MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagsienne noaroroBku/cnenuanbHocts: 14.04.01 SinepHas 3vepreruka u Temiopuznka
HaumeHnoBanune o6pa3oBaTejbHOI mporpaMMbl: PU3MKa M TEXHUKA HU3KUX TeMIepaTyp
YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MarucTparypa

®opma 00yueHusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
IMMPOEKTUPOBAHUE HUBKOTEMIIEPATYPHbBIX CUCTEM

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

51.4.08.02.01

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

2 cemecTp - 4,

Yacos (Bcero) no yueoHomy
IJIAHY:

144 yaca

Jexknun

2 cemecTp - 32 yaca;

HpaKTuquKne 3aHATHA

2 cemecTp - 32 yaca;

JlabopaTopHbie pa6oThI

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

KoncyabTanum

2 cemecTp - 2 yaca;

CamocrosiTesibHasi padoTa

2 cemecTp - 77,5 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYasi:
KontpoabsHas padora

IIpome:kyTouHast aTTecTALUS:

IK3aMeH

2 cemectp - 0,5 yaca;

MockBa 2024
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MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»
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1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Heanb OCBOEHMSI

JUCHUNJINHBI.

TECOPECTUUCCKOC

U3y4eHUe CXeM  IOCTPOCHHS

HU3KOTCMIICPATYPHBIX YCTAHOBOK PA3JIMYHOI'O0 HA3HAYCHU, 060py1[013aHH51 OTHUX YCTAaHOBOK, IMPOLCCCOB
IMPOUCXOAAIIHNX B 3JICMCHTAX YCTAHOBOK M BOIIPOCOB JKCIINTyaTallH JaHHBIX YCTaHOBOK.

33[[3‘11/[ AUCHHUIIIMHBI

- [IpnoOperenre HaBBIKOB POPMYIMPOBATH 33]]a41 TPOSKTUPOBAHUSI PA3JIMUYHBIX YCTAaHOBOK
HU3KOTEMIIEPATYpPHOU TEXHUKHU U PEIaTh UX,;
- 3yuyenue crnocoObl pelieHus: pa3InyHbIX 337ad ¥ METObI pacyeTa Terio(Gu3nuIeckux
IIPOLIECCOB B 3JIEMEHTAX YCTAHOBOK,;
- [IpnoOpeTeHre HaBBIKOB paCu€TOB HU3KOTEMIIEPATYPHBIX YCTAHOBOK C HCIIOIb30BAaHHEM
COBPEMEHHOI0 CIIPaBOYHOI'0 MaTepHala..

dopmupyembie y 00y4aronerocs KOMNeTeHIMH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCIUIIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUs KOMIIeTeHINIi

Koa n HaumMeHoBaHue
KOMIIETeHI{UH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTUKEHUSI
KOMIEeTeHINH

3amiaHNpOBaHHbIE Pe3yJbTAThI 00yUeHHus

[TIK-2 Cnioco6Gen mpoBOIUTh
PacYeTHO-TEOPETUUYECKHE U

N-4nk-» Cnocoben
NPUHUMATh U 00OCHOBBIBATH

3HATh:
- 0COOEHHOCTU CXEMHO-TEXHOJOTHYECKUX
pelIeHni Tpyu MPOEKTUPOBAHUH CUCTEM

IKCTIEpUMEHTAIbHBIC KOHKPETHBIEC TEXHHYECKHUE
UCCIIEJIOBAHUS peleHus mpu BeIOOpE OJKHIKCHH, HAKOILICHHA, X PAHCHUA,
TEIJIOTUIPABINYECKUX CXEMHBIX PEIICHUN U TEPMOCTAaTUPOBAHNA U BbIIA91
MPOLIECCOB B KOHCTPYKUMSIX | 000OpymOBaHUS AJis IOTPEOUTEIIO KPUOTEHHBIX TIPOJYKTOB.
HU3KOTEMITEPATyPHBIX HU3KOTEMITEPATyPHBIX
YCTaHOBKAaX YCTaHOBOK. YMETb. 5
- IPOBOJIUTH TEPMOJANHAMHUYECKUI pacueT
OKM)KUTEJBHBIX YCTAHOBOK (BOJIOPO/Ia,
IPUPOJHOTO ra3a).
[1K-3 I'oToB W]I-1nk-3 Bonageer ciocobamu | 3HATh:
CAMOCTOSTENLHO perenns Gpu3nKo- - TEpPMOJIMHAMHUYECKHE METOIbl aHAIHN3a

OIIPEIENATh HAlpaBICHUE U
XapaxkTep NpOBOJUMBIX
UCCIIEI0BAHNUH, YYUTBIBATh
COBPEMEHHBIE TCHICHIINH
pa3BUTHUA
HU3KOTEMIIEPaTypHOMI
TEXHUKH

TEXHUYECKUX U UH)KEHEPHBIX
po0JieM B COBPEMEHHBIX
HU3KOTEMIIEPATypPHBIX
yCTaHOBKaxX

XOJIOIMIBHBIX IIUKJIOB (3HTPONUNHBIN 1
HKCEPreTUYECKUA).

YMETh!
- IPOBOAUTH TEPMOJUHAMUYECKAN aHAIN3
XOJIOAUIIBHBIX IIUKIIOB (BOAOPO/A,
MPUPOIHOTO Ta3a).

2. MECTO JUCIUILIMHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuuninHa OTHOCUTCSL K OCHOBHOM MpodeccroHanbHON o0pa3oBareiabHol nporpamme dusnka u
TeXHMKa HU3KUX Temmnepatyp (nanee — OIIOII), nanpasnenus noarorosku 14.04.01 Snepuas sHepreTrka
U Teriou3rka, ypoBeHb 00pa30BaHUsI: BBICIIEE 00pa30BaHUE - MAaTUCTpaTypa.

