SHEPTETUYECKHUE PECYPChHI U YCTAHOBKU
Kypc nexmuii quist cnermanbroctr 13.03.02

Conep:xkanue

OHeprus U sHepropecypcbl. OCHOBHbIE OHATUS U ONpeAeTaeHUs. KIaCCUPUKALM. .....ovvvvveiiiiiiiiiiiiienins 2
1. DHEPIrETHUECKHE PECYPCBI BEMIIH ....viuveeseriasreesereaseessseassesssseasessaseesseessseaanesasneesseeasreesnesasneesneeaneesnneasneens 3
1.1. Knaccudukamus U XapaKTEPUCTUKHU TOTITHBA ....vvevuvreessrreesssreesseessssesssesessesssssessssessssssssssessssessnnns 3
1.2, HEPTAHOE TOTIIIHIBO .....vtvviteeatieuiesteeteesse sttt sse bbbt ahe bt b e bt e s e bt e b e e et ke e n e e e e n b e e nn e s 5
1.3. T23000DABHOEC TOTITIHIBO ....eeeuvvveessteesssreesssessssesssseesssessssseesssssssssessssssessssesssssesssssesssssessssseesssnsesssseesnsns 6
O )Y (52 03 0917 7 0 POV PR OUR PRI 7
P WST0 Y107 ed 7 e (oo e ) (5] o) 7 6 SO OTROTRUPPPIN 8
P U7 1§ o T0Lc )3 (<)o) 7 6 P TR PP PR PP PR PTRPPRPRPPIN 8
2.2. BETPOBAT DHEPTHSL. +.euvvveeuveeasreesissesssssessssesssssesasssssassessasssssasssssasssssssesssssessssesssseessssessssessssesssssessnsns 9
2.3. T'€OTEPMATIBHAST THEPTHISL. ... .veevveueesteesreassesseeseassesseeseassesseesbeesseabe e b e e s e ahe e sb e e st e be e e be e b e ebeenbe e ne e e e abeene s 9
2.4, COTTHEUHAS THEPTHS. ..uvveureetesaseeasseeasseaasesasseassesasseaasesasseesseeasseeaseeaseesseeanbeeabseabeeanneanbeeaneeanneennneanns 10
D2 b1 (S 0)c T )2 5 o) 2 G TP TP PRSP PUPT PR PPRPPPO 11
BT 2 B (<)5) 2 (011 (o3 (53 51 (TSROSO 11
3.2. TCPMOSITICPHBII CHHTES ....v.vverviessesseeseessesseesseesseassesseesseassesseesseasseaseeabeeseaseenbe et e asseabeebeannenneenneenne e 12
4. CoBpeMeHHbIE CIIOCOOBI TPOU3BOACTBA IEKTPUUECKON U TETIIOBOM SHEPTHH ...c.vvivveiiesrisieeireeneseee s 14
4.1. Ilpocreiiias MOJEIb SHEPTETUUECKOM YCTAHOBKH ... .veeureesreesreessreessesssneessnessreessesssneesnnssnesssneanseens 14
4.2. TennoBble KOHECHCAITMOHHBIC SJIEKTPUUCCKHIE CTAHIIHH «.vvvvvvressrreessseeessseesssseeesssenssssesssssessssessssnes 15
4.3. Cucrema TEXHUYECKOTO BOAOCHAOKEHHUS TETTIOBOM STEKTPOCTAHIIHHI. ....vvvvervenresseeresnresieesseaneenes 16
4.4. T'a30BO30YIIHBINA TPAKT TETIIIOBOM DIMEKTPOCTAHIIM ... .euveesreesseessreasseessseessessnseessssassessnsssnseesneansenss 17
4.5, TeNTODTEKTPOLICHTPAIIM ... veesveesreessreasseessreasseessseasseessseasesasseesseeasseeaseeasseesseeasneeaneeasreennneereesnneanneens 18
4.6. Ta30TYPOUHHBIC YCTAHOBKH .....vcuveetreasseesureanseessseesseessseassesasseessesasseassesassesssssssseessssssessssssnsessneansenns 19
4.7. ITaporazoBble YCTAHOBKH (I ) ..ociiiiiiiiiiiiii e 20
4.8. TUAPaBIUUIECKHUE DTEKTPOCTAHIIHIEL ..v.uveerereanreeureasseesuseassesssseesseessseassesssseessesssseessssasseessssanseessneansenss 21
4.9. TuapOaKKYMYITHUPYIOUTHE DIEKTPOCTAHIIMH ......vvervisreseessesssesseesseassesseesseassesseesseasseassessesnnesseessesnsens 21
4.10. ATOMHBIE DITEKTPOCTAHIIHH .......uveessreasteesureanseesuseaseessseasseeasseesseeasseassesasseesseeanseeasseasseessseanseessneanseens 22
4.11. TEIIIOBBIE KOTEIIBHBIC .......veeuresreessreasseessreassaessseasseessseaseeasneessesasneeasesasneesseeanneeaneeasneenmneeneesnneanneens 24
4.11.1 ITpuHIUOHATBHAS CXEMA KOTEITBHOM YCTAHOBKH .....vevvviviesiiiiieitiene e siee st sre e 24
4.11.2. CXEMBI TTOTYUCHHS TIAPA B KOTIIAX 1. ..vrvverrraseesreseassesseesseessesssesseessesssesseessesssesssessessnesssensessnenns 25
VA0 R T ) v i (0): 70} 7 T €21 2 (o0 % 0 X B 1 B 40 ¢ PR R 27
4.11.4. Cuctema BOJIOTIOATOTOBKH KOTEITBHBIX YCTAHOBOK. .. veeeutvressrreestriestneesseeesseeessneessnseesssnessnns 27

5. HoBble criocoObl peoOpa3oBaHus Pa3IUUHbIX BHJIOB SHEPIOPECYPCOB B AIEKTPHUUECKYIO U TEILJIOBYIO
C) 2 (7 0) 7§10 TSROSO PR TR 29
5.1. Heo6xonuMocTh pa3pabOTKH HOBBIX CIIOCOOOB MPEOOPAZOBAHUS FHEPIUH ... 29
5.2. MarauroruapoauHamuaeckoe npeodpazoBanue 3Hepruu (MI'JI-TeHepaTophI) .......ccvevveeiveerinenne. 30
5.3. DAEKTPOXUMHUECKUE METO/IbI TIPEOOPAZOBAHUS FHEPTHH ....cvvvviieeriaiiisieesieere st e sne s sne e 31
5.4. Metoibl npeoOpa3oBaHUs COTHEYHOM SHEPTUU B JIEKTPHUUECKYIO U TETIOBYIO ....vvvveeereenreerieennns 33
5.4.1. IIpeoOpa3oBaHuE COITHEUHON SHEPTHU B DMEKTPHUCCKYEO .....vvirvierrieriiriesresieesieenessessnesneseeennas 33
5.4.2. TIpeoOpa3oBaHNE COTHETHON YHEPTHH B TETITIOBYED ....ecuverrisrerteasresseenseassesseesseessesseessessnesseenes 35
5.5. BETPOIHEPTETHUECKHE YCTAHOBKH ... vvuvierestiestisieesteessesssesseesaesssesseesseassesseesbe e st ssseabeesnessnesneesneanne e 36

(03107 (6100 Q0 12§ < 012 1140 ) 5 PR PRR PR 38



SHEPI'UA U DHEPI'OPECYPCBI. OCHOBHBIE ITOHATUA U OITPEJAEJEHUA.
KIIACCUOUKALIUA.

[Ton sHepropecypcaMu MOHMMAIOTCS MaTe€pUalbHble OOBEKTHI, B KOTOPBIX COCPENOTOYEHA BO3-
MOYKHAsI JUIsl MCTIOJIb30BaHMsI SHEPIrus. DHEPIus - KOJIMYECTBEHHAs OIICHKA PAa3UYHBIX (OPM JIBMKEHUS
MaTepHH, KOTOPbIE MOTYT IIpEeBpaIlaThCs APYr B Apyra, YCIOBHO MOApa3JeseTcs M0 BUJaM: TeIoBasd,
XUMHUYecKast, MeXaHU4eCKasi, JCKTpUIecKas, siiepHas u T. JI.

N3 60sb110r0 pasHooOpasus 3HEPropecypcoB, BCTPEUYAIOIIUXCsl B IPUPOJIE, BBIACISIOT OCHOBHBIE,
UCTIOJIb3yEMbIE B OOJBIINX KOJMYECTBAX JUIS MPAKTUYECKUX HYX 1. K OCHOBHBIM 3HEpropecypcamM OTHO-
CSIT HEPTUIO PEK, BOAOIA/I0B, pa3IMUHble OPraHUYECKUe TOIUINBA (Yroib, HeTh, ra3), siepHOe TOIUIUBO
- TSDKEJIbIE 3JIEMEHTHI ypaHa U TOPHUSL.

OHepropecypcsl pa3feisloT Ha BO30OHOBIsIEMble U HEeBO300HOBIsieMble. K mepBbIM OTHOCHT Te,
KOTOpbIE IPUPOA HETIPEPHIBHO BOCCTAHABIUBACT (BOAA, BETEP M T. 1.), @ KO BTOPHIM - paHEe HAKOIUICH-
HbI€ B IIPUPOJE, HO B HOBBIX I'€OJOIMUECKUX YCIOBUSIX MPAKTUUYECKU HE oOpa3zyromuecs (HarpuMmep, Ka-
MEHHBIN yToJIb).

OHeprusi, HEMOCPEACTBEHHO H3BJeKaeMas B INpHUpoJe (PHEprus TOIUIMBA, BOJBI, BeTpa, TeIlia
3emuH, saepHas), HAa3bIBACTCS MEPBUYHON. DHEPrus, Mmojlydyaemas 4YelIOBEKOM IOociie IpeoOpa3oBaHUs
NEPBUYHOMN 3HEPruM Ha CHEIMAJIbHBIX YCTAHOBKAaX - CTAHLMAX, HA3bIBAETCS BTOPUYHOU (3HEPrUs 3JeK-
Tpu4ecKasi, mapa, ropsiaei BOJbI ¥ T.11.).

[TonydyeHue sHeprur HEOOXOAMMOTO BUIAa U CHaOXKEHUE 3TOU 3Hepruei norpeduTeneit npoucxo-
JIUT B TIPOIIECCE SHEPTETHYECKOTO IIPOU3BOJICTBA, B KOTOPOM MOKHO BBIICIHUTH TISTh CTAIUN:

1. ITosnyueHne M KOHLIEHTpALUsl SHEPreTUYECKUX PpEecypcoB: Jo0bua M oOoraiieHue TOIUIUBA,
KOHIICHTPALUS HAIlOpa C MOMOIIBIO THAPOTEXHIUUECKUX COOPYKEHHUH U T.11.

2. Ilepenaya 3HEPreTHYECKUX PECYpPCOB K YCTaHOBKaM, MPeoOpas3yIOIIMM 3HEPrHi0, OCYIIECTB-
JsieMasi IepeBO3KaMH T10 CYIIE M BOJIC HIIM TPAHCIIOPTUPOBKOI 10 TPYOOIIPOBOIAM.

3. IlpeoOpa3oBanue MEepBUYHOM SHEPrHMM BO BTOPHUHYIO, UMEIOIYIO Haubojee ya100HYyI0 B AaH-
HBIX YCJOBMSX JJI pacrpeaenaeHuss U norpednenust Gpopmy (0OBIYHO B AJIEKTPUYECKYIO SHEPTUIO U Tel-
J10).

4. Ilepenava u pacnpeneneHue npeoOpa3zoBaHHONW YHEPTHHU.

5. [lorpebuenue s3Heprum, OCyecTBIsIEMOE KaK B TOi popme, B KOTOPOH OHA JOCTaBJIeHa MOTpe-
OuTEINIO, TaK U B €lIe pa3 MpeoOpa3oBaHHOI.

PaznuuHble BUBI SHEPrOpecypcoB HEPABHOMEPHO paclpesesieHbl Mo paiioHam 3emiid, Mo cTpa-
HaM, a TaKKe BHYTPHU CTpaH. MecTa ux HaubOJIbIIETr0 COCPETOTOUEHHSI OOBIYHO HE COBIAAAIOT C MECTAMHU
notpebnenusi. Konnenrpanus norpeGieHus 3HepropecypcoB B Hanbosee pa3BUTHIX CTpaHaX MpUBeNa K
TakoMy mojoxkeHuto, koraa 30% Bcero HaceneHuss B Mupe mnorpednser 90% Bceil BblpabaTbiBaeMoi
sHepru, a 70% HaceneHus - Toabko 10%.

Opraanyeckoe TOIUTMBO B CHIIY €r0 CIeNU(UIECKUX CBOMCTB U HCTOPHUYECKU CIIOKHUBIIUXCS yC-
JIOBUH TIOKA OCTAeTCs OCHOBHBIM HCTOYHHKOM HCIIOJIb3YEMOM UeIOBEKOM SHEPTHH.

TormBo Mo cBOEH MPUPOIE OTHOCHTCS K HEBO30OHOBIISIEMBIM HCTOYHHKAM SHEPTHH, TaK KaK OHO
00pa30BaIoCh B JaJIEKHE JOMCTOPUYECKHE STIOXH U B HACTOALIEE BpeMs IPAKTUYECKH HE BOCIIOJIHAETCS.



1. SJHEPTETUYECKHUE PECYPCBHI 3EMJIN
1.1. Knaccudukanus u XapaKTepUCTHKH TOIJIMBA

JIroboe BemecTBO WJIM CMECh BEILIECTB, JJIS MOJyYSHHs TEIUIOTHl Ha3bIBalOT TOIUIMBOM. B Ha-
CTOSIIEE BPEMs M3BECTHBI JIBE€ TPYIIbl TOIUIUB, PA3IMYaIOIUXCS 110 MPUHIUIY BHICBOOOKICHUS dHEP-
TUH: OPTraHNYeCKOe TOTUIMBO, KOTOPOE BBIACISET TEIJIOTY MPH OKUCIICHUHU (TOPSHHUH ) TOPIOYUX IJIEMEH-
TOB, BXOJSIIUX B €r0 COCTaB, U SIEPHOE TOIUIMBO, BBIJCISIONIEE TEIUIOTY B pe3ysbTare sSACpHbIX MPeo0-
pa3oBaHHUI.

Opranudeckrie TOIUIMBA KIACCUPUIUPYIOTCS:

1. ITo arperaTHOMY COCTOSIHHIO - Ha TBEpJbIe (Yroib, TOp(, TOPIOYUil CIaHEeI, PaCTUTEILHOE
TOIIMBO), KUJKUE (HEPTH U MPOAYKTHI ee nmepepadoTKu: OEH3UH, KEPOCUH, IU3eJIbHOE TOIUIMBO, Ma3yT
U JIp.), ra3000pa3HbIe (IPUPOIHBINA M UCKYCCTBEHHBIN Ta3bl);

2. ITo cnocoOy moaydeHus - Ha eCTeCTBeHHBIC (0ObIBaeMbIE M3 3€MHBIX HEIP) U MCKYCCTBEH-
HBIC (TIOTy9aeMbIe B pe3yabTaTe (PU3MUECKON WM XUMUYECKOU MepepadOTKU eCTECTBEHHBIX TOIUIUB U
JIPYTUX IPUPOIHBIX BEIIECTB).

OCHOBHBIE XapaKTEPUCTUKHN OPraHUIECKOTO TOTLTUBA!

1. Cocras

2. Y ienbHas TEIJI0Ta CrOPaHUs
3. Beixoj neTyuux BeuecTB

4. 30JIbHOCTD

5. BnaxxHocts

6. CepHUCTOCTH

1. Dnemenmapnuiit xumuyeckuii cocmae meepovix u Hcuokux monaue: yriuepoa C, sogopon Hp,
kucnopon 0z, azot Ny, cepa S, munepanbubie coequnenus A u Bnara W. Bnara, copep:xaiascs B TOILUIH-
BE, COBMECTHO C MUHEpalIbHbIMH coeinHeHusME (A+W), HazpiBaeTCs 0aJIaCTOM TOILIMBA.

B tomnuBe paznuuarot pabouyro, CyXyro U TOPIOYYIO MacChl.

["oproueii Ha3BIBAIOT YacTh MacChl TOIUIMBA Oe3 Oayutacta. Ha3Banue '"roprouas macca" ycliOBHO,
T.K. IEUCTBUTENBHO TOPIOYMMH JIEMEHTAMU SBJISIOTCS TOJIBKO YTJepoJl, BOJOPO U cepa. ['oprouyro mMac-
Cy MOKHO XapaKTepu30BaTh KaK TOIUIMBO, HE COZEpKalllee 30Jbl U B a0COIIOTHO cyxoM cocTostHuH. Co-
CTaB roprodeif Macchl TOMIMBA OOBIYHO MIPUBOAST B CIIPABOYHUKAX.

I'oprouast Mmacca 1 MHUHEpaJIbHBIE COCIMHEHUSI COCTABIISIOT CYXYIO0 MacCy TOIUIMBA. J[aHHOE TOHS-
THE YZ100HO MCII0JIb30BaTh [UIS BUJOB TOILJIMBA, COJEPKAIIUX OO0JIbIIOE KOIUYECTBO BiIaru (Oypblil yronsb,
TOpd, IpoBa)

Cyxas macca TOIUIMBA U Biara o0pa3yroT pabouyro maccy TomuBa. [Tonsrue pabodei Macchl nc-
TIOJIB3YIOT MIPH OTIPENIEIEHUH pabounX XapaKTEPUCTHK TOTUTUBA B YCIOBHSX IKCILTyaTaIlHH.

CoctaB TBepAbIX U JKUIKUX TOIUIMB MPHUHATO MPEJCTABIATh B BUAE CYMMbl MacC XMMHUYECKHX
AJIEMEHTOB:

C”+H? +S? +O” +N” + 47 + W =100 % (1.1)

WNupnexc "p" o3HavaeT, 4TO MPOIEHTHBIN COCTaB OTJENBHBIX AJIEMEHTOB OTHECEH K paboueii macce.
Jy1st B3aMMHOTO TIepecdeTa Toprodeii, Cyxoi u paboueil MacChl TOTUTHBA HUCIIONB3YIOT MTEPEBOHBIC
ko3 dunmentsr K (tabmuma 1.1).

Tab6auna 1.1 - Koagpdunnents! nepecyera K cocraBa Tonausa ¢ 0{HOi Macchl HA IPYIyI0

Hckomast macca Tormiusa, %
3amanHHas Macca TOILINBA
pabouas cyxas roprooyas
Pa6 1 100 100
oo 100 -W?° 100 — (AP + WP)
_\WP
Cyxast M 1 LO‘
100 100 - A"
_ p p _AC
Toprouas 100 — (A" + WP) M 1
100 100




OCHOBHBIMH KOMIIOHEHTaMH, Ta3000pa3HOro TOIINBA SBISIOTCSE MeTaH CHy, BhICIIME yrieBoo-
ponnbie coenuHeHust CmHp, Bomopon Ha, azotr Nj, okcup yriaepoga CO, nuokcup yriepoaa CO,, cepoBo-
nopon H,S, kucnopon O,, Ananoruyno (1.1) cocraB ra3000pa3HOro TOIUIMBA MOXKET OBITH MIPE/ICTABIICH B
BHJIC CYMMBI JI0JIeH 00beMa COCTABJISIOIINX €r0 KOMITOHEHTOB:

CH,+C_H,+H,+N,+CO+CO, +H,S+0, =100% (1.2)

2. Yoenvnan mennoma czopanus monauea - KOJIMYECTBO TEIIOTHI, BBIICIUBIICHCS IPU MTOJIHOM
CTOpaHHMH E€IMHHUIIBI MACChl I O0hEMa TOIIUBA. BBIIENISIOT BBICHIYIO M HU3IIYIO TEIJIOTY CTOpaHHS.
Beiciias terora cropadus QP - 3T0 KOJIMYECTBO TEIUIOTH, MOJIYYEHHOE IIPU CrOpaHUU 1 KT TBEpIOro
(cxkunkoro) mmm 1 M razoo0passnoro ToruBa (mpu temmneparype 0° C u gasnenuun 0,1013 MIla) u xon-
JIEHCAIIMM BOJASAHBIX I11apOB, COJEPKALIMXCA B NPOAYKTax cropaHus. Husmas rterutora cropanus QP
k/[K/KT, He BKIIFOUaeT B ce0s TEIUIOTY KOH/ICHCAIIUU BOJISTHBIX TIapOB.

Temnora cropanusi TOIUIMBA OMPEENIAETCA UCXOS U3 XUMUYECKOro cocTana (%) TOIIuBa.

J1Jis TBEPIOTO M KUIKOTO TorutBa (KJ[Xk/KT):

QP =338C” +1250H" —108,5(0° —S") (1.3)

QP =338CP +1025H" —108,5(0° — S°) — 25W° (1.4)

Jlnst rasoo6pasHoro Tormea (KJk/M’):
QP =108H, +126CO, + 234H,S + 358CH, +591C,H, + 913C,H, +1187C,H,, +1461C.H,, (1.5)
Ludposbie kodpduimeHTsl B HOPMYIax BBIPAKAIOT TEIUIOTY CrOPAaHUs OTACIBHBIX T'OPIOYUX

AJIEMEHTOB, JiejeHHy0 Ha 100.
Cpennsisi TEIUIOTa CTOPAHUS PA3JIMYHBIX BHIOB TOILIHBA:

chlpast HePTh 43 M]JIx/kr
MPUPOIHBIN Ta3 37 MI[)K/M3
yrojib (30-55) MJIx/xr.

Bonbiias pa3Huua 3Ha4€HUH TEIUIOTHI CTOPAHUS Y Pa3IMUHBIX BHJIOB TOIUIMBA 3aTPYAHSET B He-
KOTOPBIX CIy4asX MpOBEIAEHHE CPAaBHUTEIbHBIX PACUETOB, HAIPUMED, MPHU BBISBICHUH 3a11acoOB TOIUIMBA,
IpU OLIEHKE 11e1eCO00Pa3HOCTH NPUMEHEHHUs pa3HbIX COPTOB TOIUIUBA U Mp. [103TOMY NPUHATO NOHATHE
yenosno2o monauéa. Y CIOBHBIM Ha3bIBAETCS TOIUIMBO, TEIIOTA cropanms 1 kr mmm 1 M° KoToporo Qy.r.
paBHa 29330 k/x. [Tepecuer pacxona B (xr win M3), HCIIOJIb3yEMOT'0 TOIUIMBA ¢ TEIIOTOM cropanus QPy,
kJ>K/KT, Ha yCIIOBHOE TOIUIMBO (Y.T.) MPOU3BOJUTCSA 110 hopMyIIe:

B,.= BQHp/Qy.T., (xry.T.) (1.6)

3. Bvix0oo nemyuux eeutecme - 3T0 CMECh TOPIOUMX U HETOPIOYHMX Ta30B, KOTOPHIE BBIIEIAIOTCS
U3 Macchl TOIUIMBA TPU €ro HarpeBaHWW. BenwumHa BBIXOJA JIETYYMX BEIIECTB ONpEACISIeTCS Kak
YMEHBIIEHNE MacCchl TPOObI TOIIMBA MPU €0 HarpeBaHuu 0e3 JocTymna Bo3ayxa 1o Temmneparypsl 850 °C.
Uem Oompllie BBIXOJ JIETYYHX BEIIECTB, TEM HIDKE TEMIIEpaTypa BOCIUIAMEHEHHS TOIUIMBA U JIETYE €ro
3a)KUTaHUe.

BbIxon JeTyunx BemiecTB 3aBUCHT B OCHOBHOM OT BO3pacTa TOIUIMBA M YCIOBHH ero (popMHpOBa-
Hus. Tak, BBIXOJ JIETy4HX - BEIIECTB y Top¢a, MMEIOILIEro caMblii MOJIOI0M Bo3pact, coctaBiseT 70%.
Oyporo yris 45 - 50%, kameHHbIX yriei 25 - 40%, y antpanuta 3 - 4%.

TBepablil OCTaTOK TOIUIMBA TOCJE BBIXOJA JIETYYMX BEIIECTB HA3bIBalOT KOKCOM. Kokc siBisiercs
OJTHUM W3 HamboJiee IEHHBIX U IOPOTOCTOSIINX BHIOB OPTaHUYECKOTO TOIUIMBA, OH HMEET OOJBIIYIO Te-
IUIOTY CTOpaHUsl U 00ECTIEYMBAET BBICOKYIO TeMIepaTypy ropeHusi. Kokcel UCIIONB3YIOTCS PEUMyIecT-
BEHHO B TUTAaBWJIBHBIX IE€YaX, IS IUIABKU TYTOIIABKUX METAUIOB M JPYTrUX MaTrepuaioB. B sHepreTnye-
CKUX YCTAHOBKaX MCIIOJIb3YIOTCSI TOIJIMBA, HEMPUTOAHbIE /IS OIYYEeHUs TNIOTHOTO KOKCA.

