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BCTVYII

B MeToanyHuX pekoMeHAIisaX MPUBOAUTHCS TEOPETUUHHUIA MaTepial
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HaB4YaHHA.



1. MoJsekyasipHa ¢isuka

1.1. Cratuctnuna ¢pizuxka

KinbKicTh pe40BUHM Tijia (CHCTEMH)

ne N- 4Kcio CTpYKTYpHHX €JI€EMEHTIB (MOJIEKYJI, aTOMIB, 10HIB Ta T.1.),
CKJIQIAIOUUX TUIO (CUCTEMY);

Na nocriiina Asoragpo N, =602-10% yons™

MoJisipHa Maca pe4OBHMHHU
M=m/v.
Jie M- Maca OJHOPIAHOTO TiJia (CUCTEMHU );
V-K1JIbKOCT1 pEUOBUHU 1IHOTO TiJja.

BigHocHa MoJIeKyJISIpHA Maca PEYOBUHH
M =2nA
7€ Nj - YUCJIO0 aTOMIB 1-ro XiMIYHOTO €JIEMEHTA, 10 BXOJAUTh B CKJIajl
MOJIEKYJIU JAHOI PEYOBUHU;
Ari—Bi1IHOCHA aTOMHA Maca LIbOr0 €JIEMEHTA.

3B’5130K MOJISIpHOI Macu M 3 BIIHOCHOIO MOJIEKYJIIPHOIO MaCOI0
PEYOBUHU

M=M Kk,
ne k=103 xr/Mo1b.

KinbKicTh pe40BMHM CyMillli ra3iB

_ _N; N, N
V=V, +V, +o AV, = A: Aa+...+ %a,

abo

ne Vi, Ni, mi, M B1IIOBIJIHO KUIbKICTh PEYOBUHH, KIJTBKICTH MOJICKYI,
Maca, MoJIsipHa Maca 1-ro KOMIIOHEHTa CyMilli.



1.2. locaigni ra3osi 3aKoHH

PiBusinast MenpaeseeBa-KuaiinepoHna (piBHSHHS CTaHy
17I€aJIbHOTO Ta3y)

oV =""RT=VRT .
M

ne m - maca razy, M-moisipaa maca rasy, R-moisipHa razosa nocriiiHa, V
- KUJIBKICTh PEUOBHUHHU, T - TEpMOAMHAMIYHA TEMITEpATypa.

JlocmiHi ra3oBi 3aKOHM, IO € OKPEMHMHU BHIIAJIKAMHU PIBHSHHS
MenneneeBa — Knaneipona jist 130Mpo1IeciB:

e 3akoH boiluis — Mapiorra (i30TepMiuHui riporiec: 7= const, m=

const)
pV =const .
YH JIJIs ABOX CTaHIB ra3y
PVI=P,V;
e 3akoH I'eii - JIroccaka (i300apHMii nporiec: p = const, m=const)
V
—=const .
T
YU JIJIs1 IBOX CTaHIB
V, V
T T |
e 3akoH llapas (i3oxopHwmii nporec: V= const, m=const)
BZCOI’]St ,
T
9y IS JBOX CTaHIB
Pi_Py
T T
e 00’¢xHaHmii ra3oBuii 3aKoH (M=const)
V PV, pVv
PY _const, un E1=T22
T I T

ne p1, Vi, T1 —Tuck, o6’eMm Ta TemmepaTypa rasy B IMOYaTKOBOMY CTaHi;
ctaHi; P2,Va, T2 — T1 K BeTMYMHHU B KIHIIEBOMY CTaHI.



1.3. 3akonu a9 cymiui rasis
3akon JlaabTOHA, 1110 BU3HAYAE TUCK CYMIIII Ta3iB
P=P+Pat.+Py
Jie Pi - mapiiajibHi TUCKU KOMIIOHEHTIB CYMIIIII;

A - YHCJIO KOMITOHEHTIB CYMIlIl.
Ilapyianonum mucxom HA3UBAETHCS TUCK a3y, 110 CTBOPIOBaB O
el ra3, AKOM TUIBKM BIH OJMH 3HAXOJUBCS B IIOCYJIMHI, 3ailHATII
CYMINIIIIIO.

MoJuasipaa maca cymiii rasis

A < MMy 4,
Vy+Vy .V,

1e M;j - Mmaca 1-ro KOMIOHEHTA CYMIIIIL;
m.

P . . . s
Vi - M. - KUIBKICTb PCYOBHHU [-TO KOMIIOHCHTA CYMIIII1;

1
N - YUCJI0 KOMIIOHEHTIB CyMIllli PEYOBUHHU I-T'O KOMIIOHEHTA CYMIIIIi.
MacoBa JacTka i-ro KOMIIOHEHTa CyMillni ra3y (y J0JISX OAWHHIIb

YU BIJICOTKaX)

m;
a)i —_—
m
e M - Maca CyMilIl.
Konuenrpaiisi MoJieKy.J1
n_ﬁ_ N,p
V M

ne N - 9uca0 MOJIEKYII, III0 MICTATHCS B JJaHIH CHUCTEMI,

0 - TyCTHHA PEUYOBHHU;

V - 00’eM cucTEMH.

dopmyia cripaBeJIiBa HEe TUIBKH IS Ta3iB, aje 1 1 Oyab-sSKOTro
arperaTHOro CTaHy PCUYOBHUHM.

OcHOBHe piBHSIHHS KiHETHYHOI Teopii rasis

p:%n<gn >

ne <é&v> - cepeliHs KIHETUYHA €HePris MOCTyNalbHOTO PyXy MOJIEKYIIH.
CepeHs KIHETUYHA €HEPTisl MOCTYNAIBHOTO PYXY MOJIEKYJIH

<&, >:%kT ,
7



ne k = nocriitna bosbiimana.
CepenHs TOBHA KIHETUYHA €HEPT1sl MOJICKYJIH.

<& >:l KT .
2

JI€ i- YUCJIO CTYIEHIB CBOOOU MOJIEKYJIH.
3aeXHICTh TUCKY Ia3y B1Jl KOHIIEHTpAIIll MOJIEKYJI 1 TEMIIepaTypu

p=nKT .

HIBuakocTi MoJIEKYJI:

3KT _ \/3RT _cepeiHs KBaJIpaTHyuHa;

<V, >=
m, M
<\V>= 8kT = 8RT _ cepeaHs apupMeTUIHA;
A W\
= kT = \/ 2RT_ yaiiGinsm NMOBIpHa,
Y m M

e M — Maca OJIHIET MOJICKYJIH.
BigHocHa MIBUIKICTH MOJIEKYJIH

_V
“&’

1ie V - IIBUJKICTh TaHOT MOJICKYJIH.

1.4. IlpukJiaau po3B’si3yBaHHs 3a1a4

3agaya 1.1. Bu3HaumTu m1g cipyaHoi KHUCIOTH: 1) BigHOCHY
MOJIEKYJIIpHY Macy Mr; 2) moiisipay macy M.

Pimenns. 1. BigHocHa MoJekylisipHa Maca PEUYOBUHH JIOPIBHIOE
CyMI BITHOCHUX aTOMHHX MacC BCIX €JIEMEHTIB, aTOMHU SIKUX BXOIATH JI0
CKJIa/Ty MOJIEKYJIM IaHOT PEUOBUHHU, 1 BUZHAYAETHCS 110 (OpMyJIi

Mr:ZniAr’i’ (1)
7€ Nj — 4YKCIIo aTOMIB 1-TO eeMeHTa, 0 BXOJATh Y MOJICKYITY;
A i — BITHOCHA aTOMHA Maca 1-To eleMeHTa.

XimiyHa ¢opmyna cipuaHoi kuciaotd Mae Bun HpSOs Tak sik 10
CKJIaJly MOJICKYJIH CipYaHO1 KUCJIOTH BXOJIATh aTOMU TPHOX €JIEMEHTIB, TO
CyMma, IO CTOiThb B MpaBiid 4acTuHi, piBHOCTI (1) Oyae ckiamatuch 3
TPHOX CKJIQJIOBUX Ta BOHA NMPUUME BUTJISA

8



M r :nlAr,1+n2 Ar’z +n3 Ar13 . (2)

3 ¢opmynu cipyaHOi KHCJIOTH Jajl BHXOAUTH, IO n1=2 (IBa
aToMd BOAHIO), N>=1 (omamH aroM cipku) Ta N3=4 (YOTUPHU aTOMHU
KHCHIO).

3HaueHHS BIAHOCHMX AaTOMHMX MacC BOJHIO, CIPKM 1 KHCHIO
3Haaemo B Tabaumi [.1. Mennaeneena.

A.=l,  A,=32, A,=16.
ITigcraBuBmn 3Ha4YeHHS N, Ta Ar,i y dopmyny (2), 3Haiigemo
(BIZHOCHY MOJIEKYJISIPHY Macy Cip4aHOi KUCJIOTH:
M, =21+1.32+4-16=98.

2. 3HarouM BIJIHOCHY MOJIEKYJISIpHY Macy My, 3HaleMO MOJIIpHY

Macy CipyaHoi KUCJIOTH 110 hopmyi

M=M k. 3)

ne k=103kr/Momnb.
[TizcraBuBIIM B (3) 3HaYEHHS BEJIMYUH OTPUMAEMO
M = 98-1073 kr/mo1b.

BinnoBins: M = 98-10"3 kr/moub.

3amaya 1.2. Buznauutu MossipHy Macy M CyMill KUCHIO Macoro
M1=25 r 1 a30Ty Macor My=75T.

Pimennsi. MossipHa Maca cymiiini M € BITHOIIIEHHSIM MacH CyMIIli
m 70 KIJTbKOCTI PEYOBUHU CyMIIIIl V:

M = m/v. (1)
Maca cyminini JOPIBHIOE CyMi1 Mac KOMITIOHEHTIB CYMIILIL:
m=m, +m, (2)

KUTbKiCTh pEYOBUHM CyMIIII OPIBHIOE CyMi KITBKOCTEH PEUOBUHU
KOMIIOHEHTIB:

m = m
V=V +V, =—+—=, 3
A VIRV 3)
[TincraBupim y popmyay (1) piBasaas (2) i (3) , oTprEMaeMo:
M=t @)

my m, '
IR



3acTOCyBaBIIIM METOJI, BUKOpUCTaHUW y 3amadi 1.1, 3Haijmemo
momsipHi Macu kucHO Mp i asory M. M;=32.10"3kr/mous;
M>=28-10"3kr/MO15.

IlinctaBUMO 3HAYeHHS BEJIMYMH B piBHAHHA (3)Ta 3poOMMO
PO3paAXYHKHU:
M 25107°+75107°

251072 /(32:107%)+75107° /(28107°)

BinnoBiab: M =289-103x2/ monw.

:28,9-10_31@/ MOTb.

3agauya 1.3. Buznauutu uncio N MoJiekyd, 10 MICTSIThCS B 00’ €Mi
V=1 mm® Boam, i Macy M MOIEKyJIM BOAM, BBaxkaroum yMOBHO, IIO
MOJIEKYJIM BOJM MAarOTh BHUJ KYJIbOK, 110 CTHKaIOThCSA OJHA 3 OJHOIO,
3HAWTH giameTp d MOJeKyI.

Pimennsi. Yucino N MoJiekys, 10 MICTIThCS B JEsKili cuctemi
Macorw m, JOPIBHIOE AOOYTKYy mocTiiiHoi ABorajapo Na Ha KUIBKICTb
PEYOBUHH V.

N=VNA-

Tak sx y=m/M,
mN 4
M :

Bxazasiu 3 1i€i popmynu macy gk A00yTOK TYCTUHHM Ha 00°em V
OTPUMAEMO

ne M - monsipHa maca, 3Biicu N =

N =pVN A/ M.
3po6uMo 06uncIIeH s, BpaxoByoun, o M=18- 10> kr/mous:

10°10° 23 19 .
N=———2-60210"" monexyr=3,34-10"" monexyn.
18:10
Macy m1 oiHi€1 MOJIEKYJIM MOKHA 3HAUTH IO PopMyJIi
m1 = M/Na. (1)
[TincraBuBiim y (1) 3Hauennst M ta Na 3Haliiemo Macy mMoJieKyiu
BOJM:
~18107°

= 09107 xe=299-10"%° xe.

m;
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SKmo MoJIeKyJaM BOAM UIUIBHO MPWIATalOTh APYr 10 Apyra, TO
MO>KHA BBaKaTH, 110 HA KOKHY MOJIEKYJIy MPUXOJUThCA 00’eM (KyOluHa
sueiika) V1=0d°, ne d — miameTp Monekynu. 3Biacu

d= 34/01. (2)

OOcar Vi 3HaiieMo, pO3AUIMBIIMA MOJSIpHUM 00’eM Vm Ha 4YHMCIO
MOJIEKYJI B MOJI1, TOOTO Ha Nq:

V,=V_IN,. (3)

[TizcraBumo piBHsiHHES (3) B (2):

[lepeBipuMo, 4yM jgae TpaBa YacTWHA PIBHIHHSA (4) OIUHUINO
JOBKUHU:

ey M/ Tomi
"

=1m.

{ [M] }%:{ 1ke | monw }%
[2]IN ] 1z | m>-1vons ™t

3poOuMO OOUYUCIIEHHS:

-3
d :3\/ 10312 (1)(2) 1% ~311.107%% =311 nm.

Bigmosigs: d =311-10710 4, =311nm.

3agaua 1.4. B Oamoni o0’emoMm 10 1 3HAXOOWUTHCS Tenlil Mg
tiuckoM P1 = 1 MlIla ta mpu Temneparypi T1 = 300 K. Ilicas Toro sk 3
Oanona Oyio B3sT0 M=10T Temrio, TeMnepaTypa B 0ajJoH1 MOHU3UIIACS
10 T, =290K. BuzHauuTH TUCK P2 TEMit0, IO 3aJUIIUBCA B OaJIOHI.

Pimenns. [[ns BupilieHHA 3a/7adl CKOPUCTAEMOCS PIBHSHHSAM
MenpneneeBa -KnaneiipoHa, 3acToCyBaBIIM HOTO /0 KIHIIEBOTO CTaHy
rasy:

m
AY :MZRTZ, (1)

11



Jie my — maca Teiro B 0alioHi B KiHIIEBOMY CTaH1; M — MoJigapHa Maca
rejito; R — MonsipHa razoBa nocriitHa.
3 piBusHHs (1) BHpa3uMo IIyKaHUM THCK:
pzzmzRTzl(MV). (2)
Macy mpy renil0 BHpa3UMO Yepe3 Macy mi, 10 BiANOBIJIA€E
OYaTKOBOMY CTaHy, Ta Macy m reliito, B3ATOro 3 OajoHy:
m, —m,—m. (3)
Macy mjp remito 3HaWJAEMO TakoX 3 PIBHSAHHS MeHjeneeBa -
Knarinepona, 3acToCyBaBIlIM HOTO J0 MOYATKOBOTO CTaHY:

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

ITiacTaBuBIIM PIBHSHHSA Macu m1 B (3), a MOTIM PIBHAHHS M2 B (2),

3HAUIEMO
Mp.V RT
Po= Py -m| 2,
RT, MV
yu
_To M RT, (5)
P, T, Py MV

ITepeBipumo, un gae popmyia (5) oguHUIIO TUCKY. JJIs 11bOTO B ii
npaBy YaCTUHY 3aMiCTh CHMBOJIIB BEJIMYUH M1JCTABUMO iXHBOI OJIMHUIII.
B npasiit wactuni ¢opmynu n8a; goganku. O4eBUIHO, 110 TEpIe 3 HUX
7A€ OJIMHUIIb THUCKY, TOMY IO CKJIQAAE€ThCS 3 IBOX MHOKHUKIB, TIEPIITUN
3 skuit (T2/T1) — Oe3posmipHmii, a npyruii — Tuck. [lepeBipumo
JIPYTrAl JOJAHOK:

[M][R]I[T]  1Ixe 1Jorc [(monwo -K )- 1K lxe-lmone — L/uc-1K
[M][V] 1ke/ monw 1u 1xe v 1voas - 1K
Lo 1H-m  1H
e W 1w?
[lackanp € oAMHUICIO TUCKY. 3poOUMO OOUYMCIICHHS 1O (opMyJi

=17//a .

(5), BpaxoByoun, mo M=4-10"3kr/mois:
290, , 107 831

={ =210 :
P27 300 4107° 1072

Bixnosie: p, =364-10° /1a=0,364 MI1a.

-290)]761=3,64-105Ha=0,364MUa.

12



3anpaua 1.5. banon mictute m1 = 80 r kucHI0 1 Mz = 320 r aprony.
Tuck cymimn p= 1 MIla, remneparypa T=300K. IIpuitmatoun naHi raszu
3a 171eajbHi, BU3HAUYUTH 00’ eM V OajtoHa.

PimenHst. 3a 3akoHOM JlanbTOHA, TUCK CyMIIIl JIOPIBHIOE CyMi
napiiaibHUX THUCKIB Tra3iB, IO BXOJIATh A0 ckjaxy cymimi. Ilo
piBHsAHHIO MeHnneneeBa — KianeiipoHa, napuiajibHi TUCKH p1 KHCHIO 1
P2 aproHy BUpa)KaroThcs hopMyiaMu

P1=mRT /(M,V ),p,=m,RT /(M,V).
3BiJicH 3a 3aKOHOM J[albTOHA THUCK CyMIIII ra3iB
m m, | RT
P=P;+ Py, p=[ 12 j :
My My ) p
3poOuMO 0OUYHUCIICHHS, BPaXOBYIOUH, 1110
M,=32-10 3z / momw, M ,=40-103ke | momw °
008 032 ) 831300
V= 3t 3| 406
32107 40-107 10
Bignosinn: V =00262 »% =262 1.

00262 #3=262 1.

3agaya 1.6. 3HailTM cepeqHIO KIHETUYHY EHEPrito <&p>
00epTaNbHOTO PYXYy OAHIEI MOJEKYJIN KUCHIO npH TemmepaTypi T=350 K,
a TaK0 KIHETUYHY eHepriio Ex 00epTallbHOro pyXy BCIX MOJIEKYJI KUCHIO
Macorwo m=4r.

Pimennsi. Ha xoXeH CTyImiHb BOJII MOJIEKYJIM Ta3y MPUXOIUTHCS
OJIHAKOBA CEPEJIHS EHEPTisl & :% KT, ne K — mocriiina bonsnmana; 7 —

TEpMOJMHAMIYHa TEMIIEpaTypa rasy.

Tak sk oOepTadbHOMY PYXy JBOXaTOMHOI MOJIEKYJIU (MOJIEKyJia
KHCHIO-IBOXaTOMHA) BIAMOBIJAIOTh JB1 CTYNEHI BOJI, TO CEpPEeaHs
eHEePTis 00epTaTBLHOTO PYXY MOJIEKYJIM KUCHIO

<& >=2-1kT. (1)
6p 2

Kinetnyna eneprisi 00epTaqbHOTO PyXy BCIX MOJIEKYJ razy
E, =< £,,> N. (2)

Yucno BCiX MOJIEKYJT Ta3y

13



N=N,v, 3)
ne, N, - nocTiiitna ABorajipo;

V-KUIBKICTh PEYOBHUHH.

SIk1o BpaxyBaTH, IO KIJIbKICTh pedoBuHU V=M/M, 1e m — Maca
ra3zy; M — moJisipHa mMaca rasy, To ¢popmyJia (3) npuiiMe BUTIIS

N=N, 3
[TincraBuBiu piBHsHHSA N B popmyity (2), oTpuMaemMo
E, =N,m<e, >/M. (4)
3poOuMO  OOYHMCIICHHS, BpaxOBYHUYH, IO 1  KHCHIO
M =32-10"% ke / moms
<&,,>=KT=13810""350=483-10"*" /Joc;

023 ﬂ
321077
A=2-314-(01)%-40-10 > =25-10"° oie=2 5m/Dorc.

Bimnosine: <o >=483-1072 /o,

E, =364 /[xc.
A=25-1073 J]oc =2 5m/rc

E,=6021 4831021 =364 /.

1.5. 3anuTaHHS 1JIsl CAMOKOHTPOJIIO

1. Slkuii ra3 HA3UBAETHCS 171€aTbHIM ?

2. ChopmynroBaTH 3aKOHHM 171€aIbHOTO Ta3y, 3allMCaTH X PIBHSIHHS
Ta HApUCYBATH iX Tpadiku.

3. BuBectu piBHSIHHS ra30BOT0 CTaHy IS 1/1€aJIbHOTO Tra3y.

4. 3a SIKUX YMOB BJIACTMBOCTI peajibHUX Ta3iB HAOJIUKAIOThCS [0
BJIACTUBOCTEH 17€aIbHOTO Ta3zy?

