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USE OF MODERN INFORMATION TECHNOLOGIES FOR SIMULATION OF
ADVANCED POWER TECHOLOGIES

A server of the Moscow Power Engineering Institute is presented which gives an opportunity to conduct
“cloud” simulation of advanced power technologies. Several examples of using such approach are introduced.

Keywords: «cloudy service, simulation, refrigerants, advanced power technologies.

BeeneHue

B cnucke 10 «IT-nepeBopoTOB)
(coObITHH, KOTOPbIE CEPbE3HO HM3MeE-
HAT KU3HB [0J1b30BaTENENH KOMIIbIO-
TEpOB B Te4yeHHe ONMKanIIero BpeMe-
HU) Ha NIEPBOM MECTE CTOMT Pa3BUTHE
TaK Ha3bIBAEMbIX OOIAYHBIX BbIYHC-
neHuit («cloud computing») — mpe-
JOCTABJIEHHE 3aKa3uuKy YIaJCHHBIX
BBIUMCIIMTEBHBIX MOLIHOCTEH, JUC-
KOBOT'O TIPOCTPAHCTBA U KAHAIIOB CBsl-
3u. BMecTo (DM3HUECKHX CEPBEPOB 3a-
Ka3uMKaM BBIJIEJISFOTCS BUPTyallbHbIE
cepBepsl, KOTOpbIE OyIyT pa3BepHYThI
Ha pACMpEle/eHHOH CETH KOMIIbIO-
TEPOB MPOMBILIJIEHHOH MOLIHOCTH.
[Monp30BaTeNnto «00IaKOB» HE HYKHO
3a00TUTECA HHU 00 MH(PACTPYKType,
HA O TpPOrpaMMHOM 0O0ecredeHun
nponykra. JJoCTaTOuHO UMETH BBIXOJ|
B MHTEPHET.

OCHOBHBIMH ~ TTPEUMYILECTBAMH
«0ONaYHBIX BBIYMCICHUIH» IJs MOT-
pebuTeleil SBIETCA OTCYTCTBHE HE-
00XOIMMOCTH 3aKyIaTh COOTBETCTBY-
foliee 060pyI0BaHKE, TPOrPaAMMHOE
obecrieyeHue, SKOHOMHS HJHEprope-
CypCoOB, ya00CTBO.

Bo MHOrHx 001acTsX AesTelb-
HOCTHM celyac esarTcs TOMbITKA
HCIONIB30BaTh 3Ty TEXHOJOTHIO JUIS
pelenus onpeneneHHsx 3anad. He
00011112 CTOPOHO#H 3Ta TEXHOIOTHS U
cepy PHEPreTUKH B PasHbIX €e Mpo-

aBienusx (oOpazoBaHMe, HayKa, WH-
JKEHEPHBIE PACUETHI U T.J1.).

Pesynbrarel  MCCIEI0BaHMA W
aHaIu3 Pa3HbIX CXEM M THIIOB 3HEp-
royCTaHOBOK MOXHO HaiTH B cre-
1IMAJIM3MPOBAHHON JUTEparype (Mo-
Horpaduu, AMCCEPTALMH, CTAaTbU H
T.IL.), KOTOpas He BCeraa SsBISeTCs
JIOCTYMHO# M, y9UTbIBas MHOro(hak-
TOpPHOE BIHMSHUE MHOTUX Mapamer-
poB Ha paboOTy TaKWX YCTaHOBOK,
JIaeT HE BCEr/a MOJHYI KapTHHY 3a-
BHCHMOCTH ITOKa3aTelnei UX paboTh
OT BIUSIFOLIMX (HAKTOPOB.

YacTo BO3HHKAIOT  CUTYallWH,
KOIZa HYXXHO PELIMTh KOHKPETHYIO
3ajaqy MOJICIIMPOBaHMs MM HCClle-
JIOBaHUS DPEKHMOB PabOThI JHEPro-
YCTaHOBKH TIPH KOHKPETHBIX YCIOBH-
AX, HO HET BO3MO)KHOCTH IOCTPOUTH
caMy Mo/ieJb (HET COOTBETCTBYIOIHX
IIPOrPaMMHBIX CPECTB, 3HAHUH B 00-
JaCTH TMPOrpaMMHPOBAHHKs, BPEMEHH
1 T.1.). Kpome TOro, npu Moaenupo-
BaHMH SHEPrOyCTAaHOBOK TpPEOyrOTCS
crielMajbHbIe MPOrpaMMHBIC POy K-
THI JUIS ONpPEEICHUs] TeTIo(pU3nyec-
KHX CBOMCTB pabOYMX BELIECTB.

