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Kupuww.
NMwnab uukapunaétraH maxcynoTHu cudpaTtnu, TaHHapxu ap3oH, pakobatbapaoLu

6ynuwmn 6030p MKTUCOAMHMHI acocun TanabnapgaH Oupuanp. Jopu mnwnab yukapuwl
caHoaTuga aca Oy Tanabnap 6unaH Ovpranukga ynapHUHT TabCUPYaHNUIKM yTa MyXuUM
BasudanapgaH 6upun xmcobnaHagu. Xap kaHgan tabuun cdanga OynraHgarn kabw, gopu
nwnab umkapuw >xapaéHuga xam SAHIMAMK ouYMnuwn Kyrmuaarm 6ockuunapgaH ytaaw:
ypraHunaétraH xoamuca xxyga Kyn mapTta xap Xvn wapovtaa Taxpubanapaa kantapunagw.
Kysatuw Hatwkanapwu Ba Taxpuba wapouTu xagsan Ba rpaduvk KypuHuwunga ésunagu.
ByHoa OXMHu TatbOukum Ba TaxpubaHu aBTOMaTnawlyBu U3MNaHYBYMHU MabiyMOTHapHU
Xamnaw >kapaéHugaH 0304 KUuUwu MyMKUH. 3naHyBuMra OnMHraH COHnap TynfamMuHu
Taxnn KUNULW Ba UKKMHYM JapakanunapAaH acocumnnapuHu axpaTtuw konagw. by eppa
yn4yai HaTwxanapuHu matematmka épgammcms nwnabd ymkmb dynmangun. Xap ran taxpmba
yTKasuW >Xyaa KUMMH Ba KMmMat  6ynuwn MyMKUH. Arap uv3nayByu ypraHunaétrad
Macarnara maTeMaTuvk Mogen Ty3a orica, SbHU yHra mateMaTuk KypuHuw Gepwunca, y 6yHu
MaTeMaTuKka ycynnapu opkanu ypraHumwm MyMKUH. Taxpuba WyHW KypcaTaguku, MOAENHU
Tyhpu TaHnaw (Ty3uw) — MyaMMOHM SipMUOAH KYNUHWU Xan kunagu. by ©60CKUYHWHT
KWAMHAUIA WyHOaH nbopaTtky, y MmaTeMaTnka Ba OOLLIKa Maxcyc UAMMAAPHUHT KYyLUUITULWLUHA
Tako3o atagn. Matematvk mogen KypunraHgaH KewvH, TaxpubaHnun wy mogenga, 9XM
épaamMmmaa KamTapuwl MyMKUH €KU TaxSum KUIIMHULWIK MYyMKUH, By 3ca KaMuMKMM Ba aHya
eHrnnamp.

WyHWHr yyyH Tabuwmin Ounuwpa matemaTtvka ycynnapu Ba W3NaHuw Mynnapu,
KOMNbloTepAa MoennawTupuwl KaTta pofib yMHauau. Xo3upru Baktaa usuka, KUME,
6uonornsa, dapmaueBTnka Ba 6owka ¢aHnap y3 MyamMonapvHM euyvwga maTemaTuk
MOAENNaWTMpPULW  ycynnapuHu kynnan 6ownagn. Kuméoa saxwm KypunraH mogen
Muconuaa KUHETUK HOTYPNYH TU3UMMApHW Taxnun kunuw, duonormaga aca 6uoueHos
xapakaTuHW ypraHaguvradH BonbTep mogennapvHu MUCON KUNnb kentumpuw MyMKuH. Lopwu
Tavépnaw xapaéHuga xam MOoAeNNaWTUPULLIHUHE Typnu ycynnapugaH donganaHuw
MYMKUH. XO03uprn pgaBp  wak-wybxacus, «MHdopmaums» 6unaH Ba yHM aBTOMATUK
paBuwga KanWTa uvwniaw  MMKOHUMHM  ©epyBYM  MHOPMAUMOH Ba  KOMMNbIOTEP
TEXHOSOMMANAPUHNHT Xadan cypatnap bunaH puBoxnaHuwm GunaH xapakTepnaHagu.
KynrmHa coxanap y3napuHWHT wu3naHuiwnapuga KOMMNbTEPHU KeHr kynnawagu. by
MacananapHu camapanu evvil y4yH KoMnbloTepaa vwnawHyn 6unuw kepak. LWy makcagna

buoTtexHonorms Tanabanapu ydyH TawkunnawTupunrad “OXM  HM  BuoTexHonorusara
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Tatbukn” paHnga 6abaun xucobnaw ycynnapw, XapaéHHUHIT MaTeMaTUK MOAESTMHU KypuLL
Ba ynaphwu NMackan anroputmuk Tunga 9XM ga xucobnaw 6epunagu.

Kypcatmaa kynmnpgarnm 6ynumnapgaH uwbopat: 1. MacanaHu euvw 6ockuudnapw; 2.
dyHKUMAnNap KuMmatnapuHm xucobnawra govp macananap; 3. TeHrnamanapHu eunw; 4.
AHUK MHTerpannapHu xucobnaw; 5. Taxpuba HaTMXKanapmMHM MatemaTuk nwnad YmknL; 6.
AnddepeHuman TeHrnamanap.

Xap 6bynumaa 6up Heya TUNWK MacananapHu ednw Brok-cxemacu msoxnapu unax
KentTupunagun, KemnH aca bencuk Tunmaa xucobnaw gactypu é€sunagn. Huxoat, 6ynum
oxvpuga Knumé Ba Ouonornst MyTaxaCCUCNMKNapW YYyH Xxapaktepnu OynraH Ba Kyn

TapkaliraH MacananapgaH BapuaHTIiiap KentupumnraH.

1. Macananm 3XMgaa eunw 6ockmunapm

AHUK dhaHnapga, tokopuaa TabKuaNaHraHugek, mMacanaHu ypraHuw >Kyga Kyn
TakpopnaHaguraH Taxpubanap acocupga 6ynagu. JlekuH 6y TaxpubanapHu xamma BakT
xaMm kunub oynmangu. bupuHumpaH, Taxpubnap mnyvga Kyga kKuMmmatra TylwaguraH Ba
KWANH BynraHnapu xam 0op. MKKMHYMOaH, Makcagra onnb kenMmamaurad (SbHU xed kaHgam
AHrMNMK 6epmanagunran) Taxpubanap xam kyn oynagu. TaxpubanapHn eHrmnnawTMpuw Ba
KepakcuanapumHmn axpatmb, Tawnabd wbopuw ydyyH 3XMpaH dompanaHvnagun. by aca
MacanaHWHr e4YMnULLNHN OCOHMaLITUpaan Ba xapaxartnapHu kamantupagn. LLUyHUHr yyyH,
MacananapHu (kumésunr, 6Ouonorvk, apmMaueBTMK Ba X.K.) YypraHuwga tokopuaa
acnaTtuiraH matemaTtvk MogennawTMpuwl yecynuaan doongananuil Katrta ponb ynHanan. by
ycyn épaamuga macana kynugarm 6ockmunap acocuga evmnagu.

1.1. Macana euyv ycynuHu cysnap opkanu Tacsupraw. by 6ockuyga macana

Kancu Mmukgopnapra HucbaraH ypraHunuwm TywyHunagu. LWy mukgopnap nanga macanasm
eyuw gaspuga KnumaTtnapuHu ysrapTupyBuunapu Ba ysraTupmanguraHnapu aHvknaHaguw.
Bynap Moc paBuliga  ysrapyBuunap €ku omunnap Aewvnagw.  Yarapysuunap
y3rapmacnapra 6ohnvk pasuwaga ypraHunagn. Tabuuiiku, aHukK daH Macananapuga
(macanaH kumé Ba 6uonornsga) kaHganaup xaé€tuni derapanap ©Oynagu. Mana wy
yerapasui LWapTnap ypraHunagn sa Mmabiiym 6up KypuHuwaa tacempnawl Tyhpucunga gukp

ropuTunagun.

1.2. Marematuk mogennawtmpuwl. by 6ockmyga kumé-buonorna ékm bolwka coxa
MyTaxaccucnapu matematuknap 6bunaH 6upra Taxpubara MOC KenaguraH MatemaTtuk
G6enrunap 6unaH ndgoganaHaguraH KypuHuw Tysagunap. by kypuHuw “mogens” genvnaaw.
MogenHuHr matemaTuk TylwyH4Yanap évnaH ndoganaHmwmn matemaTnk Moaens aenunaau.

MaTtemaTtuk mogennap Tyhpucmnaara oaH matemaTvk mogennawtunpuw aed atanaaw.



6

1.3. CoHnu xucobnaiwl ycynuHu TadHnaw. MaTemaTukaHuHr COHNKM  xucobnalu

ycynnapy OXMaa sxwim Xopun KunnHraH. by ycynnap Xygasam xunma-xusi macananapHu
KeTMa — KeT anemMeHTap apupMeTrK Ba MaTUKUA amannap KypuHuwura onub kenagu. Kyn
xonnapga, 6vp macanaHu edviwga xap Xun ycynnap kynnaw MymkmH. By 6ockuuga
Kynunagura MacanaHu aHuk, Te3 Ba Kam XaTonuk bunaH ednnaguran ycyn TaHnaHagu.

1.4. AnroptmnawTvpuw. By gactypnallHWHI SHT acocui, GupuHYM Bockuumaup.

By 6ocknyga TaHnaHraH COHNM ycyn mabnyM Gup anropTm KypuHuwmnga wudoganaHagw.
“‘Anroputm” oeb KynunraH macanaHu edumra onub kenaguraH aHukK xapakaTnapHUHN KeTma-
KeTnurura antunagu. AnroputMm mMabiiym Oup y3rapuwl KOHyHM acocmpa oGowwnaHhuy
MablyMOTNapHN HaTwxkara YyTkasagu. bownaHfuy mabnymoTnap pgeranga, macanaHu
eyl y4yH Kepak OynraH mMabnymoTnap TywyHunagu. AnropuTMAapHUHE Typrapu Kyn;
nnaH, cdopmyna, xagsan, rpaduk, 6nok-cxema Ba X.K. bua anropuTMHuHr 6rok-cxema
TYpVHU uwnatamus. brok-cxema mMaxcyc OfIMHraH reoMeTpuK LUaKNNapHUHI-GOoKNapHUHI
Tyhpu ymsmknap opkanu bupnawtupunran cxemacuaan nbopatamp. bnok-cxemaga maxcyc
nw GaxapaguraH 6noknapHu TYHpu 4uauknap opkanu bupnawmacu acocuga macana
eynnagu.

OHOM anropuTMmnapga uvwnatunaguvradH 6noknap (Waknnap) HWHE  KYPUHULLWHK
KenTupamms:

a) 0) B) r)

n) e) €) X)

By epoa kynupgarn ©Onoknap kentupunraH: a) 6ownaHuw Ba TamomnaHuw; 6)
KMPUTULW; B) XMcobnaly; r) TapMOKnaHuLW; A) TakpopaHUW (UMKIKK); €) KUCM nporpaMmmaHm
YnKapuL; €) NpuHTepra YMkapuLl; x) 6ohnosun.

Xap 6up 6nok 6yTyH mycbat coHnap 6unaH HomepnaHuwn (IKOpWU 4Yan Kucmuaa)
MYMKUH.

