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Pegepar
B nmanHo#i pabore paccMaTpuBaloTCI HaydyHO MeToauueckwe Bompockl STEM
oOpazoBanusa. llpuBonmarcs BaKHbIE MPUMEPHI TEXHUKO-DKOHOMUYECKOTO |

MH)XEHEPHO-TEXHOJIOTUUYECKOT0 XaPAKTEPA, BBISBIIAIOTCS NPUHLIHUIINAIBHBIE BOIPOCHI
BHenpeHnuss STEM-oOpaszoBanusi B y4eOHBIH Tmporecc. B yueGHOM miporiecce
pexomenayercs ucnonb3oBath STEM:IT oOpazoBanue. B cBs3u ¢ BHeApeHHeM
STEM:IT oOpa3zoBanue npuBeIEeHbI HEOOXOIUMBIE PE3yJIbTATOB MO HMCCIEIOBAHUIO
ypanenus HaBbe-CTokca, pelleHHs 33a/1aud ONTUMAaJIbHOIO MOJEIUPOBAHUS, JTUHEA-
puzanuu ypaBHeHus HaBbe — CTOKCa M ONTHUMaNIbHOTO pPeXUMa (ONMTUMAIbHBIE
(GYHKITMOHAIBHBIE 3aBUCUMOCTH) HACOCA U TPEIOIIETO YCTPOHCTBA B 3aBUCUMOCTH OT
CKOPOCTH T€UYEHUS KUIKOCTH.

KarueBsble ciaoBa: STEM o0Opa3oBanue, MexoTpecioBas OamaHCOBask MOJCIb,
Mozenb Ko6ba-/lyriaca, onTuManbHasi MOJiellb, PEXKUM Hacoca, ypaBHeHus: HaBbe-
Crokca, TenerpadHoe ypaBHEHHE.
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BBenenue

Cornacno nocranosnienuto Ilpesunenta Typkmenuctana Ne 179 ot 08.07.2022
«[IporpamMma conuabHO-3KOHOMUYECKOTO pa3BuTHs cTpaHbl B 2022-2028 rr.» [1, 2],
npukazoM MuHctepcTBa oOpasoBanus Typkmenuctana Ne 34 ot 03.02.2023
YTBEPKJIEHA JIOpOXHas KapTa mnod3TanHoro BHeapeHuss STEM-o0pasoBanus B
MHXEHEPHBIX BBICIIMX YUeOHbIX 3aBelcHUsIX. B cBsA3u ¢ 3TuM B TypKMEHUCTaHE BO3-
POCIIO YKCIIO MYyOJIMKAIUM, MOCBALIEHHBIX Npobieme BHeapeHus meroauku STEM-
oOpa3oBaHusA, M pEIICHHE HTOW MPOOJEeMbl B HACTOSIIEE BpeMs HAXOAUTCA TMOJ
NPUCTAILHBIM BHUMAHUEM CIICIHAIMCTOB U yYCHBIX-TienaroroB TypkMmeHucTasa |3, 4].
B MupoBoil mnpaktuke wucnosib3oBaHue wMetona oOydenus STEM-oOpazoBaHus
OpHUBEJI0O K HEKOTOPOMY YCIEXy B OCBOCHHUU YYEOHBIX IUCLMIUIMH OyIyIIUMHU
cnemuanuctamu. B XXI Beke HeoOxoaumocTh mnonyuyHusi STEM-o6pazoBanus
UH)XEHEPOB M TEXHOJIOTOB MOXXHO CBSI3aTh C HEOOXOJMMOCTbIO BHEIPEHHUS HOBBIX
HAy4HBIX PE3YJIbTATOB B IPOM3BOJICTBO M IMOATOTOBKY CIEHHAIMCTOB U YYEHBIX B
nanHou oOnactu Hayku. OtmetuMm, yto STEM-o0pa3oBaHue — €CTh HEUTO HWHOE,
HOBBIE METO/Ibl 00Y4YEeHUs, OCHOBAaHHbIE HA YCTAHOBJIEHUH TECHOM JOTMYECKOM CBS3U
yueOHbix aucuuiuind. STEM-o0pa3oBanue npenycMaTprBaeT METOJUKY OOydYeHus,
UCXOJ W3 pe3yJbTaTOB HAYYHBIX HCJICIOBAHMM, BBINOJHEHHBIX B HAy4YHBIX
nabopaTopusix WIM Ha JKCIEPUMEHTAIbHO TMPOBEJCHBIX WHHABAIIMOHHBIX H
UHXEHEPHbIX HuchblTaHusX. [Ilpu 3TOM mpenycMaTpuBaeTcs  yCTaHOBJIEHUE
€CTECTBEHHO-HAYYHBIX  3aKOHOMEPHOCTEH  HMCCIIEIOBAaHUN  TEXHOJIOTO-(PpU3UKO-
TEXHUYECKO MpOolliecca U KOIMYECTBEHHBIX 3aKOHOMEPHOCTEM 3THUX HCCIIEIOBAHUM,
HAITMCAaHHBIX B MAaT€MaTUYECKOW CTPOrOCTH, T. €. B MaTeMaTWdyeckux Gopmyrnax u
mozaensix. OTMETUM, 4YTO OINHCAaHUE 3aKOHOMEPHOCTEH TEXHUKO-DKOHOMUYECKUX
IPOLIECCOB B MATEMAaTUYECKUX MOJENSIX — IOBOJBHO TPyAHAs 3a/iadya, TEM HE MEHEE,
B STEM-o0pa3zoBanuu 11esecooOpa3Ho MpUBIEYh BHUMaHHE OOyYarommxcs K
HEKOTOPBIM  BaXXHbIM  IapaMeTpaM  HCCJIEAYEMOro  MpOLEecca,  BXOISALIUM
MaTeMaTU4eckuM MmojensiM. B Takom acnekrte BHenapenue STEM-oOpazoBanusi B
y4eOHBIN MPOIECC MO3BOJIAET MPOSIBUTH Y MOJIOJABIX CITYIIMAIUCTOB HOBBIC B3TJISAIBI,
o0paTUTh BHUMAaHKUE Ha €CTECTBEHHBIE 3aKOHOMEPHOCTH ¥ TPUMEHEHHUE MOTYYSHHBIX
UMHU TEOPETUYECKUX 3HAHMM Ha MpaKTUKE, TeM CaMUM MPUOIH3UTh TEOPUIO K
npaktuke. B STEM-o0pa3zoBanuu TpeOyeTcss TecHas CBSI3b Y4YEOHBIX TUCHUILIINH;
HAy4YHO-METOJUYECKUX COYETAHUMW, MPEAyCMATPUBAETCS BBISIBICHUE E€CTECTBEHHBIX
3aKOHOMEPHOCTEH MPOIECCOB, U3Y4aeMbIX B TAOOPATOPHBIX U HAYYHO-TIPAKTHYECKUX
DKCIEPUMEHTAIBHBIX YCIOBHUAX, W INPUMEHEHHE J3THUX 3aKOHOMEPHOCTEH IIpU
pEIIeHNN HMHXXEHEPHO-TEXHUYECKUX U TEXHOJOTHYeCKuX 3anay. TpelOyercs 0ocobo
o0paTuTh BHHMAaHHE HA YCTAHOBJIEHHE KOJMUYECTBEHHBIX 3aKOHOMEPHOCTEH —
MaTeMaTHYECKUX MOieNiel HayqHO UCCIIETyeMbIX OOBEKTOB.

