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AKT COI'JIACOBAHUA
MeToaudeckinx peKOMEHJAIUH 110 BBIMOJIHEHUIO CAMOCTOATEIBHBIX paboT MO
aucHUIUInHE « MaTemMaThkay Ui ClieUalbHOCTH
15.02.07 ABTOMaTH3a1MsI TEXHOJOTUYECKHX ITPOLIECCOB U MTPOU3BOACTB (110
OTpaciisiM), pa3pabOTaHHBIX MPENoaaBaTeIeM
HOxHO0-Ypanibckoro rocy/1apcTBEHHOTO TEXHUYECKOTO KoJuiemaka Yepnosoit . N.

VYuebHas aucruiimHa «MaTtemaTukay SBISICTCS YacThi0 IMPOTPAMMBI
MOATOTOBKH CIEIUAIMCTOB cpesiHero 3BeHa coryiacHo ®I'OC no cnernuaibHOCTH
CIIO 15.02.07 ABromaTu3anus TEXHOJOTHYECKUX IIPOIIECCOB M MPOU3BOACTB (110
oTpaciisiM).  «MareMaTuka» OTHOCUTCS K MaTeMaTHU4YeckoMy U oOIeMy
€CTeCTBEHHOHAYYHOMY ITMKIIYy M OIpejenseT oOmuid oObeM 3HaHWW U YMEHHH,
COCTaBJISIIONTUX 0a3y MPo(eCcCHOHATBHBIX KOMITCTCHITHH.

[IpakTudeckass  HampaBJIECHHOCTh  JAUCHUIUIMHBI  pEAIM3YyETCSd  Yepe3
BBITIOJTHEHUE CaMOCTOATENIbHBIX paboT, HAa NPOBEACHUE KOTOPBIX IPOrpaMMoOin
OTBOIUTCA 38 4acos.

MeTtonudeckre peKOMEHIANNK TI0 BBITIOJTHEHUIO CAMOCTOSATEIBHBIX padoT
pa3paboTaHbl ¢ ydyeToM TpeboBaHul paboTomaTens K MOATOTOBKE CHEIMATUCTOB
CpPEIHET0 3BEHA 1O JAHHOW CIICIMAJIbHOCTH W BKJIIOYAIOT B ceOs paboTy ¢
Pa3TMYHBIMA UCTOYHHKAMU WHOOPMAINH, TOKA3aTeIIbCTBO TEOPEM, BBITOTHCHHE
UHIVMBUYAbHBIX PAacUYeTHBIX U Tpaduueckux padbor. CaMocTosITeNbHbIE PAOOTHI
COCTaBJICHBI C y4€TOM TpeOoBaHUM paboTojaTeseil K BIAJCHUIO CHEIUATUCTAMU
CpPEIHETO 3BEHAa YMEHHUEM BBINOJIHATh HEOOXOJIMMBIC MU3MEPEHUS U CBS3aHHBIC C
HAMH pacyeThl; MPUMEHATh MaTEMaTHYCCKUE METOIbI JUTSL  PEIICHUS
npo¢eCCHOHABHBIX 3a]1a4.

CamocTosITeNnbHBIE paboThI HaIlpaBJICHbI Ha dbopmupoBaHue
KOMIIETEHTHOCTH CHEIHAIUCTOB B OCYIIECTBICHUH TOWCKA W HCIOJIb30BAHUSA
uHpopmanuu, HEO0OX0AUMOM TUTSL 3¢ pexTUBHOrO BBITIOJTHEHUS
npo(decCHOHANBHBIX 3a/1ad, MPOPECCHOHANBHOTO W JMYHOCTHOTO pPa3BUTHSA, B
MCIIOJIb30BaHUH UH(POPMAITMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOT U B
podheCCUOHAIBHOW JIeSITEIbHOCTH, B pabOTe C KOJUJIEKTUBOM, PYKOBOJICTBOM,
MOTPEOUTEISIMHU.

MeTtonuueckre peKOMEHJAIMN IO BBITOJHEHUIO CaMOCTOSTENBHBIX padoT
MOTYT OBITh  HCHOJB30BaHBl I PabOTBl B  YUPEKACHHUSIX CPEIHETO
poQeCCUOHAILHOTO 00pa30BaHMsI.

TeXHUUECKUIA TUPEKTOP =227\ A.B.Ocurios

o
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HOACHUTEJBHASA 3AIINCKA

BueaynutopHas camocTosiTelbHasg paboTa CTYJIEHTOB — 3TO ydeOHas
JEeATEeNbHOCTh CTYyJACHTAa, BBHINOJHSAEMAas BO BHEAyIAUTOpHOE Bpems 0Oe3
HEIMOCPEACTBEHHOTO Y4YacTUsl MPENOAAaBaTelisl, HO MO €ro 3aJaHui0 H IOJ €ro
PYKOBOJCTBOM,  HampaBliecHHass Ha  (OpPMHpPOBAHHE  CaMOCTOATEIBLHOCTU
MBIIUIEHHS, CIIOCOOHOCTEM K CaMOpa3BUTHIO, CAMOCOBEPIIEHCTBOBAHUE H
caMopeanu3aluio.

[{enbto caMOCTOSITENEHOM PabOTHI CTYIEHTOB SBJISCTCS:

-cUCTeMaTHh3allus, 3aKpeIvieHue, YriyOJIeHHe M PACIIMPEHUE MOIyYSHHBIX
TEOPETUYECKHUX 3HAHUN U NMPAKTUYECKOE UX IIPUMEHEHHE;

-pa3BUTHE aHATUTHYECKUX CIIOCOOHOCTEHN M JIOTHYECKOTO MBIIUICHHUS;

-OBJIaJICHUE HaBbIKaMH pabOThl C HOPMATHBHOM U  CIPaBOYHOU
JIUTEPATYPOHU;

-pa3BUTUE T[IO3HABATENIbHBIX CIIOCOOHOCTEH M AKTUBHOCTU CTYJEHTOB:
TBOPYECKOW  WHUIIMATHUBBI, CaMOCTOSITEIIHOCTH, OTBETCTBEHHOCTH "
OpPraHU30BaHHOCTH;

-OBJIaJICHUE TPAKTHUYECKUMHU HaBBIKAMU TMPUMEHEHHUs HH()OpMaIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHI B MPO(EeCCUOHATBHON IeATETbHOCTH;

Jns yCmenmHoCcTH OpraHu3allii CaMOCTOSITEILHON paboThl HEOOXOIUMBI
CIEAYIOLIUE YCIOBUA:

— MOTHBalMs TOJYYEHUST 3HAHUH M TOTOBHOCTh CTYIAEHTOB K
CaMOCTOSATENIbHOM JIEITEIbHOCTH;

— HaJIMYME U JOCTYNMHOCTh BCEr0 HEOOXOAUMOTO yueOHO-METOUYECKOTO
Y CIIPaBOYHOT'0 MaTepHUaa;

—  CHUCTEeMa  PEryJsIpHOIO  KOHTpPOJII ~ KAadecTBAa  BBINOJHEHHOMN
CaMOCTOSITENIbHON padOThI;

— KOHCYJIbTAallMOHHAS IOMOIIb IPETO1aBaTEIIA.

Jlnst BHeayauTOpHOU pPabOTHI CTYJIEHTOB IO Y4YeOHOW JIUCIMUILIAHE
«Maremartuka» cienyrouue GopMbl CaMOCTOSTENBHONU PaOOTHI:

- caMocTosTeNbHas paboTa ¢ yueOHOU IMTepaTypoil U MHTEPHET pecypcamy,
4



- 3aMI0JTHCHUE TAOJUI] U COCTABJICHHUE CXEM;
- pellICHNE paCUCTHBIX 337134,
- MIOATOTOBKA pedepaTos;

-BBIIIOJIHCHHC HpGBCHTaHI/Iﬁ

B pesynbTaTe BBINOJHEHUS CaMOCTOSITENIbHOW pPabOThl CTYACHT JOJDKEH
chOpMHUPOBATH: 3eMeHmbl CeOVIOUUX KOMNEMeHYULL

OK 1. IToHuMarh CyIHOCTh U COIMATIBLHYIO 3HAUUMOCTh CBOEU Oymylien
npodeccuu, MposIBISTH K HEW yCTONYMBBIA HHTEPEC.

OK 2. Opranu3oBbIBaTb COOCTBEHHYIO JESITENIBHOCTb, OMPEICIThH
METOJIbI M CIOCOOBI BBITIOJHEHUSI MPO(ECCHOHATBHBIX 3a7ad, OIICHUBATh HX
3(PEKTUBHOCTH U KAa4E€CTBO.

OK 3. Pemats npoOsembl, OLIEHWBATh PUCKU U NMPUHUMATh PEIICHUS B
HECTaHJAPTHBIX CUTyalUsIX.

OK 4. OcymecTBisiTh TOWCK, aHaIM3 W OIEHKY HWHMOpMaIuH,
HEOOXOAUMON Ui TOCTAaHOBKM M pelIeHHs MNpo(ecCUOHANbHBIX 3a/ad,
po(heCCUOHATIBHOTO U JIMYHOCTHOTO Pa3BUTHSL.

OK 6. PaboTtaTh B KOJIJIEKTUBE U KOMaHJIe, 00ECIIEUnBaTh €€ CIIJIOUEHHE,
3¢ (PeKTUBHO 00IIATHCS € KOJIETaMU, pYKOBOACTBOM, IOTPEOUTEIIAMH.

OK 7. CraButh 1E€nM, MOTHUBUPOBATH JEITEIBHOCTH IOJYAHEHHBIX,
OpraHU30BbIBaTh M KOHTPOJMPOBATH HX pabOTy C NPUHATHEM Ha ce0s
OTBETCTBEHHOCTH 3a PE3YyJIbTaT BHIIOJHEHUS 3aJaHHM.

OK 8. CaMocTosTeNnbHO ONpEeNensaTh 3aJayd Npo(EecCHOHAIBLHOTO U
JUYHOCTHOTO  Pa3BUTHs, 3aHUMATbCAd  CaMOOOpa30BAHHMEM,  OCO3HAHHO
MJIAaHUPOBATH MOBBIIEHUE KBATM(DUKALIUN

[IK 4.1. [IpoBOANTH aHAIN3 CUCTEM aBTOMATUYECKOT'O YIIPABIICHUS C
y4eTOM CIieln()UKH TEXHOJIOTMUYECKUX MPOIIECCOB.

[1K 4.2. BeiOupaTs npuOOpbl ¥ CpeICTBA aBTOMATU3AINH C YIETOM
CHEU(PUKN TEXHOJIOTUYECKUX MPOLIECCOB.

[1K 4.3. CocTaBisiTh CX€MbI CIIEITUATM3NPOBAHHBIX y3JIOB, OJIOKOB,
YCTPOMCTB U CUCTEM aBTOMAaTUYECKOTO YIPABIICHHUS.

[IK 4.4. PaccuntsiBaTh NapaMeTpPbl TUNIOBBIX CXEM M YCTPOMCTB.

[1IK 4.5. OuenuBaTh 1 00€CNIEYMBATh APrOHOMUUECKUE XaPAKTEPUCTUKHU
CXEM M CHCTEM aBTOMATHU3ALUU.

[IK 5.1. OcymecTBiIATh KOHTPOJIb MAPAMETPOB KaYECTBA CUCTEM
aBTOMATHU3ALIMH.

[IK 5.2. I[IpoBOANTE aHAIN3 XapaKTEPUCTUK HAE)KHOCTH CUCTEM
aBTOMATHU3ALIMH.

[1K 5.3. OGecrnieunBaTh COOTBETCTBUE COCTOSIHUSI CPEJICTB U CUCTEM
aBTOMATU3AlMU TPEOOBAHUSAM HAJIEKHOCTH.



YMEHHUS:

o [TpuMeHSTH MaTeMaTHYECKUE METO/IbI IS pelIeHus
po)eCCUOHATIBHBIX 3a/1a4;
. Hcnonp3oBath TpuéMbI M METOJBl MATEMAaTHYECKOTO CHHTE3a U

dHaJIN3a B Pa3JIMYHbIX HpO(l)GCCI/IOHaJ'IBHBIX CUTyaluAaXx,

3HAHMA:
o OCHOBHBIE MTOHATHUS U METOAbI OCHOB JIMHEHMHOW anreOphl, TUCKPETHON
MaTeMaTUKH,  MAaTEeMaTU4YECKOr0  aHaJIM3a, TEOPUM  BEPOATHOCTEW U

MaT€MaTUYECKOW CTATHCTHKH, OCHOBHBIE YHCIJIEHHBIE METOAbl  PELICHUs
MPUKJIAAHBIX 33/1a4;
OO0muit  00bEM BpeMEHH, OTBEAEHHOTO Ha CaMOCTOSTENBbHYIO paboTy

cocTaBiseT 38 yacos.
OTuersl MO  BHEAYJUTOPHOW CaMOCTOSITENILHOM pPadOTe BBINOJIHIIOTCS B

TETpasIsX.

Kputepuu onieHuBaHus:
- OLICHKAa  «OTJIMYHO»  BBICTaBJIsETCSs  oOydawmemycs 3a  paloTy,
BBIMIOJIHEHHYIO 0€301IMO0YHO, B MOJHOM O0BEME C YYETOM pPalMOHAIBHOCTH
BbIOpaHHBIX PEIICHU;
- OLICHKA «XOPOIIO» BBICTABJISIETCA  00ydYaromeMycs 3a pabory,
BBIMIOJTHEHHYIO B TOJIHOM 00bEME C HEI0UETaMU;
- OLIEHKA «YJOBJICTBOPUTEIBHO» BBICTABISIETCS OOydaromiemycs 3a padory,
BBINIOJIHEHHYIO B HE MOJHOM oO0beme (He MeHee 50% MpaBUIIbHO BBINOJHEHHBIX
3a1aHui OT 00IIero oobeMa paboThI);

- OIICHKa «HEYAOBJIETBOPUTEIBHO» BBICTABISIETCA OOydarlleMycs 3a padory,
BBINIOJIHEHHYIO B HE MOJMHOM 00beme (MeHee 50% NpaBUIIBHO BBIITOJHEHHBIX

3aIaHUl OT 00IIero 0ObeMa paboThl).