4. 3onbH0Cmb

HecropeBmmii octaTok, 00pa3yroIMiics OCII€ CTOPAHKS TOIUIMBA M COCTOSIIIUNA B OCHOBHOM W3
MUHEpaIbHBIX MPUMECEH, Ha3bIBAECTCS 30J10i. YacTh 3076 B MpOLECCe TOPEHUS TOIIMBA MOJT 1€ HCTBUEM
BBICOKHMX TEMIIEpaTyp OILIaBIsIeTCA U ImpeBpamiaercs B nutak. OTHOIIEHHE Macchl 30J1bl K Macce TOIIMBA
B MMPONLCHTAaX HAa3bIBAIOT 30JIbHOCTBHIO A. 30JILHOCTD TBCPAOro TOIJIMBA, B 3aBUCUMOCTH OT €TO0 COpTa U
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KauecTBa, MOXeT KojebaTbes B mpenenax 5-70%, 30JbHOCTh KHUAKUX TOILIUB TOPA3I0 MEHbIIE - OKOJIO
0,1%. 301pHOCTH TOIIMBA M CBOMCTBA 30JIbHOTO OCTATKa BIUSIOT Ha MPOIECC TOPEHHU. 30J1a YMEHbIIIAET
TEIUIOTY CTOPaHUS TOIJIMBA, CHUKAET MHTCHCUBHOCTh TEIJIOOOMEHA BCIICJICTBUE OCAXKIICHUSI HA TTOBEPX-
HOCTSIX HarpeBa, BhI3bIBACT U3HOC UX, 3arPS3HSCT OKPYKAIOIIYIO CPEy.

5. Bnasxcnocmos W - 3T0 KOJIMYECTBO BiIard (BOJbI) B TOIUIMBE, BBIPAXKCHHOE B IMpolleHTax. [lo-
BBIIIICHHAS BJIAYXHOCTh CHIDKAET TEIUIOTY CTOPAHUS TOILIMBA U BBI3BIBACT OOJBIINE TPYAHOCTH MIPH CXKU-
ranuu. Beicokyro BiaxkHOCTh (10 50%) uMeroT Oypble yriau u Topd, MOITOMY TEIJIOTa CrOpaHus UX He-
Benuka (8-10 M/[x/kr). BnaxXHOCTh KaMEHHBIX yIJIel 3HAYUTEIIbHO HIKE U cocTaBiser 5 - 20%.

6. Ceprucmocms S - KonndectBo cepbl B TOIUTMBE. BoJbII0e KOJMYECTBO CEPHI B TOIUIMBE BbI3bI-
BaeT YCHJICHHYIO KOPPO3HUIO MOBEPXHOCTEH HAarpeBa U ra300TBOJAIINX TPAKTOB TOIIMBOUCIIONIB3YIOIIETO
000pyI0BaHus, IPUBOJUT K €T0 MPEXKIEBPEMEHHOMY U3HOCY U BBIXOAY U3 CTPOSI.

1.2. HeprsiHOE TONJIMBO

Hauano maccoBoii MupoBoii 100buu HedTH Hatupyercs cepeauHoi 19 Beka. B Hacrosimee Bpems
noJist HehTU B MEPOBOM SHEPreTHUIECKOM OanlaHce cocTaBisieT 0kouio 40%.

Ceipas He(pTh, OCTYNAIOIIAs U3 CKBAXHH, PEACTABISIET COOOH CIOKHYIO CMECh KHIIKHUX YTJie-
BOJIOPOJIOB, B COCTAaB KOTOPHIX BXOAAT B 0CHOBHOM yriiepoa (CP = 84-86% u Bomopon (H? = 10-12 %).
Taxoke, B HEOOJBIIMX KOJTUYECTBAX B HEH COAEPIKATCS U APYTHE FIEMEHTHI, XUMUYECKU CBS3aHHBIE C MO-
JeKyJaMu YTIIeBOAOPOI0B: cepa (10 5%), kucnopox (mo 2%), azot (10 1%). Conep:kanue BOJbI U 30J1b-
HOCTh He npeBbimatoT 1,5 %. Ilo cBonmM XapakTepucTukaM He(Th HEOHOPOHA, M 3Ta HEOTHOPOJHOCTD
00yCIIOBJIEHA €€ Pa3IUYHBIM PACTUTEIBHBIM MPOUCXOKIECHUEM B pa3HbIX 4yacTax 3emin. CoctaB He(TH,
€e BSI3KOCTh, IIBET U MHOTHE JIPYTHE XapaKTEPUCTUKH 3HAYUTEIBHO Pa3IMYaroTCs, YTO OMPEJeIsieT BO3-
MO>KHOCTH IMPOU3BOJICTBA TEX WJIM UHBIX HE(PTEIPOIYKTOB.

HedTs B cHIpOM BHI€ HE HAXOAUT MIMPOKOTO MPUMEHEHUS, U3 HEE MOIYYalOT PA3INIHbIC KUIKHE
ToruMBa (OEH3UH, KEPOCHH, TU3EIbHOE TOIUIMBO, Ma3yT) MyTeM MepepadoTKH, OCYIIECTBIsIEMO Ha Hed-
TenepepadaThIBAIOIINX 3aBOIAX.

XapaKTepUCTUKU KUIKUX TOIUIMB - IIPOJIYKTOB MepepaboTKu He(TH npuBeaeHsl B Ta0I. 1.2,

Tab6auua 1.2 - XapakTepuCTHKH KUAKHX TOIUINB, M0Jy4aeMbIX U3 He(pTH

7 o,
féﬁiﬁg: = COCT:I? roprouei Macscrm, % - AC, % WP, % Q.7 Mypi/xr
benszun 85,0 14,9 0,05 0,05 0 0 43,8
Kepocun 86,0 13,7 0,2 0,1 0 0 43,0
JuzensHoe 86,3 13,3 0,3 0,1 0,01 0,01 42,4
Masyt 85,0 11,8 2,5 0,7 0,15 1,0 40,2

Haubouee nerkue copra OeH3MHA MPUMEHSIOTCS B ABHAIIUU M HA3bIBAIOTCS aBUAIIMOHHBIMHE, Oojiee
TsDKeJIble (aBTOMOOUIIBHBIE) U JIM3€JIbHOE TOIUIMBO - B aBTOTPAHCIOPTE, KEPOCHH - B TYpOOPEAKTHBHBIX
JIBUTATEIISX.

B sHepreTuke U3 KUAKUX TOIUIUB UCIIOJIB3YIOTCS TOJIBKO TOMIOYHBIE Ma3yThl, KOTOpbIE KilacCu]u-
MUPYIOTCS IO CTeneHu ux Bszkoctu: M20, M40, M60, M80, M100, M120 (tudpsl ycioBHO 0003HAYAIOT
BSI3KOCTB).

HedTh B XKHUIKOM COCTOSHUU 3ajJeraeT B T'€OJIOTHYECKUX OCAJOYHBIX MOPOJaX, KOTOPHIE TOCTa-
TOYHO XOPOIIO U3y4YEHBI. DTO JaeT BO3MOXHOCTh MPOM3BECTH OLIEHKY CyMMAapHBIX MHPOBBIX PECYPCOB
Hedtn. O01Iast BeTuYrMHAa MUPOBBIX 3armacoB HedTH olleHuBaeTcs B pazmepe 740 mupa. T.y.T. (okoso 6%
OT OOIIMX 3aracoB OPraHMYECKOro TOomIuBa). [Ipu coBpeMeHHOM ypoBHE TOOBIYM HE(PTH, a TAKXKE C yue-
TOM TEMITOB Pa3BUTHS MPOMBIIICHHOCTH U CBS3aHHOTO C 3TUM POCTa YHEPrONOTPEOIICHUS, 3a11acoB U3-
BECTHBIX MECTOPOXKICHUN HeQTH XBaTUT Npubau3utensHo 10 2060 - 2070 r. JlanHas oleHKa sBJISeTCs
OPUEHTHPOBOYHOM, TaK KaK B HACTOSAIIEE BPEMS MPOJIOIKAETCS OTKPHITHE HOBBIX MECTOPOKICHUN Hed-
tu. Kpome Toro, HempepbsIBHO COBEPLICHCTBYIOTCS METOJbl 100U He(pTH. CriocoObl JOOBIYH, MTPUMeE-
HSIEMBIE B HACTOSIIEE BPEMs, TIO3BOJIIOT M3BJIEKATh U3 IIACTOB Bcero okoiio 30% HedTH, ocTaBisis B
3emsie 70% coneprkamuxcs B Heil 3amacoB. Takum o0pazom, pa3paboTka HOBBIX crioco00B HedTeno0bIuH,
MO3BOJIAIOMINX YBEIWYHTh HE(PTEOTHauy pa3padaThbIBaeMBbIX IUIACTOB, AT BO3MOXKHOCTH 3HAYMTEIHHO
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YBEJIMYUTH MUPOBBIE 3aMachl JOCTYITHOM JJIsi U3BJICUEHUS U UCTOIb30BaHUSI HEPTH. B G0onbIIMHCTBE CIy-
4yaeB ornepanuu 1o 6osee TiyO0okon pa3paboTke HeDTSIHBIX IUIACTOB 3HAYUTEIHHO MOBBIMIAIOT CE0ECTOMU-
MOCTbH JOOBIYM HEPTH, HO B YCIIOBUAX MUCTOIICHHS €€ 3allaCOB 3TO MOXKET 0Ka3aThCs aKTYaIbHBIM.

3anacel HeTH HEPAaBHOMEPHO pacIlpe/ieieHbl Mo TeppuTopun 3emiau. Kak npasuio, mecta 100bI-
4y He(DTU HE COBIAJAIOT ¢ MecTaMH ee morpednenus. Okoso 2/3 MUPOBOW JOOBIYU HEPTH MPUXOMUTCS
Ha cTpadbl A3um, Adpuku u KOxxHON AMepuKH, B OCHOBHOM 3KcIopTupyromiue HedTb. CTOMMOCTH J10-
Obrar. CTOMMOCTh OOBIYU HEe(hTH TAaKKe pe3Ko HepaBHOMepHA. HauMmeHbIIass CTOMMOCTh T0OBIYH B paii-
onax bmmwkuero u Cpennero Boctoka, Hanbosbimas - B psane paiionoB CIIA u 3anagHoit EBpornbi.

OO01mas BeTrurHa MUPOBBIX 3aI1acoB HEPTH OIleHUBaeTcs B pazmepe 740 mup.

BBuny Bbicokoi 1o HepTH B MUPOBOM 3HepreTudyeckoMm OanaHce (40%) u ee orpaHUYEHHBIX
3aracoB, aKTyaJIbHON MPOOJIEMO ABISETCS 3aMeHa HEPTH IPYTUMH, BO30OHOBIISIEMBIMH 3HEpropecypca-
Mu. B HacTosiiee BpeMsi MHOTHE CTpaHbl HIMPOKO 3aHUMAETCSl 3TUM HAIPaBICHUEM Pa3BUTHS SHEPreTH-
KH.

Ha teppuropun P® cocpenotoueHo oxosio 6% pa3BeJaHHBIX MHUPOBBIX 3amacoB HedTu. B Ha-
cTosIIee BpeMsl ChIpheBasi 0aza HehTeq00bIUN B IIETIOM YAOBIETBOPUTEIbHAS, OJHAKO B TIEPCIIEKTUBE OY-
JET IPOUCXOAUTh YXY/IIEHUE CTPYKTYPhI IPOMBIIINIEHHBIX 3a11acoB He()TH, YTO BHI3OBET POCT 3aTpar Ha
MOJITOTOBKY 3amacoB U q00bay HedTh. [loaTOMYy HEOOXOIMMO KaK pacHIMPEHUE T'eOJIOTOPa3BEIOYHBIX
paboT, Tak ¥ MOATOTOBKA U IIUPOKOE OCBOEHHE HanboJiee COBEPIIEHHBIX TEXHOJIOTUN MOBBIIICHUS HE(-
TEOTAauM MIacToB. He MeHee BakHOE 3HAYCHHE MMEET Takxke yriyonenue HedrenepepadOTKH, U4TO MO-
TpeOyeT KOpPEeHHOH PEeKOHCTPYKIMH AeicTByromux Poccuiickux HedTenepepadaThiBaloOmuX 3aBoJ0B. B
HACTOsIIee BpeMs TIIyOnHa niepepaboTku He()TH Ha OTCUYECTBEHHBIX 3aBOJAX, KaK MPABWIO HE PECKOHCT-
PYHUPYEMBIX C COBETCKUX BpeMeH, He npeBbimaeT 60-65%, B To BpeMsi Kak COBpEMEHHbIE TEXHOJIOTHH 10~
3BOJISIIOT OOecIeunBaTh ypoBeHb HedTenepepadoTku 10 90% u Gonee.

1.3. I'a3000pa3Hoe TOMJIMBO

["a3000pa3HOe TOIUIMBO MO CPABHEHHIO C JAPYIMMHU BHIAMH TOIUIMBA UMEET Psifl CYIIECTBEHHBIX
HPEUMYIIECTB:

1. 'a3000pa3Ho€ TOIIMBO CropaeT MpHu HeOOIBIIOM H30BITKE BO3/1yXa, 00pasys IPOAYKTHI Cropa-
HUs 0e3 bIMa U KOTIOTH

2. He naet TBepAbIX OCTATKOB (30JIbI)

3. Y100HO /U1 TPaHCTIOPTUPOBKHU Ha OOJIbIINE PACCTOSIHUS IO T'a30IIPOBOAM;

4. Y10OHO IUIsl CKUTAETCS MTPOCTHIMH CPEICTBAMH B YCTAHOBKAX CaMBIX Pa3IMYHBIX KOHCTPYKITUI
Y MOILIHOCTEH.

I'a3000pa3HOe TOIMIMBO MOApa3ZeNseTcs Ha €CTeCTBEHHOE M HMCKyccTBeHHoe. EcTecTBeHHOE B
CBOIO OUepe/Ib MoApa3ensieTcs Ha MIPUPOIHOE U HE(PTEIPOMBICIOBOE.

[TpupoanbIil Ta3 MONyYaloT U3 YUCTO Ta30BBIX MECTOPOXKIEHUH, Iie OH BBIOpACHIBACTCS U3 HEIP
3eMJIH 1101 AaBiaeHueM, goxoasmuM 10 10 Mlla u 6oxee. OCHOBHBIM €ro KOMIIOHEHTOM SBJISIETCSI METaH
CH,4. Kpome Toro, B mpuUpOAHOM ra3e COJIEPKUTCS HEOONBIINOE KOJIMYECTBO BBICIIUX YTIIEBOAOPOIOB
(CmHy), Bogopoaa Hy, okcuga CO u auokcunaCO; yriepoaa. B nporiecce 100b1YM MPHUPOTHOTO ra3a ero
OOBIYHO OYHMIIAIOT OT CEPHHUCTHIX COCTUHEHHUH, HO YacTh MX (B OCHOBHOM cepoBojiopon H,S) moxer oc-
taBatbcsi. Kpome Toro, B OBITOBOW ra3 uisi OOHApYyXEHHUs yTEeUeK TO0O0ABISIIOT TaK Ha3bIBaeMbIC
000pu3amopsl - BEIeCTBa, MPUIAIOIINE a3y crnenu(uUecKuil 3amax; OHH TOXKE COAepkKaT COCTUHEHUS
CepBl.

HedtenpoMmeiciaoBble ra3bl BBIAECIAIOTCS B OOJBIIOM KOJMYECTBE B pallOHAX MECTOPOXKICHHIM
HedTu. [Ipu noObIue HedTH BbIIEISETCS TaK Ha3bIBAEMbIN nonymHulll 2a3, COAEpKaIIUi MEHbIIE METaHa,
YeM MPUPOAHBIN, HO OOJIbIlIEe BHICIIUX YIJIEBOAOPOAOB M MOITOMY BBIACJSIONINI MPU CropaHUU OOJIbLIe
TerioThl. [IpoGieMa MoJHOTO ero UCHoIb30BaHUS B HACTOALIEE BpeMs BeCbMa aKTyalbHa, T.K. IPU CO-
BPEMEHHBIX TEXHOJOTHX JOObIYM He(TH OOJbIIAs YaCTh MOIYTHOTO T'a3a TEPSIeTCs UM BhIOpAChIBACTCS
B aTtMocdepy.

B npoMBbIIIeHHOCTH U OBITY HAXOAUT HIMPOKOE paclpoCTpaHEHHE CXKMKEHHBIN Ta3, MOTy4aeMbli
pyU MEePBUYHON TepepaboTke HEPTIHBIX ra3oB: TexHuueckuil mpomnaH (He meHee 93% C3Hgt+CsHsg) u
texHuuyeckuit 06yran (He menee 93% C4H19+CsHg). IIpu Temneparype 20°C npomnan KOHJIEHCHPYETCs IPU
nasnenun 0,8 Mlla, a 6yran - npu 0,2 MIIa. [ToaToMy 3TH Ta3bl TPAHCIIOPTUPYIOTCS B KUJKOM BHJIC B
OayutoHax 1moj| HeOOIBIIMM JTaBJIeHHEeM (0Kos10 2 MITa).



HckyccTBeHHBIE (CUHTETUYECKHUE) ra3bl MONYYal0T NPEUMYILECTBEHHO U3 TBEPAOIO TOILIMBA ITY-
TEM €ro Harpepa 0e3 AOCTyna BO31yXa B CIELMAIbHBIX YCTPOWCTBAX - razoreHeparopax. Takoil ra3 kak
IpaBUJIO 00JIaZlaeT MEHbILEH, YeM MPUPOIHBINA WM CKUKEHHBIN, TETIJIOTON CrOpaHus, YTO JIeJaeT HEpeH-
TabeIbHOM €ro TPaHCIIOPTUPOBKY Ha Oosbline paccTosiHUs. OOBIYHO TaKOM a3 MCIOJIb3YeTCsl HEMOCpe -
CTBEHHO Ha MECTE €0 IOJIy4YEHU.

B tabnuue 1.3 npencraBieHbl CpeaHUE XapaKTEPUCTUKH Ia3000pa3HOro TOIUIMBA.

Ta6auna 1.3 - XapakTepucTHKH ra3000pa3Horo TonjuBa

CocraB cyxoro rasa, % K 00semMy ¢ 3
Tas CH, H, CO CoHum 0, Co, H,S N, | Qo M
Ipupoguerit 94,9 - - 3,8 - 0,4 - 0,9 36,7
HedrenpomMbicaoBbIH 4 3 - 93 - - - - 88,5
VcKyccTBEHHBIH 22,5 57,5 6,8 1,9 0,8 2,3 0,4 7,8 16,6

OO01mas BenMurMHa MUPOBBIX 3al1acoB MPUPOJIHOTO raza oleHuBaercs B pazmepe 630 mipa. T.y.T.
(oko110 5% OT 00IIMX 3a1acoB OPraHUYECKOTO TOTUIUBA).

OcHoBHbIE 3amacel MpupoAHoro raza cocpenorodensl B CIIIA (30%), ctpanax JlatuHckoit Ame-
puku (20%), Adpuke (15%) u Poccuu (15%).

[Tpeumy1iecTBa MPUPOAHOTO Ta3a MPUBOJIAT K TOMY, YTO JaHHBINA BUJ TOIUIMBA MOCTEIIEHHO BBI-
TecHsIeT Jipyrue BHbl ToruiMBa. [lo 3Toil mpuunHe ero morpedjaeHUe YBEIMUMBAETCS 3HAYUTEIbHBIMU
temnamu. [1o oIleHOYHBIM MTPOTHO3aM, YUUTHIBAIOLIUM YBETUUUBAIOIIMIICS CIIPOC HA TAHHBIM BHUJI TOILIH-
Ba, MUPOBBIX 3aI1acOB MpUpPOHOro ra3za xgatut 1o 2050-2070 rr.

B Poccun, kak 1 BO MHOTUX OPYTHX CTpaHaxX, IPUPOJHBIN ra3 MOCTENEHHO 3aMeHsAeT HEePTh Kak
TOIIJIMBO U CHIpBE. [ a3 ABISAETCS BaXKHBIM CPEICTBOM PEUICHHUS SKOJIOTUYECKUX MPoOeM B OOJIBIIMHCTBE
pailoHOB cTpaHbl, 3amelas co00i HU3KOKAueCTBEHHBIC TBEP/bIC TOIJIMBA U BBICOKOCEPHUCTBHIM Ma3yT.
s obecriedeHus HEOOXOAUMOIO pocTa JOOBIUM ra3a B CTPAHE B COOTBETCTBMM C BO3pacTaOIIMMU IO-
TpeOHOCTSIMH MOTPEOyeTCsl MOBBICUTH YPOBEHb TEXHOJIOTMYECKON M OpPraHU3allMOHHOM MOATOTOBICHHO-
CTH K KOMIUIEKCHOMY OCBOCHHIO PECYPCOB M 00€CHEUnTh CO3JaHne MHPPACTPYKTYPHI B HOBBIX I'a30/10-
OBIBAIOIIMX paliOHaX.

1.4. KaMeHHBIii yroJib

VYrosib UMEET NPUHLIUITHAIBHO HHOE NMPOUCXOXKJIEHHE, YeM He(Th U NMpUpoaHbIi ra3. [losBienue
HE(TH CBA3BIBAIOT C OCAZOYHBIMH OTJIOXKEHUSIMHU B MOPCKOH BOZE, a Yroib 00pa3oBaicsa U3 OCaJKOB Op-
raHUYECKHUX BEIIECTB B IMPECHOM BoJle. YT0Ib OOHAPYKHUBAETCS B IUIACTaX BCEX I'€OJIOTMYECKHX AIOX - OT
COTEH MWJIJIMOHOB JI0 COTEH ThICAY JeT Ha3al. Ha aToMm mpumepe npociexuBaeTcs MociIe0BaTeIbHOCTh
BO3HUKHOBEHUS YIJIs, OT HEJaBHUX PACTUTEIbHBIX 00pa3zoBaHuil (TOpP) 10 IpEeBHUX, HanbOIee TBEPABIX
COPTOB YIJISl, C BBICOKUM COJIEp’KaHUEM YIJIepoJia (aHTpaltT).

Bricokast TemioTa cropaHus yris ONpeAeseTcs] BBICOKMM COAECpKaHUEM B HEM BOJOPOAA U yIile-
pona. UeM crapee yroib, TEM BBILIE €r0 KauecTBO. boiblnas pasHULa B TEIUIOTE CTOPAHUS PAa3IMYHBIX
COpTOB YIJISl OUEHb 3aTPYJHAET OLEHKY YIOJIbHBIX PECYPCOB.

B tabnuue 1.4 npeacraBieHbl cpeHNE XapaKTEPUCTUKU TOPrOYei MacChl KAMEHHOIO YIJIsl U IpY-
TMX BHJIOB TBEPJOTO TOIUINBA.

Tab6auua 1.2 - XapakTepucTHKHM TBEPAOro TOMIUBA

7 o,

I:;E)ggs = (Sjr()CTaB rop}oPtIIren MAaccChI, O/or — AC, % WP, % Q.7 Mypi/xr
Jlposa 51 - 6,1 422 0,6 19
Topd 58 0,3 6,0 33,6 2,5 8...15 45...55 8,1
T'op. cnanen 60...75 4..13 7...10 12..17 0,3..1,2 40...70 5...10 7,7
Bypsiii yroas 64...78 0,3..6,0 3,8...6,3 15,3 0,6..1,6 20...45 15...50 27
KameHn. yross 75...90 0,5..6,0 4.6 2..13 1..2,7 18...35 5...20 33
AHTpanur 93...94 2.3 2 1..2 1 11...25 5..10 55




OcHoBHbIe 3amnackl yrist cocpenoroueHsl B Poccun, CIIA, Kurae, ABctpanuu, cTpaHax Aszud,
Adpuku, HeKOTOpBIX eBpomeickux crpaHax. OOIiasi BeIMYMHA MUPOBBIX 3aMacOB YIJIS OLIEHUBAETCS B
pazmepe 11200 muapa. 1.y.1. (okoi0 89% OT OOIIMX 3armacoB OPraHUYECKOTO TOIUIMBA). [Ipu coBpeMeH-
HOM ypOBHE TTOTPEOICHUS YTJIsl €Tr0 3armacoB T0JbKHO XBaTuTh Ha 300-400 rer.

3amacel kaMeHHOro yrist B Poccun cocrasisitor 6osnee 50% mupoBsix 3amnacoB. Cpeau noacuu-
TaHHBIX 3aracoB yriiei B crpane 6oinee 90% cocTaBisOT 3amachl sHepreTudeckux yriei u menee 10%
MPUXOJUTCS Ha TOJI0 NEeDUITUTHBIX KOKCYIOIUXCS YTIIEH, MPUMEHIEMBIX B METAJUTYPTUH.

