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IHACIIOPT

®OHJIA OIIEHOYHBIX CPEJICTB 1O YYEFHOM JUCHUILINHE

Hzonsauus u nepenanpsiscerue 8 dJ1eKmMpoIHeP2eMUYecKUX CUCmemax

(HaMMEHOBaHUE TUCLIUILIIVHBI)

Konx konTponupyemoit
Ne KoHTposmpyemsle pa3ieisl Tpopy HaumenoBanue
KOMIETEeHIINH (UJTU €€
1/ (TeMbl) AUCIUTUIMHBI OLIEHOYHOTI'O CPEJICTBA
YaCTH)
cTouHMKH Teruia B HEIpax CobecenoBanue
1. [Bemnu U 3aKOHOMEPHOCTH €TI0 [IK-2, TIK-5 [TpakTrueckas padota
nepeaadu
) TexHoMOTHM JOOBIYM U K2, TIK-5 CobGecenoBanue
" |ACIIOJB30BAHUS r€OTEPMAIBHBIX ’ [TpakTrueckas pabora
[pecypcoB
PacueT NpOTUBOTOYHOIO U
DAMOTOUHONO CobecenoBanue
3. P IIK-2, TIK-5 CamocTosiTenpHas
BHYTPHUCKBAKUHHBIX
pabora
TEIIOOOMEHHHUKOB, aHAJIN3
MOJIy4YEHHBIX PE3YJIbTATOB.
4 Vcrionb30BaHNE re0TepMalIbHON K22, TIK-5 CobecenoBanue
" PpHeprum Ui BEIpaOOTKH ’ [IpakTuyeckas padbota
PIIEKTPO3HEPTUU
5 TerutoMacconepeHoc B cuctemMax K22, TIK-5 CobecenoBanue
" [mo 1o0bIue reoTepMaIbHOTO ’ CamocrosiTenbHas
TETJIOHOCUTETISI pabora
6 lcnionp30BaHnE T€OTEPMAIbHON MK-2. [IK-5 CobGecenoBanue
" pHepruu Juis BBIpaboTKU ’ [IpakTuueckas pabota
TENJIOBOM SHEPTUU
NEPEYEHDb OHEHOYHbBIX CPEJACTB
IIpeacraBiaenue
HaumeHnoBanue
Ne Kparkas xapakrepucruka OLICHOYHOI'0
OLICHOYHOI'0
n/n OLICHOYHOI0 CPeACTBA CpeacTBa
cpeacTBa
B ponne
CpencTBo KOHTPOJISI, OpraHM30BaHHOE KaK
crienuanbHas 6ece1a mpenoaBaTess ¢
H /1 TIpEron Bomnpocs! o remam /
00y4aronuMcsl Ha TEMbI, CBSI3aHHBIE C
1 | Cobeceoosanue . . paznenam
M3Yy4aeMOl TUCHUIUIMHOM, U paCCUNTaHHOE Ha
. JUCLUTUIAHBI
BbISICHEHHE 00beMa 3HaHu 00yyarolerocs mo
OIIpe/IeIIECHHOMY Pa3Jieny, TeMe, MpodieMe U T.11.
CpencTBo NpoBEpKH YMEHUN IPUMEHSATH Komrekr
5 Konumponvnas MIOJIy4YEHHBIE 3HAHUSA JUIS PELLIEHUS 3a/1a4 KOHTPOJIbHBIX
paboma OTIpeIeNIEHHOT0 TUIIA TI0 TEME UITU 3aJlaHui 10
paszzeny y4eOHOM JMCUUILUIUHBL BapHaHTaM
CpencTBo NpoBEpKH YMEHUM IPUMEHSTD Kommnekt 3aganuit
Pacuemmno- MOJIYUYCHHBIC 3HAHUS 10 3apaHCC JJIS BBIIIOJIHCHU S
3 | epaguueckas ONpENIETICHHON METOANKE JIJIsl peLIEHUs 3a1a4 pacyeTHo-
paboma WJIY 33JJaHUH 110 MOJIYJIIO WJIA AUCLUIUIVHE B rpaduuecKoii paboThl
LIETIOM.




Teopueckoe
3a0anue

YacTU4yHO periaMeHTHPOBAHHOE 33JaHUE,
UMeEIOIIee HECTAHJapPTHOE PELICHUE U
[I03BOJISAIOIIEE AUATHOCTUPOBATH YMEHMSI,
MHTETPUPOBATh 3HAHUS PA3JIMYHBIX 00JacTel,

apryMEHTHPOBATh COOCTBEHHYIO TOUKY 3PEHUSI.

Mo>KeT BBIIOIHATHCS B MHANBUAYAIHHOM
HOPSIKE WIM TPYNION 00yYaroIUXCsL.

Tembl rpynnoBbIx
u/U
WH/IMBUyaJIbHBIX
TBOPYECKHUX 3aJaHUU




BOITPOCHI JJI51 COBECEJJOBAHMUSI (TEKY LA KOHTPO.1b)

Pa3zgen UcTOUHMKH TeIJIa B HeAPaxX 3eMJIM M 3aKOHOMEPHOCTH €ro nepeaadun
TepMuueckue CBOMCTBA FOPHBIX MOPO/I.

Bupel reruionepenauu.

['eoTepmuueckuii rpaiueHT.

Buabl pecypcoB u 3amacoB reorepMaibHON SHEPTUH.

[IpoucxoxaeHre Moa3eMHbIX BOJ.

30HaNBHOCTH ITOJI3EMHBIX BO/I.

SN S

Pa3znen TexHoJ10rMu 100bI4Y U MCNIO0Jb30BAHUS T€0TEPMAJILHBIX PECYPCOB
1. TennosHepreTnyecKkuit MOTEHIIMAT PECYPCOB TEPMAIBHBIX BOJI.

Paznen Pacyer mpOTHBOTOYHOIO M NPSIMOTOYHOI'0 BHYTPHUCKBAKMHHbIX TENJI000MEHHHNKOB,

AHAJIN3 NOJYYEeHHbIX

CocTosiHHE U IepCIEKTUBBI Pa3BUTHSI TeOTepMalibHOM 3HepreTuku B Poccuu u 3a pyoexom.
['eoTepmanbHas CKBaXKMHA.

['opu3oHTanbHas CKBaXKMHa.

TemnooOMeHHbIE annapaTsl.

[TpuHIMIHATBHBIE CXEMBI T€0TEPMAIBHOTO TETIOCHAOKEHUSI.

['eoTepmanbHas HUPKYISILIMOHHAS CUCTEMA.

N3Bnedenne nerporeorepmManibHOM SHEPTUH.

Koppo3us u coneornoxeHne B reoTepMalibHbIX CUCTEMAX.

PN R

Pa3nen Ucnoyb30BaHue reoTEPMAJIbLHOM YHEPIrUH JUISE BBIPA0OOTKH 3J1€KTPOIHEPTHH
1. Pa3BuTHE reoTepManbHOM 3JEKTPOIHEPTETHKH.

2. TexHOJOrMYecKHue CXeMbl reoTepManbHbIX 3eKkTpocTanuil (I'eo3C).

3. bunapnsie I'eoDC.

Pa3nea TeniomacconepeHoc B CHCTEMAX M0 100bIYe Te0TepPMAJIbHOI0 TeIIOHOCHTEIs

1. MccnenoBanue ruipoAMHAMUYECKOTO U TEIUIOBOIO PEKUMOB B CKBa)KMHAX 10 COBMECTHO-
pa3zienbHOM 100bIYe.

2. Tennonepenadya BO BHyTPUCKBAKUHHBIX TEINIOOOMEHHHUKAX.

3. Cwem Temiia ¢ TOpHOI MOPO/Ibl CKBAKMHHBIM TEIUIOOOMEHHUKOM.

Pa3nea «Mcnonb3oBanne reoTepMaibHOM JHEPrUHU /sl BBIPA0OOTKH TEINJIOBOI YJHEPTHHN»
1. IIpuHIMNHATBHBIE CXEMBI T€0TEPMAIBHOIO TEIIOCHAOKEHUSI.
2. KomMriekcHble reoTepMaibHbIE CUCTEMBI TETIOCHAOKEHUS.

Kpurepun onieHKH 0TBETOB HA TeOpPeTHYECKHE BONPOCHI (TEKYLIHIl KOHTPOJIb):

v/ pes3yibTar, COJAEpIKAIlWil IOJNHBIM INPaBUIBHBIA OTBET, IOJHOCTHIO— COOTBETCTBYIOLIMI
TpeOOBaHUSIM KPUTEPHSI, — MAKCUMAJILHOE KOJIMUYECTBO OAJLIOB;

v’ pe3ynbTar, CojepKaIliii HEMOIHBIA PaBUILHBIN OTBET (CTENEHb IOJHOTHI— OTBETA — O0JIee
60%) wiaM OTBET, COAEp)KAIMKA HE3HAYUTEIbHbIE HETOYHOCTH, T.€. OTBET, UMEIOLIUN
HE3HAYUTENIbHbIE OTCTYIUIEHUs OT TpeOoBaHuil kKputepus, — 75% OT MaKCHUMallbHOTO
KOJIM4YeCcTBa 0aJlIoB;

v/ pe3ynbTar, COAEpIKAIIUi HEMOIHbINA MPAaBUILHbINA OTBET (CTENEHb IMOJHOTHI— 0TBETa — OT 30
no 60%) wunum OTBET, COJEpXKAIUKA 3HAUYUTENTbHbIE HETOYHOCTH, T.€. OTBET, HMEIOIIHMA
3HAYUTENbHbIE OTCTYIUIEHHS OT TpeOoBaHuit kputrepus — 40 % OT MakCUMalbHOTO
KOJIMYECTBa 0aJlIOB;



v/ pe3ysbTar, coJAepIKalliii HEMOIHBIN MPaBUIIbHBIN OTBET (CTENEHB MOJHOTHI— OTBETA — MEHEE

(98]

30%), HenpaBUIBHBIM OTBET (OTBET HE IO CYIIECTBY 3aJaHUs) WIK OTCYTCTBUE OTBETA, T.C.
OTBET, HE COOTBETCTBYIOLIUI NOJHOCTBIO TpeOoBaHUAM KpuTepHs, — 0 % OT MaKCUMalIbHOTO
KOJIMYeCTBa 0aJIjIoB;

HAUMEHOBAHME INIPAKTUYECKHUX PABOT (TEKYIIIU KOHTPO.Ib)

Hcnonp3oBaHue reoTepMaibHON SHEPTHH JIJIsl BBIPAOOTKU TEIUIOBOM U AJIEKTPUUYECKON
SHEPrUu

®u3uuecKrue OCHOBBI MTPOLIECCOB MPE0Opa30BaHMs COTHEUHOM SHEPIUU

[Tpon3BoCTBO OHOMACCHI IS SHEPTETUUECKUX LIeIen

TepMoxumuueckre nporeccbl OMOIHEPreTUKU



IIpakTuyeckasi padora Nel
«Mcnonp30BaHKe re0TepMalIbHON IHEPTUU JJI BIPAOOTKH TEILIOBOM U 3JIEKTPUUYECKOMN
SHEPTUN»

Heab padoThl: U3yuuTh pabOTy re0TepMaIbHBIX CTAHLIUNA PA3IMYHOTO TUIIA!

