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Jlexkuus Nel

1. Tema: OmnpeaeauTe/ii BTOPOro MOPsiIKa U MX CBOMCTBA
2. Heab: OOBSCHUTD CTYACHTAM TEOPHIO OIPEACTUTENCH BTOPOTo MOPsAKa U UX CBOWCTBA.
3. Te3ucel JEeKINHU:
[Inan neknuu:
1.BBeeHre B MOHSATHUE ONIPEACTUTENA.
2.CBoiicTBa onpeaenuTes.
B dapmaneBTuueckoil mpakTHKe 4YacTO MPUXOJUTCS HUMETh JEJI0 C HEU3BECTHBIMU BEIMYMHAMU,
CBSI3aHHBIMU MEXIY COO0O0W HEKOTOPHIMH 3apaHee ONpPECeCHHBIMH 3aBUCUMOCTSMHU, KOTOPbIE MOTYT
OBITh BBIPAXKEHBI JIFOOBIMH (POpPMYITaMH.
Ecnu nipy 3TOM BBINOJIHAETCS Psifl YCIOBHIA:
1) koaddunmenTs! B GopMyiax mOCTOSIHHBIE;
2) HEU3BECTHBIC BXOIST B (DOPMYIIBI TOJIBKO B IIEPBOI CTEIICHU;
3) OTCYTCTBYIOT NMPOU3BEACHHS MEXAY CAMUMHU HEU3BECTHBIMHU, TOTJIa TAKHE 3aBUCHMOCTH HA3bIBAIOT
JINHEHBIMU.
IIpumep.
B naboparopun 10 06pa3mnoB nekapcTBeHHBIX GopM, umerorue odmuii Bec 280 r. Haiitu cpennumii Bec
OJIHOTO 00pa3iia, eciu Tapa BecuT 15 r.
YroObl HAliTH cpeHMIA Bec 00pa3iia, Hy)KHO COCTaBUTh ypaBHeHHe: 10x+15=280,
0003HAYMB 32 «X»-CPETHUIN BEC OJJHOr0 0Opasia.
Pemennem coctaBiieHHOTO ypaBHEeHHS Oyaer 26,5 T.
IIpumep.
B naGoparopuu 10 o6pasmoB, nocrynuBmux u3 1 otaena, u 10 oOpas3ioB, MOCTYNMUBIINX U3 2-TO
otzena, KoTropele nMeroT o0mmii Bec 280 1, a 5 00pa3noB U3 nepsoro Habopa u 2 obpasla u3 BTOPOro
Habopa uMeroT obmuit Bec 128 r. Haiitu cpennmii Bec 00pas3iioB B Kaxa0M Habope.
UtoObl HailTH cpeHUi Bec 00pa3iia Hy>KHO COCTAaBUTH JBa YPABHEHHSL.
O6o3HauMB 3a «X»- cpeaHHil Bec 1-o0pa3ma, a 3a «y»- cpenHuil Bec 2-o0pasiia, HMEEM:
10x+10y=280; 5x+2y=128, pemias KOTOpble COBMECTHO, MOJIy4yaeM x=24 r; y=4
B 000ux paccMOTpEeHHBIX MTPUMEPAX MOYUHIIN JTIMHEHHBIE 3aBUCUMOCTH:
B [IEPBOM CITydae — JIMHEHHOE ypasHeHue,
BO BTOPOM — CUCTE€Ma JINHEHUHBIX YPAGHEeHUU.
3ameHuM ko3¢ GUIIMEHTH OYKBAaMU U MOTYYUM JUHEHHYIO CUCTEMY YpaBHEHU:
11T + ajpy = by
Q21T + Ay = ba,

rae all, al2, a21, a22, bl, b2, - HekoTopbIe YKCIIa, X, Y- HECU3BECTHHIC.
CoctaBum u3 KOOPPUIIMEHTOB CUCTEMBI PSIMOYTOJIbHYIO TaOIHUITy BUJA!

11 112

Lz Lz

1. JIroOyro Takyro MPSMOYTOJIbHYIO TaOJHIlY, COCTABICHHYIO U3 YHCET Ha3bIBAIOT MATPHUIIEH.
2. DNEeMEHTHI @jj N3 KOTOPBIX COCTABJICHAa MaTPHUIIA, HA3bIBAIOT dJICMCHTAMH JTAHHOW MATpPHIIEL.
3. OmpenenuTeneM BTOPOTO MOPSAIKA WU JETEPMUHAHTOM, COOTBETCTBYIOIIMX MATpPUIl HA3bIBAETCS
ancno D: 4 — a11a22 — aziaiz
Omnpenenurens obo3HauaeTcs OykBamu D wnn A u 3anuceiBaeTcCs:
11 12

D=A= = (11022 — A21012.
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2r + 4y = 3;
&r —y = 6.

[Tpumep. /lana cucrema ypaBHEHUM:
CocTaBUTh MaTPUILy CUCTEMBI U BBIYUCIUTH OMPEICIUTEb.

2 4
A8 -1
N3 koadhuiueHToB CHCTEMBI COCTaBUM MATPUIly U COOTBETCTBYIOIIUN €W JIeTepMHHAHT:
2 4
A= _
8 —1

A=(-1)x2—(4x8) =-2-32= 34

BEIIIOIHMM BBIYHCIEHHUS |

Konuuecmeo cmpoxk (uiu cmondoyos) 6 onpedenumeine HaA3bleaemcsi IOPSIKOM OMPEICITHTEIIS.
CgoiicTBa OIpenennuTeNs:

1. OnpenenuTenb HE U3MEHUTCS, €CITH €r0 CTPOKH 3aMEHUTH CTOJIONAMU U HA00OPOT.

a1 b

D= il bg

f— albg — -51!1‘[2.

3aMeHuM CTPOKH CTOJ'I6I_[aMI/I 1 CHOBA BbIYUCIIUM HOJ'Iy‘IHBI.HHfICH OIIpCaACIUTCIIb.
pr = (7t 92
by by

Onepanuss 3aMeHBI  CTPOK  cTojOmamMu (WM HAOOOpOT) B ONPEACIUTENC  HAa3bIBACTCS
TPAHCTIOHUPOBAHUEM.
2. [Ipu mepecTaHOBKE JIBYX CTPOK WJIM CTOJIOIIOB OMPEICITUTEh MEHSIET CBOM 3HAK.

= t‘-tj_ui_rfiz — b]ﬂg.

a1 b
e = ai1bs — b L.
a, by 1 b2 1
IlomensieM B HeEM MecTaMU CTOJ'IGI_IBI 1 BBIYUCIIUM HOJ'Iy‘II/IBH_II/II‘/’IC}I OIIPCACIIUTCIIb.
b a
D= 2151&2—&1152: —(ﬂlbg—blﬂzj.
bg (]

ITomenseMm TCIICPb MCECTaMU CTPOKHM U BHOBb Y6eI[I/IMC$I B CIPaBCIMBOCTU HaHHOI'O CBOICTBA.

fl2 bg
D= = by — arbp = —(a1hy — by

a; b
3. Ecnu Bce aeMeHThl Kakoro-nmubo cTosdia (Ui CTPOKH) MaTpULIbl YMHOXKUTH (MM pa3fesnTh) Ha
OJTHO U TO K€ YHCIIO M, OTIMYHOE OT HYJISA, TO ONpPEACIUTENb TaKkKe YMHOKHUTCA (pa3ienuTcs) Ha 3TO
YHCIIO.

a; b ma; b ma; mh
D= e Dy = = =mD.
il bg Ml bg il bg
4. OnpenenuTenb, y KOTOPOTO 3JIEMEHTHI OJHON CTPOKH (CTOJIOA) MPONOPIMOHAIBHBI JPYroil CTpoKe
(cTonb11y), paBeH HYIIO.
il T ] b]
_D — — = {:I
s Ty ra, by
5. Ecim Kaxaplid 3JIEMEHT KaKOH-THO0O0 CTPOKM (CTOJIOIA) MOXKHO IPEICTABUTh KaK CYMMY IBYX
cllaraeMblX, TO ONpEeNuTeNb OyJeT paBeH CyMME JABYX ONpenesuTeNei. Y MepBOro M3 ClaraéMbIxX
OTIpeieTTUTENIel DIIEMEHTAMH COOTBETCTBYIOIIEH CTpOKHU (cronbia) OymeT mepBoe claraeMmoe, a y
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apyroro - Bropoe. OcTajabHbIe AJIEMEHTHI TUX ONpeeNuTeNnei Oy 1yT Takue ke, Kak y HCXOAHOTO.

C|etaz azl @1 ag ay @s| R
D= by+by byl |b b t by by = (a1h3 — byas) + (aobs — baaz) =

[ ul [

= (ay +ag )by — (b + by)as.
6. Omnpenenutens HE W3MEHHUTCS, €CIM K JJIEMEHTaM Kakoro-mubo cToyona(cTpoku) MpuOaBHUTH
COOTBETCTBYIOLIME 3JIEMEHThI APYroro crojdua (CTPOKH), NPeABAPUTEIbHO YMHOKEHHBIE Ha Kakoe-
1100 OTIIMYHOE OT HYJISI YUCIIO.
a; b a +bhm b
D= = :
ay byl |aa+bym by

4. WnmocTpaTuBHbIH MaTepuaJ: [Ipe3entanus, cnaiabl.
5. JIuteparypa:

OcHoBHas:
1. Maremaruka: yaeOnuk / W. B. IlaBnymxkos, JI. B. Po3oBckwuii, M. A. HapkeBuu. - M.: IDOTAP-
Menama, 2013
2. PaxumkanoBa C. K. Teopus BeposiTHOCTEH 1 MaTeMaTUyecKas CTATUCTUKA: y4€OHO-METOINYECKOE
nocobue/ C. K. Paxumxanosa, /[. C. KaparaeBa.- Anmarer: 9CIIH, 2023.- 188 c.
3. PaxumxanoBa C. K. blkrumaniupiktap Teopuschl >XKOHE MAaT€MaTUKaJbIK CTaTHUCTUKA: OKY-
omicremenik Kypan/ C. K. Paxumkanosa, /1. C. Kapartaesa.- Anmatsi: OCIIU, 2023. - 184 Ger.
4. Kpodt, 3. Matemaruka Herizaepi. 2-0emim: oKyibIK.- AnMatel: KP sxorapbl OKy OpBIHAapBIHBIH
KaybIMacThIFbI, 2014. - 324 Ger.
5. Maremaruka. 1-6emiM: okymbIK / K. XK. Kynabaer Anmatsr: OBepo, 2014. - 144 Ger.
6. Maremaruka. II-6enim: okynsik / K. XK. Kynabaes - Anmatsl: OBepo, 2014. - 176 Ger.
7. bazap6ekoBa A.A. XKorapsl marematuka: okynabik/ bazapoekoBa A.A., bazap6exoBa A.b.- AnMartsr:
OCIIN, 2023. 8. Ammp6aeBa H.K. JKorapsl MaTeMaTHKa KypChIHBIH HET13[epi: OKY Kypajibl.- AIMaThl:
OCIIN, 2023. - 304 6.
9. AxmetoBa A.Y. Marematndeckuii aHanu3: yuebnoe nocooue/ Axmerosa A.Y., Kaparaesa /I.C.-
Anmarter: 9CIIH, 2023. - 132 c.

JdomoHuTebHAA:
1. BanoBa M. b. O 0a3uCHOCTH COOCTBEHHBIX M IMPUCOEAMHEHHBIX (PYHKUNN HECaMOCOMPSKEHHBIX
KpaeBbIX 3a7ad s oaHoMmepHoro ypaBHeHust Ulpenunrepa: monorpadus/ M.b. lBanoBa. -
IemMkenT: OneM 6acnaxanacsel, 2020. - 100 c.
2. Kanneibaes K.M. Matematukansl oKbITY omicremeci okynbik/ K.M. Kanneibaes, O.C. Catpibaniues,
C.A. Ixanabepauena; KP BFM.- Anmartsr: Joyip, 2013. - 368 6et
3. UckaxoBa A.C. Pemenue 3a1au Teopun BeposatHocTell B cucteme Matlab: yue6Hoe mocobue/ A.C.
Hckaxoba.- Anmater: CIIN, 2023. - 204 c.

DJIeKTPOHHbIE U3IAHUS
1. BanoBa M. b. O Ga3zucHOCTH COOCTBEHHBIX M MPUCOEIUHEHHBIX (QYHKIUN HECAMOCOMPSKEHHBIX
KpaeBbIX 3a/au Juis ogHoMmepHoro ypaBHeHus lllpeaunrepa [DnekTpoHHBINH pecypc]: MoHorpadwus/
M.b. UBanosa.- On.tekct.naH. (1,131 Kb). - llIsiMkent: Onem 6acnaxanacel, 2020.- 351, ONT. IUCK.
2. MaremaTika, MaTeMaTHKaHbl OKBITY oficTemeci/ MaremaTHka, METOJIMKa MPENOOBAHUS
MaTeMaTuKH, oKy Kypaisl. - Kaparaumer 2017 https://aknurpress.kz/reader/web/1884
3. MateMaTHKalbIK aHAIW3 JKOHE AHAIUTHKAIBIK (YHKIMAJIAp TEOPHUSICHIHBIH OacTaMayapbl: OKY
kypasbl. Kaparanaer. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Yynunosckux, A.Ill. Kaunogsa. [Ipaktuueckue paboThl 10 BBICIIEH MaTeMaTuKe: yueOHoe
nocobue. — Kaparanna: U3garensctBo «cAKH¥P».— 2016. — 174 c.
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https://aknurpress.kz/reader/web/1109
5. Maremaruka 1. Komanosa I'.P./ oky kypansr: Anmater 2019, 226 6.
https://aknurpress.kz/reader/web/2080
6. Maremaruka 2. Komanosa I'.P./ oky kypansr: Anmater 2019, 129 6.
https://aknurpress.kz/reader/web/2081
7. K.K. Kyna6aes, I'.C. CapbacoBa, M.A. MmanbaeBa, A.C. KeinbipbacBa. Marematuka. 1 Gemim:
Okynsik. AnMaTtsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/2515/
8. K. XK. Kynabaes, I'.C. CapbacoBa, M.A. Iman6aeBa, A.C.KeinpipbacBa. MaTematuka. 2 6emim:
Okyasik. AnMaTtsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/
9. HypmaramberoB JI.E. Menununanarsl >xorapbl Marematuka Herizgepi: Oxy kypans!/ JILE.
HypmaramberoB, M.O. HypmaranGeroBa.- Ausmatel: «3OBepo» Oacmacel, 2020, 116 6.
https://elib.kz/ru/search/read_book/711/
10. Kyna6aes K.)K. MaramaTuka: oKy Kypaibl.— Anmatel: 9Bepo, 2020.— 136 0.
https://elib.kz/ru/search/read_book/3091/
6. KonTpoJibHbIe BONpochl (00paTHOM CBSI3M):

1. Kakas Tabnuiia Ha3pIBaeTCS MaTPULIECH?

2.YeM oTiMUaeTCs ONMPEISIIUTENb OT MATPHIIBI?

