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BBenenune

Llenbro OCBOCHMS AUCLUILINHBI ABJISIETCS (POPMHUPOBAHNE HAOOpa YHUBEPCAIBHBIX U
oOmienpodeccnoHanbHBIX KOMIIETEHIIMI Oy aylero 6akanaBpa no HampapieHuto noarotosku 13.03.02
DJIEKTPOIHEPreTHKA U 3JIeKTPOTEXHUKA, ITyTEM OCBOCHHS BO3MOXHOCTEM:

- JIEMOHCTPHUPOBAThH 0a30BbIC 3HAHHS B 00JIACTH €CTECTBEHHOHAYYHBIX TUCIUILINH U TOTOBHOCTHIO
INPUMEHATh aHAUTUYECKHE U YHMCICHHbIE METOABI PEIEHMs MOCTaBJIEHHBIX 3ajad, UCIOJIb30BATh
COBpPEMEHHbIE UH(POPMALIMOHHBIE TEXHOJIOIMH, IIPOBOJUTH 00pabOTKy MH(pOpPMAIMU C UCIOIb30BAHUEM
OPUKIAIHBIX ~ MPOTPaMMHBIX  CpeAcTB  cdepbl  MpodecCHOHANbHOM JESITEIbHOCTH;
- BBISIBUTH €CTECTBEHHOHAYYHYIO CYIIHOCThH MPOOJIEM, BOSHUKAIOUINX B X0J€ MPO(hECCHOHATHHON
NESITeIbHOCTH, MpPUBIEYb JUISI MX PELICHUs COOTBETCTBYIOUIMH (U3MKO-MaTeMaTHUECKUI ammapar;
- IUTAHUPOBAaTh U MPOBOJUTH (PU3NYECKHE M XUMHUYECKUE SKCIEPUMEHTBI, IPOBOJUTH 00pabOTKY
pE3yJIbTaTOB U OLICHUBATh ITOIPEIIHOCTH.

s OCBOEHUS JUCIUITNHBI MIOCTaBJICHBI clleAyouye 3afauu:
- 00y4eHue CTyJ€HTOB OCHOBHBIM MaT€MaTHYECKUM METOJaM, HEOOXOIUMBIM JUIsl INTyOOKOro M3y4eHUs
oO0I1eHayYHbIX, OOIIENH)KEHEPHBIX, TEXHUYECKUX U CrHenuanbHbIX JUCLUIUINH;
- pa3BUTHE JIOTUYECKOTO U AITOPUTMUYECKOTO MBIIUICHUS, OOIIET0 YPOBHS MaTeMaTHUECKOW KyJIbTYpHI;
- BBIpa0OTKa HABBIKOB MAaTEMAaTHYECKOTO HCCIIENOBaHMS IPHUKIAIHBIX BOIPOCOB, HEOOXOIAMMBIX IS
aHaIu3a U MOJICJIMPOBAHUS YCTPOMCTB, MPOLIECCOB U SIBIECHUI MPHU MOUCKE ONTHUMAJIbHBIX PELICHUH Ui
OCYILECTBIICHHS HAyYHO-TEXHHUUYECKOTO MIporpecca;

- o0yueHHe HaBBIKAM BBIIBUTATh THIOTE3bl U YCTAHABIMBATH I'PAHUIIBI UX MPUMEHEHHUS, NMPUMEHSThH
METOJbl MAaTeMaTHYECKOr0 aHajdu3a W MOJEIMPOBAHUS TEOPETHMUYECKOTO0 U HKCIEPUMEHTaIbHOIO
UCCIIEI0BaHMS;

- IPUBUTHE CTYI€HTaM YMEHHUH CaMOOPTraHU3alMU U CAMOCTOSITEIbHOTO U3y4YeHUs] yueOHOU TUTepaTyphl
10 MaTEMATHKE U €€ MPUI0KEHUSM.

[lepen BbINOIHEHUEM 3aJlaHUI CTYAEHT JOJIKEH U3YyYUTh COOTBETCTBYIOIIUE pa3/ienbl Kypca o y4eOHbIM
ocoOusiM, pEKOMEHAYEMBbIM B JAHHBIX YKa3aHUAX. B HUX jke MalOTCs TaKkKe HEKOTOpble HadalbHbIE
TEOpPETUYECKHE CBEACHUS U MPUBOIATCS PELICHUS THIIOBBIX IIPUMEPOB.

B mpornecce caMOCTOATENBHOIO U3YUYEHMsI MaTepuala CTyAEHT MOKET PEIINUTh NPENJIOKEHHBIA B
METOAMYECKOM YyKa3aHUM HaO0Op 3aJaHui. DTO MO3BOJUT CTYAEHTY CYAUTh O CTENEHU YCBOCHUS
COOTBETCTBYIOLIETO pas3fena Kypca, yKaXeT Ha HMEIOIIMEecs y Hero mpoOenbl, Ha JKeNaTelIbHOEe

HaITpaBJICHUE pa6OTBI, IIOMOXKCT C(bOpMYJ'II/IpOBaTI) BOIIPOCHI AJId ITOCTAHOBKU HX IICPEA ITPEIIOAaBaTCIICM.

Ecny cTyaeHT HCHBITBIBACT 3aTPYAHEHUS B OCBOCHHM TEOPETUYECKOIO WM IPAKTHYECKOIO
Marepuana, TO OH MOXET IOJYy4YUThb YCTHYIO WJIM IHMCBMEHHYIO KOHCYJIBTALMIO y Ipenojasarend. B
pe3ysbTaTe OCBOCHMSI JUCHMIUIMHBI «MaremaTuka» y CTyIeHTa JOJDKHBI OBbITh C(HOPMUPOBAHBI

CJIeIYIOIINE KOMITCTCHIINH



Kona, popmynupoBka

Kox, dopmynupoBka nnankaTopa

[Tnanupyemble pe3yabTaTbl 00y4eHUs

KOMITETCHIINN M0 TUCLUIUINHE, XapaKTepU3yolue
sTansl (POPMUPOBAHUS KOMITETEHITHH,
WHIUKATOPOB
OIIK-3. Cnocoben | UJ-1 Tlpumensier maremarmueckuii | JleMOHCTpupyeT 3HAHME
MPUMEHSATH armapar aHATMTHYECKOH TeOMETpHH, | MaTEeMaTHYeCKOTO amnmapara
COOTBETCTBYIOIIHI JTMHEHHOMU anreOpEl, | aHAJIUTHIECKON TEOMETPHH,
buzuKo- mudhepentaTbHOro 1 | nuHEHOU anreOphl,
MaTeMaTH4eCKUi HHTETPALHOTO HCUHCICHHS PYHKIIM aupGepeHIManI-HOro |
ammapar, MeTospl | OFHOM TICPEMEHHOH MHTETPaJIbHOTO UCUYUCIIEHUS (PYHKIIMU
OJHOU NEPEMEHHOM;
aHanmza u HUcnonb3yeT  WMHCTpyMEHTapuii U
MOJIeJUPOBaHMUS, OCHOBHBIE NPHUEMbl MaTEMAaTHUYECKOTO
TEOPETUYECKOI0 U anmnapara aHaJUTHUYECKON IeOMETpHH,
JKCIEPUMEHTAIIBHOTO JIMHEHHOMN anreOpsl,
UCCIICIOBAHUS  TIPH mudhepeHIaTbEHOTO u
pelieHun UHTETPAIbHOTO UCYUCICHUS (PYHKIIHH
po¢eCCHOHATBHBIX OIHOM TEPEMEHHOW i1 PELICHHUS
3aj1a4 IPUKIIATHBIX MATEMATUYECKUX 3a/1a4
OIIK-3. Cnocoben | M-2 Ilpumensier maremarmdeckuii | JleMoHCTpupyeT 3HAHHE
MPUMEHATH amnmapar TeOpHH (YHKIIMH HECKONbKMX | MAaTeMaTHUECKOro ammapara Teopuu
COOTBETCTBYIOIIMI HIEPECMCHHBIX, UHTETPAIBHOTO | (hyHKIIUKM HECKOJbKUX TIEepPEMEHHBIX,
buzuko- MCUHCIICHUS  QYHKIMK  HECKOJBKUX | yyrerpallbHOr0 MCUUCICHUS (ByHKIUI
MaTeMaTH9IECKHI TICPCMCHHBIX, TCOPHUN PANOB, TCOPUN | yeckonpkMX MNEPEMEHHBIX, TEOPUH
anmnapar, METOBI ApdepCHIIATLHEIX YpaBHCHHi psoB, Teopun U hepeHIIaTbHBIX
aHanusa 51 YPaBHEHUH;
MOJIEJTMPOBaHMUS, Hcnonp3dyer  MHCTpyMEHTapuid |
TEOPETUYECKOI0 U OCHOBHBIE TPUEMBI TEOPHU (PYHKIIUH
HKCIIEPUMEHTATBHOTO HECKOJIbKHUX MIEPEMEHHBIX,
HCCIICIOBAHUST  TIPH MHTETPaIbHOTO UCYUCIICHUS! (PYHKIIHH
peleHun HECKOJIbKMX IIEPEMEHHBIX, TEOpUU
podeCCHOHATTBHBIX psanoB, Teopu auddepeHIHATBHBIX
3a1a4 YpaBHEHHUH I PELLICHUS TPUKIIATHBIX
MaTeMaTHYECKUX 3aJa4
OIIK-3. Cnocob6en | M-3 Ipumenser maremarudeckuii | JlIeMOHCTpupyer 3HaHUE
NPUMEHATD ammapaT TEOpUM BEpOATHOCTEH M | MATEMATUYECKOIrO alrapara TEOpHUU
COOTBETCTBYIOIIUH MAaTeMaTHIECKON CTaTHCTHKA BEPOATHOCTE W  MaTeMaTH4eCKOu
busuKo- CTaTUCTHKU,
MaTeMaTUYECKUn Hcnonb3yer  MHCTpyMEHTapu U
amnmnapar, METO/IbI OCHOBHBIE MIPUEMBI TEOpUU
aHaM3a u BEPOATHOCTE W  MaTeMaTH4eCKOn
MOJIEJTUPOBaHMUS, CTaTUCTUKH TUISt peneHus
TEOPETUYECKOTO0 | MPUKIIATHBIX MATEMAaTUYECKUX 3a/1a4
AKCIEPUMEHTATBHOIO
UCCIIEIOBaHUSI  IIPH
peleHun
PO eCCHOHATTBHBIX
3aja4




Ilpakmuueckoe 3anamue no meme «/luneitnasn anzeopa)

Heuas: Llensio ocBoeHus: TeMbl «JIuneitHas anredpay sBisercss GopMHpOBaHUE Habopa

OOIIEKYIBTYPHBIX M 00IIETPO()ECCHOHATBLHBIX KOMIIETSHITUI Oy TIyIIero 6akaiaBpa 1o

HarpaBieHusM noArotoBku 13.03.02 myTeM 0CBOEHUsI BO3MOKHOCTEH:

- OCYHICCTBJIATH IMMOUCK, KpI/ITI/ItIeCKI/Iﬁ aHaJIu3 U CUHTEC3 I/IH(i)OpMaIII/II/I, IMPUMCHATH

CUCTEMHBIN MOaX0d JJIs peuICHUs IMOCTABJICHHBIX 3a1a4

-HUCIIOJIB30BaTh MaTCMaTHYCCKHC, (1)I/I3I/I‘~IGCKI/I€, (1)I/I3I/IKO-XI/IMI/III€CKI/IC, XUMHNYECKHUEC METOABI AJIs1

peuicHusA 3a4a4 HpO(I)eCCHOHaHBHOﬁ ACATCIIBHOCTHU

B pesynbrate ocBoeHus TeMbl «JInHeilHas anreOpa» CTyIeHTOM MPUOOPETAOTCs CIEAYIOHe
3HAHUS U YMEHHUS:
3HaTh: OCHOBHBIE METO/Ibl MATEMATHUYECKOI0 aHAJIN3a U MOJIETTUPOBAHUS B PO eCCHOHATBHON
NESATENbHOCTH, TEOPETUUECKNE U IKCIIEPUMEHTAJIbHBIE TaHHbIE MOAECIUPOBAaHUS B

poecCuoHaNBHOM e TEIIbHOCTH

YMeThb: HHTEPIIPETUPOBATH, CTPYKTYPHPOBATH U 0GOPMIIATH HH(POPMAIIUIO pe3yIbTaTOB
UCCIIEIOBAaHUN U 3KCIIEPUMEHTOB U3 NPO(eCCHOHAIbHOM 00JaCTH B JOCTYIIHOM JUIsl IPYTUX BUJE.
ObecneunBaTh NPUMEHEHUE HABBIKOB Pa0OTHI C KOMIIBIOTEPHBIMH NTPOTPAMMAMH IS
JMCTAaHIIMOHHOTO 00pa3oBaHMs B 00J1aCTH MaTEMAaTUKH, HABBIKOB CAaMOOPraHU3aluu y4eOHOTr0
Ipolrecca Uil PEIICHUs] CJI0KHBIX 3a]1a4 MAaTEMATUKH, TPEATIONAral0IIUMU CAMOCTOSITEIbHBIN

BBIOOp METO/1a pEeIIeHUs

BJIaI[eTb: HaBbIKaMHU pCUICHUA 3aaa4, CBA3aHHBIX C MATEMATUICCKUM MOJCIUPOBAHUEM
" aHaJIM30M, HaBbIKaMH PCIICHUSA 3a/1a4, CBA3AHHBIX C HpOCI)CCCHOHaHLHOﬁ

JACATCIBbHOCTBIO



Teopernyeckas 4acTb

1. Marpuueit A=(a;) pa3mepa mxn Ha3bIBA€TCSI MHOYKECTBO YHCEI, PACIIOI0KEHHBIX B BHJIE

TaOJIHIIBI U3 M CTPOK U 11 CTOJIOIIOB:

( all a] a] aln \

oo |
a a a a

|| 21 22 23 2n | .
4; a; 4 as, |

2 3
Y[ s

! - !

| a a a .. .a |

\ ml m2 m3 mn}

Martpuua pa3mepa nxn Ha3bIBa€TCs KBaIPATHON MaTpULEl # —T0 nopsiaka. DIEMEHTHI d;,

az, azsz ..., A 06pa3y10T TIaBHYIO JUaroHajlib MaTpUIlbI.

2. Onpenenurensd (A€TEPMUHAHT) KBAAPATHON MAaTPHULIBI 72 —TO TOPSAIKA — ATO YUCIIO A, KOTOpoe
CTaBUTCS B COOTBETCTBHE MATPHIIE U MOXKET OBITh BHIYMCIIECHO 10 €€ sneMenTam. O603HavyaeTcs:

a a a

11 12 13

a a a

21 22 23

a a a

31 32 33

A =detd =

a. " a

n3 nn

a, a

n2
Munopom M;; aneMeHTa a; ONpeAeTUTENst 71 —TO TOPsIJIKa Ha3bIBACTCsI ONpPEeAETUTeNb (n-1) —
T'0 TIOPSIJIKA, TIOY4YEHHBIA U3 HCXOHOTO BBIYEPKUBAHUEM I —ii CTPOKH H j —TO CTOJIONA.
HccnenoBanue cucteMbl TUHEHHBIX YPAaBHEHUI OCYLIECTBIISETCS C TIOMOIIBIO TEOPEMBI
Kponekepa-Kanennu: a5 T0ro, 4rodbl cucTeMa JUHEHHBIX YPaBHEeHUIT ObljIa COBMECTHA,
HE00X0UMO M JOCTATOYHO, YTOObI PaHT €€ MaTpULbl A ObL1 PABeH PaHTy paCIIUPEHHON

MaTpuubl Ay, T.. rang A = rang A, = r. Ilpu aTom:
1) ecnut ¥ = n (paHT paBeH YHUCITy HEU3BECTHBIX), TO CUCTEMA UMEET €AMHCTBEHHOE peIlleHHe,

KOTOpO€ MOHO Haiitu no ¢popmynam Kpamepa;



2) ecnu r < n, TO CHCTEMa UMeeT OECKOHEUHOE MHOXKECTBO perieHuii. CBoOoaubIe (1 — 1)
HEM3BECTHBIX BRIOUPAIOTCS MPOU3BOJIBHO, & TJIABHBIC I HEM3BECTHBIX ONPEACIISIOTCS SIMHCTBEHHBIM
o0pa3om uepe3 CBOOOIHBIC HEU3BECTHEHIE.
J171s1 perieHus: CHCTEM JIMHEWHBIX YPABHEHUH ¢ OOJIBIITMM YHCIIOM HEM3BECTHBIX M YPAaBHEHHIA
BBITOJTHO MCIIOJIB30BaTh METOJI ['aycca, KOTOPBIN 3aKIF0YASTCs B MTOCIIEIOBATEILHOM HCKITIOUCHUN
Hen3BecTHhIX. CyIlecTByeT MHOTO BapHaHTOB 3TOr0 MeToa. PaccMoTpuM cxeMy ¢ BBIOOpOM
TJIABHOTO dyieMeHTa. [1ycTh nCXo/MHas cHCTeMa UMEET BHJT:

a,x,+a,x,+..+a,x, =b,;

L|an,x1 +a,x,+..+a,x, =b

ne

[pumep 1. Onpeaenuts cCOOCTBEHHBIE 3HAYCHUSI U COOCTBEHHBIE BEKTOPHI MATPHIIBI:

(1 6)
Pemenue. XapakTepucTuueckoe ypaBHEHUE AJIs JaHHOM MaTpulel uMeeT BuA (19)
=
A = A2-31-4=0,
2- 0,
A

OTKyJa CJICAYCT, YTO MaTpula A umeet JBa COOCTBEHHBIX 3HAYCHUS

Ay=4wu 12 =-1.

Co6crBennblii Bektop X 1, A,=4, OTIpeNeNsieTcs U3 CUCTEMbl YPaBHEHUH BHUJIA
(20) COOTBETCTBYIOIIHIT

5,(1_4))61 + o, = wm [ 3xI +6x2 =0,

i x+2- ,=0, 1 X, —2x2 =0,

4)x

KoTOpad CBOAMTCA K OHOMY YPABHCHWIO . _ >y, [lonmaras x, =, modyyaeM pelleHUE B

BHUIC .
x; =2t ,x; =t. [I[poHOpMHpYEM 3TO pelieHue, T.e. HalWJIeM TaKoe 3HAuY€HHE f, MPU KOTOPOM

JJINHA CO6CTBCHHOF0 BCKTOpA paBHA CIUHHUIIC:
X, zzzgit)z 02 1

S

CnenoBatesbHO, IEPBBII COOCTBEHHBI BEKTOP €CTh

- 23]



AHaJOrM4HO HaiJ1IeM BTOPOI COOCTBEHHBII
BEKTOP



[(1+ Dx,

+ 6)6_, = WIn (x] =-3t,
" 4
L x, + @2+ 1Dx, =0, lx, = ¢

e N
= L o ]
Takum 00pa3oM, MaTpHila UMEET JBa Pa3IUYHBIX COOCTBEHHBIX 3HAUCHUS J=4m A, =1
JIBa COOCTBEHHBIX BEKTOpA.
[Ipumep 2. MiccenoBath cucTeMy YpaBHEHH U HaiTH €€ oOliee penieHne

( X, x,— x=0,

-

X, + x, =0,

|8 =3, —4x; =0,

Pemenne. OnHOpoiHas cucTEMa UMEET HETPUBUAIBHOE PEIICHUE, €CIIM PAHTI MaTPULIBI

CUCTEMBI
(1 -1 -1)
4 =.| 4 1 0 ’|—4 1
§ -3 -4 18.71
\ )

MCHBIIC YK CJIa HCU3BCCTHHBIX. HpI/IBeI[eM Marpuny AK TparncuunugajJIbHOMY BUAY IIYTCM

3JIEMEHTAPHBIX PeoOpa3oBaHU. YMHOXHUM 1-10 CTPOKY Ha 4 U Ha § ¥ BBIUTEM, COOTBETCTBEHHO M3
2-i1 ¥ 3-i CTPOKH, OJTYUUM:
( 1 -1 -1)
A~ 0 5 4 |’| 5
LO 5 4 )—II

Brrurem u3 3-ii cTpokHu 2-10, a 3aT€M Pa3aeianuM 2-10 CTPOKY Ha J:

( 1 -1 —1 I
A~ 0 145 '
|\0 0 0|

I 0 —1/5%I
A~ 0 1 4/5 '
0 0 0
\ )

Takum 06pa3zoM, paHr MaTpuilbl A4 paBeH 2 M MeHbIIE Yncia HemsBecTHux: 1 = 3, rang A < n .

[IpumeM 3a OCHOBHBIE TIEPEMEHHBIE X; B X»; CBOOOIHAS TIEpeMEeHHAas — X3. TOr/a TaHHas cucTeMa

CBOJUTCS K CUCTEME YPaBHEHHUH,

{x, — 1/4x, = 0,
x +4/5x =0,

L 2 3

pelIeHHEe KOTOPO UMEET BU

u



. o t e
[IpunaBast cBOO0AHOI MepeMeHHOH X3 MPOU3BOIBHBIE 3HAYCHUS X3=5t, T/Ie

X =—X
‘1 _J4
l )C2 §x3

PCHICHUC CUCTEMBI B BUJIC

X = St

X = t,
j x. =—4¢,
l

, TIOJTyYlM o0111ee

BOl'lpOCbl H 3aJ]aHuA

3amanue 1

JlokazaTh COBMECTHOCTb CUCTEMBI U PEeIIUTh €€ Tpems criocodamu: no popmynam Kpamepa;

METOAOM Faycca " CPEACTBAMU MATPHUIHOI'O UCUUCIICHUA.

Howmep . . Howmep . o
Cucrema JIMHEWHBIX ypaBHEHUI Bap Cucrema JIMHEWHBIX ypaBHEHHI
Bap. .
—x1 +2x2 +x3 =5 [—2x2—5x3=—12
2x —3x +3x =1 —2x—x +3x =7
1 ﬁ T T, 11 P
x -5 =-9 -x+x +x =4
LZ 3 L 1 2 3
=367+ 02+ 305 =10 —xl +2x3 =5
-26 -6 =-— 2 2 =1
) 202 03 4 12 ix1+ xz+5x3 0
201 —067+303=3 3x -2x +2x =-1
L L 1 2 3
[20]—02 603——]5 [—x1+x2—x3=0
— =-2 —4x +3x =-1
3 ifl 02+03 13 ﬁjcl xz xs
o0+30 =7 —2x —3x =-8
L 1 3 L 2 3
2x1 —x2 +x3 =-1 (3x1—2x2=—5
- = -2 =-1
4 ﬁ xl+3x3 7 14 ixl x2+x3
X+x +3x =6 x+3x —x =0
Ll 2 3 3
|x1—3x2 +x3=-2 [ x1+3x2 4
5 x;—2x, —4x; =—11 15 13)(1 2%, + x, =3
- 2x—-x =1 2x+x —-x =-3
L 1 2 L 2 3
[4x1 +7x2 = 3x3 =-10 [xl —5x2 +3x3 =-1
6 i2x+9x2—x =8 16 i2x+4x +x —6
—x+6x —3x =3 x+3x —7x =-13
L 3 L 3
[2x1 +4x2 —-3x3 =-10 [ 2x1 +5x2 6x3 =-8
7 i x1+5x2—2x3—5 17 ix +7x2—5x3——9

3x —2x +4x =3

L 1 2 3

I +2x —x =-12

L 1 2 3

10



—3x1 +5x2 —6x3 =-5 [3x1 —9x2 +8x3 =5
3 1 x—3x + 5x =8 18 12x1—5x2+5x3=4
X +4x —x —1 2x—x +x =-4
Ll 3 L 1 2 3
[x1+3x2 2x3 =-5 [2x1+3x2 +x3 =4
X +9x —4x =-1 dx —x +5x =6
9 ﬁ 19 T
2x +6x—3x =6 x —2x +4x =9
L 2 3 Ll 2 3
[ 2x1+x2 3x3=—4 [x1+7x2—2x3=3
10 ﬁ4x + Tx —2x3——6 20 ﬁ3x1+5x2+x3=5
x —8 +5x =1 —-2x +5x - 5x =4
Ll 2 3 L 1 2 3
3aganue 2
HccnenoBaTh 1 HATH 00IIIEE PEIICHUE CHCTEMBI IMHEHHBIX OJJTHOPOJIHBIX YPaBHEHUH.
Howmep Cucrema JIMHEHHBIX YpaBHEHUHN Howep Cucrema JIMHEHHBIX YpaBHEHUN
Bap. Bap.
3x1 +x2 — 8x3 +2x4 +x5 =0, [7x1+2x2—x3—2x4+2x5=0,
2x — 2x —3x —7x +2x =0, x =3x +x —x —x =0,
1 i 11 j 1 2 3 4 5
x+11x —12x +34x —5x =0. 2x+5x +2x +x +x =0.
L 1 2 3 4 5 L 1 2 3 4 5
x1 +x2 +10x3 + x4 —x5 =0, 6x1 —9x2 +21x3 —3x4 —12x5 =0,
2 Sx, —x,+ 8x;—2x, + 2x, =0, 12 —4x1+ 6x2 —14x3+2x4+ 8x5 =0
3x —3x —12x —4x +4x =0. 2x-3x +7x —x —4x =0.

L 1 2 3 4 5 L 1 2 3 4 5
2x1 —x2 +2x3 — x4 + x5 =0, [5x1—2x2+3x3—4x4—x520,
x +10x =3x —2x —x =0, x +4x —3x +2x —5x =0,

3 ﬁ 1 2 3 4 5 13 ﬁ 1 2 3 4 5

dx +19x —4x —5x —x =0. 6x +2x -2x —6x =0.

L 1 2 3 4 5 L 1 2 4 5
x1+x2+x3-x4—-x5=0, (x1+2x2+x3+4x4+x5=0,
2x+x —2x —x —2x =0, 2x—=x +3x +x =5x =0,

4 ﬁ 2 3 5 14 1 1 2 3 4 5
x+2x+5x —2x -x =0. x+3x —x —6x —x =0.

