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1. Tema: Jluddepennman GyHKIIMHU HECKOJIBKIX apTYMEHTOB
2. leab: OObSACHUTH CTyJIeHTaM TOHsATHE AuddepeHnnana (GyHKIMA HECKOIbKUX NEPEMEHHBIX.
3. Te3uchl JeKINHU:
IInan nexuuu:

1.IToHATHE QYHKIIMHM HECKOJIBKUX apryMEHTOB.

2.IlomHble ¥ YacTHBIE pUpaLIeHus (YHKIHUNA ABYX apryMEHTOB.

3.YactHble npou3BoiHbIe (PYHKIHHU ABYX apryMEHTOB.

4. YacTHbIe MPOU3BOAHBIEC BBICIIUX MOPSIKOB.

5. HactHblii ¥ nonHeli Auddeperunans GyHKIUN 1ByX apryMEeHTOB.
[TonATHE QYHKIUN HECKOJIBKUX apTyMEHTOB:
BosibIIMHCTBO MpOLIECCOB, MPOTEKAOIIMX B OKpPYKAIOIIEW HAac HPUpOJe, MOJUYMHEHBl 3aKOHaM,
BBIPQKAIONIM ~ 3aBHCHMOCTh  MEXIY HECKOJIbKMMH apryMEHTaMH, OJIWH W3  KOTOPBIX
(GYHKLHOHAJIBHO CBsI3aH c OCTaJIbHBIMH.
Hanpumep, mimomanes  OpAMOYroibHHKa  S=XY  ecTb  (yHKOUS  JBYX  apryMEHTOB.
O0Bem npsmMoyroasHOro napaienenunena V=xyz spisercs GyHKLIUEH TpeX apryMeHTOB.
VYpaBHeHue cocrosiHus raza pV = RT npencraBiaser 3aBUCMMOCTb MEXKIY TpeMsl apryMEHTaMU:
JaBJIEHUEM «p», 00beMoM «V» 1 Temneparypoil «T» (R — yHHUBepcasibHas ra3oBasi OCTOSIHHAS).
Jlrobast ¢um3nonornueckas XapakTepHCTUKa OpraHu3Ma (IJaBiieHHe, TeMIieparypa, pocT U T. I.)
sBisieTcs (pyHKIMeH MHOTUX aprymMeHToB. Hanpumep, remnepatypa «T», usmepsiemas B pa3iIndHbIX
TOYKaX Teja, €CTb (YHKIMS OT KOOPAMHAT TOUYKHM, B KOTOPOM OHA H3MEpSAETcs, U OT MOMEHTa
Bpemen «t»: T = f(x, y, z, t).
Jlns WM3ydeHWs TakuX 3aBUCHMOCTEH BBOIMTCS TMOHATHE (DYHKIMHM HECKOJIBKHX apryMEHTOB.
OCHOBHbBIE TMOJIOKEHUSI TEOpUU (DYHKIMIA HECKOJNBKHX apryMEHTOB CIIPAaBEUIMBBI Ui (DYHKIUI
TBYX apryMeHTOB.
Ilepemennas «z» Ha3bBaeTcs (YHKIHMEH JABYX apryMEHTOB «X» M «y», €CIH HEKOTOPhIM Hapam
3HaYeHu# (X, y) M0 KakoMy-JIMOO MpaBUIy WM 3aKOHY CTaBUTCA B COOTBETCTBUE OIPE/IECICHHOE
3Ha4YeHUe «@».
OyHKIMS IBYX apryMeHTOB o0o3Havaercs: z = f(X, y).
[TonHble M YacTHBIE pUpaLleHns QYHKIUNA ABYX apryMEHTOB:
Ilycty naHa HekoTopas (QyHKIMS OBYX apryMmMeHToB z = f(X,y). Jdagum «x» u «y» npupaimeHus
«AX» U «Ay» W T[OJydYuM ~ 3HaueHue (QYHKIMM B TOYKE: (xtAx;  yt+Ay).
Pasnocte  f(x+Ax, y+Ay) - f(x,y) Ha3blBaeTcs MOJHBIM MpuUpalieHueM  (QyHKIUU
z =1(x,y) u o60o3nauaercs Af: Af = f (x+Ax, y+Ay) - f(x,y).
Ecnu namum mpupalieHue JMiib OJHOMY apryMeHTy, To ¢yHkuus z = f(X,y) momydyut vacTHOE

npUpalieHue () TOMY apryMeHTy.
Pasnocte f(x+AX, y) - f(X,y) HasbiBaeTcsi YacTHbIM mnpupaiieHueM ¢yHkmun z = f(x,y) mo
apryMeHTy WX Axf(x,y)= Axf = f(x+AX, y) £ f(x,y).

Pa3znocte Ayf(Xx,y) = Ayf = f(x, y+Ay) - f(X,y). Ha3pIBaeTCa 4aCTHBIM MpHUpaIIeHUEM QYHKIUU Z =
f(x,y) mo aprymMeHtTy «y».

YacTHble MPOU3BOIHBIE (PYHKIIUH BYX apTyMEHTOB:

YacTHoil Tpom3BOoAHOW TmepBoro mopsaka ¢yskmuu z = f(x,y) mo aprymeHty «x» B
paccMaTpuBaeMOl TOUKe (X;y) Ha3bIBACTCS IIPEIeT:

f A, f i f(x+AX,y)—T(X,y)

A!(LT()] AX Alxr—I)] AX

YactHas mpoumsBognas ¢Gyukumu 2z = f(x,y) mo aprymenry «x» o0Oo3HayaeTcs:
' ' 52 6f
Z'x, fx (x, y), —,—

ox ' ox
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AHaJOTHYHO qacTHas IIPpOU3BOJHAA 110 «y» 0003HaYaeTcs:
oy, O 2
2y, fy '(x,y), —,
oy Oy

Tak xaxk yacTHas MPOM3BOAHAS - 3TO OOBIYHASA MPOU3BOJAHAS (DYHKIMH OJHOTO apryMeHTa, TO ee
HETPYJHO BBIYMCIUTH. J{JsI 3TOr0 HY)XHO IOJIb30BaThCcA TNpaBwiIaMu UG depeHINpOBaHUS,
YUYUTHIBas B KaXKOM Clly4dae, Kakol U3 apryMEHTOB IPUHUMAETCS 3 «IIOCTOSTHHOE YHCII0», a KaKOH
CITYKUT «IepeMEHHON QG GepeHIIMPOBAHUSY.
3ameuanue. [ HaXOXKICHUS YaCTHOW INPOM3BOAHOM, HANpHMEp IO apryMeHTy «x» - Of/0x,
JOCTaTOYHO HAMTH TPOU3BOAHYIO PyHKIMH f(X, Y), cuuTas «x» - QyHKIHEH OJHOTO apryMeHTa, a
«y» - MOCTOSTHHOIA;
111 Hax ok aeHus Of/0y - Hao0opoT.

YacTHbIe MPOU3BOIHBIC BBHICHIUX MMOPSAKOB!

@ynxkius f(X,y) IMeeT YacTHbIE TPOU3BOAHBIE MIEPBOTO MOPSIKA a {5

OX Oy
OTH NpPOU3BOJHBIE B CBOIO OYEpelb SABISAIOTCS (YHKUMSIMU apryMEHTOB «X» U «y». YacTHble
MPOU3BOJIHBIC ATUX (PYHKUUI HA3BIBAIOTCS YACTHBIMU IPOHM3BOJHBIMH BTOPOTO TOPSIKA JTaHHON
byHKIIUN f(x,y).
Ecmu  cymiecTBYIOT TPOM3BOAHBIE BTOPBIX TMPOM3BOAHBIX, TO OHM HA3bIBAIOTCS YaCTHBIMHU
MPOU3BOIHBIMU TPETHETO HOPSAKA U T. 1.
YacTHbli 1 oHBIN auddepeHmansl GyHKIIA JBYX apryMEHTOB:
OyHKIHS z = f(x,y) uMeeT YaCTHBIC MIPOU3BOHBIC:

of
[IpousBenenune 8_dx Ha3bIBAIOT 4YacTHBIM Juddepennuanom ¢yHkouu f(X,y) mo «x».
X

of
[IpousBenenue v dy HaswIBaroT yacTHBIM auddepenimanom GyHkuun f(X,y) mo «y».

CymMmy yacTHbIX anddepenuuanoB GyHkuuu z = f(X,y) Ha3bIBalOT ee MOJHbIM AUddepeHIranom:

of = 4 dx+ @ dy
OX oy

4. UnmocrpaTuBHbIi MaTepua: [Ipesenranus, craiasl.
5. JIureparypa:

e OcHoBHasi:
1. Martemaruka: yuebnuk / . B. [TaBnymikos, JI. B. Pozosckuii, . A. Hapkesuu. - M.: [DOTAP-Menua,
2013
2. PaxumxanoBa C. K. Teopus BepoATHOCTEH M MaTeMaTH4ecKash CTATUCTHKA: Yy4eOHO-METOAMYECKOe
nocobue/ C. K. Paxumxanosa, Jl. C. Kaparaesa.- Anmarsr: 9CIIH, 2023.- 188 c.
3. PaxumxanoBa C. K. bIKTUManmbIKTap TEOPHUSCHI KOHE MaTeMaTHKa-JIBIK CTaTUCTHUKA: OKY-OMiCTEMEIIK
kypai/ C. K. Paxumxanosa, . C. Kaparaesa.- Anmater: 9CIIU, 2023. - 184 Ger.
4. Kpodpt, D. Maremaruka Herizaepi. 2-0emim: OKyJnbIK.- Anmartel: KP Korapbl OKy OpBIHIapBIHBIH
KaybeIMaacTeIFel, 2014, - 324 Ger.
5. Maremaruka. 11-6emim: okyibik / K. XK. Kynabaes - Anmatel: 9Bepo, 2014. - 176 Oer.
6. bazapoexoBa A.A. Xorapbl maremaruka: okynslk/ basapbekoBa A.A., bazapGexoBa A.b.- Anmatsr:
OCIIN, 2023.
7. Ammp6aesa H.K. JKorapbl MaTemMaTHKa KypChIHBIH HeTi37epi: oKy Kypanbl.- Anmarer: DCIIU, 2023. - 304
8. AxmertoBa A.Y. Maremaruueckuii aHanu3: yueOHoe mocooue/ Axmerosa A.Y., Kaparaesa JI.C.- AnmMaThl:
OCIIN, 2023. - 132 c.

e JlomoJHUTEIbHASA:
1. leanoBa M. b. O 06a3ucHOCTH COOCTBEHHBIX U MNPHUCOCAMHEHHBIX (PYHKLIHH HECaMOCOIPSDKEHHBIX
KpaeBbIX 3amad s omgHoMmepHoro ypaBHeHus Illpemunrepa: monorpadus/ M.b. HMBanoBa. - IIbIMKEHT:
Oiem Oacmaxanacser, 2020. - 100 c.
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2. Kanneibaes K.M. MaTtematukanbl okpITy anictemMeci okynbik/ K. M. Kanneibaes, O.C. Cateibanaues, C.A.
Ixanabepaunesa; KP BFM.- Anvartsr: [ayip, 2013. - 368 Get

3. UckakoBa A.C. Pemenne 3a1a4 Teopun BepoITHOCTEH B cucteme Matlab: yuebHoe mocobue/
A.C. Uckakosa.- Anmatel: OCIIN, 2023. - 204 c.

e DJIeKTPOHHbIE MY0JIMKALMH:
1. MBanoBa, M. b. O 06a3ucHOCTH COOCTBEHHBIX W TIPHUCOCTUHEHHBIX (YHKIHMHA HECaMOCOIPSIKEHHBIX
KpaeBbIX 3ajad Aisi ogHoMepHoro ypaBHeHus llpeannrepa [DnektpoHHBIH pecypc]: mMoHorpadus/ M.b.
WBanoga.- DnekTpoH. TekctoBblie aaH. (1,131 KB). - [lleiMkenT: Onem 6acmaxanacer, 2020. - 102
2. Marematynka, MaTeMaTHKaHbBI OKBITY dJlicTeMeci/ MaTeMaTHKa, METOIMKA TIPETIOI0OBAHNS MATEMATHKH, OKY
kypaisl. - Kaparammer 2017 https://aknurpress.kz/reader/web/1884
3. MareMaTuKaiblK aHaJIU3 JKOHE aHATUTHKAIBIK (PYHKIMSIAp TEOPUACHIHBIH OacTaMasapbl: OKY Kypajbl.
Kaparanmer. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Yynunosckux, A.lLl. Kaunosa. [IpakTidaeckue paOOTHI MO BBICIIEH MaTeMaTHKE: yaeOHOe Iocooue.
— Kaparanpa: U3znarensctBo «<AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109
5. Maremaruka 2. Kommanoa I'.P., oky kypansl: Anmatsr 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K. K. Kynabaes, I'.C. CapbacoBa, M.A. UmanbaeBa, A.C.KpiapipbaeBa. Matemaruka. 2 6emim: OKyIBIK.
Anmarsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read book/1877/
7. Hypmaramberor J[.E. MeaunuHanarsl »orapbl MareMaTuka Heriznmepi: Oky kypansl/ JI.E.
Hypmaram6eToB, M.O. Hypmaran6eroBa.- AnMatsr: «9Bepo» Oacmackr, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/
8. Kynabaer K.JK. Maramatuka: oKy Kypasibl.— Anmatel: 9Bepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/
6. KoHTpoJibHbIE BOMPOCHI :
1. Kakue mpupaiieHusi Ha3bIBalOTCSA YACTHBIMU TpUpAIIEHUsSMH (GYHKIUU JIBYX apryMEHTOB?
2. B uem otimume yactHoro auddepennnana oT mpou3BoIHON QYHKIIMHA JBYX apryMEHTOB?

Jlekuus Ne2

1. Tema: J[BoliHOM HHTErpal U UX OCHOBHBIEC CBOMCTBA
2. Heab: OOBSACHUTH CTYJIEHTaM TMOHSATHE ABOWHOIO MHTErpaa.
3. Te3ucnl JeKUNHU:
[Iman nexkuuu:

1. IToHsiTHe TBOMHOTO MHTErpaa.

2. VlHTerpasipHas cymma.

3. OcHOBHBIE CBOWMCTBA JBOMHOTO HHTETpAJIA.

4. IlpaBuia BEIYUCIIEHUS IBOMHBIX HHTETPAJIOB.
[Tycte ¢ynkuus f(x,y) ompeneneHa B orpaHHMYCHHOW 3aMKHYTO#H oOmactu «D» miockoctu OXxy.
PazobbeM o00nacte «D» NMpoM3BOJIBHBIM 00pa3soM Ha «N» IEMEHTApHBIX 00JacTed, MMEIOLNX
wiomaan Acl, Ac2, ..., Aoh u mmamerpel dl, d2, ... , dn. /luamerpom o0JlacTH Ha3bIBacTCS
HauOoJbllee M3  PACCTOSHUM  MEXIy  JByMs  TOYKAMHU  TPaHUIBl  3TOH  objacTu.
Beibepem B Kaxioil ameMeHTapHOW oOmacTd mpousBoibHY0 Touky PK (CKkink) m ymHOMXHM
3HaueHHe QYHKIMH B Touke «PK» Ha miomaap 3Toit 00nacTw.
WuTerpansaoit cymmoit st pynkuuu f (X,y) mo obiaactu «Dy HazbIBaeTcs cymMMa:

z f(s.m)Ac, = f(s.m)Aoy + T(s,,m)A0, +..+ T(g,,7,)Ac,
k=1

JIBoiiHbIM mHTerpasioM oT QyHkuuu f(x,y) mo obnmactu «D» Ha3bpiBaeTcs mnpezes WHTerpaibHON
CYMMBI TIpH YCIIOBHH, YTO HAMOONBIIMNA M3 JUAMETPOB 3JEMEHTapHBIX 00JacTel CTpEeMHTCS K

HYJTIO: J‘DI f (X, Y)dG Na rra!(ig?—wé f (gk » Mk )Aak
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Ecnu dynknus f(x,y) HenpepplBHa B 3aMKHYTOH o0nactu «Dy, TO mpenen WHTErpajbHONH CYMMBI
CYIIECTBYET M HE 3aBUCHT OT crmocoba pazOueHust oomactu «Dy» Ha dlieMEHTapHbIE U OT BBIOOpa

TOUYCK

Ecmm B o0Jractu «Dy, TO

f(x,y)>0

JIBOMHON WHTErpan

jj f(x,y)do

paBeH 00BEMYy IMWIMHIPHUECKOTO Tela, OTPaHUYCHHOTO CBEPXY MOBEPXHOCTHIO Zz = f(X,y), COOKY
WIMHAPUYECKON TTOBEPXHOCTHIO ¢ 00pa3yrIIUMH, napawielibHbiMA ocl Oz, U CHU3Y O0JIACThIO

«Dy» mnockoctu xOy.
OcHOBHBIE CBOMCTBA IBOMHOI'0 MHTErpaJia:

1H(f (%, y)+ f,(x, y))do = jj f,(x, y)da+ﬂf (x,y)do
2jj(f (%, y)— f,(x,y))do = jj f,(x,y)do - ”f (x,y)do

3.ﬂc(f1(x, y)da:cjj f,(x,y)do

4. Ecn obnactb nunTerprpoBanus «Dy pa3outa Ha e obmactu «D1» u «D2y, To:

”f(x, y)da:”f(x, y)da+ﬁf(X, y)do

[IpaBuia BbIYMCIIEHUS IBOMHBIX HHTETPATIOB:

1. O6nacts uHTErpHpOBaHus «Dy» OorpaHHYeHa CleBa U CIpaBa
x=b (a < b), a cHu3y U cBepxy -
HENpepbIBHBIMU KPUBBIMHU y=01(X) 1 y=02(x) npuuem ¢@1(x) <

npsAMbIMH X = a U

02(x),
KaXJasih U3 KOTOPBIX IEPECEKAECTCS BEPTUKAIBHOU
TOJIBKO B OJIHOM TOYKE.