TemaTnyeckui mjiad

Howmep tembl

Hazsanue BCP

KonnuectBo
4acoB

1.1.

Bremonnenne pacuérHoit paboTel mo Teme «BpruncieHue
onpeaenuTened 3-ro INOpsAAKa C MCIOJIb30BAaHHEM CBOWCTB
oTnpeAeNuTeNehH»

2

1.2.

[ToarotoButh pedepar mo teme: «MeToIbl PEIICHUS CUCTEM
JMHEMHBIX ypaBHEHUM C N HEU3BECTHBIMUY». BBINOIHUTH
pacyEThI

2.1.

Beinonnenne pacuérHoit paborel mo Tteme «llorpemHocts
IpUOIMKEHHBIX BBIUUCICHUI

2.2.

Brimonaenune HHIWBUAYAJIbHOI'O 3aIaHUA 110 TEMC! «Pa3nmuHbie
BAapHUAHTHBI UCII0JIb30BaHUA IICPBOI'0 U BTOPOT'0 3aMCYATCIIbHBIX
npeacioB AJid pCIICHU A l'IpO(beCCI/IOHaJ'IBHBIX 3aJa4d».

2.3.

Brimonaenue pacu€THBIX 3a1aHui TI0 TeMe: «Borancienue
IIPOU3BOJIHBIX CJIOKHBIX (QYHKIUI».

Beimonaenue pacu€THO-rpaMueCcKX 3aJlaHui 110 TeMe:
«MccnenoBanue u noctpoeHne rpaguKoB QyYHKIHN»

2.4.

Beinonnenune pacu€rHpix paboT no teme: «Bbruucnenue
HEOIpeIeIEHHBIX UHTETPAJIOBY.

Beinonnenune pacueTHbIx paboT no teme: «Pacuer miomanei u
00BEMOB JieTaJIel CTPOUTENIbHBIX KOHCTPYKLUN».

2.5.

BrinonHenne MHIMBUYaIbHBIX 3aJaHUNA TI0 TEME
«[Ipumenenne 0OBIKHOBEHHBIX TU(PEpEeHINATBHBIX YPaBHEHUN
JUIs IpO(eCCHOHATIBHBIX PACUETOBY.

3.1.

Bremonnenne pacdetHeix pabor mo Teme «BekropHoe
CMEIIAHHOE NIPOU3BEICHUE BEKTOPOBY

3.2.

Pacuernas pabota o teme: «YpaBHEHHS KPUBBIX 2-TO MOPSIKA:
OKPYKHOCTB, JUIUIIC, runep0oJia, napadbosuay.

4.1.

BoinonHenue MHAMBUYabHBIX 3aJaHUSI 10 TEME
«IIpuMeHeHre MaTeMaTHYECKOrO CUHTE3a U aHAIIN3a JUIs
pemeHus npo(ecCHOHAJIBHBIX 3a/1a9».

4.2.

BeimonHeHne  MHAMBHIYaJdbHOTO  3alaHus o  TeMe
«IIpumenenue rpadoB s pemieHus NpoPecCHOHATbHBIX
3a1a4»

5.1.

Brinonaexnue pvaeTHOﬁ pa6OTLI 10 TEMC: « HpI/IMeHeHI/Ie
KOM6I/IHaTOpI/IKI/I JJI pCHICHU A HpO(i)eCCI/IOHaIII)HI)IX 3aga4»

5.2.

Brinonaexnue paCYCTHBIX pa60T nmo teme «PemieHue 3amad Ha
BBIYHMCIICHUC BepOﬂTHOCTCﬁ C HCIIOJIB30BAHUEM JJICMCHTOB
MaTeMaTHYeCKON CTaTUCTUKI.

HUTOI'O:
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PA3JEJI 1 DJIEMEHTBI JTUHEMHOM AJITEGEPHI

Tema 1.1 Onpenesure/in U UX CBOIiCTBA

Llenv pabomeir: CoOBEpLICHCTBOBAHUE YMEHHM BBITIOJHATH JCHCTBUA Haj
MaTpUIIaMU, BRIYUCIIATEH ONPEIEIUTENN Pa3HbIMU ClIOCO0aMu

KpaTKI/Ie TCOPCTUUCCKHUC CBCIACHUA

CnoxeHue MaTpuil

CyMmMoit MaTpwIl " ¥’ OIMHAKOBBIX Pa3MepOB HA3BIBACTCS
C= (CU) _Ep=astl. Y d, .
MaTpuIa TeX K€ pa3MepoB, Y KOTOPOU
O6o3nauenue: C =4 + B.
CgoiictBa crnoxenust matpuii: A + B=B +A4,(A+B)+C=A4+ (B +

b
C,A+0=4,4+-A) =0, ADB,C.
Brruntanue matpui
A-B=A4+(-B).

YMHOXEHUE MaTpHIbl Ha YKUCJIO

A= (a{i ) o
[Ipou3sBeneHneM MaTpULBI Ha YKUCJIO Ha3bIBAETCS
C=lc, c;=aa; Vi, j.
Marpuia TEX K€ Pa3MepOB, Y KOTOPOU
C = aA.
Obo3HaueHue:
1-A= A, alfA)=(axf)A, a(A+ B)=ad+ aB,
CBoiicTBa ,
(@+8)A=cd+BA ¥V A, B V @, BeR
u
YMHOXEHHUE MaTpULl
A = (azk) mxn
[Ipou3sBeeHrEM MaTPULBI pazmMepom Ha
B= (bz'.i:) nxp C= (CU.)
MaTpHUILY pazmepom Ha3BaeTCsl MaTpULa

pazmepom s y



n
Cy= by + by, +otay b =S agh, Vi, J.
=l

KOTOpOH 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 ycimoBuu, 4to
yKa3aHHbIE ONICPAIIMHA HUMEIOT CMBICI).

AB+# BA.
71 KBaApaTHbEIX MaTpull 4 ¥ B, BooOI1e rosops,
P P P
TpaHCIIOHMpPOBaHKME MATPHII
4y 4y Q 4y 4y @
g @y Ay Qo s s @y Ay @0
_le am2 am?? | _aln (22 n amn |
r
(A7) = 4, (@AY =ad”, (4+B) =47 + B,
CBolicTBa:
(AB) = BTA".

OOparHas maTpuia

A-l
Marpuua

- oOpatHas 15 MaTpulbl A, eciiu

AA = A'A=F,
Jlnist kBasipaTHOM MaTpullbl A 00paTHast CyIIECTBYET TOT'Ia U TOJIBKO TOTa,

det A= 0.
Korjaa B _
Al 1 A21 A*nl
-1 i 1 A’l 2 A22 An2
1355 [ [ - ’
_A'l n A2n A?m _
(755

. S
rae - anreOpandecKue JIOMOTHEHHUS DJIEMEHTOB MaTpuib A.
DneMeHTapHbIe MPe0Opa30BAHMS MATPUIIBI

DneMeHTapHBIMH MPE0OPa30BaHUSIMU MATPHITHI HA3BIBAIOT:

1) yMHOXKEHHE KaKOH-HUOY/Ib CTPOKH (CTOJIOA) HA OTIUYHOE OT HYJIS
YUCJIO;

2) npubaBiaeHNE K KaKOHM-HUOYIb CTpOKE (CTONOIY) APYroit €e CTPOKHU
(cTonbia), yMHOKEHHON Ha TIPOU3BOJIBHOE YHCIIO;

3) nepecTaHOBKY MECTaMHU JIFOOBIX JIBYX CTPOK (CTOJIOLOB).



Brruncnenue o6patHoil MaTpuIlsl

Eciy ¢ moMOIIBIO 3lIEMEHTAPHBIX IPE0OPa30BaHMil CTPOK KBAJAPATHYIO
ManI/IHy A MOKHO HpI/IBeCTI/I K eI[I/IHH‘{HOfl ManI/H_[e E, TO HpI/I TaKHUX KE
A—l
5JIEMEHTAPHBIX NPE0Opa30BaHUAX HaJ MaTpuIlel E moayuum

[Tpumep.
i =
A= ;
1 =31 0 1 =311 0
(A\E)=
-2 4|0 1 0 -2(12 1
Ko eTopoi cTpoxe Bropyro cTpoxy
npubaEsen IEPEYIO, YMHO¥AeM Ha —1/2.
YMHOKEHHYIO0 Ha 2.
1 =31 0 1 0]—=2 - 3/2
— s =3
o 11 —lj2 0 1]-1 —1/2
K nepeoii ctpoxe
mpubaEsen ETOPYIO,
YMHOK EHHYH0 Ha 3.
-2 =32
= A'= / )
=1 =1f2
Onpenenurenu
B wactHocTH N = 2
@y 4y 70,2) 1(2,1)
A= = (“ 1) @ @y T (" 1) Q)ply =
@y G
= (_ 1)0 @) Gy T (_ 1)1 Qaly = Al — @l
npu n =3

@, G 43
B _ 11,2,3)
A=la, ay ayl= (_ 1) @ 1 Gpplas +

s Q3p s
i (_ 1)1(2 ,3’1)‘31 2oy T (_ 1)
& (_ 1)!(1’3’2)‘31 1@0355 + (_ 1)1(3’2’1)‘31 alpls T

1(3,1,2)
@ 3ly Qs T

1(1,2,3) -
25 (_ 1) @ Qppllsy = Q) 1Qpplas T @ pdasdy +

+ @) Ay — Q) 305Gy — Q) (y3@ay — A3lyds).
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3aganue I CaMOCTOSATEIbHOM PadoThI

Breraucnure OIIPCACINUTCIIN 3-to Inopsaaka € HMCIIOJb30BAHUCM CBOMCTB

onpeaeauTene
1 2 3 2 3 - 12 5 2 00
1.1)-1 3 5 1.2)1 5 4 1.3)|0 3 - 140 -7 2
05 1 17 8 00 4 3 4 1

Bonpocsl Aj1s1 caMmonpoBepKu
1. Ilo xakoii (hopmyJsie BEIYUCIISAETCS ONPEAEIUTENb BTOPOIO MOpsiIKa?

2. Tlo xaxoit popmyrie BBIYUCIACTCS ONPEACTUTENb TPETHETO MopsaKa?

Tema 1.2 Cuctembl JMHEHHBIX aJIreOpandecKux ypaBHeHU

Lenv pabomur: CoBepIIeHCTBOBAHNE YMEHUH peIllaTh CUCTEMbI YPaBHEHUM.

3amanue:l. [TogroroBka pedepara mo teme: « MeToabl penieHusl CUCTEM
JINHENHBIX YPABHEHUN C N HEU3BECTHBIMMI.

Memoouueckue pekomenoayuu no 8bINOIHEHUIO pedhepama npeocmasieHbvl 8

npunodceruu A

3amanue 2: [Ipumenuts meton Kpamepa st peiieHus CUCTEM JTMHEWMHBIX

YPaBHECHUU.

Xon paboTbl

11



1) IToBTOpPHUTE NPOMACHHBIN HA YpOKE y4eOHBIH MaTepHall 1Mo y4eOHUKY U

HpO‘-IPIT&I?ITC HHIKC CIICAYIOINC KPATKHUC TCOPCTUICCKUC CBCACHU A

AJNTOPUTM pEIICHUS CUCTEM JIMHEHHBIX alreOpandyeckux ypaBHEHUH METOI0M

Kpamepa.

1. BpluncisieM onpeaennTesib OCHOBHOM MaTPHIIbI

CHCTCMBI

¢l- -

d, .

il

Kparkue TeopeTnyeckue CBEICHHUS:
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2. Haxonum omnpenenurtenu
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KOTOPBLIC SABJIAIOTCA OIPCACIIUTCIIIMU MaTpULl, ITIOJTYYCHHBIX U3

MaTpuiibl 4 3ameHol k-ozco cronbua (K =1, 2, ..., n) Ha cToJ0e1 CBOOO HBIX
YJICHOB.
3. BrbruncisieM HCKOMbIE HEU3BECTHBIE IIEPEMEHHBIE X1, X2, ..., Xp 1O
X, = B . X, = 2 . X, = 2
dopmymam D = A
4. BbIoNHIEM IIPOBEPKY PE3YIHTATOB, MOACTABIISS X1, X,

..+, Xn B HICXOJTHYIO

CJIAY. Bce ypaBHEHHS CUCTEMBI JJOJDKHBI 0OPAaTUTHCS B TOXKAeCTBA. MOKHO
TaKXe€ BBIYMCIIUTH NTpou3BeieHre MaTpull A - X, eCiu B pe3yJbTare Moaydniach
MaTpulia, paBHas B, To penieHre cuctemsl HailieHo BepHO. B mpoTuBHOM
Cilydae B XOJe pelIeHUs Obljia JOMyIlleHa OlroKa.

2) Pemute cucremy ypaBHeHuit MetogoM Kpamepa.

X+2y+3z=14
D <2x+y-z=1
3X+2y+2z2=13
3X—y+2z=13
5) 42x+y-z=0
5X+3y+7z=28
2x+3y—-4z=1
9) \3x—-y+2z=12
4x+3y—-3z=9

2)

6)

10)

2x—-3y+z2=8
5x-y—-z=10
X+3y+4z=3
3x-y+2z=10
TX+2=22

—-X+3y+2z=2
4x+4y-3z2=—7
X—-y+2z2=7
5x+3y—z=-2

Bonpocsl 1j1s1 caMonpoBepKu

3)

7)

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

2X+3y+2=6
4) 13x-y-z=1
SX+2y+4z=11
2X—-y+4z=7
8) «7x+3y-z=3
5x-2y-3z=4
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1. B uém 3axmouaetcs meton Kpamepa?

