V. ArperatHa cocrojoa 1 OCHOBHM 3aKOHH
BO Xemujara (2 gyaca)

Otiwiua xemuja, Baaenitiun Mupuecku
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I'acosu, weunocwu u yepcuiu cyucuuanyu

Hajronem 06poj o cyncraHiuTe, MOXKAT Jla IOCTOjaT BO TPUTE arperaTHUA COCTOjOMH,
yepciua, we4Ha, Uil 2aco8UIla azpeamna cocuiojoa. ArperatHarta cocrojoa e
omnpejiesieHa Off CTENIEHOT Ha MPUBJICUYHUTE UHTEPAKIAN TOMETY TPAJJUBHUTE €IUHKYU Ha
cyncrannara. Kaj yepciuuiue cynicraniy, rpailuBHUTE €AUHKA LBPCTO CE IpKAT nomery
ce0e U ce pacnopefeHr BO MPOCTOPOT Ha CTPOTO OINpeNieJIeH FeOMETPUCKU HaurH. BakBuTte
IBPCTH CYNCTAHIM CE HAPEKYBAaaT KPUCUIAAHU CYUCUAHYL.

(3abenewka: Mopa 0a ce HallomHe OeKa UOCIIOjaill UBPC iU CYUCIUAHUU KA] KOU
ZpaousHuilie eOUHKU HeMAAUl WOAKY CHIPOZO OUpeOeneH 2e0MeUPUCKU PACILopeO.
Baksuitie uyspciuu cyiiciianyu ce Hapekysaaiti amop@uu cyucuwanyu. Ilpumep 3a amopgra
yspcitia cyicilanua e cilakaoiuo.)

CreneHOT Ha c1000/ja HAa TPAJJUBHUTE €IUHKY Ka] IBPCTUATE CYIICTAHIA € MHOTY MaJl.
HuBsHuTE €qUHCTBEHN IBMKEHA CE OJ€PENICH BUJ] HA OCLMJIALIMU OKOJIy OIlpefieicHa
paMHOTeKHa noJioxk0a. [Tonoxb6aTa Ha rpaIMBHUTE €UHKHU, BO OJJHOC HA COCEJTHUTE
EIUHKHU, IIPAKTUYHO MOXKE Jla ce€ CMETa 3a HEMPOMEHIINBA.

[llemaTcku nprka3 Ha pacnopenoT Ha
rPAaJUBHUTE €IUHKM Ka] IBPCTUTE
CYIICTaHUMY.

Oiiwita xemuja, Baaenitiun Mupuecku
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JIOKONKYy TrpajuBHATE €AWHKM Ha [BpCTaTa KpUCTAJHA CYyICTaHIA Cce
aMpPOKCAMUPAAT CO TEOMETPUCKHA TOYKHU, TOTalll KPUCTATHATA CYICTAHI[A MOXE
la ce 3aMHUCIIM KaKo OecKpajHa TPOAWMEH3MOHATHA pelleTKa ojff TOUKM. Taka,
HEJOKYIMHUOT KPUCTAJI MOXE Ja Ce NMpPUKaxe CO T.H. KPUCWAAHA peulewKd.
Cnopep Toa, TEOMETPUCKUOT PACHOPEN HA TOUKUTE BO KPUCTAITHATA PELIETKA TO
NPUKA>KyBa BUCTUHCKUOT pacrnope] Ha TPAJIUBHATE €IMHKMU.

Co aHanmu3a Ha FCOMCTPHUCKHUOT PACIIOPEN HAa TOYKHUTC BO KpUCTajJlHATA PCIICTKA,

MOXKeE fia ce fepuHupa eIeMEeHTApHO T€OMETPUCKO TEIIO, COCTABEHO OJ] KOHEUYEH
OpO] Ha TEOMETPHUCKM TOYKH, CO YMja TPaHCHalnyja AOJK TPUTE OCKU HA
KOOPAWHATHUOT CUCTEM MOXKE Jla ce OpOpMH LienaTa KpucraiaHa pemerka. OBa
€JIeMEHTapHO TEOMETPUCKO TeJo Cce€ HapeKyBa eneMeHlapHa Keauja.
EneMenTapHaTa Keanja € BUCTUHCKUOT PEMPE3CHT HA KPUCTAJIHATA CTPYKTypa
Ha [[BpCTaTa KpUCTaJHa CyINCTAaHIIA.