[Tops oK BBITIOJIHEHUS PaOOTHI:

1. U3y4uTh TEOPETUYECKYIO YaCTh JJAOOPATOPHOIO 3aHSTHSL.
2. HapucoBaTbh CX€MbI YCTaHOBOK.

3. Paccka3arb npuHUMI pabOTBHI.

['eoTepManbHble CTaHIMM B BYJKAHUYECKUX pailoHax 0a3upyloTcs Ha MECTOPOXKIECHUSIX
MapOBOISIHONW CMECH, TOOBIBAEMOU M3 MPUPOIHBIX MOA3EMHBIX TPEITUHHBIX KOJUIEKTOPOB ¢ Ty-OuHBI 0,5-
3 kM. [lapoBonsHas cMmech B cpeHeM umeet crenenb cyxoctu 0,2-0,5 u sutansnuio 1500-2500 x/x/kr. B
CpeIHEM OJIHA HKCIUTyaTallMOHHAs CKBa)KMHA 00€CIIEUMBAET 3JIEKTPUUECKYI0 MOLTHOCTD 3-5 MBT, cpennss
cTOUMOCTH OypeHnus cocrapiusieT 900 goiapoB 3a MeTp.

['eoTepManbHas 3JE€KTPOCTAHIUS C HEIIOCPEICTBEHHBIM MCIIOJb30BaHUEM NpUpoHoro napa. Camas
IpocTas U IOCTyIHAs reoTepMalibHasi SHEPrOyCTaHOBKA MPEACTaBISET cOO0M MapoTypOMHHYIO YCTaHOBKY
¢ mpoTuBonaaBicHUEM. [IpUpOAHBIN Tap W3 CKBAKWHBI MOJACTCS MPSMO B TYpOMHY C TOCICAYIONUM
BBIXOJIOM B aTMocdepy WIH B yCTPOHCTBO, yIIaBIUBAIOIIEe 1IEHHbIE XUMUYECKHE BellecTBa. B TypOuHy c
MPOTUBOJIABIICHUEM MOKHO I10JaBaTh BTOPWUYHBIM Map WJM Map, MOJydaemblil u3 cenapartopa. [lo aToit
CXEMe€ DJIEKTPOCTaHLUsA padoTaeT 06e3 KOHIEHCATOPOB, U OTHAAaeT HEOOXOJUMOCTh B KOMIIpECcope s
yIAJIeHUsI W3 KOHJEHCATOPOB HEKOHACHCUPYIOIIMXCS Ta30B. JTa YCTaHOBKAa HamOojee mpocras,
KaluTaJlbHbIC U HKCIUTyaTaIl[MOHHBIE 3aTpaThl HA Hee MUHUMAaIbHBL. OHA 3aHUMaeT HEOONBIIYIO MJIOIA/b,
NOYTH HEe TpeOyeT BCIIOMOraTeJIbHOIO OOOPYAOBAaHUS M €€ JIETKO IMPUCIHOCOOUTH KakK IEPEHOCHYIO
reoTepMalibHYIO dJEKTPOCTaHIuIo (puc. 1).

1 — ckBaxuHa; 2 — TypOuHa; 3 — reHepaTop; 4 — BBIX0J1 B aTMOc(hepy Wil Ha XUMHUYECKUN 3aBO/I.
Puc. 1. Cxema reotepmanbHON 3JIEKTPOCTAHIIMYU C HENTOCPEACTBEHHBIM MCIOIb30BAHUEM
MIPUPOJHOTO Tapa.

['eoTepManbHasi 3JEKTPOCTAHIMS C KOHJIEHCAI[MOHHOM TypOMHOW M MpPSIMBIM HCIOJIb30BaHHUEM
IPUPOIHOTO Mapa — 3To HauboJiee COBpEMEHHAasl cXeMa JUIsl MOJy4yeHUs dieKTpuueckoi sHepruu. [lap u3
CKBa)KMHBI MoJaeTcst B TypOuHy. OTpaOoTaHHBIN B TypOMHE, OH MOMaJaeT B CMEIINBAIOIIUI KOHIEHCATOP.
CMmech oxnaxjaromei BOJbl M KOHJEHCAaTa YK€ OTpabOTaHHOrO B TypOMHE Iapa BBIMYCKaeTcs W3
KOHJIEHCAaTopa B MOJ3EMHBIN 0ak, OTKyAa 3a0upaercs HUPKYISIUOHHBIMU HACOCAMH W HampaBIseTCs UIs
OXJIX/IEHUS B IpaJupHI0. M3 rpaupHu oxiaxkaaromias BoJa OIsTh NomnaaaeT B KoHaeHcarop (puc. 2). Ilo
TaKoM cxeMe paboTaeT reoTepMaibHas MeKTpocTanmus Jlapaepenno-3, ucnoab3yolias TpUPOIHBINA Tap,
camas KpymnHas B Utanuu. Ha 35eKTpocTaHIIul YCTaHOBIIEHO YeThIpe TypOoTreHepaTopa MOIIHOCTHIO 110 26
ThIC. KBT 11 1Ba TypOoreneparopa mo 9 teic. kBT. [locneaaue npenHazHadeHb! 151 HTOKPBITAS COOCTBEHHBIX
Harpys3ox.
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1 — ckBakuHa; 2 — TypOU-Ha; 3 — reHepaTop; 4 — Hacoc; 5 — KOHJIeHCaTOp; 6 — rpaJupHs; 7 — KOMIIPECCOp;
8— copoc.
Puc. 2. Cxema reorepmalibHOM 3JEKTPOCTAHINH ¢ KOHACHCALIMOHHON TYpOUHOM U MPSMBIM
HCII0JIb30BAHUEM IIPUPOJIHOTO Mapa:

Hu oauH M3 ycTaHOBIIEHHBIX 37€Ch TypOOreHepaTOpOB B TEUEHHUE MHOTHUX JIET HE MEPEBOAUICS B
pesepB. KoaddunmeHT ncnonp30BaHus yCTaHOBICGHHOW MOMIHOCTH cocTaBiisier 98%. CrabuibHas paboTa
reoTepMalibHOM  3nekTpocTtaHiuu Jlapaepemno-3  OTKphlla MyTh K  KOHCTPYMPOBAHHIO  HOBBIX
AIIEKTPOCTAHLIMI C HWCIIOJNB30BAaHUEM KOHJICHCAIMOHHBIX TypOuH. [lo Takoil cxeme ¢ HEKOTOPHIMH
U3MEHEHUAMHU paboTal0T MHOTHME reoTepMalibHble 3iekTpoctaHiuu: Jlapaepemno-2 (Mranus), Baiipakeit
(Homast 3enmanmusi) u np. brarogaps TeXHH4eCKHM YCOBEPIIEHCTBOBAHUAM MOTPeOICHNE Mapa Ha KaXK bl
KHUJIOBAaTT MOIIHOCTH CTaJI0 3HAYMTEIbHO MeHblIe. Ceifuac pacxo/ mapa Ha HOBOM 3JeKTpocTaHiuu Jlaro
(Utanus) cocraBusieT yxe 8 KI/KBT-U.

['eoTepmanbHast 3JIEKTPOCTaHLUS ¢ MapornpeobpasoBareneM. KonpaeHcannoHHas TypOMHA C
naponpeoOpaszoBareieM paboTaeT Ha BTOPUYHOM Hape. ODTH CTAaHLIMKM HauOosee BHITOAHBI TaM, TIJie
IOPUPOIHBIN Map MMEEeT BBICOKYIO TeMIepaTypy M Oosiblioe cojepkaHue razoB. CxeMa 3J1eKTpOCTaHIIMU
CIeyIoIas: MPUPOJHBIA Map M3 CKBaXXUHBI MOCTYNAET B MaporpeoOpa3oBaTeib U CBOE TEIUIO OTHAeT
BTOPHUYHOMY TEIJIOHOCHTENIO, MOCIE YEro YMCTHII BTOPUYHBIM Hap HampapiseTcs B KOHICHCAI[MOHHYIO
TypOouHy. OTpaboTaHHbIN Map UJET B KOHAeHcaTop. HekoHaeHcupyromuecs rasbl, CoiepKaliecs B nape,
OTJEIISAIOTCS B MapornpeodpazoBaresie U BbIOpAchIBAIOTCS JIMOO B aTMocdepy, TM00 UAYyT Ha XMMHUYECKHE
3aBojbl. HemocTtaTkoM 53TOM CXeMbl SBISIETCS CHUKEHHE IapaMeTpoB mapa nepen Typounoi. Ilo
CPaBHEHHMIO C D3JIEKTPOCTAHIUSAMM, HETOCPEJACTBEHHO HCIOJB3YIOIUMHU TMPUPOJIHBIA Map, yAeNbHBIN
pacxon mapa 3nech Menbie Ha 30%. ['eorepmanbHas 3JIeKTpOCTaHIMA, padoTaromias mo 3Toul cxeme (puc.
3), MO3BOJISIET MOJIHOCTBIO MCIIOJIb30BaTh BCE XMMUYECKHE BEILECTBA, COJEpKAIUECS B IPUPOJHOM Iape.

2z

1 — ckBaxkuHa; 2 — maporpeodpa3oBarenb; 3 — TypOuHa; 4 — reHepaTop; 5 — KOHAEHCATOP;
6 — BakyyMHBII Hacoc; 7 — rpaaupHsi; 8 — Hacoc; 9 — merazarop; 10 — cOpoc.
Puc. 3. Cxema reotepMasibHOM 3JIEKTPOCTAHILIMY C TAPOIPEOOPa3OBaTENIEM.