OcHOBHBIE yriIeq00bIBarOIIME pailoHbl cTpanbl - Cubupp u JansHuit Boctok. HeGmaronpusTHeIM
dakTopom sBIIsIETCS TO, 9TO Oonee 90% 3amacoB yriisi HAXOASATCS HA TEPPUTOPUHU K BOCTOKY OT Ypaia, B
TO BpeMs kKak 60% noObiBaeMOro yrisi moTpedsieTcss B eBPONEeHCKON YacTu cTpaHbl U Ha Ypaine. Jlanb-
HOCTh IEPEBO3KH KaMeHHBIX yrieil u3 Culbupu Ha Ypaa u eBpONenCKyro 4acTb U MOJIHAS HepeHTa0emb-
HOCTb TPAHCIIOPTUPOBKU Ha 3HAUYUTEIHHOE PACCTOSHUE PBIXJIBIX M BBICOKO30JBHBIX CHOMPCKUX YIJeh
CACPKUBACT TEMIIbI MX JIOOBIYM M BBIIBUTAET MPOOJIEMY 00OTameHus U MepepaboTKU 3TUX YIIIeH B Mec-
Tax UX HEMOCPEICTBEHHOM JOOBIUH.

2. TEO®OU3NYECKASA DHEPI'USA
2.1. T'uaposneprus

I'unposnepreTuueckue pecypebl 3emin oneHuBaroTcst B pazmepe 33000 TBt-u B rox, HO 1o Tex-
HUYECKUM U IKOHOMHUYECKHM COOOPa)KEHUSIM M3 BCEX 3aMacoB JOCTYMHBI OoT 4 10 25 %. O6muit ruapo-
noteHiman pek Poccun cocrasmsier 4000 TBtu (450 ['BT cpenHeroioBoi yCTaHOBJICHHOW MOIITHOCTH),
4TO cocTaBisieT npubnuszurenabHon 10-12% ot MupoBOro ypoBHsi.

JlocTOMHCTBA FMAPOIHEPTUU IO CPABHEHUIO C IPYTHMMH SHEPropecypcamu:

1. l'upposHeprus OTHOCUTCS K BO30OHOBIISIEMBIM pecypcaMm, 4TO SIBIISIETCS CYIIECTBEHHBIM Tpe-
MMYILECTBOM I10 CPAaBHEHUIO C OPIraHUYECKUM TOIIJIMBOM.

2. 'umposHeprust B OTVIMYUE OT APYTMX BO30OHOBIISIEMBIX PECYPCOB (CONIHEUHAs! SHEPTHUs, BETPO-
Basi SHEPrus U Jip.) yA0OHa /JIs UCIOJIb30BAHUS C TEXHUUYECKOM TOUKM 3peHus, T.K. JAHHbII BUJ SHEPTUU
TEXHUYECKHU JOCTATOYHO MPOCTO MCIOIb30BaTh Ul BBHIPAOOTKU AJIEKTPOIHEPTUH, a TaKKEe OTCYTCTBYET
HEPAaBHOMEPHOCTh MOCTYIIEHUS JHEPTUH, YTO XapaKTEPHO HAIPUMED JUIsl SHEPTUU BETpa WM COJIHIA.

bnarogaps 5TUM JOCTOMHCTBaM, B HACTOSILEE BPeMs TMAPOIHEPIHsl IIUPOKO MCIONb3YETCs JUIS
IIPOM3BOJICTBA AJIEKTPOSHEPTUN HA TUIPOAIEKTPOCTAHIUAX. [lepBble KpYIHbIE THIPOANEKTPOCTAHIINH,
npeoOpasyrolre YHEPTUIO BOIbI B AJIEKTPOIHEPTHIO, CTATIU MOSBIATHCS Ha pyoexe 19-20 B.

duznyeckue NpUHIUIBI ITpoliecca MpeoOpa3oBaHus YHEPTUH MMAaJAIOUIEH BOJbI B 3JIEKTPOIHEPTHUIO
JIOBOJIBHO MPOCTHI. Bosia mox Harmopom, co31aBaeMbIM IUIOTUHOW, HAIIPABIIETCS B BOJOBOJ, KOTOPBIN 3a-
KaHuMuBaeTcs TypOouHoil. TypOuna Bpaiaer Baji, K KOTOPOMY IIPUCOEIMHEH pOTOp reHeparopa. BeipaboT-
Ka DJIEKTPOHEPTUHU 3aBUCUT OT MOTEHIMAIBLHON YHEPIHH BOABI, 3aaceHHoi B Bonoeme, u KIIJI ee mpe-
o0OpasoBaHus B 3eKTporHEprut0. MomHocTs ['DC 3aBUCUT Kak OT KOJUYECTBA BOJBI, TAK U OT Iepemnaja
BBICOT MEXY BOJHOW MOBEPXHOCTHIO BOJOXPAHMUIIMUINA U YPOBHEM YCTAaHOBKH TMIPOArperaTtos; 3TOT Ie-
penaja Ha3bIBaeTcsl HanopoM. Bona nmocTymnaromnias Ha TypOUHY MO/ BBICOKMM HAarlopoM, UMEET OOJIBILIYIO
NOTEHIMAJIBHYIO 3HEPruio, YeM IpHU MajloM Harope, Mo3ToMy Ha BblcoKoHamopHoi I'DC Tpebyercs
MEHBIINHM pacxo BOAbI IS MOTYYEHHs] OAMHAKOBOW MOILIHOCTU. UeMm Bblllle Hamop, TeM MEHbIIEe He0O-
XOJIMMBbIe rabapuThl TYpOUHBIL, UTO YJIEHIEBISET CTOUMOCTh BCETO COOPY>KEHUSI.

Jpyroit myTh UCHOIB30BaHUS SHEPTUU BOJBI - MpUIKMBHBIE TUApodiekTpocTaniuu (I19C). B He-
KOTOPBIX pailoHaX MHUpPOBOIO OKeaHa HaOMOAaéTcss oyeHb OOJbIIas aMIUIUTYyJa MPUIMBHOM BOJHBI U
pPa3HOCTh MEXK]Iy BEpXHEH M HIKHEW OTMETKaMH NpuimBa jgocturaet 14 - 18 m. O0mas MOIIHOCTh MpH-
JIMBHBIX BOJIH OIIEHHUBaeTcs B pazMepe 2-3 TBT, 0HaKo MOITHOCTh MPUJIMBOB B MECTaX, YAOOHBIX IS €€
MCIIOJIb30BaHUs, 3HAUUTEIHHO MEHBIIIE.

B Poccun MakcumanibHasi BRICOTa MPUIMBHBIX BOJH JocTuraeTr 13m - y 6epero OXoTckoro mMops,
10Mm - y 6eperoB benoro mopst u 7 M - y 6eperoB bapenneBa mopst. JloCTymHBIN 711 MCIIOIB30BaHUS B
Poccun norennuan npunuBos coctasiseT okoso 30 I'Bt cpenHeronoBoii ycTaHOBIEHHON MOLTHOCTH.

[Tpunumn npeoOpa3zoBaHus YHEPTUU IPUIUBOB B 3JIEKTPOIHEPTHIO cienyomuid. Ecinu coopynuts
namOy Ha moOepexbe, TO 00pa3yercss BOJOXPAaHMIUIIE, KOTOpoe OyAeT 3aloiHATbCA MPH NPHIUBE U
OITYCTOILIATHCS MPH OTJIMBE. DHEPrHI0 BOJBI PU 3aMIOJIHEHUU U OMYCTOIIEHUH BOJOEMa MOXKHO HUCIOJNb-
30BaTh JUISL BEIPAOOTKH JIEKTPOIHEPTUH ITOCPEICTBOM I'HIPOr€HEPATOPOB.



B Hacrosiiiee BpeMsi MOCTPOEHO U UCHOJIb3YETCS HECKOIBKO MOIIHBIX MPHJINBHBIX IEKTPOCTAH-
uil. OgHako OosblIasi CTOMMOCTb ATUX CTAHIMH, TPYIHOCTH, CBSA3aHHbIE C HEPABHOMEPHOCTBIO UX pado-
ThI (IIyJIbCUPYIOLIMI XapaKTep BbIJAYM MOIIHOCTH), HE MO3BOJISIIOT IOKA CYUTATh IPHUIUBHBIE JIEKTPO-
CTaHLUU TOCTATOYHO 3(PPEKTUBHBIMHU, B CBSI3U C YEM PAa3BUTHE UX HJET MEUICHHO.

2.2. BerpoBasi Heprusi.

Berep - oauH U3 mepBBIX UCTOYHUKOB YHEPIHU, OCBOCHHBIX YEIOBEKOM (BETPSHBIC MEIbHUIIBI,
MoperiaBaHue). B HacTosiee BpeMs BETpOBasi SHEPrusi MPUMEHSETCS sl BIPAOOTKU 3JIEKTPOIHEPTUU
Ha BETPO3HEPIreTUYECKUX yCTaHOBKax (BOY).

[Torennuan sHeprun Berpa B 100 pa3 mpeBbllIaeT MOTEHLUAI THAPOIHEPIETUUYECKUX PECYPCOB.
OpHako B HacToOsIIEe BpeMs Ha BETPOIHEPIeTHUECKUX yCTAaHOBKAxX BbIpadarbiBaeTcst okoso 0,2% mupo-
BBIX IOTpPEeOHOCTEN B An1eKTporHepruu. ONHON M3 caMbIX CIOXKHBIX MPOOJIEM, MPENATCTBYIOIIUX IIHPO-
KOMY pacrpocTpaneHno BOY, sBiseTcsi OCTOSSHHO MEHSIOIIAsACS CKOPOCTh BETPA, YTO MPUBOAUT K He-
00XOAMMOCTH CO3/aHUSI CHCTEM aKKyMYJIMPOBAHHUS SHEPIUU. DTO YAOPOXKAET YCTAaHOBKY, M B LIEJIOM
CTOMMOCTh TOJy4aeMOW SHEPrHH OKa3bIBAaeTCA OOJbIE, YeM Ha THIPODJICKTPOCTAHIUSAX U TEIUIOBBIX
3JIEKTPOCTAHLIUSAX.

OpHako, MUPOBOI DHEPreTHUYECKUI KPU3HC 3aCTABIISIET MHOTHE CTPaHBl BEPHYTHCS K HCIIOJIb30-
BaHUIO 3TOT0 UCTOYHUKA 3Hepruu. Tak, 3a nocineanue 10 et npou3BOICTBO SHEPTUH HA BETPOBBIX AJIEK-
TPOCTAHIUAX YBEITMUMIOCH IIOYTH B 3 pasa.

Beaymumu cTpaHamu 1o MCIIOJIb30BaHHMIO 3HEpruu Berpa sBisitorcs ['epmanus (40% ot obueit
MHUPOBOW BBIPAOOTKH JIEKTPOIHEPTUU Ha BETpOIHEpreTudeckux ycraHoskax), CIHA (20%), cnanus u
Hanus (mo 15%) (B cymme Ha 3TU cTpaHbl NpuxoauTcst okosno 90 % Bcell 31eKTpo3Hepruy, BhlpadaThl-
Baemoi Ha BOYVY). Jlonst Poccun B ucnosib30BaHUM JaHHOTO UCTOYHUKA dHEprun - meHee 0,1 %.

2.3. 'eoTepmaJjibHas1 FJHEPTHSI.

['eoTepmanbHas s3HEpPrUs - TEIIOTA HEAP 3eMIIU. FICTOYHUKOM reoTepMaibHON YHEPTUM SABIISIOTCS
paauoaKTUBHBIC TTPOIIECCHI, MPOUCXOAAIINE BHYTPH 3eMJIH. 3eMJIsi HEPEPHIBHO OTJIA€T B MUPOBOE IMPO-
CTPaHCTBO TEIJIO0, KOTOPOE MOCTOSHHO BOCIIOJHSETCS 3a CUET paclajia paJuOaKTUBHBIX JIEMEHTOB. 3a
CYET 3TOr0 SHEPrus TEIUIOTHI 3€MHBIX HEAP MPAKTUYECKH HEHCUEPIAaeMa, U €€ HUCMOJIb30BAHUE BEChMA
IIEPCIIEKTUBHO.

Bo3MoHBI 2 MyTH UCIIOIB30BaHUS T€OTEPMAILHON YHEPTUU:

1. BeipaboTKka 2JIEKTPOIHEPTHH 3a CUET PA3HOCTH TEMIIEpaTyp Ha MOBEPXHOCTH 3€MIU U 3€MHBIX
HEJp.

2. BeipaboTka TEmI0BON U AIIEKTPUYECKOM SHEPTUU 3a CUYET TEIUIOTHI FOPSYUX BOJ U Ta30B, BhI-
OpachIBaeMbIX U3 36MJIM Y€PE3 ECTECTBEHHBIE WIIM UCKYCCTBEHHBIE KaHAJIbI.

[TepBriii cioco6 Hanbonee yA00HO HCIOIb30BaTh B MOPSX U OK€aHAX CEBEPHBIX IIUPOT, TAE pas3-
HOCTb TEMIIEpaTyp BO3/yXa U BOJbl, HArPEBAEMOM TEIUIOM 3eMHbIX Heap, nocturaetr 30-40°C. JlaHHbIi
croco0 B HacTosIIee BpeMs aKTUBHO M3Yy4aeTcs, HO Ha MPAKTUKE MMOKa HE HAXOAUT HIUPOKOTO MPUMEHe-
HUS BBHUJIY TEXHUYECKOH CJIOKHOCTH cO3MaHMs A((DEKTUBHBIX IJIEKTPOreHEPATOPOB, PabOTAIOIIMX IO
MPUHIUITY TEpMOTIap.

BTtopoii cnoco6 Bo3MOKeH JIJIsi MCIIOIB30BaHUS B pailOHaX reoJOorHYecKOl aKTHBHOCTH, T Ha-
rpeThie OPOIBI HEMIP 3eMITH MOAXOIAT OJM3KO K MOBEPXHOCTH. ITH MOPOJIbI HATPEBAIOT BOJY B MOA3EM-
HBIX BOJIOXPAHWIHIIAX, KOTOPbIE 3aT€M BBIXOAST HA MOBEPXHOCThH 3€MJIM B BHJIE TOPAYUX MCTOUYHHKOB.
JlaHHO€ TeTI0 MOYKHO MCIIOIb30BAaTh JUJIS MOJYUYEHUS TEIUIOBOU U DJIEKTPUUYECKOW SHEPTUH.

JlaHHBIN cIOCO0 B HACTOSIIEE BPEMS UCTIOIB3YETCs B O0IBINX MaciTadax B psae ctpad (Mcnan-
musi, ABctpanusi, HoBas 3enanaus, WUranus). Hanmpumep, cronuma Mcnanauu PelkbpsIBUK MOYTH MOTHO-
CTBIO 000TPEBACTCS TEIJIOTON Te0TePMaIbHBIX BOJI.

B Poccum B Hacrosiee BpeMs HNPOEKTUPYIOTCS U CO3HAIOTCS T€OTEPMAIIbHBIE BJIEKTPUUECKUE
CTaHIIMU Ha 0asze reoTepMalibHBIX MecTopokaeHnii Ha KamuaTtke. [lons sHeprum, BhIpaOaThIBAEMOU B
Poccun reoTepManbHBIMU AJIEKTPOCTAHIIUSMHU, B MIEPCIIEKTUBE MOKET AOCTUTATh 8% OT 001Iel BEIpadoT-
KM DJIEKTPOIHEPTUH.



OpHako, UCTOJIb30BAHNE T€OTEPMAILHON YHEPTUU 110 JAHHOMY CIIOCO0Y TaKKe CONPOBOXKIACTCS
PSAAOM TPYAHOCTEH, YTO OTPAaHUYUBAET €€ UITMPOKOE MPUMEHEHHE!

1. Bo3M0HO UCIIOJB30BaTh TOJBKO B MECTAX BBIXO/A I€OTEPMAJIbHON PHEPTHM B BUDKE TOPAUNX
HCTOYHUKOB,

2. Co BpeMeHEM IMPOUCXOIUT CHH)KEHHUE JABJICHUS, TEMIIEPATYpPhl U KOJMUECTBA T€OTEPMATbHBIX
BOJI, TOCTYMAIONINX U3 CKBaYKHH.

3. Beicokoe copep:kaHe MHUHEPAIBHBIX COJEH B T€OTEPMAaJbHBIX BOJAX MPHUBOAMT K MOCTETCH-
HOMY 3aKYIOPUBaHHUIO CKBaXKHH.

4. HabiroiaeTcsi 3HaYMTENBHOE OCEAaHKe IIOBEPXHOCTH 3€MJIM BOKPYT CKBa)KHMHBI Ha ILIOIAIH J10

6 kM.

2.4. ConHe4Hast JHePTHUsl.

PaccmoTpenHbIe BbIlIE€ T€OPU3NIECKUE HCTOUHUKH SHEPTHH MOTYT O0ECIIEUHUTh B MOCIEAYIOINE
JECATUIIETUS JIUILb HE3HAUYUTENIbHYIO YacTh IOTPEOHOCTEH B SHEPTUU U OKa3aThCs HENPUEMIIEMbIMU IS
OCBOCHHS B KpyMHBbIX MacmTabax. [lInpoko ucmonp3yemMoe B HACTOSIIEe BpeMs OPraHUYeCKOE TOTLIIUBO,
KaK OTMEYasoCh, SIBJISETCS] HEBO30OHOBISIEMBIM PECYPCOM, U €r0 UCIOJIb30BAHUE CBA3aHO C HAHECEHUEM
3HAYUTEILHOTO yliepOa OKpyKaromiei cpene.

ITosToMy, HEOOX0AMMO pacrojiaraTh HEUCUEPHAEMbIM JCIIEBBIM U BO30OHOBIISIEMBIM HUCTOYHHU-
KOM SHEpPIHH, HE 3arps3HSIONIMM OKPYKAIOUIYI0 cpeay. TakuM HCTOYHHKOM MOKET sBUThCS COJHIIE.
[ToToK COTHEUHOrO U3ITY4EHUs, IPEICTABICHHbII BCEM CIEKTPOM 3JIEKTPOMArHUTHBIX BOJIH, 3HAUUTEIIb-
HO TIPEBBIIIAECT COBPEMEHHYIO MOTPEOHOCTH YejoBedYecTBa B dHepruu. CoIHEUHAst SHEPTHS SBISETCS HE-
UCUepIIaeMbIM SHEPrOPECYPCOM, UCIIOIb30BAHNE KOTOPOTo HE BPEAUT OKpYKarollel cpese.

OnHako, B HacTOSIIEE BpEeMs MTOKa HE CYIIECTBYET IKOHOMHYHOTO criocoba mpeoOpa3oBaHus coJl-
HEYHOW 3HEPIuu B 3JIEKTpUUECcKyr0. Bece m3BecTHbIe criocoObl peoOpa3oBaHusl COIHEYHOH 3HEpruu 00-
nanatot oueHb HU3kuM KITJ[ (e 6onee 10%), 4TO MPUBOAMUT K BBHICOKOH CTOMMOCTH OOOpPYIOBAaHUS TPU
CO3JIaHUM YCTAaHOBOK JJIsl HCIOJIb30BAHUS COJIHEUHOM 3HEPruM B KPYIHBIX MaciTabax. BenencrBue sto-
IO CTOMMOCTB DJICKTPOIHEPTHH, TIPOU3BOJUMOI COTHEYHON 3JEKTPOCTAHIIMEH, BBIIIE, Y€M AJIEKTPOIHEP-
I'MH, BeIpaOaThIBa€MOH TEIJIOBOM CTaHIIMEN Ha OPraHU4YeCKOM TOTIUBE.

Eme omHa mpoGiieMa MCIIONIBb30BaHus KPYITHBIX CONTHEUHBIX DJICKTPOCTAHIMHA CBSI3aHA C aKKyMYy-
JUPOBAHUEM SHEPrHH, Tpelyromemcs s 00ecreueHus] KPyrJIoCyTOYHOIO 3JeKTPOCHAOXKEHHs OT COJI-
HEYHOW 3JIEKTPOCTAHIUH.
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3. AAEPHAS DOHEPI' U
3.1. sinepHoe nejieHue

Kak ormeuanocs, 3anacsl HIIMPOKO HUCIIOJIB3YEMOIO B HACTOALLIEE BPEMsI OPraHUYECKOr0 TOIUIMBA
cuiIbHO orpaHndeHsl. [IpeanonoxurensHo uepes 40-50 et 3akoHYaTCs 3anachkl HAUOOJIEe NCIOIb3YEMBbIX
BUJIOB TOIUIMBA - HE(PTU M MPUPOAHOTrO ra3a. 3amacoB YIJis XBATUT €Ile Ha HECKOJBKO JecaTuieTuii. B
OyaylieM, BO3MOXXHO, OCHOBHBIM 3HEPropecypcoM MOXKET CTaTh coyiHe4Has >Heprus. Ho yxe ceifuac
OLIyIIaeTcss He0OOXOAMMOCTh UMETh HCTOUHUK SHEPTHH HA MEPEeXOJHbIN mepuoa. B kauecTBe Takoro mc-
TOYHHKA, U3BECTHOI'O ¥ UCHOJIB3YEMOr'0 B HACTOSAIIIEE BPEMS, MOXKET BBICTYNATh SI€pHAsL SHEPIUS.

SlnepHble peakToOphbl UCIOIB3YIOT U30BITOYHYIO PHEPTHUIO ACTCHHUS W30TONa ypaHa ¢ Maccoil 235,
KoTopasi B cpeaHem coctariseT 210 M»B Ha onun pacman (1 5B=1,6-10" JIx). YcTpoiicTBO peakTopa
JIOCTaTOYHO CJIOKHO, €CJIM TOBOPUTH O TEXHUUYECKUX JIETANISIX, OJJHAKO, 110 CYTH, 3TO BCETO JINLIb I1apOBOI
KOT€JI, TPOM3BOAALIMN ITap AJs BpalleHus TypOouHs! (puc.3.1).

] I
| F |
v I 2 I s Bl
| 5u 4 y o |
| |
4 ! 3 > I 5
| | |
1 R Ot
T
4 6 —

AR CBT
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Puc.3.1. Cxema NOTOKOB BelleCTBA M JHEPTHH B PEaKTOPe Ha TENJIOBBIX HEHTPOHAX:
1 - oboeawenue ypanogoii pyosi; 2 — zamedrumens, 3 - Oerawpuiica mamepuan, 4 - nonesnas paboma,; 5 - nepepabomra mon-
ausa; 6 - konoencamop, P - peakmop: CET - copocnas mennoma; T - mennonocumens, BH - bvicmpobie Hetimponst;, TH - men-
nosvie Heumponsl: Bl - soccmanosnentoe coprouee; Om — omxooul

beicTpbie HEHTpoHBI ¢ 3Heprueil Gombiie 1 M»aB, oOpasyromuecs B X0J€ peakluH JEIeHUs B
AJIEPHOM TOIUIMBE, OT/JAIOT CBOK KMHETHYECKYIO SHEPTUI0 3aMEUIUTENI0 B BHJE TeIOThl. OTaaBiine
CBOIO PHEPTUI0 HEHTPOHBI (3aMeIJICHHbIE HEUTPOHBI) UCTIONIB3YIOTCS sl IOJ/IEPKAaHUS LIETTHOM peakuu
B SJICPHOM TOILJIUBE.

BOIBIIMHCTBO HEOPraHUYECKUX COECIUHEHUN ypaHa pacTBOPUMO B BOJE, I03TOMY ypaH B HU3KHUX
KOHIEHTPALUAX OYEHb IMIMPOKO PACIPOCTPAaHEH MO BCEMY 3eMHOMY Iapy. B Oosnbiieil 4acTH TpaHUTOB U
CJIAHIIEB €r0 KOHIIEHTpalus KoueOseTcs B peienax 10° - 10" %. KoHnuenTtpupoBaHHas pyJa BCTpeyaeT-
csl BO MHOTHX paiioHax 3eMHoro mapa (CILA, Kanane, FOxHoit Amepuke, FOxHOI Adpuke u 1p.).

B npupoae BcTpedaroTcs 1Ba M30TOIA ypaHa: 2% 1 28U - B HEOXMHAKOBOM KOJIMUECTBE. 3aITachl
28 cocraBnsior 99, 3 % ot 0ob1IuX 3amacoB ypaHa, a 2%y Beero nuus 0,7%.

Snpo 25y YpE3BBIYAHO HEYCTOWYMBO W JCIUTCSA MPHU TOMNAJaHUHA B HETO HEUTPOHOB JIFOOBIX
sHeprui. Anpo Z8y YCTOMUYUBO U JIEIUTCS TOJIBKO NPH MOMAJaHUK OBICTPBIX HEHTPOHOB (00J1a1aI0IINX
OoJbIIoi SHeprueit). B To e BpeMs BbIJEICHUE HEUTPOHOB MPU JCICHUH 28y HEBEJINKO, U BBI3BATH
LEMHYI0 PEaKLUIO 3TOT0 U30TOIA YpPaHa HEBO3MOKHO.

