0IpeBaTesl, COEAUHUTENbHBIX TPyOOIPOBO-
JIOB M BO3yXOBO/JIOB.

TomnmBo mogaercst k ropenkaMm 7 (pucyHok 5.2). K ropenkam moaBoauTcs
TaK)Xe BO3JIyX, MPEIBAPUTEIBHO HATPEThIN YXOIAIIMMHU U3 KOTJIA ra3aMu B BO3JIyXO-
nojaorpesatene 5. ToOmIMBOBO3AYIIHAS CMECh, MOJaBaeMasi TOPEJIKaMU B TOMOYHYIO
Kamepy (TONKY) 8 mapoBOro KoTjia, CropaeT, o0pa3ysi BBICOKOTEMIIepaTypHbIi (aken
(1500 °C), m3myuaromuii TeroTy Ha TpyObI 1, pacoNoKeHHbIE Ha BHYTPEHHEH 110~
BEPXHOCTHU CTEH TOMNKHU (3KpaHbl). OTaB 4acTh TEIJIOThI SKpaHaM, TOMOYHBIE Ta3bl C
temnepatypoi 1000 °C mpoxomar uepes mapomeperpeBarens 3. 3areM MPOIAYKTHI
CropaHusi JIBHKYTCSl YEpE3 BOJISHOM 3KOHOMAaM3ep, BO3AYXOMOAOTPEBATENDb U IOKH-
K0T KOTEI ¢ TeMIeparypoii okomno 110-150 °C.
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Pucynok 5.2. CoBpeMeHHBIN BEpTUKAIBHO-BOAOTPYOHBIN OapabaHHBIN mapo-
BOM KOTEJI ¢ ecTeCTBEHHOM nupkKynsiuuei: [1B — nomava nurarensHoi Boabr; HIT —
nvHUs HackleHHoro napa; I1I1 — neperpersiii map; T — mogava TormBa K rOpeJIKe;
B — moxgBox Bo3nyxa k Bozgyxonoaorpesarento; I'B — ropsuuit Bo3ayx; [1C-YY —
TPAKT MPOJYKTOB CrOpaHus U yxoasamux ra3os; 1 — nuak; 1 — sxpannbie TpyObI; 2 —
Oapaban; 3 — maporeperpeBartelib; 4 — BOJSIHON dKOHOMai3ep; S — BO3IyXOMOo10Tpe-
BaTelb; 6 — KOJJIEKTOPBI;, 7 — ropeiika; 8 — TOmkKa; 9 — cTeHa Tonku U razoxona; 10 —
ormyckHas Tpy6a; 11 — Tonounsrit paken

Bopa, noctynaromnias B mapoBoi KOTeN, Ha3bIBaeTCs NMUTateabHoi. OHa mojao-
rpeBaeTcsl B BOASHOM SKOHOMaizepe 4 TEIIoM yXOASIIMX Ta30B, JKOHOMS TEM ca-
MBIM TEIUIOTY COXKEHHOTO TOIUIMBa. McmapeHue BOABI MPOUCXOIUT B SKPAHHBIX
TpyOax 1. VMcnapurenbHble MOBEPXHOCTH MOAKIIOYEHBI K OapabaHy 2 U BMecCTe C
omyckHbiMH TpyOamu 10, coemuusommMu OapabaH ¢ HIKHUMH KOJJIEKTOPAMHU
HKpPaHOB, 00Pa3yIOT IUPKYJIALMOHHBIN KOHTYp. B Gapabane mpoucxoauT pa3aeneHue
napa u Bojbsl. Cyxoil HachlllEHHBIA Map W3 OapabaHa MOCTymaeT B MaporeperpeBa-
TeJb 3, MEepEerpeThiil map HaIPaBISAIOT K MOTPEOUTEITIO.

Bce nmoBepxHOCTH HarpeBa KoTjia, B TOM YUCIIE U BO3LyXOIOJ0IPEBATENb, KaK
MpaBUIIO, TpyOUaThie. DKpaHHbIE OBEPXHOCTU HArpeBa B KOTJE, IKPaHbI, SKpaHHBIE
TpyOBl CBOE Ha3BaHHE MOJYUMJIM 3a CUET MOJIyUYEHHUs TEIUla U3JIyYeHHEM OT (akena
croparoiero TorrBa. OHU OAHOBPEMEHHO 3alIMIAIOT OOMYpPOBKY KOTJIa OT BBICO-
KHMX TEMIIEpATyp ¥ HAIMUIIAHMS LIJIAKA, OT BBITOPAHUS U Pa3pyILICHHUS.

HwxHsAs 9acTh KOTa HAa3bIBAETCA XOJOJAHOM BOPOHKOM — B HEM OXJIAXKIACTCS
30JIbHBIN OCTATOK, KOTOPBIA B BUJIE IIUIAKA MPOBAJIMBAETCS B CIIELIUAIIBHOE IPUEMHOE
YCTPOUCTBO. ['a30-Ma3yTHBIE KOTJIbI HE UMEIOT XOJIOIHONW BOPOHKH.
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['a3oxox, B KOTOPOM pPACIIONOKEHBI BOJSIHOM JKOHOMAaW3€p M BO3LyXOIO0-
rpeBaresb, Ha3bIBAIOT KOHBEKTUBHBIM. [loBEpXHOCTH HarpeBa, BCTPOEHHBIE B 3TOT
ra3oxo/i, Ha3bIBalOT XBOCTOBBIMHU.

Tonka m ra3oxozsl 3alMILEHbl OT HApYXHBIX TEIUIONOTEPh OOMYPOBKOW —
CJIOEM OTHEYIOPHBIX M M30JISLMOHHBIX MAaTEPUAIOB U UMEIOT CTAIBbHYIO OOLIMBKY C
LEJIBbIO NTPEAOTBPAILEHUS IPUCOCOB B TONKY M30BITOYHOTO BO3TyXa.

B psane ciydaeB ABM>KEHHE BOJBI U MAPOBOJSHON CMECH B LUPKYJISLIUOHHOM
KOHTYPE€ OCYILECTBIISIETCS NPUHYAUTENBHO (HACOCOM). DTO KOTIbI C MHO2COKPAMHOU
NPUHYOUMENbHOU YUPKYAAYUELL.

OaHrMHM U3 TOCJHENHUX SBISIOTCA KOHCTPYKIIUU MPAMOMOUHBIX KOMI08 C
MPUHYAUTEIBHBIM, MIPH MOMOIIY MUTATEIILHOTO HAcoca, ABMKEHHUEM BOJbBI, TApOBO-
JSTHOM cMecH W meperperoro napa. Jlig 3Tux arperaToB HEOOXOIUMOCTh B OapabaHe
OTIIaJaeT, U OH He ycTaHaBiuBaercs. [lo mpsAMOTOUHOI cxeme paboTaroT BCE BOJO-
rpeiHbIe KOTJIbl, HE UMEIOIME HU UCHApUTENbHBIX, HU NEPErPEBAOLINX TOBEPXHO-
cteil. OCHOBHBIE CXEMBbI JIBUJKEHUS TIOTOKA BOJIbI — ApOBOJSIHAs CMECh — Iap B CO-
BPEMEHHBIX KOTEJIbHBIX arperaTax Moka3aHbl Ha pUCYHKe 5.3.

U

Pucynok 5.3. CxeMbl JBUKEHUS BOJIbI, TAPOBOSHONW CMECHU U TIapa B KOTEIIb-
HOM arperare: a — €CTeCTBEHHAs UPKYJSIIUS; 0 — MHOTOKPAaTHONPUHYIUTETbHAS
UPKY-JIAIHS; B — MPSIMOTOYHOE ABMKEHHUE; | — TOIBOJ MUTATEIHHON BOJIBL; 2 — Oa-
pabaHn; 3 — HeoOorpeBaeMble OMYCKHbIE TPYObI; 4 — HIXKHUI KOJIJIEKTOP; 5 — oborpe-
BaeMbl€ NOIbEMHBIE TPYOBbI; 6 — OTBOJA HACBIIEHHOTO Mapa; 7 — UUPKYISUOHHBINA
Hacoc; 8 — ucnapuTelibHasi MOBEPXHOCTh; 9 — muTaTeabHbld Hacoc; 10 — 3xoHOMAii-
3epHas 4YacTh MOBEPXHOCTHU Harpena; 11 — mapo-neperpesarenbHas 4acTh IOBEPXHO-
CTU Harpena; 12 — oTBOJ meperperoro napa

Haunbonee kpynHbIMU U3 BBIITYCKAEMbIX B HACTOSALIEE BPEMsI KOTJIOB SIBJISIOTCS
sHepreTudyeckue. KpynHenmme KOT/Ibl TEIUIOBBIX JJIEKTPUYECKUX CTaHUUHA HMMEIOT
BbICOTY 110 100 M, nx napornpou3BoauTenbHOCTh focturaet 4000 ToHH B yac, a MOIII-
HOCTb IMUTAIOIMIUXCS OT HUX TypOUH MOXeT noxoauts A0 1200 MBT, naBnenue napa
— 110 25 MITa, Temmeparypa neperperoro mapa — 10 560 °C.
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OCHOBHBIM THUIIOM MApPOBBIX KOTJIOB MaJOW MPOU3BOJUTEIBLHOCTH, MIUPOKO
pPacCIpOCTPAaHEHHBIX B PA3JIMYHBIX OTPACISIX MPOMBIILUIEHHOCTH, HA TPAaHCHOPTE, B
KOMMYHaJIbHOM U CEIBLCKOM XO34MCTBE (Iap MCHOJb3YeTCs JJISi TEXHOJIOTHYECKUX U
OTOIUTEIbHO-BEHTIIAILIMOHHBIX HYXK]T), @ TAKXKE Ha AJIEKTPOCTAHIUAX MAJION MOIII-
HOCTH, SIBJISIFOTCS BEPTUKAIBHO-BOA0TPYyOHBIE KOT/IBI JIKBP mpousBoctBa buiickoro
KOTEJIbHOTO 3aBOJAA. KOTIIbI 3TOr0 THINA BBIMYCKAIOTCS MPOU3BOAUTEIBHOCTHIO OT 2,5
710 20 TOHH B Yac HACHIIIEHHOTO WJIM MEPErPETOro napa npu aasieHuu ot 1,4 no 3,9
MIIa u Temmeparype 10 440 °C.

TexHonornueckasi cxeMa KOTeJIbHOI YCTAHOBKHU

C uenpio obecnieueHus: CTaOMIbHON U O0e30macHON paboThl KOTJIAa €ro cHab»ka-
I0T BCIIOMOTaTeIbHBIM O0OPYIOBAaHUEM, CIYXKAIIUM IS TOJTOTOBKU M MOJAa4Yd TOII-
JMBA, BO3AyXa, OYMCTKU U MOJIa4H BOJbI, OTBOAA MPOJYKTOB CTOPAHMS M MX OYHCTKH
OT 30J1bl M1 TOKCUYHBIX MIPUMECEH, y1aJIeHUS 30JI0IIJIAKOBBIX OCTATKOB.

KomMmmuiekc ycTpoicTB, BKIHOYAIOMIMNA B c€0s1 COOCTBEHHO KOTEN M BCIIOMOTa-
TeIbHOE 000PYJ0BaHNE, HAa3bIBAIOT KOMENbHOU YycmaHnoekotli. KoTelbHble yCTaHOBKH,
cHaOxaromme napoM TypouHsl TOC, Ha3bIBAIOT IHepeemuyecKumu.
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Pucynox 5.4. Texnonorudeckas cxema KOTEJIbHOU yCTaHOBKHU, paboTaroiel Ha

TBepioM TorunBe: | — BogsiHol Tpakt; || — neperpersiit nap; |11 — TonuBHEL TpakT;
IV — myTh nBM>XeHUS BO3ayxa; V — TpakT NpoAYKTOB cropanus; VI — myTsh 30161 1
T1aKa

TommuBo ¢ yroJIbHOTO CKJIaJia mocJie APOoOJICHUS 1MoJaeTCsl KOHBEepoM B OyH-
KEp ChIPOro yris 1, 3 KOTOPOro HaMpaBIETCs B yIiIepa3MOJIbHYIO MEJIbHUILY 2. 3a-
TEM TBIJIEBUIHOE TOIJIMBO MOJACTCS BEHTWISTOPOM 3 K ropesikaM 4 TOMKH KOTja 5,
HaxoJsIIerocs B korelbHou 6. K ropenkam Takke moJABOJUTCS AOTOJHUTEIbHBINA IO-
pAYM BO3JyX W3 BO3JyXOHAarpeBaTessi, HarHETaeMbId JyThEBBIM BEHTHUJISTOPOM 9.
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[lutaTrenpHas BoJa B KOTEN HAarHETAeTCs MUTATENBHBIM HacocoM § u3 0aka muTa-
TEJIBLHOM BOJIBI 7, UMEIOIETO JIeadPALIMOHHOE YCTPOMCTBO.
Yxopasmme ra3bl OYMIIAIOTCS OT 30JIbI B 30JI0YJIaBJIMBAIOIIEM ycTpoicTBe 10 n
neiMococoM 11 BeIOpackiBaroTCs B aTMOc(epy depe3 JbIMOBYIO TpyOy 12.
VYnoBieHHas U3 IBIMOBBIX a30B MbUJIEBUIHAS 30J1a U BBINABIIMK ILJIAK yAams-
I0TCA B MOTOKE BOJIBI IO KaHajaM, a 3aTeM o0pa3yrouiascs nynisna oTkauuBaeTcs Oa-
repHbIMU Hacocamu 13 u yjansercst mo TpyOoonpoBoIaM.

Bomnpocse! niist camonposepku
1. B kakoM HampaBJ€HHH MPOUCXOJUIO Pa3BUTHE KOHCTPYKLUUW MApOBBIX KOT-
JI0B?
2. Kakuie moBepXHOCTH HarpeBa Ha3bIBAIOTCS SKPAHHBIMU WM YKpaHaMU?
3. Kakyto poJib B IapoBOM KOTJIE BBIIIOJIHAIOT SKpPaHHbIE IOBEPXHOCTH HArpena?
4. [losicHuTe cxemy ABMXKEHUS BObI, HApOBOJISHOM cMecH U mapa.
5. Pacckaxkute 0 mMyTH 30JI01JIAKOY1aJI€HHsI, BOAOMOATOTOBKU U TOIJIMBOMNOJAYH.
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Jlexkuus 6
SJIEMEHTHBI ITAPOBOI'O KOTJIA

Tonka — ycTpoicTBO KOTJIa, MPeAHA3HAYEHHOE ISl CKUTAHUST OPTaHUYECKOTO
TOIUIMBA, YACTUYHOTO OXJIAXKICHHSI MIPOJTYKTOB CTOpPaHUs U BbIACICHUS 30Jbl. TONKH
JISJISIT HA CIIOEBBIE, KAMEPHbIE, BUXPEBbIE.

IaponeperpeBareyb — yCTPOMCTBO [1Jis MOBBIIIEHUS TEMIIEpaTyphl mapa, mo-
CTYMAIOIIETO U3 MCHapuTeIbHOU cucTeMbl KoTia. [lapomeperpeBarenu ObIBalOT pa-
JMAllUOHHbIE 1 KOHBEKTUBHBIC.

JKoHOMAN3ep — YCTPOMCTBO, 000TpeBacMoe MPOAYKTAMU CTOpaHUs TOIUIMBA
U TpeJHa3HAYCHHOE IS MOAOTPeBa WM YaCTMYHOTO MapooOpa3oBaHUs BObI, IMO-
CTyHAIoLEen B KOTEI.

Bo3nyxomnogorpesarenb — yCTpOWCTBO MJII MOJIOIPEBa BO3AyXa MPOLYKTAMHU
CropaHMs TOIUIMBA Nepes nojadyeil B Tonky koria. [lo mpuHimnmy nencTBusi paszie-
JISIFOTCSL HA PEKYIIEPATUBHBIE U PET€HEPATUBHBIE.

O0MypoBKa KOTJIa — CHCTEMA OTHEYHOPHBIX U TEIUIOM30JISIIIUOHHBIX Orpax-
JICHUM WM KOHCTPYKIUU KOTJa, MpeJHa3HauYeHHas JUIsl YMEHbBIIICHUS TEIJIOBBIX TO-
Teph U 00ecreYeHus ra30Boi MJIOTHOCTU. Temmeparypa HapyKHOWU MOBEPXHOCTH HE
noykHa mipeBbimath 328 K. O0MypoBka ObiBaeT Tsixenon S00-600 mm, oOaeryeHHOM
(200-500 mm), nerkoii (100-200 mm).

BcnomoraresbHbIe YCTPOMCTBA KOTEJIbHOM YCTAHOBKHU
K BcrioMoraTtenbHbIM yCTpOHCTBAM KOTEJIBHOW YCTAHOBKM OTHOCSITCS:

1. Cuctema TOMIMBOILIMBONOIAYM, BKJIIOYAIOIIASA: TOIUIMBHBIA OYHKEp CBIPOTO
YTJIs1, YTAEPa3MOJIbHYIO MEJIbHUILY, MEJTbHUYHbBIA BEHTUIISTOP.

2. BoponoaroroBka: it IPeAOTBPAILEHUS OTIOKEHUN HAKUIIN PUPOTHYIO BOILY
MIOJIBEPTAIOT OCEeMIeHUI0 — YAAICHUI0 MEXaHUYECKUX MPHUMECEH OTCTanBaHUEM M
(GUIBTPOBAHUEM; YMAcUeHUI0 — YAAICHUIO HaKWIleoOpa3oBaTele W odeaspayuu —
YAAJICHUIO PAacTBOPEHHBIX B BOJE ra3oB. Bce 3TO HA3BIBAIOT XMMBOJOOYUCTKOMN
(XBO).

3. OuncTKa NPOAYKTOB CrOpaHMs M OKpY»Karollel cpeasl. B mpoaykrax cropanus
OpPraHUYECKOro TOIUIMBA COJAEPIKATCS BPEAHBIE TOKCUYECKHUE COCTABIISIFOLIUE: JIETY-
yas 30J1a, okuciibl cepbl (SO, , SO3) u azota (NO, NO, ). [IpumeHstoTcs 30J10yI0BU-
TEJIM MEXaHUYECKUE CYXHE U MOKpPBIEC U JJIEKTPUUECKHE; OUUCTUTEIbHBIE YCTPOICTBA
JUTSl YJIaBIMBAHUSI OKUCIIOB CEPhl U3 IBIMOBBIX Ta30B. KOHIIEHTpalus OKUCIIOB a30Ta
3aBUCHUT OT TeMIepaTypbl akesia 1 KOHIIEHTPALMU KUCIOpOAa B TOIOYHOM IMPOIIEC-
ce.

4. PaznuuHble peryupyrouue, 3aopHble U IpeloXpaHuTEIbHbIE YCTPOMCTBA.

TonumBo: B COCTaB OPraHMYECKOro TOIJIMBA BXOAST COECIUHEHUS TOPIOYUX H
HErOpIOYMX 3JIEMEHTOB. TBEpOE U KUAKOE TOIUIMBO COAECPKUT FOPHOYME BEILIECTBA:
yraepon (C), ogopon (H), neryayto cepy (Sy; Heroproure BerecTa: kuciopon (O),
azot (N), 3omy (A), Bmary (W). Jletydast cepa COCTOUT U3 OPTraHUYECKHUX M KOJIUe-
JTAHHBIX COeOIUHECHUN:

S,= Sop+ Sk
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Oprannyeckne TOIUIMBA XapaKTepU3yrTCs paboveil MacCou:

C’"+H"+S8?+0"+N” +4" +W?* =100 %.

AHQJIOTMYHO OPTaHUYECKHE TOILIMBA XapaKTEPU3YIOTCA CYXOU roproyed u op-
TaHUYECKOW MacCCOM.

BaxxHelmmMu XapakTEpUCTUKaMU TOIUIMBA SIBJISIIOTCS TEILIOTa CTOPAHUSs, CO-
Jep>KaHue 30716l U BJIary, BBIXOJ JIETYYUX BELIECTB.

Tennoma ceopanus — 3TO KOJIWYECTBO TEIUIOTHI, BBIACISIOMIEECS MTPU MMOJIHOM
cropaHuu ToIrUMBa. J[JIsi CpaBHUTENBHBIX PacueTOB, KaKk ObUIO yKa3aHO paHee, HC-

MOJIB3YIOT VCI08HOE MONIUBO — TOIUIUBO, TETUIOTA CTOPAHUS KOTOPOTO MPUHSATA PaB-
Hol 29,35 MJIx/KT.

TenuioBoii 6aj1aHe KOT/IA
TeroBoit GanaHC KOTJIa — COCTaBJISETCS € LIENbI0 aHam3a 3PEGEeKTUBHOCTH
pabotel kotna u onpenenenus KIIJ[. TeruioBoit 6anaHc KOT/Ia pacCUUTHIBACTCS 1O
npsMoMy OanaHCy U 1o 0OpaTHOMY OaJlaHCy.
KIIJI xotna no npsimomy OajaHcCy:
y _Dlm—tu)
" B-Q’
rae D — konruecTBo mpou3BeIEHHOTO Mapa;
i, - TEIUIOCOAEPIKAHUE TIEPErPETOrO Mapa;
t,, - TEMIIepaTypa MUTaTEIbHOU BOBI,
B - KOJMYECTBO COKEHHOI'O TOILIUBA;
Q, - TEIIOTBOPHAsA CIIOCOOHOCTH TOILIMBA.

KII/] xoTna mo oGpaTHOMY OanaHcy:

Qp=Q+Q, +Qy +Q, +Qs,
100% =0, + 0, +9; + 9, + s,
me Q, — pacrionaraemas (BHECEHHAs B TOIKY) TEILJIOTA;

Q,,q, — MoJIe3Has TeIJI0Ta, UCTIob3yemast i BeipaboTku napa — 90 %;
Q,,q, — oTepH Teruia ¢ yxoasmmmu razamu — 6,0 %;
Q,,Qq; — MOTEpU OT XUMHUUYECKOW HEMOIHOTHI cropanus — 0,5 %);
Q,,q, — IOTEpH OT MEXaHWYECKON HEMOJIHOTHI cropanus - 3,0 %;
Qs,q;— MOTEpHU TeIIa B okpyxatorryto cpeay — 0,5 %;
KIIJI mapoBoro xotia 6e3 ydera 3aTpar SJHEPTUHU Ha COOCTBEHHBIEC HYK/IbI.
Q, -100
Me=——-.
Qp
KII[ coBpeMeHHbIX KOTIOB mnpeBbimact 90%. DTo HOBOJBHO COBEPILICHHBIE
arperarhl.
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SAnepHble FHepreTnyecKne yCTAHOBKH

THIBI AAePHBIX PEaAKTOPOB

Ha aToMHBIX 3JIEKTPHUYECKHUX CTAaHUMSX TEIIOBAs SHEPrus, KOTOpas HAET Ha
IPOU3BOJICTBO Iapa, BBIACISIETCS NPH JIEJICHUU SAIep aTOMOB BELIECTBA, 3TO BEIlE-
CTBO Ha3bIBAETCS SAJIEPHBIM TOIIMBOM WM SAEPHBIM roptoyuM. MM ciyKUT B OCHOB-
HOM oOoralieHHbIN MpupoaHbIid ypan U238 B cmecu ¢ ypanom U235 u uHOoT1a TOpUit
(Th 232). SInepHOe TOMIMBO BBIAECISET TEIUIOTHI B MIJIJIHOH pa3 OOJbIIe, YeM JIyd-
11ee OPraHNYeCKOe TOTUIHBO.

SAnpa ypaHa u TOpHsA NOJX BO3ACHMCTBHEM HEWTPOHOB DPACIaJAIOTCA Ha J1Ba
OCKoJIKa. Tak Kak s/ipa OCKOJKOB IPU 3TOM OKa3bIBAKOTCS OJHOMMEHHO 3apsKEHHBI-
MU, TO, OTTAJIKUBASCh APYT OT ApYra, OHU MPUOOPETAIOT OOIbIINE CKOPOCTH U SHEP-
TUYHO B3aMMOJICHCTBYIOT C OKPYXKaIOIIECH cpeoid. ITO MPUBOAUT K MPEOOPA30BAHUIO
KMHETUYECKOW SHEPIrUU OCKOJKOB U HEHTPOHOB B TEIJIOTY MOJIEKYN cpeibl (Temio-
HOCHUTEJIA).

YCTpolcTBO, B KOTOPOM MNPOUCXOJUT CaMOPA3BUBAIOLIUICS PETYIHPYEMBIi
IPOLIECC JIEJEHUsI AaTOMHBIX SiZIEp C MPpeoOpa3oBaHUEM OCBOOOKIAIOUIEHCS MTPU 3TOM
AJIEPHOM DHEPrUEd B TEIUIOTY, HA3BIBAETCS peakmopom. DHEPTUus NEJIEHUS W30Tona
ypaHa ¢ Maccoit 235 B cpeanem coctanisieT 210 MaB Ha onun pacnag (1 OB =
1,6:10™ JIx). B peakrope OJHOBPEMEHHO C MPOIECCOM JEJICHUS MPOUCXOAUT I10-
TJIOIIEHUE YaCTH HEUTPOHOB ypaHOM U MaTepuajaMu, BXOASIIMMHU B OCHOBHOM B aK-
THUBHYIO 30HY PeakTopa. DTU MOTEPU HEUTPOHOB JOJIKHBI BOCIOIHSITHCS, a 3TO BO3-
MOKHO JIMIIb MPU YCIOBHUH, €CIU JEJIEHHE KaXJ0ro sjpa OyIeT CONMpPOBOXKIATHCS
00pa30BaHUEM JIBYX, TPEX U OOJIbILIE HOBBIX HEHTPOHOB.

BooOmie unenHoil mporecc eiaeHUsi BO3MOXEH MpU YCIOBUHU, €CIA YHCIIO
HEUTPOHOB BTOPOTO MOKOJEHUS PABHO WJIM OOJIbLIE €ro MEPBOHAYAIBLHOTO KOJUYe-
CTBa, T. €. korja BeauuuHa k > 1, roe k npencrapnser co6oit ko3¢ HUITMEHT pa3MHO-
YKCHUSI HEUTPOHOB, XapaKTEPU3YIOIIUN «POKIACHHUE» HOBBIX HEUTPOHOB. [Ipu 3TOM,
ecau BeaumduHa k Oosblie e TMHUIIBI, HEU30€KEeH JaBUHOOOPa3HBINA MPOIECC pa3MHO-
KEHHsI HEUTPOHOB. B CBA3M ¢ 3TUM OueHb 0OJIbIIOE 3HAUEHUE UMEET TOUHOE U CBOE-
BPEMEHHOE PEryJIMPOBAHUE KOJIUYECTBA HEUTPOHOB, YYACTBYIOIINX B MTOCIIEIYIOLIUX
JENEHUSX sIEP.

PerynupoBanue ctaio BO3MOXXHBIM IOCIIE€ TOTO, Kak ObUIO YCTaHOBJIEHO, YTO B
npoliiecce JeJICHUs] YYacTBYIOT HE TOJIbKO MTHOBEHHBIE HEUTpPOHBI, 00pa3yromuecs
MIpH JIEJICHUU s/Ipa, HO W 3alla3/IbIBAIOIINE UX TPYIINbI, HCITyCKaeMble OCKOJIKAMU 10
ucreyenuu 0,6 — 80 cexyna. Tak kak 4KCiO 3ana3AbIBAIOIIMX HEUTPOHOB B MIPOLECCE
JIeJIeHHs] HECKOJIbKO MeHble 1 %, To, NpuHSB KOADPUIIMEHT pa3MHOKEHUS OJIM3KUM
k equnuiie (0,99 —1,01), MO)KHO COOTBETCTBEHHO 3aMEIUTh UM YCKOPUThH Pa3BUTHE
Mpoliecca 3a CUeT 3ala3/blBAIONIMX HEHUTpOHOB. Ilpu 3TOM H3MeHeHus B mpoiiecce
OyAyT MPOUCXOIUTH HE Cpasy, a yepe3 | —1,5 MUHYTHI, 4TO O3BOJIIET PETYINPOBATH
peaKkuu JeJIeHUs SIep U yIpaBisiTh UMHU.

VYnpaBieHue peakiueil eJeHus MPOU3BOAUTCS C MOMOULIBIO PETYIHPYIOLIUX
crepkHel. Takue CTepKHU, MOrpyKEHHbIE B aKTUBHYIO 30HY PEaKTOpa, HHTEHCHUBHO
MOTJIOIIAOT HEUTPOHBI U YMEHBINAOT YUCIO JejieHus saep ypaHa 235. M3MmeHss
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TIIyOWHY TIOTPY>KEHHSI CTEPIKHEH, MOKHO JOCTATOYHO TOYHO BIIUSTH Ha MPOIIECC pa-
00TBI peakTopa B MIMPOKUX peiesax.

Briropanue saepHOro TOIUIMBA, a CIEAOBATEIbHO W HAKAIUIMBAHHUE OCKOJIKOB
NEJEHUSA U X PaJUOAKTUBHBIN pacrajl COMPOBOXKIAIOTCS HEMPEPHIBHBIM U3MEHEHH-
€M COCTaBa aKTHMBHOM 30HBI pe€akTopa. B CBA3M C 3TUM HENMPEPBHIBHO U3MEHSETCA H
K03 QUIIMEHT pa3MHOKEHUS HEUTPOHOB. TakuM 00pa3oM, pexkuM peakTopa He SBJIS-
€TCSl CTAI[MOHAPHBIM, J1a’Ke €CJIM OH paboTaeT C MOCTOSHHOM TEIIOBOIM Harpy3Kou.

[Ipu pabote peakTopa B ONpeaeICHHBIX Mpeiesiax HaOI0JaeTCsa CaMOperyIin-
pOBaHKE Mpoliiecca B 3aBUCMMOCTU OT U3MEHEHUs TemnepaTypbl. Hanpumep, npu un-
TEHCUBHOM OTBOJIE T€IJIa TeMIepaTypa aKTUBHOM 30HBI PeakTopa MOHUXKAETCS, YTO
(13-3a yBEJIMYUBIICICS TUIOTHOCTU 3aMEJIUTEIISI) BHI3OBET YBEJIMUCHUE COYAApCHUH,
a CJIeI0BaTeNbHO, 00Opa30BaHKEe OOJIBIIIOTO YUCIIA TETUIOBBIX HEUTPOHOB. ITO, B CBOIO
ouepe/lb, YBEIMUYUT KOJIMUECTBO JCJICHUM Si7Iep Y BHI30BET BOCCTAHOBIICHUE TETIIOBOM
MOIIHOCTH PEaKTopa.

HaunGosiee 0CBOCHHBIMU DHEPTETUYECKUMU PEAKTOPAMHU SIBIISIOTCS BOJIOBOJS-
Hble dHepreTudeckue peaktopbl Thuna BBOP. Takoi peakTop mpeactaBisieT coOoit
METAIIMYECKUI KOPIyC C pa3MELICHHBIMU B HEM KacceTamMu. Kaxmas kaccera co-
CTOUT U3 METAJUIMYECKOr0 KOXKyXa C COOpaHHBIMU B HEM HUJIMHAPUYECKUMH CTEPXK-
HsMu. CTEp>KHHU, B CBOIO OUY€pElb, COCTOST U3 TOHKOW HUPKOHUEBOW 00OJIOUYKH, 3a-
MOJIHEHHON ypaHoM. CTEp>KHH SIBJISIFOTCS TEIUIOBBIICIISIIONTUME 3JIEMEHTaMH (TB3J1a-
MH).

Uepes kopnyc peakTopa, T.€. Yepe3 KacCeThl TEIIOBBIACIAIONIUX JIEMEHTOB,
HacocaMH TMPOTOHSIETCS TEIIOHOCUTENb, KOTOPBIM HarpeBaeTcs 3a CYET TEIUIOTHI,
BBIJICTISIFOIICICS B pe3yJIbTaTe pPeakiuu JeJICHUS SIIEPHOTO TOILIMBA.

Snpa aromoB U235 — 00amaroT crmocoOHOCTHIO CaMOIIPOU3BOIBHO JICTUTHCS.
OCKOJIKHU [ICNICHHSI PA3/ETAIOTCS. ¢ OTPOMHOI ckopoctbio (2-10* km/4). 3a cuer mpe-
o0pa3oBaHUsI KUHETUYECKON DHEPTUHU ITHX YAaCTHI] B TEIJIOBYIO B TEILJIOBBIIACIISIO-
IIUX 3JIE€MEHTaX BbIJCISIETCS O0JbIIOE KOJIMYECTBO TEIUIOTHL. [Ipeomoners Meramiu-
YECKUI KOXKYX TEIUIOBBIJICSIONINX 3JIEMEHTOB CITIOCOOHBI TOJIBKO HEUTpoHHI. [loma-
Jass B COCEIHUE TBAJIbI, OHU BBI3BIBAIOT JICJICHUE SIEp ypaHa 235 B HUX U CO3JAIOT
LETHYIO PEaKIHIO.

Bona, sBissICh TEIIOHOCUTENIEM, OJTHOBPEMEHHO BBITMOJHSIET POJIb 3aMeJIUTe-
71 HeUTpoHOB. {51 moepkaHus 1EMHON peaklui HYKHBI 3aMeJJICHHbIC TETJIOBHIC
HEUTPOHBI, CKOPOCTh KOTOPBIX HE TMpeBbIaeT 2 kM/c. IMEHHO BOsIKasi poJib BOJIbI B
peakTope MoI00HOTO THMA OMPEeIiia er0 Ha3BaHUE - BOJIO-BOJSIHOW DHEpreTHYC-
ckuil peaktop (BBOP). Takoii peakTop Ha3bIBalOT TAKXKE PEAKTOPOM Ha TEILIOBBIX
(MEeIEHHBIX ) HEUTPOHAX.

Cxema ADC, B KOTOpO# Mmap, HAMpaBlIIeMbIi B TypOUHY, TPOU3BOIUTCS peaK-
TOPOM, Ha3bIBAETCS OJTHOKOHTYPHOM (PUCYHOK 6.1,a).

Bona, B ocobeHHOCTH cojeprkaiasi TBEpible TPUMECH, CTAHOBUTCST PaHOAK-
TUBHOU B Kopmyce peaktopa. [loatomy B ogHOKOHTYpHBIX ADC Bce 00opyaoBaHHe
paboTaeT B pajguaIllMOHHO-aKTUBHBIX YCIOBUSX. DTO YCIOXKHSIET €ro IKCILUTyaTalluIo.
[TpenmymectBom Takux ADC sBisSETCA UMb MPOCTOTAa KOHCTPYKIIUH.
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Pucynok 6.1. [IpuHunnuansHele cXeMbl OJHO- U IBYXKOHTYpHOU ADC: a —
OJIHOKOHTYpHas cxeMa; 0 — IBYXKOHTYpHas cxema; | — peaktop; 2 — TypOuHa; 3 —
naporeseparop; 4 - KOHIeHcaTop; 5 — fea’paTtop; 6 — cenapaTop; 7 — MapocOOPHUK;
8 — kommieHcaTop o0BeMa; 9 — KOHJIeHCaTHBIM Hacoc; 10 — IUPKYISIMOHHBINA HAcOC;
11 — nuTaTenpHbI HAacoC; 12 — MpoOMEXYTOUHBIN TaponeperpeBaTeib

B nByxkontypHbix ADC (pucyHok 6.1,0) KOHTYpBI IEPBUYHOTO TETIOHOCHTE-
7 ¥ pabouero Tena paszeneHbl. TermIoHOCUTeNb, MTUPKYIUPYIONUNA B IEPBOM KOH-
Type, SIBISIETCSI MCTOYHUKOM TEIUIOTHI JUII BTOPOTO KOHTypa. Bo BTOpoM KOHTYpe
MMeeTCs aporeHepUpyroniee yCTpOrUCTBO, B KOTOPOM 00pa3yeTcs nap Juisl napoTyp-
OuHHOI ycTaHOBKHU. B 3TOM ciydae pabouee Teno 00J1aiaeT ropasio MEHbIIEH paau-
AllMOHHOM aKTUBHOCTHIO, UTO yIpolaeT 3Kkcrryaranuio ADC.

B nepBom koHType aByxkoHTypHOU ADC moanepxkuBaercs 0osee BBICOKOE
JaBJICHUE, YEM JIaBJICHUE Mapa BO BTOPOM KOHTYpE, YTOObI N30€kKaTh BCKUIIAHUS BO-
nbl. JI7s yMEHbIIICHUS JaBJICHUS B PEAKTOPE MOYKHO HCIOJIB30BATh TEIJIOHOCUTENb
KHTISIIUX TTPU BRICOKOW TEMITepaType KUJAKUX METAIIJIOB WM Ta3a.
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s cymectByronux ADC xapakTepeH HU3KUM neperpes napa. [lap moctymna-
€T B TYpOMHY HaChIILEHHBIM, TO3TOMY IIPH JOCTHXKEHUHU MPENEIbHON BIAXHOCTH (110
YCIIOBHUSIM 3PO3UNHOTO M3HOCA JIONATOK 8-12%) OH BBIBOAUTCS U3 NMPOMEKYTOUHBIX
CTyIleHEeH TypOMHBI U MPOITYCKAETCs uepe3 cenaparop 6 Ui OTAEJICHUs BIIary, a 3a-
TEM 4Yepe3 IapoleperpeBareiib. 3aTeM Iap CHOBA MOCTYIAET B ITOCIEYIOLIUE CTyIIe-
HU TypOuHbl. KIIJI ADC HM)Ke KOHEHCAIIMOHHBIX 3JEKTPOCTaHIIUM, €r0 BEJIUYNHA -
35%.

Enunnunsie MomrHoctr 3HEprodnokoB gocturaiot 1000 MBT u Gonee. Cebe-
CTOUMOCTbH TIpou3BouMoii Ha ADC SHEPruu CONMOCTaBUMa C CEOECTOMMOCTBIO JIEK-
Tpo3Hepruu, ornyckaemon ¢ TOC.

B Hacrosimiee BpeMsi HMEIOTCSA U IPYTU€ TUIBI peakTopoB. KpoMe kopmycHbIX
BOJIO-BOJSIHBIX 3HEpreTuyeckux peaktopoB (BBOP) wucnonb3yrorcss co3gaHHbIE
HAaIllUMH YYEHBIMH KaHaJIbHbIE peakTopbl TuIa PBMK u peakTopbI-pa3MHOXKUTENN Ha
OBICTPBIX HEUTPOHAX C HATPUEBBIM TerIoHOCcUTeNeM Tura bH.

Bormpocs! 11t caMOoIpoBEpKU
1. M3 Kakux »JIEeMEHTOB COCTOUT mapoBoi KoTen? OObACHUTE MX HA3HAUCHUE U
YCTPOMCTBO.
2. VI3 KxaKuXx MpoOIECCOB COCTOUT BOJIONOATOTOBKA?
3. Kak npoucxoauT O4YHUCTKA MTPOAYKTOB CTOpPaHUs?
4. VI3 KaKuX 3JIEMEHTOB COCTOUT OPTraHUYECKOE TOTUIIMBO?
5. JIns kakux uesneil cocTaBisieTcsl TEIIOBOM OallaHC MapoBOro KOTJa U KaKUMH CIO-
cobamMu OH pacCUUTHIBACTCS?
6. Pacckaxunre, Kak TPOUCXOAUT CaMOPa3BUBAOIIUICS PETYIUPYEMBIN MPOLIECC JIE-
JIEHUS1 aTOMHBIX SIZIEP B SJIEPHOM PEAKTOPE.
7. Kakue tunel ADC BbI 3HaeTe? B yem npenmyiiecTBo AByXKOHTYpHBIX ADC?
8. Pacckaxute 00 yCcTpOHCTBE BOJO-BOJASHOIO SHEPreTUYEcKoro peakrtopa. [louemy
OH TaK Ha3bIBaCTCA?
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Jlexknusa 7
PEAKTOPBI-PASMHOKHUTEJIU HA BBICTPBIX HEMTPOHAX

[IpupoaHslil ypaH COCTOUT U3 CMECHU ABYX M30TONOB. OAWH U3 U30TONOB ypaHa
UMEET aTOMHBIN Bec 235, a BTOpOM - aTOMHBIA Bec 238, mpuyeM HM30TON ypaHa C
aToMHbIM BecoM 238 (U 238) odeHs mupoko pacnpocTpaHeH B npupoe. [Ipupoanas
ypaHoBas pyaa Ha 99,3% cocTOUT U3 M30TONOB ypaHa C aTOMHBIM BecoMm 238, u
muuib 0,7% NpUXOAUTCS HA U30TON ypaHa ¢ aTOMHBIM BecoM 235. Aapa U 238 ne-
JSTCSL OT HEUTPOHOB OYEHb BBICOKUX SHEpruil (ObICTphIX HeHTpoHOB). Ho konnue-
CTBO HEUTPOHOB, NIOJIyYEHHBIX B PE3YJIBTATE JCJICHHS, HEBEJIMKO — YTO HE BBI3BIBAECT
LEMHYI0 PEaKLHIo 3TOro n3orona. A st aenenus U235 HyXHBI MeJIJIEHHbIE HEUTPO-
HBI.

N3oton ypana U 235 — sBisieTcsi €IMHCTBEHHBIM BCTPEYAIONTUMCS B TIPUPOJIC
AEJALIMMCS U30TOIIOM M OTHOCUTCSI K HEBO30OHOBHMBIM pecypcaM. DTOT U30TON HE
oOpa3yercs B IPUPOJE, U €CIIM €r0 3arachl UCIOJIb30BATh B PEAKTOPaX, OH UCUE3HET
HaBcerja. A uzoron ypana U 238 sBisieTcst «0e37eIbHUKOMY» B OOBIYHBIX PEAKTOPAX.
HeoOxomumo ObUIO cO31aTh TaKyr TEXHOJOTHIO, YTOOBI MCMONb30BaTh u3oton U
238, BCTpeyaroUuiicst B MpUpOJE B ropas3io OOJBIIMX KOJUYECTBAX. DTOT U30TOI HE
NOJIEPKUBACT LEMHYIO0 PEaKLU0, HO MOXKET ObITh MpeoOpa3oBaH B 3JIEMEHT, KOTO-
PBII TaKYyIO pEAKIUIO MOAIEPKUBAET.

VY ydeHbIX poawsiach OnecTsmias Uaes — OKPYXUTh YpaHOBBIE OJIOKH CIOEM
ypana U 238. HeliTpoHbl, KOTOpbIE HE OBLIM 3aXBaueHbI B pabodem ypaHe, OyayT 3a-
XBaYEHBI 3TUM CJIOEM.

SAnpo ypana U 238, 3axBatuBlliee HEUTPOH, NpeoOpa3yeTcs B A1pO HENTYHHUS,
KOTOpPOE€, B CBOKO OYEPEAb, JAECT OUYCHb BAXKHBIN AJEMEHT — IJIyTOHUHU. SAapa mimyTo-
HUS pacIalaloTcs TaK ke JIeTKo, Kak siapa ypaHa U 235. CUMBOIUYECKH 3TO MOXKHO
1300pa3uTh CIACAYIONTUM 00Pa30oM.

238 1 239
Ug, +n, >Ug

Nps? +e°, —

l

[Tono6no ypany U 238 Benyt cebs siapa Topus. [locie 3axBata HeHTpoHa SAPO
TopwHsl TipeBpariaercs B uzoron ypana U 233, koTopslii, Mog00HO TIYTOHUIO, CIIOCO-
O€H JIeNUThCA.

Pus?® +e

232 1 233 0 233 0 233 233
The” +ny > Thyy” +€°, — Pag,” +e,, — Ug," +e5
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DTOT mpoliece MpeiCTaBsIeT COO0N pacIMpPeHHOE BOCTIPOU3BOICTBO SEPHOTO
rOpIoYero (B MeYKe ropsAT JpOoBa, HO UX KOJIMYECTBO HE YMEHBIIIAETCA, a JaXKe CTaHO-
BUTCS OOJIBIIIE).

Ha cmeHy yTpadeHHBIM BBITOpEBIINM sijipaM ypaHa U 235 mosiBisiOTCS HOBbIE
CTOJIb JK€ MOJIe3HBIC sIpa ITyTOHUS Wiu ypana U 233.

Takum oOpa3oM, siIepHOE TOILIMBO BOCIHPOU3BOAUTCS TaKUM K€ WM Oojee
OBICTPBIM TEMIIOM, YeM OHO pacxoayetcs. [Ipu 3ToM Oosee pacnpoCTpaHEHHBINH U30-
ton ypana U 238 mpeBpamaercsi B AeNAIIMKACAS MaTepuai, YTO CYIIECTBEHHO YBEIHU-
YHBACT PECYPCHYIO 0a3y sIIEPHON SHEPTETHKHU.

B peaktope—pa3smMHOXUTENE HA OBICTPHIX HEUTPOHAX B KAYECTBE TETJIOHOCUTE-
JIs1 HEJIb3sl UCTOIh30BaTh BOMY, TaK KaK 3aMe/JICHHEe HEHTPOHOB 37eCh HEXKEIaTelb-
HO. BMecTo Hee B COBpEMEHHBIX KOHCTPYKIIMSIX B KQU€CTBE TETNIOHOCUTEIS UCTIONb-
3yeTcsl )KUAKAN HATPH.

[TpuHIMNIUATBHAS CXeMa peaKkTOpa—pa3MHOXKHUTENS Ha OBICTPBIX HEHUTPOHAX C
HATPHUEBBIM TEMJIOHOCUTEIIEM NTOKAa3aHa Ha pUcCyHke 7.1.
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Pucynox 7.1. IlpuHiunuanbsHas cxema peakTopa-pa3MHOKUTENS Ha OBICTPBIX
HEHUPOHAX C )KUJIKOMETAJUTMYECKUM TeIuIoHOcuTeNneM: 1 — cemaparop neperpeBaTeb;
2 — TypOMHa HU3KOTO JaBJieHusl; 3 — reHepaTop; 4 — KOHJEHCATOP; 5 — KOHACHCAIl1-
OHHBIN Hacoc; 6 — pereHepaTUBHbIE TETNIOOOMEHHUKH; 7 — UCTIAPUTEIIb; 8 — MUTa-
TeJIbHBIN Hacoc; 9 — peakTop; 10 — MpOMEXKyTOUHBIN TerI00OMeHHUK; 11 — mapore-
perpeBaTtelb; - 12 — TypOuHa BBICOKOTO JaBICHUS
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Wtak, B pe3ynbTaTe peakiuu IejaeHus B saepHoM roprodem Pu 239 obpazyrot-
csi ObICTpbIE HEUTPOHBI, a MPOAYKTHI JACICHUS BBIACISIOT B TOIUIMBHBIX AJIEMEHTaX
TEIJIOTY. 3aTEM TEIJI0Ta MOIJIOMIAETCS TEIJIOHOCUTEIEM U MCTIOIb3YETCS JIJISl TPOU3-
BOJICTBA Mapa. B 3amuTHOM ciioe u3 BocripousBozsiiero marepuaia U 238 OwicTphie
HEUTPOHBI 00Pa3yOT HABOE SIZIEPHOE TOpIOYEE.

B sinepHoM peakTope Temmeparypa Mpou3BOAMMOro Mapa CyIIECTBEHHO HUXKE,
yeMm B naporeHeparope TOC Ha opraHU4ecKOM TOILIUBE, TOCKOJIbKY B IEPBOM IPH-
MEHSIETCS] TEIUIO0OOMEHHUK U TYpOHHY BpalllaeT nap BTOPUYHOTO KOHTYpa. B pe3yms-
tare Tepmudeckuid KIT[ ADC Tonbko 30 %, B TO BpeMsl KaK sl 3J€KTPOCTAHLIMI Ha
yrie, Heptu i raze oH pocturaet 40 %. A 9TO 03HAYaeT, YTO MPH OJMHAKOBOM
MPOU3BOJICTBE 3JIeKTposHepruu Ha ADC o0OpasyeTcss mpUMEPHO B MOJITOpa pasza
0oJbIlIe COPOCHOW TEIUIOTHI, YEM Ha 3JEKTPOCTAHIIMM HA OPraHUYECKOM TOILIHBE.
[ToTeHnnanbHO OMacHBIE OTXOMABI MPOM3BOACTBA O0Pa3yIOTCA HA SIEKTPOCTAHITHIX
o6oux tumnoB (TOC u ADC). Ha ADC — 3T0 0TX0/1bI C BBICOKUM YPOBHEM PaJHOAK-
TUBHOCTHU, 3HAYUTEIbHAS YaCTh KOTOPBIX UMEET UIUTEILHOE BPEeMsl TIOJTypaciaia.

PagnoakTuBHbBIE OTXO/IbI, COAEPIKAILMECS B OTPAOOTABILEM SJEPHOM TOPIOYEM,
IPEJCTaBISIOT co00il mpobiieMy B pa3BUTUM sAepHON 3HepreTuku. CoBpeMEHHBIE
IUTaHBI Pa3BUTHUS TPEOYIOT CO3JaHUS 3aBOJOB IO NepepaboTke 0TpabOTAaBILErO sep-
HOTO TOIUIMBA, Ha KOTOPBIX MOKHO OBbUIO OBl BBIACNSTH U3 HEro ypaH U IUTYyTOHHIMA
U1 UX TOCIEAYIOUIEro UCHoiab30BaHus. OcTanbHas 4acTh OTpaOOTABILErO TOIIMBA
JOJHKHA OBITH HAJIE)KHO M30JIMPOBaHA OT OMocdepbl Ha MHOTHE Tojbl. CBSI3aHHBIE C
ATUM OMEpaluy — TPAHCHOPTHUPOBKA, MepepaboTKa U XpaHEHUE PaTUOAKTHBHBIX OT-
XO0JIOB — MPEACTABISAIOT COOOM CI0KHBIE TEXHUYECKUE MPOOITIEMBI.

OcHOBHBIE )JIeMEHTHI I/IEPHOT0 PeaKTopa

1. Hoeproe monaueo — OOBIUHBIA WU OOOTAlICHHBIN ypaH, MIyTOHUN, ypan U
233.

2. 3ameonrumenv HeumpoHo8 — €CIU POJUBLIMICS MpHU ACIEHUU siipa HEHUTPOH
HUYEM HE 3aTOPMO3UTh, OH HE OyJIeT 3aXBadyeH JPYTUM sIpOM paboyero ypaHa
U 235. Oto rpadwur, Tsxenas Bojia, oObIYHAS BOJIA.

3. Ompasicamens — 3TO TOT K€ 3aMeIJIUTEINb, HO PACIIONIOKEHHBIN BOKPYT peak-
TOpAa, €r0 aTOMbI OTPAXKAIOT HEUTPOHBI, CTPEMSIILIUECS TOKUHYTh PEAKTOP.

4. Pezynupyrowue cmepoichu. OHA U3TOTOBJICHBI U3 MaTEPHUAIOB, MOTJIOMIAOIINX
HeUTpoHbl. Eciii B peakTope 4ncio HEUTPOHOB MOBHIIIAETCS (& 3TO OMACHO), —
CTep)XKHH OITyCKalOT B peakTop. Ecim HEWTpOHOB ciaumkoM wmano (mamaer
MOIITHOCTh KOTJIA), — CTEP)KHU TIOJHUMAFOT.

5. Tennonocumens — Boja, map, pacruiaBlieHHbIC METAIIJIBI, Ta3bl.

Knaccudpuxanus peakroposn

PeakTopsl ensTcs o CIeayIONIMM MOKa3aTe s M:

1. Ha3HAYEHUIO: PHEPTETUUECKHUE, UCCIIEI0OBATEIHCKHAE, IKCIIEPUMEHTALHBIC,

2. HEUTPOHHO-(DU3UYECKUM XapaKTEPUCTUKAM: PEAKTOphl Ha  OBICTPHIX
HEHUTPOHAX, PEAKTOPHl HA MPOMEKYTOYHBIX HEUTPOHAX, PEAKTOPHI HA TEIl-
JIOBBIX HEUTPOHAX;

3. BWJBI SACPHOTO TOTUIABA:
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- TpUpOJHAs ypaHOBas pynaa — B He conepxkurcs 0,7% ypana U235;

- MaJo00OTallleHHBIA ypaH — B HeM coaepxkutcs 1-2% U235;

- BBICOKOOOOTAINICHHBIH ypaH - — B HeM cojepxkutcs Oonee 90 % ypana
U235.

4. ponay 3aMeIuTeNsA: BOAa, TpaduT, TshKeaas Boa,

5. pojy TEIUIOHOCHUTEIIS: BOJIA, Tap, XKUIKWE METaJUIbI, Ta3bl;

6. KOHCTPYKTHBHBIM OCOOCHHOCTSIM: KOPITYCHBIC, KaHAJIbHBIC.

[lepBas coBetrckas ADC Oblna noctpoeHa B 1954 rogy B ropoge OOHUHCKE.
Orto nByxkoHTypHass ADC. B peakrop norpyxeHo 128 ceMHUMETPOBBIX CTEPKHEH C
rpaduToBBIM 3aMeIuTENeM. Macca sSiiepHOro ToIuMBa cocTaBiseT 550 Kr.

Ha nmagano 1991r. B cTpane aeiictBoBaio 15 ADC c 47 sneprobmoxkamu. Ha
pOMBIIUIEHHBIX ADC B OCHOBHOM YCTAHOBJIEHBI YJHEPTETUYECKUE SIACPHBIE PEAKTO-
pBI C BOjOM moJ naBieHueM kopiycHoro tuna (BBOP— 600 u BBOP- 1000) u ka-
HajbHbIe BojorpaduToBsie peakropsl PEMK-1000 1 PEMK-1500, cymmapnas ycra-
HOBJICHHAs! MOIIHOCTb KOTOPBIX ITPUBECHA HUXKE:

Tun peakropa Yucno Monnocts, MBT
BB3P-1000 16 16000
BBOP-440 8 3212

BBOP-365 1 365

PEMK-1000 14 14000
PEMK-1500 2 3000

AMB-200 1 160

OI'1l-6 4 48

BH-600 1 600

B 3TOM nepeuHe yka3zaHbl TaKKe JNEUCTBYIOLIMM 10 CUX NOP OAWH U3 PEAKTO-
poB niepBoro nokoJjieauss AMb-200, detsipe peakTopa manoit momtHoctu JI'1I-6, pa-
oorarome Ha bunnbunckoit ADC, U peakTop-pa3MHOXKHUTENb Ha ObICTPBIX HEUTPO-
Hax, ycTaHOBJEHHbIN Ha benospckoit ADC.

[IpakTruecku Bce 3HEProosioku aercTByromux ADC paboTaroT B 6a30BOi ya-
CTH rpaduka Harpy3ku 3JeKTpudeckux cereil. Mckirouenne coctasisieT ToJdbko bu-
muounuckas ADC, paboTtaromnias B CKOJb3sIIEM TpaduKe MOKPBHITHS 3JIEKTPUUECKUX

U TEIUIOBBIX Harpy3ok. Hurke mpuBefeHbl KpyHMHEWIINE aTOMHbBIE SJIEKTPOCTAHIINU
CCCP na mayano 1991 ropa:

Hazsanne ADC MommnocTts, MBT
1. Jleaunrpanckas ADC 4000
2. Kypckas ADC 4000
3. 3anoposxckas ADC 4000
4. Cmonenckas ADC 4000
5. benosipckas ADC 4000
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YpoBeHb 0€30mMacHOCTH COBpeMEHHbIX AeiicTByromux ADC ompexaensercs,
[JIaBHBIM 00pa30M, 3aJI0’)KEHHBIMU B HUX MPOEKTHBIMU PEIICHUSIMHU, KOTOPHIE, €CTe-
CTBEHHO, Ha Pa3HBIX 3Talax pa3BUTHUA SACPHON PHEPreTHUKU ObLIM paznuyHbiMu. C
ATOM TOYKH 3pEHHUsI Bce AeUCTBYomMe 3HEeprooaoku ADC MOXKHO pa3ieuTh Ha TPU
MOKOJICHHSI: SHEPTOOJIOKH MEPBOTO MOKOJEHUS, pa3padOTaHHbIE U MOCTPOEHHBIE 0
BBIXOJIa OCHOBHBIX HOPMATUBHBIX JTOKYMEHTOB 10 O6e3onacHocT ADC; 3HEpro6I0Ku
BTOporo nokojyienus (BBOP-440, BBOP-365, OI'1l-6, PBMK-1000), cipoexkTupoBaH-
HbIE U MTOCTPOEHHBIE B COOTBETCTBUU C HBIHE YCTAPEBIIMM HOPMATHUBHBIM JOKYMEH-
TOM IO 0€30MacHOCTH; YHEProOyioku Tperhero mokosienus (BBOP-1000, PBMK-
1000, PEMK-1500), pazpaboTanHbie B COOTBETCTBUHU C TPEOOBAHUAMU JEHUCTBYIOIIIC-
ro HOPMAaTUBHOTO AOKyMeHTa «OOIIue MoJoXeHUsT 0e30MacHOCTH aTOMHBIX CTaH-
ity (OI1b-82).

ABapusi Ha YepHoObLIECKOM ADC 3acTaBWiia KPUTHYECKUA MEPEOIEHUTh ypO-
BEHb 0€30I1aCHOCTU BCEX JIEHCTBYIOIIMX U CTPOSILIUXCS ATOMHBIX 3JIEKTPOCTAHIUM.
Ha ocHoBe 3TOro ananusa Ha aeuctByromux ADC mpoBeIeHbl TEXHUYECKUE MEPO-
IPUSITHSL, CYIIECTBEHHO NMOBBILIAIOIINE YPOBEHb UX Oe3omacHocTH. Ha aHeprobiokax
¢ peakropamu PEMK BBINIOJIHEHBI MEpOINPUATHS, MPAKTHYECKU MCKIIIOYAOIINE BO3-
MO>KHOCTb [TOBTOPEHHS aBapuH, M0100HON uyepHOObLIbCKOM. Ha sHeprodiokax c pe-
akropamu BBOP-1000 yBenrnueHa Haie:)KHOCTh MEXaHUYECKOW aBapUITHOM 3aIlUTBHI.

B nemsix obecnieyenus: ypoBHs 6e3onacHocT 3HeprodiokoB ADC mepBoro u
BTOPOT0 MOKOJIEHUH, YAOBIETBOPSIOIIETO TPEOOBAHUSAM IEUCTBYIOIIUX HOPM, pa3pa-
0O0TaHbI MPOEKTHl PEKOHCTPYKIIMK 3TUX SHEPro0sIoKoB. [IpHHATO penienne nposecTu
PEKOHCTPYKIMIO 3HEProOJIOKOB MEPBOro M BTOporo nokojeHuidl Ha Konbckoit, Jle-
HuHrpajackou, Kypckoii, HepHnoObuibckoil, HoBoBoponexckoit nu benospckoit ADC.
Takxe onpeneneHbl TEXHUUECKHE MEPOIPUSATHS MO MOBBIIEHUIO YPOBHS O€3011acHO-
CTH peakTopoB Ha ObicTphiX HeWTponax bH-350 u BH-600.