Ll 3 4 5 Ll 2 3 4 5

(2x1—x2+3x3—x4—x5:0, [x +2x, +4x, +x, —x,=0,

X +5 —x +x +2x =0, 2x — 2x —6x —3x +x —O

5 1 2 3 4 5 15 ﬁ

x+16x—6x +4x +7x =0. 3x 2x +4x +2x - X —O

U 3 4 5 L 1 2 3 4 s
8x1+x2+x3—x4+2x5:0, [x1+3x2—x3+12x4—x5:0,

6 13x1 —3x,— 2x; + x,— 3x, =0, 16 ile_ 2x2+x 3—10x ST 0,

5x +4x +3x —2x +5x =0.
L 1 2 3 4 5

3x +x + 2x =0.
L 1 2 4
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[7x1 —14x2 +3x3 —x4 +x5 =0,

[xl +2x2 +3x3 +x4 —x5 =0,

x—2x +x —3x +7x =0, 2x—-2x —5x -3x +x =0,
7 j 2 3 17 i 1 2 3 4 s
5x—10x +Xx +5x —13x =0. 3x—2x +3x +2x —x =0.
L 1 2 3 4 5 L 1 2 3 4 5
‘12x1—x2+7x3+11x4—x5=0, 2x1 +x2 = 3x3 +x4 —x5 =0,
g ﬁ24x1— 2x2+ 14x3+ 22x4—2x5 =0, 18 13x1 4 2%, — X+ 2, = 0,
X +x+x —x +x =0. X —2x +5x —2x +3x =0.
Ll 2 3 4 5 Ll 2 3 4 5
[x1+2x2—3x3+10x4—x5:0, |2x1+x2 x3 +7x4 +5x5 =0,
x —2x +3x —-10x +x =0, x—2x+3x—5x—7x =0,
9 ﬁ 1 2 3 4 s 19 ﬁ 2 3 4
x +6x —9x +30x —3x =0. 3x—x+2x + 2x —2x =0.
Ll 2 3 4 5 L 1 2 3 4 5
2x1 —2x2 —3x3 —7x4 +2x5 =0, 3x1 +x2 —8x3 +2x4 +x5 =0,
x +11x —12x +34x —5x =0, x +11x —=12x +34x —5x =0,
10 i 1 2 3 4 5 20 i 1 2 3 4 5

x —5x +2x —-16x +3x =0.
Ll 2 3 4 5

X —5x+2x —-16x +3x =0.
Ll 2 3 4 5
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Hpaxmuuecxoe 3anamue no meme «BeKmopHa}l llJlZéﬁptl U aHaiumuuyeckasn
ceomempus)

Heab: Lenpio ocBoeHust TeMbl «BekTopHas anredpa v aHaTUTHYECKasi TEOMETPUSDY SBISETCS
dbopMupoBaHre HaOOpa OOIIEKYIBTYPHBIX U 00MIETPOPECCHOHATBHBIX KOMIICTCHITHIA
Oynmymiero 6akamaBpa mo HampasiaeHUsM moAroToBku 13.03.02 myTem ocBoeHUs

BO3MOKHOCTEM:

- OCYHICCTBJIATH IIOUCK, KpI/ITI/I‘{eCKI/Iﬁ aHaJIu3 U CUHTC3 I/IHCI)OpMaI_[I/II/I, IIPUMCHSATDb

CUCTEMHBIH moaxoa Ajid peIICHHA IMOCTAaBJICHHBIX 3a1a4d

-HUCIIOJIB30BaTh MaTEMAaTHYCCKHE, (bHSI/I‘IeCKI/IC, @HSHKO-XHMI/I‘IGCKI/IG, XUMHUYCCKUE METOABI JJIsA

peleHus 3a1a4 npoecCHOHAIBHON eI TeTbHOCTH

B pesynbrate ocBoeHus Tembl «BekTopHas anredpay CTyIeHTOM MPUOOPETAIOTCA CeIyIOIIHe
3HAHUS U YMEHUS:
3HATh: OCHOBHBIC METO/IHI MATEMATHUECKOTO aHAIIM3a U MOJICTHUPOBAHUS B IPOPECCHOHATHHON
NEeSITeNIbHOCTH, TEOPETHUECKHUE U IKCIIEPUMEHTANbHBIE TaHHbIE MOCTUPOBAHUS B

po(heCCUOHATTLHON IS TEIIbHOCTH

YMeThb: UHTEPIPETUPOBATh, CTPYKTYPUPOBATh U OHOPMIISITE HHPOPMALIUIO PE3YJIbTATOB
UCCJIEIOBAaHUN U HKCIIEPUMEHTOB U3 MPOo(eCcCUOHATBHONU 00JaCTH B TOCTYITHOM JUI JPYTUX BUJE.
ObecneunBaTh NPUMEHEHNE HABBIKOB PA0OTHI ¢ KOMITBIOTEPHBIMU IIPOrpaMMaMu JIJIst
JUCTAaHIIMOHHOTO 00pa30oBaHuUs B 00J1aCTH MaTEMAaTUKH, HABBIKOB CAMOOpPraHU3aluu y4eOHOTO
npolecca JUsl pelIeHNs CI0KHBIX 3a7ad MaTEMAaTUKH, IIPEATIOIAralolIMMHU CaMOCTOSTEIbHbBIN

BBIOOP METO/1a peleHUs

Buaaaern: HaBbIKaMU pelmcHuA 3a/ia4, CBA3aHHBIX ¢ MATCMATHYCCKUM MOACIIUPOBAHUEM U

AHAJIN30M, HABbIKaMU PCIICHUA 3aaa4, CBA3aHHBIX C HpOCb@CCPIOHEU'IBHOfI JCATCIIBHOCTBIO
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Teopernyeckue 0CHOBbI

1. BekTop-cronben

-

X
2

|#0
X =|

-
|
)

Ha3bIBAETCSI COOCTBEHHBIM BEKTOPOM KBaJpPaTHOW MaTpHIbl A 7-TO MOPsAKa, COOTBETCTBYIOIINM
COOCTBEHHOMY 3HAYEHMIO A, , ECIU OH YJIOBIETBOPSAET MATPUUHOMY YPABHEHHMIO:
AX=)X wm (A—/IE)_:0.
X
3nech E — eAMHUYHAS MaTpHIA #-TO TIOpsiKa, a () — HysneBoit BekTop-ctonber. [Ipu ycnosun,

qro BekTop X # (), TIONy4aeM XapaKTepiCTHIECKOE YPAaBHEHHE IS ONPEICICHHs COOCTBEHHBIX
snauennii ) : det(A — AE) =0 (19)
KoOopauHaThl COGCTBEHHOTO BEKTOPA X;, COOTBETCTBYIONIUE COOCTBEHHOMY 3HAUYEHHUIO A,

, IBJIICTCA PCUHICHUEM CUCTCMBIL ypaBHeHHﬁI

((dI1 —2i )xI +al2x2 +...+alnxn =0,
a x +(@a —A)x +..+a x =

f’ 21 1 22 i 2 2nn (20)
|A
L|an1x1 +a,x,+..+(a, -4 )x, =0.

CoOCTBCHHBIH BCKTOP ONIpCACIIAACTCA ¢ TOUHOCTBIO O ITOCTOAHHOI'O MHOKHUTCIIA.
-

2. CkansipHbIM IIPOU3BEACHUEM JIBYX a=ai+a,j+ak u
z
BEKTOPOB * g
- - - -

b=bi+ by J + b, maswBaercs umcio, onpenenseMoe paBEHCTBAMIL

k

Zzl;=|c7”l;'cos*(p=|r;’17p~gzab +ab +abd (21)

X x y oy z z

14



T7ie () — yrol MeXIy -
BEKTOPAMHI a — {a a ,a } ub= {b b b }
x y oz x y
- W (21)2I[J'I$I CKAJIAPHOrO KBA/PATA HMECM:
= =a +a +a unim = . (22)

a |a . , . || \Jag+a2 +a2

C mOMOIIBIO CKAJISPHOTO TPOKSBEICHH MOKHO HaHTH:
ab +ab +ab

- TIPOEKIHIO BEKTOPA
P P b _ 9 (23)
a | | \/a2 + a2 +a2 ’
a Xyz
ab +ab +ab
- YTOJI MEXJIy JIByMsl BEKTOPAMHU COSP = Y c s (29
ﬂbr \/agy;yzaz +a2{f2 +b2 +b2
=S paboty cunbl {F F F } Ha nepeMelieHun S = S }
F x y z x y z
A= \F HS‘COS(p =F.S, +FS, +F.S.. (25)
YciioBue nepreHAnKyYIIPHOCTH JIByX HEHYJIEBBIX BEKTOPOB UMEET
BUJI:
ap — ww ab, +ab, +ab, =0, (26)
0
- 2) ax -
a YCIIOBUS UX KOJUIMHEAPHOCTH:  a = Ab — 4 Lb’z— =L 3)axb=0 27
1) b, = b, ~ b,

3. BekTopHBIM POM3BEICHHEM BEKTOPA ¢ Ha BEKTOP b HA3bIBAETCS BEKTOP ¢ , KOTOPBIA:

-

a) UMEET JJIUHY |c| = |a”b ‘sin(p , TJIC (p — YTOJI MEXKITy BEKTOpaMH q U b ;

0) NepHeHIUKYJIAPEH K KaXX10My U3 BEKTOPOB a U b ;
B) HaIIpaBJICH TaK, YTO BEKTOpaA a , b , ¢ 00pa3yroT MpaByro TPoUKy (puc. 1).

BekTopHoe npou3BeieHue BEKTOPOB B KOOPAMHATHOM (opme:

- - - ; ‘; k - -
c=axb=a, a, a/|=(ab,—ab, )i—(ab.—ab, )j+(ab, —ab, )k {c } (28)
b, b, =
b

15



—
Ql
Il
Ql
X
Sy

B D
b
a
0] A
Pucynok 1- -
4. CMmeniaHHOE MTPOU3BEAECHUE TPEX BEKTOPOB = +
“+qk b= " T +bk
a ai a,j bi b,j .
z
¢=cl+c,j+c,  €CTb YHCIIO PaBHOE!
k
a, a, a,
abc =\b, b, b, (30)
¢, ¢, cC

O6beM nmapajuienenuneia, HOCTPOEHHOTO Ha BEKTOpax a , b U ¢ , PAaBEH MOAYJIIO

CMCHIAHHOT'O ITPOU3BCACHUA

-

*b - a, a, a
Py :\“ C\ = mod|b, b, b (31)
¢ ¢ c

5. O6iee ypaBHEeHUE TPSIMOI Ha MIOCKOCTH UMEET
BH/I:

-

Ax+By+C =0, (33)

rae n = Ai + Bj - HOpManbHbIN BEKTOP NPSIMOIA, T.€. BEKTOP 7 MEPIECHIUKYISIPEH MPsMOii, a

ko3 durmenT C MpOMOPIIMOHAIICH PACCTOSHUIO p OT Havaia KoopAuHaT a0 npsamoit: C ~ p.

YpaBHeHHE MPSIMOM € YIIIOBBIM KO3()PHUIIMEHTOM UMEET
BH/I:

y=hc+b (34)

3nech yrioBoi ko3phuimeHT k = tga , TIe o yroja Mexay ockio Ox U MpsSMON; b — HavanbHas

OpAMHATA, T.€. OpAMHATA TOUKU IIEpeEcCEeUEHus NpAMOH ¢ ocbio Oy.

6. a) O0mmee ypaBHEeHHE TUIOCKOCTH P nMeer Ax+By+Cz+ D =0, (40)
BU]I:

rie N=Ai +Bj + Ck

16



- HOpM&JIBHLIfI BCKTOp IIJIOCKOCTH, T.C. BEKTOP HepHeHI{HKyJ’IﬂpHHﬁ
IIJIOCKOCTH, KOZ—)(I)(I)I/II_[I/IGHT D MMPOIMOPILIUOHAIICH PACCTOAHUIO p OT HavYalla KOOpAUHAT OO
IIJIOCKOCTH.

0) YpaBHEHHE IUIOCKOCTH, IPOXO/ALICH Yepe3 NaHHYy0 TouKy M ,(x,,,,z,)

NEPIEHANKYIJISIPHO JaHHOMY
BEKTOPY

N = {A,B,C}, UMeeT BUJI

17



Ax—x,)+By—y,)+C(z—z,)=0.

(41)
B) YpaBHEHHE IIOCKOCTH, IPOXOSIIE Yepe3 TpU 3aJaHHbIe TOYKH M ,(x,,y,.z,

)

Mz(xz:yz,zz) Mj(x3,y3,z3), HAMEET BUI:
u

X=X, Y=y, zZ-2z
X, =X, Y,—y, z—z|=0. (42)
X=X V3=V, 237 Z

F) Vron MCKAY ABYMs INIOCKOCTAMU, UMCIOIIUMHA HOPMAJIBHBIC BEKTOPEI

NI = {AI BI N2 = {AZ ,B2,C2 }, ONpEIENSETCS KaK Yrol NI_H Nz_; KOCHHYC
.Cl} u MEKTY

3TOTO yIJla HAXOAHUTCS 10 hopMmyIie:

cos@ =Ni1 N2 = Ai1A2 + BiB: + CiC2 @3)
M1 Jaz+p2+cfaz + B2 + 02
n) Pacctosiaue ot Touku M o(xo ,yo,zo) 10
ITOCKOCTH Ax+By+Cz+ D=0
. }AXO+By0 + Czo +D|
ompenensercss  popmyioit: d = x 7 B3 ) (44)

7. [Ipsimas B ipocTpaHCTBE / onpeaenseTcs: Kak JIMHUS IepecedeHus miockocred P, u Po:

1:{41x+Bly+Clz+ DI =0,
Ax+B y+Cz+D =0.

2 2 2 2
pumep 1. [1o koopaunaTam BepiuH nupamunsl A(3;-2,2), B(1;-3;1), C(2,;0;4), D(6,-4,6)
CpeICTBaMH BEKTOPHOM anreOpbl HANTH:
1) nmuab! pedep AB u AC;
2) yron mexay pedpamu AB u AC;
3) mowmans rpanu ABC;
4) TIPOEKIHMIO BEKTOPA AB AC—;
Ha
5) o6bem mupamuel ABCD;
6) ypaBHeHuUs npsiMbIX AB u AC;
7T)ypaBuenus minockocteit ABC u ABD;
8) yron mexay mockoctsmu ABC u ABD.

Pemenne.

18



1) Haiinem Bektopbl AB u AC

AB=(1 3i+(-3-( )+ 2k

- 5 o

2i—j—k=%2-1;-1};AC={-1;22}.

19



JITMHBI ATUX BEKTOPOB, T.€. IIUHBI pedep AB u AC, TaKOBBI:

AB = (=2 + (=12 +(-10=¢ ~2457  PAC|l=(=1p+2:+2: =3

RN

2) CkansipHoe MPOU3BEICHUE BEKTOPOB AB n HaﬁM o ¢popmyie (21):
AC

AB-AC=(=2) (= D+ (-1)-24(=1)-2=-2,

a KOCHHYC yTJIa MeXIy HUMHU — 110 hopmyie (24):

74'6:_:2_
a

— TyIIOH yTOJI, w—arccos 0.27 = 1.85 panc
? paBHBIN

_AB - .
cosQ = =-0.27
48|

Ortcrona cineayer, 4to

TOYHOCTBIO /10 (.01. DTO U €cTh UCKOMBIN yroJa Mmexay pedpamu AB u AC.

3) Ilnomans rpanu ABC paBHa MOJOBHHE IJIOLIAAN MTApaJUIeIOrpaMmMa, MOCTPOSHHOTO
Ha BekTopax AB u AC , T.e. OJOBHHA MOJYJISI BEKTOPHOTO MTPOU3BEICHUS ITHX BEKTOPOB (CM.
dbopmyiry 29):

- -

ik
-2 -1 —[=5-5k

-1 2 2

AB x AC =

311eCh ONPEAEIUTENb BBIYUCIIETCS C IOMOIIBIO PA3JIOKEHUs 110 IIEPBON CTPOKE.

C.]le)IOBa I'€JIBbHO,
S 5 ~ 354
44BC ; 1 ‘KB x—'AC‘ % 52 +(-5F ‘2/7 3,5 (xB. e11.)

4) Ilpoekuuio BeKTOpa AB na AC Haiiem o gopmye (23):

4B -AC -2
Op AB="__""=_ " ~067"

ST

5) O6beM upaMuIel paBeH //6 o0beMa napaiesienuIeaa, IOCTPOCHHOTO Ha BEKTOpax

—_ -

AB, .
AC, AD . Bextop AD = {3; - 2;4}. Ucnons3yst popmyaty (31), momydmm:
1 1 7? 7~
v ="'[aB.4C 4D = - 1 -
J *‘ zq =" 2 2= D odc - 30)= 5 (€Y0- €).
6 6 6
3 -2 4

6) YpaBuenus npssmMbix AB u AC HaiieM Kak ypaBHEHUS MPSAMBIX MPOXOAAIINX Yepe3
20



JIBE TaHHBIE TOYKH, TIO popMmyiie (48):

(4B) x=3 + z—2
- =
1-3 -3+ I-

2 2

A

(4C) x-3 y+2 z-2
2-3 0+2 4-
2

21



x—3

7) Ypasuenus miockocteit ABC u ABD nonyunm, ucroibiys Gopmyiy (42):

y+  z=2 x-2 y+2 z-=2
-3 5
L 1-2= - -1 -1=0
-3+ 2 2 2
2 4-2 -
0+2 1
ABC: te 5(+2)—5(z-2)=0, 5y—5z+20.
r—3 y+2 z-2 x=2 y+2 z-2
I=3 342 1-2= ~2 - —l=0
6-3 442 0 3 Ly
6-2 -2
ABD:  te. —6(x-2)+(y+2)+7(z-2)=0, —6x+y+7z=0.

IIo YPaBHCHUAM IUIOCKOCTEH OIPCACIINM UX HOPMAJIBHBIC BCKTOPLI:

NI ={0;5,-5} u N2 ={-6, 1;7}.

OTKyZa

8) Yron @

N N.

0+5-35

cosp TN B EAEAN R e 5@

~—0.46 °

Mexry Tiockoctsmu ABC u ABD naiinem o ¢popmyne (43):

¢ =m—arccos 0,46 = pan.
2,04
BOl'[pOCLI U 3alaHUsA
3aganue 1
Howmep | Koopaunarts! Touku | Koopaunars! Touku | Koopaunats! Toukn | KoopaunaTts!l Touku
Bap. A B C i

1 (1;2;3) (-1;3;6) (-2;4;2) (0;5:4)
2 (-1;2;0) (-2;2;4) (-3;3;0) (-1;4;2)
3 (2:2;3) (-1;2;0) (0;3;3) (2:4;-5)
4 (0;-1;2) (-1;-1;6) (-2;0;2) (0;1;4)
5 (3;0;2) (2;0;6) (1;1;2) (3:2;4)
6 (0;2;-1) (-1;2;3) (-2;3;-1) (0;4;1)
7 (2:3;2) (1,3;6) (0;4;2) (2;5:4)
8 (1;0;2) (-2;0;6) (-3;1;2) (-1;2:4)
9 (2;0;3) (1;0;,7) (0;1;3) (2:2;4)
10 (-2;1;3) (-1;1;3) (2;0;2) (2;0;4)
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11 (2;4;-6) (1;3:5) (0;-3;8) (3;2:3)
12 (-2;3;5) (15-3;4) (7;8;-1) (-1;2;-1)
13 (1:3;5) (0;2;0) (5:7:9) (0;4:8)
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14 (35-5:2) (4;5;1) (-3;0;-4) (-4;5;-6)
15 (4;5;2) (3;0;1) (-1;4;,2) (5:7:8)
16 (5;150) (7;0;1) (2;1:4) (5;5:3)
17 (4;2;-1) (3;0;3) (8;0:4) (55-1;-2)
18 (4;-3;-2) (2;2;3) (-15-2;3) (2;-2:-3)
19 (3;1;1) (1;4;1) (1;1,7) (3;-4;-1)
20 (2;2;0) (-2;3;-2) (2;-3;3) (155;5)

ITo koopaunatam BepuuH nupamuasl ABCJ cpenctBamMu BEeKTOPHOH anreOpbl HAaWTH:

1) nmuab! pedep AB n AC;

2) yron mexay pedpamu AB u AC;

3) mnomans rpann ABC;

4) npoexuuio Bekropa AB u AC;

5) o0beM HpaMHIBL.

3amanue 2

CocTaBuTh ypaBHEHME IIJIOCKOCTH P, Mpoxoasuiel uepes ToUKy 4 NepIeHauKyIIpHO

N

BekTopy BC . Hanncats ee o01iee ypaBHEHUE, a TAKK€ HOPMaJIbHOE YPaBHEHHUE TNIOCKOCTH B

otpe3kax. CocTaBUTh ypaBHEHHE IUIOCKOCTH P, mpoxoasiieil yepe3 Touku A, B, C. Haiitu yron mexmy

mwiockoctamMu P u P, . HaiiTu paccTosHue ot TOUku /{ 10 TIOCKOCTH P.

Koopaunatst Koopaunarst Koopannatsr Koopaunatsr

Homep pap. TOYKH A Touku B touku C TOUYKH /|
1 (2:5;3) (1;3;5) (0;-3;7) (3;2;3)
2 (-2;3;5) (1:-3;4) (7:8;-1) (-1;2;-1)
3 (1:1;2) (2:3;-1) (2;-2;4) (-1:2;2)
4 (1:3;5) (0;2;0) (5:7;9) (0;4;8)

5 (3:-5:2) (4;5;1) (-3;0;-4) (-4;5;-6)
6 (4;5;2) (3;0;1) (-1:4;2) (5;7;8)
7 (5:1;0) (7,0;1) (2;1;4) (5:5;3)

8 (4;2;-1) (3;0;4) (0;0;4) (5:-1;-3)
9 (4;-3;-2) (2;2;3) (-1;-2;3) (2;-2;-3)
10 (3:;1;1) (1;4;1) (1;1;7) (3:4;-1)
11 (1:2;3) (-1:3;6) (-2:4;2) (0;5:4)
12 (0;-1;2) (-1;-1;6) (-2;0;2) (0;1;4)
13 (2:3;2) (1;3;6) (0:4;2) (2:5;:4)
14 (1,0;2) (-2;0;6) (-3;1;2) (-1;2;4)
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15 (2;0;3) (1;0;7) (0;1;3) (2;2:4)
16 (0;2;-1) (-1;2;3) (-2:3;-1) (0;4;1)
17 (2:2;3) (-1;2;0) (0;3;3) (2:4;-5)
18 (-25-2;3) (1:2;5) (0;1;0) (2;6;4)
19 (-2;1;3) (-1;1;3) (2;0;2) (2;0;4)
20 (-1;2;0) (-2;2:4) (-3;3;0) (-1;4;2)

Ilpakmuueckoe 3anamue no meme «Mamemamuueckuii ananus. Oynkyuu 00HoOU
nepemeHnHo».

Ilpakmuueckoe 3anamue no meme «Mamemamuueckuii ananuz. @Dyukyuu
HeCKOJIbKUX NePEMEHHbIX).

Henp: Llenpro ocBoeHnsa TeM «MareMartnuecknii aHann3. OyHKIIMU OTHON IEPEMEHHOW» 1

«MaremaTnueckuil aHanu3. yHKINUN HECKOJIBKUX NEPEMEHHBIX) ABIIAETCS (POPMUPOBAHUE

OOIIEKYIBTYPHBIX U 001IeTpodheCCHOHATBHBIX KOMITETSHIIMHA OyayIero 6akaaaBpa Imo

HarpasiaeHussM noArotoBku 13.03.02 myTemM 0CBOECHHSI BO3MOKHOCTEM:

- OCYHICCTBJIATH ITOKUCK, KpI/ITI/ILIeCKI/Iﬁ aHaJIu3 U CUHTE3 I/IH(bOpMaHI/II/I, IMPUMCHATH

CHCTEMHBIN MOIXO0M JJIsI pCIICHUS IMMOCTABJICHHBIX 3a/1a4

-HCTIOJIH30BaTh MaTeMaTH4ecKue, husnueckue, GU3NKO-XUMHUYECKUE, XUMUYIECKUE METOIBI s
pelieHus 3a1a4 npodeccuoHalbHOM 1eATeTbHOCTH
B pe3ynbrate ocBoeHus TeMbl «MaremaTnueckuil aHanu3. OyHKIHU HECKOJIBKUX
MIEPEMEHHBIX» CTYACHTOM MPUOOPETAIOTCS CIEAYIONINE 3HAHUS U YMEHUSI:
3HAaTh: OCHOBHBIE METO/IbI MATEMAaTHUYECKOT0 aHAIN3a U MOJICTTUPOBAHUS B PO eCCHOHATBHON
JIEATEIIbHOCTH, TEOPETHUECKUE U KCIIEPUMEHTAIbHBIE JAHHBIE MOJICTTUPOBAHUS B

poeCCUOHATIBHOM 1eATeIbHOCTH

YMeTh: UHTEPIIPETUPOBATh, CTPYKTYPHUPOBATH U 0QOPMIIATE HHPOPMAITUIO pPe3yJIbTaTOB
UCCIIEIOBAaHUH U SKCIIEPUMEHTOB U3 MPOGECCUOHATBLHOM 00JIaCTH B JOCTYITHOM JJIS IPYTHX
Buje. O0ecnieunBaTh MPUMEHEHUE HABBIKOB pa0OThI C KOMIIBIOTEPHBIMU IIpOrpaMMaMu JJIst
JMCTAaHIIMOHHOTO 00pa3oBaHMs B 00J1aCTH MaTEMAaTUKH, HABBIKOB CAaMOOPTraHU3aluU y4eOHOTO
IpoLecca sl peNICHUs] CJIOKHBIX 3aJja4 MaTEMAaTHKH, IPEATIONAralolMMHI CaMOCTOATEIbHBIN

BBIOOp METO/1a PeLIeHuUs
BuiiaseTn: HaBbIKAMU peIIEHU 3a/1a4, CBA3aHHBIX C MATEMaTHUYECKUM MOJIETHMPOBAHUEM

Y aHaJIM30M, HaBbIKAMH PEIICHHUs 3a]1a4, CBA3aHHbBIX C MPodeccCHnoHaNbHOM

ACATCIIBHOCTBIO
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TeopeTnyeckue 0CHOBbI

[Tpumep 1. HaiiTi nonsipHble KOOPAUHATHI TOYKH M ( v’f— -1 ) (Pucynok 1).

Ay

Q \E X,p
¢ |

-1 5

PucyHok 1

Pemenue. Mcnonb3ys hopMyIibl, HAXOIUM TOJSPHBIN paguyc U HOJISPHBIN YTOJ TOYKU

Mip:;g/ﬁyz :(ﬁ)j?(—l)z =2,1g0 = y/x = @/3’

¢ =—arctg( \/3‘/3 ) = —7t/6 , Tax xak Touka M nexut B [V 4eTBepTH.

[Ipumep 2. [TocTpouTs 1m0 TOUKaM rpaduk

p= B IIOJISIPHOM CHUCTEME
byHKITUN

2sin@

KoopauHat. HaliTu ypaBHEHUE NIOJIy4YeHHOU KPUBOU B IIPSAMOYTOJIBHOM CUCTEME KOOPAUHAT,
HA4aJI0 KOTOPO COBMEUICHO C MOJIKCOM, & MOJIOKUTENBHAS M0JIyoch Ox — ¢ MOJIAPHON OCBIO.
Onpenenuts BUJ KPUBOH.