Oiiwita xemuja, Baaenitiun Mupuecku
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IlemaTcku mpukas Ha 1eJ1 O
KPHUCTAJIHA peleTKa.

IllemMaTcKu NPUKa3 HA eJICMEHTAPHA
KeJifja HA onpejeieHa KPUCTAIIHA
pelieTKa.

EneMenTapHaTa Kenuja € KyOM4Ha,
OJTHOCHO PacnopegoT Ha aTOMUTE
OJIrOBapa Ha TEOMETPUCKOTO TEJIO
Ko1ka. Bo neHTapoT Ha Koykara ce
Hara Apyr BAJ HA aTOM, pa3jInyeH Of
aTOMHTE PaCIIOPENEHHU 110 TEMUHHATA HA
KoOIIKaTa. 3aToa, OBaa eJeMeHTapHa
KeJlrja MOXeE Jla Ce Hapeye
YeHIUpocumellpu4nHa Kyou4na Keauja.

Oiiwita u Heopzancka xemuja |, B. Mupuecku
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Kaj weunocwue, TpUBJICYHUTE CHJIW TOMEry TpaJUBHUTE EJUHKU CE
3HAUYUTEJIHO TOJIEMH, HO CTEMEHOT Ha CI000fa € 3HAaYUTEJIHO IIOTOJIEM BO
cnopefda co uBpcTuTe cyncranuu. Kaj TeyHocTuTe HE MOXKE ja craHe 300p 3a
KOHCTAHTHA IOJIOK0A HAa TPaiIuBHUTE €UHKHU BO OTHOC HA HUBHUTE cocenu. Eqna
YEeCTAYKA MOXKE J]a ja U3MHAHE COCETHATA YECTUYKA U []a CTAalll BO MHTEPAKIH]a CO
NPYr¥A YECTUYKH BO APYT fied of TeyHocTa. Of OBHE NPUYAHUN, TEYHOCTATE UMAaT
HAjYeCTO IMoMana TyCTHHA Off LUBPCTUTE CYICTAHIWM, HO HEMaaT OIpEMEIICH
reometrpucku oOnuk. Ilpu mameme, moara g0 HamanyBawke HAa KHUHETHYKATA
€HEpruja Ha TPAIMBHUTE €UHKN HA TEYHOCTA, CO IITO C€ HaMaJlyBa CTENEHOT Ha
HUBHaTa cnoOopa. [1pu ofpenena KpuTudHa TEMIEpaTypa, TEYHOCTA TPEMUHYBA
BO IBpPCTa CyIICTaHa. TemmepaTrypara NpW KOjalllTO ce ciaydyBa oBaa (pa3Ha
npeTBopOa ce HapeKyBa wo4ka Ha kpucwaaudayuja. Ilpu ucrara xkputhudHa
TeMIIepaTypa, IBpcTaTa CylcTaHla MPeEMUHYBa BO Te4Ha. T0j mpolec ce HapeKyBa
TONECHE, A KpUTUYHATA TEMIIEpaTypa C€ HapEKyBa WOYKa HaA wouerwe. Todkara
Ha TONEHE W KpHUCTaldW3alMja ce WACHTUYHM BpegHocTh. HajnoOpo e oBaa
KpUTUYHA TeMIIepaTypa fla c€ HapeKyBa ilouka Ha ¢gasnaitia ipeitisopoba uspcitio-
Le1HO.

