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INOACHUTEJIBHASA 3AIINCKA

BueayautopHass camocTosiTeabHass paboTa CTYyJAEHTOB — 3TO ydeOHas
NEATENbHOCTh CTYJIEHTA, BBINOJHSAEMas BO BHEAyJUTOPHOE BpeMs 0e3
HEIOCPEACTBEHHOIO y4acTUs IPENOAABaTelsd, HO II0 €r0 3aJaHu0 U IIOJ €ro
PYKOBOJICTBOM, HampaBiieHHas Ha (GOPMHUPOBAHUE CAMOCTOSATEILHOCTH MBIIIJICHUS,
COCOOHOCTEHN K CaMOpa3BUTHUIO, CAMOCOBEPIIEHCTBOBAHUE U CAMOPEATU3ALIHIO.

[{enbto caMOCTOSITENbHOU PabOThI CTYIEHTOB SIBJISECTCA:

-cHCTeMaTH3alus, 3aKpeIieHue, YrIyOJIeHHe U paclIUpeHUe MOITyYEHHBIX
TEOPETUYECKUX 3HAHUU U NIPAKTUYECKOE UX IIPUMEHEHMUE;

-pa3BUTHE AHAIUTUYECKUX CIIOCOOHOCTEHN U JIOTHYECKOTO MBIIIJICHHUS;

-OBJIaJICHUE HaBbIKaMU pabOThl C HOPMATHUBHOM U CIIPAaBOYHOM JINTEPATYPOM;

-pa3BUTHE [I03HABATEIbHBIX CIOCOOHOCTEM U AKTUBHOCTH CTYJEHTOB:
TBOPYECKOU VHULIMATUBBI, CaMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH 51
OpPraHU30BaHHOCTH;

-OBJIa/ICHUE TPAKTUYECKUMHU HaBbIKAMU MPUMEHEHHUs] WH(POPMAIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHI B MPO(EeCCUOHATBHOU IeATETbHOCTH;

JUis yCHemHOCTH OpraHu3alil CaMOCTOATEIbHOW pPabOThl HEOOXOAMMBbI
CIEYIOIIUE YCIOBHUSL:

— MOTHBAaLMS TOJNYYEHUsS 3HAHUM W TOTOBHOCTH CTYAEHTOB K
CaMOCTOSITEIIBHOU JIEATEIbHOCTH;

— HaJIM4YKE€ U JOCTYMHOCTh BCETO HEOOXOAUMOro yueOHO-METOANYECKOTO
U CIIPaBOYHOI'O MaTepHUaa;

—  CHCTEMa  pEryJsIpHOrO  KOHTpPOJISI ~ KAadeCcTBAa  BBINOJHEHHOU
CaMOCTOSITEJIbHON paOOThI;

— KOHCYJIbTallMOHHAs ITOMOILb IPETOaBaTEII.

Jns  BHeayaUTOPHON pabOTHI CTYJICHTOB 10 Yy4e€OHOW JUCIUILIINHE
«Maremartuka» cieayrouue GopMbl CAMOCTOSTENBHONU PaOOTHI:

- caMoCTOsITeNbHAs paboTa ¢ yueOHOU IUTEepaTypoil 1 HHTEPHET peCcypcamy;

- 3aI10JIHEHUE TAOJIUL U COCTABJIEHUE CXEM,;

- pelIeHre pacueTHBIX 33]1ay;



- IOATOTOBKA pedepaTos;

-BBIIIOJIHCHHC HpGBCHTaHI/Iﬁ

B pesynbraTe BBINOJHEHUS CaMOCTOSITEIbHOM pPaOOThl CTYACHT JIOJKEH
chOpMHUPOBATD: 3IeMeHmMbl CAE0YVIOUWUX KOMNEMEeHYULL
OK 01 BsiOupats cnocoObl pemieHus 3aiad  MpodeccHoHaATbHON
NEATEIIBHOCTH MPUMEHUTEIBHO K PA3JIMYHBIM KOHTEKCTAM
OK 02 Hcnonb3oBaTh COBPEMEHHBIE CpEICTBA IOHUCKA, aHaIM3a
U UHTepnperanuu WHbOpMaui, ¥ WHOOPMAIMOHHBIE TEXHOJOTHH IS
BBINIOJIHEHHUS 3a7a4 MPOPECCUOHAIBHOM AESITENIbHOCTH
OK 09 TIlonb3oBarbcsi ~ mpodeCcCHOHANBHOM  JIOKyMEHTaluen
HA TOCY/IAPCTBEHHOM M MHOCTPAHHOM SI3bIKax
OK 10 TIlone3oBatbecst  mpodecCHOHANBHOM  JOKyMEHTaluen
Ha TOCYJIapCTBEHHOM M MHOCTPAHHOM SI3bIKax
IIK 1.3 IIpoBOAUTH BUPTyaIbHOE TECTUPOBAHUE pa3pabOTaHHOM
MOJIEJIM JIEMEHTOB CUCTEM aBTOMATHU3ALUU JJI OLIEHKU
(YHKIIMOHAJIBHOCTH KOMIIOHEHTOB.
IIK 1.4 ®opmupoBaTh MakeT  TEXHUYECKON JOKYMEHTALIUU Ha
pa3paboTaHHYIO0 MOJIEIb 3JIEMEHTOB CUCTEM aBTOMAaTU3ALINU.
I1IK 2.3 ITpoBOAUTH UCTIBITAHUSI MOJICNIA 3JIEMEHTOB CUCTEM aBTOMATHU3AIUU
B pEaJbHBIX YCIOBUSIX C LIEJIbIO TOATBEPKACHUS pab0TOCIIOCOOHOCTH U
BO3MOKHON ONITUMHM3AIINHA
[IK 4.3 Opranu3oBbIBaTh paboThI [0 YCTPAHEHUIO HEMOJAOK,

OTKa30B OOOPYJOBaHUS M PEMOHTY CHUCTEM BpaMKaxX CBOEH KOMIETEHIUH

YMEHHs:
® AHAJIM3HUPOBATH CI0KHBIE PYHKIIUU U CTPOUTH UX rpaduKH;

e BBINOJHATH ASUCTBUS HaJ KOMIUICKCHBIMU YHUCJIAMH;
® BBIUKCIIATH 3HAYCHUS T€OMETPUIYECKHUX BEJTUYMH;
® [IPOU3BOAMUTH JCUCTBHS HAJl MATPULIAMU U ONIPEIACIUTEIISIMU;

¢ pfmarb 3aJa4iu Ha BbIYUCIICHUC BCPOATHOCTH C HCIIOJIB30BAHUCM



3JIEMEHTOB KOMOMHATOPUKH;
e pemaTh MOPUKIAAHBIE 33Jaud  C  HCIOJB30BAaHHEM  DIIEMEHTOB
g depeHInaTbHOTO U UHTETPAIbHOTO HCUUCIICHU;

¢ pPCIIATh CUCTCMBI JIMHEHMHBIX ypaBHGHI/Iﬁ pa3IM4YHbIMH MCTOAMH,

3HAHMA:
® AHAIM3UPOBATH CIOXKHBIE PYHKIIMH U CTPOUTH UX TpaduKu;

® BBINOJIHSTH JACHUCTBUS HaJ KOMILIEKCHBIMU YUCIIaMU;

® BBIUKCIISATH 3HAUCHUS TEOMETPUUECKUX BEJIUYNH;

® [POW3BOAUTH ACHUCTBUS HAJ MAaTPULIAMH U ONIPEICTUTEISAMH;

® pelIaTh 33/1a4X HA BEIYMCIIEHUE BEPOSITHOCTH C UCIIOJIb30BAHUEM IJIEMEHTOB
KOMOWHATOPUKH;

e pemarb  NPUKIAAHBIE  33Ja4d  C  HCIOJIb30BAaHUEM  DIJIEMEHTOB
nudepeHIInanTbHOr0 U HHTErPAIbHOTO UCYUCIICHUT;

¢ pCIIaTb CUCTCMBbI JIMHEHMHBIX ypaBHeHI/Iﬁ pas3iIn4HbIMU MCTOdaMH

OO6mmit 00bEM BpeMEeHH, OTBEAEHHOTO Ha CAMOCTOSITENIbHYIO pa00Ty COCTABIISET
21 gac.

OTdeTl MO  BHEAYJUTOPHOHW CAMOCTOSTEIBLHOM pPabOTE BBHIMOIHIIOTCS B
TETpaIsX.

Kpurepun ouenuBanus:
- OLIEHKA «OTJIMYHO» BBICTABJISIETCS 00y4daromeMycs 3a paboTy, BHITOJIHEHHYIO
0e301100YHO, B MOJTHOM 00BEME C YUETOM PAllMOHATBHOCTH BHIOPAaHHBIX PEIICHMIA;
- OLIEHKA  «XOPOILIO» BBICTABIIACTCA OOyUarolemMycs 3a paborty,
BBITMIOJTHEHHYIO B TIOJTHOM 00beMe C HeI0UeTaMu;
- OILIEHKA «YJOBJIETBOPUTEIHLHO» BBICTABISIECTCS OOydaromiemycs 3a pabory,
BBITIOJIHEHHYIO B HE MOJHOM o0beme (He MeHee 50% mpaBWILHO BBITIOJIHEHHBIX

3alaHuii OT o01Iero oobeMa padboThl);



- OLCHKa «HCYAOBJICTBOPHUTCIILHO)» BbLICTABJISACTCA o6yqa}01ueMyc;1 3a pa60Ty,
BBIIIOJJTHCHHYIO B HC IIOJIHOM o0BeMe (MCHCC 50% IMPpaBHUJIBHO BBIIIOJITHCHHBIX

3aaHuil OT 001Iero oobeMa padoThI).



TemaTnyeckui mjiad

Howmep
TEMBbI

Hazsanue BCP

KonnuectBo
4acoB

1.1.

Breinonnenue pacuetHod paboTel mo Teme: «Bbruncnenue
omnpenenuTens 2-ro U 3-ro Mopsiika C HUCIOJIb30BaHUEM
CBOMCTB ONPEACTUTEICH)»

2

1.2.

[TonroroBka pedepara mo Teme: « MeTOIbl peleHus CUCTEM
JIMHEWUHBIX ypaBHEHUH C N HEU3BECTHBIMU». BBINOIHUTH
pacuétHyro padory mo teme: «Pemenue CJIAY paznunyHbpiMu
METOAAMM

2.1.

Brmonnenue pacuéTHoit paboTsl O TeMam:

« PackpsITrie HEOTIPEeACIEHHOCTEN )

«Pa3nuuHple BapHaHThl MCIOJB30BaHUS MEPBOIO U BTOPOTO
3aMeyaTeNbHbIX MPeIeioB Ui peuieHus IpodecCHOHaTbHBIX
3a1au»

2.2.

BrinosiHeHne pacu€THBIX 3aaHUM 110 TeMe: «Bbruucienue
MIPOU3BOIHBIX MIIEMEHTAPHBIX U CIIOKHBIX (QYHKIIHAN.
Brinonnenue pacuétHoil paboThI 10 TeMe

« llpumeHeHne T™POM3BOAHON (QYHKIMHM K MOCTPOCHHIO
rpaduka»

BoinonHeHne pacu€rHo-rpaguueckux 3aJaHuil [0  TeMe:
«HMccnenoBanue u noctpoeHue rpagukoB HyHKIUID)

3.1.

Brimonnenue pacquHoﬁ pa6OTLI no Teme: «BelmoaHeHHue
onepaunﬁ HaJl KOMIIJICKCHBIMH YU CJIaAMID).

4.1.

Beinmonnenune pacuerHoil pabotsl mo Teme «lIpumenenue
KOMOMHATOPUKH JUIsl pelIeHUs MpodeccHoHabHBIX 3a1au».

HUTOI'O:
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PA3JEJI 1 DJIEMEHTBI JUMHEMHOM AJITEGPHI

Tema 1.1 Onpenesure/in U UX CBOIiCTBA

Llenv pabomeir: CoOBEpIICHCTBOBAHUE YMEHHU BBITIOJNHATH JCHCTBUA Haj
MaTpUIIaMU, BRIYUCIIATEH ONPEIEIUTENN Pa3HbIMU ClIOCO0aMu

KpaTKI/Ie TCOPCTUUCCKHUC CBCIACHUA

CnoxeHue MaTpuil

o ¥ tH
CyMMo# MaTpHIy u OJIMHAKOBBIX Pa3MEPOB HA3bIBACTCS
C= (C u)
MaTpuIa TeX K€ pa3MepoB, y
Cp=q; 0, Y 4, J.
KOTOpOH O6o3Hauenue: C = A4 + B.

CgoiictBa crnoxenust Mmatpuii: A + B=B +A4,(A+B) + C=A4 + (B +

bl
C),A+0=4,4+(-A) =0, A B,C.
Brruntanue matpuil
A-B=A4+(-B).

YMHOXEHHE MaTpHIbl Ha YKUCJIO

A= (a{;' ) o
[IpousBeneHreM MaTPUILhI Ha YHCJIO Ha3bIBAETCS
Cz&&
MaTpuIa TeX K€ pa3MepoB, y
c;=ed, Vi, J. C' = ad.
KOTOpOI O6o3HayeHMeE:
1-A= A,
CaoiicTBa
a(8A)=(aB)A, a(A+ B)=ad+aB, (a+8)A=ad+BA ¥V A, B
: u
VvV a, BeRr
YMHOXKEHHUE MATPUIL
A = (a!'.‘:) M Xn
[IpousBeneHreM MaTpUIIbI pazmMepom Ha
B= (bsk) nXp

MaTpUILy pasmepomM Ha3BaeTCs



C= (Cu) mxp,
MaTpHIa pazmMepoM y
Cy=uby +apby, +kab =Y azhb, Vi, J.
k=l

KOTOPOM O6o3nauenue: C

= AB.
Coiictsa AE = EA = A, AO = OA = O, (AB)D = A(BD), “(AB) = (*A)B =

A(aB), (A + B)D=AD + BD, D(A + B) = DA + DB (ipu ycioBuH, 4YTO
yKa3aHHbBIC ONEPAIlUH UMEIOT CMBICIT).

AB=# BA.
Jliist kBaspaTHBIX MaTpuil 4 1 B, BooOIIe roBops,
TpaHcIIOHHPOBaHUE MATPHI]
a4y @y, a4y 4y @
g @y Gy om 47 | %2 33 L2
_aml am2 Coan _ _aln a2n amrz ]
(A7) = 4, (@AY a4, (4+B) =47 + B,
CBoiicTBa:
(AB) = BTA".
OGpaTHas Matpuiia
A—l
Marpuriia - oOpaTHas JyIs MaTpHUIlbl A, eclin

ALY = A" A=E,
Jlns kBagpaTHOM MaTpHIel A oOpaTHas CyIIECTBYET TOT/Ia M TOJIBKO TOT/IA,

det A= 0.
Korga - _
Al 1 A21 A“nl
A_l = 1 A’l 2 A22 e An2
123 57| O — :
_A'l n A2n A‘nn |
» dv
rae - anreOpanvyecKue JIOMOTHEHHUS DJIEMEHTOB Matpuibl A.

DneMeHTapHbIe MpeoOpa30BaHMs MaTPULIbI

DeMeHTapHBIMU TTPEOOPa30BaHUSIMU MATPUILIBI HA3BIBAIOT:
1) yMHOKE€HHE KaKOW-HUOYIb CTPOKH (CTOJI011a) HA OTJIUYHOE OT HYJIA
YHCIIO;



2) npubaBieHne K KaKOM-HUOYIb CTPOKE (CTOJIOILY) IPYrok ee CTPOKU
(cTonbma), yMHOKEHHON Ha TIPOU3BOJIEHOE YHCIIO;
3) mepecTaHOBKY MECTaMHU JIFOOBIX JIBYX CTPOK (CTOJIOIIOB).