HMcmosib30BaHHE  COBPEMEHHBIX
MHTEPHET-PECYPCOB, B  YaCTHOCTH
«00naKoBy», YK€ B ONPENEIEHHON
CTEMEHH OCBEIEHO B JMTEparype,
HO, BO MHOTHX Cily4asx, OHO JaeT
BO3MOXKHOCTh TIONTy4aTh HJIM TOJBKO

CrpaBo4Hy0 HH(OPMaLHMIO, WITH [10-
MOJIHUTEIBHO HCCIE0BaTh YKE Cy-
IIeCTBYIOLIME, JOCTAaTOYHO H3Y4CH-
HbIE SHEPrQyCTaHOBKH [1, 2].

1. MocTaHoBKa Lenu

Llenpto AaHHOH pabOThI ABJIAETCS
JanbHeias pa3paboTka NPUHIIMITOB
CO3JaHUsl U peaii3alUHt TEXHOJIOTHH
«00NauHbIX BBIYUCIEHUI» I MOJIe-
JIMPOBAHHUS TPOLIECCOB HOBBIX, Maso
M3yYEHHBIX  TEMJIOIHEPreTHYECKUX
yCTAaHOBOK, Ha TMPUMEPE CepBepa, Ko-
TOpBIA OB co3aH B HalmoHaabHOM
HCCIIEIOBATE/ILCKOM  YHHUBEPCUTETE
«MOCKOBCKMI JHEPreTHYECKHH HH-
CTHTYT» C HCIIOJIb30BAHHEM TEXHO-
gorun Mathcad Calculation Server
(Www.vpu.ru/mas), KOTOpbIH T03BO-
aser obpauiareess kK Mathcad-noky-
MEHTaM JMCTaHLMHOHHO Yepe3 UHTep-
HET.

2. MpuHUUNbI co3gaHus
TEeXHOMorum «obnavyHbIX
BbIYUCNEHUA» OnAa
MoaenupoBaHus
nepcnekTUBHbIX
3HeproycTtaHoBOK

Cpenn NpoaHaJIu3uPOBAHHBIX
noaxoa0B MOIICHHpOBaHI/ISI nepc-
MEKTHUBHBIX 3HepF0yCTaHOBOK Ha
OCHOBE HCIMOJIb30BaHUA <(06J]a‘-IHbIX
BBIUMCJIEHHUH» BbIOpAaHbl METOMIBI,
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0a3upyrOLIMXCS Ha HCIOJIb30BAHUM
HHTEPHET-PECYPCOB, KOTOpBIE CO-
nepkar MHGOPMAILMI O Temaodu-
3MYECKUX CBOMCTBAaX paboyMx Ten, a
Tak)Ke 00 3HEeproycTaHOBKaxX M pea-
JIU3YIOT OTKPBITHIE HHTEPAaKTUBHBIE
anroputMbl. COOTBETCTBEHHO 3TUM
aNrOpUTMaM [aHHBIE HHTEPHET-pe-
CypChl BBIIAIOT HOJIL30BATENIO YHC-
JIeHHbIe PE3yJbTaThl 110 CBOMCTBAM
paboumx Tes, TOKa3aTensM U KpuTe-
pusM 3(p(HEKTUBHOCTH NEPCHEKTUB-
HBIX JHEPrOyCTAaHOBOK [IPH 3a/laH-
HBIX TPaHHYHBIX YCIOBUSX, a TaK¥Ke
rpaduuecKyr0 HJUIIOCTPALMIO  TO-
Jy4eHHBbIX pe3yibTatoB. Ilpu sTOM
3HAYEHUsS] HEOOXOIMMBIX HCXOHBIX
JAaHHBIX BBOJAATCS T0JIb30BAaTENIEM
B uHTepakTHBHOW Gopme. Hapsanmy
C YHMCIEHHBIMH H TrpadUueCKUMH
JIAHHBIMH TaKHe WHTEPHET-PeCypChl
NPEIOCTABISIOT /sl I0JIb30BaTENs
TaKKe JONOJHUTEIbHYI0 HH(pOpMa-
M0, a8 UMEHHO: a) METO/IUKY pacye-
Ta, 6) MCTOIB30BaHHBIE HOPMYIBI H
MaTeMaTHYeCKUil BUJ MPOTPaMMBl,
BKIIKOUasi MOCIIeI0BAaTEIbHOCTh IEHC-
TBMH, B) Mathcad-10KyMeHT B BUJIE
KOIMH JIaHHOM nporpammsi [3].

[Ipu 3TOM MONb30BATENb MOXKET
U3yYnTh, @ TaKKe U MEPEHECTH Ha
COOCTBEHHBIIT MEPCOHAIBHbIN KOMITBIO-

Tep Maremaruyeckue (GOpMyIbl IS
pacuera SHeproycTaHoBOK (puc. 1).

3. MpumMepbl peanu3auum
TEeXHONOruu «obna4vHbIX
BbI4YUCNEHUA» NPU
MoaenupoBaHuun
nepcnekTUBHbIX
3HeproyctaHoBOK

IMaporazossie ycranosku (I1I'Y) ¢
koTnamu-ytunuzaropamu (KY) na ce-
FOMHALIHKKA J€Hb SBISIOTCS OAHHUMHU
M3 CaMbIX TMEPCIIEKTUBHBIX YHEPreTH-
Y4eCKUX YCTaHOBOK [4].