IllemaTckn NpUKa3 HA pacmoOpPenoOT HA
rpajuBHUTE €IUHKN Kaj TEYHOCTHUTE.
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> Kaj 2acoeuiue, rpajuBHATE E€IUHKW WMaaT HAJBUCOK CTENEH Ha ciaolbofa BO

>

cnpefda CO TEYHOCTUTE M UBPCTUTE CyINcTaHUU. [IpuBieyHUTE HMHTEpaKUIUU
noMery rpaiIuBHATE €IMHKW Ha TacoT c€ MPAaKTUYHO 3aHeMmapnauBu. ['paguBHUTE
€IMHKYU C€ ABIXKAT CJIOOOJHO HU3 LEJUOT MPOCTOP IITO UM € Ha pachojarame.
EnuHCTBEHNMOT BHJ HA MHTEpPAKUUU Momery TpajuBHUTE E€AUHKU Ha TracoT ce
Cly4yajHUTE cyaupu. PacrojanmjaTa moMery eIMHKHATE Ha TacoT CE€ 3HAYUATETHO
NOTOJIEMU Of AMMEH3UNTE Ha TPAIMBHUTE €UHKHU.

Op oBME TpPUYMHU, TACOBUTHUTE CYIICTAHOW KMMaaT CIIOCOOHOCT 3a eKCUaH3uja,
Komupecuja u oucpysuja. 3aTtoa TaCOBUTHUTE CYICTAHLIM Hemaaid Oe(huHUpPaH

680.1yMEH HUIUU 00AUK.

“2ac” - 0oaza 00 Zpukuoitt 36op “ xaoc” - 3HAYU XAOC UAU UPOCIUOP.

. IIlemaTcku NpuKa3 HA pacnopenoT Ha
== rpajMBHATE eUHKH KAaj rAaCOBUTE.

[al
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SAKOHIU 3a uoeatnHuiue 2acosu

Nneanen rac e XunoTeTHIKM (HeEpeasuaeH) rac BO KOJjIITO YeCTUIKUTE HAa racoT He

BpIIIaT HUKAKBU MHTEepaKuu nomery cede. [TapamMeTpure mto ja onpepeayBaaT
cocToj0aTa Ha UICATHUOT rac ce:

P-upuwucox, V-6oaymen, Nn-koauueciueo cyucwanya, T-iuemuepaiuypa

PaBenka 3a R-yHuBep3ajiHa raCHa KOHCTAHTA
cocTojoara Ha PV =nRT |z: 8,314 J mol-! K-!
HaeaJieH rac: J =Pam3

Baoxcno! Ilpu kopuciuerwe na 2oprnaiia pagenHka, eOunuyuile 3a Upuildlucox,

80NYMEH, KOAUYECUIB80 CYUCUIAHYA U Wemilepaiuypa mopa oa 6udaw: Pa, m3, mol
u K, cooosewuno.

Oiiwita xemuja, Baaenitiun Mupuecku
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Yupocuenu o6auyu Ha pasenkaiua 3a cocuiojoaiua Ha udeanex 2ac

[Ipu koncuanmuno Koauuecumeo Ha TacoT U KOHCULAHIUHA

wemuepauypa,
paBEHKATa 3a COCTOj0aTa Ha UICATTHAOT rac Ce€ yIpoCTyBa 10 CIEJHAOT
O0JIHK:
PV = nRT (1) MaTeMaTHYKHOT U3BOJ MOKaXKyBa ieKa IMPOU3BOJOT Ha
BeanurHUTE N, T 1 R € KOHCTaHTEeH, OUJIEjKU CUTE TPHU
N = const. (2) BEJIMYMHY c€ KOHCTaHTHHU (BUU TM paBeHkuTe 1-5). OTyka
cleqyBa JeKa BOTYMEHOT Ha TacoT, P KOHCTAHTHU
T = const. (3) TEMIEpaTypa U KOJIMYECTBO HA racoT, CE MEHYBa OOPATHO
R = const. ( 4) NPONOPLUAOHATHO €O NPUTHCOKOT (BumM ja paBeHKaTa 6).
Toa e cymuruHara Ha bojn-MapunoTOBHAOT 3aKOH.
PV = const. (5) bunejku npouszsopoT PV Mopa fia € KOHCTaHTEH, BO3MOKHO
€ J1a ce CIIopeNyBaaT ABE PAa3JIMYHU COCTOJOU HA racor,
const. OJTHOCHO paBe€HKAaTa 5 MOXe J]a ce HaIMMUIIE BO JIPYT OOJIUK,
P=—«+— (6) OTHOCHO BO OOJIMK Ha paBeHKaTta 7. PaBeHkara 7
\% OBO3MOXKYBa JIa CE€ MPECMETA €[IHA Off BEJIMYNHUATE, MOKOJIKY
|:)1V1 — P2V2 (7) TPUTE OCTaHATHU ce NO3HATU. Ha tipumep, NOKONKY Py, V; 1

