TEMA 22. SMIHA ATPETCATHHX CTAHIB PEYOBHHH. PIBHAHHA
TEILTOBOIO BATAHCY

o 3MIHY QrPEraTHOro crany peYOBHHA HABHBAIOTE (haIVEUM NEPEXODOM.
; o [Taagienns — ue nepexin pevoBHHN 3 TeepAOro KPHCTANIYHOTO CTANY B piakuii. 3sopoTHiil npouec Ha IMBAIOTH
R _'Pﬂcma_?i'.mrm‘m.

[Tia wac lmﬂpBﬂEHHn 30 PAXYHOK TEMIOTH, OTPHMANOT BiJl HArPIBHIKA, PYHIYCTHCA Hp;im;uinuu; pelliTKa KpHcs ;L'r.ll. npH
LBOMY c?peqnn KIHETHYHA CHEPIiA MACTHHOK Tina He IMIHIOCTLEA, & NOTEHUIAILHA eHep! in TXHEOT B3ACMOAIT 3pOCTAE, Ilin Hac
mﬂ.;ra.m?.auﬁ PEMIiTKE  BIAMORMOCTLCA, TpH  HeaMinuill KineTHunill eneprii vacTHHOK TXHS 1101 cHIIAABHA  EHEePriA

- qMeHIIYETHCR, HALTHIOK eHEPTIT BUALTACTHCA Y BUEIAAT TennoTH, IBIICH BHIINAAE, 1O
@) TEMACPATYPa PEHOBHHN NiJL YaC NAARACHHA | KPHCTANIBALIT HE IMIHIOETHCA,

6) TEMNEPATYPH NIABACHAA | KpHCTANi3aLiT 1A ToT camol penoBHIH OAHAKOBE;

B) KIIBKICT TENAOTH, HeolXiana ans naassenns nanoro Tina, A0piBHIOE KUILKOCT] TEMIOTH, 1O BHALIRCTHCA TIPH
fioro KpHCTANI3aLIT,

] Axwo TiNO, Maca AKOTO m, Harpite 10 TemneparypH MAaRieHHs, TO KiUIbKiCTh Tenaoti O, HeoOXiany JUIR
~ pepeTBOPEHNA floro B pianny, o6uncaioTs 3a gopmyacio Q= kn , ae A — NHTOME TEII0TA NIARACHIA.

i [Mumava menioma nraenenns — Gianupa BeAWINHA, AKa YHCENBHO A0PIBHIOC KiILROCT] TennoTH, neodxianol s
~ peperBOpeHHA | K KPHCTANIMHOT PevoBHIN, 11O BIATA 38 TEMNCPATYPU TUIABACHNA, ¥ pianiy. OIMHULCIO BUMIPIOBAHNA

B8 HTOMOT TEMOTH NAARIEHNA Y Cl € | JI/Kr. Jlani npo nHTOMY TenaoTy MAaBAeHHA PisHUX PEuoBiH MICTATHCA Y rabani.

: o [lapoymeopenns — ue Tepexin peuoBMHM 3 piaKoro y rasonoaibuuii cran. 3soporHiit Npoucc HAIMBAOTE

xondencayirn. ICHYE 1Ba BHIN NAPOYTBOPEHIA — BHIAPOBYBANNA Ta kuninua (s, posain 18),

Jlas Toro o6 napoyTeopenna BiabyBsanocs npu craniii Temneparypi (3azsnviail TeMnepaTypi Kuiinma), PLAKMHI, Maca
~ gkoi m, noTpifHo HazaTH KinkKicTs Tennot (), aky obumncmowTh 33 GopMYNoo Q=rm, ne r—— DHTOMA TENJI0TA
- papoyrsopenns. Taka cama KIILKICTL TENAOTH BUALIAETHCA NPH KONAEHCALIT napH.
Mumava menroma napoymeopenin — (PinuHa BEIHUHHE, 10 YHCEIBHO AOPIBHIOE KinLKOCTI TENJA0TH, HEODXIAHO]
~ uae nepeTBOPEHNs | KT piinnm, BIATOT NpH TeMnepatypi KuNinKd, ¥ napy. Oankuucio BHMIDIOBANHA NTHTOMOT TEIIOTH
- napoyreopenns y Cl e 1 Juw/kr. Jlani npo nutomy Teniory napoyTsopeHis piaHuX piAun MicTATHCA y Tabanui.
; o 3a BincyrHocTi (a30BOr0 NEPexoay TiNO BHACKIAOK TENNOOGMINY HArpIBACTLCA 800 OXONOLKYCTLCH. [py ubomy
~ enepris, AKY OTPIMYE Tino, iie na 30iabuwenns cepeantol KineTninoi eneprii wactunok. [1pu oxonommenni Ti10 Biatac
eHEPrilo | KIHETHUHA eNEPris fOro MACTHHOK 3MEHIIYCTHCH.

