PEAJIbHI
FA3U

§ 14. 1. BinxujieHHsI BJIaCTHBOCTEH rasiB Bij ineanbHoCTi

JocBin moka3sye, 10 peanbHi ra3u iCTOTHO BiJPi3HIIOTHCS 338 CBOIMH BIIACTHBOCTSIMH BiJ|
ineanbHUX ra3iB. ToMy 3aKOHH, SIKi ONMMCYIOTH 1JleajibHi a3y, He MOXKYTh OyTH 3aCTOCOBaHi 110
peanbHUX Ta3iB. B boMy HIYOTro TMBHOTO HEMA€, OCKUJIBKH B MOJIENI 11€aJIbHOTO ra3y MH HexX-
TyBaJIM PO3MipaMu MOJIEKYI (B MOPIBHSAHHI 3 pO3MipaMH IOCY/UHH) 1 iX B3a€EMOJIEI0 HA BiJC-
TaHi. SIcHO, 10 00MABA NMPUITYIIEHHS, ITOKJIa/ICHI B OCHOBY TEOpii i7IealbHOTO ra3y, € HelpaBH-
mpHIMH. [Ipu atMocdepHOMY THCKY cepenHs BifcTaHb Mik Monekyaamu jume B 10 pasis me-
peBaxkae iX BIACHI po3MipH, a BIACHHUIA 00’ €M MOJIEKya ra3y ckiuanae npubmmsuo 1/1000 06’e-
My, II0 3aiiMae ra3. BimoMo Takox, 110 MOJIEKYJIH HPUTATAIOTHCS OJHA O OJHOI, KOJIU BOHH
3HAXOJITHCS Ha BIACTAaHsAX, SKi IEpeBa)karoTh BiJICTaHi, HA SKAX ITOYMHAETHCS Pi3Ke BIAIITOB-
XyBaHHS.

Hanpukiani XVIII cr., BuB4yaroun amiak, Ban-Mapym (Higepnanacekuii ¢izuk (1750 — 1837))
eKCTIEPUMEHTAJIFHO MOKa3aB, [0 T'a3W HE TOYHO OMHCY-
I0ThCSl 3aKOHOM boins-MapioTTra 1 110 BOHM IIpH BHCO-
KHX TUCKaxX MepexoasaTh B pigkuii cran. Ha puc. 14.1 na-
BE/ICHO 130TE€pMH peajbHOro ra3zy B koopanHarax PV — P.
IIi i3oTrepMu HazuBaroTh i3oTepmamu Amara. [lis ine-
AJIBHOT O Ta3y i30TepMu Amara Oynu 6 mapajaeTbHUMH Ji-
HisIMH, TIapajedIbHUMH 10 oci abiwce, ski Ha puc. 14.1 mo-
3Ha4eHl MyHKTUPHO. [3oTepMu Amara Juisi peasbHOTO Trasy
(ua puc. 14.1 BOHM MOKa3aHi CYIUIGHAMHE JHISIME) HIYOTO
CIIITBHOTO HE MAIOTh 3 130T€pMaMH 1JIeaJIbHOTO Ta3y, X04a
npH BUCOKUX Temreparypax (Ha puc. 14.1, T;< T,< <T3<Ty)
BOHHM CTafoTh nopionnmu. Tak, mpu Temmneparypi 127 K i30-
p TepMa Amara Il BOIHIO NMPAKTHYIHO 30iraeThCs 3 i30Tep-

Puc. 14.1 MOIO ifeanpHOro ra3y. Omxke, 3akoH boiisi-MapiorTa Bu-

KOHYETbCA 3 100pUM HaOJMKeHHSAM 1J1s1 OyAb-AKHX ra-

30MO0/Ii0HUX PeYOBHH TIJILKH NPU BUCOKMX TeMIlepaTypax i A0CTaTHbO MaJIuX THCKaX. Ta-
KM YHHOM, 3aK0H boiiims-MapioTTa € THIIOBUM IPaAHMYHHM 3aKOHOM.

Hacamxkinerns, 3ayBaxuMo, 10 HaBEACHI BUINE BIIMIHHOCTI IUIS i€aTbHOTO i PEallbHOTO
ra3iB MOB’s3aHi 3 HASBHICTIO BIACHOTO 00’ €MY Y MOJICKYII Ta MPOSBY CHII B3a€EMOIIT MK HUMH.

