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THE ORGANIZATION OF COMPUTER LABORATORY WORKS
ON THE RESEARCH OF DISTRIBUTION OF MOLECULES
FOR SPEEDS AND FOR HEIGHT FROM THE EARTH'S SURFACE
WITH USE OF THE MATLAB SOFTWARE PACKAGE

Abstract. A model of computer laboratory works on the study of the distribution of velocities and height from
Ground surface using the software package MATLAB. Brief details of the theories of distribution of velocities
(Maxwell) and Boltzmann. When jobs are performed by programming in the MATLAB language, visualization of
calculation results with graphics editing. Distribution curves of velocities represented on the graph for different
temperatures and the analysis of the results. Determined vrona, the average arithmetic and average quadratic velocity
of the molecules for a given temperature. For the study, raspredelenia molecules in the gravity field of the Earth as an
example, the proposed task of finding the error of the pilot, which was determined by the height of the barometer, on
Board of the aircraft and did not consider the difference an air temperatua outside the plane. The results of the
calculations is represented by a graph of pressure against altitude from the Earth's surface. Calculates the error of the
pilot in opredeleniu altitude.

Key words: the distribution of the molecules, speed, function, probable, arithmetic mean, the average quadratic
speed.

YK 532.133,371.62, 372.8.002

P. C. CnaoekoBa, I'. III. OmamoBa, K. A. Kaob110exo0B,
II. A. Caunaxmetos, I'. C. CepuxoaeBa, I'. K. AktypeeBa

IOxHo0-Ka3axcranckuii rocyjapcTBEHHbIN yHUBepcUTET UM. M. Aya3oBa, IlIsmvmkent, Kazaxcran

OPT'AHM3AIIUA KOMIIBIOTEPHBIX IABOPATOPHBIX PABOT
ITO NCCUIEJOBAHUIO PACITPEAEJIEHUSA MOJIEKYJI
ITO CKOPOCTSAM M ITO BBICOTE C ITOBEPXOCTHU 3EMJIN
C UCITIOJIb3OBAHUEM IHAKETA ITPOI'PAMM MATLAB

Annotanus. [Ipeuaraercst Moziellb KOMIBIOTEPHOH J1aOOpaTOpHOIT pabOTHI IO MCCIICTOBAHUIO paclpeieeHHs
MOJIEKYJT IO CKOPOCTSIM U TI0 BBICOTE C TIOBEPXHOCTH 3EMITH C MCIIONIb30BaHueM MakeTa nmporpamm MATLAB. [laet-
csl KpaTKHe CBEICHUS W3 TEOPHH paclpeneleHuss MOJeKyd Mo ckopoctsMm (MakcBena) u bomsimana. Ilpu BeImon-
HeHuH paboT MpPOBOAWTCS TporpaMmupoBanue Ha si3bike MATLAB, Bu3yanmzanust pe3yjibTaTOB BBIYHCICHUH C
penakTupoBaHueM rpadukoB. Kpusbie pacrpeneiaeHusi MOJIEKyJ MO CKOPOCTSIM NPEACTaBISIOTCA Ha rpaduke Uit
Pa3IMYHBIX TEMIIEPATyp ¥ MPOBOAUTCS aHAIM3 Pe3yiabTaToB. ONpenesoTCs BepoTHAs, CPeHss apudMeTHIecKas U
CpemHssA KBaJpaTH4YHAsl CKOPOCTH MOJIEKYI JJIs 3aJaHHOU Temneparypsl. s Hccae10BaHNs PacpeieNerst MOJIEKy
B IOJIe TsDKECTH 3eMJIM B KauecTBe NMpHMepa NpeioKeHa 3ajada M0 HAXOXKACHUIO OUIMOKM JIeTYMKa, KOTOPBIi
OIIpeJelsll BEICOTY 0 OapoMeETpy, HaXOJsIIerocsi Ha OOPTy caMoleTa M He y4el Pa3HHIly TeMIepaTybl Bo3ayxa 3a
6oprom camouieta. Pe3ynbTaThl pacueToB MpeAcTaBisieTcsl rpagukoM 3aBUCUMOCTH JABJICHUS OT BBICOTHI C IIOBEPX-
HocTH 3eMitn. PaccunThiBaeTcs ommoKa JISTYMKA 10 ONPEIENICHIO BBICOTHI IT0JIETa.