V2 CC ITO3HATHU BCJIMYNHHA, TOralll MO2KE [1a CC ITPCCMETA U P2'

Oiiwita xemuja, Baaenitiun Mupuecku




IIpu koncumanmuno Koau4wecu6o Ha TacoOT U KOHCUAHUEH UPULUCOK,

paBeHKaTa 3a cocTtoj0aTa Ha UICATHUOT rac ce yopocTyBa [0 CASTHUOT

0OJINK:

PV =nRT (1)
n=const. (2)
P=const. (3)
R=const. (4)
V

—=const. (5
= (5)
V =const.T (6)
Vo

Tl T2

PaBenkara 6 mokaxyBa icka BOJTyMEHOT Ha racor,
IPY KOHCTAHTEH MMPUTHUCOK U KOHCTAHTHO
KOJIMYECTBO HA racoT, C€ MEHYBa
MIPaBOINPONOPLIMOHAIIHO CO allCOJyTHATA
temneparypara. Toa e cymitunara Ha [llapn-T'ej-
JIncakoB 3aKOH.

Pasenkara 7 0BO3MOXKYBA Jia ce€ CIIOPEAyBaaT JIBE
pPa3JIMYHA COCTO]OM Ha racoT. [JOKOJIKy ce mo3HaTh
TP BEJIMYMHHU Of] paBEHKaTa 7, Toral 4yeTBpTaTa
MOXKE JIECHO Jia CE MpeCcMeTa.

Baxcro e oa ce 3aiilomnu oexa 8o cuitie
MAUemMaiiuy Ky u3pasu 3a uoeaituiiie 2acosu,
eOUHUULU 3a lemilepaitlypaitia mopa 0a 6uoait
KeasuHosu citteitenu! Bo ciipoitiusHo, uspasuitie
He ce UOYHU.




IIpu koncuanmuno Koauqecum6o Ha TacoT U KOHCULAHIULEH 601y MEH,

paBeHKaTa 3a cocTtoj0aTa Ha UICATTHUOT rac ce yopocTyBa [0 CJASTHUOT

OOJINK:

PV =nRT (1)
n=const. (2)
V =const. (3)
R=const. (4)
P

—=const. (5
= (5)
P=const.T (6)
R_P o

Tl T2

PaBenkara 6 mokasxyBa fieka MIpUTUCOKOT
Ha UJICAJTHAOT rac, Mpu KOHCTaHTEH
BOJIYMEH ¥ KOHCTAaHTHO KOJIMUYECTBO Ha
racoT, C€ MEHyBa MPaBOMPONOPIHOHAIHO
CO TeMIlepaTypara.