['eoTepmanbHBIe  DJIEKTPOCTAHIIMM C  KOHJIGHCAlMOHHOW  TypOWHOW, paboTaromige  Ha
OTCEMaprUpPOBAHHOM TIape, CTPOSATCS TaM, TA€ U3 CKBAXHUHBI TMOJTYYArOT Map ¢ OOJBIINM COJEepPKaHHEM
Boabl. [lap wnm mapoBozsiHasE cMech W3 CKBaXHHBI HAMpaBIETCS B CHEIUAIBHOE YCTPONCTBO,
pacrnonioxxeHHOe Ha ckBakuHe. [log naBiieHHeM B cemapaTrope MPOUCXOIUT pPa3iesiCHHE MapOBOASHON
cMecH Ha map u Boay. OTcemapupoBaHHBIM map Mo TpPyOONpoBOAY HampaBisieTcss B TypOHHY U T.A.
KonneHcanmonusie TypOWHBI, paboTarolmMe Ha OTCEMApUPOBAHHOM Tape, HAILIM NPUMECHEHUE B
CTPOUTENILCTBE reoTepMalbHbIX dekTpoctaniuii B Poccun (Ilayxerckoe mecropoxkienue Ha Kamuatke),
Ucnanauu (MmecTtopoknenre XBeparepau) U B IPyrux CTpaHax.

PaccmoTpenHas cxema uMmeeT cBoM IpeumyliecTBa. [lomydueHHbI B cenaparope mnap npakTHYecKu
HE COJICPKUT ra3oB, YTo 0byeryaer paboTy TypOuH.

Jis mosydeHus SJIEKTPUYECKOM SHEPruu 3a CueT TIIyOMHHOro Teruia 3eMJIM U CTPOUTENIbCTBA
ONBITHO-ITPOMBIIIUICHHOW T€0TePMaJIbHON CTaHIIMU TUJIPOTEOJIOTH-PA3BEIYMKA COWIM HAWITY4YLIUM
paiioHoM nonuHy peku [laykeTku, pacrosiokeHHyro Ha rore Kamuatku, B 35 kM oT moOepexbsi OXOTCKOTO
mopsi. 1o mpenBapurenbHbiM JaHHbIM, [layxkeTckoe reorepManbHOE MECTOPOKICHUE 1acT BO3MOKHOCTD
nosy4arb 30-50 Teic. KBT 31€KTpUYECKO MOILIIHOCTH.

CxemMa ONBITHO-TIPOMBIIUICHHOW CTAHLIUU, TPEAJIOKEHHAs HHCTUTYTOM TeruiosneKTponpoeKT,
npeJcTaBiIeHa Ha puc 4.

[TapoBonsiHast cMech W3 CKBaXXMHBI MOCTymaeT B cemapartop (emxocthio 10 M3, ¢ Harpy3koi
napoBoro oobema 600-800 Mm3/uac), pacmoiOKEHHBIM Ha CKBaKMHE. 37ech MpU AaBileHUH 1,5 atm
MIPOUCXOAMT pa3ziesieHne mapa u Bojbl. OTcenapupoBaHHbIN MMap IO MapONPOBOAY MOCTYNAET K TypOUHaM.
['opsiuas Boga ¢ temmneparypoit 100-110 °C cOpackiBaeTcs B peKy, U TOJIbKO HEOOIbIIAs YacTh €€ UAET 10
TpyOaM JJisi OTOIUICHHS W TOPSYETO BOJOCHAOKCHWS JKHIBIX 3JaHUH TOCENTKa M XO3SMCTBEHHBIX
IIOMEILECHUH.
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1 — ckBaxkuHa; 2 — cenaparop; 3 — maponpoBoj; 4 — TypOuHa; 5 — reHepaTop; 6 — CMEUIMBAIOIIUI
KOHJIEHCATOP; 7 — BOJIOCTPYHHBIHN 23KEKTOP; 8 — KEKTOPHBIN HAacoc; 9 — bapomeTpuieckas Tpyoa;
10 — 6ak oxnaxnarorieit Boasl; 11 — cauBHOIM Komozerr; 12 — Hacoc ropsiaeid Boabl; 13 — TpyOompoBoj
XOJOHOM BOJIBI
Puc. 1. Cxema IlayxeTcKkol ONBITHO-ITPOMBIIIJIEHHONW F€0TEPMAIbHON IEKTPOCTAHIIAN:



IIpakTH4yeckas padora Ne2
«ITpon3BOCTBO OMOMACCHI ISl IHEPTETUUECKUX TETIEH»

Leasb padoThl: M3Y4UTh MPOU3BOACTBO OMOMACCHI Ul DHEPrEeTHUECKUX IIeNeH, MPOIYKTHI
MPU3BOJICTBA HHEPreTHUECKUX (epM, HHEPreTHUeCKUid aHaiu3, NUPOoJu3 (cyxas IeperoHka),
ra3uQuKanys, ycTaHOBKa JJIs1 OCYIIECTBICHHS MTUPOJINA3a, PEKUMbI pabOThl YCTAHOBKHU MMHPOJIH3a.

ITopsinok BbINOJIHEHHS PadOThI
1. U3y4nuTh TEOPETUUECKYIO YacTh JaOOPATOPHOTO 3aHATHUS.
2. HapucoBaTb CX€MbI YCTaHOBOK.
3. Pacckazarp npuHIUI padoThI

Tepmun sHepreTuueckas ¢epMa HCHOIb3YEeTCS B OYEHb ILIUPOKOM CMbIcie, 0OO03Hauas
IIPOU3BOJICTBO PHEPTUH B KAYECTBE OCHOBHOI'O WJIM JOIMOJIHUTENBHOIO MPOJYKTA CEIBCKOX03SICTBEHHOTO
IPOM3BOJICTBA, JIECOBOJCTBA, AaKBa-KyJIbTYpbl, a KpOME TOIO, T€ BHUJbl MPOMBIIUIEHHOW U OBITOBON
NeSITeIbHOCTH, B PpE3yJlbTaTe KOTOPBIX 00pa3yloTcsi opraHudeckue oTxoabl. OCHOBHOW IIEJbIO
nepepabdOTKU ChIPbsi MOTJIO Obl ObITh MCKIFOUUTENIBHO MPOU3BOACTBO SHEPIHH, HO 00jee BBIFOJHO HAlTH
HAWIy4lllee COOTHOLICHUE MEXIY MOJIYYEHHEM U3 Pa3IMYHbIX BHJIOB OMOMAcCChl SHEPTUU U OMOTOIIMBA.
Haunbonee xapakTepHblii HpuUMep 3SHEPreTUUYecKUx ¢GepM MPeACTaBISAT CcO0ONW MpeaupusTHs 110
BBIPALIMBAHUIO U KOMILJIEKCHOM MepepaboTKe caxapHOro TpocTHUKA. [Ipor3BOACTBO 3aBUCUT OT CKUTAHUS
OTXOJIOB IepepabOTKHU TPOCTHHUKA, HEOOXOAMMOTO JJIsi CHAOXKEHUS SHEprueil Bcel TeXHOJOTNYECKOM LemnH.
[Ipn Hamnexamedl MexaHU3allMd MOKHO ObUIO OBl MOJYYUTH JOIOJHUTEIbHYIO SHEPrui0 JUIs
IPOM3BOJICTBA HA NMPOJAKy MOOOYHBIX MPOAYKTOB (ITATOKHU, XMMUKATOB, KOPMa ISl )KHBOTHBIX, 3TUIIOBOTO
CIUpPTa, CTPOMUTENBHBIX MaTepHaJIOB, 3JeKTposHepruu). CieayeT OTMETUTh, YTO STHIJIOBBIM CHOUPT U
JJIEKTPO’HEPIMI0 MOKHO HCIIOJIB30BaTh ISl BBIPALIMBAHUSA KYyJIbTYP U BBIIIOJIHEHUS TPaHCIOPTHBIX
onepaunui.

Pa3BuTHe HHEpreTMKM 3a CUET MCIOJIb30BAaHUS CEJIbCKOXO3SICTBEHHBIX KYJIBTYP HMMEET Kak
JIOCTOMHCTBA, Tak U HepocTaTku. OJMH U3 Haubosee CyIEeCTBEHHBIX HEIOCTATKOB TO, YTO MPOU3BOJCTBO
SHEPrMM CTaHeT KOHKYpHUpOBaTh C IMPOU3BOACTBOM muiu. KpymnHomacmrabHoe yBelndeHune obbema
IPOU3BOJCTBA OWOTOIUIMBA (HAampUMEp, STWJIOBOTO CIHUpPTa) IO JTOW NPUYMHE MOXKET OKa3aTh
CYILIECTBEHHOE OTPULATEJIBHOE BIIMSHHE HAa MHUPOBOW PBIHOK IUILEBBIX MPOLYKTOB. BTOpOH cepbe3Hbli
HEJ0CTaTOK — BO3MOXKHOCTh OO€JIHEHMSI U APO3UU IMOYB B pE3yJbTaTe MHTEHCU(UKAIIMKM BbIpAIlMBAHUS
«QHEPreTU4ecKux» KyiabTyp. OueBUIHAs CTpATETHs CIIACEHUS OT dTUX SIBJICHHUI — BBIPALIMBAHUE KYIbTYD,
INPUTOHBIX U Al oOecredyeHus 4yesoBeKa (3€pHO), M JUIsl PHEPreTUYECKUX HYKI IPU OJHOBPEMEHHOM
COKpAIllEHUH YacTH ypO’Kasi, CKapMIIMBaeMOro *KMBOTHBIM. [Iuponu3 (cyxas neperonka) [lox muponuzom
MOJIpa3yMeBarOTCsl JI0ObIE TMPOIECChl, MPU KOTOPBIX OPraHUYECKOE ChIpb€ IMOJBEPralOT HArpeBy WIIU
YaCTUYHOMY COKMTAaHUIO JUId TIOJIY4YEHHs] TPOU3BOAHBIX TOIUIMB WM XHMHUYECKUX COEAMHEHHM.
W3HayabHBIM CHIPbEM MOTYT CIYXHUTh JPEBECHHA, OTXOAbl OMOMAcChl, FOPOJICKOM MYyCOp M KOHEYHO
yrosb. IIpoaykramu nuponusa sIBISIOTCSA Tas3bl, XKUAKUM KOHJAEHCAT B BHMJIE CMOJ M Macell, TBEpIbIE
OCTaTKH B BHJIE APEBECHOTO YTJISl U 30JIBI.

["asudukanus — 3T0 TUPOIU3, MPUCTIOCOOIEHHBIN JIs1 MAKCUMAIBHOTO TOJIY4YEHUS POU3BOJHOTO
ra3o00pa3HOro TOIUIMBA. Y CTPOMCTBA JUIsl YACTUYHOTO CXKUTAHMSI OMOMAcChl, IPOEKTUPYEMbIE B pacuere
Ha TIOJIy4YeHHE MAaKCHUMaJbHOIO BBIXOJA Ta30B, Ha3bIBalOTCs raszoreneparopamu. KIIJ[ nmponusa
onpezensercs Kak OTHOIIEHHE TEIUIOThl CrOpaHHs IPOU3BOJHOTO TOIUIMBA K TEIUIOTE CropaHus
ucnonb3yemMoit B npouecce 6uomaccsl. Jlocturaemsiit KIT/[ Becbma Bbicok: 80-90%.