1.5. Oactypnaw_(Mporpammanawitmpuil). by 6ockuyga mabnym 6up Tvn acocuga

Gnoknapra MoC kenraH onepartopnap TyQpu um3smknap 6GohfnaHvwupga  é3unagw.
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Onepatopnap — anropuTMMK TUNHUHT U BaxapyBunm Maxcyc cyanapugup. Mabnym
MacanapHu edraHga, aBBan, xycycun OXMnapHUHr Te3nurn Ba XoTmpa XaXXMuHu xucobra
onuw Makcagra MyBouK. “FAmaxa’ma nporpamma feraHaa WUXTUEPUA HOMepriaHraH
oneparopnap KeTMa-KkeTnur TylyHunaau.

By kyynnaHmaga nporpammanap bencuk tunnga (“AAmaxa’ra mocnab) Tysunaaw.

1.6. 3XMpga nporpammanu yTkasuw 6ockmycu. by 6ockuy  nporpammanallHm

Tyratagn. byHga 5 — 6ockuy acocmaa Ty3unraH nporpaMmMaHuHr Kamuunuknapy Tonmnmo,
nwnangurad xonra onnb kenuHagu. NMporpamma TyhHpu NWNAETraHNHN TEKLWMPULL YYYH Ky
yypanguraH macana yHga edunagun. ByHWHr ydyyH nporpamMMaHuvHr xamma KUCMIapuHK
vwnaTtagurad TUNUK macana TaHnaHagu. OnuvHraH HaTukanap Mytaxaccucrap TOMOHUAaH
axwunnab Tekwwupunagn. [lporpammaHuHr XaTo KUACMIapu €knm onauHrn  Bockuynap
xaTonapu Tysatunagu. Ly Tapuka macananapHu Tyhpu nwnangurad nporpaMmmanap xocus
KnnuHagw.

WyHgan knmnub, MacanaHu eduw geranHga, MacanaHu  Kyuunuwmn, maTtemaTuk
MOAENMHK, OroK-CXeMacuHM Ba MporpaMMacuHM Ty3uw Ba HuxoaT, IXMpa wwnab

YMKapuL TyLUyHUnaaw.

2. OyHKUmMAnap kMmmaTnapuHmn xmcobnaiura gouwp macananap.

Kumé-buornorua macananapuga “yHkuma” TywyH4acu xyaa Kyn yuypanan. Nxtnépun

dyHKUMOHan 60HNUKNMKHM Kynngarn KypuHuwaa Tacempnawl MyMKUH:
y=f (X1, X2, ..., Xm,)

Oy epaa X, X2, ..., Xm — W3rapysuunnap(omunnap).

Kyinga kmumésun-buonorvk macananapga yHkumoHan 6ohnvknuknapra muconnap
Ba oyHKUMANAP KMMMaTnapyMHm xucobnall anroputmiapyHmn Ty3uL ycynnapu Kentmamms.

2.1.—macana. Yrnesogopog Tapkubuaarn C,H;, mMonekynsp maccacu xucobrnaHcuH
Ba anemeHTap Tapkmbu pasanapaa aHuknaHcuH. by epga n=1, m=4, C=12,011, H=1,0079.

Eunw: Matematuk cdopmynacu H, = (H *m)/Z*100 Yrnepop anemeHTap Tapkubu
H =(H*m)/Z*100 dopmynanap 6unaH aHuknaHagn. MeTaH y4yH xucobnanmuas.

MeTaHHUHI knmésun dopmynacu CH4, atom mMaccacu Ba atomsiap COHM MOC pasuwja
yrrnepog sa Bogopo[ y4yH
1 - BJTIOK-CXEMA

( BownaHunw )

+
m, n, H, C.

+

A 4 —

Thamom
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1 — bnok — cxemara um3ox. 1 — OGMOK Macana eYUNUWMHUHT OOLLNaHULLINHK

KypcaTagun. 2 — 6nok épaamuga kepak 6ynraH 6ownanhuy n, m, C, H — mabnymoTtnapHu
OXM xotupacura kmputamms. Moc pasuwga 3 -, 4 — 6noknap épgammaa kywunysyun C - n
Ba H - m napHu ToNn6, X Ba y Aeb Genrmnanmmns. 5 — 6nokga yrneesogopon maccacu Z
Tonunagu, 6 —, 7 — 6noknapga aca yrnepog C; Ba Bogopon H; anemeHTap Tapkubnapwu
Tonunagn. MacananuHr xasobnapu Z, C;, H; napHm 8 — OGnok époammuaa 4mkapul
Kypunmacura ysatan. 9 — 6nok anroputm Tamom GynraHnuruHn ungmpagu.

MacanaHuHr eumw nporpammacuHu (1 - nporpamma) bencuk Tunuga, tokopuaaru
6nok-cxema épgammnga Tysamma.

Mporpammaga kynngaru 6enrmnawunap kabyn KuimHraH:

n—>N, m—>M, x—X, y-Y, ¢c;=C1, Hi—»>H1, z—Z
1 — MNporpamma.

10 REM YIMEPOO MACCACHU

20 INPUT N,M,C,H

30 X=C-N

40 Y=H M

50 Z=X+Y

60 C1=(X/Z)-100

70 H1=(Y/Z)-100

80 PRINT “Z="; Z, “C1="; C1, “H1="; H1

90 END

2.2. macana. XamBoH ofupnurmra HucbataH acocum KUCNOPOA anMalluvHYyBUHWUHT

xapan 6ohnaHnwm xucobnaHceuH. Matematuk copmynacu: Z=f(x, A, o) = A - x*, by epaa
f(x, A, o) — BUPNUK BaKT Munaa XamnBOHHUHT 0oTaguraH Kucnopog mmkgopu. A,o - 6epunrax
XOHMM MaBXygoTnap CUHGWM ydyH y3rapmac yndamnap. MacanaH: cyT amu3yByunap Ba
Kywnap yvyH a=0,74; A=70, 6anuknap y4yH o =0,8; A=0,3.

2.3. — macana. AGcopbnaHraH ©6yh mukgopn A xucobnaHcuH. Y JleHrmiop

TeHrnamacu opkanu ésunagu.

A= f(p,k,b)=(k*b*p)/(1+b* p),
6yHaa p — 6yhHUHr TyphyH 6ocummn, b — abcopbnaHraH koacddpuumeHT, k — yarapmac. A Hu
k=3,4; b=1.7; p=1,2;3;4 — kMAMaTnapaa aHUKIaHCUH.

2.4 — macana. XyxanpanapHuHr 6ynmHuwmga MuKpoopraHmamiap MUKLGOPWU YCULLIK

XMCOOMNaHCUH.
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Matematuk dpopmyna Z = f(t,C,E) = Ce”, 6ynma C, E ysrapmacnap, t — BakT. MacanaH,
C=2, E=15, t=1;2;3;4
2.5 — macana. KomneHcauuoH ycyn 6unad W = f(a,R) = R(1000/a—1), 6byHaa R —

MabJflyM 3TanoH Kaplwunuk, a - yndangurad peaxapg kypcatkmum, W Ba o - HuHr 1,2; 1,3;
1,4;1,5.

2.6 — wmacana. KaHgangup mopggaHuvHr OyhnaHuw WCCUKNIUIM - aHUKNaHCUH. Y

KnonnenpoH-Knayskyc bopmynacu épgammga aHuknaHagu.

A=f(R,P,P,TT,) = Rln% I.T,(T,-T,), 6bynpa T1,T, — xapopat, P; P, — 6bocumnap, R -

nceuknuk nuhyeum A Hu T1=10, T,=20, P1=1, P»,=2, R=0,3 y4yH xucobnaHr.

2.7 — wmacana. OcBanbag Kynautmpuwl KOHYHM ©Oynmya Ky4ycus uwwKopnap

ouccoumaums  ysrapmacu  aWuknadagn. k= f(v,a)=a’(V(l1-a)), 6y epmpa o-V

Kynantupuwga wwkop auccoumaumsacu pgapaxacu. K vm o=0,5; V=11,5; 12,15; 13,25
KnnmaTtnapga xmcobnaHr.

2.8 — macana. [aBpui kynbTuBaumsaga Gaktepusi MUKPOOPraHM3MnapuHn HUcoum

YyCULW TE3NUMMHUHI Y3rapulin aHuknaHcuH. Hucbun ycmw Ttesnurm M — GuomaccaHuHr
Oupnuk BakTAa Gupnuk Guomaccara moc kenraH ycuwn. M onTuk 3ndnuk D — ysrapuwim

Bynnya kynngarvu bopmyna opkanu ysrapagu:

M, =(nD,-InD,_)/(t;—t,_,),i =23,.22,D, =0,08,, =30D, = D, + > _AD,,t, =30 +i-15",i =23,..

k-1
Xap 6up BakT momeHTnga D Ba M nap Ba M

piae = MAX,_ (M) YCULL TE3NMUIMHUHT 3HT KaTTa
KnnmatnapuHu TonuHr. ONTUK 3UYANKHUHE HUCOWIA yeuLimn AD : 0,006; 0,004, 0,006;
0,008; 0,009; 0,01, 0,012; 0,016; 0,017; 0,018; 0,02; 0,017; 0,018; 0,011; 0,014; 0,014,
0,011; 0,007; 0,012; 0,009; 0,01.

2.9 — macana. t - BakT MyMaa TOK | HUMHI yTULIMOA 3nekTpogada axparnraH mogna

Maccacu aHuvKnaHuwn yydyH kynugarm copmyna épgamuaga yHuHr (Papagent KOHyHW)

nporpammacu Ty3UICUH:

A
m=—-2.1-1,
Z

1
F
byHaa F=0,0496, k — ®apagen coHun, A — atom ohfmpnurin, Z — BaneHTIuK.

210 — wmacana. Kynungarm  dopmyna opkanu  Xxamup  ayuMTKUCK

MUKpOOpraHn3amnapuaaru xyxxavpanap COHM aHUKIaHCUH.
S-0-G
P-g-g

N =
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By epoa S — npenapat t03acu, Q — ypuntuw xaxmu, G — xaMnp avYUTKUCUHUHT YMYMUI
ofupnurn, P — MUKPOCKOMHMHI KYpULL ManZoH to3acu, q — GMp ToMuUM Xaxmu, g — Xxamup
aunTkmcn GynarvHuHr mukgopu, N — kuimatn S=5 cm® Q=7,2 Mm% G=4,5 r; P=0,5 cm?;
0=0,15; g=5 KkunmaTtnapga xMcobraHCcuH.

211 — wmacana. Wwkop Oupukmanapu ©OupnawiMacuHUHI BOLOPOA WOHMapu

KOHUEHTpauMscu Ba YHUW WANUMLIMK (WWENOoYHbIA) Ty3n Kynmaarn dopmyna 6GunaH
H" =k-V,/V, - annknaHagu, 6yHaa k — guccoumaums yarapmacu, Vi — UWKOP Xaxmu, Vo, —
Ty3 XaxMu, Bogopon kypcatkmum pH ywby pH =-1gH" dopmynagaH aHuknanng. PH Hu
xucobnanauran nporpamma Ty3uncuMH Ba xucob cupka mwkopu yuyH V1=13 mn, V,=27 mn,
k=1,86-10" na yTKa3nMCuH.

2.12 — macana. bup Typgarm 6yh cyloKnvK XpomaTorpammanapuHmn xucobnatu

nporpammacu Ty3uncuH. A Ba B OuMpuMKMaHuHI Taxnun KWNMHAETraH KOMMOHEHTMapu
OYNcuH. S — n4kM ctangapT. Yuta hg, hy, hs, la, Ib, Is. Kanta xucobnaw koaddumuneHtnapm
Ca Ba Cg Ba 6ynak ctangaptv P 6epunran.

XucobnaHcuH

Kymngarm p=1, Cu,=1,2, Cp=3,4, hs=5,5, hy=3,7, hs=4,3, |=lp=Is=3 kunmatnap y4yH
xucobnaw yTkasumcuH.