Bomnpocs! a1 caMorpoBepku
1. Kakas TexHoJoTHUs MPUMEHEHa JUIsl UCTIOJb30BaHus u3o0Tomna ypana U238 B peak-
TOpax-pa3MHOKUTEIAX ?
2. UTo mpuMeHSIeTCsl B KAUeCTBE TEIJIOHOCUTEJS U TOYEMY HEJb3sl UCTIOIh30BaTh BO-
Iy 17151 3TUX Lenel B peakTopax tuna bH?
3. B xakoit anemeHT npeparaetrcs uzoton ypana U 238 B mporiecce siepHON peak-
mun? KakoBbI ero cBomcTBa?
4. Kakue 351eMeHTBI BeayT ce0s moooHo u3otony ypana U 235?
5. HazoBuTE OCHOBHBIE JIEMEHTHI SJIEPHOTO PeakTopa.
6. ITo kakuM mokaszaTesnsiM KIacCUuDUITUPYIOTCS sI€PHbIE PEaKTOPHI?
/. HazoBuTE TUIIBI IEUCTBYIOIIUX HBIHE SIEPHBIX PEAKTOPOB.
8. Kak pemmaercs npobyiema paguoakTUBHBIX 0TX00B ADC?
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Jleknuga 8
TYPBUHBI

Brnepsbie coznannbie B 1890 r. TypOMHBI CTali OCHOBHBIM CPEJICTBOM I1OTyYe-
HUSI 3JIEKTPUYECKON SHEPTUU U OCHOBHBIM THUIIOM CYJOBOTO M aBHAIMOHHOIO JBUTA-
tenst. TypOuna oGecnieunBaer odeHb Bbicokuit KIIJl mpeoOpazoBanusi BHyTpeHHEH
SHEPTrUU HArpeToro paboyero Tejaa B IHEPTUIO BpallleHUs Bajia TypOuHsbl. s TypOoun
XapaKTEePHBI:

1. manbie yelbHbIE KallUTAIbHbIE BIOXKEHUS HA €AUHUILY MOIIIHOCTH;

2. KOHOMUYHOCTb 00CITy)KUBAHUS;

3. Beicokwuit KITJT (70-80%);

4. paBHOMEPHOCTH BpAIllEHUS U OTCYTCTBHE BUOpAIMK 1pu paboTe.

[TepBbie TypOUHBI ObLITM HEOOJBITUMU U MPETHA3HAYAIUCH JJI1 BOCHHBIX KO-
pabeil.

PabGouee Teno moctymnaer B TypOMHY M BBIXOJUT U3 HEE C MOCTOSHHBIM Pacxo-
JIOM, COBEpIIIasi MEXaHUYECKYI0 paboTy.

N3 kypca pusuku 3a 8-i1 kjJacc BaM M3BECTHA cXeMa JEHCTBUS MpOCTEHIeit
MapoBOM TypOWHBI: HA BaJl HACAXKEH JIUCK, IO 0001y KOTOPOTO 3aKPEIICHBI JIOMATKH.
OKoJ10 JIOMaTOK pacroiokeHsl cormia. CTpyu mapa U3 comes 0Ka3bIBalOT 3HAYUTEI b-
HOE JIaBJICHUE Ha JIOMATKU M MPUBOIAT IUCK TYpOWHBI BO BpallaTelIbHOE JIBI)KCHHE.
YacroTta Bpamenus Bajia gocturaet 3000 o6/mMuH, 4TOo oYeHb ya00HO. B coBpeMeHn-
HBIX TypOMHAX MPUMEHSIOT HE OJMH, @ HECKOJbKO JMCKOB, HACAKEHHBIX Ha OOIIMIA
BaJl. [Tap mociienoBaTebHO MPOXOAUT Yepe3 JIONMATKU BCEX JMCKOB, OTAABask KaX10-
My M3 HUX 4acTb CBOel sHepruu. MomHocTh TypOouns! qocturaet 1200 MBT.

CrnenuanbHO cripo@IMpOBaHHBIE KaHAJBI IJIs1 pa3roHa padodei cpebl U mpu-
JAHUSI TIOTOKY OIPEJEICHHOTO HaIpaBJICHUs] HA3bIBAIOTCS COMUIAMM (KaHaJIbI-JJIs
TOPMOKEHUS MMOTOKA U MOBBIIICHUS AaBJICHUS — Ha3bIBaIOTCS qudPpy3opamn).

[Tponeccol, mpoxosiiye B TypOrMHAX, OMUCHIBAIOTCS 3aKOHAMU TEPMOIMHAMHU-
KH JJId ITOTOKA B pa60Te [1,21.5,cmp.43], TAC OOPEACICHO MMOHITHE MaCcCCOBOI0 pacxoaa

pabouero Tena.
F.c

m=——=const,

rjae F — miomaas momepeyHoro ceueHus KaHana,

C — CKOpPOCTh paboyero Tena;

V — oObeM.

[TocTOSIHCTBO MacCOBOrO pacxoja OMpeeiiseT YCIOBHE HEPa3PhIBHOCTH TEUe-
HUS B CTallMOHAPHBIX MOTOKax. [IepBblii 3aKOH TEPMOIMHAMMKH JIJISl TIOTOKA 3BYUUT
TaK:

TEIUIOTA, MOJBEACHHAS K MOTOKY pabouero Tejia M3BHE, PacXOJyeTcs Ha yBe-
JUYCHUE SHTAIBIIMKA pabd0yero Teya, MPOM3BOJCTBO TEXHUYECKON pabOTHI U yBEIH-

YyeHUE KMHETHUYECKOH 9HCPI'MH MOTOKA:
2 2

c, —C
q611:h2_h1+l + 2 1

Tex 1

TJI€ C; M Cp- CKOPOCTH Ha BXOJIE U BBIXOJIE arperata (TypOUHBI, COILIO).
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ITapoBbie TypOMHBI

TypOuna siBisieTcs [BUTaTENeM, B KOTOPOM TeIuioTa pabodero Tena — napa (ra-
3a) MOCJEI0BATEIbHO MpeoOpa3yeTcss B KUHETUYECKYIO DHEPTUI0 CTPYH, a 3aT€M B
MEXaHUYECKYyI0 paboTy.

BriTekaronuii U3 corsia moTok padodero Tena oOanaer 0oJbIION KUHETUYe-
CKOM 2Heprueil u JeUCTBYeT Ha JIOMATKU C CUJIOW, KOTOpas 3aBUCHUT OT (hOPMbI MX
MOBEPXHOCTH (PUCYHOK 8.1).

PacyeTsl o ypaBHEHHIO KOJTMUYECTBA ABMKCHHS TIOKA3bIBAIOT, YTO MPU MPOUUX
PaBHBIX YCJIOBHSX (3aaHHON cKOpocTH ucTekanus Cy u pacxozae pabodero teyna m) c
HauOONbIIEH CWIOW TOTOK OyAeT BO3JEHCTBOBaThH Ha JIOMATKy, ¢opma KOTOpOi
obecrieunBaeT ero MoBOpoOT Ha 180°. Eciu mO3BOJIUTH JIOMATKAM MEePEMENATHCS IO
NENUCTBUEM CTpyH (TIapa), TO JBMKEHHUE raza no cxeme 0) oOecnedyuT HanOONIbIIYIO
MOIIIHOCTb, PABHYIO MPOU3BEACHHIO JEHCTBYIONIEH Ha JIONATKy CUJIbI HA CKOPOCTH €€
IIepEMELICHMUS.

Pucynok 8.1. Cxema neiicTBUs CTpyH ra3a Ha MOBEPXHOCTHU TEJ PA3ITUYHOM
(bopmbl

Ortcrona cieayer, 4To JJIsl OJy4eHUs MaKCUMaIbHON pabOoThl MOTOK JOJKEH
HE yJIapsAThCs O TOBEPXHOCTh, a 00TEKaTh ee I1aBHO, 0e3 3aBuxpenus. Ho ucnonn3o-
BaTh Han0o0JIee BBITOHBIN MTPOQUIIL JOMATOK HE yaaeTcs. [IpakTuuecku HEBO3MOKHO
MIPU BpaIllaTeIbHOM JIBH>)KEHUU JUCKA C JIONAaTKaMU MOJaTh Ha HUX ra3 B HalpaBiie-
HUH, COBMAIAIOIIEM C INIOCKOCTHIO BPAILICHHUSI.

[ToaToMy B TypOMHAax CcTpys raza M3 COIUIA MOJAETCS Ha JIOMATKH O] HEKOTO-
pbiM yriioM. [IprdyemM HEBO3MOXKHO KOHCTPYKTHUBHO CJli€JIaTh 3TOT Yros MeHbliie 11-
16°. B psiZie CIIy4aeB €ro JeNaoT 20-30°

PaccMmoTpeHHBIN NpUHIUT eHCTBUS (CXeMBI a), 0), B)) MOTOKA Ha MOBEPXHO-
CTH Pa3au4HbIX (HOPM HA3BIBAIOT akmugHuiM. VIMEET MECTO peakmueHblli TPUHIIUII,
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KOI/Ia CHJIa CO3/A€TCsl 32 CUET pPEeaKIMH CTPYH, BBITEKAIOUIEH M3 coIuia (PUCYHOK
8.1,r). PeakTuBHas cuiia, MPUIOKEHHAs K UJIUHAPY, HAIIpaBjieHa B CTOPOHY, POTH-
BOIOJIOXKHYIO HCTEUEHHUIO Ta30B.

AKTHBHbIE TYPOUHBI

TypOuHbl, B KOTOPBIX BECh pacrojlaraeémblii TeIIonepenas npeoopasyercs B
KMHETHYECKYIO SHEPIHI0 MIOTOKA B COIUIaX, a B KaHajaxX MEXIy paboyuMu JionaTka-
MU pPacUIUPEHUs HE MPOUCXOJUT, HA3bIBAIOTCA AaKTUBHBIMU WJIUM TypOMHAMU PaBHOTO
JaBJICHUS.

Pucynok 8.2. CxeMa cTyneHu TypOUHBI

B mnpocrteiimeit pabodeit TypOuHe pabouee Teno MOCTyHmaeT B COIJIO (WU
TPYIITy COTEN), pa3rOHSETCS B HEM JI0 BHICOKOM CKOPOCTH W HAIpaBligeTCs Ha pado-
yue yionaTku (2). Ycuius, BhI3BaHHBIE TTOBOPOTOM CTPYHM B KaHajax pabouux Jioma-
TOK (CM. pucyHOK 8.1,B), BpamaroT JUCK 3 U CBA3aHHBIN ¢ HUM Bai 4. JIUCK ¢ 3akper-
JICHHBIMU Ha HEeM pabO4YMMH JIOTIATKAaMHU M BaJIOM Ha3bIBAIOT pomopom. OauH psn
COTIeJl M OJIMH IUCK C pabOYMMU JIOMATKaMH COCTABJISIIOT cTyneHu. CTyIeHu oTerne-
HBI IPYT OT Jipyra quadparmMamu, B KOTOPbIE BCTPOESHBI COILIA.

[Ipuparenre KHHETUYECKOW PHEPTUM Ha BBIXOJIE U3 COILIa MOXKHO ONIPEICIIUTh
o opmyiie:

2 2

Gr 6

o g e
]I Co, Ny — CKOPOCTH M DHTAJBINS TIOTOKA MTEPE]] COILIOM;
Cim Nip — TEOpETHYECKAs CKOPOCTh M SHTAJIBIIHS MOTOKA Ha BBIXOJIE U3 COILIA.
Ecau npuHsATh, 4TO NEpe COIIaMHi CKOPOCTh C,=(, TO MOITYUYUM:

2

C ~
% = (lo —hy _=Ahg,
rie Ah, — pacronaraemplii Temionepenas, COOTBETCTBYIOIINNA CKOPOCTH C1T.

B peanpHBIX yCIOBHSIX B pe3yibTaTe TPEHHS M 3aBUXPEHUHN NPH TEUEHUU I10-
TOKa 4acTh KMHETHYECKOW PHEPIHM HAIpaBJIICHHOTO JIBUXKEHUS MOJIEKYJ MpeBpalla-
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€TCSl B SHEPIHI0 HEYNOPSAJOYEHHOTO JABMKEHUS MOJIEKYJ, YTO YMEHBIIAET CKOPOCTh
HOTOKA:

Ci=0Cr,
rae ¢. - Ko3(pQUIMEHT CKOPOCTH COILIa, JJIsl COIJIOBBIX ammapaToB COBPEMEHHBIX
Typoun ¢. = 0,95+0,98.

OaHocTyneH4aTasi akTUBHAsi TypOuHa Obljla MOCTPOCHA IIBEICKUM WH)KECHE-
pom JloBanem B 1886 roay. OqHoctyneHuaTsie TypOUHBI JIoBasIs HIMEIOT OrpaHUYEH-
HYI0 MOITHOCTH 10 1 MBT 1 Hu3kuii KI1JI.

B onHocTtynenuatoil TypOuHe JloBans Bech pacmnojaraemblidl TEIIONEpernas
cpabaTbIBaeTCs B OJJHOW CTYNEHU U CKOPOCTU MOTOKA B COIJIaX OKAa3bIBAIOTCS OO0JIb-
mmmu (1400 m/c). DTO HETOMYCTUMO IO YCIOBHSIM MPOYHOCTHU JonaTok. [lpu Takux
CKOPOCTAX Hen30exkHbl 0obine norepu. [loaTomy TypOuHb! JIoBasis HMEIOT HU3KUN
KIIJI u orpannyennyto MomHocTs (10 1 MBT).

Bce kpynHble TypOMHBI J€1al0T MHOTOCTyNeH4YaTbIMU. CTyHeHM OTAENEHbI
IpyT O Apyra ouagpazmamu, B KOTOPbIE BCTPOEHBI coIUla. B makux mypounax oas-
JleHue naoaem npu npoxooe napa yepe3 COnla u 0Cmaemcsi HOCMOSHHbIM HA paboyux
Jonamkax. AOGCOIIOTHAs CKOPOCTh Mapa B CTYNEHH, Ha3bIBAEMOM CTYNEHbIO JIaBJie-
HUS, TO BO3PACTAET B COIJIaX, TO CHMXKAETCS HA pabouyuX JonaTkax (pUCyHOK 8.3).

Pe
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Pucynok 8.3. I3MeHeHne 1aBieHus: p U CKOPOCTH B CTYIIEHAX
AKTUBHOU TypOUHBI

OO0beM mapa Mo Mepe ero pacHIMpeHUs YBEJIMUYMBAETCS, U T€OMETPUUYECKHE
pa3Mepbl IPOTOYHOM YacTH MO X0y Hapa Bo3pactaroT. Eciu o0mumii Teronepena
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(No-hgsx) pactpenenuTs TOPOBHY MEXKIY Z CTYNEHSMH, TO CKOPOCTh UCTEUSHUS Mapa
M3 COTIeT KaXK/I0H CTYIICHH, M/C:

2(10 _hsbtx —
¢ = f,

rie Teruronepenan (Ny-Ny,x) — pa3HOCTh PHTANBITHH.

PeakTuBHBIE TYPOMHBI

[lepBas MoJieb ABUTATENISA, UCTIONB3YIOUIETO PEAKTUBHYIO CUITY, ObLJIa MOCTPO-
eHa ['eponoM Anexcannpuiickum 3a 120 et 1o H.3. [Ipu uctedeHuu mnapa u3 comel
3/1eCb BO3HUKAIOT PEAKTUBHBIEC CUJIbI, BpAIIAIOIIME CUCTEMY IIPOTHUB YAaCOBOM CTper-
ku. Ctynens TypOuHbl, o Mojenu ['epona, npeacTasisuia 661 cOO0H Bpallaromuics
JIMCK C COIUIaMH, K KOTOPbIM HEOOXOJAMMO OpPraHU30BaTh HEMPEPHIBHBIN MOABOMA pa-
Oouero Tena. BBUAy CIOXKHOCTH KOHCTPYHMPOBAHHUSI TaKUX CTYIEHEHM, a TeM Ooiee
MHOT'OCTYNE€HYaThIX TypOUH, YACTO PEAKTUBHBIEC TYpPOUHBI HE CO3/1aBATUCH.

Pucynox 8.4. CxemMa nepBoil MOJIeIN peaKTHUBHOM MapoBOil TYpOUHBI

PeakTUBHBIN TPUHIMI HAIIET HIMPOKOE MPUMEHEHUE JUIIh B PEAKTUBHBIX
JIBUTATEJISIX JIETATENIbHBIX anmapaToB (pakeT, CaMOJIETOB).

[IpakTHueckn peakTMBHBIMHM HA3bIBAIOTCS TYpPOWHBI, Y KOTOPBIX pacrojarae-
MBI TeruIonepenas mpeoopa3yercss B KHHETHICCKYIO SHEPTHIO TTOTOKa HE TOJIBKO B
coriax, HO ¥ Ha paboynx jomnatkax. OTHOIIEHHWE TeIIoNepenaaa Ha pabouux JIonaT-
kax Ah;, x pacnonaraemomy terionepenany h, (TypOUHBI) Ha3bIBACTCS CMENneHbio pe-

AKMUBHOCMU
_ Ahn
AR,

[Ipu ®=0 (4ucTO aKTUBHASI CTYINEHb) BECh pacrojiaraémblil TEIUIONepenas, a
CJIeIOBATeNbHO, W TIEperaj] JaBlICHUN cpabaThiBaeTCsi B COILIOBOM armapare, mpe-
BpalasiCb B CKOPOCTHOM Harop.

[Tpu ©=1 (4ucTO peakTHBHAs CTYINEHB) BECh pacCIoJiaraeMblil TeIUIonepenasn
cpabaTbiBasncst Obl Ha paboOYMX JIOMaTKaXx.

CoBpeMeHHbIE MOIIHbIE TYpPOWHBI BBIIOJHSIIOT MHOTOCTYIIEHYAThIMU C OIpe-

JIEJICHHOW CTENEHbI0 PEaKTUBHOCTH, Yaie Bcero ®=0,5. B kaxmoil cTyneHu Takoi
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TypOMHBI pacuIMpeHrue paboyero Teaa MPOUCXOJUT He TOJIbKO B COMJIOBBIX KaHAIaX,
HO U Ha pab0oYymX JOMaTKax.

Momnocts v KII/I TypOuHbI

PabGota TypOuWHBI, KaKk TEIUIOBOIO JBUTATElNsl, XapaKTEpHU3yeTcsl BHYTpPEHHEH
MOIIIHOCTBIO, pa3BUBAEMOM JionaTkamu, U 3(pPEeKTUBHON (Ha Baly) MOITHOCTHIO. D-
¢dextuBHass MoutHOCTh N, MeHbIle BHyTpeHHe N; Ha 3HaYeHHWE MEXaHUYECKUX IO-
Teph (B MOAIIMITHUKAX, HA IPUBOJI BCIOMOTATEIbHBIX MEXaHU3MOB U T.1). BHyTpeH-
Hsis1 MOIIHOCTH N; MeHbIie MoirHocTH Ny, KOTOpPYIO pa3BuBaia Obl HaeadbHas Typ-
OuHa, Ha 3HaUYEHUE BHYTPEHHUX MOTEPH (OT TPEHUS U 3aBUXPEHUS KaHAJOB, OT Iepe-
TEYEK Iapa B 3a30pax NOMHMO COIUT U T.1.).

Buympennuu omnocumenvuviu KI1I/[ yautbiBaeT BHyTPEHHHUE NOTEPU TYpOUHBI
Y OTIPEIETSETCS COOTHOIIICHUEM

Mexannyeckue notepu oleHnBaroTca Mmexanndeckum KIT/]

e

N,

l

77,146)6 =

J17is GONBIIMHCTBA COBPEMEHHBIX TypOuH 1,;=0,7+0,88;

Muex=0,99+0,995.
3aBucumocts KIIJ[ TypOuHBI 1 OT TEMIEpaTyphl MOCTYNAIOLIErO HA Hee napa ty, mpu
P1=9,8 MIIa, P,=3,9 klla, npeacraBieHa HUXKE:

t;, °C 350 400 500 600
n, % 40,5 40 425 4472

Kanaccupukanus napoBbIX TYpOMH

ITo Ha3HAaYeHWIO TYpPOUHBI ACTIATCS Ha:

1. KOHJEHCAIMOHHBIE C BBITYCKOM BCEro OTpaOOTaHHOTO mMapa B KOHJIEHCATOD,
/i€ MOJJIep>KUBaeTCs TIyOOKHi BakyyMm (Takue TypOUHBI yCTaHABIMBAIOTCS HA
KOHJICHCAITMOHHBIX DJIEKTPOCTAHIUAX JIJISl BEIPAOOTKU SJICKTPOIHEPTHH).

2. TerIo(pUKAIMOHHBIE C PETYJIUPYEMBIM OTOOPOM Mapa JIjisi TIPOU3BOICTBEHHBIX
HYXX]T ¥ TeTJIO(PHUKAIMYA ¢ MUHUMATBHBIM MPOITYCKOM T1apa B KOHIEHCATOP.

3. TypOUHBI ¢ TPOTUBOAABICHUEM C BbIJaueii BCEro OTPabOTAHHOTO Mapa s
IIPOU3BOJICTBEHHBIX HYXKI M TETUIO()UKAITUH.

4. TypOWHBI ¢ YXYAINIEHHBIM BaKyyMOM C BBIITYCKOM Tlapa B KOHJICHCATOP C He-
rTyOOKUM BaKyyMOM U C MCTIOJIb30BAaHUEM OXJIXKTAFOIICH BOABI ISl OTOILIE-
HUSL.

ITo crocoOy pacmupeHus mapa u JACHCTBUSI €ro Ha pabouue JIONATKU TypOUHBI

JENATCS Ha:

- aKTHBHBIC TYpPOUHBI;
- pCakTUBHbBIC TypOUHBI,
- KOMOWHHPOBAHHBIC TYpPOUHBI.
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[To yucity 00OpPOTOB pa3inHualOT TUXOXOAHBIE TYPOMHBI C YUCIOM OOOpPOTOB
menee 3000 B MUHYTY U OBICTpOXOHBIE C unciioM 000poToB 3000 u GoJiee B MUHYTY.
Ilo naBnenwuto:
1. TypOuHBI HU3ZKOTO JABJICHUS, UCTIOIb3YIOIIME OTPAOOTAHHBIN Map ¢ MPOU3BO/I-
CTBa;
TypOuHBI cpeaHero napieHus ot 10 go 30 atmocdep;
3. TypOHHBI BEICOKOTO M CBEPXBBICOKOTO AaBieHus oT 30 u BbImie armocdep.
[To yucny BasioB TypOHHBI OBIBAIOT OJTHOBAJILHBIE 1 MHOTOBAJIbHBIC.
[To yncity HMIMHIPOB TYpOMHBI Pa3IMYyatOTCsA Ha OJHOLMIMHIAPOBBIE W MHO-
TOLMJIMHAPOBBIE C HUJIUHAPAMH BBICOKOTO, CPEHETO M HU3KOI'O JAAaBJIEHUS C IPOMe-
’KYTOYHBIM IIEPErPEBOM I1apa.

no

Bomnpocs! 1 camonpoBepku
1. ChopmynupyiiTe nepBblif 3aKOH TEPMOJUHAMUKY JJI IOTOKA paboyero Tena.
2. Ha nmoBepxHOCTh Kakoi (hOpMbI IOTOK JIEUCTBYET C HAMOOIBIIEH CHITON?
3. Uto Ha3bIBalOT CTYNEHBIO TYPOUHBI?
4. Kak n3MeHsII0TCs 1aBJIEHUE Py U a0COIIOTHAsI CKOPOCTh Mapa Co B CTYNEHSIX aKTHB-
HOU ¥ peaKTUBHOU TypOUHBI?
5. Kak onpenensiercss ckopocTh UCTEUEHHUS Mapa U3 COIUIA OJHOM CTyIeHH?
6. UTo Ha3bIBaeTCS CTENEHBIO PEaKTUBHOCTH TypOuHbI? KakoBa cTeneHb peakTHBHO-
CTH COBPEMEHHBIX TYpOUH?
7. Ot yero 3aBUCHUT 3P(HEeKTUBHAS MOIIHOCTb TYpPOUHBI?
8. Ilo xakuMm mpu3HAKaM ocyImiecTBiseTcs kinaccudukanus Typoun? I[lepeuncnure
OCHOBHBIE U3 HUX.
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Jlexkuusa 9
TEIINIO®OUKALIUA

C yBenuueHHEM JaBJICHUS Tapa mnepes TYpOMHOU p; MpH MOCTOSHHBIX 1y U P
noJie3Hasi paboTa IMKIJIa Bo3pacTaeT. B To ke BpeMs KOJMYECTBO MOJABEACHHOW 3a
LUKJI TETUIOTHI (J; HECKOJIBKO YMEHBIINTCS 32 CUET YMEHBUICHUS SHTAIBIINN NIEPETPE-
toro napa h;. I[ToaTomy 4em BbIIIe naBieHUE p;, TeM Oombine KIT/I nieamsHOTO IHK-
na PenkuHa.

Bonpmemy naBieHuro nepen TypOMHONW COOTBETCTBYET Oojiee BBICOKAs BIIAXK-
HOCTbh BBIXOJAIIEer0 U3 Hee napa. CoaepkaHue KarejaeKk BOJbl B Mape YBEIMYHUBACT
MOTEPU OT TPEHHUS €ro B MPOTOYHON YacTu TypOuHbIl. [IoATOMY OJHOBPEMEHHO C T10-
BBIIIICHUEM JIaBJICHUS Mapa 3a MapOBbIM KOTJIIOM HEOOXOJMMO MOBBIIIATH U TEMIIEpa-
Typy €ro meperpeBa, 4ToObl MOAJIEPKUBATH BIIAYKHOCTH BBIXOJSIIETO U3 TYpOWHBI
rapa B 33JJaHHBIX MpeJeax.

C aTol Xe 1ebI0 Tap, YaCTUYHO PACHIMPUBIIHICS B TypOMHE, BO3BPAIIAIOT B
KOTEJ M CHOBa IeperpeBaroT (yKe€ MpU MEHBIIEM JaBICHUH), OCYIIECTBIISIS Tak
Ha3bIBAEMbI BTOPUYHBIN (a4 MHOTJA M TPETUYHBIN) nogorpeB. OTHOBPEMEHHO 3TO
noBbiaet Tepmuueckuil KITJ[ nukia.

TypOuHBI aTOMHBIX 3JIEKTPOCTAHIMM, pabOTalOlMe Ha HACHIIICHHOM IIape,
MMEIOT CHEIUAIbHYI0 KOHCTPYKIIUIO, MTO3BOJISIONIYI0 OTBOAUTD BBIICISIONIYIOCS TIPU
KOHJIEHCAIIUU BOJY.

[ToBeIlIEHWE MapaMETPOB Tapa OMNPEIEISIETCS YPOBHEM PAa3BUTUSA METAILTYP-
I'MH, TTOCTABJISIIOLIEH METaslIbl JUIsl KOTJIOB U TypOuH. [lonmydyenue napa ¢ reMmepary-
poit 535-565 °C crano BO3MOKHBIM JIHIIEL Oiarofaps MPUMEHEHUIO HH3KOJIETHPO-
BAHHBIX CTajel, U3 KOTOPBHIX U3TOTOBJISIOTCS MapoIeperpeBaTed U ropsuue 4acTh
Typ6uH. Ilepexon Ha Gosee Beicokue mapamerpsl (580-650 °C) TpebyeT nmpuMeHeH st
JOPOTOCTOSIIINX BBICOKOJIETUPOBAHHBIX (AYCTEHUTHBIX) CTAJICH.

[Ipu ymeHbIIEHUM AaBJICHUS p, Tapa 3a TypOWHON YMEHBIIAETCS CPEIHSS
Temneparypa t, 0TBo/ia TEMIOTHI B IUKIIE, a CPEAHSS TEMIIEpaTypa NOIBOIA TEMIOTHI
MeHseTcst Mmaiio. [loaromy ueM MeHbIIe JaBieHue napa 3a Typounou, Tem Boimie KITJ]
MMapOCUIIOBOM YCTaHOBKH.

JlaBnenue 3a TypOWHOM, paBHOE JABJICHUIO TMapa B KOHJEHCATOpE, OMpPenes-
€TCsl TEMIIEPATYPOM OXJIAXKIAOWIEd BOAbl. Eciin cpenHeroqoBas remreparypa oxJja-
KJIAIOIIEH BOJBI HA BXOJE B KOHIEHCATOP cocTaBiseT npudausurenasao 10-15 °C, o
U3 KOHJEHCAaTOpa OHa BRIXOAMUT Harperoi no 20-25°C. ITap MOXKET KOHIECHCUPOBATh-
Cs TOJILKO B TOM Cilydae, €clii 0OecIieueH OTBOJ BBIACISIIOLICHCS TEIUIOTHI, a JJIs
ATOTO HYKHO, YTOOBI TeMIlepaTypa Mapa B KOHAeHcaTope Obliaa OOJIbIe TeMIepary-
pBl oxJaxaaromiei Boasl xots 06l Ha 5-10°C. IToaToMy TemIeparypa HacChIIIEHHOIO
napa B KOHJeHcaTtope cocrasisieT 00sraH0 25-35 °C, a abCo0THOE AaBICHUE STOTO
napa p, coorBetrctBeHHO 3-5klla. IToBeimenue KIIJ[ nukna 3a cuer nanbHEMIIero
CHUKEHHS pp IPAKTUYECKH HEBO3MOKHO M3-3a OTCYTCTBUSI €CTECTBEHHBIX OXJIAJUTE-
nel ¢ 6oee HU3KOW TeMITepaTypoil.

Nmeercs, omHAKO, BO3MOXKHOCTH TOBBICUTH 3(PHEKTHBHOCTh MaPOCHUIIOBOM
YCTAHOBKHU MyTE€M YBEJIMUCHHUSI, & HE YMEHbBIIICHUS AaBJICHUS U TeMIIEpaTyphl 3a Typ-
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OMHOM 710 TaKOW BENIUYUHBI, YTOOBI OTOPOCHYIO TEIUIOTY (KOTOpasi COCTaBIET OoJiee
TIOJIOBUHBI BCETO KOJIMYECTBA TEIUIOTHI, 3aTPAau€HHON B IIUKJIE) MOYKHO OBLJIO UCTIONb-
30BaTh Ui OTOILJICHUS, TOPSYErO BOJOCHAOKEHHS M PA3IUYHBIX TEXHOJOTHMYECKUX
npoueccoB (pucyHok 9.1). C 3Toli 1enblo oxJIaXaarolas BoAa, Harperasi B KOH/AEH-
carope K, He BbIOpackiBaeTcsi B BOJIOEM, KaK B YHCTO KOHJEHCALMOHHOM IIHKIIE, a
MPOTOHSETCS Yepe3 OTONMUTeNbHBIe MPUOOps TermoBoro norpedurens TII u, oxma-
KJIasiCh B HUX, OTJAeT MOJYYCHHYIO B KOHJAEHCATOpe TeIUIoTy. B pe3ynbTare craH-
1us1, paboTaromas 1o Tako cxeme, OJHOBPEMEHHO BBIPAOATHIBAET U DJIEKTPUUECKYIO
SHEPIHUI0, U TEIIOTY. Takas cTaHUuMs Ha3bIBaeTCs TeIIoAIeKTpoueHTpaibio (TOLT).

7
§| %
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Pucynok 9.1. Cxema yCTaHOBKH 7151 COBMECTHOM BBIPAOOTKH TETLIIOBOU
u anekTpuueckoi sHepruu: 1K — maposoii koren; T — nmapoBast TypOuHa;
K — xongencarop-nonorpesareinb; H — Hacoc; TII — TerioBoit noTpeOuTensb.
Hudper cOOTBETCTBYIOT TOUKaM kA B T, S - nuarpamme

OxJTaXKJaro1y0 BOAY MOXKHO HCIIOJIB30BaTh JUIsl OTOIUICHHS JIMIIb TIPU TOM
YCJIOBHH, 4TO ee Temmeparypa He Himke 70-100 °C. Temmeparypa mapa B KOHJEHCA-
tope (mogorpesarene) K momkna ObiTh xots 061 Ha 10-15 °C Beime. B GonbiuuHcTBE
ciydaeB OHa mojydaercst Oonbire 100 °C, a gaBieHHe HACBHIIIEHHOTO I1apa p, MpH
ATOM Temmeparype Boiiie arMochepHoro. [Toaromy TypOuHBI, paboTaroIIKe Mo TaKoM
CXeMe, Ha3bIBAIOTCSA TypOMHAMU C TPOTUBOIABIICHUEM.

Urak, naBneHue 3a TypOWHON C MIPOTUBOJABICHUEM TOJydaeTCss OOBIYHO OKO-
70 4 klla, a ve 0,1-0,15 MIla, kak 3a KOHJAEHCAIIMOHHOW TYpOMHON. DTO, KOHEYHO,
MIPUBOJNT K YMEHBIICHUIO PaOOTHI IMapa B TYPOUHE M COOTBETCTBYIOIIECMY yBEIHYEC-
HUIO KOJIMYECTBA OTOPOCHOM TETUIOTHI. JTO BUAHO HAa PUCYHKE 9.2, /i€ MOJIE3HO UC-
MOJIb30BaHHAs TEIIOTa (], B KOHJCHCAIIMOHHOM IMKJIE M300paXkaeTCs IIOMaabo 1-
2/—3/—4/—5—6, a MpH MPOTUBOJABICHUM — Tulomaabto 1-2-3-4-5-6. Ilnomans 2-2/-3-4
JaeT YMEHBIIICHHE MOJIE3HOM paOOThI M3-3a IMOBBIIICHUS JaBJICHUS 3a TYPOUHOM C p),

A0 p».
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Pucynok 9.2. Terodukanuonssiii 1uki B T, S — nuarpamme

Tepmuueckuit K11/ ycTaHOBKM ¢ MPOTHMBOJABICHUEM IOIY4YaeTCsl HUKE, YEM
KOHJICHCAITMOHHOW YCTAHOBKH, T.€. B DJEKTPOIHEPTHIO TPEBPANIACTCS MCHbBIIAS
9aCcTh TEIJIOTHI TOTUTHBA. 3aTO OOIas CTEMEHb MCIOIb30BAHMS ITOW TEIIOTHI CTAHO-
BUTCSl 3HAUYUTEJILHO OOJbIIEH, YeM B KOHIEHCAIIMOHHOW ycTaHOBKe. B uaeanrHOM
IIMKJIE C MPOTUBOJABICHUEM TEIUIOTa, 3aTpayeHHasl B KOTJoarperare Ha MoJydeHue
napa (romans 1-7-8-4-5-6), MOJHOCTBHIO UCTONIB3yeTCs MOTpedutensiMu. YacTte ee
(utommanp 1-2-4-5-6) npeBparniaeTcsi B MEXaHUYECKYIO WIIH SJICKTPUYECKYIO SHEPTHUIO,
a yacTh (Tiomasp 2-7-8-4) oTnaercs TeIIOBOMY MOTPEOUTEIIO B BUJIE TEIUIOTHI Mapa
WJIA TOPSTYEH BOJIBL.

[Ipu ycTtaHOoBKE TypOMHBI ¢ IPOTUBOJABICHUEM KaXIbld KAJIOTpaMM TMapa co-
BepIIaeT Moje3Hy padboty l.=h;-h, u oTmaer TermoBoMy morpeduTento Kommuye-
CTBO TEIUIOTHI Oy, =h,-h’,. MOIHOCTD yCTAHOBKM 10 BBIPAGOTKE DIICKTPOIHEPIHH
N,=(h:-h,)D u ee TeruoBas momHocts Q,..=(h,-h’;)D mponopumoHatbHEl pacxomy
napa D, T.e. )K€CTKO CBsA3aHbl. DTO HEYJOOHO Ha MpaKTUke, 00 rpaduku moTpedHO-
CTH B DJICKTPOIHEPTHUHU U TEIUIOTE TTOYTH HUKOT/Ia HE COBITAJIAIOT.

|
—@

Pucynox 9.3. YcTaHoBka TypOUHBI ¢ peryIupyeMbIM 0TOOpOM Tiapa
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YtoObl U30aBUTHCS OT TAKOM KECTKOW CBS3H, HA CTAHIMSIX IIMPOKO MPUMEHSI-
I0T TYPOUHBI C pecyiupyemvim npomercymodtvim omoopom napa (pucyHok 9.3). Ta-
Kas TypOMHA COCTOMT M3 JIBYX YacTel: 4acTu BeIcokoro napieHus (UB/]), B koTopoii
nap pacuiupsieTcsi OT JaBJICHUS p1 0 JABICHUS Porg, HEOOXOAUMOTO JJisi TEMIOBOIO
notpeduTens, u yactu Hu3koro nasinenus (UYHJI), rie nap pacumpsiercs: 10 JaBlIeHUs
p2 B koHaeHcatope. Yepes UBJI npoxoauT Beck map, BeIpabaThIBa€Mbli KOTJIOArpera-
ToM. Yacth ero D, (Ipu AaBIACHUH Py5) OTOUPAETCS U MOCTYNAET K TEIJIOBOMY IMO-
tpedurtemo TII. OcranbHol nap B konuvectBe D, npoxonut yepe3 YH/I B koHneHca-
top K. Perynupys cootHomenus Mexay Dy 1 Dy, MO)XKHO HE3aBUCHMO MEHATH Kak
TEIJIOBYIO, TAK U AJIEKTPUYECKYIO0 HArpy3KU TYpOMHBI C MPOMEXYTOYHBIM OTOOPOM,
yeM U OOBsCHAETCS MX mUpokoe pacnpoctpanenue Ha TOLl. Ilpu HeoOxomumocTH
MPEeIyCMaTPUBAIOTCS JBa U 00JIee PEryIHPYyEMBIX O0TOOpa C pa3HbIMHU MapaMeTpaMu
napa.

Hapsiny ¢ perynupyeMbIMu Kaxkaasi TYypOMHA UMEET €Ille HECKOJIbKO Hepe2yiu-
pyemulx omb6opos napa, UCTIONIb3yEMbIX JIJIi PET€HEPATUBHOIO MOJIO0TPEeBa MUTATEIb-
HOM BOJIbI, CYIIECTBEHHO NoBbIatomero repmuueckuid KI1/] nukina.

CBoeoOpa3zHasi «TerIopuKaius MOKET OCYIIECTBIATHCS JJaXKe Ha YUCTO KOH-
JEHCAllMOHHBIX CTaHUMSX, TJI€ OXJIAKAAIOIIAs BOJIA U3 KOHJIEHCATOPOB UCIOJIb3YET-
cs1, HanpuMep, s oborpeBa 0acceiiHOB WM BOJJOEMOB, I71€ UCKYCCTBEHHO BbIpally-
BaeTcs pbioa. OTOpOCHAS TEIIOTa MOXKET MCIOJIb30BaThCsl JJIsl 000rpeBa MapHUKOB,
el ¥ T.4. Koneuno, norpedHoe B paiione KOC koinuecTBO TEMIOTHI JIsi TUX
1eJell 3HAYMTEIbHO MEHBbUIE OOIIEro KOJIMYECTBa OTOPOCHOW TEIUIOTHI, HO TEM HE
MEHEE TaKO€ €€ UCIO0JIb30BAaHUE SIBISIETCS AJEMEHTOM O€30TXOJIHOM TEXHOJIOTHUU —
TEXHOJIOTUU OyaylIero.

KITJI mapocuyioBbIX YCTaHOBOK B CPEIHEM BBIIIE, YEM y Ta30TYpOUHHBIX yCTa-
HOBOK, 1 O1u3ok k KIIJI aBurareneid BHyTpeHHero cropanus. (Kak ykazaHo Bbllle,
TeMIIEpaTypa rnapa Ha BBIXOJIE M3 KOHIEHCAIIMOHHOM TypOunbl coctasiser 28-30 °C.)
C npyroit cTOpoHBI, OOIBIION pacmoiaraeMblil TeTUIONepenaa B TypOuHE U CBSI3aH-
HBII C 3TUM OTHOCHUTEJIbHO HU3KWU YAENbHBIN pacxoja mapa Ha BbipaboTky 1 kBt
MO3BOJISIIOT CO3/1aTh MApOBbIe TYPOUHBI HAa KOJIOCCAIbHBIE MOITHOCTH — 110 1200 MBT
B ojHOM arperare! IlosToMy mapocusoBble YCTAaHOBKH O€3pa3fielibHO FOCIOACTBYIOT
KaK Ha TEIUIOBBIX, TAK M Ha aTOMHBIX AJIeKTpocTaHIusax. [lapoBbie TypOUHBI puMe-
HSIOT TaKXKe IS MPUBOJA TypOOBO3AYXOMYBOK (B YaCTHOCTH, B JOMEHHOM IPOM3-
BojicTBEe). HemocTaTok mapoTypOMHHBIX YCTAaHOBOK — OOJIbIIME 3aTpaThl MeTaia,
CBSI3aHHBIE MIPEXK]IE BCEro ¢ OOJBIION Maccoi koTioarperara. [loaToMmy oHU mpakTu-
YECKHU HE MPUMEHSAIOTCA Ha TPAHCIIOPTE U UX HE AENal0T MAJIOMOUIHBIMHU.

Wrak, no Buay BblpabaTtbiBaemMon sHeprur TOC Ha OpraHM4EeCKOM TOILUIMBE
MOApa3IesIOTCS Ha KOHICHCAIMOHHbIe dekTpuueckue ctaniuu (K9C) u Ha temo-
anextpouentpanu (TOLI).

Ha xoHIEHCAIIMOHHBIX AJIEKTPUUECKUX CTAHIUSAX yCTAHABIMBAIOTCA TypOore-
HEpaTOpbl KOHACHCALMOHHOTO THUIIA, KOTOPBIE MPOU3BOAAT TOJIBKO JJIEKTPUYECKYIO
sHepruto (pucyHok 9.4).

Ha tennosnexTponeHTpail yCTaHABIMBAIOTCA TEIUIO(UKALNOHHBIE (PUCYHOK
9.5) m mpotuBOjaBieHUYECKHE TypOOTE€HEpaTOpbl, a TaKke TypOOreHepaTophbl C
YXYAIIEHHBIM BaKyyMOM.
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Hwuxe npusenens! Tunossle cxembl KOC u TOL, KoTOpble NIMPOKO IPUMEH -
IOTCSl Ha TMPAKTHUKE.
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Pucynok 9.4. TunoBas cxema KOC: 1 — mapoBoii koTel, 2 — KOHiecalluOHHAas
TypOuHa, 3 — reHeparop, 4 — KOHJEHcaTop, 5 — Aea’paTop, 6 — moaorpeBaTellb MuTa-
TEIBLHOM BOJIBI BEICOKOT'O JIABJICHHS, 7 — KOHJCHCATHBIM HACOC, 8 — MUTATCIbHBIN
HAcocC, 9 — MUPKYIAIMOHHBIN Hacoc, 10 — HeperyIupyeMble pereHepaTUBHBIE OTOOPHI
napa

Ha pa6oraromux no teroBoMy rpaduky craniusax (TOL[) 6onpias yacte na-
pa u3 peryJupyeMbIX 0TOOpOB TypOUH OTOMpaeTcs Ha MPOU3BOJACTBEHHbBIC HYXXIbI U
TeIIo(OUKALUKU U TOJIBKO MUHUMAJIBHO — HEOOXO0IUMOE ISl BEHTUJISIIMU MPOTOYHON
4acTy TypOMHBI HampaBJsieTcs B KOHIeHcaTop. [Ipy 3TOM yCIOBUH yACIBHBIN pacxo/y
YCJIOBHOTO TOIUIMBA HA OTIyIIeHHbIN KBT Ha TOL] 3HauntensHo HUxke, yueMm Ha KOC.
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Pucynok 9.5. Tunosas cxema TOL: 1 — napoBoit koten, 2 — TemI0PpUKALUOH-
Has TypOuHa, 3 — reHeparop, 4 — KOHJeHcaTop, 5 — Aea’paTop, 6 — NoorpeBaTelib
MUTATEIbHOW BOABI BEICOKOTO JABJICHUS, 7/ — TOAOTPEBATENIb CETEBOU BOJBI HU3KOTO
NABJICHHUS], 8 — IOJOTPEBATEIb CETEBOM BOJBI BHICOKOTO TABJIEHUSA, 9 — KOHAEHCAT-
HbII Hacoc, 10 — nuTaTenbHbIM Hacoc, 11 — uukpynspHbId Hacoc, 12 — ceTeBoit
Hacoc, 13 — KOHJIeHCaTHBIM HAacOC MoIorpeBaTeei

Cioco0bI OXJIAKIeHUS 0TOPOCHOI TEILIOTHI

[lepBbiii U3 cOCOOOB KPYMHOMACHITAOHOTO OTBOJA TEIJIOTHI, KOTOPBIA OyIeT
3]1eCh PACCMOTPEH,— 3TO MPSAMOTOYHOE OXJaxkaeHue. Boay, B34TyI0 U3 BOAOTOKA
WIA BOJOEMa, MPOKAUMBAIOT Yepe3 TPyOKH KOHAEHCATopa, I7ie OHA OTOMpAaeT CKphI-
TyI0 TeryioTy mapa. Ilpu sToM He mpeAnpuHUMAeTCs HUKAKUX Mep ISl TOTO, YTOOBI
ocnabuTh HEraTUBHOE BO3JEHCTBHE TEIJIOBOTO 3arpsidHeHus. EnuHcTBeHHAs 3amava
COCTOUT B TOM, YTOOBI MIPEIOTBPATUTH PELIMPKYIISILIMIO HArPETOW BOJIBI Uepe3 TpyOKu
KoHAeHcaTopa. C SKOHOMHYECKON TOYKH 3PEHHUs CHCTEMa MPSIMOTOYHOTO BOJAOCHAO-
’KEHUS MPUBJIEKATENIbHA IOTOMY, YTO OHA HAaUMEHEE JOPOroCTOsIIasl, €CJIH, KOHEYHO,
VISl €€ YCTPOMCTBA UMEIOTCS MOIXOISIINE YCIIOBUS. 3aTpaThl HA CO3JaHUE TaKOW MPSIMO-
TOYHOM CHUCTEMbI BOJOCHAOKEHMsI, €€ AIKCILTyaTallll0 M TEXHUYECKOE OOCITyKUBAHHUE
OOBIYHO HEOOJIBILIME.
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Bropoii criocob 0TBO/Ia TETUIOTHI M3 KOHACHCATOPOB JIEKTPOCTAHIHIN 3aKITFOUACTCS B
YCTPOiicTBe MCKYCCTBEHHOTO BO0eMa-oxXJIaauTe s (pyna wim o3epa). [IpeumyiiectBo
TaKoro npysa B TOM, 4TO OH 0OXOJIUTCS HEAOPOr0, OCOOEHHO B TE€X paiioHaX, IJIe CTOUMOCTh
3eMEeJIbHBIX YYaCTKOB HEBBICOKA. [IpH MpoeKTupoBaHUM Tpyaa-OXJIaJUTeNsl NPUHUMAIOT
YIIENBbHYIO TIONIA/Ib 3epKasia BoAbl IpyAa B npeaenax 0,81-0,9 ra Ha oiMH KAJIOBATT yCTa-
HOBJICHHOW MOIITHOCTH.

Ecmum 3emenbHbIE y4acTKU CTOSIT JOPOTO, MOYKHO YCTPOHUThH OpbI3rajibHbIN OacceiH —
OH 3aHMMAET MEHBIITYIO IIOIIA/Th, YeM MPYA-OXJIaUTelh. PaboTaeT Oph3raibHbIN OacceitH
10 TOMY >K€ TIPUHITUITY, HO MCIIAPEHHE, TIPOUCXOJIAIIEE B Pe3yJIbTaTe KOHTAKTA BOJIBI C aT-
MochEepHBIM BO3TyXOM, CTAHOBUTCS TOPA3/I0 MHTEHCUBHEE, TaK KaK BOJIA pa30phI3ruBacTCs
HAaJl TOBEPXHOCTRIO OacceiiHa; BOT nmoueMy 0acceiiH 3aHUMAET JIHIb 5% IO I, KOTopas
MoTpeOOBAIOCH OBl IS YCTPOWCTBA TPy Ia-OXJIaTUTEIs.

PaccmoTtpum nocieHuii criocod 0TBojia COPOCHOM TEIIIOTH — NMPUMEHEeHHe Ipa-
aupeH. Ha puc. 9.6 n3o0paxxeHsl rpaiupHu Pa3InIHbIX THUIIOB.

Pucynox 9.6 - Oxnaxmaronye yCTpocTBa pa3IMUHbIX TUIIOB: a — OpBI3ralib-
HBII Oaccelin; 0 — OTKpbITas OpbI3raibHas TpagupHs; B — UCTIAPUTEIbHAS TPATUPHS C
rUnepOoIMuecKoi OaIlIHel; T - TpaJAupHs C IPUHYAUTEIHHON [UPKYJISIITUEH BO3AYyXa;
Il — FPAJIUPHS CO BCACHIBAIOUIUM BEHTUJISITOPOM M MPOTUBOTOYHBIM JIBMXKEHHEM BO3-
IyXa; € - TpaJpHS CO BCACHIBAIOIIMM BEHTHJIATOPOM U MONEPEYHBIM JIBUIKEHUEM
BO3/1yXa; X — OTKpbITas rPaJupHs C OPOCUTEIbHBIM YCTPOMCTBOM
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I'pagupHu aensATcs Ha cyxue (paguaTopHbIe) U ucnapurenbHble. [IpuHnun nei-
CTBUSI UCIIAPUTEIILHON TPAIMPHU 3aKIF0YAETCA B TOM, YTO BOJIA, CTEKAS IO OPOCUTEIIO
NOJT IEVCTBUEM CHJIbI TSDKECTH, BCTYIIAET B COIPUKOCHOBEHHUE € MIOTOKOM Bo3ayxa. Kak
y’K€ TOBOPMJIOCH, OXJIAXKJEHUE BOJBI TJIaBHBIM 00pazoM (Ha 75 %) mpoucxoauT 3a
CYET TOT0, UTO 4YacTh €e ucnapserca. OnpeneneHnas 4acTh OXJIAKICHUS JOCTUTAETCS
3a cueT PdekTa Teronepenaun. HTEHCUBHOCTD TEIIOOTAYH 3aBUCUT OT TaKOTo Ia-
pamMeTpa, Kak IUIOIagb KOHTAKTa BOABI C BO3AyXOM. Bojia, mocrymnaroias B rpaIupHIO
13 BOJOPACIIPENACIIMTENILHOTO YCTPOMCTBA, CTEKAaeT HA IEPBBIA M3 MHOTOYMCIIEHHBIX
CIIOEB Hacaoku. Ponb HacaKy, 3aHUMAIOLIEH 3HAYUTENIbHYIO YaCTh BHYTPEHHETO 00be-
Ma HCTIapUTEIbHON TPaJUPHHU, COCTOUT B TOM, YTOOBI YCKOPUTH paccesHUe TEIUIOTHI:
BOJIa pa3OpbI3rUBaETCs, a CIIEAOBATENIbHO, BO3PACTAET OpOIIaeMasi IOBEPXHOCTh, HAX0-
JAIIASCSA B KOHTAKTE C BO3LyXOM.

B 00npIIMHCTBE COBPEMEHHBIX HCHAPUTENBHBIX T'PAIUPEH NPHUMEHSETCS Ka-
NeJNbHBI OPOCUTENh — BOJA MAaJaeT ¢ OJHOTO sipyca FOPU30HTANbHBIX OPYCKOB Ha
Apyroi M IpoOUTCS MpU ITOM Ha Karau. B HEKOTOpBIX MeHee KPYIMHBIX T'pagupHSIX
yalle MpUMEHSETCS HacaJaka ApYyroro THUIIA — TaK Ha3blBaeMas IUICHOYHas. B aTmx
IpaUpHAX BOJa CTEKAET 110 OPOIIAEMOMY YCTPOUCTBY B ()OpME TOHKOH IJICHKH, 3a-
HUMaroulel oommpHyto riomaae. [Ipoiias yepes Hacaaky, oxJiaxaAeHHas BoJa CTe-
KaeT B BOJIOCOOpPHBIN pe3epByap, HaXosALMiics B ocHOBaHUU OamiHu. M3 pe3epByapa
€€ CHOBa NOJAIOT TyJa, IIe¢ OHa HarpeBajach, HapUMEpP B KOHJACHCATOP Iapa Ha
ANEKTPOCTAHLINH, U HAUMHAETCSA OYEPEIHON UK OTBOJIA TEIUIOTHI.

HcnapurenbHble rpalupHA IEIATCS, B CBOKO OYEPEb, HA TP OCHOBHBIX THIIA:
OTKPBITbIE TPATUPHU, TPAJAUPHA C €CTECTBEHHOM TATOM W T'PAJWPHU C NMPUHYAUTEIBHON
LUPKYJISILMEN BO31yXa.

OTKpBITBIE TPAIUPHU YCTPOEHHI TAK, YTO JUIS MPOTOKA BO3AYyXa YEPE3 OPOCUTEIH
B HUX MCIOJB3YyeTCA cuila BeTpa. PazOpbi3ruBaemasi BoAa OXJIaKIAETCS MPOTEKaro-
MM BO3JYyXOM, M TEIUIOTa OTBOAUTCS B arMocdepy. DTU rpaupHU UMEIOT (opMy
IIPSIMOYTOJIBHUKA, JJIMHHAS OCh KOTOPOI'O PACHOJI0KEHA 0 HAIPABJIEHUIO TOCIOJACTBY-
FOLIETO JIeTOM BeTpa. JKamo3n Ha BHEIIHEW IMOBEPXHOCTU LIAXThI MPEIHA3HAYEHBI IS
TOT0, YTOOBI TOTEPU OT YHOCA OPBI3T BETPOM COKPATUIIMCH 10 MUHHUMYMa. XOTS M0100-
HbI€ IPAaJUPHU MPOCTHI MO KOHCTPYKIMU U HAJIEKHBI B paboTe, OHU 00JIaJatoT PSIoM
CYLIECTBEHHBIX HEJOCTAaTKOB. B HacTosIIee BpeMsl Ha JIEKTPOCTAaHUUAX TaKUE Ipaaup-
HU Y€ HE CTPOSITCS — OHHU 3aHMUMaIOT OOJIBILIYIO IJIOUIAb (MX HYXKHO CTPOUTH Ha OT-
KPBITOM MecTe, TOOJIU30CTH HE JOJKHO ObITh COOPY>KEHUH, MPEMATCTBYIOLUIMX XOPO-
ieMy MpoAYyBaHUIO FPATUPHU BETPOM); HHTEPBAI OXJIAXKACHUS y TAKUX TPATUPEH HE-
BEJIMK, & CTPOMTENIBCTBO UX CBSI3aHO C JIOBOJIbHO KPYITHBIMH 3aTPATAMMU.

HcnmapurenbHble TpagupHA C €CTECTBEHHOM TATOW CIIOKHEE M0 KOHCTPYKLIMH; B
HUX TIEPEMENICHNE BO3/1yXa CO3JAETCA 3a CUET Pa3InyMsl B IUIOTHOCTH MOTOKOB BXOJIS-
LIEr0 U BBIXOJALIErO BO3AyXa. JpyruMHu ClIOBaMu, IJIOTHOCTh HAPYKHOTO BO3yXa He-
CKOJIbKO BBIIIIE, YEM TUIOTHOCTh BO3yXa, HaxoJduerocs B OamrHe rpagupau. Haunbo-
Jiee XapaKTepHOe 3HaueHue AToro mnepemnana miotHoctd — (0,008 Kr/M°. JIBroky1as
CHJIa — 3TO Pa3HOCTb TUAPOCTATHUECKUX JABJICHUH JIBYX CTOJIOOB BO3/yXa.

['panupHu ¢ €CTECTBEHHOW TATOM 00J1a1al0T U3BECTHBIMU MPEUMYILECTBAMU 10
CPaBHEHMIO C I'PAJAUPHIMH MPOYMX TUMNOB. OHU MPOU3BOAAT TAKOE KE OXJIAKIAIOLIEE
NEICTBUE, YTO U IPAIUPHU C MPUHYAUTEIBHON BEHTWIALUEN, OJHAKO IPU 3TOM JIHLIE-
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HbI MEXaHUYECKUX YCTPOMCTB U HE MOTPEOIAIOT nekTposHeprun. Kpome toro, ux s¢-
(EeKTUBHOCTb HE 3aBHCUT OT CKOPOCTH BeTpa. ['paupHu ¢ €CTECTBEHHOM TArOW 3aHU-
MAalOT ropa3fo MEHbIIYIO Iomaas. OHM paboTalOT B ONTUMAIBHBIX YCIOBUSX, MPU
KOTOPBIX MOTOK BO3AyXa HAIIPaBJICH HABCTPEUy MOTOKY CTEKAIOLIEH C OPOCHUTENS BO-
Ibl, Oyarofaps 4YeMy CaMblil XOJIOHBIA BO3/1yX CHayajla COIPUKACAETCS C CaMOW XO-
JOAHOM BOJOW M 3PPEKTUBHOCTh OXJIAXAECHUS NMOITOMY He cHMkaercs. K HemocTat-
KaM TpaJupeH C €CTECTBEHHOW TATOW CIIEAYyeT OTHECTH HEOOXOAMMOCTh COOPYKEHUsI
BBICOKMX OallleH Y 3HaYUTEIbHbIC KauTalbHbIe 3aTpaThl. Kpome Toro, TpyaHo ¢ 00Jib-
IIOM TOYHOCTBIO PEryJIMpOBaTh TEMIIEPATYPy OXJIAKIACHHOW BOJBI. B TEXHMUYECKON M-
TepaType 4Yaule BCEro MPUBOAATCA CIEAYIOIIME ONTUMAIIBHBIE MMOKA3aTENu JUIsl TaKUX
rpagupeH: uHTepBall oxnaxaeHus—I14 °C, creneHb NpuOIMKEHUsT K TEOPETHYECKOMY
npeneny—10 °C.

Tpetnii THII UCHIAPUTENBHBIX T'PAJUPEH — 3TO TPAJUPHU C NPHUHYAUTEIHLHOU
BeHTWIALMEN. [10TOK BO3yXa co31aeTcs Mpy MOMOIIM BEHTWIATOPA, YCTAHOBIEHHOIO
a100 Ha BXoje (MPUHYAUTENBHBIA MOTOK), TMOO HA BBIXOAE (BCACHIBAEMBIN MOTOK).
IIpuMeHenne BEHTWIIATOpA MO3BOJIAET PETYIMPOBATH IIOTOK BO3LyXa B 3aBUCUMOCTH OT
KOHKPETHOM MOTPEOHOCTHU B OXJIAKICHUHU BObI.

[TpyHIMIT AEWCTBHS MCHIAPUTENBHBIX IT'PAAUPEH BCEX TUIIOB COCTOUT B TOM, YTO
TEIIoTa yaasieTcsl u3 oTpaboTaBIlIero B TypOuHax napa Onarogapsi npoleccy ucrape-
HUS BOJIBI.