Brruucnenue oOpaTHOM MaTpULbl

ECHI/I C IIOMOIIIBHO BHGMGHTapHBIX Hp606pa30BaHI/II71 CTpOK KBa):[paTHyIO
ManI/IHy A MO>XXHO HpHBCCTH K e,IIHHI/I‘{HOﬁ ManI/IHe E, TO HpI/I TAaKHX K€
A—l
BHGMCHTapHBIX Hp606pa3OBaHI/ISIX HaJll ManHHCﬁ E HOquHM

[Tpumep.
i =
A= !
1 =31 0 1 =31 0
(AVE)=
-2 410 1 0 -212 1
Ko eropofi ctpoxe Bropyro cTpoxy
nprbaEsen IEPEYI0, YMHOXAEM Ha —1/2.
YMHOKEHHYIO0 Ha 2.
1 =31 0 1 0-2 - 3/'2
%
o 111 —1;‘2 0 1{-1 —1/'2
K nepeoii ctpoke
npubaeAen BTOPYIO,
YMHOMK EHHYIO Ha 3.
-2 =312
= A = /
-1 - 1/2
Onpenenurenu
B wactHocTH N = 2
@y 4y 71,2) 1(2,1)
A= = (_ 1) @ @qp T (‘ 1) Q)ply =
@y G
= (_ 1)0 @) Qyy T (_ 1)1 @y = Qlay ~ Gy
npun =3

@, G 43
B _ 11,2,3)
A=la, ay ayl= (" 1) @ Applas Tt

Q3 Gy g
+ (— 1)“2 ’3’1)‘31 2oy T (_ 1)
& (_ 1)I(1’3’2)a1 1@oalsy T (_ 1)1(3’2’1)‘31 3lpls +

1(3,1,2)
e

11,2,3) B
25 (_ 1) @ 1 Ggplay = Q) Qpplas T 005G, +

+ @) Ay — Q)05 Qg — Q) (y3Qay — A3lyds).



3ananue 11 CaMOCTOATENbHON PadOThI

Breraucnure OIIPpCACIUTCIIN 3-to nopsaaKka ¢ HMCIIOJIB30BAHHUCM CBOMCTB

onpeaeauTene
1 2 3 2 3 - 12 5 2 00
11) |-1 3 5 1.2)1 5 4 13) [0 3 - 140 -7 2
05 1 17 8 0 0 4 3 4 1

Bomnpocs! aj1s1 camonpoBepku
1. Ilo xakoii (hopmyJie BEIYUCIISAETCS OMPEAEIUTENb BTOPOTrO MopsiKa?

2. Ilo xakoii popmyiie BBIYUCISIETCS ONPEACIUTENh TPETHETro MopsaKa?

Tema 1.2 Cucrembl JIMHEHHBIX aJiredpandecKux ypaBHeHU

Llenv pabomur: CoBepiLIEHCTBOBAaHHE YMEHHM peIIaTh CUCTEMbl ypaBHEHUH.

3ananme:l. [ToaroroBka pedepara mo teme: « MeTOABI PEIICHUS CHCTEM

JIMHENHBIX YPABHEHUN C N HEU3BECTHBIMMNY.

Memoouueckue pekomenoayuu no 8bINOIHEHUIO peghepama npeocmasieHsl 8

npunodceruu A

3ananme 2: [Ipumenuts meton Kpamepa juist pelieHusi CUCTEM JIMHEWHBIX
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YPaBHECHUU.

Xoj paboThl
1) TloBTOpUTE TPOIICHHBIN HA YpOKE y4eOHBIM Marepuali Mo y4eOHUKy U
IPOYUTANTE HUKE CICAYIOIIME KPAaTKHE TEOPETUUECKHUE CBEICHMUS

Kpatkue TeopeTndeckue CBeIeHUS:
Eciu 0003Ha4YUTH

ay;  dy; a, by a; a4,
tyy d;; s, b, a.; asz,
A= LA, =], .
d., . a. b, a,. a, .
a, b ay, ty;  dy; ]
ay, b, d,, dy dis 2
‘lx: = = H ‘lﬁ. = '
':IP:'_ bv‘ awr‘ ar‘z'_ ar::! br‘

Y=, xy=—2, ., x =—=
Kpamepa A A A

AJTOPUTM pEIIEHUs CUCTEM JIMHEHHBIX alre0panieckux ypaBHEHUN METOJIOM
Kpamepa.

1. Berumcisiem onpenennuTesib OCHOBHOW MAaTPUIIbI

dyp -t d,
tyy dyy or
A= . . . .
a., d - a._ .
CUCTEMBI S ‘

n Y6€)K,Z[aCMC${, 4TO OH OTJIMYCH OT HYJIA.
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2. Haxonum onpenenurenu

b, ap

b, a,,
l"._ = -

bv: ﬂr::

ayy

255 2
‘ix: = -

a. b,

td ﬂu

iy iy
i.".'_ =

ﬂr:'_ ﬂr::

a,

KOTOPBLIC SABJIAIOTCA OIPCACIIUTCIIIMU MaTpULl, ITIOJTYYCHHBIX U3

MaTpuibl 4 3ameHol k-oco cronbua (k= 1, 2, ..., n) Ha cTOJI0e1 CBOOOTHBIX
YJICHOB.
3. Brrumcnsem nckoMple HEU3BECTHBIC IEPEMEHHBIC X1, X2, ..., Xn TTO
X, = B . X, = 2 . X, = 2
dopmymam D = A
4. BBINOJHSAEM MPOBEPKY PE3yJIbTATOB, MOJCTABIISS X1, X2,

..+, Xn B UICXOJTHYIO

CJIAY. Bce ypaBHEHHS CUCTEMBI JJOJDKHBI 0OPAaTUTHCS B TOXASCTBA. MOKHO
TaKXe BBIYMCIIUTH ITpou3BeieHre MaTpull A - X, eciiu B pe3yJibTare Moayqyniach
MaTpulia, paBHas B, To pernieHue cuctemsl HailieHo BepHO. B mpoTuBHOM
cilydae B XOJI€ pelIeHus Obljia JOMyIleHa omuroKa.

2) Pemnte cucremy ypaBHeHuit Mmetonom Kpamepa.

X+2y+3z=14
D 2x+y-z=1
3X+2y+2z=13
3X—y+2z=13
5) <2x+y-2=0
5x+3y+7z =28
2x+3y—-4z=1
9) «3x—-y+2z=12
4x+3y-32=9

2)

6)

10)

2Xx—-3y+2=8
5x-y-z=10
X+3y+4z=3
3X—-y+2z=10
TX+2=22

—-X+3y+2z=2
4x+4y—-3z=-7
X-y+2z=7
5X+3y—-z=-2

Bomnpocs! Aj1s1 camonpoBepKu

2x-3y+z=0
3) 5x+y-2z=-1
X—y+z2=3
X+3y—-z=3
7) 2x—y+4z=5
3x+2y+52=10

2X+3y+2=56
4) 13x-y—-z=1
5x+2y+4z=11
2X—-y+4z=7
8) «7x+3y—-z=3
5x-2y-3z=4

12



1. B uém 3axmouaercs meton Kpamepa?

PA3JIEJI 20CcHOBBI HHTETPAJIBLHOTO U AU PepeHIHATBLHOT0 HCHHCIICHUS

Tema 2.1 JleiicTBUuTe/IbHBIE YHCIa. MHOKECTBA

Llenv  pabomwr:  COBEpIIEHCTBOBAHUE YMEHHMWA BBIYMCITH  OIPEIIHOCTH
NpUOMKEHHBIX BEIYUCICHHUNA
3amanue: BorauciyTe MOorpenHoCcTy NPUOTMKEHHBIX BHIYACIICHUM
Xoa paboThl
1). TloBTOpWTE NPOMICHHBI HAa YPOKE Y4YEOHBIH MaTepual Mo Y4YeOHUKY H

HquHTaﬁTe HHWKC CIICOYIOINHNC KPATKHUC TCOPCTUUCCKUC CBCACHUS

KpaTKI/Ie TCOPCTUUCCKHUC CBCIACHUA

[Torpemoctu

Pasnuiia MeXay TOYHBIM YHCIOM X W €ro NPUONIKEHHBIM 3HAYCHHUEM a
HA3bIBACTCS TIOTPEITHOCTHIO IAaHHOTO MPUOIMKEHHOTo yKcia. Eciy u3BecTHo, uTo | X -
a | <A,, TO BenMuMHAA,Ha3bIBACTCS MPEACTBbHON aOCOMFOTHON IMOTPEITHOCTHIO

HpPI6J'IPI)K€HHOI>i BCJIMYMHEI a.
Ay . .
OtHollIeHNE — = 6aHa3I>IBaeTC$I npCcaAciIbHON OTHOCHUTCIBHOU ITOI'PCIIHOCTBIO,
a

TMOCJICTHIOIO YacTO BHIPAXKAIOT B POLICHTAX.

[Tpumep:

3,14 sBiseTcs prOIMKEHHBIM 3HAYSHUEM YHCIIa P, TOTpentHoCTh ero paHa 0,00159...,
NpEeIENbHYI0 a0COIOTHYIO TOTPEIIHOCTh MOXKHO cuuTath pasHou 0,0016, a
NpeeSIbHYI0 OTHOCUTENBHYIO MorpeiHocTh v paBHoi 0.0016/3.14 =0,00051 =0,051%.
JI71st KpaTKOCTH OOBIYHO CIIOBO ?TIpe/iesibHast, OITyCKaeTCs.

I[CﬁCTBPDI Haza HpI/I6JII/I}KeHHBIMI/I qrciiaMu
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PesynbraT neficTBuil HaJl TPUOMMKEHHBIMU YUCIIAMU TIPEACTABIISIET COOOH TaKoKe
npubmpkéHHoe uucio. [lorpemHocTs pe3yibraTa MOXET ObITh BbIpaKEHa uepes
MOTPELITHOCTH MEPBOHAYAIILHBIX TAHHBIX ITPH MMOMOIIH CIIETYIOIINX TEOPEM:

1. IlpenenbHast aOCOMIOTHAS MOTPELUTHOCTh ANTEOPanYecKOil CyMMBbI paBHA CyMMe
MIPEIETHHBIX A0COTFOTHBIX MOTPENTHOCTEN ClIaracMbIX.

2. OTHOCHUTENbHAST TIOTPEIIHOCTh CyMMBI 3aKIIOUeHAa MEXKIy HauOONbIIeH u
HaUMEHBIIEN U3 OTHOCUTENBHBIX TOTPEITHOCTEN CIaracMblIX.

3. OTHOCHUTENBbHAS TIOTPEITHOCTh TIPOM3BEICHUS WM YaCTHOTO pPaBHA CyMMeE
OTHOCHUTENBHBIX MOrPEIIHOCTE COMHOYKHUTENEH WM, COOTBETCTBEHHO, JEIUMOIO U
JEeITUTEIIS.

4. OTHOCHUTENBbHAS MOTPEIIHOCTh N-0M CTENEeHW MPHUOIMKEHHOIO YHMciia B n pa3
00JIbIIIE OTHOCUTEIBHOM MOTPEITHOCTH OCHOBAHMSI (KaK Yy IEJIbIX, TaK U JUIS TIPOOHBIX
n).

[Tonb3ysick 3TUMH TeOpeMaMH, MOXKHO OIPEICIIUTh TMOTrPEIIHOCTh Pe3yJIbTara
0001 KOMOWHAIIMY apUPMETUIECKUX ISHCTBUN HaJl TPUOIMKEHHBIMU YUCIIAMH.

[IpenenbHas abCONMIOTHASE TOTPEITHOCTh 3aBEIOMO IMPEBOCXOAUT aOCOIOTHYIO
BEJIMYMHY WUCTUHHOM MOTPELIHOCTH, MIOCKOJIBKY MPEEIbHOE 3HAUEHUE BBIUMCIISIETCS B
MIPEIOJIOKEHMS], YTO PA3TMYHBIE MOTPEITHOCTA YCUIIMBAIOT APYT APYTa; MPAaKTUYECKU
9TO ObIBaeT peaKo. [Ipyu MacCOBBIX BBHIYUCICHUSIX, KOTA HE YUUTHIBAIOT MOTPEITHOCTh
Ka@XJI0Or0 OTHEJILHOTO PE3yJIbTara, MOJb3YHOTCS CIEAYIOIMMHU NpaBUIaMH IOJCYETa
p.

[Tpu cobnromeHNy 3THUX TPaBHJ MOXKHO CUUTaTh, YTO B CPEIHEM IMOTYYCHHBIC
pe3ynbTaThl OyAyT UMETh BCE 3HAKU BEPHBIMH, XOTS B OT/IEIBHBIX CITydasiX BO3MOXKHA
OIIMOKA B HECKOJILKO €TMHUII TTOCTICTHETO 3HAKA.

1. Ilpu cnokeHUW W BBIYUTAHUM MPUOMHKEHHBIX YHCET B PE3YJIbTaTre CIeayeT
COXPaHSTh CTOJBKO JIECATHUYHBIX 3HAKOB, CKOJIbKO WX B MPHOMKEHHOM JTAHHOM C

HaMCHBIITNM YHCJIOM ACCATHUYHBIX 3HAKOB.
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2.1lpy yMHOXXEHMH W JENICHUM B pe3yjbTare CJeAyeT COXPaHSTh CTOJBKO
3HaYaImmUX Mugp, CKOJIBKO UX UMEET MPHOIMKEHHOE JaHHOE ¢ HAMMEHBIITNM YHCIIOM
3HavaImux uudp.

3. IIpu BO3BeZICHUH B KBAIpaT WM KyO B pe3yJIbTaTe CIEAYEeT COXPAHSTH CTOJIBKO
3HayYaImX IUdp, CKOJIBKO X UMEET BO3BOJMMOE B CTENEHb MPUOMMKEHHOE YUCTO (
nocienHsss 1udpa KBaapara W OCOOCHHO Ky0Oa IMpW ATOM MEHEe HaJeKHa, 4YeM
nocyeiHss [udpa OCHOBAHUA ).

4. Tlpn yBenWYeHUU KBAJPAaTHOTO M KyOMYECKOro KOpPHEW B pe3yJIbTaTe CIIEAYeT
OpaTh CTOJNBKO 3HAyYaIMX LUQp, CKOJBKO HMX HMEET MNPUOMIKEHHOE 3HAUYECHHE
HOAKOPEHHOT0 yKcia (mocneHsis nugpa KBaApaTHOro M 0COOEHHO KyOUUecKOro KOpHs
Ipu ATOM OoJiee HaJEKHa, YeM MOCIIeA s Iudpa MOKOPEHHOTO YHCTIA).

Bo Bcex mpoMexyTOUHBIX pe3yJibTaTax CleIyeT COXpaHsITh 0JHOM 1ugpoii bonee,
4eM pPEKOMEHAYIOT TpeIblAylIie TpaBuia. B OKOHYATENbHOM pe3yibrare dTa
?3amacHas, 1udpa oTOpachIBaeTCsl.

Ecnu HekoTopble TaHHbIE UMEIOT OOJbIIIE JAECSITUUHBIX 3HAKOB (IIPU CIOKEHUU U
BBIUUTAHUM) WK OOJIbIIIE 3HAYAUMX UU(p (P YMHOXKEHUH, JEJICHUH, BO3BEJICHUU B
CTENEHb, U3BJICUCHUN KOPHS), YEM JIPYTHUE, TO UX MPEIBAPUTENIBHO CIETYET OKPYIJIUTH,
COXpaHsisl JIMIIb OJIHY JIUIITHIOK [Py .

[Tonb3ysick 3TUMU TeOpeMaMH, MOXKHO OIPEIETUTh MOTPEIIHOCTh pe3ybTaTa
0001 KOMOWHAIMY apUPMETUUECKUX ISHCTBUN HaJl TPUOIMKEHHBIMU YHCIIAMH.

[Ipumepsr:

V =r2h

Dv=Vdv=V(2d r+d n)

[IpenenvHas abCONIOTHASE MOTPEIIHOCTD 3aBEJOMO MPEBOCXOAUT aOCOITIOTHYIO
BEJIMYMHY WCTUHHOM MOTPELTHOCTH, MIOCKOJIBKY ITPEEIBHOE 3HAYEHUE BBIUMCIIECTCS B
NPEATNOIOKEHNS, YTO PA3IMYHBIE MOTPEMIHOCTY YCUIIMBAIOT APYT APYTa; MPAKTUUYECKA
9TO OBbIBaeT peaKo. [Tpy MacCOBBIX BBIYMCICHHUSX, KOTJA HE YUUTHIBAIOT MOIPEITHOCTD
KXJIOT0 OTHEJIHOTO Pe3yJIbTara, IOJIb3YHOTCS CIEAYIOIMMH IPABHIAMHU IOJCUETA

uudp. [pu cobmroneHnu 3THX MPaBUII MOXKHO CUUTATh, YTO B CPEIHEM MOTyUYEHHBIC
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pe3ynbTaThl OyAyT UIMETh BCE 3HAKU BEPHBIMH, XOTS B OT/IEIBHBIX CITydasiX BO3MOXHA
olMOKa B HECKOJIBKO €IMHMUII TIOCIICHETO 3HAKA.

