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Conepxanue Crp
[lepeyeHb KOMIIETEHUMH C yKa3aHMEeM OJTanoB uX ¢opmupoBaHus B | 3
npouecce ocsoenust OITOI1
Onurcanue mnokazareineldd W KPUTEPUEB OLCHHWBAHUS KOMIIETEHIMH Ha | 5
pa3IUYHBIX dTanax X GOpMHUPOBAHUS, OMCAHUE IIKAJ OICHUBAHMUSI
TunoBsie KOHTPOJIbHBIC 3a/IaHUS WJIM WHBIE MaTepuajbl, HEOOXoAuMbIe | 8
JUIS. OEHKW 3HAHWUW, YMEHHI, HABBIKOB M (WJIM) OMbBITA NESITEIBHOCTH,
XapaKTEPHU3YIOUIMX 3Tanbl (OPMUPOBAHMS KOMIIETEHLUMHA B IpoLecce
OCBOEHHsI 00Pa30BaTENbHON TPOTrPaMMBI.
Meroanueckue maTepualbl, ONPEICISAIOIINE MPOLUEAYpPbl OLECHUBAHUA | 28

3HAaHWM, YMEHMH, HaBBIKOB W (WJIM) OMNbITa JEATEIbHOCTH,
XapaKTepU3YyIOIIMX Tanbl UX (HOPMUPOBAHHUSI




1. Ilepeyenb KOMIIETEHIIMI C YKA3aHWEM ITANOB UX GopMHUpoOBaHUs B Mpolecce
ocsoenus OINIOII

B pesynbprare mzyueHus TUCHUIUIMHBI «DHEeprocoepexeHue B cucteMax TI'C u
B» oOyuaromuecs, B coorBerctBuH ¢ PI'OC BO mo HampaBleHHIO MOATOTOBKH
08.03.01 CrtpouTtenbcTBO, YTBEPKIACHHOrO MpUKazoM MuHucTepcTBa 00pa3oBaHUsd U
Hayku PO ot 31.05.2017 r. Ne 481, popMupyrot cieayromnue KOMIeTeHIINH:

«Crnoco0eH HCnoJjib30BaTh HOPMATUBHYIO 0a3y B 00JacTH HHXKEHEPHBIX

U3BICKAHWM, IPUHIUIIOB TPOESKTUPOBAHUS MHKeHEpHBIX cerei» (TTK-1).

Tabnuia 1

Taboauna 1 - PopmupoBaHne KOMIETEHIUI B MpoLecce N3y4YeHUs U CHUNINHBI

«JHeprocoéepekeHre B CUCTEMAX TEMJI0ra30CHAOKEHNSI 1 BEHTHJISIIIMID)

Kommerenmmsa Nuaukatopsl OTtanel Bunei zaggatuii | OnieHoYHEIE
Kon | HaumenoBanue Hoctrxenus dbopmupoB JUISL CpeAcTBa s
KOMIIETEHIIH aHus dbopMupoBaHH OLICHKHU
KOMIIETeH s YPOBHSI
LIUU B KOMIETeHIHH | chopMUpOBa
nporecce HHOCTH
OCBOEHUS KOMITETEHIIH
OIIOIT u
(Kypc)
1 2 3 4 5 6
IIK-1 | Crocoben [T1K-1.2 Ucnonb3yer nabopaTtopHble | YCTHBIH OTYET
HCIIOJIb30BAaTh HOpPMAaTUBHYIO 0a3y B 1 IIPAKTUYCCKUEC | 110
HOPMATHBHYIO 0a3y B | 00JaCTH MHKCHEPHBIX SaHATHA J1a00PaTOPHEI
00J1aCTH UHXKCHEPHBIX | M3BICKaHHU MPH MH
W3BICKaHU, MPOEKTUPOBAHUH 4 TPaKTHICCKIM
MPUHIUIIOB CUCTEM SAMATHAM,
JOKIand 110
NPOEKTHPOBAHNA TEII0ra30CHA0KEHUS CAMOCTOSTEIE
WHXXEHEPHBIX ceTei C UCIOJIb30BAaHUEM Hoit paGore.
sHeprocOeperaronux
TEXHOJIOTH.




Komnerenuust [1K-1 — takxe popMupyercs B X07€ OCBOCHUS JTUCIUILINH:

«BBenenue B mpodeccutoy; «BomgocHabkeHHME W BOJOOTBEICHHE C OCHOBaMU
THAPABIMKA Ha OO0BEKTaX TeIulo-, Ta3ocHaOxeHus»; «TemrorazocHabKeHne ¢
OCHOBAMH TCIUIOTEXHUKN»; «ABTOoMaTtm3amus cucrem TI'C u By; «XolomuiabHbIC
MamuHb; «MHXeHepHOe obecneueHne cTpoutenbcTBa. I'eopesus»; «MHxeHepHas
reojorusi»;  «O3HaAKOMHUTEIbHAS  MpakTUKa»;  «V3bIcKaTtenbckas  MOpaKTHKAY;
«Texnonornueckass  npaktuka»; «lIpoektHas mnpaktuka»; «lMcnomHHATENBCKAS
npaktukay; «llogroroBka k mpoueaype 3aluMThl W 3alluTa  BBITYCKHOU
KBTHU(PUKALUOHHOU pabOTHI».



2. Onucanue noka3areJieid 1 KpUTEpUeB OLIEHNBAHUS KOMIIETEHIIH
Ha Pa3/IMYHbIX dTanax ux GopMupoBaHHs, ONIUCAHHUE KA OLlCHUBAHUS

HepequL OLICHOYHbBIX CPEACTB

Tab6auna 2

o/

HaumenoBanue
OLICHOYHOTO
Cpe/cTBa

Kpatkas xapakTepucTHKa OICHOYHOTO
cpencTBa

[IpencraBnenue
OIIEHOYHOTI'O CPE/ICTBA
B OM

Jlokmang

MPOAYKT CaMOCTOSITENIbHOW palboThl CTy/EHTa,
MIPEACTABIISIONTUN OO0 KpaTKOe U3JIOKEHHUE B
YCTHOM BHJE TMOJYYCHHBIX PE3yJbTAaTOB
TEOPETHYECKOTO  aHaln3a  ONpeAeTICHHON
Hay4yHOH (y4eOHO-HCCIe0BaTeIbCKON) TEMBI,
I7Ie aBTOP pAaCKpPBIBACT CYTh HCCIEAYEMOM
npoOiaemMbl, TPUBOAUT  PA3IUYHBIE  TOYKH
3pEHus], @ TAKXKe COOCTBEHHbIE B3I ABI HA HEE

TEMBI TOKJIAA0B

nabopaTopHas
paborta

CPECTBO, HAMIPABJIECHHOE HA U3yUYCHHE
MPAKTUYECKOr0 X0/1a TeX MJIK UHBIX
MIPOLIECCOB, UCCIIEOBAHUE SIBJICHUS B paMKax
3aJJaHHOM TE€MBbI C IPUMEHEHHUEM METO/IOB,
OCBOCHHBIX Ha JICKIUSX, COTIOCTABIICHUE
MOJTyYE€HHBIX PE3YJbTAaTOB C TEOPETHUECKUMHU
KOHILICTILIUSIMU, OCYIIECTBICHUE
MHTEPIIPETALMU MTOJTyYEHHBIX PE3yJIbTaTOB,
OLICHUBAHUE MPUMEHUMOCTH MOJTyYEHHBIX
pE3yNbTAaTOB HA MPAKTUKE

nabopaTopHbIe
paboThl

MpaKTUIeCKas
paborta

CpeACTBO, HANIPABJICHHOE HA BHIPAOOTKY Y
00y4Yaromerocs MpaKTHYECKUX YMEHUH,
CBSI3aHHBIX ¢ 0000IIICHUEM U MHTEPIIpETalueH
TEX WJIA UHBIX HAYYHBIX MaTCPHAJIOB,
UCTIOJIb30BAHUE MOJTYUYECHHBIX PE3YIbTATOB IS
OCBOCHUHS HOBBIX TCM.

MPAaKTUYECKHE PaOOTHI

TaOmuna 3

IIporpamma oueHUBAHUS KOHTPOJIUPYEMOH M CHUIIIMHBI

Kontponupyemsbie paznienst (TEMbl JUCIUIUIAHBI)

Kon
KOHTPOJIUPY
eMoi
KOMTIETEHII
un (W ee
YaCTH)

HaumenoBanue
OLICHOYHOTO CPEJICTBA

2 3

4

N3yyeHne METOIMKH pacueTa COBPEMEHHBIX
BeTpoycTaHOBOK [Ipsimoe npeoOpa3oBanue
COJIHEYHOM SHEPIUHU B MIEKTPUUYECKYIO.

IIK-1

nabopaTtopHbIe padOTHI,
MpaKTHYECKHE pabOThI,
JOKJIA]L.




Kon

KOHTPOJIUPY
Ne eMou HaumenoBanune
KonTponupyemslie pa3nens! (TEMbl JUCIUTLINHBI)
/1 KOMIIETEHI] | OLIEHOYHOTO CPEeACTBa
un (uim ee

YacTH)

1 2 3 4

HccnenoBanue HOTOAIEKTPUIECKOTO
npeoOpaszoBaTesis SHEPTUH COTHEYHON OaTapew.
[Toxazatenu 3¢)(h)eKTUBHOCTH BETPOIHEPIETUUECKUX
ycTaHOBOK. Teopetnueckuii pacuet. MccnenoBanue
PEKHUMOB XOJIOCTOTO X0/1a U KOPOTKOTO 3aMBIKAHHS
coJiHeuHO# O6artapen. KoHCTpYKTHBHBIE
0COOEHHOCTH MEePEMEIIMBAIONINX YCTPOICTB B
OMOra3oBbIX ycTaHOBKax. MeTouKka ux pacuera.
HccnenoBanue BOIbTAMIIEPHBIX XapaKTEPUCTUK
cosiHeuHO# Oatapen. TpeGoBaHus, IPEAbSIBISIEMbIC
K OMOTa30BBIM yCTaHOBKaM. VX KOHCTPYKTHBHBIC
0COOEHHOCTH

ABTOHOMHasI CHCTEMA IIEKTPOCHAOKEHHUS Ha
COJIHEUHBIX OaTapesix

2 HeTpaI[I/II_II/IOHHLIC METOABI ITIOATOTOBKH CBIpI:SI JUTA
YBEIIMYEHUSI CKOPOCTH COpPaKUBAHUS U TTOTYUCHUS
BbIXO/a Ouoras. M3ydyeHue mpuHIIHIA
npeoOpa3oBaHMs SJHEPTUHU BETPA B DJICKTPHUUECKYIO
sHeprut0. OCOOEHHOCTH KOHCTPYKUUH
reJmoycTaHoBoK. [{uki TeroBoro Hacoca TexHUKO- nabopaTopHbIE pabOTHI,
SKOHOMHUYECKUE MMOKA3ATEIH IeJIM0YCTaHOBOK IIK-1 MIPAKTUYECKHE PaOOTHI,
Hccnenosanue mukiia TEIIOBOro Hacoca Metoinl OKJIas.

pacdera yCTpOHCTB, pabOTAIONINX HA PA3HOCTH
temmnepatyp MccnenoBanue paboThl IITIOCKOTO
COJIHEYHOTO KoJuiekTopa. M3yueHue oCHOBHBIX
KOHCTPYKIUN U IPUHITUTIA PAOOTHI YCTaHOBOK,
HCIIOJIB3YIOLIUX SHEPTUI0 MOPEN U OKEaHOB

Tabmuna 4

Onucanne nokasarejeil 1 KpUTepUeB OllEHUBAHUSA KOMIIETEHUMIA MO TUCIHUIJINHE
«JHeprocoéepekeHne B CUCTEMAX TEMJIOra30CHAOKEHNSI M1 BEHTUJISIIIMID)
HA Pa3JIMYHbIX ITanax ux (popMupoBaHus, ONMCAHHUE KA OLlEHUBAHUS

Kon NuaukaTopsl [Tokazareny U KpUTEPUU OLICHUBAHUS PE3YJIHTATOB O0YUYEHUS
komnere | JlocTmxeHus HIDKE MOPOTOBBIN MPOJIBUHYTHIN | BBICOKMH YPOBEHb
HIUH, KOMIIETCHIIUI IIOPOrOBOro YPOBEHb YPOBEHb (oTnMuHO)
STaIbI YPOBHSI (YIOBIETBOPUT (xoporo)
OCBOCHU (HEyIOBIIETBOP €JIbHO)
o UTEJBHO)
KOMIIETE




HIIUHA

1 3 4 5 6
TIK-1 IK-1.2 Obyuaromuiics | Obywaromuiicss | OOywarommuiics | OOywaromuiics
4 kypc Hcnons3yeT HE yMeeT HEYBEPEHHO yMeeT YBEPEHHO yMeEeT
HOPMATHBHYO WCIOJIb30BaTh MPaBWILHO MPABHILHO WCIIOJIb30BaTh
0a3y B 001acTH | HOPMATHBHYIO HCTIONb3yeT WCTIOJIh30BaTh HOPMaTHBHYIO 0a3y
HMH)KEHEPHBIX 0azy mpu HOPMAaTHUBHYIO HOPMATHUBHYO MIPH pacueTax
W3BICKAHWI MIPU | OTpeACICHUH 0azy mpu 0a3y npu SKOHOMUH TOIUIHBA
MMPOEKTUPOBAHU | OCHOBHBIX pacuerax pacueTax Y TEIJIOBOM SHEPTUU
1 CHCTEM rapaMeTpbl SKOHOMUH 9KOHOMHUU B CHCTEMax
TeIIora3ocHad | sHeprocoepexe | TOIIUBA U TOILIUBA U TEIIOra30CHa0KEHU
JKEHUs C HUS TEIIOBOU TEIJIOBOU s 1 BEHTUIALIUY,
WCTIONb30BaHNE | TEIUIOYTHIIM3ATO | DSHEPTHH B SHEPTHUH B YMEET UCTMOIB30BaTh
sHeprocbepera | pos, CUCTeMax CUCTEMax HOpMaTHBHYIO 0a3y
FOLIUX TEIUIOTCHEPHUPY | TEIUIOra3ocHad | TEIIora3ocHad | MPU OMpPEeICHUU
TEXHOJIOTHH. FOIIUX KEHHSI U KEHUS U OCHOBHBIX
YCTaHOBOK, BEHTUJIALINY; BEHTHJISIINY; rmapaMeTpoB
COJTHEYHBIX U HE yceeT yMeeT SHEProcOepeKEeHUS
BETPOBBIX HCIIONB30BaTh WCTIOJIH30BaTh TETUIOY TUITN3aTOPOB,
TeHEepPaToOpOB, HOPMAaTHUBHYIO HOPMaTHBHYIO TETUIOT €HEPUPYIOIIN
reoTepMaibHBIX | 0a3y mpu 6a3y npu X YCTaHOBOK,
HCTOYHUKOB, OTpeICJICHUN OTIpe/ICTICHUN COJTHEYHBIX U
OHMOTa30BbIX OCHOBHBIX OCHOBHBIX BETPOBBIX
YCTaHOBOK napaMeTpoB napaMeTpoB TeHEPaTOPOB,
sHeprocOepexe | IHeprocOepexe | reoTepMaIbHBIX
HUS HUS HCTOYHHKOB,
TEIUIOYTHJIN3aTO | TEIUIOYTHIN3aTO | OMOTa30BBIX
poB, poB, YCTaHOBOK
TEIUIOTEHEPUPY | TEIUIOTEHEPHPY
FOIIUX FOLIUX
YCTaHOBOK, YCTaHOBOK,
COJTHEUHBIX U COJITHEYHBIX U
BETPOBBIX BETPOBBIX
TeHEepaTOpOB, TeHEepaTopOB,
reoTepMaIbHBIX | TEOTEPMAaTbHBIX
HCTOYHHUKOB, HMCTOYHHUKOB,
OMOra3oBbIX OHMOTa30BbIX
YCTaHOBOK YCTaHOBOK




3. TunoBble KOHTPOJIbLHBbIE 3aIaHUS UJIM UHbIE MaTePUAJIbl, HE00OX0AUMBIE IS
OLICHKH 3HAHUI, YMEHUI1, HABBIKOB U (MJIM) ONBITA AeATeJIbHOCTH,
XapaKTePU3YIOUIUX 3TANbI (POPMHUPOBAHUS KOMIIETEHIUI B Mpo1ecce 0CBOEHUS
00pa3oBaTe/IbHOI NMPOrPaAMMBbI

3.1. lokaan

TpeGoBaHusA K NOATOTOBKE JOKJIAAA

Ilox mokiIagOM MOHUMAETCS YCTHOE COOOIIEHHE IO OJHOMY M3 BOIPOCOB TEM,
BBIHECEHHBIX Ha CAMOCTOATEIIBHOE U3yUCHHE.