Jleknusa Ne?2

1. Tema: Marpulibl ¥ onepalyy HaJ HUMU

2. Heab: OOBSICHUTH CTYICHTAM HaXO>KJICHUE MATPUIII U ONIEPAIH HAJ] HUMH.

3. Te3ucol JeKIUN:

IIman mexmu:

1. Matpuubl 1 UX BUJIBIL.

2. OmnpeneneHue paHra MaTpUIIbL.

3. Onepanuu HaJl MaTpULAMHU.

Martpureit «A» HaszbIBaeTcs Jto0as MPsSMOYroyibHas TabJMIla, COCTABJICHHAs M3 YHCEI aij, KOTOPhIe
HA3BIBAIOT DJIEMEHTAMU MAaTPUIBI U 0003HAYAETCS:

arp  diz e Qlp
A=Tay apn - 0, | = (0 mxn = (a5).
k[ﬁml flm2 ' mn }
Martpuua, 370 J1100ast IpsIMOYroJibHas TabJIUIA, COCTaBIEHHAS U3 0OHOPOOHBIX FIIEMEHTOB.

ann Mz e g app 2 e Al
A= oy ay v Gy =|lay a4y - 0,
\‘ﬂml (m2 - ﬂan Iml Om2 -+ Omn

Buaer Mmarpui:
1. Marpuna - cTpoka(MiIM CTPOKOBasik MAaTpHIA), COCTOSINAs U3 OJHOH CTPOKU. DTO HPSAMOYrONbHas
matpuma pasmepom 1 x n. A=2a,,3;,...Q,

2. ManI/II_[a - CTOJ'I6CI_I (CTOJ'I6I_IGBEUI ManI/II_Ia), CoCTosAmasa TOJIBKO M3 OJHOI'O CTO.II6I_[EL OTO TaKxke
11

NPAMOYTOJIbHAsI MaTpUIla pazMepoM m X | (m1
3. Marpwa, cocrosimas u3 ognoro snemenra. A= (a,;)1*1=a,,
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4. HyneBas MarpuIia, COCTOSINAs W3 OJHHUX HYJCH, B MaTpuyHOM anredpe urpaer poib «0»,
obo3Hayaercs «V».

0o 0 ... n\
V=1%t0o 0 .. 0
0 0 .. 0

5. EnuHuyHasg martpuia, cocTosiiias M3 HyJed, KpoMe TJIaBHOM JMaroHald, Ha KOTOPOW CTOAT
enunauibl. O6o3HavaeTcst «E» U UTpaeT polib eAMHHIIBI B MATPUIHON anredpe.

(100---0\
E:ﬂlo---u_

o o 0 - 1

6. /lnaroHanbHas MaTpula, KBaJpaTHas MOPAAKA «N», COCTOSAINAs U3 HYJIeH U Ha IVIABHOW JMaroHaiu
CTOSIT HE PAaBHBIE HYJIIO 3JIEMEHTHI (HE 0043aTEIbHO €UHULIBI).

(a“ 0 ... 0 \
0 0

3 a2
i

{0 ] ci v Gmn

Baxkneiiiiel xapakTepuCTUKON K8aOpammuol MaTPULIbl SIBJISIETCS €€ ONPENSIUTENb WU IETEPMUHAHT,
KOTOPBII COCTaBISETCS U3 3JIEMEHTOB MaTPHULbl U 0003HAYAETCs:

a1y diz - Ol
D_JIZ A :detA: 1 1 DI
Oml w2 -+ O;p

7. Eem detA # 0 19 MaTpHIa A Ha3bIBaeTCs HEBBIPOXKACHHOW Wi He ocoOeHHoi. Ecmm det A =0
TO MaTpHuIa A Ha3bIBA€TCS BBIPOKJICHHONW MM OCOOCHHOM.
9. 1Be matpuubl «A» U «B» Ha3bIBalOTCS paBHBIMHM U MUIIYT «A = B», €clii OHM UMEIOT O/IMHAKOBBIE
pa3Mepsl U BX COOTBETCTBYIOIIHE HJIIEMEHTHI paBHBI, T.€.

o L
Omnpenenenue paHra MaTpuIbL:
PaccmoTpum mpsimoyronbHyr0 MaTpuily. Eciiu B 9TOW MaTpuIle BBIIEIHUTH MPOU3BOIBHO «N» CTPOK U
«My CTOJNOIOB, TO JIEMEHTHI, CTOAIINE HA MEPECEUCHUN BBIJICJIEHHBIX CTPOK M CTOJIOIOB, 00pa3yroT
KBaJpaTHYI0 Marpuiy K-ro mopsmaka. OnpenenuTens STOW MaTpPUIBI Ha3bIBACTCS MHHOPOM K-TO
nopsaka MaTtpuisl «A». Matpuna «A» obnazaeT MUHOpaMH J00Oro mopsaka oT «l» a0
HAaMMEHBIIETO U3 YHCeT «m» U «ny». Cpenn BCceX OTIMYHBIX OT HYJISI MUHOPOB MAaTPHIIBI «A» Haiimercs
10 KpaifHelt Mepe OAMH MUHOD, TOPSII0K KOTOPOro OyeT HauOOIBbIINM.
Haunbonpmmii u3 MOPSIKOB MHUHOPOB JaHHOW MATpPHWIBI, OTIIMYHBIX OT HYJS, Ha3bIBAETCS PAHTOM
MaTpPHUIIBL.
W3 ompeneneHus paHra MaTPHIIBI BBITEKAET, YTO PAHT JIFOOOW MPSIMOYTOJIBHON MAaTPHIIBI HE TOJDKEH
OBbITH 0OJIbINIE, YeM MUHUMAIIBHBIN pa3Mep MaTpPHUIbL.
Ecnu marpuiia kBagpaTHas, TO paHT HE MOXKET OBITh 0OJIbIIE, YeEM pa3Mep MATPHIIBL.
Ecnu Bce arieMeHThI MaTpHLbl «A» paBHBI HYJIIO,
T. €. alj=0, To paHT 3TO¥ MaTpuIlbl Toke OyneT paBeH HyO0 r = RgA = 0.
[ToHATHE paHra MaTpPUIIBl UTPAET OUYEHb BAXXHYIO POJIb MPHU MOCTPOCHUHU TpaUKOB, IPU HAXOKACHUU
pelIeHrs CHCTEMbl JIMHEWHBIX YpPaBHEHM, MpHU MEpexoae OT OJHOro 0asuca K APYroMy, a TakkKe
IIUPOKO UCHONB3YyeTCsT B MPUKIAAHBIX HCCIEIOBAHUSAX, OCOOCHHO TpHU 00pabOTKEe pPEe3yIbTaTOB
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IKCIIEPUMEHTA, KOJMYECTBEHHOTO OIpENCNICHUsS KadecTBa IPEJOCTABICHHOW Ui HW3y4EeHUS
uHpopMaLuu.

Bcesikuit jetepMHHAHT MUHOpa MaTpUI] «A», OTIMYHBIN OT HYJIS, pa3Mep KOTOPOTO PaBeH PaHTy 3TOH
MaTpHIIbl, HA3bIBACTCA OA3UCHBIM MUHOPOM. T.€. HHBIMH CJIOBAaMH PaHT MaTPHUIIBI «A» 3TO HAMBBICIIUI
OTJINYHBINA OT HYJISI MUHOD.

A:Dl[l

y 0 0 0
[Ipumep. Haittu panr MaTpuusl:
Pemenne. Tak kak B 3TOM Marpule TOJBKO B OJHOM CTPOKE €CThb OTJIMYHBIE OT HYJISI WICHBI, TO

RgA=1.
A (o0
\D D 1 }
[Ipumep. Haiitu panr MaTpuuibl:
Pewenue. Jns MIPOBEPKHU HaleM JIE€TEPMUHAHT 3TOM MaTpULbL: detA=T7.

OH OTJIMYEH OT HYJISA, TO3TOMY PaHT MaTPHIIBI PABEH 3, T.€. B MATPHUIIC HET MPONOPIIUOHATIBHBIX CTPOK
WA CTOJIOLIOB.
Omneparuu HaJ MaTPUILIAMH:
Cymmoili 1ByX MaTpull ofuHakoBoro pasmepa A = (aij) u B = (bij) Ha3siBaercs marpuna C =
(Cij)=(aij+bij) umu C = A + B.
Aot s (o)
= B=i0

[Tpumep. Haittu A + B, ecniu : \2 ' } k } |
Pemenue.

cmavn={o1 o)+ o01)=[s
. Lo )

A+B=B+A; (A+B)+C=A+(B+C).

2. IIpousBenenneM Matpuibl A=(aij) Ha uucio «k» HazpiBaeTcs Takas Matpuna C=(cij), y KOTOpoi
(cij) = (kaij).

Cnenctue: /[l omepanuu NpoOM3BEIEHHE MATPUILBI HAa YHUCIO CIPaBeUIMBBI  CIEIYIOLIHNE
COOTHOIIICHHUSL:

1.kA=Ak

2. k(A+B)=Ak+Bk

(k+ M)A = Ak + A\

E(AA) = AeA = AMEA)

3. Marpuna «B», y KOTOpOiHl BCe 3JE€MEHTHI paBHBI AJIEMEHTaM MAaTpHUIbl «A» MO aOCOIIOTHOMN
BEIMYMHE, HO WMEIOT MPOTHBOIOJIOXKHBIE 3HAKH TI0 CPABHEHUIO CO 3HAKAMH COOTBETCTBYIOIIMX
AIIEMEHTOB MaTPHUIIBI «A», Ha3bIBaETCS MPOTUBOIIOIOXKHOM MaTpuie «A» u 3anuckiBaeTcs: B=(-1)(aij).
CnenctBue: yMHOXEHHE TI0O0OW MaTpWIl Ha HYJIEBYIO JaeT B pe3yibTaTe HYJIEBYIO MAaTpHILY:
GrA =@

Ecnu A- kBagpaTHasi MaTpulla, TO TOT/Ia TAKXKE OYEBUIHO PAaBEHCTBO

det(AA) = A"det A, pep. pasmep MaTpHIlsl A.

4. Ecmun matpunbl A=(aij)mxp u B=(bij)pxn, To mpousBenenneM Marpuibl «A» Ha marpuny «B»
HazoBeM  MaTtpuiy  «C»,  KaXAblii  3J€MEHT  KOTOPOM  BBIUMCIAIOT 1O  (opmyre:
C = AxB = (aij)mxpx (bij)pxn=(aslblk+as2b2k+...+ askbsk)mxn=(cij)mxn

5. Ecnu AB = BA, mo maxue mampuyvt «A» u «B» Hnaszviearom 1epecTaHOBOUHBIMU UIU

| S

Lo = =

—
e

=
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KOMMYTaTHBHBIMHU.
6. Eciiu B HEKOTOPOI MaTpulie «A» MOMEHSITh MECTaMHU CTOJIOLBI M CTPOKH, TO MOJy4YeHHAss MaTpHUIla
OyZeT Ha3bIBaThCS TPAHCIIOHUPOBAHHOW U 0003HAYACTCS «AT».
7. Eciin BBINOJHSETCS] paBEHCTBO A = AT, TO Takas MaTpuLia Ha3bIBA€TCSI CHMMETPUYECKOM.
8. O6paTHOI1 O OTHOILIEHUIO K MaTpulle «A) Ha3bIBACTCS TaKasl MaTpULA, Ui KOTOPOW BBITIOIHSAETCS
paBeHCTBOAA-1 = A-1A=E
9. Marpuria, KoTopas UMeeT 0OpaTHYIO Ha3bIBaeTCs 0OpaTUMOM MIIH HE OCOOCHHOM.
4. UnmoctpaTuBHbIA MaTepuaJ: [Ipesentanus, cinaipl.
5. JIuteparypa:
1. Marematuka: yaeOnuk / 1. B. IlaBnymkos, JI. B. Po3oBckwuii, M. A. HapkeBuu. - M.: IDOTAP-
Menmma, 2013
2. PaxumkanoBa C. K. Teopust BeposiTHOCTEH 1 MaTeMaTUyecKas CTATUCTUKA: y4eOHO-METOINYECKOE
nocobue/ C. K. Paxumxanona, J[. C. Kaparaesa.- Anmarer: 9CIIH, 2023.- 188 c.
3. PaxumxanoBa C. K. blkrumaniupiktap Teopuschl XKOHE MAaT€MaTUKaJbIK CTaTHUCTHKA: OKY-
omicremenik kypan/ C. K. Paxumkanosa, /1. C. Kapartaesa.- Anmatsi: OCIIU, 2023. - 184 Ger.
4. Kpodt, 3. Matemaruka Herizaepi. 2-0emim: oKyibIK.- Anmatel: KP sxorapbl OKy OpBIHAAapBIHBIH
KaybIMIacThIFbl, 2014. - 324 Ger.
5. Maremaruka. 1-6emiM: okynbIK / K. K. Kynabae Anmarsr: OBepo, 2014. - 144 Ger.
6. Maremaruxka. [I-6enim: okynsik / K. 7K. Kynabaes - Anmatsr: OBepo, 2014. - 176 Ger.
7. bazapbekoBa A.A. XKorapel MmaTemaTuka: oKyabsik/ baszapOekoBa A.A., bazapOoekoBa A.b.- AnmaTsr:
OCIIN, 2023. 8. Amup6aeBa H.K. XKorapel MaTeMaTuka KypChIHBIH HET13[IEepi: OKY Kypalibl.- AJIMaThI:
3CIIN, 2023. - 304 6.
9. AxmetoBa A.Y. Marematndeckuii aHanu3: yuebnoe nocooue/ Axmerosa A.Y., Kaparaesa /[.C.-
Anmarter: 9CIIH, 2023. - 132 c.