TpC6OBaHI/I$I K BXOIHBIM 3HAHUAM U YMCHUAM:
- 3HaTb TCPMOANMHAMHUYCCKNEC MCTO/Ibl aHAJIN3a XOJIOAUJIIbHBIX UKIIOB (3HTpOHHﬁHBIﬁ n

JKCEePreTUYEeCKUil)

- 3HaTh 0COOEHHOCTU CXEMHO-TEXHOJOTUYECKUX PEIIEHUH MPU MPOEKTUPOBAHUU CUCTEM OXKHXKEHUS,
HaKOIJICHUS, XpaHEHUS], TEPMOCTATUPOBAHUS U BBIAAYH MOTPEOUTEINIO KPHOTEHHBIX MPOIYKTOB

- YMETh OCOOEHHOCTH CXEMHO-TEXHOJIOTUYECKUX PEIICHUN TPU MPOEKTUPOBAHUH CUCTEM OXKMKECHUS,
HaKOIIJICHUS, XpaHEHUS], TEPMOCTATUPOBAHUS U BBLAAYH MOTPEOUTENIO KPUOTEHHBIX MPOIYKTOB




- YMETb NPOBOJUTH TEPMOJINHAMUYECKHI paciyeT OKMKUTEIBHBIX YCTAHOBOK (BOAOPO/A,
MIPUPOTHOTO Ta3a)

PesynbTarel 00yueHus1, MOTyYCHHBIE TIPU OCBOCHUH JUCIUTIINHBI, HEOOXOAUMBI TIPU BHITIOJTHCHUN
BBIMYCKHOM KBaTU(UKALMOHHON PadOTHI.



3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

Pasnensr/TeMsl
JTUCIUTUTAHBL/ (D OPMBI
IIPOMEXKYTOUHOMI
aTTecTalluu

Ha paszen

Cemectp

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

KonrakTHas pabora

CP

Jlex

JIab

IIp

Koncynpranus

HKP

KIIP

I'K

HKKII

TK

A

Pabora B
ceMecTpe

ITonroroBska x
aTTecTalun
/KOHTPOJIb

CopneprkaHue caMOCTOSTENTFHON paboThl/
METOIUYECKHE YKa3aHHs

2

]

8

9

10

11

12

13

14

15

IIpoextupoBanue
HU3KOTEMIIEPATYPHBIX
CUCTEM OXKWKCHUS,
TPaHCIIOPTUPOBAHUS,
XpaHEHus B
pesepByapax
KPHOTE€HHBIX
IIPOAYKTOB

|| Beero sacos

N

N

6

11

[IpoexTuposanue
HHU3KOTEMIIepaTypHBIX
CHCTEM OXIKCHUS,
TPaHCIIOPTHPOBAHUS,
XpaHEeHHUS B
pe3epByapax
KPUOTE€HHBIX
MIPOAYKTOB

12

H3yuenue mamepuanos 1umepamypHsix
UCHIOUHUKOG.:

[4], 59-134

IIpoextupoBanue
HU3KOTEMIIEPATYPHBIX
cHCTeM
TEPMOCTATUPOBAHUSA U
BBIJIAYX KPHOTEHHBIX
IIPOJIyKTOB
MOTPEeOUTEISIM B
KHUJIKOM HJTH
ra3zoo0pa3HoOM
COCTOSIHUH

12

2.1

IIpoexTupoBanue
HU3KOTEMIIEPATYPHBIX

12

H3yuenue mamepuanos 1umepamypHsix
UCHIOUHUKOG:

[4], 26-59




cHCTEM
TEPMOCTaTUPOBAHHS U
BBIJIaYM KPHOTCHHBIX
HPOIYKTOB
MOTPEOUTEISIM B
KUAKOM HJIH
ra3o00pa3HOM
COCTOSIHHH

CxeMHoO-
TEXHOJIOTUYECKHE U
KOHCTPYKTOpPCKHE
peIIeHHs] KpUOTeHHBIX
pe3epByapoB, 3alI0PHO-
perynupyomiei u
MpeAoXpaHUTENbHOU
apMaTypsl,
TpyOOIIPOBOZOB

12

3.1

CxemHoO-
TEXHOJIOTUYECKHE U
KOHCTPYKTOPCKHE
peLIeHNs KpUOTE€HHBIX
pe3epByapoB, 3all0PHO-
perynupyomiei u
MpeAoXpaHUTENbHOU
apMaryphl,
TpyOOIIPOBOIOB

12

H3yuenue mamepuanos 1umepamypHsix
UCMOUYHUKO06.

[4], 135-164

Texnonorus
SKCIUTyaTalliy CUCTEM

14

H3yuenue mamepuanos 1umepamypHsix
UCHIOUHUKOG:

4.1

Texnonorus
SKCIUTyaTalluy CUCTEM

14

[2], 252-258

TepmoanHamMuueckue
OCHOBBI
NIPOEKTUPOBAHUSA
HU3KOTEMIIEPATyPHBIX
YCTaHOBOK

14

5.1

TepMmonuHaMuueckue
OCHOBBI
IIPOEKTUPOBAHUS
HU3KOTEMIIEPATYPHBIX

14

H3yuenue mamepuanos 1umepamypHsix
UCHOUYHUKO6?

[2], 20-352




YCTaHOBOK

IIpoekTupoBanue
KPHOTEHHBIX YCTAHOBOK
OXKIDKEHUS BOJIOPO/IA C
HCIIOJIb30BAHUEM
METOoIa
JPOCCENTUPOBAHUSI C
TIOJTyICHIEM
HOPMAJIbHOTO U
IapoBoOAOPOIa
HpOM])IIHHeHHOFO
Maciuraba.

