1 O CTAH

PE4HOBUHU

3aBIaHHAM MOJIEKYJSIpHOI (i3MKK € BUBYEHHS (DI3MYHMX BIACTUBOCTEH PEYOBHHH B Pi3HHX
ii arperaTHUX CTaHax — TBEPAOMY, PIAKOMY Ta ra3omnofiOHOMY — 3aJIeKHO BiJ iX BHYTpPILIHBOI
OyZ0BH, MDXMOJIEKYJISIPHOI B3a€MOJIi1 Ta 0COOIMBOCTEH pyXy aTOMiB, MOJIEKYII 1 10HIB.

B ocHOBI MOneKyssipHOi (i3HKHM JISKUTH BUCHHS PO aTOMH, OCHOBH SIKOTO 3apOIMIIHCS IIE 32
KiJIbKa CTOJIITH JI0 HOBOI epu. 3rifiHo craporperpkoro dinocodpa demoxpita (450 — 370 pp. 1o H. e.),
PEJOBHHA CKJIQIAa€Thes 3 APIOHMX YaCTUHOK, sIKi Ha3Baay aromMamu. CIIoBO “aTtom’ rpeusKoro rmo-
XO/IZKeHHS1, 1110 03HAYA€E HeNOILTBHMIA.

Ha mouarky XIX cr. anrmiiicekuii ximik i ¢izux J[. Jansron (1766 — 1844) nokasas, mio
OaraTo i3 3aKOHOMIPHOCTEH SBHII MPUPOIM MOXKHA IMOSCHHUTH, BHKOPHUCTOBYIOUH YSIBICHHS
PO MOJIEKYINH, 1 HAYKOBO OOIPYHTYBaB MOJIEKYIsIpHY OynoBy pedoBuHH. [0 mogatky XX CT.
Oyrla OCTaTOYHO CTBOpEHA 1 MiATBEp/KEHA BEIMKOIO KUIBKICTIO MOCIHITIB MOJEKYJISIPHO-
kiHeTu4yHa Teopist 6ynou peuyoBunu (MKT).

Cyts MKT pedoBuHHM TONISITA€ B HACTYITHOMY:

1. Bymp-sika pedoBHHA CKIIAAETHCS 13 MOJIeKyJI. MoeKkyina — 1ie HaliMEeHIIa YacTHHKA Pedo-
BUHH, sIKa 3/1aTHA JIO CAMOCTIHHOTO iCHYBaHHS i sika 30epirae XiMivHI BIACTHBOCTI IIi€i PSIOBHHM.
Mornekynu CKJIaIafoThes 13 aTOMIB — HAWMEHIIINX YaCTHHOK XiMiYHOTo exemeHTa. [Ipu npobenHi
aToMa XiMiYHHI eJIEMEHT 3HHKAE.

2. Monekynu B pe4OBHHI 3HAXOSTHCS Ha TIEBHHUX BiJICTAHAX OJHA BiJl OJTHOI.

3. Monekynu 3B’s3aHi Mi>K CO00I0 CHIIaMHU MDKMOJISKYIISIPHOI B3a€EMOIiT — MPUTSATaHHS 1 Bij-
mMTOBXyBaHHSA. [Iprposa mnx cui eneKTpoMarHiTHa.

4. Monekynu B Oy/ib-sIKii peUOBHHI 3HAXOIATHCS B Oe3repepBHOMY Oe3naaHomy pyci. [Ips-
MUM JIOKa30M [IbOTO € OPOYHIBCHKHH PyX.

5. MomnekynsipHa cucTeMa BOJNOJI€ KIHETHYHOIO €HEprielo, sika IMpOMopIiiiHa KBaxpaTy ii
MIBUAKOCT. BHYTpIIIHS eHeprist MOJIEKYISPHOI CHCTEMH € CyMOIO KIHETHYHOI, TOTEHIIIAJIBHO] 1
BCUISAKMX iHIMX (SIEpPHOI, aTOMHOI) BH/IIB €HEPTii BCIX YACTHHOK IIi€l CHCTEMH.

Po3mipu aToMiB 1 MONEKyl Iyxe Maii. SKmo ix ysBUTH 001 SK MaJICHbKI KYJIBKH, TO, SIK

6y/Ie ITOKA3aHO HIDKYE, iX Paiyc 3a MOPSAKOM Mae uncenbHe 3Hadenns ~ 10720 . TIpore unc-
JI0O YaCTHHOK B PEYOBHHI HaI3BmyaiiHO Benwke. B 1 r Boam, Hanpukman, mictutees 3,3-10 22
MOJIEKYI.

ExcniepiMeHTaIsHO BIMIipIOBaHI B MOJNCKYISPHIN (Di3UI BEMYUHU, HAPUKIIA]], THCK Ta-
3y, TeMIepaTypa, mapameTpy Tudy3ii, BHYTPIIIHBOrO TEPTS € PE3yIBTATOM CyMapHOi 1Iii Bew-
KOI KiJIBKOCTI MOJIeKy/1. SIBHINa, B IKMX Oepe ydacTh BeNHKa KiIBKICTh YaCTHHOK (aTOMiB, MO-
JIEKYIT, iOHIB), ONIMCYIOTHCS 3aKOHAMH CTATHCTHKH. BIacTHBOCTI, XapaKTepHi BEMMKii KiTbKOC-
Ti MOJIEKYJI, HETPUTAMaHHi T KOKHOI i3 MOJIEKYIT 30KpeMa (TeMIiepaTypa, mapamerpu audy-
31 TOII10).

BcranoBieHo, Mo Benrka KUTBKICTh MOJIEKYJ B MaKPOCKOIIIYHHUX CHCTEMaxX OOYMOBIIOE
MPOSIB HOBUX 3aKOHOMiPHOCTEH, SIKi B IIMPOKUX MEKaxX HE 3aJIeKaTh BiJl TOUHUX 3HAYCHB (Di-
3WYHHX BJIACTUBOCTEH, IKUMH XapaKTePH3YIOThCS KOXKHA MOJICKYJIa 30KpeMa, a BU3HAYAIOThCS
ix cepemHiMu 3HaAUCHHSIMH. TaK, HAPUKIIA, THCK Ta3y 1 HOro TeMIiepaTypa IoB si3aHi 3 cepe/l-
HiM 3HaYCHHAM KiHETHYHOI CHeprii MOJIeKyI ra3y. TakuM 4iHOM, CTAaTHCTHKA OTIEPYeE CeperHi-
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10. Cman peuosuru

MU 3HaYCHHSMH (PI3MIHMX BEJIMYMH, SIKI XapaKTEepU3yIOTh BIACTHBOCTI KOXKHOI 13 MOJIEKYII.

Po3nin ¢isukn, B ssKOMY IMOBIpHICHI 3aKOHOMIPHOCTI CHCTEM, SIKi CKIIQHalOThCs i3 JIyKe
BEJIMKOI KiJTbKOCTI YaCTMHOK, BUBYAIOTH, BUXOSUH 13 BIIACTUBOCTEH IIMX YaCTHHOK 1 B3a€EMOI1
MDK HAMH, Ha3MBaIOTh CTATHCTHYHOKO (iznkoro. MeTomm cratucTHYHOI (Di3UKH BHSBUIIMCS BJia-
JIIMU HE TUTBKU JUTS OMUCY SIBHI MOJCKYJISAPHOI (hi3WKH, ajie 1 JUISA IMJIOTO Py iHIINX SBUIIL:
eJIeKTpH3alii, HaMarHi9yBaHHs, PO3CITHHS 1 3aJIOMJICHHS €JIEKTPOMArHiTHUX XBWIIb, IS BUB-
YeHHs POLECIB, SKi BiAOYBAIOTHCS B ATOMI, aTOMHOMY SIJIPi TOIIO.

Hacamkinerp, 3ayBaXiMO, 10 3aKOHH CTATHCTHYHOI (Pi3HKH (CTATUCTHYHI 3aKOHHU) BUpaXKa-
I0Th 00’ €KTUBHY HEOOXiHICTD B 1i HEPO3PHBHOMY 3B’SI3KY 3 BHII4JJKOBICTIO, BOHH HE HEXTYIOThH
BUITQJKOBICTIO, @ PO3ITIIAAIOTH 11, SIK (hOpMY BHSABIICHHS HEOOX1THOCTI.

§ 10.1. Atomu i MosteKyIH

SIK BiMIYaIOCh BHIIE, BCI PEYOBHHH CKIIAIAIOTHCS i3 TIPOCTHX (SKi HA3MBAKOTH XiMiYHHMM)
ereMeHTiB. HaliMeHITa 4acTWHKa XIMIYHOTO €JIeMEHTa, SKa BOJIOJIE e HOTO BIACTHBOCTSIMHU,
Ha3UBAETHCS ATOMOM.

