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BCTVYII
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1. MoaexyasipHa ¢izuka

1.1. Cratuctnuna ¢gizuka

KiibKicTh pe40BUHH Tijla (CHCTEMM)

ne N- 4hCIIO CTPYKTYPHUX €JIEMEHTIB (MOJIEKYJI, aTOMIB, 10HIB Ta T.1.),
CKJIQJIAIOUUX TIJI0 (CUCTEMY);

N, noctiiina Asoragpo N, =6,02-10% yons™

MoJisspaa Maca pe4yoBHUHH
M=m/v-
JIe m- Maca OJHOPITHOTO Tijia (CUCTEMHU);
V-K1JIbKOCT1 pEUOBHHHU 1IbOTO TiJja.

BinHocHa MosieKyJIIpHA Maca pe4OBUHU

M, =% niAr,i,

IIE€ N; - YUCJI0 aTOMIB 1-r0 XIMIYHOI'O €JIE€MEHTA, 110 BXOJIUTH B CKJIAI
MOJIEKYJIA JaHOI PEYOBUHU;

A, ;—BlAHOCHA aTOMHA Maca I[bOT'0 €JIEMEHTA.

3B’A30K MOJIIpPHOI Macu M 3 BIIHOCHOIO MOJIEKYJISIPHOIO MacO0
PEYOBUHHU

M:M},k ,
e k=10 kr/MOB.

KinbkicTs peyoBrHHM cyMmimni rasis

v=y+v,+. 4V, :]\%\7 +N%\7 +...+N%V :

abo

ne v, N, m;, M;BIAMOBIAHO KUIbKICTh PEUOBUHU, KUIBKICTh MOJIEKYJI,
Maca, MOJIsIpHa Maca 1-ro KOMIIOHEHTa CyMILIII.



1.2. /TocaiaHi ra3oBi 3aK0HM

Pisusinast MeneseeBa-Kiaiinepona (piBHSIHHS CTaHy
171IeaJTbHOTO Ta3y)

pV=""RT=vRT .
M

7ie m - Maca razy, M-mossipHa Maca ra3y, R-mMoJisipHa ra3oBa nocriiita, v
- KUTBKICTh PEUOBUHHU, T - TEpMOAMHAMIYHA TEMIIepaTypa.
JlocnigHi ra3oBl 3aKOHHM, II0 € OKPEMMMH BHUIQJKAMH DPIBHSHHSI
MenpeneeBa — KnaneipoHa aJ1s1 1301pOIIECIB:
e 3akoH boiluis — Mapiotra (130TepMiuHui riporiec: 7= const, m=
const)
pV=const .

Yy JjIsl ABOX CTaHIB ra3y
pVi=pV,

e 3akoH I'eii - JItoccaka (i300apHuii iporiec: p = const, m=const)

—=const »
YU I JBOX CTAHIB
4
I 1,
e 3akoH Ilapus (i3oxopHuii nporec: V= const, m=const)
Ezconst ;
YY I JBOX CTAHIB
P_Pr
I 1,
e 00’e¢aHaHMii Ta30BHii 3aK0H (m=const)
pV p _ PV,

——=const . 441 ,
T 1 T,

ne p;, Vi, T; —Ttuck, 00’eM Ta Temmeparypa razy B MOYaTKOBOMY CTaHi;
cTaHi; p,,V5, T> — Ti %K BETUYUHU B KIHIIEBOMY CTaHI.



1.3. 3akonu aas cymimi rasis
3akon JlaabToOHA, 1110 BU3HAYA€ TUCK CyMIlII ra3iB
p=pitp,t.tp,
1€ p; - mapiiajibHi TUCKKM KOMIIOHEHTIB CYMIIIIi;

A - YUCJIO KOMIIOHEHTIB CyMIIIIi.
Ilapyianbnum muckom Ha3UBAETHCS THUCK rasy, IO CTBOPIOBAB Ou
e ras, SKOM TUIbBKM BiH OJMH 3HAXOJWBCS B TMOCYJHHI, 3alHSTIN
CYMINIIIIIO.

MoJsipaa maca cymimii rasis

y A,
v+, .ty

ae m; - Maca 1-ro KOMIIOHEHTa CyMillli;

mi
V.=

i 7 ) - KUIBKICTh PEYOBUHH [-TO KOMIIOHCHTA CYMIIIII;
1
1 - YUCJIO KOMITIOHEHTIB CyMIlIl PEYOBUHU i-I'0 KOMIIOHEHTA CyMIIIII.
MacoBa yacTka i-ro KOMIIOHEHTa CyMillli ra3y (y A0JIsSX OJUHUIb

YU BIJICOTKAX)

m,
COZ _— >
m
1€ m - Maca CyMillIi.
KonuenTpauisi MosieKy.J1
n:E: NAp R
VoM

ne N - 4ucio MOJIEKYII, 10 MICTIThCA B IaHIN CUCTEMI;

O - TyCTUHA PEYOBUHU;

V - 00’eM cucTeMu.

dopmyia cripaBejiiBa HE TUIbKH IS Ta3iB, aje 1 411 Oyab-sKOTro
arperaTHoro CTaHy pe4oBUHHU.

OcHoBHe pPiBHSIHHS KIHETUYHOI Teopil rasis

p=2/n<g,>.

ne <g,> - cepellHs KIHETUYHA €HEPTis MOCTYNaIbHOIO PYXy MOJEKYJIH.
CepenHsa KIHETUYHA €HEPrisl MOCTYNAIBHOTO PYXy MOJIEKYIH

<eg, >z%kT ,
7



ne k = nocrivina bospimana.
CepenHs MOBHA KIHETUYHA €HEPTis MOJIEKYJIH.

<§; >:ikT :
2

JI€ i- YUCJIO CTYTIEHIB CBOOOAN MOJIEKYJIU.
3aJIeKHICTh TUCKY T'a3y B1Jl KOHIIEHTPAILIll MOJIEKYJI 1 TEMIIEPATypH

p=nkT .

HIBuakocTi MoJIEeKYyJI:

_ |3kT _ 3RT _CepeaHs KBaJIpaTU4Ha,

<Y >=
m, M
<y>= 8kT = \/ 8RT _ cepenHsa apudMeTUIHa;
mm, M
V.= 2kT: 2RT  aiiGinsm HAMOBIpHa,
’ m, M

1ie m; — Maca OJIHIET MOJICKYJIH.
BigHocHa MIBUIKICTE MOJICKYJIH

u:% ,
v6

7€ v - IBUJKICTh 1aHOT MOJICKYJIH.

1.4. Ilpukiaau po3B’si3yBaHHA 327124

3agaua 1.1. BusHauutu Ayig cipyaHoi KHUCJHOTU: 1) BIAHOCHY
MOJICKYIIsIpHY Macy M, 2) MoJisipHy Macy M.
Pimennsi. 1. BigHocHa MonekyJisipHa Maca pPEUYOBUHHU JOPIBHIOE

CyMi BITHOCHUX aTOMHHUX MacC BCIX €JIEMEHTIB, aTOMHU SIKUX BXOMSTH J0
CKJIa/ly MOJIEKYJIM JIaHOI pEYOBUHM, 1 BA3HAYAETHCS 10 PopMyIIi

M, :ZniAr’i’ (1)
1€ 1; — YKCJIO aTOMIB 1-TO eleMeHTa, 10 BXOAATh Y MOJIEKYIIY;
A, ; — BIIHOCHa aTOMHa Maca 1-ro enemeHra.

XimiyHa ¢opmyna cipyanoi kuciaotd Mae Bun H,SO, Tak sk go
CKJIaJly MOJIEKYJIM CIpYaHOI KUCIOTH BXOAATh AaTOMH TPbOX €JIEMEHTIB, TO
Cyma, 110 CTOITh B MpaBlid 4acTuHl, piBHOCTI (1) Oyme ckiamatuch 3
TPHOX CKJIQJIOBUX Ta BOHA MPUIME BUTIISA]

8



M, =mA, +ny A, ,+n34, 5 . (2)

3 QopMynu cipyaHOi KHUCJIOTH Jaii BUXOAUTh, 10 #;=2 (1Ba
aToOMU BOJAHIO), n,=1 (oaWH atoM CcCipku) Ta n;=4 (4YOTUPU aTOMU
KHCHIO).

3HauYeHHS BiIHOCHUX AaTOMHHMX MacC BOJIHIO, CIPKM 1 KHCHIO
3Hagemo B Tabaumi [.I. Menneneena.

A=l 4,=32,  A4,=l6.
IlincTaBuBIIM 3HaueHHsA n;, Ta A,i y dopmyay (2), 3HaiiaeMo
(BIZHOCHY MOJIEKYJISIPHY Macy CipyaHOl KUCJIOTH:
M =214+1-32+4-16=98.

2. 3Haro4u BIJIHOCHY MOJICKYJISIpHY Macy M,, 3HalIeMO MOJISIpHY

Macy cip4aHOi KUCJIOTH 10 (hopMyJTi

M=M k. 3)

nie k=107Kkr/MOJIb.
[TizcTaBuBIIM B (3) 3HaYEHHS BEJIMYUH OTPUMAEMO
M =98-10" Kkr/MOIB.
Bixnosins: M = 98-10" kr/Moib.

3apaua 1.2. BusHauuty MoJisipHy Macy M CyMillll KUCHIO MAacoOlo
m;=25 T 1a30Ty Macor m,=75 T.

Pimenns. Moisipaa maca cyminni M € BiTHOIIEHHSIM MacH CyMiIl
m 110 KUTbKOCTI PEYOBUHHU CYMIIIII V:

M = m/v. (1)
Maca cymiuii JOpIBHIOE CyMi Mac KOMIIOHEHTIB CyMIIIi:
m=m;+m, (2)

KiJIbKICTh pEYOBHHHM CYyMIIIIl IOPIBHIOE CyMi KUIBKOCTEW PEUOBUHU
KOMIIOHEHTIB:

m;  m;
V=V, +V,=—+—. 3
A VAT 3)
[TincraBuBim y popmyny (1) piBusuus (2) 1 (3) , oTpuMaemo:
M= T ©

_m] m .



3acTocyBaBIIM METOJ, BUKOpUCTaHUW y 3azaul 1.1, 3Haiigemo
momsipHi Macu kucHIO M, i asory M, M;=32-1077 kr/Mos;
M,=28- 107" kr/mons.

[linctaBuMO 3HA4YeHHs BEJWYMH B piBHSIHHA (3)Ta 3poOUMO
PO3paxyHKHU:
~ 25107 +75.107
251070 /(32:107° )+75-107° /(281077 )

BinnoBinb: M =28,9-10"3ke/ mons.

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

3agaua 1.3. Buznaunutu yuciao N MOJEKYII, IO MICTATBCS B 00’ €M1
V=1 MM BOW, i Macy m; MOJIEKYJHd BOJIM, BBaxaryu yMOBHO, IO
MOJIEKYJIM BOJM MAalOTh BHUJ KYJbOK, 10 CTUKAIOTHCS OJHA 3 OAHOIO,
3HAUTHU J1aMeTp d MOJICKYII.

Pimennsi. Yucino N MoOJIeKyJ, IO MICTIThCS B JIESIKiH cuUcTeMi
Macow m, JOPIBHIOE JOOYTKY MOCTiiHOI ABorajapo N, Ha KUIbKICTb
PEUYOBUHHU V:

N:VNA'

Tak sx yv=m /M,

mN ,
M

BxkazaBiu 3 1i€i popmynu macy gk JOOYTOK T'YCTHUHHM Ha 00’eM V'
OTPUMAEMO

ne M - MoJiapHa mMaca, 3BiJIcH N =

N=pVN , /M .
3poGHMO 0BUHCIICHHS, BPaXOBYIOUH, 110 M=18- /0> kr/Mob:
10°-107°
18107

Macy m; oJiHiI€1 MOJIEKYJIM MOKHA 3HAUTH MO PopMyti
m; = M/N. A- (1)
ITincraBuBiy y (1) 3HaueHHst M ta N, 3HaiiieMo Macy MOJIEKYJIU
BOJM:

N 6,02-1 023M0J18Ky]l:3,34°1 0"’ MOJIEKYIL.

181077

- Sy Kke=2,99-1 020 2.
6.02-10

m
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kim0 MoNleKynM BOAM IIUIBHO MPWIATAIOTH JAPYr 10 Apyra, TO
MO>KHA BBa)KaTH, 110 HA KOKHY MOJIEKYJTy MPUXOJIUThCA 00’ eM (KyOluHa
s4aeiika) V; =4 , 1€ d — niameTp MOJICKYIIH. 3BIJCH
d=3Vv,. 2)
OO6csr V; 3HaiieMo, pO3NUIMBIIM MOJSIpHUN 00’eM V), Ha 4YHUCIO
MOJIEKYJI B MOJIi, TOOTO Ha IV,
V,= Vm /N E (3)
ITinctaBumo piBHsHHA (3) B (2):

d=3"n N
d:sv A%PNA ) @

[lepeBipuMO, uyM Jae TmpaBa YacTUHA pPIBHSAHHSA (4) OJUHUIIO
JOBKHHU:

e ;, _ Tomi
n,J@é

=1m.

{ [M] }%:{ Ik / monw }%
[PI[N 4] !

3poOUMO OOUYHCIICHHS:

Ixe/ m> -Imons™

-3
d:i/ 3]810 5 311107 y=311nm.
10°-6.02-10

Bignosinb: d =3,711-10719m=311nm.

3amaua 1.4. B Oamoni o0’emoM 10 1 3HaXOogWUTHCS Telld Mif
TtuckoM p; = 1 MIla ta npu temneparypi 7; = 300 K. ITicas Toro sik 3
Oasiona Oyino B3sTo m=10T renito, Temneparypa B OaloHI MOHU3HIIACS
no T, =290K. BuzHauuTH TUCK p, Tei10, 1110 3aJTUIIMBCS B OAJIOHI.

Pimenns. [{ns BupimieHHs 3a/1aydl CKOPUCTAEMOCS PIBHSHHSAM
MenneneeBa -KnaneiipoHa, 3acTocyBaBIIM HMOro J0 KIHIIEBOTO CTaHY
rasy:

m
sz:AjRTz’ (1)

11



Jie m, — Maca rejiiio B 0alioHI B KIHIIEBOMY CTaH1; M — MoJjsipHa Maca
renito; R — MoJsipHa ra3oBa MOCTiHa.
3 piBHsiHHS (1) BUpa3uMo IIyKaHUN THUCK:

p2=m:RT/(MV). (2)

Macy m, reni0 BUpa3MMO uYepe3 Macy m; 110 BIANOBIAAE
OYaTKOBOMY CTaHy, Ta Macy m rejiiio, B3ITOro 3 OajJoHy:

M, —m;—m. (3)

Macy m; reniro 3HaleMO TakOX 3 pIBHSHHSI MeHpeneeBa -
Knalinepona, 3aCTOCyBaBIIIM HOT0 10 MOYaTKOBOTO CTaHY:

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

[TigcTaBuBIIM PiBHSHHS Macu m; B (3), a HOTIM PIBHSHHS M, B (2),

3HAUIEMO
Mp,V RT,
P>= —my )
RT, MV
yn
_I, _m RT, (5)
P> T1p1 MV

ITepeBipumo, un aae popmyna (5) oguHuUIO TUCKY. [ 11bOTO B Ti
paBy YaCTHUHY 3aMICTh CUMBOJIIB BEJIMYMH MiJCTABUMO iXHbOI OJIMHMIII.
B npagiit yactuni Gopmynu ABa; AogaHku. O4EBUIHO, 11O MEPIIE 3 HUX
7A€ OJIMHUI TUCKY, TOMY 1110 CKJIQJAEThCA 3 IBOX MHOXKHMKIB, MEPIIHIA
3 sxkuid (T,/T;) — 0Oe3po3MmipHuii, a npyruii — THUCK. IlepeBipumo

IPYTUA JOAAHOK:
[m][R][T] ke Lo /(monv-K )- 1K Ixe-Imome 1 [oc-1K

[M][V]  Ixe/ monw VAR Ixe In® - Ivone- 1K
1 1H - 1H
Im Im™  Im

[Tackanb € OAMHULICIO TUCKY. 3pOOMMO OOUYUCIICHHS MO (opMyIl
(5), BpaxoBytoun, mo M=4 - 10> kr/mois:
2 107 831
P> :[90-1()6 0 3,3

300 4107 1072
Binnosine: p, =3,64-10° Ila=0,364 Mila.

-290Jna:3,64-105na=o,364M17a.
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3anpaua 1.5. banon mictute m; = 80 T KuCHIO 1 m; = 320 r aprony.
Tuck cymimi p= 1 Mlla, temneparypa 7=300K. ITpuiimaroun nani rasu
3a 17eaIbH1, BU3HAYNTH 00°eM } Oanona.

Pimenns. 3a 3akoHoM JlanbTOHA, TUCK CYyMIIIl JOPIBHIOE CyMI
napiiaibHUX THUCKIB Ta3iB, IO BXOJATh J0 ckJaxy cymimi. Ilo
piBHsHHIO MenneneeBa — Kianeiipona, napuiajibHi TUCKH p; KUCHIO 1
P2 AproHy BUpa)karoThcs hopMynamMu

3BiJicH 3a 3aKOHOM J[aJIbTOHA THUCK CyMIIIIl ra3iB

my_ My J RT .
M, M,) p
3poOuMO OOUYHUCIICHHS, BPaXOBYIOUH, 1110
M, 3210 ke / monv, M, —40-10 3 ke / monw
0,08 032 \831-300
V= 3T 3 06
32-10 40-10 10
Bignosine: V' =0,0262 v’ = 26,2 x.

pP=D1+ D> pZ(

—0,0262 M> =262 1.

3agaya 1.6. 3HaliTu cepegHIO KIHETUYHY €Hepriro <&, >
00epTaNbHOTO PyXy OJHIET MOJIEKYJIM KUCHIO Ipu Temriepatypi 7=350 K,
a TAKOXK KIHETUYHY €HEPTiI0 ) 00epTalbHOTO PYXy BCIX MOJIEKYJ KUCHIO
Macow m =4 .

Pimennsi. Ha KoXeH CTyImiHB BOJI MOJIEKYJIH Ta3y MPUXOAUTHCS
OJIHAKOBA CEpPEJHS EHEPTid & =§ kT, ne k — moctivina boinbimana; 77—
TepMOJMHAMIYHa TEMIIepaTypa rasy.

Tak sik oOepTadbHOMY PYXYy JBOXAaTOMHOI MOJIEKYJM (MOJIeKysa
KHCHIO-IBOXaTOMHA) BIJMOBIIAIOTh JIBI CTYNEHI BOJIl, TO CEpPEIHS
eHeprisi 00epTaTbHOIO PYXY MOJIEKYJIH KUCHIO

<&, >=2-1kT. (D)
P 2
Kinetnuna eHeprisi 00epTaabHOIO pyXy BCIX MOJIEKYJ ra3y
E, =<g,>N. 2)

Yuco BCIX MOJIEKYJI Ta3zy
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N=N ,-v, (3)
ne, N, - NOCTIHHA ABOrajpo;

V-KUIbKICTh PEYOBUHHU.

k110 BpaxyBaTH, IO KUIbKICTh peHOBUHM V=m/M, ne m — Maca
ra3zy; M — MonspHa maca rasy, To opmyia (3) npuiimMme BUTIISI
b

m
N=N I
[TincraBuBim piBHsHHSA N B popmyiy (2), oTpuMaeMo
E =Nm<e, >/M. (4)
3poOUMO  OOYHUCJIEHHS, BPaxoOBYKOUM, 1[0 JJI1  KHCHIO
M=32-10" ke / monw
<g,,>=kT=13810""-350=4,83-10""" ITrc;

0%, 4-107°
32:107
A=2-3,14-(0,1)*-40-107> =2,5-1073 Jore=2,5mJonc.

Bimnosine: <o >=483-107! Joie;

E, =364 .
A=25-1073 I]oic = 2,5monc

E,=6,021 4,83-107°1 =364 I

1.5. 3anuTanHs 1J CAMOKOHTPOJII0

1. SIxuii ra3 Ha3uBa€TLCH 14€aJILHUM?

2. ChopmyiroBaTH 3aKOHM 171€alIbHOTO Ta3y, 3allicaTH iX PIBHSHHS
Ta HApUCYBATH iX rpadiku.

3. BuBectu piBHSIHHS ra30BOr0 CTaHy ISl 171€aJIbHOTO ra3zy.

4. 3a SKUX YMOB BJIACTUBOCTI p€aJbHUX Tra3iB HAOIMXAIOTHCS 0
BJIACTUBOCTEH 1/1€aIbHOTO razy?