[Ipu BHeapenun STEM-o6pazoBanusi B y4ueOHBIM TMpolecc HEOOXOAMMO
ONpENENUTh HAYyYHO-METOAMYECKHE TEMBl HCCIEIOBAaHUN, BBIOpPATh y4yeOHBIE
OUCHMIUIMHBL B COOTBETCTBUU €  KBamU(UKalMed BBITYCKHUKOB JaHHOU
CIIEHMAJIBHOCTH, IPUBJIEYDL K OTOM BAXXHOM IEIArOrM4eCKON HAyYHO-METOANYECKOU
paboTe CrnenuaaicTOB — YYEHBIX COOTBETCTBYIOIIMX HANPABJICHUM HAyKH, CO3/1aTh
COOTBETCTBYIOIINN JTAOOPATOPHBIH HAayYHO-METOJAMYECKUN yYEeOHBI KOMIUIEKC
STEM-o6pa3oBanusi.

B nacrosimedt pabotre mpemsiaraeTcs  HECKOJIBKO  pPEKOMEHAAIUi 1o
UCIIOJIb30BAaHUIO  MAaTEeMaTUYECKUX MOJENe W ompeneneHuss  (PU3HYECKHX
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napameTpoB, BXOASIIMX U 0CO00 BIMSIOUIMX HA MaTeMaTtndyeckue moaenu. Ilpu atom
paccMaTpUBAalOTCSd  MAaTeMAaTHYEeCKHME MOJEIU  TEXHOJIOr0-3KOHOMHUYECKOrO0 U
MH)KEHEPHO-TEXHOJIOTMYECKOT0 XapaKTepa, UCIOIb3yeEMble YUeOHOM IIPOLIECCE.
IlpuMeHeHHe JIMHEHMHOM MeEKOTPAc/jeBOil 0aJJaHCOBOM MaTeMaTH4YeCKOH
monean. Ilycte B MexxoTpacieBoM OalaHCe HMEIOTCd n  oTpacau. Ilycts
0003HayaeT KOHEUHOE MOTPEOICHUE NPOAYKIUH i-i OTPACIH; »; —00BEMBI IPOTYKLIAU

-1 OTpaciu; x;—3aTpaThl NPOJYKIMHU i HA MPOU3BOACTBO MOpoaykKuuu /. bynem
CUYUTaTh, UTO BCE BEJIMYMHBI Ji, *i *ii B CTOMMOCTHOM BBIpakeHUU. Torma 1s Jiro0oit
MIPOU3BOJAILEH OTPACIU UMEEM 0alaHCOBOE YpaBHEHHE

X = Ew:_ Lip TN (1)

Cucrema ypaBHeHmii (1) COOEpXKHUT, KpOME x;, €Ile n° HEU3BECTHBIX Xy
MexoTpacieBble  TEXHOJOTMYECKHWE CBSI3M  YCTAHABJIMBACTCS C  MOMOIIBIO
KOX(UIIMEHTOB BEJIMYMH NPSIMBIX 3aTpar. OOBIYHO *;; BEJIWYUHBI, BHIPAKAIOIINC
CTOMMOCTb MPOAYKIIMU {—¥ OTpaciu, MOTPeOJEHHbIE j —OTPACISIMH, OMPEICISIOT
pa3lieliecHueM  BaJlOBOM  MPOAYKIMK  MOTpeduTeneil, T. €. KOIUIIMECHTHI
a;;(i,j = 1.2,..,n) — OPAMBIX MaT€PUAIBHBIX 3aTPAT — ONMPEACIAIOTCA KaK OTHOLICHHUE
oO0beMa MPOAYKIUU i —KW OTpacIM , UCIOJB30BAHHOM B j —H OTpaciii, K OOIIeMy
00beMy HpPOAYKIMH j —H TOTpEOArOmMEr oTpacid — a; :Aj‘ (i.j= 12, ..,n).

CnenoBaTenbHO, @;; OIPEACNAIOT TEXHOJOTHYECKUE TMapaMeTpbl HUCCIEeNyeMOro
TEXHUKO-d3KOHOMHUYEcKoro mnporecca. B STEM-o6pazoBanuu, ucxoass u3 HaydHO-
NPOU3BOJICTBEHHOTO0 aHalin3a, HEOOXOAUMO OMNPENeIUTh 3TH KOI(DPHUIMEHTHI.
C npyroit CTopoHbI, HEOOXOUMO OOpPaTUTh BHUMAHKUE HA TO, YTO KOAPDHUIIUEHTHI &;;
NOCTOSIHHBI WJIM OHM M3MEHSIOTCS BO BpeMeHH. OOBIYHO 3TH KO3(PUIMEHTH He
MEHSIOTCSI TPU KBAapTAIbHOM IUIAHUPOBAHMM MPOU3BOJACTBA TEHOJOTUYECKOUN
IPOIYKIUH, T. €.

5
I
=

¥ — =@y =const, o T G, )

]
5

rae xy, *;— TMapaMeTphl MPEABIAYIIYTO KBapTamna; x; x;— MapaMeTpbl TEKYILIETO
nepuona —kBaptana. Ilocne ompenenenus kodpUIUEHTOB o; U3 dhopmynsl (2),
MOJCTaBUB 3HAYEHHUS x; B ypaBHEHHUH (1), MOJyduM CIEnYIONIyI0 CUCTEMY (MOJEIH)
MeXKOoTpacyeBoro OanaHca:

iy = (g T2 ot xg,) =W

2y — (X + 25 + o+ 25,) = ¥

. ) 3)
Tn ™ (""‘n‘l T Xy TN :""") = My
Cucremy ypaBHeHHi (3) MOXHO 3amUcaTh MaTPUIHON (hopme
x=Ax+y (4)
rae w0 = Drgrgind, ¥ =Yz ) - CTOJIOIIBI BEKTOPA,
A — TEXHOAOCHYEecKas KE4ApaTHAR MaTpHIA MaTepHaJbHBIX 3aTpaT a; ':f-_." =1,2,...n). MCTOI[BI

pelieHrus MaTtpuyHoro ypasBHeHusi (4) (unu cucremsl (3)) u3BecTHb. B manHOM
3amaue, ¢ nenbio BHeApeHus: STEM-o06pa3oBanus B yueOHBIN mporiecc, HEOOXOAMMO
pEUIUTh CIAEAYIONIUE TEXHOJIOT0-3KOHOMUYECKHUE 3a/1aUH.
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1. Tlpu wu3BecTHBIX KO3 (ULMEHTAX MaTEpUaIbHBIX 3aTpaTr o; (j=1.2..nH1
o0beMax ¥ BEKTOpa KOHEYHOrO IMpOAYKTa BCEX OTpaciedl HalTh 00beMbl
MIPOU3BOJICTBA MPOAYKIIUU KaXAO0W OTPACIH *.