YroObl mpouecc MUposn3a IMIed YCHEIIHO, JOJDKHBI COOJIOJAThCs OINpENeIEHHbIE YCIOBUS.
IlogaBaeMbIli MaTepual MPEIBAPUTEIBLHO COPTUPYIOT JUIA CHUDKEHUsS HErOpIOYMX IIPUMECEH,
NOJACYIIMBAIOT W M3MeNnbyaroT. KpuUTWyeckuM mapaMeTpoM, BIMSIOIMM HAa TEMIEpaTypy M Ha



COOTHOUICHHE BUIOB IOIYYaeMbIX IPOJYKTOB, SIBISCTCS COOTHOIICHHE BO3AYyX — roprodee. [Ipore Bcero
yIpaBiATh 6J0KOM, paboTaromum rnpu temneparype Hike 600° C.
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Puc. 1. YcranoBka AJI1 OCYIICCTBIICHUSA ITUPOJIN3a

Craguu neperoHku:
1. 100-120 °C — nomaBaeMblii B ra30reHepaTop MaTepual, OlycKasch BHU3, OCBOOOKIAETCS OT BJIAry;
2. 275 °C — orxosuiye ra3sl cOCTOAT B OCHOBHOM U3 N2, CO u CO2 ; u3BieKaroTCsl YKCyCHas KUCIOTa U
METaHOJT;
3. 280-350 °C — HauMHAIOTCS PK30TEPMHMUECKHE PEaKIUU, B IMPOLECCE KOTOPBIX BBLACISETCS CIOXKHAas
CMECh JIETYYUX XMMHUYECKHX BEIIECTB (KETOHBI, aJIbJeTUAbI, (PeHOIIbI, 3PUpHI);
4. cepiue 350 °C — BbIAENAIOTCS BCE TUIIBI JIETYYMX COEAMHEHH; OJHOBpEMEHHO ¢ oOpa3oBaHuem CO
NPOMCXOIUT yBeIUYeHUEe oOpa3oBaHus /{2, 4acTh yriiepoAa coxpaHsercs B (opMme JIpeBECHOro yris,
CMEIIaHHOTO C 30JIbHBIMH OCTAaTKaMH.

Pa3HOBHIHOCTH TOMJIMBA, MOJy4aeMOro B pe3yibTaTe NUPOJM3a, 00JaJal0T MEHbIIeH 1o
CpPaBHEHUIO C HCXOAHOW OMOMAccoll CyMMapHOW OJHEpruel CropaHusi, HO OTJIMYAIOTCS OOJbIIEH
YHUBEPCATIBbHOCTHIO IPUMEHEHUS.
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IIpakTnyeckas padora Ne3
«TepMoxumHuuecKkre Npouecchl OMOIHEPTETUKI

Hens pabdoThl: U3Y4YUTHh IPOU3BOJACTBO AJbTEPHATUBHBIX HCTOYHUKOB TOIUIMBA W3
OuomarepHuaIoB U XUMHUECKHUE MPOLIECCH CUHTE3a OMOTOIIMBA M3 BO3OOHOBIIIEMON OHMOMACCHI.

[Topsi1oK BBITOTTHEHUS PAOOTHI:

1. U3yunTh TEOPETUYECKYIO YaCTh TaOOPAaTOPHOTO 3aHITHA.
2. HapucoBaTbh cXeMbl YCTaHOBOK.
3. Pacckasarh npuHIUNI pabOThI.

buomacca MOXeT CXUrarbCsli WJIM MOJABEPrarbCs IMUPOJIU3Y HEMOCPENCTBEHHO  IOCie
IpeBapUTENbHON COPTUPOBKHU U M3MenbuaHus. OJHaKo, OHa MOXKeET OBbITh elle U 00paboTaHa XUMUUECKU
JUISL TOTO, YTOOBI OJYYUTh UCXOTHBIA MaTepuall UIsi CHUPTOBOM (hepMEHTAlMK MM BTOPUYHOE TOIUIHBO.
PaccmoTpuM HeckoabKo Hanbosee BaXKHbIX IPUMEPOB U3 OOJIBIIOTO YMCIIa BOZMOKHBIX. [ MaporeHn3anus.
W3menpueHHyI0, pPa3OKUBIIYIOCS WJIM TE€PEBapeHHYI Ouomaccy, HalpuMep HaBO3, HArpeBalOT B
aTMocdepe Bogopoaa a0 temneparypbl okoio 600 °C npu naBienuu okoso 5 MIla. Ilomyyaemsle npu
9TOM T'OPIOYME ra3bl, IPEUMYLIECTBEHHO METaH U 3TaH, [IPU CXKUTaHUU JaroT okojo 6 MJIx Ha 1 kr cyxoro
cipbst. I'maporenusanus ¢ npumenenuem CO u napa. Benercst aHanoruuHo npeabayleMy npoueccy, Ho
HarpeBaHue npou3Boautcs B atMocdepe CO u BomsHoro mapa npu Temreparype 400 °C u naBieHuun 5
Mlla. 13 npoayKTOB peakluu W3BJIEKaeTCsl CUHTeTHYecKass He(Th, KOTOPYIO MOXKHO HCIIOJIb30BaTh Kak
ToryiiBo. COOTBETCTBYIOIIME peakUWW UAYT B MPUCYTCTBUU Katanuzaropa. I[locnmemnsist peakuus
OTHCBIBAET MPEBPALICHUE YIIIEBOIOB B HE(TENnoJ0OHBIE YIIIeBO10PObl. D((HEKTUBHOCTH MPEOOpa3OBaHUS
SHEPTUU B 3TOM MPOIIECCE COCTaBIsAET MPUMEPHO 65%.

['maponu3s mox Bo3aecTBUEM KUCIOT U GpepMeHTOB. Llemtrono3a, cocTapisiomnias OCHOBHYIO Maccy
cyxoro ocratka pacteHuil (ot 30 1o 50%), TpyHO MOJAeTCs TUAPOIU3Y U COPaXMBAHUIO C TTOMOIIBIO
MUKpoOpranuzMoB. [IpeBpaliienne 1emnono3sl B caxapa, KOTOpble MOTYT cOpakUBaThCs, BOZMOXKHO ITyTEM
HarpeBaHuss B CEPHOM KHUCJIOTe WM TOJ BO3JAEHCTBHEM (epMEHTa LEeJUI0I03bl HEKOTOPBIX
MUKpPOOpraHu3MoB. IlodydeHHble NPOIYKTHI MOKHO MCIIOJNBb30BaTh B KayeCTBE MUIIM ISl KPYIMHOTO
poraToro ckoTa.

[IpeoOpa3zoBanre mMacia KOKOCOBBIX OpexoB B 3upbl. bemas MAKOTh KOKOCOBBIX OpeXOB (KOIpa)
npuMepHo Ha 50% cocTtouT u3 macna. KokocoBoe Macio MOKeT ObITh HEMTOCPEICTBEHHO UCIOIb30BAHO B
KayecTBe JU3EJIbHOTO TOIJIMBA B JBUTATENSX, OCHAILEHHBIX CIIEHUATbHON CUCTEMO MMoAayu, OJHAKO HpU
9TOM 00pasyercs SAOBUTHIA JBIM, KpOME TOrO, MpHU Temieparype Huxe + 23 °C macio 3aTBepieBaert.
Jo6aBuB B Macio 20% (mo o0beMy) METHUIOBOIO MM 3THUJIOBOTO CIHPTA, MOXHO MOJIYYHUTH JIETydHe
3¢upkl, ABISAIONIMECS NPEKPaCHBIM JU3EIbHBIM TOIUIUBOM, M Tiuuepon. [lomyyaembie 3¢dupbl UMeEOT
TEIUIOTY cropaHusi okosno 38M/Ix/Kr, 4uTo BhIlIE, YeM Yy NepepabdaTbiBa€MOro Macia, U MpuOImxKaeTcs K
COOTBETCTBYIOLIEMY MoKa3aTento 6ensuna (46 M/x/kr). [lpyrue pacTuTenbHble Maciia TaK)Ke MOT'YT OBbITh
nepepaboTaHbl aHAJIOTMYHBIM 00pa3oM.

MeTunoBblii cMpT B KayecTBE TOIIMBA. METMJIOBBIA CIUPT (METAHOIN)— SIIOBUTAS JKUA-KOCTb,
noJjlyyaemasi B mpolecce KaraauTuueckoi peakuuu Mexay A2 uCO npu temneparype 330 °C u naBieHuu
15 MIla: 2H2+ CO = CH30H. Ot ra3bl — KOMIIOHEHTBI CHHTETUYECKOT'O I'a3a, OHU MOTYT IOJIy4aThbCsl
npu razudukanuu O6moMaccel. MeTaHON MOXHO HCIOJIb30BaTh B KadyeCcTBE 3aMEHHUTENs O€H3MHa ¢
terotoil cropanust 23 MJDx/kr. CrnmproBast ¢epmenTauus (OposkeHue)- >TuinoBblil cnupt C2HsOH B
€CTECTBEHHBIX YC-JIOBUSIX O0Opa3yeTcs M3 €axapoB COOTBETCTBYIOIIMMHM MUKPOOPTaHM3MaMHU B KHUCIIOH
cpene, pH — ot 4 no 5. IlonoOHBI mpoliecc COUPTOBON (hepMEHTAIlMKM BO BCEM MHUpPE HCIOJIB3YIOT JUIs
HOJy-4€HUsl NMUTbeBOro cnupra. Hambonee uyacTo HCHoOIb3yeMble MHUKPOOPraHM3MBbI — JIPOACKH BHIA
Saccharomyces cerevisiae — moru0aroT npu KoHUEHTpauu cnupta Boie 10%, T03TOMY ISl TOBBIIIEHUS
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KOHILIEHTPallUM HCHOJb3YIOT IMEPEeroHKy WM (pakuuonupoBanue Ilocie mneperoHku (AUCTHILISLINN)
MOJTy4aeTcsl KUIAIIas MpU MOCTOSHHOW TemmepaType cMech: 95% stanona u 5% Boabl. O0e3BOKEHHBIN
9TAHOJI B IPOMBILUIEHHBIX YCIOBHSX IPOU3BOIUTCS ITyTEM COBMECTHOMN NEPErOHKU C paCTBOPUTENIEM TUIIA
ocnszona. [Ipu Opoxxenun Tepsiercs yumb 0,5% >SHEPreTUYe-CKOro MOTEHIMANIa CaxapoB, OCTaJbHBIC
3aTpaThl SHEPTUU CBA3aHBI C NeperoHkoil. Heo6xoau-Myro TEIIOBYI0 SHEPIHI0 MOYKHO MOJIYYUTh, COKUTAS
OCTaroIuecs: 0TX0pl OMoMacchl. Hike me-pedrciiensl mpoueccsl MPOU3BOICTBA ATAHONA U3 Pa3IMYHBIX
KyJIb-TYp B HOPsI/IKE BO3pACTaHUsI TPYAHOCTEN IIepepaboTKU.
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1. HemocpencTBeHHO M3 caxapHOTO TpPOCTHHKA. OOBIYHO MPOMBINUICHHYIO Caxapo3y MOJy4YaroT W3 COKa
CaxapHOTO TPOCTHHUKA, a OCTAIONIYIOCS MATOKY UCIONB3YIOT IS MOJIy4YeHHUsl CITUpPTa

2. U3 caxapHOl CBEKJIBI BHaYaje MOJYyYalOT caxap JJisi cCOpaKMBaHU, HO CBEKJIa HE JAeT JOCTATOYHOTO
KOJIMYECTBA OTXOJOB JUISl MOTY4YeHHs Teruia. M3-3a 3TOro 3TaHo JOPOXKAET.