BakHBIM  3JIeMEHTOM  TEIIOBOMH
cxembl paccmarpuaemoro tuna [I'Y
ssrsieTcst KV.

Ha cepeepe www.vpu.ru/mas ¢
agpecom http://twt.mpei.ac.ru/MCS/
Worksheets/PTU/Calculation-KU.
xmcd  pasmelieH «o0aauHbIA» Ter-
JIOBOM, THAPABIUUECKUH W a’pOmH-
HAMHUYECKUI pacueT BEPTHKAJIbHOIO
onHokouTypHOro KY B cocrase I1I'Y,
KOTODBIH MO3BOJISET pelarh psl 3a-
J1a4 TP NPOEKTHPOBAaHHH H ONITHMH-
3aIl Kak caMoro komia, Tak u [1I'Y
B IIEJIOM.

Ilpu cocraBieHWH MOPOrPaMMBbI
JAHHOTO pacyeTa HCIOJIb30BaHbl pe-
KOMeH1a1iu, GOpMyIibl U ypaBHEHHUS,
nipuBeeHHbIe B [4-7]. [lng onpenene-
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Puc. 1. OTKpbITbIH HHTEPAKTHBHBIA AJITOPUTM /15l MO/1e/THPOBAHUSA
JHEpProyCcTAHOBKH, ero (pyHKIHOHAIbHbIE CBSI3H H 00beKThI [3]:

1 — OTKPBITbIH HHTEPAKTHBHBIN aNTOPUTM ISl TEMIO(GH3NYECKOr0 MOJCIHPOBAHKA
SHEPreTHUECKUX KPUTEPHEB SHEPrOyCTAHOBKH; 2 — 4aCTh, CBA3AHHAS C PACUETHBIMH (OPMYTIaMH;
3 — yacTh, CBSI3aHHAA C MHGOPMATHKON U MHTEPHET-pecypcaMu; 4 — HH(pOpMATHKa;

5 — Mathcad; 6 — unTepreT-pecypesl; 7 — Ternnodusmka; 8 — SHeproycTaHoBKa; 9 — OTKpbITas
MHTEpaKTHBHas TIporpamma B cpeae Mathcad; 10 — oneparopsl, 00ecnedHBarOIHe Pa3MEIIEHHE H
(YHKUMOHHPOBAHHE MPOrPaMMBbl, KOTOpask 00eCTedHBACT PacyeT Ha CEPBEPE; 11 — nepcoHanbHbIH
KOMTIBIOTED MONb30BaTesis; 12 — HHTepHeT; 13 — cepBep ¥ HHTEPHET-NopTal
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S ER Vew Favokes Toos Hep & -

afaors a2 -
{88 ¥oscow Power Engneerng Insthute: Mathead Calaa, =34 e v Page- Safe

Ten10B0i, THIPABIMYECKH H 2OPOTHHAMMIECKHI PACHeT BEPTHRATHHOTO OIHOKORTYPHOTOTROTIa- Y THAR3ATOP
Hexoansie aaHHbe:
TeMnepaTypa HapyKHOTO BO3AVXA, MIPH KOTOPOfi NPOBOIUTCR KOHCTPYKTHBHEI TeILIOBOH PacHeT KOTNA-VTIIHIATOPaE by o0 4

TeunepaTypa Hapy»KHOTO BO3IVXA, TIPH KOTOPOit MPOBOMNTCA MPOBEPOYHEL TEMTI0BOM PacHeT KOTAA-VIILTHIATOPA fy np, °C 3

OTHOCHTETEHAR BAGKHOCTE BXOIAMIETO BO3AVXA Pgy o 60

.

TlarneHue BYOAWETO BOMYAA Ppx MIlx 0 1013

BH. otrocnTensrbii KITT kommpeccopa Yoy x 2, 382

10543

e B peccope Ty

TeumnepaTypa Ha BXOIC B [a30BVIO TVpOmHY f3 o 1050

Husman rennora crop. 1ot Qp o Mflwhe 0056

Coctas Tom. Xch4o, 100

Temnepatypa BX0Z. TOWA. by o 15

| JaeneHme BXOX. TOML. Py MITa 06

TeMNepaTypa ONpEACICHIA HISICH TEMIOTH CTOP. TOML. tgy p o 15 T

H35HiTouHOE 188, TOMHBE Neped KaMepoli crop. Avy y ¢ Mls 05

| .
| Bu. orsocutenn. KILT Tonn. xomnpeccopa Ny e 96 90 HRGTL

Horepn nasn. B KaMepe crop. My ¢ o 10

PacyerHas cxema MY

Koad@HINSHT HEMONb30BAHITA TETUIOTH KAMEPE! cropania Y ¢ o, 998

Maccosst pacxoa yxozamn rasos 3 TTY opit verosuax ISO 2314 Gp gy 64

Puc. 2. @parMeHT NOArOTOBJIEHHOTO M0 TexHoorun Mathcad Calculation Server
610Ka HCXOIHBIX JAHHBIX /I pacyeTa KOT/Ia-yTHIA3aTopa

paMeTphl BbIXJIOMHBIX rasoB ['TY (3a-
KOHOMEPHOCTb M3MEHEHHS PEXKUMOB
pabotsl ['TY 3agmaercs B HCXOAHBIX
JIAHHBIX) M, CJIEJOBATEIIBbHO, PEXKHM
pabotsl KY. D10 yc10BHe y4TEHO MPH
COCTaBJICHUH U peanu3alliy paccMar-
pHBAEMOTO OTKPBHITOTO WHTEPAKTHB-
HOTO aJropuT™Ma.