5. SIk BUBOJIUTHCS OCHOBHE PIBHSIHHS MOJEKYJISIPHO-KIHETUIHOI
Teopii raszip?

6. SIk eKcnepuMEeHTalIbHO BU3HAYAIOTh IIBUAKOCTI MOJIEKYJI razy?

7. Y doMy mosArae 3akoH MakcBena nmpo po3nojul MIBUIKOCTEN
MOJIEKYJI Ta IKUMH JO0CJI1IaMU BiH M1ITBEPIKYETHCS ?
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1.6. 3agaui a5 podOTH B ayAMTOPIl

1. O6unciuTH Macy m atoma a3ory.[2,33-107° kr]

2. I'yctuHa razy p npu Tucky p = 96 klla 1 temneparypi =0°C
nopisrioe 1,35 1/11. 3Haiiti MomsipHy Macy M razy. [32'107kr/Mois)]

3. BU3HAYHTH THCK p; 1 p; Ta3y, mo Mictuts N=10" Moseky1 i Mae 06’em
V= lem, npu temneparypax 7;, = 3K 1 7,=1000K. [41,4 ulla; 13,8
MKIIa]

4. ITpu temneparypi =35°C 1 tucky p = 708 klla ryctuna neskoro razy
p=12,2kr/M’. BU3HAUMTH BiTHOCHY MOJIEKY/ISIpHY Macy M, razy. [44,1]

5. Skuit o0cAr V 3aiimae cyMilll a30Ty Macoro 7m; = 1 Kr 1 reiito Macoro
m>= 1 Kr pu HOpMAaJIbHUX yMoBax? [6,4 M]

6. Y 0aynoHi MicTKiCTIO V' =15 11 3HAXOAUTHCS CYMIlll, 110 MICTUTb M; =
10 r Boanto, m, = 54 1 BojsiHOro mapy i m; = 60r OKHCY BYIJICIIIO.
Temnepatypa cymimi t=27°. Buznaunutu tuck. [1,69 Mlla]

7. 3HAUTH TOBHY KIHETUYHY EHEPril0, a TaKOXX KIHETUYHY EHEpPriio
o0epTanbHOro pyxy OJHi€l moJjiekynu amiaky NH; mpu Temmnepatypi
=27°C. [1,24'10™° JIx; 6,210 1]

1.7. 3apa4i as1 camocTilHOI po0oTH

1. Bu3HAYUTH KUIBKICTh PEUYOBHHHU V 1 YUCIO N MOJEKYJI KUCHIO
Macoro m = 0,5 Kr.

2. CKUIbKM aTOMIB MICTUTBCS B PTYTi: 1) KUIBKICTIO PEYOBUHU V =
0,2 monb; 2) macoro m=1 r?

: . 3
3. Boaga npu Temmneparypi ¢ = 4°C 3aiimae o0’em V= 1 cm” .
Bu3HauuTy KiIBKICTh PEYOBUHU V 1 YUCTI0 N MOJIEKY BOJIH.

4. 3naiitu MoOJISIpHY Macy M u Macy m, OJHIEI MOJEKYJIH
MOBAPEHO1 COJII.

5. BuzHauuTtu mMacy m,, OJJHI€1 MOJICKYJIM BYTJICKHCIIOTO Ta3y.

6. Bu3HauuTH KOHLEHTPAIIIIO 7 MOJIEKYJ KUCHIO, 10 3HAXOAUTHCSA
B €MHOCTI MICTKICTIO V' =211. KilbKICTh pEUOBHUHHM V KUCHIO JOPIBHIOE
0,2 MOJIb.
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7. BU3HAQUUTH KUIbKICTh PEUYOBMHHU V BOJIHIO, IO 3alOBHIOE
€MHICTb, 00’€MOM V=3 71, SIKILIO KOHILIEHTpAIlis MOJIEKYJ ra3y B €EMHOCTI

1nl
n=210"%r.

8. Y OanoH1 MICTKICTIO V=311 MICTUTECS KHcEHb Macoro m= 10 T.
Bu3zHaunTH KOHIIEHTpALIIIO0 N MOJICKYJI Ta3y.

9. BuzHauuTH BIAHOCHY MOJIEKYJsIpHY Macy M,. 1) Bomu; 2)
BYIJICKUCJIOTO Ta3y; 3) IMOBApEeHOI COJIi.

10. Bu3HauuTH KUIBKICTh PEYOBHMHU V 1 UUCIIO N MOJEKYJ a30Ty
Macoro m = (0,2 Kr.

11. V nuniaap goBkuHOw [=1,6M, 3alOBHEHUIN MOBITPSM IMPU
HOPMaJIbHOMY aTMOC(EpPHOMY THUCKY 0, MOYAIM TOBUIBHO BJIBUTATH
MOPIIEHB TUIONIECK OCHOBH S = 200 cM’. BusHaunTH cuny F, mo aie Ha
MOPIIIEHb SIKIIO WOTo 3YNMUHUTH Ha BijacTadi [ '=10¢cm Bl J[HA
HUTIHApPA.

12. 'V Ganoni 3Haxoauthes ra3 npu temmneparypi 7; = 400 K. o
ko1 Temneparypu 7, Tpeda HarpiTv ras, o0 Moro TUCK 301JIbIIUBCS B
1,5 pa3u?

13. bamon wictkicTio V=201 3anoBHEHUH a30TOM IIpHU
temnepatypi 7 = 400 K Konu yactuHy ra3y BUKOPUCTAIU, TUCK Y
Oasion1 nonusuaocs Ha Ap = 200kIla. BusHauntu mMacy m BUTPayeHOIO
ra3y. [Iporiec BBaKaTy 130TEpMIYHUM.

14. 'V 6anoni micTkicTio V=151 3HaXOQUTHCS ApTOH M1l TUCKOM p; =
600xkI1a i mpu Temnepatypi 7; = 300 K. Komnu 3 6anona 0ysio B3STO SIKYCh
KUIBKICTh Ta3y, TUCK y OayioHl mnoHuswiocs 10 p,= = 400xlla, a
TeMmneparypa ycraHoBwiaca 1, = 260K. Busnauutu mMacy m aprony,
B3SITOTO 3 OaJIOHa.

15. JIBi €éMHOCTI OJIHAKOBOT'O OOCSTY MICTATh KHCEHb. B oaHii
€MHOCTI TUCK p; = =2Mlla 1 Temneparypa 7; = 800K, B iHIIOMY p, =
2,5MlIla, 7, = 200K. €mHOCTI 3'€THAIM TPYOKOIO ¥ OCTYIUIIN KUCEHbD, 1110
3HaXOJUTHCS B HUX, A0 Temneparypu 1 =200 K. BuzHauntu THCK p, SIKUM
BCTAHOBUBCS B EMHOCTSX.

16. O64uCIUTH T'yCTHHA P a30Ty, 110 3HAXOAUTHCS B OAJIOHI 1]
THCKOM p = 2MIla 1 mae Temnieparypy 7 = 400 K.
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17. Bu3HauuTH BIAHOCHY MOJEKYJSIpHY Macy M. ra3y, SIKILO MpH
temneparypl 7 = 154 K u tucky p = 2,8 MIla Bin mae ryctuna p = 0,
1 kr/v.

18. 3naiitu ryctuHa p azoty npu temneparypl 7' =400 K u tucky
p =2 MlIla.

19. V emuocti mictkicTio V =40 71 3HAXOAUTHCA KUCEHb MpHU
temneparypt 7 = 300 K. Kosu yacTuHa razy BUKOpUCTAIH, TUCK Y
0anoni nonmsuiocs Ha Ap = 100kITa. Buznauntu Macy m BUTPay€HOroO
kucHto [Iporec BBaKaTH 130TEPMIYHUM.

20 BuzHauuTHU TYCTHHA O BOJSHOI IMapH, IO 3HAXOAUTHCS I
TuckoMm p = 2,5kI1a 1 Mae temneparypy 7= 250 K.

21. BuszHauutu BHYTpPIIIHIO €HEPrito U BOJHIO, TAKOXK CEPEIHIO
KIHETUYHY €HEPTil0 MOJIEKYJIU IbOro rasy rnpu temneparypi 7' = 300
K, SIKI110 KiIBKICTh PEYOBUHHU V LILOTO T'a3y AOPIBHIOE 0,5 MOJIb.

22. Bu3HauuTu CymapHy KIHETHUYHY €HEPrii0 £ TMOCTyNaJIbHOTO
PYXY BCIX MOJIEKYJI a3y, 110 3HAXOJIUThCA B EMHOCT1 MICTKICTIO V=311
i1 Tuckom p=540 kl1a.

23. KuibkicTh peuoBuHHM refito v= 1,5 Moib, Temneparypa 1=
120 K. Bu3Hauutu CcyMapHy KIHETUYHY €HEprito £j MOCTYyNaIbHOIO
PYXy BCIX MOJIEKYJI LIbOT'O razy.

24. MonsipHa BHYTpIlHs eHeprist U, 1esIKOro ABOXaTOMHOIO rasy
nopiBHioe 6,02 k/[>x/Mosib. Bu3HauMTH CEpeaHIO KIHETUYHY E€HEPIrito
<& 46> 00EPTATBHOIO PyXy OJIHIET MOJIEKYJIU 1bOr0 Tazy. ['a3 BBaxkaTu
17IeaIbHUM.

25. BU3HauUUTH CEpEeIHIO KIHETUYHY €HEPTitO (& ) OIHIET MOJIEKYJIH
BOsIHOI apu npu Temreparypi 7= 500 K.

26. BuzHauntu cepeaHIo KBaApaTUUHy MWBUIKICTH (V) MOJIEKYIH
raszy, MOMIIIEHOI0 B €MHICTh MICTKICTIO V=2 1 mig tuckoM p = 200
klla. Maca razy m = 0,3 .

27. Bopaenb 3HaxomutThea npu temmneparypt 7=300K. 3naiitu
CEePEHI0 KIHETUYHY EHEPrilo <g,;> OOEPTAIBbHOTO PYXy OJIHIET
MOJIEKYJIH, a TaKOXX CyMapHy KIHETUYHY €Hepriro E, yCiX MOJEKyJ
I[bOT0 Ta3y; KiIbKICTh BOJIHIO Vv = 0,5 MOJIb.

28. Tlpu skiil TemmepaTypi cepelHs KiHETH4YHa eHepris <eg >
MOCTYIAIBHOTO PYXy MOJNEKYJIH a3y gopisHioe 4,14-10%" I ?
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29. B a30Ti noMilieH1 ApiOHI TOPOUIMHY, IO PYXAIOThCS TaK, HIOU
BOHU Oyl Ay’K€ BEJIMKHMHM MOJIEKyJIamMu. Maca KOXHOI MOpPOUIMHU
nopieuioe 6-107'°r. Ta3z 3HaxomuThes mpu Temmeparypi 7=400 K.
BuszHauuty cepenHi KBajapaTHyHI MIBUIAKOCTI (Vy;), @ TaKoX CepeHl
KIHETUYH1 €Heprii <g > MOCTYNaJbHOIO PYXy MOJEKYJIU a30Ty I
OPOUINHHU.

30. Bu3HauuTH cepeHIO KIHETUYHY €HEPTito <g > MOCTYNAIbHOIO
PYXY 1 <g¢ o> 00€pPTANBHOIO PYXy MOJIEKYJIM a30Ty IIpU TemnepaTrypi 1=
1 xB. Bu3HaunuTu Takox NOBHY KIHETUYHY €HEPrii0 E, MOJEKYJIHU 3a TUX
CaMUX YMOB.

31. BusHauutu MoJsipHy Macy M JBOXarOMHOro rasy 1 HoOro
NUTOMI TEIMJIOEMHOCTI, SKIIO BiIOMO, 1o pi3Huug C, — C, MUTOMHX
TEIJIOEMHOCTEN 1BOT0 ra3zy AopiBHIOE 260 JIk/(kz-K ).

32. 3naiitu mutomi C, Ta C, , a Takox MouspHi C, 1 Cyp
TEIUIOEMHOCTI BYTJIEKHCIIOTO ra3y.

33. BuszHauuTH MOKa3HUK ajiadaTy y 1€ajJbHOT0 rasy, Lo MpHu
temrieparypi 7 = 350 K u tucky p = 0,4Mlla 3aitmae 00’em V =300 11 1
Mae TermoeMHicTh Cp=857 JIx/K.

34. B ¢ ocyni MicTKicTIO V=011 3HaXOIWUTbCA MPU HOPMAIBHUX
yMOBax JIBOXaTOMHHMII ra3. BuzHauntu temnoeMHicts Cp IbOT0 rasy npu
NOCTIHHOMY 00’ €Mmi.

35. Bu3HauuTH BIAHOCHY MOJIEKYJIApHY Macy M,. 1 MOJISIpHY Macy
M ra3y, SIKIIO pI3HUI WOro MUTOMUX TerioeMHocte C, — C, = 2,08
KI[)K/ (KZ-K )

36. BusHauuTu MOJISIpHI TEIJIOEMHOCTI Ta3y, SIKIIO MOro MUTOMI
TerioeMHOCTI C, = 10,4 kJIx/(x2-k )1 Cp= 14,6 KJIK/(k2-K ).

37. 3naiitu nuToMi 1 OpiBHATH MOJSpHI Cy 1 C, TENI0EMHOCTI
a30TYy 1 reiro.

38. Oouucautu utoMi Cy Ta Cp TEIUIOEMHOCTI Ta3y, 3HAKOYH, 1110
fioro MossipHa Maca M=4-10" kr/MoJb Ta BiZHOLICHHS TEILIOEMHOCTEIT
C,/Cv=1,67.

39. TproxaTomuuii ra3 mia Tuckom p =240xklla 1 remnepatypi T =
20°C 3aitmae 00’em V=10mn. Buznauutu TermioeMHicTb Cp 1IbOTO razy
PU NOCTIHHOMY THCKY.
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40. OnHOAaTOMHMM Ta3 MpPUM HOPMAJbHUX YMOBax 3aiiMae 00’eM
V=51n. OOuucoutu TemnoeMHictTh CV UBOro razy MpuU MNOCTIMHOMY
00’ emi.

41. 3HaliTH cepeHE YUCIIO <z> 31TKHEHb 3a Yac /= 1 ¢ 1 IOBXUHY
BUIBHOTO MpoOiry (/) MOJEKyJU Telito, SIKIIO ra3 3HaXOAUTHCS Iij
tuckoM p = 2klla nipu temneparypi 7' =200 K.

42. Bu3zHauuTH CEpPEeAHIO JIOBXKHUHY BUIBHOTO mpoliry </>
MOJIEKYJIM a30Ty B CyauHI MicTKicTIO V=571. Maca razy m = 0,5 1.

43. Boaenr 3HaxomuThes Mg TUckoM p = 20Mmklla 1 mae
temneparypy I =300 K. BusHauutu cepeaHio JOBXKHUHY BiJIbHOTO
npoOiry </> MOJEKyJu TaKoro rasy.

44. 1lpu HOpMaJbHUX YMOBAax JIOBKMHA BUIBHOrO MpoOiry </>
MOJIEKYJIM BOHIO A0piBHIOE 0,160 MxM. BuzHaunTu niametp d MOJEKyIH
BOJIHIO.

45. Ska cepenHs apuMeTHYHA MIBUIAKICT <}> MOJIEKY] KHUCHIO
pY HOPMAJIbHUX YMOBAX, SIKIIIO BIJOMO, 1110 CEPEAHS JOBKMHA BUILHOTO
npo0iry </> MOJEKyIM KHCHIO MPU LKMX yMoBax aopiBHIoe 100 HM?

46. Kucenb 3HaxoauTbcs Mg TUCKOM p=133 Hlla 1pu
temmeparypi 7= 200 K. OOuMciIdTH CepeaHE YUCIO <z> 3ITKHEHb
MOJIEKYJIM KACHIO ITPY IUX YMOBAax 3a vac =1 c.

47. Ilpu IKOMY THUCKY p CEpeIHs JOBXKHHA BUILHOIO Mpoodiry </>
MOJIEKYJI a30Ty JOPiBHIOE 1 M, sIKIIIO Temmeparypa razy =10°?

48. B cocyai MICTKICTIO V=511 3HaXOJIUThCS BOJICHb MAacoOl0 m =
0,5 r. BuzHauuTu cepenHio JOBXKUHY BUIBHOTO MPOOITy </> MOJEKyIu
BOJIHIO B 1[I}l CyUHI.

49. Cepennsi IOBXKHMHA BIIBHOTO MPOOITY </> MOJEKYJId BOIHIO
OpU JESKUX YMOBaXxX JOPIBHIOE 2 MM. 3HAUTHU TYCTHHY p BOJHIO IIPU IIUX
yMOBax.

50. V cdepuuHiii koi0i MicTKicTIO V=31, 110 MICTUTh a30T,
CTBOpeHMM BakyyM 3 TUCKOM p = 80 Mklla. Temneparypa razy 7=250
K. Uu MoxHa BBaXkaTH BaKyyM y KOJIO1 BUCOKUM?

Ilpumimrka. BakyyM BBaXae€TbCsi BHCOKUM, SKIIO JOBXKHHA
BUIBHOTO TTPOOITy MOJIEKYJT Y HbOMY Oarato OUIbIIe JIIHIAHUX PO3MIpiB
CYIVHHU.

19



2. Tepmoaunamika

2.1 BuHyTpilnHA eHepris razy Ta [epLIHA  3aKOH
TePMOAUHAMIKH
OcHogHi hopmynu
1. 3B'130K Mixk MOJISIpHOIO C,,, 1 MUTOMOIO C TEIJIOEMHICTIO rasy:
C,=cM
ne M - monsipHa maca rasy.

2. MonspHi TENMJIOEMHOCTI MPHU CTAIOMY 00'€Mi Ta CTAJIOMY THUCKY
BIJIMOBIJTHO JOPIBHIOIOTh
iR i+2
Cm = —; CP :—R;
2 2
1€ I- YUCJIO CTYNEHIB BUIBHOCTI MOJIEKYJIU; R - yHIBEpcalibHA Tra3oBa
cTaja.

3. IlutoMi TEemJIOEMHOCTI MNpHU cTaJloMy 00'eMl 1 IpPHU CTaJIOMy
THUCKY BIJIMOBIHO TOPIBHIOIOTh:

i R i+2 R
c,=—'—; c,=——
2 M P2 M
4. PiBHsHHa Maiiepa
Cp -C,=R
5. Tlokas3Huk amiabaTtu
C [+ 2
y = _P a0o y = l_

; i

6.  BHyTpilIHsA eHeprisi OHOTO MOJIS ra3zy
i
U=—RT
2
7.  BHYTpIIIHS €HEpTis 11€aJIbHOTO razy

U="C,T=vC,T=Ne=—"RT
M 2M

1€ V - KUTbKICTh PEUYOBUHM (K1JIOTpaM-MOJieH):
N - 41uCn0 MOJIEKYI rasy;
&£ - CepeHs KIHETUYHA CHEPTisl MOJICKYIIH.

8. 3MiHa BHYTPIIIHBOI €Heprii

AU =L AT
oM
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9. Po0ota, sKy BHKOHAaB ras Iij 4ac pO3UIMPEHHS, B 3arajbHOMY
BUMAJKY OOUUCITIOETHCS 32 (HOPMYIIOHO

ne V; - moyatkoBuii 00'eM rasy;
V, - ioro KiHIeBUN 00'eM.
Po6oTa npu:
¢ i300apHOMY MpoIieci (p= const)
A=p(V,=V;)
e 1pu 130TepMmiyomy npotieci (T=const)

V.
A="LRTin2,
M,
e Ipu a1abaTUYHOMY IPOIIEC]

y—1
RT,
A=""C (T, =T, jabo A= —di_M); |V1
M y—IM M Vv,
ne T - moyaTkoBa TeMIeparypa rasy,
T, - ¥ioro KiHIIEBa TeMIIepaTypa

10. PiBusiuas  Ilyaccoma  (piBHSIHHS ~ Ta30BOrO0  CTaHy  HpH
aziadaTUYHOMY IIPOIIECT )
pV?" =const

11. 3B'430K MiX MMOYATKOBUM 1 KIHIIEBUM 3HAYEHHSIMU MapaMeTpiB CTaHy
ra3y npu ajiladaTuyHOMY MPOLECI:

Y y=1 r-
&:(&J . Q:(&J . QZ(&J '
Pi V) T, v, T Pi

12. Ilepmuii 3aKOH TEPMOAMHAMIKH B 3arajlbHOMY BUIJISII1
AQ = AU+ A4
ne AQ- KIIbKICTh TEIJIOTH TIepeiaHa rasy;
AU - 3MiHa MOTO BHYTPIIIHbOI €HEPTii;
AA - poboTa, sIKa BAKOHYETHCSI CACTEMOIO TIPOTH 30BHIIIHIX CHJL.
[lepiuii 3aKOH TEPMOJIUHAMIKH MPU:
e i300apHOMY IpoI1ieci

AQ = AU + A = 2 RAT + L RAT = L AT
2M M M F
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e 1pu 130X0pHOMY TIpotieci (4 = 0)
AQ = AU = "2 RAT + ™ RAT = ™. C, AT
2M M M
IIPH 130TepMIYHOMY TIpoIieci (AU =0)

40 = =""RTIn"2;
MY,
pu aJ1adaTUYHOMY MPOLIEC] (AQ =0)

Ad = -AU =" RAT = . C, AT
M M

2.2 Ilpukiaaau po3B'si3aHHA 32124

3agaua 2.1. OOUHCIUTA BHYTPILIHIO €HEPTil0 OJHOIO KiJTOMOJIA
BOJIHIO, B3SITOrO Ipu Temmeparypi -23 °C.

