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1. IEPEYEHb INIAHUPYEMBbIX PE3YJIbTATOB OBYYEHUA o
JUCHUIVIMHE, COOTHECEHHBLIX C IIJIAHUPYEMBIMHW PE3YJbBTATAMMUM
OCBOEHUA OBPA30OBATEJBHOM NPOT'PAMMBI

Buj nesiTeJIbHOCTH BBIMYCKHUKA

HucuurnnuHa oXBaThIBA€T KPYr  BONPOCOB, OTHOCSIIMXCA K  IPOU3BOACTBEHHO-
TEXHOJIOTHYECKOMY BHIY NPOPECCHOHATBHOM AEATEIIbHOCTH BBITYCKHUKA B COOTBETCTBUH C
KOMIIETCHIIUSIMU U BUJAMU JCSITEIbHOCTH, YKa3aHHBIMU B YYEOHOM ILJIaHE.

Meab AMCIUATUIMHBI

Lenpro W3ydeHHs] TUCHUILUIMHBI SBIAETCS (OPMHPOBAHUE 3HAHUN O BUIAX MPUPOJHBIX HC-
TOYHUKOB SHEPTUU M CIIOCO0aX MpeoOpa3oBaHUs MX B AIEKTPUUYCCKYIO M TEIIJIOBYIO YHEPTHUIO B
Pa3IMYHBIX TUIAX YHEPTETHUYECKUX YCTAHOBOK.

3agaum QM CUMITHHBI
N3ydenne croco0oB nmpeoOpa3oBaHusl SHEPTUU U MPHUHIUINATHHO-TEXHOJIOTHYECKUX CXEM
Pa3JIMYHBIX TUIIOB SHEPIETUYECKUX YCTAaHOBOK.

Kon Copepxanne IlepedeHb MIAaHUPYEMBIX Pe3yJbTATOB 00y4eHHS IO AUCHHII-
KOMIECTCHUUU KOMIIeTeHI Ui JIMHE
1 2 3
OK-7 CIOCOOHOCTh K Ca- | 3HATH:
MOOpPraHuM3alMu M | - METOABl CAMOCTOATEIBHOTO W3YYEHUS COBPEMEHHBIX
€amMo00pa30BaHHIO HHEPTeTUYECKUX YCTaHOBOK;
yMeTh:
- paboTaTh ¢ TEXHUUYECKOH JIMTEpaTypoii;
BJIAJIETh:

- HaBBIKAMH CaMOCTOSTEJIBHOIO M3Y4YE€HHs THUIIOB DHEpre-
TUYECKUX YCTAHOBOK

TIK-5 TOTOBHOCTB OIIpeAE- | 3HATh:

JATB MApaMeTPEI - OCHOBHBIE€ BH/Ibl SHEPrOPECYPCOB M CIIOCOOBI UX Mpeod-
obopysoBanus 06b- | pasopamus B HMEKTPHUECKYIO H TEIUIOBYIO SHEPIHIO;

€KTOB NPOdecCHo- - OCHOBHBIE THIIbI JHEPTETUUECKUX YCTAHOBOK;

HaJIbHOU ACATCIIbHO- yMeTb:

o - UCIIOJIb30BaTh METO/BI OLIEHKN OCHOBHBIX BHUJIOB YHEPIO-
pPECYPCOB U MX MPeoOpa30BaHUs B DJIEKTPUUYECKYIO U TEIl-
JIOBYIO DHEPIUIO;

BJ1AJ€Th:

- HaBbIKaMH aHAJIM3a TEXHOJOTMYECKUX CXEM IIPOU3BOJCT-
Ba YJIEKTPUYECKOMN U TEIUIOBON YHEPTUU

2. MECTO [JUCHUILIMHBI B CTPYKTYPE OBPA3OBATEJbHOM
IHPOI'PAMMBI

Juctumummaa b1.5.10 O0mias sHepreTika OTHOCUTCS K 0a30BOW YaCTH.

Juctumnnuaa OO1ias sHepreTrka 6a3upyercs Ha 3HAHUSIX, MOJNYYEHHBIX MPU MU3yYEHUH Ta-
KUX Yy4e€OHBIX TUCHUIUINH, Kak: dusnka, Xumus, VicTopus oTpaciu u BBEIEHHE B CICIHAIb-
HOCTb.

OCHOBBIBasICh HA U3YUYEHUHU TIEPEUNCICHHBIX NUCIUIUTAH, O0IIas YHEepreTuKa MpeaCTaBIsIeT
OCHOBY JUIsl M3YYEHHMs CIEAYIOIIMX TUCUUIUIUH: DJIEKTPUYECKHE MAIIWHBI, JJIEKTPUUYECKUE
CTAHIMH U MMOACTAHIINH.

Takoe crucTeMHOE MEeXAUCIUILTHHAPHOE H3yUeHHE HAMPABICHO Ha JIOCTIKEHHE TpeOyeMOoro

®I'OC ypoBHS MOATOTOBKHU IO KBATH(PHUKAIUN OaKaIaBp.
3



3. PACIIPEJAEJIEHUE OBBEMA JTUCIHHUIIVINHBI

3.1. Pacnpenesnenne od0beMa AMCUMILIMHBI IO oopMaM 00yUeHH s

Tpyooemkocmb OucyuniuHsl 6 uacax Kypcosasn
paboma
$ ] (npo Buo
S g ekiz ) npome-
S 2 ) = ’ scymou-
Dopma = 3 3 S KOH- N
® 3 2 5 g Holl am-
00yueHus S S S, g S mpons-
3 = S > 3 mecma-
) 3 & S o] R Haa pa-
§ > N SR S = s S uuu
o S S S $ |&§ 8§ S § 6oma,
S 5] 8 | 2| B |SE &5 | 5 |pepepam,
x|Q Q A N R ] RS O ] PI'P
1 2 3 4 5 6 7 8 9 10 11
3aouynas 1] - 72 4 4 - - 64 - 3a4uer

3.2. Pacnpenesienne o0beMa AUCHUILVIMHBI 10 BUAAM Y4eOHBIX 3aHATHH M TPYJ10eMKO-

CTH
6 m.u. 6 UHMEPaK-
Tpyoo- ! pax- Pacnpeodenenue
oy | MUGHOI, akmugHol, no Kypcam, uac
Buo yueonuvix 3anamuii UHHO8A-
Kocmyp y
UUUOHHOUL hopmaXx, 1
(uac.)
(uac.)
|. KonTakTHasi padoTa 00y4arouuxcs ¢ npemno- 2
aaBatejieM (BCero)
Jlexuu (JIK) 2
Il.CamocTosiTesibHas paGoTa odyuyaouuxes (CP)| 64 - 64
[TonroroBka K 3auery 64 - 64
I11. Ilpome:kyTOUHASI aTTECTAMSA 3a4ET + - +
OO01as TPyI0eMKOCTh AUCITUTUINHBI, Jac. 72 - 72
3a4. e. 2 - 2

4. COAEP) KAHUE JUCIIUIIJINHBI

4.1. PacnipeesieHue pa3ieoB IMCUMILIMHBI 10 BUIaM Y4eOHbIX 3aHATHI

- 1J11 32049HOI (pOpMBI 00yUCHHS:

Buowl yueonvix zanamuit,
6KII04AA CAMOCHOAMEIbHYIO
No pabomy odyuarowuxca u mpy-
pas- Haumenosanue Tpyooem- doemKocmb; (uac.)
oenau pazoena u Kocmb, Yyuebnble 3anamus | camocmos-
memul mema OuCUUnJIUHbL (uac.) menvnan
paboma
JleKkuyuu 06_}7‘“"0'
npakmuuecKue 3anamus wuxcs %
1 2 3 4 5
1. HcTounnku 3Heprum 6.4 0.4 6
1.1. | Knaccudukanuusi ICTOYHUKOB SHEPTUU 2.2 0.2 2
1.2. | XapakTepuctuka BO300OHOBISIEMBIX H
HEBO300HOBIISIEMBIX HMCTOYHHKOB 2.2 0.2 2
SHEPTUH




1.3.

CoBpeMeHHbIE CIOCOOBI TOTyYEHUS

2 - 2
SHEPTUU
2. JHepreTu4ecKoe TONJIHBO 6.4 0.4 6
2.1. | Knaccuduxarms Torms 2.2 0.2 2
2.2. | Texuuyeckue XapaKTEPUCTUKH TOII- 29 0.2 5
JINB
2.3. | XapakTepuCTUKU OTJEIbHBIX BHUJOB 9 i 5
TOTLIINBA
3. IIpeodpa3oBanue 3Heprun 6.4 0.4 6
3.1. | OcHOBHBIC TIOHATHS W OIPEACICHHS 21 01 9
TEPMOUHAMUKHU
3.2. | TepmoguHaAMUYECKHE TMPOIECCHI H 21 01 9
KB
3.3. | OCHOBHBIC 3aKOHBI TEPMOJTMHAMUKH 2.2 0.2 2
4. TenoBble 3/1eKTPOCTAHIIUHI 6.4 0.4 6
4.1. | KonaeHcalimoHHbBIC AIEKTPOCTAHIINH 1.3 0.3 1
4.2. | TerumopuKamoOHHBIE JIEKTPOCTAHITUI 2.1 0.1 2
4.3. | OcHOBHOE W BCHOMOTaTelbHOE 000-
PYIIOBaHUE TEIUIOBBIX 3JEKTPOCTaH- 3 - 3
JA050%1
5. I'a3oTypOMHHBIE U MAPOra3oBbie yC- 6.2 0.2 6
TAHOBKH
5.1. | Obmas xapakTepucThKa ra3oTypOuH-
HOM YCTAHOBKM U €€ TEXHOJOrn4yeckas 3.1 0.1 3
cxema
5.2. | Obmias xapakTepHCTHKA Mapora3oBOi
YCTAaHOBKM M €€ TEeXHOJIOTMYecKas 3.1 0.1 3
cxema
6. ATOMHBIE 3JIEKTPOCTAHIMHU 6.4 0.4 6
6.1. | YcrpolicTBo n kimaccuuramus sep- 29 02 2
HBIX PEaKTOPOB
6.2. | TexHomoruveckass cxemMa AaTOMHOM 21 01 9
AIIEKTPOCTAHIINU
6.3. | OcHOBHBIE TOCTOMHCTBA M HEIOCTATKH 21 01 9
ATOMHBIX AJIEKTPOCTAHIIMI ) ’
7. I'mapodHepreTnyecKkne yCTaHOBKH 10.6 0.6 10
7.1. | Knaccudukamuss  rugposHepreTuye- 11 01 1
CKHX YCTaHOBOK
7.2. | Cxema co3JaHusl HAIOpPa U OCHOBHOE 11 01 1
000pyIOBaHUE THAPOITEKTPOCTAHIIUN ' '
7.3. | Knaccudwukarus ruipotypOoux 1.1 0.1 1
7.4. | Mansie 'OC u muxpo I'DC 1 - 1
7.5. | Hacocnas cranmusa. Knaccuduxarus 1 i 1
HACOCHBIX CTaHIIMA
7.6. | I'mapoakkymynupyromme JJEKTPO- 11 01 1
craniuu ('ADC) ' '
7.7. | Ilpunuszele anekrpoctanuuu (I19C) 1.1 0.1 1
7.8. | BoHOBBIE IEKTPOCTAHIINA 1.1 0.1 1
7.9. | IlepcnieKTUBHI pa3BUTHS THIPOIHEPTE- 9 i 2
THKU B Poccum u B mupe
8. Herpaguuuonusie ¥ B0O300HOBJIsIe- 6.4 04 6

MbI€ HCTOYHUKH IHCPIHH




8.1. | Dmeprus conuna. IIpeoOpa3zoBanme 11 01 1
COJIHEYHOM 3HEPIHH B AIEKTPUUYECTBO ] ]
8.2. | DHeprus Berpa. Berposneprernye- 11 01 1
CKHE YCTaHOBKHU
8.3. | BropuuHbie HCTOYHUKH PECYpPCOB.
buomacca u e€ ucnosb3oBaHuEe I 1.1 0.1 1
TIOJTYYCHUS] SJHEPTUHU
8.4. | BomopoaHas sHEpreTHKa 2 - 2
8.5. | ['eorepmanbHas sHEpPreTHKA 1.1 0.1 1
9. Haxonuresn 3Heprun 6.4 0.4 6
9.1. | MexaHnueCKHe HAKOMMUTEIN YHEPTUN 1.1 0.1 1
9.2. | TemoBbIC HAKOMUTEIIN SHEPTUH 2.1 0.1 2
9.3. | DiexkTpuvecKrue HAKOMUTEIN SHEPTHH 2.1 0.1 2
9.4. | XuMu4ecKue HaKOIUTEIU YHEPTUU 1.1 0.1 1
10. | IIpoO/jemMbl cOBpeMeHHOH JHepre- 6.4 04 6
THKH
10.1. | IIpoGieMbl SHEPTETUKN 3.2 0.2 3
10.2. | Dueprocbepexenne 3.2 0.2 3
UTOI'o 68 4 64

4.2. ConepxaHue TMCUMILUINHBI, CTPYKTYPHPOBAHHOE IO Pa3jejiaM U TeMaM

Pasznen 1. UcTOYHUKM DHEPIrUHA
Tema 1.1. Knaccupukanusi HCTOYHUKOB SHEPIUH

[Ton sHepropecypcamMu MOHUMAIOTCSI MaTepUaAIbHbIE OOBEKTHI, B KOTOPBIX COCPEIOTOYe-
Ha BO3MOYKHAas JUIsl UCIIOJIb30BaHUS DHEPTHUS.

OHeprus — KOJIN4eCTBEHHAsl OLeHKA Pa3INYHbIX (POPM JABHKEHHS MATEPHH, KOTOPbIE
MOTYT IPEBPAIIATHCS APYT B Apyra, — yCIOBHO MOJApa3IesaeTcs 0 BUAAM: XMMHUYECKas, MexXa-
HUYECKas, dJIEKTPUUECKas, siAepHas U T.1.

W3 Gonbiioro pazHooOpasusi pecypcoB, BCTPEUAIOLIMXCS B IPUPOJE, BBIACISAIOT OCHOB-
HBIE, HCIOJIb3yeMble B 00JIbIINX KOJMYECTBAX ISl NPAKTHYECCKUX HYKA. K OCHOBHBIM dHEp-
ropecypcam OTHOCST JHEPrUI0 peK, BOAONAI0B, Pa3JIMYHbIe OPraHMYeCKUe TOILUINBA, TAKUe,
KaK yroJib, HeTh, ra3; siiepHoe TOIIMBO — TS:KeJble JJIeMEHThI ypaHa U TOPHsA, a B Iep-
CIIEKTHBE — JIETKHe 3JIeMEeHThI U T.[.

OHepropecypcsl pa3iefsoT Ha BO300OHOBIsIEMble U HEBO300HOBIsieMble. K mepBbIM 0T-
HOCSITCSL T€, KOTOpBIE IPUPOA HeNpepbIBHO BOCCTAHABJIUBAET (BOAA, BeTep M T.A.), a KO BTO-
pPBIM — paHee HAKOIUICHHbIC B IPUPO/E, HO B HOBBIX I¢0JIOTHYECKUX YCIOBHSAX NMPAKTHYe-
CKM He oOpa3yromuecsi (HapuMep, KAMEHHBIN yroiib, HeQTh, ra3 u Jp.).

DHeprusi, HeMoCPEICTBEHHO M3BJIeKaeMasi B Mpupo/e (TOIUIMBA, BOJbI, BETPa, Teria 3eMJIH,
sJiepHast), Ha3bIBaeTCs MePBUYHON. DHEPrusl, noydyaeMas nocje npeoopasoBaHus nNepBUIHOMN
JHEPI'MH Ha CIIELMAJIbHBIX YCTAHOBKAaX — CTaHIUX, HA3bIBACTCS BTOPUYHOM (2JIEKTpUYeCKas,
napa, ropstuei BOAbI U T.11.).

Tema 1.2. XapakTepucTuka Bo300HOBJ/IsIEMbIX M HEBO300HOBJISIeMbIX HCTOYHUKOB JHEPIrUM

JIeKit¥ist IPOBOIMTCST B UHTEPAKTUBHOM (hopMe: JIEKITUSI-0ece/1a, JIEKIHMS ¢ TEKYIM KOHTposieM (1 Jac).




1.2.1. HeB0300HOB.IIeMble HCTOYHUKHU YHEPTrUM

1. Opranuyeckue TonJuBa (roproune).

Tonnugom modxcem dbimvb HA36AHO 11000 6euiecmeo, Cnocoonoe npu 2openuu (0Kuc-
JleHuu) 6vloenamsy 3HaYumenbHoe Koauuecmeo mennomol. IlpakTudeckas wnenecoodpas-
HOCTB TOILUIMBA OTPENENSIETCS €ro KOJIMYECTBEHHBIMU 3allacaMu, yA00CTBaMH JOOBIYH, CKOPO-
CTBIO TOPEHHUs, TEIJIOTBOPHON CIOCOOHOCTBIO, BOZMOKHOCTBIO JUIMTEIBHOIO XpaHeHus U 0e3-
BPEIHOCTBIO MPOAYKTOB CrOPaHUs JJIS JIIOJCH, PaCTUTEIBLHOTO U JKUBOTHOTO MUpPA U 000pYI0-
BaHUs. CyIlleCTBYIOT €CTECTBEHHbIE (IPUPOHBIC) U UCKYCCTBEHHBIE BUbI TOILIUB.

['oprourie ToruMBa OBIBAIOT OPraHUYECKOIO M HEOPraHWYECKOro MpOUCXOXIeHHUS. Te u
Jpyrue MOryT ObITh TBEPABIMH, KHUJIKMMHU M Ta3000pa3HbIMU. B sHepreTuke i MoJIydyeHHs
anekTpuyeckoil sHepruu Ha TOC B OCHOBHOM HCIIOJIB3YIOTCSI TOIJIMBA OPraHUYECKOro MPOMC-
XO0XAeHUs. Bce BUABI OpraHMueckoro TomianBa (roproune) nIpeacTaBiIsioT COO0H yrieBoaopo-
HbI€ COE/IMHEHUS, B KOTOPbIE BXOIAT HEOOJIbIINE KOJIMUYECTBA APYTUX BEIIECTB.

K meepdomy TOIINMBY OTHOCSTCS: aHTPALUT, KaMEHHbIH U Oypblil ronap, Topd, IpoBa,
CJIAHI[bl, OTXO/Ibl JIECONMWIBHBIX 3aBOJOB U JI€PEBOOOIEIOYHBIX LIEXOB, & TAKXKE PAaCTUTEIbHbIE
OTXOJIBI C/X XO3SHCTBEHHOT'O MPOU3BOJCTBA - COJIOMA, KOCTpA, Jy3ra, YMHroJaK u 1ap. Teepable
TOIIMBA UCIIOJIb3YIOTCA B OCHOBHOM Ha TOC A1 MONy4eHUs SJEKTPUUECKON IHEPTUH, ISl OTO-
IUIEHUSI U TEXHOJIOTMUECKUX HYXJ IPOMBIIUIEHHOCTH U B HE3HAUUTEIBbHOM CTENEeHH JUIs CyJl0-
BbIX U JIOKOMOTHUBHBIX JIBUTATENEH.

K orcudxomy TomnmBy oTHOCATCS HE(PTD, a TAaKXKE pa3IMYHbIE MPOIYKTHI €€ TepepadoTKu:
O€H3UH, KEPOCHH, JINTPOUH, pa3HOOOpa3Hble Macjia U OCTATOYHbIN MPOIYKT HedTenepepaboTKu
- Ma3yT.

K 2az006pasnomy TONAMBY OTHOCSTCS: IPUPOJIHBIN ra3, J0ObIBAEMbIN U3 HEJP 3eMJIH; M10-
NyTHBIA He(TAHOU ra3, ra3000pa3Hble OTXObl METAILIIYPrUYE€CKOTO IIPOU3BOJICTBA (KOKCOBBINA U
JIOMEHHBIN Ta3bl); KPEKUHIOBBIN a3; FeHEpaTOPHBINA ra3, MOJy4aeMblii MCKYCCTBEHHBIM IYTEM
U3 TBEPJIOr0 TOIUIMBA B 0COOBIX ra3oreHepaTopHbIX ycTaHOBKax. ['a3o00pa3Hble TOIIMBA
cxurarorcs Ha TOC 11 nosydeHus 3JeKTPUYECKON U TEIJIOBOM SHEPIUU.

Bonbiias pa3Huiia 3Ha4€HUH TEIUIOTHI CTOPAHUS Y Pa3IMYHbIX BHI0B TOIUIMBA 3aTPYAHIET
B HEKOTOPBIX ClIydasix MPOBEJCHUE CPABHUTEIbHBIX pacuéToB. I[103TOMY NPUHATO MOHATHE YC-
J106H020 Monauea. Y CIOBHBIM TOIJIMBOM Ha3bIBA€TCS TAKOE TOILJIMBO, TEIJIOTa CropaHust 1 Kr
w1 koToporo pasHa 29 330 J[xk. /[ns mepeBona NEHCTBUTENBHOIO TOIUIMBA B YCIOBHOE
MOJIb3YIOTCS COOTHOILIEHUEM:

Q
) =<
K )
29330
e 31< - KaHOprIHBIﬁ OKBHBAJICHT, YKaSBIBaIOIJ_II/II\/'I, Kakag 4aCTb TCIUJIOTBHI CrOpaHHs YCIIOBHOT'O
TOIIIMBA COOTBETCTBYCT HU3IICH TEII0TE CropaHusda pacCMaTpuBacMoOro TOIirnBa.

2. SInepnas Heprus.

SnepHas »Heprusi ocBOOOXKIaeTCss B BHJIE TEIUIOBOM B Mpoliecce TOPMOKEHUsS Mpo-
JTYKTOB SIIEPHOTO JIEJICHUS WM CUHTE3a aTOMHBIX fJep, ABMXKYIIMXCSA ¢ OOJBIIMMU CKO-
POCTSIMU, U NOTVIOLICHNS UX KUHETUYECKON SHEPTUU BEILIECTBOM TEIUIOHOCUTEIIS.

Ilonnaa snepeua ceasu - >Heprus, HeoOXoauMas Ul AEICHUS sApa HA OTICIIbHBIC
MPOTOHBI U HEUTPOHBI, WU YHEPIHUsl, BBIACIAIOMANACS IPU CUHTE3€ Apa U3 OTACIbHBIX
MPOTOHOB U HEUTPOHOB. UT0OBI 0OCBOOOXKAEHUE SIAEPHON SHEPTrUU HAYAJIOCh HEOOXOAMMO
HOJBECTH HEKOTOPYIO HA4YaJIbHYIO SHEPTUIO - IHEPUI0 AKMUGAYUUL.

[To criocoOy moaBeeHUs] SHEPTUN aKTUBALMHU PA3JENSIIOT CIIOCOObI U3BJICUECHUS SEP-
HOM SHepruu: AejeHue siiep HeMTPOHAMU; LIETHbIE PEAKIUH JI€JICHHUS SIIEPHBIX TOTUINB.

1.2.2. Bo30o0HOBJIsSIeMble HCTOYHUKHU YHEPTHU

1. Tensnora Heap 3eMJin ¥ TOJILU MOpeii
Ha manere mMeroTcs 3HaYMTENBHBIEC 3allachbl YHEPIUMU B BUJAE TEIIOTHI 3€MHBIX HEIP.
OHeprus IyOMHHON TEIJIOThl 3eMIIM MPAaKTUYECKU Heucyepriaema, u e€ MCIojb30BaHUe BechbMa
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NEPCHEKTUBHO. 3€MJIsl HENPEPHIBHO OTAAET B MUPOBOE MPOCTPAHCTBO TEIIO, KOTOPOE IO-
CTOSIHHO BOCIIOJIHSIETCS 3a CUET pacmajia paAHOaKTUBHBIX 3JeMEHTOB. TepManabHble BOJbI IIH-
POKO MPUMEHSIIOTCS ISl OTOIUICHHS M TOPSTYETro BOAOCHAOXKEHU B psife cTpaH. Tak, cronuma Mc-
JaHaUU - PEHKBSBUK - OYTH MOJHOCTHIO 000rpeBaeTCs TEIJI0TON TePMAIbHBIX BO/I.

B nepcrnexTuBe MCNOIb30BaHUE PA3HOCTH TEMIIEPATYP MEXKAY HarpeTbiM BO3AYXOM U XO-
JIOJHBIMU CJIOSIMU BOJIbI (B TPOIIMYECKUX MOPSX) UM MEXIY XOJOJIHBIM BO3yXOM U OTHOCH-
TEJNbHO TEIUIBIMU CIIOSIMU BOJBI (B ApKTUUYECKUX MOPSIX).

B nacrosiee Bpemsi B Poccun Ha Kamyatke npoeKTUPYIOTCS U CO3[AI0TCS Te€0TepMalbHbIe
anekrpoctaniuu (['eoDC) Ha 6aze MyYHTOBCKOTO Te€OTEPMAIIBHOTO MECTOPOXIACHUS O0O0IIeit
morrHocThio 300 MBT. [Hons sneprum, BeipadbateiBaeMoii B Poccuu ['eoDC, B nepcrekTuBe Mo-
KeT OBITh BECbMa OIYTHMOH - 10 8% oT 00m1eit BeipaboTku sHeprun Ha TOC, TOLI, ADC.

2. CotHeuyHasi JHeprUs

Counnie obnazaetT orpoMHBIMH 3amlacaMu SHepruu. PaccenBaemasi B TeUCHHE rojja SHEPTUs
ComnHia oreHUBaeTcst aHTACTHYECKOUN IUPPOH - 3.48-10% kBr-u. Ha MOBEPXHOCTh 3€MJIU TIPHU-
XomuT B Tedenne roxa 7,5-10" kBr-u. DNEeKTpOMarHuTHas 3HEPIusl NaJarolIero NeprIeHauKy-
JSIPHO HA BEPXHHUH CIIOH aTMOC(Ephl COTHEUHOTO U3TY4YEHHUs COCTaBIsieT mpumepHo 1,35 kB/M%,
HO 3emuin pocturaet He 6oisee 10% sToit sneprun. Ho naxe mpu minorHocty Hacenenus 200 den
/ KM® SHEPTHS COMHEYHOTO H3TydeHus cocTapmsier 700 KBT * 4 Ha 0IHOTO YenoBeKa.

B cBsi3u ¢ Masoii MIOTHOCTHIO NOTOKA YHEPTHH U3JIYUYEHUS U €r0 HEPAaBHOMEPHOCTBIO U3-
3a CMEHBI JHS M HOYH, TIEPEMEHBI TIOT0JIbI HEOOXOUMO pelaTh U JIBE TPYIHBIC 33aJa4H: KOH-
LEHTPALMIO COJIHEYHON IHEPTUU U €€ HAKOILJICHHE.

3. DHeprus ABMKeHHsI Bo3AyXa B aTMochepe

Betep - onuH W3 nepBbIX HCTOYHUKOB SHEPTUMH, OCBOCHHBIX YEJIOBEKOM. 3arachl BETpa B
100 pa3 mpeBbIIIaeT 3amachl THIAPOIHEPTUU. MOLTHOCTH BETPOYCTAHOBOK B MUPE YBEIHUMIIACH C
6172 MBT B 1966 1. 1o 12000 MBT B 1999 r., nporno3 Ha 2015 r. — 36000 MBT. 3ameTHO BO3-

pOC MHTEpEC K UCIONIb30BaHMIO 3Hepruu Betpa B XXI| B. u B Poccun.
4. I'mapodHepreTrnyeckme pecypcbl

I'mpposnepreTudeckue pecypebl Ha 3emiie ouneHuBarorcss B 33 000 TBt-u B ron, HO 1o
TEXHUYECKUM M SKOHOMHUYECKUM COOOpa’KeHUSIM U3 BCEX 3alacoB JOCTYMHBI OoT 4 10 25%. O6-
mui rugponoreHnuan pex Poccun ncuncnsercs B 4000 muiH. MBT ¢ 4, uTo cocraisietr npubiu-
3utenpHO 10-12% ot MupoBoro.

3HAUUTENIBHBI UHTEPEC NPEICTABISIET DHEPIUs NPUIMBOB M OTIMBOB. JlOCTYNHBIA U1
MCIIOJIb30BaHUsl NIOTEHIMAJI NIPWJINBOB B €Bponeickoil yactu Poccun ouenuaercs B 40 MiIH.
MBT, a Ha JlansHem Boctoke - 170 mun. MBT. B Hacrosiniee BpeMsi MOCTPOEHO HECKOIBKO
MOIIHBIX JJIEKTPOCTAHIIMM, HcTonb3ytomux 3Hepruto npuiuBoB ([I3C). Omgnako Oombiias
CTOMMOCTh COOPYKE€HHSI TaKUX CTAHIUH, TPYAHOCTH CBSI3aHHBIE C HEPABHOMEPHOCTHIO M X
paboThl, HE MO3BOJIAOT Noka cuutaTh [I9C nocraTouHo 3(h(PEKTUBHBIMU.

5. llepcnexkTuBbl 3HeprocHad:kenns 3eman u3 Kocmoca

W3BecTHO 2 Hambosiee KPYHHBIX MPOEKTa MO CO3JAHUI0 KOCMHUYECKUX HHEPreTHUECKUX
CHCTEM, YTHUIM3UPYIOUIUX COJHEUYHYIO DHEPTrui0 M mepenarmux €€ Ha 3eMiIl C Hc-
M0JIb30BAHNEM CBEpXBbICOKOYAcTOTHOro (CBY) 1 MUKPOBOIHOBOTO U3TYUYEHHUS:

1) conneunsie sHepretnyeckue cnyTHuku (COCm) Ha reocranroHapHoOi opoute (Bpa-
HIAIOIIKMECS CO CKOPOCTBIO BpAIlEHUs 3€MIIM U «BHUCSLIME)» HAJ NPUEMHON AaHTEHHON)
MOILHOCTBIO nIopsAaka 5 I' Bt

2) myHHas dHepreTudeckas cucrema MourHoctsio 20 000 I'Br.

Tema 1.3. CoBpeMeHHBbI€ CIIOCOOBI OJTyYEeHHS IHEPTUH
B anekTposHepreTuke 1o JaHHbBIM Nporso3a Munucrepcrsa JHepreTuku PO BHyTpeHHUN

CIPOC Ha 3JIEKTPOIHEPIHIO OyeT Bo3pacTartb. B pe3ynbpTare 4yero mporHo3upyeTcst pa3BUTHE Te-
HEPUPYIOIIHUX MOIIHOCTEN:



1) I'enepupyromue MOIHOCTH, paboTaromue Ha rase, Kk 2030 rogy OynyT mpeacTaBisTh
c000lf B OCHOBHOM Tapora3oBbi€ YCTAaHOBKU C KO3(PPUIIMEHTOM mojie3Horo AeicTBus 58 - 60 %
U Ta30TypOMHHBIC YCTAHOBKU;

2) 'enepupytoliyie MOIIHOCTH, paboTaronue Ha yrie, OyayT MmpeacTaBisTh coO0i ycTa-
HOBKH, pa0oTarolie Ha CYMepKPUTHYCCKUX MapaMmerpax mnapa, ¢ KodPQGUIMEHTOM MOJIE3HOTO
neiictBus ot 46 10 55 %. Takxke OyAyT ocBauBaThCsl YCTAHOBKH C Ta3u(UKaLlME Y U SHEPro-
TEXHOJIOTHYECKUE YCTAaHOBKH.

3) B aTtomHoOI1 3HepreTuke OyayT paboTaTh aTOMHBIE AJIEKTPOCTAHIIMU C BOJAOBOISHBIMU
peakTopamu, peakTopaMu Ha OBICTPBIX HEHTPOHAX C HATPUEBBIM TEIJIOHOCUTENIEM, PEaKTOpaMU
CO CBHUHIIOBBIM TEILJIOHOCHUTEJIEM;

4) [lpeanonaraercsi MUPOKO HCIOJIB30BaTh TUAPOIIEKTPOCTAHIIMM PA3IMYHBIX MOIIHO-
cTell ¢ ux xoHueHTpauuen B peruoHax Cubupu u JlanbHero Boctoka, BBIMONHSIOMINUX CUCTEMO-
00pa3yroIIyIo POJbh M YIaCTBYIOMIMX B 00ECIIEYCHUH MTOKPBITUS TpaduKa HATPY3KU;

5) DHepreTuka, OCHOBaHHAasi Ha BO30OHOBJISIEMBIX HCTOYHHMKAX SHEPruu, Oyaer pa3Bu-
BaTbCsl, B TOM YKCJI€ B BHUJIE MaJIbIX THIPOIJICKTPOCTAHIIMN, COTHEUHBIX SHEPIOYCTAaHOBOK, I'e0-
TEPMAaJIbHBIX 3JIEKTPOCTAHIIMM M TEIIOCHAOKAIOIMIMX YCTAHOBOK, OMOIHEPTreTHUYECKUX U BETPO-
BBIX YCTAHOBOK, MYCOPOCKHTAIOIINX U MyCOpOTIepepadaThIBAIONINX IYHEPTOKOMILIEKCOB B KPYTI-
HBIX TOpoax. Bo3M0KHO HCTIONB30BaHUE SHEPTUU MPUITHBOB.

K 2030 rony mmanupyercs B 4-5 pa3 MOBBICUTH SKCIOPT AJIEKTPOIHEPTHH, YTO COCTABUT
npumepHo 45-60 mupa. kBr*u.

Ha ceronnsimnuii 1eHb BBIACISAIOT KIFOYEBBIE SHEPTETHUECKUE TEXHOJOTUU B MEPBOM IMO-
nosune XIX Beka:

» IlepepaboTka yriist v ra3a B HCKYCCTBEHHOE YKHJIKOE TOTLJIUBO

» [lapora3oBbie yCTaHOBKHU C TOIJTUBHBIM 3JIEMEHTOM

* TepmosaepHbIN CUHTES

* BerposHepreTrnueckue yCTaHOBKH

* Uzsnewenne CO2 u3 NpoAYKTOB CropaHHsl OPraHMYECKOro TOIUIMBA U IMPOJTYKTOB
ra3uQuKaImm;

*  DIeKTporepeaun MOCTOSHHOTO TOKa

* JlanpHuii TpyOOIPOBOIHBIN TPAHCHIOPT KUAKOTO TOILUIHBA

*  Marbie IeKTPOreHEePUPYIOIINE YCTAHOBKHU, B TOM YHCJIE€ B KOMOMHAIIMHU C TETUIOBBIMU
HacocamMu

Pa3nen 2. JHeprernyeckoe TOIINBO
Tema 2.1. Knaccupuxanust TONJINB
JIeKIust POBOIMTCS B MHTEPAKTHUBHO#M (hopMe: JeKImst-Oecea, JIeKIs ¢ Tekyimm KorTposieM (0.5 daca).

TomimMBo — 3T0 roproure BEECTBA, BBIACIAIOIINE IIPU CKUTAHUU 3HAYUTEIBHOE KOJINYE-
CTBO TEIUIOTHI, KOTOPask UCIOJIb3YETCs HEMOCPEACTBEHHO B TEXHOJIOTUYECKHUX ITPOLIECCAX WITU
npeoOpasyeTcst B Apyrue BUJbI SHeprun. K HUM OTHOCATCS MoJIe3HbIe HCKOTIaeMble OpraHuye-
CKOT'O TIPOMCXO0KIEHUS — YTOJIb, TOPIOYHE ra3bl, FOPIOYHE CIaHIIbl, HEPTh, TOp(, a TaKxkKe apeBe-
CHUHA U PACTUTEIILHBIE OTXO/BI.

TormmBo B TOM BHUJE, B KAKOM OHO IOCTYHAET JJIsl C)KMTaHUs B TONKH WU B JIBUTATEIN
BHYTPEHHEI'0 CTOPaHUs U CIIeUAIbHBIE allapaThl HA3bIBACTCS padoyUM.

B sinepHoO# HEpreTuke NpUMEHSETCs] HOHITHE SIACPHOIO TOIUIMBA - BEIIECTBA, SApa KO-
TOPOIO JEIATCS MOJ JEUCTBUEM HEUTPOHOB, BBIIEIASA IIPU TOM DHEPIUIO0 B OCHOBHOM B BUJIE
KMHETUYECKOW SHEPIMH OCKOJIKOB JIEJIEHUS SAEP U HEUTPOHOB.

OObIYHOE XMMUYECKOE TOIIMBO, B OTIMYHUE OT AJEPHOT0, Ha3bIBAIOT OPraHUUECKUM, U
OHO SBJISIETCS] B HACTOSIIIIEE BPEMsI OCHOBHBIM MCTOYHHUKOM TETUIOTHI.

Jlis aHanM3a TeIUIOBBIX XapaKTEPUCTUK TOIUIUB, ONPEAEIICHUS COCTaBa ra30B U IPYTrUux
pacueToB HEOOXOAUMO 3HATh XUMUYECKYIO CTPYKTYPY KaXKI0ro BUja ToruikBa. Opranuyeckas




YaCTh TBEPJIbIX U JKUJKHX TOIUIUB COCTOUT M3 OOJIBIIIOrO KOJUYECTBA CIOKHBIX XUMUYECKUX CO-
€IMHEHW, B COCTaB KOTOPBIX B OCHOBHOM BXOJIST ISATh XMMHYECKHX 3JIEMEHTOB: yraepon C, BO-
nopon H, kuciopon O, cepa S u azot N. Kpome Toro, TOIIIMBO COACPKUT MUHEPAIILHEIC PUMeE-
cu A v Bnary W, nipeicTaBistonue BMecTe BHEITHUI OaJlIacT TOIUIUBA.

XUMUYECKUN COCTAaB TBEP/BIX, KUJAKHX U T'a3000pa3HbIX TOILUIUB OMPEACIISIOT HE 10 KO-
JMYECTBY COSIMHEHHI, a 0 CYMMAapHOH Macce XUMHUYECKUX DJIEMEHTOB (B MPOICHTaX Ha 1 KT
win | ky0. M TOIUIMBA), T.€. YCTAHABJIMBAIOT 3JIEMCHTAPHBIN COCTaB TOILUIMBA. Pa3inyarot tpu
OCHOBHBIX JIEMEHTAPHBIX COCTaBa TOTLIUBA!

1) pa6ouast macca TormmuBa C+H+O+N+S+A+W=100%);

2) cyxas macca tormmuBa C+H+O+N+A=100%);

3) roprouas macca Torummba C+ H+O+N=100%.

Paboueli cunTaercst Macca TOIUIMBA B TOM BHJIE, B KAKOM OHA ITOCTYIIAET Ha MPEIIpH-

ATHE.

Ecnu TonmuBo Harpets 10 102-105°C, To nucnapurcs Biara, Torja mojay4duTcs cyxasi Mac-
ca toruiBa. Ha3BaHue roproueil Macchl SIBISIETCS YCIOBHBIM; TaK KaK BXOJSIINE B €r0 COCTaB
a30T U KUCIIOPOJ1 HE SIBISIOTCS TOPIOYHUMH JIEMEHTAaMU U COCTaBJISIIOT BHYTPEHHHM OaiacT To-
IUIMBa. A30T U KUCJIOPOJ CIOCOOCTBYIOT MPOLIECCY TOPEHUS TOIIUBA.

loprourMu 371eMEeHTaMU TOIIJINBA SBJISIOTCS YITIEPOI, BOJIOPOJ U cepa. YTIEpod — Oc-
HOBHO#1, TOprounii 371eMeHT ToruBa. OH MMeeT BBICOKYIO TerioTy cropanus (33600 k/[x/kr) u
cocTaBisieT O0JbIIYIO YacTh paboueit macchl ToruuBa (50-75% st TBepabix Toruus u 80-85%
JUTSE Ma3yToB). Bogopo umeet BrICOKYIO TerioTy cropanus (mpumepro 130000 k/[x/kr), omHa-
KO €ro KOJIMYECTBO B TBEP/IbIX TOITUBAX HEBENUKO (H = 2-6%) 1 HECKOIBKO OOJIbIE B )KHUIKHX
(oxoso 10%). OTo menaet TEIIOTY CTOPaHUs KUAKUX TOIUIUB BHIIIE, YEM TBEPIbIX.

Cepa umeet HeBbICOKYIO TeruoTy cropanus (9000 k/[x/kr). Comepxkanue ee B TOIUIMBAX
HeBennko (5=0,2-4%), mosToMy cepa, Kak TOProYasi COCTABIISIONIAs, HE IICHUTCS.

Hanuuue okuCIoB cephl B MPOIYKTaX CrOPAHUS MIPH OIMPEIeICHHBIX KOHIIEHTPALUAX OMACHO IS
OpraHU3MOB M PACTEHUN U TpeOyeT ONpeeICHHBIX MEP U CPEACTB JUIsl €€ yJIaBJIMBaHUs WM pac-
ceuBaHus B aTMocdepe.

Tema 2.2. Texnnueckne XapaKTepuCTHKH TOILIHB

OCHOBHBIMU TEXHUYECKUMH XapaKTEPUCTUKAMU TOIUIMBA SBISIFOTCA: TEIUIOTa CTOPAHUS;
BBIXO/JI Ta3000pa3HBIX BEIIECTB IPU HArpeBe, 30JbHOCTh TOIUIMBA, CBOMCTBA 30JIBHOTO OCTATKa,
BJIQKHOCTb M CEPHUCTOCTH TOTLIMBA.

Tenjiora cropaHusi sBISETCS OCHOBHOM XAapaKTEPUCTHUKOW ToIIMBa. Pasnudyaror BbIC-
HIYI0 ¥ HU3ILIYIO TEIUIOTY cropanus. Beicieil TerinoToi cropanus Q Ha3bpIBalOT KOJIMYECTBO TEIl-
Ja, KOTOPOE BbIAESETCS P CropaHuu 1 Kr TBepaoro (kujakoro) wim 1 ky06. M razoo0pa3Horo
toruBa. Husmas terora cropanus Q oTiin4aeTcst oT BBICIIEH Ha TEIJIOTY MCIApeHus BIaru u
BJIard, oOpa3ymomieiics Mpu ropeHnH Bogopoaa. Yem OoJibllie BIaKHOCTh TOIUIMB, TEM MEHBIIIE
Oynet BenuunHa Q HU3IIEH.

Bricmias BenmuuHa cropaHusi TBEPJOTO M JKUKOTO TOTUTMBA OMPEEISeTCs IKCIIEPUMEH-
TasibHO. Hu3mas Temnnora cropaHus Mojio’KeHa B OCHOBY KJIacCU(UKAIIUK TOTIIIUB.

Beixon Jeryunx BemiecTB. Ecim cyxylo Maccy TOIUIMBA MIOMECTUTh B THTENb U TIOCTeE-
NICHHO HarpeBaTh B MHEPTHOM cpene 6e3 JocTymna Bo3ayxa, To OyJaeT MPOUCXOJUTh YMEHbIICHHE
ee Macchl. [Ipy BBICOKMX TeMmepaTypax HauWHACTCS Pa3JIOKEHUE KUCIOPOIOCOACPIKAIINX MO-
JeKyJa TOIUIMBAa ¢ 0Opa3oBaHHEM Ta3000pa3HBIX NMPOJAYKTOB, MOJTYYMBIIMX HA3BAHUE JIETYYHX
BEIICCTB. BBIX0O NETydnx BEmECTB U3 TBEPIBIX TOIUIMB MPOUCXOIUT B MHTEPBAJIE TEMIIEPATYP
ot 110 go 1100°C.

BbIxXon neTydnx BEmecTB ONpeneNsieT TeMIepaTypy BOCITIAMEHEHHS TOTUTHBA U YCIIOBHS
€ro XpaHeHUsl, CHJIbHO BJIHIET HAa KOHCTPYKIIMIO TOTIOK, IJI€ COKUTAETCs 3TO TOILIUBO.

YeM OoJbIlie BBIXOJ JIETYUUX BEIIECTB, TEM JIETYE BOCIUIAMEHSETCS TOTUTUBO (ra3000pas-
HbIE, JIETY4He BEIECTBA UMEIOT HU3KYIO TEMIIEPAaTypy BOCINIAMEHEHUS ).
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3oabHOCTH TOIUIMBA. B mporiecce ropeHus TOIIMBA €ro MUHEpallbHas 4acTh MOABEpra-
eTCsl XUMHUUYECKHM TIpeoOpa3oBaHusaM. Macca HecropaeMoro octarka — 30J16I OKa3biBaeTcs Ha 10-
15% wmenbIe, yeM Macca UCXOAHOM MUHEPATbHON YacTH TOILJIMBA U CYIIECTBEHHO OTIMYACTCS
OT Hee 1o cocTaBy. CBOICTBA 3011kl UTPAIOT OOJBIIYIO POJIb MPU CKUTAHUH TOIUIMBA.

OO0pazoBaBiiascst Ocjae CropaHus TOIUTMBA 30J1a — 3TO CMECh MHHEPAJIOB, a UX CILJIABBI,
BO3HHUKAIOIIME B 30HE BHICOKUX TEMIIEPATyp, Ha3bIBAIOT IIakamMu. CyMMapHOe KOJIMYECTBO 30-
Jbl ¥ IUJIAKOB NPUHITO HA3bIBAaTh 30JIbHOCTHIO TOIUIMBA. TeMmeparypsl IUIABICHHUS OTACIIbHBIX
MHUHEPAJIOB U UX CIUIABOB CHUJIBHO pa3inyaroTcs U HaxoasatTces B npenenax ot 600 no 3000°C. I1o-
ATOMY IUIaBJICHHE MPEICTaBIIIET COOOM MPOIECC MOCTOSHHOTO Pa3MsTY€HUs OT TBEPAOIo J0
JKUJKOTO COCTOSIHUSA IO MEpe pocTa TeMIepaTyphl.