[pu warpiBasHi 4N OXOAOUKCHHI Tina, maca Akoro m, KinbkicTe TenaotH O o6uMcIOTH 33 (GOpMYIoo
0 =cm|AT|=cm|T~T,| , a¢ Ty— novarkosa Temnepatypa Tina, I'— Kinuesa Temneparypa, ¢ — MHTOMA TEMAGEMHICTH

. peNOBIHN.
[Mumosta menroesnticms pevosuni — GizHIHA BEAHMHHA, IO YHCEIBHO JOPIBHIOE KiILKOCT] TEMIOTH, AKY HOTPibno
~ HAnaTH Ty, Maca AKOTO nopiskioe 1 kr, wobd narpit iioro va | K. [TuToma TeIoeMHICTh 3A0eHHThL BLI pOaYy PEMOBHHN,
arperaThHoOro cramy Ta Juls rasis — Bia cnocody Harpisanna (i306apho MK 3OX0pHO) i MicTnTbes ¥ Tabanuax. OanHuiew
Jix
Kr-
: Tentoesuicms miza € =cm MNCEILHO JOPIBHIOE KiLKOCTI TEMNOTH, U0 HEODXIAHO HanaTH TiAy, Maca AKoro m, wobh
 sBiasumrn fioro Temnepatypy Ha | K. Oautnueio BUMipiosanis rennoemuocti B Cl ¢ Jiw/K.
.: e [lpouec ropinns nanuea cynpoBOLKYETHCH painenssam eneprii. Kitbkicte Tennoti O, o BMAIACTLCH 1pH
-~ Topinmi naauea, oGUHCAIOIOTL 3a OpMYNoIo 0 = gm, Jie ¢ — NUTOMA TEILI0TA IFOPAHHS MANNBA, AKA 3ANEKNTH BIl BHLY
naniea Ta sivipioeTiea Y Cl B Jla/kr. Jlani npo NUTOMY TCRLIOTY 3rOpaHHa PITHHX BHAIB NAAHBA MICTATLCA Y Tabanui.
_ [humava menioma 3eopanis naiued “MUCENbHO JIOPIBHIOE KUIBKOCTI TENJAOTH, WO BHALASETHEA ApH 3ropanui | kr
- hanuea.
| & o KinskicTh TEMIOTH, WO BHAINRE HArPIBHIK, MOTYKHICTh sKkoro P, aGo 3abupae oxonomkysan, nopishioe ) = Pr,
. A T — wac poGoTH HATPIBHAKA YK NONOANIBHHEKA,

wumipiopanna nuromoi Tenaoemuocti B Cle |

YaaransHosansna rabanis

_ Enepria, 1o BHALACTHCA oy Enepris, wo norasnacises
| TIpi oxonokKeHHi Q=em(T,=T)=C(T,=T) npH Harpisanyi Q=cm(T,~T)=C(T,-T)
. | npn kprcTanizanii | @=wm NpH fLIaBieHi Q= hm ==
- |__"pu konaencani Q=rm nph napoyteopenni | O=rm
__TIpw ropinni Q=qm —

o Pienanns menrosozo Garancy (PTh) onueye 3akon 30epeReHHA eHeprii nia yac Tenaooominy.
— V jaMKHEHHX TEPMOIHHAMIMHHX CHCTEMAX (TAC), Tina akuX 3MACHIOWOTL TennooOMIM Iuwe Mix cobow.
HWragwha  gkinpkicThs TEMIOTH, WO BUAINACTBCS NPH  TenaooOMiHi, AOPIBHIOE 3aranbMill KieKOCTI  TENNOTH, 10

Moraunaernen: O,y = Qoo -
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ooty 5 JACTHCA 30BHILININ Tlaay, 1 !
H Pe : '
TeniooOMIHL o0oOMiHY.
pexripHicT®) T¢!

i Halpiﬂ-ﬂﬂbﬂ'ﬂ| TO NEPETBOPCHNg Clign,
yoro TLIO !

