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Hebonblwoe BcTynneHue

ABTOp AOKNaAa KOrga-To AaBHO C/yYalHO ycbllan, Kak OgMH OTe4YeCTBEHHbIM

CTYAEHT Hexopoluo 0603Ban Apyroro, UHOCTPAHHOIO CTYAEHTa U3 OA4HOM BOCTOYHOM
CTPaHbl.

ABTOp CKa3a/1 3STOMYy CTYAEHTY, YTO CTYAEHT, KOTOPOro oH 0603Bas, Npu APYrmnx
PAaBHbIX YCZIOBMAX HA rONOBY Bbllle B UHTEN/IEKTYA/IbHOM CMbIC/IE KMECTHOrO»
cTyaeHT. [Moyemy? MNoToMy, YTO OH KaK MMHUMYM 3HaeT ABa A3blKa — CBOW POAHOMN U
pycckun. [1a ele v aHrMNCKUn B npuaady!

A ABY- TpexAa3blume — 3TO MOLWHbIN GaKTOP POPMMPOBAHUA YMCTBEHHbIX
cnocobHocTen.




25 JIET STEM OGPA3OBAHUIO B M3 U COBPEMEHHOW POCCUU

B 90-rogpax Ouykos B.®. BbicTynan
Ha YyeHom coBete M3U ¢
AOKNaaom 0 KOMMbIOTEPHbIX
nporpammax ans 0by4yeHuns
NepcoHana sHepreTuKu.

Ero cnpocunam, Kak OH OTHOCKTCA K
Kypcy «MHbopMmaTUKa. OH
OTBETUAN, 4YTO 4YuTan Obl ero no-
nHomy. OuykoBy B.®. npeanoxunnu
4ynTaTb 3TOT Kypc Ha TO®Pe (Tenepb
NUTA3, NOTOM K aTOMYy
noacoeguHunca wun  U3BT). OH
cornacunca u yxe 25 nert penaer
3TO, npeobpas3oBaB PaAKTUYECKM
KYpC B 3aHATMA NO TEXHONAOMMMU
STEM.
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BBenenue

[maBel JaHHOTO y4eOHOro mocodms —
3TO TeOpeTHUeCKHII H MpaKTHYecKHIl MaTepHal,
IONOJHEHHBIH IUIaHAMHU IIPOBEIeHIS 3aHATHII B
TeXHIYeCKOM BY3e I10 HHHOBAIIOHHOI 00pa3oBa-
TenbHOMI TexHOT0rnu STEM, Korja Ha OIHOM ce-
MHHape ¢ OIOpoil Ha COBpeMeHHbIe HH(pOpMalll-
OHHBIE TE€XHOJIOTHH PaccMaTpHBAIOTCA BOIIPOCHI
pa3HBIX y4eOHBIX AHCIIHIUINH: BBICIIEN MaTeMa-
THKH (MaTeMaTHYeCKHII aHaJIH3 — IjaBa l, JIH-
HellHag anreOpa — ruasa 3, qudQepeHnnanpEble
ypaBHeHHIS — TIuaBel 2 H 4), (U3NKH (T71aBbl 2
1 4), TeOpeTHYecKOll MeXaHUKH (riasa 4), conpo-
TUBIIEHUS MaTepHanoB (riaBa 4), TepMolHa-
MIKH (I71aBa 5), THAPOTra3oJHHAMHKH (I71aBa 6)
u T. 1. Tyr Takke OyIyT yMecTHBI TepPMHHBI
«MEXIUCIHIIINHAPHEBIE CBA3M» U «KOTHHTHBHOE
oOyueHue». Ho camoe nmoaxosimiee Ha3BaHle 1714
n0J00HOTO y4eOHOro Kypca B TEXHHYECKOM
By3e — «IIHKeHepHBIe pacueTsl». Tak U Ha3bIBa-

€TCA JaHHOC H3TaHHC.

Introduction

The chapters of this textbook are the-
oretical and practical material, supplemented
by plans for conducting classes at high
schools and universities on innovative educa-
tional STEM technology, in which modern in-
formation technology is used to address inter-
disciplinary issues: higher mathematics (cal-
culus — Chapter 1, linear algebra — Chap-
ter 3, differential equations — Chapters 2
and 4), physics (Chapters 2 and 4), theoretical
mechanics (Chapter 4), strength of materials
(Chapter 4), thermodynamics (Chapter 5), hy-
dro-gas dynamics (Chapter 6) and so on. The
terms “interdisciplinary connections” and
“cognitive learning” will also be relevant
here. But the most appropriate name for such
a training course at a technical University is
“Engineering calculations”. This is the name

of this textbook.