PV

§ 14.2. VsBjieHHsI PO CHIH MiZKMOJIEKYJISIPHOI B3aEMOii

B razax monekynu He 3B’s13aHi MK COOOIO CTaIliOHAPHUMHY CTIMKAMU 3B’ si3kamu. OIHAK, MK
MOJIEKYJTaMH Ta3y AIIOTh TICBHI CHUIH 3B S3KY, sIKi HA3MBAIOTh cuiiaMu Bas-nep-Baansca. [pupoma
IUX CHJI — eJeKTpocTaTuyHa. LIi Criii BUHUKAIOTH BHACIIIOK TOTO, IIO MPU HEBEITHUKOMY 3Millle-
HHI BiI’€MHUX 1 TOJATHUX 3apsiIiB HEHTpanIbHa MOJEKYyJa MEPETBOPIOETHCS B IUIIONb, SIKUH Xa-
pakTepusyeThes enekTpuaHuM MoMerToM (P = Q |). HaBkoio MONeKyIH-IuTIosst iCHye elleKTprd-
HE TIOITE, SIKE CTBOPIOETHCS OOMABOMA 3apsiaMyl JUTIONSL. € MOJNEKYIH, SKi BOIOMIFOTh CTAIAM JTH-
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MIOJIGHUM MOMEHTOM. Taki MOJIeKy/ M Ha3WBAIOTHCS MOISIPHUMM. SIKIIIO MOJSIPHI MOJIEKYIH Opi-
€HTOBAHI OJfHA [I0 OHOI pi3HOMMeHHIMH 3apsimamu (puc. 14.2), cymapHa cuiia IPUTATAHHS MK
3apsaamMu JUmoiiB Oyzae Oiblia, HiK CHla BiAIITOBXyBaHHS. ToMY HOJNSIpHI MOJIEKYJTH IIPUTATA-
10ThCs. Taki CHIM Ha3WBAIOTHCS TUMOJIBHO-OPi€HTAIIIITHAMMH.

MornekynH, SIKi HE BOJIOAIIOTh IOCTIHHUM JWIIOJIFHAM MOMEHTOM, B 30BHIIIHBOMY €JIEK-

tQ -Q +Q  -Q

Puc. 14.2 Puc. 14.3

TPUYHOMY TIOJIi BOHU HOro Ha0YBAIOTh: MiJl Ai€I0 EJIEKTPUIHOTO TIOJIS TOJATHI 3apsAid MOJICKYIT

JIEIIO 3MINIYIOThCS B HAIIPSMKY 110718, @ BiJ’€MHI — B TIPOTWIICKHOMY HanpsiMKy. Lle siBuie Ha-

3MBAIOTH MONISIPU3ALIEr0 MoseKyIL. [1py 30MmKeHHI HEMOMsIpHAX MOJIEKYJT BOHHM HOJISIPH3YIOTH O/IHA

OZIHY TIiJT TI€I0 EITEKTPUIHOTO IO 3apsAiB, SKI BXOAATD 10 CKIIaay Momekyil. [Ipu npomy nossipu-

3aris BiOYBa€ThCs TaK, IO MOJIEKYJIHM MOBEPTAIOTHCS OIHA 1O OAHOI 3apsiamMy HPOTHIIEKHOTO

3HaKy (puc. 14.3). Taki B3a€MHO TOJISIPU30BaHI MOJIEKYJIH MPUTATAIOTH ofHa oxHy. Lli cnmu Ha-
U 3MBAIOTHCS AUCTIEPCiiiHUMU.

Ha manmx BigcTaHsX MK MOJIEKyJTaMH BHUHUKAIOTH
CHIM BimITOBXYBaHHS. Lli cHm BUSIBIISTIOTHCS Ha BifcTa-
HSX TOPSIIKY po3MipiB monekynu. Ha puc. 14.4. mokasa-
HO XapakTep 3MiHHM MOTEHINIANFHOI eHeprii B3aeMomii B
3aJISKHOCTI Bif Bi/ICTaHI I' Mix Monekyiaamu. [Ipu r <rg
MIDX MOJIEKyJIaMU BUHUKAIOTh CHIIH BiJIITOBXYBAaHHS, IIPH
r > ro — cunu nputsirasss. [pu r = ry cun BimmToBXYyBa-
HHS 1 TIPUTSATAHHS 3pIBHOBaXYIOThCS. SIK BHAHO 13 puc.
14.4, B craHi piBHOBaru cucreMa XapakTepHU3yeTbCSl MiHi-

Puc. 14.4 MYMOM €Heprii B3aemonaii Mk Monekynamu. I3 puc. 14.4
TaKoX BHIHO, IO CHJIM B3aemomii (crm Ban-nep-Baarsca)
JTy’Ke IIBUJIKO 3MEHIIYIOTHCS 3 BIICTAHHIO.