Jlnsa Takod oOmacTh ABOWHOM HMHTETpal BBIYUCISETCS IO

--"'-_'_""'--...___________ =0 :i: X)

PSAMOi

dbopmyre: >
?2(X) 0 x=a x=h X
j [ £, y)dxdy= j dx [ f(xy)dy
a  a(x)
?,(x)
npuyeMm, CHavaya BBIYUCIISACTCSI UHTETpal, j f(x, y)dy
o (x)

B KOTOPOM «X» CUHUTACTCA IIOCTOSIHHOM.

2. Obnacte uaTEeTpUpOBaHus «Dy orpaHnyeHa CHU3Y W CBepXy npsambiMu y=c 1 y=d (c<d), a cieBa
U CIpaBa - HENPEPHIBHBIMU KpUBbIMH X= Y1l(y) u x = y2(y) npuueM yl(y)< y2(y), kaxnas u3
KOTOPBIX MEPECEKAETCS TOPU30HTAIBLHON PSIMOM TOIBKO B OJIHON TOYKE.

Jns TaKOH obnactu JIBOMHOM HHTErpal BBIYUCIAETCS o bopmyre:
y2(X)
” f(x, y)dxdy= J.dx .[ f(x,y)dx  npuyem, cHavasa V4
A / =y, (¥) \Fw:(.\')

w2(X) v=d
BBIUUCIISICTCSI MHTETpa, I f(x,y)dx B KoTOpoM «y»

w1(x) D
CUUTAETCS MOCTOSIHHOM.
[IpaBple uacTH yKa3aHHBIX (OPMYT  Ha3BIBAIOTCA
JBYKPAaTHBIMH WJIM IOBTOPHBIMHU MHTETPAIAMH. y=¢ \ l

0 [ [ x
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1. Borunciuth J‘J. xIn ydxdy
D
€CJIN 00J1aCcTh «Dy» C MMpAMOYT'OJIbHUK
0 < X < 4, 1 < y < €.
Pewrenne:
4 e Xz 4
”xln ydxdy:dexJIn ydy=|=—| -[ylny-y] =8(e—-e+1)=8
D 0 1 2 0

4. LnunloctpaTtuBHbIN MaTepuad: [Ipesenranus, cianpl.
5. Jlureparypa:

e OcHoBHasi:
1. Martemaruka: yueOuuk / . B. [TaBnymkos, JI. B. Po3zosckuii, . A. Hapkesuu. - M.: [DOTAP-Menua,
2013
2. PaxmmxanoBa C. K. Teopus BeposTHOCTEH W MaTeMaTHyecKas CTaTHCTHKA: y4eOHO-METOINYECcKOe
nocooue/ C. K. Paxumxkanosa, J[. C. Kapartaera.- Anmarsr: DCIIH, 2023.- 188 c.
3. PaxumkanoBa C. K. bIKkTuManmeiKTap TEOpHACH! XKoHE MaTEeMaTHKA-JBIK CTAaTHCTHUKA: OKYy-9HiCTEMENiK
kypan/ C. K. Paxumkanona, JI. C. Kaparaea.- Anmarsr: OCIIN, 2023. - 184 Ger.
4. Kpodt, D. Maremaruka Herizaepi. 2-0eiiMm: OKyJbIK.- AnMatsl: KP korapbl OKy OpBIHAApPBIHBIH
KaybIMIacThIFbI, 2014, - 324 Oer.
5. Maremaruka. I1-6emim: okymbIk / K. XK. Kynabaes - Anmater: OBepo, 2014. - 176 oer.
6. bazapOexoBa A.A. Xorapel maremaTtnka: okynbik/ basapbexoBa A.A., bazapbOexkoBa A.b.- Ammarsr:
3CIIH, 2023.
7. Aumnp6aeBa H.K. JKorapbl MaTemMaTHKa KypChIHBIH HeTi31epi: 0Ky Kypansl.- Anmater: DCIIN, 2023. - 304
8. AxmeroBa A.Y. Martemaruueckuil ananu3: yueoHoe mocooue/ Axmerona A.Y., Kaparaesa JI.C.- AnMaTsl:
3CIIN, 2023. - 132 c.
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KpaeBbIX 3ajad Uit opHoMepHoro ypaBHeHus Ilpemunrepa: monorpadwus/ M.b. VBanoBa. - LlIpIMKeHT:
Oinem Oacmaxanacsl, 2020. - 100 c.
2. Kanyieibaes K.M. MaTemarukanbl okpITy auictemMeci okynbik/ K.M. Kanyeibaes, O.C. Carbsibanaues, C.A.
IxanabepaueBa; KP bBFM.- Anmmartsr: [pyip, 2013. - 368 Get
3. UckakoBa A.C. Permenne 3a1a4 Teopun BEepOSITHOCTEH B cucteMe Matlab: yueOHOe mocobue/
A.C. HUckakoBa.- Anmater: OCIIN, 2023. - 204 c.
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WBanosa.- DnekrpoH. TekcroBble aaH. (1,131 KB). - LlleiMkenT: Onem O6acnaxanackr, 2020. - 102
2. Maremartuka, MaTeMaTHKaHbI OKBITY dJlicTeMeci/ MaTeMaTHKa, METOIMKA MPETOI0BaHNS MAaTEMaTHKH, OKY
kypausl. - Kaparanaer 2017 https://aknurpress.kz/reader/web/1884
3. MaTteMaTHKaIbIK aHaN3 XKOHE aHAIUTHUKAIBIK (QYHKIWSUIAD TEOPUSCHIHBIH Oactamaliapbl: OKY Kypajbl.
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4. B.P. Uynunosckux, A.lll. Kaunosa. [Ipaktudyeckre paGoThl 10 BBICIIEH MaTeMaTuke: yueOHoe mocoodue.
— Kaparanna: MznarensctBo «AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109
5. Maremaruka 2. Koranosa I'.P., oky kypanbi: Anmarsr 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K.)K. Kyna6aes, I'.C. CapbacoBa, M.A. UmanbaeBa, A.C.KpigsipbaeBa. Maremartuka. 2 6emiM: OKyJNbIK.
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7. Hypmaramberor JI.E. Meaununanarel >xorapbl Marematuka Herizumepi: Oky kypansl/ JI.E.
HypmaramGetoB, M.O. HypmaranOeroBa.- AnMatsl: «9Bepo» b6acnacel, 2020. — 116 6.
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8. Kynabaes K.JK. Maramartuka: oKy Kypajbl.— Aimatel: IBepo, 2020.— 136 6.
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6. KoHTpoJIbHbIE BONIPOCHI:
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1. Yto Ha3piBaeM JBOMHBIM UHTETPATIOM?
2. [lepeuncnure OCHOBHbIE CBOMCTBA IBOWHOIO UHTErpaja?

Jlekuus Ne3

1. Tema: KpuBosuHeiiHble HHTETpaJlbl IEPBOr0, BTOPOIO pOja U UX OCHOBHBIE CBOWTCBA
2. Heab: OObACHUTH CTYICHTaM TEOPUIO KPUBOJMHENHBIX MHTETPAJIOB IIEPBOrO poja.
3. Te3ucsl JeKOHH:
IInan nexuunu:
1. KpuBonuHEiHbIN HHTETpAJl IEPBOTO POAA.
2. OcHOBHBIE CBOMCTBA KPUBOJMHEHHOr0 HHTETpaja epBOro posa.
3. KpuBonuHeiiHbIi HHTETpaT 110 KOOpAUHATaM (KpUBOJIMHEHHBIN HHTErpai Il poxa).
4. OcHOBHBIE CBOICTBA KpUBOJIMHEHHOTO nHTerpaia Il pona
KpuBosmHeHHBIN HHTErpas NepBoro poaa:
®ynkuus f(x,y) onpezneneHa 1 HerpepbiBHA B TOUKax Jyru «ABy» rinankoii kpuBoit «K», umeromei
ypaBHeHHe y=0(x) (a<x <b).
Pa3zo6rem nyry «AB» npou3BoiabHBIM 00pa3oM Ha «Ny 3NEeMEHTapHbIX Ayr Toukamu A = A0, Al,
A2,...,An=B.
ITyctb ASK - nuna gyru Ak-1 Ak.
Ha kaxmoii aneMeHTapHoit ayre BeioepeM npou3sBoiibHyto Touky MK(CK, nK) u ymHOXHM 3HaYeHUE
bynkiun f(CK, nK) B 3T0# Touke Ha THHY ASK COOTBETCTBYIOIIEH TyTH.
WuTerpanbaoi cymmoit st pynkuuu f(x,y) no qnmune nyru «AB» Ha3piBaeTcs cymma:

Z f(ck m)AS,
k=1

KpuposmnelHbIM HTErpajgoM 1o juiHe ayru «AB» ot pyaknuu f(X,y) Ha3zpIBaeTCs mpeaen
HHTErpaIbHON CyMMBI PH YCIOBUH, 4TO MaxASKk—0:

[fouyds=lm > f(g.m)AS,
AB k=1

max AS, —

rae ds - nuddepenunan gyru.
KpuBonuneiinsiii unterpan I poaa Berauciusiercs mo popmyne

b
[ £ y)ds = [ F1x,p()W1+[p' ()] dx
AB a

OcHOBHBIE CBOMCTBAa KPUBOJIUHEWHOIO HHTErpaja NEPBOro poja:

1. KpuBosnHeWHbIN nHTErpai [ posa He 3aBUCUT OT HANPABIICHHUS ITyTH UHTEIPUPOBAHUS:

j f(x,y)ds= j f(x,y)ds
2. j [f,(xy) £ f,(X, y)lds = j f,(x, y)ds+ j f,(x, y)ds.
3. _[Cf (x,y)ds= CJ. f (x,y)ds, ede "C"—nocmosnnasn

4. Ecn xoHTyp uHTerpupoBanus «K» pazour Ha nse yactu K1 u K2, Toraa:

j f(x,y)ds= j f (X, y)ds+ j f (X, y)ds.

Oyukunu P(x,y) n Q(X,y) HenpepbIBHBI B TOuKax ayru «AB» rimagkoil xpusoi «K», nmeromnieit
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ypaBHEHUE y = o(x) (a<x < y).

Wuterpanpaoit cymmoit mnst ¢pynkmmid P(x,y) m Q(X,y) Mo KOopAMHAaTaMm Ha3bIBaeTCS CyMMa:

ZH:[P(gk’Uk)AXk +Q(gk’77k)Ayk]

k=1
rae AXK U AyK — IPOEKIHMH 3JIEMEHTapHOM Jyru Ha och «Ox» u «Oy».
KpusosnHeliHbIM MHTETPAIOM
II pona oT BBIPKCHUS P(x,y)dx + Q(x,y)dy

110 HampaBjeHHOU ayre «AB» HasbIBacTCs MpeaeT HHTErPATBLHON CYMMBI MPH YCJIOBHH, YTO
max Axk—0 u max Ayk—0:

j POCYIE-QU Y= [im [P 7)8% +Qls )4y,

max Ax, >0 k=1

max Ay, —0
Kpusonuneiinsiii uaterpan Il poga ects pabora, coBepiiaemas rnepeMmenHoi cuaoin F= P(X,y)i +
Q(x,y) j Ha KpUBOJIIMHEHHOM ITyTH «AB» (MeXaHn4ecKoe UCTOIKOBAHNUE).
OcHOBHBIE CBOWCTBA KPUBOJIMHENHOIO HHTErpajia BTOPOro poja:
1. KpuBonunennsni unterpan II poga MeHseT CBOM 3HaK Ha MPOTHUBOIIOJIOKHBIN IIPU M3MEHEHUU
HaIlpaBJI€HUs ITyTH UHTETPUPOBAHUS:

Ide+Qdy=—Ide+Qdy Jde+Qdy: dex+IQdy
AB BA AB AB AB

OcranbpHbIE CBOWMCTBA aHAJIOTMYHBI CBOMCTBaM HHTErpasa I pona.
KpuBonunelinsiit uarerpain Il pona Beruncnsercs no gopmyie:

[ PO, y)dx+Q(x, y)dy = [{P[x, 03]+ ¢/ (x)Q[x, ¢(x) Jax

BEIYHCINTS: J-(X_Y)dsi rie «K» - otpesok mpamoi or A(0; 0) mo B (4;3).

Pemenue. YpaBHenue npsmoit ot «AB» umeer Bux y = (3/4) x. Haxonum npoitssognsie: y' = 3/4,
CJIEIOBATEIIBHO:

9 5 ¢ 5 5
I(X y)ds = j(X——x) 1+—dx=—|xdx=—x?[4===25

16 16 32 2

4. MiroctpaTtuBHbIi MaTepuad: [Ipesenranus, cinaiasl.
5. JIutepatypa:

e OcHoBHasi:
1. Maremaruka: yueOnuk / M. B. IlaBmymkos, JI. B. Pozosckuii, U. A. Hapkesuu. - M.: [DOTAP-Menaua,
2013
2. PaxumxanoBa C. K. Teopus BeposTHOCTEH M MaTemMaTWyecKas CTaTHCTHKA: y4eOHO-METOINYECKOe
nmoco6ue/ C. K. Paxumxanosa, J[. C. Kaparaesa.- Anmater: DCIIH, 2023.- 188 c.
3. PaxumxanoBa C. K. bIkTuManmeiKTap TEOpHSACHl oHE MaTEeMaTHKA-JbIK CTATHCTHUKA: OKY-9[iCTeMENiK
kypai/ C. K. Paxumkanoga, [I. C. Kaparaesa.- Anmarsr: DCIIH, 2023. - 184 Ger.
4. Kpodpt, D. Maremaruka Herizaepi. 2-0exiMm: OKyJbIK.- Anmatsl: KP >koFapbl OKy OpBIHAApPBIHBIH
KaybIMIacThIFbL, 2014. - 324 Ger.
5. Maremaruka. I1-6emimM: okyisik / K. XK. Kynadaes - Anmatel: OBepo, 2014. - 176 Oer.
6. BazapOexoBa A.A. JXorapbl mMaremaTHka: oKynbik/ bazapObexoBa A.A., BaszapOexkoBa A.B.- Anmatsl:
OCIIH, 2023.
7. Ammp6aeBa H.K. JKorapel MaTeMaTHKa KypChIHBIH HETI31epi: OKY Kypaisl.- Anmatel: DCIIH, 2023. - 304
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8. AxmeroBa A.Y. Maremarnueckuii anainu3: yaeOHoe mocooue/ Axmerosa A.Y., Kaparaesa /[.C.- Anmartsr:
3CIIH, 2023. - 132 c.