OnHako, IOCKOJIBKY 3amachl €JUHCTBEHHOI'O BCTPEYAIOLIErOCs B NMPUPOJIE ACISAIIErOCs dJIEMEHTa
25y KpaifHe OrpaHU4eHbl, U BMECTE C TEM 3TOT M30TOI OTHOCUTCS K HEBO3OOHOBIIIEMBIM pecypcaMm, U He
oOpa3yercs B IpHUpOJie, BOSHUKAET HEOOXOAUMOCTh B CO3JaHUM TE€XHOJIOTHH, O3BOJIAIONIEH MPUMEHSTh
BCTPEYAOLIHNICA B ropa3ao OONBIIMX KOJINYECTBAX U30TOI 8. Iror m30TOM HE MO ICPKUBAET LIETTHYIO
peaKuIo Mo BO3JeHCTBHEM HEUTPOHOB, HO MOKET OBITh MpeoOpa3oBaH B 3JIEMEHT, KOTOPBIM TaKyto pe-
AKIIUIO MO IEPKUBAET.

Snpa U nornomaror OBICTpBIC HEUTPOHBI. B oOpa3yrommuxcs sapax 2 naumnaercs pacma,
MI0CJI€ Yero IMOJIyYaeTcs 3JIEMEHT HENTYHUH. DTOT M30TOI TaKXKE paclanaeTcs, B pe3ysbTare yero oopa-
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3yercs mryroHui. [lnyronui 29py nae B GompLreit CTEIEHU, YEM 25y MOJBEPKEH TEIJIOBOM HEUTPOH-
HOM peakiuu JeJIeHus, U 3a OJIHO JIeJICHHE Y HEro 00pa3yeTcsi B CpeIHEM OOJIbIIIee YHCIIO HEUTPOHOB.

CBT

Pyna

Puc.3.2. Cxema noToka BemecTsa M 3JHePruM B peaKkrope Ha ObICTPLIX HEMTPOHAX:
1 - oboeawenue yparnosoii pyowi; 2 - densiwyutics mamepuai, 3 - s0epHoe MONIUSHOE Cbipbe, 4 - 60CCmManosIeHue 0eNaue2ocs
mamepuana; 5 - npoOyKmul paouoaKmueHo2o pacnaoa, 6 - noiesnas paboma, 7 - konoencamop, PEH — peaxmop na 6vicm-
poix Hetimpounax, BH - bvicmpuie neumponwt;, CET - copocnas mennoma,; T — mennionocumens

Ha puc.3.2 npuBeznena CTpYKTg’pHaH cXeMma peakTopa Ha OBICTpBIX HeHTpoHax. B pesynbrare pe-
aKIMK JICJICHUS B SIZIEPHOM TOPHOYEM *py 00pa3yroTCst OBICTPBIC HEUTPOHBI, €€ MPOIYKTHI JICICHUS BbI-
JENSI0T TEIUIOTY. 3aTeM TEIJIOTa MOTJIOMAETCs TEIIOHOCUTENEM U UCIIOJIb3yeTCs AJi IPOU3BOACTBA I1a-
pa. B 3amutHOM crnoe u3 28 OBICTpBIC HEUTPOHBI 00PA3YIOT HOBOE sIIEPHOE roproyee. BrineneHue miy-
TOHHS U3 3aIIUTHOTO CJIOSl OCYIIECTBIISIETCS XMMHUECKUM IyTeM. B peakTope Ha OBICTPBIX HEUTpOHAX B
KaueCTBE TETUIOHOCUTEJISI HEJIb3s MPUMEHSITh BOJY, MOCKOJBKY 3aMeJICHHEe HEHTPOHOB B JAHHOM Clly4yae
He)KenaTesIbHO. BMecTo BOJIbI B COBPEMEHHBIX KOHCTPYKIIMSIX B Ka4eCTBE TEIJIOHOCHUTENSI HCIIONb3YeTC s
JKUJIKUW HAaTPUU.

3.2. TepMosiiepHbIii CHHTe3

Haubonee mupoko BCTpeyaromumMcs B MPUPOJIE HIEMEHTOM SBIseTCsl BoAopoa. Hecmotps Ha To,
YTO B CBOOOJHOM COCTOSIHUU B aTMoc(epe 3emiin BOoJI0po/ia OYEHb Majlo, OTPOMHOE €ro KOJU4ECTBO CO-
JIEP>)KUTCSI HA €€ MOBEPXHOCTH B gaanqHHx, YCTOWUYUBBIX COECIMHEHHUSX, B 4aCTHOCTH B Boje. Cyiect-
BYIOT U M30TOIIBI BOJOPOJA: 'H, °H, *H. Snpo nepBoro npexacrasisieT coboit mpoToH. JleWrepuii ’H yc-
TOMYMB M BCTpedyaeTcs B npupoje B konudectBe npumepHo 0,015% kommuectBa n3oToma ™H. Tpernii
W30TOIl, TPUTUH 3H, HEYCTOMYMB, U €ro JIETKO MOJYYHUTh B XOJ€ PA3IUYHBIX SJIECPHBIX peakuui. B pe-
3yJbTaTe 3TUX PEaKIMil, CyMMapHas Macca KOHEUHBIX MPOAYKTOB PEAKIMU MOJy4aeTCs MEHbIIE, YEM
CyMMapHasi Macca BEIIECTB, BCTYNMUBIINX B peakiuio. PazHuila B Maccax, Kak ¥ B ClIy4ae peakiuu Jese-
HUS, COCTaBIISIET KHHETUYECKYIO SHEPTUIO0 IPOAYKTOB peakiuu. OTIu4ue OT peakluui IeJeHus 3aKioda-
€TCS B TOM, YTO IO KpailHEW Mepe OJHO M3 00pasyIoIUXCS B PE3yNbTaTe PEAKIUU SACp UMEET Maccy,
OOJBIIYIO, YeM Macca JIF0O0T0 U3 MEePBOHAYATBHBIX sIIep, BCTYMUBIIUX B peakinio. Takas peakius Ha3bl-
BaeTCS PEaKIMEe TEPMOSIEPHOTO CUHTE3A.

’H+’H—*H +n+32M>B (3.1)

KonnuecTBOo »HEpruu, BHIICTSIONICICS B €AMHUYHOW pEakIuH, HEBEIMKO, M cocTaBiseT 3-17
M>5B, 4T0 MeHbIIE TTO0 CPAaBHEHUIO C peaknueit aenenus. OIHaKO, YHEPTHs B pacyeTe Ha 1 Kr BemiecTBa
corocraBumMa, 1 cocrasiser 2,4-10" Jlx. Takoe konudecTBo SHEPTUHU MOKHO TMOJYYUTh MPUMEPHO U3 3
M° BOJIBI, UTO Oynet skBuBajieHTHO npuMepHO 500 ToHH chipoil HedpTu. CyMMapHbBIi 00BEM OKEaHCKOU
BOJIbl, PaBE€H MPUMEPHO 1,5-10° xm®. Takum o0pa3oMm, eciH yaacTcs OCBOUTH TEPMOSIEPHBIA CUHTES,
MO>KHO Oy/IeT OJyYUTh OUCTUHE HEOTPAHUYCHHBIN HCTOYHUK SHEPTHH.

Opnaxo, mojaepX aHue peaklUH CUHTe3a B T€UEHHE KaKOT0-IH0O0 MPOAOHKUTEIHHOTO Mepruoaa
BPEMEHH B 3aMKHYTOM MIPOCTPAHCTBE, U3 KOTOPOTO MOXKHO OBLITO ObI OTBOAUTH TEILIOTY ISl POU3BOACT-
Ba Tapa, sIBJISETCS OYCHb TPYAHON MPOOIEeMOii.
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Puc.3.3. CxeMa noToKOB BellleCTBA M JHEPTUM B TEPMOSI/IEPHOM peaKTope:
1 - cenapayus oeumepus; 2 - kamepa mepMosiOepHo2o cunmesa, 3 - 3ameonrumens, 4 - nonesnas paboma (mypouna); 5 - KoH-
oencamop, TP- mepmosdepuwiti peakmop, T - menaonocumenv;, CoOT -copocnas menioma; N - neumpousi; MO - muposou
oKxean

Ha pucynke nokasana cxema IMOTOKa BEIIECTBAa M YHEPTUHU B TEPMOSIEPHOM peaktope. s Toro,
4TOGBI 3aCTAaBHTH siapa H BCTYIATh B PEAKLMIO CHHTE3a, TPEOYIOTCS BBICOKHE TEMIICPATYPHI (IECATKH
MIUTHOHOB °C), HO YOBIIETBOPUTEIHHOTO CIIOCO0A CO3/IaHUS U MOICPKAHUS TAKHX TEMIIEPATyp 0 CHX
1op He HaljeHo. B Hacrosiee Bpems 3Ty Mpo0IeMy MBITAIOTCS PEIIUTh ¢ TTIOMOIIBIO CUCTEMBI MarHUT-
HOTO yJepXKaHUS TUIa3MBbl.

Hpyroit mpobiieMoii siBisieTcst mpobiemMa oToopa M Mpeodpa3oBaHUs MOydaeMO H30BITOYHOM
sHepruu. s 3Toro Tpedyercs TeIIOHOCUTEINb ¢ BBICOKOW TEIUIOEMKOCTBIO U B TO JK€ BPEMS MaJIO TOJI-
BEP>KEHHBIN BIMSHUIO HHTEHCUBHOIO HEUTPOHHOrO 00sydyeHus B peaktope. [lonxoasmmm i 3Toro siB-
JSIETCSL METAJUT JIUTHHA — OH UMEET BBICOKYIO TOYKY KHUIICHUS U OTIIMYHBIC XapAKTEPUCTUKU TETLIONPOBOI-
HOCTH.

Tpetbeii poOIeMOit SBISIECTCS TO, YTO 00Pa3yIOUIUICS TPU TEPMOSICPHON PEaKIIMU TPUTHH SIBIIS-
€TCiA BECbMa OIIACHBIM JJICMCHTOM JIA OKp}I)KaI-OHIeI\/JI CpC€abl, 4TO NMPCABABIACT IMOBBIIICHHLIC Tpe6OBa-
HUsl 0€30MaCHOCTH K TEPMOSIEPHOMY PEAKTOPY.

C nacmynnenuem 3Hep2emuyecko20 KpUusuca Uccie0o8anusi 8 001acmu mepmosiOepHo20 CUHme3a
CManu yCuienHo paseueamvcs, 8 mom uucie u ¢ PO. B 1975 2. ¢ Hucmumyme amomHou sHepeuu um.
B.U. Kypuamosa bvina e6sedena kpynuetiuias 6 mupe onvlmuas mepmosoepHas ycmanoeka “ Toxkamak-
10”. Oma ycmanosxka npeonaznauena 0nsa Hazpesa 6000po0a 00 0ecAmMKaA MULIUOHO8 2padyco8 u yoep-
JHCAHUSL HAZPEMO20 Beuecmea 6 meuerue nPoooIHCUMENbHO20 8peMeHU. B nazpemom 0o makux memne-
pamyp 2ase, cocmosujem u3z u30monog 6000pood, HA4UHAemcs Mmax HA3vl8aeMas MmepmMosOepHas peax-
yus, m.e. CiusiHUe 0ep U30Mono8 6000pooda 6 boiiee msdicenvle A0Pa 2enusl.

Smom npoyecc conpogoxcoaemcs 8vioeleHuemM KONOCCANbHOU 3Hepeuu. Jlocmamouno cxkazamo,
umo npu s0epHom cocueanuu 1 ke usomonos 600opooa evioensiemcs 6 10 man. pasz 6onvule dsHepeuu, 4em
npu corcueanuu 1 ke yensa. C 6sooom 6 cmpoii yemanoexku "Toxamak-10" nawiu yyenvle nonyyuiu MowHulil
UHCMPYMeHm OJisl UCCTIe008aHUL 8 001ACMU MEPMOLOEPHO20 CUHMES.
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4. COBPEMEHHBIE CIIOCOBBI ITIPOU3BOJICTBA JEKTPUYECKOM U TEILJIOBOM
SHEPI'MM

4.1. IlpocTeiimasi MoeJIb YJHEPTeTHYECKOH YCTAHOBKH

MHorue 3a1auy, BO3HUKAIOIINE [IPU aHAINU3€ SHEPreTUYECKUX OOBEKTOB, MOYKHO CBECTH K pac-
CMOTPEHMIO IIOCJIEN0BATEIBLHOCTH IIPOLIECCOB IIEpeNayu dHEPrUM OT OAHOW cucTeMbl K Jpyroil. Ha
puc.4.] noka3aHbl OCHOBHbIE CTAIUM MPEOOpPa30BaHMs SHEPrUM OPraHUYECKOIo U sJEpHOr0 TOIUIMBA B
JIIEKTPUYECKYIO.

CT

P BPT
PAT

Puc.4.1. [IpeoOpazoBaHue HEKOTOPBIX BH/I0B JHEPTHH B YJIEKTPHYECKYIO:
1 - xumuueckas snepeus monausa, 2 - ss0epHas dHepeus monausa, 3 -eHympenHss sHepeust paboyezo mena; 4 - KUHemu4ecKkas
onepeus; 5 -onekmpuueckas suepeus; CT - cocueanue monausa; PAT - pacnad sdepnozo monauea; P - pacuupenue pabouezo
mena, BPT - epawenue pomopa mypbozenepamopa

Takue craguu npeoOpa3oBaHMs MPUCYTCTBYIOT B Pa3IMUHBIX TUIIAX 3HEPreTUYECKUX YCTaHOBOK.
3aKOHOMEPHOCTH IIPe0Opa30BaHUs FHEPTUU SBIIAIOTCS IPEAMETOM TEPMOJIUHAMUKH.
PaccMoTpuM npocTeiiinyto Mojienb 3HEpreTH4ecKol yCTaHOBKY (puc.4.2).

115 B CP
— 3 1 2 —»
A
A C
3 |e
0)6)

Puc.4.2. Cxema 3HepreTnyeckoil yCTAHOBKH:
1 - ucnapumenw, 2 - pacuupumens, 3 - konoencamop, 119 - nodsodumas suepeus; CP - cosepuwaemasn paboma;, OO - omeo-
oumas sHepausl

COBOKYITHOCTb 3JIEMEHTOB BHYTPU MOJIETTM HA3bIBAIOTCS cucTeMoil. OHa BKJIIOYAET: maporeHepa-
TOPBI, TPYOOIIPOBO/IBI, TYPOHHBI, T€HEPATOpP, KOHAEHCATOP, HACOCHL. B JaHHON cHCTeMe COBEpIIArOTCs
TPH OCHOBHBIX IpoIlecca: UCTIApeHUe, paclIupeHue U KoHaeHcanus pabodero tena. CTpenkamu, CBS3bI-
BAIOIIMMH 3TH TPU TpOIlecca, MOKa3aHO HaIpaBJieHUE ABMKEHUS paboyero Teiaa MEXIy OTACITbHBIMU
DIIEMEHTaMH CUCTeMBbl. Ha aneKkTpocTaHIusIX pabouyuM TeIOoM B OOJBIIMHCTBE CIy4aeB SIBISETCS BOJA.
[TpuntMn paboTH paccMaTpUBAEMOM YCTAaHOBKH CIICTYIOIIHI: MOABOANMAs K CUCTEME YHEPTUS PaCXOAY-
eTcsl Ha ucrapeHue pabodero tena B snemMeHTe 1. B Touke B pabounm Tenom sBisieTcs map ¢ BBICOKOM
TEMITepaTypoi U BBICOKHM JaBJICHUEM. 3aTeM pabodee TeJIO PacIIupsIeTCs], BEI3bIBas BPAIICHUE TYPOUHBI
2, KOTOpasi MPUBOJMNT BO BpallleHUE TypOOTeHepaTop, BhIpadaTHIBAIOIINN 31eKTpodHepruto. B Touke C
pabouee TeJo - elne map, Ho ¢ OUYeHb HU3KOW TeMITIepaTypoil U OYeHb HU3KUM JlaBlieHneM. B KoHaeHcaTo-
pe 3 pabodee TenO MEPEBOAUTCS BHOBB B KHUIAKOE COCTOSHUE U MPUOOpPETAeT UCXOAHYIO TEMIIepaTypy H
nasieHue. st 3Toro u3 cucTeMbl HE0OOXOAMMO BBIBECTH M30BITOUHYIO SHEPTHIO, COJIEPIKAIIYIOCS B OTpa-
6orannoMm mape. [locne Beimonuenus mukiaa A-B-C-D PabGodee Teno Bo3Bpaiaercs B Touky A 6€3 Kakux-
100 N3MEHEHUH.
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ITo 3aKOHY COXpAaHCHUA DOHCPTHUU, KOJIMICCTBO HOI[BeIIeHHOfI K CUCTCMC SHCPIrUr PaBHO:

E@x = EGblx +W6‘blx (41)

rnie Eyx — OTBeIEHHAst OT cUCTeMbl SHeprust; Wy,x — COBEpIIIEHHasi CUCTEMOH paboTa.
KIIJ] yctaHOBKHM OyAeT paBHO:

—_ WBX — EBX B EBI)IX
n E. E. (4.2)

3navenne KIIJ makcumanbao nipu Eyyy = 0. OgHAKO 3TO HEOCYIIECTBUMO, T.K. B peabHON CHC-
TEeM€ Bcerja MPUCYTCTBYIOT oTepu. Kpome Toro, B TEIIOBOM MallvHe, MOKa3aHHOM Ha puc. 4.2, cyle-
CTBYIOT IIOTEPH TeIljIa, CBA3aHHBIC C KOHJEH caIMel BoassHoro napa. B cBs3u ¢ atum, KIIJ] coBpemeHHbIX
TEIUIOBBIX MallINH, IPUMEHSEMbIX B dHEpPreTuke, He npespimaet 40%.

4.2. TenJjioBble KOHIEHCAIIHOHHBIE YJIEKTPUYECKHE CTAHIIUHN

TennoBsie koHeHCaIMOHHBIE dNekTprueckue craniuu (KOC) sBnsiorcs Haubosee MacCOBBIMH B
P® ucrounukamu >7eKTPUIECKOM SHEPTHH, OHU BbIpabaTeiBatoT okoiio 50% Bceit anexTposnepruu. O60-
pyaoBanue KOC MoxeT ObITh HPUCHOCOOTICHO Ui CKUTAHUS TBEPIAOTrO, KUAKOIO MM Ia3000pa3HOro
toriBa. OOBIYHO 0/1MH BU TOTUIMBA Jiist faHHOW KOC gBnsieTcss OCHOBHBIM, a IPYTo - pE3E€PBHBIM.

Ha puc. 4.3 noka3ana texnonoruueckas cxema K9OC.

110-500 xB
ar
Tp
A Iap / 10 kB
T CH
Tormmso
—
Kt «—

I1B IIH NXB

AB K
ITH
I[p @
B
O3AyX XOB
KH

Puc.4.3. llpunuunuaasHas cxema K9C

B xoren Kt nojgaercst TormnmBo, NoforpeTsiii Bo3AyX M nurarenbHasd Boga [IB. Ilogaua Bozmyxa
OCYIIIECTBIISIETCS TyTheBbIM BEHTHIATOpOoM [IB, a mutarenbHON Boabl - muTarenbHbIM HacocoM ITH. O6-
pasyroliecs NMpu CropaHuM TorumBa rassl [T ynansrorces u3 KoTia JsiMococoM [ M BBIOpachIBaroTCs
yepes AbIMOBYIO TpyOy B atmocdepy. [lap u3 kotia nogaercst B mapoByto TypOuny T, rie oH coBepiiaer
MEXaHUYECKyI0 paboTy - BpallaeT TypOMHY U KE€CTKO CBsI3aHHBIN ¢ Hel poTop reneparopa I'. Otpabo-
TaHHBIN Map U3 TypOUHBI MOcTymnaeT B KoHaeHcatop K (Ternioo0MeHHUK); 31ech OH KOHJIeHCUpyeTcs Oia-
rojapsi MpoIyCKy 4epe3 KOHAEHCATOp 3HAYMTEIBHOIO KOJMYECTBA XOJOJHOW LUPKYJISLUOHHOW BOMBI.
Ncrounnkom xomoaHoi Boabl UXB MoryT OBITE: peka, 03€p0, HCKyCCTBEHHOE BOJOXPAaHUITHUIIE, a TAKKe
CIEIMAJIHBIE YCTAHOBKU C OXJIAXKJIAIOLUMH YCTpoicTBamMH. M3 UCTOYHMKA XOJIOIHOM BOABI OXJIaXKAaro-
masi BoJa MOJaeTcsl B KOHJEHCATOP ¢ MOMOIIbI0 MUPKyIsainuoHHbIX HacocoB I{H. Konnencar, o6pa3zyto-
LIMICS B KOHJIEHCATOPE, C OMOIIbI0 KoHAeHcaTHOoro Hacoca KH mopaerca B neasparop p, KOoTopslii
IpeHa3HaueH Ui yIaJleHns U3 MUTaTeIbHOIM BO/BI ra30B, B MEPBYIO OYepeb KHCIOpPO/a, BbI3bIBAIOIIE-
ro KOppo3uio TpyO Kotia. B neaspaTop Takke mojaercss XMMUYecKH ouniieHHas Boja XOB s Bocrod-
HeHus yredek. [locne neasparopa nurarenapHas BoJa nUTareabHbIM HacocoM IIH nopaercs B koren.
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Ocob6ennoctu KOC:

1) CtposiTcst 0 BO3MOXHOCTH OJIMkKE K MECTOPOXKICHUSAM TOILIHBA.

2) Bonpuryto 4acTe BEIpaOOTaHHOI 3JEKTPO’HEPIHU OTIAIOT B CETH TOBBIIICHHBIX HANPSIKECHUIH
(110-750 kB).

3) PaboratoT mo cBoOOaHOMY rpadMKy BHIPAOOTKH AJIEKTPOIHEPIUU (OTILYCK 3JICKTPOIHEPTUH
OCYILECTBIISICTCSI B COOTBETCTBUU C MOTPEOHOCTHIO IHEPTOCHCTEMBI ).

4) HuzkomaHeBpeHHBI. Pa3BopoT TypOUH 1 HAOOp HArpy3Ku U3 "XOJOJHOTO" COCTOSHUS TpeOyeT
npumepHo 3-10 u.

5) Umerot otHocuTenbHo HU3KMiA KITJ1 (n=25-40%).

Ha puc.4.4 npusenen Temnosoii 6ananc KOC.

TIID
100%

TCT

12%

ITp T

[IK

[IKT

Puc.4.4. Tensosoii 6ananc K9C:
TCT - ternno, monydeHHoe Ipu cxuranuu tomiausa; [IKT - motepu Tenmna B koTensHOM arperate; [ITp - moTepu Temna B Tpy-
6omnporoax; I1T - motepu Temna B Typboreneparopax; 1K - morepu terna B konaencarope; TIID - Terio, npespaiicHHOE B
3JIEKTPOIHEPTUIO

Mormsocts coBpeMeHHbIXx KOC nocturaer 4 I'Bt, Ha HUX ycTaHaBIMBAIOTCS SHEProOJIOKU €H-
HUYHOW MomHOCTHIO OT 200 10 1200 MBT.

Ob6opynoBanne KOC pa3nenstoT Ha OCHOBHOE M BcriomorarenbHoe. K ocHOBHOMY 000pyA0BaHHUIO
OTHOCSAT TApOBBIE KOTJBI, TYpOWHBI, KOHICHCATOPHI, TEIDIOOOMEHHHKH, JJIEKTPHUECKHE TEHEPaTOPHI.
BcnomoraTtensHoe 000pYyZOBaHUE BKIJIIOYAET CHUCTEMY TEXHHYECKOTO BOJOCHAOMXEHHs, HACOCHI, TATO-
JYyThEBBIE YCTAHOBKH, YCTAHOBKH ISl TIOJTOTOBKY TIOJITUTOYHON BOJIBI M OYMCTKH KOHJIEHCATa, H T.II.

4.3. CucremMa TeXHHYECKOr0 BOIOCHAOKEHUSI TENJI0BOM 3JIEKTPOCTAHIINH.

OCHOBHBIMHU MTOTPEOUTENIAIMU TEXHUYECKOI BOJIbI Ha TETJIOBBIX 3JEKTPOCTAHIMAX SBISIOTCS KOH-
JIEHCATOPHI MapoBBIX TypOUH (92-96% o01miero koaudecTBa BOJbI). 151 TEXHUYECKOTO BOJOCHAOKEHUS
OpUMeEHseTcs MPsIMOTOYHAs MO0 o0opoTHas cucreMa BojocHaOxkeHus. Hambonee mpoctoil siBisercs
npsMoTOYHas cuctema. OHa TpeAroNaraeT HaIuIre B palOHe CTaHIIUH €CTECTBEHHOTO MCTOYHHKA BOIBI
(pexu, o3epa). [Ipy OTCYTCTBHM JOCTATOYHO KPYITHOTO MCTOYHHMKA BOJBI, C OOJBIIUM J1€OUTOM, OJMH U
TOT 7K€ 3aIac BOBI HCIIOJIb3YEeTCS MHOTOKPATHO. Takyro CHCTEMY BOJOCHA0KEHHS HA3bIBAIOT 00OPOTHOM.
B Hee BXozAT oxJ1aguTeNb BO/BI, MOJBOASAIINE U COPOCHBIE BOJOIPOBO/IBI U IIMPKYIISIIUOHHBIE HAcOCHl. B
Ka4eCcTBE OXJIQJNUTENCH MOTYT UCIOIh30BATHCS BOJOXPAHWINIIA - OXJIAUTEIHN, OpbI3raTelibHbIe Oacceii-
HBI U TPAJNPHHU.