18

6.1

IIpoextupoBanue
KPHOTE€HHBIX YCTaHOBOK
0’KIKEHUS BOJIOPOAA €

HCTIOIb30BaHUEM

MeToza
JpOCCEINPOBaHUs C
HNOIY4EeHUEM
HOPMAaIIbHOTO 1
apoBOJOPOJA

IIPOMBIIIIEHHOTO

Macuirada.

18

H3yuenue mamepuanog 1umepamypHsix
UCHIOUYHUKO6?

[3], 257-359

IIpoextupoBanue
HU3KOTEMIIEPATYPHBIX
YCTaHOBOK OKUKECHMS

IIPUPOJIHOTO Ta3a.

26

12

7.1

IIpoextupoBanue
HU3KOTEMIIEPATYPHBIX
YCTaHOBOK OKUKECHMS

IIPUPOJHOTO rasa.

26

12

H3yuenue mamepuanos 1umepamypHsix
UCHIOUHUKOG.

[1], 15-180

DK3aMeH

36.0

0.5

335

Bcero 3a cemecTp

144.0

32

32

0.5

44

335

Hroro 3a cemecTp

144.0

32

32

2

0.5

775

IIpumeuanue: Jlex — nexiun; JIab — nabopatopusie padotsl; [1p — npaktuueckue 3ausatust; KIIP — ayautopHble KOHCYAbTAIMH 110 KYPCOBBIM
npoektam/padotam; MKKII — nnauButyanbHble KOHCYIBTALUMH 110 KypCOBBIM IpoekTam/pabotam; I'K- rpymnmnoBsie KOHCYIbTallMK TIO pa3ienaM
muctuuael; CP — camocrosarensHas padorta cryaenTa; MKP — nnas konraktHas padota; TK — Texymmii koHTpoib; [TA — mpomexyTouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Ilpoexmuposanue HU3KOMEMNEPAMYPHbIX CUCTIEM OHCUNHCCHUSL, MPAHCHOPIMUPOBAHUS,
XpPaueHust 8 pe3epeyapax KpUO2eHHbIX NPOOVKMOE

1.1. IIpoekTrpoBaHNE HU3KOTEMIIEPATYPHBIX CUCTEM OKMIKEHMSI, TPAHCIIOPTUPOBAHMSI,
XPaHEHUs B PE3EpByapax KPUOTECHHBIX POILYKTOB

@DaKTOpbl, ONpPENENSAONNe CHEU(PUIECKHE OCOOCHHOCTH CXEMHO-TEXHOJIOTUYECKUX U
KOHCTPYKTOPCKHX PEUICHWM KPUOIEHHBIX CHCTEM: BO3ICHCTBHE HU3KHUX, LMKIMYECKHUX
TEMIIepaTyp, Y3KMI IHANa30H CUCTEM KUIAKOCTh-IIAap, MOTEPU IPOAYKTa 3a CUYET TEIJIONPUTOKA U3
OKpy’Karolled cpelpl M INPAKTHUYECKH BCEX TEXHOJIOIMUYECKHX oOmepauuid (3axojaKuBaHMs,
XpaHEHHs, BBITECHEHHS, OXJXACHUS U Jp.). OCOOEHHOCTH CXEMHO-TEXHOJOTHYECKUX PEIICHHUH
IIPU TNPOCKTUPOBAHUU CHUCTEM HAKOIUICHUS, XPAHCHMs, OXJIAXICHHUSA, TEPMOCTaTUPOBAaHUSI U
BbIIaYl TOTPEOUTENI0 KPUOTEHHBIX IPOAYKTOB. BBITECHUTENBbHBIM M HAaCOCHBIN CHOCOO BblAAun
KHUIIALIEr0 M OXJIAXAEHHOIO MPOJYKTa, IPEUMYILECTBA U HEJOCTATKU KAXKA0I0 U3 3TUX CIOCOOOB;
TEPMOCTATUPOBAHME B pe3epByapax IMOTpeOUTENIe IO cXeMaM C 3aMKHYTBIM KOHTYpPOM
LUPKYJSALUUU C PA3OMKHYTBIM KOHTYPOM LHUPKYJSALHH, C IOJY3aMKHYTBIM KOHTYPOM; CXEMBI
LHUPKYJISIUOHHBIX CUCTEM KPUOCTATUPYEMBIX OOBEKTOB C HCIIOJIb30BAaHUEM Hacoca, KOMIIpeccopa
WIM C KOHTYPOM €CTECTBEHHOM ULUPKYJALUU; JBYXKOHTYPHBIE CATECJUIMTHBIE CHUCTEMBI.
[TpoexkTpoBaHHE CUCTEMbl HAKOILJICHHS, XPaHEHUs, MEPEOXJIAKICHUs LEeHTpaiapHoro Oinoxka PH
«OHEprus» KUAKUM BOJOPOIOM U €r0 TEPMOCTATUPOBAHUSL. .

2. IIpoexmuposanue HU3KOmMemMnepamypHvlx CUCeM mepmMoCcmamuposanis u 6bl0ayu
KPUO2EHHBIX NPOOVKIO8 HOMPEeOUMENAM 8 HCUOKOM UNU 2A3000PA3HOM COCIMOAHUU

2.1. IlpoekTHpOBaHNE HU3KOTEMIIEPATYPHBIX CUCTEM TEPMOCTATUPOBAHMS U BBIIAYN
KPUOT'€HHBIX MPOIYKTOB MOTPEOUTENSIM B KHUJIKOM UM ra3000pa3HOM COCTOSIHUU

[IpoekTupoBaHMe  CHCTEMBbl  XpaHEHMs,  3alpaBKH,  I[JIyOOKOro  OXJIAXACHUA U
TEPMOCTATUPOBAHUSA JKUJAKOrO KUCIOpoja B Oake KocMHuuyeckoro kopabis  «bypam».
[IpoexkTupoBaHUE CHUCTEM XpaHEHUs, OXJIAXKACHMS, 3alpaBKH, TEPMOCTATHUPOBAHMS KHUJKOTO
KHCIIOpOo/a, 3anpasisieMoro B 6axu PH.