KitroueBble ciioBa: paciipeeieHie MoJIeKyJl, CKOPOCTb, (YHKIHS, BEpOsSTHas, cpeaHeaprdmMeTnieckas, cpel-
HEKaBIpaTU4YHAasl CKOPOCTb.
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Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

[Ipesunent PecryOnuku Kasaxcram H. HazapOaeB B Ilocmanum Hapony Kazaxcrana «Crparerus
«Kazaxcran-2050» - HOBBIH TOJUTHICCKUH KYPC COCTOSIBIIIETOCS TOCYAapCTBAy» 0003HAYNB IPHOPUTETH B
ctepe obpasoBanms ckasan: Ham mpeacTowT MpoW3BECTH MOJEPHH3ANNI0 METOIWK MPEroJaBaHUs U
aKTUBHO Pa3BHBATh OH-JIAWH-CHCTEMBI 00pa30BaHMA, CO3/1aBasi PETHOHANBHBIE IIKOJBHBIC IEHTPBHL. MBI
JIOJDKHBI MHTEHCHBHO BHEJPATH MHHOBAIIMOHHBIE METOJIbI, PEIICHUsS W MHCTPYMEHTHI B OTEUECTBEHHYIO
CHUCTeMYy O0pa3oBaHUs, BKIIIOYAs TUCTAHIIMOHHOE O0y4YeHHe U OOy4YeHHE B peKMME OH-JIaliH, TOCTYITHBIE
JIIs BeeX skenaromux [1].

Jns peanuzanyy MOCTaBICHHBIX 3afay kKadenpa «Teopus M MeToAWKa HpenoAaBaHUS (H3UKI»
IOKT'Y uMm. AyaszoBa MOH PK ¢ 2011-2012 yyeOHOrO roga BHegpuiIa B y4eOHBIH MpOLECC AUCHHUIIHHEL
«MHpopMaMOHHBIE TEXHOJOTHH B 00pa3zoBaHuW», «/H(MOpMaLNOHHBIE TEXHOJOTMH B NpENOAaBaHUH
¢u3nkm», «MeToJrKa WCIONB30BaHUS 3JIEKTPOHHBIX YYEOHHKOBY», «KOMIBIOTEpHOE MOJAEITHPOBaHHE
(U3NUECKUX SIBJICHUI» MPOTpaMMbl KOTOPBIX MPEIyCMATPUBAECT OCBOCHUE M HCIIOIB30BAHUE COBPEMEH-
HBIX MH(POPMALMOHHBIX TEXHOJOTHU B TpeniofaBaHuu (usuku. [Iporpamma aucuuminiasl «KoMisioTtep-
HOE MOJIeTUpoBaHne (PU3MIeCKUX ABICHUI s creruanbHocTd SBO11000, SB060400 - dusnka npemyc-
MaTpUBAET UCIOJIb30BaHUE MporpaMMHoro komiuiekca MATLAB nna MoaenupoBaHud 3a7a4 MEXaHUKH,
MOJIEKYJIAPHONH (PU3UKH M TEPMOIWHAMHKH, JJIEKTPOCTATHKU W DIEKTPOAMHAMUKH, ONTHKHU,KBAHTOBOM
¢usnku c compoBoxaeHueM rpaduku. llenas kypca — H3y4UTh OCHOBHBIE MPHHIHUIBI U PACKPHITH CYIII-
HOCTh MaTeMaTHYECKOTO MOJIEIUPOBaHUs, MOKa3aTh pPOJIb MaTeMaTHYEeCKOTO MOJCIHPOBAHUSA TIPU
OTMCaHUU PA3IUYHBIX (PHU3NUECKUX MPOIIECCOB U SBJICHUN. 3a/aueil Kypca siBisieTcsl 00ydeHue CTYIACHTOB
o0muM MeToAaM pellleHHs YpPaBHEHHH MaTeMaTW4ecKod (M3UKH, MOCTPOCHUIO MOJETH (PU3NYECKOro
npolecca WiH ABJICHUS, OTpakalolleld B MaTeMaTnyeckoil opMe BaskHeWIIMe ero cBOicTBa, MpHUCYIIUE
COCTABIISIIOIINM €T0 YacTsAM CBS3H H T.JI; 00y4eHHEe HUCCIeJOBaHUIO MaTEMaTHIECKUMH METOJaMU CBONCTB
MOJICIH JUIS TOJyYEHHUS CBEJACHUH 00 O0BEKTE HCCIIeOBaHHUs; OoOydeHue BBIOOPY (WM pa3paboTke)
aNropuTMa JUIsl peajin3allid MOJENH Ha KOMIIbIOTepe M CO3JAaHHIO COOTBETCTBYIOIIMX KOMITBIOTEPHBIX
mporpamm; o0y4eHHs KOMIbIOTepHOH rpaduke: a) popMupoBaHrEe TBOPUECKOTO BOOOPaKEHH, 00pa3HO-
rpauyecKkoro ¥ TEXHWYECKOTO MBIIUICHUS; 0) OBIaJeHNe KOMIBIOTEPHBIMA TEXHOJOTHSIMH IUIA TIOTY-
yeHus rpaduuecKux n300paxkeHnit.B pesynprare u3ydeHus TUCIUILTNHBI CTYACHTHI JOJDKHBL:

— OBJIA/IETh METOAOJIOTHEeH MaTeMAaTHIECKOTO MOJIEITMPOBAHNS (PN3NUECKUX SBICHUL;

— UMETb NPECTaBIEHUE O MPUHIIUITAX U METO[aX MAaTeMaTUIECKOTO MOJISITHPOBAHNS;

— yYMETh MOJISIIMPOBATh PAa3UYHbIE CHCTEMbl W aHAIM3HPOBATh TMOCTPOCHHBIE MAaTEMATHUYECKUE
Mozenu (PU3HUECKUX SBICHU;,

— YMETb PeAaKTUPOBATh ABYMEpPHBIE H TPEXMEpPHBIE TpaduKy.

Kypc sBnsercst normdeckuM mponoibkeHHeM KypcoB: “Obmas ¢usuka”, “BeraucnurensHas mare-
MaTHka”, “MaTeMaTudeckue nNakeTsl”, “S3pIKu MporpaMMHUpOBaHus .

Bosmoxxanoctn MATLAB BechbMma OOIIMPHBI, @ TI0O CKOPOCTH BBITIOJHEHHUS 3a7a4d CUCTEMa HEPEIKO
MPEBOCXOANT CBOMX KOHKYpeHTOB. OHa MpUMEHNMA JUTsl pacieTOB MPAKTHUYECKHU B JII000I 00JacT HayKu
u texHuku. [Iporpammusiii kommuekc MATLAB saBnsercss ogHUM M3 JTyUIIMX COBPEMEHHBIX pEIIeHUI
JUTSL OpTaHU3AIMHA MAaTeMAaTUIECKOT0 MOJIETUPOBAHUS (PU3UUECKUX TTPOIECCOB.

Meroauka KOHCTPYpPOBaHHUS 3aJIaHU I KOMITBIOTEPHBIX MOJIeJieH mpuBeneHa B Opomrope «Meto-
MUYeCKHUe acTeKThl MpenogaBaHus (PU3WKH C MCIONIB30BAHNEM KOMITBIOTEPHOTO Kypca «OTKpbITas (u-
3uKa». B kadecTBe nmpuMmepa B HeH MPUBEACHBI OJAHKY 3aJJaHUH JUIS BHIIOJHEHUS! KOMITBIOTEPHOH J1a00-
paTOpHOH pabOTHI C UCTIONH30BAHUEM KOMIBIOTEPHBIX MOJIeNel «/IBIKeHNE C IIOCTOSTHHBIM yCKOPEHHEM»
n«YTpyrue u Heynpyrue coyaapeHus». Takue e MaTepuaibl pa3MelleHbl B KOMIAKT-Aucke « OTKphITas
¢usuka 2.5», B caiitax «OTKpBITBI KOJIEIX» W Ha CTPAaHHLIAX CETEBOI0 OOBEIWHEHUS METOAMCTOB
(COM) [3, 4]. B Hux narotcs 1Ba Buja 1a00paTOPHBIXOJIAHKOB:

— OyaHK A7l BHECEHHUSI OTBETOB O0YYaIlNMHU;

— OJaHK A7 YYUTENsl B KOTOPOM UMEIOTCS OTBETHI TECTOB M 3a/laHui IS yA0OCTBA UX IIPOBEPKH.