2. Ilpu u3BeCTHBIX O0OBEMax BEKTOpa BaJOBOW MPOAYKIUHU * BCEX OTpacied U
M3BECTHBIX KO3 (ULIHMEHTAaX NPSIMBIX 3aTpaT %i HAUTH 00bEMBbI BEKTOpa KOHEYHOM
MPOAYKIIMH ¥ BCEX OTPACIICH.

3. Halitu pemenue ypaHenus (4) mpu H3BECTHBIX pa3JIMYHBIX MapameTpax
HECKOJIBKHUX OTpaciieid, T. €. Y OJHUX OTpaciied U3BECTHbI KOI(PPUIUEHTHI MPAMBIX
3aTpaT W IUIaH BaJIOBOM MPOAYKLUMH, Y JPYTUX H3BECTHBI KOMIIOHEHTHI BEKTOPA
KOHEYHOI'0 MPOAYKTA OTPACIIEH.

B STEM-o6pa3oBanuu riaBHOE TO, YTO 3TU YpaBHEHUS HYKHO PELIUTb, UCXOJS
U3 TIOCTAHOBKM HAay4YHO-MCCIIEIOBATEICKONM paboThl MO BBOJY HOBEMIIKX
MHHOBAI[MOHHBIX TEXHOJIOTMH B TOM3BOCTBE.

STEM-o6pa3oBanue HeoOXO0AUMO W i OyAYyHIMX HHXKEHEPOB-PKOHOMMCTOB.
B cBs3u ¢ 3TUM mpuBeneM BTOPON BaXKHBIA MPUMEP TEXHOJOI0-3KOHOMUYECKOIO
XapakTepa, KOTOpbI He0OX0IMMO M3y4daTh B ydeOHOM mpolecce. B sakoHomuueckom
aHaNIM3€ YacTO UCHOJB3YIOTCS Mpous3BoAHble (yHkuuu. [lo cBoemy cTpoeHHIO
IIPOM3BOJICTBEHHbIE (YHKIMM BKJIIOYAIOT B ce0s BCEBO3MOXKHBIE 3aBHUCHUMOCTU —
napaMmeTpsl B cpepe mpor3BOACTBA HA PA3IUYHBIX YPOBHIX: MPEANPUSTHE, OTPACIb,
Hapo/JHOE XO34HWCTBO B 1eidoM. PaccmoTpuM Haumbosee pacnpacTpaHEHHYIO
IPOU3BOJCTBEHHYIO (YHKIMIO, Ha3biBaeMyw ¢yHkuueit Kob66a — Jlyrnaca. Eciu B
3aBUCUMOCTH OT JIBYX (PaKTOpOB (COBOKYMHBIX 3aTpaT *UBOTO TPyAa U CYMMapHOTO
o0bemMa TPOU3BOJCTBEHHBIX (OHJOB) H3Y4aeTCs BEIMYMHA OOIIECTBEHHOTO
OpOAYyKTa, TO MaTEeMaTHMYECKYyI0 MOJEIb 3TOr0 Ipolecca MOXHO ONHCaTh C
IPOU3BOICTBEHHOHN (PYHKIMEN CIEeNYIOIIETo BUA:

¥ = axtxit a>(, o =0, @2>0,

3amerum, 9yTo0 Mouenb JIo66a — Jlyrimaca nmpeacTaBiieHa Kak MPOU3BEICHHUE ABYX
CTeTICHHbIX (QYHKIWHA. [Ipu 3TOM MOCTOSHHBIE &, % % ONPENCNISAIOTCS Ha OCHOBE
CTaTUCTUYECKUX IaHHBIX TPUMEHEHHEM KOPPEISIUOHHBIX METO/JOB, IPH 3TOM
K02 PUITUECHTHI PETPECCUU 1 %2 YIOBICTBOPSIOT HEpaBeHCTBAM 0= a; < 1,i = 1.2,

B STEM-o06pa3oBanuu omnpe/iesieHne BETMIHHBI KO3 OHUITUSHTOB PErpecCuu f: &z
U TIOCTOSTHHOTO KO3 (HUIIMEHTa a; SBISETCS TIEPBOOUYEPETHOW 3aaadeii HaydHO-
MeToanueckoro xapakrepa. [locie ux omnpesaenenus HEOOXOIUMO U IEIeCO000pa3HO
MCCJIEI0BATh CUCTEMY Ha CIIEYIOIIUE (PaKTOPBI:

1. <= apx:*"'x2* - cpeiHAs IPOM3BOAUTEIHLHOCTD TPY/IA.
2.5 =agauxi 'f: —npenenLHaﬂ MPOU3BOJAUTEIBHOCTD TPYyAa.
3. :— =a.>, O<a <1 (mpefenbHas NPOU3BOAUTENBLHOCTh TPYJA BCEraa HIKE
cpezLHeH HpOI/ISBO,Z[I/ITeJ'IBHOCTH)
.2 =a, —DJJaCTUYHOCTH BHIYCKa NPOYKIMH 110 3aTpaTaM Tpy/a.
5. — = apxitx; — cpeaHas (POHMO0TAAYA BCETJA YBEIMUHMBAETCA C yBEIMYEHHUEM

pecprOB Tpyaa (Ipu HEU3MEHHBIX (OHJIAX) U YMEHBIIACTCS C YBEINICHHEM CaMHUX
(bOHILOB (an/I HEU3MEHHBIX TPYJOBBIX pecypcax).
6. ,.,' % =0, - HIACTHYHOCTD BBIMYCKA MPOAYKIUU MO 00BEMY MPOU3BOICTBEHHBIX

X3

boHI0B U z[p
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STEM-o0pa3oBaHue ¢ MCIIOIB30BAHNEM YPABHEHHM I Ira30AUHAM MKH

PaccmoTpuMm HEKOTOpbIE 3alauyd WHKEHEPHO-TEXHUYECKOTO XapakKTepa U UX
MaTeMaTU4YeCKUe MOJICTM, BBISIBUM Ba)KHbIE MapaMeTpbl. BHaudame oTMETUM
HEKOTOPBI IPOOJIEMBI, CBSI3aHHBIE C YPABHEHUEM Ta30IMHAMUKH, T.€. C YpaBHEHUEM
Hasre — Ctokca, He pelleHHbIe 10 KOHIIA 10 HACToAIIero BpemeHu. MccnenoBanue
ATUX 3a7a4 MOXKHO MPEMAJIOKUTh Npu BHenpeHuun STEM-oOpasoBanus B yueOHBIM
MIPOIIECC U BHITIOJIHEHUU HaYYHBIX UCCIICIOBAHUI MAarucTpaHTOB U aCIIUPAHTOB.