Bomnpocs! 1 caMoItpoBepKu

1. Kakum 006pa3oM MOKHO MOBBICUTH 3(P(HEKTUBHOCTH MAPOCHIOBON YCTAHOBKH Y-
TEM YBEJIMYEHHUS JaBICHUS 3a TypOUHON?

Kakue TypOuHBI Ha3bIBAIOTCS TYPOMHAMHU C IPOTUBOIABICHUEM?

Uemy paBHa 2JIEKTpUUECKas U TEIIOBAsE MOLTHOCTH IMTAPOCUIIOBOM YCTaHOBKU?
JJ1st 4ero NpuMEHSIIOTCSl TYPOUHBI C PEryIHPyEMbIM 0TOOpOM napa?

Kaxkue crnocoObl NpUMEHSIIOTCS ISl OXJIAKIAEHUSI OTOPOCHOM TEIOTHI?

Ha kaxom npuHumne padoTaroT rpaiMpHU C ECTECTBEHHOM ITUPKYJIALIHEH?

SEGRFRYN
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Jlexknusa 10
I'MAPOSHEPI'ETHYECKHUE YCTAHOBKH

[Ipeobpa3oBaHre THAPOIHEPTHH B IIIEKTPUIECKYIO IHEPTHIO CTAJIO BO3MOXKHBIM
B KoHIle XIX Beka Oyarogapsi OTKpBITUSAM B 00J1aCTH (PU3HKUA U TEXHHUYECKOMY IPO-
rpeccy. Kpynnasie 'DC nHavanu nosiBisiteesa Ha pyoexke XIX u XX BekoB. dusnue-
CKHE€ TPHUHIUIIBI TPeoOpa3oBaHUsl DHEPTUU TMANAIONMEHd BOABI B SJIEKTPUUECKYIO
HHEPTHUI0 JOBOJBHO MPOCTHI, OJIHAKO TEXHUYECKOE OCYIIECTBICHHE TAaKOTO MPOEKTa
OKa3aJIOCh B ICUCTBUTEIBHOCTH JIOBOJIBHO CIOKHBIM. CTPOUTEIHCTBO TJIOTHHBI TPE-
OyeT MpoBeACHUS MPEABAPUTEIBLHBIX padOT MO U3MEHEHHUIO PyCiia PeKH PHIThEM KOT-
JIOBaHA, U TOJBKO TOCJIE 3TOTO HAYMHAETCA CTPOUTENHCTBO camMol IUIOTHUHBL. OHa
CTPOUTCS U3 Kele300eTOHa U MPECTABIAECT COOO MOHOJIUTHOE coopyxeHue. Boma
MOJ/I HAIIOPOM, CO3/IaBa€MbIM IUIOTMHOM, HAIIPABISETCS B BOJIOBOJ, KOTOPHIA 3aKaH-
yuBaeTcs TypOuHoi. TypOuna Bpaiaer Bajl, COEIMHEHHBIA C POTOPOM I'eHEpaTopa.
KonuyectBo BhipabaThiBaeMoii 3nekTpodnepru Ha ['9C 3aBUCUT OT MOTEHIIUATBHON
SHEPTUU BObI, 3aracéHHoN B Bopoxpanuuiile, u KI1J[ e€ npeoOpazoBaHus B 3jeK-
Tpoanepruto. Momuocts ['DC 3aBUCUT Kak OT KOJIMUECTBA BOJIbI, TaK U OT Iepenaja
MEX/y BOJIHOM MOBEPXHOCTHIO BOJOXPAHMWIIMIIA U YPOBHEM YCTAaHOBKHU THpoOarpe-
rata:

P = pgQH, (10.1)
I7ie p - yACHBHBIA BEC BOIBI, T/CM°; - YCKOPEHHE CBOGOIHOTO MaIeHHS, PaBHOE
9,81m/c; Q - pacxo BoABI Yepe3 TYpOuHY, M H - Harop BOJIbI, M.

Pa3Huna Mexay BEpXHUM M HIDKHUM Obe()OM BOAOXPAHWINILA HAa3bIBAETCS HAIO-
pom. Bona, noctynaromiast Ha TypOMHY MO BHICOKUM HaIllopoM, UMEET 60/J15my10 1o-
TEHLMAJIBHYIO0 JHEPIUIO, YEM IPU MAJIOM HAIlOpe, U IIOATOMY HAa BBICOKOHAIIOPHOU
I'SC TpebyeTcsi MEHBIIMIM PACXOA BOJABI JUJISL MOJTYYEHUS OJWHAKOBOW MOIIHOCTH.
Yem BbIILIE HANOpP, TEM MEHbIIE TabapuThl TypOUHBI, a 3TO, B CBOIO Ouepelib, yie-
LIEBJIIET CTOUMOCTb BCEro COOpYKeHMs. Ho BbICOKMI HaIlop He Bceraa ynaércs co-
3]1aTh, NOCKOJIBbKY MOIIHOCTh ['DC 1 KonMMyecTBO BhIpadaThIBAEMOM €10 IEKTPOIHEP-
MM B OCHOBHOM 3aBHUCAT OT TOMOrpapuuecKux yCJIOBUN B pailoHE pa3melleHus: Bo-
JoXpaHWIMILA U Tena MmioTuHbl. K yucny BeicokoHanopHslx ['DC MOXHO OTHECTH:
Baxmickyto, Kpacnosipckyto, bparckyto, Casno-Illymenckyro, I'9C I'ysep B CIIIA
(wrrat ApusoHa) u Acyanckuid komiuieke B Erunre. 'DC Bomkckoro xackana, Ho-
BocuOupckas 1 bonHeBmibckas Ha pexke KomymOMM OTHOCSATCS K KaTErOpUU HU3KO-
HanopHbix ['OC. ['maposHepreTnyeckuil MOTEHIMAN BCEX PEK MUpA OLICHUBAETCS B
2857 I'BT, ogqHako MajiOBEpOSTHO, YTO ATOT MOTEHIMAI KOTAa-iubo OyleT MOHO-
CTBIO OCBOEH.

CxeMbl HCIO/Ib30BAHMSA BOAHOM YJHEPIMH M THIIbI THAPOCTAHIMI
B 3aBHCHMOCTH OT TOT0, KAKUM CIIOCOOOM co3AaeTcs (KOHLIEHTPUPYETCsI) HATop,
pa3InyaroT CIEeAYIOIUE CXEMbI THAPOYCTaHOBOK:
1. IInoTuHHYXO, IPU KOTOPOM BECH HAIOP CO3JAETCS IUIOTUHOM;
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2. JlepuBallMOHHYIO, NP KOTOPOM HAmOp CO3JaeTcsl ACPUBALMOHHBIMU (OT-
BOJHBIMU) COOPYKEHUSIMU;

3. CMmemaHHyl0 TUIOTUHHO-IEPUBAIIMOHHYIO, TP KOTOPOM HAMOpP CO3AaeTCs
KaK TJIOTUHOM, TaK U JEPUBALIMOHHBIMU COOPYKECHUSMH.

IInomunnvle cxemwvl CO3[IaHUs Hariopa OBIBAIOT NPUNIOMUHHbIE U PYCI08bIe,
npeacrasieHbl Ha pucyHkax 10.1 u 10.2. [notuHa neperopakxuBaeT pPyciio peKu, B
pe3ysbTaTe 4ero ypoBEHb BOJbI Mepes IUIOTHHOW MOAHUMAaeTcs, 00pa3ysl BOJOXpa-
HWINILE TOW UM UHOU €MKOCTH.

Boaxoe mpocTpaHCTBO Tiepes IIOTHHON Ha3bIBaeTCs gepxHum dbvegom (Bb), a
BOJHOE MPOCTPAHCTBO 32 IJIOTHHOW Ha3bIBaeTCs HudcHum ovegpom (HB).

Pa3HOCTh OTMETOK YpOBHEH BOJBI BEPXHETO W HIDKHETO Obe()OB Ha3hIBACTCS
cmamuyecxkum nanopom (H ct).

31aHMe CTAHIIMU PacCIoaraeTcsl WM 3a oTUHOU (pucyHok 10.1), unu psagom
¢ motuHou (pucyHok 10.2). IloBepxHOCTh BOABI B BEpXHEM Obede mepes] MIoTHHON
o0Opa3yeT KpHUBYIO MOAMNOpPA, JUIMHA KOTOPOW 3aBUCUT OT YKJIOHA pekd. [1o aToit mpu-
YHHE HUCIOJb3YEMbI HAOp /1 ¢t HECKOJBKO MEHBIIE pacronaraeMoro Hamnopa H . ,
Ha BeJIMYMHY ITOTepH Hamopa h , Ha yJacTke KpUBO MOATIOpa, T. €.:

H CcT — H ya ~ h Kp -

Jlepusayuonnyto cxemy co3qaHusl Haropa MPUMEHSIOT Ha TOPHBIX PeKax, UMe-

IOIINX 3HAYUTEIbHBIE YKJIOHBI.
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Pucynok 10.1. ITonepeunslii pa3pe3 pyciaoBOM TMAPOINEKTPOCTaHINH: 1 — 3a-
TBOP BOAOCOpOCa; 2 — a3 pEMOHTHOTO 3aTBOPA; 3 — OCHOBHOM 3aTBOP TYpOMHHOTO
BOJI0OBO/A; 4 — reHepaTop; 5 — TpanchopmaTop; 6 — aBapuiHbIN 3aTBOP; 7 — TypOUHa;
I'Bb — ropuzont BepxHuero 0beda; ['Hb - ropuzonT HukHero obeda
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Pucynoxk 10.2 - ITonepeuHblii pa3pe3 NPpUIIOTUHHON THIPOIIEKTPOCTAHIIUM:

1 — npoBona Ha OPY; 2 — mutockuii 3aTBOp; 3 — MalTMHHBIN 3T, 4 — TeHEpaTop; 5 —
criipajibHas KaMmepa; 6 — orcacpiBaroias Tpyoa; 7 — TypOuHa paiuaibHO-0CEBOTO
TUMAa; § — TypOUHHBIN BOJIOBO; 9 — rimyOuHHBIN BoponpueMHuk; 10 — pemerka; 11 —
MIOTbEMHBIM MEXaHW3M IIUTOB

[Ipu cpaBHUTEIBHO MPSIMOJUHEHHOM PYCJE PEKH BOJA OTBOJUTCS M3 HEE OT-
KPBITBIM KaHAJIOM, UAYITUM IO CKJIOHY JOJWHEI (pucyHOK 10.3.); mpudemM OTBOTHOMY
KaHATy MPUIAETCS YKJIOH 3HAYUTEIHbHO MEHBIINH, YeM YKJIOH peku. biaaromapst aTo-
My YPOBEHBb BOJIBI B KOHIIC KaHaja OKa3bIBaCTCS Ha 0oJiee BHICOKOW OTMETKE, YeM
YpOBEHb BOJBI B peke. TakuM 00pa3oM BO3MOXKHO COCPEIOTOYUTH HATOP BOMABI, KO-
TOPBIN MCTIOIB3YIOT I pabOThI TYpOWH THAPOCTaHIMU. BomoBoa, Mo KoTopomMy BO-
7la OTBOJIUTCS U3 PEKH, Ha3bIBaCTCsl depusayueti. B xauecTBe nepuBaIiuu MOXKET ObITH
WCIIOJI30BaH OTKPBITHIN KaHaJl, TYHHEJb, TPyOOIPOBO U T.J.

['uppocTanIiy, B KOTOPBIX HAMOp CO3JAETCs JCPUBAIMEH, HA3BIBAIOTCS Oepu-
BAYUOHHBIMU.

B ee cocraB BXOmsT ciemyronye THAPOTEXHUUECKHE COOPYKEHUs (PUCYHOK
10.3): mnotuna 2, obecneunBaronias MOCTYIUICHUE BOJBI B JIEPUBAIIUIO; OTKPBITHIN
JICpUBAITMOHHBINA KaHaAT 3, MPOXOAIINI 10 CKIOHY Oepera peKu; HamopHbIM 6acceiH
4, mpeACTaBIAIONIMN CO00M pacIIMpeHHbIN KOHIIEBOM YYacTOK KaHajla U 0Oecreyu-
BAIOIWIA COCIMHCHHWE KaHala C HAMOPHBIMH TPYOONPOBOJAMHU THIPOCTAHIINM;
HaITOpHBIEC TPYOOTIPOBOIBI S, IO KOTOPBIM BOJIA U3 HAIIOPHOTO OacceiiHa IMOBOIUTCS
K TypOWHaAM CTaHIMH; 3T1aHKE CTAHIIMHN 6, B KOTOPOM pa3MeIIaeTcss THApPOMEXaHUuJe-
CKO€ U 3JIEKTpUYECKoe 00OpYyJA0BaHHE CTAHIIMH; OTBOJSAIIMN KaHA 7, IO KOTOPOMY
oTpaboTaBias Boja oT TypOHH cOpachIBaeTCs 0OpPAaTHO B PEKY.
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Bepxuui j
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Pucynoxk 10.3. OOumii BujJ 1epuBallMOHHON THUIPOCTaHLIMU: 1 - peka; 2 —
IJIOTUHA; 3 — OTKPBITHIN AepUBAIIMOHHBIN KaHal; 4 - HAMOPHBIN OacceliH; 5 — TpyOo-
poBOJI; 6 — 31aHKE CTAaHUIUM; / — OTBOASIIMNA KaHAI

I'maposHepronoreHuman

B mupe norenuuan ruaposHepruu B menom onenuBaerca B 19000 TBT - u/rog,
a €ro MCIOJIb30BaHUE COCTABJIIAET JIMIIB OKOJIO0 9 %. [IponeHT ucoabp30BaHus THIPO-
SHEPTUU B PA3HBIX PErMOHAX BECbMa pasiiMyeH, HO enié OoJbllle pa3auyus Mo CTpa-
HaM (pucyHok 10. 4). B HacTosiee BpeMs MOTSHIMA THIPOIHEPTUHU UCIIOIb30BaH B
I'epmanuu Ha 75 %, lIBeitnapuu Ha 80 %, CIIIA Ha 44 %, Kanazne Ha 50 %, SAnonun
Ha 65 %, llIBeuuu u Utanmuu na 74 %, @panuun Ha 90 % u Poccuum Ha 21 %. Ot
JAHHBIE TOKA3bIBAIOT MPOLIEHT MCIOJIb30BAaHUS THIPOIHEPIHH OT PAcoaraeMoro
MOTEHIIMAJIa, KOTOPBIA MOKET ObITh pealM30BaH ¢ YKOHOMUYECKOU I1e71eco00pa3Ho-
CThIO. bopIIOE BHUMAHKE B HACTOSIIEE BpeMsl yAeIsIETCA co3aanuto Mansix ['9C Ha
HEOONBIINX peKax U pa3zpaboTke OecruioTUHHBIX ['DC HarIaBHOIO THUMa Ha pPeKax C
BBICOKOW CKOPOCTBIO TEYEHUS.

1400 +

1200 17

1000 17

800 11}

600 11

400 17

200 17

NIl (M == |

KHP CIIA Sinonns | Hopeerws | IBemwms | ®pammms | Mranns Kanana ccep

O DHepronoTeHuMal cTpansl, KB.u 1320 705 132 130 85 80 63 535 1080
B Jloss1 HCTIOIIB3y €MOTO 92,4 331,35 92,4 106,6 64,6 72 44,73 304,95 226,8

Pucynoxk 10.4. PacniosiaraemMplil 1 HCIIOJIb3YEMBIN OTEHIAAT THAPOIHEPTUH
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BozneiicrBue I'IC Ha oKpy:KaloLIy1o cpexy

I'DC otHOCcsATCS K ycTaHOBKaM, padotaromuM Ha BUD, HO mo cpaBHeHUIO C
UCIOJIb30BAaHUEM JPYTUX BUJOB IIPUPOJHBIX PECYpPCOB, IPE0OpPa30BaHUE THIPOIHEP-
T'MH B 3JIEKTPUUECKYIO 3HAYUTENIBHO BO3JICHCTBYET Ha OKPYXaloLIyto cpery. Popmbl
U XapakTep 3TUX BO3JEUCTBUN MPUHLMIIMAIBHO OTJIMYAOTCS OT BO3JEHCTBUI CTaH-
il qpyrux tunoB. Ho u cpeay BO30OHOBISEMBIX HCTOUHUKOB YHEPTUU THIPOIHEP-
rvsi 3aHMMaeT ocoboe mecTo. B mporecce co3ganus U B mocieaymouel pabore coll-
HEYHBIX M BETPOBBIX MpeoOpa3oBaTeeil 3HEPIUU MPAKTHYECKH OTCYTCTBYIOT KaKHe-
100 3HAYUTEIbHBIE OTPULIATEIbHBIE BO3ICUCTBUS HAa OKpY»Karolyto cpeay. [Ipome-
’KYTOYHOE ITOJIO’KEHUE B 3TOM CBSI3U 3aHUMAIOT MPUJIMBHBIE CTAHIIMH, TAK KaK MPH UX
BO3BEJICHUU TpeOyeTcs CTPOUTH TUIOTUHY ISl OOECHEYeHHUs MOANOpa BOJBI MOCIHE
OTJINBA, YTO MPUBOAUT K HEOOXOAMMOCTH CO3/1aBaTh BOJOXPAHUJIMINE C IUKIUYE-
CKHUM PEXUMOM CTOKOB B TEUEHHUE CYTOK.

st pabotel I'9C Hamo coopykaTh MOCTOSHHBIE BOJOXPAHMIUINA C OOJBIION
IJIOIIA/IbIO 3€pKajia BOJAHOW MOBEPXHOCTH, KOTOPask MOYKET OKa3bIBATh 3HAUUTEIHHOE
BpPEJIHOE BO3JECHCTBUE HA OKPYKAIOILIYIO Cpely. DTO BO3JACHCTBUE MOXKET BhIPAaKaTh-
Csl B CIIELYIOLLEM.

1. YHuuToxxeHue yHuUkanbHOU (uiopsl U (payHbl B OacceiiHax pek, Hampumep,
HapyllleHHe MyTe HepecTa 0J1aropoAHbIX mopo peid Ha Exucee.

2. 3arorutenne moaopoaubix mouB (I'DC Bomkckoro kackana, HoBocubupckas,
byxtapmunckas ['DC B Kazaxcrane).

3. CokpailieHre CTOKa BOJbI HUKE TNIOTUHBI 10 TEUCHUIO.

4. IIpexpamieHrne ce30HHbIX MABOJKOB.

5. Hanecenue ymiep6a nanamadty paiioHa, rie pacrnojoXeHO BOJOXPaHUIHIIIE.

6. Co3nanue o4eHb OOJBIIOTO JABJICHUS Ha MaJIblil y4acTOK MOBEPXHOCTH 3€M-
.
7. 3amuIMBaHUE U 3aCOPEHUE BOJAOXPAHMIINIIA.

Bce BomoTokM HecyT ¢ coOOil HaHOCHI, KOTOpPbIE, OCelas B BOJAOXPAaHUIHILE,
CHIDKAIOT €ro MOJIE3HYI0 EMKOCTh U YXY/IIAIOT SKOJIOTMUECKYI0 OOCTaHOBKY B HEM.
[TosTomy nosie3znoe ucnonb3zoBanue I'9C npogoikaercs ot 50 no 200 ner.

[Ipu oO6pa3zoBaHMM KPYIMHOTO BOAOXPAHWIUILA CO3AAETCS OYEHb OOJIBIIOE J1aB-
JIEHHE, KOTOPOE MPUBOJAUT K BOZHUKHOBEHHUIO HANPSHKEHUN B MOPOAAX, CIATAFOIINX
ITHO, U €CJIK UX HE CHSATh, TO MOSABIISIETCS NOTCHIIMAIbHBINA UCTOYHUK 3EMJIETPSCEHMUS.
B nexabpe 1967 roga B Unaum Obliia MOJHOCTHIO pa3pylieHa miotuHa Koyma Beico-
toit 103 M. IlpuumHoil kaTacTpodbl SBUIOCH 3EMJIETPSICEHHUE, SMULIEHTP KOTOPOTO
HaxXOJWICS. HEMOCPEACTBEHHO IO TEJIOM INIOTUHBI.

Bormpocs! 3konornyeckoro Bosaectsus 'OC Ha Okpykaroulyro cpeay J0JIK-
HBI CTaTh B&XXHEUIIMMH BO BpEMs MPEANPOCKTHOro aHanu3sa. I1o cpokam neuctBus
nocieACTBUs co3nanusi Bogoxpanwinil ['DC MoryT ObITh pa3ienieHbl Ha JBE TpyI-
nbl. [lepBas rpynma - 370 npsiMble BO3AECHCTBUS, AEHUCTBUE KOTOPHIX HAYUHAETCS B
nepuo Co3laHusi BojoxpaHwinia. Mx HeoOXonuMo yYUTHIBATh HA CTaJUU MPOECK-
TUPOBAHUSL:

1) 3aTorneHue NeCHbIX U CeTbCKOXO03ICTBEHHBIX 3€MEJIb;

2) cokpauieHue NpOAYKTUBHOCTH 3aJMBHBIX JTYTOB HUKE YPOBHS MJIOTHUHBI;
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3) oTpunaTeNbHbIE BO3CHCTBUS B CUCTEME PHIOOBOCTBA.

Jpyrue mocieacTBus 0OHapyKUBarOTCs cycTs S... 10 JIeT mocie 3arnoaHeHus
BOJIOXPAHUJIMIIA, U UX OCOOCHHO Ba)KHO MPOTHO3UPOBATH 3apaHee.

OnHuM 13 BaKHEHUIIUX (haKTOPOB, OMPEACIISIONIUX MMOCISICTBHUS BO3ICHCTBUS
BOJIOXPAHUJIMIIl Ha OKPYKAIOIIYIO Cpeay, SIBJISIETCS IUIOIAAb Bojgoxpanmwiuia. Oko-
710 88 % 00111er0 ynciaa BoJOXpaHwIHIl B Poccun coopykeHbl B pABHUHHBIX YCIIOBH-
X, ucnoiibdyeMmble Hanopsl Ha ['DC gocturarot 15...20 M, a mwiomaap 3epkajia aKBa-
TOPHI WHOT]Ia HECKOJIBKO THICSY KBaJAPATHBIX KAJIOMETPOB. DHepreTnyeckas s dek-
TUBHOCTH | KM? 3aTOIISIEMBIX 3eMejb HAUMEHBIIIAS IS PABHUHHBIX BOJIOXPAHMIIHIIL
B HU30BBAX KPYIHBIX PEK. Y eiabHas MIIOTHOCTh 3aTOILICHUS B 3TUX YCIOBUSX U3MeE-
HsteTes OT 5 10 15 km/Thic.KBT ycraHoBiieHHOM MoutHoctH ['DC. [{ns BogoxpaHu-
muug '9C Ha TOpHBIX pekax 3Ta BeauuuHa Ha 1...2 mopsiaka Huxke. Kpome 3toro cy-
IIECTBEHHBIM (haKTOPOM BO3JICUCTBUS HAa OKPYKAIOIIYIO CPEy SIBISIOTCSI 3aCOJICHUE
Y OIlleJIAaYMBAHUE TUIOJIOPOJAHBIX 3€MeJIb B pailoHaX OPOIICHHUS B CIydae HEI0CTaTOU-
Horo napeHaxa. Ilo omenkam xkomuccuu OOH, eXerogHo M3 MHUPOBOIO CEIbCKOXO-
35IMCTBEHHOTO TMPOM3BOJICTBA BhIMagacT 0koJI0O 300 ThIC. TEKTapOB OPOIIAEMBIX 3€-
MeJlb BCJICACTBUE 3acoyieHus Ipu 3abojaunBanuu. B memom Bo3zaericteus ['DC Ha
OKPYKAIOIIyI0 Cpeay MHOTOYHMCIICHHBI, pa3HOXapaKTepHBI MO ¢GopMaM M JIOJHKHBI
YUYUTBHIBATHCA HA BCEX dTaNax CO3JAaHus AJIEKTpocTaHIuM. [1oaToMy orpoMHOe 3Haue-
HHUE UMEET NMPUMEHEHHUE COBPEMEHHBIX METOJIOB CMCTEMHOTO aHaJin3a JJIsl BBISICHE-
HHUS TTOCJIEICTBUM U KOMILUIEKCA B3aUMOCBSI3EN MMEPEUHNCIIEHHBIX SBJICHUMN.

Kanaccupuxanusi ruaporypouH

B 3aBHCHMOCTH OT TOTO, KAKM€ OCHOBHBIE BUbI SHEPTHM NPEeoOpa3yroTcs Ha
KoJiece TypOHMHBI, MOCIICIHUE JACIIATCSA Ha aKTHBHBIC M peakTHBHBIC (Tabimma 10.1).

PeakTuBHbBIE TYpOMHBI UCHOJIB3YIOT IJIaBHBIM 00pa3oM MOTEHLHMAIBHYIO SHEP-
ruto noroka. [lo Mepe mpoTekaHus KHUIKOCTU MO KaHaiaM paboyero Kosjeca Takou
TypOUHBI U30BITOUHOE JAaBJICHHUE BCE BPEMs YMEHBIIAETCS U PACXOyeTCs Ha YBEIU-
YeHHE OTHOCHUTEIbHON cKopocTU. M30rHyThIe j0nmacTy pabouero Kojeca U3MEHSIOT
HamnpalieHue NoToka. Takum oOpa3om, JeiiCTBUE MOTOKA Ha JIONAcTH pabodyero Ko-
jeca peakTUBHOW TypOWHBI ClaraeTcsi U3 PEaKTHUBHOIO JaBJICHUS, BO3HUKAIOIIETO
BCJICZICTBUE BO3PACTAHMs CKOPOCTH IOTOKA W W3 JABJIECHMS, CBA3AHHOIO C OTKJIOHE-
HUEM ITOTOKA.

AKTHUBHBIE TYpOUHBI - 3TO TaKHU€, B KOTOPBIX UCIOIB3YETCS TOJIBKO KHHETHUYE-
CKasl PHeprus notoka. Becy nelcTBYIOMUI HAMOpP MEepea BXOJIOM MOTOKAa Ha pabouee
KOJIECO JIOJDKEH ObITh OOpalleH B KMHETUYECKYIO0 SHepruio. JlaBiieHue B mpoiiecce
paboThl TYpOUHBI HE U3MEHSIETCS] M OCTAE€TCA PABHBIM aTMOC(EPHOMY.

Omnpenenenre TypOUH Kak PEaKTUBHBIX U AKTHBHBIX SIBJISIETCSA YCIOBHBIM. bo-
Jiee MPaBUIIbHO Ha3bIBaTh PEAKTHUBHbBIE TYpOWHBI — TypOMHAMHU C M30BITKOM JaBiie-
HUS, @ aKTUBHBIE TYPOUHBI — CBOOOHOCTPYHHBIMHU.
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Tabmuma 10.1
Knaccuduxanus ruipoTypOrH

Junanazon | MakcumaibHas Hunametp
Tun ruapoTypOun HaropoB H, MOIITHOCT, TypOUHBI, M
M MBt
[ToBopoTHO- 2-90 Jo 250 10
JIOTIACTHBIC
[Iponemnepusie | 1,5 -80 o 150 9
PeakTuBHBIC
Juaronanpasie | 30 —200 ITlo 700 7,5
PaguanpHo- 30 -650 ITlo 700 7,5
OCEBBIC
KogiioBsie 300 - 1700 o 250 6
AKTHBHBIC HaKJI(BHHO- 30 —400 o 5 -
CTpYHHBIC
JIByKpaTHbIC 10 - 100 o 0,15 -

IToBOpOTHO-10MACTHBIE THAPOTYPOHHBI

Cxema ycTpoiicTBa MOBOPOTHO-JIONACTHOW THIPOTYpOMHBI C BEPTUKAIbHBIM
BaJIoM n300paxkeHa Ha pucyHke 10.5. Bona u3 BogoxpaHuimila MOABOAUTCS K Typ-
OuHHOI Kamepe 9, mpoxoauT yepe3 cTatop TypOunsl 10, HampaBIAIOMIMK anmapat 2
U nonajaeT Ha pabodee kosieco 1, 3aTeM BOJia MOCTYMAET B OTCACHIBAIOLIYIO TPYOy
11, otkyna yxomuT B H>kHUHM Obed. Pabouee kojieco TypOMHBI 3aKpEIJICHO Ha BEp-
TUKaJIbHOM Baily 4, KOTOpbIi (pUKCUpyeTCS MNOAIIMIHUKOM 5. Ban TypOuHbI coenu-
HEH ¢ BaJioM reHeparopa 3. CoriacoBaHue pexuma paboThl TypOHHBI C BHEIIHEH
Harpy3koi (peryiupoBaHue TYpOUHBI) MPOU3BOJIUTCS peryiasaropom 7. JlomaTtku
HaIpaBJISAIONIEro anmnapara MOBOPAYMBAIOTCS C MOMOIIBIO cepBOMOTOpa 6, Macio K
KOTOPOMY MOJAETCs U3 MACIIOHAIOPHON YCTaHOBKH 8.

1

~y
P-on

. ’5 19

'

Pucynok 10. 5. Cxema ycTpoiicTBa HOBOPOTHO-JIOMIACTHON TUAPOTYPOUHBI
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TypOunHasi kamMepa CIyXUT 75 TIOJIBO/IA BOABI K paboueMy Kosiecy TypOUHBI
C BO3MO>XHO MUHUMAJIbHBIMU T'MJIPABIMYECKUMH ITIOTEPSIMHU.

CraTop TypOMHBI U BEpTUKAJIbHBIA BaJl MEpPEalOT Harpy3ku Ha (QyHIAMEHT
YCTaHOBKM OT B€cCa HEIOJBIKHBIX M BPAIIAIOIIMXCS YacTed TypOMHBI U TeHepaTopa,
OCEBOI'0 JaBJICHUS BOJABI Ha paboyeM KoJiece TypOUHBI U Beca OETOHHOTO MEpPEKPhI-
THS.

B 3aBucuMOCTH OT BEIMYMHBI HANOPA, Pa3MEPOB U KOHCTPYKTUBHBIX OCOOEH-
HOCTEH r'uapoarperatoB CTaTOPbl MOI'YT UMETh PA3INYHYI0 KOHCTPYKIIHIO:

1) oTnenbHbBIE KOJIOHHBI C ONOPHBIMU (DJIaHIAMU B BEPXHEN M HU)KHEW YacTsX;

2) KOJIOHHBI, 0OBEUHEHHBIE BEPXHUM OINOPHBIM KOJBLOM, & BHU3Y ONUPAIO-
nirecst Ha OETOH uepe3 OTCNbHbIC (IIaHIIBL;

3) KOJIOHHBI, CBEPXY U CHU3Y OOBEAMHEHHBIE KOJbLaMU (pUCYHOK 10. 6).

Pucynok 10. 6. O0umii Buj cratopa peakTUBHON TYypOUHBI

Jlns pabouero nporiecca B TypOUHE CTATOP HE HY>KEH, OH MPUMEHSIETCS TOJIBKO
KaK HecyIas KOHCTpYKIus. JIJisT yMEHBIICHHUS COPOTUBIICHUS TTOTOKY BOJIBI KOJIOH-
HaM cTaTopa MpuaalT o0TekaeMyto Gopmy.

HanpaBasilomuii annmapat TypOWHBI MPUIAET MOTOKY BOJBI OMPEACICHHOES
HaIpaBJIeHUE TIPHU BXOJIe Ha pabouee Kojeco. M3MeHeHneM npocBeTOB MEXIy JIomaT-
KaMH HaMpaBJIAIONIETO anmnapara peryjIupyoT pacXxo] BObI.

[IpunnunuanbHas cxemMa MeXaHW3Ma MPUBOJIA HAIIPABJISIONIETO ammapara IMo-
Ka3aHa Ha pucyHke 10.7.

Kaxxnas momatka mMeeT BEPXHIOI M HUKHIOI Handbl, KOTOPHIMH OHA yCTa-
HABJIMBACTCS U HAIMPABISIETCS B BEPXHEM M HIDKHEM KOJIbI[aX HAMPABJISIONIETO arma-
pata. Ha koHIbI BepXHUX mard JIONMATOK, BRICTYMAOIMINX HAJ KPBIIIKONH TYpOWHBI,
HACaXEHbI KPUBOIIUIIBLI |, KOTOPBIC MTOCPEICTBOM CEpeT 2 COSTUHEHBI C PEryIUPYIO-
ITUM KOJIBIIOM 3. DTH TPHU dJIEMEHTA U MPEJICTABISAIOT 0CO00€ 3B€HO MEXaHU3MA.

Ha pucynke 10.7, a nomnatku mokasaHbl B IMOJI0KESHUN TIOJTHOTO 3aKphITHS. Ec-
JIU PEryJIUPYIOIIee KOMbII0 OYIET MOBOPAYMBATHLCS MPOTHUB YaCOBOM CTPEIKH, TO BCE
KPUBOIIUIIBI U JIOTIATKU HAPABJISIFOIIETO anmapara OyayT OBOpAYMBATHCS HA OJIMH
Y TOT K€ YroJl U HampaBisAomMUi anmnapat OyaeT oTkpeiBaTthbes. Ha pucynke 10.7, 6
MOKa3aHO TMOJIOKEHUE BCEX DJIEMEHTOB MEXaHW3Ma IMPH MOJIHOM OTKPBITUM HaIpaB-
JISTIOTIIETO armapara.
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Perynupyroniee KoJIbLO TOBOPAYMBAOT MACIIsIHbIE CEPBOMOTOPHI (CM. pucyHOK 10.5),
KOTOpbIe MPEACTaBISAIOT COOOW IMMIMHIPHI ¢ MOPUIHSIMU M mToKamMu. Korga macio
MOJaeTCsl MOJ HAOpOM M3 MacJIOHANOPHON ycTaHOBKH § (cM. pucyHok 10.5) B 1u-
JUHIp, TMOPIICHb HAYMHAET JIBUTATbCS, yBIEKas 3a coOOW peryaupylomiee Kojiblo
HaMpaBJIAIONIETo anmapara.

Pucynox 10.7. MexaHu3m MoBOpOTa HAIIPABJISIOIIETO allapaTa: a — anmapar
3aKpbIT; O — armapaT OTKpPHIT

Pabouee Kos1eco MOBOPOTHO-IONACTHON TypOuHbI (pucyHok 10.8) cocTtout u3
BTYJKH 1 ¢ oOTekaTteneM 3 W NMPUKPEIUICHHBIX K HEHM JIoMacTe 2, 4uclio KOTOPHIX

MOXKeT ObITh 4+8. Tak, npu Hanopax 10 20 M sonacrel ObIBa€T YETHIPE, a MPHU HAIO-
pax cBbliie 60 M — BOCEMb.

Pucynox 10.8. Pabouee koyieco TOBOPOTHO-TIOMACTHON TypOUHBI
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Pucynok 10.9. CxemMa noBopoTa Jionacteit pabodero kojeca

[ToBOpoT NOMacTelt paboyero KoJjieca MPOUCXOTUT C MOMOIIBIO MEXaHU3Ma T0-
BopoTa. I[IpmHIMNManbHasg cxema TAaKOro MexXaHW3Ma IoKazaHa Ha pucyHke 10.9.
Jlomacte 1 ¢ ¢uanueM 2 *ecTKO CKpemieHa C OChI0 3, KOTOpask MOYKET MOBOpavu-
BaThCsl B MOJUIMITHUKAX.

[IpuaaBast J0MACTSIM Pa3IMYHOE IOJIO)KEHHUE, COXPAHSAIOT BBICOKOE 3HAUCHUE
KITJI TypOunbI npy U3MEHEHWH BEJIMYMHBI Pacxoja BOJbI, MIPOXOJSIIEH uepe3 Hee.
VYmpaBieHue pazBoOpoOTOM JIOMACTEH OCYIIECTBISETCS PEryiasTopoM TypOuHbl. [Ipu
U3MEHEHUU Harpy3Ku peryssiTop aBTOMaTUYECKH MEHSIET OTKPBITHE HAPABIIAIOIIETO
armapara W OJHOBPEMEHHO yroy ¢° pa3BopoTa Jjonacteil pabodero koseca. Ipu
ATOM Ka)XJOW BEJIIMYMHE OTKPHITUS HAIMPABJISIOLIErO anmapara COOTBETCTBYET OIpe-
JIEJICHHBIN YTOJl pa3BopoTa Jionacteil padoyero koseca, mpu kotopoM KIIT TypOunbl
OyzieT HanOOJIBITUM.

JlomacTy MCHBITBIBAIOT COBMECTHOE JIEWCTBHE HArpy3Kd OT MOTOKAa BOJABI U
LEHTPOOEKHBIX CUJI COOCTBEHHOM MAcChl, MOCTOSIHHO HAXOJATCS B KOPPO3MOHHOU
Cpelle ¥ NOJIBEPraroTCs KaBUTALIMOHHOMY pa3pylueHuto. [1loatomy mig u3rorosieHus
jonacteil HeOONBIIUX TYpPOUH MPUMEHSIOT BHICOKOIIPOYHYIO U YCTOWYMBYIO MPOTHB
KaBUTALIUU YTJIEPOAUCTYIO CTallb, @ AJIS JIOMACTEH KPYMHBIX TYPOUH — BHICOKOXPOMHU-
CTyIO cTajb. B mocnenHee BpeMs Hadajlud M3rOTOBJISATH OMMETAJUIMYECKUE JIOTACTH,
OTJIUTBIE U3 YIIEPOAUCTON CTAIN U OOJIMIIOBAHHbBIE JTUCTAMHU HEPKABEIOIIECH CTaJIH.

Bau TypOuHbI npeHa3HAuEH IS epeayn KPYTAILIEro MOMEHTa OT paboyero
KoJieca K potopy re’eparopa. [ns obecriedeHus: HafAe)KHONW paOOThI BaJl U3TOTOBIIS-
FOT U3 BBICOKOKAYECTBEHHOM CTaJIN.

Basibl TypOuHBI ¥ TeHepaTopa Mo BCEil CBOEH JUIMHE UMEIOT OCEBOE OTBEPCTHE,
B KOTOPOM IMOMEIIEHbI TPYOONpOBOABI AJIs MOJIa4yl Macjia B CEpBOMOTOP pabouero
KoJieca.

OrcacehiBaromas Tpy6a (cm. pucynku 10.1, 10.2) — HeoOxoaumasi nmpuHai-
JISKHOCTh PEaKkTUBHBIX TypOuH. OHA MO3BOJIAET YCTAHOBUTH TYpOUHY BBILLE YPOBHS
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HIOKHEro Obeda, a TakKe BOCCTaHABIUBAET KMHETUYECKYIO SHEPTHUIO MOTOKA BOJBI,
CXOJSIILEro ¢ paboyero KoJeca.

Bormpocs! 1t caMonpoBEpKU
1. Ot gero 3aBucut MouHOCTL [ DC?
2. HazoBuTe CylIeCTBYIOIINE CXEMBI HCIIOIb30BaHMS BOJHOW SHEPTUU.
3. [lepeuncanre oTpuaTeNbHbIE BO3IEHCTBUS BOJIOXPAHIIINIIA HA OKPYKAIOITYIO
cpeny.
4. Yto HEOOXOAMMO YUYUTHIBATH MPHU MPOCKTUPOBAHUH THAPOIIEKTPOCTAHIINN?
5. Kak xnaccuduumpyroTcst ruipaBIndecKie TypOuHbI?
6. KaxoBa KOHCTpYKIIHSI TOBOPOTHO-JIOMACTHON TypOuHbI? Ha kakux Hamopax oHa
HCTOJIb3yeTCS?
7. IlosicHuTe Ha3HaYeHHE OCHOBHBIX KOHCTPYKTHBHBIX Y3JIOB TypOMHBI: TypOMHHOU
KaMephbl, HapaBJISIOUIETO anmapara, cTaTopa TypOUHbBI, paboyero Kojeca U 0Tcachl-
Barolel Tpyosl.
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Jlexkuus 11
IMPOIIEJVIEPHBIE TYPEUHBI

N3 tabaunel 1 BUIHO, YTO MpONEIJIEpHbIE U TOBOPOTHO-JIONACTHBIE TYPOUHBI
NPUMEHSIOT MPU TOYTH OJIMHAKOBBIX Hamopax. [Ipomneniepnas TypOuHa oTiandaercs
OT MOBOPOTHO-JIOMACTHON TOJIbKO KOHCTPYKIIMEH padodero kojeca U MEXaHU3MOB
ero oocnyxuBanus. Jlomactu pabouero koisieca 3Toi TypOunsl (pucyHok 11.1) co-
SAUHSIOTCS C BTYJIKON KECTKO. [ TaBHBIM HEOCTATKOM TPOIEIUICPHBIX TYpOUH SBIIS-
€TCs TO, YTO OTKJIOHEHUE HArpy3KU OT PacueTHOW MPUBOIUT K PE3KOMY CHUKEHUIO
nx KIIJI. BcnenctBue 3TOr0 OHM HE BBITOJHBI B AKCIUTyaTallMM B TEX ClIydasX, IJIE
MIPOUCXOMSIT 3HAUYMTENbHBIC KoJieOaHuss Harpy3ku. [lpomemnepHbie TypOWHBI ycTa-
HaBJIMBAIOTCSl IPEUMYIIIECTBEHHO Ha THJIPOCTAHIMSIX MaJIOW MOIIHOCTH, a TaKXe Ha
TUAPOCTAHITUSAX OOJIBIION MOIIHOCTH CO 3HAYUTEIHHBIM KOJIMYECTBOM arperaroB. Ha
TaKUX TUAPOCTAHIHUAX MPOIMEIJIEpHbIE TYpOUHBI paOOTaIOT C MOCTOSHHOM MOIIHO-
CTBIO, a IOBOPOTHO-JIONACTHBIE — C IEPEMEHHOM.

[ToBOpOTHO-TTONIACTHBIE TYPOUHBI CIIOKHEE 10 KOHCTPYKIIUHU, OOJIbIIE BECAT U
CTOSIT JIOPO’KE PAaBHBIX MO MOIIHOCTH W HAMNoOpy MpoIeiiepHbIX TypOuH. OIHAaKo
HYHEPreTUYECKUE MTPEUMYIIECTBA TOBOPOTHO-JIOMACTHBIX TYPOUH B YCIOBHUSX PaOOTHI
C MEPEMEHHBIMU MOIIHOCTAMH U HAIOPAMH HACTOJBKO BEJIMKH, YTO OHU 3aHSJIU IOC-
MO/ICTBYIOIIIEE MOJIOXKEHUE B 00J1acT HAOpoB 710 80 M.

Pucynok 11.1. Pabouee xoneco nmpomnemiepHoi TypOrUHbI

PaananbHo-0ceBbIe TYPOMHBI

[To mpou3BOACTBY paAnalbHO-OCEBBIX TYpOUH B CBOE BpeMs Hallla CTpaHa 3a-
HUMana Beaymiee mecto B mupe. Ha Kpacnosipckoit 'DC paboTaroT M3roToBIEHHBIC
Ha JIM3 TypOuHBI, uMeromue auameTp pabodero kosneca 7,5 M M pa3BUBAOIINE
motHocTh 508000 kBt mpu Hamope 95 m [13]. Eme Gonee MorHbie TypOUHBI yCTa-
HoBJeHbI Ha CasHo-1llymenckoi ['DC.

Cxema KOHCTPYKIMH BEPTHKAJIBHON pPaauanibHO-OCEBOM TypOMHBI B 3HAYM-
TEJIbHON CTETNIEHU aHAIIOTMYHA CXEME MOBOPOTHO-JIOMACTHON TypOUHBI.
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Pucynox 11.2. Pabouee kosneco paananbHO-0CEBOU TypOUHBI

Boga k TypOuHE mMoABOIUTCA, KaK MPaBUIIO, IO CHUPATILHON TypOMHHOM KaMme-
pe Kpyriioro ceueHus. Jlanee Boga MpOXOAMUT YEPE3 CTATOP M HAINPABISAIOIIMNA ara-
paT ONMCAHHOH BbllIe KOHCTpyKUMU. Pabodee koneco (pucyHok 11.2) umeer ctynu-
iy 1, HuxHUN 0001 2, MEXTY KOTOPBIMHU PacmookeHo ot 14 no 22 nonacreit 3. OHu
UMEIOT CJIOXKHYIO MOBEPXHOCTh JBOSIKOM KPUBHU3HBL. B cpeqHUX M KpyHmHBIX TypOu-
Hax KoJjieca ObIBAIOT IENbHOTUTHIMU. OCOOCHHO KPYITHBIE paboune KoJjieca, KOTOphIe
LEJIMKOM HEBO3MOXXHO TPaHCIOPTUPOBATh, JIEJAIOT Pa3beMHBIMH U COOUPAIOT NpHU
MOHTaK€ Ha MECTe YCTaHOBKH. JlomacTu 1jisi ManbIX TyYpOMH M3TOTaBIMBAIOT METO-
JIOM ILITAaMIOBKH U 3aTE€M >KECTKO COEIMHSAIOT C YyI'YHHOM CTyNuUIEH U HUKHUM 000-
ZIOM.

[TockonbKy nomactu paboyero kosieca He MOryT noBopauuBathes, KI1/I pagu-
aJbHO-OCEBOM TYypOMHBI MpPH OTKIOHEHUU peXuMa €€ padoTbl OT ONTHUMAIbHOIO
CHUKAETCs 0OJIbIIIE, YEM Y IOBOPOTHO-JIONACTHON TYpOUHBI.

IIpu BBICOKMX HAmopax M CKOPOCTSIX TEUEHHUS BOJbI TOBEPXHOCTU PabOUYUX KO-
JIEC UHTEHCHUBHO M3HAIIMBAIOTCS, TO3TOMY UX U3TOTaBIMBAIOT U3 YIIIEPOJIUCTOMN cTa-
JIV TIOBBILIEHHOW IMPOYHOCTH WM U3 HEP>KABEIOILIEU CTaJIu.

C yBenuueHnueM Hamopa (popma paboyero kKojeca MEHSETCS: OTHOIIEHUE BbI-
XOJTHOTO AUAMETPa K BXOJHOMY M OTHOCUTENbHAS BHICOTA HAMPABIIIOIIETO anmnapara
YMEHBIIAETCS.

3a HOMHHAJIBHBIN TuameTp pabouero kojeca D; mpuHuMaercs HanOONbIINI
JAMaMEeTp PacoIOKEeHUsI BXOJHBIX KPOMOK pabouero Koseca.

JlJi yMeHBbIIeHHsI TIepeTOKa BOJBI MEX/1y BpaIIaoIUMCs pabodrM KOJIECOM U
HETMOABMKHOM KaMepoil pabouero koJjieca MPEAyCMATPUBAIOTCS —CIELUATIbHBIC
yctpoiicTBa. Tak, mis Typoun KpacHosipckoit I'9C npuMeHeHo 1eieBoe yrioTHe-
HUE, UMEIOIIee OYeHb HEOOIbIION paualibHbIN 3a30p MEXAY BPAILAIOIIUMHUCS U He-
noABMWKHBIMU YacTsmu (1-1,5 mm). B BeicokoHanopubix Typounax (H > 100+150 m)
IUIS 9TUX LEeJIe MPUMEHSIOTCS TJAOMPUHTHBIC YINIOTHEHUS.
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JInaroHajibHble THAPOTYPOUHBI

JlnaroHanbHas MOBOPOTHO-JIoNacTHas TypouHa (pucynok 11.3) aBisiercs npo-
MEXYTOYHBIM TUIIOM MEXIY paauaibHO-OCEBBIMU U MOBOPTHO-JIONACTHBIMU TYypOu-
HaMH ¥ MOKET HaWTu nmpuMmeHeHue npu Harmopax 30-200 m. B aToit TypOuHe coyeTa-
I0TCS TIOJIOKHUTENIbHbIE KAYECTBA MOBOPOTHO-JIOMACTHBIX TYpPOUH, COXPAHSIONINX BbI-
cokuit KITJ] mpu pasHbix pexkumax paOOThl, C XOPOUIUMHU KABUTAIIMOHHBIMU CBOU-
CTBaMHU paJaIbHO-OCEBBIX TYpOUH.

Taxas Typobuna B CCCP 6b11a npennosxena npogeccopom B.C. KsiTkoBckuM
B 1950 rony. Ee xapakrepHasi 0COOEHHOCTh — HAKJIOHHOE MOJI YIJIOM K OCH TypOUHBI
pacmoJIoKeHHE MOBOPOTHBIX JionacTel 5 padodero komieca (pucynok 11.3). Bemen-
CTBHE 3TOT0 MPOTOYHBIN TPaKT TYpOMHBI MOJYYaeTCs COPSIMICHHBIM (HET MOBOPOTA
3aKpYy4E€HHOTO MOTOKA B MPEIJIONacTHOM mpocTpaHcTse). KonblieBoit moTok 3a pado-
YUM KOJIECOM CJIMBAETCS IJIaBHO B LIWJIMHAPUYECKUM, HE 00pa3ysl Mol KOPOTKUM 00-
TeKaTeJIeM 30HbI C BOJOBOPOTOM U OOpaTHbIMU CKOpocTsMmH. [Ipu oauHaKOBBIX
HaIopax M JMaMeTpax JuaroHajibHas TypOWHA MPOMycKaeT OOMbIION pacxoa U JaeT
OOJIBIITYI0 MOIIHOCTh, ¥ Y Hee noutu Ha 50% Oosbllle yacToTa BpallleHHs], YTO Yie-
meBisieT reneparop. Konerpykiusa takoit TypOunsl pazpaborana Ha JIM3 mis Byx-
tapmuHckor ['DC. Ilpu namope H=61 M ona pa3BuBaer momuocth 77 000 kBrT.
HartypanbeHble ucnbiTanus, mpoBeneHHbe B 1968 ., Korga nuaroHalibHas TypOuUHa
npopaborana Ha byxtapmunckoit I'9C okomo 10 000 4, mokazanu, uro ee KIIJ[ BbI-
1€, 4YeM paauaibHO-0CEBOM, a paboyasi XapaKTepuCTUKa Moydaercsa 0osiee MoJaoroi.
Ho B kaBUTallMOHHOM OTHOIIEHWU JUaroHajibHas TypOMHA HECKOJBKO XYK€ paju-
aJIbHO-OCEBOM.

Pucynok 11.3. JluaronanbHasi HOBOPOTHO-JIOMACTHAsI TypOUHa

VYroJ HaKJIOHA OCcell MOBOPOTHBIX JIoNacTell paboyero kKoieca K OCH TYpOUHBI y
JIMaroHaabHEIX TYpOuH MoxeT ObiTh 60°, 45° u 30°. Ilpu yrie 60° TypOuHa craHO-
BUTCS OBICTPOXOIHOM U €€ ClleAyeT MPUMEHSTH 1 Haropos 30-60 M; mpu yrie 45°
JIUaroHajgbHasi TypOUHA cpelHeld ObICTPOXOJHOCTH MpeIHa3HadyaeTcs AJis HaropoB
60-120 M, a Tux0oXx0HBIe TYpOUHBI ¢ yriaom 30° — mst Haropos 120-200 m.
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KoBmoBblie TypOHHBI

Hauboinee pacnpocTpaHeHHBIMU M3 aKTUBHBIX THAPABINYECKUX TYpOUH SIBIIS-
IOTCSI KOBLIIOBBIE. 3HAYUTEIBHO PEKE U TOIBKO JJISI MAJIBIX MOITHOCTEW TPUMEHSIOT-
Csl HAKJIOHHO-CTPYWHBIE U IBYKPATHBIEC TYpOUHBI.

Ha pucynke 11.4 npuBeseHa cxemMa rOpu30HTAIBHOM KOBIIOBOM TypOUHBI. Bo-
Ja TOJBOJUTCSA K TypOMHE MO HAmopHOMY TpyOorpoBoay 1, uMmeronieMy B KOHIIE
comio 2. 3 coma cTpyst BoAbl ¢ OOJBIION CKOPOCTHIO MOMNAAAaeT HA JIONACTH (KOB-
) 4 pabouero kosneca. Cxojdinasi ¢ pabodero Kojieca Boja MONagaeT B OTBOASIINI
kaHai. Komeco Bpamaercss Ha TOpU30HTAIIBHOM Bally S, COEAUHSIONIEM €r0 ¢ IeHepa-
TOpOM. Pacxon BOJbI perynupyercst ¢ MOMOIIBIO BBIABUKHOW WIJIbI 7, PACTIOJIOKEH-
HOM B coruie, 1 oTcekatens 3. Bes TypOuHa 3akimioueHa B KOXKYX 6.

Pucynoxk 11.4. Cxema ycTpoiicTBa rOpU30HTAIILHON KOBIIOBOM TypOUHBI

Pabouee Kos1eco KOBIIOBOM TYpOMHBI COCTOUT U3 IMCKA CO CTYIMHIICH, K KOTO-
poMy npukperisitoT ot 14 no 60 xoBmieit. Korga auck, cTynuiia U KOBIIW OTJIMTHI
BMECTE, KOJIECO Ha3bIBACTCS YENbHOIUMHBIM. Y KPYHMHBIX TYpOMH KOBIIU OTIMBAIOT
OTIENBHO U Kpenat OosnramMu. Ha ouH ropu30HTaNbHBIN Bajl MOKHO HAaCaXUBaTh HE
0oJiee Tpex KoJiec.

Ko (pucynok 11.5) mMeer BuA ABYX CHApPEHHBIX MOITYIJUIMIICOMIATBHBIX
MMOBEPXHOCTEH, B MECTE CONMPUKOCHOBEHHUS 00pa3yronux oobuiee se3Bue. CTpyst BOIbI
KpPYTJIOTO CEYEHHS] PACCEKAETCsl 3TUM JIE3BHEM MOIoiaM, U 00€ MOJOBUHBI pacTeKa-
I0TCSI B pa3Hble CTOPOHBI. Boia cxoauT ¢ KoBIIa ¢ HEOOJIBIIONW aOCOIIOTHOW CKOPO-
CThIO, @ HAallpaBJCHUE JABW)KEHHUS BOJABl MEHSAETCA IMOYTH Ha MPOTUBOIOJIOKHOE
Ha4yaJIbHOMY.
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Pucynok 11.5. Cxema koB1ia
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PeryiiupoBanue pe4HOro croka

CyTouHoOe U He/leJIbHOE peryJiMpoBaHue

[enb cyTOYHOro peryimpoBaHHsi CTOKa — OOECHIEUUTh MPHU MOCTOSIHHOM PAacXoie
BOJIbI B PEKE B TEUEHHE CYTOK HEPAaBHOMEPHOE NOTpeOiieH e BobI riapocTaniend. Ha pu-
cynke 11.6 mpezactaBneH cyrouHblii rpaduk Harpysku ['2C, ero MOXHO NEpECTPOUThH B
rpa¢uK BOIOMOTPEOICHUS, TIOJIB3YSICh (POPMYIION:

0=,
8H

rie P — notpeOHast MOITHOCTS 10 TpauKy Harpy3KH;

H — nanop I'9C (m), KOTOpEIii OrpeienseTcs OpUEHTUPOBOUHO 110 CPEAHECYTOU-
HOMY pacxojly BOJIbI B PEKE.

P |

q
K8m ¥opn

] 1 i, 1 1 1
0 4 8 12 15 2 Zhvaca & 4 & 12 18 20 Zivace

Pucynok 11.6. CyrouHoe peryaupoBaHue CTOKa: a — Tpaduk Harpy3KH;
0 — rpaduk BOJONIOTPEOICHHS

I'paduk Bomomorpebnenuss ['DC mpeacrapnen Ha pucynke 11.6,6. Ilmomanp,
orpaHu4eHHas rpauKkoM TOTPEOJICHUs] BOJbI, TIPEJICTABIAET MOJHOE CYTOYHOE KO-
JUYECTBO BOJBI, HEOOXOIUMOE TSl YIOBICTBOPECHUS 3aJaHHOTO Tpaduka HArpy3KH.
Ecnu pa3zaenuts 3T0 KOJIWYECTBO BOABI HA YHCIIO CEKYH B CYTKH, TO TTOJIYYUM CpE/I-
HU PacXoJ BOIBI B M°/ceK, TIOKa3aHHbI Ha TpaduKe cpeaHeil opauHaToif Qcp.

Ecnu pacxon Boasl B peke Qp paBeH (WM 00JIbIIe) CpeIHEMY pacXoay Ipadu-
Ka norpebnenus, T.e. Qp>Qcp, TO BOABI B peKe JOCTATOYHO ISl yJIOBJIETBOPEHMS
rpaduka. M3 rpaduka BogonoTpeOIeHUS BHIHO, YTO B HEKOTOPHIC YaChl CYTOK BOIBI
B peke Ooubie, uem tpedyercs miast ['9C, a B apyrue yacel — MeHbIe. YToOs! nc-
MOJIb30BaTh BCIO MPOTEKAIOITYI0 BOIy, HEOOXOAMMO 3amacaTh €€ B 4achl Majoro mo-
TpeOJIeHUs, a 3aTeM PacX0I0BaTh B YaChl MOBBIIICHHOTO MOTPEOICHHUS.

[Tnomans mpoBasnoB rpaduka BogonorpedieHus Hmke Qcp (Kocas MITPUXOBKA)
paBHa 00bEMY HAKOIUICHHOW BOJBI B Yachl MaJIOTO BOJOTOTPEOJICHNUS, a TUIOIIA b BBIITIE
Qcp — 00BEMy BOIBI, KOTOPBIA HY)KHO CpadOTaTh IS yIOBIETBOPEHHS Tpaduka
Harpy3kd B 4Yachl MOBBIIICHHOTO MOTPEOICHUsT BOABI (MpsiMasi ImTpuxoBka). OO0beM
HAKOIJICHHOW BOJIbI B YaChl MaJIOM HAarpy3Ku JOJDKEH ObITh HE MeHee 00bema cpadoT-
KU B Yachl MHUK.

89



Haubonpias miomaas HENpepbIBHOIO HAKAIIMBAHUS BOJIBI MU €€ CPabOTKU
OPHEHTHUPOBOYHO OMPEETUT HEOOXOAMMBII TOJIE3HBIN 00bEM BOAOXPAHIIIHUILIA.

Ha pucynke 11.6,6 HanGoibinas miomajib COOTBETCTBYET IEPHUOY HEMPEPHIB-
HOM cpaboTku oT 14 1o 22 4acos.

Ecnmu cexyHIHBIN pacxoi BOJbI B PEKEe MEHBIIIE CPETHEr0 pacxona rpaduka Bo-
nonotpednerus, T. €. Qp<Qcp, TO B 3TOM ClIlydyae MOXET ObITh YJOBJIETBOPEHA TOJBKO
4acTh Ipaduka BogonoTpeOIeHus (Harpy3KHu).

Heoenvnoe pezynuposanue cToka MPUMEHSIOT MPU SHEPTOCHAOKEHUHU 3JIEK-
TPOCTAHIIMEH TPEIPUATHN, UMEIOIINX OOIINE BBIXOAHBIC THU, KOT/Ia BCE TIPEATPHsI-
TUS HE paboTatoT, 1 notpedienue Boabl ' 9C B 3TOT MepHOI COKpaIiaeTcs.