JomosHuTeabHAS
1. BanoBa M. b. O 0a3uCHOCTH COOCTBEHHBIX M IMPUCOEAMHEHHBIX (PYHKUNN HECaMOCOMPS)KEHHBIX
KpaeBbIX 3a7ad s oaHoMmepHoro ypaBHeHus Ulpenunrepa: monorpadus/ M.b. lBanoBa. -
IIemMrenT: Onem b6acmaxanacel, 2020. - 100 c.
2. Kanneibaes K.M. Matematukansl okbITy oaicremeci okynbik/ K.M. Kannsibaes, O.C. Catpibanaues,
C.A. Ixanatbepauena; KP BFM.- Anmartsr: [{ayip, 2013. - 368 Oer
3. Uckaxosa A.C. Pemenue 3a1auy Teopuu BepostHocTell B cucteme Matlab: yue6Hoe mocobue/ A.C.
Hckaxosa.- Anmater: OCIIHN, 2023. - 204 c.

DJIeKTPOHHBIE U3IAHUS
1. BanoBa M. b. O Ga3ucHOCTH COOCTBEHHBIX M MPUCOEIUHEHHBIX (DYHKIMN HECaMOCOMPSKEHHBIX
KpaeBbIX 3a/a4 Juisi ogHoMmepHoro ypaBHeHus lllpeaunrepa [DnekTpoHHBIN pecypc]: MoHorpadwus/
M.b. UBanosa.- On.tekct.naH. (1,131 Kb). - llIsimkent: Onem 6acnaxanacel, 2020.- 351. ONT. IUCK.
2. MaremaTika, MaTeMaTHKaHbl OKBITY oficTemeci/ MaremaTHka, METOJIMKa MPENOIOBAHUS
MaTeMaThuKH, oKy Kypaisl. - Kaparauner 2017 https://aknurpress.kz/reader/web/1884
3. MateMaTHKalbIK aHAIW3 JKOHE AHAIUTHKAIBIK (YHKIMAJIAp TEOPHUSICHIHBIH OacTaMayapbl: OKY
kypasbl. Kaparauaer. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Yynunosckux, A.Ill. Kaunosa. [IpakTruueckue paboThl 10 BBICIIEH MaTeMaTuKe: yueOHoe
nocobue. — Kaparanga: UznatensctBo «~AKHYP».— 2016. — 174 c.
https://aknurpress.kz/reader/web/1109
5. Maremaruka 1. Komanosa I'.P./ oky kypansr: Anmater 2019, 226 6.
https://aknurpress.kz/reader/web/2080
6. Maremaruka 2. Komanosa I'.P./ oky kypansr: Anmater 2019, 129 6.
https://aknurpress.kz/reader/web/2081
7. K.K. Kyna6aes, I'.C. CapbacoBa, M.A. Nman6aeBa, A.C. KpigpipbaeBa. Maremaruka. 1 Geinim:
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Okynsik. AnMaTtsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/2515/
8. K. XK. Kynabaes, I'.C. CapbacoBa, M.A. Iman6aeBa, A.C.KeinpipbacBa. MaTematuka. 2 6emim:
Okynsik. AnMaTtsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/
9. HypmaramberoB JI.E. Menununanarel >xorapbl Marematuka Herizgepi: Oxy kypans!/ JIE.
HypmaramberoB, M.O. HypmaranbOeroBa.- Amnmatel: «39Bepo» Oacmace, 2020, 116 6.
https://elib.kz/ru/search/read_book/711/
10. Kyna6aes K.JK. Maramaruka: oKy Kypaibsl.— Anmatel: 9Bepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/
6. KonTpoJibHbIe BOpochl (0OpaTHOM CBSI3M):

1. Yro Ha3bIBaeTCSA MATPHUIICH?

2. Kakue Bubl MaTpUIlbl 3HaETE?

Jlekmusa Ne3

1. Tema: Cuctema IuHEHHBIX anredpanyeckux ypaBHEeHUN

2. Heab: OOBSACHUTH CTYICHTaM TEOPHUIO CUCTEMBI JTMHEHHBIX alIreOpandecKuX ypaBHEHHH.

3. Te3uckl JeKINHU:

IInan nexumm:

1. OcHOBHBIE ONPEIETCHUS CUCTEM JIMHEHHBIX YPABHEHUH.

2. Pemenus cucrteM JIMHEWHBIX ypaBHEHUI.

3. Buabl cucteM JIMHEHHBIX YpaBHEHUH

JluneliHas cucTema, cocTaBiieHHas M3 «K» JIMHEHHBIX ypaBHEHHH OTHOCHUTEIIBHO «N» HEU3BECTHBIX
MIPUMET BU/I:

111 + a12T2 + ...+ AT, = b

(3171 + a2 + ... + AapTn = bo

1L + T + ...+ Qpnls = b

rae x1, x2, ..., xn- Heu3BecTHbIe; all, al2, ..., akn- ko3 duireHTs! npu Heu3BecTHHIX; bl, b2, ..., bk-
CBOOOHBIC YJICHBI.

Pemenniem cucteMbl TakKMX YpaBHEHHI Ha3bIBaeTCs COBOKYMHOCTH M3 «n» uucen (cl, c2, ..., cn),
KOTOpBIC MMOJACTABICHBI B CHCTEMY Ha MECTO HEM3BECTHBIX X1, X2, ..., Xn, oOpamaT Bce YpaBHCHHUS
CHUCTEMBI B HCTHHHBIC paBEHCTBA.
Ilpumeuanue:

He Bcakas cucrema umeer pemenue. [loaroMy, npexie 4eM HayaTh pelIaTh COCTABIEHHYIO CUCTEMY,
HEO0OXOMMO BBISICHUTH, €CTh JIU BOOOIIE PEIICHHE.

2. CucteMy ypaBHEHUH, UMEIONIYIO XOTS ObI OJJHO pellleHHe, Ha3bIBAIOT COBMECTHOM, a CHCTEMY, HE
HMMEIOIIYIO PEIICHUI Ha3bIBAalOT HECOBMECTHOM.

(c&“. L‘E,L].. . .CE—,L:I) (L‘az] B L‘[;] [ C‘E-;z :I)
3. Pemenus 2 CUUTAIOT PA3JIMYHBIMHU, €CJIH XOTs ObI OJTHO U3 YUCEI
i1 2)
! HE COBIAJAET C COOTBETCTBYIOIIUM YHCIOM Ci
3'.1?]_ —+ -.L.Tg =10
lf'r.rL —+ 81‘2 =10

Hamnpuwmep, cucrema

Ly i1y 2y oy, 12y
HMEET pa3INnYHBIC PEeIICHUS e’ =¢c' =0 e 4 G2 = 3 Cucrembl, IMEIOIINE XOTS OBl 2
Pa3IMYHBIX PEIICHUs, IMEIOT OECKOHEUYHOE KOJUYECTBO PA3HBIX PEIICHUN.



https://elib.kz/ru/search/read_book/2515/
https://elib.kz/ru/search/read_book/1877/
https://elib.kz/ru/search/read_book/711/
https://elib.kz/ru/search/read_book/3091/

ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN

MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTYCcTik KazakcTaH meauuuHa akanemMmscbl» AK AO «KOwHo-KasaxcTaHcKas MmeguuuHcKas akaaemMmsa»
Kadenpa memummackoit 6modu3nkn 1 HHPOPMAINOHHBIX TEXHOJIOTHH Ne 35-11(M) -2024
JlexoHHbIi KoMIUIeke «MaTtemaTtuka. YacTs 1» Crp. 11 u3 36

4. Ecnu coBMECTHasl CHCTEMa HMMEET €IMHCTBEHHOE PEIIEHUE, TO OHA Ha3bIBACTCS ONIPEICIICHHOM.
5. Ecnu coBMecTHas cucTeMa MMeeT 110 KpaHel Mepe JiBa pas3/IMYHbIX PELICHHs], TO OHA Ha3bIBACTCS
HEOIpPEICTICHHOMN.

Pemrenne cucreMsl JIMHEVHBIX YPAaBHEHUM:

YroObl BBIAICHUTH UMEET JIU COCTABJICHHAs CUCTEMA PELICHUE UM HET, a, €CIIM UMEET pPeLIeHHUe, TO UX
KOJINYECTBO, IIPUMEHSIOT:
1. Ecau paHr MaTpuLbl CUCTEMBI PaBEH PAHTY PACIIMPEHHOW MATPHUIBI CUCTEMBI, TO TaKas CUCTEMa
COBMECTHA U MIMEET XOTs ObI OZJHO HE HYJIEBOE pEIlICHHE.

3z +dxy =
3'.1‘]_ +—ll‘2 =1

(]

HpI/IMep OHpe,I[eJ'II/ITb COBMCCTHOCTb CUCTCMbI

3 4)
Pemenue. CocTaBuM MaTpuIly CUCTEMBI (3 4

" onpcCACiinM €€ paHrI’ T.C. YUCJIO HC3aBUCHUMBbIX CTPOK WJIHU CTOJ'I6LIOBZ

rang (i 4) = rang (? -le =1

-

7

12)
CocTaBUM paCHIMPEHHYI0 MATPHUIY CHCTEMBI ( U OlpeAenuM ee paHr (T.e. YHUCIo
3 4|7

3 4112

[ B%]

Tang
HE3aBUCHMBbIX CTPOK MJIM CTOJIOLIOB:
Kak BuauM, paHr oObIYHOW MAaTpHIlbl HE PAaBEH paHry PpaCIIMPEHHOM, CJIe0BAaTEIbHO CHCTEMBI
HECOBMECTHA, T.€. HE UMEET HU OJTHO PEILICHUSI.
2. Ecam cucreMa unMeeT €IMHCTBEHHOE HYJEBOE pEIIEHHE, TO Takas CHCTEMa Ha3bIBaeTCs
BBIPOKIECHHOM.
3. Ecnu cucreMa MMeeT KOJIMYECTBO YPaBHEHHMI MEHbILEE, YEM KOJUYECTBO HEU3BECTHBIX, TO TaKas
CHCTEMa Ha3bIBa€TCS HENOOINpPEAEICHHON, a €ClIM KOJMYECTBO ypaBHEHUHN OoJiblIe, 4YeM KOJUYECTBO
HEU3BECTHBIX, TO —TIEPEONPEAEICHHON.
4. WnmoctpaTtuBHbIi MaTepuadn: [IpesenTanus, ciaiabl.
S. JIuteparypa:
1. Marematuka: yueOnuk / U. B. IlaBnymikos, JI. B. Po3oBckuii, . A. HapkeBuu. - M.: I'D0TAP-
Menama, 2013
2. PaxumkanoBa C. K. Teopus BeposiTHOCTEH 1 MaTeMaTU4YecKas CTATUCTUKA: y4€OHO-METOINYECKOE
nocobue/ C. K. Paxumxanosa, J[. C. KaparaeBa.- Anmarsr: 9CIIHN, 2023.- 188 c.
3. PaxumxkanoBa C. K. bIKTUManablKTap TEOpHACH XKOHE MAaTEMATHKAIbIK CTAaTUCTHKA: OKY-
onicremenik kypan/ C. K. Paxumxanosa, J[. C. Kaparaesa.- Anmarsr: DCIIU, 2023. - 184 Ger.
4. Kpodt, D. Marematuka Herizaepi. 2-0emiM: OKyabIK.- Anmatbel: KP sxoFapbsl OKy OpBIHIApBIHBIH
KaybIMaacThIFbl, 2014. - 324 Ger.
5. Maremaruka. 1-6emiM: okymsIK / K. XK. Kynab6aer Amnmartsl: OBepo, 2014. - 144 Ger.
6. Maremaruka. II-6enim: okynsIk / K. XK. Kynabaes - Anmatsl: OBepo, 2014. - 176 Ger.
7. bazap6ekoBa A.A. XKorapsl Matematrka: oKyabik/ bazapOekoBa A.A., bazapoexoBa A.b.- AnMartsr:
OCIIN, 2023. 8. Ammp6aeBa H.K. JKorapsl MaTeMaTHKa KypCBIHBIH HETi3/Iepi: OKY Kypasibl.- AIMaThl:
OCIINA, 2023. - 304 6.
9. AxmetoBa A.Y. Marematndeckuii aHanu3: yuebnoe nocooue/ Axmerosa A.Y., Kaparaesa /.C.-
Ammvater: 9CIIN, 2023. - 132 c.

JdomoHuTebHAasA:

1. UBanoBa M. b. O 6a3ucHOoCTH COOCTBEHHBIX W MPUCOCAMHEHHBIX (PYHKIIUNA HECAMOCOTPSHKECHHBIX
KpaeBbIX 3a7ad s oaHomepHoro ypaBHeHust lpenunrepa: monorpadus/ M.b. lBanoBa. -
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[IsiMkeHT: OeM Oacmaxanacel, 2020. - 100 c.
2. Kanneibaes K.M. Matemarukansl oKbITY omicremeci okynbik/ K., Kanneibaes, O.C. Catsibanaues,
C.A. I)xanabepauena; KP bBFM.- Anmartsr: [Joyip, 2013. - 368 6et
3. UckakoBa A.C. Pemenue 3a1a4 Teopun BEpOSITHOCTEH B cucteme Matlab: yuebnoe mocodue/ A.C.
Hckaxoba.- Anmater: CIIHN, 2023. - 204 c.