3. Cxemno-mexnonocuyeckue u KOHCMPYKmMOPCKUe peuleHuAd Kpuo2erHHbvlxX pe3epeydapoe,
3anopH0-pezwmpw0meZZ u nDeOOXDClHZ/lmeﬂbHOZ:Z apmamypbul, mm/60np060006

3.1. CXeMHO-TE€XHOJOTHYECKHE U KOHCTPYKTOPCKUE PELIEHUSI KpUOTEHHBIX PE3€pPBYapoB,
3aMOPHO-PETYTUPYIOLIEH U MTPEIOXPAaHUTENHLHON apMaTyphl, TPyOOIPOBOIOB

Pa3paboTka KOHCTPYKIIMM pE3EpPBYapoOB M peEIIeHUE BOMPOCOB: BhIOOpa (opmMBI pe3epByapa,
CUCTEMBI OMOp WJIU MOABECOK, OOECIIeUeHHs TeIJIOBON H30IISAIIMH, CIIOco0a MOIAepKaHUsS BaKyyMa
B M3OJSILMOHHBIX TIOJIOCTSAX, BBIOOpAa KOHCTPYKIMOHHBIX MAaTepuajoB W JApPYrue BOMPOCHI.
AHaIM3UPYIOTCS KOHCTPYKIMU TIOJBECOK U OIOpP, MOCKOIbKY OHHU SIBISIOTCS BaKHEHIIUMU
AJIEMEHTaMH TEIUI0BOM 3amuThl. CriocoObl KOHCTPYKTHUBHOTO BBIITOJIHEHHUS Y3JI0B BBIBOJA TPYO AJst
3aMOJTHEHUST W OMOPOXHEHHS pe3epByapoB M APYrux TpyoompoBogoB. TpeboBanus K
KOHCTPYKIIUSAM TPYOONpoBOJOB. TeruroBasi 3ammra MpoayKTa OT TEIUIONPHUTOKA W3 OKPYXKAroIIeH
Cpe.bl - KOMITJIEKCHI MEPOTPHITHIA: TpUMEeHEeHHEe YPPEKTUBHON TEIUIOBOI M30JSAIUMH TOBEPXHOCTH
BHYTPCHHETO COCYyJa, palMMOHAJIbHAasd KOHCTPYKIHA KPCIJICHHA COCyda OTHOCUTCIIBHO KOXYyXa H
cxema OOBS3KM BHYTPEHHEIO COCyJa TEXHOJOrH4ecKuMH TpybompoBoaamu. [lokaszarens
3¢ (HEeKTUBHOCTH TEIUIOBOM 3alUThl KPUOTEHHBIX pPE3EpPBYapOB - OTHOCHUTENIbHAs CKOPOCTh
WCTIAPEHUs KUJKOCTH B €MHUITY BpeMeHU (MCTIapseMOCTh XUIKOCTH). OCHOBHBIE THIIBI TEIJIOBOM
HU30JIAIUN KPHUOTCHHOI'O 06OPYJIOBaHI/I$[, HU30JIAIMMOHHBIC MAaTCpHaJIbl H CIIOCOOBI noaACpIKaHnA
Tpebyemoro Bakyyma. [I[pyHIIMTTHANBHBIE CXEMBI KPHOCOPOIIMOHHBIX YCTPONCTB AJS MOAAECP KAHUS
BaKyyMa B U30JIIHUOHHBIX IMOJOCTAX..



4. Texnono2us 3KCNayamayuy CUCmem

4.1. TexHOJIOTHS SKCIUTyaTallud CUCTEM

ObecnieueHne YUCTOTHI KPUOTCHHBIX MPOAYKTOB (Bomopoja). TpeOoBaHUS K HKCIUTyaTal[lH
CHUCTEM TpPAaHCHOPTHPOBAHMA M XpaHEHUs KuAkoro Bogopoaa. llopsiok mpoBeaeHus
TEXHOJOTMYECKHUX Ollepaliii, MOArOTOBKAa pPE3€pByapOB M LUCTEPH K HAIOJHEHUIO >KUIKUM
BOJIOPOJIOM, HAlOJIHEHUE UX JKUAKHM BOAOPOJIOM, TPAHCIOPTUPOBAHUE K MOTPEOUTEINIO, IIPUEMKA
LUCTEPH U CIIUB >KUJKOI0 y OTPEOUTENs], BO3BPAT LIUCTEPH, IEPUOIUUECKUM OTOrpeB. MeToauku
pacuera colep)KaHHs NpuUMeceldl B JKUAKOM BOAOpOJAe. AHAIUTHYECKHH METOX OmpeAereHus
coJiepyKaHusl MpUMecell B )KMJIKOM BOJIOpojie. MeToiMka pacueTa HaKOIUIEHUSI MacChl KMCIOpOaa B
pe3epByapax € XHIKMM BOAOpoaoM. TpeOoBaHMs K 3KCIIyaTalMu cucteM XxpaHeHus. ITopsmox
IIPOBEJCHUS TEXHOJIOTUYECKUX ONEPALU: XpaHEHUE, EPUOINIECKUI OTOTPEB, TEXHOJIOTUYECKUI
razocOpoc. TpeboBaHue 6€3011aCHOCTH: aBapUIHHbIE CUTyallul U MEPbI UX JIMKBUJALNH. .