[IpuBenem HEKOTOpBIE TPOOJEMBI, CBSI3aHHBIE C HCIOJIB30BAHUEM OCHOBHBIX
YpPaBHEHUH TEIUIOTEXHUKU. Pa3pa0oTKa TEXHOJOTHYECKUX DPEIICHUN I HCIIOIb30-
BaHMS TEIUIOBBIX TPYO M TEIJIOBBIX HACOCOB B CHCTEMAaX TEIJIOCHAOXKEHUS SBISICTCS
OJIHUM U3 BXXHEHIITUX HAYYHBIX U MPAKTUUYECKUX 3aJ1ady COBpeMeHHOCTU. Kak BUIHO
U3 JIUTEPATYpPHI [S5, 6] Bo3pacTaeT UHTEPEC K Pa3pabOTKE TEXHOJOTMYECKUX PEIICHUM
JUTSl UCTIONIb30BaHUs TPYOOIIPOBOJIOB B CUCTEMAX TEIUIOCHAOXKEHHUS, MOJICTUPOBAHUIO
COOTBETCTBYIOIIUX TEXHOJOTHMYECKUX MPOIIECCOB U OINPEEICHUI0 OCHOBHBIX (hHU3U-
yeckux napameTpoB. [loaToMy B HacTosiiee BpeMs U3YYEHUE UX KaK C TeOpeTHYe-
CKOW, TaK W C MPaKTUYECKOW CTOPOH, SIBJISIETCS OJHOM M3 aKTyaJdbHBIX 3ajad.
B unxenepHo-buzndecknx o0beKTax-mpoleccax (Hampumep, TEIIOBBIX, Ta30BbIX H
ANIEKTPUYECKUX) HAa OCHOBE 3aKOHOB (DHM3UKU HCIOIB3YIOTCSA IuddepeHnnanbabe
ypaBHeHuss HaBbe — Ctokca mnu Makcsemna. [Iyrem ympoliieHus: 3TUX ypaBHEHHUIN
YCTaHABIIMBAIOT CBS3b MEXK]Y MapaMeTpaMH U MPUXOIAT K 3aKIIYCHUI0 0 (hu3ude-
ckux nporeccax. KoHeuHo, pe3ynabTarhl, MOJTYUYEHHBIE HA OCHOBE ATUX YIIPOIIECHUH,
OYCHb MPAKTUYHBI U IIeHHBI. OJIHAKO METOIMUECKUE YKa3aHUs, KOTOphIC JaloTcs 0e3
ydeTa HamOoJiee BaKHBIX (DU3MYECKHUX IapaMeTPOB, HOCST JIOKAIBHBIM XapakTep,
IPUBOAAT K OOJBIIUM DPACXOXKIACHUAM MEXAY TCOPETUUYECKUMHU De3yjibTaTaMHU U
dakTuaeckumu nporeccamu. Ckopee, pe3yiabTaThl OTHOCATCS K (YHKITMOHATBLHOMN
CBSI3U TpoIlecca, KOTOpasi He MOJHOCTHIO OIMHUCHIBAET €ro (haKTUUECKOE YCTOMYMBOE
coctosinre. Co BTOPOH MOJOBUHBI MPOILIOTO BEKA B MPUBOAMMBIX HAYUYHBIX UCCIIE-
JIOBAHUSX W DKCTIEPUMEHTAX CKIOHSIUCH K BapUaHTy JTOOABJICHUS JOMOJHUTEIBHBIX
yjieHOB 111 ypaBHeHU HaBbe — CTOKCa B COOTBETCTBUM C COCTOSHHUEM pEabHBIX
TEXHOJIOTMYECKHUX TpolieccoB. Hanmpumep, B HaydHOU MoHOrpaduu [6] moka3pIBaeT-
cs, yto ypaBHeHUus HaBbe — CTOKCa MOTYT UMETh PEUICHUS, KOTOPbhIE HE COOTBET-
CTBYIOT unclly PeifHomb/ca B OECKOHEUHO yIalleHHBIX obyacTax (Tpybax), U u3yda-
1oTcs qudpepeHImaabHble YPaBHEHHS ¢ I00aBJICHHEM JOTIOJHUTEIIBHOTO JTUHEHHOTO
YJIeHa, XOTs, KaK ObLIO OTMEYEHO, 3TO J0OABJICHUE HE SBIACTCS dKCICPUMEHTAIBHO
000oCHOBaHHBIM. B CBsi3M ¢ 3TUM BOmMpOC A00aBIEHUS JOTOIHUTEIHHOTO MapaMeTpa
WM 4ieHa K ypaBHeHUI0 HaBbe — CTOKCa HE CHUMAETCS M B HACTOSAILEE BPEMSI.

OnTumuzanusi WHXEHEPHO-(PU3MUECKUX MPOILECCOB C TOMOIIBI0 HETUHEHHBIX
ypaBHeHnii HaBbe — CTOKCa SBISETCA OJHOW M3 MaJlOM3YUYEHHBIX IpobieM. M3yde-
HU€ HEOJHOPOIHBIX WM HECAMOCONPSIKEHHBIX T'PAHUYHBIX YCIOBUM, WM BIHSHUS
HACOCOB B CETSIX TEIUIONEPEaayuu, Uiu T00ABICHHS JOTIOJHUTEIBHOTO YICHA K YpaB-
HeHusiM HaBbe — CTokca, Oosee moaXoasuX AJisl TEXHOJIOTMYEeCKUX MPOIECCOB TeT-
JIOTIPOBOIHOCTH, SBJISICTCS OJHOW M3 aKTyaldbHBIX MpobiieM. B coBpeMeHHBIX ycTa-
HOBKax B IPOIECCE TEIUIONEpeIauu MIHPOKO MUCIOIb3YIOTCS HACOCHI, KOTOPBIE BIIHSI-
10T Ha CKOPOCTh TEIJIOBOTO TIOTOKA, YTO MPUBOAUT K KOHBEKTUBHOMY TETUIOOOMEHY B
TypOyJIEHTHOM TEIJIOBOM TMOTOKe. B pe3ynbrare, aBToMaTH3aIus 1 HaXOXKJIECHUE OTI-
TUMAJIbHOTO PeXUMa pabOThl HACOCAa B 3aBUCHUMOCTH OT CKOPOCTH, TEMIIEPaTypbl U
BPEMEHH TEIIOBOr'O MOTOKA B MPOIECCE TEIIONEpeaadn SIBISIOTCS OJTHOM U3 CaMbIX
COBPEMEHHBIX TEXHOJOTHUYECKUX MTPOOIIEM.
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B nanHo# paboTe 115 MOJIHOTO U3YyYE€HHSI MHXKEHEPHBIX U TEXHOJIOTUYECKUX MPO-
LIECCOB, T. €. JJIA PEeabHbIX MPOLECCOB ONTUMAJIBLHOIO CUHTE3a YIPABICHHS, HAMU
MPEII0KEH CUCTEMHBIN MOAXO0 — ONTUMAaIbHas MOJENb J00aBIeHUs (YHKINOHAIb-
HOM 3aBHCHUMOCTH YHPaBJISIOUIMX (QYHKUIUN OT CKOPOCTH MOTOKA JKUJIKOCTU B Kaye-
CTBE JOTOJIHUTENIbHOTO WieHa K ypaBHeHusaAM Hasbe — CTokca.