CdhopmupoBaTs UHTEpEC K M3YYCHHUIO (U3HMKE IMOCPEACTBOM HCIIONB30BaHMS COBPEMEHHBIX HH(OP-
MAaI[MOHHBIX TEXHOJOTHH 00yUeHUs; pa3BUTHE MTO3HABATENbHBIX YHUBEPCAIHHBIX CIIOCOOHOCTEN (HAaBBIKU
TEOPETHYECKOTO MBIIICHHUS, HCCIEeIOBATEILCKOTO M TBOpUYECKOro moucka. CoBpeMeHHBIH B3I Ha
Hame oOIecTBO Kak Ha o0ydaromieecs MOIpa3yMeBacT, YTO OOpa3oBaTelbHAs CHCTeMa JODKHA OBITh
opueHTHpOBaHa (B OOJBIIEH CTENEHH, YeM PaHbIIe) Ha pa3BUTHE U BOCIIUTAHHUE Y YUAITNXCS aJalTHBHOMN
KOMIIETEeHIINH, T.. CHOCOOHOCTH OCO3HAHHO W TMOKO MPHUMEHSATh MOJYYSHHBIE 3HAHUS W HABBHIKU B pas-
JUYHBIX KOHTEKCTaX.

— 112 ——



ISSN 1991-3494 Ne 3.2017

Ha ocHOBaHmm pe3ynbTaToB HEAAaBHETO HCCIENOBaHWA [2] B MaHHOW CTaThe B TMEPBYIO OUEpedb
0o0cyXmaeTcs CICAYIOIINA BOIIPOC: Y€MY HMEHHO TPeOyeTCs HayUNUThCs, YTOOBI IPHOOPECTH aTanTHBHYIO
KOMIETEHIINIO B KaKOW-THOO obmacTu? ABTOpP CUHMTAET, YTO U Pa3BUTHS alaNTHBHOW KOMIIETEHITUH
HEOOXOAMM KOMIUIEKC KOTHHUTHBHBIX, SMOIMOHAJBHBIX M MOTHBAIIMOHHBIX KOMITOHEHTOB, 2 MMEHHO:
npeaMeTHast 0a3a B BUE CTPYKTYPHPOBAHHBIX 3HAHUH B OIPEIEIIEHHON 00JIaCTH, HABBIKH HCITOJIb30BaHUS
IBPUCTUYECKUX METOJIOB MBINUICHUs, METa3HAHMS — MPEJCTaBIeHUS O COOCTBEHHON KOTHUTHUBHOW Hes-
TETHHOCTH, MOTHUBAIIMH W SMOIIMSIX, HABBIKU CaMOPETYJISIIIUA IS YIPaBIeHUSI COOCTBEHHBIMU KOTHUTHB-
HBIMH, MOTHBAIIHOHHBIMU U 3MOIIMOHAIBHBIMH TPOIECCAMHU, & TAKXKE MO3UTHUBHBIC YOCIKICHHUS B OTHO-
HIEHUH ce0sl KaK ydallerocs M BOTHOIICHHWH OOYYEHHS B pasziMyHbIX oOnactsx. Jlamee aBTOp 3amaercs
CIICAYIOMIMM BOIPOCOM: KaKOBBI XapaKTEPUCTUKU MPOLECCOB 00yUEHHsI, TPOJYKTUBHBIX C TOYKH 3PEHHS
MpUOOpeTeHHs afanTUBHOM KoMmeTeHnuu? OOyueHue, Henblo KOTOPOro sBIIsSETCS (GOpMHUpPOBAHUE aiall-
TUBHOW KOMIIETEHIINH, JODKHO MPEICTaBIATh COO0N KOHCTPYKTHBHBIA, CaMOPETYJIUPYEMBIH, KOHKPET-
Helit 1 coBMecTHBIH (KCKC) nponecc ¢popMupoBanus 3HaHMI W HaBbIKOB. KakuM 00pa3om mpenopaBa-
TEITh MOXKET CTUMYIHpoBaTh o0yueHue o Triry KCKC? B cTaTthe npuBeneH mpuMep Co3MaHus ACHCTBCH-
HOH oOydJaromieil cpenpl, OpUCHTHPOBAHHOW Ha TOBBIMICHUE 3P GEKTHBHOCTH OOyYEHHUS CTYIEHTOB. B
pabore [3] mpemrararoTcs KpUTepUd HHMOPMAITMOHHONW KOMITETCHTHOCTH, BRIpAKCHHBIC Uepe3 KaduecTBa
«H()OPMALIMOHHON» JTUYHOCTH Ha OCHOBE KOMILJIEKCA 3HAHWUN W yMEHHU B 00JIACTH WH(POPMAIIMOHHBIX
TEXHOJIOTHH, CpeIM HUX 0c000e BHUMAHUE YJENSETCS YMEHHIO HHTEPIPETHPOBATH TOMYUEHHBIE PE3yIib-
TaThl; IPUHUMATH PEIICHUS O MPUMEHEHHH TOTO WJIM WHOTO MPOTPaMMHOTO OOeCIedeHUs; MPEeABHIETh
MOCJIC/ICTBUSL TIPUHUMACMBIX PEUICHHH W JeJIaTh COOTBETCTBYIOIIME BBIBOABI, W T.N. [IpuBomuTcs
MPaKTHYECKUE TTPUMEPHI (POPMUPOBaHUS WHPOPMAIIMOHHOW KOMITETCHIIMY HA PA3IMYHBIX 3TaraxX ypoka —
WCCIICJIOBAaHUsI, Hampumep, o Teme «Bo3zmyxormnaBanue».B paborax [4-7] mpemnaratorcs pa3paboTKu
ypokoB 1o TeMaMm «OCHOBBI TEPMOAWHAMHKHY», «AToMHast (usukay, «[Ipenomienue ceera», «Koaddu-
LUEHT IOJIE3HOTO IEHCTBUS» C MCIOIB30BAHNEM DJIEKTPOHHBIX 00YYaromKX CpeAcTB. MOIIHBIM CpEACT-
BOM OOy4YeHHsI (H3HKe, [0 MHEHHIO MHOTHX OTEUECTBEHHBIX U 3apyOC)KHBIX CIECIUAIUCTOB SBISACTCS
nponyKinun kommanuu «Pwm3ukom» [8]. B muckax «OtkpbiTas Qusuka 25» 3TOW KOMIIAHWH IIAIOTCS
METOIUYECKHE PEKOMEHIAIMH II0 COCTABJICHUIO 3aJaHUi W WX BBITOJHEHHIO MPAKTUYECKH 1O BCEM
pasmernaM IKOJBHOM ImporpaMMel. [1o HameMy 1 MHEHHUIO OpyTruXx [9-14] kakIblil mpernogaBaTeNb GU3NKH
MpH JKETaHUW MOXKET CaMOCTOATENhHO CKOHCTPYHPOBAaTh KOMIBIOTEPHYIO JIa0OpaTopHyI paboTy,
WCTIOJIB3Y S HHTEPAKTHBHBIE MOAEIH U3 MYJIbTHMEIUIHOTO Kypca «OTKpbiTas dusnka» kommannu «dPuzn-
KoH». JlJI1 3TOTO0 peKOMEHIyeTCs HMCIIOJB30BaTh TOT XK€ alTOPUTM JJIs CO3/IaHus J1abopaTOpHBIX padorT,
KOTOpBI MPUMEHEH B JaHHOM MYJIbTHMEAUHHOM Kypce. CHauana peKOMEHIYyeTcs pa3o0paTbh TEOPHIO
BOIPOCA, 3aTEM OTBETUTh HA KOHTPOJIBHBIC BOMPOCHI, TOTOM BBIIIOJIHUTH 33JIa4H, TPU PEIICHUN KOTOPBIX
HEOOXOMMO MPOBECTH KOMITBIOTEPHBIN SKCIIEPUMEHT W IPOBEPUTH NOITYUYCHHBIN pe3ybTaT.