PA3/IEJI 20cHOBBI HHTETPAJIBLHOTO U AU PepeHIHATLHOT0 HCHHCIICHUS

Tema 2.1 JleiicTBUTeILHBIE YHCIa. MHOXKeCTBA

Llenv  pabomwr: COBEpIIEHCTBOBAHUE YMEHHMHA BBIYMCIITH  OIPEIIHOCTH
NpUOMKEHHBIX BEIYUCICHHUNA
3amanue: BorurciyTe NOorpenHoCcTy MPUOTMKEHHBIX BHIYACICHUM
Xon paboTsl
1). TloBTOpUTE NPOMICHHBI HAa YpPOKE Y4YEeOHBIH MaTepuai Mo Y4YeOHUKY H

HquHTaﬁTe HHWKC CIICOYIOINNC KPATKHUC TCOPCTUUCCKUC CBCACHUS

KpaTKI/Ie TCOPCTUUCCKHUC CBCIACHUA

[Torpemmoctu

Pasznuiia Mexay TOYHBIM YHCIOM X U €ro NpUOIDKEHHBIM 3HAYCHHUEM a
HA3bIBACTCS IOTPEITHOCTHIO IAaHHOTO MPUOIMKEHHOTo yKcia. Eciy u3BecTHo, 4To | X -
a | <A,, TO BenMuMHAA,Ha3bIBACTCS MPEACTBbHON aOCOIFOTHON IMOTPEITHOCTHIO

HpPI6J'IPI)K€HHOI>i BCJIMYMHEI a.
Ay . o
OrtHollIeHNE — = 6aHa3I>IBaeTC$I MpCaAciIbHON OTHOCHUTCIBHOU ITOI'PCIHIHOCTBIO,
a

TIOCJICHIOIO YacTO BBIPAKAIOT B TIPOIICHTAX.

[Tpumep:

3,14 sBisieTcs TPUOMMKEHHBIM 3HAYEHHEM YHCIIA P, TOTPEIIHOCTh €ro paBHA
0,00159..., npeaensHyr0 aOCOTIOTHYIO IMMOTPEITHOCTh MOKHO cuuTarh paBHoi 0,0016, a
NpeJeIbHYI0 OTHOCUTENIbHYIO morpemHocTh v paBHoit 0.0016/3.14 = 0,00051 =
0,051%. 115t KpaTKOCTH OOBIYHO CJIOBO ?TIpeiesIbHAs, OIyCKAeTCs.

JevicTBrst HaJl MPUOIMYKEHHBIMU YMCIIaMU
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Pesynbrar nedicTBUi Han TpUOMMKEHHBIMH YHUCIAMU TPEACTABISIET COOOM
TaKke TPUOMDKEHHOE 4ucio. IlorpenrHocTs pe3yiabTara MOXET OBITh BBIpaXKEHA
4yepe3 MOrPEIHOCTH EPBOHAYAIIBHBIX JAHHBIX IPY MOMOIIM CIEAYIOIIUX TEOPEM:

1. IIpenenbHast abCoOTHAS TIOTPEITHOCTh aIreOpanveckoil CyMMbl paBHA CyMMeE
MIPEIETHHBIX A0COTFOTHBIX MOTPENTHOCTEN ClIaracMbIX.

2. OTHOCHTENBbHAS TIOTPEITHOCTh CYMMBI 3aKIIOYeHA MEXIy HauOOJNBIICH |
HAaUMEHBIIEH U3 OTHOCUTEIBHBIX MOTPEUTHOCTEN CIIaracMbIX.

3. OTHOCHTENbHAS TIOTPEITHOCTh TIPOM3BEICHUSI WM YaCTHOTO pPaBHA CyMMeE
OTHOCHUTEJIBHBIX TOTPEIIHOCTE COMHOMKUTENEH WM, COOTBETCTBEHHO, JCIUMOIO U
JICIIATEIIS.

4. OTHOCHUTENbHAS MOTPEIIHOCTh N-0M CTENEeHW MPHUOIMKEHHOTO Yuclia B h pa3
00JIbIIIe OTHOCUTEILHON IMOTPEITHOCTH OCHOBAHUS (KaK y IIEJNbIX, TaK U JJIs JPOOHBIX
n).

[Tonp3ysich 3TMMU TEOpEMaMH, MOKHO OIPEACIUTh MOTPEIIHOCTh PE3yibTaTa
000 KOMOWHAITMH aprU(PMETHICCKUX JISHCTBUM HaJ MIPUOIMKEHHBIMUA YHCIAMH.

[IpenenbHas abCONIOTHAST TOTPEUIHOCTh 3aBEIOMO IMPEBOCXOAUT aOCOIIOTHYIO
BEJIMYMHY UCTUHHOM IMOTPEIIHOCTH, ITOCKOJIBKY MPEJAEITbHOE 3HAYCHUE BBIYHUCIIACTCS B
MPEATIONOKEHUS, UTO PA3IMYHBIC TOTPEITHOCTH YCUIIMBAIOT JIPYT APYTa; MPaAKTUYECKU
9TO ObIBaeT peaKo. [Ipyu MacCOBBIX BBIYUCICHUSX, KOT/Ia HE YUUTHIBAIOT MOTPEITHOCTh
KOKJIOrO OTAECIBHOIO PE3YJIbTATa, MOJIB3YIOTCS CIEAYIOIMMHU MPABWIAMM IIOACYETa
p.

ITpu coGmromeHun ATUX MPaBWJI MOXKHO CUWTAaTh, YTO B CPEIHEM ITOJTyUYCHHBIC
pe3yabTaThl OYIyT UMETh BCE 3HAKU BEPHBIMH, XOTS B OTACIBHBIX CIIydasx BO3MOYKHA
OIITMOKA B HECKOJILKO €IMHUII ITOCICTHErO 3HAKA.

1. [Ipn clo’keHUM W BBIYMTAHUU TPHOMKEHHBIX YHCET B PE3yJIbTaTe CIEAyeT
COXPaHSTh CTOJBKO JIECATHUYHBIX 3HAKOB, CKOJIbKO WX B MPHOMKEHHOM JTAHHOM C

HaMCHBIITNM YHCJIOM ACCATHUYHBIX 3HAKOB.
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2.[lpy yMHOXEHMHM W JENIEHUHM B pe3yJbTaTe CIEAYET COXPAHSTh CTOJIbKO
3HaYalMx nu@p, CKOIbKO UX UMEET MPUOIMKEHHOE TaHHOE ¢ HAMMEHBIIIUM YUCIIOM
3HavaImux uudp.

3. [Ipu Bo3BeZIcHMH B KBaJIpaT WK KyO B pe3yJibTaTe CIEAYeT COXPAHATh CTOJIBKO
3HayYaImX IUdp, CKOJIBKO X UMEET BO3BOJMMOE B CTENEHb MPUOMMKEHHOE YUCTO (
nocienHss 1udpa KBaapara W OCOOEHHO Ky0a TMpH ATOM MEHEe HaJeKHa, 4YeM
nocyeiHss [udpa OCHOBAHUA ).

4. Tlpn yBenWYeHMU KBaJPAaTHOTO M KyOMYECKOro KOpPHEH B pe3yJbTaTe CIIEAYET
Oparb CTOJIbKO 3Ha4Yaumx LU(Qp, CKOJIBKO MX HMMEET MNPUOIMKEHHOE 3HAUCHHE
HNOAKOPEHHOro uMcia (mocnenHsst mudpa KBaJpaTHOTO U OCOOEHHO KyOMYECKOro
KOPHSI TIPU 3TOM OoJiee HaJEKHa, YeM MOCIIeAHsS Iudpa MOKOPEHHOTO YHCIa).

Bo Bcex mpoMexyTOUHBIX pe3yJibTaTax CleIyeT COXpaHsATh 0JHOH 1ugpoii bonee,
4eM pPEKOMEHAYIOT TpeIblAyllue TpaBuia. B OKOHYATENbHOM pe3yibTare dTa
?3amacHas, 1udpa oTOpachIBaeTCsl.

Ecnu HeKoTopble TaHHBIE UMEIOT OOJIBIIE JIECSTUUHBIX 3HAKOB (IIPU CI0KEHUU U
BBIUUTAHUM) WK OOJIbIIIE 3HAYAUMX HUPp (P YMHOKEHUH, JEJICHUH, BO3BEJICHUU B
CTENEHb, W3BJICUEHUM KOpHs), YeM Jpyrue, TO HUX MPEABAPUTEIHHO CIEIyeT
OKPYTJIMTh, COXPAHSIS JIUIIH OAHY JUIIHIOW IUDPY.

[Tonb3ysick 3TUMU TeOpeMaMH, MOXKHO OIPEIETUTh MOTPEIIHOCTh pe3yabTaTa
0001 KOMOWHAIMY apUPMETUUECKUX ISHCTBUN HaJl TPUOIMKEHHBIMU YHCIIAMH.

[Ipumepsr:

V =r2h

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

[IpenenvHas abCONMIOTHASL MOTPEIIHOCTh 3aBEIOMO MPEBOCXOAUT aOCOIIOTHYIO
BEJIMYMHY WCTUHHOM MOTPELIHOCTH, MIOCKOJIBKY ITPEEIBHOE 3HAUEHUE BbIUMCIIAECTCS B
NPETOIOKEHNS, YTO PA3JIMYHBIE MOTPEMIHOCTY YCUIIMBAIOT APYT APYra; MPaKTUIECKU
3T0 ObIBaeT peKo. IIpr MaccoBBIX BBIYMCIICHUSX, KOTJIa HE YUUTHIBAIOT MOTPEIIHOCTD
KaXJIOr0 OTHEJIbHOIO PE3YyJIbTaTa, MOJb3YKOTCS CIEAYIOIIMMHU NpPaBUIAMH IIOACYETA

udp. [Ipu cobmromeHnn STUX MPaBIJI MOXKHO CUMTATh, YTO B CPETHEM TOTyUCHHBIC
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pe3ynbTaThl OyAyT UMETh BCE 3HAKU BEPHBIMH, XOTS B OT/IEBHBIX CIIy4asX BO3MOXHA
olMOKa B HECKOJIBKO €IMHMUII TIOCIICHETO 3HAKA.

1. [lpu cnokeHUM W BBIYUTAHUHM TMPUOMIDKEHHBIX YHCENT B peE3yJbTaTe
CIIEIyeT COXPAHSTh CTOJBKO JECATHUYHBIX 3HAKOB, CKOJIBKO MX B MPUOIMKEHHOM,
JTAHHOM C HAaUMEHBIIIUM YHCIIOM JICCSITUUHBIX 3HAKOB.

2. [Ipu yMHOXKEHUM U JEJICHUH B PE3YNbTaTe CIEAYeT COXPAHSTh CTOJIBKO
3HaYalmx nu@p, CKOIbKO UX UMEET MPUOIMKEHHOE TaHHOE ¢ HAMMEHBIIIUM YUCIIOM
3HavaIux uudp.

3. [Ipu Bo3BeZeHMU B KBaJpaT WM KyO B pe3ylibTare CIELyeT COXPaHsTh
CTOJIBKO 3HayalMX LU(p, CKOJIBKO UX UMEET BO3BOJUMOE B CTENEHb MPUOIMKEHHOE
yucio ( mocnenHsisa nudpa Kaapara 1 0COOEHHO KyOa Mpu ATOM MEHEe HaJIeKHa, YeEM
nocyeHss [udpa OCHOBAHUSA ).

4. [Ipu yBenuueHHH KBaApaTHOTO M KyOMYECKOrOo KOpPHEW B pe3ysbTaTe
creyeT OpaTh CTOJIBKO 3HAYAIMX (P, CKOJIBKO UX UMEET MPUOMMKEHHOE 3HAUCHHE
HOAKOPEHHOro uucia (mocnenHsst mugpa KBaJpaTHOTO U OCOOEHHO KyOMYECKOro
KOPHSI TIpU 3TOM OoJiee HaJEKHa, YeM MOCIIeAHsIS ¢ pa MOKOPEHHOTO YHCIa).

S. Bo Bcex NpoMEXyTOUHBIX pe3yJbTaTax CJIEQyeT COXPaHATb OJHOU
uudpoil Oosiee, yeM PEKOMEHIYIOT MpeablIyle MpaBwia. B  OKOHYaTenbHOM
pe3yJbTare 3Ta 3anacHas 1udpa oTopachiBaeTCsl.

6. Ecmu HekoTopble JaHHBIE MMEIOT OOJbIIE ACCATHYHBIX 3HAKOB (TpU
CJIO’KEHUH W BBIYMTAHUM) WK OOJIbIIe 3HaYamx udp (Mpu yMHOXKEHUH, JEICHUMU,
BO3BEJCHUM B CTEINEHb, W3BJICUEHUM KOPHSA), YEM JPYIUe, TO UX IMPeIBAPUTEIHLHO
ClIelyeT OKPYTJIUTh, COXPaHSs, JIUIIb OAHY JIUIIHIOW [UDPY.

Eciu manHbie MOKHO OpaTh ¢ MPOW3BOJIBHOW TOYHOCTBIO, TO ISl TIOTYyUSHHUS
pesynbrata ¢ K nudpamu nannelie ciemyer Oparh ¢ TaKuM 4ucioM udp, Kakoe Jaét
coryiacHo nipaBuiiaM 1-4(K+1) mudpy B pe3ysbrare.

2) OrueHure aOCOMIOTHYIO — IMOTPEHIHOCTh — MPUOMMKEHHOTO — 3HAYCHUSI

CIIETYIOLIUX YHCET:

a) 5,56 ¢ TOYHOCTBIO JI0 JECATHIX
b) 125,9 ¢ TOYHOCTBIO 10 LIETBIX
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3). O1ieHUTE OTHOCUTEIIBHYIO TOTPEIIHOCT MPUOIMKEHHOTO 3HAYCHHUS
CIICYIOIIMX YHUCelT:

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

4). OrieHnTe a0COIOTHYIO M OTHOCHTEIIBHYIO TOTPEIIHOCTD MPHOJIMKEHHOTO
3HAYEHUSI CIEAYIOUIMX YHCE:

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

5). Haifoure cymMy ¥ pa3HOCTB MPUOITMKEHHBIX 3HAYCHHI:

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

6). Haiinure cymMmy, pasHOCTb, IPOU3BEICHHUE U YaCTHOE MTPUOJIMKCHHBIX
3HAYECHUU:

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

Bonpocsl 111 camonpoBepku

Kakwue O6b1BatoT morpentHocTu?

Yrto Takoe abCOFOTHAS MOTPEIIHOCTh?

Uro Takoe OTHOCHUTENBHAS MOTPEIIHOCTS?

Kak Haiftu nprOnmkeHHOM 3HaYeHHe CyMMbI PUOIMKEHHBIX 3HAYEHUI?