B cBs3M ¢ W3NOXKEHHBIMHM BbIlIE IpoOiemamu, Obuia Obl mHTEpecHa B STEM-
oOpa3zoBaHuu cieaymwomas 3aiada onTumuzauuu ypaBHeHus Hasbe — Crokca u
MPOBEJICHUS COOTBETBETCTYIOIINX IKCIIEPUMEHTAIBHBIX UCCIIEJOBAHUH.

[locTanoBka 3amaun ontuMuzauu auddepeHuuanbHbIX ypaBHeHuid HaBbe —
Crokca.

JIJisi HeCTalMOHAPHOTO M HEJIMHEHHOr0 BEKTOPHOTO NU(PepeHInalbHOIO ypaB-
HeHust HaBbe — CTOKCAa paccMOTpUM HadyallbHO-TPAHUYHBIE YCIOBHS (IJIOTHOCTH TO-
naratot # = 1) [5, 6]:

Lw=w, —vidw +av,w, = —gradp+f + f, divw=20 (5)

wl.—p = alx), diva=0, wls. = g(t), (6)

rjae ©— TOJIOKUTEIBHOE YHUCO0; te[0.T]: 0 — oOjacTh (WU TENO) TPEXMEPHOIO
JlekapTOBOrO  MPOCTPaHCTBA C  JOCTaTOYHO  TJIAJIKOW  TMOBEPXHOCTHIO S,
7 =0x0,7), 5; =5%[0T]; 4 - omepatop Jlammaca; ¥ — TOCTOSHHBIM KOA(DPHUIIUEHT
Bsi3KOCTH. O003HauuM uepe3 L.(¢; ) (uu L;(1)) MHOXKECTBO (ITPOCTPAHCTBO) TPEXMEP-
HBIX BEKTOPHBIX (PYHKIUU, COCTOAIIUX U3 KOMIOHEHT-(QYHKIUNA, HHTETPUPYEMBIX C
KBagpaTtaMu B oOnactu ¢r (nnm 7). BBemeM B 3TOM MpOCTpaHCTBE OOBIYHOE CKAJISIP-
HOE IIPOU3BEICHUE U HOPMY 31eMeHTOB. CUUTaIOTCs, 9TO B ypaBHeHuH (5) 7 = plx th -
naBieHue, BHemHKue cuibl [ = flnt) £ =f(xt) y B ycnoBuax (6) Gynkuuu § = (), ale)

o0J1aaroT HEOOXOTUMBIMHU nuddepeHnnanTbHBIMU CBOMCTBaMH;
wix, ) =(lr‘: Lx, f_.l’ o, f,l’ rz X, I,') ().' = (}.‘«_.J.'_—.J.';:I) _ BCKTOp-CKOpOCTL X(HI[KOCTI/I; '.1';{).'. ::| - Xa-
paKkTepu3yeT M3MEHSIONMIYIOCS BO BpPeMEHH (JIOKaJIbHYI0) CKOPOCTh B TOYKax *; B
ypaBHeHUU (1) HETMHEWHBIN BEKTOp — WJIEH Yi'Wx — XapaKTEPU3yeT U3MEHEHUE CKO-

POCTH OT TOYKH K Touke. Eciu « = 0, TO MOIy4yuM JIMHEHHbIE HECTAMOHAPHBIE YpaB-
Henus HaBbe — Ctokca [6, 7]. B ypaBHeHHHM (5) 2 - MOCTOSIHHO JACHCTBYIOIIAs CHIIA.
B Hmxkecnenyomux pacCyXkICHUAX ONTUMAIbHOTO MOJAEIHPOBAHUS T'PAHUYHBIC
YCIJIOBUS IPYTHX TUIIOB (HAIlpuMep, HECAMOCONPSIKEHHbBIE TPAHUYHBIEC YCIOBUS THIA
bumanze — Camapckoro [6]) paccMaTpuBaroTCs aHAIOTHYHO, HO C TOM pa3HUIEH, YTO
JUIsT TIPUMEHEHUS] METOJa CIEKTPaJIbHOTO PA3JIOKEHUS PEIICHHsS KpaeBOil 3aaauu
HEOOXOAMMO TMPUBJICYH almapaT TEOPUU HECAMOCOIPSIKEHHBIX ONepaTtopoB [6].
CyIiecTBOBaHUE M €IMHCTBCHHOCTH peieHus 3a1a4u (5), (2) qoka3aHsl B [5, 6].

B rpanuunbix ycioBusx (6) BekTop-pyHKIHs §(f) onmMchIBaeT NEHCTBUE HAacoca B
IPAaHUYHOM PEKUME, a BEKTOpHAss QYyHKIHS [ XapakTepu3yeT pa3HUILy MEKIY TeM-
nepaTypoi MOBEPXHOCTH T'PEIOLIEr0 YCTPOIMCTBA U TEMIIEPATYPOMl KUIKOCTH (IO b-
€MHYIO CHITY).

B ycnoBusx (5), (6) 3agaya onTUMaIbHOTO MOJEIMPOBAHMS IMPOIEcca TeIIone-
penaun popMymupyeTcs cieAylomum obpasoM. Haiitu ynpasnsiomye GpyHkuuu 5%,

(e.t). kak (QYHKIMH CKOPOCTH KMIKOCTH, T. €. Haiftw cuHTesmpyrommue f= 0wt
g = g(w.t) ynpaBisiiolmiue QyHKIHNH, 3aBUCAIIME OT BEKTOPA CKOPOCTH w U JOOUTHCS
TOT0, YTOOBI CKOPOCTH YIPABISIEMOIr0 MOTOKA KUJIKOCTH MPUOJIM3UIACh B TOUKAX * U
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BPEMEHH © K 33JJaHHOW HOPMAJIbHOW CKOPOCTH ¥t} JKUJIKOCTH, a B KOHIIE yIIpaBisie-
MOTO Ipoliecca NMPUONIU3MIACH TAKKE K 3aJaHHOW HOPMaJIbHOM CKOpOCTH ¥(x} W Ta-
KM 00pa3oMm, 4ToObl SHEPTrUM CHUJl (Hacoca, TPEIoIero YCTPOUCTBA), IEUCTBYIOIIUE
Ha KOHBEKTUBHBIN TE€MJI000MEH, OB MUHUMAJIbHBI.