e JlomoJHUTEIbHAS:
1. VBanoBa M. b. O 0Ga3zucHOCTHM COOCTBEHHBIX W TPHUCOSAMHEHHBIX (YHKIHMH HECaMOCOIPSIKEHHBIX
KpaeBbIX 3a1au Juisd ogHoMepHoro ypaBhenws Illpemunrepa: monorpadus/ M.B. MeanoBa. - IIIbIMKEHT:
OieMm Oacmnaxanacsel, 2020. - 100 c.
2. Kanneioaes K.M. MatemaTrkanbl okbITy onictemeci okynbik/ K. Kannsidaes, O.C. Carsibanaues, C.A.
JxanabepaueBa; KP bEYM.- Anmarsr: Jayip, 2013. - 368 et
3. UckakoBa A.C. Pemienue 3a1a4 Teopuu BeposaTHOCTel B cucteme Matlab: yuebHoe mocooue/
A.C. UckakoBa.- Anmarer: DCIIN, 2023. - 204 c.

e DJIEKTPOHHbIC Iy0THKALNH:
1. UBanoBa, M. B. O 0a3ucHOCTH COOCTBEHHBIX M TPHUCOEAWHEHHBIX (YHKUIWH HEcaMOCONPSKEHHBIX
KpaeBbIX 3aja4 Juisl oJHOMEpHOro ypaBHeHus lllpemunrepa [DnekTpoHHBIH pecypc]: moHorpadus/ M.b.
WBanoga.- Onextpon. TekcroBbie naH. (1,131 Kb). - llsmvkenT: Onem Oacmaxanacer, 2020. - 102
2. MaTemarrka, MaTeMaTHKaHbI OKBITY 9/licTeMeci/ MaTeMaTHKa, METOIMKA MPEIOA0BaHUS MATEMAaTHKHU, OKY
kypaibl. - Kaparangsr 2017 https://aknurpress.kz/reader/web/1884
3. MaremaTHKaJIbIK aHAJIH3 JKOHE aHATUTUKAIBIK (YHKIMSUIAp TEOPUSACHIHBIH OacTaMmanapbl: OKy Kypajbl.
Kaparanmer. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Uynunosckux, A.Ill. Kaunoga. [IpakTudeckue paboTHI 1O BBICIIEH MareMaTuke: yueOHoe mocooue.
— Kaparannga: M3garensctBo «<AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109
5. Maremaruka 2. Kormanosa I'.P., oky kypainsl: Anmarer 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K.K. Kynabaes, I'.C. CapbacoBa, M.A. NmanbaeBa, A.C.Kpiapipbaecsa. Matemartuka. 2 6emiM: OKYJIBIK.
Anmartsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read _book/1877/
7. HypmaramGeroB [.E. MeauuuHagarel sxorapbl Matemaruka Herizzepi: Oxy kypamsl/ JLE.
Hypmaram6etoB, M.O. HypmaranOeroBa.- AnMaTsl: «9Bepo» b6acnacel, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/
8. Kynataes K.JK. MatamaTuka: oKy Kypajisl.— Anmatsl: 9Bepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/
6. KoHTpoJIbHBIE BONIPOCHI:
1. Kakme wHTErpansl HA3BIBAIOTCS  KPUBOJWHEHWHBIMH ~ WHTETpAIaMU  IIEPBOro  poja?
2. HazoBuTe OCHOBHBIE CBOMCTBA KPUBOJIUHEHHOTO HHTETpalla MEPBOTro poaa?
3. Kakue uHTErpassl Ha3bIBAIOTCS KPUBOJIWHEHHBIMUA HHTETPAIAMUA BTOPOTO pojia?
4. HazoBuTe OCHOBHBIE CBOMCTBA KPUBOJIUHEHHOTO HHTETpasia BTOPOTo pojaa?

Jexuus Ned

1. Tema: luddepenunanbupie ypaBHEHUS IEPBOTO, BTOPOTO MOPSAAKA U UX BUIBI.
2. leab: OOBSICHUTH CTyIEeHTaM Teopuio AudQepeHnnanbHbIX YpaBHEHUH TIEPBOTO MOPSIKA.
3. Te3uchl TeKIHH:
[Inan nexuun:
1. IonsTie nuddepeHnanbHbIX ypaBHEHUH.
2. O6uiee u yacTHOE pelieHus AuddepeHInaIbHbIX YPaBHEHUH.
3. Buasl muddepeHanbHbpIX ypaBHEHUN IEPBOTo MOpsIKa.
4. TuddepeHnpanbable ypaBHEHHsI BTOPOTO MOPSAKA AOMYCKAIOIIHe
MOHUKEHUE TTOPSIKA.
5. He comepxaniue nckoMoit GyHKIIUM U €€ TTPOM3BOTHOM.
6. He conepxatiue nCKOMON (yHKIIUH.
7. JIunelinble OAHOPOHBIE AP PepeHLInaTbHbIe YPaBHEHUSI BTOPOTO MOPSIKA
C TMIOCTOSTHHBIMHU KO3 UIICHTAMH.
B uém oTimune nudpepeHnmanbHBIX YpaBHEHUH OT OOBIYHBIX YpaBHEHUN?
HuddepeHnnanbHbIM Ha3bIBAIOT YpaBHEHUE, CBSA3BIBAIOIIEE APTyMEHT «X», UCKOMYIO (DYHKIUIO
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y=f(X), € npousBoansie Y, y"..., y(n) wau quddepenuans: dy, d2y, ... d(n)y.
Juddepennnansaoe ypaBHEHHE B 00IIEM BHI€ MOYKHO 3aITUCATh:

F(X, y’ yr, yrr’ ym’”.’ y(n)) 2 O
F(x,dy,d?y,d’y,.., d™y)=0

Ecnu uckomas dynkuus y=Ff(X) 3aBUCHT OT 01HOrO aprymenta, To auddepeHnuaisHoe ypaBHEHHE

' 3
Ha3bIBAKOT O6BIKHOBCHHBIMZ y A\ 4X

Ot yero 3aBUCUT MOPAIOK UG PEPEHIINATHLHOTO YPAaBHEHUS ?
[MopsimkoM U QepeHnaIbHOr0 ypaBHEHUE HAa3bIBACTCS MOPSAAO0K HAUBBICIICH MTPOU3BOIHON HIIH
maddepeHnrana, BXOAIIMX B ypaBHEHHE.

y' = 4x® +3-nepeozo nopsoxa
y'+4y'—y =0-6mopoco nopsoka

y" =sin(x) —mpemwvezo nopsoka
Ecinu mpapas 4acth Au(@epeHLHaIbHOTO yPAaBHEHHS PABHSAETCS HYIIO, TO TAKOE YPAaBHEHME
Ha3bIBACTCA OOHOPOJHBIM.

Ecnu mpaBasi yacTh He paBHSAETCS HYJIO, TO ypaBHEHUE HA3bIBACTCA HEOIHOPOIHBIM.

B yem oTimume pernierne audGepeHIMaTLHOT0 YPaBHEHHS OT PEIICHUS MPOCTOTO YPABHCHHS?
O6mmum perrenueM auddepeHnansHoro ypaBuenus uasbiBaercs ¢ynkuus Y=f(X,C),0T «x» ¢
MPOU3BOJBHBIMU TIOCTOSSHHBIMU «C», — oOpararomias 93TO ypaBHEHHE B ToxzaecTBo. OO6rmiee
pelieHue 3anucanHoe B HessBHOM Bujie D(X,y,C)=0 Ha3bIBaeTCs OOIIMM UHTETPATIOM.

Oob1iee pernenue 3anucanHoe B HesiBHOM Buae D(x,y,C)=0 Ha3bIBaeTCs OOLIUM UHTETPATIOM.
UroObl HAWTH YacTHOE pelleHHre, HeoOXOAMMO MoAadupaTh HavalbHble ycnoBus. [lomcraBuB
HavyaJlbHBIE yCIOBUA (X, y, Y') B o0OIiee pelieHue, OMpenessieTcss 3HaueHHWe MPOU3BOJIBHBIX
NMOCTOSHHBIX «C» nuddepeHnnaIbHOro ypaBHEHUS.

3arem, MOJICTABUB 3HAYCHHUE MPOM3BOJBHBIX MTOCTOSIHHBIX B 00Iee pPElIeHHe, MOIydYuM (YHKIHUIO,
KOTOpasi Ha3bIBaeTCS YAaCTHBIM PEUICHHEM

Bunel nuddepennmanbHbIX ypaBHEHUN:

1. duddepeHunaabHpIM ypaBHEHHEM IEPBOTO TMOPSAKA C Pa3ACTSIOUIMMUCS TMEePEMEHHBIMH,

Ha3bIBACTCS YpaBHEHUE BUA: f1 (X) ) ( y)dx + f2 (X) (2 (y)dy =0

s pelIeHus TaKHX yYpaBHEHUN HE00X0/AUMO:
1) Paznennts IIEpEMEHHBIE:

fl(X) dX+ ¢2(y) d
00 aly)

Ot1o auddepeHnransHOe YpaBHEHHE C pa3/IeICHHBIMU TIEPEMEHHBIMH.
2) NnTerpuposats 00e yactu AuddepeHnnaib-HOro ypaBHEHUS C pa3/ieJICHHBIMU TIePEMEHHBIMHU:

J'de_}_ @2()’) dy:C
f,(x) 2189,

3) Ilomy4eHHast B pe3ylibTaTe WHTETPHPOBAHUS (HYHKIIMS HA3bIBACTCS OOIIMM PEIICHWEM JTaHHOTO
Qg QepeHInanbHOTO ypaBHEHHS.
[Tpumep:

y=0
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' 2
Y QY coex J'd—gzj'cosxdxzj'yzdy:jcosxdx
ay_ . Y
dx_y N —yt=sinx+C
y P \d
— = Cos xdx —=-siNnX+C — obwee pewenue
y

2. JlunedinpiMu quddepeHIINATBHBIME YPABHEHUSAMHU TIEPBOTO TOPSIIKa HA3BIBAIOTCS YPAaBHEHUS
4
suga: Y + P(X)y = f(x)
Pemienue Takux ypaBHEHMH HaXOAUTCS C MOMOLIbIO INPOM3BEACHUS JABYX HE3aBHCUMBIX (hYHKLUI
y=uv,rae u=u(x) v=v(x).
Jnst perieHus: ypaBHEHUS:
! £ 4

1) meobxomumo omnpenenuts mnepsyio mpomssomuyio Y — UV UV or dymxmmm y=uv.
2) IloacraBuTh 3HaUYeHNE (HYHKIIMH U IIPOU3BOJHOI B OCHOBHOE YpaBHEHHUE.

!, 4
u'v+uv' + p(x)uv = f (x)
3) U3 2-ro u 3-ro ciiaraeMoro BEIHECTH IIEPEMEHHYIO «U» 3a CKOOKH.

' '
u'v+u(Vv' + p(x)v) = f(x)
4) TlpupaBHUBAasI K HYIIIO BTOPOE ClIAracMoe, ONpeeisieM 3HaueHne QYHKIHU «V».

V'+ p(x)v=0

u'v=f(x)
V' =—p(xX)v
& p(y
dx
R\ = —p(x)dx
Vv
oA [ p(x)dx
v
Inv= —j p(x)dx
v = g1 PO0dx

5) HO,Z[CTaBJBBI HaﬁﬂeHHOC 3HA4YCHHE «V» B YpaBHCHHUE, OTIPCACIACM 3HAUCHUC (1JYHKI_[I/II/I «U».
u'v=f(x)

1)
T o [P0

u' = f(x)e/ P
u :J f (x)e!P%dx
L — @ /p(x)dx p(x)dx
6) Pemienne ypaBHeHNS: y=uv=e I I f (X)eI dx

JuddepeHnnanbible ypaBHEHUS BTOPOTO MOPsAKA TOMYCKAIOIIe TOHKEHUE TTOPsIIKa:
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Huddepennmansuoe ypaBuenne Buaa: F(x, y, y', y") = 0, B KOTopoe BXOJIUT BTOpasi MPOU3BOIHAS
Hen3BecTHOH (yHkumu y = f(X), Ha3piBaloT quddepeHIraIbHpIM ypaBHEHUEM BTOPOTO TOPSIKA.
JuddepennmnanbHoe ypaBHeHHE BTOporo nopsiaka y"' = (X, y, y') umeer obmiee pernieHue y = (X,
C1,C2), conepkaiiiee AB€ MPOU3BOIBHBIC TOCTOSTHHBIE.

Bune nuddepeHimanbupix ypaBHEHUN BTOPOTO MOPSI/IKA JOMYCKAIOIIUE TOHMKEHHE MOPSIJIKA:

1.1. duddepenunanbupie ypaBHEHHS BTOPOTO MOPSAAKA HE COACpKAIIe UCKOMON (YHKLIUU U e
MIPON3BOIHOM:

VYpaBuenue Buaa y" = f(x) Ha3bpBaloT IUQQEpeHINATIbHBIM yPaBHEHUEM BTOPOTO TOPSIIKA, HE
coJiep>KallluM HMCKOMOM (DYHKUMU M ee Mpou3BOAHON. Takue ypaBHEHUS pEHIaOTCs IBYKPATHBIM
MHTETPUPOBAHUEM C BBEJCHHWEM HOBOH ()YHKIMH, AAIOMIEH BO3MOXKHOCTh MOHHU3UTH UX MOPSIOK.
Brenem HOBYIO GbyHKIHIO u(x),
HOJOXKUB Y' = U(X), Toraa y" = (y')' = U'(x), U'(x) = f(x) wu du/dx = f(x).

Pa3znenuB nepeMeHHbIC U TPOUHTETPUPOBAB, TIOTYUUM:

du= f(x)dx, [du=[ f(dx.u(x) = [ f(x)dx+C;

]

uiu

y’=jf(x)dx+c:1%:jf(x)dx+c .

dy = (j f (x)dx+C,)dx,
jdy:j(j f (x)dx +C,)dx,

Paznenum IEPEMCHHBIC U IIPOUHTCTPUPYEM:

y :j(j f (x)dx)+C x+C,

- o0ee perieHue JaHHOro AuddepeHInaiIbHOro ypaBHEHHUS.

[Ipumep. Haiitu oO1ee penienne ypaBHeHus y'" =

Pemenne. O603Haunm y' = U(X), torma y"= U'(x) u U'(x) =x wmm  du/dx = x. Pa3nenus
TIepEeMEHHBIE U IPOMHTETPUPOBAB, HaliIeM MEPBYIO MPON3BOAHYIO:

du:xdx,jdu:_[xdx,u :X?Z+C1

uiu

du x?
'=—=—+C,.
Y dx 2 !

Pa3nenuB B ypaBHEHMM TIepeMEHHblE U MPOUHTEIPUPOBAB €ro, HaiiaeM QyHKUUO Y:
2 2
X X
dy = ?dx+C1dx,J‘dy = J‘?dx+JC1dx.

Takum obpazom, y = x3/6 + Clx + C2 — ofmee pemieHHE ypaBHCHHUs, COJEpIKallee BE
npousBoibHbIE TOcTOsIHEBIE Cl, 1 C2.

1.2 luddepennmanbHbie ypaBHEHUS BTOPOTO MOPAIKA HE COoAepKAIUe HCKOMON (yHKIIUU:
VYpasaenue Buaa y" = f(x,y') Ha3bBaloT nuddepeHuanbHbBIM ypaBHEHUEM BTOPOro MOpsiikKa, He
cozeprkamnie uckomo pyHkuuu. Beenst HoByro (yHKuuio y' =2z(X), HOIy4uM ypaBHEHHE TIEPBOTO

opsIKa nopsijKa OTHOCHUTEILHO zZ:
z' = f(x, 2).

[Tpumep.

Haiitn ofmiee  pemieHHEe  YpaBHEHUS: (1 + xX2y" ” 2xy' & 0.