Konctpykropckuii pacuet KY BbI-
NOMHSAIT ISl HEKOTOPBIX 0a30BbIX

HUS TETIO(PU3UIECKHX CBOHCTB pado-
YpX Tell UCTOJIb30Banach cepTuduUIn-
poanHasi iporpamma WaterSteamPro
(http://www.wsp.ru/), KoTopas pa3pa-
forana crequamTucTaMd MOCKOBCKO-
0 YHEPreTHUECKOT0 HHCTUTYTA.
[Tpumep G10Ka UCXOIHBIX JAHHBIX,
NOATOTOBJIEHHBI [0  TEXHOJIOTUH
Mathcad Calculation Server npuBezeH
Ha puc. 2. HeoOX0aMM0 OTMETHTb, YTO
Ha pHC. 2 MpeJCTaBIeHa TOIbKO YacTh

napamMeTpoB Hapy:KHOIro Bo3jyXa (B
MCXOJHBIX JaHHBIX CHELMANLHO IS
5TOTO BBOIUTCS TeMIIepaTrypa HapyK-
HOTO BO3/lyXa, MPH KOTOPOH MpOBO-
JIUTCS  KOHCTPYKTHBHBIH TEMIOBOH
pacueT) B 3aBUCUMOCTH OT Pa3HOBUJI-
Hoctu [1I'Y. Lleab KOHCTPYKTOPCKOTO
pacuera — OINpeieUuTh MIOWAAH 10~
BEPXHOCTEW HarpeBa, FreOMETPHUIO OT-
JIENIbHBIX JIEMEHTOB TPH 3aJaHHBIX
ycaoBusix. CKOHCTPYHPOBAHHBIN NPU
OIHOM KOHKPETHOH TeMIeparype Ha-
pyxHoro Bozayxa KY nomxen obec-
MeYUTh HAJEKHYI0 M SKOHOMHYHYIO
paboTy BO BCEM BO3MOKHOM [Hara-
30HE M3MEHEHHs XapaKTePUCTHK OK-
PY’KaloLIero Bo3myxa.

Ha puc. 3 B KauecTBe npumepa
MPE/ICTABIECHbl PE3yJIbTaThl BBIIOJI-
HEHHOTO TP TOMOILM PaccMarpu-
BAaEMOW  TEXHOJIOTHH  «O0Ia4HBIX
BBIYHCIICHUI KOHCTPYKTOPCKOIO
pacuera KY mnpu Temmeparype Ha-
py>xHoro Bozayxa t = +4°C.

[NoBepouHblii pacyeT (TEMIOBOH,
UIPABIMYECKUHA U adpoavHaMuvec-
kuii) KY BBIMONHSIOT OPU [IPHHITOM
npoduie NOBEPXHOCTEH HAarpesa Juls
BCEX TIPOYMX PEKUMOB paboThI B 3a-
BUCHMOCTH OT TIapaMeTpOB HapyK-
HOro Bo3ayxa, Harpy3ku ['TY, tuna

HCXOIHBIX TaHHbIX. B o0mem ciydae
670K MCXOIHBIX [JaHHBIX COCTOMT M3
HEOOXOIMMBIX J2HHBIX TapaMeTPOB . cq
HApY/KHOTO BO3IyXa, [IapaMeTpoB ra-
30TypOMHHOM yCTaHOBKH, 1apaMeTPOB
renepupyemoro B KY napa u HekoTo-
PBIX KOHCTPYKTHBHBIX XapaKTepHc- |
THK, KOTOpbIE HEOOXOAMMO 3a]aBaThb

mpel,ac.ru

View Favarites Tools Help '.L'