PimenHsi. BHyTpiliHA eHepris OJHOIO KUIOMOJS  BOAHIO
i
BU3Ha4Ya€ThCs 3a popmyoro U = ERT ,

1€ i = 5 4KCIIO0 CTYMIHEW BUIBHOCTI IBOXaTOMHOI MOJIEKYJIH;

R = 8.311—‘%
moaw - K
Obuucnenusa: U = z -8.3-250 = 5.2-]031]—%.
2 Mmoab - K
Bignosinb: U = 5.2-103ﬂ—%.
Mmoab - K

3amauya 2.2. Ckinbkd Temia notpiOHo aus HarpiBanHs 10 r
BosiHIO Bij 300 10 350 °C npu crajioMmy TUCKY?

Pimennsi. KinbKiCTh TEMJIOTH, 110 MOTPIOHA JJIsi HArpiBaHHS m
rpamiB BojiHIO Ha (7, — T;) K npu cramomMy THCKY, BU3HA4Ya€ThCS 3a
bopmyIioro

AQ =c,m(T, -T;).
[TuToMa TEIJIOEMHICTD MPHU CTAJIOMY TUCKY MEHIIIA BiJ MOJISIPHOI B
M pa3ziB, TOOTO
C, i+2 R
YTMT 2 M
[IlykaHa KUIbKICTh TEIUIOTH
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iI+2 R

A —m(T, —
Q=—7 mT=T,).
Obuucnenna: AQ = ) ; 2 5 6;';_3 0.01-50 =7280[oxc.

BignoBinb: AQ = 7280 [xc.

3apauya 2.3. BuzHauuTH NUTOMI TEIJIOEMHOCTI HEOHY Ta BOJHIO
npu ctajioMy o0'eMi 1 TUCKY, SIKIIIO BBaXaTH, 1110 111 Ta3H 11€aJIbHi.

Pimenns. [TutoMi TEII0EMHOCTI 171€aJIbHUX ra3iB BU3HAYAIOTLCS 3a

bopmyIioro
I R z+2 R

YoM T 2 M
Jlst HeoHy (0HOATOMHHIL Ta3) i = 3, M=20-10" kr/MouIb.
[lincTaBisitound B OCTaHHI (POPMYJIM 3HAUEHHS BEJIWYUH, B3ATHX B
onuHUIIX cuctemu Cl, BUKOHaeEMO OOUUCIICHHS:

Cy ZE'L—624 Aore
2 20-107° ke - K’
2 .
¢, =212 85 g
2 20-10 ke K
Jlu1s1 BOAHIO (HBOXaTOMHMIA ra3) i= 5, M = 2-10" kr/mob.
5 83
cVz—-—_104’<ﬂ"’c-
2 2.107° ke K
2 .
Cp:5+ . 83_ _146Kﬂ9fc
2 2.10°3 ke K
Bianosiab: 1 HEOHY: ¢ = 624 —— Axe RS 1.04 s K
ke K’ ke - K
Kl K/
111 BOAHIO: ¢y = 10.4 =14.6 )
. : d ke K’ “r ke - K

3amaya 2.4. Bu3HauuTU NUTOMY TEIUIOEMHICTH MPU CTAJIOMY
00'eM1 BOJHIO, 25% SIKOrO AUCOIIHIOBaH1 HA aTOMH.

Pimennsi. [lutomMa TEMI0EMHICTH CyMIlIl MOJIEKYJ Ta aTOMiB
BOJIHIO OOYMCIIOETHCS 3a MPaBWJIOM 3MIIIYBaHHS 3 ypaxyBaHHSIM

BaroBOro CKjaay cymimii
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C]m] +C2m2
CV - R
m1+m2

3BIJIKHA
cyr =0,75¢;+0,25¢,.
Bu3zHaunMo MUTOMY TEIUIOEMHICTh MPHU CTaJloMy 00'eMi ¢; Ta C;

yepe3 MOJISIPHI TEIJIOEMHOCTI Ta Macu MOJIeH
¢ G

c,=——, c,=—=
] ) 2 )
M, M,
a C ta C, - yepe3 CTyIEHI BUIBHOCTI Ta Ta30BY CTajly, AICTaHEMO: JJIs

MOJIEKYJIIPHOTO BOJIHIO (JBOXaTOMHOTO)

C, iR
C] = = ,
M, 2M,
JJ11 aTOMApPHOTO BOAHIO (OJTHOBAJIEHTHOTO)
C, iR
C2 = =
[lepeBipUMO OJMHUIIO BUMIPY
- Mo
[c ] moab- K _ o
d Ke ke K
MOJb
-8,32
Obuucnenns: c¢; = i = 10400 Ao
2:2-107° ke K
3-8,32
¢y = = 12480 Aoxe
2.71-1073 ke K’
Tomi
¢y =075-10400+0,25-12480 = 10920 Axe
ke K
Binnosiab: ¢, = 10920 Aok
ke K

3agaua 2.5. Slka 30BHIIIHSA poOoTa Oyae BUKOHaHA, skiio 200 r
azory Harpiti Bia 20 qo 100 °C npu ctanoMy TUCKY?

Pimennsi. [lpu 1300apHoMy HarpiBanHi Tra3y Ttemiora AQ,
nepeana rasy, e Ha 301JIblIEeHHS 10T0 BHYTPIlIHKOI eHeprii AU Tta
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Ha BUKOHaHHS po00oTH AA mpoTH 30BHIIIHIX cuil. Ha ocHOBI mepuioro
3aKOHY TE€PMOJIMHAMIKH MAaEMO

AQ = AU + A4,
3BIAKH Ad = AQ - AU.
Tennoty, nepeaany razy, Mo>kHa OOUYHMCIUTH 32 (HOPMYJIIOIO
m
AQ = MCPAT,

a 3MIHY BHYTPIIIHBOI €HEPTIi - 3a (HOPMYII010
m i m
AU = ——RAT = —C, AT,
M2 M
TOA1 poOOTa, BUKOHAHA MPOTH 30BHINIHIX CHJI, TOPIBHIOE

m="2c ar-Zc,ar =" AT(Z 2 —in,
M M M2 2

ne M = 28-107 ke/mons - MonspHA Maca a3o0Ty.
[lepeBiprMO OJMHUIIO BUMIPY
ke K Tl

AA s — HC.

[ ] k2 / moiv mojb- K A

Obuucnenns: A4 = LS%(Z —ij -8,32=4754 [xc.
28-10°\2 2

BinnoBiab: AA = 4754 [[c.

3amaya 2.6. VY CKiIbKM pa3iB  KIHUEBUWA THUCK TMOBITpS,
CTUCHEHOTro ajiabaTtuyHo, Oyae OuIbIIMM BiJ HOro THUCKY MpH
130TepMIYHOMY CTHCHEHHI, SIKIIIO 00'eM TOBITpS B 000X BHITIaJKaX
3MeHIyeTbes B 10 pasiB?

PimenHs. 3riJHO 3 YMOBOIO 3aJ1a4l NOBITPS B IIEPLUIOMY BHUIIAJIKY
CTUCKAEThCS ajaiabaTM4yHO, a B Jpyromy - i3oTepMiuHo. B 000x
BUIIaAKaX MOro MOYATKOBI Ta KIHIIEB1 00'€éMH OJHAKOBI1, a BIIHOIICHHS
KiHIIeBOro 00'eMy 10 modaTkoBoro jopiBHtoe 10. ITopiBHSABIIM THUCKHU
Ta 00'eMd MOBITpI B 000X Mpollecax, MU 3HAWAEMO IIyKaHe
BiAHOIIIEHHS TUCKIB. [T03HaUYMBIIIM TOYATKOBUN TUCK MOBITPS YepeE3 Po,
o0'eM - uepe3 V,, kiHieBuid o0'em - uyepe3s V;=0,1 V, ans 060x
IpoIeCiB, KIHIIEBUIN TUCK y BUIIQJIKy a/11a0aTUYHOIO MPOILIECY - Yepes
p1, 130TEPMIYHOIO — Y€pe3 Py, HAMUIIEMO PIBHSAHHS MPOIECIB:
aJiabaTUYHUN MpoI1iec

Y _ Y.
pVy =p/Vi,
130TepMIYHUM TTpOIIEC
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PoVo =PV
3aminuBmin V; Ha 0,1V, Ta moauMBmiM mepiie piBHSHHA Ha
IpyTe, JICTaHEMO

poVs _ pi(0.1Vy)
24 P01V,

’

3B1JIKY 3HAXOIUMO

&: 0,1 _0]7/_].

P> 0,7_
lePL—(1-y)lg01=(1-y)(~-1)=y—1=14—-1=04,
3BIJIKHA "
PL_y5)
P>

Tuck moBiTps mpu Horo aaiadbaTUYHOMY CTUCHEHHI BUSBUBCS B
2,51 paziB OuIbIIMM HOr0 THUCKY MpPU TaKOMYy K 130T€pPMIYHOMY
CTUCHEHHI. Taka 3MiHa THUCKY TOSICHIOETbCS THM, II0 MpH
aniadaTUYHOMY CTHUCHEHHI ra3 HarpiBaeTbCs, y TOM dYac SK IpH
130TE€pMIYHOMY CTUCHEHHI TeMIIepaTypa rasy JUIIAEThCS CTaJIOIO.
Binnosins: p; = 2,51p;..

3agaua 2.7. Azot nipu Temneparypi ¢; = 27 °C 1 TUCKY p =2 amm
3aiimaB 00'eM V; = 4 1. BHacnigok aalabaTUYHOrO PO3IMIMPEHHS MOro
TeMmiieparypa 3Hu3uiach 1o = () °C. SIky poOOTy BUKOHAB ras Imija yac
rioro posmpenns? [loka3zuuk agiadatu y = 1,4.

Pimennss 3a yMOBOIO 3ajadui ra3 pO3LMHUPHETHCI 0e3
TEIUIOOOMIHY 3 OTOYYIOUMM CEpPEOBHUIIEM, a TOMY HOTro Temieparypa
IIOBUHHA 3HMU3UTHUCS Bl1J mo4daTtkoBoi 7; mo kiHnesoi 7, PooOora,
BUKOHAHA ra3oM MNpHU aaladaTUYHOMY PO3IIMPEHHI, OOUYUCIIOETHCS 3a
dbopmyIioro

R m
A=—(T,-T, )—.
7/_1(2 J)M

OckuIbKM B yMOB1 3ajladi JJaHO 00'eM Ta3zy, TO 4YHUCJIO HOro
KiJlorpaM-mMojell MOKHa BU3HAYWMTHU 3 BIJHOIICHHSA 00'eMy Tra3y 3a
HOpPMaJbHUX YMOB JI0 00'€éMy OJHOTO MOJIS Ta3y TEX 3a HOPMaJbHUX

Vo
2241073 4° / monb
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3HaitiemMo 00'em ra3y 3a HOpMaJIbHUX YMOB

PV _ PVi
T, T,
3BIIKHU
v, = PV,
Pol;

[ligcTaBisitouM YMCIIOBI 3HAYEHHSI BEIUYMH, B3STUX B OAUHULISX
cuctemu CI, Ta 00UHCITIOIOYH, OAEPKUMO

_2:10°-273-4-107°
1,0334-10° - 300

Yuciio MoJIiB razy JOpPiIBHIOBATUME

v, 704107 m°

=7.04-107° 7.

Vo

= 3 = 3 = 0,31monwp.
224107 m” / mone 224 -10° m” / moaw
[ITykaHa poboTa JOPIBHIOE
4 8,32-(273-300)-0,31 1741,

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

3amaua 2.8. [Ipu i30TepMivHOMY PO3IMIMPEHH]I | T BOJIHIO HOrO
00'eM 301IbIIMBCS B TPU pa3u. BuzHauuTu poOOTy pO3LIMPEHHS rasy,
AKIIO Moro Temiieparypa aopiBHioe 7 °C.

Pimennss Ilpu 130TepMidYHOMY pO3UIMPEHHI Ta3y Moro
BHYTPILIHA €HEPTis HE 3MIHIOEThCA, TOOTO AU = 0. 3rigHo 3 nepuum
3aKOHOM TEPMOJIMHAMIKH

AQ = AU + A4,
aite, ockuIbku AU = 0, TO
AQ = A4,
a 11e BU3HA4ae, 110 BCE MepeAaHe ra3y TEIIo MIIUIO Ha PoOOTYy MPOTU
30BHIIIHIX CHJL

Po6oTy 130TE€pMIYHOTO pO3UIUPEHHS Tra3zy 3HaxXoAsATh 3a
dbopmyIioro

A=""RTIn"2,
MY,
[IepeBiprMO OJUHULIIO BUMIPY
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Ke Tl
Al= . K = )
[ ] K  moav- K Aok

MOTIb
[lincraBuBmn y (opMyiny poOOTH UMCIIOBI 3HAYEHHSI BEJIUYUH,
B3sTUX B cucteMi CI Ta BUKOHYIOUM OOYUCIIEHHS, 3HAXOAUMO

-3
A= L3-8,32-280-ln3 = 1280 []c.
2-107

Bingnosinb: A= 1280 /.

2.3. 3anMTaHHA 1J151 CAMOKOHTPOJII0

1. ITfo Ha3uBa€THCS CTYNEHAMM BIJILHOCTI MOJIEKYJIM Ta CKIJIBKH iX
MarTh OJTHOATOMHI, IBOXaTOMHI Ta 0araToaTOMHI MOJICKYJIH ?

2. Sk 3a NUTOMOK TEIJOEMHICTIO PEUYOBUHM BHU3HAYUTHU il
MOJISIPHY TETJIOEMHICTB?

3. YoMy rasu MaroTh JBI TEIJIOEMHOCTI: TEIUIOEMHICTb MPHU
CTaJIOMY THUCKY Ta TEIJIOEMHICTb MPU CTATIOMY 00'eMi?

4. Y CKUIbKM pa3iB TEIJIOEMHICTh MPHU CTAJIOMY THUCKY Oifiblia
TEMJI0EMHOCTI TIPU CTaIoOMy 00'eMi?

Hackinbku TEMIOEMHICTh ra3zy IpHU CTajJoMy THUCKY Oinblia
TEIJIOEMHOCTI TIPU CTAJIOMY 00'eMi?

6. Sxuii pi3nyHUM 3MICT ra30Boi CTAJOI?

7. 3a ko0 (GopMyJIOl0 0O0YHCITIOETHCA POOOTA 130TEPMIUHOTO
PO3LINPEHHS razy?

Skuii mpoliec Ha3WBAETHCS alia0aTUYHUM, SIKE€ MOTO PIBHAHHS Ta
rpadik?

9. Ak o0uucnoeTbca poboTa ra3y mpu HOro aaiadaTUYHOMY
pOo3UIUpEHH1?

10. Sk 3MIHIOETbCA BHYTPIIIHSA €HEPris razy MpH KHOro
aniadaTHYHOMY CTUCHEHHI Ta PO3IIUPEHHI?

11. TlopiBHATH Trpadiku 130TE€pMIYHOrO Ta aAilabdaTUYHOTO
PO3LIMPEHHS Ta CTUCHEHHS Ta3y, a TAKOX MOSICHUTH 1X.
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2.4. 3agavi nos1 pod0OTH B ayIUTOPil

1. IluTomMa TEMIOEMHICTH ABOXAaTOMHOro rasy c,=14,7 xJlx/kr-K.
BuzHauntu MosnsipHy macy 1poro rasy. (0,002 kr/mons).

2. I'ycthHa ABOXaTOMHOIO rasy NpW HOpMaldbHHX yMoBax 1,43
Kr/M°. BU3HAYUTH MUTOMI TEIIOEMHOCTI ¢, 1 cy (cy = 650 x/krK; ¢, =
910 JLx/kr-K).

3. OgHoaTOMHMI Ta3 MpU HOPMAJIBHUX YMOBax 3aiimae 00'em 5 JI.
Bu3HauuTH TENIOEMHICTH IIHOTO Ta3y MPHU cTajIoMy 00'emi.

(Cy = 2,75 1x/K).

4. Y muniaapi mig nopuHeMm 3Haxoautbes 250 r remito. s itoro
HarpiBaHHs Ha 4 °C npu ctaioMy TUCKY OyJio BuTpadeHo 5 kJ[x tema.
BusHauutu 3MiHy BHYTPIIIHBOI €HEprii Ta poOOTYy, BUKOHAHY ra3oM?

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

5. Bonenb macoro 4 r Harpinu Ha 10 K mpu cranomy THUCKY.
Buznauutu poOoTy po3mupenHs razy. (166 Ix).

6. Asor, sxkui 3arimMae 00'em 10 1 mpg tuckom 0,2 Mlla,
130TepMiyHO po3mmpuian 10 o0'emy 28 5. BusnHauutu poboTy
po3uupeHHs razy. (2,06 k/[x).

7. BHYTpIIIHS €Heprisi JBOXaTOMHOTrO rasy AopiBHIOE 6,02 kJ[x.
BuszHaunTu cepeHIo KIHETUUHY €HEprito 00epTaJbHOTO PYyXY OJHIET
MOJIEKYJIH LbOro Ta3y. I'a3 BBaxkatu igeansrum (4-107" ).

8. BrU3HAUuTHU MOKAa3HUK ajiadaT 11eaibHOrO ras3y, SIKHi mpu
temriepatypi 350 K 1 tucky 0,4 Mlla 3aiimae o0'em 300 7. (y = 1,4).

2.5. 3agaui 11 caMoOCTIIHOI po0OTH

1. BuU3HauuTH OUTOMI TEIUIOEMHOCTI C, Ta Cy Tra3iB: Telilo;
BoAHIO; Byriekuciaoro razy. (3,12 xJx/kr-K ta 5,19 xJ[x/kr-K;
10,4 xJx/kr-K Ta 14,6 xJ[x/kr-K; 567 JIx/kr-K ta 756 JIx/kr-K).

2. Pi3Huns nuromux temmoemHocteit C, - Cy Aedaxkoro
IBOXaTOMHOro rasy gopiBHioe 260 J[x/kr-K. 3HailTh MOJsIpHY Macy
razy 1 ioro nutomi temnoeMHocTi. (0,032 xr/mounb; 650 x/kr-K;
910 JIx/xr-K).

3. Bu3HauuTH MNUTOMY TEIJIOEMHICTh TIpU cTajioMy o00'eMi
CyMIIII, IKa CKJIAIAEThCS 3 5 J1 BOJHIO 1 3 J1 Treito. ['a3u 3HaXoasThCs

IpU OJJHAKOBUX yMOBax. (4,53 JIx/kr-K).
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4. CyMmim Tra3iB CKJIAIa€TbCs 13 XJIOpYy Ta KPUNTOHY, SKi
3HAXOASATHCS MPHU OJIHAKOBUX YMOBAax 1 B piBHUX 00'eMax. BuzHauutu
MUTOMY TEIJIOEMHICTb C,, cymiti. (417 J[x/kr-K).

5. 3HaliTH TOKa3HUK ajaiabaTtu JJIs Cymimil rasiB, sKa
CKJIaJaeThes 3 Tenio Macoro 10 r ta Boanto 4 1. (1,51).

6. Monsgpna wmaca Jneskoro raszy jgopiBHwoe 0,03 Kr/moib,
BIJTHOIIECHHS C, [ ¢y - 1,4. 3HalTH NMUTOMI TEIJIOEMHOCTI Cp, 1 Cy LBOTO

razy. (cy = 693 Jlx/kr-K; ¢, = 970 x/xr-K).

7. IluToMa TEIJIOEMHICTh Ta30BO1 CyMillli, IKa CKJagaeThes 13 1
KIJIOMOJISI KACHIO Ta JIEIKOi MAacH aproHy, 1opiBHIoe ¢, = 430 J[x/kr-K.
Ska maca aproHy 3HaxXOAUThCA y ra3oBiid cymimai? (60 kr).

8. BusHauut mokasHUK aaladaTH YacTKOBO JUCOI[IMOBAHOIO
ra3orno/1iI0HOro a3oTy, CTYIIHb AucoIallii skoro gopisHtoe 0,4. (1,52).

9. Bonenr Macorw 10r Harpinu Ha A7 = 200 K, nipu npomy 0yiio
nepeaano 40 k/[x ternnoTu. 3HalTH 3MiIHY BHYTPIIIHBOI €HEPril BOJIHIO i
3niiicHeny poooty. (20,8 xkIx; 19,2 kJx).

10. Maca azotry 10,5 r 130TepMIYHO PpO3LIUPIOETHCA TIPU
temrepatypi -23 °C Tak, 110 oro Tuck 3MmiHioeTbes Big 250 go 100 klTa.
OO6uucauT poOOTy, KA BUKOHYETHCS ra3oM Ipu po3mupeHHi. (714

JIx).
11. Tlpu 130TepMiYHOMY PO3IIMPEHHI Ta3y, SKUWA 3aliMaB

o 2 o . .
1mo4yaTkoBuil 00'eM 2 M~, THCK Horo 3miHoeThses Big 0.5 mo 0,4 MlIla.
OO6umucauT poOOTy, KA BUKOHYETHCS Ta30oM MpU Po3MIUpeHHi. (223

kJ[K).
12. Maca Byruekucinoro razy 7 r Oyna Harpita Ha 10 K B ymoBax

BUIBHOT'O PO3IIMPEHHS. 3HAUTH pPOOOTY PO3LIMPEHHS T'a3y Ta 3MiHY MOro
BHYTpilIHBO1 eHeprii. (4 = 13,2 JIx; AU = 39,6 JIx).

13. B 3akputomy Oanoni 3HaxoguTbest 20 T a30Ty 1 32 T KUCHIO.

BusHaunTH 3MiHYy BHYTPIIIHBOI €HEPTrii CyMIllll Ta3iB MPU OXOJIOKEHHI
i1 Ha 28 K. (1 xJIx).