Pemenuie. Tak Kak MOJSIPHBIN paanyCc HE OTPULIATEINIEH,

2> >
T.C. p=>0,T10 @ >0, 0TKYyna

0 < @ <7 ; 3HAYUT BCS KPUBas PACIOJIOkKEHA B BepxHel momyniaockocTu. CoctaBuUM
BCIIOMOTATENFHYIO TaOIHILY:

Howmepa Touex | 1 2 3 4 5 6 7 8 9
¢ 0 /8 /4 3n/8 | /2 57/8 |3n/4 |Tn/8 | &
sin @ 0 0.38 0.71 0.92 1 0.92 0.71 0.38 0
p =2sin@ 0 0.76 1.24 1.84 2 1.84 1.42 0.76 0

,HJ'IS[ IMOCTPOCHUA KpHBOfI Ha JIy4e, MPOBECJACHHOM M3 MOJIOCA 11O YIJIIOM (O, , OTKJIaJIbIBAEM

COOTBCTCTBYIOIIECC 3HAYCHHUE TTOJIAPHOTO P = P((Pk) ¥ COCIUHSEM IOy 4EHHBIE TOYKH

panuyca (PucyHok 2).
Ay




PUCYHOK 2

27



Haitnem ypaBHeHue 2in 5
” = B MIPSIMOYTOJILHOW CUCTEME K uHat. J{is sTor
KPHBOI P ¢ PAMOYTOJIBHOM cucTteMe KoopauHat. st aToro

3aMEHHM p M () UX BBIPAKCHUAMH Yepe3 X U ) 1o popmynam:

X2ty =2y?é%,+y2 , x2+y =2y.

OKoOHUaTEeNBHO 5
aMeeM X + (y — =1, 1.e. ypaBHeHHE BHIPAXKAET OKPYKHOCTH C LIEHTPOM B

1)

Touke (0; 1) n €eTUHUYIHBIM PaTUyCOM.

ITpumep 3. Haiitu [, ciglx=3) .
=3 In(4 — x)

Pemienue. [ToncTaBisis BMECTO X €ro MPENENbHOE 3HAYCHHUE, PABHOE 3, TIOIy4aeM B YUCIIUTEIIE
0eCcKOHEeYHO OOJBIIYI0, a B 3HAMEHATeNe — 0ECKOHEYHO MaTyt0 (PyHKIHIO:

m ctg(x —3) = : _ -~
’llm (. ) limIn(4—-x)=0. Ilostomy lim cig(x —3) —w
¥3 3 =3 In(4 — x)
12x" + 5x

[pumep 4. Haiitu éz_Qg . )
—4x +7

Pemenue. HOI[CTaHOBKa IpEaACIbHOTO 3HAUCHUA apryMCHTa IMIPUBOJUT K HCONIPCACICHHOCTHU

BUAa oo/co . Tak Kak 1oJ1 3HaKOM npeacia CTOUT OTHOIICHUE IBYX MHOT'OYJICHOB, TO pa3aCiinM

YHCITUTENTh ¥ 3HAMECHATEIb Ha CTapIIyIO CTeIeHb apryMeHTa, T.¢. Ha x* . B pe3yiprare moaydnm

12x" + 5x 2+ —12+0
! ,
s M4y —4+0
7 7/
MOCKOJIBKY TIPH X —> 00 (pyHKIMU 5/° u 7/x* ABIASAIOTCS GECKOHEYHO MAaJIBIMH.
I 5 i 1 —cos 4x
fpmes Bl
=0 ln(l —x )

Pemenue. [l paCKpbITHS NOJIyYarOLICHCS 3/1€Ch HEONIPEACIEHHOCTH BUa (/) UCIIONb3yeM

METO/I 3aMEHBI OECKOHEYHO MAIIBIX SKBUBAIEHTHBIMHU. TaK Kak mpu x — ()
1 — cos 4x = 2sin ? 2x~8x’
In(l —x’ )~ —x’, 10 Haxomum

3

lim1 — cos lim 8x’ =-8.
4x
- 2 =
=0 In(l —x )
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=0 — X

[pumep 6. Haiiti nepByto npou3BoAHy0 GpyHKINUU y=f(Xx) , 3aJaHHOI MapaMeTPUIECKH:
x =In(1-17)
|y=@-1y
=1
1-¢

Pemenue. /ludpdepenuupyem x(7) u y(f) 1o mapamerpy ¢ X,
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v, =2(t—1) . Uckomas IpoM3BOIHAS OT Y MO X PaBHA OTHOLIEHHIO POU3BOIHBIX ()
OT ¥ x(¢) IO J
V' = Vi 200 =2(t-10.

IIpumep 7. HalitTi yacTHBIE IPOU3BOJHBIC %““ %u- Ou byHKIMN U = Z?é/_ ye .
X ° y

Pemenne. Cunrtas QyHKIuo u (QyHKIMEH TOTBKO OJHON MEPEMEHHOM X, a IEPEMEHHBIE )

U z paccMaTpuBasi Kak IOCTOSIHHbIE, HAXOJUM = 3X§— .
p p ’ M __ =2 . AHanoruuHo, cuutas u (QyHKUuEH

ox
TOJIBKO ) , @ 3aTEM TOJIBKO Z , a R au_ #__y
MoJIy4aem ay .
Bonpocs! 1 3apanus
3ananue 1. [loctpouts rpaduxu GyHKIHIHA:
Howmep Bap. DOyHKIMHU
1 y==3x"+10x-3, y=in(-x)+1, y=cos™ -1, yzx“Jr X.
2
2 y=-2x"+5x—1, y=In(x-2), y=cos2x+2, y=x X7
3 y=—4x’+17x-4, y=In(x+2), y=sin2x+1, y= xl—lllx
4 y=-5x"+26x-5 y=In3x+2, y=sin2x—-2, y |x ||
5 y=2x"+3x-2 y=In(2-2x), y=—cos2x, y= x|x+]
6 y=3x"+8x-3 y=In2x+3 y=-sin2x, y=x+b|x+1
X
7 y=4x'+15x—-4, y=Inx+3, y=cos +I y=
2 x’ ¥
] y=5x"+24x-5 y=In(-3x)+1, y:siﬁx—g y=e’
2
9 y==2x"+3x+2, y=ln(x—4),y:sinx+],yZZFlJi.
2
2 —X .
10 y=-3x"+8x+3 y=ln(—x)+2, y=cos -2, y=szqu(.
2
1 y=6x"=5x+1 y=—Inx+2, y—_sn" y=e
2
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12

y=-2x"+7x-3, y=—Inx+1, y:—cosx, yv=Ilnx-1.
2
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13 y==2x"+1Ix-5 y=—In(x-1), y:sin(Zx—E), y:‘txz—})(-
4
U
» y=3x"-7x+2 y=2Ilnx+2 y=—sin(x+ ) y=
—
3 X+ 2
15 y=-3x"+13x—4, y=—Inx-2, y:—cos(x—ﬂ), y=|x|x+4
3
: kb
16 y=-3x"+13x-4, y=—Inx-2 y= P y=xx+4
2x -2
17 y=3x"=7x+2, y=—e " +2, y:—sin(x+ﬂ), yl:—{‘_
3 x+2
18 y==2x"+1Ix-75, y:3x_4, y=—"", y=—In(x-1).
x+2 | |
19 y:—2x2+7x—3, y:cosx,y: ,y:]nlx—},
2 x+1 |
2 X x x+2
20 y=06x" —-35x+1, y=—sin", y=—e +1, y=e
2
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3amanue 2. MccaenoBarh Ha HEMPEPHIBHOCTh (DYHKITUU U TTOCTPOUTH WX TPadUKH.

Bapuant OyHKIMU
2
X —o<x<=-2
X =3x+2 ‘x—4‘ *
1 ) y=—s5=2— 2 y=H—4,3)y=1—x+2 0<x<0
L3)c 0<x<oo
2x+5 —0<x<(
X —10x+9 ‘x+0,8
2 Hy= 5 ;2) Y= 08;3))/: 2x+ 3 O0<x<2
X — x+0,
[7 2<x<o
, —x +1 —0<x<0
x —=7x+12 ‘2x+5‘
3 ) y= y s 2) y:2 5; 3) y=4x+1 0<x<2
X — X +
U 2<x<o
_ _ < _
X +7x+6 x—\/f i mexs2
4 l)y=ﬁﬁ+_1_;2)y=j_\_/%;3)y= 4dx+4 —-2<x<0
L5 0<x<o
s —x +2 —wo<x<-]
X —4x+3 ‘x+6
5 Dy=__ 3 ;2 y=lig:;3)y=93x+2 —1<x<0
L2 0<x<oo
5 —x —0<x<0
x —8x+12 x+3
6 1) y= e—2 2)y:L; 31, 3) y= §x+1 ]0<x£]
<X <
|
—3x+1 —0<x<0
X =7x+10 x+5 ,
7 ) y= =2 ;2)y=‘xﬂ:5;3)y: x +1 0<x<1
L2x I <x<o
, 2x+ 2 —wo<x<—1
X —4x+3 x—6 ,
8 DYy=_ y_q ;2)y:‘x_6;3)y= ;c -1 ]—<]£x<1
<x <o
|
4x+1 —0<x<0
X —6x+8 ‘x—7' B ) <
9 DYy=_y—ugu 2)y=l_7,3)r= 4(lx+) ?_x<1
<x<o
|
: s g g x +1 —wo<x<0
X —5x— X =
10 Dy= x—6 ,'2)y:LVLd,'3)y: by 0<x<1
x+1 I<x<ow
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X +6x+8 ‘x—9 R s xsv
1 = ;2 = ;3 =
11 )Y 7 )y <=9 )y );+2 g<x£2
<x <o
-
X +8x+12 ‘x—IO‘ =X SRy
12 l)y: ;2))}:—; 3)y: X 0<x<3
X+6 x—10 ﬁL2x+] 3<x <o
X —8x+12 261y '|‘x Tesasl
13 ) y= J2) y= ;3) = 0<x<3
_ _ y=4x =
x—6 2x—1 1L2x+] 3<x<w
3x+35 _
X —5x+6 ‘3x—].‘ ‘ , w<x<0
14 Hy=——— ;2) y= ;3) y=4(x-5) 0<x<5
x—3 3x-1 |U 5
<X<®
5 2x+ 1 —0<x<0
x —10x+16 ‘x—3‘ , -
15 1) y= J2) y= ;3) y=4(x~-1) 0<x<1
x—2 x—3 |L2 ;
<X <0
2 —
hy= X HIXH6 =3y, [T Rl
Y=15
16 x+2 x— /3
\/ Lx+1 2<x<o
X +5x+6 ‘4x+]‘ l|4x—1 TSI
17 ) y= ;s 2) y= 73y -1 0<x<1
xX+2 4dx+1 10 J<x<oo
X' —4x-35 ‘5x—]‘ [2x+3 S rsAsY
18 ) y= ;2) y= 73 ol e 0<x<
_ y= (x-3) sx<
X+ 1 Sx—1 ﬁt4 I <x<w
X —8x+15 ‘6x+1‘ [2x+2 A
19 ) y= ;2 y= 73l _I<x<I
_ y=x -1 =
x—-3 6x+ 1 it4 I<x<oo
X +8x+15 2x + 3 0 —©<x<0
1) y= ;2) y= - 3) o 0<
’ y= 2x x<3
20 X435 2x+3 12, Seaen

L
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3aganue 3. Haiity HanOoJIbIIee ¥ HAVMMEHBIIEE 3HAYCHIS

y = f(x) na orpeske [, b].

yHKrmm
H;);\;pr OyHKIMSA, OTPE30K
1 fx)=x-12x+7,  [0,3].
2 f(x) =2 - (5/3)% +2, [0,2].
3 f(x):(\/3/2)x+cosx, |L0,E2J||.
4 f(x)=3x*-16¢+2,  [-31].
5 flx)=x -3x+1, [/2,2].
6 f(x)=x* +4x, [-2,2].
7 f(x):(‘/?y_/z)x—sinx, l{O’EZM.
8 f(x)=81x—x*, [-14]
9 f)=3-22,  [-1,3]
10 f(x) = x—sinx, [-n,n]
11 f(x) = =2 [-5.5]
x* +13
L N
12 f(x)= X + cos x, | T
2 |2 |
13 " sl
X+ 16
1 , 3
14 f(x): X —sinx, | _11,21tJ |-
Is 6= 3l
x*+7
16 f(x):17c+cosx, | —3_7t,—TC .
2 | 2 ]
17 f(x) = = [-3.7].
x?+11
18 f(x)zlﬁc—sinx, ||—2n’§n .
2 | 2 ]
19 16 =""1 [-46]
x?*+9
1 | 3 |
20 f(x)= x+cosx, | =21, = —m |
2 | 2 ]

35




Ilpakmuueckoe 3anamue no meme «Mumezpanvnoe ucuucinenue GynKyuu 00Hou
nepemeHHo).

Heasn: Lensio ocBoenus teMm «MHTerpanbHoe ncurciaeHne GyHKIUU OJHON EPEMEHHOM»

aBisieTcsa (opMupoBaHHe Habopa OOIIEKYIbTYPHBIX U 00IeNpopecCHOHANbHBIX KOMIIETCHIIUN
Oyayiiero 6akanaBpa 1o HampasieHuto noAroroBku 13.03.02 myTem oCBOEHUSI BO3MOXKHOCTEH:

- OCYHICCTBJIATH IIOUCK, KpI/ITI/I‘{eCKI/Iﬁ aHaJIu3 U CUHTC3 I/IH(i)OpMaI_[I/II/I, NIPUMCHATDH

CUCTEMHBIHN nmoaxoa Ajid peIICHHA IMOCTAaBJICHHBIX 3a1a4

-HUCII0JIb30BATh MaTCMaTU4YCCKHUC, (I)I/I3I/I‘-ICCKI/IC, (bI/I3I/IKO-XI/IMI/IquKI/Ie, XHUMHUYCCKHUEC MCTOAbI JJIsA

pelieHus 3aaau npodeccuoHalIbHOM 1eATeIbHOCTH

B PE3yJIbTaTC OCBOCHUS TCMbIL «HuTer PaJIbHOC UCUUCIICHUC (I)yHKI_II/II/I OJIHOM

MEPEMEHHOI CTYJIEHTOM MPUOOPETAIOTCS CIEeYIONINE 3HAHUS U YMEHHUS:

3HaTh: OCHOBHBIE METOABI MaTEMAaTUYCCKOT'O aHAJIN3a U MOACITIUPOBAaHN B HpO(i)eCCHOHaHBHOfI

ACATCIIBHOCTU, TCOPCTUYCCKUC U DKCIICPUMCHTAJILBHBIC JaHHBIC MOACIIMPOBAHUA B

HpO(i)eCCHOHaHBHOﬁ ACATCIIBHOCTH

YMeTh: UHTEPIPETHPOBATH, CTPYKTYPUPOBATh U OPOPMIIATE HHPOPMALIUIO PE3YIIHTATOB
UCCIIEIOBAaHUN U 3KCIIEPUMEHTOB U3 MPOGECCHOHATIBHON 00JIaCTH B JOCTYITHOM JJIS IPYTHX
Buze. ObecnieunBaTh MPUMEHEHHE HABBIKOB PAOOTHI C KOMITBIOTEPHBIMU TIPOTPAMMaMH TSI
JMCTAaHIIMOHHOTO 00pa3oBaHMs B 00J1aCTH MaTeMaTUKU, HABBIKOB CAaMOOPraHU3aluu y4eOHOro
Ipolriecca ISl PEIICHUs] CIIOKHBIX 33]1a4 MAaTEMATUKH, TPEATIOIAraAl0IIUMU CAMOCTOSITENIbHBIN

BBIOOp METO/1a pPelIeHus

BJIaI[eTb: HaBbIKaMU pCHICHUS 3ala4, CBA3aHHBIX ¢ MATEMATUYICCKUM MOACIUPOBAHUEM
1 aHaJIn30M, HaBBIKAMH PEIICHUSA 3a/1a4, CBA3AaHHBIX C HpO(l)eCCHOHaﬂBHOﬁ

ACATCIBHOCTBIO
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Teopernyeckue 0CHOBBI

1. HeonpeneneHHbIM HHTETPAIOM OT (DYHKIMHU f{x) Ha3bIBACTCS BBIPAXKEHUE BHJIA

J. fx)dx=F(x)+C,ecim F'(x) f{x). Oyukuus F(x) Ha3bIBaeTCs MEPBOOOPA3HOM ISt

3a1aHHON (PYHKITHH f(X) . -

Ta6mz1ua HCOMPCACIICHHBIX UHTCTPAJIOB

a+1
1°. | odu = ”+ - +C a#l, u=u(x) -mubpdepeHuupyeMas QyHKIUSA
a

2 [u du u" 4C 3. du=4d" +Ca>0 azl
a+ _[ Ina
= ] "
a
4()
' 0
Isinuduzcosu+ 5'Ic0suduzsinu+C.
C.
6" .
d
J- du2 =—tgu+C. 7", _[ u2 =—ctgu+C.
cos “u sin *u
u
0 du L +C. d 1 a+tu
8. Ia2+u2:aarctg£ 90.J. zf 2= 5, In t_ +C.
L T .
Im—aFCSln a+ . I]U.J _inlu lg/2+b‘ c
2+b t

I[Ipy MHTErPUPOBAHUHM HAUOOJIEE YACTO MCIIOIB3YFOTCS CIEAYIOUINE METO/IBL.
1) Ecin C
j ftx)dx = F(x) + C, To
A
J' flax)dx =~ F(ax) +
C a

[ fox+bydx = Fx +b) +
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raicaun b— HCKOTOPBIC MOCTOAHHBIC.

2) [loaBenenue noj 3Hak quddepeHnuana:

[ fto @) ¢ "(9dx = fig (0) d(e
).

(1)

2

38



TaK KK (5 1)y = dp (%),

3) ®opmyia HHTETPUPOBAHUS 110 YACTSIM:

Iudv =uv —I 3)

vdu.

OO6bIYHO BbIpaXkeHHe dv BRIOUpAeTcs Tak, YTOObI €ro HMHTErPUPOBAHHE HE
BBI3bIBAJIO

0COOBbIX 3aTpyIHEHUH. 3a u, KaK MpaBUio, IpUHUMAETCs Takas QyHKuMs, TuddepeHIupoBaHe
KOTOPOH npuBOUT K e€ ynpoiueHuto. K kiaccam (GyHKIMN, MHTETPUPYEMBIX IO 4aCTsIM,

OTHOCSATCS, B YACTHOCTH, (PyHKIMM BUJA P(x) - P(x) - arcsin Px) - arctg re

In(x), X, X,
P(x) - MHOTOYJIEH OT X.

2. ®opmyna HeroTona-JleiiOHMIa 111 BEIYMCICHHUS OTPEICICHHOTO HHTETpajla UMEET BU/I:

b

Jx)dx = F(x)

b

.= Fb) - )
F(a),

eciu F'(x) f{x) u nepBooOpasHast F(x) HelpepsIBHA Ha OTpe3Ke [a, b].

OnpeneneHHbld HHTETPal YUCIEHHO PAaBEH IUIOMIAN KPUBOJIMHENHON TpaIelu,

OrpaHUYCHHOMU )
b x=a, x=b, y= wudacThio rpaduka y = f{x) , B33TOl
MIPSIMBIMU
0 GyHKITIH
CO 3HAKOM ILJIIOC,
ecu f(x) > 0, 1 co 3HAKOM MUHYC, ftx) < 0.
eciaun

3. Ecnu mHTEpBan HHTErpUPOBAHUS [a, b] HE OrpaHuyeH (Hampumep, b = oo ) Win

GyHKIHS f(x) HE OrpaHUYEHA B OKPECTHOCTH OJHOTO U3 MPEIeJIOB MHTEIPUPOBaHUS (HATIpUMED,

npH X = b ), TO IO ONPEISIICHUIO MOJTaTratoT:

[ s = tim S, (©)
o [ feds = tim [ sy, 7)

HHTerpainsl B IeBBIX YacTsaX paBeHCTB (6) u (7) Ha3bIBAIOTCS HECOOCTBEHHBIMU HHTErPajlaMHu.
HecoGcTBeHHBIN HHTErpasl Ha3bIBACTCS CXOASIIUMCS, €CITU CYIIECTBYET KOHEUHBIH Mpeaen B
npaBoit yactu paBeHctB (6) u (7).

Ecnu e mnpeen He cylecTByeT, TO HeCOOCTBEHHBIN HHTETPal Ha3bIBACTCS

PaCXOIAITUMCH.
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4. Ilyctb KpUBOJIMHEWHAS Tparenusi, OrpaHMYeHHas xX=a, x=b, y= W4YACTBIO
NPSMBIMHA 0

rpaduka KpuBon
v = f(x) , Bpamaetcst BOKpyT ocu Ox. Torma 00beM NOJTydeHHOTO MPU 3TOM

TeJa BpalleHHs BBIYUCISAETCA 110 (hopMmyJie:

b

b
Vznj'yzdxsz.O"(x))zdx.
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Teopema 1. Eciiu 1) dynkuus f(x,y) uaTErpUpYyeMa B IpaBWIHLHON B HanpaBiieHuu Oy

obmactu S: {a < x < y1(x) £ ¥y < ¥, (X)}, T.e. cyuiecTByeT ABOHHON HHTErpan

b,
_” £ (x, ¥)dS , 2) cymectsyer nosropmbiii b 3
[ ] SCepdy. o
UHTETpa
dx
’ a »(x)
b y2(x) (1)
[frevas=[ax [ senar
a »(x)
Teopema 2. Ecnu :1) Qynkuus f(x,y) unTerpupyema B IpaBuIIbHOM B HanmpasyieHun Ox
o0nactu

SH{c<Ly<d xi(y)£x<x(p)}, r.e cymecTByer nBoiiHON UHTErpa

9

6 ¢

, 2) CyIIECTBYET MOBTOPHBI J‘ ) f(x, y)dx, to
y)dS HHTErpai _f
dy
N c x1(y)
d 20 )

[ 7Gyyds = [ dy [ ey

X1

Teopema 3.

Tyers x=x(u, v), y= y(u, V) ecth muddepernupyemoe

npeoGpasosanne obnacti P u3 miockoctn OQ1uv Ha o6macts S u3 mwiockoctn OXY . Torna

CIIPaBCAJIMBO PAaBCHCTBO

3)
JJ e,y = ] £ (xtat, v, 30t ) (@, y) .
Ilepexo0 ¢ 0goitnom unmezpane K NOAAPHLIM KOOPOUHAMAM
®opMyiibl
X =p cosQ, y = p sin® 4)

npeoOpasyroT HOIAPHEIC KOOPAMHATEL P,  ToYKH B AEKAPTOBBI KOOPIAWHATHI STOH TOUKH H

¢

HepeBOIAT 00TaCTh P, ;{() <p<2m;0<p< oo} Ha BCIO IJIOCKOCTh OXy.

O6paTHO€ npeo6pa3013aHne JACKAPTOBBIX KOOPAWHAT B IMOJIAPHBIC OCYLICCTBIIACTCS 110
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(opmyran: , _ (0, mpu y >0,
P Iy @ =arcctgx/y+m-0(y),0(y)
3{1, l'IpI/Iy<O.

®uxcupys B nmociaeqHuX (GopMmysnax PHQ , MOTyYHUM KOOPAMHATHBIE JIMHUM U3 PA3HbIX CEMEUCTB:

okpyxHocTh ¢ tentpoM B Touke (X(0;0) u myu, ucxonsmmit uz rouxu O(0;0) .

[Ipumep 1. Haiitu dx
[2x -3
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Rerienue. Tax =— + C, 10, ucnonb3ys ¢popmysi (1), momydanm:

X dc 1 d2y) 1 d2x-3) 1 4C
J‘(2x—3)2 27 (2x - 27 (2x-3)° 2(2x - 3)
3)?
I[Tposepxka: (1 ) l(_l)__l. -2 /
= 20x |+C|:— = 2 = >
L 3 2\ 2x-3 2 2oy (x-3)
[pumep 2. .
Hatitn J.cosx-es’”dx..

Pemenwme. Tak kak cos x dx = d(sin x), To o popmyiie (2) HAXOAUM:

I cos x - &  dx = I " d(sinx)=e"" + C.

pumep 3.
Haiitu I X - cos 2x dx..

Pemenue. [TpuMeHUM METOI HHTETPHUPOBAHUS 110 YacTsM. [losokum u = x, dv = cos 2x dx;
torpa du =dx, v =(1/2 )sin 2x. ucions3ys popmyiy (3), umeem:

1 1 1
Ix-costdx:_x-sin2xdx:_x-sin2x+_c0s2x+C.
2 2 4

9X/i1

[Ipumep 4. BeIuucnuTh OnpeaeseH bl HHTErpal J.—)\(/__i_ 1 dx. .
4

Pemenue. [IpuMeHUM METOI 3aMEHBI IIEPEMEHHOI; X/_ — 1, oTkyma dx =2t dt

ITOJI0KHM
Haiinem npenensl UHTETrpUPOBaHUS IO IEPEMEHHOH 7
x=4 umeem t=2,a x=9
npu
pH
HMEEM

t = 3. Tlepexonst B CXOAHOM MHTETpaJIe K HOBOM IMEPEMEHHOM ¢ U IpUMEHss (popmyiry

Herorona-Jleitbnuna (5), monygaem:
9 3y
[

— 2 S0 e B
)\(/_poj:%dt—(t di+ 4l + | | = (9~ 12+ 4Ind) — (4 - 8 + 4In3) = 2.15.
2

4
IIpumep 5. BeruuciuTh miockoi GUrypsl, OrpaHUuYEHHON KPUBBIMU

yy=sinx+2, y,=-1, x=0, Y= (Pucynok 1)
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oy

R

Puc yHoK 1

X
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T T

Pemenye. ¢ _ J‘(yl — v, )dx = I(Sin x+2+1)=2+3nrx
0 0

2) Bropoii uHTerpan sBisieTcsi HECOOCTBEHHBIM MHTEIPajioM OT HEOTPaHUUEHHOU (PyHKLINU;

— 7 oin?
f(x) =1 sin .
X / TEpPNUT OECKOHEUHBIN pa3pblB B HUKHEM IIpeIeie x = 0. CornacHo
pu

/4

. & /4
onpeneneHuto (7), moydaem: I dx = 1 f dx _ limtgx)| =1-limtge=1,

2 2
pSin x  e—0 _sin x 20 ¢ 0

T.€. 3TOT HeCOOCTBEHHBIH HUHTCTpal CXOAUTCA.

IIpumep 6. BerancauTs 1BOMHOM MHTErpaII , S — MHO’>KECTBO TOUEK,

1= L[( v+ 2)dxdy
YIOBJICTBOPSIIOIINX HEPABEHCTBY x4 y2 <A4x.
y

V I'pa”uneit 001acTH ABIAETCA JIMHUA _ 2 2
parut xX°+y° =4x wm

? (x — 2)2 + y2 =4 — okpyKHOCTb pajuyca 2 ¢ LIEHTPOM B TOUKE

0 2
W C(2;0) (pucynok 2).