J. TeDMOOMHCZMuV€CKM€ OCHOBbl NPpOEKMUpOBarRUA HusKomemnepamypHvlx yCcnaHo60K

5.1. TepmogrHaMUUECKHE OCHOBBI IPOEKTUPOBAHUS HU3KOTEMIIEPATYPHBIX YCTAHOBOK

OcHoBHBIE TOJIOKEHUST «TEOpeTHYeCKNX OCHOB KPHUOTCHHOH TeXHUKW». OOpaTHBIN UK
KapHo, uaeanbHbli UK, MUHUMaJIbHAs paboTa OKM)KEHUS, HEOOpaTUMOCTb M 3aTpaThl paboTHl,
OCHOBHBIE TPOIIECCHI IS TONYYEHHUS] HU3KUX TEMIIEPaTyp, KIACCH(PHUKAIMI KPUOTEHHBIX LUKIIOB,
BUAbl 1OTePh U 3((EKTUBHOCTh pealbHBbIX IMKJIOB, METOJ JHEpPreTHuecKkoro OajaHca,
1eJ1ecO00pa3HOe YHUCIIO CTYNEHEW MPeJBapUTEIIBHOTO OXJIAXIEHUS, TEMIIepaTypHble YPOBHH,
TEPMOJUHAMUYECKUN aHAJIN3 [IUKJIOB..

6. IIpoexmuposanue KpUOLeHHbIX YCMAHOBOK 0ACUICEHUS 8000P00A C UCNOIb30BAHUEM MEMOOd
O0pOoCCcenuposanus ¢ Noay4eHuemM HOpMaibHO20 U NAPOB0O0POOd NPOMbBIULIEHHO20 MACmMada.

6.1. IlpoexkTrpoBaHre KPUOTEHHBIX YCTAHOBOK OKMKEHHUS BOJIOPOJIA C UCTIOIB30BAaHMEM METO1a
JPOCCENMPOBAHUS C TIOTyYEHUEM HOPMAIIBHOTO U MTAPOBOI0PO/1a TPOMBIIIIIEHHOTO MacIiTada.

CXeMHO-TEXHOJIIOTHYECKHE pemicHrud BOJOPOJHBIX OXKIKUTEIEH BBICOKOTO JaBJICHHUS C 5-10
CTYNEHSIMHU MPEIBAPUTEIBHOTO OXJAXKIEHUSA. CXEMHO-TEXHOJIOTUYECKUE PEIIECHUsS BOAOPOIHBIX
OXIDKUTEIICH Cp€AHCro gaBJICHHUA C TpEMA JACTAHACPHBIMU CTYINCHAMU IIPCABAPUTCIBHOIO
OXIDKEHUS M OIHOW CTYNEHBIO KHUAKOTO aTrMocepHoro azora. CXEeMHO-TEXHOJOTHYECKHE
PEIICHHA KPHUOICHHBIX YCTAHOBOK OXWIXCHHA BOAOpPOJa C BHCHIHUM TI'CIMCBBIM XOJIOAWJIBHBIM
HUKIOM. (CXEMHO-TEXHOJOTMYECKHE PpELIEHUsI YCTAaHOBOK IMOJYYEHUsI JEUTEepUsi METOIOM
peKkTHUKAIIIH )KHIKOTO BOJIOPO/IA. .

7. HDO@KWZUDOBGHM@ HU3KOmMeMnepamypHbvlX YCMAHOBOK OHCUMHCEHUA I’ZDMDOaHOZO 2as3da.

7.1. IIlpoekTpoBaHKEe HU3KOTEMIIEPATYPHBIX YCTAHOBOK OXKM>KEHMS IIPUPOJTHOTO rasa.

Tennodusnueckue cBoiicTBa 1 TexHonorndeckre ocooennoct CIII, mo>xapoB3pbIBOONIACHOCTh
U JKoJoruueckue mnpodbiemsl. TepmoaumHamuueckas 3(PQGEKTUBHOCTh OKMKUTENEH MPUPOIHOTO
ra3a ¢ pa3JIMYHbIMH XOJIOJAUIBHBIMU LIMKJIAMHU C a30THBIM JI€TaHAEPHBIM LMKJIOM U XM; ¢ a30THBIM
netanfepHsiM 1ukioM 6e3 XM; ¢ mukiaom Ha CXA ¢ apoccenbHBIMH CTyNeHsMH. ba3oBwie
KPYIMTHOTOHHAXHBIE 3aBOJIbl U CIIOCOOBI OKMKEHUS IPUPOAHOTO raza. AHaIU3 TEHIACHLIMU Pa3BUTHUS
razoBoM NIPOMBIIUIEHHOCTH B MHPOBOM mnpakTthke. KpynmHoToHHaxHble oOxwmxutenn [IT,
IIOCTPOEHHBIE M0 KAacKaJHOMY KiacCMueckoMy LMKIy. KpynHoToHHaxHble oxwxurenu [T,
noctpoeHHbie no nukiny «lIpuko». Kpynnoronnaxuasie oxwxutenu [1I°, mocTpoeHHBbIE MO UKITY
OKII ¢ npenBapuTenpbHbIM NMPONAHOBBIM OXJIAKIECHUEM. Y CTAaHOBKH OXWKEHUsS NPUPOIHOIO rasa
Ha 6a3ze AI'HKC. YcTanoBku 0XMKEHHS TPUPOAHOTO ra3a Ha 0a3e eTaHIePHBIX a30THBIX IUKJIOB..