14. OguH KUIOMOJIb a30TYy 3HAaXOJIUThCS MPU HOPMAITbHHX
ymoBax. [Ipu agiabaTuuHOMY pO3IIMPEHHI razy #oro 00'emM 301bIIUBCS
y I'aTh pa3iB. Bu3HauuTu 3MIHY BHYTPIIIHBOI €HEPrii 1 poOoTy, sKa
3MIHCHIOETBCA  razoMm  npu  posmupenHi. (U= -2,69 MJlx;
A=-AU=2,69MIx).

30



15. Slka poboTa 3AIMCHIOETHCA MPU 130TEPMIYHOMY PO3IIUPEHHI
BOJIHIO Macoro 5 T, B3sAToro npu temmeparypi 290 K, saxiio o6'em rasy
30UIbLIYETHCS Y TpH pasu? (6,62 kJ1x).

16. banon o6'emom 20 1 MICTUTH BOJEHb npu TemnepaTtypi 300

K nig tuckom 0,4 MlTa. fki OyayTh 3HaY€HHS TEMIIEPATypU Ta TUCKY,
SKIIO Ta3y HAJaTh KUIbKICTh TermaoTu 6 kJ[x? (390 K; 520 xI1a).

17. Azor macorwo 5 kr, Harpitui Ha Ar= 150 K, 30epir
HEe3MIHHUM 00'eM. 3HAWTH: KIJIbKICTb TEIJIOTH, SIKa IEepejaHa Trasy;
3MiHY BHYTPIIIHBOI €HEPrii; poOoTy, sika BUKoHaHa razom. (7,75 MJIx;
7,75 MIx; 0).

18. IIpu 130TepmMiuHOMY HarpiBaHHi KUCHIO 00'emom 50 1 THCK
razy 3MiHUBCS Ha Ap= 0,5 MIla. 3HaliTu KIJIbKICTh TEMJIOTH, SKa
nepenana razy. (62,5 JIx).

19. Azor wmacorwo 200 r pO3MUPIETHCS 130TEPMIYHO TMPH
temnepatypi 280 K, a o0'eM Horo 30UIbLIYETBCS B JABa pasw.
BusHaunTu: 3MiHy BHYTPIIIHBOI €HEPrii razy; poOOTy pO3IIUPEHHS Ta3y;
KUTBKICTh TEIJIOTH, Ky oTpumas ra3. (0; 11,6 k/Ix; 11,6 kJx).

20. OO4YMCAUTH BHYTPILIHIO €HEPril0 OJHOr0  KUIOMOJIS
ByIJIeKHCIIoro razy npu tremmnepatypi 77 °C. (8,736 kJ[x/Mob).

21. OOumcnauTH BHYTPILWIHIO €HEPTril0 8 T KHCHIO MpHU
temmeparypi 300 K. (1,56 k/[x).

22. Slka HeoOXiHA eHepris s HarpiBaHHA 20 T pTYTHOI apu Bij
400 no 500 °C npu ctanomy o0'emi? (~ 125 JIx).

23. Slka KUIBKICTh TEIJIOTHM HeoOximHa mis HarpiBanHs 0,002
kmouist kucHio Ha 100 K npu ctanomy tucky? (5824 Jx).

24. OOYHUCIUTH TMHUTOMI TEIUIOEMHOCTI TeJilo, a3oTy Ta
BYIJICKUCJIOrO ra3y npu crajomy ob'emi. (3120 JIx/kr-K; 743 Jx/kr-K;
567 dx/xr-K).

25. OOYHUCIUTH TMHUTOMI TEIUIOEMHOCTI TeJilo, a3oTy Ta
BYTJIEKUCIIOrO ra3y npu ctaiomy TUCKY. (5200 Tx/xr-K; 1040 Jx/kr-K;
756 dx/xr-K).

26. 3HaliTU NHUTOMI TEIUIOEMHOCTI ¢, Ta Cy Hapu HoAay, SKILO
CTyniHb HWoro auconianii gopiBHioe 50 %. MonspHa maca Honay
0,254 kr/momab. (90 JLx/xr-K; 139,3 JIx/kr-K).
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27. YoMy AOpIBHIOE MUTOMA TEIIOEMHICTh TPUMYUYOrO razy IMpu
crainomy Tucky? (2427 Jdx/kr-K).

28. CKiNbKH MOJEKYI ra3y MiCTHTbCS B 00'eMi 1 cM’ HpH THCKY
0,025 MM pr.cT. Ta Temnepatypi 60 °C? (7,3-10').

29. SIke cniBBIHOIIEHHS M1 YMCJIOM MOJIEKYJI KHUCHIO T4 030HY€E B
CyMIIIIl KX ra3iB, AKIIO Maca KiJoMoJjd Ii€i cyMilli gopiBHIOE 33,6
KI/KMoJib? (9).

30. Kocmiuna cTaHuis po3ramoBaHa y Bipmenii Ha ropi Anare3 Ha
BucoTi 3250 M. 3HalTH THCK MOBITPS HA il BHCOTI, SKIIO HOTO
temriepatypa S5 °C (a1 noBitps MossipHa Maca aopiBHioe 0,029 kr/moib.

(67983 H/n).

31. Ha sixiii BUCOTI THCK MOBITPSI CTAHOBUTH 75% HOro TUCKY Ha piBHI
mops? Temnieparypy noBiTpst BBaxkatu ctajioro 1 piHoto 0 °C. (2,3 km).

32. Banon wmictkictio 10 11 3 kucHeM, THCK skoro 78-10° H/m® i
temrniepatypa 7 °C, HarpiBaetbcst 10 15,5 °C. SIKy KUIBKICTh TEIJIOTH
nornuHae raz? (5956 Jx).

33. AzoT macor 0,2 Kr HarpiBaeThCs MPU CTAIOMY TUCKY Big 20
no 100 °C. Sky KUIbKICTb TEIJIOTH BOWpae ra3? Skuil mpupict
BHYTpIIIHBOI eHeprii ra3y? SKy 30BHIIIHIO poOOTYy BUKOHYE Tra3?
(16,64 x/Ix; 11,885 x/lx; 4,755 xIx).

34. IloyaTkoBui THCK JBOXaroMmHoro raszy 120 atm, o0'em 1 .
3HalTH TUCK ra3y, AKIIOo Horo o0'eM HaOupaTuMe 3HaYeHHS 2 JI, 3 1,
4 n, 5 1, a mpoliiec po3MMUPEeHHs ra3y i3orepMiunnil. [ToOyayBaTu rpadik
nporo npouecy. (60 atm; 40 at™; 30 at™m; 24 aTm).

35. SIka KUIBKICTh TEIUIOTH BHIUISETHCS, SKIO a30T Macorm 1 T,
akuid 3HaxomautThes npu temneparypl 280 K mig tuckom 0,1 Mlla,
130TepMiuHO cTHCHEHUM A0 Tucky 1 MIla? (101 [Ix).

36. T'emit macoro 1 r OyB Harpituii Ha Ar= 100 K mnpu
noCTIMHOMY THUCKY. O04ucauTH: 1) KUIBKICTh TEIUIOTH JIJII HarpiBaHHs
razy; 2) poOOTy pO3LIMPEHHs rasy; 3) MpUPICT BHYTPIIIHBOI €HEprii
razy. ( 1)520 JIx; 2) 208 JIx; 3) 312 JIx).

37. 10 1 razy, mo nepedypae mig TuckoM 100 klla, HarpiBaroTh
Bia 300 no 400 K. O6unciautu poOOTy mpu 1300apHOMY PO3LIUPEHHI
razy? (3300 Ix).
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38. SIxka KINBKICTh TEIUIOTU BUAUISETHCS TMPHU 130TEPMIYHOMY
ctucHeHni 1 r azotry Big 0,1 mo 1 MIla npu temmneparypi 280 K?

(191 Ix).
39. Ilpu agiabaTUYHOMY CTUCHEHHI Ta3y MOro 00'eM 3MEHIIUBCS B

10 paziB, a Thck 30ubIKBCA B 21,4 pa3u. BusHauuTu BiAHOIIEHHS
C,/Cy TennoeMHuocteit razy. (1,33).

40. Busnauutu poOOTY aJ1adaTUYHOrO PO3IMIMPEHHS BOJHIO
Macor 4 r, Ko Temieparypa razy smenmmiacs Ha 10 K. (416 [Ix).

41. Ska KUIBKICTh TEIJIOTA BUAUISETHCS MPHU 130TEPMIYHOMY
CTHUCHEHHI 3 J1 moBiTps A0 00'emy 0,5 JI, SIKIIO HOT0 MOYATKOBUM THUCK
nopiBHio€e 760 Mm pT. cT.? (~ 545 JIx).

42. 1 kr noBiTps, B3saTOoro npu temneparypi 20 °C, cTUCKaIOTh
TaK, 10 HOro THcK 3poctae Big 9,8 1o 98 H/m®. OGuuciuTi podoTy y

BUIAJKY 130T€PMIYHOTO Ta agiadaTudyHoro ctucHeHHs. (195 wxJlxk;
196 xJ1x).

43. Sk 3miHutbecs BHyTpimHA eHeprig 100 r KuCHIO mpu HOro
HarpiBanHi Bij 10 go 60 °C, skiio mpoiiec BiIOYBA€ThCS: a) IIPU CTATIOMY
00'emi; 0) mpu cTaIOMy THUCKY; B) BHACIIOK a/11a0aTUYHOTO CTUCHEHHSI?
(3250 Ox).

44. Sk 3MIHUTBCS BHYTPILIHS €HEPris a30Ty, B3SITOr0 3a
HOpMaJbHUX YMOB B 00'emi 10 1, skio #oro o0'eM 301AbIIUTHCS 0
12 1 13006apuunoO Ta agiabatuuno? (~ 507 x; -307 JIx).

45. YV uwiniHApl 3HaXOAUThCS MOBITpA mia TUckoM 10 atMocdep
npu 40 °C. BusHauutu Macy MOBITPS, AKIIO HNPHU 1300apUUYHOMY
HarpiBanHi 70 100 °C BiH BUKOHYy€e poOoTy, piBHY 39592 JIx. (2,3 KI).

46. 10 1 razy, mo nepeOyBae Mmijy TACKOM 2 aTM, PO3MIMPHUIOCS J10
o0'emy 28 1. O0umMcauTH POOOTY raszy y BHUIAJKY: a) 1300apUUHOTO
po3IIUpeHHs; 0) 130TepmiuHoro posmuperHs. (3532 Ix; 2021 kJIx).

47. BuszHauutd 00'eM a30Ty, IO 3HAXOJAWUTHCA B LWIIHIAPI Mif
TUCKOM 12 atm, sikio npu 1300apuunomy HarpiBanHi Big 100 go 500 °C
ra3 BUKOHAB POOOTY MiAHIMAHHS TOPLIHSA, 10 AopiBHIOE 9,8-10% JIxk.
(77,9-10>0).

48. BuzHauutu poOOTYy aaiabaTUYHOr0 CTUCHEHHsI 1 Kr TMOBITpS
Big Tucky 1 atm mo 10 aTM, sKiIo #oro nmovyaTkoBa TeMieparypa Oyna

7 °C. (-187 xJI%).
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49. Ilpu aniabaTUYHOMY CTHUCHEHHI KHUCHIO Macoro | kr Oyna
BUKOHaHa poOota 100 kx/[>k. BuzHauuTu KiHILIEBY TeMmIlepaTypy rasy,
SKIIO O CTUCHEHHS KUCHIO TemIiieparypa O0yia 300 K. (454 K).

50. B nocynuHi1 3HaXOAUTHCS CyMIIIl JIBOX T'a3iB: KUCHIO Macor 6
r 1 a30Ty Macoro 3 r. BU3HauuTu NUTOMI TEIJIOEMHOCTI 1€l cyMmili. (Cy

= 680 Tx/xr-K; ¢, = 952 Jx/xr-K).
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3. Kos10Bi mpouecu Ta peaJjibHi ra3u

3.1. OcHOBHI TeOpeTHYHI BIIOMOCTI
1. Koediuient kopucnoi aii (KK]I) mukny
Q=0
0

ne ;- KUIbKICTh TEIUIOTH, IKY OTPUMYE ra3 BijJ Harpipaya;
(,- KUIbKICTh TEIJIOTH, SIKA IEPENAETHCS XONOJUIBHUKY.
KK/l mukny Kapno
-1,
T
ne T; - temnepaTypa HarpiBaya; 1, - TeMIIepaTypa XOJOAUIbHHUKA.
2. PiBusanHst Ban-aep-Baanbca 11 0oqHOro MOJIs razy

(p +%J(Vm —b)=RT,

m

77:

7ie p - TUCK Ha CTIHKU MOCYJIUHH;
a1 b - ctan Ban-nep-Baansca;
Vin- MOJISIpHUM 00'eM rasy.
PiBusanHs Ban-aep-Baanbca niis Oyab-sK0i Macu ra3y Ma€ BUTJIS

2
m a m m
+ vy -"p|=""RT,
(p MZVZJ( M) M

ne V— o0'eM ycboro raszy; M - MoJisipHa Maca rasy.
2

. ... m a o
B upomy piBHSIHHI — — = p, - TUCK, OOYMOBJICHUH CUJIAMU
M2y: !

m v
B3a€MOJII MOJIEKYT, v b =V;- BnacHuil 00'eM MOJIEKYIL.

3.  3B'430K KpUTHYHHUX MapaMeTpiB - 00'eMy, TUCKY 1 TEMIIEpATypH 31
ctanuMu a 1 b Ban-nep-Baannbca:

a ‘T, = Sa .
27b? 27Rb
L1 piBHSIHHSI MO>KHA PO3B'sI3aTH BIAHOCHO CTaNMX a 1 b:

2 52
a:27TkpR b:TkpR.
64y, 8Psy

Vokp - 3b, pkp =
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4.  BuyTpilHA €HEpris peaibHOro razy

Lf:lﬁ(c;T— “],
M v

m

ne Cy - MoJIsipHA TEIJIOEMHICTh IIPU CTAJIOMY 00'eMi;
V,, - MOJIApHUI 00'eM.
5. 3miHa eHTpoIii

B
AS:in,
dT

ne A 1 B - Mexi IHTerpyBaHHs.

3.2. llpuxkiaaau po3B'dA3aHHA 32124

3agaua 3.1. I1ix yac nukny KapHo ra3, HaOpaBiiu Bij Harpipaua
10° JIx Tema, BukoHaB poGory 400 JIx. 3HaHTH TeMmIiepaTypy
HarpiBaya, AKIo Temneparypa xonoauiabHuka 0 °C.

Pimennsi. KKJI igeanpHO1 TEMI0BOI MallIUHU

— A T,-T
77:Q] QZ: 36077: 1 2’

o O T

ne O, — 0, = A- KOpUCHE TEIUI0, U0 MEPETBOPIOETHCS B pOOOTY A.

Yucnose 3naueHHsa KK/ TermmoBoi MaluHu

A
77:——4—00:0,4 a60 40%.

O, 1000
3unaroun KK/[ TemioBoi MainHu 1 TeMneparypy XonoauibHuka 75,

MO>KHa 3HAUTH TeMIepaTypy HarpiBava

T 273
T,=—2 = = 455K.
I-n 1-04

Binnosinb: 7, =455K.

3amaya 3.2. BuszHauuTu 3MiHY EHTPOIMIl NPH 130TEPMIYHOMY
pO3LIMpPEeHH1 KUCHIO Macoro 10 r Big 00'emy 25 1 10 06'emy 100 1.
PimieHHss. 3MiHYy €HTpOMIi KUCHIO NPH 130T€PMIYHOMY IPOIIEC]
MOKHA 00YUCITUTHU 3a (HOPMYIIOI0
2
d
AS=S,-38, =j—Q,
o T
BUHECEMO TEMIIEpATypy 3a 3HAK IHTETpaly, OTPUMAEMO
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1102
S—EJ]'dQ—?,

KinpkicTb Temiotu Q, sIKy OTpUMY€ KMCEHb, 3HANAEMO 32 MEPIITUM
3aKOHOM TepmoauHaMiku: O = AU + A.

st 13otepmiunoro nporecy AU = 0, Tooto Q = A4, a pobdorta A
IS IIbOTO MPOIIECY BU3ZHAYAETHCS 32 OPMYIIOIO

A=""RTIn"2
M Vi
e M= 18-10 ° Kr/MoJIb - MOJISIPHA Maca KHCHIO.
3 ypaxyBaHHSAM L€l GOpMyIU, BU3HAYUMO 3MIHY €HTPOMIi

m V.
AS =—RIn-=2
M Vv,
[lincraBnsitoun B OCTaHHIO (POPMYJY YHMCIOBI 3HAYEHHS BEJIUYUH,
B3sATUX B oauHUIIX cuctemu Cl, maemo

-3 -3
pg = 1010 . 831110010~ 103 .4 2
18-107 25107 K

BignoBinb: AS= 6,4 /[o«c/K.

3apmaya 3.3. 3HailTM 3MIHY EHTPOIIi MOpPHU OXOJOMKEHHI 2 T
noBiTps Big 40 mo O °C: 1). opu crajomy 00'eMi; 2). Ipu CTajIoMy
THUCKY.

PimlenHs. 3MiHy eHTpomii TMOBITPS HAOJMAKEHO MOXKHA
0o0urCIUTH 32 (POPMYIIOLO, IO BHpamae 3MiHY €HTpOMii 17IealbHOro ra3y

td
AS=8,-S=["= ©
f T
IpY HECKIHYEHHO MaJliil 3MiH1 Temriepatypu d1.
[Ipu HarpiBaHHI NOJIA€THCS KIJIBKICTh TEIJIOTH
dQ=mcdT,
7€ m - Maca MOBITPS; € - HOTO MMUTOMA TEIJIOEMHICTb.
BpaxoByrouu, 1o V= const, VdP = RdT, 3Biaku
Vd,
dr =2
R
a TakKoX 13 PIBHSAHHA CTaHy iaeaidbHoro ra3zy pV =RT
3HaxoaumMoV = RT / P. miaCcTaBUBIIY 11l 3HAYEHHA y PIBHAHHA 11 dQ,
3HAXOJUMO
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dQ = mcy, d_p
p

AHAJIOT1YHO 3HaX0IUMO 3Ha4YCHHS dQ 11l CTAJIOr0 TUCKY

d V
dQ =mc,—
0= Py
VY nepuioMy BUNAAKY CTaJIUM JIMIIAETHCS 00'€M, TOMY
AS = chI = mcy In— P2
pr

Binnomenuss P,/P; 3HaXoAuMO 3a PIBHSHHSIM 130XOpPUYHOTO
porecy
p, T, 273

_f2 27 g7
p, T, 3I3
TOA1
AS = 0.0022-727633 227 100.87 = 0.203 27
k- K
VY npyroMmy BUNAJKy CTaJIUM JUIIAETHCS TUCK, TOMY
ASzmcp d—V—mc an2
TV Vi

Binnomenns V,/V; 3Haxoaumo 3a pIBHSAHHAM 1300apUYHOTO
nporecy

Vo_lB 273 _her
v, T, 3I3
TOM1
AS = 0,002x2-1016 ﬂ”’l"{ 1087 = 0.283%7€
Ke -

L

BiagnmoBiab: 1) AS =0,203—— X ﬂgfc

. 2) AS =0,283°7°
K

3amaua 3.4. OO0UuCIUTH, KOPUCTYIOUUCHh PIBHSHHIM BaH-nep-
Baanbca, Tuck 1,1 Kr Byrjekuciaoro rasy, 10 3HaXOJUThCS B OajioHI
micTkicTio 20 1 ipu Temnepatypi 13 °C. Pe3ynbTaT nopiBHATH 3 TUCKOM
171IeaIbHOTO Ta3y 3a TUX CAMHUX YMOB.

Pimenns. PiBusuHs Ban-nep-Baanbca mae BUTIS I

(p+ 5 Jr-0)-

Vv
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3BIIKHU
_RT a
Py 2y
e a=0,364 m*-H/mons’; b=4,3-10" M3/Mob.
Yuco MOJIiB BYTJIEKUCIIOTO a3y JOPIBHIOE
m 1,1xe

M 44-10" ke / monw
O06'em, 110 HiOro 3aiiMae OIMH MOJIb BYTJIEKHUCIIOTO Ta3y, JOPIBHIOE
Vo20-107 M

1% 25 monw
[TincTaBuBmM y (GopMyay THCKY UYMCIOBI 3HAUYE€HHSI BEJUYMH,

B34TUX B ogquHULIAX cuctemu Cl, 3HaXoamuMo
8,32 Iowc / monw - K - 286 K

0.8-107° m> / mono — 0,043 - 10> s> / monw

= 25mone.

v

=0,8- 1073 3% / monw.

=254-10°P/ m°.

p:

Tuck, 1o oO0UnCIOEThCA 3a pIBHSAHHIM MeHeneeBa-Knanelipona,
JOPIBHIOE
_RT 832/ monv-K-286K
V 0.8-107° m’ / mumon
OcraHHIN pe3yJbTaT BIAPI3HIETHCA BijJ PE3YJIbTaTy, OJAEPKAHOTO
IpU BpaxyBaHHi IONMPABOK @ Ta b Ha Bemmunny Ap= 4,3 * 10° H/M °, 110
J1a€ BITHOCHY MOXUOKY

A 10°H / w’
g0 IIVHIN 166 1072 a60 16,9 %
p 254-10°H/m

Bignosinb: ¢ =16,9-107° =16,9%.

