wgdaos # 10
393790 MH0 BoB03oLO O 1MIMIM©PObIT0I0L Logydzwgdo

00950 33H930L Fcaemglmerme 306930390 mgMmMOos.
UGo@obE03MMm0 s 009M3M@obsdolzm®mo 8gommgdo.

00095 M0 35Bol 3olgMo 356mbgdo

33@930L  BAsGoLGH03MMo s mgMdmEobsdogmmo 9gmmEgdo. M3 mHo BoBOIs s
096030658035 5M0oL obozol bsfogdo, H®Awgddos dgobfiogergds bbgwmwgddo d0dobat

3o3mmligm3mmo  3Mmaglgdo, OmIwgdog 9goEe3gb  o9BHMIGOoLs s  BMEY3MEGIOL  OTMZ
509bMdL. 58 3O (39L9d0L B533eg35 299M0Yqbgds MG, BsMOLLMOIMOZ5 oBLL3Z5390ME0
96m3sbgmol  dqdaglgdgero  dgomo:  BESGHOLE03MMo  (Amerg3Eme-306930396M0)  ©s
0930 065803960. 30639000 FoMdMoygbl dmeg329@o B0HB030L Bogdzgwl, begrm dgmdy
0960306530 30L5L

3930 BoBoIs - oHozol bofforos, HMIgeoi dgolfogerol 603m0gMmgdol sbogmdsls
@5 309093l  dmrg3MEM-30069303960 Homdmqbgdol Lsxkmdzgw By, MMIgEroE 93Yseds
005L, MMA yzgws LBbgmwgdo 99ygd0sb 9meng39wgdologsb, GMIwgdog 96056 gobmfiygzgdgw
Jombive 8cmdGmomdsdo.

503000960900 5GHMINGO 5390930l 00d, XIM 300093 B390L FgwmomMobgzsdg Hodmaggbs
d39w89M3d963s BomlmBMLds ©YIM3M0EJ. SGHMIoLE03S 33103 s0MmMdobs dbmemg XVIII L.
@S 296300006090  0gm  @wMmIMbmlcmgol IHMIGddo. I3 SO0 MJMOO0L  I33M0
396300560905 309336905 XIX Lowy3mbol dwgs (ergdl, s 93953806090 E0s ©.3eoboLob,
X-059U39@0L S .3 33560l FOMTGOM.

3639900, GMIGEd0E d9oLHogergds dmerg3EME B0B03sd0, FoMdmoygbl dmemg3wmwrgdols
MBHMI>DM0 MHoEbgzol 9hHmMdE030 J9ggdol F9gal. FMg3MEEsms YHIMTSBIMO MoibzoL

J3o30oL  39bmbgdo,  HomBmoagbl M LEIGHOLEINO  39bMbBBMT0gMgdgdL,  dgolfogzergds
UBG3GoLEGH03MM0 3900m@gd0L LsdrsEgdom. gl 3goMEO §dgsMgds 0dsl, Md Lodmemm 6500
3536mb3M3o LobEgdol m3z30L9d900 gboLsBO3MYds LobEYIoL Bofows3gdol m30LYdgd0m, Js0
dmdGOsMmdOL 193090 M0gd0m s 98 Bofloerszgdol  @obsdommo  Bobsliosmgdergdols
3obs915¢m98:9¢m0 3600369 ™0dgd0m (LoBJs6g, 9bgMa0s s 5.8.). 3sy. Lbgmol &gddgsd M
2960LsBE3MNds dolo FMg399gdol JomEHMHo IMIMSMdOL LoBJosMom, Fsa®msd 0dols godm, MHmI



©@OMoL 69doldoge dmdgb@do Lbgsslbgs dmeg3meEgdl 2s5Bbosm goblibgsggdwmwo Lbobdstggdo,
5303™md 00 890dEgds  godmbod e 0dbsl IbmwmE dmwg3Mmgdol dmdmomdol  LoBds®mols
Lodmoeem 3603369 mdgdom. 96 Fg0dEgds O35M530 9OHMO  TMEg3MEol  (Hgd3geodMsByY.
5060950, Lbbgmegdol o30Mb3M3ME FoboslosmMgdgdl BoBOIMMO SHBEMO 255Bbosm Tbmem
9tm93100930L OO MM bmdol d9dmbggzsdo.

