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Ca0aKThbIH TAKBIPHIOBI

Huvromonnoin
CAJIKbIHOAY 3AHbl

SSSSSSS



Ca0aKTbIH MAaKCAThI

12.5.3.3 opraHuKaJbIK ©3repic
YICPICTEPIHIH KapananbIM
nuddepeHIranIbIK
TCHACYJICPIH LIbIFAPY



2 TanceipmMa. CypeTTe paguychl I CM aHe DUIKTIT h CM, pagnychl I CM #apThl
llapfa  KOCHINFAH  UWMNWHAPAEH  TYpaThiH
KOHTEWHEpP KepceTinred. LIMNWMHAPOIH KofFapfkl
KaKNafbl #OK #aHe XOofapblQaH ¥apTel WWAapFa
kKoceinFad.  UunwHop  TabaHbl  #abblk,
COHOLIKTAH anbIHFaH KOHTEWHEP TONbIFEIMEH
MepneHeal.

a) KoHrefimep wememn 2880x o’ TeH h
KorTefiHepain ToONRIK OeTIHIH #ayIJaHEIH S =

Z—]:(ra + 3456) dopMyTackl apKEIIEL eCelmTeyTe

i (= 13. . ]
DONMATEIHIEIFEIH T8 I0eH12 >

b) CrauuwoHapnel HyKTECl S DOnfaHOafbl T

MBHIH TaDbIHbLI3.

c) (b) Deninuoe TabbiNFaH I M8HI S YWIH MWHMMAanNAbL MaH OepeTIHIH
KepCETIHIA.

d) S MmuHUManakLl bonFaHaarbl h MSHIH aHLIKTAHLI3.

Kayabei:b)r=12cm. d)h=12cm.



Kyba PecnyOnukaceiHaa pak aypybIMEH ayblpaThIHAAP/IbIH
JeHCAyJIbIFbIH  kakcapTy ymiH «Centruroides anchorellus»
IASHHBIH YbIHAH JA9pl1 MiblFapbuia Oactanbl. [lIasHHBIH Oy
TYPIHIH YJIbUIBIFBI KAOBIHYFa Kapchl acepl 0ap, COHbIMEH Karap
KyOasnbIK (papmaneBTTEpAIH MIKIPIHINE, Oy ICIKTEP1H, COHBIH
1II1HJI€ KaTepJl ICIKTep/I1H 6CYy1H TOKTaTa ajaajbl.

dapmanesrrep  «Centruroides  anchorellus  Scorpion» 1 nutp yaa = 100 MbiH
MOMYJISALMACKIH ocipy yuIiH (epManap Kypasl, HoTmkecinge N ”?i"ui%ay:':‘onaﬁiﬂ
masHaap canbl (Ky3aereH), t Kpuigap 6TKEHHEH KEUlH Cyl MbIHA aonnap

nuddepeHranablK TeHASYMEH MOICIbICIIE 1.
N
at

N

(a) t yakbiTeiHaA Tayenal N YLWiH Xannk! WeLwiMiH aHbIKTaHBI3.
(b) t = 0 BonFaHparel N = 100 gepbec WelliMiH aHBIKTAHbI3.
(c) t =5 ke3inge N = 10 000 bonfaHpafel gepbec WelliMIiH aHbIKTaHbI3. N = 67,38e"
(d) t (fr=x=) eTe ynkeH OonfaHoa «Centruroides anchorellus»
LaAHOAaPbLIHBIH CAHLI KaHLLara earepeni?

[astamap canbl mekcizaikke ymTeuiansl. [lapt emkaman

KeJeci cebenrep OOMBIHINA OPBIHIAIMANTBI:

* amamaapabl OaKbLIay;

* epKEK MIasHAAPIbI dKelT MasHIaAPAbIH Xeyi, 01p-01piHIH YMOPUOHIAPHIH KEY
— OCbIfaH eLlKaHaan 6akpinay oK.