Ce30HHOE peryJiMpoBaHHe CTOKa

[lon ce30HHbIM PETYIMPOBAHUEM CIENYET TIOHMMATh BHYTPUTOJOBOE BBIPABHU-
BaHHUE CTOKA B T€UEHHE BCETo Tojia (MOJIHOE TOJIUYHOE PEryIUPOBAHNE) I 10 OT/AEIIb-
HOTO C€30Ha, MEeCsIa UK JJaXkKe IeKaabl (YJaCTUYHOE Ce30HHOE peryiupoBanue). HeoO-
XOJMMOCTh CE30HHOTO PEryJMPOBAHUS BBI3BIBACTCS PE3KUMH KOJIEOAHUSIMU CTOKa B
TEYEeHHE I0JIa 1 HECOBMAJICHUEM €T0 M0 BPEMEHHU € MOTPEOHOCTHIO B BOJIE.

Ha pucynke 11.7 npencrasnen rpaduk ce30HHOTO peryiupoBaHus. B nepuos Be-
CEHHETO TOJIOBOJbS YaCTh CTOKA 3aJEP>KUBACTCA B BOJOXPAHWIIUILE, YTO JAET BO3-
MO>XHOCTbh B JAJILHEHIIEM YBEJIMYUTH PACXOJbl BOJbI HA TMIPOCTAHIIMU B MAJIOBOJTHBIC
Mepronbl Toa A0 BemmuuHbl Qp. MakcHManbHBIN HCONB3yeMblii pacxon Ha ['OC
OMpeIeNACTCS MPOITYCKHOM CIIOCOOHOCTBIO TYpOUH Qpaxc. BeliencTBrue HEmoaHOro pe-
I'YJIMPOBAaHMS CTOKA YaCTh €ro cOpachIBACTCs B HWXKHUM Obe( uepes MIoTHHY.

a | |
Y Hanpaueniue

Jodoxpanuniia

LEpoc vepes
!IJ'?EJ??HHIQ‘

Eemecmibenssit
/ pEFEXod peni

Cpabomng -~
BOCGXPIRLILIT

]
‘-'?Ma'x.-:" *
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Pucynok 11.7. Ce30HHO€E peryampoBaHue CTOKa

BOI[OXpaHI/IJII/IHle CC30HHOT'O PCTYJIMPOBAHUA MOKCT BBIITIOJIHATH TAKIKC (bYHKI_[I/II/I
HCACJIBHOTO U CYTOYHOI'O PETyJIMPOBAHMA.
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Mmnoeonemuee pezynupoganue CIly>KUT Ui BBIDAaBHUBaHUS CTOKA Ha MPOTSIKeE-
HUU psijia JIeT. ITO IOCTUTAETCs 3a/IepKAaHUEM B BOJIOXPAHIIIUIIE CTOKa MHOTOBOHBIX
JIET ¥ TIONIOJTHEHUEM MM CTOKA B MAJIOBO/IHBIE TIEPHO/IBI.

DTOT BUJ PETYJIUPOBAHUS SABIISICTCS BBICIIECH CTETIEHBIO PETYJIMPOBAHUS U TPEOy-
€T BO3BEJCHUS BOJAOXPAaHUIUI HauOoblero oobeMa. [Ipu pacuere peryiaupoBaHus
CTOKa OMNpPENEeNsIOT HeOOXOAUMBINA MOJIE3HbIH 00bEM BOAOXPAHWIMINA MPU padoTe
I'SC no 3amanHoOMy rpaduKy Harpy3Kd WIM BEJIMYHUHY BO3MOXKHOTO BOJOINOTpeOIe-
HUS1, UICXO/ISl M3 TIOJIE3HOTO 00beMa BOJOXPAaHUIIHIIIA.

Bormpocs! 1u1st caMmonpoBepKH
1. HazoBuUTE 1OCTOMHCTBA U HEJOCTATKHU MPOIEIUIepHON TypOuHbl. YeM oHa oTinyaeT-
Cs1 OT HOBOPOTHO-JIONACTHOM?
2. [losicHuTE KOHCTPYKIIUIO PAAHaIbHO-OCEBON TypOUHBI.
3. I'me npuMeHst0TCs pasnanbHO-0CEBbIE TYPOMHBI U KAKOBBI UX IIpEeUMyIIecTBa?
4. Ha3zoBuTe OT/INYMSL, IPEUMYIIECTBA U HEJOCTATKU IMAarOHAJIbHBIX THAPOTYPOUH.
5. Pacckaxkure o mpuHLIMIIE JEHCTBUS KOBIIOBOM TYpOUHBI.
6. Uro nmoHHMaeM MOJ peryjIupoBaHUEM peyHoro croka? Jljig yero nmpuMeHsIoT Cy-
TOYHOE U HEJEIBHOE PETYIUPOBAHNE?
7. Kak ocy1ecTBiseTCsl CE30HHOE U MHOTOJIETHEE PEryJIUpOBaHUE?
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Jlexnus 12
IKCIUVIYATAIUSA 1'9C

OcHoBHbIe 3a7aun dkcmutyaTaiuu ['9C kpaTko MOKHO ¢chOopMyIUpOBaTh Tak:
1. BripaboTka MaKCHMMallbHO BO3MOKHOTO KOJMYECTBA 3JIEKTPOIHEPTUU BBICOKOIO
KauecTBa M0 33JJaHHOMY I'pauKy Harpy3Kku Npyu HAaMMEHbIIIEH €e CTOMMOCTH;
2. beszaBapuiinas paboTa Bcex COOPYX EHHH, ycTaHOBOK U obopynoBanus ['OC u co-
JIep’KaHHE UX B MIOJIHOM UCIIPABHOCTH;
3. TlocTosHHBII HaI30p 3a COOPYXEHHSIMH M OOOpYIOBaHHEM JUIsi OOeCredeHus
POAOHKUTEIHLHOTO CPOKA CITYKOBI;
4. TIpoBeneHne peMOHTOB COOpYXeHUI 1 obopymoBanms. Ha kaxmoi ['2C nomkHbI
OBITh HAHECEHBI U 3aKPEIJIEHBI CIEAYIOMINE XapaKTEPHbIE TOPU3OHTHI BOJIBI:
- OTMETKHU BBICHIETO TOPU30HTA BOJIbI B BepXxHeM U HIKHEM Obede (BI'B);
- OTMETKU HU3IIMX TOPU30HTOB BOJIbI B BepXHEM U HIbkHeM Obedax (HI'B);
- OTMETKa HOpMaJIbHOTO nojaneproro ropuzonta (HIID).
Oco6ennoctu skcruryaramuu ['9C.

Pat6ora I'JC B 3uMHee BpeMsl U IPOIYCK MaBOJAKA

3umHuii nnepuos B pabore I'DC Hanbonee OTBETCTBEHHBIN, T.K. C IOHMKEHUEM
TEMIIEPATYpPhl HA PEKaxX MOSBIACTCS JICASHON MOKPOB, a MPH MEePEOXIIaKISHIUN OTO-
KOB U BOJIOEMOB 00pa3yeTcst TOHHBIH JIe]] U [IyTa.

JloHHBIN Je/1 - BHYTPUBOJIHBIN Jieql, 00pa3yeTcsl Ha ITHE PEKH U OCTAETCs TaM J10
TeX TMOp, MOKa CIIOM ero He JOCTUTHET TOJIIMHBI, MPU KOTOPOW CHIIa TIIaBYYECTH
MPEBBICUT CHITY CLEIJICHHUS ¢ JHOM. Yarie BCero MOHHBIN Jien oOpasyercs Ha Mo-
BOJIHBIX KAMHSIX, METAIUTMUECKHUX YaCTAX COOPYKEHUH.

Ilyra - 570 MIbIByIIast B Boje ry0yaras Hempo3payHas Macca Jibja, oopas3o-
BaBILIAsICS W3 BCIUIBIBIIETO JOHHOTO JibJla WJIM KPUCTAJIOB, OOpa30BaBILUXCS BO
B3BEIICEHHOM COCTOSIHUU Ha MTOBEPXHOCTH BO/IBI.

JIOHHBII Jie, BCIUIbIBasi, MOAHUMAET HA TIOBEPXHOCTh BMEpP3IIME B HETO KaM-
HHU, NecoK, Wi1. OCOOEHHO MHOTO IIyTH OBbIBAET Ha TOPHBIX HE3aMEP3aIoLINX peKax.

Jlist 60prOBI ¢ 0Opa3oBaHKEM IIIYTHU B IEPHUO/T JIEA0CTaBa HEOOXOIMMO obecrie-
YUTh OBICTpOE 0O0pa3oBaHUE JICASTHOTO MOKPOBa B BepxHeM Obede. [l aToro creny-
eT mepexoauTh Ha padoty ['DC ¢ paBHOMEPHBIM PEKMMOM HArpy3Kd U MOAICPIKH-
BaTh YPOBEHb BEepXHEro Obeda Ha BHICOKMX U MOCTOSIHHBIX OTMETKax. YToObl He pa3-
pyuiaTh JIEASHOTO MOKPOBAa BOJOXPAHMIIUINA, HAZ0 W30erath pe3kux KoieOaHWil ro-
PU30HTOB BOJOXPAHUIIHIIA.

YroObl n30exaTh AaBICHUS JbJa Ha 3aTBOPHI IJIOTHUHBI, TIEpE] HUMH BbIIEp-
KUBAIOT CBOOOHOE OTO JIbAa MPOCTPAHCTBO A0 1,5 METpoB.

HaubGonee >pexTBHBIMU MEPOTIPHUATHAMU TSI TIPEIYIPEKISHUS 0OMep3a-
HUs (MyCOPOCOOPHBIX) PEIIETOK SIBISETCS UX DIEKTPOOOOTPEB.

['maBHas 3aja4a SKCIUTyaTalluy B BECEHHEE BpEMs - MPOITYCTHUTh JIe ] U MTaBOJOK
4yepe3 COOpYKEHHUsI THAPOCTAHIIUHU, HATIOJIHUTh BOAOXPAHUJIMILE A0 HAUBBICIIEH OT-
METKHU U BBIPAOOTATh 3JEKTPOIHEPTHIO COTIIACHO TPaPuKYy.

Bce skcrmyaTanmonsbie paboThl MOXKHO pa3OuTh Ha 4 3Tamna:
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1. HoaroroBUTEJIbHBIE MEPHI:
a) YTOUHEHHE BEJIMYMHBI U BPEMEHH 0KUIAeMOT0 MOJIOBOIbS;
0) MOATrOTOBKA COOPYKEHUM K MPOMYCKY MaBOJIKOBBIX PACXOJI0B U JIbJA.
2. IIpomyck Jbaa — Je/1 MPOIYyCKaIOT Yepe3 BOJOCOPOCH MK 3aEP>KUBAIOT €T0
B BojoxpaHwiuie. [Ipu Gonbiiom oObemMe BOJOXpaHUIUINA JIeJ pa3MajbIBacTcs,
JIPOOUTCS B3pPbIBAMHU U JIEOPE3AMH.
3. [Ipomyck maBoAKOBBIX BOJ — POU3BOIAT O 3apaHee pa3pabOTaHHOU CXeME.
VYcnoBus copoca BOJbI yepe3 BOJOCIUBHBIE OTBEPCTUS (B OOBIUHOE BpeMs Iepe-
KpPBITBIE 3aTBOPaMH) JOJDKHBI OBITh TaKMMH, YTOOBI paboTa TUAPOTYpOMH Obliia
HauBBITOHEHTIIEH. Bo BpeMsi 0OMIBbHBIX TTAaBOAKOB M3IMIIHSS BOJa COpachIBaeTCs B
HIKHUHN Obed) TOJIBKO MOCIe (ITOJTHOTO) 3aMOTHEHHUS BOAOXPAHIIINIIA.
4. IlocenaBoOAKOBBI MEPHUO:
a) BBISIBJIAIOT HEUCIIPABHOCTH U TIOBPEXKICHUS;
0) ornpenensatoT 00beM PEMOHTHO-BOCCTAHOBUTEIBHBIX pa0oT.
COpoc BoJbI B HIDKHUM Obe() — BeCbMa OTBETCTBEHHAS 3aja4a dKCILTyaTalluu.
B OGonblmMHCTBE Clly4aeB HEMpaBWIbHAS HKCILTyaTallsl COOPYKEHUH Mpu
cOpoce BOJBI BEACT K aBapusiM U Pa3pylICHUSIM B HIDKHUX Obedax MPUILUIOTUHHBIX
YCTAaHOBOK. ABapuy MOTYT HPOU30UTH NPU MOJHOM OTKPBITUM YacTH OTBEPCTUM
IJIOTUHBI U HU3KUX TOPU30HTAX BOJBI B HIDKHEM Obede WiTH e TIPU HEeYyTauHOM pac-
Mpe/ieNieHru 1o (PPOHTY IIIOTHHBI paboTarmux oTBepcTHil. HenmpaBuibHas skcrtya-
Talus Ype3BbIUAHO ONACHA, T.K. MPUBOJUT K BOBHUKHOBEHHUIO COOMHBIX TEUEHHUM. A
P BOBHUKHOBEHUU COOMHOCTH MOTOK JABUMKETCS C TPOMAJIHBIMU CKOPOCTSIMU, pa3-
pylas KperieHue U pa3MbIBasi JHO pyciia.
YToObl HE BBI3BATH Pa3MbIBa OEPEroB, ISl SKCIUTYaTUPYIOIIUX CIy:K0 pa3zpado-
TaHbl KOMIUIEKCHI MEPONPUSITUI JJIsl TPAMOTHOTO MaHUITYJIMPOBaHUs 3aTBOPaMU BO-
JOCJIMBHBIX TJIOTHH.

Kackan I'2C

Ha omnoit 'DC ymaercst ucnonb30BaTh YHEPTHUIO CPABHUTEIBHO HEOOIBIIIOTO
y4acTKa PEKH. Y BEINYEHUE JUIMHBI UCIIOIB3YEMOIO YUYaCTKA PEKU Ha IPUILNIOTUHHON
I'DC Tpebyer co3maHus BBICOKHX TUIOTHH. DTO MPHUBOJUT K 3aTOTUICHUIO W TOJTOII-
JICHUIO 3HAYMTEJNIbHBIX IUIOIIA/IEH MOJIE3HBIX 3€MENb U HACEIEHHBIX MyHKTOB. Cpas-
HUTEJIbHbIE SKOHOMUYECKHE MOJICUEThI MMOKA3alu, YTO HanloJyiee BBITOIHBIM BapHaH-
TOM HCIIOJIb30BAHUS PHEPTUU BOJIOTOKA SIBJsieTCS ycTpoicTBO kackama ['DC (psna
CTYIIEHEM).

Ha pucynke 12.1 nmoka3zaHa cxema MCIOJIb30BaHMS y4acCTKa PAaBHUHHOW PEKU B
OJIHOM CTYIEHU C HarmopoM H u B Tpex cTyneHsx ¢ Hanopamu Hi, H, u Hz. O0bIuHO
D> H =H +H,+H,<H.

Uucno cryneHenm B KaKIOM KOHKPETHOM IIPUMEPE OIPEAEISAETCS Ha OCHOBE
DHEPrO3KOHOMUYECKHUX PACUYETOB.

[Ipumepom kackagueix ['DOC MoryTt cayxuth Kackan bparckon, YcTb-
Nnumckon, boryuyanckoit 'DOC nHa Anrape; KpacHostnckoi n CasHo-IymeHckoi Ha
Enucee.
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Ha Bonre: coopyxen momHbiii kackan u3 ciuenyrommx ['DC: PeiomHckas;
I'opbkoBckasi; Yebokcapckas; Kyiobimenckas; CapaTtoBckas; Bomxckas; BoTkuH-
cKasl.

el — el —— — — R —py. T — — —— ———
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Pucynok 12.1. Kackag ruipocTaHlIdil HA paBHUHHOMW pEKE

Pexxum padoThl BOJOXPAHUJINIIL

[Ipu HaM4Mu B sHEprocucTeMe HecKoabkux I'9C ¢ peryaupyromumMu BoJ10-
XpaHWIMIIIAMU HEOOXOJIUMO PEIIUTh BOMPOC O HamOoJiee 1e7eCO00pa3HOM y4acTUH
K10 U3 HUX B rpaduke Harpy3ku sHeprocucrteMsl. Eciu 'DC-1 nHaxoaurcs B Bep-
XOBBE PEKHU M pacroiaraeT He3HAYUTEIbHbBIM O00BEMOM BOJOXpAaHUIIUIIA, TO (pUCY-
HOK 12.2) BOAOXpaHWJIMIIE HCMOIB3YIOT TOJBKO JJII CYTOYHOTO PETYIMPOBAHUS
MoruHocTu. [locne moctpoiiku Ha peke HOBbIX ['DC (2,3,4) sHepreTuueckas IEH-
HOCTh BEPXOBOI'0 BOJIOXPAaHUJIMIIA MOBBIIIAETCA B CBSI3U C BO3MOXKHOCTBIO MPOITyC-
KOB BOJIBI M3 HEro B HmkepacnojoxeHHble [ 9C (2,3,4), yTo 00eCreuuT AOMOTHH-
TEIbHYIO BRIPAOOTKY 3Hepruu Ha 3tux [ 'IC.

B nanHoM ciydae MOXKeT oKazaThesi Oosiee 1eaecoo0pa3Hoil moinHas cpaboTka
BEPXOBOT'0 BOJOXPaHUIIUIIA JaXe C OCTAaHOBKOM Ha HekoTopoe BpeMs ' 9C-1. Takum
oOpasoM, rpu HaIM4IuK Ha peke kackana ['DC, cpadaTeiBas BOJOXpaHUIIUIIA B MaJlO-
BOJIHOE BpeMsl rofla, MOXHO YBEIWYUTh HCMOJIb3yeMbI pacxon Boabl. IIpu cos-
MECTHOM HCIIOJIb30BAHUM KACKaIHBIX BOJAOXPAHMIHIL LieJIecoo0pa3HO CE30HHOE pe-
I'yJIUPOBaHUE CTOKA.

B npouecce ocBoeHUs SHEPTHM PEKU M3MEHSIIOTCS YCJIOBHS IKCILTyaTallMH
I'SC. Tlosromy 3amava 3KCIUTyaTallud COCTOMT B pa3palOTKE KaxKIbId pa3 TaKoro
pexumMa padotel 'DC U BOJOXpaHWININA, KOTOPHINA JAaCT HAMOOJBIINNA dHEpreTUY e-
ckuii 3 Pexr.
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Pucynok 12.2. Ilnan pacnonoxenus kackaaa ' 9C Ha peke

MounocTs ¥ BbipadoTka 3Hepruu I'9C

[Ipexxne yem momnacte B TypOMHY, BOJia JOJKHA MPOUTHU Pa3IMYHbIE Orpaiu-
TEJIbHBIC U HAMPABJISIONINE COOPYXKEHUS (COPOYIAEPKUBAIOIINE PEIIETKH, MOIBOIS-
IIyI0 KaMmepy, TpyOompoBoAbl U T.1). B 3TUX coopyXeHUsIX 4acTh MOTOKA TEPSETCS
Ha MpeoiojieHue conpoTuieHus. [loqiexainas UCIOIb30BaHUIO B TYpPOUHE SHEPTHUS
OTpeENSETCS KaK Pa3HOCTh YACIbHOU SHEPTUH MOTOKA MIPU BXOJIE B TYPOMHHYIO Ka-
Mepy u HmwkHero Obeda. H=E,-E,, »Ta ynenpHas sHeprus Ha3bIBaeTCS IOJIC3HBIM
unu padounm HamopoM H. VaenwpHas sHeprus moroka Boasl E. u E, onpenensercs
ypaBHeHueM bepnyu [5].

MOoOHOCTh TOTOKA, COOTBETCTBYIOIIAS ’TOMY HaIopy:

N,=9,81 QH[kBT], rme Q-pacxox Bojabl, MOCTYMAOMNK U3 BepXHEro Obeda B
HIDKHHH, M°/CeK.

[Ipu ucnonb30BaHUM BOABI TUAPABINYECKAM JBUTATEIIEM YaCTh YHEPTUU TEPsi-
€TCsl BHYTPU CaMOTO JIBUTATEIIA.

[Tone3nass MOIIHOCTH TypOUHBI

N=N,n,=9,81 QHn, [xBT],

rae N-noaabiit KITJ Typ6unst (0,90+0,95),

Q-pacxo BOJIBL, IPOXOIAIIHI Yepe3 TypOuHy, M /ceK.

[Ipu npssMoM coeMHEHWHU Bajia TYpOWHBI C BAJIOM IeéHepaTopa MOIITHOCTh ar-
peraTa Ha 3a)XKuMax TeHeparopa:

Nar=9181QH'nT'nnnnepa

1€ Npep- KIIJI mepenayn nmpu coeTMHEHNH Bajia TypOUHBI C TEHEPATOPOM,

N.-KI1J] reaeparopa (0,95+0,98).

MoOUIHOCTh TUAPOCTAHIIMY 3aBUCUT OT YHCIIA arperaTos N.
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Ni.=N,-n (xBT).

[Tpu pabote I'DOC ¢ noctosiHHOM MomtHOCTBIO N B TeueHue t yacoB BeIpabOTKa
HEKTPOIHEPTUU COCTABUT

E:Nrgc't (KBT -qac).

MomtHocts I'OC 3aBHCHT Kak OT KOJIMYECTBA BOJBI, TaK M OT Hamopa. Bona,
MOCTYMAIOIIAs B TyPOHMHY MO BEICOKHM HAIIOPOM, HMeET 60 TBIIYIO MOTEHIHATBHYTO
SHEPTHI0, YEM IIPU MaJIoM Harope. Yl moaToMy Ha BBICOKOHAIIOPHOM 3JIEKTPOCTAHINU
TpeOyeTcsi MEHbIIMI pacxoid BOABI AJI MOJYYEHUS OJMHAKOBOW MOIHOCTH: YEM
BBIILIE HAIOpP, TEM MEHbILE radapuThl TYpOUHBI, UTO yAEUIEBISIET CTOUMOCTb BCETO
coopyxeHust. Ho BbICOKMI HAanop He BCceraa yJaeTcsl co3Aarh. DTO 3aBUCUT OT TOIO-
rpaduyeckux ycnoBui paiiona 'IC.

I'mapolsnepreTuka MaJbIx pek

B neproa mocneBOEHHOroO pa3BUTHSA SHEPIeTHUECKOW 0a3bl 3HAYMTEIBHOE
BHHMaHHE ObLIO Y/EJIEHO OCBOEHUIO NoTeHIHana Manbix pek. C 1946 mo 1952 roast
obun moctpoeHbl 6osiee 6000 manbix ['DC o6miet MomiHOCTRIO Ookosio 500 MBT.
BrocneacTBuun xo3siicTBeHHbIN nHTEpec K MaibiM ['DC ObL1 yTpaueHn. U3-3a 3Hauun-
TEJBHBIX 3aTpaT TPyJa Ha AKCIUTyaTaluio OOJbIlasi 4YacTh MOCTPOCHHBIX paHee Ma-
aeix ['9C Oblna JUKBUAMPOBAHA WIIM 3aKOHCEPBHUpOBaHA. AHAJIIOTMYHBIN TMPOIECC
Ha0IroAaJICs BO MHOTHX pa3BUTHIX cTpaHax mupa (CIIA, ®pannuu, Anonun).

Bo3nukinue Tpy/THOCTH TOTUIMBOCHA0XKEHUS J1aJIi HOBBIM UMITYJIBC K MOBBIIIIE-
HUIO 3(PPEKTUBHOCTU U KOHKYpeHTOoCcocoOHoCcTU Malibix ['DC.

Maieie I'DC MOTYT CIlyKUTh HaJI€KHBIM, MAaHEBPEHHBIM PE3EPBOM ISl OTBET-
CTBEHHBIX NOTpEOUTENEe KaKk B paillOHax LEHTPAIM30BAHHOTO 3JIEKTPOCHAOXKEHMUS,
TaK U B U30JIMPOBaHHBIX paiioHax. Coopyxenne Manbix [ 9C B kauecTBe pe3epBHOTO
MCTOYHHMKA DJIEKTPOCHAOKEHUs 0ojee BBITOJHO, YEM YCTAaHOBKA JAU3ENb-
Te€HEPaTOPOB, U3-3a BHICOKOH CTOMMOCTH TOIUIMBA M CJIOKHOCTH TEXHUYECKOTO 00-
CITY>KUBAHUS MOCIEIHUX, 0c00eHHO B pailoHax Kamuatku, Uykotku, SAxytuu. Ctpo-
utenbcTBO Manbix ['DC npu HEPHEPreTUUeCKuX ruapoy3iax (Ha mepenagax uppaiu-
OHHBIX CHCTEM) MOXET 0Ka3aThCsl 9KOHOMUYECKH d(PPEKTUBHBIM.

VY4eHble MOJCUYUTANIN, YTO PECYPCHl MPECHOW BOJBI MOTYT OBITh MOJIHOCTHIO
ucuepmnanbl yxe B XXI cronerun. [ToaTomy npobiema parmoHaIbHOTO KOMIUIEKCHO-
o UX KCIOJIb30BAHMS M OXPAHbI SIBIISIETCSI HBIHE OJHOM M3 BA)XKHEWIHUX HAy4HO-
TEXHUYECKUX 3a7a4. KoMIuieKCHOE UCIOIb30BaHUE BOJAHBIX PECYPCOB O3HAYAET, YTO
JUTSL YAOBIIETBOPEHUS JIFOOBIX HYXJ HACENCHUS W Pa3IMYHBIX OTpacieil HapOIHOTO
X0351CTBAa HAXOJAT 3KOHOMUYECKH OMNPABIAHHOE NMPUMEHEHUE BCE IMOJIE3HbIE CBOM-
CTBa TOT'O WJIM UHOT'O BOJHOI'O OOBHEKTA.

HcrTopusi pa3BuTusi riIpOyCTAHOBOK

Bona oGnagaer rpomamHoi sHeprueil. UermoBeK HUCIONB3YeT €€ IS CBOUX
HYX]1, MPUMEHSIS JIJIs1 ’TOTO Pa3HOOOpa3HbIe TUAPABINYECKUE MAITUHBI.

[IpocTeiitine ruapaBIuYecKe MalllMHbl — BOJISIHBIE KOJIEca — Hayajau MpuMe-
HaTh Oosee 3000 net nazan B Erunrte, Uaanu, Kutae n1s mogrema BOIBI B OPOCH-
TeJIbHbIC KaHaJbl U JUIsl BpallleHUsI MEJIbHUYHBIX KEPHOBOB. MICKyCcCTBO CTpOUTH BO-
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JIIHBbIE MEJIBHUIIBIL M UPPUTALIMOHHBIE KaHAJIBI C BOJIOMOABEMHBIMU YCTPONWCTBAMU
BIIOCIIEACTBUM NPOHMKIO B ['penuto u Pumckyro umiepurio, a B JAJIbHEHIIEM U B
Ipyrue ctpanbl EBpombl.

B npeBHEpYCCKUX JIETONMUCSIX BOJSHBIE MEJIBHUIBI BIEPBBIE YIIOMHHAIOTCS B
1267 r., a cymecTBOBaJIM OHU, HECOMHEHHO, M paHblle. YcraB SpocinaBa Mynporo
PEryJIMPOBAJl BOMPOCHI 3aTOIUICHUH, BBI3BIBAEMBIX CTPOUTEIBCTBOM BOASHBIX MEIb-
HULL.

C pa3BuTHEM TOPHO3aBOJCKOIO J€la BOJASHBIE KOJeca CTald MPUMEHSITh Ha
METaJUyprHYeCKHX 3aBOJax JUIsl MPUBOJA BO3JAYXOYBHBIX MallluH, MOJOTOB, a MPO-
CTeHIlIne MOPIIHEBbIE HACOCKHI — ISl OTKAYKU BOJABI U3 TITyOOKUX IIAXT.

Jlo XVIII Beka BoasHbIE Kojieca OBUTH MPEUMYIICCTBEHHO HUNCHEOOUHBIMU.
Onu pabGoTanu noj AEWCTBUEM KUHETUYECKON 3HEpruu notoka. CTpys BOAbI, BbITE-
KaBIIas WM3-MOJ IUTa, yAAJAIa B JIOMACTH KOJeca W MPUBOJWIA €r0 BO BpallCHHE.
Koneca, tuameTp KOTOpBIX HE MpeBbIIIan 7 M, IEIECO00pa3HO ObLIO MPUMEHSTH pU
CKOpOCTAX TeueHus: He MeHee 1 M/c u Hamope 0.35-1 m.

Cpeonebotinvie KoJeca MPUBOJIUIUCH BO BpalleHHE KaK KUHETUYECKON dHEp-
ruei moToka, Tak ¥ BecoM Bojibl. CUMTAIOCh, YTO TaKUE KoJieca 1IeJIeCO00pa3Ho Mpu-
MEHSTh IIPU HAIIOPaxX 0 5 M 1 pacxoze Boas! oT 0,1 10 3 M*/c. Ux nuamerp —2-9 M, a
JacToTa BpamieHus N=2+12 MuH L,

bonee coBepieHHbI BEpXHEOOIHBIE KOJIEca, BpallaéMble BECOM BO/Ibl, HETIpE-
PBIBHO ITOCTYNAIOWIEH B KOBII B CAMOM BEPXHEW TOYKE Kojeca. DTH Kojeca IpuMe-
HsTUCh TIpu Hamopax Ooisiee 3 M. Onu umenu KIIJl B mpenenax 0.5-0,75 u gactory
BpaIlCHUS 4-12%,

Onoxa Iletpa | B Poccuun xapaktepusyercs OypHBIM pa3BUTHEM MPOMBIIILICH-
HoCcTH, Hayku U TexHuku. K koniry XVIII Beka B cTpaHe yxe HaCUUTHIBAIOCH OoJiee
3000 TPOMBINIUIEHHBIX MPEANPUITHI, OOJBIIMHCTBO M3 KOTOPHIX HUMEJIO BOJSHBIC
JBUTATEIIN.

B To BpeMs He CylecTBOBAJIIO TEOPUU M METOJIOB pacdeTa BOJSHBIX JBUraTe-
JIeH, UX U3rOTOBIISUIM OTHENbHbIE YMENblbl. Bocxumaer pa3max TBOPUECKOW MBICIIU
B paboTre 3amedaresnbHOro pycckoro ruaporexnuka K.JI.dponosa. B 1787 rony on
MOCTPOMJI Ha 3MEMHOTOPCKOM PYJIHUKE Ha AJNTae YEThIPEXCTYNEHYATYIO MOA3EMHYIO
YCTAHOBKY C BOJSIHBIMH KOJECAMU THAMETPOM OT 4 110 17 M. 3emisiHas IIOTUHA 3TO-
IO COOPY>KEHUSI CIIY>KUT /10 HAIIMX JTHEH.

B XVIII Beke ycnemHo pa3BUBaIUCh HAYKU, B YACTHOCTH TEOPETHUECKHUE pa-
00ThI B 00J1aCTH THAPOTEXHUKHU U TUAPOCUIIOBBIX YCTAHOBOK. Tak, BEIMKUN PYyCCKUN
yuenblii M.B. JIoMoHOCOB cBOMMHM TpyaaMu pacmdpiui chepy NPUMEHEHHUS BOJISTHBIX
KOJIEC, TIPEMTOJIO0KUB PSSl COOCTBEHHBIX OPUTHHAIBHBIX KOHCTPYKIIMH, a wieH Poc-
culickoil Akagemuu Hayk JleoHapy Diisiep co3mall TEOPUIO JIONACTHBIX TUJIpaBIIAYE-
CKHMX MallliH, ONIEPEIUB COBPEMEHHYIO eMy TeXHUKY noutu Ha 100 net. OH cocTtaBui
MIPOEKT TMEPBOM TUAPABINYECKONW TYpOWHBI, BBIIBHHYJI W OOOCHOBAJI UCIO HAMpaB-
JISTFOTIIETO armapara TypOUHBI.

®paniy3ckuit unxkenep b. @ypueripon (1834 r.) u ypanbCcKuil IOTUHHBINA Ma-
crep W.E.Cadonon (1837 r.) He3aBUCUMO JIpyT OT JApyra CO3Jajlid MEpPBbIE B MHUPE
TypOuHbl nipombiniuieHHoro tuna. M.E.CadoHOB CBOIO mepByr0 THIPOTYpOUHY IO-
CTpOMJI Ha AJlalaeBCKOM 3aBOJIE, a 3aTEM MOCTENEHHO 000PYI0Bal UMM U PSI IPY-
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IMX YypaldbCKUX 3aBOJOB. B nampHeillmeM Teopuio O THUAPOTYpOMHAX YIIayOuiI
A.N.Hekparos, koTopsiii B 1841 1. BriepBbie B MUpPE MPUBENT TYPOMHHYIO XapaKTepH-
CTHKY.

C cepenunbl XIX Beka Ha MHOTUX YpaJIbCKUX 3aBOJIaX HAYaJI0Ch U3TOTOBJICHHUE
TUAPOTYPOUH, CLIPOCKTUPOBaHHBIX MHXeHepamu B..PoxkoBeiM 1 1.A. Tume u nip.

3HauUTENbHbIE YCOBEPUICHCTBOBAHUS B THAPOTYPOUHBI ObLIM BHECEHBI aMepH-
kaHckumu umxenepamu J[.®dpencucom (1849 r.) u JL.Ilenbrorom (1880 r.), a mo3 -
Hee yenickuM uHxkenepom B.Kammanom (1913 1.).

Pa3BuTue kanuTain3ma Jajno TOJMYOK U IUPOKOMY BHEAPEHHIO B MPOMBIILIEH-
HOCTh pa3JIMYHBIX HACOCOB, B TOM u4Hcie JionacTHeiX. B cepenune XIX B.
A.A.CabnykoB MOpeIoKiI KOHCTPYKIIMIO BEHTHWJIATOPA MPOMBINIICHHOTO THIA, a
B.A.Ilymie4HHKOB CKOHCTPYHUPOBAJI M M3TOTOBWJI MEPBBIA TIIyOMHHBIN LIEHTPOOEK-
HBIN Hacoc. B 3ToT ke nepuoj u3BecTHbI pycckuid yuensiid B.I'. IllyxoB pa3paboran
PSAZT KOHCTPYKIIMM MOPIIHEBBIX HACOCOB JUISI OTKAYKH HEPTH U3 TIIYOOKHX CKBAXKHH.
WM >xe uznoxeHa Teopus pabOThl MAPOBBIX MOPIIHEBBIX HACOCOB MPSMOTO JICHCTBHSL.
[Tocnenyroiiee MKUPOKOE pacpOCTPAHEHUE JIONACTHBIX HACOCOB ObLIO 00YCIOBIIEHO
MOSIBJICHUEM DJIEKTPUUECKUX JBUTATENEH Tpex(da3HOoro ToKa.

Paboter pycckux yuennix H.E. Xykockoro m C.A.YamielrnuHa, a Takxe
O.Peitnonbaca (Aurmus) u JI.Ipanarns (I'epmanust) SBUIMCh OCHOBOM COBPEMEHHBIX
METOJIOB pacyeTa NPOTOYHOM YaCTH THAPOMAIIHH.

HecMoTpst Ha KpyIIHBIE YCIIEXU PYCCKMX YYEHBIX MPOU3BOACTBO TMAPOMAIINH
(ocobenHo TypOMH) B mHapckoil Poccuu He MOIy4YMIIo MIMPOKOTO paclpOCTPAHEHUS.
Jlaxe OypHoe pa3ButHe Kanutaiu3Ma B KoHie XIX u B Hadase XX B. MaJio 4TO U3-
Menwio. CaMbiii Oonbiio B Poccuu 3aBOj MO M3rOTOBJICHHIO TYpOMH M HACOCOB
Haxo uJics B Pure, a MOIIHOCTh HanboOJ€e KPYIMHON N3rOTOBICHHON HA HEM TYpOUHBI
cocrasisuia Bcero 300 kBr.

Pa6ora I'C B 3Hepreruueckoii cucreme

Yarre Bcero ruIpoaJIeKTPOCTaHIMS OTAAET AEKTPO3HEPTHIO B PAiOHHYIO SHEpreTHye-
CKYIO CHCTEMY, B KOTOPOM pabOTatOT HECKOJIBKO 3JIEKTPUUECKUX CTAHLIMN, COSAMHEHHBIX 00-
LIEW BBICOKOBOJIBTHOM CETBEO AIEKTPOIEPEAY.

B coctaB HOpMaTbHOM SHEPrOCUCTEMBI BXOJIST CIICIYFOIIME CTAHIIMK: THIPOIJICKTPAYEC-
ckue (I'3C), konmeHcaimoHHbIe TerioBble AtekTpocTaniy (KOC) u TeruodukamonHbie
anektporieHTpa (TILL). B Takoit sHEprocucTemMe MOIIHOCTh THPOAIEKTPOCTAHIIIN OKa3bIBa-
€TCsI MEHBIIIe MAaKCUMAJIbHOW MOIITHOCTH Tpayka Harpy3KH.

B 3aBucumoctu ot Toro, oomanaet m ['2C BomOXpaHWMILIEM CYTOYHOTO peryarpoBa-
HUS, A TAKOKE B 3aBUCMMOCTH OT EMKOCTH 3TOT0 BOJIOXPAHWIIHILA, € MPEAOCTABISIIOT Ty WIN
Jpyryro yacThb rpaduka Harpy3ku. Ha pucynke 12.3 npencranieH Tpapuk Harpy3Kku sHep-
rocucteMbl. Ecny rufpocTaHius He pacrionaraetT BOAOXPAHWIMIIEM Uil OCYIIECTBIICHHS
CYTOYHOTO PEryJIMpOBaHMS, TO JJIs TIOJIHOTO MCTIONH30BaHUS €€ MOIIHOCTH U BhIpa0daThiBa-
€MOM SHEPIUY B TEUEHHE CYTOK €H ClIeMyeT MpeoCTaBIsTh 0aszuc rpaduka Harpy3ku. [lpu
stoMm I'DC OyzaeT pa3BuBaTh MOIIHOCTh, PABHYIO CPEAHEN CyTOYHON MOIITHOCTH BOJIO-
Toka Ng, ¥ BRIpabOTaET KOJIMYECTBO YHEPTHH, MPOTIOPIIMOHAIBHOE TUTOIAAN Tpadu-
Ka, 3alITPUXOBAaHHOW B ero HkHel yactu (puc. 12.3). Ilpu takom pacnpeneneHun

98



Harpy3kKu MOIIHOCTh APYTUX 3JeKTpocTaniuil cucremsl (TOC) gomkHa ObITH OYEHB
OOJIBIIIOMN,
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Pucynox 12.3. Bo3amoxxabsie BapuanThl padotsl ' 9C 63 cyTouHOTO
PETYIMPOBAHMS B TIOKPHITUN HATPY3KH YHEPTOCUCTEMBI

Ecii MOIIHOCTG THApocTaHiuu 1o Boxotoky N'g Gomblme MHHHMAIBHOM
MOIITHOCTH Tpaduka Harpy3ku Pyyy, TO B 4aChl MUHUMYMa Harpy3Ku HEM30€KHBI MO-
Tepu BOJbI M BbIpaboTku 3Hepruu AE. Otu mortepu Oymyt emie Oombuie, eciu ['DC
MPEIOCTaBUTh MUKOBYIO YacTh rpaduka Harpy3ku. M30exaTh UX MOXKHO TOJBKO CyTOY-
HBIM PETyJIMpPOBaHUEM; HAKATUIMBAs U3JIUIITHIO BOY TPU MUHUMAJIBLHON HArpy3Ke U
UCTIOJNB3YS €€ MPU MaKCUMAaJIbHOM.

Bo BpeMs makcuMyma Harpy3Ku THIPOCTAHIUS MOXKET JaTh B CUCTEMY MOIII-
HOCTB, 60 TIBIIYIO CPeIHEH CYTOYHOM MOIIHOCTH BOOTOKa Np, 4TO TPHBEIET K COKpa-
IIEHUIO0 HEOOXOAMMBIX MOIIHOCTEH Ha JPYTUX CTAHIMUSIX CUCTEMBI. TakuMm 00pa3om,
MIPU BOJIOXPAHWIHILE CYTOYHOTO PEryJUPOBAHUS HYXKHO CTPEMHUTHCS HE TOJBKO K
MOJITHOMY HMCIOJIb30BAaHUIO SHEPTHH BOJIOTOKA, HO M K HAWOOJbIIEH MOIIHOCTU TH/I-
POCTaHIIUH BO BpEMSI MAKCMUMYMa HAarpy3KH.

3amaya 0 HAMBBITOAHEHIIIEM YYaCTUM THPOCTAHIMU B MOKPHITUM HArpy3Ku CHCTe-
MbI MOXKET OBITh pertieHa rpadudeckuM MetoioM. JIjist 3ananHoro rpaduka Harpy3ku (puc.
12.4, criea) cTposiT UHTErpaibHYIO KpuBYyI0 Harpy3ku E = @(P). Metoa moctpoenust 3toi
KPUBOM Y €€ CBOKCTBA COBEPILICHHO aHAJIOTUYHBI IIOCTPOCHUIO U CBOWCTBAM SHEPTETUYECKOU
XapaKTEPUCTUKN YCTAHOBKH.
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Paznenmim 1iomans rpadyka Harpy3Kd Ha TOPU3OHTATBHBIC MOJIOCHI BBICOTOW API.
[Tnomanp kaxaoro ciios B Macitade rpaduka OyJeT BbIpakaTb COOTBETCTBYIOIIEE KO-
muectBO dHeprun: AE; AE, ut. 1.

OTkiagpiBasi HA TOPU30HTAIBHOM OCH OT IIPOU3BOJIBHON TOUYKH ITOCIIEOBATENb-
HO OIHY 3a Apyroi BermumHbl 3Heprun AE;, AE; u T. ., IpoBoIAT B TOUKax a, O, C... opau-
HATBI JI0 IIEPECEUEHNS UX B TOUKAX 1, 2, 3...C TOPU3OHTAIBHBIMU JIMHUSIMH, COOTBETCTBYIO-
MU BeJIMYMHAMK MOITHOCTH Py, Py, Ps... CoenunuB touku 0,1,2,3,4,5,6, moaydnm uHTE-
I'PAILHYIO KPUBYIO HAIDY3KH.

B npenenax npsmMoyroiabHON 4acTu rpaduka Harpy3ku BeIpaOOTKa BO3pacTaeT
10 3akoHy npsaMoit tuHuM (02). Ecnu mpoIoKATE 3Ty JIMHUIO O MEPECEYEHus ¢ KO-
HEYHOW opauHAaTOM KpuBOM B Touke C, To opanHata AC BBIPa3UT CPEIHIOK CyTOY-
HYI0 MOIIHOCTH Harpy3ku Pcp. PasHocte CD alciucc KpruBO# BhIpakaeT BHIPAOOTKY
B IMMKOBOW YacTu rpaduka Harpy3Kku (IJI01a b MMKOBOW YacTH), OHa 0003HaueHa B
Benuuuna Ep; paBHa miomaay Bcex npoBasioB Tpaduka, JIeKamux HIKe TUHUA Pep,
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Pucynox 12.4. I'paduueckuii ananu3 padbotel ['DC ¢ CyTOUHBIM peTyIrpoBa-
HUEM B MTOKPBITHH MMKOBOW YaCTH HArPy3KH SHEPTOCUCTEMBI

Ecnu cpennsisi cyrounas momHocth 'DC no BogoToky Ng paBHa cpenHel cy-
TOYHOM MOIIHOCTH Harpy3ku Pcp, TO, HaKaruiMBas BO1y B 4achbl MajJOW Harpy3kKH, Mo-
Jy4aroT 3amnac dHEPTUM B BOAOXPAHUIIMIIE, paBHOM Ep KOTOPBIM 1aeT BO3MOYKHOCTh

YOBJIETBOPUTH BECh IpaUK HArpy3Ku MpH yCTaHOBIEHHOU MoiHOCTH ['2C, paBHOM
MaKCUMyMY I'paduKa Harpy3Ku.

Bonpocs! st caMornpoBepku
1. HazoBute ocHOBHBIE 3aauu skciuryaTauuu ['DC.
2. Kak npoucxo Ut NpomycK MaBOAKOBBIX BOA?
3. Pacckaxute o pabote ['DC B 3umHuX yciaoBusix. Uto Takoe mryra?
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4. Tosicaute mpeumyinectsa padoTsl kackaga ['DC. Kakue kackaasl ['9C Bam us-
BECTHBI?

5. Kak npoucxoaut paboTa TuIpo3JeKTPOCTAHIIMN B YIHEPTreTUUECKOM crucTeme?

6. B kakyto yacTh rpaduka Harpy3ku noMemarot ['9C ¢ CyTOUHBIM peryiupoBaHUEM
U rouemy?

7. HazoBUTE U3BECTHHIC HMCHA, OCTABUBIIKUC CJICI B PA3BUTHH T'MAPOYCTAHOBOK.
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JIEKIIUA 13

HETPAIUIIMOHHBIE BO3OBHOBJIAEMBIE HCTOYHUKHAU
JHEPI'MU. COCTOAHUE U IIEPCIIEKTHUBbBI
HNX UCITOJIB3OBAHUA B POCCHUHA

B nocrieniHee necsITriieTHe HCTob30BaHNE HETPAIMIIMOHHBIX BO30OHOBISIEMBIX He-
TPaJMIOHHBIX UCTOYHHUKOB SHepriv (HBMD) nepexxvBaer B mupe Hactosimmii Oym. Mac-
mTad PUMEHEHHST 3THX UCTOYHMKOB 34 YKa3aHHBINA TTEPHO] BO3POC B HECKOJNBKO pas. Cym-
MapHas MHPOBasi YCTaHOBJIEHHAs MOILHOCTb AMekTpocTanmii Ha HBMD npubmoxaercs k 30
I'Br. IlepBoe MecTo 311eCh 3aHUMAIOT BETPOIIIEKTpUUECcKUE ycTaHOBKU (BOY) u Betpoariek-
tpoctanimu (BOC) - 20 ['Br.

IHpuuunamu oyprozo pazeumua HBHUI asunoce cnedyowee:

1) Poct nieH Ha TpaJUIIMOHHBIC YHEPTOHOCUTEIH;

2) CrpemiieHHEe CTpaH, JIMIICHHBIX TOIUIMBHOW 0a3bl, K YHEPTeTUIECKOHN He-
3aBUCHUMOCTH;

3) CepbesHbIe YKOJOTHUECKUE TPOOIICMBI:

a) yBeIIMYEHUE JUOKCHIA yriiepoa B atMocepe (mapHUKOBBINA 3D PeKT);

0) 3arpsi3HEHHE MUPOBOI'O OKE€aHa BbIOpocaMu He(PTH U HEPTEPOAYKTOB.

B psne crpan nonutuka npuopuretHoro passutus HBUD peanusyercs ye-
pe3 MPUHATYIO 3aKOHOAATENbHYI0 U HOPMAaTHBHYIO 0a3y, TIe NMpeayCMOTpPEHbI pas-
nuyHble Mephl noanepxkku HBOU Ha cTaguu 0CBOGHHSI MU SHEPTEeTUYECKOTO PhIHKA
(HaJIOroBBIE U KPEIUTHBIE JIbIOTHI, IPSMbIE TOTALlUU U Ap.).

B Poccuu nmpaktnueckoe npumenenne HBOU cymecTBeHHO OTCTaeT OT Be-
ayumx crpaH. OTCyTCTBHE 3aKOHOJATENbHOM M HOpPMAaTHBHOW 0a3bl 3aTpyAHSET
MPaKTUYECKYIO JIEATEIbHOCTh B 3TOM cepe. OCHOBHAS MPUYMHA TOPMO3SIIUX (ak-
TOPOB — 3aTSHYBIIEECS YKOHOMUYECKOE HEOJIAronoayyue B CTpaHe U, KakK CIEACTBUE,
TPYJHOCTH C WHBECTHLMSIMHU, HU3KUH IJIATEKECHOCOOHBIM CIPOC U OTCYTCTBHE
CpelncTB Ha uccienoBaHus. Tem He MeHee, padOTbl M MPAKTUUYECKUE MEPHI MO HC-
nonb3oBanuo HBMD B Poccun nposoasTcs.

I'eorepmanbHas 3Hepreruka. [lapormaporepManbHblE MECTOPOXKIAECHUSA B
Poccun nmerorces tonpko Ha Kamuatke m Kypunbckux octpoBax. IlosTomy reorep-
MaJibHasl SHEPIreTHKa HE MOKET B IEPCIEKTHUBE 3aHATh 3HAUMMOE MECTO B SHEPTE€TUKE
cTpaHbl B 11e51oM. OHa crocoOHa peluTh NpodieMy IHEproodecrneyeHus yka3aHHbIX
palioOHOB, KOTOPBIE MOJIB3YIOTCS JOPOTUM MTPUBO3HBIM TOIINBOM.

[lepsas INayxerckas ['eoTOC Obuia BBeneHa Ha Kamuatke B 1967 1. u ume-
na momtHOCTh 5 MBT. B 1999 r. na Kamuartke Obu1a BBeneHa Bepxue — MyTHOBCKas
['eoTOC (Tpu monymst mo 4 MBT). BBoauTcst nmepBbiit 6510k 25 MBT niepBoit ouepeu
MytHoBcko# ['e0TOC cymmapnoit montHocTero 50 MBT. BTOpas ouepenp mMoumHo-
cteio 100 MBT BBennena B 2004 r.

JIlpyroe MCHoJIb30BaHUE T'€OTEPMAIBHON SHEPIUU — I'E€OTEPMAIBHOE TEILIO-
cHaOxeHue naBHO npuMeHsiercss Ha Kamuatke u Ha CeBepHoM KaBkase miia oborpe-
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Ba TEIUIWII, OTOIUICHUS WU TOPSYETO BOJOCHAOKEHHS B KUJIHUIIHO-KOMMYHAJEHOM
CEKTOpeE.

Berposnepreruka. Betep - camblii HENIOCTOSSHHBIM U U3MEHYMBBIM UCTOY-
HUK 3Hepruu cpenu Bcex Apyrux suaoB HBUD. Ho nMeHHO BeTposHEpreTuKa sIBiisi-
€TCSl CEerOJIHSI MUPOBBIM JIUJEPOM IO MaciiTabaM MPUMEHEHHUs], TaK KaK OHa JOCTUTIA
OTPOMHBIX TEXHUYECKHX YCIEXOB 3a mocieanue 10-15 ner u, kpoMe TOro, 3HEPTHUS
BO3JYIIHOTO TIOTOKA IMOBCEMECTHO pacHpOCTpaHEeHAa. BeTposHepreTuyeckue ycra-
HOBKH MO>HO Pa3JIeJINTh HA JIBE OCHOBHBIC TPYIIIIHL:

1. BDY momHocThio 60ee 100 kBT, paboTatomue B sHEprocucTeMe;

2. BDY wmommuocteio meree 100 kB, paboTtaromme aBTOHOMHO U obecrie-
YHBAIOIINE SHEPTOCHA0KEHNE OT/IEIBHBIX MTOTPEOUTENCH.

B nacTosiiiee Bpems B Poccuu cMoHTHpOBaHbI 1Be BOY oTeuecTBEHHOro mpo-
M3BOJICTBA MOIIHOCTBIO 110 1 MBT B kauecTBe Hauana ctpoutenscTBa Kanmbikoi
B3C npoekTtHO MomHOCTRIO 22 MBT. B pa3HbIX pernoHax CTpaHbl 3KCIUTyaTHPY-
I0TCS 10 JECITU OTedecTBeHHbIX BOY MomHuocThio 250 kBT u Heckonbko Oonee
MomIHbIX BOY 3apy0exHOT0 U3roTOBJICHUS.

CosiHeyHasl JHEPreTUKAa

ConHeuHast 3JIEKTPOIHEPreTHKa pa3BUTa B MUpe Oosiee ciabo, yem, Harmpumep,
BETPOIHEPIreTUKA, YTO OOBACHSIETCS 3HAYUTEIbHBIMU YJIEbHBIMU KaUTAJIOBIIOMXKE-
HUSIMU B cOTHEUHBIE 3JiekTpocTaniuu (COC) u SHeproyCcTaHOBKH.

CymMmmapHasi MUpoOBasi yCTaHOBJIEHHass MOIIHOCTh ceTeBbix COC cocTaBiser
okosio 400 MBT, u3 Hux 350 MBT npuxoautcsa Ha napotypounnsie COC, mocTpoeH-
Hele B Kanudopauu B konie 80-x u Hayane 90-x rogoB. 3aTo 0O0JIBIIOE paclpocTpa-
HEHUE MOJYYUIIM aBTOHOMHBIE, TJIABHBIM 00pa3oM (DOTOIIEKTPUUYECKUE COJTHEUHbBIE
SHEProyCTaHOBKH, CyMMapHasi MUPOBAasi YCTAHOBJICHHAs MOIIIHOCTh KOTOPBIX JTOCTH-
raet 500 MBT u ¢ kaxxapIM rojioM yBenuuuBaeTca. B psae ctpan 3anagHoit EBpornbl,
B CIJA u SnoHuM noiyyuiiv pacupOCTPaHEHUE TaK HA3bIBAEMbIC "COJIHEUHbBIE KPbI-
", T.€. OTOINEKTPUUECKUE YCTAHOBKH, Pa3MeIllaeMble Ha KPbIIIaxX KUJIBIX JOMOB.
VYcranoBka paboTaeT mapajijieIbHO C 3JIEKTPUUYECKON CEThIO, OT/IaBasi B Hee W30bI-
TOYHYIO dHepruto. [Ipu HegocTaTKe COMHEYHOW SHEPTUM U HOUBIO MOTPEOUTEINb T0-
JTydaeT dHepruto u3 cetu. [logobHast cxema mo3BoIsIeT 0€3 MPUMEHEHUS DIIEKTpUY e-
CKHUX aKKyMYJIITOPOB IPEO0JIETh TAKOW CYIIECTBEHHBIN HEJOCTATOK COJIHEYHOU pa-
JMaIliM, KaK €€ HEMOCTOSHCTBO. B MUpe HacuUUTHIBACTCS HECKOIBKO ThICSY "'COJTHEU-
HbIX Kpbim", a B CIIIA mpeanokeHa mporpaMma JOBEAEHUS MX 4Yucia 10 1 MIH K
2010 r. IIpu »TOM MOTpPEOUTEINH OIIAYMBAET MEHBIIYIO YaCTh CTOMMOCTH YCTaHOBOK,
pPa3HUILy K€ OIIAYMBAET TOCYAAPCTBO B BUJIE TOTALIUH.

B 6piBriem CCCP umerncst eTMHUYHBINA OTBIT CO3IaHUST COTHEYHOM AJIEKTPO-
craniuu. B 1985 1. B Kpeimy Oblna 3a7eiicTBOBaHA dKCIEPUMEHTANIbHAS MAPOTYP-
OMHHas COJTHEYHAsI DJIEKTPOCTAHIIMS MOIIHOCTEI0 5 MBT (CDC-5).

JIpyroii acreKkT MCMOIb30BaHMs COJTHEYHON YHEPTUU — MpeoOpa3oBaHKE €€ B
TEIJI0 HEBBICOKOTO TEMIIEPATypHOTO TMOTEHIMAJIA ISl TOPSIYEeTO0 BOJOCHAOKEHUS W
otorieHus. [Ipu 3TOM OCHOBHBIM BHJIOM OOOPYIOBAaHUS SIBISIETCS TaK Ha3bIBACMBIN
IIJIOCKUM COJIHEUHBIN KOJIJIEKTOP, B KOTOPOM OCYILIECTBIISIETCA HArPEB MPOTEKAIOIIIETO

103



TeIJIOHOCUTENS. B Mupe cuctembl Ha 0a3e COTHEYHBIX KOJUIEKTOPOB HAIILIU IIUPOKOE
pactpocTpaHeHue. X cymmapHas yCTaHOBJIEHHAsI TEIUIOBAask MOILIHOCTb COCTABJISIET
He MeHee 2,5 I'Bt. B 6biBieM CCCP umerncst JOBOJIBHO OOIITMPHBIN OIBIT CO3/IaHUS
IPUMEHEHUS TAKUX YCTAHOBOK, B TOM YHCJIE KPYIHBIX C IUIONIAJbI0 COJIHEUHBIX KOJI-
nexkTopoB a0 1200 M?. Ceiiuac B PoccHr MOXHO OTMETHTB HOJNOKHTEIBHEII MIpUMeED
nesarenpbHocTH FOkHO-Pycckolt sHepreTnueckoil komnanuu B KpacHonape, kotopas
3a TIOCJIEHUE TOJIbl CMOHTHPOBAJa ISl Pa3IMuHbIX MOTPEOUTENEeH HECKOJIBKO JI€CST-
KOB COJIHEUHBIX YCTAHOBOK TOpSYEro BOAOCHAOXeHUs. MOXKHO mojiaratb, 4To 3TO
HaIpaBJICHUE UCTOJIb30BAHUS COJTHEUHOU IHEPTUM MOMYYUuT B Poccuu 3amMeTHOE pas-
BUTHE.

Ucnoan3oBanue 3nepruu 06momaccesl. Ilon tepmunom "Onomacca" moHuma-
€TCS OPTaHMYECKOE BEIIECTBO PACTUTEIHHOTO WJIU KUBOTHOIO MPOUCXOXKICHUS, KO-
TOPO€ MOXKET OBITh MCIOJIB30BAHO ISl MTOJTYUYEHUS] SHEPTUM WM TEXHUYECKH yA00-
HBIX BHUJIOB TOILUIMBA MyT€M TEPMOXHUMHUYECKON (MIPSMOE CXKUTAHHUE, TUPOJIU3, ra3u-
¢bukarms) wim OuoJIOrMuecKoil KoHBepcuu. Eciu roBOpUTH O JPEBECHOM TOILIIUBE, TO
clielyeT BCIOMHHUTH, uTO B Hauane XX Beka B Poccuu ero nons cocrasisiia 40 % B
OanaHce BCeX MEPBUYHBIX UCTOYHUKOB dHepruu, a B 1998 r. — Bcero 0,4%. 3amena
JPEBECHOTO TOIUIMBA 00Jiee KAJTOPUHUHBIM UCKOIMAEMbIM TOIUTMBOM (yroJib, HEQTH U
€€ MPOM3BOJIHBIE, Ta3) CUMTAIACh HECOMHEHHBIM TEXHUYECKUM IporpeccoM. Mexay
TEM CEroJIHs B TaKUX CTpaHax, Kak llIBenus n OUHIAHANS, JOJI APEBECHOTO TOILIH-
Ba B TOIUIMBHOM OarnaHce coctaBiisieT 18-20%. [Ipu aTom ero morpebieHue He mpe-
BBIIIIAET €CTECTBEHHOI'O IPUPOCTA, TAK YTO JAHHBIM UCTOYHUK SHEPTUU BIOJIHE COOT-
BETCTBYET NOHATHUIO "BO30OHOBIISIEMBIN".