2.13 — macana. banukHuHr ynyamnapu: R — NyCTUHUHI paguycu, L — 03MKNaHTUPULL

aaspugarm 6anuk y3yHnuri, r — MapkasgaH WWNnuK Xxankanapurada 6ynraH macodha. Y
xonga WXTUMEPMM sAwaraH gasp ydyH 6anuk y3yHnurm kynmparn dopmyna  6unad
aHuKnaHagu:

[,=r-L/R, L=2,5cm, R=4 cm Ba r;=3,3; 5,7; 2,4;1,8 kunmaTnapaa xmcobrnaHCcuH.

2.14 — macana. banukHUHI ceMun3 ékn OpUKIUK gapaxacu Kynmgarn oopmyna dunaH

aHWKNaHagw.
a=(/1)-W-w,)-100,
6y epaa W — 6agaH maccacwm (r.), | — 6anuk yayHnuru (cm) W=2567 r, W;=356 r, 1=25 cwm.

2.15 — macana. banuk oBnaw uxTnomaccacuHu xmcobnaw kynugarm copmyna

OunaH aHuknaHagw.

3 6 6
+ >+ )5
Z-lp (Z-lp)” (Z-Ip)

Y = §a~Nol3p_Zl"(1 +
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O6yHaoa F — Ganuknap 6unaH nwnaw HaTuwkacunga Kennb YnkkaH YrnmMmiank KoOagOUUMEHTN;
Z=M+F — ymymun ynum koadpdpuumeHtn; No — Tynampuiu, lp — oB ynyoBu, a —

NpPONoOpLMOHaNNK KO3 PULNEHTN.

3. TeHrnamanapHu Takpnbum eynLu.

Bup Homabnymnn nxtuépui TeHrnamanHm kymmgarum f(x)=0, xe[a,b] kypuHuwaa €3niwu
MYMKUH. By TeHrmamaHuHr eummu peb, mxtmnépun f(x)=0 6ynaguraH X=Xo KuMmaTtra
antunagu. EuvmnapHn Tonuw cpopmynanapuv CuUH@ TeHrnamanap ydyH >Kyga Kawm,
MacanaH, ksagpart, Kybuk Ba 6ab3n kBagpaTuk TeHrnamanap. KapanaétraH TeHrnamaHu
xap Xun Takpubumn eum ycynnapu mMaexya.

MacanaH, opanukHu TeHr ukkura 6ynuw, satapnap, HeioToH (YypuHmanap), ogaumn
nepauus Ba bowka ycynnap. Takpubuin ednm geranga, onguvHaaH 6epunraH E aHUKNMK
YYYH WyHAan Xg=X, (K — Kagamnap coHu)ra autunagukn, Hatmkacu |Oxe=x|<E bynagu.

EYNMHUMHI Takpubuin KMMMaTUHU TONWUW Macanacu MKku bockuyra 6ynuHagm: 1 —
COXaHW axpaTuLl; 2 — e4MMHN aHUKNALLTUPULL.

1 — B6ockny (eummnapHu axpatuw) — By 6utTa eYMMHWUHI E€TaguraH opanuknapuHn
TONMUWANP, SbHU [a,B] opanuvkHu OuTTa eyuMm €TaguraH oparnuvkka axpatuwaump. ByHu
Kynngarmdya amanra owumpull MYMKWH. Xp=a 6ownaHhmMy HyKTaHu onamu3 Ba Xi=Xop+i-h,

i=1,2...;h=b;]a|§ap,am, Xn=b napHm xucobnammma. OyHKUMS KUMAMATU ULIOPACUHU

y3rapTupaguraH spum coxanap kmaupunaéTtran opanuvk éynaawn.

2 — 60oCKNY (€4MMHM aHUKNawTUpur). PyHKUMS NWOpaCcuHK y3rapTupaaurad xap 6up
opanukaa e4MMHV aHuKnawTupaguraH Takpubuin ycyn KynnaHunub, Kepaknu aHuknukaarm
eynm Tonunagu.

OpanukHu TeHr nkkira oynuw ycynura tyxtanamuad. EYMMHUHT GupuHYn Takpmnbun
KnimaTn cudatnga opanukHUHE yptacu x;=(a+b)/2 [a, xi1] Ba [X1, b] opanuknapgaH kancu
Oupu 4Yerapanapmga (YHKUMS MWOpacuUHKM y3rapTvpuwmn anuknadagun. Arap f(a)-f(x1)<O0
Bynca, y xonga [a,xi1] opanuk onuHagun. f(x,)-f(b)<0 6ynranga [xi, b] onuHagn, wy ycynga
TONUIraH SHMM OpanukK xam ukkura eynuHagu. Xucobnawnap |Xn-Xn+1|<E 6ynryHra kagap
AaBoM aTTUpunagun, oyHaa E ongmHaaH onvHraH etTpany KUYmMK COH (aHUKIUK).

OHAM Kynnaa uwnatunagurad ntepauna ycynura Tyxtanamms.

f(x)=0, xe[a,b] TeHrnama ywby ycyn 6unaH kynngarmya ednnagn. TeHrnama x=¢(x)
KypuHuwra kentupunagn. by f(x)=x-o(x)=0 TeHrnamara TeHr kyuynun. byHu xamma BakT
KypcaTULL MYMKUH, MUCON YYyH, X* —4x+6=0 HM Kylngarnya ys3rapTupul MyMKUH. X*-

4x+6+x-x=0 ByHaaH x=x"-3x+6
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fbownaHiny akuHNawuw (Takpubun evnm) cudatmga NXTUEPUIA X=Xp HyKTa OflaMms.
Xo HY KENTUPWUITaH TEHrNaMaHUHE YHI TOMOHMUra Kymnmb, Xi1=¢(Xo) HM Tonammns. KenuH, X; HK

dyHKuMAra kymmo, Xo=¢(X1) HM ToNammua Ba X.K. by XapaéH |Xn-Xn+1|<E 6axapunryHya gasom

aTagu.

3.1. — macana. CO, —>CO+%O2 peakumsga T°=3000°, P=1 atm, K,=0,27 atm '

ydyH CO; puccoumauma papaxacu o tonuncuH. by eppa K, — peakums TyphyHNuK
ysrapmacu. Y kynmgarn popmyna 6unaH aHuknaHaau:

_ 1 P al2 P2 ) -« ‘
N ) 1+a/2 1+a/2

BynpaH, P=1, K,=0,27 ga kybuk TeHrnama onamua.

P)

fla)=a’ /(1+a/2)(1-a/2)0146 =’ —0,146(1+/2)(1 - )’ =0
LLly TeHrnamaHu [a, b] opanukaa, E=1072 yuyH eunLl kepak.
1 — BJTOK-CXEMA

( Bowngdimw )

|l v

X1=(A+B)/2

|V

(‘ Z=f(x1)

Xa

A=x1
F(A)=f(x1)

B=x1

<
<

\4

|B-A|>E
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2 — bnok-cxemara u3ox;

1 Ba 10 Gnoknap Moc paBuwaia anrOpUTMHUHT GOLUNAHULWIMHK Ba TyranfiaHULWWHK
Gungupaan.

2 — bnokga GepunraHn, A, B, E — GownaHiny mabnymotnap 9XM xoTupacura
Knputunagn. 4 — 6nokaa [A, B] opanukHuHr yptacm tonunagn. (x1=(A+B)/2 kypuHuwga) Ba
Z=f(x1) xucobnaHagn. 6 — 6nokga Y1 - Z < 0 wapT (SbHU f(A) - f(x1)<0)
Tekwupunagu, arap y 6axapunca (“xa” xonatn), 7 — 6onkga B=x1 geb onnHaan, akc xonga
(‘myk” xonatn), A=x1, f(A)=f(x1) 8 — 6onkga aHuknaHagu. Arap 9 - 6nokgaru
Tekwupunaétran |B-A|>EpS 6axapunca (“xa” xonatu), 4 — 6nokka ytunagum. Akc xonga
(“‘nyk” xonatn) EpS aHuknukgarm edyum 10 — 6nok épgammnga Z — KypuHuwpga IXMpaH

HYMKapul KypuriMmacura ysaTtunaau.

2 — MPOrPAMMA
10 REM OPAJIVKHM 2-TA BYNULLI METOOM
20 INPUT A, B,E
30 Y1=A"3-0,146 - (1+A/2) - (1-A)"2
40 X1=(A+B)/2
50 Z=X1"3—0,146 - (1+X1/2) - (1 = X1)" 2
60 IF Y1-Z<0 THEN 90
70 A=X1;Y1=Z
80 GOTO 100
90 B=X1
100 IF ABS (B-A)>E THEN 40
110 PRINT “AHVIK EYNM Z="; , Z

“X1="; X1; “HYKTAOA TOMUNAOW’
120 END

3.2 — macana. 3.1 — macana utepauusanap ycynu éunaH o4mncuH.

Eunm: BepunraH TeHrnamaHun kynmgarm KypuHuLIra Kentnpammna:
3 — BJTIOK CXEMA

( BownaHunw )

v

XO, E

|
\ 4

X1=Y(XO), n=0

!
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3 - MPOrPAMMA
10 REM WTEPALMSA YCYNU
20 INPUT X0, E ; N=0
30 X1=X0"3 - 0,146 - (1+X0/2) - (1 — X0)" 2

Z=|X1-X0| X0=X1,

n=n+1
l xa
7>F <
nyK
X1, n

40 Z=ABS (X1-X0)

50 X0=X1;N=N+1

60 IF Z>E THEN 30

70 PRINT “EYMM X0="; , X0
80 END

3 - 6bnok-cxema wu3doxu. 1, 8 — Onoknap OoWNaHUWMHM Ba TyrannaHULWMHU

Kypcatagu. 2 — 6nokga 3XMra X0 Ba E kuputunagu. Ycynra MmyBouk BUprMHUYN SKMHNaLwys
X1 3 — 6nokga Tonunagun, 4 — 6nokna aca Z=|X1-X0| HX, ABHU BUPMHYM Ba HOMUHYK
AKMHNALYBNAPHUHT MyTRnaK dapky xucobrnaHagu. 5 — 6rnokga eymMM xXapaéHuHU OaBoM
ATTUPULL Y4YH HONMMHYM skuHnawye X0 kunnb OupuHumcn X1 onuvHagn. 6 — 6ok
EYUMNAaPSAKUHIUIMHN Tekwupagu. Arap “xa” xonatu 6ynca, X0 eunm geb onuHagum Ba
OXMparn HaTwxa kKohosra umkapunagu. Akc xonga (y “nyk” xonatmga) 3 — Gnokka
y3aTunagn, SbHU SIKMHAaLLyB TONUNaamM Ba XapaéH aBOM 3TTMpUnaan.

LWy 6Gnok-cxema acocmga nporpaMmma Ty3ulHM YKyBYMra mawhynot cudpatvga
Konampamma.

3.3 — macana. KaHgangup cuctemanapHuUHr MONEKynsap guorapMmMmacuHm xucobnaiu

mMacanacu. bownaHhny opbuTavanapHUHr 3HepPrna gapakacu TOMUICUH. ByHWUHT ydyH n —
TaptTMbnun acp (BekoBoe) TeHrnamacu Tyaunagu. Macanan: 1,2,3 — rekcaTpueHHN onamma.
Yrnepon atomnapuHu YHUHr cufima 6ohnaHuw 3aHxupuga Xounawyesu TapTubuaa

HomMmepnab yYnkamus. by 6ohnaHraH cuctemaHn acpui ANTEPMUHAHTUHN Ty3amua. Mabnym
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OynraH MeToAMKaHW KynnaraH xonga 6 — TapTmMbnuM  TeHrnamaHu  onamms:
f(x)=x°=5x* —6x—1 By TeHrnama eusMMnapuvHu OparnukKHW TEeHr WKkura 6ynuw ycynu

OunaH TOMNWHTr.