09300653035~ B0DB030L boffoeros, HmIgaroi Igolfsgerol mg@mdmobsdolzme Hmblfimmmdols
8 M356HgMd5do gme3, 3530ML3M3me LobGHYIob Dms M30B90gdL S 93Ol 3MIM(39LYdL 5O
9 M356MH9MdgdL FmMobL. MgMIMEObsdozs 56 49bobowsgl 3o3MM3MHM3gLYRL, MMdwgdoi dgal s
39M5ddb9d0l bog3d3zgendo. sdom 09306530390 390om©O 3oblb35333905
LEAHOGOLAHO3MM0B. MYOIMPOLsTo3s 9gdgscgds ™ LoHgoll - BMbITIDEHIWME  356MmbgdL,
503960l 30000 dmbo399930L gobBMAsEMgdOL Tggas©. M9MHIM©Obsdoz0L godmygbgdols
509 A9(30MGI0M BoMIYS 300069 FMg3MIM-3069303MM0 JMMOOL, MOEYPH 5 HMLYOIMBL
R0HBo3oL  @d JodooL 9M9ggd0, OMIWGddoz 96  FgodErgds  AddMYgbgdeo 96 0dbsls
090H3dMmE0bsdozMwo  IgomEgdo.  Bopa®ed, Igmegl  dbGOZ3,  MgMIMEObsdormo  IgomEo
65000965039 9O M0s: 09MHIMPOBI0Zs 5ORIOL 56 53dML 60300gMgdOL do3MH MMM
50605,  dm3wgbol  99doboBIbg, o  93Ysgdl  FbBMEMm© 393006l 603009gMgdOL
3536mb3M3M  ®3089098L TmGOL.  IMerg3EMEM-3069303MMO0 MMM s YMHIMPObF03S
MOM0JOH 5319096 9OHMTbYIL, J3b0sb M5 gOH0SE Fgls, Foa®sd 2oblb3zs3000056 33930l
Lbgoolibgs dgmm©gdoom.

0903006530358 Logddg 993l MMBME0BsTogME LoliEYdgdmsh - Bs30mbzm3mwmo Lbgmewgdols
JONMIOMOSLMID, OO0 MOP0IONJINI0I06 s 330056 969MYOL, BMAMOE 9OHTsbgmL
dme0U, s1939 bbgs Lbgmergdmsb (gotg gocgdmbmsb). mgMmdmobsdozm®mo dgommeol Lsgdgzgaos
0903065803900 LoLEGIIOL FEAMISOIMOOL ABLIBWIMS. LoLEHIIOL TEAMIMGMDdS FrMOo393S
090306530360 3565893 MH9000 (BaMTsMmgmMdOL 356M539EHMYd0) - B0BO3WMHO LoWOEIgdOL
9ONMIWOMBS, MHMIGEoE bslosmgOL gMHIM©0bs303M0 LobEHGIol M30L909dL. B39 gdcmog
8 M356MH9Md0L 356M539@M9ds® 0069396 }9d39GM0EMML, 6935l s bggMom dmEmemdsls.

$99396M5GHOS - 9GO0 JoMHOMOO (369055, HMIgoi 8608369eM396 MMl MsdsdMBL, 56>
3sOGM 009MIM0b5303580, 965990 MY B0H03sd0. 030 M0l MYMHIMObsdozMMo LoliEgdol
doboliosmgdgeo B0HB0IMNMO LoOY. MBsbTs DMy [mbols XI aqbgMowrm®mo 3mbxgMgbizools
3900509393 0wgdobs (1960 §.), ©gl-E®IMdom, Fgodwgds TbmEwmE MmO 39gd3gMoEMOEo
13500l godmygbgds:  3MYMIMEPObsToMEMOL s  LogMmsdmMolim  3MsgdEogmol, MmIwgdos
99L50530bOE  PMOPYOMYPOMEO  5M0SD 3903069030 (K) s 39ebombol  aGebgddo  (C°).
159M5MGOLM 3M5dBH03Me 835esDBY, Fywol Aogobgzols s Mool F9adgMe@wy®s, 1,013-10°
35 $993965GH1MsBY gLsdsdola 50056 0° s 100° (Mg3gPmero FaME0wgd0).



0gM3n065303MM0 GH9ga39MsGH M vyeo B3ses gsbolsbmzMgds ghmo MHg3gMveo HodEowom,
OIgog Homdmoagbl figerols bsddsy FgMGHowl (3H9d3dgesdes, MHmIgubya yobmaro, fgswo s
239X 9JOJOMo mOmndwo 609 35 (1B5935D9g, 009mxzgd0sb 09MHIM06530396 Fmbolifim®mdsdo). 50
090G0ob 9d396M5G M 09MIM©0bsdolzm® 35y Gmeros 273,16 K. 3gbonlols ycmsmbo
G005 39003060. 099MIM065303M6 B35 Fyaol gogyobzols ¢gddgesdMs Gmeos 273,15K-l
(0g039 §6935%9, OGMymOE LogMmsdmMobm  3M5dBHo3Mw U3owsbg), doGHmd, 2sblybrzdom,
096030b6580379600 3$9339M5GHEMs @5 HJI3gMoEMMS LogMHmodmGmOolm 3Mogd@03rImo B3swom
5393006909930 50056 M9bsTBIOOMOOM

T=273,15+t

}9939M5@Ms T=0K, ofjmgds 393060l bmems. bbgsalibgs 3GmiEgligdols sbsgrobo vBg969dL,
603 0K 800§9390005, 0935 Fobmsb J0sbermgds Modgbssg 2690930 sBEMmb Tgbodegdgos.

b3906M000 INEMEMDS U - 56GOL JOHMGYo IMEMEmdOL Tob. MHmEs Lbgmwo gomyzsmHm3s60s,
9.0. 9obo bo0d33M03g p=const, 85806 v=V/m=1/p. GoEY6>3 dmIogo TdsLoLLL bzgGomo
AmEM@™ds  3OM3MOE0MWos  Boghomm  ImEEmdol,  sdo@Gmd  gemp3smm3sbo  bbgmeols
35360b3M3o 130890900 Fgodegds IbLILOsMEIL Lbgol dmmEmdom.