3.3. TeMbl NIPaAKTHYECKUX 3aHATHH
1. Meronuka pacdera NpoLECCOB 3aX0IAKUBAHUSI CUCTEM XPaHEHUs! KPUOTEHHBIX TPOAYKTOB;
2. Meronuka pacyera MpoLeccoB XpaHeHHsI KPHOT€HHBIX MPOJYKTOB B pe3epByapax ¢
3aKpBITHIM I'a30cOpOCOM;
3. Meronuka pacuera coiepxKaHus IPpUMecel B JKUIKOM BOJIOPOJIE;
4. Meroauka pacueTa HaKOIJICHUs MacChl KMCIOPO/a B pe3epByapax ¢ JKUAKUM BOAOPOAOM;
5. Meron sHepreTHYecKoro 6ananca; mpeaBapuUTeIbHbIC CTYIIEHN OXJIAXKICHHS,
6. TepmoarHaMU4eCKuil aHAIM3 XOJOJMIBHOTO IIUKIIA (aHAIMU3 I€TAHASPHOrO [IUKIIA);
7. Pacuet ycTaHOBKH JUIS O’KMKEHHUS BOJIOpoJia. BEIOOP cXxeMbl, BEIOOP HEOOXOIUMBIX IS
pacueTa JONOJHUTEIbHBIX JaHHBIX, pacyeT paboThl yCTAHOBKH B PEKUME MOJTyUCHHUSI
KHJKOTO IIAPOBOJIOPOAA, CBEICHHE TEIJIOBOI0 OalaHCa YCTAHOBKH B PEXKUME MTOTYIECHUS
HOPMaJIbHOT'O BOJIOPO/JIa, ITPOBEPKa OCYIIECTBUMOCTH TEIUIOOOMEHA B alaparax yCTaHOBKU
IIpU MOJTy4EHUH XKHUJKOT0 IapaBogopoa. IIlpoBepka ocylecTBUMOCTH TEIIOO0OMEHa B
annaparax yCTaHOBKHU B PEXKHUME MOJIy4EHUS KUAKOI0 HOPMAJIBbHOI'O BOJIOPO/IA;
8. MeTouka pacueTa mporeccoB XpaHEeHUs] KPUOTEHHBIX IPOIYKTOB B pe3epByapax ¢
3aKpBITHIM I'a30COPOCOM.

3.4. Tembl 12a60paTOPHBIX padoT
HE TPETYCMOTPEHO
3.5 KoncyabTanuu

3.6 TemaTnka KypcoBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI

10



3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena AuCIUTIIMHBI

O11eHOYHOE CPEICTBO

3arutaHUpPOBAHHbBIC PE3YJIBTATHI OOYUYECHHS IO TUCHUTLIINHE Konbr
(B cooTBeTCTBIH ¢ paszieiiom 1) HHJMKATOPOB (B coorBercTBUM C 11.3.1) (THI 1 HAUMEHOBAHUE)
1]2[3]4]5[6]7

3HaTh:

0COOCHHOCTH CXEMHO-TEXHOJIOTHYECKHUX PELICHUH pu KonTponbnas paborta/Pacuer nponecca

MIPOCKTUPOBAHUU CUCTEM OKMKEHHUSI, HAKOTLIICHUS, V-4 + | 4 | XPaHCHHs KPHOTEHHOTO IIPOJYKTa B

XpaHeHUs, TePMOCTATUPOBAHHUS U BbIIaYH MOTPEOUTEITIO pe3epByape € 3aKpbIThIM ra300cpocom

KPUOTEHHBIX TPOTYKTOB

TEPMOJAMHAMUYECKHE METO/bl aHATIN3a XOJIOAWIBHBIX KonTponbnas paborta/Pacuer nporecca

LUKJIOB (SHTPOIUMHBIN U IKCEPTETUUECKUH) N-1nk-3 + |+ 3aXO0JIAKUBAHUS CHCTEMbBI XPAHEHHUS
KPUOT€HHBIX IPOJYKTOB

Ymersb:

MIPOBOJIUTH TEPMOJAMHAMUYECKUN PacueT 0KMKUTEIIbHBIX KonTponbnas padora/Pacuer

YCTaHOBOK (BOJOPO/1a, MPUPOIHOTO ra3a) N -4rik-2 + |+ JIPOCCENBbHO-3KEKTOPHOM CTYIIEHU
OXKIDKHUTEIIS IPUPOTHOTO Ta3a

MIPOBOJIUTH TEPMOJAMHAMUYECKUI aHATIN3 XOJOAWIBHBIX KonTponbnas paborta/Pacuer nporecca

[UKJIOB (BOJOPO/Ia, IPUPOTHOTO Ta3a) VT-Lics + OXJIQXKICHUSI KPUOTEHHOTO MPOIYKTA B

pe3epByape u Ha MOTOKE B TIpoliecce
3anpaBKu
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
2 cemecTp

dopma peanmzanuu: [TruceMenHas pabora
1. Pacder apoccenbHO-3KEKTOPHOM CTYIICHH OXKFIDKUATENS mpupoaHoro ra3a (KonrponasHas
pabora)
2. Pacyer mporiecca 3aX0JaKUBaHUS CUCTEMBI XpaHEHUSI KPHOTECHHBIX MPOTyKTOB
(KonTpoawsHas pabora)
3. Pacuer mporecca oxJiax1eH!s] KpHOTEHHOTO MPOYKTa B pe3epByape U Ha MOTOKE B
nporecce 3anpaBku (KoHTposbHas paboTta)
4. Pacuer nporiecca XpaHeHHsI KPUOTEHHOTO MPOAYKTa B pe3epByape C 3aKPHITHIM Ia300cpocom
(KonTpoawpHas pabora)

banmibHO-pedTUHTOBasA CTPYKTYpa AUCLUILINHBI SABIISETCS NPUIOKEHUEM A.

4.2 TIIpoMe:KyTOUYHAsI ATTECTAIUSA MO AUCHUIINHE
Oxzamen (Cemecmp No2)

B numiom BeICTaBIsIETCS OLICHKA 32 2 CEMECTP.