5. Sk BUBOJIWUTHCS OCHOBHE PIBHSHHS MOJEKYJSPHO-KIHETUYHOT
TeOopii razis?

6. Sk eKkcnepuMEHTAIBbHO BU3HAYAIOTh IIIBUIAKOCTI MOJICKYJI ra3y?

7. Y doMmy mosisirae 3aKk0OH MakcBeia Mmpo po3MOJIi MIBUIAKOCTEN
MOJICKYJI Ta SKUMH JOCIIIIaMH1 BiH I1ITBEPIKYETHCS ?
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1.6. 3aaayi aas podoTH B ayauTopii
1. O6uucauT Macy M atoma a3oty.[2,33-1072° kr]

2. I'yctuna razy p npu Tucky p = 96 klla 1 Temmeparypi t=0°C
nopierioe 1,35 r/n. 3naiiti MonsapHy Macy M rasy. [32:103kr/mous |

3. BusHaunTy TUCK p1 1 p2 Tasy, mo Mictuts N=10° Moneky i Mae 06’ em
V= lcm3, mpu Temmeparypax Ti, = 3K i T=1000K. [41,4 ulla; 13,8
MKIIa]

4. TTpu Temnepatypi t=35°C 1 Tucky p = 708 klla ryctuna aeskoro razy
=12 2xr/m3. BusHaunTy BiTHOCHY MOJIEKYJIpHY Macy M, rasy. [44,1]

5. Sxwuii o6csr V 3aliMae cyMilll a30Ty Macor0 My = 1 Kr 1 refiio Macoro
M= 1 kr npu HOpManbHUX yMOBax? [6,4 M]

6. ¥V Gamoni micTkicTiO V =15 11 3HaXOIUTHCS CYMIII, 110 MICTUTh My =
10 T BogHiO, M2 = 54 1 BOASHOTO mapy 1 M3 = 60r OKHCY BYIJICIIIO.
Temnepatypa cymimi =27° Buznauutu tuck. [1,69 Mlla]

/. 3HaliTU TOBHY KIHETHYHY €HEPTil0, a TaKOX KIHETUYHY EHEPTiio
00epTaIbHOTO PyXy OJHIET Mosiekynau amiaky NHiz mpu Temmepatypi
t=27°C. [1,24'10%° JTx; 6,2°10°2t JIxx]

1.7. 3apa4i a5 camocTiiiHOI po0oTH

1. Bu3HauuTH KiJIBKICTh PEYOBUHM V 1 unciio N MOJIeKyJl KMCHIO
Macoro m = 0,5 Kr.

2. CKUIBKYA aTOMIB MICTUTBCS B PTYTi: 1) KUIbKICTIO PEUOBUHU V =
0,2 momp; 2) macoro m=1 r?

3. Boga mpu temmeparypi t = 4°C 3aiimac 06’em V= 1 cm® .
BuzHauutH KiIbKICTh pe4OBHHM V 1 unciio N MOJIeKy1 BOIM.

4. 3naiitm MoOJSIpHY Macy M u Macy m, OIHIEI MOJIEKYIH
MOBAPEHO1 COJII.

5. BuzHauntu Macy My OJIHI€T MOJIEKYJIU BYTJIEKUCIIOTO ra3sy.

6. Bu3HaunTH KOHLIEHTPAIIIIO 7 MOJIEKYJ KHUCHIO, 1[0 3HAXOUTHCS
B eMHOCTI MicTKICTIO V =211. KifbKiCTh pEHOBUHU V KHUCHIO JOPIBHIOE
0,2 MOJIB.
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7. BU3HAUUTU KUIBKICTh PEUOBMHM V BOJIHIO, IO 3alOBHIOE
€MHICTb, 00’€MOM V=3 11, SIKIIIO KOHLIEHTPAIlIs] MOJICKYJI ra3y B €MHOCTI
n= 210 M3

8. Y Ganoni MicTKiCTIO V=31 MICTUTbCS KHUCEHb Macoto m= 10 r.
BuzHaunTH KOHIIEHTpPALIIIO N MOJIEKYJI Ta3y.

9. BusHauMTH BITHOCHY MOJEKYJIIpHy Macy M. 1) Bomu; 2)
BYIJIEKHMCJIOTO Ta3y; 3) MOBAapeHOI COJIi.

10. BuzHauuTu KidbKiCTh peyoBUHHU V 1 uncio N MoeKkyn a3zory
Macoro m = (0,2 KT.

11. ¥V uuningp aoBxuHo0 |=1,6M, 3aII0BHEHHI MOBITPSIM IIPH
HOpPMaJIbHOMY aTMOC(HEpPHOMY THCKY 0,, MOYalu TMOBUIBHO BJBUIaTH
MOpILEHb IUIoImEe ocHoBU S = 200 cm?. BusHaunTu cuiy F, mo gie Ha
MOpIIEHb SKIIO MWOro 3ynMHMTH Ha Bigctani |'=10cM Bim naHa
HUTIHAPA.

12. V 6anoni 3Haxoauthes ra3 npu temmeparypi 71 = 400 K. Jlo
K01 TeMreparypu 1> Tpeba HarpiTy ras, o0 Horo THUCK 30UIBIIHUBCS B
1,5 pazu?

13. banon wictkicTio V=201 3amoBHEHHII a30TOM IIpHU
temnepatypi 7' = 400 K Konu yacTuHy ra3y BUKOPUCTAIM, THUCK Y
Oanoni monuzuiiocs Ha AP = 200kIla. BuzHauntt Macy M BUTPadYE€HOTO
razy. [Iporiec BBakaTy 130 TEpMIYHNM.

14. Y Ganoni MicTkicTiO V=151 3HaXOAUTHCS ApTOH M1 TUCKOM P1 =
600xkI1a 1 mpu Temnepatypi 71 = 300 K. Komau 3 6anoHa O0yJio B3STO SIKYCh
KUIBKICTh Ta3zy, THCK Yy OanoHl moHu3wiocs a0 P2= = 400klla, a
TeMmnepaTypa ycraHoBuiaca T2 = 260K. Busnauutu macy M aprosy,
B3ATOTO 3 OaJoHa.

15. JIBi €éMHOCTI OJHaKOBOTO OOCSTY MICTSATh KHCEHb. B omHiit
eMHOCTI TUCK p1 = =2Mlla i Temnepatypa 71 = 800K, B iHIIOMY p2 =
2,5MIla, T2 = 200K. €MHOCTI 3'¢qHAIM TPYOKOIO ¥ OCTYAMIA KUCEHbD, IO
3HaXOJUThCA B HUX, 10 Temmepatypu 1 = 200 K. Buznauutu THCK p, sikuit
BCTAaHOBHUBCSI B EMHOCTSIX.

16. O0uucaIUTH TYCTHUHA O a30TYy, 110 3HAXOAUTHCA B OAJIOHI Mif
tuckoM p = 2MlIla 1 mae Temneparypy 7' =400 K.
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17. BuzHauuT BITHOCHY MOJIEKYJISIpHY Macy M. raszy, sKIo Ipu
temnepatypl T = 154 K u tucky p = 2,8 MIla BiH Mae ryctuHa p = 0,
1 xr/™m3,

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

19. ¥V emnocti mictkicTio V =40 71 3HaXOAUTHCS KUCEHb MPHU
temnepatypt 7 = 300 K. Konu yactuHa razy BUKOPUCTAIM, TUCK Y
0anoHi noHusmiiocs Ha Ap = 100k 1a. BuzHaunt Macy m BUTPAuY€HOIO
kucHIO [Iporiec BBakaTH 130TEPMIYHUM.

20 BusHaunTH T'yCTHHA O BOJSHOI IMapH, 110 3HAXOAUTHCS ITij
TuckoM p = 2,5kl1a 1 Mae Temneparypy 7= 250 K.

21. BuzHauuTu BHYTpIlIHIO eHeprito U BOHIO, TAaKOX CEpeaHIO
KIHETUYHY €HEPril0 MOJEKYJH IIbOoro raszy npu temmneparypi I = 300
K, SKII10 KIIbKICTh PEYOBUHHM V IILOTO Ta3y A0piBHIOE 0,5 MOJIb.

22. BuzHauuTH CymMapHy KIHETUYHY €HEpriio E MOCTyNajlbHOTO
PYXy BCIX MOJIEKYJI ra3y, 110 3HaXOAUTLCSI B EMHOCTI MICTKICTIO V=311
g TuckoM P=540 xIla.

23. KinpKicTh peuoBUHU remito V= 1,5 moib, Temmeparypa 1=
120 K. Busznauutu cymapHy KIHETHYHY €HEpriro Ek IOCTYIaIbHOTO
PYXY BCIX MOJICKYJI ITbOTO Ta3y.

24. Momsipaa BHYTpiniHs eHeprist Up 1esIKoro 7BoXaTOMHOTO Ta3y
nopiBHIOe 6,02 kJ/[k/MOib. Bu3HAUMTH CEpeHIO KIHETHYHY EHEpPTIio
<& 06> 00EPTATLHOIO PYyXy OJHIET MOJICKYJIH IILOTO Ta3y. I'a3 BBaXkaTu
11€aJIbHUM.

25. Bu3HauMTH CepeIHIO KIHETUYHY CHEPTiIO (&) OIHIET MOJICKYIIH
BOsIHOI napu nipu Temneparypi 7= 500 K.

26. BuzHaunTy cepenHIo KBaApaTUUHy MBHUAKICTD (Vi) MOJICKYIIH
razy, IOMIIIEHOI0 B €MHICTh MiCTKicTI0O V=2 1 mig tuckom p = 200
klla. Maca rasy m=0,3 r.

27. Bonmenb 3HaxomuThesa mnpu Temmeparypi 7=300K. 3naiitu
CEepeAHI0 KIHETUYHY €HEPrito <go5> OOEPTATBLHOTO PyXy OJAHIET
MOJIEKYJIM, @ TaKOXX CyMapHy KIHETHMYHY €Hepriro FE. yCiX MOJEeKyJ
IIbOTO Ta3y; KiIbKICTh BOAHIO V = (0,5 MOJIb.

28. Tlpu sxiii TemmepaTypl cepelHs KIHETHMYHA €Hepris <egp>
IOCTYIAILHOTO PYXy MOJIEKYJIHU ra3y mopiBHioe 4,14-10% Ik ?
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29. B a30T1 noMmileHi ApiOH1 NOPOIIMHHU, 1110 PYXAKOThCS TaK, HIOU
BOHM OYyJIM AYy’K€ BEJIUKUMH MOJIEKyJdamMu. Maca KO>XHOI MOPOIIWHU
nopieaioe 6-10°r, Ta3 3maxomuteca mpm Temmepatypi 7=400 K.
BusHauntu cepeni kBaapathyHi mBHAKOCTI (Vxz), a TaKoX CepeHi
KIHETUYHI €Heprii <gp> MNOCTYHAJIbHOIO PyXy MOJEKYJU a3oTy 1
MOPOIINHHU.

30. BuzHaunTtu cepeiHio KIHETHYHY €HEPrito <& ;> MOCTYIAILHOTO
PyXy 1 <& 06> 00EPTAILHOTO PYyXy MOJIEKYJIM a30Ty IpHU TemIieparypi 7=
1 xB. BuzHauutu Takox MOBHY KIHETUYHY €HEPT1I0 £ MOJIEKYJIH 3a TUX
CaMUX YMOB.

31. BusHauutu MOJSIpHY Macy M ABOXAaTOMHOIO rasy 1 HMoro
MATOMI TEILUIOEMHOCTI, SIKIO BigoMo, 110 pi3Huls C, — C, IIUTOMHX
TCIUIOEMHOCTEH 1BOro ra3y jaopiBHioe 260 Jx/(xz-K).

32. 3uaiitu mutomi C, Ta Cy , a Takox MoisipHi C, 1 Cy
TEIUIOEMHOCT1 BYTJIEKUCIIOTO Ta3y.

33. BuszHauuTh NMOKa3HUK ajiadaTu y 1€ajbHOr0 rasy, 1o IMpu
temnepatypi T = 350 K u tucky p = 0,4Mlla 3aiimae 06’em V =300 11 1
Mae TermtoeMHicTe Cy=857 JIx/K.

34. B ¢ ocyal MICTKICTIO V=0J1 3HaXOJIUThCA IIPU HOPMaJbHUX
yMOBax JBOXaTOMHHH Tra3. BuzHauntu TemnoeMHicTh Cy IIbOTO ra3y Mpu
MOCTIHOMY 00’ €M.

35. BU3HAuUUTH BITHOCHY MOJICKYJISIPHY Macy M,. 1 MOJISIpHY Macy
M razy, SKIIo pI3HUIS HOro MUTOMUX TeruoeMmHoctet C, — Cy = 2,08

KI[)K/ (K2~ K )

36. BuzHauutu MOJIIpHI TETUIOEMHOCTI Trasy, SIKIIO HWOro MUTOMI
TettoeMHOCTI Cy = 10,4 kJk/(xz-K )1 Cp= 14,6 kJIX/(kz-K).

37. 3navitu nuTomi 1 mopiBHATH MOJLipHI Cy 1 C), TEIIIOEMHOCTI

a30Ty 1 Teilo.

38. O6uucautu mutomi Cy Ta Cp TEINIOEMHOCTI T'a3y, 3HAIOUH, 110
iioro moisgpHa Maca M=4-10" kr/Moib Ta BiJHOIIEHHS TEIFIOEMHOCTEH
Cy/Cv=1,67.

39. TproxaTomuuii ra3 mig Tuckom p =240kl1a 1 Temnepatypi T =
20°C 3aiimae 06’em V=105. Buznauntu TtemioemHictb CP mpOTo ra3y
PU TOCTIHHOMY THUCKY.
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40. OmHoaTOMHMI ra3 IIpM HOPMaJlbHHUX YMOBax 3aiiMae 00’e€M
V=51. OOuucautu TemiIoeMHICTh CV 1BOr0 Ta3zy MNpPHU MNOCTIHHOMY
00’€eMi.

41. 3HaliTH cepeiHE YUCIO <Z> 31TKHEHb 3a yac t= 1 ¢ 1 10BKUHY

BiIbHOTO MpoOiry (l) Mojekynu Tenmifo, SKIIO Ta3 3HAXOAUTHCS ITijl
tuckoM p = 2xklla mpu Temnepatypi 7 =200 K.

42. BW3HAUUTH CEpPEIHIO JOBXHHY BUIbHOro mpoodiry <I>
MOJIEKYJIM a30Ty B CyJIMHI MicTKICTIO V=511. Maca razy m=0,5r.

43. Bopxenp 3Haxomuthes mig TuckoM p = 20Mklla 1 mae
temreparypy 1T =300 K. BusHauntu cepeaHio MOBXHHY BiJIBHOTO
npobiry <|> Monexkymu Takoro rasy.

44. Tlpu HOpMaAJIbHMX YMOBaxX JIOBXKMHA BiUIbHOro mpoOiry <I>
MOJICKYJIA BOIHIO 1opiBHIOE 0,160 MkM. Busnauntu niametp d MojeKym
BOJHIO.

45. Ska cepenHs apudmMeTHyHa MBUAKICTE <V> MOJIEKYJ KHUCHIO
OpY HOPMaJIbHUX YMOBaXx, SKIIO BIJOMO, 1110 CEPEIHs AOBKUHA BUILHOTO
npo0iry <I> Mojexkym KHCHIO pu mux yMoBax nopiBHioe 100 HM?

46. Kwucenp 3Haxomuthcsd mig TUCKOM p=133 wulla npu
temriepatypt T= 200 K. OOuuciutu cepeaHe 4Yuciao <zZ> 31TKHEHb
MOJIEKYJIM KUCHIO TIpH IIUX yMoOBax 3a yac t=1 c.

47. Ilpu sKOMY THCKY p CepeAHs AOBKHMHA BIJILHOTO Mpooiry <I>
MOJIEKYJ @30Ty JOPiBHIOE 1 M, K10 Temneparypa razy t=10°?

48. B cocyal MicTKICTIO V=351 3HaXOIUTHCS BOJCHb MAcOI M =
0,5 r. Bu3HauuTH cepeaHIo JOBXKHUHY BUIBHOIO mpoodiry <I> monekymu
BOJIHIO B 1M CyAMHI.

49. CepenHsi IOBXKHHA BUIbHOTO IpoOiry <I> moekyiau BoIHIO
P JISSIKUX YMOBaX JOPIBHIOE 2 MM. 3HANTH TYCTHUHY p BOIHIO MPU IUX
YMOBax.

50. YV chepuuniii konbi MICTKICTIO V=311, MmO MICTUTh a30T,
cTBopeHuil Bakyym 3 Tuckom p = 80 mklla. Temneparypa razy T=250
K. Uu MokHa BBa)KaTH BaKyyM y KOJIO1 BUCOKHM?

Ilpumimka. Bakyym BBaXa€TbCs BHUCOKHM, SKIIO JIOBXHHA
BUIBHOTO MPOOIry MOJIEKYJT Y HbOMY Oarato Oublle JiHIMHUX PO3MIPIB
CyJVHHU.
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2. TepmoauHamika

2.1 BuyTpimiHsi eHepria razy Ta NepUIMi  3aKOH
TePMOAMHAMIKHA
OcnosHi chopmynu
1. 3B's130k Mixk MOJIIPHOIO Cry 1 TUTOMOIO ¢ TETIOEMHICTIO Ta3y:
Cm=cM
ne M - MosisipHa maca rasy.

2.  MoisipHI TEIUIOEMHOCTI TPH CTaJoMy O0'€MI Ta CTajloMy THCKY
BiIIOB1HO JOPIBHIOIOTH
IR I+ 2
Ch=—; Co=—R;
2 2
Je I- YUCIIO CTYICHIB BIJIBHOCTI MOJIEKYJIH; R - yHiBepcalbHa ra3osa

crajia.

3. Ilutomi TEemJIOEMHOCTI MpU cTajJoMy 00'e€eMi 1 HpU CTAJIOMY
THUCKY BiAIIOBIAHO JOPiBHIOIOTH:

I R i+2 R
CV = — . — ’ Cp =
2 M 2 M
4.  PiBusgnua Maiiepa
Cp -C, =R
5. Tloka3nuk agiadatu
C i+ 2
p
=—aboy=——
Y C Y :

\Y
6.  BHyTpilHsa eHepris 0JTHOTO MOJISI ra3y

U=_RT
2
/. BHyTpimHs eHepris 11eaIbHOTO Ta3y
U="1¢T=vC,T=Ne=_TRT
M 2M

7ie V - KUTbKICTh PEYOBHHH (K1JIOTPaM-MOJICH ):
N - yucjo MOJIEKy rasy;
£ - CepeiHs KIHEeTUYHA CHEPTisl MOJICKYJIH.

8.  3miHa BHYTpIILIHbOI €HEPTii

AU = 2 M AT
2 M
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9. Po0ota, sKy BUKOHAB ra3 IijJ 4Yac PO3LIMPEHHS, B 3arajbHOMY
BUIIAJIKy OOUYHMCITIOETHCS 32 (DOPMYJIOHO

ne V1 - noyaTkoBuii 00'eM rasy;
V> - Horo KiHIeBui 00'eM.
Pob6oTa npu:
¢ i300apHOMY MpoIieci (p= const)
A=p(V, -V;)
e TIpu i30TepMmivoMy Tiporieci (T=const)
A=TRTINZ,
M V,
® 1pu a11adaTUHYHOMY TPOIIEC]

y—1

m RT, m V.

M y—1M M V,
ne 11 - moyaTkoBa TEMIIepaTypa rasy,

T» - ioro KiHIIEBa TeMIIepaTypa
10. PiBasuas  Ilyaccoma  (piBHSHHS  Ta30BOTO  CTaHy  IIpU
az1adaTHYHOMY IIPOIIECi)
pV7 =const

11. 3B'130K MiXk MOYATKOBHUM 1 KIHIIEBUM 3HAYEHHSIMU MMapaMeTpPiB CTaHy

rasy Ipu ajaiadaTuaHOMY ITPOIIECI:
-1

7 r-1 ==
P1 Vv, T \2 T P1

12. Tlepmmmii 3aK0H TEPMOAMHAMIKH B 3arajJbHOMY BUTJISIII
AQ = AU+ A4A
ne AQ - KITbKICTh TEIJIOTH MEpeaaHa rasy;
AU - 3MiHa HOTO BHYTPIIIHBOI €HEPrIi;
AA- poboTa, sIKa BUKOHY€ETHCS CUCTEMOIO TIPOTH 30BHIIIIHIX CHJL.
[lepruii 3aK0H TEPMOIMHAMIKU MPU:

e i300apHOMY IpoIIeci

AQ = AU’ + AA = S RAT + 0 RAT = ¢ AT
2M M M
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e 1pH i30XopHOMY Iporeci (4 = 0)
AQ = AU = Rt + M RaAT = Mg AT
2M M M
pH i30TepMiuHOMYy TIporeci (AU =0)

AQ = AA= " RTInY2.
M V,
npu agiabaTnaHOMY mporieci (AQ =0)

M =AU =~ D RaT = e AT
M M

2.2 Ilpukjaau po3B'sA3aHHs 33124

3agaya 2.1. OOUHUCIUTH BHYTPIIIHIO €HEPTril0 OJHOTO K1JTOMOJIS
BOJIHIO, B3STOTO IpH Temneparypi -23 °C.

Pimennsi. BHyTpimHsS eHepris OJHOTO  KIiJOMOJS  BOJIHIO

BU3Ha4Ya€eThCs 3a popmyioro U = éRT ,

ae | =5 uncio cTymiHei BiTbHOCTI JBOXATOMHOI MOJIEKYJIH;

R = 8_3ﬂ—9"c
Mmoawb - K
O6uucaenns- U = > .8.3.250 = 5.2.10° 2P
2 monb - K
Binmosime: U = 5.2.10° ¢
moin - K

3agaya 2.2. CkinbKH TeILIa NOTPiOHO mus HarpiBanHs 10 T
BoAHIO Bia 300 mo 350 °C mpu cTanomy THUCKY?