OpnHoli U3 TPYIHBIX 3a7a4 BHEJPEHUS Pe3yIbTaTOB UCIIOJIL30BaHUS HH(POPMAIIMOHHBIX TEXHOJIOTHH B
yupexJIeHusIX 00pa3oBaHUA SABJSETCS HEJOCTATOYHOE MPAKTUYECKOE YMEHHE MpernojaBaTesiell MCIONb-
30BaHUS] KOMIBIOTEPHBIX Mojeel (U3NYECKUX SBICHUI A OpraHu3ally MpOBeNeHUs J1abopaTOPHBIX
pabotr. OT opraHU3aIi KOMIIBIOTEPHBIX JIA0OPATOPHEIX PabOT BO MHOTOM 3aBHUCHT aKTHBU3AIHSI, MOTH-
Balys U B KOHEYHOM cdeTe 3 (HeKTUBHOCTh 00ydeHMI. O CO3MaHUN M WUCIIOJIB30BAaHUM Mojelel OJaHKOB
OpraHM3aliy KOMITBIOTEPHBIX TAOOPAaTOPHBIX PadOT IO MCCIIEIOBAHUIO PA3TIHMYHBIX (DU3MUECKUX SIBICHUH
B y4eOHOM TIpoliecce HaMH paHee HamucaHsl [ 15-34].