=297.-10°H / m°.

3anaua 3.5. BuzHauntu KpUTU4HI HapamMeTpu a3oTy.

Pimenns. KputuuHi napaMetpu rasy BiAIOBIAalOTh TAKOMY HOTO
CTaHy, NpU SKOMY 3HHMKA€ PI3HMISL MK PIIMHOIO Ta 1l Maporo.
[TapameTpu BOro CTaHy MOXHa OOYMCIUTH 3a CTAJIUMHU ISl JAHOTO
raszy a Ta b, ki 0epyThbcs 3 TaOJIUIIb.

Kputnunuii 00'eM

Vip=3b=3-3,86-10 »’/mone =11,58-107 ' /monw.

Kputnunuit Tuck
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0,135H'M2

a MOJIb 5
P _ = 338-10° Ila.
P 27b2 27(3.86-107° )2 S / mon®

Kputnuna temmneparypa

o 0135 1M
T, = = MOTb e " 126K.
27bR 57 386107 ° / umon- 8.3 2
Mmoawb - K

Bimnosine: V,,=11,58-10° v’ monw; p,, = 33,8-10° ITa; T,,, =126 K.

3.3. [IuTaHHA 10 CAMOCTIIHOT0 KOHTPOJIIO
1.5Ix1 iporiecu 3ByThCsi OOOPOTHUMU Ta HEOOOPOTHUMHU?

2. Sxi mporecu 3ByThCS KOJOBUMH ITpoIlecaMu a00 IHUKJIaMU Ta B
SKOMY BHUIIaJKy poOOTa ra3y mnpu KoJIoBOMYy Ipolieci Oyae 10JaTHOO, a
B SIKOMY - B1JI'€MHOIO?

3. Skuii mpouec Ha3uBaeThes 1ukiIoM KapHo?
4. Y yomy noJjsrae Ipyruil 3aK0H TEPMOJIUHAMIKN?

5. Y yomy nossirae IpUHIMI pOOOTH XOJOAWIBHOI MAIlIMHU Ta SIK
ooumncaroeThes 1 KKJ[?

6. SIke CHIBBIJHOLIEHHS MiX E€HTPOIIE Ta TEPMOJAMHAMIYHOIO
IMOBIPHICTIO CTaHY TEPMOJAUHAMIYHOI CUCTEMH Ta B YOMY 3MICT LIbOTO
3B'SI3KY?

7. Il{o Take eHTpoMis Ta 1110 BOHA XapaKTepu3ye?
8. B womy cyth HepiBHOCTel Kiay3ica?

9. B sxoMy BUMAaAKy MalluHa, Mpaiody 3a nukioM KaphHo, Oyzae
TEIUIOBOIO, a B SIKOMY - XOJIOAHJIBHOO?

10.3a AKMX yMOB pPiBHSIHHA 17€aJbHOTO a3y MOXHa 3aCTOCYBAaTH
710 peaIbHUX Ta3iB?

11. Sxi mompaBku BHeceHO Ban-nep-BaanbcoM y piBHSHHS
MenneneeBa-Knanelipona ta B YoMy iX CyThb?

12. Sxuit BUrIA] MalOTh 130TE€PMH 17€aJbHOTO Ta PeaIbHOro
ra3iB? [losICHUTH KOKHY JUTBHUITIO 130TEPMHU PEATLHOTO Ta3y.

13.5Ixui1 cTaH ra3y Ha3UBAETHCA KPUTUUHUM?
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14. SIx MOXHa IEpeBECTH Ta3 y PIAKUANA cTaH?

15. ¥V domy mnonsrae edexkt Jxoynsi-ToMcoHa Ta sK BiH
MOSICHIOETHCA?

3.4. 3agaui quis podoTH B ayAUTOPIil

l. IneansHa TemoBa MalivHAa, KA npamoe no nukiny Kapho, 3a
OUKJ OTpuMye Bia HarpiBaua 2,512 x/[x temnortu. Temmeparypa
HarpiBaua 400 K, remneparypa xonoaunsauka 300 K. 3naititu poborty,
sKa 301HCHIOETHCSI MAIIWHOIO 32 OAWH IUKJI, 1 KIIBKICTh TEIJIOTH, SIKa
BI/IIAE€THCA XOJIOIUIBHUKY 3a oAuH UK. (4 - 630 JIx; O = 1,88 kJ[x).

2. IneanpHa TemJioBa MalllWHA, siKa Ipamroe no uukiny Kapho,

3A1MCHIOE 32 OJUH IUKJI podoTy 2,94 /X 1 Bigmae 3a OqUH LMK
xononwibHUKY 13,4 /[ Tennoru. 3naiitu KK/ nukmy. (18%).

3. Maca 6,6 r BOJHIO pO3IIMPIOETHCS 1300apHO BiJ 00'emy V; 1o
00'emy V, =2 V,. 3HaliTH 3MiHY €HTpPOIii IPU [[bOMY PO3UIUPEHHI.

m V.
AS =—C,In-2 =66,3/Joc/K )i
3 Coln = 00300/ )
4. Maca 10 r kucHo HarpiBaeThcs Bia Temmeparypu 50 mo 150 °C.
3HalTH 3MIHY EHTpOMNli, SKIIO HAarpiBaHHsS 3IMCHIOETHCA: a) MpPH
crajsomy o0'emi; 0) mipu ctaoMy Tucky. ( a) 1,76 JLx/K; 0) 2,46 JIx/K).
5. Maca 10 r remiio 3aiimae 06'em 100 cm’ mpu Treky 100 MITa.

3HallTH TeMmepaTypy rasdy, SKIIO BBa)XaTu HOro: a) ijeajibHum; 0)
peanbHuM. ((a) 482 K; 6) 654 K).

6. BuzHauutu kputnyHi temmepatypy Ty, 1 TUCK p,,- 1) KUCHIO; 2)
Boau. ( 1) 150 K, 5 MIla; 2) 654 K, 22,6 MIIa).

7. B nocyauHi emuicTio 10 11 3HaxoauThest 360 T BOAsSHOT mapu
npu temmepatypi 470 K. O0uucInT TUCK Mapy Ha CTIHKH MOCYJIMHHU.

BBaskatu napy peanbHuM razom. (7,64-10° Ia).

3.5. 3agaui auis caMOCTIiHHOL po0oTH

1. Ilix 4yac koyioBOrO mpollecy raz BUKOHaB poooty 1 JIx Ta
nepeaaB xonoawnbHuKy 4,2 Jlx Tterna. Axuit KK nuxny? (0,193).

2. T'a3 oxmepxaB Bijg HarpiBHuka 4 kJ/[k Ttemna. Sky poOoty
BUKOHAB Ta3, ko KK/ nukay 0,17 (400 Ix).
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3. ImeanpHa TerioBa MalllMHA mpanoe no I1ukiay KaphHo i
BUKOHYE 3a OJHUH IUKJI poboTy 2,94 kJIx Ta BiAmae 3a OAUH LMK
xonoaunbHuKy 13,4 xJIx Termotu. 3naktu KK/ mukiy. (0,18).

4. IneanpHa TemoBa MammuHa npamroe no uukiny Kapno. Ilpum
npoMy 80% TEIoTH, SIKYy OTPUMY€E MalllMHa BiJl HarpiBaya, nepeaaeTbes
XOJIOAWIBHUKY. MamunHa oTpumye BiJ HarpiBada 6,28 x/[ TemiaoTw.
3naiitu KKJ]| uukiny ta po0oTy, SIKy BUKOHYE MalllMHA 33 OJWH IUKIL
(0,2; 1,26 xJIx).

5. 3HaiiTh 3MIHY eHTpomii mpu mneperBopeHHi 10 T nboxy mnpu
temrepatypi -20 °C B napy (t; = 100 °C).

AS =mc, ln&+£+cBln£+L =88ﬂ—gfc.
T T, 1, T, K

6. 3HaliTU 3MIHY EHTpOINli NpU 1300apUYHOMY PO3IIMPEHHI 4 T
azoty Big 00'emy 5 11 10 00'emy 9 1. (2,43 JIx/K).

7. Jlin macor 2 kr npu Temmeparypi 0 °C OyB mepeTBOpeHUil y
BOAY NpH TiH XK€ TemIeparypi Hpu AONOMO31 mapu, sKa mala
temrneparypy 100 °C. OOuumcnutu Macy mapu, sika HEoOXigHa IS
NEePETBOPEHHS JIbOAY B BOAY. 3HAUTHU 3MIHY €HTPOIIIi CUCTEMH JI1I-T1ap.

A T
(my=— 1" 510, A8 =" TR0y 1072 = 610 e / K ).
A+c(Ty=Tp) T, T

8. Kucenb Macoro 2 Kr 30UTbIINB CBiil 00'eM B M'ATh pasiB: OAMH
pa3 130TepMIYHO, JApPYyrui - ajiabaTudyHO. 3HAWTH 3MIHY €HTpPOIIii B
koxxHOMY TIporteci. (AS; = 836 [/ K, AS = 0)

9. Sdxy temnepatypy Mae maca 10 r remito, Akuid 3alimae 00'em
100 cm” mpu Tucky 100 MITa? ['a3 posriasmaeTses sK: a) iAeanbHHIL;
0) peanbuuid. (482 K; 204 K).

10. B mocyaum o6'emom 0,3 1 3HaAXOAUTHCS OJUH MOJb
ByrJiekucioro rasy npu temmneparypi 300 K. O6unciautu TUCK rasy: a)
no piBHAHHIO MenneneeBa-Knaneiipona; 0) mo piBHsSHHIO Ban-gep-
Baanbca. (a) 8,31 MIla; 6) 5,67 MIIa).

11. Tuck kucHio nopiBHioe 7 MIla, i#oro rycruna 100 kr/m’.

v 1( M, 3
3HAUTH TEMIEPATYPy KUCHIO. (T = E(_p —pb+2P aAZ’Z } =287K ]

P M
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12. Bu3HauuTH THUCK BOJASHOI mapu wMacorw 1 Kr mnpwu
temnepatypi 280 K ta 06'emi: 1) 1000 i1; 2) 10 15 3) 2 ;1. (1) 174 xlIla;
2) 3,94 MIla; 3)101 MIIa)

13. Kputnuna temneparypa aprony 151 K 1 kputuunuii Tuck 4,86
MITIa. Bu3HauuT 3riJHO IIUX NapaMeTpiB KPUTUYHUN MOJIIPHUN 00'emM

3T, 3
aprouy. |V, = 2 R=968.10°0 |
kp
8Py MOJb

14. T'a3 3HaXOAUTHCS B KPUTHUUYHOMY CTaHl. Y CKUIBKH pas3iB
30UIBIIUTBCA TUCK Ta3y, SKIIO MOro TeMmieparypa i30XOpUYHO
30UIBIINTHCA Y J1Ba pa3u? (B m'sATh pasiB).

15. Bu3HAUuUTU BHYTPILIHIO €HEPril0 OJHOTO MOJISI a30Ty MpH
KputnuHiil Temnepatypi 126 K. Obuucnenss BukoHatu s o0'emis: 1)
20m;2)2 1;3)0,2 1. (1) 2,61 xJIx; 2) 2,55 xJIx; 3) 1,94 x/[x).

16. IneanbHuii ra3 3aificHioe uukia Kapuo. Temmnepartypa
xoyionuiibHUKa JopiBHIOE 290 K. ¥V ckuibku pasiB 30uibmuThes KK/

UKITY, SIKIIO TeMIleparypa HarpiBaya niasuiuthesa Big 400 o 600 K?
(1,88).

17. IneanbHuit ra3 3aidicHioe 1nukia Kapuo. Temmnepartypa
HarpiBHHMKA B TPU pa3u OiiblIa TeMIepaTypH xojioauiabHuka. HarpiBau
BiasaB ra3y 42 kJIx tennotu. SAky poOoTy BukoHaB ra3? (28 k/x).

18. InmeanmbHuii ra3 3aificHioe 1wk Kapuo. Temmnepartypa
HarpiBaua nopiBHioe 470 K, Temmeparypa XOJIOJWUIBbHHUKA JIOPIBHIOE
280 K. Ilpu 130TepMiyHOMY pO3IMIMPEHH] ra3 BUKOHYe poooty 100 Jx.
Buznauntu tepmiunuii KK/ nmukiny, a TakoX KUIbKICTh TEIUIOTH, SKY
ra3 Bijjae xonoauiabHuky. (0,404; 59,6 JIx).

19. Slkoro moBUHHA OYTH TEMIlEpaTypa XOJOAWIbHUKA 1]1€aJIbHOI
napoBoi MamuHu, ko npu temneparypt mapu 200 °C i KK
nopiBHtoe 21,1%? (373K).

20. Temneparypa napu y kotai 200 °C, a B xonogunbHuky 100
°C. 3uaiitm KKJI TemnoBoi MamIMHU, BBa)KarouW il igeanbHOI0. K1
icHyr0Tb 3aco01 miaBuieHds: KK/ peansHoi TennoBoi mamuau? (21%).

21. T'a3 orpumaB Bixg HarpiBada 300 [Ix Temna. SIky poboty
BuKkoHaB ra3, skimo KKJI nwmkny 0,47 Ckinbku Temia ra3 BIJJIaB
xonoauiibHUKY? (120 Jx; 180 Jx).
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22. Ilim yac KOJ0BOro Ipolecy raz BUKoHaB pobdorty 50 [k Ta
BiaB xonoamwibHUKy 200 JIx Tenna. Axuii KK nuxny? (20 %).

23. 2 xr Boau HarpiBaetbcsa Big 10 go 100 °C ta npu 1miid
TeMrnepaTypl NMEepeTBOPIOEThCS B mapy. OOUYMCIUTH 3MIHY EHTPOIMii.
(«14.,4 x1x/K).

24. O0yucaUTH 3MIHY EHTPOIIi MPU IJIABJEHHI 2 KI JIbOAY, 110
Mmae temreparypy 0 °C. (2462 Ix/K).

25. 3HaiiTh 3MIHY EHTpPOIi MpU 1300apUYHOMY PO3IIMPEHHI 8 T
renito Big o0'emy 10 mo 25 1. (-38,5 J[x/K).

26. 3HaliT 3MIHY €HTPOMii NP 130TEPMIYHOMY PO3LIUPEHH] 6 T
BOAHIO, SAKIIO WMOr0 THCK 3MEHIIUTHCA B OAHOI /O IOJOBUHU
atMochepu. (17,7 Ix/K).

27. 0,02 xr remito 3aiimae o0'em FO"4 M3 npu tucky 108 H/m2.

Ska temnepartypa razy? koo Oyna O Temieparypa rasy, sKIo BiH OyB
ou 1neanbHUM? (22224 K; =481 K).

28. O0UMCANTH BHYTPIIIHIA THCK Ta BJIACHUNA 00'€eM MOJEKYJ

KHUCHIO, SIKIIO B 0anoH1 MicTKicTIO 10 2 M3 3HaxoauThes 0,5 kr rasy.
(3,32105 ITa; 124 cnr).

29. 3naitu cram Ban-nep-Baanbca mis  azory, SKIIO TpH
KPUTUYHOMY CTaH1 MOTro TUCK AOpiBHIOE 33,5 aTMm, a Temmeparypa 126
K. (1,36-105H-m"/xmoub” ; 0,0386 M/ KMOIIB).

30. 3maiitu ctam a 1 b B piBHSHHI Ban-gep-Baanbca s
BYIJIEKMCIIOTO Ta3y, SAKIIO HOro KpPUTHUYHMM TUCK 73 atMm, a
temmeparypa 304K. (3,64-10° Hm"/xmoms"; 0,0426M°/kMOIB).

31. O0GuucnuTH KPUTHUYHY TeMIieparypy Ta TUCK aprony. (151K;
48,7-10° Ia).

32. O0YUCIUTH KPUTUYHY TemIepaTypy Ta TUCK renito. (5,2 K;
2,3-10° ITa).

33. O0umucauTu 3MIHY EHTpOMii MpU MHepeTBOpeHHl | T BoAW B
napy (t,=100°C).(7,4 Ix/K).

34. O0uyucauTH 3MiHY €HTPOIIl NP IUIaBJIEHHI | Kr Jbomy, IO
mae temnepatypy 0 °C. (1230 Jx/K).
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35. PosmnaBnenuit cBuHeup macoro 600 r mpu Temmeparypi
NJaBJ€HHS BWiIuiaM Ha jaig npu temneparypi 0 °C. 3HaliTu 3MiHY
eHTporii npu ubomy npoteci. (63 Ix/K).

36. OOuucIUTH 3MIHY EHTPOIII MPU MEPeXoai 8 T' KHUCHIO Bif
o0'emy 10 11 mpu Temnepatypi 80 °C no o0'emy 40 11 mpu TemmnepaTypi

T
300°C. | AS =" (0 2+ Rin"2 ) = 5.4 0000/ K |
M,

37. 3HallTH 3MIHY €HTPOIIil OpHU 130TEPMIYHOMY PO3IIUPEHHI 6 T
BOJIHIO. Tuck 1ipu ibomy 3MmiHeThes Big 100 qo 50 kIla. (17,3 JIx/K).

38. Azor macoro 10,5 r 130TepMIYHO PO3MIUPIOETHCS Bl 00'eMy 2
J 10 5 1. 3HalTH 3MIHY €HTPOIIii Ipu 1iboMy miporieci. (2,9 Jhx/K).

39. Sxy TemnepaTtypy Mae Maca 3,5 T KUCHIO, SIKMI 3aiiMae 00'eM
90 cM® mpu THCKY 2,8 MIIa? T'a3 posrimsmatd sK: a) igeaubHUIL; 0)
peanbHuil. (a) 281 K; 0) 289 K).

40. 1 KMOJb BYIJIEKHCIIOIO Ta3y 3HAXOJIUTHCS MPHU TEeMIepaTypi
100 °C i 3aiimae 06'em 0,05 M. OGUHCINTH THCK rasy, SKIIO BBAKATH
fioro: a) peasnibHUM; 0) 11easibHUM. ( a)273 Mlla; 0) 61,8 mlla).

41. B 3akpuTiit mocymuni o6'emom 0,5 M’ 3Haxomuthesa 0,6
KMOJIb Byrjekucioro razy npu Tucky 3 MlIla. Kopucryrouuchk
piBHsHHSAM Ban-nep-Baanbca, 3HaiiTH, y CKiJIbKH pa3iB TpeOa 301JIbIINUTH
TEMIIepaTypy rasy, o0 HOoro TUCK 301IbIIMBCS B JBa Pa3Hy.

42. 3naiiTu KpuTUYHUK 00'eM peyoBuHM: 1) kucHIO Macorw 0,5
r; 2) Boau Macoro 1 . (1,45-10° m’; 2) 5-10° ).

43. OOuucautd pooOOTYy aa1adaTUYHOTO PO3MIMPEHHS BOJIHIO
Macoro 4 r, Ko Temiieparypa razy suusuiach Ha 10 K. (416 Jx).

44. Azot macow 2 1, gakuil maB Ttemmepatypy 300 K, Oys
a/1adaTMYHO CTUCHYTUH Tak, 110 Horo o0'em 3meHmuBcs y 10 pasis.
Bu3HauuTH KiHLIEBY TEMIIEPATYpPY ra3y i poOOTy CTUCHEHHS.

(T, =T’ =754K; A="LR(T,~T,) = 674 [Tc.
M2
45. Kucenp, sikuii 3aiimaB o0'em 1 1 mpu tucky 1,2 Mlla,

aniadaTuyHo po3mupuBca A0 o0'emy 10 5. Busnauutu poodoTy
po3mupenHs razy. (1,81 k/[x).
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46. B mocynuni emHicTio 10 1 3HaxoauThcs a3oT macow 0,25
Kr. BusnauuTtu: 1) BHYTpIIIHIA TUCK p ra3y; 2) BiacHUM o00'eMm
morekyiL. ( 1) 108 kIIa; 2) 86,2-10° ar).

47. Bu3HauuTH THUCK, KUK OyJ€ CTBOPIOBATU KUCEHb KUIBKICTIO 1
MOJIb, SKIIO BiH 3aiimae o00'em 0,5 1 mpu temmneparypi 300 K.
[TopiBHATH OTpUMaHU PE3YJIbTAT 3 TUCKOM, SIKUM BU3HAYAETHCS 3T1THO
piBHsiHHIO MenpaeneeBa-Knaneitpona. (4,78 Mlla; 4,99 MIIa).

48. Obunciutu ctani a 1 b y piBHaHHI Ban-gep-Baanbca nms
a3oTy, Ko KputuyHa Temmeparypa Ti,= 126 K 1 tuck py, = 3,39 MlIla.

., - R o T, 'R 3
A R Y LA R YV R

a =
( 64 B, MOJIb 8 Piy MOJIb

).

49. Taz s3miicHioe mukia Kapuo 1 Bigmae Ttemiory 14 ]Ik
XOJIOMUJIPHUKY. BH3HaUWTH TeMmmeparypy HarpiBada, SKIIO IpH
Temrepatypi xonoauibHuka 280 K po6ora nukiny KapHo nopiBHioe 6
kJ[x. (364 K).