IIpumeuyanue: OLeHOYHBIE MAaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOANYECKOE OBECIIEYHEHUE JUCIUIIJINHbI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. Homamenko, A. M. [IpoekTupoBaHne yCTaHOBOK OKMKEHHsI IPUPOAHOro ras3a. besonacHas
TEXHOJIOTHS SKCIUTyaTallui HHPPACTPYKTYPhI COKMIKEHHOTO MPUPOIHOIO ras3a : yueOHoe nocodue
no kypcey "lIpoexktupoBanue Hu3koTemmnepaTypHbix cucreM" aigs HUY "MOU" no HanpasieHuto
"SInepuas sHepretuka u Terodusuka" / A. M. Jlomamenko, Har. uccnen. yu-t "MOU"
(HUY"MBHN") . — M. : U3n-80 MOU, 2019 . — 192 c. - ISBN 978-5-7046-2108-9 .
http://elib.mpei.ru/elib/view.php?id=10692;

2. Apxapos, A. M. Kpuorenssie cuctembl. OCHOBBI TEOPUH U pacyeTa : ydeOHUK JJIS BYy30B 110
cnernuanbHocTsIM "KpuorenHas texnuka" u "Xoao1uibHble 1 KOMIIPECCOPHBIE MAIIUHbI U
ycraHoBkH" / A. M. Apxapos, . B. Mapdenuna, E. 1. MukynuHs . — 2-e u3f., nepepad. u jon . —
M. : MammnocTpoenue, 1988 . — 464 c. - ISBN 5-217-00083-X .;

3. Apxapos, A. M. OCHOBBI KpHOJIOTUH. DHTPONUMHO-CTATUCTUYECKUI aHAIN3
HU3KoTeMIepaTypHbix cuctem / A. M. Apxapos . — M. : U3n-Bo MI'TY um. H.O. baymana, 2014 . —
507 c. - ISBN 978-5-7038-3842-6 .,

4. Apxapos A. M., Kynuc U. JI.- "KpuoreHnHsie 3aripaBouHble CUCTEMbI CTAPTOBBIX PAKETHO-
KocMu4ecknx koMmruiekco", M3parensctBo: "MITY um. baymana', Mocksa, 2006 - (252 c.)
https://e.lanbook.com/book/106301.

5.2 JIunieH3MO0HHOE ¥ CBOOOHO pacnpocTpaHseMoe NPOrpaMMHoe odecrnedeHue:
1. Windows / OniepaniionHas cucrema cemeiictra Linux.
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5.3 UaTepHeT-pecypcsl, BKJIIOYas NpodeccHOHAIbHBIE 0a3bI JaHHBIX 1 HH(POPMAIIHOHHO-

CIIPpaBOYHbBIC CUCTEMBI:

1. 3BC Jlans - https://e.lanbook.com/

2. 3BC "YHuBepcuTeTcKasi 0M0JMOTEKAa OHJIAlH" -
http://biblioclub.ru/index.php?page=main_ub_red

3. Hayunas s;1ekTpoHHas oudamoreka - https://elibrary.ru/

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUITJIMHBI

Tun noMemeHnus

Y4eOHbIC ayAUTOPUH IS
MIPOBEICHUS JICKITMOHHBIX
3aHATUN U TEKYIIETO KOHTPOJISA

Homep ayauropun, OcHanenue
HaAauMEHOBaHUue
M-409/2, Aynutopus CTOJI IIpenoaaBaresis, CToJ, J0CKa
kagd. "HT" MEJI0Basi, MyJbTUMEIUUHBIN TPOEKTOP
M-422/4, YuebHas CTOJI, CTYJI, MyJbTUMEIUUHBIN
naboparopus IIPOEKTOP
KpUODU3UKH
M-412, YuebOnas CTEJIJIaX JJIs1 XpAaHEHUsl KHUT, CTOJI,
ayJuTOpus CTYJ, MYJIbTUMETUNHBINA TPOEKTOP,

JI0CKa MapKepHasl

K-120, MammHHBIH

cepBep, KOHAULIUOHED

3as1 MBI
Y4eOHble ayIUTOPUH AJIs M-409/2, Ayautopust CTOJI IIpenoaaBaresis, CToJ, J0CKa
IIPOBEACHUS IPAKTUYECKUX kad. "HT" MEJI0BAasi, MyJbTHUMEIUUHBIN TPOEKTOP
3ansatui, KP u KII M-422/4, YuebHas CTOJI, CTYJI, MYJIbTUMEIUMHBII
nabopaTopus MIPOEKTOP
KpUODU3UKH

M-412, Yuebnas CTEJIJIaX JJIs1 XpAaHEHUsl KHUT, CTOJI,
ayuTopus CTYJ, MYJIbTUMETUNHBINA TPOEKTOP,

JI0CKa MapKepHast

K-120, MamuHHEBIH

cepBep, KOHIUITHOHED

3an MBI]
YueOHbIe ayAUTOPUH IS M-409/2, Aynutopus CTOJI IpenoaaBaresis, CToJ, J0CKa
IIPOBEICHUS IIPOMEKYTOYHOMN kag. "HT" MEJI0Basi, MyJIbTUMEIUUHBIN ITPOEKTOP
aTTecTaluu M-422/4, YuebHas CTOJI, CTYJI, MYJIbTUMETUIHBII
nabopaTopus IIPOEKTOP
KpUOPHU3UKH

M-412, YueOHas CTEJJIaX JJIsl XpaHEHUsl KHUT, CTOJI,
ayAuTOpHUs CTYJI, MyJIbTUMEIUMHBINA ITPOEKTOP,