Pimmenns. KinpKiCTh TEIIOTH, IO HOTPiOHA IJI1 HArpiBaHHSI m
rpamiB BojgHiO Ha (72 — T1) K mpu cramoMy THCKY, BU3HAYa€ThCS 3a
hopMyII010

AQ =c,m(T, —T,).
[IuToMa TEMI0EMHICTD TIPH CTAJIOMY THUCKY MEHIIIA BiJ MOJISIPHOI B
M pa3ziB, TOOTO
c S _i+2 R
M 2 M
[lykaHa KUJIbKICTh TEIUIOTH
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1+2 R
AA=———m(T, -T,).
Q > M (T, -Ty)

~5+2 83

2 2.10°°
BignoBins: A4Q = 7280 /.

Ob6uucnenns:  AQ 0.01-50 =7280 /.

3apaya 2.3. Bu3HauuTH TUTOMI TEIJIOEMHOCTI HEOHY Ta BOJIHIO
IpHU CTAJIOMYy 00'€M1 1 TUCKY, SIKIIIO BBaXKATH, 1110 111 Ta3H 1/I€JIbHI.

Pimenns. [Tutomi TEIUI0EMHOCTI 1/I€aJIbHUX ra31B BU3HAYAIOTLCS 3a
dhopMyJI010
_ IR c - i+2 R
YEom T o w
Jlns neony (omnoatoMumii ras) i = 3, M=20-10"3 xr/mos.
ITligcraBnstoun B ocTaHHI (POpPMYJIM 3HAUYCHHS BEJIWUYMH, B3ITUX B

omnuuigx cuctemu Cl, BUKOHaeMO OOYHCIECHHS:

Gy =§.L_3=624 e
2 20-10 ke - K
, =3+2. 8.3 : =1.O4K;ZZ9}C.
2 20-10 ke K
Jlns BogHIO (1BOoXaToMHMM ra3) i =5, M = 2-107 kr/moub.
5 8.3 K/l oic
= —- =10.4 :
v =5 2-107° ke K
c, = >*2. 8'3_3 _ 1460
2 2.10 ke K

e o 1040
ke - K ke - K
WD . o =146

ke- K ke K~

Binnosiab: 11 HEOHY: C, =624

s BogHo: ¢, =10.4

3agaua 2.4. BuzHauuTH THATOMY TEIUIOEMHICTH IIPH CTAJIOMY
00'eM1 BOJIHIO, 25% sKOro AucoIiioBaHl Ha aTOMH.

Pimennsi. [lutoma TEmIO0EMHICTH CyMIllll MOJIEKYJ Ta aTOMiB
BOJIHIO OOYMCIIOETHCS 3a MPaBWJIOM 3MIIIYBaHHS 3 ypaxyBaHHIM
BaroBOro CKJaay CyMiIi
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m+m,

3B1IKH
¢, =0,/5¢; +0,25¢,.

Bu3HaunMo nmUTOMY TEIUIOEMHICTh MPHU CTaIoMy 00'eMi C1 Ta C2
yepe3 MOJISIPHI TEIIOEMHOCTI Ta MacH MOJIEH
Cl = &, C2 = &;
M M,
a C1 ta C, - yepe3 CTyIeH1 BUIBHOCTI Ta Ta30By CTaly, MICTAHEMO: s
MOJICKYJIIPHOTO BOJHIO (ABOXAaTOMHOTO)

C, iR
Cl = = ,
JUJIS1 aTOMApHOTO BOAHIO (OTHOBAJICHTHOTO)
C, IR
C2 = =
M, 2M,
ITepeBipuMO OJUHUIIIO BUMIPY
L
_ momw- K _ A
o J= Moo =
MOTb
Obuucnenus: ¢, = L’SZB = 10400 Aore :
2.2.10 ke - K
-8,32
¢ = 2532 15480 P
2.1-10 ke - K
Tomi
¢, =0,/5-10400 +0,25-12480 = 10920 Abie :
ke - K
Binnosiab: ¢, =10920 e .
ke - K

3amauya 2.5. fIka 30BHIiIHSA poboTa Oyne BUukoHaHa, sikiio 200 T
azory Harpiti Bia 20 1o 100 °C npu cTamoMy TUCKY?

Pimennsi. Ilpu i300apHoMy HarpiBanHi ra3y TtemioTta A4Q,
nepeqana rasy, ijae Ha 30UIbIIeHHS HOro BHYTpINIHBOI eHeprii AU Ta
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Ha BUKOHaHHS poOoTH AA mpoTH 30BHIIIHIX cuil. Ha OCHOBI nepiioro
3aKOHY TEPMOJIMHAMIKH MA€EMO

AQ = AU + AA,
3B1JIKA AA = AQ — AU.
Temnory, nepeaany razy, MoxHa 00UHUCIUTH 32 POPMYJIOIO
m
AQ = MCPAT :

a 3MIHY BHYTPIIITHbO1 €HEPrii - 3a popMyioto
m i m
AU = ——RAT =—C, 4T,
M 2 M
TOJ1 poOOTa, BUKOHAHA MPOTH 30BHIIIHIX CUJI, IOPIBHIOE

an="coar - Mo ar =D rt2 g
M M M 2 2
ne M = 281073 ke/monb - MONsIpHA Maca a3oTy.

[TepeBIpUMO OJMHHULIIO BUMIPY
ke K LDic

AA = - IHC .

[ ] ke | mono monw - K A

Obuucnenns: AA = L803(Z — 5) -8,32 = 4754 Jxc.
28-107°\2 2

BignoBinb: A4 = 4754 [Dic.

3agaya 2.6. Y CKUIBKM pa3iB  KIHIEBUM THCK TIOBITpA,
CTUCHEHOTO ajiabaTudHo, Oyae OIbIMM BiJ WOro THUCKY IIpU
130TepMIYHOMY CTHUCHEHHI, SKIIO 00'eM IOBITPSA B 000X BHIIAJKaX
3MeHInyeThes B 10 pasiB?

PimenHsi. 3riiHO 3 YMOBOIO 3aj1a4i MOBITPS B MEPIIIOMY BUITAAKY
CTUCKAEThCS aaiabaTuyHO, a B Jpyromy - i30oTepMiuHo. B 000x
BHIAJIKaX MOT0 II0OYAaTKOBI Ta KIHIIEB1 00'éeMU OJHAKOBI, a BIAHOIIICHHS
KiHIIEBOrO 00'eMy 70 modaTkoBoro gaopiBHiO€ 10. ITopiBHSABIIN THCKHU
Ta o00'eMu mMOBITPS B 000X Tpolecax, MM 3HAWJEMO IITyKaHE
B1AHOIIIEHHS THCKIB. [l03HAUMBIIM TOYATKOBHH THCK ITOBITPS Yepe3 Po,
o0'em - uepe3 Vo, kiHueBuid 00'em - yepes V1=0,1 Vo ansa obGox
MPOIIECIB, KIHIIEBUM TUCK y BUNAJKY aAlabaTUYHOTO MPOIIECY - uepes
P1, 130TEPMIYHOTO — Y€pe3 P2, HAMUIIIEMO PIBHSHHS MPOIIECIB:
asiabaTUYHUN MPOIIEC

Y — v -
PoVo = PiVi 5
130TEpPMIYHHM TIpOIIEC
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PoVo = piVs.
3aminuBimiM Vi1 Ha 0,1V Ta moainuBIIM mepuie PiBHAHHA Ha
Ipyre, 1iCTaHEeMO

PoVoy _ p1(0,1V, )Y
PoVo 20,1V,

3B1JIKH 3HAXOIUMO

ﬂ: 0,1 20’17_1;

p, 017
g2 =(1-)Ig0l=(1-y)(-1)=y-1=14-1=04,
P>
3BIJIKHA
P1_951,
P2

TucK MOBITPsSI TP MOTO aaiabaTMYHOMY CTHCHEHHI BUSIBUBCS B
2,51 paziB OUIBIIUM WOTO THCKY TIPU TaKOMYy XK 130T€pPMIYHOMY
cTUCHEHHI. Taka 3MiHa THUCKY TIOSICHIOETbCS THUM, IO TMPH
amiabaTUYHOMY CTHUCHEHHI Tra3 HarpiBaeThbCsa, y TOM dYac SK IIpH
130TepMIYHOMY CTUCHEHHI TeMIepaTypa rasy JHUIIA€ThCsl CTaJIO0.
BinmoBiasb: p1 = 2,51p>..

3agaua 2.7. Azot nipu Temneparypi t1 = 27 °C 1 TUCKY p =2 amm
3aiiMaB 00'em Vi = 4 1. Bracnmigok aniabaTHYHOTO PO3IMIMPEHHS HOTO
TemmepaTypa 3Hu3uaach 10 to= (0 °C. SIky poO0OTy BUKOHAB ra3 mij 4ac
roro posmupenns? Iloka3zuuk agiadatu y = 1,4,

Pimennst 3a yMOBOIO 3ajadl Ta3 pO3MUPIOETHCI 0e3
TEIJIOOOMIHY 3 OTOUYYIOUHMM CEPEIAOBHUIIEM, a TOMY MOro TeMmIiiepaTrypa
IIOBUHHA 3HHU3HUTHCS BIJ IOYaTKOBOI [1 1o KiHIOeBoi 72. Pobora,
BUKOHAaHA ra3oM IIpH aaladaTUYHOMY PO3IIUPEHHI, OOUYMCIIOETHCS 3a

hopMyII0r0
R m
A=——(T,-T;)—.
y—1 M
OckilbKM B yMOBI 3a/adi JaHO 00'eéeM rasy, TO YHCIO HOro

KiJorpamM-mMoJjieii MOKHa BHW3HAYWUTH 3 BITHOIICHHS 00'eMy Ta3zy 3a
HOpPMaJbHUX YMOB JI0 00'€eMy OJHOTO MOJIS Ta3y TEX 3a HOPMaJIbHUX

Vo
224 -1073 13 | monw .
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3HaiiieMo 00'eM ra3y 3a HOpMaJIbHUX YMOB

PoVo _ V1
Ty T
3BIIKHU
V, = P1ToV1
Poly

[TigcTaBisitOUM YMCIIOBI 3HAYCHHS BEJIMYMH, B3ATHUX B OJUHUIISX
cuctemu CI, Ta o0UuCIIIOI0OUH, OAEPKUMO

2-10°-273-4-107°

1,0334-10° - 300
Yucao MoJIiB razy JOpiBHIOBATUME
V, 704-107°4°

V, =704-10"° 4",

= 3 = = 3 = 0,31lmonws.
22410 m" [ mone 224 -10"°m° | monw
[Ilykana poboTa J0piBHIOE
Ao 8,32-(273-300)-0,31 _ 1741 .

04
BignoBinb: A = -174,1 J[oc.

3agauya 2.8. [Ipu i30oTepMiuHOMY pO3MIUpPEHHI | T BOJHIO HOTO
00'eM 301IbIIMBCSA B TpU pa3u. BuzHauuTu poOOTY pPO3IIMPEHHS Ta3y,
SKIIO Moro Temiieparypa gopiBHioe 7 °C.

Pimnennss Ilpu i30TepMiuHOMY pPO3IIUPEHHI Tra3zy #oOro
BHYTPIIITHS €HEeprisa He 3MiHIeThbCs, ToOTO AU = 0. 3riHo 3 mepuum
3aKOHOM T€PMOJIMHAMIKH

AQ = AU + AA,
aite, ockutbku AU = 0, To
AQ = 4A,
a 11e BU3HAYae, M0 BCe IMepeaaHe rayy TeIUIo Mo Ha poOOTy MPOTH
30BHIITHIX CHJL
PoGoty 130TepMiYHOTO PO3MMUPEHHS Ta3y 3HaXOIiITh 3a

hopMyII0r0

A="TRTIn'2,
M V,
IlepeBipMMO OJUHULIIO BUMIPY
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Ke Jhic
[A] = : K = [xe.
Ke  monb-K
MOTb
[TlincTaBuBmK y (GopmMyiay poOOTHM YHUCIOBI 3HAYEHHSI BEJIWYUH,

B3aTUX B cucTemi Cl Ta BUKOHYIOUM OOUYHCIICHHS, 3HaX0UMO
-3
10

2-107°
Bignosinb: A= 1280 /{ox.

A= -8,32-280-In3 = 1280 /]c.

2.3. 3anuTaHHA V151 CAMOKOHTPOJIIO

1. IIlo Ha3UBAETHCS CTYNMEHSIMU BIJILHOCTI MOJIEKYJIU Ta CKUIBKH iX
MarOTh OJHOATOMHI, IBOXaTOMHI Ta OaraToaToOMHI MOJICKYJIU?

2. SIx 3a NMUTOMOIO TEIJIOEMHICTIO PEYOBHHU BU3HAUMTU il
MOJISIPHY TE€TIJIOEMHICTB?

3. YoMy rasu MawTh ABI TEILNIOEMHOCTI: TEMJOEMHICTh IIPH
CTaJIOMy THCKY Ta TEIJIOEMHICTh IIPU CTAIOMY 00'eMi?

4. Y CKiIbKH pa3iB TEIUIOEMHICTBH MPHU CTAJIOMY THUCKY OiJibIna
TEIIOEMHOCTI IPH CTaJIOMy 00'eMi?

Hackinbku TEIUIOEMHICTH Ta3y IIpH CTaJOMy THUCKY OlibIa
TEIIOEMHOCTI IPH CTaJIoMy 00'eMi?

6. Sxuii Gp13UIHUM 3MICT Ta30BO1 CTAJIOI?

7. 3a K010 (GOpPMYJIOK OOYHCIIOETHCSA poOOTa 130TEPMIYHOTO
PO3IIMPEHHS Tazy?

Skuii TIpoliec Ha3MBAETLCS aaiadaTUYHUM, K€ HOro pIBHSIHHS Ta
rpadik?

9. Sx oOumcmroeThess poboTa Ta3y Mpu HOro agiabaTHIHOMY
PO3LIUPEHHI?

10. Sk 3MIHIOETBCS BHYTPIIIHA €HEPris ra3zy IIpd HOTO
an1adaTHYHOMY CTUCHEHHI Ta PO3IITUPEHHI?

11. TlopiBHsTH rpadiku 130T€pMIYHOTO Ta aaiabaTUYHOIO
PO3IIMPEHHS Ta CTUCHEHHS Ta3y, a TAKOX MOSICHUTH 1X.
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2.4. 3agaui q1ys podOTH B ayaAUTOPil

1. IlutoMa TEIIOEMHICTh JBOXATOMHOTO razy c,—14,7 x/{x/kr-K.
Buznauutu MomnsapHay Macy 1poro razy. (0,002 kr/mob).

2. 'yctnHA IBOXATOMHOTO Ta3y MpH HOPMaIbHUX ymoBax 1,43
kr/M3. BU3HaYMTH NUTOMI TEIUIOEMHOCTI ¢, 1 cv (cv = 650 JIx/krK; ¢, =

910 Jix/xr-K).

3. OgHOaTOMHMI Ta3 PW HOPMAJILHUX yMOBax 3aiMae 00'em 5 J1.
Bu3Ha4YuTH TEIJIOEMHICTD I[LOTO Ia3y MPH CTAIOMY 00'eMi.

(Cv =2,751x/K).

4. Y numuapl ma nopirHeM 3HaxoauTtbes 250 r remiro. s iioro
HarpiBa"Hs Ha 4 °C mpu cTalloMy TUCKY Oyj0 BUTpaueHo 5 kJ[x Tera.
BuszHauuTy 3MiHy BHYTPIIIHBbO1 €HEPTii Ta poOOTY, BUKOHAHY ra30M?

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

5. Bogenp macow 4 r Harpinm Ha 10 K nmpu cTramomy THCKY.
Busnauutu po0oTy po3mupeHHs razy. (166 Ix).

6. Azor, sakmi 3arimMae o0'em 10 m mig tuckom 0,2 Milla,
130TepMIYHO po3mupmwiIn 10 o0'emy 28 1. Busnauutu pooOoTy
po3mupeHHs raszy. (2,06 xJIx).

7. BHyTpillIHS €Hepris ABOXaTOMHOTO ra3y AopiBHIoe 6,02 k/[x.
Busnauut cepeaHio KIHETUUHY €HEpTii0 00epTaJbHOro pyXy OJHIET
MOJIEKYJIH LIOT0 Ta3y. ['a3 BBakaty inmeansamm (4-10°2 J1x).

8. BuzHaunTH MOKa3HHUK ajiadaTu 1J€ajJibHOrO Tra3y, SKUi Mmpu
temneparypi 350 K i tucky 0,4 MIla 3aiimae 06'em 300 1. (y = 1,4).

2.5. 3apavi ns camocTiiiHOiT podoTH

1. Bu3HaunT OHUTOMI TEIJIOEMHOCTI Cp Ta Cy Tra3iB: TeIilo;
BOJHIO; Byrjekucioro razy. (3,12 kJx/kr-K ta 5,19 xlx/kr-K;
10,4 x]JIx/xr-K Ta 14,6 xJ[x/xr-K; 567 {x/kr-K ta 756 JIx/kr-K).

2. Pizumug nurommx TemaoemHocter C, - Cy  Aesgkoro
IBOXAaTOMHOTro Ta3y nopiBHioe 260 JIx/kr-K. 3HaiiTh MOJISIpHY Macy

raszy i1 ioro mutomi temmoeMHocTi. (0,032 xr/monn; 650 x/xr-K;
910 JIx/xr-K).

3. Bu3BHauuTH NHUTOMY TEIUIOEMHICT, TpPU CTaJIOMy 00'emi
CyMIIIIi, SIKa CKJAJAEThCS 3 5 J1 BOAHIO 1 3 J1 remito. ['a3u 3HAX0aAThCA

IpU OJTHAKOBUX yMOBax. (4,53 JIx/kr-K).
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4. CyMim raziB CKJIQJA€ThCS 13 XJOPY Ta KPUIITOHY, SKI
3HAXO/AThCSl MIPU OJITHAKOBUX YMOBax 1 B piBHUX 00'emax. Buznauutu
NUTOMY TEIJIOEMHICTH €, cymitl. (417 Jx/kr-K).

5. 3HallTM TMOKa3HMK ajaiadaTu i CyMIIIi Tas3iB, sKa
CKJIagaeThed 3 renito macoto 10 r ta Bognio 4 1. (1,51).

6. Monspaa wmaca jpaeskoro raszy jopiBHwoe 0,03 Kr/moib,
BIIHOIIECHHS Cp [ ¢y - 1,4. 3HAUTH MUTOMI TEIUIOEMHOCTI Cp 1 Cy I[BOTO
razy. (cv = 693 JIx/kr-K; c, = 970 JIx/kr-K).

7. IluTomMa TemI0€EMHICTh Ta30BOi CYMIIII, sIKa CKaagaeThes 13 1
KUJIOMOJISI KUCHIO Ta JIEIKOT MacHu aproHy, JopiBHIOE Cp = 430 Jx/kr-K.
Slka Maca aprony 3HaXoJIUThCs y Ta30Biil cymimni? (60 kr).

8. BuzHauutm mnokasHuK axiadaTd 4YacTKOBO JUCOIIHOBAHOIO
ra3onoAiOHOro a3oTy, CTyIIHb AucoIialii skoro aopiBHioe 0.4. (1,52).

9. Boaenp macoro 10r marpiau Ha AT = 200 K, npu upomy OyJo
nepeaano 40 xk/[>x Teroru. 3HalTH 3MiHY BHYTPIIIHBO1 €HEPTrii BOJHIO 1
3aiiicHeny poooty. (20,8 kJIx; 19,2 xJx).

10. Maca azory 10,5 r 130T€pMIYHO PO3LIUPIOETHCI MPHU
temneparypi -23 °C Tak, mo 1oro THCK 3MiHIeThes Bia 250 mo 100 kIla.
OOunciuti poOOTY, SIKa BHKOHYETHCSA ra3oMm Ipu posmmupenHi. (714

JIEN]
11. Ilpm 130TEepMIYHOMY PO3IIUPEHHI Ta3zy, SKUH 3aliMaB

noyaTkoBHil 00'eM 2 M2, TUCK Horo 3MiHI0eThes Bim 0,5 mo 0,4 MIlla.
OOunciuti poOOTY, sIKa BHKOHYETHCSA Ta30M IPU pO3IIHMpeHHi. (223

kJK).
12. Maca Byriekucioro razy 7 r Oyma Harpita Ha 10 K B ymoBax

BUIBHOTO PO3MIMPEHHS. 3HAUTH POOOTY PO3IIMPEHHS Ta3y Ta 3MiHYy HOTO
BHYTpIIHBOI eHeprii. (4 = 13,2 Ix; AU = 39,6 /Ix).

13. B 3akpuromy 0Oanoni 3Haxoauthcs 20 r a3oTy 1 32 I' KHCHIO.
Busnauntu 3MiHy BHYTPIITHBOI €HEPrii CyMillli ra3iB Ipy OXO0JI0KEHHI
it Ha 28 K. (1 x/Ix).