1. [lpn cnokeHUM W BBIYUTAHUM TMPUOMIDKEHHBIX YHCEN B pe3yJbTaTe
CIIEIyeT COXPAaHSTh CTOJBKO JECATHUYHBIX 3HAKOB, CKOJIBKO MX B MPUOIMKEHHOM,
JTAHHOM C HAaUMEHBIIIUM YHCIIOM JICCSITUUHBIX 3HAKOB.

2. [Ipy yMHOXEHUM U JETICHUH B pe3ysbTaTe CIeIyeT COXPAHSTh CTOJBKO
3Havalmx 1udp, CKOIbKO UX UMEET MPUOIMKEHHOE TaHHOE ¢ HAMMEHBIIIUM YUCIIOM
3HavaImux udp.

3. [Tpu Bo3BeneHMHU B KBajpaT WM KyO B pe3yJsibTare CIEIyeT COXPaHsITh
CTOJIBKO 3HayalMX LU(p, CKOJIBKO UX UMEET BO3BOJUMOE B CTENEHb MPUOIMKEHHOE
yrcio ( mocnenssisa uudpa KBajpara 1 0coOOEHHO Ky0a Ipy TOM MEHee HaJIeKHa, YeM
nocyeanss udpa oCHOBaHUA ).

4. [Ipu yBenuueHHH KBaJpaTHOTO M KyOMYECKOro KOpPHEH B pe3yibTaTe
creyeT OpaTh CTOJIBKO 3HAYAIMX (P, CKOJIBKO X UMEET MPUOMMKEHHOE 3HAUCHHE
MIOJIKOPEHHOTO0 YKcia (moceHss 1dpa KBaapaTHOr0 ¥ OCOOCHHO KyOHYECKOTO KOPHS
Ipu ATOM OoJiee HaJEKHA, YeM MOCIIeA s Iudpa MOKOPEHHOTO YHCTIA).

5. Bo Bcex NpoOMEXYTOUHBIX pe3yJbTarax CJIEAyeT COXPaHATb OIHOMU
uudpoil Oosiee, yeM PEKOMEHIYIOT MpenblIylie MpaBwia. B OKOHYaTenbHOM
pe3yJbTare 3Ta 3anacHas 1udpa oTopachiBaeTCsl.

6. Ecmu HekoTopble JaHHBIE MMEIOT OOJbIIE ACCATHYHBIX 3HAKOB (TpU
CJIO’KEHUH W BBIYMTAHUM) WK OOJIbllIe 3HaYamx [udp (MpU yMHOXKEHUH, JEICHUH,
BO3BEJCHUM B CTETCHb, W3BJICUEHUM KOPHSA), YEM JPYIUe, TO UX IMPeaBAPUTEIHLHO
ClielyeT OKPYTJINTb, COXPaHSs, JIUIIb OAHY JUIIHIOW [UDPY.

Ecnmu nanHbIe MOKHO OpaTh ¢ MPOW3BOJBHOM TOYHOCTBHIO, TO YISl TIOJTYYCHHS
pesynbrata ¢ K nudpamu nannelie criemyer Opath ¢ TaKuM 4uciioM udp, Kakoe Maét
coryiacHo nipaBuiiaMm 1-4(K+1) mudpy B pesyibrare.

2) Oriennte aOCOIFOTHYIO MOTPEIIHOCTh MPUOIMKEHHOTO 3HAYCHHS CIICTYFOIIUX

YHCEIT:

a) 5,56 ¢ TOYHOCTBIO J0 JCCATHIX
b) 125,9 ¢ TOYHOCTBIO J0 LEJIBIX
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3). O1ieHUTE OTHOCUTEIIBHYIO TIOTPEIIHOCT MPUOIMKEHHOTO 3HAYCHHUS
CIICYIOIIMX YHUCelT:

a) 0,145 ¢ TOYHOCTBIO JI0 COTBIX
b) 2465.9 ¢ TOUHOCTBIO 10 LEIIBIX

4). OrieHnTEe a0COTIOTHYIO M OTHOCHTEIIBHYIO TIOTPEIIHOCTD MPHOJIMYKEHHOTO
3HAYEHUSI CIIEAYIOUIMX YHCE:

a) 0,145 ¢ TOYHOCTBIO O COTBIX
b) 2465,9 ¢ TOUHOCTBIO 10 IEIIBIX

5). Haiinure cymMy ¥ pa3HOCTB MPUOTMKEHHBIX 3HAYCHH:

a) A=45,651,B=13,12
b) A=48,4, B=20,47

6). Haiinute cymmy, pasHOCTh, IIPOU3BEICHHUE U YaCTHOE MTPUOJIMKECHHBIX
3HAYECHUU:

a) A=7,41,B=5,146
b) A=78,1, B=45458
1. Beramcmuts , ecaum u3BecTHo, uto a=7,15; B=1,651; ¢c=3,3.

Bonpocsl Ay camonpoBepku

Kakwue O6b1BatoT morpentHocTu?

Yrto Takoe abCOFOTHAS MOTPEIIHOCTh?

Uro Takoe OTHOCHUTENBHAS MOTPEIIHOCTS?

Kak Haiftu nprOnmkeHHOW 3HaueHHe CyMMbI PUOIMKEHHBIX 3HAYEHUI?

Kak Haiitu nprOnkeHHOW 3HaueHHe pa3HOCTH MPUOJIMOKEHHBIX 3HAUYCHHIA?

Kak Haiitu npuOnmmKeHHOM 3HaUYeHHEe MPOU3BEICHNS TPUOIMKEHHBIX 3HAYCHUI?

No ok~ o E

Kak Haiftu nprOnmxeHHOM 3HaueHHe YaCTHOTO MPUOTMXKEHHBIX 3HAYCHUINA?

Tema 2.2. Teopusi npeieioB U HEMPEPLIBHOCTh (PYHKIIUH

L]env pabomur: OTpabOTKa HABBIKOB BBIUMCIEHUS 1-TO U 2-TO 3aMedaTesIbHbIX
penesioB
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KpaTKI/IC TCOPETUUCCKUC CBCACHUA

Onpenenenne. Yncno b HaswsiBaercs npeaenom ¢pynkiuu f(X) B Touke Xo, ecau aiis
BCEX 3HAYCHHH X, TOCTATOYHO OJU3KUX K Xo U OTIIMYHBIX OT Xo, 3HAUCHHS (DYHKITUH
f(X) ckosb YroqHO Mo OTAMYAOTCSE OT uncia b. [Mumyt: lim f(x)=b

X—Xg

CaoiictBa npesenoB. Ilycth cymectByroT mnpenensl lim f(x)=a u lim g(x)=b.

X—>Xg X—Xg

Tornma:
1. Ilpenen KOHCTAHTBI paBeH caMmou KOHCTAHTE: limc=c.

X—Xg

2. Ilpenen cymmbl ABYX (PYHKIMII paBeH CyMM€ MpEAENIOB 3TUX (PYHKIHUM:
lim [f(x)+g(x)]=a+b.

3. Tlpenmen npousseneHus AByX (GpyHKIUH paBeH NPOM3BEIEHHIO PEIEIOB ITUX
byHKImiA: lim [f(x)-g(x)]=a-b.

4. TIOCTOSHHBIM MHOXHUTEIb BBHIHOCHTCA 3a 3HaK npexena: limfk-f(x)]=k-a.

X—>Xg

o

[Ipenen yacTHOTO NBYX (PYHKIUI paBeH YaCTHOMY IMPEIEIIOB ATUX (PYHKITHIA:

f(x)

: a
lim ——=—, ecm ¢g(x)=0.
X—=X%g g(x) b ( )

6. Ilokazarennb CTCIICHU MOJKHO BBIHOCHTD 3a 3HaK npeacia:

n
lim (£ (x))" =(|im f(x)) =a".
X—>Xg X—>Xg
3amaHus 11 CaMOCTOATEILHON padoThl: Packpoiite HeonpeaenEHHOCTH:

Bapuanr 1

2 2X
lim gx. Iim(4x_1j .

x—0SiN 2X x>0\ 4X + 3

Bapuant 2

. cos2x—cos®2x .. (Bx—5)"
lim ;o lim :
x—0 X2 x—o\ 6X —1

Bapuanr 3
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1-cos4x . (3x+4}7x
Im-——; lim :
x—0 2X -tg2X X—>00

3X+5
Bapuanr 4
6X
— ) X+4
im ﬂ; lim )
x=01 —C0S 2X x—o\ X —1
Bapuant 5
. . 2X
. SIn 7X +sin 3x ) 5x -2
lim - ; lim .
X—0 X -SIn X x—o\ BX +1

Bapuant 6

lim ;
x—0 3x 2 x—oo\ TX+5

cos4x —cos® 4x .. (7x—1j4x
lim .

Bapuant 7

lim ﬂ; lim(2x - 3)x-2.
x—0 X -Sin 2X X—2

BapuanT 8

lim L 082X, lim(3 - 2x)1.
x—>0 X -tg3x x—1

Bapuant 9

) X - Sin 3X ) X
lim —; lim(7 — 6x)3x3.
x—0 cos X — c0S® X x—1

Bomnpocsl aj1s1 caMonpoBepKU
2. UYro Ha3biBaeTcs PyHKIMEN OJTHON HE3aBUCUMOM MepeMEHHON ?
3. IlepeuucnuTh OCHOBHBIE 3JIEMEHTAPHBIE (PYHKIUH.
4. Yro Takoe npenen pyukiun Y = f(X) mpu X— a?

5. Maiite onpeeieHre npaBoro u JieBoro npesenos GyHkiuu Y = f(X)



6. JlaliTe ompesnenenue nmpesena mociaea0BaTeIbHOCTH.

7. Kakas pyHKIMs Ha3bIBaeTCsl OECKOHEYHO OOJIBIITON BETUYNHON IPU X— a U

X— +o0?

8. KakoBa cBs3b MeXk Ty 0€CKOHEUHO OOJNBIION U OECKOHEYHO MaJIon

BEJIMYUHAMU ?

9. Io kaxoit popmysie BRIYUCIAETCS IEPBBINA 3aMedaTeNbHbINA Mpeaes?

10.ITo kaxoii (hopmysie BHIYHCISAETCS BTOPOM 3aMedaTelbHbIN mpesesn?

Tema 2.3. IuddepenunanbHoe ucyucaeHue GyHKUMA 0THONH He3aBUCHMOI1

MepeMeHHOI

Lenv pabomur:OTpabOTKa HABBIKOB BBIUMCICHUS MPOU3BOAHOW (YHKIHUN WU
MPAKTHYECKOTO MPUMEHEHUS TPOU3BOTHOM.

Kpatkue TeopeTnueckue cBeIeHUs

®opmyibl AuddepeHInpoBaHUs [IpaBuna [Ipumenenune
muddepeHurpoBaHus IIPOU3BOTHOM
=0 (sin x) =cosx (U+V) =u'+V F'(x)=tgar =k

x'=1 ' ' V(t): S'(t)

, (cosx) =-sin x (uv) =uv+vu
(x”) =nx"" , a(t)=v'(t)
, (1gx) =, (ou) =au’

(kX) —k COos™ X '

' 1 d 1 u u'v-v'u VpaBHeHHE KacaTelIbHOM:
=—— tgx) =— — | =———,Vv=0 ,

(\/;) 24x (etgx) sin® x (vj v? y=f(x,)+ F/(% Xx=%,)
1 ' 1 (arcsin X)’ _ 1 : [f (g(x))]' _ f'(g(x))- g’(x) f(X) Bo3pacraer Ha |, ecim
x) X 1-x ' (X)> 0 mal.

' (arccosx) ==
(ax) —a‘lha alCCosSX) =— - X2
f(x) yOwiBaer Ha |, eciu
(ex):ex t ': ff(x)<Omal.
(arctgx) o

(Iog . X)' 1 ' BrimyxmocTs rpaduka ‘

xIna ( arc ctgx) __ 1 (YHKLUHU U €ro Neperuob:

1+x°
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r1 »" >0, BBITYKJIOCTh BHH3
(In x)

y" >0, BBIIYKIIOCTh
BBEPX

3ajanns 11l CaMOCTOSITEILHOM PadoThI.
3apanue 1: BerunciauTe MPOU3BOIHBIC CIOKHBIX U 3JIEMEHTAPHBIX (QyHKIHI
Xoj paboThl

3ananue 1.1. BeraucauTh npou3BOAHBIC CIECYIOMMX (PYHKIIHNA:
3 6
4~ 82 +9x—5; 6) y= 2 -1 46-1; T)y= 44’26 - )

X

y:2—£—5x2—i;
2 x?

3

2
9)y= (2x—3)(3x4 +5x—8); 10) y=3x2; 11)y=4x2; 12)y=3x3; 13)y=5x5;
14) Haiiti f'(-1), ecmu f(x)=4x>-2x*+x-5;
15) Haiitu f’(O,5), ecnu f(x): x40 —x+2;

3anganue 1.2. Beraucnure npor3BOAHBIC CIIOKHBIX (OyHKITHI:

1) y = 3sin 5x; 2)y:4cos§; 3) y=arccos3x; 4)y=In2x-1;

S)y:(x4_x—1)4; 6)-y=\/m; 7)y=cos’x; 8) y=sin®x; 9)y=Insin3x;
10) y=Inv2x—1; 11)y=3" 2% 1¢™; 12) y=3" —4"" +3¢%;

3ananue 1.3. Beraucnure npou3BOHBIC TOKA3aTEIBHO-CTENEHHBIX (DYHKITHIA:

1

Dy=x; 2)y=x"; 3)y=x*; 4)y=x""; 5)y=x*; 6)y=(arctgx)™;

7)y =(arctgx)*; 8) y = (x+x2)".

3ananue 1.4. BoinonHuTe 1EHCTBUS HA T€OMETPUUECKUN U (PU3NYECKUIM CMBICT
IIPOU3BOJTHOM.



1) CocraBbTe ypaBHEHHE KacaTeIbHOM K mapaboie y =x” —4x B TOUKE C
abcruccoit a) x, =-1; 6)Xo=0; B)Xo = 1.

2) Mana xpuBas y=2x®—4x” +5x—1. CocTaBbTe ypaBHEHHE KacaTeIbHON B TOUKE,
abcrmucca koTopoii paBaa a) —1; 6)0; B) 1.

3) B kakoii Touke kacaTeiabHasi K KPUBOU y = %x?’ —3x% +8x +4 mapaJjuienbHa
npsiMOit a)2x+2y-5=0; o)y —3x-5=0; B)Yy+x=0?

3aganue 2.IIpoBeaure uccienoBanre PyHKIUNA U TOCTPOUTE UX TPaAdUKU:

1) y=8-2x—x2; 2)y=x-3x*+4; 3) y=3-3x+x°; 4)y=x*+2x>-5x% 5)

2
y:lei; 6) y=xv2-x; 7)y=|n(x2+1);
x

Bonpocsl Aj11 CAMOKOHTPOJIS

1. JlaTh onpenenenue npousBoaHon ¢pyunkmmu Y =f(X).

KakoBbl reomeTpruecKkuii 1 MEXaHUYECKUM CMBICITBI IPOU3BOIHOM?
Kax HaliTu mpon3BOIHYIO CIOKHON (DyHKIIMH?

Jlatb onpenenenne auddepennuana Gyuakuun y =f(x).

Kaxkoii reomerpudeckuii cmbici umeeT auddepeniman’?

Yro Ha3pIBaCTCs MPOM3BOIHON BTOPOro mopsijaka oT GpyHkiuu Y =f(x)?
B 4éM cocTouT 10CTaTOYHBIN MIPU3HAK IKCTpeMyMa?

Kakwue Touku Ha3pIBaIOTCS Toukamu nieperuda Gyukiuu y =f(x)?