Baaxknocts TomauBa. Brnaxuocts TormuBa (W) B mpoiieHTax oT ero pabodeil Macchl
ONpeAesieTCs ONBITHBIM IMyTeM CymiKu npu Temieparype 105°C mo 1oCTUKEHUSI MOCTOSIHCTBA
MaccChl.

Bonbias Bna)XHOCTh TOIUIMBA BBI3BIBAET TPYAHOCTH MpHU CKUTaHWU. CHUKAETCs TeIyIoTa
CropaHusi, pacTeT pacxo] TOIUIMBA, YBEIIMUMBAIOTCS MMOTEPH TEIIa C YXOASIIMMU razamMu. Biax-
HOCTb TOIUIMBA BBI3BIBAET YCHJIEHHUE KOPPO3UU METalljla OTIENbHBIX KOHCTPYKIHH TOMOK, IpH-
BOJUT K MOBBIIICHHOMY 3arpsi3HEHUIO TTIOBEPXHOCTEH Harpena.

CepHucrocTh TOomIuBa. [Ipu cxxuranuu cepa co3qaeT Cepbe3HbIE IKOJIOTHMUECKUE MPO-
OsieMbl. OKHCIIBI cepbl U a30Ta, 0Opa3yIOUIMECs B 30HE BBICOKMX TEMIIEPATyp, IMPEICTaBISIOT
OOJIBIIYIO OMACHOCTH AJISl )KU3HEACSITEIbHOCTU. [ yIaBiIMBaHUS THX OKHUCIIOB CTPOSIT CIIOXK-
HBIC OUHCTHBIE COOPYXKEHUS, YTO MPUBOJUT K YIOPOKAHUIO MIPUMEPHO BABOE IHEPTETUUECKUX
YCTaHOBOK.

Tema 2.3. XapakTepUCTHKH OT/eJbHbIX BUI0B TOILINBA

XapaKTepI/ICTI/IKI/I BUJOB TOILIMBAa HAaXOOATCA B 3aBUCUMOCTH OT XMMHYCCKOI'O BO3pacTa
J9THX TOILIINB.

1) TBépaoe TONMIUBO

Top¢. Camblil MonoAoOH BUJ TOIUIMBA. DHEPreTUUECKUE YCTAHOBKU CHKUTAIOT MPEUMY-
IIECTBEHHO (hpe3epHbIN Topd, MOTydaeMblil yTeM CPe3aHus ¢ MOBEPXHOCTH TOHKOIO cios (pe-
3amu. Ppe3epHblil Topd HMeeT BBICOKYIO BiIakHOCTh padbodeit maccel (W 1o 50% u Gosnee) u B
CBSI3U C 3TUM HU3KYIO TeroTy cropanus Q = 8500 x/[x/kr. Kak monoznoe Tormso Top¢ obia-
JaeT 00JbIMIMUM BbIXoa0M JeTyunx BemecTB (V = 70%), 4To MO3BOJSET YCHEIIHO €ro CKUraTth B
IBIJIEBUTHOM COCTOSIHUU. M3-3a GOJIBIION BIQXKHOCTU ¥ HU3KOU TETJIOTBOPHOCTH €T0 HE MEepPEBO-
35T Ha AbHUE paccTOsTHUS. Topd HCIOIB3yI0T Kak MECTHOE CHIPBE.

Bypsble yrim no coep:kaHuio Biaru B paboueit Macce JesATCsl Ha CUIIbHO BIaKHBIE, MTO-
BBIIIICHHO BIIAXKHBIE, BiaxkHble. KpoMe OONBIION BIaXHOCTH, Oypble YITIHM HMEIOT BBICOKYIO
30JIbHOCTh M HEBBICOKYIO TerioTy cropanus (Q = 6,7-17000 k/[x/kr), moatomy nanbHUE Tepe-
BO3KHM TaK)Ke HelenecooOpa3Hbl. boibioii BBIXOJ JETYUnX BEIIECTB 00ECIIEYNBAET BHICOKOIKO-
HOMUYHOE CXKMTaHHe ITHX YIJIel B BUJE MOJICYLIEHHO MbLTH.

KameHnHnble yriim o0beqUHSIOT OOJIBIIOE KOJHYECTBO YIJIEH Pa3UYHOTO XMMHUYECKOTO
BO3pacTa. Moso/ible KaMeHHbIE YIJIM [0 BBIXOY JIETYYHMX BEIIECTB, OJM3KH K OypbIM YIJIsIM, HO
UMEIOT MEHBIIYIO BIIXHOCTh M 30JBHOCTh. JTO YBEIMYHMBACT WX TEIUIOoTy cropanus (Q =
19000-27000 k/[x/kr). Cpennsisi, 10 BO3pacTy Irpymna yriieid OTINYaeTcs MOBBIIIEHHONW 30JbHO-
cThio. VX TerutoTra cropaHusi HIKE, YeM y MOJIOJBIX YIiiei. boiee crapble yriam UMEIOT Malyro
BJIQKHOCTb, HEBBICOKYIO 30JIbBHOCTh M COOTBETCTBEHHO BBICOKYIO TEIJIOTBOPHYIO CHOCOOHOCTH
(Q = 25000-27000 x/Ix/Kr), OHAKO HU3KHMI BBIXOJ JIETYYHX BEIICCTB 3aTPYAHSET MX BOCILIA-
MEHEHHUE B TOMKaX.

IMosyanTpanuThl M AaHTPAUMTBI — 3TO HanOOJIEe CTapble YT C HU3KUM BBIXOJIOM Jie-
TYYMX BELIECTB, HU3KOHM BIIQXKHOCTBIO M 30JbHOCTBIO. Takxke SIBISIOTCS XOPOILIUM CBIPbEM IS
METaJUTyprHYeCKON POMBIIIJICHHOCTH.

2) ZKnakoe TOIIUBO
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[IpakTHyecku Bce KUAKHE TOIUIMBA MOKa MOIy4atoT rnepepaborkoil HepTH. MasyT, Kak u
MOTOpPHBIE TOIUIMBA, MPEICTABISAET COOON CIOXHYIO CMECh JKUIKUX YIIEBOJIOPOAOB, B COCTaB
KOTOPBIX BXOJST B OCHOBHOM YTJIEPOJI U BOJIOPOJ.

Ma3zyr. K TexHHueckUM XapaKTepUCTHKAM >KHUIKOTO TOIUIMBA OTHOCATCS BSA3KOCTb U
TEMIIEpaTypa BCIBIIIKK. BA3KOCTh Ma3yTa M0JI0’KEHA B OCHOBY €r0 MapkUpoBKU. OHa u3Mepser-
Csl IPU ONPEEICHHBIX CTAHIAPTHHIX TeMIlepaTypax Kak OTHOIICHHWE BPEMEHU BBITEKAHHUS uepe3
CTaH/IapTHOE OTBEPCTHUE Ma3yTa U TAKOI'O K€ KOJUYECTBA BOJbI U OIPENENsIeTCs B rpajaycax yc-
JIOBHOM BSI3KOCTH.

C noBbIIIEHUEM TEMIIEPATYPHI BI3KOCTh Ma3yTa YMEHbBIIIAETCS.

Temneparypa Bcibliku Mazyta coctaBiisieT 135-240°C B 3aBUCMMOCTH  OT €0 BS3KOCTH.
Tennora cropanus (Q = 40000 k/x/kr).

Ben3un u quzenbHoe TomimBo. Hanbomnee nérkue copra 6eH3MHA NIPUMEHSIOTCS B aBHa-
[IUU ¥ Ha3bIBAIOTCS aBUALIMOHHBIMU, O0Jiee TSHKENbIE — B aBTOTPAHCIIOPTE.

[TokazarenemM BOCIIJIAMEHSIEMOCTH JAU3EJIBbHBIX TOIUIMB SABISETCS YemaHosoe YUCIo, Xa-
paKTEpU3YIOIEe CKIOHHOCTh JU3EIbHOIO TOPHOYEro K TEPMHUUYECKOMY paclajy, OKUCIECHUIO U
camoBoOCIUTaMeHEeHHI0. Uem 0oJibllle 11€TaHOBOE YMCIIO, TEM JIeT4e CaMOBOCIUIAMEHSETCS TOpIO-
yee.

Oxmanogoe yucio XapakTepusyeT CKIOHHOCTh KUAKOTO TOIUIMBA, OOBIYHO OEH3WHA, K
J€TOHALMOHHOMY, T.€. B3PbIBHOMY, CrOpaHuio. YeM OKTaHOBOE 4MCIIO O0JbIle, TEM CKIOHHOCTh
K JIETOHAI[MU MEHBbIIIE.

V xkunkux tomauB 1etaHoBoe dnuciao 40...50. Oxranosoe uyuciio 0enzuHosB 60...98, mis
aBUAILIMOHHBIX, 00jee JIErkux 0eH3uHOB - 0am3k0 K 100.

3) N'a3000pa3Hoe TOMJIMBO

["a3000pa3zHoe TOIIMBO MO CPABHEHUIO C APYTUMU BUAAMH TOILTUBA UMEET PSIJI CYIIEeCT-
BEHHBIX IpeumyliecTB. OHO cropaer npu HeOONbIIOM H30BITKE BO3/AyXa, 00pa3ys IPOAYKTbI
MOJIHOTO ropeHust 0e3 JpIMa U KOMOTH, He Ja€T TBEPABIX OCTATKOB; OHO YAOOHO Ui TPAaHCIIOP-
TUPOBAHMS 110 TA30TPOBOAAM Ha OOJIBIIME PACCTOSHUS U MO3BOJISET MPOCTEHIIMMHU CPENICTBAMHU
OCYIIECTBIISITh COKUTAHUE B YCTAHOBKAX CAMBIX PA3JIMYHBIX KOHCTPYKIIMHA U MOIITHOCTEH.

B kadecTBe ra3000pa3HOTO TOILIMBA MUCTONB3YIOT MPEUMYIIECTBEHHO MPUPOIHBIN (ecTe-
CTBEHHBIN) TOPIOYMI Ta3, a TaKXkKe Pa3IUnYHbIe BHUJIbI UCKYCCTBEHHBIX (MPOU3BOJICTBEHHBIX) T'O-
prounx razon. ['a3oBoe TOMIUBO, KaK MpaBUIIO, IPEACTABIAET 000 cMeCh HECKOJIBKUX UHAUBU-
JyaTbHBIX Ta30B.

EcrecTBeHHBIE TOpIOYHE Ta3bl MOJPA3JALISIETCS Ha Ta3bl MPUPOJHBIE U Ta3bl HEQTIHBIC
MOMYyTHBIE.

MecTopoxxaeHusi, coiepKaliie ToJbKO OIPUPOIHOE Ta30BO€ TOIUIMBO, B 3aBUCUMOCTH OT
COCTaBa MOCJIEIHEro JEISATCA HAa YUCTO ra30BbIE U Fa30KOH/ICHCATHDIE.

[Ipuposanble Ta3pl NPEUMYIIECTBEHHO COJEpXKAaT METaH U €ro roMoJIOTH (3TaH, IpoIaH,
OyTtaH u apyrue). B HUX Takke MPUCYTCTBYIOT YITIEKUCIBINA a3, a30T, CEPOBOAOPO U APYTHE.
[TpupoaHbIe ra3bl UMEIOT BBHICOKYIO TeIUIOTY cropanus (Q = 35000 x/[k/Kr u BbIIe).

I'a3 4KCTO Ta30BBIX MECTOPOXKIEHUN COCTOUT MOYTH M3 OJHOTO METaHa. JDTaH U MPOMaH
coJiepkarcsi B 0011eM oO0beMe B HE3HAUMTENbHBIX KOJIMYECTBAX, IPYrHe YIieBOAOPOAbl U MpPO-
Yre Ta3bl MPaKTUYECKH OTCYTCTBYIOT. IIpu Takom coctaBe (comeprkaHue romosnoroB meree 50
I/Ky0. M) ra3 Ha3bIBAIOT OCAHBIM UITH TOIIHM.

I'a3 ra30KOHACHCATHBIX MECTOPOXKIECHUNW NOMUMO METaHa COJEPKUT 3HAYUTEIbHOE KO-
JUYECTBO BBICHIUX YTJIEBOIOPOIOB, TIaBHBIM 00pa3oM mponaH u OyraH. ['a3 ¢ BBICOKHM cofep-
YKaHUEM T'OMOJIOTOB Ha3bIBAIOT OOTATHIM WIIH KUPHBIM.

['a3bl HeTAHBIC MOMYTHBIC COMEPNKAT B 3HAYUTEIHHBIX KOJIMYECTBAX TOMOJIOTH, B TOM
YHCJI€ BBICOKOMOJIEKYIISIPHBIE MpPEIENIbHbIE YIIIEBOJAOPO/Ibl, KPOME TOTO, B HUX MPUCYTCTBYIOT
napbl BOJIbI, YIJIEKUCIIBINA Ta3, a30T, CEPOBOIOPO/, PeAKHe Tra3bl (renuii, aprod). [lonyTHbIi ra3
(HeTenpOMBICIIOBBIN) TTONYyUYaIOT MIPH pa3paboTke HEPTIHBIX MECTOPOKIACHUN.

HckyccTBeHHBIE Ta3bl coepykaT OoJibllle HErOpPIOYHUX KOMOOHEHTOB (Oammacrta). ['assl
KOKCOBBIX meuel coaepxat 1o 57% Bogopoaa, 22% merana, okono 7% OKHCH yriiepoja, oc-
TaabHOE — OaJIacTHBIC Ta3bl. TernoTa cropanus KokcoBoro ra3a okoyio 17000 xJx/kr. JlomeH-
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HBIU ra3 cojepxar okosio 30% roprovnx KOMIOHEHTOB, OcTallbHOE - Oaytact. [losTomy TerioTa
CropaHus JOMEHHOTO Ta3a Hu3Kas U HeMHoro npeBbimaet 4000 kJx/kr.

[IpupoaHbIil Ta3 MOIY4YarOT U3 YMCTO T'a30BBIX MECTOPOXKJEHUM, IJIE OH BbIOpachIBaeTCs
W3 HEIp 3e€MIIM IO JaBiieHneM, aoxoasmuM uHoraa o 10 MIla u 6omnee. OCHOBHBIM €ro KOM-
MTOHEHTOM SIBJISIETCS METaH, KpPOME TOT0, B Fa3€ Pa3HbIX MECTOPOKICHHUM HEOOJIbIIINE KOJINYECTBA
BOJIOPOJIa, a30Ta M PA3IUYHBIX OKUCEH U BBICIIMX YTIJIEBOAOPOIOB.

K OCHOBHBIM XapakTepHCTHKaM ra3000pa3HBIX TOPIOYUX OTHOCSATCS TUIOTHOCTh, TOKCHUY-
HOCTb, B3PbIBAEMOCTb, BIaXKHOCTb, 3aIbIIEHHOCTh. ONMAacHOCTh OTPABJICHUS T'a3aMH, T.€. TOKCHUY-
HOCTb, 3aBUCUT OT COJEPIKAIIErocs B IOPIOYEM raze OKHCH YIJIEepoja, CEpoBOAOpoAa U Ap.
B3pbiBoomnacHOCTh ompeaenseTcs: CoiepKaHueM BOJIOpOAa U OKUCH Yriiepoja, KOTopble 00pasy-
10T B3pBIBUATHIE CMECH C BO3yXOM.

4) sInepHoe TOMINBO

OcBoOOXIeHNE SACPHOU HPHEPTUU CTANIO BO3MOXKHBIM IIOCJIE€ OTKPBITHS AHTIUHCKUM
yaeHHbIM Yansukom HelTpoHa B 1932 r. OH He obnajan 3apsaoM U TIOITOMY OKas3alics Uicalb-
HBIM CHapsIIOM JUIsl IeTICHUS sJIep.

Jlenenue sjep HEWTpOHAMHU - OCYHIIECTBIsETCS MyTEM OoMOapAUpOBKHU siaep Heil-
TpoHaMmu. [1o ckopocTH IBUKEHUS pa3InyaroT MeajaeHHble (TernoBble) HelTponsl (E=0.03...0.5
5B), mpoMexxyTOouHbIE (E=1...1-103 9B) u Gbictpsie (E=10°5B) . DHEprus aKTHBALMH 3aBHCHT OT
BU/JIA SIJIEP U PUMEHSIEMBIX HEHTPOHOB.

LlenHble peakiMy JeJIeHUs SICPHBIX TOIUIUB - JIJIsl BOSHUKHOBEHUS IIETHOW peakinu He-
00x01MMO, YTOOBI B Ka)KJOM IOCJIEYIOIIEM aKTe JEJIEHUS y4acTBOBaJIO OOJbllIe HEMTPOHOB,
yeM B mOpensiaymeMm. Jlensmmecs sAaepHbIE TOMIMBA  SBISIOTCA OJTHOKOMIIOHEHTHBIMHU.
TennoBbie HEUTPOHBI MOTIIOMIAIOTCS ACTSAUIMMUCS U30TONIaMU HanOoJsiee MHTeHCUBHO. [losTomy
B aTOMHBIX PEaKTOpax HEUTPOHBI 3aMEMJISIOTCS B CIIELIUATIbHBIX BEIIECTBAX - 3aMEUIUTENSIX - B
BOJIE, TSOKENOM Bosie, Oepuiunu, rpaduTe U ap.

Kunernueckast sHeprus NpoAyKTOB peaklliy, MOMAJarolIUX B BEIIECTBO TEMIOHOCUTES,
npeBpamarTcs B TewioTy. OAWH KWIOTpaMM SIEPHOTO TOIUIMBAa OOECIIeYMBAaeT IOJTyYeHHE
sHepruu MoiHocThio 2000 kBT B TedueHue roja.

B kagecTBe S1€pHOr0 TOIIMBA UCIIONIB3YIOT YpaH (U235, U8, IIyTOHUI (239Pu).

Pasnen 3. [IpeoOpa3oBanue 3Hepruu
Tema 3.1. OcHOBHBIE MOHSITHSI U OTIPeAeIeHUs TEPMOTUHAMUKHI

Tepmodunamuxka — HayKa 0 3aKOHOMEPHOCMAX npespaujenus Inepeuu. B tepmoanna-
MUKE [TUPOKO UCIIONB3YETCsl TOHITUE MePpMOOUHAMUYLECKOL CUCTEMDbL.

Tepmodunamuueckoi cucmemoil HA3bl6AEMCA COGOKYNHOCHL MAMEPUAIbHBIX Mell,
63aUMO0eUCMBYIOUUX, KAK MeHCOY CODO0Il, MAK U C OKpyIHcarouieil cpeooil.

Bce Tena Haxopnsmuecs 3a npenegamMu rpaHyll pacCMaTpUBAaeMON CHUCTEMbl Ha3bIBAIOTCS
OKpYKaroIlEeH Cpeiou.

[TockonbKy OJTHO U TOXKE TEJIO, OJTHO U TOXKE BEUIECTBO P PAa3HBIX YCIOBHUSIX MOXET Ha-
XOJIUTCSL B Pa3HBIX COCTOSIHUSX, (MPUMEp: Jell — BOAA — Map , OJHO BEUIECTBO MPU Pa3HOW TeM-
neparype) BBOAATCS, JUIS YA0OCTBa, XapaKTEPUCTUKH COCTOSIHHS BEIIECTBA — TaK Ha3bIBaeMbIe
napaMeTpbl COCTOSTHUSI.

Pabouue meno - onpedenennoe Koa1uuecmeo eeuiecmed, KOMopoe yuacmeys ¢ mepmo-
OUHAMUYECKOM YUKTIE cogepuiaem NoJIe3HYI0 padomy.

Ilepeoaua nepecuu 6 mepmoouHaAMUUECKOM npoyecce om 00HO20 mena K Opy2omy,
C6A3AHHAA C UMEHEHUeM 00vema pabouezo mena, ¢ nepemeuieHueM €20 60 HeUItHeM npo-
cmpancmee Ui ¢ U3MeHeHUueM €20 NOJI0IHCCHUA HA3bleaemcsa padomoi npoyecca.

[TepeuncnuM OCHOBHBIE MTApaMETPhI COCTOSIHUS BEIIECTBA:

1) Temneparypa Tea - OnpeaenseT HalpaBiIeHHE BO3MOXKHOTO CaMOIPOU3BOJIBHOTO Iie-
pexoa Teria Mexay TeJIamMu.

TemmepaTypa, BeIpaKeHHasI 0 a0COIOTHON ITKaJie, HA3bIBAETCS a0COIIOTHON TEMIEPATYPOH.
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2) JlaBneHue - MpeACTaBIsIeT COOOM CHITy, AEWCTBYIOIICIO MO HOPMAIH K MOBEPXHOCTH
TeJa U OTHECEHHYIO K €IMHUIIE MUIOIIAJH 3TON MOBEPXHOCTH.

3) II1O0THOCTB — OTHOIIEHHE MAacChl BELIECTBA K 00bEMY, 3aHUMAeMOMY ATH BEIIECTBOM.

4) Y nenbHbll 00BbEM - BeIMYMHA 00paTHAs IUIOTHOCTH, T.€. OTHOIICHUS 00beMa 3aHATOTO
BELIECTBOM K €r0 Macce.

Tema 3.2. TepMonuHaanecKne MpouecCobl U MUKJIbI

Ecnu ¢ mepmoounamuueckoit cucmeme mMeHAemca xoms 0vl 0OUH U3 napamempos
100020 6x00AU4€20 6 cucmemy menda, mo 6 cucmeme NPOUCXOOUM HEPMOOUHAMUUECKUT
npouecc.

OcHoBHbIE TEpMOAMHAMHYECKUE NTapaMeTpsl coctosinus P, V, T onHopoaHoro tena 3aBu-
CAT OJUH OT APYroro U B3auMHO CBsA3aHbl ypaBHeHUueM coctosuust: F (P, V, T).

TepmoauHaMuyeckue Mpouecchl 4acTo U300pakaroTcsl Ha rpadukax COCTOSHMS, I/Ie€ 1O
OCSIM OTJIO’KEHBI MTapaMeTPhl COCTOSTHUS. TOUKH, HA TUNIOCKOCTH TaKOTro rpaduka, COOTBETCTBYIOT
OIpEe/Ie]IEHHOMY COCTOSIHUIO CUCTEMBI, JIMHUU Ha rpaduKe COOTBETCTBYIOT TEPMOJMHAMUYECKUM
mpoueccam, NePeBOJAIIMM CUCTEMY U3 OJHOTO COCTOSHUSA B APYTO€.

PaccMoTpuM TepMOJMHAMUYECKYIO CUCTEMY, COCTOSIILYIO U3 OJIHOTO Tejla — Kakoro Jubo
rasa B COCyJe C IOPIIHEM, IIPUYEM COCYJ] U MOPIIEHB B JAHHOM CJIy4ae SBJISACTCA BHEIIHEU Cpe-
qoi. Ilycts, mid nmpumepa, MPOMCXOAMUT HArpeB rasa B COCYZE, BO3MOXKHBI JIBa CiydYas: €ClU
NOpIIeHb 3aUKCUPOBAH U 00BEM HE MEHSETCS, TO TPOU3OUIET MOBBIIICHUE IaBJICHHUS B COCY/IE.
Taxoli mporecc Ha3bIBAaeTCA U30XOPHBIM (V=const), HAYIIHUNA IPU TOCTOSHHOM 00beMe.

1 P Pucynok. M3oxopusie mponeccsl B P — T koop-
nuHaTax (Va>Vo>Vy).

m- T
Ecnu nopiieHs cB0OOAEH TO HarpeBaeMblii ra3 OyeT paciupsaTcs IpU MOCTOSTHHOM JlaB-
JIEHUHU TaKo# Mpoliecc Ha3bIBaeTcss u300apHbIM (P=const), nAymuM npu NOCTOSHHOM JaBICHHH.

l v Pucynok. M300apubie nponeccel B v — T koop-
nuHarax P1>Py>Ps

m- T
Eciu, nepemernas nopiieHb, U3MEHATH 00BEM Ta3a B COCYE TO, TEMIIEPATypa rasa TOKe
OyJeT U3MEHATHCS, OJJHAKO MOKHO OXJIaXKask COCYJI IIPU CYKATHM T'a3a M HarpeBas IPH paciuupe-

HUU MOXKHO JIOCTHYb TOTO, YTO TemrepaTypa OyaeT MOCTOSHHOM NMpU HM3MEHEHUsX oOobeMa U
JIaBJICHUs], TAKOM Mpoliecc Ha3biBaeTcs u3oTepmuueckuM (T=const).
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l P Pucynok. M3orepmuueckue npoueccsl B P — Vv
koopauHarax T3s>T>Tg

==V

IIpouece, mpu KOTOPOM OTCYTCTBYET TEIJIOOOMEH MEXIy CHCTEMOH M OKpYyKarolei
CpeoH, Ha3bIBaeTCsA aauabaTHBIM, IIPU 3TOM KOJIMYECTBO TEIUIOTHI B CUCTEME OCTAETCs IOCTO-
sHHbIMU (Q=const). B peanpHON >XU3HU aanabaTHBIX IMPOIECCOB HE CYIIECTBYET MOCKOJBKY
IIOJIHOCTBIO M30JIMPOBATh CUCTEMY OT OKPY’KAIOLIEH Cpelibl HEBO3MOXKHO. OJTHAKO 4acTO IPOUC-
XOJIST TPOLIECCH, TPU KOTOPBIX TEIJIOOOMEH C OKpY’KaloIIel cpesioil OYeHb MaJj, HarpuMep Obl-
CTpO€ CKAaTHE raza B COCyJ€ MOPIIHEM, KOIZa TEIUIO0 HE YCIIEBAeT OTBOIMUTCS 3a CYET Harpesa
HOPILHSA U COCYAA.
1 P Pucynok. Ilpumepnsiii rpaduk aamabaTHOTO

npouecca B P — v koopaunaTax

-—
Kpyzoeoii_npouecc (Iluxn) — 3mo co6oKynnocmsy 1100020 4ucia omoeabHbvlX npoyec-
€08, 8038PAAIOWLUX CUCHIEMY 8 NEPEOHAUAILHOE COCHOAHUE.
[lonsiTe KpyroBoro mpoiiecca SBISIETCS AJisi HAac KIIOUEBBIM B TEPMOJMHAMHKE, IO-
ckoapKy padota TOC u ADC ocHOBaHA Ha MapO—BOJITHOM ITUKIIE.

Tema 3.3. OcHOBHbBIE 3aKOHBI TEPMOAMHAMUKHU
Jlextwist IpOBOIUITCSE B MHTEPAaKTHBHON (hopMme: JieKimsi-Oecena, JIeKiwst ¢ Tekynmm KortporeM (0,5 vaca).

IlepBblil 3aKOH TEPMOAVHAMUKH.

B usonuposannoii mepmoounamuueckoi cucmeme cymma 6cex 6U006 IHepun A6.-
emcs 6enUYUHOU NOCHOAHHOU.

OTOT 3aKOH SBJSETCSA YaCTHBIM CIIy4aeM BCEOOIEro 3aKOHa COXPAaHEHUs U IPEBPALLCHUS
SHEPruM, KOTOPBIM IJIaCUT, YTO SHEPTHUsl HE MOSIBISIETCA U HE UCUE3AET, a TOJIBKO MEPEXOIUT U3
OJIHOTO BHJa B Apyroi. M3 3Toro 3akoHa cieayer, 4YTO yMEHbIIEHHE O0Ieil SHepruu B OJIHOU
CUCTEME, COCTOSIIEH M3 OJHOIO MJIM MHOXKECTBA TeJl, JOJKHO COIPOBOXAATHCA YBETUYEHHUEM
DHEPrUH B IPYroil CUCTEME TEl.

JlaHHBII 3aKOH B IPUMEHEHUH K TOHATHIM TepmomuHamukn: Q = AU + L. D10 cooTHO-
IIEHUE YCTAHABJIMBAECT YTO B JAHHOM TEPMOAMHAMHUYECKOM IIPOLIECCE TEIJIOTAa PacXOLyeTcs B
JIBYX HalpaBJIEHUSIX: HA U3MEHEHNE BHYTPEHHEH SHEPTUU U Ha COBEpPILIECHUE BHEIIHENH paOOTHI.

CymiecTByIOT Apyrue (GopMyIHPOBKH 3TOTO 3aKOHA!

1. He B0O3MO0XHO BO3HUKHOBEHHE WM YHUUTOXKEHHE SHEPTUHU (3Ta POPMYIUPOBKA TOBOPUT

0 HEBO3MOXXHOCTH BO3HUKHOBEHUS SHEPTUH U3 HUUETO M YHUUTOXKEHHUS €€ B HUUTO).

2. Jlrobast popma IBMKEHUS CIIOCOOHA M JTOJDKHA TPEBPAIIATHCS B JIOOYIO Apyryro Ghopmy

JBIKeHUs (9Ta punocodekast popMynupoBKa MOJUEPKUBAET HEYHUUTOKUMOCTh SHEPTUH

U €€ CII0COOHOCTh B3aHMOIIPEBPALIATHCS B JIIOOBIE JPYTUe BUbI SHEPTUH ).
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3. BeuHslit gBUTaTENh MEPBOTO poaa HeBo3MoxkeH. (Ilo BedHbIM qBUTATENIEM MIEPBOTO pOoaa
MOHUMAIOT MaIlIMHY, KOTOpas Obuta OBl CITIOCOOHA MPOU3BOAUTH PAOOTY, HE HCIIONB3YS
HUKAKOI'0 UCTOYHHUKA YHEPTHUN).

4. Temnnora u paboTa SBISIOTCS ABYMsI €IMHCTBEHHO BO3MOXKHBIMH (opMamH Iepenadu
SHEPTUH OT OJJHUX TEJN K IPYTHM.

EcTecTBeHHbIE MpoLiecChl B MPUPOJIE BCETa XapaKTEPU3YIOTCS OJHOCTOPOHHUM UX IMPO-
TEKaHHEM OT 0oJiee BBICOKOTO MOTEHIIMaNIa K Oosiee HU3KOMY (0T 0oJiee BHICOKOM TeMIepaTyphl K
Oosee HU3KON WK OT OoJiee BHICOKOTO JaBieHHs K Oosiee HU3Kkomy). [liist Toro uToObl 3aCTaBUTh
IIPOLIECC MTPOTEKATh B HAPaBJICHUHU, OOpATHOM HalpaBICHUIO MPOTEKaHMsI CaMOIIPOU3BOJIBHOTO
nporecca, Heo0X0IMMO 3aTPAaTUTh 3aUMCTBOBAHHYIO U3 CPEJIbl SHEPTHUIO.

B nmpomom croneruu ['mO6¢ BBEN B MPAKTUKY TETUIOBBIX PACUETOB HOBYIO (DYHKITUIO -
SHTAJIBIIHUIO.

DHmanbnus - 5mMmo cymma HympeHHel SHepeuy meia u npoussedenus 0asieHus Ha 00b-
em:

I=U+PV,
rae: [ — saranenus; U —BHyTpeHHss Heprus; P — naBienue; V -o0beM.

YaejabHasi JHTAJIBIHNSA | - 3TO OTHOILICHUE YHTAIBIIUK Tella K €ro Macce. Y ebHas dH-
TaJbIMs — 3TO MMapaMeTp COCTOSHUA. 3HAUYCHUE YACNbHOM PHTANBIUY Mapa U BOJBI MPU ONpee-
JICHHOM JIaBJICHUU W TEMIIEpaType MOXKHO HAWTH B CIpaBOYHUKE. [10JB3ysACh ITHMH JTaHHBIMH,
MO>KHO OIPEeIeINTh KOJMYECTBO TEIJIOTHI YYacTBYIOIIEE B Mpollecce WK paboTy mpolecca.

DHTpONUs

TemnoTa q He aBnAeTcs QyHKIUEH COCTOSHUS, KOJIMUYECTBO TEIJIOTHI BBIICIUBIICHCS HIIN
NOTJIOTUBIIEHCS B MPOLIECcCe 3aBUCUT OT camoro mpouecca. @yHKIUEH COCTOSHUS SABISETCS dH-
Tpornus, o0o3Havaercs — S, pazmepHocTsh [ /K]

dS =dQ/T
rae, dS — nuddepenman surponuu; dQ — nuddepennuman remnorsl; T — abcontoTHas Temiepa-
Typa.

Oumponus — Mepa Oecriopsiaka. OTcrofa Bo3pacTaHue Oecropsiika 03HayaeT BO3pacTaHue dH-
TPOTIHH, PACCEUBAHUS DHEPTUH.

YiaeabHas JHTPONUS - OTHOIIIEHUE YHTPOIUHU Tea K €ro Macce. Y ieJbHasi SHTPOMHS - S
SIBIIIETCSl CIIPABOYHON BEITUYHHOMN. Y IeNbHAS SHTPOIUS - (DYHKIUS COCTOSHUS BEIIECTBA, MPU-
HUMAIOIIAs 715 KaXJI0TO €r0 COCTOSIHUS OTPE/IeIEHHOE 3HAaUeHHE:

s=f(P,v, T) [[Ix/(xr x K)]

VY aenbHyr0 SHTPONHUIO0 MOKHO IPUMEHSTH COBMECTHO C OJHHM M3 OCHOBHBIX MapaMeTpoB
JUIsl TpaUyecKoro U300paXKeHUs! MpOoLEecCOB. AHAJOTUYHO TOMY KaK MbI CTPOWJIM HW3MEHEHHE
o0bemMa B 3aBUCUMOCTU OT M3MEHEHHUS TeMIIepaTypbl Mbl MOKEM H300pa3uTh HEKOTOPBINA MPO-
LIECC U3MEHEHUS PHTPONUHU U TeMieparypsl B T-S koopaunarax. B aToM cinydae mobast Touka Ha
rpaduuecKoil MIOCKOCTH COOTBETCTBYET ONMPEACIEHHOMY COCTOSHIIO pa0ouero Tena, a THHUS OT
TOYKH | 710 TOukH 2 oTOOpaxaeTr HEKUM TepMoauHamuueckuil mpouecc. Ocodernnoctrio T-S Ko-
OpIMHAT SBJSETCS TO, YTO IUIOMIAb MO JTMHUEH TpoIiecca COOTBETCTBYET KOIUYECTBY dHEPTUHU
OTJIaHHOM WJIM MOJTY4EHHON paboyuM TEJIOM.

LT Pucynok. T-S nuarpamma nuxina Kapho.
1 2
T, >
1 ¥
T .
4 4 3
S1 32
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Ha pannoit quarpaMmMe npenctaBlieH HEKMM 3aMKHYTBIN UK. CucTeMa mociaeaoBaTelb-
HO mepexonuT u3 Touku 1 B 2 3atem 3, 4 u cHoBa B 1. 13 rpaduka BugHO, 9TO TIporiecc 1 => 2
ABJIAETCS M30TEPMHUUECKUM (Tmpoucxoaut npu Ti = const) u mponecc 3 => 4, Takxke sBIsIETCA
n3oTepMudYecKuM (rmpoucxoaut npu To=const). [Iporeccer 2 => 3 u 4 => 1 gBmstoTCs aguadar-
HBIMH, TIOCKOJIBKY B HUX HE MPOUCXOAUT M3MeHeHue suTpornuu 1o dS = 0, cnenoBarensHo dQ =
0 umu Q = const. [Ipuyem B mporecce 2 => 3 MPOUCXOAUT OXJKICHHE paboOYero Tena 3a cuer
coBepIeHHs PabOTHI TEJIOM, a B Tpolecce 4 => 2 MPOUCXOIUT HArpeB padOYero Tena, 3a C4YerT
CoBepUIeHHs paOOThI HAJ[ TEJIOM.
KonngectBo Tema, moasoaumoe k cucteme: Qi = Ty x (S2-S1) - miomaas mpsaMoyroib-
Huka 1-2-5,-S;-1.
KosmgectBo Temia, otnaBaeMoe cucteMoi: Qp = Tp X (S2-Sp) - miomiaas npsamMoyroib-
Huka 3-52-S1-4-3.
Pabora nukiia - pa3HOCTh MOABEICHHON U 0TBeIeHHOM TeroThl: L = Q1 - Q2.
K.II.JI mukna:
7= G~ & — T -5 —5) -1, (5 - 5) — nL-n
Ql fjl : ('82 - Sl ) Tl
['maBHOM 0COOEHHOCTHIO JAHHOTO LIUKJIA SBIISETCS TO, YTO MPU JAaHHOM Iepernajie TeMIe-
paryp y moboro apyroro mukia KITJ[ Oyner mensmie. [pyrumu cioBaMu MakCHMaJIBHO BO3-
moxxHbIM KII/] npu nannom nepenazae temneparyp sasisercs KIIJ[ nukna Kapuo. uarpamma T-
S nmaeTt HarIsIAHOE 10KA3aTENBCTBO ATOTO YTBEPKAeHHUA. JIF000i Apyroi MUK B IAANA30HE TEM-
neparyp T1-T,, Ha quarpamme OyJeT UMETh COOTHOIIEHHE TUIONIAIeH MEHBIIIee, YeM COOTHOIIIE-
HUE TUIONIA/ICH MPSMOYTOJIbHUKOB. B CBSI3M ¢ IUIOMIaisiMKU Ha AarpaMMe BO3HUKIIO BBIPAXKEHUE
- CTeMeHb 3allOJIHEHUs [UKIA — HACKOJIBKO TUIOIAAN padoThl IMKIA OJMM3KU K IUIOMIAISM Mpsi-
MOYTOJIBHUKOB
Baxxupim cneacteuem u3 popmysst st KIT/] nukna KapHo siBasiercs To, 9TO U1 yBENIU-
yenus KII/] HeoOxonuMo yBenuuuBaTh TeMrepaTypy nojisoja temia Tq, ¥ CHIXKaTh TeMIepary-
py otBona tema T,. Ha mo0bIX sHEpreTH4eckux YCTaHOBKAaX C MapOBOJSHBIM LIUKIIOM, UCTIOJb-
3YIOIIMX B KAY€CTBE KOHEYHOTO IMOTJIOTUTEIN, TEIIa OKpY Karomue npoctpancTro, (ADC, TIOLI)
3MMOM K.II.JI. BBIIIE 32 CUET CHIDKEHHUS TEMIEPaTyphl OKpyxKaroiiei cpeanl Ts.
BTopoii 3aK0H TePMOIUHAMMKHM.
[TepBblii 3aKOH TEPMOJUHAMUKHN YTBEPKAAET, UTO TEIIOTA MOXKET MpEeBpaIiaTbcs B padbo-
Ty, @ paboTa B TEIUIOTY, HE YCTaHABIIMBAs YCIOBUM, P KOTOPHIX BOZMOXKHBI 3TH MPEBPAILLICHHUS.
[ToBcenHeBHbIE HAOMIOACHHUS] U OMBITHI MOKA3bIBAIOT, YTO TEIUIOTA CaMa MOXKET MEepeXOIUTh
TOJIbKO OT HarpeThIX TeN K 00Jiee XOJIOAHBIM (/10 TIOJTHOTO paBHOBECHs). TOJIBKO 3a CUET 3aTpaThl
paboThl MOKHO M3MEHHUTH HAIPaBIIEHUE JBIKEHUS TEIUIOTHI. DTO CBOMCTBO TEIIOTHI PE3KO OT-
nugaeTcsi ot paboTel. PaboTa J1erko U MOTHOCTHIO MPEBPAIIAETCS B TETUIOTY.
B TemnoBeIx MammHax MpeBpalieHne TemIOThl B paboTy MPOUCXOIUT TOJIBKO MPU HANU-
YUW PA3HOCTH TEMIIEPATyp MEXIY UCTOYHHUKAMU TETUIOTHI M TeIuionpueMHukamu. [Ipu sTom Bes
TEIJIOTa HE MOXXET OBITh MpeBpalieHa B padoTy. 3aKOH, MO3BOJSIONIMA yKa3aTh HAIpPaBIICHUE
TEIJIOBOTO MOTOKA, U YCTAHABIMBAIOLIMKA MAaKCUMAJIbHO BO3MOXKHBIW MpeJies MpEeBpaIieHus Ten-
JIOTHI B pabOTy B TEIUIOBBIX MAallMHAX - 2-i 3aKOH TEPMOIUHAMHKH.
POpMYIHPOBKHU BTOPOTO 3aKOHA TEPMOTUHAMUKHU:
1. BeuHnslii ABUTATENH BTOPOTO POJIAa HE BO3MOKEH (IT0J] BEUYHBIM JBUTATEIIEM BTOPOTO poja
MOHMMAETCS MallliHa, KOTOopas Morjia Obl IPeBpaIIaTh BCIO MOABOJIMMYIO K HEH TEIJIOTY
B pabory. Takas mamuna umena 6s1 KITJ[ = 1).
2. CTOmpOLIEHTHOE MpeBpalleHrne TEIUIOTHl B PabOTy MOCPEACTBOM TEIJIOBOM MAIIWHBI -
JIBUTATENS] HEBO3MOXKHO. Y CJTIOBUS PabOTHI TETNIOBBIX MAIIIVH:
1. TemmoBas MammHa Bcerja pa0oTaeT B OMNPEICICHHOM Iepernaje TeMIeparyp.
(D70 3HAYUT, 4TO 1151 PAOOTHI TAKOW MAITMHBI HEOOXOMM UMETH TT0 KpaHen Me-
pe 1 UCTOYHMK TEIIOThI, U 1 TPUEMHUK TEIJIOTHI).
2. Jobas TeroBas MamWHA JODKHA padOTaTh IMUKJIMYHO, T.e. pabodyee Teo, CO-
BepIIas 3a ONpeEICHHBIN MPOMEXKYTOK BPEMEHHU PsiJl MPOLECCOB PACIIUPEHUS U
CXKaTusl, JIOJHKHO BO3BPAIIAThCS B UCXOTHOE COCTOSIHHE.
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3. Bce mporieccsl B MUpe MPOTEKAIOT C BO3PACTAHUEM SHTPOIUU: TO €CTh OT MOPSIKA K Xa0-
cy (Gecnopsky).

4. Xoa caMONpOU3BOJIBHO MPOTEKAIOIIMX MPOIECCOB MPOUCXOIUT B HAIPABICHUH, IPUBO-
JSIIeM K YCTaHOBJICHUIO PaBHOBECHUSI TEPMOAMHAMHUYECKOIN CHCTEMBI C OKpYKalollel cpefou, u
0 JIOCTUKEHUU ATOTO PAaBHOBECHSI MPOIECCHI MPEKPAIIAIOTCS.

Cy1iecTBYIOT U ipyrue GopMyIupOBKH BTOPOTO 3aKOHA TEPMOAMHAMUKHU

Tperuii 3aK0OH TEPMOAMHAMHMKH.

Ecnu abcomtoTHas Temmneparypa CTaHET paBHOM HYJIIO U TEIUIOBOE JIBU)KEHUE MOJHOCTHIO
MPEKPATUTCS, TO B CUCTEME YCTAaHOBUTCS MAaKCUMAJIbHBIA MOPSIOK, T.€. HEYMOPSA0UYEHHOCTh U
SHTPOMNUS CTAaHYT PaBHBIMHU HYI0. JTO MPEINON0KEHNE, HE MOJIAI0IIeecs] ONBITHON MPOBEPKHU,
100 abCOIFOTHON HYJIh TEMIEPATYPhl HEJOCTUKUM, HOCUT Ha3BaHUE MPembe20 3aKOHA mMepmMo-
OUHAMUKU.

CBoiicTBa TEIUIOTHI:

1. Tennoobmernom NpUHATO HA3BIBATH OOMEH TEIUIOBOM dHEpPruei Mexy GU3NYECKUMU TeIaMU
(w1 cucteMamu), BbI3BAaHHBINM HAIMYUEM PAa3HOCTHU TEMIIEpaTyp 3TUX Tend (uiau cucteM). B pe-
AIbHBIX YCJIOBHUSIX TEIJIOOOMEH SIBIISIETCS CIOKHBIM IMPOLIECCOM, HO Pajdl MPOCTOTHl MU3yYCHHS
pa3inyaroT TPU SJIEMEHTAPHBIX BHUJIA TEIJIOOOMEHA: TEIUIONPOBOIHOCTh (KOHAYKIIHIO), KOHBEK-
IIUIO U TEIIOBOE U3ITyYEHHUE.

2. Tennonposodnocms - MEPEHOC TEIUIOTHI 32 CUET coymapeHuil M auddy3unm gacTuil Temn, a
TaK)Ke KBAaHTOB YIPYTUX KOJEOaHMM UX KPUCTAIUIMUECKUX PEHIETOK - (POHOHOB, MPU MAKPOCKO-
MAYECKON HEMOJBU>KHOCTH BCEW MAacChl BELIECTBA.

3. Kongexyus meniomsl - IPOLECC Mepeadn e€ U3 OJTHOM 4acTH MPOCTPAHCTBA B IPYTYIO Tepe-
MEIIAeMYI0 MaKpOCKOITMYECKUMHU 00BEMaMH JKUIKOCTH WK Ta3a. KOHBEKIUS BCerja COmpoBO-
JKIAeTCs  TEIJIONPOBOJHOCTBIO,  CIIEJIOBATENBHO, TEIUIONPOBOJHOCTh  SIBISIETCS HEOTHEM-
JIEMOM YaCThK0 KOHBEKIWH.

4. Tennosoe uznyuenue - Ipyu HEM Tella HE COMPHUKACAIOTCS APYT C IPYrOM U MEPEHOC TEIIOTHI
MEXIy HUMH MPU HATHMYUU PA3HOCTU TEMIIEPATYp OCYHIECTBIISIETCS C MOMOIIBIO 3JIEKTpOMar-
HUTHOM COCTaBJISIONIEH.