3.4 — macana. BaH pep-Banbc TeHrnamacuHu t=0 Ba P=50 atomga MeTaHHMHI
MOMSP XaXXMUHU XMcobnall y4yH nwnatml MyMKUH.

V=R-T/(P+alV*)+b, 6yHaa a=2,253 m?atom mMonb?, b=0,0428 mmonb™, T=273,
R=0,082, P=10. Utepauua ycynn bunaH nutpnapaa ynyaHaguraH 6yhHHuUHr 6upmHmn monb
XaXMn V TOMUIMCKH.

3.5 — macana. Kyucus kucnortanap y4yH BoOOPOA KYpCaTKUYMHKU xmcobnaw.  Ywoy
HA > H +A"

H,O - H + OH"

peakumMsnapgaa BOAOPOA  WOHMAPUHUHT  KOHUEHTpauuscu  Kynugarm  TeHrnamagad
aHuKnaHagw.

[HA], =([H"]-K,)/ K, +[H"]- K, /[H"]
byHoa K, — Kkucnota pguccoumaumsicn ysrapmaca, K,=1,85-10° K, — CYBHUHI WOH
kynaitmacy, K,=10"*. By TeHrnamara oRupnuk TyphyHnurM Yarapmaca, Kucrota
KOHLIEHTpaLumMscy Ba BOAOPOS MOHM KOHLIEHTPaUUACK KUPULLFaH. X opkanu Kynuagaru
TEeHrnamaHu onamms:

(x*-K,)/K,+x-K, /x—E, =0,
6yHaa Ew=[HAo] — kucnota KoHueHTpaumsacu (mone/nntp), Ew=0,1.

By TeHrnamaHu opanukHU TEeHr UKKUra 6ynuwl ycynu épaaMmmnaa e4uHr.

3.6 — macana. bygepnuk Gupnawma pH 6yhHu xncobnatiw. Ywoby
peakuusaa HA > H™+A
H,O - H™+OH
KA > K" + A (byTyHnam guccoumanaHagn) WoOHMap

KOHLIEHTpaUMsCH Kyuaarm TeHrnama opkanvm aHuknaHaaw.
[HA], +[KA], =([H ")/ K )(H") +[KA], - [HCI], - K, /[H"])
MOHNap KOHUEHTpaumsicnHn Homabnym X aeb 6enrmnanmms. Ks=[KA]o Ty3 KOHLEHTpaLMsCH,
mMonb nimTp, K =[HCl]o — KnputunaétraH Ky4nu Kmcnota KoHUeHTpauusacu, Monb nnuTp, a, K
Kw (3.5 — macanagaru kabu). Y xonga TeHrnamaHun kynmgarmda €svnagu:
(x/K,+)(x+K,-K, -K, /x)—E,—K,=0

By TeHrnama opanukHu UKKura TeHr 6ynui ycynm 6unaH edmrncuH.
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3.7 — wmacana. Wrtepaumsinap ycynu OwunaH Kyhugarm TeHrnama euvuricuH,

xucobnaiunap: e*-cosx=0, xo=0,6: N=7: E=107 YUYYH YTKa3UsCUH.

4. AHUK MHTerpannapHu Takpuouim xucobnatu.

XKyna kyn kumésun Ba OMOMNOrMK mMacananapga aHuk WHTerpannapHu Takpuoun
xucobnawra Tyhpu kenagn. Kynmmaga, aHUK MHTErpannapHu Takpubui xucobnail ydyH
Tpaneuusanap doopmynacu KenTUpUIraH:

b

[* f(x)dx = ‘n“ (f )+ 2/ (%) + o+ 21 (x, ) + £(x,))

2
OyHOa n — TyryH HykKtanap coHu, kagam ywby copmyna opkanu xucobnaHagu: h=(b-a)/n
€kun y 6epunraH 6ynagu.

4.1 — macana. Ypuntuw ycuw tes3nurn V(t) mabnym 6yncuH, sbHU BakT yTuwm Gunax

YypUMTULW MUKOOpW Yy3rapagu. Ywoy [ti, to] BakT opanuhinga MUKOOPHUHE KyLuMMYa ycuLm
Kynugarm popmyna dmnaH aHMKNaHCUH:

N(t,)=N(t,)+1: V(0

6yHaa N(t), t — MmOMeHTHaarn CoHW, YyHKM YerapanaHmaraH pecypcrap wapovtyiaa xyaa
Kyn ypuuTtuinap yuyH V(t)=a-e*'. MacanaH, 6yHaait LLapoOUTHU pUBOXMAHAETraH YCUMIMKHM
BaKTU-BakTW BunaH siHrM o3ykasBun Goprivkka yTkasmnub TypunaguraH MUKpoopraHusmnap
YUYYH ByXyAra Kentupuw MyMkuH. By xonga N(t2)=N(t1)+(ajk)(ekt2-ektl) ABbHU NHTEerpan aHuK
xucobnaHagw. V(t):\/;e‘t2 oyncuH. Kynmunpgarn wnterpan n=10, a=1, b=2, h=0,1 yu4yH
Tpaneumsi popmMynacu opkanm xMcobnaHCcuH.

Eunw. WHTerpan octugarm udogaHM KMCM nporpamma waknmga udogananmma.
Knucm nporpaMmmaHuHr onepaTtop (PYHKUMSCU KYPUHULLW NporpaMMaHuHr 6owwimaa kenagw,
KONnraH KypuUHWULLIMApW nporpamMaHuHr oXupuaa kenagu. KUCM nporpammara mypoxkaar
YHVHI HOMUK opkanu 6ynagu.

4 — BJ1OK — CXEMA.

( BownaHuw )

A 4

FNF (2)

A B, N




ll?

H=(B-A)/N

A 4

S=FNF(A)+FNF(B)

v

=1

xa
- \ls N-1
nyK
S=(H/2) - S
4 — BNoK — cxema M30XM. S cana evYMnUWNHUHT GolunaHnwn Ba
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TyrannaHuwmHn kypcatagn. 2 — 6nok FNF(A)HoOMnuM Oup HOMabiymnm YHKUUAHK
xucobnamguraH KMcM nporpammara Mypoxaat kunagu. 3 — 6nok épgamuaa GownaHhuy
mMabnymotnap A, B, N nap kuputunagun. 4 — 6nokga H=(B-A)/N xucobnanmb, FNF(Z)
HOMIN KUCM MporpamMmmMaHn YakmpraH xonga, asean F(A) kennH F(B) xucobnab tonunagu. 5
— 6rnokga uukn ysrapysuncu I=1 6ownaHiuy kuimaTuHKM onagu. X kuimaTtu 6 — 6nokga
xncobnaHaagn, 7 — 6nokga aca S=S+2 - FNF(X) Tonunagn. 8 — 6nokga uukn napameTtpu
Kmamatura 6mp kywwmnagum. 9 — 6nokga UMK napameTpuHUHE knamatn oxmprn | < N — 1
knimaTn Gunan conuwtupunaaun. Arap “xa” xonm 6axapunca, sHa 6 — 6nokka 6opunaan Ba
dopmynaHuHr 6up Heya mapTta (aHukpohu N — 1 mapta) uwnanan. WyHgaH kennH (akc
xonga) 10 — 6nokka yTunagm Ba UMKN TyrannaHagu. by 6nokga xocun kunuHrad S (b-
a)/(2N) ra kynantmpunagu Ba MHTErpanHuHr Takpnbunm kunmatn S Tonunagu. Il — 6nok
éppammaa S OXM xoTupacupgaH kohosra 6ocub uymkapunagu. 4 — Gnok-cxema acocmia
KypunaéTtraH macanaHuHr bencuk Tunuaa nporpammacuHn Tysamma.
4 — NMPON'PAMMA

10 REM TPAMEUWANAP YCYIIA

20 DEF FNF(2)=SQR(Z) - EXP(-2"2)

30 INPUT A, B,N : H=(B-A)/N

40 S=FNF(A)+FNF(B)

50 FOR I=1 TO N-1

60 X=A+l-H

70 S=S+2 - FNF(X)

80 NEXT |

90 S=S - (H/2)

100 PRINT “TAKPUBW XXABOB =“;, S

110 END

4.2 — macana. Ywoby (Ai,A2) TYNKUH y3yHAMKNapu opanvhmuga myTtnakK Kopa XWHC

‘-II/IKapaéTFaH ANEKTPOMArHnT HypnaHuUmn nHTerpan opkann aHMKNnaHCuH.

S=C- 21X "7 -1)dA

By epga h — lNnaxk gonmuiicn, C — épyhnuk Tesnurn, T — MyTNOK xapopar, A -
TYNKUH y3yHnurn, K — 6onbumaH goumuiicn. Muterpan T=273, 1=0,1; A=0,5 xucobnaHcuH.

By aHuK nHTerpanHu xucobnawgaa kymmagarn popmynagaH ponganaHunagn:
b—a
[ f(x)dx=~ K(f(a) +AL(0)+21(x) + .+ 41 (0, ) + f(x5,))

By dpopmyna CumncoH ycynuaaH kenmb ymkaan.
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5 — BJIOK — CXEMA

( BownaHuw >

FNF(2)

v
L1, L2, N
K, T,C

H=(L2-L1)/(2 - n)

A 4

S=FNF(L1)+FNF(L2)
K=1

=1,2-n

X=L1+ - H

S=S+(3+k) - FNF(X)

A 4

S=C-S-H/3
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5 — 6nok — cxema n3oxm. 1 Ba 10 6Gnoknap eumw 6oWNaHNULLNMHK Ba TyranmaHuwmHn

bunanpagn. 3 — 6nokga F HomnmM GMp HOMabNyMNM OYHKUMA TacBupnaHagu. 2 — 6nok
6ownanhny L1, L2, N mabnymoTtnapum k, T, C mukgopnapHn 9XM xoTupacura kmputagu. 4
— 6nokga 3 — 6nokgarn dyHkums Ba F(L1), F(L2) nap xucobnaHagn. 5 — 610K UUKITHUHT
capnasxacugup, yHaa uukn napametpu I1=1 gaHn 2 - n rava | kagam 6unaH y3srapagun. | HUHP
xap 6up kuimatmpa 6,7 — 6Gnoknap vwnab, X, S Ba F(X) nap xucobnaHagu. 1=2-n
6ynraHga umkn Tyrangu Ba 8 — 6nokka ytunagu. by epaa oxupu S, sbHU MHTErpan Kkuiamatu

xucobnanagu.

5 — MPOrPAMMA
10 REM CWMIMCOH YCYNN BUNAH
20 REM AHWK MHTEMPANHW XMCOBMALL
30 DEF FNF(Z)=1/(Z"5 * EXP (10.9E-10/Z * 1.38))-1
40 INPUT L1,L2,N,C
50 H=(L2-L1)/(2 * N)
60 S=FNF(L1)+FNF(12)

70 K=1
80 FOR I=1 TO 2*N
90 X=I1+*H

100 S=S+(3+k) - FNF (X)
110 K=-K

120 NEXT |

130 S=C*S*H/3

140 PRINT "TAKPUBUN EYM="$ S
150 STOP

160 END

4.3 — macana. YMymMun ypumtuw GuomaccacuHuHr ofupnurn Kymuagarm dopmyna

OunaH aHuknaHagu.

