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BCTVYII
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1. MoJuiekyasipHa ¢izuka

1.1. CratucTrnuna ¢iznka

KinbKicTh pe4oBUHM Tij1a (CHCTEMH)

v=N/N, ,

ne IN- 9uciio CTPYKTYPHUX €JIEMEHTIB (MOJIeKYJI, aTOMIB, 10HIB Ta T.1.),
CKJIQIAI0UMX TiJ0 (CUCTEMY);

N nocriiina Asoragpo N, =6,02-10% mons™

MouJusipaa Maca pe40BHHHU
M=m/v,
Jie m- Maca OJTHOPIHOIO Tija (CUCTEMHU);
V-KUIBKOCT1 pEUOBUHU 1IHOTO TiJIA.

BinHocHa MoJieKyJISIpHA Maca pe4YOBUHH

Mr :Z niAr,i,

JI€ 1; - YUCJI0 aTOMIB 1-T0 XIMIYHOTIO €JIEMEHTA, 1110 BXOJAUTH B CKJIA]
MOJIEKYJIA TAHO1 PEYOBUHU;

A,,;—BITHOCHA aTOMHA Maca I[bOTO €JIEMEHTA.

3B’S30K MOJIIpPHOI Macu M 3 BIJTHOCHOIO MOJICKYJISIPHOIO MacCOIO
pPEYOBUHU

M=M k.
ne k=107 kr/Mob.

KinbkicTh pe4oBHHHM cyMilni rasis

v:v1+v2+...+vn=]\%v +N%\7 +...+N%v :

abo

ne vi, N;, m;, M;BIATIOBIAHO KIJIbKICTh PEYOBUHH, KUTBKICTh MOJICKY I,
Maca, MOJisipHa Maca 1-ro KOMIIOHEHTa CyMIIIIi.



1.2. TociriaHi ra3oBi 3aKoOHH

PiBusannsa MenpaeneeBa-Kiaiinepona (piBHSIHHS CTaHy
171€aTbHOTO Tazy)

pV=""RT=vRT .
M

1ie m - Maca razy, M-MoJisipHa Maca rasy, R-MoJisipHa ra3oBa IocTiiiHa, v
- KITBKICTh PEYOBUHH, T - TEpMOAMHAMIYHA TEMITEpaTypa.

JlocnmigHi ra3oBl 3aKOHM, IO € OKPEMHMHU BUIIQJIKAMU DPIBHSHHS
MenneneeBa — Kianeiipona a1 1301po1iecis:

e 3akoH boiisiss — Mapiotra (130Tepmiunuii poriec: 7= const, m=

const)
pV=const ,
YU 1S JBOX CTaHIB Ta3y
pVi=pb;:
e 3akoH I'eii - JItoccaka (i300apHuii mporiec: p = const, m=const)
V
——=const -
UM TS IBOX CTAHIB
B4
I T
e 3akoH Illapas (i30xopHuii npouec: V= const, m=const)
Ezconst ;
UM U1 IBOX CTAHIB
pi_Ds
I, T,
e 00’€IHAHUM ra30BMH 3aKOH (m=const)
V PV _ PV,
p—zconst , UM = ;
LI

ne pi, Vi, Ti —Tuck, 00’eM Ta TeMmreparypa ra3y B MOYaTKOBOMY CTaHi;
cTaHi; p2,V>, T>o — Ti K BeTUYMHU B KIHIICBOMY CTaHi.



1.3. 3akonu auis cymiui rasis
3akoH /laabTOHA, 1110 BU3HAYAE TUCK CYMIIII Ta3iB
p=p+p,t+.tp, .
1ie p; - apIiiiajbHi TUCKX KOMIIOHEHTIB CYMIIIIi;

7 - YUCJI0 KOMITOHEHTIB CYMIIII.
llapyianbhum muckom Ha3UBAETHCS TUCK rasy, U0 CTBOPIOBAB OM
el ras, AKOM TUIbKM BiH OJIMH 3HAaXOJUBCS B TOCYJHHI, 3alHSATIN
CYMIIIIIITIO.

Mousipaa maca cymiiui rasis

Ay,
v+, +oy,

ne m; - Maca 1-ro KOMIOHEHTa CyMillli;
mi
Vi = M- KUIBKICTh PEYOBUHM i-TO KOMIIOHEHTA CyMIIIIL;
i
7 - YACIIO0 KOMIIOHEHTIB CYMIIII PEYOBUHHM i-TO KOMITIOHEHTA CyMIIIII.
MacoBa yacTka i-ro KOMIIOHEHTa CyMilIll rasy (y J0JisIX OJIMHUIIb

YU B1JICOTKAX)

m;
Cf)l = >
m
Jie m - Maca CyMilIl.
Konuenrpaitist MosieKy.J
n:E: NAp ,
VoM

ne N - 9ucio MOJIEKYI, 10 MICTSIThCA B TaHIN CHCTEMI;

0 - TyCTUHA PCUYOBUHU;

V - 00’eMm cucteMu.

dopmya cripaBe/IlIiBa HE TUIbKH JIs Ta3iB, aje 1 AJist OyIb-sSKOTOo
arperaTHOTO CTaHy PEYOBHHHU.

OcHOBHe pIBHSIHHSI KiHETUYHOI Teopii rasis

p:§§n<5n>,

ne <&> - cepe/lHs KIHETUYHA €HEprisl MOCTYyNalbHOTO PYXY MOJIEKYJIH.
CepenHs KiIHETUYHA €HEPrisl MOCTYNaIbHOTO PYXY MOJIEKYIIH

<&, >=%kT ,
7



ne k = noctiina boseiimana.
Cepennsi TOBHA KIHETUYHA €HEPT1sl MOJIEKYJIU.

<& >:ikT :
2

e i- YUCJI0 CTYTEHIB CBOOOIU MOJIEKYJIH.

3aJIe’KHICTh TUCKY T'a3y BiJl KOHIICHTPAILIIT MOJIEKYJI 1 TEMIIEpaTypu

p=nkT .

IHIBuaKOCTI MOJIEKYJI:

_ |3kT _ |3RT _cepenns xBagparndHa;

<Y >=
m, M
<p>— 8kT _ \/ 8RT _ cepeqHsa apu(pMEeTUIHA;
oy M
= 2kT: 2RT yaiiGinem NMOBIpHa,
N\ m M

7ie m; — Maca OJIHIET MOJICKYJIH.
BigHocHa MIBUAKICTH MOJIEKYJIH

uzy ,
v6

JIe V - BUJKICTh JAHOI MOJICKYJIH.

1.4. Ilpuknaau po3B’sA3yBaHHSA 32124

3amaya 1.1. BuzHauutu 11 CcipyaHoi KHUCIOTH: 1) BigHOCHY

MOJIEKYJISIpHY Macy M, 2) moisipHy Macy M.

Pimennsi. 1. BigHocHa MonekyysipHa Maca PEYOBHUHHU JIOPIBHIOE
CyMl BIJIHOCHHUX aTOMHHMX Mac BCiX €JEMEHTIB, aTOMH SKHUX BXOJSITh JO
CKJIaJy MOJIEKYJIM JaHO1 pEUYOBHHH, 1 BU3HAYAETHCS MO (PopmyIi

Mr :ZniAr’i’

1€ n; — YUCJIO aTOMIB 1-ro eJeMeHTa, 1110 BXOJATh Y MOJICKYY;

A, ; — BIJIHOCHA aTOMHa Maca 1-ro ejaeMeHTa.

XimiyHa ¢opmyina cipuanoi kuciotd Mae Bun HpSO4. Tak sk 1o
CKJIa/Ty MOJICKYJIU CipUaHOi KUCJIOTH BXOJISATh aTOMHU TPhOX €JIEMEHTIB, TO
Cyma, IO CTOITh B MpaBidi dacTuHi, piBHOCTI (1) Oyme ckiamaTuch 3

TPbOX CKJIIAJOBHUX Td BOHA HpI/IfIMe BHUI'JIA



M, =nmA, +nyA,,+n4, 5 . (2)

3 dopMyau cipyaHOi KHUCJIOTH Jalli BUXOIUTH, 1m0 #n;=2 (JBa
aToOMU BOJAHIO), n,=1 (oaMH aToMm Cipku) Ta n3=4 (JOTHUpPU aTOMH
KHUCHIO).

3HaueHHS BIJHOCHMX AaTOMHMX Mac BOJHIO, CIpKM 1 KHUCHIO
sHanaeMo B Tabmui J1.I. Menneneena.

A=l A4,=32,  A,=l6.

IlincraBuBIIM 3HA4YeHHS #n;, Ta A,i y dopmyny (2), 3Haigemo
(BITHOCHY MOJIEKYJIIPHY Macy CipyaHOi KUCIOTH:
M, =2-1+132+4-16=98.
2. 3Har4M BIJIHOCHY MOJICKYJISIpHY Macy M,, 3HaiijieMO MOJISIpHY
Macy Cip4aHOi KUCJIOTH 110 popmyti

M=M k. 3)

ne k=1073Kr/Mob.
[TizcraBuBIIM B (3) 3HAUYCHHS BEJIMYUH OTPUMAEMO
M =98-10 kr/mMoub.

BignoBiab: M = 98-10 xr/mMoI1b.

3agaua 1.2. BuzHauutu MosisipHy mMacy M CyMillll KUCHIO Macolo
m;=25 T 1a30Ty Macow m=75T.

Pimennsi. Mossipaa Maca cymiti M € BITHOIIEHHSAM MacH CyMIlIlli
m 110 KUTBKOCT1 pEUOBUHHU CYMIIII V:

M =m/. (1)
Maca cyminii J0piBHIOE CyMi Mac KOMIIOHEHTIB CYMIiIIIi:
m=m; +m, (2)

KiJIbKICTh pEYOBUHU CYMIIIIl IOPIBHIOE CYyMi KIJIbKOCTEH PEUOBUHU
KOMIIOHEHTIB:

m; m
V=V, +V,=—+—. 3
PR, 3)
[TincraBuBim y ¢hopmyiny (1) piBasiaus (2) 1 (3) , oTpumaemo:
M= m; +m2 (4)

my m; .



3acTOCyBaBIIM METOJI, BHUKOpUCTaHUM y 3amaul 1.1, 3Haiimemo
moisipHi MacW KucHIO M; i asory My M;=32-107kr/mois;
M>=28- 107 kr/monb.

[linctaBUMO 3HA4YE€HHA BEJIWYMH B piBHSIHHA (3)Ta 3poOUMO
PO3paxyHKHU:
~ 25107475107
251070 /(32107 )+75-107° /(28107 )

Bigmosinb: M =28,9-1073ke/ mons.

M =28,9-1 03 ke / monw.

3amaya 1.3. BuzHauutu yuciao N MOJIEKYJI, 1110 MICTSThCSI B 00’ eMi
V=1 mmM® Bomu, i Macy m; MONEKYIH BOAM, BBakarouw yMOBHO, ILO
MOJIEKYJIH BOJM MAarOTh BUJ KYJIbOK, IIO CTHKAKOTHCS OJHA 3 OJHOIO,
3HAUTH AlaMeTp d MOJIEKYII.

Pimennsi. Yucino N MoOJIeKyJl, IO MICTATBCA B JESIKIA CHCTEMI
Macow m, AOPIBHIOE HOOYTKY MOCTIHHOI ABoraapo N4 Ha KiIbKICTh
PEUYOBUHU V:

NZVNA'

Tak sk yv=m /M,

mNA
M

BxkazaBuiu 3 1i€i popmynu macy sk J0OYTOK TYCTHMHHM Ha 00°em V
OTPHUMAEMO

ne M - monsipHa Maca, 3Bijicu N =

N=pVN , /M .
3po6HMO 06UHCICHHS, BpaxoByioUn, mo M=18- 107 kr/monb:
1071077
18107

Macy m; oJHi€1 MOJICKYJIU MOXHA 3HAUTH 10 hopMmyJIi
m; = M/Ny. (1)
[TincraBuBmm y (1) 3HaueHnust M ta N, 3HailieMO Macy MOJIEKYJIH
BOJIU:

N 6,02-10% monexyn=3,34-1 0’ MONEeKVIL.

181077

P ke=2.99-10"%% k2.

m

10



Ao MoJieKyM BOAM IIUIBHO TPWIATAIOTH JAPYr 10 Apyra, TO
MO’HA BBXKATH, 10 HA KOKHY MOJIEKYJTy NPUXOAUTHCI 00’eM (KyOiuHa
sueiika) V;=d’, ne d — niametp monexynu. 3Bincu

d=3V,. (2)

OOcsar V; 3HaiiieMo, PO3IUIMBIIM MOJIIpHUN 00’eéM V), Ha 4uCIIO
MOJIEKYJI B MOJIi, TOOTO Ha Ny:

V,=V /N, 3)

[TincraBumo piBHsaHHSA (3) B (2):

V

d=3"m/
NA

d :3/1\%IONA ) (4)

[lepeBipuMO, uM J1a€ TpaBa YacTUHA PIBHAHHS (4) OJMHUIIO
JIOBKWHU:

ey _M .Toz[i
=

{ [M] }%:{ Ixe / monb }%:]M
[PI[N 4] ! '

3poOMMO OOUYHCIICHHS:

Ixe/ m> - Imons™

-3
d=3\/ 3]810 5 =311-107" =311 nm.
10°-602-10

Bignosinw: ¢ =3,11-107m=311nm.

3amaua 1.4. B Oamoni o0’emoM 10 1 3HAXOOWUTHCS TeM Mg
tuckoM p; = 1 Mlla ta npu temnepatypi 7; = 300 K. Ilicas toro sik 3
Oaona Oymno B3sT0 m=10T Temo, TemnepaTypa B 0agoH1 TOHU3UIIACS
1o 7> = 290K. BuzHaunTu TUCK p; TeiI0, 10 3aJUIINBCS B OAJIOHI.

Pimennsi. [l BupilieHHs 3aJa4l CKOPUCTAEMOCS PIBHSIHHIM
MenneneeBa -Knaneitpona, 3acTocyBaBIIM HOTO J0 KIHIIEBOTO CTaHy
rasy:

m
pZVzAjRTZ, (1)

11



Je my — Maca Teito B 0ajioHi B KiHIIEBOMY cTaH1; M — MoJisgpHa mMaca
rejir; R — MoJsipHa ra3oBa IOCTiiiHA.
3 piBHsiHHS (1) BUpa3uMO ITyKaHUM THUCK:
pgzl’l’ZgRTg/(MV). (2)
Macy m> renmi0o BHUpa3MMO uepe3 Macy mj, 110 BIAMNOBIJIAE
MOYaTKOBOMY CTaHy, Ta Macy m Teliio, B3STOro 3 OaJIOHY:
m, —my—m. 3)
Macy m; remiro 3HaljaeMO TaKOX 3 pIBHSIHHA MeHpaeneena -
Kunanniepona, 3aCTOCyBaBIIH MOTO JI0 IOYATKOBOTO CTaHY:

m,=Mp,V /(RT, ). 4)

[TincTaBuBIIM PiBHSIHHS Macu m; B (3), a OTIM PIBHAHHS m; B (2),

3HAUJIEMO
M, RT
pP>= pr—m —2,
RT, MV
qu
_L, _m RI, (5)
P> T1p1 MV

IlepeBipumo, uu gae ¢popmy:a (5) oauHULIO TUCKY. {15 11boro B ii
IIpaBy YaCTHUHY 3aMICTh CUMBOJIIB BEJIMYMH II1JICTABUMO IXHBO1 OJIMHMII.
B mpagiit yactuni opmynu aBa; gogaHku. OUEeBUIHO, IO MEpIe 3 HUX
Ja€ OJIMHUIIL TUCKY, TOMY 110 CKJIAJA€ThCS 3 ABOX MHOXKHMKIB, TIEPIITHMA
3 sikuid (T2/T;) — Oe3po3mipHuil, a apyruit — THCK. [lepeBipumo
JIPYTrav JOJAHOK:

[m][R][T] ke Lo /(mono-K )- 1K Ixe-Imonv 11K

[M][V]  Ike/ mons I’ Iz Im’ - Imons-IK
)i 1H- 1H

Moe Mn i,

Im Im Im

[Tackanb € OAMHUIICIO TUCKY. 3poOMMO OOuUMCIeHHS 1O (hopMyIIi
(5), BpaxoBytoun, 1mo M=4 - 10~ kr/Mois:
290 . ¢ 107° 831
— 10 9
P2 (300 4107107

Binnosine: p, =3,64-10° Ila=0,364 Mila.

-290]Ha:3,64-1OSHa:O,364MHa.

12



3agaua 1.5. banon mictuth m; = 80 r kucHio 1 my = 320 r aprony.
Tuck cymimn p= 1 Mlla, temneparypa 7=300K. I[Ipuiimatoun naHi ra3u
3a 14eaIbH1, BU3HAYUTH 00’ €M } OajoHa.

Pimenns. 3a 3akoHoM JlanbTOHA, TUCK CyMIllll JIOPIBHIOE CyMi
napiiagibHUX THCKIB TrasiB, IO BXOJATh 10 ckiaaxy cywmimn. Ilo
piBHsIHHIO MeHnneneeBa — Kianeitpona, mapiiaibHl TUCKH p; KHCHIO 1
P2 aproHy BUpa)karoThcs popmynaMu

p;=m;RT /(M )V ),p,=m,RT /(M ,V ).

3BiJcH 3a 3aKOHOM JlambTOHA THCK CyMIIIl Ta3iB
%ﬁz}RT
M, M,) p

3poOuMO 00YHCIICHHS, BPaXOBYIOUH, 1110
M ;=32-10" ke / monw, M ,=40-10"" k2 / monw °
_( 0,08 0,32 j 8,31-300
V= + :
32107 40-107)  10°

Binmosine: | =0,0262 m* =26,2 a.

P=DP1t P, p=(

—0,0262 M> =262 1.

3amaya 1.6. 3HaliTM cepeHIO KIHETUYHY EHEpriro <&,>
00epTaIbHOTO PYXY OJIHIET MOJIEKYJIM KUCHIO Tpu Temmepatypl 7=350 K,
a TaKOX KIHETUYHY €HEPTiio E; 00epTAIBHOTO PYXy BCIX MOJIEKYJ KHUCHIO
Macorw m = 4.

Pimennsi. Ha xoXeH CTymiHb BOJII MOJIEKYJH Ta3y MPUXOIUTHCS
OJIHAKOBA CEPEeHS EHEepris & =§ kT, ne k — nocrtiitHa bonbimana; 7' —
TEPMOIUHAMIYHA TeMIIepaTypa rasy.

Tak sk oOepTanbHOMY pPyXy JIBOXAaTOMHOI MOJIEKYJIH (MOJIEKyJa
KHCHIO-JIBOXaTOMHA) BIAMOBIJIalOTh JIBI CTYINEHI BOJI, TO CEpeIHs
EHEePTis 00epPTaATBLHOTO PYXY MOJICKYJIU KUCHIO

<&, >=2-£kT. (1)
P 2
Kinetnuna eHeprisi 00epTaabHOTO PyXy BCIX MOJIEKYJI razy
E, =<¢,>N. (2)

Uucio BCix MOJICKYJI razy

13



N=N Rz (3)
ne, N, - MoCTiHa ABOTajIpo;

V-KUIBKICTh PEYOBHHH.

k1o BpaxyBaTH, 10 KUIbKICTh pEUOBUHU Vv=m/M, e m — maca
razy; M — MoJsgpHa maca rasy, To popmyna (3) npuiime BUTIISI

m
N:NA H
[TincraBuBmu piBHSHHS N B popmyiy (2), OTpUMaEMO
E =Nm<g >/M. 4)
3po6uMo  OOYMCIIEHHS, BpPaxOBYIOUM, IO JJISI  KHUCHIO
M=32-10" k2 / monw
<&, >=kT=13810""-350=4,83-10""" JJorc;

023 4107
32107
A=2-314-(0,1)? -40-107°=2,5-1073 Jrc=2,5m/nc.

Binnosink: < & >=483.1072! J{oc;

6p
A=25- ]0_3ﬂofc =2, 5m/oic

E,=6,02-1 4,83-107*1 =364 I,

1.5. 3anuTaHHs 1J1sI CAMOKOHTPOJIIO

1. Skuii ra3 Ha3UBAETHCS 171€aTbHUM ?

2. ChopMynroBaTH 3aKOHU 171€aJILHOTO ra3y, 3alycaTh iX pPiBHSHHS
Ta HapUCYBaTH iX rpadiku.

3. BuBectu piBHSHHS ra30BOT0 CTaHy JJIs 171€aJbHOTO rasy.

4. 3a AKMX YMOB BJIACTUBOCTI peajbHUX ra3iB HAONMKAIOTHCS 0
BJIACTUBOCTEM 1/1€aJIbHOTO razy?