LoLEGHYIoL FEAMIMYMOOL 356599 BHMJd0 90dEgds 0333 9dMm©IL. BgdoLdogMo (33X0EGdL
0963065303  LobBHgdsdo, ©s393806M9dMl  Mbs dolbo  gemgHMO  35653gBHEMOL
330WgdsLMSD, 9im©Yds 9MIMEObsTo3MMo 3MME3glo. Fo3MML3M3MEo LobEGHgds 08Yymasgds
0930065303796 Fbslifmdmdsdo, 0 dobo dymdsmgmds EOMOL 256353wMd5d0 56 033WYds
(0golbdgds, MM 4oBLsboggwo LolGgdol oM 30OHMBYdO 5T POML 56 033EYds).

89379 M-3069303960 09mM05d0 BoMygdw™mdgb 0EYsEM®Mo 060l 0o bomgdrycmo
J02@©9¢c0m, GOl MsbsbdooE M3w0sb, HMO:

1. 8m9399e0gdol 13O BMEMEMdS MLSLOIME F30095 FYIOFol IMELMISLIO
3905609000.

2. 25%ob Img399dL MOl »OH00gMHJIgId0L doEgdo 56 SMLYIMI6.

3. 295B0ob dmg3wgdol gOHmMIsbgm™Mb s F9OFol 3900 GdMID IR IHYOS SBBMENYEH MO
Q6MY39QO00.

00©JOMM0 35HOL IMYro d90dwgds 459mygbgdme 0gbsls MgocMo 2sbgdol dglfogerobal,
50356 0060, bMMI> OB Joobermgd e 306HMdYBT0 (859, 956805000 s 390vdo), s SBY39
©505¢00 §693900L58 O FoLoo 3H939MOEIMHGOOLLL, sbEPMLss Msgz30l0 M30L7dYdIOM 0YSEIE
39Bmb. gots 530Ls, 39633900 dglHimEgdgdol dg@Eobom (MMIgEoE 0035¢olHobgdl AsBols



9te93009gd0L Bo3ms® dmEImdsl s 3mddgE Imerg39E dosegdls), 3933000 J9IZ0IM
9500 A5Dgd0L 0gMMH0sDY.

39630bowmm 356Mmbgdo, HMId05 s0igMgb 0O A5BIOOL Ji3939U.

0o-35G0m@GH0L 356mbo: dm393meo dsbol 4oBobmzol, 39doz0 GHgddgmo@rImobols, gobols
$6930L 6596530 ol M EMYWMdIBY F9T030 LOWOY.:

pV =const, Mmgs T =const, s> m = const. (1)

360, OMIgos godmbobgl odm30gdIegdsl p s V Loogqgdl dm®ol, GMmdgmos
5bsLosMYdL B03M0gMgdOL M30LgdgAL FTo30  FHJI3IMOGMMOL ML JhHmEIds 0BMmmYMIs.
0bMmgM3q00 HoMmdMoagb9b 30396MdMgdl, GMIgdoE M9x303Dg FobEsaadMEo G056 dom
WREOM o, M3 MBRO® 39305 3$9JI3YMGOs, Mmdgebya d0d0bscgmdl 3Mmigbo (L. 1).

P
t o
T,
T3
0 v
b6, 1

390-Mls30l  396mbgdo: 1. dmEgdmeo dsbol oBol ImEMeErmds, dmdogzo (bgz0l O™,
033905 i35035 Ggd3gMHoEIMHoLRD ©sdM30EIdO:

V =Vo(l+at), Gm@Es p=const, ©s m=const; (2)

2. 9m@Egdmo Lol sbol (6935, 9M©dozo FmEmErmdol ©EO™ML, 033wgds MR350
A9939653MH0LYsb sdM30EIdOm:

p = po(l+at), Gmgs V=const, Q5  m=const. (3)



59 296909030 t-3H939M5EHwI6sd 390LoMLOL Bswom,po s Vo 16935 s ImEmmds 0°C-by,
3M99803096¢0 a =1/273,15 K.

36m3gll, ©mdgwoi 900obsgmdl  dmdogo (6930l OML  gfimgds  0DMBdsGMYO.
©053M535H9 V 5 t 300mO©0bs3Hgddo (Lme. 2), gl 3MMmEgLo 253molobgds fMx0m, HMIGELSE
90905 0BMdMS.

vy P2 = const
p; = const
-ir‘):: T
_10 t, °C
Qo
b6, 2

36m39L0o, ®M3gerog J090bsMMdL 3993030 dMEEMdOLOL 0ffmEgds 0BMmIMMHMES.