Bo3moxHBI 1F00BIE cOYeTaHHs M3 TPEX yKa3aHHBIX AJIEMEHTAPHBIX BUOB TEIIIOOOMEHA.
Takoil coKHBIN TeT000MEH, BCerJja UMEIOIINI MECTO B PealbHBIX YCIOBUSX, Ha3bIBAETCS COO-
CTBEHHO TEIUIONEepeaauei.
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Pa3nen 4. TemioBble 3JIEKTPOCTAHIIUN
Tema 4.1. KonieHcanmoHHbIE 3JIEKTPOCTAHIIUN

Ha coBpemennbix TOC 60mbI10ii MOLITHOCTH MPEBPALICHHUS TEIIOTHL B pabOTy MPOU3BO-
JUTCSl B LIMKJIAX, UCIIOJB3YIONIMX B KaUeCTBE OCHOBHOT'O paboyero Teja BOASHON Map BBICOKHX
JIaBJICHUsI U TeMIleparypbl. BoasHol nap nmpou3BoAMTHCA NaporeHeparopamu (IMapoBbIMU KOT-
JIaMH), B TOIIKaX KOTOPBIX CXKUTAIOTCS PAa3IMYHbIE BUJIbI OPraHUYECKOTO TOILIUBA: YTOJb, Ma3yT,
ra3 u Jip.

TepMoanHaMUYECKUN LUK MPeoOpa3oBaHUs TEIUIOTHl B padOTy C MOMOIILIO BOJSHOTO
napa ObuT npeaioskeH B cepequne XIX B. umxkenepom u pusukom Y. Penkunbim. TexHnomoruye-
ckas cxema KOC, paboraromias o nukiay PeHknHa, mokazana Ha puc.4.1.

= @ > &
— — 7
- T
p=3...30 MIla — 3
t=400...650 °C 4@— ~
e m
Q
N
Q.
101 T
A r
N TCH
TOIIJINBO

K Kp PY CH
1B C%
BO3IYX
/ H
H
w (1)

2

30JIOILIIAKOOTBAJI

a

T BOJIOEM

XHAM. OUHIIEHHAS
BOJIA

Puc.4.1. Texuonornueckasg cxema KOC

K — xotén (maporenepaTop) rpeaHa3HaueH AJs NOJyYyeHHUs apa U3 MUTaTebHOM BOJIBI;

ITH — nuTateabHBINH HACOC — AJIs MOJJaUd TUTATeILHOM BOJIBI B KOTEI;

JAB — 1yTheBOIl BEHTUJIATOP — JJISI TOJAYU BO3yXa B TOMKY KOTJIA, ISl MOIEPKUBAHUS
rpouecca ropeHus;

I — apIMOCcOC — ISl yIAJICHUST IBIMOBBIX T'a30B U3 KOTJIA;

BH — GarepHblif Hacoc — 7S yaJIeHUs 30161 U IIIJTaKa U3 KOTJIa;

IIII — naponeperpeBatenb — 14 MOJYYEHUS IMapa BBICOKUX apaMeTPOB;

T — mapoBas TypOuHa;

I' — snexkTpuyeckuii renepaTop — sl BEIPAOOTKH JIEKTPOIHEPTUH;

Kp — xoHaeHcaTop /Uil OXJIaKIeHU Mapa;

IH — nupKyIsiquOHHBIA HACOC — ISl TOJAa4YM BOJbI B KOHJIEHCATOP;
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KH — xonzneHcaTHBIN Hacoc — JUIs yAaJleHUsl KOHAEHcaTa U3 KOHAEHCaTopa;

Jla — neasparop — U1l yAaJleHus Ta30B U3 KOHJIEHCATa; JIJIsl BOCIIOJIHEHUS MTOTEPh Ty e
10/1aéTCsl XUMUYECKU OUYMILIEHHAs BOJIA;

T — noBeImarImMi TpanchopmaTop;

PY BH — pacnpenenutesibHOE yCTpOHCTBO Bbicokoro HanpsbkeHus (110 kB u Boiiie)

TCH — tparcdopMaTop COOCTBEHHBIX HYXI,

PY CH - pacrnpenenurenbHOE YCTPOHUCTBO COOCTBEHHBIX HYXA — JJIS DJIEKTPOIUTAHUS
JIBUTATENIC 1 OCBEIICHNUS;

Konnencaunonnsie snexrpudeckue cranimu KIC — 3T0 TemnoBble NapoTypOMHHBIE
AMIEKTPOCTAHIIMU, B KOTOPBIX TEIJIOTA, BHIIEISIONIASICS MPU C)KUTAHUKM OPraHUYECKOro TOILTHMBA
IIpeBpallacTcsa CHaYajla B MEXaHUYECKYIO SHEPTHUIO, a 3aTEM B 3JIEKTPUUECKYIO.

XapakrtepHubiii npusHak KOC — orpaboTaHHBI B TypOMHE Map HE MCIOJIb3yeTCs JUIsl He-
CTaHIIMOHHBIX HYXJ, & IIOJIBEPIaeTCsl OXJIaKICHUIO (KOHIEHCAIMH) B CIIEUAJIBHBIX YCTPOMCTBAX
— KOHJIEHCaTopax, Mociie Yero HampaeisieTcss oopatHo B kotén. [ns pabotet KOC Tpelyercs
00JIbIII0E KOJIMYECTBO BOJBI, MO3TOMY CTPOAT MX BONM3M BOJOEMOB. B kauecTBe TomiuBa Ha
KOHJICHCALIMOHHBIX 3JIEKTPUUECKUX CTAHLUAX UCIOIb3YETCs yroib, HeTh WM IPUPOIHBIH ras3.

TBépnoe TorumBO (Yrosip) cHavaia JpOOUTCS CIENUANTBHBIMUA IPOOMIKAMH, 3aTeM TI0/I-
CYIIMBAETCS U Pa3MENbuaeTCcsl 10 MbUIEBUJHOTO COCTOSHUS CIENHMATbHBIMU MEJIbHUIIAMU.
VYroapHas MbUIb BMECTE C BO3AYILIHBIM IOTOKOM MOJAETCS B TOIKY KOTJIA 1yThEBBIM BEHTHJISATO-
pom JIB i nydiniero cropaHusi TOIUIMBA.

[TpoayKThl cropaHusi TOIIMBA (JABIMOBBIE I'a3bl) PO/ 30J0YIOBUTENN C TIOMOIIBIO JbI-
Mococa /I BeiOpackiBatoTcsi B atMocdepy uepe3 AbIMOBYIO TPYOy.

TemoTa, nony4yaemast Ipy CXUTAHUU TOIUIMBA, UCIIOJIb3YETCs JUIs ojyueHus napa. [lap
u3 Kotna (maporeneparopa) nogaéresa B napomneperpenatensd I, rae ero napamerps! (Temmnepa-
Typa U JaBJIEHUE) JIOBOJASTCS 10 HEOOXOAMMBIX BEJIMYMH, a 3aT€M I10 MapoNpOBOJY MOCTYINAET
Ha pabouue IonaTku napoBoii Typounsl T.

Ecnu mexay pabounmu jiornatkaMu TypOUHBI HE IPOMCXOJUT PACIIUPEHUs Tapa, TO eCTh
JaBJICHHE T1apa HEe MEHSETCs, TO Takas TypOMHA HAa3bIBACTCS AKMUBHOU.

Y peaxkmuérnoti TypOUHBI TPOUCXOIUT PACHIMPEHHE I1apa, MPOXOJAIIETO Yepe3 KaHaIIbI
pabouux Jonatok. B 3aBucMMOCTH OT mokazaTeneil pacimMpeHus mapa TypOUHBI XapaKTepu3y-
I0TCS CTENEHsIMU peakTUBHOCTU. Ceifuac TypOUHBI BBIOJIHSAIOT MHOTOCTYIIEHUYAaTHIMH, PUYEM B
OJTHOW TypOMHE MOTYT OBITh KaK aKTHUBHbBIE, TAK M PEaKTUBHBIE (C pa3HON CTENEHbIO PEAKTUBHO-
CTH) CTYTIEHHU.

B TypOune sHeprus napa npeoOpasyeTcs B MEXaHMUYECKYIO SHEPIUI0 BpALICHUs pOTOpa
re"HepaTtopa I', BIpaOaThIBaIOIIETo 3IEKTPUUECKYIO SHEPTHIO.

OtpaboTaBmuii B TypOHHE Map Mociie CBOEro pacIIMpeHusl OT Ha4aJbHOIO JIaBJICHUS Ha
Bxoje Typounsl — 30 MIla no koneunoro Ha Bbixoze 0,0035 MIla nmocrynaer B KOHIEHCATOP
TypOunsl Kp, riae npespamiaercs B BoJy — KOHAEHCAT, KOTOpPBIA KoHAeHcaTHBIM HacocoM KH
OTKauMBaeTCs M MPOXoauT uepe3 neaspatop Ja. Tam u3 Boxbl ynaistoTcs ra3bl U K Hell 100aB-
JsieTcs XMMUYECKH OYMIIeHHas BOJa, YTOOBI BOCIIONHUTH 1oTepH. [locie uero Boja BHOBb Moj1a-
€rcs B KOTEN, ¥ 3aTEM LUK [IOBTOPSIETCA.

Ocnosneblie ocodennoctu KIC:

1. Crpourtcs 1o BO3MOXKHOCTH OJIMKE K MECTOPOXKACHUSM TOIIHBA.

2. Paboraer mo cBo6ogHOMY rpaduKy BBIPaOOTKH 3JIEKTPO3HEPruH (rpaduk BhIpa-
OOTKH HE 3aBHCHT OT TETUIOBOTO MOTPEOICHU).

3. HuzkomaHEBpeHHBIE — Pa3BOPOT TYpOMH M HAaOOp HArpy3Kd M3 XOJIOJHOTO CO-
ctosHus TpeOyet 3-10 yacos).

4. BoipaboTaHHas 3JIEKTPOIHEPTUsi OTAAETCS B AIIEKTPUUYECKHE CETH IMOBBIIICHHBIX
Hanpsbkenui 110 — 750 kB.

5. HNwmerot cpaBaurensHo Huszkuit KI1/: 30 — 40 %, makcumym 42 %.

20



Tema 4.2. TenuiopukanmoHHbIE 31eKTPOCTAHIIUHA

B Tex ciyuasx, korga npuieraromue kK TOC pailoHbI TOMKHBI TOTPEOIATH OOIbIINE KO-
JMYEeCTBa TEIUIOTHI, liesiecooOpa3Hee mpuderarb K KOMOMHUPOBAHHOM BbIpaOOTKE TEIUIOTHI U
AIIEKTPOIHEPTUHU. Y CTAHOBKH, CIyXallie /Ui KOMOMHUPOBAHHOM BBIPAOOTKHU TEIUIa U 3JEKTPO-
sHepruu, Ha3biBaroT TOIl, oHu paboTaroT 10 Tak Ha3bIBAEMOMY TEIUIO(UKALMOHHOMY LIUKITY.

TOL ornmuaercs ot KOC ycranoBieHHOW Ha HEll crenManbHON TemI0()UKAMOHHON
TypOMHOM € IPOMEKYTOUHBIMU OTOOpaMU Iapa WM ¢ NpOTHBOAABIeHHEM. Ha Takux ycraHOB-
Kax TEeIUIoTa OTpabOTaBIIEro Mapa YaCTUYHO WM Ja)Ke MOJIHOCTBIO MCHOJB3YETCS Ul TEIIo-
cHa0XeHus, BCIEICTBHE YEro NMOTEPH BOJBI C OXJIAXAAIOLIEH BOJON COKpALAtOTCs WM BOOOIIE
oTCcyTCTBYIOT. OHAKO J10JI1 SHEPruu napa, IpeoOpa30BaHHOM B JIEKTPUUECKYIO, IIPU OJHUX U
TeX ’K€ HayaJIbHBIX MapaMeTpax Ha YCTAaHOBKAaX C TEIJIO()UKALMOHHBIMUA TYpOMHAMM HIDKE, YEM
Ha YCTaHOBKaX C KOHJICHCAIIMOHHBIMU TYpOHMHAMHU.

ITpn Takoii KOMOMHUPOBAHHOH BBIPAOOTKM IEKTPOIHEPIMU U TEIJIOTHI JAOCTUraeTcs
3HAYUTEIbHASA SKOHOMUS TOIUIMBA 110 CPABHEHMIO C Pa3/IesIbHBIM SHEProcHa0KEeHUEM, T.€. BhIpa-
60T1KO#1 3nmekTposHeprun Ha KOC u mosydyeHne TerioThl OT MECTHBIX KOTeNbHBIX. [loaTomy TOC
MOJIYYMJIM LIMPOKOE pacipoCTpaHEHUeE B pailoHax (ropojax) ¢ OOJbIIMM MOTPEOIEHUEM TEIIo-
ThI U YJIEKTPO3HEPTUH.

VYnupoméHHasi TEeXHOJIOTHYECKasi cXeMa MPOCTEHIed TeroPUKAIMOHHON YCTaHOBKH (C
OCHOBHBIMH 3JIEMEHTaMHU IapOCHUJIOBOM yCTaHOBKH) ITOKa3aHa Ha puc.4.2.

T o

-
Puc.4.2. Tennosas cxema npocreimieit TOL]

1 - komén; 2 - naponepezpesamens, 3 - cenepamop, 4 - mypouna, 5 - konoencamop; 6 -
nompebumens menjiomol, 1, 8 — Hacocwvl

OxJtax1arorasl Boja moJi JeHCTBUEM Hacoca 7 MUPKYIUPYET 10 3aMKHYTOMY KOHTYpPY, B
KOTOPBI BKJIFOUEH NOTPEOUTENb TEIJIOTHI 6.

Koaddunment nonesnoro nevicteust TOLL nocturaetr 60—70%.

Takue cTaHIIMK CTPOAT OOBIYHO BOJIM3U NOTPEOUTENEH — MPOMBIIUIEHHBIX TPEAIPUITUAN
WJTH JKWJTBIX MacCcUBOB. Yariie Bcero oHn paboTaroT Ha MPUBO3HOM TOTLIHBE.

Tema 4.3. OcHoBHOe U BcrioMorare/bHoe odopyaosanue TIC

K ocHoBHOMY 060pynoBannio TOC OTHOCATCS MapoBbie KOTIHI (TapOreHepaToOpshl), TYp-
OMHBI, JIEKTPHUUECKHUE T€HEPaTOPBhl, TPaHCHOPMATOPHI.

[IpakTudeckn Bce BHOBb MPOCKTHPYEMBIE AJICKTPOCTAHIIUU SBISIOTCS ONOYHBIMU, B Ka-
YECTBE UX OCHOBHOM XapaKTEPUCTHKH MCIIOIB3YETCS MOIIHOCTh TYpOOarperaToB.

B HacTos1iee BpeMsi BBIITYCKAIOTCS CEpUHHBIE OTEYECTBEHHBIE KOHJICHCAIIMOHHBIE OJIOKU
TOC momuocTeio 200, 300, 500 u 800 MBt. JIns TOLl wapsiay ¢ 610okamMu MOIHOCTHIO 250
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MBT wucnons3sytorcst Typooarperatsl MomiHoctbio 100 u 175 MBT, ans KOTOpbIX OJOYHBIHM
HPUHIUI COYETAETCS C OTJCJIbHBIMU HONEPEYHBIMU CBA3SIMH 000pPYIOBAHUS.

[Taposoii koten (IIK) - TennooOMeHHBIN amnmapaT A HOJy4YeHHUs Iapa C JaBJICHUEM,
IPEBBILIAIOIINM aTMOC(EepHOe, 00pa3yIoIUi BMECTEe ¢ BCIIOMOraTelIbHbIM 000PYJOBaHUEM KO-
TEJIbHBIN arperar.

Xapakrepuctukamu 1K sBustores:

- IOBEPXHOCTh HArpeBa, T.€. IOBEPXHOCTb, C OJHON CTOPOHBI OMbIBAE€Masl ILIMOBBIMU I'a-
3aMH, a C APYroil CTOPOHbBI — MUTATEIBHON BOJIOM;

- IApONPOU3BOUTEIHLHOCTD, pabouee JaBlIeHUE Mapa;

- KII/I, T.e. OTHOIIEHHE KOJIMYECTBA TEILIA, COAEPXKAIIErocs B Iape, K TEILIOTBOPHOM
CIIOCOOHOCTH TOIUIMBA, U3PACXOJOBAHHOIO JJIs IOJYYEHHS 3TOT0 Hapa.

KotenbHast ycTaHOBKa COCTOUT M3 KOTJIa U BCIOMoOraTeiabHoro odopynoanus. Korenb-
HBIE arperarsl NoApa3AeIAI0TCs. Ha KOTJIbl IapOBbIe M KOTJIBI BoJorpeiHble. IlepBbie HOCAT, Kak
IIPABWJIO, HA3BAHUS MAPOTE€HEPATOPHI, TAK KaK B HUX MPOMCXOAUT reHepanus napa. Ecin ke kxo-
HEYHBIM IIPOJYKTOM SIBJISIETCS TOpsidasi BOJA 3aJjaHHBIX [1apaMETPOB, UCIOJIb3yeMasl B IIPOMBIIII-
JICHHBIX TEXHOJOTMYECKHUX ITpoLeccax U AJI1 OTOIUICHHs NIPOMBIIUIEHHBIX U JKWIBIX 3aHHUH, TO
TaKUe YCTPOUCTBA SABJIAIOTCS BOJOIPEUHBIMU KOTIIAMHU.

B cocraB koTia BXOJAT: TOIKA, MapoleperpeBaTellb, SKoHOMak3ep (mpubop Ais Harpe-
BaHUs BOJIbI UJIM BO3/yXa B KOTEJIbHOM YCTAaHOBKE C NOMOIIbIO TEIJIa YXOJSIIMX Ta30B U3 TOI-
K1), BO3JJyXOIIOJIOTpeBaTellb, KapKac, 0OMypOBKa, TEIII0Bask U30JIALHs, OOIIMBKA.

[HaponieperpeBateiib - MIEMEHT KOTJoarperara Jyuisi ieperpesa napa, To €CTh JJIsl [TOBBI-
LIEHUs €r0 TEMIIEPATypbl CBEPX TeMIepaTyphl HachllieHHUs. COCTOUT M3 YKPEIUICHHBIX Iapaj-
JETPHO CTaJbHBIX TPYO ¢ BHyTpeHHHM auamerpoM 20-60 MM, mpucoenTnHEHHBIX HETOCPEaCT-
BEHHO K OapabaHy KOTJIa UM K BXOJHOMY, BBIXOJTHOMY, @ HHOI'/Ia K IPOMEXYTOUHOMY KOJUIEK-
topy (puc.4.3). Ilo HampaBieHHIO JBUKEHMS Iapa OTHOCUTENIBHO JIBIMOBBIX I'a30B pa3ivyaroT
[IapoIeperpeBaTeiy ¢ NapajjieIbHBIM TOKOM, H}E:FI/IBOTOKOM Y CMEIIAHHBIM TOKOM.

Puc.4.3. BHemnuii BU naponeperpeBaTens

[Tapossie Typ6uHbI (IIT) TOC KOMIIEKTYIOTCS € 3JIEKTPUYECKMMH T'€HEepaTOpaMu: Kax-
J0i TypOMHE COOTBETCTBYET CBOM reneparop. MouHocTs TypOunsl KOC BbIOMpaeTcst B COOT-
BETCTBUU C MOIIHOCTBIO OJIOKOB, a YMCIIO MX yCTaHABIMBACTCA IO 33JaHHOM MOIIHOCTH 3JIeK-
TPOCTaHIUH.

IIT mcrosp3yroTcss B KaUeCTBE OCHOBHBIX JBUIATE]EW IPOMBILUICHHBIX KOT€HEPALMOH-
HBIX CHCTEM (TPOM3BOSAIIMX TEMJIOBYIO M 3JIEKTPUYECKYIO SHEPTUI0) B TEUEHUE MHOTHX JIET.
[Tap, oGpa3yromuiicss B mapoBOM KOTJIE, PACHIUPSACH, 10/ BHICOKUM JaBJIEHUEM IPOXOJUT Yepes
jonatku TypOuHbL. [10TOK BOASIHOrO mapa MOCTyHaeT yepe3 HalpabisIolINe annaparbl Ha Kpu-
BOJIMHEWHBIE JIONIATKH, 3aKPEIUIEHHBIE 110 OKPYKHOCTH POTOpPA, U, BO3IEHCTBYS Ha HUX, IPUBO-
JUT pOTOp BO BpalleHue. B otnnuue ot nopmHeBol napoor MamuHsl, IIT ucnone3yer He mo-
TEHIMAJIbHYIO, @ KHHETUUECKYIO SHEPTHUIO I1apa.

DneKTpuueckas MOLTHOCTh CUCTEMbI 3aBUCUT OT TOT'0, HACKOJIBKO BEJIUK IMepenas JaBie-
HUS Mapa Ha BXoje U Bbixozie TypOunsl. KIIJI mapoBoii TypOUHBI B 4YacTH T€HEpaIiy 3JIEKTPO-
SHEPruu SIBJISETCS CaMbIM HU3KHM M3 BCEX paccMaTpUBaeMbIX TexHOJorui (1o 25%), HO B co-
CTaBe KOTE€HEepaIMOHHBIX CUCTEM cyMMapHas 3((EeKTUBHOCTh MOXKET JocTHraTh 84% B pacuere
Ha YCJIOBHYIO €IMHUITY U3PACX0I0BAHHOTO TOIUIMBA (TIO0 TETUIOTBOPHOU criocOOHOCTH). M3 3TOTO
cienyet, yto IIT HaxoAsT MpUMeHEeHHe B MECTax, Iie MOTPeOHOCTh B TEIJIOBOI SHEPIUU HAMHO-
ro BBILIE, 4YeM B AsiekTpuueckoil. Ilpemaraemble Ha pbIHKE CUCTEMBI, KaK MPaBUIIO, PACCUUTAHbI
Ha 1pou3BoAcTBO oT 500 kBT 1 6osee neKTpo’Hepruu.
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[Taposbie TypOMHBI OBIBAIOT ABYX THUIIOB:
- C TIPOTHBOJIABJICHHEM (KOT/Ia IaBJICHUE Mapa Ha BBIXOJE TYpOWHBI BBIIIC aTMOC(epHO-

ro);

- KOHJICHCAIIMOHHBIE (KOT/1a 1aBlICHUE Mapa Ha BBIXOJE TYpOUHBI HUXKE aTMOCHEPHOTO).

[TpuMmeHeHne KOHIEHCATOpa Ha BBIXOJIE TYPOMHBI MO3BOJISET YBEIUYUTH DJICKTPUICCKYIO
¢bGdeKTUBHOCTh, HO MPAKTUYECKH CBOJUT K HYJIO IMOCIEYIOIee MCIOIb30BaHUE OTXOJSILIETO
TerIa.

[TonbiTku co3aath [T nenanuck odenb aBHO. M3BecTHO onucanue npumutuBHOM I1T,
caenanHoe ['eponom Anekcanapuiickum (1 B. 10 H. 3.). OgHAaKO TOJIBKO B KOHIE 19 B., korma
TEPMOJMHAMUKA, MAIIMHOCTPOCHHE M METAJUTYyprus JOCTUIIM AoctatoyHoro ypoBHsa, K.I'. Jla-
Baib (IIBenus) u Y.A. [lapconc (Benukobpurtanus) HezaBUCUMO JpyT oT apyra B 1884-89 cos-
nanu npombliiuieHHo npurognsie [1T. JlaBane nmpuMeHHs paciiupeHue rnapa B KOHUYECKUX He-
MOJABMKHBIX COIUJIaX B OJAMH MPUEM OT HAYAIBHOI'O /0 KOHEYHOI'O JIABJIICHHS W IMOJIYyYEHHYIO
CTpYyI0 (CO CBEpX3BYKOBOU CKOPOCTHIO MCTEUEHHS) HANpaBWJI HA OUH psia pabodux JIOMAToK,
HacakeHHbIX Ha nuck. [1T, paborarimue Mo 3TOMYy MPUHIUITY, MOJTYYHIA HAa3BaHUE AKTUBHBIX
IIT. ITapcoHc co3man MHOTOCTYIEHUaTyl0 peakTuBHYIO [IT, B KOTOpO#l pacmimpeHue mnapa ocy-
HIECTBIISIOCH B OOJIBIIIOM YHCIIC MOCIICOBATEILHO PACTIONOKEHHBIX CTYIEHEH HE TOJIBKO B Ka-
HaJIaxX HEMOJIBUKHBIX (HAMIPABIISIIOIINX ) JIOMATOK, HO M MEXKYy MOABM>XHBIMH (pabOYMMHM) JIOTAT-
KamHu.

IIT oxa3anach o4eHb YAOOHBIM JBUTaTeNIeM JUIs MPHUBOJAA BPALIAIOIIUXCS MEXaHHU3MOB
(reHepaTopbl NEKTPUUECKOTO TOKA, HACOCHI, BO3JYXOYyBKH) U CYIOBBIX BUHTOB; OHA ObLIa 0O-
jee OBICTPOXOIHOW, KOMIIAKTHOM, JETrKOM, SKOHOMUYHONW U ypaBHOBELIEHHOM, YeM MOpLIHEBas
napoBas MamuHa. Passutue IIT nouuio ype3BplyailHO OBICTPO KaK B HANPABICHUU YJIyULICHUS
SKOHOMMYHOCTH U MOBBIILIEHUS €JUHUYHON MOILIHOCTH, TaK U 10 IIyTH CO3JaHMs CIELMAIU3UPO-
BaHHbIX IIT pa3nnuHOro Ha3HaYeHUs.

B CCCP emi€ B 50-60 rr. mponuioro Beka ObUIM OCBOCHBI MApOTypOMHHBIC YCTAHOBKH Ha
3aKpUTHYECKUE TapaMeTpbl napa (nasienue 24 Mlla, 565 °C).

DJIeKTpUYecKHe TeHepaTopbl IpeHa3HAa4YeHbl [UIs MpeoOpa3oBaHUs MeXaHUYECKOH
SHEPruM BpallAIOLIErocsl Baja ABUrarens (TypOHHBI) B 3JIEKTpo3Hepruto. ['eHepaTopsl MOryT
OBITH CHHXPOHHBIMHU WJIM ACHHXPOHHBIMH, HO_Yallle UCII0JIb3YIOTCSI CHHXPOHHBIE T€HEPATOPBHI.

Paznes S. 'a30TypOnMHHBIC M TAPOra3oBble YCTAHOBKH

Tema 5.1. O0mas XapakTepuCTHKA ra30TYPOMHHOM YCTAHOBKH M €€ TeXHOJIO0THYecKas
cxemMa

B otnuume ot mapoTypOMHHOTO HUKIIA (MTAPOCUIIOBOTO IHMKJIa PeHKMHA 11 BOASTHOTO Ta-
pa), B UKJIaX ra30TypOUHHBIX ycTaHOBOK (I'TY) pabounm Tenom ciykaT HarpeTble 10 BHICOKON
TEeMIIepaTyphl CXKaThle Ta3bl. B KauecTBe TakWX ra30B yallle BCETO MCIOIB3YIOT CMECh BO3yXa U
MPOJYKTOB CTOPaHUsI KUAKOTO (MM Ta3000pa3HOro) TOILIIHBA.

TexHomoruueckasi cxema 3JIEKTpOCTaHIUMU ¢ ra3oBbiMu TypOunamu (I'TY ¢ mogBomom
TEIUIOTHI MIPH MOCTOSIHHOM JIaBJICHHUH ) TIpeJicTaBjieHa Ha puc.5.1.
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Puc.5.1. Texnonoruyeckas cxema 3JIEKTPOCTAHIIUH C Ta30BBIMU TypOMHAMH
1,2- 6x00 u 6v1x00 6030yxa 8 komnpeccope; 3,4- 6x00 u 6vix00 2aza 6 mypoune; KC - kame-
pa ceopanus; I'T- eazoeas mypouna, K- komnpeccop, C - eenepamop, T- mpancgopmamop;
PYBH-pacnpeoenumenvroe ycmpoucmeo 8bicOK020 HANPAANCEHUS
M- nyckosotl 0sucamens

Bo3aymnsiii komnpeccop K cxumaer atMocdepHsblil Bo3ayX, MOBBIIIAst €ro JaBjieHue ¢ pl
710 p2, ¥ HenpephIBHO NoAaéT ero B kamepy cropanust KC. Tyxaa xe crienuaibHbIM HACOCOM HEIpe-
PBIBHO MOJAETCST HEOOXOAUMOE KOJIMYECTBO JKUIKOTO MM ra3o00pa3Horo tomiausa. OOpasyromniye-
csl B KaMepe MPOAYKTHI CTOPAaHUsI BBIXOIAT U3 He€ ¢ Temmeparypoil T3 U mpakTH4ecKu ¢ TeM Ke
JTaBJIEHUEM, YTO U Ha BBIXOJIE€ U3 KOMIIpEccopa.

B razoBoii TypOuHE MPOAYKTHI CrOpaHusi aiuabaTHO PACHIMPSIOTCS, B PE3yIbTaTe Yero Mx
Temreparypa cHuxaercss 1o T4, a naBieHue ymeHbuiaercst 10 arMocgepHoro pl. Becy nmepenan
UCTIONB3YETCS IS TTOJTyYeHHs] TEXHUYIECKOH padoThl B TypOuHe. bonbmiast yacte paboThl pacxoy-
eTcs Ha IPUBOJI KOMIIPECCopa; pasHOCTh MEXy TEXHUUYECKOH paboToi n paboTol Ha KOMIpeccop
3aTpayuBaeTCsl Ha MPOU3BOJICTBO AIEKTPOIHEPTHU B DIEKTPUIECKOM TeHEpaTOpE.

ITepoie ['TY pa3uBanuck ¢ Havyana 20 B., B IEPBYIO O4Yepe/ib, KaK TPAHCIIOPTHBIE IIEKTPO-
ycraHoBkd U umenu KIIJ[ 18-20%. D10 00bsCHIOCH OTCYTCTBUEM HEOOXOIMMBIX 1O KayeCTBY
KapOTIPOYHBIX CTalel, U, KaK CJIeJCTBHE, HU3KOH TemriepaTypoil raza nepea Typounoi (600-700
0C). K nacrosmemy Bpemenn ['TY pa3BuBaroTCS B OCHOBHOM KaK COCTABHBIE YaCTH MapOra3oBOMl
yeranoBkH (I1I'Y), u ux KITJI Beipoc 1o 34-38%.

OCHOBY COBPEMEHHBIX Ta30TYpOMHHBIX JIEKTPOCTAHIINA Poccuu cOCTaBISIOT ra30BbIe Typ-
OMHBI MOIIHOCTBIO 25...160 MBT. B nocneanue roap! s 3HEProcHaOKeHMsI ra30BbIX U HEPTIHBIX
MeCTOpOXAeHUHN Ucnoyb3ytoT I'TY MomHOoCThIO 2,5...15 MBT.

Tema 5.2. O0masi XapakTepUCTHKA MAPOra3oBoil yCTAHOBKH U €€ TEXHOJIOTHYeCKas cxeMa

Bricoknii ypoBeHb Temneparyp npu noasoze Temiorsl B ['TY m HM3KMI ypOBEHb OTBOJA
teroTsl B [ITY mpuBenu k pa3BUTHI0O KOMOMHUPOBAHHOTO MAPOTra30BOro IMKJIA, KOTOPBIH MpuMe-
HSETCS TIPU pa3HOOOPa3HBIX COYETAHMSIX JABYX pabO4YMX TeJ: ra3a W BOAsSHOTO mapa. [lapora3oBsrii
IIUKJ COJIEPKUT Tra30TypOMHHYIO CTYNEHb B OOJIACTH BBICOKMX TEMIEpaTyp U MapoTypOMHHYIO B
obnactu Hu3kKuX. OTpaboTaBIIMil B Ta30BOM TypOUHE ra3 oTAa€T CBOIO TEIUIOTY B MapOTypOUHHOMI
CTYIIEHHU JJIs LieJed MPOMEXYTOUYHOIO IIEpErpeBa napa, JUisi HarpeBa MUTATEIbHON BOJIBI, MOJIyde-
HUS TIapa HA3KOTO JIaBJICHUS B KOTJe-yTHiIn3aTope U ap. Ha puc.5.2 mpezicraBieHa TeXHOIOTHYE-
ckas cxema IIT'Y.

B xamepy 2 nomaércs TOIIMBO U KoMIpeccopoM 1 — cxkatelil Bo3nyx. [IpoaykTsl cropanus,
oTtoOpaB B razoBoil TypOuHe 3, mocTymnaroT B nojgorpesatens 10, rae HarpeBaroT NUTATEIbHYIO BO-
1y, TIOCTYMAaIOIIyI0 B KOTEN, U yaastoTcsa B atMocdepy. Ileperpersiil map, nmoayyaemsiii B KOTIIO-
arperaTope 5, pacuMpsieTcsi B mapoBoil TypOuHe 6 1 KOHJIeHcUpyeTcs B KoHaeHcaTope 8. Konaen-
car HacocoM 9 mepekayumBaeTcsi B nmojgorpenarenb 10, riae HarpeBaeTcs U MOCTYIAET 3aTEM B KOTE.
[Tone3Hast MOLTHOCTH, BhIpaOaThIBacMast Ta30BOM M MapoBOW TypOMHaMU, repenaéresi reHepaTopam
3JIEKTPUYECKOro ToKa 4 u 7.
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Puc.5.2. Texnonoruueckas cxema [1I'Y
1 — komnpeccop, 2 — kamepa ceopanus, 3 — eazoeas mypouna, 4,1' — anekmpoeenepamopwi,
5 —komnoazpezam; 6 — naposas mypouna; 8§ — konoencamop, 9 — nacoc, 10— noooepesamens

[II'Y nosiBunuch B 60-e roas! npornutoro Beka, KIT/I ux cocrasisin okono 40%. K xoniy XX
B. OH yX€ JIOCTUT ypoBHS 58%, MJi AaJIbHEHUIIIETo MOBBIIMICHUS €CTh KaK TEPMOJUHAMUYECKHE, TaK
U SKOHOMHYECKHE BO3MOXKHOCTH. ["a3oTypOuHHas yacts cymectBytoumx [II'Y pabotaer mo mpo-
cToMy UKy bpaiiToHa, HO MOXKET HUCIIOIb30BATHCS M 00JIee CIOKHBIN UK C MHOTOCTYIIEHYAThIM
noasoaoM teria. Oxumaembrii KITJ[ takoit cxemsr 6osee 60%. Y TII'Y ecTh mocTaTOYHBINA ITOTEH-
uan pocra 3pPeTHBHOCTH, CBSI3aHHBINA C YBEIIMUECHUEM TEMIIEpPaTyphl Ta3a Mepell ra30Bod TypOu-
HOM 32 CU€T MPUMEHEHHUs YIYUIICHHBIX CHCTEM OXJIAXACHUS JIONATOK TypOMH, HOBBIX MaTepHaIIOB
JUTSL HUX Y T.I1.

Pa3nes 6. AToMHBIe 3/1eKTPOCTAHIMH
Tema 6.1. YcrpoiicTBo U Ki1accu(pUKALUSA SIIEPHBIX PEAKTOPOB

ATtomHble anekTpoctanini (ADC) — 3TO MO CyHIECTBY TEIUIOBBIC AJEKTPOCTAHIIMN, KOTOPHIE
MCIIOJIb3YIOT TEIUIOBYIO SHEPTHUIO AJIEPHBIX PEAKLUH.

B03MOXHOCTb HCITOIB30BAHMS SIEPHOTO TOILIHBA, B OCHOBHOM ypaHa >>°U, B Ka4ecTBe Hc-
TOYHUKA TEIJIOTHI CBSA3aHA C OCYLIECTBICHUEM LIENTHOW PEAaKIUU JIEIIEHHs BEILIECTBA U BBIACICHUEM
IIPU 3TOM OIPOMHOI0 KoJudecTBa sHepruu. CaMonojaepKUBaloIIMe U peryjiupyemMas LenHas pe-
aKIUs JIeIeHUs s/Iep ypaHa oOecrieunBaeTcs B iIEPHOM peakTope.

SnepHble peakTopbl MPEICTaBISIIOT cO0O0M CIIOXKHBIE YCTPOWCTBA, MpEAHA3HAYECHHBIE IS
OCYILIECTBJIEHUS HENIPEPHIBHOW M YIPABIAEMON PEAKIUU JEJIECHUS sAep. DHEPreTUUYECKUE SIEpHBIE
PEaKTOpBhl, UCIOJB3YEMbIE HA aTOMHBIX 3JIEKTPOCTAHLUAX, KIIACCU(DULIUPYIOT:

-no cnekmpy (3Hepeuu) HeumpoHos - PeaKkTophl Na TeroBeIx HelTpoHax (TU) u OpicTphbIX
Heiitponax (bH);

-no uody 3ameonumeins - ¢ OOBIYHON BOJIOM M TsKeNoW BOJOH, C TpaUTOM; B peakTopax Ha
OBICTPBIX HEUTPOHAX 3aMeIJIUTENb OTCYTCTBYET;

-1no 6udy menjioHocumess - BOASHbIE (KUISAIIUN WM HEKHUITAIIHH), )KUI-KOMETaJUINYeCKHe
HaTpUEBbIE, HA OPraHMYECKUX COSAMHEHUSIX M ra30Bble (Ha TMOKCUJE YIIIepo/ia, Ha Tellun);

- N0 KOHCMPYKMUBHbIM 0COOEHHOCMAM - KOPITYCHBIE, B KOTOPBIX TEMJIOHOCUTENb JIBUKETCS
CIUIOIIHBIM TOTOKOM, a KOPITYC PeaKTOpa pacCUUTaH Ha JIaBJICHUE TEIUIOHOCUTENS» U KaHalIbHbIE, B
KOTOPBIX TEMJIOHOCUTEINb JIBUXKETCS B aKTMBHOHM 30HE BHYTPH TPYyO KaHAJIOB, BOCIIPHHHUMAIOIIMX
ero JnaBjeHue (TepPMETUYHBIN KOPITYC OTCYTCTBYET).

B nacrosiiee BpeMsi Hanbosee OCBOGHBI PEeaKTOpPhl Ha MEUICHHBIX TEIJIOBBIX HEHTPOHAX.
Takue peakTopbl KOHCTPYKTUBHO IIPOILE M JIETYE YNPABISAEMBl 110 CPABHEHMIO C PEAKTOPAMM Ha
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ObICTPBIX HeiTpoHax. OJHAKO MEPCIEKTUBHBIM HAIIPABICHUEM SBISETCSA MCIIOJIb30BAaHHE PEaKTO-
POB Ha OBICTPBIX HEHTPOHAX C PACHIMPEHHBIM BOCIIPOM3BOICTBOM SIZIEPHOTO TOPIOYETO — IUTYTOHUS,
TakKuM 00pa3oM MOKET ObITh UCIIOJIb30BATHCS OOJIbINIAS YaCTh 238,

Ha aromubIx craHuusax Poccuu HMCNONb3ylOT siIEpHBIE PEAKTOPHI CIAEAYIOLIMX OCHOBHBIX
THUIIOB:
-  PBMK (peakTop 0OJbIIOI MOLTHOCTH, KaHAIBHBINA) - PEaKTOp Ha TEIUIOBBIX HEMTPOHAX, BOJIO-
rpadUTOBBIA;
- BBOP (Bomo-BOIsIHOI 3HEPreTUUECKUIl pEaKkTop) - pEakTOp Ha TEIJIOBBIX HEUTPOHAX;
- BH - peaktop Ha OBICTPBIX HEWTPOHAX C KUAKOMETAJUIMYECKHM HATPUEBBIM TEIIOHOCUTE-
JEM.

!
!
!

I

714

i
Puc.6.1. Cxema simepHOTO peakTopa:
1 - ssnepHOE TOIUIHMBO, 2 - 3aMEITUTENb, 3 - OTPAXKaTeIb HEUTPOHOB, 4 - 3aIMTa, 5 - PErYIHPYIOIIUE
CTEPKHU

—e @ @ @

OcHoOBHasl 4acTh peakTopa — €ro akTUBHAsI 30Ha, TJ€ MIPOUCXOIUT JEJIEHUE Jep U BbLIEIA-
eTcs ajaepHas Heprus. AKTHUBHAs 30Ha, UMeIoIIas 00bIYHO (hopMy LMIMHJIpAa 00BEMOM OT J0JIel
JUTPa 10 MHOTHX KyOOMETPOB, COAECPKUT JAEIAIIeecs BEIIECTBO (SI€pHOE TOIUIMBO) B KOJMYECTBE,
IPEBBIIIAIOIIEM KPUTUYECKYIO Maccy. SaepHoe TormnuBo (ypaH, INTyTOHH) pa3Meliaercs, Kak npa-
BUJIO, BHYTPU TEIUIOBbLAEISAONUX 37eMeHTOB (TBDJIoB), Komn4ecTBO KOTOPHIX B aKTUBHOW 30HE
MOJKET JOCTHTaTh AECATKOB Thicsd. TBOJIbl crpynnupoBaHbl B MAKETHI IO HECKOJIBKO JECSATKOB
WIM COTEH IUTYK. AKTHMBHas 30Ha B OOJIBIIMHCTBE CIy4yaeB IMpPEJCTaBISET COOOW COBOKYIHOCTh
TB3JIoB norpy€HHbIX B 3aMEUISIONIYIO0 Cpeay (3aMeUINTelNb) — BEIIECTBO, 3a CYET YIPYTUX CO-
YIAApEHHUM ¢ aTOMaMH KOTOPOTO 3HEPrUsl HEUTPOHOB, BBI3BIBAIOIINX U COIIPOBOKIAOIINX JIEJICHUE,
CHIDKAETCs 10 SHEPrHil TEII0BOro paBHOBECHs co cpenoil. Takue “reroBble” HEUTPOHBI 00JIaa-
0T MOBBIIIEHHON CIIOCOOHOCTBIO BBI3BIBATH JieNieHHe. B kauecTBe 3aMeyiuTesnss 0ObIYHO HUCIIOJIb3Y-
eTcs Boza (B ToM uucie u Tsokénasg, D20) u rpagut. AKTUBHYIO 30HY peakTopa OKpyXkaeT oTpaka-
Telb U3 MaTepUaloB, CIIOCOOHBIX XOPOILIO pacceuBaTh HEHUTPOHBI. DTOT CJIOW BO3BpAILAET BbLIE-
TaloIINe U3 aKTUBHOW 30HBI HEMTPOHBI OOPATHO B 3Ty 30HY, MOBBIIIAS CKOPOCTH MPOTEKaHUS IIeT-
HOM pEeakUMH W CHWXKasi KPUTHYECKYIO Maccy. BOKpyr oTpakarens pa3MeIarT paJIHallMOHHYIO
OMOJIOTMYECKYIO 3aIIUTY U3 OETOHA U APYTHMX MaTepHasIoB Ui CHIDKEHUS U3ITydeHUs 3a IpeesiaMu
peaxkTopa 10 IOIyCTUMOTO YPOBHS.

B akTuBHOI 30HE B pe3ynbTaTe JeNeHHs] OCBOOOXKIAeTCs B BUJE TEIJIa OTPOMHAs SHEPTUsl.
OHa BBIBOJIUTCS U3 aKTUBHOM 30HBI C MOMOIIIBIO Ta3a, BOJIbI WIIK JIPYrOro BellecTBa (TEIIOHOCUTE-
JI51), KOTOpO€E MOCTOSIHHO MPOKAaYMBAETCS YEPE3 aKTUBHYIO 30HY, oMbIiBast TBOJIsl. 310 Temno mo-
KeT OBITh HCIIOJB30BAHO JUISl CO3AAHUS TOPSAYEro Napa, BpaIlaouiero TypOUHy 31eKTPOCTaHIHUH.

s ynpaBiieHUsI CKOPOCTBIO IIPOTEKaHUsS LEMHOW PEaKLMU ACIICHUs IIPUMEHSIOT PEryiu-
pYIOIME CTEP)KHU M3 MATEPHANIOB, CHIIBHO IOIVIOUIAIOIINX HEUTPOHBI. BBeneHne Mx B aKTHBHYIO
30HY CHM)KAeT CKOpPOCTh LEMHON peakUud M Mpu HEOOXOAMMOCTH TOJHOCTBIO OCTaHABIMBAeT €€,
HECMOTpPs Ha TO, YTO Macca SAEPHOTO TOIUIMBA NPEBBIIAET KpUTHdecKyro. 1lo mepe mn3BneueHus
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PEryJIUpYIOINX CTeP>)KHEH M3 aKTUBHOM 30HBI MOTJIOLIEHHNE HEUTPOHOB YMEHBIIAETCS, W LIEMHas
pPCaKknusg MOXET 6I>ITI: JOBEACHA 40 CTaauu CaMOHOI[,Zlep)KI/IBaIOH_IGI\/'ICSI.

[Tepsrrit peakTop O6bu1 ymieH B CILIA B 1942 r. B EBpornie nepBbiii peakTop ObuI mytieH B 1946
r. B CCCP.

Tema 6.2. TexHosroruueckas cxeMa aTOMHOM IJICKTPOCTAHIUHU

Texnonmoruueckast cxema ADC 3aBUCHUT OT TUIIA PEAaKTOPa, BUIa TEINIOHOCUTEIIS U 3aMe -
TeNsl, a TakXKe OT psaa Apyrux GaxtopoB. Cxema MOXKET ObITh OJHOKOHTYPHOMH, ABYXKOHTYPHOU U
TPEXKOHTYPHOM.

