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YK 697.24
CoctaButenu: A.JI. Tuxomupos, A.Il. [TupoxuukoBa

Meronuueckue yKa3zaHus I BBINIOJIHEHUS JIAOOpAaTOpHOW  paboThI
«OmnpeneneHnue TeMIEPATypbl BHYTPEHHErO BO3JyXa METOJOM TMOJOBUHHOTO
neneHus» 1o aucuuiuHe «TexHomornu WHOOPMAIMOHHOTO MOJEIMPOBAHUSA
(TUM) cuctem Temaora3ocHaOXEHUS W KIMMATeXHUKW» sl OakamaBpOB BCEX
dbopm oOydenus o HanpasieHuto moarotoBku 08.03.01 «TermnorazocHabxxenne u
BeHTWIsIUS / cocT. AJI. Tuxomupos, A.Il. ITupoxxaukoBa. — PoctoB-Ha-/loHy:
JloHcKoi roc. TexH. yH-T, 2024. — 6 c.

ConepxaT cBeleHHMs O YMCIEHHBIX MeToAax. PaccMoTpeHO peleHue 3agad
HECTAlMOHAPHOTO TEMIIEPaTypHOTO TOJs M JABYMEPHO TEMIIEPaTypHOTO IOJIS.
HanOonee akTyalbHBIM SIBISIETCS UCIOJIB30BAaHUE HOBBIX METOJIOB U ONTHMHU3AILUH
noTpeOIeHnsT TEIIOBOW SHEPruy W MPOTHO3MPOBAHMM MAapaMETPOB MHUKPOKIMMATa B
COBPEMEHHBIX 3/JaHUSX.

[Ipu npoBeneHun 1a0OpPaTOPHBIX PabOT MpeanojaraeTcss MX peaau3anus B
KOMITBIOTEPHBIX KJlaccax Kadeaphl, CHEelMaIbHO NpeAHAa3HAYEHHBIX IS 3TOTO |
00eCTeuYeHHBIMU COOTBETCTBYIOIIMM IPOTPAMMHBIM 00€CIIEUEHUEM.

[Ipennasnauensl s OakanaBpoB Bcex (GopM OOydeHHs] 1O HaNpaBICHUIO
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BBenenue

[lenpto nabGopaTopHON pabOTHI  SABISETCA OMNPEACIICHHE TeMIrepaTypbl
BHYTPEHHETO BO3yXa NP IMTOMOIIH HCKOMOTO KOPHS «C» IIPU 3aJAHHOW TOYHOCTH.

[Ipu mpoBenenuun J'Ia60paTOpHBIX pa60T OpeamnojaracTcsa HUxX pealu3anus B
KOMIBIOTEPHBIX Kjaccax Kaq)eﬂpbl, CIICHMAJIbHO MOPEAHA3HAYCHHBIX I 3TOr0 H
00ecIIeYeHHBIMU COOTBETCTBYIOIIIUM IIPOrpaMMHBIM o0ecreueHreEM.

Brimoanenue J]a60paT0pHOI71 pa6OTBI MO3BOJIMT CTYACHTaM IO3HAKOMMUTBLCS C
METO1OM IIOJIOBUHHOTO ACJICHUS TEMIICPATypbl BHYTPCHHETO BO31yXa.

1. KpaTHoe onucanue MeToaa

B ocHoBe MeTona JIEKUT MPOIECC MOCTPOEHUSI MO0 METOIY «apTUILIEPUHCKON
BUJIKI MTOCJIEI0BATEIbHOCTH BJIOKEHHBIX JIPYT B Ipyra OTPE3KOB [y, b,]|. X KOHIIBI
0o0pa3yloT JIBE MOHOTOHHBIE MOCIEAOBATEILHOCTH, OJIHA W3 KOTOPBIX { a,, }
(«HEOEeThI») CXOAATCS K HEKOTOPOW TOYKe x=C CHU3y (a,<c), Bropas { b,, }
(«mepenetsl») — cBepxy (by,>c). Ilpu BbIMONHEHHWH YCIOBUH  TEOPEMBI,
c(hOpMyIUPOBAHHOW BBIIIE, JOKA3bIBAETCS, YTO MpEAENbHAsI TOYKAa X=cC SIBJIAETCA
KOpPHEM ypaBHEHHs. TeM caMbIM OKa3bIBAETCS] YCTAHOBJIEHHBIM (DAKT CYIIECTBOBAHUS
pemieHnss 3TOro ypaBHEHWS Ha oOTpe3ke [a, b]. Cam mporecc mOCTpOCHUS
MOCIIEZIOBATEILHOCTH BIOXKEHHBIX OTPE3KOB [a,, b,], cComepkaimx HCKOMBIA KOPEHb
X=C, O3BOJISIET HAUTHU €ro MPUOINKEHHOE 3HAUCHHE C JTI000H TOYHOCTBIO €.