5. Sk BUBOIUTBHCS OCHOBHE PIBHSHHS MOJEKYJISIPHO-KIHETHYHOT
Teopii razis?

6. SIk ekcepruMeHTaIbHO BU3HAYAIOTh IMIBUIKOCTI MOJICKYJI razy?

7. Y yomy nosisirae 3akoH MakcBesia po po3NOALT MIBUIKOCTEH
MOJIEKYJI Ta SKUMH JOCII1IaMH BiH M1ATBEPKYETHCS ?
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1.6. 3agaui quis1 podoTH B ayauTopii
1. O6GunciuTH Macy m atoma a3ory.[2,33-10726 kr]

2. I'yctuHa razy p npu Tucky p = 96 klla 1 temneparypi =0°C
nopisHtoe 1,35 r/n. 3naiiTi MonapHy Macy M ra3zy. [32'10kr/mois]

3. Bu3HA4MTH TUCK p; i p; Ta3y, mo Mictuth N=10° Monekyn i Mae 06’ em
V= lem®, mpu temmeparypax 1, = 3K i T>=1000K. [41,4 ulla; 13,8
MKI1a]

4. Ilpu temneparypi =35°C 1 tucky p = 708 klla ryctuna neskoro ra3zy
=12,2xr/M>. BusHauuTu BigHOCHY MOJIEKYJISIpHY Macy M, rasy. [44,1]

5. Sxuii obcar V 3aiiMae cyMilll @30Ty Macoro m; = 1 KT 1 rejiiio Macoro
m2;= 1 Kr mpu HOpManbHUX yMoBax? [6,4 m3]

6. Y OayioH1 MICTKICTIO V =15 11 3HaXOAUTHCSA CYMIIll, 110 MICTUTh M; =
10 T BoxHIO, my; = 54 T BOASHOrO mapy 1 m3 = 60r OKHCY BYIJICIIIO.
Temneparypa cymitii t=27° Buznauutu tuck. [1,69 MIla]

7. 3HaTH TOBHY KIHETUYHY €HEPril0, a TaKOXX KIHETUYHY EHEpriio
o0epTaIbHOTO PyXy OJHI€I MoJsiekynau amiaky NH3; mpu Temmeparypi
=27°C. [1,24:10%° JTx; 6,2:1072! JTxk]

1.7. 3agaui nuist camoCTiHHOL podoTH

1. BU3HauuTH KUIBKICTh PEUYOBUHU V 1 UUCIO N MOJIEKY] KHUCHIO
macoro m = 0,5 Kr.

2. CKUIbKH aTOMIB MICTUTBCSI B PTYTI: 1) KUIBKICTIO PEHOBUHU V =
0,2 moub; 2) macoro m=1 r?

3. Boxa mpu temmeparypi ¢ = 4°C 3aiimaec o6’em V= 1 cm’ .
Bu3zHauuTH KUIBKICTh PEYOBUHHU V 1 YMCI0 N MOJIEKYJ BOJIH.

4. 3HaiiTh MoOJIIpHY Macy M u macy m, OJHIEI MOJICKYJIH
MTOBAPEHOI COJII.

5. BusHauutu mMacy mys OqHI€1 MOJIEKYJIM BYTJIEKUCIIOTO Ta3y.

6. BusHaunTH KOHIIEHTPALIIIO 77 MOJIEKYJ KHCHIO, 110 3HAXOIUThCS
B €MHOCTI MICTKICTIO V' =211. KilbKiCTh PEUOBHHH V KUCHIO JOPIBHIOE
0,2 MOJIBb.
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7. BU3HAUUTH KUIBKICTh PEYOBUHHU V BOJIHIO, 10 3alOBHIOE
€MHICTb, 00’ €MOM V=3 11, IKIIIO KOHIIEHTPAI[Is] MOJIEKYJI Fa3y B €MHOCTI
n=210"% .

8. Y GayioH1 MICTKICTIO V=371 MICTUThCA KHCeHb Macoto m= 10 r.
Bu3HauuTH KOHIIEHTPAI[IIO N MOJIEKYJI Ta3y.

9. Busnauut BIZHOCHY MOJIEKYJsipHY Macy M,: 1) Boau; 2)
BYTJIEKHCIIOrO Ta3y; 3) MoBapeHOi COJIl.

10. BuzHauuTu KidbKICTh PEYOBHHHU V 1 4UCIO N MOJEKYyJd a30Ty
macoro m = 0,2 Kr.

11. ¥V uuningp aoBxkuHowo [=1,6M, 3alOBHEHUN MOBITPSAM MOpU
HOPMAJIbHOMY aTMOC(EpHOMY THUCKY 0, IO0Yajaud IMOBUILHO BJBUTaTH
HOpIIEHD IIOIIE 0cHOBU S = 200 cm?. BusHauutu cuny F, mo aic Ha
NOpIIEHh SAKNIO MOro 3ynmuHMTM Ha Bigcrami //=10cM Bim naHa
HUJIHIpA.

12. ¥V 6anoni 3Haxoauthes ra3 npu temnepatypi 77 = 400 K. [o
sKOi1 TeMreparypu 1> Tpeba HarpiTv ras, o0 Horo TUCK 30UIBIIHUBCS B
1,5 pazu?

13. bamon wmictkicTio V=201 3amoBHEHHUM a30TOM IIpHU
temnepatypi 7 = 400 K Konu yactuHy ra3y BUKOPHUCTalIH, TUCK Y
Oanoni noHuzunocs Ha Ap = 200k[la. BuzHauutu Macy m BUTPau€HOTO
ra3y. [Iporiec BBaykaTH 130TEpMIYHUM.

14. 'V 6anoni MicTkicTio V=151 3HaXOAUTHCS ApTOH M1l TUCKOM p; =
600kl Ia 1 mpu Temnepatypi 7; = 300 K. Koau 3 6aiona 0yJio B35TO SIKYCh
KUIBKICTh Ta3zy, THCK Yy OanoHi moHm3Wiocs 1o pr= = 400klla, a
Temrieparypa ycraHopuiacsi 1> = 260K. BuszHauutu Macy m apromy,
B3ATOrO0 3 OaJIOHA.

15. JIBi €éMHOCTI OJHAKOBOTO OOCSITY MICTATh KHCEHb. B omHii
eMHOCTI TUCK p; = =2MIla 1 Temneparypa 7; = 800K, B iHImIOMY p> =
2,5MIla, T> = 200K. €MHOCTI 3'€HATN TPYOKOIO ¥ OCTYIUIN KUCEHD, 110
3HAXOAUTHCS B HUX, 10 Temnepatypu 1 = 200 K. BuzHauutu TUCK p, sIKUi
BCTAHOBUBCS B €EMHOCTSIX.

16. O0UKMCIUTH TYCTHHA L a30Ty, IO 3HAXOAUTHCS B OAJIOHI TIif
tuckoM p = 2MIla 1 mae Temneparypy 7 = 400 K.
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17. BusHauuTu BIJHOCHY MOJIEKYJISIpHY Macy M. rasy, SKIO Ipu
temneparypl 7 = 154 K u tucky p = 2,8 Mlla BiH mae ryctuHa p = 0,
1 kr/m3.

18. 3naiiTu ryctuna p azoty npu temneparypi 7' = 400 K u tucky
p = 2 Mlla.

19. V emnocti wmictkicTio V =40 71 3HaAXOAUTHCS KHUCEHb TIPHU
temneparypt 7' = 300 K. Koiu yvacTuHa razy BUKOpUCTaIU, TUCK Yy
0anoHni noHusmwiocs Ha Ap = 100kl 1a. BuzHauntt Macy m BUTPau€HOTO
kucHIO [Iporiec BBakaTH 130TEpMIYHHM.

20 BuszHauuTH T'yCTMHA O BOJSHOI IapH, IO 3HAXOAUTHCS ITif
tUckoM p = 2,5kIla 1 Mae temnepatypy 7= 250 K.

21. BuzHauuTu BHYTpIIIHIO €Heprito U BOAHIO, TaKOX CEPEIHIO
KIHETUYHY €HEeprilo MOJEKYJH IbOro raszy npu temmeparypi 7' = 300
K, SIKI110 KUJIBKICTh PEUYOBUHHU V LILOT'0 ra3y JaopiBHIOE 0,5 MOJIb.

22. BuzHauuTH cyMapHy KIHETHYHY €HEpPriro F MOCTyNaJIbHOTO
PYXy BCIX MOJIEKYJI ra3y, 110 3HaXOAUThCSI B EMHOCT1 MICTKICTIO V=311
i TuckoM p=540 klla.

23. KigpkicTh pedoBHHHU Temito v= 1,5 monb, Temneparypa 7=
120 K. BuzHauuTu cymapHy KIHETHYHY €HEprito FEj; MOCTyNaabHOTO
PyXy BCIX MOJIEKYJI IIbOT'O Tazy.

24. MounsipHa BHYTpilIHA eHeprist U, TeSIKOTro IBOXaTOMHOTO rasy
nopiBHioe 6,02 x/[x/Monb. BuzHauuTH CcepeqHIO KIHETUUHY CHEPTIiIO
<& 06> 00EPTAILHOIO PYXYy OJHIEI MOJIEKYJH LILOTO rasy. I'a3 BBaxkaTu
11€aTbHUM.

25. Bu3HauuTH CEpe/IHIO KIHETUYHY €HEPTito (&) OJIHIET MOJIEKYJIU
BOJIsIHOI Tapu nipu Temnepatypi 7= 500 K.

26. BuzHauuTu cepeAHIo KBaJApaTUuHy MBUAKICTH (Vi) MOJEKYIN
razy, IMOMIIIEHOI0 B €MHICTb MICTKiCTIO V=2 5 mija TuckoMm p = 200
klla. Maca razy m = 0,3 1.

27. Bonmenb 3Haxomuthea mpu temneparypi 7=300K. 3naiitu
CEpPEHI0O KIHETUYHY EHEPrito <ego,s> OOEpPTAIBbHOTO PyXy OJHIEL
MOJIEKYJIM, a TaKOX CyMapHy KIHETHUYHY €Hepriio E, yCiX MOJEKYJ
IIbOTO Ta3y; KIIbKICTh BOJHIO Vv = 0,5 MOJIb.

28. Ilpu sxiii TeMmmepaTrypi cepefHs KIHETUYHA EHepris <ep>
IOCTYNANLHOIO PYXY MOJIEKYJIM Ta3y nopiBHioe 4,14-10%! JTx ?
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29. B a301i nomiiieHi ApiOH1 HOPOILIMHHU, IO PYXaOThCs TakK, HIOU
BOHM OyJIM JYyK€ BEJIUKMMHM MOJEKyJlamu. Maca KOXXHOI MOPOIIUHU
nopisaioe 6-107%r. T'a3 smaxomutees mpu temmeparypi 7=400 K.
BuszHauuTu cepeliHi KBaJpaTW4HI MBUIAKOCTI (Vgz), @ TaKOX CEpeiHl
KIHETUYHI €Heprii <gp> MOCTYNAIBHOTO PYyXy MOJEKYJIHU a3oTy 1
MOPOUIUHHU.

30. BuzHauuTu cepeiHIO KIHETUUHY €HEPTit0 <& > MOCTYMAIBHOTO
pPyXy 1 <g&o6> 00EPTATBLHOTO PYXy MOJEKYJIH a30Ty IpU Temieparypi 7=
1 kB. BuzHaunTu Tako MOBHY KiHETUYHY €HEPTii0 £ MOJEKYJIH 3a THX
CaMHUX YMOB.

31. BuzHauutu MoyisipHy Macy M JABOXaTOMHOTO Ta3zy 1 HOro
MATOMI TETUIOEMHOCTI, SKIO Bigomo, mo pi3HHUNS C, — Cy TUTOMHX
TEIJIOEMHOCTEH 1bOT0 Ta3y jopiBHIOE 260 JIx/(xke-K).

32. 3uaiitu mutomi C, Ta Cy , a Takox MojsapHi C, 1 Cyp
TEIJIOEMHOCT1 BYTJICKUCIIOTO Ta3y.

33. Bu3HauuTU MOKa3HUK ajiadaTd y iieayIbHOTO Ta3y, L0 MpHU
temnepatypi 7 = 350 K u tucky p = 0,4Mlla 3aiimae 06’em V =300 i1 1
Mae TermtoemMuicte Cy=857 JIx/K.

34. B ¢ ocyal MicTKicTIO V=06J1 3HaXOJIUTHCS MPU HOPMaJIbHUX
yMOBax JABOXaTOMHUM ra3. Buznauntu temnoeMHicTs Cy IIbOTO ra3y Mnpu
MOCTIHHOMY 00’ €MI.

35. BU3HauuTH BIJHOCHY MOJIEKYJISIpHY Macy M,. 1 MOJISIpHY Macy
M razy, sSKio pi3HULS Horo mutomMux TeroemHocred C, — Cp = 2,08

KI[)K/ ( ke - K )

36. BuzHauuTtu MOJISIpHI TEIJIOEMHOCTI Ta3y, SIKIIO WOro MUTOMI
TermnoeMHOCTi Cy = 10,4 kJ[x/(x2-K )1 Cp= 14,6 kJIX/(x-K).

37. 3naiftu nutoMi 1 nopiBHATH MOJisipHI Cy 1 C, TEMIOEMHOCTI

a30Ty 1 Irejio.

38. O6uucnutu utoMi Cy Ta Cp TEIUIOEMHOCTI Tra3y, 3HAIOYH, 1110
ioro monsapua maca M=4-10" xr/MoIb Ta BiZHOIIEHHS TEIIOEMHOCTEH
C,/Cv=1,67.

39. TproxaTomuuii ra3 mig Tuckom p =240xkIla 1 Temneparypi T =
20°C zaitmae 00’eM V=10n. Buznauntu temnoeMuictb Cp 1bOTO razy
IpU MOCTITHOMY THCKY.
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40. OgHoaTOMHMI ra3 IMpU HOPMaJIbHHUX YMOBax 3aiiMae 00’eM
V=51. OOuucnutu TemioeMHictb CvV IOr0 Tra3zy MpU TMOCTIHHOMY
00’ eMi.

41. 3naliTu cepeqHe YUCIO <z> 3ITKHEHb 3a 4Yac = 1 ¢ 1 JOBXKUHY
BUILHOTO mpoOiry (/) MoOJEKynIu Tesiio, SKIO0 Ta3 3HAXOJIUThCS Iij
TuckoM p = 2kIla nmpu Temnepatypi 7 =200 K.

42. Bu3HAuUTH CEPEIHIO JOBXKHUHY BUIBHOTO Mpodiry <[>
MOJIEKYJIA a30Ty B CyJIMHI MicTKIcTIO V=511. Maca razy m = 0,5 r.

43. Boaenp 3HaxomauThes miag TuckoM p = 20mklla 1 Mmae
temneparypy 1 =300 K. BuszHauuTu cepelHIO TOBXKUHY BLIBHOTO
npooiry </> MOJEKyJH TaKoro rasy.

44, Tlpu HOpMaAIBbHHUX yMOBAax JOBKHHA BUIBHOTO MpoOIry </>
MOJIEKYJIM BOIHIO JopiBHIOE 0,160 MkM. BuzHauuTu giameTp d MOJIEKYJIH
BOJHIO.

45. Slka cepemust apudmeTryHa MBUIKICTH <}> MOJIEKYJ KUCHIO
pU HOPMAJILHUX YMOBAX, SIKIIO BIJIOMO, IIIO CEPEIHS JOBXKUHA BUILHOTO
npo0Iry </> MOJEKyJId KUCHIO MPU IIUX YMOBax gopiBHIO€ 100 Hm?

46. Kucenr 3Haxomuthes mig THckom p=133 wulla npu
temrneparypi 7= 200 K. OOuuciauTu cepeaHe YHMCIO <z> 3ITKHEHb
MOJIEKYJIM KUCHIO MPH ITUX YMOBax 3a yac =1 c.

47. Ilpu sskoMy THUCKY p CEpeaHs JOBXHHA BIILHOTO Mpodiry </>
MOJIEKYJI a30Ty JOPIBHIOE 1 M, SIKIIO TemiepaTypa razy =10°?

48. B cocyai micTKicTIO V=511 3HaXOJIUThCA BOJICHb MACOI0 M =
0,5 r. BusHauuTu cepeaHio JOBXKHHY BUIBHOTO MPOOIry </> MOJIEKYJIH
BOJIHIO B 1I1¥1 CyJIMHI.

49. CepenHsi TOBXKHMHA BUIBHOTO MpOOIry </> MOJEKYJIU BOJHIO
IpH ACSIKUX YMOBaX JIOPIBHIOE 2 MM. 3HAUTH I'yCTUHY p BOJHIO TIPU IIUX
yMOBaXx.

50. ¥V cohepuuniii xonbi mictkicTio V=31, 1m0 MICTUTh a30T,
CTBOpeHUM BakyyM 3 TUCKOM p = 80 mklla. Temneparypa razy 7=250
K. YUu MokHa BBaXaTu BaKyyM y KOJIO1 BUCOKAM?

Ilpumimka. BakyyM BBaXae€TrbCsi BHCOKMM, SKIIO JOBXHHA
BUIBHOTO TIPOOITY MOJIEKYJT Yy HhOMY 0arato OuIblle JIIHIMHUX PO3MIpiB
CYJIMHH.
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2. TepmoauHamika

2.1 BHyTpimHs eHepris razy Ta @epHIMA  3aKOH

TEPMOJIUHAMIKH
OcHosHi ghopmynu
1. 3B'130K Mik MOJIIpHOIO Cjy 1 TUTOMOIO € TEMJIOEMHICTIO Ta3y:

Cn=cM
ne M - MmossipHa maca rasy.
2. MouspHi TEIJIOEMHOCTI TIPU CTajoMy OO0'€éMi Ta CTaJIOMY THCKY
BI/ITIOBIJTHO JIOPIBHIOIOTh
c =R, c _1*2p.
2 2

Jie [- YUCJO0 CTYIEHIB BITbHOCTI MOJIEKYJIH; R - yHIBEpcalbHa ra3oBa
craJa.

3.  IIuTOoMi TEILUIOEMHOCTI HpPH CTaJIoMy 00'eMl 1 MpHU CTAIOMY
THUCKY BIJIITOBIAHO TOPIBHIOIOTH:

I R i+2 R
CV =—.— cC. = ——
2 M P2 M
4. PiBusaHHsa Maliepa
C T C,=R
5. Tloka3suuk amiabatu
C i+2
=L agoy=—=
Y C Y ;

1%

6.  BHyTpiluHs eHeprist OJIHOrO MOJISI ra3y
U=<RT
2
7.  BHyTpilIHA €Hepris 11eaibHOTO ra3y
U="-CT=vC,T=Neg=—"RT
M 2M

7€ V - KUTbKICTh PEYOBUHM (K1JIOTPaM-MOJICH ):
N - 4uCII0 MOJIEKYJI rasy;
£ - Cepe/IHs KIHETUYHA €HEPrisi MOJIEKYJIN.

8.  3MiHa BHYTPIUIHKOI €HEprii

AU =L RAT
oM
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9. Pobota, siKky BUKOHAB ra3 ImiJl 4ac PO3IIMPEHHS, B 3arajibHOMY
BUIIAJIKy OOYMCITIOETHCS 32 (hOPMYJIOHO

ne V; - mouatkoBuii 00'eM rasy;
V, - ior0 KIHIIEBUU 00'EM.
Po6oTa npu:
e i300apHOMY Mporieci (p= const)
A=p(V,=V;)
e mpu 130Tepmidomy mporieci (T=const)
A="RrIn’2,
M Vi
® IIpu a7iadbaTUYHOMY HPOIIECi

y—1
RT
A=""C (T, ~T abo A =—11_ M|, [ V1
M y—IM M v,

ne 17 - moyatkoBa TeMIieparypa rasy;
T, - floro KiHIIeBa TeMIeparypa
10. PiBasuus  Ilyaccoma  (piBHSHHS  Ta30BOTO  CTaHy  IIpH
afladaTUYHOMY TIPOIIECI)
pV7 =const
11. 3B'130K MiX MOYATKOBUM 1 KIHIIEBUM 3HAYEHHSIMH MapaMeTpiB CTaHy

rasy npu ajaiadaTUHIHOMY IMPOIIECi:
r-1

w26 R
Pi V; ’ iy V; , I; Pi
12. Iepiunii 3aKOH TEPMOIMHAMIKY B 3aTaJIbHOMY BUTJISL
AQ = AU' + A4
ne AQ- KiAbKICTh TEIJIOTH MEpeJaHa rasy;
AU - 3M1HA MOTO BHYTPIILIHbOI €HEPTii;
AA - poboTa, sika BUKOHYETHCS CUCTEMOIO MPOTHU 30BHIIIHIX CHIL

[leprnii 3aKOH TEPMOAUHAMIKH TPH:
e i300apHOMY IpOIIEC]

AQ=AU'+ M = " RAT + - RAT = - C AT
oM M M
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e 1pu 130xopHOMY Mpoilieci (4 = 0)
AQ = AU = "L RAT + 2 RAT = 2.C, AT
oM M M

IIpH 130TEPMIYHOMY TIpo1iect (AU =0)

A0 = A =" RTIn2.
M

Vi
pH a71a0aTHIHOMY MpOoIIeci (AQ =0)

M =-AU =2 RAT =2 C, AT
M M

2.2 Ilpukaaau po3B'si3aHHS 327124

3agmaya 2.1. OOUUCIUTH BHYTPIIIHIO €HEPTril0 OJTHOTO KIJIOMOJS
BOJIHIO, B3SITOTO IpHu Temmeparypi -23 °C.

Pimennsi. BHyTpimHS eHepris OJHOTO KIJIOMOJS  BOJIHIO
[
BU3HAYAETHCS 3a popmysoro U = ERT ,

1€ [ = 5 YKCIIO CTYIIHEW BUIBHOCTI IBOXaTOMHOI MOJIEKYJIH;

R= 8_311—9’6
monb - K
OGuucnennn: U = > -8.3-250 = 5.2-10° ¢
2 monb - K
Bianosinb: U = 5.2-]03ﬂ—%.
moub - K

3agaya 2.2. CkuUIbKM Temia NOTpiOHO A HarpiBanHs 10 T
BoaHIO Bia 300 1o 350 °C nipu cTaioMy THUCKY?