DJIeKTPOHHbIE U3IAHUS
1. BanoBa M. b. O 6a3ucHOCTH COOCTBEHHBIX W NMPUCOCAMHEHHBIX (PYHKIIUHA HECAMOCOMPSHKECHHBIX
KpaeBbIX 3a/a4 s ogHoMepHoro ypaBHenus lllpemunrepa [DaeKTpoHHBINM pecypc]: MoHorpadus/
M.b. UBanoBa.- Din.tekct.nad. (1,131 KB). - [lIpiMkenT: Onem 6acmaxanacel, 2020.- 3J1. ONT. TUCK.
2. MaremaTnka, MaTeMaTHKaHbl OKBITY oficTemeci/ MaremaTHka, METOIMKa MPENOIOBAHUS
MaTeMaTuKu, oKy Kypaibl. - Kaparaumer 2017 https://aknurpress.kz/reader/web/1884
3. MareMaTUKanblK aHAIH3 JKOHE AHAIMTUKAIBIK (DYHKIUsIIAp TCOPHACHIHBIH OacTaManapbl: OKY
Kypaibl. Kaparanael. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Yynunosckux, A.Il. Kaunosa. [Ipaktuyeckre paboThI 10 BBICIIEH MaTeMaTHKe: ydeOHOe
nocobue. — Kaparanna: M3garensctBo «cAKH¥P».— 2016. — 174 c.
https://aknurpress.kz/reader/web/1109
5. Maremaruka 1. Komanosa I'.P./ oky kypansi: Anmater 2019, 226 6.
https://aknurpress.kz/reader/web/2080
6. Maremaruka 2. Komanosa I'.P./ oky kypansl: Anmarsr 2019, 129 6.
https://aknurpress.kz/reader/web/2081
7. K.K. Kyna6aes, I'.C. CapbacoBa, M.A. NmanbaeBa, A.C. KpinpipbaeBa. Marematuka. 1 Gemim:
Okynsik. AnmaTtsl, DBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/2515/
8. K. XK. Kynabaes, I'.C. CapbacoBa, M.A. Uman6aeBa, A.C.KpinpipbaeBa. Matematuka. 2 6e1im:
Okynsik. AnMatsl, OBepo, 2020. 144 6. https://elib.kz/ru/search/read_book/1877/
9. HypmaramberoB JI.E. Menununanarel >xorapbl Marematuka Herizaepi: Oxy kypans!/ JILE.
HypmaramberoB, M.O. HypmaranGertoBa.- Anmatel: «OBepo» Oacmacel, 2020, 116 6.
https://elib.kz/ru/search/read_book/711/
10. Kyna6aes K.JK. Maramartuka: oKy Kypaibsl.— AnmaTsl: 9Bepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/
6. KonTpoJibHbIe BONIPOCHI (00paTHOM CBS3H):
1. Kakue ypaBHeHHs Ha3bIBAIOTCS JTMHEHHBIMU ?
2. Korna cuctema umeet XoTst ObI OJTHO HYJIEBOE pelieHue?

Jlexkuus Ned

1. Tema: KpuBsie BToporo nopsjaxa.

2. Heanb: [latb cTyAeHTaM MOHATHE (YHKIUU.

3. Te3ucsl JeKkuuu:

[Iman nexknuu:

1.0OxpyxHOCTb. 2. Dmunc. 3. 'unepbona. 4. [Tapabona

K kpHuBBIM BTOPOTO MOpsiaKa OTHOCSTCS KPHUBBIE O]l Ha3BaHHEM OKPY>KHOCTh, 3JUIUIIC, TUIepOoa,
napabora.

1. Okpy:KHOCTH

['eoMeTprueckoe TMOJIOKEHHE TOYEK, JISKAIIUX Ha OJMHAKOBOM pacctosHuu oT C(X,;Y,) TaHHOM

TOYKH, HA3BIBACTCSI OKPYKHOCTHIO.
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¥ Touka C(Xy: Yo) Ha3bIBACTCS EHTPOM
4 OKPY’KHOCTH, 2 OTPE30K, COCAMHSIONIMHA [ICHTP
c Kakoi-mmobo TOYKOM OKPY>KHOCTH,
Ha3bIBACTCSI PaMycoM 1 o003HavaeM R.
T e O0603HaUNM 1 03% 0 u3 TOYEK
M (X; Y) OKpy>KHOCTH, rie ypaBHEHHE
2 2
Fu M X=X, ) +(y— =R? (1) 6ymer ypaBHEHHEM
0 0
OKPYXHOCTH.
l l l l
I T T T
Xo x

2. Daaumnce
['eomeTpuueckoe moyiIoKEHUE TOUYEK IUIOCKOCTH, B KOTOPBIX CyMMa PAacCTOSHUHM OT 3a/IaHHBIX JIBYX

TOUYCK, HAa3bIBACMBbIX (I)OKycaMI/I, paBHa HOCTOHHHOMy I'II/IC.]'Iy, HA3bIBACTCA IJIJIUIICOM.

r i. Hcnonb3ys (opMyiy, ONpeAesioNIyl0 pPacCTOSHUE
Me)KI[y ,[[BYMH TOUKAMMU.

M(X,'y) \/(x+c)2+y2 +\/(x—c)2+y2 —2a

2 2

X

T =1

a a —C

a>c, a?—c’=b%rorma

7%
¥ ¥ = 2 2
-a - 0 c a X Xy
+-—=1 (2) KaHOHMYECKOE YpaBHCHHE OJUIMIICA.

2

a“ b

Ypcaa a U b Ha3pBAlOTCA OOJBIIMMH Y MAaJIBIMA
MOJIYOCSIMU 3JUIUIICA.

C
£ =— HAa3bIBACTCA SKCHUCHTPUCUTCTOM JJIJIMIICA.
a

Hns snaunca <1 . Ecom b=a, torma & =0, snaumnc cTaHOBUTCS OKPYXHOCTBIO. I, =at&X

(I)OKaJ'H)HBIe paaAnyCHBIC BEKTOPHI 3JUIHUIICA.

M(x;y)

ﬁq”
]

Y
s

I'mnep0oia
I'eomeTprueckoe MECTO CBOMX TOYEK Ha IUIOCKOCTH, Ha3bIBAEMOE (POKYCOM, IJI€ pa3HOCTh PACCTOSHUIN

MCKAY ABYMS 3aIaHHBIMH TOYKaMH paBHA MOCTOAHHOMY YUCITY, HA3BIBACTCSA FI/IHep60JIOI>'I.


https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D1%83%D1%81
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g Jx+e)2+y? —J(x-c)’ +y? =2a
X2 yz
— 7 -1
a~- c —a

ACHUMIITOTBI FI/IHep6OJ'IBI.

IMapa6oaa

c>awu c’—a’=Db?, roroa

2 2
X
XY 1 @3
a- b
KaHOHUYECKOe ypaBHEHUE
runepooIbl
rae a- JICHCTBUTEIIbHAS MOJIYOCh
rumepOosibl; b - MHHMas — OJyOCh
runepooIbl,
>l
=+—X YpaBHEHHUSI orpenensier
a

Hapa60n0171 Ha3bIBACTCA T'COMCTPUUCCKOC MECTO TOYCK INNIOCKOCTH, PABHOYIAAJIICHHBIX 0T3aJaHHOI

tTouku F ¥ 3aaHHOl npsMoii d, He TPOXOASIICH Yepe3 3aaHHY0 TOUKY.

MY

N Mix:y) MF=MN MF =
BM =X+§ [x+gj2+y2 =x+ P
-ps s ::-_=-"- 2
S pf2 ®x Y =2px (4) Ha3plBaeTCs KAHOHUYECKOE

ypaBHEHHE MapadoIIbl

X=-—

4. WiutoctpatuBHbIi MaTepuad: [Ipesenranus, cnaisl.
5. JIuteparypa:

1. Marematuka: yuyeOnuk / U. B. IlaBnymkos, JI. B. Po3osckuii, . A. Hapkesuu.

Menmma, 2013

P - ypaBHEHUE TUPEKTPUCHI apadOoJIbI
2

- M.: TDOTAP-

2. PaxumxanoBa C. K. Teopust BeposiTHOCTEH 1 MaTeMaTHUECKasi CTAaTUCTUKA: Y4€OHO-METOAMYECKOE

nocobue/ C. K. Paxumxanosa, /[. C. KaparaeBa.- Anmarer: 9CIIH, 2023.- 188 c.
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3. PaxumxkanoBa C. K. bIKTUManabIKTap TEOpUSACHl XKOHE MATEMATHKAJIBIK CTAaTUCTUKA: OKY-
onicremenik kypan/ C. K. Paxumxanosa, J[. C. Kaparaesa.- Anmarsr: DCIIU, 2023. - 184 Ger.
4. Kpodt, D. Marematuka Herizaepi. 2-0emiM: OKymIbIK.- AnmaTel: KP skoFapbl OKy OpBIHIAPBIHBIH
KaybIMIacThIFbl, 2014. - 324 Ger.
5. Maremaruka. 1-6emiM: okyisIK / K. XK. Kynabaer Anmarsl: OBepo, 2014. - 144 Ger.
6. Maremaruxka. [I-6enim: okynsik / K. XK. Kynabaes - Anmarsr: DBepo, 2014. - 176 Ger.
7. bazap6ekoBa A.A. JKorapel Marematnka: oKyJbik/ bazapOekoBa A.A., bazapoekoBa A.b.- AnMartsr:
OCIIN, 2023. 8. Ammpb6aeBa H.K. JKorapsl MmaTreMaTHKa KypChIHBIH HETi3[epi: OKY Kypajibl.- AJIMaThI:
OCIIN, 2023. - 304 6.
9. AxmeroBa A.Y. Martemarnueckuii ananu3: yaeoHoe nocobue/ Axmerosa A.VY., Kaparaesa /1.C.-
Anmarer: OCIIN, 2023. - 132 c.

JlomosHuTeNbHAS
1. BanoBa M. b. O 6a3uCHOCTH COOCTBEHHBIX U MPHUCOEAMHEHHBIX (PYHKUIHN HECAaMOCOMPSKEHHBIX
KpaeBbIX 3a7ad Uil oaHoMepHoro ypaBHeHus Illpeawnrepa: monorpadus/ M.b. HBanoma. -
[IsiMkenT: OneMm O6acmaxanacsel, 2020. - 100 c.
2. Kanueibaes K.M. MaTtemarukansl oKbITy 9aicremeci okynbik/ K., Kanneibaes, O.C. Carbibaniues,
C.A. IxanabepaueBa; KP BFM.- Anmartsr: [{oyip, 2013. - 368 Ger
3. UckakoBa A.C. Perienne 3a1a4 Teopun BEpOSITHOCTEH B cucteMe Matlab: yuebnoe mocodue/ A.C.
HckakoBa.- Anmatel: 9CIIH, 2023. - 204 c.

DJIEKTPOHHbIE U3TaAHUS:
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2. MaremaTnka, MaTeMaTHKaHbl OKbITY oaictemeci/ Martemaruka, MeETOAMKA MPENOJOBAHUS
MaTeMaTHKH, OKY Kypaisl. - Kaparauner 2017 https://aknurpress.kz/reader/web/1884
3. MareMaTuKanblK aHAIM3 >KOHE AaHAIMTUKAIBIK (DYHKUIMAJIAp TEOPHUACBIHBIH OacTamanapbl: OKY
kypaibl. Kaparanzer. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Uynunosckux, A.Ill. Kaunosa. [Ipaktuueckue paboThl 110 BeICLIEH MaTeMaTHKe: yueOHOe
nocobue. — Kaparanna: UsnarenbctBo «AKH¥P».— 2016. — 174 c.
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5. Maremaruka 1. Komanosa I'.P./ oky kypansl: Anmatst 2019, 226 6.
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6. Maremaruka 2. Komanosa I'.P./ oky kypansl: Anmatst 2019, 129 6.
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6. KoHTpoJibHbIe BONPOCHI (00paTHO CBS3H):
1.Yto Takoe OKpYKHOCTB?
2. Yro Takoe 3mmrnc?
3. Uto Takoe runepbomna?
4. Yto Takoe mapabosna?
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Jlekus Neb

1. Tema: ®ynkuus. CriocoObl 3a1aHUs U CBOWCTBA (DYHKIIUH.
2. Hean: Jlath cTyneHTaM MoHATHE (YHKIIHH.

3. Te3ucnl JeKUNHU:

[1nan nexuuu:

1. IlonsTHe QyHKIUH.

2. CniocoOsI 3a1aHus (QYHKIIHH.

3. Ilpenen GpyHkuuu

4. beckoHeyHo Mano GyHKIUI.

5. CBoiicTBa 6€CKOHEYHO MaJIOi (HYHKIIHH.

6. OCHOBHBIE TEOPEMBI O IpEJEIe.

CooTBeTCTBHE MEXIy IBYMS MHOXECTBAMH, NPU KOTOPOM KaKJIOMY JJIEMEHTY IIEpBOTO
MHOKeCTBa «X» M0 OMpeeIeHHOMY 3aKOHY MJIM IPaBUIy COOTBETCTBYET HE 0O0Jiee OJJHOTO dIEMEHTa
BTOPOI'O MHOKECTBA «Y », Ha3bIBaeTCs (PyHKIUEH.
®dyuknus obo3Havaercs cumBosioM «f» um mumyt y = f(X) (uuraercs «urpek paBHO 3 OT HKC»).
Hcnone3ytoress u npyrue obo3nadenuss pynkuuu: Yy = g(X), Y = F(X) u T. 1., A€ «X» Ha3bIBaIOT
apryMEeHTOM WJIM HE3aBUCUMOM MePEeMEHHOM.

B mpakTrueckux 3amadax o0JIacTh OmpeneneHus (YHKIWU BBIACHSACTCS HMCXOIS M3 (HU3NYECKOTO
cMmbicia 9Toi Qynkumu. Hampumep, 3aBUCUMOCTb JaBJICHHS HICAIBHOTO Ta3a OT TeMIlepaTypbl
BbIpakaeTcst popmynoit p = p0(1+t/273), T. e. naBIeHHE «p» MOXKHO PACCMATPHUBATH KaK (PYHKIHIO
Temnepatypsl «t». O6macTbio onpeaeseHus 3Toi GyHKIMHU sBIIsieTcsl MHTepBan |-273°, + 0o[, Tak Kak
10 (PU3UYECKOMY CMBICITY JIaBJICHHE MOXKET PUHUMATH TOJIBKO MOJIOKHUTEIHHBIC 3HAYCHHUS.

Cnocobul 3adanus gynkyuu

1. Axamuthueckuii  cmoco® -  3TO  3amaHMe  (QYHKIMM C  MOMOIIbI0  (hopmyi.
Hampumep, y = x2+ 1 nu f(X) = X2 + 1. Eciin ypaBHeH#e, ¢ TOMOIIBIO KOTOPOTo 3a1aeTcst (yHKIHS,
HE pa3penieHo OTHOCUTENBHO «y» T. €. 3aJIaH BHJIE YpaBHEHHE

y-X2-1=0, To (QyHKUHIO Ha3bIBalOT HesABHOW. HesBHyI0 (QyHKIHIO HEOOXOAMMO NPUBECTH K SIBHOM
¢dopme, T. e. Kk BUAY y = x2+ 1.