XiMi4Ha croyryKa JBOX 1 OiJIbIlle aTOMIB YTBOpIOE MoJIeKyJy. Lle HaliMeHmIa yacThHKa pe-
YOBHHH, sIKa I1e 30epirae i XiMiuHiI BIaCTUBOCTI.

JliniiHI PO3MIpM MPOCTUX ATOMIB 1 MOJEKYI

m,=3,85-10%kr 20
N CKIIaIaroTh TopsnKy 107, a ckmagaux — Habarato
m,= 1,6 107kr OLyIBIIIe, HATIPUKIIA]T, 4310 Y MOJICKYJH OiJIKa.

O ATOMU 32 CBOIMHU PO3MipaMH HE MAIOTh UiTKHX
MEXK, TOMY JUIS 1X XapaKTePHCTUKHA KOPHCTYIOTHCS
op Bozenn ySIBJIEHHSIM T1ipo atoMHi paaiycr (puc. 10.1, a), ski
N o JIaf0Th MOYKJIMBICTE HAOIMKEHO OLIHUTH MIXKaTOM-
A=l u Ypat Hi BiZICTaHI B MOJIEKyJaxX, piAnHAX a00 B TBEPIUX

& 6 TiJzax. o o
Puc. 10.1 Macwu aToMiB 1 MOJIEKY B MOJICKYJISIpHii (i-

3WIIl TIPUITHATO XapaKTEPU3yBATH HE X aOCOIIOT-
HMMU 3HAYE€HHSMH, a BIIHOCHUMHY, SIKI HA3MBAIOTH BIIHOCHOI0 aTOMHOI0 Macolo A, 1 BigHoc-
HOI0 MOJIEKYJISIPHOIO Macoio M.

3a aTOMHY OfMHHMIIIO Mack M, (a. 0. M.) mpuitasTo 1/12 macu isoromy” Byriemo 15 C:

. 12
maca izomony eyeneyro 5C

m,=laom = o = 166-107% xe. (10.1)
BiI[HOCHa MOIJICKYJIIpHa Maca 2160 BiI[HOCHa Maca MOJICKYJIN BU3HAYA€CTbC (bOpMyJ'IOIO
M, - m, . _ MacaMOﬂIiKyﬂu 12 (10.2)
m C
u maca g

Tyt m,,,, — abcooTHEe 3HAUCHHS MacH MOJICKYJIH B KT'. BinHOCHa aToMHa Maca A, BU3HAYaETHCS
takox Qopmysoro (10. 2), HoTpiGHO TUTBKH M,,,, 3aMIHUTH a0COIIOTHIM 3HAYCHHSIM MAaCH aTOMa.
AOCOIOTHI 3HAUCHHSI AaTOMHHUX MAc 32 TOPSIKOM BEJIMYMHH MICTATHCS B MeXax MPUOIM3HO
10% - 10 k2 (puc. 10. 1, 6), a BigHocHI aTomui Mack — B Mexax 1 — 10 (ta6m. 10.1). Mexi 3ua-
YeHb BiIHOCHUX MOJIEKYJIIPHAX MAac IPOCTATAIOTHCS B/l OAWHUIIL O COTEHb THCSY OJIMHHIIb.
KinbkicTs peyoBunu. KinbkicTb aToMiB a00 MOJIEKYN y MaKpPOCKOIIIYHMX TiJIaX BeJIHYE3-
ye3Ha. ToMy B OLIBIIOCTI BUITA/IKIB 3pYYHO BKa3yBaTH He aOCONIOTHY KUIBKICTh aTOMiB 200

[30TOMM — PiI3HOBUAHICTH ATOMIB OHOTO i TOTO X XIMIYHOT'O €JIEMEHTA, SKi BiPi3HAIOTHCS
aToMHUMH MacaMu. Hanpuknazn, 11 H, fH, 3H.
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8 10.1 Amomu i morexyau

Tabmuug 10.1

BigHocHI MacH JeSKuX MIMPOKO MOIINUPEHNX aTOMIB 1 MOJICKYJT

PeuoBuna CuMBoI BignocHa maca, a. 0. M
ATomu AToMHa
Bonenn H 1
Temiit He 4
Byrnens C 12
Kucens O 16
Harpiit Na 23
AuromiHii Al 27
3aiizo Fe 56
30110TO Au 197
CBuHeIlb Ps 207
VYpan U 238
Moaexynan MoJiekynspHa
Bonenn H,
Meran CH,4 16
Bona H,O 18
Aszot N, 28
Kucens 0O, 32
ByTaH C4H10 58

MOJIEKYJ, a BigHOCHY. LIf0 BiTHOCHY KUJIBKICTh aTOMIB ab0 MOJEKYJ Yy TiJli Ha3MBAIOTh KiJb-
KiCTI0 peYoBHHH, SIKa JTOPIBHIOE BITHOIIEHHIO KiJIbKOCTi aTomiB (a6o mostexynn) N B manomy
Timi 10 KimbkocTi Na atomiB y 0,012 kr Byriemto:

V= —. (10.3)

Kinbkicte peuoBuan B CI BUpa)Xa€eThCs B MOJISIX.
MoJib — 1e KiJIbKiCTh Pe4OBHHH PO3IVISAYBAHOI CHCTEMH, SIKA MICTUTD CTIJIBKH K aTOMIB

ab0 MosteKy1, ckiibkn atomiB MicTuThes B 0,012 kr ByrJiemo lgC . Takum grHOM, MOITH OYIIB-

SIKOI pEYOBHMHHM MICTUTB, 32 BUSHAUYCHHSIM, OTHAKOBE YHCIIO aTOMiB 2060 Mojekyi. Lle uucno nHa-
3UBAETHCS YKCIOM (CTANIO) ABOraapo Ha 4ecTb AMajieo ABOraapo:

0,012 x2/ monv 0,012 w2/ mone 0,012 ke / monw

= = —— =6,02-10% mon ™, (10.4)
Me 12m, 12(1,66-10"% ko)

Na

e me =12m, —maca atoma Byruemto (qus. ¢-my (10.1)). I3 (10.4) orpumyemo, mo

Nm, = 107 k2/ mon. (10.4, a)

Crig mam’sTaTH, 10 TOHATTS MOJb BiTHOCUTHCS HE IO PEYOBUHM B3araii, a 10 il CTpyK-
TYPHUX €JEMEHTIB (aTOMiB, MOJIEKYJI, €IEKTPOHIB TOIO0). TOMY IPaBHIBLHO TOBOPUTH, IO B
MTOCYIMHI MICTHTHCS 3 MOJIb MOJICKYJI BO/IHU, a He 3 Mok Boau. Lle o3Hadae, o B MOCYAUHI €
3-(6,02-10%) monexyn HyO. Skimo % nesxa Kimekicts Bogu MicTuth 1 Mo Momexyn H,0, T0
BOHA MICTUTh 2 MOJIb aTOMIB BOAHIO 1 1 MOJIb aTOMIB KHMCHIO. 11s % KiJbKicTh BOaU MicTUTh 10
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10. Cman peuosunu

MOJIb IPOTOHIB, 8 MOJIL HEWTPOHiB 1 10 MOJb €NEKTPOHIB”.

Asozadpo Amadeo (1776 — 1856) — imaniticoxuii
@izux i ximix. Hapoouecsi 6 m. Typuni. Qizuxy eus-
uae camocmitino. OcHosHi Qizuuni pobomu npuces-
yeHi MOAEKYIAPHIN (isuyi. 3aK1ae 0CHO8U MOTEK)-
sapuoi meopii. B 1811 p. 6ioxkpue easciusuii ona ¢i-
BUKU 1 XIMIT 30KOH, 32I0HO SIKO20 8 PIBHUX 00 eMax pi3-
HUX 20316 30 OOHAKOBUX YMO8 MICIMUMbCsl 00HAK08A
Kinbkicmb monekyn (3axon Asozadpo). Aemop nep-
woeo nocionuxa (6 4-x momax) 3 monexyispHoi pi-
suku “@izuxa eazosux min abo mpakmam npo 3a-
2anwmy konemumyyito min” (1837 — 1841).

g i

Mouasipaa maca. Kpim BizHOCHOI MONeKyisipHOi Macu M, B MONEKYJSIpHiH (i3ull Kopuc-
TYIOTBCS ITOHSTTSAM MOJISIPHOI MacH M, sika BUZHAYA€ThCS SIK Maca 1 Moasi pe4oBHHU. 3rin-
HO O3HAYCHHS MOJIIPHA Maca JIOPiBHIOE JOOYTKY Macu MOJIEKYJIH Ha CTalxy ABOraapo:

M=m,, Nj. (10.5)

MO

Omuaunero morsipaoi Mac B Cl € kisiorpam Ha MOJb (KI/MOJIb).
Monsipry Macy M MOXHa BH3HAYHUTH Yepe3 BiJHOCHY MOJNEKYJIpHY Macy M. [Tincrasis-
foun B popmymy (10.5) m,,, i3 (10.2) i N, i3 (10.4), orpumaemo:
0,012 kel monw

M=Mm———"" =107 M, ,
12m, MOb

Ke

(10.6)

abo

M =M, 2/ monw. (10.7)

OTKe, YMCJIOBE 3HAUEHHSI MOJISIDHOI MacH PeYOBHHU, BHPAXKeHe B IrPaMax, A0PiBHIOE
BiIHOCHIH MoJIeKysIpHi Maci i€l pewoBuHU.