© © N o g B~ W DN

10. Yro HazpiBaeTcs acumntoToi pynkiuu y =f(x)?
11.Yto Ha3bIBaeTCs GyHKIMEH IBYX HE3aBUCUMBIX IEPEMEHHBIX ?

12.Yto HazbiBaeTcs rpadgukomM GyHKIIMU BYX HE3aBUCUMBIXTICPEMECHHBIX ?

Tema 2.4. UuTerpajibHoe ucuuciaenue GyHKIUUHA 0JHO He3aBUCHUMOI

nepeMeHHOM

Llenv pabomur: OTpabOTKa HABBIKOB BBIYMCIICHUS IEPBOOOPA3HON (PYHKIIHMH U

CdopmynupoBath npauio Jlonurasns U IPUBECTH MPUMEPHI €r0 MPUMEHEHUSI.
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IPAKTUYECKOT0 IPUMEHEHUSI MHTETpaa.
Teopetnuecknii MaTepua
|.OcHOBHBIE (DOPMYIIBI HHTETPUPOBAHUS

dx=x+C ﬂzz\/;ch- ax =—ctgx+C,
.[ j\/; ’ Isinzx J ’
Ix”dxzxn+l+c,n¢—1; dx : J' x =tgx+C;
n+1 j?:In|x|+C, cos? x ’
dx 1 .
—=—-=+C; jexdx:ex+C; J' =arcsin x+C ;
X X 1-x°
[ax= 2 .. Isin xdx =—cosx+C dx
= +C I1+x2 = arctgx+C .
Icosxdx:sin x+C:
jexdx:ex+c;

II. OcHOBHBIE CBOMCTBA HHTErPAJIOB

1°. TIpon3sBoHas HeONPEAEIEHHOTO HHTErPaa PaBHa MOABIHTErPAILHOM (yHKINY:

(] #(x)ax) = £ (x).
2°. JluddepeHuman HEONPENENECHHOTO HMHTErPala PaBeH IIOJBIHTErPAILHOMY

BBIPKEHHIO:
dj f(xJx = f(x)dx.

3°%. Uurerpan ot anreOpandeckoil cyMMbl (DYHKIHI paBeH alreOpandecKoil CyMMe
MHTETPAJIOB OT 3THX (DYHKIIHIA: J' (f(x)£g(x)dx= J' f(x)dx £ J g(x)dx.

40. ITocTOSIHHBIM MHOKUTEIIb MNOABIHTCIPAJIbHOI'O BBIPAXKCHUSA MOKHO BBIHOCHUTDL 3a

3HAK MHTETpana:
I kf (x)dx = kj f(x ).

5% Heompepenennslii uaterpan ot audgepeHnyana HeKOTopoil (pyHKIUK paBeH
CyMMe 3TOH (PyHKIIMHU U MPOU3BOJIbHOMN MOCTOSAHHOMNC: de (x)=f(x)+C.

6°. Yurerpan or ca0kHON (yHKIMH C JMHEHHBIM apTyMEHTOM BBIYHCISAETCS 10

dbopmyiie:
I f(kx+b)x = % F(kx+b)+C.
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III. ®opmyna Herotona-JleliOHMIIA 171 BBIYUCIICHUSI ONPEICTICHHBIX HHTErPAJIOB:
b

[ #(xpx= F(x12= F(b)-F(a).

a

MeToabl UHTETpUPOBAHUS

1. HenocpeactBenHnoe uHterpupoBanue. Mcnonb3yercs Tabiviia MHTErpasos,
CBOMCTBA HEONPEIEAEHHBIX HHTETPAJIOB U pa3IMuHbIe MPeoOpa3oBaHUs
MOJIBIHTErPATLHOTO BBIPAKEHUS.

2. WUnTerpupoBanue no yactsM. J[aHHBIN C1TOCOO COCTOUT B TOM,
MOJIBIHTErPAIbHOE BhIPAKEHUE MPEJICTABISETCS B BUJIE IPOU3BENICHUS IBYX
MHOXHTEIeH Uwu dV ¥ 3aMEHsIeTCS IByMsI HHTCTPUPOBAHUSAMU: 1) OTBICKaHUE V
13 BeIpakeHus st dV; 2) oThICKaHWe MHTerpajia st Vdu:

_[udv = uv—jvdu.

3. Meton 3ameHBbI TiepeMeHHOoM. Ero mpuMeHsIoT B TOM ciiydae, eCiu
MCXOJIHBII MHTETpal CI0KHO UM HEBO3MOXKHO C TOMOIIBIO allreOpanyeckux u
MHBIX MTPeo0pa30BaHU CBECTH K OJTHOMY WUJIM HECKOJIbKUM TaOJIUYHBIM
uHTerpanaM. Croco0 3aKI04aeTcsi B TOM, YTO 3aMEHSIETCS] HOBOM MEPEMEHHOM
TaKasi 4aCcTh MOABIHTErPATILHON (QYyHKUNHU, TP IU(PPEepeHIIMPOBaHUNA KOTOPOU
MOJIy4YaeTCsl OCTABILASACS YaCTh MOABIHTETPATILHOTO BEIPAKEHHUS (HE CUMTAs
MTOCTOSIHHOTO MHOYKHUTEJS).

3ajanus 11l CaMOCTOSITEILHOM PadoThI.
3aganue 1: Beruuciaure HeonpeaenEHHbIE HHTETPAJIbI
1.1.Beruncnute MHTETpal UCTIOIb3Ysl OCHOBHBIC (DOPMYJIBI HHTETPUPOBAHHS.

1. [x®dx; 2.]%; 3.jx§dx; 4. [/xdx; 5.[(5x*—2x* +3x—8}ix; 6.
[(ax® ~15x? +14x - 3ix
7.J'(2x—1)3dx; 8.Ix3(1+5xhx; 9jﬂd 10.]% 11.

—2dX;

J-4x4 —2x% + X2
X

1.2. BeruuciauTe MHTETpaI METOJOM MOJCTAHOBKH.

1. .[(7 2t 2. I (5u - 1 u; 3. _[(1+ x5)7x4dx; 4._[(9—2x3)4x2dx; 5. I4(x4 +5)2x3dx
1.3. BerancnuTe UHTErpasbl, HCTIOIb3YsI METOA MHTETPUPOBAHUS IO YACTSIM.

1. jxcosxdx; 2. Ixexdx; 3. Ixs In xdx 4.Ixezxdx; 71. Jxln xdx;

1.4. BeluucneHue onpeaeseHHbIX HHTErPaJIOB.
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1.j.dx; Z.jxdx; 3.?3x2dx; 4.j.(2x+1)1x; 5.92.j3e3xdx; 93.Tcos§dx; 94.
3 0 0 -1 0 0

3ananue 2: [Ipumenute popmyiny HeroTona-JIeOHMIA A1 BHIYMCIICHUS
miomaae  guryp.

Boruucnure minomanu Guryp, orpaHU4eHHBIX YKa3aHHBIMU JTUHUSIMU:
1. Ockto OX, MPAMBIMH X = —1, x =2 ¥ TTapaboJIoi y=9—x?;
2.y>=9x,x=16,x =25,y =0;

3y=-X2+4uy=0; 4y=x3y=1/x,xe[l;e]; 5.y°=x,y=x5
6.y = 8+2x-x%, y = x+6;

IxXy=6ux+y—-7=0; 8x-2y+4=0,x+y-5=0,y=0.

Bonpocsl Aj1s1 caMonpoBepKu

1. Kakas pyHKkius Ha3bIBaeTCs IEPBOOOPa3HOM?
2. B 4éM cocToUT CyTh METOJ1a MHTETPUPOBAHUS 110 YaCTAM?
3. B uém cocTout cyTh MeTO/1a 3aMEHBI IEPEMEHHOMN ?

Tema 2.5. O06bikHOBeHHBbIE AU PepeHIHATbHbIE YPABHEHHUS

Llenv pabomul.Y cOBEpIIEHCTBOBAHHE HaBBIKOB perieHus MIPOCTEUIITHX
muddepeHnranbHbIX ypaBHEHUH, HAX0XKICHHE OOIINX U YaCTHBIX PEIICHUH.

Kpatkue TeopeTruueckue cBeeHUs

Huggepenyuanvuvivu  Ha3bBIBAIOTCS  ypaBHEHHS, KOTOPbIE COJAEpKAT
UCKOMYIO0 (YKHIIMIO, €€ Tpou3BOAHbIe W (Win) nuddepeHIraibl pa3TudHbIX
MOPSAJIKOB, HE3aBUCUMBIE TIEPEMEHHBIC.

Pemute muddepeHnuanbHOoe ypaBHEHHE — 3TO 3HAYAT HAWTH TaKyro
byHKIMIO, TOJCTaHOBKA KOTOpoM B 93T0 auddepeHinaipsHoe ypaBHEHHE
IpeBpaIiaeT ero B TOXKIECTRBO.

Pemenus, coaepikainiyue KOHKPETHBIE 3HAYCHUS TOCTOSHHBIX, HA3bIBAIOTCS
YJaCTHBIMH pelIcHUAMU AU epeHITNaTIbHOTO YPaBHCHHUS.

1. Mudbdepennmansuoe ypaBHeHue Y'= f(X,Yy) Ha3bIBaCTCSI 00HOPOOHLIM
OTHOCHUTEINIEHO TIEpEMEHHBIX X U Y, eciau f (X, y)— omHOpOoaHAS PYHKIIMS HYJIEBOTO

M3MEpEHNs] OTHOCUTENBHO CBOMX aprymentos, T.e. T (tx,ty)=t°f(x,y)= f(x,Y).
JIAHHOE yPaBHEHHE C IOMOLILIO 3aMeHbl Y =X-U CBOIAWTCA K YPABHEHHIO C
pasIENAIOMIUMUCS TIEPEMEHHBIMM.
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2. YpaBHeHue y'+ P(x)dy =Q(X) Ha3bIBACTCA JIUHEUHbIM
oughgepenyuanvuvim  ypasHenuem. OOIIee pelieHWE YpPaBHEHHS HAXOIUM II0

dbopmyie
y o[ POOO UQ(X) N LZOL N C).

3. YpaBHeHue BHa
y"+py'+qy=0, 1)
rie P U (— TMOCTOSHHBIE 4YHCJIA Ha3bIBACTCS JUHEUHbIM OOHOPOOHBIM
oughghepenyuanvuviv ypasHenuem emopoco nopsoxka. KBaapaTHoe ypaBHEHHE
k® + pk + Q=0 Ha3bIBacTCS XapaKTEPHCTHYCCKUM yPABHCHHEM.
Ecmm kopHu K, k, XxapakrepucTuueckoro ypaBHeHUs J€HCTBUTEIbHBI U PA3JINYHBI,
TO 00mMi uHTerpan ypaBsHeHus (1) Beipakaercs Gpopmyion

kqx Kox
y=Ce™* +C,e™.

Ecmu k; =Kk,, To 00muii uarerpan ypasaenus (1) Haxonutes o gopmyiie
y=e“*(C, +C,X).
Ecmua K, , = a £ fi, T0 00mee pemenue ypapuenus (1) Haxoaurcs 1o dpopmyie
y =e”(C; cos Sx+ C, sin x).
IIpumep 1

Haiitu 4yacTtHOoe pemieHue oOaHOpPOAHOrO AuBPEpeHIINaTLHOTO YpaBHEHUS,
yIOBJIETBOPSIOIIEE YCIOBUIO Y=-9, ipu x=1.
Pewenue:

y

d
[IpuBenem ypaBHEHUE K BI/II[yd—Z =2- "

[TosyyenHoe ypaBHeHUE sBisieTcs (YHKIHMEH TOJBKO %9 CJIE0OBATENBHO, OHO

OJTHOPOJTHOE.

Jist periieHust MoJIokuM Y=UX U poaudHepeHIupyeM 1o X:

Y = u B HCXOTHOM YpaBHEHUHU:
X

d
3aMeHIM — |
dx
du
U+x— =2 - U.
dx

Pa3znensem nepemennsie: 2dx — 2udx = xdu;
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2(1 —u)dx = xdu; 2dx _ d_—u.

X 1-u

d
[

[IpounTerpupyem: 2f %
21n|x| + 1n|C| = —1n|1 — u|;

OO01ee penieHUe ypaBHEHHUS:

_y . _xx*-0 2 _
u==-3y=—07; nmm X —xy = C.
Yactroe pemenne: 1+9=C;C = 10. Otset: x? — xy = 10.

3ajanns  AJ  CaMOCTOSITEJbHOW padoTnl: Pemmre mnpocrteiime
muddepeHnranbHbie ypaBHEHUS

Bapuanrt 1
1. HaiiTu oOmiee pemieHue aU@hepeHIUaTbHOTO YpaBHEHUS TEPBOTO

mopsinka Xy'=ylIn X
X

2. HaiTh  obmiee  pemeHne  AUGGEepeHIUaIbHOr0  ypaBHEHUS,
JOITY CKAIOLIETO ITOHMKEHHE TOpsAIKa (1— x? ) y'—Xxy = 2.

3. HalTM  4YacTHOE pemeHue AupQepeHIuanbHOr0  ypaBHEHUS,
YJOBJIETBOPSIOLIEE YKA3aHHBIM HaYaJIbHBIM YCIIOBHSM

y'—By'+9y =x% — X +3; y(0)=ﬂ, y'(O):i.
3 27
Bapuanr 2
1. HalTu ofmee perieHue audQepeHInaTIbHOr0 ypaBHEHUS TEPBOTO
nopsaka xy'-2y + x% =0.
2. Haith  obmiee  pemenne  AuddEepeHIMaIbHOTO  ypaBHEHUS,
JOITYCKAIOIIEro MOHUKEHUE TTOPSIKa x3 y"+x2 y'=1.
3. HaWTH  dYacTHOe pemeHne au(QepeHIManbHOr0  ypaBHEHUS,
YIOBJIETBOPSIONIEE YKA3aHHBIM HaYaIbHBIM YCIIOBHSIM
y'—y =9x - e2; y(0)=0, y'(0)=-5.
Bapuant 3
1. Haiitu obuiee pemeHue AU epeHnaIbHOr0 ypaBHEHU IEPBOro MOpsIKa
x%y'=2xy + 3.

2. HaiiTu obmee pemnieHue nud@epeHnaIbHOTO YPaBHEHUS, IOIYCKAIOIIETO
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MOHIDKEHUE Topsiaka Y'+Y'tg X =sin 2X.