§ 14.3. PiBusinHs cTaHy peajibHOro rady. Kpuruunmii cran pe4oBuHu Ta ioro mapa-
MeTpHu

11 ommcy CTaHy iIeanbHOro ra3y KOPUCTYIOTCS piBHSHHAM Menneneea-Kiarneiipona (10.21)
pv = LR, (14.1)
M

B SIKOMY HE BPaXOBaHO, II0 MOJIEKYJI MalOTh CKiHYEHI PO3MIPH Ta HAsIBHICTH CHUI NPUTSTAHHS MK
MOJICKYIaMH, KOJIA BOHH BiJITAJICH] OJTHA BiJT OJHOI, Ta CHJI Bi/IIITOBXYBAHHSI, SIKITIO BOHH 30JTVDKCHI.

106 3amucaty piBHSHHS CTaHy PeabHOrO rasy, B piBHsHHs (14.1) HeoOXiqHO BHECTH IIEBHI
nonpasky. 30KpeMa, THCK MOTPiOHO 36inbumTn Ha Bemuuny a/V2. 1[0 mompaBKy HA3HBAKOTH
BHYTPilIHIM THCKOM, KU BUHUKA€ BHACIIIOK HASIBHOCTI CHJI IPUTATAHHS MIXK MOJICKYJIaMH.
O06’eM ciif 3SMEHIINTH HA BEIMYUHY BJIACHOTO 00’€MY MOJIeKYJ — TOr0 MiHIMaJIbHOTO 00’ €-
My, SIKHA MOXYTh 3aiiMaTH MOJEKYJIH JaHOI Macu ra3zy. 3MiHa 00’eMy 3yMOBJIEHa JI€IO0 Bin-
IITOBXYBaHHS MK MOIEKYIAaMH i BHPAXA€ThCs KOHCTAHTON D. BpaxoByrouw Iii mompaBky,
PIBHSHHS CTaHy peabHOTO T'a3y 3aIUIIETHCS Y BUTIISIL:
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14. Peanwvni casu

(P +\;iz)(v _ b) =RT.

(14.2)

Piensinnst (14.2) HasuBaroTh piBHSHHAM BaH-nep-Baanbca. [Tonpaeku ¢ i b B piBrsiHHI (14.2),
SIKi Ha3MBAIOThCS cTaMMK Ban-nep-Baaibca, He 3aexxath Bijl IPUPOIH Ta3y.
Jnist noBinbHOT MacH Ta3y piBHsAHHS Ban-ep-Baabca 3amunierses Tak:

m? a

(P+ WV—Z)(V -b

UL

v (14.3)

- MeT,
M

Jie m — maca razy, M — mornsipHa Maca rasy.

IopiBHioroun piBHsHHS Ban-nep-Baasnbca 3 piBHIHHAM CTaHy i€ajbHOTO Ta3y, BHUIHO, IO
130TepMH peasIbHOTO Ta3y CYTTEBO BiPI3HAIOTHCS Bij i30TepM ineanbHoro rasy. Ha puc. 14.5 nase-

P

T T =TST5T,

Puc. 14.5

JICHO THIIOBI 130TepMH, ITOOYIOBaHI 32 JOMIOMO-
TO10 piBHSHHS Ban-nep-Baanbca npu sty Tem-
neparypax. I3 puc. 14.5 BunHo, 110 Ha i30Tep-
Max Ban-nep-Baanbca npu pisHHX Temnepary-
pax KOKHOMY 3HAYEHHIO THCKY BiJIIOBiIa€ OHE
abo Tpu 3HaueHHs o0’eMy. Ha BiaMmiHy Bif i30-
TepM 1eaIbHOro rasy, SKi OXOIUIIOIOTH TUTBKA
00JacTh Ta30Moi0HOTO CTaHy PEUOBHHH, 130Tep-
Mmu Ban-nep-Baanbca BinoOpaxkarors Oesmepeps-
HUI TIepexif Bi ra3onomiOHoro 10 piKoro cra-
nHy. Jdusmn FE BimmoBimae ras, E4 — cymimn
rasy i pimuan, AM — pimuHa. Bigpizok ED Bigo-
Opakae ICHYBAaHHS IIEPEOXOJIOIDKEHOI MapH, a
BiIpi30K AB BijoOpakae iCHYBaHHS TaK 3BaHOL
nieperpitoi piyman. st ginsakn BD xapakrep-
Ha TpsiMa 3aJIeKHICTh MDK THCKOM 1 00’€MOM.