M(T)=M(O)+S, N(t)- P(t)dt,
6yHaa N(t) — Hacnuii ypunTuw coHm €km t ra TeHr 6ynran, P(t) t — éwnu HacnHuHr yptada
ofupnurn, M(t)=0 — 0 gaH t raya 6ynraH xamma HacnnapHuHr 6momaccacu. Macananm T=5,
N(t)=sin t%, p(t)=2-t?> y4yyH CUMNCOH ycynu 6Yitnya eunHr.

4.4 — macana. KaTTuK >XUCMHWHI WUCCUMKNUK cuhumm ywiby TeHrnama opkanm

aHnKNnaHagu.
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9N3H JS(O x*-e* /(e* —1)dx,

0

C, +

6y epoa x=hv/(kT), xo=To/T, To — [debaeB xapopaTHu, N — ABaragpo COHMU, k —
BonbumaH pouwmuiicn, V. — mMyTtnok xapopat, h — [lnaHk gouvmuncn, v — TebpaHuL
yactotacu. KaHgangup anemeHtnap yyyH To kuimatu Kynungarura TeHr: Al=398, Na=159.
CumncoH ycynu épaammnaa xmMcobraHCuH.

4.5 — macana. bepunraH xapopaTtga P 6ocum (aTtom) ga Ba rasHuHr yyyBYaHnuru f

(aTm) kynngarnya aHuknaHagu:

lnﬁsz —Z_ldp,
p P
Oy epaa Z — kmevnuwl oyHKUMsCK xaasan kypuHuwaa 6epunagn. MHterpan tTpaneuusnap
ycynu épgamuaa XMcobraHCcuH.

4.6 — macana. NepkoneunoH UNbTPHUHI cogaa MOAESTMHN KYypPaMn3 — CYIOKITUKHUHT

siccu nneHkacu siceu 6aktepuan nneHka 6unaH mynokataa. TaHnaHraH cogaa reomeTpuk
CTPYKTYypanu dunbTpaa KOoHUeHTpauusHu OakTepwan nreHkarada OynraH macoda Ba
AO3VPNaHnLWL UMKNUM BakTU t HUHT dyHKuuacu ©Oynagu, geb xucobrnaw MyMmKuH. 6y
KOHUeHTpaumsHn C(x,t) ne6 6Genrmnanmms. CyloKnMK KaTnamm TuHYnaHagn et
xucobnanmma. LyHganm knnub, opraHukaHu cytok GakTepman nneHkara yTkasuiw MOSeKynsp
andpdysmsa xucobura ByxXyara Kentupunagu, WYHUHr ydyH Yy OUK KOHYHM Epaamuia
TacBMpPNaHULWLN MYMKWH.

o’C 1 oC

a2 D o,

B6yHaa D — monsap anddysusa koaddumumeHTn. by napabonuk TeHrnamaHn evn yd4yH butrta
bownaHiuy wapT: (L — CyrKMMK NAeHKacu KanuvHnr), Ba MKKMTa Yerapasui LLapT Kepak.

LD _y, 0<t<T
oL
(AbHM 3o cupTaaH XuHc yTkasunmanam Ba C(0,t)=0, 0 <t < T, SbHWN OpraHunK XMHCNApHU
MUKpoopraHusamnap 6akrepvan nneHkara eTuwm bunaH Tesga UCTEbMON Kunaau .
tOkopugarn TeHrnamaHn 6utta GownaHhuy Ba MKKMTa YerapaBui LWIApT acocuia
€YVHT.
Kypcatma: By TeHrmamaHuHr XycyCun XOCUMNaBUN €YUMUHW Yy3rapyBuunapHu

axpaTuw ycynu 6ynmya aHuK KypyH/LLAA TONUL MYMKWUH.

4C, & 1 2 2 o . (2n+1
C(x,t) = 0 Z o (2t 2D -sm( n+1)m
T = 2n+1 2L
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Y xonga MebepnawTUpuLl XapaéHu oxXupuaa ypTada KOoHUEeHTpaumdacu kymmparm mdoaa

opkanu 6epunaau:
C, = %I L C(x,T)dx

By nHTerpanHu xucobnaw ydyH CuMncoH ycynuaaH donganaHuil MyMKUH.

4.7 — macana. [leban-OHwTenH dopmynacura acocaH KaTTUK XXUCMHUHT UCCUKITUK

CVIF]VIMVIHVI adHUKINaHr:
C=f(a)-[x*e " ~1)*dx,
0

6y epaa f(a)=9-Na-k/a® , a=To/T, T=273°K,
N=6.02:10% monb™ — ABaragpo coHu, k=1,38:102% [x/k BonbumaH Zoumuiicy,
Hatpwit (To=159°K) Ba kymyw (To=215°K) yuyH xvicobnaiunap yTkasuncuH.

4.8 — macana. MwoH4nn 9bTUMONMUK, MacanaH, Kyn mapta KAMEBUW  TaxJivn

HaTwxanapu 6unaH 6ohnaHraH Tacogndun XaToNUKHU Xapakrtepnangu sa ywoy dpopmyna

épaamuga xmcobnaHagu:

1 % .
d=——1|e*"dt,
N2 ;':

By d axTumonnuk GunaH xaTtonuknap UWoHYNK [Xi1, Xo] opanufiuga oynuwmHm ungupagu.

D Hu xucobnaw nporpammacu Ty3uncuH Ba x;=0.68 Ba x»=0.87 y4yH nwnaTuncuH.

4.9 — macana. Mohop 3ambypyhnapu coHuvHu t; Ba t; BakT opanufhmga AHaga

YCULLMHWM aHMKNaLl y4yH Kynunagarn doopmynagaH oonganaHmnagu:

N(t) = NGt + [P0y,
sint

byHaa V(t) — sambypyhnap ycuw tesnurn. N(t;) xmcobnaHcuH, arap N(ip)=100, V(t)=te>"",
tozl, t1=8 6§/nca.

5. Ta>|<p|/|6a HaTWXalmlapnHn MateMaTuk Taxnumin KUnuLl.

Tacoagndun MUKOOPHUHI  MaTemMaTuK  KyTunmacwu (ypta apucpmeTurn)

M = (l/n)le. dopmyna 6unaH aHuknaHagn E, = M —x, MyTIoK XaTo.
i=1
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Tapkanuii, SbHU ONMHraH MUKOOPNapHM Auccnepcusicn (Tapkoknuri) kKynuoaru

MUKOOp GunaH xapaktepnaHagn o =1/(n—1):ZEf, G - ypTa KBagpaTuKk xaTto 3aca -

i=1

G=\/i(M—xi)2 /(n—1)

Ypraua mukgop M alpum oOnuHraH ynuawrnapra kaparaHga Kuovmpunaértrad
MUKOOPra SKMHPOK Bynaamn, LWYHUHE YY4YH YHUHT XaTOCU KaMpok. Tabuuiku, ynyawnap coHum
kaH4ya kyn 6ynca, ypTaya xaTo WyH4a kam 6ynaau. YpTayaHuHr ypTa KBaapaTuK XxaTocum

Kyrunaaru oopMyra opkanu aHuknaHagu:

m=+No’/n =\/(iE,.2)/(n~(n—1))

anamnapHMHr HMcbun xatocn oS=m/M-100 ra TeHr 6ynagun. OpaTtoa, xamma
xmcobnawnap HaTwxkacuga, ypraya ydyH aHuK Knamat amac, 6anku wy opanukra y ékun by
MLLIOHY 3XTUMONN GunaH KUPUTUANLLIN MYMKVH. MabJTyMKW,
M +1.96m; M +m-2.58, M £3.23m opanuknapHu OyTyH Tynnam XaXMWHWHI MOC paBuLlaa
95, 99 Ba 99,9% aHuKNUKOA KUPUTUAraH.

YMyMUA  KypUHULWLIAA WLWIOHY opanuknapu M E¢-m  Kunub é3annul MyMKUH. t
MUKOOPHUHI Xap Xun 3XTUMOMMMKNAP YYyH KMMMaTnapwu Ba 03041MK Japaxanapu ydyH
coHnm m — CTbtogeHT (1 - xagBan) TomoHngaH Tonunrad. LWyHWHr yuyH 4= M +¢-m, 6yHaaH

t=x(A-M)/m A-M =A MyTnaK XaTONMNKHU xmcobra onraHga,

m=c/\n,t=+An /o, An,o - napHu Ouncak, 9SXTUMOMMUK MUKOOPWUHW >KaaBangaH
TOMULLIMMUN3 MYMKMH.

OHOM WKKM TaHMaHMa ypTayvaHuHr dpapknaHuw 6axocumHn kentupamms. KynuHua
nanaHyBuYMnap Taxpuba yTkasraHnapuga dakar, Ky3aTUnapHu MatemMaTuk nwnabd Ymkuil
HaTWXacuga onuHaguraH, yprada Mmukgopfiapra Ku3mkuormHa konmau, 6ankm anpum katop
Ky3aTULLNapvHW  xapakTepnamguraH yprtanap avuMpMacUHUHT  ULWOHYNuUIuMrura  xam
Kn3vkuwaan (MacanaH, 6up kaH4a YvkapunraHnapHu €kun yhut mMebEeprapuHu ypraHvwga
OfMHraH xocunanap opacugaryu apKkHUHI UWOYSTUANTN).

Ypra KkBagpatVK xaTonuMK épaammuaa MKKUTa  TaHnmaHMa  ypTadanapHu
dapknaHuwnapuHm Gaxonaw kymngarmda onub Gopunagu. Papas kunamnuk, GupuHum
yptada M, +tm,, n; — Taxpubanap Ba MKKMHYM ypTada M, tm,, N, — TaxpubanapaaH

onuHraH. Anumpma (M, —M,)*t-m, napHu xucobnammms, 6ynga t— CTblOAEHT Me30HMU,

Mg - WKKUTa ypTa anunpmacu XaTonuru. O3oanuk Aapaxanapu
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n +n,—2,m, =+m +m; 6ynagn. Xakukuii anvpma KypcaTkuum (Taxpmba ULWOHYNMUANTA
mMe3oHu) ¢, =(M, -M,)/t, Bynagwn. Arap ¢, >t Bynca, NWOHYIN XcobnaHamanau.

By WwyHW Kkypcataguku, TaHnaHraH ypTadanapHu conuuTupuwaaH kKenmb udmkkaH
xynocanapu dakaT ypraHunrad rypyxnap ydyH TYQpu, NekuH yHra ymymmin Tyc Gepuu
MYMKMH 3mac. WWoH4YCcM3 anmpma wuHTerpan ypradanapyv ammpmacuHu TyhpunuruHm

KypcaTMmaunaun, NIeKUH TaHnaHraH yprayanap opacugaru papkHu Kypcatagu.

n-1=f o3oanuk NwoHy 6ocknunapm

Japaxanap coHu 95 99 99,9

1 12,7 68,6 -
2 4,3 9,9 31,6
3 3,2 5,8 12,9
4 2,8 4,6 18,6
5 2,0 4,0 6,9
6 2,4 3,7 6,7
7 2,4 3,5 54
8 2,3 3,4 4,8
9 2,9 3,2 4,8
10 2,2 3,2 4,6
11-14 2,2 3 4,3
15-20 2,1 2,9 3,9
21-30 2,1 2,8 3,7
31-60 2,0 2,7 3,5
61-120 2,0 2,6 3,4
1,96 2,58 3,29

1 —>xapgBan.
5.1 — macana. 49 coat nunga KynbTuBauus KMNMHraHugaH kemmH buomacca kaHya
3KaHNUMMHU ypTa apudmMeTurn, ypta KBagpaT XaTofnivrn, CTaHOapT XaTosfiMK Ba WLIOHY

WHTepBannapu TonuncuH. Taxpuba HaTxkanapw.