Kak Haiitu nprOnkeHHOW 3HaueHHe pa3HOCTH MPUOJIMOKEHHBIX 3HAUYCHHIA?

Kak Haiftu npuOnmmKeHHOM 3HaueHHe MPOU3BEICHNYS MPUOIMKEHHBIX 3HAYCHUI?

No ko F

Kak Haiftu nprOnmxeHHOM 3HaueHHe YaCTHOTO MPUOIMXKEHHBIX 3HAYCHHIA?

Tema 2.2. Teopusi npeieioB U HENMPEPHIBHOCTHh (PYHKIIUH

Llenv pabomur: OTpabOTKa HABBIKOB BBIUMCICHHS 1-r0 W 2-TO 3aMeydaTesIbHBIX
IPEAEIIOB
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KpaTKI/IC TCOPETUUCCKUC CBCACHUA

Onpenenenne. Yncno b HaswsiBaercs npeaenom ¢pyrkiuu f(X) B Touke Xo, eciau ais
BCEX 3HAUCHHU X, JOCTATOYHO OJM3KHUX K Xo U OTIIUYHBIX OT Xo, 3HAUCHUSI (DYHKIIUU
f(X) cKOJIb YrOIHO MaJIO OTIIMYAOTCS OT YKcIa b. [Mumryt: lim f(x)=b

X—>Xg

Caoiictea npenenos. Ilycts cymectByror npexensl limf(x)=a u limg(x)=b.

X=X X—Xo

Tornma:
1. Ilpenen KOHCTAHTBI paBeH camMou KOHCTAHTE; limc=c.

X—>Xg

2. Ilpemen cymMmbl nByX (pyHKUIMH paBeH CyMMe MpEAENIOB 3TUX (YHKIIHIL:
lim[f (x)+g(x)]=a+b.

3. Tlpenmen nmpousseneHus ABYX GyHKIMH paBeH MPOU3BEAECHUIO PEIEIOB ITUX
yHKImii: lim[f(x)-g(x)]=a-b.

4. TIOCTOSIHHBI MHOXWTENIb BBIHOCHTCA 3a 3HaK mpexena: limlk-f(x)]=k-a.

X—>Xo

5. Ilpenen wyacTHOro IBYX (YHKIMH paBeH 4YacTHOMY TIPEACNIOB JTHX

f(x)

GyHKImii: m@ = %, ecn  g(x)=0.

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

n
lim(f(x))"=| limf(x)| =a".
im0y = tim 9
3amaHus 119 CaMOCTOATEILHON padoThl: Packpoiite HeonpeaenEHHOCTH:

Bapuanrt 1

2 2X
lim 9% |im(4x‘1) |

x>08iN2X " x—w\ 4X + 3
Bapuant 2

. c0s2x—cos® 2x .. (6x—5)*
lim ;o lim .
x—0 X2 x—oo\ 6X —1
Bapuant 3
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1— cos4x . (3x+4j7x
m———; lim )
X—>00

x—0 2X -tg2X 3x +5
Bapuanr 4

6X
Jim L= COS6X. “m(ﬂ) |
x>01 — CcOS2X x—oo\ X —1
Bapuanr 5
. sin7x+sin3x _ (5x—2*
lim - : lim .
x—0 X -SIn X x—o\ bX +1
Bapuant 6
. c0s4x —cos® 4x _(7x-1\*
lim »lim :
x—0 3)(2 x—oo\ /X +5
Bapuant 7
lim 220083 jim(ox — 3)i%2
x—0 X -SIN2X X—2
Bapuant 8
. 1- 2X ) 2x
lim=—2% im(3 - 2x)xs.
Xx—0 X-tg3X x—1
Bapuant 9
) X - SIn 3X ) X
lim —; lim(7 — 6x)3«-3.
x—=>0cos X —C0S” X x—1

Bonpocsl a1j1s1 caMonpoBepKu
2. UYro Ha3biBaeTcd PyHKIMEN OJTHON HE3aBUCUMOW MEPEMEHHOMN?
3. IlepeuncnuTh OCHOBHBIE 3JIEMEHTAPHbIE (PYHKITUH.
4. Yro takoe mpeaen ¢pynkiuu Y = f(X) mpu X— a?

5. JlaiiTe onpesiesieHre MPABOro u jJeBoro npezaenos Gyakiuu y = f(X)



6. JlaliTe ompesnenenue nmpesena mociaea0BaTeIbHOCTH.

7. Kakas pyHKIMs Ha3pIBaeTCsl OECKOHEYHO OOJIBIITON BETUYNHON TIPU X— a U
X— +00?

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

9. Io kakoit popmysie BRIYUCISETCS IEPBBINA 3aMeyaTeNIbHBIN Mpeaen?

10.ITo kaxoii (hopmyIie BHIYHCIIAETCS BTOPOM 3aMedaTelbHbIN mpesesn?

Tema 2.3. {uddepenunanbHoe ucuucjiaeHue GyHKUMA 0THON He3aBUCUMOIi

MepeMeHHOI

L]env pabomur:OTpabOTKa HABBIKOB BBIUMCICHUS MPOU3BOAHOW (YHKIHUN WU
MPAKTHYECKOTO MPUMEHEHUS TPOU3BOTHOM.

KpaTKI/IG TCOPCTUUCCKHUC CBCIACHUA

®opMmyibl AuddepeHIupoBaHUS [IpaBuna [Iprumenenue
nudpepeHnpoBaHus IIPOU3BOTHOM
¢'=0 (sinx)' =COSX (u +v)' =u'+V F'(x)=tgar =k
X,=1 ' ' V(t):S’(t)
, (cosx) =-sinx (uv) =uv+vu
(x” ) =nx"" ' a(t)=v'(t)
, (tgx) = 12 (cu) =cu’
(kX) —k COS™ X '
\/— ' _ i ' _ 1 (E] _ u'v-v'u 0 VYpaBHEHHE KacaTeNbHON:
( x) 24Jx (etgx) sin? x v v y = f(x,)+ (% XX=%)

(lj' __1 (arCSinX), - - > [f (g(x))]’ = f'(g (X)) g’(x) f(x) Bospacraer Ha |, ecru

T2 1-x
1 f(x)>0mnal.
X , —aX arccosx) =-—

(a ) =a’Ina ( ) Y

(ex )’ — X f(X) yObiBaeT Ha |, eciu
(arctgx)’ = 1 . f(x)<Owmal.

(log, x) = 1 1+X

: xIna BBITyKI0CTh rpaduka
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4 1 HKIIUH U €0 IEPETHODI:
(arcctgx) =———; by P
1+x "

' "> 0, BBITYKIIOCTh BHU3

y" >0, BBIIYKJIOCTb BBEPX

3apaHus ISl CAMOCTOSITEIbLHOI PadoThI.
3ananue 1. Beraucnure nmpon3BOIHBIC CIOKHBIX M DJIEMEHTAPHBIX QYHKITAN
XoJ paboThl

3aganue 1.1. Beruncauts Npou3BOHBIE CIEAYIOMNX (PYHKIUN:

Dy=2¢%-3x+5; 2)y=4-x% 3y =x'—x% 4)y=5*-7Tx* +x-3; B)y=x"+
3 6

40— 8x2+ 9 - 5; 6)y =2 -3 +6x-1; T)y="r 4’25 =~ B)

X

y=2-X 52 3.
2 e

9) y=(2x—3)3x* +5x—8); 10)y=3x?; 11)y=4x3; 12)y= 30 : 13)y= 5 s :
14) Haiitit '(-1), ecm f(x)=4x*-2x>+x-5;

15) Haiitir £(05), ecm f(x)=—x*+9x*—x+2;

3anganue 1.2. Beraucnure npor3BOAHBIC CIIOKHBIX (OyHKITHI:

1) y =3sin5x; 2)y:4cos§; 3) y=arccos3x; 4)y=In/2x-1;

5)y:(x4—x—1)4; 6).y=vx®+2x-5; 7)y=cos’x; 8) y=sin’x; 9)y=Insin3x;
10) y=Inv2x—1; 11)y=3"_2%4¢%; 12)y=3"" 47 +3¢>;

3amanue 1.3. BerancnuTe mpon3BOAHBIE MOKA3aTEIbHO-CTENEHHBIX (DYHKIIHIA:

1

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

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

3ananue 1.4. BoimosHUTE EHCTBUS HA TEOMETPUUSCKUN 1 (PU3NUECKUIA CMBICIT
IIPOU3BOJTHOM.
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1) CocTaBbTe ypaBHEHHE KacaTeabHOU K mapadoiie y =x° —4x B TOYKE C
abcruccoit a) x, =-1; 0)Xo=0; B)Xo= 1.

2) Jlana kpuBas y =2x®—4x” +5x—1. CocTaBbTe ypaBHCHHE KacaTeJIbHON B TOUKE,
abcrmucca kotopoii paBaa a) —1; 6)0; B) 1.
3) B kakoii Touke kacaTenbHasi K KPUBOU y = %xs —3x® +8x +4 MapajieibHa
psSMOit a) 2x+2y—-5=0; o)y —3x-5=0; B)Yy+x=0?
3ananme 2.[IpoBeauTte uccienoBanue GyHKINUNA U TOCTPOUTE UX TPAPUKHU:
1) y=8-2x—x%; 2)y=x*-3x?+4; 3) y=3-3x+x"; 4)y=x*+2x>-5x% 5)

x -1 : 6)y=x\/ﬂ; 7)y= In(x2 +1);

y:x2+1

Bonpocsl AJ11 CAMOKOHTPOJIs

1. Jlate onpezenenue mpou3BoaHoi GpyHkiwn Y =f(X).

KakoBbI reoMeTpu4ecKnii 1 MEXaHUYECKUN CMBICIIBI IPOU3BOHON?
Kax HaliTu IpOU3BOIHYIO CI0KHON (DyHKIIMH?

Jlate onpenenenue nuddepenimana pyakuuu y =f(x).

Kaxkoii reomeTpudecknii cMbic umeeT auddeperiuan?

o a ~ w D

Yro Ha3bIBaeTCS MPOU3BOIHOM BTOPOTO Topsiaka oT pyHkiuu Y =f(X)?
/. B 4éM cOCTOMT TOCTATOYHBIN MPU3HAK IKCTpEMyMa?

8. Kakwue ToukyM Ha3pIBAIOTCS ToOUukamu nieperuda Gpynkiuu y =f(x)?

9. CdopmynupoBath npaBuiio JlonuTans ¥ MPUBECTU MPUMEPHI €TI0 IPUMEHEHUS.

10. Yro HazbiBacTcs acuMnToToi pyHkiuu y =f(x)?
11.Yt1o Ha3biBaeTcs PyHKIMEH IBYX HE3aBUCHUMBIX IEPEMEHHBIX ?

12.Yt1o Ha3biBaeTcs rpa@ukoM (GyHKIMU JBYX HE3aBUCUMbBIXIEPEMEHHbIX ?

Tema 2.4. UnTerpajibHoe ucuncjieHue GyHKIUM OJHOI He3aBUCUMOM

nepeMeHHOI

L]env pabomur: OTpabOTKa HABBIKOB BHIYMCIICHHS TIEPBOOOPA3HON PYHKITUHN U
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IPAKTUYECKOT0 IPUMEHEHUSI MHTETpaa.
TeopeTnueckniit MaTepua
|.OcHOBHBIE (hOPMYITBI HHTETPUPOBAHUS

dx=x+C %:2 C: dx =—ctgx+C;
I J\/} Vx+C; Isinzx g ’
J'XndX: Xn+l+C,n¢—1; dx . I dx —tgx+C'
n+1 7=|”|X|+C' cos? X ’
dx 1 .
7:_;Jr(:, Iexdx:eX+C; J’ —arcsinx+C ;
1-x?
N4 _ sinxdx=-cosx+C;
Ia dx_lna+C, I IlfizzarctgﬂC.
jcosxdx:sinx+C :
Jexdx=eX+C;

II. OCHOBHBIE CBOMCTBA UHTETPAJIOB

1°. TlpousBomHas HEONPENENEHHOTO MHTErpaja paBHA IIOJBIHTEIPATIBHOM

yHKITH: (j f(x)dx) = f(x).
2. ubdepeHuman HEONPENETEHHOTO HMHTErPaia PaBEH IOBIHTETPAILHOMY

BBIpaXKEHUIO:
d[ £ (x)x = f (x)dx.

3°. Unrerpan ot anrebpandeckoil CyMMbl ()YHKIHI paBeH aareOpamdeckoil CyMMe
MHTETPAJIOB OT 3TUX (PYHKIIHIA: J(f (x)£ g(x))x :j f(xJox + J. g(x)dx.

40. ITocToAHHBIN MHOXKHUTEIIH MNOABIHTCIPAJILHOI'O BBIPAKCHUS MOJKHO BBIHOCHUTD 3a

3HaK UHTErpala:
[t (xx =k [ £ (x)dx.

5% HeonpeneneHHslii uaTErpan or qupQepeHuana HeKOTopoil (pyHKIMU paBeH
cyMMe 3TOM (QPYHKIIMH U TPOU3BOIBHOM MOCTOSTHHOUC: J-df (x)=f(x)+C.

6°. Uurerpan or ca0kHON (yHKIMH C JMHEHHBIM apTyMEHTOM BBIYUCISAETCS 10

dbopmye:
[ f(lox+ b)dx:%F(kx+b)+C :
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III. ®opmyna Herotona-JleliOHMIIa 171 BBIYUCIICHUSI ONPEICICHHBIX HHTETPAJIOB:

[ t(x)ix= F(x)] =F(0)- Fla).

a
Metoapl HHTETPUPOBAaHUS

1. HenocpeactBeHHoe HHTErpupoBanue. Vcnonp3yeTcs Tabinia HHTErpaos,
CBOMCTBA HEOMPEEIEHHBIX UHTETPAJIOB U Pa3INYHbIC MPEOOPa30BaAHHUS
ITOJBIHTETPAIIBHOIO BBIPAYKEHHUS.