[TepcnextuBHbiME sBISIIOTCS ADC ¢ peakTopamu Ha ObICTphIX HelTpoHax. Cxema ADC ¢

peaktopom tumna bH siBnsiercs TpEXkoHTYpHOM (puc.6.2).
5

10
ol !
- el o o i}

Puc. 6.2. Texnonoruueckas cxema ADC ¢ peakropom tuna bH 1- peaxmop, 2 - mennoo6-
MEHHUK Nepeo2o Konmypa, 3 - meniooomenHux (bapabar) 6mopoco kKoHmypa, 4 — napoeas myp-
ouna, 5 - nogviuarowuii mpancgopmamop, 6 — cenepamop, 7-kondencamop; 8, 9, 10 - nacocwl

B 1Byx KOHTypax UCIOJIb3YETCs )KUJIKUN HATPpUil (B KOHTYPE peakTopa U MIPOMEKYTOUHBIM).
Kunkuii Hatpuii OypHO pearupyer ¢ BoJOH W BOASHBIM mapoMm. IlosTomy, yTOoOB M30EXaTh MpHU
aBapHUsIX KOHTAKTa PaJlOaKTUBHOTO HATPHS MEPBOTO0 KOHTYpPa C BOJIOM U BOJISHBIM MapOM, BBITIOJI-
HSIETCS BTOPOU (TPOMEXKYTOUYHBIN) KOHTYp. PabounM TenoM TpeThero KOHTypa SBISETCS BOJAa U
BOJITHOM map.

Jns npenoxpanenust nepcorana ADC OT paAHallMOHHOTO OOIYYEHHsSI PEaKTOpP OKPYKaroT
OMOJIOTMYECKOM 3aIUTON, OCHOBHBIM MaTEPHAJIOM JIJIsi KOTOPO# ciykaT 0€eToH, Boja, necok. O6o-
pYyJIOBaHHE PEAKTOPHOI'O KOHTYpPaA JIOJDKHO OBITH MOJHOCTHIO TepMeTHUHBIM. [IpemycMarpuBaercs
cUCTEeMa KOHTPOJISI MECT BO3MOKHOW YTEUKH TETUIOHOCUTEISI, IPUHUMAIOT MEPBI, YTOOBI MOSIBIICHHUE
HE TJIOTHOCTEH U pa3pbIBOB KOHTYpa HE MPUBOJIWIO K PAAHOAKTUBHBIM BBIOpOCAM U 3arpsi3HEHUIO
nomerieHnit ADC u okpyxaromeid MectHOCTH. OO0pyI0BaHNE PEaKTOPHOTO KOHTYpa OOBIYHO YC-
TaHABJIMBAIOT B FEPMETUYHBIX OOKCaX, KOTOPBIE OTAENEHBI OT OCTaIbHBIX moMmerienuii ADC Ouo-
JIOTUYECKOW 3aIUTON M MpU paboTe peakTopa HEe 0OCITYyKHUBAIOTCS, PaqnoakTHBHBINA BO3/IyX U HE-
0OJIBIIOE KOJIMYECTBO MApOB TEIUIOHOCHUTENS, OOYCIOBICEHHOE HAIMYMEM MPOTEYEK M3 KOHTYpa,
YAQIAIOT U3 HeoOCTy)KMBaeMbIx momemnieHnid ADC crer. cucTeMOl BEHTWIISINU, B KOTOPOU IS
UCKITIOYCHHS] BO3MOXKHOCTH 3arpsi3HEHUs aTMOC(ephbl MPeayCMOTPEHbI OYUCTHBIE (DUIBTPHI U Ta3-
roJIbAephl BBIAEPKKH. 3a BBHIMOJIHEHUEM MPaBUJl paJuallioHHON Oe3omacHocTH nepcoHasom ADC
CIEIIUT CITy>k0a T03UMETPHUECKOTO KOHTPOJIS.

[Ipu aBapusix B cucTeMe OXJIQXACHHUS peaKTopa /Ui UCKIIOUCHHS MeperpeBa U HapylmeHUs
repMeTudHOCTH  060nodek TBDJIoB mpexycmaTpuBaroT ObICTpoe (B Te€UEHHUE HECKOIBKO CEKYHI)
TIyIIEHUE SIICPHON PEaKIMy; aBapuiiHas CUCTEMa PacXOJIaKHUBAaHUS UMEET aBTOHOMHBIC MCTOYHHU-
KU MUTaHUS.

Hanuyre OMONOTrHYecKO# 3aliuThl, CHCTEM CIIeUaTIbHON BEHTUJISIIMN U aBapUIHOTO pac-
XONAKUBAHUS M CIY>KOBI JO3UMETPUUYECKOTO KOHTPOJIS IMO3BOJISIET MOJHOCTHIO 00€30MacuTh 00-
ciyxuBaronuit nepconan ADC oT BpeHBIX BO3ACUCTBUI PaIMOAKTUBHOTO OOTyUCHHUS.
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Tema 6.3. OCHOBHBIE IOCTOMHCTBA U HEJIOCTATKH ATOMHBIX 3JIEKTPOCTAHIUI

Bo wmuorux crtpanax ADC yxe BbIpabaTbiBaoT 0OoJjiee TOJIOBUHBI AJIEKTPOIHEPTUU (BO
O®panuuu - okoio 75%, B benbruu - oxono 65%), B Poccun tonbko 15%. Hapsay ¢ atum B 90-¢
rojpl cTpoutenscTBO ADC B pa3BUTHIX CTpPaHAX PE3KO 3aMEUIMIIOCH WM JIaXKe MPeKpaTuiock. B
HEKOTOPBIX CTpaHax ObLI BBEJAEH MOpPATOpPUI Ha pa3BUTHUE sAAepHOM sHepreTUkH (ABcTpus, Utanus
U T.1.). OCHOBHOW MPUYMHOMN 3TUX M3MEHEHHH MOCTYXHIU KpyIHbIE aBapuu Ha UepHOOBUIbCKOM
ADC (Ykpauna) u Ha ADC «Tpu-Maiin-Ainenny (CIIA).

B mepcniektuBe co3maHue peakTOPOB TPETHETO MOKOJEHHsI, 0COOCHHO pekTopoB THma BH.
Ceituac orpannuenue macitaboB ADC TpeOyeTcst B CBS3H C TEM, YTO Y PEaTOpPOB BTOPOTO MOKae-
HUS COXPAHSETCA BEPOATHOCTh KPYITHBIX aBapuii, M 4eM OOJIbIIIe YHCIO peaTopoB, TeM Ooibiie Oy-
JeT UX MHTErpajbHasi BEPOSTHOCTh KpynHOU aBapuu. Co3gaHue PEeKTOPOB TPETHETO MOKOJIEHUS, Y
KOTOPBIX MOJHOCTHIO HCKITIOYEHBI KPYITHBIE aBAPUH, TIO3BOJIUT 3HAYUTEIIFHO PACHIMPUTH MACIITAObI
pa3BUTHUSA AIEPHOIN SHEPTETUKHU.

OcHoBHble focTouHcTBAa ADC: 1) He 3arpsA3HSIOT OKPY’KAIOUIEH cpelbl P HOPMaIbHBIX
YCIOBUSAX (YHKIIMOHUPOBAHUS; 2) HE TPEOYIOT MPUBSI3KH K HICTOYHUKY CBIPBSI.

OcnoBubie HegocTtatku ADC: 1) nmpobiiemMa 3aXOpOHEHUS PAIMOAKTUBHBIX OTXOIOB; 2) Ka-
TacTpoUYeCcKUe MOCIEICTBUS aBapHii; 3) TEIJIOBOE 3arps3HEHHE UCIIOIb3YEeMbIX BOAOEMOB.

Pazgen 7. 'maposnepreruyeckue yCTAaHOBKHU
Tema 7.1. Knaccugukanus ruapoHepreTH4eCKuX yCTaHOBOK

['Mapo3neKTpOCTaHIIMU — 3TO BBICOKO3(D(PEKTUBHBIE NCTOUHUKHU 3JIEKTPO’HEpruu. B 601b-
muHcTBe cinydaeB ['DC mpencTaBisitoT coO0i 0OBEKThl KOMIUIEKCHOI'O Ha3HayeHMs, oOecredu-
BAIOIIME HYXK/bl IEKTPOIHEPIeTUKU U IPYTUX OTpacield HapOAHOI'O XO34HCTBa: BOJHOTO TpaHC-
1opTa, BOJOCHA0XKEHHUs, pbIOHOrO X03stiicTBa U T.A4. [[DC uMeroTcss NpakTUYECKHU BO BCEX CTpaHax
(32 MCKIIIOYEHUEM rocynapcTB ApaBUHCKOro MOJyoCTpoBa, JINBUM UM HEKOTOPHIX Apyrux). Ux co-
OpY’KEHUS SBJSIOTCSA OJTHUM U3 BAKHBIX HAIPaBICHUHN pa3BUTHS AJIEKTPOIHEPTETUKH.

I'SC — 3T0 KOMIIJIEKC COOPYXKEHUNH U 000pYAOBaHUs, MOCPEICTBOM KOTOPOTrO SHEPTuUsi BO-
JI0TOKa npeolpa3yercs B 3JIEKTPUUECKYIO dHepruto. OHa COCTOUT U3 THAPOTEXHUYECKUX COOpPYXKe-
HUM, 00ecreunBaroMX HEOOX0IMMYIO KOHIIEHTPAIIHIO MIOTOKA BOJIBI M CO3/JaHUE COCPEIOTOUEHHO-
ro Haropa, U YHEPreTUUecKoro o0Opya0BaHus, MPEOOPa3yIOUIEro IHEPTUIO ABMKYIIEHCS 1Mo Ha-
IIOPOM BOJIbI B JIEKTPUUYECKYIO SHEPTHUIO.

B 3aBucumoctu ot Hanopa I'9C noapasnenstoT: Ha BeICOKOHANOpHBIe (6osiee 80 M), cpen-
HeHarnopHsele (0T 25 10 80 M) U HU3KOHANopHbIe (10 25 M). [IpHHATO Ha3bIBaTH COBOKYNMHOCTb T'H/I-
POTEXHUYECKHUX COOPYKEHUMH, SJHEPIeTUYECKOE U MEXaHMYECKOe 000py1I0BaHUE TUAPO3HEpPreTnye-
ckoit yctanoBkoii (I'9Y).

Pa3nuuaroT ocHOBHBIE THIIEI [ DY
- rugposniekrpoctaniuu (I'2C)

- HacocHble ctanuu (HC)

- TUApOAaKKyMyaupytomue anekrpoctanunu ('ASC)
- npwirBHbIE 31eKkTpocTaHiuu (I19C)

- BOJIHOBBIE 3nekTpocTaniuu (Bonl2C)

Tema 7.2. Cxema co31aHHs HANIOPA U OCHOBHOE 000PY/10BaHUE THAPO3JIeKTPOCTAHIUI

OcHoBHBIMU coopyxeHUsIMA ['DC Ha paBHMHHOW pEKe SBISAIOTCS: MIOMUHA, CO3IAFOIIAS
BOJIOXPAHWIMIIE U COCPEIOTOUYECHHBIN Mepenaj ypoBHEH, T.e. Hamop, u 30auue ['OC, B KOTOPOM
pasMelarTcs THAPOTYPOUHBI, T€HEPaTOphl, MEKTPUUECKOE M MEXaHHYeckoe oOopynoBaHue. B
cilydyae HEOOXOTUMOCTH CTPOSITCS BOAOCOOPHBIE U CYJOXOJHBIE COOPYXKEHHSI, PHIOOMPOITYCKHBIE
COOPYKCHHMS U T.J.
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Bona nopn BosneiicTBHEM CHIIBI TSDKECTH IO BOAOBOJAM JIBUXKETCS M3 BEpXHEro Obeda B
HIDKHUH, Bpamas pabouee Koieco TypOuHbL. B sHepreTMueckux 1eiasiXx B OCHOBHOM HCIOJIb3YyeTCs
peuHoii cTok. IIpu 3TOM yTHnu3upyercst 1100 HEMOCPEICTBEHHO KMHETUYECKasl SHEPrus TeKyluen
BOJIbI (IIPY 3TOM MOIIHOCTH, KaK IPaBUJIO, HEBEJIMKH), JINOO €€ dHeprus, CKOHLIEHTPUPOBAaHHAs 3a
CU€T CO3JaHMsl NCKYCCTBEHHOIO Ilepenasia BeIcoT (m1oTuHHbIe U aepuBanoHHslie '9C). Typbuna u
reHepaTop BMeCTe 00pa3yoT ruaporeneparop. B TypOuHe sHeprust BOJOTOKa Mpeodpaszyercs B Me-
XaHUYECKYI0 SHEprHI0 BpAlLlEHHWs Ha Bajlly arperara, a I'eHeparop IMpeoOpa3yeT 3Ty SHEpPruio B
IIEKTPUYECKYIO.

IlnoTMHHAsA cxemMa IpeJycMaTpUBAaeT CO3/IaHUE MOJAINOpA YPOBHS BOJOTOKA IyTEM COOPY-
xKeHus 1IoTuHbL. OOpasyromieecs Mpu 3TOM BOJOXPAHWINIIE MOXKET MCIIOIb30BaThCS B Ka4eCTBE
peryaupymoieii EMKOCTH, O3BOJISAIOIIEH EPUOJUUECKH HAKAIJIMBATh 3arackl BOJbI U O0Jee IOJIHO
MCII0JIb30BaTh SHEPIHIO BOJOTOKA.

B runpoysnax, ocylecTBIEHHBIX MO IUIOTUHHOM CXeMe CO3/1aHus Halopa, pa3juydaroT py-
Cl106ble Y NPUNIOMUHHbIE 31aHUS] CTAaHIUH.

I'SC ¢ pycnoBeIM 37aHHEM XapaKTEpU3yeTCsl TeM, YTO € CO34aHue BXOJUT B COCTaB BOJO-
MOJIIOPHBIX COOPY)KEHUH M BOCIIPHHHUMAET JIaBJICHUE BOJBI CO CTOPOHBI BepxHero Obeda. ['DC ¢
HOPUIUIOTUHHBIM 3[JaHMEM XapaKTEepPU3YIOTCs, TEM, YTO 3JlaHHE PACHoJaraeTcs 3a IUIOTMHOM U He
BOCIPUHUMAET J1aBJIEHUE BOJIBI.

JlepuBaniMoHHasi cXeMa I103BOJIET IOJYYUTh COCPEJOTOUEHHBIN Mepenaa myTéM OTBOZA
BOJIbI U3 €CTECTBEHHOI'0 pycia M0 UCKYCCTBEHHOMY BOJOBOJY, UMEIOIIEMY MEHBIINN MPOI0IbHBII
yKJIoH. briarogapst 3ToMmy ypoBeHb BOJbI B KOHIIE BOJIOBO/IA OKA3bIBAETCS BBIIIE YPOBHS BOJBI B pe-
K€; 9TO Pa3HOCTh U sABJseTCs HaropoM Takoit ['OC.

Coopyxenue nepuBanioHHbIX ['DC oka3bpIBaeTCs 11€1eCO00pa3HbIM B T'OPHBIX YCIOBMSIX
npu OONBIIMX YKJIOHAX PEK W OTHOCHUTEIIFHO MAJIBIX PAacXoAax BOABI; TOTJA MPH HEOONIBIION Mpo-
TSOKEHHOCTU M MAJIOH IUIOLIaId CEUEHUs JAEPUBALMOHHOIO BOJOBOAA MOXKHO MOJYYUTh OOJIbIION
Harop (1000 m u Gosiee) U COOTBETCTBEHHO OOJIBIIIYIO MOITHOCTb.

KomOuHupoBaHHas cxema IpeJycMaTpUBaeT CO3JIaHUE Haropa MOCPEICTBOM HCIHOJIb30-
BaHU HAIopa, Kak IUIOTHHBI, TaK M IEPUBAIIMOHHBIX COOPYKEHUH.

Ha Bcex I'DC, ocymiecTBIEHHBIX MO JIOOOH M3 YKa3aHHBIX CXeM, MEXaHMYecKas SHeprus
JBUKYIIUXCS Macc BOJBI IPeoOpa3yeTcsl B 3JIEKTPUUECKYIO C MOMOIIBIO THAPOTYpPOUH M THapore-
HEpaTOPOB, Pa3MEIIEHHBIX BMECTE ¢ MHOIOYHMCICHHBIM BCIIOMOTaTEIbHBIM 000pPY/JOBAHUEM.

I'maporypounbl. OCHOBHBIM 3HepreTuueckuM obopyaoBanueM ['DC gBISIOTCS TUAPOTYp-
OMHBI U reHepaTopsbl. [ uopasiuueckoli mypouHot Ha3bIBa€TCs MAaIlMHA, PeoOpasyroas 3HEPruto
JBUKEHMSI BOJIbI B MEXaHUUECKYIO SJHEPTHIO BpallleHus e€ pabodero Kojeca.

Tema 7.3. Knaccupuxkauus ruipoTypouH

['upoTypOUHBI MOAPA3IESAIOTCS Ha JIBa Kiacca: akTUBHbIE U peakTUBHbIE. TypOuHa Ha3bl-
BAETCS AKMUBHOU, €CITU UCTIONIb3YeTCs TOJIbKO KUHETHYECKasi YHEPTUs IOTOKA, U peakmugHotl, eciu
MCIIOJIb3YETCSl U MOTEHIUaIbHAs dHEeprus npu peakTuBHOM 3¢ ¢dekre. Hanbonee pacnpoctpanén-
HBIMH aKTHBHBIMHU THIPOTYPOMHAMH SIBISIIOTCS Kogutesvie (puc.7.1, a).

B xoswosoii akmuenoui TypOMHE TOTEHIIMATbHAS SHEPTHI THAPOCTATUIECKOTO JABICHUS B
CYXXHMBAIOILEHCs HacaJlke — COIUIe — IOJIHOCTBIO NPEBpAIaeTCsi B KHHETUYECKYIO SHEPTHUIO JIBH-
*eHust Bojbl. Pabodee komeco TypOUHBI BBITIOJIHEHO B BUE JUCKA, TIO OKPYKHOCTH KOTOPOTO pac-
MOJIOXKEHbI KOBIIeoOpa3Hble onactu 7 (puc.7.1, a). Boga, ornbast moBepXHOCTH JonacTei, MEHsEeT
HaIpaBJICHUEC IBWIXCHUS. HpI/I 3TOM BO3HHKAIOT HeHTp06e)KHI)Ie CHIJIBI, HeﬁCTBYIOIIII/Ie Ha MMOBEPX-
HOCTH JIONIACTeH, U SHEPTHsl ABMXKEHUS BOJbI IpeoOpa3yeTcsl B SHEPTUI0 BpallleHUs Kojeca TypOou-
HBI.

Ecnu ckopocTh IBUKEHHUS BOJIbI, BRITEKAIOIIEH U3 TYpOUHBI, paBHA HYJIIO, TO BCSI KHHETHYE-
CKasl SHEPTUs BOJIbI, HE CUNUTasl OTEPh, IPEBPAILAETCS B MEXaHUYECKYIO SHEPTUIO TYpPOUHBI.
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Puc.7.1. O0ume Buabl pabo4ynx Kojiec ruapoTypOuH:
@ - TIPUHIHUT paOOTHI M OO BUJ KOBIIOBOM TypOHHBEL: 1 - OacceiiH BepXHEro ypoBHs
(6beda); 2 - TypOuHHBIHM TpyOonpoBo; 3 - coILio; 4 - pabouee KoJeco; 5 - KOXKYX;
6 - perynupoBoYHas uria; 7 - Ionactu (KOBIIIH);

PaznuuHbie KOHCTPYKIIMU pabodnx KOJEC PEaKTUBHBIX TYPOHMHBI CO3MAIOT WX Pa3IMYHbIE
THIBL. paauanbHo-oceBbie (puc.7.1, 0); mpomemiepHbie (puc.7.l, B); HOBOPOTHO-JIOMACTHBIC
(puc.7.1, r); nByxneposbie (puc.7.1, 1); nuaronansHbie (puc.7.1, e).

B peaxmuenoii ecuopasnuueckoii mypbure Ha nonactsx paboyero Kosueca npeodpasyercs Kak
KWHETHYECKasl, TaK M TOTCHIMAIbHAS YHEPTHUs BOIBI B MEXaHWYECKYIO SHEPrHIO TypOuHBI. Bona,
HocTymnaromnas Ha pabouee kKojeco TypOuHsbl, 001a/1aeT U30bITOUHBIM JaBIEHUEM, KOTOPOE MO Mepe
IIPOTEKAHMS BOBI MO MPOTOYHOMY TPaKTy pabouero koseca ymeHbmraercs. [Ipu 3ToM Boa okasbl-
BAaeT PEaKTHBHOE JaBJIEHUE HA JIONAcTH TYpOMHBI M cjararomas HOTEHIMaIbHON SHEPruH BObI
MIpEBpAIIACTCS B MEXAaHUYECKYIO DHEPTHIO pabouero Kojieca TypOUHBI.

3a cyeT KpUBH3HBI JIONACTEN U3MEHSAETCs HallpaBJIeHHE TOTOKA BOJIbI, IIPU KOTOPOM, KaK U B
AaKTUBHOU TypOWHE, KHHETHYECKast SHEPTHUs BOJBI B pE3yJbTaTe JEHCTBUS IEHTPOOSKHBIX CHUII TIpe-
BpalllaeTcs B MEXaHWYECKYI0 HEPruio TypOuHsl. Pabouee koseco peakTUBHON TypOWHBI, B OTJIH-
Yre OT aKTUBHOH, TIOJTHOCTBIO HAXOJHUTCS B BOJE, T.€. MOTOK BOJBI MOCTYIAeT OJJHOBPEMEHHO Ha
BCE JIONACTH paboyero Kojieca.

PanuanbHO-oceBble TypOuHBI ycTaHOBieHbl Ha bparckoit, Kpacnosipckoit u npyrux ['2C.
[ToBopoTHO-1T0MacTHRIMU TypOHHaMu o0opyaoBanbl KyiiOsimesckas, Bonrorpanckas, KaxoBckas u
npyrue I'OC.

I'SC kak UCTOUHUK IEKTPUUYECKON SHEPTrHH UMEIOT CYIIECTBEHHBIE IMPEUMYIIECTBA Mepes
TETUTOBBIMU W aTOMHBIMH JIEKTPOCTaHIUAMHU. OHH JIydIlie IpUCocoOIeHBI Il aBTOMATHU3aluU U
TpeOYIOT MEHBIIEro KOJIWYeCcTBa JKCIUTyaTallMOHHOro mepcoHana. B Poccum moctpoeHsl u 3Kc-
tyaTupytotcst kpynubele I'9C: kackan Bommkckux 'OC mourHocThio 2,53 I'BT 1 Menee, bparckas
I'DC - 4,5 I'Br, Kpacnosipckas ['DC - 6,3 I'Bt, Casno-Illymenckas I'9C - 6,4 I'BT.

Ha snexkrpudecknx cTaHIMAX TYpOMHA M TeHEpaTop CBA3aHBI OOIIMM BasioM. YacTOThI UX Bparle-
HUS HE MOT'YT BBIOMpaThcs MPOU3BOJIbHO. OHM 3aBUCAT OT YMCIIA Tap MOII0COB pOTOpaA reHepaTopa
Y 4acTOTHI IEPEMEHHOr0 TOKa, KOTOpask JOJKHA COOTBETCTBOBATh cTaHAapTHOM. Kpome Toro, He-
00XO0MMO YUUTBIBATh, YTO MPU HEOOJBIINX YACTOTAX BpAILEHHUs TYpOUHBI MTOTyYar0TCS TPOMO3/I-
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KAMH U IOPOTUMH. YTOOBI MTOJIYYNTh CKOPOCTH arperaToB, OJIM3KNE K ONTUMAIBHBIM, TIPH OOJIBIINX
Haropax UCHOJIB3YIOT TYPOUHBI C MAJIBIMU 3HAUCHUSAMH KOdPQHLIHEHTa OBICTPOXOIHOCTH, a TIPU
HEOOJIBIIINX HAMopax — ¢ OOJBITUMHU 3HAYCHUSIMH 3TOTO Kod(durnenTa.

Tema 7.4. Maawbie I'IC u muxkpo I'IC

B nacrosiuee Bpems B Mupe 1 Poccun 6051611101 HHTEpPEC BBI3bIBAET BO3MOXKHOCTb CO3AHUS
mManbix ['9C momrHOocThI0 10 30 MBT. Mansie 'DC MOXHO CTpOHUTH Tipu HEOOJIBIION TITyOUHE pEK
U CKOpOCTH TeueHus He MeHee 1 M/c. OHM MOTYT co31aBaThcs B KOPOTKHE CPOKU C UCIIOJIb30BaHU-
€M YHU(UIMPOBAHHBIX 'HIPOATPETATOB U CTPOUTEIBHBIX KOHCTPYKIMI C BBICOKMM YPOBHEM aBTO-
MaTHU3alUU CUCTEM YIPaBJICHHUS.

Mansie I'DC MomHocThI0 IpuMepHO 0T 1 kBT 10 1 MBT npeacrasistorcs NpuopuTETHBIMU
UCTOYHHUKAMHU YHEPrOCHA0KEHHUSI aBTOHOMHBIX IOTpeOUTENel B FTOPUCTOM MECTHOCTH, IJIs1 KOTOPOH
XapaKTEepHO HaJU4YME CETH BOJOTOKOB C IOBBIIIEHHBIM YKIOHOM pycia.

JU1s OTIeNIbHBIX MECT BO3MOKHA ycTaHOBKAa MUKPO ['DC, At KOTOPBIX MOT'YT IPUMEHATHCS
CBOOOJHO MOTPYXEHHbIE TMAPOTYPOUHBI, T.€. HE CIEAYET COOpYXaTh IUIOTHHBI. ['MIApPOTYpOMHBI
Mukpo ['DC moryt umers KII/ 1o 90 %.

Bricokasi 5KOHOMHYHOCTH U 3KoJoruueckas 3ddexrnBaocts Mansix ['DC u mukpo ['OC,
00yCJIOBJIEHBI CIEAYIOIHUMHU (aKTOPaMHU:

e HeOOJbIIAs TIOMAAb 3aTOIUICHUS (U1t HEKOTOPhIX MUKpo ['IC BooOIIIE HET 3aTOIICHUS);

® [IPOCTOTAa IOJrOTOBKU MECTHOCTH K 3aTOIICHUIO;

® MEJIKOBOJHBIE UM HEOOJIbLIME 10 00beMy BojoXpaHmInIIa Majdblx ['D9C He MpensTCTBYIOT
npolieccaM BoA00oOMeHa;

e HeOOJbIIAs CTENIEHh HAPYIIEHHS Cpellbl OOMTaHUS YEJIOBEKA U )KHBOTHOTO MHUPA;

® HAHOCSAT HE3HAYMTENbHBIN YIIepO PHIOHOMY XO3SHCTBY;

e 1pocToTra obecrieueHus 6e30nmacHoON IKCIuTyaTauu Maibix ['9C, pa3pylieHne ux MmIOTHH HE

TaK OMAacHO, KaK pa3pylieHue mioTuH KpynHeix ['9C.

Tema 7.5. HacocHas cranums. Kinaccugpukanus HacOCHBIX CTAHIMI

HC npenna3znauena aisi nmepekadyky BOABI C HU3KUX OTMETOK Ha BBICOKME U TPAHCIOPTHU-
pOBaHMs BOJBI B yAaJ€HHbIE MyHKTHl. Ha HENl yCTaHAaBIMBAIOTCS HACOCHBIE arperarbl, COCTOS-
mue u3 Hacoca u asurarens. HC sBnsercs notpedureneM 31eKTPOIHEPTUH.

HC wucnons3ytorcst ans BopocHaOxenus TOC u ADC, KOMMYHaJIbHO-OBITOBOTO U IpO-
MBIIIJICHHOTO BOJAOCHA0XKEHUH, a TAaK)K€ B UPPUTallMOHHBIX CUCTEMaX, B CYJOXOJHBIX KaHaJax,
nepeceKarux Bojgopasaensl U T.1. CocTaB COOpYKEHHH, KOHCTPYKTUBHbIE OCOOEHHOCTH HAcOC-
HOM CTaHIMH, TUIl U YUCJIO OCHOBHOI'O M BCIIOMOTaTe€IbHOI0 O0OOPYJOBaHMS ONpPENESIeTCs C yue-
TOM Ha3HA4YEHUs HACOCHOM CTaHLIMU M TEXHOJOTUUYECKUMU TPeOOBAHUSAMU K HEH.

[To cBOeMy Ha3HAYEHHIO B CUCTEME BOJIOCHAOKEHUS U BOJAOOTBEICHUS HACOCHBIE CTAHIINH
NOJIPa3AEIIAI0TCS:

BononpoBoaHblie: 10 CBOEMy Ha3HAUYEHUIO M PACIIONIOKEHHUIO B 00IIEH cxeme BOJOCHA0-
JKEHUS JENIATCA Ha CTAHIMM, IEPBOrO MOJbEMA, BTOPOTO MOIBEMA, TOBBICUTENBHBIE U LIUPKYJIALIU-
OHHBIE.

HacocHble cTaHIMM NEPBOro noabeMa 3a01paroT BOAY U3 UCTOYHHMKA BOJOCHAOXKEHUS U
MOJAI0T €€ Ha OYHMCTHBIE COOPYKEHHS WU, €CIIM He TpeOyeTcsl OUUCTKU, HENOCPEICTBEHHO B pe-
3epByapbl, CETh, BOJOHANOPHYIO OAIIHIO B 3aBUCMMOCTH OT MIPUHATON CXEMBbI BOJIOCHAOKEHHS.

HacocHble cTaHIIUM BTOPOro moabeMa CIyXat JJid MoJa4yl OYHMILEHHON BOJBI U3 pe3ep-
BYapoOB YHCTOM BOJIbI TOTPEOUTEITIO.

IloBbicUTeIbHBIE HACOCHBIE CTAHLMM NPEAHA3HAUEHBI IS MOBBIIICHHS HAropa B BOJO-
IIPOBOAHOM CETH UM BOJOBOJE.

[npkyasiHOHHbIE HACOCHBbIE CTAHIMHU BXOJAT B CXE€Mbl OOOPOTHOI'O BOJOCHAOKEHMS
IIPOMBIIUIEHHBIX NPEANPUATUI U TEIUIOBBIX AIEKTPOCTaHUMN. Ha 3TUX cTaHIMAX OAHM MOAAIOT OT-
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paboTaHHYIO BOJY Ha OXJIAXKICHHE WJIM OYMCTHBIE YCTPOMCTBA, a APyrue BO3BPAILAIOT €€ CHOBA K
MPOMBIIUICHHBIM arperaTam.

KanaauzanmoHHble: NX Ha3HAUYCHHUE B cXeMaxX KaHaJHW3alliuM 3aKII0YacTCs B IMoABEME BO-
Abl HA OUUCTHBLIC COOPYKCHUS, CCIIN penbe(b MCCTHOCTH HC IMO3BOJIACT MOAABATh BOAY CaMOTCKOM.
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Puc.7.2. Cxema KOMITOHOBKH HACOCHBIX CTAHIIUN Pa3IMYHOTO HA3HAYCHUS
a — HacocHasl ctaHius | mojabemMa U3 OTKPHITOTO BOJAOUCTOYHHUKA;
0 — nHacocnas cranuusg 1l noagnema;

B — IOBBICUTEIIbHAS HACOCHAS CTAHIIHS,

I' — MUPKYJISALIUOHHAS HACOCHASI CTAHIIUS;

Jl — HACOCHAas CTAHIIUS BOJAOOTBE/ICHUS,

1 — Bonmo3zabop;

2 — caMOTEYHBIE BOJIOBO/IbI;

3 — BOJOIPHUEMHO-CETOYHBIN KOJIOEII,

4 — BcachIBarolIe TpyOsl;

5 — HacocHas CTaHIUS;

6 — HamopHBIC BOAOBO/IBI;

7 — OUUCTHBIEC COOPYKECHHUS;

8 — pe3epByapsl YHCTOI BOJIBI,

9 — nmoTpebuTenu TEXHUUECKON BOJIBI

10 — npuemHbBIE KaMepHI;

11 — oxmaxaaroniue Uik OYUCTHBIE COOPYKEHHUS;

12— caMOTeYHBII KOJIICKTOP;

13 — momerieHue peneTok

Tema 7.6. 'mapoakkymyanpyromme djekrpocranuun ('A9C)
I'"ASC npennazHadeHa A nepepaclpeeeHusl BO BpEMEHU SHEPIUU U MOLIHOCTH B DHEP-
rocucreme. B yacel moHmxkeHHbix Harpy3ok 'ADC paboraeTr kak HacocHas cTaHuus. OHa 3a cuér

noTpelsieMoil SHEpPruy NepeKaunBaeT BOly U3 HWKHEro Obeda B BEpXHUHM U CO3AAET 3amachl TU-
pO3HEpruu 3a CYET MOBBILLIEHUS YPOBHSI BEpXHETo Obeda.

~-32 -



BepxHun 6acceiH

TypOUHHLIA pexum

HacocHbIn pexum

3aaHue F'ASC

HwxHun GaccenHy

Puc.7.3. Cxema coznanust Haniopa '’ADC

B uacel makcumanbnoit Harpy3ku [TADC paboraet kak ['9C. Bona u3 Bepxuero Obeda mpo-
nyckaercs 4yepe3 TypOuHy B HWKHUM, 1 ['TADC BbIpaOaThIBaeT U BBIIAET IEKTPOIHEPTHIO B SHEP-
rocuctemy. B nmponecce 'ADC notpebisier AemEBYIO SIEKTPOIHEPTHIO, a BRIIAET OoJiee JOPOryro
SHEPTHUIO B MEPHOJ] MHUKa HArpy3KHu (3a c4€T pasHocTH TapudoB). 3amoiHss MPOBaIbl HATPY3KH B
sHeprocucteMe, oHa no3Bossger arperataMm ADC u TOC pabotath B Hanboliee IKOHOMUYHOM U
0€30MacHbIM pEeXUME, PE3KO CHUXKAsl MIPU 3TOM YAENbHBIM pacxoj] TOIUIMBA Ha MPOU3BOJCTBO 1
KBT*4 351eKTpOsHEPruu B I HEPrOCUCTEME.

B nacrosimiee Bpems B Poccun pabotaeT UMIpOaKKyMYIUPYIOIIMM KOMIUIEKC KaHalla UMEHU
Mockasl, Ky6anckas ['ADC, 3aropckas 'ADC momuoctbio 1.2 I'BT, a Takke niuaHupyeTcs CTPOU-
TenbeTBO emé Heckonbko ['ADC (mampumep, Jlennnrpanckas ['ADC momHOocTRIO 1,56 BT — 73,8

MIIpA. pyo.).
Tema 7.7. IlpnauBubie djaexkTpocTanumnu (IIIC)

I13C coopyxatoTcs Ha mobepexbe MOpPe M OKEaHOB CO 3HAYMTEIbHBIMHM TPHIMBHO-
OTJIMBHBIMHM KOJIEOAHUAMHU YPOBHS BOABI. JJIi 3TOr0 €CTECTBEHHBIN 3alMB OTIENISETCS OT MOps
wiotuHoil u 3panuem I19C. [Ipu npunuBe ypoBeHb MOpsi OyJeT BBILIE YPOBHS BOJBI B OTJie-
JEHHOM OT HEro 3ajlMBe, a MPU OTJIMBE, HA00OOPOT, HUXKE, UEM YpPOBEHb BOABI B 3anuBe. Ilepe-
majbl 9TUX YPOBHEHN CO37AI0T HAIMOpP, KOTOPHIA HUCMOIB3yeTCs mpu padoTe ruapoTypoun [123C.

B HexkoTOpbIX MOPCKUX 3ajluBax HPWIMBBI U OTIUBBI AocturaioT 10-12 M, a HambombiIne
npuwnBkl HabmonaroTes B 3anuBe @anau (Kanaga) - 1o 19,6 m. Texuuueckue pecypchl IPHUIMBHOMN
sHepruu Poccum onenuBatorcs B 200-250 mipa. kBr*4. u B ocHOBHOM cocpenoTodeHsl y moode-
pexsbs Oxorckoro, bepunrosa u benoro mopeil.

YpoBeHb B 3anuBe

YpoBeHb Npyu Npunuse BbIU6 Y POBHA. MOPA NPK

oTnuBee
- ————— — — — —
H YpoBeHb B 3anuBe
HWXe YPOBHA MOpS Npu
YpoBeHb npu oTnuee y npunuBe
-t >
OkeaH, mope )I 3anus

Puc.7.4. Cxema coznanus vanopa [19C
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Tema 7.8. BosiHOBBI€ 3JIEKTPOCTAHIIUY

JIBukeHHe OKEaHCKMX BOJH COMPOBOXKIACTCS BblAeIeHHEM (aHTACTUUECKUX OOBEMOB
sHeprun. OTHAKO YeTTOBEUECTBO MOKA TaK H HEe HAy4ynI0Ch A((HEKTHBHO mepepadaThIBaTh ATy JHEP-
THUIO JJIs1 CBOMX IIEJICH.

Cy1uiecTByeT HECKOJIBKO CIIOCOOOB UCIOJIb30BAHUS SHEPTUH BOJIH:

1. Ucnonb3oBaHue BEPTUKAIBHBIX MTOJABEMOB U CIIAJ0B BOJHBI JIJIs IPUBOJIA B JIEHCTBUE BO-
JSTHBIX WJIM BO3AYIIHBIX TYPOHH, COSAMHEHHBIX C 3JICKTPOTeHEepaTOPaMHU.

2. Wcnonp30BaHuE rOPU30HTAIBHOTO MEPEMEIICHUS BOJIH C TOMOIIBIO YCTPOUCTB (hitorep-
HOro Tumna ((arorep — mpudOp AT U3MEPEHUS HANpaBJICHH BETpa; (IIorep MpencTaBiseT cooon
MeTaJIIMYECKUi ¢uiar, pacrnonoKeHHbIH Ha BEPTUKAJIbLHOM OCH U TTOBOPAYMBAIOLIUIICS MO BO3/CH-
CTBHEM BETpa) ISl MOJIyYCHHUS Yepe3 CICHHATIbHYIO MIepe/iady BPaIIaTeIbHOTO IBHKCHUSI.

3. KoHieHTpaliys BOJIH B CXOASIIEMCs KaHale, B KOTOPOM MX KWHETHYeCKasl SHEPTusl 1Mo Ji-
JepKuBajia Obl HAIOP BOJBI, JOCTATOYHBIN JJIsl IPUBOJIA B ICHCTBUE TYPOUHBI.

OaHO U3 yCTPOMCTB MEPBOM I'pyNIBI MPEICTaBIseT cOO00N BEpTUKAIBbHYIO TPyOy, MOrpy-
KCHHYIO HIDKHUM OTKPBITBIM KOHIIOM B JOCTaTOYHO CIIOKOWHBIC CIIOM MOPSI M 3aKPBITYIO CBEPXY.
Tpyba 3akperuieHa Ha norjaBke. B BepxHeii ee yacTu, B "BOIHOBOI" Kamepe, BOJa UMEET CBOOOI-
HYIO TIOBEpXHOCTh. [IpH mo1beMe BOIHBI yPOBEHb CBOOOHOM MOBEPXHOCTH B "BOJHOBOH'" Kamepe
MOJHUMAETCS U C)KUMaeT BO3JYX, KOTOPHIN MPUBOJIUT B JCHCTBHE BO3AYIIHYIO TypOHWHY, COEIIH-
HEHHYIO C dJIeKTporeHepatopoM. [Ipu cmame BOJHBI yepe3 aTMOC(epHBIH KiarnaH B "BOJHOBYIO"
KaMepy 3acachIBaeTcsl HoBasl mopius Bo3ayxa. U nanee mpouecc nosropsiercs. [lepuon koneGanuit
YpPOBHS BOJIbI 5 - 6 C.

f_4 73

1

o Fr—

ANNANNY ™ N
Puc.7.5. Cxema BOJTHOBOM 3JIEKTPOCTAaHIIUU
1 — BONMHOBOM NOOBLEM YPOBHA; 2 — BO3AYLHbLINA NOTOK; 3 — TypbuHa; 4 — Bbinyck
BO34yxa; 5 — HanpaBneHWe BOSHbI; 6 — ONyckaHne YPOBHS; 7 — BNyCK BO3gyxa.

Tema 7.9. IlepciekTHBBI pa3BUTHA THAPOHepreTuxu B Poccuu u B mupe

Coopyxenune 'DC octaéTcsd ONHUM M3 BaXHBIX HaNpaBJIEHUHN pa3BUTHUS DIIEKTPO-
JHEPreTUKU B BUAMMOM InepcrekTuse. I'ocynapersa. IHTEHCMBHO pa3BUBAIOIIUE CBOXO DKOHOMHUKY,
cTpemsTes 3a c4€T coopyxkenus ['DC ¢ ux nemeéBoil anekTposHeprueit 00ecneynTb OBICTPBINA MpH-
pocT e€ mpOM3BOJCTBA U IMOBBIIIEHUE HHEProodecrneuyeHHoCcTH HaceneHus. Celdac 3TO B MOJTHOU
Mepe OTHOCUTCS K pa3BHUBaroIUMcs crpaHaMm JlatuHckoid Amepuku u Asuu. OgHako B CBOE
BpEMS 110 ATOMY IIYTH LIIK U cTpaHbl EBponsl 1 CeBepHONT AMEPUKH.

B 1970-90-e roxsl Hanbosiee MHTEHCUBHOE THJIPOCTPOUTENBCTBO Beloch B bpasunuu, Bene-
cyane, Aprentune, [laparsae u np. B wactHoctH, B JlatmHCKOM AMeprKe ObLUTO TOCTPOSHO TIOYTH B
2 paza 6ombiie ['OC momHocThIO cBbllie 2 I'BT, yem Ha Bcex Apyrux KOHTHHEHTax. B 3ToT nepuon
3/1eCh OBUIM COOPYXEHBI Takue TujposHepreTruueckue rurantel, kak [[OC Cun B Benecyane (10,3
I'Bt) u I'SC Wupu B bpazunuu (12,6 I'BT).

B nocnennee necstunetue XX B. 3HauMTeNnbHO pacmmpsiercss coopyxkenue ['9C B Azuu,
npexae Bcero B IOro-Bocrounoii. I B nuaepsl MUPOBOIO T'MAPOIHEPTOCTPOUTENHLCTBA BbI-
nBuHyncs Kuraii.
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Kpynueitmue '9C B mupe

HanmenoBanue Momurnocts I'BT | CpegnerogoBas BbI- I'eorpadus
paboTka, MIIp.I
kB1'u
Caubcs 22,40 100,00 p. SHIBHI,
r. Cannioynus, Kurait
Uryacy 14,00 100,00 p. Ilapana,
r. ®oc-ny-Uryacy, bpazu-
nust/[Taparsait
I'ypu 10,30 40,00 p. Kaponu, Benecyana
Tykypyn 8,30 21,00 p. ToxanTtun, bpasunus
Casno- [ymien- 6,40 23,50 p. Enucei,
ckasg ['OC r. Casgnoropck, Poccust
Kpacnosipckas 6,00 20,40 p. Enucei,
I'2C r. JluBHoropck, Poccus
Bbparckas ['DC 4,50 22,60 p. AHrapa, r. bparck, Poccus

Hapsny ¢ tpagunumonnsivu I'DC Bo MHorux crtpanax crpositcs 'ADC u manele (MUHU U
Mukpo) ['DC pa3Hoi MOIIHOCTH.

Cymmapnas ycranoBieHHass MOIIHOCTh [ DC B mupe k 2020 r. mo cpaBHEHHIO ¢ 0a30BBIM
1997 r. moxer yBenuuutbcs Ha 340 I'BT, a mpou3BOACTBO 3JEKTPOIHEPIUU HA HUX - ¢ 2556 1o
3900 TBt*u.

B03MOXHOCTH THIPOIHEPTOCTPOUTENHCTBA B Poccun ganeko He vcuepnaHbl, OJTHAKO o0a-
J1asi BTOPBIM 110 BEJIMYMHE TUIPOIHEPTONOTEHIIMAIOM, CTPaHa OTJINYAETCS OUYEHb HU3KUM YPOBHEM
ux ucnonp3oBanusd. Celuac B Poccum ucnomssyercs Bcero 9,9% TexHMYECKOro NMOTEHLUANA IO
CpaBHEHUIO C 25% B MUpPE B I[ETIOM.

Pasnen 8. Herpaaunuonnbie 1 BO300HOBJIsieMble HCTOYHUKH IHEPTUM
Tema 8.1. Dueprus cosnna. [Ipeo6pazoBaHue CoOJIHEUHOI IHEPTUM B IJIEKTPUUYECTBO

ConHeyHoe M3JIy4eHHE — DKOJIOTUYECKH YHMCTHIM M BO30OHOBIISIEMbI MCTOYHUK SHEPTHUU.
3amacel COJTHEYHOM 3HEPruM OrpoMHBL. UTOOBI B MOJHOM Mepe MCIOJIb30BaTh JTYYUCTYIO SHEPTHIO
ConHia, ee Hy)KHO NPEBPATUTh B KakoW-1100 nHOW BuA. OJMH 13 Hanbosiee pacpoOCTpaHEHHBIX U
NEPCHEKTUBHBIX CIIOCOOOB MpeoOpazoBaHMs cBeTa — (OTOINEKTpUUecKuil. MOTOHBI MepenarT
CBOIO DHEPI'HIO 3JIEKTPOHAM B MOJIYNPOBOJHUKAX. BO3ZHUKAET 37€KTpUUECKUI TOK.