Ha puc. 4.5 noka3zana cucrtema 000pOTHOTO BOJIOCHA0XKEHUS C TpalupHEH.
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Puc 4.5 Cucrema 000poOTHOT0 BOOCHA0KEHUS C IPaUPHeii:
1 — rpaaupHs; 2 — KOHACHCATOP TYpPOUHBL;, 3 — MUPKYJISAIMOHHBIN Hacoc; 4 — GacceiiH OXJIaXKIeHHOM BOJIbI; 5 — OTBOJ] OXJIaXK-
JTaroIeil BOMBI, 6 — MOMBOM OXJIAaXXJAaeMOW BOJBI, 7 — paclpeNelnuTeNbHBINA kemo0; 8§ — opocutenbHOe ycrpoiictBo; HBB —
HarpeThli BIaXXHbIN BO31yX; XB — X010HbIH BO3AYX.

Harperas Boga U3 KOHJEHCATOPOB MOCTYIAET B paclpeAeIUTeNbHbII Keno0, Ilie MPOUCXOAUT ee
pa30Ope3ruBanue. [Ipoxons yepes opocUTENbHOE YCTPOICTBO, BOJA OXJIAXKIAETCS, CTeKasi BHU3 10 CIIELU-
JIbHBIM HAIPaBIIAIOLINM, YBEIUYMBAIOIUM Tk ee TeueHus. OxyaxaeHHas BoJia IOCTynaeT B Oacceiln
OXJIQXKJIEHHOW BOJbI, pAacIOJIO’KEHHBIN B OCHOBaHMU OacceliHa. 13 OacceiiHa oxyaxieHHas BOJa MOCTY-
naeT K HUPKYJISLHOHHBIM HacOCaM, KOTOPBIMU OHA NPOKAYUBAETCs Yyepe3 KOHJEHCATOPhl U BO3BpAIaeT-
Csl B OPOCHUTENBHOE YCTPOUCTBO.

4.4. I'a30B03AyIHBIN TPAKT TENJIOBOM 3JIEKTPOCTAHIMHU

[TapoBble KOT/IBI TPEOYIOT OOJIBIIOTO KOJIWYECTBA BO3yXa JUIsl CXKUTAHUSI TOILIMBA, IPU KOTOPOM
oOpasyeTcs eiie Oosbliee KOJINYECTBO MPOAYKTOB cropanusi. COBOKYIHOCTh Ta30BO3/1yXONPOBOOB, Te-
MII000MEHHBIX MOBEPXHOCTEM HAarpeBa, TATOAYTHEBBIX MAIIMH U JIBIMOBOM TPyOBI COCTaBISE€T ra3oBO3-
JYIIHBIA TPAKT TEIIOBOM 3J1eKTpocTaHImu (puc.4.6).

JBIMOBBIC T'a3bl

TOIIJTUBO

<&

Puc 4.6. I'a30B031yIIHBII TPAKT TEIJIOBOM 3J1€KTPOCTAHIIUHA

Bosnyx k ropenke 1 xoTna 2 mogaeTcsi IyTheBbIM BEHTUISTOPOM 3, CO3JAIONIUM HEOOXOIMMBIN
Harop A1 Mpeoa0JCHUA MaKCUMAJIIBHOI'O COMMPOTHUBJICHUS BO3AYIUIHOT'O TPAKTa. HpeleapHTenLHo BO3YyX
MOJIOTPEBAETCs AHIMOBBIMH Ta3aMH B Bo3ayxomnojorpenatene 4. [IpoIyKThl cropaHus TOTUIHBA OXJIaXK/a-
I0TCSI B BO3/yXOTMoiorpeBaresnie 4 u IbIMOCOCOM S5 BRIOPACHIBAIOTCA Yepe3 ABIMOBYIO TpyOy 6 B aTMoche-

py.
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4.5. Teny103/71eKTPOLEHTPAIH

Jljis MHOTHX OTpacieil MpOMBILIUIEHHOCTH, HapsLy € AJIEKTpOIHEepruen TpedyeTcs 00bIIoe KOIu-
YEeCTBO TEIUIOBOM 3Hepruu. [[isi oTOIUIeHHs XKWIbIX 3[aHUI Takke HeoOXoAuma TeruioBas »Heprus. B
ATHUX YCJIOBUSX Ie1eCO00pa3HO MCIOIB30BATH Map, MOJy4yaeMblil B MaporeHepaTopax Ha TEIUIOBBIX CTaH-
USX, KaK JJI BBIPAOOTKU 3JIEKTPOIHEPTUH, TaK U I TeIUIOPHUKAUHU MOTpeduTeneil. DIeKTpoCTaHIIH,
BBITIOJHSIONINE TaKue PYHKIUU, Ha3bIBAIOTCS Terutodiekrpouentpansamu (TOL). [ns momyyeHus mapa
HEOOXOUMBIMU I ToTpeduteneil mapamerpamu, Ha TOLl ncnons3yloT cnenuanbHble TypOUHBI C MPO-
MEXYTOUYHBIM OTOOpOM mapa. B Takux TypOMHAaX, MOCie TOro KaKk 4acTh SHEPTHH Mapa U3pacxXxoayercs Ha
IpUBE/ICHNE B JBMKCHHE TYpOUHBI U MapaMeTphbl €ro MOHU3SATCS, TPOU3BOIUTCS OTOOP HEKOTOPOH J10JIU
napa Juist norpeduteneil. OcraBmasics A0S Mapa Jajiee HCIOoJb3yeTcs B TypOHHE Ui BRIPAOOTKH AIIEK-
TPOHEPTUU U 3aTeM IOCTyIaeT B KoHaeHcarop. CtpykrypHas cxema TOL npuBenena Ha puc 4.7.

110-220 xB

ity

X~
v
S
=
ow}

TC
CH T r
CH CT

Puc.4.7. CtpykrypHas cxema TILI:

TC - Temmosas cetp; 111 - map mist morpeduteneit; CII - ceteBoit mogorperarensb; TC - Termosast ceTh; CH - ceTeBoii Hacoc.

KomMmyHanbHO-0BITOBBIE TOTPEOUTENN MOTYHArOT TEIUIO OT CETEBBIX Mojiorpesareineit (0oitiepon)
CIL.

Ocob6ennoctu TOII:

1) cTpositcst BOJIM3M MOTpeOUTENeH Tera;

2) 00BIYHO pabOTaIOT HA MPUBO3HOM TOIUIUBE;

3) GOJIBIIIYIO YaCTh BHIPAOOTAHHOM AJIEKTPOIHEPTHH BHIIAIOT MOTPEOUTENSIM OJIMKaNIIero paiioHa
(Ha TeHepaTOPHOM MJIU MOBBILIEHHOM HaIPsKEHUN);

4) paboTalOT MO YaCTMYHO BBIHYXIAECHHOMY I'padUKy BbIpAaOOTKM 3JIEKTPO3HEPTUu (T.e. rpadux
3aBHCUT OT TEIUIOBOTO MOTpeOIeHus);

5) HU3KOMaHeBpeHHHI (Tak ke, kak u KOC);

6) UMEIOT OTHOCHUTENBHO BhIcokmi cymmapHsbiii KITJ (1o 70%).

Ha TOL sHeprus TormuMBa UCIONb3YETCS CHayana JJisg MPOU3BOACTBA AIIEKTPOIHEPIHH, a 3aTeM
MEHee IIeHHas TeII0Ta MPUMEHSIETCS I Hy X1 Terutodukaruu. Temmosoi 6amanc TOL;
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TIID
TCT 12%

100%
50% OTT

IITp

IIKT

Puc.4.8. Tennosoii 6ananc TII

TCT - terno, moydeHHOE MpH CKUraHuu TorutuBa; [IKT - moTepu Tema B koTensHOM arperate; [ITp - moTepu Terma B Tpy-
6onposonax; I1T - morepu Temna B TypboreHeparopax; [1K - morepu Temna B konaeHcarope; TIID - Tero, npeBpaiieHHOE B
anextposnepruto; OTT - oT6op Tema Ha TemI0GUKAIUIO.

Momnocts TOI gocturaer 1000 MBT. Enuanunas momnocts 3HEprodsokoB TOL] - ot 60 mo
250 MBT.

Copmosckasn TOL]: 340 MBm, 2x110 MBm, 2x60 MBm. Camas mownas ¢ Huosicecopoockoii 06-
aacmu - J{3eporcunckasn TOL] - 435 MBm.

4.6. 'a30TypOMHHBIE YCTAHOBKH

Jl1s IOBBIILIEHUST MAHEBPEHHOCTH TEIJIOBBIX CTAaHLUN Ha HUX CTAJM IPUMEHSATh Ia30TypOMHHbBIE
ycraHoBkH (I'TY). B razoTypOuHHON ycTaHOBKE MPOMCXOAUT IpeoOpa3oBaHue TEIJIOBOM SHEPIHU ra3oB
B KMHETUYECKYIO SHEPTHUIO BPAIlEHHsI pOTOPa TYpOUHBI.

[TpunuunuansHas cxema I'TY npusenena Ha puc. 4.9.
lT

or

KC

Ts Tu I

.
L ~

Puc.4.9. Crpykrypnas cxema I'TY

Bo3nyx npeaBaputensHo cxumaercs B koMipeccope K u nocrynaer B kamepy cropanus KC, rae
OH CMEIIIMBAETCS C TOIUIMBOM M BOCIUIaMEHsIeTCs. [ opsiune BBIXJIOMHBIE ra3sl pH Temmeparype 10 800°C
U fasieHuu 10 30 aTM. MOCTYNAalT CHavyaja B TypOMHY BBICOKOTO JIaBieHus Ty, a 3aTeM B TYpOMHY HU3-
Koro gasieHus Ty. 31ech ra3, pacmupssack, coBepiiaer padoty, orpadoTanHble ra3sl OI' BIOpachiBatoTCs
B atmMocdepy. TypOuna Beicokoro aasneHus Ty CIyKUT IpHUBOAOM Komrpeccopa K, a Hu3Koro gaBieHus
Ty- mpuBoom TypbOoreHeparopa I

['TY paboratoT Ha razoo6pazHom win xuakom torumse. KITJ I'TY moxeT HaxonuThes B pee-
sax oT 40 no 60%. Enuanunsie momHoctd I'TY cocrasistror ot 20 1o 100 MBT.

OnHo u3 ocHOBHBIX JOocTOMHCTB ['TY - nx BbICOKass MaHEBPEHHOCTH (BpeMs 3amycka oT 3 g0 60
MUH), YTO TIO3BOJISIET UX UCIOIb30BaTh AJIs MOKPBITUS MUKOB 3JIEKTPUUECKON HArpy3Ku B CYTOUHBIX Ipa-
pukax.

19



4.7. ITapora3osbie ycranoBku (III'Y)

B nHacrosiee BpeMsi IpakTHUECKH McUYEpIIaHbl BO3MOKHOCTH moBblieHus KIIJl anexkrpuueckux
CTaHLUH ¢ MapoBbIMU TypOHHaMu. [ToaToMy Gosbiioe BHMMaHuE 00palaloT Ha MIPUMEHEHHE YCTaHOBOK
C KOMOMHUPOBAaHHBIMH IIUKJIAMH, B KOTOPBIX MAPOTYPOMHHBIHN IIUKJI COUYETACTCS C Pa3IMYHBIMU BBICOKO-
TEMIEPATypHbIMU LHKJIaMUd. OIHMM U3 BHJOB TAaKMX YCTAHOBOK SBJIAIOTCS I1apOra3OBble YCTaHOBKHU

(puc. 4.10).
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Puc.4.10. CTpykTypHasi cxeMa apora3oBoii yCTAHOBKU:
/77 - BOBAYX; e - OCTpBIM nap; — @@ - IPOAYKTHI CTOpaHMsl; — - [IUTATelIbHAas
BOZA, KOHACHCAT; —.c.cimimmimmemm - map oT60pOB TypOUHBI

[Tapora3oBslif ITMKJ, peaqu3yeMblii B MapOra3oBbIX YCTAHOBKAX, MPEACTABISAET COOOW IUKI C
JIBYMsI pabOYMMU TeJIaMH: B 00JaCTH BBICOKMX M HU3KHX TeMIiepaTyp. B 00jacTi BBHICOKHX TeMIepaTyp
pabounM TEJIOM SIBISIFOTCS] TPOYKTHI CTOPAaHUS TOIIMBA, a B 00JaCTU HU3KHUX TeMIepaTyp - Bojaa. Bos-
IIyX, CKATBII B KoMIIpeccope 1, mojaercs B kKamepy CropaHus maporeHeparopa 3, e Mpy CKUTAHUH TO-
TUTMBA TeHEepUpyeTcs nap g napoBoit Typouns! 4. ["a3el ¢ Temneparypoit okono 800°C u3 maporenepa-
Topa 3 MOCTYMAaIOT B Ta30BYI0 TYpOMHY 2, IOCIe KOTOPOH OHH UMEIOT Temrieparypy okoio 400°C u uc-
MOJIL3YIOTCS, JJIsl TIOJIOTPEeBa KOHJIEHCATa U MUTATENbHOM BOJBI B DKOHOMai3epax 5, 6. JlomomHUTENsHO
IUTaTeNIbHAS BOJIA TTOIOTPEBACTCS B BOJIONIOOTPEBATENAX /-8 mapoM ¢ 0OTOOPOB IMapoBO TYpOHHEI.

B kauecTBe TOIUIMBA JJIS MApOTa30BBIX YCTAHOBOK OOBIYHO HCIIOJIB3YIOT MPHUPOAHBIN ra3z Jaubdo
AKUJIKOE TOIJIMBO. EMMHUYHBIE MOIIHOCTH TaKUX YCTaHOBOK cocTaBiisitoT 10 200 MBT. KIIJ[ sTux ycra-
HOBOK gocturaer 50%. [IpuMeHeHne B yCTaHOBKE ra30BOW TYpOWHBI HECKOJIBKO MOBHIIIAET MaHEBPEH-
HOCTh YCTaHOBKH, YTO TO3BOJISIET OCYIIECTBIISITH B HEKOTOPBIX Mpe/esiaX OMepaTUBHOE PETyINpPOBAHUE
OTIYyCKa 3JIEKTPOIHEPTUHU B CETh.
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4.8. 'mapaBiM4ecKue JIeKTPOCTAHIUHI:

3nauenue ['OC ns PHEPreTUKHU ONPENEISAETCs CAEAYIOUIMMHI TEXHOJIOTHYECKUMHU U 3KOHOMUYE-
CKUMH OCOOCHHOCTSIMHU::

- MCII0JIb30BAHUEM UMU HETIPEPHIBHO BO30OHOBIIAEMBIX ITPUPOJIHBIX HCTOUHUKOB S3HEPTUU PEK;

- uckimountenbHo BoicOkUM KIIJ] mpeoGpa3oBanus TuApaBiIMyecKOld SHEPIUU B 3JIEKTPUUECKYIO
(cBoime 90% );

- [IOJIHOM aBTOMAaTHU3aLUeN MPOIECCOB IPOU3BOJCTBA 3JEKTPOIHEPTUH, CBOJAIIEH O MUHUMYMa
TPYZAOBBIE 3aTPaThI B npoliecce IKcIuryaTanuu 1'9C;

- BBICOKOM J1I0JITOBEYHOCTBIO COOPYKEHHUI I'MIPOCTAHLUHN, IPOCTOTON U HAJIEKHOCTHIO UX 000pYy-
JIOBaHMSI,

- 00JIbIIOM MaHEBPEHHOCTHIO, T.€. CHOCOOHOCTBIO MPAKTUYECKU MTHOBEHHO U 0€3 MOTeph MpOou3-
BOJIUTh CMEHBI PEKUMOB pabOThI, OBICTPO MPUHUMATH U COpachIBaTh Harpy3KH, MOKPHIBATh KPATKOBpE-
MEHHbIE IMKU Harpy3oK, peryjaupoBaTh YacTOTy TOKAa B 3HEPrOCUCTEME, a TAaK)K€ BBINOJIHATH B HEH
¢ynkunu aBapuitHoro, pesepsa. B cBsizu ¢ atum 'DC 00b1uHO paboTalOT B MHUKOBOM 30HE rpaduka Ha-
I'py3KU SHEPrOCUCTEMBI, O0ecIIeunBas ONEpaTUBHOE PETryIUPOBAaHUE BHIPAOOTKHU HJIEKTPOIHEPTUU B COOT-
BETCTBHUHU C TPEOOBAHUAMHU MOTPEOUTEICH.

Momnocts ['DC nponopiuoHanbHa pacXxoay BOAbl M HALIOPY:

PUQ-H

Jlns yBeWYEHHUs] HAropa CTPOSIT MCKYCCTBEHHBIC THAPOTEXHHYECKUE COOPYXKEHUS (TUIOTHHBI).
['S5C nmoapasnensroTcst Ha J1Ba TUMa: pycioBbie u npuruiotuHHbe. Ha 'DC ¢ Hamopom mo 30 M 31anHme
CTaHIINH, KaK U IUIOTHHA, BOCHIPUHUMAET HAMOp U pacronaraercs B pyciie peku. Takue 'D9C Ha3bIBaroTCcs
pycioBbiMu. [Ipu Hanopax 6omnee 30 m 3mpanue - 'DC nomemaercs 3a miotuHoi. Takue 'DC Ha3bIBarOT-
Csl IPUILJIOTUHHBIMH, HA HUX BECh HAMOP BOCIIPUHUMAETCS TUIOTHHOM.

B 3aBucumoctu OT BeauM4MHBI Haropa U MouHOoCcTH Ha ['DC UCHONB3YIOT pa3IMyHbIE THIIBI TH/I-
poTyp6uH. Ha paBHUHHBIX pekax ¢ HamopoM 10 20 M HIMPOKO MPUMEHSFOTCS TOPU30HTANIbHBIE THPOAr-
peratbl MoiHOCTHIO 10 45 MBT. Ha I'OC ¢ Hanopowm 10 80 M mpUMEHSIOT JIONACTHBIE TYPOUHBI MOIIHO-
ctbio 10 200 MBT. [Ipu Hamopax Oosee 80 M mpUMEHSIOTCS OCEBbIE TYPOUHBI MOITHOCTHIO 10 640 MBT.

Hawubonee kpynuoii ['DC B Poccun siBnsitorest Casto-Lymenckast (6400 MBT) u KpacHosipckas
(6000 MBT) I'DC, pacmonoxentnbie Ha p. Exuceii.

Huoicecopoockaal OC:
Yemanoesnennas mownocmo 520 MBm, 8 euopoacpecamos no 65 MBm, ouamemp pabouezo Koneca
euopomypounst 9m.
Hanop - 0o 17,5 m, niowaos 3epkana eoooxpanunuwa 1591 kn?, Onuna 434 K, MaKCUMANLHAS Wil
puna 16 km, 06vem goodoxpanunuwa 2800 man M,

4.9. TuapoakKyMyJIUPYIOIIHeE YIeKTPOCTAHIUI

['padux Harpy3ku sHEproCUCTEMBI, MPECTABIAIOUINN cO00i1 H3MEHEHNEe BO BpEMEHH CyMMAapHOH
MOIIIHOCTHU BCEX MOTPEOUTENEN 3JEKTPOIHEPTUU, UMEET MPOBAIBI U MAKCUMYMBbI. JTO O3HA4YaeT, 4ToO B
OJIHU Yachl CyTOK TpedyeTcs 0oJblas CyMMapHasi MOITHOCTh T€HEPaTOPOB, a B APyrHe Yachl 4acTh T'eHe-
pPaToOpOB WK JEKTPOCTAHINKI JOKHA ObITh OTKIIIOUEHA WM padoTaTh C yMEHbIIeHHOW Harpy3koi. Ko-
JIMYECTBO IEKTPOCTAHIIUNA M UX MOIHOCTH ONPEAEIAIOTCS OTHOCUTEIBHO HEMPOJOIKUTEIbHBIM MaKCH-
MYMOM Harpy3ku norpeduresneil. 9To NpuBOIUT K HEJTOUCIIOIB30BaHUIO 000PYA0BAHUS U K YIOPOKAHUIO
sHeprocucreM. Tak, CHM)KEHHE r0JI0BOT0 YHCiIa 4YacOB UCIOJIb30BAHNS YCTAaHOBIEHHOW MOITHOCTH KpyII-
HbIX TOC ¢ 6000 1o 4000 mprUBOIUT K BO3PACTAaHUIO CEOECTOMMOCTH BhIPAOATHIBAEMON JIEKTPOIHEPTUH
Ha 30-35%. B nanbpHeiiem HepaBHOMEPHOCTh NOTpeOsIeHUsT OyIeT yBEJINYMBATHCS IO MPUYMHE TOCTO-
SHHOTO YBEJIMYEHUS KOMMYHAJIbHO-OBITOBOW HAarpy3K, IMOBBIIIEHHS 4YHCIA 3JIEKTPOIPUEMHUKOB Ha
HPOMBIIIICHHBIX TPEANPUATHIX U Psijia APYTUX PaKkTOPOB.

DHEpProcucTeMsl MO0 BO3MOXKHOCTH NMPUHUMAIOT MEpHI 10 BBIPAaBHUBAHUIO Ipaduka cyMMapHOM
Harpy3ku norpeoureneii. Tak, BBoauTcs nuddepeHupyeMas CTOUMOCTh dJIEKTPOIHEPTUU B 3aBUCHMO-
CTH OT BpPEMEHHU ee MoTpelseHHs. DTO MOBBIIIAET 3aMHTEPECOBAHHOCTh MOTpeOHUTENel B TaKUX Mepe-
CTpOMKax cBOeH paboOThI, KOTOPbIE OBl CIIOCOOCTBOBAIM YMEHBIIEHHIO AJIEKTPHUECKONW HArpy3Kd B MO-
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MEHTBl MAaKCUMYMOB MOTpeOieHust B dHeprocucreme. OQHAKO, B IIETIOM BO3MOXXHOCTH BBIPAaBHHUBAHUS
noTpedIeHus, ANEKTPOIHEPTUN HeBeNuKU. [1o3TOMy 31eKTpOIHEpPreTHYecKre CHUCTEMbI JOJKHBI OBITh
JIOCTaTOYHO MAHEBPEHHBIMHU, CIIOCOOHBIMU OBICTPO H3MEHSTH MOIIMHOCTH JJIEKTPOCTAHIWK. TeruioBbie
AIEKTPUYECKUE CTAHIIMKM HE PAacCUMTaHbl Ha PEryJIMpPOBaHHE MOIIHOCTH U paboTaioT B 0a3MCHON YacTu
rpaduka Harpy3ku. Bpemst 3amycka TemjIoBOW CTaHIIMU - HECKOJBKO dacoB. [loaTomy B, HacTosIee Bpe-
Msi 1eUIUT MaHEBPEHHON MOIIHOCTU (MUKU Harpy3ku) mokpsiBaercs ['DC, y KOTOpBIX HaOOp MOJHOM
MOIIIHOCTHU C HYJISI MOKET OBbITh IIpou3BezeH 3a 1-2 muH. Perynuposanue mournoctu I'2C ocyiiecTBiseT-
cs caenyrouM oOpa3oM. B mepuoibl BpeMeHnu, Korja B cucteMe uMeroTes npoBaibl Harpysku. ['9C pa-
00TaIOT C HE3HAUUTEIHLHOM MOIIHOCTHIO M BOJA 3alONHIET BoAgoxpaHmuiie. [Ipu aTom 3anacaercs sHep-
rus. C HaCTyIUIEHHEM MHUKOB BKIIIOYAIOTCS arperaThbl CTAHIIMU U YBEJIMYMBAETCS Ha HEOOXOAUMYIO BEJIU-
YUHY WX MOIIHOCTb.

3aavyy BbIpaBHUBAHMSI MMMKOB HATPY3KH PEHIAIOT THIPOAKKYMYIHUPYIOIINE AJNEKTPUYECKUE CTaH-
uuu (CAD3C):

Puc.4.11. I'magpoakkymyaupywomasi CTaHIUA:
1 - BepxHHii Oacceiin; 2 - BonoBoyx; 3 - 3nanne [ ADC; 4 - HIKHHN OacceiH.

B uHTepBasnbl BpeMeHH, KOIja 3JIeKTpUUYecKas Harpys3ka B sHeprocucreMe MuHumanbHa, [TADC
[epEeKaurBaET BOY U3 HIXKHETO BOJAOXPAHUIIMILA B BEPXHEE U MOTPEOIISIET IIPU 3TOM 3JIEKTPOIHEPTUIO U3
sHeprocuctemsl. [Ipu nukax Harpysku TADC paboTaer B reHEepaTOPHOM PEXHUME U pacXOyeT 3alaceH-
HYIO B BEpXHEM BOJIOXPAHWINLIE BOJY.