2. Tabmuunpli  cmoco®0 —  9T0  3aJaHue  (QYHKIMM € TOMOIIBIO  TaOJHUIIBI.
Tabnuusblil criocod 3agaHusi QYHKIUM MIMPOKO MCIIONB3YETCS B 3KCHEPUMEHTaX M HaOIIOJCHUSX.
Hanpumep, u3mepsisi TemmepaTypy Teiaa OOJBHOTO uepe3 OIpelesIeHHble MPOMEXYTKH BpPEMEHH,
MOJKHO COCTaBHUThH TAOJHILY 3HAUCHUH TEMIIEpaTyphl Tea.

t, u 9 10 11 12
t7, °C 37,0 37,3 37,8 39,0

3. T'eomerpuueckuii crnocod — 3To 3a7aHue PYHKIHUU B BUAE
rpaduka.

I'padux dyaxkmum npeacraBiasieT co00M MHOXKECTBO TOYEK 5]
BuJa (X; y) Ha kKoopauHaTHO#M miockoctu XOy, KOOPIHMHATHI g
KOTOPBIX CBsi3aHbI cooTHoIIeHueM y = f(X). Camo paBeHCTBO y o)
= f (X) Ha3bIBaeTCS ypaBHEHHEM 3TOTO rpaduka. K o

Teopusi mpesienoB MO3BOJISAET OMPEICTUTh XapakTep

noBeneHuss QyHkuuu Y = f(X) mpu 3amaHHOM H3MEHEHUH
apryMeHTa.

[Tycts ¢ynkuums f(X) onpeneneHa B HEKOTOPOl OKPECTHOCTH TOUKH X = x(), 32 MCKIIOYCHUEM, OBbITH

/)

73

a 0 X b
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MOKET, caMoi TOukH x0.
Yucno «A» HaszbiBaercs npenenom ynkuuu f(X) B Touke x0, ecnu i arodoro yucia € > 0 Haitnercs
TaKOE MOJIOKUTEIFHOE YUCIIO «&», YTO IS M000r0 X#X0, YIOBIETBOPSIONIETO HEPaBEHCTBY [X — X0

< 0, BBIIIOJIHSAETCS COOTHOIIIEHNE
[f(x) — Al < €.
®ynkuus f(X) B Touke x0 uMeeT npeen, paBHbII «Ay», 0003HaYaeT: )!m f()=A

0

BbeckoneuHo mainsie GyHKIMN

®ynknus f(X) HaszpiBaeTcs OeckoHeuHO Mayion pu X —> Xy | eciu )!m f (X) =0
0

PaccmoTpum nonHsTHE OECKOHEUHO Mol (PYHKIIMH Ha TpUMepe KoJeOaHU MasTHHKA.
[Tono>keHne MasTHUKA ONPENENAETCS YIVIOM «0» , Ha KOTOPBIA
N MasTHHK OTKJIOHEH OT IIOJIOKEHHsI paBHOBecUs. BciencrBue cOnpoTHBIICHUS
cpedbl «o» IO a0COMIOTHOM BEIMYMHE C TEUYEHHUEM BPEMEHU YMEHbILIAETCS.
[ToaTomy, Kakoe Obl NOJIOKUTEIBHOE YUCIIO «€» HU ObUIO 337aHO, OTKJIOHEHUE
|o| craner u Oyzmer ocTaBaThCsl MeHblIe «g». ClenoBaTelbHO, B JAHHOM
Y| MIPOIIECCE YO «0» SBISETCS OECKOHEYHO MAION (yHKITHCH.
x [Tpumepamu 6eckOHEUHO MaibIX (PYHKIUI SIBJISIOTCS: Macca Tarollei B
BOJIC JIbJUHBI, PA3HOCTh YPOBHEW OJHOPOJHOW JKHUJIKOCTH B COOOIIAIOIIMXCS
COCYZax  T.n.
beckoneyHo Manas (QYHKIMS SIBISCTCS BEIWYHMHON MEPEMEHHOH, IOATOMY
HEJb3sl OTOXKJECTBIATh OUEHb MO YUCIO ¢ OECKOHEYHO Majio (yHKIMEH.
Hynp - eQuHCTBEHHOE YHCIIO, YCIOBHO paccMaTpuBaeMoe Kak O€CKOHEYHO Mayas (QyHKIus
BCJIEJCTBHE TOTO, uTO | 0 | =0 < g, T7Ie «&» - CKOJIb YTOJJHO MaJloe MOJOKHUTEIBHOE YUCIIO.
[lonsTe OeckoHeuHO MajolW (QYHKIUM TP €ro MPaKTHYeCKOM MPHUMEHEHUU TPUBOAUT K
3aTPy/[IHEHUIO: HHU OJlHA pealbHas BEJIMYMHA HE MOXET Oe3rpaHMyYHO MNPHOIMKATbCS K HYJIIO.
Hanpumep, peanbHblil MaSTHUK Yepe3 HEKOTOPOE BPEMs OCTAHOBUTCS, a ra3 HE MOXKET Oe3rpaHuYHO
pacIIMPATHCS.
Takum o0pa3oM, ompeneneHre OECKOHEYHO Malloil BEIMYMHBI MOXKHO TPUMEHSATh JULIb K
«MaTEMaTU4YECKON MOJIEIN» PEabHOrO IpoLecca.
CaoiicTBa 0€CKOHEYHO MaJIbIX (DYHKIUN

Ecmun ¢ynkums f(X) mpu X — X,  WMeeT mpenei, paBHBIA 4YUCIy «A», TO OHa MOXET OBITh

-

O——-

npezacrasiena B Buae f(X) = A + a(X), rae a(x) — OeCKOHEYHO MaJiasl.
2. AnreOpandeckas CyMMa KOHEYHOTO 4YHCIa OCCKOHEYHO Maylbix B Touke X0 (YHKIUH ecTh

6eckoneuno manas ¢pynxmus: M (a(x) + S(X)) =0
X—=Xg

3. [IpousBeeHne OTPAHUYEHHON MpPHU X=X, GyHKIIMA HAa OECKOHEYHO MaTyI0 €CTh 0€CKOHEUHO

Masiast yHKIHUSA:
Cnencteue 1. IlpousBeneHHe NOCTOSIHHOM BEIMYMHBI Ha OECKOHEYHO Malyl ecThb (QYHKIUS

OECKOHEYHO Maas. ‘0! (X)‘ <eglC<eg

CnenctBue 2. IlpomsBeneHune KOHEYHOTO 4YHcia OECKOHEYHO MaiblX (GYHKIUH ecTh (QyHKIUSA
0ECKOHEUHO Maiasl.
OcHOBHBIE TEOpEMBI O Ipeenax

1. Tlpenen nocTosHHOM paBeH camoit moctostauoi: lim C=C
X—>Xg

2. Tlpexen anreOpanveckoil CyMMbl KOHEUHOro 4YMcia (YHKIMHA pPaBeH CyMMeE HX IPEIeIOB:
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lim (f,(x)+ £,(x)) = lim ,(x)+ lim f,(x)
X—>Xg X—>Xg X—=Xg
3. [Ipenen npousBeacHUs IBYX (QYHKIIUN paBeH MPOU3BEICHUIO MTPEICIIOB:
lim (f,(x) f,(x)) = lim f,(x) lim f,(x)
X—Xg X—Xg X—Xg
4. Ilpenen oTHOUIEHUH ABYX (DYHKIIMI paBEH OTHOLICHUIO UX MPEEIIOB:
lim f (x
f,(X) = (%)
=% (0 lim (%)

[Ipumep. Beruucnurs: !("_PZ (4X2 —6x+ 3)
Pemenne:
lim (4x% — 6x +3) = lim (4x?) — lim (6x) + lim 3 = 4(lim x)> —6lim x+3=4.22 —~6.2+3=74,
X—2 X—2 X—2 X—2 X—2 X—2
NiumrocTpaTuBHbId MaTepuad: [Ipesenranus, ciaiabl.
5. JIuteparypa:
1. Marematuka: yuyeOnuk / U. B. IlaBnymkos, JI. B. Po3zoBckuii, . A. Hapkesuu. - M.: [DOTAP-
Meauna, 2013
2. PaxumskanoBa C. K. Teopus BeposiTHOCTEH ¥ MaTeMaTH4yecKas CTaTUCTUKA: y4eOHO-METOINYECKOe
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6. KoHTpoJibHbIe BONIPOCHI (00paTHOM CBSA3M):
1.Yto takoe GpyHKIUA?
2. Kakue criocoOsl 3a1anust yHKIUU 3HaeTe?

Jlexkuus Ne6

1. Tema: [Ipon3BoHas 3IeMEHTaApHOMN U CI0KHOW PYHKINH.

2. Heab: OOBCHUTD CTYACHTAM HaXO0XJI€HUE MPOU3BOIHBIX 3JIEMEHTAPHBIX U CI0XK-HBIX (QYHKIUH.

3. Te3ucesl TeKuHUH:

IInan nexuuu:

1.3amaun, mpuBOIAIINE K TTIOHSATHIO MIPOU3BOTHOM.

2. O0bu1ee MpaBUIIO HAXOXKACHUS IPOU3BOTHOM.

3.0mnpeneneHue Mporu3BOIHOM.

4.0cHoBHbIE ITpaBUiIa JUGGEPEeHIIMPOBAHNS HIEMEHTAPHBIX (QYHKINH.

5.IIpou3Bo/iHbIE 37IEMEHTAPHBIX U CIOKHBIX (QYHKIIHI.

6. Onpenenenus Bo3pacTaroleil 1 yobIBaroleil Ha HHTepBaie (PYHKIUH.

7. HeoOxonuMmble ycroBus Bo3pacTaHus U yobiBaHus quddepeHnrpyeMoit GyHKIIMN Ha HHTEpBaJe.

8. JloctaTouHble ycnoBHs Bo3pacTaHus U yObIBaHUS U depeHupyeMoil pyHKIIMY Ha HHTEpBaJe.

B uém 3axmrouaercs meib MCIOIh30BAHMUS MMOHITHS MPOU3BOJHON U MU depeHIraia B METUIIHHCKAX
U GapMareBTUYECKUX OTPACIIAX?

Jlis  ompeneneHus MPOIECCOB MPOTEKAOIIMX B JKMBOM OpraHM3Me, 3aKOHa pPAaCTBOPEHMUS
JIeKapCTBEHHbIX (OpM; OOMEHa BEIIeCTB, HPHEPIUU M HH(POpPMAIMU; TEMI000MEHa; CKOPOCTH
MPOTEKAHHUS XUMUYECKON PEaKIy U APYTHX MPOIECCOB HEOOXOAUMO MTOHATHE TIPOU3BOIHOM.

B 1yem cmbIci mpon3BoIHON (HYHKIIHMN?

[Tycte nana pyuxuus y=f(x). Jns onpenenenus nponu3BoHON HEOOXOIMMO:

1. HezaBucHuMBI apryMeHT “X” MOJTy4daeT npupameHue Ax.

2. CootBercTBeHHO QyHKIMs y=f(X) moiydaer npuparienue Ay, T.e. y+Ay=f(X+Ax).

3. Ompenensiercs npupanienue Gynkuun: Ay=f(X+Ax)-f(x).

4. OnpezensieTcs OTHOLICHUE NPUPALCHUs (PYHKIIMM K IPUPALIECHUIO apTyMEHTa:
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Ay _ f(x+A%)—f(x)

AX AX
5. OmpepensieTcss npeaena OTHOUICHHs] MpUpalleHus (YHKIMH K MPUPALICHUIO apryMeHTa, Korja
IIpUpaLIeHUE apTyMEHTa CTPEMUTCS K HYJIIO:

Ay o PO F(0)

[Ipenen OTHOIIGHWS NpUpAIICHUs (QYHKIUU K MPUPAIICHHIO apryMeHTa, KOrja IpupanieHue
apryMeHTa CTPEMHTCS K HYJIIO, [IPU YCIOBUH, YTO TOT MPEIeN CYLIECTBYET, Ha3bIBAETCS IIPOU3BOJHOM
(GyHKINU B TOUKE.

OcHOBHbIE MpaBUJIA OIIPEICIICHUS IPOU3BOIHON (PYHKIIUH

1. IIpon3BojHBIE CyMMBI WJIM Pa3HOCTU ABYX (QYHKIMI paBHA CyMME€ WJIM Pa3HOCTU IPOU3BOJIHBIX

9TUX DYHKIHIA: (U + V)X = U;( + V;(.

2. Ilpou3BoaHasi mpousBeneHUs ABYX (DYHKUMN paBHA CyMMe MPOU3BEACHUN BTOpPOW (PyHKUMN Ha

MIPOU3BOIHYIO MIEPBOH M NEPBOI (PYHKIINH HA TIPOU3BOJHYIO BTOPOH:

(uv), =u,v+uy,

3. IlpousBoaHass 4acTHOTO IBYX (DYHKIMI paBHa IpoOW, 3HAMEHATENh KOTOPOIO paBeH KBaJapaTy

3HaMeHaTensl (PyHKIMU. A YUCIUTENh €CTh PAa3HOCTh MEXAY MPOU3BEACHUSIMH 3HAMEHATels Ha
U, uyv-uy,

MIPOU3BOIHYIO YUCIUTENS ¥ YUCIUTENS Ha IPOU3BOIHYIO 3HAMEHATEIIS: (V)X = %

DyeMeHTapHOW HAa3bIBAIOT (YHKIMIO, KOTOpas 3aBHUCHUCT TOJBKO OT OXHOro aprymenra: y=f(X).

Clo)HO# Ha3bIBalOT (DYHKIMIO, KOTOPAs 3aBUCHT OT HECKONbKHX aprymeHToB: z=f(U), u=@(X) wumm

z=f((x)).

[Tpou3BosHas CIOXKHOM (DYHKIUM ONpeaesisercs MpPOU3BOJHOM JaHHOM (QYHKIUM «Z» 1O

MIPOMEXYTOUHOMY apryMeHTy «U», YMHOXEHHOW Ha TPOM3BOAHYID CamMoOro IMPOMEXYTOYHOIO

apryMeHTa «U» 10 He3aBUCHMOM MEepEeMEHHON «X».