. ¥ Heaamkuenux TJIC wactima eHeprii, wo snainAcTeca HpH
PIRHANHA Tennosoro Ganaucy mae urasn NP = Cuen s AN KKA(¢
LUE ]

* Ko 308MimNg cnna BMKOHYE Han Tinom poBoty, BHACHIAOK
MA€ BUrARL A = O, |
a1’ STH BOY, 1O YTBOPHTLCYH 4 100
I o ey ob 3aKkun i
cHiry pukiao 1. Ckinbku npon noTpibHo cnanury y neyi, KKK axol 30 %o, ut 2
Y» TeMnepaTypa akoro aopisuioe ~10 °C? Enepris NOrAHHAETLCA

I‘|‘—_{]'3. — : - A ):rm,-j‘.i". ~ B
q=1:10" im/xr e EHepria suinseTeen Harpipanns cHIry (npoy): éf_ ?J';, l
€= 2100 lw(xr - °C) lopinns apos: Q, = gm, . [nasaeHHs CHIry (rvony): €s = 1
ms ,t]m Kr e Harpisans yTBOpeHOl RO O, =cms, '

hL=10°C +

. : =)-1-+(_thi£}4' !
}f __i:] -39 Tk TJIC Hesamkiena, pisnania Ten10Boro Ganancy Mac BHLAAL r:flﬂﬂii.nmmu: ['
=S 200 Ii/(xr - °C) icas nincranoskn pupasis Ans oGumncIenHs kinwkocTeil TENI0
Ar, = 100 °C il m(ciﬁ.-_‘+l+c_df.},,25*}'[”}.
m,—? Ngm, =c mlAt, +dm+ec mAt, . 3sinen m, = ' ng

Ax o Ik
: "o " e ) e
Ommuiui sumipioranms: [mn] = I B o
* W
KIr

Bianosias. 25.7 kr.

s r b a
Hpuxiao 2.V nocynnny, 8 sxiii mictirses 1 kr soan npu 20 °C, snyctuan 100 r BoasHoi R npl;(].rl:'i. _( o
TEMNEPATYpa BCTANOBHTLCS B NOCYANHI HANPHKiKLI Tenn006MiNy, AKILO TENI0EMHICTB NOCYAHHN A0piBHIOE 500 i

r=23- 10" /xr Enepris suninserses Enepris norinHacTbes Ak
my = 0,1 kr Konnencauis napu: Q) =rm, . Harpisanns xononuoi soam:

:‘z#ﬁjﬁ)%m b o Oxon0/1Kenns rapauoi Boau: Oy =cmy(t—1,).

=120 °C Q; =cmy(4—1). | Harpisanns nocyamnn: 0y =Cl1=1,). |
r:r; =1 kr TIC 3amknena, piBHAHKA TeNA0BOrO Ganancy Mae BHIAAL: O +0,=0,+0;.

C = 500 Ix/~C ITican ninctanoskn Bipasia s obuncaenns KinbkocTel TenaoTh OTPHMAEMO:

=7 my(r+ct))+1,(cm, +C)

oy +omy (6 —1) = cny (¢ —1)+C(t—1,). 3sincH ¢ =

xr-(ﬂ—m--i- fx -“‘C)+°C-[ Hox -kr++‘£-"m—
1 B ¢ Wt B Kr-“C °C =.}1:|r-“"{3_‘b

=71,5(°C)
c(m +m,)+C

Oauunui BuMipiopanns: [¢]= 0
A2 2k o
kr-°C °C

Bianoeiae. 71,5 °C.

Mpurad 3. Cymiw BoaM 3 NbOAOM, 3aransHa Maca axoi 10 Kr, BHECIIH B
Tenay kiMuary. Ipadik sanexHocti Temnepatypn cymiwi sia Hacy nokalaHo Ha
rpadiky. Buswaumt macy awoay B cymiwi. Tennoemmicrio nocyanuu
3HexTyiiTe.

]

e

=

(001710 1 20 1 30

¢ = 4200 ur/(xr - °C) | Jlinanka AB rpadika sianosisae niasiennio Aoy, Maca skor : 57 e
=33 mi Jlw/kr BOAH, 3arajisHa M'aca AKOI . m HnmiBHHKOMnYB Oﬁoxxﬁﬂwn::;miih_;:;ﬁi:ﬁ;
m =10 Kr Cepeaosilile, MO Bitac cymiwi KinbKicTs Teniotn Q= pr. ne T s, P
7,=20x8 WBHAKICTH nepeaayi eHeprit (NoTyxuicTs), ' i
;= 10 x8 CHeTemy cyMitl — cepeoBHLILe MOKHA BBaKATH nmmeuom“

Ar=2°C PTB y / sunanxy (na rpadixy ninauka AB): Pty =2m,.

mp- ?