14. OauH KITOMOJb a30Ty 3HAXOIUTHCS MPU HOPMAIbHUX
yMmoBax. [Ipu agiabaTuyHOMY PO3IIUPEHHI ra3zy Horo 00'eM 301IbIITUBCS
y m'saTh pasiB. BusHauuTu 3MiHY BHYTPILIHBOI €HEPTrii 1 poOOoTy, sika
3mificHIOeThCS  Tazom  npu  posmmwmpenHi. (U= -2,69  MJIx;
A=-4U=2,69M /I x).
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15. SIxka pobOoTa 3AINCHIOETHCS MPU 130TEPMIYHOMY PO3IIUPEHHI
BOJIHIO Macoo 5 r, B3sToro npu temneparypi 290 K, skmo o0'em razy
301IbIIYETHCS Y TpH pa3u? (6,62 kJ1x).

16. banon 06'emom 20 1 micTuTh BOoAeHb mpu Temmeparypi 300

K mig tuckom 0,4 MIla. SIki OyayTh 3HaU€HHS TEMIIEpaTypu Ta THUCKY,
SIKIIIO ra3y HajaTH KigbKicTh Temnotu 6 kJ[x? (390 K; 520 kIIa).

17. Asor macoro 5 kr, Harpituii Ha AT= 150 K, 306epir
HEe3MIHHUN 00'eM. 3HaWTHU: KUIBKICTh TEIUIOTH, SKa IlepejlaHa rasy,
3MIHY BHYTPIIIHBOI €HEeprii; poOoTy, sika BUKoHaHa razoM. (7,75 MJIx;
7,75 MIx; 0).

18. Ilpu i3oTepmiyHOMY HarpiBaHHl KUCHIO 00'eMoM 50 11 THCK
razy 3miHuBcs Ha Ap= 0,5 MIla. 3HaliTH KIIBKICTh TENJOTH, sKa
nepenana rasy. (62,5 JIx).

19. Aszor Macorw 200 r© pO3UIUPIOETHCS 130TEPMIYHO MPHU
temnepatypi 280 K, a o0'em i#oro 3011bIIyeTHCS B JBa pasu.
BusHaunTu: 3MiHy BHYTPIIIHBO1 €HEPrii razy; poOOTy pO3IIUPEHHS Ta3y;
KITBKICTB TEIUIOTH, Ky oTpumas ras. (0; 11,6 x{x; 11,6 kJIx).

20. OOYHUCHAUTH BHYTPIIIHIO €HEPTil0 OJHOTO  KLIOMOJIS
ByTIJIeKHcIIoro razy npu temmepatypi 77 °C. (8,736 xJx/Moib).

21. OOYHUCIUTH BHYTPIINIHIO €HEPriro 8§ T KHUCHIO TIpH
temneparypi 300 K. (1,56 kJ[x).

22. SIxa HeoOXigHa eHepris s HarpiBaHHs 20 T pTyTHOI MapH Bif
400 mo 500 °C npu ctagomy o0'emi? (~ 125 JIx).

23. Slka KINMBKICTh TEIUIOTH HeoOximHa i HarpiBands 0,002
kMot kucHio Ha 100 K npu ctanomy tucky? (5824 J[x).

24. OOYHMCIUTH TMTOMI TEIUIOEMHOCTI Telilo, a30Ty Ta
BYTJICKHCIIOTO Ta3y mpu cramoMy ob'emi. (3120 JIx/kr-K; 743 JIx/kr-K;
567 Hx/xr-K).

25. OO0YMCIUTH TIMTOMI TEIUIOEMHOCTI TEJilo, a3oTy Ta
BYTJICKHUCIIOTO Ta3y npu ctanomy Tucky. (5200 [x/kr-K; 1040 JIx/xr-K;
756 dx/xr-K).

26. 3HAWTH TIUTOMI TEIUIOEMHOCTI ¢, Ta Cy Iapu HOAy, SKIIO
CTyIiHb HMoro gucomiamii gopiBaioe 50 %. Monspra maca Hoay
0,254 xr/moms. (90 Tx/xr-K; 139,3 JIx/kr-K).
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27. YoMy AOpIBHIOE MUTOMA TEIUIOEMHICTh TPUMYYOTO raszy MpH
craiomy Tucky? (2427 Jdx/xr-K).

28. CKilbKM MOJIEKYJ ra3y MicTHThCs B 00'emi 1 cM® mpm THCKy
0,025 MM pr.cT. Ta Temnepatypi 60 °C? (7,3-104).

29. Slke criBBIIHOIIICHHS MiXK YMCJIOM MOJIEKYJI KUCHIO Ta 030HY€ B
CYMIIIl UX Ta31B, AKIIO Maca KiJIOMOJA i€l cyMimll gopiBHIOE 33,6
Kr/KMoJib? (9).

30. Kocmiuna cTaHiiis po3TanioBaHa y Bipmenii Ha ropi Asare3 Ha
BUCOTI 3250 M. 3HAWTH THCK IOBITPS HaA I BHCOTI, SKIIO MHOTO
temnepatypa 5 °C (115 noBiTps MoJisipHa Maca gopiBHIOe 0,029 Kr/Mob.

(67983 H/m?).

31. Ha skiit BUCOTI THCK TIOBITPSI CTAHOBUTH 75% HOro THUCKY Ha piBHI
Mops? Temnepatypy NoBiTpsi BBaxaTH ctajoro 1 pieHoO 0 °C. (2,3 km).

32. Banon mictkictio 10 51 3 kucHem, THCk skoro 78-10° H/m? i
temneparypa 7 °C, HarpiBaetbcsa 10 15,5 °C. SIKy KiabKICTh TEIJIOTH
noriuHae raz? (5956 k).

33. Azot Macor 0,2 Kr HarpiBaeThCs MpHU cTajaoMy THCKy Bix 20
o 100 °C. SIky KUIBKICTh TEIUIOTH BOUpae ra3? Skuil mpupict
BHYTPIIIHBKOI eHeprii ra3y? SKy 30BHIINIHIO po0OOTy BUKOHYE Ta3?
(16,64 xJIx; 11,885 x/Ix; 4,755 xJx).

34. IlouatkoBuM THUCK aBoxatomHoro raszy 120 artm, o0'em 1 1.
3HaAWTH THCK rasy, SKIIo Horo 00'eM HaOupaTUMe 3Ha4YeHHS 2 1, 3 1,
4 1, 5 1, a mporiec po3uupeHHs raszy i3orepmiuduii. [loOyayBatu rpadik
1poro nporuecy. (60 atm; 40 at™; 30 at™m; 24 aTm).

35. SIxa KIIBKICTh TEINIOTH BHIUISETHCS, SKIIO a30T Macor 1 T,
SKUM 3HaxoauThbes mpu Temmepatrypi 280 K mig tuckom 0,1 Mlla,
130TepMivyHO cTHCHeHuM 10 TucKy 1 MIla? (101 JIx).

36. T'emit macoro 1 r OyB Harpitui Ha AT= 100 K mpu
MOCTIMHOMY THCKY. OOuncIUTH: 1) KUIBKICTh TETUIOTH JJISI HAarpiBaHHS
razy; 2) poOOTy pO3IIUpEeHHs ra3y; 3) MpUPICT BHYTPIIIHBOI €Heprii
razy. ( 1)520 JIx; 2) 208 JIx; 3) 312 J[x).

37. 10 n razy, mo nepedysae mig tuckoMm 100 xIla, HarpiBatoTh
Bia 300 mo 400 K. O6uuciautu poOOTy mnpu 1300apHOMY PO3IIHPEHHI
razy? (3300 Ix).
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38. Ska KUIBKICTh TEIUIOTH BUJUIAETHCA MPU 130TEPMIYHOMY
ctucHeHi 1 r azory Big 0,1 go 1 MIla npu temneparypi 280 K?

(191 JIx).
39. Ilpu amiabaTHYHOMY CTHUCHEHHI ra3y Moro o0'eM 3MEHIIUBCS B

10 paziB, a Tuck 30inbmiMBCS B 21,4 pa3u. Bu3HauuTu BIJIHOIIEHHS
C,/Cy TermmoeMHoctei rasy. (1,33).

40. BuzHauutu poOOTY aJ1adaTUYHOTO PO3IIMPEHHS BOJHIO
Macoro 4 r, Ko TeMiepatypa rasy 3menmmiaca Ha 10 K. (416 J1x).

41. SIxa KUIbKICTh TEIUIOTa BUIUIIETHCS TPU 130TEPMIYHOMY
CTUCHEHHI 3 J1 moBiTps 10 o0'emy 0,5 11, AKIIO Or0 MOYaTKOBUM THUCK
nopiBHIOE 760 MM pT. cT.? (~ 545 [Ix).

42. 1 xr moBiTps, B3siToro npu temmeparypi 20 °C, cTUCKalOTh
TaK, 10 HOro TUCK 3pocTtae Big 9,8 mo 98 H/m%. OGuuciautu podoTy y
BUIIAJIKY 130TE€PMIYHOrO Ta aaiadaTHdHOro cTucHeHHI. (195 kJIx;

196 xJIx).

43. Sk 3minuthcsa BHyTpimHA eHepris 100 r kucHIO mpu ioro
HarpiBanHi Bij 10 go 60 °C, skio mpoiiec BiI0yBa€ThCS: a) IPU CTAJIOMY
00'eMi; 0) IIpu cTaJOMy THCKY; B) BHACIIIOK a11a0aTUYHOTO CTUCHECHHS?
(3250 Ox).

44. Sk 3MIHMTbCS BHYTPIIIHSA EHEPrisd a3o0Ty, B3ATOr0 3a
HOpMaJILHUX yMOB B 00'emi 10 11, K110 #oro 06'eMm 301IbIIUTHCS OO
12 1 1306apuuno Ta agiabatuuno? (~ 507 Ix; -307 JIx).

45. Y muiaiHapl 3HaXOAUTHCS MOBITPsA mia TuckoMm 10 atmocdep
npu 40 °C. BuszHauuTh Macy MOBITps, SAKIIO MOpHU 1300apUUHOMY
HarpiBadfi 10 100 °C BiH BUKOHYy€ poOoTy, piBHY 39592 JIx. (2,3 k).

46. 10 1 rasy, mo nepeOyBae i1 TUCKOM 2 aTM, PO3MIHUPHUIOCS 0
00'emy 28 1. O0umMcaUTH POOOTY raszy y BHUIIQJKY: a) 1300apHIHOTO
posmmupeHHs; 0) 13oTepmiunoro po3mupers. (3532 Jx; 2021 k/1x).

47. Buznauntu 00'eM a30Ty, IO 3HAXOAWUTHCS B IMNHAPI I

THCKOM 12 atm, sKIo mpu 1300apuadHomy HarpiBansi Big 100 go 500 °C

ra3 BUKOHAB POOOTy MifHIMaHHSA MOpLIHS, o gopiBHioc 9,8-10% JIx.
(77,9-103w3).

48. BuzHauutu poOOTy aaiadaTUYHOrO CTUCHEHHS | Kr MOBITPS

Big TucKy 1 atm 1o 10 aTM, K10 MOro movyaTkoBa TeMiepaTypa Oyia
7 °C. (-187 x1x).
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49. Tlpu anmiabaTUYHOMY CTHCHEHHI KUCHIO Macow 1 kr Oyia
BukoHaHa poOota 100 k/[>)k. BusHaunTu KiHIEBY TemIiepaTypy rasy,
SIKILIO JI0 CTUCHEHHS KHMCHIO TeMmnepaTtypa oyna 300 K. (454 K).

50. B mocyauH1 3HaXOAUTHCS CyMiIll ABOX Ta3iB: KUCHIO Macorw 6
' 1 a30Ty Macoro 3 r. BU3HauuTH NUTOMI TEIJIOEMHOCTI II1€1 cyMmili. (Cv

= 680 x/xr-K; cp = 952 Ji/xr-K).
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3. KoJioBi mpouecu Ta peajibHi rasu

3.1. OCHOBHI TeOpeTUYHI BIIOMOCTI
1.  Koediment kopucnoi aii (KKJI[) muxiry
b Q-Q
Q

ae Q- KUIBKICTb TEILIOTH, Ky OTPUMY€E a3 BiJ HarpiBaya;

Q- KUIBKICTh TEIJIOTH, SIKA MEPEAAETHCS XOJIOIUIbHUKY.

KKl mukny Kapuo
_Nh-T
n= T
1

ne 11 - TeMneparypa HarpiBaua; 72 - TemiepaTypa XoJd0 uIbHUKA.

2. PiBasnus Ban-nep-Baanbca s 01HOTo MoJis ra3y

a
p+\7 V., —-b)=RT,
Ie p - TUCK Ha CTIHKHU IOCYJIMHH;
a i b - crani Ban-gep-Baanbca;
Vm- MoJsipHHUi 00'eM Ta3y.
PiBusans Ban-nep-Baanbca miis Oyap-sSKoi MacH ra3y Ma€ BUTIISI

2
m- a m m
+——|V—-——Db|=—RT,
(p M?V? J( M j M
ne V— 00'em ycworo razy; M - MojigpHa Maca rasy.
2
m- a

B upomy piBHSIHHI M2Zy2 = p; - TUCK, 0OYMOBJICHU} CUJIaMU

m

m o
B3a€EMO/I11 MOJIEKY I, M b =V,- BnacHuil 06'eM MoseKyJI.

3. 3B'I30K KpUTHYHUX IapaMeTpiB - 00'eMy, THCKY 1 TeMIepaTypH 3i
cranumH a i b Ban-nep-Baanbca:

a 8a
2 e = ooon
27b 27RDb
L1i piBHSHHSI MO>KHA PO3B'sI3aTH BIIHOCHO CTaIMX « 1 D:

22

_ m b TkPR

B 8 Pup |

Vokp = 3b; Pxp =

64 py,
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4.  BHyTpILIHS €HEPTisl pEIbHOrO Ta3y

U= m[CVT —i}
M v

m

ne Cy - MOJIsIpHA TEILIOEMHICTB IIPU CTaJIOMy 00'eMi;
Vi - MossipHUit 00'eMm.
5. 3MiHa eHTpormii

B
45 = d
AdT
ne A1 B - Mexi IHTerpyBaHHs.

3.2. llpukaaau po3B'sa3aHHs 3a1a4

3agauya 3.1. I1ix vac nukiry Kapno ras, HaOpapiiu BiJl HarpiBada
10° JIx Temma, BukoHaB pobory 400 k. 3HalTH TeMmmepaTypy
HarpiBaua, K10 TemiepaTrypa xojoauwibHuka 0 °C.

Pimennsi. KKJI ineanbHO1 TENI0BOI MallIUHU

anl_QZ =A216077=T1_T2,

Q & T
e Q, —Q, = A- KOpHUCHE TEIIOo, 0 NEPETBOPIOETHCS B pOOOTY A.

UYwucnose 3HaueHHsa KK ]| TennoBoi MamuHu

U=A=ﬂ=0,4 a60 40%.
Q, 1000

3naroun KK/[ TemioBoi MammmHM 1 TeMIiepaTypy XoJoAuIbHuKa 12,

MOXKHA 3HAUTH TEMIIepaTypy HarpiBauda

T, = T, _ 213 = 455K ..
1-n 1-04

Bignosine: T, =455K.

3agaya 3.2. BuszHauuTu 3MiHY EHTPOINI MPH 130TEPMIYHOMY
po3mupeHH1 KucHIO0 Macoro 10 1 Bijg 00'emy 25 1 10 06'emy 100 1.
Pimennsi. 3MiHy €HTpOII KUCHIO TPHU 130TEPMIYHOMY IIPOIIEC]
MOYKHA O0YHCIUTH 3a (DOPMYJIIOIO
240
AS=S,-5,=|—,
2 791
1 T
BHHECEMO TEMIIEPATyPy 3a 3HAK 1HTETPaly, OTPUMAEMO
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_1t..Q
AS—?{dQ—T,

Kinekicts Temnotu Q, IKy OTpUMYy€ KHCEHb, 3HANIEMO 3a NEPIINUM
3aKOHOM TepmoauHaMiku: Q = AU + A.

Hns i3otepmiunoro npoiecy AU = 0, Tooto Q = 4, a poboTa 4
VTSI IILOT'O TIPOLIECY BU3HAUAETHCS 32 (DOPMYJIIOIO

A=TRTINZ,
M \
ne M= 18-10 3 kr/mMomb - MONISIpHA Maca KMCHIO.
3 ypaxyBaHHSM i€l (popMysu, BU3HAYUMO 3MIHY €HTPOMIi

m V
AS = —RIn-2,
M V,
[TlixcTaBnasoun B OCTaHHIO (OPMYJYy YHCIOBI 3HAYEHHS BEJIMYMH,
B3SATHUX B oauHUIIX cuctemu Cl, Maemo

3 3
AS :%.8,314”%:64 ﬂ_g"c
18-10~ 25-10" K

BignoBinn: AS = 6,4 /[oc/K.

3amaya 3.3. 3HaliTU 3MIHY €HTpOMii MPH OXOJOKEHHI 2 T
noBiTps Big 40 mo O °C: 1). opu craiomy 00'eMi; 2). Ipu CTaJIOMy
THCKY.

Pimennsi. 3MiHy eHTpomii TOBITpS HAOJIMKEHO MOXKHA
00uncIUTH 3a (HOPMYJIOL0, IO BUpaKae 3MiHY €HTPOITT 1€aIbHOTO ra3y

2
AS=8S,-S,= jd—Q.
L T
IpY HECKIHYCHHO MaJlii 3MiHi Temriepatypu dT.
IIpu HarpiBaHHI TOJAAETHCA KIJTBKICTh TEIJIOTH
dQ=mcdT,
I m - Maca MOBITPS; ¢ - HOT0 MUTOMA TEIJIOEMHICTb.
Bpaxosytouu, mo V= const, VAP = RdT, 3Bigxu

oT = Yo
R

a TakKoX 13 PpIBHSHHA CTaHy 17geajdpHoro ra3zy pl =RT

snaxogumoV = RT / P. migcraBuBIIM 1i 3HaYeHHs y piBHsAHHS M1 dQ,
3HAXOIUMO
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dQ = mc, d—p

P
AHaoriyHo 3HaxoauMo 3HaueHHs dQ 71 CTanoro THCKy
dv
dQ=mc, —
v

VY nepiioMy BUIIAAKY CTaJHUM JHUIIAETHCS 00'eM, TOMY

2
AS = me, jd—p = mc, InZ2.
P1
Bignomenns Py/P1 3HaXoguMo 3a PIBHSHHSAM 130XOPHUYHOTO
poIecy

P2 _To 203 _4g7
p, T, 313
TOAl
AS = 0002k - 727633 2. 1n087 = 020322
ke K K
y )IpyrDMy BI/Il'IaI[Ky CTaJIMM JIMIIA€THCA TUCK, TOMy

AS = mcpf—v_mc InV2

vV Vi
Bignomenns Vo/Vi 3HaxoguMmo 3a PIBHAHHSAM 1300apHUYHOIO
IpoIIeCy

\Q T2 ﬁ_o,m’
v, T, 313

TOM1

AS =0,002x2 -1016 Aore -In0,87 =O,283ﬂ79fc.

ke K

Bignmosiab: 1) A4S =0 2031?0 2) AS :O,283ﬂ79fc.

3agaya 3.4. OOUHUCINTH, KOPUCTYIOUHCHh DPIBHAHHAM BaH-aep-
Baanbsca, Tuck 1,1 Kr Byriekucioro rasy, 1o 3HaXOJUThCS B OalioHI
mictkicTio 20 11 ipu Temriepatypi 13 °C. Pe3ynabTaT NOpiBHITH 3 TUCKOM
171eaJIbHOTO Ta3y 3a TUX CaMUX YMOB.

Pimenns. PiBasuns Ban-nep-Baanbca mae BUrsa

(p + —}(V b)=R

V2
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3B1IKHA

ne a=0,364 m*H/monn?; b=4,3-10"° M3/Mob.
Yc10 MOJIiB BYTJIEKUCIIOTO Ta3y A0PiBHIOE

m 11xe
V=—

- -3
M 44-10"°ke | monw
O06'eM, 1110 HOTO 3aliMa€ OJIUH MOJIb BYTJIEKUCIIOTO Ia3y, JOPIBHIOE

-3 3
v — 20-10 " =08-10"° 3/ monw.
V 25 moue

ITincTaBuBmM y ¢GopMyay THCKY YHUCJIOBI 3HAYEHHS BEJIMYMH,

B3ATHX B oquHUIAX cuctemu Cl, 3HAX0IMMO
8,32 /ic | monw - K - 286 K

08-102 43/ mom —0043-103 13 | monw

= 25mons.

=254-10° P/ m?°.

p:

Tuck, 1m0 oOYnCIIOEThCS 3a pIBHIHHAM MeHnneneeBa-Knaneiipona,
IOPIBHIOE
_ RT 832/ | monw- K -286 K
Vv 08-103 33/ mmon

OcraHH1i pe3ynbTaT BIAPI3HIETHCS B PE3yJIbTaTy, OJAEPKAHOTO

IpY BPaxyBaHHI MONPABOK a Ta b Ha BemmuuHy Ap= 4,3 * 10° H/™m 2, mo
Ja€ BITHOCHY MOXHOKY

Ap  43-10°H [ m°

p  254-10°H [ m?

Bianosins: £ =169-1072 =16 9 %.

—=297-10°H | m°.

~169-1072 a6o 16,9 %.

&

3amayva 3.5. BusHauuTH KpUTHYHI TTapaMeTPH a30Ty.