Hanuuue B ypaBHEHUM rpaHUIIbl KOMOWHAIIUU

2 2
X"+ Y~ HaBOAUT Ha MBICIIb, YTO JJIS

BBIYUCIICHUA HBOﬁHOFO HWHTErpaia YI[O6HO nepefm/l K IOJIAPHBIM KOOpJAWHATaM p,(P 1o

bopmynam X=pcosp, y=p Sin(P , dxdy — pdpdq) . YpaBHEHHE TPAHULIBI

x> + y* — 4x = 0 nepexonur B ypaserne P > OS> @ + p > sin* @ — 4p cos@ = 0 wm

p (p —4 cos@p) =0 . Orcrona p=0 (cootercTByeT Momocy O)

! p=4 — YpaBHEHHE
COS(Q
OKpYy>KHOCTH. Tak Kak
BCera p >0 (mo emeicny p), 70 p =4 cnexyer cos® >0,
13 cosQ

T T

orcrofa monyyaem —— < < —
2 0 . 'Tak, B MOJISIPHBIX KOOPIUHATAX 00JaCTh HHTETPUPOBAHHSI
2

ecTh p. [z T ] . Torna no gpopmyie (5)
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- <0< ; 0<p<4cos
12@2 p @JF

/2 4
cosp

I = [[(y+2)dxdy = [[(p sing +2)pdpde Id@j (p* sing +2p )dp =

s P - /2 0
R o~ "2 (64 A
= I do -sin@ + p 2) = I | —cos’ @ sing +16 cos’ @ |dp =
| _
- /2 K 3 )p:O —n/ZK 3 )
:—& n2 T 16 /2
j cos® Od cosp + 8 r (I+ cos 2@)dp = —__ - cos® +
¢
3 3

-n/2 /2 -n/2



Bonpocs! 1 3aganus

3ananue 1.
Haiitu HeonpeneneHHbIE
UHTETPAJIbI.
Howme
P WHurerpaisl
Bap.

1

a)I “ 6)J‘ dx ; B) _[( 5x-2 )In xdx ; ). '“ V

2x" +x x+3+3(x+3)2

a)J.x 3-x"dx; G)I B T dx; B)Ix cos’ (2x)dx ; F)I

2 .
X +5x+6 smx—\l—/—égac—
arctgx x+9 N T+x
3 .
a dx ;6 ' dx : X - arcsin xdx ; r). dx
)I1+x2 )x+x—3 B)J. r)I31+x
. 5 _2x+27 ,
a)J.szan 2- cos xdx;6)f dx ; B) _[ln(3+x )dx ;).
X —x=12
4 N
dx
J1-7x+1
sin x 4x+ 31 cos X
5 a) dx ; 6) X ;B) |(2—x) sinxdx ;1)
J.ﬂ—cosx '[2x2+11x+xf?d' I( )\/_ '[ 1 + cos
In Ilx-2
‘ a)[* d " dv ) dx ;w) [(1~1Inx)dx; q&*/_ ‘rdx
X X +x—2 ( x+4)\/§%
1 —tgx 17 —2x N+35
7
a dx ;6 dx ;B) |( 3x +4 )cos xdx ; r dx .
)Icoszx )‘[xz—5x+ )‘[( / )I I+ x+5
x 9—2x dx
8
a) dx ; 6) dx ;B) | arcctg( 4 x )dx ; r) )
'[8+x J.)c2—5x+6 '[ g(4x) \/F3cos x/+ 4 sin x
sin 2x 4x—27 x—={)(°x+1)
a)j , dx;6)_[ , dx;B)leandx;r)f dx
9 cos x + 3 2x —x—6 X’
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X 13 . dx
10 a)Iﬁdx;G)j4dx B)J.X Sin3xdx;r)}‘ :
cos (x" ) -2x -8 2sinx+cosx+2
: — 101 d.
11 a)J‘e””szn 2xdx ; 6)Iarctg/_ dx ; B) '[ A dx ;1) I +
x +2x" +10Ix I+3x+1
xdx %xz —3x+]d dx
12 a)|—— :6)| e In(1+3e" )dx ;B) X ;T) i
J.(xZJr4)6 I ( / DX+ Sin x + tgx
sin xdx X +3x+3 dx
13 a) _[3—;6)J.x3xdx;B)I . - dX;r)j -
N3+ 2cosx X + 3x Jx+3+3(x+3)
. d 2+
14 dx ;6)|.xarcszn de;B)I X ;r)‘x mdx.
D Cos x(3lgx+ 1) ° JI—x x+8 7 T+x
cos 3xdx , —2x" +2x -2 coS X
15 a)j ;6)J.x Sin4xdx;B)J . ] dx ; r)I dx .
4 + sin 3x X + 2x 1+ cos x
sin xdx i ld )J x+3 i )J / Y+7)
a) ;0) | x arcsin dx ;B X ;T
16 L cos’ x J X X' +x” = 2x ( 90/:- )
v J
( x + arctgx )dx x =3 X+
17 a) | 16) [ x In(x* + 1 )dx ; B)! deiry [ N dx.
I+x 3x IT+x+3
arctg \/%dx X +x+1
;6) | x sin x cos xdx ; B) {7 dx ;1)
18 J-\/_(] +x) '[ x4+ 2x
dx
IS’cosx+4sinx'
X dx 4x +3x+50 ( 1)(] +I)
a) I—;6) IX2€3xdx;B)f dx ; r)j /* S
19 NI —x° X +2x +50x i/x_v
i/?ﬂn_x Y +3xX+5 dx
20 a) [————dx;06) | x In” xdx ; B) [—dx;r) )
'[ X I X+ 5x° J-Zsinx+cosx+2

3amanue 2.

BeraucnuTs miomans GUrypel, orpaHUdeHHON 33aHHBIMU JTMHUSAME. ClienaTh yepTex 00IacTu.

Howmep Bap.

YpaBHeHHUs TUHUN
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1 y:(x—2)3,y=4x—8.

2 y=Xx 9—x2,y=0,(0£x£3).
3 y=4-x*,y=x>-2x.
4 y =sin x cos2 x, yzO,(OSxSn/2).

5 y=4-x, y=0,x=0, x=1.

6 y=x2f4-x2, y=0,(0<x<2).

7 y =cos x sin2 x, y=0,(0£x£7t/2).
8 y=J-1, y=0,x=In2.

9 y=arccosx, y=0,x=0.
10 y=2x-x"+3,y=x"—4x+3.
11 y=x\/33—_xr, y=0,(0<x<6).
12 x=arccosy, x=0,y=0.

13 y = arctg x, y=0,x=\/3.

14 y=x 8=, y=0,(0<x<2.p)

15 y:x\/4TX2, yzO,(OSxS2).

16 x=\/é‘*TT, x=0,y=In2.

3
17 x=(y—2),x=4y—8.
18 y = cos’ x sin 2x, y:O,(OSxSn/2).
19 yzxz\/16—x2, y=0,(0<x<4).
20 x:4—(y—1)2,x=y2—4y+3.

Ilpakmuueckoe 3anamue no meme «Q0vIKHOBeHHbIE OUPPepenyuanvrvle ypagHeHus»

Lens: Llensto ocBoeHus TeMbl «OOBIKHOBEHHBIE AU(dEpEeHIINATbHBIC YPABHEHUS SIBIISICTCS
dbopMupoBaHre Habopa OOMICKYIbTYPHBIX U 00MIENPO(ECCUOHATHEHBIX KOMIIETCHITHIA
Oymymiero 6akanaBpa mo HarpasiaeHusM moArotToBku 13.03.02 myTem ocBoeHMsI

BO3MOKHOCTEM:
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- OCYHICCTBJIATH IMOUCK, KpI/ITI/I‘-IGCKI/Iﬁ aHaJIn3 U CUHTE3 I/IH(bOpMaIII/II/I, MMPUMCHSATH

CUCTEMHBIN MOAX0d JJIs peuICeHUs IMMOCTAaBJICHHBIX 3a/1a4

-HUCII0JIb30BAaTh MAaTCMaTUYCCKUC, (bI/I3I/I‘leCKI/Ie, (I)I/I3I/IKO-XI/IMI/I‘{eCKI/Ie, XUMHUYCCKUC MCTOAbI JJIA

pelieHus 3aaad npodeccuoHalbHOM 1eATeTbHOCTH

B pesynbrate ocBoenus TeMbl «OObIKHOBEHHBIE TU((hepeHInalbHbIE YPaBHEHUS
CTYJEHTOM IPHUOOPETAIOTCS CIEAYIOIINE 3HAHUS U YMEHHUS:
3HaTh: OCHOBHBIE METO/Ibl MATEMATHUECKOT0 aHAJIN3a U MOJIETTUPOBAHUS B PO eCcCHOHATBHON
NESTEIbHOCTH, TEOPETUUECKNE U IKCIIEPUMEHTAJIbHBIE IaHHBIE MOJIETTUPOBAHUS B
npodecCHOHaIbHON e TENbHOCTH

YMeTh: UHTEPIPETHPOBATH, CTPYKTYPUPOBATh U 0OOPMIIATH HHPOPMALIUIO PE3YIIHTATOB

I/ICCJ'IC,Z[OBaHI/Iﬁ " OKCIICPUMCHTOB U3 HpO(bCCCHOHaHBHOﬁ obnacTv B JOCTYIIHOM JJIsA APYTUX BUIC.

ObecnieunBaTh MPUMEHEHHE HABBIKOB PA0OTHI C KOMITBIOTEPHBIMU TIPOTPaMMaMH TSI
JIUCTaHIIMOHHOTO 00pa30BaHUs B 00J1aCTH MAaTEMAaTUKH, HABBIKOB CAMOOPTaHU3aIlUU Y4eOHOTO
rporiecca ISl PeIICHUs CIIOKHBIX 3a71a4 MaTeMaTHKH, TIPEATIONATalOIUMU CaMOCTOSITEIIbHBIN
BBIOOD METO/1a peIeHus
Bananers: HaBbIKAMH pEIICHUS 33/1a4, CBI3aHHBIX C MAaTEMaTHUYECKUM MOJEIUPOBAHUEM
M aHaJIn30M, HaBBIKAMH PCIICHUSA 3a/1a4, CBA3AaHHBIX C HpO(l)CCCHOHaJIBHOﬁ
JEeSATENbHOCThIO

Teopernyeckasi 4acTb

Onpenesienue 1. O0bIKHOBEHHBIM A depeHImanbHbIM YpaBHeHueM (/1Y) Ha3biBaeTcs

PaBCHCTBO, COACPIKAIICC HE3ABUCUMYTO IICPEMCHHYIO X, HCU3BCCTHYIO (I)YHKI_II/IIO yunee

MPOU3BOAHBIE .,/ ! (n) .

yﬂy LARAS .
F(,9,9," 0 y™)=0. (1.1)

VYpasuenue (1.1) Ha3pIBaeTCs ypaBHEHUEM B 00IIIEM BUJIE.

Onpenenenue 2. [TopsiikoM ypaBHEHUS Ha3bIBAETCS MOPSIIOK CTapLIE MPOU3BOIHOM,

BXOJISIILIEH B YpaBHEHHUE.
Onpenesienne 3. YpaBHEeHHE, pa3pelIeHHOE OTHOCUTEIBHO CTaplIeh BXOAIIECH B HETO

IIPOU3BOAHOU

n ! n— 12
Y = @ P, Y s YO, (1.2

Ha3bIBACTCA YPABHCHUCM #1-T'O IIOPSAAAKA B HOpMaHBHOﬁ (bopMe.
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Onpenenenue 4. Pemennem ypasaenus (1.1) (umu (1.2)) Ha3piBaeTcst QyHKITUS
y= (p(x), oOparmfaromias 3To ypaBHEHHE B TOXAeCTBO. I'paduk pemenus Ha miockocta Oxy

HA3bIBAETCS HHTETPAJIbHOM KPUBOH.
Onnopoanoe ypasuenue (JIOAY)
JInHeHBIM YPaBHCHHUEM 71-T'0 IOpsAAKA HA3bIBACTCA YPABHCHUEC BU1a

(n) (n—1) !
% +p X))y +..+p )y + (X)y=f(x);

n—1

(5.1)

p;(x) (i = 1, n) nassiBarorcs ko duEeHTaAMU f (x) — npagoit yacteio (5.1).

Ay,

Onpenenenue 1. Eciu npu Bcex paccMaTpuBaeMbIX 3HAUEHUAX X QYHKIIHS

To ypaBHeHue (5.1) HazpiBaercs ogHopoaHbM (JIOJIY); B mpOTMBHOM CiTydae OHO Ha3bIBAETCSA

HeonHopoansM (JIHAY).

Teopema 1. Ecin
- (Il? burHeHTHI )2 (x), 2 (x),..., P, (x) f (x) HENPEPHIBHEIL B

u
unTepBane (a,b), To A MOOBIX HAaYaNbHBIX ycnoBuii (4.1) 3amaya Komm umeer perieHre u oHO
€MHCTBEHHO.

Bcesikoe pemenne ypaBHeHus (5.1) sSiBAsSeTCS YaCTHBIM PEIICHUEM, TaK YTO OCOOBIX
pelIeHni OHO HEe UMeEeT.

OnnopoaHoe nuHelHoe ypaBHeHHe (JIOLY)

YWWHp @Y+ +p (x)y=0 (5-2)
n
(Bcerya) UMeeT HYJIEBOE
permeHe y =0, ynosnersopstoniee HyJIeBbIM HaYaIbHBIM YCIOBUIM

!
y=y =..
. n-1) =0 npu X = 0 u OHO eMHCTBEHHO.

y

Teopema 2. O6miee pemenue JIOAY ecth MuHeliHas KOMOWHAIMS PEIICHUN

VisVaoewos
Y

ero ¢GyH/IaMeHTAIbHON CHCTEMBI:

Ye=Cy,+Coy, +...+Cy, (5.3)

Omnpenesienue 2. dynnamentanbHoi cuctemoit pemenuii (PCP) ypaBuenus (5.2)
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HAa3BIBAETCS /1 €r0 JIOOBIX JUHEHHO-HE3aBUCUMBIX YaCTHBIX
pCHIGHHfI ylayzrﬂayn'

3ameuanme. {5 mo6oro JIOAY cymiecTByeT 6ecKOHEUHOE YUCI0 (GyHIaMEHTaIbHBIX

CUCTEM PEILLICHUM.
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Omnpenenenue 3. Cucrema u3 n .
V{>)yseees  Ha3BIBAETCS JIMHEHHO-

byHKIUH
Y
He3aBUCHUMOH (Ha (a,b)) CUCTEMOM, €CIIU TOXKIECTBO
ay+ay
+o.+a y0 (5.4)
11 22 non
BBINOJIHAETCS JIMIIb B clyyae O, = - = -0
a, o,
Teopema 3. UtoObI cuctema .
perenit Yi>Vyses  OblIa QyHIAMEHTANBHOI,
Y
HEOOXOJIMMO U JIOCTaTOYHO, YTOOBI €€ OTpeIenTeh BpoHCKOTO
Vi Y e Y (5.5
! !
W (x) = Y V2
Vi
(n—1) (n—l) (n—1)
N 3%) o Wn

GBIT OTTHYEH OT HyJIS XOTA 6B1 B 0/[HOH Touke uHTepBana (d, D) .

IIpumep 1. Pemuths ypaBHEeHUE x* y2 y' +1=y.

Pemenue. [IpuBogum ypaBHeHue K Buay (3.1). xz 2 dJi _y- I;
Nwmeem: Y dx
2 dx
Y
2 2 2 . —
3(6 y dy = (y - l)dx . ennm oGe yacTu ypaBHEHHUs Ha (y o 1).—16{)/ T,
y—- X
NPUXOJUM K YPAaBHEHMIO C Pa3J/IeIeHHBIMU IepeMEeHHbIMU. VIHTerprpyeM o0e 4acTu ypaBHEHHUs
e dx Y2, 1
jﬂpI/IMeH}ICM bopmymy (3.3)): y— dy j T +N 1ﬁ+ ‘y - 1‘ —+ C . Tlpu
!
JleleHnn Ha X° (y —  MOTJIH OBITh MOTEPSHBI x=0uy=1. y=1-
1 ) pCHICHMA OuyeBuaIHO,
peleHre ypaBHEeHHUs, a
x =0 —ner.

IIpumep 2. [IpounTerpupoBaTh ypaBHEHHE (1 + X )y” + xy’ —-y+ 1 =0, 3nas, uro

cootrserctByrouiee JIOJY nmeer yactnoe b4 (x)=x.
pelienue
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Pemrenne. 1. Haiinem obmee pemenne JIOAY (1 +x2 )" +xy' —y =0 . Haiigem y
2

Oob1ee perenue
JIONY: Yoo =Cix+ G,
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2. Haitnem o6miee pemenue JIHJY. a) oueBuiHO, 9TO ¥ =1 €CTh YaCTHOE PEIICHUE U 10

dhopmye (5.7) obuiee pereHre I+ x2 .
JHAY: y= CIX + + 1. 6) naiinem obmee

G,
pellIeHre 0 METOly Bapuallui IPOU3BOJIbHBIX TOCTOSHHBIX. CocTaBisieM cuctemy (5.9),

MIpUBE/IS UCXOHOE ypaBHEHUE K BULY (5.1):

N1X+]\7" e ' X _ 1
AR R R
2

Y+ x2 1+x2'

Pemmm cucremy anreOpanuecku: C-_10C= ~ Wuterpupys, Haitnem: C, (x) = —x + C,,

1
+ X2

C,(x)= Y+x2 + C, u obuee pemenue JIHIY

y=(x+Cx+( +C) =Cx+ V+x2 41,

) +x2 5 J+x2 c | 5

3amanue 1

1)Haiitu oOmiee pemenue auddepenHmanbHoro ypasuenus I nopska.
2)Haiiti yactHOe pemienne nuddepernuanibaoro ypasaenus 11 mopsinka ,
YAOBIETBOPSIOIIEE HAYAIBHBIM YCIOBHSIM .

Ne

1

Bap-Ta 3a/aHus
1) ; 2)
1) ; 2)
1) ; 2)
1) ; 2)
1) ; 2)
1) ; 2)
1y ; 2)
1y ; 2)
1y ; 2)
1y ; 2)

10
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Hpaxmuuecxoe 3anamue no meme «Paoot»

Lenn: Llenbto ocBoeHust Tembl «Psaapi» siBasieTcst GopMupoBaHrue Habopa OOUIeKYIbTYPHBIX U
o0mienpogeccHoHANBHBIX KOMITETEHITNI Oyaymiero 0akaaaBpa 1Mo HanpaBiICHUSIM MOATOTOBKH

13.03.02 myTeM OCBOEHHS BO3MOXHOCTEH:

- OCYHIECTBJIATH IIOHUCK, KpHTquCKHﬁ aHaJIu3 U CHHTE3 I/IH(l)OpMaHI/II/I, MMPUMCHATDH

CUCTEMHBIHN moaAXOod AJid pCHICHUA IMMOCTABJICHHBIX 3a/1a4

-UCIIOJIB30BAaTh MAaTCMATUYCCKUC, (I)I/I3I/IHGCKI/IG, (I)I/ISI/IKO-XI/IMI/I‘IGCKI/IG, XUMHNYCCKHNEC METOABI AJIA

pelieHus 3a1a4 npodeccuoHalIbHOM 1eATeIbHOCTH

B pesynbrate ocBoeHUs TeMbl «PsiibDy CTYyIEHTOM MPHOOPETAIOTCS CIeIYIOINE 3HAHUS U
YMEHUS:
3HATh: OCHOBHBIE METO/Il MATEMaTHUECKOTO aHAIIN3a 1 MOJICTTMPOBAHUS B MPO(HeCCHOHAIEHON
JIeATEIbHOCTH, TEOPETUUECKUE U IKCIIEPUMEHTAIbHBIE TaHHBIE MOJICIMPOBAHUS B

poeCCHOHATTEHOM JeATEIHhHOCTH

YMeTh: UHTEPIPETUPOBATh, CTPYKTYPUPOBATH U 0OQOPMIIATE HHPOPMALIUIO PE3yJIbTATOB
UCCJIEIOBAaHUN 1 HKCIIEPUMEHTOB U3 PO ecCHOHATbHON 00aCTH B JOCTYTHOM IS APYTUX
Buze. ObecrieunBaTh MPUMEHEHHE HABBIKOB PA0OTHI C KOMITBIOTEPHBIMU IPOTPaMMaMH IS
JUCTAaHIIMOHHOTO 00pa3oBaHMs B 00J1aCTH MaTeMAaTUKH, HABBIKOB CAaMOOPraHU3aluu y4eOHOro
npolecca JUulsl pelieHus CI0XKHBIX 3a7a4 MaTEMATUKH, NTPEANOIAralolMMHI CaMOCTOSTEIbHbBIN

BBIOOp METOJ1a peIIeHUs

BJIaIleTb: HaBbIKaMM pCHICHUA 3a1a4, CBA3aHHBIX ¢ MAaTEMAaTHYCCKUM MOACIUPOBAHUEM
" aHaJIM30M, HaBbIKaMH pCHICHUA 3aJia4, CBA3AHHBIX C HpO(i)CCCHOHaHBHOﬁ

ACATCIIBHOCTBIO



TeopeaneCKaﬂ 4acTb

Yucnoswvim psroom HA3bIBAETCS CyMMa BUJIa

(1.1)

rae ...Jli- - ., Ha3pIBacMble YJICHAMH psifa, 00pa3yroT

6€CKOH€‘{Hy}O IOCJIICJOBATCIIBbHOCTD, ‘iHeH.HaSblBaeTC}I 06LLLI/IM YJICHOM

panaa.

CymMmBI

b

COCTAaBJICHHBIC M3 IICPBLIX YICHOB psAaa (1 . 1), HAa3bIBAOTCA YaCTUYHBIMHU CYMMAaMM 3TOI'O psa.

Kaxxiomy psily MOYKHO COIIOCTaBUTH IIOCJIEN0BATEIBHOCTD YACTUYHBIX CYMM _

Ecnu npu 6eckoHEYHOM BO3pacTaHUM HOMEpA 71 YaCTUYHAs CyMMa psja . CTPEMHUTCS K

npeaciy S, TO psAd HA3BIBACTCA CXOIAIIUMCH, a YUCIIO o CyMMOﬁ CXOAICTOCA psaa, T.C.

JTa 3anuch PaBHOCHUJIbHA 3allUCHU

Ecnu yactuynas cymma . psna (1.1) mpu HEOrpaHUYEHHOM BO3PACTaHUU /7 HE UMEET

koneunoro npezena (crpemutcs K Il v M), To Taxoit psan HasbIBaeTCs pacxodaugumcs.
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Ecan paa CXOO}IM/(MIZC}l, TO 3HAYCHUC . npu A0CTaTOYHO OOJIBIIIOM K SIBJISIETCS HpI/I6J'II/I)KeHHBIM

BBIPAYKEHHEM CYMMBI psifia S.

Pasznoctb - HAa3bIBACTCA OCTATKOM pPsia. Ecan pAaa CXOAUTCA, TO €0 OCTATOK

CTPEMUTCH K HYIIIO, T.e.-, n HaO60pOT, CCJIM OCTATOK CTPEMUTCH K HYJIIO, TO PAO

CXOJUTCH.

IIpumep 1. Pax Buna

(1.2)

(=00
HAa3bIBACTCA ceomempudecKum .

I'eomeTpuueckuii psii 00pa3zoBaH U3 YJIECHOB FEOMETPUUECKON IPOTPECCHH.

N3BecTHO, uTO cymMMa €€ TIEPBBIX 71 YWICHOB . O4eBHUIHO: 3TO 71-asi YACTUIHAS CyMMa
psana (1.2).

Bo3moxHBI cly4dau:

}—U
)
)=
—_~
=
\®)
~
=
el
=
jasi
=
=
oo
[¢]
—
o)
=
H

, PAO paCxXoauTCA,

s (1.2) npuHUMaeT BU:

.=

HC UMECT Npcacia, psaa pacxoJuTCs.

- KOHCYHOC YHCJIO, PAd CXOOUTCH.

Y

- Al pacXoauTCs.
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Wrak, naHHbIi psAg CXOAUTCS TIPU -H pacxXoauTCs IpU -
Bonpocs! u 3aianust

Samaun 21-30
B 3agagax Ne 11-0 naiftu 06;1acTh CXOAMMOCTH CTETIEHHOTO Psija.

B 3amagax Ne 11-20 nccnenoBaTh ps/ipl Ha aOCONIOTHYIO U YCIOBHYIO CXOJIUMOCTb.

sinn ﬂ - (—l)”n. (—1)m
L )Z(n+1)f’ O)Z 2n )Z(n+1)

sinn?® - (—1)yntiz™ - (—1)*Inn
12. o] _—; _—
) Z e %) S 2) 2n+ 1
1 2
S E —(—D"(n+1) = (—1)"n
o YIE, g T, e
©) 3" B L3+ 1
1 1
= 2 ein = _1yn3n = —1)"
14. a)zl‘“séj 6)2%; B)Z D .
4 VIE + 3n - " — (n+ 1D)In(n+ 1)

cosT 7 n - (—1)m
15. Z o] Z —1)" i ——.
2 "+ 3n’ © D (Zn +1 E) — \n? +2n

cos®n _ Lo C (—1)*(n+1)
16. a)Z(nJrl)ln?(nH)" %) Z(_D e’ ¥ — Vn®+3n

- Ysinn - e n -
17. a) Zzi ; a) Z(—l)" — E) Z(—l)" sin—
nyn+1 Vn
1 1 1
= cos®n - 3" - 3n—1
T ) R S
2) 2" O 2V e B LAY e
1 1 1
O cos v N 3" NGRS
I XU S =
2) n! 2V P 2n+ 1
1 1 1
— cos®n = (—1)"
20. a Z ; o Z :I_J ; B Z:
) — 1+ 37 920 (2n—1)! ) —n*+2n—1
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Hpalcmulteacoe 3anamue no meme «Teopuﬂ eeponmnocmeﬁ u 3ji1emeHnmaol
Mamemamuyeckou CmamucmuKu)

Heanb: Lensro ocBoeHUs TeMBI « Teopust BEPOATHOCTEN U JIEMEHTHI MaTEMaTUYECKON
CTaTUCTUKW» SBJsieTcs (popMHpoBaHue Habopa OOIIEKYIbTYPHBIX U 001IenpodhecCuOHaIbHBIX
KOMITETEHITMH Oyayiero 6akajgaBpa 1o HarpaBiaeHusIM noarotoBku 13.03.02 myTeM ocBOeHUS

BO3MOKHOCTEH:

- OCYHICCTBJIATH IIOKUCK, KpI/ITI/I‘IeCKI/Iﬁ daHaJIu3 U CUHTC3 I/IH(i)OpMaI_II/II/I, MIPUMCHATH

CHCTEMHBIHN nmoaxon i peuICHUA IMOCTAaBJICHHDBIX 3a/la4

-HUCII0JIb30BAaTh MaTCMaTU4YCCKHUC, (1)I/I3I/I‘-ICCKI/IC, (1)I/ISI/IKO-XI/IMI/I‘~IGCKI/IG, XUMHNYECKHUE METOABI OJIs1

peUICHUs 3a1a4 HpO(I)eCCHOHaHBHOﬁ ACATCIIbHOCTHU

B pesynbprate ocBoeHUs TeMBI « Teoprst BEpPOATHOCTEN U JIEMEHTBI MaTEMaTUYECKON
CTaTUCTUKM» CTYJAEHTOM HPUOOPETAIOTCS CIeTyIOIUe 3HAHUS U YMCHHUS:
3HaTh: OCHOBHBIC METO/Ibl MATEMAaTHUECKOTO aHAJIN3a U MOJICIMPOBAHUS B MPO(eCcCHOHATBHOM
NEATEIIBHOCTH, TEOPETUYECKHUE U DKCIIEPUMEHTAJIBHBIE TaHHBIE MOACINPOBAHUS B

po(heCCUOHATILHON e TEIIbHOCTH

YMeThb: UHTEPIPETUPOBATH, CTPYKTYPUPOBATH U 0POPMIIATH HHGOPMALIUIO PE3YIHTATOB
UCCIICIOBAaHUN U SKCIIEPUMEHTOB U3 MPO(ECCHOHATBHOM 00J1aCTH B IOCTYITHOM JUISl IPYTUX BUIE.
ObecnieunBaTh NPUMEHEHUE HABBIKOB PA0OTHI C KOMIBIOTEPHBIMH NPOTPAMMAMH IS
JMICTAaHIIMOHHOTO 00pa3oBaHMs B 001aCTH MaTEMAaTHKH, HABBIKOB CAaMOOPTaHU3alNN y4eOHOTO
Ipouecca JUIsl peLIeHHs CI0KHBIX 3a7a4 MaTEMAaTUKH, IIPEATIOIAraloIMMHU CaMOCTOSATEIbHbBIN

BBIOOP METO/1a peLeHUs
Bnapers: HaBbIKaMM pelIeHUs 3a/1a4, CBSI3aHHBIX C MATEMaTHUYECKUM MOJIEJIMPOBAHUEM

" aHaJIn30M, HaBbIKaMU PCIICHUA 3a/la4, CBA3AHHBIX C HpO(I)eCCHOHaHLHOﬁ

JCATCIIBHOCTBIO
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Teopernyeckas 4acTb

Cayuaiinbie co0biTHsI. BepossTHOCTE COOBITHS

Coobimuem HaspiBaeTcs 1000H (HaKT, KOTOPBIA B pe3yIbTATE OMBITA MOXKET MPOU30NUTH
WJIU HE TIPOU30UTH.