P
V, = const
/ V, = const
1/"1 > VE
& —
_1d t, °C
0y H
¢ 1 T, K
o 1

L. 3



05365359 (bwy®. 3), p s t 3MMOEOLSEHJOT0 0l 259MOLHHYdS OBMIMMSE [rrEdMwo FOHRom.
(2) 5 (3)-96 godmOL, HMI 0BMOIMYIOO0 S 0BMIMEOGOO FH9Jd3gMHoEIMHOL gMAL 339mgb t=-1/a= -
273,15°C §i96@0wdo, G:mdgeog 3obolsdmg®gds (1+at)=0, 306HMmd0sb. vy sm3wol Lomaggl
39005303960 53 {9OE0wdo, 35906 Imbgds 393060l U3oesBYg FooLgWs (LY®. 3), BLooobsg

T=t+1/a.

09 (2) ©s (3) gmOINWIddo 93030 9MHIM©0BI303MG  3H9I3GOOGHEML, go-elszol
396mbgdl 8godergds dog3gl MBOM ImbgMbgdwyeo Lsby:

V = Vo(1+at)=Vo(1+a(T-1/a)=Voa T

p = po(1+at)=po(1+a(T-1/x)=poaT
Vi/Va=Ti/T2  Gm@s p=const, m=const, (4)
pi/p2=Ti/T2  Gemgs V=const, m= const, (5)

Looi 0bgdbgdo 1 s 2, 80937936905 69doldoge dEyMTsMgMdLl, MMIgeoE dg3b 9o
0DBMBIMBLS 96 0BMJMM5BY.

53M5MML  356mbo. 6300Ld0gMO 25Bol Mo JOHMPL0303g BHY39MGHWMOLS s §bgzoLols
035390l &M ImEmEmdgdlL. bm®Ts)H 3060HMdYddo gl FIMEmErmds GHmeos 22,41-10° 3%/0meo.

39bLsBOOGBOm, Lbgzsslbgs 60gm0gMgdol 9hmo dmeo JgoEegl dmerg39Iegdol 9M0PI0R039
omOYbMdsL, HMIGELE 9HMOYdS 53MP3MML FMdogs:

Na = 6,022-10% deaqmo™.

©3EHMboL 356mbo: 0o gobgdol bobgzol (16939, GHmeos sbido T9dogocro dsHgdols
396 305¢M0 (16939000 p1, p2,..., pn XSd0OU:

p=pi+Pp2+...+DPn

35ME30sMmo (6939, 560l (16935, HMIglsig sfoMdmgds 4oBol bstrgzdo 89dsgswo 4obo, 0
090 ©03539005 33 MOSL, BHMl, 556930l IMEMWMBOLY, 03039 3JI3JOOBHMESDY.

3W539060mmb-0969e9930L 39bEMegds

OMAMOE 99339 04M 50b0dbMwo, 256033990 FoLoL A5HBOL FEYMTsMIMBS F5BOLIBOZMYdS Lodo
0963065303160 356589@Gom: (jbgz0m p, dm ®d0m V ©s 39339653600 T. 8o dmMol
ARSI 33 90 3300 p, 0O3IL 5 HJ939M3OY



SOLBYIMBL 9633970 35300610, MMIJLsE 9jm©Yds amdsmgmdol sbGHMEgds, MMIgos
Dmgo0 Lsbom dmo3gds 2odmbsbmegdoom

f(p,V,T) =0,

(d9wdoE 00MMIM0 3300 HoMmBmoygbl MmMo IBsMRIBOL 73mbd30sl. BMBATs 0bsgobgMTs
@S BoHBo3MLAs 0.300539060MbBTS  259M0Yz965 0©JoMMmO 25Dol FEYMTMYMOOL  QoBEGHMgdS,
3999600565 M5 3MOE-F5O0MEHOBS s 3JO-WL30L 39bMBYdO. 303500 FoBOL MOWOE MOMEIbMdS
035390L V1 8m3memmdsl, 543l p1 {6935 o 089mxnqds Ti $H9d39Mo@rers®dy. 4oBol ogogg dsbs bbgs
6900Ld0gem  dyMIsMgMdTo  bollosmEgds  350589GHMgdom p2, V2, T2 (LyH. 4). 2ooLZWS
90 M356M9M00b 1 IMTocmgmds 2-do bmME09wgds Mo 3GMm3E oL bLobom: ) 0BMMYHIMEOl
(0BMmg®Mds 1-1'), ) 0bBMJMOHMEol (0bmdmEs 1'-2).

7

_ T

Pit———p, V1, Th

! f' " V.

pl———-i——-—— Pur ‘27T1

£ R AR
] l —_—

0 Vi Vy V

b6, 4

dMO-356MH0ME0LS O 3g0-es30L 356Mmbgdol Msbsbdo dgaz0deros bogfgmmon:
piVi=pi'V' (6)
p'i/p2 = Ti/T2 (7)

0] 59 3569098050 godmzm0Eb3m p'1, 30300900

p1Vi/T1 = p2V2/T2



5096533 3MIoMgMd00 1 s 2 5m4Bgme 0y3bgb 6gdoldogMs, s80GH™A 4oHBol dm3gdwmewro
dsbobomgol pV/T boowy MRYds 30350, 5649

(pV/T) =B = const (8)

b 98mbobmemgds  FoMdmoygbl  3es3goMmmbols gsbEMgdst, Mmdgwdos B {omBmowagbl
39H96 399T035L, OMIgois 3o6Ub253989¢0s Lb3sslb3s 35 Bgdoliooz0l.