B nmanHO# cTaThe MpUBOIAUTCS MPUMEPHI UCTIOIB30BaHUSI MMakeTa mporpamm Matlab [35]. mpu opranu-
3aIM{ BBITIOJTHEHHUS OTJEIbHBIX KOMITBIOTEPHBIX T1a00paTOPHBIX pabOT IO MOJEKYIISIPHON QH3HKeE.

JlaboparopHast pabota. Tema padorbl: «VccinenoBanne (QYHKIUHM pacrlpeneieHus MOJEKyl IO
ckopoctaM (MakcBeia)y.

Lenan padoTsl: Pazpaborars nporpammy pacuera Ha si3bike Matlab, mocTpouts rpaduk 3aBUCHMOCTH
(GYHKUIUM pacrpelieNieHHs MOJIEKYJl TI0 CKOPOCTSIM IIPH Pa3HBIX TeMIIEpaTypax, ONpPEACIUTh BEPOSTHYIO,
CPEIHIOI apUAMETHYECKYIO U CPEIHIOI0 KBAaJAPAaTHUYHYIO0 CKOPOCTH MOJIEKYJI.

PacueTnbie GopMyIIBI M TENO IPOTPAMMBIL

OyHKIHSA pacpeneneHns MakcBeia i1 HaeaabHOro ra3a BeIpakaeTces hopMysIon

2
. . V.
F(v) = 4+ pi * (%*pl * R *T).1'5* v.z*exp(—,u*T*R *T), (1)
e | — MoJspHas Macca rasa, R — yHuBepcanbHas ra3oBas MOCTOsHHAsA, T — TeMmepaTypa, U — CKOPOCTH
MOJIEKY I Ta3a.

— 113 ——



Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

[MapameTpsl mpoliecca: B KauyecTBE MpUMepa BO3MEM MOJEKYJbI KHCIopoaa p=m=32e-3 Kr/MoJb;
R=8.31 Jlx/(monms*K); T1=300 K; T2=500 K; T1=900 K;

>> m=32e-3;

>>R=8.31;

>> a=(m./2.*pi.*R).*1.5;

>> T1=300;

>> T2=500;

>> T3=900;

>>v=0:1:1000;

>> F1=4 *pi.*a *T1.A.5.%v.A2 *¥exp(-m.*v."2./(2.*R.*T1));

>> F2=4 *pi.*a.*T2./1.5.%v. 2 *exp(-m.*v.*2./(2.¥*R.*T2));

>> F3=4 *pi.*a *T3./1.5.%v."2 *¥exp(-m.*v."2./(2.¥R.*T3));

>>plot(v,F1,'r-',v,F2,'k--",v,F3,'’k.")

>>xlabel('v")

>>ylabel('F(v)")

>>orid on

>>title("F(v)")

>>legend>>V0=sqrt(2.*R.*T2./m)

>> Vb=sqrt(2*R*T3/m)

Vb = 683.6940

>> Va=sqrt(8*R*T3/(pi*m))

Va="771.4661

>> Vk=sqrt(3*R*T3/m)

Vk =837.3507

F(v)

Pucynoxk 1 — 3aBucumocTs GyHKIMHK pacnpenesneHus F(v) MosieKys OT v CKOPOCTH MOJIEKYJI IIPU Pa3HBIX TeMIIEpaTypax

U3 rpaduka BuaHO, 4YTO KpHuBas GPyHKIHA pacrpenesieHus MpoXoauT yepe3 MakcumyM. [lo ¢usnuec-
KOMY CMBICITY (DYHKIHS pacrlpezesieHus TMOKa3bIBaeT JOJI0 YHCIa MOJEKYJ CKOPOCTh KOTOPHIX JEkKaT B
HUHTEpBajie CKOPOCTH OT v 110 v+dv. ClieZ10BaTeIbHO, MAKCHMYM KPUBOH COOTBETCTBYET HAUOOJBIICH TOJIU
MOJIEKYJ, KOTOpBIE IBUTAIOTCS CO CKOPOCTBIO, COOTBETCTBYLIHH 3TOMY MakcUMyMy (T.e. Haumboiee
BEPOATHOU CKOPOCTH).