Jlocmoeepnbim HazpIBaeTCsl COOBITHE (), KOTOPOE MPOUCXOAUT B KaXKIOM OIIBITE.

Hego3moitcHbim Ha3BIBAeTCS COOBITHE &I, KOTOPOE B PEe3yJIbTATE OIBITA IIPOU30UTH HE
MOJKET.

Hecoemecmubimu Ha3bIBAIOTCS COOBITHS, KOTOPBIE B OJHOM ONBITE HE MOTYT IPOU30HTH
OJTHOBPEMEHHO.

Cymmoii (06beuHEHNEM) ABYX cOOBITUH A U B (0603Hauaercs A+B, AUB) Ha3biBaeTcs
Takoe COOBITHE, KOTOPOE 3aKJIF0YaeTCsl B TOM, UTO MPOUCXOIUT XOTs Obl OHO U3 COOBITHI, T.€. A
wiu B, unu 06a 0JHOBPEMEHHO.

Ilpoussedenuem (nepecevucHreM) AByx coObITU A u B (0003HauaeTcs A-B, ANB)
Ha3bIBAETCS TAKOE COOBITHE, KOTOPOE 3aKIIFOYAETCS B TOM, YTO MIPOUCXOIAT 00a coObTust A U B
BMECTe.

Ipomusononosxcuvim x codbITHIO A HasIBaeTCs Takoe cobste A |, KoTopoe
3aKIII0YAeTCs B TOM, YTO COObITHE A HE MPOUCXOIMT.

CoOwitus A (k=1, 2, ..., n) 00pa3yIoT noiHyI0 2pynny, €Clii OHU TIONApPHO HECOBMECTHBI U
B CyMM€ 00pa3yroT JOCTOBEPHOE COOBITHE.

[Tpu npeoOpa3zoBaHUM BBIPAKEHUN MOKHO I10JIb30BATHCA CIACAYIOUIUMH  TOKJIECTBaAMHU:

A+ A= A-A= A+Q= A-Q= A-O =0,
Q; 5 Q; 4;
A+D= A+B=A- A-B=A+ A+A-B=A+B.

Knaccuueckoe onpedenenue epoamnocmu: BEPOSITHOCTh COOBITHUS ONPEACTSAETCS 110
bopmye
P(4) ="
(4)=—, 1)
n

A€ 7 - 4YUCJIO BCEX DJIEMCHTAPHBIX PABHOBO3MOXKHBIX UCXOJ0B JAHHOTI'O OIIbITA;

m - YUCJIO paBHOBO3MOXKHBIX UCXOOOB, 6JIaFOHpI/ISITCTBYIOH_[I/IX COGBITI/IIO A.
I'eomempuueckoe onpeoenenue gepoamuocmu. I1ycTbe B HEKOTOPYIO
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o0racTh ciay4aitHeIM 00pa3oM OpocaeTcs Touka 7, mpu4yeM Bce TOUKH 001acT (2 paBHOMIPABHBI
B OTHOIIICHUH TIOTIafaHust Touku 7. Toraa 3a BEposSTHOCTH MOMAaHus TOYKH 1 B 001acTh A

MNPUHHUMACTCA OTHOLICHUC
_ 5S¢
P(4) 4 @)
S
(9)

riae S(A) u S(QQ) — reomeTpuyecKkre MepHI (JITMHA, TUIOIIAIb, 00BEM | T.11.) ob0nacTeit A u Q

COOTBETCTBEHHO.
Teopembl c10KeHHsI H YMHOKE€HHsI BEPOSITHOCTE#
Eciin A u B - HecOBMeCTHBIE COOBITHS, TO

P(AUB)=P(A)+P(B). )
Ecii UMeeTcst CYETHOE MHOKECTBO HECOBMECTHBIX COOBITHH A1, ... , A5, TO
n
P(A;+ 4, +..+4,)=> P(4,). (10)
i=1

BeposiTHOCTh CyMMBI IByX COBMECTHBIX COOBITHI paBHAa CyMME BEPOSTHOCTEH Ka)KIOTO
M3 COOBITHH MHHYC BCPOATHOCTb UX COBMCCTHOTI'O IMOSABJICHUA:
P(AUB) = P(4)+P(B)-P(4-B), (11)
P(4UBUC) = P(A)+P(B)+P(C)-P(4-B)-P(B-C)-P(4-C)+P(4-B-C). (12)
CoObiTue A HA3BIBACTCS HE3AGUCUMBIM OT COOBITUS B, €ClTi BO3MOXKHOCTh HACTYTICHHS
COOBITHSA A HE 3aBUCHUT OT TOI'0, IPOU30ILIO coObITHE B 1miu Her.
B npoTuBHOM city4yae cOOBITHS SIBISIFOTCS] 3aBUCUMBIMU. YC106HO 6eposmHocmbvio
COOBITUS B Ipy HAIMYWKU A Ha3bIBACTCS BEIMYHHA
P(B/A)=P(A-B)/P(A) (13)

(mpu 3TOM Monaraercs, uto P(4) He pasHo 0).

IIpumep 1.1. B mapTtuu TpaH3UCTOPOB 7 CTaHAAPTHBIX U m OpakoBaHHBIX. [Ipu KOHTpoIse
OKa3aJioch, YTO TEpBbIE Kk TPAH3UCTOPOB CTaHIApTHBL. HaWTH BepOATHOCTH p TOrO, YTO
CJIEYIOIIUN TPaH3UCTOP Oy/IeT CTaHIapPTHBIM.

Pewenue. Beero octanock /i NpOBEPKU n+m-k TPaH3UCTOPOB, U3 KOTOPBIX CTaHIAAPTHBIX

n-k. ITo hopMyJie KIaCCHYECKOT0 ONpPEAEICH s BEPOSATHOCTH
n—=k
P=n+m—-k
Ipumep 1.2. Cpenu KaHAMIATOB B CTYAEHYECKUI COBET (haKysIbTETa TPH IIEPBOKYPCHUKA,

ST BTOPOKYPCHUKOB U CEMb CTYJIEHTOB TPEThero Kypca. M3 aToro cocraBa HayraJ BHIOMpAIOT
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[ATh 4YesioBeK. HailTu BEpOATHOCTH TOr0, YTO BCE NEPBOKYPCHUKH MOMAAYT B COBET.
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Pewenue. Uncno cnoco60B BEIOpaTh MATH YenoBeK u3 3+5+7=15 paBHO uncCiIy coueTaHuil

u3 15 no 5 (HeynopsoyeHHast BbIOOpKa 0e3 MOBTOPEHHIA):

s 15!
s =5 =3003.
10!

Bri6paTh Tpex NEpBOKYPCHUKOB W3 TPEX MOXKHO OJHMM crocoboMm. OcTaBHIMXCS ABYX

4JIEHOB COBETa MOXHO BEIOparts C

5 12 cnocobamu:

, 12!
C,= =66

10!

Hckomast BeposiTHOCTB p=66/3003=2/91.
Bonpocskl u 3a1anus
3ananue 1.
B 3agadgax 1.1-1.5 monOpackiBatoTcs 1B€ UTPaAIbHBIE KOCTH.

1.1. OnpenenuTs BEPOATHOCTH TOTO, YTO CYMMAa BBINABIINX YACET PAaBHA BOCbMH.

1.2. Onpenenuts BEpOSATHOCT TOTO, YTO CyMMa BBINABIINX YHCEI ACTUTCS O€3 OCTaTKa Ha
IIECTb.

1.3. OnpenenuTh BEpOSATHOCTH TOIO, YTO CYMMa BBINIABIINX YHceN IpeBbImaet 10.

1.4. OnpenenuTs BEPOATHOCTD TOTO, YTO BBINATYT OAMHAKOBBIE YHCIIA.

1.5. OnpenenuTs BEPOATHOCTD TOTO, YTO BBINAIYT Pa3HbIE, HO UETHBIC YHCIIA.

1.6. B ypHe ueTbIpe OeibIX U IATh YEPHBIX 1apoB. M3 ypHbI HayraJl BBIHUMAOT J1Ba

mapa. Haiftu BeposITHOCTB TOTO, YTO OAMH U3 3TUX LIAPOB - O€NbIH, a JPYTroi - YepHBIil.
1.7. B ypHe ueTbIpe OeJbIX U MATh YePHBIX 11apoB. 13 ypHBI Hayraa BHIHUMAIOT /1Ba

mapa. Haiftu BeposTHOCTB TOrO, uTO 00a 1mapa OyayT OAMHAKOBOTO I[BETA.

1.8. Ha necsatu xapToukax Hanucanbl OykBol A, A, A, M, M, T, T, E, U, K. Tlocne
MepPEeCTaHOBKY BHIHUMAIOT HAayTaJ OJJHY KapTOUKYy 3a APYTOi U pacKiaIbIBalOT UX B TOM
NOpsi/IKe, B KAKOM OHM OBLIM BBIHYTHI. HaliTh BEpOATHOCTB TOT0, YTO HAa KAPTOUKAX

Oy/ieT HalmMcaHo CJIOBO “MaTeMaTHka’.

1.9. TenedoHHBIN HOMEP COCTOUT U3 IIECTU HUPP, KAKJast U3 KOTOPBIX PABHOBO3MOXHO
npuHuMaet 3HaueHus ot 0 10 9. HaiiTi BeposTHOCTB TOT0, YTO BCEe LU PHI OAMHAKOBBI.
1.10. YcnoBue 3anaun 1.9. Beraucnuth BEpOSTHOCTH TOTO, UTO BCE MU(PHI YETHBIE.

1.11. YcnoBue 3anaun 1.9. Beraucnuth BEpOSITHOCTH TOTO, UTO HOMEP HE COACPKUT HUDPHI
IISTh.

1.12. YcnoBue 3agaun 1.9. BeIauciuTe BEpoATHOCTH TOTO, YTO Bee UG PHI Pa3InYHbIE U

pacmojoKeHbl B MOPSAIKE Bo3pacTaHus (coceqHue mudpbl oTinyaroTcs Ha 1).
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B 3amauax 1.13-1.19 Haynauy B3SThI IBa MOJIOKUTEIIBHBIX YKCIA X U Y, IpUdeM X < 5,y < 2,

Haiiti BepositHOCTB TOTO, 4TO y+ax-b<0 u y-cx <0.
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1.13. a=1, b=5, c=1.

1.14. a=1, b=5, ¢=0.,5.

1.15. a=1, b=5, ¢=0,25.

1.16. a=1, b=5, c=2.

1.17. a=2, b=10, c=2.

1.18. a=2, b=10, c=1.

1.19. a=2, b=10, c=0,5.

B 3amagax 1.20-1.23 u3 xonmons! B 36 kapr (6,7,8,9,10,B,/1,K,T) Hayran uzBnekaroTcs 3 KapThl.
1.20. OnpenienuTh BEPOSITHOCTH TOTO, YTO OYAYT BBITAILIEHBI KAPThl OJTHOM MacCTH.

1.21. OnpenenuTs BEpOSITHOCTb TOTO, YTO OY/IyT BBITAILIEHBI TPU TY3a.

1.22. Onpenenutb BEPOSITHOCTh TOTO, UTO OyAyT BBITAIIEHBI KapThl Pa3HbIX MacTEH.

1.23. OnpeneauTs BEpOSITHOCTh TOTO, YTO CPEIHM U3BJICYCHHBIX KapT HEe OyeT 9.

1.24. Ha mtockocTH MPpOBEIEHBI TapaJUIeIbHbIE IPSIMbIE, HAXOAAIIUECS APYT OT Apyra Ha
paccrosinuu 8 cM. OnpenenuTs BEpOATHOCTh TOT0, YTO HayrajJ OpOLIEHHbBIN Ha 3Ty MIOCKOCTh
KpYT paguycoM 3 cM He OyJeT nepeceyeH HU OJHOM JIMHUEH.

1.25. B ypHe nisATh 6€NbIX U BOCEMb YEPHBIX MIapoB. V3 ypHBI BHIHUMAIOT HaYyTraj OJMH 1Iap U
OTKJIQ/IBIBAIOT B CTOPOHY. DTOT 1ap okaszaics 6enbiM. [locne aToro u3 ypHsl OepyT elie oauH
map. Haiitu BeposITHOCTB TOTO, YTO 3TOT Iap TOXKe OyneT OebIM.

B 3apmagax 1.26-1.30 HoMep aBTOMOOWMIISI COAEPIKUT YEeThIpe HU(DPBI, Kaxaast U3 KOTOPbIX
PaBHOBO3MOKHO puHUMaeT 3HadeHus oT 0 10 9 (Bo3mosker Homep 0000).

1.26. OmnpenienuTh BEPOSITHOCTH TOTO, YTO BTOpast M(ppa HOMEpa paBHA YETHIPEM.

1.27. Onpenenutb BEpOSITHOCTh TOTO, UTO HOMEP COACPIKHUT XOTs Obl o1iHY 1udpy 0.

1.28. Onpenenutb BEpOSITHOCTD TOT'O, UTO MEPBbIE TP LKU(PHI HOMEPaA PABHBI ISATH.

1.29. Onpenenuth BEPOSTHOCTH TOTO, YTO HOMED AeauTcs Ha 20 .

1.30. OmnpenienuTh BEPOSITHOCTH TOTO, YUTO HOMEP HE COJEPKHUT HUPPHI 2.

3ananmue 2.

Jano pacripenenenue npuszHaka X (CIIy4aitHOW BEIMYUHBI X), TTOJIYYCHHOM 11O BEIOOPKE
oowvema n=100 (tabyimmua 4). MeToaoM POU3BEICHUI HAWTH: BEIOOPOYHYIO CPEIHIONO,
BBIOOPOYHYIO TUCTIEPCUIO, ACUMMETPHIO U IKCIIECC.

Tabmuua 4
B
HTapHa x | 6 | 8 | 10| 12| 14| 16| 18| 20| 22| 24 | 26
1 m | 1 | 3 | 6 | 11 | 1520 14 12]10] 6] 2
2 m | 2 | 3 | 5 | 11| 14 |2 |15 12] 9 6| 4
3 m | 1 | 2 | 6 | 12| 1520 14 1310 5 | 2
4 m | 2 | 2 | 6 | 11| 14|21 | 14 12]10] 6] 2
5 m | 1 | 3 | 5 | 121520 |16 11 ] 9| 6| 2
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6 n; 2 4 7 11 14 19 13 12 10 5 3
7 n; 2 3 7 11 14 20 14 12 8 6 3
8 n; 2 4 6 12 15 20 13 11 10 5 2
9 n; 1 4 7 11 15 21 14 11 10 5 1
10 n; 1 4 6 12 14 20 14 12 10 5 2
11 n; 1 4 7 12 15 20 15 11 9 5 1
12 n; 2 3 6 12 16 20 15 12 8 5 1
13 n; 2 3 7 12 16 20 14 11 8 6 1
14 n; 1 3 6 12 16 22 14 11 9 4 2
15 n; 2 3 6 12 15 22 14 12 8 5 1
16 n; 1 4 8 11 16 21 14 11 8 5 1
17 n; 1 5 7 11 16 20 15 10 8 5 2
18 n; 1 5 8 11 15 20 14 11 9 4 2
19 n; 1 4 8 12 15 21 14 11 9 4 1
20 n; 1 4 7 10 16 21 14 12 9 4 3
21 n; 1 4 6 11 15 23 15 10 9 5 1
22 n; 2 3 7 12 16 18 15 12 8 5 2
23 n; 2 3 5 12 16 24 12 11 8 6 1
24 n; 1 2 6 12 16 23 14 11 9 4 2
25 n; 1 3 6 12 15 21 17 12 7 5 1
26 n; 1 4 8 11 17 21 14 10 8 5 1
27 n; 1 5 7 11 14 22 15 10 8 5 2
28 n; 1 5 8 11 13 23 14 11 9 4 1
29 n; 1 4 8 12 15 18 14 11 10 5 2
30 n; 1 4 7 10 14 23 14 12 9 4 3

OcHoBHasi iMTEpaTypa:
1. Crenanenko, E. B. MaremaTtuka. OCHOBHOM Kypc [DneKTpoHHBIH pecypc] : yueOHoe
nocooue / E. B. Cremanenko, M. T. CrenaneHko. — DJIEKTPOH. TEKCTOBBIC JTaHHBIC. —
Tam6o0B : TamG0BCcKuU#t rocynapcTBeHHbIN TexHudeckuil yausepcuter, ObC ACB, 2015. —
252 ¢. — 978- 5-8265-1412-2. — Pexum noctyna: http://www.iprbookshop.ru/63859.html
2. Beicuias marematuka. Tom 1. Jluneiinas anre6pa. BexktopHas anreOpa. AHanuTHyeckast
reometpus : yaeOHuk / A. I1. ['ocnomapukos, E. A. Kaprioa, O. E. Kapnyxuna, C. E.
Manucyposa ; noxa penakmueii A. I1. 'ocnogapukos. — CII6. : HarmonansHbINH MUHEPATbHO-
ceIpreBOil yHuBepcureT «I'opHbiit», 2015. — 105 c¢. — ISBN 978-5-94211-710-8. — Teker :
3JIEKTPOHHBIH // DnekTpoHHO-Onbauoreunas cucrema IPR BOOKS : [caiit]. —
URL.: http://www.iprbookshop.ru/71687.html
3. Beicmas matemaruka. Tom 2. Hauano maremaTnueckoro ananusa. Juddepenuansoe




ucuucienue pyHKIMi 01HOM epeMeHHOH U ero npunoxkeHus : yueonuk / A. I1. T'ocnogapukos,
N. A. Bonsiackas, O. E. Kapniyxuna [u ap.] ; mox penakuueit A. I1. 'ociogapuxos. — CIIO. :
HanmonanbpHbIl MUHEPATIBHO-CBIPbEBOM YHUBEPCUTET «l opHBIi», 2015. — 104 ¢. — ISBN 978-
5-94211-711-5. — TekcT : 25eKTpoHHBIH // DnexTpoHHO-0nOmMoTeyHas cuctema IPR BOOKS :
[catit]. — URL: http://www.iprbookshop.ru/71688.html

4. Beicmas maTtemaTuka. Tom 3. DIIeMEHTHI BhICIICH anreOpbl. IHTerpanpbHOE HCUUCTICHUE
(byHKUIMI OJJHOM MepeMeHHON U ero mpuioxenus : yueonuk / A. I1. 'ocogapuxos, B. B.
Wpakun, M. A. Kepeituyk [u ap.] ; mox penakiueid A. I1. 'ocnomapukos. — CII6. :
HanmonanbHblli MUHEPATIBHO-CBIPbEBOM YHUBEpCUTET «l opHBbIi», 2015. — 102 c. — ISBN
978- 5-94211-712-2. — TekKcT : 3NEKTPOHHBIN // DINEKTPOHHO-O0MOMMOoTeuHas cucrema IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/71689.html

5. Beicmras matematuka. Tom 4. Jluddepennmansubie ypaBHeHus. Psaapl. Pansr @ypre un
npeodpazoBanue Oypre. JuddhepeHnmnansHoe U HHTETPATEHOES HCUUCIICHNE (QYHKITUI

HECKOJBKHX NepeMeHHbIX. Teopus mos : yueonuk / A. I1. ['ociogapuko, M. A. 3anenu, ['. A.

Konron [u np.] ; mox pemnakmueit A. I1. 'ociogapukoB. — CII6. : HarmonanbHbI MUHEPATBHO-
ceIpbeBO yHUBEPCUTET «I'opHbII», 2015. — 213 ¢. — ISBN 978-5-94211-713-9. — TekcrT :
ANIEKTPOHHBIH // DnekTpoHHO-0nbmmnoreynas cucrema [IPR BOOKS : [caiiT]. —

URL: http://www.iprbookshop.ru/71690.html

6. Bricmag marematuka. Tom 5. Teopust BepositHOocTell. OCHOBBI MaTeMaTHUECKON
cTaTuCTUKU. Teopust GyHKIHI KOMILJIEKCHOTO nepeMeHHOro. OnepanuoHHOe NCUUCIICHHUE :
yuebnuk / A. I1. 'ocrionapukos, E. I'. Bynnakosa, JI. . I'onuap [u np.] ; mox penakmueit A. I1.
IN'ocniogapuxoB. — CII6. : HanmoHanbHBINM MUHEPATbHO-CHIPEEBON YHUBEPCUTET «[ OpHBIIY,
2015.—207 c. — ISBN 978-5-94211-715-3. — TeKcT : 3IeKTPOHHBIH // DIEKTPOHHO-
oubmoteunas cuctema IPR BOOKS : [caiit]. — URL: http://www.iprbookshop.ru/71691.html
7.  Beicmas matematuka. Tom 6. Cienmanbabie GyHkimun. OCHOBHBIC 33/1a4l
MaTeMaTHueckoi puznku. OCHOBBI IMHEHHOTO porpaMmMupoBanus : yueOnuk / I' A. I1.
ocnoaapukoB, . b. EpynoBa, I'. A. Konron [u ap.] ; mox pegakuueit A. I1. 'ocnogapukoB. —
CII6. : HannoHanbHBIN MUHEPATbHO-ChIPhEBOM yHUBEpCUTET «l opHBINY, 2015. — 122 ¢. —
ISBN 978-5-94211-720-7. — TekcT : 3NeKTPOHHBIN // DNeKTpOHHO-O0nOInoTeunas cucrema [IPR
BOOKS : [caiiT]. — URL: http://www.iprbookshop.ru/71692.html

JlonoIHNTeIbHAS JINTEpaTypa:

1. Boromosos H.B. Maremaruka : YueGuuk. — M. : FOPANT, 2013.

2. MaremaTuka B mpuMepax u 3agadax : Yueo. mocodue / [Tox pen. JI.H. XKypb6enko. — M. :
NH®PA-M, 2012.

3. I'mypman B. E. Teopust BeposiTHOCTEH 1 MaTeMaTHUeCKasi CTATUCTHKA : Yuel. mocodue st
GakanaBpoB. — M. : FOPAWT, 2013.

4. [Janxo IL.E. Beiciias maTtemaruka B nmpumepax u 3agavax : B 2-x 4. — M. : OHUKC, 2008.
5. Maremaruka [OnekTpoHHbIi pecypc] : yaueOHoe nocodue / H. b. Kapbaunnckas, E. C.
Jlebenera, E. E. Xaputonosa, M. M. Ueprenos ; mox pen. M. M. UepHenioB. — DJIEKTPOH.
TEKCTOBBIE JaHHble. — M. : Poccuiickuii rocy1apCcTBEHHBIN YHUBEPCUTET NpaBocyaust, 2015.
— 342 c. — 978-5-93916-481-8. — Pexum gocryna: http://www.iprbookshop.ru/49604.html
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BBenenne

Hacrosiee moco6ue pazpabotano Ha OCHOBE:

— @enepanbHOro 3akoHa oT 29 nmekabps 2012 r. Ne 273-®3 «O6 oOpazoBaHuHM B
Poccuiickoi @enepanumny;

— @enepallbHbIX  TOCYJApCTBEHHBIX  00pa30BaTENbHBIX  CTAHJAPTOB  BBICHIETO
obpazoanus (nanee PI'OC BO);

— HOPMaTUBHO-METOAMYECKHX JTOKyMeHTOB MuHoOpHayku Poccuu;

—¥YcraBa ®I'AOY BO «CeBepo-KaBkazckuii ¢eqepanbHbIii YHUBEPCUTETY,

—IIpukazom MunoOpHayku Poccun ot 06.04.2021 N 245 «O6 ytBepxkaeHuu llopsaka
OpraHM3allud W OCYIIECTBICHHUS O00pa30BaTENbHON JAEATEIBHOCTH 1O 00pa3oBaTeIbHBIM
IporpaMMam BBICIIET0 00pa30BaHusl - IporpaMmmam OakanaBpuara, MporpaMMaM CIeluanuTera,
IporpaMMaM Maructparypsi» (3apeructpupoBaHo B Muntocte Poccun 13.08.2021 N 64644);

— okanpHBIX HOopMaTHBHBIX akToB ®I'AOY BO «Ceepo-KaBkasckuil ¢enepaibHblil
YHHUBEPCUTETY.

Ha coBpemMeHHOM pblHKE Tpyla KOHKYPEHTOCIIOCOOHBIM MOKET CTaTh TOJBKO
KBAJTM(HUIMPOBAHHBI PAaOOTHUK COOTBETCTBYIOLIETO YPOBHS M MpOoQwMiIs, KOMIETECHTHBIMH,
CBOOOJTHO BIAJACIONICH CBoell mpodeccueir W OPUECHTUPOBAHHBIA B CMEXKHBIX 00JIaCTIX
JeSTeNbHOCTH, CHOCOOHBIH K 3(dekTuBHON paboTe Mo CHEeNUMaIbHOCTH HAa YPOBHE MHPOBBIX
CTaHJIaPTOB U TOTOBBIN K OCTOSTHHOMY MPO(ECCHOHATBHOMY POCTY.