Pemrenue.
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(1+x*)z'—2xz =0,

O6o03uaunM v' = z(X), y" = z'(x), Torma:
Yz 2.y &) (1+x2)%—2xz:0
X

Pa3znenum nepemMeHHbIE U POUHTETPUPYEM:

dz  2x .
—\& 5 dXx;
z 1+Xx
dz 2X
A = dx:
A J‘1+ NG

In(z) = In(1+ x2) + In(C,)
[Motennupyem Boipakenue: z=C1(1+x2). Tak kak Zz =y', T0 y'=C1(1+x2) mmu dy/dx = C1(1 + x2).
Pa3nenuB nepemenHbie U mpouHTerprpoBas, monydum: dy = C1(l1+x2)dx;

Idy: IC1(1+ x*)dx

orkyna y = C1 x3/3+ Clx+ C2 — o0miee pelrieHre JAHHOTO ypaBHEHUS.
2. JIuHeWHBIM OAHOPOHBIM JH(depeHanbHbIM YpaBHEHHEM BTOPOTO MOPSIKA C MOCTOSHHBIMA
ko3 dunuentamu (p, g - CONSt), Ha3pIBaeTCs YpaBHEHUE BHJIA!

y'+py +qy=0
OO0i1ee perieHne TaKOro ypaBHEHUs ONIPEACIISIETCs ¢ TOMOIIbI0 QyHKIMHU Diinepa: y=ekX.
Jlist penieHust ypaBHEHUS:
1) Heobxonumo ompeaenuth oT ¢yHKimu Dinepa (Y=ekX) mepByro v BTOPYIO MPOHM3BOIHBIC OT
3TON (PyHKIUU:

yr \> kekx’
y” — k2ekx

2) TlonyueHHble 3HaYeHHUsS (YHKLIUHU, NEPBOM M BTOPOW MPOU3BOJHON IMOJACTaBUTh B OCHOBHOE
yYpaBHEHHE:

k?e™ + pke® +ge* =0

3) BeiHocs ¢yHKuMio Diliepa 3a CKOOKM W, Y4MUTbHIBas, YTO OHAa HE paBHA HYIJIIO, 3aIlUCaTh
BBIpQ)XKEHUE B CKOOKaX paBHOE K HYJIIO:

e“(k® + pk+0q) =0
e #0,k?+ pk+g=0
k?+ pk+q=0

)IaHHoe YpaBHCHHUEC HAa3bIBACTCA XapaKTCPHUCTUYCCKUM YPaBHCHHEM OJHOPOJHOIO JIMHEMHOT O
,Z[I/I(I)(bepCHI_II/IaJIBHOFO YpaBHCHUA BTOPOTO MMOPAAKa C MIOCTOAHHBIMUA KOE)(I)(I)I/IHI/ICHTH.MI/I.

k®+ pk+q=0,
4) OnpesieuTh KOPHU XapaKTEPUCTHUECKOTO YPABHEHHS: p . [p?
2 =7, + 7 q

5) Obiee penieHre 0OAHOPOIHOTO JMHEWHOTO UG HEpEeHINATBFHOIO YPaBHEHHS BTOPOTO MOPSAIKA C
MOCTOSIHHBIMU KO3(p(pHULIMEeHTaMu 3aBUCUT OT KOPHEH XapaKTepUCTUUECKOTO ypaBHEHHUS:
5.1 Ecnm xopHu K1 m k2 xapakrepuctndeckoro ypaBHEHHs ACHCTBUTEIBHBIC U Pa3JIMYHBIC YHUCIIA,
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D >0,k =k,

TO 00IIIee pellcHHE YPAaBHEHUS HMEET BHI:
y =C,e* +C,e*

5.2 Eciu kopuu K1 u K2 xapakrepucTH4eckoro ypaBHEHHsI JCHCTBUTEILHBIC U PaBHBIC YUCIA, TO

D=0k =k, =k
y:ekX(C1X+C2)

5.3 Ecimu kopam K1 v K2 XapakTeprCcTHYeCKOro YpaBHEHHS KOMIUIEKCHBIE MJIM MHHUMBIE YHCIIA, TO
o01iee pemeHrne ypaBHEHUSI UMEET BH/I:

D <0k, #k,,k;,, =a+ i
y =e”(C,cos S x+C,sin x)
ebe:a:—g,ﬁzx/ﬁ,i:\/—_l.

4. WinoctpaTuBHbIi MaTepuad: [Ipesenrtanus, ciaiabl.
5. Jlureparypa:

¢ OcHoBHasi:
1. Maremaruka: yueOnuk / M. B. IlaBmymkos, JI. B. PozoBckuii, U. A. Hapkesuu. - M.: [DOTAP-Menaua,
2013
2. PaxumxanoBa C. K. Teopus BepoATHOCTE M MaTeMaTHYeCKas CTATUCTHUKA: Yy4eOHO-METOAMYECKOe
nmoco6wue/ C. K. Paxumvxanosa, /. C. Kaparaesa.- Amvatsr: DCIIU, 2023.- 188 c.
3. PaxumkanoBa C. K. bIkruManmsiKTap TEOpHSICHl OHE MaTeMaTHKA-JIbIK CTATHCTHUKA: OKY-9HiCTEMENiK
kypai/ C. K. Paxumkanona, [I. C. Kaparaesa.- Anmarsr: DCIIH, 2023. - 184 Ger.
4. Kpodpr, O. Marematuka Herizgepi. 2-6emim: OKyJbIK.- Anmatel: KP Korapbl OKy OpBIHIapbIHBIH
KayeIMIacTeIFbL, 2014. - 324 Ger.
5. Maremaruka. I1-6emim: okymbik / K. XK. Kynabaes - Anmatel: OBepo, 2014. - 176 Oer.
6. bazapOexoBa A.A. JXorapbl maremaTuka: okyibik/ bazapOexoBa A.A., baszapOexkoBa A.b.- Anmarsr:
3CIIH, 2023.
7. Amp6aeBa H.K. JKorapsl MaTeMaTrKa KypChIHBIH HETi31epi: oKy Kypaibl.- Anmatel: DCIIH, 2023. - 304
8. AxmeroBa A.Y. Maremaruueckuii anainu3: yuaeOHoe mocooue/ Axmerosa A.Y., Kaparaera /I.C.- Anmartsr:
OCIIN, 2023. - 132 c.

e JlomoJIHUTEJIbHAS:
1. BanoBa M. b. O 06a3ucHOCTH COOCTBEHHBIX M IPHCOCTUHEHHBIX (YHKIHA HECAMOCOMPSHKEHHBIX
KpaeBbIX 3alad Juisi ogHoMepHoro ypaBHeHus lllpenunrepa: monorpadus/ M.B. MBanoBa. - LlIbIMKeHT:
Onem b6acmaxanacser, 2020. - 100 c.
2. Kanneibaes K.M. Matemarukanbl okpITy onictemeci okynbik/ K. M. Kanmeibaes, O.C. Carsibanaues, C.A.
Ixanabepauena; KP bEFM.- Anmarter: Jloyip, 2013. - 368 et
3. UckaxoBa A.C. Pemenue 3am1au Teopuu BeposiTHOCTeH B cucteme Matlab: yueGHoe mocoGue/
A.C. HUckakoBa.- Anmater: DCIIU, 2023. - 204 c.

e DJIeKTPOHHBbIE MY0JIMKALMH:
1. UBanoBa, M. B. O 06a3ucHOCTH COOCTBEHHBIX M TNPHUCOEIWHEHHBIX (YHKIWH HEcaMOCONPSHIKEHHBIX
KpaeBbIX 3ajau Aisl ogHoMepHoro ypaHeHusi Ulpeannrepa [DnexktpoHHBIH pecypc]: MoHorpadus/ M.b.
WBanosa.- OnektpoH. TekcroBble AaH. (1,131 Kb). - LlpivkenT: Onem 6acnaxanacel, 2020. - 102
2. Maremarnka, MaTeMaTHKaHbI OKBITY dJlicTeMeci/ MaTeMaTHKa, METO/IMKA TIPETIOI0OBAHNST MATEMATHKH, OKY
Kkypaisl. - Kaparaumsr 2017 https://aknurpress.kz/reader/web/1884
3. MaTteMaTHKaJIBIK aHAJIN3 XOHE aHAIUTHKAIBIK (QYHKUUSUIAD TEOPUSACHIHBIH OacTamaiapbl: OKY Kypabl.
Kaparangsr. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. YUymmnaoBckux, A.lll. Kaunosa. [IpakTudeckue paboThI 110 BRICIICH MaTeMaTHKE: yaeOHOE mocodue.
— Kaparanna: MznatensctBo «cAKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109
5. Maremaruka 2. Komanosa I'.P., oky kypansr: Anmatsr 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K.JK. Kynabaes, I'.C. Capbacosa, M.A. UmanbaeBa, A.C.Kpiapipbacsa. Matemaruka. 2 6emim: OKyJIBIK.

oO1iee pelieHue ypaBHEHUSI UMEET BU/L:
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Anmartsr, OBepo, 2020. 144 6. https://elib.kz/ru/search/read _book/1877/

7. Hypwmaramberor JI.E. MeaunuHagarer xorapbl wmaremMatuka Heriznmepi: Oxy «kypamnst/ JILE.

Hypmaram6eToB, M.O. Hypmaran6eroBa.- AnMatsr: «9Bepo» bacmacer, 2020. — 116 6.

https://elib.kz/ru/search/read_book/711/

8. Kynabaes K.JK. Maramartuka: oKy Kypaibl.— AnMatel: 9Bepo, 2020.— 136 6.

https://elib.kz/ru/search/read_book/3091/

6. KoHTpoJ/IbHBIE BONPOCHI:

1. Yem oTnimuaercs yacTHOeE pemeHre qudGepeHnanbHOr0 ypaBHEHHS OT 0011ero?

2. JIns xaKko# 1menu ucrosib3yrTes audpepeHnnaibabie ypaBHeHUS B (hapManun?

3. J1ns1 kKako# 1esu UCoNb3yIoTes AuddepeHnnanbable ypaBHEHHS BTOPOTO MOPsAKa
B hapmanmm?

Jexuus Neb

1. Tema: CocraBieHue u peuieHre AudQepeHuanbHbIX ypaBHEHUH Ha mpUMepax 3a1ad (pu3HKo-
XUMHUYECKOI0 ¥ (papMaLleBTUYECKOTO COAECPIKAHUS
2. Heab: OOBACHUTH CTYyAEHTaM  TEOPUIO COCTABICHHMSI M pelieHue JudQepeHnnaIbHbIX
ypaBHEHHI Ha pUMepax 3a7ayd PU3UKO-XUMHUYECKOT0 U (PapMareBTHIECKOTO COICPIKAHMSL.
3. Te3uckl JeKINHU:
[Inan nexuun:
[Tpuknaasele 3agaun Gpapmanuy, OUOJIOTUU U MEIULIUHBIL:
1. 3akoH pacTBOpeHHU JEKAPCTBEHHBIX (hOpPM BellecTBa U3 Ta0JIETOK.
2. 3aKOH pa3MHOXEHHUs OAKTEPHH ¢ TeUCHUEM BPEMEHH.
3. 3aKOH pocTa KJIETOK C TEUEHUEM BPEMEHHU.
4. 3akoH pa3pyleHUs KIETOK B 3ByKOBOM IIOJIE.
5. CocraBnienue u penieHne 1udhepeHIMaIbHbIX YPABHEHUN B TEOPUHU STUACMUI.
Juddepennnanbable ypaBHEHHS 3aHUMAIOT BaKHOE MECTO B PELICHUHU 33734 (PU3UKO-
XUMHUYECKOT0, (papMalieBTUYECKOr0 U MEUKO-O01O0JIOTHYECKOTo coiepxkanus. [1oabp3ysicb UMH, MBI
yCTaHaBJIMBAEM CBSI3b MEX/1Y IEPEMEHHBIMU BETMUMHAMHU, XapaKTepU3yIOIUMU JIAHHBIH Mporiecce
WM SIBJICHUE.
Pemrenue m0060#t 331241 ¢ TOMOIIBIO MATEMaTUYECKOTO aHATIN3a MOXKHO pa30MUTh Ha TPU dTama:
1. mepeBoJ yCI0BHI 3a/1a4M HA A3bIK MATEMaTHKU;
2. peuieHue 3a1a4u;
3. OlIEeHKa pe3yJbTaTOB.
IlepBast yacTh pabOTHI OOBIYHO 3aKITIOYAETCS B COCTaBICHUH TU(PPEPEHIINATIBLHOIO YPaBHEHUS U
sBIIAeTCS Haubosiee TpYAHOU, TaK Kak OOLIUX METO/I0B cocTaBieHus U depeHInaibHbIX
ypaBHEHMI HET M HAaBBIKU B 3TOM 007aCTU MOTYT OBITh IPUOOPETEHBI JIUIIb B PE3YJIbTaTe
M3y4YeHHs] KOHKPETHBIX TIPUMEPOB:
[Tpuknaanele 3agaun GpapMariu, OMOJIOTUU U MEIULIUHBIL:
1. 3akoH pacTBOpPEHUS JIEKAPCTBEHHBIX (JOPM BEIIECTBA U3 TAOJIETOK:

CKOpOCTh pacTBOpEHUS JIEKapCTBEHHBIX (hOPM BeleCTBa U3 TaOJIETOK MPOMOPLHUOHATIbHA
KOJIMYECTBY JIEKaPCTBEHHBIX (JOPM BelllecTBa B TabJIeTKE. Y CTAaHOBUTH 3aBUCUMOCTh U3MEHEHUS
KOJINYECTBA JIEKAPCTBEHHBIX (JOPM BEIIECTBA B TAOJIETKE C TEYEHUEM BPEMEHH.

O603Ha4NM Uepe3 «m» KOJIMYECTBO BEIIEeCTBA B TaOJIETKE, OCTABILIEECs KO BpEMEHU pacTBOPEHUS
«t»: dm/dt = - km, e k — mocTosiHHast CKOPOCTH PacTBOPEHUS. 3HAK MHHYC O3HAYaET, YTO
KOJIMYECTBO JIEKAPCTBEHHBIX ()OPM BEIIECTBA C TEUEHUEM BPEMEHH yObIBaET.
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dm kdt
dm

bkl 2> jkdt, In(m) = —kt+In(C),

Paznenum nepeMeHHbIe U IPOUHTETpUpYeM: J (t 0
In(m) =Ine™ +In(C),

m=Ce ™.
[Tonaras, yro npu t = 0, m = m0, nonyyaem
C=m0, criegoBaTeiIbHO:
m = mOe-Kt — 3aK0H pacTBOpPECHUS JISKAPCTBEHHBIX (POPM BEILECTBA M3 TaOJIECTOK.
2. 3aKOH pa3MHOKeHHsI OaKTepuil ¢ TeueHUEM BPEMEHU:
CKOpOCTh pa3sMHOKEHHUSI HEKOTOPBIX OaKTepHil MPOMOPIHOHAIbHA KOJTHYECTBY OaKTEpUil B TaHHBIN
MOMEHT. Y CTaHOBUTbH 3aBUCUMOCTb U3MEHEHUS KOJIMUECTBa OaKTepuil OT BpEMEHH.
KonuuecTBo OakTepuii, UMEIOLIMXCS B TaHHBIA MOMEHT, 4yepe3 «x». Toraa:
dx/dt =kx, rae «k» — k03 uULKEHT MPOMOPIHOHATBHOCTH. Pa3nenim nepeMeHHbIe |
[IPOUHTErpUPYEM:
ax

Al n(x)=kr+b(c). . _
f? i In(x) ~In( C) = it in(E) e e".x= C'ef";'
[Tonaras, yto nipu t=0, x = x0, nomyyaem C = x0, cnenoBarenbHo, x =x0ekt - 3akon

Pa3MHOXKEHHUs OaKTepHil C TEUEHHUEM BPEMEHH.

3. 3aKOH pocTa KJIETOK ¢ TEUEHUEM BPEMEHH:

Jjig anoYKOBUAHBIX KJIETOK, Y KOTOPBIX OTHOLIEHUE MOBEPXHOCTH KIIETKU K €€ 00BbeMy
COXpaHseTCs NOCTOSHHBIM, CKOPOCTh pocTa kieTku dL/dt mponopiiioHanbHa JUTMHE KIeTKH «Ly:

dL/dt = (a - B)L, r7ie o, 3 - MOCTOSTHHBIE, XapaKTEPU3YIOIINE MPOIIECCH CHHTE3a M paciaja.
L=t

dL
T =J@=pdt
Paznenum nepemennsie u npounrerpupyeM: In(L) = (a — )t +In(C),
In(L)—In(C) = (a - p)t
L L
In(=) = - pB)t,— = e(a*ﬂ)t’ L= Ce(afﬂ)t.
(C) (a=p) a

ITpu t = 0, L= LO noctosunas C = L0, noatomy

L=L0e(a- Bt) — 3akoH pocTa MaJOYKOBHIHBIX KJIETOK C TCUCHUEM BPEMCHH.