[ToaroToBka JoKiana HalpaBieHa Ha Pa3BUTHE U 3aKPEIICHHE Y OOyYarOIINXCs
HaBBIKOB CaMOCTOATENBHOTO TIIyOOKOro, TBOPYECKOTO M BCECTOPOHHErO aHalIu3a
Hay4YyHOW, METOJIMYECKOW M JIPYyro JUTEpaTypbl; Ha BbIPAOOTKY HABBIKOB U yMEHUMH
IpaMOTHO U yOEIUTENIbHO U3Jarath Marepual, 4eTKO (OpMyJIUpOBaTh TEOPETUUECKHUE
00001IeHNsI, BBIBOABI M IPAaKTHUYECKHWE peKoMeHJanuu. /[[ns sroro obyuaromemy
IIpeUIaraeTcs: OCBOWTh OAWH M3 BONPOCOB IO JUCLHUIUIMHE, BBIABUTH KIIOUEBBIC
IIOHATHS, XapaKTEPU3YIOIHUE MAaTEPUAIT; IOATOTOBUTD JOKIIAL.

BricTynnenue o0yyarolero ¢ A0KJIaI0M, 3aHUMaeT He Oosiee 3-5 MUHYT.

IlepeueHb BOIIPOCOB M TEM, BBIHECEHHBIX HA CAMOCTOSATENIBHOE W3Y4YEHMHE,
IIPEACTABIICH B PWJIOKEHNH 2.

Tabnuma 2
Tembl 10K/1210B, pEKOMEHAYeMbIe K HATMCAHHUIO IIPU U3YYEHHUHU
AUCHMILIUHBI «JHeprocoepexenue B cucremax TT'C u B»

Ne i/ TeMblI TOKIa10B
1 2
1. Hcnonp30BaHMe COMHEYHON PHEPTUU JUISl TETUIOCHAOKCHUS 3IaHUs
2. Vcnionb30BaHuE TEIUIOTHI T€0TEPMAIbHBIX BOJ JJISl HY K]l TETJIOCHAOKESHHUSI.
3. 0630p ncnonszoBannst BOC B EBpone.
4. OcobeHHOCTH TPOU3BOACTB OMorasza Ha Tepputopun PO.
5. Conneunsle kKouiekTopbl. Hacrosimee u Oyayiiee.
6. O030p KOHCTPYKIMIA OMOTa30BBIX YCTAHOBOK, UCIIOJIb3YEMBIX B MUDE.
7. O0BemMbl MPOU3BOACTBA OHOTa3a B MHUpeE.
8. IlepcieKTHBBI NOJIYYEHHS TEOTEPMAIBLHON YHEPTUU B MHUPE.




3.2 JlaGopaTopHasi padora

JlaGopaTopHbIe pabOTHI TPOBOIATCS MOCIIE H3YUYCHHS TCOPETHYESCKOTO MaTepuaa
10 TeMe€, U CITY)KaT JJI 3aKPETUICHHS TIOJyYCHHBIX 3HAHUH, OCBOCHHSI YMCHUN U
HaIpaBJIcHBI Ha (JOPMHUPOBAHKUE YCTAHOBICHHBIX YUCOHBIM INTAHOM KOMITCTECHITHH.

TemaTuka 1abopaTopHBIX pabOT CBSA3aHA C pACCMATPUBAEMBIM TEOPETHUECKUM
JIEKIMOHHBIM MaTepUaIOM.

Odopmienue oT4ETOB 110 JTAOOPATOPHBIM pabOTaM.

OTtuét moimkeH opopMIIAThCS Ha TucTax Gpopmarta A 4 unu B TeTpaau Jis
MPAKTUYECKUX 3aHATUHA U COACPKATH:

1. Temy 3ausartus (paboThI).

2. llens 3aHsaTHS

3. 3ajanue s UCTIOJTHEHHS.

4. BBINOJIHEHHBIE 3aJaHHUS.

5. BbIBOABI.

JlaGopatopHble paOOThI BBIMOJHAIOTCA B COOTBETCTBUU C METOIMUECKUMHU

yKa3aHUSAMH  TI0  BBIMIOJIHCHHWIO  JIAOOPATOPHBIX ~ pabOT IO  JHUCIHIUIAHE
«HeprocOEepeKeHNE B CUCTEMaX TEIIOTa30CHAOKEHUS U BEHTHIISIITUN.

[Tpumep nabopatopHOit pabOTHI

. JIABOPATOPHAS PABOTA
YCTPOUCTBO, NTPUHIUITI PABOTHI U UCCJIIEJOBAHUE TEPMOANHAMUNYECKUX

ITAPAMETPOB TEIIJIOBOI'O HACOCA

Heas padorbl: M3yunTh yCTpOMCTBO W MNPUHIMI pabOThl TEIJIOBOIO HAacoca,
UCCIIE0BATh TEMIIEPATYPHOE COCTOSTHUE XJ1aJareHTa B TEPMOAMHAMUYECKOM IIUKIIE.

ANbTepHATUBOM TPAAUIMOHHBIM CIIOCOOAM  TEIUIOCHAOKEHHUS, OCHOBAHHBIM Ha
CKUT'aHHMH TOIUIMBA, SIBISETCS BbIPAOOTKA TEIlIa C MOMOIIBIO TEMJIOBOIO HAcOCA.

He3aBucuMo OT Tuma TEIUIOBOIO Hacoca M THIIAa NMPUBOAA KOMIIpeccopa Ha
€MHUILY 3aTPAYEHHOI0 MCXOAHOTO TOIUIMBA MOTPEOUTEND MOIYYaeT MO KpalHel Mepe
B 1,1-2,3 pa3a 6osbiue Temia, 4eM Ipu MpsIMOM CKUTaHUU TOTLIIUBA.

Takas Bbicokass 3((HEKTUBHOCTh MPOU3BOJICTBA TEIJIa JOCTUIAeTCAd TEM, UTO
TEIMJIOBOW HAacOC BOBJIEKAET B MOJIE3HOE MCIOJIb30BAaHUE HU3KOMOTEHLUUAIBHOE TEIIO
€CTECTBEHHOI'0 MPOUCXOXKACHUS (TEIUIO TPYHTA, MPUPOJHBIX BOJOEMOB, I'PYHTOBBIX
BOJA) U TEXHOTEHHOTO TMPOUCXOXKJEHUS (NMPOMBILIUICHHBIE CTOKHU, OYHMCTHBIE
COOPYIKEHHS, BEHTUIISANUS U T.J1.) C TeMreparypoii ot +3 go 40 °C, T.e. Takoe Temo,
KOTOpPOE HE MOKET OBITh HANPSMYIO UCIIOIB30BAHO JJIsI TEMJIOCHA0KEHUS.

EcTecTBEHHO, YTO TEIUIOBBIE HACOCHI JOBOJBHO HWHTEHCUBHO BBITECHSIOT
TpaJWLMOHHbBIE CTIOCOOBI TEIIOCHA0KEHNS, OCHOBAaHHbIE HAa CKUTAHUU OPTaHMYECKOIO
TOIUIMBA.



Cornacuo nporuozam MupoBoro 3Heprerudeckoro komurera (MUPIK) k 2020
r. 75 % rennocHaOxkeHnsd (KOMMYHaJIbHOTO M IPOHU3BOACTBEHHOIO) B Pa3BUTHIX
cTpaHax OyJeT OCYIIECTBISATHCS C MOMOIIBIO TEIJIOBBIX HACOCOB.

DTOT NPOrHO3 YCHEIIHO MOATBEpKAaeTCsA. B HacTosee BpemMsi B MUpe padoTaeT
15—18 MuIH. TEIIOBBIX HACOCOB PA3JIMYHON MOIIHOCTH — OT HECKOJIbKMX KHJIOBATT JI0
coreH MmeraBart. B CIIIA 6omee 30 % >Xwiblx JAOMOB OOOPYJIOBaHBI TEIJIOBHIMU
Hacocamu. B IIBeuuu ¢ 1984 r. mo 1986 r. BBeAeHbI B 3KCIUTyaTaluio 74 KpyIHbIE
TEIJIOHACOCHbIe cTaHIuu. Hambosee KpynmHON TEMIOHACOCHON YCTaHOBKOM SIBIIsiETCS
CTOKTrOJIbMCKasi ycTaHOBKa MoiHOcThi0 320 MBT, paOotaromas Ha TpUHIUIE
OXJIAXKJEHUsST BOJABI, IMOCTynawomeil u3 bantulickoro Mops. OJTa YCTaHOBKA,
pacroyiokeHHasi Ha TpHYaJeHHBIX K Oepery Oapikax, MCHOJb3YeT U 3UMOM MOPCKYIO
Boay ¢ temmeparypoit 4 °C, oxmaxmas ee mo 2 °C. CebGecToMMOCTb TEIIa OT 3TOM
ycTaHOBKHU Ha 20 % HuXe ceOeCTOMMOCTH TEIIa, MOJIy4aeMOoro OT Ta30BOM KOTEIbHOM.
OOuiee KOMMYECTBO TEIUIa, BbIPA0ATHIBAEMOr0 TEIUIOHACOCHBIMU YCTAaHOBKAMU B
[IBenuu, cocrapnset okoiio 50 % ot noTpedHOTO.

PesynbTaToM pabOThl BCSKOTO XOJOAWJIBHOTO IIMKJIA SIBISETCS OXJIaXICHUE
XOJIOJTHOTO UCTOYHHKA U HarpeB rOpsiYero 3a CueT MojiBojia BHelIHel padoTsl. KenbBuH
(1852) npennoxxuia NpUuMEHUTh OOPAaTHBIN IIUKJ AJIs el OTOIICHHUS, UCIIONb3Ys €ro
B KauyecTBE TEIUIOBOI'O HAcOCa, KOTOPBIA MepekaurBall Obl TEIUIOTY, OTOOPAaHHYIO OT
XOJIOJIHOTO UCTOYHMKA (BHEIIHEH Cpe/ibl), B TOPSUUIL.

Pa60q1/1171 IMHKJI TCIIJIOBOI'O HACOCA MPCACTABJICH HA PUC. 1.
Cacrena OroIIcHns

’qx
W

Hoapeucarop \é’”"

X Rooccens

VWWWW

Pu

Puc. 1. Padounii (UKJ TEeIJIOBOI0 HACOCA

HuskonorennuansHas teriora (> NOCTYyHaeT B UCIAPUTENb TEIUIOBOTO HAcoca,
rie ee BOCIHpUHUMAaeT pabouee Teno (XJIAAareHr), UUPKYJIUpPYIOllee B IHUKIIE.
HNcTouHMKOM HU3KOMOTEHUMATBHOM TEIUIOTHI MOMKET OBbITh Hapy>KHBIM BO3IYX,
OPUPOJIHBIE  BONOEMBI, TPYHT, [HTbEBAas  BOJA, IPOMBIIUICHHBIE  CTOKH,
BEHTWIALIMOHHBIE BBIOPOCHI U T.A. B KauecTBe XJaJareHTOB B LMKJIAX HCIOJb3YIOTCA
TEIUIOHOCUTEIM C HU3KOW TEeMIEepaTypoill KUNEHHs - YIIeKUCIOTa, aMMHAK, (PpEOHBHI.
XnagareHT NocTynaeT B MCHApUTENlb B KUAKOM COCTOSHMM. B mponecce moasona
TEIJIOTHl (02 K KUJAKOMY XJIQJIar€HTy MPOUCXOAUT €ro mpeBpaileHue B mnap (mpu
IIOCTOSIHHOM JaBJIEHUU U Temneparype). [lapsl ximagareHTa nocTynaroT B KOMIIPECCOD,
II€ CKHMAlOTCsA, MOBBINIAETCS WX JaBlieHHne M TeMmieparypa. [lpm cxarum B
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KOMIIPECCOpPE OT BHEUIHErO0 MCTOYHHUKA (DJIEKTPOJABUTATENs]) MOABOAUTCS paborta L.
Harpetble mapbl XJ1lagareHra nocTynarT B KOHIAEHCATOp, TJIe OTIAIT CBoe Teio OJ; B
CUCTEMY OTOIUICHHS TOMEIICHUS M 3a CYeT OTJAa4M TEeIUIOThl KOHACHCHUPYIOTCS
(mpeBpamarTcs B KUJIKOCTh) MPHU MOCTOSHHOM JaBJIEHUM U Temrieparype. Kunkuit
XJIaJAreHT TMOCTyNaeT B JpOocceib, T[AE€ €ro JaBlieHWe NajaeT 10 JaBJICHUs B
ucrapurTesie, a TeMIlepaTypa CHIDKAeTCAd JI0 TeMIlepaTypbl HU3KOMOTEHIUAIBLHOTO
uctouHuka. [{ukn 3ambikaercs.

Begewm cienytonue 0003HauCHUS:

q> - yIenbHas TeIrioTa, oroupaemasi OT X0JIOAHOTO UCTOYHUKA, K/[Jic/ke
(HU3KOMOTEHIIMAJIbHAS TEIUIOTA);

q1 - yIenbHas TeIUIoTa, epeiaBaeMasi TopsiaeMy UCTOUYHHKY, K/[oic/ke (TemoTa,
nepeaBaeMasi B CHCTEMY OTOIUJICHUS IOMEIICHUS);

[ - ynenpHas paboTa, HOABOANMAs OT BHEILIHETO UCTOYHUKA, K/[orc/Ke.

q2= hi— hy, XxJ[)K/KT — X0JIOAOTIPOU3BOUTEITHHOCTD

q1 =h>— h3, k][>/KT — TETIIO0TBOJT B KOHIEHCATOPpE(IUIsI OTIpeaesieHus A+, hy h2
,hs hy em. paznen «IlocTpoeHue ukiiay)

[ =(h2— h1)/Wxoun , KIK/KT — paboTa mporiecca cxaTus KoMIpeccopa,
T7e K10 Komnpeccopa Nroun=0,8

Benmuuuna & = ¢q; / [, Ha3piBaeTcs KOXGGUIMEHTOM NpeoOpa3oBaHUs WIH
OTONMHUTEIBHBIM  KO3(PGUIIMEHTOM I[HKJIA. OTOT KOIDPHUIMEHT XapaKTepU3yeT
3 PEeKTUBHOCTD IUKJIA TEMJIOBOTO HACOCA.

JKCINEePUMEHTAIbHAS YCTAHOBKA

YenosHbie 0603HaueHuA KOHTPONBHBIX TO4EK
(Tn — L 9

| Obmeasesse | HaumeHosanmwe |
P - - - R e Tat TemnepaTypa OXNAXASEMON0 BOILYXS
| 1 . PH L ' | - Tsz ITEM nepatypa oOXNaxAeHHoro Boagyxa
| T i | Twi _‘Tennep.‘n\:pa HEMPEEASMOrD BOAYE
i Twz) 2 | Twz | TemnepaTypa HarpeTor Bo3fyxa
) | Fay : TH | TemnepaTypa HaMHETaHKA
T 3 ] \ Tn _quruuarwn KOHAEHCATA W3 KOHOEHCATOPA
\ To | Temnaparypa »waxocTe nocne TPE
Ts1 1 2 Tac | Temnepartypa BCACHBAHKA NAPOE |
: | ‘ [ Po Po aBneHwe KANEHUA
s 4 + PH [asnexne KoHABHCALMMK
. - ! L
|
5 P LI | ‘ CocTas yCTakoBKH
fl.’ 1 b
— (Ted) 1 - KoMnpeccop
| = 2 - KDHAeHcaTop
To 3 - pecusep
4 - unsTp
6 - 5 - CTeXNO CMOTPOBOE
6 - BEHTHNb CONEHOWOHBIA
s 7 - BEHTHUNb TEPMOPEryNUPYIOWMA
7 F 8 8 - nenapuTens
(Ts2) 9

- pene AaBnexna

[Topsinok BBIOTHEHUS paOOThI
1. BxkmrounTts ycTaHoBKY B ceTb. [lomoxaare 10MuH.
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2. CHATDH MOKa3aHUs TEMIEPATyp U MOKa3aHUs JaBleHuil. 3aHecTu B Tabauiry 1

Tabnuma 1
[Tokazanust npuOopoB yepe3 10 Mun ITokazanust npuOopoB uepe3 20 MUH
Ty 90C Tos 90C T 90C Tos aOC
T.,,'C T,,,'C T,.,C T,,,'C
T,,°C T,,°C T,,°C T,.°C
T,.,’C T,,°C T,.,’C T,,°C
P,, 0ap P, ,0ap P,, 0ap P, ,0ap

3. [Togoxaate 20 MuH. CHATH NOKa3aHUS TEMIIEPATYP U MTOKa3aHUs JABICHUI.
3anectu B Ta0auny 1

4. IToctpouts B P-h-nuarpamme TepmMoauHaMuyecKue HUKIbI s nepBoro (uepes 10
MHUH) U BTOporo ciydas (uepe3 20 MuH) BbIOpaB B KauecTBE pabodero BeEIIeCTBa
XmanoH R22.