CamocrosaTenbHasi paboTa CTyAeHTa HalpaBieHa Ha JOCTWKEHHE IeNie MOATOTOBKU
CHEHMATUCTOB-TIPO(hecCHOHaNIOB, aKTUBHOE BKIIIOUEHHE O0y4YaeMbIX B CO3HATEIbHOE OCBOCHHE
cojZiepKaHusl 00pazoBaHMsA, OOeCleYeHHEe MOTHBALMM, TBOPYECKOE OBJAJEHHE OCHOBHBIMHU
cocobamu Oynaymel mnpodecCHoHambHON NeaTenbHOCTH. UTOOB MOATOTOBUTH U OOYYHTH
TaKoro IMpogeccroHalia, BBHICIIUM Y4eOHBIM 3aBEICHUSIM HEOOXOIMMO CKOPPEKTHPOBATh CBOM
MOJAXO0Jl K IUIAHMPOBAHHWIO M OpraHU3allid y4eOHO-BOCHMTATENbHONH pabOThl. DTO B paBHOM
CTETICHHM OTHOCUTCS K W3MEHEHHIO COJAEp)KaHUs M Xapakrepa ydeOHoro rmporecca. B
COBPEMEHHBIX pealMsX 3ajjada MpernoaaBaress BhICIICH IIKOJbI 3aKI0YaeTcs B OpraHu3alul 1
HarpaBJICHUH M03HABATEIbHON JEATENLHOCTH CTYIEHTOB, 3(pPEeKTUBHOCTH KOTOPOIl BO MHOTOM
3aBHCUT OT HX CaMOCTOSITeNIbHON paboTel. B cBoro ouepenb, camocTostenbHas paboTa
CTYICHTOB JIOJDKHA TPEACTaBIATH COOOM HE MpPOCTO CaMolleib, a CPEACTBO JOCTHXKEHHS
MPOYHBIX U MIYOOKHUX 3HAHUM, UHCTPYMEHT (OPMUPOBAHUS aKTUBHOCTH M CaMOCTOSITEIbHOCTH
CTYJCHTOB.

B cBs3u ¢ BBeieHneM B 00pa3oBaTeIbHBIN MPOLECC HOBBIX 00pa30BaTEIbHBIX CTAHIAPTOB,
C YMEHBIIEHUEM KOJMYECTBA ayJUTOPHBIX 3aHATHMM IO AMCLUIUIMHAM BO3pacTaeT poJib
CaMOCTOSATENIHONH  paboOThl  CTyIEeHTOB. Bo3HuWkaeT  HEOOXOAMMOCTh  ONTHMH3AIUU
caMocTosiTeNnbHOM  paboTel  cryaeHToB (manee - CPC). TlosBusercs HEOOXOIUMOCTb
MOJIEpPHU3AI[MN TEXHOJOTUN OOy4YeHHUs, YTO CYIIECTBEHHO MEHSAET NOJAXOAbl K Yy4eOHO-
METOAMYECKOMY U OPTaHU3AIIMOHHO-TEXHHYECKOMY 00ecreueHuI0 yueOHOro mpoiiecca.

JlanHas Metoguueckas pa3paboTKa COACPKHUT PEKOMEHJAIMH [0 OpraHU3aluH,
yIpaBJIeHUIO U obecrieueHuIo 3PPEeKTUBHOCTH CaMOCTOSATENILHONW pabOThI CTYICHTOB B Ipoliecce
oOyueHus B 1esIX GOpMUPOBAHUS HEOOXOJUMBIX KOMITETEHIIUH.

CamocrosaTenbHas paboTa CTYJICHTOB SIBISIETCS 00A3aTENbHBIM KOMIIOHEHTOM Y4eOHOTo
mpolecca A KaKIoro CTyAIeHTa U ompenensercs yueOHbIM I1aHoM. Buabl camocrosiTenbHOM
paboOThl CTYACHTOB OIpENENAOTCs TMpH pa3paboTke paboYMX MporpaMMm M y4eOHBIX
METOJIMYECKUX KOMIUIEKCOB JUCHMIUIMH coAepXaHueM ydeOHoW aucuuivinHbl. [lpu
OIPENICICHUH COJICP)KAHUSI CaMOCTOSITENbHON pabOThl CTYAEGHTOB CJEIyeT YUYUTHIBAaTh HX
YPOBEHb CaMOCTOSITEIBHOCTH U TPeOOBaHMUS K YPOBHIO CaMOCTOSITEIbHOCTH BBITYCKHUKOB JUIS
TOro, 4TOOBI 3a MepHoa OOyueHHs] MCKOMBI ypOBeHb ObUI AOCTUIHYT. Tak, yAeibHbIH Bec
CaMOCTOSATENLHON paboTHI Mpu 00yueHUr B O4HOM popme cocrtaBiseT 10 50% OT KoauvecTBa



ayJIMTOPHBIX YacOB, OTBEJAEHHBIX HA M3Y4YCHHE UCIMIUIMHBI, B 3a09HON (popMe - KOITHUYECTBO
9acoB, OTBEJICHHBIX HA OCBOCHHE TUCIUILTNHEI, yBeITHMIUBaeTCs 10 90%.

CaMmocTtosiTenbHass paboTa ompenensieTcs Kak WHAWBHIyallbHAs WU KOJUIGKTUBHAS
ydeOHasl JeATeNbHOCTh, OCYIIeCTBIsieMasi 03 HEMOCPEICTBEHHOTO PYKOBOJCTBA Ieaarora, HO
IO €r0 3aJIaHUSM U MOJ] €T0 KOHTPOJIEM.

CamocrosTenpHasi paboTa — OJTO TO3HABaTeNbHAs YydYeOHas JesITeIbHOCTh, KOTJa
MOCIIEA0BATEIHHOCTh MBIIIJICHHSI CTYJCHTa, €r0 YMCTBEHHBIX W MPAKTUYECKHX OMNepanuil u
JCHCTBHIA 3aBUCUT W OMpEICIIIeTCs caMuM CTyaeHTOM. CaMocCTosTelIbHas padoTa CTYJICHTOB
CHOCOOCTBYET pa3BUTHUIO CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH M OpPraHM30BaHHOCTH,
TBOPYECKOTO TIOJX0Ja K PEIICHUI0 MPOOJIeM yU4eOHOTO W MPOPECCHOHATBHOTO YPOBHS, YTO B
UTOTE TIPUBOJUT K PAa3BUTHIO HABBIKA CaMOCTOSTENBHOTO IUIAHUPOBAHUS U peaTH3aIiH
JCSATEILHOCTH.

[lenpt0 caMOCTOSATENBHON pabOThI CTYICHTOB SIBISETCS OBJIAJCHHE HEOOXOIUMBIMU
KOMIICTCHIIMSIMA 110  CBOEMY  HANPABICHUIO  ITOJATOTOBKH, OIBITOM TBOPYECKOH U
HCCIIEIOBATENLCKOM 1eATEeIHbHOCTH.

Ha ocHOBaHMHM KOMIIETEHTHOCTHOTO IIOJX0JIa K peallu3alud MPOoPeCCHOHATBHBIX
00pa30BaTeNbHBIX MPOTPaAMM, BHIAMH 33aJaHHH JIJIsl CAMOCTOSATEIHHON PaOOTHI SBISIFOTCS:

- Ol 061a0eHusi 3HaHUAMU: dYTeHWEe Tekcta (y4eOHHWKa, TEePBOMCTOYHHUKA,
JOTIOJTHUTENIPHOW JIMTEpATyphl), COCTABJICHHE IUIaHA TeEKCTa, Tpaduueckoe H300pakeHne
CTPYKTYpBI TEKCTa, KOHCIEKTUPOBAHUE TEKCTa, BBIMMCKH M3 TEKCTa, paboTa cO CIOBApsIMH H
CIPaBOYHHMKAMH, O3HAKOMJICHHE C HOPMATHBHBIMU JAOKYMEHTaMH, y4eOHO-HCCIIEe0BaTEeNbCKAs
paboTa, UCIIOIb30BAHKUE ayAHO- U BHICO3ANICEH, KOMIIBIOTEPHOW TEXHUKH U MH(POPMAITMOHHO-
TEeJIEKOMMYHHUKAIIMOHHOW ceTh IHTepHeT U ip.

- 0na 3aKpenjieHusi U cucmemamuzayuu 3Hanui: PaboTa C KOHCIEKTOM JIEKIWH,
obOpaboTka Tekcra (y4eOHHKa, MEePBOMCTOYHHUKA, JOTOJIHUTEILHOW JHMTEPaTyphl, ayauo u
BUJ€O3anMCcel), IOBTOpPHas paboTa HajJ y4eOHBIM MaTepuanoM, COCTaBJICHUE IUIaHa,
COCTaBJIEHHE TaOIMIl Ui CHCTEMAaTH3allMM Y4eOHOro MaTepuana, OTBET Ha KOHTPOJIbHBIE
BOIIPOCHI, 3all0JHEHHE pabodel TeTpaau, aHaIuTHYecKas o0paboTka TekcTa (aHHOTUPOBAaHMUE,
penieH3upoBanue, pedepupoBaHHe, KOHCIEKT-aHAIU3 M Jp.), 3aBEpUICHHE ayIUTOPHBIX
IPAaKTUYEeCKUX paboT M odopmieHHE OTYETOB IO HHUM, [OJArOTOBKA MyJbTUMEAUA
COOOIICHUI/IOKIaI0OB K BBICTYIUICHHIO Ha ceMuHape (KOH(EpeHIUH), MaTepuaoB-
Ipe3eHTalluid, MoAroToBka  pedepara, cocraBieHue  Oubnuorpaguu, TeMaTHUYECKHX
KpPOCCBOPZOB, TECTUPOBAHUE U IIP.

- 014 popmuposanus ymeHull: PEIICHUE 3a7a4 W yNPaXHEHUU MO 00pasily, pelieHue
BapUATHBHBIX 3a7ay, BHINIOJHEHHE YepTeKeH, CXEM, BBIMIOJHEHHE pPacyeToB (rpaduueckux
paboT), penieHne CUTYyanoOHHBIX (TIPOPECCHOHANBHBIX) 3a/1a4, TIOJTOTOBKA K JICJIOBBIM UTpaM,
MPOEKTUPOBAHHE M MOJEIUPOBAHUE pAa3HBIX BHIOB M KOMIIOHEHTOB MpO(dheccCHOoHANBHOM
NeSITeNLHOCTH, PeIIEKCUBHBIN aHAN3 MPO(HECCHOHATBLHBIX YMEHUN C MCIIOH30BAaHHEM Ay IHO-
Y BUJCOTEXHUKH U JIp.

CaMmocrtosiTenbHass paboTa MOXET OCYIIECTBIATHCS WHANBUAYATbHO WJIH TPYyNIIaMH
CTYJICHTOB B 3aBUCHUMOCTHU OT IIeJId, 00beMa, KOHKPETHOM TEMAaTUKH CaMOCTOSTEIbHON padoThI,
YPOBHS CIIOHOCTH, YPOBHS YMCHHA CTYICHTOB.

KoHnTponb pe3ynbTaToB caMOCTOSITENbHON pabOThl CTYJEHTOB MOKET OCYIIECTBISATHCS B
mpenenax BPEMEHH, OTBEJACHHOTO Ha oOO0s3aTeibHBbIC yYeOHBIC 3aHITHS 10 JAUCHUILIUHE |
BHEAyJIUTOPHYIO CaMOCTOSITENIbHYI0 pabOTy CTYIEHTOB MO TUCIHUIUIMHE, MOKET MPOXOIUTH B
MUCbMEHHOMW, YCTHOU MITU CMETIaHHOU (popme.

CamocrtosiTenbHas paboTa TPOBOAMUTCS B BHIE YHNPAKHEHUH MPU H3YYEHHH HOBOTO
MaTepuaia, YIpaXHESHUH B TPOIECCe 3aKPEIICHUS ¥ IIOBTOPEHUS, YIIPAXKHEHUH TPOBEPOUYHBIX U
KOHTPOJIBHBIX PaboT, a TaKkKe JIJIs1 CAMOKOHTPOJISL.

JInist opraHu3amuy caMoCTOSITENIFHON pabOThl HEOOXOIUMBI CIICAYIOIINE YCIOBUS:

1. TOTOBHOCTB CTYJICHTOB K CAMOCTOSITEIbHOMY TPY/LY;
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2. HaJIMIMC U OOCTYIIHOCTH HeO6XOI[I/IMOF0 y‘le6H0-MeTOI[I/ILIeCKOFO Hu CIIPpaBOYHOI'O
Marcpualia,

3. KOHCYJIbTAlMOHHAS TIOMOIIb.
CamocrosiTenbHas paboTa MOXKET IMPOXOJHUTh B JICKIHOHHOM KaOHHETEe, KOMIIBIOTEPHOM
3ajge, OuOmmuoreke, pgoma. CamocrosTenbHas pabora cHocoOCTBYeT (OPMHUPOBAHUIO

KOMHCTGHHI/II‘/'I, TPEHUPYET BOJIFO, BOCIIUTHIBACT pa6OTOCHOCO6HOCTB, BHHMAHHC, NTUCHUIUIMHY U
OTBCTCTBCHHOCTb.

1 O0mas xapakTepuCcTHKA CaMOCTOSATE/IbHOM Pad0ThI CTyIeHTA NPHU U3YYEeHUU
AUCHUIIMHBI

JuctumnuHa «MareMaTHKa» OTHOCUTCS K TUCHUIUTHHE 0a30Boi yacTi. OHA HallpaBJieHa
Ha (popmupoBaHue MPO(PECCHOHATLHBIX KOMIETEHIIUNA O0YUYaIOIMIUXCSl B MPOIECCE BBHITTOJTHEHHS
pabor, onpenenennsix PI'OC BO.

HanmenoBaHue KOMITETEHITHI

Kona, popmymnupoBka
KOMIETCHIIIH

Kopa, dopmynupoBka nHAMKaTOpa

[Inanupyembie pe3ynbTaThl
o0y4eHus o JUCIUILINHE,
XapaKTEePU3YIOIIHE ITAIbI
dhopMHpOBaHUS
KOMIETEHLINI, UHIMKATOPOB

YK-1 Cnocoben
OCYILECTBIISATH TIOUCK,
KPUTHUYECKHUI aHAIN3 U
CHHTE3 WH(pOpMaINH,
NPUMEHSATh CUCTEMHBIN
MOJIXO/T JUIsl PEIICHUS
TIOCTABJICHHBIX 33124

N/I-1 BeIaensIeT mMpoOIEMHYIO
CUTYAIUIO, OCYILLECTBIISIET €
aHaJIU3 U JUAarHOCTUKY Ha OCHOBE
CHUCTEMHOTO IoAX0Aa

[ToHnMaeT cynHoCTh 1
3HAYeHHE MaTeMaTHYECKUX
OCHOB ¥ 3aKOHOB, CYIITHOCTh
¥ 3HaYeHHE WHPOpPMAIIUU B
Pa3BUTHH COBPEMEHHOTO
o01ecTBa

VYK-1 Cnocoben
OCYLIECTBIIATh IIOUCK,
KPUTUYECKHUM aHAIIN3 U
CHHTE3 HH(pOpMalHuHy,
MPUMEHSATh CUCTEMHBIN
MOIXOJ JJISl PELICHMUS
ITOCTAaBJICHHBIX 33]1a4

N/I-2 ocymiecTBIsSeT MOUCK, OTOOP
U cUCcTeMaTu3alunio nHpopmanuu
JUISL OLIPEIeIICHUS
aTbTepHATHUBHBIX BAPUAHTOB
CTPATETUYECKHUX PEIICHUN B
MPOOJIEMHOI CUTYyaINH

[Momyuaer n oOpabaTeiBaeT
uHbOpMAITUIO U3
Pa3IUYHBIX UCTOYHUKOB JIJISI
pelIeHust
npoeCCHOHATBHBIX 3324
H3 00J1aCTH TEXHOJIOTHYECKHE
MAaIIuHbI 1 000pYAOBaHHE.
Hcnone3yer aHanuTHYecKre
Y YUCJICHHBIC METO/IbI
penreHus 3a1a4d
npodeccHnoHaTBEHOMI
NEeATeTbHOCTH, METO/IbI
00paboTKu MHPOPMAITHH C
MICTIONIb30BaHUEM
MPUKITAHBIX TPOrPAMMHBIX
CpEenCTB

VYK-1 Cnocoben
OCYLIECTBJIATH IIOUCK,
KPUTUYECKHUM aHAJIN3 U
CHHTE3 HHpOopMaIuy,
IPUMEHSATh CUCTEMHBIN
MOJXOJ AJISl PELICHUS
ITOCTAaBJICHHBIX 33]1a4

N]I-3 onpenensieT u OLICHUBAET
PHUCKH BO3MO>KHBIX BAPHAHTOB
pereHui MpoOJIEeMHON CUTYaIUH,
BBIOMPAET ONTUMAJILHBIN BapUAHT
€€ peleHus

Wutepnpetupyer,
CTPYKTYpUPYET U
odopmiseT nHGOpPMaIUIO
pe3yIbTaTOB UCCIICAOBAHUMA
Y DKCIIEPUMEHTOB U3
npodeccnoHanbHOM
o0JacTu B JOCTYITHOM JJis
JPYTUX BUJE.




ObecnieunBaeT NpUMEHEHHE
HaBBIKOB pabOTHI C
KOMITBIOTEPHBIMU
porpaMMaMu JIJIst
JMCTAaHIIMOHHOTO
obOpazoBaHms B 00JaCTH
MaTeMAaTUKH, HABbIKAMH
caMOOpraHu3aIlnK Y4eOHOTO
nporiecca A pereHus
CJIOKHBIX 3a/1a4
MaTeMaTHKH,
MIPEIIOIArAFOIIUMH
CaMOCTOSITEITLHBINA BEIOOD
METO/Ia PEeIICHHS

OIIK-1 Cnocoben
MPUMCHSATh
€CTEeCTBCHHOHAYYHBIC U
00IIIeNHKEHEPHBIE 3HAHUS,
METOIbI

N/I-1 3Hakom ¢ ocHOBaMH
€CTECTBEHHOHAYYHBIX U
00IIenH)KEHEPHBIX 3HAHUH,
METOJIOB MaTeMaTUYECKOTO

ITormmaeT OCHOBHEBIC
METOJIBI MAaTEMATHIECKOT'O
aHaliM3a U MOJEIUPOBAHHUS
B ITPO)eCCHOHAIBHON

aHaJIM3a ¥ MOJICTTUPOBAHUS B NESTEIILHOCTH,
MAaTEMAaTHYCCKOI'O aHaJInu3a I
pohecCuOHAIBLHOM NESTEIbHOCTH | TEOPETUYECKUE U
" MOACIIMPOBAHUSA B
N JKCIIEPUMEHTATbHBIC
poheCCUOHAIBHOM
eATENBHOCTH JaHHbIE MOJCIMPOBAHH B
npodeccnoHaNbHOM
JeSITeNIbHOCTU
OIIK-1 Cnoco6en N/I-2 ananusupyet AHanusupyer

MPUMCHSTh
€CTECTBEHHOHAYYHBIC U
00IIenHKECHEPHBIE 3HAHUS,
METO/IBI

MaTeMaTHYECKOr0 aHaJIn3a
Y MOJICIIUPOBAHUS B
poheCCUOHATBHOM
NEATENBHOCTH

€CTCCTBEHHOHAYYHBIC U
OOLIEMH)KEHEPHbIE 3HAHUS,
METOJIBI

€CTECTBEHHOHAYYHBIC U
OOLIEeMHKEHEPHbIE 3HAHMUS,
metosl. [Ipumenser
TEOpPETUIECKUE U
IKCTIEPUMEHTAIEHBIE
JTAHHBIE MOJICIMPOBAHUS B
npodeccroHanbHON
JeSITeTbHOCTH

OIIK-1 Cnoco6en
NPUMEHSTH
€CTECTBEHHOHAYYHBIE U
00IIICHH)KEHEPHBIE 3HAHMS,
METOBI

MaTEMAaTHYECKOTO aHAIIN3a
U MOJICJTUPOBAHUS B
poeCCHOHATBHOM
NEATEIbHOCTU

WN/I-3 npuMeHseT MeTObl
MaTEeMaTHYECKOI0 aHAJIN3a 1
MOJEJIMPOBAHUS B
po(heCcCHOHATTLHOM NI TEIIbHOCTH

Ogitazien HaBBIKAMH
peleHus 3a/1a4, CBI3aHHBIX
C MaTeMaTHYEeCKUM
MO/JICITUPOBAHHEM U
aHanuzoMm. Mcrmomb3yet
HaBbIKU PCIOCHHA 3a1a4,
CBSI3aHHBIX C
npodeccHnoHaTBEHOMI
JIeSATEIbHOCThIO

B pamkax kypca aucnumiuHbel «MaremaTuka» caMmoCTOATelIbHas paboTa CTYAEHTOB

HAXOJHUT aKTUBHOE NMPUMEHEHUE U BKJIIOYAET B C€0sl pa3IMYHbIC BU/IbI ICATEIHHOCTH:
— MOJIMOTOBKA K MPAKTHUYECKUM 3aHATHSAM, B TOM 4HCIE padoTa C METOAUYCCKUMU
YKa3aHUSAMHU, CPEJICTBAMU MacCcOBOI HH(OpMAIIHH;

- noAroToBKa K JICKOHUAM, B TOM YHCIC CaMOCTOATCIIBHOC yFHy@]’IeHHOG HN3YUCHUC

TEOPETHUYECKOT0 Kypca 110 peKOMEHI0BAaHHOM JIUTEpaType;
- MIOJITOTOBKA K IPOMEKYTOYHOW aTTECTAIINH.




Ienb camocTosITeIbHON PabOTHI CTYACHTA MPU MOATOTOBKE K JICKIUSAM 3aKIII0YacTCs B
MOJTyYeHUU HOBBIX 3HAHUMU, MPUOOPETEHHBIX MpH OoJiee TITyOOKOM H3YYEHHMH JIMTEpaTyphl IO
JMCIUTUIAHE.

3agaun:

— TopaboTKa ¥ MOBTOPEHUE KOHCIICKTOB JICKIINH;

— OCMBICIIEHUE COJIEpKaHUS JEKIHH, JOTUIECKON CTPYKTYPBbI, BBIBOJOB.

Lenb caMocTOSITEIBHOM PabOThI CTYIEHTA MPHU MOJATOTOBKE K MPAKTUYECCKUM 3aHSTHSAM
3aKJIFOYACTCA B er'IY6HeHI/II/I, paciMpCeHruu, ACTAITU3UPOBAHUN 3HaHI/II\/’I, MOJIYYCHHBIX Ha JICKIUAX
B 000011eHHOM (hopme.

3agaun:

— Pa3BHUTh CIIOCOOHOCTH MPHUMEHSTH MOJYYCHHBbIC 3HAHHS HAa MPAKTUKE NPU PEIICHUH
KOHKPCTHBIX 3a71a4;

— TPOBEPUTHh 3HAHHS CTYJCHTOB, TOJYYCHHBIC HA JICKIUAX W MPH CAMOCTOSITEIHBHOM
HU3YUYCHUH JIUTCPATYPHI.



2 Ilnan-rpauK BHINOJHEHHUS CAMOCTOATEIBLHOH PadoThI

Tabnuna 1 — Bunbl caMmocToaTenbHON pabOTHI At OUHOM (HOPMBI O0yUeHUS

CpenctBa u O06beM Jacos,
Konpt TE€XHOJIOTUH B TOM YHCJIE
peanr3yemMbIxX OLEHKH CPC KonTaktH Bcero
o Bun nesrenpHoCcTH
KOMIIETEHIINH, as pabora
CTYJEHTOB
UHAMKaTOpa(o c
B) Mpeno/iaBa
TEJIEM
1 cemectp
NA-1 YK-1 IMToaroToBka K CobecenoBanue 6.07 0.68 6.75
UI-2 VK-1 JICKIUOHHOMY
UJ-3 VK-1 3aHATHIO
/-1 OIIK-1
NJ1-2 OIIK-1
NJ1-3 OINK-1
Na-1 VK-1 IToxroroska K CobecenoBanne 18.22 2.03 20.25
-2 YK-1 IPaKTHYCCKOMY
UJ-3 VK-1 3aHSITHUIO
NJI-1 OIIK-1
NJ1-2 OIIK-1
NJ1-3 OIIK-1
-1 VK-1 CaMocTosTeIbHOE CobecenoBanue 36.45 4.05 40.5
I/II[-Z VK-1 U3YYCHHE JIMTCPATYPhI
NJ-3 YK-1
NJI-1 OIIK-1
-2 OIIK-1
N/J-3 OIIK-1
-1 VK-1 IToaroroBka k Bompocs! k 2473 2.7 27
NI-2 VK-1 IK3aMEHY IK3aMEHY
NJ-3 YK-1
NJI-1 OIIK-1
NJ-2 OIIK-1
NJ-3 OIIK-1
Uroro 3a 1 cemectp 85.05 9.45 94,5
2 ceMecTp
NA-1 YK-1 IToxroroska K CobecenoBanne 2,97 0,33 3,30
UI-2 VK-1 JICKLUOHHOMY
UJ-3 VK-1 3aHATHIO
/-1 OIIK-1
NJ1-2 OIIK-1
NJ1-3 OINK-1
-1 YK-1 [ToaroroBka K CobecenoBanne 11,88 1,32 13,20
-2 YK-1 IPaKTUYCCKOMY
UJ-3 VK-1 3aHSITHUIO
NJI-1 OIIK-1
NJ1-2 OIIK-1
NJ1-3 OIIK-1
NJI-1 VK-1 CaMocTosTeIBHOE CobecenoBaHue 14,85 1,65 16,50




WJ1-2 YK-1
WJI-3 YK-1

WJI-1 OTIK-1
WJI-2 OTIK-1
WJI-3 OIK-1

HA3YUYEHUE JINTEPATYpPhl

WJ-1 YK-1
WJ1-2 YK-1
WJI-3 YK-1
WJI-1 OTIK-1
WJI-2 OTIK-1
WJI-3 OIK-1

IToaroroska k
3K3aMeHY

Bomnpocs k
dK3aMEHY

24.3

2.7

27

Htoro 3a 2 cemectp

54,00

6,00

60,00

Uroro

139,05

15,45

154,50




B pamkax peTHHIOBOI CUCTEMBI YCIIEBAEMOCTh CTYICHTOB I10 Ka)KJ0M AUCIUIUIMHE OLICHUBAECTCS

3 KOHTpOJILHLIe TOYKH U BUABbI OTYETHOCTHU 110 HUM

B XOJ€ TCKYIICTO KOHTPOJIA U HpOMGX(yTOqHOﬁ aTTCCTalru.