Jlis HaxoKIEeHUS KOpHS YpaBHEHHUS HCHOJb3yeTCs: TpadUyecKuil METOm;
KAUYE€CTBEHHOE HCCJIEIOBAHUE YPABHEHUH; TEOpEMa O CYIIECTBOBAHUM KOPHA Yy
HenpeprIBHON (QyHKIMU. PaccMOTpUM HaX0XA€HUS KOPHS ypaBHEHHs MOApOOHEE.

AHaNUTUYECKUE U YMCIICHHBIE METO/bl PEIICHUs] YPABHEHUM MaTeMaTHu4eCcKon
¢busuku B cucremax OBuK npeacrasnenst B [1].

2. Ilopsiaok BBINMOJHEHUS JIA00PATOPHOM PadOThHI
1. W3yuuTh TeEOpeTHYECKHE CBEACHHS, HEOOXOIUMBIC JJisi BBITOJIHEHUS
nabopaTopHOH pabOTHI;
2. CTyneHTHI MOJDKHBI IPEABAPUTEIIFHO BHIOPATh CBOM BapUaHT M0 HOMEPY B

crnucke B rpymne (Tabnuma 1).

Tabnuma 1 - Bapuantsl

Howmep Pation om., R, F, | A, n € o o a b
Bapuanta | crpourenscrBa | °C  |M? °C/Br| M® | M° b, Clt, C

1. AcTpaxaHb -0,7 2,68 64 | 1,2 [ 0,37 | 0,010 |95 70 |34 |49
2. ApXaHTelbCK -4,5 3,01 62 | 1,7 0,38 | 0,035|80 |55 |32 |47
3. benropon -1,9 2,83 50 | 1,6 | 0,39 | 0,030 | 85 60 |30 |45
4. bapnayn -7,5 3,99 42 | 1,9 {049 [0,025{90 |65 |28 |43
5. bpsinck -2,0 2,92 45 | 1,4 10,48 | 0,020 | 95 70 126 |41
6. Bianumup -3,3 3,25 52 1 1,3 10,47 |0,015|80 |55 |24 |39
7. Boponex 2,4 | 2,97 62 | 1,2 {046 | 0,010 |85 |60 |22 |37
8. BnaaguBocTok -4,2 2,85 63 | 1,6 {045 [0,035|90 |65 |20 |35
9. Bonrorpan -2,3 2,88 48 | 1,8 {044 [0,030({95 |70 |18 |33
10. Bonorga -4,0 3,1 49 | 1,8 | 0,43 | 0,025 |80 |55 16 |31




11. | Kamummmrpan | 1,3 | 2,81 | 40 | 1,1 | 0,42 [0,020]85 |60 |14 |29
12. Kpacnonap 2,7 2,48 | 65 1 1041 [0,015/90 |65 |12 |27
13. | Kypek 22 275 | 64 | 1304 [0010[95 |70 |10 |25
14, | CamkT- 12 259 | 47 | 1,6 | 0,41 [0,015[90 |65 |32 |47
[TerepOypr
15. | Mumieposo 16 | 243 | 52 | 1.4 |042 (002085 |60 |30 |45
16. | Mocksa 22| 265 | 46 | 1,5 0,43 (002580 |55 |28 |43
17, | Hwxnaid 36| 2,86 | 53 | 1,8 1044 [0030[95 |70 |26 |41
Hosropon
18. | Opén 24 | 327 |42 [ 131045 [0035[90 |65 |24 |39
19. | Tlepms 54| 304 |50 | 1,7 |046 | 001085 |60 |22 |37
20. | Tlckos 12 | 298 | 63 | 1,6 | 0,47 |0,015[80 |55 |20 |35
21, | Pocros-Ha- 00 | 2,57 | 58 |12 048 [0,020(95 |70 |18 |33
Hony
22. | Cmorenck 20 | 302 | 43 | 1,5 049 |0025/90 |65 |16 |31
23. | TamGos 32| 314 | 66 | 1,4 | 039 | 003085 |60 |14 |29
24. | Treps 26 | 327 | 57 | 1,7 1038 (003580 |55 |12 |27
25. | SIpocnasis 35| 331 | 42 | 1,9 (037 (001 |95 |70 |10 |25