OpHaKo MCIOJIb30BaHUE STON SHEPTUHU ISl MPOU3BOJCTBA NEKTPHUUECTBA B KPYIHBIX pa3-
Mepax CONPSDKEHO ¢ OOJIBIIUMHU TPYIHOCTSMH, TJIaBHBIE U3 KOTOPBIX — HM3Kas IIOTHOCTh COJI-
HEYHOW paJualMyi Ha TMOBEPXHOCTH 3€MJIM M IMPEPBIBUCTBHIA XapakTep ee MOCTYIJIeHUs (HOYHOe
BpeMsl CyTOK, 00JIa4HOCTh, MacCMypHbIE AHH). MI3BECTHBIE TyTH MPEOJI0JIEHUS STUX NPENATCTBUN —
CO3/1aHUE aKKyMYJISITOPOB 3HEPrUM M KOMOMHHPOBAHHBIX COJHEYHO-TOIUIMBHBIX WM COJIHEUHO-
ATOMHBIX SHEProCHCTEM, a TaK)Ke MPUMEHEHHE KOHILIEHTPUPYIOIIHUX COJHEUHYIO0 JHEpPrHi0 YyCT-
POMCTB, MOBBIMIAIOLINX €€ MIOTHOCTh. K coXkalleHuIo, 3TH pelleHus] He HAalUTM HIMPOKOTO MpUMe-
HEHUSI 0OCOOCHHO B CTpaHax, PacloOkKEHHBIX B BHICOKHX LIMPOTaX, N3-32 HEKOHKYPEHTOCIIOCOOHO-
CTH C TPAJAULUOHHBIMHU 3JIEKTPOCTAHIIUSMH.

CoBepIlIeHHO MHBIX PE3yJlbTaTOB MOXKHO OBLIO OBl JIOCTHYb, OTKA3aBIIUCh OT Ha3eMHBIX
COJIHEYHBIX JIEKTPOCTAHLIUN U pa3Meliasi UX Ha TEOCUHXPOHHOM opOuTe.

Wnest comnevnoi kocmuyeckoi snekrpoctanimu (CKOC) BnepBrie Obl1a chopmynmnpoBaHa
B CIA I'mezepom ILE. B 1968 roay. [Ipemnaranoch pa3MecTUTh Ha T€OCHHXPOHHOW opOUTe COJI-
HEYHbIC OaTaper OOJBIIONW MOITHOCTH, CHaOXEHHBIE MPEeoOpa3oBaTEIISIMU MOCTOSHHOTO TOKA B
cBepxBbicokoyacToTHoe (CBY) anekrpoMarHuTHOE u3nydeHue. BbIOOp reocHHXpOHHOW OpOUTHI
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(mopsimka 36 000 kM) B kadectBe MecTa OazupoBanuss CKOC obecrneunBaeT 3aBHCAHUE CTAHIIUN
HaJ ONpEIEIEHHbIM IIYHKTOM Ha 3€éMHOM IIOBEPXHOCTH, a UCIIOJIb30BAHME HAIPABJIEHHOIO Iy4yKa
3JIEKTPOMArHUTHOTO U3TYYEeHHs TO3BOJIET MEepeiaTh SHEPTUIO CO CTAHIIMK Ha 3eMJIIO, I/Ie OHA MO-
XKeT OBITh MPeoOpa3oBaHa B IEKTPUIECKUNA TOK MIPOMBIIIICHHON YaCTOTHI.

OT HelOCTaTKOB, MPUCYIIUX MAIIMHHBIM MPeoOpa3oBaTessiM, CBOOOIHBI YHEPrOyCTAHOBKU
C TaK Ha3bIBaeMbIMHM O€3MAIIMHHBIMHU MPEOOPA30BATEISAMH: TEPMODJIIEKTPUIECKUMUA U (OTOIIEK-
TPUYECKUMHU (COJHEUYHBIE OaTapeu), HEMOCPEICTBEHHO MPEeoOpa3yIoUMMU SHEPTUI0 COJHEYHOIO
U3ITyYEHUS B DJIEKTPUUECKUI TOK.

B nacrosmiee BpeMs MeTo (OTOINEKTPUYECKOTO IPpeodpa3oBaHus CTal OJHUM U3 MPHOPH-
TETHBIX HAIPABJICHUN UCIIOIb30BAHUS COTHEYHON SHEPTruu. ITO 00YCIOBICHO TEM, YTO OH o0ecrie-
YUBAET:

1) MakCHUMabHYIO 3KOJIOTHYECKYIO YHCTOTY NMPe0Opa30BaHUs YHEPTUH;

2) 3HAYMTENIbHBINA CPOK CIIykObI (Oonee 30 yer);

3) maible 3aTpaThl HAa OOCITY)KHBaHUE U JIP.

Tepmornekmpuueckuit Memoo

Tepmoanexrporeneparopsl (TOI') ocHOBaHBI HA OTKpHITOM B 1821 romy HeMenkuM Gu3H-
koM T.1. 3eeGexom TepMoaniekTpuaeckoM 3¢ (heKTe, COCTOSIIEM B BOSHUKHOBEHUH Ha KOHIIAX JABYX
Pa3HOPOAHBIX MPOBOJHUKOB TepM0-DJIC, eciy KOHLBI 3TUX NMPOBOJHUKOB HAXOAATCS IPU pa3HOM
TeMIeparype.

OTkpbITHI 3(deKT mepBoHaYANBHO HCIIOIB30BAICS B TEPMOMETPHH IS U3MEPEHUS TEM-
neparyp. Oueprerudeckuii KIIJ[ Takux ycTpoicTB-TepMomnap, MOApa3yMEBAIOIIMKA OTHOIICHUE
AJIEKTPUYECKON MOIIHOCTH, BBIACISIEMON Ha HAarpys3ke, K MOABEIEHHOMY TEIUly, COCTaBIISI J0JIU
npoueHTa. Tonbko mocie Toro, kak akageMuk A.D. Modde nmpennoxun Ucrnonbp3oBaTh s U3ro-
TOBJICHHUS TEPMODJIEMEHTOB BMECTO METAJUIOB MOJIYINPOBOAHUKH, CTAJIO BO3MOXHBIM 3HEpreTuye-
CKO€ HCIIOJIb30BaHKUE TEPMOAICKTpHUUecKoro dddekra, u B 1940-1941 rogax B JIeHunrpaackom ¢u-
3UKO-TEXHHYECKOM HWHCTHTYTE OBUI CO3/aH MEPBBI B MUPE MOJIYINPOBOIHUKOBBIA TEPMOIIEKTPO-
redepatop. B 40-50-e roapl Obuia pa3paborana Teopusi TepModiekTpuyeckoro 3pdexra B momy-
IIPOBOJHMKAX, & TAK)KE CUHTE3UPOBaHbI BecbMa 3(h(PeKTUBHBIE (IO CEH 1€Hb) TEPMOIIEKTPUUECKUE
MaTepUabl.

B nacrosimiee BpeMs B pacronioXeHHBIX B ['epmanuu nabopaTtopusx BeAETcs pa3paboTka
TEPMODJIEKTPUUECKUX ITpeoOpa3oBaTeiel, NpeACTaBIsAI0IUX CO00 NeméBble U KOMITAKTHBIE YCTa-
HoBKU ¢ KIIJ[ 35-40%, xotopble MOryT BbIpaOaThiBaTh MOLIHOCTH OT HECKOJBKHMX BaTT IO He-
CKOJIbKUX MeraBartT. [Ipeanosnaraercs, 4To Takue TEPMONIEKTPHUECKUE MPeoOpa3oBaTed CMOTYT
paboTaTh NPAKTUYECKHU OT JIFOOOr0 UCTOYHHUKA TETJIOBOM SHEPTUH.

D0T03/IEKTPHYECKHI METOA NNPe0dpa3oBaHus JHEPTHH

Conneunas Oatapes (puc. 5) OCHOBaHa Ha SIB-
JeHUU BHeIIHero (otorddexTa, MposBIAIOLIETOCs Ha
p-N -niepexo/ie B MOJIYIIPOBOJIHUKE MPU OCBEILIEHUH €T0
ceeroM. Cozaror p-n (Wik N-P) - mepexo1 BBEICHUEM
B MOHOKPHUCTAJLIMYECKUNA MOJYIPOBOJHUKOBBIA MaTe-
puan-0azy NpUMECH C MPOTHUBOIOJIOKHBIM 3HAKOM
npoBoauMocTu. Hampumep, B KpeMHUI BBOJST allkO-
MUHHUWA WIM JUTUH. B pesynbrare Npu NonajgaHud Ha
p-N -mepexo]l COJIHEYHOI'O HW3JIyUYE€HUs MPOUCXOTUT
BO30Y)KJICHHE AJIEKTPOHOB BAJIEHTHON 30HBI U 00pazy-
€TCs MIEKTPUUECKUI TOK BO BHEIIHEHN LEIN.

DOTOINEKTPUUECKUE  MCTOUYHUKU  HAXOMAT D e [ o
NpPUMEHEHUE NI MUTaHUs MOTpeduTeNneil B MHUPOKOM ot
MHTEPBAJIE MOIIHOCTEH: OT MHHHU-TEHEPATOpOB MJIs
YacoB U KaJIbKYJISTOPOB MOIIHOCTHIO HECKOJBKO BaTT /10 LEHTPAIbHBIX 3JIEKTPOCTAHIUI MOIIHO-
CTBIO HECKOJIBKO METaBarT.

B HacTosiee BpeMst yxke NMpeasioskeHO OONbIIOe YUCIO KOHCTPYKIIMI COTHEYHBIX 3JIEMEH-
TOB KaK Ha OCHOBE KPEMHMSI, TaK U C MCIOJIb30BAaHUEM APYTUX MOIYIPOBOJAHUKOBBIX MaTEpUAJOB.
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Paznuunst KOHCTPYKIMI BO MHOTOM 00yCIIOBJIeHBI cTpeMiieHrneM moBbieHus KII1/ 3a cuér nmpume-
HEHHS (P PEKTUBHBIX ONTUYECKUX CUCTEM CBETOCOOMPAHUS M CBETOIOTIIAICHHUS.
KIIJI coBpemeHHBIX coiHEeUHbIX Oarapeit qocturaet 13—20%.

Tema 8.2. DHeprusi Berpa. Berposneprernueckue yCTaHOBKHU

BerpoBas sHeprus npeacrapisieT co60i BO30OHOBIISIEMbIN UCTOUHUK SHEPTUH, SBIISIOLIUIN-
Csl BTOPUYHBIM 110 OTHOIIEHUIO K COJTHEYHON sHepruu. [IpuunHOi BOZHUKHOBEHHUS BETPA SIBIISAETCS
pas3HoCTH Temmeparyp B arMmocdepe, oOpasyromiecss B pe3yiabTaTe JEHCTBUS COJTHEYHOTO U3IY-
YeHUs, KOTOpPhIE, B CBOIO OYEpeb, 0OYCIIaBIMBAIOT BOZHUKHOBEHHE PA3NIMUHBIX JaBJeHUU. Berep
BO3HUKAET B MPOIIECCE PACCEUBAHUS SHEPTUHU, HAKOMUBIIEWCS BCIEACTBUE HAJIMYUS 3TUX pasziiny-
HBIX JaBJICHUM.

He Bcs sHeprusi BO3QyIIHOTO MOTOKAa MOXET OBITh HCIIOJI30BaHA JIaXKe C MOMOIIBIO HJie-
aIbHOTO ycTpoiicTBa. Teoperndyecku K03((UIIMEHT MOJIE3HOTO HCIIOJIB30BAaHMSI YHEPTUU BO3AYII-
HOT'O MOTOKa MOXeET ObITh paBeH 59,3%. Ha mpakTuke, corjgacHO onmyOIMKOBAaHHBIM JIaHHBIM, MaK-
cumanbHbli KI1/] sHEprum BeTpa B peaibHOM BeTpoarperare paBeH npuonusurensHo 50%, oqHaKo
U 3TOT MOKAa3aTelb JOCTUTAeTCs He MPU BCEX CKOPOCTAX, a TOJIBKO IMPH ONTUMAIbHONH CKOPOCTH,
IIpelyCMOTPEHHOM ITpoekToM. KpoMe Toro, 4acTh SHEpruu BO3AYIIHOIO IIOTOKA TEPAETCS MPH Ipe-
00pa3oBaHUM MEXaHUYECKOW SHEPTHU B 3JEKTPUUYECKYI0, KoTopoe ocymiectrisiercs ¢ KII/ oObru-
HO 75-95%.

CoopyxaroTcs BeTpodHEepreTuieckre ycTaHoBku (BOY) mpeumyiecTBEHHO MOCTOSIHHOTO
ToKa. BeTpsiHOE KoJieco MpUBOAMT B ABMKEHUE TMHAMO-MAIIUHY-TE€HEPATOP AIEKTPUUYECKOTO TOKa,
KOTOPBI OJHOBPEMEHHO 3apsiKaeT MapalljielIbHO COSAMHEHHbIE aKKyMYISTOPbl. AKKYMYJISTOpHAs
Oarapesi aBTOMAaTUYECKU MOJKIIIOUAETCS] K FEHEpAaTOpy B TOT MOMEHT, KOI'Jla HalpsDKEHWE Ha ero
BBIXOJHBIX KJIEMMax CTAaHOBHUTCS OOJbIle, YeM Ha KIeMMax Oarapeu, U Takke aBTOMATUYECKU OT-
KJIFOYAETCsl ITPU MPOTUBOIIOJIOKHOM COOTHOILIEHHH.

OcoOenHocTy pabOTHl BETPOIHEPTETUYECKUX YCTAHOBOK B HACTOSAIIEE BPEMs XOPOILIO U3Y-
4eHbl. [IpoBOMATCS UCIIBITAHUS W COBEPIIEHCTBYIOTCS] KOHCTPYKIIMH BETPOArperaTos.

[TpuHIMN 1EeHCTBUS BCeX BETPOJBUTATENIEH OJIUH: 0] HAIOPOM BETpa BPaIAeTCsl BETPOKO-
JIECO ¢ JIOTACTSAMU, Nlepe/iaBasi KpyTSIIUA MOMEHT Yepe3 CUCTEMY Mepeaay Bajly FreéHepaTopa, BbIpa-
0aThIBAIOLIETO JIEKTPO’HEpruto. UeM Oosibllle JUaMeTp BETPOKOJeca, TeM OOJIBLIMM BO3IYLIHBIN
MOTOK OHO 3aXBaThIBAET U TEM OOJIbIIIE SHEPTUHU BbIpaOATHIBAET arperar.

[TpeoOpa3oBaHue KHHETUYECKOM SHEPTUU BETpa B JIEKTPUUECKYIO IIPOUCXOJUT C MTOMOIIBIO
BETPOIHEPTEeTUUECKUX YCTAHOBOK, KOTOPBIE MOXHO KJIACCU(QHUIMPOBATh MO CIEAYIOLIUM IMPHU3HA-
KaM:

* o MomHocTH — Manbie (10 10 kBt), cpennue (ot 10 mo 100 xBt), kpynusie (ot 100 1o 1000
kBT) u cBepxkpymnHsie (6onee 1000 kBr);

* 110 YHCITy JlonacTel pabouero Koueca — OJIHO-, ABYX-, TPEX- 1 MHOTOJIONACTHBIE;

* 110 OTHOILEHHIO Paboyero Kojeca K HalpaBICHUIO BO3AYIIHOTO TOTOKA: C TOPU3OHTAILHONW OCBIO
BpallleHusl, apauienbHoi (puc.8.1, a) uiu neprneHuKyIIpHO# BeKTopy ckopoctH (puc. 10.2, 0).

B nacrosmee Bpemst B Mupe u B Poccuu HanOosbIee pacipocTpaHeHHe MOTyYHIId TPEXJIo-
nactHeie BOY ¢ ropu30HTaIbHON OCBIO BpAIlEHUs, B COCTAB KOTOPBIX BXOJAT CIEAYIOIIAE OCHOB-
HbIe KOMIIOHEHTHI: paboyee Koseco 1, roHaona 2 ¢ peayKTopoM M reHeparopom, OamHs 3 u ¢yH-
namenr 4.

Bamns — game tpy6ooOpa3Has, pexxe — perierdyaras, Ha Hei B FOHJ0JIe pa3MelaeTcst oc-
HOBHOE DHEPreTUYECKOe, MEXaHMYECKOe M BCIoOMoTarenbHoe obopymoBanue BDY, B ToM umcie
pabouee KOJIECO WM POTOP C JIONACTSAMH, NMPeoOpa3youil SHEPTHIO BETpa B SHEPTUIO BpALCHUS
Bajia, pe1yKTOp JJis MOBBILIECHHUS YaCTOThI BpallleHHs Bajla pOTOpa U FeHepaTop.
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Puc. 8.1. Bunbl BeTpo3HEpreTHUECKUX yCTaHOBOK:
a—BOY c ropuzonranpHoii ochlo BpaieHus; 6 — BOY ¢ BepTukanbHoi
0Cbl0 BpaleHus; 1 — pabouee Koseco; 2 — roH0a ¢ FeHepaTopoM
U peayKTopoM; 3 — OaiHs; 4 — QyHIaMEHT YCTaHOBKHU

JInpupyer B obsactu BeTpodHepreTuku ['epmanus. Hemubl yaauHo ucriosnb30Banu 0coOeH-
HOCTH KJIMMaTa Ha CEBEpEe CTPaHbl, I1€ BETPBI, IPUUYEM JOBOJIBHO CUJIBHBIE, TYIOT PAKTUYECKH MO-
crosinHo. Bropoe mecto 3anumaer Mcnanus, tpetse — CLLIA. Hanus yxe k 2030 r. ruranupyet 1o-
Jy4yaTh MOJOBHUHY BCE HEOOXOAUMOI CTpaHe SJIEKTPOIHEPTUH C TOMOIIBIO BETPA.

[Ipuoputer Kak B pa3BUTHH TEOPETUUYECKUX HCCIIEJOBAHHUM, TaK U B CO3/IaHUU IPOEKTOB
BETPOIHEPTeTUUECKUX CTaHIMI MpuHaUIeKUT Hameld crpane. Emé B 1931 r. Obina coopyxeHa B
KpeiMy camas KpynHas B MUpe BETpoajiekTpuueckas craHuus MomHocTbio 100 kBt. Crannus pa-
6otana 10 1942 r. u gaBaia 3JE€KTPOIHEPTHIO B CETh HaNpsbKeHHeM 6,3 KB.

Tema 8.3. Bropuunbie ncTouHnky pecypcoB. buomacca u eé ncnojib3o0BaHue 1715 MOJTy4eHHS
JHEpPruu

O} QeKTUBHBIM BO300HOBISIEMbIM HCTOYHUKOM JHEpPruM sBisercs Ouomacca. Pecypcsl
O6romacchl B pa3IMUHBIX BHJIaX €CTh MOYTH BO BCEX PErMOHAX MHUPA, M MOYTH B KaXJIOM U3 HUX MO-
eT ObITh HaJakeHa ee nepepadoTKa B SHEPrui0 W TomiauBo. Ha coBpeMeHHOM ypoBHE 3a cuer
6romacchl MOXKHO MepeKpbITh 6-10% 0T 00I1Iero KoJMuecTBa YHEPreTHUECKUX NOTpeOHOCTEN Mpo-
MBIIIEHHO Pa3BUTBIX CTPaH.

bromacca cerogHs sBJISETCSA YETBEPTHIM 10 3HAYEHUIO TOILIMBOM B MHPE, J1aBasi €KErOIHO
1250 MJAH. T y.T. 3HEPruu U cocTaBiss 0KoJIo 15% Bcex MepBUUYHBIX SHEProHOCUTENeH (B pa3BU-
BAIOIIMXCS cTpaHax - 10 38%).

Poccust obGnamaer 20% MHMpOBBIX JIECHBIX 3allacOB, HO B JIECY €XKETrOJHO OCTAaeTcs 10
500 MiH. KyOOMETPOB Iepe3peiol APEeBECHHBI, KOTOpast 3aXJIaMJISIET JIeca, YBEININBACT MOKAPHYIO
ornacHoOCTh. Ha pa3nuyHbIX cTagusx nepepaboTKH APEBECHHBI MOSBISIOTCS JPEBECHBIE OTXO/bI, KO-
TOpble cocTaBisItOT okojio 40% oT ucxoaHoro ceipesi. B Poccun mmeercss gocratouHasi celpheBast
6a3a JuIg UCTIOJIb30BAaHUS IPEBECHHBI B KAUECTBE SHEPIrETUYECKOTO TOILIMBA.

Hcnonvzosanue duomaccol morycem npoeooumuvca 6 ciedyioujux HanpaeieHuAX:

1.IIpsiMoe c:kuranue

buomacca, rimaBHsIM 00pa3oM B ¢opMe JPEBECHOTO TOIUIMBA, SBJISETCS OCHOBHBIM HCTOY-
HUKOM SHEpPIruu MpUOIU3UTENBHO IS 2 MIIpJ. yesoBeK. B menom Onomacca aeT ceabMylo 4acTb
MHUPOBOTO 00beMa TOIUIMBA, a 10 KOJIMYECTBY MOJTYYEHHON SHEPrHH 3aHUMAaeT Hapsay ¢ IpUpo-
HBIM Ta30M TpeTbe MecTo. M3 Guomaccel moiaydaroT B 4 pa3a O0ibllie SHEPTHH, YeM JaeT saepHas
JHEpreTuKa.

JIpeBecHOE TOIIIMBO OTHOCUTCS K KOJIOTMYECKU YUCTHIM BHJIaM TOIUIMBA, MUMHUMAJIBHO 3a-
IPA3HAIOIUM OKPYXAOILYI0 cpely. B HeM ImpakTHYecKH OTCYTCTBYET cepa, U COAEp KaHue a30Ta
He npeBbiaet 1% oT Macchl, TO €CTh MPU CKUTAHUU APEBECUHBI 00pa3yeTcsi OUYeHb MaJl0 BPEIHBIX
OKHCJIOB a30Ta U CEpPBHI.
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CymecTByeT ABa croco0a MCIOIb30BaHMs JPEBECUHBI B KAUE€CTBE TOILJIMBA — MPSIMOE OJI-
HOCTaJIUMHOE C)KUT'aHUE B CJIOEBBIX TOMNKAX HA KOJIOCHUKOBOM PEIIETKE W JABYXCTAIUMHOE CHKUTIa-
HUE, BKJIIOYAIONIEE MpeaBapUTEILHOE TPEBPALIEHUE TBEPIOM APEBECHUHBI B Ta30BOE TOIUIMBO C IO-
CJIEIYIOIIMM CXXUTaHUEM Ta3a B Pa3lIMYHBIX YCTPOMCTBAxX (KaMEpHBIX TOMKAaX, MAPOBBIX U BOJO-
IPEMHBIX KOTJIAX, B XUMHUYECKUX TI€Uax, B IBUTATEISAX BHYTPEHHETO CrOPaHHUs, B OBITOBBIX I€Uax U
ra3oBbIX TMTax). O0IACTh HCIIOTH30BAHMS TA30BOTO TOIUIMBA 3HAYUTEIHHO IIHPE, TEXHOJIOTUIHEE,
Jlerye aBTOMAaTU3UPYETCS, MEHBIIE 3arpS3HSIET OKPYKAOUIYIO CPEy.

2. Ioayyenue 6uorasa

B HeTpaaummoHHON 3HEpreTHKe 0c000e MECTO 3aHMMAET NepepadoTka OrmoMacchl (OpraHu-
YECKUX CEITbCKOXO3SMCTBEHHBIX U OBITOBBIX OTXOJ/IOB) METAHOBBIM OpPOKEHUEM C TOJIydeHUEM OHO-
rasa, coaepskamiero okosio 70% MeraHa, u 00e33apakKeHHBIX OpPTaHMYECKHX ynoOpeHuid. Upe3Bbi-
YailHO Ba)KHA yTUJIIM3AIUsl OMOMACCHI B CEJIBCKOM XO3SIUCTBE, IJIe Ha Pa3IuYHbIe TEXHOJIOTUYECKUE
HYXXZIBI pacxoayercss O0bIIoe KOJWYECTBO TOIUIMBA M HEMPEPBIBHO PACTET MOTPEOHOCTH B BHICO-
KOKAaYEeCTBEHHBIX YIO0OpEeHHsIX. Bcero B MUpe B HACTOSAIIEE BPEMsI HCIIOIB3YeTCsl MIIH pa3padaThiBa-
eTcst 0KoJI0 60-TH Pa3HOBUIHOCTEH OMOTra30BbIX TEXHOJIOTHM.

broras — 310 cMech MeTaHa M YTIIEKHCIIOTOo ra3a, 00pa3yroIascs B Mpoiecce COpaxmuBaHMs
B CIICIUAIBHBIX PEAKTOPAX, YCTPOCHHBIX U YIPABIISIEMbIX TAKUM 00pa3oM, YTOOBI 00ECIIeYUTh MaK-
CHMaJIbHOE BBIICJICHUE METaHa. DHEpPrus, mojxydaemasi Ipu CKUTraHuM Ouorasa, MOXKET JIOCTHUTaTh
or 60 mo 90% ToOH, KOTOpol oOOnagaer WCXOMHBIM MaTepuan. Jlpyroe, U oOuYeHb BaX-
HOE, JOCTOMHCTBO TIpoIiecca mepepadoTK OMOMACChl COCTOUT B TOM, YTO B €T0 OTXOJaX COJCPIKHUT-
Csl 3HAYUTEIILHO MEHbIIE 00JIE3HETBOPHBIX MUKPOOPTaHU3MOB, YeM B HCXOAHOM MaTepuale.

CrnemyeT OTMETHTb, UTO CMECh OHMOTa3a W MPUPOTHOTO raza B cooTHorneHun 1:10 sBisercs
110 CBOUM XapaKTEPUCTUKAM IMOJHOCTHIO B3aUMO3aMEHSIEMOM C TPUPOIHBIM ra30M.

Tema 8.4. Bonopoanasi sHepreTuka

Bomopon — camblii pacpocTpaH€HHBIN 3eMeHT Bo Beenennoit (92%). B 3emHoit npupoae
BCTpEUaeTCsl IPEUMYIIECTBEHHO B CBSI3aHHOM BHJI€ (BOJA, MUHEPAJIbI, YroJib, He(Th, XKUBBIE CYyIIle-
CTBa, OpraHUYecKHe BelecTsa). B cB0001HOM Bujie HEOObIINE KOJIMYECTBA BOJIOPO/Ia UHOT /1A BbI-
OpachIBalOTCS ByJIKaHaMU, B pe3yibrare Auddy3un pacceuBasch B aTMocdepe. A Tak KaK CpeaHss
CKOpPOCTh TEIUIOBOTO JIBUKEHHUSI MOJIEKYJ BOAOPOA M3-3a UX MAJIOM Macchl OJM3Ka KO BTOPOH KOC-
MUYECKOM, TO U3 CJI0EB aTMOC(EPhI 3T MOJIEKYJIbI YJIETal0T B KOCMUYECKOE ITPOCTPAHCTBO.

CaoiicTBa BOiOpoOa

[Tpu 0OBIUHBIX YCIIOBUSAX BOAOPOJ — ra3 0e3 IBeTa U 3amaxa, no4tu B 15 pa3 snerue Bo3ay-
xa. O0najaeT o4eHb BBHICOKOM TEMIONPOBOAHOCTBIO, CPABHUMOMN C TEIIONPOBOAHOCTHIO METAJIOB.
OTO NPOMCXOIUT M3-3a JIETKOCTH MOJIEKYJ BOJAOPOJAa U, CIIEJOBATEIbHO, OONBIION CKOpPOCTH
UX JBMKEHUs. Bomoposl Xopolo pacTBOpsieTcss B HEKOTOPBIX MeTalylaX: B OJJHOM oObeMme naijia-
nvsi, Harpumep, pactBopsiercs 10 900 o6beMoB Bogopona. B cooTHomenuu 2:1 ¢ KUCIopoaoM 00-
pa3yeT B3pbIBUATHIM rpemyuuil ras3. Temmeparypa cropaHus BOAOPOJA YpPE3BBIUAWHO BBICOKA —
2800°C.

IlpuMeHeHnne U MoJry4eHue BOAOPOIA

[[upokoe mnpuMeHEHHE BOAOPOJ HAIIe B XUMUYECKOW MPOMBIIUIEHHOCTH IPU CHUHTE3€
aMMHUaKa, W3TOTOBJICHUS COJISIHOW M METMJIOBOM KHCJIOT, IIOJIYYE€HHS METHJIOBOIO CIUPTA.
B numieBoil MpOMBIIIJIEHHOCTH €ro MCHOJb3YIOT JJIsl MPEBpAIICHUs KUAKUX >KUPOB B TBEp/bIE
(MX TUAPOTEHU3ALIMH). YUUTHIBAs «HEBECOMOCTb» BOJOPOA, UM 3alOJIHSIM U 3aOJIHAI0T 00071049-
KU JIeTaTeNIbHBIX alIapaToB Jierdye Bo3ayxa. CHauana 3To ObLIM BO3IYIIHBIE IIAPHI, O3HEE — a3-
pPOCTaThl U AUPHKAOIH, CEroOHs (BMECTE C IeJIieM) — METeOpoJIornYeckre 30H bl Bricokast Tem-
rieparypa TOpPEHUs, a B COUETaHUU C DIIEKTPUYECKON ayroii ona mocturaer 4000°C, oOecreunBaer
paciuiaB JJa)ke CaMbIX TYTOIUIaBKUX MeTayioB. [Io3TOMy KHCIOPOJHO-BOJAOPOJHBIE TOPEIKH HC-
MOJIB3YIOT JJISl CBApPKU U PE3KH METAJIOB. B 1IBETHOI MeTayulypruu BOCCTaHOBIEHHEM BOJIOPOAOM
MOJIy4al0T 0CO00 YMCThIE METAJLIBI U3 OKCHIOB. B KOCMUYECKOl TeXHHKE OTEUYEeCTBEHHAsl paKeTa-
HOCUTEJb «DHEPTHUS» C YCIIEXOM UCHOJIB3YET BOAOPO/I B KAUECTBE TOILIMBA.

Pa3znun4aror j1abopaTopHble M NPOMBIILICHHBIE CIIOCOOBI NMOJIYYeHHs BOAOPOAA.

B naGopaTopHbIX ycIOBHUSX B HACTOSIIEE BpeMsl IPUMEHSIETCS:
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e  B3aUMOJICHCTBUE AKTUBHBIX METAJIOB C KUCIOTaMU — HEOKHUCIUTEISIMHU:
Zn + 2HCIl = ZnCl, + H,
e B3aUMOJICHCTBUE AIIOMUHMUS (WM LIMHKA) C BOJHBIMH PAaCTBOpPaMH IIEI0YEH:
2Al + 2NaOH + 6H,0 = 2Na[Al(OH)4] + 3H>
B nmpomblieHHOCTH:
e DJIEKTPOJIMU3 BOABI U BOJHBIX PACTBOPOB LIEIOYEH U COJIEH:
2H,0 = 2H>+ O,
2NaCl + 2H,0 = H,+ Cl,+ 2NaOH
e IIPOIyCKaHME MAPOB BOALI HAJ pacKanéHHbIM yriém npu 1000 °C:
C+H,O0=CO+H;
Ilpeumywecmea 6000pooa KaKk monaiuea no cCPAGHEHUIO ¢ OEH3UHOM.
. HEI/IC‘lell)lIaeMOCTL. B MupoBoM okeaHe BOAOPOAA COACPIKUTCSA 1,2x10% 1., JnenuTepust
— 2x10" 1. Cymmapuas Macca Bogopoa coctasisier 1% o6Iell Macchl 3eMITH, a diC-
70 atomoB — 16%. OcobGeHHO BaxkeH 3/ech TOT (aKTOp, YTO MPU CTOPAHUH BOJOPOJ]
IIpeBpallacTCs B BOAY U MOJHOCTHIO BO3BPAIAETCSA B KPYTOBOPOT IIPUPOABI.
e DHeprus BocIIaMeHeHHs B 15 pa3 MeHbllIe, 4eM IS yIIIeBOJOPOIHOTO TOILIMBA.
e MaxkcuMajibHasi CKOPOCTh pacnpocTpaHeHus (PPOHTA IJIaMeHH B 8 pa3 OoJblle 1o
CPaBHEHHUIO C YIJIEBOJIOPOAAMH.
e MWznydyenue muiamenu B 10 pa3 MeHbIIIE [0 CPAaBHEHUIO C IMJIAMEHEM YTTIEBOAOPOIOB.
e Dkojoru4Hocth. [Ipy ncnonb30BaHUM BOAOPOJA KaK TOIUIMBA MCKIFOYAETCS BO3MOXK-
HOCTb YCHJICHUSI MAapHUKOBOTO 3¢ (dekTa, He BBIACTSAIOTCS BpeIHbIE BElecTBa (aBTOMO-
OWJIBHBIN JBUTATENb BHIOpAChIBACT 45 TOKCUUHBIX BEIIECTB, B TOM YUCIIE U KaHIEpOre-
HBI), HET OIACHOCTH 00pa30BaHUs 3aCTOMHBIX 30H BOAOPO/A: OH JIETKO yJIETYYHBACTCS.
OtpunarenbHble KayecTBa BOJOPOJAA: 3TO HU3KHUE IJIOTHOCTb M OObEMHAs TEIJIOTBOPHAs
CIIOCOOHOCTH, 0oJiee MIMPOKUE MPEENIbl B3PhIBAEMOCTH U 00Jiee BHICOKAsI TeMIlepaTypa BOCILIaMe-
HEHUS 110 CPAaBHEHUIO C yrieBojopoaamu. [IpumMeHeHre KOHIENIMN SHEProaKKyMYyIUPYIOLIUX Be-
[IECTB MO3BOJUT CHU3UTh HEraTHBHOE BIUSHHUE 3TUX HEAOCTAaTKOB BOAOPOJa KaK TOILIMBA, KOTO-
pbI€ 3aMETHO MEPEKPBIBAIOTCS €r0 JOCTOMHCTBAMH.

Tema 8.5. I'eorepmasibHasi JHEPreTUKa

[Totok Teruia U3 Henp 3emMiid, UICTOYHUKOM KOTOPOTO SIBJISIFOTCS paAMOAKTHBHBIE MTPOLIECCHI
BHYTpU 3€MJIM, TIOCTOSIHEH, HO €ro MJIOTHOCTh O4eHb Maja. Tak, ¢ yriayOsieHueM Ha Kaxzabie 33 M
temneparypa nossimaercs Ha 1 °C. I1pu rimy6uHe coBpemMeHHOro OypeHusi ckBaxkuH 10 10—12 km u
6oee MOXXHO monyuuTh nepena] temnepatyp 300 °C u ucnonab30BaTh €ro AJs MPEBpAIIECHUS B
AIIEKTPUYECKYI0O U MEXaHWYeCKyo 3Hepruu. OJHaKo MOTepH Terja B TpyOOIpoBoAax MojAayu pa-
604Yero Tejxa M AMEKTPONPOBOAAX TEPMOIIEKTPOTreHEPATOpOB OyIyT TaK BEIMKH, YTO MOJIY4YEHUE
MI0JIE3HON PHEPIMM Ha ATOM HMCTOYHUKE SHEPTUM BPAJl JIM OKaXKETCS] peHTA0EIbHBIM B 0003pUMOM
Oymyiem.

4 1 — npueMHUK zopsyell eodbl;
2 — Hacoc 2opsidell 800bI;
6 3 — 2asoydanumens,;
o Z 4 — ucnapumens;
= 5 — napoeass mypbuHa ¢ zeHepamopoM MmMoka;
=47 .|y 6 — KoHOeHcamop;
— — —1

g 7 — UUPKYIAUUOHHBILU Hacoc,
8 — npuemHuk oxnaxoarouiell 800hbI
Puc.8.2. Cxema npocrteitmieit 'eo0C




B Hacrosimiee Bpemsa B Poccun Ha KaMuaTke mpOeKTUPYIOTCS U CO3JAI0TCsl T€OTepMalIbHbIE
anekrpuueckue cranimu (['eoDC) Ha 6a3e MyHTOBCKOTO T€0TEPMaIbHOTO MECTOPOXKICHUS 00IIIeH
MomHocThio 300 MBT.

Kamuatka u Kypuibckue oCTpoBa pacmojiararoT YK€ pa3BEJaHHBIMH 3alacaMu TeoTep-
MabHOM 3Heprun — 10 2000 MBT (anektpudeckux) u S000 MBT (TemIoBbIX), KOTOPBIC TO3BOJISIOT
B KOPOTKHE CPOKH MOJTHOCTBIO PEIIUTh MPOOJIEMY 3JIEKTPO- M TEIIOCHA0KECHHSI 3TUX paiOHOB Ha
MHoOTHe rojasl Briepes (1o 100 ner).

JlocToMHCTBa re0TepMalIbHON SHEPTETUKH

1) He 3aBHUCHT OT KJIMMATHYECKUX YCIOBUM, BDEMEHH I'0fla ¥ MPOYUX MOJOOHBIX AKTOPOB;

2) TMOJIHOCTBIO SKOJIOTUYECKU YUCTHI HCTOYHHUK SHEPTHH;

3) BbICOKast SKOHOMUYECKast 3PHEKTUBHOCTD.

HenocraTku reoTepManbHBIX JIEKTPOYCTAHOBOK:

1) BO3MOXHOCTh JIOKQJIBHOTO OCEIaHMsI TPYHTOB M MPOOYXKICHHS CEHCMHUYCCKON aKTHBHO-
CTH,

2) BBIXOSIINE WU3-TIO/ 3€MJIHM Ta3bl CO3/IAI0T B OKPECTHOCTSIX HEMAJIBIH IIyM U MOTYT, K TO-
My XK€, COJepPKaTh OTPABIISAIONINE BEIIECTBA;

3) s MOCTPOMKU TeoTepMaIbHON 3IIEKTPOCTAHIIMU HEOOXOAMMBI OIMPEIeIeHHbIE T€0JI0TU-
YECKHUE YCIIOBHS.

Pa3nen 9. Hakonurenu 3Hepruu
Tema 9.1. MexaHu4ueckne HAKONMUTEIN IHEPTUU

MexaHuuecKkre HAKONUTENM SHEPrUM SBISAIOTCA CAMbIM JPEBHUM KJIACCOM TaKUX YCT-
POMCTB, OCBOCHHBIM €IIE JOMCTOPUUYECKIM YETIOBEKOM, KOTJ]a OH BIEPBbIE 3aTalllil KaMeHb Ha ro-
Py, 4TOObI B HYXHBIH MOMEHT OOPYIIMTH €ro Ha JOCTaBIIEro cocela MaMOHTa... MHOTHe BU[IbI
9TUX KOHCTPYKIMH OTIMYAIOTCS MPEAeIbHONU MPOCTOTON U MPAKTUYECKH HEOTPaHUYCHHBIM CPOKOM
CIIy’kObI U XpaHeHHUd 3anacéHHOM sHepruu. OHaKo yJesbHas IIOTHOCTh 3alMac€HHOM SHEpruu J0-
BOJIPHO MaJjla, M KOTJja BO3HUKAEeT HEOOXOIUMOCTh 3allaCTH 3HEPTUH NO00O0JIbIIe, TO 3TO Cpa3zy NpH-
BOJUT K HEOOXOJMMOCTHU CO3JAaHUsI TPOMO3JKUX U, KaK HEU30€KHOE CIIeICTBUE, JOPOTUX COOPYKe-
HUM.

A) I'paBUTallHOHHBIE MEXAHUYECKHE HAKOMUTEIN

CyTb rpaBUTallMOHHBIX HaKonuTeel npocra. Ha sTane HakomiIeHus: SHEpruu rpy3 NOgHHU-
MaeTcsl Ha HY’)KHYIO BBICOTY, @ B HY’KHBIi MOMEHT OIyCKaeTcs 00paTHO, BO3Bpalliasi 3Ty SHEPTHIO.

K coxanenuro, ynenpHas 3HEPro€MKOCTb TAKUX YCTPOMCTB HEBEJIHMKA M OIPEAEIAETCS
kjaccuueckoit gopmynoit E =m - g - h. IlosTomy, 4yTOOBI 3an1acTH SHEPrUto A Harpesa | nutpa
BoJ161 0T 20°C 10 100°C (KOJUYECTBO TEIUIOTHI HEOOXOIUMOE JIUIsl HATPEBAHUS POU3BOJIBHOM Mac-
CBI BEIIECTBA M Ha 3aJaHHOE 4Yuciio rpaaycoB T = (t2-t1), rae tl-HauampHas Temmeparypa, a t2-
KOHeuHas, HaxoauTes o popmyne Q = C*m*T, Coap=4200/Ix\kr*rpax, 33600 [[x), Hago mos-
HATh TOHHY I'py3a Kak MUHUMYM Ha BbIcOTY 35 mMeTpoB (unu 10 ToHH Ha 3.5 MeTpa).

b) I'paBuTanimoHHbIe KUAKOCTHBIE MEXaHUYECKHE HAKONMTE/IH

ITpunnun 'ADC.

B) Kunernueckne MexaHM4eCKHue HAKONMUTEIN

B kuHeTHYeCKHX HAKOIMUTENSIX HEprus 3amacaercs B ABMKEHHM pabouero tena. Bozmoxk-
HBI JIBa TUINA JBI)KEHUS — Kosie0aTelbHOe U MOCTynaTeNbHOe (0OBIYHO BpaIlaTebHOR):

- KonebarenbHble (pe30HAHCHBIE) HAKOMUTENIH SHEPTUH — MPYKUHHBIA MasiTHUK B 4acax.

- [Ipy>kuHHBIE MEXaHUUYECKNE HAKOTUTEIN

CxxaTte u pacnpsMiIeHHE MPYXKUHBI CIOCOOHO 00ecreynTh O4eHb OOJBIION pacXxo H Io-
CTYIUIEHHE SHEPrHM B €IMHUILY BPEMEHM — TMOXalyd, HauOOIbIIYI0O MEXaHHYECKYI0 MOIIHOCTh
Cpelu BCeX TUIIOB HAKOMUTEIEeH SHEPTUH.

- MaxoBuku

DHeprus, 3amacacMmasi B MaXOBHKe, MOXKET ObITh HaieHa o ¢opmyne E =0.5] w?,raeJ -
MOMEHT MHEPLIMH BPAIAIOIIErocs Tela.
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Jl1s cTanpHOrO IMJIMHAPUYECKOTO MaXOBHUKAa MaKCUMasbHas yleiabHas SHEprusl COCTaBIsET
npubmm3utenbHo 10 kJx/kr. s maxoBuka maccoit 100 xr (R = 0.2 M, H = 0.1 M) makcumanbHas
HaKOIICHHAsI YPHEPTHUsl MOXKET cocTaBiATh ~ 0.278 kBT - wac. [Ipu paGoTte HaKOMUTEIh MOXKET B Te-
YeHHe yaca o0ecrieunBath Harpy3ky He 6onee 280 Bt. Cpok cirykObl MaXOBHKa MOXKET COCTaBIISATh
20 u Gomnee ner. [locTOMHCTBA: HAKOIUIEHHAs! SHEPTUS MOXKET OBITh MCIIOJI30BaHA B TEUEHHUE KO-
POTKOTO MTPOMEXKYTKA BPEMEHH, XapAKTEPUCTUKU MOTYT OBITh CYIIECTBEHHO YIIYUIIICHBI.

I') 'a30Bble MexaHMYeCKHE HAKONUTEIN

- PecuBep — cocyn U1 cKaluIMBaHMs ra3a WX napa.

B 3TOM KI1acce yCTpOWCTB 3HEPrusl HAKaIUIMBACTCS 3a CYET YNPYTrOCTH CxKaToro rasa. Ilpu
n30BITKE PHEPTUU KOMIIpECCop 3aKauuBaeT ra3 B 0amnoH. Korga tpeOyercs ucnonb30BaTh 3anaceéH-
HYIO SHEPIHI0, CXKATHIN ra3 nofaércesi B TypOMHY, HETIOCPEICTBEHHO BBITIOIHSIONIYI0O HEOOXOMMYIO
MEXaHUYECKYI0 pabOoTy WM BpAIIAOLIYIO 3JeKTporeHeparop. Bmecto TypOuHBI MOXKHO HMCHOIB30-
BaTh NOPIIHEBOW JIBUTATENb, KOTOPBIKA Oojee 3ddekTuBeH mpu HEOOIBIIUX MOIIHOCTAX (KCTATH,
CYLIECTBYIOT U OOpaTUMBbIE MOPLIHEBBIE IBUTATEIN-KOMIIPECCOPBI).

[TpakTHYeckn Ka)XIblii COBPEMEHHBIN MTPOMBIIIICHHBIH KOMIIPECCOP OCHAMIEH MOTOOHBIM aKKyMYy-
asTopoM — pecusepoM. [IpaBaa, naBnenue tam peako npesbimaeT 10 atM, ¥ IOTOMY 3ar1ac 3Hep-
THH B TAKOM PECHBEPE HE OUCHDb OOJIBIION, HO M 3TO OOBIYHO MO3BOJISIET B HECKOJIBKO pa3 yBelu-
YUTh PECYPC YCTAHOBKU U COKOHOMMTD SHEPTHUIO.

Tema 9.2. TenjioBble HAKONUTEJIU SHEPTUH

B Hamumx KIMMaTHYeCKHX YCIOBHUSX OYEHb CYIIECTBEHHAs (3a4acTyl0 — OCHOBHAas) 4acTb
noTpeOsieMoit SHEepTun pacxoayercs Ha ooorpes. [losTomy Ob1I0 OBl OUEHB YIOOHO AaKKyMYJIUPO-
BaTh B HAKOIIUTEJIE HEMIOCPEICTBEHHO TEIUIO M 3aTeM I0JIy4aTh ero oopatHo. Ha camom nene takoit
npoIecc He MPOCTO BO3MOXKEH, HO M MPOUCXOAUT MOBCIOAY M MOCTOSTHHO, IPOCTO OOBIYHO HA 3TO
He oOpararoT BHUMaHus. K coxaneHuto, B O0IBLUIMHCTBE CIIy4yaeB INIOTHOCTD 3aacéHHOM 3HEpruu
OUYECHb MaJia, a CPOKH €€ COXPaHEHUS BECbMa OrpaHUYCHBI.