Toraa kputepuii 3aa4l ONTUMAIBHOTO MOJEIUPOBAHUS 3AMUILIETCS CIIETYIOLIUM
o0Opazom:

I[l‘,:_,gjf] :ﬂ:‘lj |H'_':r"‘-'| :dr_

Lo

+a,llwy —ull? _,I:D[“sl flFdt+a,lg () )dt, (7)

e t,=0: wr =wlx,T)h o/(i=1234)— 3aJaHHBIC MNOJOXKUTECIbHLIC uucia. Koner T
ympasiasieMoro mpoiiecca 3adukcupoBaH. Takum 00pa3om, 3ajada ONTHUMAJILHOIO
yIpaBICHUS 3aKII0YAETCS] B TOM, YTOOBI HAUTH CUHTE3UPYIOIMINE PYHKIIUU f = f(w, 1),
g = g(w.t) YOpPaBICHUSA, KOTOPHIE 3aBUCIAT OT CKOPOCTHU IIOTOKA U BMECTE C COOTBET-
CTBYIOIIIMM UM pelIeHWeM “ HavyajdbHO-KpaeBou 3amauu (5), (6) AocTaBistomiue

¢ynkuonany (7) MUHUMaJIbHOE 3HAYCHHE.

B nuteparype [5, 6] mo uccienoBanuio MaTeMaTHUECKUX MOJIENIEH Tporiecca Ter-
JoTiepeauu, B OCHOBHOM, OTMEUAIOTCS JIBE MPOOJIEMBI:

1) dusnueckue BOMPOCHI aTEKBATHOCTH MAaTEeMaTUYECKHX MOJENel mpoiecca
TEIUIoNEepe1auH;

2) MaTeMaTH4ecKue BOIPOCHI HCCIENOBAHMS HETMHEWHbIX ypaBHeHuUM HaBbe —
Crokca. CyiecTByeT OOUIMPHBIN CIMCOK JIUTEPATYPhl, MOCBSILEHHBIA PEIICHUSM 3TUX
npo6stem. Kpatkuii 0030p paboT, MOCBAIIEHHBIX STHM IIpobiieMam, IpuBejieH B [, 6].

B pabote [5, 6] mo onTuMarbHOMY MOJAETHPOBAHUIO TpOIecca TEIUIONepeaayu
BSI3KOM HECO)KMMAEeMOW >KUJKOCTH ObUT MPEJJIOKEH METOJ JTUHeapu3aluu ypaBHEHUS
HaBbe — Ctokca. CymiHOCTh NPEMAJIOKEHHOIO TaM METOJa 3aKJI04Yajaach B 3aMEHE B
HEJIMHEWHBIX WICHaX KOMIIOHEHTOB MCKOMOTO BEKTOpa — (DYHKIIMH CKOPOCTH Tede-
HUS KUJAKOCTU C BHIOPAHHBIMHU YCPETHEHHBIMHU WM JAPYTUMH MOCTOSHHBIMHU 3Haye-
HUSIMM 3TUX K€ KOMIIOHEHTOB W3 MPEALIECTBYIOIIETO BPEMEHU WM MPOLECCOB.
Tem camMbIM HETMHEHHBIE WICHBI, YYUTHIBAIOIINE KUHETUUECKYIO SHEPTUIO IBHXKCHUS
KUJKOCTU MO KOOPAMHATHBIM OCSIM, 3aMEHSIOTCSI Ha JIMHEMHBIE WICHBI, YUYUTHIBAIO-
IIMe CKOPOCTH M3MEHEHUSI BEKTOpA CKOPOCTHU. Takue JMHEWHbIE YJIeHbl OyayT COOT-
BETCTBOBATH IMPOLECCY IKCIOHEHIUAIBHOTO POCTa CKOPOCTH YaCTHUIIbI )KUJIKOCTHU T10
KOOPJIMHATHBIM OCSAM B TypOYyJIEHTHOM Te€ueHUHU. B BhIeynoMsiHyTol padoTe ObLI
MPEJIOKEH METOJ ONTUMAJIIBHOTO MOJEIUPOBAaHMS IpoLecca TEIUIONepenadu, 3a-
KJIIOYAIOIIUKCS B CIEIYIOIIEM.

1. JluneapuszoBath ypaBHeHne HaBre-CTOKCa yKa3aHHBIM BBIIIIE CIOCOOOM.

2. BblOpaTh SKCINEPUMEHTAIBHO WJIM W3 aHAJOTMYHBIX IPOLECCOB H3BECTHHIE
(GYHKIIUU CKOPOCTH U MPUOIM3UTH CKOPOCTH KUIKOCTH 32 3aIaHHOE KOPOTKOE BPEMS
K BBIOpaHHBIM (YHKIHSM C MOMOIIBIO CUHTE3UPYIOMINX YIPABISIOMUX (YHKIIHH,
T. €. PEIIUTh JUHEHHO-KBAIPATUUHYIO 33/1a4y ONTUMAJIbLHOTO CUHTE3a. /(15 moiHoro
omMcaHus Mpolecca Teronepeaadyn 100aBuTh K ypaBHeHuto HaBbe — CtOkca mu-
HEWHBIN MHTETPAJIBbHBIA ONEPATOP C AAPOM, MOJYYEHHBIM U3 PEUICHUS] HEJIMHEWMHOTO
OMEepaTOpPHOTO ypaBHeHUs PUKKaTH U (QYHKIHUIO, MMOJTYUYEHHYIO U3 PELICHUS JTUHEH-
HOM CHUCTEMbI YPAaBHEHUM C U3BECTHBIMU JAaHHBIMU 33/1aUU.
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Takoli mMeron NMHEapuU3alUd YPABHEHWM OIIPaBIaH TEM, YTO, BO-IIEPBBIX, BBI-
OpaHHbIE TOCTOSIHHBIE 3HAYEHHSI KOMIIOHEHTOB CKOPOCTU JBUKEHUS MOKHO PUHSATH
KaK MapameTpbl U UX MOXHO ONTHUMM3UPOBAThH MO CMBICIY 3aJlayd, BO-BTOPBIX, ATH
napameTpbl MOKHO BbIOpaTh Kak yHKIMU BpeMEeHHOro napamerpa. Kpome toro, ec-
JY TPOLECC PacCMaTpUBAETCS B JUINTEIBHOM IEPUOAE BPEMEHHU, TO ITOT NEPHUOJ
BPEMEHU MOXKHO Pa30UTh Ha HECKOJIBKO MPOMEKYTKOB U MOCTPOUTH MHOT'OIIATOBBIN
IIPOLIECC, pelas 3aady Uil KaKJI0ro I1ara ¢ HOBBIMU IIapaMeTpaMu, NOJYYEHHbIMU
U3 PELICHUS TPEABIIYIINX IEPUOJOB BPEMEHH.

[IpuBenem cneayronyro cxemy JruHeapu3auu ypasuenuii Hasoe — CTokca.