-
[Ipumeyanue: TpU HE CXOAUMOCTH 3aJaHHBIX MHTEPBAJIOB, a, b HEOOXOAMMO MOI00paTh
Auaria3oH I/IHTepBaJIOB CaMOCTOATCJIBHO, HyTeM nux yBeHI/I‘ICHI/I}I

3. BKIIIOUNTH KOMIBIOTED, 3aIlyCTUTH ITporpammy Microsoft Excel.

4. Tlocne 03HAKOMJIEHUS C OMMCAHHUEM JIA0OPATOPHOU pabOTHI U POrpaMMOi
B KOTOPOH OyAeT NPOBOAUTHCA pAacUeT CIeAyeT yOeaIuThCs B TOM, YTO Iporpamma u
KOMITBIOTEp paboTal0T UCIIPABHO (MHXKEHEp JabopaTopun).

5. HeobxomuMo A0 Hayana BBIMIOJHEHUS PACUYE€TOB KAXKIOMY CTYIEHTY
MOJIyYUTh COOTBETCTBYIOIIME MHCTPYKIMH MO SKCIUTyaTalluu mporpaMmMel Microsoft
Excel (umxenep maboparopuu, MpernogaBaTeb).

6. OtkpeITh porpammy Microsoft Excel (mpemonaBates).

7.  CryneHTy HEOOXOJUMO CaMOCTOSITENIbHO, B COOTBETCTBUU CO CBOUM
BapMAHTOM COOTBETCTBYIOLIEMY HOMEpY B CHMCKE B rpymmne (cMm. Tabauna 1) Hayath
pacuer.

Bce npuBeneHHble HUXKE GOPMYJIIBI 3aHOCATCA B STYEUKH TporpaMmbl Microsoft
Excel, npumep 3aHeceHMs JaHHBIX IPEICTABJIECH HA PUCYHOK 1.

A B i D E F G H J K L M
a, b, |t=(as)/2 f(£)
10 25 17,5 -56,2102871598776 | pacuet PailoH cTpoMTENbCTBE  |MOCKBS