3. W3 pacTuTensHOr0 Kpaxmalja, HalmpuMep, W3 3JaKOBBIX WM MaHHUOKA; KpaxMal MOXKHO TaKkKe
MOJIBEPTHYTH TUAPOIN3Y Ha caxap. DTO OCHOBHOM SHEPro-aKKyMYIHPYIOIIHHA YTIeBO PACTEHUN.

4. U3 uemmronossl, Kotopas comepxkut 1m0 40% Bceil cyxoil OMoMacchl M TOTEHIMAIBHO SIBIISETCSA
OOIIMPHBIM BO300HOBJISIEMBIM HCTOUYHHUKOM SHEpruu. VMiMeeT MONMMEpHYIO CTPYKTYpY CBsi3ed MOJEKYI
r0K03bl. COOTBETCTBYIOIINE CBSI3M MOJIEKYII TIIFOKO3BI B IIEJUTIONIO3€ 3HAYUTEIHHO TPYAHEE IMOIIA0TCS
TUAPONU3Y, YeM y Kpaxmana. Mcrmonp3oBaHue pa3IUYHBIX BUIOB OTXOJOB OHMOMAccChl AJsi BBIPAOOTKU
AJIEKTPOIHEPTHU U 0OeCTIeueH s TIPOU3BOJICTBA TEIUIOM — OCHOBA PEHTA0ECIBHOCTH MOyYeHUs dTaHoa. B
TabJ. 1 MpUBEACHBI TaHHBIE IO MPOU3BOJICTBY ITAHOJIA U3 HEKOTOPBIX TEXHUYECKHUX KYIbTYD.

Tabnuna 1.
BbIxoz1 3TaHONIa U3 HEKOTOPBIX TEXHUYECKUX KYJIBTYP
Kynetypa Brixoa 3tanona u3 1
TKYJIBTYPBL, JI/T

CaxapHBIif TPOCTHHK 70

Manuox 180

Crnankoe copro 86

Cnanxuil kaprodens 125

3epHoBEIE (KYKYpY3a) 370

I1nogosere 160
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Hcnonp30Banue 3TaHona B kauecTBe TOIUIMBA. (O0€3BOKEHHBIH 3TAHOJ — KUJIKOCTh B HHTEpBAJIC
temnepatyp oT —117 go +78 °C ¢ temnepatrypoii Bocruiamenenus: 423 °C. IIpumeHnenue ero B J1Buraresie
BHYTPEHHEro cropanusi TpeOyeT cnenuaibHOro KapOroparopa. I[losromy M cMemmBaOT OCH3UH C
00e3BokeHHBIM 3TaHoJIoM (20 % 1o 00beMy) U UCTIONIB3YIOT 3TyCMECh (Ta30X0J1) B OOBIYHBIX O€H3MHOBBIX
Buraresax. I'a30xos1 B HacTosimiee BpeMsi — OOBIYHOE TOIUIMBO B bpasuiuu (3TaHON TaMm MONy4aroT W3
CaxapHOro TpPOCTHMKAa M MaHHOKa), ucrnonb3yoT ero u B CHIA (3TaHonm w3 KyKypysbl). BaxHas
0COOEHHOCTh 3TaHOJa — CHOCOOHOCTH BBIJCPKHMBATH yJapHbIE HAarpy3ku Oe3 B3pbIBa, M3-32 3TOTO OH
ropa3o IMpeArnovTUTeIbHEee M00aBOK W3 TETPAdITUIICBUHIIA, BBI3BIBAIOLIETO CEpPHE3HBIC 3arps3HEHUS
atMocdepsl. IIpeBocxonHble CBOWCTBA 3TaHONA Kak roprodero obecreunBaroT asuratensMm 20%-Hoe
YBEJIMYEHUE MOIIHOCTU IO CPAaBHEHUIO C YUCTHIM OEH3MHOM. MaccoBasi IUIOTHOCTh U TEIJIOTBOPHAs
CIOCOOHOCTH 3TaHOJIA HIKE, YeM OCH3MHA, COOTBETCTBEHHO TeruioTa cropanus (24MJx/m3) Ha 40% Hmke
yeMm Oen3uHa (39 M/Ix/Mm3).

OpHako Jydiiee TOPeHHEe TaHOJIa KOMIICHCHPYET 3TO YMEHBIICHHE TEIIOTBOPHOI CIIOCOOHOCTH.
OneIT MOATBEpPXkAAET, YTO JABHUraTeNUd MOTPEONIAIOT MPUMEPHO OJIMHAKOBOE KOJIWYECTBO Tra30xojia U
OeH3uHa.
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IIpakTuyeckas padora Ned
«DuU3n4YECKHE OCHOBBI ITPOLIECCOB MPEO0OPA30BAHUS COJTHEYHOU SHEPTHI

Lenp paboThl: WM3y4nTh (U3UYECKHUE OCHOBHI IPOLIECCOB MPeoOpa3oBaHUS CONHEYHOM
SHEPTUU: UHTEHCUBHOCTb COJTHEYHOT'O M3JIy4eHHUs, POTOAIEKTPUUECKIE CBOICTBA p—Nn Mepexoa,
KOHCTPYKIMS MPOCTEUILIEr0 COJHEYHOI'O 3JIEMEHTAa, KOHCTPYKLIMM W MaTepHaNIbl COJHEYHBIX
AJIEMEHTOB-, aMOP(QHBIA KPEMHUH, apCeHH]I TaJUIus, MOJUKPUCTAIIMYECKHE TOHKHE IUICHKH,
TEJUTYPHJ1 KaAMUs, OpraHUYeCKHUe MaTepHaIbl

[Topsa1oK BBINONTHEHUS PAOOTHI:

1. I3yunTh TEOPETUYECKYIO YaCTh TaOOPATOPHOTO 3aHSITHS.
2. HapucoBath cxemy (OTO3JIeMEHTa, pacCKa3aTh NIPUHIUI PaOOTHI.
3. Jlatb xumudeckue GOpMYITbl pa3IMIHBIX MATEPUAIIOB JIJIsI COTHEYHBIX AJICMEHTOB.

VcTOYHUKOM SHEpPrUM COJHEYHOTO MW3JIYYEHHUs CIY)KUT TepMmosiiepHas peakuuss Ha ConHue.
OcHOBHasi 4acTh TOM SHEPrMU MCITYCKAETCS B BHJIE IEKTPOMArHUTHOIO M3iydeHus B auanazone 0,2-3
MKM. llpu mpoxoxneHnn dYepe3 aTMOCHEpPYIOCOIHEYHBIH CBET Oclabisercs, B OCHOBHOM H3-3a
HOIJIOIIEHUs] MH(PAKPACHOIO HM3JIy4EHHUs MapaMH BOJbl, YIbTPadHUOJIETOBOIO H3IYYEHHs — O30HOM H
paccestHus. U3Iy4eHHsI MOJIEKYJIaMU T'a30B M HaXOASIIMMUCS B BO3JyX€ YaCTULIAMHU IbUIM U a3PO30JISIMHU.
[TapameTpom, oTpakaroIMM BIMsIHUE aTMOC(Epbl HA MHTEHCUBHOCTD U CIIEKTPAJIbHBIN COCTAB COJTHEUHOTO
W3IIY4EHHUS, JOXOISIEro 10 36MHOM MOBEPXHOCTH, SIBJsieTCsl aTMoc(epHast (v Bo3ayiiHas) macca (AM).
[Ipu nyneBoit Bo3aymHo# Macce AMo HHTEHCUBHOCTh M3iyueHus paHa EC =1360 B1/m2.

Benuunna AMi1  CcOOTBETCTBYET MPOXOXKJIEHUIO COJIHEYHOI'O H3JIydeHus uyepe3 0e30051auHyro

aTMocdepy 10 YpOBHS MOpsl NpU 3eHUTaIbHOM pacnojoxenun Connua. Haubonee xapakTepHOil B
3€MHBIX YCJIOBUSX siBsieTcs BenuunHa AM1,5 (6 = 42 ©). OHa npuHsATa 3a CTAaHAAPTHYIO IPU UHTErPaIbHON
TIOBEPXHOCTHOM MJIOTHOCTH CONHEYHOro u3nydenus EC = 835 BT/M?, 4To HEOOX0AMMO NpU obecTiedeHu
CPaBHMMOCTH PE€3yJIbTaTOB UCCIEIOBAHUN Pa3IMUHBIX COJTHEYHBIX 3JIEMEHTOB.
2. @OoTo3EKTpUYECKHE CBOWCTBAa p—nh mnepexona lIpocreiimas KOHCTPYKIMS COJHEYHOTO JJIEMEHTa Ha
OCHOBE MOHOKPHUCTAJUIMYECKOIO KpPEeMHMs TIoka3aHa Ha puc. 1. Ha wManoit rinyOune ot
IOBEPXHOCTUKPEMHUEBONW IIACTUHBI p-THNA CHOPMUPOBAH pP—N-NEPEXOA C TOHKUM METAJUIMYECKUM
KOHTakTOM. Ha ThUIbHYIO CTOPOHY IUIACTUHBI HAHECEH CIUIOIIHOM METaNInYeCKUil KOHTAKT.

Puc. 1. KoHCTpyK1IMsI IPOCTEHIIIETO COTHEYHOTO 3JIEMEHTA

[TycTh p—n-mepexoja pacroyioskeH BOJU3M OT OCBELIAeMOIl MOBEPXHOCTH MOIynpoBoaHMKa. [Ipu
MCIIOJIb30BAaHUU COJIHEYHOTO DJIEMEHTa B Ka4€CTBE MCTOYHHUKA DJIEKTPOIHEPTUU K €ro BBIBOAAM IOJDKHO
OBITH MO/ICOCTUHEHO CONPOTUBIICHNUE HATPY3KU RH.

