HNneanen ras. OCHOBHO ypaBHeHHE HA MOJIEKYJIHO-KHUHETUYHATA TEOPHs 32 UIeaJTHHUA ras.
CaeacrBust — 3axonm Ha I'eii-JIrocak, Hlapa, boiia — Mapuort u Kianeiipon — Menaesnees

Hneanen raz. OCHOBHO ypaBHeHHe Ha MOJIEKYJIHO-KHHETUYHATA TeOPHs 32 H1eaTHHUs ra3

3a omyucaHue Ha TEPMOAMHAMUYHUTE MPOLIECH € yI00HO J1a ce U3I0J3Ba HAKAKBB OINPOCTEH MOJEN, ChIIO
KaKTO IOCThIIMXME B MexaHukara. Oka3alo ce, 4e rojsiMa yacT OT ra30BeTe UMaT I0YTH €JHAKBO IIOBEJCHUE B
LIIMPOK TEMIIEpaTypeH HMHTEpBajl, HE3aBUCUMO OT BELIECTBOTO Ha ra3a. EKCIEpUMEHTallHO € yCTaHOBEHa
3aBUCUMOCT MEX/1y OCHOBHUTE TEPMOJAMHAMHYHY N1apaMeTpH, BaJIU/IHA 3a [IOBEYETO I'a30Be:

PV
1) — =const.
D=

ExcniepumenTtanto ¢ ycraHoBeH u (aktsT, 4e 1 Mol oT Bceku ra3 3aeMa eMH U ChIIl 00EM U KaTo CE 3alluIiie

(1) 3a 1 mol ras, c o6em V,,, KOHCTaHTaTa € €Ha U ChIA 33 BCHYKK Ia30Be — HAPEUCHA ¢ YHUBEPCalHa ra30Ba
koHcranTta R = 8.31 J/(mol.K):

T.e. Haysraneto Ha 1 Mol ot Bceku ras e mponopuuoHanHo Ha Temmeparypara My (R u V), ca koncranrtu). Toit
KaTro Macata M Ha rasa ¢ cBbp3aHa ¢ ooema V upe3 mirbTHOCTTA p (M = pV), a OT Apyra cTpaHa MOXeE Ja ce
u3pasu upes opost N Ha MoJieKy/IMTe M MacaTa Ha eaHa MoJsiekyaa M; (M = Nm;), mosrygaBame:

(3) m=pV =Nm..
Ot chuIMTE CHOOPAKCHUSI MOXKE JIa Ce MOJYYH IMOJA00HA 3aBHCUMOCT U 3a MoJiapHaTa maca (Macara Ha 1 mol
raz) W

(4) u=pV, =N,m,
Thit Kato OposaT Ha Mosiekynute B 1 Mol ra3 e Na. Ako paszgenum (3) Ha (4) MOXKEM J1a U3pa3uM MOJIAPHHS 00eM
V|, ¥ KaTo ro 3aMecTUM B (2) 1€ IOoJIy4uM 3aBUCHUMOCTTA 3a IIPOU3BOJIEH 00EeM ras:
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(5) PV = NKT , Z

ur. 1
KplAeTO ¢ K CcMe O3HaumiIM eHa HOBa KOHCTaHTa, HapeueHa b

koHcTanTa Ha Bomuman (K = R/Na = 1.38x10%% J/K). CrenoBatenno, TepMOIMHAMHYHATE ApaMETPH Ha
MIPOM3BOJIEH r'a3 ca CBbpP3aHU caMo 4pe3 Oposi Ha MOJIEKYJIUTE U KOHCTaHTaTa Ha boiMaH T.e. 1€HCTBUTEINHO,
BCHUYKH Ta30B€ C€ Jbp)KAaT MO €IWH M ChIl HaYMH. 3aTOBa B MOJIEKyJHaTa (U3MKa M TEPMOJAMHAMHKATa Ce
M3II0JI3Ba MOJICTHT Ha WACATHHUA ra3. ToBa e TaKkbB Ta3, 3a KOWTO cMe MpeHeOperHay MOTeHIIMaTHATa CHEePTUs
Ha B3aUMOJICHCTBUE MEXAYy MOJIEKYJIMTE M pa3Mepure Ha camute Moijekynu. CienoBaTenHo, eJHOATOMHUS
U7ealeH Ta3 MpeACTaBIsiBa CHCTEMa OT MaTepPHATHU TOYKH, MEXy KOUTO HSIMa CHIIM Ha B3aUMOTEHCTBHUE T.€.
T€ MOTaT Jla MPOMEHAT CKOPOCTTa CH caMo IpH yjAap ¢ Apyra MOJIEKyJia, a BbB BpEMETO MEXy JiBa yjaapa ce
JBIDKAT PAaBHOMEPHO W MPaBOJIMHEHHO.