TaOurarTa Ke3aeceTiH Tarbl 0ip KepceTKII
TeHeY

Huvromonnwvin cankpvinoay 3aHwl

3. «[leHeHiH cankKblHOaTy 3aHbi» Hemece HbWTOH 3aHbI-

nnddepeHumanablk, TeHOeYMeH CUNATTanfaH yakbiTka OainaHbiCThl OeHe

TeMnepaTypachiHbIH ©3repy 3aHbl:

daT
= = k(T — Top),

MyHOarel T (f) — t yakbIT Ke3lHOeri geHe TemnepaTtypachkl, lep + aya
TemMnepaTtypack! (CanksIHOAaTY OpTachl).

IT xanns! WeLimi:
T(t) = Tope + Ce™".
Erep DacTtanksl caHel To Donca, oHga [T xannel WewiMml Keneci Typae
KaDbingaHaakbl:
T(t) = Topr + (Tp — Tope )™




Kbty anMacyra ecer

[Memwren 1mbFapeurad HaHHBIH Temmeparypackl 20 muayTtra 100°-Tan 60°-xa neitin
ToMeHaeimi. Aya Ttemmeparypackl 25%-re Ten. KaHma yakpITTaH COH HaHHBIH
TEMIIEpaTypackl CyhITy Oacranran corTeH 30°-re meiiin ToMeHaeii?

soaec

L7 4 Sl

pamypa 0XpyMaroue
Boadyxa l

: @ arun 20Huy

Benrinexyi JaHabINbIE Bacrankkl KockiMLLa EcenTiH
LiapT LapTTap cyparkl

T(0) = 100°C T(20) T(?)

Topr = 25°C = 60°C = 30°C

T —t dT

MHHYT Ir KT = Tope)
yaksIT
Ke3iHaer
HaHHLIH
Temnepatyp
acel (°C),
T-:rp'r -
OpTaHbIH
TeMneparyp
ackl (°C)




Ll ewyi.

dTl

OeMekr

WHTerpangay apKbinkl anambl3: |

InC

T

= k(T — 25) — alHeIMansinapsl DeniHeTiH anddepeHyMangbIy TEHORY,

daT
—25

= kdt.

= [kdt, — In|T —25|=kt+

dT
T—-25
COHfbI TEHOIKTIH €Ki #afblH NoTeHUWanaay apksnel anambi3:

Elan—EEl — Ekrelnc = T — 25 = CEI{E
Wkifaasl. t = 0mMuH, T=100° DbonfaHparel DacTanksl WapTka ceukec O
TYPaKThl LWIaMaHbl aHbIKTanMel3. bynad
100 —-25=Ce*®=¢C — (C=75 t=20MWH, T=60° KOCbIMLLA LIAPTHI
DOMbIHWA e® LWAMACKHIH AHLIKTaAMbBI3.
COHBIMEH:!

60— 25 =75(e¥)° - e*=(Z)° = (1)
Bi3aiH ecebiMI3OiH WapThiHA CBMKEC HAHHLIH CyY TEHOEYI:
t

T =75 (ﬁ]_ 125,

Egn TEHOEeYONEH HAaHHLIH TEMNepaTypackiHa CaWKeC 130eniHal t yakbIT
T_ane L _ (7 =t

aHblkTanagesl: T=309 == (15) )

—20lnlk
COHOLIKTaH, t= -

= 71 MUHE.E
in7—-Inls




Mbicaa Ne 1. HpI0TOH alIKaH CAJKbIHAAY 3aHbI 0acKama auTKaHAa KeJjieci Typae 00J1abl:

JAeHeHiH TeMmepaTypachIHbIH T (1) 03repy KbLIAaMABIFBI ( OCHI JKep/e TeMIePaTyPaAHbIH
yakbITKa t 0ailJIaHBICTBI 63repy KbLIAaMAbIFbI) T IeHe TeMIepaTypachl koHe A KOpIIaFaH
OpPTaHBbIH TEMIIEPATypachl MeH alibIPMAacbIHA MPONMOPLMOHAJL.

/\'

lu\mnmr\pa A dT
—k(T — A), mynnarsi K- oH TypakThl, erep T > A, onna

dt

dT
—>0 T - eceni.

dt
ConbiMeH (pu3uKaJIBbIK 3aH T depeHInaT TEHIEYMEeH OPHEKTereH. AJIIaFbl YAaKbITTA
erep k :xoHe A —HBIH MoHJepi Oenriii 6osca, T(t) popmyiachbiH Tady apKbLIbI IeHEHiH
TEeMIIEPATYPAChIH Ke3-KeJreH yaKbITKa 00J1Kay Kacayra 00J1a1bl.