Poccus o6manaeT cOOCTBEHHBIMU JIECHBIMU PECYpPCAMU, COCTABIISIFOIITUMU 24 %
MUpOBBIX. KaduecTBO JIpeBeCHHBI KaK TOILIMBA JEIaeT €€ MPUTOJHON il DHEPro-
YCTAHOBOK OTHOCHUTEIBHO Majol MOUIIHOCTH. ['a3oreHeparopHasi SHEProyCTaHOBKa
Ha JIPEBECHHE BIIOJIHE KOHKYPEHTOCHOCOOHA, HANpuUMeEp, C IU3ENb-2JICKTPUYECKON
YCTaHOBKOM COITOCTAaBUMOW MOIIHOCTH. B Poccuu BBIITyCKaeTCs COOTBETCTBYIOIIEE
o0opyZi0BaHUE MJIsi TAaKUX Ta30T€HEPATOPHBIX HHEPreTUYECKUX YCTAaHOBOK. ITO
HaIpaBJICHUE UMEET B HAIlIEl CTpaHE HECOMHEHHbIE MEPCIIEKTUBBI PA3BUTHUS.

Jlpyroe HampaBlieHHE UCIOJIb30BAaHUS SHEPTUU OMOMACChl — OMOKOHBEpPCHUS
OpraHUYECKUX OTXOJIOB PACTEHHEBOJICTBA, )KUBOTHOBOJACTBA U NTHUIEBOJICTBA, & TaK-
K€ OpraHWYECKOM COCTaBIISIIOIIEH TOPOACKOrO0 Mycopa. DTO HAMpaBiIeHUE aKTUBHO
pa3BuBaetcs B Mupe. [lomumo 6morasa (OCHOBHAs €r0 4YaCTh — METaH), IPUTOJHOTO
JUTSl TIPOM3BOJICTBA DJICKTPOIHEPIUH WJTU TEILIA, pe3yJbTaTOM OMOKOHBEPCUM YKa3aH-
HBIX OTXOJOB SIBJISIFOTCS TaKXK€ SKOJIOTUYECKU YUCThIe yao0penus. Takum oOpaszom,
Hapsly C DHEPreTUYECKOM pelaeTcs He MEHee BaKHas PKOJIorMyeckas 3ajada, 3a-
KJIFOYAIOIIasiCsl B JIMKBUIAIMU OTXOJOB, 3arpPsA3HAIONIMX OKpYyXKarollylo cpeay. B
Poccun pazpadarbiBaroTCS U MIPOU3BOJATCS OMOTa30BbIe YCTAHOBKHU PA3IMYHOM MPO-
M3BOAUTEIBLHOCTH 0 OMOTa3y, B TOM 4ucie sl pepMepckux Xo3sucTB. Cpok OKy-
MaeMOCTH TaKMX yCTaHOBOK — 1-2 roja. VX mmpokoe pacrnpocTpaHeHue CAepKUBa-
€TCSl JINIIIb OTPAaHUYEHHBIM TUIATEKECITOCOOHBIM CIIPOCOM.

Manas ruaposHepreTuka. XoTs MAIyI0 THIPO3HEPIeTUKY OTHOCAT K HETpa-
JTUIIUOHHON SHEPreTUKE, OHA OTIUYAETCA OT OOJIBIIONW TOJBKO YPOBHEM MOIIHOCTH.
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OOBIYHO MPUHATO CUYUTATH, YTO K MasbIM oTHOCsATCA ['DC, cymMapHasi yCTaHOBIICH-
Has MOIIHOCTh KOTOPBIX He mpeBbimaeT 30 MBT nmpu MOIIHOCTH €IMHUYHOTO arpe-
rata He Ooznee 10 MBt. B manoii ruposHepreTuKe BBIICISIIOT TakKe KaTeropHio
MUKPOI ' DC, MOIITHOCTh KOTOPBIX COCTABIISIET OT COTEH BATT JI0 AECATKOB KHAJIOBATT.

B cBoe Bpemsi B ObiBiieM CCCP mansie I'DC uMenu QoCTaTOYHO LIMPOKOE
pacrpoctpaneHue. B 50-e roasl ux 4ucio mpeBblano 6,6 ThIC. IPU CyMMapHOU
yCTaHOBJIEHHONW MoiHOCTH 332 MBT u T0/10BOM BBIpAaOOTKE 3JIEKTPOIHEpPruu 466
MJIH KBT-4. B nocnenyromeM ux 4ucio pe3ko CHU3UIOCh. TeHAEeHIUS K COKPALIEHUIO
YKUCJia U YCTAaHOBJICEHHOM MOIIHOCTU Majbix ['DC B 3TOT mepuon Habiroganach BO
MHOTHX CTpaHax W siBisuiach odmeMupoBoil. B mocneanue 10-15 net sta TeHaeHuus
B Mmupe u Poccumn cmenmiiach Ha oOpaTtHyto. Manasi ruiposHepreTiKa nojaydnsia uH-
TEHCUBHOE Pa3BUTUE BO MHOTUX CTPaHAX.

B Poccuu moteHIman Manioi TUIpOIHEPreTHKH BecbMa Beluk. Haunbosnbimas
€ro yactb npuxoautcsa Ha JlanbHeBocTOUHBIN 1 BocTouHO-CubUpCKUil peruoHsl, Ko-
TOpBIE, CIEAYET OTMETUTD, SIBISIFOTCS HauboJsee sHeproaepuuUTHBIMU. B HacTosmiee
BpeMs obopynoBanue s Manbix U MUKpol DC Beimyckaetrcs psaoMm ¢upm. Benen-
CTBHE HEBBICOKOTO YPOBHSI MOIIHOCTH OOBEKTHI MajlOl TMAPOIHEPTETUKH TPEOYIOT
HEOOJIPIINX KAaUTAJIOBIOKEHHIA.

IpuanBHas 3HepreTuka. CerogHss B MUPE CYIIECTBYET JIMIIb OJIHA MOIIHAS
npwinBHas anektpocranuua (II19C) — Pane Bo ®panuuum momuocteio 240 MBT,
MIPOU3BOJIAIIAS CAaMYIO JICIIEBYIO 3JIEKTPOIHEPIHIO B 3T0M cTpane. B Poccun nmeercs
onHa skcnepumenTanbHas Kucnoryockas [19C momuocteio 0,4 MBT, BBeieHHas B
1967 r. ¢ 1eNbI0 AKCIIEPUMEHTATBLHON OTPaOOTKH CTPOUTENBHBIX PEIICHUN U PEXU-
MOB 3KCIUTyaTaIuu.

OcHoBHbIE HccleioBaHHbIE B Poccuu cTBOPHI AJ1s1 BO3MOKHOTO co3fanus [I19C
TaKOBBI, YTO MOITHOCTh 3TUX CTaHIMW JOJDKHA OBITH BechMa BenuKa. [IpoekTHbie
MpopabOTKU MOKa3ajiu, 4yTo, Hampumep, MomHocTh Tyrypckoi [19C Ha OxoTckom
Mope J0JkHa coctaBisith 7,8 I'BT, a Mesenckoit [19C na benom mope — 19,2 I'Br.
[Ipu 3TOM KOJMYECTBO TUPOATrPEraTOB UCUUCISIETCS COTHIMU. OrpoMHasi MOIIHOCTh
takux [I9C TpeOyeT upe3BblyaitHO OONBIINX KaNUTAIbHBIX BIOXKEHHH, HO TIOKa KO-
HOMUKA CTpaHbl HE MO3BOJISIET NPUCTYIUTh K MPOEKTaM MOJA00HOr0 Macmraa.

PaccmatpuBas B nemom nepcnekTuBbl nenoib3oBanns HBUD B Poccun, moxk-
HO OTMETUTH ciaeaytoiiee. C 0AHON CTOPOHBI, B CTPaHE €CTh JIOCTATOYHBIE PECYpPChI
Bcex BujoB HBUD. MMeetcs u oueBuaHas MOTPEOHOCTh B MX UCIOJIb30BaHUU, OCO-
OCHHO Ha PErMOHAILHOM M JIOKAIBHOM YpoBHsX. B Poccuu cymiecTByeT mpomsbiii-
JICHHO€ TIPOU3BOJCTBO MOUYTH BCEX BHUJIOB HEOOXOAMMOIO AJI 3TOr0 000PYAOBAHUS.
EcTh 1 HaydYHO-TEXHUYECKHI MTOTEHITNAN, XOTS U 3HAYUTEIHHO OCIIA0JICHHBINA BCIIE-
CTBUE TTOYTHU MOJTHOTO OTCYTCTBUS (PMHAHCHPOBAHUS B JaHHOU cepe.

C npyroil CTOPOHBI, YKa3aHHBIM MPEANOCHUIKAM POTUBOCTOSIT CEPbE3HBIE
TOpPMO3SIIHE (PaKTOPHI, TJIABHBIA M3 KOTOPHIX — BCE €III€ HEYIAOBICTBOPUTEIHHOE
COCTOSIHME SKOHOMHUKH, YTO BJIEYET 3a COOON OrpaHMYEHHOCTDH IJIATEKECTIOCOOHOTO
CIpoca Ha BHYTPEHHEM PBIHKE, TPYAHOCTU ¢ MHBecTULMAMH. HemanoBaxHblil Hera-
TUBHBIA (PAKTOP — OTCYTCTBHE KAKON-IMOO 3aKOHOAATENBHOW U HOPMATUBHOM 0a3bl
B JJAHHOM 00J1aCTH.
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C npeojioneHneM 3TUX HETaTUBHBIX siBJICHUH ucnons3oBanue HBUD B Poccun
NOJIyYUT 3HAYUTEIBbHOE pa3BUTHE. BmecTe ¢ TeM HaHHOE HaIlpaBJICHHE HE 3aMEHUT
TPaOULIUOHHYIO 3HEpreTuky. Ecnu B ['epMaHnu cTaBUTCS M pemaercst BOIPOC O 3a-
MEHE aTOMHOW 3HEPreTHKM HAa HETPAAMIIMOHHYIO, TO B Poccum Takas 1mocTaHOBKa B
0003puMOM OyAyIIEeM BpsiJI JIM BO3MOKHA.

CosiHeyHast JHePreTUKa

Cpenu BO30OHOBIISIEMBIX MCTOYHUKOB PHEPTUU COJHEYHAs pajualus 1Mo Mac-
mradaM pecypcoB M HKOJIOTMUYECKOM YHCTOTE SBISIETCS Haubosee nepcrnekTuBHON. B
CBSI3M C POCTOM LI€H Ha OPTraHMYECKOE TOILTUBO M 0O0OCTPEHUEM SKOJIOTUUECKUX MPO-
0JIeM HKCIOJIb30BaHHE BO300OHOBIISIEMBIX SHEPrOpecypcoB, B MEPBYIO Ouepelb COJ-
HEYHOW 3HEPruM, C BHEIPEHUEM SHEProCcOEPEramIuX TEXHOJIOTHM, UMEET IPHOPHU-
TE€THOE 3HAYEHHE JJIs1 OyAylIEro 3HEPreTuk. B ynam€HHbIX OT HCTOYHHKOB 3HEPIo-
CHa0»XeHUs paillOHaX UCIOJIb30BaHUE COTHEYHOM HEPruu (Hapsly C SDHEPTUEH BEeTpa)
ABJISIETCS] IPAKTUYECKU €IMHCTBEHHOW albTEPHATUBOM TPAIULMOHHON SHEPIETHKE U
IIO3BOJISIET 3HAYUTENBHO YIIYUIIUTh YCIOBUS )KM3HU HacelneHus [7].

HMeroTcss NOBOJIBHO HIMPOKHE BO3MOXHOCTH MCIOJIB30BAHMS COJIHEYHBIX
YCTaHOBOK JJIi MHJIMBUIYaJbHBIX U MPOMBIIIJICHHBIX MOTpeOUTENEH, OCOOEHHO B
CEJIbCKOXO3SMCTBEHHBIX palloHax. Pacimupenue MacitaboB MPUMEHEHHS COTHEYHBIX
YCTAaHOBOK HE TOJIBKO J1aCT 3HAYUTEIIbHYI0 3KOHOMHIO SHEPTOPECYPCOB, HO TIO3BOJIUT
CMSATYHUTH 3KOJOTHYECKYIO CUTYALHUIO.

B Hacrosimee Bpemsi c(hOpMUPOBAIMCH BO3MOKHBIE HANPABICHUS HUCIIOIb30-
BaHUS COJIHEYHOM SHEPIUU:

1) ropsiuee BogOCHAOKEHUE;

2) OTOIIEHUE 31aHUI MPOMBILIIIEHHOTO U OBITOBOIO Ha3HAYECHMUS;
3) XONOIUIbHBIE YCTAaHOBKH;

4) KOHIULIMOHUPOBAHUE BO3yXa;

5) renuocymnIbHbIE YCTAHOBKY;

6) IPOM3BOACTBO AIEKTPUUECKON IHEPTHH.

B nepcriekTuBe, N0 Mepe CHUKEHHUSI CTOMMOCTH T€JIMOCUCTEM U UX 3JIEMEHTOB,
OCOOEHHO CE30HHBIX AKKYMYJSITOPOB TEIUIOTHI, MOSABUTCS BO3MOXKHOCTH CO3IaHMUS
LEHTPAJIN30BaHHBIX CHCTEM COJIHEYHOTO TEIJIOCHA0XKEHHS C HE3HAYUTENIbHBIM I10-
TpeOJeHHEM 3JIEKTPUYECKON U TEIJIOBOM SHEPTUH, a TakkKe KPYIMHBIX COJTHEYHBIX
anektpoctaniuii (COC).

ITapaboinyeckue KOMJIEKTOPbI

ConHedyHOe M3Ty4YeHHE Ha MOBEPXHOCTH 3€MJIM — MCTOYHUK SHEPTUU CPaBHU-
TEJIBbHO HU3KOW MJIOTHOCTH; K TOMY K€ OHO MOCTYHAaeT HEPETYJSIPHO, U €ro He TaK
MPOCTO YJIaBIMBATh 0€3 CYIECTBEHHBIX MOTEPh, & TOTOMY MPAKTHYECKOE MCIOJIb30-
BaHME COJIHEUHON DHEPTUU COMPSHKEHO C IENbIM PSAOM TpylnHOCTed. B HacTosmiee
BpeMs IIMPOKO MpuMeHsoTcs, ocodeHHo B CIIIA, coyiHeuHble KOJUIEKTOPHI IS
OTOIUICHHUSI IOMOB M MOJO0rpeBa BoJbl. D(P(HEKTUBHOCTh MCIOJIB30BAHUS COJHEYHOU
TEIJIOTHl B 3HAYMUTEIBHON CTENEHW 3aBHCHT OT TEMIIEpaTyphl, IPU KOTOPOM OHa
YJIaBJIMBAETCS B KOJUIEKTOpax. Temmneparypa TEIJIOHOCHUTENS B JOMAIIHHUX T'€JIMOCH-
cremax He npesbimaer 100° C, NOCKOJIbKY KOJUIEKTOPBI C aBTOMAaTHYECKUM ClIIEXkKe-
HUEM 3a COJIHIIEM, C TIOMOIIBI0O KOTOPBIX MOXET ObITh oOecrieueHa Oosiee BbICOKas
TeMIiepaTypa, o4eHb Joporue. s Toro 4roOsl paboyas Temneparypa TernjIOHOCUTe-
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151 Haxoaunach B auamnaszone ot 100 qo 500° C, Hy:)KHO UMETh T'eINOCTaThl, KOTOPbIE
MOTJIM Obl TOBOPAYUBATHCS XOTsI ObI BOKPYT OJIHOM OCH, U MO3BOJISIIA KOHIICHTPUPO-
BaTh COJIHEYHBIE JIyYd Ha TEIUIONPUEMHUKE. JTa 337a4ya pPelaeTcs ¢ MOMOIIbIO Mpo-
JOJTOBATHIX 3epKall MapaboNOMINHAPUYECKOM (HOPMBI, HAMPABIISIONINX COTHEUHBIC
Jy4YH Ha TpyOUaThIil KOJUIEKTOP, 3al0OJHEHHBIN TeroHocuTeneM (pucyHok 13.1).

Pucynok 13.1. Ilapabonuueckue CoJIHEUHbIE KOJIJIEKTOPHI, TOBOPAYHBAIOIIE-
ca Beaen 3a ConHIleM BOKPYT OJTHOM OCH: |- KOHLIEHTpATOp; 2 — MPUEMHHUK; 3 — MpHU-
BOJHOM MEXaHU3M; 4 — CTOMKa; 5 — OCHOBaHHE

Jlisa momydyeHust Oojiee BBICOKMX TeMIlepaTyp HEOOXOJUMO NPUMEHSTH Ie-
JIMOCTATBHI C IBYXOCEBBIM BPALLEHUEM JJIS CIEKEHUS 3a COJIHIEM U C 00JIee CII0KHOM
cxemMoi (pOKyCHPOBKHU.

Kaxnaplii KOJUIEKTOP NEpPENaeT CONHEYHYH) SHEPTHI0 TEIUIOHOCUTEI0, KOTO-
PBIif CO BCEX KOJUIEKTOPOB COOMpAETCA B LIEHTPAIBHOM 3JIEKTPOCTAHUMU. TerIoHo-
CUTEJIEM MOXKET ObITh BOJSHOM Map, €U OH OyJIeT HEMOCPEICTBEHHO UCIIOIb30BaH B
MapoBOi TypOMHE, WK, HallpUMEpP, AMMHAK.

CoJiHeYHbI€ IEKTPOCTAHIIUM OAIIIEHHOT0 TUIIA

AJbTepHATUBHBIA BAPUAHT COCTOMT B HICTIOJIL30BAHMH PACIIOIIOKEHHBIX Ha OOJBIIION
oy ciaeasmumx 3a CoNHIIeM IJIOCKUX 3epKajl, OTPaKArOIIMX COJHEYHBIE JTy4d Ha IICH-
TpaJIbHBIN MPUEMHIK, IOMEITICHHBIN Ha BEPIIIMHE OAITTHH.

Konnermmuss COC OGamennoro tuma Obuia paspadorana B8 OHUU um. .M.
KpxuxanoBckoro emié B 50-¢ To1bl, OAHAKO €€ TeXHUYECKas peaau3alus 3ajiepKa-
Jach Ha ABa Jecsatuierus. B koHue 70-X rogoB K 3TOM KOHIENIIUU MOYTH OJHOBpPE-
MEHHO OOpaTHJIMCh TeiModHepreTuku psaa crpad. K cepenune 80-x romos B Mcmna-
Huu, Uranuu, @pannun, CIIA u SInoHun yxe OeiCTBOBAIM MEPBBIE SKCICPUMEH-
tajgbuble COC OameHHoro Tiia MoIHoOCcTE oT 1 10 10 MBT.

['maBHBIC YePTHI MPOEKTOB MOTYHHSUIUCH OOIIEMY TPHHIIUIY: MPEIBAPUTETh-
HOW KOHLIEHTPAlUM COJIHEYHOTO M3JIYYEHHUS] C MOMOIIbIO 3€pKaTbHBIX ONTUYECKHUX
CUCTEM W JaJbHEHIIEMYy TEIJIOCUIOBOMY MPEeoOpa30BaHUI0 CKOHIIEHTPHUPOBAHHOTO
M3JIY4EHHUS C UCIIOJb30BAaHUEM 3JIEMEHTOB OOOPY/IOBaHUS TEIUIOBBIX AJIEKTPOCTaH-
1007058
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Ontuueckue cuctembl COC cOCTOAT U3 OJAHOTUITHBIX, aBTOHOMHO OPHEHTH-
PYEMBIX 3epKan-reqnocTtaroB. [IpuHIMN paboThl COJIHEYHOW 3JIEKTPOCTAaHLUU Oa-
IIEHHOTO THUIIa OY€Hb IPOCT, OJHAKO NOTPEOYeTCsl pEelIUTh HEMAJIO TPYAHBIX MPO-
0s1eM, 4TOOBI CE0ECTOMMOCTD JIEKTPOIHEPIUH, NPOU3BOIUMOM HA ATHX CTAHLUSX,
ObL1a COIOCTaBUMa CO CTOMMOCTBIO 3HEPIuy, BolpadaTeiBaeMoil Ha TOC. bamins, Ha
BEpILMHE KOTOPOU YKPEIJIEH MPUEMHUK COJIHEUHOW 3HEPTUH, PACIOJIOKEHA Ha H0K-
HOM Kparo II0JIs FeJIM0CTATOB — 3€pKaJl, COBEPIIAIOIINX TOBOPOT Beiex 3a ConHieM
BOKPYT JIBYX B3aMMHO NEPIEHIUKYISIPHBIX OCEi. 3epKajia MOChUIAIOT OTPaKEHHBIE
COJIHEYHBIE JIyYH Ha TEIUIONPHUEMHHK; COJTHEYHAsl TEIUIOTa MUCIOJIb3YETCs IS Mpo-
M3BOJICTBA BBICOKOTEMIIEPATYPHOrO TMapa, KOTOPBIM 3aTeM IMoAaeTcs B Typboarpe-
rat, padoTtaromuii no nukity Penkuna (pucynok 13.2).
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Pucynox 13.2. Ilpunnun paboThl COTHEYHOM JIEKTPOCTAHIIUH
OallIeHHOTO TUIIA

OnpenenéHuyo TEXHUUECKYIO CIIOAKHOCTh MpU co3aanuu nepsbix COC mpen-
CTaBJis1a poOJieMa yrpaBieHUs] CUCTEMOM T'eTMOCTaToB. | JaBHBIMU B 3TOM BOIIPOCE
ABJISIFOTCSL BBICOKAsl HAJIEXHOCTh U MpHUEMIIEMasi CTOMMOCTh aBTOMATUKH TPH YCIJIO-
BUM oOecrieueHusl 3afaHHOM TouyHOcTU. K renmocraTtaM NpenbsBIAIOTCS BeCbMa
CTporue TexHuyeckue TpedoBanus. OHU JOJKHBI BBIACPKUBATH OOJIbILIME BETPOBBIC
Harpy3Ku; KOHCTPYKIIUSI TeIMOCTATOB JIOJKHA OBITh TakoM, 4TOOBI UM MOKHO OBLIO
NpUAATH JIF000E MOJOXKEHUE — BEPTUKAIbHOE (A1 3alIUThl OT MOBPEXKIEHUS Tpa-
JIOM), TOPU30HTAIIbHOE (ITPU CUIIBHOM BETpPE), IEpPEBEPHYTOE (IIPU MECUAHBIX OYpsX).
['enuocTaThl 1OKHBI OBITH OpueHTHpOBaHbl HAa ComnHile ¢ TouHocThio +0,1 ° u cre-
IUTH 3a €ro nojoxeHueMm Ha HeOe. HakoHell, OHU TOJKHBI SKCTPEHHO OTKIIIOYAThCS
MIPU YTE€UYKE TEIJIOHOCUTETIS.
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Cosnneunble 6aTapen

DoToaneKTprYecKast TeHepals SHEPTuK 00YyCIIOBIEHA MPOCTPAHCTBEHHBIM pasJiesie-
HHUEM TOJIOKUTENIBHBIX U OTPULIATEIBHBIX HOCUTENIEW 3apsiia MpH MOIVIOMIEHUN B MOTYIIPO-
BOJTHMKE 2JIEKTPOMArHUTHOTO M3MydeHUs. [Ipy HamMumu 31eKTpUdecKoro Noss 3T 3apsiibl
MOTYT CO3/IaBaTh BO BHELIHEH LIENH AIEKTPUUECKHUI TOK. B MecTax nepexof0B Wi HEOIHO-
POIHOCTEN MaTepHraia CyIIECTBYIOT BHYTPEHHHE AIIEKTPOCTATHUYECKUE MO, BHyTpeHHue
oI5 POTORIIEMEHTOB HA OCHOBE CTPYKTYP MOTYPOBOAHUK - MOTYTPOBOIHUK WA METAILT -
TMOJTYITPOBOJTHUK CO3/IAK0T Pa3HOCTh MOTEHIMATIOB OKOJIO 0,5 B M IMIOTHOCT TOKA mopsKa
200 A/M* [IpH IIOTHOCTH MOTOKA CONMHEYHOTO H3imyderns okono 1 kKBr/m>. [TpoMbIIIIIeHHbIE
dotoanements! nmetoT KITJI ot 10 10 20 % nipu cpemHecyToqHOM 00yIEHHOCTH [7].

YerpoiicTBa, npeodpa3yronue CONMHEYHYI0 PAaJHAIUI0 B AJEKTPUUECKUNA TOK,
Ha3bIBAIOTCS (POTOAIEMEHTAMHU WM COJTHEYHBIMU dJIeMeHTaMu. OHU caMu SIBJISTIOTCS
ucroynukamu JDJIC. ConHeuHbIe 3JIEMEHTHI T€HEPUPYIOT 3JIEKTPUUECKUNA TOK B MPS-
MO} 3aBHCHUMOCTU OT CYTOYHBIX, CE30HHBIX U CIIy4alHBIX U3MEHEHUHN 00Ty4YEHHOCTH.
OddexkTuBHOCTh MPEeoOpa30BaHUs COJIHEYHON PHEPrUU 3aBUCUT HE ToJbKO OT KIIJ]
¢dboTOdNIEMEHTA, HO U OT COTJIAaCOBAaHHOCTH JIMHAMHYECKOW HArpy3ku BO BHEIIIHEH Iie-
TH.

BonbMHCTBO (hOTOZIEMEHTOB MPEACTABISIOT COOOH KPEMHHUEBBIE MOIYIPO-
BoJHUKOBBIE (poroauossl. I[lepBrie doTommoanrl ObuIM M3roTOBIECHBI B 1954 romy.
TexHonoruss MX M3rOTOBJIEHUS OBICTPO COBEpIIEHCTByeTcA. B Hacrosiee Bpems
chopMUpOBaHO OOIIECTBEHHOE MHEHHE, YTO COJIHEYHBIC AJIEMEHTHI MOJIYYHIH
HauOOJIbIIIEE PACIIPOCTPAHEHUE B KOCMUYECKOU oTpaciau. OgHaKo 3TO JaJeKo HE TaK,
Y TIOJYNPOBOHUKOBBIE COJIHEUHBIC DJIEMEHTHI B PSIJIE€ PA3BUTHIX CTPaH IIUPOKO HC-
MOJIB3YIOTCSl B IPOMBIIIUICHHOCTH U OBITY.

[TommHas ctouMocTh cosiHedHor Oarapen ¢ 1974 mo 1984 rox ymana co $ 100
70 $ 4 Ha 1 BT ycTaHOBJICHHOM MOIITHOCTH, U MPOJOJDKACTCS JalIbHEHIIICe CHIKECHUES
1ieHsl. OTHAKO, TaXKe TIPH MTOJTHON CTOMMOCTH dyieMeHTOB $ 4 3a 1 BT, pu cyTouHoM
o6yuénnocT 20 MJDK/M® U IONTOBEYHOCTH (HOTOIIEMEHTOB 0K0o 20 JIeT, CTOH-
MOCTB DJIEKTPOHEprun cocTasisieT nmpumepHo 16 nenroB (CHIA) 3a 1 kBt-u. [Ipu
TaKOW CTOMMOCTHU JIEKTPOIHEPTUM COJIHEUHbIC OaTaper MOTYT KOHKYPUPOBATh C JTH-
3€JIb-TeHEPATOPHBIMU YCTAaHOBKaMM, OCOOCHHO B OTJAJIEHHBIX pailloHaX, TJe CTOU-
MOCTb JIOCTABKH TOIJIMBA U OOCITY>KUBAHUS IOCTATOYHA BHICOKA.

OcHoBHast 00J1aCTh MPUMEHEHUSI COJTHEUHBIX OaTapei cleayromas:

1. ocBEeTHUTENbHBIE CUCTEMBI,

2. CHCTEMBI BOJIOCHAOKEHHS,

3. ynanéHHbBIE CTAHITUU PATUOCBS3H,

4. Masaxu,

5. JOpPO’KHBIC 3HAKH,

6. KocMHYECKHE amnmaparhl.

barapes comHEYHBIX AIEMEHTOB OOBIYHO MPEACTABISET COOONW KOMOMHAIIMIO
COEIMHEHHBIX NapajieabHo Moayien. Kaxaplii MOayJib, B CBOKO OYEPE/lb, SIBISACTCS
KOMOMHAIMENW MOCIe0BaTeIbHO COCIMHEHHBIX (POTOAIEMEHTOB. A Kaxabli (oTto-
AJIEMEHT COCTOUT U3 MapaJUIEIbHO COEAMHEHHBIX MOBEPXHOCTHBIX 3JIEMEHTOB. Mak-
CUMAJIBHOE MAJICHUE HANPSKEHUS HA KOHTAKTaX OTKPBITOW LENMU MOIYJEN COCTABIISA-
eT npumepHo 15 B, a MakcumanbHbI TOK 4epe3 MoayJb - okono 1,5 A. Ecnu onun
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U3 3JIEMEHTOB BBIMJIET U3 CTPOS UM MOBEPXHOCTh YCTPONUCTBA Oy/IeT HEPAaBHOMEPHO
OCBEIIICHA BCIEACTBUE PA3JIMYHON CTEIICHH KOHLEHTPALMU CBETA WM HAJINYUS TECHH,
torga (OTO’NIEMEHT OyJeT paboTaTh B peXUME AMOAA C MPSMBIM WIH OOpaTHBIM
CMEILEHUEM U IpU 3TOM OyJeT meperpeBarbes. JlJig mpeaoTBpallleHusl JaBUHHOTO
npo0osi MapajijiesIbHO Ka)XJI0H CepUM LENoYeK (POTORIEMEHTOB HEOOXOAMMO ycCTa-
HaBJIMBaTh LIYHTUpYOLME AuoAbl. [Ipu mpaBuinpHON 3KcITyaTanuu Oe3aBapuiiHas
paboTa COMHEUYHBIX MPOMBIIUIEHHBIX 3JIEMEHTOB OyJEeT AOCTATOYHO JJIMTEIBHOU, HE
MmeHee 20 mer.

B HacTosi1ee BpeMsi COJIHEUHbIE OaTapen BBITYCKAKOTCSA B BUJIE )KECTKUX U THO-
KHX TMaHeJIel U HaXOJAT Bce Oosblliee MPUMEHEHHE B OBITY M JJIsi OCBEIICHUS TeppH-
TOPUH.

Bomnpocs! miia camonpoBepku
1. Yro siBusiocs npuurHamu OypHoro pazsutusi HBUD?
2. OxapakTepu3yruTe COCTOSHUE U IEPCIEKTUBKI Uctonb3oBanuss HBHO B Poccun.
3. OnuimuTe KOHCTPYKIMIO M MPUHIUI PabOThl COTHEYHBIX MapabOIMYECKUX KOJ-
JIEKTOPOB.
4. YUTo Ha3bIBAIOT TEIMOCTATAMH U KaKhe TPEOOBaHUS K HUM MPEIbSIBIISIOT?
5. Pacckaxkute o MpuHIUIIE ACUCTBUS COIHEUHOM O6atapeu. [ 1e oHM HAIUIM TUPOKOE
MpuMeHeHue?
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JIEKIAS 14
BETPODHEPTETUKA

YenoBek Hayal MCIOIB30BATh IHEPTUIO BETPA 3a70JII0 A0 U300pEeTEeHUs BOJIS-
Horo kojeca. Enie 4000 et ToMy Ha3zaa ObLIM M3BECTHBI YCTAHOBKH JUIS MTO/Ia4U BO-
IIbl, BETPSIHbIE MEJBbHUIIBI M TapycHble cyaa. Cieayer MOMHHUTh, YTO MEepBOHAYANb-
HBbI MCTOYHMK YHEPTUU BETPa — 3TO SHEPIUsl COJHEUHOI'O U3JIYyYEHHUS, TaK KaK OC-
HOBHOW MPUYMHOW aKTUBHBIX MPOIECCOB MEPEMENICHUS BO3AYIIHBIX MACC SIBIISIETCS
pa3Hasi IJIOTHOCTh HAIPETOr0 U XOJIOJTHOTO BO3IyXa.

DHEpruio BeTpa MOXKHO YCIICIIHO HCIIOIh30BaTh TPH CKOPOCTAX Oojee 5 M/c.
Ha tepputopun Poccuu 3Tu yclioBHs CyIIecTBYIOT Ha nobOepexne Kacmuiickoro u
UepHoro mopeit, Ha o3epe baiikan, Kamuarke, Caxanune, nooepexne JleqoButoro
OK€aHa. 371eCh BpEeMsI UCIIOJIb30BaHus BeTpoarperatoB AoxoauT 10 6000 yacoB B roa.

[lepBas B Mupe BeTpodHepreTuyeckas ycraHoBka (BOY) ¢ auamerpom pabouero
kosieca 30 M u MottHOCThIO 100 KBT ObLTa cipoekTrpoBaHa 1 nmoctpoeHa B Kpeimy B 1931
rony. HenocpencreenHoe ydactue B pa3pabOTKe U CTPOUTENHCTBE MepBhiX BOY mpuHrMan
KO.B. Konmpariok (nacrosmias (amumis AWM. [lapreit), odeHb TalaHTIMBBIA YETIOBEK
CJIOKHOM CyIbOBI (MM CIIPOSKTUPOBAH U ITOCTPOEH A1eBatop B ropoje Pyooscke). B CCCP
IIMPOKO NMPUMEHSUTUCH BETPOABUTATENM C JUAMETPOM Kosieca 0 18 M 1 MomHocThio A0 30
kBt. ['ogoBoli Bemyck BeTpoarperatoB B 1956 romy mocturan 9000 mryk. OgHako ¢ pas-
BUTHEM KPYIHBIX 3HEPreTHYecKux cucteM, Oazupyrommxcs Ha KOC u ADC, a taxke B
CBsI3U C AMeKTpuduKaimeit cena B 60-¢ rofpl UCCIe0BaHNS B 00JIaCTH BETPOIHEPIETUKU
ObUIN MPEKpaIleHbI.

[Tpobsembl, MPEnsSTCTBYIONIUE IMPOKOMY PACPOCTPAHEHHUIO BETPOBBIX YCTAHOBOK:

® [IOCTOSITHHO MEHSIFOIIIASICS] CKOPOCTh BETPA;
® DIIEKTPUUECKAsk SHEPTUsl HAYMHACT BhIPA0AThIBATHCS TOT/IA, KOT/IA IyeT BETep, a
HE TOT/Ia, KOTJ[a OHa HEOOX0/IMMa, a aKKyMYJIMPOBATh AIEKTPUIECKYIO SHEPTUIO
B OOJTBIIIMX KOJIMUECTBAX YEIOBEUECTBO MOKA HE YMEET.
B oreuecTBEHHOM BETPOIHEPTETUKE HAMETHITMCH J1BA ITyTH PAa3BUTHSL:
1) cozganue KpyImHbIX oHOarperatHeix BOY;
2) coopykeHre MHoroarperarubix BOY.,

Bropoii BapuanTt Gosnee 3koHOMHYEH, Tak kak BOY cocrout u3 10...15 ycraHoBok
eIMHUYHON MOITHOCTHIO TI0 30 KBT. D10 mo3BosseT 0osee A3PPEKTUBHO CIIaKUBATh MO-
PBIBBI BO3IYIIIHBIX TEUEHHUI 32 CUET TEPPUTOPUATLHOTO PACCPEIOTOUEHUS OTACIBHBIX arpe-
raToB.

BOY cuuTarorcs SKOJOTUYECKH YMCTHIMU HCTOYHMKAMM SHEpruud. OCHOBBIBACTCS
TaKOe yTBEP)KICHUE HAa TOM, YTO OHU HE JIAIOT BPEIHBIX BHIOPOCOB B atMochepy. OmHako
MMEIOTCS ¥ OTPULIATEIIbHBIEC BO3ICHCTBUSL.

Orpuuare/ibHOE BO31eIICTBHE BETPOIHEPIOYCTAHOBOK HA OKPY/KAIOLLYIO Cpeay

1. CunbHble TIOPBIBBI BETpA, yparaHbl MOT'YT MPHUBECTU K paspyiueHnto BOY. Ilpu
ATOM HauOoJIee ONACHOM 30HOM SBIISIETCS KPYT PailyCoM, PaBHBIM BbIcOoTE OarHu. Ecimu
K€ ITOBPEXK/ICHUE YCTAHOBKHU CBSI3aHO C OTPBIBOM JIOIIACTEH, TO PAIUyC ONACHOM 30HBI BO3-
pacraer.

111



2. Bpamarorpecs 10nactv Co3Jar0T IOMEXH Telenepeaadyam u paguonpuemy YKB B
paauyce 3 Km.

3. lllym, co3naBaeMslii BOY cpeaHeld MOIIHOCTH, CIIBIIIICH HAa PACCTOSIHUN Oostee 2
KM, a Ha paccrosiain 400 M ypoBeHb IiTymMa JocTuraet 56 nb.

Onpockl HaceNeHns1 MOKA3bIBAIOT, YTO OTIENBFHO cTosime BOY BocnprHMMAarOTCs
JOCTaTOYHO CIOKOMHO, HO BETPOBBIE (DepMbI BBI3BIBAIOT OINPENCIICHHOE Pa3paskeHUE
JlaXe TPU UX PACTIOIOKEHUH Ha MOPCKOM TTOOEpEKBeE.

4. Kpynaomacirabnoe npumMernenre BOY Ha kakoM-TO OrpaHHYEHHOM Y4acTKe MoO-
KET BbI3BaTh NTyOOKHE KIIMMAaTHICCKIC N3MEHEHNS B TAHHOM PaiioHe.

5. Omuaounas BOY, a tem 6ornee pepma, TpeOyroT moabe3nubix mytel, JIOII, cpsi-
34, ynpasienus. [loatromy tepputopus, u3siMaemas i pazmenienus BOY, okasbiBaer-
cs Kyzia 60J1ee 3HAUNTEIBHOM, YeM MOJKET TIOKa3aThCs Ha TTEPBBIA B3I,

[IpuHumn paboThl BETPOBOM YyCTaHOBKU MPOCT. KMHETHUEeCKast SHEprUs BETpa
MIpEBpAILlaeTCs B SHEPTUIO BpalllEHUs poTopa reHeparopa. Mcnonb3dyercs AByX- WU
TPEXJIONACTHBIN poTop (pucyHok 14.1.). MomrHocTs BeTpoBoro asuratenst Ng omnpe-
aensercs no popmyie:

N, =D?*.V?.& |

rae D — nuameTp BeTpokoseca (M);

V — ckopocTh BeTpa (M/ceK);

€ - cpennmii kod(hduIMeHT MOIIHOCTH (K03 PHUIIMEHT HCIIOIE30BaHUS dHEP-
T'MH BETPA) - 3aBUCHUT OT KOHCTPYKIIMU BETPOKOJIECA U CKOPOCTH BeTpa. DIICKTpUYe-
CKasi MOIITHOCTh BeTpoycTaHOBKU P,y yuutsiBaer KIIJl Berpoasuratens (n, ), KILI
rerepaTopa (1, ) u KI1/] nepenaun (0, ).

SMABSFT

Betep ==t [}

30 M (100 FT)

Pucynok 14.1. BerposHepreruueckasi ycTaHOBKa
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P, =Ng 151711,

BbIxoaHasi MOIITHOCTh YCTAHOBKH MPOIIOPIIMOHAIBHA TUIOIIAIU JIOTIACTEH BET-
POBOTO POTOpa M CKOPOCTHU BETpPa B KyOe.

MakcuManbHasi MPOEKTHAsT MOIIHOCTh BETPOIHEpPreThyeckoil ycraHoBku (BOY)
OTIpeeIsIeTCsl Isl HEKOTOPOM CTaHIAPTHOM CKopocTH BeTpa. OOBIYHO 3Ta CKOPOCTh
paBHa mpuMepHO 12 M/c, pu oToMm ¢ 1 M 2 omeraemoii mioman ( B ) CHUMAeTCsI

MotHocTh nopsizika 300 Bt. B Tabnuiie 14.1 nipencraBieHbl OCHOBHBIE XapaKTePUCTH-
k1 BOY pa3nuunbIx KI1accoB U cuilbl BeTpa. B paiioHax ¢ OJ1aronpusiTHBIMU BETPOBBIMU
YCIIOBUSIMH CPEIHET0JI0BOE ITPOM3BOJICTBO 3JIEKTPO3HEpIrun cocTtapiseT 25...33% ero
MaKCHUMaJIbHOTO MPOEKTHOTO 3HaueHus. Cpok CIy»KObl BETPOT'€HEPATOPOB OOBIYHO HE
Menee 15...20 net, a ux croumocth kKonebiercst or 1000 no 1500 mon. CIILA 3a 1 kBt
[IPOEKTHOM MOIIHOCTHY.

OmHO M3 OCHOBHBIX YCIIOBUH MPH MPOESKTUPOBAHUN BETPOBBIX YCTAHOBOK - 00€C-
MEYCHNUE UX 3alIUTHI OT PA3pPYIICHUSI OUYEHb CUJILHBIMU CITy4allHBIMH MOPHIBAMHU BETpA.
BetpoBble Harpy3ku MpornopluyuoHalIbHBI KyOy CKOpOCTH BeTpa, a pa3 B 50 jeT ObIBatOT
BETPBI CO CKOPOCTBIO, B S... 10 pa3 mpeBbIIAKONMIEN CPEIHIO, MO3TOMY YCTAaHOBKH
MIPUXOJIUTCS POCKTUPOBATH C OYEHb OOJIBIIIMM 3ariacoM MpoyHocTH. Kpome Toro, cko-
POCTh BETpa KOJIEOIETCSI BO BPEMEHH, YTO MOXKET MPUBECTU K YCTAJIOCTHBIM pa3pyliie-
HUSIM.

Tabmuma 14.1
[TapameTpbl BETPOIHEPTETUYECKUX YCTAHOBOK PA3IMYHON MPOEKTHON MOIIIHOCTH
npu ckopoctu 12 m/c

Kinacc BOY | Pacuernas (mpoekt- | Jluamerp Betpokose- | Ilepuon Bparie-
Has) MOIITHOCTh, KBT caDwM Hus T,c
Mautsie 10, 25 6,4, 10 0,3, 04
Cpennue 50, 100, 150 14, 20, 25 0,6, 09, 11
Bonbine 250, 500, 1000 32,49, 64 14, 2,1, 3,1
OueHb 2000, 3000, 4000 90, 110, 130 3,9, 48, 5,7
OoJpIIne

B3aumozeiicTBre BO3IYILIHOIO IIOTOKA € JIONIACTHIO BETPOKOJIECA

Ha puc. 14.2 nokazaHbl B3auMOZEHCTBUE BO3IYIIIHOTO MIOTOKA C JIOMIACTHIO BETPOKOJIE-
Ca ¥ BO3HUKAFOLHE IIPH 3TOM CHJIBL.

[TycTh BO3IYIIHBII MOTOK, UMEIOIIMI CKOPOCTD 1, HAOEraeT Ha JIOAcThb, IepeMela-
IOIIYIOCS] CO CKOPOCTBIO V, TOT/Ia CKOPOCTh MOTOKA OTHOCUTENBHO Jionacti OyzeT V . [lpu
B3aUMO/ICICTBUH NIOTOKA C JIONACTHEO BO3HUKAIOT:

1) cuna conporusienust Fp , mapasienbHast BEKTOPY OTHOCUTEIBHOM CKOPOCTH HaOe-
TaroIero MoToka VvV ;

2) momwbeMHas cuia F, nepnenavkyssipHas cuiie Fp. CroBo «1obeMHash» B 3TOM
TEpPMUHE, KOHEYHO, HE O3HAYAET, KaK B a3pOIMHAMUKE, UTO ITa CUJIa HAIIPABJICHA BBEPX;
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3) 3aBUXpeHME OOTEKAIOIIETO JIOMACTH TOTOKAa. B pe3ynbTrare 310 MpUBOIWT K 3a-
KPYTKE BO3IYIIHOTO MOTOKA 3a TUIOCKOCTHIO BETPOKOJIECA, T.€. K €r0 BPAIICHUIO OTHOCH-
TEJIFHO BEKTOPA CKOPOCTH HAOETAIOIIETO TTOTOKA;

4) TypOynu3anusi MOTOKA, T.€. XaOTHUYECKHE BO3MYIIICHUSI €T0 CKOPOCTU IO BEITH-
YyHE W HampabieHUi0. TypOyIeHTHOCTh BO3HUKACT KaK 3a KOJIECOM, TaK U Tepell HUM, B
pe3yabTaTe JIONAcTh YacTO OKa3bIBACTCS B MOTOKE, TYpOYJIM3UPOBAHHOM JPYTHMH JIOTIA-
CTSIMU;

5) mpensATcTBUE Ui HAOEraroliero moToka. JTO €ro CBOMCTBO XapaKTepU3yeTcs ma-
PaMETPOM, Ha3bIBAEMBIM 2eoMEeMPUYECKUM 3anoaHeHuemM M PaBHBIM OTHOIICHHUIO TLIOLIAIN
MPOEKIIMH JIONACTeH Ha MEPIEeHIUKYISIPHYIO MOTOKY TUIOCKOCTh K OMETaeMOW MMH TIIOIIa-
au. Tak, HanpuMep, TIPH OJTMHAKOBBIX JIOMIACTAX YETBHIPEXJIONACTHOE KOJIECO UMEET BIBOE
OoJIbIIIee TEOMETPUIECKOE 3aT0JTHEHUE, YEM JIBYXJIOMACTHOE.

A N N
- LT
/: /ﬁ_ o

Pucynok 14.2. Ckxopocty 31nemMeHTa JOMACTH U JEUCTBYIOIIUE HA HETO CUJIBL:
U - CKOPOCTb BETPA; V - CKOPOCTh DJIEMEHTA JIONACTH; V; - CKOPOCTb JIEMEHTA JIOTa-
CTH OTHOCHUTEJILHO CKOPOCTH BETPA; Fp - CHjla JOOOBOIO COMPOTUBIIEHUS, IEHCTBYIO-
1asi B HalpaBJIeHUU CKOPOCTH Vy; F, - MOJAbEMHAs cuJila, epneHAnKyJspHas cuie Fp

Knaccuduxkanus BeTpoyCTaHOBOK

BeTposHepreTnueckue yCTaHOBKH KJIACCU(DHUITUPYIOTCS 1O JIBYM OCHOBHBIM
TIPU3HAKAM: T€OMETPUM BETPOKOJIECA U €r0 MOJIOKEHUIO OTHOCUTEIILHO HaIlpaBJICHUM BETpa.
Jlanee, OCHOBHBIC KIACCH(DUIMPYIOIINE TPU3HAKA  BETPOIHEPIETHUSCKUX YCTAHOBOK
MO>KHO OIPEIEITUTh IO MPUBEICHHOMY HIKE OTIPOCHUKY:

1. Ocb BparteHus BeTpoKojieca TapajuielibHa WM TEpHeHAUKYIISIpHA BO3TYIITHOMY
notoky? B niepBoM citydae ycTaHOBKa OyJIET FOPU30HTAJIBLHO - 0CEBOIi, BO BTOPOM - Bep-
TUKAJILHO - OCEBOM.

2. Bpatnaroitieit cuiion sIBJISIETCS CUjla CONMPOTUBIICHUS WIH NTOIbeMHas cuiia? Ycra-
HOBKH, UCTIOJIL3YIOIIUE CUTY COMPOTUBIICHUS (Apar-MammHbl), Kak TPaBUIIO, BPAI[atOTCs
C JINHEMHOM CKOPOCTBIO, MEHBIIEW CKOPOCTH BETPA, 4 YCTAHOBKH, UCTIONB3YIOLIHE TTOABEM-
HYIO CWITY (JIM()T-MAIIMHBI), UMEIOT JIMHEWHYIO CKOPOCTh KOHIIOB JIONACTEM, CYIIIECTBEHHO
OOJIBIITYIO CKOPOCTH BETpA.

3. UeMy paBHO T€OMETPUIECKOE 3aroHEeHHE BeTpokosieca? J{ist 6ombIIMHCTBA yCTa-
HOBOK OHO OTpPEEISeTCsl YnciioM Jionacteil. BOY ¢ GonblimM reoMeTpryecKiM 3arosHe-
HHEM BETPOKOJIeCa Pa3BUBAIOT 3HAYUTEIIHHYIO MOIITHOCTh TIPH OTHOCHTENTHHO CIIa00OM BET-
pe, ¥ MaKCUMYM MOIITHOCTH JIOCTUTAETCsl TPH HEOOJBIIMX 000poTax Koseca. BOY ¢ ma-
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JIBIM  3aMOJTHEHUEM JIOCTUTAI0T MAaKCUMAJIbHOM MOIIHOCTH TPH OONBIIMX 000poTax M
JIOJIBLIIE BBIXOMIST HA ITOT PEKUM.

4. JIns kakoil 1eny mpeiHa3HayeHa BETPORHEPreTHYecKas YCTaHOBKA? YCTaHOBKU
JUIs1 HETIOCPEJCTBEHHOTO BBINOJHEHUSI MEXAaHMYECKON PabOThl YaCTO HA3bIBAIOT BETPSHOU
MEJBbHULIEH WM TYpOUHOW; YCTaHOBKU JUISl IIPOU3BOJICTBA 3JIEKTPOSHEPTHH, T.€. COBOKYII-
HOCTb TYpOMHBI U 3JIEKTPOr€HEpaTopa, Ha3bIBalOT BETPOIIEKTPOTEHEPATOPAMH, a3POreHeE-
paTopamy, a TaKKe YCTAHOBKaMH C IIPe0Opa30BaHUEM SHEPIHML.

5. YacToTa BpalieHusi BETpoKojeca MOCTOSIHHA WM 3aBUCUT OT CKOPOCTH BeTpa? Y
a3pOreHepaTopoOB, MOIKIFOYEHHBIX HAIIPSAMYIO K MOLIHOW SHEPrOCHCTEME, YaCTOTa Bpallie-
HUSI TIOCTOSIHHA BCIIEICTBUE 3(p(pekTa aBTOCMHXPOHM3AIMY, HO TaKUE YCTAaHOBKU MEHEe
3 PEKTUBHO HUCTONB3YIOT SHEPTUIO BETPa, YEM YCTAHOBKH C MEPEMEHHOM 4acTOTOM Bpa-
IICHHUSL.

6. BeTpokosieco COEAMHEHO € ANIEKTPOTEHEPATOPOM HAMPSIMYIO (PKECTKOE COTIpsIKE-
HHE) WIN Yepe3 IPOMEKYTOUHBIN MpeoOpa3oBaTellb SHEPTHH, BBIOIHAIOMINI poiib Oyde-
pa? Hammuue Oydepa ymMeHbIIaeT MOCHEACTBHSA (IIYKTYyalluy YacTOThl BPAILIEHUS! BETPO-
KoJieca, Mo3BoJIsIeT Oosiee 3(h(HEeKTUBHO MCIOIB30BATH SHEPTUIO BETPA U MOIIHOCTb JJIEK-
TpOreHeparopa.

Knaccugukaryss BeTpoasieKTpOreHepaTpoB Ha OCHOBE MEPEUNCIICHHBIX BBIIIE MPU-
3HAKOB MpeJICTaBlIeHa Ha puc 14.3, KOTOpBIN, KOHEYHO, HE HCUEPITHIBAET BCETO MHOIO00pa-
3Us1 BO3MOYKHBIX KOHCTPYKILIMI BETpOycTaHOBOK. OCOOEHHO 3TO KacaeTcs HauOolnee mep-
CIIEKTUBHBIX YCTAHOBOK, UCTIOJIb3YIOLMX CHEHUATBHBIE YCTPOMCTBA /ISl YBEJTMUYEHHS CKOPO-
CTU HaOEraroILero BETPOBOIO MOTOKA.
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Pucynok 14.3. Kiaccuduxariust BETpoKoJiec: a - C TOpu30HTAIBHON OChIO, TIPH-
BEZICHBI CITIOCOOBI OPUEHTAIIMH MTPU MIEPETHEM PACIIONIOKEHUH BETpoKosieca; O - ¢
BEPTUKAJILHOM OCHIO; B - C KOHLIEHTPATOpaMHU BETPOBOTO MOTOKA. 1- OAHOIONACTHOE
KOJIECO; 2 - IBYXJIOMACTHOE; 3 - TPEXJIONACTHOE; 4 - MHOTOJIONACTHOE; S - YaIlIEYHbIN

anemomeTp; 6 - porop CaBonuyca; 7 - potop [apee; 8 - porop Macrpysa; 9 - potop

OBaHca; 10 - ycuimuTenns noToka
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Bomnpocs! a5 camoripoBepku
1. ITpu KaKuX CKOPOCTSAX MOKHO HUCIIOJIb30BATh SHEPTUIO BETPa U B KaKUX palloHax
Poccuu cyiiecTByroT 311 ycaoBus?
2. I'ne 6b1a mocTpoeHa nepsast BOY?
3. [lepeuncnure oTpULIATENIBHBIE BO3/ICHCTBUSI BETPOIHEPIETUUECKUX YCTAHOBOK HA
OKPYKAIOILYIO CPELY.
4. Ot yero 3aBHCUT MOUIHOCTh BETPOBOI'O JIBUTATEINS U BETPOIHEPreTUUECKON yCTa-
HOBKHU?
5. OxapakTepHu3yiTe CUIIbl, BO3HUKAIOIINE MPU B3aUMOJEHCTBUN BO3IYIIHOTO MOTO-
Ka C JIONACThIO BETPOKOJIECA.
6. Ilo kakum npusHakam kinaccudunupytorcs BOY? [osicaure TepMuHbl «1r0QT-
MAaIIMHBD) U «JIpar - MalluHbD».
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Jleknusa 15
I'EOTEPMAJIBHAS DHEPI'USA

TenoBas 3HEprus, BbIACISAIONIMECS NPU U3BEPKEHUH BYJIKAHOB, FeH3epOB U
ropsiYMX UCTOYHUKOB, CTala MHTEHCUBHO MCIOJIB30BAThCS BO BTOPOil mojioBuHE 20
Beka (C MOSIBIIEHWEM TEXHUYEeCKuX cpeacTB). CTporo roBops, reorepMalibHas
SHEPrusl HE ABIIAETCS BO30OHOBIISIEMOM, 3TO aJIbTePHATUBHBIN BUJ YDHEPTUU.

K reorepmasibHbIM HCTOUHHUKAM SHEPTUU OTHOCSIT:

1. Uctounuku ropstueii Boasl ¢ t 150-200°C, 3aneraromue Ha TiIyOHWHE 0
2000 M (2 xkm);

HACHINICHHBIH map moj aasienueM ¢ t=100-340°C mo 2 km;
CyXOU Map MoJ BEICOKUM JIaBJICHUEM C TUIyOUHBI 3-6 KM;
HaceIeHnsii map ¢ t 150-180°C ¢ riyOuns! 2-3 KM;
reorepMalbHbIe Topsure TopHbie opos! ¢ t=150-200°C;

. ByJikanuueckas yasa ¢ t=700-1200°C ¢ ry6unst 3-10 kM.

Briensitor 3 kiacca reoTepMaibHbIX paliOHOB:

1. TuneprepmanbHsblii . TemneparypHusiii rpaauedT >80°C/KM 3TH paiiOHBI
PacrojoKeHbl B TEKTOHUYECKOM 30HE BOJIM3U I'paHUL] KOHTUHEHTAJIbHBIX
wuT. [loutn Bce u3 cymectByromux ['eoTOC pa3MenieHsl B TakuX pail-
onax (Ileppast ['eoTOC B 1904 r. B UTanumn).

2. Tloayrepmanbubiid. Temmeparypubiii rpaguent ot 40 go 80°C/km. D10
paiioHbl aHOMAaJIMH, JIeXKaIlUX B CTOpPOHE OT rpanull miargopm. Tero
U3BJIEKAETCS U3 €CTECTBEHHBIX BOJOHOCHBIX IUIACTOB WJIM U3 Pa3apo0-
JEHHBIX CYXUX NOpOA. XOpOIIO HCHOJB3YETCA JIs TOpSYero Terio-
CHA0XKEHHS.

3. Hopmaawbubiii. Temneparypusiii rpaguent menee 40°C/km. Hcmonb3o-
BaHUE HE HIKOHOMUYHO. B KaXJIoM U3 Tpex KJI1accoB B MPUHIUIE MOKHO
NOJTy4aTh TEIJIO 3@ CUET €CTECTBEHHOM TMApOTepMaIbHON LUPKYIISALUH,
IpU KOTOPOW BOJla MPOHMKAET B IIIy0OKO3alleratolire nopoibl, rae mnpe-
BpalllaeTcsi B CyXOH map, MapoBOSHYIO CMECh WM MPOCTO HArpeBaeTCs
JI0 JOCTaTOYHO BBICOKOW TEMIEPATYPHI.

[TpuHLIMIT BBIPAOOTKM AJIEKTPUYECKON HHEPrMM Ha COBPEMEHHBIX TIeoTep-
MasbHbIX 3ekTpocTaHuusax (I'eoTOC) tot ke, yto n Ha TOC, paboTatonmx Ha
OpraHM4ecKOM TOoIUMBE. TermoTa, nojaydyaeMas U3 HeJp 3eMIId, UCHOIb3YeTCs s
BbIPaOOTKHU Mapa, Bpamarouero typooarperat (pucyHok 15.1). KITJ] I'eoTOC u3-
3a HM3KOM Temmnepatypbl Hke TOC Ha opranmyeckoM tormse. Ilap, moctynaro-
WA U3 HEAP 3eMJIH, 3arpsi3HEH pacTBOPEHHBIMH B HeM coisimu. CemapaTtop mapa
yIajseT HeKelaTeNbHbIe XUMHUecKue mpuMecH. M3 KoHIeHcaTopa mocTynaeT 4u-
cTasi BOJIa, KOTOpasi MOXET UCIOJIb30BaThCS B XO3SIMCTBEHHBIX LIETSAX WA BHOBb
3aKauMBaETCs Yepe3 CKBaKUHBI B HEJIpa 3EMIIH.