AbbpeBnatypa STEM obpa3zoBaHa 0T C10B
Hayka (Science), Texnonocus (Technology), Hu-
xwcereproe oero (Engineering) u Mamemamuxa
(Mathematics). HHorma  crooga — 100aBIISIOT
OykBy 4 — Art, Hexycemeo: STEAM, a He STEM.
ITpodiiema rymMaHHTapH3anul TEXHIYECKOro oOpa-
30BaHIS — 3TO BaKHEIII aclleKT B padoTe By3a, Ko-
TOPBIIl HEOCPeACTBEHHO 3aTPOHYT B 3TOM yueO-
HOM TIOCOOHH (CM., Hampumep, pic. 8.1 B i1aBe 8 H
3MHUTpa@bl K OTAEIBHBIM ITIaBaM).

Eci1i BCHOMHHTE HEPreTHKY, TO cleayeT
OTMETHTB, UYTO CJIOBO Steam I0-aHITIIIICKH — 3TO

I BOJSHOII map, KOTopkIil B Hadane XIX Beka IIpo-
3B B MIpe NepBYI0 NPOMBINIIEHHYIO (TelIo-
TexHHuecKyr) pepomonuto (Industry 1): nossu-
JIHCH TapOBBIe MAIIHHEI, TAPOXO0/IbI, TAPOBO3HL. ..
Texnonorus odOyuernus STEM/STEAM woxet
CIIOCOOCTBOBATh Pa3BUTHIO YeTBEPTOI (LH(pO-
BOI) MPOMBILIITIEHHONI PEBOIIOIIH HAIINX IHell

(Industry 4).

STEM is an acronym for Science,
Technology, Engineering, and Mathematics.
Sometimes the letter A is added here — Arr:
STEAM, not STEM. The problem of the hu-
manization of technical education is an im-
portant aspect in the work of a University,
which is directly touched upon in this textbook
(see, for example, Fig. 8.1 in Chapter 8 and ep-
igraphs to some chapters).

If we recall the energy industry, it
should be noted that the word steam in English
is also water vapor, which at the beginning of
the XIX century caused the world's first indus-
trial (heat engineering) revolution (Industry 1):
steam engines, steamboats, steam locomotives
appeared... STEM/STEAM ftraining technology
can contribute to the development of the fourth
(digital) industrial revolution of our days (In-

dustry 4).



CTpaHuMUa Ha Y3OEKCKOM f3blKe

Bo6 1

]1 506. MyxaHAMCAUK XMCOb-KNTObOAa
MaTeMaTUK TaxAunnap

Y6y 6061a TopH30oHTaT IMWIHHAP YCTUTa TAlUIAHTaH 3aHKHPHHUHT (FOKIH Ba IOKCH3)
rapaMeTpJIapHHH paKaMId, rpadHK Ba SKHHIAIITHPIIITAH aHAIHTHK ednMiapu Oeprrad. Eunm
TpaHCIEHIEHTA] TAHIVIaMajap TH3MMUHUHT IWIAH3HMHH paKaMiad Iyl OmiIaH KHIHPHINTa Ba
MHUHIMaJIAIITHPHIITa onnd Kemamau. IHTepHeT éEpmammja JkagBauiapa KeITHPHITaH
KHiiMaTIapHH aHAJIHTHK OOIVIHKINK OpKalH TeKHCTAll (SKHHTAIITHPUII) MacalacH eumIaji.
3amKupIN YH3HK(peakiusa)HUHT JuddepeHcHan TIHIIAaMacH aHAIHTHK Ba pakaMiIn yciyOma
eurIaan.

Bob6 KyiuaarnnapHu y3 uaura onagu:
Martematuka: GyHKLMSA, XOCUNa, MHTerpan, bownaHFmy GyHKUMA, 3TpU YU3UK Y3YHIUTU, STPU YU3UK,

OFUP/IMK MapKasu, TPAHCLEHAEHT TIHI1aMaiap CMCTEMACH, YerapanaHuWwan onTUMaNNaLITUPKLL,
Kanganra 6OFIUKANKHU KaManTUpuLL.