Coopyxenue ['ADC nenecoodbpazHo B pailoHax ¢ €CTeCTBEHHBIMHU IepenaaaMu penbeda. Momi-
HocTu coBpeMeHHbIX 'ADC nocturator 2400 MBt. Haubonee pacnipoctpanensl [ADC B CIIA, rne ux
HacuuTbIBaeTcs okojo 40, ¢ obell ycTaHOBIEHHOM MolHOCThIO okosio 70000 MBT.

4.10. ATOMHBI€ YIEKTPOCTAHIIUH

[TepBas B mupe ADC Ha TemoBbIX HeWTpoHax Obuia mymieHa B 1954 r. 8 CCCP B r. OGHUHCKE
MolIHOCThI0 5 MBT. ATOMHas »HepreTHka O0ypHO pa3BuBanack 10 1986 r. ABapus Ha UepHOOBUIbCKOM
ADC 3amopo3uiia TporpaMMbl pPa3BUTHSI aTOMHOM SHEPTETHUKM BO MHOTHMX CTpaHax, B TOM YHCIEC U B
CCCP. B nacrosiee BpeMsi MHTEpeC K aTOMHOW 3HEpreTHKe BO30OHOBIISETCS 10 MPUYMHE HCUepIIaeMo-
CTH 3aIlacoB OpraHU4eckoro Tomimba. B psge ctpan ADC uMeroT pemarniyo pojib B BHIPaOOTKE dJIeK-
TposHepruu: Bo @pannun Ha ADC BblpabaTeiBaeTcst okoio 70% Bceil anekrposHepruu. B Poccun nHa
ADC BeIipabatbiBaeTcst okoio 12% snexkrposneprun. Hanbonee kpynusie ADC B P®: Jlenunrpazackas -
4000 MBT, Kypckas - 3000 MBr.

OcHoBHolt 3nemMeHT ADC - siiepHBIN pEeakTop - COCTOUT U3 aKTUBHOM 30HBI, OTpa)KaTesl, CUCTe-
MBI OXJIQXKJICHHsI, CHCTEMBI YIPABJICHHUS, PETYIUPOBAHUS U KOHTPOJISA, KOpITyca U OMOJIOrMYECcKON 3allu-
Thl. B paboune kaHalibl aKTUBHOM 30HBI MOMEIAIOT SJIEPHOE TOIUIMBO B BUJE YPAaHOBBIX WJIU ILTyTOHHUE-
BBIX CTEP)KHEH, MOKPHITHIX T€PMETUYHON METaIIIMUecKoi 000104K0il. B 3THX CTEp)KHAX U MPOUCX OJUT
AJIepHasl peakius, CONMPOBOXKAaeMas BblAelIEHHEM OOJbIIOro KouuyecTBa Termia. [loaToMy cTep HH C
SIEPHBIM TOIUTMBOM HAa3bIBAIOT TerIoBbIAEIstomMME d5ieMenTamu (TBOJI). Konmmaectso TBOJI B akTHB-
HOM 30HE MOXET JOXOAUTH /10 HECKOJBKUX ThHICSY. B akTUBHYIO 30HY NOMEIIAIOT 3aMEUIUTENb HEUTPO-
HOB, 4Yepe3 Hee TakKe MPOXOAUT TEIUIOHOCUTENb - BEIIECTBO, CyXalllee AJis 0TBOJa Teruia. B kadecTse
TEIIOHOCHUTEJISI UCTIONIb3YeTCs BOJa JIMOO JKUAKUE METaTbl. TerIOHOCUTENbh C TOMOIBIO IPUHYAUTENb-
HOM LIMPKYJISALKUY OMBIBAaeT B pabounx KaHajax nosepxHoctu TBDOJI, HarpeBaeTcst u yHOCHUT ¢ co00il Ten-
JIO AJI JAJbHEHNIIEro UCIOIb30BaHusA. AKTHUBHAs 30HAa OKPY)KE€HA OTpa)kaTeleM, KOTOPBI BO3BpAILAET B
Hee BbUICTAIOLME HEUTPOHBI. YTPaBIeHUE PEAKTOPOM MPOU3BOIUTCS C MOMOLIBIO CIENUATBHBIX Tpadu-
TOBBIX CTEPXKHEH, MOTIOUIAIOIIMX HEUTPOHBI. CTEPKHHU BBOAATCSA B AaKTUBHYIO 30HY U U3MEHSIOT IOTOK
HEUTPOHOB, a CJIeI0BATEIbHO, 1 UHTEHCUBHOCTB SIIEPHOM pEaKIUH.
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Temto, BeIIENSIONICECS B PEAKTOPE, MOKET MepeAaBaThcs paboueMy Telly TEIUIOBOM TypOWHBI 1O
OJHOKOHTYpHOU (puc.4.12, a), nByxkoHTypHOH (puc.4.12, 6) u TpexxoHTypHOU (puc.4.12, B) cxemam.
Kaxnplif KOHTYp mpencTaBisgeT coboil 3aMKHYTYIO cucTeMy. MHOTOKOHTYpHasi cxema o0ecrieyrBaeT pa-
TUAIMOHHYIO 0€30MMacHOCTh M cOo3/1aeT yao0cTBa Il 00CIy)KMBaHUsI 000py1oBaHus. BeiOop uncia KoH-
TYpOB OIPEIEISICTCS B 3aBUCMMOCTH OT THUIIA PEAKTOpPa M CBOMCTB TEIUIOHOCUTEISI, XapaKTePHU3YIOIIUX
€ro IMPUroTHOCTD IS UCIIOJIb30BAHUS B KaUuecTBE pabouero Tena B TypOuHe.
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Puc.4.12. CrpykrypHas cxema AJC

OnHOKOHTYpHAsI cxema HauboJjee mpocTta u skoHomuyHa. OOpasyromuiics B peaktope P map mo-
crynaet B Typouny T. OnHako 3TOT nap pajguoaktuBeH. [loaTomMy, KpoMe peakTOPHOTO OTAEICHHUS, YacTh
000pyI0BaHUS MAITMHHOTO OT/ACNICHUS JOJKHA UMETh Onosornueckyto 3amuty b3. Tlo Takoit cxeme pa-
6otarot Jlenunrpaackas, Kypckas, YepHoobuibekas u apyrue ADC.

B 1BYXKOHTYpHOI cxeéMe B OCHOBHOM HCHOJB3YIOT OoJyiee HaJeKHbIE BOJIOBOJASIHBIE PEAKTOPHI
(BBOP). B nanHoM peakTope aKTHBHAs 30Ha MOMEIIAETCS] BHYTPH TOJCTOCTEHHOTO CTaJIbHOI'O KOpIyca,
3aIlOJIHEHHOTO BOJIOM, KOTOpasi BHIMOJIHSET KaK pojib 3aMEAJIUTENA, TaK U TeroHocuTens. s npeaoT-
BpallleHUs 3aKUIIaHKsI BOJbI OHA HaXOIUTCS MOJ IaBJIEHUEM, HA KOTOPOE pacCunuTaHa POYHOCTh KopIyca
peaktopa. PazpaboTanbl U UCTIONIB3YIOTCS JABE MOAU(PUKAINK TakuX peakTopoB: BBOP-440 Ha MonHOCTH
440 MBt u BBOP-1000 nHa momutHocts 1000 MBT. Takue peaktopsl B Poccun padorator Ha HoBoBOpo-
Hexckon ADC.
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B ABYXKOHTYpHOM CXeMe OTBOJ TeIUIa OT peakropa P ocyluecTBigeTcs: TENJIOHOCUTENIEM, KOTO-
PBIN TIepenaeT 3To Terio paboueMy Teny B maporeneparope I1I°. OTaenbHbIN MEpBBIA KOHTYP MO3BOJISIET
CBECTH K MMHMMYMY KOJIMYECTBO aIIIAPaTOB U KOMMYHUKALUI C PaAUOAKTUBHOU Cpenod. Bropoi KoH-
TYp HE paauOaKTUBHBIA, 4TO ympoiaeT 3kcryaTanuio ADC. Ognako KIIJ[ n1ByXKOHTYpHBIX CTaHIUH
MEHBIIIE, YEM OJIHOKOHTYPHBIX BBUY JAOIOJHUTENbHBIX TOTEPD B 11

TpexXKOHTYpHBIE CXEMBI IPUMEHSIOTCA, KOTJIa B KAYECTBE TEIJIOHOCUTENS UCIOJIb3YHOTCS aKTUB-
HbIE METaJIJIbl, HAIIPUMep, HaTpUii (peakTophl Ha OBICTPHIX HelTpoHax). XKunkuil HaTpuil OypHO pearupy-
€T ¢ BOJOHM M BOJSHBIM MapoM. B naHHOI cxeme TernooOMeH Mexly KOHTYpaMH OCYIIECTBIISIETCS B IPO-
MexyrouHoMm termiooomennuke [1T u B maporenepatope I11'.

4.11. Tens10BbI€ KOTEJIbHBIE

KotenbHas ycTaHOBKa - KOMILUIEKC YCTPOMCTB M arperaTtoB, 0OECHEUNBAIOIINX MOTYyYEHHE Tropsi-
Yel BOJbI WM BOJSHOIO Mapa Mo/ JaBICHUEM.

KorenbHas ycTaHOBKA COCTOUT U3 KOTJIa M BCIIOMOTaTEIbHOIO 000py10BaHUS.

Korein - ycTpoMCTBO [U1sl TTOYyYEHHS TOPAYEH BOABI I BOJISIHOTO Iapa C JIaBJICHUEM BBIILIE aT-
MOC(EepHOT0 3a CUET TEIIOTHI CTOPAHUS OPraHNYECKOT 0 TOILINBA.

Kotnel 6b1BatOT mapoBeie U Bojgorpeiinbie. [1o Ha3HaueHN0 OHU JENSTCS Ha OTOMUTEIbHBIE, TIPO-
MBILUIEHHBIE U dHepreTtuyeckue. [lap wim Boxa, mosiydyaeMble B OTONMTEIBHBIX KOTJIAaX, UCIIOIb3YHOTCS
JUTSL OTOTUICHHS, B MPOMBINIJICHHBIX KOTJIAX - JJIS MPOMBIIUICHHBIX HYXI. KOTIBI Takke KiacCuPUIUpy-
FOTCS 110 1IapO- U TEIUIONPOU3BOAUTEIBLHOCTH, 110 ITApaMETPaM Iapa U APYTrUM IIPU3HAKAM.

B xauectBe TOMIMBA B KOTEIBHBIX YCTAHOBKAX UCHOJIb3YETCA KAMEHHBIN yroib, Ia3, Ma3yT.

4.11.1 IlpyHUMNIMAIBHAS CXeMa KOTeJIbHOH YCTAHOBKHU
Ha puc. 4.13 noka3aHa npuHIMNKAIbHAsA CXeMa 1apOBOM KOTEIbHON YCTaHOBKH.
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Puc.4.13. Il puHuunuanbHasi cxeMa apoBoi KOTEJbHON YCTAHOBKH
1 - copenka; 2- monounasn kamepa; 3 - menniousonsiyus,; 4 - MonouHvll 9KpaH, 5 - WUpMoBol naponepezpesamens, 6 - KOH-
BEKMUBHDBLI NAponepespesamens, 7 - akoHomauzep, 8 - gozdyxonoooepesamens, 9 - 20pu3oHmMAnbLHLIL 2a30x00; 10 - KOHEeK-
mugnasn waxma, 11 - dymvesoul eenmunamop, 12 - ovimococ, 13 - ovimosas mpyoéa.
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B ropenky xorna 1 nmojmaercss TOIUIMBO M MOJOTPETHIA BO3AyX. Bo3myXx mojaercst ¢ MOMOLIbIO
nyTheBoro BeHtwisitopa 11. Jlist ycroituuBoro ropenus u nosbiienust KIIT/] ycranoBku Bo3ayx npeaBa-
PUTEIBHO MOAOTPEBAETCs B Bo3ayxomnoaorpesareie 8§ no temneparypsl 200-300 °C.

[Toctynaroniasi B KOTesl BOJa, Ha3bIBaeMas NMUTATEIbHOM, CHaYasla MOJI0rPEeBAETCS B AKOHOMAai3e-
pe 7 1 panee MocTynaeT TOIMOYHBINA 3KpaH 4, TJe MPOUCXOIUT Ipolecc napoodpasoanus. Cyxoil Hachl-
IIEHHBIN MMap MOCTYINAET B IIMPMOBBIN 5 U KOHBEKTUBHBIN 6 maporneperpeBaTeiu, Mociie 4ero neperpeThlil
nap HarpasJIsIeTCsl K TOTPEOUTEIIO.

[TpoaykThl cropaHus TOILUIMBA, IIPOIAsl SKOHOMA3ep 7 U BO31yXOINOAOIpeBarenb §, JbIMOCOCOM
12 BeIOpaceIBatoTCs B aTMocdepy uepe3 AbIMOBYIO TpyOy 13.

[TapoBoii KOTEN COCTOMT U3 TONOYHOM Kamepsl 2, B KOTOPOW MPOUCXOAUT CIKUT'AHUE TOIUIMBA U
YaCTUYHOE OXJIAKIEHHE IPOAYKTOB CTOPAHUs 3a CUET TEIUIOOTBOJA K PacloJliaraéMbIM B HEH IOBEPXHO-
CTSIM Harpesa, M ra30X0/0B, B KOTOPBIX TAK)KE Pa3MEILAlOTCs IOBEPXHOCTU HArpeBa, BOCIPHUHUMAOINE
TEIUIOTY MPOAYKTOB Cropanusi TormBa. CTEHbl TOMOYHON KaMepbl MOKPBITHl BHYTPU OTHEYIIOPHBIM Ma-
TEpUAJIOM, & CHAPYKU - TEIJIOBOM M30JIAIueH 3.

HenocpenacTBeHHO y cTe€H 1O BCEMY BHYTPEHHEMY IIEPUMETPY TOINOYHON KaMephl PACIIONIOKEHbI
TpyOBbI, KOTOpBIE MOIYy4ast TEIUIOTY OT TOIMOYHBIX Fa30B SBJIAIOTCS NApPOr€HEPUPYIOIIUMHU OBEPXHOCTSIMU
HarpeBa M Ha3bIBAIOTCSI TOMOYHBIM AKpaHOM. TONOYHBIE SKpaHbl ABJISIOTCS paJUuallMOHHBIMH [TOBEPXHO-
CTSIMM HarpeBa, Tak Kak OHU BOCHPHUHUMAIOT TEIJIOTY CrOPaHUs TOIJIMBA MPEUMYLIECTBEHHO M3JTy4YEHHU-
eM oT (hakena ¥ OT MPOAYKTOB cropanus. Temmeparypa B 30HE TOpeHus: MokeT gocturats 1500-1800 °C
B 3aBHCHMOCTHU OT BUJa C:KUraemoro toruinBa. CpesHss TeMnepaTypa NpoJyKTOB CrOpaHUs B TONOYHOMN
kamepe coctasisier 1300-1400°C.

TomnouHble ra3pl NOKUAAIOT TOMOYHYIO KaMepy ¢ Temneparypoit 900-1200 °C u nocrtynaror B ro-
PHU3OHTAJIBHBIN ra30x01 9, B KOTOPOM IEPBBIM 10 X0y I'a30B paclojaraeTcs naporneperpeBareip S5, Bbl-
HOJTHEHHBIH U3 TPYOUaThIX 3MEEBUKOB, COOPAHHBIX B IJIOCKUE NakeThl (IupMsbl). TermnooOMeH B muUpMo-
BBIX [TOBEPXHOCTSX HarpeBa OCYLIECTBIISIETCS OJJHOBPEMEHHO U3IyYEHHUEM U KOHBEKIMEH, U IO3TOMY OHU
Ha3bIBAIOTCS MOJypaAHalMOHHBIMU. [Ipolas mMpMOBBIM mapomneperpeBarenb, ra3bl OXJIaKAAIOTCA 10
800-900°C. B ropu3oHTaIbHOM Ta30X0J€ 32 HIMPMOBBIM IapOINEPErpeBaTEIeM PacIoiaraeTcsi KOHBEK-
TUBHBIN TapoOTeperpeBaresb 6, MPeACTaBIAIONNI CO00H MakeThl TPyO, PaCHOJIOKEHHBIX B IAaXMaTHOM
nopsake. TeriooOMeH B maporeperpeBateiie 6 1 BO BCeX MOCIEIYIOIUX MOBEPXHOCTSIX HarpeBa ocylle-
CTBIISIETCSI KOHBEKLIUEH.

[Tocie ropU30HTATIBHOIO Ta30X0/1a ABIMOBBIE Ta3bl, OXJaXAEeHHBIE 10 TemnepaTypsl 500-600 °C,
MOCTYNAOT B KOHBEKTUBHYIO maxTy 10, B BepxHell yacTu KOTOPOH yCTaHOBIJIEH 3KOHOMai3ep 9, ocyiie-
CTBJIIIOLIMI MOJOrpeB MHUTaTeNbHOW BoJbl. [locie skoHOMaii3epa ABIMOBBIE T'a3bl OTNAIOT OCTABIIEECs
TEIUIO B BO3/yXOIOJAOIrpeBarenie 8, U uepe3 IbIMOBYIO TpyOy ApiMococoM 12 BbIOpachIBalOTCS B aTMO-
cdepy ¢ Temneparypoii 100-150 °C.

4.11.2. CxeMbl MOJIyYeHHs APa B KOTJIAaX

B ocHOBY pa0oThl mapoBOro KOTJa MOJOXKEH HMPUHIMII HENPEPhIBHOIO OTBOAA TEIJIOTHI, BbIE-
JUBIIEHCS MPU CTOPaHUM TOIUIMBA B TOIKE, K TeIUIOHOcUTENt0. [lepenada TenioTsl OT MPOIYKTOB Cropa-
HUM TOIMJIMBA K TEIUIOHOCUTEIIO MPOUCXOIMT B CHCTEME TEIUNIOOOMEHHUKOB TpyOUaTOW KOHCTPYKIIMH,
Ha3bIBAEMBIX [TOBEPXHOCTSIMHM Harpena. JlJis HEMpepbIBHOTO OTBOJIA TEIJIOTHl HEOOXOJMMO OPraHU30BaTh
MOCTOSIHHOE JIBUXKEHHUE TerioHocuTens. Kak npaBuiio, TEIOHOCUTENb ABHXKETCS BHYTPU TPYOOK, a mpo-
JYKThl CTOPAHUS OMBIBAIOT TPYOKHU TETIOOOMEHHUKOB CHAPYKU.

IIpouecc noaydeHus neperpeToro napa COCTOUT U3 TPEX DTAIOB:

1) noorpeBa nUTAaTEILHON BOJBI 10 TEMIIEPATYPhl KUIICHUS;

2) oOpazoBaHMsI HACBIIIEHHOTO Mapa U3 BOJIBI;

3) meperpeBa cyxoro HachIIIIEHHOTO Tapa 10 HE00X0IUMON TeMITepaTyphI.

[TomorpeB BoAbI 10 TeMIepaTypbl KUIIEHUS] IPOUCXOJUT B TEIMJIOOOMEHHHKE, KOTOPBIA Ha3bIBAeT-
csl PKOHOMai3epoM 2, KUIleHHe BOJbI U 00pa30BaHME Mapa - B UCIAPUTENIbHON MOBEPXHOCTH Harpena (B
napoo0Opa3ymoomux Tpyoax 6), a meperpes mnapa - B mapormeperpenarene 7. J[BUkeHHe TEIUIOHOCHUTENS B
HSKOHOMAaM3epe U MaponeperpeBarese B MapoBbIX KOTJIAX BCEX KOHCTPYKIMI OpraHU3yIOT OJUHAKOBO: Ye-
pe3 SKOHOMaii3ep 2 BoJa NEPEKaunBaeTCsl HACOCOM 1, Ha3bIBa€MBbIM MUTATEIbHBIM, A JBUKEHHE Tapa ye-
pe3 maporneperpeBaTeNb 7 OCYIECTBIISIECTCS 3a CUeT PA3HOCTH JaBJICHUH Mapa B KOTJIE U y MOTPEOUTES.

B 3aBucumocTH oT crocoba opraHu3alMy ABMXKEHHS TEINIOHOCHUTEINS MapoBble KOTIBI MOApa3zie-
JISTIOTCSI HA MPSIMOTOYHBIE, C €CTECTBEHHON M IPUHYAUTEIBHON, TUPKYIsiiuel (puc. 4.14).

25



2

1 1 1 1
v
5 5 5
I1B

1B 1B

Puc.4.14. OcHoBHBIE cXeMbl OJIy4YeHHUs NIapa B KOTJIaX:
a - ¢ ecmecmeeHHOU YupKyasyuei,; 6 - ¢ NPUHYOUMENbHOU YUPKYIayuell, 6 - NPIMOMOouHble,
IIB - numamenvnas éooa, 1111 - nepecpemuiii nap
1 - numamensnelil Hacoc; 2 - skonomauzep, 3 - bapaban komua,; 4 - Heoboepesaemvle mpyovl, 5 - Korekmop, 6 - obozpesae-
Mule mpyovi; 7 - naponepezpesamens, 8 - YUPKYIAYUOHHBII HACOC.

Koten ¢ ectectBenHoit mupkymsiueit (puc.4.18, a) cocTouT U3 cuctemMbl 000TpeBaeMbIX 6 U He-
oborpeBaembix 4 TpyO, 00bETMHEHHBIX BBEPXY OapabaHoM 3, a BHH3Y KOJUIEKTOPOM 5, MPECTABISIOMINX
cO0OM 3aMKHYTBIM KOHTYpP, KOTOPBIH HPUHATO Ha3blBaTh HUPKYISALHUOHHBIM. DTOT KOHTYp 3allOJIHEH 10
YPOBHSI, pacrojokeHHoro Ha 15-20 cM HWKE AMaMeTpalbHOM TUIOCKOCTH OapabaHa KOTIa, BOJIOHW, KOTO-
PYIO Ha3bIBAIOT KOTJIOBOW. OObeM OapabaHa, 3al0JIHEHHOTO BOJIOM, HAa3bIBAIOT BOJSHBIM, a 3aHATHIN Ia-
poMm - napoBbIM. [ToBepXHOCTB, pa3eNsIoNly0 BOASHON U apoBOi 00bEMbI, HA3bIBAIOT 3€PKAJIOM HCIIa-
penus. [Ipu nonBose TemIoTH K 060rpeBacMbIM TpyOaM BOJa B HUX 3aKUIIACT, M OHU 3AIOJIHSIOTCA Ma-
POBOJIIHOM CMeChI0, UMEIOLIEH TIOTHOCTh py. HeoOorpeBaemblie TpyObl Beeria 3anoaHEHbl, HEKUTISILEN
BOJIOM C MJIOTHOCTBIO py. HIKHSAS TOUKa KOHTYpa IOJIBEp)KEHa CO CTOPOHBI HEOOOTpeBaeMbIX TpyO J1aB-
JeHHUI0 cToJ10a *Kuakoctu Hpg, a co cTopoHBI 000rpeBaeMbIX TpyO - JaBIEHUIO MApOBOASHON cMmecu Hpy
(H - BeIcoTa KOHTYpA). BeneactBue TOro, 4To py > pey, B LUPKYISILMOHHOM KOHTYpE BO3HMKAET Pa3HOCTh
nasneHuit AP =H(pytpcy), KOTOpasi BBI3bIBACT IBH)KEHHE BOJBI B HEM M HA3bIBACTCS JBHXKYIIUM HAIO-
POM €CTEeCTBEHHOM LUPKYJISALUU.

B mapoBBIX KOTJIax ¢ NPUHYAUTEIBHON LUPKYISIUEN ABUKEHUE BOABI OpPraHU3yeTCs NPUHYIH-
TEJIBHO C MOMOUIBIO HUPKYISUOHHOIO Hacoca 8. ITUM 00ecreurnBaeTcs yBEeIMUEHUE IPOU3BOIUTENBHO-
CTH KOTJIOB.

XapakTepHOil 0COOEHHOCTHIO KOTJIOB C €CTECTBEHHOM M MPUHYIAUTENbHON IMPKYIALUEN SBIIsIETCS
Hanmuue 6apabaHa, B KOTOPOM MPOMCXOJUT pa3zeieHne NapoBOATHON CMecH Ha map U Boay. Takue KoT-
76l Ha3bIBAIOTCS OapabanHbpIMU. OTHAKO TIPH OOJIBIIIOM JABJICHUH pa3/eeHUe Ha MMap U BOJY HEBO3MOXK-
HO, T03TOMY KOTJIBI ¢ OapabaHaMu MPUMEHSIOTCS IS MPOU3BOJICTBA Mapa HU3KUX U CPETHHUX JIABICHUI
(1o 14 MITa).