1. Favorites =< £ ¥ -
& Moscow Power Engineering Institute: Mathcad Calcula. ..

"MoBepxHOCTE Harpesa" ail= 2 "W 3K K
HEHANRIIBHO. "Uucno Tpyo B page, wr” 4 41 M 4
Wrak, nonap30BaTenb, HAXOISACh "Uncno napanentHo Bi. paaos Tpy6, W 2 5 1 1
Ha caiite http:/twt.mpei.ac.ru/MCS/ “Uueno napanenHo Brl. TPy, wr 82 205 4 41
Worksheets/PTU/Calculation-KU. "LMerIo pAAOB TPYO Mo BiicoTe, T 4 20 16 4
xmcd, BBE/Isl B MFHTEPAKTMBHOM PEXKH- "Uucno pAAoe B BNoyHOM nakeTe, wr" 4 20 16 4
Me CBOM MCXOJIHBIE JaHHbIE, KOTOPBIE "Uucno xof0B Harpesaem. pab. Tena, wr" 2 4 16 4
K "BelcoTa Bnokos M 034 168 134 034
HAXOIATCS B CICLHANBHBIX AYCHKAX "Mnowans MOBEPXHOCTH Harpesa, M2"  955.74 477868 382204 95574
(rexnonoruss Mathcad Calculation "BHyTpeHHU AnameTp Tpy6, Mu" 27 27 27 27
Server), U Ha)XuMasi «OKUBYIO KJIaBH- P ——— "TonuwuHa TpyGbl, MM" 3 2 2
my» Recalculate, MoxeT mpoBecTH - lliar pebep, M" 5 5 5
TEMIOBbIE, THAPABIMYECKHE W adpo- "BHICOTAPE0PE, MM w9 B A8
"Tonwura pebpa, Mm" 1 1 1 1
JMHAMHYECKHE PpacueTbl OJHOKOH- ; : ) i
MonepeyHbIA War TpyD, MM 72 72 72 72
TypHOTO KY B cocrase Hry’ pe3yiib- "MpoaonEHeIA Wwar Tpyd, Mu" 84 84 84 84
TaTrbl KOTOPBIX NpeacTaBICHbBI KakK “InuHHa opeBpeHHoi TpyBb!, Tp=b, M" 7 7 7 7
B TaONMYHOMU, TaK U B TpadUUECcKOH "lLInpuHa razoxoaa, M" 3 3 3 3
(bopMe. | "Tnolwaak Ans Npoxoaa rasoe, M2" 1061 1061 1081 1061
OTIMUUTEIbHON 0COOEHHOCTBIO "Mrowaak AnA npox. naposod. pab Tena, M2" 005 012 0.02 0.02
"CKOpOCTb NPOAYKTOB Cropaxnd, M/c" 1414 1158 887 7.82
pacuera nanHoro KY sapnsgercs To, . _ R i -
CKOpOCTb HarpeBaemoro pab. Tena, mic 1232 1 045 069

4TO B 3aBHUCUMOCTH OT NapamMeTpoOB
Hapy>KHOT0 BO3/1yXa U3MEHSIOTCs Ma-

KOHCTPYKTHEHBIE apaMeTPH KOT/Ia-YTITH3aTOPa PH PacueTHOIt TeMIepaType HapyAKHOrO BO3ayxa ty = 458

Puc. 3. Pe3yabTaThl KOHCTPYKTOPCKOro pacyera KY
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MeYeHue IKUIIUIIHO-KOMMYHAJIbHOTO
CeKTOpa, TPOLECCh CYIIKH M T.IL.) H
CYILIECTBEHHO CHHM3MTh HETaTHBHOE
BIIMSHME DHEPTETHKM HA OKpYKaro-
LLY1O Cpeny.

Bo MHOruX CTpaHax TaKHe TeXHO-
JIOTUH SIBJISIOTCSI JOBOJBHO HOBBIMH.
[TooToMy HCCIIEOBAHUE PEKUMOB

mpei,ac.ru

File Edt View Favorites Tools Help

- Favorites = e - B -

(& Moscow Power Engineering Institute: Mathcad Calcula. ..

| TlapameTpsi paboThl KOT/IA-yTHIH3ATOPA IIPH TEMIICPATYPE HAapYAHOTO BO3AYXA ty mp = -3.°C

"MoBepxHOCTL Harpesa' NE" " "3K" "TTIK"

"TeMnepaTypa HapyHoro Bo3ayxa, & -3 =3 -3 -3 pa60n,1, TEXHUKO-IKOHOMHUYECKOE
"Pacxof] BEIXOAHLIX ra3os, kric" 6786 6786 6786 67.86 o0oCcHOBaHWE M ONTUMHU3ALHSA TCI-
| "Temneparypa rasoe Ha exoge, C" 542382 490.103 26331 179.898 JIOHACOCHBIX CHCTEM [IJIsI KOHKPETHO
"Temneparypa razoe Ha sbixoae, C" 490103 26331 179898 142541 3a/1aHHBIX TEXHUYECCKHX yCJ‘IOBPII71, Ccy-
"CpeaHss Temnepartypa rasoe, C" 516242 376706 221604 161219 MIECTBYIOLIMX WM IMPOTHO3UPYEMBIX
"V36bITOK BO3AYXA B rasax’ 2115 3115 3115 3115 LIEH MPECTABIAET OOUIBLION UHTEPEC,
i "CpeaHuii TemnepaTypHeid Hanop, C* 184999 79947 39829 81334 kak s Poccuu, Tak v It YKpal/IHbl.
"CpedHAs CKopocTs rasos, mic” 14519 11953 91 7.989 Jlst pelieHus STHX U IPYTHX 3a-
o "KosdpuumeHT TennooTaadn, o2, Brim2 K)" 045992 8955087 4538.27 4732147 nau Ha cepBepe www.vpu.ru/mas
| "KoschuLmeHT Tennonepeaaq, k, Bri(m2 K)" 290988 46015 39835 34538 co3maH yCOBepI_HeHCTByeTCSI psn
! " A3poaMHaMuieckoe conpoTuenerne, Ma” 127016 505823 293656 62944 «OBITAUHBIX» pecypcoB 1o TeTUTOBBIM