®usuKa: 10KV Ba IOKCU3 GVLIJ 3aHXUP, MEXAHUK TUSUMHUHI NOTEHLMNAN SHEPTUACU

UHdpopmaTtuKa: doiganaHysum GyHKUMANApKU BUnaH UWNaLW, TPAHCLEHAEHT TIHIIaManapHu COHMM
€YML, YeKNaHWLLTa 3ra COH/IM ONTUMANNALUTUPULL, UHTEPHET CaiiTIapu Ba UXTUCOCAaLLraH popymnap
épAamuaa macanaHu eyuLl, Xansanra 6oFIMKANKHM KamauTupuL.

Xucob-kumobau xysicocamaap ee6-caiimaapi
https://community.ptc.com/t5/PTC-Mathcad/One-more-catenary/m-p/649328,
https://community.ptc.com/t5/PTC-Mathcad/What-is-the-better-function-for-this-curve/td-p/651792,

Bo6 1

HaTHXXacCHla OJINHI'aH MabJIyMOTJIap Omman TaKKOCJIaHAU: SbHH, XaKHKHIT 00BEKT paKaMIIn
HyCcXacH Omnan TaKKOCJIaHaIH. By STEM tabium TEeXHOJIOTHAIapH acoCHia MaTeMaTHKa,

(bmmca, Ha3apm“1 MEXaHHKa, CTaTHCTHKa Ba nmbopmann(a (i)aHJIapI«LI[aH KH3HKapJiIHu

nabopaTopus Ui Gyram.




CTpaHMLI,a Ha MOHIOJ/IbCKOM A3blKe

Bynar 1. MHXeHepuinH TooLo00/1011
MaTEMATMK aHa/IN3 X3P3I/13X

OH3 OYJISIT X3BT3? IMUIHHAD 133D LINJIC3H OHTYY THHKHH X3JIX39HHII (auaaTaii
00JI0H awaaryii XKHII33 Hb 3YY/IT) IapaMeTpYYIHilH TajJaapXu TOOH, rpadHK OOJIOH IICeBIO-
aHamUTHK (oiiponmooroop) mmimmmiir erceH Oommo. IIImiig»nm HE TpaHCHEHIEHT
TITHIMTIAINIH CHCTEMHITH YHICHIT TOOH apraap XaiixX, XsJ3raapiairTaiiraap Oaracrax sBjaai
oM. ITHTepHeT alIuriaH OJICOH aHAIHTHK XaMaapayl OYXHil XYCHITTHIH YTTHIT JKUT] OONrox
JlaalraBaphll TYHIPTIICHH. [HMHKHH IIyraMblH aHAJNTHK OONOH TOOH aud¢epeHImaN

TATIIUTTIIHITH apraap TOOIIOOJLIBIT XHITHD.

JH3 GyIIrT:

MarteMaTHK: (QYHKI, yJIaMKJIal, HHTeTpal, TOTTMOJI yITa, MypyHH YypT, MypyiiH TeBeec
3yrraax Xyd, CHCTeMHIIH TpaHCHEeHJeHTal TATIIHTIL, Xs3raap, XaMaapiblH XYCHIITHIH
IMXTTIX

PusukK: YHIXCaH I'HHX 0oJI0H auaartaii THHX, MEXaHHK CHCTEMHITH ITOTEHITHATE SHEpPTH

M>ba331371 3Yi: XOp3IVISrauiiH QyHKOT3H aXMIIaX, TPAHCIEHIEHT TATIIHTIIHIH TOOH
IINIIR, XA3raapblH TOOH OHOBWION, HHTepHeT caiiTyyx OoloH Tycrail ¢opyMm I33px
acCyyAJIBIT IIHIABIPIIIX, XaMaapJIblH XYCHITTYYIHIT OHOBUIOX

Hwnsn  aecan  caitmyyo:  https://community.ptc.com/t5/PTC-Mathcad/One-more-catenary/m-

p/649328, https://community.ptc.com/t5/PTC-Mathcad/What-is-the-better-function-for-this-curve/td-
p/651792 meH https://community.ptc.com/t5/PTC-Mathcad/Catenary-formula-thru-ODE/td-p/66713 1.