ITocTanoBKa 3aga4u

JIJIi HEeCTAllMOHAPHOTO U HEJIMHEWHOro JBYXMEPHOTO (TpeXMEpHBIA Ciy4ail pac-
CMaTpUBAETCS AHAJOTMYHO) BEKTOpHOro nuddepeHuuanbHoro ypaBHeHuss HaBbe —
CTOKCa pacCMOTPUM HavaJIbHO-TPAaHUYHBIC YCIIOBUS (TUIOTHOCT moJiararot p = 1) [5, 6]:

vy F o Ar, vy _  dp
?—L‘[' vogL TV ) S oty +i1+q
vy - vy dp .
-'z—nlkuig—u:é—yll=—?—J_—x';.l::—f:—q: (8)
l gy dry
Ty
- " da 2b
(b G, v, 0) = alx, v} vy (e, v, 0) = blx, v); ;_E‘_J'zﬂ
1 vi0.3.8) = g (W) vy t) = g (. 0=y =L &
v, 08) = 0vx, L) =0, 0= x < h; i=12,
rjae — HeoTpuuarenabHoe yucio; = 0Tyl e2={0=x=h 0=y =1} -npgMoyronpHas
O6HaCTL C rpaHHueﬁ—EZ{TZUTZJ‘ﬂi__.i;":] i)’in“J:U__.:;'}’
r = LX0(0.T) 5, =3X[0.T], 4- omeparop Jlammaca ¥ MOCTOSHHBIA KO3((OHUIIMEHT BSI3KO-
CTH, wiz . t) =(vev)ov = vilx, 3, £) — BEeKTOP-QYHKIHS CKOpPOCTH JKHJIKOCTH,
p=ploypth f={f.f) f=Fflxynthe=(gual) g = qloyth =12,
PSP - ap A
Cunraercs, yto B ypaBHeHuu (1) 7= P38 | ==p. 7" =p. | — naBIeHUE, BHEIIHNAE

CHJIBI f = f(x.y.t). g=g(x.»t) U B ycJIoBUAX (9) PpyHKIMM 5 (L) alxy) b(xy} 00IagaroT
HEeOOXOUMBIMH TU(DGepeHIMaIbHIMUA CBOMCTBAaMH. B ypaBHenun (8) ¢ — IMOCTOSH-
HO JeHcTByromas cwia. B rpannynbeix ycaoBusx (9) Bexkrop GyHKIuU 9z () OMKUCHI-
BaIOT JACHCTBHS HACOCA B IPAHUYHOM PEKHMME, a BEKTOpHasA PyHKIMS [ XapaKTepu3y-
€T Pa3HUIY MEXIY TEMIIEPATypPOr MOBEPXHOCTH TPEIOIIETO YCTPOMCTBA U TeMIIepa-
TYypOH KUIKOCTH (TMTOABEMHYIO CHITY).

ChopmynupyeM 3a1a9y ONTUMATBHOTO MOJCIMPOBAHUS MpoOIecca TEIIoNepeaadn
CIAEIYIOIIUM 00pa3oM.

[Tycte ©=0, Torma mony4uM JMHEHHBIC HECTAllMOHApHBIC ypaBHeHUs HaBbe —
Crokca [6, 7] mnst KOMIOHEHTOB BeKTOP-QyHKIMU wir y.t) =(v, 0oy t) v Goyt)
(Ji'i- =—pm+g.i=12%

l;;_ —vdvy=f ) (2)
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B ycnoBusx (2'), (9) 3amaya onTUMalIbHOTO MOJEIUPOBAHUS MPOILECCOB TEILIO-
nepenaun Gopmynupyercst ciaeayronuMm obpazom. Haiitu ynpasnistomue GhyHKIIUU
g t) fileyt) 1j =12 KaKk (QYHKIUU CKOPOCTH KUAKOCTHU, T. €. HAUTU CUHTE3UPYIO-
ne f = flvet) gy = 85 (Ve t) yhpasmsiromue GYHKIUM, 3aBUCSINIME OT KOMIIOHEHTOB
BEKTOpPA CKOPOCTH " M JTOOUTHCS TOT'O, YTO CKO‘pOCTb YIIPaBJIsieMOTO IIOTOKA JKHIKO-

CTH MPUONM3MIICS B TOYKAX * U BPEMEHM ! K 3aJaHHOM ¢(x.y.t) =@ ey tho:leytl)
HOPMaJbHOM CKOPOCTH KUAKOCTH, a B KOHIIE ynpaBJISIeMOFO Hpouecca PUOIU3UIICS
TaK)Ke K 3aJaHHOM HOPMAJIBHOM CKOPOCTH ¥(x.y) = (w:lr. v} y; (x.3)) ¥ TakuM 00pa3om,

YTOOBI SHEPTUU CUJI (Hacoca, TPEIOIIEro YCTPOUCTRA), ):[eHCTBy}omI/Ie HA KOHBEKTH B-
HBIN TEIIOOOMEH OBLIIM MUHHUMAJIbHBIL.
JI1st Ka)K710T0 KOMIIOHEHTA BEKTOPa CKOPOCTH KPUTEPHUM ONTUMAIBHOTO MOJICIIH-

pOBaHUS 3amHMIIETCS CIEeAYIOIUM o0pasoM [6] (i = 1.2):
3;‘[5:-55':'-fs'] =y |_ _I‘:' IR (v, — o, dtdxdy + . I‘:' |‘,:':fl.-‘.-':J.'. T) — (e, v) n dxdy +
y.tldtdxdy + 1N leg gl (£) + azgh (£)] dt, ( )
te =0 ;1 =1,2345) - 3aJlaHHbIC MOJIOKUTENbHBIC uucia. Konely T YIIPABJIIAECMOTO

npoiiecca 3adukcupoBad. TakuM 0O6pa3om, 3aadya ONTUMAIBLHOTO yIpaBieHus Ghop-
MYJIUpYyeTCs CleayromuM obpa3oM. Haiitu cunTesupyromme GyHkKiun fi = flvetl
Gij = §;; (vt} YIIPABICHHUS, KOTOPHIE 3aBUCAT OT KOMIIOHEHTA ¥i CKOPOCTH W = (v, v;) TIO-
TOKa U BMECTE C COOTBETCTBYIOLIMM KM PEIICHHEM HadajdbHO-KpaeBOi 3amaun (&),
(9), nocrasmnsromue Gpynkuronany (10) MUHUMaTBEHOE 3HAUYCHHUE.