2. NnrterpupoBanue mo yacTsM. JJaHHBINA c1OcOO COCTOUT B TOM,
NOJBIHTErPAJILHOE BBIPAXKEHUE MPEJICTABIAETCS B BUJIE IPOU3BEICHUS IBYX
MHOXXUTENeH Uwu 0V 1 3aMeHsIeTCs IBYMsI MHTETPUPOBAHUSAMHE: 1) OTBICKaHHE V
13 BeIpaxkeHus i dV; 2) oTeickaHue WHTErpaa s Vdu:

Iudv= uv—jvdu.

3. Meron 3ameHsbI iepeMeHHo#. Ero mpuMeHsroT B TOM citydae, eciiu
HCXOJHBIN MHTETPaJl CJI0KHO UM HEBO3MOXKHO C TIOMOIIBIO aIreOpandeckux u
HHBIX PeoOpa3oBaHui CBECTH K OJHOMY WJIM HECKOJIBKUM TaOJIMUYHBIM
unTerpaigam. Croco0 3aKkiIro4aeTcsi B TOM, YTO 3aMEHSETCS HOBOM MEPEeMEHHOU
TaKasi 4acTh MOABIHTErPAIbHON QYHKIUU, TP HU(PepeHIIPOBaHUNA KOTOPOH
MOJIyYa€eTCs OCTABIIASCSA YaCTh IMOJBIHTEIPATIBHOTO BBIPAXKEHUS (HE CUUTAs
MIOCTOSIHHOTO MHOYKHUTEJIS).

3amaHus 11 CAaMOCTOSATEILHON PadoThI.
3ananue 1: Berancinre HeonpeaeaEéHHbIe HHTETPaJIbl
1.1.BpruncauTe MHTErpai UCIOIb3ysl OCHOBHBIE (DOPMYJIbI HHTETPUPOBAHMS.

1. [xdx; 2.]%; 3.jx§dx; 4.[Vxdx; 5.[(5x* - 2x* +3x-8Jix; 6.
[(ax® ~15x +14x-3ix

3 2 3 2
7.J‘(2x—1)3dx; 8.Ix3(1+5x)dx; 9.]99(_2%5)(&; 10.[%& 11.

dx;

2

I4X4 —2x3 +x?
X

1.2. BerauciauTe HHTETpaT METOOM ITOJCTAHOBKH.

1. j(7—2t)3dt; 2.J'(5u ~1)du; 3..[(1+ x®) x*dx; 4.[(9—2x3)4x2dx; 5.j4(x4 +5) XX
1.3. Beruucnaure HHTETpaibl, HCMIOIb3YS METOJ] MHTETPUPOBAHUS TI0 YACTSIM.

1. .[xcosxdx; Z.Ixexdx; 3._"x5 Inxdx; 4._[xe2xdx; 71.jxlnxdx;

1.4. BeiuucieHue onpeaeseHHbIX HHTETPaJIoB.
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1.'5fdx; Z.jxa’x; B.j.szdx; 4.j.(2x+1):ix; 5.92._2[3e3*’dx; 93.]€cosgdx; 94.
3 0 0 -1 0 0

3ananue 2: [Ipumenute dopmyny HeroTona-JIeliOHuIa 1711 BEIYUCICHUS
miomazaeit  uryp.

Brrancnure miomann GUryp, OrpaHHuEHHBIX YKA3aHHBIMU THHHSMU:
1. Ocwio OX, MPAMBIMH X = —1, x =2 ¥ Mapadoon y=9—x?;
2y>=9x,x=16,x=25,y=0;

3y=-xX2+4uy=0; 4.y=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.

Bomnpoce! aj1s1 caMmonpoBepku

1. Kakas ¢pyHKIMs Ha3pIBa€TCs NEPBOOOPA3HOMN?
2. B 4ém cocTouT CyTh METOJ1a MHTETPUPOBAHUS 110 YaCTAM?
3. B uém cocrout cyTh METO/Ia 3aMEHBI IEPEMEHHON?

Tema 2.5. O6bIkHOBeHHBbIE U (P epeHIHaTIbLHbIe YPABHEHUS

L]env pabomul. Y COBEpILIEHCTBOBAHUE HAaBBIKOB penieHus MPOCTEHIITUX
nudepeHIManbHbIX YPaBHEHUN, HAX0KICHUE OOIIUX U YACTHBIX PEIICHUM.

Kpartkue TeopeTudeckue cBeICHUs

Hugepenyuanvuoivu  Ha3bIBAIOTCA  ypaBHEHHS, KOTOPbIE COAEpXKAT
HCKOMYIO (YKHIMIO, €€ Mpou3BOAHBIE W (Wiu) auddepeHnransl pa3auyHbIX
NOPSIAKOB, HE3aBUCUMBIE TIEPEMEHHBIE.

Pemute nuddepeHnuanbHoe ypaBHEHHE — OTO 3HAUYUT HAUTH TaKylo
GyHKIIMIO, TOJCTaHOBKA KOTOpoil B 9T0 auddepeHnnansHoe ypaBHEHHE
IPEBPALIAET €r0 B TOKIECTBO.

Pemienus, copepskaiiye KOHKPETHBIE 3HAUCHUSI TIOCTOSIHHBIX, HA3bIBAIOTCS
YaCTHBIMU perieHus MU AuddepeHInaIbHOr0 ypaBHEHHUS.

1. IuddepennnanpHoe ypaBaHenue Y' = f(X,y) Ha3bIBaeTCI 00HOPOOHBIM
OTHOCHTEJIBHO TepeMeHHbIX X u Y, ecimu f(X,y)— omHOpomHas QyHKIMs
HYJIEBOTO HU3MEPCHUS OTHOCHTEJIbHO CBOMX apryMEHTOB, T.C.
f(tx,ty)=t°f(x,y) = f(X,y). naHHOE ypaBHEHHME ¢ MOMOLIBIO 3aMeHBI Y = X - U
CBOJIMTCS K YPABHCHHUIO C PA3/ICIISFONMMUCS TEPEMEHHBIMU.
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2. YpaBHeHue y'+ P(x)dy = Q(x) Ha3bIBaETCSA JIUHEUHbIM

oughgepenyuanvuvim  ypasHenuem. OOIee pelieHWE YpPaBHEHHS HAXOIUM II0
dbopmyie

y:e_jp(x)dx UQ(X)-eJP(X)dX odx+Cj.

3. YpaBHeHue Bua
y"+py'+qy=0, 1)
rie P W (— TIOCTOSHHBICE YHCJIA Ha3bIBACTCS JUHEUHbIM OOHOPOOHBIM
ougppepenyuanvHviM  ypasHeHuem e6mopoz2o nopsioka. KBaapaTHoe ypaBHEHHE

2
k® + pk + g =0 nassiBaeTcs XapaKTEpUCTUUECKUM YPaBHEHHUEM.
Ecnmu xopuu Kk;, K, XapakrepuCTH4YEeCKOTO YypaBHEHHUS JEHCTBUTENIBHBI MU

pas3jIuvHEBL, TO o0z HHTCrpall ypaBHCHUA (1) BbIpakacTcCs (I)OpMyJIOﬁ
ko

y=C,e" +C,e"

Ecnu k; =k,, T0o 061muit uarerpan ypasuenus (1) Haxoaures no popmyie
y =e“*(C, + C,X).
Ecmu k, , = a & Bi, 10 o01ee pemenne ypaBuenus (1) Haxoaurces mo gpopmyiie
y =e“(C, cos Bx + C, sin BX).
Ipumep 1

Haitftu wyacTtHOoe pemieHue oaHOpPOAHOrO AudPepeHIInaIbHOTO0 YpaBHEHUS,
YIOBJIIETBOPSIONIEE YCIOBUIO Y=-9, ipu x=1.
Pewenue:

y

d
[IpuBenem ypaBHEHUE K an[yd—z =2- "

[Tony4yenHnoe ypaBHEHHE SIBISETCS (PYHKIMEH TOJIBKO Y clemoBaTelbHO, OHO
X

OJTHOPOJTHOE.

JIns pereHus moaokuM Y=UX u npoaudepeHmpyem 1o x:

Y = u B HCXOTHOM YPaBHEHUH:
X

d
3aMeHIM — |
dx
du
U+x— =2 - U.
dx

Paznensem nmepemennsie: 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|;

Oob1ee penieHNe ypaBHEHHUS:

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

3ajanns  AJd  CaMOCTOSITEJIbHOW PpadoThl: Pemmre mnpocrteime
muddepeHnnanbHbie ypaBHEHUS

Bapuanrt 1
1. HaiiTu oOuiee pemieHue au@hepeHIUaTbHOTO YpaBHEHUS TMEPBOTO

mopsinka Xy'=y InX.
X

2. HaiiTh  obmiee  pemeHne  AUGGEepeHIUaIbHOr0  ypaBHEHUS,
JOITYCKAIOIIEr0 MOHUKECHUE TTOPSIKA (1 — x? ) y'—Xxy = 2.

3. HallTh  4YacTHOe  pemieHue JAU(pGepeHIUaTbHOT0  ypaBHEHUS,
YOBJIETBOPSIOIIEE YKA3aHHBIM HaYalbHbIM YCIOBHIM

V' —6Y'+9y = X2 — X +3; _4 (m_ L
y(0)==, y'(0)=—
Bapuant 2
1. HaWTH oOmiee pemieHue audPepeHInanT-HOTO yYpaBHEHHUS TIEPBOTO
nopsika Xy'-2y + x2 =0.
2. HaTH  obmiee  pemienue AU GEepeHIMaIbHOTO  YpaBHEHUS,
JIOITYCKAIOIIErO TOHWKEHUE TOPSIIKA x> y"+x2 y'=1.
3. HaWTH dYacTHoe pemieHne AuQGepeHIuaIbHOr0  YpaBHEHUS,
YIOBIIETBOPSIONIEE YKA3aHHBIM HaYaIbHBIM YCIOBHSIM
y'—y =9x-e?*; y(0)=0, y'(0)=-5.
Bapuant 3

1. Haiitu obuiee pemeHue AU epeHInaIbHOr0 ypaBHEHHs IEPBOro MOpsIKa
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x2y'=2xy + 3.
2. Haiitm oOmee pemeHue maudepeHITNATBPHOTO YPaBHEHHS, TOIMYCKAIOIIETO
MOHIDKEHUE mopsiaka Y''+Y'tg X =sin 2x.

3. HalTH 4acTHOE penieHue b depeHnanbHOTo ypaBHEHMUS,
yJIOBJIETBOPSIONIEE YKA3aHHBIM HAYaJIbHBIM YCIOBUSIM
y'—2y'+5y =5x% — 4X + 2; y(0)=0, y'(0)=2.
Bapuanrt 4
1. HaliTu oOmiee pemieHue audPepeHInansHOTO yYpaBHEHHUS TIEPBOTO
nopsiaka xXy'-2y = 2x%.
2. HaliTu  obmiee  pemieHue AU GEepeHIMAIBLHOTO  YpaBHEHUS,
JOIMYCKAOIIET0 MOHIKEHUE mopsiaka Y ' XInx=y'.
3. HaWTU  4acTHOe pemieHue AU depeHIManbHOr0  ypaBHEHUS,
yJIOBJIETBOPSIOIIEE YKA3aHHBIM HAYaJIbHBIM YCIOBUSIM
y'-3y'+2y = (3 - 4x)-e%; y(0)=0, y'(0)=0.
Bapwuant 5
1. HaiiTu oOuiee pemieHue auddepeHIUalTbHOT0 YpaBHEHUS TMEPBOTO
nopsiiKa x? y'+xy +1=0.
2. HaiiTh  obmiee  pemeHne  AUPGEepeHIUaIbHOr0  ypaBHEHUS,
JOTMYCKAIOIIETo MOHWKEeHHE nopsika XYy '=Y'.
3. HAaWTU  4acTHOe penieHue  auddepeHImanibHOr0  ypaBHEHUS,
yJIOBJIETBOPSIONIEE YKA3aHHBIM HAYaJIbHBIM YCIOBUSIM
y'—4y'+20y =16x - e%*; y(0)=1 y'(0)=2.
Bapuant 6
1. HaWTH oOmiee pemieHue audPepeHInaT-HOTO yYpaBHEHHUS TIEPBOTO
nopsiaka Xy'= yln%.
2. HaTH  obmiee  pemienne AU GEepeHIMaIbLHOTO  YpaBHEHUS,
JOMYCKAIOMIETO MOHMKEHNE nopsaaka Y'= y'+X.
3. HalTW  4YacTHOe peuieHue AuQpQdepeHIuanbHOr0  ypaBHEHUS,
YIOBJIETBOPSIONIEE YKa3aHHBIM HAYAJIbHBIM YCIIOBUSM
y'—y = (14 -16x)-e7%; y(0)=0, y'(0)=-1.
Bapuant 7
1. HaiTH oOmiee pemieHne IU(PPEpPEHINATIBHOTO YpaBHEHUSI TEPBOTO

nopsiiKa x2 y'=2xy + 3.
2. Haith  obmiee  pemenne  AuddEepeHIIMaIbHOTO  ypaBHEHUS,
JIOIYCKAIOIIETro MOHKEeHHE nopsiaka Y 'tgx = y'+1.