3. Hailtu YacTHOE penieHue auddepeHnaIbLHOro ypaBHEHUS,
YZIOBJIETBOPSIOLIEE YKa3aHHBIM HauyaJIbHbIM yCIOBUSAM
y'—2y'+5y =5x% — 4X + 2; y(0)=0, y'(0)=2.
Bapuant 4
1. HailTu oOmee peuieHne IUPGHEPEeHIMATBHOTO YPaBHEHUs IIEPBOTO
nopsiika Xy'-2y = 2x*,
2. HailTu  obmee  pemeHue  IUp(EpeHIUATBHOTO  YpaBHEHMUS,
JOITy CKaIOIIETo TIOHMKeHHe mopsaka Yy ' XIn x=y'.
3. HalTW  4YacTHOE pemeHue AupQepeHIuanbHOro  ypaBHEHUS,
YAOBJIETBOPSIOIIEE YKA3aHHBIM HaYalbHbIM YCIOBHIM
y'-3y'+2y =(3-4x)-e**; y(0)=0, y'(0)=0.
Bapwuant 5
1. HailTu oOuiee peuieHne AU HEPEeHIMATBHOTO YpPaBHEHUs IMEPBOTO
opsiiKa X2 y+xy +1=0.
2. HaiiTh  obmiee  pemeHne  AUPGEpeHIUaTbHOrO  ypaBHEHUS,
JOITYCKAIOLIEr0 NOHKEHNE opsiaka Xy'=Yy'.
3. HalTW  4YacTHOE pemeHue aAupQepeHIuanbHOr0  ypaBHEHUS,
YAOBJIETBOPSIOIIEE YKA3aHHBIM HaYalbHbIM YCIOBHIM
y"—4y'+20y =16x - eX; y(0)=1 y'(0)=2.
Bapuant 6
1. HaiTH oOiee pemieHre IUPPepeHIHaTbHOTO YpaBHEHUSI MEPBOTO
nopsiaka Xy'=ylIn %
2. HaiiTh  obmiee  pemenne  AUGGEpeHIUaTBLHOTO  ypaBHEHUS,
JOIY CKAaIOIIETO MMOHKEHHE NopAaka Y'= y'+X.
3. HaWTH dYacTHOe pemeHne Au(QepeHIMaIbHOT0  ypaBHEHUS,
yIOBJIETBOPSIONIEE YKA3aHHBIM HAYaJIbHBIM YCIOBHIM
y'-y=(14-16x)-e7%; y(0)=0, y'(0)=-1.
Bapuant 7
1. HalTH oOmee pemeHue IudPepeHIrnanbHOT0 ypaBHEHHS] TIEPBOTO
mopsiaka X2 y'=2xy + 3.
2. HaiTh  oOmiee  pemieHne  aud@epeHIraNIbHOTO  ypaBHEHUS,
JOITyCKAIOLIEro NOHKEHNE nopsaka y'tgx = y'+1.
3. HAaWTH  4YacTHOe pemieHue U epeHIHaTbHOT0  ypaBHEHUS,
YAOBIETBOPSIONIEE YKa3aHHBIM HAYaJIbHBIM YCIOBUSM
y'+5y'+6Yy =52sin 2X; y(0)=-2, y'(0)=-2.
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Bapuant 8

1. HaiTH oOmee pemeHne MUPPEpPeHINATEHOTO ypaBHEHUS TEPBOTO
nopsiika Xy'-2y = 2x*,
2. HaliTu  obmiee  pemieHue AU GepeHIMaIbHOTO  ypaBHEHUS,
JOITyCKAIOIIETO IIOHMKEHNE nIopsiaka XYy '—y'= x% e,
3. HaWTU  4acTHOe peuieHue aAu@PdepeHIManbHOr0  ypaBHEHUS,
yIOBJIIETBOPSIONIEE YKA3aHHBIM HAYaJIbHBIM YCIOBHIM
y"—4y:8-e2X; y(O)zl, y'(0)=—8.
Bapuant 9
1. HailTu oOuiee peuieHne AU HEPEeHIMATBHOTO YpPaBHEHUs IMEPBOTO
nopsiaka X2 y'+xy +1=0.
2. HailTu  obmee  pemeHue  IupGEepeHIUATBHOTO  YpaBHEHMUS,
JOITyCKAIOUIEro NOHWKeHe nopsiaka 2yy =1+ (y')z.
3. HallTh  4YacTHOe  peweHue  AuQpQepeHInaIbHOro  ypaBHEHHUS,
yJIOBJIETBOPSIOLIEE YKa3aHHBIM HauaJIbHbIM yCIOBUSIM
y'-3y'+2y =—sin X — 7COS X; y(0)=2, y'(0)=7.
Bapwuant 10
1. HaWTH oOmiee pemieHue MudPEepeHInaT-HOTO ypaBHEHHS TIEPBOTO
nopsiaka Xy'-2y + x% =0.
2. HaiiTh  obmiee  pemeHne  AUGGEepeHIUaTbHOTO  ypaBHEHUS,
JOITY CKAOIIEr0 MOHMKEHUE TTOPSAIKA y"(l + y) = 5(y')2.
3. HalTW  4YacTHOE pemeHue aAupQepeHIuanbHOr0  ypaBHEHUS,
YAOBIETBOPSIONIEE YKa3aHHBIM HAYaJIbHBIM YCIOBUSM
y"-9y'+18y = 26 cos X — 8sin X; y(0)=0, y'(0)=2.

Bonpocsl 1j1s1 CAMOKOHTPOJIA

1. Kakoe ypaBHeHue Ha3biBaeTCs AU depeHIInaTbHBIM YPAaBHEHUEM MTEPBOTO
nopsiaka?

2. Yro Takoe obmiee pemieHue auddepeHIInanbsHOT0 ypaBHEHU TIEPBOTO
nopsiaka?

3. Uro Takoe yaCTHOE peEIICHHE U B YEM CyTh HAYAIBHBIX YCIOBUH IS
muddepeHnnanTbsHOTO YpaBHEHHS TIEPBOTO MOpsiaKa?

4. Yto takoe nudepeHnnanbHoe YpaBHEHHE BTOPOTO MOpsIKa?

5. Kakue nuddepennmanbupie ypaBHeHHsI IEPBOTO MOPsIIKA Ha3bIBAIOTCS

JMHEHHBIMU, KAKOB METOJ] UX PEICHUS?

PA3JIEJI 3. AHajiuTn4ecKasi reoMeTpHs HA IUIOCKOCTH M B IPOCTPAHCTBE

Tema 3.1. BekTopbl Ha MIIOCKOCTH U B MPOCTPAHCTBE
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L]env pabomur:CoBeplIEHCTBOBAaHUE YMEHUM BBIMOJIHATH ONEpalliy HaJ

BEKTOpaMH
KpaTKI/IC TCOPCTUUCCKUC CBCACHUA!
A
8 S
S~
\\
a . C
-
-
//
A C 8

CyMMa BEKTOpOB:

AB+ BC =AC
____ (mpaBuio TpeyroybHUKA)

OA+ OB = OC
(mpaBuIIO MapassieiorpaMma)

A+ A+ + A A, = A4,
L o (ITpPaBHJI0 MHOTOYTOJIHHUKA);
OA+ OB +0C = 08 [05]

(mpaBuIIO Mapasienenumea, - IMaroHaib).

a-b=a+ [— b)
Pa3HOCTBL BEKTOPOB: _
OB -0A= AB
dopMysa BBIYUTAHUS BEKTOPOB:
a= ab(b * O).
[Ipu3Hak KOJUIMHEAPHOCTH BEKTOPOB:
b a b= |a"b|cos @,
CkansipHoe IpoU3BEICHUE BEKTOPOB *1- Y1- 21y |
Ckansipnoe npouszeedeHue 8 KOOpOUHAmMax

a=xit+tyj+zk, b=xity, j+z;k, ab=xx+yy,+z2,
__Ecmn TO
at2 = xf +y12 +zf.
Bexmopnoe npouzeedenue L
a b
BekTopHoe nmpou3BeicHUE BEKTOPOB U - BEKTOD,
[a_b], [ab ] axb

WIIN

0603Haqeie_MHp"1_ J * I7Is1 KOTOPOTO:
ab|= 1 = g
1) ‘[ ]| la"b‘m ’ (# - yrox Mexmy BeKTOpaMu “u ’ R )
) (@8] L 3, [aB]L5;
= = 5
3) Tpoiika ? , b , [a - paBas
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Cmewannoe npoussedenue 8 KOOpOUHamax
a=xi+y j+z,k, b=xi+y, j+z,k, c=x I+y3j+Z k,

Ecnn
X N 4
abe =X, ¥y Zy|= XVyZy + BX, Y5 NZ%s 2 V0% — X2y Yy — V%2
Xz V3 &3

SaHaHl/lﬂ AJIA CaMOCTOSITEJIbHOM paﬁoTbl: Brimonnure orIcpanvn Hal

BCKTOpaMH, UX KOOPAHWHATHI

1. J[aHBI KOOPJAMHATHI TPEX BEKTOPOB B MPSMOYTOIBHON CHUCTEME

—* - — ™ —3 ™
a=(1.-13), b=(-2,2.1) d=(3.-2.3)
KOOpPJIMHAT . Haiimure
= =5 =
a-b-d
CMCIIaHHOC ITPOU3BCACHUC

2. B mpaBoii mpsIMOYTOJIBHOM I€KapTOBOM CUCTEME KOOPIMHAT 33aHbI TPU
—+ = -+

a. b d
B3aUMHO MEPIECHAUKYJISIPHBIX BEKTOpA U, 00pa3yIolux MPaBylo
TPOMKY, UX JUIMHBI PaBHBI COOTBETCTBEHHO 4, 2 u 3. Haiinute ux
-+ = -
a-b-d

CMEIIIaHHOE MMPOU3BEACHNE
3. Jlanwl BekTopel A = {2; -1; 1}, B = {3; 3 4} u C= {2;0; 2}. Haiitn
KOOpJIUHATHI BekTopa D, ecnu u3BecTHO, YTO OH MEPIeHIUKYIISIPEH
BekTopaMm A u B, a ckanspuoe npoussenenne DC = -8.
Yka3zanue
Bekropnoe npousseaenue [A, B] nepneHaukyaspHo 000MM COMHOKHUTEISM,
To ectb [A, B] nepnenaukymsipen A u B.

4. Bpraucnuth 00beM TETpadipa, BEPIIUHBI KOTOPOTO HAXOSATCS B TOUKAX
A(2; 2; 2), B(3; 1; 5), C(0; 4; 3), D(5; 0; 7).

Ykazanue
Moayns cmemannoro mnpousBeneHusi BektopoB AB, AC, AD paBen o0beMy
napajieienunesaa, MOCTPOEHHOTO Ha ATUX BEKTOpPax KaK Ha CMEKHBIX pedpax.

Bonpocsl 1j1s1 caMonpoBepKu

1. Kakwue onepariyi MO>KHO IMPOU3BOJUTH Ha/l BEKTOpaMu?
2. Kaxkue BekTOpa Ha3bIBAIOTCS KOJUTMHEAPHBIMU ?
3. Tlpu3Haku KOJITMHEAPHBIX BEKTOPOB

4. BekTopHOE pOU3BEICHHE
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5. dopmyra CMEIaHHOTO MPOU3BEIEHHSI BEKTOPOB

Tema 3.2. IIpsimasi Ha IVIOCKOCTH M B IPOCTPAHCTBE
Llenvb pabomwi: CoBepIICHCTBOBAaHUE YMEHUI COCTABIATHCSA YPAaBHEHUS TPSAMOI Ha
IUIOCKOCTH U B IIPOCTPAHCTBE

KpaTKI/IG TCOPCTUYICCKUC CBCACHUSA!

Oxkpyscnocmobio ( puc.1 ) Ha3bIBACTCS TEOMETPHUUECKOE MECTO TOYCK,
PaBHOYNANEHHBIX OT TaHHOM TOYKH (O, Ha3bIBAEMOU YEHMPOM OKPYHCHOCHU, HA
paccrosinue R . Yucno R > 0 Ha3bIBaeTCs paouycom oKpysHcHocmu.

Fﬂ,

y
P

Fuc.1

Ypasnenue oxkpyscnocmu panquyca R ¢ nearpom B Touke O (Xxo, yo ) UMEET BUJI:
(x=x0)?+(y—yo)*=R2.

Ecnu yenmp okpyosrcnocmu cosnadaem c nauaniom koopounam, TO ypaBHEHUE
OKPYHOCTH YNPOILACTCS:

x2+ y2=R2,

[Mycte P (x1, y1)— Touka okpykHOCTH ( puc.l ), Torna ypaenenue
KacamenvbHoll K OKPY}CHOCmU B TAHHON TOYKE UMEET BU/L:

(x1—x0) (x—x0) +(y1—y0) (y—yo) =R?.

Ycnosue kacanusa npamoit Y =M X + K u okpyyucnocmu x% + y 2=R?;
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k2 /(1+m?)=R2,

Anauncom ( puc.2 ) Ha3pIBAETCI FEOMETPUUECKOE MECTO TOUYCK, CyMMa
PaCCTOSIHUI OT KOTOPBIX JI0 ABYX 3aJaHHbIX ToueKk Fiu Fz,
Ha3bIBAEMBIX hoKycamu dJUIUIICA, €CTh BEJIMYMHA TTOCTOSIHHAS.

4
D
af  m 5 \E .
— - 8] z P X
b |

puc.2

Ypasnenue 3nnunca (puc.2) :

31ech Havaa0 KOOPIWHAT SBIIICTCS IIECHTPOM CUMMETPHH JJUTHIICA, & OCH
KOOPJIUHAT — ero ocsiMu cumMeTpuu. [Ipu a > b Gokycsl sminrica iexar Ha

ocu OX (puc.2),npu a<Db ¢okycs samaurnca nexar Ha ocu OY , a

npyd @ =b 3UTMIC CTAHOBUTCS OKPYKHOCTHIO ( (DOKYCHI 3JUTHIICA B 3TOM Cllydac
COBMAJAIOT C IIEHTPOM OKPY>KHOCTH ). TakuM 00pa3oM, OKPYHCHOCHb eCb
YACMHBLU CLYYatl IIIUNCA.

Orpesoxk FiF,=2c, tne c=V]a?-53|

Otpesok AB = 2 a HazwIiBaeTcs fonbutoit oceio dnaunca, a orpe3ok CD =
2 b — manoii ocvro snaunca. Yucno e=cl/a, e<1

Ha3bIBACTCS IKCUYCHMPUCUMENOM IIIUNCA.

T'unepoonou ( puc.3 ) Ha3bIBACTCS FTEOMETPUUECCKOE MECTO TOYEK, MOJIYJIb
PA3HOCTH PACCTOSIHUI OT KOTOPBIX JI0 IBYX 3aJaHHBIX Touek Fiu Fy,
HAa3bIBAEMBIX (hOKycamu TUTIEpOOITbI, €CTh BETUINHA TIOCTOSHHAS.

, Ha3bIBACTCS YOKYCHBIM PACCHOAHUEM.
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puc.3

Ypasnenue cunepoonwt (puc.3) :

— =1

@l bl

31ech Ha4aI0 KOOPAMHAT SBJISETCS IIEHTPOM CUMMETPHUHU TUIIEpOOJIbI, a OCH
KOOPJHMHAT — €€ OCAMUA CUMMETPHH.

= 2 2
Otpesok FiF; =2 ¢, roe °© daits , HA3bIBACTCS POKYCHBIM PACCMOAHUEM.

Otpe3ok AB = 2 a Ha3bIBaeTCsl OellcmeumenbHoll 0Cbio 2Unepoo.ivt, a
orpe3ok CD =2 b — muumoii ocvro zunepoonw. Yucio e=cl/a, e>1
Ha3bIBACTCS IKCUECHMPUCUMENOM 2UnePHo.ibl.

[Mpsimbie Y =+ (b /a) X//Ha3bIBAOTCS acumnmomamu 2unepoosl.

[Tycte P (x1, y1)— TOYKa TUIEpOOIIbI, TOTJIA ypaeHeHUEe KACAMEAbHOU K
2unepoo/ie B JAaHHOW TOYKE UMEET BU:
A1 x FL¥

S |

a? h?

Ycnosue kacanus npamoit Y =M X + K u zunepbonvt x2/a? — y2/b2=1:

k?=mZa2-Db:.

[Mycte P (x1, y1)— TOYKA 3JUIMTICA, TOTAA YPAGHEHUE KACAMENAbHOU K
IMAUNCY B JAHHOUN TOUKE UMEET BU/L:

A S
—t+—=1.
2 b2

Ycnosue kacanusa npamoit Y =M X +K wuannunca x*/a? + y?/b?2=1:
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k?=mZa2+b?.

3aaHus ISl CAaMOCTOATENILHOM padoThl: COCTaBbTE YpaBHEHUE MPSMOI
3aganme: CocTaBbTE ypaBHEHHUE NPAMOM
Xona paboThl

1. Hamucatb ypaBHEHHE OKPY>KHOCTH C LIEHTpoM B Touke C(2, -3) 1 paguycom,
paBHBIM 6.

2. Tlokasath, uto X2 +y2 +4x - 6y - 3 =0 ectb ypaBHEeHHE OKpYykHOCTH. HaiiTu ee
LEHTP U pajinyc.

3. Haiitn KOOpAMHATHI IIEHTPA U PAJIIyC OKPYKHOCTH X2 +y2 - X +2y -1 =0.

4. Jlana okpyXHOCTb X2 + y2 = 4. COCTaBUTh ypaBHEHHE NMPAMOH |, mapasuienbHon
OCH a0CIIMCC U MepeceKaroNiel OKPYKHOCTh B TakuxX Toukax M u N, uto MN = 1.

5. Haittu nymuny xop;ipl, 00pa3yromiencs Mpy NepeceyeHry NpsiMoi X +y -5=0u
OKpy>kHOCTH (X + 1)2 + (y + 2)2 =40.

6. CocraButh npocreiiiiee ypaBHEHUE THIIEPOOIIbL, €CIIN PACCTOSIHUE MEKIY €€
BepurHamMu paBHO 20, a pacctosiHue Mexy (hokycamu 30.