Pimenns. KputnuHi nmapamerpu rasy BiAlOBialOTh TAKOMY HOTO
CTaHy, TP SKOMY 3HHKA€ PI3HHUIL MDK PIIAHOK Ta 1i maporo.
[TapameTpu 1OrO CTaHy MOKHA OOUYMCIMTH 3a CTAIMMHU JJISl TaHOTO
ra3y a 1a b, sxi 6epyThes 3 TaOIUIIE.

Kputnunuii 06'em

V,,= 3b = 33,8610 > m3/mone =11,58-10° s/ mone.

Kputnununit Tuck
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0135 71

a MOJIb 5
Do = - 33810 ITa.
® 2762 27(386-10° )2 | mmon?

Kputnuna temneparypa

o 0135 11
T, = = MOb e 126 K.
2I0R 57 .386.105 43/ amon -83 27
moinb - K

Binnosinn: V,,=11,58-10"° ymonw, pxy = 33,8-10°ITa; T,, =126 K.

3.3. IIuTaHHA 10 CAMOCTIHHOT0 KOHTPOJII0
1.5Ik1 iporiecu 3ByThbCsl 0OOPOTHUMU Ta HEOOOPOTHUMU?

2. SIk1 miponiecu 3ByThCsl KOJIOBUMHM IIpoliecaMH 200 IIUKJIaMH Ta B
SIKOMY BHIIaJIKy po0OoTa ra3y mpu KOoJI0BOMY IIpoIrieci Oyae 10/1aTHOO, a
B SIKOMY - B1J'€MHOIO?

3. Skuii mpo1ec Ha3uBaeThes Mukiaom Kapuo?
4. Y yomy ToJIArae Apyru 3aK0H TePMOIUHAMIKN?

5. YV yomMy mnojsrae npuHIUN poOOTH XOJOAUILHOI MAIllMHU Ta K
obuncmoethed 1t KKII?

6. SIke CHiBBIJHOIIECHHS MiX €HTPOMIEI0 Ta TEPMOIUHAMIYHOIO
IMOBIPHICTIO CTaHY TEPMOJMHAMIYHOI CUCTEMH Ta B YOMY 3MICT I[bOT'O
3B'sI3KY?

7. 1o Take eHTpoOIIs Ta 110 BOHA XapaKTepU3ye?
8. B yvomy cyTh HepiBHOCTeH Kiay3zica?

9. B sskoMy BUMaAKy MallllHa, MPpaIiody 3a 1ukjiom KapHo, Oyie
TEIUIOBOIO, a B IKOMY - XOJIOJUJIbHOIO?

10.3a axux yMOB piBHSHHS 1JI€QIbHOTO Ta3y MOXXHA 3aCTOCYBaTH
110 peaJbHUX Ta3iB?

11. SIxi1 mompaBku BHeceHO Ban-nep-Baanbcom y piBHSHHS
MenpeneeBa-Knanelipona ta B 4omy ix cyTb?

12. Sxuii BUTIsAA MarOTh 130T€PMHU 1/1€aJbHOTO Ta PeajbHOTO
ra3iB? [1osSiCHUTH KOXXHY JTITBHUIIIO 130T€PMHU PEATIBHOTO Ta3y.

13.5xui1 cTaH ra3y Ha3UBAETHCSI KPUTHUHUM?
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14. SIx MO>XHa IIEpEeBECTH T'a3 Y PIIKUNA CTaH?

15. V uomy monsirae edekt JDxoyns-TomcoHa Ta sk BiH
MOSICHIOETHCS ?

3.4. 3agaui nJs po6oTH B ayMTOpii

1. IneanpHa TemioBa MalllvHa, siKa Ipaioe nmo nuukiay Kapno, 3a
MK OTpuUMYye€ Bia HarpiBaua 2,512 k/[x temnotu. Temmeparypa
HarpiBaya 400 K, temnepatypa xonoauwibauka 300 K. 3Haittu pobory,
sKa 3O1IMCHIOETHLCSA MAIIWHOIO 32 OAWH IIMKJII, 1 KUIBKICTh TCIUIOTH, SIKa
BIITA€THCS XOJIOAMIBHUKY 3a oauH UK. (A - 630 JIx; Q = 1,88 k/[x).

2. IneanpHa TemJioBa MalllWHA, sIKa Opamwe no nukay Kapho,
3MIMCHIOE 32 OJMH LUKJI poboTy 2,94 x/[k 1 Biggae 3a OJUH ITMKJI
xonoauibHUKy 13,4 xJIx Terotu. 3naitu KK mukiy. (18%).

3. Maca 6,6 r BOJHIO PO3IIMPIOETHCS 1300apHO Big 00'emy Vi 10
00'emy V2 = 2 V1. 3HallTH 3MiHY €HTPOIIIi IPU IIbOMY PO3IIUPEHHI.

m V
AS =—C,In—% =66 3/Joic ! K o
M \

4. Maca 10 r kucHr HarpiBaeThcs BiJ Temiieparypu S0 mo 150 °C.
3HaTH 3MIHY EHTPOIIii, SKIO HarpiBaHHS 3JIMCHIOETHCA: a) MPH
cranomy o0'emi; 0) mpu crajmomy THCKY. (a) 1,76 Ix/K; 0) 2,46 JIx/K).

5. Maca 10 r remiro 3aiimae 06'em 100 cm® npu tucky 100 MIla.

3HaWTH TeMmepaTypy rasy, SKIIO BBaXKaTH HOTO: a) ieadbHUM; O)
peanbHUM. (a) 482 K; 0) 654 K).

6. Bu3HauuTH KpUTHYHI TeMIepaTypy Txp 1 TUCK Pwy: 1) KHUCHIO; 2)
Boau. ( 1) 150 K, 5 MIla; 2) 654 K, 22,6 MIIa).

7. B nocyauni emuicTio 10 1 3Haxoauthes 360 T BOAsSIHOT mapu
npu temmepatypi 470 K. O0unucinuTy TUCK Mapu Ha CTIHKH MOCYIMHHU.
BBaxkatn napy peansaum rasom. (7,64-10° ITa).

3.5. 3agauvi nis camocTiiiHOT podoTH

1. Tlig gyac koJioBOro mpolecy ras BUKOHaB poOoTy 1 JIkx Ta
nepenas xonoauabHUKY 4,2 JIx terna. Axuit KK/ mukny? (0,193).

2. T'a3 onmepxkaB Bia HarpiBHuka 4 k/[x Temma. Sky pobGoTy
BUKOHaB ra3s, sikio KK/ nmukny 0,17 (400 1x).
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3. IneanpHa TeImIOBa MaliuHa mpanie 1o nukiay Kapao i
BUKOHYE 3a OJAWH LMKJI poboty 2,94 kJIx Ta Biajgae 3a OJUH UK
xonoauiabHUKY 13,4 x/[x Termotu. 3naiitu KK nuxiy. (0,18).

4. IneanpHa TemioBa MamuHA mpamroe no nukiny Kapao. [pu
oMy 80% TEIIOTH, SIKY OTPHMMYE MallliHA BijJ HarpiBaya, nepeaacThes
XOJIONWIbHUKY. MaliuHa oTpuMye Bij HarpiBaya 6,28 k/[»K TemIoTH.
3naiitu KKJI nukiy ta poboTy, Ky BUKOHYE MalllMHA 3a OJWH IUKIJL.
(0,2; 1,26 xJIx).

5. 3HaliTi 3MiHY eHTpomii mpu nepetBopeHHi 10 r nmpboay mnpu
temnepatypi -20 °C B napy (t, = 100 °C).

AS =mc, InE+i+cBlnT—”+L :88ﬂ—9fc .
T T, T, T, K

6. 3HaTU 3MiHY €HTPOIIi MpH 1300apUUYHOMY PO3LIUPEHHI 4 T
a30Ty Big 00'eMy 5 1 10 00'emy 9 1. (2,43 Ix/K).

7. JIin macoro 2 xr npu Temmepatrypi 0 °C OyB mepeTBOpeHU y
BOAY MpU Tid ke TeMmepaTypi HpuU JIOMOMO31 Tapu, sAKa maja
temnepatypy 100 °C. OOumciauTd Macy mapH, ska HEOOXIJHa s

[IEPETBOPEHHS JILOIY B BOAY. 3HANUTH 3MiHYy €HTPOIIil CHCTEMH JIi-TIap.
S M ostaas = MMt o T2 610 e 1),
ﬂ, + C( T2 _T]_é' ) Tl T2 Tl

m,

8. Kucenp macor 2 Kr 3011bIHMB CBili 00'eM B II'ITh pa3iB: OJIUH
pa3 130TepMIYHO, JAPYTUH - agiadaTuyHO. 3HAWTH 3MIHY EHTpOMii B
KkokHOMY niponieci. (A4S, = 836 [/ K; AS = 0)

9. Sky Temmepatypy mae maca 10 T remito, skuil 3aiiMae 00'em

100 cm? mpu tcky 100 MITa? T'a3 posrnsgacThes gK: a) imeanbHHUM;
0) peanpauii. (482 K; 204 K).

10. B mocyamm o6'emom 0,3 1 3HAXOOUTHCSA OJUH MOJb
Byrjekucjoro razy npu temieparypi 300 K. O6uuciautu THCK rasy: a)

no piBHSHHIO MenneneeBa-Knaneiipona; 0) mo piBHsSHHIO Ban-aep-
Baanbca. (a) 8,31 Mlla; 0) 5,67 MIla).

11. Tuck xucHroo mopiBHroe 7 MIla, ioro rycruna 100 xr/m3.

3
3HaliTu TeMIEpaTypy KUCHIO. ( - %(W — o+ 2P a,\tjlpz J - 287K}

Yo M

42



12. Bu3zHauuTh THCK BOJSHOI MNapu Macow 1 Kr mpwu
temmepatypi 280 K ta o0'emi: 1) 1000 ; 2) 10 11; 3) 2 1. ( 1) 174 klla;
2) 3,94 Mlla; 3)101 MIla)

13. Kpurnuna temneparypa aprony 151 K 1 kputnunwmii Tuck 4,86
MTIla. BuzHauuT 3riJIHO LIUX MTapaMETPIB KPUTUUHUN MOJIIpHUN 00'emM

3T, 8
aprony. |V,, = ** R=968.10° " |
kp
8 Oxp MOJb

14. T'a3 3HaXOAUTHCS B KPUTUYHOMY CTaHi. Y CKIJIbKH pasiB
301IBIIUTBCA THUCK Ta3zy, SKIIO HOro TeMIeparypa 130XOpUYHO
301IBIIUTHCS Y JiBa pa3u? (B M'sATh pa3iB).

15. BuzHauuTu BHYTPIIIHIO €HEPTi0 OJHOTO MOJS a30Ty IMpH
kpuTu4Hii Temnepatypi 126 K. OGuucieHHs BUKOHATH Jjis1 00'emiB: 1)
20m;2)2 1;3)0,2 1. (1) 2,61 xJIx; 2) 2,55 xJIx; 3) 1,94 k]I x).

16. ImeanpHuii ra3 3miiicHroe nuka Kapno. Temmeparypa
xonoaunbHuKa gopiBHIOE 290 K. V ckinbku pa3ziB 30umbmuThess KK/

UKy, AKIIO TeMIlepaTypa HarpiBada miaBuimuTthes Big 400 1o 600 K?
(1,88).

17. ImeanpHmii ra3 3miiicHioe nuka Kapno. Temmeparypa
HarpiBHUKa B TPH pa3u OLIbIIa TEMIEpaTypHu XojJoauabHuka. HarpiBau
BignaB rasy 42 kJx Termnoru. SIKy podoTy BukoHaB ras? (28 k/[x).

18. InmeanmpHmit ra3 s3mificHroe 1uwmkia Kapuo. Temmepartypa
HarpiBaua nopiBHoe 470 K, temmepaTypa XOJOAMIbHHUKA JIOPIBHIOE
280 K. ITpu i30TepmMiuHOMY pO3IIUPEHHI ra3 BUKOHy€e podoty 100 J[x.
Busnauntu tepmiunuii KK]I nmukiny, a Tako KUIBKICTh TEIUIOTH, SKY
ra3 Bignae xomoaunbHUKY. (0,404; 59,6 JIx).

19. SIxoro moBuHHA OyTH TeMIIepaTypa XOJOAWIbHUKA 17ealbHOT
napoBoi MamuMHM, skmo mpu Temmepatrypi mapu 200 °C i KKJ|
nopiBHioe 21,1%? (373K).

20. Temnepartypa napu y koTiai 200 °C, a B xonoauabHuky 100
°C. 3uaiitm KKJI TemnoBoi MammHW, BBa)karouW ii 17caibHOIO. SIKI
icHy10Th 3aco0i1 migsuieHass KK/l peansHoi TenmoBoi mamuan? (21%).

21. I'a3 orpumaB Bixm HarpiBada 300 JIx Ttemma. SIky poOoty
BuKoHaB Ta3, sAkmo KK mukmy 0,4? Ckigbku Temaa ra3 BiajgaB
xonoawibHUKy? (120 Jx; 180 [Ix).
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22. Ilig yac KoJioBOTO Ipollecy ra3 BukoHaB po6oty 50 JIx Ta
BignaB xonoamiabHUKy 200 JIx Temna. SAxuii KK/ mukmny? (20 %).

23. 2 kr Boau HarpiBaetbcs Big 10 mo 100 °C ta nmpu miu
TeMIlepaTypl IEPETBOPIOEThCS B Iapy. OOYMCIUTH 3MIHY EHTPOIIIi.
(«14,4 xJ1x/K).

24. O0UKMCIUTH 3MIHY €HTPOMii MpU IUIABJICHHI 2 KT JIbOAY, IO
Mmae Temneparypy 0 °C. (2462 [Ix/K).

25. 3HailiTu 3MiHYy EHTpomii MpU 1300apUUHOMY PO3IIUPEHH] 8 T
refiro Bijg 00'emy 10 mo 25 n. (-38,5 x/K).

26. 3HalTH 3MIHY €HTPOIIil NP 130TEPMIYHOMY PO3IIUPEHH] 6 T
BOJIHIO, SIKIIIO MOTO THUCK 3MEHIIUTHCS B OJHOI [0 IOJOBUHU
atmocdepu. (17,7 Ix/K).

27. 0,02 kr remito 3aitmae 00'em KO"4 M3 nipu tucky 108 H/m2.
SAka temrepatypa rasy? SIkoro Oyna 6 Temmeparypa rasy, SKIIo BiH OyB
ou ineanbHUM? (22224 K; =481 K).

28. O0uyucIUTH BHYTPIIMIHIA THUCK Ta BIACHUU 00'€eM MOJEKYJI
KHCHIO, SKIIO B Oanoni mictkicTio 10 2 M3 3Haxomuthes 0,5 Kr rasy.
(3,32105 Ia; 124 cm®).

29. 3maiitu crtam Ban-nmep-Baanbca g azoTy, SKIIO 1OpHU
KPUTUYHOMY CTaHI MOTO THCK JopiBHIOE 33,5 aTm, a Temmeparypa 126
K. (1,36-105H-M*/xmons? ; 0,0386 M3/ kMOIIB).

30. 3maiith ctami a 1 b B piBHauHi Ban-gep-Baanbca s
BYIJICKHCJIOTO Ta3zy, SAKIIO WOro KPUTHUYHUKA TUCK 73 atM, a
temmneparypa 304K. (3,64-10° Hm*/kmonn?; 0,0426M3/KMOIID).

31. O0uMCIUTH KPUTUUYHY TeMmImepaTypy Ta TUCK aproHy. (151K;
48,7-10° ITa).

32. O0uMCcaIuTH KPUTHYHY TeMIlepaTypy Ta Tuck reniro. (5,2 K;
2,3-10° I1a).

33. O0uucIuTH 3MiHY €HTPOIi MpU TMEepeTBOpeHHI 1 T Boau B
napy (t;=100°C).(7,4 Jx/K).

34. OGuucaUTH 3MiHY €HTpPOIMIi MpH IUIaBJCHHI | Kr JhOAY, IIO
mae Temnepatypy 0 °C. (1230 Jx/K).
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35. PosmiaBnenuil cBuHenpb macor 600 r mpu Temmeparypi
NJaBjaCHHS BWiIWIM Ha i npu temmepatrypli 0 °C. 3HailTu 3MiHY
eHTporii mpu 1pomy mpoiect. (63 Ix/K).

36. O0uucnuTH 3MIHY EHTpPOMIi MpHU TNEPexXol 8 I KUCHIO BIJ
00'emy 10 1 mpu Temneparypi 80 °C o o0'emy 40 1 npu Temmneparypi

m T V
300°C. AS =—(CyIn-2 +RIN-2)=54/c | K |.
[ M(Cv T, Vl) A j

37. 3HalTH 3MiIHY €HTPOIII NpH 130TEPMIYHOMY PO3IIMPEHHI 6 T
BoJIHIO. Tuck npu oMy 3miH0eThes Bia 100 o 50 xIla. (17,3 1x/K).

38. Azor Macorw 10,5 T 130TepMidYHO PO3IIMPIOETHCS BiJ 00'eMy 2
7 10 5 1. 3HalTH 3MIHY €HTPOIii IpH 1iboMy Tiporieci. (2,9 JIx/K).

39. Aky Temnepatypy Mae maca 3,5 T KUCHIO, SIKHM 3aiiMae 00'eM

90 cM® mpu Tucky 2,8 MIIa? T'a3 posrasanaT gk: a) imeanpHuii; 0)
peanbHuil. (a) 281 K; 6) 289 K).

40. 1 KMOJb BYTJIEKHCIIOTO Ta3y 3HAXOJUTHCS MPU TeMIepaTypi
100 °C i 3aiimae 06'em 0,05 m>. OOUMCINTH TUCK ra3y, SKIIO BBAXKATHU
roro: a) peanbHuM; 0) ineansHuM. ( a)273 Mlla; 60) 61,8 mlla).

41. B 3akpuriii nocyauni o6'emom 0,5 M3 3maxogutecs 0,6
KMOJIb BYyTJIeKHCTIOTO Ta3y mnpu Tucky 3 MlIla. Kopucryrouncs
piBHSIHHSAM BaH-nep-Baanbca, 3HalTH, y CKIJIbKH pa3iB TpeOa 301IBIIUTH
TEMIIepaTypy rasy, mob Horo THCK 301JBIINBCS B JBa Pa3H.

42. 3HaliTH KpUTUYHUMN 00'eM pedoBuHU: 1) kucHO macoro 0,5
r; 2) Bomu macoro 1 1. (1,45-10° m3; 2) 5:10° ).

43. OOumcauTu poOOTy aa1ladaTUYHOrO PO3MIUPEHHS BOJJIHIO
Macoro 4 r, K10 TeMIeparypa razy 3uu3uiach Ha 10 K. (416 Ix).

44. Azor macow 2 1, skuii MmaB Temmepatypy 300 K, Oy
aniabaTUYHO CTUCHYTHH Tak, mo Woro o0'em 3meHmuBca y 10 pa3sis.
BusnauuTu KiHIIEBY TeMIIEpaTypy ra3zy i poOOTy CTUCHEHHS.

(T, = T1n7_1 =754K;A= %% R(T, -T,) =674 /]xc.
45. Kucenb, sikuii 3aiimaB o0'em 1 1 mpu tucky 1,2 Mlla,

amiabatTudHO po3mupuBca a0 00'emy 10 1. BuzHauutm poOOTy
posmnpenHs razy. (1,81 kJx).
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46. B mocyauni emuicTio 10 1 3Haxoauthcsa a3oT macorm 0,25
Kr. BuzHauuTu: 1) BHyTpilHIA TUCK p Ta3y; 2) BiacHU 00'eM
mosekyi (1) 108 xIla; 2) 86,2-10° m3).

47. BU3HAUUTH THUCK, SIKMI OyJie CTBOPIOBATU KUCEHBb KUIBKICTIO 1
MOJb, SKIIO BiH 3aiiMae o00'em 0,5 1 mpu Temneparypi 300 K.
ITopiBHSATH OTpUMAHUH PE3yIbTAT 3 TUCKOM, SIKMI BU3HAYAETHCS 3T1HO
piBHsIHHIO Menaeneea-Knaneiipona. (4,78 Mlla; 4,99 MIIa).

48. OOumciut ctam a 1 b y piBusaHi Bau-gep-Baambca nmis
a3oTy, KO KpuTUyHA Temrneparypa Tk= 126 K1 TuCck pip = 3,39 MlIla.
H'M4_b:ETkp'R m

T2 - R?
a=2l 0 T gl =386

64 P MOJb 8 Pup MOJb

49. Ta3 smiicHroe 1nukial Kapro 1 Bigmae temnory 14 kJlx
XOJOAUIBHUKY. Bu3HauumTH TemIlepaTypy HarpiBada, SKIIO HpHU
Temnepatypi xonoauinbHuKa 280 K pobota nukiy KapHo gopiBHio€e 6
kJIx. (364 K).

50. TI'a3, 3miiicHOOuMi UK KapHo, BiagaB XOJOAUILHUKY 67%
TEIUIOTH, SKy OTpHMMaB BIJ HarpiBada. BuszHauutu Temmeparypy
XO0JIONMIIbHUKA, K10 TeMnepaTypa HarpiBada 430 K. (288 K).
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4. YUncJ10 3iTKHEHb MOJIEKYJI Ta ABUILA NEPEHOCY

4.1. OcHOBHI TeopeTHYHI BiIOMOCTI
1.  CepenHe 4ucio 31TKHEHb OJIHIET MOJIEKYJIM a3y 3a OJUHUIII0 Yacy

Z =+\J2zd*nv
ne d - epeKTUBHUM TiaMeTp MOJICKYJIH,
1 - KOHILICHTpAlllsl MOJICKYJI;
V - cepeliHs apudMeTHYHA MBUIKICTh MOJIEKYJIU.