63> 393bogMBs 89bYg93ds, Fo59Mm05bs 3¢05390MMbOL QobEHMEGds 53MYPIEOML 356Mmb:b,
3053mm3bs M5 (8) gobBHMEgds 9P Mo, FMEsMMEro  dMEEPMmdOL Vi, godmygbgdoom.
53M5OML 356Mmbol MsbsbTs §MH0s02039 P s T-U WML yz9es A3HYOOL dmEo 03539996
9ONBs06 FMEsGre 33Ol Vi, 5d0@md B 39dogs 0dbqds g9Gorbsotko gggers 35 bgdoliozol.
9L, Y39s goBgdobmz0l Loghmm d9dogzs 500b0dbgds R-00 s 9him©gds dmeswymo 45HwHo
9d0039.

390@GMgdsL
pVm = RT )

53054mR0gdl bmEmE 0o ®O 45H0, s 530EMI 080 [oMBMoIBL 0EYsWMHO A53Bols
00pM35MmgmdOL  g3bBHMegdsl, OMIgwlbsg  db939  MHMm©gdI6  Jwsdgo®mb  8gbgmggzol
3963 Megdsls.

A0 2D MMo 399d0g5L HoEbgomo 3603369 Mds 2560LSBMZ3MGdS (9) BMOTME0IH,
5839000, O™ Q5HoL IMo 0894mzgds brmMToErmE daMmdsMgmdsdo (po=1,013-105 3s, To=273,15 K,
Vm=22,41-10"3 8%/0dmqno0): R=8,31 x/(dmeno-K).

(9) 3963M@g00sb oBoL Fobm3ol Fgodwrgds  goILZWs  JWs3g0MmMB-09bgKrgg30L
2396@MgdsHg  2obol  Bgdolbdogmo  TsLoLm3zol. vy OHMIgEoEsg dmigdeo  iB9g30Ls o
A99396M53MMHoLmM30L 9OHDO dMmOo J5HBO 0393908 Vm dmEwermdsl, d5d0b 0go3g 306Md7dd0 3sBols
m 3sbs 50353908 IMEMYMdsL V=(m/p)Vm, Lo@sg H-0mes®eo dsbos (603000960930L ghoo
3ol 3sbss). B0 dsbol gOHMIME0s 30EMAMST0 JMeDBY. 3ws3goMmbol-dgbwgamggzols
396@G™Mgds m doLol goBolmzol

pV = (m/pW)RT = vRT (10)
Logo3 v = m/p 60300096900l Mrom©gbmdss.

bdoMo Lo MdI6  0©YoMOO  FoBoL  FEYMIIMGMOOL  2obEHMEGdOL  M5IIbsdY
396Lb35390wo BMOIom, G9dmyszm o dmerEdsbols 3mdogs:



k=R/Na=1,38-10% x/K
90 M35MM00L 456EMEgdsbY oYMHbMdom (9) Bo3fgHmo Lsbom
p = RT/Vm =KNaAT/Vm = nkT,
Loo3 Na/Vm=n 8mg3mwgdol  30m6396@Gs3055  (meg3megdol  Mosbzo  dmEmemdols
9699 d0). 5IO0YS®, FobEGHMMGd0H6
p =nkT (11)

3°0m©oL,  GMmd 0O gobolb  bgzs  ImEgdm  G9d39MeGVIMSDY  30MS30M
3OM3MOE00s  Jomo  IMg3Mergdol  3m63gbGH®moEool (56 2sBol 1Lodzz®ogzol). 9gHmbsoM

H9939M5@MsLS s (693599, IMEME@dol gMmgEdo yzgums oo 8903938 Imerg3megdols 9hHom
@5 03039 50 bmdsl. 1 8 25Bdo, br®BIseroy® 306589800 BrEng3rIsms oEbll Mfmgdgb

mddo ol Gosbgl:
N1 = po/(KTo) = 2,68-10% 97,
075 M0 33B9dol ImMerg3MeE®-30693H03MM0 mgm®ool JoMOMSEO
3950 ™Megds

3 9306-30693039600 09mOO00L d0M0MSEO FobEMEgdol 2sdmoyzsbs gobgzobowmmm
9OD5GHMI0560 0o MOO A5D0. ©31d35m, MM Q5BOL IMH3gdo FMIMIMIE JomEHmEs,

Q@5 3oBoL IM93999dL FMEOOL YYOHMOJGOHD IXIHJISMS MOEHIO MAE3909YMAROS FMMFEol




3000wq0Hg  oxsbgdsms  MoEbgzmeb  F9o®gdom, OMIGdIOE  SOLMWNBHMMOIQ  OMY3IIWO0S.
F1960F0ol 390090bBg 290Mm39mo M50dg gargdgb@Bo®o Rommo AS (LwE. 5) s oTM300035W Mo
06935, O®3gEboE FoBo fo®mMgdL 53 BoONDY. PMOMMGMWO IR SHYOOLSL, TMEPg3Ms HMIYEO3
3dO5mMdL BoOMOL 3903960039 sOHIS, 253l ol 03349l mov-(-mov) = 2mov, Ly Mo
3930l dsbss, v 3o Bolo Lobdseg. At-EH™MTo AS Goeml Jos®{gal bmEmE ol dmerg3megdo,
Iwgdog Immoglgdmos AS @wmdols s VAt bodseol 30ob®ol dmiEmeemdsdo. 53

d9g3900mS HOEHZ0 BHMeos NASVAL-LO (Fmeg3mEsms 3mbEIBEGHME05).