ITocTpoenue nukJia

JInd TIOHMMaHus UMKJIAa [MapOBOM KOMIIPECCHOHHOW XOJIOJAWIBHOM MAallluHBI
HEOOXOJIMMO THIATEIBHO H3YUYHUTh OTICIBHBIC IMPOIIECCHI, BXOAIINE B HETO, a TaKXKe
CBSI3U, CYIICCTBYIOIIHME MEXTY OTACIBHBIMHU IIpOIleCCaMHU, W BIUSHHEC H3MCHCHUU B
KaKOM-JIH0O TMpoIiecce MUKJIA Ha BCE APYTHE MPOIECCHl TAHHOTO ITUKIIA. JTO W3yUEHUE
B 3HAYMUTEILHON CTENEHW MOXKHO YIPOCTUTH, HWCIOJIB3YysSl JAMArpaMMbl M CXEMBI C
rpadudeckum u3o0OpakenweMm IwmkiIa (cM. puc. 2). I'paduueckoe wu3o00paxeHue
XOJIOAWIBHOTO ITMKJIA IIO3BOJIIET  paccMaTpPUBATh  OJHOBPEMEHHO  Pa3IUdHBIC
W3MCHCHHUS B COCTOSIHMM XJIaJIar€HTa, MPOMCXOJSIINE B TCUCHHUE ITUKIIA, U BIUSHUE
TUX W3MCHCHHWHA HAa MWK 0€3 BOCHPOM3BEICHUS B TAMATH Pa3IUYHBIX ITU(POBBIX
BEJIMYNH, CBSI3aHHBIX C IUKJIOM.

HawnGoitee pacnpocTpaHEeHHON B XOJIOIUIBHOW TEXHUKE SBJISCTCS AMarpamma i —
lgP* (ynenbHas SHTANBIMSA - JIaBJICHUE) Kak HamOosiee yao0Has Ui MOCIETYOIINX
TEIJIOBBIX PacUETOB.

CocrosiHME XJIaJlareHTa, HaXOAIIErocss B JI0OOM TEPMOJIWHAMUYECKOM BHJIE,
MOXET OBITh IMOKa3aHO Ha JuarpaMMe B BHJC TOYKH, KOTOpas ONPEICIeTCS IBYMS
J00BIMU TTapaMeTpaMH, COOTBETCTBYIOIIMMHU JAaHHOMY COCTOsSHUIO. [Ipu 3TOM MOTryT
OBITH MCTIOJB30BAHBI npocmuvle usmepsiemvle napamempoi: memnepamypa (B °C wim K);
oaenenue (B Ila wim B npomssoanbix equuunax: 1 xIla=10° IMa, 1 MIla=10° ITa=10
0ap), a TakxKe yoeavhblii 06bem v (B M/KT) Ui naomuocms p=1/v, Kr/m>.

Kpome mpoCThIX H3MEpSIEMBIX TapaMeTPOB, HCIOJIB3YIOT TaKKE ClOJNCHbIE
pacuemusie napamempul. Ha nmarpamme i —IgP Takum (OJHMM U3 OCHOBHBIX)
nmapamMeTpoM SIBJISETCS YACNbHAS oumanvhus i, KJXK/Kr. DTO ToOMHAS DSHEPrus
XJajgarenTa /, oTHECeHHas K €UHHUIIE MACCHI.

B TepMmoauHaMuKEe YACIBHYIO DHTAIBIHMIO I TPEACTABISIOT B BHJE CYMMBI
BHYTPEHHEH sHeprum u, KJ[X/kr, u mpousBeneHus abcoaoTHOro aapinenus P, Ila, Ha
yJEIbHBII 00BEM V, MY/KT.
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I=u+Pv

B sToM BbIpaxkeHMM TNpou3BeneHHUE Pv MpeAcTaBisieT cO00M MOTEHUUAIbHYIO
SHEPTHUIO J1aBJIeHUs P, KOTOpas UCIOIb3yEeTCsl HAa COBEPILIEHUE PAaOOTHI.

PacuetHbiM mapameTpoM SIBIIIETCS U oHmponus S. B pacuerax u Ha quarpammax
UCIOJIb3YIOT YJIeJbHOE 3HaUeHue d3HTponuu s, KJx/(kr-K).

Tak e, KaK U B Clly4ae SHTAJBIIUY, I PACYETOB BAXKHO HE 3HAUYCHUE SHTPOIUU
«B TOYKE», a €€ M3MEHEHHE B KaKOM-TO mpoiecce, To ectb As=Aq/Tm, , Tne Aq —
TEIJI0Ta, OTHECEHHAs! K €IMHHUIIe MacChl XJiagarenra, a Tm , K — cpennss abcomtoTHas
TeMIlepaTypa B T€UEHHUE Mpoliecca TeII000MeHa MEX/y XJ1aJareHTa U BHEITHEN cpeaon
[2].

Jlyist paboTHI C TUAarpaMMoOi HaJlI0 TIOMHHUTb, YTO OHA JCIIUTCS HAa TPU 30HBI:

l.mepeoxnaxaeHHON KUAKOCTU — ClieBa OT KPUBOW HACHIIICHHOW XUJIKOCTH (Ha
auarpaMMax KpuBasi YEpHOT'O LIBETA, UMEIOIAsl MAaKCUMAJIBHYIO TOJILKHY ), [J€ CTENEHb
cyxoctu napa x=0;

2. MapOXUIKOCTHOU CMeCH — MEXAY KpUBbIMU x=0 1 x=1 — HAaCBIIIEHHBIN TIap;
NIEPErPETOro napa — Crpasa OT JUHUU X=1.

JIuHUIO, COOTBETCTBYIONIYIO HACHIIIEHHOW >XUAKOCTU (x=0) Ha3bIBalOT JICBOM,
VI HU)KHEW, IOTPAaHUYHOM KPUBOM, a JIMHUIO, COOTBETCTBYIOLYIO HACBIILIEHHOMY I1apy
(x=1), Ha3BIBAIOT IPABOH, WJIM BEPXHEH, TOTPAaHUYHON KPHUBOA.

JIMHUM TIOCTOSIHHOTO JaBjieHUsi — wu300appl — HaA JAMarpamMmax MpOXOJsT
FOPU30HTAIBHO, @ JIMHUM MOCTOSIHHOW S3HTAJBIIMM — HW303HTAJIBIBI — BEPTUKAJIBHO
(cepble TOHKHUE JIMHUU MPSIMOYTOJIbHOW CETKH).

IIpoueccel KUIIEHUS W KOHAECHCALMM XJIAJAr€HTa IPU ITOCTOSHHOM JAaBJICHHUU
OPOXOJAT MEXKJYy NOTPAaHUYHBIMH KPUBBIMU TPU HEU3MEHHON (MOCTOSHHOW)
TEMIIEPATYpPE, COOTBETCTBYIOLIEH TEMIIEPATYpPE HACBIEHUSA NPU  IMOCTOSHHOM
JABJICHUM.

Upapuricckoe wiodpameniie QUKD 0 JH0CTYRENEITON XOI0LILU0N MAUNG (1234}

Pucynok 2
R22, CHCIF,, Chlorodifluoromethane
T critical = 96.00 °C, p critical = 49.77400 Bar, v critical = 0.00191 m3/kg
5. Onpenenutsb SHTAIBIUU U3 quarpaMmbl P-h, BHecTH B Tabnuiy 2
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Tabawnia 2

1 cepus 3HaueHUI 2 cepusi 3HaYCHUU
h1, , hi, h2, hs, ha, h,, hi, h2, hs, ha,
K ToRc/KT kJDk/kr | kJDx/kr | kJDK/Kr | kJDK/KT K JTok/KT kJDk/kr | kJDK/kr | kJDK/Kr | KJDK/KT
6. PaccuuraTh napamertpsl (1, qz, 1, € 115 qByx cepuil.
7. Buectu B Tabnuity 3.
Tabmuua 3
IIpooonscumenvrocmo qi, qz2, l,
pabomul YCMaHOBKU kJx/KT kJx/KT kJK/KT €
10 mun
20 mun

8. CpaBHurtsb pe3yabtarhbl pacyeToB yepe3 10 u 20 muH padoThl yCTAHOBKH.

9. BeIBOABI.

[Tpumeuanue: [{ukbl (2 UKIIA BBIACTUTH PA3HBIM [IBETOM WJIU TOJIIUHOW JTUHUM )
OCTPOUTh W HAHECTH HETOCPEACTBEHHO Ha AuarpaMmy XjajoHa ( puc.3) ajis CBOUX
3HaYEHHUH, CHATHIX B 1abOpaToOpHOM pabore. PaccTaBuTh TeMmeparyphl B Toukax 1, 1/,
2,2... 4 na guarpamme.

3HaTh NpH 3a1MTe :

BCE IPOLECCHI 8 YuUKie

KaK CTPOUTCS YUK

napameTpsl q1, 42,1, &

COCTAaB 3KCHEPUMEHMATIbHOU YCIMAHOEKU

memnepamypwl (yCIOBHbIE 0003HAYEHUS KOHTPOJIBHBIX TOYEK).

KoHnTpoJibHBIE BONIPOCHI
1. IlpuHIUN neicTBUS TEMIOBOTO Hacoca?
2. OcoOGeHHOCTH KOHCTPYKITUH.
3. I{ukia napoBOi KOMIPECCUOHHOW MaIIUHBI.
4. Pabouunii UK TEIUIOBOTO HAcOcCA.

3.4 IIpakTnuyeckas padora

[IpakTrueckue 3aHATHS TPOBOIATCS MOCIE U3YUEHUS TEOPETUUECKOTO MaTepuraa
10 TEME, U CITYKaT JJIsl 3aKPEIUICHUS MMOJYYEHHBIX 3HAHHUM, OCBOCHUSI YMEHUH U
HaIpaBJIeHbI Ha (GOPMUPOBAHKE YCTAHOBICHHBIX YUCOHBIM IIAHOM KOMITETEHITUN.

TemaTrka MpaKTUUECKUX 3aHATUH CBsI3aHA C PACCMATPUBAEMbBIM TEOPETUUECKUM
JIEKIMOHHBIM MaTE€pHUaIOM.

OdopmiieHne 0TYETOB MO MPAKTUUECKUM 3aHSATUSIM.
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OTtuét momkeH opopMIIAThCA Ha TUCTaxX (popmaTta A 4 uau B TETpaau IS
MPAKTUYECKUX 3aHSATUNA U COAEPKATh:

1. Temy 3anstus (padboThl).

2. Llenp 3ausTHA

3. 3aganue U1 UCIIOJTHEHUS.

4. BuITIOJTHEHHBIC 3aJJaHHUS.

5. BBIBOJBI.

IIpumep npakTHYecKOro 3aHATHS Ha TeMy: « TpeboBanus, npeabsBJiseMble K
0Mora3oBbIM ycTaHOBKaM. X KOHCTPYKTHUBHbIE 0COOEHHOCTI

Leab padoTbl: NMO3HAKOMUTH OOYYAIOIIUXCS C KOHCTPYKUIUSIMH OHOTa30BBIX
YCTaHOBOK M OCHOBHBIM 00OpYy/0BaHUEM, a TAK)KE MPUHIIUTIAMHU PaOOTHI.

OnHUM U3 OCHOBHBIX CIIOCOOOB 00e€33apa)KUBaHUS U NEpepabOTKN OPraHHYECKHUX
OTXOJIOB PAaCTUTEIILHOTO U >KMBOTHOTO MPOUCXOXKICHHS C MOIYYSHHEM ra3000pa3HOro
TOIJIMBA — OHWOra3a M SKOJOTHYECKH YHCTHIX OPTaHMYECKHX YIOOpPECHHI SIBISETCS
6uorazoas TexHosnorus. OHa MO3BOJISET PEIIUTh MPOOIEMY arpOXUMHH, SHEPTETUKU U
HKOJIOTHH.

buora3oBasi TeXHOJIOTHsI MPEJCTABISET COOON CIOXKHBIE MPUPOAHBIE MPOLIECCHI
OMOJIOTUYECKOTO Ppa3JIOKEHUs] HaBO3a, NTHUYBETO IMOMETa W JIPYTUX OPraHUYEeCKUX
BEUIECTB B aHa’pOOHBIX YycnoBusx (0e3 poctyma Bosayxa). I[lpm stoM  moj
BO3/ICHCTBUEM aHA’POOHBIX OAKTEpH HAOIIOAACTCS MPOIECC MUHEpAIU3alUU a30To-,
dochop- u KanmuicomepKAIIMX OPraHMYECKUX COCAMHEHHH C TOJydYeHHEeM a3o0Ta,
docdopa u Kanusg B MHUHEPATU30BAHHOM BHJIe, HauOoJee JOCTYIHOM JJisi PacTeHH,
IpU TIOJIHOM YHUYTOXKEHUU TMMATOT€HHOW MUKPOQIOPHI, SUI] TEIbMHUHTOB, CEMSH
COpHSIKOB, HUTPATOB M HUTPUTOB. [Iporiecc cOpakuBaHusi OCyIIECTBISETCS B EMKOCTH,
KOTOpasi Ha3bIBACTCS METAHTEHKOM MJTU PEAKTOPOM.

B Merantenke mnona naeilicTBUeM OakTepuid YacTh OPraHUYECKOTO BEIIECTBA
pasznaraercsi ¢ oOpasoBanuem wmerana (60-70%), yraekucinoro raza (30-40%),
HeOonpIoro KojuyectBa cepoBoaopona (0-30%), a Takke mnpuMmecell aMMHaxa,
BOJIOPOJIa M OKCHJIOB a30Ta.

CymiecTBytonie crnoco0bl aHa3pOoOHOU nepepaboTKu He 00eCIeYBaIOT MOTHOTHI
cOpaxxuBanusi M 0Oojee TIyOOKOro pas3IokKEHUS OTXOAOB CEIbCKOXO3SICTBEHHOTO
NpoOU3BOJACTBA. B cuily CHOXUBIIEHCS CHUTyallUd TPEJCTaBIsETCA AaKTyaJlbHbIM
pa3BUTHE OMOra3oBbIX  yCTaHOBOK  JUJISt cOpaxuBaHUS MUTIEBBIX u
CEJIbCKOXO3SIMCTBEHHBIX OTXOJOB C TIOMOIIBI0O MHUKpoopranu3moB. Kak mpasuio,
OCHOBHBIMU 3JIEMEHTaAMU OHOTa30BOM YCTAHOBKHU SIBIISIOTCS: KaMmepa COpa’KhBaHUS
(peakTop, METAHTEHK); YCTPOMCTBAa TOJJEPKaHUS TOCTOSHHOM TeMIepaTypbl B
peaxkTope; yCTpPOWCTBO, OOecreurBaoIlee NepeMeNInBaHUuEe CyOcTpaTa B PEaKTOPE;
YCTPOMCTBO HAKOIUICHHUS U XpaHEHHs Onorasa (ra3roibep).

buora3oBble yCTaHOBKM MOTYT HCIIOJB30BAaThCA B HEOONBIINX (PepMepCKux
XO35HUCTBaX W Ha KPYIHBIX CEIbCKOXO3SWCTBEHHBIX TPEINPHUATUAX, TAe Ouoras
o0ecrieunBaeT BBIPAOOTKY DIEKTPHUYECKOTO TOKAa U TEIJIOBOM DHEPrUHM Ha
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IpoMBIIIICHHbIE HYyXIbpl. Ha pucyHke 1.1 mnpuBeneHa cxema HSHEPrOKOMIUIEKCA C
OMOra3oBo yCTaHOBKOM [JJs CpeOHHX UM KPYIHBIX CEIIbCKOXO3SICTBEHHBIX
OPENNpUsITHA, B KOTOPOW MpPEIyCMOTPEH MOJIOTPEB, MepeMelnBaHue cyOcTpara u
ouncTtka 6uoraza ot cepoogopoaa u COz, uto noBbImaeT 3PHEKTUBHOCTH MpoIecca
opoxxenusi. CyOcTpaT mMoOJorpeBaeTCss 3a CUET YacTU TEIUIOThI, BbIpaOaThIBAEMOM
koioM. KortenbHast paboTaeT Ha Ouorase W HCIOJNb3YETCS JUIsl TEIUIOCHAOKEHUS
CUCTEM OTOIUICHUS, TOPSYEro TeruIoCHAOXKeHHs, 3amapuBaHus KopMoB. Hekoropoe
KOJIMYECTBO ra3a MOKHO HCIIOJIB30BaTh U1l OBITOBBIX T'a30BBIX MIWT. Haxonsmasics B
peakTope Macca, NEpPEeMElIMBACTCS MEXAHMYECKOM MEIIAIKOH C 3JIEKTPOIPUBOOM.
Ocanok cOpaxuBaeMoro cyocTpara UCIOJIb3yeTCsl B Ka4eCTBE yA00PECHHIA.