Bricokoe coaepkaHue coier B re0TepMajIbHON BOJIE IPUBOJUT K TOMY, YTO
Yyepe3 HECKOJIBKO JIET MPOUCXOIUT 3aKyIOpKa CKBaXXHH. DTO TpeOyeT 3aTpaT Ha UX
OYHUCTKY WJIM OypeHHe HOBBIX CKBaXXHH B ApYyrom mecte. OTOOp Teruia uaeT oobiu-
HO OBICTpee, YeM €ro BOCCTAHOBJIEHHME 3a CUET eCTeCTBEeHHOro mpouecca. Co Bpe-

SEORFRYN
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MEHEM TeMmIepaTypa napa Wiv ropsueid BoAbl MaJaeT, U 3TO 03HAYAET, YTO HACTY-
NaeT “cyeprnaHue reoTepMUIEecKoil F3Heprun. YToObl MpeOTBPATUTH 3TOT MPOIIECC
UCYEPIIaHUsI TE€OTEPMUUYECKON SHEPIruM, MOJl 3E€MJII0 O] BBICOKMM JaBJICHUEM

JIOJKHA 3aKaHUYMBATHCS BOJIA, YTO CBS3aHO C OIPEICICHHBIM PHUCKOM 3eMIIeTpsice-
Hus (r.Jensep, CILA).
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Pucynok 15.1. I'eoTepmanbHas mapoBasi CKBaXKHUHa

['eoTepmalibHbIE UCTOUYHHKH OKa3bIBAIOT 3aMETHOE BIIMSIHUE HAa OKpPYXKaro-
IIYI0 Cpelly NP HMCIOJIB30BAHUM B IHEPreTUYECKUX YCTaHOBKaX. B riryOMHHBIX
BOJIaX B 3HAYUTEJIbHBIX KOJMUUYECTBAX COJIEPIKATCS PACTBOPEHHBIE MUHEpabl (B 8
pa3 0oJibllle, YeM B MOPCKOM BOJI€, U PACTBOPEHHBIE Ia3bl, TAKUE KaK yTICKUCIIBIN
ras, cepoBoJiopoa u apyrue. Beiopockl cepol B Bujae cepoBojioposa y I'eoTIC mo-
r'yT OBITh BhIIIE, yeM Ha TOLI, uCTONIB3yIOIIUX CepOoCoIepKalIue TOTLIINBA.

[ToMuMoO 3arpsi3HEHUsI BOJBI U BO3/yXa COJSIMU U Ta3aMH, a TAKKE MBIIIIbsI-
KOM M pTyThio, ['e0TOC BbIOpackiBaloT B arMocdepy O0bIIOe KOJIUYECTBO TEIIa
u Biaru. M3Bnedyenue U3 Heap 3eMIId OOJIBIINX KOJTMYECTB TEIJIOHOCUTENS CO3/1aeT
OMAaCHOCTh OMYCKAHUS €€ MOBEPXHOCTH U BO3SHUKHOBEHUE YIPO3bl 36MJIETPSICEHUM.
Kpome toro, kpymabie reoTOC 3aHuMaroT OoibInyr0 Iiomanb. [loctpoeHHas B
Hogoit 3enanaun B 1969 rony I'eoTOC MomHocThI0 250 MBT 3aHUMAaET 1110111316
65 KM’

B Hacrosiee BpeMsi B MUPOBOW YHEPTETHKE MPUHATO PELICHUE TPOSKTUPO-
BaTh ['e0TOC orpaHM4eHHON MOIIIHOCTH.

HpuauBHbie ruapocranuuu (IIIC)

DHeprus MOPCKUX MPHIMBOB (JIyHHAs 3HEPrus) U3BECTHA JaBHO. B Heko-
TOPBIX pailOHaX MUPOBOT0 OKE€aHA AMIUIUTYAA MPUJIMBHON BOJIbI (Pa3HOCTh MEXKIY
BEpXHEH U HIKHEW oTMeTKaMu npuinBa) gocturaer 20 M, okosio OrHeHHOH 3eM-
o — 18 M, Ha noGepexkbe CILIA — 28 M. Ecinu oTKpBITH 1IIUTIO3 B TO BpeMsi, Kak
MpUIMBHAS BOJHA HAOUPAET BHICOTY, U 3aT€M B BBICILIEH TOUKE NMPUIIMBA LIUTIO3 3a-
KpbITh (PUCYHOK 15.2), TO HaKOIJIEHHYIO BOJY MOYKHO BO BpeMsl OTJMBA MPOIMY-
CTUTh Yepe3 TypOUMHBI M TaKuM 0Opa3oM BbIpaOOTaTh AIEKTPUUECKYIO SHEPTHIO.
Ecnu ycTaHOBUTH peBEpCUBHBIE TYpOUHBI, TOT/Ia JOOABUTCS BBIPAOOTKA IJIEKTPO-
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SHEPIruM MPHU 3aMOJHEHUU BoAoxpaHuauia. CyMMapHbId S3HEPTeTUUECKUNA TTOTEH-
nuaia npuinBoB coctapisieT 13 I'BT, yTo HAMHOroO MeHbIIE, YeM MOTEHIUa PEeK.
Ho B ormiinuue ot I'2C pabora II3C omnpexaensercss KOCMUYECKUMHU SIBICHUSMU U
HE 3aBUCHUT OT MOTOoJHBbIX ycioBuil. K aTomy nobGaBum cienytonue mpeumyiiie-

CTBa:
1. sHeprus NpUJIUBOB HE 00Pa3yeT BPEAHBIX OTXO/I0B;
2. He pacTpauMBacT HEBOCIIOIHSAEMBIX MUHEPAJIBHBIX PECYPCOB;
3. HAHOCHUMBIi yIIepO HEBEIUK.

fTobepxwacms Mopr

)
i

WA K NSRS AN
e eleselelet -ty
retats

fou nuBuos
mevenue - Apunubuge

MOYeHEE

T ST TN Tl el ol .
R AR K I AKX Selitibebatialalein e,

K
Ay o i BT o e
! . X I R A P R I N M

Mopcrge  dro

Pucynok 15.2. Cxema 31eKTpOCTaHIIUU Ha IPHIINBHOM TEUCHUHU

Henocratku: 1) croumocts 1 kB4 Ha 30-100% BEIIE, yem HA TOC u TOC;
2) HEpaBHOMEPHOCTH PAa0OTHI B TEUEHHE CYTOK HE MO3BOJIAET CUCTEMATHUYECKHU HC-
MOJI30BaTh €€ B MEPUOJIbl MAKCUMAJILHBIX HArpy30K; 3) HapyIlIeHHE CyA0XO0ACTBa.
DKOHOMHUYECKH 11€J1IeCO00pa3HO MCIOIB30BaTh YHEPTUIO NMPUIIMBOB U OTIMBOB MPU
amrutyzae oonee S M. C 1966 1. Bo @paniuu Ha peke Pene aeiictyer [19C 240
MBT. Pa3zpaboTka 1 co3aHue THAPABINYECKUX TypOUH C AMAMETPOM 7,5 U MOTII-
HOCTBhIO 60 MBT mo3BOMWIM CHU3UTH CTOMMOCTH BbIpaOaThIBAEMOM SJIEKTpUUE-
CKOUW DHEPIUH.

I'mapoakkymyiupywomue cranuuu (I'A9C)

HepaBHomepHocTh Tpaduka Harpy3kud MOTpeOHUTENeld B 4Yachl MakKCUMyMma
Harpy3ku TpeOyeT MOKPHIBATh MUKOBBIE HAOPOCHI AKTUBHOW M PEAKTHBHOW MOTII-
HOCTU. OJTy 3aJayy XOpOIIO PELIAT TUIPOAKKYMYJIUPYIOIIHE SIECKTPUUECKUE
CTaHUMH. B MHTEepBalibl BpEMEHHU, KOT/la Harpy3ka B SJHEProcUCTEME MUHHMMAaJbHA,
['ADC nepekaunBaeT BOJy U3 HMKHETO BOJOXPAHUIIUIIA B BEPXHEE U MOTPEOISET
IIPU 3TOM SJIEKTPOIHEPTHIO U3 CUCTEMBI. B pexrme Hempo0JDKUTEIbHBIX MTUKOB
Harpy3ku ['ADC paboTaeT B reHepaTOPHOM PEXUME M PACXOIyET 3allaCeHHYIO B B
BEpXHEM BOJIOXpaHUIHIIE BoAY (pucyHOK 15.3).
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Pucynok 15.3. T'uapoakkymynupytoias ctanius: 1 — BepxHuil 6accelin;
2 —BogoBox; 3 —3nanus 'ADC; 4 — HIKHUM OaccelH

B Espomneiickoit wactu Poccun Bo3moxkHo coopyxkenue 1o 150 I'ADC. Ho
palioHbl ¢ OJArONPUSATHBIM penbe(OoM MECTHOCTH (Iepenaabl okoyio 1 km) yaaie-
HBI OT ILIEHTPOB MNOTPEOJICHUS JIEKTPUUECKON dHEPIHH, a cTpoutenascTBo JIDII Oy-
ner popoxe crpourtenberBa camon 'ADC. IlepBas skcnepumentansHas [TADC
obu1a moctpoena noja Kuesom ¢ Hanmopom 70 m, MoutHocThio 225 MBT. Ilon Cep-
rueBbM [locagom coopyxena ['’ADC momnHocTeio 1200 MBT ¢ oOpaTtumbiMu ar-
peraramu. Ctanuus 4 yaca B CyTKH paOOTaeT B TEHEPATOPHOM PEKUME U OKOJIO 5
4acoB B CYTKHU - B JIBUTATEIBHOM, a B OCTAJIBHOE BPEMs B PEXKUME CUHXPOHHOIO
kommneHcaropa (CK).

Momnocts ['TADC 3aBucHT OT pacxoaa Boasl U Haropa. [Ipu orpaHnyeHHOM
o0beMe BepxHero OacceiiHa YBEJIMYUTh MOIIMHOCTh MOXHO 3a CYET OOJBIIOrO
HaIopa, OYeHb YJ0OHBI B 3TUX IeJsX TopHbIe peku. B ABctpun umeercs 'ADC ¢
camMbIM 00JbIIMM B Mupe HaropoM - 1800 M. Ctroumocts [TADC pe3ko cHuxKaeTcH,
€CJIM BMECTO BepxHero OacceitHa ucnoib3yercs BojgoeM. ['TADC cramu 0coOeHHO
3¢ (HEeKTUBHBI C OSIBIEHUEM OOpPATUMBIX THAPOTYPOUH, BBINOJHAIOMMX (DYHKIIMH
TypOuH 1 HacocoB. [lepcnexktuBsl pazButus 'TADC 3aBucat ot ux KII, kotopsrit
paBEH OTHOLUEHHWIO KOJIMYECTBA BHIPAOOTAHHOU 3JIEKTPUUYECKON IHEPTUU K U3pac-

xonoBaHHOM 3ekTpodHeprun. Ilepseie 'TADC umenu KII 40%, a coBpemeHHbIE
70-75%.

COJIHEYHAS DOHEPT Usl, AKKYMYJINMPOBAHHASI OKEAHOM

CymiecTByeT NpUpoJiHAas CHUCTEMa AKKyMYJHWPOBAaHUS COJIHEYHOW SHEPIHH.
D10 - MupoBoil okeaH. biarojgapsi MOTOKy COJTHEYHOTO H3IydeHUs] oOpazyercs
TeMIEPaTypPHbINA TPAUEHT MEXAY MOBEPXHOCTHBIMU U TTyOUHHBIMH CJIOSMH MOP-
CKoi Bojbl. B kauectBe pabouero Tenaa ObUIM MPEIOKEHBI aMMHUaK 00 (peoH,
OOBIYHO TPUMEHSIEMBbIE B XOJIOIUJIBHBIX arperaTax.

Ha pucynke 15.4 cxemaTH4eCKH MOKa3aHO YCTPOMCTBO OKEAHWYECKOM TeIl-
noBoi anekTpoctanuu (OTIC).
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Pucynok 15.4 - Cxema pabotsl: 1 — koTen ucnapurenb; 2 — TypOboreHepa-
Top; 3 — KoHzieHcarop; 4 — komipeccop; 5 — rermnas Boaa (25°C); 6 — mapbl aMMHu-
aka (20°C) oz BEICOKUM JaBjieHHEM; 7 — BepabaTbiBaeMasi 3JIEKTPOIHEPI U,

8 — mapb1 ammuaka (10°C) o HU3KUM JaBieHHEM; 9 — cOpackiBacMasi X0JI0IHas
Boga (7°C); 10 — xuaxuii ammuax (10°C) mox Hu3kuM nasienueM; 11 — xuakuii
ammuak (10°C) o BeICOKHM JaBienueM; 12 — cOpacsiBaeMast Teruias Boja
(23°C); 13 — 3a60op xonoxuoi Boasl (5°C)

XojoaHas BOJa TOCTYIMAET U3 IIYOMHHBIX CJIOE€B OKE€aHAa M MCIOJIb3YEeTCs
JUISL CKIKeHUsT ammuaka ripu temnepartype 10 °C. Kunkuii ammuak 3atemM ucnapsi-
ercs npu Temrnepatype 20 °C ¢ mOMOIIbI0 TEIJI0N BOJIbI, TOCTYIUBIIEH C MOBEPX-
HOCTHU OkeaHa. TemmnepaTypa oTpaOOTaBIlIe BOJbI MOHMXKAETCS Ha JIBa rpagyca — C
25 no 23 °C. [Tap ammuaka, HaXOASIIHICS O] BBICOKUM JABJICHUEM, PACIIUPSIETCS
B TypOMHE, oxnaxaasick mpu 3ToM Ha 10 °C; 3HaAUMTENBHO IMa/laeT U JaBJICHHUE Ta-
pPOB aMMuaka. 3aTeM MPOUCXOJUT UX KOHAEHCALMS TMOoJA AeHCTBUEM Oojiee XOJIo-
HOU BOJIbI, KOTOpas B pe3yJibTaTe cama HarpeBaercs Ha 2 °C.

Ilpumep: Yemy pasen KIIJI uuxna KapHo njst cucteMsl, H300pakeHHON Ha
pucynke 15.4?
®daktuyecku KII/[ Oynet BABOE MEHbIIIE.

T _,_273+10 _
T, 273 +20

OcHoBHas mpolOsiemMa 3aKIo4YaeTcss HE B TEXHUYECKOH OCYIEeCTBUMOCTU
npoekTa, a B cebectoumoctu mnpousBoaumoit OTIC snekrposnepruu. Ha cero-
JTHAIIHUN JIeHb 2JIEKTpodHeprus, BbipabaThiBaeMass OTOC, oka3bpiBaeTcs 3HAYM-
TEJIBHO JOPOKE, YEM BJIEKTPOIHEPrusi, BbipabaThiBaeMasi Ha TPAJAMIIMOHHBIX TOM-
JUBaX.

3,4%.
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JHeprusi 6UOMACCHI
Bo BceM mupe paspabatTbiBaloTCs pa3IuyHbie TEXHOJIOTUU nepepaboTku O1o-
MacChl M €€ SHEPreTUYECKOro UCIOab30Banus (Tabmuma 15.1).

Tabmura 15.1
PaznnyHbIe TEXHOIOTHH epepabOoTKH OMOMACCHI

Bun 6uomaccel [Tpomecc [Tpomyxt
Cxuranue TeruioBast 1 3€eKTpUUECKas
SHEprus
["asudukarms ['oproume raszpl, MeETaHOII
Cyxas
[Tupomms I'oproune rassel, cModa, ape-
BECHBIM yroJib WU IOdY-
KOKC

['uaponm3 u AUCTUILTAIIS OTWIOBBINA CITUPT

bpuketupoBanue mpecco- | TommMBHBIC OPUKETHI

Bnaxnas BaHUCM
AHad’poOHoe cOpaxkuBanue | buoras

COpaxxuBaHue W AUCTHILISA- | DTUIIOBBIA CIUPT
LU

[Tpumeuanue: [Tuponus — BeicokoTeMIIepaTypHas 00paboTka; aHadpoOHOE cOpaKuBaHUE
— cOpakuBanme 0€3 JOCTyIa BO3yXa.

OnHuM U3 NEPCIEKTUBHBIX HANPaBIECHUM SHEPreTUYECKOro MCIOJIb30BAHUS
OroMacchl SIBISIETCS] MPOM3BOJICTBO Omorasza. brorasz — mpoykT aHa’poOHOTO pas-
JIO’)KEHUSI MUKPOOPTaHM3MaMH OPTaHMYECKUX BEHIECTB. TerIoTBOpHasi CIOco0-
HOCTh Gmorasa cocrasmsier 25 I'J[x/m°. HambGomee 5h(hEKTHBHO MPOH3BOICTBO
Ouorasa U3 HaBo3a, U3 1 T KOTOPOro MPou3BOAUTCH 12 M 3 MeTaHa.

B Mockse Ha JItoGepenkoil cTaHIIMK a’paliii YCTAaHOBJICHO 12 METaHTEHKOB
o61mmM o6bemom 10 100 000 m°. Ha CTaHIIUU €XKETOJIHO MPou3BOAUTCS 50 MJIH. M
raza, KOTOpOro XBaTaeT HE TOJIbKO Ha COOCTBEHHBIE HYXIbl CTAHIIUU, HO U JJIS
o0OecrieueHus ra30M Mocesika B 9 ThIcSau YeI0BeEK.

ITo nanubiM nipodeccopa . [[»BuHca, Ha 1 yenoBeka B roJl MPUXOAUTCS 10 5
TOHH CyXuX opraHudeckux orxojoB. B CIIIA ob6mwuii ronoBoit 00beM opraHuue-
CKHMX OTXO0JIOB gocturaet 1 miupa. ToHH. [Ipu 3ToM Topockre 0TX01bl COCTaBIISIIOT
25 % ¥ 0TX0/BI CEeNbCKOXO3SIMCTBEHHOTO Mpou3BoacTBa - 75% [3]. 13 aToro ko-
JUYECTBA OTXOJ0B MOKHO MPOU3BOJUTH TAKOE KOJUYECTBO ra3a U *UJIKOTO TOM-
JIMBa, KOTOPOE 3KBUBAJICHTHO 180 MIJIH TOHH YCIIOBHOTO TOIUIMBA. MacCOBBIM OT-
XOJIOM TOJIEBOJCTBA SIBJISIETCSI COJIOMA 3J1akoBbIX. Ee konudecTBo npessimaet 200
MJH TOHH B rof. JIJisi XO3MCTBEHHBIX HYXJ HUCIOJb3yeTcss He Oonee 100 moH
ToHH. [lepepaboTka ocraBmmxcs 100 MJIIH TOHH MOXKET JaTh okoyio 20 Mapa M ’p
roJl MeTaHa.
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IlepBryHbIe 3arpsI3HATETH BO3TyXa

K BemecTBam, 3arpsA3HAIOIIMM aTMOc(epy, OTHOCATCSA OKUCh YIiIepoja, yr-
JIEBOJOPOJIBI, OKUCIBI CEPBI, OKUCIIBI a30Ta U TBEpAbIE yacTulbl. Hekotopeie npy-
TUE 3arps3HAIOIIME BEIIECTBA MO CBOEMY ITPOMCXOKICHUIO SBIISIOTCS BTOPUYHBI-
MU, T.€. 00pa3yIoTCsi Ha OCHOBE ATHX MEPBUYHBIX 3arpsi3Hutesei. [lepsuunsie 3a-
I'PA3HUTENN UMEIOT MHOYKECTBO €CTECTBEHHBIX MCTOYHMKOB; BOT IIOYEMY, HAXKE
eciii Obl YEJIOBEK HE JKUJ Ha 3eMile, BCE paBHO B aTMoc(epe CyliecTBoBall, ObLI
OCTaTOYHBIM (POHOBBIM YpPOBEHb COJAEPKAHUSA BpeOHBIX coenuHeHuil. [lpaBna,
HEOOXOMMO MOAYEPKHYTh, UTO ATO UYBCTBYIOT, MOXAIYH, TOJIbKO JIOAH, KUBY-
M€ Ha CKJIOHAX BYJKAaHOB; €CTECTBEHHbII (JOHOBBIM YpOBEHb 3arpsA3HEHUS B lie-
JIOM KpailHe HHU30K U caM M0 cede eBa I MOT Obl IPUBECTHU K MOCIEACTBUAM, OT
KOTOPBIX TaK CTPaJar0T HAllM TYCTOHACEJICHHBIE TOPO/A.

HcTouHMKY EPBUYHBIX 3arpsi3HUTENEH NepeuncieHsl B Tadnuie 16.1.

OCHOBHOM HUCTOYHUK JloJist B 00111€M KOJIMYECTBE BHIOPOCOB, %0
g - 20 | =z 0 7
SEolEex|Bg |Ego | 2¢
© X0 » 50| O o OS2 | &
Bri6pockl nBurareneit Tpasc- | 58 52 - 51 3
MTOPTHBIX CPECTB
Jlecuble moXapbl, BbDKUTaHuE | 19 - - 1 9
pPacTUTEITHLHOCTH
Hcnapenue pactBoputeneit - 27 - - -
[IpombiniienHoe  mpousBoj- | 11 14 20 1 51
CTBO
CxianupoBaHue TBEpAbIX OT- | 8 4 1 2 5
XOJIOB
DJIEKTPOCTaHIIUU 2 2 78 44 26
[Ipoune uCTOUHUKHU 4 1 1 1 6

N3 Tabnuiel BUHO, YTO TJIABHYIO POJIb B BBIOPOCE MEPBUYHBIX 3arpsi3HEHUN
UTPAIOT CPEACTBA TPAHCIIOPTA U CTAIMOHAPHBIE UCTOYHUKH MPOAYKTOB CrOPAHUS.

Hwuxe paccmarpuBaercst Kaxa0€ U3 MEPBUYHBIX BELIECTB, ONPEAEISAETCS €ro
BO3JCHUCTBUE HA MPUPOJIHYIO CPENly, a 3aTEM aHAIU3UPYIOTCS BOIPOCHI, CBA3aHHbBIC
C BTOPUYHBIMU 3aTrPSI3HUTEISIMU.

Okucs yriepoaa

JI71s1 AKUBBIX CYIIECTB, JBIIANINX JIETKUMHU, OKUCH YTIIepoJa MOXKET OKa3aTh-
Csl Upe3BbIYAliHO BpeAHON M jaxe saoBuTod. OkuCh yriepoja mpumepHo B 210
pa3 Jyduie MOrJIomAeTcss KPOBbIO, YEM KHUCIOPOJ, TaK YTO, €CJIM B BO3AyX€ MpH-
CYTCTBYIOT 00a Tra3a, OKHCh YIJIEpOJa IOTJIONIAETCS TeMOTJIOOMHOM B TEPBYIO
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o4epe.lb M, COSTUHSACH ¢ HUM, oOpasyet kapOokcuremoriooud (COHD); mpomyk-
TOM TIPUCOCIWHEHHUS KHCIOpPOJa K TEMOTJIIOOMHY SIBISIETCS OKCHUTEMOTJIOOMH
(O,Hb). Kap6okcureMoriioOuH CBSI3bIBACT MOJICKYJIbI TEMOTJIOOMHA U MPETIATCTBY-
€T TIEPEHOCY OKCHUTEMOTIIOOMHOM KHCIIOpOJia OT JIETKMX K TKaHsIM. Bcienctsue
3TOTO CEpJIe W JIETKHE BBIHYXICHBI paboTaTh ¢ OOJbIIEeH HArpy3KOH, a €cliu B
kpoBu oOpasyercs MHoro COHb, HacTynaeT koMaTo3HOE COCTOSIHUE, TIPUBOJISIICE
K cMepTu. CUMIITOMBI BO3JICHCTBUS Ha 3/JOPOBbE YEJIOBEKA MPHU PA3TUYHBIX YPOB-
Hsx conepxanns COHD B kpoBH mepeyncieHbl HIDKE:

Conepxxanne COHb CuMriitom
B KpoBH', %

Memnee I................. 3aMeTHbIE CUMIITOMBI OTCYTCTBYIOT

2,5 e Hekypsiue xyke pa3inyaioT Npoa0/DKUTEIbHOCTh UHTEP-
BaJIOB BPEMEHU

St Y HeKypsIIMX CHUXKAETCS OCTPOTA 3PEHUS

D YcroltunBoe CHUKEHHE CIOCOOHOCTH K BOCHPHUATHIO,
HapyIICHUE ICUXOMOTOPHBIX QYHKIIMI

10, 3HAYUTEIHLHO YMEHBIIIAETCS CIIOCOOHOCTh KPOBU K MEPEHO-
Cy KHCIIOpOJa

15 ["onoBHBIE 001, TOJIOBOKPYKEHUE, MOBBIIICHHAS YTOMJIS-
€MOCTh

35 Menbpkanue B TJa3ax, 3BOH B yIlaxX, TOIIHOTa, PBOTA,
CWJIbHOE cepAlieOneHne, MbIIIeuHas claboCThb, anaTus

40,0, KomaTo3Hoe cocTosiHue, MpuBOJIIIEe K CMEPTH

1
[TpubnmxeHHbIEe 3HAYEHUSI, KOTOPbIE MOTYT K0JIEOAThCSI B 3aBUCUMOCTH OT
WHJMBUAYAJbHBIX OCOOCHHOCTEH opranusma

DMIUPUYECKAM ITyTEM YCTAaHOBJICHO, YTO HA KaXIYI0 MUUTMOHHYIO JTOJIO

3
(1,15 r/m”) okucu yriaepojaa, BOCHPUHUMAEMYIO opranu3Mom, okosio 0,16% oOrre-
r'0 KOJIMYECTBa reMorio0nHa B KPOBH MepexouT B kapookcuremoriooun (COHD).

Yraesoaopoasl (CH)

[IpenenbHble yriaeBOAOPOAbI — METAaH U WICHBI €ro psiga — CPABHUTEIHHO
WHEPTHBI B OTHOIICHUHU MX BO3JICHCTBUS Ha 37I0POBbE (€CJIM OHU MPUCYTCTBYIOT B
HEOOJIBIITUX KOJIMYECTBAaX) M 00pa30BaHUsA BTOPUYHBIX 3arpsisHUTENed. B TO ke
BpeMsl MHOTHE ApPyTHUe€ YIIEBOAOPOIbI, HE SBISIOIIMECS WICHAMHU pPsijia METaHa,
JUTSL 3/I0POBBSI OMACHBI, JaXK€ €CIIM HE MMPOUCXOIAT (POTOXMMHYECKHE PEaKIIuu. ITO
— COeIMHEHUs, PUHAJIekKAIINE K PAIy alblaeruaa, OeH30a, KETOHa U dTUJICHA.
OHM BBI3BIBAIOT pa3/ipakeHUE TIIa3, KOKU U PACCTPONUCTBO JBIXaTEIbHBIX OPTAHOB.
Ecnu peus unet o 6eH30I1€, TO €r0 KOHIEHTpaIus B aTMOC(Eepe MOKET BBHI3BIBATH
pakoBoe 3a00JieBaHHe.
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B3BelleHHbIE YaCTHILI

Bonbmas gacTe TBepABIX MpuMeced B aTMocdepe, MOMaBIIUX Tyna B pe-
3yJbTaTe COKUTAHWUS TOIUIMBA HA SJEKTPOCTAHIMAX W PabOTHl MPOMBIIUICHHBIX
NpEANPUSTUNA, OCEIACT HA 36MJIIO B BUJIE MBUIMHOK.

HecomHeHHO, 4acTUIbl OyAyT paccesiHbl Ha OUYE€Hb OOJIBIIIOM PACCTOSIHUU OT
VMCTOYHMKA 3arpsi3HeHus. He HMCKIo4eHo, YTO MX BO3JAEHCTBHE HA YEIOBECUECKUN
OpPraHu3M OKaXKETCS IOBOJBbHO 3aMETHBIM.

CreneHb 4acTull, NOMABIIMX B OPraHU3M YEJIOBEKA YEPe3 JAbIXaTEIbHbIC Y-
TH, 3aBUCUT OT XUMUYECKUX CBOMCTB YacCTHIl, UX IPaAHYJIOMETPUUECKOI0 COCTaBa B
BO3/yXe, a TaKkkKe OT 3P(HEKTUBHOCTH, C KOTOPOH XUMHYECKHUE BEIECTBA, COJEP-
KallUecss B YaCTUIlaX, MOABEPralOTCA IKCTPAKIMHU MPU OTIIOKECHUU YACTHI] B JIbI-
XaTeJIbHBIX OpraHax.

PaznuuHble XUMUYECKHUE JIEMEHTHI TO-Pa3HOMY BIIUSIIOT HA OPraHU3M 4YeJo-
BEKa — OJIHU COBEPIIECHHO O€3BPEHBI, APYTHe TOKCUUYHbI. MHOTHE METaNINUYeCKUe
MHKPOAJIEMEHTBI, KOTOPbIE MPUCYTCTBYIOT B OKPYXKAIOUIEH CPEAE, MPEACTABIISIOT
coboii cucteMHbIe siibl. OT/IeNbHBIC 2JIEMEHTHI MOTYT BbI3BIBATh 3a00JICBAHUS JIET-
KUX (Hampumep, cuiimko3). CuuTaeTcs, 4TO MPU ONPEICIICHUH CTEINEHU TOKCHYe-
CKOrO JEHCTBHS B3BEIICHHBIX YACTHUI[ PEHIAIONIECEC 3HAYECHHE HMEET HX pa3sMep.
Toxcuueckuid 3(hPexT 0OBIYHO BO3PACTAET C YMEHBIICHUEM IUaMETPa YACTHII.

Oxmncibl cepbl

JIByokuch cepbl (SO;) n Tpexokuch (SO3) MOCTymarT B BO3AYIIHBIA Oac-
ceiiH (B cooTHomeHnnu npuMmepHo 30:1) npu cKWraHuu OpraHUYecKUX TOILIUB. B
pe3ynbTare peakuuu oOOMX ATHUX BEIIECTB C aTMoc(hepHOil Biaroil oOpasyercs
CepHasi KUCJIOTA.

CepHas KucnoTa U JBYOKHUCH CEpPbI BPEAHBI ISl 310POBbs], TAK KaK BbI3bIBA-
I0T Cy)KeHHE OPOHXOB M BOCMAJIEHWE UX CIU3UCTON 000JI09KU. JIOBOJIBHO TPYAHO
BBIJICJIUTh BO3JICUCTBUE KAXKIOIO U3 3TUX COCIMHEHUN M30JUPOBAHHO, MOCKOJIBKY
B 3arpsi3HEHHON aTtMocdepe OHU MOYTH Bcerja MpHUCYTCTBYIOT BMecte. CepHas
KHUCIJIOTa IPUBOJUT K BOZHUKHOBEHHUIO KMCIOTHOTO TyMaHa, a JUisl 3TOr0 HEo0Xo-
JTUMO TIOSIBJICHUE sifiep KoHaeHcanuu. B pesynbrare SO, u TBep/pie 4acTUIIBI TTPO-
U3BOJIAT CHHEPTETUYECKOE (COBMECTHOE) JAEHCTBUE; ITO 3HAYUT, YTO CyMMAapHBIN
a(PexT BO3ICUCTBUS MPEBBIIIACT JEHCTBUE, OKa3bIBAEMOE KaXKIbIM KOMITIOHEHTOM
B OTJEJIBHOCTH.

Cuneprernueckoe JIelCTBUE BO3HUKAET JUOO MPH MOTJIOMIEHUH CYJIb(aToOB
MOBEPXHOCTHIO YACTHUIIBI, MO0 KOTJla caMa YacTHIla MPEJICTABISAET COO0M KUIAKUN
cyibdar. MHOTHE B3BEIICHHBIEC YACTUIIBI — MPOCTO KaILIW, XOTS MPUHATO OTOX-
JIECTBJISITh YacTHUILy ¢ TBepJbIM TesioM. CynbdaThl, 0Opa3oBaBiIuecs Mpu pacTBO-
peanu SO, B atMochepHOM Bllare, CTAHOBATCS aKTHBHBIMHU sJIpaMH KOHICHCAIIUN
U COJCHCTBYIOT 00pa30BaHUIO TYMAHOB U BOJISIHBIX Kamelb. JJTUHHBIN, OTYETINBO
BUJIMMBIN Oenblid (hakesl, BBIXOMAIMNNA U3 TPYO 3JIEKTPOCTAHIMHU, 00s3aH CBOUM
CYIIIECTBOBAHHEM HMCKIIOYUTEIHHO BHIOPOCY OOJIBIIIOTO KOJIMYECTBA JIBYOKHUCH CE-
Pbl, Ha 4acCTUILAX KOTOPOW MPOUCXOAUT KOHAEHCALMS BOASHOrO mnapa. «HHucCThIin»
(bakes IHIMOBBIX Ta30B OBICTPO paccesuics Obl, a He TSAHYJICS Yepe3 BCIO OKPYTY.
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B pesynbrare coBmectHoro neictBusi SO, M TBEpABIX YaCTHUIl BECbMa TPYA-
HO JIaTh OTAEJIbHYI0 KOJIMYECTBEHHYIO OLEHKY BiIMsHUS SO, Ha 310poBbe. OTMe-
THUM, 4TO IIPU 3arpsA3HEHUAX 4Yallle MOBTOPSIOTCS U TsKENee IMPOTEKal0T pecnupa-
TOpPHBIE 3a00JIE€BAHUS CPEIU JETEN M MPEeCTapeiblX; U3BECTHBI CIIy4yau CMEPTH JIIO-
nei, crpagaBmux OpoHXUTOM. CoO0IIAaIOCh TAKKE O MOBBIIIEHHOM YUCIIE CIIy4acB
3a00JIEBaHUSl PAKOM JIETKUX Y JIUL], MOCTOSHHO IOJABEPraroINXcsi BO3JIEHCTBUIO
SO,. CoBeplIeHHO SICHO, YTO 3arpsi3HEHHE BO3[yXa OKUCIAMU CEPbl U TBEPABIMU
YaCTHUILIAMU HAaHOCUT OTPOMHBIN BpEJ 3I0POBBIO, HE CUUTAs BO3JIECUCTBUSA KUCIIOT-
HBIX OCAaJIKOB.

OKxucibl a3oTa

Oxwuch u aByokuch azota (NO) u (NO,), Hapsay ¢ APYTHMMH €ro OKHCIIaMH,
o0pa3yloTcs MpU CKUTAHUM Pa3IMYHBIX TOIUUB; A0 NO, B 00111eM KoJnu4yecTBe
okuciioB He npesbimaet 0,5%. B atMocdepe okrch a3ota MOCTENEHHO MpeBpala-
ercst B NO,, XOTs 3TOT mporecc MpoTeKaeT 0oJjieeé WHTCHCUBHO B MPHUCYTCTBHH
JIPYTUX IPUMECEN U MO JEMCTBUEM COJTHEYHOTO CBETA.

B HOpManbpHOM, He3arps3HeHHOW aTMocdepe maccoBbie KoHIeHTparuu NO
1 NO, paBusI cooTBeTcTBeHHO 2 M 8 MKr/M°. Kak m3Bectro, NO 6esBpena npn
HOPMAJTBHBIX KOHIICHTpAIMSIX, Jake eciiim Bo3Ayx 3arpssHeH. Hampotus, NO, B
BBICIICH CTEMEHU BPEIHA, U MPHU TOCTATOYHO OOJIBIIION KOHIIEHTPAIUU €€ BO3JIeH-
cTBUE MOXKeT okazaThcsi cmeTpenbHbIM. Kak NO, tak u NO, BIUSIOT Ha >XKU3HB
pacTeHu: CKOPOCTh UX POCTa 3aMEJUISIETCs, YPOKaWHOCTh MalaeT. DTU OKUCIIBI
TaK)K€ BO3JICUCTBYIOT HAa TEKCTHJIbHBIC M3JIENHs, BbI3bIBAs MOTYCKHEHHUE KPACOK,
MOBPEXKJICHUE XJIOMKOBBIX M HEMJIOHOBBIX BOJIOKOH.

Tloporosasi KoHIeHTparus 3anaxa wis NO, COCTaBISeT OKOMO 225 MKI/M .
Uepecuyp mnurensHoe BosnerictBue NO, MpUBOIUT K CTECHEHHOCTH NBIXaHUS U
BOCTIAJICHUIO OPOHXOB; TIOBBIIIAETCS YaCTOTa PECITUPATOPHBIX 3a00JICBAHHM.

JIByOKHCH a30Ta TOTJIONIAET COTHEUHOE M3ITyUYCHHE TJIAaBHBIM 00pa3oM B CH-
Hell 00JacTH CIIeKTpa, MOATOMY MPOIYIICHHBIA CBET KaXETCS KpPaCHOBATHIM.
Oxuce azota - OECUBETHBIN Ta3, ABYOKUCHh UMEET KpacHOBATO-OyphIil 11BeT. B pe-
3yibTaTe TMejeHa CUIILHO 3arpsA3HEHHOTO BO3TyXa, HABUCIIAS HAJl TOPOJOM, UMEET
XOPOIIIO BCEM 3HAKOMBIH IBET PIKABUNHBI.

BropuuHbIe 3arpsi3HUTENIN BO3IyXa

Beole 6bUT10 pacCMOTPEHO NPSIMOE BO3ACHCTBUE OOJIBIIMHCTBA 3arpsI3HSIO-
IIMX BEIIECTB, BBIAEISEMBIX NPU MPOMBIIUIEHHOM ITPOU3BOJCTBE, B TOM YHCIIE
npu paboTe 3NEKTPOCTAHIINI U IBUraTenell BHyTpeHHero cropanusi. OJIHakKo MHO-
rMe U3 3TUX 3arpsi3HAIONIMX BEIIECTB PearupyroT Mexay coOoi moj AelcTBHEM
COJIHEYHOT'O M3JIyYEHMS M IPU OINPEIAEICHHBIX METEOPOJIOTHYECKUX YCIOBHUAX; B
pe3ynbTaTe 00pa3yroTCsl BTOPUYHBIE 3arpsA3HUTENN BO3yXa, KOTOPBIE [0 CBOEMY
BPEIHOMY BO3JICMCTBHIO HE YCTYIAIOT IEPBUYHBIM, a I0YAC JAXKE U MPEBOCXOIAT
UX.
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Bomnpocs! a1 camonpoBepku
1. Kakue uCTOYHUKH OTHOCAT K T€OTEPMAJIbHBIM?
2. Ha kakue Tpu Kjacca pa3ielisioT reoTepMalibHbIe paiiOHbI?
3. HazoBute poccuiickue reoTepMalibHbIe 3JIeKTpocTaHIuu. llepeuncoure mnpe-
umyiecTBa U HegoctaTtku ['eoTOC.
4. TosicHUTE MPUHIUI JEHCTBUA, a TaKXKE JOCTOMHCTBA M HEAOCTATKHU MPUJIMB-
HBIX AJIEKTPOCTAHIIUM.
5. B xako#t vactu rpaduka Harpy3ku pacrnoiararotr ['ADC?
6. Kak onpenensierca KIIJ 'TADC u oT 4yero 3aBUCUT UX MOIIIHOCTh?
7. O0bsicauTe npuHuun padoter OTIC.
8.Ilepeuncnure cnocoObl epepaboTK OMOMACCHI U MOTy4aeMbIe MIPH ATOM MPO-
TTYKTHI.
9. HazoBuTe BemiecTBa, 3arpsa3ustomue atMmochepy.
10. Kakoe Bo3/elicTBHE Ha YeJIOBEKa OKAa3bIBAIOT MEPBUYHBIC 3arps3HUTENN BO3-
IyXa: OKUCh yIIIepoAa, YriIeBOAOPOIbl, OKUCIBI CEpPhI U a30Ta?
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Jlexkusa 16

IOOEKTUBHOE UCITIOJIb30BAHUE DHEPI'MU. CTPYKTYPHASA
CXEMA COCTOSIHUI BEIIECTBA

[TIepBas nmonoBuHa 70-X roAoOB MOKaszana, 4YTO MHUP BpPAIIAETCs BOKPYT IMPO-
OJIeMBI SHEPTHH, a HE JeHeT [3] U B HAIIMX >KU3HEHHBIX HHTEpecax HaWTh 3(Ppdek-
TUBHBIE CIIOCOOBI UCIIONBb30BaHUs dHepruu. Ha pucynke 16.1 nmokaszana nuarpam-
Ma, PEACTAaBIIAONIAs B OOLIEM BHJI€ OCHOBHBIE C(hephl JEATEIBHOCTH YEJIOBEKA.

JCocmosnue Beirecinbo

Jampamisl INEPRUL

Pucynok 16.1. CtpykTypHasi cxeMa pa3IM4HbIX COCTOSIHUM BEILIECTBA U 3a-
TpaT HEPTUH Ha €ro npeodpa3oBaHue: A — epBUYHBIC dJIEMEHTHI; b — cbipbe; B —
nosydabpukatel; I' — rotoBast mpoaykius; I — mpoyKiius Mo OKOHYaHUH CPOKa
ucroas3oBanus;, E — yrunb; 1 — oboramenue; 2 — coopka u 06paboTka; 3 — uc-
MOJIb30BaHUE; 4 — peUUPKYJALUS; 5 — cOpOC B yTHIIb; 6 — pacmaj

B HeoOpaboTanHoe ChIpbe (pyay, KAMEHb, JJeCOMATepUAIIbl U T.I1.) 100aBIs-
eTcst 0OJIBIIIOE KOJIMYECTBO SHEPTHH U MOMY4YalOT TIEPBUYHBIC MaTepHUaibl (MeTa-
JIB1, IPEBECHBIC 3arOTOBKH, Oymary # T.n.). JJiss mpon3BOACTBA M3 ITHX MaTepua-
JIOB KOHEYHOW MPOAYKIMHU (JIOMOB, MAIllMH, anmapaTypbl U T.I.) TpeOyeTcs yxke
0osiee CylIeCTBEHHAs CTENEHb TEXHOJOTHYECKOW 00pabOTKM, HO SHEPrUM Ha Hee
TpeOyeTCs MEHbIIIe, YeM Ha MOJTyYeHUE IEPBUYHBIX MATEPUAIIOB.

OTH KOHEUYHbIE M3JEIHsI UMEIOT Pa3IMUHbIE CPOKU CIIYKObI M JIJISi CBOETO
(bYHKIIMOHMPOBaHUST TPEOYIOT MHOTIA 3HAYUTENILHOTO KojimuecTBa 3Hepruu. Ilocte-
MIEHHO JOCTUTAETCsl KOHEI] IOJIE3HOTO CPOKA CITY>KOBbI M3IEIHIA, ITOCIe Yero OHU OObIY-
HO BBIOPACHIBAIOTCS] B METAJIIONIOM WJIHM Ha CBaJKy. M3menus, momnamaroime B 0TXO0-
IIbl, YK€ TEPSAIOT 3HAUUTENIbHYIO JIOJI0 CBOEW MEpBOHAYAIbHOM IIEHHOCTH, OJJHAKO
BCE €Il COXPAHSIOT B ce0€ 3HAYMTENBHYIO, 3aTPAaYCHHYIO0 Ha MX W3TOTOBJICHUE TI0-
JIC3HYIO paboTy U PHEPTHI0, KOTOpasi, TAKUM 00pa3oM, TepsieTcsi B oTxoaax. 13 ot1-
XOJ/IOB MOKHO TIOJTyYHTh HEKOTOPBIE BHIHI TOTOBOM MPOIYKIINH, ISl YEro, ECTECTBEH-
HO, TpeOyeTcs HOBBIM IMPOIECC TEXHOJOTMYECKOH OO0pabOTKH, a Clel0BaTeNbHO, U
JIOTIOJTHUTENBHBIE 3aTpaThl SHEPTUH, XOTS U HE B TAKOM KOJIMYECTBE, KaK MPH MPO-
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W3BOJICTBE U3 CHIPHEBBIX MaTepuasioB. OqHAKO OOJBIMMHCTBO OTXOJIOB MPOCTO OCTAB-
JsieTCs JAJ1s1 TIOJTHOTO Pa3pyILEHUs] M pachaja, B MPOLEecce KOTOPOro UX KaueCTBEH-
HBIE XapaKTEPUCTUKU CTAHOBATCS XyX€ 10 CPABHEHHUIO C MEPBOHAYAIBHBIM ChIPHEM,
U3 KOTOPOTo OHM ObUIM M3roToBJIEHbI. KOHEYHO, U B 3TOM Cily4ae MOTYT OBITh BOC-
CTAHOBJICHBI TIOJIE3HBIE MAaTEpUabl, KaK ATO MOKA3aHO MyHKTUPHOW JIMHUEH Ha pU-
cyHke 16.1, HO 1 3TOro HEOOXOUMBI OOJIBIIIME 3aTPATHI SHEPIHH.

W3 auarpaMMbl 3TOrO0 pUCYHKA BHUJHO, KAKUMH IYTSIMH CIIEAYET TOOMBATHCS
cOepeKeHUs SHEPTUH. DTH MyTH CIETYIOIINE:

1. COBepIICHCTBOBATH MPOIIECCHI OOOTAIICHUS M U3TOTOBJICHUS,

2. MUHUMH3UPOBATH KOHEYHOE SHEPTOMOTPEOIICHNE,

3. co3maBaTh MPOAYKIIMIO C MPOJIOHKUTEILHBIMIA CPOKAMHU CITYXKOBI U HE Tpe-
OYIOIIYIO YaCTOW 3aMEHBI IETaNICH;

4. TIPOBOIUTH BOCCTAHOBUTEIILHBIC PAOOTHI IO BO3MOYKHOCTH B 0OJiee IHUPO-
KHUX MacliTadax.

Hekotopble u3 3TUX YCIOBHIl BBIMOJHSIOTCS B Hallle BpeMs, a HEKOTOpHIE
MPOTUBOPEYAT LETSM OTJEIbHBIX HANPABJICHUM SKOHOMUYECKON MESITEIIbHOCTH.
OpnHako BeCbMa PEIKO BCTPEUAIOTCA PEUICHHS, OCHOBAHHBIE HA HAWIYYIIEM HC-
M0JIb30BAaHUU 3aKOHOB TEPMOJIMHAMHUKH.

B xauecTBe npumMepa paccCMOTpUM OTOILICHUE KUJIbs. Bo MHOTHX JToMax uc-
MOJIB3YIOTCS ME€UU C TPUHYAUTENBHOM TATOM, KOTOPBIE, KAK U3BECTHO, UMEIOT HH3-
KYI0 TepMOAMHAMUYECKYIO0 3(PheKkTUBHOCTh. D(PGHEKTUBHOCTh CUCTEMBI MOMKET
OBITH YJIyUIlIEeHA 33 CUET MPEJIBAPUTEIHHOTO MOJIOIPEBa MOCTYIMAOIIETO U3BHE XO-
JIOJIHOTO BO3/lyXa C MCIOJIb30BAHUEM ISl 3TUX 1IN TEIUIOTHI BEHTUJISIIMOHHBIX
BBIOPOCOB. 3aMeHa MNevel TeIJIOBBIMU HAacOCaMM 3HAYUTEIBLHO MOBBIMIAET dhPek-
TUBHOCThH OTONMUTENIBHOM cucteMbl. Ho camble siydiiine pe3yibTaThl MOTJIO Obl aTh
M3MEHEHHE YCIIOBHM 3a/1aun. B KOHIIE KOHIIOB, I1€J1bI0 OTOIJICHUS BOOOIIE SIBISICT-
csi He 000TpeB JoMa KaK TaKOBOTO, a )KUBYIIUX B HeM Jrofieil. [louemy Obl He 1O-
TpebOBaTh UCIOIH30BATh MUKPOBOIHOBYIO CUCTEMY OTOILJICHUS, KOTOopas oborpe-
Bajia Obl HEMOCPECTBEHHO JIIOACH U MOTpeOsiia Obl 3HAYMTEIBHO MEHBIIE YHEP-
T'HH, YeM JII00ast Ipyras cucTemMa — Meyb WK TeIUIOBOM HACcOC, HarpeBaroIie BO3-
nyx? Bo3MOXKHO, IPOTUB 3TOTO MPEATIOKEHHUS OYJET MHOTO BO3PAKEHUIN C MHBIX
no3uunii. Ho naHHbIi mpuMep rOBOPUT, UTO BCET/IA CYLIECTBYET HECKOJIBKO BapH-
aHTOB PEIICHUS KaKOW-T100 MpoOIeMbl, a UX BCETAa CIEIyeT BHUMATEIHLHO H3Y-
YaTh B KaXJI0¥ cutyammu [3].

Bomnpoc sneprocoepexkenus: y1o0HO paccMaTpuBaTh ¢ TOYKHU 3pEHUSI KOHEU-
HOTO TMOTPEOJICHUSI PHEPTUH, MOCKOJIBKY B 3TOM Ciydyae Jierde moJjiy4aTh CTaTH-
cTUYecKue JaHHble. KOHEeUHbIe MOTPEOUTEN YHEPTUM JIENSATCS HA TPU KPYIHBIC
KaTErOpUU: KUJIOU ceKTop M cepa 00CITyKUBaHUS, TPOMBIIIIICHHOCTh U TPaHC-
nopt. [Ipu aToM, 110 TpyOOMY MOJICUETY, HAa KaXK/IbIH U3 ATUX CEKTOPOB MPUXOIUT-
csi okosio 25% Bcell mpou3BOAMMON B cTpaHe sHepruu. OcTaBlIasICsS YETBEPTh
MPUXOAUTCS HA TIOTEPU MPU MPE0oOPa30BAHUH SHEPTHH.

DKOHOMUS SHEPTUHU — 3TO MEPEIUICTEHUE U B3aUMOJICUCTBUE PA3IMYHbBIX CO-
[IMaJTbHO-9KOHOMUYECKUX (pakTopoB. [IpobGiema SKOHOMUM PHEPTrUU MOYTH HE
noAjAaeTcs npsaMomy aHanuzy. Ha 3Ty TeMy HanmucaHo MHOTO CTaTeil U MpOBEIECHO
MHOTO MCCJIEIOBaHMM, BRIPA0ATHIBAIOTCS PA3UYHbIC PEKOMEH AN, KaCAIOIITECS
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OPHEPTreTUYECKON MOJUTUKMA Ha Oipkaiiimme roasl. Hampumep, peanusyercs mpo-

rpaMmMa IO CTPOMUTCIbHBIM CTaHAAapTaM B O6JIaCTI/I 3HCpI‘OHOTpC6JI€HI/I}I S,HaHI/Iﬁ
(CCD3).

JHeprocoOepexkeHue B IHEPreTuKe

OCHOBHBIMH 3JIEMEHTAMH CUCTEMBI 3JIEKTPOCHAOKEHUS SIBISIOTCA JIMHUU U
TpaHchopmatopsl. [loTepu MOIIHOCTH M PHEPTUU B ITHX 3JEMEHTax MOJAPOOHO
OyIyT U3y4eHbl B Kypcax CIeEll. TUCIUIUIMHAMU B YacTU «DHEPronoTpeOieHue U
DHEPTOCOEPEIKEHUEY.

Ilymu 3nepzocoepesricenusn ¢ cucmeme 31eKMPULEcK020 0C6CULeHUS

B Poccun Ha Hyx/ab1 ocBemieHus pacxoayercst 13-15% Bceil BeipabaThiBae-
MO 3nekTposHeprun. M3 Hux okono 60% MpUXOJUTCS HAa OCBELIEHUE MPOMBIII-
JICHHOTO TIPOU3BOICTBEHHOTO cekTopa u 20-25% Ha ocBeleHue B )KUJIOM CEKTOPE.
BBuay sHeproemMkoct 3ToM cdepbl, 00yCIOBICHHON MacCOBOCTHIO M IIMPOKOMH
PacpoCTPaHEHHOCTHIO OCBETUTENBHBIX MPUOOPOB, OleHKA 3P(HEKTUBHOCTH CH-
CTEM OCBEIIICHHS U BBISBICHUE PE3EPBOB IHEProcOEpexkeHus: B 3TOM cdepe sBIs-
I0TCS AKTYaJIbHBIMU 33]la4aMu.

OcaellleHne OTHOCUTCSL K IpoiieccaMm, 00eCTeUuUBarONUM HEOOXOIUMBIE
YCIIOBUSI ISl KU3HU U PabOTHI Jtojield. Mexay mokas3aTelisiMi OCBEIIEHHOCTH pa-
0o4ero Mecra M MPOU3BOIUTEIBHOCTHIO TPY/Ia CYHIECTBYET MpsAMasi 3aBUCHMOCTb.
[Ipu cnaboM OCBELIEHNH YBEIUYHMBAETCS KOJWYECTBO OIIMOOK pabdouyero, CHUxa-
eTCcsl Ka4ecTBO MPOMyKIuU. Eciiu ke oCcBeleHrne 4pe3mMepHoO SIPKOe, TO HEOMpaB-
JTAaHHO BO3PACTAIOT PacXO/ bl JICKTPOIHEPTUH HA HEe.

Kpome Toro 3arpaTsl Ha OCBEIIEHHE 3aBUCAT OT T€OTpaduIecKoro MmoyioxKe-
HUSl 00BEKTa HACEIEHHOTO MMyHKTA, YTO CBS3aHO C ITUTEIFHOCTHIO HCIIOIh30BAHHS
€CTECTBEHHOT'O M UCKYCCTBEHHOT'O OCBEIICHMS.

OCHOBHBIM HOPMATHMBHBIM JOKYMEHTOM [IJIsi IPOSKTHUPOBAHUS U HCIIOJTHE-
HUS OCBETUTEJIBHBIX YCTAHOBOK sBIsitOTCS CTpOUTETbHBIE HOPMBI M TIpaBHIIA
(CHwuIT 23-05-95).

OTU HOPMBI PErIAMEHTUPYIOT YPOBEHb OCBEIIEHHOCTH B 3aBUCUMOCTH OT
paspsiia BBITIOJHIEMOUW 3pUTEIbHON paboThl. Jljis OOJIBIIMHCTBA 3PUTEIBHBIX pa-
00T MOXET OBITh MCIIOJIb30BaHA CHCTEMa KakK OOIINero, Tak U KOMOMHHUPOBAHHOTO
ocBemnieHus. [Ipuuem s 3putensHBIX paboT 60see BRICOKOM TOYHOCTH TpeOyeTcs
MIPUMEHEHUE BTOPOH CUCTEMBI OCBEIIICHUSI.

Pacuer konmvecTBa CBETHIILHUKOB JIJII MPOCKTUPYEMOTO ITOMEIIEHUS II0
MeToy Ko3hPuImeHTa uCob30BaHUsI OCYIIECTBIAETCS 10 hopmyJie

v B K FZ
D-n
rae E, - HOpMUPOBaHHAsi OCBEIICHHOCTH, JIK; K, — koadduuuent 3amnaca; F

cp

2.
— TUIOIIAb OMEIICHUS, M*; Z = - K03 (HUIMEHT HEPABHOMEPHOCTH OCBEIIIC-

MUH

Hus Z=1,1-1,15; @ — cBeTOBOM MOTOK MCTOYHUKA CBETa (JIaMIIbl), KOTOPHIA H3-
MEpSIETCS B JIFOKAX, (JIM); M - KOO()PHUITUEHT UCIIOJIB30BAHUS CBETOBOT'O MIOTOKA HC-
TOYHHMKA CBETA, JOJHU CTUHHIIBI.
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MotHOCTh TOTPEOIIIEMOIl OCBETUTENBHON YCTAHOBKOW OMpEAenseTcs Mo

bopmyie:
P,,=KppyP,-N-K,,

rne Ky, - KO3((UIMEHT, yYUTHIBAIOIIMA MOTEPH MOIIHOCTU B ITyCKO-
perynmupytrowei anmaparype (IIPA); P, - MoutHoCcTh 0J1HOM Hamnbl, BT; N — xonu-
4eCTBO CBETWJIBHUKOB WM JlaMIl; K, — ko puuueHT cnpoca.

Pacxop 3arpar Ha OCBElIEHHE 3aBUCUT OT TaKUX BEJIMYUH, KaKk Kod(pduuu-
€HT 3aIaca CBETOBOI'O IOTOKA JaMIlbl (CBETOBas OTAaua), KodpPuuueHTa UCIob-
30BaHUs1 OCBETUTEIBHON YCTaHOBKH.

B cBoro oucpelp, K3 3aBUCHUT OT 3aIllblJICHHOCTHU ITIOMCIICHWA U THIIA IIPH-

an

MEHSIEMOT'O CBETUJILHMKA; CBETOBOM MOTOK JaMIlbl 3aBUCUT OT THIA MCTOYHHUKA
CBeTa, ero cBetoBoit otnayn, JIM/BT. Haunbosee Hu3kas cBeToBas OTAada y JiaMIl
HaKaJIMBaHM, a HAaNOOJIee BHICOKAS Y JIFOMUHECIIEHTHBIX JIAMIT Ta30Pa3psAaHbIX U Y
pryTtHbIX Jamn tuna JJPU, JIHAT.
KoaddurmenT ncnonp3oBanus OCBETUTEIHLHON YCTAHOBKU 3aBUCUT OT THIIA
cBeTwibHUKa, ero KIIJ[, koadduimeHToB oTpakeHus MoBEepXHOCTEH U T€OMETPHU-
YECKHX Pa3MEPOB MOMEIICHUM.
3HaUUTENHbHOE KOJIUYECTBO MOIHOCTH (~10%) TepsieTcsi B MyCKOPETyJIUpY-
IOLLEH amnmapaType AJid ra3opa3psaHbIX JaMIl.
OueBHUIHBI CIEAYIONINE BBIBOABI IO CHIXKEHUIO MTOTPEOJICHUS DIICKTPOIHEP-
MU Ha OCBEILIECHHUE.
1. Heobxoaumo mpUMEHSTh UCTOYHUKU CBeTa ¢ OOJbIIEH CBETOBOM OTaa-
Yeu.

2. IIpuMeHSATHh CBETWJIBHUKHU C JYYIIUMU CBETOTEXHMUYECKHUMU XapaKTepH-
CTUKaMH, COOTBETCTBYIOIIIMMU YCIOBUSM OKPYXKAIOIIEH CPEbI.

3. Unreprep nomenieHuit ohopmiiATh ¢ 0ojiee BHICOKUMU KO3 duimeHTa-
MH OTPAKEHUS [IOBEPXHOCTEN.

4. Jlns razopaspsaHbeix jgamn npumeHsats [IPA ¢ meHpmmmmu nortepsiMu
(37IEKTPOHHBIE).

5. Tawm, rae BO3MOKHO, MPUMEHSITh CUCTEMY JIOKATM30BAHHOTO OCBEIICHUS.

Iuepzocoepesricenue 6 KOMMYHATbHOM X03AUCMEE

KoMmyHansHOE 00CTYyKMBAaHUE HACENICHUS SIBISAECTCS CIOKHBIM U MHOTO-
PO HUIILHBIM X03SHCTBOM.

Ono mpemHa3zHadeHO i OOCITY)KMBaHUS M OO€cCreueHUs MOTPeOHOCTEMH
HaceJIeHUs, OOIIECTBEHHBIX M aIMUHUCTPATUBHBIX OPraHU3aIfil MPeAnpUsITHil B
ropsiueid U XOJIOJAHOM BOJE, TEIIOCHAOKEHUH, AJIEKTPOCHAOKEHUH, OTBOJIE CTOY-
HBIX BOJ (KaHanmu3ammu). K opranm3anysM KOMMYHAJIbHOTO XO3SMCTBa B HAIleM
ropojie otHocsaTca MIT «Bogokanan», MY JIE3, IDKOTs1, )KOKu, XKDV, B Bene-
HUW KOTOPBIX HaXOMSTCS CETH BOJIOCHAOKCHHMSI.

OTKJIOHEHUS! OT ATUX PEKUMOB MPHUBOJAT K TIEPEPaCcXOay DHEPrOPECypCoB,
aBapusiM B paboTe, YXyAIIEHUI0 SKOHOMUYECKON YCTaHOBKH B paboTe.