Jna nccnenoBanust pacupeneneHus bonpnMana (pacnpeneneHue MoJeysl IO MOTeHINAIBHON YHep-
TMH) PacCMOTPUM KOHKPETHBIH mpumep-3azady: bapomerp B kaOuHe JeTsIIEro camMojeTa Bce BpeMs
MOKa3bIBacT OJMHAaKoBoe aAaBieHue P=79 klla, Omaromaps yemy JETYMK CUMTaeT BBICOTY h; moineta
HensMeHHOU. OHAaKO TeMIepaTypa Bo3ayxa 3a 0opToM camosera u3Menuiach ¢ t=5°C mo t=1°C. Kakymo
omnbky Ah B ompeneneHrH BBICOTHI AOMyCTHN JeTyrk? JlaBnenue Py y moBepxHOCTH 3eMIlM CUHMTAThH
HOPMaJIbHBIM.
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Perrenue: hopmysa pacnpeaeseHus: MOJICKY 0 MOTEHIMATIBHOW SHEPTUU CIICYIOMIast:

n = ngexp (U/kT), rne U — moTeHIMaNbHAsS SHEPTHS MOJCKYN, N - KOHIICHTPAIMS MOJEKYJ WIH
IUIOTHOCTh YKCJIa MOJICKYJI ¢ ToTeHIanbHou 3uepruei U, k - mocrosiHaas bonbimana, T - abcomoTHas
TeMIeparypa, KOTopasi CYUUTAETCsl TOCTOSTHHOM 10 BceMy CTONIOY rasa.

Tak kak JaBiicHWE MPOMOPIHOHATLHO KOHIHTpamuu (P=nkT), To mis aaBneHus Taza BOJHM3H
MOBEPXHOCTH 3eMJIH MOXHO 3aIucaTh

P=Py*exp(-M*g*h/(R*T)),

rne Py — maBneHue rasa y moBexHoctu 3eMiu, P — maBieHne ra3a Ha BbICOTE h OT moBepXHOCTH 3eMiH,
M — monsipHas Mmacca rasza (B HalleM cCilIy4yac BO3IyXa M=29.0-10" xr/momb, g=9.8 m/c — YCKOpEHHE
CBOOOJTHOTO TAJICHHS ).

BapoMetp MoXXeT Mmoka3blBaTh HEU3MEHHOE JaBieHue P mpu paznuyHbix Temmeparypax T; u T, 3a
0opTOM camoJieTa TOJBKO B TOM Ciydae, €Cld CaMoJIeT HaXOIUTCS He Ha BbIcOTe h (KOTOpoe JeT4HK
CUHMTaeT HENM3MEHHOM), a Ha HEKOTOPOU BEICOTE h,.

PacuetHbie popMyITBI B TEIO IPOTPAMMBI:

P=PO0*exp(-M*g*h1/(R*T1)); P=P0*exp(-M*g*h2/(R*T2));

Orcrona log(P0/P)= M*g*h1/(R*T1)); log(P0/P)= M*g*h2/(R*T2));

Ah=R*1og(P0/P)*(T2-T1)/(M*g)

>>R=8.31;% BBOJ mapaMeTpoB

>>M=29.0*10"-3;

>>T1=5; T2=1;

>>P0=101;P=79;

>>h=0:1:1000;% BricoTa B uTepBasie ot0 g0 1000 M.

>>0=9 8;% yckopeHHe CBOOOHOTO NaJICHHUS.

>>P1=P0*exp(-M*g.*h./(R*T1));% nusa pacuera gasnenus npu T1.

>>P2=P0*exp(-M*g.*h./(R*T2));% nns pacuera gapnenus npu T1.

>>plot(h,P1,'k-",h,P2,'k.")% Buzyanu3zarms.

>>gridon % HaHeceHHE CETKH.

>>xlabel('h")% Ha3BaHUE OCH X.

>>ylabel('P1,P2")% Ha3BaHue OCHH y..

>>% y=(h2-hl); pa3Huua BbICOT.