> OTX0/1BI
: i /X 1o
["azokommpeccop- Vi
) CTaHOBKa ML ['asronenep KotenpHasi
[ Hast yCTaHOBKH QUUCTKH BO3/1yXa ’

bannouHslii raz s Tennora Ha TNMpoH3-
3anpaBKH TpaHCcnopTa BOJACTBEHHBIC HYH/1bI

Orxozt CI‘}" CTHTCIIb

0TX0/10B

Pucynox 1.1. Cxema sHEprokomIuiekca ¢ 6MorazoBoi yCTaHOBKOM U
ra30KOMIIPECCOPHOU
CTaHLMEN I KPYMHBIX CEITbCKOXO3SIMCTBEHHBIX MPEANpUaThii [1]

B KpymHBIX CENbCKOXO3SMCTBEHHBIX W  NTHUIEBOJYECKUX IMPEANPHUATHIX,
pacnoJIOKEHHBIX B paloHax, A€ IeJeco00pa3sHO HCIOIb30BaTh SHEPIHIO COJIHIIA,
BETpa, pPEKOMEHAyeTCs KOMOWHHUpOBaHHAas OuorasoBasi YCTaHOBKA, B KOTOPOU
ANEKTPUYECKYIO0 3HEPTUI0 MOXHO MOJydaTh OT BETPOYCTAHOBKH, a TEIUIOBYIO — OT
COJIHEYHOT'O KOJIJIEKTOPA.

bonee  yHuBepcanbHOM  siBIsieTCs  KOMOWHHUpOBaHHAas  OMO’HEpreTUYecKas
yCTaHOBKa C KommpeccopoM (pucyHok 1.2), Omarojgapsi KOTOpOMY HaKarlIMBaeTCS
Ouora3 BHE 3aBUCHUMOCTH OT ero notpebieHus. Takue ycraHOBKHM Oosiee yJOOHBI B
AKCIUTyaTalul, B OCOOEHHOCTH MpHU BBIPAOOTKE TEIJIOBOM U 3JEKTPUUECKON SHEPruw,
rpaduku NoTpeOIeHNs KOTOPBIX MOTYT HE COBIAIATh 110 BPEMEHH.

Onna w3 Haubojee paclpOCTPAHEHHBIX CXEM OMOra3oBBIX  YCTaHOBOK
npeacTaBieHa Ha pucyHke 1.3. B naHHo# cxeme opraHMYecKHe OTXOJbl U3MEIbYAI0TCS
B MIPUEMHON €MKOCTH 3 U LIEHTPOOEKHBIM HAaCOCOM MOJAIOTCS B BBIAECPKUBATENb §, a
3aTeM B peakTop 9, rae BblpabaTbiBaeTcs Ouoras, yder Ouorasa OCYILECTBIISETCS C
nomoupo cueruyuka 14. Teepaple (¢pakuuu W3 peakTopa IMOCTYNAKOT B
HaBO30XpaHuume 15.

IIpencrapnennas 6MorazoBas yCTaHOBKA MPOMU3BOAMT 10 750 M> Guorasa B CyTKH, B
TO BpeMsl KaKk Ha DJHEpPreTHYEeCKUEe MOTPEOHOCTH XO35HUCTBA PACXOIyETCs OKOJIO
250 m/cyT.
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Pucynok 1.2. KomOuHupoBaHHas cojgHeyHO-OWorasoBass ycraHoBka: 1, 9 —
TeIJI000MEHHUKH;

2 —MeTaHTeHK; 3, 5. 7, 8 — Hacochl; 4 — NMPEIOXPAaHUTENIBHBIN KilanaH; 6 — OTCTONHHUK;
10 — xoten; 11, 13,12, 15 — Bentunu; 14 — perynupyromuid kianad; 16 — kommpeccop;
17 — rasronpaep; 18 — conmHeunsIi koiekTop; 19 — nmomada HaBo3a; 20 — B atMocdepy;
21 — cOpoxxeHHbIi HaBo3; 22 — K moTpeOutento Owuoraza; 23 — ausenbHas
AJIEKTPOCTAHIIUSA; 24 — DIIEKTPOIHEPTUSA K MOTPEOUTENI0; 25 — BETPOABUTATEND; -0- —
TpyOOINpPOBOJ HABO3a; -6- — TPYOONPOBOJ TEIJIOHOCHUTEIISI; -2- — Ta30mpoBOJ, -d- —
TpyOoIpoBoJ anTu(pu3a

2 > 15

10

IlepcnieKTUBHOMN SABJISIETCA YCTaHOBKA, B KOTOPOW HPUMEHSETCS ABYXCTaIUNHOE
OpoxeHue cyOcTpara, cxeMa KOTOpoW TmpejacraBieHa Ha pucyHke 1.4. OnHa
npeAHa3HaueHa i MOJArOTOBKU MCXOAHOW OMoMacchl (M3MeIbYeHre, TOMOTeHU3alusl,
HarpeB) K OpOXKEHUI0, adpOOHOTO (KUCIOTHOI0) OPOXKEHUsI W, HAaKOHEI, aHadPOOHOTO
(METaHOBOI'0) OPOXKEHUS U COCTOUT U3 CIACAYIOIINX OCHOBHBIX OJIOKOB:
0JIOK TOATOTOBKHM, BKJIOUYAIOMIUA B ce0s: NPUEMHHK HCXOJHOM OMOMAacchl,
000OpYJOBaHHBIM  W3MEIbYUTEIIEM 1 JUITMHHOBOJIOKHUCTBIX ~ BKJIIOUCHHIA;
TeIJI00OMEHHUK-PEKYTIEpaTop 2 «HUCXOoaHass OruomMacca — COpOKEHHOE YI00pCHHEY;
HACOC 3arpy3Ku U JaTYMKHA YPOBHS MACCHI;

— Onok Opo’KeHHs, BKIIOYAIONIUHN: BBIICPKUBATENh 3 (peakTop MEpBOM cTaguu —
KHUCJIOTHOW M peakTop 7 BTOPOM CTaiul — METAHOBOI); TEINIOOOMEHHUKHU 4 Harpena
YU KOMIIEHCAllU TEIUIONOTEPh MACChI; HACOC-03aTOp S5 MJis 3arpy3Kd Macchl B
PEaKTOPBL; 3aMOPHYIO U PETYIHUPYIOUIYIO apMartypy 6;
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Pucynox 1.3. TexHomoruueckasi cxema OMOIHEPTeTUUECKON YCTaHOBKH: 1 — epma; 2 —

Hacoc; 3 — IpUeMHasi EMKOCTh HaB03a; 4 — LIGHTPOOEIKHBIN HACOC C U3MENBUUTENEM; 5 —

BubOporpoxot, [bH-100; 6 — emkoctu; 7 — Hacockl PI'-57,5/9,56; 8 — BbIIEpKUBATEIID;

9—peakrtop;10-razoBeie kiananel; 11 — BOJOKOJBLIEBOW Bakyym-Hacoc, 12 —

KoHJeHcaTocOopHUK; 13 — kommpeccop otdopa raza YK-1M; 14 — razocuerdymk

6apabannsiii 'Ch-400; 15 — HaBO30XpaHWITHIIIE

— D3HeproOJIOK, BKJIIOYAIOLIMN: KOTeNl Tra3oBeldi 9 u Motop-reneparop 10 nans
MOJIyYEHUsI TEIUIOThl U DJIEKTPOIHEPrUU; KOMIIpeccop Ouoraza 16; OUUCTUTEND
6uoraza 15; rasronpaep 13, o6opyaoBaHHBIN TpeoOpa3oBaTeneM gaBiieHus ra3a 11 u
cBeUOil cOpoca M3nuIIKoB Ouorasa 12; kinamansl 14 oOpaTHble U IS PETyIUPOBAHUS
Ouorasa; 1aTYuKHU YPOBHS, JABJICHUS U TEMIIEPATYPhI TEIJIOHOCUTEIS, PACXOAOMEPHI
U APYTYIO U3MEPUTEIBHYIO annaparypy;

— aBToMaTuyeckas cucteMa yrnpasienus (ACY) 8.
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Pucynok 1.4. Texnonornueckass cxema bOVY: 1 — uzmenpuurens, 2 — «uCXongHas

onomMacca — cOpoxeHHOe yaA00peHue», 3 — BblAepKUBATENb, 4 — TEINIOOOMEHHUKH, S5 —
HACOC-7103aTop, 6 — 3amopHas U pPeryiupylomas apMarypa, 7 — peakTop BTOpOd cTaauu
(MeTaHOBOI), 8 — ACY, 9 — KOTE ra30BBIH,
10 — morop-rereparop, 11 — mpeobOpazoBaTens naBiieHWs raza, 12 — cBeda, 13 —
rasroipjaep, 14 — oOpaTHBIN KIanaH

B «Caparosckom I'AY um. H.W. BaBunoBa» Takxe NpoOBOJATCS UCCIIECIOBAHUS 11O
pa3paboTke O0OOpyJIOBaHHMS W TEXHOJOTHMH JUJII  aHA’pPOOHOTO  COpaKMBaHHS
OpraHUYECKUX OTXOO0B 10/ pPyKOBOJICTBOM mpodeccopa Ddenauena A.M.

Ha ocHoBaHMM NpWBENEHHOTO JUTEPATYpHOTO aHajin3a OMOTa30BBIX YCTaHOBOK
o0muM JIT BCEX OINHMCAHHBIX KOHCTPYKIMHA SBJISICTCS HaIW4YUMe OuWopeakTpopa
(METaHTEHKa), CHA0XEHHOTO0 pPAa3JIMYHBIMA HarpeBaTeIbHBIMU YCTPOMCTBAMH U
KOHTPOJIbHO-U3MEPUTENBHOW  ammapaTypoil Uil MOAAEpXKaHus  3aJaHHOI'O
TEMIIEPATYpHOTO pEeXHMa COpaXMBaHMs, a TaKXKe HaJIM4YMe Ppa3JIUYHBIX 110
KOHCTPYKIMM  MEIIAJIOK, OOECNEeUMBAIOIIMX  [EPEMEIIMBAHUE  OPraHUYECKOTO
cyOctpata. CyllecTBYIOIIMA TEXHOJOIMYECKUH MpOLEcC, MPEACTAaBICHHbIA Ha
pucyske 1.5, Bkirouaer B cebsi cOop mruubero mnomera Ha nruredepme I, momauy
KUAKOM (¢dpakuuu HacocoM 1 B KOJMJIEKTOp 2, TA€ MPOUCXOAUT JApoOeHue
U3MENIbYUTEeNeM 3, TMOCJe Yero XUAKUWA CcyOcTpaT momajgaeT B TOJOTpeBaTElb-
BBIJIEPKUBATENb 4, U3 KOTOPOro C MOMOIIBI0 BUHTOBOIO Hacoca 6 »KHIKas macca
3arpy’aercs B peakTop 7, e MPOMCXOAUT MPOLECC aHa3pPOOHOro COpa)KUBAHUS C
BbIIEJICHMEM Ouorasa, IOCTYMAIOLIEro B Trasroibaep 14, a 3areM ¢ TOMOIIbBIO
KoMIipeccopa 13 ra3 nomaercst K HOTPEOUTENSM.
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Pucynok 1.5. TunoBoi Texnonormyeckuit npouecc: I — nruuynuk, II — nmcnepna-
xuxepazopaceiBarenb, [II — HaBozoxpanunumie, IV — opocutensbHas cucrema, V —
npuiien, 1 — Hacoc XMAKOrO IMOMETa, 2 — KOJUIEKTOp, 3 — HU3MENbuuTelb, 4 —
NIOI0TPEBATEIIb-BBIICPKUBATEND, 5, 8 — (bekanbHbIe HAaCOCHlI,
6 — BUHTOBOM Hacoc, 7 — peaktop, 9 — ayrosoe cuto, 10 — mpecc-punbtp, 11 — Hacoc,
12 — tpancnoprep, 13 — kommpeccop, 14 — MOCT BBICOKOBOJIBTHOW 00pabOTKH

[Tocne cOpaxuBaHUs KUIKHM cyOcTpaT IOCTymaeT Ha JyroBoe curo 9, rue
IIPOUCXOJIUT OT/IeNIEHNE TBEPAOH (PpaKIUU OT KUIKON COCTABIISIIONICH, a 3aTEM, POHIST
yepe3 npecc-puinbtp 10, TBepaas nmepeOpouBIIas Macca B JaJIbHEH MCIOJIB3YETCS B
KayecTBE OpraHu4eckoro yaoOpeHus. JKuuakas cocTaBisollas IOCTyNaeT B
HaBo3oxpanwnme III, oTkynma mepekauymBaeTcss HEMOCPEACTBEHHO B OPOCUTEIBHYIO
cuctemy IV uim ¢ oMol IIUCTEPHBI-KIKEepa30pachIBaTENsl BRIBO3UTCS HA MOJS IS
NOJIKOPMKH moceBOB. HeBbICOKOE KauecTBO MOJIy4aeMbIX OpPraHUYeCKUX YJIOOpeHui, a
TaK)XK€ MaJiblid BBIXOJl OMoraza morpeOoBaiu pa3pabOTKH crocoba, 00ecreuyrnBaroero
6omee TIyOOKYI0 MepepadoTKy OpPraHMYeCKHX BEIEeCTB, CIIOCOOHOTO MOBBICUTH BBIXO/T
L[EJIEBBIX MPOYKTOB. B 3TOM mutane 3acitykMBaeT BHUMAaHUS pa3pabOTaHHBIN HA OCHOBE
ANIEKTPOTEXHOJIOTMM  HOBBIM  CHOCOO  MOATOTOBKU  ChIph K  COpakKMBaHUIO,
NpeACTaBIECHHOrO Ha pUcyHke 1.6.
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Opowenne
-

Pucynoxk 1.6. IIpenmaraemsiii TexHosiorundeckui npouecc: I — ntuunuk, II — nucnepna-
xmxkepasopaceiBarenb, Il — HaBozoxpanwnuine, IV — opocutenbHas cucrema, V —
npuiern, 1 — MocT BBICOKOBOJIBTHOM UMITYJILCHOM 00pabOTKH, 2 — MOAOTpEeBaTElIb-
BBIJICp)KUBaTeNb, 3, 6— (ekaabHble Hacochl, 4 — BUHTOBOM Hacoc, 5 — peakTop, 7—
yTOBOE€ cUToO, 8— npecc-punbTtp, 9— Hacoc, 10— Tpancnoprep, 11 — kommnpeccop, 12 —
rasrojiabaep

[IpenmyiiecTBO  mpenjgaraeMoro  METOJla  3aKJI4YaeTcsi B BO3MOXKHOCTH
OCYILIECTBJIEHUSI ONE€paliii U3MEIbYEHUSI HEMOCPEICTBEHHO B KaMepe cOpakMBaHUS 3a
CYET DJIEKTPOTHUIPABINYECKOTO A (PeKTa, a TakKe aKTHUBAIMU KUJIKOW COCTABIISIONIEH
cyOcTpaTta, mo3BoJsitomIed u3MEeHUTh pH U obecneunTh Mporiecc aHa’dpoOHOTO
cOpakuBaHMsl pU 00JIee HU3KUX TEMIIepaTypax.

OTAn4uTeNbHONM OCOOCHHOCTBIO — MpejjiaraeMoil  cxembl (pucyHok 1.6) ot
CYIIECTBYIOIIEH TEeXHOJIOTUH (PUCYHOK 1.5) dBisieTCs OTCYTCTBHUE  OIEpalluu
U3MENbUYCHUS, KOTOpash 3aMEHEHa JJICKTPOTUIPABINYECKUM yAapoOM, BO3HUKAIOIIUM B
pe3yJibTaTe BO3ACHCTBUSI BBICOKOBOJIbTHOTO JJICKTPUUYECKOrO paspsijia Ha KUIKYIO
cpeny.

HoBas TexHosiorus y1o0HO BCTpauBaeTCsl B U3BECTHBIN TEXHOJIOTMYECKUM MPOLIECC
U He TpeOyeT U3MEHEHHUs KOHCTPYKIMU CYIIECTBYIOIIETO 000pYA0BaHUS.