Maca M Oyap-KOi KUIBKOCTI PEUOBHHHM, L0 JOPIBHIOE JOOYTKY MacH MOJICKYIH M,
(Macu CTpyKTYpPHOI OJHMHHIN) HAa KiTbKiCTh MOIEKY N (KiIbKiCTh CTPYKTYPHUX OJUHHIID), BU-
pakaeThCs Yepe3 MOJISIpHY Macy M 1 KUIbKICTh PEUOBHHH V Tak:

m=m, N=m, Nyw=My, (10.8)

ge N=Nuv,aM=m, N, (d-ma (10.5)).

Mpuxaan 10.1. Busnauumu: a) moaspry macy 600u; 6) KiIbKicmb MOIE MOAEKYAU 600U &
1 k2 600u; 8) macy monexyu 600u; 2) KitbKicms MOAeKy1 600u 6 1 2 6oou.
Po3B’s130K. a) Bionocra maca monexynu 600u HrO dopignioe M, = 2+16 =18. Tomy 32iono

@opmynu (10.6) morspna maca 6odu
M =10"-M, e/ monb=18-10"% kel mone.

6) Yucno monis ¢ 1 k2 6oou

* . .
ATOM BOJIHIO CKJIQJIA€ThCS 13 OIHOTO €NEKTPOHA 1 sIIpa, SIKUM € OJWH MPOTOH. ATOM KHCHIO
CKJIaJIa€Thes 13 8 eNeKTPOHIB 1 s111pa, B CKIIa] SKOT0 € 8 IPOTOHIB 1 8 HEUTPOHIB.
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8 10.2 Aepecamni cmanu pevogunu

3
v=1ﬁ = + = £M0ﬂb = B55,6 mone.
M 18-10"°ke/ monw

8) Macy monexynu 60ou supaszumo i3 gpopmyau (10.2):
My, = M,m, =18(166-10 k) = 2,99-10 e,

de m, =1,66-10%" ke (ous. p-ny (10.1)).
2) Kinvkicme monexyn 600u N, wo micmamscs 6 1 2 600u, snaiioemo max:

-3
= - 20 KZZG = 3,34-10% monexyn,
mM(m 2,99 10777 ke

dem=12=10 3o
Kinvxicms monexyn 6 1 2 600u modicna 3nauimu i 3a 0onomozor cmanoi Asoeaopo. Yucio
monig 6 1 2 600u

_ 103 ke _ 103 ke
M 18-1073 ke / monw
Tooi kinvxicmos monexkyn 6 1 2 6oou

n=vN, = (0,0556 m0m)(6,02-10% moms ') = 334-10%.

= 0,0556 moxe.

Hpuxaan 10.2. 06 ‘em monexynu 6oou Vy = 310 x8. 3uaiimu 2YCMUHY 800U.

Po3B’s130K. Ockinbku maca monekyu 600u M, = 2,99.10% (ous. npuxnao 10.1), mo ii 2ycmuna
m,,,  299-10%° ke

p= V, - 3.10°2 4,8 -

(MOnEKYIU Y 800I MOJICHA 88AACAMU WITLHO YNAKOBAHUMUL).

10° K2/M3 ,

8§ 10.2. ArperaTHi CTAHH Pe4OBHHH

PeuoBuHa, 3a11€KHO Bijl HIEBHUX YyMOB, MOXe IepeOyBaTH B TPhOX arperaTHUX CTaHaX: TBeP-
aomy, pinkomy i razonoaionomy. Koxxunii i3 nux arperaTHuX CTaHiB XapaKTEPHU3YeEThCs T1EB-
HOIO BHYTPIIIHBOIO CTPYKTYPOIO 1 BIAIIOBITHO IMEBHUMH BIIACTUBOCTAMHU. BOHM MaloTh pi3HY
OynoBY 1 pi3HHI XapakTep aTOMHO-MOJIEKYJSIDHOTO PYXY, SIKi BU3HAYAIOTHCS CHIIAMH B3a€MO-
Iii Mi>k aToMaM¥ 200 MOJIEKYIIaMH, a OCTaHHI THM MEHIII, YiM OiJTbIIi BiJICTaHI MiXK aTOMaMHU
abo Monexynamu. B razax cepemHs BiCTaHb MK MOJIEKYJIaMH JIOCTaTHHO BEJIMKA MOPIBHSIHO 3
po3MipaMu MOJIEKyll. | '0JIOBHY poib B TIOBEIIHIII I'a3y BiAirpae XaOTHIHUN PyX HOT0 MOJIEKYII.
CepenHs KiHETHYHA €HEPris pyxy Moiekyn razy < W, > 3HauHO OibIna eHeprii ix B3aemomii
W,or- B crmy mporo cumm B3aemonii He MOXKYTh BTPUMATH MOJICKYITH OJHY OiJis OMHOI 1 BOHU
PO3JITAIOTECA TI0 BChOMY 00’eMy. MOMNEKyiH ra3y pyXaroThesl XaOTHYHO, PIBHOMIPHO 1 TIpsIMOTi-
HIMHO JT0 31ITKHEHHS OJIHA 3 OJHOIO a00 31 CTIHKaMHU MOCYAWHH, aje MiX 3ITKHEHHSIMH MOJICKY-
JU PyXalOTHCS MPAKTUYHO HE3aJIEKHO OIHA BiJ OMHOI, OCKUTBKU CHIX B3aeMomil mami. OmHaK,
CHJIAMU MIPUTATAHHS HE MOJKHA HEXTYBATH y BHUIIAJIKY, KOJIU I'a3 CHIIBHO CTHCHYTHH (IIpU BENH-
KUX THCKax), abo CHIbHO OxonomkeHuil. [Ipu 1bOMyY iCTOTHY pOJIb IIOYMHAIOTH BigirpaBaTu
CHUTH TIPUTSATAHHSL.

Omxe, XapaKTEPHOI OCOOJHUBICTIO ra30MOMIOHOrO CTaHy PEYOBHHU (IIPU HEBEIMKHMX THUCKAX i
HE Ha[TO HU3BKUX TEMIIEPATypax) € Te, IO B KOXXHH MOMEHT Yacy B3a€MOIIOYi MOJIEKYIH ra3y
CKJIaJIAl0Th HE3HAUHY YaCTHHY 3araJIbHOI KIJIBKOCTI MOJIEKYH 1 IO B caMiii B3aeMoJil B3a€MHUM
MPUTSTAHHSAM MOJIEKYJ IPAaKTHYHO MOYKHA 3HEXTYBATH. B pe3ynbraTi pedoBHHA B ra3onomioHOMy
cTaHi He 30epirae a Hi popMH, a Hi 06’ emy. 11 06°eM i opMa BUBHAYAKOTLCS MOCYMHOIO, B SKY BO-
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10. Cman peuosuru

Ha romimieHa. [1py BiCyTHOCTI IOCY/IMHN PEYOBHHA CTAPAETHCS 3AITOBHUTH BECH ITPOCTID.

B TBepaomy ctani Monexkynu, aToMu ab0 10HM 3HAXOIITHCS HA JyXKE MaluX BiJCTaHsX
OJIHE Bi/l OJJHOTO, BHACIIJIOK YOTO MK HUIMH BUHHKAIOTh CHJIBHI 3B’ sI3KH. Pe4OBHHA B TBEpIOMY
crani 30epirae cBoro (opmy i cBiii 00’em. IIpu nedopmariii BUHUKAIOTh CHIIH, SIKI CTapalOThCs
TIOHOBHTH 1 hopmy, 1 00 €eM.