>>y=R.*log(101/79)*(T2-T1)/(g*M)

>>y=8.31.*log(101/79)*(1-5)/(9.8*29*10.7-3)% pacueT pa3HHIILI BEICOT.

y =-28.7338

Graphic P1(h, P2(h)

P1(h); P2(h), kPa

1000

PucyHok 2 — I'paduik 3aBUCUMOCTH IaBJICHHS OT BBICOTHI IIPH Pa3HBIX TEMIIEpaTypax
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U3 rpaduka BHIHO, YTO JAaBJICHHUE Ta3a MOHWKACTCS SKCIOHCHIMABHO C TOBBIIICHUEM BBICOTHI.
OmmoKa JeTYrKa He YUYUTBHIBABIIETO Pa3HUITY TEMIIepaTyp 3a O0pPTOM caMoJieTa U Ha MIOBEPXHOCTH 3eMITH
o pacueraMm cocTaBwia -28.73 M. 3HaK MUHYC yKa3bIBaeT, uTo h, < h;, ¥ cle0BaTeILHO CaMOJICT CHU-
3uics Ha 28.73 M MO CpaBHEHWIO C MPEAIojiaraeMoil BbICOTOW. [Ipu BBIOJIHEHHMH pPAa0bOT CTYICHTHI
AKTHBHO KOHCYJBTHPOBAIUCH JAPYT C APYTOM U € OOJBIIUM KEITAaHHEM PEIaKTUPOBAIH MPadUKH.
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P. C. CnabekoBa, I'. I1I. Omamoga, K. A. KaobL10€eKkoB,
II. A. Canpaxmeros, I'. C. Cepux0aeBa, I'. K. AktypeeBa

M. Oye3oB atbiaaarel OHTYCTiK Kazakcran memiekertik yausepeuteti, [lIsimkenT, Kasakcran

MOJIEKYJIAJIAPABIH KbIIIAM/IBIK BOUWBIHIIIA TAPAJIYBIH )KOHE )KEP BETIHEH
BHUIKTII'T BOUBIHIIA TAPAJIYBIH 3EPTTEYI'E APHAJIFAH KOMIIBIOTEPJIIK
3EPTXAHAJIBIK )K¥YMBICTbI YUBIMJIACTBIPYIA MATJIAB BATIAPJIAMACBIH KOJIJAHY

AHHoTamms. MoJieKynanap/slH JKbULIAMIBIK OOMbIHIIA TapanyblH koHe JKep OeTiHeH CalbICTBIpFaHOaFbl
OmikTiri OOWBIHIIA TapIyBIH 3epTTEYAC 3epTXaHAIBIK XyMbIcTapAbl yieiMaacteipyna MATLAB Garmapmamaibik
MaKeTTepiH KOJNJaHy MOJETI YCHIHBUIAABI. MoJeKynanapIblK SKbUIIaMIbIK OoifbiHma (MaxkcBen) Tapaiybl >KOHE
BonbiiMaH Tapanybl TeopusiiapblHaH KbIcKalla Manimertep OepinreH. XKymbictapasl atkapy Oapeicbinia MATLAB
TUTIHAE MporpamMmaiay >KoHe HOTHXKeNepl Bu3yaljayna rpadukTepli peAakTipiey jKoHe Taliay KapacThIPbLIFaH.
bepinren Temneparypana MoneKyIanapAblH BIKTHMAJ, opTala an()MEeTHKAIBIK XKOHE OpTalla KBaJpaTThIK XKblIIaM-
JIBIKTapblH aHbIKTaa bl JKep/iH aybIpiblK Kyl epicinae MonekynanapasiH JKep OeriHeH Ouikriri OolibIHIIA Tapa-
JIyBIH 3€pTTEY YIIiH, CAMOJIET YIIKBIIIBIHBIH OOPT iIIiHAeri 6apoMeTp/IiH KOpCeTKIlli apKbliIbl OUIKTITiH aHBIKTay/a,
0OpT CHIPTHIHJAFBI TemIiepaTypa MeH JKep OeTiHzeri TemIiepaTypa apachlHAarbl aifbIpMalIbUIBIKTEI €CKEPMEreHHEH
JKIOEpETiH KaTeCiH aHBIKTayFa apHAIFaH eCell YCHIHBUFaH. byl jkarmaiina a ecem HOTH)KeCl KbICHIMHBIH OHMiKTiKKe
Toyesiri rpaduri apKpuIbl 0epidyl KapacThlpblilaH. ¥IIKBIIITHIH OMIKTIKTI aHBIKTAyIarbl )KiOepreH KaTeci aHbIKTa-
JaJbl.

Tyiiin ce3aep: MoJeKyIaIapIblH TapalTybl, KbUIIAMIBIK, QYHKIUS, BIKTUMAII, OpTalia apu(MeTHKAIbIK, OpTa-
112 KBaAPATTHIK )KbUIIaMABIK,
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