Kinaccndukanusi 0M0orasoBbix yCTAHOBOK

buorasoBble  yCTaHOBKM  00€ClEeYMBAIOT  MNPEAOTBpAlllEHWE  3arpsA3HEHUi
BO3IYLIHOTO M BOJHOrO OacceiiHa, MOYBBI M IOCEBOB, Oyarojaps YTWIM3ALUH U
N€30[0pallid  HaBO3HBIX  CTOKOB  KPYIHBIX  JKMBOTHOBOJYECKHMX  (depM U
NITULIEBOAYECKUX KOMIUIEKCOB. OHHM SBISAIOTCS OCHOBHBIMM YCTPOWCTBAMH IS
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OCYIIECTBIICHUSI aHA’pOOHOI mepepaboTKM OpPraHMYECKHX OTXOJIOB MPH TMOIYYCHHUH
yaoOpenuit u 6uorasa [11,70], [82-86].

OpHako MHTEpEC K HCIOJIb30BaHHUIO OWorasa, Kak OJHOTO W3 MEPCHEKTUBHBIX
AJbTEPHATUBHBIX MCTOYHUKOB SHEPTUM B MOCJIEIHUE TOJbI, MPOJOHKAET BO3pPACTATh.
O10 1nOTpeOOBajIO MPOBEICHUS MCCIEIOBAHUNA 1O pa3padOTKe MEePCHEeKTHUBHBIX
croco0oB, o0ecreynBaroIux 00ee KaueCTBEHHOE pa3jioKeHrue cyocTpaTa, yCKOPEHHOE
pa3BUTHE OAKTEPHUIl U BHICOKYIO CTETICHb (hepMEHTAIMU OMOJIOTMYECKH pa3iiararoimxcs
OpraHUYECKUX BELIECTB.

K mpuopuTeTHBIM  HAampaBJIEHUSAM  HCCIEIOBAHMN  CIEOYyET  OTHECTH
ANEKTPO(PHU3NYECKUE METOJBI HA OCHOBE OOJIyYEHUS AJIEKTPOHAMH, TaMMa-KBaHTAMU U
BO3/ICIICTBHE BBICOKOBOJBTHOI'O 3JIEKTPUUYECKOTO paspsja Ha MPOLECChl aHadpOOHOTro
copaxxuBanus. [lockoibky B mporecce COpakUBaHUS OpPraHUYECKOTro cyoOcTpara
€CTECTBEHHBIM OKPYKEHHEM SIBIISIETCS BOAA, CIEAOBATEIBLHO, OHA UTPAET BAXKHYIO POJIb
B KaTajuse.

OO6paboTKa YCKOPEHHBIMH JJICKTPOHAMU WM TaMMa-KBAaHTaMH 3arps3HEHHON
BO/IbI, BBI3BIBACT PA3JI0KEHUE (TUPOJIU3) €€ HA aKTUBHBIE CBOOOIHBIE PAUKAIIbI, AaTOMBI
BOJOPOJAa M HOHBI KHCIopoda. BcTymas BO B3aMMOJEHCTBHE C BEIIECTBAMHU
3arpsA3HUTENSIMM, CBOOOJHBIE PpaJMKaIbl YCKOPSIOT XUMHUYECKHE pEaKIuu U
CIIOCOOCTBYIOT MOJIYYEHHIO YMCTOM BOJBI M YIJIEKUCIOro rasza. [lpumecHbie aToMbl U
BpPEIHBIE BEIIECTBA KOATYJIMPYIOTCS U BBINAJAIOT B OCAJ0K.

@diykTyallid, BBI3BAHHBIE BBICOKOBOJBTHON HMMIYJIbCHONH 00pabOTKONW BOJBI,
MOPOKIAIOT AKTUBHBIC YACTHUIIBI pa3psiga — CBOOOIHBIC aTOMBI, CBOOOHBIE PaIUKAIIbI U
K0J1€0aTeNbHO-BO30YKIEHHBIE MOJIEKYJIbI, KOTOPhIE UTPAIOT OCHOBHYIO POJIb B DHEPTUU
KaTaJin3a.

[IpaBOMOYHOCTh  Pa3BUTUSL NpEAJIAraeMbIX  HAIMpPaBICHHUN  IMOJATBEPKIAETCA
pe3ynbTaTaMi Kak Apyrux y4deHsix [7-10], Tak u coOcTBeHHBIX HccaenoBanuii [11, 93,
94, 96].

B cooTBeTcTBHM C HOBOW KOHIICTIIIMEW pAa3BUTHUS TEXHOJIOTHU aHa’pPOOHOTO
cOpaXMBaHUSI OPraHUYECKUX BEIIECTB, MPEICTABISETCS BO3MOXHOCTh PaCUIUPEHUS
CTPYKTYPHOM CXEMbI KIacCU(PUKALMK OMOTa30BhIX YCTAHOBOK.

[IpencraBnennass Ha pucyHke 1.7 knaccugukaius Mo3BOJISET MPOAHATU3UPOBATH
CYILIECTBYIOIIUE METOJbl M OCOOEHHOCTH KOHCTPYKTOPCKO-TEXHMUYECKHX pelIeHUN
OMOra3oBbIX YCTAHOBOK, a TaK)K€ yKa3aTh Ha HamOoJiee MEepPCIEeKTUBHBIC HAINpaBICHUS
NaJIbHEHIINX UCCIIEI0OBaHNM.

W3 mpuBeneHHBIX Pa3HOBUIHOCTEH 3IEKTPOPU3NYECKOTO0 METOJa HaWOOJbIINN
MHTEPEC TPEACTaBIACT CHOCOO0 BO3JCWCTBHS Ha BOJHBIA OpraHUYecKuii cyOcTpat
BBICOKOBOJIBTHBIM 3JICKTPUYECKUM Pa3psIoM, 00ECIIEUYNBAIOIINM COKPAIIIEHUE BPEMEHHU
pasNoKeHHWs 3a  CUeT  aKTHBanmuu  cyOcTtpata, M yBEJIMYECHHE  BBIXOJ]A
BBICOKOKQUYECTBEHHBIX IIEJIEBbIX MPOAYKTOB (OHMOrasa M OpPraHMYECKUX yAOOpEeHUN B
MUHEPAIN30BAaHHOM BUJIE).

Hcnonp3oBaHne HOBOM  3JIeMEHTHOM 0a3bl Ha  OCHOBE  COBPEMEHHBIX
MAJIOUHAYKTUBHBIX €MKOCTHBIX 3JIEMEHTOB, KOTOPBIE Jajd BO3MOKHOCTb COKPATUTH
JUINTEJIbHOCTh HMITyJIbCAa TOKa, MpHU paspsae B BOAHOM cyOcTpare, 10 6 MC U
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TeHEPUPOBAThH YAAPHBIC BOJHBI, BHI3BIBAIOLINE AIIEKTPOTrUApaBIndeckuii agpdext [12], a
TaK)Ke KOMMYTHPYIOIINUX Pa3psiAHUKOB U 3G (HEKTUBHBIX pa3paaHbix ycTpoiicts (¢ KIT/
no 0,9-0,95), mo3Bomwin pa3paboTarh COBPEMEHHOE  BBICOKOMPOU3BOAUTEIHHOE
o0opy0oBaHuE U HOBBIE TexHOJorUH [ 13, 14].

[Ipu BO3AEWCTBUM BBICOKOBOJBTHOTO paspsiga Ha CBHIPhEBHIE KOMIIOHEHTHI
IIPOUCXOJUT JOTOJHUTENIBHOE U3MEHEHUE OPTraHUYECKON COCTaBISAIONICH U YCKOPEHUE
peakiuu B o0beMe cyocTpaTa Osarogaps moauduinupoBanuio GgepmeHToB. [TockonbKy
pa3NoKEeHHEe OpPraHMYEeCKUX COCTABJSIIONIMX CcyOcTpaTa MPOMCXOAMT 3a CUET
NEeSTENHHOCTH

buorazoesie YCTAHOBKH [LIH H}I}I'!p(]ﬁ}l(]]'{]
cﬁpamnBamm OPraHu4ecKux 0TX0108B

[To cnocody TeXHOJI0THYECKOIT
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Pucynox 1.7. Cema kinaccudukanuu 6Mora3oBbIX YCTaHOBOK

OTIPE/ICIICHHBIX THUIIOB OAaKTEpHi, CYIIECTBEHHOE BIIMSHHE Ha HUX OKa3bIBaeT Kak
croco0 o0paboTKH, Tak U Temreparypa copaxkuBanus [97, 98].
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DHeprus 3apsoKCHHBIX YAaCTHII, SBISIETCS OCHOBHBIM (haKTOPOM WHTEHCHU(DUKAITUU
METaHOOOpa30BaHUs, 00ECIICYNBAIOIINM HUBEIMPOBAHNE XaPAKTEPUCTUK, CBSI3aHHBIX C
TEMIIEPATYPHBIM BO3JIEUCTBUEM M CIOCOOCTBYIOIIMM YBEJIUYECHUIO KOHIEHTPALUU
MHUKpPOOpPraHM3MOB B 00pabOTaHHOM BOJHOM OpraHUYecKoM cyoOcTpare peakTtopa. B
pe3yJibTaTe uero, OModHEpreTuuecKas yCTaHOBKA MO3BOJISIET BRIPa0aThIBATH B OOJIBIIIOM
KOJIMYeCTBE Tra3000pa3HOe TOIUIMBO (METaH) MW OpraHuyeckue yaoOpeHuss B
MUHEPAIN30BaHHOM BUJIE.

CpolicTBa Ouorasza SBISIIOTCS pelalomUM (PaKTOPOM €ro MPUMEHEHUs C TOYKH
3p€HUs ~ HaJAM4YMsl  BPEOHBIX  BEHIECTB M DJHEPreTUYECKOro  COJEpKaHUs
(teriorBopHOCTH). CllenoBaTeNbHO, BOMPOCHI, CBSI3aHHBIE C MOJYyYEHHEM Ouorasa,
OPUTOAHOTO JJIsi WCIOJB30BAHMS €r0 B KAdyeCTBE TOILIMBA, TaKKe NPHOOPETArOT
pemaroriee 3HadeHue. [Ipu coOMIOEHUN ONTUMAIBHOTO TEMIIEPATYPHOTO PEeKUMa
OpOYKEHHMsI, MOCTOSHHOM MEPEMEIIMBAHUU BBIXOA Ouorasza mocrturaer 2-3m® ¢ 1 M
pEaKTopa, a IpH UCIOJIb30BaHMU NITHYLErO momera — 6 m>. IIpakTuuecku s pacdera
MOJIB3YIOTCSL JTAHHBIMHU, MPU KOTOPHIX 1 KOpoBa crocoOHa OOECTEeYUTh IMOTyYEHUE
2,5 M® rasza B cyTkm, ObIK Ha oTKOpME — 1,6 M°, cBuHBS — 0,3 M3, runa — 0,02 M° B
cyTku [15,76].

CymectByeT psj (GakTopoB, BIMSIONIMX Ha BBIXOJ Ouorasa, — temmeparypa, pH,
JaBJICHUE, WHTEHCUBHOCTh IEPEMEIIMBAHUs, BJIAXKHOCTh, KIMMATHYECKUE YCIOBUS U
T.A., KOTOpbIE B3aMMOCBSI3aHBI MEXIY COO0OM M HM3MEHEHHE OJHOI0 U3 MapaMeTpoB
MOXKET MPUBECTU K TMOHIKEHUIO WM TMOBBIIICHUIO BbIXoja Ouoraza. OCHOBHBIMU
ABISIOTCS Temmeparypa u pH; d9rto Kkacaercs temmeparypHoro (akropa, TO
NPEANnoYTeHHE OTAAeTCs Me30(UIBHOMY PEXUMY, KOTOPBIA MPOTEKaeT Mmpu Oojee
HU3KUX Temneparypax (15-35°C), a B kauecTBe ONTUMAIIbHBIX 3HAYEHUH ILETOYHOCTH
npuHumaecst pH=6,5-7.5.

[IpakTyeckoe HCHOJIB30BAaHME B OHUOra3oOBBIX YCTAHOBKAX BBICOKOBOJILTHOIO
UMITyJIbCHOIO ~ pa3psjla CHOCOOCTBYET YCKOPEHHMIO Tpolecca COpakuBaHUS U
MOBBIIIECHUS BBIXOJA BBICOKOKAUYECTBEHHBIX MPOJIYKTOB pa3zioKeHHs. B0O3MOXHOCTH
UCIIOJIb30BAaHUSl ~ CYLIECTBYIOLIErO0 KOMIUIEKCa 00opyAoBaHUs 0€3 U3MEHEHUs
KOHCTPYKIIMH MO3BOJISIET CHU3UTh KalUTaIbHbIE BIOKEHUS TIPU MCIOJIb30BAHUN HOBOM
pa3paboTKH.

AHanmu3upys JuTeparypHble MCTOYHUKH [16, 17] wm 3apyOeKHBI OMBIT
KOHCTPYHMPOBAHUsI OMOTa3oBbIX YCTAHOBOK MOXXHO COCTaBUThH Tabmuily 1.1 TeXHUKO-
HSKOHOMHUYECKHUX MOKa3aTee pa3IMuHbIX OMOTa30BbIX YCTAHOBOK.

Tabnuma 1.1
TexXHHKO-I)KOHOMHUYECKHUE MOKa3aTeIu OMOra3oBbIX yCTaHOBOK
3
VeTaHoBKA Brixon 6uoraza Ha 1 M KaMepBI3 TeMnepaTyga
cOpaxxuBanus (Ha 1 kr HaBo3a), M° | Opoxenus, °C
1 2 2
Kuraiickas ycranoBka «I"abop» 0,3-0,5 35
I'epmanckas ycranoBka «Jlopmmrar» 1,2 35
@paHiy3ckas yctaHoBka «Jlycenbe — Mcmana» 0,3-0,7 20-25
Anrmmiickas bI'Y 0,4-0,6 20-25
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Byxapckast onbITHasl CTaHIMS 0,7-1,2 32-35
BI'Y na ntunedabpuxe «FHOxHas» 1 32-35
BMO3BH-1 MockoBckast 0011. 2 35-40
OKvT;I6pLCKa;1 nrunedadpruka MoCKOBCKHi 4 35.45
paiioH

B cymiecTByromux OMOTra3zoBbIX yCTaHOBKax HabogaeTcsi 00JbIoi pa3dopoc (ot
0,5 no 4 m®) BeIXO1a Grorasza ¢ 1 m> kamepsl cOpaxuBanus [104]. DTa HeCTAOMIBHOCTE
BbI3BaHA KaK CJIOKHOCTBIO MOJJEPKaHUs 3aJJaHHON TeMIlepaTypbl B 00beMe cyOcTpara,
TaK U HEPABHOMEPHOCTHIO BBIXOJA €ro M3 OpPraHMYecKoro BemiecTBa. l3BecTHble
CrocoObl HE TO3BOJISIOT O0OECHEYUTh CTAOMIIBHOCTH MPOIECCa M YBEIUYHUTHh BBIXOJ]
Ouoraza. B cBs3u c 3TUM TmpemsiaraeTcsi HETPAAUIIMOHHBIA CIOCOO MOATOTOBKHU
cyOcTpata K cOpakMBaHWIO, OCHOBAHHBIA Ha AJIEKTPOTEXHOJIOTMU. B mpemiaraemom
cnocobe  mpolecc aKTUBUPOBAHMSI  IO3BOJSET  MOATOTOBUTH  OPraHUYECKYIO
COCTaBJISIIOLIYIO cyOcTpaTa K 60s1ee BHICOKOMY BBHICBOOOKICHHUIO T'a30BbIX BKIOUECHUI B
€ro CTPYKType, CHU3UTh MHTEpPBaJ pa3z0dpoca BbIXoAa OHorasa ¢ eIuHUIIbI IOBEPXHOCTH
1 00€CTIeUnTh CHIDKEHHE TEMIIePaTypbl COpaKMBaHUS.

Posib MUKPOOPraHM3MOB IIPH PEIICHUHN TOIUIMBHO-IHEPreTHYeCKOM 3a1a4u

@denepanbHas LeneBasg nporpaMMma «TOIUIMBO M 3HEPrus» NpeayCcMaTpUBAET
peanu3anuio 3HeprocOeperaronieil NoJIuTUKH, pa3paboTKy U BHEIpEHUE 000pYI0BaHuUs,
CUCTEM W TEXHOJOTHA JUJII  YCKOPEHHOIO0 TEXHUYECKOIO  IEPEBOOPYKEHUS
JNEUCTBYIOLIUX U CO3/IaHUS HOBBIX OOBEKTOB TOIIMBHO-IHEPTrETUUECKOTO KOMILIEKCa C
yd4eToM 0e30MacHOCTH B TEXHOTEHHBIX cpenax. B Hacrosiee Bpemsi TpyAHO HaWTH
OTpacib HapOIHOTO XO34MCTBa, rJe Obl HU HCHOJB30BAIMUCh MUKPOOPTAaHU3MBI — 3TO
NUIIeBasi, MMBOBapEHHAs!, O€3aJIKOrOJbHBIX HAUTKOB M HE(MTAHAS] MPOMBIIUIEHHOCTH,
IIPOU3BOJICTBO JIPOXKKEH, CEIIbCKOXO3IMCTBEHHAsI OTpacib U T.JA. BellonHeHne 1aHHON
3a/la4yd MO3BOJIAT PELINTh IPOJOBOJILCTBEHHYI0 M SHEPreTUYECKYIO IPOrpamMmbl, a
TAK)K€ YJIYYIIUTh 3KOJOTHIO CTpaHbl. OCHOBHBIE HAIEKIbl CIEAYET BO3JIaraTb Ha
TCHHYI0 WH)XCHEPUI0, KOTOpas MO3BOJUT MOJydaTh cynepdPdeKTHBHBIE OaKTepuu,
oOecneunBaomue Oojee TIyOOKyl0 MepepadOTKy OTXOJI0B MPOMBIIUIEHHOTO H
CEJIbCKOXO3SIICTBEHHOTO IPOU3BO/ICTBA.