Po3pizustors kpucraniuHi i amopgHi TBepai Tina. B KpucTaniuHMX Tigax MOJIEKYIH i aTo-
MU PO3MILIYIOTHCSI B TIEBHUX MICIIIX 1 YTBOPIOIOTh CTPYKTYPH NPaBUIBHOI TeOMeTpruIHOi (hop-
M (KPHUCTATIYHY TPATKY).

B xprcTanax MONEKynIM i aTOMH XaOTHYHO KOJIMBAIOTHCS Oifisl MOJIOKEHb PIBHOBATH, SIKi
Ha3UBAIOTh BY3JIaMH KpPUCTATi4YHOi rpaTku. [lixBrIneHHs TeMIiepaTypy TBEpIOTo Tija MpH3-
BOJUTH JI0 30UTBIICHHS aMIUTITyH KOJMBaHb MOJEKYN ab0 aToMiB, 10 30iTBIICHHS BiJICTaHEH
MIDX BY3JIaMH 1, OT)KE, JI0 TTOCIA0IeHHs CHJI 3B°SsI3Ky. B pe3ynbpTaTi aToMu MOXKYTh YacTillle Ie-
pECKaKyBaTH 3 MICIS HA MiCIle, & IIPH [ICBHil TeMIiepaTypi (TeMIepaTypi IUIaBIeHHS) KpUcTa-
JIiYHa TpaTKa pyHHYeThCs 1 BiOyBaeThCs EpeXisl y piAKuil cTaH.

B amopdHuX TBepAMX TiIax YaCcTHHKH, 3 SKUX BOHU CKJIQJAIOTHCS, 3HAXOSTHCS B HEBITO-
psinkoBaHiit hopmi, moxiOHIN 10 pianHN. KnacndynuMun npencTaBHUKaMU aMOpQHUX TBEPIUX
TiJI € IOTIMEPH, CMOJH, TyMa.

Pinkuii ctan xapakTepu3yeTbcsl TUM, IO PEUYOBHHA B ILOMY CTaHi 30epirae cBiii 00’em, ane
npuiiMae (HopMy HOCYIVHH, B SIKiH BOHA 3HAXOAWTHCS. 30epiranHs 00’eMy piMHOIO CBITYHUTH
PO Te, [0 MK MOJIEKYJIaMHU PiAWHM AiIOTh CUIIM TPHUTSTAHHA, SKI MEHIII HIX Y TBEPIUX TUIaX,
ajie 3HAYHO OLIbII, HIX y ra3ononiOHoMy craHi. OTxe, MONEKYIHN PiAWHH 3HAXOSTHCS TOCHTb
OM3BpKO OJJHA 0 OJHOI, HIOM JoTHKarounch. Came B3aeMOZis BTPHIMY€E MOJIEKYITY pituHN Ol 1i
THMHYACOBOTO MOIOXKEHHs piBHOBarM mpuOmmsHO Ha mpotssi 10%2 - 10" ¢, micis woro Boma
MepecKaKye B HOBE TUMYACOBE MOJIOKEHHS pIBHOBAary. B MpoMiKKax MiX MepexojaMn MOJIEKYJIH
3JIMCHIOIOTHh KOJMMBAIBHI PyXH Ol THMYacOBOTO MOJIOKEeHHs piBHOBard. [Ipu meBHii Temmepa-
Typi OKpeMi MOJEKYIH MOXYTh HaOyTH JOCTAaTHBOI €HEprii /Ui MOAONaHHS CHJI 3B’SI3KY, 1 B
OKpEMHUX BUIMAJKaX MOJEKYyIa MOXKE BHUTHU 3 pinuau. Llel mporiec Ha3MBaeThCs BUNAPOBYBAH-
HsIM. 3pO3yMiJIO, IIO MPOLEC BUIIAPOBYBaHHs (Iepexin B ra3omomiOHuMil CTaH), Mae MiCUe mpu
Oymp-siKiit TemriepaTypi. Teopii ra3omogiOHOrO i TBEPAOTO CTaHIB CHOTOMAHI TOCTATHBO J00pe
po3pobIeHi Ha BiAMiHY BiJl Teopii pifkoro craHy.

§ 10.3. MMousitTst mpo ctaH pedyoBuru. [lapamerpu crany

Timo abo rpymy Tin OyeMo Ha3MBaTH CUCTeMOK. Hampukias, cHCTeMOro MOXe OYTH TiJIo,
SIKE CKIIAIAETHCS 3 BEJIMKOI KiJIBKOCTI aToMiB abo Monekyn (ra3 B mocymusi). Bee, mo ortouye
JIaHy CHCTEMY, Ha3UBAIOTh OTOYYIOUHMM cepel0BHILeM.

CyKynHICTh BIACTUBOCTEH CHCTEMH BU3HA4ae ii cTaH. s ommcy craHy KOHKpPETHOI CHC-
TeMu (HAIPUKIIAM, Ta3y B TOCY/IMHI) MOYXKHA BUKOPHCTATH MiKPOCKOIIYHY a00 MaKpOCKOITIUHY
TOYKH 30py. [Ipr MiKpOCKOTIIYHOMY OTIFICI PO3TIISIIAIOTHCS ACTANi pyXy BCiX aTOMIB 1 MOJIEKYT,
II0 YTBOPIOIOTH JTaHy CHCTeMY. Takuii OIUC € JOCTATHBO CKJIAJAHHUM i BiH BUKOPHCTOBYETHCS B
KiHeTHYHI# Teopii. B MakpocKomiYHOMY OITICI BUKOPHUCTOBYIOTHCS BEIMIMHH, SIKiI BUMIPIOIOTH-
cs1 6e3mocepeTHhO HAIMMK OpraHamMu 9yTTs. Jlo HAX Hajiexats — 00°€M, Maca, TUCK i TeMmepa-
Typa. Lli BennIrHN HA3WBAIOTh MAKPOCKOMIYHMMU MapaMeTpaMu CTaHy. SIKII0 MaKpOCKOIid-
Hi MapaMeTpy 3MIHIOIOTBCS 3 YaCOM, TO 1 CTaH CHCTEMH TaKOXK 3MIHIOETHCS.

SIK1mIo BCi MapamMeTpu CUCTEMH 3aJIMINAIOTHCS HE3MIHHAMU 3 9acOM, TO TOBOPSTH, 10 CHCTE-
Ma 3HAXOJUTHCS B PIBHOBAXKHOMY CTaHi (CTaH TepMOAWHAMIYHOI piBHOBarn). CTaHK CHCTEMH, B
SIKHX BIJICYTHS pIBHOBara, Ha3MBalOTh HePiBHOBAKHMMHU. HepiBHOBa)KHI CTaHW BUHUKAIOTEH TIPU
pi3Ki#i 3MiHi 30BHIMHIX yMOB. [Ipy bOMY pi3HI YacTHHH 00’€My cHcTeMH (HAIpUKIal, rasy)
MaloTh pi3Hi mapameTpu. [IpukiagoM HEpiBHOBAXKHOTO CTaHY MOXe OYTH Ta3, KU MMOCTYIIae
13 HEBEIIMKOTO OTBOPY B 3aMKHYTHH 00’eM. B modaTkoBHWiI MOMEHT 9acy pO3IOJUT ra3y 1o
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8 10.4 Houssmms npo memnepamypy. Tepmomempu. TemnepamypHi wixanu.

bOMY 00’€MY HEpiBHOMIpHHMH, TUCK B Pi3HMX YaCTMHAX CHCTEMH HEOAHAKOBHH, aje SIKIIO
JIOCTYI Ta3y NPUIHMHUTH, TO THCK B PI3HUX TOYKAaX 00’eMy 4epe3 AESKUH Jac BUPIBHAETHCH 1
CTaH CTaHe PIBHOBAXXHUM.

IMepexin cucremu i3 OJHOrO CTaHy B IHIINMH Ha3MBAIOTH NMPOLECOM. SIKIIO Takuil mepexin
BiIOyBA€THCS Yepe3 IMOCIHIIOBHICT HEPIBHOB)XKHHUX CTaHIB, TO MPOILEC HA3MBAIOTH HePiBHO-
BA:KHHUM, a SKIIIO Yepe3 MOCIiAOBHICTh PIBHOBaXXHHUX CTaHIB, TO PiBHOBAaKHHM. PiBHOBaXHMIA
IIpOLIeC TOBUHEH OYTH JOCTaTHBO IOBLIBHMM, 10O B OyAb-SIKMH MOMEHT 4acy Mir BCTaHO-
BUTHCS PIBHOBa)KHHH CTaH.