3. KoHctpykiuu u Martepuanbl cojiHeuHBIX aneMeHToB (CD) IIpow3BOACTBO CTPYKTYp Ha OCHOBE
MOHOKPHUCTAJUINYECKOI0 KPEMHHMsI — IIPOLIECC TEXHOJIOTMYECKH CIIOKHBIA M goporocrosmuii. [lostomy
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BHUMaHME ObUIO OOpallleHO Ha Takhe MaTepualibl, KaK CIJIaBbl HAa OCHOBE amopdHoro kpemuus (a-Si:H),
apCeHu/I rajuiis U NOJUKPUCTAIUTMYECKHE TOTYIPOBOIHUKH.

AMopdHBIE  KpeMHHH  BBICTYIIMJI B KadecTBe  Ooyiee  JIEMICBOW  allbTEPHATHBHI
MoOHOKpHUcTaiutndeckoMy. IlepBeie CO Ha ero ocHoBe Obumm co3manbl B 1975 romy. OnTtuyeckoe
noryomenne amoppuoro kpemHuss B 20 pa3 BbllIe, YeM KPHUCTALIMYECKOTO, MJsl CYIIECTBEHHOTO
MOTJIOIICHHS BUMMOTO CBETA JOCTATOYHO TUIeHKH a-Si:H Tommmunoi 0,5—1,0 MKM BMECTO JJOPOTOCTOSIITUX
kpemHueBblXx 300-MkM momnoxkek. M3penus Ha ocHoBe a-Si:H mpoumsBomsar mnpu Oonee HHU3KUX
temneparypax (300°C): MOXKHO HCIOJIb30BaTh JCIIEBbIE CTEKJISHHBIE MOMJIOKKH, YTO COKPATUT PAacXo]l
kpemHus B 20 pas.

KIIJ] skcnepumeHTanbHBIX 3JeMEHTOB Ha ocHoBe a-Si:H — 12%, KIIJ| kpucrammmueckux
kpeMHueBbIx C3 (~15%).

4. ApceHu rajius — OJMH U3 HanboJiee MepCreKTUBHBIX MaTePUaoB sl CO3aHUS BBICOKOA((EKTUBHBIX
COJIHEUHBIX OaTapeill. ITO 00BACHSAETCS CIEAYIOIIMMU €r0 0OCOOCHHOCTSIMU:
- IOYTH UJealibHas Ui OJIHOIEPEXOTHBIX COTHEUHBIX JIEMEHTOB IIMPHUHA 3alpelieH o 30161 1,43 3B;
- MOBBIIICHHAS CIIOCOOHOCTH K MOTJIOMICHUIO COTHEYHOTO M3ITydeHHs, 6= 1-5 MKM
- BBICOKAs pauaIlMOHHAasl CTOUKOCTb,
- OTHOCHUTEJIbHAsI HEUYBCTBUTEIBLHOCTh K HAarpeBy Oatapeit Ha ocHOBe GaAs;
- XapaKTepucTHKU cruiaBoB (GaAs C amlOMUHUEM, MBIIBSIKOM, (HOchOpOM WM HHIUEM JTOTOJIHSIOT
xapakTtepucTuku GaAs, 4To pacuupsieT BO3MOXHOCTH IIPU MPOESKTUPOBAHUH COJIHEYHBIX 3JIEMEHTOB.
['maBHOE JOCTOMHCTBO apceHuja Trajlisl M CIUIaBOB HA €ro OCHOBE IIMPOKUN JMara3oH
BO3MOXKHOCTeH KoHcTpyupoBanus CDO. TUNUYHBINA CONMHEUYHBIM 3eMeHT Ha ocHoBe (GaAs COCTOUT W3
oueHb TOHKOrO ciosi AlGaAs B kadectBe OkHa. OCHOBHOW HEIOCTAaTOK apCeHHAa TaJIUS — BBICOKAsS
CTOUMOCTh. [l ymemieBieHus Npou3BoACTBa mnpeanaraercs (opmupoBath CO Ha Oojee AemIeBbIX
NOJJIOKKAX; BbIpamuBaTh cion (GaAs Ha yJalsgeMbIX IOJUIOKKAX WM MOAJO0KKAX MHOTOKPATHOTO
UCIIOJIb30BaHUS.
5. TlonukpucTayuiMuecKue TOHKHUE IUIEHKH TaKXEe BECbMa MNEPCIEKTHBHBI JJISI COJHEYHOM HHEPreTHKHU.
Ypes3BpIyaifHO BBICOKA CITOCOOHOCTh K MOTJIOIIEHUIO COJTHEUHOTO M3JIyYeHHsl y TUCENCHUIa MEIU U UHIUS
(CulnSe2) — 99 % cBera nornomaercs B IEPBOM MUKpPOHE 3TOr0 MaTepuaia (IHpHHa 3allpelieHHON 30HbI
1,0 »B). HanbGosnee pacnpocTpaHeHHBIM MaTepHaioM JUlsd M3TOTOBJIEHMS OKHAa COJIHEYHOH Oarapen Ha
ocHoBe CulnSe2 sBnsercs CdS. WHornma mnsg ynydmieHUs HpO3padyHOCTH OKHAa B Cylb(uI KaaMmus
nob6apisitoT MHK. HemHoro rammms B cinoe CulnSe2 yBennuuBaeT WIMPUHY 3allpPELICHHOM 30HBI, 4YTO
OPUBOJIUT K POCTY HAIpPsDKEHHUS XOJIOCTOIO XOJa M, CJEA0BaTelIbHO, MOBBILIEHUIO 3()(PEKTUBHOCTH
yerpoiictBa. OAMH U3 OCHOBHBIX crioco0oB nosryyeHuss CulnSe2 — 31eKTpOXMMHUYECKOE OCaXAECHUE W3
pactBopoB CuSO4, In2(SO4)3 u SeO2 B 1erMOHN30BAaHHON BOJIE TIPH COOTHOIIEHUH KoMmoHeHToB Cu:In:Se
kak 1:5:3 u pH>>1,2-2,0.
6. Tennypun kagmust (CdTe) — eme onuH mMepCreKTUBHBIN MaTepual Ajig (GOTOBOIBTAUKUA. Y HETO MOUYTH
ujaeanbHas IIUpUHA 3anpemeHHoN 30HbI (1,44 5B) M oueHb BbBICOKash CIIOCOOHOCTH K IOTJIOLICHUIO
n3nyaenus. [Ineaxku CdTe mocraTtouno memieBsl B H3roToBieHNN. KpoMe TOro, TEXHOIOTUYECKH HECIOKHO
noiy4ars pasHooOpasHble crmaBel CdTe ¢ Zn, Hg u apyrumu sineMeHTaMH JAJsl CO3JIaHUSl CIIOEB C
3alaHHBIMH cBoWcTBaMu. OnemeHThl Ha ocHoBe CdTe Bkmouaror rerepomnepexon ¢ CdS B kadecTse
OKOHHOTO ciost. OKcuz 0jI0Ba MCHOJB3YETCSl KaK MPO3payHblii KOHTAKT M IPOCBETIISIIOIIEE MOKPBITHE.
[Tnenxkn CdTe ob6mamaroT BBICOKOW TMOJBUKHOCTHIO HOCHTEJEH 3aps/a, a COJHEYHBIC DJIEMEHTHI Ha HX
ocHoBe — BeIcoknmu 3HaueHussMu KI1JI, ot 10 mo 16%.
7. Opranudeckue MaTepHasibl 3aHMUMAIOT CPEIM COJHEYHBIX JJIEMEHTOB ocoboe mecto. Koaddumment
MIOJIE3HOTO JIEHCTBUS COJHEYHBIX DJIEMEHTOB HAa OCHOBE JUOKCHAA THUTAaHA, MOKPHITOIO OPraHMYECKUM
KpacuTeneM, BecbMa BbICOK — ~11 %. OcHOBa COJIHEYHBI AJIEMEHTOB JAHHOTO TUIA — IIWPOKO30HHBIN
NOJIynpoBOIHUK, 00byHO TiO2, MOKPHITBI MOHOCIOEM OpraHuyeckoro kpacutens. [IpuHuun paGoTel
JJIeMEHTa OCHOBaH Ha (HOTOBO3OYKICHUMKpACUTENS! M OBICTPOM MHXKEKIMM JJIEKTPOHAa B 30HY
npoBogumocT TiO2. IIpu 3TOM MOJEKyna KpacUTeNsl OKHCISETCS, Yepe3 IEMEHT HJIET 3JEKTPUUECKHUM
TOK U Ha IUIATUHOBOM 3JIEKTPOJI€ NMPOMCXOIUT BOCCTAHOBJIEHHE TPUHMOAMAA 10 HMOAMJA. 3aTeM MO
IPOXOJUT 4Yepe3 DBJIEKTPOIUT K (POTOINEKTPOAY, TIJl€ BOCCTAHABIMBAET OKHUCIICHHBIH KpPACHUTENb.
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Kpurepun oneHky 3HAHMI HA 3aIIMTe NPAKTHYECKOH padoThI:

Ka;lea;l JIa6opaTopHa>1 pa60Ta OLCHUBACTCA OTACIBHO U 3a HCC MOXHO INOJTYYUTh MaKCHUMYM
— 5 6amnoB. KonnuectBo 6aiios 3a Ka)K,I[HfI SJICMEHT OLUCHUBAHUA IIPEACTABJICHO HUXKEC!

«1» OGamn - BeimojgHeHHe MNpaKkTUYECKOW paboThl (IIOATOTOBICHHOCTh K BBIOJIHEHUIO,
OCO3HAHME IIeTTH PadOThI, METOJIOB COOMPAHUS CXEMBI, IIPOBEACHUE U3MEPEHUH 1 (PUKCUPOBAHHS MX
pe3yJbTaTOB, MpPUIICKAHUE, CAMOCTOSATEIbHOCTh BBIIIOJHEHUS, HaJIUM4Yue U TMPaBUIBLHOCTH
oopMIICHHS HEOOXOAMMBIX MATEPUAIOB IS MPOBEACHUS PabOThl — cXeMa COCTUHEHUH, TaOIuIIbI
3aMmuceu u T.11.);

«ly» Gann — OdopmiieHHe OTUETa MO MPAKTHYECKOW padboTe (aKKypaTHOCTh O(OpMIICHUS
pe3yJIbTaTOB HU3MEPEHHM, MPaBUILHOCTh BBIYMCICHHUM, NPaBUIBLHOCTh BBIMOJHEHUS TIpadUKOB,
BEKTOPHBIX THarpaMM M Jip.) ;

«1» Gamn — IIpaBMIBHOCTH M CaMOCTOSITENBHOCTH BbIOOpa GOpMyN A PacyeToB MPHU
oopmIIeHHH PE3yIbTaTOB PaOOTHI,

«1» 6anm — mpaBMIBHOCTh OCTPOCHHS TPaUKOB, yMEHUE OOBSICHUTD MX XapaKTep;

«1» Gaym — OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI K TIPAKTHYECKOM pabdoTe.