Tabnuia oCHOBHBIX (POPMYIT OTIpEIeTICHUS TPOU3BOTHOM

OneMeHTapHble thyHKUMKN | CRoxHbIe yHKLWK
1.(C), =0.
2.(Cx), =C(x),.
3(x), =1.
40x") = e (") =nu""u,
5.4a"),=a" na; (@), =d"u Ina
6.(e"), =e; (e"), = e"u,.
7.(log, x), = ; o
(log, ), =—— (log ), ==~
8.0gx), = 04343 (gu), ==~ 04343
X ulnl0 u
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JnemMeHTapHble pyHKUMKM | CnoxkHble dyHKLMK
: 1 . '
9.(Inx), =—; (Inu), = 4
X u
10.(sin x), = cos x; (sinu), = cosu -u,
11.(cosx), = —sinx; (cosu), = —sinu-u,
: : 1 ‘
12'(1836)-‘( - 727 (rgu)x = 2 ux
cos’ x cos” u
| 1 . 1 :
13.(Cfg?()x =T - (C'zgﬂ)r =T U,
sin” x ' sm-u
L 1 . '
14.(arcsinx)_ = =: (arcsinu), = U, :
1-x° 1-u”
15.(arccos x), = 1. ( ) u,
: x), =— = arccosu), = ————
1—x" V1-u”

OnemMeHTapHble dyHKUMKU | CnoxHble PYHKUUK

1 -
1+x2°

16.(::1!:‘<:*zg:’«:)lY =

(arctgy);_ L
1+

2

17.(arcctgy), =— 1

(arccrau), =—

u

X

1+x2: 1+u

B

HccnenoBanue QyHKIUI ¢ MOMOIIBIO MPOU3BOAHBIX
OCHOBAaHO Ha CBSI3M, CYILIECTBYIOIIEH  MEXAY
noBeeHMeM  (QYHKIMM M CBOMCTBaMH €€
MIPOU3BO/IHBIX.

@ynkius  f(X) HaspiBaeTcst  Bo3pacraromieil  Ha
uHTepBaie |a, b[, ecnu s ar00BIX IBYX TOUYeK «X1»
U «X2» U3 3TOr0 MHTEpBaja U3 HEpaBEHCTBA X2> x1
cienyer  HepaBeHctBo  f(X2)>f(x1). Ecmu wu3
HepaBeHCTBa X2> x| cieayeT cTporoe HepaBEHCTBO
f(x2)>f(x1), To ¢ynkuus f(X) Ha3bIBaeTcst cTpOro
BO3PACTAIOILEH.

y

0

j

a X; X2 b X

®yuxknus f(X) Ha3pBaeTcs yObIBaroleld Ha WHTEpBasie |a, D[, ecau mist MOOBIX IBYX TOUeK «X1» H
«X2» W3 ITOro WHTEpBaNa M3 HepaBeHCTBa Xx2> x| cnemyer HepaBeHcTBo f(X2)<f(x1). Ecmu u3
HepaBeHCTBa X2> x1 cnenyet crporoe HepaBeHcTBO f(X2)<f(x1), To dpynkims f(X) Ha3pIBaeTcs cTporo

yOBIBaIOIICH.
y

0 a X X2 b . X

Crporo Bo3pacTaromue 1 yosiBaromue GyHKINN Ha3bIBAIOTCSI MOHOTOHHBIMH.
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IIpuMepoM MOHOTOHHOM (YHKIMM MOKET CIYXHTh KOHIIEHTpAlLUs JIEKAPCTBEHHOI'O Iperapara B
KPOBH.
IIpu olHOKpaTHOM BBEAECHUU JIEKAPCTBEHHOI'O IpenapaTa KOHLEHTpalMs €ro B KPOBU C T€UEHUEM
BpEMEHU SIBJISIETCS yOBIBatomei byHKIHEH.
IIpu HenpepbIBHOM BHYTPHCOCYAMCTOM BBEAEHHUU IIperapara ¢ MOCTOSHHOM CKOPOCTbIO M3MEHEHUE
KOHIICHTPALIMU B KPOBH C TEUCHUEM BPEMEHH SBIISICTCS BO3pACTaroImIel pyHKINEH.
CymecTBylOT U HEMOHOTOHHble ¢GyHkuuu. Hampumep, Temmneparypa Bo3ayXa B T€UEHHE HEIENIU -
HEMOHOTOHHAs1 (DYHKILIHsS, XOTS Ha MPOTSHKEHUH HECKOJIBKMX YacOB OHAa MOXET ObITh MOHOTOHHOM,
MOBBIIIASCH K MOIYIHIO WIN IIOHUXKAACH K BEUepy.
Heo6xoauMeie ycinoBust Bo3pacTanus U yobiBaHus quddepeHnupyeMon GyHKINN Ha HHTEpBAJIE:
1. Eciiu nuddepennupyemas pynxuus f(X) Bo3pacraer Ha uarepsaie |, b[, To B 11000 TOUKE «X»
storo uHTepBaia f '(X)>0.
2. Eciu nuddepennupyemas pynkuus f(X) yobiBaet Ha uHTepBaiie |, b[, To B 11000# TOYKE «X» 3TOr0
untepsaia f '(X)<0.
3. Eciiu muddepennupyemast pyukuus f(X) Ha untepsaie |a, b[ He usmensercs (eCTh MOCTOSHHAS ), TO
ee npousBojHas T '(x) = 0.
JlocTaTouHble YCIOBUSL BO3pacTaHus U yObIBaHUsA AU depeHnnpyemMoit pyHKIMU Ha UHTEepBalle
1. Ecnu npousBonnast f'(X) pyukumu f(X) Ha uaTepBae |a, b[ monoxurensHa, To Gpynkus f(X) Ha
3TOM MHTEpPBaJIe CTPOTO BO3PACTaeT.
2. Ecnu npousBoanast T'(X) ¢pynkiuu f(X) Ha unTepBaie ]a, b[ orpunarensha, To pynkuus f(X) Ha aToM
MHTEpBaJIe CTPOro yObIBaeT.
3. Ecim npousBoanas f'(X) pynkiuu f(X) Ha uaTepBaie |a, b[ paBHa Hy:1r0, TO QyHKIMS f(X) Ha 3TOM
MHTEpBaJIe HE U3MEHSETCS.
4, UnocTpaTtuBHbIA MaTepuadn: [Ipe3enTanus, cinaiasl.
S. JIuteparypa:
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HypmaramberoB, M.O. Hypmaran6eroBa.- Ausmatel: «3OBepo» Oacmacel, 2020, 116 6.
https://elib.kz/ru/search/read_book/711/
10. Kyna6aes K.JK. Maramaruka: oKy Kypaisl.— AnMatsl: OBepo, 2020.— 136 6.
https://elib.kz/ru/search/read_book/3091/
6. KoHTpoJIbHBIE BONIPOCHI (00PaTHOM CBA3HU):
1. B uem cMbIc mpou3BOAHON DYHKITHH?
2. Yem oTyIngaeTcs MPOU3BOHAS HIEMEHTAPHON (DYHKIIMM OT CIO0KHOM?
3. JIns Kako 1eNH UCIOB3YIOTCS POU3BOAHbIE (QYHKIIUMU B (hapMalleBTUKeE?
4. B KakoM ciy4ae GyHKIHS CTPOro yobiBaetT?
5. ycnoBusl HEOOXOAMMOIO IPUPOCTa U YObIBAHUS (DYHKLIHH.

Jlekuusa Ne7

1. Tema: Juddepenuman GpyHkuuu.
2. Heab: O0bCHUTH CTyeHTaM NOHATHE U depeHana GyHKIUH.
3. Te3uchl JeKIHUHU:
[Inan nexuuu:

1. Ces3p qudpdepernmana GyHKIHA C TIPOU3BOTHOM.

2. CpoiictBa quddepennunana.

3. Tabnuma nuddepeHmanoB QyHKITUHA.
B uem otnnuue nuddepennmana ot npou3BoAHoN GyHKIMH?
" icneyer: lim Y=y

3 OTIpe/IeTICHUS] IPOM3BOTHON CIICAYET: B0 A y
Ecnu 3ameHuTh mnpenen NpoW3BOAHOM IIOJOKHATEIBHOM OYEHb MAaJOW BEIMYMHOW «0», TOTHA
HOJTy9aeTCs: 4 _ y+a, Ay= Y'AX+a - AX,
AX

Bropoe ciaraemoe 1o BeJIMUMHE HA CTEIIEHb MEHBIIIE, I03TOMY CTPEMHTCS K HYIIO.
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a-AX—0
B TaKUX cnyqaﬁx JJIA HpI/I6HI/I3I/ITeHBHOFO BBIUUCJIICHUA HpI/IpaH_[eHI/Ie ((A» 3aMCHIACTCA Ha «d»:

A~d dy=y'dx+0

['maBHas nMUHEHHAs 4acTh NpUpAIIEeHHs Ha3bIBaeTCs TuddepeHnranoM GpyHKIuu.

dy = y'dx

Juddepennman GyHKIHM KCTIOIB3YETCS JUTsl MPUOIUKEHHBIX BBIYMCICHHMN.

Kaxk onpenensiercs muddepennnan GyHkmmm?

UYroObl onpenenuts nuddepeHnuan (yHKIUH, HEOOXOJMMO OIPENSIUTh MEPBYIO IMPOU3BOIHYIO

TaHHOW  (QYHKIMM ¥ YMHOXUTH €€ Ha jaupdepeHnnan  HE3aBUCHUMOTO  apryMeHTa.

[Tpumep. Jana GyHKIMS: y=2X3-4X+5 Haiitu g depeHnman byHKIMN:

dy=(y)'dx=(2x3-4x+5)'dx=(6x2-4)dx.

CaoiicTBa quddepennuana:

1. Iuddepenuuman mocTosHHON BEIMYMHBI PaBEH HYNIO: y = C, IJIe C- IIOCTOsIHHAs Belan4uHa, y' = 0,

dc =0

2. Iuddepennnan anredpanueckoil CyMMBI U Pa3HOCTH HECKOJBKUX (DYHKIUH paBeH anreOpandecKoil

CyMMeE U Pa3HOCTH I PepeHIINATOB ITUX (PYHKITHIA:

B(I' + M - IT) = BT + BM - BIIIO

3. TTocTOsHHBIN MHOXHTENIb BEBIHOCUTCS 3a 3HaK auddepeninana 6e3 uzmenenuii: d(cu) = ¢ du

4. Tuddepennman nponsBeaeHUs ABYX COMHOKUTEICH paBeH MPOU3BEICHHUIO IIEPBOTO COMHOXKUTEIS

Ha nuddepeHIan BTOpOro mitoc MPOU3BeIeHNEe BTOPOTO COMHOKHUTEIS Ha AU depeHIra nepBoro:

d(uv)=udv+vdu

5. Huddepenuman dYacTHOrO paBeH JpoOW, YHCIUTETh KOTOPOH €CTh TMPOU3BEACHHUE

3HaMeHartenst Jpobu Ha auddepeHnMan UYUCIUTENss MHUHYC TNPOM3BEIEHHE UHUCIUTENs Ha
u j _ vdu—udv

v V2

6. Tuddepenunan cruoxuoit pynkiun (y=Ff(u), u=g(x) - GyHkIHH OT GYHKINH) PaBEH NPOU3BEICHUIO

MPOM3BOJHOM 3TOW (YHKIMM TIO MPOMEXKYTOYHOMY aprymMeHry Ha juddepeHman 3Toro

POMEKYTOYHOT'O apTyMEHTa: df(u) = f '(u)du

Tabmuma nuddepeHnuanoB QyHKIUA:

1.dx" = nx"*dx.

I[I/I(I)(l)epeHI_II/IaJI 3HAMCHATCJIA, 4 3HAMCHATCJIb CCTh KBAJIpaT 3HAMCHATCIIA ,[[pO6I/IZ d(

7.d(ctgx) = ———.
2.da* =a” In adx sin“ x
: dx
dx 8.d (arcsin x) = ———.
3.d(lo = .
(log , x) xIn a 1—32
dx __x
d(In x) = = 9.d(arccosx) —
4.d(sin x) = cos xdx 10.d(arctgx) = —.
5.d(cos x) = —sin xdx. 1+ Xd
X
6.d(tgx) = d>2< | 11.d(arcctgx)_—l+xz_
cos X 12.df (u) = f'(u)du

4. LiunroctpatuBHbIii MaTepuad: [IpeseHranus, cianbl.
S. JIuteparypa:
1. Marematuka: yueonuk / U. B. IlaBnymkos, JI. B. Po3oBckuii, 1. A. HapkeBuu. - M.: I'D0TAP-
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Menmma, 2013
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2. Kanneibaes K.M. Matematukansl okbITy oaicremeci okynbik/ K., Kannsibaes, O.C. Carbibanaues,
C.A. xanabepaueBa; KP BFM.- Anmmatsr: Jlayip, 2013. - 368 Ger
3. UckakoBa A.C. Pemienue 3a1a4 Teopun BepoaTHOCTeH B cucteme Matlab: yuebnoe nocodue/ A.C.
HckaxoBa.- Anmater: 9CIIHN, 2023. - 204 c.

DJIeKTPOHHBbIE U3IAHUS
1. BanoBa M. b. O 6a3ucHOCTH COOCTBEHHBIX M IMPHUCOEAMHEHHBIX (DYHKUIMH HECaMOCOMPSIKEHHBIX
KpaeBbIX 3aja4 Juisl ogHoMmepHoro ypaBHeHus Illpeaunrepa [DnekTpoHHBIN pecypc]: MoHorpadwus/
M.b. UBanosa.- On.tekct.naH. (1,131 Kb). - [lIsiMkent: Onem 6acnaxanacel, 2020.- 351. ONT. IUCK.
2. MaremaTnka, MaTeMaTHKaHbl OKBITY ojicTemeci/ MaremaTHka, METOJUKa MPENOIOBAHUS
MaTeMaTuKu, oKy Kypaisl. - Kaparauner 2017 https://aknurpress.kz/reader/web/1884
3. MateMaTuKaNbIK aHAINW3 >KOHE AHAINTHKAIBIK (YHKIMATIAp TEOPHUACHIHBIH OacTaManaphl: OKY
kypasbl. Kaparanaer. 2015 https://aknurpress.kz/reader/web/1691
4. B.P. Yynunosckux, A.Ill. Kaunosa. [Ipaktuyeckue paboThl 1o BhICIIEH MaTeMaTUKe: ydeOHOe
nocobue. — Kaparanga: UznatensctBo «AKHYP».— 2016. — 174 c.
https://aknurpress.kz/reader/web/1109
5. Maremaruka 1. Komanosa I'.P./ oky kypansr: Anmatet 2019, 226 0.
https://aknurpress.kz/reader/web/2080
6. Maremaruka 2. Komanosa I'.P./ oky kypansr: Anmater 2019, 129 6.
https://aknurpress.kz/reader/web/2081
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6. KoHTpoJIbHBIE BONIPOCHI (00paTHOM CBA3H):
1. B yem oTiinumne quddepennnana ot mpou3BoIHON GyHKITUNA?
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2. Kak onpenensiercsa nuddepennuan GyHkium?
Jexknusa Ne8

1. Tema: Iloctpoenue rpaduk GyHKIUHA

2. leab: OOBSICHUTH CTyIEHTaM OCTPOCHHE TpadiKa C UCIOIH30BAHUEM UCCIIECI0BAHUS (PYHKIIUH.