Po3pi3HAIOTE 30BHINIHI 1 BHYTPIIIHI TapaMeTpH cTaHy cucteMu. O0’eM Ta3y € 30BHIIIHIM
rapaMeTpoM, TeMIIepaTypa i THCK — BHYTPIIIHI TapaMeTpH.

§ 10.4. lousitTs1 mpo Temmepatypy. Tepmomerpu. TemnepaTypHi mKaaun

Temmepatypa — 11e OiHa i3 BXIMBHUX XapaKTEPUCTHK TEPMOJAMHAMIUHOI cucTeMu. BoHa €
KUTBKICHOIO Mipoto “Harpitocti” Tina. Ciix MaTy Ha yBasi, IO “HArpiTicTh” TYT M€ YHCTO CyO €K~
THBHHI 3MICT. BiNBII HarpiTUM TiJIOM € Te, “HarpiTiCTh” SKOI'0 3MEHIIYETHCS IPH TPHBAIOMY
KOHTAKTI 3 IHIIUM TUIOM, SIKE 332 BU3HAUCHHSIM MTPUHMA€ETHCSI MEHII HArpiTHM.

Sk Oyne moka3zaHO HIDKYE, TEMIEpaTypa BHPaKae CTaH BHYTPIIIHBOTO PyXy PiBHOBaXHOI
CHCTEMH 1 Ma€ OJ[HE 1 T€ K 3HAUCHHS JUIS BCIX YaCTHH CKJIA/JHOI PiBHOBa)KHOI CHCTEMH He3a-
JIEXHO BiJl KUIBKOCTI YaCTHHOK B HHX.

Cryniap “Harpitocti” Tima (To6To #oro Temmeparypa) BUMIPIOETCS 38 XapaKTePUCTHKAMA
MaTepialbHUX TiJ, SKi 3aJIekaTh Bif “Harpitocti”. Tak, HATPUKIIAM, BiJT CTYIIEHs “HATPIiTOCTI” Ti-
Ja 3aJeXaTh WOro JOBXKHMHA, 00’€M, eneKTpuaHmii ormip, Tepmo-EPC, BumpoMiHioBaibHa 31at-
HICTB, y Ta3y — THCK IIpY HE3MIHHOMY 00’eMi Tomio. ToMy BUMIpIOBaHHS “HArpiTocTi” 3BOANTHCS
JIO BUMIPIOBAHHS JISSIKOI XapaKTEPUCTHKH TiNa, sSIKa 3MIHIOETHCS 31 3MIHOO “HarpiTocTi” Tija.

Tino, BuOpane /1l BUMIpIOBaHHS “HarpiTocTi”’, HA3WBAIOTh TEPMOMETPUYHHUM, & BENUUHHY,
3a JIOTIOMOTOFO SIKOI BUMIPIOETBCS “HATPITICTH, HA3UBAIOTH TEPMOMETPHYHOIO.

Hexaii nesknii TepMOMETPUYHHIN MTapaMeTp TEPMOMETPUIHOTO TiJIa, sIKe epedyBae B piB-
HOBa3si i3 TbOIOM, 110 TaHe, JopiBHIOE |;. 3HaUEHHS BOTO X MapaMmeTpy, KOJIH Tislo TepedyBae
B piBHOBa3i 3 MapoI0 BOJIM, IO KUITKTH [IPH HOPMAILHOMY THUCKY — l,. [lpuiiHsBImm, o iz Ta-

He 1pu Temrnepatypi t; = 0°, a Boja kumuth npu temmeparypi t, =100°, i, BBaxkarouu, 1o |

3MIHIOETECSI JIIHIMHO 31 3MiHOMO “HarpitTocTi” Tina, 3MiHa apaMeTpy, ska Biamosimae 1°, mopis-
HIOBAaTHME:.

rpolezh _Loh (10.9)
t,- 1 100 -

Omxe, 3a rpayc NPUAMAIOTE OHY COTY Pi3HMUi 3Minu mapametpy | misk Temnepatypamu
KHUITIIHHA | 3aMep3aHHA YUCTOI BOJM IIPH HOPMATBHOMY THCKY.

3ayBaXXnMo, 110 CTYMiHb “HarpiTocTi” Tijla i TeMIieparypa ue He ofHe i Te k. Temmeparypa —
11e YHCJI0Be 3HAYEHHSI BeJIMYMHH, 32 JONOMOT 010 SIKOI XapaKTepu3y€eThes ‘“HarpiTicTs” Tija.

BcraHoBeHy TakKUM YMHOM TEMITEpaTypHY LIKaJIy Ha3UBAIOTh KO0 Llenbcis Ha gecTh
mBencekoro actpoHoma A. lenbcis (1701-1744), sxuii 3anpornonysas ii. B TemmeparypHiit
mkani Lemscist rpaxyc mo3navaerscst °C, a TeMneparypa B il mkati — OykBoro .

B nmestkux kpaiHax 3aCTOCOBYIOTHCS 1 HIII TeMITepaTypHi IIKajH, 3aIpornoHoBaHi PapeH-
refitom (anrmificekum ¢izukom (1686 — 1736)) i Peomiopom (dppaniy3pkum dizuxom (1683 —
1757)). I'pagycu B Iux mIKamax Mo3HadaroThest BimmoBimHo °F i °R. Bei Tpu mikamu Bigpi3ms-
FOTBCSI 3HAYCHHSAMH TEMIIEPaTyp, IpUImcaHnM perepauM ToukaMm (i ty). Tak B mkam [enscis

* . .
TemmneparypHi Touku t; i t; Ha3MBaIOTH peNEPHUMH TOUKAMH.
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t; =0, t, = 100; B mkam ®apenreiita ty; = 32, t,=212; B mikani Peomropa t; =0, t,=80 (puc.10.2).
Omxe, OlHA 1 TAX HATPITICTh XAPAKTEPU3YETHCS B IMX IIKAIAX Pi3HUMU TeMIeparypamu. st re-
PEXOIy BiJl OHHX TEMITEPATYPHUX IIKAJT JI0 IHIIKX 1 HABMAKU KOPUCTYIOTHCS TAKUMU (HOPMYIaMHU:

tp = 32418t °C, t; = 08t °C. (10.10)

OueBHUIHO, 10 BEJMYMHA OJHOT'O Ipajayca B Pi3HUX MIKaJIax pi3Ha.

B (I 3a TemMnepaTypHy HIKaTy B3ATO a0COJIIOTHY TeMIIEPATYPHY IIKAILY KesbBina, B sKiit
TeMIIepaTypa 3aMep3aHHs BOIH IpHitHsTa piBHO0 273,15, a kiminus 373,15 rpayca (naii 6ye-
MO KOpUCTYBAaTHCsI Habmmkennmu 3uadeHtsmu: 273 i 373 rpamycu). Posmip rpamyca wiei mkanu
Takui camui, K i mxamm Lemscis. ['pagyc abcomroTHOI TepMOOMHAMIYHOI KA TTO3HAYAIOTh
miteporo K, a remriepatypy B I mkaii — jiteporo 7. 3a BU3HAUCHHSIM TeMIIepaTypa B aOCOIOT-
Hill TeMIepaTypHil MK 3aJa€ThCSI PIBHICTIO

T =t °C+273K. (10.11)

Tyt t °C — Temneparypa 3a mxkanoto Lenscis. Temneparypy, 110 TOpiBHIOE HYJIIO 3a IIKAJIO0
KenpBina, Ha3uBaroTh a0COJTHHUM HyJIeM, oMy BiamoBinae — 273,15 °C. B temmnepaTypHiit
mikani KenbBina Bix’ eMHEX 3HaueHb Temiepatyp Hemae (puc. 10.3).

B tabmuni 10.2 naBeneHi aOCOMIOTHI TeMIIEpaTypH IESKHX XapaKTEPHUX TEMIIEPATypHUX

°C| |°F °C| |°R °C| |K
100 212 100 80 100 373
1 200 11
i 1| 04 273
150
504 50 (40
1 L1oo 10 -1001 (173
| |+ -2004 +73
04 (32 04 0 -2734 -0
a 0
Puc. 10.2 Puc. 10.3

TOYOK. MeToro mi€l TabnuIll € NaTh SKiCHE YABIEHHS MPO aOCOMIOTHY TeMIIEpaTypHY IIKaIYy.
ITix TouKOIO TUTAaBIEHHS JaHOI PEYOBHMHHM, BKAa3aHOI B TaOIHUIN, pO3yMi€ThCsl TEMIIEpaTypa, MpH
sIKi# pimka i TBepaa GOpMH PEUOBHHHU 3HAXOMATHCS B PIBHOBA3i (pH aTMOC(HEPHOMY THCKY).
I[Tpu Oinbmii TeMOepaTypi pedoBHHA iCHYE y BUINIAL PIAMHM; IIPYU MEHINIH TeMIepaTypi pedo-
BHHA 3HAXOJHUTHCS B TBEPJOMY CTaHi. TakuM YMHOM, B TOUIIi TUIABJICHHS BOJAA MEPEXONUTH Bij
JTBOIY IO PiKOI BOAM, a B TOYIIl KUIIHHS BOJA i3 PIIMHH CTAa€ BOISHOIO MApor0, TOOTO mepe-
XOJUTH B Ta30M0AI0HY GopMmy.