05650, 530 GOJ05 o35 olHobgds, MM Mo MEms© AS BIOMOL3Y6 g3 gdo
dmdGmsmdgb  LBbgoolbgs  3Mmbom @s  gosBbosoy  LBbgoolbgs LoBJoMggdo, msbsg  ymzgwo

©OXObgooLOL  AMg3Megdol Lobdotg  033wgds. 29TMM3WgdoL  AoLsBMEH 03900,
9009379 9g30L Jom@n® 8cdMoMmdsl (33e0s6 dmdMoMmdom, Lo MOMOYMH® 39039603 MWSOHIO

©9Mdob 2obf3Mog obYy, MMd OMoL 69doldogea dmdgb@Hdo mommgmwo dosmysbols golizmog
3mdG5mdL  IMg37gdol 1/3, 0sbsg domo ghmo bobgzs®o, b 1/6 dmdEmsmdl dmEgdwmwo
80050 gdol  4olfgmog ghm  dboGgl, bmeom Jgmeg bobgzs®o  Lofobsswdogame. 95306,
dm39999wo 3035M0gd00 IMdMO3 FMEPGIMEIMS, IXIDJOIMS MoEbzo AS FsONDBY 0dbgds
(1/6) nASvALt. gls 393 gd0 BoMICMD X sbOOLL QoLE3IIGD Foon 03l

AP = 2mov-(1/6) nASvuAt = 1/3nmouv?ASAt.
35306 goBob (6935, ®MmIgarbsi ol sHoMmBdmgdL F»6Ferol 39y by,
p = AP/(AtAS) = 1/3nmov? (12)

0v) 30 25%0 V 8m3emdsdo 8mo3sgb N dmeng3meosl, Hmaggdoi dmd®omdgb vl vz,.., UN
LoBJo60m, 8580b 30Bbgfimbowros gobgobowrmo Bsdmswrm 335Ms@Eweo LoBJoMy

1
<= (T2, (13)

HMIJ03 9HIBOsMYOL 25DolL g3 gdol Inge GOMNMIOMOS.
396@GMgds (12), (13)-b gom35¢olfobgdoom Joowgdls Labgls
p = 1/3nmo<vu;>2. (14)

3odmlobmargds (14)-b 9fHm©gds 0YIMO 3HgdoL FmeglmeM-3069E03mM0 MgMEMOool
do6M005EO  39bGHMEgds. 439w dgboderm  808sMmMMEgdom M3 gdol  BmdMomdol

3903500069000 HBMBEO 253100, 0935 04039 BMEOTNESL.
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0] 3930035¢00{0b90m, ™A n=N/V, d030090m
pV = 1/3Nmo<uvy;>?, (15)
56
pV = 2/3(N-mo<vy;>%/2) = 2/3 E, (16)
Loo@E E-g0B0ob yzgams 8meng349egdol os@sbomo dmdmomdol xsdwmo 3069303160 gbgeyoss.
59653 3oBoL Jols m=Nmo, go6@mMengds (15) 990degds 490fgM0 0dbsls G98gy0 Loboom
pV = 1/3 ‘m<vy;>2.
96000 30 25Dolm3zol m=p (L-0mE)MHo Joboss), 5d0EHM™a
PVm = 1/3 -p<vy>?,

LoOE Vm-8m@o®¥emo dsbos. 9gmegl b6z 3arsdgommb-99bgumgg3ol gob@megdol msbsbdo,
pVm = RT. 5960350

RT =1/3 -pl1/3 -p<vu;>?,

Lo0Ibs3

<Uig> = /321 . (17)

096533 H=moNa, LSS Mo-9MH0 IMg329ol Tobsd, beagnm Na-53MmQ5MHML ddogs (17)-sb

3RT 3KT
<Vyg> = - =, (18)
mONA mo

boo3 K=R/Na-3mEdsbols 8v9dogss. 99996 303300, MM 556305000l Img3mewgdl mmsbol
09339M5¢ M5B9 go5Bbosm LEFMsem 335MsEE0 LoBdoMg 480 3/§d, {igoerdsolbsl 1900 d/§a.