3. Te3ucwl JEeKINHU:

[Inan nexuuu:

1. Anroput™ noctpoeHus rpaguka GyHKIUH.

2. [Toctpoenue rpaduka GyHKIIUN HA TIpUMEpE.

AAropuTt™ noctpoenus rpapuka GyHKINU:

. Haititu oGnacte onpeneneHust GyHKIUH.

. YCcTaHOBUTH, 001a1aeT i (YHKIUS CUMMETpHUE (MccieoBaTh PYHKIIMIO Ha YETHOCTD).

. UccnenoBath (hyHKIHMIO HAa HETIPEPBIBHOCTD, IEPUOJUIHOCTb.

. PaccMoTpeTsh noBeneHne QyHKIMM B OKPECTHOCTSIX TOUYEK pa3pbIBa.

. Onpenenutsd noBeaeHne GyHKIUN B OECKOHEYHOCTH.

. Haiitu Touku nepecedenus rpaduka GyHKIMHU ¢ OCIMHU KOOPMHAT.

. HaiiTn mHTEpBaIBI BO3pacTaHHs U YOBIBAHUS M TOYKHU dKCTpeMyMa (DyHKITHH.

. Onpenenuts TOUKHU neperuoa.

9. OnpenenuTh UHTEPBAIIBI BBITYKIOCTH U BOTHYTOCTH.

10. CocTaBuTh CBOJHYIO TaOIMIlYy U IOCTPOUTH IpaduK GYHKLUH.

[Toctpoenue rpaduka GyHKINN HA IPUMEpE: y=x3-3x

1. @yHK1MA onpeneneHa npu Beex X € |-oo, + oof.

2. OnpenenyM WHTEPBAJIBI BO3pAcTaHUs U YObIBaHUS ()yHKIIUU:

Omnpenenutsb nepByto npousBoanyo: f'(X) = 3x2 — 3.

Bospacranue ¢pynkiuu Ha uatepaie: ecnu f '(x)>0. B manxom ciydae f '(X) = 3x2 - 3 > 0, ecnu x2>
1, umm x| > 1.

CrnenoBatenbHo, GyHKIHS y = X3 - 3X BO3pacTaeT Ha UHTepBajax |-oo, -1[ u |1, + oof.

VYoriBanue ¢pyHkimn Ha nHTepBaie: ecau f'(x)<0.

B nannom ciyuae f'(X) = 3x2 - 3 <0, orkyna x2 <1, wn -1< x <1.

CrienoBatesbHO, pyHKIMS y = X3 - 3X yObIBaeT Ha uHTepBaie |-1,1[.

3. OnpenenuM KPUTHYECKHE TOYKU M UCCIIEAYEM HX XapaKTep:

[pupaBuuBas nepByto npousBoanyto k Hymo (f '(X) = 3x —3 = 0) Haiigem KpuTHYecKue TOUYKH: X1 =
-1, x2=1.

Omnpenenum 3HaK NEPBOM MPOU3BOAHOM B OKPECTHOCTAX To4eK X1 =-1 mx2 = 1.

Hust touku x1 = -1: f'(-2) = 3(-2)2 -3 = 9 > 0. CnenosarenbHo, x1 = «-1» - Touka MakKCUMyMa.
Maxkcumym ¢ynakrmum f(-1) = (-1)3 - 3(-1) = 2. Jna touku x2 =1: f '(0)=3(0)2 - 3 = -3 < 0.
CnenoBatenbHo, X2 = «1» - Touka MuaEMyMa. Munumym ¢yukimn f(1)= (1)3 - 3(1) =- 2

4. OnpenenuM TOYKY HEMPEPHIBHOM KPHUBOHM, OTAENSIOMIAS YYacTOK BBIMYKJIOCTH OT YdYacTKa
BOTHYTOCTH (y4aCTOK BOTHYTOCTH OT Y4YacTKa BBIIYKJIOCTH), Ha3bIBAEMOH TOUYKOH meperuoda:
Ompenenum Bropyro npomsoanyt: f "(x) = 6x = 0, Abciucca Toukn neperuda mpu x = 0 = 0.
Opaunara touku neperuda f(0) =03 - 3 « 0 = 0. Koopaunats! Touek neperuba O(0; 0).

5. OnpenenyM WHTEPBaJbl BBITYKIOCTH U BOrHyTOCTH: KpuBas Beimykina npu yciosuu f "(X) = 6x <0,
otkyna x<0. CnemoBaTenbHO, KpUBasl BBITYK/Ia Ha HHTepBaie |-oo, O[. KpuBas Boruyra npu ycinosuu f
"(x) = 6x > 0, otkyzna x > 0. CnenoBatesbHO, KpHBast BOrHyTa Ha uHTepBaie |0, +oo. 6. Haiinem Touku
nepeceveHust KpuBou ¢ ocbro OX:

y=x>-3x
x=0

03O\ LN KW~

CocTaBUM CUCTEMY YpaBHEHUH
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Y HaXOJIUM TOYKH IIE€pPECEUEHUs KpUBOil ¢ ocbro OX:

[oncrasnss 3nauenus x=0 B cucremy, HaxoauMm 3HaueHus y=0.
Koopaunatsl Todek nepeceueHus: KpuBoi ¢ ocbro OX: 0(0; 0).
7. Haiinem Touku nepeceueHust KpuBoii ¢ ocbro OY:

3
y=X"—3X
y=0
Y HaXOJMM TOYKH IepecedeHus: KpuBou ¢ ockto OY u nojacTasiisis 3HaueHus Y=0 B cuctemy, HaXOauM
3HaueHus: x1=0; x2= \/3; x3=-\3

KoopauHaTs! TOYEK repecedeHus: KpuBoi ¢ ocbio Oy: M1(-V3; 0); M2(\3; 0).
9. CBeieM pe3yIbTaTHI HCCIICAOBAHMS B TaOIHITY:

CocTaBuM cucTeEMY ypaBHEHUI

X -1 |0 1 3 3
-~
% f(x) 2 |0 -2 0 0
;{w
f'(x) 0 |3 0
£'(x) -6 |0 +6
- —— Xapakre |ma |mepers |min
X pToukH X |0

10. IToctpoum rpadux Gyaxmm y=X3-3X:
KoopanHaTsl Bcex Todek:

1. O(0; 0) - Touka neperuda.
2. A(-1; 2) — Touka max.
3. B(1; -2) — Touka min.
4. 0(0; 0) - Touka mepecedeHust KpuBoil ¢ ockro OX.
5. M1(-\3; 0); M2(\3; 0) - Toukn mepecedenns KpuBoii ¢ ocbio OY.
4. UnmocrpaTuBHbIi MaTepuan: [Ipesenranus, ciainasl.
5. JIuteparypa:
1. Marematuka: yuyeOnuk / U. B. IlaBnymkos, JI. B. Po3osckuii, . A. HapkeBuu. - M.: [DOTAP-
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nocobue/ C. K. Paxumxanosa, /. C. KaparaeBa.- Anmatsr: 9CIIH, 2023.- 188 c.
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5. Maremaruka. 1-6emim: okynsIK / K. XK. Kynabaes Anmatsr: OBepo, 2014. - 144 Ger.
6. Maremaruxka. [1-6emimM: okynsik / K. XK. Kynabaes - Anmater: OBepo, 2014. - 176 Ger.
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OCIIN, 2023. 8. Ammp6aeBa H.K. XKorapel MaTemMaTnka KypChIHBIH HET13/Iepi: OKY KypaJibl.- AJIMaThl:
3CIIN, 2023. - 304 6.
9. AxmeroBa A.Y. Martemarnueckuii aHanmm3: yaeOHoe mocodne/ Axmerosa A.VY., Kaparaesa /1.C.-
Anmater: OCIIN, 2023. - 132 c.
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CoBOKyIHOCTH TIepBo0Opasubix: F(X)+C misa manHoi yHkiuu win ganaoro auddepenmnuana f(X)dx

HA3BIBAIOT HEOMPEACIEHHBIM HHTETPAIIOM OT (DYHKITUU ¥ 0003HAYAIOT: _[ f (X)dX =F (X) +C

Ine: [- 0603HAUCHME HEOMPENETCHHOTO HHTETPANa, X — He3aBHCHMbII apryment, f(X) —
nojunTerpanbHas Gynkuus, f(X)dX — moguHTerpanbHoe Beipaxkenue, F(X) — mepBooOpa3Has
¢byukuuu, C — IpOM3BOJIbHAS IOCTOSHHASL.

OcHOBHBIE CBOWCTBA HEONIPEAEIEHHOIO HHTErpaa:

1. Ilpou3BoiHast OT HEONPEAEICHHOTO HHTErpasia paBHa MOAUHTErPaIbHON (QyHKIHH:

(K X)dx)x = ()

2. JlupdepeHupan OT HEONPEAENEHHOIO MHTErpaga paBeH IOJMHTErPAILHOMY BBIPAKCHHIO:
d| f(x)dx= f(x)dx

3. UaTterpan ot nuddepenimana neppooOpa3Hoil GyHKIIMN paBEH caMOil MepBoOOpasHON PYHKIIMH U
IPOU3BOJIBLHOM ITOCTOSHHOM: Jd F(x)=F(x)+C

4. TIocTOSHHBIA MHOXKHTEND «K» BBIHOCHTCS 3a 3HAK HEONPENEIEHHOTO MHTErpana 0e3 M3MEHEHHIA:
jkf (x)dx =k j f (x)dx

5. HWurterpan ot anreOpanyeckoid CyMMBl WM Pa3HOCTH KOHEYHOTO 4HCiIa (QYHKIUH paBeH
anreOpanyeckoi cyMMe WM Pa3sHOCTH MHTETPAJIOB OT ClIaraeMbIX:

(100 + 1,00 = 1,000 = [ £,09dx+ [ £, (x)dx— [ f,(x)dx

OcHoOBHbIE (GOPMYIIBI HHTEIPUPOBAHUS:

Lfdx=x+C 6. cos xdx =sin x +C. 10.{ — = arctgx+C.
) Xt . '. JI1+X
2Jx dx=—7+Ciln=-1) 7.|sin xdx = —cos x+C. 11 [ R
: | ——===arcsinx+C.
3.jd—XX=|n|x|+c. g [ d>2< _tgx+C. * J1-x?
a* S LosX 12.[tgxdx=—In | cos x| +C.
4.J.aXdX=E+C. 9 r dX _ Ctgx+C L
-- . 2 - * _ -
5.[e"dx—e*+C, sin“ x 13.f ctgxdx=In |sin x| +C.

Mertoas! BEIYHMCIICHHS HEONIPEACICHHBIX UHTETPAJIOB:

HenocpencrBeHHOE HHTETPUPOBAHME:

OTOT METO/1 UCTIONIB3YeTCs B TEX CIIydyasiX, KOTJa /Uil HMHTETPUPOBAHUS MOAUHTETPATBHON (YHKIIUH
UCIOJIb3YIOTCS JIMOO OCHOBHBIE CBOMCTBA MHTETPUPOBAHUS, JINOO0 PYHKIIMS TPUBOIUTCS K TAOJIMYHBIM
HHTErpaJlaM.

3 2
L[ (5x? + 2x~3)dx =5[ x?dx+ 2] xdlx—3[ dx =57 +27~3x+C =20 X2 —3x4C
3 72 3

5 X
X 7
Z.I(X4 +7X)dx:.fx4dx+f7xdx:_+_+c
5 In7
2. lnterpupoBaHue MOJCTAaHOBKOMU (3aMEHOU MEePEMEHHOM):

DTOT METOJ] UCTIONB3YETCS B TEX CIIydasx, KOrja MOJUHTEerpaibHas (GyHKIHSI j f(x)dx wumeer
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CIIOXHBIA aprymeHT. [l BBIYMCIICHHS CJIOXHas 4acTh aprymMeHTa 3ameHnsiercs x =¢@(t) Ooree
3JIEMEHTapPHOU ¢byHKIHEH. Torna HOBast byHKIms 3aIIUCHIBACTCS B BUJE!

If(X)dX=I f ((D(t))(D'(t)dt. Ota ¢opmyna Ha3bBaeTcs (GOPMYJIOM METOJa WHTETPUPOBAHMS

IIOZICTAHOBKOM WJIH 3aMEHOU IIEPEMEHHOM.

2x+3=t
dt 1 1
d(2x+3) =dt 21 1
dx 1t 1t2
—= = = tzdt———+C=——+C t2+C=+/t+C3.
I ,—2X+3 2dx ddt J.\/— 2'[ 2 7§+1 e !
dx:—t
2

NHTerpupoBanue 1o 4acTsm:

DTOT METOJ MCIOJIBb3yeTCsS B TEX Cilydasix, KOrja MOJUHTerpaibHas (YHKIHMS 3aJaHa B BUIC
NPOM3BECHHUS IBYX pasHbIX QyHKIMiA: U =U(X) u V =V(X).

Ecnmu ot ¢yukimu  guddupenimpyemsr, to d(uv)=vdu+tudv, otkyma udv=d(uv)-vdu.
Wurerpupyss 00 9acTH [TaHHOTO BBIPAXKEHHS, IOJNydaeM (HOPMYIy HWHTCTPUPOBAHHS IIO

YacTsM: JUdV:lJ ‘V—JVdU

u=x
du =dx
J'udv:u-v—jvdu jxexdx:dgzﬂdx = xe* —[e*dx = xe* —e* +c=e*(x-1)+c
[dg=[e*dx
9=e"+c;c=0
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CKOpPOCTb, ITyTh, MOMEHTbI HHEPLIUU TEI U T. 1.
PaccmoTrpum 3aauy no onpeneneHuo mionaa KpUBOJIUMHEMHON Tpaneuu, NPUBOIAILYIO K TIOHATHIO

A ONPEJIETICHHOTO UHTErpaa.

" durypa, orpanuyeHHas kpuBoit Y = f(X),

A oTpe3koM [a, b] ocu OX 1 IPSIMBIMK X = a U

X = b, Ha3pBaeTCs KPHUBOJMHEWHON
Tparnemnuen.