KOMILIEKT 3AJAHUM JJ11 KOHTPOJbHOM PABOTHI (PYBEXKHBIV KOHTPO.Ib)

3 cemecmp
Bomnpocsl K 3a4eTy 10 TUCHUILIMHE

1. OcHOBHBIE TEPMUUYECKHE CBOMCTBA TOPHBIX TOPOSI.

2. Yro BauMsET Ha TEIUIONPOBOJIHOCTh TOPHOU MOPOIbI?

3. Ot 4ero 3aBUCHUT TEMIIEPATYPOIPOBOIHOCTH TOPHOM MOPOABI?

4. Bwupapl Teruionepenayy B rOpHOU MOPOJIE.

5. Bwupel reorepManbHbIX PECYPCOB.

6. Uto Takoe yCIOBHOE TOTUIUBO?

7. B d4em 3akir04aeTcs OleHKa THAPOT€OTEPMAIBHBIX PECYPCOB?

8. Kaxue MeToasl UCHIOIB3YIOT IIPU OLIEHKE 3a11aCOB MECTOPOKICHHH TEMI0IHEPreTHYECKUX BOA?
9. Kak onpenensieTcst TeTIOAHEPTETUYECKHUI MOTEHIIUA T€0TEPMATBHOM CKBAXKUHBI?

10. Kareropuu sKkcrutyaTalluOHHBIX 3a11acOB T€PMaIbHBIX BOJI.

11. dakTopsl BAUSIOT HA IEOUT re0TePMAIbHON CKBAKIHBI?

12. Tumsl BoJ 1O YCTIOBHUSAM MX 00pa3oBaHUS.

13. TepmasibHbIE BOABI [0 YCIOBUSAM UX 3aJI€TaHUSI.

14. T'uppoarHaMUYECKUE 30HBI IIACTOBBIX BOJI.

15. Knaccuduxarus TenaosHepreTH4eckux BoI.

16. Ha xakue TUIbI MOAPA3IETAIOT MECTOPOXKACHUS TEIIOIHEPTETUYECKUX BOI?

17. MeponipusTusi, CHIKAIOIIME COJEOTIOKEHUE W KOPPO3HI0 B CHUCTEMaxX TIe€0TepMATBHOTO

TEII0CHA0KEHNS.
18. IIpeumyiiecTBa rOPU30OHTAIBHBIX CKBAXKHH.
19. IlpeumyiecTBa 1 HENOCTATKU F€OTEPMAIIBHBIX HUPKYISALUOHHBIX CUCTEM?
20. TexHOIOTHIO U3BJICYEHMSI IETPOTEOTEPMAIIBHOMN SHEPTUH.
21. Ilepeuncaure 001aCTH UCIIOIB30BAHMS T€OTEPMAIHOTO TETLIA.
22. Ot kakux ¢GakTopoB 3aBUCHUT d(HPEKTUBHOCTD UCIIOIH30BAHMS TEPMATBLHBIX BOJ?
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23.
24.
25.
26.
27.
28.
29.
30.

31.
32.

33

34.

35.
36.
37.
38.
39.
40.
41.
42.
43.

44.

Yro takoe korppuueHT 3(h(HEeKTUBHOCTH HCIIONB30BaHUS TEPMOBOI03a00pa?
OT yero 3aBUCUT BBIOOP CXEMbI F€OTEPMAJIBHOTO TEIIOCHA0KEHUS?
[TpeumyniecTBax KOMIUIEKCHBIX T€OTEPMATIBHBIX CUCTEM TEIJIOCHAOKEHHUS.
OnbIT UCITI0JIb30BaHMS FE€OTEPMAIIBHBIX PECYPCOB JUISl BBIPAOOTKHU 3JIEKTPOIHEPTUH.
Ot yero 3aBucHT TemioBas cxema ['eoDC?

[TpeumyiectBa u HepocTaTku OuHapHO# ['e0DC.

Onucanue cxemsl ['e00C ¢ TBOMHBIM ITUKIIOM.

[TpuHIMNMaIbHAS TEIOBAs CXEMa TEIJIOBOTO HACOCAa M OCHOBHOW MPUHITHI
€ro padoTHI.

[To kakuM pU3HAKAM KIACCUPUIMPYIO TEIUIOBBIE HACOCHI?

Yro takoe Ko3pPHULIHUEHT TpeodpazoBaHUs TEIIIOBOIO Hacoca?

. HpeI/IMy'H_IeCTBaX TCIIIIOHACOCHBIX CHUCTEM TENI0CHA0KEHUS C HHU3KOIIOTCHIMaJIbHBIMHA

TepMaJlbHBIMH BOJIAMH B Ka4e€CTBE MEPBUYHOT0 HCTOYHHKA TETLIa.
CucreMa TEIIOHACOCHOTO TEIUIOCHA0XKEHHS C TPYHTOBBIMU TEIUIOOOMEHHUKAMU B BEPTUKAIbHBIX
CKBA)KMHAX.

DKOJI0T0-3KOHOMMUYECKHE IPEUMYILECTBA TEMIOHACOCHBIX CUCTEM TEIIOCHAOKEHUS

Onwucanue GpU3MUECKUX CBOWCTB BOIBI.

Onnokontypusie 'eoTOC

naccu(uKanus MoJ3eMHBIX BOJ [0 CTETIEHU UX MUHEPATU3allnu.

Knaccudukanus no13eMHbBIX BOJ [10 XUMHUYECKOMY COCTaBY.

®DaxTopsl, BIUSIONME Ha ((OPMUPOBAHHE XMMHYECKOT'O COCTaBa MOI36MHBIX BOJI?

Tunsl TEpMaIbHBIX BOJ 110 FA30BOMY COCTaBY.

TennoBsle HACOCHI.

TemonacocHele cucteMbl TemnocHaOxkeHuss (TCT) ¢ HHU3KOMOTEHIMATbHBIMH TEpMalbHBIMU
BOJ/IAMHU.

TexHOI0rrsI KOMIUIEKCHOM YTHJIM3AIMU T€OTEPMATIbHON SHEPIUU U PACTBOPEHHOIO rasa.
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T'PO3HEHCKHH IT'OCYJAPCTBEHHAIH HE®TAHOH TEXHUYECKHU YHUBEPCUTET
umenu axaoemuxa M.J]. Munntuonwukosa

BUJIET Ne 1

ﬂucuunﬂuHa 3ﬂeKlel'leCKa}l uacmo 2€0m€DMaJle0ﬂ lekmpocmanuuuu
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __3

1. OcHoBHBIE TEPMUYECKHE CBOMCTBA TOPHBIX TTOPO/T

2. TexHoJIOrHs KOMIIJIEKCHOM yYTUJIn3anuu FGOTepMaHBHOﬁ OHCPIr'uu U paCTBOPCHHOI'O Ira3a

3aB.xadeapoit «3I1» P.A-M. Maromanos

T'PO3HEHCKUH T'OCYJAPCTBEHHBIH HEDTAHONH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Munnuonuwukosa

BUJIET Ne 2
ﬂucuunﬂuHa 3ﬂel<mpuuec1<a}l uacmo zeomepmaﬂbuoﬂ lekmpocmanuuu
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __3

1. Yro BiuseT Ha TEIUIOMPOBOIHOCTH TOPHOM MOPOIBI?

TemnmoHacoCHBIE CUCTEMBI TEIIOCHAOKEHUS (TCT) C HU3KOIMOTCHIUAJIbHBIMU TCPMAJIbHBIMU
BOaaMH

3aB.kadenpoit «231D» P.A-M. Maromanos

T'PO3HEHCKHUH T'OCYJAPCTBEHHBIH HEDTAHOH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Muniuonuwukosa

BUJIET Ne 3
ﬂucuunﬂw—ta Qﬂekmpultecmm uacmb zeomepmaﬂbuoit dlekmpocmanuuu
Hucmumym suepeemuxu npogunb noocomosxku 19 cemecmp __3

1. Or yero 3aBUCUT TEMIIEPATYPOIPOBOTHOCTH TOPHOI TIOPOJIBI
2. TennoBbie HACOCHI

3aB.kadeapoit «3311» P.A-M. MaromanioB
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T'PO3HEHCKHH IT'OCYJAPCTBEHHAIH HE®TAHOH TEXHUYECKHU YHUBEPCUTET
umenu axaoemuxa M.J]. Munntuonwukosa

BUJIET Ne 4
ﬂucuunﬂuHa 3ﬂeKlel'leCKa}l uacmo 2€0m€DMaJle0ﬂ lekmpocmanuuuu
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __3

1. Buus! Temonepeaadn B TOPHOU IIOPOIE
2. Tunel TepManbHBIX BOJ 10 TA30BOMY COCTAaBY

3aB.kadeapoit «I211» P.A-M. MaromasioB

T'PO3HEHCKUH T'OCYJAPCTBEHHBIA HEDTAHONH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Munnuonuwukosa

BUIIET Ne 5
ﬂucuunﬂuHa 3ﬂel<mpuuec1<a}l yacmo zeomepmaﬂbnoﬁ JleKkmpocmanuuu
Hncmumym snepeemuxu npoghunb noocomosxku 19 cemecmp __3

1. Buael reoTepMalibHBIX PECYPCOB
2. @akTopsl, BAUIONIHE Ha (POPMUPOBAHUE XUMHUECKOTO COCTaBa MO3EMHBIX BOJ]

3aB.kadenpoit «231D» P.A-M. Maromanos

T'PO3HEHCKHUH T'OCYJAPCTBEHHBIH HEDTAHOH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Munntuonuwukosa

BUJIET Ne 6
Hucyuniuna nekmpuueckan yacmy 2e0mepmanbHol I1eKMPOCMAHUUY
Hncemumym snepeemuru npoghune noocomosxku 19 cemecmp __ 3

1. Yto Takoe yClI0BHOE TOILINBO?
2. Knaccugukaius noa3eMHbIX BOJI IO XUMHUYECKOMY COCTaBY

3aB.kadeapoit «3311» P.A-M. MaromanioB
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T'PO3HEHCKHH IT'OCYJAPCTBEHHAIH HE®TAHOH TEXHUYECKHU YHUBEPCUTET
umenu axaoemuxa M.J]. Munntuonwukosa

BUJIET Ne 7
ﬂucuunﬂuHa 3ﬂ€Klel'leCKa}l uacmo 2€0m€DMaJle0ﬂ dlekmpocmanuuu
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __3

1. B dem 3akiio4aeTcs OlEeHKa THIPOre0TePMaIIbHBIX PECYPCOB
2. Knaccudukanus noa3zeMHbIX BOJI IO CTENCHH UX MUHEPAIU3aIUH

3aB.xadeapoit «I311» P.A-M. MaromanoB

T'PO3HEHCKUH T'OCYJAPCTBEHHBIH HEDTAHOH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Munntuonuwukosa

BUJIET Ne 8
ﬂucuunﬂuHa aﬂeKlel'leCKa}l yacmo zeomepmaﬂbuoﬂ lekmpocmanuuu
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __3

1. MeTOI[BI, HCIIOJIB3YEMBIC ITPU OLICHKE 3aI11aCOB MCCTOpO)KI[eHI/Iﬁ TCIIJIOOHEPIETUYCCKUX BOL
2. Kaxkwne nonsl XapaKTCPU3YIOT XUMHYECKHH COCTaB MOA3CMHBIX BO,Z[?