399m©ob, O3

00JOMM0 oBoL GO0 FMg3MEOL 4909EH000 FMIMSMdOL Lodmom 3069¢303MM0 9bgMA0s
<€o> = E/N = mo <vu3>%/2 = (3/2)KT (19)

09603065803796M0 3H993965@IOOL 3OHM3MOE0w05 S FbMmEm FslBYs dM30EIOYIENO. 53
3906@™Mg30@sb 259m©ol, M T=0-bBg, <e0>=0, 56 0 K-Bg goBol dmeg3megdol gos@sbomo
dmdGsmds 9 q0s, ©@s FgLodsdolo dobo (6935 GHMos 0-b. MRS, 0gMHIMOBIT03MOO
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A99396M5GHMMS oMMy gbl  0©JoMmO  oBol  FMEY3MEgdOL, FIIGHBOMO  FMIMSMOOUL,
Lodwowm 306930379600 9bgMyool LoBmdl, s FmEIMws (19) FoMdmoybl GH9gddgho@wcol

36900l 9931w ©-30693H03M6 SbLbsL.

0QJ5¢M0 33bols Imerg3megdols Lomdwymo dmdmomdols LoBdoMols s gbghaogdols
dobggz00m 3365foemgdols dsgduggerols 356mbo

dmg306-30693039600 0gmM00ol JoM0mMs©o BMMIMEoL  25dmyz3s60Lsl  dmeng3mwgdl
560390bg  Lbgoolbgs  LoBJoggdl. M35 X MO0  IXIbJIOL  TgIRO©  POMMYMEO
dmg3meol  LBoBJoMg 033wgds  GMmamO3  LoEOEOom 01939 0O Yd0m.  BoaMsa
3m93w9gd0L Jom@GHOo ImdGomdol godm, ImdMsmdol Yyz9ws 30dsMm0YIEngds 09BdIMSMBSMOS,
9.0. 630013090 J0FOMNGOOm 15FSEME FMIOSMOL IMEY3YWIMS JOMNBIOOO MOMPIOMDS.

dmg3M-30693H039600  09mMH00L  obsbdo,  GmamOHE 9O Mbs 033w gdm©IlL
dmg3mgdol  BoBJo6ggdo  oxsbgdolsl, asbol mo  dsbob  dmerg3Megdol  Lodwmosm

3339000530 BoBJomg, Hmbsbfirm®mdol dymdsdgmdsdo, T=const-bol, GRS 33030 S GHMWO
<Uuy> = m . 9b 50bLbgds 0dom, MMA [rbsLMHMdOL dEyMTsMgMdST0 Yma3 AsBTo FYs6rIYOS
3960339990 BEASEOMbIOWMWOD, OMIO (33w 90, BMEg3MEgool  gobofoegds LokJoMggdols
dobgzom, MMIgwog 9dgsmgds LEWOSE ABLIHBWIOM BESGHOLEH0IMEO 356MmbL. gl 356mbo
0JMOOMESE 49dMmY3z560 0gbs x.d5duzgemol doge.

dmg3mgdol  bLohdo®ggdol dobggzom  gobsfogdols  3obmbols  dsdmygzsbolisl  doglggwro
339009, O™ 45H0 F9EJOMOS 030379M0 IMEH399gd0l do0sb OO MO(3b30LYG, MMIwgdos
0094m3x390056 Mglerogm LBomdMGO IMIM>MdOL dEAMI>MGMds30, JMmMbsoMO FHga3gMsdIMoLSL.
51939 ©903390Ms, ®MI Q5HBY 56 FmJdg909b M50T9 doemO 3gargdo.

doduggerols  396mbo  smofigtgds  GMAgwoms  f(v)  BWbJgoom,  OHMIgLsz  9hHimgds
dcm9g39egdol BLoBJsMggdol dobggzom dsbsfioergdols gmbdEos. oy dmemg3wmaergdol LoBJsMgadol
©0535HMbL s3YmBm J306Mg duv 0b6EYM35¢9ds©, B5d0b LoBJsMOL MOMMgME 0bEHYMZoW by, dgs

3t93@0md BHMIgEorsss dN(V) Mobgo, OHMAgEmsa 994bgdsm 58 0bEgMzswdo Bmmsgligdmwro
LoBRJs69900. BMbJ30s (1) AoBLEBOZMOZL Mgz sms dAN(V)/N BoerEmdom MHoEbal, MHMIGEmS
LobBds®qqd03 d93L 06EHIM35¢ 0 V-sb v+du, g.0.

dN(v)/N = f(v)dv,
Lo0Ibs3

f(v) = dN(v)/(N-dv)
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5¢d5mMd0L  MgMOooL  dgnMmEIdol  4odmygbgdom, dsduggards 03m3zs BMbd3os f(v)-39Bbmbo
00J5¢MH0 35BoL Imeng39emgdol LoBJsMggdood gsbsfioemgdols dglisbgd:

f(0) = 41t(mo/2TKT)32-v2-exp[-mov¥/(2KT)] (20)

63 (20)-056 BBL 1363300l 3mB3MYEMo Lobg sTM30EIOME0S DOl 235MHMBIBY
9ol 3y M3s6gmdol 35M539GMBY (Ggddgced sy T).

f(v) BMbE00L M9x3030 dmyzsbowos (L. 6)-By. MoEABsE V- BOHOom 9JudmbybiEoswmemo
85965300 93060905 MBOM LGSR, 300G OBOYDdS V2, 5T0EMI BbJ30s f(v), 0fygds Mo 0-sb,
500938 35JB03MAL  Vaye-Bg @S 909y SL0A3GHMEGHMM©  FooLfmOxk30lL  Bywolizgh. MmO
5M5L039BHOOME0S Vsew-0b J05M0).