[Tap BbIcOKOTrO naBnenus (cBeiie 14 MIla) nmomy4aroT B Tak Ha3bIBAEMBIX NMPSMOTOYHBIX KOTJIAX
(puc.4.18,8). OcoOEHHOCTBIO TaKHX KOTJIOB SBJIETCS OTCYTCTBHE 3aMKHYTOIO KOHTYpa LIMPKYJIALHUHU B
napooOpa3yomieii 30He, a Takke 6apadaHna. Bech mapoBOsIHON TPaKT MPSIMOTOYHOTO KOTJIa MPEACTaBIISA-
eT coOOi pPAa3sOMKHYTYIO THUIPABIMYECKYIO CHCTEMY, COCTOSIIYIO W3 IOCJIENOBATEIBbHO COEIMHEHHBIX
HKOHOMaii3epHOH, apoobpa3ymomeil U neperpeBareabHON 30H. Pabouee Teno mpoxoauTt yepes Bce IMO-
BEPXHOCTH HarpeBa 0JIHOKPaTHO.

[Ipu oTcyTCTBHM HEOOXOIMMOCTH B Mape B KOTEIbHBIX MPUMEHSIOTCS BOAOTPEHHbBIE KOTIIbI, KOTO-
pble TaKXe MOAPA3JIEISIOTCS Ha KOTJIbl C €CTECTBEHHON U MPUHYAUTEIbHOW HUPKYJISIUEH U MPpSIMOTOY-
HBIE.
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4.11.3. TensoBoii 6ananc u KI1JI kotia

OKOHOMHUYHOCTb pa60T1>1 KOTJIOB OIIPCACITIACTCA CTCIICHBIO COBCPUICHCTBA OpraHrU3alvuu mporuecca
TOpCHUA TOINIMBA U IIEPE€AAYN TCIJIOTHI OT IMMPOAYKTOB CropaHHus TEIIJIOHOCHUTECIIIO. KomnaectBo TCILJIOTHI,
KOTOPOC MOXCT BBIACIUTHCA IIPH MMOJIHOM CXKXUTAaHHUU 1 kr wim 1 M3 TOIIJIMBA, HA3bIBAIOT pacnonaraeMoﬁ

tremioroi QF. B opuentupoBouHbIX pacyerax npuauMarot QP =QP. KoinuecTBo TEMIOTHI, KOTOPOE BOC-
P P H

3
MPUHUMAETCS B KOTJIE TEIUIOHOCUTEIIEM, B pacyeTe Ha | Kr win 1 M~ CKUraeMoro TOIUIMBa Ha3bIBAIOT IO-
JI€3HO UCIOJIb3yeMOH TeIoToi Q.

Jl514 mosie3Ho UCHOIb3yeMast TEeIJI0Ta ONPEAEseTCS BRIPAKEHUEM:

— G ’ (hrm(rB) - hl'lB)
B H

rae G - pacxox TeIUIOHOCHTENSA, KI/C: Nyprs), Nis - SHTAIBIMS HeperpeToro napa (ropsiueid BOAbl) U MUTa-
. 3
TeNbHOU BOJBI, KJ[K/KT; B - pacxoj TorumBa, Kr/c Wi M™/c.

Q

s ycraHOBUBIIErocs: pexuma paboThl KOTJIa ypaBHEHUE TEIJIOBOro OallaHca CKUTaeMOro TOT-
JIMBa UMEET CIEIYIOIINI BUL:

Qg :Q1 +ZQH )

WM B IpoLeHTax oT Q ,'f

100=q,+> q,

riue ZQH - SHepreTHYECKHe MOTepd B Kotie, KIDK/Kr mwm kDKM | an = ZQH /QP- ynenbHeIe

SHCPICTUUCCKHUC ITOTCPH.
HOTepI/I B KOTJIC CKJIIAAbIBAOTCA U3 CICAYIOIINUX COCTABJIAOIINX:

ZqHOT:q2+q3+q4+q5+q6’

re (2 - HOTepH TeIia C yXOASAIIMMU Ta3aMu; (3 - MOTEpH TeIjla C XMMHUYECKUM HEJ0KOIOM TOIUIUBA; (4 -
MOTEPU TEIUIa ¢ MEXaHUYECKUM HEJI0’KOTOM TOIUINBA; (5 - TIOTEPU B OKPYXKAIOIIYIO Cpeny; (s - MOTEPH C
TEIMJIOTON IUIAKOB.

KITJI xotna moapasnensiercs Ha KII1JI 6pyrro u KIT/] nerro. KII[l O6pyrro:

op __ Ql

771( ~ AP

Q
KII/] HeTTo yuuThIBaeT Takke pacxo TEIIOThl Ha COOCTBEHHBIE HYK/bl KOTJIA:

H_

e =ne—An"

rae Ang - 1018 3aTpaT SHEPTUM Ha COOCTBEHHBIE HYKIbI KoTaa (AN, ™ =2-5%)

4.11.4. CuctemMa BOJONOATOTOBKH KOTeJIbHBIX YCTAHOBOK

Hanexxnas pabota MoBepXHOCTEH HarpeBa KOTJIa B 3HAYMTEIILHON CTEIICHW 3aBHCHUT OT KadecTBa
BOJIBI, M3 KOTOPO BhIpabaTkiBaeTcs map. [lutarensHas Boaa, mojgaBaeMas B KOTIIbI, BKITFOYAaeT KOHIACHCAT
OTpaboTaBIIETO Mapa, J00aBOYHYIO BOMY (NIPUPOIHYIO BOMY, BOCIIOJHSIONIYIO TIOTEPU Tapa) U BOAY B
MapOBOISTHOM TPAKTE YCTAHOBKH.

HcxonHas mpupoaHas BOJAa, W3 KOTOPOH MPUTOTABIMBACTCS JA00aBOYHAs BOJA JIJIS KOTJIOB, CO-
JEPKUT TIPUMECH B PACTBOPEHHOM BHUJE U B BUJIC MEXaHUYECKU B3BEIICHHBIX dacTull. [Ipu mapoobpazo-
BAHWKW HCKOTOPLIC COJIKM W NEPEIICAIINE B BOAY HNPOAYKTBI KOPPO3HU KOHCTPYKIMOHHBIX MAaTCPUAJIOB
OCEJIal0T Ha BHYTPEHHUX MOBEPXHOCTSAX HArpeBa KOTJA B BHJE IIOTHOH, TPYAHO OTIACIUMOMN HAKHIIH.
Hakunp ymensiiaer ko3¢ GUIMEHT Teruionepeadyy U Cy>KMBaeT MPOXOAHbIE CeUeHus B TpyOax, 4To npu-
BOJUT K CHIDKCHUN YKOHOMUYHOCTH U TIPOU3BOJUTEIHFHOCTA YCTAHOBOK, & B OT/AETBHBIX CIydasX K aBa-
PHITHOMY pa3pyIICHUIO METAJJIA B CBSI3U C €T0 IMEePEKOTOM.

Jpyras gacte npumeceil BblmagaeT B 00beMe KOTIOBOHM BOJBI B BHUIE MEIKOAMCIEPCHBIX B3Be-
HICHHBIX YaCTHIl, COCTABJISIOIINX TOIBMKHBIA OCaJOK, KOTOPBIA HA3bIBACTCS MUIAMOM. TpeThsl 4acTh
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IpUMecel TP OINpEeNIeNIEHHBIX YCIOBUAX MOXET OCelaTh B 000PYAOBAaHHM MOTPEOUTENS, YTO CHUXKAET
€ro 5KOHOMUYHOCTh ¥ MOIIHOCTb, a TAK)KE€ MOKET MPUBECTU K aBapHsIM.

PactBopeHHbIE B BOJIE€ KOPPO3HMOHHO-AKTUBHBIE Ia3bl (KUCIOPOJ M YIVIEKUCIBIN ra3) BbI3BIBAIOT
KOPPO3UIO MOBEPXHOCTEH HarpeBa KOTJIOB, TEIIO0OMEHHUKOB U TPYOOIIPOBOIOB.

[Tonneprkanue OnpeeIeHHOro BOJAHOIO PeKUMa KOTJIA OCYIIECTBIISIETCS ¢ IOMOUIbIO CIELHallb-
HBIX METO/I0B 00pabOTKH UCXOAHOM MPUPOAHOMN BOBI, & TAKXKE ITyTEM BBOJIa B MMAPOBOJISHOM TPaKT pea-
TeHTOB, MPEAYNPEKIAIOINX HAKUIIE0Opa30BaHUE, KOPPO3HUIO U 00ECTICUNBAIOIINX HEOOXOAUMYIO YHUCTO-
Ty MOJIy4aeMOoro napa.

[Tpomiecc 0cBOOOXKAECHUS BOABI OT MEXaHUYECKUX MPUMECEH M COAEPIKALINXCS B HEH cojel u ar-
PECCUBHBIX Ta30B HAa3bIBAIOT BOAONOATOTOBKOM. [Ipoliecchl BOAOMOATOTOBKHM BKIJIIOUAIOT OCBETJICHHE,
ymsiruyeHue (00€CCOIMBaHNE) U 1€adPaIIIO BOIBI.

B GonbumimHCTBE ciiydyaeB BOJOMOATOTOBKA HAUYMHAETCS C OCBETJICHMS BOJbI B OTCTOMHHMKAX WIU
GmIbTpax I yaaleHus U3 Hee rpyO0AUCIIEPCHBIX IPHMECEH.

Jns ymsirdeHuss BoJa MpOMYyCKaeTcs yepe3 (QMIbTPhl ¢ XUMHUYECKHMMH peareHTaMu, KOTOpbIe
BCTYIasl B PEAKIMIO C PACTBOPEHHBIMH B BOJIE COJISIMU CHHIKAIOT €€ )KECTKOCTD.

Jeaspanueil Ha3bIBaeTcs MpoIecC yAaleHus U3 BOJbI PACTBOPEHHBIX ra3oB. Jleaspalius ocyiecT-
BJISIETCS B CIIELIMAJIbHBIX YCTAHOBKAX, HA3bIBAEMBIX JieadpaTopami. Jleaspainns Bo/bl OCHOBAHA HA IOBbI-
HICHUH €€ TeMIIepaTypbl 0 KUIEHUs, TP KOTOPOM IMPOUCXOAUT BBIJEIIEHUE Ta30B U3 BOJbl. Kumnenwue
BOJIbI B JI€a9PATOPE MOXKET ObITh JOCTUTHYTO 3@ CUET CHMKEHUS JIaBJICHUS HaJ MOBEPXHOCTHIO BOJbI HU-
e aTMoc(epHOro Ui CaMOBCKHUIAHUsI BOJBI (BaKyyMHasl Jea’pallysi) WIK 3a CYeT HarpeBa BObI MTapOM
pu aTMOC(EPHOM JIaBICHUH (aTMOc(epHas Aeadparius).
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5. HOBBIE CITIOCOBbI IIPEOBPA30BAHUSA PA3JIMYHBIX BU/IOB DQHEPTOPECYPCOB B
IJIEKTPUYECKYIO U TEIIVIOBYIO DOHEPT'UIO

5.1. Heo0x0a1umMoCTh pa3padoTKH HOBBIX CIIOCOOOB MPe0OPa30BaHUs SHEPTHHI

B HacTosiee Bpemsi moTpeOieHre SHEPropecypcoB HEMPEPHIBHO PACTET. DTO CBSA3aHO C POCTOM
HacesJaeHus: 3eMJIM, Pa3BUTHS HAYKHM U TEXHUKH, MOBBIIICHUS YPOBHS IUBWIM3AIMU B PA3IMYHBIX CTpa-
Hax.

[TocTosIHHO yBEMMYHMBAIOIIMECS TOTPEOHOCTH B SHEPTUHU CTABST MEPel YeIOBEUYECTBOM podIeMy
pa3paboTKu HOBBIX 3 (EKTUBHBIX CIIOCOOOB €€ MOITYYEeHHs, OCHOBAHHBIX Ha HOBEUIIMX JOCTH)KCHHUSAX B
HayKe M TEXHUKE. B Haie BpeMsi yXe Helb3sl J0BOJIbCTBOBATHCS CYLIECTBYIOIIMMHU TPaJWLMOHHBIMU
crocobamu mpeoOpazoBaHus Pa3IUYHbIX BUAOB SHEPTUU B JIEKTPUUYECKYIO W3-3a OTPAaHUYEHHOCTH 3ara-
COB OPraHMY€ECKOI'0 TOILJIMBA, KOTOPOE PACTOYUTENBHO UCIIOJIb3YETCS IIPU COKMTAHUU B TOIKAX MapOBbBIX
koTioB. KIIJ] cambix coBpemennbix TOC He mpessbimaet 40%. 3To o3HauaeT, 4To OOJbIIAs YacTh MOTY-
4aeMOoro TeIla TEpAETCs U, KpOME TOr0, OKa3bIBAET OTPULIATENLHOE BIUSHNE HA KOJIOTHUIO - 3arps3HEHHE
atMocepsl U "TersoBoe 3arps3HeHue’ OIU3pacroIOKEeHHBIX BoJ0eMOB. [loaTomy pa3paboTka HOBBIX
Croco0O0B MpeoOpa3oBaHUsl YHEPTUH, MMO3BOJISIONINX CHHU3UTH MOTPEOJICHHE SHEPropecypcoB U YMEHb-
IIMTh BBIOPOCHI OTXOJIOB B aTMOChEpY, SABISIETCS BaXKHOM 3a/1a4eii COBpeMEHHON HAyKH.

OCHOBHBIM HAamNpAaBJICHUEM IOBBIIICHUS YP(HEKTHBHOCTH TPEOOpPa3OBaHUsI IHEPrOPECYPCOB BO
BTOPUYHBIEC PHEPTOHOCUTENH SBIISETCS pa3paboTka criocoO0B HEMOCPEICTBEHHOTO MPeoOpa3oBaHue Tel-
JIOBOM, SIEPHOM U XUMHUYECKON SHEPTHUH B DJICKTPUUYECKYIO.

Tennosas TemnoBas
SHeprus SHeprus
DHeprus napa DnexTpuyecKas

B KOTJIE SHEPIus reHepaTopa
Mexanuueckas
9HEPTUs TYPOUHEI
DnekTpudecKast
SHEPrus reHepaTopa

a) 0)

Puc.5.1. Cxembl npeoOpa3oBaHusi TENJIOBOH JHEPrUH

HenocpenctBennoe mpeoOpa3zoBaHUE TEMJIOBOW DHEPTHH B AJIEKTPUUYECKYIO TO3BOJSET CYIIECT-
BEHHO MOBBICUTH 3((HEKTUBHOCTH UCTIOIB30BAHMS TOTUIMBHBIX PECYpCOB. B KiacCH4ecKOM MapoCHIOBOM
[UKJIE TpeoOpa3oBaHus dHepruu (puc.S.1, ) Temno, moaydyaeMoe Mpu CKUTAaHUH TOILIMBA, TPEBPAIACTCS
BO BHYTPEHHIOIO SHEPTHIO Iapa, TeMIlepaTypa U JAaBJICHHE KOTOPOTO MPU 3TOM IOBBIIIAIOTCA. 3aTeM B
MapoBbIX TypOMHAX DHEPTHUs Mapa MpeBpallaeTcs B MEXaHUYECKYIO U TOJIBKO TOCTIE 3TOTO B AJIEKTpUUe-
CKHX TeHepaTopax MeXaHW4YecKas dHEprusi mpeodpasyercs B eKTpuueckyro. [Iporecchl 3TUX MHOTO-
KpaTHBIX MPeoOpa3oBaHUN COMPOBOXKIAIOTCS HEM30EKHBIMHU TOTEPSIMH, CHIDKAIOMUMHU ()(PEKTUBHOCTH
BCEro IIUKJIA.
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5.2. MarautoruapoanHaMmmudeckoe npeodpazopanue 3neprun (MI'/[-renepaTopsnr)

B MI'/I-reneparopax MpOUCXOAMT MPSMOE MPeoOpa3oBaHME TEIJIOBOM IHEPTUU B AIIEKTpHUUE-
CKYIO.

[Mpurammn padotet MI'/I-rerepaTopa ocHOBaH Ha 3akoHe Dapajiesi, COrJIaCHO KOTOPOMY B ITPOBOJI-
HUKE, JBIKYIIEMCS B MarHUTHOM Toiie, uHayktupyercs DJC. DJIC unaykTupyeTcss B J1000M IPOBOI-
HUKE - TBEPJIOM, XKHJIKOM WM Ta3000pazHom. O0IacTh HAYKH, U3YYarOIasi B3AUMOACHCTBHE MEXKIy Mar-
HUTHBIM II0JIEM U TOKONPOBOJSIIUMH KUIAKOCTIMHU WM Ta3aMH, HaKa3bIBA€TCSd MarHUTOTUAPOJUHAMH-
KOH.

v

ur
Puc.5.2. Cxema padorsl MI'/I-renepaTopa

Ha puc.5.2 npuBesnena cxema, nosicHstomas npunuun pa6orst MI'/[-renepatopa. Mexay meran-
JMYECKUMH IUIACTUHAMU, PACIIOJIOKEHHBIMU B CUJIIBHOM MarHUTHOM I10JI€, IIPOITYCKAETCs CTPYs MOHU3U-
poBanHoro raza WI', o0Gmajgaroniero KMHETUYECKON PHEpPrueil HaIlpaBJIICHHOTO JABIKEeHHs yactuil. [Ipu
3TOM B COOTBETCTBHUHU C 3aKOHOM 3JIEKTPOMAarHUTHON MHAYKIMH nosiisierca D/1C, BbI3pIBaromias mpoTe-
KaHHE JIEKTPUUYECKOT0 TOKAa MEXKY JEKTPOJAMH BHYTPHU KaHalla TeHEPATOpa U BO BHEIIHEH LIeTH.

WNonusupoBaHHbI Ta3 MpeAcTaBisieT co00M HHU3KOTEMIIEpAaTypHYIO IUIa3My (TeMmIiiepaTypa
3000°C), cocrosryto U3 CBOOOJAHBIX aTOMOB MOHOB M AJIEKTPOHOB, Olarofaps 4eMy oOecreunBaeTcs ee
JIOCTAaTOYHO BBICOKAs 3JIEKTPOIPOBOJHOCTD.

Temnepatypa razos Ha Bbixoqe MI'Jl-renepaTopoB coctasisier okono 2000°C. [Toatomy neneco-
o0pa3Ho ucnoss3oBaTh MI'Jl-reHepaTop COBMECTHO C MapOCHIIOBON YCTaHOBKOM (puc.5.3).
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Puc.5.3. lIpunnunuansaas cxema MI'/I-renepaTopa ¢ napocuioBoi yCTAHOBKOI:
1 - xamepa ceopanus; 2 - MI/[-eenepamop; 3 - oOmomxu 31ekmpomacHuma, 4 - menioobmMeHHUK, 5 — napozenepamop, 6 -
mypbuna; 7 - eenepamop, 8 - konoencamop, 9 - nacoc; Ol - ompabomannvle easvi; LM - wenounvie memannvl, 339 — s1ek-
mposnepaus
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B xamepe cropanust 1 mpou3BOAMTCS CXKUTaHHE OPraHMYECKOTO TOIUIMBA, MOJTy4YaeMble IPU STOM
MPOAYKTHl B TUIA3MEHHOM COCTOSIHUM HAMNpaBisIOTCA B pacumupstoniuiics kanan MI'Jl-renepatopa 2.
CuibpHOE MarHUTHOE TI0JI€ CO3/1aeTCsl MOIIHBIMU 3JeKTpoMarHuTaMu 3. CpeHss TeMIepaTypa rasa B Ka-
HaJjie TeHepaTopa noipkHa ObiTh He Hibke 2500 °C, a B kamepe cropanus 3000 °C. Temnio oTpaboTaHHBIX B
MI ' I-reneparope ra3oB, uMeronmx temmeparypy okosno 2000 °C, ucnosnb3yercsi B TEIUIOOOMEHHUKE 4
JUISL TIOJIOTPEBA BO3/1yXa, MOJaBAEMOr0 B KaMepy CropaHus TOILIUBA, 3aT€M I'a3bl MOJAIOTCS B IMaporeHe-
paTop S5 1 NOJIy4eHUs Iapa.

Hcnons3zoBanne MI'/Jl-renepatop COBMECTHO € MapOCUIIOBOM YCTAHOBKOW IO3BOJISIET MOBBICUTH
KIIJI mpeobpa3oBaHus TEIJIOBOIM SHEPTHH B JIEKTPUUYECKYIO 10 ypoBHs 55-60%.

Tpynnoctu ucnons3oBanus MI'J[-renepaTopos:

1. ITpu BbICOKOI TemrepaType IIa3Mbl HE YAAeTCsl COXPAHUTh MPOYHOCTh KaMephbl CrOpaHHs, Ka-
HAJIOB U COILJIa, [0 KOTOPHIM MPOUCXOAUT ABMKEHUE T'a30BOI0 MOTOKA.

2. lnst paboter MI'JI-renepaTopa HEOOXOIMMO cO37aBaTh CHUIBHOE MAarHUTHOE IOJIE, KOTOPOE
MOJKET OBITh MOJIYYEHO MPOIyCKaHHEM TOKOB OOJBIION BEIMYUHBI 10 OOMOTKAaM 3JEKTPOMarHuToB. Bo
n30exaHne CUIBHOTO HarpeBa OOMOTOK M IMOTEPh SHEPTUH B HUX CONPOTUBIICHUE OOMOTOK JIOJKHO OBITH
10 BO3MOXKHOCTH HauMEHbIIHUM. [103TOMyY B KauecTBe TaKUX MPOBOJHUKOB 11€JIECO00Pa3HO UCIIOIb30BATh
CBEPXIIPOBOIAIINE MaTEPUAIIbL.

5.3. DileKTpoXUMHYeCKHE METO/IbI IPeodpa3oBaHus IHEPTUHU

B snexTpoxumuueckux reneparopax (JIEKTPOXHUMUYECKUX AJIEMEHTaX) MPOUCXOIUT IpSIMOe Tpe-
00pa3oBaHNE XUMUYECKON IHEPTUU B IJIEKTPUUECKYIO.

Puc.5.4. YcTpoicTBO 3J1eKTPOXUMUYECKOTO 3J1eMEeHTA!
1 - anop; 2 — xatox; 3 - mopucrtas MeMOpaHa; 4 — 3JIeKTPOJIUT; 5 — Harpy3Ka

B snextpoxumudeckom snemMenTe (puc.5.9) Ha OJHOM M3 3JeKTponoB 1 (aHOnE) BellecTBO, Cy-
JKalllee TOIUIMBOM, OTAAET 3JIEKTPOHBI, & Ha BTOPOM IEKTpoAe 2 (KaToje) MPOUCXOJUT BOCCTAHOBIEHUE
(TorJoIIeHNe) IEKTPOHOB BEIIECTBOM - OKHCIHUTEIEM. MeXy 3JIEKTpOJaMU HaXOIUTCS 3JIEKTPOJIUT 4,
o0ecreunBaroIUi epeMelieHre HOHOB OT OJTHOTO 3JEKTpoAa K Apyromy. [lepeHoc 31eKTpoHOB MEXITy
IIEKTPOJIaMHU OCYILECTBIISAETCS M0 BHEUTHEN LIETIN.

DIIEKTPOXUMUYECKHE JIEMEHTHI MOAPA3JIEIAIOTCS HA BOCCTAHABINBAEMbIE M HEBOCCTAHABIIMBAE-
Mble. B HEBoccTaHAaBIMBAaEMbIX JIEMEHTAX MPOUCXOIAT HeOOpaTUMble XMMUYECKHE PEaKIMU, U TIPU MOJI-
HOM HCIIOJIb30BAaHUM aKTHBHOT'O BELIECTBA AHOJA 3JIEMEHT IOJUICKUT YTHUIM3alMHu. B BoccTaHaBinuBae-
MBIX 3J€MEHTaxX (aKKyMyJsTOpax) MPOTEKaroIIue XUMHUECKUe peakiuu oopatumsl. Ilocie ucnonb3oBa-
HUS BEIECTBA aHOAA AKKYMYJISITOP HOJJIEKUT BOCCTAHOBIICHHMIO, IIPM KOTOPOM HAIIPABICHUE PEAKLIUN
MeHseT 3HaK. [Iporecc BOCCTaHOBIEHMS aKKyMYJISITOPOB HA3bIBAIOT 3apsAKOM. FICTOUHMKOM 2JIEKTPOHOB
JUIs1 BOCCTAHOBJICHHMSI BELIECTBA aHO/IA ITPH 3apaAJKE aKKyMYJIATOPA SIBJISETCS BHEIIHSS CETh.