PaccmoTpum mpumMep mpoCcToil KOTETBHONW YCTAaHOBKH, paboTarolIeii Ha yrie
(w1 MazyTe), ¢ CUCTEMOM TerulocHa0KeHus 37aHui. [I[pyuHIUnuanbHO ycTaHOBKA
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COCTOHT M3 CaMOro KOTJIa, yCTPOMCTBA TOIUIMBOIIOAAYH, BEHTHIIATOPOB TyThs (T10-
JAIONINX BO3AYX B TOIKY), YKOHOMAai3epOB, JIMOCOCOB, MMUTATEIBHBIX U CETEBBIX
HACOCOB M BCTIOMOTATEIHbHOTO 000y I0BaHUSI.

TemnepaTypHbIii TpadUK TEIJIOHOCHTENST OTOMMMTEILHOW CUCTEMBI 3a0aeTCs
WH)KCHEPHOU CITy)KOOW B 3aBUCHMOCTH OT TEMIIEpaTypbl HApy>KHOTO BO3ayXa U
cKopocTH BeTpa. s BEIpaOOTKHM 3aJaHHOTO KOJIMYECTBA TeIlIa TpeOyeTcs CyKedh
OTIpeIeTICHHOE KOJIMYECTBO TOIUIMBA IO OMPEICICHHOMY YKOHOMUYECKOMY PEKH-
My.

Jljis co)kUraHusi ONpeIelICHHON MacChl yIisl TpeOyeTcsl onmpeieJIeHHOE KO-
YeCTBO BO3/yXa 3a ompeneieHHoe BpeMs. Ecian Bo3ayxa okaxeTcs: HeZJ0OCTaTOYHO,
TO HE BECh YIrojb CTOPHUT, YAaCTh €0 B BUJE HEAOTOPEBIIMX YACTHI[ BBIMAJIET Ha
9KpaHHBIX TpyOax, B JBIMOXOJIE, SKOHOMai3epe u mpod. byner MHOro Komotu us3
TpyObl. Eciin Bo3ayxa OyneT ¢ M30bITKOM, TO HE BCE TOIIMBO YCIIEET CrOpPETh B
TOTIKE ¥ YaCTh €T0 C JBIMOM YHECET B TPYOy.

Bonbuioe BiAMsiHME Ha KOHOMHUYHYIO pabOTy KOTJa OKa3bIBAa€T €ro ra3o-
IUIOTHOCTD, T.€. OTCYTCTBHE IOJICOCOB CBEXKETO BO3/yXa 4Yepe3 JIOUKHU, ra30X0bl,
30JI0yJIOBUTEIIN, IKOHOMAM3ep.

Ha uro Haymo obpamniath BHUMAaHKUE IPU SKCILTyaTalluu KOTEJIbHBIX:

1. KakoBa TemioBas cxema KOTEJIbHOM C TOUKH 3pEHMsI IKOHOMUYECKUX MOKa-
3aTelen.

2. [leproM9HOCTH M Ka4€CTBO PEMOHTHBIX Pa0OT (IO 3aMHCSIM B KypHaJe).

3. Hannune peXuMHBIX KapT 3KCIUTyaTallud KOTJIOB, adpPOAMHAMHYECKOE CO-
MPOTUBJICHHE TA30BOTO TPAKTA.

4. T'a30TI0THOCTH KOTJIA, TEPMETUYHOCTD (DYyTEPOBKHU U TIP.

5. PerynsipHOCTh OYMCTKH 30JI0YJIOBUTENEH, ra30X0J0B M BCEro ra30BOI0
TpaKTa.

6. PerynsipHocTh 04MCTKH (001yBKHM) BHEITHUX MMOBEPXHOCTEH HAarpeBa KOTJa,
PKOHOMamM3epa.

/. PerynsipHOCTh OYMCTKHU (IIPOMBIBKM W TPOAYBKH) BHYTPEHHUX IOBEPXHO-
cteil HarpeBa. [IpombIBKa Mpu pEMOHTE CHEll. pacTBOPOM, MPOAYBKA — yIaJleHHE
OCaJIKOB IIIJIaKa MpH paboTe (Mo JaBJIeHUEM).

8. CocrosiHMe ydeTa BBIPAOOTKH TEIJIOBOW HHEPTrUM MO KOTJIaM U OTIIYCK B
LIEJIOM 110 KOTEJIbHOM 10 HalpaBlIeHUSM.

[To pesympraram o00cneAOBaHWN YCTAaHOBJIEHO, YTO BCE MOTEPH TEILIO-
sHepropecypcoB TOP B KOTEIBHBIX MOKHO pPa3/IeJINTh HA TPU KATETOPUU:

[lepBas kateropusi — HEMPOU3BOAUTEIbHBIC TIOTEPH U COOTBETCTBEHHO 3a-
TpaThbl, BbI3BaHHBIE OECXO3SUCTBEHHOCTHIO M HAPYIICHHEM TEXHOJIOTUYECKUX pe-
TJIAMEHTOB M3-3a2 HEYJIOBJICTBOPUTEILHOTO, HEMPOPECCHOHATHHOTO OOCITyKHBa-
Husi. K Heil oTHOCATCS: cucTeMaTudeckas HeJorpy3Ka, MPOCTOr, paboThl Ha He-
pacueTHBIX PEeKMMax, HapyIIEHUE TEIIOM3O0JSALUN U Ta30IIOTHOCTH, HEPErysip-
Has OYMCTKAa BHEIIHMX M BHYTPEHHHMX MOBEpXHOCTeW Harpesa. s ycTpaHeHus
NoTeph MEPBOM KaTeropuu He TpedyeTrcs OONIBIINX 3aTpaT, HY>KHA JINIIb MTPaBUIIb-
Hasl, YeTKas, TpaMOTHas OpraHU3aIus KCIUTyaTallud KOTEIbHOIO 000py10BaHUsl.

Bropas kateropus moteps cCBs3aHa ¢ HEPAIMOHATIBHBIM PACX0JIOM TEIIOBOM
sHepruu. K HUM OTHOCSTCS: HEMPHUHITHE CBOEBPEMEHHBIX MEpP MO MOJAECPHU3ALUU
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000pyI0OBaHUs, CXEM DHEPrOCHAOKEHUS; OTCYTCTBHE CHCTEM aBTOMATHU3AlMH BbI-
paboTKU U MOTPeOIeHUsI YHEPTOHOCUTEIIEH; OTCYTCTBHE MPUOOPOB KOMMEPUECKO-
ro yuera. J{nsi ycrpaHeHusi OTepb BTOPOM KaTEropuud HEOOXOJMMBI OIpe/eeH-
HbIE CPEJICTBA HA BBIMOJHEHUE MTOJIHOMACIITAOHOT0, KAITUTAIIBHOTO PEMOHTA.

K Tperbeil kaTeropum moTepp MOXKHO OTHECTH NMPUMEHEHHE YCTAPEBUIIETO
HEAIKOHOMHUYHOr0 o0opyAoBaHus. JlJis ycTpaHEHUs 3THUX HENPOU3BOAUTEIbHBIX
pacxoJIoB TPeOYIOTCS 3HAYUTENbHBIE KAlTUTAIbHBIEC 3aTPAThI JIJIs1 3aMEHbI OCHOBHO-
ro o0opyaoBaHHs Ha 60Jee IKOHOMUYHOE U BHEJIPEHHE YHEPTOCOEepEeraromumx Tex-
HOJIOTH{, B YaCTHOCTH aBTOMATH3aLH.

Jlanee paccMOTpHUM, KaKk OOCTOSAT Jiejia ¢ MOTEPSIMH TETIOBOW SHEPTUU B Ce-
TAX TEIUIOCHA0KEHUS U HEMOCPEACTBEHHO B 3JaHUSX.

Bce TpyOompoBOAbI TEMIIOBBIX CeTel (OTOIUIEHUSI M TOPSAYETO BOJOCHAOME-
HUS) MOKPBIBAIOT CJIOEM TEIUIOU30JSLUU ISl CHUYKEHUS TEIUIOBBIX IOTEPh IPH
TPAHCIIOPTUPOBKE TEIUIOHOCUTENA. TeIuioBasi U30Ms1us TOJHKHA OTBEYaTh OMpe-
JIeJICHHBIM TPEOOBAHMSIM: HU3KOW TEIJIONPOBOJTHOCTHIO, MAJIBIM YACIbHBIM BECOM
(Maccoit), HErUrPOCKOMMYHOCTBIO, HEOOIBINON cTouMOocThi0. [loBepx Terion3o-
JSIUUM HaKJIaJbIBAIOT IIPH MPOKIIAJKE B KaHalIaX CJIOW CTEKIOTKAHU WM IepraMu-
Ha, CJIOW TOJICTOW MpPOMACIEHHOW OyMaru, mpu HapyKHOM MPOKIIAJIKe TPyOOIpo-
BOJIOB TEIUIOM30JISLIMY MOKPBIBAIOT CJI0EM OIMHKOBAHHOIO JKEJe3a JIJIsl 3alIUThI OT
aTMoc(epHbIX 0ocaakoB. O4YeHb Ba)XKHO, YTOOBI H3OJSALUEH OBLIM TOKPBITHI BCE
YYaCTKH TPYyOOIIPOBOJIOB, K COXKAJICHUIO, HA MPAKTUKE HE BCErJia 3TO COOJII0IAET-
csi. EcrecTBEHHO, UTO 3TO MPUBOAMT 3a CUET YBIAKHEHUS WM OTCYTCTBUS U30J5-
MU K 3HAYUTEIBHBIM MOTEPSM TEIJIOBOM SHEPrUU IMpHU TpaHcmopTupoBke. K mo-
TPEOUTENIO0 TEITNIOHOCUTENb MPUXOIUT C MOHWKEHHBIMU MPOTUB HOPMBI MapaMeT-
pamu. [lotepu TennoHocuTeNsI BO3MOXKHBI U B 3aIIOPHON apMaType.

Kak e o0cTosT Aena ¢ TEIIonoTepsMH B 3aHUAX, 0COOEHHO Xibix? He-
TPYIAHO TEPEUYUCIUTh MECTAa YCWIEHHBIX TEIUIONOTEPh. JTO HE3aKPhIBAIOIIUECS
WM METaJUIMYECKHUE JIBEPH MOIBE3/1, OTCYTCTBUE IBOMHOTO OCTEKJIEHHUS B MOIb-
€3/1ax, HEYTEIICHHbIE JIOKM Ha 4YepAakaxX M HEeJO0CTATOYHAas TOJIIIMHA TEIIOU30-
JSIUUM TIOTOJIKA BEPXHETrO 3TaXka, TPEIIMHBI B MOKPHITUM B CTHIKAX CTEHOBBIX Ila-
HeJel, He3aKJieeHHbIe OKHA B KBapTHpax. Bece atu daxTopsl yBennuusaroT Ha 10-
15% TennmonoTepu 3/1aHMs], CHUKAIOT TEMIEPATYPY B KBAPTUPAX U YBEIUUUBAIOT
pacxoj ToruBa Ha TOL, KOTENbHBIX.

JInsi BBISBJICHUSI MECT MOBBIIICHHBIX TEIJIOMOTEPh 37aHUS MPOBOJSAT €r0
TEIJIOBU3UOHHYIO JTUAarHOCTUKY C MOMOLIBIO CHEIHANIbHBIX TPUOOPOB - TEIMJIOBH-
30pOB.

TennoBU30pbl — 3T0 NMPUOOPHI, KOTOPBIE MO3BOJISIOT PETUCTPUPOBATH U BU-
3yaJu3upoBaTh (BUIETh 3peHUEM) UH(pPaKpaCHOE WIH TEIUIOBOE M3JIyYEHUE TE B
nraral3oHe JIUH BOJH OT 3 10 14 mkm. I'1ma3 BUAUT CBET B Quara3oHe JUIMH BOJIH
0,3 - 0,7 MKM.

C moMomipio TEMJI0BU30POB MPOU3BOAAT OECKOHTAKTHYIO JUCTAHIIMOHHYIO
CHEMKY TEIJIOBBIX M300paXEHUH 37aHUI IMTyTeM pEerucTpainuu HHHPAKPACHOTO U3-
Jy4€HUS UCITYyCKaeMOTro 0OBEKTOM (TEpMOTpaMM).
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B mpouecce 006paboTKH TepMOrpaMM MOXHO OMNPEISIUTh MECTa yTeuek
Teria, Ae(eKThl TeIUIOM30ISIUH, Te(EKThI 3a/IeJIKU IIBOB, 00JIACTH MO/ICOCa BO3-
AyXa ¥ T.IL. ¥ MPUHSATH MEPBI IO UX YCTPAHEHUIO.

Ilpumenenue uacmommuo-pezyaiupyemozo 31eKmponpugooa
6 KOMMYHAIbHOM X03AliCInEe

B xOMMyHaIbHOM XO3SICTBE JUIs PUBOJA PA3IMYHBIX MEXaHU3MOB IIpUMeE-
HSETCS JIEKTPONPUBOJ, C MOMOIIBIO KOTOPOTO OCYILIECTBISIETCS IYCK, PETYJIUPO-
BAHME NTAPaAMETPOB U OCTAHOBKA JIEKTPOIBUTATES.

B mponecce skcruryatanMu IpOU3BOAMTEIBHOCTh HEKOTOPBIX AarperaToB
JOJKHA MEHSTBCSA B JOCTATOYHO IIMPOKOM nauarnazoHe. CieaoBaTesibHO, JOJKHA
U3MEHATHCA U MOIIHOCTh, MoTpebisiemas 3TuM arperatom. K Takum arperaram B
KOMMYHaJIbHOM XO3SIUCTBE OTHOCSITCS HACOCHI XOJOJIHOTIO M TOPSYEro BOJOCHAO-
JKEHUS, BEHTWISATOPBI U ABIMOCOCHI KOTEJIBHBIX arperaroB, HACOCHI CTAHIIMNA CTOY-
HBIX BOJ U psAJ APYTHX arperaros.

B cBs3u ¢ TeM, YTO B 3TMX YCTAHOBKAaxX NPUMEHSAIOTCS B OCHOBHOM acHUH-
XPOHHBIE AJIEKTPOJBUTATENH, TO BO3MOKHOCTH PETYIMPOBAHUS IIPOU3BOJUTEIb-
HOCTH YCTAaHOBKH KpailHE OIPaHUYEHBl U €€ MOKHO OCYIIECTBIIATh BKIHOYEHUEM
HECKOJIBKMX arperaTtoB MapajuleJbHO WIH PEryJMpOBaHUEM BEIWYUHBI 3a30pa 3a-
JBUKKH, 3aCJIOHKH, mnbepa (apoccenupoBanneM). Tak Kak mpu 3TOM criocode pe-
TyJINPOBAHUS YBEJIMYMBAECTCA CTATUYECKAM HAIOp BO3JyXa WIM BOJbI, TO MOUI-
HOCTb, IOTPeOIIsieMast 3JIEKTPOIBUTaTeNeM, U3MEHSIETCS] HE3HAYUTENBHO.

N3meHenus uyncina 000pOTOB ABUTATENS MOKHO OCYHIECTBUTH 3a CUET YCTa-
HOBKH MEpe]l JBUTATEIEM PEryJIMpyeMOro mpeoodpa3oBaTeisl 4acToThl. Peryaupy-
€MBbIil 4aCTOTHBIA MpeoOpa3oBaTeslb COBMECTHO C 3JIEKTPOINPHBOIOM O00pa3yroT
YCTPOMCTBO, UIMEHYEMOE YaCTOTHO-perynupyemsliil anekrponpusosa (YPIII). Ipo-
U30I/1IeT 3aMETHOE YMEHBIIEHUE MOLIHOCTH, MOTPEOJIIEMOI AIIEKTPOIBUTATEIIEM,
IPU U3MEHEHUU IPOU3BOJUTENILHOCTH arperara 4acToTol n300paxeHo KPpUBOiL.

[TpumeHeHue peryiaupyemMoro npeodpazoBaTelis 4acTOThl IJIsl PEryJIUpoBa-
HUS MPOU3BOIAUTENBHOCTA arperatoB JAacT 3HAYUTENbHYIO 3KOHOMMIO 3JIEKTPO-
sHeprun (20-60%). Crnemyer 3aMeTHUTh, YTO SKOHOMHS DJICKTPOIHEPTUU MOXKET
OBITh IOJIy4Y€HAa TOJBKO HAa TE€X YCTAaHOBKAxX W arperaTtax, re Harpys3ky HeoOXoJH-
MO PETYJIMPOBaTh B COOTHOIIEHHH HEe MeHee yeM 1:3. Ilpu MeHblleM COOTHOIIEe-
HUU HEOOXOAMMO MPOBOJAUTH TEXHUKO-PKOHOMHYECKUH pacyer, a JJid arperaros,
paboTaIIUX C MOCTOSIHHOW MPOU3BOAUTENLHOCTHIO, TpuMeHeHue YPIII neuene-
cooOpasHo.

ConunanbHO-3K0JI0THYECKHE ACTIEKThI JHeprocoepexeHus

Dopmuposanue Inepzocoepezaruiezo no8eoeHUs

ITpoGiiema sHEprocOepeKeHUS CIIOKHAsA U MHOroIIaHoBas. OHa BKIIFOYAET B
ceOs1 psAl ACTIEKTOB, OT MOJUTUYSCKUX J0 TEXHHYECKUX U TEXHOJOTHYECKUX, KOTO-
pbhI€ MBI pacCMaTPHUBAIHM Ha MPEAbIAyIuX Jekiuax. OmHako 6e3 GopMUpOBaHUS
KyJbTYPhl PA3yMHOTO DHEPTOMOTPEOJICHHUSI U CBSI3aHHOTO C HEW sHEprocOepexe-
HUS Y BCEX CJIOEB HACEJIEHUS - OT PYKOBOJAMTENIECH MPEeANPUITUS 10 JOMOXO3SEK,
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T.€. BCEX TOTPEOUTENICH YHEPTOPECYPCOB - HEBO3MOKHA peanu3anus myTeit u [1po-
IpaMMBbl SHEPTrOCOEPEKEHUS.

B ycnoBusix HeopMHPOBaHHBIX MPUHIIAIIOB PA3yMHOTO MOTPEOICHUS IHEP-
ropecypcoB peanuzaius [IporpamMmbl OyZeT MOCTOSTHHO CTaJIKUBATHCS C MPOTUBO-
JENCTBUEM 3HAUUTEIILHON YacTH PYKOBOAUTENEH IPEANPUATUNA U HACETICHMUS.

K coxanenuto, B 00LIECTBEHHOM CO3HAHUU C(HOPMUPOBAIUCH JOKHBIE CTeE-
PEOTHIIBI, HE CIOCOOCTBYIOIINE Pa3yMHOMY HEPronoTPeOIeHUIO, 3TO TAKUE KaK:

«Ha nam Bek XxBaTuT»;

«Ctpana Harra 60JbIas, YHEPrOpPeCypPcOB MHOTO, JIJIST YE€TO K€ SKOHOMUTHY;

«51 m3 cBOETO KapMaHa 1miadyy U UMEI0 TIPaBO TPATUTh CKOJIBKO XOUY).

B pe3ynbrare neicTBHI 3TUX CTEPEOTUIIOB BO3HUKIIA NApPaIOKCAIbHAS TICH-
XOJIOTHSI «00TaTCTBO B OCTHOCTHY:

«OHEepruM y Hac B CTpaHE MHOTO, U MOXHO HE 33 yMbIBaThCS O TOU IICHE,
KOTOPYIO MBI 32 HEE TIaTHUM).

OTOT CTEPEOTUIl PA3BEUBACTCS PETYJSAPHBIMU IMOBBLIMICHUSIMU TapudoB Ha
KBapTIUIATy U, B YACTHOCTH, HA SHEPTOHOCUTEIIH.

CrepeoTtun 60oraToil U HeMCUEpIIaeMON CTPaHbl, KOTOPHIN BHEAPSJICS B ICHU-
XUKY HaCeJICHHs, IPUBEI K CBOeoOpa3Hoi OpaBajie pacTOYUTENbCTBA. MBI CpaBHHU-
Banu ce0s ¢ 3anazoM: y Hac Oosiblie BoJbl Ha 1 denmoBeka, OoJibliie Teria, OOoJbIIe
KaHAJIM3aIuH U T.I1.

Teneps HACTYIIHUIIO BpEeMs, KOT/Ia HaJI0 HAYYUTHCS CUUTATh, UYTO MOTPEOIsIeM
U KakK - 9TO y>K€ HPaBCTBEHHBIN JIOJIT M 00S3aHHOCTh KaXKIOTO TpaKIaHWHA TIEPe.T
OyaymyuMu TIOKOJICHUSIMU. BakHO CchOpMHpPOBATH HOBOE MBINIJICHUE YHEPIOIIO-
TpeOJICHUs, KOTOPOE MOKHO BBIPA3UTh B CIEIYIOLIEM:

- Oyayimee HaIMX JACTeH W BHYKOB 3aBHCHT OT TOTO, YTO MBI UM OCTaBUM B
HACJIE/ICTBO;

- DHEProOpecypChl OTPAHUUYCHBI CaMOM MPUPOJ0M, OOJIBITUHCTBO MX HEBO3-
OOHOBJISIEMBI, 1IEHA Ha HUX OYJET OCTOSIHHO PaCTH;

- MBI TUTATUM HE TOJIBKO 3a TO, YTO MOTPeOIsieM, HO U 3a TO, YTO PacX0lyeM
(cOpacwiBaeM);

- MPOU3BOJUTENM TOBAPOB JOJDKHBI MPOU3BOJAUTH MEHEE DHEPrOEMKHE U
sHEprocoeperaroime ToBapbl U yCIyTru;

- BO BCEX OTPACIIAX HAPOJTHOTO XO3SHUCTBA JIOJDKHA MPOBOJUTHCS MOJTUTHKA
PHEProcOepeKeHNs, TaK KaK B KOHCUHOM CYETE BCE BHJIBI 3aTpaT dYHEPTUU OIJIadH-
BaeT MOTpeOUTENb (MMOKYIATENb), T.€. KaXKIblid YEIOBEK.

3agada (popMUpPOBAHMS PHEPTrOCOEPETAIONIETO MOBEICHUS Ba)KHAsI U CJIOXK-
Has, TpeOyFoIIas TOJIror0 BpEMEHH U MHOTHUX YCHJIMH IO pa3HBIM HAIPaBJICHUSM,
TaKUM KakK:

- CO3/1aHuE IOPUJIMYECKHU-TIPAaBOBOM 0a3bl OTBETCTBEHHOCTH 3a IHEPTOIO-
TpebiieHue;

- BBeJeHHWE B oOpa3oBaTelbHBIC NPOrpaMMbl JUCHUTLIHHBI «IIpoGiieMbl
HEProcOepeKeHUs» Ha BCEX YPOBHIX 00pa3oBaHus (OT IIKOJIBI 0 aKaIEMHH );

- U3y4eHHE OOIIECTBEHHOTO MHEHWs, €r0 MOHUTOPUHT IO BOMPOCAM JHEP-
rocOepeKeHHS;
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- opraHuzanms 4yepe3 cpeactBa maccoBoil nHdpopmarmu (CMU) uadopma-
[IMOHHOTO TIOTOKA IO BOIPOCAM PallMOHAIBHOTO 3HEPronoTpedSIeHus U dHEPro-
cOepekeHus Ha pa3IMvHble TPYIIbI HaceneHus (IHEpPTronoTpeouTenei).

Nmenno CMU moryT okas3aTh HEOLICHUMYIO IMOMOIIL B (POPMUPOBAHUU Pa-
3YMHOTO MOTpeOaeHus], T.K. Kkl corpynuuk CMMU takxe siBnsiercs nmotpeOu-
TEJIEM HEPTHUHU.

NudopmanmonHoe BO3AeHCTBUE U BIMSHUE HEOOXOAMMO HaNpaBUTh HE Ha
BCEX B OOIIEM, a Ha pa3iUyYHbIe TPYMMbl MOTPEOUTENEH, Tak KaK IS KaxXAou
TPYMIBI PA3IUYHBI TyTH U METOJIBI BO3ICHCTBUSI.

PaccMoTpuM BOmpochkl 3HEpProcOepekeHus Ha NpUMEpe KOMMYHATbHO-
OBITOBOTO OTPEOICHUS BO/I.

Ilpumep. B r. PyOuoscke, no Hopmatuam u tapudam Ha ['BC, XBC u BO
(kaHaNIM3aIKs ), HA OJHOTO YEeJIOBEKA MPUXOAUTCS:

DHepronocutenb | Hopmartup pacxopa CroumocTh B pyO, B MecCsIl
B CYTKH, | B MECSI[ | IO Ce0ECTOMM. | OIlJlauyuBa- %
1 M eMas
I'opstaast Boga 100 3,0 77,24 46,34 60
XoJsogHas BoIa 170 51 14,68 10,29 69
Kananusanus 270 8,1 24,22 16,93 70
Bcero 3a 1 gesoBeka 116,14 73,56 64

B cembe npokuBaet 4 denopeka. YcraHoBwin cuetyuku Ha I'BC u XBC,
CTOMMOCTh ycTaHOBKH oOornuiack B 2000 py6. Ilpu pannoHassHOM NOTpEOICHUH
pacxon causmica Ha 50%. Onpenenutb rog0ByI0 3KOHOMHIO B pyOJISIX U 32 CKOJIb-
KO BPEMEHU OKYIUTCS YCTAHOBKA CUETUMKOB.

B mecsi: omnmaunBaem ceituac 73,56-4=294,24 pyo0.

bynem omnauuBats 116,14-4=464,56 pyo.

[Tocne ycTaHOBKM CYETYMKOB OIJIaTa B MECSIl YMEHBIIUTCS B 2 pasa, T.€. CO-
ctaBuT 147,12 py6. u 234,28 py0. COOTBETCTBEHHO.

3a CKOJIBKO MECSIIEB OKYITUTCS ?

C, 2000

cq

T C. 14717

9K

=13,6.mec.

IKono2uueckue acnekmol IHEP2ochepercenus
Heooxo0oumocmv nposedenus nOAUMUKU IHEPZOCHADHCEHUA OUKMYem A
PAOOM 00CmOAMENbCME.

1. OrpaHn4eHHOCTh HEBO30OHOBIISIEMBIX HCTOYHUKOB OJHEpPruu (yroJib,
He(dTh, Ta3), MOTpeOICHNE KOTOPhIX B MUpE cocTaBisger 10 mupa T. YCIOBHOTO
ToruMBa B rojl. CyIeCTBYIOIMX 3allaCOB XBAaTUT TOJBKO HA HECKOJIBKO JIECSITKOB
JeT, a nanpiie? DHeprocOepeKeHue MOXKET 3TOT NEPUOJ YIUIMHHUTH, TOKa OyAyT
OCBOEHBI HOBBIE HCTOYHUKHU.

2. HeonpeaeneHHOCTh NEPCHEKTUB PA3BUTHS SIAEPHON SHEPTETUKH.

Hcnonb3oBanue s1epHON 3HEPrUuu Uisl BBIpAOOTKM TEIJIOBOM M DJIEKTpUYE-
CKOM SHEPTrUU MOXET OTOABUHYTh YHEPTreTUUECKUNA KPU3UC, HO HE CMOKET UCKITIO-
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YUTh NOJHOCTHIO. K TOMY ke siiepHas sHepreTuka, Kak mokas3ani OmbIT, Hebe3omac-
Ha. Ha Haugano 90 r. B Mupe npousonuio okosio 30 aapuit Ha ADC, mpoTUB CTPOU-
TenbcTBa ADC aKTUBHO BBICTYIAKOT «3EJEHBIE.

3. HeormpeeneHHOCTh MEePCIEeKTUB Pa3BUTHSI HETPAIUIIUOHHON YHEPTEeTUKU
(BUD - mamas ruzmposHepreTHika, reorepMaibHasi sHeprus Ouomacca, SHEpTUs
BETpa, COJTHEYHA).

Herpagummonnsie BUD moryt 3aMeHUTh 00BEM OPraHMYECKOIro TOIUIMBA,
HO HEOOXOIMMBI MOOYAUTETbHBIE MOTHBBI U 3HAUUTEIbHBIC HHBECTHUIIUH.

HeTpanunmoHnHble HICTOYHUKH HE TaK y>K 0€300UIHBI IKOJTIOTUYECKHU.

4.OHepreTrka - 0JiHa U3 TJIABHBIX 3arpsi3HUTENEH Ouochepsl.

B Poccuu u CHI' Ha nomto sHepretuku npuxoautcs 30% Bcex 3arps3HeHUi
atmocdepsl, B CIIIA — 20%.

OOBEKTBl PHEPTETUKU 3arpsi3HAIOT aTMochepy, 3eMII0 U BOAY BBIOpOcaMu
JILIMOBBIX T'a30B, 30JIbl U CTOYHBIMHU BOJIaMU 3JIEKTPOCTAHIUH, cOpocaMu OOJIBIIO-
IO KOJIMYECTBA TEIUIOTHI.

DKOJIOTHYECKH BPEAHBIM (PaKTOPOM, CBA3AHHBIM C 0OBEMOM 3HEPronoTped-
JIEHUS NPEANPUSTHS, TOPOJIa, HAPOIHOIO XO34MCTBA B LIEJIOM, SIBISIETCS MEn1080€
3azpaznenue. O0beMbl OTPEOIICHUS YHEPTONOTPEOUTENEM TOIUINBA, TOPsYEl BO-
b1, TIapa OJTHOBPEMEHHO SIBJISIFOTCS U 00beMaMU TEIJIOBOTO 3arpsi3HEHUs paiioHa.

TemnepaTtypa cpeipl OOUTaHUS SBISETCS BaKHEUIIUM (DaKTOPOM, BIIUSIO-
MM Ha MPOLECCHl KU3HHU KUBOTHBIX U OPraHU3MOB. DTO OCOOEHHO aKTYyaJbHO
JUTsl BOIHOM (hayHBI U (DIIOPBI.

JUtst KaXa0ro BUJA PacTUTENBHOIO M JKUBOTHOIO MHpa CYIIECTBYET CBOM
MHTEpBaJ TEMIIepaTyp, OJIaronpuaATHBIN 15 oOuTanud. Mi3MeHeHne Temneparypsl
BOJbI MPUBOAUT K U3MEHEHUSIM MOBEACHUS >KUBBIX OpPraHu3MoB. PIObI MUTpUDY-
10T, @ PaCTEHUA 3TOTO CHENaTh HE MOTYT - MPUXOAMUTCS MPHUCIOCAOINBATHCA WU
ymupath. [IpUBBIKHYB K TEIJION BOJAE, OPraHW3Mbl CTAHOBSITCS O€33alUTHBI MpPU
CHIKEHHH TeMIepaTypbl B ciiydae octaHOBKU TOC.

MO>KHO HNPHUBECTH LEIBIA PsIi IPUMEPOB BIMSHUSA TEMIIEPATYPhl HA MTOBEE-
HUE U BOCIIPOU3BOJICTBO OpraHu3MoB. OTpHIlaTeNnbHbIe (HaKTOPbl UMEIOT MECTO.

B OosbIIMHCTBE MPOMBILIUIEHHBIX CTPaH YCTaHOBJIEHBI MPEAEIbl TEMI0BOI0
3arpsiI3HEHUS BOJI0OEMOB (peK, 03ep, MOpeil), T.K. OHU IPUHUMAIOT OCHOBHYIO YacCTh
cOpOCHOTO Teria U HanboJiee CUIIbHO CTPa/IatoT OT TEIJIOBOTO 3arpsi3HEHMUSL.

B EBporie npuHsATO, 4TO BOAA B BOJOEME HE JOJDKHA HArpeBaTbes Oosee yem
Ha 3°C 1o CpaBHEHHIO C €CTECTBEHHOM TemmepaTypoii Bogoema. B CIIIA cootser-
CTBEHHO yCTaHOBJIeHa Temrieparypa nosbimerns 3°C st pex u 1,3°C mst o3ep. B
Poccun TemrepaTypa B BOJOeMax HE JOJDKHA MOBHIMAThCS Oosee yeM Ha 3°C mo
CPAaBHEHHUIO CO CPEIHEMECSAYHOM TeMIEepaTypoil camMoro »xapkoro Mecsia B IO-
cieqaue 10 ner.

Bbopn0a ¢ TemnoBeIMU 3arpsA3HEHUSIMU C WHKEHEPHOM TOUYKH 3pEHUS UICH-
TUYHA paboTe Mo 3HeprocoepexeHuo. Yem sydiie MpoBOJUTCS MOTUTHKA SHEPTO-
cOepeXeHuUs, TeEM MEHbIIIE OyAET TEIIOBBIX 3arpsi3HEHUI.

[TockonpKy B SHEPTEeTUKE OTXOJBI (3arpsi3HEHUs) HEU30EKHBI, TO HEOOXO-
JUMO CTPEMUTBHCS HAaWTH UM TOJIE€3HOE€ NMPUMEHEHHE, a HE MPOCTO cOpachIBaTh
TEIIO0.
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HekoTtopsie crioco0bl yTHIN3aIUK TETJIOBBIX OTXOI0B AJIEKTPOCTAHIIHIA:
1. Opoitenue c/x 3emenb (0€3BO3BpATHBIEC TOTEPU BOJIBI).
2. Mcnonp30BaHue B TETUTMIHOM XO3SICTBE.
3. [TomorpeB cBexke BOBI, TOCTYIAOIICH Ha SJIEKTPOCTAHITUH.
4. [leperoHka Ma3yTa U APYTUX THKETBIX HEPTEPOTyKTOB.
5. PaszBeneHue, BeIpalliuBaHUE PHIOBI U PSJT APYTUX MEPOTIPUSATHIA.
C TOYKHM 3peHHs DKOJOTHU CHW)KCHHE SHEPromoTpeOICHHs] PaBHOCHIIBHO
HEProcOEPeKEHUI0, YTO YMEHBIAET HArPy3Ky Ha OKPYKAIOILIYI0 Cpely U yIyd-
Ia€T HKOJIOTHIO.

YTuauzanusi BTOpU4HbIX (10004HBIX) 3Hepropecypcos (BIOP)

['maBHast TpyIHOCTH MPH peleHny NpodiaemMbl yTuiauzauuu BOP oObraHO co-
CTOUT B MOHMCKe moTpedutens. [IpuxonuTcs aHamIu3upoBaTh YK€ HE TOIBKO CBOE
IIPOU3BOJICTBO, HO U B IIEPBYIO OYEPENb COIYTCTBYIOIIME, & HHOTA U COBEPIICHHO
He cBasaHHble. Hepenko ma yrwmsanun BOP co3paror TemmyHble XO351CTBA,
pB100BOAHBIE NPYAbI U T. A. Crioco0 yruimzaimu BOP BbIOKparoT B 3aBUCUMOCTH OT
TpeOOBaHUI MOTPEOUTENS U BUJIa BTOPUYHON SHEPIHH.

Ecim Ha mpou3BOACTBE MMEIOTCS TOPHOYME OTXOIbI — TOIUMBHBIE BOP, TO
UCIIONIb30BAHNE MX OOBIYHO HE MPEJCTABISAET TpyAa. Tak, TOMEHHbIN U KOKCOBBIN
ra3pl METALTypPruuecKoro KOMOMHATa CKHUTarOTCsl B TOINKAX MapoOBbIX KOTJIOB BMe-
CTE C APYTMMH BHJIAMU TOIUIMBA. B KpaliHEM cilyyae, €CJIM HE yIaeTCA CKEUb TOM-
auBHble BOP B OOBIYHBIX TOMKAax, CO3JAI0T CHELMAIIbHBIC, HAIIPUMEDP TOMNKHU C KH-
ISIIIMM CJIOEM JUISl CKUTAHUSL BBICOKO30JIbHBIX TBEPABIX OCTATKOB YTrieo00raTu-
TeJIbHBIX (haOpUK.

3a cuer BOP n30bITOUHOTO JaBIEHUS B paCIIMPUTENIbHBIX TYpOHMHAX OOBIYHO
MOJIYYarOT 3JEKTPOIHEPTHIO (Kak Ha pucyHke 16.1). Haubosbuiyto 10110 cocTaB-
nsaroT TernoBbie BOP. Yacro, roBopst 0 BOP, Tonbko ux u umeror B Buay. B 1985
r. 8 CCCP 65110 yrHmusupoBaHo okoo 0,7-10° Ik takux BAP — npuMepHo mo-
JIOBHHA TOTO KOJMYECTBA, KOTOPOE CUMTAETCS SKOHOMUYECKH 1I€JIECO00pa3HO HC-
M0JI30BaTh B HacTosiIee BpeMs. B menom sxe termoBeix BOP MHOTO GosbIine.

TennoBsie BOP ra3oBbIX MOTOKOB ¢ BbicOKOW TemnepaTtypoit (>400°C) ne-
penneii (100400 °C) 00bIYHO HCMOJIB3YIOTCS I MMPOM3BOACTBA Mapa WK I0-
JIOTPEBA BOJIbI C MOMOILBIO TAPOBBIX WM BOAOIPEMHBIX KOTIOB-yTHIN3aTOPOB. Bo-
JOTPEWHbIE KOTJIbI-yTHIIM3ATOPbI MpeIHA3HAYEHbI ISl MMOAOrpEeBa BOJbI, UIYIIEH
Ha TEIUIO(DUKAIUIO XKUIBIX M TMPOMBINUIIEHHBIX 3/1aHui. KOHCTPYKTHBHO OHH
MPEICTABIISIIOT COOOW cUcTeEMy TpyO, Yyepe3 KOTOphbIe MPOKAYMBAETCS CETEBast BO-
J1a, TO3TOMY HEpPEAKO BOJOTPEHHbBIE KOTIbI-YTHIN3aTOPbl HA3bIBAIOT YTHIIM3AIUOH-
HBIMH SKOHOMAal3epaMH.

[IIupokoe pacnpocTpaHEHUE B HACTOSIIEE BPEMS MOTYUUIN CUCTEMBI UCTIapH-
TEIBHOTO OXJIAXKJICHUS AJIEMEHTOB BBICOKOTEMIIEpATypHBIX meyeil. B meuax MHorue
AJIEMEHTBI IPUXOAUTCS JENaTh U3 METajula — NPEKIE BCEro 3TO HECYLIUE U MOJ-
JepKUBaOLMe OaNKH, Ha HUX JIOXKUTCS O0JbIIasi Harpy3ka, KOTOPYIO HE BbIIEpXkKat
OTHEyNOpHbIE MaTepuasbl. [IpakTnyecky HEBO3MOXKHO JI€1aTh U3 OTHEYIIOPOB U I10-
JIBUOKHBIE JIEMEHTBI, OCOOEHHO T€, KOTOPbIE JOJKHBI T€PMETUYHO 3aKpbIBATHCS,
HarnpuMep 3aBaJOYHbIE OKHA, MIHOEPHI, IEPEKPHIBAIOIIIE MPOXOAHOE CEYEHUE Ta30-

139



XOJIOB, U T. 1. Ho MeTasuibl MOryT paboTaTh TOJBKO IIPH YMEPEHHBIX TEMIIEPATYpaxX
10 400— 600 °C, a temneparypa B me4ud MHOTO BbIlIe. [loaToMy mMeTammuyeckue
AIIEMEHTHI MIeYel JeNaloT MOJBIMU U BHYTPU HUX IUPKYJIUPYET OXJIaxaaronias Bo-
na. Jlnga uckinrodeHus: 00pa3oBaHMsl HAKUIKM U 3arPS3HEHUNA BHYTPHU OXJIAXKIA€MbIX
AJIEMEHTOB BOJIa JIOJKHA OBIThH CHEIMATIbHO MOATOTOBICHHOM.

Kpome Toro, 3Ty Boiy HY»KHO OxJaxaaTh wid cOpacwiBath. I B TOM U B
JPYTOM CiTy4ae MPOUCXOUT 3arpsA3HEHUE OKPYKAIOIIEH Cpeibl.

Bce 3T HenocTaTKU MCKIIIOYAKOTCS, €CIM B OXJIAXK/IAEMBIE AJIEMEHTHI IIeUn
NOJIAI0T BOAY M3 KOHTYpa HUPKYJIALMY NapOBOIo KoTia-yrunuzaropa (puc. 16.2).
OxJtakgaemMble 3JIEMEHTBI TIEUH 37IECH BBIIOJIHSIOT POJIb UCIIAPUTENBHON OBEPXHO-
CTH, B KOTOPOI TEIUIOTA YK€ HE COPachIBAETCS B OKPYKAIOLIYIO CpPEeAy, a UJIET Ha
BbIpa0OTKYy mapa. [lutaHue KOTJIOB OCYHIECTBISETCA XUMHUYECKA OYMIICHHOW BO-
JIOM, IO3TOMY HAaKUIIM W 3arpsi3HEHUN BHYTPU OXJIAKIAEMBIX 3JIEMEHTOB HE 00pa-

3yeTcs U CpOK UX ciykObl B 1,5—3 paza Oosbliie, 4eMm Mpu OXJIaXKJICHUH HeoOpa-
O0O0TaHHOM ITPOTOYHOM BOJIOMN.

r ]

i

Hemolsre 205
Pucynok 16.2. YnpouieHHas cxema KOTJa-yTHIN3aTOpa C CUCTEMOM ucmapu-
TEJIbHOTO OXJXKACHUs: 1 — IUTaTeIbHBIN HACOC; 2 — BOJSHON SKOHOMaM3ep;
3—ucnapuTenbHas MOBEPXHOCTh KOTIa; 4—0apabaH KOTIa; 5 — oXJIaKIaeMbie
AIIEMEHTHI TIeYH; 6 — MUPKYISIIMOHHBIA HACOC; / — TaporeperpeBarTelib

CucreMa MCIIAPUTENBHOTO OXJIAXKIECHUSI MOXKET padoTaTh M KaK CaMOCTOS-
TEJIbHBIN MapoBOMl KOTEN, HO MOIIHOCTb €ro OyAeT CIMIIKOM Mayou. [Ipu kowm-
MJIEKCHOM MOAXOJA€ K YTHWJIM3ALMK TEIJIOThI OT Ta30B U OXJIAXKIAEMbIX 3JIEMEHTOB
KOHCTPYKIIMM T€YM 3HAYUTEIBHO COKpAIIAIOTCS 3aTpaThl Ha BCIOMOTaTeNIbHOE
000pyI0BaHKE, KOMMYHUKAIUHU, OOCTY>KUBaHUE U T. 1.

B psne ciywyaeB ynaercss MCHOJIB30BaTh TEIUIOTY PACKAJIEHHBIX TBEPABIX
npoAykToB. Ha MHOTHX MeTayuTyprudeckux KoMOWHATax ceiyac paboTaroT ycTa-
HOBKHU OXJIQXJIEHUS (TEXHOJIOTH TOBOPAT «cyxoro tymeHus») kokca (YCTK), B
KOTOPBIX OXJIaXKIaeTca KOKc ¢ temmepaTrypoi ceie 1000 °C, BeirpyxaeMblii U3
KOKCOBBIX OaTapeit. Oco0asi CO’KHOCTh 3TOW YCTAHOBKHU COCTOUT B TOM, YTO KOKC
— roprounii marepruail. I1oaTomMy I €ro OXna)kKIeH!s1 UCIOJIb3YIOT UHEPTHBIN
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a30T, a BCIO YCTaHOBKY TI'€pMETHU3HUPYIOT, NO BO3MOXXHOCTH MpEeaOTBpaIas
YTEUKH a30Ta.

PackaneHHbIi KOKC B CIIEIMAIBHBIX BaroHax OBICTPO (MIOCKOJIBKY Ha BO3-
JIyX€ OH T'OPUT) TPAHCIIOPTUPYETCS] OT KOKCOBOM OaTapeu u 3arpykaercs B Tep-
MeTH4YHYI0 dop-kKamepy 1 (puc. 16.3), 3aTeM mocTymmaer B Kamepy TyIIeHHs 2, B
KOTOPOM OH CHHU3Y BBEPX IPOIAYBACTCS MHEPTHBIM T'a30M. 3a CUET MOCTENEHHON
BBITPY3KH CHHU3Y KOKC IUIOTHBIM CJIOEM JBMIKETCSI CBEPXY BHU3 MPOTHBOTOKOM K
oxJakaaromemMy razy. B pesymerare kokc oxiaxkmaercs or 1000—1050 °C no
200—250 °C, ara3z narpepaercst ot 180—200 °C mo

750—800 °C. Yepes crneruanbHbIe OTBEPCTHS 3 W MBUICOCAAUTEIHLHYIO Ka-
Mepy 4 ra3el MOMaialoT B KOTEN-yTUiau3atop 5. B Hem 3a cuer oxnmaxaenus 1 T
KOKca monydaroT npumepHo 0,5 T mapa J0CTaTOYHO BBICOKHMX MapaMeTpoB P =
(3,9+4,0)MIla u t = (440+450) °C. Ilocie KOTIa-yTHIM3aTOpa OXJIAXKICHHBIN ra3
€llle pa3 OYMIIAIOT OT MbUIX B [IUKJIOHE 6 M BEHTUJIATOPOM 7 BHOBBH HAIIPABIISAIOT B
KaMmepy TYIIEHUS TOJ] CIEIHaIbHBINA pacceKaTelnb Il paBHOMEPHOro pacrpese-
JIeHUS 10 ceueHuto kamepbl. Cyxoil crnoco0 oXIaxkIeHUs 0 CPAaBHEHUIO C TPaJu-
IIMOHHBIM, KOTJa PACKAJICHHBIA TOPSIIMNA KOKC JEHCTBUTENBHO «TYIIAT», MOJIUBAs
BOJIOM, TMO3BOJISIET HE TOJBKO MOJYYUTH JOMOJHHUTEIbHYIO DHEPTUi0 (YTHIM3HPO-
BaTb BOP), HO 1 moBBINIaeT kKauecTBO KOKCa, YMEHBIIAET €ro MOTEPH 32 CUET BbI-
ropaHusl B MPOIIECcCe TYIICHHUs, UCKIIIOYAET PAcXo]l BOABI, a TIABHOE — MO3BOJISIET
n30exaTh 3arpsA3HeHHs aTMOC(Ephl MapoM U KOKCOBOM MbUIBIO.

fopavud
Kone

N ez 7 T |
Zalos J ""'l
NOKC

o1

Pucynok 16.3. CxeMa yCTaHOBKHU CyXOTr0 TYIICHHS] KOKCa

AHaJOrMYHBIE CXEMbI YTUIIU3AUU TEIUIOThI APYTUX TBEPJBIX BEIIECTB MOXK-
HO KCIOJIb30BaTh TOJBKO MPHU JAOCTATOYHO OOJBIION MPOU3BOAUTEILHOCTH, HHAYE
3TO OyAeT SKOHOMUYECKH HEBBITOJTHO IO MPUYUHAM, YKa3aHHbIM Bhile. [IponsBoau-
tenbHOCTh Y CTK 1o kokcy cocrapisieT 50— 56 1/4.

Hanbonee cinoxHO HaWTHW NMPUMEHEHHE HU3KOIMOTEHIMAIBHBIM TEILIOBBIM
BOP (<<100 °C). B nociiennee BpeMsi X BCE MIUPE HUCIIOIB3YIOT VISl OTOILIC-
HUSI M KOHJIMIIMOHMPOBAHUSI TPOMBIIIIEHHBIX U JKAIBIX 3JaHUM, IPUMEHSIIOT TEIUIO-
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BBIE HACOCHI JUI MOBBIIIEHHUS TEMIEPATYPHOrO MOTEHIMAIA WIW JJISI MIOTyUYEHUS
xoJiona. HemocpeacTBeHHO UCOb3ytoT Takue BOP Tonbko Ha oTorieHne 0Ju3Ko
PACTIONIOKEHHBIX TETUTUI] WJIH PHIOOBOIHBIX XO3SMCTB.

OueHb OCTPOYMHOE pEIICHHUE JJIs UCIOJIb30BAHUSI HU3KOIOTEHIIMAIIbHON
TEIUIOTHI OTXOJISIIMX Ta30B Jaxe B OBITOBBIX yCIOBUsAX ObUTO HaiineHo . Hance-
HOM JUTsl KyXOHHOI'O anfapara, KOTopblii oH B 1895 1. mpuMeHsi1 BO BpeMsi MOX0-
na k CesepHomy nonmocy. [Tocne oborpeBa cocyna mist Bapku nuiu (puc. 16.4)
JIIMOBBIE I'a3bl HAIIPABIBUINCH B JIOMOJIHUTEIBHBIE Ia30X0/Ibl, [E€ OT/IaBAJIU CBOKO
terioty TaseMy cHery. KITJI atoro anmapara npesbimai 90 %, B TO BpeMs Kak
y OOBIYHBIX Ira30BbIX IJIUT OH MeHee 50 %.

B npOMBIIIIEHHBIX YCIOBUSIX OXJIQKICHHUE JIBIMOBBIX I'a30B J0 TEMIEPATYP
Hike 100 °C BecbMa 3aTpyJHUTEIBHO MPEXKIE BCErO M3-3a KOHACHCAIIMU BOJIS-
HBbIX TapoB. XOJOJHBIE CTEHKH TPYyO, IO KOTOPBIM LIMPKYJHUPYET HarpeBaemasi
cpena, 3aroTeBaroT U MOJIBEPratoTcsi MHTeHCUBHOM Koppo3un. KoHneHcanys Bos-
HBIX MApOB MMeEJIa MECTO U B arperare, M300pakeHHOM Ha puc. 16.4, HO BBUIY
YHUKQJIBHOCTH HA3HAYEHUS €r0 MOXHO ObLIO M3rOTOBUTH M3 JIOPOTOCTOSIIIMX
MaTepHaIoB, HE OOSIIUXCSI KOPPO3UH, KPOME TOT0, IEHCTBOBAJ OH NMEPUOIUIECKU
Y HEJIOJITO.

Aeimobele
eaIbs

Pucynok 16.4. Kyxonnsriit anmapat @purtboda Hancena:

1 — mockuit cocy AJist bja U CHETa; 2 — KPBIIIKA C OTBEPCTHEM; 3 — HAPYK-
HBIN KOJIIMAK; 4 — cOoCy1 JUTsl BapKH IHUIIH; 5 — KOJIbIIe0Opa3Hast eMKOCTb JIJIs Tas-
HUS JIbJIa U CHera; 6 — TmojCcTaBKa ISl KOJIbIIEe0Opa3HOH eMKOCTH; / — Ta30Kepo-

CHUHOBAS TOPEJIKA «IIPUMYCH»

[TpompIieHHBIC TOAOTPEBATENN BO3AYyXa JIJIsI UCKIIFOUCHUST KOPPO3UH TaAKKE
WHOTJIa W3TOTaBJIMBAIOT U3 HEKOPPOAUPYIONIUXCS CTEKISHHBIX TpyO. Ecimu Her
BUOpaInu, Takue TPyObl pabOTaIOT 1O0CTATOYHO JIOJTO.

Jlnst moorpeBa Boibl HU3KOoTeMIepaTypHbiMu razamu (t<100°C) HaunHarOT
UCIOJIb30BaTh KOHTAKTHBIE AKOHOMAM3EpbI, MPEACTABISIONIME COO0W OOBIYHbBIE
CMECHUTENIbHBIE TEIJIOOOMEHHUKH THUIA TPaJupHUA. B HUX MPOUCXOIUT HArpeB BO-
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JIbl 33 CYET TEIUIOThl KOHTAKTUPYIOIIHUX ¢ Hel ra3oB. [IoBepXHOCTh KOHTAKTa Ka-
nesiab BOABL ¢ Ta30M OO0JbIlasi, U TEMIOOOMEHHHUK MOJIy4aeTCs KOMIAKTHBIA U Jie-
HIEBBIA 10 CPAaBHEHMIO C PEKYNEpaTUBHBIM (TpyO4aThiM), HO BOJAa HACHIIIACTCS
BpPEIHBIMU BEILIECTBAMH, COACPKALIIMMUCS B ABIMOBBIX razax. B psme ciaydaeB 31O
JOIYCTUMO, HapUMEp, JJI BOAbL, UAYLIEH B CUCTEMY XHMBOJOIIOATOTOBKU B KO-
tenpHbIX Wi Ha TOC. Ecnu 3arpsi3HeHHE BOJbI HEJOMYCTUMO, TO CTaBST €IE
OJIMH TEIUIOOOMEHHHUK, B KOTOPOM «Ipsi3HAas» BOJa OTAAET TEIUIOTY «UHUCTON» U
BO3BpAIIAETCs B KOHTAKTHBIN 3KOHOMai3ep. 3MEEBUKH, IO KOTOPBIM LIUPKYJIAPYET
«YUCTasH» BOAA, MOKHO YCTAHOBUTH U BHYTPH KOHTAKTHOTO 3KOHOMaii3epa BMECTO
HACAJKH.

Bomnpoce! niist camonposepku
1. Kakumu nmyTsiMu crieyeT 100MBaThCsl COepEeKEeHUs YHEPTHH?
2. Ilepeuncnure pa3nuuHbie cocoObl yTuiuzanuu BOP.
3. Ilepeuncnure MyTH S3HEProcOEPEKEHUS FHEPTETUKE.
4.Ha3oBuTe COLMABHO SKOJIOTMUECKHUE aCIIEKThl SHEProcOepeKEHNU.
5. Ha3oBurte, rae HalIM NPUMEHEHUE KOTJIBI-YTUIN3ATOPBI.
6. Pacckaxute 0 cucTeMax UCHapUTEIIBHOTO OXJIAXKIEHUS 3JIEMEHTOB BBICOKO-
TEMIIEpaTypPHBIX MTEYEH.
7. Kakum 00pa3oM ygaeTcst HCIOIb30BaTh TEIJIOTY PACKaJCHHBIX TBEPABIX Mpea-
METOB?
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Jlexkuus 17
9KOHOMMUS S HEPTETUYECKUX PECYPCOB

[IpencraBisieT UHTEpPEC TOYKA 3pEHHS YYEHbIX MHCTUTyTa yriisi U yrieXH-
muu Cubupckoro otnenenust PAH. Jlazapenko C.H., noktopa TexH. Hayk, u Tpus-
Ho C.K.,, x.T.H.

B Hacrosiiiee Bpemsi Ipy pacCMOTPEHUM PA3JIMYHBIX ACTIEKTOB CTPATErvu pas-
BUTHS TOTUTMBHO-3HEPTEeTUYECKOro KoMIuiekca Poccun Bce Gostbliee 3HaUeHHE MPUOO-
peTaeT HeOOXOIMMOCTh y4eTa BO3MOXKHOCTEH TaKOrO BKHOTO (PaKTopa SKOHOMHKH, KakK
SHEProcOEpPEeKEHNEe, YTO OOBSCHIECTCS TJIaBHBIM 00pa3oM HEYKJIOHHO BO3pacTaroIien
CTETICHBIO MCUEPITAHHOCTH 3aIlaCcOB SHEPIeTUUECKOr0 ChIpbsi. Benb, Kak U3BECTHO, pa3-
Mep KaIlUTAIOBJIOKEHUI B SHEProcOepekeHNE eIMHMIIBI TOILIMBA M SHEPTHH 0oJiee
4yeM B 2 pa3a MEHbIIIE TeX 3aTpat, 4YTO MOTPEOYIOTCS HA MPUPOCT UX JOOBIYH U MIPO-
M3BOJICTBA B TAKOM JK€ KOJIMYECTBE.
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Pucynok 17.1. CtpykTypHasi cxema NOTeHILIMaNIa SHEPTOCHA0KEHUS
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[IpuHuMas BO BHUMaHHUE TO OOCTOSATENLCTBO, YTO B Oymvpkaiiiem Oyyriem -
(heKTHUBHOCThL SHEProcOepeeHUs 00s3aTeIbHO TIPeBpaTUTCs U3 (pakTopa B OONBIION
CTETNICHH YMO3PHUTEIHLHOTO B pealbHbI (PaKTOp IKOHOMUKH U TOTOMY HIPArOIIUA
BOXHYIO POJIb MPU ONpEIEICHUH MapaMeTpOB Pa3BUTHS TOILIUBHO-PHEPreTHYECKOTO
KOMIUIEKCA, CTAHOBUTCS aKTyaJlbHOM 3aj[aua CO3JIaHMsl 1I€JIOCTHON KapTHHBI, OMHUCHI-
BAIOIIEH CTPYKTYPY U KOJMUYECTBEHHBIE apaMeTPhl TIOTEHIIMAIA SHEProcOepeKEHHS B
Poccuu.

OmHuM W3 pe3ynbTaToB PELIEHMs BBINICYKA3aHHOM 3aJaud cTajla pa3paboTka
CTPYKTYpPHOI CXeMbI OTEHIHANA 3Heprocoepexenus (puc. 17.1), oxBaTeIBaroILei BECh
TEXHOJIOTMYECKUII LUK  DHEPrOHOCHTENICH,  YyYacTBYIOIIMX B  TOIUIMBHO-
sHepreTudeckoM Oanance (TOB) cTpanbl, T.e. onpenernstonieii BO3MOKHOCTH 3HEPIo-
cOepekeHHs KaK Ha CTaJNH J0OBIYM MOJIE3HOTO UCKOMAEMOTr0, TaK U Ha CTAAMSX Iie-
pepabOTKM M WCHOJIb30BAHMS 3HEPIETUUECKOIO ChIpbsi. B mpencraBiieHHON cxeme
CBEJICHbI BOEIMHO (C Hajsiexkaleil 00padoTKOM 1 KOPPEKTUPOBKON) U CTPYKTYpHUPOBaA-
Hbl MHOTHE Pa3pO3HEHHBIC CTATHCTHYECKUE, (DAKTUUECKUE, MPOTHO3HBIC TaHHbIE U3
Pa3HBIX UCTOYHHUKOB, KACAIOIIUECS OLIEHKU PA3JIMYHbBIX aCTIEKTOB PHEPTrOCOSPEKEHHUS B
Poccun.

B HacTtosmiee Bpems OO MOJE3HOTO  KCIIOJIb30BaHUSI  TOIUIMBHO-
sHepreTrueckux pecypcoB (TOP) B sxonomuke Poccuu cocrapisier mpumepHo 46%
[1]. Y3 octaBiueiicsa yactu 3atpadeHHbIX TOP (54 %) nmpaBoMepHO CUMTaTh peabHBIM
pPE3EpBOM IKOHOMHH 3HEPropecypcoB He Oosiee 2/3 storo obbema. ITockonbKy B
1999 r. B TommBHO-3HEpreTryeckoM Oanance Poccun ObL1 vcnonb3oBad 991 mimH T
y.T. Pa3JIMYHBIX BUJIOB SHEPTreTUUYECKOTO ChIpbs (cM. Tabiuiry 17.1), MOKHO cUuTaTh,
YTO OOLIUI MOTEHIUANI YHEProcOepeKeHns cocTaBisieT mpumepHo 300 MIIH T y.T.