Pimenns. KuUIbKiCTh TEIJIOTH, IO TMOTpIOHA Uil HArpiBaHHS m
rpamiB BojgHio Ha (7> — Ti) K mpu crasoMmy THCKY, BU3HA4Ya€ThbCs 3a
dhopMyJI010

A0 =c,m(T, = T;).
[luToMa TEMI0EMHICTD TIPU CTAJIOMY THUCKY MEHIIIA BiJI MOJISIPHOI B
M pa3iB, ToOTO
. C, i+2 R
M 2 M
[IlykaHa KigbKICTh TEIJIOTH
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_i+2 R

A —m(T, -T,).
0 PRY; (T, -T;)
2 8
Obuucnenns: AQ => ; 5 ‘i Z —0.01-50 = 7280 [iwe.

BignoBinb: AQ = 7280 /.

3agaya 2.3. BuzHauuTu ONUTOMI TETJIOEMHOCTI HEOHY Ta BOJIHIO
IIpHU cTajIoMy 00'eM1 1 TUCKY, SIKIIIO BBa)KAaTH, 1110 Il Ta3H 1/1€abHI.

Pimenns. [IuToMi TEMI0EMHOCTI 1I€AJIbHUX Ta3iB BU3HAYAIOTHCA 32
dbopmyoro
I R i+2 R
= —_, Cp =
2M 2 M
Jlns neony (omHoatomuwmii ra3) i = 3, M=20-10" kr/MOIb.
[ligcTaBisoun B ocTaHHI POpMysIu 3HAUCHHS BEJIMYUH, B3SITUX B
onunuisix cucremu Cl, BuKOHaeEMO 0OUYMCIIEHHS:

Cy

ot 83
2 20-10" ke K
2 .
¢, =212 85 g
2 20-10 ke K
JIns BomHIO (BOXaTOMHUI ra3) i =5, M = 2-10 kr/mouns.
csz-ﬁj,zm.ﬂH‘”c;
2 2-10" ke - K
. :5+2. 8.3 :14‘6&[29;‘0‘
P2 200078 ke K

Binnosiab: 1715 HEOHY: ¢} = 624ﬂ—9fc; c, =1.04 KA

ke- K ° ke K~
IUIsl BOOHIO: ¢ = 10.4 KZZDI"E ;C, = 14.6 KHOZ
K2 - Ke -

3amaya 2.4. BuzHauuTU NUTOMY TEIJIOEMHICTh TMPU CTAIOMY
00'eM1 BOJHIO, 25% SIKOTO QUCOI1HIOBaH1 Ha aTOMH.

Pimenns. [lutomMa TEMIOEMHICTH CyMillll MOJIEKYJ Ta aTOMIB
BOJHIO OOYMCIIOETHCS 3a MNPaBWIOM 3MIIIyBaHHS 3 YpaxyBaHHSAM
BaroBOT0 CKJIaAy CyMIIIIi
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C]m] +02m2
CV - y
m] + m2

3BIAKH
¢y =0,75¢;+0,25¢,.

Bu3HayuMo MUTOMY TEIUIOEMHICTh MPHU CTAJIOMYy 00'eMi C; Ta C2

yepe3 MOJISIPHI TETJIOEMHOCTI Ta Macu MOJIeH

M, M,
a C; ta C, - yepe3 CcTyneHi BUIBHOCTI Ta Fa30BYy CTaly, JICTAHEMO: JJIs
MOJIEKYJISIPHOTO BOJHIO (ABOXaTOMHOTIO)

C, iR
CI = = ,
M, 2M,
JIJIs1 aTOMapHOTO BOJIHIO (OTHOBAJIEHTHOTO)
C, iR
C2 = =
M, 2M,
[TepeBiprMO OJTUHUILIIO BUMIPY
Lo
e, ]= monw- K _ Ao
v K2 ke K
MOJlb
Obuucnenns: c; = L.?Zj = 10400 Aok :
2.2.10 ke - K
3-832
¢y = T = 12480 Aok
2.1-10 ke K
Toni
¢y =0,75-10400+0,25 - 12480 = 10920 Aore :
ke K
Binnosine: ¢, = 10920 Aok :
ke K

3agaua 2.5. flka 30BHImHSA poOoTa Oyne BukoHaHa, ko 200 T
azoty Harpiti Big 20 1o 100 °C npu craiomy TUCKY?

Pimenns. Ilpu i300apHoMy HarpiBanHi ra3zy Tteminora AQ,
nepenaHa rasy, ije Ha 301IblIeHHs HOoro BHYTpIIHBLOI eHeprii AU Ta
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Ha BUKOHAHHS poO0TH AA mpoTu 30BHiNIHIX cuil. Ha ocHOBI mepiioro
3aKOHY TEPMOJMHAMIKH MA€EMO

AQ = AU + AA,
3BIAKH AA = AQ — AU.
Tennoty, nepeaany rasy, Mo>kHa 00OYUCIUTH 32 (HOPMYJIOIO
m
A0 = MCPAT ,

a 3MIHY BHYTPIIITHBO1 €HEePrii - 3a HOpMYJIOr0
m i m
AU = ——RAT = —C, AT,
M2 M
TOJ1 po00Ta, BUKOHAHA MPOTH 30BHIIIHIX CHJI, JOPIBHIOE

. 2 .
m="car-"c,ar=" AT(H —i)R,
M M M= 2 2

ne M = 28107 ke/monws - MoIspHa Maca a3ory.
[lepeBiprMO OJUHUIIIO BUMIPY

[AA]: ke K . T _ e
ke / monb monaw- K
Obuucnennsn: AA = L&Z(Z —2) - 8,32 = 4754 Jc.
281077\ 2 2

BignoBinb: A4 = 4754 Jxc.

3agauya 2.6. VY CkigbkM pa3iB  KIHIEBUM THCK TOBITpS,
CTUCHEHOTO ajiabaTudHo, Oyae OIIpMHUM B WOTO THUCKY TIpHU
130TepMIYHOMY CTHUCHEHHI, SKIO 00'eM MOBITps B 000X BHMaJKax
3MeHInyeThest B 10 pasi?

Pimenns. 3rijHo 3 YMOBOIO 3aJ1aui MOBITPS B MEPIIOMY BUMAAKY
CTUCKA€ThCS ajaiadaTHYHO, a B JApyromy - i3oTepmiuHo. B o000x
BUMNAaJAKaX MOr0 MOYATKOBI Ta KIHIIEBI 00'€éMH OJHAKOBI, a BIIHOIICHHS
KiHIIEBOrO 00'eMy 110 modaTkoBoro nopiBHioe 10. ITopiBHSBIIN THCKH
Ta o0'eMd mMOBITPSA B 000X TIpollecax, MH 3HaAJAEMO IIyKaHe
BiHOIIIEHHS TUCKIB. [[03HAYMBIIIM TOYATKOBUU TUCK MOBITPS Yepe3 Po,
o0'em - uwepe3 Vo, kiHmeBuir 00'em - uepes V;=0,1 Vo mms obox
MpOIECiB, KIHIIEBUI TUCK y BUIAJAKY aJ1a0aTUYHOIrO MPOIIECY - Yepe3
p1, 130TEPMIYHOTO — YEePe3 P2, HAMUIIIEMO PIBHSIHHS MPOIECIB:
af1abaTUYHHH TIPOIIEC

pVy =pVi;
130TEpMIYHUN TTPOIIEC
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PV =priVs-
3aminuBmm Vi Ha 0,1V Ta nmominuBmiM mepuie piBHAHHA Ha
IpyTe, JICTAHEMO
PoVy _ pi(0.1V,)

)

1214 0.1V,

3BiI[KI/I SHAXO0JIUMO
0,1 _
p] — _ 0,]7/ I,.

P> 0,7_
lo Pl (1-y)lg01=(1-y)(~1)=y—1=14—1=04,
3BIAKH "
Pr_7s).
P>

Tuck MOBITpsSI IpU MOTO aaiabaTUIYHOMY CTHCHEHHI BHSIBUBCS B
2,51 pasziB OUIBIIUM MOTO THUCKY IMPU TaKOMYy XK I130TEPMIYHOMY
CTUCHEHHI. Taka 3MiHa THCKY TIOSCHIOETbCA THUM, IO TIpU
afiadaTHYHOMY CTHUCHEHHI Ta3 HarpiBa€TbCs, y TOM dYac SK TIpHU
130TepMIYHOMY CTUCHEHHI TeMIepaTypa ra3y JUIIAEThCs CTaJIOlO.
Binnosiab: p; = 2,51p:..

3agaua 2.7. Azot nipu Temneparypi ¢; = 27 °C 1 TUCKY p =2 amm
3aiiMaB o0'eM V; = 4 . BHacaigok aniabaTHIHOTO PO3MIMPEHHS HOTO
TeMIiepatypa 3Hu3miIach 10 2= () °C. SIky poOOTy BUKOHAB ra3 IiJ 4ac
roro posmupenns? [lokazuuk agiabatu y = 1,4.

Pimennst 3a yMOBOIO 3ajadi ra3 poO3IIUPIOEThCI 0e€3
TEIUIOOOMIHY 3 OTOUYYIOUHMM CEPEIAOBHUINEM, a TOMY HOTO TeMmIeparypa
IMOBHMHHA 3HU3UTHCSA BlJ NHodaTtkoBol 7; mo KiHueBoi 7>. PoOora,
BUKOHAHA ra3oM IIpHU aJiiadaTUYHOMY PO3IIMPEHHI, OOYMCIIOETHCS 3a
dbopmyoro

R m
A=—(T,-T,)—.
7/_1(2 I)M

OckiIbKM B yMOB1 3amadi JaHoO 00'eM Tra3zy, TO YHCJIO HOTO
KiJorpaM-mMojied MO’KHa BH3HAYUTHU 3 BIJIHOIICHHS 00'eMy Tra3zy 3a
HOpPMaJbHUX YMOB JI0 00'€éMy OJTHOTO MOJIA ra3zy TeX 3a HOPMaJIbHHUX

Vo
22,4 - 10733 / monw
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3HaliieMo 00'eM ra3zy 3a HOpMaJIbHUX YMOB

Po% _ 124
T T,
3BIIKHU
V, = PiloV;
poT;

[TincTaBisitoud YKMCJIOBI 3HAYCHHS BEJIMYUH, B3SITUX B OJUHUIIAX
cuctemu CI, Ta 00UUCIIIOIOUH, OACPKUMO

_2:10°-273-4-107°
1,0334-10° - 300

Yuciio MoiB ra3y JOpIBHIOBAaTUME

v, 7041077 m’

v, =7,04-107 2.

= = —~ = 0,31 monv.
224-107m” / mone 224 -107" m” / monw
[IIykana poboTa TOPIBHIOE
4 8,32-(273-300)-0,31 17401 e

0,4
BignoBinb: A =-174,1 J]oc.

3agava 2.8. [Ipu i30TepMiuHOMY pO3IIMPEHHI | T BOAHIO HOTO
00'eM 30UIBIIMBCS B TpU pa3u. BuzHauuTu poOOTY PO3MIMPEHHS rasy,
SIKIIIO Horo Temmneparypa aopiBHioe 7 °C.

Pimmennss Ilpu i30TepMiyHOMY pO3MMUPEHHI Tazy WOTO
BHYTPIIIHA €HEPrisd HE 3MIHIOEThCSA, TOOTO AU = 0. 3rigHo 3 mepuum
3aKOHOM T€PMOJIMHAMIKHU

A0 = AU + A4,
aite, ockUIbku AU = 0, To
A0 = 44,
a 11e BU3HAYae, M0 BCe MepeJaHe ra3y Temio Mo Ha poOoTy mpoTu
30BHIIIHIX CHUJL.

Po6oTy 130T€pMIYHOTO PO3MIMPEHHS Ta3y 3HaxXoMIsiTh 3a
dbopmyor

A=""RTIn"2,
M Vi
[lepeBiprMO OJUHHUITIO BUMIPY
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Ke Tl
Al= . K = )
[ ] K2 monv-K Hore

MOJIb
[lincraBuBmid y (popmylly poOOTH YHUCIOBI 3HAUYECHHSI BEJIUYUH,
B3sATUX B cucTeMi Cl Ta BUKOHYIOUH OOYMCIICHHS, 3HAXO0IUMO

] -3
4= 0_3 .8.32-280-In3 = 1280 ITxc.
2.10°

BignoBinb: A= 1280 [oc.

2.3. 3anuTaHHA 1JI CAMOKOHTPOJII0

1. Ilfo Ha3UBAETHCS CTYNEHSMU BIILHOCTI MOJIEKYJIM Ta CKUTBKH X
MarTh OJJHOATOMHI, IBOXaTOMHI Ta 0araToaTOMH1 MOJIEKYJIn?

2. Sx 3a NMUTOMOIO TEIUIOEMHICTIO PEUYOBUHU BHU3HAYUTHU ii
MOJISIPHY TETUIOEMHICTH?

3. YoMy rasu MaroTh Bl TEIJIOEMHOCTI: TEILUIOEMHICTH MpPHU
CTaJIOMy THUCKY Ta TEIUIOEMHICTh IIPU CTAIOMY 00'eMi?

4. YV CKIIBbKU pa3iB TEILUIOEMHICTh MPU CTAJIOMY THUCKY OuLIbIIa
TEIUIOEMHOCTI MPH cTajaoMy 00'emi?

HackuibKu TENJIOEMHICTh Tra3y HOpU CTaJOMY THUCKY OuIbIIa
TEMJIOEMHOCTI MPH CTAIOMY 00'eMi?

6. Sxwuit Ghi13UYHUM 3MICT Ta30BOT CTAI01?

7. 3a K00 (GOpMYJIOK OOYMCIIOETBCS poOOTa 130TE€PMIYHOTO
PO3IIMPEHHS Ta3y?

Axuit mporec Ha3UBAETHCS a1a0aTUYHKUM, K€ HOTO PIBHSHHS Ta
rpadik?

9. Sx obOuucaroeThcss poOoTa razy mpu Horo aaiadaTHIHOMY
PO3MIUPEHHI?

10. Sk 3MiHIOETHCS BHYTPILIHS €HEpris razy IMpu Horo
aflabaTUYHOMY CTHCHEHHI Ta PO3IITUPEHHI?

11. TlopiBHsATH Tpadiku 130TEPMIYHOTO Ta aa1abaTUYHOTO
PO3IIMPEHHS Ta CTUCHEHHS Ta3y, a TAKOXK TMOSICHUTH iX.
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2.4. 3agaui s podoTu B ayauTopii

1. IluToMa TEIJIOEMHICTh JABOXaTOMHOTO Ta3y c,=14,7 xJ[x/kr-K.
Buznauntu MossipHy Macy 1poro razy. (0,002 kr/mouns).

2. I'yctTuHa ABOXAaTOMHOTO ra3y IpHU HOpMalbHUX yMoBax 1,43
kr/M°. BU3HAUNTH IUTOMI TEMIIOEMHOCTI ¢, 1 ¢y (cy = 650 JIx/xrK; ¢, =

910 JIx/xr-K).

3. OnHOaTOMHMH T'a3 MPU HOPMAJIBHUX YMOBax 3aiiMae 00'eM 5 J1.
Bu3HaunTH TEIJIOEMHICTD I[bOTO Ia3y MpH CTaIoMy 00'eMmi.

(Cv =2,751x/K).

4. Y numuapl mia nopirHeM 3HaxoauTbes 250 r remiro. s oro
HarpiBaHHs Ha 4 °C Opu cTaJioMy TUCKY Oyjio BUTpadeHo 5 k][ Tema.
BusznaunTty 3MiHy BHYTPIITHBO1 €HEPTii Ta poOOTy, BUKOHAHY Ta30M?

(2,5 xJIx; 2,5 kJ[x).

5. Bonens macoro 4 r Harpinm Ha 10 K npu ctaioMy THCKY.
Buznauntu po6oTy posmmpenHs razy. (166 J1x).

6. A3or, saxui 3aiimae o0'em 10 1 mig tuckom 0,2 Mlla,
130TEpMIYHO po3mupwin A0 o0'emy 28 n. BusznHauutu pobOoTy
posmupeHHs raszy. (2,06 kJIx).

7. BHYTpillIHS €HEPTis ABOXATOMHOIO ra3y jaopiBHIoe 6,02 k/[x.
Bu3zHauuTu cepeHI0 KIHETUUHY €HEPrito 00epTaIbHOTO PYyXy OJHIET
MOJIEKYJIU LLOTO Ta3y. ['a3 BBaxkatu ineansaum (4-102! Ix).

8. BuzHauuTu mOKa3HUK ajiiadaTu iJealbHOTO Ta3y, AKUW Mpu
temnepatypi 350 K i tucky 0,4 Mlla 3aiimae 06'em 300 . (y = 1,4).

2.5. 3apavi nyis camMoCTiiiHOL podoTH

I. Bu3zHauuTu NUTOMI TEIUIOEMHOCTI Cp, Ta Cy ras3iB: TIellilo;
BOJHIO; Byrjiekucioro rasy. (3,12 x/Dx/xr-K Tta 5,19 x/[x/xr-K;
10,4 xJx/xr-K Ta 14,6 x/[x/kr-K; 567 JIx/kr-K ta 756 JIx/kr-K).

2. PizHuus mnuromux TtermioeMHocteit C, - Cy geskoro
nBoxaToMHOro rasy gopiBHioe 260 JIx/kr-K. 3HaliTu MoJApHY Macy
razy i ioro nutomi temnoeMHocTi. (0,032 kr/monb; 650 JIx/kr-K;
910 JIx/xr-K).

3. Bu3HauuTH NOUTOMY TEMJIOEMHICTh MPHU CTaIOMy 00'emi
CyMIIIIl, SIKa CKJIAJa€Thesl 3 5 1 BOJHIO 1 3 1 renito. ['a3u 3HaxoAsThCs

npu oJHaKoBUX ymoBax. (4,53 JIx/kr-K).
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4. Cywmim ras3iB CKIQJa€ThCs 13 XJIOPY Ta KPUITOHY, SKI
3HAXOASTHhCS MPU OJIHAKOBUX YMOBAax 1 B piBHHMX 00'eMax. BuzHauutu
MIUTOMY TETUIOEMHICTB Cp cymitmi. (417 x/xr-K).

5. 3HaliTu TOKa3HUK ajaiabatu Uil CyMilll rasiB, sKa
CKJIaJiaeThes 3 reniro Macoto 10 r ta Boanto 4 1. (1,51).

6. Momspua wmaca neskoro raszy gopiBHioe 0,03 Kr/momb,
BIIHOIIEHHS Cp [ ¢y - 1,4. 3HAWTH MUTOMI TEIUIOEMHOCTI Cp 1 Cy I[LOTO
rasy. (cy = 693 JIx/kr-K; c, = 970 JIx/kr-K).

7. IluToMa TEMIOEMHICTh Ta30BO1 CYMIIIN, sKa CKJIagaeTbes 13 1
KUIOMOJISI KUCHIO Ta JIEIKOT Macu aprony, nopiBHIOE ¢, = 430 Ix/kr-K.
Ska maca aprony 3HaXoJUThCs y ra30Biil cymimni? (60 kr).

8. BuzHaunTH nDOKa3HUK aaiadaTd YacTKOBO JIHUCOIIHOBAHOTO
ra3omnoAiOHOro a3oTy, CTyIiHb AUcoIialii skoro gopiBHioe 0.4. (1,52).

9. Bonenb Macoro 10r nHarpinmu Ha AT = 200 K, npu upomy OyJio
nepeaano 40 kJ>k TermmoTH. 3HaAUTH 3MiHY BHYTPIIIHbOI €HEPrii BOJHIO 1
3nificHeny poooty. (20,8 kJIx; 19,2 kJIx).

10. Maca azoty 10,5 1 130T€pMi4YHO pPO3MIUPIOETHCS TIpU
temmepatypi -23 °C Tak, 10 Horo TUcK 3MiHIEeThCs Big 250 10 100 kl1a.
OOuucnutu poOOTy, sIKa BUKOHYEThCA Ta3oM Opu posmupeHHi. (714

JIx).
11. Ilpm 130TepMiuHOMY pO3MIMPEHHI Ta3y, SKUW 3aiiMaB

OYaTKOBHM 00'eM 2 M2, THCK Horo 3MmiHweTbes Biag 0,5 mo 0,4 Mlla.
OOuucnutu poOOTy, sIka BUKOHYETHCA Ta30M MpPHU po3MIUpeHHl. (223

KJX).
12. Maca Byrniekuciioro razy 7 r Oyna Harpita Ha 10 K B ymoBax

BUIBHOTO PO3IMIMPEHHS. 3HAUTH POOOTY PO3IMIMPEHHS ra3y Ta 3MiHY MOrO
BHYTpIIIHBLO1 eHeprii. (4 = 13,2 JIx; AU = 39,6 JIx).

13. B 3akputromy OanioHi 3Haxoauthes 20 T a30Ty 1 32 ' KUCHIO.
BuzHauuTy 3MiHy BHYTPIIIHBOI €HEPrii CyMillli ra3iB MpU OXOJOKEHHI
i1 Ha 28 K. (1 x/[x).

14. OauH KIJIOMOJL a30Ty 3HAXOJUTHCS MPU HOPMaAJbHUX
yMoBax. [Ipu agiabaTuuHOMY PO3IIMPEHH] ra3y Moro 00'eM 301IbIIMBCS
y m'sSTh pa3iB. Bu3HaumTH 3MiHY BHYTPIIMIHBOI €HEpPTii 1 poOoTy, sKa
3MIACHIOETbC  razoM  npu  posmmpenHi.(U=  -2,69  M]Jx;
A=-AU=2,69M I x).
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15. SIka pobOoTa 3MINCHIOETHCS MPU 130TEPMIYHOMY PO3LIMPEHHI
BOJIHIO Macoo 5 r, B3sToro npu temmeparypi 290 K, skiio 00'em razy
30UTBITY€E€ThCA Y TpU pazu? (6,62 kJ[x).