IMpwu Takiif 3aJ1eXHOCTI MIXK THCKOM 1 00°€MOM Hi B OIHIH 13 TOYOK L€l AUISHKH CHCTEMa HE MOXKe

iCHyBaTH B CTilKii piBHOBa3i. Takwii cran
TIPAaKTUYHO HE MOXKE OYTH peati30BaHIM.
ExcrniepumeHTanb-HO OyIno MoKasaHo, 1o
B obmacti EA cuctema icHye y BHITISII JBOX
¢a3: ra3-pinnHa. ToMy Ha eKCrieprMEeHTAIb-
HHX i30TepMax B 0OmacTi mepexomy Bij rasy
IO DIAMHM i30TepMa TOpH3OHTaNbHA (pHC.
14.6, Binpizok 4B). I3 puc. 14.6 BHmHO, 10 3
T IBUIIICHHSM THICKY 1 TEMIIEpaTypH, TOUKH,
SKI TTO3HAYAIOTh Ta3-pinHy, 30JIMKYIOTHCS
MK cOOOF0 1 CXOIAThCS B OMHY TOUKy K Ha
i3orepmi mipu Temmeparypi 7. Touky K Ha-
3UBAIOTh KPUTHYHOIO TOYKOIO, a TeMIlepa-
Typy, sIKa 1i BiMOBiTa€ — KPUTHYHOIO TEM-
nepatypor. Py i Vi Ha3MBaIoTh BiIOBiTHO
KPUTHYHUM THCKOM i KPUTHYHHM 00’€-
moM (puc. 14.6.). Kpuy PV, sika IpoxoauTh

Puc. 14.6

4yepe3 KPUTHYHY TOUKY, Ha3MBAIOTh KPUTUYHOIO i30TepMoI0. 3HaueHHS KPUTHIHUX MTapaMeTpiB

JUTSL IeSIKIX PEYOBHH HaBeieHi B Taomum 14.1.
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Tab6mums 14.1
PeuoBuna T, K P, 105, IIa V, '1073,M3 / Ke
Bonens 33,2 13,29 32,26
Asor 126,0 33,93 3,22
Kucenn 164,3 50,34 2,32
647,3 220,53 2,50

Boasna napa

CraH pe4oBHHH, B SIKOMY 3HUKAE PI3HML MIXK PIAMHOIO Ta II aporo, Ha3MBAETHCS KPH-
THYHEM cTanoM (puc. 14.6, ninsuka AB). MHOXWHA TOYOK A 1 B, Jic TIOYNHAETHCS 1 3aKiHTy-
€THCSI KOHJICHCAITisl, YTBOPIOIOTH KOJIOKOJIONONIOHY KpHBY 3 BepuinHoio B Touli K. L1 xpuBa
noxissie wiomuHy PV Ha Tpu vactuuu (puc. 14.7). B HmKHIN 4acTHHI 3HAXOMUTHCS 00IACTH
nBo(ha3HUX CTaHIB PIWHM 1 apH, 371iBa — 00JaCTh PIKOTO CTaHy, OOMEKeHa 3BEpXy KpUTHU-

P

Pinuna

\‘ Ia3
)

>

Y
Puc. 14.7

HOIO 130TEpMOIO, CIIpaBa — 00JacTh OJHOPIJHOTO ra3oro-
nibHoro crany. Llei ctaH 11e Ha3UBaIOTH MAPOIO.
IMoBepreMocst 3apa3 3HOBY 110 JITHOK i30TepM Ban-nep-
Baassca AB i DE (puc. 14.5), siki Xapakrepu3yroTh iCHYBaHHs
BIATIOBITHO MeperpiToi piAMHM i Mepeoxos101keHoi mapu.
[leperpita pimuHa — 1€ TaKWi CTaH PEYOBHHH, KOJIH BOHA
3a CBOIMHM ITapamMeTpaMy MOBHHHA OYTH Ta30M, a 33 CBOIMH
BJIACTUBOCTSIMH 3aJIMIIAEThCS piguHOIO. [lepeoxomnomkena
napa — TaKii CTaH PEYOBHMHHM, KOJM BOHA 3a CBOIMHM Tapa-
MeTpaMH MOBHHHA OYTH DIANMHOIO, ajie 32 CBOIMH BIIACTH-
BOCTSIMH TIPOJIOBKY€E 3HAXOAUTHCS B Ta30I0I0HOMY CTaHi.
L1i crann He € aOCONIOTHO CTIMKMMM 1 TOMY BOHHM Ha3HBa-
I0ThCSl MeTacTabiibHuMuU. CructeMa MOXKE 3HAXOAWUTHCS B
MeTacTablTbHOMY CTaHi TPHBAJUH 4ac, HE MEPEXOIIud B

OiIBII CTIMKHI CTaH 3a ITaHWX YMOB. MeracTaOisIbHI CTaHHU PEasli3yIoThCs B 0araTbox JIOCIiIax.

193