Crnientyer OTMETHTB, 4TO pe3epB coepexxeHns: TOP He uMeeT 0IHO3HaYHOrO KOJIH-
YECTBEHHOTO PACHPEAEIECHUS MO COCTABIAIOIIMM. ITO OOBSICHAETCS CHEAYIOIIUMH 00-
CTOSITEJILCTBAMU: BO-TIEPBBIX, B MPUBOIUMBIX HIDKE PACCY’KICHUSX YUUTHIBAICS HE BECh
pe3epB 3KOHOMHUHU SHEPropecypcoB, a TOJIBKO ONPEIEICHHAs €ro 4acTh;, BO-BTOPBIX,
YHCJIEHHOE 3HAUCHUE pe3epBa MO KKIOMY MCTOUHHKY 3HEProcOepeKeHHs TeopeTuye-
CKU MOXKET U3MEHSTHCS OT HyJIS O COOTBETCTBYIOIIETO MAakCUMyMa, T. €. pacrpe/e-
JICHHEe OOIIEro pe3epBa PHEProcOEPEIKEHUs] MO0 COCTABIIIONIMM B MPHUHIUAIHATIBHOM
IUIAHE MHOTOBapUaHTHO. [IprdyeM 3KOHOMUSI SHEPropecypCcOB BO3MOKHA JIMIIb TaM,
rie OyJneT COOTBETCTBYIOIEE HHBECTUpOBaHUE cpencTB. [loaTomy mpemmaraemas
CTPYKTypa MOTEHIANIa SHEPrOCOEPEKEHUSI B KOJTMUECTBEHHOM aCIeKTe MPECTaBIIsA-
€T co0O0M OANH U3 BO3MOKHBIX BAPUAHTOB OIMMCAHUS PE3EPBOB DKOHOMUU DHEPTUU
B IIPOMBIIIUIEHHOCTH.

[Ipu ompeneneHun 0OBEMOB pe3epBa COEPEKEHUS MO OTAEIBHBIM BHJIaM
HHEPTreTUYECKOTO ChIPhS BIOJIHE JOMYCTUMO CUHUTATh X MPOMOPLIMOHATILHBIMU HbI-
HEITHEMY COOTHOUICHMIO JIOJIEH SHEproHocuresne B crpykrype TOb, T.e. Ha cero-
JTHSIITHUMA JIEHb Pe3epB KOHOMUM JJIsl YIJIsl MOXKET OBITh OlleHeH B 50 MJIH T Y.T.,
He(tu — 75, mpupoHoro raza — 140, atomHoM SHEpreTuku — 20, THIPOIHEPreTH-
Kd— 1S MIIH T y.T.

TexHoMOTrHMUECKUd MK JJI1 CHIPHEBBIX JHEpPTOHOCUTENeH (yrisi, HeQpTH u
MIPUPOTHOTO Ta3a) COCTOUT W3 CIEAYIONIMX OCHOBHBIX 3TAMoOB: 1004, mepepaboTKa,
WCHOJB30BaHue. JlJii aTOMHOM DHEPreTUKUM U TUIPOIHEPTETUKU TEXHOJIOTMYECKUU
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LMKJI CBOJUTCSI K IPOU3BOACTBY 3HEPIHH U €€ HCIOJIb30BaHUIO. B cooTBETCTBUM C
TUM MO>KHO BBLIEJTUTh TPU HAIIPABJICHUS B SHEPTrOCOEPEIKEHHN:

1. Ucnonp30Banue pecypcocOeperatonmx TEXHOJIOTHIA B J0ObIYE U IEPBUYHON
nepepabOTKe SHEPTETHYECKOTO ChIPbS.

2. IlpumeHeHue pecypcocOeperaronpx TEXHOIOIMH B MPOLeccax MCIOIb30Ba-
HUSI SHEPTETHYECKOTO ChIPbsl, OCOOEHHO B SHEPIrOEMKHX IPOU3BOACTBAX, K KOTOPHIM B
HEPBYIO OUEPEIb OTHOCATCS YEPHAsl U LIBETHAsA METAJUIYPrusl, XMMUYECKasi IPOMBIILI-
JIEHHOCTb, POU3BOJICTBO MUHEPAIBHBIX yI0OPEHU, MAIIMHOCTPOEHUE U METATII000-
paboTKa, IPOM3BOACTBO CTPOUTENBHBIX MAaTEPHUAJIOB.

3. Ilouck m BHeApeHUE B MPOU3BOJACTBO MCTOYHUKOB COEpEXKEHUS BTOPUY-
HBbIX (ITPOU3BOAHBIX) 3HEproHocurenei. Cpean TaKuX UCTOYHUKOB CIIEAYET BbIIE-
JMTh UCHIOJB30BAHUE YHEPTrOCOEPETAIONINX TEXHOJIOTHA MPH TETIOMUKAIIMH U DJICK-
TPOCHAOKEHNH, IPUMEHEHHE TEIUIOBBIX HACOCOB, AIEKTPUPHUKALIUIO JKEJIE3HBIX JOpOT,
JIM3EM3aLHI0 aBTOMOOMIIBHOTO TPAHCTIOPTA.

Tabmura 17.1

Hanpasienue Cratbst TOb, MIH T y.T.
MCTTOJIBSOBAMI Yroms |Hedte |[lpuponusiii |Atomuas |['uapo-
ASHEPreTUYECKO-

ras sHepreTuka |3Hepre- |Bcero
T'O ChIPbA

TUKA

[Tpon3BOaCTBO 174 427 709 74 60 1444
OKCIopT 19 138 246 - - 453
Vcnons3oBanne 155 239 463 74 60 991
THOhb
Jlonst B TOB, % 16 24 47 7 6 100

Pe3epB s3xoHOMUM chipbeBbix TOP B mporiecce ux A40ObIMM U MEPBUYHOM Tie-
pepabOTKU ONpenessseTcss TAKUMHU MOKa3aTeNsIMU, KaK MOJHOTA U3BJICYECHHS 3aI1acoB
ChIPbsl, YPOBEHb TEXHOJOIMYECKUX MOTEPh MpH J100bIYe U TpaHcHopTupoBke. Hampu-
Mep, TOJIBKO yBEeJTUYEHUE IIyOuHbI nepepaboTku HePpTH ¢ 63 1o 90 % mno3Boauio
OBl COKOHOMUTH 710 60 MJIH T y.T. B To1 [9]. C yueToM COCTOsIHUSI HBIHEUTHEN poc-
CHICKOM PKOHOMHUKH MPU KOJMYECTBEHHOU OIICHKE JTAHHOTO BHA SHEProcOepeKeHUSI
CIIEyeT, 10 MHEHHIO aBTOPOB, OPUEHTUPOBATHCS HA MPAKTUYECKYHO OCYILIECTBUMOCTD
HKOHOMHUH paccMatpuBaeMbix TOP B mporecce ux g00buu B 00beMe S50 MIH. T Y.T.
CnenoBaTenbHO, YUUTHIBAs, YTO OOLIMI MOTEHIAN SHEProcOepeKEHUs 10 paccMar-
pUBaEMbIM BHJIaM CbIpbs cocTaBisieT nopsaaka 300 MiIH T y.T., HA JTOJI0 TEXHOJIOTHA
MCIOJIb30BAHUS S3HEPropecypcoB ocraercs 250 MIIH T y.T.

[ToTenman sHeprocOepekeHrsl MPU UCTIOIB30BAaHUH 3HEPIOPECYPCOB B CBOIO
oyepeib MOXKHO NMPEACTaBUTh KaK CyMMY JIBYX COCTaBIISIFOIIMX — pe3epBa cOepe-
YKEHUS IPU UCTOIb30BaHuU TOP B 3HEproeMkux Mpou3BOACTBAX U pe3epBa S3KOHOMUU
BTOPUYHBIX (IIPOM3BOJHBIX) 3HEpropecypcoB. CyiiecTBYIOT oneHkH [10], yka3biBa-
IOLIME, YTO TOJIBKO Ha JIOJI0 TOPHOPYAHOTO MPOU3BOJCTBA U YEPHOU METAJUTYPIHH
npuxoautes 25 % Bcex MOTpedIieMbIX MPOMBIIIEHHOCTBIO SHEPrOPECYPCOB, UTO CO-
crapisieT 6osiee 200 MIIH T y.T., U3 KOTOPbIX 60 MIIH T y.T., KaK NPEJICTaBISIETCS, MOTYT
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cuuTaThes pe3epBoM 3koHOMHU. [Ipu ucnosb3oBanuu TOP B aHEproeMKux Mpou3Bo/I-
CTBAX PEAIbHbIM 3HAYEHHEM TMOTEHIMANA 3HEProcOepe eHus, 0 MHEHUIO aBTOPOB,
MOYKHO cuuTaTh 80 MIH T Y.T., U3 KOTOPbIX 50 MIIH T Y.T. OTHOCUTCSI K TOPHOPYIHOMY
MIPOM3BOICTBY M YEPHOU METALTYPruH, a octaBimecss 30 MITH T y.T. — B PaBHBIX JI0-
JSIX K KQXKIOMY U3 IPYTUX BBIIIECYTOMSHYTBIX IPOM3BOJICTB.

Bropast yacts pe3epBa 3HEprocOepexeHus pu ucnosibzoBanuu TOP — s3ko-
HOMMUSI 32 CUET UCIIOJIb30BaHMsI BTOPUUHBIX YHEPrOpECYpCoOB, HA JIOIIO KOTOPBIX IMPU-
xomutes 170 MITH T y.T., — MOeET ObITh MPECTaBlIeHAa KaK CyMMa TPEX COCTaBIIsi-
FOUIMX: SKOHOMUS TEIUIOBOM SHEPTUH, AIEKTPOIHEPTHHA U MOTOPHBIX TOIUMB. [1o nan-
HBIM [2], cOeperaroryii moTeHIa AIEKTposHepreTuky Poccun omnenmBaercs B 65 - 75
MJH T y.T. J{71 JanpHeHmx pacyeToB ObUIO MPUHATO 3HadeHue 75 MiH T y.T. [loTeniu-
aJIbHO BO3MOYKHAs SKOHOMHSI MOTOPHBIX TOIUTMB 3a CUET BHEAPEHUS HOBEHIIHX JO-
cTIKeHUi orieHnBaetcs B 18 - 20 MutH T y.T. [9]. OnHako B 3TOM cilydae aBTOp CUUTAET
NPaKTUYECKU JOCTHKUMOM 3KOHOMHUIO He Ooree 10 MTH T y.T.

Hawnbonee 3HaunTENbHBIMU CIIEAYET MPHU3HATH SHEProCOEPEraroIye BO3MOKHO-
CTH TEIUIOPHEPIeTUKU. B HACIEACTBO OT IJIMTEIBHOIO HCTOPUYECKOTO NEPUOAA UC-
KyCCTBEHHO JICIIEBOM 3HEPIUU HaM OCTAJIMCh HU3KO3(P(PEKTUBHBIE CUCTEMBI TEILIO-
CHa0KeHUs1, CBEpXHOPMATUBHBIE TIOTEPH B KOTOPBIX B MaciiTabax Poccun cocrapis-
10T 175-200 mutH T y.T. B Tof [11]. 3a peanbHO AOCTHKUMYIO SKOHOMHIO B TEILIO-
SHEPrEeTUKE JOIYCTUMO IPUHATH 85 MIIH T y.T.

Pe3epB 3k0HOMHM TEIUIOBOM SHEPTHMH UMEET HECKOIBKO UCTOYHHUKOB, CPEIU KO-
TOPBIX BEAYILEE MECTO 3aHUMAET TEIIoM30ssiuus. KayecTBeHHas: TerioBas U30ISALMs
MO3BOJISIET CHHU3UTHh TOTEPH TEIUIa TOJBKO Ha JJIEKTPOCTaHIMSX B 3-4 pasa. B
Hactosmee Bpems Ha TOC HAXODUTCSA B SKCILTyaTAHH 7,7 MIH M° TEIUIO3aIIHIIae-
MBIX KOHCTPYKIIHI1, H3IyJaiOmuX B OKpyxkaromtyio cpexy 2+10™° Br/a terma [12]. B
OTEYECTBEHHBIX TEIUIONPOBOJIAX YPOBEHb MOTEPH B 2,5 pa3a MpPEBbIIIAET HOPMATUB-
HBI, TIpu 3TOM 16,5 % BbIpaboTaHHOM TEIIOBOM 3HEprun Tepserca B ceTsax [13]. Pe-
aJIbHBINA pe3epB ATOT0 UCTOUHUKA SHEPrOcOEpEeKEHUSI MOKHO OLIEHUTh B 60 MJIH T y.T.

Ouenb 3(PHEKTUBHBIM HCTOYHUKOM COEPEKEHUS TETJIOBOM IHEPTUM SIBIISETCS
NPUMEHEHNE TEIIOBBIX HACOCOB IS TEINIOCHAOKEHHS aIMUHUCTPATUBHBIX U YKUIIBIX
3naHui. TersoBble HAcOCHl TPAaHC(HOPMUPYIOT TEIUIOBYIO SHEPIUIO C HU3KOTEMIIepa-
TYPHOT'O YPOBHS Ha 00Jiee BHICOKUI C UCIOIb30BAHUEM B paboyeM IUKJIE UICTOUHHU-
Ka HU3KOMOTEHIMAILHOTO Teria (COpocoBoe TeIulo, TeIioTa IpyHTa Ha TiyouHe 4 -
5 M u ap.). [Ipu 3toM ko3 pPuLIMeHT peoOpa3oBaHKs SHEPTUN JOCTUTAET 3HAUCHHUS
3 u Oonee [14]. DHeprocOeperaronyii MOTEHIUA JaHHOTO UCTOYHHUKA COCPEKEHUS
MOJKET COCTaBUTh He MeHee 10 MJIH T y.T. OKOJIO 5 MJIH T y.T. JHEPTUU MOXKET CIKO-
HOMUTb HIMPOKOE MPUMEHEHHUE ITPUOOPOB AJIsi KOHTPOJIS pacXxoa Teria U BOJbI.

JlanbHeliee pa3BUTHE TEIJIO(QUKAILIMA — COBMECTHOT'O MPOU3BOJICTBA TEIIIO-
BOM M DJIEKTPUYECKON SHEPTHMM — ITO3BOJIUT, IO OLEHKAM CIlennuanucToB [15], mo-
MOJTHUTENTBHO COKOHOMMTS eliie 10 20 MITH T Y.T., KOTOPbIE B PaBHBIX JAOJISIX MOKHO OT-
HECTH K SKOHOMHH KaK TEIUIOBOW, TAK U 3JIEKTPUYECKOW dHEpruu. B 3ToMm ciryuae
HKOHOMHSI OYJIET JOCTUTAThCS 3a CUET CHHepreTudeckoro 3ddekra, Kormaa pe3ynbTar
KOMOWHHMPOBAHUS IIPEBBIIIAET CYMMY OTIENBbHBIX PE3YJILTaTOB (B HACTOSILIEE BpeMs
KO3(PPHIMEHT TOJIE3HOTO UCIIONB30BaHus TorukBa Ha TOL] Gonee yem B 2 pasa mpe-
BBIIIIACT aHAJIOTWYHBIN TTokazarens Ha ['POC denepaapHOro ypoBHS).
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BecomMbIM MCTOYHUKOM SKOHOMUH 3JIEKTPOIHEPTUU MOXKET CTaTh IPUMEHEHHE
YaCTOTHO-PETYIUPYEMOTO0 JIeKTporpuBoa. Kak u3BecTHO, MOITHOCTh POMBIILIEHHBIX
ANIEKTPOJIBUraTeNIel Mo0MPAETCsl B pacyeTe Ha MaKCUMAILHO BO3MOXKHYIO TPOU3BOIH-
TENILHOCTh 00OPYJIOBAaHMS, XOTS MPOJODKUTEIBHOCT, PadOThl Ha MaKCHUMAaIbHOM
ypoBHe cocTaBisieT B cpeaHeM 10-15% oOmiero Bpemenn pabotsl. [Ipu Takoi skc-
TUTyaTalluy IBUTaTesiel CpeIHECYTOYHOE MOTPEOICHHUE 3IEKTPOIHEPTUU B OOJIBIIIMH-
CTBE clTyyaeB ObIBaeT 3HaUMTENHHO (10 60 %) OosbIe AeHCTBUTEIIEHO HEOOXOIMMOTO.
OcHareHle 3JIEKTPOJBUraTENIe YacTOTHO-PETYIMPYEMBIM TPUBOJIOM JA€T BO3MOXK-
HOCTh PEryJIMpPOBaTh YaCTOTY UX BpAIlCHUS B 3aBUCUMOCTH OT Harpy3ku. BHeapenue
TaKUX TPUBOJIOB HE BJICUYET 3a COOOM 3aMeHYy 00OpYMIOBaHHUS U LEIECOO0PA3HO IS
ycTaHOBKM Ha 60 % HCIONb3yeMbIX B HApOJHOM XO3SMCTBE AJIEKTPOIBHUIATEIIEH.
DueprocOeperaronwii 23PPeKT TaHHOTO MEPOTPHUATHS MOXKET COCTaBUTh He MeHee 20
MJIH T y.T. [16].

CyMMapHbIii OTEHIMAT MPOYMX M3BECTHBIX IHEProcOEperaronmx TEeXHOJIO-
r'uii, He pacCMaTPUBAEMBIX B JIAHHOM CTaThe W UMEIOIIUX MPSIMOE OTHOIIIEHUE K cOe-
PEXKEHUIO AJIEKTPOIHEPTUH, TI0 HAIUM OIICHKaM, B TIEPBOM MPHUOIMKEHUH JOKEH
COCTaBUTh OKOJIO 45 MJIH T y.T. UTO Kacaercsi OLEHKH YHEProcOeperaromiero moTeH-
MaJia Ipyu SKOHOMUH MOTOPHBIX TOIUIMB, TO 3[IECh OCHOBHBIMH UCTOYHUKAMU MOTYT
CUUTATKCS, KaK YIIOMUHAIOCH BBIIIIE, IEKTPUDUKAIUS KEJIE3HBIX JOPOT U AU3EIN3a-
1Sl aBTOMOOMJIBHOTO TPAHCIIOPTA, HA KaXKIbI U3 KOTOPBIX MOXKHO OTHECTH TMpH-
MEPHO IO 5 MJTH T y.T. SKOHOMUU TOIUIMBA.

N3 cxembl Ha puc. 17.1 BUAHO, 4YTO KpOME COOCTBEHHO COEPEKEHUSI OCHOBHBIX
BUJIOB SHEPTETUYECKOTO ChIPhS CYILIECTBYET €I1I€ OJHO HAIPABIICHUE dHEProcoOepeske-
HUSl, MOTEHIIUAIILHO COTOCTABUMOE B KOJIMYECTBEHHOM BBIPAKEHUU C BBINICOMMICAH-
HBIM, — 3TO 3amenieHrue B TOb OCHOBHBIX 3HEPrOHOCHUTENEH HETPAIUIIMOHHBIMHA BO3-
obHoBsieMbIMH McTouHMKamu 3Heprun (HBUD). CymectByror pacuetst [17], mo3Bo-
JISTFOTIIME OIIEHUTH TAHHBIN BUJ] YHEProcOeperaroiiero pesepsa npumMepHo B 230 MitH T
y.T.

3ameleHue OCHOBHBIX BUIOB dHEpreTuueckux pecypcos HBMD — nporiecc,
HE 3aBHCSIINA OT HEMOCPEICTBEHHOIO SHEProcOepekeHus W TPeOYIONMIA TOTIOTHU-
TEJIbHBIX KANHUTAJIOBIOKEHU B CTPOUTENIBLCTBO HETPAIUIIMOHHBIX 3HEPrOYCTaHOBOK.
['maBHOE MPEUMYILIECTBO MNOCIEIHUX COCTOUT B TOM, YTO UCIIOJIb3YEMBIE HIMU PECYPCHI
JUTS. TIPOU3BOJICTBA SHEPTUU BO30OHOBIISIEMbI MIPUPOJONA U B OMPEACIICHHOM CMBICIIE
HEHCYEPIIaeMbl.

[Torenuman otnensHbix BujmoB HBUD B Macmrabax Poccun upe3BbuaitHO
BBICOK M OILICHMBAETCS CIEAYIOIIMM 00pa3oM: sHeprusi Betpa - 10 MiH T y.T., COJI-
HeuHas 3Heprusi — Oonee 10, reorepmanbHast 3Heprust — 115, sHeprust Ouomaccbl —
35, manas ruaposHepreTuka — Oosiee 60 MitH T y.T. [17]. OaHaKko ceroaHs MacTaobl
ucnons3zoBanuss HBUD B Poccun kpaiine He3HAUUTEIIbHBI — 00BEM €XKETOIHOTO 3a-
MEIIICHUS] MU TJIaBHBIX BUJIOB TOIUIMBA cOocTaBisier 1,5 MiH T y.T. Takoe mnonoxxeHue
COBEpIIIEHHO HETIPUEMIIEMO, TeM OoJiee 9To B Poccuu mpakTrdecku A1t Kaxao0ro pe-
cypca 3TOro BUJA YK€ CYIIECTBYIOT COOTBETCTBYIOIIME HAYYHO-TEXHUUYECKUE pa3pa-
OOTKH, BHITIOJIHEHHBIE HA BBICOKOM YPOBHE.

Pa3paboTaHHasi CTpYKTypHasi CXeMa 3HEprocOeperaromiero MmoTeHImana Chphbe-
BBIX OTpaciieil SKOHOMUKHU Poccru, He peTeHayoIasl Ha UCYEPIIBIBAIOIIYIO MTOJIHOTY U
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TOYHOCTh TPEAJIAraeMbIX KOJIMYECTBEHHBIX OIEHOK A(PdekTrBHOCTH 3HEprocOepexe-
HUS JUISL OTJENIbHBIX HAIMPaBIIEHUI U CIIOCOOOB COEpeKeHHUs, TEM HE MEHEE MO3BO-
JSIeT XOTs Obl B MEPBOM MPUOIMKEHUU TMPEACTABUTh U OOBEKTUBHO OLIEHUTH BO3-
MO>KHOCTH 3HeprocoepexeHrs B Poccuu B CTpyKTypHUpPOBAaHHOM BUJIE.

B Unctutyte yris u yraexumun (MYY) CO PAH pa3pabarbiBatorcs pa3inny-
HbI€ BapUaHThl Pa3BUTHs TOIUIMBHO-DHEPIETUYECKOTO KOMILUIEKCA, OLEHKAa KOTOPBIX
HAMPSMYIO CBSA3BIBAETCSI C BOZMOXKHOCTBIO 00ECTICUEHHSI SHEPTeTUUECKON Oe30IacHo-
CTH TocyaapcTBa. Ee MOKHO omnpenensiTh, B YaCTHOCTH, KaK HAJIU4KEe HEOOXOIUMO-
TO IS HAJCKHOTO (DYHKIMOHMPOBAHUST SKOHOMHUKH U COIMATIBHON c(hephl KOJIMIECTBA
SHEPreTUYECKOrO ChIphsi. BaXkKHBIM YCIIOBUEM JTOCTHKEHUS SHEPTEeTUUECKON Oe301ac-
HOCTH CJIEIyeT CUATaTh 0OECHEUEHHUE ONMTUMAIILHOIO COOTHOILIEHHS OOBEMOB OTE/b-
HBIX BUJIOB 3HeproHocurenei B TOb.

MOXHO OTMETHTb, YTO Ha CETOAHSIIHUN eHb B Poccuu nmeercs HeoOXomu-
MBI CyMMapHBIA 00beM PHEPrOHOCUTENIEH U J1a)Ke OCTACTCsl 3HAUYUTEIBHOE KOJIMYe-
CTBO SHEPIreTUYECKOTO ChIPbs I dKCIopTa. UTo ke kacaetcst cTpykTypsl TOb (cm.
Ta0JMILy), TO OHA Jjajieka OT ONITUMAIbHON U, 0€3YCIIOBHO, HE OTBEYAET TPEOOBAHUSIM
sHepreTuueckoi Oe3onmacHoctu. CormnacHo uccnenoBanusm Y'Y CO PAH, onrtu-
MaJIbHBIM JUIsl YCJIOBUM COBpEMEHHOM Poccuu sBIsieTcsl ciienyromnee COOTHOLICHUE
yras (Y), vedpru (H), npupoanoro raza (I'), atomHol sHepreTuku (A) u TUAPOIHEP-
retvk (I'11) B TOTUIMBHO-9HEpreTHYecKoM OaaHce:

Y : H:T +: A:Ton=232: 25 : 20 10 : 7.
7/74 6/60
e O A ST
oo - KIIGT[E[ s A]§]6 6 6
20
=T 24 Pr 0 38
= I}

30

Houn sxepronocurens ,T3IE, %

27 71
20 23 3 a7
273 /
10} / /
N/ /
2000 2005r.  , 20f0r 20151 020

Pucynok 17.2. Jlunamuka uamMeHeHus ctpykrypsl TOb (IporHO3HbIN BapuaHT):
YV — yronw; H — #edth; ['— npupoaHbiii ra3; 4 — aToMHasi SHepreTuka; [ 0 —
TUAPOIHEPreTUKa; B YUCIUTENE — J0JIs1 3Hepronocutens B TOb, %, B onpene-
JICHHOM TOJly; B 3HaMEHaTese — a0COJI0THOE 3HaUeHHe 00beMa JaHHOT'O SHEPIo-
HOCHTEJIS, MJIH T Y.T.
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Takoe COOTHOLIEHHE OMPEAEISETCs MPEXKAE BCErO KOJIMYECTBOM 3aIacoB pas-
JIMYHBIX BUJIOB SHEPIreTHUYECKOTO ChIpbs. Kak n3BecTHO, 3amackl He()TU U MPUPOTHO-
ro rasa Hayajiu 3aMETHO MCTOIIATHCS, U UX XBATUT JIUIIb Ha HECKOIBKO JECATHIIC-
THH, B TO BpeMs Kak 3amnacoB yrisi B Poccun moxet xBatuth Ha 800-1000 net. Ta-
KUM 00pa3oM, COBEPILIEHHO OYE€BHUIHO, YTO POJIb YIS B dHepreTrke Poccun ceromus
HEJIOIMyCTUMO HU3Ka U HEOOXOAMMO MPEANPUHUMATh aKTUBHBIC YCHIIHS JIJIsl YBEIHU-
YyeHUst JOOBIYM YIJIS B CTPAaHE U MOBBIIIEHUS ero posu B TOb.

Ha puc. 17.2 npusenen oaun u3 pazpadoranusix 1YY CO PAH cuenapuen
pasButust TOK mo 2020 r. (mpemxycmarpuBaronmii exeronsbiii npupoct BBII B cpen-
HeM Ha 2 % ¥ HeoOXOAUMBIH ISt oOecrieueHus MOTPeOHOCTEN pacTyiel SJKOHOMHUKH
CPEIHEr0JI0OBOM MPUPOCT 00beMa UCHOJIb3yEeMbIX dHeproHocuteneid B 1 %), peanmsa-
1sI KOTOPOTrO MO3BOJIMIIA Obl K KOHITY YKa3aHHOI'O NEPHOAA CYLIECTBEHHO U3MEHUTH
COOTHOIIIEHUE PA3IMYHBIX BUIOB SHEPIETUYECKOTO ChIpbs B TOB C 11e1b10 MOBBIIICHNS
YPOBHSI SHEPIreTHUYECKON 0€30MacHOCTH CTPaHbL. Y CJIOBHS pealu3allii JaHHOTO CIie-
Hapusl TpenonaraloT Ha nepuoj g0 2020 r. "3amopakuBanue" no0bruu HEDTH U
MPUPOIHOTO ra3a, a Takke 00bEMOB PHEPTUHU, MPOU3BOJIMMON aTOMHOW U THUAPO-
HHEPreTUKOM, Ha NX CETOMHSIIIHEM YPOBHE U 00OECTIEUEHHE BCETO IPUPOCTa MIPOU3BO/I-
CTBa BHEPrETUUECKOTO ChIPbsl, HEOOXOUMOIO JJIsl pOCTa IKOHOMHKH, TOJIBKO 3a CUET
3HAYUTEIHHOTO YBEIIMUYCHHSI JOOBIYH YTJIS.
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Pucynoxk 17.3. Cuenapuu 3HepronoTpeOaeHusi Npu pa3iudyHbIX BapUaHTax
SHEprocOepeKeHUs

C yderoM BbIIIEyKa3aHHBIX KOJMUYECTBEHHBIX BO3MOYKHOCTEH 3HEprocoepexe-
HUs ObLIM pa3paboTaHbl ClieHapuu sHepronorpedseHus B Poccun Ha niepuo 1o 2020
r. Ha puc. 17.3 B rpadmdeckom Buje MOKa3aHbl CIICHAPUH MPHU PA3TUYHBIX BapuaH-
Tax sHeprocoepekeHus: 1 — 0e3 CyIeCTBEHHOTO YHEProcOepekeHus; 2 — ¢ Mak-
CUMaJIbHO BO3MOXKHBIM YPOBHEM 3HEprocOepekeHusi; 3 — Haumbosiee BEpOSTHBIN
"yepenHeHHbIN" crieHapuii sHeprocoepexenus. 13 rpaduka BumHO, 4TO TpU HANbO-
Jiee BEPOSITHOM Pa3BUTHH COOBITHI B acIieKTe dHEprocoOepexeHus, T. €. mpu "yme-
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peHHOM" YpOBHE OCYIIECTBIICHHS 3HeprocOeperatonmx meponpusatuii, B 2020 1. B
TOBb cTpanb! J0KHO OyIeT Ucmob30BaThest 1050 MITH T y.T. SHEPreTUUECKOTO ChIPhS,
YTO MPUOAU3UTENBHO Ha 5-6% OoJblle TOro KOJIMYECTBA, KOTOPOE UCIIONIb3YETCs
B Hacrosiiee BpeMs. B ciydae xe mpeHeOpexeHUs: TpeOOBaHUSIMHU COOJIOACHHUS
MPUHIIMIA pecypcocOepekeH sl IKOHOMUKE cTpaHbl motpedyercs k 2020 r. exero/-
HO MCIIOJIb30BaTh B TOIUTUBHO-PHEpPreTHUeckoM OanaHce He MeHee 1200 MuH T y.T.
HHEPreTUYECKOTO ChIPhSI.

Hcxonst U3 HEMPEIo)KHOCTH TOTO0 0OCTOSITETCTBA, UTO (haKTOp dHEprocOe-
pPEXKEHUSI TOJHKEH 00s3aTeNTbHO MPUHUMATHLCSI BO BHUIMAHKE MPU pa3pabOoTKe MPOTHO-
30B JOOBIYHM CHIPHEBBIX SHEPrOPECyYpPCOB HA CPEIHIOI M OCOOCHHO AABHIOI Tep-
CIIEKTHBY, MOXXHO YTBEP)KIATh, YTO, HAIpUMEP, TporHosupyemMbie Ha 2020 r. 00bemMbl
no0brun yriast B Poccun B pazmepe 500 mutH. T B rof [18] Hy»kKHO CKOppeKTUPOBaThH B
MEHBUIYIO0 CTOPOHY MpUMepHO Ha 70 MiH T y.T. (miu Ha 100 MIIH T psIOBOrO yIJist).
AHAJIOTUYHOM KOPPEKTUPOBKE MOXHO MOABEPTHYTHh M MPOrHO3UMPYEMbIE Ha YKa3aH-
HBIH 11epro1 00beMbI TI0OBIYM HEPTH U IPUPOTHOTO raza.

Borpocs! 111 camonpoBepku
1. HazoBute, KakoBbl pe3epBbl SKOHOMHH IPU A0ObIUE U TIEPBUYHON NepepaboTKe TOIm-
JIMBHBIX PECYPCOB.
2. KaxoB pe3epB cOepexeHus! PU UCTIONb30BaHUM M MPOU3BOACTBE BTOPHYHBIX 3HEPrO-
pecypcoB?
3. KaxoBbI BapraHTBI pa3BUTHS TOILUTMBHO-YHEPTETHYECKOT0 KomIutekca Poccrn?
4. Kak Heo0X0TMMO U3MEHUTh COOTHOILIEHUE PA3TMYHBIX BUIOB SHEPTETUYECKOTO ChIPhS
B TOB c 11es1610 MOBBIIIIEHHS YPOBHSI SHEpreTHYecKoi Oe3omnacHoct Poccrn?
5. Kak nomkeH nmpuHUMAaThCS BO BHUMaHUE (haKTOp SHEProcOEPEKEHUs TIPU Pa3padOTKe
TPOTHO30B JIOOBIYH CHIPHEBBIX PECYPCOB?
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BOIIPOCHI COTJIacCHO BapuaHTy (Tadmura I11).

152



IIpunoxenue 1
Bonpocsl k 3a4eTy U TeMbl pedepaToB

1. Tunel snekTpuueckux ctaHuui. VX mons B oOlieM Mpou3BOACTBE DJIEKTPO-

HHEPTHUHU.

[IpeumyiiecTBa U HEAOCTATKU PA3IUYHBIX TUIIOB JIEKTPUUYECKUX CTAHIIUM.

[Ipocreimas Mo1eNb TEMJIOBOTO ABUTATEIIS.

3. IlepBriii 3akoH TepMoanHaMuku. TeruioTta. Pabora. Tepmonunamuueckue ma-

pameTpsl. OCHOBHBIE TEPMOAMHAMUYECKUE TIPOIECCHI.

Bropoi 3axon TepmoanHamuku. Lluki Kapno, repmuueckuin KIT.

OHTponus. DHTaNbNUs. JuarpaMmmel BOJSHOTO napa.

[uxn Penkuna (HackimeHHOTO mapa). Cxema MmapoCUIOBOMl YCTAaHOBKH ITHKJIA

Penkuna.

7. Huxn Penkuna (meperperoro mapa). Cxema HapOCHUIIOBOM YCTAHOBKHU IIMKJIA
Penkuna.

8. Pa3BuTHE KOHCTPYKLUHH KOTJIOB. Y CTPOMCTBO COBPEMEHHOTO MTaPOBOI0 KOTJIA.

9. IMpunuun padotsl maposoit KY.

10. DaemMeHTHI MapoBOTO KOTIIA.

11.5nepHble 3HEepreTryecknue ycTaHoBKH. OCHOBHBIE AJIEMEHTHI SIIEPHOTO PEaKTo-
pa.

12.Tumns! u knaccuuKaus SIEpPHBIX PEAKTOPOB.

13.B010-BOISTHOM SHEPTETHUECKHI PEaKTop.

14 TTpyHIMn AEMCTBUS M CXEMa peakTopa — Pa3MHOXKHUTENS Ha OBICTPBIX HEUTPO-
Hax.

15.1TapoBbie TypOunbl. MomHocTs U KIIJ] TypOuHbI. AKTUBHBIE U PEAKTUBHbBIC
TypOUHBI.

16.Termoduxarus. Cxema TIIl. Termnodukannonusiil muki B TS-auarpamme.

17 Knaccuduxarnusa typoun. [Ipumenenue TypOUH C peryiaupoBaHHEM OTOOPOM
napa (CXeMbl).

18.Ytunuzarus n30sITOUHON TErI0Thl. CIIOCOOBI OXJIaXKIeHNS COPOCOBOM BOIBI.

19.Cxembl UCIONB30BaHUS THUApaBIWYECKOW 3Heprum. lIpeoOpasoBanue THAPO-
HHEPTUU B IEKTPUIECKYI0. MOIITHOCTH U BhIpaboTka 3Hepruu ['IC.

20.Knmaccudukanms ruapoTypOuH.

21.TToBOPOTHO-JIONACTHBIE TUAPOTYPOHHBI.

22.PannanbHO-0CEBBIC TUITBI THAPOTYPOUH.

23.PerynupoBanue pedHoro ctoka. CyTouHOE U HEACIbHOE PEryIMpPOBaHHE.

24.Ce30HHOE peryJIMpOBaHUE CTOKA.

25.0kcmnyaranus ['9C. Pabora I'DC B 3uMHee BpeMsl, MPOITYCK MaBOAKA.

26.HeTpaauimonHbie BO30OHOBIIIEMbIC HCTOUHUKH YHEPTHH.

27.Conueynas sHepreTuka. CoHEUHBIC OaTapeH.

28.1TapabonoMIMHAPUIECKHAE COTHEUHBIE KOJIJIEKTOPHI.

29.ITpunnumn pabotsl conaeunoi IC OaleHHOTO TUTIA.

30.ConHeuHast 3HEprusi, aKKyMyJIMPOBaHHAs! OKEAHOM.

31.Betrposnepreruka. Kiaccudukaiys BeTpoycTaHOBOK.

N
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32.I'eoTepmanbHasi JHEPTEeTUKA.

33.BoiHOBEIE, IPUIIMBHEIE 3JIEKTPOYCTAHOBKH.

34.9¢ddexTuBHOE HcTIONB30BaHUE YHEPTHH. CTPYKTYpHAsi CXeMa COCTOSIHHS BeTlle-
CTBa.

35.11ytu cOepexeHus SHEPTHH.

36.BTopuuHbIie pecypchl — HCTOUYHUK SHEPTOMOTEHITHATIA.

37. DHeprus GMOMaccChl.

38. PecypcocOeperaronime TeXHOIOTHH.

39.HakonuTenu sHEpruu.

40.11epBuyHbIC U BTOPHUYHBIE 3arpsI3HUTEIN BO3TyXa.

41.Onepreruueckas crparerust Poccun.

3agaum

1. Eciu ckopocTh BeTpa B GyHKUIHUHA OT BPEMEHHU B KaKOU-TMOO MECTHOCTH
3a/1aHa ypaBHEHUEM, KM/C,

v=20 sinz(ﬂLJ,
24

riae t — Bpems, 4, cuutas oT 0,0 4 MOMOJIyHOUM, KakoBa OyJeT MaKCHUMabHas
CPEaHssl DJIEKTPUUECKasi MOITHOCTh, KOTOPYIO MOKHO MOJYYUTh OT BETPOYCTAHOB-
KM B 3TOM MECTHOCTH B Cpe/IHEM 3a 24 4?

2. I'DC ¢ nanopom 30 M umeeT yctaHOBIeHHYIO MomHOCTE 500 MBT. Kako-
Ba JIOJDKHA OBITH IUIOIIA[b 3€pKajia BOJOXPaHWIHUIIA JJIsI TOTO, YTOOBI YPOBEHBb
BOJIOXpAaHUJIUILIA HE CHIKAJICA OoJiee ueM Ha 5 ¢M 3a JiIeHb ee paboThi? [Ipeamnoiio-
JKWTE, 9TO B BOJOXPaHUIMUINE HEeT puToka BoAsl M uTo KIIJ[ mpeobpasoBanus co-
ctaBiseT 90%.
Otser: 2,94-10° M.

3. IlpunuBHas JJIEKTPOCTAHUMSA HMEET BOJOXPAHWIMUIE NPSIMOYTOJIBHON
dbopmsl momaaso 100 KM® 1 BBICOTY IIpwiIKBa U otTiivBa 8§ M. [IpuimB npomomka-
ercst 12 4. KIIJ mpeoOpa3oBaHusi S3HEPTUU MPUIMBHON BOJHBI B AJIEKTPHUECKYIO
90%. Hanpspkenue ¢ muH TeHeparopa moBsimaeTcs Tpanchopmaropom co 100 B
10 500 kB ¢ KII/ 95%. DnexkrposHeprust nepegaercs B ropo Ha pacctostHuu 30
KM [0 JIMHHUSM DJIEKTpOIepeayu, UMEInM yaenbHoe conporusieHue 0,0003
Om/M. [lonmxaromuii Tpanchopmarop, umeronuit KIIJ[ take 95%, cHmkaer
HamnpsbkeHre Ha Harpyske 10 100 B. Onpenenure 3Haue€HHWE MOIIHOCTH, MOJABE-
JeHHOHU K nmoTpebuTento. CKOIbKO SHEPTHU TEPSIETCs PU MPOU3BOICTBE, peodpa-
30BaHUU U Mepenaye auiekTposHeprun? B kakoll gopme mposBISIOTCS MOTEpuU?
(ITpenmonoxum, 4yTo MOABEACHHAS SHEPIHUs U MOTEPU B CyME PaBHBI aKKyMYJIu-
pyromieil cnocoOHOCTH BOAOXPAHWINILA, Ky/la TOCTYIaeT BoAa BO BpeMs MPUIIH-
Ba.)
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4. CKOJIBKO SHEPTHH MOYXHO TOJIYYHTh MPHU TOJHOM pacHieruieHnu | Kr
ypara 2*°U? ComocTaBuMa JIM OHA C HEPrUEH, KOTOPYI0 MOXHO MOJIYYUTH IIPH
cxurannu 1 xr yrst? (JlaTe cOOTHOIICHHUE BYX 3HAUCHUIA!)

Orser: 8,61-10% [Tx.

5. TOC na opranndeckoM Ttormime umeer momHocts 1000 MBT u KIIJ]
42%. ADC Ttoit xe momuoctr umeer KIIJ[ 31%. KakoBo cooTHoOIllIeHHE MEXTY
KoamaecTBoM cOpocHo# TermnoTel ADC u TOC mpu 01HOM U TOM XKe 00beMe TIpo-
U3BOJICTBA JIEKTPOIHEPTUU?

6. Omnpenenure TEIUIOEMKOCTh JaHHOIO ayJIWTOPHOIO  IOMEILECHHUS
(5Mx6Mx3Mm). OnieHUTE MOIIHOCTh, PACCEMBAEMYIO BCEMH MCTOYHHUKAMM TEILJIOTHI
— OCBETUTENIbHBIMH MpuOOpaMu, oabMu U T.1. ChopMynupyiTe TpeboBaHUS K
00OorpeBy JaHHOTO MOMEUIEHHS BO BpEeMsl OTONMTEIBHOTO ce30Ha. CpaBHHUTE €
opuIManbHONU JOKYMEHTAIIMEH, UMEIOUIEICS Ha NPEITPUSATHY.

7. Haiinute ONbITHBIM MyTEM OTBET Ha BOIPOC: YTOOBI HECKOJIBKO OXJIAJUTh
ropsiunii koe u caenarb 3To OBICTPO, CIAEAYET JIn JA00aBISATh B HETO CIMBKU Cpa-
3y K€ WJIM HEMOCPEJCTBEHHO rnepen ynoTpednenuem? Kak MOKHO OOBSICHUTH pe-
3yabTatr?

8. byneM paccMmarpuBaTh 34aHHUE KaK MPEAMET, 00Ia1at0Ini onpeaeIeHHON
TEIJIOEMKOCTBIO. [Ipy COTHEYHOM OCBEILEHUU 3/1aHME, UMEIOLIEE HAPYKHYIO I10-
BEpXHOCTH 150 M°, TIOTJIOMIACT B cpeanem 400 Br/m® 3a 8 4. 3a 9TOT MEPUOJI TEM-
rmepaTypa BHYTpH 31aHns BospactaeT ¢ 20 10 26°C. KakoBa >¢deKTHBHAs Termo-
eMKOCTb 37aHusA? UTo He yuuThiBaeTcs npu pacuere? KakoBbl AOKHBI OBITH pa3-
MepHI JKeJIE3HOTOo Ky0a, 00J1a/1atoIero ToM ke TerI0eMKOCThIO?

9. KIIJI KOoTenbHBIX Ha MPUPOJHOM Tra3e, UCHOJb3YEMBIX JIsI OTOILUICHUS
JIOMOB, OOBIYHO TPUHUMAIOT paBHBIM 65%. IT0 03Ha4aeT, yTo 65% TEIUIOTHI, BhI-
JIETISIOIICHCS TPU CKUTaHUM Ta3a, UAEeT Ha 00orpeB 31anus. Kakoe MakcuMalibHOE
sHaueHre KIIJI ucmonab30BaHUs TOro ra3a I OTOIUICHUS MOXKHO OOECIICUHUTH,
eciu cxurath ero Ha TAC mpu temneparype 2100°C?

10. Kako#i u3 AByX albT€pHATUBHBIX MyTEH — YMEHBIICHUE HUKHEWU TEMIIe-
patypsl nukia Kapuo Ha AT wnu yBennueHnue BepxHen temmepatypsl Ha AT — sB-
nsiercst 6osiee rddextuBubiM s yBenuueHus: KIIJ[ mukina Kapuo? Iloctpoiite
MaTeMaTU4YeCKOe J0Ka3aTeIhCTBO BEIOPAHHOTO MTyTH.

11. Ioyemy B cayHe ¢ Temmepatypoii 6omee 100°C 4yeTOBeK MOXKeET Haxo-
JTUTHCS JJOBOJIBHO JIONT0, a B KUIIALLEH BOAE HET?
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12. Tloyemy Cc yBeIMYEHHEM COJEp>KaHUsl YIJIEKHCIOTO raza B atmocdepe
3emiu (MpU COKUTAHUM OOJIBIIMX KOJIMYECTB OPTaHUYECKOTO TOIUIMBA B MPOLIECCE
IIPOU3BOJCTBEHHOMN AESATEIbHOCTH YEJIOBEKA) BO3MOKHO MOTEIIEHUE KIUMaTa’?

13. 3aueM pazOpbI3ruBaeTca BojJa B IPAIUPHAX U KAKOB ONTHUMAJILHBIN pas-
Mep Karielb?

14. KakoMy KOJIMYECTBY YCIOBHOTO TOIUIMBA JKBUBAJIEHTEH | Kr HedTH

(0 =42 Mipe/xe); 1 M

(B HOPMAJIbHBIX YCIOBUSIX) TPUPOJHOIO Tasza

(Q/ =35 Mlbic/xe) u 1 kr kaparanguHCKOro yrist (Q =21 Mlic/xe)?
DHEProeMKOCTH Pa3JIMYHbIX BUIOB TOILUIMBA IPUBECHBI BO BBEJCHHUH, Ta0-

muia Bl.
I[TpucTaBkm 1151 00pa30BaHMS KPATHBIX U JIOTBHBIX S/IHHHMI]
IprcraBku | 3Hauenne | CokpamienHoe | [prictaBku | 3HaueHve CoxpartieHHOE
0003HaYCHNE 0003HaYCHNE
ITuko 1012 n JIeKa 10 oa
HAHO 107 H TEKTO 10° 2
MUKPO 10° MK KHJIO 10° K
MULIA 10° M Mera 10° M
CaHTH 10° c rura 10° I
pi (0051 10" 0 Tepa 10" T
[lepecuer enquHuL 3HEPTUN
Enununer | oo kBmuy xl'm KKaJl 26"
1 0o 1 2,78-10” 0,102 2,39-10" | 6,24-10"
1 kBmu 3,6-10° 1 3,67-10° 860 2,25-10%
1kl 9,81 2,72-10° 1 2,34.10° | 6,12.10"
1 kKan 4,19-10° 1,16-10°° 427 1 2,61-10%
196 1,6-10" | 4,4510* | 1,63-10% | 3,83.10% 1

1
9B — DJIEKTPOH-BOJIBT — DHEPIHs, MpuoOpeTaeMas JIEKTPOHOM TP MTPOXOXKICHUN
Pa3HOCTH MOTEHIIMAIOB B | BOJIBT.

[lepecueT equHUIT MOITHOCTH

Enununer | Bm xkBm xl m/cex J.C. KKaJ/cex

1 Bm 1 10° 0,102 1,36:10° | 0,239-10°°
1 k[w/cex 9,81 9,81-10° 1 1,33-10% | 2,34-10°
1rc. 736 0,736 75 1 0,176

1 xkan/cex | 4,19-10° 4,19 427 5,69 1
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IIpumep I1.1. K n1Bym ckoBopogaM npu Harpese noaseneHo no 41840 Tx

TCIIJIOTHI.

CKOBOpOI[I)I HMCIOT MAcCCy 110 I xr KaxKaasa, HO OJHa — aJIIOMHMHHUCBAsA, a4 BTO-
pad — XKCJIC3Hasd. Tpe6yeT051 OIIPCACIINTD, Ha CKOJIBKO I'paAyCOB HArpCCTCA KaKaasd

CKOBOPOJKa.

L8040,
m AT mc
AT, = 41840 =46,5K ,
Ca
ar,, =180 _ oo sk
CFe

B Ta6JII/II_Ie IMPHUBCACHBI 3HAYCHHA yI[@JIBHOﬁ TCINIOEMKOCTHU C HHICKCOM p.
910 03HA4acT, 4YTO OHU OIIPCACIICHBI ITPU ITOCTOSAHHOM AABJICHHUU.

YIIGJIBHBIG TCILIOCMKOCTH HCKOTOPLIX TBCPABLIX BCIICCTB IIPU ITIOCTOSHHOM

nasnennn (T=20°C, p=10° I1a)

BemectBo ¢, » Jok/(kr-K) ¢, Jx/(mons-K)
AnroMuHHAN 899,6 24,35

Yraepon 510,4 6,11

Mens 386,6 24,48

Jen 2301,2 41,42

Kemeso 472.8 31,17

CBunert 131,8 26,44

Cepebpo 236,0 25,48

Boashpam 134,3 24,77

* Y espHas TEIIOEMKOCTD
** MoJgpHasi TEIIOEMKOCTh
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BapuanTtsl u Temsl peepaToB

Howmep 1 2 3 4 3) 6 7 8 9 10 11 12 13 14 15
BapuaHTa
Howmep 1,3, (24, |35 |46, |14, 1,5, 1,6, 1,7, 2,8, 3,9, 1,4, 2,5, 3,6, 4,7, 5,8,
3a/1auun 11 12 13 14 12 13 14 11 13 14 8 9 10 11 12
Howmep 713, | 7,14, |6,11, | 7,12, | 7,14, |7,12, |7.9, 711, 7,12, |77, (7,21, |75, (7,16, |7,17, |7,18,
Bompoca | 33 39 17 20 33 17 17 39 33 31 32 26 27 27 28
Howmep 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
BapUaHTa
Howmep 6,9, |710,(18, |29 310, 411, |15 2,6, 3,7, 1,48, 12,59 |3,610 4,711 58,12 |6,9,13
3a/1auu 13 14 11 12 13 14 12 13 14
Howmep 7,20, 711, | 712, |\712, (7,18, |7,12, |71, |7,12, |7,14, |7,17, |711, |7,12, (7,19, (7,13, |7,11,
Bonpoca | 30 31 32 22 20 17 26 16 16 24 20 16 27 23 21
Homep |31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
BapuaHTa
Howmep 7,10, 11,8, |29, |3,10, |4,11, |1,5, 2,6, 1,3,7 2,48 |3,59 |4,56, 5,7, 6,8, 7,9, 8,10,
3a/layu 14 11 12 13 14 13 14 10 11 12 13 14
Howmep 7,22, 7,20, | 7,15, | 7,11, | 7,22, |7,16, |7,13, |7,12, |7,22, |7,12, |7,13, |57, 7,15, |7,16, |7,13,
Bonpoca |31 17 20 39 17 20 25 17 32 22 22 20 30 20 17
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Howmep 46 47 48 49 50 o1 52 53 54 55 56 S7 58 59 60
BapuaHTa
Howmep 1,3, |24, |35 |46, |14, 1,5, 1,6, 1,7, 2,8, 3,9, 1,4, 2,5, 3,6, 4,7, 5,8,
3a/1a4u 11 12 13 14 12 13 14 11 13 14 8 9 10 11 12
Howmep 7,14, 7,10, | 7,13, | 7,14, | 7,15, |7,16, |7,16, |7/,12, |16,20, |13,16, | 11,16, | 12,16, | 13,16, | 14,17, | 7,18,
Bonpoca | 18 15 20 21 22 23 14 31 32 27 26 39 40 41 38
Howmep 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75
BapuaHTa
Howmep 6,9, (7,10, 18, |29, |3,10, [4,11, |15 2,6, 3,7, 1,48, {259 |3,6,10 4,711 |58,12 |6,9,13
3a/1a4uu 13 14 11 12 13 14 12 13 14
Howmep 16, |15, |7,17, 8,18, |9,29, |10,20, | 11,21, | 12,22, | 13,23, | 14,24, | 15,25, | 16,26, | 17,27, | 18,28, | 19,29,
Bompoca |21, |22, |26 28 39 30 31 32 33 34 35 36 37 38 39

37 40
Howmep 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90
BapUaHTa
Howmep 7,10, |18, |29, |310, 411, |15 2,6, 13,7 |248 |359 |46, 5,7, 6,8, 7,9, 8,10,
3a/layu 14 11 12 13 14 13 14 10 11 12 13 14
Howmep 1,10, | 2,11, | 3,13, | 4,14, | 5,15, |6,16, |7,17, |8,18, |9,19, |7,20, |68, 7,17, |7,12, |5,10, |5,13,
Bonpoca | 20 21 23 24 25 26 27 28 29 30 20 13 20 12 17
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Ipuioxenue 2
Bonpocs k 3x3aMeHy

no JucuMIuIuHe «O01as JHePreTHKA» 1JIsl THEBHOTO OTAeJIeHUs

1. Tunel snexTpuueckux cTaHuui. VX mons B oOlieM Mpou3BOACTBE DIEKTPO-
HHEPTHUHU.
[TpenmyriecTBa ¥ HEAOCTATKU PA3IUYHBIX TUIIOB SJIEKTPUUECKUX CTAHIIUMA.

2. Uto Ha3pIBaeTCs TEIUIOBBIMU ABuraTessiMu? Ilpocrelimas MoAelb TEIIOBOTO
JIBUTATEISL.

3. IlepBriii 3akoH TepMoauHaMuku. Teruota. Pabora. TepmoguHamuueckue ma-

pameTpbl. OCHOBHBIE TEPMOJAMHAMUYECKUE TIPOLIECCHI.

Bropoi 3axon TepmoanHamuku. Lluki Kapno, repmuueckuin KIT.

OHTponus. DHTaNbNUs. J{uarpaMmmel BOJSIHOTO Hapa.

[ukn Penkuna (HacwieHHOTO Mapa). CxeMa mapoCuiIOoBOM YCTAaHOBKH IIMKJIA

Penkuna.

7. Huxn Penkuna (meperperoro mapa). Cxema mapOCHUIIOBOM YCTAHOBKHU IIMKJIA
Penkuna.

8. Pa3BuTHE KOHCTPYKLUUN KOTJIOB. Y CTPOMCTBO COBPEMEHHOTO MTAPOBOT0 KOTJIA.

9. IMpunuun padotsl maposoit KY.

10. DaemMeHTHI TApOBOTO KOTIIA.

11.5nepHble 3HEpreTUYECKHE YCTaHOBKH. OCHOBHBIE AJIEMEHTHI SIIEPHOTO PEaKTo-
pa.

12.Tumns! u knaccuuKanus SISpPHBIX PEAKTOPOB.

13.B010-BOISTHOM SHEPTETHUECKHI PEaKTop.

14 TTpuHImMn AeMCTBUS M CXeMa peakTopa — Pa3MHOXKHUTENS Ha ObICTPBIX HEUTpO-
HaX.

15.TTapoBsie TypOunbl. MomHocTs U KIIJI TypOuHbI. AKTUBHBICE U PEAKTUBHBIC
TypOUWHBI.

16.Teroduxarus. Cxema TIIl. Tennodukannonusiil uki B TS-auarpamme.

17 Knaccuduxanusa typoun. [Ipumenenue TypOUH C peryiaupoBaHHEM OTOOPOM
napa (CXeMbl).

18.¥Ytunuzarus n30sITOUHON TEI0Thl. CIIOCOOBI OXJIaXKeHNS COPOCOBOM BOIBI.

19.CxeMbl UCHOJIB30BaHUS THUAPABINYECKOW SHeprud. lIpeoOpasoBaHue TUAPO-
HHEPrUU B ANEKTPUUECKYI0. MOIIHOCTE U BeIpaboTka 3Hepruu 1'9C.

20.Knmaccudukanms ruapoTypOuH.

21.TToBOPOTHO-JIONACTHBIC TUAPOTYPOHHBI.

22.PauanbHO-0CEBbIE TUTIBI THAPOTYPOUH.

23.PerynupoBanue peuyHoro croka. CyTouHOE U HEJIeJIbHOE PEryJIupOBaHUE.

24.Ce30HHOE peryIMpoBaHUe CTOKA.

25.0xkcmnyaranus ['9C. Pa6ora 'DC B 3uMHee BpeMsi, TIPOITYCK IMaBOJIKA.

26.HeTpaauimonHbie BO30OHOBIIIEMbIC HCTOUHUKH YHEPTHH.

27.Conueunas sHepreTuka. CoHEeUHBIC OaTapeu.

28.1TapabonoMIMHAPUIECKHAE COTHEUHBIE KOJIJIEKTOPHI.

29.ITpunnun pabotsl conHeunoi DC OaleHHOTo TUIIA.

o 0k
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30.ConHeuHast 3HEprusi, aKKyMyJIMpOBaHHAs! OKEaHOM.

31.Berposnepreruka. BzanmopeiicTBue BO3AYIIHOTO MOTOKA C JIOMACTHIO BETPO-
KOJIeca U BO3HUKAIOIIUE TIPU 3TOM CHITbI. Kitaccugukanus BeTpOoyCTaHOBOK.

32.I'eoTepMainbHasi JHEPreTHUKA.

33.BoHOBEIC, IPUIIMBHEIE 3JICKTPOYCTAHOBKH.

34.CxeMa KOTJIOB C TOTIKOH KHIISIIETO CJI0s MUPKYIUPYIOIETO THIIA.

35.CxeMa KOTJIOB C TOTIKOW KHIISIIIIETO CI0sl KIaCCHYECKOTO THIIA.

36. Cxema KOTJIOB C TOTIKOW KHITAILETO CJIOS MO/ IaBICHUEM.

37.2ddexTuBHOE MCTONBb30BaHUE dHEpTUH. CTPYKTYpHAsK CXeMa COCTOSIHUS BEIIle-
CTBa.

38.11ytu coepexenus sHEpruud. BropudHbIe pecypchl — UCTOYHHK YHEPTOMOTCH-
uana.

39. DHeprus 6MoMacchl.

40. Pecypcocbeperaroniye TeXHOJIOTHH.

41.Haxonutenu sHepruu. [lepBuyHbie 1 BTOPUYHBIC 3arpsI3HUTENN BO3TyXa.

42.ConuanbHO-9KOJIOTHYECKHUE AaCTIEKThl YHEPTeTHUKUA. DKOHOMHKA. DHEpreTH4e-
ckas crpaterusi Poccun.
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UYepkacoBa Huna Mnbunnuna

OBLIA S DHEPTETUKA (KYPC JIEKLIUI)

YuebHoe mocobue st CTyAeHTOB crienuanbHocTH 100400
3a09HOU (POPMBI 00yUEHUS

Penaxrop E.®. U30T0Ba
[Toaroroska opurnnana-makera H.B. Kosenko

[Toanucano k nedatu 09.04.10. ®opmar 60x84 1/16
Ve . 10,06. Tup. 50 sk3. 3ak. 10-802. Per. Ne 17.

Otneuatano B PO Py0O1oBckoro nHAyCTpUaIbHOTO HHCTUTYTA
658207, Py6moBck, yi. TpaktopHnas, 2/6.
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