2. llpuitHaBImK, 1m0 KOXXKHA MOJICKyJa 3HAaXOIUTBhCA B IEHTPI
KyOiuHOT KOMipku o0'emoM Vo, IiamMeTp MOJIEKYJIW 3HAaXOASATh IO

dbopmyi:
d = ?{M =3 i’
V Nap

ne M - moJigpHa Maca pe4OBHUHU,
Na - unciio ABorajpo;
- TYCTHHA PEYOBHUHHU.
3.  CepenHs JOBXHHA BIILHOTO MPOOITY MOJIEKYJIU a3y

- 1
A =—.
J27d?n
4.  JluHamigHa B'SI3KICTh
_ EZ v
n 3 P
e A - JOBXKHMHA BIJILHOTO MPOOIry.
5. 3akon Hrrotona
F:d—p = —UQAS,
dt dz

dv ) . .
ne d— - TPaal€HT MIBUAKOCTI PyXy LIapiB pIOUHU,
Z

AS - TIJIOIIA €JIE€MEHTapHOI IMTOBEPXHI.

6. 3akon Dyp'e:

AQ = —Kd—TSAt,
dx

7e AQ- TEIIOTa, IepEeHEeCeHa ra3oM 4epe3 MoIepeyHuil nepepis

nioimrero S 3a yac At ; K - koedilieHT TeIIOMpPOBIHOCTI;

(;—T - TPaJiEHT TEMIEpaTypH.
X
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7. KoedimieHT TemIONpoBiAHOCTI ra3zy
1 —

K = gVﬂ, CVp

ne Cy - TeIIonpoBIAHICTE Ta3zy npu V = const.

8. Maca, sgka nmepeHoCcHThCs 3a Yac A* mipu aqudy3ii (3akoH Dika):

m=-D2° s,
AX
ne D - koediuieHT qudysii;
3—'0 - TpPajl€eHT TYCTHHH B HaNpPsAMKY, MEPHCHAUKYJIIPHOMY [0
X
romil AS .
9. Koedimient qudys3ii.
1
D=-vA4
3

4.2. IlutaHHs AJIs1 CAMOCTIHHOT0 KOHTPOJII0

1. BuBectn ¢opmyiry, 3a SKOIW OOYHCITIOETHCS CEPEIHE YHUCIIO
31TKHEHb OJIHIET Ta30BOI MOJIEKYJIH 3a 1c¢.

2. SIK TeOpEeTUYHO Ta €KCIIEPUMEHTAIbHO BHU3HAYAETHCS JOBKHHA
BUILHOT'O TIPOOITy MOJICKYJIH?

SAK 3ajJeXHTh 4YHCIO0 3ITKHEHb TIa30BOi MOJICKYJIHW Ta ii
JOBKMHA BIJILHOT'O MPOOIry BiJl TUCKY Ta TeMIIepaTypu’?

VY yomy nonsirae siBuiie audy3ii?

5. SIx oOuHCIIO€ETHCSA Maca Tal3y, IEePEeHECECHOTo Yy mpoleci
mudy3ii?

6. Y yoMy ¢i3uyHa cyTh KoeditieHTa n1udy3ii?

7. BHacni0K 40ro BUHUKAE TEPTS B rasi’?

8. Sk oOUYMCITIOETHCS CUJIa BHYTPIIIHBOTO TEpPTS B Tazax Ta y
yoMy moJisirae ¢pi3udHa CyTh Koe(DillieHTa BHYTPIIITHEOTO TEPTS?

9. Sk 00YHMCIIOETHCS KUIBKICTh TEIUIOTH, INEPEHECEHOI ra3oM IIif
Jac MpOoIeCy TEIUIONPOBIIHOCTI, Ta B YoMy (hi3ndHa CyTh KoepilieHTa
TETIOTIPOBITHOCTI?

10. Sx 3anexath koediieHTd Audy3ii, BHyTPIIMIHOTO TEPTSA Ta
TETJIONPOBIAHOCTI ra3iB BijJ TUCKY?

11. SIxe cmiBBIAHOWIEHHS MDK KoedimieHTamMu audys3ii,
BHYTPIIIHLOT'O TEPTS Ta TEIJIOMPOBIAHOCTI?

12. Sk 3MIHIOETBCS CEpelHs JOBXHHA BIJBHOTO MpOOIry
MOJICKYJI 31 3MIHOIO 00'eMy ra3y Ta THCKY?
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4.3. Ilpukaaau po3B'si3yBaHHsA 3a1a4

3agaua 4.1. a) CKUIbKM B CEpEIHbOMY 3ITKHEHb 3a | ¢ mpu
HOpMaJIbHUX YMOBax BiJJOYBa€ThCS B OJIHIET MOJICKYJIM a30Ty, SKIIO il
niametp 3,1-FO"8 cm? 0) CKUIbKM B CEpeIHbOMY 3ITKHEHb OJIHI€]
MOJICKYJIA a30Ty BIJIOYBAaTUMEThCS, SIKIIO TeMIIEpaTypa MiABUIIUTHCS
Ha 273 °C?

PilneHHsi. a) cepeaHE YMCIO 3ITKHEHb JJISI OJHIET MOJEKYJIU
a30Ty 3a | ¢ mpu HOpMaJILHUX YMOBAX BU3HAYAETHCS 32 POPMYJIOHO

Z, =~2md%nv,
_ 8RT : :
ne v, = ,/W - cepeaHs apudMeTUUHa WBUAKICTL Moyekyl. Toxi

dbopmyia cepelHbOro 4YMcja 3ITKHeHb MOJEKyJau 3a 1 ¢ HalOyjue

BI/IFHHI[Y
Z_:\@zdznw/ﬁ.
M

ITincTaBiasitoun 4YWCJIOB1 3HAYEHHS BEIWYHH, B3STUX B OJMHHIIX
cuctemu Cl, 3HaX0AMMO

Z,=~2-314-(31-1071%)?.269.10% \/

8-832-273
314.28-107°
0) fAKIO TemIepaTypa a30Ty MABHIIUTHCS, TO YHCIO MOJIEKYJ B
OJIUHUII 00'€eMy 3MEHILIHUTHCS, OCKIJIBKH 301IbIIUTECSI 00'eM B1a Vo 10

V1. KoHIeHTpalito MOJIEKYJT a30Ty IpU MiABHUIINCHHI TEMIEpaTypu Ta
CTAJIOMY TUCKY 3HaXOJSATh 3a PIBHSIHHSIM 1300apHOTO IIPOIIECY
Vo_To.
Vi T
Ockinbku ynciao Mojiekya No B 00'emax Vo Ta V1 HE 3MIHUJIOCH,

-52.10%7:

TO KOHIIEHTpAIlisl MOJIEKYJI Ny pu TemmepaTtypi T1 Oyze n 1:% , aje
1
LS

0

TOJI1

NV, T, 269-10% - 273

v, T, 546
CepenHe 4uCIO 31TKHEHb MOJIEKYJH a30Ty 3a 1 ¢ Mpu JaHuX

yMOBax JOpPiBHIOBaTHME

=1345-10® u 3,

1
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8-8,32-546
314-28-1073
Bixnosinb: Z,=5,2-10%"1; Z, =3,68-10°%.

~368-10%c71.

Z,=~/2-314(31-1071°)?.1345.10% J

3agaya 4.2. BuszHauutH cepeHIO JIOBXXHMHY Ta TPHUBAJICTh
BIJILHOTO MIPOOIry MOJIeKyd KUCHIO npu TUcKy 200 Ila Ta Temmnepatypi
27 °C, akmio giaMeTp MoJeKyau KucHio 2,9-1010 wm.

Pimennsi. SKiio cepeaHs A0BXKHHA BIJILHOTO MPOOIry MOJIEKYJIH

: : = V
A, a1l cepeHs MBUIKICTh V , TO YHCJIO 31TKHEHb 3a 1 ¢ Z = /1:, a

. . . 1 2
TPUBAJIICTh BUIBHOTO MOPOOITY 7 = = =—
v

OJEPIKUMO, SIKIIIO BHUPA3MMO CEPEIHIO JIOBXKUHY BIJILHOTO MPOOIry A
yepes CepeaHI0 MBUAKICTh Ta Yac BUILHOTO MPOOITy 7.

. Takuil camMuil pe3ynbTar

= : A
A =V-7 3BIIKH T = —.
\'
CepenHs JOBXXHHA BUIBHOTO MPOOITY TOPiBHIOE
= 1
A=—F=0,
V27d?n

7€ N- KOHIIEHTPAIlls] MOJICKYIL.
KonmeHTpalliro MOJEKyJl BH3HAYMMO 3 OCHOBHOTO PIBHSHHS:
MOJICKYJIIPHO-KIHETUYHOI T€Opii ra3iB p = nkT.

3BiaKuU
n=2
KT
CepenHs JOBXHHA BUILHOTO MPOOITY JOPIBHIOBATUME
kT

A=—07.
V2

[TigcTaBIIsIIOYM YKCJIOBI 3HAYCHHS BEJIMYWH, B3ATHX B OJWHHUIIIX
cuctemu Cl, 3HaxX01UMO

1,38-107% - 300
141-314-(29-1071°)%.200
Cepennst apupMeTHYHA MBUIKICTh MOJIEKYJI

_ 8RT
V= [—.
M
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[llykanuii cepeaHii 4yac BiIbHOI'O MPOOIry MOJIEKYJI

__A_ANaM

v +8RT

IlincTaBiasifoun 4YWCJIOB1 3HAYEHHS BEIWYHMH, B3SITUX B OJMHHIIX
cuctemu Cl, 3HaX01MMO

. 549-107°./314-32.107
\J/8-832-300
Binnosins: 7=5,49-10°m; 7= 1,23-107 c.

T ~123-10"c.

3agaya 4.3. BuzHauutu cepeaHIO JIOBXKHHY BUIBHOTO MPOOITY
MOJIEKYJ1 KHCHIO MpPH HOPMaJIbHMX yMOBaX, SKIIO Koe(IieHT
B's3xocTi 1,92-10 SIlac.

Pimenns. /s BuU3HAYEGHHA CEPEHBOI JIOBKHUHHM BiJILHOTO
npoO0Iry MOJIEKYJI KUCHIO CKOPHUCTAEMOCH (POPMYJIOI0, SIKa BHUPAXKAE
Koe(DIilll€HT B'I3KOCTI 4Yepe3 JOBXKHUHY BUIBHOIO MPOOITY, CEpEeIHIO
apu(pMETUYHY IIBUAKICTh MOJIEKYJI Ta TYCTUHY ra3y

n= %1\7,0, 3BifKH A = ?—77

Vp
3aMIHUMBIIY B OCTaHHIN (hOpMYJTi IIBUIKICTD

_ [8RT
7ZM ]

3n

8RT
1/ﬂM o

[TimcTaBUBIIN YMCIOBI 3HAYEHHS BEJIWYUH, B3SITUX B OJMHMIIIX
cuctemu CI, 3HaxoanuMo

<l

IICTAaHEMO

|
I

3.192.107°
\/ 8.832.273
314.32.107°

A =

~96-10"% .

Bignosigs: 4 =96-10"%u

3agaua 4.4, BuzHauuTu KOeQIiI[IEHTU BHYTPINIHHOTO TEPTH 1
mudy3ii KUCHIO, KUK 3HaxoauThes npu Tucky 0,2 MIIa 1 Temnepatypi
280 K.
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Pimennss. Ha oCHOBI MOJEKYJISIPHO-KIHETUYHOI TEOpii rasiB
KOE(IIIEHT BHYTPIIMIHBOTO TEPTSA 1J€aJIbHOTO Tra3y (aAuHaMidyHa
B'SI3KICTH) 1 KOe(IIieHT MU(y3ii BUBHAUUTHCS 32 opMyiaMu

= v 1
n=34vp (1)

1_
D="AvV 2
2 (2)

1e p - TyCTUHA rasy;
A - cepe/iHs JI0BXKUHA BiTLHOTO MPOOIry MOJEKYJ;
V - cepeans apudMeTUUHA MBUAKICTH MOJICKYI.
Cepennio apuMETHYHY IIBUAKICTh 1 CEPEIHIO JOBXHUHY BlILHOIO
npoOIry MOJIEKYJI 3HaX0AuMO 3a hopMyiaMu

,_ [BRT
7= 3)
i=—" (4)

J27d°n
Iie 1 - KOHIICHTPAIIis MOJIEKYJI, IKY 3HaXOJIMMO 13 OCHOBHOTO PIBHSHHS
MOJIEKYJISIPHO-KIHETUYHOI TeOopii ra3iB:

P
n=—,
kT
ne P— tuck; k = 1,38-102% JIsx/K - crana Bonbimana.
Toxl Ha 0cHOBI (4) IOBXHHA BIIBHOTO MPOOITy MOJIEKYJIH

J2md?p
['yCTHHY KHCHIO BU3HAYMMO 32 (DOPMYJIIOI0
_ Mn
P = N—A-
3 ypaxyBaHHSM /1 JICTAHEMO
Mp
PN KT (©)

[TincraBumo (6), (5), (3) 'y piBusaEa (1), Tomi ¢opmyia
kKoedimienTa TepTs Habepe BUTIISIAY

2
- JVRT,
37 7d?N
[TincraBnsitoun (5), (3) y dopmyiy (2), OTpUMAEMO PO3PaAXyHKOBY

dbopMmyy misa koedirienta audys3ii
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1 |8RT KT 2KT RT
D= ' 2 T o 42 '

3VaM 2%y 3mdip VM

3 ypaxyBaHHsM (6), KiHIIeBa (hOopMyJia Ma€ BUTIIS

. 2k*T*N, [RT |
32d%pM N 2M

ITincTaBagr0OYM YMCI0B1 3HAUYCHHS BEJIMYHH, B3ITHUX B OJJMHUIISX
cuctemu CI, 3HaxoauMo:

-3

_ 2,/32.10 831280 _, 40 o/
3.314-./314(29-101°)2.602-10 M-

~2-(138-107%)%(280)*-6,02-10% \/ 8,31-280
3-314-(29-10%°)%*.32.10°.0,2-10° \|314.32.10°°

:7,4-10‘“47.
C

Bianosine: 7 = 2-105"%.c : D = 7,410/ .

n

3amaya 4.5. BuzHauuTu cepe/iHiil 00'eM aTomMa y MOHOKpHUCTATI
MII1.

PimenHsi. 3Ba)kuMO Ha Te. IO y BUMNAJKY, KOJM B YMOBI 3aaadi
Ha3BaHO KOHKPETHHM MaTepiall, TO y PO3B'I3Ky MH MaeMO IIPaBO
BUKOPUCTOBYBaTH Oy/b-SKI HOTro TaOJM4YHI MapaMmMeTpu. 30Kpema, Y
JaHOMY BHUIAJKy MH BHKOPHCTAEMO TaKHM TaOJUIHUN TapameTp, K
T'yCTUHA Mii.

Kopuctyrounch nNepioguyHOI0 CHUCTEMOIO €JIEMEHTIB, MOXKEMO
BU3HAYUTH aTOMHY Macy mijai: M= 4 = 64.

3HaiAEMO KiJIbKICTh YACTHHOK B OJUHHMIIL 00'eMy

N=N, TN 2
M A
1e M- Maca Mifi B 00 emi 1 M3
Tomi1 00'emM, 1m0 Npunagae Ha OAUH aTOM MIJi:
\Y A

N pNj
[TincTaBMBIIM YKCIOB] 3HAUCHHS BEJIMYUH, B3SITHX B OJUHHIIIX
cuctemu Cl, 3HaXoauMO

. 64-10°°
8900-602-10%

1

~119-107%0,3

1
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Bimmosins: V, =119-10* 3.
4.4, 3apadi qyist podoTH B ayaUTOPii

1. CkulbkKM B CEpEeAHbOMY 3ITKHEHb OJIHIET MOJIEKYJHU
BYTJICKUCJIOTO ra3y Bi0OYyBa€ThCs 3a OJUHUIIIO Yacy MPHU TeMIepaTypi
100 °C, axmio cepenus m1oBxkKHA BimbHOTO 1mpoodiry 830 mxm? (4,9-10° ¢
D,

2. BusHauuTH CepeJHIO NOBXHHY BIJIBHOIO IPOOITY MOJEKYJI
ByrJekucioro ra3y npu temneparypi 100 °C 1 tucky 13,3 ITa. JliameTp
MOJIeKYJI Byriiekucyioro razy 0,32 um. (850 Mxm).

3. BuzHauuTu cepeHIO JIOBXKUHY BUILHOTO MPOOITY MOJEKYJIHU
MOBITPsI TPU HOpMAJIbHUX yMoOBax. Jliametrp mosekyn noBitpsa 0,3 HM
(93 uMm).

4. CKUIBKH B CEpeIHbOMY 3ITKHEHb B1JOYBAE€THCS 3a OJMHHUIIO
gacy MiX MoJiekyJiaMu a3oty npu tucky 53,33 klla 1 Temneparypi
27 °C? (2,47-10%1).

5. Busznauutu xoedimieHT audy3ii BOJHIO 32 HOPMAJIbLHUX yYMOB,
SKIIO CepeaHs AOBKHMHA BIJILHOIO IMPOOITY 3a IIMX YMOB JOPIBHIOE.
0,16 mxm. (9,1-:10° m?/c).

6. 3HaliTH Macy a3oTy, MEPEeHEeCeHOoTo y mpolieci Audysii yepes
miomy 0,01m? 3a gac 10 ¢, AKIIO Tpagi€eHT TYCTHHH B HAIpPIMKY,
NEPIEHANKYIIAPHOMY 10 IUIonl Ap/Ax=1,26 xr/m* Temmeparypa a3oTy
27 °C. CepenHs 10BXKHHA BITBHOTO MPOOITy MOJIEKYJ a30Ty 10 MKM.
(2mr).

7. BuU3HauuTU CEpPENHIO JIOBXKHHY BIIBHOTO MPOOITY MOJIEKYJI

rexito ripu Ticky 101,3 kIla 1 remmnepatypi 0 °C, AKI1110 B'S3KICTh T'eJ1I0
13 mxlIla-c. (184um).

8. BuzHauuTH B'A3KICTh a30Ty 3a HOPMaJbHUX YMOB, SKIIO
koedimient qudysii s mporo 1,42-10°m?/c. (17,8mkIla-c).

9. BuzHaunTHu aiaMeTp MOJICKYJIH KHCHIO, SIKIIO MPH TeMIepaTypi
0 °C B's3kicth kucHio 18,8 mklIla-c. (0,3 Hm).

10. 3naiiTu KOoe(ili€HT TEIJIOMPOBIAHOCTI BOAHIO, AKIIO HOTO
B's3KicTh 8,6 MkIlac. (90mMBT1/M:-K).
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11. B mocyauni o6'emom 2 1 3maxoamthes 4-1022 monexyn
nBoxatomMHoro raszy. TemmonpoBigHicte razy 14 mBt/m-K. 3Haiitu
xoedimienT audysii rasy. (2-10° m%/c).

4.5. 3agadi 11 caMoCTiiiHOT podoTH

I. Ckinbku 3ITKHEHb MIXK MOJIEKyJaMH B1J0OYBa€eThCSI 3a
OJIMHULIIO Yacy B OHOMY KyOIYHOMY CAaHTHUMETpPI1 a30Ty 32 HOPMaJIbHUX
ymoB? JliameTp Monekyn azory 3,1-108 cm. (7,39-10%8).

2. iametp monekymu kucHio 2,9-10% cm. Busmauutu cepemne
YUCJIO 3ITKHEHb MOJIEKYJIM 3 1HIIMMH MOJIEKYJIaMH KUCHIO 33 OJMHUIIIO
yacy IpH HOPMAJILHKX yMoBax. (4,2-10°).

3, 3HAlTU CEepPEeHIO JOBXHHY BIJILHOTO MPOOIry MOJEKYJ BOJHIO
npu tucky 0,1 ITa i emneparypi 100 K. (6,4 cm).

4. 3HaliTH CEPEIHIO JOBXKHHY BUIBHOI'O IIPOOITY MOJIEKYJ a30Ty
npu tucky 10 xIla i Temmnepatypi 17 °C. (1 mxm).

5. Bu3HaUuTH CEpeHI0 TPUBAJICTh BIILHOIO IPOOITY MOJICKYJ
kucHio 1pu temmeparypi 250 K 1 tucky 100 ITa. (288 c).

6. BuszHauuTu cepemHIO JOBXHHY BILIBHOTO NPOOITY MOJEKYJ
azorty 1ipu tucky 10 xIla 1 Temmneparypi 17 °C. (1 Mkm).

7. 3HAWTU CEPEeHIO JIOBXXHMHY BIJILHOTO IMPOOIry MOJIEKYJ BOJHIO
npu Tucky 0,133 Ila 1 temnepatypi 50 °C. (14,2 cm).