4. 3aK0H pa3pylIeHUs KJIETOK B 3ByKOBOM ITOJIE:

KaBuranus ynbTpa3ByKOBBIX BOJIH MPOSIBIISIETCS B BUJIE Pa3phIBOB CYCIIEH3MOHHOU Cpebl U
00pa3oBaHMs METBYAUIINX My3BIPEKOB H ITYCTOT, INIOTHOCTh KOTOPBIX HE3HAYUTEIhHA TIO
CPaBHEHHUIO C TJIOTHOCTHIO BOJBL. [IpocTeiiiine 6akTepuu, BOIOPOCIH, APOKKH, TCHKOIUTHI,
SPUTPOIUTHI MOTYT OBITH Pa3pyIIEHBI IPH KaBUTAIIMH, BO3HUKAIONIEH B MHTCHCUBHOM 3BYKOBOM
nosie. OTHOCUTENBHBIE CKOPOCTH Pa3pYIICHUs OMOTOTHIECKUX KIETOK PA3TUYHBIX BUIOB OCTAIOTCS
MOCTOSIHHBIMH B OU€Hb LTUPOKOM JIMAINa30HE YaCTOT.

OTH CKOPOCTH MOTYT XapaKTePU30BaTh OTHOCUTEIBHYIO XPYIKOCTh KJIETOK Pa3JIMUHbBIX BHIOB.
UToOB!I BBIPA3UTh 3TO KOJTHYECTBEHHO, HY)KHO OIPEICIUTH CKOPOCTh Pa3pyIICHHUs KICTKU B
MOCTOSIHHOM 3BYKOBOM T10J1€. M3yueHue 3Toro Bompoca nokasbIBaeT, 4yTo, Moka 1o KpaitHei mepe 1
% monyJsALHUKA OCTAETCS HEPa3pYIICHHBIM, MOKHO 3aIIUCaTh:
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dN/dt = - RN, rae «N» - KOHIIEHTpAIHs KIETOK; «t» - Bpemst; «R» - mocrosiaHas. Pa3enum B
YpaBHEHUU MEPEMEHHBIE U IPOUHTETPUPYEM:

AN _ Rt
N
dN
W = —I Rdt,

In(N) =—Rt +1In(C),
IN(N)—In(C) =—Rt
n(Ny= R, N e N =Ce ™.

C C
[put=0,N=NOwu C=NO0.
Torga N = NOe-Rt - 3akoH pa3pyllieHue KJIETOK B IOCTOSHHOM 3BYKOBOM IIOJIE.
5. CocraBnenue u pemieHre AuddepeHnnanbHbIX YpaBHEHUN B TEOPUU ITUAEMUI:
PaccMoTpuM, Kak COCTaBIAIOTCSA U pemaioTes AudQepeHnnaibable ypaBHEHUS B TEOPUHU dTHISMHUN
IpU YCIOBUM, YTO H3ydaeMmoe 3a0oJieBaHHE HOCUT JUIMTENbHBIA Xapaktep. Ilpu 3tom mpomecc
nepeaayn MH(YEKIUN 3HAUYNTENLHO OoJiee OBICTPBIN, YeM TeYeHHE camoil O0JIe3HH, U 3apa)KCHHBIC
oco0u He yJaAioTCs U3 KOJIOHUU U MepeatoT P BCTpedax MH(EKIHIO0 He3apaKeHHBIM 0COOSIM.
B HauvanbHBIT MOMEHT t = 0 «a» - YMCIIO 3apaXCHHBIX, «b» - YUCIIO He3apakeHHBIX 0coOei, x(t),
Y(t)— COOTBETCTBEHHO YMCIIO 3aPaKCHHBIX M HE3apaKCHHBIX 0cO0eil K MOMEHTY BpeMeHH «t». B
M000H MOMEHT BpPEMEHH «t» JJIsl TIPOMEXKYTKA, MEHBIIETO0 BPEMEHH KU3HU OIHOTO IMOKOJICHHS,
uMeeT MECTO PaBEHCTBO
xty=a+b.
IIpr >TUX YCIIOBHSX HYXHO YCTAaHOBUTh 3aKOH H3MEHEHMsI 4HCla He3apakeHHBIX 0co0el ¢
TEUEHUEM BPEMEHH, T. €. HalTH y = f{(t).
Tak xak nHGeKIUs nepenaeTcs MpH BCTpeuax 3apakeHHBIX 0co0eil ¢ He3apaKeHHBIMH, TO YHCIIO
He3apaXXeHHbIX oco0eil Oyaer yObIBaTh C TEUEHMEM BPEMEHM NPONOPLUOHATIBHO KOJIHUYECTBY

BCTpEY MEXTY 3apa’KeHHBIMH " He3apaXCHHBIMA 0CO0SIMHU.
Jns npomexxytka BpemeHu «dt» dy= - Pxydt, otkyma dy/dt = - Bxy, rae P - xo3dpduuument
pONOpIHOHaTbHOCTH.  [locTaBUB B 3TO ypaBHEHHE 3HadyeHWue x=atb-y, MOJTyIUM
muddepeHraibHOe ypaBHEHHE c pa3esIoIUMUCS HepEeMEHHBIMHU:

dy/dt=-By(a+ b -vy).

Ilocne pa3aciICHUA I[I/I(i)(l)epeHLII/IaHOB M TICPEMCHHBIX B IIOCJIICAHEM YPABHCHUHU, IOIYUYUM:

o dy Adt.
y(a+b-y)
I[Ipeo6pasyeM JeByIO YacTh TOTO yPABHEHUSL:
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1 )1 1
(—+ )dy =-£t,
a+b'y a+b-y
1 1 1
[+ ydy=~[ A,
a+b'y a+b-y

_L_Q¥+1'j dy =-pt+C,
Ihnﬁmmwm:a+b y a+b’a+b-y

IN(y)—In(a+b—y) = —(a+b) At +In(C),
In(———) = In(e #®*) 4 In(C),

a+b-y
Y _ (e
a+b-y
b
C=—,
a
I1 = =D — nai :
put=0,y=Db— naiinem y d Ee—ﬂ(ﬁ”b)t
a+b-y a
b(a+b)
Paspeluast 5T0 ypaBHEHHE OTHOCHTENBHO «y», nomydaem: Y(1) = W

- 3aKOH YObIBaHUs YKCIIa HE3apaKEHHBIX 0CO0EH ¢ TEUEHUEM BPEMEHHU.
4. UnmoctpaTuBHbIi MaTepuad: [Ipesenranus, ciaiapl.
5. JIureparypa:

e OcHoBHasi:
1. Martemaruka: yuebuuk / U. B. [TaBnymkos, JI. B. Po3zosckuii, . A. Hapkesuu. - M.: [DOTAP-Menua,
2013
2. PaxumxanoBa C. K. Teopus BeposTHOCTE W MaTeMaTHyecKas CTaTHCTHUKA: Y4eOHO-METOINYECKOe
noco6ue/ C. K. Paxumxanosa, JI. C. Kaparaera.- Anmarer: DCIIH, 2023.- 188 c.
3. PaxumkanoBa C. K. bIkTuManasIKTap TEOPHSCHI KOHE MaTeMaTHKA-JbIK CTATHCTHUKA: OKY-9[iCTEMENIK
kypai/ C. K. Paxumxanosa, . C. Kaparaesa.- Anmatsr: 9CIIU, 2023. - 184 Ger.
4. Kpodpr, O. Marematuka Herizaepi. 2-6eiim: OKyJbIK.- Anmartel: KP Korapbl OKy OpBIHIapBIHBIH
KaybeIMaacTeIFsl, 2014, - 324 Ger.
5. Maremaruxa. [I-6enim: okyneik / K. XK. Kynabaes - Anmartsl: OBepo, 2014. - 176 Ger.
6. bazapOexoBa A.A. Xorapsl matemaruka: okynslk/ basapbekoBa A.A., bazapGexoBa A.b.- Anmatsr:
3CIIH, 2023.
7. Aummp6aesa H.K. JKorapbl MaTemMaTHKa KypChIHBIH HeTi37epi: oKy Kypaibl.- Anmater: DCIIU, 2023. - 304
8. AxmertoBa A.Y. Martemaruueckuil aHanu3: yueOHoe mocooue/ Axmerosa A.Y., Kaparaesa I.C.- AnMaThl:
3CIIH, 2023. - 132 c.

e JlomosHuTEJBbHASA:
1. BanoBa M. b. O 06a3ucHOCTH COOCTBEHHBIX H IPHCOCIUHEHHBIX (PYHKIHH HECaMOCOMPSIKEHHBIX
KpaeBbIX 3alad [yl opHoMepHoro ypaBHenus lllpenunrepa: monorpadus/ M.b. MBanoBa. - LLIbIMKEHT:
Oiem Oacnaxanacser, 2020. - 100 c.
2. Kanueibaes K.M. MaTematukanbl okpITy auictemMeci okynbik/ K. M. Kanneibaes, O.C. Catsibangues, C.A.
IxanabepaueBa; KP BYM.- Anmarer: Jayip, 2013. - 368 et
3. UckakoBa A.C. Perienne 3a1a4 Teopun BepOSITHOCTEH B cucteMe Matlab: yaeOHOe mocooue/
A.C. UckakoBa.- Anmatsl: DCIIN, 2023. - 204 c.

e DJIeKTPOHHBbIE MYOJINKAIUH:
1. UBanoBa, M. B. O 0a3ucHOCTH COOCTBEHHBIX M NPHUCOEAWHEHHBIX (YHKLIUH HECaMOCONPSHKEHHBIX
KpaeBbIX 3ajau Aisi ogHoMepHoro ypaBHeHus Ulpeannrepa [OnekTpoHHBIH pecypc]: MoHorpadus/ M.b.
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WBanoga.- DnektpoH. TekcToBblie aaH. (1,131 KB). - lleiMkenT: Onem 6acmaxanacer, 2020. - 102

2. Maremarnka, MaTeMaTUKaHbI OKBITY dJlicTeMeci/ MaTeMaTHKa, METOIMKA TIPETIOI0OBAHNS MATEMATHKH, OKY
kypaisl. - Kaparammer 2017 https://aknurpress.kz/reader/web/1884

3. MaremaTHKaJbIK aHAJIH3 JKOHE aHATUTHUKAIBIK (PYHKLIHUSUIAP TEOPUSACHIHBIH OacTamanapbl: OKy KYpajbl.
Kaparanmsr. 2015 https://aknurpress.kz/reader/web/1691

4. B.P. Yymunosckux, A.LLl. Kaumosa. [IpakTidaeckue paOoTHI MO BBICIIEH MaTeMaTHKe: yaeOHOe mocooue.
— Kaparanpa: M3narenscrBo «AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109

5. Maremaruka 2. Komanosa I'.P., oky kypansl: Anmater 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K.JK. Kyna6aes, I'.C. Capbacosa, M.A. NmanbaeBa, A.C.KpinpipbacBa. Matemaruka. 2 6emiM: OKyJBIK.
Anmatsr, OBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/

7. Hypmaramberor JI.E. MeaunuHanarel »xofapbl MareMatuka Heriznmepi: Oky kypanst/ JI.E.
Hypmaramb6etoB, M.O. HypmaranOeroBa.- AnMaTsl: «9Bepo» b6acnacel, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/

8. Kynabaes K.JK. Maramartuka: oKy Kypajbl.— Anmatel: 9Bepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/

6. KoHTpoJibHbIE BOMPOCHI :

1. Kak ompenensieTcss CKOPOCTh PAcTBOPEHHS JICKAPCTBEHHBIX (DOpPM BeEIISCTBA U3 TaOIETOK?
2. VI3 kakuX 3TanoB COCTOUT cocTaBieHue MU EepPCHINATBLHBIX YPABHCHHA?

Jexuus Neb

1. Tema: OcHOBbl Teopuu BepodaTHOCTH. Kiaccuueckoe M CTaTMCTHUYECKOE OIpejeiieHUue
BEPOSTHOCTH
2. Heab: OOBIACHUTH CTyIEHTaM TEOPUIO0 OCHOB TEOPHH BEPOSTHOCTH.
3. Te3ucel JeKIUHU:
[Inan nexuuu:
1.OcHOBHBIE NOHSTHS TEOPUU BEPOSTHOCTEH.
2. Knaccuueckoe M cTaTUCTUYECKOE ONpe/iesieHue BEPOSTHOCTH.
3. OCHOBHBIE TEOPEMBI TEOPUH BEPOSITHOCTEH.
Uto u3yuyaeT Teopusi BEpOSITHOCTEN?
Teopust BepoATHOCTEW H3ydaeT 3aKOHOMEPHOCTHM MAacCCOBBIX SIBICHMM, HOCSIUMX CIIy4alHBIN
Xapakrep.
MaccoBbl€ SIBIEHHS U IPOLECCH XapaKTEPU3YIOTCA NPEXKIE BCEr0 MHOTNOKPATHBIM IOBTOPEHUEM
IIPY TIOCTOSIHHBIX YCJIOBUSIX HEKOTOPBIX OIBITOB, U3MEPEHUH, oniepaliuii ¥ T.1.
YTo ABJIAIOTCS OCHOBHBIMU HOHSTUSMH TEOPUN BEPOSTHOCTEN?
OCHOBHBIMU MOHATUSMHU TEOPUH BEPOSTHOCTEN SBISIOTCS UCIBITAHUS M COOBITHS.
HcnplTaHneM Ha3bpIBacTCs OCYIIECTBIEHHUE HEKOTOPOTO OIPENEICHHOIO  KOMIUIEKCA YCJIOBUH,
KOTOpBI ~ MOXET ObITh  BOCHPOM3BENIEH CKOJb  YroJHO  OOJbIIOE  YHCIO  pas.
Pe3ynbpTaT niaM ncXoj UCTIBITAHUS Ha3bIBACTCSI COOBITHEM.
CoObbiTHE 0003HauaeTCs 3arjaBHbBIMU OyKBaMu JIaTuHCKOro andasura: A,B,C
Bunasl coObITHIA:
1. JlocTOBEepHBIMU Ha3bIBAIOTCS COOBITHS, KOTOPHIE MPOUCXOAIT HEU30€XKHO, B pe3yIbTaTe KaK0ro
UCTIBITAHUS
2. HeBO3MOXXHBIMU Ha3BbIBAIOTCSI COOBITHSI, KOTOPbIE HUKOTIa HE TIPOUCXOJIAT.
3. Cny4yailHBIMM Ha3bIBAIOTCSI COOBITHS, KOTOPhIE MOTYT MPOU30MTH MM MOTYT HE NPOU30HTH B
JTAHHOM UCIIBITAaHUH.
Bunel cnygaitHbIX COOBITHI:
1. CoOblTHe Ha3bIBACTCS HECOBMECTHMBIM, €CIM B PE3yJIbTaTe UCHBITAHUS OCYLIECTBICHUE
OJIHOTO U3 HUX UCKJIIOYAET OCYIIECTBICHUE OCTAIbHBIX.
2. CoObITHE Ha3bIBA€TCSI COBMECTUMBIM, €CIM B PE3YJIbTAaTe HCIBITAHHUS OCYILIECTBIECHUE
OJIHOTO M3 HUX HE MCKIIIOUAET OCYIIECTBICHUE OCTAJIBHBIX.
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Omnpenenenre BEpOSATHOCTHU:
Kaaccuueckoii BeposiTHOCTBIO P(A) coObiTHS «A)» Ha3bpIBaeTCAd OTHOIICHHE YHCTA «IM»
AJIEMEHTAPHBIX COOBITHI,0IarONPUATCTBYIOIINX COOBITUIO «A», K YUCITY «N» BCEX 3JIEMEHTapHbIX

m
COOBITHH. P(A) =

n
CBoiicTBa BEPOSTHOCTH IO KJIACCHYSCKOMY OTIPEICITICHUIO:
L. BepositHocTh JIOCTOBEPHOT'O COOBITHSA paBHa eIUHULIC - P(A)=1.
2. BepositHOCTh HEBO3MOKHOI'O COOBITHS paBHa HYJTIO - P(A)=0.

3. BepoaTHOCTB cityyaliHOTO COOBITUS paBHA OT HyJIA 10 equHuIb! - 0< P(A) <1.

2. CTaTucTU4ecKoe ONpeeiIeHue

Eciu mpoBoauTcst cepust U3 «N» UCIBITAaHUM, TPOBECHHBIX B OJIHUX U TEX XK€ YCIOBUSIX, TpeOyeTcs
OIIPENIC/IUTh OTHOCUTENBHYIO YaCTOTY COOBITUI «A» B 3TOH CEpUM UCIIBITAHUM.