17,5 25 21,25 | 73,6474737933887 | pacuer F=|a6 w
17,5 21,25 | 19,375 | 8,9109802867030 | pacuet
17,5 19,375 | 18,4375 | -23,6019828002746 | pacuer R=|2,65 |m?°c/BT
18,4375 | 19,375 |18,90625 | -7,3335311211146 | pacuer
18,90625 | 19,375 |19,14063 | 0,7917237439292 | pacuet A=[1,5 m
18,90625 | 19,14063 | 19,02344 | -3,2701547297684 | pacuet
19,02344 | 19,14063 | 19,08203 | -1,2390281494731 | pacuer n=|0,4
19,08203 | 19,14063 | 19,11133 | -0,2236053539261 | pacuer
19,11133 | 19,14063 | 19,12598 | 0,2840709088371 | pacuer =95 5T tg=|70 |°C
19,11133 | 19,12598 | 19,11865 | 0,0302357057113 | pacuer
19,11133 | 19,11865 | 19,11499 | -0,0966840920688 |mOCTHrHYTa HEOBXOANMAA TOUHOCTE =26 °C
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Pucynok 1 — [Ipumep 3anosHeHUsT JaHHBIX
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st peleHus MMOCTABJIEHHOU 3a7a4u COCTaBUTH ypaBHEHUE,
XapakTepusyroliee 0anaHc TEIUIOBOM SHEPTUU B MOMEUIEHUU.
[ToTepu TEmIOTHI 4Yepe3 OrpakJaolIMe KOHCTPYKIHMH OMNPENETUTh IO
cienymwiiei hopmyie:
Qe :(tB - tH)F/R (1)
[locTynneHnue TEIUIOTH OT HarpeBaTeNbHBIX MPUOOPOB OMNPENETUTH IO
cienymiiei hopmyie:
Qup = A Quow (Atgp. /70)'™ 2)
T€ (uow — HOMHUHAJIBHBIM TEIUIOBOM IMOTOK OT OTOMHTEIBHOTO MpHOOpa, Br/m?
(Quow=600 Br/M’);
Atcp-: Oas(tr + t06) —ty;
n — KO3(QPUIMEHT XapaKTepU3YIOLUINil TEIIO0TAa4y OTOMUTENBHOTO Mpudopa
(n=0,4).
[TpupaBusath hopmysl (7) u (8)
(t, — ty) F/R= A Quoy (Atep. /70)"™. (3)
Ilpumep. Tpebdyemca onpedenrumv memnepamypy GHYmMpeHHe20 6030yxa t,
npu cpeonell memnepamype HapyicHoz2o 6030yxda t,, =—2,0 °C?
[Tocne moAaCcTaHOBKM U3BECTHBIX BETUYHH (POpMYyIIia MPUOOPETET BUY
(t, +2,0)50/2,5 =1,5+600¢ ((82,5- t,)/70)"* 4)
Pelienne naHHOrO ypaBHEHHMs Il OMpEIEiCHUs] TEeMIEpaTypbl BHYTPEHHETO
Bo3myxa (t;) B OOIIMM BHZI€ MPEICTABISET OMpPEACIICHHBIC 3aTPyIHECHHS, TTOITOMY
BOCITOJIB3yEMCSl METOJOM «BHWJIKM». J[7s 3TOrO BBHIMOJHUM MpeoOpa3oBaHUS.
[TepeneceM Bce WieHB! ypaBHEHHS B JICBYIO YacTh
(t, +2,0)50/2,5 — 1,5600((82,5- t,)/70)"* =0.
[IpenBaputenbHbIi  aHAIU3  CBUACTENBCTBYET, UTO JaHHas  (DyHKIHS
HEpa3pbhIBHA U MOXKET IPUOOPETATH MOJOKUTEIHHBIC  OTPHUIIATEIIHBIC 3HAUCHUS.
OnpenenuTh Iuarna3oH, Ha KOTOpOM OyleM HCKaTh 3HadeHue KopHs. [Ipu
snauennu t, =5 °C 3nauenune Qynkuuu f (10) =-345,3191649. IIpu 3Hauenuwn t, =25
°C, 3nauenue ¢yukuun f (25) =216,6546618. MoxHO yTBEpKIaTh, YTO HAa KOHIAX
orpe3ka [10, 25] dynknus OyaeT mnpuoOpeTaTh MNPOTUBOIOIOXKHBIC 3HAKH, T.C.
KOpPEHb ypaBHEHUs1 OyJeT HaXOJUTHCS Ha JAHHOM OTpe3ke. Briuncienue cBeiem B
TabauuyHyto Gopmy (Tabnuma 2).

Tabmauma 2

N a, by &= (ath)/2 SCn)

0 10 25 17,5 -61,30462678
1 17,5 25 21,25 78,45879455
2 17,5 21,5 19,5 13,42747243
3 17,5 19,5 18,5 -23,88430668
4 18,5 19,5 19 -5,214785699
5 19 19,5 19,25 4,109759286
6 19 19,25 19,125 -0,551660239
7 19,125 19,25 19,1875 1,779262892
8 19,125 19,1875 19,15625 0,613854653
9 19,125 19,15625 19,140625 0,031110536




Pe3ynbTaThl pacdeToB, CBSA3aHHBIX C JEBATUKPATHBIM JEJICHUEM HCXOIHOTO
otpeska [10, 25] mononam aanel B Ta6J.1. OHU onpenesnstoT KOPEHb € C TOUHOCTHIO
e< (25-10)/2° <0,029297.

MOo3XHO yTBEp>KIaTh, YTO UCKOMBIN KOPEHb YPaBHEHUS IPUHAJICKUT OTPE3KY
[19,125, 19,15625].

8. Ha ocHOBaHMM MOJy4YEHHBIX PE3yJIbTaTOB OPOPMUTH OTYET, HA Popmare AS
U pacreyaTarh.

3. BbIBOABI 110 BBINOJIHEHHOT padoTe
Ha ocHOBe mony4eHHBIX JaHHBIX CHIENIaTh BBIBOJ O pe3yJibTaTax MPUMEHEHUS

METOJIa TIOJIOBUHHOTO JCJICHUS IS OINPEICIICHUS TEeMIIepaTypbl BHYTPEHHETO
BO3/yXa.
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