6 — BJIOK — CXEMA

( BolwnaHuw >

v
a4

S S1 S2 83
Tamom
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6 — 6nok-cxema u3oxu. 1, 2 - BGnoknap UWHWHI GolunaHuwn Ba TyrannaHUWMHA

bunanpagn. 2 — 6nok Epgammnaa x Bektopura AXMaa xoTupacuaa Xoé axpartunaam Ba n,x
BEKTOp Kkunmatnapu kuputunagu. 3 6nokga S=0, S1=0 kunnb onuHagwn, 4YyHkn 6y
ynyamnapga wvmhuHgum xocun kunuHagu. 4 — 6nokga i Oynnda 1 gad n rada (1 kagam
6unaH) ymkn GownaHagu. i=1,2... n ysrapraHga 5 — 6nok Ba 6 — 6rioknap €épgammaa moc
pasuwaa S:ixi Ba Slzixf nap xocun 6ynagu. >XapaéH tyrab 7 — 6rokka yramus.

i1 i1
bynoa ypta apudpmetuk S xucobnaHagu. 8- 6Gnokaa xucobnaHmb, 9 — 6nokga
xucobnaHaétraH ypTa kBagpaTuk xaTonmk S2 Ba ctaHgapT xaTtonuk S3 nap tonunaaun. 10 —
6nok épgamuaga S4 Ba S5 uwon4y opanuhn xucobnaHagn. Huxoat, 11 — 6nok épgamuaa
mukgopnap S1, S2, S3, S4, S5 9XMaaH yMkapunaguw.

6 — MPOrPAMMA

10 REM wnmhunngmnapHun xmcobnatu

20 INPUT N

30 DIM X (N)

40 FOR I=1 TO N

50 INPUT X (I)

60 NEXT I: S1=0; S=0

70 FOR I=1 TO N

80 S=S+X(I)

90 S1=S1+X(1)*2

100 NEXT |

110 S=S/N

120 S1=(S1-N*S*2)/(N-1)

130 S2=SQR (S1)

140 S3=SQR (S1/N)

150 S4=S+3*S3

160 S5=S-3*S4

170 PRINT “S="; S, “S1="; 81, “S3="; S3, “S4="; S4, “S5="; S5

180 END

5.2 — macana. 6 Ta Taxpuba y4actkacuga 2 xvn yOut kynnanmb, naxtagaH Kynuaaru

XOCUIn OJINHraH:
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1-yhut 9,0; 17,0; 31,0; 18,0; 7,0; 20,0

2 —yhut 15,0; 11,0; 18,0; 14,0; 17,0; 5,0
ypTta apudmetuknap M; Ba M, HUMHr m; Ba m, CTaHAApT XaToONuKNapuH, Taxpuba

NLLIOHYNNITMK ME3OH ty NapuHN TOMWUHT.
Eunm: Kynmgarm 6enrvnaphm knputamms M;—S, M,—C, m;—S;, my,—S,, td — TD.

7 — BIIOK - CXEMA

( 50u.|£aHv|m )

n, x(n), y(n)

!
$=0; C=0 S1=0;
C1=0

v

=1, n

v

S=S+X;
C=C+y;
v
S1=S1+x?
C1=C1+y?

|
\ 4

S=S/n; C=C/n

v
S1=(S1-S)%/(n/1)
C1=(C1-C)?(n/1)

Y

v
§2=~/S1/n
c2=~Cl/n

v

CD =+/82° +C2*
TD =(S-C)/CD

!

S,C,S82,C2, TD




27

)
(" Taon )

7 — BNoK — cxema n30xu Xyaam 6 — Grok-CXxeMaHukura yxwaraHu ydyH yHU yKyBuura

MaLlK cudpatmaa konampamma,
7 —MNMPOrPAMMA
10 REM 5,2 macanaHuHr nprpammacu
20 INPUT N
30 DIM X (N), Y(N)
40 FOR I=1 TO N
50 INPUT X (1), Y(I)
60 NEXT I
70 S=0: C=0: S1=0: C1=0
80 FOR I=1 TO N
90 S=S+X(I): C=C+Y(I)
100 S1=S1+X()*2: C1=C1+Y()*2
110 NEXT |
120 S=S/N: C=C/N
130 S1=(S1-S)*2/(N-1)
140 C1=(C1-C)*2/(N-1)
150 S2=SQR (S1/N)
160 C2=SQR (C1/N)
170 CD=SQR (S2*2+ C2*2)
180 TD=(S-C)/ CD
190 PRINT “S="; S, “C="; C, “S2="; S2, “C2="; C2,
“CD="; CD: “TD="; TD
200 END

5.3 — macana. pH 6upukmaHu ontu mapTtanab ynyaw Kynungarm KnnmaTtnapHu

Gepaan:
pH;: 2,87; 2,84, 2,89, 2,86; 2,89; 2,87,

VpTa apunaMeTUuK, CtTaHaapT XaToJIMK Ba NLLUOHYITUITUK opanmhm aAHWKITaHCUH.



28

5.4 — macana. 7 Ta Taxpuba y4yH CyB KaTTUKMUIMHW aHuknawga kKynuaaru

HaTuXanap OfNHraH:
X;: 6,53; 6,43; 6,50; 6,48; 6,48; 6,44; 6,53;
VpTa apudMeTUK, CTaHAapT XaTONMK Ba ULLOHYNUANK opanvhn aHUKITaHCKH.

5.5 — macana. lNeTpu Kocavyacugarm MMKpoopraHnamnap KonoHuanap CoHMHn Ni=n; *

R%/r dhopMyna opkanu xucobnaraHaa Kyimaarn MabnymoTnap OnvHraH:

ni: 15; 17; 14; 19; 18; 14; 17; 17; 13; 16;
ByHOa R; MMKpOCKON KypuLl MangoHuaarn KoNoHUANapHUHE ypTada coHn, R MNeTpu kucnacu
paanycu, I MAKPOCKOMHWHT KYpPULL MaifoHu paguycu. YpTa apudmMeTuk, CTaHaapT XaTonmk
Ba MLWOHYNUNKUK opanufn aHNKNaHCUH.

5.6 — macana. Taxpuba HaTuxkacuga 8 — Ta BerMtaunoH namwaaH YCUMINK Xocunm

ONUVHraH, abHM N=8

xi : 10,55 10,09 10,54 9,57 10,08 10,67 9,62 9,97 xucobnaw kepak: ypTa
apuMeTuK KMAMatuHW, ypTa apudMeTUK XaTonUrnHW, CcTaHgapT XaTonurmHW Ba
NLLIOHYNUITMK opanuiuHu.

5.7 — macana. Vkkuta aHanutnk A Ba B KoTMWMaHWHT Tapknbuga Aun 60punnrnHmn

Oup xun ycyn 6unaH Taxnun KUMKW Ba Kynnaaru HaTukanapHu OnMHAN:

A: 140 160 1,45 1,67 1,51

B: 143 1,33 147 1,48 1,59 1,70

YnapHuHr ypta apudpmetmknapuun (M1, M2) ctangapt xatocumHm (my, M) MKKana
KMAMaTNapuHUHT BMp-OMprnaaH xaTtonuk dapkuHu Ba Kancm BUPUHUHE Taxkpnbacu aHUKpPOK
HaTWXka 6epraHnUrMHM aHuKnaL Kepak.

5.8 — macana. Wkkuta nabopatopusga Ovp xun ycyn épgammga kasmb OnuHrad

MaXCYNOTHUHI TapKMbuaa PyXHUHr Gopnurn Taxnun KANWHIAH Ba KynWuparunap kamg
KWUIVHraH:

1 — nabopatopusaga: 21,6 21,1 21,4 21,7 21,9

2 — nabopatopusaga: 22,0 20,6 21,3 204 21,1 21,5

M1,M, m1, my, td napHM aHUKNaLL Kepak.

5.9 — wmacana. Taxpubanap acocmga 2 Ta OQUPNUKHKM OungupmanguraH

KOTULLMANAPHUHI TabCUP KUMWLL BaKTIIAapUHN aHUKIaHT.
A —kopuwma: 3,2 16 57 28 55 1,2 6,1 29
B — kopywuma: 3,9 1,0 84 3,6 90 3,5 7,3 4,8

M1,M2, my, my, td napHu xucobnaw Kkepak.
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5.10 — macana. Taxpubanap acocuga xap Xusn KuiamaTnapu ydyH paganmoakTUBIIMK

nHaukatopmaaH dorganaHnd pyx OunaH TUTaH TMOPOOKCUOVHWUHI YYKMLW XonaTtnapu
ypraHmnam Ba kynmaarm 6ohnuknuk anmknadam g Dz=f(pH) (1 — pacwm Ba 1 - xxagBan)

Dzn — PYXHUHT YyKMagarm MacCacUMHUHI KopywiMagarm maccacura HucbaTaH HUCOUN
TYWWHraHnuruam éungupaan. Ig Dz, Ba pH napHUHr Koppensaumsa KyydnapuHu 6axonaHr Ba

perpeccua TeHrnamajiapnHn KeJ'ITI/IpI/I6 YNKAPWUHT.

X Yy A
3,5 -1,5
3,8 -1,2
4,0 -1,0
4,2 -1,0
4,5 -0,8
4,7 -0,5
5,0 -0,5
5,2 -0,0
5,5 0,1 >
6,0 0,8

1 - pacwm.

Eunnuwn: Koppenaumsa koadpdpuumeHTn (TanHnadma) ywby dopmyna  opkanu

xucobnanagu:

r=(> @, —y))/n-X-Y) (S, -5,)

i=1

By epaa dx Ba dy nap ctaHaapT xaTonuknap 6ynub, ynap Kyunaarmya aHuknaHaau:

S, :J(fo)/n—)?; 5, =J(ny)/n—F;
i=1 i=1

6y epaa : X=Qx)/n; Y= y)/n
i=1 i=1

Unsnknum perpeccna KoappuumeHTn opkanu ngona KunmHagu.
a=25,/0,

5.11 — macana. HopooH myxutgarn cynbacanuunnnm KucnoTtaga xounawtupunraH

Fe? HWHr XaaBannawTupunraH rpaduriiu oToMeTpuK aHuknawga 9 Ta cTaHgapT

CYROKIMUKINAPHUHI ONTUK 3UYTTUTX aHUKNAHraH Ba ynap >XagBarnga KeJiTupunraH.

Kapsan
Ne 1 2 3 4 5 6 7 8 9
Xi(Er/l 0,06 | 0,08 | 0,10 | 0,12 | 0,14 | 0,16 | 0,018 | 0,20 | 0,22

KOHUEeHTpauunacu

OnTuk 0,19 | 0,25 | 0,32 | 0,39 | 047 | 053 | 0,61 | 0,72 | 0,79




30

3UYINnNMn

Unsmknn rpaduk xapaktepucTukanapuHn aHuknaw kepak. Xygaum wy nyn owunad
Y3MHMM3 Taxpuba Kunaé€traH KOHUeHTpauuanap yYyH YNapHUHT 4YU3UKNK  rpadouknap
XapaKTEPUCTUKACKMHM XNCOBNaHr.

5.12 — macana. MukpoopraHuamnapHUHI pUBGOUHANIMHN BUOCHMHTE3NALL 3HT Kynai

BaxkapunuLn y4yH MyXUTHUHT ULLIKOPITUK JapaXkaCUHU aHUKIaHT.