Ipeanonoxum, uto f(X)>0 Ha orpeske [a,
b], T. e kpuBonMHEiiHas Tpameuus
| - W, || pacnionokeHa  Hajg  oceio  OX. I[J'Iil
| T | || BBIYMCICHUS  IUIOMIAAA  «S»  JaHHOM

f(c,. |

KPUBOJIMHEHHOW  Tpameuuu  pa3odbem

oTpe3ok [a, b] mpousBoIbHBIM 00pa3oM Ha

. BXny | 5
SXe | 20 J%" «Ny Yacteil 1 0003HAYMM TOYKH JCTICHHS: a
s sl—" | — n i — =
=x0<Xl<x2<..<xn-l<xn=
0 aX G X G X, Yo CniX,=b X x0<xl <x2<..<xn-1<xn=h.

IIpoBens u3 3TUX TOYEK MEPHNEHIUKYISPHI
70 TIEPECeUYCHUs] ¢ KPUBOM, MONyuynM 3HaueHus GyHkumu B 3tux Toukax: Y= f(x0); yl= f(x1); y2=
f(x2);...; yn-1= f(xn-1); yn= = f(xn). B pesyabTare 3TOro IUIONIA[h KPUBOJMHEHHOW Tpamenuu
OKa)XeTcs pa3OoUTON Ha CyMMY IUIOIIAJIEN «N» 3JIE€MEHTAPHBIX KPUBOJUHEHHBIX Tpanenui
Ha otpeskax Ax0, Ax1,... Axn-1 Bo3bMeM COBEpPIIEHHO MpPOoU3BOJbHBIE TOukU c0, cl, c2,... cn-1 u
MPOBEIEM TEPICHIUKYIIAPBI U3 3THX TOYeK J10 nepecedeHus ¢ kpuor y=f(X). [Tomyuum f(c0), f(cl),
f(c2),... f(cn-1). [lanee mnocTpouM CTyIEHUYaTyr0 (UIYpYy, COCTOSIIYIH0 U3 MPSIMOYTOJbHUKOB,
UMCIOLIMX CBOMM OcHOBaHMeM oTpe3ku Ax0, Axl,... Axn-1, a Beicotoii - opamHatel f(c0), f(cl),
f(c2),... f(cn-1).
Ora ¢urypa orpanmdeHa jgomanoi ymamed AQ' Al' AI1"A2' ... An'. Ilnomane «Sn» moxydeHHOU
CTyNmeH4YaToil (Urypbl 3aBHCHT OT 4YWciIa «N» W AauHbBl orpeskoB Axi (i = 0,1,2,....n-1). Ilpu
HEOTPAaHWYECHHOM YBEJIMUCHHUH YUCIIa «N» U YMEHBIICHUH MAaKCUMAIBHOTO OTpe3ka AXI IIIOMaab «Sny
CTyneH4yaToil purypsl OyaeT npuOIMKaThCA K IIIOLAAN TPANeluu «Sy», T.€. oAb KPUBOIMHEHHON
Tpamenuy CieayeT Ha3blBaTh MPEAEIOM, K KOTOPOMY CTPEMHUTCS IUIOMIA[h CTYMEHYATOH (HUTYpHI.
[Tmomane «Sn» paBHa CymMMe IUTOLIael MPSMOYTOJIbHUKOB, MOCTPOCHHBIX Ha oTpe3kax: Sn = f(c0)

n-1
Ax0 + f(c1) Ax1 +...+ f(cn-1) Axn-1= — Z f (Ci )(Axi )
i=0

Ecnu HeorpaHMueHHO yBEIMUUBATH YUCIO «N» yacTel pa3OueHus Tak, YTOObI ATMHA HAUOOJIBIIETO U3
OTpPE3KOB «AXI» CTpEeMUJIACh K HYJIIO, TO IJIOIIAAb KPHBOJIMHEWHOW Tpareiuu OyleT paBHa mpeaety
CYMMBI, K&KI0€ cllaraeMoe KOTOPOH PaBHO MPOW3BEACHUIO 3HAUYCHHs (YHKIMU B TOUKe oTpeska f(ci)

n-1
Ha BEIMYHMHY 3TOrO OTPE3Ka «AXi»: S = ma>!lg(‘<]—>0 Z f (Ci )(Axi )
! i=0

DTa cyMMa Ha3bIBACTCSl MHTETPATIBbHOM cyMMoit it pyHkimu y = f(X) Ha oTpeske [a, b].
Ecnu cymecTByeT KOHEYHBIH TpeAeNn MHTETPAIBHOW CYMMBI, TO OTOT TIpeleNl Ha3bIBAIOT
ompezieJieHHbIM ~ MHTerpaioM oT  ¢yakuuun  f(X) wHa oTpeske [a, b] wu obo3nagarort:

T f(x)dx = maxliArLOfi f(c, (AX, ).

I'me, f(X) - Ha3pIBaeTCsA MOABIHTErPAbHOW (DYHKIIUCH, «X» — MEPEMEHHON WHTETPUPOBAHUS, YHCIIA
«a» 1 «D» - HWKHUM U BEPXHUM NpeIeIaMi HHTETPUPOBAHUSL.
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OmnpeeneHHbI HHTErpall €CTh YHCIIO, €ro 3HaueHWe 3aBUCHT OT Buaa ¢yHkiuu f(X) u 3HaueHMi
BEPXHEro M HUXKHero npenenoB. [lmomans KpUBOIUHEHHON Tpanenuy YUCICHHO paBHA UHTErpagy OT
b

f (x)dx.

GYHKIMH, OrPAaHUYHUBAIOIICH TPAICIHIO, B3ITOMY 10 OCHOBaHHUIO [, b]: S = J‘
a

C nmoMomibIo OnpeieIEHHOTO HHTErpajia PelarTcs 3aa4l U3 J000i 00JacTH HAYKU U TEXHUKH, €CIIH
WX pelIeHHEe CBOJUTCS K HAXO0XICHUIO CYIIECTBYIOIIETO Mpeiesia HHTETPATbHON CyMMBI.

OcCHOBHBIE CBOWCTBA ONPEJIEIIEHHOT0 UHTErpaja

1. OmnpeneneHHbi HHTErpajl HeE 3aBUCUT OT O0O3HAUEHHUS TMEPEMEHHOW WHTErPUPOBAHUS:

T f (x)dx :T f (t)dt :T f (u)du =...

2. OmnpeienIeHHBIH UHTETpall OT CyMMbI HenpepbiBHBIX (yHkuuit f1(X), f2(x), ..., fn(X), 3ananHpx Ha
otpeske [a, b], paBeH cymMMe orpe/ieieHHbIX HHTETPAJIOB OT CIaraeMbIX (yHKIIHIA:
b

j(fl(x) + f,(x)+...+ f_(x))dx :T fl(x)dx+i f2(x)dx+...+j f. (x)dx

a
3. TlocrosiHHBIH MHOXHTENb «K» TOIBIHTETPAILHONW (QYHKIIMM MOXXHO BBIHOCUTH 32 3HAaK

Tk f (x)dx = kjl f (x)dx

OIIPEACIICHHOI'O UHTCrpaJia:

4. Ecnu BepXHMM M HWXXHHMM IpEJENbl MHTETPUPOBAHUS IOMEHATh MECTaMH, TO OIpPENEIICHHBIN
MHTErpaJl U3MEHUT CBOM 3HAK HA MPOTUBOMOJIOKHBIN:
b

j f (x)dx = —T f (x)dx

a

5. Ecnu nipenienisl MHTETPUPOBaHHs PaBHBI Mex 1y co00it (b = a), To onpeeicHHbII HHTErpaj paBeH
b

HYJTIO: J. f(x)dx =0

6. .de =b-a

b

F b
7. Eciiu CylmecTBYIOT MHTErpaJibl, _[ f(x)dx u j f(x)dx TO CyHIECTBYET MHTErpaJ J. f (x)dx
a a

c

b c b
JJIA J'IIO60FO B3aMMHOT'O PACIOJIOKCHUSA TOUYCK «a», «b», «C»: J. f (X)dX: I f (X)dx + J. f (X)dx
a a c

8. Ecnu nonpiHTerpanbHas QyHKLMS Ha OTPe3Ke MHTETPUPOBAHUS COXpaHSET MOCTOSHHBIA 3HAK, TO
MHTErpall TpPEJCTaBIsieT Co0Oi dYHMCIo TOro jke 3Haka, 4ro W QyHkmms: ecau  f(X)>0, To
b

jf(x)dxzo

a
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OOmHOCTh 0003HAYEHUS OINPENEICHHOIO M HEOIPEAEICHHOIO0 WHTErPalioB MOJYEPKHBACT TECHYIO

CBSI3b MEKJIY HUMH, XOTS OIPEIEICHHBIM HHTETPajl BBIPAXKAET YHUCIIO, @ HEONPEACIICHHBIM HHTErPAIl -

COBOKYITHOCTb [I€PBOOOPA3HBIX (PYHKIIUH.

CBsi3b MEXKIY OMPECIICHHBIM U HEOINPEAeICHHBIM HHTErpalaMH ycTaHaBiIuBaeT Gopmyna HeioToHa
b

— JleiiGHuna: J f(x)dx= F(X)‘Z =F()-F(a)

a
3HayeHHue OIPENIeIEHHOr0 HWHTErpajga paBHO PA3HOCTH 3HAYeHUH r000i mepBooOpa3sHOH OT
MOJIBIHTETPAIbHON (DYHKIIMH, B3SITON MPU BEPXHEM M HUKHEM TIpe/ieax HHTEIPUPOBAHMUS.
MeTo bl BBIYMCIEHUS ONPENEICHHBIX MHTEIPAJIOB
HenocpencrBeHHOE HHTETPUPOBAHMKE:
OTOT METO/1 UCTIONIb3YEeTCsl B TEX ClIydyasiX, KOrja Uil HHTETpUPOBAHUS TOJAUHTErPATbHON (YHKIIUH
UCTIOJIB3YIOTCS INOO OCHOBHBIE CBOMCTBA MHTETPUPOBAHHMSL, JTMOO (DYHKIIMS PUBOAUTCS K TAOIUIHBIM

HHTCIpajiaM.
2

2 2 2 2 2 2
[ (@2x+3)dx= [ 2xdx+ [ 3dx = 2jxo|x+3jo|x=2x7 #3x = (22 -1 +3(2-1) =6
1 1 1 1 1 1

2. NHTerpupoBanye MOJACTaHOBKOMW (3aMEHOU NepeMEeHHOMN ):
DTOT METO/1 UCTIONB3YEeTCsl B TEX ClIydyasiX, KOrja MoJAMHTErpaibHas QyHKINS UMEET CIIOKHBIN

apTyMEHT.
ZL]'IH BBIYUCJICHUA CIIOXKHAA 9aCTh apryMCHTA 3aMCHSCTCA OoJtee SHeMeHTapHOﬁ Q)YHKHHCI;’I
4—x=t
2 4y d(4-x)=dt , gt 2 L )
[===| dx=-dt |=-[Z=—[t2dt=-2V] =-2V2+2/4=-22+4=118
o V4-X 4 \/f 4 !
t,=4
t, =2

Brruucnenne mionianei miockux Gpuryp

®yuknus y = f(x) HenpepsiBHa Ha oTpeske [a, b]. £00)
y=T(X
Ecmu f(x)>0, To mutomiaap KPUBOJIMHEHHOW Tparmeiuu, OrpaHuYeHHON
muausvu - y=f(x), y=0, x=a, x=b, 4YHCICHHO paBHa WHTErpaiy:

Szif(@dx

[Tpumep. OmpenenuTh IUIOMAAL IJIOCKOW (UTYPHI, OTPaAaHUYECHHOM
CHHYCOUI0H ¥ = SiN X 1 ockio Ox mpu ycmouu 0<X <27. (¢ R—— v=h v
Pemenwne: Pazobbem otpesok [0, 2m] Ha aBa orpeska [0, y
nn] u [n, 2n]. Ha otpeske [0, m] Sin x>0 ciemoBarenbHO:

Va
S, =_[sin xdx =—cosx|; = +s,

0 0 h 2
= —(cos 7 —cos 0) = 2xe. 0. s

Ha otpeske [x, 2] Sin X<0, ciie10BaTENbHO:
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. 2r
S, = jsm xdx =|-cos x| " |=|(cos 27 —€0s 7| = 2 k6.€0. Fickomas nomans S = S1 + S1 = 2 + 2

=4 KB.€I.

PaboTa nepeMeHHOM CHIIBI

Teno aewketcs o npsmoit «MNy» mox aeiictBuem nepemenHon cuibsl F=f(S). Hampasiienue cuiibt
COBIIAJIaeT C HamIpaBlieHWeM JBHkeHHs. TpebyeTrcs ompenenuTs padboTy, MPOU3BOAUMYIO CUJION MPHU
MIePEeMEIICHUH Tella U3 ToJoxkeHus: «M» B monoxenue «N». Pazoosem myte «MN» Toukamu S0=0, s1,
S2, ..., SN-1, sn = S Ha «N» 3JIeMEHTapHBIX OTPE3KOB. B KakJI0M 3JIeMEHTapHOM OTpe3Ke BhlOepeM
touky ol (i=0, 1, 2, ..., n) npu 3toM, cuia f(cl) Ha KakIOM dIIEMEHTaPHOM OTpe3Ke NocTosiHHA. Torma
npousBenenue f(ci) AsSi Oyaer npuOIMKEHHO pPaBHO

paboTe cuiibl Ha TyTH ASI. n-1 S
FF F A= lim > f(o)As, = [ f(S)ds
FQ 1 2 n-1 S=S ﬁﬂXASiﬁog ( I% I . ( )
S S AN S
M O, s10_.5 O, s Sn.1 9,
R ' N unu A:IdeS
Se= 0 0
Cymma paboT Ha 3JIEMEHTApHBIX OTPE3KaX:
[Ipumep:

Beruncnute  paboTy, COBEpPUICHHYIO OJHHM MOJIEM HJCATBHOTO Ta3a IMpH  0OpaTUMOM
M30TEPMUYECKOM paciuupenuu ot 2,24 - 10-3 no 22,4 - 10-3 M3 ipu t = 0°C.

Pemenue.

ITpu obpaTMOM pacHIMPEHHUH OJHOTO MOJIS HaealbHOro rasa gasiaeHue P = RT/V. Coseprinaemas
ra3oM Inpu u3MeHeHHun oObema Ha BenmuumHy dV snemenrtaphas padora dA = pdV. Ilonnas pabora
pacuIMpeHus ra3a OT HayalbHOTO 00BheMa V1 10 koHeuyHOro 00beMa V2.

RT 22,4-107°
A:jpbv Iv dV =RTIn v| RTan— 8,32-273In N A0S " 5,23 k/]orc.

Vl Vl 1 !
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