50. T'a3, 3miiicHorOunii MK KapHo, BijaB XonoAWIbHUKY 67%
TEIJIOTH, SKy OTpUMaB BIiJ HarpiBaua. BuszHauuTH TemmepaTypy
XOJIOAUJILHUKA, KO TemrnepaTypa HarpiBada 430 K. (288 K).
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4. Ynciio 3iTKHEeHb MOJIEKYJI TA IBUILA MEPEHOCY

4.1. OcHOBHI TeoOpeTHYHi BiIOMOCTI
1.  CepenHe 4ucio 31TKHEHb OJIHIET MOJIEKYJIM Ta3y 3a OJWHHUILIIO 4acy

Z =2nd*nv
ne d - epeKTUBHUN A1aMeTp MOJICKYIIH;
n - KOHIIEHTpallisl MOJIEKYI;
Vv - cepeliHs apu(METUUHA MIBUIAKICTH MOJIEKYIIH.

2.  IlpuiiHsBIIM, IO KOXHA MOJIEKYJla 3HAaXOJIUThCS B LIEHTPI
KyOi4HOi KOMIpKH 00'emoM V), nAiamMerp MOJIEKYJH 3HAaXOHSTh IO

bopmyii:
d =3V, =

ne M - MoJisipHa Maca pe4oBUHU;
N, - uncno ABorajupo;
- TYCTHA PEUYOBUHHU.
3. CepenHs I0BXHHA BUIBHOTO IPOOITY MOJIEKYJIU Ta3y

= 1
A =—.
2 d’n
4.  JlmHamivHa B'S3KICTh
] —
=—ApVv
n 3 P
e A - TOBXKHHA BUILHOTO NpoOIry.
5. 3akoH HerotoHa
dp__ dv ¢
dt dz

1% : : o
ne A Irpajl€HT MIBUAKOCTI PyXy LIapiB p1IUHMU;
z

AS - TIJIOIIA €JIEMEHTAPHOI ITOBEPXHI.
6. 3akon Qyp'e:

AQ =-K d—TSAt,
dx

7e AQ- TeIlIoTa, IEPEHECEeHa ra3oM depe3 MOoNnepeuHuil mepepis
momiero S 3a yac At ; K - koeillleHT TenI0npoBiIHOCTI;

dT .
d_ - TpaJ1€EHT TCMIICPATYpPH.
X

47



7. KoedilieHT TEIONPOBIAHOCTI ra3zy
1 —

ne Cy - TeIIONPOBIIHICTD razy npu ¥ = const.
8.  Maca, sixa nepeHoCcUThCs 3a yac A* npu aqudysii (3akoH Dika):

m=-D2P AsAr
Ax

ne D - xoediuieHT nudy3sii;
d :
d_p - TpPaJl€eHT TYCTHUHH B HaNpsAMKY, MNEPIECHIUKYISIPHOMY 0
X

oy AS'.
9.  Koedimient audysii.
p=1s71.
3

4.2. IluTanHs NI CAMOCTIHHOTO KOHTPOJIIO

1. BuBectu dopMyiy, 3a SKOHO OOUYMCIIOETHCS CEPEOHE YHUCIIO
31TKHEHb OJIHIET Ta30BOi MOJIEKYJIU 3a 1c.

2. SIK TEOpETUYHO Ta €KCIEPUMEHTAIbHO BU3HAYAETHCS JOBXKUHA
BUIBHOTO TIPOOITY MOJICKYJIN?

Ak 3anexuTh YHUCIO 3ITKHEHb Ta30BOi MOJEKylIu Ta ii
JIOB’KWHA BUIBLHOTO MPOOITyY BijJl TUCKY Ta TeMIIepaTypu?

VY yomy nossirae siBune Audysii?

5. Sk oOuHCHIOETBCS Maca Ta3zy, MHEPEeHECEHOro y IMpolleci
mdy3ii?

6. Y yomy (izuuHa cyTh KoediuienTa gudy3ii?

7. BHaciiok 40ro BUHUKAE TEPTS B razi?

8. SIKk OOYMCIIOETHCS CHJia BHYTPIIIHBOIO TEPTS B rasax Ta y
YoMy MoJisirae pizudHa CyThb KoeQilieHTa BHYTPIILIHBOTO TEPTSI?

9. SIx 0OYMCIIOETHCSA KUIBKICTh TEIJIOTH, EPEHECEHOT Ta30M Iif
4yac Mpouecy TEIJIONPOBIAHOCTI, Ta B YoMy (13U4HA CyTh KOe(illieHTa
TETJIONPOBITHOCTI?

10. Ak 3amexath koedimieHTH AUQy3ii, BHYTPIIIHBOIO TEPTS Ta
TETJIONPOBIAHOCTI T'a31B BiJl TUCKY?

11. Slxke cHiBBIAHOWIEHHA MDK KoediuieHTamMu Iudysii,
BHYTPIIIHBOI'O TEPTA Ta TEILIONPOBIAHOCTI?

12. Sk 3MIHIOETBCS CEpelHs JOBXHMHA BIJIBHOTO MpOOIry
MOJIEKYII 31 3MIHOIO 00'€éMy Tra3y Ta TUCKY?
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4.3. lIpuxaaau po3B'si3yBaHHS 3a1a4

3amaua 4.1. a) CKIIbKM B CEpeIHbOMY 3ITKHEHb 3a 1 C Tipu
HOPMaJIbHUX YMOBaxX B1I0YBa€ThCS B OJHIET MOJIEKYJIU a30TYy, AKIIO ii
niamerp 3,1-FO"8 cM? 0) CKUIBKM B CEpeIHbOMY 3ITKHEHb OJHIEI
MOJIEKYJIA a30Ty BiOyBAaTUMETHCS, SAKIIO TEMIIEpATypa MiABUILIUATHCA
Ha 273 °C?

PilmeHnHsi. a) cepenHe 4YMUCIO 3ITKHEHb JJII OJIHIET MOJICKYJIH
a3o0Ty 3a 1 ¢ npu HOPMAJILHUX YMOBAaX BU3HAYAETHCA 32 (OPMYIIOIO

= 2md’ nv,
_ SRT : .
ne v, = Pyl cepenHs apupMeTHUHa MBUAKICT MoJeKy. Toxai
T

dbopMmysia cepelHhLOro 4ucia 3ITKHEHb MOJIEKYyJIM 3a 1 ¢ HaOyde

BUTJISATY
7 = \/_ d’n ‘/8RT
M

IlincTaBiasitoun 4YWCJIOB1 3HAYEHHS BEIWYHH, B3STUX B OJMHHUIIX
cuctemu CI, 3HaxoauMo

§-832-273
3,14-28-107°
0) sKIIO TemIepaTypa a30Ty MiABUIIUTHCI, TO YHUCIO MOJIEKYJ B
OJMHHUII 00'€MY 3MEHIIUTHCS, OCKUIBKHU 301IbIIUTLCS 00'eM Bia V) 1o
V;. KoHnleHTpaIliro MOoJIEKyJa a30Ty MPH MIJABUILECHHI TEMIIEpaTypHu Ta
CTaJIOMY THCKY 3HaXOJIATh 3a PIBHSHHSIM 1300apHOTr0 MPOLECY

W _1y
voT
Ockinbku 4ynciao MoJiekyl Ny B o0'emax V) ta V; He 3MIHUJIOCH,

Z,=~2-314-(3,1-107"" )? . 269107 \/ =52-10°c™

: : N,
TO KOHIEHTpAIllSl MOJIEKYJ n; Ipu Temiepatypi T, Oyxae n 1=7° , aJIe

1

T
Ny =nyhy, Vi=Vy—- !
To
TOJ1
n = ngVo _ ol _ 2,69-10% -273 1345105 m70

V, T, 546
CepenHe 4uciiO 31TKHEHb MOJIEKYJIM a30Ty 3a | ¢ mpu aaHux
yMOBAaX JOPIBHIOBATUME
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8-832-546
314-28-107°
Bignosiab: Z,=5,2-10°c" ; Z, =3,68-10°c™".

=368-10°c".

Z,=~2-314(31-107"" )* . 1345107 - \/

3amaua 4.2. BusznHauutu cepegHIO JOBXHHY Ta TPUBAIICTh
BUILHOTO MPOOIry MoJieKya KucHio nipu tucky 200 Ila ta Temneparypi
27 °C, KO AiaMeTp MOIeKyIu KucHio 2,9-10'" .

Pimenns. Skmo cepenHs A0BKUHA BiJILHOTO MPOOITY MOJIEKYIU

. . . — v
A, a il cepelHsl MBUAKICTh v , TO YMCJO 31TKHEHb 3a 1 ¢ Z = = a

A
‘7
OJIEP>KUMO, SIKIIO BUPA3UMO CEPEIHIO JIOBKUHY BUIBHOTO MpOOIry 4
4yepes Cepe/HI0 MBUAKICTh Ta 4ac BUILHOTO MPOOITy 7 :

Iz

TPUBAJIICTh BUIBHOTO MOpOOITY 7 = > = —. Taxkuii camuii pe3ynbTat

= _ : A
A =V-T 3BIIKH T = —.
v
CepenHs 10BXKUHA BUIBHOTO MPOOITY JTOPIBHIOE
= 1
l - —2,
2md’n

JIe - KOHIIEHTPAIlIsl MOJICKYI.
KoHlieHTpaiiro MoOJeKyJl BHU3HAYMMO 3 OCHOBHOI'O PIBHSIHHS:
MOJIEKYJIAPHO-KIHETUYHOI T€OPii ra3iB p = nkT.

3B1OKH
n="".
kT
CepenHs 10BXKUHA BUIBHOTO MPOOITY TIOPIBHIOBATUME
kT

A« — —2.
2rd

ITincTaBiIsiFoun YMCIOBI 3HAYEHHS BEJIMYMH, B3ATHX B OJUHHUIIIX
cuctemu CI, 3HaxX01MMO

1,38-107%7-300
141-3,14-(2,9-10717 ) . 200
Cepenns apudMeTudHa MBUIKICTH MOJIEKYJI

_ /8RT
V= |—.
M
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[Iykanuii cepeaHiid yac BiIbHOTO IPOOITY MOJIEKYJI

T_i_zx/ﬂ'M

v J8RT

ITincTaBiastoun 4YHCJIOB1 3HAYEHHS BEIWYHH, B3STUX B OJMHHUIIX
cuctemu CI, 3Haxoa1uM0

549107 -\3,14-32-107°
J8-8,32-300
Biamosine: 7= 5,49-10" m; 7= 1,23-107 c.

T =123-10"c.

3amaua 4.3. BusHauutu cepeaHiO NOBXHUHY BiIBHOrO MpoOiry
MOJIEKYJ KHCHIO TIpM HOPMaJIbHUX YMOBaX, SKIIO KOePilieHT
B'sa3kocT1 1,92-10 5Ilac.

Pimenns. /s BHU3HAUYEHHA CEPEAHBOI JIOBXKHHU BlIBHOIO
npoOIiry MOJIEKYJ KUCHIO CKOPUCTAEMOCH (POPMYIIOI0, sIKa BHUpPaXKae
KOE(ILIEHT B'I3KOCTI Yepe3 MOBXKUHY BUIBHOIO MPOOITY, CEPEIHIO
apu(MeTHUUHy MBHUJKICTH MOJIEKYJ Ta TYCTUHY ra3y

1 — : =
n=—Avp,3BlOKu A :f—n.
3 vp
3aMIHUBIIH B OCTaHHIN (hOPMYJIl IIBUAKICT
_ 8RT
V= [—,
M
IICTaHEMO
7=—20

I8RT
P
M
ITizcTaBUBIIM YHCIOB1 3HAYECHHS BEJIMYMH, B3SITUX B OJIMHMIIIX
cuctemu CI, 3Haxogumo

3.192-107°
8-8,32-273
314-32-1073

I:

=96-10%m.

BignosBinb: A = 9,6 - 1078 m

3amaua 4.4. BuzHauuTu KO€(QIIIEHTH BHYTPIIIHBOTO TEPTS 1

mudy3ii KUCHIO, KU 3HaxoauThes npu Tucky 0,2 MIla i1 temnepatypi
280 K.
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Pimennsi. Ha OCHOBI MOJEKYJISIpPHO-KIHETUYHOI TEOpii Ta3iB
KOE(IIIEHT BHYTPIIMIHHOTO TEPTSA 1J€aJIbHOTO Tra3zy (auHaMiuHa
B'SI3KICTh) 1 KOe(iLieHT audy31i BU3HAYUTHCS 3a (popMynamu

] —
=1V 1
n=ZAve (1)
p=17v 2)
3

1€ p - TyCTUHA rasy;
A - cepe/Hs JIOBKHHA BIILHOTO IPOOIry MOJIEKYIL;
V - cepenHsa apupMeTHIHA IIBUIKICTh MOJIEKYII.
Cepentro apuMETHYHY MIBUAKICTh 1 CEPEAHIO JIOBKUHY BlJIBHOTO
npoOIry MOJIEKYJT 3HaXOUMO 3a popMyaaMu

5 [SRT
"o M 3

— 1
A=—, (4)
2
N2md n
JIe 7 - KOHIIEHTpAaLlisl MOJIEKYJI, IKY 3HaXOJIUMO 13 OCHOBHOTO PiBHSHHS
MOJICKYJISIPHO-KIHETUYHO1 T€Oopii ra3iB:
P

n=—,
kT
ne P — tuck; k= 1,38-10% JIx/K - crana bonbiimana.
Toni Ha ocHOBI (4) JTOBKKMHA BIILHOTO TTPOOITY MOJIEKYJIN

T kT

J2md? p

['ycTuHY KHCHIO BU3HAYKUMO 32 (HOPMYJIOH0
_ Mn
pP= N—A-

3 ypaxyBaHHSM 7 JIICTAHEMO

Mp

PN AT (©)

[Tlinctaumo (6), (5), (3) 'y piBasHHa (1), Tomi popmyna
Koe(ilieHTa TepTs HaOepe BUTIISIAY

= 2 MRT.

77 — .
3w+lmd’ N,
[Tiacrasnstouu (5), (3) y popmyny (2), oTpuMaeMo po3paxyHKOBY

dbopmyny s koedirienta nudysii
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| [SRT kT 2kT  [RT
3NaM 2md’p  3md’p

3 ypaxyBaHHsAM (6), KiHLIeBa (hopMyJia Ma€e BUTJIS

b 2k°T°N, \/ﬁ
3md? pM .
ITincTaBigroYn YMCI0B1 3HAYCHHS BEJIMYMH, B3ITHX B OJMHUIISIX
cuctemu CI, 3HaxoauMo:

24/32-107° - 8,31-2
_ V3210 8,30280 ESNVEL TR
3-314-3,14(2,9-107"°  .6,02-10 M€
P 2:(138-107% )°(280)° -6.02-10° | 831-280

3-314-(2,9-1071° )2 .32.107°.0,2-10° \314-32-10°

=74-107° M7
C

BignoBias: n = 2—10'5K%4-c ;D= 7,4-10'6M4'.

n

3anaua 4.5. Buznaunutu cepeHiii 00'eM aTomMa y MOHOKpPHUCTAIL
M1/,

Pimennsi. 3BakuMO Ha Te. 110 y BUIAAKY, KOJU B YMOBI 3ajadyi
Ha3BaHO KOHKPETHUN Marepiaj, TO y PO3B'A3Ky MM Ma€eEMO IIPaBo
BUKOPUCTOBYBAaTH OyAb-iKI MOro TaOJW4YHI TMapaMmeTpu. 30KpeMa, Y
JTAHOMY BUMNAJKy MU BUKOPHUCTAEMO TaKUil TaOMMYHUN TapaMmeTp, SK
TryCTHHA Mijl.

KopucTtyrounch mepioguyHOI0 CHUCTEMOIO €JIEMEHTIB, MOXKEMO
BU3HAYUTH aTOMHY Macy Miai: M= A = 64.

3Hal1IeMO KIJIbKICTh YaCTUHOK B OJIMHUIII 00'eMy

N=N,"_n P
M A
11e m- Maca mial B 00’ emi 1 M
Toni o0'em, 110 npunagae Ha OJAMH aTOM MIJIi:
V A
V,=—-= :
N pN,

[TigcTaBUBIIIM YUCIOB1 3HAYCHHS BEJIMUMH, B3SITUX B OJUHUIISX
cuctemu Cl, 3Haxoaumo

64-107°

" 8900-6.02- 107

=119-10734°

1
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Bimnosine: V, = 11,9107 v’
4.4. 3agaui s podOTH B Ay TOPIi

1. CkulbkM B CEpEIHbOMY 3ITKHEHb OJHIEI MOJIEKYJIHU
BYIJIEKMCIIOTO ra3y BiIOYBA€TbCS 3a OJMHULIIO Yacy IMpU TeMIeparypi
100 °C, skiio cepeaHs 10BXKHHA BUIBHOTO mpoOiry 830 Mkm? (4,9-105 c
.

2. Bu3HauuTH cepeaHI0 JOBXKHHY BUIBHOTO MPOOITY MOJIEKYJI
Byryiekucioro razy npu tremneparypi 100 °C i tucky 13,3 Ila. Jiametp
MoJieKyJ1 Byriekucioro ra3y 0,32 am. (850 Mkxm).

3. Bu3HauuTH CepeaHIO NOBXHHY BIJIBHOTO MPOOITY MOJIEKYJIH
NOBITps NpU HOpMaJIbHUX yMoBax. [liamerp mosekyn noBitps 0,3 HM
(93 uMm).

4. CkinbKHd B CEpEHbOMY 3ITKHEHb BiJIOYBA€THCS 3a OJMHUIIIO
yacy MIXK MoOJIeKyjldaMmu a3otry npu tucky 53,33 klla 1 temnepatypi
27 °C? (2,47-10°c™).

5. Busnauutu koedinieHT audy3ii BOJHIO 32 HOPMAJbHUX YMOB,
AKIIIO CEpPeaHs JOBXKHHA BIJIBHOrO MPOOIry 3a IUX YMOB JIOPiBHIOE.
0,16 mxm. (9,1-107 m*/c).

6. 3HaliTH Macy a3oTy, MEpPEeHEeCceHoro y mpoiect audysii yepes
momry 0,01M” 3a wac 10 ¢, SKIIO TPafi€eHT 'YCTHHH B HAIPSIMKY,
MEePICHANKY/IIPHOMY [0 IUIOMI Ap/Av=1,26 kr/™M". TemmepaTypa a3ory
27 °C. CepenHs A0BXKHUHA BIILHOTO MpoOiry mMosiekyn a3oty 10 MKMm.
(2mr).

7. BU3HauuTU CEpPEHIO JTOBXUHY BIJIBHOIO MPOOITY MOJEKYJ

remito npu tucky 101,3 xITa 1 remneparypi 0 °C, K110 B'sI3KiCTh T€Iit0
13 mkIla-c. (184uMm).

8. BuszHauuTu B'SI3KICTh a30Ty 3a HOPMaJIbHHUX YMOB, SIKIIO
xoeditient xudysii w1 uporo 1,42-10"m*/c. (17,8mxI1a-c).

9. BuzHauuTu giaMeTp MOJICKYJIM KHCHIO, SIKIIIO TIPH TeMIIepaTypi
0 °C B's3kicth kucHio 18,8 mklla-c. (0,3 HMm).

10. 3naliTn KOedII€EHT TEIJIONPOBIAHOCTI BOJHIO, SKIIO HOTO
B's3kicTh 8,6 MkIlac. (90MBT1/M:K).
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11. B mocyauni o0'eMoM 2 71 3HaAXOAUTHCS 4.10% MOJIEKYJI
nBoxaTOMHOTO razy. TemnompoBigHicTh razy 14 mBt/m-K. 3nalitu
xoedimient audysii rasy. (2-10° m/c).

4.5. 3agaui 11 caMoOCTIIHOI Po0OTH

1. CxkuibKku 3ITKHEHb MiX MOJEKyJlaMu BiJIOYBAa€eThCS 3a
OJIMHUITIO Yacy B OJJTHOMY KyOIYHOMY CaHTUMETP1 a30Ty 32 HOpMaJbHUX
- -8 28
ymoB? [iamerp Mmonekyn azory 3,1-10™ cm. (7,39-107°).

: -8
2. Miamerp moisiekynu KucHiO 2,9-107 cMm. Busznauutn cepenne
YUCJIO 31TKHEHb MOJIEKYJIM 3 1HIIUMH MOJIEKYJIAMH KHUCHIO 32 OJUHUILIIO
Yacy IpH HOPMaIbHUX YMOBax. (4,2-10).
3, 3HalTU CEepeHIO JOBXHUHY BIIBHOTO MPOOITY MOJIEKYJ BOJHIO
npu tucky 0,1 ITa 1 remnepartypi 100 K. (6,4 cm).

4. 3HallTH cepedHIO0 JOBXKHUHY BUIBHOTO MPOOIry MOJEKYJ a30Ty
npu ticky 10 xIla 1 temneparypi 17 °C. (1 Mxm).

5. BuzHauuTH CepeAHI0 TPUBAIICTh BUIBHOTO IPOOITY MOJEKYII
kucHio ipu Temnepatypi 250 K1 tucky 100 ITa. (288 c).

6. BU3HAUUTH CEpENHIO JIOBXHHY BIJBHOIO MPOOITY MOJEKYII
azoty nipu tucky 10 xIla i Temnieparypi 17 °C. (1 Mkm).

7. 3HAUTH CEPEHIO JOBXUHY BUIBHOIO MPOOIry MOJEKYJ BOJHIO
npu tucky 0,133 Ila 1 remnepatypi 50 °C. (14,2 cm).