3. HaWTH dYacTHoe pemieHne AuQGepeHIuaIbHOr0  YpaBHEHUS,
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YAOBIJICTBOPAIOMICC YKA3aHHBIM Ha4aJIbHbBIM YCJIOBHAM

y"+5y'+6y =52sin 2x; y(0)=-2, y'(0)=-2.
Bapuant 8
1. HaTH oOmee pemieHne MU(PEpPEHINATEHOTO YpaBHEHUS TEPBOTO
nopsiika Xy'-2y = 2x%,
2. HaiTh  oOmiee  pemieHne  aud@epeHaNIbHOTO  ypaBHEHUS,
JTOMYCKAIOIIEro MOHMWKEHHE TIopsiaka XYy '—y'= x° .eX,
3. HAaWTH  4YacTHOe  pemieHue U GepeHIManTbHOr0  ypaBHEHUS,
YIOBJIETBOPSIONIEE YKa3aHHBIM HAYaJIbHBIM YCIIOBUSM
y'-4y=8-e; y(0)=1, y'(0)=-8
Bapuant 9
1. HailTu oOuiee peuieHue U HEPeHIMATBHOTO YpaBHEHUsI IMEPBOTO
nopsiiKa x? y'+xy +1=0.
2. HaiiTh  obmiee  pemeHne  AUPGEpeHIUaTbHOrO  ypaBHEHUS,
JOITYCKAFOIIETO OHIKEeHHE mopsiaka 2yYy =1+ (y')z.
3. HaWTU  4acTHOe penieHue auQdepeHIManbHOr0  ypaBHEHUS,
yJIOBJIETBOPSIOIIEE YKA3aHHBIM HAYaJIbHBIM YCIOBUSIM
y"'—3y'+2y =—sinx — 7cos X; y(0)=2, y'(0)=7.
Bapuant 10
1. HaliTu oOmiee pemieHue audPepeHInanT-HOTO YpaBHEHHUS TIEPBOTO
nopsaka Xy'-2y + x2 =0.
2. HaTH  obmiee  pemienne AU depeHIMaIbHOTO  ypaBHEHUS,
JIOITYCKAFOIIETO MTOHKEHHUE TIOPSIIKa y"(l + y) = 5(y')2.
3. HAaWTH  4acTHOe pemnieHue  auddepeHImanibHOr0  ypaBHEHUS,
yJIOBJIETBOPSIONIEE YKA3aHHBIM HAYaJIbHBIM YCIOBHSIM
y"-9y'+18y = 26 cos x — 8sin x; y(0)=0, y'(0)=2.

Bonpocsl 1J11 CAMOKOHTPOJIs

1. Kakoe ypaBHeHue Ha3biBaeTCs Au(hepeHIInaIbHbIM YPaBHEHUEM TTEPBOTO
nopsiaka?

2. UYto Takoe obmiee pemienue qudepeHnnansHOT0 ypaBHEHHS TIEPBOTO
nopsiaka?

3. Yto Takoe 4yacTHOE pelieHUE U B YEM CYTh HAYaJIbHBIX YCIOBUH AJIs
muddepeHranbHOTO YpaBHEHHS IEPBOTO MopsiaKa?

4. Yro Takoe nuddepeHinaibHOe YpaBHEHHE BTOPOTO MopsiaKa’?

5. Kakue nuddepenunanbubie ypaBHEHHUsI IEPBOTO MOPSIIKA HA3BIBAIOTCS

JMHENHBIMH, KAKOB METO/I UX PEIICHUs?
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PA3JIEJI 3. AHaauTH4YecKasi TeOMeTPUs HA IJIOCKOCTH M B MPOCTPAHCTBE

Tema 3.1. BekTopbl Ha IIOCKOCTH U B MPOCTPAHCTBE

L]env pabomur:CoBeplICHCTBOBAHUE YMEHUM BBIMOIHATH ONEpalliy HaJY

BEKTOpaMU
KpaTKI/Ie TCOPCTUUCCKUC CBCACHUA:
A
8 M
S
\\
a . C
-
-
//
A = 8

CyMMa BEKTOpOB:

AB+ BC =AC
_____ (npaBuio TpeyroibHUKA)

OA+ OB = OC
(mpaBuIIO MapasienorpaMma)
AA + AA +...+ A A =AA,
(IpaBUII0 MHOTOYTOJILHUKA);

OA+OB+0C =08 [05]
(IpaBUIIO MapalyieenuIIe 1a, - IWaroHalb).
a—-b=a+ [— b)

Pa3znocTh BEKTOpOB:

OB-0A= AB
dopMya BBIYUTAHUS BEKTOPOB:
a= ab(b * O).

[Ipr3HaK KOJUIMHEAPHOCTH BEKTOPOB:
b a b= |a“b|cos @,
CkansipHoe IpOU3BEICHUE BEKTOPOB *1- Y1- 211 |
CkanapHoe npouszsedenue 8 KOOpOuHamax
a=xi+y j+zk, b=Xi+y, j+zk,  a-b=xx,+yy,+2z2z,
Ecim TO

gy o3 2 2
a”=x; +y; +z;.

Bexmopnoe npouseedenue
5 [aB] (2]
BekTopHOe pou3Be/icHHe BEKTOPOB M - BEKTOpP, 0003HAYaeMBblii

axb,
IUISL KOTOPOTO:

, [BlFRee

[55] 1la, [aB]J_ b,

R |

O
o
1A
S
IA
5

N’

- YTOJl MEXy BEKTOpaMu U

2)
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a5 g
3) Tpoiika , - IpaBasl.
CMemaHﬁoe np0u3ee()enue 8 KOOpOUHAMAX
a=xi+y j+z,k, b=xi+y, j+z,k, c=x,i+y,j+zk,

Eciu
X N 4
abc =X, ¥, Z|= X2y + ZX,Y, + W ZyXs —Z Vo Xy — X2, V5 — VX, 2
X3 Vi 23

3aaHus JJIsS CAMOCTOSITeIbHO padoThl: BeImoaHUTe onepaniuy Hajl

BCKTOpaMH, UX KOOPANHATHI

1. J{aHBI KOOPJAMHATHI TPEX BEKTOPOB B MPSMOYTOJIBHOM CHUCTEME

—* e —* £ —* e
a=(1,-1,3), b=(-2,2.1) d=1(3.-2.3)
KOOpPJIMHAT . Hatinure
- =5 =
a-b-d
CMCIIaHHOC ITPONU3BCACHUC

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

a. b d
B3aUMHO TEPIECHAUKYJIIPHBIX BEKTOpA U, 00pa3ymolIuX MPaByIo
TPOMKY, UX JUIMHBI PaBHBI COOTBETCTBEHHO 4, 2 u 3. Haiinute ux
-+ = =
a-b-d

CMEIIIaHHOE MTPOU3BEICHHE

3. Jlausl BexkTopel A = {2; -1; 1}, B = {3; 3 4} u C={2;0; 2}. Haiitn
KOOpJIUHATHI BekTopa D, ecnu u3BecTHO, YTO OH MEPIIeHIUKYIISIPEH
BekTopaMm A u B, a ckanspuoe npousseaenue Dc = -8.
Yka3zanue
Bekropnoe npousseaenue [A, B] nepneHaukyasspHo 000MM COMHOKHUTEISIM,
To ectb [A, B] nepnenaukynsipen A u B.

4. Bpruucnuth 00bE€M TETpadipa, BEPIIMHBI KOTOPOTO HAXOATCS B TOUKAX

A(2; 2; 2), B(3; 1;5), C(0; 4; 3), D(5; 0; 7).

Yka3zanue
Monyns cmemanHoro mpousBeaeHus BekTopoB AB, AC, AD paBen o0bemy
napajJie’enuneaa, MOCTPOEHHOT0 Ha ATUX BEKTOpPax KaK Ha CMEKHBIX pedpax.

Bonpocsl 1j1s1 caMonpoBepKu

1. Kakwue onepariyi MO>KHO MPOU3BOJUTH Ha/l BEKTOpaMu?
2. Kakue BeKTOpa Ha3bIBaIOTCS KOJUIMHEAPHBIMU?

3. Tlpu3Haku KOJITMHEAPHBIX BEKTOPOB
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4. BekTopHOE pOU3BEICHHE

5. dopmyra CMEIaHHOTO MIPOU3BEICHHSI BEKTOPOB

Tema 3.2. Ilpsimasi Ha JIOCKOCTH U B IPOCTPAHCTBE
L]enb pabomwi: COBEpILIEHCTBOBAHUE YMEHUM COCTABISATHCS YPABHEHUST NIPSAMON Ha
IUIOCKOCTA W B IIPOCTPAHCTBE

Kpartkue Teopernyeckne cBeACHUS:

Oxpyacnocmoio ( puc.l ) Ha3pIBACTCS TEOMETPUIECKOE MECTO TOUCK,
pPaBHOYIAJIEHHBIX OT JaHHOK TOUkH (), Ha3bIBACMOU UEHMPOM OKPYICHOCHU, HA
paccrosiaue R . Yucno R > 0 Ha3bIBaeTCS paouycom oKpysHcHocmu.

FJ&

Fix,n), ..

Qi xa. Yo

¥
]

Fuc.1

Ypasnenue oxkpyscnocmu paguyca R c nerarpom B touke O (Xxo, yo ) AMEET BUI:
(x—x0)*+(y-yo)*=R?.

Ecnu yenmp okpystcnocmu cognaoaem c nauanom koopounam, TO ypaBHEHHE
OKPY>KHOCTH YIIPOIIAETCS:

x2+ y2=R2,

[Mycte P (x1, y1)— Touka OKpyxHOCTH ( puc.l ), Torna ypaeneHnue
KacameabHoll K OKPYHCHOCHU B TAHHON TOYKE UMEET BUJI:
(x1-x0) (x—x0) +(y1-y0) (y-yo)=RZ.
c/108ue Kacanus npamoil Y = M X U OKpyyscHocmu x < + y ;
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k2 /(1+m?)=R2.

Anauncom ( puc.2 ) Ha3bIBACTCS TEOMETPUYCCKOE MECTO TOUCK, CyMMa
PAcCCTOSIHUI OT KOTOPBIX 110 IBYX 3aJJaHHBIX Touek Fiu Fo,
HA3bIBAEMBIX @POKycamu dJUTAIICA, €CTh BEIMYMUHA MOCTOSIHHAS.

)
B D
A y £y 5 =
— - 8] z P X
e N

puc.2

Ypasnenue snnunca (puc.2) :

3/1ech Havaa0 KOOPJIMHAT SIBIIAECTCS LICHTPOM CUMMETPHH JJUIHIICA, a OCU
KOOPJAMHAT — ero ocsiMu cumMeTpun. [Ipu a > b Gokycel sminmica iexar Ha

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

npyu @ =b 3UTMIC CTAHOBUTCS OKPYKHOCTHIO ( (DOKYCHI 3JUTUIICA B 3TOM Cliydac
COBMAJAIOT C IIEHTPOM OKPYXKHOCTH ). TakuM 00pa3oM, OKpYHCHOCHb eCMb
YaCMHbBLU CIYYatl INIUNCA.

Orpesox FiF,=2c, rue c=V|a?-5?|

Otpesok AB = 2 a Ha3bIBaeTCs 0016U100 0CbI0 Inunca, a orpezok CD =2 b —
manoii ocvto dnunca. Yucno e=c/a, e<1

Ha3bIBACTCS IKCUYECHMPUCUM EMOM ITIIUNCA.

T'unepoonoii ( puc.3 ) Ha3BIBACTCS TEOMETPUIECKOE MECTO TOUEK, MOIYJIb
Pa3HOCTH PACCTOSIHUIM OT KOTOPBIX 10 ABYX 3aJaHHbIX Touek Fiu F;,
HAa3bIBAEMBIX (hOKycamu TUTIEPOOITbI, €CTh BETUIMHA TTOCTOSTHHAS.

, Ha3bIBACTCS POKYCHBIM 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,=2c¢, roe *© daits , HA3bIBACTCS POKYCHBIM PACCMOAHUEM.

Otpe3ok AB = 2 a Ha3bIBaeTCsl OeilcmeumenbHoll 0cbio 2unepooivt, a
orpe3ok CD =2 b — muumoii ocvro zunepoonw. Yucno e=cl/a, e>1
Ha3bIBACTCS IKCUECHMPUCUM EMOM 2UnepHo.ibl.

[Mpsimbie Y =+ (b /a) X//Ha3bIBAIOTCS acumnmomamu 2unepooisl.

[Tycte P (X1, y1)— TOYKa TUIEepOOIIbI, TOTJIA ypaAeHeHUEe KACAMENbHOU K
2unepoo/ie B JAaHHOW TOYKE UMEET BU:
A1 x FL¥

S |

a? h?

Yenoeue kacanus npamoit Y =m X + K u zunepoonvt x2/a? — y2/b2=1:

k? =mZa?-Db:.

[Mycte P (x1, y1)— TOYKA 3JUIMIICA, TOT/IA YPAGHEHUE KACAMENbHOU K
IMAUNCY B JAHHOUN TOUKE UMEET BU/L:

A S
—t+—=1.
a2 b2

Yenosue kacanus npamoit Y =mMX+K usnnunca x*/a? + y?2/b2=1:
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k?=m2a2+b?.

3aaHus 1JIs1 CAaMOCTOATEILHOM padoThl: COCTaBbTE YpaBHEHUE MPSMOIL
3aganme: CocTaBbTE ypaBHEHHUE NPSAMOM
Xon paboTbl

1. Hamucatb ypaBHEHHE OKPYKHOCTHU C LIEHTpOM B Touke C(2, -3) 1 paguycom,
paBHBIM 6.

2. Tlokazatp, uro X2 + y2 + 4x - 6y - 3 = 0 ecTb ypaBHEHHE OKpYKHOCTU. Halitu ee
LEHTP U pajinyc.

3. Haiit KoOpAMHATHI IIEHTPA U PAJIyC OKPYKHOCTH X2 + Y2 - X +2y -1 =0.

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

5. Haiftu mymuny xoppl, 00pa3yroIencs Mpy NepeceyeHru nMpsiMoi X +y-5=0u
OKpykHOCTH (X + 1)2 + (y + 2)2 = 40.

6. CocraButh npocreiiiiee ypaBHEHUE THIIEPOOIIbL, €CIIN PACCTOSIHUE MEKIY €€
BeprHaMu paBHo 20, a paccrosiHue Mexny pokycamu 30.

7. JleficTBUTENBbHAS IOTYOCh TUIIEPOOIIBI paBHA 5, skcuieHTpucHTeT € = 1,4. Haiitu
YpaBHEHUE TUIEPOOJTBI.

8. T'mnepOona npoxonut yepe3 Touku U . Haiftu ypaBHeHHe runepOosibl.

Bonpocsl 1j1s1 caMonpoBepKu
1. Kakoii Bug uMeeT ypaBHEHHE OKPY>KHOCTH?