7. JlelicTBUTENBbHAS IOTYOCh TUIIEPOOIIBI paBHA S, skcuieHTpucHTeT € = 1,4. Haiitu
ypaBHEHUE TUNEPOOIIbI.

8. TI'unep6ona mpoxoauT uepe3 Touku | . Haittu ypaBHeHUE TUTIEpOOITHI.

Bonpocsl 1j1s1 caMonpoBepKu
1. Kakoii Bug umeeT ypaBHEHHE OKPYKHOCTH?

2. Kakoii Bug nMeet ypaBHeHHUe dIumrica?

3. Kakoit BuJ UMeeT ypaBHEHUE TUIIEPOOITbI?

PA3JIEJI 4 OcHOBBI AMCKPETHON MATEMATHKH

Tema 4.1. OCHOBHBIC MOHATHA MATEMATHYECKOI0 CHHTE32a U AaHAJIN3A

L]env pabomur: CoBEpIICHCTBOBAaHNE YMEHUIA POBOIUTH MOTHBINA aHATU3

byHKIIIH

Kpatkue TeopeTudeckue CBECHUS:
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MartemaTuyeckas CTaTUCTUKA — pasjiell MaTEMaTUKH, pa3padaTbIBAIOIIHMA
METOJbl PpPErUCTpalud, ONHWCAaHWS M AaHaIW3a JaHHbBIX HAOJIOJEHUN U
SKCIIEPUMEHTOB C LEJIbI0 TMOCTPOCHHUS BEPOSTHOCTHBIX MOJEJIEH MAaCCOBBIX
CITydaiiHbIX sBIeHUil. B 3aBHCUMOCTH OT MaTeMaTHYECKOM IPUPOIBI KOHKPETHBIX
pe3yabTaTOB HAOJIOJIEHUN CTATUCTUKA MaTeMaTH4ecKas IENHUTCS Ha CTATHCTHUKY
YUCeJ, MHOTOMEPHBIM CTaTUCTUYECKUN aHAIU3, aHAIU3 (YHKUMH (MPOLECCOB) U
BPEMEHHBIX PSAA0B, CTATUCTUKY OOBEKTOB HEUMCIIOBOM MPUPOIBI.

Bosbmioit paznen COBpeMEHHOW MAaTeMaTUYECKOW CTATUCTUKH — CTATUCTHYECKUI

II0CJICAOBATEIbHBIN aHAIN3.

B npuMep MOXKHO pemUTh TEKCTOBYIO 3aJady OCHOBAHHBIE Ha JIBYX
METOJIaX.lIEPBbIN U3 HUX WUTIOCTPUPYET CUHTE3, BTOpoit - ananus. (Y Katu ectb 15
koH(pet, BMecte y Karu u Jlenst 20 konper. Cxonbko koHbpeT y JIleHsi?

1) 20 - 15 =5 ( pemneHHe , OCHOBAaHHOE Ha CHHTE3E);
2) x + 15 =20 ( peuieHue , OCHOBAaHHOE Ha aHAJIM3E).

CylIHOCTh  AHAJIUTHUYECKOTO METOJla JO0Ka3aTeIbCTBa  YTBEPXKICHUI
3aKJIIOYAETCSl B TOM, YTO MCXOJHBIM TYHKTOM JUIsi OOOCHOBaHHS TpeOyeMoro
YTBEPKICHUS SBISIETCA CaMO 3TO YTBEPXKAEHUE, KOTOPOE IYyTEM JIOTHYECKHU
000CHOBAHHBIX IIarOB CBOJUTCS K YTBEPKIACHUIO, U3BECTHOE KAaK UCTUHHOE.

CyIIHOCTh CHHTETHYECKOT'O0 METOJIa JOKa3aTeIbCTBA YTBEPKIECHUM COCTOUT
B TOM, YTO OTBICKMBAIOTCS TAKUE UCTUHHBIE YTBEPKIACHHS, KOTOPhIE MOXKHO OBLIO
Obl TyTEM JIOTUYECKHM OOOCHOBAHHBIX IIIAroB MpeoOpa3oBaTh B JaHHOE
YTBEPKJICHHE.

[IpumepoB penieHus 3a1a4 METOJOM aHAJIN3a U CUHTE3a MOYKHO MPUBOAUTH
odueHb MHOro. OjHa W3 OCHOBHBIX IIeJiel pelleHus 3ajlad B Kypce MaTeMaTHUKHU
COCTOUT B TOM, YTOOBI 0OECTIEUUTH NIEWCTBEHHOE YCBOEHHE KaXKIBIM YYCHHKOM
OCHOBHBIX METOJIOB U IIPUEMOB PEIICHUS yUeOHBIX MAaTEMAaTUUECKUX 3aJ1ay. 3a/1auu
BCETJ1a pa30MBAIOTCS HA DJIEMEHTAPHBIE MTO3a/1a4H, PEIIaOIINecs B OJTHO IEUCTBUE.
N3 Takoro moHMMaHUS 3JIEMEHTAPHON MOA3aa4H CISAYET, YTO YeM OOJIBIIUNA OTIBIT
penieHus 3a7ad, TeM OoJbllle 3aJlady CTAHOBATCS [JIsi HAC AJIEMEHTapHbIMH, a

CJICAOBATCIbHO, TEM MCHBIIC 00BbEM IOHMCKA IprU PCIICHWHW HOBLIX 3adja4, HUX
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https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7

CBCACHHUA K OJICMCHTApHbBIM, TaK KaK IMCJIb IIOMCKa COCTOUT B IIOJYYCHHNH

QJICMCHTAPHLIX I1OA3aAa4, KOTOPBIC OCTAHABJIMBAIOT ITPOICCC ITOUCKA.

3aganus 1J1s1 CaMOCTOSITEJILHOM padoThl: BoInoHUTE MOJHBIN aHATU3 QYHKIIUH

Bapuanr 1

y= 4x
X2 +4
Bapuant 2

4x2
x2 -1

Bapuanr 3

Bapuant 5

2

y=(2+x2)~e_x :

Bapuant 6

y = (X _1). e3x+1.

Bapuant 7
y= 8X
(x—2)°
BapuanT 8
¥3
y= :
3(x? - 3)
BapuanTt 9
y=x—In(x+2)
BapuanT 10
y = 2x?
2x -1

Tema 4.2. OcHOBHbIE IOHATHS TEOPUM I'PYIII, TeOPUH rpados

L]env pabomur: CoBepIIIEHCTBOBAHUE YMEHUN COCTABIISITH MATPUILY WHITMHICHITHIMA

Y MaTpUIly CMEKHOCTHU

Kparkue TeopeTnyeckue cBeIeHUs

Fpa¢ 9TO MHOKCCTBO TOYCK HJIM BCPIIWH 1 MHOKCCTBO JIMHUM WA p€6€p,
COCAUNHAIOIINX MCKIOY co0OM BCE MJIM YaCTh dTHX TOYEK. Bepmqul, IMpUJICTaromue
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K OJTHOMY U TOMY K€ PeOpy, Ha3bIBAIOTCS CMENCHBIMU.

Ecnu pebpa opreHTHpOBAHHBI, YTO OOBIYHO MMOKA3BIBAIOT CIMpeaKamil, TO OHH
HA3BIBAIOTCA Oy2amu, ¥ Tpad ¢ TaKuMU peOpamMu Ha3bIBACTCS OPUEHIMUPOBAHHBIM
zpaghonm.

Ecnu pebpa ne umerom opuenmayuu, rpad Ha3bIBACTCS HEOPUECHMUPOGAHHDIM.

I'pa¢

['padb1 06619HO U300paKAIOTCS B BUIE TEOMETPUUECKUX (PUTYP, TAK YTO BEPIIUHBI
rpada n300paxaroTcs TOYKaMu, a pedpa - TUHUSIMU, COSTUHSIIONTUMHU TOUKH

2 4

e ¢

Ilemns 5T0 Myra, HaYaNbHAs U KOHEYHAs BEPIIMHA KOTOPOU COBIAIAOT.
IIpocmoii epagh Tpad 6€3 KpaTHBIX pedep U MeTeb.

Cmenens epuiyHbl 3T0 YIBOCHHOE KOJIMYECTBO METENb, HAXOASIINXCS Y ATON
BEPIIMHBI TTIOC KOJUYECTBO OCTATBHBIX MPHUJICTAIONTUX K HEH pedep.
Ilycmuvim HazwpiBaetTcs rpad 0e3 pedep. [oanviv Ha3bIBaeTCS rpad, B KOTOPOM
KaXKJIbI€ JIB€ BEPIITUHBI CMEXKHBIE.

ITYTHU, MAPIIPYThI, HEITN u LIKJIBI.
Ilymb B OpUEHTHPOBAHHOM Tpade — ATO MOCIeI0BATEIBHOCTD IyT, B KOTOPOM
KOHEYHAasl BEpPIINHA BCAKOW JIYTH, OTIIMYHOM OT MOCJEIHEH, ABISACTCA HAYAJIbHOU
BEPIIMHOMN CIEAYIOLIEH.
Bepuunwvr v0, vin Ha3bIBAIOTCS C8A3AHHBIMU OAHHBIM nymem (WA MPOCTO
cBsi3aHHBIMM ). Bepimny v0 Ha3bIBaIoT Hauaniom, VN - konyom nytu. Eciau vO = vn,
TO MyTh HA3bIBAIOT 3aMKHYmMbIM. YUCIIO N HA3BIBACTCS OJIUHOU TIYTH.
Mapwpym B rpade nyTh, OpUEHTALMEH YT KOTOPOTO MOKHO MpeHeOpeyb.
Ilens MapuipyT, B KOTOPOM BCe peOpa MmonapHO pa3IuvHBbI.
I{uxn 3aMKHYTBIN MapLIPYT, SBJISIOLIUNCS LEIbIO.
MapiuipyT, B KOTOPOM 8ce 8epuitinbl NONAPHO PA3IUyHbl, HA3bIBAIOT HPOCHMOU
uenwvto. LIk, B KOTOPOM Bce 8epuiumbl, Kpome nepeoli U nocieonell, NONapHo
PaszauyHsl, Ha3bIBAXOTCA HPOCHIBIM UUKIIOM.

B teopun rpadoB npumeHstOTCS
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Mampuya unyunoenyuii. 310 Matpunia A ¢ N CTpOKaMHu, COOTBETCTBYIOITUMU
BEPILNHAM, ¥ M cTosluamu, COOTBETCTBYIOIIHIO pEbpam. st
OpUEHTHPOBAHHOTO Tpada cTonOel, COOTBETCTBYIOUIMMA AyTe (X,)) CONEPKUT
- 1 B CTpOKe, COOTBETCTBYIOLIEH BEpIIMHE X U 1, B CTpOKE, COOTBETCTBYIOIICH
BepiuHe y. Bo Beex octanpubix 0. [letsro, T.€. 1yTy (X,X) MOXKHO NPEJCTaBIATH
MHBIM 3HAUYEHUEM B CTPOKE X, Hampumep, 2. Eciau rpad HeopreHTHPOBaHHBIM,
TO croJidell, COOTBETCTBYIOIIHI pebpy (x,y) comepxur 1,
COOTBETCTBYIOIIME X U U HYJIM BO BCEX OCTAJIbHBIX CTPOKAX.

Mampuya cmexcnocmu. ITo MaTpuIia #Xn TAC N - YUCIIO BepiuuH, rie bijj = 1,
€CIIi CYIIECTBYeT peOpo, Hiellee W3 BEpIIMHBI X B BepimHy y u bjj= OB
IPOTHUBHOM CITyyae.

CocTraBuM MaTpunbl HWHOWUHACHTHOCTH W CMCKHOCTH I CICAYIOLICTO

HEIPEPBIBHOTO rpad

o
&
3 b
u " W | X
a 1 1 0 0
b 1 ] 1 8]
C ] 1 1 1
d [0 0 0 1 IMarpuna nanpzesTHOCTH
a b C d
a 0 1 1 0
b 1 0 1 0
C 1 1 0 1
d 0 0 1 0 IMarpuma cMexHOCTH

N3o6pakenne rpadoB Ha TUIOCKOCTH

[Ipu wu3o0paxkeHuu rpadoB dalme BCETO HCIOIB3YETCS CIEAyIONmas CUCTEMaA

0003HAUEHUN: KaXKJOW BEPIITMHE COMOCTABIISICTCS TOYKA HA TUIOCKOCTHU, W €CIIH
MEXy BEepIITUHAMU CYIIECTBYET peOpO, TO COOTBETCTBYIOIIUE TOYKUA COSTUHSIIOTCS
oTpe3koM. B cityyae opueHTUpOBaHHOTO rpada OTPE3KH 3aMEHSIOT CTPEIKAMH.

3amanue 11 caMOCTOATENBHOM padoThl: CocTaBbTE MATPUILIbI MHIIUJACHTHOCTH

Y CMEXHOCTH JIJIS CIICTYIOITUX TPpadoB:
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@ b puc. 1

PA3/IEJI SOcHOBBI TEOPHH BEPOSITHOCTEN M MATEMATHYECKON CTATUCTHUKH

Tema 5.1.9/1eMeHTHI KOMOMHATOPUKH

Llenv pabomur: COBEpIICHCTBOBAHME YMEHUW pelllaTh 3aJadd  COJICpKalllue
AIIEMEHThl KOMOMHATOPHUKHU.

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

1. Pa3memienust 6€3 MOBTOPEHUIMA

[TogcunTaem KOJTMYECTBO CIIOCOOOB PACHIONIONKHUTH " PA3IMUHBIX JIEMEHTOB
o k Pa3JIMYHBIM ITO3UIHUSIM (f*f- < 1), Takue pacmonoKeHHs Ha3bIBAIOTCS
pa3MeIlEeHUSIMH, a UX KOJIMYECTBO, OT (PPaHILy3CKOTO

Ak o
cioBa arrangement o6o3navaetcs A, B ciy4ae, eciu k=1 xonmuecTBo
IIPEAMETOB COBIIAJACT ¢ KOIMYECTBOM UMEIOIINXCSI MECT, U OTO YK€ U3YUCHHAs
3a7a4a O YHCJIC IePECTaHOBOK.

Ecnu U3 ™ 00BEKTOB BEIOUPAIOT ¥ INTYK, TO 9UCIIO BEIOOPOB MOCIIEIHETO 0OHEKTA
ecTb " — K HeBBIOPAaHHBIX OOBEKTOB, YTO 03HAYAET

Hanuuue " — & + 1 po3moxkHOCTH BEIGOpA TOCIIETHErO BHIOPAaHHOTO 00BeKTa. To
e, IPyTHMH CJI0BaMH: moclie Beibopa nepBbix * — 1 ajpemenra ocraercs

BbIOpars 7 — [k — 1) =n—k+1 spemenr.

Teopema: 4ncI0 pa3MeENIEHU ™ pa3IMYHbIX JIEMEHTOB 110 k pa3InYHbIM
MMO3UIIUAM €CTh

AY —nn-—1Dn—-2)...(n—k+1)

WIH, B TEPMUHAX (AKTOPHAJIOB,

|
qut _ T
"o (n—k)!
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IIpumeuanue: 3aMeTUM, YTO B CIIy4ae, KOT/1a YUCIIO MECT, IO KOTOPHIM
pa3Melilator peAMEThI, COBIIAAAET C KOJIMYECTBOM CaAMUX IIPEIMETOB, T. €.