Hanpumep, nans OUYMCTKM TOYBBI OT HEPTH HCHOIB3YIOT pPa3IUYHBIC
MUKpoopranusmbl. P.3. XabuOyiauH u ero coaBTopbl U3 arpornpomnpennpusitus «Miby»
PEKOMEHAYIOT ISl IITaMMa TuTarmmxcs HepThio Oaktepuid [18] ucnonb30BaTh
CYILIEHBIN T'PaHyJIMPOBAHHBIN KypUHBIA OMET, 00ECIIEUNBAIOIIUN Pa3BUTHE MUKPOOOB
JUISL OCYIIECTBJICHHS JAHHOTO mpolecca. M3BeCTHO MCMOIb30BaHUE MUKPOOPTAHU3MOB
npu nepepaboTKe Mycopa JJIs MOTYyYeHUs: OpraHnyecKux ynoopennil. CBaaku ObITOBBIX
OTXOJIOB BBI3bIBAIOT BbIJICJICHHE METaHa W MPHUBOIAT K MOTEIUICHHIO Ha ruianere. s
pelieHus: JaHHOW mpoOsieMbl CIIPOEKTUPOBAH aBTOMATUYECKHUM 3aBOJ| MO MepepadoTke
OBITOBBIX OTXO0/I0B, HA KOTOPOM MYCOpP OUMULIAIOT OT METaslla, UIyIIEro BIOCIEACTBUU
Ha NEPEIUIaBKy, MPU MMOMOIIM MArHUTHBIX CENapaTopoB, 3aTEM MYCOP Pa3MEIbYaOT U
3arpyaroT B MEAJIEHHO Bpamiaromuecs Oapabanbsl. [locine 3Toro maccy «3apakaror»
MUKpOOaMu, TOJ] BIWSHUEM >KU3HEAEATEIBHOCTH KOTOPBIX OHAa pa3orpeBaeTcs,
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MOJTHOCTRIO  00€33apaXMBaeTCI W TPEBPAIIACTCI B  IUIOJOPOJTHBIA  KOMIIOCT,
comepxammii a3or, pochop u Kanwii, mpeacTaBisAoMre COO0N BBHICOKOKAYECTBEHHOE
yaoopenue [19].

Poccuiickie ydeHble cO3JajJid IITaMM, KOTODPBIM, nepepadaThiBasi OJEKIY
KOCMOHABTa, 00pa3yeT ra3 — MeTaH, HCIOJIb3YIOIIMICS B KayeCTBE TOPHOYEro IS
pabOThI OTJEIBHBIX CUCTEM YCTAHOBKH.

Ecou B34Th, K INpUMEPY, M paCCMOTPETh KUBYIO IMpPUPOAY, TO U 3/€Ch
MUKPOOPTaHU3Mbl HUIPAIOT PELIAIOIIYI0 POJIb. Y TEPMUTOB HAUUIM W BBIACIHIN
OakTeputo, npousBoAaiyo aneroH (u3 COz u Hz), a B 0€CKUCIOPOIHBIX YCIOBUSAX —
METaH, KOTOPbII MO>KHO MCIOJIb30BaTh MO MPSMOMY Ha3zHaueHuto [20].

DOHEpPruo BO3MOXKHO TOJYYHTh M OJlaroapss XUMUYECKON pEeaklud METAJJIOB U
KHUCIIOTBI,  COJEpKamielics B KapToenwHe, UCHOJb3ys TaK  Ha3bIBAEMYIO
«KapTo(esbHyI0 OaTapeiiky».

VYnauButenbHass CHOOCOOHOCTh HEKOTOPBIX MHUKPOOPTaHU3MOB MPOIYLHUPOBATH
AJEKTPONOTEHIIMAJ, TO3BOJSIET HAMpPaBJICHHO UCIOIb30BaTh €ro Ui pelieHus
CJIOKHBIX OMOXMMHYECKHX IMpoleccoB. B mocienHee BpeMs MNPOBOAUTCS OOJBIIOE
KOJIMYECTBO MCCJICIOBAHUN IO M3YYEHUIO U HCIOJIb30BAHUIO OHOIHEPTETHUYECKOIO
NOTEHIIMAlIa MUKPOOpTraHu3MoB. CrienuaiucTaMm yJajaoch CO37aTh TOIUIMBHBIE SYCHKU
u3 OakTepui, KOTOpble BbIAAIOT TOK 17 MA, mpu HanpspkeHuu 0,6 B. Tlomydyennyto
AYEUKY MOKHO HMMIUIAaHTUPOBATh B TEJIO ISl MOAJEPKAHUS pPUTMA CEPALIA U YPOBHS
MHCYJIMHA, a B KQUECTBE TOIUIMBA HCIIOJIb30BaTh HETIOCPEACTBEHHO III0OKO3Y OpraHU3Ma.

VYuyensie n3 Texacckoro yHHBEpCHTETa co3ialid OaTtapeiiky U3 Arojbl BUHOTPAA,
KOTOpasi UCHOJIb3YeT PHEPrui0 MeTaboIM3Ma M HE JlaeT HUKaKuX OTx0/0B. baTtapeiika
COCTOUT U3 JABYX YIJEPOJHBIX BJIEKTPOJOB, TOHBIIE YEIOBEYECKOTO BOJIOCA H
UCIIOJIB3YET TIIOKO3HO-KUCIOPOJHBIN OOMEH, KOTOpPhI 00OecleurnBaeT HEpPrueil Bce
pacTUTENIbHbIE W JKUBOTHBIE KJIeTKH. OOMEH BEILIECTB BKIIOYAET B CeOsl MEPEHOC
AJEKTPOHOB OT TJIOKO3bl K KUCIOPOAY. B OHOTOIJIMBHOM 3JIE€MEHTE 3TH AJIEKTPOHBI
JIBIDKYTCS MEXIY IBYMsSI 3JIEKTPOJaMH — KaTOJOM U aHoJoM. [IpuyeM ycTpoOuCTBO
paboTaeT Jaydille TOrJa, KOrja TJIIOKO3bl B M30BITKE — KakK HalpUMeEp, B BUHOTPAJIE.
barapeiika BwipabatbiBaeT 2,4 MBT, KOTOpBIX [J0CTaTOYHO, YTOOBI MOJAKIIOYUTH
CUJIMKOHOBBIN YHUIT K MUKPOCEHCOPY WJIH K MUKPOIIEPEIaTUUKY.

B nocnennee Bpemsi Bce OoJibliiee BHUMAaHUE TPHUBICKAIOT HETPATUIIMOHHBIC
VMCTOYHUKH DSHEPTUU: COJHEYHOE H3Iy4Y€HUE, DHEPTHsl BETpa, reOTEPMaJIbHBIX BOJ,
sHeprus Ouoraza. M3BecTHO, 4YTO [0JsI HETPAJUIMOHHBIX HMCTOYHHMKOB TEIUIOBOM
SHEPTUU PACTIPENEISICTCS CIEAYIONIMM 00pa30oM: OT COJHEYHBIX KOJUIEKTOPOB B
npeaenax 13 muH. KBT'u/ron, or Ouora3oBeIx ycTaHOBOK — 9 muH. kBT-u/rom wm
anekTposHeprun ot BOY — B npeaenax 8 muH. kBT-u/ron [21]

Takum oOpa3zoM, cTpaTerusi pa3BUTHS CEIHCKOTO XO3SMCTBA BUAUTCS B BO3MOKHOCTH
MPOU3BOJIUTh PHEPTUM OOJbIIE, YEM MOTPEOJISTh, T.€. CIEAYET MOCTPOUTH CUCTEMY
BEJICHUS OTPACTH TaKUM 00pa3oM, YTOOBI MOKHO OBIJIO YIPABISTH €€ YHEPTrEeTUICCKUM
OalaHcOM ¢ MakcUMaibHOW J(P(GEKTUBHOCTHIO. B 3TOM T1UIaHE SICHBI IyTH
UCII0JIb30BaHUs MMOOOYHBIX MPOIYKTOB M OTXOJIOB PACTEHUEBOJCTBA, dKUBOTHOBO/ICTBA,
NTULIEBOJICTBA U MUIIEBOTO MPOU3BOACTBA. [IpakTdecku anpoOupoBaHbl TEXHOJIOTHUU U
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obopymoBanue s cOpakKMBaHUS OTXOJOB C IOMOIIBIO MHKPOOPTAHHU3MOB,
BHEJIPSAIOTCS, HAIPUMEDP, OMOIHEPTETUUECKUE YCTAaHOBKH, BhIPA0ATHIBAIOIINE U3 HABO3a
U TNTUYBETO TOMETa Ta3000pa3HOEe TOIUIMBO (METaH) M OpraHuyYeckue yaoOpeHus.
[ToaTOMy COBEpUIEHCTBOBAHUE CYLIECTBYIOUIEIO MpOLECCa SBISIETCS  BaKHBIM
(hakTOpOM SKOHOMHUKHU

3.6. IIpomexxkyTouHas aTrecTanus

B coorBeTcTBUM ¢ y4eOHBIM IUTaHOM MO HampapieHuto mnoarotToBku 08.03.01
CTpouTeNnbCTBO YCTAHOBJICHA MPOMEXKYTOUHAS ATTECTALIMS B BUE 3a4eTa.

BOl'[pOCbI, BbBIHOCHMBIC HA 3a49€T

. Berposnepreruka. ctopus pa3Burusi.
. Berposnepreruka. Knaccudukamus BOY. O0mue cBeacHusI.

. BerposHepreTuka. Berep u ero xapakTepUCTHKH.
. Berposuepreruka. BerpoBoii kanactp Poccuu.
. OcHoBbl Teopun BOY.
. Berposnepreruka. Teopust uaeanbHOTO U PEANTBHOTO BETPSIKOB.
. AdpoaHaMHKa BETPOJABUraTENEd U METOJIBI PACUETA.
. OCHOBBI TEXHUKO-3KOHOMUYECKOT0 000OCHOBAHHUS BETPOYCTAHOBOK.

9. MeTtoJibl pacueTa BETpOABUTATENECH.

10. AKTyanpbHOCTb UCTIONB30BaHUS OMOTAa30BBIX YCTAHOBOK B Poccuu.

11. CpaBHeHue 3apy0eXHOTO W POCCHUHCKOTO OIbITa HCIIOJIb30BaHUS OHOTa30BBIX
YCTaHOBOK.

12. CymecTByromue KOHCTPYKUMU M TpeOOBaHUs, MPEAbSBISIEMbIE K OMOTra30BbIM
YCTaHOBKaM.

13. KOHCTpYKTHUBHBIE OCOOEHHOCTH MNEPEMEIINBAIOIINX YCTPOWCTB B OHOra3oBbIX
YCTaHOBKaXx.

14. Hcnonb3zoBaHue OuoTOIIMBa JUisl 3HepreTudeckux 1enei. Kimaccudukanms
OMOTOIUIMBA U €r0 YPHEPreTUUECKUE XAPAKTEPUCTUKH.

15.  OcHoBHble mpolecchl  MepepadoTKUu  OMOMACChl:  TEPMOXUMHUYECKUE,
OMOXUMUYECKUE, aTPOXUMHUYECKUE.

16. Amna’pobHoe cOpaxkuBaHWe U TNepepaboTKa OPraHUYEeCKUX  OTXOOB.
buorazorenepaTopsl.

17 .ConHedHOE U3IYyYEHHUE U €ro XapakTepUCTUKU. DHu3ndyeckre OCHOBBI MTPOLIECCOB
npeoOpa3oBaHUsl COJTHEUHON dHEPTHUH.

18. OcobGeHHOCTH KOHCTPYKIUNA FeIM0YCTaHOBOK.

19. Meronuka pacuera COJTHEYHBIX 2JIEMEHTOB.

20. KoHCTpyKIIMK 1 MaTepHUAIIbl COJTHEYHBIX DJIEMEHTOB.

21. Oco0eHHOCTH KOHCTPYKIIMU KOH/ICHCATOPOB COJTHEYHBIX OaTapei.

22. Knaccudukanus akKyMyJlIsTOpPOB Teria. TemiaoBoe akKyMyJUpPOBaHUE IS
COJIHEYHOr0 000TpeBa U OXJIAXKACHUS TOMEILIEHUN.

23. I'eorepmaiibHasi YHEPIUsl.

O J N N K~ W —
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24. TexHUKO-9KOHOMUYECKOE 000CHOBAHUE UCTIOIH30BAHUS COTHEYHBIX YCTAHOBOK.

25. I'maposraepreruka. Mansie ['DC.

26. DHEpPreTUYEeCKHEe pecypchbl OKeaHa. OJHEprusi BOJH. YCTpOMCTBa 1A
npeoOpa3oBaHus SHEPTUH BOJIH.

27. YcrpoiicTBa, paboTarolye Ha pa3HOCTH TeEMIIEpaTyp.

28 IIpuauBHBIE JIEKTPOCTAHIIUH.

29. Ucnonp30BaHUE SHEPTUHU MIPUIIMBOB U MOPCKUX TEUCHUH.

30. [IpuunHbI BOBHUKHOBEHUS ITPUIIUBOB.

31.JIyHHble 1 conHeuHble TpUIKBBL. O0IIast XapaKTepUCTUKA TEXHUYECKUX PEUICHUH.

32. [lepcrieKTUBBI UCOJIB30BAHUS FHEPTUH COJIHIIA U TEIIOTHI F€OTEPMAaNIbHBIX BOJI B
CUCTEMAX OTOIUICHHS.

33. Ilomy4enue U UCMOIb30BaHUE Ouorasa.

35. [lony4deHue TEIIOTHl T€OTEPMAJIBHBIX BO.

36. Buasl KOJIJIEKTOPOB COITHEYHOU SHEPTHH.

37. KoMOMHUPOBaHHBIE CHCTEMBI TEINIOCHAOKEHUS Te0TEPMaIbHBIMU BOJIAMH.

38. Hcnonb3oBaHHE 3aKOHCEPBUPOBAHHBIX HEMTAHBIX CKBAXUH ISl TOITYYEHUS
reoTepMalIbHON DHEPIUH.

4. MeToanuyeckue MaTepuaJibl, onpeae/siioniue Npoueaypbl OlleHNBAHUS 3HAHUIA,
YMEHHUI1, HABBIKOB U (MJIM) ONBITA AeSITeJIbHOCTH,
XapaKTepU3yKIINX 3Tanbl ()OPMUPOBAHNS KOMIIETEHIIHI
4.1. IIpouexypbl OLleHNBAHUS 3HAHUI, YMEHUII,

HABBIKOB M (MJIH) ONBITA AeATEJIbHOCTH

Kontpons pesynbraroB o0OydeHHs O0OydYaromMXCsi, O3TaloB U  ypPOBHS
(opMHpOBaHU KOMIIETEHIMI N0 AUCHMILINHE «DHeprocoepexenue B cucteMax TT'C u
B» ocymiectBisieTcst yepe3 NMpoBEAEHUE BXOAHOIO, TEKYIIET0, PyOekKHBIX, BBIXOJIHOTO
KOHTPOJIEH U KOHTPOJI CAMOCTOSITEIbHON paOOTHI.

@opMBI TEKYIIETO U MPOMENKYTOUYHOIO KOHTPOJIEW W KOHTPOJIbHBIC 3aJaHus IS
TEKYLIEro KOHTPOJIs pa3padaThiBatoTcs Kadeapoil ucxos u3 cneuuGuKu JuCUUIIIUHBL,
U YTBEPKIAIOTCA Ha 3acelaHuu Kadeapsbl.