2. Kakoii Bun nMeer ypaBHeHHUE dIumrica?

3. Kakoii Bu1 nmeet ypaBHeHHE TUTIEPOOITHI?

PA3IEJI 4 OcHOBBI AMCKPETHON MATEMATHKHU

Tema 4.1. OCHOBHBIEC MOHATHA MATEMATHYECKOI0 CHHTE32a U AaHAJIM3A

L]env pabomur: CoBEpIICHCTBOBAaHNE YMEHUIA POBOIUTH MOTHBINA aHATU3

byHKIIIH

Kparkue TeopeTnyeckue CBeICHHUS:
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MartemaTuyeckas CTaTUCTUKA — pasjiell MaTEMaTUKH, pa3padaTbIBAIOIIHMA
METOJbl PErUCTpallu¥, ONHMCAHWA M AaHalIW3a JaHHbIX HAOMIONEHUH U
AKCIIEPUMEHTOB C LEIbI0 TMOCTPOCHHUS BEPOSTHOCTHBIX MOJEJIEH MAaCCOBBIX
CITydaiiHbIX sBneHuiil. B 3aBMCUMOCTH OT MaTeMaTUYECKOi IPUPOIBI KOHKPETHBIX
pe3ynbTaToB HAOIIOJEHUN CTATUCTUKA MAaTeMaTHYecKas AEJIUTCS HAa CTaTUCTUKY
YUCEJ, MHOTOMEPHBIM CTaTUCTUYECKUN aHAIU3, aHAIU3 (YHKUMH (MPOLECCOB) U
BPEMEHHBIX PSAA0B, CTATUCTUKY OOBEKTOB HEUMCIIOBOM MPUPOIBI.

bosbmioit paznen COBpeMEHHOW MAaTeMaTUYE€CKOW CTATUCTUKH — CTATUCTHYECKUI

II0CJICAOBATEIbHBIM aHAIN3.

B npuMep MOXKHO pemUTh TEKCTOBYIO 3aJady OCHOBAaHHBIE Ha JIBYX
METOJIaX.IEPBbII U3 HUX WJUTIOCTPUPYET CHUHTE3, BTOpoil - aHanu3. (Y Katu ecthb
15 kouder, Bmecte y Katu u Jlenst 20 kordet. Ckonpko koHpeT y JIeHb1?

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

CylmHOCTh  QHAJIIMTHYECKOTO  METOJla  J0Ka3aTeIbCTBa  YTBEPXKICHUI
3aKJII0YAeTCsl B TOM, YTO MCXOJHBIM IYHKTOM JJisi 0OOOCHOBaHMS TpeOyeMoro
YTBEPKIACHUS SBJSETCA CaMO 3TO YTBEPKAECHUE, KOTOPOE IyTEM JIOTHYECKU
000CHOBAHHBIX I1ar0B CBOJUTCS K YTBEPKACHUIO, U3BECTHOE KaK UCTUHHOE.

CylIHOCTh CHHTETHYECKOTI'0 METOJIa JOKa3aTeIbCTBA YTBEPKIECHUM COCTOUT
B TOM, YTO OTHICKMBAIOTCSl TAKUE UCTHUHHBIC YTBEPKIACHUS, KOTOPHIE MOKHO OBLIO
Obl TyTEM JIOTUYECKHM OOOCHOBAHHBIX IIIAroB MpeoOpa3oBaTh B JaHHOE
YTBEPKICHUE.

[IpumMepoB penieHus 3a1a4 METOAOM aHAIN3a U CUHTE3a MOYKHO MPUBOAUTH
odyeHb MHOro. OjHa M3 OCHOBHBIX IIEJieH pelIeHus 3ajlad B Kypce MaTeMaTHUKHU
COCTOUT B TOM, YTOOBI OOECTEUUTh JIEWCTBEHHOE YCBOCHHE KaXKIbIM YYCHHUKOM
OCHOBHBIX METOJIOB M TPUEMOB PEIICHUS YYEOHBIX MaTEMAaTHYECKUX 3aj]1ad.
3agaun Bcerja pa30MBAIOTCS Ha dJEMEHTApHbBIC MO/3a/lauu, PEIIaroiiecss B OJTHO
nericteue. M3 Takoro MOHMMAaHUS 3JIEMEHTAPHOM MOJ33Ja4d CIEAYET, YTO 4YEM
OOJIBIIMM OMBIT penieHus 3ajad, TeM OOoJbllle 3aJad CTaHOBATCS Il Hac

QJICMCHTAPHbIMHU, a CJIICAOBATCIIbBHO, TCM MCHBIIC 00BbEM TNOHMCKA IIpu pCUICHUU
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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

HOBBIX 3aJa4, UX CBCACHHA K JJICMCHTAPHBLIM, TaK KaK ICJIb IMOMCKa COCTOUT B

IMOJTYUYCHHUM 3JICMCHTAPHBIX IT0A3a/1a4, KOTOPBIC OCTAHABIMBAIOT IIPOICCC ITOMUCKA.

3aganus 1J1s1 CaMOCTOSITEJILHOM padoThl: BoIMoHUTE MOTHBIN aHATU3 PYHKIIUH

Bapuanr 1 Bapuant 6
= 24X ' y:(x_l),egx'ﬂ.
X +4
Bapuant 7
Bapuant 2
8X
) y=—"o.
y= 42X (X o 2)
x“ -1
Bapuant 8
B 3
apuaHT e
2 y = .
y=2_ 3(x2 -3)
x-1
5 A Bapuant 9
apuaHT
y=x—In(x+2).
y=X- e
Bapuant 10
Bapuant 5 )
y= 2X
y=(2+x2)-e"‘2. 2x -1

Tema 4.2. OcHOBHBbIC IOHATHA TEOPUM I'PYIII, TeOPUH rpados

L]env pabomur: CoBepIIIEHCTBOBAHUE YMEHUN COCTABIISITH MATPUILY WHITMHICHIIHIMA
Y MaTPUILy CMEKHOCTHU

Kpatkue TeopeTnueckue CBeIeHUs

I'pagh 70 MHOKECTBO TOUEK WJIM BEPIITUH U MHOXKECTBO JIMHUY WK pedep,
COCIMHSIIONINX MEXKy COO0M BCE WM YacTh 3TUX TOUYEK. Bepuiunsi, mpuiieraromume
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K OJTHOMY U TOMY kK€ PeOpy, Ha3bIBAIOTCS CMENCHBIMU.
Ecnu pebpa opreHTHpOBAaHHBI, YTO OOBIYHO MMOKA3BIBAIOT CIMPEIKaMi, TO OHH
HA3BIBAIOTCS dy2amu, ¥ Tpad ¢ TaKUMU peOpamMu Ha3bIBACTCS OPUEHMUPOBCAHHBIM

zpaghonm.
Ecnu pebpa ne umerom opuenmayuu, rpad Ha3bIBACTCS HEOPUECHMUPOBCAHHBIM.

I'pa¢

['padb1 06619HO N300paKAIOTCS B BUIE TEOMETPUUECKUX (PUTYP, TAK YTO BEPIIUHBI
rpada n300paxaroTcs TOYKaMu, a pedpa - TUHUSIMU, COSTUHSIIONTUMHU TOUKH

2 4

5 ® .T
Ilemns 310 Myra, HaYaNbHAs U KOHEYHAS BEPIIIMHA KOTOPOU COBMAAOT.
IIpocmoii epagh Tpad 6€3 KpaTHBIX pedep U METEb.
Cmenens epuiHbl 3T0 YIBOCHHOE KOJIMYECTBO METENb, HAXOASIINXCS Y 3TON
BEPIITNHBI ITIOC KOJUYECTBO OCTATBHBIX MPHUIICTAIONTNX K HEHl pedep.

Ilycmuvim HazwpiBaeTcs rpad 0e3 pedep. [onnvim Ha3bIBaeTCS rpad, B KOTOPOM
KaXKJIbI€ JIB€ BEPIITUHBI CMEXKHBIE.

[IYTHU, MAPIIPYTHI, HEIIA u HUKJIBL.
Ilymb B OpUEHTUPOBAHHOM rpade — 3TO MOCIE0BATEIbHOCTD AYT, B KOTOPOI
KOHEYHAsl BEpPIINHA BCAKOW IYTH, OTIIMYHON OT MOCJEIHEH, ABISACTCI HAYAJIbHOU
BEPILIMHOM CIEAYIOLIEH.
Bepuwunwvt VO, v Ha3BIBAIOTCS CEA3AHHBIMU OAHHBIM nymem (AITU TIPOCTO
cBA3aHHbIMM). Bepmuny v0 Ha3bIBatoT Hauanom, VN - konyom mytu. Ecim vO = vn,
TO MYTh HA3bIBAIOT 3aMKHYymbLM. YUCIO0 N HA3bIBAETCS OUHOU TTYTH.
Mapwpym B rpade nyTh, OpUEHTAIIMEN YT KOTOPOTO MOXKHO MPEHEOpEUb.
I]ens mapuipyT, B KOTOPOM Bce pedpa MonapHO pa3iIuydHbI.
Iukn 3aMKHYTBIN MapLIPYT, ABJISIIOLIUICS LENBIO.
MapuipyT, B KOTOPOM 8ce 8epuiuibl NONAPHO PA3IUYHbL, HA3BIBAIOT HPOCM Ol
yensvio. LIUKI, B KOTOPOM 6ce gepuiunbl, Kpome nepeoii U nocieoHet, NONapHo
Pa3uyHbl, Ha3bIBAKOTCS MPOCHbBIM UYUKIIOM.

B teopun rpadoB npumMeHstOTCS
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1. Mampuya unyunoenyuii. 1o Marpuia A ¢ N CTPOKaMH, COOTBETCTBYIOIIUMH
BEpUIMHAM, ¥ M cTonbuamu, COOTBETCTBYIOILIHIO pEdpam. s
OpUEHTHPOBAHHOTO Tpada cToJOEeI, COOTBETCTBYIOLIUI IyTe (X,)) COAEPIKUT -

1 B cTpoKe, COOTBETCTBYIOILIEH BEpIIMHE X U 1, B CTpOKE, COOTBETCTBYIOILEH
BepmHe . Bo Bcex ocrtampnbix 0. Ilermio, T.6. ayry (X,X) MOXHO
MpeICTaBIsATh HMHBIM 3HAaYE€HHEM B CTpPOKe X, Hampumep, 2. Eciu rpad

HEOPUEHTUPOBAHHBIMN, TO cToJoerl, COOTBETCTBYIOIINI
peopy (x,y) conepkut 1, COOTBETCTBYIOUIUE X U y U HYJIU BO BCEX OCTAJIbHBIX
CTPOKax.

2. Mampuya cmexchocmu. ITO MaTpuIla #Xk TAC N - YUCIIO BepinuH, rae bij = 1,
eCIIi CYIIECTBYeT peOpo, Hieliee W3 BEpIIMHBI X B BepimHy y u bjj= OB
IPOTHUBHOM CJIyYae.

CocTtaBuM MaTpullbl HHIMHAEGHTHOCTH W CMEXKHOCTH JUIS  CIEAYIOIIEro
HEIPEPBIBHOTO rpad

o
&
i3 b
u " W | X
a 1 1 0 0
b 1 0 1 8]
C ] 1 1 1
d [0 0 0 1 IMarpuna nanpaesTHOCTH
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 wu3o0paxkeHun rpadoB dalme BCETO HCIOIB3YETCS CIEAyIOIIas CUCTEMa
0003HAUEHUN: KaXKJIOW BEPIITMHE COMOCTABIISICTCS TOYKAa HA TUIOCKOCTHU, W €CIIH
MEXJy BEpIIMHAMU CYIIECTBYeT peOpo, TO COOTBETCTBYIOIIHME TOYKHU
COEIMHSIIOTCSL OTPE3KOM. B ciiydae opueHTHpoBaHHOTO Trpada OTpe3KH 3aMEHSIOT
CTpeJIKamMHu.
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3aganue 1 caMOCTOATENbHOM PadoThl: COCTaBbTE MAaTPUII MHIIMAECHTHOCTH

N CMCKHOCTH IJIA CIICAYIOIIUX I‘pa(l)OB:

-

1o 1,

@ b puc. 1 puc.2

PA3/IEJI SOCcHOBBI TEOPHH BEPOSITHOCTEN M MATEMATHYECKOI CTATUCTUKH

Tema 5.1.9/1eMeHTHI KOMOMHATOPUKH

L]env pabomur:  CoOBEpIICHCTBOBAaHUE YMEHHM pellaTh 3a/auyd  CoJepIKalliue
AJIEMEHThl KOMOWHATOPUKH.

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

1. Pa3memnienust 6€3 MOBTOPEHUIA

IToxcunTaeM KOIU4YECTBO CIIOCOOOB pacIoJIoKUTh " pa3IUYHBIX DJIEMEHTOB I10 ki
pasmuuHbIM nosunusaM (F < 7). Takue pacrosokKeHus Ha3bIBAIOTCA
pa3MeNIeHusIMH, a X KOJIMYECTBO, OT (DPaHITy3CKOTO

Ak i

cjoBa arrangement o6o3navyaercs A, B cayuae, ecau K = T konuyecTBo
IIPEIMETOB COBIAJAET C KOJIMYECTBOM UMEIOIIUXCS MECT, U OTO YK€ U3YUECHHAS
3aJ1a4ya O YHCJI€ IEPECTAaHOBOK.

Ecnu u3 ™ 00BEKTOB BEIOUPAIOT ¥ INTYK, TO YMCIIO BEIOOPOB MOCIIEIHEr0 00HEKTa
ecTh " — ¥ HeBBIOPAHHBIX 0OBEKTOB, YTO O3HAYaeT Hamuuue © — & + 1
BO3MOYKHOCTH BBIOOpA MOCJIEAHEr0 BEIOpaHHOTO 00BbeKTa. To Ke, ApyrumMu
clI0BaMH: 1ociie Beioopa nepsbix X — 1 snementa ocraercs

BeIOpaTs ' — (K — 1) =n—k+1 semenr.

TeopeMa: 4nCI0 Pa3MEILEHUH " pa3IMYHBIX 2IEMEHTOB M0 ¥ pasnuuHbIM
MO3UIUSM €CTh

"-1’:1 =n(n— 1)[;; —2). ..(H —k+ 1:]
WY, B TEPMHUHAX (PAaKTOPHAJIOB,
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Ak n!
(n—k)!