ExcniepumeHTanHUAT pe3ynrtaT (5) HU JaBa Bpb3Ka MEXKAY TPUTE OCHOBHHM MAaKpPOCKOIMYHH MapamMeThpa Ha
MIPOM3BOJIEH Ta3 (a 3HAUM M Ha HACATHMS Ta3). YpaBHeHUETo (5) € eIuH M3pa3 Ha OCHOBHOTO ypaBHEHHE Ha
MOJICKYJTHO-KMHETUYHATa TeOopusl 3a uaeainHus ra3. Heka na ompenenuM Bpb3KaTa MEXIY OCHOBHUTE
napaMeTpy Ha uieaqHus ra3z oT oOuw (U3NYHU ChOOpaKEHHUS U TAXHATa BPb3Ka C €HeprusAra My (B cirydas
camo kuHetnyHa). llle mpecMeTHEeM HaJIATaHETO, KOETO YIPAXHSBA OINPENEICHO KOJIMYECTBO HJealieH
€IHOATOMEH Ta3 BhPXY CTEHUTE Ha ChJia, B KOWTO ce Hamupa (dur. 1). 3a ompocTsaBaHe Ha MPECMITAHETO e
HalpaBUM olle HAKOJKO aomyckanus. Ille npennonarame, ye ynapure Ha MOJIEKYJIUTE ChC CTEHUTE Ha ChJA ca
CHILIO MJEAIHO €JaCTUYHHU, KAaKTO MEXIy MOJIEKYJIUTE T.€. MOJIEKyjlaTa He OT/JaBa €HEprusi Ha CTeHaTa Ipu
yaapa, a caMo IMpPOMEHs CKOpocTTa cH. MOJIEeKyJIuTe ce ABMXKAT XaOTMYHO BbB BCHUKHM IOCOKH, HO HHUE IIIE
nmpueMeM, 4e Te ce ABMKAT camo o ocute X, Y u Z, Karo 1Mo BCsAKa OC ce JABMkKar 1/3 OT BCHUKH MOJIEKYIIH,



Thil KaTo JABMKEHHETO MO BCHUYKH OCH € PaBHOBEPOSITHO. [lopamu chilata MpUyYMHA B MOJIOKUTEIHATA TTOCOKA
Ha octa X (¢ur. 1) ce ABMKAT MOJOBMHATA MOJICKY/IH T.€. 1/6 oT obrus Opoii. 3a Bpeme At go muromrra S e
JOCTUTHAT MOJICKYJIH ChC CKOPOCT Vi, KOUTO Ca CE€ HAMUPAJIX B HWJIMHIBPA C OCHOBAa S W BHUCOYMHA X = ViAt.
OOmusT Opoii Ha MOJICKYJIMTE B TO3U HNWIMHIABP Ns ce ompenesst OT MPOU3BEACHUETO Ha KOHIICHTPAIUATA Ha
mosekyautre N = N/V u o6ema Vs = SX Ha HUIMHABPA C OCHOBA S, T.€. OPOST Ha MOJICKYJIUTE, KOUTO JOCTUTAT
S 3a Bpeme At e Ng/6. HamsiraHero BbpXy CTEHUTE Ha ChJa CE ONpeleNs OT HOpMaiHaTa cuia F, Bbpxy
enuHuIa 1ol (15 Bempoc) u TpsOBa Ja € eIHO U ChIO BB BCSAKA TOYKA OT CTEHUTE (3aKoH Ha [lackai), T.e.
HsIMa 3Ha4eHUeE KbJe me n3bepem miomra S. Cunarta, ¢ KOATO BCsKa MOJIEKYJa ¢ Maca M; IelicTBa Ha cTeHaTa
ce ompejiess OT MPOMsHATa Ha UMITyJIca Ha MOJIeKynara Ap; pa3/ieneHa Ha nHTepBaia ot Bpeme At (4 BeIpoc), a
o0miara cujia BpXy IUIOMTa S IIe MOJYyYUM KaTo CyMHUpaMe BCHYKH Te3u cwid (4 BBIPOC), T.€. cymara OT
MIPOMEHUTE Ha UMITYJICUTE Ha BCUYKU MOJIEKYJH AP pa3nerncHa Ha At:

Ap; =2m,v,

Ng =nVg =nSx = nSv,At
1 1 1 2

Ap == NgAp, = —nSv,At2m,v, = —nm,v; SAt
6 6 3

F = AP _ % nmv’S

(6) Pzizlnmivf.
S 3

Ckopocrra V; B (6) € ckopocTTa Ha eHa MOJieKyJa ot ra3a. Kazaxme (15 BeIpoc), 4e B MoJieKyiiHaTa (hU3HKa ce
U3IIOJI3BAT CPEeHU (DU3MYHM BEJIIMYMHU, KOUTO XapaKTEpU3HpaT MOBEJACHUETO Ha CHCTEMAara KaTo IS0, ThH
KaTO HE MOXKEM J[a OIpPEICIMM XapaKTePUCTUKUTE Ha BCsAKa MOJIEKysa (B cirydast ckopoctra Vi). [Topamu ToBa
11Ie BbBE/IEM MOHSATHETO CPEIHA KBAIPATUIHA CKOPOCT, KOSATO C€ ONPEIEIIsi OT CIICAHUS U3pa3:

3a ma 0606muM ypasHeHue (6) 3a cucTemara Kato L0, TpsOBa Aa 3aMeHnM Vi ¢ (V. )
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(7) PV =§Ek,