8. B 0anoH1 3HaXOAUTHCS BYIJICKUCIUM ra3, TycTUHaA sikoro 1,7
3 . .
kr/m”. CepelnHsl NOBXHHA BIJILHOrO MNpoOIry Horo MoJiekyia 79 HM.
3HalTH AlaMeTp MOJIEKyJ Byriekucioro razy. (0,35 um).

9. CepenHs IOBXMHA BUIBHOTO MOpPOOITY aTOMIB TeINil0 MOpH
HOpMaJIbHUX YMOBax JopiBHIOE 180 HM. Buznauntu koedimienT qudysii
remiro. (7,23- 10° m/c).

10. Koedimient audysii kucHio npu temnepatypt 0 °C
nopisaioe 0,19 cM*/c BU3HAYUTH CepeHIO JOBKUHY BilBHOIO IPOGIry
MoJIeKys KucHto. (135 Hm).

11. O6uucnutu koedimieHT Audy3ii a3ory: 1) npu HOpMaIbHUX
ymoBax; 2) mpu trcky 100 Ila i temmeparypi 300 K. (9-10” m°/c;
0,061m%/c).

55



12. 3HaiiTu cepeaHI0 JOBXHWHY BIIBHOIO MPOOITY MOJEKYJ
a30Ty, AKIIO Horo nuHaMivHa B's3kicTh 17 MkIIa-c. (90 Hm).

13. 3HailTu [OMHAMIYHY B'3KICTh T€JII0 MOPU HOPMAJbHUX
.o . 4
yMOBax, AKIO KoediuieHT audysii 3a mux ymoB aopiBHioe 1,06-10
2
m/c. (19 mklla-c).
14. BusznHauutu koediumieHT audy3ii 1 B'SI3KICTh MOBITPA MpPH

tucky 1.01,3 xIla 1 remnepatypi 10 °C. iameTp MoOJIEKyd HNOBITps
0,3 aMm.

(1,48-10°m2/c; 18,5 MxITa-c).

15. Bu3HauuTu KOEPIUIEHT TEIUIONPOBIIHOCTI MOBITPS MPHU
tucky 100 kIla 1 remnepatypi 10 °C. diamerp monekyin nositps 0,3 HM.
(13,2 MB1/M:-K).

16. Ilpu sikOMy THCKY cepeAHsi JOBXKHMHA BUIBHOIO MpOOIry
MOJIEKYJIM BOJHIO JIOPIBHIOE 2,5 cM, SIKIIO Horo temmeparypa 66 °C?
(=0,8 ITa).

17. Tliamerp monexynu Boxuio 2,3-10° cM. BusHauutu cepesnio
JOBXKHUHY BIJIBHOTO MPOOITY MOJEKYJHU BOJHIO 3a HOPMaJIbHHUX YMOB.
(0,16 Mxm).

18. 3HaliTh cepeqHI0 JOBXHUHY BLILHOTO MPOOITYy aTOMIB Tellilo,
aK1o ryctuna remiro 0,021 KT/M". (1,8 MKM).

19. V Ganoni 06'emom 100 cM’ 3HaxomuThes 0,5 T a30Ty. SHaiiTH
CEpEeIHIO JOBXKHHY BUILHOIO MPOOITY MOJIEKYIT a30Ty. (23 HM).

20. 3HaliTd cepelHE YMUCIO 3ITKHEHb 3a 1 ¢ MOJIEKYd JAESKOTO
raszy, SKIIO CEpPElHs JOBXKHWHA BUIBHOIO MpoOIry 5 MKM, a cepeaHs
. . 7 -1
KBaJpaTU4YHa MBUJIKICTh Horo mosekys 500 m/c. (9,2-10° ¢™).

21. Koedimient audysii 1 B'SI3KICTh BOAHIO MPU JIEIKUX YMOBAX
JIOP1BHIOE 1,42-10* m*/c i 8,5 mkITa-c. 3HANTH KiIBKICTH MOJIEKYJI
BOJIHIO B OJIMHHUIII 00'eMY. (1,8-1025).

22. Slkuii miameTp MOJIEKYJM a30Ty, SKIo npu Temmneparypi 0 °C
KoedillieHT BHYTpimHboro Tepts nopisuioe 1,7-10" ITa- ¢? (316 mm).

23. KoedimienT audysii 1 B'I3KICTh KUCHIO MPH JESIKUX YMOBax
nopisaioe  1,22:10” m*/c i 19,5 mxIla-c. 3HalTH T'yCTHHY KHCHIO,
CEpPElIHI0 JOBXKHHY BUIBHOTO MpOOITy Ta CepenHio apupMEeTUUYHY
[IBuakicTh toro monekyn (1,6 kr/M°; 83,5 um; 440 M/C).
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24. bamgon o0'emoM 10 1 MicTUTh BOJeHL Macoro 1 r. BusHauutu
CEpEIHIO JIOBXKUHY BIJILHOTO MPOOIry MoJiekyi. (1,55 um).

25. Bu3zHauuTU CEpeAHE YHUCIO 3ITKHEHb OJIHI€T MOJIEKYJIU
9 -1
KHCHIO 32 |1 ¢ mpu HOpManbHUX yMOBax. (3,7-107 ¢).
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5. BaacTuBocTi piauH

5.1 OcHOBHi TeopeTHYHI BIIOMOCTI

1. KoeilieHT MOBEpXHEBOIO HATATY

o=—,

[
ne F' - cuia MoBEepXHEBOIO HATATY, 1110 JII€ Ha MEXY IOBEPXHEBOIO IIapy
PIIMHU 3aBJIOBXKKH /.

SKo mij Ai€r0 CUJI TOBEPXHEBOI'O HATATY 3MEHIITYETHCS IUIONIA
MOBEPXHEBOTO IIAPY PIIMHU HA AS, TOJl CHUJIU MOBEPXHEBOI'O HATSTY
3MIIICHIOIOTH pOOOTY

A:O'AS,
3 OCTaHHbBOI PIBHOCTI

AA
o=—-:.
AS
2. JIoJaTKOBHUM THCK, COPUYMHEHUN KPUBU3HOKO MOBEPXHI PiAMHH,
BU3Ha4YaeThes popmyroro Jlamnaca

1 N 1
pP=0 T
R, R,
1€ o - KOeQILIEHT MOBEPXHEBOro HATAry; R; i R, - pajalycu KpUBU3HU
JIBOX B3a€EMHO TEPNEHIUKYISIPHUX IUIONIMH TOBEPXHI PIAUHU, Y
BUMAJIKY C()epUUHOI MOBEPXHI

20
P R
3. Bucora niiHiMaHHs PiAMHU B KanlJIspHiA TpyOI1
2ocon®
h=——7—,
PER

1€ 6 - KpailOBUH KYT; p - TYCTUHA PIIUHU; g - TPUCKOPEHHS BIJILHOTO
najaiHas; R - paaiyc kamiaspa TpyOKHu.

4. Bucora mnigHIMaHHS PIAMHA MDK JBOMa OJIM3bKUMHU 1
napajaelbHUMU IJIOIIMHAMMU
_ 2ocon®

h =
pgd
Iie d - BIACTaHb MK TUIACTUHAMM.
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5. PiBHsIHHSL HEPO3pUBHOCTI MOTOKY. Ilin yac cTamioHapHOToO pyXxy
p1IMHY 110 TpYOI1 3MIHHOTO Mepepi3y yepe3 KOKHUN nepepis 3a NeBHUM
1HTEpBaJI Yacy NMPOUYTh OJIHAKOBI MACH PIJIMHU

Sy, =85,v,,
ne S; 1.5, - mIoii MonepeyHoro nepepizy y ABOX JIOBUIBHUX Mepepizax
TpyOH; V;i v, -- BIAMOBIHO IIBUJIKOCTI T€Uil PIIUHMU.

6. PiBHstHHs bepHyiun a1 iaeanbHOT HECTUCIUBOIL P1IMHU
2

o pgh+ p = const,
2
ne p - T'YCTHHA PIAWMHU; V- MBUJAKICTb T€Uii PIAUHU; A - BUCOTA
PO3MIILIEHHS MTOBEPXHI PIAMHU HAJ PIBHEM BIUIIKY; P - THCK B MOTOII
piaUHU.
7. lIIBUAKICT, BUTIKAHHS PIAMHU 3 MAJOr0 OTBOPY Y BIAKPHUTIN
IIUPOKIN MOCYIUHI BU3HAYaeThesl popmynoro Toppiuesni
v=./2gh,
1€ h - BIICTaHb BiJl OTBOPY JI0 BEPXHBOI'O PIBHS PIJIMHHU.
8. ®opmyna Ilyazeins. O6'em piguHu (ra3y), ssKHA MPOTIKAE 3a
qac / yepe3 nepepi3 JI0Broi Tpyou
7rr4tAp
8in
ne r - paailyc TpyOKHU; Ap- PI3HUIA THUCKY Ha KiHIAX TpyoOwu; [/ - Ti
JOBXHWHA;, 7 - AMHAMIYHA B'SI3KICTh (KOE(ILIEHT BHYTPIIIHHOTO TEPTS).
dopmylia crpaBeIMBa TUILKHU IS JJaMiHAPHUX MTOTOKIB P1IUHHU.
9. Yucno PeliHonbaca Jyisi HOTOKY PIIMHU 110 JOBI'MM TpyOam

Reszd,

n
1€ p - TYCTUHA PiAMHU; v- CEPEAHS MO Nepepi3y MBUIKICTh PYXY
piauHu; d - 1iameTp TpyOKHU.

V=

5.2. llpukjgaau po3B'sA3aHHs 32124

3apava 5.1. /[Ba MmuibHUX my3upi paaiycamu R; =2 cm 1a R, =3
CM 3JIMBAaIOThCA B OJIUH. BU3HAUWTHU €Heprito, 0 BHAUISETHCS MPU
IIbOMY MpOILIeCi, KO0 KoedilieHT nmoBepxHeBoro Hatsary 0,045 H/m.

Pimennss. OCKUIbKM TIOBEpPXHS JBOX Iy3UpiB Ouibina 3a
MOBEPXHIO My3UPS, 1110 YTBOPUBCSA BHACTIJOK 3JIUTTA 1X B OJIMH, YaCTHHA
€Heprii MOBEPXHEBOI IUJIIBKU 3BUIbHAETHCA. BigoMo, mo npu
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130T€epMIYHOMY 3MEHIIEHH1 MMOBEPXHI PIIMHKA HA OJWH KBaJAPATHUI METP
Oyne BUAUISATHCS €HEpPris, IO YHUCEIbHO JIOPIBHIOE KOE(PILieEHTY
MOBEPXHEBOT'0 HATATY PIIMHUA. TaKUM YMHOM, JJIs1 3HAXOJIKEHHS €HEprii,
SKa BUJUTUTHCA MPH 3JIMTTI IBOX MMy3UPIB B OJIUH, HEOOX1THO BUBHAUUTH,
Ha 5Ky BEJIMYMHY iX MOBEpPXHs Oyja Olibllla MOBEPXHI HOBOYTBOPEHOTO
my3upsi. 30BHILIHS MOBEPXHS JBOX MY3UPIB J0 iX 3IUTTS Oyze

S=S8,+8,=47R; +4nR; =47(R; + R} )=4-314(4+ 9 )en’ =

=163,28¢cm” =163,28-107% m°.

JInsi BU3HAYEHHS 30BHIIIHBOI MOBEPXHI My3Ups, 10 YTBOPUBCSA
BHACJIIJIOK 3JUTTA JBOX My3UpiB, MNOTPIOHO 3HAWUTH pajaiyc
HOBOYTBOPEHOTO MYy3UpPA, KU MOKHA BU3HAYUTU 3 PIBHOCTI 00'€MIB
My3UpiB 10 Ta MICHS 1X 3JUTTSA, TOOTO

V=V +V,,
V= gﬂ(Rf +R})= 34 23.14(4+27 Jem® = 146,5¢m” = 146,5-105 m’6

3BIJKU IIYKAHUU paalyc

3
rR=3" =\/3 146,50 2 =327 10" m.
dr 4.3.14

IToBepxHs HOBOTO Iy3UPs

S'=47R =4-3,14-10,69cn” = 134,27cn’ = 134,27 107 m°.

3MEHIIEHH 30BHIITHBO1 TOBEPXHI

AS =S —8"=(16328-134,27 Jem® = 29,01cm’ = 29,01-107% m°,

OCKUIbKM My3Uup Ma€ JBi IOBEPXHI, TO ITIOBHE 3MEHIIICHHS
noBepxHi Oyae 2As. EHepris, mio BUAIIUIACS NIPU YTBOPEHHI HOBOTO
ny3ups, Oyze

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

Bimnosins: 261,09-10° Ix.

3amaya 5.2. BuzHauuTu JaiamMeTp KanuiapiB y mamepi, Ko Boja
nigHIMaeTbcd B HbOMY Ha Bucoty H = 30 cMm, a koediuieHt
noBepXHEBOro HaTAry Bogu o = 0,07 H/m.

Pimennsi. Bucotry migHATTS piIMHM B KamulApl 3HAXOJATh 3a
dbopmyIioro

H="29

PER
3BIJIKH JIlaMETp KarisipiB
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_2-20 _ 4-007H / m
pgH 10°ke/ > - 981m/c” -0,3m
Bixnosins: d=9,5-10" m.
3agaua 5.3. fxuil THCK BOAAHOI Mapu MNOOJIM3Y Kparui BOJH,
pamiyc sxoi R =5-10" cm, npu temmeparypi ¢ = 10 °C, sikmo koedirieHT
MoBepXHEBOro HaTsry Boau 1pu 20 °C o= 7,3-107 H/m?

2R —95.10" m

Pimenns. Kpamng Boau Mae OMyKily MOBEPXHIO, BHACIIIOK YOTO
JOJIaTKOBUN MOJIEKYJISIPHUM TUCK TMOBEPXHEBOI IUIIBKUA CIPSIMOBAaHO B
CepeIMHy Kpallli, a 1€ YCKJIaJHIOE '"BUIApPOBYBaHHS'" MOJIEKYJ. 3
PIIMHU BUJIITAIOTh MOJIEKYJIH, K1 MalOTh OLIbIY KIHETUYHY E€HEprito, a
3HAYUTh, 1 OIJbIIY MIBUAKICTh, @ TOMY 1 THUCK MapH HaJ ONYKJIOIO
NOBEPXHEIO Oyie OUIBIINIA, HIK HaJl TUIOCKOIO Ta BBITHYTOIO.

31 3017bIIEHHAM KPUBU3HU MOBEPXHI TUCK MapU TEX 30LIbIIYETHCS.

Tuck mapu OuId TOBEPXHI BOASHOI Kpamlll 3HAXOJUMO 32
bopmyIioro

20,
P=pPp+t—7-
PR

Tuck HacuueHoi nmapu p,, TYCTUHY HACUYEHOI Iapu p;Ta PLAMHU
0 »,3HaX0IUMO 3 TaOJIMIb, a KOEPIIEHT MOBEPXHEBOro HATATY mpu 10 °C
- 32 GOpPMYJIOIO
o, =0+0,15-10°H/m-10=73-10°H/m+15-10°H/m=
=74,5-10° H / m.

[lianctaBnaoun y ¢Gopmyny THUCKY Mapyd YHMCIOBI 3HAuY€HHS
BEJIMYMH, 3HAXOIUMO

2:94-103ke/ > 745 - 1073 H / m?

10Pke /> -5-107% m
Binnosinb: p = 1255,7 11a.

= 12557H / m°.

p=122769H / m’ +

3amaua 5.4. Bona nogaetbes y (OHTaH 13 MIMPOKOI mocyauuu I ta
BUXOAUTh 13 oTBOpy II 31 mBuakicTio 12 m/c. liamerp mocyauHu
JIOpIBHIOE 2 M, AiameTp nepepizy Il qopiBHIOE 2 cM.

3HaiTu: 1) MBUIKICTH 3HUKEHHS PIBHS BOAM Y MOCYAUHI; 2) TUCK,
nij SKUM BOAa MOJAeTbesl y (oHTaH; 3) BUCOTY piBHS /; BOAU B
NOCY/IMHI 1 BUCOTY /1; CTPYMEHS BOJIU, SIKa BUXOJIUTH 13 (DOHTaHY.

Pimenns. 1. IIpoBenemo momepeunuit nepepiz I y mocyauin Ha
piBHiI nepepi3y Il ¢onrany. Ockinbku 1ioma S; nepepidy I Habararo
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Ounbiia mom S, nepepisdy I, Toal BUcOTy /4; piBHS BOAM B MOCYJIMHI
MO>KHA BBaXKaTH JIJISl MAJIOTO MIPOMIDKKY 4acy CTaJlor0, a MOTIK - CTaJIui.

Jna  crajoro  CTpyMeHss  BOJAM  CIpaBeliMBa  yMOBa
HEPO3PUBHOCTI MOTOKY V;S;-V,S5, 3BIJIKH 3HAXOAUMO, 110

2
1

[liacTaBnstoun y 1o GopMyJsly YHMCIOBI 3HAYEHHS BEJIUYMH,
B3ATUX B OAMHUIIX cucTeMu Cl Ta BUKOHABIIM OOYUCIIEHHS, 3HAAEMO
2:107 m

M

3 Takow X IIBUJKICTIO OyJe 3HWKYBAaTHUCA PIBEHb BOAU Y
nocyauHi. SIk 6auuMmo, I MBUAKICTh HabOaraTo MEHINA MOPIBHSHO 31
MIBUJIKICTIO CTPYMEHSI BOJIU.

2. Twuckp;, miag SKUM BOJAa NOJAEThCSI y (POHTaH, 3HANAEMO 3
piBHsHHS bepHyii. Y BUnaaky Tedii B rOpU30HTAIbHIN TpyOIll BOHO
Ma€ BUTIISIA

pvi pv3

+ =L =p,+ =
P 5 P2 5

BpaxoBywuu, mo p,= 0 (mijag OUM THCKOM PO3YMIIOTh
Ha/UIMIIKOBUNM HaJl aTMOC(EpHUM THCKOM), 3 piBHSHHS bepnymii
OTPUMAEMO

2 2
_ P2 PV
] - .
2 2
OCKUIBKH V;<<V;, MAEMO
2
0, = PV
] - .
2

ITigcTaBisAr0OYHN YUCIIOB1 3HAUYEHHS BEJIIUYUH, B3ITUX B OJUHHUIIX
cuctemu Ci. 3HaXOIUMO

100k /- 14407 / &2
P, = K2M2 M C:721<Ha

3. Bucoty /; piBHA BOAM y MOCYAMHI 3HAWJIEMO 13 CIIBBIAHOIICHHS
0; = h,pg, 3B1aKH

hy =P /(pg).
[lincTaBnsitoud B OCTaHHIO (OpPMYIYy UYHUCIOBI 3HAYEHHS
BEJIMYMH, B3ITUX B OJUHULIAX cucTemu Cl Ta o0umncaoodn, MaEMO
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_ 72:10°Ma
10°-98m/¢?
3HalOuM MBUAKICTH V;, 3 SIKOIO BOJAa BUKHIAETHCI (POHTAHOM,
3HAWIEMO BUCOTY /1, HA SIKYy BOHA Oy/i€ MiAHIMATHUCH:
B V2 B 144m° /&7
2g  2-98m/ ¢’
[TligkpecauMo, 110 BUCOTa PIBHSA BOJAM y TMOCYAUHI JTIOPIBHIOE
BHUCOTI, Ha AKY MiJIHIMA€ThCs POHTAH BOJIHU.
Binnosinb: v, =0,0012m/c; p;, =72xlla; h;=7,35m; h,=7,35m.

2 = 7,35]‘4

5.3. 3anuTaHHA 1J151 CAMOKOHTPOJIIO

1. Slka eHepris HA3UBAETHCS BUIBHOIO EHEPIi€l0 MOBEPXHEBOL
TUTIBKY PIJIMHU Ta SIK BOHA OOYMCIIOETHCA?

2. llo Ttake xpallOBUM KyT Ta AKE MOr0 3HAYEHHS y BHIIAJKax
MOBHOT'O 3MOYYBAaHHS Ta HE3MOUYBaHHS?

3. SIk1 akTH BIUIMBAIOTh HA 3MiHY PIBHS PIAMHU B Kallsipl Ta K
OOYHUCITIOETHCS BUCOTA PIBHS?

4. Yy 3MIHIOETHCS PIBEHBb BOJIM B KaIUISAP1, SKIIO HOTO HAXUITUTH?

5. Sk THUCK HacH4Y€HOI MapH 3aJEKUTh BiJ KPUBU3HU MOBEPXHI
piauHu?

6. UuM BIpI3HAETHCS 17€abHa PiIMHA BiJl pEaIbHUX P1IUH?

7. SIk1 Teuli BBaXKAIOTLCS MMOIIOHUMU ?

8. Sxuii pizuunmii 3MicT uncia PeitHonbaca?

9. Sxuii pi3nunumil 3micT uncna Opyuna — F2=v 2/gl?

10. SIky mIBUAKICTh Ha3UBAIOTh KPUTHUYHOIO?

5.4. 3agaui nuis podoTH B ayAuTOpil

1. SIxy eHeprito HEOOXiJTHO BUTPATUTHU HA YTBOPEHHS MUJIBbHOI
OynsOamku pangiycoM 6 cM npu ctainiii temneparypi? KoedimieHT
NOBEPXHEBOro HaTATY MuJbHOI TUTiBKH 0,04 H/M. (3,6 M/[x).