"Pacxop napa/Boasl, kric" 983 98.297 983 16462 HACOCAM.
"laBneHue napalBodkl Ha exoae, MIa" 3922 3922 4314 0121 Himke MpHBEZEH MpHMEp pettie-
"/laBneHne Napa/Boak! Ha Belxoae, MMa" 39 3.922 4118 0121 HHS 33484 TEXHHKO-5KOHOMMYEC-

"y nenkHLI 06emM paboyero Tena Ha Beixoae, M3/kr 0075 0.051 0.001 0.001

"Temnepatypa pafiodero Tena Ha exoae, C" 249185 245211 105493 60 KOIO 0G0CHOBINMS. HOTIONESORIMHA
"Temnepatypa paboyero Tena Ha seixoge, C" 399723 249185 245211 98865 TeILIOBOT0- HACOCa. T obecnedeHus
"CpeaHaa Temnepatypa patoyero Tena, C" 324454 247198 175352 79432 HYK/l OTOILICHHA H rops4ero BOAO-
"CpeAHAnA ckopocTs paBodero Tena, mic” 12708 1047 0475 0722 CHaOKeHHS. «O0naqHbI» pecypc Ui

pelieHns TaHHOH 3a1a4d pasMelleH
no aapecy http://twt.mpei.ac.r/MCS/
Worksheets/PTU/Vv-31.xmcd.
AHaJIOTMYHO, KaK W B TPEbIIy-
11leM TIpMMepe, CHadana Ipe/CcTaBlIeH

Puc. 4. Pe3y/ibTaThbl 0BEPOHOTO TENJIOBOI0, THAPABIHYIECKOr0 H
aspoamHaMudeckoro pacieros KY npyu 3a1aHHoi TeMrepaType HapyAKHOTO BO3AyXa

CIKHraeMoro Toriuea. B pesynsrare
ONpe/IENISIOT TapaMEeTPhl W KOIMYECT-
BO TEHEPHPYEMOT0 Mapa, mapamMeTpbl
razoB IO TPaKTy KOTJa, €ro rujapas-
IMYECKOE M a’pPOJANHAMHUUYECKOE CO-
nporusnenue. Ha puc. 4 st npumepa
MOKa3aHbl pe3yJbTaThl IOBEPOUHBIX
pacuyeroB KY mpu Temrneparype Ha-
pysHoro Bosayxa t = +3°C, koTopble
MOMyUY€eHbI TIPU MOMOLLK TPE/UIOKEH-
HBIX HUHTEPHET-PECYPCOB.

AHaNOru4Hble pPe3yabTaTbl MOXK-
HO MOJIY4UTh U TPU APYTUX HCXOIAHBIX
riapameTpax, 4To JaeT BO3MOKHOCTh
NanbHERILEro aHajln3a paccmarpusa-
eMOi 9HEProyCTaHOBKH.

Celtuac pa3pabaThIBAlOTCS aHa-
JIOTHYHBIE OTKPbITHIE HHTEPAKTHBHbBIE
anroput™sl, Ho ana [II'Y B uenom.
Peanu3anus TaKuX aJrOpPUTMOB 1acCT
BO3MOKHOCTh pPelliaTh YK€ He TOJbKO
OT/IeJIbHBIE 3a/la4¥ MPOEKTHPOBAHHA
cocraBubix uacreit I1I'Y, HO U mpo-
BOJMTH YK€ KOMILJIEKCHYH TEXHHMKO-
skoHOMHUHECKyo onTumu3aumio [I'Y.

Emte 0fHOM MEpCreKTUBHON TeX-
HOOTHEl B JHEPreTHKE Ha Ceroi-
HSILIHUA JeHb SIBJIAIOTCA TEIIOBbIC
HacoChl. DTH YCTAHOBKHU I03BOJISIOT

MCIIONB30BaTh JICIIEBYIO HU3KOTEM-
nepaTypHyI0 TeIioTy OKpYKatoLeH
cpeisl Ui JOBOJIBHO  IIHPOKOIO
criekTpa norpebureneii (Tennoodec-

GIOK HCXOAHBIX JAHHBIX, KOTOPBIA
BKJIIOYAET B Ce0s1 KIIMMaTHYECKYHO MH-
dopmalio pernoHa MpOCKTHPOBAHHA
TErIOBOr0 Hacoca, Habop TEXHONOTH-