1.1. TaaaraBpbIH TOMbE0I0T

MaTeMaTHK, (PI3HK, OHOJIBIH MEXaHHK, CTATHCTHK, KOMITBIOTEPUITH IMHHKIIIX yXaaHbl yyI3Bap
133p STEM 00J0BCpOJIBIH TEXHOJIOTHIH Tallaap COHHPXOITOI J1abopaTopuilH axmi Oaiix

6oIHO.
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OTKpPbITbIA CETEBON MHTEPAKTMBHbLIN pacyeT Ha BbETHAMCKOM A3bIKe

C (A  twtmpeiac.ru/MCS/Worksheets/npp/RankineMoistH20R-web-Vt xmcd

HIEU SUAT NHIET CUA TUABIN HOT NUGC TRONG NHA MAY DIEN HAT
NHAN DUNG LO PHAN UNG PWR

[héng s6 ban dau:

Ap suét hoi nude qué nhiét tai dau vao cua phi‘m Tua-bin ap Suét cao p1 = 6.2MPa
Ap suit hoi mrde am tai dau vao ciia bo phan ly P2

Nhiét do hoi mrdc tai dau vao cia phén Tua-bin ap suat tha pPT; =

Ap suét tai binh ngung py = 4kPa

Hiéu suat twrong ddi phan Tua-bin ap suét cao, ap suat thap va bom cap nuéc

Moi MPC ‘= 86%

MoiHPC = 8%

(74

superhater

MoiFp = 80%

2

i L0

A 4

/o

— 00— @

1+a

superhater

1. Théng so6 tai dau vao cua phan Tua-bin ap suat cao

Ty = wspTSP(py) = 277.7°C by = wspHSST(Ty) = 2782.3kIke 51 = wspSSST(Ty) = 5.87kIi(kg K)
by = wspHSWT(Ty) = 1224.9%kJrkg
2. Théng s tai dau vao cua bé phan ly hoi nrdc
Ty := wspTSP(pz) = 151.8°C b '= wspHSWT(T,) = 640.2kIikg 3 '= 51 = 5.8744kJ/(kg K)
h"; = wspHSST(Tz) = 2748.1kJ/ke
hy = wspHEXPANSIONPTXPEFF (p1, Ty, 1,p2,Moipc) = 2394.0kJ/kg
xp = wspXEXPANSIONPTXPEFF (p;,T1,1,p2,Moinpc) = 83.2%
3. Théng s6 tai dau vao cua phan Tua-bin ap suét

i1

3= py= 05MIIa hy = wspHPT(p3,Ts) = 2961.1kJikg s3 = wspSPT(p3,T3) = 7.27kJikg K)

4. Théng sé tai cudi qua trinh gidin nd doan nhiét tai phan Tua-bin ap suat thap

Ty = wspTSP(pa) = 29°C 4= 53 = 7.27kJikg K)
hy = wspHEXPANSIONPTPEFF (p3,T3,pa,Moimec) = 2298.7kJfke
x4 = wspXEXPANSIONPTPEFF p3,T3,pa, NoiMpc) = 89.52%

5. Thong sb tai dau ra ctia binh

hs = wspHSWT(T4) = 121.4kfks5 := wspSSWT(Ty) = 042kJikg K)

6. Ty 1¢ tai bo phan I b3 — b
i P Y Osuperheater = X2 - — = 11.38%
hy = by
A A tai dA17 v % hs+ o heater ' D'1 + [ 1—x2) - h'y
Lo Rt BT i
P 1+ Diguperheater
8. Cong riéng cua bom IPump = 1.1107 __ o D = 8.61kI/kg
afoiFp ¥

9. Thong s tai dau ra cia
bom cap nuéc hy = hg + lpymp = 321kJ/kg
10. Cong riéng cuia phan

Tua-bin ap suat cao lupe = 1y —hy = 388.3kJ/kg



YyebHoe nocobue n pacyeTHbIN CaUT Ha YKPANHCKOM A3bIKe

MIHICTEPCTBO OCBITH I HAYKH, MOJIOJII TA CIIOPTY VKPATHH
JIHITIPOITETPOBCBKHMH HALIIOHAJIBHUH YHIBEPCUTET
imeni OJIECSI TOHYAPA
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