16. banon 06'emoM 20 11 MICTUTh BOoJeHb npu TemmepaTtypi 300

K mig tuckom 0,4 MIla. Sxi OyayTh 3HaU€HHS TEMIEPATYPU Ta TUCKY,
SKIIO Ta3y HaJaTH KiIbKicTh TerioT 6 kJ[x? (390 K; 520 kI1a).

17. Azor macorwo 5 kr, Harpituii Ha AT= 150 K, 30epir
HEe3MIHHMN 00'eM. 3HaWTH: KUIBKICTh TEIUIOTH, SIKa IMepeaaHa Trasy;
3MiHy BHYTPIIIHKOI €HEprii; poOoTy, sika BUkoHaHa razom. (7,75 MJIx;
7,75 M]Ix; 0).

18. IIpu i30TepMiyHOMY HarpiBaHHl KUCHIO 00'eMoM 50 1 THCK
razy 3MmiHuBCs Ha Ap= 0,5 MIla. 3HaliTH KIJBKICTh TEIJOTH, SKa
nepenana rasy. (62,5 /x).

19. Azor wmacorwo 200 T pO3UHUPIOETHCS 130TEPMIYHO TIpHU
temnepatypi 280 K, a o0'em #oro 301blIyeThCs B JBa pasu.
BuznaunTu: 3MiHy BHYTPIIIHBOI €HEPTii razy; poOOTy pO3IIUPEHHS rasy;
KITBKICTh TEIJIOTH, sIKY oTpumas Ta3. (0; 11,6 xJIx; 11,6 k/[Xx).

20. OO4YuCIMTH BHYTPIIIHIO €HEPril0 OJHOTO  KIJIOMOJIS
ByrJiekucioro razy npu temmnepatypi 77 °C. (8,736 kJI>x/Momb).

21. OOyucCIUTH BHYTPIIIHIO €HEPrir0 8 T KHUCHIO MpHU
temneparypi 300 K. (1,56 x/[x).

22. Slka HeoOXiaHA eHepris s HarpiBaHHsA 20 T pTyTHOI mapu BiA
400 mo 500 °C npu cramomy o0'emi? (~ 125 JIx).

23. SIxka KUIBKICTH TeIIOTH HeoOXximHa mis HarpiBanHs 0,002
kmouist kucHio Ha 100 K npu ctanomy tucky? (5824 JIx).

24. OOYHCIUTH TUTOMI TEIJOEMHOCTI Te€Jil, a30Ty Ta
ByIJjiekuciioro razy npu crajomy o0'emi. (3120 Jix/kr-K; 743 JIx/kr-K;
567 JIx/xr-K).

25. OOYuCIUTH TUTOMI TEIJOEMHOCTI Te€Jilo, a30Ty Ta
BYIJIEKUCIIOTO Ta3zy mpu ctajiomy Tucky. (5200 JLx/xr-K; 1040 Ix/kr-K;
756 dx/xr-K).

26. 3HAWTU TUTOMI TEIUJIOEMHOCTI C, Ta cy Napu HOAy, SKIIO
CTymiHb Horo aucornianii popiBHioe 50 %. MonspHa Maca Hoay
0,254 xr/monsb. (90 JIx/xr-K; 139,3 JIx/kr-K).
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27. YoMy NOpIBHIOE MUTOMA TEIUIOEMHICTh TPUMYUYOTO razy mnpu
ctainomy TUCKy? (2427 JIx/xr-K).

28. CKiJbKHM MOJIEKYI a3y MIiCTHThCA B 00'emi 1 cM® mpu THCKy
0,025 MM pr.cT. Ta TeMneparypi 60 °C? (7,3-10'4).

29. Slke crmiBBIHOIICHHS MK YMCJIOM MOJICKYJI KMCHIO Ta O30HYE B
CYMIIII IMX Ta3iB, AKIIO Maca KiJOMOJs i€l cyMimni gopiBHIOE 33,6
Kr/KMoJib? (9).

30. KocMmiuHa cTaHIlisi po3TanioBana y Bipmenii Ha ropi Asare3 Ha
BucoTi 3250 M. 3HaAWTH THCK TOBITpS HA Il BHUCOTI, SAKIIO HOTO
temneparypa S5 °C (11 noBiTpsa MoJispHa maca JopiBHIOe 0,029 Kr/Mob.
(67983 H/Mm?).

31. Ha sixiit BUCOTI TUCK TIOBITPSI CTAHOBUTH 75% HOro TUCKY Ha piBHI
Mops? Temneparypy HoBITpst BBaxaTH ctaioro 1 pisHoto 0 °C. (2,3 km).

32. Banon mictkictio 10 51 3 kucHem, TUck sikoro 78-10° H/m? i
temrnepatrypa 7 °C, HarpiBaetbes a0 15,5 °C. SIKy KUIBKICTb TEIUIOTH
nornuHae raz? (5956 J1x).

33. Azot macoro 0,2 KT HarpiBaeTbCs MpU CTaIoMy TUCKY Bia 20
nmo 100 °C. Sxy kinbkicTh TemyioTu BOupae rTa3z? Sxuit mpupict
BHYTPIIIHLOI eHeprii razy? SKy 30BHINIHIO POOOTY BUKOHYE Tras?
(16,64 xJIx; 11,885 xJlx; 4,755 x/{x).

34. IloyaTkoBUM THCK ABoXaToMHOro razy 120 atm, oG'em 1 .
3HaWTU TUCK rasy, SKIIO oro 00'eM HaOupaTuMe 3Ha4YCHHA 2 11, 3 1,
4 n, 5 11, a npoiiec po3UpeHHs raszy i3orepmiunuil. [ToOyayBatu rpadik
uporo mnpouecy. (60 arm; 40 atm; 30 atm; 24 at™m).

35. Ska KINBKICTh TEIJIOTH BHIUISETHCS, SKIIO a30T Macom 1 T,
aKkuil 3HaxoauThesa mpu temmeparypl 280 K mig tuckom 0,1 Mlla,
130TepMivHO cTHCHEeHUM 10 THcKy 1 MIIa? (101 [Ix).

36. T'emiit macow 1 r OyB Harpituii Ha AT= 100 K npu
nocTiHOMY THUCKY. O0uncauTH: 1) KUIBKICTh TETUJIOTH JJisl HArpiBaHHS
razy; 2) poOOTy po3muMpeHHs Ta3y; 3) ONpHUpIiCT BHYTPIIIHBOI €HEPTii
razy. ( 1)520 JIx; 2) 208 JIx; 3) 312 Jx).

37. 10 1 razy, mo nepedyBae mig tuckoMm 100 klla, HarpiBaroTh
Bix 300 mo 400 K. O6unciautu poOOTy mpH 1300apHOMY PO3IIUPEHHI
razy? (3300 Ix).
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38. Ska KUIBKICTh TEIUVIOTHM BUIUISIETHCS TPU 130TEPMIYHOMY
ctucHeHi 1 r azory Big 0,1 go 1 MIla npu Temneparypi 280 K?

(191 Ix).
39. Ilpu amiabaTUYHOMY CTHCHEHHI razy Moro 00'eM 3MEHIIIMBCS B

10 paziB, a Ttuck 30iapmuBCsA B 21,4 pa3su. BusHauuTH BiJHOIICHHS
C,/Cy TemnmoemHuocTtei razy. (1,33).

40. BuzHauutu poOOTY aaiadaTUYHOTO PO3IIUPEHHS BOJHIO
Macom 4 r, aK1o Temieparypa razy 3menimiacs Ha 10 K. (416 J[x).

41. Slka KITBKICTh TEIUIOTa BUIAUISETHCS TPU 130TEPMIYHOMY
CTUCHEHHI 3 JI moBiTps a0 00'emy 0,5 11, SIKIIO HOro MOYaTKOBUM THUCK
nopiBHIOE 760 MM pT. cT.? (~ 545 JIx).

42. 1 kr nosiTpd, B3sToro npu temmneparypi 20 °C, cTUCKaIOTh
TaK, 100 HMOro TUCK 3poctac Bix 9,8 mo 98 H/m2. OGuucouru poboTy y

BUIIAJKy 130TE€PMIUYHOrO Ta ajiadatudyHoro ctucHeHHsa. (195 wkJlx;
196 xJIx).

43. dx 3minuTbCcs BHYTpimHsA eHepris 100 r kucHi mpu Horo
HarpiBaHHi BiJ 10 go 60 °C, skio npoiiec BiIOYBa€ThCS: a) MPU CTATIOMY
00'emi; 0) Mpu CTAJIOMY THCKY; B) BHACIIJOK a/11abaTUIHOTO CTUCHEHHS?

(3250 JTx).

44, Sk 3MIHUTHCS BHYTPILIHS €HEPrisi a3oTy, B3STOrO 3a
HOpMaJIbHUX YMOB B 00'eMi 10 71, K110 HOoT0 00'€M 30LIBIIUTHCS 10
12 11 1306apuuHo Ta agiadatuyuno? (~ 507 Jx; -307 Jx).

45. Y nwiaiHapl 3HaAXOAUTHCS MOBITps Mija THCKOoM 10 atMmocdep
npu 40 °C. BusHayuTtu Macy MNOBITPS, FKIIO NPU 1300apUUHOMY
HarpiBaHHi 10 100 °C BiH BUKOHY€E po0OTY, piBHY 39592 JIx. (2,3 KT).

46. 10 11 razy, 1o nepedyBae 1iJi TUCKOM 2 aTM, PO3IIUPUIIOCS 10
o0'emy 28 1. O0uuciauT poOOTYy razy y BUNAIKY: a) 1300apUUHOIO
posmupeHHs; 0) i3orepmiunHoro posmupenHs. (3532 Ix; 2021 kJx).

47. BuzHaunutu 00'€eM a30Ty, IO 3HAXOAUTHCA B IMIIIIHAPI MMiA
TUCKOM 12 atwm, siKIo npu 1306apuunoMy HarpiBadHi Big 100 qo 500 °C
ra3 BUKOHAB pOOOTY MigHIMaHHA MOpINHA, IO AopiBHIOE 9,8-10% k.
(77,9-103m3).

48. BuzHauntu poOOTYy aniabaTUYHOTO CTUCHEHHS 1 KT TOBITPS

Big TuCcKy 1 atM 10 10 aT™, SKIIO Moro moyaTrkoBa TeMmepaTrypa OyJia
7 °C. (-187 xx).
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49. Tlpu aniabaTUYHOMY CTHUCHEHHI KHCHIO Macow 1 kr Oyna
BuKkoHaHa poOora 100 kx/[>k. Bu3zHauuTH KiHIIEBY TeMIIEpaTypy rasy,
SKIIO 10 CTUCHEHHS KHCHIO TemIiieparypa Oyna 300 K. (454 K).

50. B mocyiuH1 3HaXOAUTHCS CYMIII ABOX Ira3iB: KHCHIO Macow 6
' 1 a30Ty Macoro 3 r. BU3HaYuTH NUTOMI TEIUIOEMHOCTI Ii€i cyMitl. (Cv

= 680 Ix/xr-K; c, =952 JIx/kr-K).
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3. KoJioBi mpouecu Ta peajibHi rasu

3.1. OcHOBHI TeopeTHUYHI BiIOMOCTI
1.  Koedimient kopucnoi aii (KK/) nukmty
Q=0
0

ne ;- KIAbKICTh TEIUIOTH, SIKy OTPUMYE I'a3 BiJl Harpipaua;
(), - KIIBbKICTh TEIUIOTH, SIKA IEPENAETHCS XOIOIUIBHUKY.
KK/ uukiy Kapnao
p 1T
T
ne 17 - Temneparypa HarpiBaua; 7> - TemiepaTypa XoJ0uIbHHUKA.
2.  PiBusannHsa Ban-nep-Baanbca st oqHOTO MOJIS Ta3y

p+% (v, —b)=RT,
m
Jie p - TUCK Ha CTIHKH MMOCYIUHHU;
a 1 b - crani Ban-gep-Baanbca;
V- MoJIsipHUIL 00'eM Tazy.
PiBusnust Ban-gep-Baanbca st Oyab-sK0i Macu ra3y Ma€e BUTJIS

2
m a m m
(p+WﬁJ(V‘Hbj:HRT’

ne V— 00'em ycworo raszy; M - MojisipHa Maca rasy.

m2a

B upromy piBHSHH Ve Z] = p; - TUCK, OOyMOBJICHU! CHJIaMH

m oo
B3a€MO/I1i MOJIEKYJI; v b =V;- BnacHu# 00'eM MOJIEKYI.

3. 3B'I30K KpUTHUYHHUX MapaMeTpiB - 00'eMy, TUCKY 1 TeMIepaTypH 3i
ctanuMu a 1 b Ban-nep-Baannbca:
8
a g b
27b° 27Rb
[{i piBHSIHHS MOKHA PO3B'sI3aTHU BIJHOCHO CTaIMX a 1 b.
252
o R TR
64pkp 810kp

Vokp = 3b, pkp =
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4.  BHyTpILIHS €HEPrisl peaIbHOTO Ta3y

U:ﬁ{QT—ﬁJ,
M v

m

ne Cy - MOJIsIpHA TEILUIOEMHICTD MPHU CTaJIoMy 00'eMi;
Vi - MOJApHUI 00'eM.
5. 3miHa eHTpoIii

B
d
AS = J' _Q
ar
ne A 1 B - MexXI1 IHTeTpyBaHHSI.

3.2. Ilpukiaaau po3B's3aHHs 32124

3agaua 3.1. I1ix yac nukny Kapao ra3, HaOpaBmu BiJ HarpiBayia
10° JIx Ttemna, BukoHaB pobory 400 JIx. 3HaliTH TeMmmepaTypy
HarpiBaya, K0 TeMrneparypa xonoauibHuka 0 °C.

Pimnenns. KKJI imeanpHOl TEIIOBOT MallTiHU

— A T,-T
77=QI O _ abon=-1_"2

Q] Q] T]

ne O, —Q, = A- KOpUCHE TEII0, 10 NEPETBOPIOETHCS B poOOTY A.

Yucnose 3nauenHs1 KK/] termmoBoi Maluau

n:i:4—()0:0,4 a60 40%.
Q, 1000

3natoun KK][ TemioBoi MallivHu 1 TEMIIepaTypy XOJoAWIbHUKA 15,
MO>KHa 3HaUTH TeMIepaTypy HarpiBaya

T 273
I-n 1-04

BinnoBiab: T; = 455K.

3amaya 3.2. BuszHauuTu 3MiHY EHTpOMIi NMPHU 130TEPMIUHOMY
po3IIMpeHH1 KucHI0 Macoto 10 r Big 00'emy 25 11 10 06'emy 100 1.

Pimenns. 3MiHy eHTpomii KUCHIO TPH 130T€PMIYHOMY MPOIIEC]
MOHA O0YUCTUTH 3a (HOPMYJIIOIO

2
AS:SZ—Slzjd—Q,
' T

BUHECEMO TEMIIEPATyPY 3a 3HAK IHTErpaly, OTPUMAEMO
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2
as =1 [ao = Q

T T

KinekicTe Temiotu , Ky OTpUMYy€ KHCEHb, 3HAMIEMO 3a MEPIIUM
3aKOHOM TepmoanHamiku: O = AU + A.

s 13oTepmiudoro mnporecy AU = 0, to6to Q = A, a pobota A
JUTSI ITHOTO TIPOIIECY BU3HAYAETHCS 3a (DOPMYIIOI0

A="RrIn’2,
M Vi
ne M= 18-10 3 xr/MoIb - MONApHA Maca KUCHIO.
3 ypaxyBaHHsM 1€l HOpMyIU, BU3BHAYUMO 3MiHY €HTPOTIi

m V.
AS =—RIn-=.
M v,
[lincTaBisitoum B OCTaHHIO (POPMYINly YHCIOBI 3HAYECHHS BEJIWYMH,
B3ATHX B ouHUISX cuctemu Cl, maemo

-3 -3
10 10_3.8,3]'1’1100 10_3 L4
18-10 2510 K

Bignosinb: AS = 6,4 /[c/K.

AS =

3amaya 3.3. 3HailTu 3MIHY EHTpOMii MPU OXOJOJKEHHI 2 T
noBiTpsa Bix 40 mo 0 °C: 1). mpu cramomy o00'emi; 2). Ipu cTalioMy
THUCKY.

Pimenns. 3MiHy eHTpomii MOBITpS HAOIMKEHO MOXKHA
o0uncIuTH 3a HOPMYIIOF0, III0 BUPAXKAE 3MIHY €HTPOITIT 171eaTbHOTO ra3y

td
AS =S,-S = | 49
;T
IIPY HECKIHYEHHO MaJiiii 3MiHi Temieparypu d1.
[Ipu HarpiBaHHI MOAETHCS KITBKICTh TEIIOTH
dQO=mcdT,
1ie m - Maca MOBITPS; ¢ - HOTO MUTOMA TEIJIOEMHICTb.
BpaxoByrounu, mo V= const, VdP = RdT, 3Biaku
Vd,
dT = _p’
R

a TakoX 13 PpIBHSHHA CTaHy igeainbHoro Tra3zy pV =RT

3HaxoauMoV = RT / P. miACTaBUBIIH 111 3HAYEHHS Yy PIBHIHHS 1151 d(),
3HAXOIUMO

37



dQ = mcy, d_p
P

AHAaJIOT14YHO 3HAaX0AUMO 3Ha4YeHHs d() 1JIs CTajoro TUCKY

dV
d me, —
0= Py

VY nepiioMy BUTIAJIKy CTAIUM JIMIIAETHCS 00'€M, TOMY
2
d
AS = chJ.—p = mcy mf2.
P Pi
Bignomennss P,/P; 3HaXoAWMO 3a PIBHSHHSAM 130XOPUYHOTO
IIpOIIeCy

T
P2 _12 _ 273 =087,
p, T, 313
TOI1
AS = 0.002x2 72763327 100,87 = 0,203
ke K
Y npyromy BUIIQJKy CTJIMM JIUIIAETHCS TUCK, TOMY
ASzmcp d—V—mc anZ
1V V;

Bingnomenns V>/V; 3HaxoaumMo 3a PIBHAHHSAM 1300apUYHOIO

IIpoIIeCy
v, T, 273

72 —0.87,
v, T, 3I3
TOI1
AS = 0.002x2- 1016 2 100,87 = 0.2832%C
k2K
L ﬂOfC

BignoBiab: 1) AS =0,203—; 2) AS =0,283——
) K ) K

3amauya 3.4. OO0YUCIUTH, KOPUCTYIOUUCH DPIBHSAHHSAM Ban-nep-
Baanbca, tuck 1,1 kr Byrjaekuclioro rasy, Io 3HaXOJUThCS B OalloHi
MmictkicTio 20 1 ipu temnepatypi 13 °C. Pe3ynabTat NOpiBHATH 3 TUCKOM
171eaIbHOTO Ta3y 3a TUX CAMUX YMOB.

Pimenns. Pisusuus Ban-nep-Baansca mae Burisn

(p+V2)(V_b)=
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3BIJIKH
RT  a
V-b y?’
ne a=0,364 m*H/monb?;, b=4,3-10 M3/MOIb.
Ywuciio MoJIiB BYTJIEKHUCIIOTO Ta3y JOPIBHIOE
m 1,1xe
M 44-10k2/ monw
O0'em, 1110 HiOTO 3aliMae OJIMH MOJIb BYTJIEKUCIIOTO Ta3y, JOPiBHIOE
Vo20-1074°
1% 25 monw

[lincTaBuBmn y ¢GopMyay THCKY YHCIOBI 3HAYEHHS BEJIWYMH,

B3ATHUX B oqMHUIX cuctemu Cl, 3HaxoauMo
8,32 Jloic / monw - K - 286 K

0.8-107° m3 / monw — 0,043 - 10> m” / monw

p:

= 25mop.

v

=0,8- 1073 3% / mone.

=254-10°P/ m°.

p:

Tuck, 1110 o0UKCIIOETHCA 3a pIBHAHHAM MeHneneeBa-Knanelipona,
JTOPIBHIOE
_RT 832/ monv-K-286K
V 0.8-107° m’ / mmon

OcranHiil pe3ynbTaT BIAPI3HAETHCS BIJl PE3YJIbTATy, OJIEPKAHOTO

NP BpaxyBaHHI MONPABOK a Ta b Ha BenuuunHy Ap= 4,3 « 10° H/m 2, mo
Jla€ BITHOCHY TIOXHOKY

Ap 43 10°H/ M

P 254-10H/m°

Bianosins: £ =16,9-107 =16,9 %.

=297-10°H / Mm°.

=16,9-107° abo 16,9 %.

&

3anaua 3.5. BuzHauutu KpUTHYHI TapaMeTpH a3oTy.

Pimenns. KputnuHi napamerpu rasy BiJNOBIal0Th TAKOMY HOT0O
CTaHy, IpU SKOMY 3HHUKA€ PI3HUIA MIX PIIMHOI Ta 1i Maporo.
[TapameTpu BOTO CTaHy MOXHa OOYMCIUTH 34 CTAJIUMH JJi1 JAHOTO
raszy a ta b, ki 0epyTbhCs 3 TaOJIUIIb.

Kputnunuii 06'em

Vip=3b = 3-3,86-10 m*/mone =11,58-107° m>/mone.

Kputnunnit Tuck
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0,135H'MZ

a MOJIb 5
JE = =338-10" Ila.
" 27b7 27(3,86-107° )2 / mon®

Kpurnuna temneparypa

o 0,135
T, = = MOTE T = 126K
270R 57 3861075 3° / umon - 8.3 2
Mo - K

Bianosins: Viy=11,58-10° v monv; py = 33,8-10° Ia; Tey =126 K.