PaBeHnkaTa 7 0BO3MOXKYBa Jia ce
criopefyBaar JIB€ pa3JIuyHMi COCTOJOU HA
racoT. J[IOKOJIKy ce MO3HaTH TPU BEJINYUHA
O]l paBeHKaTa 7, Toralll 4eTBpTaTa MoXxe
JIECHO Jla ce pecMeTa.
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HpI/I KOHCTAaHTHO KOJIMYCCTBO HA I'aCoOT, paBCHKATAa 34 COCTOj6aTa Ha
NOACAITHUOT raC €€ ynpocryBa Jo CJICJHUOT 00JIUK:

PV =nRT (1)
n=const. (2)
R=const. (4) Pasenkarta 6 0BO3MOXYBa J1a ce |
CIIOpeyBaat [IBe pa3IMYHU COCTOJOU Ha
PV —const. (5) racoT. JJOKOJIKY ce ITO3HATH IET BETUYNHA
T ' OJ] paBeHKaTa 7, Toraul mecrrata Moxe
JIECHO J1a ce IpecMeTa.
RVi _ PV, (6) - &
T T

Baxcno: 3akoHnuiue 3a uldeaaHuitie 2acosu co 3a0080AUIEAHA WIOYHOCHL |a
olluuLysaaitl cociiojbaitia u 0OHeCcy8arbeilio Ha peaaHuitle 2acosu, upu obuqHu
yeaosu. Ceilak, Kaj peaanuiie 2aco8uU HUOCHIOJAil UHIUEPAKUUU HOMeZY
yeciiudkuitie Ha zacoid. OOHecysarbeiio HA peasHuilie 2aco8U OWICIUANY8A 00
ilozope HageOeHUille 3aKOHU UpU 8UCOK Upuitiucok. Ilpu ittoa 0oaéa 0o 3201emy8He
Ha uHidepakyuuite (Upusseyu Ui 00OUBHU) LioMedy 2pAOUBHULIE YeCTUUYKU HA
2acoud. Iloxpaj osa, otuciuailysarsa ce jagysaaili U Upu HUCKA tdemilepailypa, Koza
KUHeUYKalla eHepuja Ha 4Yecllu4Kuile € Mmaad Cco WO UpuBaeuHuile
UHIUepaKyuuile Homezy HU8 Cllanysaaill ce UO3HAYUINEeAHU.
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A602a0p06 3aKOH: MOAEKYAU U MONAPEH
80.1YMEH

3HayajHa 3aciyra 3a pa30MpameTO Ha CTPYKTYypaTa U OTHECYBAKHETO HA TACOBUTUTE
CYIICTaHI[M UMa UTAJIMJaHCKUOT HayuyHuK AMajnieo ABoraapo. Toj, Bo 1811 roguna Bo MTanuja
MOCTaBWJI [IBE€ BasKHU XUIOTE3U BO BPCKA CO TACOBUTHUTE CYNCTAHIN:

Ilpsa xuiioiieza: Hajmaauwie wecuuudku 00 Kou ce u3zpadeHu acosuilie He ce
awiomu, wykKu pyuu 00 aiiomu kou ce suxaaiu moaexyau (lat. molliculus -
cuiuen).

Co oBaa xunore3a, ABOraipo 3a Ips I1aT r'o BOBEJ IOUMOT MO.A€Ky.na BO XxeMmujarta. J[lenec
3HaeMe JIeKa OBaa XMIOTe3a € caMo IelyMHO To4yHa. HajroneM fen o racoBUTUTE CyNICTaHIIU
HABUCTHUHA CE€ U3rPaJieHu Off MONEKYIH, Kako mto ce O,, CO,, H,, F,, Cl, nTH. Meryroa,

MOCTOjaT ¥ TAaCOBU YMHU I'PAJIMBHU €IMHKYU ce aTOMU. TakBu ce nHepTHUTE racoBu: He, Ne, Kr,
Xe, Rd.

Bitiopa xuiioitie3a: Hcuiu 60aymeHu 00 pasaudHu 2aco8u, Upu uciid Upuiiucox u
Wemuepauypa, coopicaid ucii 6poj moaexyau.

OgBaa xumoresa JACHCC € ITOTBPJACHA U BA2KN KAKO HAYYCH 3daKOH. HOCHGHI/IHa o1
ABOFaHpOBI/IOT 3daKOH €:

Hciu 6poj moaexkyau 00 pasau4u zacosu, upu uciiu ycaoseu, 3aaxaaiu uciu
eoaymen. Hau, 6oaymenoid na 6unokoj zac aasucu camo oo opojoiu na
yeciiu4Kuile, a He 00 HUBHUOUL XeMUCKU 8UO.