Korja , paccMaTprBaeMasi 3a/1a4a CTAHOBUTCS 3a/laueil 0 yucie
nepecTaHoBOK. B HarieM citydae npu 3TOM MBI [T0JIy4aeM B 3HaMEHaTese 1poou
HOJIb (haKTOpHal, U JUI TOTO, YTO OBl pa3Hbie (HOPMYIIbI, COOTBETCTBYIOUTNE DAHDIH
U TOM Ke 3a/1aue, MPUBOJIMIIN K OJJUHAKOBBIM pe3yJibTaTaM, IoJIaratoT, 4To

2. Coueranusg

HOI[C‘{HTaeM KOJINYCCTBO CHOCO6OB, KOTOPBIMHU MO>KHO
BBIOPATh # W3 " pasIMuUHBIX ~ NpeAMETOB.  Takme  BBHIOODKM  Ha3bIBAIOTCH
|I|'
COYCTaHUsAIMH, a UX KOJIMYECCTBO O603Ha‘—laeTCﬂ C” .
k Ak
[Tpu & < 1| BpIOpaTh K MpeIMETOB W3 N MOXHO “'» croco0amH, IepecTaByIss

ux P crmocodamu:

K .
ok _ Aq _ n!
; B (n—k) -k
om—mn+1

:rl.l = C:Ir:l ! ]

Pexyppenrtnas gpopmyna: n
o o "o T —T f] n+4+l n+1

CaoiictBa coueranuit: Cm = Cm " O + O = Oy,

3. IlepecTaHOBKH C TOBTOPEHUSIMHU

[TycTh JaHbI 71 DIEMEHTOB MEPBOTO THIIA, "2 — BTOPOTO THIIA, ..., "k — % -ro
THUIIA, BCEro "3neMeHToB. CriocoObl pa3MECTUTh UX MO ™ pa3IM4yHbIM MECTaM
HAa3bIBAIOTCS IEPECTAHOBKAMH C MMOBTOPEHUAMU. X KOnM4ecTBO

o603Hauaercss Fnlni, w2, ... ni),

TeopeMa: YHUCJI0 IIEPCCTAHOBOK C IIOBTOPCHUAMM CCTh

P, (g, no. ... ny) =

Pa3zmenienus ¢ moBTopeHUs MU

[TycTh manbl # pa3IUYHbBIX BUIOB MPEAMETOB, KOTOPHIE MOKHO Pa3MECTUTD
10 % pasnuuHBIM MecTaM, IPUYEM BBIOMPATH IIPEAMETH MOKHO C HOBTOPEHUAMHU
(T.€. MOXHO BBIOpaTh HECKOJIBKO MTPEAMETOB OJHOTO BU/A). Takue BEIOOPKU

HAa3bIBAIOTCA paSMCIICHUAMU C IIOBTOPCHUAMM, A UX KOJITHMYCCTBO BBIYUCIIACTCS 110

ik Kk
dbopmyae: AL =n"
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4. CoueraHus ¢ IMOBTOPCHUAMU

[Tyctb uMeroTcst mpeAMETHI 7 pa3IUYHBIX BUIOB MPEIMETOB, U U3 HUX
COCTABJIAIOTCA HAOOPEI, cofepxkainue ¥ snementos. Takue BEIOOPKH HA3BIBAIOTCS
-~

COUYETAHMSMH C OBTOPEeHHEM. VX 4mcio o6o3HauaeTcs < .
Teopema: yucio coueTaHui ¢ MOBTOPEHUSIMU MOKET OBITh BBIYUCIICHO IO
dbopmynam:

—~ k E rn—1

C.l.' = Cr.l-l—F.'—l = lI:I:“r.l-l-ﬁc—l .

3aganus I CaMOCTOAATEeJbHON padoThl: Pemmre 3amaum ¢ sneMeHTaMu
KOMOWHATOPUKHU

1) CxonbkuMu crioco0aMu MOXKHO B rpymie u3 21 cTyIeHTOB BbIOpaTh CTapoCTy,
3aMECTHUTEII CTapoCThl U (uzopra?

2) IlopsaoK BBICTYIIEHUH 9 yYaCTHHUKOB KOHKYpPCa ONpEAeIIIeTCs )KepeObEBKOM.
CKOJIBKO BapUaHTOB KePeObEBKU MTPU 3TOM BO3ZMOKHO?

3) B cembe nBoe aereil. Haiiiure BEposITHOCTD, YTO CTAPIIMIA pEOCHOK — MaJIbUUK.

4) B ypHe 4 Genbix u 6 yepHbIX mapoB. M3 ypHbI O o4uepeau U3BJIeKatoTcs 2
miapa. HaliTu BEpOSITHOCTB TOTO, UTO BBIHYTHIE IIAPBI OJJHOTO LIBETA.

5) UrpanbHyto KocTh OpocaroT 1Ba pa3a. Haliqute BepoITHOCTb TOTO, UTO B CYyMME
BbINIAJI0 HE MeHee 10 0uKoB.

6) UrpanbHas kocTh OpoieHa 6 pas. HaliTu BeposiTHOCTh TOTO, 4TO POBHO 3 pasa
BBINAJIET «IIECTEPKAY.

7) Aynutop oOHapyKuBaeT (PUHAHCOBBIC HAPYIIIEHUS Y TIPOBEPsieMOit (UPMBI C
BeposiTHOCTHIO 0,9. HailTu BepoaTHOCTB TOTO, uyTO cpeau 4 pupm-
HapyluTene OyAeT BhISBICHO OOJbIIE TTOJTOBUHBI.

Bonpocs! A1 CAMOKOHTPOJISA
1. HazoBure ocHOBHYIO (hopMyITy pa3MeleHui 0e3 MOBTOPEHUI.

2. UYTto 3HAUUT couyeTaHue COObITUI?
3. Kakue coObITHS Ha3bIBAIOTCA CTyYalHBIMU?

Tema 5.20cHOBBI TeOPUM BEPOATHOCTH M MATEMATHYECKOI CTATHCTUKH

Lenv pabomur:CoBepIlIEHCTBOBAHUE YMEHUI pelIaTh 3a/1aud COACpIKAIINe
AJIEMEHTHI TEOPUU BEPOSITHOCTA U MATEMaTUYECKON CTATUCTUKHU

Kparkue TeopeTnyeckue CBeICHHUS:
1. Teopus BepoATHOCTH
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UYucro, sBisronieecs BoIpaKeHUEM MePbl 00bEKTUBHOM BO3MOKHOCTH HACTYTIJICHUS
COOBITHSI,  HA3BIBACTCS 6EPOSAMHOCHBIO DTOTO  COOBITUS W 00O3HAYaeTCs
CUMBOJIOM P(A).

Onpeoenenue. BeposTHOCTBIO COOBITHS A HAa3BIBACTCS OTHOIIICHUE YHCIIa HCXOI0B
m, OJIAarOMPUSTCTBYIOIIMX HACTYIUICHUIO JAHHOTO COOBITHS A, K 4HCIy N BCEX
UCXO0JIOB (HECOBMECTHBIX, €JIMHCTBEHHO BO3MOXKHBIX M PaBHOBO3MOXKHBIX),
P
P(ﬂ) = ——
T.C. 4,
CrnemoBarelbHO, JUIS HaXOXJICHUS BEPOSTHOCTH COOBITHS  HEOOXOJIUMO,
pPacCMOTPEB PA3JIMYHBIE HMCXOAbl MCIBITAHUS, IIOJACYUTATh BCE BO3MOXKHBIE

HCCOBMECTHBIEC HUCXOIbI N, BI)I6paTI> UHUCJI0 HHTCPCCYHOIIMX HAC HCXOAO0B 1M H
BBIYUCJIUTH OTHOLICHHE M K N.

N3 sToro onpeneneHns BHITEKAIOT CIEAYIOIINE CBOWCTBA:

BepOHTHOCTB JIF000TO HUCIIBITaHUA €CThb HCOTPHUIATCIIbHOC qHucJio, HC
IMPCBOCXOAAIICE CAMHUIIBI.

JIeHCTBUTENILHO, YUCIIO M HMCKOMBIX COOBITHI 3aKJIIOYEHO B Ipenenax U=m =n
Pa3pnenuB 00e yactu Ha N, MOITyYUM
0<PA)<T

Yhil
2. BepoaTHOCTh JOCTOBEPHOTO COOBITHS paBHA €IMHULIE, T.K. “# |

91
3. BeposiTHOCTh HEBO3MOKHOTO COOBITHS PaBHA HYJIIO, MOCKOJBKY <% .

IIpumep 1: B naptuu u3 18 neraneit Haxoastcs 4 OpakoBanHbIX. Hayran BeiOupator
S peranei. HalTu BEpOSITHOCTH TOTO, UTO M3 ITUX S JETAIEU JBE OKAXYTCS
OpakOBaHHBIMH.

Pemenne. Uncmo Bcex paBHOBO3MOXKHBIX HE3aBHUCHUMBIX MCXOJIOB N PaBHO YHUCITY
couyeTanui n3 18 mo 5 t.e.
18 17:16-15-14

n=05 = =18-17 28 = 8568
1:2:3:4:5

[Toacuntaem yncio m, OaaronpusTCTBYOMUX cOObITHIO A. Cpeau 5 B3SAThIX HayTajl

JeTanei JOKHO ObITh 3 KauyeCTBEHHbIX M 2 OpakoBaHHBIX. YMCIIO crocoOoB

BBIOOPKHU IBYX OpaKkOBaHHBIX JeTajiel U3 4 UMEeIoIMXcs OpaKOBAHHBIX PABHO YUCITY

couetaHuii u3 4 no 2:

= 4 I 3 =
12

o 6

Yuciao cnocoOoB BBEIOOPKH TpeX Ka4YeCTBEHHBIX JeTalied W3 14 uMerommxcs
Ka4ueCTBEHHBIX PaBHO
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L 312 30364
123

JIto6as rpyrina Ka4eCTBEHHBIX JIeTajleil MOKET KOMOMHHUPOBATHCS C JIFOO0M rpynmnon
OpakOBaHHBIX JETaJEH, MO3TOMY 00Illee YUCIO KOMOUHAIIMI M COCTaBIISIET

m=Cy (5 =6:364=2184

Hckomas BCPOATHOCTD coOpITHS A paBHa OTHOLICHHUIO 4YHCJIa HCXOAOB 1Im,
6HaFOHpI/I$ITCTBYIOH_II/IX 9TOMY CO6BITI/IIO, K 4YuClIy n BCCX PAaBHOBO3MOXHBIX
HE3aBUCHUMbIX NCXOJ0B:

By =" = 2184 4055
3568

M
Teopema Cl0KEeHHS BEPOSTHOCTEN.
BeposTHOCTP cymMMBI  JIByX HECOBMECTHBIX COOBITMHI paBHa CyMMe

BEPOSITHOCTEH ATUX COOBITHM.

FlA+EB)=Fl4)+F(E) —

PUA&y + A+t A,) = PUA) + PUAY + .+ P(A)

CrnenctBue 1. Ecau cobbite A1, A, : ,An 00pa3yroT MOJHYIO CUCTEMY, TO CyMMa
BEPOSITHOCTEH ATUX COOBITHI paBHA €IUHUIIE.

P(4)+ P(a) +..+ P(4,) =1

Cnencrre 2. CyMMa BEPOSTHOCTEH MPOTHBOIONOXKHEIX coObIThil 4 n 4 paBHa
€UHULIC.

P(4)+ P(A) =1

2. MaremaTndeckasl CTaTUCTHKA

[lepBas 3amaua MaTeMaTUYECKOW CTAaTHCTHUKM — YKa3aTh CHOCOOBI cOopa u
TPYIIIUPOBKU CTATUCTUYECKUX CBEJICHUH, TIOyYCHHBIX B PE3yJIbTaTe HAOIIOCHU
WJIU B PE3YJIbTaTe CIEIUaIbHO MOCTaBIECHHBIX YKCIIEPUMEHTOB.

Bropas 3amaua mMareMaTuuecKkol CTaTUCTUKU — pa3paboTaTh METOAbl aHAW3a
CTaTUCTHUYECKUX JIAHHBIX B 3aBUCUMOCTH OT Ienedl wuccienoBanusa. Croaa
OTHOCSITCS:

a)OIICHKAa HEW3BECTHOW BEPOSITHOCTU COOBITHS; OIICHKA HEW3BECTHOW (DyHKIMH
pacrpe/ie/IieHUs; OIICHKA ITapaMeTPOB pacIpeeeHUs, B KOTOPOIO H3BECTCH;

6)np0BepKa CTATUCTHYCCKHUX TUIIOTC3 O BUJC HCU3BCCTHOI'O pACIIPEACIICHUA UIIN O
BCIIMYHUHEC ITapaMETPOB PACIIPCACICHUA, BUA KOTOPOIro NU3BCCTCH.

44



Wtak, 3a1aya MaTeMaTUYECKON CTAaTUCTUKHU COCTOMUT B CO3/1aHUU METO/I0B cOopa u
00paOOTKU CTATHUCTUYECKUX JAHHBIX JJIS MOJyYEHHUS HAYUHBIX U MPAKTHUYECKUX
BBIBOJIOB.

BbIOOpOYHON COBOKYNHOCTBIO MJIM MPOCTO BHIOOPKOW Ha3bIBAIOT COBOKYMHOCTH
CIIy4ailHO OTOOpaHHBIX 0OBEKTOB.

FCHCpaHLHOﬁ COBOKYITHOCTBIO HA3bIBAKOT COBOKYIIHOCTD
O6’bCKTOB, N3 KOTOPBIX ITPOU3BOAUTCA BI)I60pKa.

CraTUCTUYECKUM pPAOAOM PacipCcaAcCjaCHus Ha3bIBAIOT IICPCUYCHDb BCCX

3HAYEHHIT 1 U3 BHIOOPKHM M COOTBETCTBYIOUIMX MM YaCTOT MM OTHOCHTEIbHBIX
gactoT. (CratucThyeckoe  paclpefesieHHe  MOXHO — 3a1aTb  TaKkke B
BUJIC UHTEPBAJIBHOTO  CTaTUCTHUYECKOrO  psiAa, T.€.  IOCIENOBATEIbHOCTU
MHTEPBAJOB W  COOTBETCTBYIOIIMX KM 4YacTOT (B KauyecTBE YacTOTHI,
COOTBETCTBYIOIIEH HWHTEpBaly, MNPUHUMAIOT CYMMYy YacTOT, NMOMAaBUIMX B 3TOT
MHTEpBaN).
[Tpumep. [lycts 00beM BbIOOpKH N = 20 1

Xi 2 6 12
m; 3 10 7

Haiinem oTHOCUTEIBHEIE YACTOTHI:

3 . 10 . 7
B," = — =015 B, = — = 0,50 By’ = — = 0,35
20 : 20 : 20

Torna pacnpeneneHue OTHOCUTENbHBIX YaCTOT:

Xi |2 6 12
r,” 10,15 [0,50 |0,35

1

KOHTpOIIB: 015+ 0,50 + 0,35 =1

3amaHud 11 CaMOCTOSATEIbHOM PadoThl: Pelnte 3a1a4u ¢ 3JieMeHTaMuU

MaTEMATUUECKON CTAaTUCTUKH

1. uckpeTHas ciydaiiHasi BeJIMUMHA XUMEET 3aKOH pacipeeieHusl.

X; 0,2 0,4 0,6 08 1
pi 0,1 0,2 0,4 P4 0,1
Yemy paBHa BeposaTHOCcTh P X = 0,8)? IlocTtpouTh MHOrOYTrOJBHUK

pacupeaciacHus. Haiitn MmaTemMaTuyecKkoe OXXKuaaHue 1 AUCIICPCHIO.
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2. IuckpetHas ciaydyaiiHas BeIMuMHA XUMEET 3aKOH pacipeieNiCHusl.

Xi

3

4

5

6

7

Pi

Py

0,15

Ps

0,25

0,35

Haiitu BepositHoCTh P1i(x = 3) u P3(x = 5), ecniu u3BecTHO, uTo P3B 4 paza

6onpiie Pi. [TocTpouTs MHOTOYTOJIBHUK pacnpenenenus. Halltu maTematuyeckoe

OKNAaHUC U AUCIICPCHUIO.

3. M3BeCTHBI 3HAUCHUS pacipCaciCHuA CﬂyqaﬁHBIX BeTMYMH X 1 Y — YHUCJIO OYKOB

BBIOMBAEMBIX IICPBBIM 1 BTOPBIM CTPCIIKAMMU.

Xi 0 1 2 3 4 5 6 7 8 9 10

pi (015|011 0,04 | 0,05 0,04 | 0,20 | 0,20 | 0,04 | 0,05 | 0,12 | 0,20
Xi 0 1 2 3 4 5 6 7 8 9 10
pi (001003|005]009]0,11 0,24 | 0,21 | 0,10 | 0,10 | 0,04 | 0,02

HeoOxoaumo BBISIBUTH, KaKOW W3 JIBYX CTPEIKOB cTpensier yydie. [Toctpouth

MHOTOYTOJIBHUKH PaCIpeICIICHUSI.