* . . .
A6COJIIOTHy TCPMOJANHAMIYHY HIKAJTY KenbBina 1€ Ha3uBarOTh a0COJIIOTHOIO TECpMOAUHAMIY -
HOIO IIKaJIOHO.
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BepxHbpoi Mexi aOCONIOTHOI TeMIiepaTypy He icHye. Lle moscHIoeThCs BiICYTHICTIO BEpX-
HBOT MEXI1 Y MOKJIMBHX 3HAYCHHSX KIHETUYHOI €HEeprii YaCTHHOK Y OyIb-IKNX 3BUYalfHUX CHC-
TeM. Tak, B cepeanHi 3ipok abo B TepMOsIepHUX BHOYXax Ha 3eMJIi TeMIiepaTypa csrae mnopsia-
ky 10" K.

Ta6ms 10.2

Ha3zBa TemnepatypHOi TOUKH Temmnepatypa, K
Temmneparypa mosepxai CoHIIS 5500
Touka kumiHHS BOIb(pamy 5800
Touxa ruraBieHHs BOIb(hpamy 3650
Touxka kumiHHS 30510Ta 3090
Touka nnaBieHHs 30/10Ta 1340
Touka KUIIIHHS CBHHIIIO 2020
Touxka 1mIaBICHHS CBUHITIO 600
Touxa xuminust Bou (H,0) 373
Touka riaBieHHs Jboay (BOIH) 273
Temneparypa Tisa JTHOIUHA 310
Kimuarna temneparypa (mpu6ian3HO) 295
Touka kuninas a30Ty (Ny) 77
Touka naBIeHHs a30Ty 63
Touka mwiasneHns Boauio (Hy) 20,3
Touka mIaBiICHHS BOJIHIO 13,8
Touka kuminus remiro (He) 4,2

8§ 10.5. IneanbHuii ra3. 3akoHu ifeajLHOro razy

B MonexyssipHi# ¢i3nii MUPOKO 3aCTOCOBYIOTH Mojienti. OnHI€0 13 TAKNX MOJeneH € Mo-
JIeNb ineanpHoro razy. Ilin ineaapbHUM ra3zoM po3ymilOTh TaKkuid ra3, B IKOMY MOKHA 3HeX-
TyBaTH OyAb-SIKOI0 B3a€MOTI€I0 Mixk MoJieKy1amu (KpiM HPYKHOro 3iTKHEHHs ), a MoJie-
KYJIU NPHIiMaIOThes 32 MaTepiajabHi Touku. KpiM Toro, BBa)kaeThCs, 10 MOJIEKYIIH i/1€aJib-
HOT'0 ra3y piBHOMIpPHO PO3MO/ITIEH] 10 BCbOMY 00’ €My IOCYIMHH, Y SIKii MiCTUTBCS ra3. 3a Jo-
MIOMOTOI0 MOJZEINI i/IeaJbHOr0 Ta3y MM MOXEMO, X04 1 HAaOJIKEHO, BUPOOUTH YSIBICHHS IO
(bi3n4Hy IpHPOIY PEeaTbHOrO Ta3y. 3ayBakKUMO, IO PH BUCOKUX TeMIlepaTypax 1 Malnux THC-
Kax peajbHi ra3u MOBOJSTH cede SIK 11eanbHuil ras.

CraH ra3y MOKHA OITKCATH 3a JOMOMOIOI0 TPhOX mapamerpiB — THCKY (P), 06’ emy (V) i
temnepatypu (7).

PiBHsiHHA, 110 3B’SI3y€ /IS IaHOI MACH ra3y THCK, 00’ €M i TeMmepaTypy, Ha3UBa€ThCHA
PiBHSIHHSIM CTaHy rasy. Y 3araJbHOMY BUIIAJl HOTO MOKHA 3aITCATH TaK.

f(P,V,T) =0. (10.12)

[Mpomecn, npu sKUX Maca a3y i OfUH i3 HOro mapaMeTpiB 3AIHIIAIOTHCS CTAIMMHY, Ha3UBa-
10Th i3omponecamu. OCKUTBKY € TP NapaMeTpH Tasy, TO iCHYIOTh TpH pi3Hi i3omporiecH: i3o-
TepMiuHMii, i300apuyHMii i i30X0pHUHUIA.

I3oTepmiunumii mpouec 3IiHCHIOETHCS TIPH CTaiii Temmeparypi cucremu (T = const) i Hes-
MiHHIH Maci rasy. Lleii nporiec miIKopsieThes 3aK0HY, BCTAHOBJICHOTO IOCHIHUM IUIIXOM aHIIIIHCh-
kM ¢isuxom P. Boiinem (1627 — 1691) y 1662 p. i He3auexHO Bii HHOTO (PpaHIy3bKUM (Bi3HKOM
E. Mapiorrom (1620 — 1684) y 1676 p.: 100yTOK THCKY HA 00’ €M JaHOI MacH ra3y € BeJTH4HHA
cTaja:
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: @19

3akoH HOcuTh Ha3By boitins-Mapiorra. ['padik 3anexnoc-
Ti P Bix V 1pH i30TepMi4HOMY IIPOIIEC B rasi sBIISIE COOOIO Ti-
niepOoiy i Ha3uBaeThes i3orepmoro. Ha puc. 10.4 300paxkeno
TpH 130TepMH ISl OJHI€T 1 Ti€l K Macu rasy, ajie IpH pi3HUX
TemriepaTypax 7. 3ayBaXuMo, 110 MPH i30TepMidyHOMY Mpo-
neci rycTuHa ra3y 3MiHIOETBCSI IPSIMO MPONOPLiiiHO THC-

KY:

P1 P

— = — (10.14)
v P2 P,

Puc. 10.4

Hpuxnanx 10.3. a3z satimac 06’em Vo= 100 1 npu nopmanvromy ammocghepHomy mucky

(Po = 101325 I1a) i kimuamuit memnepamypi (20 °C). Hxum 6yde muck 2azy, aKkujo 1io2o 06 ’'em
smernwumu 6 mpu pasu (V =V, /3).

Po3p’sa3ok. Ockinvku memnepamypa 2azy 3amulaemsvcs CMANO0, NPoYec 3MiHU CMAHY
2azy € i30mepmMiyHUM, 00 K020 3acmocosnull 3akon boilna-Mapiomma. /[na oanozo unaoky
OaHUil 3aKOH 3anUWeMo Max:.

P,Vy = PV,
36I0KU
P = FoVo = 3FoVo = 3P, = 3(101325 /1a) = 303975 Ila.
\ Vo

I306apuynHnii mpouec NPOXOAUTH B CUCTEMI NPH CTaNIi Maci ra3y i He3MiHHOMY THCKY
(P = const). Le#t npouec Oy BuBueHuii (paniy3pkum ¢isukom JI. Teii-JTroccakom (1778 —
1850) y 1802 p., sxuii BCTAHOBHUB, 10 MPH CTAMil Maci rasy i He3MiHHOMY THCKY 00°€M rasy
npsiMO TIponopuiliHuii oro adcomoTHiE TeM-
\Y neparypi:

¥ = const. (10.15)

PiBrstanst (10.15) Bupakae i306apudHmii mpo-

P LleC 1 Ha3MBA€THCS PIBHAHHAM i300apu. ['padiku
. P 1300ap, sik BuAHO i3 puc. 10.5, € npsmuMy JiHIsSMY,
7 . . .
R SIKI TIEPETHHAIOTHCS 3 Biccio abcuuc B Toull A.
P 3akon ['eii-JIroccaka momaroTh e i B TaKOM
A /,';:* }Vo Pi1>P2>P3 . a m y
s 5 T, BHIISL:
=273 ’ V=V, + at), (10.16)
Puc. 10.5

ne Vo — 00’em razy mpu temmeparypi 0 °C, V —
00’em razy mpu temmeparypi t °C, o — TemmeparypHuii KoedimieHT 00’€MHOTO PO3IIMpPEHHS
razy. EkcriepuMeHTalbHO BCTaHOBJIEHO, 10 a = 1/273 epa()'l.
I3 (10.16) BuaHo, 10 KoedilieHT 06’ EMHOr0 PO3LIMPEHHS r'a3y [OPIBHIOE

1 V-V,
o=— = ——-
273Vt

a 3MiHa 00’ emy Oyne AV =V -V, =V, at. Llei Bupa3 nokasye,1o o0’ eM ijealIbHOTO rasy 3

i gBumeHHsM foro Temnepatypu Ha 1 °C 36inbiryerses Ha 1/273 Benuuunm 06°eMy, sKHii
3aiimas raz mpu 0 °C.
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Hpuxnan 10.4. Kucenv npu memnepamypi t,=10°C 3uaxooumecs 6 yuninopi 3 pyxomum
nopwnem i 3aimace 06 'em Ny = 50 . Ak sminumocst 06 'em 2azy (KUCHIO), AKWO 1020 MEMREPAmypy
nidsuwumu 00 t, = 80°C . Tuck 3anuwacmocs cmanum.