4 Onucanue nokasaresieil U KpuTepreB OLEHNBAHUS KOMIIETEHUIMA HA PA3JIMYHBIX 3TaNax UX
(opmupoBaHusi, oNUCaHHUeE HIKAJ OLlEHUBAHUSA

Komnerenuus (un),

YpoBHU CHOPMUPOBAHHOCTH KOMITETEHITUH(HIA)

UHIUKATOP(BI) MuHUMAaTbHBINA .
MuHUMaTBHBIN B
YPOBCHb HE N BICOKHI
YPOBEHD Cpennuii ypoBeHb
JOCTUTHYT YpPOBEHB
(YZIOBIETBOPUTET (xoporo)
(HeynosnerBopute (oTIMYHO)
BHO) 4 6anna
JIBHO) 5 GaioB
3 Gamna
2 Gamna
KomnemenuyuaYK-1
NJ-1 yx-1 3HaTh: HE B JIOCTaTOYHOM | UMEET oO1miee | MOHUMAET MMOHUMAET u
NPUHIMIEI cOopa, | oObeme 3HAET | MPEJCTaBICHHE O | MPUHIHUIBI cOOpa, | OCYIIECTBIISAET
otbopa u MPUHIUILL  cOopa, | MPUHIIUIAX otbopa U | IPUHIHUIIBI
00001IeHMS otbopa u | cOoopa, oTbopa u | 0000IICHHS coopa, orbopa u
nH(popMauu 00001eHs 00001eHNS uHbOopMaIuu 00001IeHIS
uHpopManuu uHbOopMauu uH(popManuu
WUJI-2 vk-1 YMeTh: | HE B JIOCTaTOYHOM | yMEET YaCTUYHO | yMEeT COOTHOCHUTH
COOTHOCHUTH o0BeMe YMEET | COOTHOCHUTD COOTHOCHUTH pasHopOaHbIE
Pa3HOPOJHbBIE COOTHOCHUTH pa3HOpOJIHbIE pa3HOPO/IHbIE e
SIBIICHUS U | Pa3HOPOIHBIC SIBIICHUS U SIBIICHUS U
CUCTEMAaTHU3HPOB
CUCTEMAaTHU3HPOBAT | SIBJICHUS U | CUCTEeMaTHU3HpOBa | CUCTEMATHU3HPOBA
aTh MX B paMKax
b WX B paMKax | CHCTeMAaTH3HpPOBAT | Th HX B paMKax Th UX B PaMKax
U30paHHBIX BUJIOB | b WX B paMKax | M30paHHBIX M36PaHHbIX BHoB | H3OPAHHBIX
npodecCHOHANBHOM | M30pPaHHBIX BHUJOB | BUJIOB npodeccuoHanpHO | BUIOB
JeSITeNbHOCTU npoecCHOHATBHO | MPOPECCHOHANBH | i EATEIbHOCTH npoeCCHOHATIBH
1 IeSATEIbHOCTH O 1eATEIIbHOCTH Ol IeSITETLHOCTH
UI-3  vk-1 | HE uMeeT YaCTUYHO UMEET | OBJIa/IeBAET WCIIONIB3YeT U
Brnanets: MPAKTHYECKOTO MPAKTHYECKUN MPAKTHICCKAM IpHMEHSET
MPAKTHYECKUM OTbITa pabOTHI C OTIBIT pabOTHI C OTIBITOM PabOTHI C NPaKTHYECKHit
OIBITOM PaboOTHl ¢ | UHPOPMALMOHHBIM | HHPOPMAITMOHHBI | HH(POPMAIIMOHHEI OMBIT PABOTEL ¢
MH(OPMALIMOHHBIM | U HICTOYHUKAMH, MU UCTOYHHKAMH, | MU UICTOYHHKAMH,
MH(POPMALMOHH
U UCTOYHUKAMHU, | OIBIT HAYIHOTO OTIBIT HAYYHOTO OTIBITOM
OTIBIT HAyYHOTO | TIOMCKA, CO3/IaHKsl | TIOMCKA, CO3aHMsl | HAyYHOTO moucka, | PIMH
IIOMCKa, CO3JaHUs | HAYYHBIX TEKCTOB HAYYHBIX TEKCTOB | CO3daHUSI HNCTOYHHKAMH,

HAayYHBIX TCKCTOB

HAay4HBIX TCKCTOB.

OTIBIT HAYYHOTO
IIOMCKa,
CO3JIaHMS
HAyYHBIX
TEKCTOB

Komnemenuusn:

OIIK-1-

HpI/IMeHHTB CCTCCTBCHHOHAYYHLIC U O6HICI/IH)KCHepHI)Ie 3HaHUsI, MCTOJBbI




NJI-1 ork-1 HE 3HACT U HE YaCTUYHO 3HACT U | HOHUMAET U MOHUMAET,
AHanmupyer aHaAITM3UPYET OCHOBHEIE aHAIM3HUPYET aHAIM3UPYET 3HAET,
OCHOBHEBIE (usndecKue sBJICHUS U OCHOBHEBIE OCHOBHBIE aHAIU3UPYET
¢dusnueckue OCHOBHBIE 3aKOHBI ¢uznueckue ¢dusnueckue OCHOBHBIC
SIBJICHUS U MEXaHHKH, SIBJICHUS U SIBJICHUS U usudeckue
OCHOBHEIC TEPMOJIHMHAMHUKH U OCHOBHEIC 3aKOHBI | OCHOBHBIC 3aKOHEI SIBJICHUS W
3aKOHBI MOJIEKYJIIPHON (hU3UKH, MEXaHHUKH, MEXaHHUKH, OCHOBHEIE 3aKOHEI
MEXaHUKH, AJNIEKTPUYECTBA U TEPMOJAMHAMUKU U | TEPMOJMHAMUKH U MEXaHHKH,
TCPMOIAMHAMUKHU | MAri€Tru3Ma, OIITUKHA MOJICKYJIAPHON MOJICKYJIAPHOU TeNMOTUHAMUKU U
NJI-3 orik-1 HE OBJIAACI HABBIKAMM | YACTUYHO MPUMEHSIET HCTIOJIB3YET U
[Ipumenser OCHOBHEBIX METOJIOB OBJIAJIENT OCHOBHBIE METOJIBI | IPUMEHSIET
OCHOBHBIE ¢u3suko- HaBBIKAMMU (puzuko- OCHOBHBIE METO/bI
METOJIbI (PU3UKO- | MATEMaTHYECKOTO U OCHOBHBIX MeTO0B | MATCMATUICCKOIO U | (huzuko-
MaTeMaTH4YeCKOT | (U3UKO-XUMHYECKOTO (pusuko- ¢usuko- MaTeEMATHYECKOTO
0 " (pu3uKO- aHaIM3a I PEeIIeHUs MaTremaTuiyeckoro | XAMHYECKOIO " (HpU3UKO-
XUMHUYECKOTO po(heCCHOHAIBHBIX u ¢usuko- aHalu3a Ajist XUMHYECKOTO
aHajM3a Jjs 3ama4 XEMHIECKOTO pelieHus aHaIM3a I
peleHus AHAIN3A T po(heCCHOHAITBHBIX peLeHust
npoQeccHoHab peuieHus 3amaq npodeccroHaTbHbI
HBIX 3a7a4 mpo¢heCCHOHATBLHEI X 3aJ1a4
5 Temaruveckuii niian AU CIHUIIJIMHbBI
ouHas (popma OYHO-3a049Has (popma
KonrakTHas KonrakrHas
pabota paboTa
00yYaIoIIUXCS C a 00y4aroLUXCs C a
mperoaaBarenem / § mperoaasaresiem / §
13 HUX B hopme 5 U3 HUX B hopme s
DopMUPYeMbI MPaKTHYECKOM 8 MIPaKTHYCCKOM 8
Ne Pasnen (Tema) IUCLUIIAHEL K e MIOJTOTOBKH, 8, IIOJITOTOBKH, g,
B KpaTKOE COJIepIKaHuEe KOMIICTCHIINH, Jacos 2 1acoB 3
WHJMKATOPHI E E
0] o 9] 0] 1 O
- BN -
S | 88| &| E S | 88| & &
S |EE| 5| ¢ | E|EE| 5| ¢
5E5/ 8 2 2B 2| ¢
& |1g] © s|g| ©
= = = =
BBenenne B AWCHUIUIHAHY.
Mecto MUCHUIIINHBI
«MaremaTka» B pPa3BUTHU
CHOCOOHOCTEH  OCYIIECTBISTDH
MTOMCK matemarndeckord | OIIK-1 (M-
unpopmaruu, nposoauts ee | 1, UJI-2,]I-
1 | xpurnueckuit aHanu3 u cunres, | 3), YK-1(UI- | 1.50 1.50
MPUMEHSTh 6azoBeie | 1, /-2, U]I-
MaTeMaTUIECKUE 3HAHWSI, 3)
METO/IBI MaTeMaTHYECKOTO
aHallM3a W MOJIETHPOBAaHUS B
permeHnr PO eCCHOHATBHBIX
3a1a4
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Jlunetinas anreoOpa. OIIK-1 (M-

[Ipumenenue MeTo10B 1, UI-2,111-

nuHEeHHO# anreOps! 11 coopa, | 3), YK-1(UA-

otOopa u 00001IeHHS 1, UJ1-2, U- 3.00 | 4.50 3.00

UHQOPMAITIH TIPU PEILICHUN 3)

MPAKTHYECKUX 3324

Bexropnas anrebpa n OIIK-1 (M-

AHAJIMTUYECKAsl TEOMETPHUSL. 1, UI-2,UN1-

Bba3oBbie MeTO/1bI BEKTOPHOI 3), YK-1(1 -

anreOpsl U aHATUTHIECKOM 1, 1a-2, UA- | 4.50 | 7.50 1.50 | 3.00

FEOMETPUH B TEOPETUUECKUX U 3)

9KCIIEPUMEHTAIIBLHBIX

HCCIIeIOBAHUSIX

MatemaTudeckuil aHaIus. OIIK-1 (M-

DyHKIIMU OTHOW NTEPEMEHHOM. 1, UJI-2,1]1-

MeTo1pl MATEMATHYECKOTO 3), YK-1(U -

aHaliM3a B MOAEJIMPOBAHUH, 1, UJ1-2, U1- 300 | 750 150 | 3.00

TEOPETUYECKOM U 3) ' ' ' '

9KCIEPUMEHTATEHOM

WCCIIEZIOBAHUY TPH PEIICHUU

npodecCHOHANBHBIX 33134

MatemaTudeckuil aHalIus. OIIK-1 (M-

DyHKIIMN HECKOJIBKUX 1, UI-2,1 -

MIEPEMEHHBIX B KPUTHYECKOM 3), YK-1(U -

aHaJli3e U CHHTE3¢ 1, 1a-2, UAa- | 1.50 | 7.50 1.50 | 3.00

uH(pOpMAIMH, MPUMEHEHUH 3)

CHCTEMHOTO ITOJIX0/1a JUIS

pemeHus NPUKIaIHBIX 33134

HNTOI'O 3a 1 cemectp 13.5 | 27.0 67.5 450 13.5 R1.00
0 0 0 ) 0 )

WHTerpanbHOe HCUUCIICHUE OIIK-1 (M-

¢ynkuun onHo nepemennoit. | 1, UJ-2,1U/1-

MeToIbI HHTETPATEHOTO 3), YK-1(M/JI-

ucUuciieHus B Mogenuposannu | 1, MJ1-2, U]I- 6.00 | 6.00 300 | 3.00

1 TEOPETUYECKUX 3) ’ ’ ' '

UCCIIEIOBAHUSX B

npodeccruoHaIbLHOM

JIESITeIbHOCTH

HHTerpanbHOEe HCUUCIICHHE OIIK-1 (M-

(YHKIIMH HECKOJIBKUX 1, U1-2,U -

IEpEMEHHBIX. MeTObI 3), YK-1(U1-

HWHTETPaJIbHOTO UCYUCIIEHUS B 1, a-2, UJ-

MOJEIMPOBAHUHN U 3) 1.50 | 1.50 1.50 | 1.50

TEOPETUUECKUX

HCCIIEZIOBAHUSX B

poheCCUOHAIBHOM

JIeSITENbHOCTH

OOBIKHOBCHHBIC OIIK-1 (M-

nuddepeHIuaIbHbIC 1, UJ-2,1U1-

ypaBHeHus. Teopus 3), YK-1(1 -

nddepeHITnaIbHBIX 1, W1-2, NU1- 6.00 | 6.00 3.00 | 3.00

YpaBHEHHUI B TEOPETHUSCKOM 3) ) ’ ) )

OTHMCaHUU U MOJICITHPOBAHUN
MPOIIECCOB NPU PEUICHUU
npodeccroHaIbHBIX 3a7a9.
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Psanp1. Teopust psioB B OIIK-1 (M-
aHaJIn3€, MOJIEJIMPOBAaHUH, 1, UI-2,1 -
9 | npuMeHeHnH CUCTEMHOTO 3), YK-1(U- | 6.00 [ 6.00 3.00 | 3.00
MOJX0/1a MIPU PEIIEHUN 1, J1-2, UJ-
npodecCHOHATBHBIX 33/1a4. 3)
Teopust BeposTHOCTEN U OIIK-1 (M-
3JIEMEHTBl MaTEMATHUYECKOU 1, nI-2,U -
| | cratucTHKM. Nx mecTo B 3), YK-1(U1-
o | Teoperueckom n 1, UJ1-2, N1- 4.50 | 4.50 1.50 | 1.50
9KCHEPUMEHTAIBHOM 3)
UCCIICIOBAHUH TIPU PELICHUH
poheCCHOHAIBHBIX 3a/1a4.
HUTOI'O 3a 2 cemectp 24.0 | 24.0 19.5 | 12.0 | 12.0 48.00
0 0 0 0 0 )
HUTOI'O 37.5 | 51.0 87.0 | 16.5 | 25.5 129.0
0 0 0 0 0 0
N3 Hux
Ne Templ
JE——— HaunmeHoBanue TeM TUCHUIUIMHBI, ©X KPaTKOE OO0Bem "acoB| mpakTUdecKas
o coaepKaHue MOATrOTOBKA,
4acoB
1 cemectp
1 BBenenue B AUCHUIUIMHY 13.50
1. [Ipeamert u 3anaun MaTeEMaTHUKU, UCTOPUSL PA3BUTHUS U
MECTO MaTEMAaTUKHU CPeIr Ipyrux Hayk. Mecro
MaTeMaTUKH B (POPMUPOBAHUU CIIOCOOHOCTH
WCIIOJIb30BaTh OCHOBHBIE 3aKOHOMEPHOCTH, JACHCTBYIOIINE
B IIPOLIECCE U3TOTOBIEHUS IPOAYKIIMU TPeOyeMoro
KauecTBa. 3HAYCHUE AUCIUTLINHBI B (DOPMUPOBAHHUA
CIIOCOOHOCTEH K caMOOpraHHu3aIii ¥ caMO00OpPa30BaHHUIO.
2 Jluneitnas anrebpa 13.50
1. Onpeaenurenu u Mmatpuubl. Onpenenurenu 2, 3, n-ro
MOPSIIKOB. MaTpulibl, OCHOBHBIE TIOHSTHS, ONIPEACIICHHUS.
JIuneliHbIe onepanuy ¢ MaTpUIlaMU U UX CBOWCTBA.
Onepanuu yMHOKEHHUSI, TPAHCIIOHUPOBAHMS MATPHUIL U UX
cBoiictBa. OOpatHas MaTpuua. [loHaTre o panre MaTpuUIIb.
2 Jluneitnas anredpa 13.50
1. OOmras Teopust TUHEHHBIX cucTeM. CUCTEMBbI TMHEHHBIX
anredpandeckux ypaBHeHuit (CJIAY). Teopema
Kponekepa-Kanemnu. Metoasl pemenus: Kpamepa,
MaTpuuHbli, MeTo ['aycca. Ognopoansie CJIAY.
3 BexTopnast anreOpa 1 aHaIUTUYECKasi TEOMETPUS 13.50

1. Bextopnas anre6pa. BeKTOpbl, OCHOBHBIE MTOHSITHS,
Ol'IpeI[CJ'IeHI/ISI nu J'II/IHGI\/’IHI)IC onepam/m HaJI HUMMHA.
KonnuHaeapHOCTh ¥ KOMIUIAHAPHOCTH BEKTOPOB. JInHelHas
3aBUCUMOCTH CUCTEM BeKTOpoB. Omnucanue 6a3ucon
TUIOCKOCTH | MIpOocTpancTBa. KoopAHATEI BEKTOPOB B
0a3uce MIOCKOCTH U MPOCTPAHCTBA. JlelicTBHs Hal
BEKTOPAaMH, 3aJaHHBIMU CBOMMH KOOPJIUHATAMH.
CkarnsipHOe, BEKTOPHOE M CMEIIIAHHOE TIPOU3BEICHUS
BEKTOPOB.
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BekTopHnas anrebpa v aHaTUTHYECKAs TECOMETPHUS

1. Ananutuyeckas reometpus. [Ipsmas Ha MIIOCKOCTH.
OCHOBHBIE YpaBHEHHUS. Y CIOBUA MAPAIIIETLHOCTH U
NEPIEHANKYJISIPHOCTH IIPSIMBIX. PaccTosiHue OT TOYKH 110
npsmoil. [Ipsimas u mrockocTe B mpoctpancTBe. OCHOBHBIE
ypaBHeHUs. B3auMHOE paclooKeHue MpsIMbIX,
MJIOCKOCTEM, MPSIMOM.

13.50

BekropHas anrebpa 1 aHaJIMTHYECKasi T€OMETpHUs
1. KpuBble 1 IOBEPXHOCTU BTOPOTO MOPsIIKA

13.50

Maremarnuyeckuii ananu3. yHKIUU OJHON IIEPEMEHHOM.
1. MuoxectBa. ITocnenoBarenbHoCcTh. OyHKIMS.
OcnoBuble nousTus. [Ipenen ¢dyukunu B Touke. Ipenen
¢byHkun B 0OeckoHeuHocTH. CBoiicTBa QyHKIUH,
UMEIOIIUX Mpeaell. beckoneuHo mMasble PyHKIUN U UX
cBoiicTBa. OCHOBHBIE TEOPEMBI O NIPEIENIax.
HenpepbiBHOCTH PyHKIMIA. CBOICTBAa HENPEPHIBHBIX B
Touke QpyHkuui. [Ipenen u HenpepbhIBHOCTH CIIOKHOMN
¢yskunu. Touku pa3ppiBa U UX KJIacCH(PUKAILIUSL.
CpoiicTBa (yHKIIHMI, HENPEPHIBHBIX HAa OTPE3KE.

13.50

MaremaTuueckuii ananu3. OyHKIIMU OJHOW NEPEMEHHOM.
1. IlpousBogHas pyunkun. Ee reomerpuueckuii u
MexXaHu4ecKni cMbIcia. OCHOBHBIE ITPaBUiIa
muddepennmpoBanus. [IponsBoaHas clioxKHON QYHKINU.
[TpaBumno Jlonuramns. Juddepennunan GyHkimm.
Juddepenuupyemocts Gpynkuuii. Ces3p auddepennuana
C MPOU3BOAHON. ['eOMeTpUUECKUA CMBICIT
muddepennmana. Cpoiictsa quddepennnana.
[Tpumenenue muddepennnana B mpuOIMIKEHHBIX
BbIuucIeHusX. [IponsBoanbie u auddepeHnnanbl BHICIINX
MOPSIKOB.

13.50

Maremarnueckuii anann3. OyHKIIMY HECKOJIBKUX
nepeMeHHbIX. Poilb pa3ziena B aHanu3e U MOJEIUPOBAHUH
NPY PEIIeHNH MPO(EeCCHOHANBHBIX 3a/1a4.

1. IIpenen, HEMPEepPEIBHOCTD, YaCTHBIE TPOU3BOJHBIE.
[TonsiTust npenena, HEMPEPHIBHOCTU (PYHKIIUN HECKOJIBKUX
NIEPEMEHHBIX. YacTHbIE IPON3BOAHBIE U TIOJTHBIN
muddepenman. [Ipumenenne noaHoro auddepeniuana B
npuOIMKEHHBIX BeIYMCIeHUAX. [Ipon3BoHast o
HAIpPaBJIEHUIO U TPAJAUEHT. DKCTPEMYMBI. DKCTPEMYM
(YHKLINU HECKOJIBKHUX NepeMeHHbIX. HeoOxoaumoe
ycioBue. JlocTaTouHbIe yCI0BUS.

2.YcnoBHbI 3kcTpeMyM. MeTton MHOxkuTenel Jlarpanxka B
pELIeHUH 3a1a4 2JICKTPOTEXHUKHU.

13.50

Hroro 3a 1 cemectp

67.5

3.00

2 cemecTp

WuTerpanpHoe ucuucienue QyHKUUU OJTHOM epeMEHHOM.
[TepBooOpaznas. HeonpeneneHuslil mHTErpa, ero
cBoiicTBa. Tabmuia OCHOBHBIX (POPMYJT HUHTETPUPOBAHMUSL.
MeToabl HHTETPUPOBAHUS.

1.50

HHTerpanbHOe HCYUCIICHHE (PYHKIIMN OJHOU ITePEMEHHOM.

1.50
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HuTerpupoBanue pallioHaNbHBIX QYHKIHUI yTeM
pasyiokeHus Ha mpocTteiiume apobu. HTerpupoBanue
BBIPAXECHUI, COAEP/KAIUX TPUTOHOMETPUYECKHE
¢yHkunu. MHTErprpoBaHne HEKOTOPBIX HUPPALIMOHATBHBIX
BBIPaKCHUI.

HHTerpanbHOe HCYUCIICHHE (PYHKIIMN OJHOU ITePEMEHHOM.
Omnpenenennblil uuTerpan. OnpeaeneHHbI HHTErpal Kak
IIpe/iesl UHTErpalibHbIX CyMM. OCHOBHBIE CBOMCTBA
onpeneneHHoro unrerpana. ®opmyna Herorona-
JletiOHMIIa. MeTOo 1Bl 3aMEHBI IEPEMEHHOU U
MHTErpUpOBaHus 1o yacTaM. [IpuoskeHns onpeaeneHHbIX
WHTErPaJIOB.

1.50

WuTerpanbHoe ucuucienue GyHKUUU OJTHOM epeMEHHOM.
Hecob6cTBenHble nHTErpaiisl 1-ro u 2-ro poaa. [lpusnaku
CpPaBHEHHs B MCCIICJOBAHUN MHTErPAJIOB HA CXOUMOCTb.

1.50

WHTerpanbHoe ucuuciienne PyHKIUN HECKOIbKUX
nepemMeHHbIX. KpaTHble uHTErpansl. 3aMmeHa NepeMeHHbIX
B KpaTHBIX MHTErpajiax U BHIYMCICHUE UX B
LWJIMHIPUYECKON cucteMme koopauHat. Ilpunoxenus
KpAaTHBIX UHTETPAJIOB.

1.50

OO0pIkHOBEHHBIE (D pepeHnnaIbHbIe ypaBHEHHUSI.

/1Y nepBoro nopsaka. 3agaya Kommu. Kinaccel ypaBHeHMH,
MHTETPUPYEMBIX B KBaJpaTypax: ¢ pa3JesaioluMucs
MepEMEHHBIMU, JINHEWHbIE HeOAHOpoAHbIE Y 1-r0
nopsika, ypasHenue bepuymnu. Onnopoansie Y. JIV B
MONHBIX AU depeHnanax.

1.50

OO0bIKkHOBEHHBIE AU DepeHnanbHbIe ypaBHEHHUS.
/1Y BBICIIMX MTOPSIIKOB. Y paBHEHMS BBICIIMX MTOPSIIKOB,
TTOITy CKAOIIUe TTIOHMKEHHUE TOPSIKA.

OObIKHOBEHHBIE TH(hEepeHITUATBHBIC YPaBHCHHUS.
JIuneitnbie JIY 2 -ro nopsiaka U CBOWCTBA UX PEILICHUH.
Crpykrtypa obiiero pemeHus. MeToibl pereHus
JIMHEHHBIX HEOAHOPOAHBIX Y ¢ MOCTOSIHHBIMU
koa(purmenTamu.

1.50

OO6bIkHOBEHHBIE AU depeHInanIbHbIe ypaBHEHHUS.

Merto Bapualuii MpoOU3BOJIbHBIX MOCTOSAHHBIX. /Y
BbIcIINX NOpsiiKoB. Cuctemsl Y. HopManbHble CUCTEMBI.
Mertonsl peleHus.

1.50

Psinpr . UucnoBblie psiibl. 3HAKOTIOI0KUTEIbHBIE YHCIOBbBIE
psiabl. OCHOBHBIE MOHATHS U onpeenenns. CXoIuMoCTb U
cymma psija. Jlocratounbie 1 HEOOXOAUMBIN MPU3HAKU
CXOJMMOCTH.

Psanel. 3Hakodepenyromuecs: YucaoBble psiibl. OCHOBHBIE
noHsTUA U onpeaeneHus. [lpu3nak Jleibuuna.
AOGCONIOTHAS M YCIIOBHASL CXOAUMOCTb.

Psapl. ®yHkumonanbHbie psabl. [lonstue
dbyHKIIMOHANBHOTO psiga. CreneHHbie psaabl. Paanyc u
uHTEpBaI cxoaumocTh. Teopema Abens. Paner Teitnopa u
Makiiopena. Pa3noskeHre OCHOBHBIX 3JIEMEHTapHBIX
¢bynkuwmid. [IpuknagHoe 3HaYeHUE CTETICHHBIX PSIIOB.

1.50
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9 Psanpl. Pager @ypee. Tpuronomerpuueckuit psa Oypse 3
(bYyHKIUH ¢ TPOU3BOJIHBIM IIepuo oM. Teopus psaoB B
aHAJIM3€ U MOJICIMPOBAHUY IIPH PELICHUU
npodeccuoHaIbHbIX 3ajay.

10 Teopus BEpOATHOCTEN U 3JIEMEHTBI MaTEMaTUYECKON 6
CTaTUCTUKHU. MecTo TeoprH BEpOATHOCTEN B
TEOPETUUYECKOM U KCIEPUMEHTAIIbHOM UCCIIE0BAHNH IIPU
peleHny MpoheCCUOHATIBHBIX 3a1au.

10 CraTHucTHKa, OCHOBHEIC MMOHATHI. MecTo MaTeMaTHYeCKOM 1.50
CTaTUCTUKH B TEOPETUUECKOM U SKCIIEPUMEHTAIBHOM
WCCJICIOBAHUH TIPU PEIICHUH TPO(HECCHOHATBHBIX 3a/1a4.

11 DJIeMEHTHI TeOpUH (PYHKIMN KOMIUIEKCHOTO TTEPEMEHHOTO 1.50
Hroro 3a 2 cemecTp 33 0.00
Hroro 100.5 3.00

6 Bonpochl k 3k3amMeny (2 cemecTp)

9.
10.

11.

12.

13.

. MaremaTtndeckas CHMBOJIHKA pasaciioB JIMHEeMHas anre6pa, BCKTOpHAA anre6pa, aHAJIMTUYCCKas

reoMeTpus, MaTeMaTu4ecKuil aHaiau3. OCHOBHBIE METO/Ibl aHAIN3a U MOJACIUPOBAHUS, UCIIOIb3YEMbIC
B JIaHHBIX pa3Jeliax.
Teopust onpeaenuTeneil U UX OCHOBHBIE CBOMCTBA. MeTOIbI BEIYMCIICHUS ONPEICTUTENCH.

. IousTust Teopun matpuil. JedctBust Haa marpunaMu. OmnpeneneHrue oOpaTHOW MaTpHlbl. Y CIOBHA

CYILIECTBOBaHMSI OOpaTHOW MaTpPHUIIbI.

Teopust cucteM JMHEHHBIX anredpandeckux ypaBHeHuil. [loHsTHEe paHra MaTpuIbl cUCTEMBL. Teopemy

Kponekepa-Kanennu. Marpuunas 3anuch cuctembl. Merton [aycca pemenuss CJIAY. Anroputm

pEILIEeHUs CUCTEM MAaTPUYHBIM METO0M M 1o npaBuiry Kpamepa.