8. B 0anoH1 3HaXOAUTHCS BYTJIEKHUCIUM Ta3, TycTUHA skoro 1,7
kr/m3. CepenHs JOBXUHA BiNBHOrO NpoOIry Horo Momekyna 79 Hm.
3HaWTH AlaMeTp MOJIEKYJ Byriaekucioro rasy. (0,35 um).

9. CepenHs I0BXHMHA BUIBHOTO MPOOITY aTOMIB TeJil0 TIpHU
HOpMaJbHUX YMoOBax AopiBHIOE 180 HM. BuzHaunTu koedimieHT qudy3ii
reniro. (7,23 10° m?/c).

10. Koedimient audys3ii kucHio npu temmeparypt 0 °C
nopisHoe 0,19 cM?/c BU3HaYNTH CEpEHIO JOBKUHY BiILHOIO MPOOiry
MOJIeKYJ1 KUCHIO. (135 HM).

11. OGuucnutu koedimieHT AUdy3ii a3oTy: 1) Mpu HOpMaATBLHUX
ymoBax; 2) mpu tucky 100 ITa i temmeparypi 300 K. (9-10° m?/c;
0,061m%/c).
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12. 3HaiiTH cepeHI0 JOBXHUHY BUILHOTO IMPOOIrYy MOJIEKYJI
a3oTy, SKIIO Woro AuHaMmivyHa B's3kicTh 17 MkIla-c. (90 Hm).

13. 3ualiTu auHaAMIYHY B'A3KICTh TEJII0 TPU HOPMaJIbHUX
yMOBax, Ko koedimieHnt maudysii 3a nux ymoB mopisaioc 1,06-107
m?/c. (19 mkIla-c).

14. Buznauutu koedimieHT audysii 1 B'SI3KICTh MOBITPSI IpHU
tucky 1.01,3 xIla 1 temnepatypi 10 °C. JliameTp MOJIEKYJ MOBITPS
0,3 aMm.

(1,48-10°m2/c; 18,5 mxIla-c).

15. BusHauutu KOe€(DIIIEHT TEMJIOMPOBIHOCTI TOBITPS TIpHU
tucky 100 xIla 1 Temneparypi 10 °C. HiameTp Monekys nositps 0,3 HM.
(13,2 MB1t/M-K).

16. Ilpu sikoMy THCKY CcepeHs IOBXHHA BUIBHOTO MPOOITy
MOJICKYJIM BOJHIO JIOPIBHIOE 2,5 cM, SKIIO Horo temmeparypa 66 °C?
(=0,8 Ia).

17. diamerp monekymu Boauwoo 2,3-10® cm. Busnauutu cepenmio
JTOBXHWHY BIJILHOTO MPOOIry MOJEKYJIH BOJHIO 32 HOPMaJIbHHUX YMOB.
(0,16 Mxm™m).

18. 3HailTH cepelHIO JIOBXXHHY BUIBHOTO MPOOITY aTOMIB Teilo,
ko ryctuHa remiro 0,021 xr/mS. (1,8 MkMm).

19. V Ganoni o6'emom 100 cm® 3Haxomutsea 0,5 T a30Ty. 3HalTH
CepeIHIO JOBXKHHY BUILHOTO MPOOITy MOJIEKYT a30Ty. (23 HM).

20. 3HaiiTH cepelHE YMCIO 3ITKHEHb 3a | C MOJIEKYJ JAESKOTO
razy, SIKIIO CEpeaHs JOBXHHA BIILHOIO MPOOIry 5 MKM, a cepeaHs
KBaJpaTUYHa MIBUIKICTE Horo monekyn 500 m/c. (9,2-107 ¢1).

21. KoedimienT audy3sii 1 B'SI3KICTh BOJHIO MPH ACAKHX yMOBaX
nopisaroe  1,42-10* m?%/c i 8,5 mklIla-c. 3HAWTH KiNbKICTH MOJIEKYJI
BOJIHIO B ouHUL 00'emy. (1,8-10%).

22. SIkmil m1amMeTp MOJICKYJIH a30Ty, SAKIIo mpu Temmeparypl 0 °C
koe(ilieHT BHYTpimHbOro Tepts nopisHioe 1,7-107 IMa- ¢? (316 mm).

23. Koedimient audy3ii 1 B'I3KICTh KUCHIO MPU JIEIKUX yMOBax
popisaroe  1,22:10° m?/c i 19,5 mxIla-c. 3HAlTH T'yCTHHY KHCHIO,
CEepeNHIO JOBXHHY BUIBHOTO MPOOITY Ta cepeaHto apudpMEeTUYHY
I1IBuakicTs ¥oro Mosnekyn (1,6 kr/m3; 83,5 Hm; 440 m/c).
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24. bamgon o0'emoMm 10 11 MICTUTH BOJIEHh Macorw | r. BuznHauutu
CEpEIHIO IOBXKUHY BIJILHOIO MPOOIry MoJieky. (1,55 um).

25. Bu3HauWTH CEpeAHE YHUCIO 3ITKHEHb OJIHIET MOJICKYJHU
KHMCHIO 32 | ¢ mpy HOpManbHuX yMoBax. (3,7-10° ¢?).
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5. BiacTuBOCTI piguH

5.1 OcHOBHI TeopeTH4HI BiZOMOCTI

1. KoediiieHT mOBEpXHEBOTO HATSTY
F

o=—,

I
ne F - cuna moBepxHeBOro HaTATY, IO J1€ Ha MEKY MOBEPXHEBOIO IIapy
PiIvHU 3aBIOBXKKH .
SKIo mija 1€ CHII MOBEPXHEBOIO HATATY 3MEHIIYEThCS ILIOIIA
MIOBEPXHEBOI'0 IIapy PIAMHU HA AS, TOJl CHJIM IOBEPXHEBOTO HATATY
31HCHIOIOTH pOOOTY

A= OAS,
3 OCTaHHBOI PIBHOCTI
AA
o=—.
AS

2. JIonaTKoBUM THUCK, CIIPUYMHEHUN KPUBU3HOIO MOBEPXHI PiAVHH,
BU3Ha4YaeThes popmyrioro Jlamnaca

1 1
p=0l —+—|
Ry Ry
e o - Koe(dillieHT MOBEpXHEBOro HATAry; R1 I R - paxgiycu KpuBU3HU
JIBOX B3a€EMHO TMEPHCHAUKYISPHUX TIUIOIIMH IOBEPXHI PIAUHH, Y
BHIIAJIKy C(DEpUUIHOI ITOBEPXHI

2%
P R
3. BucoTa migHIMaHHS piAMHU B KaNUIApHIA TpyOIi
ho 2otond
PR

1€ 0 - KpaloBUH KYT; p - TYCTHHA PIIUHU; J - IPUCKOPEHHS BUILHOTO
naaiHasg; R - paaiyc kamiaspa TpyOKH.

4. Bucora mnigHIMaHHSA pPIAMHE MK JBOMa OJM3BKHMH 1
napajaeIbHUMU TJIOITUHAMHU

ho 2otond

qd

ne d - BicTaHb MiX IMJIACTUHAMM.
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5. PiBHsIHHS HEpO3pUBHOCTI MOTOKY. [1i yac cTalioHapHOTO pyxy
pLAMHYU 1O TPyOl1 3MIHHOTO MEpepizy Yepe3 KOKHUM Mepepi3 3a NEBHUU
IHTEepBaJ Yacy NpOUIyTh OJJHAKOBI Macu PiuHU

Sivp =S,v,,
ne Si 1 Sy - oIl MmorepevHoro mepepizy y ABOX JOBLIBHUX Mepepizax
TpyOH; V1l V2 -- BIAIOBIHO MIBUAKOCTI TEUil PiaUHHU.

6. PiBassausa bepHym 11 iaeaabHOT HECTUCIMBOIL P1IHHI
2

va = pgh+ p = const,
e p - TyCTHHA PiAWHU; V- MBHAKICTh Tedil piguHu; h - BHcoTa
PO3MIIICHHSI MIOBEPXHI PIAMHU HaJ PiBHEM BLIIKY; P - TUCK B MOTOIII
PIIUHHU.

/. IIBUKICTh, BUTIKAHHS PIAWHMU 3 MAJIOrO OTBOPY Y BIAKPUTIN
IIMPOKIiM MOCYAMHI BU3HAYa€eThCcs popMmyioro Toppivemm

v =,/2gh,

ae h - BiicTaHb BiJi OTBOPY JI0 BEPXHLOT'O PIBHS PiIUHH.

8. ®opmyna Ilyazeins. O0'em pinunu (Tasy), AKUW ONpoTiKae 3a
yac / yepes nepepis J0Broi Tpyou

4
V = ar tAp,
8ln
e I - paniyc TpyOKHU; Ap- PI3HHUI THCKY Ha KiHIAX TpyoOwm; | - i

JOBXXKWHA; 7 - JUHAMIYHA B'S3KICTh (KOE(]ilIEHT BHYTPIIIHHOTO TEPTS).
®dopmyna cripaBeIMBa TIILKHU JJIs1 JIJAMiHAPHUX MTOTOKIB P1AMHHU.
9. Uucno PeiiHonbaca 11 MOTOKY PiAMHY T10 JOBIUM TpyOam
Re = ,O\/_d 1
n
1€ p - TYCTUHA PiMHU; V- CEPEJHS MO Iepepidy MBUIKICTh PYXYy
pimuayu; d - miameTp TPYyOKH.

5.2. llpukjgaau po3B'si3aHHSA 3a1a4

3apava 5.1. /[pa muibHUX my3upl paaiycamu Ry =2 cm ta Ro =3
CM 3JIMBalOThCS B OJWH. Bu3HAUUTH eHeprito, Mo BUAUISETHCS MNPH
IIbOMY TIpoIIeci, SKIo KoediieHT noBepxHeroro Hatary 0,045 H/m.

Pimennsi. OcCKUIbKM TIOBEpPXHS JBOX IMy3UpIB OuibIna 3a
MOBEPXHIO ITy3UPS, 110 YTBOPUBCS BHACTIAOK 3JIUTTS iX B OJIMH, YaCTHHA
CHEprii MOBEpPXHEBOi ILIIBKKM 3BUIBHAETHCI. Bimomo, mo mpwH
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130TepMIYHOMY 3MEHIIICHH] MTOBEPXHI PIMHUA HA OJWH KBAJIPATHUI METP
Oyzne BUAUISTUCS €HEPTrisd, 10 YHUCEIbHO JOPIBHIOE KOEPILIEHTY
MOBEPXHEBOT'0 HATATY PIAMHU. TaKuM YMHOM, JJI 3HAXOJKEHHS €HEPTI,
KA BUAUIMTHCA MPU 3JIUTTI JBOX My3UPIB B OJMH, HEOOX1JHO BUZHAYMUTH,
Ha SIKy BEJMYUHY 1X MOBEpPXHs OyJya OuIbIlIa MOBEPXHI HOBOYTBOPEHOIO
my3Upsi. 30BHIIITHS HOBEPXHS JBOX Iy3UPIB JI0 1X 3JIUTTS OyJie

S=S,+S, =42R{ +47R; =4x(R{ +R; )=4-314(4+9)cn” =

=163,28cu” =163,28 107" 1°.

Jlns BU3HAYEHHS 30BHIIIHBOI IMOBEPXHI ITy3UPs, IO YTBOPUBCS
BHACIIJOK 3JUTTSA JBOX MYy3UPIB, MOTPIOHO 3HAUTH paaiyc
HOBOYTBOPEHOTO MY3HPs, SKMI MOXKHA BHU3HAUYMTH 3 PIBHOCTI 00'eMiB
My3UPiB JI0 Ta MICIA iX 3JIUTTS, TOOTO

V =V, +V,;
V =§7z( RS + R§)=Z-4-3.14(4+27 Yem® = 146 5en® =146 5-10° %6

3BIJIKM IITYKaHUM pajilyc

3
R = 3‘/ﬂ — \/3 146.5M” 397 ¢m = 327 .10 %
Ax 4.314

[ToBepxHs HOBOTO ITy3UPs

S'=47R =4-314-1069cw” = 134.27cv’ = 134,27 -10° .

3MEHILIEHHS 30BHIIIHBOT TOBEPXHI

AS =S —S' =(163,28 —134 27 Yem® = 29 01em? = 2901-10% 1.

OCKUIBKM ITy3Wp Ma€ [B1 IOBEpPXHI, TO MOBHE 3MCHIICHHS
noBepxHi Oyae 2AS. EHepris, 1o BUALIKIACS MPU YTBOPEHHI HOBOT'O
my3ups, oyae

W =20A4S =2-45-107° Juc | cm? - 29 01em® = 26109 -107°° Jjnc.

Bimnmosins: 261,09-10°° JTx.

3amaya 5.2. BuzHauuTy aiameTp KanuigpiB y IMmamepi, SKIo Boja
NiJHIMA€ETbCI B HbOMY Ha Bucoty H = 30 cm, a koedilieHT
noBepxHeBoro Hatsary Boau o« = 0,07 H/m.

Pimennsi. BucoTy migHATTS piAMHM B Kamuigpl 3HAXOIATh 3a

dhopMyI010
H-29
A9R
3BIJIKM JIIaMETP KaIiJspiB
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2R=2.20: 4.007H [ m —95.10"5x
ogH 10%k2 / M2 -981m/ c?-03m
Bignosiak: d =9,5-10° m.
3agaua 5.3. fxmii THCK BOASHOI Tapu MNOOJIW3Y Kparull BOJIH,
paxiyc sxoi R =5-10° cm, npu Temneparypi t = 10 °C, sximo koedimieHT
noBepxHeBoro Hatary Boau npu 20 °C o= 7,3-102 H/m?

Pimennsi. Kparmist Boau Mae OMmykJly OBEPXHIO, BHACTIJOK YOTO
JOAATKOBUIM MOJICKYJSIPHUM THUCK TOBEPXHEBOI IUIIBKM CIPSIMOBAHO B
CepeauHy Kpalll, a II¢ YCKJIaJHIO€ 'BHIAapoByBaHHS' MOJEKyd. 3
PIIMHU BUJIITAIOTh MOJIEKYJIU, SIKI MalOTh OlIbIIY KIHETUYHY €HEPTilo, a
3HAYUTh, 1 OLIBIIY MIBUIKICTh, @ TOMY 1 THUCK Mapu HaJ OMYKJOH
MOBEPXHEIO Oy e OUIBIINMN, HI’K HaJT INTOCKOIO Ta BBITHYTOIO.

31 301JIbIIEHHSAM KPUBU3HU MOBEPXH1 TUCK MApPU TE€K 30LIBIIYETHCS.

Tuck mapu OUIS MOBEpPXHI BOJSHOI Kpamuli 3HAXOJMMO 3a
hopMyJI010

20,
P=pP+—5-
P2R

Tuck Hacu4eHOI mapu p,, TyCTHHY HACUYEHOI Iapu p;Ta PIIAUHU
03HAX0MMO 3 Ta0NHUIb, a KOE(ILIEHT MOBEPXHEBOro HaTATy mpu 10 °C
- 32 (hOpMYJIOIO
o, =0+015-10°H / m-10=73-10°H/ m+15-10°H/ m=

=745-10°H | .
[lincraBnsitoun y (GopMysly THCKY IMapd YHCIOBI 3HAYCHHS
BEJIMYMH, 3HAXOJIUMO

2.94-103ke/ M°-745-103H | M2

10%%x2/ m%-5-10% m
BignoBiab: p= 1255,7 Ila.

p =122769H | m* + = 12557 H | m°.

3anauda 5.4. Boma nogaetbes y (hoHTaH 13 MIUPOKO1 mocyauau I Ta
BUXOAUTh 13 oTBOpYy |l 31 mBuakictio 12 m/c. Jliametp mocyauHu
JOpiBHIOE 2 M, AiameTp nepepidy |l qopiBHIOE 2 cM.

3HaiTH: 1) MBUAKICTb 3HWKEHHS PIBHA BOAM y TIOCYIUHI; 2) THUCK,
miJ SKUM BOJa ITOJa€ThCs y (oHTaH; 3) BHCOTY piBHA hi Bomu B
HIOCY/IMHI 1 BUCOTY N2 CTPYMEHS BOJIH, SIKa BUXOAMTH 13 (JOHTAHY.

Pimenns. 1. [IpoBegemo momepeunuii nepepiz | y mocyaumn Ha

piBH1 nepepi3y |l dontany. Ockinbku 1oma S; nepepizy I Habarato
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OinpIa 1wrorm Sy mepepisy I, Toai BucoTy hi piBHSA BOaM B mOCYAMHI
MO>KHA BBKATH JIJII MAJIOTO MTPOMIKKY 4acy CTaJIOl0, a MOTIK - CTaJINH.

Jns  cramoro  CTpyMeHss  BOJAM  CIpaBeJjiuBa  yMOBa
HEPO3PUBHOCTI MOTOKY V1S1=V2S2, 3B1JIKH 3HAXOUMO, 1110

2
1

[lincraBnsitoun y 110 (GopMyJsly YHUCIOBI 3HAUYCHHS BEJIIMYHH,
B3STUX B oguHUIIX cucTeMu CI Ta BUKOHABIIM OOYKCIICHHS, 3HANIEMO

—2

2-10“m
Vi =12m/c-| — | =00012m/c.

2M
3 Takorw X IMIBUAKICTIO OyJe 3HUXKYBATUCS PIBEHb BOAU Y
nocyauHl. Sk 0aumMo, I IBUJAKICT, Ha0arato MEHIIA MOPiBHSHO 3i

IIBUAKICTIO CTPYMEHS BOJIN.

2. Tuckp;, nig sSKUM BOJA MNOJAETbCA Yy (DOHTaH, 3HAKAEMO 3

piBHsiHHA bepHymti. ¥V Bunajaky Tedii B TOpU30HTaIbHIN TPYyOIll BOHO
Ma€ BUTJIS

2 2
V1 V3
P+ ——=p, +—,
2 T2
BpaxoByrwuu, mo p,= 0 (mig OUM THCKOM PO3YMIIOThH

HaJIMIIKOBUM HajJ atrMoc(PEepHHUM THUCKOM), 3 piBHSHHSA bepHyium
OTPUMAEMO

2 2
L =P PR
1 - .
2 2
OCKIIBKH V1<<V2, MAEMO
2
PV7
PL= "5 -
2

[TigcTaBIIsIIOYM YMCII0B1 3HAUYEHHS BEJIMYHH, B3ATHX B OJWHHIIAX
cuctemu Ci1. 3HAXOIUMO

3 3 2, 2
,01=1O kel m 2144M /c 79l

3. Bucoty hi piBHS Boau y mocyauHI 3HaMaAEMO i3 CIIBBIJHOIICHHS
o1 =g, 3BinKH

h =R /(p9).
[lincTaBiasitoun B OCTaHHIO (OPMYJy UHUCIOBI 3HAYEHHS
BEJIMYUH, B3ATUX B OAUHUILIX cucTemMu CI Ta 00UUCIIOI0YH, MAaEMO
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_ 72-10°Ia
10°.9.8m/ ¢?
3HaOuUM MBUJAKICTH V2, 3 SIKOKO BOJA BUKHUIAETHCA (DOHTAHOM,
3HaKIeMo BUCOTY N2, Ha Ky BoHa Oyje ImigHIMaTHCS:
VP 144w P
29 2-98m/c?
IlinkpecauMo, 110 BHCOTa PiBHS BOJAU Yy IOCYJMHI JOPIBHIOE
BHUCOTI, Ha AKY MiAHIMA€ThCs (DOHTAH BOJIH.
Binmosinb: v, =00012xm/ c; p, =72«lla; h1=7,35m; ha=7,35m.

h, =735

5.3. 3anuTaHHA I CAMOKOHTPOJIIO

1. Ska eHepris Ha3UBAETHCS BUILHOK EHEPri€l0 MOBEPXHEBOI
IUTIBKY PIMHU Ta K BOHA O0YUCITIOETHCS ?

2. lIlo Take kpailOBHUM KYT Ta SIKE€ MOT0 3HAYEHHS y BUIAJKaX
TIOBHOT'O 3MOYYBaHHS Ta HE3MOYYBaHHS?

3. Sxi akTH BIUIMBAIOTH HA 3MIHY PIBHS PIAMHU B KaIijIspi Ta K
00UYHCITIOETHCSI BUCOTA PIBHSI?

4. Yu 3MIHIOETHCS PIBEHD BOJU B KAMISAPI, SAKIIO HOT0 HAXUJIUTH?

5. SIK THCK HacWMYEeHOI Mapu 3aJIeKUTh BiJl KPUBU3HU MOBEPXHI
piauHu?

6. UumM BiAPI3HAETHCS 1/I€aIbHA P1AWHA BiJl pealbHUX PiIUH?

7. SIk1 Teuii BBaXXarOThCA OM10HUMU?

8. Axwuit pizuunHMii 3micT yncna Peitnonnbaca?

9. Slkmit pizmunuii 3Mict ynciia Ppyuaa — F2=v 2/gl?

10. Sxy mBUAKICTh HA3UBAIOTh KPUTUYHOO?

5.4. 3apad4i nJjs po60TH B ayAUTOPii

1. Sxy eHeprito HeOOXiTHO BUTPATUTH HAa YTBOPEHHS MHUJIbHOI
OynpOamku pagiycom 6 cM mpu ctamiii temmnepatrypi? KoedimieHt
IIOBEpXHEBOro HATATy MuiIbHOI mmBku 0,04 H/Mm. (3,6 mIIx).