Po3B’s130k. Ockinbku muck 3aiumacmocs cmaium, moomo Py = Py, mo maemo

Vi_V
T
L]e 00un i3 suensndie 3anucy 3axony Ieu-Jlroccaka. Tooi
Ty 353K

V, =V, T, (50 1) (2831() 62,4 1.

I3oxopuyHuUii Mpouec 31iHCHIOETHCS B CUCTEMI IPH CTail Maci ra3y i He3MiHHOMY 00’ emi
(V =const). Leii nporec MmiaKopseThCs 3aKOHY, SIKHM OYB €KCIEPHMEHTAIFHO BCTAHOBIICHHIA
¢paniy3pkum dizuxkom K. Hlapnem (1746 — 1823) y 1787 p.: mpu crauiii Maci rasy i He3miH-
P HOMY 00’eMi THCK razy npsiMo NpomnopuiiiHMii
ioro a0coJII0THIlN TemMmepaTypi:

TE = const. (10.17)

Ile piBHSHHS BHpaka€ i30XOpHYHHWII mporec i
/ Ha3MBAETHCS PIBHSHHSM i30x0pu. Sk BumHO i3 (10.17),

’ rpadikamu i30X0p € npsMi JTiHIl, SKi HepeTHHAIOTh
. Bich abcrmce B Toutli A (puc.10.6). PiBHsHHS 130X0-
V>V, >V, PHYHOTO IIPOLIECY MTOJAIOTh TAKOXK Y BUTIISI

273 0 t,°C P=PR,(1+ Bt), (10.18)
Puc. 10.6

ne Py i P— tucku nipu 0 °C it °C BignosinHO, S —
TEeMIIepaTypHUH  Koe(illieHT, SKUH  JOpiBHIOE
B = 1273 zpao™.

I3 (10.18) orpumyemo, 1110 TeMIepaTypHHil KoedilieHT
P-P

1
ﬂ R — .
273 PRt

3miHa Tucky razy P —P, = RySt.
Hacamkinens 3ayBaskuMo, mo Touka 4, B AKiil 1300apy 1 i30X0pH NepeTHHaIoTh Bich t,

BiJmoBiznae temrepaTypi t = L = —% =-273°C.
o

Hpuxnan 10.5. [lluna asmomobina 6yra nakauana npu memnepamypi t; = 10 °C 0o nao-
auwrosoeo mucky Py = 200 xlla. ITicnis moeo, sik agmomobine npoixas 100 km, memnepamypa
6 wiuni nioguwunacs 00 t, = 40 °C. Axum cmas muck ecepeduni wiunu?

Po3w’s30k. Ockinoku 06’em wunu ne sminuges (V1= Vs), mo ye npoyec izoxopuunuil, sKui
onucyemucs 3akonom Lllapns. Lletl 3akon MOXCHA 0718 HAWO20 BUNAOKY 3ANUCAMU MAK:

A_PR

T, @
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Ockineku muck Py y wuni € nadmurosum, mo 00 Hb020 nompioHo dodamu ammocgepuut
muck Py= 101 klla. Tooi abcomomunuit muck Py = 301 xlla. I3 (1) snaxooumo, wo
P 10°
p, - 7, _ (3,01-10° [1a)(313 K) _ 333.10° 77a.
T 283 K
Bionimarouu ammocgepnuii muck 6i0 ompumMano2o 3Ha4eHHs, 3HaU0emMo, Wo HOBe 3HAUEH-
H5l HAOUWKO08020 Mucky oopienioc 232 klla. Bin na = 16 % suwe novamrkosozo.

Po3risiHyTI BHIIE 3aKOHH 1/1€aTbHOTO Ta3y MOXKHa 00’€THATH B OAWH 1| BUPA3UTH OJHUM PiB-
HSHHSM, K€ HAa3WBAIOTh PiBHSAHHSAM CTaHY igeajbHOro rasy. lle piBHSHHS Bupakae aHaii-
TUYHHUHN 3B’S130K MK THCKOM, 00’€MOM Ta TEMIIEPATYPOIO Ta3y i 3aIUCYEThCS TaK:

PV PV, PV

= =..= , (10.19)
Tl T2 Tn
abo
Fjr_V = const. (10.19, a)

®izuunmii 3mict piastHAs (10.19) Takwuii: sKkio 3MiHIOBaTH 00°€M i TeMmnepaTypy ra3sy, To
THCK IBOT0 Ta3y 0y/e 3MiHIOBATHCH TaK, 0 BiTHOIIEHHS J00YTKY THCKY Ha 00’ €M /10 a6co-
JIIOTHOI TEMIIEPATYPH € BEIMYNHOIO CTAJIOK0. SIK TIOKa3ye JOCBiM, ISl BETUYUHA 3aJICKHUTH BiJ|
MAacH Ta3y.

Mpuxcnan 10.6. Iosimpsna 6ym6auuxa na omi 03epa enubunoio h = 16 v mae 06°em Vy = 1,10 eal.
Temnepamypa 6oou na oui t; =5 °C, a na nosepxni t;= 16 °C . Axum 6yoe 06’em V, 6ynvbawxu
8 MOl MOMEHM, KOJU 60HA QOCAZHE NOBEPXHI 600U

Po3B’s130K. B ybomy 6unadky mMu CKOpUCmaemoch pi6HIHHAM CIMAHY I0eaibHo20 2a3y y GUTAOI:
PV, _ PV,

T B T,

Tuck nogimps 6 Gyavbawiyi, Ko 60HA 3HAX0OUMbCs Ha OHi 03epa, P =Py + pgh, de Po—
ammocgepruii muck na nosepxti eoou, p gh — muck cmosna 60du sucomoio h, p — eyemuna 6o-
ou. Tuck nosimps 6 Oywbawiyi Ha noepxti 600u 03epa P, = Py. Tooi

(P +pghVy _ RV, ’

T T,

36I0KU

_ VT (P + pgh)
PoTy

~ (110-107°%)(289 1()[101-10317a + (10321 23)(98 M/ c?)(16 M)]
(101-10° I1a)(278 K)
=2,92-10"%x3 = 2,92 e

Vy

Mpuknan 10.7. Axeananeicm, 3naxoosuuce na enubuni h =12 m 6i0 nosepxui 600u, 60ux-
HY8 nosimps i 3an06HUs 6ecb 00 €M cBoix necenis, ujo oopisuioe V1 = 5,5 1. [lo axoeo 00 ’emy
POSWUPAMBCSL Ie2eHi aK8ANAN2ICMA, AKWO GiH WEUOKO 8UHUPHEe HA nosepxHi0? Hu po3cyonuso
ROCTYNamu makum YuHom?
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Po3B’s130K. Beasicamumemo, wo memnepamypa nogimpsi 8 1e2eHsax ne minaemocs. Ilpoyec

izomepmiunui. Tooi
P1Vy = PyVs,

36I0KU
PV,  (Po+pgh)Vy  f01-10°a + 10%ke/ ®) @8/ c2)(A2.0)|(551) b,
P, P 101-10° I7a

Tym Py = Py+ pgh — muck na enubuni h, Py — ammocepnuii muck, pgh — muck cmoena
600u na 2mubuni h, P, = Py — muck na nosepxui 6oou (ammocepruii muck).