A) HakomieHue 3a C4éT Tem10EéMKOCTH

OTOT crocod ApeBHUH, Kak cam Mup. JIro0oe BeliecTBO Npu HarpeBaHWU HAKAIJIMBAET TeIl-
JIOBYIO SHEPTrHI0, a IPU OXJAXKAECHUU OTAAET e€ o0paTHO B OKpyxaroulyto cpeny. Ilostomy cTout
OKPYXXUTh TIOMEIIEHNEe MAaCCHBHBIMH KaMEHHBIMH CTEHAMH, M HX TEIUIOEMKOCTH XBaTHUT, YTOOBI
CTJIaIuTh HAPYKHBIA CyTOUYHBIN nepenaa Temmeparypsl B 20-30 rpagycoB 10 KojeOaHUs TemIepa-
TypBl BHYTPH TIOMEIIIEHHs] B TEYCHHH TEX XK€ CYTOK Bcero Ha 2-3 rpamyca. K coxaneHuro, 3Toro
HE/I0CTaTOYHO, YTOOBI OCTAaBaThCsl B paMKaxX KOM(OPTHBIX YCIOBUH TOT/a, Korjaa KosneOaHWus Ha-
PYXXHOH TeMmepaTypbl JUIATCS XOTS OBl HECKOJIBKO CYTOK — TPU BPEMEHHOM ITOXOJIOJIAHUH WU B
TE€UYEHUHN HECKOJBKUX 0CO00 JKapKUX JHEH, — U TeM 0osiee 3TO He MOXET CIIIaJUTh TOJANYHbIE KO-
neGaHus TeMIiepaTypel. B mocnennem cirydae TONIIMHA CTEH JODKHA M3MEPSIThCS JIECSITKAMH MET-
pOB, a UX Macca — JIeCATKaMH ThICSIY TOHH. Bripouem, ecTh eCTeCTBEHHbIE IOMEIIEHUS, B KOTOPbIX
TEMIIepaTypa B TEUYCHHE BCETO roja MPaKTHYECKH HE MEHSIETCSI — JTO TITyOOKHE MenIephl.

Paznuunblie BemiecTBa 00safal0T pa3HOM TEMIOEMKOCThIO. Bripouem, y OosbIIMHCTBA OHA
Haxoautces B npenenax ot 0.1 go 2 x/x/(kr-K). AHoManbHO GoNbIION TEIIOEMKOCTHIO 00JaiaeT
BOJIa — €€ TEIUIOEMKOCTh B KHMIKOM (aze cocraniser npumepHo 4.2 kJ[x/(kr-K). bonee Bbicokyro
TEIIOEMKOCTh UMEET TOJBKO BechMa 3k30THueckuil mutuii — 4.4 xJx/(kr-K).

b) Hakonuenue s3Hepruu npu cMeHe (a3oBoro COCTOSIHMS BellecTBA

Ecnu BHEMaTEeNTbHO TOCMOTPETH HA TEIUIOBBIE MapaMeTPhl PA3IMIHBIX BEIIECTB, TO MOKHO
YBHIIETh, YTO TIPU CMEHE arperaTHoro CoCTOSHUS (TUIaBICHUU-TBEPACHUH, HCIApEHUH-
KOHJICHCAIINN) TIPOUCXOANT 3HAUYHUTEIBHOE IMOTJIONICHUE WU BBIJENeHHe dHeprun. J{ins OobmmH-
CTBa BEIIECTB TEIUIOBOW YHEPIUU TAaKUX MPEBpAILEHUH 10CTaTOYHO, YTOOBI M3MEHUTH TeMIepaTypy
TOTO € KOJIMYECTBA 3TOTO K€ BEHIECTBA HA MHOTHE JECATKH, a TO M COTHHU TPayCcoB, €CIIN arpe-
raTHOE COCTOCTSIHME OCTAa&TCsl HEM3MEHHBIM. A BeJlb, KaK M3BECTHO, MIOKA arperaTHoe COCTOSIHHE
BCEro 00bEMa BEILECTBA HE CTAHET OAHUM U TEM XKe, €ro TeMIepaTypa MPaKTHUECKH He MeHseTcs!
[TosToMy OBLTO OBl OUYEHB 3aMaHYMBO HAKAIUIMBATh SHEPTHIO 32 CYET CMEHBI arperaTHOro COCTOs-
HUSI — DHEPruM HaKaIlJIMBAETCSl MHOTO, a TEMIepaTypa U3MEHSETCs Majo, TaK YTO B pe3yJbTaTe He
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notpedyeTcs pemars npolaeMbl, CBSI3aHHbBIE C HATPEBOM 0 BBICOKHUX TEMIIEPATyp, U B TO K€ Bpe-
Msl MOKHO TIOJIYYUTh XOPOIIIYI0 EMKOCTh TaKOTO TEIUIOAKKyMyJisiTopa. Hampumep, MOKHO MCHOJb-
30BaTh IJIABJICHUE U KPUCTAIUTH3AINIO (MapadyH) WiIu UCIIapeHUE M KOHJICHCAIHIO (CIIUPT).

B) Hakomuienue 3Heprum ¢ moMOIbI0 TEPMOXUMHYECKUX PeaKIHi

JlaBHO ¥ mIMPOKO M3BeCTHA OOJbIIAsk TPYINa XMMHUUYECKUX PEAKIMil, KOTOPhIE B 3aKPHITOM
COCyZie IpY HarpeBaHUU UJYT B OJHY CTOPOHY C IOIJIOLIEHUEM DHEPIHHM, a IIPU OXJIAXKIEHUU — B
00paTHYIO ¢ BblI€JICHUEM dHepruu. Takue peakiy 4acTo HAa3bIBAIOT TEPMOXUMHUECKUMU. DHEpTe-
TH4eckas 3P(HEeKTUBHOCTh TAKUX PEAKIMNA, KaK MPaBUIIO, MEHBIIIE, YEM IIPH CMEHE arperaTHOro Co-
CTOSIHUSI BEILIECTBA, OJJHAKO TOKE BeChMa 3aMeTHa.

[TogoGHBIE TEPMOXUMHUYECKHE PEAKIIMH MOKHO PacCMaTPUBATh KaK CBOETO poja cMeHy (a-
30BOT0 COCTOSIHHSI CMECH PEareHTOB, M MPOOJIEMBbl 3/1€Ch BOSHUKAIOT IPUMEPHO T€ Ke — TPYIHO
HaliTu AeméByto, 6e30nmacHyto U 3(pPEeKTUBHYIO CMECh BEILECTB, YCIEUIHO ACHCTBYIOUIYIO MOI00-
HbIM 00pa3oM B nuamazone Temmeparyp oT +20°C mo +70°C. Brnpodem, ouH MOI00HBIA COCTaB
M3BECTEH YK€ IaBHO — 3TO I1ay0epoBa CoJlb.

Mupalunut (oH ke riiay0epoBa CoJib) MOJIYYaloT B Pe3y/IbTaTe AIEMEHTAPHBIX XUMUYECKUX
peakuuii (Hampumep, Ipu JOOABICHUH MMOBAPCHHON COJHM B CEPHYIO KHUCIIOTY) WIIM JOOBIBAIOT B
«TOTOBOM BHJE» KaK Moje3Hoe hckomnaemoe. O4eHb BEJIMKH €CTECTBEHHBIE 3arachl YKOJIOTUYECKU
yuctoro Mmupadbmiura B 3asiuBe Kapa-boras-I'on na Kacniuu (Typkmenucran), mpudém TaM OHH T10-
CTOSIHHO BO30OHOBIISIIOTCSL Oyarojapsi €CTECTBEHHOMY HCIIAPEHUI0 OTPOMHBIX 00BEMOB COJIEHOMN
KaCIUKUCKON BOJIbI TIOJI )KAPKUM FOKHBIM COJIHIIEM.

C Touku 3peHust aKKyMYJIALIUY TeIla Hanubosee HHTEpecHas 0COOCHHOCTh MUPAOMIINTA 3aKII0Ya-
€TCsl B TOM, UTO IIPH MOBBIIIEHUH TeMIepaTypsl Bbilie 32°C cBsA3aHHAs BOJa HAUMHAET OCBOOOXK-
JAThCsl, U BHEUTHE 9TO BBITIIAIUT KaK «ILJIABJICHHUE) KPUCTAJUIOB, KOTOPBIE PACTBOPSIIOTCS B BBIJE-
JUBLIEHCA U3 HUX ke Boje. [Ipu cHmxenun temneparypsl 10 32°C ¢cBoO0jHas BOJIa BHOBb CBSI3bI-
BaEeTCs B CTPYKTYPY KPUCTAILIOTUpaTa — MPOUCXOAUT KpucTtaiu3zanus. Ho camoe rmaBHoe —
TEIUIOTA ATOM peaKIMy THIpaTalliu-IeTHAPATallui BeCbMa BeluKa 1 coctaBisieT 251 k/x/kr.

Tema 9.3. DiiekTpryecKkHe HAKONUTEN IHEPTUH

OneKTpruuecTBO — Hambosee yqoOHas U yHUBepcalbHas (popma 3HEpruM B COBPEMEHHOM
mupe. [1o3ToMy UMEHHO HAKOMMTENN JIEKTPUYECKON 3HEPruM pa3BUBaIOTCs Hambosee ObicTpo. K
COYXKaJICHHIO, B OOJIBIIMHCTBE CIIy4aeB yaelibHas EMKOCTh HEJJOPOTHX YCTPOMCTB HEBEIMKA, a YCT-
POMCTBA C BBICOKOH yJIEIbHOM EMKOCTBIO CIIMIIKOM JIOPOTH JUIsl XpaHEHUs OOJIBIINX 3aM1acoB dHEP-
THH [TPA MAaCCOBOM IIPUMEHEHHU.

A) Kongencaropsl

CaMmble MacCOBBIE «DJIEKTPHUYECKUE) HAKOTIUTEIH SHEPTHH — 3TO OOBIYHBIC PaJHOTEXHHIYE-
ckue KoHzeHcatopbl. OHM 007a/1a10T OTPOMHOM CKOPOCTBIO HAKOIUIEHUS U OTJauu SHEPIUU — Kak
NPaBUJIO, OT HECKOJIBKHUX THICSAY O MHOTUX MWJIJIHAP/IOB MOJHBIX ITUKJIOB B CEKYHIY, U CIIOCOOHBI
Tak paboTaTh B IIMPOKOM JHara3oHe TeMIIepaTyp MHOTHE TO/bl, a TO U aecaTuieTHs. O0beanHssa
HECKOJIPKO KOH/ICHCATOPOB TapaUIeTIbHO, JIETKO MOXHO YBEIHYUTh WX CyMMapHYI EMKOCTH JI0
HY>XHO! BEJIMYMUHBI.

KonnmeHcaropbl MOXHO pa3/ieiMTh Ha J1Ba OOJBINIMX Kilacca — «CyXHe» HETOJSpPHBIE U
AIIEKTPOIUTHYECKHE, UMEIOIIUE CYIIECTBEHHO OOJBIIYIO YIENbHYI0 €MKOCTh, HO TpeOyrommue co-
OJTIOJICHHS TIOJSIPHOCTH TIPH TIOJKITFOUYEHUH U OoJiee YyBCTBUTEIbHBIE K BHEITHUM YCIOBHUSIM, TIpe-
KJIe BCEro K TeMIepaType.

OO0nacTp MpUMEHEHUS] KOHJIEHCATOPOB OTPAHUYHMBACTCS PA3TUYHBIMUA JJICKTPOHHBIMU CXe-
MaMM ¥ KpaTKOBPEMEHHBIM HAKOIUIEHUEM, JIOCTaTOYHBIM Ul BBIIPSIMIICHUS, KOPPEKUIUU U PUIbT-
panuy TOKa B CHIJIOBOH 3JIEKTPOTEXHUKE — Ha OOJIbIIIEe UX ITOKA HE XBAaTaeT.

b) Uonncropsl

W oHUCTOPBI, KOTOPBIE HHOT/]Aa Ha3bIBAIOT «CYMEPKOHICHCATOPAaMM», MOKHO pacCMaTPHUBATh
KaK CBOEro pojia MPOMEKYTOUHOE 3BEHO MEXAY DJICKTPOJUTHUECKUMH KOHJIEHCATOPAaMH U 3JIEK-
TPOXUMHYECKUMH aKKyMyisiTopaMu. OT NEpBBIX OHM YHACJIEAOBAJIN MPAKTHUYECKH HEOTPaHUYCH-
HOE KOJIMYECTBO IIUKJIOB 3apsiia-paspsia, a OT BTOPHIX — OTHOCHTEIBHO HEBBICOKHE TOKH 3apsIKU
U pa3psAAKH (IIMKJII TOJTHOM 3apsIIKU-pa3paIKy MOXKET JIIUTHCS CEKYHIY, a TO M HAMHOTO JIOJIBIIE).
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ﬂOHOJ’IHI/ITeJ'II)HO CIICAYCT OTMCTUTh JOCTATOYHO BBICOKYIO YYBCTBUTCIBHOCTH MOHHUCTOPOB
K TCMIICPATYypPC U OTPaHUYCHHOC BPECMA XpPaHCHHUA 3apdld — OT HCCKOJIBKUX CYTOK JO HCCKOJIBKUX
HEACIIb MAKCUMYM.

OneKTpocTaTnyeckui 3nekTponuTuyeckuii  C ABONHBIM 3NEKTPUYECKUM CII0eM
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B) DuekTpoxuMuyecKne aKKyMyJasTOPbI

DIEKTPOXUMHUECKUE aKKYMYJISTOPBI ObLTH M300peTeHbI emié Ha 3ape pa3BUTHUS JJIEKTPO-
TEXHUKHU, U Ceiluac UX MOXKHO BCTPETUTh MOBCIOAY — OT MOOMJIBHOTO TenedoHa 10 caMoNETOB U
KopabJei.

Kak mpaBuio, npu HEOOXOJUMOCTH 3amacaTbh JOCTAaTOYHO OOJIBIIYIO SHEPrUI0 — OT He-
CKOJIBKUX COTEH KHUJIO/DKOYJIEeH u 00Jiee — HCIIONIb3YIOTCSI CBUHIIOBBIE aKKyMYJISATOPHI (IpUMEp —
110601 aBToMOOMIIB). OJJHAKO OHU UMEIOT HeMallble rabapuThl U, Ii1aBHOE, Bec. Eciu ke Tpedyercs
MaJiblii BeC M1 MOOMJIBHOCTh YCTPOWCTBA, TO UCIIOJIB3YIOTCA 00Jiee COBPEMEHHBIE THUIIBI aKKyMYJIsi-
TOPOB — HUKEIIb-KaJMHUEBBIC, METAJUI-TUAPUAHBIE, TUTUH-NOHHBIE, NTOJIMMEP-UOHHBIE U Ap. OHU
UMEIOT Topas3fo 0osiee BBICOKYIO YAENIbHYI0 €MKOCTb, OJHAKO U yJeNbHAas CTOMMOCTb XpaHEHHS
SHEPIUU Y HUX 3aMETHO BBILIE, IOATOMY MX MPUMEHEHHE OOBIYHO OTPAHUYMBAETCS] OTHOCUTEIBHO
HEOOJIBIIMMU U DKOHOMUYHBIMU YCTPOMCTBAMU — MOOMIIBHBIMU Telle()OHAMU, Pa3IMYHBIMU KaMme-
paMy ¥ HOyTOYKaMH.

[To pexumy HCTIONB30BaHUS JIEKTPOXUMUYECKUE aKKYMYJIATOPHI (TPeXk/ie BCETO MOIIHBIE)
TaKXe MOApa3eNAI0TCs Ha J1Ba OOJBIINX KJlacca — TaK Ha3blBa€MbIE TATOBbIE U CTapTOBBIE. TAro-
BbI€ aKKYMYJIITOPbl OPUEHTHUPOBAHBI HA OTHOCUTEIHHO PAaBHOMEPHBIN pa3psij B TEUEHHUE TOCTATOY-
HO JUINTEIBHOIO BPEMEHH, KOTJa NapaMeTphl paspsiia CPaBHUMBI C TOKOM M BPEMEHEM 3apslKH, a
IyOMHA pas3psiia MOKET OBITh JOCTAaTOYHO OOJBIION — MIPEXKIE BCETO 3TO aKKyMYJISTOPBI IS
AIIEKTPOTPAHCIIOPTA, HNEKTPOUHCTPYMEHTA U UCTOYHUKOB Oecniepeboitnoro nutanus (UPS). Crap-
TOBBIE, HA00OPOT, CIIOCOOHBI BbIIaTh OYEHb OOJIBIION TOK B TEUEHUU KOPOTKOTO BPEMEHHM, HO MpHU
IITaTHOM SKCILTyaTalluu HE JIOJKHBI UCIBITHIBATh MIYOOKUH pa3ps]l — TaKOBbI OOBIYHBIE aBTOMO-
OMJIbHBIE aKKyMYJISITOPBI, BBIJAIOIINE B TEUEHUN HECKOJIBKHUX CEKYH]| Ha CTapTEP TOK B COTHHU aM-
nep MpH 3apsIHOM Toke nopsaaka 5..10 A v JIUTEIbHOCTH 3apsiAKU B HECKOJIBKO YacoB.

K HenmocTaTtkam 3JIeKTPOXUMHUYECKUX aKKyMYJISITOPOB MOXHO OTHeCcTH: 1) BechbMa OrpaHu-
YEHHOE YMCIIO LUKJIOB 3apsaa-paspsaa (B OOJbIIMHCTBE ciiydaeB — .2 ThICSYH, a TIPU HECOOIIO-
JICHUU PEKOMEHIAIINI TIPOU3BOIUTEIICH — TOpa3o MEHbIIE); 2) YyBCTBUTEIBHOCTh K TEMITEpaTy-
pe; 3) IMTenbHOe BpeMs 3apsiia, HHOT/IAa B IECATKHU pa3 MPEBHIIIAIOIISe BpeMs pa3psia.

I') Uupykunonnbie

CeepxmpoBosime Hakonurenu sHeprun (CIIMH) 3anmacaroT sHEpru0 B MarHUTHOM I10JI€
MHAYKIIMOHHOW KaTYIIKH, B KOTOPOH TOK HUPKYIUpyeT 6e3 nmotepb. BaxkHeH M npenMyiiecTBoM
UHJIYKTUBHOT'O HAKOIUTENS SBISIETCS €ro OBICTPOACHUCTBUE, JOCTUTAIOIIEe €AMHULl MUJUTUCEKYH],
YTO TMO3BOJISIET pearupoBaTh Ha caMble BHE3amHble aBapuu B 3Heprocucreme. B CIIMH npumens-
IOTCS B KQUECTBE TPOBOJIAIIECTO MaTEpHala CBEPXIIPOBOIHKIKH, B KOTOPBIX Tpu Temreparype 4,5° K
JNEKTPUYECKOE CONPOTUBIICHUE PABHSECTCA HYJIIO.
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B konctpykuun CITMH M0XHO yCIOBHO BBIIEIUTH TPU OCHOBHBIE KOHCTPYKTHUBHBIE Y3JIa:
COOCTBEHHO MarHUTHAas CHCTeMa, KPUOTEHHAs CHCTEMa M CHCTEMa CBS3M C BHEIIHEH CeThio, T.H.
npeoOpazoBaTeIb-UHBEPTOP.

B mupe npennaratorcs paznuunble BapuanTel CIIMH. Hanbonee nemeBbiM cuntaeTcst Bapu-
aHT HAKOIUTEJS B BUE KOPOTKOTO COJIeHOH1a ¢ OONbIIUM, opsaka 1 KM, AMaMETPOM, U BBICOTOM
0OMOTKH B HECKOJIBKO METPOB. 3/1€Ch BO3HUKAIOT JABE MPOOIEMBI: BBIXO MOJIS JAJIEKO 3 MPEIEIIbI
coJieHoM 1a (CrajaeT A0 YPOBHS 3€MHOIO MOJIA Ha paccTosHUU 10 10 KM) U CIIOKHOCTh KOHCTPYK-
iy O0aHgaxka Ui MPOTUBOJCHCTBUS NOHOEPOMOMOPHbIM CUIIAM. DTH TPOOJIEMbI TaHHOW KOHCT-
PYKLUHU IpeAaratoT pelarh 3a CYeT UCIOJIb30BaHUS IYCTBIHHON MECTHOCTH U CKAJIbBHOT'O HEIpPO-
BOJISIILIETO TPYHTA.

bonee npeanodTuTenbHbIM NpencTaBiseTcs Bapuant toponganbHo ClII kaTymiku, B KOTO-
poii BCE 10JIe COCPEOTOUEHO BHYTPU TOPOUA, @ OHIEPOMOTOPHBIE CUIIbI BOCIIPUHUMAIOTCS OaH-
Ja)KOM B BUJIE CTAIbHON TPYOBI - BHELITHEH 000JI0YKH TOPOHIA.

Topoun npencrarisier co00i TOHKHUN TPOBOJ, TUIOTHO (BUTOK K BUTKY) HAMOTAHHBIA Ha
Kapkac B ¢hopMme Topa.

B Takom BapuaHTe 0OBIYHO HMCIIOJIB3YETCSl CBEPXIPOBOJAHUK U3 HUOOUMN-TUTaHA, OXJIaXKae-
MBI KUJIKUM renreM jio temreparypsl 4,5° K. Dueprus mnoss B Takoit CII KaTylike COCTaBUT OT
enuann MJDbx wnm necsatkoB MBT-cek 1o coten I'J[xx unu coren MBt-uac. [l mocieIHux TH-
TaHTCKUX KaTylleK NoTpedyeTcst HecKoJbKo Thicsiy ToHH CII kaGens.

JlocTonHCTBa METO/1a HAKOIUIEHHUS IEeKTpodHepruu ¢ nomoribio CITNH:

1) aKo0rHYEeCKast YUCTOTA;

2) He UCTOIb3YIOTCS BpEeIHbIE MaTepUaibl, HIKAKUX XUMUYECKUX PEaKuil He IPOUCXOIUT;

3) OTxoabl MPOU3BOJCTBA OTCYTCTBYIOT. [IpUMEHsSEMBIN JUIsI OXJIaXAEHUS KUJIKUNA Tenui
ABJII€TCS O€3BPEIHBIM HMHEPTHBIM Ta30M, a MpU aBapUIlHOW pa3repMeTH3alliy KpUocTaTa JIETKO
yAAIAETCS CUCTEMON BEHTUIIALIVH.
Maruutnoe nosie CIIMH 3akiatoyeHo BHYTpH TOPOUJAILHOTO COJICHOU A U TPU HOPMAJIbHOM pe-
AKHUMe pabOThl CHAPY’KU 3AaHUS WIK KPEIIKOTO Kopiryca oTcyTcTByeT. C TOUKH 3peHus 0e30MmacHo-
CTH B aBapuHHOM peXHUMe (pacxojia)XMBaHHE TOPOHU1a) IOCTOSTHHOE MarHUTHOE T10JI€ Ha pacCTos-
HUU 3 M OT CTEHKH KOpITyca He IPEBLICUT 2.4 M1 Ipu npeaenbHo T0MYyCTUMOM YPOBHE 110 CaHHU-
TapHbIM HOpMaM 10 mTo.

Tema 9.4. Xumuyeckne HAKONUTEIH IHEPIUH

A) HakonieHue SHepruu HapadoTKoi TOM/IuBa
DNEeKTPOIU3Ep.

#*

TMiposia

exTpos
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Ha srane HakoruieHust SHEpruM NMPOUCXOAUT XUMHUUYECKash Peaklus, B pe3ylbTaTe KOTOPOH
BOCCTaHABIIMBACTCS TOIUIMBO, HAPUMEpP, U3 BOABI BBIIEISIECTCS BOAOPOA — MPSMBIM 3JIEKTPOIIH-
30M, B 2JIEKTPOXUMHUECKUX SUYEHKaX ¢ MCIOJIb30BAHUEM KATalIM3aTOpa UM C MOMOIIBI0 TEpMHUUE-
CKOTO PAa3JIOKEHUS, CKaXeM, DJIEKTPUYECKON JYyrol WM CHJIBHO CKOHLIEHTPUPOBAHHBIM COJIHEY-
HBIM CBETOM. «OCBOOOJUBIIMNCS» OKUCIUTENb MOXKET OBbITh COOpaH OTAEIbHO JHOO 3a HEHal00-
HOCTBIO «BBIOPOIICH», MOCKOJIBKY B MOMEHT HCIOJIb30BAHUS TOIUIMBA ATOTO OKHUCIHTENS Oynaer
BIIOJIHE JIOCTaTOYHO B OKPY)KAIOLIEH cpee U HEeT HEOOXOIUMOCTH TPaTUTh MECTO M CPEACTBA Ha
€ro OpraHU30BaHHOE XPaHEHHUE.

Ha srane u3BnedeHus sHEprun HapabOTaHHOE TOIUIMBO OKUCIISIETCS C BBIACICHUEM SHEPIUU
HETOCPEJCTBEHHO B HY)KHOU (popme, HE3aBHCHMO OT TOTO, KAKUM CIIOCOOOM OBUIO MOJYYEHO 3TO
TorauBo. Hanpumep, Bogopoa MOXET JaTh Cpa3zy TEIIO (MPH CKUIAHUU B TOPENIKE), MEXaHHuYe-
CKYIO 3HEpruio (IpH 1mojave ero B Ka4ecTBE TOIUIMBA B IBUTATENIb BHYTPEHHETO CTOPAHUS WU TYp-
OuHY) MO0 3IEKTPUUECTBO (IPU OKUCIECHUM B TOIUIMBHOM siuelike). Kak mpaBuio, Takue peakiuu
TpeOYIOT JOMOIHUTEIBHON UHUIMANKMH (ITOJKUTA), YTO BEChMa yJ00HO JJIsl yIPaBJICHHS MPOIIeC-
COM HU3BJICUCHMSI SHEPIHUH.

b) Be3romiinBHOEe XUMHYeCKOe HAKOMJIEHHE YHEPTUH

B nanHoM ciyyae Ha 3Tane «3apsAKU» U3 OJHUX XMMHMUYECKHX BELIECTB 00pa3yroTcs Apy-
rHe, ¥ B XO/Ie 3TOr0 Ipolecca B 00pa3yIOMUXCsl HOBBIX XUMHUECKUX CBS3SIX 3allacaeTcsi SHEPTUs
(ckaxkeMm, raméHas U3BECTh IPH OMOIIM HarpeBa MepeBOUTCS B HEralI€éHoOe COCTOSIHUE).

[Tpu «pazpsiake» TpoUCXoauT oOpaTHas peakius, COMPOBOKIaeMasi BEICJICHUEM paHee 3a-
nac€HHOM ’Hepruu (0ObIMHO B BHJIE TEIUIA, HHOT/AA JOIOJIHUTENBHO B BUJE Ta3a, KOTOPBIA MOXHO
1oJaTh B TYpOMHY) — B YaCTHOCTH, UMEHHO 3TO UMEET MECTO TPH «TalIeHUN» U3BECTH BOJOH. B
OTJIMYUE OT TOIUIMBHBIX METOJIOB, JJIsi Hayaja peakiuu OOBIYHO JIOCTATOYHO MPOCTO COEAUHUTH
peareHThl Ipyr ¢ ApyroM — JONOJHUTENIbHAs HHUIMALMS Mpoliecca (MOHKUT) He TpeOyeTcs.

Paznes 10. IIpodsieMbl coBpeMeHHOI JHepreTHKH
Tema 10.1. [Ipo0JieMbI JHepreTUuKu

Muinonsl JieT Ha 3emile B pe3yJsibTaTe (POTOCHHTE3a HENPEPhbIBHO HAKaIlIMBAJIACh JIyuH-
cras sHeprus ConHua. J[peBHUE pacTeHUs W KMBOTHBIE, MOTPY3UBLIMECS HA JHO MOPEW M BOJO-
€MOB, OT/Ial0T HaM €€ TeNepb B BUJIE YIS, HEPTHU U MPUPOJHOIO ra3a - HAIIMX OCHOBHBIX UCTOYHHU-
KOB DHEPTHUH.

OrpomHble NPUPOIHBIE PE3EPBHI YEIOBEYECTBO TPATUIIO MOCTEIIEHHO B T€UEHUE ThICSYEIe-
TUH CBOErO CYyIIECTBOBaHUA. TE€XHMYECKHH IPOrpEcC HENPEPHIBHO YBEIMUYUBAET CKOPOCTH UCTO-
IIEHMs] ATHX 3amacoB. BoT moueMy Bce yallle HAUMHAIOT pa3JaBaThCs rojoca O NEPCIEKTUBE IHEP-
reTUYECKOro rojiojia 1 1eecoo0pa3HOCTH SKOHOMUH NPUPOIHBIX pecypcoB. M 3TO ToJIKaeT y4eHbIX
Y MHXKEHEPOB Ha MOMCKHU HOBBIX MYTEH, KOTOPbIE IIOMOTYT yJIOBJIETBOPUTH OYyAyIIHEe MOTPEOHOCTH
B DHEPIUH.

B kakux e HanpaBJIEHUSIX YT IIOUCKU YYEHBIX?

(ATomHast SHepreTHKa, KOTOpas YK€ cTajla pealbHOCTBIO; IPOESKTHI UCTIOIB30BAHUS TEILIO-
BOTO rpajveHTa B MUpPOBOM OKeaHe U PHEPIUU IPUIIMBOB; CO3/IaHUE T€OTEPMHUUYECKHX AIIEKTPO-
CTaHLUH; ynpapisieMas TEPMOsAEpHAs peakiys, HaJ KOTOPOH paboTaloOT Ha MPOTSHKEHUH MHOTHX
JIeT y4YeHble, U, HaKOHell, Hau0oJiee 0UEeBHUIHOE - UCIOIb30BaHUE COTHEUHOM sHeprun. Ilo MHeHHIO
MHOTHX YYEHBIX, B PEIICHHH SHEPreTHYeCKUX MpolieM OyIylero OrpoOMHYIO pOJib JOJDKHA ChIT-
paTbh XUMUS - TaIbBaHUYECKHUE AJIEMEHThl U aKKyMYJISITOPBI, TOIUIMBHBIE JIEMEHTHI U BOJAOPOIHOE
roprouee).

CBs13b Mex1y 06J1aroCOCTOSTHUEM OO0IIECTBA U PAa3BUTUEM DHEPIETUKH U3BECTHA. DHEPreTHKa
JienaeT BKJaj B OjarococTostHue, obOecredynBas Takue 001acTH MOTpebseHus], KaK OTOIUIEHUE, Oc-
BEIICHHE W MPUTOTOBJIEHHE NMUIIM, a TaKKe CHabkaeT HeoOXOAMMOM 3Heprued Mpou3BOACTBO U
TPaHCIIOPT.

Jlo HeaBHETO BpEMEHHU B COOTHOIIEHUHU "IHEPTeTHKA - 6J1arocoCcTOsTHUE" HA MIEPBOM MECTE
CTOsJIa IPEUMYILECTBEHHO 3Ta BBIFO/IHAsl CTOPOHA. BMecTe ¢ TeM 3aTpaThl Ha PHEPIETUKY, BKIIIOUAs
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HE TOJIBKO JICHEeXKHBIE U JIPYyrHe pecypchl, OOpalieHHbIE Ha MOJyYeHUE U UCIOJIb30BaHUE SHEPTUH,
HO U M3/IEP’KKH, CBSI3aHHBIC C 3aIIUTON OKPYKAIOLICH CPebl CHIKAIOT YPOBEHB 0J1ar0COCTOSIHUSA.

B nocnennee BpeMs mepBoouepenHOE 3HAYCHHE MPHOOPETal0T MMEHHO 3TH HEraTHBHbBIE
TeHJeHIMU. Bo-niepBbIX, BO3HUKJIA CTOMKAs TEHJAEHIUS K pOCTy CTOUMOCTH 3Hepruu. [lpu cymect-
BYIOIIMX SHEPreTHUYECKUX CUCTEMaX U TEXHOJOTHUSIX HCIIONb30BAHUSI DHEPTUU MOTPEeOUTENIEM U MPU
CJIO’KMBIIMXCSI CXeMax ee MOTPeOIeHHUs OONBIIMHCTBO MTPOMBIIUIEHHO PAa3BUTBHIX CTPAaH yXe MOJ0-
IO K TOMY pyOexy, Korja ¢ JaJbHEHIINM POCTOM MPOU3BOJCTBA SHEPTUU U3JIEPKKH HAYMHAIOT
IPEBbIIATH MPHOBLITH.

Bo-BTOpBIX, OrpOMHasi 1011 AaBJICHUSI HA OKPYKAIOILYIO Cpely, MPUXOASIIASACS Ha SHEPro-
cHa0XeHue, Tenepb HapylaeT IPUPOAHbIE MTPOLECCH Y)Ke B IIUPOKOM MacIITaoe.

Cpeau 5KONIOrHYecKUX MpoOJeM, CBA3AHHBIX C Pa3BUTUEM SHEPreTUKU, CAMOM YIrpoKaro-
el siBiIeTCs mpobiemMa CHIIbHOTO moTteruieHus. KiauMar onpeznenser OONBIIMHCTBO KOJIOTHYE-
CKHX IPOLIECCOB, UMEIOIIUX pellalolee 3HaYeHHe AJIsi OJIarocOCTOSAHUS HACETICHHs. Y TJIEKUCIIbIN
ra3, HaKaIUIMBaIOIIMKCS B aTMOC(epe B pe3y/IbTaTe CXKUTaHUS MCKOMAEMOT0 TOIUIMBA, CO3/IaeT yC-
JIOBHE ISl BOSHUKHOBEHHUS MapHUKOBOTO 3((pekTa v u3MEeHeHus Kiumara.

[TpoGiieMa noucka pa3yMHBIX U HE TPO3SILUX TSHKEIBIMU HOCIEACTBUSAMU IyTEH pa3BUTHSA
SHEPreTHKHU - OCHOBHAsS 3a/1a4ya MPpH pa3pab0TKe IHEPreTHUECKON MOTUTHKH.

B kauectBe pemeHus: mpoOIeMbl BO3CHCTBHS SHEPreTUKN HA OKPYKAIOIIYIO CPEAy 4acTo
npeiaraloT SKOHOMHIO SHEpruH. be3ycnoBHO, 3/1ech UMEIOTCS OOJbIINE PE3EPBbI, U YETIOBEUYECTBO
IIOCTOSIHHO MJIET 110 3TOMY IIyTU. B Kakol cTeneHyn npoMbIIUIEHHBIN Iporpecc NpuBel K JOCTUXKE-
HUIO SKOHOMHUHU NEpBUYHON sHepruu 3a nocieanue 100 ¢ HeOOIbIIUM JIEeT, JeTKO BUACTh HA MPH-
mepe napoBbix MamuH. Ecin KI1/] mapoBeIX MammH B cepeiHe MPOLUIOro Beka cocTapisut 3-5 %,
TO COBPEMEHHbIE KOMOMHUPOBAHHBIE CUCTEMBI, IPOU3BOSIINE SHEPTUIO U COCTOAIIUE U3 Fa30BOM
1 apoBoii TypouH, nmerot KI1JI, nocturatomuii 42 %, T.e. Hamumo 10-kpaTHast SKOHOMUS SHEPTHUU.

KakoBbl k€ TEHACHIIMH U TPOTHO3BI Pa3BUTHSI SHEPTETUKU?

B npouuiom Hanbosnblas A0S 3HEPTUU, UCHOIb3yeMasl ISl IPOMBIIIEHHBIX 1IeJIed, Npu-
XoJuiach Ha HeTh U ra3, a UX NOoTpedIeHNe yBeINYUBANIOCh Kaxapie 15-20 net. Ecnu takas cko-
pocCThb coxpaHuTcs, To B Ommkaitimre 30-40 et nepBoHavYalIbHBIE 3aMMachl ucyeprnaroTcs Ha 88 %.

CymiecTByloT OoJiee 3HAUUTENBHBIE 3aMachl JPYroro MCKOMAeMOro TOIUIMBA - KaMEHHOTO
YT, OJTHAKO €ro 100bI4a ¥ UCIOJIb30BaHUE CO3AAI0T MHOXKECTBO 3KOJIoTnYeckux npodisem. [Tomy-
YeHUue SIepHOI SHEPruu BpsJ JIM HAlJeT IUPOKOoe MPUMEHEHHE IIpex/ie YeM OyAyT CO3JJaHbl peak-
TOPbI HOBOT'O MOKOJIEHUS C 3aMETHO YJIYYILIEHHbIMU XapaKTepUCTUKaMU 0€30IacCHOCTH U IpoldiieMa
yJlaJIeHus paAMOaKTUBHBIX OTXOJIOB OY/ET pelIeHa.

s toro, yToObl MOANEP)KUBATH COBPEMEHHBIN YpPOBEHb 0JIarOCOCTOSIHUS, YEJIOBEUECTBY
HpUaeTcs MepeidTH Ha HOBBIE CHCTEMBbI SHeprocHadxeHus. besz atoro cymmapHoe notpediieHus Bbl-
COKOKAQU€CTBEHHBIX IHEPreTHUECKHUX PECYPCOB IIPHU BCE CHUKAOIIEHCS CIOCOOHOCTH OKpY Karolen
CpeZbl CIPaBIATHCS C JIABJICHUEM PHEPreTHKH NMPHUBENET K POCTY OOLIMX PacXoJOB Jake MpHU IO-
CTOSIHHOM ypOBHE 3HepronorpedeHus. YToObl 00ecrieunTh SIKOHOMUYECKOE Pa3BUTHE YEIIOBEUECT-
Ba 0€3 3HAUMUTENbHBIX U3/IePKEK, KOTOPhIe MOTYT CBECTH Ha HET BCE BBITOJIbl, HYXHO elle ObicTpee
MEPEXO/IUTh Ha SKOJOTHYECKH 00JIee YNCThIE TEXHOIOTHH ITPOU3BOJICTBA YHEPTHH.

Jiist BBIpaOOTKH pa3yMHOM CTpaTeTuy B SHEPreTUKE KpaliHe BaKHO YCKOPEHHE HCCIeI0BaHUN 1
pa3paboTOK M0 UCIOIb30BAHHUIO EPCIEKTUBHBIX albTEPHATUBHBIX HCTOYHUKOB 3HEPTUHU U B TIep-
BYIO OUEPE/Ib COJTHEYHOM 3HEpTUU. [IpOrHO3bl OTHOCUTENBHO TEHJAEHIIMNA Pa3BUTHUS DHEPTETUKH TO-
BOPSAT O TOM, YTO JIOJISl COJTHEUHOM 3HEPTeTUKH B Pa3IMUHBIX ee (popmax OyAeT HermpephIBHO BO3-
pacTars.

Tema 10.2. DHeprocoepexeHue

[TpoGuieMbl 3HEprocoepeKeHHsI OTHOCATCS K aKTyaJdbHEHIIUM MpobiieMaM 100anbHOM mo-
CTUHAYCTPUATBHON SKOHOMUKH. [[7151 Poccun oHM SBASIOTCS OCOOCHHO BaKHBIMU IIOTOMY, UYTO pac-
XOJl SHEPruu Ha €JUHUILYy BaJIOBOTO BHYTPEHHEro MPOJYyKTa B cTpaHe B cpenHeM Ha 30% Bblie,
4YeM B OCTaJbHBIX WHAYCTPHUATBHO Pa3BHUTHIX cTpaHax. M3 cTpaH, BXOIANIMX B JAECATKY KPYITHEH-
IUX TOTpeOuTEeNIeH SHEPTHH B MUPE, HA OJIHA HE MOTpedIisieT Oobie 3Hepruu Ha equHuity BBII,
yeMm Poccust.

O6bem Hed(pPEeKTHBHOTO MCTIOIB30BaHMS dHEpruK B Poccuu B HacTosmee BpeMsl paBeH To-
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JIOBOMY TTOTPEOJIEHUIO TIEPBUYHOM dHEPTUr BO DpaHITUH.

B nacrosimee Bpems sHeprocOepexeHre - oOHa U3 MPHUOPUTETHHIX 33/a4. JTO CBS3aHO C
Jne(UIUTOM OCHOBHBIX SHEPrOpeCcypCcoOB, BO3pACTAIOIIEH CTOMMOCTBIO UX JOOBIUHM, a TaKKe C IJo-
OaJIbHBIMH SKOJIOTUYECKUMU IpOoOIeMamH.

DKOHOMUS PHEPTUH — 3TO 3P PEKTUBHOE UCTIONH30BAHUE SHEPTOPECYPCOB 3a CUET MPUMEHE-
HUSl NHHOBALIMOHHBIX PELIEHUH, KOTOPbIE OCYILIECTBUMbI TEXHUYECKH, 000CHOBaHbI SKOHOMHUYECKH,
MPUEMJIEMBI C DKOJIOTMYECKON M COIUANBbHON TOYEK 3pEHHS, HE M3MEHSIIOT MPUBBIYHOIO oOpasza
XKHU3HU. DTO omnpezaeneHrue Oblio chopMymupoBaHO Ha MeXIyHapOAHON SHEPreTUYecKoil KoHde-
pennun (MHUPOK) OOH.

«JHeprocdepekeHHe» — KOMIUIEKC MEp IO peaju3allid IPaBOBbIX, OPraHU3AallMOHHBIX,
HAyYHBIX, [POU3BOJICTBEHHBIX, TEXHHUYECKUX U HKOHOMHUYECKHMX MEp, HalpaBiICHHBIX Ha
s dekTuBHOE (pallMOHATBHOE) HCIONB30BaHUE (M OSKOHOMHOE pPAacXOJOBaHUE) TOILTUBHO-
sHepreTuueckux pecypcoB (TOP), npu cymectBytoniem none3sHoM 3¢ ¢heKkTe oT UX UCHOIb30BaHUS
U Ha BOBJICUCHHE B XO3SHCTBEHHBIH 000pOT BO30OHOBIISIEMBIX MCTOYHHMKOB SHEpruu (3akoH PD
«0O0 sHEeprocOepeKCHUNY).

TonmBHO-3HepreTuYecKne pecypcbl — 3TO COBOKYIHOCTh Pa3IMYHbIX BUAOB TOIUIMBA U
sHepruu (mpoAykuusi HedTenepepabaThIBAIONICH, Ta30BOM, yroilbHOH, TOPSHON U ClaHIEBOU
IIPOMBIIIIIEHHOCTH, AJIEKTPO3HEPIUsl aTOMHBIX U THAPOIJIEKTPOCTAHIMM, @ TaKK€ MECTHBIE BHJIbI
TOIIIMBA), KOTOPBIMH pacrojaraeT crpaHa Jyuisi 00ecriedeH s MPOU3BOICTBEHHBIX, OBITOBBIX U JKC-
HOPTHBIX MOTPEOHOCTEN.

JHepro3¢PpeKTUBHOCTL — OTHOIIECHUE Mojie3Horo 3¢dekra (pe3ynprata), B TOM YHUCIE
00BbéMa MpoU3BEAEHHON MPOAYKIMH, OJYYEHHOIO OT MCIOJIb30BaHMs SHEPreTHUECKOI0 pecypca
(pecypcoB), K 3aTpaTaM COOTBETCTBYIOIIETO pecypca (pecypcoB), 00yCIOBUBIINM IMOJIyYE€HUE J1aH-
HOTO 3 dekTa (pe3yabTaTa).

DHeprocbepexxeHue B 1t000i cepe CBOAUTCA MO CYIIECTBY K CHIYKEHUIO OECIIOJIe3HbIX MO-
TEpb SHEPrUH. AHAIM3 TOTEPh B cepe MPOU3BOJCTBA, PACIIPENCICHUS U TOTPEOICHHUS dIEKTPO-
SHEPTUU IMOKA3bIBAET, YTO OOJbIasg 4acTh moTepb — 10 90% — mpuxoautcs Ha cdepy IHEpProro-
TpebJieHus], TorAa KaK MOTEPH IPH TMepeiade dIEKTPOIHEPTHUU coCcTaBisatoT nuilb 9—10%. [Toatomy
OCHOBHBIE YCHJIMSI TIO HHEProcOepeXeHHI0 CKOHIIEHTPUPOBAHbI MMEHHO B cdepe MHoTpebsieHus
AIIEKTPOIHEPTUH.

OcHOBHas poJib B yBeNUYEHUHU 3(P(EKTUBHOCTH MCIIOJIb30BAaHUS SHEPTUU MPUHAISKUT CO-
BPEMEHHBIM SHEProcOeperarmM TEXHOIOTHIM. DHeprocoeperaromniasi TEXHOJIOTUsI — HOBBIN WM
YCOBEPILIEHCTBOBAHHBIM TEXHOJIOIMYECKHH MPOLIECC, XapaKTepu3yIoLuiics 0ojiee BBICOKMM KO3 (-
(UIIUEHTOM TOJIE3HOTO UCTOJIb30BAHUS TOTUIMBHO-IHEPreTHUeCKuX pecypcos (TOP).

PexxuMm sHeprocOepexeHusi 0COOEHHO aKTyaleH A MEXaHW3MOB, KOTOPbIE YacTh BPEMEHU
paboTaroT ¢ MOHMKCHHOW HArpy3Koi (KOHBeWepbl, HACOCHI, BEHTWIIATOPHI U T.I1.). CyIIecTByeT He-
MaJI0 YCTPOMCTB, KOTOPbIE MO3BOJISIOT JOOUTHCS YMEHBIIEHHUS OTEPh MPU paboTe MEKTPoodopy-
JIOBaHMsI, OCHOBHBIMH U3 KOTOPBIX SIBJISIIOTCS KOHJIEHCATOPHBIE YCTAHOBKU U YaCTOTHO pEryiupye-
MblI€ MIPUBOBI. YaCTOTHO peryarpyeMble 3JIEKTPONPUBO/IbI CO BCTPOCHHBIMU (DYHKIIUSMHU ONTHMHU-
3alliM YHEPronoTpedeHus: THOKO U3MEHSIOT YacTOThl BpAIIeHUs B 3aBUCUMOCTH OT pealbHON Ha-
Ipy3KH, YTO MO3BOJSIET COKOHOMUTH 10 30-50% motpebisemoii anextposneprun. Ilpu sTom 3ayac-
TyI0 He TpeOyeTcs 3aMeHa CTaHJapTHOTO AJIEKTPOJIBUTaTeNsl, YTO OCOOEHHO aKTyalbHO MIPH MOJEp-
HU3aIMK POU3BOACTB. Takue sHeprocOeperarone 31eKTpOIpHUBOILl U CPEACTBAa aBTOMATH3AIUU
MOTYT OBITh BHEJPEHBI HA OOJIBLIIMHCTBE MPOMBILIUIEHHBIX Npeanpuatuit u B chepe XKKX: ot nud-
TOB ¥ BEHTWISIIMOHHBIX YCTaHOBOK /10 aBTOMATU3ALUN IPEITPUATHIH.