Eciu B cepum ucnoplTaHuil coObITHE «A)» OCYLIECTBUIOCH «M» pa3, TO OTHOILEHUE 4YHUCIa
HOSIBICHUM COOBITHS «A» K oOueMy 4YHciay «N» IPOBEACHHBIX HCHBITAHWNM JaHHOH cepuu
HA3bIBAETCSl  OTHOCUTENIBHOM  4acTOTOW  coObITUS  «A» B 3TOH  CEpUM  HUCHBITAHUIL.

Pe(A) = _w

n
Ecnu oTHOCUTENbHAs 4acTOTa KOJIEOIETCS OKOJO OJHOTO YMCia, 3TO CBUACTEIBCTBYET O TOM, YTO
OTHOCHUTEJIbHAS 4acTOTa MPEACTaBISAET COOON pe3yabTaThl H3MEPEHUN M HA3bIBAETCS CTATHUYECKOU
BEPOSATHOCTBIO COOBITUH «A».
OcCHOBHBIE TEOPEMBI TEOPUU BEPOSITHOCTEIH:
1. CnoxeHue BeposITHOCTEN
CymMMoOll JBYX HECOBMECTHUMBIX cOObITHM «A» u «B» Ha3pBaercs cobsitie C=A+B,
3aKJIIOYAIONIeecs] B HACTYIUIGHHHM COOBITHS «A», WM coObITus «B», unm oboux coObITHi
OJIHOBPEMEHHO.
1.1 BeposTHOCT,  HACTYIUIGHHS CYMMBI JBYX HECOBMECTUMBIX COOBITUN paBHa CyMMe

Beposirocteii atux coobiruit: P(A+B) =P(A)+P(B)

1.2 BeposTHOCTh HACTYIUIEHHSI OJHOTO M3 HECKOJbKHX MONapHO HECOBMECTHBIX COOBITHI paBHa
CYMMe€ BEpOSTHOCTEH 3TUX COOBITHI:

n
P(A+A +A+..+A)=) P(A)
1=1
1.3 CymMa BepOosATHOCTEI HECOBMECTHBIX COOBITHI 00Pa3yIOIIMX MOJHYIO TPYIITY COOBITHI, paBHA

emummme: P(A+A, + A +..+A) :Zn:P(AI) =1

1.4 JIBa coObITHsI Ha3bIBAIOT MPOTUBOIIOJIOKHBIMH, €CIIM OHU HECOBMECTHBI U 00pa3yIOT MOJIHYIO
rpymnimy.

CymMma BeposiITHOCTEHN MPOTUBOIOIOXKHBIX COOBITHI pagHa eTuHUIE.
P(A)+P(A)=p+g=1

2.YMHOXEHHE BEPOSTHOCTEN

[TpousBeneHrEeM IByX HE3aBUCHUMBIX COOBITUH «A» 1 «By» Ha3piBaioT coObiTue C=AB, cocTosiiee B
COBMECTHOM OCYILIECTBICHUH 3TUX COOBITHH.

2.1. Teopema. BeposTHOCTh NpOM3BENEHUS JABYX HE3aBUCHUMBIX COObITHUH «A» M «B» paBHa
MTPOM3BEICHUIO BEPOSITHOCTEH ATUX COOBITHIA:

P(AB) =P(A)-P(B)
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2.2. BeposTHOCTh TIPOM3BEIEHUS JIBYX 3aBHCHUMBIX COOBITHH «A» M «B» paBHa IpPOU3BEICHUIO
OJIHOTO W3 HUX Ha YCJIOBHYIO BEpPOSITHOCTH BTOPOTO, BBIYMCIICEHHYIO TPHU YCIOBHUM, YTO IMEPBOE
COOBITHE OCYIIECTBUIIOCH:

P(A-B)=P(A)-P(B/A) = P(B)-P(A/B)
2.3. BeposaTHOCTb OCYLIECTBICHUsI XOTS Obl OJHOTO M3 COOBITUH HE3aBUCHMBIX B COBOKYIHOCTH,
paBHA Pa3HOCTU MEKAY CAUHMLEH U IPOU3BEICHUEM BEPOSITHOCTEN MPOTUBOMOJIOKHBIX COOBITHIA:

P(A)=1-9, 0, Q;...q,=1-q"

4. NnunloctpaTtuBHbIi MaTepuas:IIpesenranusi, ciaiibl.
5. Jlureparypa:

e OcHoBHasi:
1. Martemaruka: yuebuuk / . B. [TaBnymkos, JI. B. Po3zosckuii, . A. Hapkesuu. - M.: [DOTAP-Menua,
2013
2. PaxmmxanoBa C. K. Teopus BeposTHOCTEH W MaTeMaTH4yecKas CTaTHCTHKA: y4eOHO-METOINYECcKOe
nocooue/ C. K. Paxumxanosa, /[. C. Kapartaesa.- Anmarsr: DCIIH, 2023.- 188 c.
3. PaxumkanoBa C. K. bIkTuManmbiKTap TEOPHSCHI OHE MaTeMaTHKA-JbIK CTATHCTUKA: OKY-9HiCTEMENIK
kypan/ C. K. Paxumkanosa, JI. C. Kaparaea.- Anmarsr: OCIIN, 2023. - 184 Ger.
4. Kpodt, D. Maremaruka Herizaepi. 2-0emim: OKyJBIK.- AnMatel: KP korapel OKy OpPBIHAapBIHBIH
KaybIMIacThIFbI, 2014, - 324 Ger.
5. Maremaruka. I1-6emim: okymbik / K. XK. Kynabaes - Anmater: OBepo, 2014. - 176 Ger.
6. bazapOexoBa A.A. Xorapel maremaTnka: okynbik/ basapOGexoBa A.A., bazapbOexkoBa A.b.- Ammarsr:
3CIIH, 2023.
7. Ammp6aeBa H.K. JKorapsl MaTeMaTHKa KypChIHBIH HETI3epi: OKY Kypaibl.- Anmartel: DCIIH, 2023. - 304
8. AxmeroBa A.Y. Martemaruueckuil ananus: yueoHoe mocodue/ Axmerona A.Y., Kaparaesa JI.C.- AnmaTsl:
3CIIY, 2023. - 132 c.

e JlomoJHUATEIbHAS:
1. BanoBa M. b. O 06a3ucHOCTH COOCTBEHHBIX H IPHCOCTUHEHHBIX (YHKIHH HECaMOCOMPSIKEHHBIX
KpaeBbIX 3alad [uii oxHoMepHoro ypaBHenus lllpenunrepa: monorpadus/ M.b. MBanoBa. - LLIbIMKEHT:
Oinem Oacmnaxanacsl, 2020. - 100 c.
2. Kanyieibaes K.M. MaTemarukanbl okpITy auictemMeci okynbik/ K. M. Kaneibaes, O.C. Catsibangues, C.A.
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KpaeBbIX 3ajau Aisi ogHoMepHoro ypaHeHusi llpeaunrepa [DnexktpoHHBIH pecypc]: MoHorpadus/ M.b.
UBanosa.- DnektpoH. TekcroBble aaH. (1,131 KB). - LlleiMkenT: Onem O6acnaxanacer, 2020. - 102
2. Maremartuka, MaTeMaTHKaHBI OKBITY dJlicTeMeci/ MaTeMaTHKa, METOIUKA TPETIOI0BaHNsl MAaTEMaTHKH, OKY
Kypausl. - Kaparanaer 2017 https://aknurpress.kz/reader/web/1884
3. MaTteMaTHKaIbIK aHAN3 KOHE aHAIUTHUKAIBIK (YHKIUSUIAD TEOPUSCHIHBIH Oactamaliapbl: OKY Kypajbl.
Kaparangsr. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Uynunosckux, A.Ill. Kaunosa. [Ipaktudyeckue paOoThl 10 BBICIIEH MaTeMaTuke: yueOHoe mocooue.
— Kaparanna: MznarensctBo «AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109
5. Maremaruka 2. Koranosa I'.P., oky kypanbi: Anmarsr 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K.JK. Kyna6aes, I'.C. CapbacoBa, M.A. UmanbaeBa, A.C.KpigpipbaeBa. Maremaruka. 2 6emiM: OKyJbIK.
Anmartsr, OBepo, 2020. 144 6. https://elib.kz/ru/search/read book/1877/
7. Hypmaramberor JI.E. Meaununanarel >xorapbl Marematuka Herizuepi: Oky kypansl/ JI.E.
Hypmaram6eroB, M.O. HypmaranOeToBa.- Anmatsl: «9Bepo» 6acmacser, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/
8. Kynabaes K.JK. Maramatuka: oKy Kypajbl.— Aimatel: IBepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/

6. KoHTpoJIbHbIE BONIPOCHI :
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1. YeM OTIIM4aIOTCSI HECOBMECTHBIE COOBITHUS OT COBMECTHBIX ?
2. 1 KakuX LeJIeH UCIOJIb3yeTCsl TEOpHs BeposiTHOCTeH B hapmarmu?

Jleknuga Ne7

1. Tema: IloBTOpHBIE HE3AaBUCUMBIE UCIIBITAHUS
2. Heab: OOBSICHUTD CTYIEHTAM TOHSATUE MTOBTOPHBIX HE3aBUCUMBIX UCIIBITAHUM.
Iliian gekuumn:

1. TloBTOpHBIE HE3aBUCUMBbIE UCTIHITAHUSI.

2. ®opmyna bepnymim.

3. JlokanbHast TeopeMa MyaBpa-Jlamnaca.

4. Wurerpanbnas Teopema Myaspa-Jlamnaca.

3. Te3uchl JeKINN:

[ToBTOpHBIEC HE3aBUCUMBbIE UCTIBITAHUS:

[Ipy TmpakTHYECKOM MPUMEHCHHH TEOPHH BEPOSITHOCTEH 0CO00€ 3HAYCHHE HMMEKOT COOBITHSA,
CBSI3aHHBIE C HE3aBUCUMBIMHU TTOBTOPHBIMU HCTIBITAHUSIMH, JIJ11 KOTOPBIX:

1. Uncio ncnpITaHUM «NY KOHEYHO,

2. Kaxxioe ucnpiTanrue UMeeT TOJIBKO J[Ba UCXO0/1a: ) COOBITHE «A» OCYIIECTBUIIOCH;

0) coObITHE «A» HE OCYIIECTBHIIOCH;

3. Bce ucneiTaHus HE3aBUCHUMEIC;

4. BepoATHOCTD TMOSIBJICHUS COOBITUS «A» B Ka)KJIOM UCITBITAHUHU TIOCTOSIHHA.

@®opmyna bepHymnu -npuMeHsieTcsl B TeX ClydasX, KOIJa YMCIO MCHBITAHUA «N» U «Mm»<l10,
BEPOSITHOCTH TOSIBJICHUS COOBITHSI «A» B KOKJIOM UCIBITAaHUU (p) IOCTOSIHHA U MEHbIIe <I.

nl m.n-—m
Pi(m) = ————=p"q
mi(n—m)!
['ne Pn(m) — BeposSTHOCTH OCYIIECTBIICHHS COOBITHS «A» «My pa3 B «N» UCTIBITAHUSIX.
2. JlokanpHas TeopeMa Myaspa-Jlamiaca -

IMPUMCEHACTCA B TCX ClIydadX, Koraga 4uciio HUCIBITAaHUU «N» U «m»>10, BCPOATHOCTE IMOABJICHUA
COOBITHS «A» B KaXKIOM UCIBITAHUU (p) MOCTOSIHHA M MEHbIIe <l M OCYIIECTBIIIETCS POBHO «M»
pas.

P.(m) =

1 1 2
(0, g0 == Mo
npg \/E X npqg

['ne 3HaueHMs ((X) ONPeneNtoTCs U3 CIeHUAIbHBIX Ta0IUIL.

3. UnTerpansHasa Teopema Myaspa-Jlannaca-npuMeHsieTcsl B T€X CAydasix, KOrja YUCIO UCTIBITAaHUN
«nN» 1 «M»>10, BEepOATHOCTh TMOSBICHUS COOBITUA «A» B KaX/JIOM HCHBITAaHUH (p) MOCTOSTHHA U
MeHblIIe <1 ¥ ocymecTBaseTcs oT «Ml» 1o «mM2» pas.

P,(m) =d(x,) - D(x,), D(-X)=—D(x) x - M 1P
Jnpg Jnpg
I'ne 3Hauenust O(X) onpeaesstoTcs U3 CHeUaIbHBIX TaOIHII.
4. 3akoH Ilyaccona - mpumeHsieTcs B T€X Ciydasx, KOIZAa YHACIO MCHBITaHHU «N»>10, «m»<10,
BEPOSITHOCTH TMOSBJICHUS COOBITHS «A» B KaXJAOM HCIBITaHUU (p) MocTosiHHA W MeHble < 0,1.

Py(m) =" e, u=np

3HaveHne QYHKIIUN €-Ll OTPENLISICTCS U3 CIIeUATbHBIX TaOIHII.
4. WimoctpaTtuBHbIi MaTepuadn: [Ipesentanus, cinaiiabl.
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5. Jluteparypa:

e OcHoBHasi:
1. Maremaruka: yueOuuk / M. B. IlaBmymkos, JI. B. Po3zosckuii, . A. HapkeBuu. - M.: [DOTAP-Menna,
2013
2. PaxumxkanoBa C. K. Teopus BepoATHOCTEW M MaTeMaTHYeCKash CTATUCTHKA: Yy4eOHO-METOAMYECKOe
rocobue/ C. K. Paxumkanona, /[. C. Kaparaesa.- Amvater: 9CIIH, 2023.- 188 c.
3. PaxumkxanoBa C. K. bIkTuManmeikTap TEOpHACHI KoHE MaTeMaTHKA-JBIK CTATHCTHKA: OKYy-oHiCTEMENIK
kypai/ C. K. Paxumxkanona, JI. C. Kaparaesa.- Anmarer: OCIIHN, 2023. - 184 Ger.
4. Kpodpt, D. Marematuka Herizaepi. 2-0emiMm: OKyJIbIK.- AnmMaTtel: KP jkorapbl OKy OpBIHAapBIHBIH
KaysIMIacTeIFbl, 2014. - 324 Ger.
5. Maremaruka. 11-6enim: okynbik / K. XK. Kynabaes - Anmatel: OBepo, 2014. - 176 Oer.
6. BazapOekoBa A.A. Xorapel mMaremaTHka: okynbik/ bazapOexoBa A.A., baszapOekoBa A.b.- Anmarsr:
OCIIN, 2023.
7. Ammp6aeBa H.K. JKorapsl MmaTemMaTrka KypChIHBIH HeTi3aepi: oKy Kypansl.- Anmatser: OCIIN, 2023. - 304
8. AxmeroBa A.Y. Maremaruueckuii aHanu3: yueOHoe mocooue/ Axmerona A.Y., Kaparaesa JI.C.- AnMaThl:
3CIIH, 2023. - 132 c.

e JlomoJHUTEIbLHAS:
1. UBanoBa M. b. O Ga3zucHOCTHM COOCTBEHHBIX W TPHUCOSAMHEHHBIX (PYHKIHNH HECaMOCOIPSHKEHHBIX
KpaeBbIX 3amad misi ogHoMmepHoro ypaBHeHus Illpemunrepa: monorpadus/ M.b. MBanoBa. - IlIbpIMKeHT:
Onem Oacrnaxanacsel, 2020. - 100 c.
2. KanneibaeB K.M. MaTtematukansl okpITy omictemeci okynbik/ K.M. Kanneibaes, O.C. Catsibanaues, C.A.
IxanabepaueBa; KP bBFM.- Anmartsr: [ayip, 2013. - 368 Get
3. UckakoBa A.C. Perienue 3a1au Teopun BepoaTHOCTeH B cucteme Matlab: yuebnoe nocodbue/
A.C. HUckakoBa.- Anmater: DCIIN, 2023. - 204 c.

e DJIeKTPOHHbIE MY0JIMKALMH:

1. UBanoBa, M. B. O 06a3ucHOCTH COOCTBEHHBIX M TNPHCOEIWHEHHBIX (YHKIWH HECaMOCONPSIKEHHBIX
KpaeBbIX 3aja4 JUisl ogHoMepHOro ypaBHeHus Illpemunrepa [DnekTpoHHbId pecypc]: monorpadus/ M.b.
WBanoga.- Dnextpon. TekcroBblie naH. (1,131 Kb). - llsMkenT: Onem Oacmaxanacer, 2020. - 102

2. Marematuka, MaTeMaTHKaHbl OKBITY 9JIiCTEMeCi/ MaTeMaTHKa, METOIUKA MTPETI0I0BAHHS MAaTEMATHKH, OKY
Kypaibl. - Kaparaumsr 2017 https://aknurpress.kz/reader/web/1884

3. MaremaTHKajbIK aHAJIH3 JKOHE aHATUTUKAIBIK (DYHKIMSUIAp TEOPUSCHIHBIH OacTaManapbl: OKy Kypabl.
Kaparanmsr. 2015 https://aknurpress.kz/reader/web/1691

4. B.P. Uynunosckux, A.lll. KaunoBa. [IpakTudyeckne paboThI 10 BBICIIEH MaTeMaTrke: yueOHoe mocooue.
— Kaparanna: M3narensctBo «<AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109

5. Maremaruka 2. Koranosa I'.P., oky kypaisl: Anmatser 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K.K. Kynabaes, I'.C. CapbacoBa, M.A. NmanbaeBa, A.C.KpiapipbaeBa. Matemartuka. 2 0emiM: OKyJBIK.
Anmatsr, OBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/

7. HypmaramberoB [[.E. MeauuuHagarel >xorappl MaTematuka Herizzepi: Oxy kypamsl/ JLE.
HypmaramGetoB, M.O. Hypmaran6erosa.- AnMaTsl: «9Bepo» b6acnacel, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/

8. Kynabaes K.JK. MatamaTuka: oKy Kypaybsl.— Anmatel: 9Bepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/

6. KoHTpoJIbHBIE BONPOCHI :

1. Korma nmpumensiercs popmyna bepaysmu?

2. 11 KakuXx 1eJei UCIONIb3yeTCsl TOBTOPHBIE UCTIBITAHUS B hapmanun’?