3.3. [IuTaHHA 10 CAMOCTIIHOT0 KOHTPOJIIO
1.5Ix1 mporiecu 3ByThCs 0OOPOTHUMHU Ta HEOOOPOTHUMHU ?

2. SIxi mporiecu 3BYThCSl KOJOBUMH TpOIleCaMH a00 IHUKJIaMU Ta B
SKOMY BUIMAAKY poOOTa ra3y mpHu KOJOBOMY Iporieci Oyie 70AaTHOIO, a
B SIKOMY - B1T'€MHOIO?

3. Skuii nporiec Ha3uBaeThea ukIoM KapHo?
4.Y yomy momsirae Apyruil 3aK0H TEPMOIUHAMIKU?

5. Y domy mossirae IpUHIMI POOOTH XOJOAMIBHOI MAIIMHKU Ta SIK
oouncroethes i KKJ[?

6. SIke CIiBBIAHOIIEHHS MDK CHTPOMIE€I0 Ta TEPMOJIUHAMIYHOIO
IMOBIPHICTIO CTaHy TEPMOJUHAMIYHOI CUCTEMHU Ta B YOMY 3MICT IIOTO
3B'3KY?

7. Illo Take eHTpoOMis Ta 10 BOHA XapaKTepu3ye?
8. B oMy cyTs HepiBHOCTeH Kiay3zica?

9. B sxoMy BUMNAJKy MalllMHa, Ipalowdu 3a nukioM KapHo, Oye
TEIIOBOIO, & B IKOMY - XOJOAUIBLHOI0?

10.3a sxuX yMOB PiBHSHHS 1J€aIbHOTO ra3y MOKHA 3aCTOCYBaTH
710 peajbHUX Tra3iB?

11. Sxi mompaBkm BHeceHO Ban-gep-Baambcom y piBHSIHHSA
MenpeneeBa-KianelipoHa Ta B YoMy iX CyTh?

12. Sxuii BUTAS] MarOTh 130T€PMU 1]I€AJILHOTO Ta PEAIbHOTO
ra3iB? [losICHUTH KOXKHY AUILHHUIO 130TEPMHU PEaIbHOTO Ta3y.

13.5kuii cTan ra3y Ha3UBAETHCSI KPUTUUHHUM ?
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14. SIx Mo>kHa MEpPEeBECTH ra3 y piaAkuii cTaH?

15. V 4yomy mnonsrae edext Jxoynsi-TomMcoHa Ta SK BiH
MOSICHIOEThCS ?

3.4. 3apavi 1y podOTH B ayIUTOPIl

1. IneanpHa TeriOBa MalIWHA, siKa Ipauroe 1mo uukiay KapHo, 3a
MK OTpuMye Bijg HarpiBada 2,512 k/Dx temmotu. Temmepatypa
HarpiBauda 400 K, temmneparypa xonoauwibauka 300 K. 3naiitu poborty,
sgKa 3I1MCHIOETHLCA MAIIMHOIO 32 OAWH IIMKJI, 1 KUIbKICTh TEIJIOTH, sIKa
BIJIIA€THCS XOJOIWIBHUKY 3a oauH UK. (4 - 630 JIx; O = 1,88 x/[x).

2. IneanpHa TeruioBa MalllMHA, sSKa Mpaioe 1o nukiay Kapho,
3A1MCHIOE 32 OJWH IUKJI poboTy 2,94 k/[x 1 Bigmae 3a OJWH ITUKII
xonoaunbHuky 13,4 kJlx teroru. 3uaiitu KK nukiy. (18%).

3. Maca 6,6 T BOAHIO PO3IIUPIOETLCS 1300apHO Bix 00'emy V) 1o
o0'emy V> =2 V;. 3HaiiTu 3MiHYy €HTPOIIi IpU I[bOMY PO3IIUPEHHI.

m V
AS =—C In—2=66,31n/K o
"y A )

4. Maca 10 r kucHto HarpiBaeThcs Bij Temneparypu 50 mo 150 °C.
3HallTU 3MIHY €HTpOIIi, SKIIO HArpiBaHHS 3/IMCHIOETHCA: a) MPHU
crajoMy 00'emi; 0) rpu ctagomy Tucky. (a) 1,76 JIx/K; 6) 2,46 JIx/K).

5. Maca 10 r remiro 3aiimac 06'em 100 cm® mpu tucky 100 MIla.

3HalTH TeMIepaTypy rasdy, SIKIIO BBa)XaTU MOro: a) icaJbHUM; O)
peanbHuM. (a) 482 K; 0) 654 K).

6. BuzHauntu kpuTu4H1 Temieparypy Txp 1 TUCK pypy: 1) KHCHIO; 2)
Boau. ( 1) 150 K, 5 Mlla; 2) 654 K, 22,6 MIla).

7. B mocyauHi emHicTio 10 11 3Haxoauthest 360 © BOASIHOT napu
npu Temnepatypi 470 K. OOUuCcIuTH TUCK Mapu Ha CTIHKU MOCYIUHHU.
BBaxkatu mmapy peanbauM razom. (7,64-10° ITa).

3.5. 3apa4i qus camocTiiiHOL podoTH

1. ITlix yac kojoBOro mpoliecy ras BukoHaB poboty 1 Jx Ta
nepenas xonoaunbHuky 4,2 JIx tera. Axuit KK/ mukny? (0,193).

2. T'az oxepxaB Bin HarpiBHuka 4 kx/[x Ttemma. Sky poboty
BHKOHaB ra3z, skiio KK/ mukny 0,17 (400 1x).
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3. IpeanpHa TemioBa MaliMHa Tmpaime no uukiay Kapuo 1
BUKOHYE 3a OJUH LUKJI poboty 2,94 kJI)K Ta Biajae 3a OJUH ILHUKII
xonoawnbHuKy 13,4 x/[x Termotu. 3naiitu KK/ nukmy. (0,18).

4. IneanbHa TemioBa mammuHa npamtoe no nukiny Kapao. Ilpu
oMy 80% TEIIoTH, SIKY OTPUMY€ MallliHa BijJl HarpiBaya, nepeacThes
XOJIOMUJIbHUKY. MalnHa oTpuMye€ Bij HarpiBada 6,28 x/[>k TeminoTu.
3naiitu KKJ][ nukiny ta po0oTy, SIKYy BUKOHY€E MalllHa 33 OJIUH UK.
(0,2; 1,26 xJIx).

5. 3naiiTu 3MiHy eHTpomii nmpu mneperBopeHHi 10 r npoay mpu
temnepatypi -20 °C B nmapy (t; = 100 °C).

AS =mc, ln£+i+cBln£+L =88ﬂ—9ic :
T T, 1, T, K

6. 3HailTH 3MiHY EHTpPOIli NpU 1300apUUHOMY PO3IIUPEHHI 4 T
a30Ty Big 00'emy 5 11 10 00'emy 9 1. (2,43 JIx/K).

7. Jlin macoro 2 kxr npu temmneparypi 0 °C OyB nepeTBOopeHHi y
BOJAY MpU TiA XK€ TeMIeparypl NpU JAONOMO31 Mmapu, sika Mala
temrneparypy 100 °C. O6uucnuTu Macy mapH, sika HeoOXigHa Jis
NEePETBOPEHHS JIbOY B BOJY. 3HANTH 3MIHY €HTPOIIil CUCTEMH JIiA-Tap.

T
(my=— " spaeps =M T 610 e/ ).
A+c(Ty=Tp) I, T I

8. Kucenp macoro 2 Kr 301IbIMIKB CBIM 00'€éM B I'ATh pasiB: OAUH
pa3 130TepMiyHO, APYruil - amiabaTWyHO. 3HAWTH 3MIHY EHTPOIil B
KOYKHOMY IPOIIECI. (AS ;1 =836 e/ K; AS = 0)

9. Sky Temmepatypy Mae maca 10 r remito, KWW 3aiiMae 00'eMm
100 cm? mpu Tcky 100 MITa? I'a3 po3risgaeTbes SK: a) i1eallbHUiA;
0) peanbHuii. (482 K; 204 K).

10. B mocyaum o6'emom 0,3 71 3HaAXOAUTHCS OJWH MOJIb
Byriekuciioro razy npu temneparypi 300 K. O0uuciutu TUck rasy: a)
no piBHAHHIO MeHaeneea-Knanelipona; 0) mo piBHSHHIO BaH-nep-
Baannca. (a) 8,31 MlIla; 6) 5,67 MIIa).

11. Tuck kucHO nopisuioe 7 MIla, ioro ryctura 100 xr/m?.
1

3
3HaifTi TeMnepaTypy KucHio. | 7= M2 9P @0 pe7p |
R{ p M M
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12. Bu3zHauuTH THCK BOJSHOI mapu Macow | kr mnpu
temmeparypi 280 K ta o6'emi: 1) 1000 i1; 2) 10 1; 3) 2 1. ( 1) 174 xlI1a;
2) 3,94 MllIa; 3)101 MlIlIa)

13. Kputuuna temmeparypa aprony 151 K i kpuruunuii Tuck 4,86
MIIa. BuzHauuTu 3riiHO I[UX MapamMeTpiB KPUTUUHUN MOJIIpHUN 00'eM

3T, 3
apromy. |V, = R=968.107° 2|
kp
8 Pip MO

14. T'a3 3HaXOAUTHCS B KPUTUYHOMY CTaHl. Y CKUJIbKH pa3iB
301IBIIUTBCA THCK Ta3zy, SKIIO HOro TemIiepaTrypa 130XOpHYHO
301IBIINTHCA Y JIBa pa3u? (B 0'Th pa3iB).

15. BuzHauuTH BHYTPIIIHIO CHEPTiI0 OJHOTO MOJIS a30Ty IMpHU
KpuTuuHiil Temneparypi 126 K. O0uucienHs BUKOHaTH Jist 00'eMiB: 1)
20 m;2)2 15 3) 0,2 1. (1) 2,61 xIx; 2) 2,55 x/Ix; 3) 1,94 xJx).

16. Inmeanpuuii ra3 3xaidicHioe nwkia Kapno. Temmeparypa
xonoaunbHuka gopiBHIOE 290 K. ¥V ckuibku paziB 30utbmuThes KK/

UKy, SIKIIIO TeMreparypa HarpiBadya niaBuiuthes Big 400 no 600 K?
(1,88).

17. Ineanpuuii ra3 3aidicHioe 1wkl Kapno. Temmneparypa
HarpiBHUKA B TPU pa3u Oijbllla TEeMIEpaTypu XoJioauibHuka. HarpiBau
BigaaB ra3y 42 x/x remnotu. SIky po6oTy BukoHaB ra3? (28 kJIx).

18. IneampHuii ra3 3aidicHioe 1wk KapHo. Temmeparypa
HarpiBaya JnopiBHioe 470 K, TemmepaTypa XOJOAWIbHUKA JIOPIBHIOE
280 K. ITpu 130TepMiuHOMY pO3IIMPEHH] Ta3 BUKOHYE poboTy 100 JIx.
Busnauutu tepmiunnii KK nukiny, a TakoX KiIbKICTh TETUJIOTH, SIKY
ra3 Bignae xonoamibHuKYy. (0,404; 59,6 JIx).

19. SIxoro moBUHHA OyTH TeMIepaTypa XOJOAUIbHUKA 1/I€aTbHOI
napoBoi MaluMHH, sikimo npu temneparypi mapu 200 °C ii KKJI
nopiBHioe 21,1%? (373K).

20. Temneparypa napu y kot 200 °C, a B xonoawibHuky 100
°C. 3uaiitm KKJ[ TemnoBoi MallMHU, BBa)KaruW ii 1AeanbHOIO. SKI
icHyroTh 3aco0i niaumieHdss KKJI peanpnoi TermoBoi mammau? (21%).

21. T'a3 orpumap Bix Harpiaua 300 [[x Temma. Sky poboty
BukoHaB ra3, sAkmo KKJ[ mukny 0,4? Ckinibkd Temia ra3 BiJjaB
xonoauibHUKy? (120 JIx; 180 [Ix).
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22. Ilixg yac xoJIOBOro Ipoliecy ra3 BukoHaB podoty 50 JIx Ta
BignaB xonoauiabHUKy 200 [ terna. Axuit KK nukmy? (20 %).

23. 2 kr Boau HarpiBaetbes Big 10 go 100 °C ta mpu 1
TeMIlepaTypl MEPETBOPIOEThCA B mapy. OOUYMCIMTH 3MiHY EHTpPOIIIi.
(«14,4 x1x/K).

24. O0YMCAUTH 3MIHY EHTPOIi MPU IMJIABJICHHI 2 KI JIbOIY, IO
Mmae temmepatypy 0 °C. (2462 [Ix/K).

25. 3HaliTi 3MIHY €HTpPOIIi Npu 1300apUYHOMY PO3MIUPEHHI § T
refiro Big 06'emy 10 go 25 1. (-38,5 JIx/K).

26. 3HaiiTH 3MIHY EHTPOMIi OPU 130TE€PMIYHOMY PO3LIUPEHHI 6 T
BOJIHIO, SIKIIO HOTO THUCK 3MEHIIUTHCS BiJ OJHOI 1O TOJOBHHU
atMocdepu. (17,7 dx/K).

27. 0,02 kr remito 3aiimae o0'em KO"4 M3 mpu Tucky 108 H/m2.
SAka Temneparypa razy? Skoro Oyna 0 Temneparypa rasy, sSiKo BiH OyB
ou imeanpHUM? (22224 K; =481 K).

28. OOuUKMCIUTH BHYTPINIHIA TUCK Ta BIIACHUM 00'eM MOJEKYIH
KHCHIO, AKIIO B OanoHl MicTKicTio 10 2 M3 3Haxoguthes 0,5 kr rasy.
(3,32105 Ia; 124 cm?).

29. 3mnaiitu ctanmi Ban-nep-Baanbca nans azory, SIKIIO TpH
KPUTUYHOMY CTaHI MOro TUCK JOpiBHIOE 33,5 atMm, a Temneparypa 126
K. (1,36-105H-M*/xmoinb? ; 0,0386 M>/ KkMOB).

30. 3naiitu crami a 1 b B piBHsAHHI BaH-nep-Baanbca npis
BYIJICKUCIIOTO Ta3y, SKIO KWOro0 KPUTHYHUKM THUCK 73 atM, a
temneparypa 304K. (3,64-10° Hu*/xkmons?; 0,0426M%/xMoib).

31. O0uucauTH KPUTUYHY TeMmmepaTrypy Ta TUCK aprony. (151K;
48,7-10° I1a).

32. O0YUCAUTU KPUTHUYHY TeMmIlepatypy Ta THCK remnio. (5,2 K;
2,3-10° I1a).

33. O0uucnuTu 3MIHY E€HTPOIi MpU MEpeTBOpPeHHI | T Boau B
napy (t;=100°C).(7,4 JIx/K).

34. O0uMCIUTH 3MIHY €HTPOMii Mpu MiaBiieHHl | Kr Jabojay, 10
mae temnepatypy 0 °C. (1230 Tx/K).
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35. PosmnaBnenuit cBuHenb macow 600 r mpu Temmeparypi
NJaBJeHHS BulWwiM Ha a1 npu temnepatypi 0 °C. 3HailTu 3MiHY
eHTpoMii IpH 1boMy mporieci. (63 JIx/K).

36. O04ucaUTU 3MIHY EHTpPOMIi MpU TMEepexo]l 8 I KUCHIO Bij
o0'emy 10 1 mpu Temneparypi 80 °C go o0'emy 40 1 npu Temneparypi

300°C. | AS="(C 2+ Rin"2) = 5.4 7000/ K |
M T, Vi

37. 3HailTH 3MiHY €HTPOMIii MpPH 130TEPMIYHOMY PO3LIUPEHHI 6 T
BOJIHIO. THCK 1ipu 1boMy 3MmiHIOeThes Big 100 qo 50 kITa. (17,3 Ix/K).

38. AzoT Macorw 10,5 r i30TepMIYHO PO3IIUPIOETHCS Bl 00'eMy 2
1 710 5 1. 3HalTH 3MiHYy eHTpoIii npu ubomMy mpoiieci. (2,9 JHx/K).

39. dAky temnepaTypy Mae maca 3,5 T KUCHIO, IKMH 3aliMae 00'eM
90 cM® npm Tucky 2,8 MIIa? I'as posrisamaty gk: a) imeanpHumii; 0)
peanbhuii. (a) 281 K; 6) 289 K).

40. 1 KMOJb BYTJIEKUCIOTO Ta3y 3HAXOJUTHCS MPU TEMIEpaTypi
100 °C i 3aiimae 06'em 0,05 m>. OOUMCINTH THCK ra3y, SKIIO BBAXKATHU
roro: a) peanbHUM; 0) imeanpHUM. ( a)273 Mlla; 6) 61,8 mlla).

41. B 3akpuriit nocyauni o6'emom 0,5 m® 3maxomutnhesa 0,6

KMOJIb Byrjiekucioro razy mnpu tucky 3 Mlla. Kopucryrouucs
piBHsIHHSIM BaH-nep-Baanbca, 3HalTH, y CKIJIBKH pa3iB TpeOa 301IbITUTH
TeMrepaTypy rasy, mobd #oro TUCK 301IbIIMBCS B JIBa pa3H.

42. 3HaiiTu KpUTUUYHUMN 00'eM pedyoBUHHU: 1) KucHIO Macorw 0,5
r; 2) Boau Macoro 1 1. (1,45-10% m3; 2) 5-10° m).

43. OOuucnutu poOOTYy aji1adaTUYHOTO PO3IIUPEHHS BOIHIO
Macoro 4 T, K10 TeMmieparypa ra3y sauzuiachk Ha 10 K. (416 [Ix).

44. Azotr macow 2 1, skuii MmaB Temmepatypy 300 K, OyB
an1abaTUYHO CTHUCHYTHH Tak, 1o Horo o0'eM 3MeHmmuBcs y 10 pasis.
BuzHaunTu KiHIIEBY TeMIIepaTypy ra3zy 1 poOOTy CTUCHEHHS.

(T, =T~ =754K; A= "L R(T, - T, ) = 674 []or.
M2
45. Kucenb, sikuii 3aitMaB oO0'em 1 1 mpu Tucky 1,2 Mlla,

aniabatuuHo posmupuBcs A0 o0'emy 10 1. Busnauutu poboOTy
posmupenHs rasy. (1,81 kJx).
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46. B nocynuni emHicTio 10 1 3HaxXoAuThCs a30T macorw 0,25
kr. BusHauutu: 1) BHYTpilIHIA THUCK p Ta3y; 2) BiIacHUU 00'eMm
mouteky. ( 1) 108 xITa; 2) 86,2-10° m>).

47. BU3HAuuTH THUCK, KU OyJie CTBOPIOBATH KUCEHb KUIBKICTIO 1
MOJIb, AKIO BiH 3aiimae o00'em 0,5 m mpu Ttemmneparypi 300 K.
[TopiBHATH OTpUMaHMK pe3ybTaT 3 TUCKOM, SIKMM BU3HAYAETHCS 3T1THO
piBHsIHHIO MenaeneeBa-Knanetipona. (4,78 Mlla; 4,99 MIla).

48. OOumciautu ctam a 1 b y piBHSHHI BaH-nep-Baansca s
a30Ty, SAKII0 KpuTU4dHA Temmeparypa Tip,= 126 K 1 Tuck pip = 3,39 MlIla.
azzT;.Rz H‘M4_b=£Tkp'R M

—=0,136 > = 3,86
64 B, MOb 8 Piy MOIb

3

).

49. T'a3 3miiicHioe 1uka Kapao 1 Bigmae temnory 14 kJ[x
XOJOAWIBHUKY. Bu3HauuTH TeMmMmeparypy HarpiBaua, SKIIO IIpH

Temnepatypi xoaoauiabHuka 280 K poborta nukny KapHo nopiBHIOE 6
kJIx. (364 K).

50. T'a3, 3miiicHorounid MK KapHo, BimIaB XodogwibHUKY 67%
TCIUIOTH, SKy OTpHMaB BiJ HarpiBadya. BusHauutm Temmeparypy
XO0JIOJIMJIBHHUKA, K10 TeMmnepaTypa HarpiBada 430 K. (288 K).
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4. YucJ10 3iTKHEHb MOJIEKYJI Ta IBUILA TEPEHOCY

4.1. OcHOBHI TeOpeTHYHI BIiIOMOCTI
1.  CepenHe yucno 31TKHEHb OAHIET MOJIEKYJIM a3y 3a OJAMHUIIO Yacy

Z =+|2rd*nv
ne d - epeKTUBHHH J1aMeTp MOJICKYJIH;
1 - KOHIIGHTpALIis MOJIEKYJI;
v - cepeHs apupMeTuyHa MBUAKICTh MOJIEKYJIH.

2. llpuitHABIIK, W0 KOXHAa MOJIEKyJia 3HAXOIUTHCS B IEHTPI
KyO14HOi KOMipku 00'emMoM V), niameTrp MOJEKYJIU 3HAXOJATh IO

dhopmymi:
| M
d = 1IV0 =3 B
Nyp

ne M - moJisipHa Maca pe4OBHUHU;
Ny - uncino ABoraapo;
- TYCTHHA PEYOBUHMU.
3.  CepenHs 10BXHUHA BUILHOTO MPOOITy MOJIEKYJIH a3y

— 1
A=
\27d’n
4.  JlmHamiuHa B'SI3KICTH
] —
=—Apv
n 3 P
ne A - TOBXWHA BIJILHOTO MPOOIry.
5. 3axoH HrproTOHaA
dp__dv ¢
dt Iz
dv . ) .
e d_ - TpaJii€eHT MBHUIKOCTI PyXYy IIApiB PIAWHH;
z

AS - TIJIOII1a €JIEMEHTAPHOI MOBEPXHI.
6. 3akoH Dyp'e:
dT
A0 = -K—S4¢,
dx
1€ AQ- TEIUIOTa, IepEeHEeCeHa Ta30M Yepe3 MonepeuHuil nepepis

mwiomniero S 3a yac At ; K - koeiieHT TenaIonpoOBIAHOCTI;

dT :
d_ - TPAJ1€EHT TEMIIEpaTypH.
X
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7. KoedilieHT TEII0MpoBiAHOCTI ra3y

ne Cy - TeIIonpoBIIHICTh ra3y npu V = const.
8.  Maca, sKa nepeHocuThbcs 3a yac A* npu audy3sii (3akoH Dika):

m=-D ssM1
Ax

ne D - xoedimient audysii;
d_p
dx

oy AS .