1 2
KBJIETO <Eki>:§mi <VKB> € cpeJHaTa KMHETHYHA €HEeprusi Ha eaHa MoJsekyna, a E, = N<Eki> € IIbJIHATa

KMHETHYHA €Heprus Ha BCUYKH MOJIEKYJIH Ha cuctemara. [lomyuenara Bpb3ka (7) € apyr u3pa3 Ha OCHOBHOTO
YpaBHEHHE Ha MOJEKYJHO-KMHETHYHATa TEopus 3a ujaeanHus ra3. Axko cpaBHuM (7) c¢ (5) me noaydyum u
Bpb3KaTa MeX/1y KMHETHMYHAaTa €Heprus Ha rasza (3a WaealHus ra3 TOBa € U IbjiHaTa My eHeprus E = Ey) u
TemIeparypara My:

%asz
E:angw

Cpennata KMHETMYHA EHEPrHsl Ha eJHa MOJeKyla MOXXEeM Ja MHOJy4MM KaTo pas3feiauM Ha Opos Ha
Mostekyiute N:

(8) <Eki>=§kT .

2

T.e. CpelHaTa KHHETWYHAa EHEpPrus Ha MOCTBIATENHOTO J[BWKEHHWE Ha €1Ha MOJIEKYJla 3aBUCH CaMO OT
abcomoTHaTa (TepMOJAMHAMHUYHATA) Temmeparypa | Ha raza. OTTyk MOXXeM jJa pa3depeM W CMHUChIa Ha
abcomrornara Hyna (T = 0 K) — ToBa e TakaBa Temmeparypa, pu KOSTO C€ MPEKpaTsBa MOCTHIIATEITHOTO
JBIDKEHUE Ha MOJIEKYJIUTe Ha Taza. Ot (8) MokeM Ja HaMepuM M Bpb3KaTa Ha cpefHaTa KBaJpaTHUdHa CKOPOCT
Ha MOJIEKYJIUTE ¢ TeMIlepaTypaTa Ha rasa:



3KT
(Vi)

Koeduumentsr 3/2 B (8) He € ciaydyaeH — TOH € CBbp3aH ¢ Oposi Ha CTEIEHUTE Ha CBOOOa Ha MOJIEKyIuTe (2
BBIIpoc). OKa3Ba ce, 4e Ha BCsAKA CTEMEH Ha CBOOOAA (BB3MOXKHOCT 32 HE3aBHCHMO JBHKCHHE) ChOTBETCTBA

1 .
EkT CHCPI'H:. Teii kaTo pasriacxkKagaxmMe €IHOATOMCH HACAJICH ra3, CTCIICHUTEC MY Ha CBO60,Z[a ca Tpu —

MOCTHIIATEIHO JABM)KCHHUE MO TPUTE KOOPAMHATHU OCH. AKO B3€MEM JIByaTOMEH ra3, HETOBUTE CTCTICHH Ha
cBOOOJIa ca IMeT — TakaBa MOJICKYJIa MOXE M Jla C€ BbPTH M Koe(uIueHThT mie Obae 5/2. Taka dopmya (8)
MOKe J1a ce 0000IIM 32 TPOU3BOJICH UIICaJICH Ias3:

(Ea)=kT.
KbACTO J c 6p05[T Ha CTCIICHUTEC Ha CBO6OI[a Ha MOJICKYJIMTE Ha rasa.

CaencrBus — 3akonu Ha I'eii-JIrocak, lllapa, Boiia — Mapuot u Kianeiipon — Mennenees

OT OCHOBHOTO ypaBHEHHE Ha MOJICKYJIHO-KMHETUYHATA TEOPHs BHB BHJA (5) MOrar Jia ce U3Be[aT BCHUKU
eKCTIEpUMEHTAIHO YCTAHOBEHH T'a30BH 3aKOHH. 1€ ca YCTAaHOBEHHM 3a ra3 ¢ MOCTOSTHHA Maca T.€. C MOCTOSHEH
opoit vactunm (N = const). 3a uzorepmen nporec (T = const) momyuaBame:

PV = NKT =const.

ToBa e 3akoHBT Ha boiin — MapHoT 3a U30TepMEH IPOLIEC.

Ako pasriexaaMme nzoxopen mpotec (V = const), me nomyuum 3akousbT Ha [lapin:
PV = NKT

P Nk :
—=—=const
T V
a 3a u3o0apew mporiec (P = const) — 3akousT Ha ['eii-Jlrocak:
PV = NKT
V Nk :
— =—=const
T P

YpaBHEHHETO 3a ChCTOSIHUETO Ha WjeaTHus ra3 (3akoHbT Ha Kianeiipon — MeHzeneeB) ce moiydasa oT (5)
KaTo 3aMEeCTHM KOHCTaHTaTa Ha bonman u u3nomssame (3) u (4):

PV o NkT = N RT MRt

N, u
To3u 3aKOH € BCBHIIHOCT JPYT M3pa3 Ha OCHOBHOTO ypaBHEHHE 3a wicanHus ra3. OTHomeHneTo M/Y Hu
JaBa OposIT Ha MOJIOBETE Ha rasa.