Jlexnusa Ne8

1. Tema: CnydaiiHple BEIMYUHBI W WX BHJBL. 3aKOH pacIpelesieHusl AUCKPETHOM ciydailHOM
BEJIMYMHBI U UX YNCJIOBBIE XapAKTCPUCTUKA

2. Heab: OOBACHUTH CTYACHTAM TEOPHUIO CIyYalHBIX BEJIMYMH WU  3aKOH paclpeieieHUs
JUMCKPETHOM CIIy4ailHON BEJIMYUHBI.
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3. Te3ucel JEeKINHU:
[1nan nekuuu:

1. TloHsiTie cny4ailHbIX BEIUYMH.

2. IucKkpeTHas cily4aiiHas BEIUYMHA.

3. 3aKoH pacnpeaeneHuss JUCKPETHBIX CyYalHbIX BEJIMYUH.

4. YucnoBble XapaKTEPUCTUKH TUCKPETHBIX CIyYalHbIX BEJIUYHUH.
Kakne BenmmunHbl Ha3bIBAIOTCA CIyYalHBIMU U YEM OHM OTJIMYAIOTCS OT IMPOCTHIX BEIUYHH?
Bennuuny, KoTOpas B pe3y/bTaTe UCIBITAaHUS IIPUMET OJHO U TOJIBKO OJHO BO3MOYKHOE 3HA4YCHMUE,
Ha3bIBAIOT CIIy4aitHOM.
IIpumMepamu citydaliHBIX BEJIMYUH SIBJIAFOTCS: KOJIMYECTBO PELENTOB, IOCTYIIMBIIUX B alTEKy B
Te4eHHe paboyero [MHSA, KOJUYECTBO OOJBHBIX B JaHHOM pailloHe, MNPOJOJIKUTEILHOCTD
YEJIOBEUECKOW KU3HH, IIOIPEIIHOCTh IPU U3MEPEHUU TOW WM MHOW BEJIMYUHBI U JIP.
CnyuaitHple BenmuuMHBI 0003HayaroT mponucHeiMHA (X,Y,Z,...) a UX BO3MOXHBIC 3HAUYEHUS —
COOTBETCTBYIOLIUMU CTPOYHBIMH  OyKBaMu natuHcKoro  andasura  (X,Y,Z,...).
BeposiTHOCTh ciiyyaiiHBIX BETUYMH 0003HAYaIOT OYKBaMH C COOTBETCTBYIOUIMMH MHAEKcamMu: P(x),
P(y), P(2),...
JluckpeTHble cilydailHble BEJIMYUHBI :
1. JluckpeTHOM (IIpephIBHON) HAa3bIBAIOT CIYYalHYIO BEIMUMHY, NPUHUMAIOUIYIO OTJEIbHBIE APYT
OT Jpyra BO3MOXHBIE€ 3HAYEHUS C ONPEIEICHHBIMU BEpPOSTHOCTSMH, KOTOPBIE MOXHO
MPOHYMEpOBaTh. UMCIIO BO3MOXKHBIX 3HAUEHUH JUCKPETHOW CIydalHOW BEIUYHHBI MOXKET OBITh
KOHEYHBIM U OECKOHEUYHBIM (KOJIIMYECTBO CTY/ICHTOB Ha JIEKIIUU, KOJI-BO MaJIbUHUKOB, POJUBIINXCS B
pa3IuyYHbIe MECALbI U3 OOIIET0 YUCiIa HOBOPOKICHHBIX B ONPEIEICHHOM palioHe U T.1.).
3aKOH pachpeiesieHus] TUCKPETHOW CIy4alHO BEJIMYUHBI:
3aKOHOM pacHpeeieHUs] TUCKPETHOM CIydyalHOW BEIMYMHBI HA3bIBAIOT COOTBETCTBUE MEXKIY
ee BO3MO>KHBIMHU 3HAYECHUSIMHU U 175 BEPOSITHOCTSIMHU.
3aKoH pacrpeesieHus] TUCKPETHOU CIy4alHOUM BEJIMYMHBI 33J]a€TCS B BHUJIC TaOJIUIIBL:

CyMmMa BEpOSITHOCTEH
X, | x| x| | x, COOTBETCTBYIOIIHMX BO3MOKHBIX
3HAYEHUN BCErna PaBHIETCS COUHULIE:
Plrp, 2 pitptep, =2 p =1

i=1
Bce BO3MOXHBIE 3HA4Y€HUs CITy4ailHOW BEIWYMHBI U WX BEPOSTHOCTH, YKa3aHHBIE B TaOJIHIIC
HAa3bIBAIOT PSAAOM pacupeieicHus.

UucnoBble XapaKTEepPUCTUKH TUCKPETHBIX CIIYYaWHbBIX BEJIMYUH:

1. MaremMaTH4YeCKHM OXKMJIAHHEM JHUCKPETHOW CIydyallHOW BeMMYMHBI «X» HA3BIBAETCA CymMMa
MPO3BEJAEHUN BCEX BO3MOXKHBIX 3HAYEHUH BEIUYUHBI «X» Ha COOTBETCTBYIOUIME BEPOSTHOCTH «P»
ATUX 3HAUYCHUM:

n
M(X) =XPy+ X, Py +...4 X, P, :in Pi

=
CBoiicTBa MaTeMaTHYECKOTO OXKHIAHHS:

1) M(C)=C Maremaruueckoe 0KHIaHHE TOCTOSTHHOM BeTHUUHBI «C» PaBHO 3TOM MOCTOSTHHOM.
2) M(CX)=CM(X) TIlocrosinubiii MHOXHUTENb «C» BBIHOCUTCS 3a 3HAK MAaTeMATHYECKOrO

OXKuIaHusg 0e3 N3MEHEHUI.

3) M(X1Y)=M(X)£M(Y) Maremarnueckoe OXKHIAHHE CYMMbl HJIH Pa3HOCTH CIIy4alHBIX
BEJIMYMH PAaBHO CyMME HMJIM Pa3HOCTH UX MaTeMaTUYECKUX OXKHJIAHHH.
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MatemaTHuecKoe OKUAAHNE IPOU3BEACHHS HE3aBUCUMBIX CIIy4alHBIX
BEJINYMH PABHO IPOU3BEACHUIO UX

MaTEeMaTHYECKUX OKUIAHUM.

2. Jucnepcueil JUCKPETHOW CIydailHOM BeNMMYMHBI HA3bIBAIOT MAaTEMAaTUYECKOE OXKUAAHUE
KBaJlpaTa OTKJIOHEHHs BO3MOXKHOI'O 3HAYEHUsS CIy4alHON BEIMYUHBI «X» OT €€ MaTeMaTH4EeCKOIro

oxunaans: D(X) =M (X =M (X))?%)
CaoiicTBa AUCTIEPCUU:

4) M(XY)=M(X)M(Y)

1) D(C)=0 [ucnepcus mocTosHHOH BennauHbI «C» paBHA HYIIIO.

2) D(CX)=C?D(X) IocTosHEBII MHOKHTENb «C» BEIHOCHM 3a 3HAK JUCIEPCHH, BO3BOMS €ro B

KBaJIpar.

3) D(X£Y)=D(X)+D(Y) [ucnepcust CyMMBl I DPA3HOCTH CIIy4alHBIX BEJIUYMH paBHA
TOJIBKO CYMME HX JMCIIEPCHUIA ITUX BEIUYHH.

4) D(X)=M(X*)—(M(X))* VYnpomeHnHas 3amuch (GOPMYIbl JHCIHEPCHH OMPEAETACTCS M3
Pa3HOCTHU MAT.OKUAAHHA KBaJpara Cﬂyqaf/iHOf/i BCJIMYMHBI M KBaJpara MaT.0XUIAaHUA 3TOH
BEJINYHMHEL.

3. CpelHMM KBaJpaTHYeCKHM OTKJIOHEHHeM CJIyYaifHOHl BEIMYMHBI HA3BIBAIOT KBAIPAaTHBIIL

KOpeHb U3 nucnepeuu: o(X) =,/ D(X)

M(x)=p=5-01+7-02+8-0,2+10-035+15-015=9.25
M(X*)=25-01+49-02+64-02+100-035+2250,15=

Mpumep: 2 W) 7 j
% . - T T D(x) =M(X?)—(M(X)) =9385—(9.25 =9385-8556=
P 0.1 0.2 0.2 0.35 0.15 =829
X2 25 49 64 100|225 o(x)=4/8,29~ 288

4. UnmoctpaTuBHbIN MaTepuan: [Ipesenranus, cranasl.
5. JIureparypa:

e OcHoBHasi:
1. Martemaruka: yuebuuk / . B. TTaBnymikos, JI. B. Po3zosckwii, . A. Hapkesuu. - M.: [DOTAP-Menna,
2013
2. PaxumxanoBa C. K. Teopus BeposTHOCTEH W MaTeMaTHyecKas CTaTHCTHKA: Y4eOHO-METOINYECKOe
nocobue/ C. K. Paxumxkanosa, J[. C. Kaparaesa.- Anmarsr: DCIIH, 2023.- 188 c.
3. PaxumxanoBa C. K. bIKTUManabIKTap TEOPHUSCHI KOHE MaTeMaTHKAa-JIBIK CTaTUCTHKA: OKY-OIICTEMEIIK
kypai/ C. K. Paxumxanosa, [l. C. Kaparaesa.- Anmater: DCIIU, 2023. - 184 Ger.
4. Kpodpt, D. Marematuka Herizaepi. 2-0emim: OKyJbIK.- Anmartel: KP KoFapbl OKy OpBIHIapBIHBIH
KaybeIMAacTeIFel, 2014, - 324 Ger.
5. Maremaruka. 11-6emim: okynsik / K. XK. Kynabaes - Anmatel: OBepo, 2014. - 176 oer.
6. bazapoexoBa A.A. XXorapbl maremaruka: okynwlk/ basapbekoBa A.A., bazapGexoBa A.b.- Anmatsl:
OCIIN, 2023.
7. Ammnp6aesa H.K. JKorapbl MaTemMaTHKa KypChIHBIH HeTi37epi: oKy Kypaibl.- Anmarer: DCIIU, 2023. - 304
8. AxmeroBa A.Y. Martemaruueckuil aHanu3: yueOHoe mocodue/ Axmerosa A.Y., Kaparaesa I.C.- AnMaThl:
OCIIN, 2023. - 132 c.

e JlomoJHUTEIbHAS:
1. UBanoBa M. b. O 06asucHOCTH COOCTBEHHBIX H IPHCOCTUHEHHBIX (YHKIHA HECaMOCOMPSIKEHHBIX
KpaeBbIX 3amad s ogHoMepHoro ypaBHeHus Illpemunrepa: monorpadus/ M.b. HMeanoBa. - IlIbIMKEHT:
Oinem Oacmaxanacsel, 2020. - 100 c.
2. Kanneibaes K.M. MaTematukanbl okpITy amicteMeci okynbik/ K. M. Kanneidaes, O.C. Cateibangues, C.A.
Ixanabepauena; KP bBEM.- Anmarter: Jloyip, 2013. - 368 et
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3. UckakoBa A.C. Pemenue 3a1a4 Teopuu BeposTHOCTel B cucteMe Matlab: yuebnoe mocodue/
A.C. Uckakosa.- Anmarsr: DCIIN, 2023. - 204 c.

e DJIeKTPOHHbIE MYOJINKAIUH:
1. UBanoBa, M. B. O 0a3ucHOCTH COOCTBEHHBIX M NPHUCOCAWHEHHBIX (YHKIUH HECaMOCOMPSHKEHHBIX
KpaeBbIX 3ajau Aisl ogHoMepHoro ypaBHeHus: llpeaunrepa [OnekTpoHHBIH pecypc]: MoHorpadus/ M.b.
HBanoga.- DnekTpoH. TekcToBbie aaH. (1,131 KB). - IllsiMkent: Osem Oacmaxanacel, 2020. - 102
2. Maremartuka, MaTeMaTHKaHBI OKBITY 9JlicTeMeci/ MaTeMaTHKa, METOIMKA TPETIOI0BaHUsl MATEMaTHKH, OKY
Kypabl. - Kaparaumer 2017 https://aknurpress.kz/reader/web/1884
3. MaremaTHKaJibIK aHAJIH3 JKOHE aHAIUTUKAIBIK (YHKIUSIAp TEOPUSACHIHBIH OacTamanapbl: OKy KYpabl.
Kaparangsr. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Uynunosckux, A.Ill. Kaumoga. [IpakTudyecknue paOoOTHI 1O BBICIIEH MaTeMaTuke: yueOHoe mocooue.
— Kaparanna: U3garensctBo «<AKHYP».— 2016. — 174 c. https://aknurpress.kz/reader/web/1109
5. Maremaruka 2. Kormanosa I'.P., oky kypaisl: Anmarser 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. KK, Kynabaes, I'.C. CapbacoBa, M.A. Nman6aeBa, A.C.KpiapipbaeBa. Matemaruka. 2 6emiM: OKYJBIK.
Anmatsr, OBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/
7. Hypwmarambero JI.E. MeannuHagarer >ofapbl MaremMatuka Heriznmepi: Oky kypanst/ J1LE.
Hypmaram6eToB, M.O. HypmaranOeroBa.- AnMatsr: «9Bepo» Oacmackr, 2020. — 116 6.
https://elib.kz/ru/search/read_book/711/
8. Kynabaes K.JK. Maramartuka: oKy Kypanbsl.— AnMmatel: IBepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/
6. KoHTpoJibHbIE BONIPOCHI:
1. Yem oTnmvaeTcst HEMpepbIBHAS CIy4YaifHas BEIMYMHA OT AUCKPETHOM?
2. JIns kakux 1eyield UCIONIb3YIOTCSl YUCIOBbIE XapaKTEPUCTUKN JUCKPETHBIX CIyYalHbIX BEJIMYUH
B (hapmarun?