PTE y /] punanky: Pty =cmAr . loainnewim piBnsuus, otpumaemo: EL:-EE"J_

T, omiAt’
Jix |
: = e togr SR
Saiach m, =E'n;f_ﬂ~ 0,51 (Kr) . Oauuwui BUMipIOBaHHS: fmulﬂﬁ'ucm — e
2 m;r_.xa 3

Binnosiae. 0,51 kr,
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: [Mpuxiad 4. Ha cxinpky rpanycis Harpier
L 400 pyXiB, MEpEMilLyIOun nuy bCA 3ani3na MUIKA, Maca Akoi OpiBHIOE | kr, AKwo MoanHa 3pobHTE HEKO

. 2 Ky s
| jxonatof podorm. ¥ WOPHY Ha 50 cM i npuxnasaioun cuny 20 H? V Temnory nepetsopioctaca 70 %
3 = 460 lx/(xr - K) 3
::1 e Ka_m:""“"m'“ M =0. Bukonana nioauHoio pobota topisnioe A = FSN .
F=20H bKICTB TemnoTw, uo NOrnMHyNa NHAKa NpH Harpieanni O =cmAs.
S:ﬂ,s M i .
R - 1(??0 ¢4 NIACTAHOBKH OTpHMaemo: SN =cmAr . 3sincn Af = ﬂfj’*’ =15(°C).
=0,
E 'L_Af—? Onunnui BUMipioBanns: [Ar] = Hm _JIx-°C _ °C
Jx Tl '
B *KI
Binosizs. 1,5 °C. KL
Hpuknad 5 (3HO-2011), Ha . T.K
] : = ’ PHCYHKY 3o00paweno rpadik ?
i SAICKHOCT] aﬁcc:nmmm Temnepatypn T soau, maca akoi m, pia fa:.gr t Al /7'
ppi IMACHEHHI Tennonepenayi 3 nocrifinolo y < B [

£ notyxusictio P. VY AT |

MoMeHT dacy (=0c Bopa Gyna y Teepuomy crami. 3a KONOMOrOI0 NP 1

KOO 13 383HAYEHNX BHPA3iB MOXHA BH3HAYNTH NHTOMY TEIIOEMHICTh : ! i
i

BOAM B PUIKOMY CTaHi 3a pesy/ibTaTaMu 1soro aocaiy? ;

— 0 mll ﬂl'z' Aly Ary l.'_\f_r.r r.c
A B B =
Lol PaLy Par, PAL
maly m mAT, ; -
Poag’azanns.

lpouecy HarpisaWHs BOAW BianMOBinac Tpevs AinAnka rpadika, 3 sKkof BMAHO, W0 Harpisanus Ha AT K tpusano
YOpOAORK Hacy Ar; . PienaHus Teruiooro Ganancy: PAry = cemAT;. 3siacH ¢ = ;pé% :
mAaT,
Bianosizae. B.

Mpuxaad 6  (npodue 3HO-2010). Ha  pucynxy  3obpaxeno  rpadixu

. JanekHOCTI TeMNepaTypH ABOX Tid OJHAKOBOI MackH Bia Haaawoi iM KisekocTi

TennoTH. BH3HAUTE CRIBBIAHOWEHHS MK THTOMHMH TENAOEMHOCTAMM UHX Ti.
A Tlutoma TennoemuicTs Tina 1 yasiui Ginvwa, Hix Tina 2. 1
B [uroma TenaoemHicTs Tina 2 yasiyi Ginbwa, nixk Tina |.
B ITitoMa TerioemHicTs Tina 2 BueTBepo Gitbwa, Hik Tina 1. PO _
I' Mutoma TennoemHicTs Tina 1 BTpHyi Ginswa, ik Tina 2. | | O, Jlx

LR | |

Po3s’a3aHuA =M b e

Ja 03HAUEHHAM NUTOMA TEMIOEMHICTB Tina NOpiBHIOE €= %. 3 rpadhixa suano, wo npu @, =0, Ar, =4Ar,. Toni

El=£-|-=4. Otxe, ¢; =4¢;.

Bianogsias. B.

Hpusaao 7 (3HO-2010). VY meTanesy NOCyauHy, Maca akoi 200 r, sanau 150 r Boau H ONYCTHAN WUIMATOK NLOIY, WO
i TE::EPETFP}' 0 °C. TMouaTkoBa TemnepaTypa nocyAnHH 3 BOAOKO — 25°C. ¥ MOMEHT Yacy, KOIH HacTana Tenosa

pisHOBara, TemnepaTypa BOIH B \ieTaleBifi NocyauHi crana aopismiosath 5 °C. Buanaute macy nwoay (y kinorpamax).