JI0OCKa MapKepHasi

K-120, MamuHHBIH
3an MBI

cepBep, KOHIUITHOHED

IMomemenus s

CaMOCTOSITENIbHON PabOTHI

M-411/1,
KomMnbrotepHslii kacce

CTOJI, CTYJI, AOCKa MEJOBas,
MYJIbTUMEIUNHBIN ITPOEKTOP,
KOMITBIOTEP NMEPCOHATBHBIN

ITomentenus mis
KOHCYJIbTHPOBAHHMS

M-402, Aynutopus
kad. "HT"

CTeJUIaX U XpPaHEHUS! KHUT, CTYJI,
CTOJI MUCbMEHHBIHN

HOMeHIeHI/ISI AJI XpaHCHUA
o0opynoBaHus U y4eOHOTO

WHBEHTAaps

M-407/1, KnanoBas

CTCJIIAXK IJId XpaHCHUSA HHBCHTaps,
CTCJIIAXK JIA XPAaHCHUS KHUT,
WHBCHTAPb CHCI_[I/IaHI/ISPIpOBaHHI)Iﬁ
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

HpOGKTHpOBaHI/Ie HHU3KOTCMIICPATYPHBIX CUCTCM

(Ha3BaHME AUCIMILIMHBI)

2 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-3

KM-4

Pacuer npornecca 3axonaKkuBaHUs CUCTEMBI XpaHEHH KPUOTEHHBIX MPpoaykToB (KoHTpospHas
pabora)

Pacuer nponecca XpaHeHHss KpHOTEHHOTO POIYKTa B pe3epByape ¢ 3aKPhITHIM Ia300CpOcoM
(KontpomnpsHas pabora)

Pacuer npornecca oxakAeHUs] KPHOT'€HHOTO ITPOIyKTa B pe3epByape U Ha IMOTOKE B IpoLiecce
3anpaBku (KonTponbHas padota)

Pacuer npoccenbHO-2KEKTOPHOM CTYIEHU OXKMKUTENS prpoAHoro ra3a (Konrponbhas pabora)

Buja npoMexyToYHOI aTTecTANMU — DK3aMEH.

Nunexc KM- | KM- | KM- | KM-
Homep Pasnen nucHMIINHE KM: 1 2 3 4
pasjena Henens 4 8 12 16
KM:
[TpoekTupoBaHre HU3KOTEMIIEPATYPHBIX CUCTEM OXKIKECHUS,
1 TPAaHCIIOPTUPOBAHUS, XPAHEHUSI B pe3€pByapax KPUOTEHHBIX
MIPOJYKTOB
[IpoexTupoBaHue HU3KOTEMIIEPATYPHBIX CUCTEM OXKHKEHUS,
1.1 TPAaHCIOPTUPOBAHUS, XPAHEHHUSI B pe3€pBYyapax KPUOTE€HHBIX +
MIPOJIYKTOB
[IpoekTupoBaHNE HU3KOTEMIIEPATYPHBIX CUCTEM
2 TEPMOCTATHUPOBAHMSI M BBIJIAYM KPUOTEHHBIX MPOTYKTOB
NOTPEOUTENSIM B KHJIKOM HIIM Ta3000pa3HOM COCTOSTHUU
[IpoexTupoBaHue HU3ZKOTEMIIEPATYPHBIX CHCTEM
2.1 TEPMOCTATUPOBAHUS U BbIJIAYM KPUOTEHHBIX MPOAYKTOB +
MOTPEOUTEIISIM B JKUJKOM HJTH Ta3000pa3HOM COCTOSIHUH
CXeMHO-TEXHOJIOTUYECKHE U KOHCTPYKTOPCKUE PEIICHUS
3 KPUOTEHHBIX PE3EPBYapPOB, 3aMIOPHO-PETYTUPYIONICH U
peIOXPaHUTENBLHOM apMaTyphl, TPyOOIIPOBOJIOB
CXeMHO-TEXHOJIOTUYECKHE U KOHCTPYKTOPCKUE PEIICHUS
3.1 KPHUOT€HHBIX PE3EPBYAPOB, 3AIIOPHO-PETYIUPYIOIIEH U +
peIOXPaHUTENBLHON apMaTypbl, TPyOOTIPOBOIOB
4 TexHoJIoTHsI SKCIUTyaTallud CUCTEM
41 TexHoJIOoTUsI SKCIUTyaTallud CUCTEM +
5 TepmonrHaMuUeCKE OCHOBBI TPOCKTUPOBAHHMS
HU3KOTEMIIEPATYPHBIX YCTAHOBOK
51 TepmonrHaMuUeCKE OCHOBBI TPOCKTUPOBAHHMS N
HU3KOTEMIIEPATYPHBIX YCTAHOBOK
6 [IpoekTupoBaHNE KPUOTEHHBIX YCTAHOBOK OKIKCHHSI

BOAOpPOJa € UCITOJIB30BAHUCM MCTOJa APOCCCIIMPOBAHUS C
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HOJY4YeHHEM HOPMAaJIbHOTO U ITapoBOJOPOIa
IPOMBIIIJICHHOTO MacITaba.

HpOGKTI/IpOBaHI/Ie KPHUOI'€HHBIX YCTAHOBOK OXXMXKCHUA
BOAOpOJa € UCITIOJIB30BAHUCM MCTOJa APOCCCIUPOBAHUS C

6.1 HOJIy4eHHEM HOPMAJILHOTO U [apOBOIOPOIA *
IPOMBIIIJICHHOTO MacIITaoa.
; [IpoekTHpOoBaHUE HU3KOTEMIICPATYPHBIX YCTAHOBOK
OXIDKCHHUS TIPHPOJTHOTO Ta3a.
71 [IpoekTHpOoBaHUE HU3KOTEMIICPATYPHBIX YCTAHOBOK +
OXIDKCHHUS TIPUPOJTHOTO Ta3a.
BecKM, %: | 25 | 25 | 25 | 25
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