O

~
dN(v)
N
0 — =--dv ‘;)-
UoelV) (W)

6. 6

89399 9gd0L BoMEMO0mo Mo3Eb30 dAN(V)/N, GMAgEms LoBds®ggdoi dg3L 0bEIMH35¢To V-6
v+dv, 990dgds Bs3m3b 0dbsls Hmam® 3 sdGHMObYWo BMEol FoGmo LwE.6-bg. Fobsfoergdol
dOEOm s SOLEOLIMS VIMHA0D FGIMBIOYLMEIO BoOMO GHMEos JOOL. gi bodbsgl, MHmA f(v)
29964300 530595300l br®IoMmgdol oMM

J, f)dv=1

LoRdo®al, GMIWOl OMLSE 0JIIMOHO  2oDBoL  JmEg3Mwsms  dobsfoergds  Lobdstols
dobg300 35gJLOTSW M0, 9fmEIds sedINGLO LoBJstMg. owdsmglo LokJs®ol 60dgzbgwmds
090dgds  303Mm3Mmm  A5TIMBobmeqds  (20)-U oRgMHIbzoMgdom L sMYMIgbGom  (3mdog
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059653900l 250MEH™M3900m), 890ga0L bMWD doGHMmmgdom s  f(v) godmbsbyergdolmgols
d5gdboddol 30MHMdOL QsdMYgbgdom:

d/dv((v?-exp[-mov?/(2kT)]) = 20(1- mov?(2kT)- exp[-mov?/(2kT)] =0.

36003369 md900 V=0 s V=00 JJgb50539d06 QoMb mEgdols Job0dT9dL, bmem v 360d369WMdS,
IOl EOMLYE F9dMBsbmEgds 3MHRbowgddo bgds Bmero, 6oL LmMgo bsdgdbo yzgwsby
53500 LOBJSOY Vayse:

Ugpw =/ 2kT /mg = /2RT /1t (21)

59 3mMIN0sb BsbL, I 3H9d3gcmo@wmol BOHEOLLL dmwg3mewgdol bLoBds®mggdols dobgwogzom
396500wqd0l 8396300l dodlodwdo §oobsEzwgdl dotx 3603 (Ve bgds dg@0). (L. 7).

ft)y T

T, < Ty

P |

L. 7

mmbE, GsOmo  OMIgwoi  999mBsGos  IOwMom  GRJdS Y3390,  sdodmad
3H9939M5GHMM0L  BOEOLOL, FmMmEg39gdol LoBJsMggdom gobsfowqdols Mo ds0fgugds s
QIO OYOS.

3meg39eol bsdwgsamem LoBdoMy (LsMoEm sGOMAgEH03Mo boBJsMg) <V> 4oboliabrgmgds
RMOHINWOn

<v> = (I/N) [, vdN(v) = [, vf (v)dv.

0] 59 ZMOIM5do Bs31353m f(V)-b s Bo35EHIMGOM 0b6EJMYdSL, 8030090
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<v> = /8kT/(mmy) = /8RT / (M). (22)

20b0ob IaMIomgmdOoL Jobsliosmgdgeo LoBdeMggdos: 1) VodIMYBO Vasw=+/ 2RT /it 5 2) LsdmsEom

<v>= /8RT /(M) = 1,13 vme 3) L53SM 335QQMHW0 <Vuy>=y/3RT /M=1,22 VUmse. B0E9399BOL
LoBRJo69q000 2565(0gd0Ib

dN(v) = N-41-(my/2mkT)¥2-v2-e ~MOV2/2KT 4y (23)

d90dgds  303Mm3Mm0  gobBol  M93Mgdols  Asbosfowgds  30bgBHozmeo € 969600L
3608369 md9300m. 530LOMZOL U (33¢00OEL 3930 e=mOVL2/2 (33¢oBY. ®v) (23)-do
BogL3o30 v =4/2e/my s dv = (2moe)2de, dog00GID

dN(e) = 2N/V/T )-(KT)32-e2.e~¢/kT.de = Nf(e)de,

Logoi dN(e)- dmeng3mesms GOEH305, OMIJW®S oIEBomo  dMdMsmdol  30b9gEH03mco
96620900, 3M053L9d9w0s 0bEHIM35 o £-sb e+de-0¢9.
50605, 8MmE93Mwgdol  gobsfogdol FmGOIMEs  LomdmGo  dmdMsmdols  gbgMaogdol
dobg3z00 046905
f(e) = (2/Vm)-(kT)32e12.e~¢/kT.

00 oBoL IMg39ol bsdsem 3069303900 9bgMgos <e>, B0

oo

<e> = f ef(e)de = (z/ﬁ).(kf[‘)»s/z.fooo £3/2 . g—€/kT 4¢ = (3/2)-KT,

0

9.0. 8030090 390920, H©MIGE03 056b3Ybs30s 39-(19) BMEOTMESLMSE.
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