2. SIxa KiNBKICTh €HEprii MOIJIMHAETHCS MPU PO3OUTTI BEIUKOI
KPAILTHHA BOJM MAaco0 2 T Ha MaJCHbKI KparMHH pagiycoM 107 cm?
Koedinient noBepxueBoro Hatary Boau 0,073 H/m, ii ryctuna 1000
kr/M. (4,38 JIK).

63



3. JIBi KpamiauHU PTYTI pagiycoM | MM KOXHa 3JIMJIHUCH Y OJHY
BEJIIMKY KpaIUIMHYy. SIKa €Hepris BUBUIBHIOETHCA MPHU LBOMY 3JIMTTIL?
BBaxatu, o npouec i3orepMiunuit. (1,1 MxJlx).

4. Hackinbkd THCK TOBITPA B CEpPEIMHI MUJIBHOTO MYy3HUPS
OUIbLINKA aTMOC(EPHOTO TUCKY MPU HOPMAJILHUX YMOBAX, SIKIIO JlaMeTp
ny3ups S mm? (62,5 I1a).

5. Y OGeH30a onmyuieHU Kamijasip i3 BHyTpimHiM aiametpom 0,4
MM. Busnauutum macy OeH301y, SIKUM YBIMIIOB y Kamuisip, SKIIO
KO€(II1€EHT MOBEPXHEBOr0 HATATY OeH30s1y cTaHoBUTH 0,03 H/Mm.

(3.9mr).

6. Bona Tede no TpyOi, sika Mae pi3HI MEpepi3u 1 po3MilieHa
ropu3oHTa’dbHO. [IIBUAKICT BOAM Y MIMPOKIN YACTHUHI TPYOU JTIOPIBHIOE

20 cwm/c. Bu3HauuMTM MIBUAKICTE Y BY3bKIH YacTUHI TpyOH,

JlaMeTp SKOi y MIBTOpa pa3d MEHIIMA JiaMeTpa IIUPOKOI YacCTHHHU.
(0,45 m/c).

7. Boga Teue mo Kpyriii riaaeHbKid TpyOl AlamMeTpoM 5 cM 3
cepeanboro mBuAKicTiO 10 cM/c. Busnauutu uncio Pelinonbaca Re ns
MOTOKY BOJIM y TpYO1 Ta BKazaTu xapaktep pyxy Boau. (0,45 m/c).

8. Ilocynuna Bucotoro 1,5 M 3aloBHEHa MOBHICTIO Bojow. Ha
BiICTaHl | M B1Jl BEpXHBOTO KpParo MOCYJAWHU YTBOPUBCS OTBIP MaJiOro
niaMetpa y 00koBii cTiHIll. Ha sikiii BiJicTaH1 BiJl MOCYJUHU TaJa€ Ha
nijyory crpyminb Bogu? (1,4 m).

5.5. 3apaui qyis caMoCTIiiHOI po0OTH

1. Sxy poOoTy Tpeda BHKOHATH, 100 J1aMETP MHJIBHOTO ITy3UpSI
30utbmuTH Big 1 7o 11 cm? BBaxkatu, mo npoiec i3orepmidynuii. (3
M/Ix).

2. Ilpu 31uTTl APIOHUX BOJASAHUX KPAIUJIMH OJHAKOBOTO PO3MIpY B
OJHY BEJIUKY KpaIUIMHY pajaiycoM 4 MM BUBUIBHIOETHCS eHepris 14
MJIx. BusHauutu pajiyc MaiMx KpaljidH, BBa)Xaruu KOe(]IIleHT
noBepxHeBoro HaTAry Boau 0,073 H/M. (4,2 MkMm).

3. Ilpu mpomyckaHHi depes mimetky 4 cm® omii oTpumann 304
kpamm. J[iaMeTp OTBOpPY MINETKU CTAaHOBUTH 1,2 MM; T'yCTHMHA OJIii
nopiBHIoe 900 kr/M’. BusHaunti koedilieHT HOBEPXHEBOro HATATY OJIii.

(0,03 H/m).
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4. I'miuepuH MmiAHABCS y KanugpHid TpyOIll Ha BHcOTy 20 MM.
BusHaunTtu KoedillieHT MOBEPXHEBOT0O HATATY TJILIEPUHY, SKIIO J1aMeTp
Kanuisipa qopiBHioe 1 mm. (62 MH/m).

5. SIxy po0OoTy MOXe€ BHKOHATH MHWJIbHA IUIIBKA IIPH 3MEHIICHH]
e e . 2 ..
ol ii moBepxHi Ha 1 cM”, SAKIIO KOe(DIMIEHT MOBEPXHEBOTO HATATY
mutbHOI Bk 0,045 H/M? (4,5-107° JIx).

6. Hackinbku HarpierbCcsi Kpamisg pTYTI, 1O yTBOPHWJIACS MiCJS
3IIMTTS JBOX Kpamnenb PTYTI pajilycoM | MM KOXHa, SKIIO MHUTOMa
teroemuicts pryri 0,14-10° Ix/(xkr-K)? (1,66-10™ K).

7. Ilix kUM THUCKOM TIiepedyBa€e My3WPUYUK MOBITPSA PaalycoM
0,0006 MM Oe3nocepenHbo i nmoBepxHero Boau («=0,073 H/M) npu
HOpMaJIbHOMY aTMOC(EpHOMY THCKY, SKIIO Temmnepatypa Boau 20 °C?
(1,256-10°H/m).

8. BU3HAUUTH TUCK TOBITPS B MOBITPSHOMY IY3HPi J1aMETPOM
0,01 Mu, mo 3HaxomuThcsd y Boal npu Temmneparypi 20°C
(¢=0,073 H/m). (=1,6-10° H/m).

9. Busnauutu agiamerp TPyOKH, 3 SKOi pilIMHA BHUTIKAE
Kpamiamu, akiio Bara 100 kpanens piauau BusiBuiacs pisaorwo 0,023 H
(«=0,075 H/m). (=107 m).

10. IIponyckarouu depe3 MIMETKY 3 JlaMeTpoM IuWku 1,2 MM
MACJIMHOBY OJII0, ONEPXKYIOTh 3 3 cM’ onii 228 kpamens. BusHauntu
Koe(illieHT MOBEPXHEBOIO HATATY OMii, SIKIIO 1i rycthHa 910 Kr/m’.
(0,0312 H/m).

11. Hackinbky 3HU3UTHCA BoAa B Kamuysipi paaiycom 0,1 mm mipu
NiABUINEHH] 11 Temmnepatypu Ha &80 rpaj, SKIIO 3 MiABUIICHHSIM
TeMmneparypu Ha | rpax Koe(ilieHT IMOBEPXHEBOrO HATATY BOIHU
3meHmryeTbes Ha 1,5-10™ H/m? (2,45-107 m).

12. 3HailTu PI3HULIO PIBHIB PTYTI Y JBOX CIOJYYEHUX
Kamijaspax aiamerpamu 1 1 2 Mm. He3smouyBaHHS BBa)kaTU MOBHHUM.
(7,5 Mm).

13. BayTpimHiii niametp 6apoMeTpudHol TpyOku gopiBHioe 0,75
cM. SIKy mompaBKy CJiJi BHECTH, BUMIPIOIOYM aTMOC(HEpPHUN THUCK IO
BUCOTI CTOBIMA PTYTI? (2 MM).

14. PiBenb pryti B nocyausi 0,03 mm. Ilpu saxomy HalOlIbIIOMY
JiaMeTpl OTBOPY B JIHI NOCYAUHU PTYTh He Oyzae Butikatu? (0,5 Mm).
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15. V 1HiI CKISHOI NOCYAWHH 3 PTYTTIO 3pOOJEHO OTBIp
niamerpoM 0,5 M. Ska HailOinblIa KUIBKICTH PTYTI MOXe OyTH B
MOCYAMHI, SIKIIO rionia ii gHa 30 cM>? (1,22 xr).

16. OuroBa KuCIOTa y KamuIspHIA TpyOIll MiTHIMAETHCS Ha
Bucoty 30 mm. Ha siky BUCOTY mijiHIMaeThes eip y KanuisipHiil TpyOIIl 3
yIB1Yl O1bIIMM J1amMeTpoM? J[71st oIITOBOT KUCIIOTH 1 eipy KoedilieHTH
noBepxHeBoro Hatsary craHoBiaTh 0,028 H/m 1 0,017 H/m, a ryctunu
nopiBHI00TE 1050 kr/M° Ta 710 kr/m° Bigmosiawo. (13,5 Mm).

17. JIB1 KamijggpHi TpPYyOKM PI3HUX JiaMETPIB OMYCKaIOTh
croyatky B edip, a moTiM y rac. Pi3HULS BUCOT MiIHATTA edipy y
Kanuisipax CTaHoBUTh 2,4 MM, racy - 3 MM. BuszHauutu koedilieHT
NOBEpXHEBOTro HaTAry racy. KoedilieHT moBepxHEBOro Hatsiry edipy
cranoButh 0,017 H/m. I'yctuna edipy 710 kr/m’, a TycTuHa racy
nopisHioe 800 /. (0,024 H/m).

18. V nH1 ckiasHOl mocyauHu 1iomer 30 oM’ 3p00JIEHO
Kpyriui oTBip aiamerpom 0,5 mm. B nocynuny Hamwiau ptyTh. SIka maca
PTYTIi 3aMUIIUThCA B nocyauHi? (1,22 r).

19. 3 mineTrku BUTIKAJIM OJHAKOBOI MAacH Kparuli BOJAM: CIOYATKY
npu temnepatypi 10 °C, a notim npu temneparypi 63 °C. ¥V nepumomy
Bunajaky Oyino 30 kpamenb, y apyromy - 34. Uomy HO0OpiBHIOE
BIJIHOLIEHHSI KOE(DII[I€EHTIB MOBEPXHEBOIO HATATY BOJU MPHU BKA3AHUX
TeMmneparypax (BBaxkaTd, 10 TyCTUHA BOJAUW HE 3aJ€XKUTh BIA Ii
temneparypu? (1,13).

20. Maca 100 kpanenb cnupry, SKi BUTIKalOTh 3 Kamijispa,
nopiBHoe 0,71 r. BU3HAUYUTH TOBEPXHEBUH HATAT CHUPTY, SKIIO
JlaMeTp MIMNKK Kparull y MOMEHT BiApUBY J0piBHIOE 1 MM. (22,2 MH/m).

21. B piguHy OmycKarOTh ABI BEPTUKaIbHI KamuipHi TPYyOKH 3
BHyTpimHIMHU Aiametrpamu 0,05 cm ta 0,1 cM. Pi3HULS BUCOT MIHATTA
plAIMHHU Yy Kanuisgpax ctaHoBUTh 11,6 MM. I'yctuna piaunu qopisHioe 0,8
r/cM’. BusHaunTH KoedilieHT TOBEpXHEBOro HAaTAry pimuuu. (22 MH/m).

22. Y Boay ONYIIEHUI Kamuisp i3 BHYTPIIIHIM JIaMeTpoM | MM.
BusHauutu macy Bojiy, sika yBidnuia B kanusip. (23,1 mr).

23. Ha siky BHUCOTY MiJHIMETbCSI BOJA MiX JBOMa OJM3BKHUMH 1

napajelbHUMHU MJIaCTHHAMHM, SKIIO BiJCTaHb MK HUMH CTAaHOBUTH
0,2 mm? (7,3 c™m).
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24. Y mupoKii YacTHHI TOPU3OHTAIBHO PO3TAIIOBAHOI TPYOH,
HadTa Tede 31 MBUIKICTIO 2 M/c. Bu3Hauutu mBUAKICTE HAQTH Y
BY3€HBbKIN YaCTHHI TPYyOH, SKIIO PI3HUI TUCKIB Y IIMPOKIM 1 BY3bKiii
yacTUHax Tpyou ctaHoBUTh 6,65 klla. (4,33 m/c).
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JOOJATKHA
1. TpuronomerpuyHi TadauIri

Kytu |sin tg Kytu |sin tg Kytu |sin tg
0° 10,000 | 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 10,052 | 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 10,122 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 10,191 | 0,194 | 41 |0,656|0,869| 71 |0,946| 2,90
12 10,208 | 0,213 | 42 {0,669 | 0,900 | 72 |0,951| 3,08
I3 (0225|0231 | 43 |0,682]0933| 73 |0956| 3,27
14 10,242 10,249 | 44 |0,695|0966 | 74 |0,961 | 3,49
15 10,259 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 10,292 0,306 | 47 {0,731 | 1,072 | 77 |0,974| 4,33
18 10,309 |0,325| 48 {0,743 | 1,111 | 78 | 0,978 | 4,70
19 103260344 | 49 |0,755| L,LI50| 79 |0,982| 5,14
20 10,342 (0364 | 50 |0,766| 1,192 | 80 | 0,985 | 5,67
21 1035810384 | 51 |0,777| 1,235 | 81 | 0,988 | 6,31
22 10,375(0,404| 52 |0,788|01,28 | 82 0,990 | 7,12
23 1039110424 | 53 0,799 | 1,327 | 83 |0,993 | 8,14
24 10,407 10445 | 54 0,809 | 1,376 | 84 |0,995| 9,51
25 1042310466 | 55 |0819| 1,428 | 85 0,996 | 114
26 0,438 10488 | 56 |0,829| 1,483 | 8 |0,998 | 143
27 1045410510 57 0,839 | 1,540 | 87 0,999 | 19,1
28 10,469 0,532 | 58 0,848 | 1,600 | 88 | 0,999 | 28,6
29 1048510554 | 59 0857 | 1,664 | 8 0,999 | 573
30 0,500 0,577 | 60 |0,866| 1,732 | 90 | 1,000
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2. OcHOBHI Qi3HYHI NOCTIiHI (OKPYIJIeHI 3HAYCHHA)

®Di3uyHAa NOCTiliHA IHo3navyenHst 3HayeHHs
Hopmanbue
PUCKOPEHHS g 9,81 m/c”
BUILHOI'O ITaIHHS
! parITaiiita G 6,67-10" "M /(xr ¢?)
IoCTiiHA
ITocTiitHa ABoraapo Nj 6,02 10 Mo ™!
MognsipHa ra3zoBa crajia R 8,31 JIx/(monsb K)
CrangapTHUi 00CsT Vi 22,4 107 M /Momb
[ocriitHa Bonbumana k 1,38 10 /K
EnemenrapHuii 3apsi e 1,60 10"°Kn
LHBI/I)IK%CTB CBITJIA Y . 3,00 1 0¥ u/c
BaKyyMi
IToctiitna Ctedana — s 5.67 1 0*B1/ (M2 K4)
bonrimmana
Hocﬂﬁga 3aKOHY b 2.90 1 03 MK
3cyBy BiHa
ITocTiina I1nanka h 6,63 107" Ik ¢
IMocTiiina Punbepra R, 10973731,77 m"'
Paniyc bopa a 0,529 10" m
KomntonoBchbka
JIOB)KHMHA XBUJI1 ﬂ,e 2,43 10"m
€JICKTPOHA
MarneroHn bopa Ly 0,927 10 A m°
Enepris ionizawii . 2,18 107" Tx(13,6
aToOMa BOJHIO ' 5B)
ATOMHa OJHHHIS 2.0.M 1,660 10" 2d/m
Macu
Enextpuyna nocTiiiHa €0 8,85 10" °®d/m
MarsiTHa nocriiiHa Lo 41 10" Tu/m
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3. lesiKi aCTPOHOMIYHI BeJIMYUHH

HaiimenyBaHHs 3HaYeHHHA
Paniyc 3emi 6,37 10° m
Maca 3emi 5,98 10** kr
Paniyc Conus 6,95 10° m
Maca CoHrst 1,98 10° kr
Paniyc Micsiis 1,74 10° m
Maca Micsis 7,33 10% kr
Bigcrans Bi1 ieHTpy 3emil 10 1,49 1 0y
neHTpy CoHIs
Bincranb B/l ICHTPY 3emi 10 3.84 1 0% mt
ueHTpy Micsus

4. I'ycTHA TBEpAUX TLI

Tsepae Tij10 I'ycTuna, Kr/m’ TBepae Tiio | I'ycTuna, Kr/m’
Amominiii 2,70 10° Mip 8,93 10°
Bapiii 3,50 10° Hixenb 8,90 10°
Banagiit 6,02 10’ CBUHELb 11,3 10°
BicmyT 9,80 10° Cpi610 10,5 10°
3aizo 7,88 10° Le3iii 1,90 10°
JTiTiii 0,53 10° LMHK 7,15 10°

5. I'ycTuHa piguH

Piguna I'ycTuna, Kr/m’ Pinnna I'ycTuna, Kr/m’
Boxa (ipu 4°C) 1,00 10° CipKOBYTJICLb 1,26 10°
I ninepus 1,26 10° Crupt 0,80 10°
PTyTh 13,6 10°

6. I'ycTiHa rasis (mpu HOPpMaJIBLHUX YMOBAX)
I'a3 I'ycTuna, Kr/m I'a3 I'ycTuna, Kr/m°

Bonens 0,09 Iemi 0,18
IToBiTps 1,29 Kucenb 1,43
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7. KoeginieHT MoOBEepXHEBOI0 HATATY PIAMHHA

. Koediuienr, . Koediuienr,
Pinuna vH/M Pinuna wH/M
Bona 72 Pryth 500
MusnbHa miHa 40 Cnupt 22
8. EdexTuBHMH JilaMeTP MOJIEKYJIH

I'as Hiamerp, M I'as Hiamerp, M
Asot 3,010" | Teniit 1,910
BojieHb 23107 Kuicenb 2,710

9. IluTomMa TeNJI0EMHICTh, TEMIIEPATYPA NJIABJICHHA | KMITIHHA,

MMUTOMA TCIJIOTA TVIABJICHHSA NCAKUX PCYOBHUH

Mutoma T-pa nuTomMa T-pa
Pevopuna TelIJIOCMleCTb B — TEIJI0Ta ———
npu 20°C, o IJIABJICHHSA o
T/ (1K) ¢ Jlk/r ¢
AmoMiHIT 0,92 660, 1 321,0 2330
AzoT 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
Kucenb 0,90 -219 13,8 -181
JlaTyHb 0,384 900 - -
Jlin(Bona) 2,09 0 335 100
Marniit 1,05 650 301 1100
Minp 0,394 1083 176 2582
Hikenb 0,46 1452 244-306 2800
OnoBo 0,25 2319 58,5 2337
PtyTh 0,138 -38.9 11,7 356,7
CBuHeElb 0,130 327,3 22,4 1750
Cpi610 0,234 960,5 88,0 2100
CrnupT(eTunoBuii) 2,42 -117 108,0 78,3
Cranb 0,46 1350 205,0 -
[uuk 0,38 419 117 907
Edip(eTunoBuii) 2,34 -116,3 98,3 34,6
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KiabkicTh

. 3B'130K MiK
Ha3sBa PiBusanus )
napamMeTpamMu PoGora B npoueci TEIUIOTH B
npouecy npouecy )
CTaHy npoueci
[30x0pHU 14 t P _ const 04=0 00 =Cydl
= cons —=
T A=0 0=C,(T,-T)
|4 O0A = pdV 00 =C,dT
I3o06apuuit p = const — = const
P T A4=0 0=C,(T,-T,)
0A = pdV
) . M vV, M 00 =04
[3oTepmiunuii | T = const pV = const A="Rrin-2 =2 rrin 22 Q_ Py
H Vi u 12 0=
0A = pdV =-dU
A=-AU :CV(Tl _Tz):
pV* = const :(prl _szz)
: . Ea -l 50 =0
AniabaTHuit 00=0 pT'™™ = const 4= M RT, ! (pzj <l 0=0
1 B x—1 -
VT > = const H P
1-x
p]I/] 1_ E
x—1 V
0A = pdV
A= T(prl - szz)
pV" = const o
. o M RT, P, )" 00 =CdT
% = I-n = A = — ! 1_ _2 =
[Tomitponuuit | C = const pT | const P (p] ] 0=C(T, -T)
VT ™! = const o
p]I/] 1_ E
n-—1 V
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HaBuanbHe BUAAaHHA

PI3UKA

MetoauyHi pekoMeHaIii

Vxnagaui: Baxonina Jlapuca Bonoaumupisaa
Maprunenko Bonoaumup OnekcanIpoBud
Pynenxo Annpiii FOpiitoBuu
MapazsBka Bitaniit AnaromniiioBud
Baacenko Jlapuca CepriiBHa

®dopmat 60x84 1/16. YM. npyk. apk. 4,62.
Tupax 20 npum. 3am. Ne

HaapykoBaHo y BUIaBHUYOMY BiJJUT
MuKo1aiBCHKOTO HAIIIOHAIBHOTO YHIBEPCUTETY

54020, M. Muxomnais, Byiu. ['eopris ['onraase, 9

CeigontBo cy6’ekta BugaBau4oi ciupasu JIK Ne 4490 Bix 20.10.2013p.
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