CBeToaunoHbIe CBETUJILHUKU TIO3BOJISIIOT IOCTHYb CYIIIECTBEHHON SKOHOMHH 3JIEKTPOIHEP-
MM 110 CPABHEHHUIO C TPAJAMIIMOHHBIMU MCTOYHMKAMHU CBETa JaMiamu HakaimuBaHus (10 80%) u
JIOMUHECHEHTHBIMU JamnaMu (cBbliie 40%). OTH CBETUILHUKHA MOHO HCIOJIb30BaTh B OCBeElle-
HUM CaMbIX pa3HbIX 00BEKTOB: MMO/I3EMHBIX IMEMIEXOAHBIX MEPEX0I0B U aBTOMOOMIIBHBIX MAaPKOBOK,
CaJl0BO MapKOBOM OCBENIEHHH, YIMYHOM OCBelleHHH, ocBemeHnu B JKKX u aBapuitHom ocsele-
HUMU.

OcHOBHbBIE NPUHIMIIBI TTIOJTUTHKU YHEProcoOepexenus B PO BkIOYaOT:

- npuopuTeT F3PPEKTUBHOTO HCIIOIB30BaHUS TOIUTMBHO-3HEPIETHYECKUX PECYPCOB;

- OCYILECTBIICHHE TOCYIAapPCTBEHHOIO Haa30pa 3a 3((EKTUBHBIM HCIOIb30BAHUEM
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SHEPropecypcoB;

- 00513aTeNTLHOCTD y4eTa MPOU3BOIUMBIX, TIOTYyYaeMbIX WM PACXOIyeMBIX dHEprope-
CypCOB;

— BKJIIOUEHUE B IOCYJapCTBEHHBIE CTaHIapThl HA 000PYAOBaHKE, MaTEPUAIIbl U KOHCT-
PYKLIMH, TPAHCIIOPTHBIE CPEJCTBA MTOKa3aTeei IHeprodpHEeKTUBHOCTH;

— pa3paboTKa rocyJapCTBEHHBIX M MEXIOCYJapCTBEHHBIX HAYyYHO-TEXHHUYECKUX IPO-
rpaMM sHeprocOepekeHust U ux (MHAHCUPOBAHUE;

- MIPUBEICHNE HOPMATHBHBIX IOKYMEHTOB B COOTBETCTBHH C TPEOOBAHHEM CHUKCHHS
HHEPro€MKOCTH MAaTEPUAITBHOTO TIPOU3BOICTBA, C(hephl yCIyT U ObITa;

— BOBJICUECHUE B TOIUIMBHO-DHEPreTUYECKUN OajaHC HETPaJUIIMOHHBIX U BO300HOB-
JSIEMBIX UCTOYHHMKOB SHEPTUH, a TaK’Ke€ B MHBECTHPOBAHUM CPEACTB B SHEprocOeperaroniie Mepo-
TIPUSITHS,

— CO3/IaHHE U IIUPOKOE PACHPOCTPAHEHUE IKOJIOTUYECKU YUCTHIX U OE30MaCHbIX dHEp-
TeTHYECKUX TEXHOJIOTH, obecriedeHre 0e30MacHOro JJisd HaceJIeHHs COCTOSIHUS OKpY>Karollen cpe-
JIbl B polecce ucnoiibzoBanusi TOP;

— oOydeHre MPOM3BOACTBEHHOTO MEPCOHANIA U HACENIEHUsI METOAaM SKOHOMUHU TOILIHU-
Ba U DHEPI'UH.

B pe3ynbrare HEyKIOHHOIO pOCTa U3/AEPKEK Ha IHEPrOCHAOKEHUE U MOIIHEHIIEro rocy-
JAPCTBEHHOTO JaBlieHUsl Ha noTpebuteneit TOP, nmpeanpusiTusi BIHYK/A€eHbl NPUHUMATH CPOY-
Hble MepbI N0 NOBBIIIEHUIO IHEPreTHYecKoil I PeKTUBHOCTH. DTOT Ke MyTh MPEICTOUT POii-
TU U HACEJIEHUIO CTPAHBI JJI CHUKCHHSI OIUIaThl KOMMYHAIIBHBIX YCIYT (YCTAaHOBKA CUETYMKOB).

B mocnenHue rojpl akTyalbHOCTh NMPUOOPEN BOMPOC CHUKEHHS IMOTEPH AJIEKTPUUECKON
SHEPTUU B PaCHpe/IeIUTEIbHBIX MIEKTPUUECKUX CETAX. B CBSI3U ¢ 3TUM OCYIIECTBIIACTCS HOPMUPO-
BaHHE MTOTEPh FIEKTPOIHEPTUU, KOTOPHIE BKIIOYAIOT B CE0S UETHIPE COCTABIISIONINE:

- TEXHUYECKHE MOTepH (TOTEpPH B aKTUBHBIX COMPOTUBICHUSX JTUHUI U TpaHC(HOPMATOPOB,
a TaKk)Ke B CTAIN TPAHCPOPMATOPOB);

- pacxo]l AIIEKTPOIHEPTUN HA COOCTBEHHBIE HYXIbI TIOJICTAHIIHIA;

- HEJIOyUeT 3JIEKTPUUECKON dHEPruu M3-3a MOrPEHIHOCTEN U3MEPUTENbHBIX TpaHchopMaTo-
POB, TIOTEPh HAMPSDHKEHUS BO BTOPUYHBIX LIEMAX TPaHCHOPMATOPOB HAMPSHKEHUS, MOTPEIIHOCTEH
AIIEKTPHUYECKUX CUETUNKOB;

- KOMMEpUYECKUe MOTEPH, OOYCIOBICHHBIE XUIIEHUSMH IEKTPUUECKONW 3HEPTHH, 3a7epiK-
KaMH B IUIaTeXax 3a MOTPEOJICHHYIO SHEPTUIO U Jp. n1ocTuraroT 10 20...30% ot nepegaBaemMoil mo
ATHM CETSM DIIEKTPUUYECKOM SHEPTUH.

B 31Ol cBs3M, BOIPOCHI aBTOMAaTHU3alMHM IPOLIECCOB KOHTPOJSI UM YIPABIEHUS 3JIEKTPO-
cHaOKeHUEM MPUOOPETAIOT 0COOYIO BAXKHOCTb.

OCHOBHBIE CITOCOOBI CHM)KEHUS MOTEPh SHEPTHU B TOPOACKHX PaCIPENEIUTENbHBIX CETIX
JTUHUN HanpsbkeHueM Ao 1 kB:

- MPaBWJIHHBIN BEIOOP CEYCHH JIMHEHHBIX TIPOBOJIOB, B IIEPBYIO OYepe/lb, HA TOJIOBHBIX yda-
CTKaxX MarucTpajJbHBIX JTUHUMH;

- CHMMETpHUpOBaHKE Harpy3o0k 1o dazam;

- YBEJIMUEHUE CEUEHUS HYJIEBBIX TIPOBOJIOB;

- palMoHaNbHOE MOCTPOEHUE CETHU, MPEXkIE BCEIr0 YMEHbIIIEHUE MPOTSHKEHHOCTH;

- YMCHBIIIEHHWE YHWCIa BKIIOUEHHBIX HEHArpY)KEHHBIX M C1a00 3arpyKEHHBIX CHUIIOBBIX
TpaHchopMaTopoB;

- IPaBUJIBHBINA BBIOOP TOUEK pa3pesa, TO €CTh MECT JeJICHUs Ha JIB€ YaCTH JMHHMA C ABYCTO-
pOHHUM nUTaHueM. [Ipu mpaBUIBLHOM BBIOOPE TOUKH pa3pesa yAaeTcsi BO MHOTHX CITydasX CHU3HUTh
MOTEPH DIEKTPOIHEPTUU B MATUCTPATBHOM TUHUM 110 15 %.

Oco0oe 3HaueHue /Il pO3HUYHOT'O PhIHKA 3JIEKTPOIHEPTUU U JJI CHIDKEHUS MOTEPh dJIeK-
TPOPHEPTUU B AIIEKTPUUYECKHUX CETAX MMEET UCKIIIOUEHHE CaMOOOCITyXKUBaHUsS (CaMOCTOSITEILHOTO
CTIMCaHUs TIOKa3aHNUH) CYETYMKOB JICKTPOIHEPTHH OBITOBBIMH MOTpeOHUTENSIMA. J[J151 3TOTO BO BCceM
MUpPE BEIyTCs Pa3paOOTKH aBTOMATHU3WPOBAHHBIX CUCTEM KOHTPOJISI U y4eTa AJIEKTPONOTPeOIeCHUS
(ACKVYD) ObITOBBIX TTOTpEOUTENCH ¢ TIepeaadell JaHHBIX OT CYETUYUKOB DJIEKTPOIHEPTHUHU TIO0 CHUIIO-
Boii cetn 0,4 kB wim no paguokananzaM B LEHTpHI cOOpa JaHHBIX. B yacTHOCTH, MIMpPOKOE IpUMe-
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HeHnue HaxoasaT PLC-texnonoruu myist nepenayun ao00it nHGOpMaIuy ¢ MOACTaHIIUN, TPOMBIIIICH-
HBIX TPEINPUATHN 10 KOHTPOJISL M YIIPABJICHHS SHEPronoTpedIeHreM B ObITY, B TOM YHCIIE pellie-
Husa 3agad ACKVYD, uHdopmanmoHHOTO 0OOEcreueHus AeSITeIbHOCTH a00HEHTOB JJICKTPHUECKOM
cetu 0,4-6 kB.

MupoBbie TEHICHIIUN PA3BUTHS CUCTEM YIPABICHUS SHEPTOCHA0KEHUEM HEPa3PHIBHO CBSI-
3aHBI ¢ TIEPEX0I0M K IIU(PPOBEIM TEXHOJOTHUSIM, 00ECIIEUNBAIONINM BO3MOXHOCTh CO3/IaHUSI MHTET-
PUPOBAHHBIX UEPAPXUUECKUX cHCTEeM. [Ipu 3TOM pacnpenenuTeNbHbIe JIEKTPHIECKUE CETH B 3TUX
CHUCTEMax SIBJISIFOTCS HHPKHUM HMEPapXUUYECKUM 3BEHOM, HEPA3PHIBHO CBSI3AHHBIM C BEPXHUMH YpPOB-
HaMH yrpaBieHus. OCHOBOH Iepexojia K IU(POBBIM TEXHOJIOTHAM SBJISETCS TEXHUYECKOE Tepe-
BOOPY)KEHUE U MOJCPHU3AINS CHCTEMBI CBS3H U TEICKOMMYHUKAIIUN C PE3KUM YBEIHMYECHUEM 00b-
e€Ma M CKOPOCTH Tiepenauyrd HHPOPMAIMK U MTOATAITHBIM MIEPEX00M K HHTETPUPOBAHHBIM CHCTEMaM
ynpasieHus: Enqunoi mudpoBoii cucTeMbl CBA3H B YHEPIEeTHKE.

4.3. JlabopaTopHble padoThbI

Y4eOHBIM MJIAHOM HE MPEAYCMOTPEHO.

4.4, IlpakTU4ecKue 3aHITHA

Y4eOHBIM MJIAHOM HE MPEAYCMOTPEHO.

4.5. KoHTpO/IbHBbIE MEPONIPUATHSA: KYPCOBOM MPOEKT (KypcoBasi padoTa), KOHTPOJIbHAsA

padora, PI'P, pedepar
Y4eOHBIM IJIaHOM HE TPETyCMOTPEHO.

5. MATPHUIIA COOTHECEHUSI PA3IEJIOB YUEBHOM JUCIIUILJIMHBI K
®OPMUPYEMbBIM B HUX KOMIIETEHIIMAM U OHEHKE PE3YJIbTATOB
OCBOEHMSA JUCHUAIIJIMHBI

Komnemenyuu Komnemenyusa
Buo Ouenka
Kon-60 2 tCP’ yuebHpIx |Ppe3yrbmamos
uacoe OK-7 | IIK-5 | komn. yac .
No, naumenosanue 3aHamuil
pazoenos OuUCHUNJIUHb
1 2 3 4 5 6 7 8
1. HcrouHuKM 3HEpPruu 6,4 - + 1 6,4 | Jlk, CP 3a4er
2. DHEpPreTHYecKoe TOIUIHBO 6,4 - + 1 6,4 JIk, CP 3a4er
3. IIpeobpa3zoBaHue SHEPTUU 6,4 + + 2 3,2 | JIk,CP 3a4er
4. TemnnoBsle AIEKTPOCTAH- 6.4 + + 5 32 | Jik, CP sauer
02078
5. Ta3zoTypOuHHBIE U apo- 6.2 + + 9 31 | Jix, CP sauer
ra30BbI€ YCTAHOBKH
6. ATOMHBIE DIIEKTPOCTAH- 6.4 + + 9 32 | Ik, Cp sauer
02078
7. TmaposHeprernyeckue 10,6 + + 9 53 | JIk, CP sauer
YCTaHOBKH
8. Herpaauunonusie u Bo-
300HOBIIIEMBIE UCTOYHUKHU 6,4 + + 2 3,2 JIk, CP 3a4er
DHEPTUU
9. Hakonwurenu sHepTUn 6,4 + + 2 3,2 JIk, CP 3a4er
10. ITpob6aembl coBpeMeHHON 6.4 + + 2 32 | Jik, CP -
SHEPreTHKU
Bcezo uacos 68 276 | 404 2 34
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6. INEPEYEHb VYYEBHO-METOJAMYECKOI'O OBECHEYEHUA JJA
CAMOCTOSATEJBHOM PABOTBI OBYUAIOIIUXCS IO JUCIHUIIJINHE

1. beictpunkuii I'.®. OcHOBBI 3HepreTuku: y4eOHuUK ansi By3oB / [.®. Beictpunkuii. — M.:
NH®PA-M, 2007. - 278 c. - (Briciee oOpazoBaHme)

7. NEPEYEHDb OCHOBHOM ¥ JONOJHHUTEJIBHOW JIMTEPATYPHI,
HEOBXOJIMMOMU JJIsA OCBOEHUA JUCHUITINHBI

Buo Konuuecmeo Obecneuen-
Ne Haumenosanue uzoanus 3aHA- | IK3EMNAAPOG 6 wocms,
musn | Oubnuomexe, (ox3./ wen.)
HIT.
1 2 3 4 5
OcHOBHas JuTepaTypa
1. | OGmas suepreruka: yueOnuk: B 2 ku. / B.I1. T'openos, C.B.
I'openos, B.C. T'openos u ap.; nox pen. B.IL. T'openosga,
E.B. UBanoBoii. — M.; bepmun: upexkr-Menua, 2016. — | Jlx, 5P 1
kH.1. AnpTepHaTUBHBIE HCTOYHUKH dHepruu. — 434 c.| CP
[@nexkrponHsrii pecypc]. Pexum JOCTYyIIa:
http://biblioclub.ru/index.php?page=book&id=447693
2. | JlasmkoB B.M. HerpagunuoHHbIE U BO30OHOBIISIEMBIC HC-
tounuku >Heprun / B.W. Jlsmxos, C.H. Ky3pmun — Tam- T
ooB: M3nateasctBo ®I'BOY BIIO «TI'TY», 2012. — 95 c. CI;’ oP 1
[DnexrponHsIii pecypc]. Pexum JOCTYyIIa:
http://biblioclub.ru/index.php?page=book&id=277820
JonosHUTEILHAS JTUTEpPAaTypa
3. | beictpurkuii I'.®. O6mias sHepreTuka: yueonoe nocooue / | JIk,
I'.®. Beictpunkuii. — M.: Akagemus, 2005. — 208 c. 2% 90 1
4. | BenukoB B.A. Beenenue B cienuaibHOCTh. DIIEKTPOIHEP-
retuka: yueOHuk /g By30B / B.A. Benukos, E. B. Ilytsa- | Jlx, 78 1
THH. - 2-¢ u3]., nepepad. u jmom. - M.: Beicmas mkoma, | CP
1988. - 239 c.: ni.
5. | Crepman JI.C. TemsoBble MW aTOMHBIE JJIEKTPUYECKHE
crannuu: yuyeOonuk s By30B / JI. C. Crepman, B. M. Jla- Tk,
I13, 15 0.5
BoiTuH, C. I'. TummuH. - 4-e u3n., nepepad. u gom. - M. : CP
MDBU, 2008. - 464 c.
6. | Jloctok HO.A. HerpamuimoHHBIE WCTOYHWKH DHEPTHH: T
yueb. mocobue mist By3oB / HO.A. Jloctok, B.B. Ky3pmuu. — Cl; 7 0.3
Munck: Texnonpunt, 2005. - 234 c.
7. | Accag M.C. [IpoayKThl CrOpaHHs JKUIKUX U Ta3000pa3HBIX
TOIUIMB: 00pa3oBaHue, pacyeT, sxkcnepumenT / M.C. Accan,
O.I'. Tlens3pkoB. — MuHck: benapyc. naByka, 2010.-305 c.
- I13 oP 1
[PnexkrponHsIii pecypc]. Pexum JOCTyMa:
http://biblioclub.ru/index.php?page=book_red&id=142285
&sr=1
8. | 3enenuon /[.B. Texuuueckass TepMoAMHaAMHUKa: y4eO. mo-
coobue. — Camapa: CT'ACY, 2012. — 140 c.: un. [DnekTpon-
o 113,
HBIN pecypc]. Pexxum JOCTyIa: CP OP 1
http://biblioclub.ru/index.php?page=book_red&id=143845
&sr=1
9. | l'mmposuepreruka: y4e6 . mocobue / T.A. ®@ununnosa , | Jlk, 5p 1
M.III. Mucpuxanos, FO.M. Cunopkun, A.I'. Pycuna . 3e | 113,
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u3n., nepepad. HoBocubupck: M3n-so HI'TY, 2013. 620 ¢c. | CP
[OnexkrponHsIii pecypc]. Pexum J0CTyMa:
http://biblioclub.ru/index.php?page=book_red&id=436213
&sr=1
8. INEPEYEHb PECYPCOB NHO®OPMAIIMOHHO -

TEJEKOMMYHUKAIIMOHHOMN CETU «<MHTEPHET», HEOBXO/JUMbIX
AJIsI OCBOEHU S AUCHUIIJIMHBI

1.OnexTponHsIii Katanor 6ubnmoreku bpl'y
http://irbis.brstu.ru/CGl/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I121DBN=BOOK&P21
DBN=BOOK&S21CNR=&Z721ID=.

2. DnekTpoHHas oubiamoreka bpl'yY

http://ecat.brstu.ru/catalog .

3. DIIeKTpOHHO-OMOIMOTEeUHAs cCUCTeMa «Y HUBEpCUTETCKasi Onbamoreka online»
http://biblioclub.ru .

4. DnekTpoHHO-0nbIMoTeuHas cuctema «M3narenbeTBo «JIaHby

http://e.lanbook.com .

5. Uadopmarmonnas cucrema "EnquHoe 0KHO JocTyna K 00pa3oBaTeIbHbIM pecypcam”
http://window.edu.ru .

6. Hayunas snextponnas 6ubnmuoreka eLIBRARY.RU http://elibrary.ru .

7. Yausepcurerckas nnpopmanuonsas cucrema POCCUSA (YUC POCCHA)
https://uisrussia.msu.ru/ .

8. HanmonanbHas 3ekTponHas oubimmorexka HOb http://xn--90ax2c.xn--plai/how-to-search /.

9. METOAMYECKUE VYKA3AHMS JUISI OBYYAIOIIUXCS MO OCBOEHHUIO
JUCHUTIIMHBI

Wzyuenue aucuuminHbel O0IIas SHEpreTHKa IpeycMaTpUBaeT:

—  JIEKIIHH,

—  MPaKTUYECKHE 3aHATHUS,

—  3ayer.

B xone ocBoenus paznena 1 «/IcTOUHUKY S3HEPTUNY CTYIEHTHI TOKHBI YSICHUTD:

- YTO TaKO€ UCTOYHUK SHEPTUH;

- KaKle BU/Ibl MICTOYHUKOB YHEPTUU CYILIECTBYIOT

B xoze ocBoeHus pa3aena 2 « JHEPreTHYECKOE TOIUIMBO» CTYACHTHI JJOJDKHBI YSICHUTH!

- KaKle OCHOBHBIE BH/Ibl TOTIMBA UCIOJIb3YIOTCS ISl IPOU3BOICTBA SJIEKTPUUECKON U TETLI0-
BOM DHEPIUH;

- KaKUMH XapaKTepUCTUKaMU 00J1a1al0T OT/IeIbHBIC BUIBI TOILIHUB.

B xone ocBoenus pasnena 3 «lIpeo6pa3oBanue sHEPTrUN» CTYIEHTHI JOJKHBI YICHUTD:

- YTO TaKO€ TEPMOJANHAMUYECKHE MPOLIECCHI U IIUKJIIBI U JIJIs1 YETO OHHM UCTIOIb3YIOTCS,

- 3aKOHBI TEPMOJUHAMUKH.

B xozne ocBoenus pasnena 4 «TennoBbie AIEKTPOCTAHIIMNY CTYACHTBI JOJIKHBI YSICHUTD:

- MpUHIHUT padboThl U TexHonorudeckue cxembl KOC u TOLI;

B xone ocBoenus pasnena 5 «['a30TypOMHHBIE W MApPOra30Bble YCTAHOBKUY CTYACHTHI JOJIK-
HBI U3Y4UTh.

- TEXHOJIOTHYECKYIO CXeMY T'a30TypOMHHOM YCTaHOBKH,

- TEXHOJIOTHYECKYIO CXEMY ITapora3oBoi yCTaHOBKH;

B xozxe ocBoenus paznena 6 «ATOMHBIE 3JIEKTPOCTAHIIUNY CTYJEHTHI I0J>KHBI YSICHUTD:

- KaK yCTPOEH JIEpPHBIA PEAKTOP;

- KaKle TEXHOJIOTMYECKUE CXeMbI UCTonb3ytorcs Ha ADC.

B xone ocBoenus paznena 7 «['MaposHEpreTHUECKUE YCTaHOBKU» CTYACHTHI JOJKHBI U3Y-
YUTh!

- pa3u4HbIe cXeMbl co3aanus Hanopa ['9C;
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http://window.edu.ru/
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http://нэб.рф/how-to-search%20/

- KaccupuKaIMio THAPOTYPOUH,

- npuniun padorsl 'ADC,

- IPUHLUN paOOThI IPUIMBHBIX U BOJIHOBBIX IEKTPOCTAHLIUH.

B xoxe ocBoenus paznena 8 «HerpanuimoHHble ¥ BO30OHOBISIEMbIE UCTOYHUKUA SHEPTUN
CTYAEHTBI JOJKHBI U3YyUUTh:

- criocoObI TPeoOpa3oBaHUs COTHEYHON SHEPTUH B AIEKTPHUUECTBO;

- criocoObl IPeoOpa3oBaHus FHEPTUU BETPA B AIEKTPUUECTBO;

- CIIOCOOBI UCIIOJIb30BAaHUsI OMOMACCHI JJIs [TOJIyYE€HUs SHEPTUH,

- peaJ My U MepCIeKTUBBI IPUMEHEHUS BOJOPOa Ul IOJIYUYEeHUs SHEPTUY;

- IPUHIUIBI pabOTHI T€OTEPMATIBLHOMN JIEKTPOCTAHIIHH.

B xone ocBoenus paznena 9 «HakonuTenu 3HEprum» CTyAEHTHI JOJKHBI U3yUHUTh:

- MEXaHUYECKHNE HAKOIIUTENIN YHEPTHUH;

- TEIJIOBBIE HAKOIIUTEIN SHEPIHUH;

- JJIEKTPUYECKUE HAKOIUTEIN SHEPTUH;

- XMMUYECKHE HAaKOIUTEJIN SHEPTUH.

B xone ocoenmst pazmena 10 «[IpoGiieMbl COBPEMEHHOW SHEPreTUKU» CTYACHTHI TOJDKHBI
U3YUYUTh:

- DKOJIOTMYECKHE aCIIEKThI B SHEPIreTHKE.

- 3aKOH 00 3HeprocOepekeHNH U OCHOBHBIE CIIOCOOBI IHEProcOepeKEHHMS.

B npouecce n3ydeHust JUCHUILIMHBI PEKOMEHYyeTCsl 0c000 00paTUTh BHUMAHKUE HA MPUHIIU-
bl IPeoOPa30BaHUs SHEPTHH B PA3IUYHBIX SJIEKTPOTEXHUUYECKUX YCTAHOBKAX.

[Tpu mOAroTOBKE K 3a4€Ty PEKOMEHIYeTCs 0c000€ BHUMAHHUE YJEJIUTh CIEAYIOLIMM BOIPO-
caM: XapaKTepUCTUKAa HEBO30OHOBJISEMbIX MCTOYHMKOB SHEPIMU; XapaKTEpPUCTHUKAa BO300HOBIIsE-
MBIX UCTOYHUKOB YHEPIHH; TEXHUUECKHE XapaKTEPUCTUKHU TOILIMB; TEPMOAMHAMUYECKHE TPOLIECCHI
U IUKJIbI; TIEPBBIA 3aKOH TEPMOJUHAMUKH; BTOPOM 3aKOH TEPMOJMHAMMKH; TPETHH 3aKOH TEpMO-
JUHAMUKA; TPUHIUN paboThl U TexHosorudeckas cxema KOC; nmpuHIUI paboOTHl M TEXHOIOTHYE-
ckas cxema TOLl; oOmas xapakTepucTHKa ra30TypOMHHOM yCTAaHOBKU U €€ TeXHOJIOrMyeckas cxe-
Ma; 00I1as XapaKTepUCTHKA Mapora3oBOil YCTAHOBKH U €€ TEXHOJOTHYECKasi CXema; YCTPOMCTBO U
KJaccu(uKalus SAEpHbIX PEaKTOPOB; TEXHOJOTHUYECKasi CXeMa aTOMHOM 3JIEKTPOCTAHIIUH; CXEMbI
CO3/1aHMsI HATlopa U OCHOBHOE 00OPYJOBaHME TMIAPOAIEKTPOCTAHLNMN; KIacCCUPUKALUSA TUAPOTYp-
6un; Mansie 'OC u mukpo I'DC; ruapoakkymynupyromue snektpoctaniu (I'”ADC); npuinBHbIe
anektpoctanimu ([19C); BONHOBBIE 3JIEKTPOCTAHIIMM; TMPEOOpPa3OBaHUE COJTHEYHOW HHEPTUU B
AIIEKTPUUYECTBO; BETPOIHEPTETUUECKUE YCTAaHOBKH; OMoMacca U €€ UCIOIb30BaHUe JUIsl MOJTYYEeHUs
SHEPruM; BOJOPOJHASA YHEPreTHKA; Fre0TepMallbHAasl SHEPreTUKa; MEXaHUYeCKUe HaKOMUTEIN dHep-
THH; SJIEKTPUUYECKHE HAKOUTEIN SHEPIHH; 3KOJIOIMYECKHE aCIIEeKThl B SHEPreTHKe; 3aKOH 00 »Hep-
rocOepexeHUN U OCHOBHBIE CIIOCOOBI SHEPTOoCcOepEKEHUSI.

B npouecce npoBefeHNs NPaKTUUECKUX 3aHATUI IMPOUCXOANT 3aKPEIJICHUE HaBBIKOB pacuera
cocTaBa MPOAYKTOB FOPEHUsI M TeMIepaTyphl TOILIMBA, pacuera ukia KapHo NpUMEHUTENBHO K
TEIUIOBOMY JBUTATENIO0, ONPEAEICHUS TEXHUKO-DKOHOMUYECKHUX IOKa3aTesel 1nukia Penkuna, on-
penenenust tepmudeckoro KITJ[ mapocunoBod ycTaHOBKHM, OMpPENENICHUS MOIIHOCTH T€HEPaTOPOB
nepuBanoHHoN ['OC, a Taxke pacdera reMoIHEPreTUUYEeCKON YCTAaHOBKH JIJISl IIOJIy4EHUs ropsyen
BOJIBI.

CamocTodaTenbHyI0 paboTy HE0OX0IMMO HAUMHATh C U3YyYEHHUsI TEOPETUUECKOT0 MaTepuaia.

B nponecce koHCynabTallMK C MpenojaBaTesieM HEOOXOAWMO BBISICHUTH BCE HEMOHSTHBIE
MOMEHTHI.

Pabora ¢ nutepaTypoii siBisieTcs BaKHEHIIMM 3JIEMEHTOM B TIOJyYE€HUU 3HAHUH MO TUCIUII-
mune. [Ipexae Bcero, HE0OXOAUMO BOCIIONB30BAThCS CIIMCKOM PEKOMEHyeMOM 10 JaHHOM JUCIH-
IUTMHE JIUTEPaTypH.

[TpenycMoTpeHo MpoBeieHne ayAUTOPHBIX 3aHATUH B MHTEPAaKTUBHOU (hopMe (B BHUJIE JIEKIHH-
JTUCKYCCHH, JIEKIIUU-0eceIbl, JIEKIIMU C TEKYILIUM KOHTPOJIEM) B COYETAHUU C BHEAYTUTOPHOU pabo-
TOM.
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10. TEPEYEHb UH®OPMAIIMOHHBIX TEXHOJIOT Ui, UCIIOJb3YEMBIX ITPA
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O ITPOIECCA IO JINCHUIIJIMHE

- OC Windows 7 Professional;

- Microsoft Office 2007 Russian Academic OPEN No Level;

- AaTHBHpYCHOE IporpaMMHoe obecriedenue Kaspersky Security;
- OpenOffice;

- LibreOffice;

- Adobe Reader;

- doPDF;

- 7-Zip;

- Ai-JlorocCucreMa TUCTaHIIMOHHOTO OOyUEHUSI.

11. OMUCAHUE MATEPHUAJIBHO-TEXHUUYECKOWM BA3bI, HEOBXOJINMOM
JUIA OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O IMTPOLECCA IO JUCIUIIJIMHE

uo Haumenosanue Ne I13 , NoJIk
Ilepeuensv ocrnosnozo obopyoosanusn

3aHAMUA ayoumopuu
1 2 3 4
JlekuronHas aynu- | MenoBast UM MapKepHasi ocka -
JIk
topust (1218)
CP 433 Ob6opynosanue 15 IIK- -

CPU 5000/RAM 2Gb/HDD
(MounwuTop TFT 19 LG 1953S-
SF);npuntep HP LaserJet P3005
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Ipuioxenne 1

®OHJ OHEHOYHBIX CPEACTB AJIsA TIPOBEJEHUSI
HNPOMEXKYTOYHOU ATTECTAIIMN OBYUYAIOIIUXCHA ITO JUCIUIIJIMHE

1. Onucanue ¢GpoHAa OLIEHOYHBIX CPEACTB (MACIOPT)

Ne
KoM- |
ne- JIEMEHT KOMIIE- Pa3gen Tema DOC
Ter- TeHIUH
U
1 2 3 4 5
3.1. OcHOBHBIE TIOHSI-
Bormpocs! k 3auery
THUS ¥ OTIPEICIICHUS (3.1)
TEPMOJIMHAMHKH.
3. Ilpeobpazo- | 3.2. Tepmoannamuye-
Bompockr k 3auety
BaHUE DHEPTHH | CKUE MPOLIECCHI U LUK~ (3.2)
JIBL.
3.3. OcHOBHBIE 3aKOHBI Bompockr k 3auety
TEPMOJIMHAMHKH. (3.3.-3.6.)
4.1. KoHieHcalnoHHbIe Bompockr k 3auety
DIIEKTPOCTAHIINH. (4.1)
4.2. TennodukanuoH- Bomnpocsl k 3auety
4. TernoBble | HBIC DJIEKTPOCTAHITUH. (4.2.)
anekrpocTanuuu | 4.3. OCHOBHOE U BCIIO-
MorarejabHOe 000pyI0- Bompocsr k 3auety
BaHUE TEIUIOBBIX JJICK- (4.3.)
TPOCTAHIIHI.
5.1. Obuias xapakrepu-
CTHKAa ra30TypOMHHON Bomnpocs! k 3auety
5. T'a30TypOHH- | YCTAaHOBKHU M €€ TEXHO- (5.1.)
CIOCOOHOCTh K Ca- | HbBIE M Mapora- | JJOTHYECKask CXeMa.
OK-7 | MoOpraHusalui U | 30BbIe yCTaHOB- | 5.2. O0miast XapakTepu-

caM000pa30BaHUIO

KN

CTHKa [1apora3oBoi yc-
TaHOBKH U €€ TEXHOJIO-
rudeckas cxema.

Bormpocs! k 3auery
(5.2)

6. ATOMHBIE
ANEKTPOCTAHIIUN

6.1. YcrpoiicTBo 1
Kiaccudukanus sep-
HBIX PEaKTOPOB.

BOHpOCBI K 3a4CTy
(6.1. - 6.2.)

6.2. TexHosmornueckas
CX€Ma aTOMHOM DJIEK-
TPOCTaHIUH.

Bormpocs! k 3auery
(6.3.)

6.3. OCHOBHBIE JOCTO-
WHCTBA U HEIOCTATKU
ATOMHBIX 3JIEKTPOCTaH-
LU,

BOHpOCBI K 3a4CTy

(6.4.)

7. 'upposnep-
TeTUYECKHE yC-
TaHOBKH

7.1. Knaccudukanus
TUAPOIHEPTETUYECKUX
YCTaHOBOK.

BOHpOCBI K 3a4CTy
(7.1)

7.2. Cxema co3manus
Haropa ¥ OCHOBHOE
000pyI0BaHUE THAPO-
AJIEKTPOCTAHIIUH.

Bomnpocs! k 3auety
(7.2)

-




7.3. Kiaccudukanus

Bormpocs! k 3auery

THJIPOTYpOUH. (7.3.)
7.4. Manbie I'2C u Bomnpocs! k 3auety
mukpo I'DOC. (7.4)

Knaccudukanus na-
COCHBIX CTAHIIHN.

7.5. HacocHas craduus.

Bomnpocsl k 3auety
(7.5.)

7.6. 'uapoakkymyIu-
PYIOLIHE 3JIEKTPOCTAH-

Bormpocs! k 3auery

i (TADC). (7.6
7.7. llpuniuBHBIE 3J€K- Bomnpocs! k 3auety
tpoctaniuu (I12C). (7.7)
7.8. BoHOBBIE 2J1EK- Bomnpocs! k 3auety
TPOCTAHIIUH. (7.8.)

7.9. IlepcnieKTHBHI pa3-
BUTHSI TUIPOIHEPIeTH-
k1 B Poccuu u B Mupe.

Bormpocs! k 3auery
(7.9.)

8.1. DHeprus comHIA.
[Ipeobpa3oBanue coi-

Bormpocs! k 3auery

HEYHOM PHEPIUHU B (8.1)
3JICKTPUIECTBO.
8.2. Dueprus BeTpa.

Bormpocs! k 3a4ery
Berposneprernueckue (8.2)
YCTaHOBKH. o

8.3. BropuuHsbie uc-
TOYHUKHU PECYPCOB.
buomacca u €€ ucroib-
30BaHUE IS MTOJTy4e-
HUS SHEPTUH.

8. Herpanumu-
OHHBIE U BO300-
HOBJISIEMBIE HC-
TOYHUKH dHEP-

BOHpOCBI K 3a4CTy

(8.3.)

i 8.4. BomopoHas sHep- Bormpocs! k 3auery
reTHKA. (8.4.)
8.5. 'eorepmanbHas Bormpocs! k 3auery
DHEPreTHKa. (8.5)

8.1. DHeprust comHIA.
[TpeoOpa3oBanue coin-
HEYHOW JHEpPIruu B
3JIEKTPHUYECTBO.

BOHpOCBI K 3a4CTy

(8.1.)

9.1. MexaHU4ECKUE HA-

Bormpocs! k 3auery

KOIHTEIN YHEPIUH. (9.1.)
9.2. TenyoBBIC HAKOTIH- Bomnpocs! k 3auety
9. HakornuTenu | TEJIN DHEPTHM. (9.2)
SHEeprun 9.3. DnekTpuYecKue Bomnpocs! k 3auety
HAKOIUTEII YHEPTHH. (9.3)
9.4. Xumnyeckue Ha- Bomnpocsl k 3auery
KOTIMTEIH YHEPTHH. (9.4.)
10.1. IIpo6nemsl 3HEP- Bomnpocsl k 3auery
{:%nghiggsggl TeTHKH. (10.1.-10.2)
10.2. DHeprocbepexe- Bomnpocsl k 3auery
JHEPreTUKH
HUE. (10.3)
JIK-5 | TOTOBHOCTS Ompe- 1. Uctounukmn | 1.1. Knaccuduxanms Bomnpocsl k 3auery
JICIISATH ITapaMeTPhl SHEPIUU HUCTOYHHUKOB SHEPTHUH. (1.1)
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obopymoBaHus
00BeKTOB Tpodec-
CUOHAIBHOH fes-
TEJIILHOCTH

1.2. XapakTepucrtuka
BO300HOBIISIEMBIX U HeE-
BO300HOBJISIEMBIX MC-
TOYHUKOB SHEPTHUHU.

Bormpocs! k 3auery
(1.2.-1.3)

1.3. CoBpemenHsble
CIOCOOBI MOTyYEeHUS
HHEPIHUU.

Bompocsr k 3auery
(1.4.)

2. DHepreTuye-
CKOE TOTLJIMBO

2.1. Knaccudukarnus

Bomnpocsl k 3auety

TOTLIUB. (2.1)
2.2. Texunueckue xa- Bormpocs! k 3auery
PAKTEPUCTUKH TOTLJIMB. (2.2))

2.3. XapaKTepUCTHKU
OTJICTHHBIX BUJIOB TOII-
JIVBA.

Bompocsr k 3auery

2.3)

3. IIpeobpazo-
BaHUE YHEPTUU

3.1. OcHOBHBIE IOHS-
THUS ¥ ONIPEICICHUS
TEPMOIMHAMHUKH.

Bormpocs! k 3auery
(3.1)

3.2. TepmoauHamMuue-
CKHE TIPOIIECCHI U ITUK-

BOHpOCBI K 3a4CTy

AL (3.2.)

3.3. OcHOBHBIE 3aKOHBI Bomnpocsl k 3auery

TEPMOIUHAMMKH. (3.3.-3.6)

4.1. KonyeHcaluoHHbIe BOIPOCHI K 3a4€eTy

AIIEKTPOCTAHIINH. (4.1)

4.2. TennodukanmoH- Borpocs! k 3auery
4. TernoBbie | ype H1eKTPOCTAHLMN. (4.2)

AIEKTPOCTAHITUI

4.3. OCHOBHOE U BCTIO-
MoraTesnbHOoe 000py10-
BaHHE TEIUIOBBIX JJIEK-
TPOCTAHLIU.

BOHpOCH K 3a4CTy

(4.3.)

5. N'azotypbOun-
HbIE U Mapora-
30BBI€ YCTAHOB-
K1

5.1. O6mas xapakrepu-
CTHKa ra30TypOMHHOM
YCTaHOBKH U €€ TEXHO-
JIOTMYECKAs CXEMa.

BOHpOCBI K 3a4CTy
(5.1

5.2. O0miast xapakrepu-
CTHKa [1apora3oBou yc-
TAHOBKH M €€ TEXHOJIO-
TH4YecKas cxema.

BOHpOCBI K 3a4CTy
(5.2)

6. ATOMHBIE
ANEKTPOCTAHIIAN

6.1. YcrpoiicTBo 1
KJ1accupuKauus saaep-
HBIX PEaKTOPOB.

Bormpocs! k 3auery
(6.1.-6.2.)

6.2. Texnomornueckas
cXeMa aTOMHOI dJIeK-
TPOCTAHITUH.

BOHpOCBI K 3a4CTy

(6.3.)

6.3. OcHOBHEBIE TOCTO-
HMHCTBA U HEJIOCTATKHU
ATOMHBIX DJIEKTPOCTaH-
UH.

Bormpocs! k 3auery
(6.4.)

7. I'maposuep-
TeTHYECKHE yC-
TaHOBKH

7.1. Knaccudukanus
THUIPOIHEPTETUICCKUX
YCTaHOBOK.

Bormpocs! k 3auery
(7.1.)
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7.2. Cxema co3gaHus
HATmopa ¥ OCHOBHOE

Bormpocs! k 3auery

000pyI0BaHUE THAPO- (7.2)
AJIEKTPOCTAHIIU .

7.3. Knaccudukarus Bompocs! K 3a4ery
TUAPOTYPOUH. (7.3)

7.4. Masnbie I'2C u Bomnpocs! k 3auety
mukpo I'OC. (7.4)

Knaccudukanus na-
COCHBIX CTaHIIHN.

7.5. HacocHas craduus.

Bormpocs! k 3auery
(7.5.)

7.6. 'uapoakkymyIu-
PYIOLIHE AJIEKTPOCTAH-

Bomnpocsl k 3auety

uu (CADC). (7.6,
7.7. IlpunuBHBIE dJ1€K- BoIIPOCHI K 3a4€Ty
tpoctaniuu (I19C). (7.7)
7.8. BomHOBEIE HIIEK- Bormpocs! k 3auery
TPOCTAHIUH. (7.8.)

7.9. IlepcrieKkTUBHI pa3-
BUTHS THIPOIHEPTETH-
ku B Poccun u B mupe.

Bormpocs! k 3auery
(7.9,

8. Herpamumu- | 8.1. DHeprus conHIa.
oHHBIE 1 B0300- | [IpeoOpazoBanue coi-
HOBJIIEMBIC HC- HEYHOH OHCpPIryUu B
TOYHHKH JHEP- | AIEKTPUYECTBO.

BOHpOCBI K 3a4CTy

(8.1.)

TUH 8.2. DHeprus BeTpa.
Betposnepreruueckue
YCTAHOBKHU.

Bormpocs! k 3auery
(8.2.)

8.3. Bropuunsle uc-
TOYHUKHU PECYPCOB.
buomacca u €€ ucroib-
30BaHUE IS MTOJTy4e-
HUS SHEPTUH.

Bormpocs! k 3auery
(8.3)

8.4. BonopoHas sHEp-

Bormpocs! k 3auery

reTUKA. (8.4.)
8.5. 'eorepmanbHas Bomnpocsr! k 3auety
DHEPreTHKA. (8.5.)
9. Hakonutenu | 9.1. Mexanunueckue Ha- Bormpocs! k 3auery
SHEPTUU KOTIMTEIH YHEPTHH. (9.1.)
9.2. TenyoBbIe HAKOMH- Bomnpocs! k 3auety
TEJIN DPHEPTUH. (9.2.)
9.3. Dnexrpuueckue Bomnpocs! k 3auety
HAKOIUTEIIN YHEPTHH. (9.3)
9.4. Xumuueckue Ha- Bormpocs! k 3auery
KOTIMTEIH YHEPTHH. (9.4))
10. IIpoGnemsr | 10.1. ITpoGaemsl 3HEp- BoIpOCH! K 3a4eTy
COBPEMEHHOM | TE€THKH. (10.1. - 10.2)
JHEPTETHEH 10.2. Sneprocoepexe- Bormpocs! k 3auery
HUE. (10.3)
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2. Bompocsl k 3auety

No Komnerenuuu Noe 4 HaMMeHo-
I /;1 BOIIPOCHI K 3AYETY BaHUe
Kon Onpenesenune pa3aena

1 2 3 4 5
3.1. OcuHoBHble ToHsATHA U omnpenencHus | 3. [IpeoOpazoa-
TEPMOJNHAMUKHU. HUE HEePTUu
3.2. TepMonuHaMHYECKHE TIPOLECCHl U
IUKJIBL.
3.3. IlepBblii 3aKOH TEPMOAMHAMHUKH.
3.4. BTopoii 3aK0H TEPMOIUHAMUKH.
3.5. Tpernii 3aK0H TEPMOIMHAMHKH.
3.6. OCHOBHBIE CBOWCTBA TEILIOTHI.
4.1. Tlpunuun pabotbl U TexHojioruue- | 4. TerioBble
ckag cxema KOC. 3IIEKTPOCTAHITUHA
4.2. Tlpunumun paboTBl M TEXHOJOTHYE-
ckas cxema TOILI.
4.3. TTapoBbIe KOTIIBI M TAPOTCHEPATOPBI.
5.1. O0mas xapakTepucTuKa ra3oTypOuH- | 5. ['a3oTypOun-
HOW YCTAaHOBKM M €€ TEXHOJIOTWYECKAs | HbIC U Maporas3o-
cxema. BbI€ YCTAaHOBKH
5.2. O0mas xapakTepucTUKa MaporazoBon
YCTAaHOBKH U €€ TEXHOJIOTUYECKasl CXeMa.
6.1. O6mas xapakrepuctrka ADC. 6. ATomMHBIE
6.2. YcTpoicTBO U KiaccupuKauus sSaep- | AJIeKTPOCTaHLIUN
HBIX PEaKTOPOB.
6.3. Texnomoruueckass cxema aTOMHOMN

CIIOCOOHOCTh K Camo- | AJIEKTPOCTAHIIHH.
1. OK-7 | opranmszamuu u camo- | 6.4. OCHOBHBIE JTJOCTOMHCTBA U HEIOCTAT-

00pa3oBaHUIO

KM aTOMHBIX BHGKTpOCTaHHHﬁ.