D - dt
eMmepatypa I
> T .
‘/( — < OremmnepaTypachl Kemui, nene cyuanl. Erep T < A, onna

—



450°F Temmnepartypana micetin nuuna, nemren carart 5:00 pm
Temneparypacsol /0°F 0oaTbIH 06JIMere MbIE bINl KOMBLJABI. | 9
MHUHYTTAH KeHliH MUUIAHBIH TEMIIEPATyPaCh 0osiabl. Ci3 ochbl
nuIuanbl TeMneparypacol 135°F Oosranaa skerini3 kejice, HbIKaHaau

YaKbITTA Keil aJ1achbI3?

u(t) —70 + (459 — 7o)e :

--------------------------------------------------- AnneiMeH 5

E MUHYTTaH KEH1H

: TeMIIeparypa
= 300° GonranbIH
KOJI1aHa OTBIPHITI
K TabaMbI3

K ymrin 230

oibIFapamMbIi3 In

380e% =230 k=— %) _ 1004184




450°F Temmneparypana miceTiH muuna, nemreH carat 5:00 pm Temneparypacsl
[0°F Gos1aTBbIH 06JIMere MbIFAPBLIbIN KOMbLIAbI. 5 MUHYTTAH KeiliH MUIIIAHbIH
Temneparypacsol 300°F 6osabl. Ci3 ochbl mULIIAHBI TeMIepaTypachbl 135°F
0oJIraH/Ia JKeriHi3 KeJice, OHbl KAaHAal YaKbITTA 2KeH aj1achbi3?

Enpi 6i31e K MoH1 0ap, ezl 013 cypakka //\ ——

JKayar Oepe aambl3 v
K ~.1004184

CoubiMeH, carart
5:18 ¢i3 nuIIAaHbBI

135 =70+ 1450 — 70 )e Kt JKell aJ1achI3

t ymuin
IIbIFAapaMbI3 In 65

65 e \380
380 1004184

~ 18 munym



» Temmneparypacs! 25°C acyiine
180°C Tremmneparypazna
MICIPUIT€H MpaMOPJIbl €TIHEH
YKACaJFaH CTEHK IEIITEH carar
20:30 merrapsuiagsl. 10
MHUHYTTaH KEW1H CTCHK
temmeparypachl 120°C 6oiabl.
Erep c13 OHBIH TeMIIEpaTypachl
70°C GosaTbIHBIH KAJIACAHbI3,
KEIIK] aCTa CTCUKTI HEIIECIC
Xeyre 0oaaabl ?

4. OcbigaH, Kewkl yakuTTeiH Dactany yakbitel: 20:30 + (22 muH. 38 cek.)

Kelwk acTelH Bactany yakuiTel: 20 carat 52 MWH. 36 cek.



JleHeHiH Cyybl TypaJibl ecell.
1 — Tanceipma. Ayansi temmeparypackl 20°C ten, 20 MuHyT
immiage gene 100°C —ram  60°C — ka neifin Temmeparypara
CYUTBhIHBI Oenruil. t yakbIThiHA OaljaaHbICTEl T JIEHEHIH
TEMIIEPATypaHbIH ©3repy 3aHbIH koHe Kanma t yakerrta 25°C

oonaner?



IMemyi: EcenTiH maptel OOWBIHIIA aWHBIMANbl YaKbIT TEH JEHE TeMIeparypachl OO
TaOBUIAIbI.

OHBIH inmiHAE, yakeT t — Toyenci3 aiiHbIManbl (carar), anm Temmeparypa T(1)°C —
¢dynxius (Ilenscus rpagyc) Gepinres.
Ou3uKAJBIK 3aHAbLIBIKTHI MalaganaMbI3. J[eHEHIH ayaaarbl Cyy KbULIAMJbIFbI, JCHEHIH
TeMIleparypachl MEH  ayaHblH  TeMIlepaTypachblHbIH  allbipMachlHa  ITPOMOPIIUOHAIL.