3aB.xadeapoit «311» P.A-M. Maromanios

T'PO3HEHCKUH T'OCYJAPCTBEHHBIH HEDTAHOH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Muniuonuwukosa

BUJIET Ne 9
ﬂucuunﬂw—ta 9Jlel<mpultecmm uacmb zeomepmaﬂbuoﬁ dlekmpocmanuuu
Hncemumym snepeemuru npoghune noocomosxku 19 cemecmp __ 3

1. Kak onpenensgercs TEMIOIHEPTETUYECKUI TOTEHIIUAI TEOTEPMATbHON CKBAKUHBI?
2. Onwucanne pU3NIECKUX CBOWCTB BOIBI

3aB.kadeapoit «3311» P.A-M. MaromanioB
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T'PO3HEHCKHH IT'OCYJAPCTBEHHAIH HE®TAHOH TEXHUYECKHU YHUBEPCUTET
umenu axaoemuxa M.J]. Munntuonwukosa

BUJIET Ne 10
ﬂucuunﬂuHa 3ﬂeKlel'leCKa}l uacmo 2€0m€DMaJle0ﬂ lekmpocmanuuuu
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __3

1. Kareropuu 3KCIuryaTalliOHHBIX 3aI1aCOB TEPMAILHBIX BOJI
2. Koaddunuent npeodbpazoBaHus TEIUIOBOIO Hacoca

3aB.xadeapoit «I3I1» P.A-M. Maromanos

T'PO3HEHCKHUH IT'OCYIJAPCTBEHHBIA HEDQTAHOH TEXHUYECKHUH YHUBEPCHUTET
umenu axaoemuxa M.J]. Munruonuwukosa

BUJIET Ne 11
Llucyuniuna Inekmpuueckan uacmsy 2e0mepmanbHou INEKMPOCMAHUUY
Hncmumym snepeemuxu npoguns noocomosku 19 cemecmp __ 3

1. ®akTOophl, BIUSIONIMCH HA IEOUT re0TePMAIBHON CKBAKUHBI
2. Omucanune cxeMmbl [ €09C ¢ IBOUHBIM IIAKIOM

3aB.xadeapoit «I311» P.A-M. Maromanios

T'PO3HEHCKUH T'OCYJAPCTBEHHBIA HEDTAHOH TEXHUYECKHH YHUBEPCUTET
umenu axaoemuxa M.J]. Muniuonuwukosa

BUJIET Ne 12
JHucyunnuna Iaekmpuyeckas 4acmoy 2e0mepmMaibHOI IAEKMPOCMAHUUY
Hncemumym snepeemuru npoghune noocomosxku 19 cemecmp __3

1. TIpenmymiecTBa M HEAOCTATKU T€OTEPMAIBHBIX HUPKYJIALMOHHBIX CUCTEM
2. IlpeumymiectBa 1 HeAocTaTku OnHapHO ['e0DC

3aB.kadeapoit «3311» P.A-M. MaromanioB
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Kputepun oneHKkH BbINOJTHEHNS] MHCbMEHHOH KOHTPOJIbHOI padoThl (Py0esKHbIH KOHTPOJIb):

Kpurepun oieHkHM 0TBETOB Ha TeOpeTHYECKHE BOMPOCHI:

v/ pe3yibTar, COAEpIKAIlUil IOJNHBIM IPaBUILHBIA OTBET, IIOJHOCTHIO— COOTBETCTBYIOLIMI
TpeOOBaHUSAM KPUTEPHSI, — MAKCUMATHHOE KOJMYECTBO OAJLIOB;

v’ pe3ysbTar, CoAepIKAIIUi HEMOIHBINA PABUIIBHBIA OTBET (CTENEHD MOJHOTHI— OTBETA — 0O0JIEe
60%) wiM OTBET, COAEpXKAIIMKA HE3HAYUTEIbHbIE HETOYHOCTH, T.€. OTBET, UMEIOIIUN
HE3HAYUTENIbHbIE OTCTYIUICHUS OT TpeOoBaHWil kputepusi, — 75% OT MaKCHUMalbHOTO
KOJIMYeCTBa 0aJljIoB;

v/ pe3ynbTar, COAEpIKAIIUi HEMOJHbINA IPaBUILHLINA OTBET (CTENEHb IOJHOTEI— 0TBETa — OT 30
no 60%) wnum OTBET, CcoJepXKallluid 3HAYUTENbHBIE HETOYHOCTHU, T.€. OTBET, HWMEIOIIHMA
3HAYUTENbHbIE OTCTYIUIGHHS OT TpeOoBaHuil kputepus — 40 % OT MakCUMAalbHOTO
KOJIMYeCTBa 0aJIjIoB;

v’ pe3ysbTart, CoJepKAIii HETOIHBIM MPaBUIILHBINA OTBET (CTENEHb MOJIHOTHI— OTBETA — MEHEE
30%), HenpaBUIbHBINM OTBET (OTBET HE MO CYIIECTBY 3aJlaHus) WIH OTCYTCTBUE OTBETA, T.€.
OTBET, HE COOTBETCTBYIONIUI MOTHOCTHIO TpeOOBaHUAM KpuTepus, — 0 % OT MaKCUMaIbHOTO
KOJIM4YecTBa 0aJioB;

bannet 3a meopemuueckue 60npocvl 6vl600AMCA KAK CPEOHUIl 0aAN NO 3A0AHHBIM CHLYOEHHLY
60npOCAM, HE CYUMAA KOJIUYECM B0 (HABOOAULUXY U YHIOUHAIOUWUX 80NPOCOS.

Kpurepun omeHoKk UTOroBOro KOHTpPOJIs (3a4eT):

3a‘~IT€H0 BBICTABJISICTCSA HpI/I yCJ'IOBI/II/I, C€CJIN CTy,I[CHT IIOKa3bIBACT XOpOHH/IC
3HAHHUS W3YYEHHOTO Y4eOHOro MaTepuana
BBICTABJIACTCS ITPU HAJIUMYUHU CEPHE3HBIX eHI/Iﬁ B IIPOLIECCE
He 3auteno P p yiym pott
M3II0’KEHUsl y4eOHOro MaTepuana

Kputepun oneHKH BbINOJIHEHHS MHCbMEHHONH KOHTPOJIbHOI PadoThl (Py0e:KHbIN KOHTPOJIb):

Kpurepun onieHKH 0TBETOB Ha TeOPEeTHYECKHE BONPOCHI:

v/ pe3yibTar, COAEpIKAIlUi TONHBIM IPaBUILHBIA OTBET, IIOJHOCTHIO— COOTBETCTBYIOLIMI
TpeOOBaHUSAM KPUTEPUs, — MAKCHUMaJIbHOE KOJIMUYECTBO OaIOB;

v’ pe3ysbTart, CoAepIKAIINi HEMOMHbINA MPABUIIBHBIN OTBET (CTENEHb MOJHOTHI— OTBETa — OoJiee
60%) wunm OTBeT, cojepKalui He3HAYUTEIbHblE HETOYHOCTH, T.€. OTBET, HMEIOUIU
HE3HAUUTENIbHBIE OTCTYIUIEHHsT OT TpeOoBaHWil Kputepus, — 75% OT MakCHMaJbHOTO
KOJIMYeCTBa OaJIIOB;

v’ pe3ysbTart, CoAepIKalInil HEMOMHbIN MPAaBUIBHbINA OTBET (CTEMEHb MOJIHOTHI— OTBETa — OT 30
no 60%) wunm OTBET, COAEpXallMi 3HAYUTEIbHBIE HETOYHOCTH, T.€. OTBET, HMMEIOIINI
3HAYUTENIbHbIE OTCTYIUIEHHs OT TpeOoBaHuil kputepuss — 40 % OT MakCUMalbHOTO
KoJIn4yecTBa 0aios;

v’ pe3ysbTar, CoJepIKalliii HEMOHBIN MPAaBUIIbHBIN OTBET (CTENEHB MOJHOTHI— OTBETA — MEHEE
30%), HEnmpaBUIIBHBIM OTBET (OTBET HE IO CYIIECTBY 3aJaHUs) WIK OTCYTCTBUE OTBETA, T.C.
OTBET, HE COOTBETCTBYIOIIUI MOIHOCTHIO TpeboBaHusIM kputepus, — 0 % oT MakcUMalbHOTO
KOJIMYeCTBa 0aJlIOB;

bannvt 3a meopemuueckue 60npocwvl 6v61600AMCA KAK CPEOHUI 0a1 NO 3A0AHHBIM CHYOEHNHLY
60npoCcam, He CHUMAA KOUYUECME0 «HABOOAUUX) U YIOUHAIOUWUX BONPOCOE.
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Kpurepun oneHoxk MTOroBOro KOHTPOJIA (3K3aMeH):

OTIIO OTBETHI COICPKATENBHBI U HE COJIEPKAT OLIMOOK, 1aHbl OTBETHI Ha
JIOTIOJTHUTEIIbHBIE BOIPOCHI IO JPYTUM TEMaM Kypca

Xopo1io OTBETHI COAEPHKAT HEMTPUHLIUITHATBHBIE OIINOKH

Y 10BIIETBOPUTENBHO OTBETHI COZiepkKaT rpyOble OIMOKH

HeynosnerBopurenbHO HET COJIePKATEIBHOTO OTBETA Ha OJIMH M3 BOIIPOCOB Omiera
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