0BITACTE LEH Ha TEIUIDEYEO
IJHEpIUEO JNIA HACENeHHA
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Puc. 5. Bausinue HeH HA JMCKOHTHPOBAHHBIH CPOK OKYNaeMOCTH (T, ) BHeapeHus
TEIJI0BOr0 HACOca B ye/10BUsIX Ykpanusi (T. PoBHo):
TennoBoil Hacoc MoKpbiBaeT 50% yCTaHOBIEHHOH TEMUIOBOH MOLIHOCTH;
CTUIOLLIHbIE TMHUH — B Ka4€CTBE MMKOBOTO MCTOYHMKA TETIOThI HCTIOJIb3YETCS BHCKTPPI‘-!CCKHI‘:’I KOTEJI
LITPHXOBBIE JIHHUHK — B KayeCcTBEe MUKOBOTO HCTOYHHUKA TETUIOTHI UCTIONIB3YETCA ra3zoBblii KOTEN
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Puc. 6. [Ipumep pacnpeaenenusi Mexy 0a30Boii u MHKOBOH TENJIOBOI HAIPY3KOii

YeCKMX TapaMeTpoB JaHHOW YCTaHOB-
K1 1 HAabOp JAHHBIX O LIEHAX Ha dHEp-
TOHOCHTEJH, 000PYI0BaHHE U T.II.

Wrak, u3MeHss MOOYEPETHO Ka-
KOH-TO mapameTp, HampuMep LeHY
TEIUIOBOH HEPTUH OT 3aMENAeMOro
(MM ankTEpPHAaTHBHOIO MO OTHOIIE-
HHIO K TEIUIOBOMY HAacoCy) HCTOY-
HHMKa TEILUIOTHI, MOXKHO MNPH MOMOIIH
NaHHONO HHTCPHET-pecypca momy-
YHTH MACCHBBI 3aBHCHMOCTEH LEIO0-
ro psijia NOKa3aTelneH (Kak KOHEYHBIX,
TaK ¥ MPOMEKYTOYHBIN) TETJIOBOIO
Hacoca OT BBEIEHHBIX MCXOIHBIX
naHHbIX. Takue 3aBUCUMOCTH MOXKHO
MPUBECTH, HANPHMEP, B BUJE rpapu-
KOB WJIM TaOIMIl AU dajbHEHILEro
aHanM3a.

Jlas mpuMmepa, Ha puC. 5 mOpen-
CTaBJIEHbI PE3YJIBTATHI HCCIIEI0BAHMH,
BBITMIOJHEHHBIX [IPH TIOMOIIH «00nay-
HOro» MHTEPAKTUBHOIO  OTKPBITO-
ro amropurMa http://twt.mpei.ac.ru/
MCS/Worksheets/PTU/Vv-31.xmed,
3aBUCUMMOCTH  JAMCKOHTHPOBAaHHOTO
cpoka okynaemocTu (7;) BHEAPEHHs
TEIUIOBOTO HACOCA OT LIEHBI TEMIOBOH
sHepruu (L]34,) aNbTEPHATHBHOIO MC-
TOYHMKA TETUIOTHI, IEHBI HA JIEKTPU-
4eCKy1o 3Hepruto (I[,;), KoTopas uc-
nop3yeTcs Ul NPUBOJA TEII0BOIO
Hacoca, LIeHbl Ha TETUIOBYIO SHEPIHIO
JUIS TIMKOBOTO HArpeBaTelis B yCIOBU-
X YKpauHBbI.

W13 puc. 5 MOXKHO ClienaTh BbIBO-
Ibl, 9TO NPH CYLIECTBYIOIIMX Ha YK-
pauHe [leHaX Ha YHEPTOHOCHTEIIH, HC-
MONb30BaHKE TEIJIOBOrO Hacoca s
HY’KJl OTOTLICHUS ONIPABIaHHO TOJIBKO
Uit OOJIBIIMHCTBA FOPUIHYECKHX Op-

raHW3alui, I7ie LeHbl Ha YHEProHo-
cUTenu BhIlIE U OoJiee PEaTMCTHYHbI,
yeM /IS HACENEeHHMsl, IJIE LIEHBI elle
JIOBOJIHO HU3KHE.

Kax npasuiio, mpu Temioobecrie-

CEKTOpa, TEIMJIOBbIE HAaCOChl MPOEK-
TUPYIOTCS Ha MOKPHITHE HE TOIHOM,
a TaK Has3biBaeMoW 0a30BOH TETIO-
BOM Harpy3ku. Hekoropas 4acTb Ha-
Ipy3Kd, TaK HasplBaeMas MHKOBas
HarpysKa, MOKpbIBAETCs MMHKOBBIM HC-
TOYHUKOM (DJIEKTPHUECKHH Harpena-
Tellb, MUKOBBIN ra30BbIil KOTEN U T.1.).
[TUKOBBIE TEIIOBbIE HAIPY3KH UMEIOT
MECTO BO BpeMsi 04€Hb XOJIOJHBIX Ie-
PUOJIOB M HA MPOTSHXKEHHH NOBONIBHO
KOPOTKOTO ~ IPOMEKYTKAa  BPEMEHH
(puc. 6).