4.2 Kputepuu OueHKH 3HAHUI, YMEHHU, HABBIKOB U (MJIM) ONBITA AeATEJIbHOCTH,
XapaKTepHU3yIIIHUX ITanbl (POPMHUPOBAHUS KOMIIETEHIMI B IIpoLecce 0CBOCHUS
0o0pa3oBaTe/IbHOI MPOTPAMMBbI

OnucaHue MIKajabl OLIEHUBAHUS JOCTHXKEHUS KOMIETECHIIUN N0 TUCIUIIMHE MPUBEICHO
B Tabnute 6.
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Tabmuna 6

YpoBeHb

OCBOCHUS

KOMIIETEH
805044

OTMeTKa 110 IIATUOAIUIEHON CUCTEME
(mpoMexxyToUyHas aTTecTarys) *

Onucanue

8bICOKUIL

«OTIHUYHO»

«3a4YTCHO
»

«3a4YTECHO
(oTII9IHO)»

OO6yuarommuiicst 0OHapy>XUJI BCECTOPOHHEE,
CHUCTEMAaTH4eCKOe M TINyOOKOoe 3HaHHE
yueOHOTO Marepuana, ymeeT CBOOOIHO
BBITNIOJHATh 3a/laHusl, TNPEAYCMOTPEHHBIE
MPOrpamMMoi, YCBOMII OCHOBHYIO
JUTEepaTypy U 3HAKOM C JIOTIOJHUTENbHOM
JINTEPATYPOU, PEKOMEHI0OBaHHOU
IpOrpamMMoi. Kax [paBuio,
oOyyaromuiicss TNPOSABISIET TBOPUYECKHE
CIOCOOHOCTH B IOHUMAaHUH, U3JI0KEHUU H
HCIOJIB30BaHUM MaTeprana

oa3zoentil

«XOpOouIo»

«3a4YTCHO
»

«3a4TEHO
(xoporo)»

OOyuaromuiics ~ OoOHapyXujl  TOJHOE
3HaHHE Yy4eOHOro MaTepHuala, YCIEHIHO
BBITIOJTHSCT peyCMOTPEHHBIE B
porpamMMe 3a/laHHs, YCBOWJI OCHOBHYIO
JUTEPATYPY, PEKOMEHIOBaHHYIO B
nporpamMmme

nopozoewlii

«YyAOBJICTBOPUTCIBHO»

«3a4YTCHO
»

«3a4TECHO
(ymoBieTBOpH

TEJBHO)»

OOyuvaromuiicss ~ OOHApYXWJI  3HAHUSA
OCHOBHOIO  y4e0HOTO Marepuaja B
00beMe, HEOOXOOMMOM IS AaNbHEHIIeH
y4eObl H TpeACTOsIIeld paboThl  TO
npodeccuy, CIpaBiseTCsl ¢ BBIIOJHEHUEM
MPAKTHYECKUX 3a/1aHuH,
MPEayCMOTPEHHBIX IPOrPaMMOH, 3HAKOM C
OCHOBHOM JIUTEPATYPOH,
PEKOMEHI0OBaHHOU IpOrpammoi,
JOMYCTHJI TOTPEIIHOCTH B OTBETE Ha
9K3aMEHe u npu BBIITOJTHEHUH
9K3aMEHAIMOHHBIX 3aJ[aHui, HO 00JajaeT
HEOOXOMUMBIMH  3HAaHMUSAMH  JUII  HX
YCTpaHEHUs noJ PYKOBOJCTBOM
[IpenoaBaTess

«HCYNOBJICTBOPUTCIIb
HO»

«HE
3a4TCHO»

«HE 3aYTEHO
(HEeyIOBIIETBOPUT
€JIbHO)»

Obyuatomuiics oOHapyXua mNpoOensl B
3HaHUSAX OCHOBHOTO y4eOHOTO Marepuala,
JOMYCTWI TPUHIUIHAAIBHBIE OIIHOKK B
BBITTOJTHEHUT peayCMOTPEHHBIX
nporpaMMoOl HPaKTUYECKUX 3a/aHUM, He
MOXET TPOAOIDKUTH  OOydeHHe  WIn
MIPUCTYTHUTH K npodecCHOHATEHON
JeSATeIbHOCTH o OKOHYaHUH
oOpasoBaTenpHONH  opraHm3zanuu  0e3
JOTIOJTHUTENILHBIX 3aHSATHI
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4.2.1. Kpurepunu OleHKH YCTHOTO 0OTBETA NMPHU MPOMEKYTOYHOMH aTTecTAllun

[Ipu oTBeTe Ha BOIPOC 00yYarOIUKACA JEMOHCTPUPYET:

3HAHMA:  METOAbl  pacuera  HWHXKEHEPHBIX  CHCTEM  TEXHOJIOIMYECKHUX
SHEPrOHOCHUTENIEH; OCHOBHBIE HANpaBJICHUS PAa3BUTHUS CHUCTEM TEXHOJOTMYECKHUX
HSHEPrOHOCUTENEH, AJIEMEHThl AITHX CHUCTEM, COBPEMEHHOE OOOpYJOBaHUE CHUCTEM
TEXHOJIOTMYECKHUX SHEPTOHOCUTENH TPOMBIIIICHHBIX NPEANPUATUH;

YMEHMsI: IPUMEHATh OCHOBHBIE HOPMAaTHBBI M IPaBWJIA NPU MPOECKTHPOBAHUU
CUCTEM KOHJUIMOHHPOBAHMUA U XOJOJOCHAOXKEeHMs, pa3palbareiBaTh 3(PPEKTUBHBIC
TEXHUYECKUE PEIICHHs MO pacdyeTaM M MNPUHATBIM IPOEKTHBIM  PELICHUSIM,
pa3palaTeiBaTh MPOEKTHYIO TEXHHYECKYIO JOKYMEHTALUIO, COOTBETCTBYIOIIYIO
CTaHJapTaM, TEXHUYECKUM YCIOBHUIM WU IPYTUM HOPMATHUBHBIM JOKYMEHTaM.

BJIa/ICHHE HABBIKAMM: BHIOOpA CXEM U MPOECKTUPOBAHMS COBPEMEHHBIX CHUCTEM
KOHJUIMOHUPOBAHUS BO3JyXa U XOJOJOCHAOXKEHHUS B 3JIaHUAX PA3IHYHOIO
HA3HAYECHUS.

Kpurtepun ouenku

OTJIMYHO 00yJaroIIMHCS IEMOHCTPUPYET:

- 3HAaHME MaTepHaja: METOJbl pacueTa CHCTEM KOHIAMIUOHHPOBAHUS
BO3/IyXa M XOJOJOCHAOXEHHS; OCHOBHBIC HAIIPABIICHHS PAa3BUTHUSI CUCTEM
KOHJJMIIMOHUPOBAHUS BO3/1yXa, SIIEMEHTHI 1 000PYIOBaHHUE STHX CUCTEM.

- yYMCHUE IPUMEHATH OCHOBHBIE HOpPMAaTWBBI M IIpaBUiIa IIpU
MPOCKTUPOBAHUT CHCTEM KOHJUIIMOHUPOBAHUS BO3IyXa "
X0JIOAOCHA0KEHNs1, pa3padaTeiBaTh I(P(HEKTUBHBIC TEXHHUECKUE PEIICHHS
MO pacyeTaM M NMPOEKTHPOBAHUIO CHCTEM KOHAWIIMOHMPOBAHHS BO3IyXa,
pa3pabaThiBaTh [IPOEKTHY IO TEXHUYECKYIO JIOKYMEHTAIIHIO,
COOTBETCTBYIOUIYIO CTaHAApTaM, TEXHHYECKHM YCIOBHSM WIHA JPYyTUM
HOPMATUBHBIM JOKYMCHTAM.

X0po1Io 00yyaromuiics: 1eMOHCTPUPYET:

- 3HaHWME MaTepHaja, HO JOIYCKAaeT HE CYIECTBEHHbIC HETOYHOCTH;

- B LIEJIOM YCIIEIIHOE, HO COJAEp)Kalllhe OTIeJIbHbIE MPOOEsbl, YMEHHUE
BBIIIOJIHATH IIOCTpoeHue mpoueccoB KB B Temnblii ¥ XOJOIHBIN
NEPUOAB! U PA3IMYHBIX CXEM CHUCTEM KOOPAMHHUPOBAHMS BO31yXa U
XO0JI040CHA0KECHUS;

- B LEJOM YCIEIIHOE, HO CcoJeprKallee OTAEIbHbIE MpOOeNbl WU
COIIPOBOKIAIOIIEECS] OTACIBHBIMU OIMMOKAMH BIIAQJICHUE HaBBIKAMU
COBPEMEHHBIX  METONOB IPOEKTHPOBaHMS W  pacyera CUCTEM
KOHJAMIIMOHUPOBAHUS BO3IyXa U X0JI010CHAOKEHUSI.

Y10BJIE€TBOPUTEIHLHO 00y4aromuiicss AeMOHCTPUPYET:

- 3HAHUS TOJHKO OCHOBHOTO MaTepuaja, HO HE 3HAeT JeTalleH, JOMyCKaeT
HETOYHOCTH, JONyCKAeT HETOYHOCTH B (OPMYJIIMPOBKAX, Hapymiaet
JIOTUYECKYIO TIOCJICIOBATCIIbHOCTh B HM3JIOKEHUH  IPOTPAMMHOTO
MaTepuaa;

- B IIEJIOM YCTICIIHOE, HO HE CUCTEMHOE YMEHHUE COCTABJIICHHUE TETUIOBOTO
Y BIIQXKHOCTHOTO 0aJaHCOB MOMEIICHUs, ocTpoeHue mnpoieccoB KB Ha
h-d aquarpamme;

- B IICJIOM YCIENIHOE, HO HE CHCTEMHOE BJAJICHHUEC HAaBBIKAMH
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COBPCMCHHBIX METOJ0B IMPOCKTUPOBAHUA u pacucTa CHCTEM
KOHAWIIMOHUPOBAHUA BO3AYyXa JJISL 3HAHUM Pa3JIMIHOT'O HA3HAYUCHUS.

HEy/10BJICTBOPHUTEJIBHO

oOyyJaronumcs:

- HE 3HAeT 3HAYUTEJIBHOM YacTH IMPOrpaMMHOI0 Marepuana, IUIOXO
OPUEHTUPYETCSI B MaTepHalie: METOJbl pacyera W TIPOCKTUPOBAHUS
CUCTCM KOHI[I/ILII/IOHI/IpOBaHI/ISI B03;Lyxa nu XOJIOI[OCH3.6)KGHI/I}I; OCHOBHBIC
HaNPABJICHUSI PA3BUTHS ITHX CHCTEM M COBPEMEHHOE O0OpYIOBaHHE
CUCTCM KOH,Z[I/II_[I/IOHI/IpOBaHI/ISI B03;[yxa nu XO.HOI[OCHE[G)KGHI/ISI;

- HE YMEeT HCIT0JIb30BaTh METO/bI U MPUEMBI IIPH PEIICHUN WHKCHEPHBIX
3aja4, JIOMYCKAeT CYNICCTBEHHBIC OINIMOKU, HEYBEPEHHO, C OOJIBIIMMHU
3aTPyIHEHUSIMHU BBITIOJNHSIET CaAaMOCTOSTEIBHYIO padoTy, OOJBITMHCTBO
3aJJaHuld,  TMPEIyCMOTPEHHBIX  HPOTPaMMOW  JMCUMWIUIMHBI,  HE
BBIIIOJIHEHO,

- oOydaroluiics He BIIQJCeT HABBIKAMU COBPEMEHHBIX METOJIOB
HpOeKTI/IpOBaHI/Iﬂ n pacqua CUCTCM KOHI{I/IHI/IOHI/IpOBaHI/Iﬂ Bosz[yxa B
3MAHUSIX PA3JMYHOTO HAa3HAUYCHHMS, JIOMYCKAET CYIIECTBEHHBIC OIIUOKH,
¢ OOJIBIIMMU 3aTPYAHEHUSIMH BBIIIOJHSET CAMOCTOATEIbHYIO paboTy.

4.2.1. Kpurepuu OlleHKH YCTHOTO OTBETA NPH MPOMEKYTOYHOM aTTeCTAIUN

[Ipu oTBeTE Ha BOIIPOC O0YYAOIIUKCA JEMOHCTPUPYET:

3HAHUSI: OCHOBHBIC MOJIOXKEHUS IO COEPEKEHUIO0 TEIUIOBOM M IIEKTPUUYECKOM
sHeprun. OCHOBBI PallMOHATIBHOIO UCIIOJIb30BAHUS OPraHUYECKOr0 TOIJIMBA B CHCTEMAX
TEIMJI0ra30CHA0KEHUS M BEHTUISIUU C TOYKH 3PEHHSI 3KOJIOTUYECKON O€30IaCHOCTH. .

YMEHHUSI: NMPAaBUJIbHO PaCCUUTHIBATh SKOHOMHUIO TOIUIMBA M TEIJIOBOM SHEPrUU B
CUCTEMaX TEIJIOra30CHA0XKEHUsI U BEHTWISIIMU. PaccunThIBaTh OCHOBHBIE MapameTpbl
AHEProcOEepeKeHUs TEMIOYTHIIN3aTOPOB, TEMIOTEHEPUPYIOLIUX YCTAHOBOK, COJTHEYHBIX
1 BETPOBBIX T€HEPATOPOB, T€OTEPMAJIbHBIX HICTOYHUKOB, OMOra30BbIX YCTAaHOBOK.
BJaJlcHHe HABBIKAMH: OCHOB cOepexeHuss sHepruu B cuctemax TI'C 3a cuer
UCIOJIb30BAaHUS AJNITEPHATUBHBIX MCTOYHUKOB HEPIUM TaKUX KAaK BETPOTEHEPATOPHI,
reoTepMalibHble HCTOYHUKH, TEIJIOHAHOCHBIE U OMOTa30BbI€ YCTAHOBKH).

Kpurepuu oueHkun

OTJIHUYHO

00y4aromuiicss AeMOHCTPUPYET:

- 3HaHWE MaTepuaja: IMOJIOKEHUS MO COEpEeKEHUI0 TEIIOBOM U

3JEKTpU4YecKor sHeprur. (OCHOBBI PALMOHAIBHOTO  HCIIOJIb30BAHMS
OpPTraHWYECKOT0 TOTUIMBA B CHUCTEMaX TEIIOTa30CHAOKEHUS U BEHTWISALIUU
C TOYKH 3PEHHSI SKOJIOTHIECKON OE30MacCHOCTH.
- YMeHI/Ie IMpaBUJIBHO paCCYUTBIBATh SKOHOMUIO TOIJIMBA U TEIIOBOM OHEPruu B
cUCTeMax TeMJIOra3oCHa0XKeHHsT M BEHTHWSIIMU. PacCUMTHIBATE OCHOBHBIC
HapaMeTpbl  SHEProcOepekeHHs TEIUIOYTWIN3ATOPOB,  TEIUIOT€HEPHPYIOIINX
YCTaHOBOK, COJTHEYHBIX M BETPOBBIX T€HEPATOPOB, T€OTEPMAIBHBIX HCTOUYHHKOB,
OHOra3oBbIX YCTaHOBOK.

XOpo1Io

00yyaroImuiicst 1eMOHCTPUPYET:

- 3HAHUE MaTepHualia, HO JOMyCKAeT HE CYIIECTBEHHbIE HETOUHOCTH;

- B LIEJIOM YCIIEIIHOE, HO COAEp)Kallhe OTAENbHbIE IMPOOEbl, yMEHHE
MIPABWJIBHO PAaCcCYUTHIBATh AKOHOMHIO TOIUIMBA M TEIJIOBOM PHEPrHU B
CHUCTEMax  TeIUIora3ocHaOXeHHMs M BeHTWiIuuMu. PaccuuThiBaTh
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OCHOBHBIC  IMApaMeTPbl  HHEProcOEpPEeKEHHsT  TETUIOYTHIU3aTOPOB,
TETJIOTeHEPUPYIOIINX YCTAaHOBOK, COJTHEYHBIX U BETPOBBIX T'€HEPATOPOB,
reoTepMalIbHBIX HCTOYHUKOB, OMOTa30BBIX YCTAHOBOK.

B LEJIOM YCIEUIHOE, HO COJepXallee OTICNbHBIE NPOOENTbl WIH
COIIPOBOJKJAIOIIEECS OTACIbHBIMU OINMOKAMH BIIAJICHUE HaBBIKAMHU
OCHOBaMM cOepexxeHust sHepruu B cucremMax T1I'C  3a cuer
UCTIOJIB30BaHUSl QJIITEPHATHBHBIX HCTOYHMKOB JHEPIHMHM TaKUX Kak
BETPOTCHEPATOPbI, T'€OTEPMAJbHbIE HWCTOYHUKH, TEIUIOHAHOCHBIE U
OMOra3oBbl€ YCTAHOBKH).