2. Slka KIIBKICTh €HEprii MOTJIWHAETHCS MPU PO3OUTTI BEJIHUKOI
KPAaIUIMHU BOJIY MAacolo 2 I' Ha MaJe€HbKi KparumHu pagiycom 107 cm?

Koedimient noBepxuesoro Hatsary Boau 0,073 H/wm, ii ryctuna 1000
Kr/MC. (4,38 JIx).
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3. JIB1 KpamuHU PTYTiI paailycoM | MM KOKHaA 3JIMJIUCHh Y OJHY
BEJIMKY KpaluinHy. fSlka €Hepris BUBIJIBHIOETHCS MPU I[bOMY 3JIMTTI1?
BBaxkatu, mo npouec 13orepmiuanid. (1,1 MxJx).

4. HackiibkM THCK MOBITPSA B CEPEIMHI MUJIBHOTO Iy3UPS
01BN aTMOC(HEPHOTO TUCKY MPU HOPMAJIBHUX YMOBAX, SIKIIO J1aMETP
ny3ups 5 mm? (62,5 Tla).

5. Y Oenzoun omyImieHu Kamijsap 13 BHyTpimHIM giametpom 0,4
MM. BuszHauutu Macy O€H301y, AKUWA YBIMIIOB y Kamuisip, SIKIIO
Koe(IIIEHT MOBEPXHEBOr0 HATATY OeH301y craHoBuTh 0,03 H/Mm.

(3.9mr).

6. Boma tede mo TpyOi, sika Mae pi3HI MEpepi3u 1 po3MilieHa
ropu3oHTandbHO. [IIBUAKICTE BOAM y MUPOKIN YaCTHHI TPYOH JOPIBHIOE

20 cm/c. BuszHauuTM MIBUAKICTH y BY3bKIM 4YacTUHI TpyoOH,
JTlaMeTp fAKOi Yy MiBTOpa pa3d MEHIIMN AiaMeTpa IIMPOKOI YaCTHHH.

(0,45 m/c).

7. Bonma Tteue mo Kpyriid riajeHbKid TpyOi aiameTpoM 5 cM 3
cepenHboro mBuaKicTIo 10 cM/c. BusnauuTtu uncio PeliHonbaca Re ms
IIOTOKY BOJY y TpyOl Ta BKazaTu xapakrtep pyxy Boju. (0,45 m/c).

8. Ilocyauna Bucortor 1,5 M 3amoBHeHa MOBHICTIO BOJOI0. Ha
BificTaHl 1 M Bi1Jl BEpXHBOT'O Kparo IMOCYJAUHU YTBOPUBCS OTBIP Majoro
niaMeTpa y 00koBiM cTinmi. Ha skiii BigcTaH1 BiJa MIOCYAUHU I1aJa€ Ha
nij0ry crpyminb Boau? (1,4 m).

5.5. 3agauvi nis camocTiiiHoi podoTH

1. SAxy pobGoTy Tpeba BHKOHATH, OO0 1aMETP MHJIBHOTO ITy3HpSI
30inpmuTH B1a 1 1o 11 cm? BBaxarwu, mo nopoiec i3orepmiuauii. (3
M/Ix).

2. Ilpu 31utTi ApiOHUX BOJASHUX KPAIUIMH OJIHAKOBOTO PO3MIpYy B
OJIHY BEJIMKY KpaIlJIMHy pajiiycoM 4 MM BUBLIBHIOETHCS eHepris 14
M/x. Busznauutm paglyc Manmx KparuiuH, BBaXKaroud KOe]ilieHT
noBepxHeBoro HaTAry Boau 0,073 H/m. (4,2 Mxm).

3. IIpu npomyckanui uwepes minetky 4 cm® omii orpumann 304

kpamm. J[iaMeTp OTBOpY MINMETKHM CTAaHOBUTH 1,2 MM; TrycTHHa OJii

nopisaioe 900 kr/m3. BusHaunT KOe(illieHT MOBEPXHEBOTO HATATY OJIii.
(0,03 H/m).
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4. I'muepuH MiAHABCA y KanusIpHIA TpyOIl Ha Bucoty 20 MM.
Buznaunutu Koedili€eHT TOBEPXHEBOI'O HATATY TILEPUHY, SKIIO JlaMETp
Kamuisipa aopiBHioe 1 Mm. (62 MH/m).

5. SIky pobOoTy MOXe€ BHUKOHATH MWIbHA IUJIIBKA MPHU 3MEHIIEHHI
o i moBepxHi Ha 1 cM?, AKIIO KOe(iLiEHT MOBEPXHEBOTO HATATY
mMutbHOI 1otiBkH 0,045 H/M? (4,5-10°0 JTx).

6. Hackiuibku HarpieTbCsl Kparuisi pTyTl, M0 YTBOpHWJIACS MICHs
3JIMTTSL ABOX Kpalelib PTyTI paailycoM 1 MM KOXKHA, SKIIO HUTOMA
tertoeMHicTs pryTi 0,14-10% JIx/(xkr-K)? (1,66-10* K).

7. Tlig sskuM TUCKOM TiepeOyBae My3UPUYMK TMOBITPS pagiycoM
0,0006 mm Gesmocepenuro Tia moBepxHer Boau («=0,073 H/m) npu
HOpPMaJIbHOMY aTMOC(EepHOMY THUCKY, SIKIO TeMmiepaTtypa Bogu 20 °C?
(1,256-10°H/m).

8. BuzHauuTH THUCK TOBITPS B MOBITPSHOMY ITy3Upl JI1aMETPOM
0,01 mwu, mo 3HaxoauThCs y Boal mnpu Temmnepatypi 20°C
(«=0,073 H/m). (~1,6-10° H/m).

9. Busnaumtm giameTp TpyOKH, 3 SAKOI piauHaA BUTIKAE
Kkparisamu, ko Bara 100 kpamens piguHu BusBuiacs pisaoro 0,023 H
(«=0,075 H/m). (=107 m).

10. IIpomyckaroum 4epe3 IMINETKY 3 AlaMeTpoM IIMHKU 1,2 MM
MAaCJIMHOBY OJIiI0, OJEPKYIOTh 3 3 cM® omii 228 kpanenb. BuzHaunTh

Koe(illi€cHT MOBEPXHEBOTO HATATY OJIii, AKmO i1 ryctuHa 910 xr/me.
(0,0312 H/m).

11. Hackimbky 3HM3UTHCS BojAa B Kamijsapi paaiycom 0,1 Mm mipu
nigBuIeHHI i1i Temmeparypu Ha 80 rpan, SKIIO 3 IIiJBUILICHHSIM
TeMmiepaTypu Ha 1 Tpaa KoedilllEHT IOBEPXHEBOI'O HATITY BOIU
3sMeHnryerses Ha 1,5-104 H/m? (2,45-1072 wm).

12. 3HaliTH PI3HUIKO PIBHIB PTYyTI Yy JOBOX CIOJYYEHHUX
Kamijasapax giamerpamu 1 1 2 Mm. HesmouyBaHHS BBakaTH MOBHUM.
(7,5 mm).

13. BayTpimHiii niametp 6apometrpudHoi TpyOku aopiBHioe 0,75
cM. SIKy mompaBKy CJiJi BHECTH, BUMIPIOIOYM aTMOCHEpPHUN THUCK IO
BUCOTI cTOBMA PTYTi? (2 MM).

14. PiBenb ptyTi B nmocyaudi 0,03 mm. Ilpu sxomy HanOiIbIIIOMY
JiaMeTpi OTBOPY B JIHI MOCYJIUHU PTYTh He Oyje Butikatu? (0,5 Mm).
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15. ¥V naHl CKISHOI TOCYAMHM 3 PTYTTIO 3pOOJIEHO OTBIP
niametpom 0,5 Mm. Slka HailOlIblIa KIJIBKICTH PTYTI MOXe OyTH B
nocyIuHi, Ko mioma ii gaa 30 cm?? (1,22 kr).

16. OnroBa KuciOoTa y KamiIsIpHIM TpyOIll MIAHIMAETHCS Ha
Brucoty 30 MM. Ha sky BUCOTY miHIMaeThes eip y KanuisipHiil TpyO1i 3
yABI4l OLIbIIMM JiiameTpoM? {715 ouToBoi KUCIOTH 1 eipy KoedilieHTH
noBepxHeBoro Hatary craHoBisTh 0,028 H/m 1 0,017 H/Mm, a ryctunu
nopisHO0TE 1050 kr/M° Ta 710 kr/M Bignosigno. (13,5 Mm).

17. JB1 kamijaspHi TpyOKH PI3HUX J1aMETPiB ONYyCKaIOTh
croyatky B edip, a motiM y rac. Pi3Huns BUCOT migHATTA edipy y
Kanuisgpax CTaHOBUTH 2,4 MM, racy - 3 MM. BuzHauuTu KOE(ILi€HT
MIOBEPXHEBOI'0 HATATY racy. KoedillieHT MOBEepXHEBOro HATATY edipy
cranoButh 0,017 H/m. T'yctuna edipy 710 xr/m3, a rycruna racy
nopisaioe 800 xr/m>. (0,024 H/m).

18. V gmi ckmgHoi mocyauHM wiomero 30 c¢Mm? 3poOieHo
Kpyriaui oTBip aiamerpom 0,5 mMm. B mocynuHy Hamumu pryTh. SIlka maca
PTYTI 3aMUIIUTHCS B mocyauHi? (1,22 r).

19. 3 mineTku BUTIKAIXW OJHAKOBOI MAacH Kparlil BOJHU: CIIOYATKY
npu Temmnepatypi 10 °C, a motim npu temmeparypi 63 °C. V nepiiomy
Bunaaky Oymno 30 kpamensb, y apyromy - 34. Yomy gopiBHIOE
BiJHOIIICHHS KOE(II[IEHTIB IOBEPXHEBOr0 HATATY BOJAU IIPU BKa3aHUX
TeMmiiepaTypax (BBaKaTH, IO TyCTHHA BOJIU HE 3aJICKUTh BiA ii
temnepatypu? (1,13).

20. Maca 100 kpamenp cOoupTy, SKI BHUTIKAIOTh 3 KaIijispa,
nopiBHioe 0,71 r. Bu3HauuTH TOBEPXHEBHN HATAT CHUPTY, SIKIIO
JlaMeTp MIUUKK Kparuli y MOMEHT BiJIpUBY JopiBHIOE 1 MMm. (22,2 MH/Mm).

21. B piguHYy omycKaroTh JIBl BEPTHUKAJbHI KamusIpHI TPYOKH 3
BHyTpimHIME Ailametpamu 0,05 cm ta 0,1 cM. Pi3HHIS BUCOT mITHATTS
PIIMHY y Kanijisgpax ctaHoBUTH 11,6 mMm. ['ycTtuna piauan gopisaioe 0,8
r/cM°. BusHaunT Koe(ilieHT HOBEPXHEBOTO HATATY pigunu. (22 MH/M).

22. YV Boay ONyIICHWH Kamijasp 13 BHYTPIIIHIM JiaMeTpoM 1 mm.
Busnauutu macy Bojy, sika yBidnuia B kanuisp. (23,1 mr).

23. Ha sky BUCOTY MiJHIMETHCS BOJia Mi JABOMa OJU3BKUMU 1

napajieIbHUMHU TJIaCTHHAMHM, SKIO BIJCTaHb M)XK HUMH CTaHOBHUTH
0,2 mm? (7,3 c™m).
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24. YV mMpoOKid YacTHHI TOPU3OHTAIBLHO PO3TAIIOBAaHOI TPYyOH,
HadTa Teuye 31 MBHUAKICTIO 2 M/c. BuU3HauuTH MWBUIKICTE HADTH Yy
BY3€HbKIN 4acTUHI TPpyOH, SIKIIO PI3HULS THUCKIB y IIUPOKIA 1 BY3bKi
yacTUHaX TpyOu ctaHoBuTh 6,65 klla. (4,33 m/c).
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1. TpuronomerpuyHi Ta0JMIII

JTOJATKH

Kytu |sin tg Kyt  |sin tg Kyt  [sin tg
0° 0,000 | 0,000 | 30° | 0,500 | 0,577 | 60° | 0,866 | 1,73
1 0,017 | 0,017 31 0,515 | 0,601 61 0,875 | 1,80
2 0,035 | 0,035 32 0,530 | 0,625 62 0,883 | 1,88
3 0,052 | 0,052 33 0,545 | 0,649 63 0,891 | 1,96
4 0,070 | 0,070 34 0,559 | 0,675 64 0,899 | 2,05
5 0,087 | 0,087 35 0,574 | 0,700 65 0,906 | 2,14
6 0,105 | 0,105 36 0,588 | 0,727 66 0,914 | 2,25
7 0,122 | 0,123 37 0,602 | 0,754 67 0,921 | 2,36
8 0,139 | 0,141 38 0,616 | 0,781 68 0,927 | 2,48
9 0,156 | 0,158 39 0,629 | 0,810 69 0,934 | 2,61
10 0,174 | 0,176 40 0,643 | 0,839 70 0,940 | 2,75
11 0,191 | 0,194 41 0,656 | 0,869 71 0,946 | 2,90
12 0,208 | 0,213 42 0,669 | 0,900 72 0,951 | 3,08
I3 0,225 | 0,231 43 0,682 | 0,933 73 0,956 | 3,27
14 0,242 | 0,249 44 0,695 | 0,966 74 0,961 | 3,49
15 0,259 | 0,268 45 0,707 | 1,000 75 0,966 | 3,73
16 0,276 | 0,287 46 0,719 | 1,036 76 0,970 | 4,01
17 0,292 | 0,306 47 0,731 | 1,072 77 0,974 | 4,33
18 0,309 | 0,325 48 0,743 | 1,111 78 0,978 | 4,70
19 0,326 | 0,344 49 0,755 | 1,150 79 0,982 | 5,14
20 0,342 | 0,364 50 0,766 | 1,192 80 0,985 | 5,67
21 0,358 | 0,384 51 0,777 | 1,235 81 0,988 | 6,31
22 0,375 | 0,404 52 0,788 | 01,28 82 0,990 | 7,12
23 0,391 | 0,424 53 0,799 | 1,327 83 0,993 | 814
24 0,407 | 0,445 54 0,809 | 1,376 84 0,995 | 951
25 0,423 | 0,466 55 0,819 | 1,428 85 0,996 | 114
26 0,438 | 0,488 56 0,829 | 1,483 86 0,998 14,3
27 0,454 | 0,510 57 0,839 | 1,540 87 0,999 19,1
28 0,469 | 0,532 58 0,848 | 1,600 88 0,999 | 286
29 0,485 | 0,554 59 0,857 | 1,664 89 0,999 | 573
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‘ 30 ‘ 0,500 ‘ 0,577 ‘ 60 | 0,866 | 1,732 ‘ 90 ‘ 1,000 ‘

2. OcHoBHi ¢i3uy4Hi mocTiiini (OKpyrJieHi 3HAYEHHS)

®Di3zu4Ha nocTiiiHa Ilo3nayenHs 3HaYeHHA
Hopmanbhe
IPUCKOPEHHS g 9,81 m/c?
BUILHOI'O ITa{IHHS
I'pasiTaiiisa G 6,67-10 Mn/(xr c?)
nocTiitHa
ITocTilina ABoraapo Na 6,02 10%momnp?t
MosisipHa ra3oBa craja R 8,31 JIx/(monb K)
CrangapTauii 06car Vm 22.4 103m3/Momh
[Tocriiitra bonpimana k 1,38 102 JI:x/K
EneMeHTapHuN 3apsj e 1,60 10°Kn
HlBI/I)IKi.CTB CBITJIA Y c 3,00 10%m/c
BaKyyMi
ITocriitna Credana — - 5,67 10-4B1/(M2 K?)
bonsiimana
HOCTiI‘/JIH'a 3aKOHY b 2,90 103 m K
3CcyBy Bina
ITocriitaa [Tranka h 6,63 103*]Tx c
ITocriitna Punbepra o 10973731,77 m't
Paniyc Bopa a 0,529 1019
KoMnToHOBCBKa
JIOBKUHA XBUJIi ﬂ‘e 2,43 1012\
eJIEKTPOHA
Marueron Bopa s 0,927 1073 A m?
Enepris ionizaii B 2,18 108 ITx(13,6
aToMa BOJIHIO ' 7B)
ATOMHA O/IHHIIS 2.0.M. 1,660 10" 2/
Macu
EneKkTpryHa nocriiiHa €0 8,85 102d/m
MarniTHa nocriiina T 4 107 Tu/m
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3. lesiki acTpoHOMiuHi BeJIMUMHHI

HaiimenyBaHHs 3Ha4YeHHs

Paniyc 3emuti 6,37 10° m

Maca 3emi 5,98 10%* kr
Paniyc Conns 6,95 108 m

Maca Con1s 1,98 1039kr
Paniyc Micsius 1,74 10% m

Maca Micss 7,33 1022 kr
Bincrans Big nenTpy 3emin 10 1,49 10My

ueHTpy CoHisg

Bincrans Bijg LeHTpY 3eMill 10 3.84 10° M

1eHTpy Micsis

4. T'ycTuHA TBepAUX Tij

Teepae TiJjio I'ycruna, kr/m® | Teepae tiio | I'ycruna, kr/m®
AmoMinii 2,70 103 Minp 8,93 103
Bapiit 3,50 103 Hikenb 8,90 103
Bananiii 6,02 103 CBuUHELb 11,3103
BicMyT 9,80 103 Cpibno 10,5 103
3ainizo 7,88 103 e3iit 1,90 108
Jlitii 0,53 103 [uHxk 7,15 103

5. I'ycTtuna pigun

Pignna I'ycruna, kr/m® Piguna I'ycruna, Kr/m®
Bona (ipu 4°C) 1,00 103 CipkoByrienp 1,26 103
I ninepun 1,26 103 Crupt 0,80 103
PryTH 13,6 103

6. 'ycTuHa rasiB (mpu HOpMaJILHUX YMOBAX)
I'a3 I'ycruna, Kr/m® Ta3 I'ycruna, Kr/m®

Bonens 0,09 [emit 0,18
IToBiTps 1,29 Kucenn 1,43
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7. Koe(imieHT moBepXHEBOI0 HATATY PiIUHMI

. Koediuienr, . KoediuieHnr,
Pinuna wH/M Pinuna wH/M
Bona 72 PTyTh 500
MuibHa TiHA 40 Croupt 22
8. EdpexTuBHMI 1iaMeTp MoJIeKy.IH

I'a3 Hiamerp, m I'a3 HMiamerp, m
A30T 3,0 1010 [emiit 1,9 1010
BoieHb 2,31010 Kucenn 271010

9. IluTomMa TeNJI0EMHICTH, TEMIIEPATYPA IVIABJICHHS | KMIIIHHS,
NMTOMA TEIUIOTA IJIABJICHHA IeAKUX PEYOBHH

IMuToMa MATOMA
. T-pa T-pa
PeyoBuna Te:HOCZM ?CTB IJIABJICHHS, remora KHIIHHA,

pu 20°C, . IJIABJICHHS o

Jx/(r-K) C JIox/T C
AJroMiHIT 0,92 660,1 321,0 2330
A3oT 1,04 -209,9 25,5 -195,8
Bona 4,19 0 335 100
Bomxoson 14,3 -259,2 58,5 -253
30J10TO 0,134 1063 66,5 2660
Kucenn 0,90 -219 13,8 -181
JlatyHb 0,384 900 - -
Jlig(Boma) 2,09 0 335 100
Marsii 1,05 650 301 1100
Minae 0,394 1083 176 2582
Hikens 0,46 1452 244-306 2800
O1noso 0,25 2319 58,5 2337
PryTh 0,138 -38,9 11,7 356,7
CBuHEIb 0,130 327,3 22.4 1750
Cpibio 0,234 960,5 88,0 2100
Cnupt(eTUI0BHI) 2,42 -117 108,0 78,3
Crans 0,46 1350 205,0 -
Huak 0,38 419 117 907
Edip(etunonuii) 2,34 -116,3 98,3 34,6
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. 3B'A30K MiXK KinbkicTh
HazsBa Pisugauus .
napaMeTrpamMu PoGora B nmpoueci TeIJIOTH B
npouecy npouecy .
CTaHY npoueci
o p A=0 Q=C,dT
[3oxopunint V =const — =const
P T A=0 Q=C,(T,-T)
\Y oA = pdV X =C.dT
[300apuuii = const — =const
P P T A=0 Q=C,(T,~T)
oA = pdV
. M v M P, Q) =A
[3oTepmiunmuii | T =const pV = const A=—RTIn—2=—"—RTIh=%
P H Vioowu P Q=A
oA = pdV =—-dU
A=-AU=C,(T,-T,)=
1
pVX — const E(plvl - pzvz)
Apiabaremii | Q=0 = B Q=9
niaGaTHUH = pT 1 = const A_ M RT, 1_[&] _ Q=0
= x-1
VT *1 = const H Py
1-x
plvl 1 _ \Q
x-1 V,
oA = pdV
1
A= _(plvl - pzvz)
n n-1
pV " = const o
. o M RT p, )" & =CdT
IMomitporauii | C = t T =const A=——L|1-| 22 =
Y cons p 1 1 n-1 (pl Q=C(T,-T)
VT "1 = const .
plvl 1 _ \Q
n-1 V,
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