[lonsiTHE TEOMETPUYECKOr0 BEKTOPHOIO NPOCTPAHCTBA. JIMHEWHBIE oOmnepanuu HaJl BEKTOpamHu.

[TonsiTHe KOJUIMHEAPHOCTH BEKTOPOB. [loHATHE NTMHENHON 3aBUCMMOCTH U HE3aBHCHMOCTH BEKTOPOB

Ha IJIOCKOCTU U B mpoctpaHcTBe. [lonstue 6asuca. Pasnoxenue nmo 6asucy. [lonstue nexapToBBIX

IPSIMOYTOJIBHBIX KOOPJIMHAT BEKTOPOB, UX I€OMETPUYECKMM cMbICi. JleMcTBHsS Hall BEKTOpamMH B

KOOpJIMHATHOH (hopme.

ITonsiTve cxalaspHOTrO MPOM3BEAEHUS BEKTOpOB. CBOMCTBA CKaJspHOro npousBeneHus. dusnuecknii
CMBICIT CKaJIIpHOTO Mpou3BeneHus. Popmyiia CKalIpHOrO MPOU3BEICHUS B KOOPIAMHATHOH (opme.
[loHsATHsT IJIMHBI BEKTOpA, yIja MEXIY BEKTOpaMHU. YCIOBHE MEPHNEHAUKYISPHOCTH, YCIOBHE
KOJUIMHEAPHOCTH JIBYX BEKTOPOB.

. Ilonsatue BCKTOPHOTO MPOU3BCACHUA BCKTOPOB. CBoiicTBa BCKTOPHOTO IMPOM3BCACHUA BCKTOPOB.

['eomeTpuyecknii CMBICII BEKTOPHOTO Ipou3BeleHusa. DopMyiia BEKTOPHOTO IPOU3BEICHHSA B
KOOpAMHATHOM (opme. Brruncienre miomaan TpeyrojibHUKa 10 KOOPAMHATAM €ro BEpIIHH.
[loHsiTHE CMENMIAHHOTO TPOU3BEAEHUS TPEX BEKTOPOB. BhIpakeHNE CMENIaHHOTO NPOU3BEICHUS Yepe3
KOOpAMHAThl BEKTOpOB. (CBOWMCTBa CMEIIAHHOIO IPOM3BEACHMS. [ €OMETpUUECKHH CMBICI
CMEIIaHHOTO mpousBeAeHus. HeoOxonumMoe M JOCTaTOYHOE YCIOBUS KOMIUIAHAPHOCTH Tpex
BEKTOPOB.
VYpaBHeHUs NPsIMOM Ha TUIOCKOCTH. B3anMHOE pacnosnokeHne NpsMbIX Ha INIOCKOCTH.
YpaBHeHHUs TUI0CKOCTH. [ToHATHA yrila MeXay IBYMs IUIOCKOCTAMM. Y CIIOBHS NMEPIEHAUKYIISPHOCTH
Y TIapaJuIeIbHOCTH JABYX ILNIOCKOCTEH.
[TonsATHA yria Mexay ABYMs NPSMBIMU B IIPOCTPAHCTBE U HA IUIOCKOCTHU. Y CIOBUE NAPAJLICIbHOCTH
Y NEPIEHANKYJISIPHOCTH PSIMBIX B IPOCTPAHCTBE U HA INTIOCKOCTH.
[lonsATHE yrila MEXay NPSMOM U IUIOCKOCTBIO. Y CIIOBHS NApAJICIbHOCTA U NEPHEHAUKYJISIPHOCTH.
HaxoxieHre Touku nepecedeHns NpssMON 1 IIIOCKOCTH.
Omnpenenenue sumrca, runep0oisl, napadossl. Kanonndyeckue ypaBHenus. MccnenoBanus GopMbl.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

Omnpenenenue QyHkuuu. OCHOBHBIE »3JeMeHTapHble QyHKUuH. [unepbonuueckue (QyHKIHH.
Omnpenenenue npeaena GyHKIMA B TOUYKE U Ha OecKoHeUHOCTH. Onpesesienne 66CKOHEUHO OOJIBIITNX
(GYyHKUIMH ¥ UX CBOMCTB.

Omnpenenenne OECKOHEYHO MaibiX (QYHKIHUA W UX CBOMCTB. CBSI3p MEXKIYy OCCKOHEYHO MAJbIMU H
O0eckoHeyHO OonbmMMU  (QYHKIUSAMH. MeToJuKa CpaBHEHUS OECKOHEYHO MalblX —(yHKIHA.
OKBUBaJICHTHbIE OECKOHEUHO MaJlble.

Teopuss mpenenoB. IloHsiTe HenpepbIBHOCTH (GYHKUMU B Touke. OmpeneneHue HEMpepbIBHON
¢bynkun. [TonsiTHe 0HOCTOPOHHUX TpenenoB. Onpesenenue ToYeK pa3pbiBa GYHKIIHMA.

[Monstne mpousBogHOW ¢yHKIMU. Ee reomerpuueckwii W (QU3MYECKHil cMbICI. Meroauka
muddepeHIUpoBaHus CIOXKHBIX (QyHKUIUH. Metonuka audgepeHunpoBanns OOpaTHBIX (YHKIIHM.
Metonuka auddepeHurpoBanus (QyHKIMHA, 3agaHHBIX MapaMmerpuyecku. Jlorapudmuyeckas
MIPOU3BOHAS.

[lonsatue nuddepennmana ¢ynkuuu. IlpaBuna HaxoxaeHus. ['eoMeTpUUYECKYI0 HHTEpPIpPETAIHIO.
Hcnonb3oBanue auddepennana B NpUOIMKEHHBIX BBIYUCICHUSIX.

Omnpenenenuss TpOU3BOJIHBIX U AM(DdepeHnnanoB BBICIIUX MOPAIKOB. VIHBapHaHTHOCTH IEPBOTO
muddepennmana

Teopust QyHKIMI HECKONBKHX IMEpPEeMEHHBIX, reoMeTpuueckas uHTeprperanus. Ilpexen ¢yHkuun
HII B Touke. OxpectHocTh. Ilonstue HempepriBHOCcTM (DHII. OmnpeneneHuss 4acTHBIX M MOJHBIX
npupamieanii  ®HII, wyactHeix mnpousBoaHbIX. IlpomsBonmnas cioxHoM ¢yHkimu. I[lonHbliA
nuddepennuar.

Ilonatuss oskcrpemyma @HII, HeEoOXOAMMOro M JOCTaTOYHOTO YCJIOBHH  CYyIIECTBOBAHHS
IKCTpeMyMOB. MeToiiKa moucka HanbombIero u Haumenpinero 3HaueHnit ®HII B obmacTu.

MecTo MHTErpaJIbHOTO MCUHCIIEHMS B aHAIU3€ U MOJEIMPOBAHHM, TEOPETHUYECKOM HCCIIEJOBaHUU
IpU peueHUH NpodecCHOHANbHBIX 3aJady. MeTo/bl BBIUKCICHHUS HEOIpPEeNeIeHHOro HHTerpaia
(HermocpeICTBEHHOE UHTETPUPOBAHUE, MTOJICTAHOBKOM, MO YacTsAM).

[TonsiTHE OIpenesIeHHOrO0 MHTETpana Kak Ipejiesia MHTErpalbHbIX CyMM. CBOMCTBA ONPENEIEHHOTO
unterpana. ®opmyna Herorona-Jlelionuna. [IpunoskeHus omnpeieneHHoro MHTerpaia B aHajiu3e U
MOJEJIMPOBAHUU:

[ToHsATHE HECOOCTBEHHBIX HHTETPAJIOB 1-r0 U 2-TO POJIOB.

[Tonsitne nBoitHOro uHrerpana. CpoucTtBa. Ilepexon OT AEKapTOBBIX KOOPAMHAT K IMOJISIPHBIM U
LWIMHIPUYECKUM KoopauHaTtaMm. [lonstue TtpoiiHoro wuHterpana. CpolictBa. Ilepexonm ot
JIEKapTOBBIX KOOPAMHAT K LHUIMHAPUYECKUM U C(HEeprUUecKUM KOOpIUHATAM.

Mecto Teopun OOBIKHOBEHHBIX AHU(D(epeHInaNbHBIX ypaBHEHHHA B aHAIM3€ W MOJICIMPOBAHUH,
TEOPETUUECKOM UCCIIEJIOBAHUU MTPH PElICHUH MPO(hecCHOHATbHBIX 3aay.

[lonsatue muddepeHanbHbIX ypaBHEeHUN 1-ro mopsaaka u 3agaun Komm. OnpesneneHue TMHEHHBIX
muddepeHInaIbHbIX ypaBHEHUN MepBoro mnopsaka. Metoauka pemeHudt Meronom bepHymm u
METOJIOM BapHallui MPOM3BOJBHBIX MOCTOSHHBIX. OmpenesneHne OJHOPOAHBIX TU(depeHIIaIbHbIX
YpaBHEHHUH MIEPBOTO MOPSIIKA.

Knaccel  nuddepeHnmanbHbIX  ypaBHEHUH, JOMYCKAIOLIMX —TMOHMKeHHEe mnopsiaka. [lonsTtue
OJTHOPOJIHBIX JIMHEHHBIX Ju(pdepeHNaTbHbIX YpaBHEHHH BTOPOTO MOPSAIKAa C IMOCTOSHHBIMU
kodpduuuentamu, ooOmero pemeHus. OmnpeneneHue CTPYKTYpbl OOIIETO pelIeHus JIHMHEHHOTo
HEOAHOPOAHOTO MU PEpEeHITMATEHOTO YPaBHEHHS.

OmnpeneneHue JTUHEHHBIX HEOIHOPOJHBIX UG GEPEeHINMAIbHBIX YPaBHEHHH BTOPOTo MOpSIKa C
MOCTOSTHHBIMU KO3(QUIIMEHTaMU C MPaBOM YacThIO CHEIHAIbHOTO BHA. MeToJl HeonmpeaeIeHHbIX
ko3 duureHToB. MeToabl pemieHHs cucTeM AudQepeHIranbHbIX YpaBHEHHH NpU aHaIW3e H
MOJEJIIMPOBAHUMN.

MecTo Teopun psAI0B B aHAIU3€ M MOJEIMPOBAHUM, TEOPETUUECKOM HCCIIEIOBAaHUM IPHU PELICHUH
npodeccHoHaNbHBIX 3ajau.

OmnpeneneHne YnCIOBBIX PSIIOB U OCHOBHBIE omnpeaencHus. [IoHATHS CXOOMMOCTH U CyMMBI psija.
OrnpenenieHne 3HAKOMOIOKHUTENBHBIX PAJOB U JOCTATOYHBIX MPU3HAKOB cxoauMocTu. OnpeneneHue
3HAKOIIEPEMEHHBIX PSAZI0B, a0COIIOTHON M YCIOBHOM CXOIMMOCTH.
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32. TloHATHE CTENEHHBIX PSAAOB U (HOPMYIHPOBKY TeopeMmbl Abens. Ompenenenus psnos Teinopa u
MaknopeHna. Meronrka pa3ioxeHus: yHKIHUHM B CTENIEHHBIE PsI/IbI

33. MecTo TeopuH BEPOSITHOCTH B TEOPETHUECKOM M HKCIEPUMEHTAIbHOM HCCIIEIOBAaHUM, aHAIU3E U
MOJIETUPOBAHUU TIPH PEIIEHUU NMPOPECCHOHANBHBIX 3a7ady. MecTo MaTeMaTH4eCKON CTaTUCTHKHU B
TEOPETUYECKOM U SKCIEPUMEHTAJILHOM MCCIEA0BAHNH, aHAJIN3€ U MOJEIMPOBAHUM IPU PELICHUH
npodeccHoHaNbHBIX 3a/1au.

34. 3nHayeHue pa3zzena TEOpUs BEpOSATHOCTEH M MaTeMaTHUECKasi CTAaTUCTUKA B Pa3BUTHUU CIIOCOOHOCTH
pealv30BbIBaTh AHAIMTUYECKUE U YHUCJICHHbIE METOJbl pEUIeHHs] IOCTaBJICHHBIX 3aJady C
UCTOJIb30BaHUEM HWH(POPMALIMOHHBIX TEXHOJIOTUH W TMaKeToB MporpaMMm ¢ oOpaboTKoil ux
pe3yJbTaToB.

35. 3akoH  pacmpeneneHuss  BEpPOSTHOCTEW  JUCKPETHOM  ciaydyallHOM  BenMuYuHBL.  YucClioBbIE
XapaKTePUCTHUKHU.

36. 3axoHBbI pacnpesencHus: OMHOMUaNbHBIN, [lyaccoHa, paBHOMEpHBIH, TOKa3aTeIbHbIN, HOPMaJILHBIN.

37. Crartuctuueckoe pacmpeneneHue BbIOOpKH. [lomuron m rucrorpamma. CTaTUCTHUYECKHE OIEHKH
IIapaMeTPOB pacIpeeIICHUS.

38. IlpoBepka cratuctuueckux runores. HyneBas u KoHKypupyromas runote3sl. Omuoku 1-ro u 2-ro
pona.

39. Kputepuu onieHKH HYJIEBON TMIIOTE3HI.

7 MeTonnyecKkue peKOMeH/IAUH N0 H3YYeHUI0 TeOPEeTHYEeCKOr0 MaTepuaJia

CaMocTtosiTennbHass pa0boTa CTyACHTa B XOJAC JIEKIHOHHBIX 3aHATHI BKIIOYACT HW3YUCHHE
BOIIPOCOB TEOPUH, BEIHECEHHBIX Ha CAMOCTOSITEIIbHOE M3Y4YCHUE B COOTBETCTBUU C paboUei mporpaMmoit
JUCHUITIINHBI, npopa60TKy JICKHUOHHBIX MAaTCPUAJIOB [JIA IOATOTOBKM K KOHTPOJIIO 3HAaHWH Ha
JICKIIMOHHBIX 3aHATUSAX (OMpPOC) W TOJATOTOBKY BOIMPOCOB JJISi OOCYXJICHUS TPU KOHCYJIBTAIlUH C
IpernoaBaTeseM.

PaboTa ¢ JIeKIIMOHHBIM MaTepUAIOM HE 3aBEpIIAeTCs 10 OKOHYaHWH Jekiuu. Ha 2 yaca jekiuu
HEOOXOJAMMO 3aTPaTUTh OKOJIO Yaca Ha paboTy ¢ KOHCIEKTOM. 3a 3TO BPeMEHsI HEOOXO0IUMMO MepeYnTaTh
3aIUCH, TIONOJHUTh UX JaHHBIMHU, KOTOPBIC YAJIOCh 3alIOMHHUTD M3 PEUYH NpenoaBaress, HO He yAaloch
3anucars. Paborast ¢ KOHCIICKTOM, HYKHO OTMCTHTL HCIIOHATHBIC BOIIPOCHI IJIA BBIACHCHHA KOTOPLIC Y
npernoaaBarens Ha KOHCynbTauuu. OTAETbHO CeIyeT BBIACIUTH CBA3aHHBIE C TEMOM JIEKIIUHA BOMPOCHI,
KOTOPBIE MPETo1aBaTellb MOPYIHII MPopadboTaTh CaMOCTOSTEIHHO.

AKTHUBHO mNpopaOOTaHHBIH B TEYCHHUE CEMECTPa KOHCIEKT JIKIUH B JAIbHEHIIEM CITYKUT
OCHOBOH AJIg TOATOTOBKH K SK3aMCHY.

Bomnpochl st caMOCTOSATEIEHOTO U3YYEHUS TPEICTABIICHBI B 11. 5.

CaMocTosTenbHas padoTa B X0¢ MPAKTHKYMA BKIIIOUACT BHIMOTHCHHE 33JaHUH K TPAKTHYCCKUM
3aHATHUSAM, B YAaCTHOCTH pEIIEHUE 3aJad pPAa3IUYHOTO YPOBHS CIOXHOCTH. 3aJaydl TNPUBEICHBHI B
MCTOANYCCKNX YKA3aHUAX K IMMPAKTUYCCKUM 3aHATUAM U (bOHI[aX OLCHOYHBIX CPCACTB.

3Hasi TeMy MNPAKTUYECKOTO 3aHATHS, HEOOXOIMMO TOTOBUTHCS K Hemy 3abmaroBpemeHHo. [lis
3 PEKTHBHON MOATOTOBKH K NMPAKTUIECKOMY 3aHITHIO HEOOXOIUMO UMETh METONYECKOE PYKOBOJICTBO
K TPAKTHYECKOMY 3aHSITHUIO.

Kputepun onieHuBaHus MPaKTUYECKUX 3aHATUN IPEJCTaBICH B (DOHE OLEHOYHBIX CPECTB.

[Tpu mpoBepke MPaKTUYECKOTO 3a/laHusl, OLIEHUBAIOTCS: MOCIEAOBATEIHHOCTh U PAIMOHATLHOCTD
U3JIOKEHUST MaTepuaia; TOJHOTa MW JIOCTAaTOYHBIH O00BEM OTBETa, HAYYHOCTh B OICPUPOBAHUU
OCHOBHBIMH MOHATHSIMH; HCIIOJH30BAHUE U U3YUYCHUE JOMOIHUTENBHBIX TUTEPATYPHBIX HCTOYHUKOB
Kputepuu onieHUBaHUS Pe3yIbTATOB CAMOCTOSATEIIBHON PabOTHI: BOIPOCHI It COOECEI0BAHUS U
9K3aMeHa npuBeAeHb DOHE OIEHOYHBIX CPECTB MO AUCLUTLINHE
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8 MeToguyecKue peKOMeH/Jal MM [0 OPraHU3any CaMOCTOSATE/IbHOM padoThI
CTYJ,€eHTOB

CaMmocrosiTenbHas padoTa SBISIETCS OJHUM U3 BUIOB YUEOHOU NESTEIIbHOCTH 00yYaromuXcs,
CHOCOOCTBYET Pa3BUTHIO CAMOCTOSITEILHOCTH, OTBETCTBEHHOCTH U OPTaHW30BAaHHOCTH, TBOPUYECKOTO
MOJIX0/1a K PEUICHUIO TPOoOJIeM yueOHOTo U MPOo(ECCUOHATIHLHOTO YPOBHSI.

AynutopHasi caMmocTosATeNbHass paboTa NO Y4YeOHON IUCHUIUIMHE OCYIIECTBISETCS Ha
y4eOHBIX 3aHATHUIX OJI HEMOCPEACTBEHHBIM PYKOBOJICTBOM MPEMOIABATEINS U IO €T0 3a/IaHUIO.

BueaynuropHas camocTosATenbHasi paboTa BBIMOIHIETCS 110 33JaHUI0 MpenogaBaTess 06e3 ero
HEMOCPEJACTBEHHOTO YUaCTHSI.

Bunpl 3amanuii 1711 BHEayJUTOPHON CaMOCTOATEIBHON paboThl, MX COACpP)KAHUE U XapaKTep
MOTYT UMETh BapUaTUBHBINA U MU (dHepeHIMPOBAHHBINA XapaKTep, YIUTHIBAThH CIICHU(UKY HU3ydaeMOi
y4eOHOM AUCITUTUTHHBI, HHANBUy JIbHBIE OCOOEHHOCTH 00YJarOIIerocsl.

KoHTposb caMOCTOSTENBHON pabOThl M OIICHKA €€ PEe3yJIbTaTOB OPraHU3yeTCsl KaK €IHMHCTBO
IByX (opm:

1. caMOKOHTpPOJIL M caMOOLIEHKA 0OYYAIOIIEroCs;

2. KOHTPOIIb U OLIEHKA CO CTOPOHBI IIPEMOJABATENS.

9 MeToAUYECKHE PEKOMEHAALMH TP pa6boTe HaJi KOHCIIEKTOM BO BpeMs
NpoBeeHNs JIEKIHHU

B XoJne NEeKUMOHHBIX 3aHATUI BECTH KOHCHEKTHpOBaHUE yyeOHoro marepuana. OOpaarth
BHHMaHUE Ha KaTeropuu, GopMyJIMPOBKH, PACKPHIBAIOLIUE COACPKAHUE TEX WIIM UHBIX SBJICHUN U
IIPOLIECCOB, HAy4YHbIE BBIBOJABI M IPAKTUYECKHE PEKOMEHNALNU, IOJOKUTENbHBIA OIBIT B
OpaTOpPCKOM HCKyccTBe. JKenareabHO OCTaBUTh B padOYMX KOHCHEKTaxX MOJjsl, Ha KOTOPBIX AeNaTh
IIOMETKHM U3 PEKOMEHIOBAHHOM JIMTEPATypPbl, AONOJIHAIOIME MaTepUal MPOCIYIIAaHHONW JIEKLINH, a
TaKXKe MOoJYepKUBarole 0co0y0 BaXXHOCTh T€X WU MHBIX TEOPETHUYECKUX IMOJIOKEHUH. 3a1aBaTh
IPENOAABATEN0 YTOYHSIONIME BONPOCHI C ILEJIBI0 YACHEHUS TEOPETHYECKHX IOJIOKEHHUH,
pa3pelieHns: CIOPHBIX CUTYaluil.

B Xxozme moaroroBkM K ceMHMHApaM H3Y4YMTb OCHOBHYIO JIUTEPATypy, O3HAKOMHUTBECS C
JIOTIOJTHUTENBHON JIUTEPATYpPOl, HOBBIMU MyOJUKALUSAMU B NMEPUOJUUYECKUX H3JIAHUAX: JKypHaJax,
razerax M T.4. [Ipy 3TOM yuYecTb peKOMEHIAlMU MpenojaBaTenss U TpeOoBaHHA Yy4eOHOMH
nporpammel. JlopaOaTeiBaTh CBOIl KOHCIEKT JIEKIIMM, A€jas B HEM COOTBETCTBYIOIIME 3aIUCH U3
JUTEPaTyphl, PEKOMEHJOBAHHOM IpernojaBaTesieM U IMPeIyCMOTPEHHOM y4ueOHOW MporpaMMoi.
[ToaAroToBUTH TE3UCHI AJIS BBHICTYIUIEHUH 1O BCEM Y4eOHBIM BOIPOCAM, BHIHOCUMBIM Ha CEMHUHap.
I'oToBsACH K AOKIaMy UM peepaTUBHOMY COOOLIEHUIO, 00PAIAThCS 32 METOANYECKOH MTOMOLIBIO K
npenoaasarento. CoCTaBUTh IIAaH-KOHCIEKT CBOETO BHICTYIUIEHUA. [IpogyMaTs nmpuMepsl ¢ LEnbio
o0ecrieyeHHss TECHOM CBsA3M M3yyaeMoil TeopuM C peaJbHOW >kHM3HbIO. CBOEBpEeMEHHOE U
Ka4eCTBEHHOE BBITIOJTHEHUE CaMOCTOSTENILHOW pabOTHl Oazupyercs Ha COOJIOJCHUH HACTOSIIMX
PEKOMEHIAMI U U3YYEHUH PEKOMEHIOBAHHOM JUTEepaTypbl. CTYJEHT MOYKET JOIOJIHUThH CIHCOK
UCIIOJIb30BaHHOW JIMTEpPaTypbl COBPEMEHHBIMU HCTOYHMKAMH, HE TNPEJCTABIEHHBIMH B CIIHCKE
PEKOMEH/IOBAaHHOM JUTEpaTyphl, U B JaJbHEHIIEM MCIOIb30BaTh COOCTBEHHBIE MOJTrOTOBJICHHBIE
yueOHble MaTepraibl IPU HaTUCaHUK padoT.

10 MeToan4yecKue peKOMeHAAau MM 0 NOATOTOBKE K NPAKTUYECKUM 3aHATUAM

[IpakTrueckoe 3aHATHS — OJUH M3 caMbIX A()(PEKTUBHBIX BUIOB y4YEOHBIX 3aHATHH, Ha
KOTOPBIX CTYACHTHI y4aTCsi TBOPUYECKH pabOTaTh, apryMEHTHPOBATh U OTCTAMBATh CBOIO MO3UIIHIO,
MPaBWIbHO M JIOXOAYMBO M3JlaraTh CBOM MBICIM miepes ayautopueid. OCHOBHOE B MOJATOTOBKE M
MPOBEJCHUH TMPAKTHUECKUX 3aHITHA — 3TO CaMOCTOSITENbHAs padoTa CTyIeHTa HaJa H3yuYeHUEM
TeMbl. CTyZIeHT 00s513aH TOYHO 3HATh IUIAH 3aHATHS MO0 KOHKPETHOE 3ajaHue K HeMy. Ha 3anstuun
00CYKIAIOTCSl Y3JIOBBIE BOMPOCHI TEMBI, OJHAKO TaM MOTYT OBITh M Takue, KOTOpbIE HE ObUIH
MIPEIMETOM PACCMOTPEHHMSI Ha JIEKIIMH. MOTYT OBITh M CTIEIIHAIbHBIC 3a/IaHUS K TOW UK UHOM TeMe.
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'oTOBUTBCS K MPaKTUYECKOMY 3aHATHIO clieayeT 3apaHee. HeoOXoauMo BHMMATEIBHO
O3HAKOMHTHCSI C IUIAHOM M JPYTMMH MaTepualaMy, YSCHUTh BOIIPOCHI, BBIHOCUMBIE Ha
oOcyxjaeHue. 3areM HyXHO M0A00paTh JUTEpaTypy MW JpYroidl HEOOXOAMMBbIM, B T.U.
PEKOMEH/I0BaHHBINM, MaTepuan (uepe3 OuMOIMOTEeKy, yuyeOHO-MeToAMYecKUid KaOuHeT Kadeapbl U
np.). Ho mpexne Bcero, cinenyer oOpaTUThCs K CBOMM KOHCIEKTaM JIEKIIHMH U COOTBETCTBYIOIIEMY
pazneny yueOHuKa. M3yueHne Bcex HCTOYHUKOB JTOJIKHO MJITH MO YTJIOM 3pEHHUsS MOMCKa OTBETOB
Ha BBIHOCUMBIE Ha MPAKTUKO-OPUEHTUPOBAHHBIE 3aHATUS BOIIPOCHI.

3aBepuIarOmMid 3Tan MOJATOTOBKU K 3aHSATUSIM COCTOMT B BBINOJHEHUHM WHAWBHIYyaJbHBIX
3alaHUM.

B cnyuae npomycka 3aHSTHS CTyI€HT 00s3aH MMOATOTOBUTH MaTepuall U OTUUTATHCS 10 HEMY
nepea IperojaBaTesieM B 0O0ycClIOBIEHHOE BpeMs. MokeT OBITh TPEAJIOKEHO OTAETHHBIM
OakanaBpaM, BBUIY UX cinaboi MOAroTOBKH, Oosiee TNyOOKO OCBOMTH MaTepHal W NpPUNHTH Ha
UHIMBUAyaJIbHOE coOeceI0BaHue.

CryneHT He JOMycKaeTcs K 3a4eTy, €ClM Yy HEero ecTh 3aJI0JKEHHOCTh MO MPaKTHUYECKUM
3aHITHSIM.
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