Oiiwita xemuja, Baaenitiun Mupuecku
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[Tpu cranmapmau ycnosu (P =101.325,00 Pa, T = 273,15 K) efgeH MoJI off
ouo Koj rac 3acgaka BoiaymeH ofi 22,4 dms3. OBoj BolyMeH ce HapeKyBa
MOaapen 6oaymen Ha racosure, V= 22,4 dm’/mol. Copen oBa, cienysa
HOBAa Jie(prHUIIA]a 32 KOIMYECTBO CYNCTAHIIA:

” Baxno: OBaa (popmyna Baxxu caMo 32 racOBHM NPH CTAHAAPIHHA YCIOBH!
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darmonoe 3aKon 3a uapyujanrnu upumiucoyu

3AKOHOIL ce 0OHeCY8ad HA cmeca 00 2acO8U U 2AACU.

Bxyunuow upuiuucok na zacnaiua cmeca e 30up 00 uooooeanuiue,
uapyujannuwie, UpulLUCOyU HA 2aCOBULILE WO ja COYUHY8aaul
cmecauua.
P=P,+P,+...+P,
P - BKyIIEeH IpUTUCOK Ha racHaTa cMeca

P,- uapyujanen upuiuucok 1a N-rata racCHa KOMIIOHEHTA

Hapyujasnuow upuiiucoxk Ha eOHa 2ACHA KOMUOHEHWA B0
2aCHA cmMeca e EOHAKO8 HA UPUMMUCOKOW WO aa
KOMUOHeHWa Ou 20 eépweana Koa Ou Ouna eOuHcUIBeHA B0
8KYUHUOU 60AYMEH WIUO 20 3ahaka zachawia cmeca.

Otiwiua xemuja, Baaenitiun Mupuecku
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Oupeodenysarwe HaA peaaiiuBHAUUA MONACKYACKA MAcCA HA
2acosuiue

PaBenka 3a cocToj0aTa Ha ujeaneH rac MOXxe Jja ce HICKOPHUCTH 3a ONpefeTyBambe
Ha MoJlapHaTa Maca Ha racoBuTe. Co eqTHOCTaBHA MaTeMaTUUKH TpaHcopMaluu
Ha paBeHKaTa 3a cocToj0aTa Ha WfiealieH rac ce mokaxysa jieka MoJlapHaTa Maca
Ha racoT MOXKe Jla ce OTpeJeNin aKo € M03HaTa HeroBaTa I'yCTUHA MPU onpefiesieHa
TeMIlepaTypa v MPUTUCOK.

PV = nRT
m

n=—

M

Ppv = M R
M

PM = DL RT
V

sy

Loy

M—'ORT
P

M = M_l
g mol

Excuepumenianna uocuauxka:

Ce ompepenyBa rycTuHaTa Ha racoT MPEKY MEPEHmE Ha
MacaTa W BOJIYMEHOT Ha racoT MPHU PA3TUYHA IPUTUCONN.
Ce BpIIM €KCTPANOIVPAKE HA 3aBUCHOCTA HA T'yCTUHATA
0 O]l MPUTUCOKOT P, 10 6ECKOHEYHO MaJl MPUTHUCOK, 3a Ja
ce Ompefesu T.H. " 2panHuyuHa 2ycuiuHa’ Ha racot. [Ipu
OeckpajHO Maj MPUTHCOK, CE NPETIOCTaByBa MEKa H
UHTEPAKIMANUTE TOMEly YECTUYKHTE Ha TracoT ce
OecKpajHO MaJii, Ma PEJIHUOT rac OM ce OHECYBaJl KaKOo
UJIeaseH, a CO Toa U OM OMIIO ONMPABHAHO KOPUCTEHETO
Ha paBEHKaTa 3a cocToj0aTa Ha hjealieH rac.
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