Kypcatma. ['eH nHxeHepnuri ycynu munasH wyHaam Myxmut Xocun kunuHrkm (Bacillus
Subtilus), KancuHUKM yTa pnbodnaBnHakn CUHTE3NAL MMKOHUHKM GepcrH. PubodnasnHaHm
Y4YH,
MaJaHUUNIaWTUPULL WapT-lWapouTnapmuHu axwmnawl kepak. by >kapa&HHuHr 3Hr acocun

nwnab YMKapULL XapaéHuHu TakoMunnawTnpuLl MaxcysioTnapHu
Hernan “pH;’HMHr onTUMan KUMMATUHW TaHnab onuWHM Tawkun kunagu. ManaHyBum —
BuoTexHonornap rkopuaaru xxapaénnapHu (abHu Bacillus Subtilus HM MagaHunnawTMpumLL)
pH; Ba pHg y4yH Gaxaprannap. PunbodnasuHa TapkunbuHm ynyaw mukgopu (1 Mkr — mn)

LWyHOan HaTwkanap 6epaan.

Kapsan.
BakT coat PH- PHsg
0 4.4 4,45 4,20 4,10 4,16 4,00
3 4,01 4,48 8,61 9,62 11,24 8,88
6 15,90 18,40 18,40 21,23 21,65 23,16
9 29,68 35,03 33,70 49,71 52,47 57,03
12 55,23 59,47 49,60 88,18 73,78 93,49
18 131,44 118,72 131,16 235,88 263,41 304,75
24 352,98 243,27 428,77 641,30 587,24 572,40
30 1118,30 885,10 773,80 1011,24 1031,81 1043,04
36 1123,60 1028,2 1106,0 1354,7 1420,4 1445,8
42 1392,8 1590,0 1655,7 1700,2 1674,8 1579,4
48 2281,6 2363,3 2231,3 2445,9 2456,5 23135

AHuknaw kepak: pH HUHr kancu kmnmatnapmaa pmbodnasnHa Bacillus Subtilus Hu
CUHTE3 KWNMULWI SHr axwn HaTwka 6epagn? ByHUMHr yuyH TaXpubaHWHT MLWOHYNUANK

anomatuaaH dponganaHuWnNMmM3 MyMKUH:

n 7,

VI=(ZaU)/ni;N1=(szj):i=1'2 ......... m
J=1 J=1



31
By epaa m — taxpubanap coHu, ni, pH; - y4yH ynyawnap CoHu, ny, pHg — ydyH ynyawnap
coHu, M; pH; — y4y yptaua apudmeturun, N; pHg — yuyH yptada apudpmeturn, A=(a;) ydyH

Ba B=(bj) moc pasuwaa pH7 Ba pHg nap y4yH Taxpubanap Hatuxacu.

Si
SiZZ(aU.—Mi)Z; CiZZ(bU—Ni)Z; Ai - nl(n2 _1) ; liZ(M[—N[)/\/d—l.

ti — ypTagarn dapkHUHr Kypcatkmymn. Arap t<t, (t=2.13) 6ynca, y xonga k=k+1 épgamunga
y3apo 6up Xun HykTanu 60NNNKIMKIap COHMHU Xucobnaw MyMKUH.

Tpaneunsinap metogm €pgammnga pubodnasmHa (Bg) KOHUEHTPaAUMACMHUMHI BakTra
B6oNNKNMK arpn 4YnMsmhHu Taxxpubana aHnknNab, ynapHUHr 03acuHn xucobnaw nynn éunax
PH HWHI 3Hr Kynam KAAMaTMHW aHuKNnab onuvwuMmnid MyMKWUH Oynagum. JHr kaTta to3a
pubodnaBMHAHWHI AHaga Kynampok pexummaa 6ynagu. ®apas kunamms, k=k-100/11. by
xonga k ysapo moc kenaguraH Hyktanap HucbaTtuHu 6ungmpagu. Arap k>90° bynca, y
xonga MyHocabatnap Moc kenagw, arap k<90° 6ynca, y xonga F Ba L to3anapHu, Moc
pasuwaa pHz, pHs arpn 4unsmknap octuaa aHMKNammmna:

F=3-IZ41:(Mi+Mi+1)_§i2(Mi—Mm) , L:3-2(N[—NH1)+%?Z:(N[—NM)

Arap F>L 6ynca, y xonga pH; pubocdnaBnHaHn CUHTE3N Y4yH eTapnu BGynaaun, akc
xonga pHsg kynan geb kabyn kunuHagu.

5.13 — macana. TykkuaTa napannen taxubanap HaTwxkacuga cunukaTt TapKUOUHUHIP

He4a (pOVI3VIHI/I TaWKnUn KMnmw aHnLwnaHraH:

Taxnunnap Ne 1 2 3 4 5 6 7 8 9

pi02 TapKNobM 57,3 | 56,8 | 57,6 | 57,3 | 56,9 | 57,6 | 55,9 | 56,0 | 55,0

Ynap Tapkubuparm pi0, NaApHUHr ypTa apudmeTurHM Ba ypTada craHgapT
XaTonUrmHM xucobnaw Kkepak.

5.14 — macana. ETtu mapTta Taxnvn Kunuw Hatwkacuga YysH TapKUOMHUHT Heuya

don3nHU poccop TaLLKUN KUMULL aHUKNAHraH:

Taxnunnap Ne 1 2 3 4 5 6 7

docdop Tapkmbu 0,77 0,38 10,375 0,383 0,39 0,36 0,374

Tonuw kepak: YysiH Tapknbugarm pocopHUHr ypTaya apuMeTUrnHn Ba yptada ctaHaapT
XaTOMNUIVHW.

6. AndpdepeHnan TeHrnamanap
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TabuaTHMHr BakT Ba dasoga ysrapyBum xap Oup xoaucacu gudpdepeHuman
TeHrnamanap opkanv ndoga KunvHaaw.

Opavn gudbdpepeHuman TeHrnama 6epunraH 6yncuH:

dy/dx=f(x,y)
Ba y y(0)=yo 6ownaHhmy wapTHM KaHoaTnaHTUpcuH. Bepunran [a,B] opanukaa y(X) Hu
Tonuw kepak ©OyncuH. By wMacanaHm xucobnawl  ydyH KynnaHaguraH —Takpuoun
meToanapaaH oupn — dunep ycynuaup. by ycyn xi, Xo,...... , Xn, AUCKPET (Y3ynyBYaHUK)
HykTanapmga, VY(Xo), VY(X1), ...., Y(Xn) GYHKUMANAPHMHT Takpubum KurMmatnapuHm
dopmynagaH donganaHnb Tuknaw MMKoHnHM Bepaan.
Y = 3 Hh f(x, y(e)) k= 0.1,

Oy epga h=(b-a)/n, x=a+l-h, (1=0,1,2,....,n)

6.1 — Macana. y—— Z HUHr axpanuil peakuusicu Teanurv ywby auddepeHuman

TeHrnamaga apusanu ucgpoga KMnuHagu.
dy/dx=k(t—y)", y(0)=1

6y epma y(0) y moggaHuHr 6ownaHhuMy KOHUEHTpauusicu, K — MpOnoOpLUUOHannK
KO3 pULUMNEHTHN.

Bepunran [O, T] opanukga dunep ycynu épgammnaa y (X) HM Tonuw kepak. by epaa
H=T./N, T,=5, b=1

By macanaHu xucobnaiu 6n0oK-CXeMacUHUHI NporpaMMacuHn KenTupamms:

BJTIOK — CXEMA

NPOrPAMMA
BolwnaHuw

v

N, T1, B,
/ (). Y(1), /
¥

H=T1/N

Xwncob:
T(0), Y(1), X(1)
v
T(), Y(1), X(1)

\_{'
(o )
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10 INPUT N, T1,B

20 DIM T (N), Y(N), X(N)
30 INPUT T (1), Y(I), X(I)
40 H=TLN

50 FOR I=2 TO N

60 T()=T(-1)+

70 Y()=Y(-1)+

80 X(I)=X(I-1)+

90 PRINT T(I), Y(1), X(I)
100 NEXT |

110 END

Bnok — cxemara mu3ox: 1 Ba 7 - 6Gnoknap anroOpuTMHUHI GOLUMHU Ba OXMPUHMK

ngpoganangmn. 2 — 6nok xucobnaw yyyH kepak 6ynran T1, B, N, X(1), Y(1) Ba T(1) napHuHr
[acTnabkn KuuMatnapuhmu kuputaau. Yarapuw kagamu H-T1/N 3 — 6nokga xucobnaHagw.
dopmyna Oynmya xucobnalwHu Tawkun kunuw ydyH 4 — Bnokaa xapaéH 6olwnaHaaw.
(i=2,3,...N) Y; BaT; MaccMBnapHuWHr KMamMaTuHM xucobnaw 5 — Gnokga Gaxapunagu Ba
HUXOAT 6 — 6riokga xocmn 6ynraH HaTuxanapHu 6ocnd Ynkapaawn.

6.2 — Macana. YeknaHmaraH MuKOOpAa O3WK-OBKAT pecypcrnapura ara 6ynrad

lapoMTaa SWOBYM MUKPOOpraHmamnap YcTyHu, Golika Typnap TOMOHMAAH WCKaHXara

onuHran 6yncuH. Baktra 6ofhnuk 6ynraH kynanuw ywby dopmyna ndgoaa KnnvHaau:
dx/dt = Ex

Oy epaa X(t) — TMpuk opraHmamnap conu, x(0)=5, E=2 6yncuH, t =10 6ynraHgarn X(t) Hu

TOMMWHT.

6.3 — macana. Arap 6,2 — macanagaru y3-y3vHu NykoTuw camapacuHu abTmbopra

orncak, SAbHM YKALWHW Ba KyrnanvWHW KamManTupuwl XyCycuUsiTU pJecak, ©u3 kynugaru
TeHrnamara ara 6ynammas:

dx/dt=FE-x—&>
d - y3 — y3uHM 3axapnaw koapdpuumeHtn. x(0)=1, 0<t<l h=0.1 6ynraHga dopmynagaH
donpgananmb x(t1+i/h), i=1,2,....10 H1 xucobnaHr.

6.4 — macana. dnuaemuonorusgaH macana. dapa3 kunammua: a Ba n nactnabkm

BaKTAArn 3axapflaHraH Ba 3axapflaHmaraH ogamnap coHu OyncuH. X(t), 0<t<10, - BakT
opanuhuga 3axapriadHraH ogamnap coHu, B=0,5 — uHdekums oktupuw KoadpuUneHTH,
j=0,3 — cohanmb keTuw koacpbumumneHTn. BakT t=10 6ynraHaa cohannbd ketraHnap coHn Z(t)

HW TONWHr. Xncobnai oopmynacu Kkynngarmya:

dz/dt=jn+a—z—ne "’ ),z(0)=0
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dopmynagaH organanmd, Z(t) HM xucobnaHr.
K1
6.5 — mMacna. y1_, y2 y4yH KUHETUK CUCTEMA Kynuaaru
K2
dy, /dt=k,y, -k, y,,y,(0)=1Lk =10,
dy,/dt=ky, —k,y,,y,(0)=Lk =5,

anddepeHuman TeHrnaMmanap cucteMacu opkanu ndoaa KMnmHaau:

dy
T;Zkzyz —k,y,,y,(0)=1k =10

dy
thzkl)ﬁ ~k,y,,y,(00=1k, =5

Kynugarmn popmynanapgaH donganaHmb tonunaau:
yi(xg+i-h)=y,(xo +(@=1)-h)+h(k,y, -(xg +(@=1)-h—ky,(x, +(=1)-h),
Vo (xg +i-h)=y,(xy+(@=1)-h)+h(ky, - (xg+(@=1)-h—k,y,(x, +(@—1)-h),
v (xy+i-h),y,(x,+i-h),i=12,..,10
x,=0,A=0,1

6.6 — macana. Y6y KMHETUK TeHrnamanap TMSUMUHN EYUNHT.