9.  Koedimient qudys3ii.

- TpaJlieHT TYCTUHU B HANpPSIMKY, NEPHEHIUKYISIPHOMY JI0

D=£—Z.
3

4.2. IluTtanHsa AJ cAMOCTIHHOTO KOHTPOJIIO

l. BuBectu dopmyny, 3a sIKOIO OOUYUCIIOETHCA CEPETHE YHUCIIO
31TKHEHb OJIHI€T Ta30BO1 MOJIEKYJIH 3a 1c¢.

2. SIK TEOPETUYHO Ta €KCIIEPUMEHTAIBHO BU3HAYAETHCS JOBXKHUHA
BUIBHOT'O IIPOOITy MOJIEKYJIH?

Ak 3aJeXuTh 4YMUCIO0 3ITKHEHb TIa30BOi MOJIEKYJIM Ta 1i
JOBXKWHA BUIBHOTO MPOOITY BiJ TUCKY Ta TEMIIEpaTypu?

VY yomy nossirae sipuie Audys3ii?

5. Sk oOuuCHIOETHCS Maca Tra3y, MEPEeHEeCEHOTo Yy Tpolleci
aady3ii?

6. Y yomy ¢i3uyHa cyTh KoediiieHTa nudy3ii?

7. BHaca1J10K 40ro BUHUKAE TEPTS B ra3i?

8. Sk OOUYMCIIOETBCS CHJIa BHYTPIIIHBOTO TEPTSA B raszax Ta y
yomy moJisirae gpizuyHa cyTh Koe(illieHTa BHYTPIITHLOTO TEPTS?

9. SIk 00YHMCIIOETHCS KIIBKICTh TEIUIOTH, IMEPEHECEHO1 ra3oM IIijl
Yyac MpOoIeCy TeIUIONPOBIAHOCTI, Ta B YoMy (pizndHa CyTh KoedilieHTa
TEIJIONPOBITHOCTI?

10. Sx 3anexath koediuieHTH IUQy3ii, BHYTPIIIHEOTO TEPTS Ta
TETTONPOBITHOCTI Ta31B BiJl TUCKY?

11. Ske cniBBigHOWIEHHS Mik KoedimieHTamu Jaudys3ii,
BHYTPIIIHLOT'O TEPTS Ta TEILUIOTPOBIAHOCT1?

12. Sk 3MIHIOETBCS CEpelHs JOBXWHA BUIBHOTO TMPOOITY
MOJIEKYJI 31 3MiHOIO 00'eMy Tra3y Ta TUCKY?
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4.3. lIpuxaaau po3B'si3yBaHHH 3a/1a4

3agaua 4.1. a) CKUIBKM B CEpeIHbOMY 3ITKHEHb 3a 1 c mpu
HOpPMaJbHUX YMOBaX Bi1IOYBA€ThCS B OJHIET MOJICKYJIH a30TYy, AKIIO il
niametp 3,1-FO"8 cm? 0) CKUIBKHM B CEpeIHbOMY 3ITKHEHb OJHIET
MOJICKYJId a30Ty B1I0YBAaTUMETHCS, SIKIIO TEMIEpaTypa MiJBUIIATHCS
Ha 273 °C?

PimenHsi. a) cepelHe 4YUCIO 3ITKHEHb JIsI OJHIET MOJEKYIU
a30Ty 3a 1 ¢ mpy HOpMaJILHUX YMOBaX BU3HAYAETHCS 3a GOPMYJIOHO

Z] = \/§7Zdzn\7a
_ SRT . .
e Va = W - CCPCaAHA apI/I(I)MeTI/I‘{Ha IIBHUAKICTb MOJICKYIJI. TOHI
Tl

dbopMmysa cepemHbLOro 4Yucia 3ITKHEHb MOJEKyiau 3a 1 ¢ Halyae

BUTJISITY
7 = \/Eﬂa’Zm /(S)Rl
M

[TigcTaBigOYd 4YMCIOBI 3HAUEHHS BEJIWYMH, B3ATHX B OJUHHIAX
cuctemu CI, 3HaX01UMO

Z,=~N2-314-(31-107"" )*-2,69-10% \/

8-832-273
3,14-28-107°
0) sAKIIO TemIlepaTypa a30Ty HIJABHIIUTHCSA, TO YHCIO MOJIEKYJI B
OJUHHUII 00'€My 3MEHIIUTHCS, OCKUTBKH 301IbIIUTHCS 00'eM Big Vo mo
Vi. KoHileHTpallit0o MOJEKYJ a30Ty NpU MIJABUIIECHHI TEMIEpaTypu Ta
CTAJIOMY TUCKY 3HaXOJSTh 3@ PIBHSHHSIM 1300apHOT0 MPOILIECY

vy T,
i T
Ockinbku ynuciao Moaekya Ny B o0'emax Vy Tta V; HE 3MIHMIOCH,

=52.10°c7!;

: : N,
TO KOHIIEHTpAIlisl MOJICKYJI #; ipu Temmepatypi T1 Oyzae n 1=7° , ajne

Ny =nyly, Vi = Voﬁ’
TO
TOMI
o _nVy Ty _ 2,69 107 - 273
Yy, oo 546
CepenHe 4uClO 3ITKHEHb MOJIEKYJIM a30Ty 3a 1 ¢ mpu JaHux
YMOBaxX JIOPIBHIOBATUME

=1345-10" v,
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8-8,32-546
3,14-28-107°
Bingnosine: Z,=52:10%"; Z, =3,68-10%c".

Z,=~2-314(31-107"" )7 - 1345107 - \/ =3,68-10°c".

3agaua 4.2. BuszHauuTu CcepeHIO JOBXHUHY Ta TPUBAIICTH
BIILHOTO TIpOOIry MoJiekyJ kucHio ipu Tucky 200 Ila Ta Temneparypi
27 °C, Km0 aiaMeTp MOJIEKYJIU KUCHIO 2,9-1010 M.

Pimennsi. SKkuio cepeHs J0BXHHA BiJILHOTO MPOOITY MOJEKYJIU

7 . . — v
A, a il cepeaHs MBUAKICTh v , TO YHMCIO 3ITKHEHb 3a 1 ¢ Z = 7, a
. . . I A y .
TPUBAIIICTh BUIBHOTO MpoOiry 7 =—==—. Takuii camuii pe3ynabTaT
v

OJIEPKUMO, SIKIIIO BUPA3UMO CEPEIHIO JIOBXKUHY BIIBHOTO MPOOITy A4
yepe3 CepeIHIO MIBUJIKICTh Ta Yac BUIBHOTO MPOOITY 7 :

= : A
A =V-T 3BIIKH T = —.
v
CepenHs 10BXKHHA BIJIBHOTO MPOOITY JOPIBHIOE
= 1
A=—=7F,
2md*n

JIe n- KOHIICHTpAIlisl MOJICKY]IL.
Konnenrtpariiro MOJeKyJ BHU3HAYMMO 3 OCHOBHOI'O PIBHSHHS:
MOJICKYJIAPHO-KIHETUYHOI T€OPIi Ta3iB p = nkT.

3BigKu
n=""
kT
Cepenus 10BXKHHA BUIBHOTO NPOOITY TOPIBHIOBATUME
= kT
A=—7.
2md

ITigcTaBasfOUYM YMCIOBI 3HAUCHHS BEJIMUMH, B3SITHX B OJWHMIISIX
cuctemu CI, 3HaX01MMO
1,38-107% - 300

141-314-(2,9-10717 ) . 200
Cepenns apudpmMeTHUHA MBUIKICTH MOJICKY I

_ I8RT
V= |—.
M
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[llykanuii cepeaHiil yac BIJIbHOIO MPOOITy MOJIEKYJI

T_&_I\/nM

v ~J8RT

IligcTaBigoun 4YHCIOBI 3HAQUEHHS BEIWYHMH, B3SATHX B OJHUHHUIIIX
cuctemu CI, 3HaX01UMO

549107 43.14-32-107
J8-8,32-300
BinnmosBinb: 7=5,49-10° m; 7=1,23-107 c.

T =123-10"c.

3amaua 4.3. Buznauutu cepeaHio JOBXKUHY BIJIBHOTO TPOOIry
MOJICKYJT KHCHIO TPH HOPMaJIBHUX YMOBaX, SKIIO KOEQIIMi€HT
B'ss3xocT1 1,92-10 SIlac.

Pimennsi. Jlnsg Bu3HAUCHHS CepeaHBOI JOBXKXHWHU BIJIBHOTO
npoO0Iry MoJEKyJd KHCHIO CKOPHUCTAEMOCH (OPMYJIOI0, sika BHUpa)Kae
KOe(DIIIEHT B'A3KOCTI 4Yepe3 JOBXKHUHY BIIBHOTO MpPOOITy, CEpemHto
apu(MeTUYHy MBUIKICTH MOJIEKYJ Ta TYCTUHY ra3y

Js : =
n=—Avp,3BiIKu A = 3_77
3 v
3aMiHUBIIM B OCTaHHIN (HOPMYIII IBUAKICTD
_ 8RT
V= |—,
M
JIICTAHEMO
= 3
R

I8RT
—p
M
[ligcTaBUBIIM YKCIIOB1 3HAUEHHS BEJIIMYHUH, B3SATUX B OJUHMIIX
cuctemu Cl, 3Haxoaumo

3.192.107°
8-832-273
3714-32-1073

A = ~96-10"%u.

Binnosins: 4 = 9,6-10"%m

3agaya 4.4. Busznauutu xoe(dillieHTH BHYTPIIIHBOTO TEPTS 1
nudy3ii KUCHIO, IKUM 3HaxoauThes npu TUCKy 0,2 MIla 1 Temmepatypi
280 K.
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Pimennss. Ha oOCHOBI MOJEKYJISIPHO-KIHETUYHOI Teopili rasiB
KOe(Ii€EHT BHYTPIINIHHOTO TEPTA 1J€aJlbHOr0 Tazy (AWHaAMIYHA
B'SI3KICTH) 1 KoedimieHT nudy3ii BUBHAYUTHCS 32 GOpMyIaMH

—

n=-Aivp (1)
3

p=17v (2)
3

1€ p - TyCTUHA rasy;

A - cepeqiHs TOBKHMHA BIIbHOTO MPOOIry MOIEKY;
V - cepenHs apudMeTudHa MBUAKICTh MOJIEKYIJL.
Cepennto apupMeTUyHy MBUAKICTH 1 CEPEAHIO JOBXKUHY BUIBHOTO
npoOIry MOJIEKYJ 3HaX0AuMO 3a ¢hopmyiamMu

= 1
A= 2mdn’ )

7€ 1 - KOHIICHTpAIllsl MOJIEKYJI, IKY 3HaXOJAMMO 13 OCHOBHOTO PIBHSHHS
MOJIEKYJIIPHO-KIHETHYHOI TeOpii ra3iB:
P
n=—,
kT
ne P — tuck; k= 1,38-102 JIx/K - crana bonbimana.
Toxi Ha ocHOBI (4) JOBXKKHA BIIBHOTO TTPOOITY MOJICKYJIH

Tk
2md? Jo,
['ycTuHy KHCHIO BU3HAYHMMO 3a (HOPMYJIOIO
_ Mn
P = N—A-
3 ypaxyBaHHSM 71 IICTAHEMO
Mp
PN AT (6)

[Tlincraumo (6), (5), (3) y piBasHHA (1), Tomi opmyna
Koe(ilieHTa TepTsi Ha0epe BUTIIS LY

n = 2 MRT.

3m\|md’N
ITincTapnstoun (5), (3) y dopmyny (2), oTpuMaEMo po3paxyHKOBY

dbopmyny s koedirienta qudysii
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1 |8RT kT 2kT RT
3N 2md’p 3md’p \ M
3 ypaxyBaHHsM (6), KiHIIeBa (hopMyJia Ma€ BUTIISA
2k°T°N, [RT
3md’ oM N2

[lincTaBnsr0Yn YMCIOBI 3HAYCHHS BEJIMUUH, B3SITUX B OJUHUIIX
cuctemu CI, 3HaX0AUMO:

-3
_ 243210 8130] 2280 =20
3-314-J314(2,9-107"° )7 .6,02-10 M:C
Do 2:(138-107%)*(280)° -6,02-107 \/ 8,31-280
3-314-(29-107" )* 32107 .0,2-10° \314-32-10°

=74-107° M7.
C

Bignosiab: 17 = 2-10'5K%4-c ;D= 7,4-10'6M4'.

D=

n

3anaua 4.5. BuzHauutu cepejiHiii 00'eM aTomMma y MOHOKpUCTA1
MI/I.

Pimiennsi. 3BaXMMO Ha Te. IO y BHUMAAKY, KOJM B yMOBI 3ajadi
Ha3BaHO KOHKPETHUW Marepial, TO y PO3B'SI3Ky MH Ma€eMO IPaBO
BUKOPHUCTOBYBATH Oy/b-sIKI MOro TaONM4YHI mapamerpu. 30Kpema, y
JTAHOMY BHUIMAJKy MU BHUKOPHUCTAEMO TaKWi TaOMWYHUN TapameTp, K
TyCTHHA Mijl.

Kopuctyrounch NepioguYHOI0 CHUCTEMOIO €JIEMEHTIB, MOXEMO
BU3HAUYUTH aTOMHY Macy Miji: M= 4 = 64.

3HaleMOo KIIbKICTh YaCTHHOK B OJIMHUII 00'eMy

N=N," N2
M A
ne m- Maca Mifi B 00 emi 1 M
Toni 00'em, 110 MpuUnagae Ha OAUH aTOM Mii:
V A
V= —=——.
N pN,

[lizcTaBUBIIM YUCIOBI 3HAYCHHS BEJIMUMH, B3STUX B OJUHUIIIX

cuctemu Cl, 3HaxX0AUMO

641073

- 5 =119-107 »’
8900-6,02-10
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Bimnosine: V, = 11,9- 107" w3,
4.4. 3apauvi 119 podOTH B ayIUTOPii

1. CkulbkMm B cepeJHbOMY 3ITKHEHb OJIHIET MOJICKYJIHU
BYTJICKHCJIOTO Ta3y BIOYBA€ETHCS 3a OJMHHUITIO Yacy MPHU TeMIepaTypi
100 °C, sxmio cepeas Q0BXKHMHA BibHOro mpoodiry 830 mxm? (4,9-10° ¢
1).

2. BuzHauuTH CepeaHI0 AOBXHHY BUIBHOTO MPOOITY MOJIEKYI
Byriekucioro ra3y npu temneparypi 100 °C i tucky 13,3 Ila. Hdiametp
MOJIeKyJ Byriiekucioro ra3zy 0,32 am. (850 Mkm).

3. BuzHaunTu cepenHio JOBXKHHY BIIBHOTO MPOOITY MOJEKYJIU
MOBITPsI TPpU HOpMaAJIbHUX yMoOBax. Jliametrp monekyn nositps 0,3 HM
(93 uMm).

4. CkiTpKHd B CEpPeHHOMY 3ITKHEHb BiJOYBAETHCS 3a OJMHUIIIO
Jacy MiX MoJIeKyJaMu a3oTy npu TUcky 53,33 klla 1 Temmepatypi
27 °C? (2,47-10%c1).

5. Busnauntu xoedimieHT audy3ii BOAHIO 32 HOPMAJIbHUX yYMOB,
SKIIO CEepeIHs JOBXHMHA BIJIbHOTO MPOOIry 3a IUX YMOB JOPIBHIOE.
0,16 MxMm. (9,1-10 m?/c).

6. 3HailTu mMacy a3oTy, MepeHeceHoro y mnpoieci audysii yepes
mwromy 0,01m? 3a wac 10 ¢, SKImIO Tpami€HT I'yCTMHHM B HAIPIMKY,
NEPIEHMKYIIAPHOMY 710 TUIONN Ap/Ax=1,26 kr/mM*. Temmeparypa a3ory
27 °C. Cepennsi 10BXKHUHA BUIBHOTO MPOOITy MoJiekysa a3oTy 10 MKM.
(2Mmr).

7. BU3HAUUTH CEPEJHIO JOBXHHY BIJIBHOTO MPOOITy MOJIEKYJ

reniro npu tucky 101,3 kIla 1 temneparypi 0 °C, ko B'sI3KiCTh TeI1I0
13 mxlIla-c. (184uM).

8. BuzHaumTu B'S3KICTh a30Ty 3a HOPMaJIbHUX YMOB, SIKIIO
xoedinient qudysii g aporo 1,42-10"m*/c. (17,8mxlla-c).

9. BuzHaunTHu giamMeTp MOJICKYJH KUCHIO, SIKIO TIPH TeMIepaTypi
0 °C B's3kictb kucHio 18,8 mxIla-c. (0,3 HMm).

10. 3naiiTu KOedIiII€EHT TEIIONPOBIHOCTI BOAHIO, SIKIIO HOTO
B's3kicTh 8,6 MkIlac. (90MBT/M-K).
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11. B mocyauni o6'emom 2 1 3Haxomuthes 4-10%2 monekyn
IBOXaToMHOTo rasy. TemomnpoBigHicTh Tazy 14 mMBt/mM-K. 3Haiitu
xoedinient qudysii rasy. (2-107° m%/c).

4.5. 3apavi 11 caMOCTIiiHOL podoTH

1. CkuUIbKM 3ITKHEHb MIX MOJIEKyJaMH BigOyBaeThcs 3a
OJIMHUIIIO Yacy B OJJHOMY KyOIUHOMY CaHTHUMETPI a30Ty 32 HOPMaJbHUX
ymoB? Jliamerp Monekyn azoty 3,1-10% cm. (7,39-10%%).

2. iamerp Monekyau kucHiO 2,9-10° cM. Busmauutu cepenme
YUCJIO 3ITKHEHb MOJIEKYJIHU 3 IHIIUMHU MOJIEKYJIaMU KUCHIO 32 OJUHUIIIO
yacy Ip¥ HOPMaIbHHUX YMOBax. (4,2-10°).

3, 3HallTH cepeHI0 JOBXKUHY BUILHOTO MPOOITY MOJIEKYJ BOIHIO
npu tucky 0,1 ITa 1 temneparypi 100 K. (6,4 cm).

4. 3HaliTu cepedHI0 JOBXKHHY BIIBHOTO MPOOITY MOJEKYJ a30Ty
npu Tucky 10 kIla 1 temneparypi 17 °C. (1 Mkm).

5. BuU3HauUTH CEpPEeHI0 TPHBAJIICTh BILILHOIO IMPOOIrYy MOJICKYJ
kucHto npu temnepatypi 250 K 1 tucky 100 ITa. (288 ¢).

6. Bu3HaunTH cepemHio MOBXKHHY BIJTBHOTO MPOOITY MOJIEKYI
azoty nipu tucky 10 xIla 1 temneparypi 17 °C. (1 Mkm).

7. 3HAWTHU CEpPEJIHIO JIOBXXUHY BIILHOTO MPOOITY MOJIEKYJ BOJHIO
npu tucky 0,133 Ila i remnepatypi 50 °C. (14,2 cm).
8. B 0ayioHi 3HaXOUThCS BYTJIEKUCIUM ra3, rycTuHa sikoro 1,7

kr/mM>. CepenHs JOBKMHA BiIbHOro mnpoOGiry Horo mosjekyn 79 Hwm.
3HailTu AlaMeTp MOJIEKYJ Byriaekucyaoro razy. (0,35 um).

9. Cepenns 0BXHMHAa BUIBHOrO MPOOITY aTOMIB TeNil0 MpH
HOpMaJbHUX YMOBax JopiBHIO€ 180 HM. BuzHauutu koedimieHT nudysii
reiiro. (7,23 107 m?/c).

10. Koedimient audys3ii kucHro npu temmeparypi 0 °C
nopisaoe 0,19 cm?/c Bu3sHauuTH CEPENHIO NOBKHUHY BiILHOrO Mpoobiry
MOJIEKYJ1 KUCHIO. (135 HM).

11. O6uucautu koediuieHT audysii azory: 1) mpu HOpMAIBHUX
yMmoBax; 2) npu tucky 100 ITa i remneparypi 300 K. (9-10° m?/c;
0,061m%/c).
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12. 3HaiiTH cepeHI0 JOBXHHY BIIBHOIO MPOOITy MOJEKYJ
a30Ty, AKIIO Horo auHamMivHa B's3kicTh 17 mklla-c. (90 um).

13. 3HaliTu JUHAMIYHY B'A3KICTh TE€JII0 TPU HOPMAIbHUX
yMoBax, Ko koedimient mudysii 3a nux ymoB popisaioc 1,06-10°
m2/c. (19 mxITa-c).

14. Busnauutu koedimieHT audy3ii 1 B'SI3KICTh MOBITPS TpHU
tucky 1.01,3 kIla 1 remneparypi 10 °C. JliameTp MOJEKYJ HOBITPS
0,3 HM.