V, =

st ogHOro Monst ra3y crisignomieHns (10.19) 3anmierses Tax:

PV
w _R, 10.20
T (10.20)

abo
PV, =RT, (10.20, a)

ne V,, — 06’em omHOro Mojst rasy, R — yHiBepcanbHa ra3oBa crana. OCKiIbKU 32 HOPMATbHUX
ymoB (P = 1,013-105 Ila, T = 273 K) 1 mons razy 3aiimae 06’em V, = 22,41'1073./%3, TO

5 -3 .3
PVo _ (1013 -10°11a)(224110°0%) _ o\ Jloe

R T 273K Mo K
YuiBepcanbHa razopa ctaja R moka3ye HaCKiJIbKU 3MiHIOETHCSI eHeprisi TemjioBoro
PYXY BCiX MOJIEKY.JI OTHOTO MOJISI Ta3y NMPH 3MiHi TeMIlepaTypu Ha OMH rpaayc.
PiBusnns (10.20) Ha3uBarOTh PIBHSHHSM CTaHy it 1 MO i€anbHOTo Ta3y, abo piBHSIH-
HaM MeHnzeneeBa — Knanelipona.
Jns noButeHOT Macw ra3y piBHSHHA MenneneeBa — Kitanelipona 3amicyioTe y TakoMy
BUTJIAIL

PV =%RT, PV =vRT, (10.21)

ne M —wmomsipaa Maca, v =V /V,, = m/M —uncio MomiB rasy, m — maca rasy, V —#oro 00’ewm,

V,, — 00’eM otHOrO MOJIA ra3y. 3a JOMOMOIO0 I[OTO PIBHSIHHS PO3B’SA3YIOTh 33/1a4i Ha 00UYHCIICH-
HS1 00’€My, TYCTUHH 1 THCKY Tazy.

Hacamkinens, 3ayBa)kuMo, 110 Ta30Bi 3aKOHU CIIPABEIJINBI JUIs BCIX Oe3 BUKIIIOUEHHS TasiB,
HE3aJIeKHO BiJ X XiMidHOrO cKiamy. Lle 3po3ymiio 3 Toro, mo Oyab-sakuii ra3 (KUCeHb, a30T, MO-
BITpS TOIIO) € CHCTEMOIO, SIKa CKIIAJIAEThCS 13 BEIUUYE3HOI KUTBKOCTI B3aEMOMIIOUMX MK COOOFO
yactiHOK. Cepe/iHi XapaKTepHUCTHKY TaKUX CUCTEM HE 3aJIeXaTh Bill ckiiaxy rasis. HagiiiHo excre-
PUMEHTAIbHO BCTAHOBJICHI Ta30Bi 3aKOHHU € HE3aIllepEYHIM JIOKa30M CIPaBEUIMBOCTI CTaTUCTHY-
HOTO TiJIXO/Ty /IO BUBUCHHS BIIACTUBOCTEH TrasiB.

§ 10.6. 3akon ABoraapo

IMosepuemocs 1o piBustHEsA (10.21) i epenuiemMo HOro Aemio B iHIIoMY BUTIIsi. JIIs 1Iboro
TIOMHOXKHMO 1 TTOJITUMO TIPaBy YacTHHY piBHSIHHSA Ha uncio ABoranpo Na. Toxi, orpumaemo:

vNART _ NRT
NA NA

PV =

abo PV = NKT, (10.22)
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8§ 10.6. 3axon Asozadpo

e N = v Np — KiJIbKicTh aTOMIB 200 MOJICKYJT B JIaHi# Maci ra3y, v — KUIBKICTh MOIIB ra3y, K —
crana bonsnMana. BigHomenHs: yHiBepcajbHOI ra3oBoi ctasoi R 1o yuciaa Aoraapo Na
Ha3UBaIOThL cTaJ1010 boabMana:

_ i _ 8314 [jxc! moms - K
Ny  6,02-10%n0m "

=1,38-10"% Jnc/ K.

MHani piBusians (10.22) nepenumemo Tax:

N= Y
KT

I3 (10.23) BurumBae, mio 3a ganux P, V, T st pi3HuX COPTIB ra3iB KiIbKICTh MOJEKYJI O/IHA-
koBa. OTxe, piBHi 00’€MM rasy nmpH OJHAKOBUX THCKY i TeMmepaTypi MiCTATH OJHAKOBe
qHcI0 MoJieky.a. Lei 3akon OyB BCTaHOBIEHMH ABOTrajpo i HOCHTh Ha3BY 3aKOHY ABOTajpo.
3rizHo 1poro 3akoHy B 1 Mo Oymb-sIKOI pEYOBHHHM MICTHTBHCS OJIHAKOBA KUIBKICTh MOJIEKYI
(Na = 6,02-10 % yomw™). Kpim toro, 3 (10.23) BHILIHBAE, 110 KO MO Gy/Ib-sIKHX ra3iB MAioTh
OJJHAaKOBY TEMIIEpaTypy i THCK, TO BOHM 3alMalOTh OAHAKOBHH 00’e€M. 3a HOpPMaJIbHHX YMOB
1 Mo OynB-sIKOT peYOBHHU B Ta30BOMY CTaHi 3aiiMae 00’em Vo = 22,414 1. Jlani HeBaXXKO 3Haii-
TH KiTbKICTh MOJIEKYI B 1 cM° Ta3y 3a HOPMATBHEX yMOB

N, 602.10®

N, = = ———— = 2710,
Vo 22414 cu

(10.23)

Kinbkicts Monexyn B 1 cm® rasy 3a HOpMAIbHEX YMOB HA3MBAIOTH umci0M Jlommiara.

Hpuxnan 10.8. Hatimusicuuil muck, ompumarutl 3a 00nomMoz2oio HatiCy4acHiuLol MexHiKu, npuo-
Ju3HoO Oopierioe P =102 H / m?. Crimoku monexyn N micmumocs 3a makoeo mucky 6 06 ’emi
V = 1 e’ npu memnepamypi t=0°C .

Po3B’s130K. Kinokicms monexyn 6 1 e sa oanux P, V, T suaiidemo 3a dpopmynoio (10.23):

PV (107PH /)00
kT (1,38-107% e/ K)(273 K)

= 265 monexyn.

§ 10.7. 3akon JanbToHa

J1o 11bOro MU BBa)KaJIH, 1[0 MAEMO CIIPABY 3 Ta30M, KM CKJIaa€ThCS 3 OAHOCOPTHUX MO-
nekyn. Hexaii ra3, mo 3aiimMae meBHHN 00’€M, € cymimmno pi3Hux rasis. [Ipumycrtumo, 1o B
00’emi € N; monekyi rasy 1-oro copry, N, — 2-oro copty, N3 — 3-oro copty i 1. 1. Toxi 3arasns-
Ha KUIBKICTh MOJIEKYIT

N = Nl+ NZ + N3+...

TwCK, 10 CIPUYUHSAETHCS [IUMH MOJIEKYJIAMU Ta3y, BU3HaYaeThes piBHsHHEIM (10.22)

P =N—kT=(N1+ N, +Ng+...) k—T= P+P,+P+...,
V vV
ne Py, Py, P, ... — mapIiiajibHi THCKK KOKHOTO 13 copTiB razy, Ni/V, No/V, Ns/V, ... —ix mMome-

KyisapHi koHneHTparii. [lapuiansuuii THCK, IIe THCK JaHOTO COPTY ra3y, fIKIIo 0 BiH oXuH
3aiiMaB Bech 00°€M (00°eM, 110 3aiimae cymim razis). OmKke, MOBHUI THCK CyMilli ra3is io-
PiBHIOE CyMi HOTr0 MapiaJbHUX THUCKIB, @ KOKHAN MapIliialIbHAM THCK MPOTIOPIIIMHUA MOJIEKy-
JSIpHIA KOHLIEHTpaLii ra3y gaHoro copty. Llei excriepuMeHTanbHNH 3aKoH OyB BIIKPUTHIN aHIJIIN-
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10. Cman peuosuru

CbKUM XiMikoM 1 dizukom [Ix. [aneroHom (1766 — 1844) i Ha3BaHuii Ha HOro YeCcTb — 3aKOHOM
JanbToHa nJ1s1 napuiaJbHUX tuckis10.7. 3axon JJaremona

HMpuxnan 10.9. Hapyiarenuit muck syenexucnoeo 2azy (COy) 6 nezersix oopistioe P ~ 4666 I1a . Axuil
npoyenmuuti emicm CO, 8 nosimpi nezenig?
Po3w’si30k. Tuck cymiwi 2asie 6 nezensx Py= 101325 I1a (ye muck omouyrouozo nac no-
simps). IIpoyenmnuii emicm CO, 6 nogimpi iezenis ckiadae
x = P 1000 = 4066 00a 40000 4,6 %.
P 101325 [la
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