Bacrankpl miaptTel kepcetemis: t,=0 munytTa nene temmeparypacsl T,=100°C tew.
I[TpomoproHanabIK kKodhGuIneHTTi Taby YIIiH KockiMIma maptrap 6epinren: t,=20, T,=60°C.
Ecenring cyparsr: erep T,=25°C Gonranma, t, yakbITTBI aHBIKTAY KEPEK.

TybIHABIHBIH (PU3HKATIBIK MaFbIHACBIHAH TEMIIEPATYpPaHbIH ©3TePY KbULIAMIBIFbI

o ar
ACHC TCMIICPATYPACBIHBIH, YAKbIT OOMBIHIIIA — E TYBIHIBICBI 00JIaTBIHBIH aJ1aMBbI3.



ar

Du3UKaIbIK 3aHIbUIBIK OOMBIHIIIA TEHCY/I1 Ka3aMbI3: e k(T — 20).

JKanrmer mrenriMid TabambI3: f% = [ kdt,In|T — 20| = kt + C,
T — 20 = Ce** —kannpl memim. T = 20 + Ce**

BacTanks! mapTThl Kosimez: 100 = 20 + Ce*°, 6ynan C = 80.

T = 20 + 80e"‘— nep6ec memimai sxa3zambI3.

k ko3¢ dunmenTTi Taly YIIiH KOChIMIIIA MIAPTTHI Al 1aJaHaMBbI3:

1 In2
60 = 20 + 80e20k, 20k = ~,20k = —In2,k = _2_0,
Enpi 13neminaal TeHACY/IiH MIeIiMiH TOMEHICTICH Ka3aMBbl3:
In2
T =204 80e 20"
. . _lTL_Zt _lTL_Zt 1
T,=25°C Gonranpa, t, yakeITTHI i31eimi3: 25 = 20 + 80e™ 20", e 20" =—,
t-in2
— === —4-In2,t = 80 mum,

n2

Kayaopr: T = 20 + 80e 20, t =80 MHHYT.



3anaua No2. 3anaua KPUMHHAIHCTOR

B 6 yacos YTpa Temneparypa tpyna
Obina pasua 13°C i 33 TPH 4aCca nosxe
ynana 10 9°C. Yunrsigas. uto xkusoe
TE0 umeer remneparypy 37°C
TEMIeparypa OKpysKarouei cpeas obiia
5 C, onpenenire spems cMepTi.

Ortser: 12 4acoB HOYH



1. Given a cooling coefficient v of 0.1+, how long does it take water at 20°C to freeze

(reach 0°C) in air that is —10°C?

2. Let there be some amount of liquid helium stored at 0.1K. If this helium takes an hour
to lower the temperature of oxygen from 1K to 0.2K, how long does it take this helium

to lower the oxygen from 300K to 200K? Ignore the effects of phase change.

3. If some liquid water at 10°C is put into a freezer at —10°C, it takes an hour to reach
0°C. If water is put into the freezer, and then an hour later the water’s temperature is

measured at 10°C, what was the original temperature of the water?



4. Say that, during the day, air is heated by the sun to a constant 90°F. The air's temper-
ature reaches 90°F as soon as the sun comes out, and cannot exceed 90°F. Water,
however, remains at a constant 60°F throughout the day. During an eight-hour night,
the air is cooled to 65°F by interactions with the cooler water according to Newton's
law of cooling. During the day, when the air is in equilibrium at 90°F, how much
does the sun need to heat the air during one hour to counteract the cooling effects of

water?

5. A pan at 300°F is taken out of the oven and cools to 80°F, which is 5°F above the
room’s ambient temperature. If this cooling process takes an hour, how long will it
take the pan to re-heat to 300°F if the oven is 400°F? What temperature does the

oven need to be to re-heat the pan in 10 minutes?



7. Newton’s Law of Cooling also applies if the room temperature is not constant. Say
that the temperature of the room is 400 — 100e~* measured in kelvins with ¢t measured

in hours. How will a cup of water at 300K behave in this system if v = 1?

8. A tank of hot liquid at 300°C will cool to 200°C in one hour if it is surrounded by an
environment of 10°C. Suppose a heater is placed in the tank and the heater itself is a
constant temperature of 305°C. What does the cooling coefficient from the heater to

the water need to be in order for the temperature of the water tank to stay constant?