Jlekmus Ne9

1. Tema: ®OyHkuus pacnpeneyeHuss U IUIOTHOCTh PacHpe/esieHUs BEpOSITHOCTEH HempepbIBHON
CIIy4alHOM BEJIMYHUHBI
2. Heab: OOBSICHUTH CTyIEHTaM TeOpHi0 (DYHKIIMH pacrpelesieHus] HEeNpepbIBHOW CITydaitHON
BEJIMYHHBI.
3. Te3ucnl JeKINHU:

[Inan nexuuu:

1. HemnpepsbiBHas ciiydaiiHas BeJIUMYMHA.

2. OyHKUHMA pacnpeeNeHus U UX CBOWCTBA

3. TImoTHOCTH pactpeneneHns U UX CBOWCTBA.

4. Yucnoble XapaKTEPUCTUKH HEITPEPBIBHBIX CIyYaHHBIX BEJIMUMH.
HenpepsIBHON Ha3bIBAIOT CIy4alHYIO BEJIMYMHY, KOTOpAas MOXET NPHUHHMATh BCE 3HAYEHHUS W3
HEKOTOPOTO KOHEYHOro WM OECKOHEYHOro HWHTepBasa. UYMCIO BO3MOXHBIX 3HAYEHUH
HENpPephIBHON clyyailHOW BEJIMYMHBI O€CKOHEUHO (TIOrpelIHOCTh MPU HW3MEpPEHUH, TeMIeparypa
BO3/JyXa B TCUEHHUE JTHA U T.11.).
Jlnst onmMcaHusl pealbHBIX BEIWYMH, 3aBUCAILIMX OT Ciydas, Kjacca IUCKPETHBIX CIy4YalHBIX
BEIMYMH HEJ0CTAaTOYHO. TakuM BeIMYMHAM, KaK pa3Mepbl JIOObIX (U3MYECKHX OOBEKTOB,
TeMIlepaTypa, JaBjieHHE, IUTENbHOCTh T€X WM MHBIX (PU3MYECKHUX IMPOLECCOB, HEECTECTBEHHO
[IPUIIUCHIBATh JUCKPETHOE MHOXKECTBO BO3MOXKHBIX 3Had4eHHM. HampoTuB, €CTECTBEHHO CYMTATh,
YTO UX BO3MOXKHbBIE 3HAYEHUS B MIPUHIIUIE MOTYT OBITH JIFOOBIMH YHCIaMH B HEKOTOPBIX IMpejaesax,
T. €. OHM SIBJISIFOTCS] HETIPEPHIBHBIMU BETUYMHAMH.
HeB03MOXHO omucath 3aKOH pacHpencsieHUsT HENPEPHIBHOM CIYyYalHOW BEJIWYHUHBI C MOMOILBIO
TaOMUIBI, B KOTOPOH ObUIM OBl MEpEYHMCIICHbI BCE BO3MOXHBIC 3HAUEHHUS ATOM BEJIWYMHBI M HX
BEPOATHOCTH.
OnHako pa3nuuHble 00JaCTH BO3MOXKHBIX 3HAUCHHMH HEMPEPBHIBHOW CIy4aliHOW BETUYMHBI BCE XKe
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HE SIBISIOTCS OJMHAKOBO BEPOSTHBIMM, U U1 HEHNPEPBIBHOW CIy4allHOW BEIUYMHBI CYLIECTBYET

«paclpezeyicHue BEPOSATHOCTEN», XOTA W HE B TOM CMBICIE, Kak Ul JUCKpeTHOW. Jlis

KOJINYECTBEHHON XapaKTEpUCTUKH 3TOr0 paclpeseeHns BeposATHOCTEH yA0OHO MOJIb30BaThCs HE

BEPOSITHOCTBIO COOBITUSI «X = X», @ BEPOATHOCTBIO cOObITHA «X < X». [lox BeIpakeHneM «X < X»

[IOHUMAaeTcs COOBITUE CiIydaiiHas BEIMYKMHA «X» IIPUHAIA 3HAUCHNUE, MEHBILIEE «X».

@yHKIMEH pacpeneIeHus ClIy4alHON BEJIUYUHbI:

DyHKIWEH pacnpeaesieHusl ClIydaiHOW BenudmHbBl «X» HaszbiBaetcs (ynkmus F(x), paBHas

BepoATHOCTH P(X<xX) Toro, 4ro ciyvyaiiHas BeJMYMHA IIPUHSUIA 3HAUYEHHUE, MEHBIIEE «X):
F(x)= P(x<x). ®ynkuuro pacupeneneHus F(X) nHOra Ha3pIBalOT HHTETPAILHON (PyHKITUEH

pacnpeesieHus: WIM NHTErPaJIbHBIM 3aKOHOM paclpeiesICHusl. .

OyHKIMS pacnpeleleHNs MOJMHOCThI0 XapaKTEpU3YeT CIyYallHYyH0 BEJIMYHMHY C BEPOSTHOCTHOMN

TOYKH 3pEHUS, T. €. ABISAETCS OAHON U3 (POPM 3aKOHA paclpeieIeHUsl.

CBoiicTBa (yHKIMHU pacHpeneCHUs:

1. 0 < F(x) <1 370 CBOMCTBO crieayeT u3 onpeaenacHus QyHKINN pacpeeseHHs KaK BEPOATHOCTH

(0<P <1).

2. F(x) - neyObIBatomas (pyHKIMS CBOETro aprymenTa, T.e. eciu x1 < x2, o F(x1) < F(x2) mmuP(x1

< X <x2) = F(x2) - F(x1).

BeposiTHOCTE 71000T0 COOBITHS €CTh YHCIO HeoTpHIarelbHoe, modTomy P(x1 < X < x2) > 0;

3Hauurt, F(x2) > F(x1).

3. Ecn BO3MOXKHBIC 3HAYCHUS CIy4allHOM BEMYMHBI «X» MPUHAIISKAT HHTepBay |a, b, To: F(x)

=0npuXx<a, Fx)=1mnpux>b

[I10THOCTBIO pacnpeneneHuss HEIPEPHIBHOM CIIy4allHOM BEJIMYHHBL:

[TnoTHOCTBIO pacnpeneneHus (MIOTHOCTBIO BEPOSITHOCTHU) HENPEPBIBHOM CiydallHOW BETMUYMHBI

«X» HazpiBaloT QyHKUHUIO f (X), paBHYIO IPOU3BOAHON €€ MHTErpaJIbHON (YHKIIUHU paclpereeH s :

f(x) = F'(x).

WNuorpa ¢ynkuuio f(x) HaszpBaloT Aud@epeHiuanbHON - QYHKIMEH pachnpefeneHus Wid

audQepeHnaIbHBIM 3aKOHOM pacIipeIeIeHUs] BETHUUHBL «X)».

1. BeposiTHOCTH TOTO, YTO HEMpEepbIBHAs ClyyaliHas BEJMYHMHA B PE3yJIbTATE€ MCIBITAHUS MPUMET

Kakoe-HUOy/b 3HAa4YeHHe W3 MHTepBanala, D[, paBHa OmNpeneIeHHOMY HHTErpany OT IUIOTHOCTH

b
BEPOSATHOCTH B TIpeJesIax OT «a» 10 «h»: P(a <X < b) O I f (X)dX =F (b) -F (a)’
a
UuciioBble XapaKTEPUCTUKU HENIPEPBIBHBIX CIIyYalHBIX BEJIMYHH:
1. MaTemaTnyecKuM 0XKHJIaHHEM HENPEPbIBHON CIy4yailHONW BEMUYUHBI «X», BOZMOKHbIE 3HAYCHUS
KOTOpOW  MNpHHAUIekarT  oTpe3ky [a, D], Ha3plBalOT  BENMYMHY  ONPEIEICHHOTO

b
unterpana: M (X) = = J xf (x)dx,

f(X) — MI0THOCTH BEPOSTHOCTH.
2. Jlucnepcueil HENpepbhIBHOW Clay4alHOW BEIMUYMHBI «X», BO3MOXKHBIE 3HA4YCHHS KOTOpOU
MIPUHAJIEKAT OTpE3KY [a, b], Ha3bIBAOT BEIIMYUHY OIPEIETIEHHOT O
b 2
unrerpana; D(X) = o’ = j(x — ) Fx)dx,
a
rze (| - MaTeMaTuueckoe oxxuganue; f(X) - mIoTHOCTh BEPOATHOCTH

[ 2
3. CpenHee KBaJIpaTHUYECKOE OTKIOHEHHE HENPEPBIBHOM ciydaiiHo# Benumunabl: O = VO .
4. NnunroctpatuBHbIi MaTepuas:lIpe3enTanusi, ciaipl.
5. Jlureparypa:

AO «HOxHo-KaszaxcTaHckas MmeamnumMHcKas akanemMms»
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8. AxmeroBa A.Y. Maremarnueckuit ananu3: yaeOHoe mocoomne/ Axmerosa A.Y., Kaparaesa /[.C.- Anmartsr:
OCIIN, 2023. - 132 c.

e JlonmoJiHUTEIbHAS:
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KpaeBbIX 3alad Juisi ojHoMepHoro ypaBHenms lllpenunrepa: monorpadus/ M.B. MBanoBa. - LLIbIMKeHT:
OieM b6acnaxanacel, 2020. - 100 c.
2. Kanyeibaes K.M. MaTematukanbl okpITy auicteMeci okynbik/ K. M. Kanyeibaes, O.C. Cateibangues, C.A.
JxanabepaueBa; KP BFM.- Anmarter: Jayip, 2013. - 368 Oer
3. UckakoBa A.C. Perienne 3aa4 Teopun BepoSITHOCTEH B cucteme Matlab: yuebHoe mocobue/
A.C. Uckakona.- Anmarter: DCIIN, 2023. - 204 c.
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2. MaTtemarrka, MaTeMaTHKaHbI OKBITY 9/licTeMeci/ MaTeMaTHKa, METOIMKA MPEIO0BaHUS MATEMAaTHKH, OKY
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5. Maremaruka 2. Kommanoa I'.P., oky kypanbi: Anmatsr 2019, 129 6. https://aknurpress.kz/reader/web/2081
6. K. K. Kynabaes, I'.C. Cap6acoBa, M.A. UmanbaeBa, A.C.KpiapipbaeBa. Matemaruka. 2 6emim: OKYIBIK.
Anmarsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/
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6. KoHTpoJ/IbHBIE BONIPOCHI :
1. Kakumu cBoiictBaMu o0maaeT PyHKIHS pacnpeaeieHus?
2. [lepeunciute YMCIOBBIC XapAKTEPUCTHKN HEMPEPHIBHBIX CIIYYAWHBIX BEJTUIUH?

Jlexuus Nel0

1. Tema: DneMeHThI TEOPUU KOPPEISILIH
2. Heab: OOBSICHUTH CTYIEHTaM 3JIEMEHTBI TEOPHH KOPPEIISALIUH.
3. Te3uchl JeKINHU:
[Inan nekuuu:
1. CraTucTuyeckas, reHepaibHasi ¥ BHIOOPOUHAsi COBOKYITHOCTH.
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2. CrarucTuyeckas ¥ KOppeasiuOHHAs 3aBUCUMOCTH.

3. YpaBHeHue JIMHEHHON perpeccuu U onpeaeeHrne ero KodQUIMEHTOB U TapaMeTpoB.
MHOXECTBO OJTHOPOHBIX 10 KAU€CTBEHHBIM U KOJIMYECTBEHHBIM MTPU3HAKAM 00bEKTOB Ha3bIBACTCS
CTATUCTUYECKON COBOKYITHOCTHIO.

Crartuueckasi COBOKYIHOCTh, M3 KOTOPOH OTOMPAIOT YacTh OOBEKTOB, HA3bIBAIOT TCHEPATbHOU
COBOKYMHOCTBIO.

MHOXECTBO OOBEKTOB, CIy4yallHO OTOOpPAHHBIX W3 TEHEPAIbHOW COBOKYITHOCTH, Ha3bIBAIOT
BBIOOPKOIA.

[Ipu kakux U3MEHEHUIX 00pa3yeTcsi CTATUCTUYECKAS 3aBUCUMOCTD?

Ecnu u3MeHeHrne oHOW BETUYHMHBI BJICUET 32 COOOW M3MEHEHUE pacrpesesieHus (MaT.0KuIaHus,
JUCTIEPCUU, CPETHETO KBaJIPaTHUECKOTO OTKJIOHEHUS) JPYroil BEIMUYMHBI, TO TaKyl0 3aBUCUMOCTH
Ha3bIBAIOT CTATUCTUYCCKOM.

[Ipu xakux U3MEHEHUSIX 00pa3yeTcss KOPPESILIHOHHAS 3aBUCUMOCTh?

Ecnu usMeHeHMe OIHOM BEIWYMHBI BJIEYET 3a COOOM HM3MEHEHHE TOJIBKO MaTEMaTHYECKOI'O
OKMJIaHUSI ~ JIPYrOM  BEIMYMHBI, TO TaKOW YaCTHBIM Cllydal 3aBUCHUMOCTU  HAa3bIBAIOT
KOPPEJALIMOHHOM.

Uto onpenenser JUHEHHAS KOppETsLus?

KoppensnyonHass 3aBUCHMOCTh  XapakTepusyercs KodpuiueHToM Koppessinun [lupcona,
KOTOPBIW Ha3bIBaCTCS KOIPHUIIMEHTOM JTMHEHHOM KOPPETSIIH.

JluneliHass KOppenslus OnpeaeiseT CTENeHb MPOMOPIMOHATIBHOCTA 3HAYEHUN JABYX MEPEMEHHBIX
ApYyr Apyry.
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Ha yem ocHOBaH METOJ HAMMEHBIINX KBAJPaTOB?

[IpsiMasA, mocTpoeHHAass METOJOM HAMMEHBIIMX KBaJIpaTOB HA3bIBAECTCS HPSIMOM pETrpeccHu. DTOT
METOJ OCHOBAaH Ha TOM, YTO CyMMa KBaJpaTOB PACCTOSHUN OT HAOIIOJAaeMbIX TOYEK 10 MPSMOU
SIBJISIETCS] MUHUMAJIBHOM.
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KOppCJ’IfIHI/IOHHaH 3aBUCUMOCTE «Y» OT «X» OIIMCBHIBAETCSI C IIOMOIIBKO YpPAaBHCHHUA BHA
M(Y), = T(x)

KOTOPOE Ha3bIBACTCs ypaBHEHUEM perpeccuu «Y» Ha «X».

I'ne M(Y)X yciioBHOE MaT.0XHJaHUE BEIUYHUHBI «Y», COOTBETCTBYIOLICE TAHHOMY 3HAUCHHIO «X»,
«X» - OTIEJIBbHOE 3HaYCHHE BeUYUHBI «X», f(X) — HekoTopast hyHKIHS.

KoppensnonHas 3aBUCUMOCTD «X» OT «Y) ONHUCBIBAETCS C MIOMOILBIO YPAaBHEHHUS perpeccuu «X»

Ha «Y»: M(X), =@(y)

I'ne M(X)y ycnoBHOE MaT.0)KUJIaHUE BETUYHUHBI «X», COOTBETCTBYIOLIEE JAHHOMY 3HAYEHHUIO «Y),
«Y» - OT/eJbHOE 3HaUeHHE BeTNIUHbBI Y », O(Y) — HeKoTOpast (GyHKLIHSL.

Ecnu ¢ynkuuun 3amansl B Buge: f(X)=Ax+B u ¢(y)=Cy+D, To ypaBHEHHE perpeccuy Ha3bIBaeTCs
ypaBHEHHEM JIHHEHHOM PErpecCU U MMEET BUJL:

M(y), = Ax+B
M(x), =Cy+D
Y = PypX+D0, p,, —xospuyuenn, b—napamemp

Xy =PyY+d, p,—rosppuyuemn, d—napamemp

Beibopounsie koapdunuentsr (pyX, pXy) u napamerpsl (b, d) ypaBHeHMs JMHEWHOW perpeccuu
Ol'[peI[eJIﬂIOTC}I C NMOMOIIbIO METOJ1a HAMMEHBIIIUX KBAPATOB:

_any. >xDy, zxzzy. z ny.

|1 i=1

nZXi _(in) nZX _(ZX)

Py =

nzxiyi_zxizyi ZyizZXi—Zinxiyi
Py = izln i=1n i=1 d =it id il i1
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Jliia onpeenerus Ko3pPUITHEHTOB 1
2 2
napamMeTpoB JIMHEHHOM! perpeccru, 3a/JaHHbIX X Y XY X= Y-
clIe/yronield 3aBUCHMOCTBIO:

5 7 35 25 49

8 5 40 64 25
X |5 8 |10 |12 |15 |X-50 | , | _
10 11 110 100 121
Y |7 5 11 15 |25 |63 1, 15 s

15 25 375 225 625
HEOOXOMMO 3aII0/HUTH CHEAYIOMYIo Ta0miy. 250 Z- 63 T-740 | ¥-558 3 -1045

4. NiunrocrpatuBHbIi MaTepuad: [IpeseHranus, cnanbl.
5. JIutepatypa:
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6. KoHTpoJ/ibHbIE BOMPOCHI :

1. YeM oTnuyaercs KOppesIMOHHAs 3aBUCUMOCTh OT CTATUCTUYECKOM?

2. J1ng KaKo 1eJIN UCTIONIb3YeTCsl KOpPEILMOHHAs 3aBUCUMOCTD B (hapmaruu?
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