(1,48-10°m2/c; 18,5 mkIIa-c).

15. BusHauutu KOe(DIIEHT TEIJIOMPOBITHOCTI MOBITPS TIpHU
tucky 100 xIla 1 remneparypi 10 °C. diameTp Mmonekys noBitps 0,3 HM.
(13,2 MB1/M-K).

16. Ilpu saxoMy THCKY cepeiHs JOBXHWHA BIIBHOIO MPOOITy
MOJICKYJIM BOJHIO JAOPIBHIOE 2,5 cM, SKIO Moro temmeparypa 66 °C?
(=0,8 Ia).

17. Oiamerp monekynu Boguio 2,3-10% cM. BusHauntu cepemmio
JIOBKUHY BIIBHOTO MPOOITy MOJIEKYJM BOJHIO 32 HOPMAaJIbHUX YMOB.
(0,16 MxmMm).

18. 3HailTu cepellHIO0 JIOBXKHUHY BUIBHOTO MPOOITY aTOMIB Teilo,
akmo ryctuna rejiro 0,021 kr/v?. (1,8 Mkm).

19. V 6anoni o6'emom 100 cm?® 3naxomurses 0,5 T a30Ty. 3HaiTu
CEPEIHIO IOBXKUHY BUIBHOTO MPOOITY MOJIEKYJT a30Ty. (23 HM).

20. 3HaliTu cepeAHE YMCIO 3ITKHEHb 3a | C MOJEKYJ JEIKOro
rasy, SIKIIO CEepeaHs TOBXKHHA BIIBHOIO MPOOITy 5 MKM, a cepeaHs
KBa[paTHYHA MBUIKICTB Horo Mosekya 500 m/c. (9,2-107 ¢1).

21. Koediuient qudysii 1 B'SI3KICTh BOJHIO MPU JACIKUX yMOBax
nopisaroe  1,42-10** m?/c i 8,5 mkIla-c. 3HalTH KiNbKiCTH MOJEKYI
BOJIHIO B OJMHUI 00'emy. (1,8-10%).

22. SIkuit miameTp MOJIEKYJIU a30Ty, skino npu temieparypi 0 °C
xoedilieHT BHYTpimHL0ro TepTa aopisuioe 1,7-107 ITa- ¢? (316 mm).

23. KoediienT qudysii 1 B'SI3KICTh KUCHIO MPU ACIAKUX yMOBax
nopiBuroe  1,22:10° m*/c i 19,5 mklla-c. 3HaiiTH TyCTUHY KHCHIO,
CEepeIHIO JOBXHHY BIIBHOTO MPOOITY Ta CEpelHI0 apu(PMeTHUHY
[IBuakicTs Horo momnekyn (1,6 kr/m?; 83,5 Hm; 440 m/c).
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24. Bagou o0'emom 10 1 MicTuTh BoaeHb Macor 1 r. BusHauutun
CEpEAHIO JIOBXKHUHY BIILHOIO MpoOiry mMosiekyu. (1,55 um).

25. BusHauWTH CepeaHE YHUCIO 3ITKHEHb OJHIET MOJICKYJIH
KUCHIO 3a | ¢ mpy HOpManbHUX ymoBax. (3,7-10° ¢).
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5. BaracTuBocTi pianH

5.1 OcHOBHI TeopeTH4HI BiTOMOCTI

1. KoeiiieHT MOBEpXHEBOTO HATSTY

F
c=—,

[
ne F' - cuna MoBepXHEBOTO HATATY, 1110 JII€ Ha MEXY ITOBEPXHEBOTO IIapy
PIIMHU 3aBJIOBXXKH /.
SIKI10 M J1€:0 CHJI MOBEPXHEBOIO HATATY 3MEHIINYETHCS ILIOINA
MOBEPXHEBOTO IIapy PIAMHU Ha AS, TOM1 CHUJM MOBEPXHEBOTO HATSTY
3MIIMCHIOIOTH pOOOTY

A=0oAS ,
3 OCTaHHBOI PIBHOCTI
AA
o=—.
AS

2. JlomaTKOBHI TUCK, CIIPUYUHEHUN KPUBU3HOIO TTOBEPXHI PIIWHH,
BH3HaYaeThCs (popmyoro Jlamnaca

1 N 1
P=0| ~t—|
R, R,
e o - KOoedIIieHT MOBEPXHEBOTO HATATY; R; i R» - paalycu KpUBU3HU
JIBOX B3a€MHO TMEPINEHIUKYISIPHUX IUIONIUH TMOBEPXHI PIAWHU, Y
BUMNAAKY CPepUUHOI TOBEPXHI

20
P R
3. Bucora nijHiMaHHs piIMHU B KaUISIpHIN TpyOI11i
2oconf
h=————,
PER

1e 6 - KpalOBUU KYT; p - TYCTHUHA PIIMHU; g - IPUCKOPEHHS BIILHOTO
naaiHasg; R - paaiyc Kaminspa TpyOKH.

4. Bucora mnigHIMAaHHS PIAMHA MDK JBOMa OJIM3bKUMHU 1
napajesIbHUMU TJIOIUHAMEU

b= 2oconf

pgd
Ie d - BIACTaHb MK TUTACTUHAMM.
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5. PiBHsiHHSI HEPO3pUBHOCTI NMOTOKY. [1i yac cTamioHapHOro pyxy
p1IMHU 11O TpyO1 3MIHHOTO MEpPEPi3y yepe3 KOKHUN mepepi3 3a MeBHUN
1HTEpBaJI Yacy MPOUIyTh OJJHAKOBI MacH P1IUHU

Sy, =85,v,,
ne S; 182 - moIi MonepeyHoro nepepizy y ABOX JOBUIBHUX Mepepizax
TpyOH; Vi V2 -- BIAMOBIAHO IMIBUIKOCTI T€Uii pi1AMHHU.

6. PiBHssHHS BepHyii 1715 11€a1bH01 HEeCTUCIMBOT PIIUHI

o’

By = pgh + p = const,
ne p - TYCTHHA PIAWHM; V- IIBHAKICTH Tedli piaAWHU, /h - BHCOTa
PO3MIIIIEHHS MMOBEPXHI PIIMHU HaJ PIBHEM BIIJIIKY; P - THCK B MOTOII1
PIIVHHU.

7. HIBUAKICTh BUTIKAHHS PIAUHMU 3 MAJIOTO OTBOPY Y BIAKPUTIM
IIIUPOKIN MOCYAMHI BU3HaYaeThes popmyioro Toppiueni

v=./2gh,

1ie h - BIACTaHb BiJ OTBOPY J0 BEPXHBOTO PIBHS PIAVHHU.

8. ®opmyna Ilyazeitnsa. O6'em pigunu (rasy), sKui MpoTikae 3a
yac / yepes mepepi3 I0Broi Tpyou
7zr4tAp

8in
e r - paalyc TpyOKHU; Ap- PI3HHUISL TUCKY Ha KIHIAX TpyOwu; [ - 1i
JIOBXKWHA;, 7 - JUHAMIYHA B'S3KICTh (KOE€(IIIEHT BHYTPIIIHBOTO TEPTS).
dopmyia cripaBeyIuBa TIALKHU JJIs JaMiHAPHUX IMOTOKIB PiAUHH.
9. Uucno PeliHonbica g MOTOKY PiAMHU 1O JOBICUM TpyOam
Re = pvd
n

e p - TYCTUHA PIAMHU; v- CEPEIHS MO Mepepi3y WMBHUAKICTh PyXy
pIIUHM; d - J1aMeTp TPYyOKH.

V=

)

5.2. llpuxkaaau po3B'sizaHHs 3aaa4

3apaua 5.1. [I[Ba MuwibHUX my3upi paaiycamu R; =2 cMm 1a R, =3
CM 3JIMBAaIOThCA B OJIUH. BU3HAUUTU €HEpPrito, M0 BUAUISETHCS MpU
[bOMY TIpolIeCi, K0 KoedirieHT nopepxHeBoro HaTsary 0,045 H/m.

Pimenns. OCKITbKM TIOBEpXHS JBOX IMy3UpIiB Olibina 3a
MIOBEPXHIO ITy3UPS, 1110 YTBOPUBCS BHACIIAOK 3JIUTTS iX B OJUH, YaCTHHA
CHeprii MOBEePXHEBOI ILIIBKM 3BUIbHIETHCI. BimoMo, mo mnpu

59



130TepMIYHOMY 3MEHIIICHHI MTOBEPXHI PIAUHU HA OJAUH KBAJIPATHUN METP
Oyne BUAUIATUCA €HEPris, IO YHUCEJIbHO JOPIBHIOE KOEQIIIEHTY
MOBEPXHEBOT'0 HATATY PIIMHU. TaKUM YMHOM, JJIs 3HAXOJIKEHHS €HEprii,
sIKa BUAUTUTHCS MPU 37IUTTI JBOX My3UPIB B OJIMH, HEOOX1HO BU3HAYUTH,
Ha SIKy BEJIMYUHY iX MOBEpXHs Oyya Oubllia MOBEPXHI HOBOYTBOPEHOTO
nmy3ups. 30BHIIIHS MOBEPXHS JBOX MYy3UPIB JI0 1X 3IUTTS OyJie

S=S,+8,=4nR; +47R; =47(R; +R; )=4-314(4+9)en’ =

=16328cm’” =163,28-107% m”.

JIisi BU3HAYEHHS 30BHIIIHHOI MOBEPXHI My3HUPs, 110 YTBOPHUBCS
BHACIIAOK 3JMUTTS JBOX Iy3UpPIB, NOTPiOHO B3HAMTH pajaiyc
HOBOYTBOPEHOTO IYy3UPs, SIKM MOXXHAa BHU3HAYUTH 3 PIBHOCTI 00'€eMiB
My3UPIB 0 Ta MICIA 1X 3IUTTSA, TOOTO

V=V +V,,
V= gﬂ(Rf +R;)= 34 -3.14(4+27 Jem® = 146,5ecm” =146,5-10° 6

3BIJIKM IIIYKAHUU pajilyc

3
R= ,/3—V _ |36 =327 107w
dr 4.3.14

IToBepxHs HOBOTO My3UPs

S'=4nR =4-3,14-10,69cn” = 134,27cm’ = 134,27 - 107 .

3MEHIIIEHHS 30BHIITHBOT TOBEPXHI1

AS =S —8"=(163,28—134,27 )em® = 29,01cm’® = 29,01-107% m°,

OckinbKd MOy3Uup Ma€ Bl IOBEPXHI, TO TMOBHE 3MEHIICHHS
noBepxHi Oyne 2AS. EHepris, mo BUALIUIACS MPU YTBOPEHHI HOBOTO
my3upsi, Oye

W =20AS =2-4,5-107° e/ em? - 29,01em® = 261,09-107° JTne.

Bignosinb: 261,09-10° JTx.

3amaya 5.2. BuzHauuTu JaiameTp KanuispiB y mamnepi, sSKIIo Boja
NiJHIMAa€eTbCS B HbOMY Ha Bucotry H = 30 cMm, a koedimieHT
MOBEpXHEBOTo HATATY Boau o = 0,07 H/m.

Pimenns. BucoTy migHATTS piAMHUA B Kamuisipi 3HAXOISTh 3a
dbopmyoro

H="%

PER
3BIJIKU JiaMeTp KaIIsipiB
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_2-20 _ 4-007H/ m
peH  10%ke/ M’ -9.81m/c” -0,3m
BignoBigb: d=9,5-10° m.
3amaya 5.3. Skuit TuCK BOASHOI mapu moOMM3y Kparull BOIH,
paniyc sxoi R = 5-10"% cm, npu Temneparypi ¢ = 10 °C, aximo koedimicHt
noBepxHeBoro Hatary soau mpu 20 °C o= 7,3-102 H/m?

2R —95.10"m

Pimennsi. Kpamist Bogu Mae onmykily MOBEpPXHIO, BHACIIIOK YOTO
JIOATKOBUI MOJICKYJISIPHUM THUCK MOBEPXHEBOI IUIIBKM CIPSIMOBAHO B
CEepeMHy KparJi, a 1€ YCKJIAaJHIOE€ "BUIMApOBYBaHHS" MOJIEKYd. 3
PIIMHYU BUJIITAIOTh MOJIEKYJIH, SIKI MalOTh OUIbIIIY KIHETUYHY €HEPrito, a
3HAYUTh, 1 OLIbIIY MIBUJKICTh, @ TOMY 1 TUCK Mapud Haj OIYKJOIO
MOBEPXHEIO Oy1e OUTBIINI, HIXK Ha/l INIOCKOIO Ta BBITHYTOIO.

31 30UJIbIIEHHAM KPUBHU3HU MOBEPXHI TUCK MapU TEXK 301IbLITYETHCS.

Tuck mnapu OId MNOBEpPXHI BOJSHOI Kpamuli 3HAXOJWMO 32
bopmyor

20,
P=pPp+—-
PR

Tuck HacuyeHoi napu p,, TyCTUHY HaCU4YE€HOI Iapu pO;Ta PIAUHU
0 ,3Hax0IMMO 3 TabJIUIb, a KOe(iLIeHT NoBepxHeBOro Hatiry npu 10 °C
- 32 GOpPMYJIOIO
o, =c+0,15-10°H/m-10=73-10°H/m+15-10°H/m=
=74,5-107 H/ m.

[linctaBnasoun y ¢GopMyay THCKY Tapu YHUCJIOBI 3HAYCHHS
BEJIMYWH, 3HAXOIUMO

2:94-103ke/ > 745 - 107 H / w?

100ke/ > -5-107% m
BignoBinb: p = 1255,7 I1a.

p=122769H/ m° + = 12557H /™.

3angaua 5.4. Bona nogaerbcsi y (poHTaH 13 MIMPOKOI nmocyauHu I ta
BUXOAUTH 13 oTBopy Il 31 mBuakictio 12 m/c. JliameTrp mocyauHH
nopiBHIOE 2 M, aiameTp nepepizy Il nopiBHIOE 2 cM.

3HaiTH: 1) MBUAKICTH 3HUKEHHS PIBHS BOJM Y OCYAUHI; 2) TUCK,
M SKAM BoJa MomaeTbcsa y (OHTaH; 3) BUCOTY piBHS /; BOIU B
MOCYAMHI 1 BUCOTY /2 CTPYMEHS BOJIH, sIKa BUXOAUTH 13 (DOHTaHY.

Pimenns. 1. IIpoBeaeMo momepeunuii mepepiz I y mocyauin Ha
piBH1 nepepi3y Il pontany. Ockinibku mioma S; nepepizy I mabararo
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OinbIna miomtl S» nepepidy I, Toni BUCOTY /; piBHSA BOJU B MOCYJUHI
MO>KHA BBKATH JIJII MAJIOTO MTPOMIXKKY 4acy CTaJIO0, a MOTIK - CTAJIUMA.

Jns  crajoro  CTpyMeHss  BOJAM  CIpaBeiMBa  yMOBa
HEPO3PUBHOCTI MOTOKY V1S87=V1S>, 3BIAKM 3HAXOAUMO, IO

2
V] = ng2 360 V] = V2(%j .
1

[lincraBnsitoun y 10 (GOpMydy 4YUCIOBI 3HAYEHHS BEJIUYMUH,
B3STUX B OAMHUIIX cucTeMu Cl Ta BUKOHABIIM OOYUCIICHHS, 3HAAEMO
2:107m

V]=]2M/C' 2— =0,0012m/ c.
M

3 Takow K MIBUIAKICTIO OyJle 3HUXKYBAaTHCS pPIBEHb BOJAU Y
nocyauHi. Ik 6auumo, I MIBUJKICTh HA0arato MeEHIa MOPIBHSHO 3i
IIBUKICTIO CTPYMEHSI BOJIH.

2. Tuckp,;, mig SKUM BojAa NOJAETHCA y (OHTAH, 3HAUIEMO 3
piBHsiHHA bepnymni. ¥ Bunaaky tedii B rOpU30HTaNbHINA TPyOIll BOHO
Ma€ BUTJIS
pvi pvs
Prt 5 P2t 5

BpaxoBytwouu, mo p,= 0 (mijg UOUM THUCKOM PO3YMIIOTh
Ha/UTMIIKOBUM HaJ aTMOC(PEepHUM THUCKOM), 3 PIBHSHHA bepHysul
OTPUMAEMO

2 02
OCKUIBKH V;<<V2, MAEMO
=PV
o

ITigcTaBisAIOYM YUCIIOB1 3HAUYCHHS BEJINYHH, B3SITUX B OJUHUISIX
cucteMu Ci. 3HaAXOAUMO

3 3 2, 2
5, =10 K2/ M 2144]1/1 /c  72ella

3. Bucoty A; piBHS BOAM y MOCYAMHI 3HAWAEMO 13 CITIBBiTHOIICHHS
p; = h;pg , 3B1aKN

hy =P /(pg).
[lincraBnsitoun B OCTaHHIO (OPMYJYy UYHUCIOBI 3HAYCHHS
BEJIMYMH, B3ATUX B OAUHUIAX cucTeMu CI Ta 00UHCIIOI0YH, MAaEMO
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3
py =207 55m
10° -98m/c

3HaOYM MBHAKICTH V2, 3 SKOK BOJAa BHKHIAETHCSI (POHTAHOM,
3HaNeMO BUCOTY /2, Ha SKYy BOHA OyJe MiJHIMATUCS:
B v B 1440° / &7
2¢  2-98m/c’
IlinkpecauMo, 10 BHCOTA PIiBHS BOJAM y IMOCYJAHHI JIOPiBHIOE

BHUCOTI, Ha Ky MITHIMAETHCSA (POHTAH BOJIH.
Bignosinb: v, =0,0012m/c; p, =72xlla; hi=7,35m; h2=7,35Mm.

=7,35m.

2

5.3. 3anuTaHHA 1J151 CAMOKOHTPOJII0

1. Ska eHepris Ha3UBAETHCS BUILHOIO EHEPTi€I0 MOBEPXHEBOI
IUTIBKY PIJIMHU Ta K BOHA O0YUCITIOETHCS ?

2. lIIo Take kpallOBUU KYT Ta SKE WOT0O 3HAYEHHS y BUMNAJKaX
MOBHOI'O 3MOYYBaHHS T4 HE3MOUYBaHHS?

3. Sxi akTv BIUIMBAIOTH HA 3MIHY PIBHS PIIMHU B KamIsipl Ta sIK
OOYHNCITIOETHCS] BUCOTA PIBHSI?

4. Yu 3MIHIOETHCA PIBEHBb BOJIA B KaIUISIP1, SIKIIO HOTO HAXUIUTH?

5. SIk THCK HAacH4Y€HOI mapu 3aJIeKUTh BiJ KPUBU3HU MOBEPXHI
piauHHA?

6. UuM BiApi3HAETHCS 17€albHa PiIMHA BiJl pEaIbHUX P1IUH?

7. Ski Teuii BBaXKarOThCS OAIOHUMMU?

8. Sxuit hiznunuii 3mMicT yucia Peitnonsaca?

9. Axuit ¢pi3uunumii 3mict unucina Opynaa — F2=v 2/gl?

10. SIky MIBUIKICTh HA3UBAIOTH KPUTUUHOIO?

5.4. 3apa4i nJis podoTH B ayIUTOPIl

1. SIxy eHeprito HeOOXiJJHO BUTPATUTU HA YTBOPEHHS MUJIbHOI
OynapOamku pagiycom 6 cM mpu ctailid Temnepatypi? KoedimieHT
MOBEpXHEBOro HaTAry MuiibHOI wiiBku 0,04 H/Mm. (3,6 M/Ix).

2. Slka KiIbKICTh €HEPrii MOTJUHAETHCS MPU PO3OUTTI BEIUKOI
KPAIJIMHU BOAM MAacol0 2 I' Ha MajleHbKi KpamuuHu pagiycoM 107 cm?
Koedinient nmosepxueporo Hatsiary Boau 0,073 H/m, ii ryctuna 1000
kr/m>. (4,38 JIxk).
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3. JIB1 kpaniauHu pTYyTI pajiycoM | MM KOXKHa 3JUJIUCh y OJIHY
BEJIMKY KpaIUIMHY. SIKa eHepris BUBUIBHIOETHCSA MPU I[bOMY 3JIUTTI?
Brakatu, mio nporiec i3otepmiunamid. (1,1 MxJx).

4. HackuUibKM THCK TMOBITPSA B CEPEMHI MUJIBHOTO MYy3UpPS
OLIbIIMI aTMOCHEPHOTO TUCKY MPU HOPMATBHUX YMOBAX, SIKILO J1aMETP
ny3upst S mm? (62,5 I1a).

5. Y OeH304 onmyleHUM Kamijsp 13 BHYTpImHIM giameTpom 0,4
MM. Buznauutu macy O€H30.ly, SIKHM YBIWIIOB y Kamuisip, SKIIO
Koe(iIi€HT MOBEPXHEBOr0 HATATY OeH30,1y ctaHoBUTH 0,03 H/Mm.

(3.9mr).

6. Bona Tedue mo TpyOi, sika Mae pi3HI Hepepi3u 1 po3MilleHa
ropuszoHTandbHO. [IIBUAKICTE BOAW y MIMPOKINA YaCTHUHI TPYOU JOPIBHIOE

20 cm/c. BuszHauuTH MBUAKICTH Y BY3bKIH YacTUHI TpyoOH,

JlaMeTp fAKOi y MIBTOpa pa3d MEHIIMK JAiaMeTpa MIMUPOKOT YACTUHM.
(0,45 m/c).

7. Bona Teue mo Kpyriiil riajgeHbkiil TpyOi JiamMeTpom S cMm 3
cepeiHbor0 mBHUAKICTIO 10 cM/c. Bu3nauutu uuciao PeliHonbaca Re s
MOTOKY BOJIM Y TPyO1 Ta BKazaTu xapaktep pyxy Boau. (0,45 m/c).