K12 K23
A—B—C
K21 K32
By epoa AB,C — koHueHTpauusnap. Kiz, Ko1 Koo, Kz peakumsanap Te3NUrMHUHT
kKoadppuumeHTnapun. KoHueHTpaumsnapHuHr Baktra 6ohnuknurn kynmaarn guddepeHumnan
TeHrnamanap TM3nMun opkanu ngoaa KMnnmHagu:
dA

E = k21B - kle

dB

_t = kle + k32C _(k21 _k23)'B
dC

E = k23B - k32C

ywby 6ownaHhuny wapTtnap acocuaa:
A(0)=A,, B0)=0, C(0)=0
By cuctemaHunHr ednmMnapu aHuK KYpUHULLAA ONTMHULLIA MYMKWH:
A(t) = A (T, +T,e 7 +T,e™™)
B(t)= A (T, +T.e ™ +T,e™™")
C(t) = A, —A(t) - B(t)
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by epaa:
T, = k21 'ksz '(/121 'ﬂ’l)
Tz = k12 (12 _k23 _ksz)/(lz (lz _13));
Ty =Kyp (Kys +kgy —25) (A5 (4, = 45));
T, =k, kg - (4, - 45);
Ts = klZ (ksz _/12)/(12 (/12 _/13));
Te = k12 (/13 _kaz)/(/ﬁta (ﬁz _/13));
A, =(p+Q)/ 2,24, =(p-Q)/2; p=Ky, +Ky +Kpy +Kyy;
Q =\/p2 _4(k1z 'k23 'k21 'k32 +k12 'ksz)-

A(t), B(t), C(t) — nap xucobnaHraH O6ynuwIM MYMKWH, arap KyuWuagaru Luaptrap

cuctemacu baxapunca:
A, - Ay #0,
A, (A, —43) 20,
P? —4(ky, Ky Ky, Koy +Kpp Ky ) >0,
kenub ymkagu.
6.7 — macna. VIKkuH4n TapTmbnu KUMEBMIN peakunsiHN Kyprub YMKamnumk.
R, A+R,B—>R,C
a Ba bnap A Ba B — mogganapHuHr 6owwnaHnmy KoHUeHTpaumsacn 6yncuH. Tabeup aTyBuM
Macca €kuM TabCupriaHyBYM MOLOAHWUHI Tapkubupaarn monnap mukgopu 6yncuH. T BakT
Aasomuaa A Ba B mogpanap tapkubugarm monnap COHUHWU TOMUHT.
dapa3 kunamms: x; Baktaa A moggagarn TabMupriaHraH monnap coHu, 6yHaaH B
YYYH Xam Xyaou wyHgamnurn kenub uukagun, YyHkm A mopgaparm xap 6up monb B —
Moggagarm xap oup monb 6unaH Gupukagnm, WwyHuUHr ydyH A Ba B — moppaparu
TabcupnaHraH monnap coHu éup xvn 6ynaaw.
T — BakTaa peakumsa Teanurn dx/dt 6ynagn. A mogoaHWHr TabCcUp 3TyBYM Maccacu
(a-x); B — moggaHuHr Tabeump aTyByYn maccacu (b-x).
Y3apo Tabeup aTyBUM Maccanap KOHyHUra acocaH peakuusl Te3nuri Ly MOMeHTaarm
TabCcup 3TyBYM Maccanapra TeHr 6ynagm, abHu
dx/dt=k(a—x)/(b—x),

Oy epaa Kk nponopuMoHansMk koaduuneHTn. by TeHrnamaHu eycak,
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a—al(l+k-t),aeap,a=¢
a_b[e(b—a)/(k-t) _1]
.-k _g4

,azap,a # 6

3KaHMUIMHU aHUKNanMm3.
Wynaan knnub, x dopmyna épgammaa xmcobnawl MyMkuH 6ynagu.

6.8 — macana. buomaccaHvHr WMAUNMW OUHaMUKAcK Ba O3ykaBWiA CYOGCTPaKTHUHIT

capdraHULLNHK Y3NYyKCU3 MagaHnnnawTupuLL.

MwuKpOOpraHMsMMnapHUHI  YKULWL  XapaKTepPUCTUKACUHM  aHuKNaW Y4yH KaTbUW
MadaHunnawTMpuw ycynuaad donganadmnagun. Kokopuaaru xxapaéHHUHr oepMeHTepaarm
Escherichia — Coli HnW MagaHunnawTupuwHn udogananavraH ogann anddepeHuman

TeHrnamanapHu Kypmo Ymkamma:

dt 1 2 1 2
dﬁz—x X, —U, - X, +U
dt 1 2 1 2 2

By epaa xi — 6Buomacca KOHUEHTpauuscu; X, — cybCcTpakT KoHUeHTpauusacu; W; —okuww
Tesnuru; N1 -  kypunaétraH  cybCcTpakTHMHr  GowrnaHiuy  KOHUEeHTpauuscy;
MagaHUNNaWTUPULLHKHE BownaHfhuy wapTtnapu 6epunrad GyncuH:

t=0, X10=12 Mr/n; x20=50 mr/n; N1=0,4, N,=85 mr/n
Buomacca Ba cybcTtpakt maccaHu 6epunrad t=0 gaH t=1 raya GynraH BakT opanuhuga
WHTEerpannaraHia, yNnapHWHr KOHLUEHTPaUUSICUHW y3rapull OMHAMUKAcKU Ky3aTull Kepak.
WHTerpannaw kagamu h=0,1.

Kypcatma: buotexHonoruk >xapaéHnap audpdepeHunan TeHrnamanap €epgamuvga
mMogennawTtupunagn. ®akat 0y TU3MMIIAPHUHI YEKNU COHUMHU aHanuUTUK Nyn éunaH edn
MYMKWH, Kyl Xonfapda uWHTerpannawwHuHr xucobrnaw ycynnapuHu kynnaw Ttanab
knnuHagn. by Tusumnap ydye dunep ycynu takpmbun eummnin 6epagn, HucbataH aHMKpOK
eunmHun aca PyHre — Kytta ycynu 6epaan.

AndpdbepeHuman TeHrnamaHn ymymun KypuHuwaa 6epamui. By TeHrmamaHuHr

eunmMm  6ynMuW  (PYHKUMSIHUHT  KeTMa-KeT  SKUHNAWWWKMHK - Kynugarmda  €3amus:
Vit =Vu +AY kaepaaku Ay=4f(x,,y,) (Sitnep ycymnu YUyH)
Ay=(1/6)-(K, +2K, +2K, +K,) (PyHre — KyTtTa ycynu y4yH)
KoagphdpmumneHTnapHn kymmagarmya tonaMmma:

K, =Hf(x,,y,); K,=Hf(x,+H/2,y,+K,/2);

K,=Hf(x,+H/2,y,+K,/2); K,=Hf(x,+H,y, +K;)
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6.9 — macana. [leHrn3 uenocu y4yyH ywy6 mogenHun kypmb ynkamms. apas kunamma:

o(x, 1), t — BakTAa, X — uYyKypnukgarm TUPUK opraHuamnap 3uunurm 6yncuH, P —
POTOCMHTE3 Xapa€HWHUHTI Xagannawysu, E — Ttabuun ycmw koadppumumeHtn, | HobyAa
6ynuw koadpuumeHTn. Y xonaa umkcmpnaHraH X y4yH ywby TeHrnama ypuHnu 6ynaam:
do(x,,t)/dt=E-p(x,,t)- p—j-@o(x,,t)

@(Xo, t) HM [0,T] opanukaa TeHr macodanapgarm 10 Ta t — napHUHT KMMMaTnapm ydyH
xucobnaw nporpammacu €3uwl kepak, arap ¢(Xo,t)=po bynca.

Mporpammanu ywby kunmatnap yvyyH 6ohnaiu kepak:

to=0; T=2; @o=1; E=1,5; j=0,5; P=0,75

6.10 — macana. bepunraH guddepeHuman TeHrnama e4MMMHU TOMULL YYYH YHUHT

nporpaMmMacuHun €3uHr:
O

dt JIr

Bownanhuy x(0)=0 wapTtaa, [0,1] opanukaa 0,1 kagam GunaH.

6.11 — macana. ictebmongaru 6an|/1|<nap nonynaunACUHNHI MaTeMaTukK MOoAesun:

a) banuknap kynamvw MOOENVHWUHT TEHrNaMacwu:

ow/ot=h-w" —K-w2/3<M <],

W — GanuKHUHI Y3yHNUMm

h — yeuwHuHr nponopumoHan KoadUUNEHTH

K — 6y3unuLHMHI nponopunoHan KoaddULMeHTH
By mogen kynmgarnya eymnaau:
Wy =W,(1=W, | W)W, =(h k)"
6) Monynsaumst COHMHM aHuKnaL y4yH kynngarn oopmyna ypuHiu:

N,(L—n),aeapt<t,
t1= {Nt(l—n)(l— £),acapt<t,

By epaa No — 6ownanfuy nonynaums con m=1—-e ™, F=1—e™

M Ba F — T1abuuii Ba oBnaw Hatmxkacuga Hobya 6ynuw koadduumeHTnapu,At — BakT

6ynnya kagam, t, — oBnatl >xapaéHVHUHI BoLLnaHULLIN.

dongananvnrad agabmnétnap.
1. YapbikoB A.K. Matematnyeckan obpaboTka pesynbTaTtoB XMMU4eckoro  aHanmsa. Jl.
Xnmmnsa.1984, ¢.169.



38

2. XKpau-NywknHa C.N. , wn pgp. 3agaHua K NpaKTUHECKMM  3aHATUAM MO
Mukpobuonormn. J1.J1MNY.1974. ¢.123.

3. 3yaun O.B., n gp. ABTomaTtusauusa butexHundecknx nccnegosaHmii. KH.4. M.Beiclias
wkona,1987, c.112.

4. Pacynos A.C., AbgypaxmoHoB b.®., Kogupos T.T., Ubpoxmmo T.N. I3XM Ba
nporpammanawl aHu dynnya macananap Tynnamu Ba ynapHu daxapuw HamyHanapu.
T. Munnun yHusepcutet. 1993.

5. MapuyeHko [.H., MaHHaHOB VY.B., bospuHoB A.W. [llpoBefeHne akcrnepuMeHTa C
NCMNoNb30BaHMEM CTAaTCUCTUYECKMX METOAO0B nnaHupoBaHua n OBM. T. “MexHaTt”, 92,
c262.

6. 3akrenm A.lO. BBegeHve B MogenupoBaHME XMMWUKO-TEXHONOMMYECKUX MPOLLEeCCOB-
M.Xumna 1982 c-288c.

7. Kadpapos B.B. MeTogbl KWGEPHETUKN B XMMUN U XUMUYECKON TEXHOSOMMM - M.
Xnmus, 1985.

8. bospuHoB A.N.,Kadapos B.B. MeToabl onTMMn3saumm B XuMM4eCKomn
TexHonormm - M. Xumus, 1975. ¢-378c.

MyHpapwxa:

PyHKUMANap KuumaTnapyHm xucobnaiura 4oup Macananap.........cceeeee..... 8

TeHrnaManapHN TAKPUBUIM EUUNLLL............eieeeeeeeeiiieeeeeeeeeie e e e eeaiin s e e e e e e arae e 12



AHVK MHTErpannapHn TakpUOUIM XUCOBMALLL............ceeeeeeeiiieeeeeeeiiieeeeeeeeeriannn 18

Taxpuba HaTXKanapuHN MaTeMaThK TaXIUIM KAMULL...........cccvveeeeeeeerenee.. 25

AnddepeHran TeHrnamanap

donpganaHmnran agabmnétnap