YAOBJIETBOPUTEIHHO

00yyaroImuiicst 1eMOHCTPUPYET:
- 3HaHUA TOJBKO OCHOBHOI'O MaT€pHaia, HO HE 3HAET JAeTalleH, N0IMyCKaeT

HETOYHOCTH, [JOITyCKaeT HETOYHOCTH B (POPMYJIMPOBKAX, HapylIaeT
JOTMUYECKYI0 IOCIEN0BAaTEIbHOCT B  H3JIOXKEHUHM IPOrPAMMHOIO
MaTepuana;

- B ICJIOM YCIICHIHOC, HO HEC CUCTEMHOC YMCHHUEC MMPAaBHUJIbHO paCCUUTLIBATH

SKOHOMMIO  TOIUIMBAa M TEIJIOBOM  BHEPrMM B CHUCTEMax
TEIUIOra30CHA0KEHUsT M BEHTWISALMHU. PaccuuThiBaTh  OCHOBHbBIE
napameTpsl SHEprocOepereHus TEIJIOY THIIN3aTOPOB,
TEIUIOT€HEPUPYIOLIUX YCTAHOBOK, COJTHEUHBIX M BETPOBBIX T'€HEPATOPOB,
reoTepMallbHbIX HCTOYHUKOB, OMOTa30BbIX YCTaHOBOK.

B IIEJIOM YCIIENIHOE, HO HE CHCTEMHOE BIIAJICHHE HaBbIKAMU OCHOB
coepexxenust sHepruum B cuctemax TI'C 3a cueT uCHONb30BaHUS
QJITEPHATUBHBIX HCTOYHUKOB DJHEPIMHM TaKUX KaK BETPOTE€HEPATOpBI,
reoTepMalibHble HICTOUHUKH, TEIUIOHAHOCHBIE ¥ OMOTa30Bble YCTAHOBKH).

HEy/10BJICTBOPHUTEJIBHO

oOyyJaronumcs:

- - HE 3HAeT 3HAYUTEJIbHOM 4YacTW NPOrpaMMHOI0 MarepHuaia, IUI0XO
OpPUEHTHPYETCS] B MaTepuasie: OCHOBHBIE IOJIOKEHUS MO cOepeKEHUI0
TEIJIOBOM M 3JIeKTpU4Yeckod dSHeprur. OCHOBBI PALMOHAIBHOTO
UCIIOJIb30BaHUS OpraHNYeCcKOro TOIINBA B CUCTEMAX
TEIIOra30CHA0KEHUSI U BEHTWJISLMM C TOYKH 3PEHMs SKOJOTHYECKOM
0€30I1aCHOCTH. .

- HE yMeeT UCMOJIb30BaTh pacueThl 110 SKOHOMHUH TOIUIMBA U TEIUIOBOU
SHEPrUM B CHCTEMax TEIUIOra30CHA0KEHHS M BEHTWISILIUM, JTOIYCKAeT
CYILIIECTBEHHbIE OLIMOKH, HEYBEPEHHO, C OOJIIIMMHU 3aTPyAHEHUSIMU
BBITIOJIHSAET ~CAMOCTOSITENIbHYIO  paboTy, OOJNBIIMHCTBO — 3a/1aHUM,
HpeayCMOTPEHHBIX MPOrpPaMMON AUCHUIUIMHBI, HE BBITIOJIHEHO;

- O6y‘~I3.IOHIPII>iCH HC BJIAACCT HABBIKAMU 3KCIUTyaTallu 1 MOHTAaKa CUCTEM

KOHAWIIMOHUPOBAHUA BO3yXa U XOJ'IO,Z[OCH8_6)KGHI/IH

4.2.2. Kputepuu OlleHKH A0KJIa1a

[Tpu moaroToBKe AOKIaAa OOYYAIOMIUIC JEMOHCTPUPYET:

3HAHMSI: COCTaBJICHHS JOKJaJa COTJIacHO TPeOOBaHUSM;

yMeHHsi: paboTaTh C HAYYHOU U TEXHUYECKOU JINTEPaTypOil;

BJIa/leHH e HABBIKAMHU: YETKO OTpakaTh aKTYaJIbHOCTh, paCCMaTPUBAEMOU TEMbI
U IIPOAHAIM3UPOBAB €€, eJ1aTh BBIBOJIBI IO BO3MOYKHBIM CITOCOOAM PEIICHUS.
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KpuTtepun oueHku qoxaaga

OTJIMYHO 00y4YaroImuics: TEMOHCTPUPYET:
3HaHUS COCTaBJIEHUS JOKJIaJa COTJIaCHO TPeOOBaHUSM;
yMeHUs paboTaTh C HAay4yHOW W TEXHUYECKOH JUTepaTypoil 1o
paccMaTpuBaeMoil TeMe;
HaBbIKM YETKO OTpa)kaTb aKTyaJbHOCTb, PAcCMATPUBAEMOM TEMBI U
MIPOaHAIM3UPOBAB €€, JIe]aTh BHIBOJIBI 10 BO3MOXKHBIM c1I0c00aM pelieHusl.
XOpo1Io 00yYaroImuics IEMOHCTPUPYET:
3HAHMS COCTABIICHUS JIOKJIa/Ja COTJIACHO TPEOOBAaHUSAM, HO JOIMYCKAIOTCS
HETOYHOCTH;
yMeHHs paboTaTh C HAYYHON M TEXHHUUECKOH JINTEPaTypoit
HaBbIKM YETKO OTpa)kaTb aKTyaJbHOCTb, PacCMAaTPUBAEMOM TEMbI U
MPOaHATM3UPOBAB €€, JIeJaTh BBIBOBI IO BO3MOXHBIM CIIOCO0aM pelIeHuUs,
KOTOpBIE TPEOYIOT HEOOIBIIOTO TOTOJHEHHUS.
YI0BJIETBOPUTEIbHO 00y4aroIuics: IeMOHCTPUPYET:

3HAHMUS COCTaBJIEHUS JIOKJIaJa, KOTOpble B OoOJbIIEH 4YacTH He
COOTBETCTBYIOT TPEOOBaHUSIM;

YMEHHS B HEJJOCTaTOYHOM CTENEHH paboTaTh ¢ HAYYHOW U TEXHUYECKON
JUTEPaTypOH 110 pacCMaTPUBAEMOM TEME;

HaBBIKM YETKO OTpaXkaTb aKTyaJbHOCTb, KOTOpas W3JIOKEHA C
CEpbE3HBIMU YMYUICHUSMH, U IMPOAHAIU3UPOBAB €€, ACNaTh BBIBOIBI II0
BO3MOKHBIM CIIOCO0aM peleHusl.

HEYAOBJIETBOPUTECJIBbHO

00y4aroIuics: IeMOHCTPUPYET:

HE 3HAHME OCHOBHBIX TPEOOBAHUMN COCTABJICHUS JOKIA/IA;

HE yMmeeT paboTaTh C Hay4YHOM M TEXHUYECKOW JHUTEpaTypod 1o
paccMaTpuBaEMoil TEME;

HE BJIaJIceT HaBBIKAMH YETKO OTpa)xaTh aKTyaJIbHOCTb,
paccMaTpuBaeMOil TEMbl W MPOAHAIU3UPOBAB €€, JelaTh BBIBOABI 10
BO3MOXKHBIM CTIIOCO0aM pelIeHusl.

4.2.3. Kpurepum oueHKH JIa0oOpaTOpHLIX padoT
[Ipu BeINOIHEHUH 1a00PATOPHBIX PAOOT OOYUAIOIIMIICS 1EMOHCTPUPYET:
3HAHHUSI: TEOPETUUECKOTO MaTepuaa 1o TeMe paboThl
YMEHHUsI: JelaTb 0OOCHOBAaHHBIE BBIBOJIbI HA OCHOBAHUM NMPOBEJEHHBIX UCHBITAHUN U

pacucToB

BJIaJieHHe HABBIKAMHU: Pa0OTHI C UMEIOIIUMCS 000pYyI0BaHUEM, IPOBEACHUS PACUETOB,
HEOOXOIMMBIX TI0 IAaHHOM J1abopaTOpHOU padoTe.
Kpurepuu onieHKU BHINOJHEHHSI JIA00OPATOPHBIX padoT

OTJINYHO

00yJaroIuics: JIEMOHCTPUPYET:

- BBITIOJIHEHHYO J1a00paTOPHYIO pabOTy B COOTBETCTBHH C YCTAHOBJICHHOM
dbopmoii oT4yeTa, MOJTHOTY OTBETOB Ha KOHTPOJILHBIC BOIPOCHI, BHIBOIBI 110
pabore;

BJIaJICCT:

- 3HAHWSAMHU TEXHUKU O€30MacHOCTH MO pabore ¢ 00OpyIOBaHUEM,
TEOPETUUECKMM MAaTepHalIoOM II0 TeMe padOThl, 3HAHUEM IPABUILHOTO
BBINOJIHEHUSI PACUETOB U MOCTPOCHUSI HEOOXOIUMBIX JHArPaMM;
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HUMECCT HAaBBIKU:
- CaMOCTOSITENILHOIO TPOBEJECHUs J1abOpaTOpHOM paboThl, pacyeTos, IO
OINHMCAaHHBIM B JJaOOPATOPHOM paboTe METOIUKAM.

XOpo1Io

00yYaroIUICs IEMOHCTPUPYET:

- BBITMIOJIHEHHYO J1a00paTOpHYyI0 paboTy B COOTBETCTBHH C YCTAHOBJICHHOM
¢dbopmoii oT4ETa, OTBETHI HA KOHTPOJIBHBIE BOIPOCHI, BEIBOJIBI IO PadoTe;
BJIAJICET:

- 3HAHUSAMH TEXHHUKH O0€30MacHOCTH To paboTe ¢ 00OpydOBaHUEM,
TEOPETUYECKUM MaTepHaJoM IO TeMe palOoThl, 3HAHHWEM MPABUIHHOTO
BBITIOJIHEHUSI PAaCUETOB U MIOCTPOCHUST HEOOXOJUMBIX JHATPaMM;

MMEET HaBBIKH:

- MpoBeIeHUs Ta0OpaTOPHOI pabOTHI, paCYE€TOB, IO OIMMMCAHHBIM B
nabopaTopHOil paboTe METOAMKAM.

YAOBJIETBOPUTEIHHO

00yYaroIUICs IEMOHCTPUPYET:

- BBITIOJTHEHHYO J1a00paTOpHYI0 paboTy, OTBETH HA KOHTPOJIbHBIE
BOTIPOCHI, BBIBOJIBI 110 paboTe;

BJIAJICET:

- 3HAHUSIMU TEXHUKU 0€30MacHOCTH 10 paboTe ¢ 000pyA0BaHUEM, 3HAHUEM
MPaBUIBHOTO BBIMIOJHEHHUS pPAcU€TOB MW TIOCTPOCHUS HEOOXOIUMBIX
JMarpamu;

MMEET HaBBIKH:

- MPOBEJICHHUS PACUYETOB, 110 OMMMCAHHBIM B JJAOOpAaTOpPHOU padboTe
METOMKAM.

HEYAOBJIETBOPUTECJIBbHO

00yYaroIUICs IEMOHCTPUPYET:

- HeOPEKHO BBITIOJTHEHHYIO JJA0OPATOPHYIO pabOTy B HEMOJIHOM 00bEMe,
OTCYTCTBUE 00paOOTKH JAaHHBIX U BHIBOJIOB

BJIAJICET:

- 3HAHUSIMU TEXHUKH 0€30MACHOCTH IO paboTe ¢ 000PYI0BaHHEM.

4.2.4. Kputepun oOuleHKU MPAKTHYECKHUX padoT

[Ipu BBITIOTHEHNUH MPAKTUYECKUX PA0OT 00yHaIOUNICS TEMOHCTPUPYET:

3HAHUSA: OCHOBHBIC IOJIOKEHUS 1O COEPEKEHUIO TEIUIOBOM M AJIEKTPUUYECKOU
sHeprur. OCHOBBI PallMOHATIBHOIO UCIIOJIb30BaHUs OPraHUYECKOI0 TOMJIMBA B CUCTEMAX
TEIUIOra30CHA0KEHNSI U BEHTWISILIMY C TOUKU 3PEHUS KOJOTNYECKOW O€30IacHOCTH.

YMEHMSI: TIPaBUJIbHO PAaCCUUTHIBATh YKOHOMUIO TOIUIMBA U TEIUIOBOM 3HEPIUU B
CHUCTEMax TEeIJIOra30CHa0XKEHUSI U BEHTWISLMU. PaccuuThIBaTh OCHOBHBIE MapaMeTphl
SHEProcOepeKeHUs TEIUIOYTUIIN3aTOPOB, TEIIOTEHEPUPYIOIINX YCTAHOBOK, COJIHEYHBIX
U BETPOBBIX T€HEPATOPOB, T€OTEPMAJIbHBIX HCTOYHUKOB, OMOra30BbIX YCTAHOBOK.
BJaJleHHe HABBIKAMH: OCHOBaMHU cOepexeHus sHepruu B cuctemax TI'C 3a cuer
UCIIOJIb30BAHUSl AITEPHATUBHBIX MCTOYHUKOB SHEPIUM TAaKHX KaK BETPOr€HEPATOPHI,
reoTepMajibHble HCTOYHUKH, TEIUIOHAHOCHBIE U OMOra30BbI€ YCTAHOBKH).
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KpuTtepumn onieHKku BbINOJHEHUS MPAKTUYECKUX PadoT

OTJIMYHO

0o0ydJarouuics 1eMOHCTPUPYET:

— IIOJIHBIC OTBCTHI Ha BOIIPOCHI ITPEoAaBaTeyid B COOTBCTCTBUHU C IMJIAHOM
MPAaKTUIECKOTO 3aHATHS U MIOKA3bIBACT MIPU 3TOM ITyOOKOE OBIIAJICHUE
JIEKLIMOHHBIM MaTE€pHaJIOM, 3HAHUE COOTBETCTBYIOLLEH JTUTEPATYPBIL,
JeNaTh CAMOCTOSATEbHBIC 0000IICHNS 1 BEIBOJIBI, IIPABUIIEHO
BBITIOJIHACT y‘-Ie6HI:Ie 3aadyu.

XOpoI1o

0o0ydJarouuics 1eMOHCTPUPYET:

- JIOTMYECKOE M3II0KEHHE MaTepuana, 000CHOBaHHOE aKkTaMu, CO
CCBUIKaMH Ha COOTBETCTBYIOIIME HOPMATUBHBIC JIOKYMEHTHI U
TUTEepaTypHBIC NCTOYHUKH, OCBEILIEHUE BOIIPOCOB 3aBEPIICHO
BBIBOJIaMH, OOYYArOITUIICS 0OHAPYKHUII yMEHUE BHITIOJIHATh YICOHBIC
3amanus. Ho B oTBeTax MOMyIeHbl HETOYHOCTH, HEKOTOPHIE
HE3HAYUTENIbHBIC OMTMOKH, IMEET MECTO HEJOCTATOUHAS
apryMEHTUPOBAHHOCTH MPHU U3J0KEHUHN MaTepHalia, YeTKO BRIPAKCHHOE
OTHOIIIeHHE o0ydJaronierocs K pakraMm u COOBITUSIM HJIA JTOTYIIEHBI 1-2
apupmeTnyeckue u 1-2 Joruyeckue OMMOKH MPH PeIICHUH 3a1a4

YAOBJIETBOPUTEJIbHO

0o0ydJarouuics 1eMOHCTPUPYET:

- OBIAJEI CYThIO BOIIPOCOB 1O JAHHOW TeMe, 0OHApYKHUBAET 3HAHUE
JIEKIMOHHOT'O MaTepuaia, U yueOHO! TUTepaTyphl, IbITAETCs J1e1aTh
BBIBOJIBI U pCUIATH 3ada4YU. Ho na 3angartun BEACT ce6;1 IIaCCHUBHO,
OTBEUAET TOJIHKO I10 BHI30BY IPENOAABATENS, 1a€T HETIOIHbIE OTBETHI HA
BOMPOCHI, JOMYCKAET rpyObIie OMIMOKHU MPU OCBEIIEHUH TEOPETHUECKOTO
Martepuaia win 3-4 ommOKN NPy PEIICHUH 3aa4.

HEyI0BJIETBOPUTEIbHO

oOyyJarouuics:

- 00OHapy>XHJI HECOCTOSITEIIBHOCTh OCBETUTH BOIIPOC, 0€CCUCTEMHO, C
rpyObIMU OIMOKaMU; OTCYTCTBYIOT HOHUMaHHS OCHOBHOM CYTH
BOIIPOCOB, BBIBOJIbI, 0000ITICHUS, 00HAPYKEHO HEyMEHHUE PellaTh
3aJlaum.

Paszpabomuuk: doyenm, Cnupudonoea E.B.
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