ChopmynupoBaHHas 3ajaua pemiaeTcsi METOJIOM AMHAMUYECKOTO ITPOrpaMMUpo-
BaHUs, IPU STOM ONTHUMAJbHbIE MapameTphl, T. €. YIPABICHUS BBIPAKAIOTCSA Yepes
(G yHKIIMOHAIBHOM MPOU3BOAHON ¥i pyHKIIMOHANA bemvana:

'+ —_ [* i ar y T ¥ et
g W) = =y u MO v Bl (. ) d (11}

OyHKIUK yrOpasBieHus, HalgeHHbIe 10 GopmyiaaMm (11), ABISIOTCS CHHTE3UPYIO-
IIAMHA (YHKIASIMH YIIPABJIE€HUS, TO €CThb, KaK MOTPEOOBAJIOCHE B C(hOPMYIIMPOBAHHOM
BBIIIIE 3aJ]a4€ ONTHMAJILHOIO MOJCIUPOBAHHUS, SABISIOTCA (QYHKIIUSIMH, 3aBUCIIUMU
OT CKOpOCTH moToKa KuakocTH. IloxacraBisg ux B (8), (9), moirydnM ypaBHEHHS C
HayaJIbHO-KPAeBbIMU YCJIOBUSAMH, OMHUCHIBAIOIINE CKOPOCTh ONTHUMAJIBHOIO MOTOKA
YKHIKOCTH.

HUcnone3ys >tr pe3ynstatel B STEM-00pa3oBannu, KpomMe MaTeEMaTUYECKUX BO-
IIPOCOB, HEOOXOJMMO PEIIUTh CICAYIONINE 3aJaud HHKEHEPHO-TEXHOJIOTHYECKOTO
xapakTepa:

1. DKCIEpUMEHTAIIBHO ONPEICTUTh aHATUTHYCCKHIE U rpadMIecKrue BUIBI allpHo-
pu 3amaBaeMbiX GpyHKIUH @ ¥ u3 (7).

OnpenenuTs:

2. OyHKIIMOHATBHYIO 3aBUCUMOCTH TPAHHYHOT'O PEKMMa HACOCOB.

3. I'pannynble ycnoBuUs AJisi TPyOOIPOBOIOB.

4. BS3KOCTb KUAKOCTH.
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5. JlaBneHuEe U IIIOTHOCTh KUIKOCTH.

6. Kunetnueckyro s3HEPTUIO JIBUKEHUS KUJKOCTU M0 KOOPAUHATHBIM OCSIM.

7. I'paduueckue nzo0paxeHus no komneloTepHor komaunze 3-D, 4-D u np.

Kpome ykazanueix Bbeimie 3amad, B STEM-oOpa3oBanmm MOXHO IIPOBECTH U
JIPYyTUe 3aa4d HaYYHO-TEXHOJOTHYECKHUX IIPOIECCOB, KOTOPEIE HEOOXOIUMO PEIIUTh
WH)KEHEpaM C MCHOJIB30BAaHMEM HWHHOBAIIMOHHOM TEXHOJoruu. Hampumep, B
YUYEOHBIX JTUCIUIUIMHAX 110 3JIEKTPOTEXHHUKE U DJICKTPOHUKE YAaCTO CTAJIKMBAIOTCS C
pelleHuEeM KpaeBBIX 3ajad I TenerpadHoro ypaBHeHHs. IIpedrnosiokum, dYToO
COIIPOTUBJICHUE, HHAYKTUBHOCTh M JApyrue (U3MUEeCKUe mapaMeTphl pacipeicacHbI
PAaBHOMEPHO IO JJIMHE JJIEKTponpoBoja. [Ipu ATUX TpeAnosioKEHUSIX Cujia TOKa
OTpEeNIeNIACTCS PEIICHUEM TeJerpagHOTO ypaBHEHUS

2

3% | RC+LG d R, 1% _g (12)

gl Lc At IC L dx2

3ameTrM, 4TO YNMOSIHYTBHIC BbINe (pu3ndeckue mapameTrpsl B ypaBHeHHH (12)
YYaCTBYIOT KaK IOCTOSHHBIC BEJIMYUHBI M CYIISCTBEHHO BJIMSIOT Ha IIOBEJICHUC
KOJIMYECTBEHHBIX MOTOKOB JJIEKTPUYECKHUX 3apsA0B IO dJeKTporpoBoay. Ilpu stom
OTMETHM, YTO IPHU HCIIOIH30BAHUH HOBBIX TEXHOJIOTHI 3JICKTPOIPOBOJIOB BEJININHBI
ATUX TMapaMeTPOB MOTYT MU3MEHAThCA. OmnpeneiieHne QU3UYECKUX MapaMeTpPoOB MpHU
UCIIOJIb30BAaHMM HOBOW WHHOBAaIlMOHHON TEXHOJOTMH W B DJJIGKTPOHUKE €CTh
nepBocTenenHas 3agada STEM-o6pa3zoBanusi.

B 3akmtouenun otmeTum, uto i BHeApenus STEM-oOpa3zoBaHus B yueOHBIM
nporiecc  HEOOXOAMMO  UCIOJB30BaTh  HOBBIE  KOMITBIOTEPHBIE  IPOTPAMMBI
YHUCJIICHHOTO pEeUIeHUs! CJIOXKHBIX JIU(PPepeHIIuaNbHBIX YPaHEHUH C YaCTHBIMU
npou3BogHbIMU. C JIpyroil CTOpPOHBI,  HEOOXOJUMO TMONYYUTh TrpaduyecKoe
n300pakeHne B TPOCTpaHCTBe B 4-X W Oosiee u3MepeHusx. B cBa3u ¢ »Tum
npemiaraem STEM-o0Opa3zoBanue BHeaApuTh kKak STEM:IT-o6pa3oBanue.

3akirouenmne

1. Pazpabotars nporpammel BHeaperus STEM:1T-o0pa3oBanust B yaeOHbIH mporiecc.

2. 3yuuth muHAMHYECKHE CBOMCTBA IKCIIEPUMEHTAIBHO MOMYUYEHHBIX (DU3UIECKUX
napaMeTpoB U PEIIUTh 33/1a4u ONITUMAIIBHOTO MOJICITUPOBAHUS.

3. MeTonomM MMHTAIIMOHHOTO MOAETMPOBAHUS YTOYHUTH TIOTYYEHHYIO HH(OPMAIIHIO
¥ MaTeMaTHYE€CKUE MOJICTIH.

4. C uensto BHeapenuss STEM:IT-o0pa3oBanus KOpeHHBIM 00pa3oM H3MEHHUTH
y4eOHBIH TJIaH COOTBETCTBYIOIICH CIIEIIMATIBHOCTH.

CnucOK HUTHPOBAHHBIX HCTOYHHKOB

1. Tirkmenistanyn Prezidentinin 2022-nji yylyn 8-nji iyulynda ¢ykaran 179-njy Karary bilen
tassyklanan Tirkmenistanynn Prezidentinin yurdumyzy 2022-2028-nji yyllarda durmus-ykdysady
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Abstract

As the level of air pollution increases, it starts to damage our environment. But
whenever the topic of air pollution comes up, we talk about the environment. Outdoor
air pollution also affects indoor air. In our research, we measured indoor air pollution
in University using Arduino boards, gas, humidity, and temperature sensors. In this
work, we proposed a cheap air quality monitoring system based on Arduino uno
microcontroller. The Arduino is connected to 2 sensors and the measured data is
displayed on the LCD screen. The sensors used are DHT11 for humidity and
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