8. Ilocynuna BucoToro 1,5 M 3amoBHEHa MOBHICTIO Bojoto. Ha
BijicTadl 1 M BIiJl BEpXHBOT'O Kparo MOCYJANUHU YTBOPUBCS OTBIp Majoro
niameTpa y OOKoBiM cTiHIll. Ha sikiil BifCTaH1 BiJ MOCYAMHHU MMaJa€ HA
H1JJI0Ty cTpyMinb Boau? (1,4 m).

5.5. 3ama4i nas camocTiiiHOI podoTH

1. Aky poboTy Tpeba BHKOHATH, 100 JlaMETP MUJIBHOTO ITy3UPS
301apmKUTH B1A 1 1o 11 cm? BBaxkaru, 1mo npouec i3orepMmidHuii. (3
M/Ix).

2. Ilpu 31uTTi APpiOHUX BOJSIHUX KPAIUIMH OJHAKOBOI'O PO3MIpPY B
OJHY BEJHKY KpaIljuHy paaiycoM 4 MM BUBUIBHIOETHCS eHepris 14
M/kx. BuzHaumTu pamiyc Maaux KparjidH, BBaXKar4u KoediIieHT
noBepxHeBoro HatAry Boau 0,073 H/Mm. (4,2 Mkm).

3. Ilpu npomyckanHi 4epe3 minerky 4 cm® omii orpumanu 304

Kkparii. JliaMeTp OTBOpY MINETKH CTaHOBUTH 1,2 MM; T'yCTHHa OJii

nopisaioe 900 kr/m®. BuzHaunty koe(illicHT HOBEPXHEBOrO HATATY OJIii.
(0,03 H/m).
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4. I'miuepud MiAHABCA y KanusIpHIA TpyO1l Ha BuUcOoTy 20 MM.
Busnauntu koedilieHT TOBEPXHEBOI'0 HATATY IUIIEPUHY, SKIIO J1aMeTp
Kamispa aopiBHioe 1 Mm. (62 mH/m).

5. Sky pobOTy MOKe BUKOHATH MUJIbHA TUTIBKA MPU 3MEHIICHHI
miomi ii moBepxHi Ha 1 c¢M?, KO KOe(ili€HT IMOBEPXHEBOrO HATATY
musbHOI wiiBky 0,045 H/M? (4,5-10° JTx).

6. Hackinbku HarpieTbCsl Kparuisi pTyTi, IO YTBOpHUJIACA TMICIS
3IATTS. BOX Kpamelb PTyTI paaiycomMm 1 MM KOXHa, SIKIIO MUTOMa
TernoeMuicTs pryTi 0,14-10% Tx/(xr-K)? (1,66-104 K).

7. Tlig sikuM THUCKOM TmiepeOyBa€e My3UPUUK MOBITPS pajlycoM
0,0006 mm Oe3nocepennbo mia noepxHero Boau (a=0,073 H/M) npu
HOpMaJIbHOMY aTMOC(EpPHOMY THCKY, SIKIIIO Temreparypa Boau 20 °C?
(1,256-10°H/m).

8. BU3HAYUTHU TUCK MOBITPS B MOBITPSAHOMY MY3UpPI J[1aMETPOM
0,01 mMu, mo 3HaxoauThcs y BoAl mnpu Temnepatrypi 20°C
(«=0,073 H/m). (=1,6-10° H/m).

9. Busznauutu pgiametrp TpPYyOKH, 3 SAKOI piJUuHAa BUTIKAE
KparuisiMu, ko Bara 100 kpanens pigunu BusBmiacs pisHoro 0,023 H
(«=0,075 H/m). (=107 m).

10. Ilpomyckarouu yepe3 MINETKYy 3 AlaMeTpoM IMUUKH 1,2 MM
MAaCJAMHOBY OJIII0, OJEPKYIOTh 3 3 cm> omii 228 kpanenb. Busnauntu

Koe(il[icHT IOBEPXHEBOr0 HATATY OJii, aKkmo ii ryctuna 910 kr/m.
(0,0312 H/m).

11. Hackinbku 3HU3UTHCS BOjAA B Kamijsipi paaiycom 0,1 MM mpu
MiABUINEHHI 1i Temmepatypu Ha 80 rpaja, SKIIO 3 MIABHUINCHHIM
TeMreparypu Ha 1 Tpajg KoediIieHT IOBEPXHEBOrO HATATY BOJIH
smeHmyeTses Ha 1,5-107* H/m? (2,45-1072 m).

12. 3HaliTH PpI3HUIIO PIBHIB PTYTI Yy JBOX CIHOJYYEHUX
Kamijspax giamerpamMu 1 1 2 MMm. He3mouyBaHHS BBa)KaTH IOBHUM.
(7,5 mm).

13. BayTpimHiit giametrp 6apomeTpudHoi TpyOku gopiBHioe 0,75
cM. SIKy mompaBKy CJiiJi BHECTH, BUMIPIOIOYH aTMOC(EpHUN TUCK IO
BHUCOTI CTOBIA PTYTi? (2 MM).

14. PiBens pryTi B nocyauni 0,03 mm. IIpu saxoMy HailOoinbIomy
JiaMeTpl OTBOPY B JAHI MOCYJUHU PTYTh HE Oyae BuTikatu? (0,5 mm).

65



15. ¥V paHi CkJIsSHOI MOCYIMHU 3 PTYTTIO 3pOOJIEHO OTBIP
niametpom 0,5 mm. Ska HaliOuibIIa KUIBKICTH PTYTI MOXKE OYyTH B
HOCYAMHI, AKIo mroma ii gua 30 cm?? (1,22 xr).

16. OnroBa kucioTa y KamuIsipHid TpyOIll MiAHIMAETHCA Ha
Brucoty 30 MmMm. Ha sxy BUCOTY migHIMa€eThCs edip y KanuisipHidA TpyOIIl 3
yABi4l OUThITUM JiameTpoM? {71 oToBO1 KUCIOTH 1 edipy KoedilieHTH
noBepxHeBoro Hatary craHoBisaTh 0,028 H/m 1 0,017 H/m, a ryctunu
nopirIOI0TL 1050 kr/Mm> Ta 710 kr/M® Bignosiguo. (13,5 mm).

17. JB1 kamijasgpHi TpyOKH pI3HUX JdilaMeTpiB OIYyCKalOTh
crioyatky B edip, a moriM y rac. Pi3HuIlsl BUCOT MigHATTS edipy Y
Kanuigpax cTaHoBUTh 2,4 MM, racy - 3 MMm. BusHauutu koediiieHT
MTOBEPXHEBOT0 HATATY racy. KoediieHT MOBEpXHEBOTO HATATY edipy
cranosuth 0,017 H/m. T'yctuna edipy 710 kr/m®, a ryctuna racy
nopisaioe 800 xr/m>. (0,024 H/m).

18. V nami ckngHoi mocyamuHm muiomeo 30 cm? 3po0ieHo
Kpyriui oTBip aiamerpom 0,5 mm. B mocynuHy Hanwiu pTyTh. SIka Maca
PTYTI 3aUIIUTHCS B tocyauHi? (1,22 1).

19. 3 mineTku BUTIKAIM OJHAKOBOI MAacH Kparll BOIU: CIIOYATKY
npu Temneparypi 10 °C, a notim npu Temnepatypi 63 °C. ¥V nepiiomy
Bunajaky Oyino 30 kpamenb, y apyromy - 34. Yomy JH0piBHIOE
BITHOIICHHS KOE(QIIIEHTIB MOBEPXHEBOTO HATATY BOJMU IPHU BKA3aHUX
TeMmmeparypax (BBaxkaTd, IO TyCTHMHA BOJIM HE 3aJEXKUTh BIA il
temneparypu? (1,13).

20. Maca 100 kpamenb CHUpPTY, SKI BUTIKAIOTh 3 Kamijspa,
nopiBHoe 0,71 1. BuU3HauuTH MNOBEPXHEBUU HATSIT CHUPTY, SAKIIO
JlaMeTp MIUUKK Kparull y MOMEHT BiJIpUBY JopiBHIOE 1 mMm. (22,2 MmH/m).

21. B piguHy OmycKarTh JBI BEPTHKAJIbHI KamiIsspHI TPyOKH 3
BHyTpimHIMHU AiamerpaMu 0,05 cm Ta 0,1 cMm. Pi3HULIS BUCOT IMigHSTTS
PIINHY y Kaniisgpax cTaHoBUTH 11,6 mM. ['yctuna piauau gqopisaioe 0,8
r/cm’. BusHaunty koe(illicHT IOBEPXHEBOro HATATY pimunu. (22 MH/m).

22. Y Boay ONyUIEHUW Kamijsip 13 BHYTPIMIHIM AiaMeTpoM | M.
BuznaunTtu Macy Boju, sika yBiimia B kanusp. (23,1 mr).

23. Ha sky BHCOTY MIJHIMETBHCS BOJa MIXK JBOMa OJM3bKUMU 1
napajelbHUMHU IIJIACTUHAMH, SKIIO BiACTaHb MK HHMH CTaHOBHTH
0,2 mm? (7,3 cm).
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24. YV mupoKii 4YacTHHI TOPU3OHTAIBHO PO3TAIIOBAaHOI TPYyOH,
HadTa Teue 31 MBUAKICTIO 2 M/C. BU3HAUUTHU MIBUIAKICTH HapTHU Y
BY3€HBKIN 4acTUHI TPyOH, SKIIO PI3HUII THCKIB y ITUPOKIN 1 BY3bKIH
yacTUHAX TpyOu ctaHoBuUTh 6,65 klla. (4,33 m/c).

67



CnucoK BUKOPUCTAHOI JIiTepaTtypu

1. Sxibuyk II. M., Knum M. M. MonekymsipHa ¢i3uka : MiIpyYHHK.
JIeBiB : JIHY, 2013. 584 c.

2. Kapmazin B. B., Cemenens B. B. Kypc 3aranpHOoi (pizuku : HaBu.
MOCIOHMK U BUIIIMX HaBUYaIbHUX 3akiafiB. Kuis : Konmop, 2016. 786 c.

3. Manexin B. 1. Kypc ¢i3zuku : miapyunuk. Xapkis : XHY imeni B. H.
Kapasina, 2013. 516 c. URL: https://ekhnuir.karazin.ua/handle/123456789/13329

4. @izuka/ B. B. boiiko Ta 11. Kuis : Jlipa-K, 2020. 460 c.

5. Lawrence Davis, Body Physics: Motion to Metabolism. Open Oregon
Educational Resources, 2018. URL: https://openoregon.pressbooks.pub/bodyphysics/

6. Jeff Sanny. University Physics. Vol. 1-3. OpenStax, 2016. URL.:
https://openstax.org/details/books/university-physics-volume-1

7.  Prospects of Biogas for High-temperature Heat-technological
Complexes in Glass Industry / O. Koshelnik et el. I[EEE 5th International
Conference on Modern Electrical and Energy System (MEES). IEEE. 2023.
https://doi.org/10.1109/mees61502.2023.10402452

8. Obtaining Electricity Through The Use of Biogas, Investments And
Perspectives / V. Hruban et al. IEEE 5th International Conference on Modern
Electrical and Energy System (MEES), Kremenchuk, Ukraine, 27-30 September
2023. 2023. URL: https://doi.org/10.1109/mees61502.2023.10402480

9. Research of the Vibration Mode of Combustion of Water-Fuel
Emulsion for Improving the Efficiency Indicators of the Power Plant / O.
Kolbasenko, M. Kundenko, O. Sadovoy et el. IEEE 5th International Conference
on Modern Electrical and Energy System (MEES), Kremenchuk, Ukraine, 2023,
pp. 1-7. doi: 10.1109/MEES61502.2023.10402443.

10. Research on the Method of Improving Fuel Quality for Heat
Generators / M. Kundenko, A. Rudenko, V. Mardziavko. IEEE 5th International
Conference on Modern Electrical and Energy System (MEES), Kremenchuk,
Ukraine, 2023, pp. 1-5, doi: 10.1109/MEES61502.2023.10402419.

68



JTOJATKH

1. TpuronomeTpuuHi Ta0JMIII

Kymm |sin g Kymn |sin g Kymn |sin g

0° 0,000 | 0,000 | 30° | 0,500 | 0,577 60° | 0,866 | 1,73
1 0,017 | 0,017 31 0,515 | 0,601 61 0,875 1,80
2 0,035 | 0,035 32 0,530 | 0,625 62 0,883 1,88
3 0,052 | 0,052 33 0,545 | 0,649 63 0,891 1,96
4 0,070 | 0,070 34 0,559 | 0,675 64 0,899 | 2,05
5 0,087 | 0,087 35 0,574 | 0,700 65 0,906 | 2,14
6 0,105 | 0,105 36 0,588 | 0,727 66 0914 | 2,25
7 0,122 | 0,123 37 0,602 | 0,754 67 0,921 | 2,36
8 0,139 | 0,141 38 0,616 | 0,781 68 0,927 | 2,48
9 0,156 | 0,158 39 0,629 | 0,810 69 0,934 | 2,61
10 0,174 | 0,176 40 0,643 | 0,839 70 0,940 | 2,75
11 0,191 | 0,194 41 0,656 | 0,869 71 0,946 | 2,90
12 0,208 | 0,213 42 0,669 | 0,900 72 0,951 | 3,08
I3 0,225 | 0,231 43 0,682 | 0,933 73 0,956 | 3,27
14 0,242 | 0,249 44 0,695 | 0,966 74 0,961 | 3,49
15 0,259 | 0,268 45 0,707 | 1,000 75 0,966 | 3,73
16 0,276 | 0,287 46 0,719 | 1,036 76 0,970 | 4,01
17 0,292 | 0,306 47 0,731 | 1,072 77 0,974 | 4,33
18 0,309 | 0,325 48 0,743 | 1,111 78 0,978 | 4,70
19 0,326 | 0,344 49 0,755 | 1,150 79 0,982 | 5,14
20 0,342 | 0,364 50 0,766 | 1,192 80 0,985 | 5,67
21 0,358 | 0,384 51 0,777 | 1,235 81 0,988 | 6,31
22 0,375 | 0,404 52 0,788 | 01,28 82 0,990 | 7,12
23 0,391 | 0,424 53 0,799 | 1,327 83 0,993 8,14
24 0,407 | 0,445 54 0,809 | 1,376 84 0,995 | 951
25 0,423 | 0,466 55 0,819 | 1,428 85 0,996 114
26 0,438 | 0,488 56 0,829 | 1,483 86 0,998 14,3
27 0,454 | 0,510 57 0,839 | 1,540 87 0,999 19,1
28 0,469 | 0,532 58 0,848 | 1,600 88 0,999 | 28,6
29 0,485 | 0,554 59 0,857 | 1,664 89 0,999 | 573
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‘ 30 | 0,500 | 0,577 ‘ 60 | 0,866 ‘ 1,732 ‘ 90 | 1,000 ‘

2. OcHoBHi (i3u4Hi MOCTIliHI (OKPYIJIeHI 3HAYECHHA)

Di3uYHa NMOCTIiHHA ITo3HayeHHs 3HayeHHs
Hopwmaisbne
IPUCKOPEHHS g 9,81 m/c?
BUILHOTO MA1HHS
Ipasitauiiina G 6,67-10" 'v3/(kr c2)
TOCTilHA
ITocriiina ABoragapo Na 6,02 10**momnp’!
MornspHa ra3oBa craia R 8,31 JIx/(moinb K)
CrangapTauii 00csr Vin 22,4 10m3/monb
[TocriitHa BoabMaHa k 1,38 103 Ix/K
EnleMeHTapHuii 3aps e 1,60 10""°Kn
HIBHI[K%CTB CBITJIA Y c 3,00 10%w/c
BAKYyMi
[Tocriitna Credana — s 5,67 10°B1/(M2 K%
bonbumana
Hocﬁﬁga 3aKOHY b 2.90 103 M K
3cyBY BiHa
[Mocriitna [Tnanka h 6,63 10341 ¢
ITocriitna Punbepra ROO 10973731,77 m™!
Paniyc Bopa a 0,529 101 m
KoMnToHoBChKa
TOBKWHA XBHJI1 /16 2,43 10"%m
€JIEKTPOHA
Marueron Bopa U 0,927 10%* A m?
Enepris ionizanii E 2,18 10718 Ixx(13,6
aToOMa BOJIHIO ' 5B)
ATOMHZ OTHHHLIS 2.0.M. 1,660 1072/
Macu
Enekrpuyna nocrilina €0 8,85 10°2d/m
MarsuiTHa mocriiiHa Lo 4 107 Tu/m
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3. JlesiKi aCTPOHOMIiYHI BeJIMYMHHU

HajiMmeHyBaHHHA 3HavyeHHHA
Paniyc 3emui 6,37 10° m
Maca 3emui 5,98 10%* kr
Paniyc Conug 6,95 10 m
Maca CoHus 1,98 10°%kr
Paniyc Micsus 1,74 106 m
Maca Micaug 7,33 10%2kr
Biacrans Big nieHTpy 3emil 10 1,49 10!
1eHTpy CoHis
Biacranp Big 1ieHTpy 3eMill 10 3.84 10°m

1eHTpy Micsis

4. I'ycTHHA TBEPAMX TiJl

Teepae Tino | I'ycruna, kr/m® | Teepae Tito | I'ycruna, kr/m®
AJTIOMiHI 2,70 10° Minb 8,93 103
Bapii 3,50 10° Hikennb 8,90 10°
Banagiit 6,02 10° CBHHEIb 11,3 10°
BicmyT 9,80 10° | Cpi6io 10,5 10°
3aiizo 7,88 103 esiii 1,90 103
JliTiit 0,53 10° [uHK 7,15 103

5. I'ycTuHa pigun

Pimnna I'ycruna, Kr/m® Pinnna I'ycruna, Kr/m’
Boxa (pu 4°C) 1,00 10° CipKoByTJI€elb 1,26 10°
[ninepun 1,26 10° Crupr 0,80 10°
PTyThH 13,6 10°

6. I'ycTuna rasis (mpu HOpMaJbLHUX YMOBAX)
I'a3 I'ycruna, Kr/m> I'a3 I'yctuna, kr/m

Bonenn 0,09 Iemi 0,18
IToBiTps 1,29 Kucensn 1,43
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7. KoediuieHT MOBepPXHEBOI0 HATATY PiIUHHU

. KoediuieHr, . KoediuieHr,
Pinuna vH/M Piguna wl/m
Bona 72 PtyTh 500
MusnbHa miHa 40 Coupt 22
8. EdpexTuBHM 1iaMeTP MOJIEKYJIH

I'a3 Hiamerp, M I'a3 Hiamerp, M
A3zoT 3,0 10°1° ["emiii 1,910
BozeHb 2,3 10719 Kucens 2,7 10710

9. [luToMa TeNJI0EMHICTD, TEMIIEPATYPA NJIABJIEHHS | KMIIHHSA,

IUTOMA TCIUIOTA IJIABJICHHA JTCAKHUX PCYOBHUH

Muroma T-pa nuTOMAa T-pa
PeuoBnHA TCINJIOEMHICTD LIABJICHHSI TCILJIOTA KHHiHHH
npu 20°C, . ’| MJIaBJICHHSA o ’
Tlac/(r-K) ¢ T/t ¢
AmoMiHiN 0,92 660,1 321,0 2330
Aot 1,04 -209,9 25,5 -195,8
Bona 4,19 0 335 100
BonoBon 14,3 -259,2 58,5 -253
30710TO 0,134 1063 66,5 2660
Kucenn 0,90 -219 13,8 -181
JlatyHb 0,384 900 - -
Jlin(Bona) 2,09 0 335 100
Marmnii 1,05 650 301 1100
Minb 0,394 1083 176 2582
Hikenp 0,46 1452 244-306 2800
OnoBo 0,25 231,9 58,5 2337
PtyTh 0,138 -38.9 11,7 356,7
CBuHelb 0,130 327,3 22,4 1750
Cpi0J10 0,234 960,5 88,0 2100
CroupTt(eTunoBuii) 2,42 -117 108,0 78,3
Cranb 0,46 1350 205,0 -
[{uHk 0,38 419 117 907
Edip(etunoBuii) 2,34 -116,3 98,3 34,6
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. 3B'SI30K Mik KinbkicTh
HasBa PiBHsiHHA .
napaMeTpamMu PoGoTa B npoueci TENJIOTH B
npoiecy npoiecy .
CTaHy npoueci
[3ox0opHUM V t P _ const o4 =0 R =C,dl
=cons —=
P T A=0 0=C,(T,-T)
306 . p |14 , oA = pdV o0 =C,dT
300apHHUHA =cons — = Ccons
p p T A=0 QZCP(Tz_Tl)
oA = pdV
) . M Vv, M p =M
[30TepMiunmii | T = const pV =const A=—RTIn—*=—RTIn"* X _ 4
7 Vi u P 0=
oA = pdV =-dU
A=-AU=C,(T,-T,)=
1
pV* = const :(prl _szz)
o » - = 50=0
AmiabaTHuii oQ = pT ?‘ = const y M RT, 1_(&] o 0=0
ne x—1
VT *' = const H P
1-x
pII/l 1 _ &
x-1 Vi
0A = pdV
1
A= _(prl - szz)
n n —1
pV" = const -
. o M RT, D, )" 00 = CdT
[Tonitponauii | C = ¢ Tl = ¢ A=——L|1-| == =
P cons P 1 cons i n—1 (Plj Q:C(Tz_T])
VT "' = const -
pII/l 1 _ &
n—1 v
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