Bonpocsl 1151 CAMOKOHTPOJIS

ook wnE

Kakas BenuumHa Ha3bIBaeTCA CIIy4ailHON?
3aKoH pacnpeAeseHus CIy4YalHbIX BEJIUYMH
UTo Ha3bpIBaeTCs INIOTHOCTHIO BEPOSITHOCTH
ChopmymupyiiTe TeOpeMy CIOKEHHS BEPOITHOCTEH
dopMya IOITHON BEPOATHOCTHU

®opwmyia bepnynun

JINTEPATYPA
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IIpunoxxkenue A
MeTtoau4yeckne peKOMeHIAMHU N0 BLINOJTHEHNI0 pedepaTta

Pedepar — 310 camocTosTENnbHAS HCCIENOBaTENbCKas paboTa, B KOTOPOM
aBTOP PACKpPBIBAET CYTh HUCCIEAYEMOU MpoOJieMbl, TPUBOJUT Pa3IMYHbIC TOUKHU
3peHHus, a Takke COOCTBEeHHBIE B3MIsIbI He Hee. Coaepkanue pedepara TOHKHO
OBITH JIOTMYHBIM; W3JIOKEHUE Marepuasia HOCHT MPOOIEMHO-TEMATHICCKUN
XapaxkTep.

Pedepar — 310 071uH U3 camMbIX CIOKHBIX BUJOB CAMOCTOSATEIHLHON pabOThI €
KHHUTOM, a JJIg 3TOTO CieayeT OBIaAeTh Oojiee MPOCTHIMH MpUEeMaMH padOThl —
pa3paboOTKOM MiIaHa, COCTABIIEHUEM TE€3UCOB U KOHCIEKTOB. [loaroroBka pedepara
U BBICTYIUIGHHE C €r0 HU3JIOKEHUEM YTIyOJsieT 3HaHUus, pacHIUpseT Kpyro3op,
NPUYYAET JIOTUYECKH, TBOPUECKHU MBICIIUTh, PA3BUBATH KYJIbTYPY PEUH.

[Ipy mpocmoTpe mnUTEpaTypbl HaMEYaeTCsi OPUEHTUPOBOYHBINA IJIaH
pedepara, B KOTOPHIM BKIIOUaeTCsl 00OBIYHO 3-4 OCHOBHBIX BOIIpOca WK pasjiena. B
KaXIOM U3  pa3nenoB  GOpPMYJHMPYIOTCS  TMOJBOINPOCHI,  MOMOTAIOIIUE
MOCJIEA0BATEIBHO PACKPHITH COJIEPIKAHUE MPOOJIEMBI.

B nportiecce uzydenust marepuana GoOpMyJIHMPOBKHU MOJIBOIPOCOB U Pa3eIoB
00b1yHO yTOUHSIOTCSA. [Ipu pedeprupoBanuu ciienyer AenaTh BHIIIUCKHU, 3aUCHIBAThH
MBICIM, BO3HHUKAIONIME TMPU YTEHUHU; CIEAYEeT TAaKXKE TOYHO 3alHUChIBATh U
ONpeNeNeHusl TeX IOHATUH, KOTOpble OyayT HCIONb30BaHbl B pedepare. U3
POYUTAHHOW JUTEpaTyphl HYXHO 3aMMCTBOBaTh HE OYKBaJIbHBIA TEKCT, a
BAKHEUIINE MBICITH, HJIEH, TECOPETHUYECKUE IOJIOKEHHS; MOYKHO LIMTUPOBATh
HEOOJBIITUE OTPHIBKH, MPUBOAUTH JAHATPAMMBI, CXEMbI, YEPTEKHU, HO TIABHOE —
BBICKAQ3bIBaTh COOCTBEHHBIE COOOpakeHUs 1o Bompocam pedepara. [IpuBeneHHbIe
BBIIIIE COBETHI CIEAYET pPACCMATPUBATH KaK MPUMEPHBIE, MPEANOJIArarlue u
JPYTHE TOX0IbI, TOCKOJIBKY Y KaXJI0T0 YEJIOBEKA BHIPA0ATHIBAIOTCS CBOU MPUEMBbI
Y HaBBIKM COCTaByieHUs1 pedepaToB. bomblnyio momoiis B paboTe Haa pedeparom
OKa3bIBAIOT MPEAUCIOBUS K COOpHHUKaM. B HMX MOXHO HaWTH CBEIECHHS O LIEIU
W3aHus, a TAKXKE O CYIIECTBYIONIMX MPpoOeiax B UCCIEAOBaHUU.

[Ipu pa3paboTke miaHa pedepara BaXKHO YUYHUTHIBATH, YTOOBI KaXAbId €ro
MYHKT PacCKpbIBAJI OJIHY U3 CTOPOH U30paHHOM TEMBbI, a BCE MMYHKThI B COBOKYITHOCTH
OXBaTBhIBAJIM TEMY IEJIMKOM. Pa3inyaroT HECKOJbKO KOMITO3MIIMOHHBIX PEIICHUMN
pedepara: BO-NEpPBBIX, XPOHOJOTMYECKOE, KOTJla TeMa pPacKphIBaeTcs B
HMCTOPUYECKOW TMOCJEN0BATEIbHOCTH; BO-BTOPBIX, ONHUCATEIBHOE, MPU KOTOPOM
TE€Ma PacwICHSIETCS HAa COCTaBHBIE YaCTH, B IIEJIOM PACKPBIBAIOIIUE OMPEICIICHHOE
SBJICHUE; B-TPEThUX, AaHATUTHYECKOE, KOrJa TeMa HCCIEAYETCs B €€ NMPUYMHHO-
CJICICTBEHHBIX CBSI3X W B3aMMO3aBUCHUMBIX MpolOiiemax. BaxkHo criequTh 3a TeM,
9TOOBI KaXKIbIH MYHKT TUIaHAa OBLT COOTHECEH C TJIaBHOM TEMOW W HE COJIepKal
MOBTOPEHUSI B JAPYrMX TYyHKTaX. BaxkHbiMu pasznenamu pedepara sBisieTcs
BCTYIUICHUE U 3aKiTtoueHue. Bo BeTyrieHnn Hajio 000CHOBATh aKTYaJIbHOCTh TEMBI,
0003HAYUTH KPYT COCTABJISAIONIMX €€ MPOOJIeM, YETKO U KPaTKO ONPEISTUTh 3a1auy
cBoel paboThl. B 3akiitoueHnn JenaroTcsi KpaTKUe BBIBOJBI, MOJABOASTCS UTOrU. B
KOHIIE pedepara TOJKEH OBbITh MPUIIOKEH CITUCOK JIUTEPATYPHI.
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B omimume oT KoOHcmekTa pedepar TpeOyeT OoJbIIe TBOpPYECKOU
aKTUBHOCTH, CAMOCTOSITEIBHOCTH B O0OOIIEHUN U3YYEHHOUM JUTEPaTyphbl, YMEHUS
JIOTUYECKH CTPONHO M3JIOKHUTh MaTepual, OLEHUTh Pa3IMYHbIe TOUKU 3PEHUS Ha
UccleyeMyto TpobiieMy U BBICKa3aTh O HEW coOcTBeHHOe MHeHue. B pedepare
BaYXHO CBSI3aTh TEOPETUUECCKUE MOJOKEHHS C TPAKTUKOIA.

Taxkum o0pa3om, pedepaTuBHas padoTa — ATO CaMOCTOSITENbHAs padoTa,
KOTOpasi JOJDKHA CBUAETEIHCTBOBATH O 3HAHMM JIUTEPATYphl TIO JTAHHOU TeMme, ee
OCHOBHOM Ipo0sIeMaTHKe, OTpakaTh TOUKY 3PEHUS CTYJIEHTa Ha 3Ty MpooIieMy, ero
YMEHHUE OCMBICIUBATH SIBJICHUS KU3HU HA OCHOBE TEOPETUYECKUX 3HAHUM.

[Ipu ounenke pedepara OOBIMHO PYKOBOJCTBYIOTCS — CIEAYIOIIMMHU
KPUTEPUSIMHU:

1. Y anoce au €ro CTyJIEHTY PacKpbITh CYIIHOCTh JAHHOU MTPOOJIEMBI;

2. Cymen nu CTYJEHT IOKa3aTh CBS3b paccMaTpUBAEMOM MpoOJieMbl C
KU3HBIO;

3. IlposiBuI 1 CTYJIEHT CaMOCTOSITEIbHOCTh M TBOPYECKHMU MOAXOJ B
W3JI0KEeHUH pedepara;

4. MoxHO 51 cuuTaTh pedepar JOrH4eCKu CTPOMHBIM U T. 1.

Pedepar nomxken O0bITh npaBuiibHO oopmieH. Coaepxkanue u ohopmIiIeHHE
paszeinoB pedepara:

TuTynbHBIN TUCT. SIBIIAETCS NEPBOM CTpAHMIIEH pedepaTa U 3ar0IHAETCA 110
CTpPOTO OIpEAENCHHbIM TpaBWwiIaM. B BepxHeM Tojie yKa3bIBaeTCsl  MOJHOE
HauMEHOBaHUe y4eOHOro 3aBenieHus. B cpeqneM mose gaetcs 3arnaBue pedepara,
KOTOpoe TMpoBoAuTCs Oe3 cioBa " Tema " M B KaBBIUKK HE 3akirodactcs. Jlanee,
OJIr>Ke K TIPaBOMY Kpar0 TUTYJBHOTO JIMCTA, YKA3BIBAIOTCS (DaMUIINS, MHUIIHAIIBI
CTyJIeHTa, HamucaBIero pedepar, a Takke ero Kypc u rpynna. Hemaoro Hike uimm
CJIeBa YKa3bIBAIOTCS HA3BaHUE U KOJ CIEHUATBHOCTH, (HaMUIMSg W HWHUIIHAIIBI
mpernofaBaTeNiss - PyKOBOAUTENS paboThl. B HIKHEM Tmojie yKas3blBaeTCsi TOJ
HanucaHus pedepara.

[Tocne TUTYIBHOTO JIMCTA MOMEIMIAIOT OTJIABJICHUE, B KOTOPOM TPHUBOJSATCS
BCE 3aroJIOBKA pabOThI M YKa3bIBAIOTCS CTPAHHUIIBI, C KOTOPHIX OHU HAYUHAIOTCS.
3aroJI0BKHM OTJIaBJIEHUS JOJKHBI TOYHO MTOBTOPSTH 3aT0JIOBKH B TekcTe. CoKpamaTh
UX WIH JaBaTh B JPYroi (HOpMyIHpOBKE M TOCIEIOBATEIHHOCTH HENb3s. Bce
3aroJIOBKM HAYMHAIOTCA C MPONMUCHOW OyKBBI 0e3 ToukM Ha KoHue. [lociennee
CJIOBO  KaXJIOTO 3arojIoBKa COEOUHSIOT OTTOYUEM / ............... / ¢
COOTBETCTBYIOIIIMM €MY HOMEPOM CTpaHHIBI B TMPABOM CTOJIOIE OTJIaBJICHUSI.
3aroyioBKM OJMHAKOBBIX CTyINEHEH pyOpuKamuu HEOOXOJAMMO pacroyiaraTth JIpyr
MO/ APYTOM. 3aroJIOBKH KaKJIOW MOCTEAYIONIEH CTYIIeHH CMEIIAloT Ha TPH - TSATh
3HAKOB BIIPABO MO OTHOIIEHHUIO K 3ar0JIOBKAM MPEIBIIYIICH CTYIICHH.

BBenenue. 3pmech OOBIYHO OOOCHOBBIBAETCSl AKTYaJbHOCTb BBIOpaHHOM
TeMbl, 1I€JIb M cojepkaHue pedepara, ykKaszbiBaeTcss O0O0BEKT / mpeamer /
PacCMOTPEHHUSI, IPUBOIUTCS XapaKTEPUCTHKA UCTOYHHUKOB ISl HAITMCAHUS paOOThI
U KpaTKuili 0030p HMEINIEHCs MO JaHHOM Teme JuTepaTypbl. AKTYalbHOCTb
npeanosiaraeT OleHKY CBOEBPEMEHHOCTH U COLMAIbHOW 3HAYMMOCTH BHIOpAHHOM
TE€MbI, 0030p JIUTEpaTyphl MO TEME OTpakaeT 3HAKOMCTBO aBTOpa pedepara c
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UMEIOIIUMHCS MCTOYHUKAMHM, YMEHHE MX CHUCTEeMAaTU3UPOBaTh, KPUTHUYECKU
paccMaTpuBaTh, BBIICIATH CYIIECTBEHHOE, OTIPECIIATh TTIABHOE.

OcHoBHas gacth. CojepkaHWe TJIaB JTOM 4YacTU JOKHO TOYHO
COOTBETCTBOBATh TeMe PabOTHl U TOJHOCTHIO €€ PaCKPhIBATh. DTH TJIaBbl JOJKHBI
MOKa3aTh YMEHHUE HCCIIEOBATENs CKATO, JIOTUYHO U apryMEHTHPOBAHO H3JIaraTh
Marepua, 00001aTh, aHATM3UPOBATD, JACJIATh JOTUYECKUE BHIBOIBI.

3axmounTenbHass 4acTh. [IpeamornaraeT mocienoBaTENbHOE, JTOTUYECKU
CTpOMHOE U3JI0’KeHHE 0000IIEHHBIX BBIBOJIOB 10 pacCMaTPUBAEMON TEME.

bubnuorpaduyecknii CNHCOK HMCHOJIB30BAaHHOM JIUTEPATyphl COCTABIISET
OJIHy M3 yacTed paboThl, OTpaKAIOIIEH CaMOCTOSITENIbHYIO TBOPUYECKYIO paboTy
aBTOPA, MO3BOJISIET CYIUTh O CTENEHU (PYyHIaMEHTAIbHOCTH JaHHOTO pedepara.

B  paGotax  HUCHOJB3YIOTCA  CIEAYIOIIME  CHOCOOBI  MOCTPOEHUS
O6ubmuorpaduuecKux CIUCKOB: MO aipaBuUTy (paMuiIMii, aBTOPOB WJIM 3arjiaBuil; Mo
TEMaTHKe; 10 BUJAM U3JaHUI; M0 XapaKTepy COACPIKaHMS;, CIHCKU CMEIIAaHHOTO
noctpoeHus. Jlurepatypa B CHOUCKE yKa3blBaeTCsi B  COOTBETCTBUU C
MeToau4ecKuMH YKa3aHUSIMHE 110 0(hOPMIICHUIO

B npunoxxeHuu TMOMEIIAIOT BCIIOMOTATENbHBIE WM JOMOJHUTEIbHBIC
MaTepualibl, KOTOPhIE 3arpOMOXKIAIOT TEKCT OCHOBHOM 4acTH pabOThl / TaOJIUIIBI,
KapThl, rpavKi, HEONMyOJIMKOBAaHHBIE JTOKYMEHTHI, mepenucka u T.4. /. Kaxnoe
MPWIOKEHNE JTOJDKHO HAYMHATHCS C HOBOTO JIMCTA / CTPAHUIBI / C yKa3aHHEM B
paBOM BepxHeM yriy cioBa " Ilpunoxxenue" u UMETh TEMATHUECKUI 3ar0JIOBOK.
[Ipu Hanmuuu B pabote OoJiee OJTHOTO MPUIIOKEHUS] OHU HYMEPYIOTCSI apaOCKUMU
udpamu / 6e3 3Haka " Ne " /, nanpumep, " [lpunoxenue 1". Hymepanus crpanutl,
Ha KOTOPBIX JAIOTCS MPUIIOKEHHUSI, T0JDKHA OBITh CKBO3HOM U MPOJ0KATH OOITYIO
HyMEpalui CTpaHHUIl OCHOBHOro TekcTa. CBs3b OCHOBHOIO TEKCTa C
IOPUIIOKEHUSIMU  OCYILIECTBIISIETCSl Yepe3 CChUIKH, KOTOpPbIE YIOTPEOJIAIOTCS CO
c0BOM " cMOTpH " / OHO OOBIYHO COKpAILIAETCA M 3aKJIFOYAETCS BMECTE ¢ IU(pOM
B KpyTJible CKOOKH - (cM. TipuiL.1)/.
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