TIHTOMA TennOEMHICT METANY, 3 AKOTO BHIOTOBAEHO nocyanny, aopistioe 410 Jix/(xr - K), nutoMa TenaoemHicTs Boau

cranopuTh 4200 [a/(xr - K), nuToma renfioTa MAABNEHHA AbOAY fopisHioe 3,35 - 10° Jx/kr. Brpatamu Tenna MeTanesoio

NIOCYAHHOIO 3 BOJOKO SHEXTYHTE.
A=335- 10° lx/kr Enepria BHAINAETHCA Enepria nornuHacrses

m =02 kr OxonofkeHHa nocyannm: O = cymAr, | Tanenns nvoay: Oy = b,

o :;gﬁﬂ*fM{lﬂ‘ ' a% Oxonomkenna Teriol Boan: Oy = cymydh, | Harpisanns xonoasol soa: Oy = ¢pms Al
= Kl * ;
A=25°C-5°C=20°C | T/IC samkHeHa, piBHAHRA TENAOBOTO Ganancy mae surasn: O+ 0, =05 + 0.
Ap=5°C-0°C=5°C | 4o ninCTAHOBKH BHPA3IB AR POSPAXYHKY KinskocTell TenAoTH OTPHMAEMO!
i B Ar +eamAL, . 3piacH m, = foay oAl 0,04 (xr)
e = C . My 4
AL, +eamy Al = Nty + G A0 ; A+ AL

my—7
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[lomaluHe 3aBOaHHA

IHowamxoeuu pieenv

Ha u1o Burpavaersca Ginbuie eHeprii: Ha HarpiBaHHA BOAM YH aJTIOMigi.

€BOI KacTpyJi, AKINO IXHiI Macu OZHAKOBi?

Mizniii i craneBiit rupbkamM 0JHAKOBOI MacH mepefasy PiBHI Kiabkocr

TeIJIOTH. ¥ sIKOI TMPBbKHU 3MiHa Temneparypu 6yna 6inpmron?

Cepednitl pisenw
Y ckaany nocyauHy macoio 0,12 kr sa Temuneparypu 15 °C maauin

0,2 xr Boau 3a Temneparypu 100 °C. 3a skoi TeMIepPaTypH BCTAHOBUTHCH

TenJioBa piBHoBara? (Bidnoeidv: 91 °C.)

Smimanu 39 i1 Boau 3a Temneparypu 20 °C i 21 i 3a remnepatypu 60 °C. |

Busnaure Temneparypy cymimi. (Bidnoside: 34 )

Hocmamunii pieenw

¥ 200 r Bogu npu 20 °C momimarors 300 r zaxiza npu 10 °C i 400 r

miai npu 25 °C. 3naiifiTe TeMneparypy, ska BCTAaHOBHUJIACH.
(Bidnoside: 19,5 °C.)

Bozxa macoio 150 r, manura B MigHMi Kanmopumerp Macoro 200 r, mae
Temueparypy 12 °C. 3maiiziTe Temnepatypy, mo BCTAHOBUTHCA B KAaJio-
puMeTpl, AKIIO Y BOAY ONYCTUTH 3ai3HY rMPIO Macow 0,5 kp, HarpiTy
no 100 °C. IlokaxkiTes Ha rpadiky 3aneXHIiCTH TeMIEPATYPH Bix KinpkocTi
TENJIOTH AJIA AAHOrO Mponecy TenaoobMiny. (Bidnosids: 34 °C. )

Bucoxuil pieens

Y zanizHomy rasopumerpi Macoo 100 r micturscs 500 p BOAM 3a meM-
neparypu 15 °C. ¥ rajopuMeTp KMAAIOTh CBHHENb i amominii 3araup-
Ho0 Macowo 150 r i remneparyporo 100 °C. ¥V peayasrari TeMIeparypa
Boau migHimersca xo 17 °C. BusHauTe Macy cBuHLIO i adioMinmi.
(Bidnosidv: m, = 0,04 kr; m, =0,11kr.)

* Y nyxkax naHo HyMepauiino, HaBeaeHy B [3].

PRy




| 7-1 HaBYaNnbHUIA TUXAEHb

,-:& EneKTPHYHHUN KHI'ATHUJIBHHUK NOTyxKHicTio 350 BT He MoKe HarpiTu
600 r Bogn Ao KuminHs. IlepekonaBmucs y mpoMy, ioro BUKJI0OYAIOTE.

Ha cKiJIbKH SBHU3HTBHCA TeMIIepaTypa BOAU depes 15 ¢ micas BUMHKAHHSA
gxun’ aTuabHUKa? (Bidnosgidv: Ha 2 °C.)