7.1. Knaccudukanus TuaposHepreTuye-
CKHX YCTaHOBOK.

7.2. CxeMbl CO3/1aHUS HAIOpa U OCHOBHOE
000pyI0BaHUE THAPOIIEKTPOCTAHIINH.
7.3. Knaccugukanus ruipoTypOuH.

7.4. Mansie I'9C u muxpo I'DC.

7.5. Hacocnas cranuus. Knaccuduxanuus
HAaCOCHBIX CTaHIUN.

7.6. T'mapoakKyMyInupylOIIUe 3JIeKTpPo-
cranuu ('ADC).

7.7. llpunusuele anekrpoctanuuu (I13C).
7.8. BoTHOBBIE 3JIEKTPOCTAHITHH.

7.9. TlepcrieKTUBBI pa3BUTHUS THIPOIHEP-
reTuku B Poccuu u B Mupe.

7. 'maposuepre-
THYECKUE yCTa-
HOBKH

8.1. Dueprusi comuna. lIpeobpazoBanue
COJTHEYHOW DHEPTUH B IJIEKTPUIECTRBO.
8.2. DHeprusi BeTpa. Berposnepreruue-
CKHE YCTaHOBKH.

8.3. BTopuuHBIE HCTOYHUKH PECYpPCOB.
bruomacca u e€ ncnonap30BaHUE VIS TTONTY-
YCHHSI SHEPTHUU.

8.4. BoopoiHast SHEpreTHKA.

8. Herpanuruon-
HbI€ U BO30OHOB-
JsieMble UCTOY-
HUKHU SHEPTUH
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8.5. 'eorepmarnbHas SHEpreTUKA.

9.1. Mexann4eckue HAaKOMUTEIN SHEPTHH.
9.2. TenioBbIe HAKOIIUTEH YHEPTUH.

9.3. DieKTpuYecKHue HAKOMHUTEIU JHEp-
TUH.

9.4. XuMu4ecKkue HaKOMMUTENIN SHEPTHUH.

9. Hakonurenu
SHEPTUHU

10.1. CouunanbHble U YIKOHOMUYECKHE ac-
MIEKTHI B SHEPTETHKE.

10.2. DkoyoruyYecKre acreKThl B dHEpre-
THUKE.

10.3. 3akoH 00 ’HEprocOEpeKEHUU U OC-
HOBHBIE CITOCOOBI YHEPrOCOCPEIKEHHSL.

10. IIpoGrembr
COBPEMEHHOM
SHEPTEeTUKHU

ITK-5

TOTOBHOCTD OTIpejie-
JATh MapaMeTpbl 000-
pYyIOBaHUs 00BEKTOB
npogecCuoHAITbHON
JeSTeNbHOCTH

1.1. Knaccudukauus HCTOYHHKOB 3HEp-
THH.

1.2. XapakTepucTuka HEBO30OHOBISIEMBIX
UCTOYHUKOB 3HEPTUH.

1.3. XapakrepucTuka BO300HOBIISICMBIX
UCTOYHUKOB 3HEPTUM.

1.4. CoBpeMeHHBIE CIIOCOOBI IOTYYEHHUS
SHEPIHUU.

1. UcTounuku
SHEPTHUH

2.1. Knaccugukaius TOTUTUB.

2.2. TexHWuecKHe XapaKTEPUCTUKU TOII-
JIUB.

2.3. XapaKTepUCTUKU OT/AENBHBIX BUIOB
TOTLJINBA.

2. DHepreTuye-
CKOE TOILJIMBO

3.1. OCHOBHBIEC MOHATHS U ONpPEICICHHS
TEPMOJTMHAMHKH.

3.2. TepMoaMHAMHUYECKHE TMPOILIECCH U
IIUKJTBL.

3.3. IlepBblif 3aKOH TEPMOJUHAMUKH.

3.4. Bropoii 3aKOH TepMOJINHAMHKH.

3.5. TpeTuii 3aK0H TEPMOJUHAMUKH.

3.6. OCHOBHBIE CBOWCTBA TEIUIOTHI.

3. [Ipeobpazona-
HUE SHEPTUU

4.1. TlpuHuoun paboThl U TEXHOJOTHYE-
ckas cxema KOC.

4.2. Tlpuaiun paboOTBl M TEXHOJOTHYE-
ckas cxema TOILI.

4.3. ITapoBble KOTJIBI M TAPOT€HEPATOPBHI.

4. TeruioBbie
AIEKTPOCTAHIINHI

5.1. O0mias xapakTepucTUKa ra3oTypOrH-
HOW YCTaHOBKM M €€ TEXHOJIOTHYecKas
cxema.

5.2. O0mas xapakTeprcTHKa Mapora3oBon
YCTAHOBKH U €€ TeXHOJIOTHYECcKas CXeMa.

5. 'azoTypOuH-
HBIE U TIapOTa3o-
BbI€ YCTAaHOBKH

6.1. O6mas xapakrepuctika ADC.

6.2. YcTpoicTBO U KiaccupuKanus saep-
HBIX PEaKTOPOB.

6.3. Texuomoruuyeckas cxemMa aTOMHOMN
AJIEKTPOCTAHIIHH.

6.4. OcHOBHBIE TOCTOMHCTBA M HEOCTAT-
KM aTOMHBIX JJICKTPOCTAHIIHIH.

6. ATOMHBIE
ANEKTPOCTAHIIUN

7.1. Knaccupukanuss TUApOIHEpreTHye-
CKUX YCTQHOBOK.
7.2. CxeMbl CO3aHUs HAIIOPAa U OCHOBHOE

7. I'unposnepre-
TUYECKHE yCTa-
HOBKH
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000pyI0BaHUE THAPOINEKTPOCTAHIINH.
7.3. Knaccudukanus ruipoTypOuH.

7.4. Manbie 'DC u muxpo ['DC.

7.5. Hacocnas cranuus. Knaccuduxanus
HACOCHBIX CTaHIINH.

7.6. TuapoakKyMymUpYIOUIUE 3IEKTPO-
crannuu ('ADC).

7.7. Ilpunususle snexktpocraniuu (I119C).
7.8. BOJIHOBBIE DJIEKTPOCTAHIIHMH.

7.9. TlepcrieKTUBBI Pa3BUTHUSI THIPOIHEP-
retuku B Poccun 1 B mupe.

8.1. Dueprus comnnma. IIpeobGpasoBanue
COJTHEYHOUH HEPTHH B JICKTPUUIECTBO.
8.2. Dueprus Betpa. Berposnepreruye-
CKHE YCTaHOBKHU.

8.3. BropuuHBIE HCTOYHUKH DPECYpPCOB.
bruomacca u e€ ncnoap30BaHue IS TOITY-
YCHUS JHEPTUH.

8.4. BoopoiHas SHEpPreTHKA.

8.5. 'eoTepmarnbHas YHEpreTHKA.

8. Herpagumumon-
HBIE U BO30OHOB-
JISEMBIE HCTOY-
HUKHU SHEPTUH

9.1. MexaHHUYECKUE HAKOMUTEIH YHEPTUH.
9.2. TerioBbIC HAKOITUTEHM SHEPTHH.

9.3. DnekTpuyecKre HaKOMHUTEIH DJHEp-
THH.

9.4. XuMuuecKre HaKOTUTEIN YHEPTUH.

9. Hakonurenu
SHEPrUu

10.1. ComuanpHable 1 DKOHOMUYECKHE ac-

10. ITpoGnemsl

IIEKTBI B SHEPTE€THKE. COBPEMEHHOMN
10.2. Dkonornyeckue acmekThl B SHEpre- | SHEPreTHKU
THKE.
10.3. 3akon 00 3HeprocOepex eHnn u oc-
HOBHBIE CTIOCOOBI SHEPTOCOEPEIKECHHSI.
3. Onucanue noxkasareseil 1 KpUTepUeB OLIEHMBAHUA KOMIeTeH Mt
Iloka3zaTenu OneHka Kpurtepun
3Hath OOyyaromuiics TIy0OKO ¥ MPOYHO ycC-
(OK-7): BOWJI NPOTPAMMHBIN MaTepHall, 3HAeT:
- METOJIbl CaMOCTOSITEIbHOIO U3YyUYSHHS CO- OCHOBHBIE METO/BI U CIIOCOOBI IpPeod-
BPEMEHHBIX YHEPTETHYECKIX YCTAHOBOK; pa3oBaHUsl DPHEPTUH, TEXHOIJIOTHIO TIPO-
(IIK-5): sauTeno | M3BOACTBA DJIEKTPODHEPIMH Ha Temo-
- OCHOBHBIE BHUJBI DHEPrOPECYPCOB M CIIO- BBIX, AaTOMHBIX U THAPABIMYECKUX
co0BI UX TPeoOpa30BaHuUs B IJIEKTPUUECKYIO JIEKTPOCTAHIIUAX, HETPAJAULIMOHHBIE U
U TETUIOBYIO SHEPTHIO; BO300HOBIISIEMBIE MCTOYHUKHU DJIEKTPO-
- OCHOBHBIE THIIbI SHEPIeTUYECKUX YCTaHO- SHEpPIruM, a TaKKe€ OCHOBBI pecypco- U
BOK; sHEeprocOepeKeHus
Ymers
(OK-7): .
. .. OOyuaromuiicss JOMYCTHII CYIIECTBEH-
- paboTaTh ¢ TEXHUYECKOM JTUTEPaTypOi;
(TTK-5); HBbIE ONIMOKW TPH OTBETE Ha BOIPOCHI,
' He 32a4TeHO| Ha JIONOJHHUTEIbHbIE BOIPOCH! J1aBall
— HCIOJb30BaTh METOABl OLEHKH OCHOB-
HENpPaBUIIbHBIE OTBETHI; BCE BBINICYKA-
HBIX BHJIOB SHEPropecypcoB U MX Ipeodpa-
3aHHBIE Pa3JIeNIbl HE YCBOCHBI
30BaHMsI B DJIEKTPUYECKYI0 M TEIUIOBYIO
HHEPTHUIO;
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Baagern

(OK-7):

- HaBBIKAMU CaMOCTOATEILHOTO U3YyYECHUS
THUIIOB BHGPFGTH‘ICCKI/IX yCTaHOBOK;
(TIK-5):

— HAaBbIKaMH aHaJIN3a TCXHOJIOTHUYCCKUX CXCM|
MPOU3BOACTBA AJEKTPUUECKON U TEIIOBOU
SHEPTUH.

4, MeToauuyecKkue MaTepualibl, ONpeaeJadlIue Mpouecaypbl OCHUBAHUA 3HaHPlﬁ,
YMeHHﬁ, HABBIKOB H OIIBITA J€ATECJIBbHOCTH

Jucuunnuaa OO6mias 3HepreTvka HamnpaplieHa M3y4YeHHE OOIIMX BOIMPOCOB (POPMHUpPOBAHUS U
(YHKIMOHUPOBAHUS TOIUTMBHO-3HEpreTHyeckoro komiuiekca (TOK) cTpanbl, 0OCHOBY KOTOPOTO CO-
CTaBJISIFOT YHEPreTUYECKUE CUCTEMbI, OOBEANHEHHBIE B €AUHYI0 dHepreTuueckyro cucremy (EDC)
Poccun.

Wzyuenue aucuuminael OO0IIas SHEpreTHKa mpeycMaTpruBacT:

—  JIeKIIHH,

—  NPaKTUYECKUE 3aHATHUS,

—  3ayer.

B xone ocBoenus pazznena 1 «MICTOUHUKHM 3HEPTUN) CTYACHTHI IOJIKHBI YSICHUTD!

- YTO TaKO€ UCTOYHUK SHEPTUH,

- KaKkue BUbl ICTOYHUKOB SHEPTUU CYIIECTBYIOT

B xone ocBoenus pasnena 2 «9HEpreTuyeckoe TOIUIUBOY» CTYACHTHI TOJKHBI YSICHUTD '

- KaKr€ OCHOBHBIE BU/Ibl TOILJIMBA UCIOIb3YIOTCS AJIsl IPOU3BOJICTBA JIEKTPUUECKON U TEIIIO-
BOW SHEPIUH;

- KaKUMH XapaKTepuCTUKaMu 00J1a/1atoT OT/IeIbHbIE BUbI TOILJIUB.

B xozne ocBoenus paznena 3 «IIpeoGpa3oBaHue SHEPIUM» CTYEHTHI TOJIKHbI YSICHUTD.

- YTO TaKO€ TEPMOJUHAMUYECKHE MTPOLIECCHl U IUKJIIBI U JJI YETO OHU MCIONb3YIOTCS;

- 3aKOHBI TEPMOIMHAMHUKH.

B xone ocBoenus pazznena 4 «TenaoBble 3J€KTPOCTAHIIUN» CTYIEHThI JOJKHBI YSICHUTD:

- IpuHIHM paboTsl U TexHonoruyeckue cxembl KOC u TOLI;

B xone ocBoenus paznena 5 «['a30TypOMHHBIE U TAPOra3oBble YCTAHOBKW) CTYAEHTHI JOJIK-
HbI U3y4YUTh.

- TEXHOJIOTHYECKYIO CXEMY I'a30TypOMHHON YCTaHOBKH;

- TEXHOJIOTHYECKYIO CXEMY IIapOra30BON yCTaHOBKH;

B xone ocBoenus pazziena 6 «ATOMHBIE AJIEKTPOCTAHIIMNY CTYACHTHI IOJKHBI YSICHUTB:

- KaK YCTPOEH SIEpHBINA PEAKTOp;

- KaKue€ TEXHOJIOTUYECKUE CXEMBI UCTIONB3yIoTC HAa ADC.

B xozne ocoenust pasmena 7 «['MapoIHEpreTMyeckue yCTAaHOBKUY» CTYIEHTHI JIOJKHBI U3Y-
YUTh:

- pa3iM4HbIe cXeMbl co3aanus Hanopa ['9C;

- KJ1accu(UKAIHIO THAPOTYPOUH;

- npuniun padotsl 'ADC,

- IPUHIUI PabOThI MPUJIMBHBIX U BOJHOBBIX 3JIEKTPOCTAHIUH.

B xozxe ocBoenus paznena 8 «HerpanunuoHHble 1 BO30OHOBISIEMbIE UCTOYHUKU SHEPTUN
CTYJEHTBI JOJKHBI U3yYUTh!

- criocoObI TPeoOpa30BaHUs COTHEYHON SHEPTUH B AIEKTPHUUECTBO;

- c1oco0BI TpeoOpa30BaHMs DHEPTUU BETPa B DJIEKTPHUUECTBO;

- cI0cOOBI UCTIOIB30BAHUS OMOMACCHI IS TIOJTY4YEHUS SDHEPTUH,

- peasiuu ¥ MepCHeKTUBBI MPUMEHEHUS BOIOPOAA IS MTOJIYYE€HUS SHEPTUH;

- IPUHIUIBI paOOTHI T€OTEPMATILHOMN SJIEKTPOCTAHIIHH.

B xone ocBoenus pasnena 9 «Hakonurenu 3HEPTUN» CTYAEHTHI TOJKHBI U3YIHUTh:
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- MEXaHUYECKNE HAKOIUTEIN SHEPTHH;

- TETJIOBBIEC HAKOITUTEIN SHEPTHH;

- JJIEKTPUUYECKUE HAKOIUTENIN YHEPTUH;

- XUMUYECKHE HAaKOTIUTEJIN YHEPTUH.

B xone ocBoenus pasznena 10 «IIpobiembl COBpEMEHHOW SHEPreTHUKU» CTYAECHTHI JOJKHBI
U3YUYUTh:

- HKOJIOTUYECKUE ACTIEKThl B SHEPTETHKE.

- 3aKOH 00 9HEProcOEepeKEHNH U OCHOBHBIE CIIOCOOBI YHEPrOCOEPEIKEHHUS.

B npouecce nzyueHust AMCUUILUINHBI PEKOMEHIYETCsl 0c000 00paTUTh BHUMaHUE HA IPUHIM-
bl IPEOOPA30BAHUS SHEPTUU B PA3JINYHBIX AJIEKTPOTEXHUYECKUX YCTAHOBKAX.

[Tpu moaroToBke K 3a4eTy peKOMEHIyeTcs 0co00e€ BHUMAaHHE YAEIUTH CIEeIyIOIUM BOIPO-
caM: XapaKTepHCTUKa HEBO30OHOBJSIEMBIX HMCTOYHHMKOB SHEPIHU; XapaKTEPUCTHUKA BO30OHOBIIsE-
MBIX UCTOYHMKOB SHEPI'MH; TEXHUYECKHE XaPAKTEPUCTUKH TOILJIMB; TEPMOAMHAMUYECKHE TIPOLIECCHI
Y LMKIIBL; NEPBBIA 3aKOH TEPMOJAMHAMHUKH; BTOPOM 3aKOH TEPMOJMHAMMKHU; TPETHM 3aKOH TEPMO-
JUHAMUKHY; TPUHIUN paOoThl U TexHosorndeckas cxema KOC; npuHuun paboTsl U TEXHOIOTHYe-
ckas cxema TOLl; oOmias xapakTepucTHKa ra30TypOMHHON YCTAaHOBKH M €€ TEXHOJOTHYECKas CXe-
Ma; 0011asi XapaKTepUCTHKa [1apora3oBOi yCTAaHOBKM U €€ TEXHOJIOIMYecKas CXeMa; yCTpOICTBO U
KJaccu(uKanus SACPHBIX PEaKTOPOB; TEXHOJOTHYECKAsT CXeMa aTOMHOM 3JIEKTPOCTAHIIUH; CXEMBI
CO3/IaHUs HAoOpa U OCHOBHOE O0OPYZOBaHUE T'MIPO3JIEKTPOCTAHLUH; Kiaccu(uKauus ruapoTyp-
6un; manbeie I'OC u mukpo I'DC; ruapoakkymynupyroue snekrpocraniuu (I'”ADC); npunuBHbie
anekrpoctanuuu (I13C); BOIHOBBIE 3JEKTPOCTAHIMM; HpPeoOpa3oBaHUE COJHEYHOW SHEPruu B
AJIEKTPUYECTBO; BETPOIHEPIeTUUECKUE YCTAHOBKH, Oromacca U €€ UCIOIb30BaHUE ISl [TOJIyUYEHUs
SHEpPIux; BOJIOPOJIHAS SHEPreTUKA; Te0TepMabHasi YHEPreTUKa; MEXaHMUECKUEe HAKOIUTEIN dHEp-
TUH; JIEKTPUYECKUE HAKOIUTEIN SHEPTUH; SKOJIOIMUECKHE aClIeKThl B SHEPIreTUKE; 3aKOH 00 3Hep-
rocOepeKeHNH U OCHOBHbIE CIIOCOOBI SHEProcOepeKeHHMs.

B npouecce nmpoBeaeHNs TPaKTUUECKUX 3aHATUN IPOUCXOAUT 3aKPEIJIEHUE HABBIKOB pacuera
cOCTaBa IPOAYKTOB FOPEHHsI U TeMIlepaTypbl TOIUIMBA, pacueTa Iukia KapHO NMpUMEHUTENBHO K
TEIUIOBOMY JIBUTATENIO0, ONpEAEIeHUS] TEXHUKO-3KOHOMUYECKHUX ToKa3aTenel 1ukia Penkuna, on-
penenenus tepmuueckoro KIIJ[ mapocniaoBoil yCTaHOBKH, ONPENEIECHHS] MOIIHOCTH I'€HEPaTOPOB
nepuBanroHHoi I'DC, a Takke pacdyera reMoIHepreTUUeCKON yCTaHOBKHU JUIsl IOJyYeHUs Topsiuei
BOJIBI.

CaMocTosTenbHyI0 padoTy He00X0IMMO HAYMHATh C U3YYEHHUS TEOPETHUECKOro MaTepuarna.

B mpouecce koHcynpTalMM € MpenojaBaTeneM HEOOXOIMMO BBIICHUTh BCE HEMOHSATHBIE
MOMEHTBHI.

Pabora ¢ nuTeparypoii siBisieTCsl BaXKHEHIIUM 3JIEMEHTOM B MOJIY4YE€HUH 3HAHUN MO TUCIHTII-
muHe. [Ipexnae Bcero, HE0OOX0MMO BOCIIOIB30BAThCS CIIMCKOM PEKOMEHyeMOM Mo JaHHOM JUCIIU-
IUTMHE JTIUTepaTyphl.

[IpenycMoTpeHO IpoOBeJeHHE ayIUTOPHBIX 3aHATUN B MHTEPAKTUBHOHN Qopme (B BUJIE JIEK-
LUH-TUCKYCCHH, JIEKIIUU-Oece Ibl, JIEKIIUN C TeKYIIUM KOHTpPOJIEM) B COYETaHUU C BHEAYAUTOPHOU
paboToii.
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Ipunoxenne 2

AHHOTAIIUA

padoueii mporpaMMbl JUCHHUILIHHBI

O01mas HepreTuka

1. Ileab m 327291 TUCHHILIMHBI

dopMHpOBaHUE 3HAHUHI O BUJAX MPUPOJHBIX UCTOYHUKOB PHEPTUU U CIIOCOOAX Mpeodpa3zoBa-
HUS UX B YJIEKTPUYECKYIO U TEIUIOBYIO SJHEPTHIO B PA3JIMYHBIX TUIIAX JHEPI€TUYECKUX YCTaHOBOK.

3amaueil M3ydeHusl TUCHUIUIMHBI SBJISIETCS: M3Y4YEeHHE CIOCOOOB MpeoOpa3oBaHUsl SHEPTHH H
IIPUHLAIIAAIBHO-TEXHOJIOTHYECKUX CXEM Pa3JIMYHbIX TUIIOB SHEPTETUYECKUX YCTAHOBOK.

2. CTpyKTypa IMCHUILIUHBI

2.1 Pacnipenenenne TpyJOEMKOCTH IO OTACIBHBIM BHJAM YUEOHBIX 3aHSATHHA, BKIOYAs CaMo-
cToarenbHyto padoty: JIk 4 u; CP 64 u.
OO01mas TpyA0€MKOCTh JUCIUILINHBI COCTABISICT /2 yaca, 2 3a4eTHBIX SAMHHMII

2.2 OCHOBHBIC pa3/ieibl TUCIUIUIHHBL:

. UcTouHMKHM 3HEpPrUu.

. DHepreTuyeckoe TOIINBO.

. IIpeobpazoBanue 3HEprum.

. TeroBbIe 351eKTPOCTaHLINY.

. 'a30TypOMHHBIE U TApOTa30BHIE YCTAHOBKH.

. ATOMHBIE 3JIEKTPOCTAHIIHH.

. I'maposHepreTHyecKre yCTaHOBKH.

8. HerpaguunoHHble ¥ BO30OHOBIsIEMble HCTOYHUKH SHEPTUH.
9. HakomuTenu SHEPTHH.

10. ITpoGaeMbl cCOBpeMEHHOM 3HEPreTUKH.

N O 0Tk, WN B

3. Illlanupyemble pe3ybTaThbl 00y4eHUs! (lepeyeHb KOMIeTeH M)

Hpouecc HU3YyYCHUS JUCHUIIJIMHBI HAITPABJICH HA (bOpMI/IpOBaHI/Ie CICAYIOMIUX KOMIIETCHITUI:

OK-7 - cmocoOHOCTh K CaMOOPTaHU3AIMH U CAMOOOPA30BAHUIO
[IK-5 - TOTOBHOCTH OmpeensTh TapaMeTpbl 000pyAOBaHUs 00BEKTOB MPOheCcCHOHATHEHOM
EATENLHOCTH

4. B NPpOMeKYTOYHOM aTTeCTALMHU: 3a4eT
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IMpunoxenne 3

IIpomoxon o dononenusx u usmMeHeHusAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3acemanus kadenpst Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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IIpunoxenue 4

OOHJA ONEHOYHBIX CPEACTB AJId TEKYIHEI'O KOHTPOJIA
YCIHEBAEMOCTH IO JUCIUIIJIMHE

1. Onucanue ¢GpoHAa OLIEHOYHBIX CPEACTB (MACHOPT)

No
KOM-
MeTeH | OJEeMEHT KOoMIIe-
Paznmen Tema ®OC
107071 TEHIIUU
1 2 3 4 5
3.1. OcHOBHBIE NOHS-
THUS U OIIPEAEICHUS CobecenoBanue
TEPMOJIMHAMUKH.
3.2. TepmoauHamuye-
3. IIpeodpa3o- P
CKHE MPOIECCHI U IHK- CobecemoBanue
BaHHe YHEPTUHU
JIBI.
3.3. OcHOBHEBIE 3aKOHEI CobecenoBanue;
TEPMOJIMHAMUKH. Jlekuus ¢ TeKyIm
KOHTPOJIEM
4.1. KongeHcanmoHHbIE CobecenoBaHue;
JIEKTPOCTAHIIUY. Jlexnus ¢ Texymum
KOHTPOJIEM
4.2. Temtopuxanmon- CobecetoBaHuC;
4. TenioBBIE ¢ o ’
HBIE AJIEKTPOCTAHIINU. Jlexuus ¢ TEKyIIM
3JIEKTPOCTAH-
wn KOHTPOJIEM
4.3. OCHOBHOE U BCIIO-
MorartejibLHOe 000pyao-
pYy. CobecenoBanne
BaHHeE TEIIOBBLIX JJIEK-
TPOCTaHLIMIA.
CII0OCOOHOCTE K ca- .
5.1. Obuias xapakrepu- CobecenoBanue;
OK-7 | MoopraHuzanuu u .
CTHKa Ta30TypOMHHON JIex1us ¢ TeKyIum
caM000pa30BaHUIO N
5. 'azotyp- YCTaHOBKHU U €€ TeXHO- KOHTPOJIEM
OMHHBIC U MAa- | JIOTUYECKas cxeMa.
porazoBble yc- | 5.2. O0uias xapakrepu- CobecenoBanue;
TAHOBKH CTHKa [1apora3oBou yc- Jlexuus ¢ TeKymum
TaHOBKHU U €€ TEXHOJIO- KOHTpPOJIEM
ruJyeckasl Cxema.
6. Atomubie | 6.1. YcTpoiicTBo 1
CobOecenoBanue
3JIEKTPOCTAH- | Kjaccuukanus saep-
187071 HBIX PEaKTOPOB.
6.2. TexHomornyeckas Co0OecenoBanue;
CcXeMa aTOMHOU 2JIeK- Jlexuus ¢ TeKymum
TPOCTaHIUH. KOHTPOJIEM
6.3. OCHOBHBIE HOCTO-
CobecenoBaHue;
HMHCTBA U HEIOCTATKHU
Jlekuus ¢ Tekynum
ATOMHBIX JJICKTPOCTaH-
. KOHTPOJIEM
805078
7. F'uaposunep- | 7.1. Knaccudukanus
reTHYecKHe yc- | THAPOIHEPreTUIECKUX CobOecenoBanue
TAHOBKH YCTaHOBOK.
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7.2. Cxema co3manus

CobecenoBaHue;
HATmopa ¥ OCHOBHOE
Jlexuus ¢ Texymum
obopymoBaHuEe THAPO-
. KOHTPOJIEM
AJIEKTPOCTAHIINN.
7.3. Knaccuduxarnms
(uxan Co0OecenoBanue
TUAPOTYPOUH.
7.4. Mansle I'DC u
CobecenoBanue
Mukpo ['9C.
7.5. HacocHas cTtaHuus.
Knaccudukanus na- Co0OecenoBanue
COCHBIX CTaHITHH.
7.6. 'uapoakkymyIu-
pYIOIIHE JIEKTPOCTaH- CobecenoBanne
uu (CADC).
7.7. IlpunuBHBIE HIIEK- CobecenoBanue;
tpoctannuu (I19C). Jlexuus ¢ TeKymum
KOHTPOJIEM
7.8. BonHoBbI€ 211€K- CobeceI0BaHNE;
TPOCTaHIINH. JIekuys ¢ TEKYIIUM
KOHTPOJIEM
7.9. IlepcrieKkTUBHI pa3-
BUTUS THJIPOIHEPreTH- CobecenoBanue
ki B Poccuu u B Mupe.
8.1. DHeprus coiHIa.
P CobecenoBanue;
[TpeoOpaszoBanue coJ-
< Jlekuust ¢ TEeKYIIUM
HEYHOU DHEPTHH B
KOHTPOJIEM
AIIEKTPUYECTBO.
8.2. DHeprus BeTpa. CobecenoBanue;
Berposueprerunueckue Jlexuus ¢ Texymum
8. Herpagnum- p P ym
YCTaHOBKH. KOHTPOJIEM
OHHEIE U BO-
8.3. Bropuunsie uc-
300HOBJIsIEMbIe
TOYHUKH PECYPCOB. CobecenoBaHue;
HCTOYHHUKH .
I brnomacca u e€ mucrois- Jlekuus ¢ Tekynmm
p 30BaHue s oyye- KOHTPOJIEM
HUS DHCPTHH.
8.4. Bomopoanas 3uep-
10Ot p CobecenoBanue
reTka.
8.5. 'eorepmanbHas
Co0OecenoBanue
SHEPreTHKA.
9.1. Mexanuueckue Ha-
CobecenoBanne
KOITUTEIIA YHEPTHH.
9.2. TemnoBBIE HAKOMIHU-
CobecenoBanne
9. HakonuTeau | TEJIHU DHEPIHH.
JHEPIruu 9.3. Dnexrpuueckue
CobecenoBanne
HAKOIUTEII YHEPTHH.
9.4. XuMunueckue Ha-
CobecenoBanne
KOMUTENIN YHEPTHH.
10.1. TIpoGnemsbI FHEP- CobecenoBaHue;
TEeTHKH. JIeK1us ¢ TEKyIIHUM
10. IIpobsembI i
COBpPEMEHHOM KOHTPOTIeN
p 10.2. Dueprocbepexe- CobecenoBanue;
IHEPreTUKH
HHUE. Jlekuus ¢ Tekynmm
KOHTPOJIEM
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1.1. Knaccudukanus

CobecenoBanue
HMCTOYHUKOB DHEPTHH.
1.2. XapakTepucruka
P p CobecenoBaHue;
BO300OHOBJ/ISIEMBIX U He-
1. AcTounukn Jlekuus ¢ Tekymum
BO300HOBJISIEMBIX HC-
IHEPrum KOHTPOJIEM
TOYHUKOB SHEPTHH.
1.3. CoBpemenHsble
CIIOCOOBI TIOJTYYCHHS CobecenoBanue
SHEPTrUH.
2.1. Knaccudukarnus CobecenoBaHue;
TOILJIUB. Jlexuus ¢ TEeKyIum
KOHTPOJIEM
2. DOneprernye- | 2.2. Texuuyeckue xa-
CobecenoBanue
CKO€ TOILIMBO | PAKTEPUCTUKH TOILIUB.
2.3. XapaKTepuCTHKH
OTIEJIbHBIX BUIOB TOII- CobecenoBanne
JIMBA.
3.1. OcHOBHEBIE NOHS-
THUS U OIIPEAEICHUS CobecenoBanue
TOTOBHOCTB OTIpe- TEPMOJIMHAMUKH.
ACATE NAPAMETPbL | 5 o 3.2. TepmoanaaMuye-
o0opynoBaHus - 1lpeodp CKHE MPOIECCHI U IUK- CobecemoBanue
1IK-5 BaHHe YHEPTUHU
00BEKTOB Tpodec- JIBL.
CHOHAJILHOM Jes- 3.3. OcHOBHEBIE 3aKOHEI CobecenoBanue;
TEJIBHOCTH TEPMOIUHAMMKH. Jlekuus ¢ TeKyIm
KOHTPOJIEM
4.1. KoHaeHcanuoHHbIE CobecenoBaHue;
JIIEKTPOCTAHIIUU. Jlexuus ¢ Texymumm
KOHTPOJIEM
4.2. TertopukanuoH- CobecenoBaHue;
4. Tens1oBbIE ¢ ’
HBI€ AJIEKTPOCTAHIINU. Jlexuus ¢ TeKyImm
3JIEKTPOCTAH-
wn KOHTPOJIEM
4.3. OCHOBHOE U BCIIO-
MorartejibLHOe 000pyao-
pYy. CobecenoBanne
BaHHeE TEIIOBBLIX JJIEK-
TPOCTAHIIHU.
5.1. Obuias xapakrepu- CobecenoBanue;
CTHKa Ta30TypOMHHON Jlexuus ¢ TeKymum
5.Ta30Typ- | yCTAaHOBKH U €€ TEXHO- KOHTPOJIEM
OMHHLIE U Ia- | JIOTHYECKas CXeMa.
porazoBble yc- | 5.2. O0uias xapakrepu- CobecenoBanue;
TAHOBKH CTHKa [apora3zoBoi yc- Jlexuus ¢ TeKymum
TaHOBKHU U €€ TEXHOJIO- KOHTpPOJIEM
ruJyeckasl Cxema.
6. Atomubie | 6.1. YcTpoiicTBo 1
CobOecenoBanue
3JIEKTPOCTAH- | Kjaccuukanus saep-
187071 HBIX PEaKTOPOB.
6.2. TexHonornyeckas Co0OecenoBanue;
CXeMa aTOMHOU 2JIeK- Jlexuus ¢ TeKymum
TPOCTaHIUH. KOHTPOJIEM
6.3. OCHOBHBIE JI0CTO- CobecenoBaHue;
HMHCTBA U HEIOCTATKHU Jlexiusi ¢ TEKyIuM
ATOMHBIX AJICKTPOCTAH- KOHTPOJIEM
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UH.

7. F'uaposunep- | 7.1. Knaccudukanus
reTH4ecKHe yc- | THAPOIHEPTeTUIECKUX CobecenoBanue
TAaHOBKH YCTaHOBOK.
7.2. Cxema co3anus
CobecenoBanue;
Haropa ¥ OCHOBHOE
Jlekuus ¢ Tekynmm
000pyI0BaHUE THAPO-
. KOHTPOJIEM
AJIEKTPOCTAHIINHA.
7.3. Knaccugukarus
THAPOTYpGHH. Co0OecenoBanue
7.4. Manpie 'DC u
CobecenoBanne
mukpo ['0DC.
7.5. HacocHas cranmus.
Knaccuduxanus na- Cobece[oBaHme
COCHBIX CTaHI[UM.
7.6. I'mapoakkymyiu-
pyIoIIUe 3JIEeKTPOCTaH- CobecenoBanne
uuu (CADC).
7.7. IlpuyiuBHBIC AJICK- CobecenoBanue;
tpoctanuuu (I19C). Jlekuusd ¢ Texkymmm
KOHTPOJIEM
7.8. BoaHoBBIE DI1EK- CobecenoBanue;
TPOCTAHIIUH. Jlexuusi ¢ TEKyIIUM
KOHTPOJIEM
7.9. IlepcrieKkTUBHI pa3-
BUTHS THJIPOIHEPTETH- CobeceoBanme
ku B Poccum u B Mupe.
8. Herpaguuu- | 8.1. DHeprus coiHIa.
P p CobecenoBanue;
oHHble 1 Bo- | [IpeoOpazoBanue coi-
< Jlexuus ¢ TeKyImm
300HOBJIsIeMble | HEUHOU SHEPTUu B
KOHTPOJIEM
HCTOYHUKH AIIEKTPUYECTBO.
IHEPrumn 8.2. DHeprus BeTpa. CobecenoBanue;
Berposuepretudeckue Jlexuus ¢ TEKyIIM
YCTaHOBKH. KOHTPOJIEM
8.3. Bropuunsle uc-
TOYHUKH PECYPCOB. Cobecenoanue;
buomacca u e€ ucrnoins- Jlekuus ¢ Tekymum
30BaHUeE JIIS TIOJTyde- KOHTpPOJIEM
HUS DHEPTHH.
8.4. BogopoaHas >Hep-
p P Co0OecenoBanue
reTka.
8.5. 'eorepmanbHas
Co0OecenoBanue
SHEPreTHKA.
9. Hakonureau | 9.1. Mexanuueckue Ha-
CobecenoBanue
IHEPruu KOITUTEIIA YHEPTHH.
9.2. TemnoBBIE HAKOMIHU-
CobecenoBanue
TEJIM SHEPTHH.
9.3. Dnexrpuueckue
CobecenoBanne
HAKOITUTEIIN YHEPTUH.
9.4. XuMunueckue Ha-
CobecenoBanne

KOITMTCIIN DOHCPIUH.
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10. Mpo6aemsr | 10.1. [IpoGiiems 3HED- CobecenoBanre;
COBPEMEHHOM | METUKHU. Jlexuus ¢ Texymum
IHEPreTUKH KOHTPOJIEM
10.2. DHeprocoepexe- CobecenoBanue;
HHE. Jlexuus ¢ Tekymum
KOHTpPOJIEM

Bomnpocsl 1i1st cobeceoBaHust

Pasznen 1. UcTOUYHUKM 3HEPTUU

1. Knaccugukarus HICTOYHUKOB SHEPTUH.

2. XapakTepucTHKa HEBO30OHOBIIAEMBIX HCTOYHUKOB SHEPTUU.

3. XapakTepucTruka BO30OHOBIISIEMbIX UCTOUHUKOB YHEPTHUU.

4. CoBpeMeHHBIE CIIOCOOBI MOITYUYEHUS SHEPTHUH.

Pazjen 2. DHepreruyeckoe TOMINBO

1. Kimaccudukanms TOIIus.

2. TexHMUYECKHE XapAaKTEPUCTUKH TOILIUB.

3. XapaKTepUCTUKU OTIEIbHBIX BUIOB TOILIMBA.

Paznen 3. [IpeoOpa3oBanue 3Hepruu

1. OcHOBHBIE OHATHUSA U ONPEAEICHNUS TEPMOINHAMUKH.

2. TepMoaMHAMHYECKHUE TPOLIECCHI U IIUKIIBL.

3. IlepBbIit 3aKOH TEPMOJUHAMHUKH.

4. Bropoii 3aKOH TEpMOAUHAMUKH.

5. Tperuii 3aK0H TEPMOJAMHAMUKH.

6. OcHOBHBIE CBOMCTBA TEIIOTHI.

Pa3znen 4. TensioBble 3JIeKTPOCTAHIMH

1. Ipunmun padotel u TexHonoruueckas cxema KOC.

2. [Tpuniun pa®oThl ¥ TexHoJIOrHueckas cxema TOLI.

3. [1apoBble KOTJIBI U TAPOTE€HEPATOPHI.

Pa3nea S. I'a3oTypOuHHBIC M MApPOra3oBblie YCTAHOBKH

1. O6mas xapakTepucTHKa ra30TypOMHHON YCTaHOBKHU U €€ TEXHOJOTHYecKas cxema.
2. O0uras xapakTepUCTHKa I1apora3oBoil yCTaHOBKH M €€ TEXHOJIOTHYecKas cXxeMa.
Pa3nes 6. AToMHBIE 3/1€eKTPOCTAHIMH

1. Obmas xapakrepuctrka ADC.

2. YcTpoicTBO U KiaccuUKaIus SIEPHBIX PeaKTOPOB.

3. TexHoNOrNYecKas cCXxemMa aTOMHOM 3JIEKTPOCTaHIUH.

4. OcHOBHBIE JOCTOMHCTBA U HEJAOCTATKU aTOMHBIX 3JIEKTPOCTAHIUI.
Pazgen 7. 'maposHeprernyeckue yCTAaHOBKHU

. Knaccugukarus ruiposHepreTH4eckux yCTaHOBOK.

. CxeMblI co371aHMsI HAIlOpa U OCHOBHOE 000PYAOBAHUE THIPOITIEKTPOCTAHIIHN.
. Knaccugukanus ruaporypous.

. Masbie I'DC u muxpo I'9C.

. Hacocnas cranuus. Kiaccuduxanus HaCOCHBIX CTaHIIUH.

. 'mapoakkymymupyromue snexrpoctaniuu (I'ADC).

. IIpunusHsele anexTpoctanumu (I13C).

. BomHOBBIE 251€KTpOCTAaHIINN.

. IlepcriekTHBBI pa3BUTHS THAPOIHEPTETUKH B Poccuu u B Mupe.

Paspnen 8. HerpaauuunonHubie 1 BO300HOBJ/IsieMble HCTOYHMKH YHEPIrUH

1. Dueprus conuna. [Ipeobpa3oBanue COIHEUHOM SHEPTUU B IIEKTPUUECTBO.
2. DHeprus BeTpa. BeTposHepreTnyeckue yCTaHOBKH.

3. BropruuHble HCTOYHUKHU pecypcoB. buomacca u €€ ncrosib3oBaHue JUIs OJIy4E€HUS SHED-
THH.

4. Bonopo/iHast SHEpPreTHKa.

5. 'eoTepmanbHas HEPreTHKA.

O 0 IO DN W~
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Paznen 9. Hakonurenu 3Heprumn

1. Mexanuuyeckre HaKOMMUTENU SHEPTUH.

2. TennoBble HAKOTIUTEIN YHEPTHH.

3. DNeKTpUUECcKUe HAaKOIUTEIN YHEPTUH.
4. XuMu4ecKre HaKOIUTEIN SHEPTUU.
Pa3nea 10. IIpo0JieMbl cOBpeMeHHOI IHEPTreTHKH

1. CouunanbHble 1 SKOHOMHUYECKHE aCIIEKThI B SHEPTreTHKE.
2. DKOJIOTUYECKHUE ACTIEKTHI B JHEPIE€TUKE.
3. 3akoH 00 PHEProcOEPEeKCHUH U OCHOBHBIE CIIOCOOBI SHEPTOCOEPEIKCHHMS.

2. Onucanue nMoKa3arTejiei u KpUTEPUEB OLNCHUBAHUA KOMIIeTeHII il

Ilokazarenu Onenka Kpurepun
3HaTh OO6yyaromuiics riry0OKoO U MPOYHO YCBO-
(OK-7): WJI MPOrpaMMHBI MaTepuall, 3HaeT: oc-
- METOABl CaMOCTOSITEJIBHOIO H3Y4YECHHUS HOBHBIE METOJIbl U CIIOCOOBI Mpeodpa3zo-
COBPEMEHHBIX JHEPreTHUYECKUX YCTaHO- BaHUSl SHEPrUM, TEXHOJOTHIO0 IPOU3BOJI-
BOK; CTBa OJIEKTPO3HEPIMM Ha TEIUIOBBIX,
(TIK-5): SAUTEHO | o roMHbIX 1 TUAPABIMYECKUX DJIEKTPO-
- OCHOBHBIE BHJIBI 3HEPTOPECYPCOB U CIIO- CTaHLUAX, HETPAJAMLMUOHHBIE M BO300-
coOBl WX TpeoOpa3oBaHUS B AIIEKTpHUE- HOBJIIEMbIE UICTOYHUKH 3JIEKTPOIHEPIHUH,
CKYIO U TEIUIOBYIO SHEPIHUIO; a TaKXXe OCHOBBI pecypco- M 3HeprocoOe-
- OCHOBHBIE THUIIbl 3HEPIeTUYECKUX YCTa- pEXKEHUS.
HOBOK;
Ymerb
(OK-7):
- paboTaTh ¢ TEXHUUYECKOH JIMTEpaTypoii;
(TIK-5):
— HCMOJb30BaTh METO/bI OLEHKH OCHOB-
HBIX BUJIOB DHEPrOPECYPCOB M UX IMpPeoOd- OOyuaronuiics JOMYCTHII CYIIECTBEHHbIE
pa3oBaHUs B DIIEKTPUYECKYIO U TEIUIOBYIO OLIMOKY IIPU OTBETE HA BOMPOCHI, HA J10-
SHEPrHIo; He 3a4YTeHO | TIOJTHUTEIbHBIE BOIIPOCHI JaBaJl HEMpa-
Baapners BUJIbHBIE OTBETHI; BCE BhILLIEYKa3aHHbIE
(OK-7): paszessl He yCBOCHBI

- HaBBIKAMU CaMOCTOSITEJIBHOTO U3yUEHUs
TUIIOB SQHCPICTHYCCKUX YCTAHOBOK;,
(TIK-5):

— HaBBIKaMH aHaJIN3a TCXHOJIOTHYCCKUX
CXEM ITPOU3BOJICTBA DJIEKTPUUECKON U TEll-
JIOBOM SHEPIuH.
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[Tporpamma cocTaBiieHa B COOTBETCTBUU C (peiepanbHBIM FOCyJapCTBEHHBIM 00pa30BaTeIbHbIM
CTaHJapTOM BBICHIETO 00pa30BaHUs 10 HarpasieHHIO moaAroToBkH 13.03.02 DnexTposHepreTrka u
3JIEKTPOTEXHUKA (YPOBEHB OakanaBpuaTa) oT «3» ceHTs0pst 2015 1. Ne955

A5 Habopa 2014 roaa: u yuebusim wianom @I'BOY BO «bpl'V» anst 3aouHoi hopMbl 00ydeHus
oT «3» nroisa 2018r. Ne413

IIporpammy cocraBuiI:

Bynaros FO.H., 3aB. xadbenpoii, no1eHT, K.T.H.

Pabouas mporpamma paccMOTpeHa U yTBepiK/ieHa Ha 3aceiaHuu kadeapsl Dud

oT« _» pnekabps 2018 r., mporokosa Ne

3aBenyromnuii kageapoit Dud IO.H. bynaros
COI'JTACOBAHO:

3aBeNyIONIHI BBITyCKAIOICH Kadeapoit I0.H. bynartos
Hupexrop OuOIMOTEKH T.®. CotHuK

Pabouas nporpamma ogo6pena Mmeroandeckoit komuccueit ®OuA

OT «___» _ Jekabps 2018 r., mpoTokoma Ne

[Ipencenarens metoauueckoir komuccu GOUA A J1.YnpsHOB
COI''TACOBAHO:

HavanpHuk

y4eOHO-METOIUUECKOr0 YIPaBICHUs I'.I1. Hexxeeny

Perucrpanmonnsiii Ne
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