JlocTOMHCTBA 3IEKTPOXUMHUUYECKUX IJIEMEHTOB:

1. KomnakTHOCTB

2. ABTOHOMHOCTb

3. IIpocToTa B 3KCIuTyaTauuu
4. BoIcokas Ha/Ie)KHOCTh

Henocratku:

1. Beicokast yaenbHas CTOMMOCTB MOJIy4aeMOM 3JIEKTPO3HEPTUU
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TonJIuBHBIE 3JIEMEHTBI

TONIMBHBIA JIEMEHT SIBISAETCS PA3HOBUIHOCTHIO AJIEKTPOXMMHYECKOTO 3JIEMEHTA. T OIIMBHBIN
QJIEMCHT OTJINYAaCTCA OT BBIIIC paCCMOTpeHHBIX BHGKTPOXI/IMI/I‘-ICCKI/IX DJICMCHTOB TEM, UTO aKTHBHBIC BC-
IIECTBA K HEMY TIOJIA0TCSI U3BHE, a SJIEKTPOBI B MJICKTPOXUMUUYECKHUX MPEBPAICHUIX HE y9acTBYIOT. Ha
puc.5.10 npuBeneHa NPUHLIUIIMAIIbHAS CXE€Ma TOTUIMBHOTO 3JIEMEHTA.
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Puc. 5.10. Cxema BOOpPOAHO - KHCJIOPOJAHOI0 TOILIMBHOTIO 3JIEMEHTA:
1 - anoo; 2 - snekmponum, 3 — kamod, 4 - nazpysxka, 5 - an1ekmpoHnwvl; 6 - uoHbl

DIEeKTPOAbl B TOIUIMBHOM JJICMEHTE BBINOJIHEHBI MOPUCTHIMH. Ha aHOIE MPOUCXOAMT IMepexon
MIOJIOKUTEIBHBIX MOHOB BOAOPOJA B AJICKTpoiHT. OCTaBIIMECs JJIEKTPOHBI CO3MAIOT OTPHUIATEIBHBIN
MOTSHITMA U 10 BHEIIHEH 1IN MepeMeNIaroTcs K KaToay. ATOMBI KUCIOPO/Ia, HAXOAIIUECs Ha KaTo/e,
MIPUCOSANHSIOT K ce0e AJIeKTPOHBI, 00pa3ysl OTPHUIATEIIEHBIC MOHBI, KOTOPBIC, IPUCOCAUHSSI U3 BOJIBI
aTOMBI BOJIOPOJIa, IEpexoasaT B pacTBop B Buae noHoB OH'. Monsl OH', coenuHssch ¢ HOHAMU BOJOPOA,
oOpa3yroT Bogay. Takum 00pa3oM, MpU HEMPEPHIBHOM TOJBOJIE BOJOPOJA M KHCIOPOJA MPOUCXOIHT
HEIpEePhIBHAS PEAKIUs OKHCICHUS TOIJIMBA HOHAMHU C OJHOBPEMEHHBIM 00pa30BaHWEM TOKA BO BHEITHEH
LIETIH.

JlocTOMHCTBA PIEKTPOXUMHUUYECKUX ITIEMEHTOB:

1. Beicokuii KITJ] (1o 80%)
2. becuryMHOCTb
3. OTcyTCTBUE BPEIHBIX OTXO0B

HenocraTtku:

1. BeIcOKasi CTOMMOCTh JKCIUTyaTalliH, CBsI3aHHAs C MCIOJIB30BaHUEM BOJIOPOJIa B KAY€CTBE TOII-
JINBA.

B Hacrosiiee BpeMsi M3BICKUBAIOTCSI BO3MOXKHOCTH MPUMEHECHHSI IPYTHX BHJIOB TOILIMBA, B TEP-
BYIO OUY€pe/lb IPUPOJIHOTO ra3a.
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5.4. MeToasb! npeodpa3oBaHHUs COTHEYHOM IHEPIHH B JJIEKTPHUYECKYIO M TEIVIOBYIO
5.4.1. IlpeoOpa3oBaHue COTHEYHOI JHEPTHH B JICKTPHYCCKYIO

[TpuHIMNHAIBEHO BO3MOXKHO 2 crIoco0a mpeodpa3oBaHus MEKTPUIECKON SHEPTHH B TETIOBYIO:
- Henmocpeacrsennoe npeodpazoBanue
- [Ipeo6pa3oBanue B apOCUIIOBOM LIMKIIE

HenocpenctBennoe npeoOpazoBaHUE PHEPTHU COJHEYHOT'O H3IYYEHHUS B DJIEKTPOIHEPTHUIO OCY-
IECTBIIACTCS (POTOINEKTPHUUECKUM METOJIOM.

Caer npeacTaBiisieT co00H 3IEKTPOMArHUTHBIEC BOJIHBI. DHEPIHsl ’TUX BOJH CKOHIEHTPUPOBAHA B
¢dopme My4KoB, KOTOpPBIE HA3bIBAIOTCA (POTOHAMH. Y HEKOTOPHIX METAJJIOB IPH IMOMAJaHUU CBETa Ha TO-
BEPXHOCTh HAOJIOJAeTCS SMUCCHUSI DJIEKTPOHOB C MOBEPXHOCTH. UMCIO 3TUX 3JIEKTPOHOB MPOMOPIHO-
HaJIbHO MHTEHCUBHOCTH Ia/IalOLIEro M3JIy4YE€HUs, a MAaKCUMajbHas SHEprus - 4actore uziaydeHus. [Ipu
CTOJIKHOBEHUH C 3JIEKTPOHAMH (DOTOHBI MEpelaloT UM CBOIO Hepruto. Yem Gosbiie GoTOHOB, TEM OOIb-
1€ AMHUCCHSI IEKTPOHOB, IIPU ATOM Pa3JIMYHBIM JIJIMHAM BOJIH M3JyYEHUS COOTBETCTBYIOT pa3JIMuHBIE
SHEPrUU JIEKTPOHOB.

@DOTOHBI, COOTBETCTBYIOLIME OOJIACTU CHEKTPA ¢ CaMbIMU KOPOTKHMH JJIMHaAMU BoyiH (MeHee 0,4
MKM), 00J1ajatoT HanbobIel sHeprueil. Ita 00JacTh CrieKTpa Ha3bIBaeTcs yabTpaduoneroBoil. O0macTb
CIIEKTpa ¢ OOIBIIMMHU JUTMHAMU BOJIH (Oosiee 0,8 MKM) Ha3BIBAIOT HH(PPAKPACHOU.

OcHOBHOE HampaBlieHUE Pa3BUTHs (POTOIIEKTPHUUECKUX CHCTEM MPeoOpa3oBaHUs SHEPTUH - pa3-
paboTKa cucTeM, UMEIOIINX HU3KYIO CE0ECTOMMOCTD U BOCIIPUHUMAIOIIUX YHEPIHIO COJTHEYHOIO U3JTyue-
HUSl B MAKCUMAJIbHO IIMPOKOM CIIEKTPaIbHOM JMana3oHe - OT yIbTpaduoIeTOBON 10 HH(PPaKpacHOM 00-
JaCTH.

Jlaneko He Bce BelecTBa 00JIaJal0T CBETOYYBCTBUTENBHOCTHIO, TOIBKO HEMHOTHE U3 HUX MOTYT
UCTIOJIB30BaThCS B KauecTBE (DOTORIEKTPUUYECKHX MpeodpazoBaresneil. CBeTOUyBCTBUTEIFHOCTh BEIIECTB
00yCIOBJIEHA PSAAOM OCOOEHHOCTEH MX MUKPOCTPYKTYphI. [IpakTHueckoe ucnonszoBanue Gotordderra
JUTSL TIOJTYYEHHSI DJIEKTPOIHEPTUU CTAJI0 BOSMOXKHBIM B CBSI3H C Pa3BUTHEM (DM3HMKH TOIYIPOBOIHHKOB.
[Tpu conmpUKOCHOBEHHUH MOJIYIIPOBOIHUKOB C 3JEKTPOHHOU (N - THUIA) U JBIPOYHOM (p - THIIA) IPOBOIU-
MOCTSIMH Ha TpaHUIle 00pa3yeTcsi KOHTaKTHAsI Pa3HOCTh MMOTEHIIMAIIOB BcieAcTBUE auddy3un smexTpo-
HOB. EcnM nmosynpoBOIHUK C JBIPOYHOM NMPOBOAMMOCTBIO OCBEILAETCS, TO €r0 3JIEKTPOHBI, MOTJIOoLas
KBaHTHI CBETA, NMEPEXOAAT Ha MOIYIPOBOJHUK C 3JIEKTPOHHOM MPOBOAMMOCTHIO. B 3aMKkHyTOH Lienu npu
ATOM 00pa3yercs MEKTPUIECKUNA TOK.

B nHacrosiiee Bpemsi Haubosee COBEpPIICHHBIMU SBIISIOTCS KPEMHHUEBBIE (POTOIEMEHTHI, Ha KOTO-
pble IEHCTBYIOT KaK HallpaBJIEHHbIE COJIHEUHbIE JTyuH, Tak U paccesHHbIi cBeT. KIT/[ kpemHueBbIX (poTo-
AJIEMEHTOB IMOBBIIIACTCS ¢ OHMKEHUEM TEMIIepaTyphl, T.€. OHU MOTYT OJIMHAKOBO YCIEIIHO padoTaTh U
3UMOM, B JIETOM.

HenocraTkom monynpoBOgHUKOBBIX (hOTOdeMeHTOB siBiisieTcs Hu3kui KIIJ[, koTopbiit HaxoauT-
cs B penenax 10-15%.

Bricokass crommocTh moaydeHus uuctoro kpemHuss W Huskui KIIJ[ momynpoBOAHMKOBBIX
BIOTORJIEMEHTOB OrpaHMYMBAET OOJIACTh MX NMPUMEHEHUs (B OCHOBHOM OHHM IMPHUMEHSIOTCS B IIMPOKHUX
MaciiTabax Ha KOcMUYecKkux amnmapatax). [lo Mepe cHUXKEeHHsSI CTOUMOCTH (POTOIEKTPUUECKUE CUCTEMBI
noiydvar 6ojblnee pacnpoctpaHeHrne. COBpeMEHHbIN TEXHUYECKUH YpOBEHb (POTOIIEKTPUUECKUX CUCTEM
y)K€ JenaeT HKOHOMUYECKH IelecOO0pa3sHbIM WX TNPUMEHEHHE B TPONUYECKHX CTpaHax, Te
HEJOCTaTOYHO PAa3BUTHl JJIEKTPUUECKHE CETH, M HMEETCS BBICOKAas HMHTEHCUBHOCTH COJIHEYHOI'O
U3ITyYEHHUS.

Hapsany ¢ cucremamu mnpsiMoro mnpeoOpa3oBaHUs COJHEYHOW SHEPrMM B DIEKTPUYECKYIO,
MPUMEHSIIOTCSl TaK Ha3bIBa€MbI€ COJIHEYHBIE AJIEKTPOCTAHLMHU, PadOTaoIIKe MO MapOCUIOBOMY LIHKITY.
Cxema Takoil yCTaHOBKM IpUBEACHA Ha puc. 5.11.
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Puc.5.11. Cxema cotHe4HOI 3/1eKTPOCTAHIIUH € TAPOCHIOBBIM HUKJIOM
1 - conneunwiti ceem,; 2 — cenuocmamul; 3 - nepenoc menia paboyeu yxcudkocmu; 4 - pezepgyap 011 pabouell copsdell HCUoKo-
cmu; 5 - mennoobmenHux,; 6 - pesepgyap 01 ompabomasuiei padouel xcuokocmu, 7- mypouna,8 - eenepamop, 9 - KOHOeH-
camop, 10 - epaoupns, 11,12 — nacocwvl

Dnexmpocmanyus, pabomarowas no OaHHOMy yukiy, mowHocmoto 10 MBm, nocmpoena ¢ CLLUA 6 1981 e.
Cmanyus umeem YeHMpANbHblU NPUEMHUK COJIHEYHLIX Jyuell, YCMAHOBNeHHbIM HA KOloHHe ebicomou 122 wm.
Coaneunyio anepeuio goxycupyrom na npuemuuxe 3000 cenuocmamos (credswux sepkan), oowei niowaovio 525
2a. B npuemnuxe, npeocmasiaouiem coool napogoll Komei, 8blpabamuléaemcs nap, n00asaemslii 8 NapoCULO8yI0
VCMAHOBKY, PACRONONCEHHYI0 V OCHO8aHusi Koaouuvl. Cmanyus pabomaem Ha MOwWHOCHU, OIUSKOU K
HoMuHanbHOU, 8 meyenue 10-12 uacoe 6 cymku. Tennosas axkKymynupyrowas emKoCmb XpaxHum menjio Ojisl
pabomul 8 HOUHOE 8PEeML.
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5.4.2. IlpeoOpa3zoBanue COTHEYHOIi IHEPIHHU B TENJIOBYIO

B nHacrosimiee BpeMs 00JbIlioe pa3BUTHE MOTYYAIOT YCTAHOBKH COTHEYHOTO TETUIOCHAOKESHHUSI ISt
OTOIUICHUSI ¥ TOPSTYETO BOJOCHAOKEHUS KUIIBIX JOMOB U OOIIECTBEHHBIX 3/1aHUN. CHCTEMBI COTHEYHOTO
TeIIOCHAOKEHUs (TeIMOyCTaHOBKH) MOYKHO Pa3/IeIUTh HA TTACCHBHBIC U aKTHBHBIC.

CaMbIMH TIPOCTBIMU U JCIIEBBIMHU SIBISIIOTCS IaCCUBHBIE CHCTEMBI, KOTOpble ajid cOopa u
pacnpeiefieHUs COJIHEUHON HEPTUU UCHOJIb3YIOT apXUTEKTYPHbBIE U CTPOUTENIBHBIC AIIEMEHTHI 3/IaHUS U
HE TpeOyIT JOMOJHUTENbHOrO obOopyaoBanusa. Ha puc.5.12 mpuBeneHbl NpuMeEpbl MOCTPOCHUS
MACCUBHBIX CUCTEM UCIOJIb30BAHUS COJTHEUHON SHEPTUU.
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Puc.5.12. IlpuMepbl MACCUBHBIX CHCTEM MCIOJIb30BAHUS COJTHEYHOM YHEPTUM:
a - TeIIOAKKYMYJIHPYIoIIas CTeHa; 0 - TeII0aKKyMYIHPYOIIas KPOBIIS.
1 - conHeuHas 3HEprusi; 2 - Mpo3payHas CTeHa; 3 - 3a4yepHeHHas CTeHa 3/1aHusl.

HecmoTpst Ha HEKOTOpPBIE TPEUMYIIIECTBA TACCUBHBIX CUCTEM, B OCHOBHOM HCIIOJIb3YIOTCSI aKTHB-
HBIE CUCTEMBI CO CIIELUAIbHO YCTAaHOBJICHHBIM O0OpYIOBaHUEM AJisi cOOpa, XpaHEHUs U paclpocTpaHe-
HUSI COJTHEYHOM paJialliM, TaK KaK 3TH CHCTEMBI IMO3BOJISIOT YIYYIIUTh apXUTEKTYPY 31aHUS, IOBBICUTH
3¢ (HeKTUBHOCTh MCIONB30BAaHUSI COMIHEYHOW SHEPTUH, a Takxke obecrneunBaioT 0OmbINe BO3MOKHOCTH
peryaupoBaHus TEIJIOBOW HArpy3KH U PaCIIMPSAIOT 00JIaCTh TPUMEHEHHUSI.
['ennoycTaHOBKHM UMEIOT CIAEAYIOUTYIO KiIacCU(DUKAIIHIO:
1. Mo HAa3HAYEHUIO: CUCTEMBI TOPSYEr0 BOJOCHAOKEHUS, CUCTEMBI OTOTICHHsI, KOMOMHUPOBAHHBIE yC-
TaHOBKH;
2. 10 BHJTY HUCITOJIb3yEMOTO TETIOHOCUTEIIS: JKUAKOCTHBIC, BO3TYIITHBIC,
3. MO MPOJIOJKUTENBHOCTH PabOThI: KPYTJIOTOJUYHbBIE, CE30HHBIE;
4. 110 TEXHUYECKOMY HCIIOTHEHUIO CXEMBI: OJTHOKOHTYPHBIE, IBYXKOHTYpPHbIE. MHOTOKOHTYPHBIE.

[TprMepsl MOCTPOEHMS AKTUBHBIX T€IMOCUCTEM MOKa3aHbl Ha puc. 5.13.
—> —>
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Puc.5.13. CxeMbl NIPAMOTOYHBIX TeJIMOCUCTEM:
1 - conneynvui koanexmop, 2 - akKymyasmop menia, 3 — menioooOMeHHuK

TemoHocHTENb MOJAETCA B COJHEYHBIE KOJUIEKTOPHI WM B TEINIOOOMEHHHMK T'€THOKOHTYpa, TIe
OH HarpeBaeTcs U MOCTYMaeT JUO0 HEMOCPEICTBEHHO K MOTPEOUTENI0, TM00 B OaK-aKKyMYIsATOP.
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OCHOBHBIM DJIEMEHTOM TCIIMOYCTAHOBOK SABJIAIOTCA COJHCUHBIC KOJUICKTOPBI, KOTOPBLIC MOI'YT
OBITH IBYX THIOB: ()OKYCHUPYIOIINE U TIIIOCKHE.

(DOKyCI/IpyIOIJ_[I/IC KOJUJICKTOPBI MO3BOJIAIOT OGGCHQ‘II/ITB HarpeB TCIJIOHOCUTCIIAA O CPABHUTCIILHO
BbIcOKUX TemriepaTyp (400-600 K). OCHOBHOM MX HEIOCTATOK 3aKJIIOYAETCS B TOM, YTO B HMX BOCTIPUHU-
MacCTCA TOJIBKO IIpAMasdg COCTaBJIArOIIAs COJTHEYHOM paananru, XOTsa I[I/ICI)CI)YSHEUI CoCTaBJIAIOIIasd MOXKET
noxoauTh 10 40% cymmapHOil paguanuu, 0COOEHHO B CEBEPHBIX MUPOoTax. DOKYCUPYIOUINE KOJIEKTOPHI
MMPUMCHAIOTCA B COJIHCUHBIX 3JICKTPOCTAHIIUAX.

B cucremax TerocHaOxkeHus: HauOoublee pacIpPOCTPaHEHUE TMOIYUYMIN IJIOCKHE KOJIEKTOPHI
(puc.5.14). .

OHOHONO
AN
\ 3 4

X/ /X, XL
1 2

Puc.5.14. Ilonepeunsblii pa3pe3 MJI0CKOr0 COJTHEYHOT0 KOJLJIEKTOpA:
1 - kopnyc; 2 - usonayus,; 3 - noznowarouyds NOBEPXHOCMYb, 4 - Npo3pauHoe NOKpvlmue

[1710CKMI KOJIJIEKTOP UMEET CIICIYIOIIMNE JIEMEHTHI:

1) mpo3payHOe MOKPBHITUE U3 OAHOTO WM HECKOJIBKHX CJIOEB CTEKJa WM JPYroro mpo3pavyHoro
Marepuaia

2) MOIJIOMIAIOIIYIO MOBEPXHOCTh C KaHallaMU ISl MIPOX0Jia TEIJIOHOCUTENST U OopeOpeHueM pas-
JTUYHOU (HOPMBI

3) M30JIALIUIO JIJIsl YMEHBIICHUS TEIUIOBBIX MOTEPh

4) xopiryc.

[IpyHIMIT IEUCTBUS IUIOCKOTO KOJUIEKTOpA CIEAYIOIIU. boJblias yacTh COJHEYHOU pajualiui,
Najaroleil Ha KOJUIEKTOpP, MOTJIOIAETCsl MOBEPXHOCThIO. HacTh MOTJIOIEHHON SHEPTUH NIEPEeAeTCs Tell-
JIOHOCHUTEITIO, IUPKYIUPYIONIEMY Yepe3 KOJIIEKTOP, a YacTh TEPSECTCS B Pe3yibTaTe TEIUIOOOMEHa C OK-
pyXarolllel Cpelor 4yepe3 IMpo3pavyHOE MOKPBITUE U CTEHKHM Kopnyca. B kayecTBe mOriomaromiei mo-
BEPXHOCTH MOKET OBITh HCTOJB30BaH JIMCT U3 METajlia (CTalb, AIIOMUHUNA, ME/Tb) WM JAPYTroro Marepua-
Ja ¢ KaHajaMu JUIsl poxo/1a TeruioHocuTens. [lormomaronyro NoBepXHOCTh 3a4EPHAIOT ISl TOBBIILICHUS
MOTJIOUIAIOIIEH CTOCOOHOCTH.

5.5. BerposHepreruueckue yCTAaHOBKHU

Berpoarperat, npeaHa3Hau€HHBIM JUIsl NIPOU3BOJCTBA DJIEKTPOIHEPrUH, Mpeoldpa3yeT HEPruio
BO3yILIHOTO ITIOTOKA BO BpalllaTEIbHOE JABM)KEHUE Bajla pOTOpa reHepaTopa.

CxopocTh BeTpa HENPEPHIBHO MEHSAETCS, YTO MPUBOJUT K COOTBETCTBYIOIIMM KOJeOaHUsIM MeXa-
HUYECKOM MOITHOCTH Ha Bally BETPOr€HEpaTopa, U, COOTBETCTBEHHO, KOJIEOAHUAM 3JIEKTPUUECKON MOIII-
HOCTH, BEIJIaBAEMOM B CETh.

MoIHOCTh BETpOreHepaTopa NPONOPLIUOHATIBHA TUAMETPY BETPOKOJIECA B KBAJpaTe U CKOPOCTU
MOTOKA BETpa B KyOe.

[Tpu KOHCTpYMpPOBAaHHUH, BETPOABUTraTENs] OOBIYHO CTABUTCS 3ajaya MOJYYUTh arperar, KOTOPBIH
MOJKET paboTaTh MpH OONBIIUX CKOPOCTSAX BETpa U OJHOBpeMeHHO obOecnieunBarh Bbicokuii KI1/I mpeol-
pa3oBaHusi. BelnoHeHNe MOCIEAHEr0 YCIOBHS 3aBUCHT OT ABYX (PaKTOpoB: (popMel JlonacTeit u ObICTpo-
XOJHOCTHU. Y BETPOTr€HEpPaTOpOB C TOPU30HTAIBHOM OCBIO, ITAPATUIEIBHOM ITOTOKY, B 3aBUCUMOCTH OT pa-
004MX MapaMeTpoB U YCIOBUN pabOTHl 0OBIYHO UMEIOTCS OO0 ABe, MO0 TpH JionacTu. [{ByxJionacTHoe
Kosieco o0ecrieunBaeT OOJIbIIYI0O SKOHOMUYHOCTh, YEM TPEXJIONACTHOE, OJHAKO B Psi/ie CIy4aeB OHO IO/I-
BEPKEHO 3HAUYUTENIbHBIM BUOPAIIMOHHBIM Harpy3KaM, OTCYTCTBYIOIIMM B TPEXJIOMACTHOM BETPOKOJIECE.

[Tpu U3MEHEHUHN CKOPOCTU BETpa MPOUCXOAAT KojeOaHUs 3IEKTPUYECKONH MOIIHOCTH, CO3/aBae-
MOM BeTpoarperatoM: ITH K0JIeOaHUsl MPUBOAAT K U3MEHEHUSM aKTUBHOM M peaKTUBHON MOITHOCTH, Ha-
MIPSOKEHUST M CUJTBI TOKa. Bo3zeiicTBrue KoneOaHuii BEIXOTHON MOITHOCTH MOYKHO CTJIAUTh aKKYMYITHPO-
BaHUEM DHEPIHUH.
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Cy1iecTByeT HECKOJIBKO IyTEW HCIOJIB30BAaHUSI PHEPIHMHU BETpa JUIsl OCYLIECTBIEHHUS DIIEKTPO-
CHa0XEHUS TOTpeOUTEICH:

1. Pe:xxuM SKOHOMMH TOIJIMBA. DTOT METOJ 3aKJIH0YAETCs B HENOCPEACTBEHHOM MOJayde JIEKTPO-
SHEPruu OT BETPOYCTAHOBKHU B AJIEKTPUYECKYIO cucTeMy. Bo BpeMs ee pabGOThl SKOHOMUTCS TOILIMBO.
Merton He TpedyeT aKKyMyJIUpOBaHUs SHEPTUH, U €r0 MOYKHO IIPUMEHSTH BO BCEX CETSX.

2. PexxuM HempepbIBHOM BBIPAOOTKHU 3JeKTposHepruu. [Ipu TakoM pexume 3JIeKTPOIHEPIusi OT
BETPOYCTAHOBKH CIIEpBa MOCTYIAET B aKKYMYJIUPYIOIYIO CUCTEMY, a OTTYZA B 3JIEKTPUUECKYIO CETh.

3. PexxuMm mapasmiensHoi pabotel BeTpoycTaHOBOK ¢ ['DC u TADC Takxe 1mo3BOJIsIeT SKOHOMUTH
TOILIUBO.

Pa3paboTkoii BeTpOycTaHOBOK 3aHUMAIOTCS MHOTHE CTpaHbl. KpyIHble BETPOYCTaHOBKU B 0OJIb-
LIMHCTBE CTPaH CTPOSITCS C TOPU3OHTAIBHBIM BajioM, nMerouM auamerp Ao 100 m. Haubonee kpynHsie
BeTpoycTaHoBkH pabdotatot B ['epmanuu (3000 kBt), [lIBeruu (3000 kBt), Benukoopuranuu (3700 kBT),
CIIIA (2500, 3000 xBT).

B P® B nacrosiiiee BpeMs pa3padbaTbIBalOTCs HEOOBIINE BETPOIHEPIeTUUECKUE YCTAHOBKY MOIII-
HOCTBIO OT 1 10 250 kBT.
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