Jlonst HOKpPBITHST 0A30BOM MITH TH-
KOBOM TEIJIOBOHM HarpyskH, Kak mpa-
BUJIO, OMpEeNsieTcss Ha OCHOBAaHMHU
TEXHUKO-3KOHOMHYECKOT0 000CHOBA-
HHUA. DTO OTHOCHUTCS K PEIIEHHIO Ofl-
TUMH3ALMOHHON 3a7a4u, B KOTOpPOH
HY)KHO y4eCTb JOBOIIbHO IIHPOKHHA
CMEKTp BJMSIOIMX (aKTOPOB (KIH-
MaTHYECKHE YCIOBUs, TEXHOIOTHYEC-
KHE MapaMeTpbl, CTOMMOCTHBIE (aK-
TOpBI U T.1.)

Ha puc. 7 moka3zaHbl MPUMEpbI

4YEHHUH JKUJIMIITHO-KOMMYHaJIbHOTO TEXHUKO-IKOHOMHUYECKOTO  00OCHO-
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Puc. 7. Bausinue k03 QuUHEHTA MOKPBITHSA TENJI0BOH HATPY3KH TENJI0BOro
Hacoca («) HA AMCKOHTUPOBAHHBIH cPOK okynaemocTH (T) BHEJPEHHi TeII0BOro
Hacoca B yC/10BHsIX YKpauubl (I. PoBHO):

CIJIOLIHBIE JIMHUU — B Ka4€CTBE MHKOBOTO UCTOYHHKA TETJIOThI UCTIOJIB3YETCH 3."IC|\’I'pld‘i€CKl-1ﬁ
KOTEeJI; IITPHXOBbIC JIMHUH — B Ka4€CTBE MUKOBOI0 HCTOYHHUKA TETIIIOTHI HUCIIOJIb3YETCA ra3oBblit
KOTEN
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BaHUs NP TIOMOLIX pa3pabOTaHHOIO
OTKPBITOrO MHTEPAKTUBHOTO  aJIro-
putma  (http://twt.mpei.ac.ru/MCS/
Worksheets/PTU/Vv-31.xmcd) nonu
6a30BOii TeNIOBOM Harpysku (a),
MOKPBIBAEMOH TEMJIOBBIM HACOCOM B
ycnoBusix Ykpaussl (. PoBHO).

M3 puc. 7 MOXKHO C/IeNaTh BBIBOLL,
YTO 1715 MPHHATHIX UCXOJHBIX AaHHBIX
ONTUMaJIbHAs! 0TS TIOKPBITHS TEILIO0-
BBLIM HACOCOM HAarpy3Kd COCTaBJIsCT
50...60%, MOCKONBKY B 3TOM Cilyyae
JIMCKOHTHPOBAHHBIM CPOK  OKyItae-
MOCTH — MHHUMAJIbHbBIN.

JINlutepartypa

3akrnroyeHue

Hcnonp30BaHHE MaTeMaTH4eCKO-
ro nakera Mathcad, ceTeBbiM y0u1u-
KaTopom KoToporo siBisiercs Mathcad
Calculation Server, m0O3BOJISET MPOBO-
UTh B ceTH MHTepHET «00aadHbIe»
pacuetbl, He mnpuberas K MOMOIIH
CTOPOHHUX MPOTPAMMHUCTOB.

[Mokazanueie B paboTe MpUMEpHI
UCIIONB30BaHUs  «0OmagHoro»  cep-
BEpa WWW.VpU.ru/mas JIOKa3bIBaloT,
YTO TEXHOJIOIHsI «OONaYHBIX BBIYHC-
neHui» MoxeT 3(hGEKTHBHO pellaTh
3271841 MOJIEJMPOBaHHs pabOThI SHEP-

reTHYECKHX YCTaHOBOK, KakK ¢ 00paso-
BaTeIbHOM LI€/IbI0, TAK M TMPH pele-
HHUM MH)KEHEPHBIX U Hay4HbIX 33/1a4.

[IpencTaBieHHble CaiThl 00LIe-
JOCTYITHBI, TOCTENEHHO pacIlups-
10TCS, PacyeTbl KOPPEKTUPYIOTCS U
N00aBJIAIOTCS, YTO TAKXKE SABIACTCS
CYIIECTBEHHbIM MPEUMYIIECTBOM, 110
CpaBHEHHIO, HaIpuMep, ¢ OyMaKHbI-
MU HCTOYHHUKAMH.

Pa6oTa BbINOJIHEHA NP (PHHAHCO-
BOii momzepxkke Poccuiickoro (ouna
(yHIaMEHTATBHBIX ~ MCCIIE0BAHMI
(mpoekt Ne12-08-90900-m006_cHr_cT).
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