Ilpumeyanue: 3aMeTUM, UTO B CIy4ae, KOT/Ia YUCIIO MECT, IO KOTOPHIM
pa3MenIaoT MPeAMETHI, COBIAAET C KOJIMYECTBOM CaMUX MPEAMETOB, T. €.

xorga k= T paccmaTpuBaeMas 3a1ada CTAaHOBHTCS 3a/a4eil O YMCIIe
nepecTaHoBOK. B Haiem citydae mpu 3TOM MBI IIOJIy4aeM B 3HAMEHATENE IPOOH
HOJIb (haKTOpHal, U JUI TOTO, YTO OBl pa3Hbie (POPMYIIBI, COOTBETCTBYIOLINE OJHON
¥ TO¥ e 3a7aue, MPUBOAMIN K OJIMHAKOBBIM pe3ylbTaTaM, monarator, yro 0! = 1,

2. Coueranusg

[TogcuMTaeM KOJMYECTBO CIIOCOOOB, KOTOPHIMH MOXKHO — BBIOpath * m3 7
pa3IMYHBIX TpenMeToB. Takue BBHIOOPKM Ha3bIBAIOTCS COYETAHUAMH, a WUX

A.
KOJIMYeCTBO 0003HayaeTcst Cn .

Ak
[Ipu ¥ <7 BpiGpaTs K IpeIMETOB M3 N MOKHO Al crocobamu, TMepecTaBsis

ux Fr crocobamu:

k .
ok — Ar _ n!
" P (rn— k) KD

n_ mo1m—nr+1
e T Mmoo T

PexyppenTtHas ¢popmyna: "

o o "o T —T1 ] n+l nt+1l
CBoiicTBa coueTaHuii: “m = lr:_'“m ; Cn +C = C'Tar.u+1 .

3. IlepecTaHOBKH C TOBTOPEHHUSIMH

[Iycts gaHbl 1 3]IEMEHTOB NIEPBOrO THUIIA, 2 — BTOPOIO TUIIA, ..., "k — k-ro
THUIA, Bcero sneMeHToB. CriocoObl pa3MECTUTh UX IO ™ pa3IMYHbBIM MECTaM
HAa3bIBAKOTCS NIEPECTAHOBKAMHU C TOBTOPEHUSIMHU. X KOIMuecTBO

o6o3Hauaercst Fnlni. ma. ... ni),

TeopeMa: YUCJIO IICPCCTAHOBOK C IIOBTOPCHUAMU CCTh

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

Pa3MeI_HeHI/I$I C IOBTOPCHUAMU

[Iycts gaHbl  pa3nuyHbBIX BUJIOB IPEAMETOB, KOTOPBIE MOYKHO Pa3MECTHUTH I10 k
pa3TUYHBIM MECTaM, IPUYEM BBIOUPATh MPEIMETHI MOKHO C TIOBTOPEHUSIMU (T.€.
MOHO BBIOPATh HECKOJILKO MPEAMETOB OJTHOTO BUA). Takue BHIOOPKHU
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Ha3bIBAIOTCA paSMCIICHUAMU C IOBTOPCHUAMM, a UX KOJITHMYCCTBO BBIYUCIIACTCS 110

7k i
dbopmyse: An=n"

4. CoueraHus IOBTOPCHUAMU

[TycTh uMeroTCs peaMeThl ¥ pa3InyHbIX BUOB IIPEIMETOB, U U3 HUX
COCTABJIAIOTCS HaOOPEI, cofepxkainue ¥ snementos. Takue BEIOOPKH HAa3bIBAIOTCS
-~

COYETAHISIMH C [IOBTOpeHneM. VX 4mciio o6o3Hagaercst O .
Teopema: yucio coueTaHU ¢ MOBTOPEHUSIMU MOKET OBITh BHIYMCIICHO 11O
dbopmynam:

iy I n—1

C.l.' = Cr.l-l—F.'—J. = Cr.l+k—l .

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

1) CxonpkuMu cioco6amMu MOKHO B Tpymine u3 21 CTyJIeHTOB BBIOpaTh CTapoCTy,
3aMEeCTUTEIS CTapOCThl U (uzopra?

2) IlopsAoK BBICTYIJIEHUHN 9 yYaCTHHUKOB KOHKYpPCa ONpPEAEIISIETCs )KePEeObEBKOM.
CKOJIBKO BapUaHTOB KepeObEBKU MTPU 3TOM BO3ZMOKHO?

3) B cembe nBoe aereil. Haiiiure BeposITHOCTD, YTO CTAPIIMI pEOECHOK — MaJIbUUK.

4) B ypHe 4 6enbix u 6 4yepHbIX mapoB. M3 ypHbI 0 o4uepeau U3BJIeKatoTes 2
mapa. HaliTu BEposITHOCTh TOTO, UTO BBIHYTHIE IIAPHI OJJHOTO IIBETA.

5) UrpanbHyto KocTh OpocaroT 1Ba pa3za. Haliiute BepoSITHOCTh TOTO, UTO B CyMME
BBINTAJIO HE MeHee 10 O4YKoB.

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

7) Aynutop oOHapyKuBaeT (PUHAHCOBBIC HAPYIICHHUS Y MPOBEPSAECMOI (PUPMBI C
BeposiTHOCTHIO (0,9. HaiiTu BeposaTHOCTh TOTO, uTO cpeau 4 hupm-
Hapymuresneil OyneTr BbIsIBICHO 00JIbIle TOJOBUHBI.

Bomnpocs! Aj1s1 CAMOKOHTPOJIS
1. Ha3oBute ocHOBHYIO (hOopMyJTy pa3MelleHHil 0e3 MOBTOPEHUH.

2. UTo 3HAUUT COYETaHHE COOBITHII?
3. Kakue coObITHSI HA3bIBAIOTCS CITy4YaHBIMH?

Tema 5.20cHOBBI TeOPUM BEPOATHOCTH U MATEMATHYECKOI CTATHCTUKH
L]env pabomur:CoBeplICHCTBOBAHUE YMEHHUM peIIaTh 3ajauM COAepKaIne

9JICMCHTEBI TCOPHHU BCPOATHOCTHU U MaTEMaTUYE€CKOM CTaTUCTUKH
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KpaTkue TeopeTnueckrue CBEACHHUS:
1. Teopus BEpOSATHOCTH

Uucio, sBASIOMEECS  BBIPAKCHHEM  MEPbl  OOBEKTHMBHOM  BO3MOXKHOCTH
HACTYIUICHHUSI ~ COOBITHS,  HAa3bIBACTCS 8EPOAMIHOCHIbIO DTOTO  COOBITUA U
0003HayaeTcss CUMBOJIOM P(4).

Onpedeﬂeuue. BeposatHOCTBIO cOOBITHS A HA3bIBAETCA OTHOIIIEHHE YHCJIa UCXOI0B
m, 6JIal"OHpI/I$ITCTBYIOHII/IX HACTYIJICHUIO JaHHOTO coObITud A, K YHUCIy N BCeX
HCXO0B (HGCOBMGCTHLIX, €JUHCTBECHHO BO3MOHBIX U paBHOB03M0>KHI>IX),
L
P( Jq) = [
T.C. L
CrnenoBaTeibHO, IS  HAXO0KJICHHUS BEPOATHOCTH COOBITHS  HEOOXOIHMMO,
paccMOTPEB pPa3IWYHBIE WCXOAbl HWCHBITAHWUSA, IIOJCYUTATH BCE BO3MOYKHEIE
HECOBMECTHBIE HCXOMBI N, BBI6paTB YHCJI0O MHTEPECYIOLIMX HACc HMCXOJO0B M U
BBIUUCJIUTH OTHOILIEHHUE M K N.

N3 sToro onpeneneHns BEITEKAIOT CIEAYIONINE CBOMCTBA:

BepOSITHOCTI) JIF000T0 HUCIIBITaHUA CCTh HCOTPHUIATCIIbHOC qHucCJio, HC
IMPCBOCXOAAIICC CANMHUIIBI.

JIeliCTBUTENBHO, YHCIO M HCKOMBIX COOBITHI 3aKIIOYEHO B Ipelenax [ =m =7,
PaznenuB 06e yacTu Ha N, MOJy4IHM
0<PA) <

%=1
2. BepoaTHOCTh JOCTOBEPHOTO COOBITHS paBHA €IUHULIE, T.K. <% |

i
3. BepossTHOCTh HEBO3MOKHOTO COOBITHSI paBHA HYJIIO, IIOCKOJIBKY <% .

Ilpumep 1: B maprum w3 18 ngeraneli Haxonsarcs 4 OpakoBaHHBIX. Hayran
BbIOMpaAOT 5 neranei. HailTu BepOSTHOCTH TOTO, YTO U3 ATHUX S5 neTajeil JBe
OKaXyTCsl OpaKOBAHHBIMU.

Pemenne. Yucno Bcex paBHOBO3MOXHBIX HE3aBUCHUMBIX MCXOJIOB N PaBHO YHUCITY
couyetanui 3 18 mo 5 1.e.
18171601514

n=050 = =18-17 28 = 8568
1:2:3:4:5

[Togcuntaem ymcio m, OIAroNpusATCTBYIOMUX cOOBITHIO A. Cpean 5 B3STBHIX
Hayraj JeTajlied JOJDKHO OBITh 3 KauyeCTBEHHBIX M 2 OpakoBaHHBIX. Ywucio
CIIoco00B BHIOOPKH JABYX OpaKOBaHHBIX ACTajlci M3 4 MMEIOIIMXCS OpaKOBaHHBIX
PABHO YMCITy cCOYETaHUM U3 4 1o 2:

=4I3=

Cﬂ
Yoqn

&
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Uucno cnocoO0B BBIOOPKH TpeX KadeCTBEHHBIX Jerajied u3 14 umeromuxcs
Ka4ECTBEHHBIX PABHO

O 312 302364
1:2:3

JIroOast Tpymma KauyeCTBEHHBIX JeTalieil MOXET KOMOMHUPOBATHCS C JIIOOOMU
rpynIon OpaKOBaHHBIX JIeTaIe, IIO3TOMY oO1iee YHCIIO
KOMOMHAIMKA M COCTaBIISIET

m=Cy Chy =6:364=2184

Hckomas BCPOATHOCTD cobOpiTs A paBHa OTHOHICHHUIO 4YHCJIa HCXOAO0OB 1m,
6HaFOHpI/I$ITCTBYIOH_[I/IX 9TOMY CO6BITI/IIO, K 4YMuClly n BCEX PABHOBO3MOKHBIX

HC3aBUCUMBIX UCXOO0B:
By =" = 2184 | 055
3568

b
Teopema ClI0KEHNST BEPOSTHOCTEM.
BeposiTHOCTE  CyMMBI  JIByX HECOBMECTHBIX COOBITHMH paBHa CyMMe

BEPOATHOCTEH 3TUX COOBITHIA.

P(A+B)=P(A)+P(B)

P(Ay +4, + .+ A) = P(4) + P(4) +...+ P(4,)

CrnenctBue 1. Ecnu cobsite A1, Ay, : ,An 00pa3yloT MOJHYIO CUCTEMY, TO CyMMa
BEPOSITHOCTEH 3TUX COOBITHI paBHA €IUHULIE.

P(4)+ P(d) ..+ P(4) =1

Cnencteue 2. CymMMa BEPOATHOCTEH IPOTHBOMONOKHBEIX coObITHiI <2 n 4 paBHa
eAVHHUIIE.

P(AY+ Py =1

2. Maremartudeckas CTaTUCTHKA

[lepBasg 3amaya MaTeMaTUYECKOM CTaTHUCTHUKM — YKa3aTh CHOCOOBI cOopa u
IPYNIIUPOBKU CTATUCTUYECKUX CBEJCHUM, TIOJYyYCHHBIX B pe3yJIbTaTe HaOIIOJEHUI
WJIM B PE3YJIbTATEe CIEHNAIbHO ITIOCTABJIEHHBIX S3KCIIEPUMEHTOB.

Btopas 3amaua maTreMaTHuecKoll CTaTUCTHKU — pa3paboTaTh METOJIbl aHaIu3a
CTaTUCTUYECKUX JIAaHHBIX B 3aBUCUMOCTH OT TIieiedl wuccienoBanusa. Croaa
OTHOCSITCS:

a)OLICHKa HEW3BECTHOM BEPOSITHOCTU COOBITHS; OIIEHKA HEM3BECTHOM (DYyHKIMH
pacnpeesieHus; OUEHKA MapaMeTpPOB paclpeAesIeHNs, BUJI KOTOPOI'O N3BECTEH;
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6)Hp0BCpKa CTaTUCTHYCCKHUX THIIOTE3 O BUJAC HCHU3BCCTHOI'O pACIIPEACIICHUA NI O
BCIIMYUHC ITapaMCTPOB PpaCIIPpCACICHUS, BUI KOTOPOT'O U3BCCTCH.

Wtak, 3a1a4a MaTeMaTUYECKON CTAaTUCTUKKU COCTOMUT B CO3/1aHUU METO/I0B cOopa u
00pabOTKH CTATHUCTUYECKUX JAHHBIX JJIS MOJyYEHHUS HAYYHBIX U MPAKTHUYECKHUX
BBIBOJIOB.

BbIOOpOYHON COBOKYIMHOCTBIO MJIM MPOCTO BHIOOPKOW Ha3bIBAIOT COBOKYIHOCTH
CIIy4ailHO OTOOpaHHBIX 0OBEKTOB.

FCHCpaHLHOﬁ COBOKYITHOCTBIO HA3bIBAKOT COBOKYIIHOCTD

O6T)CKTOB, N3 KOTOPBIX ITPOU3BOAUTCA BI)I60pKa.

CTAaTHCTHYCCKHM PSIOM PACTIPEIETICHHS HA3BIBAIOT TEPEYeHb BCEX 3HAUCHHI *
U3 BBIOOPKM M COOTBETCTBYIOUIMX MM YacTOT WM OTHOCUTENIbHBIX YacToOT.
CrartucTrueckoe paclpeicsieHHEe MOYKHO 3aJaTh TakK€ B BHJIE HHTEPBAJIBHOIO
CTaTUCTUYECKOTO  psifa,  T.6.  IOCIECAOBAaTEIbHOCTH  HMHTEPBAIOB U
COOTBETCTBYIOIIMX MM 4YacTOT (B KA4eCTBE YAaCTOThl, COOTBETCTBYIOLIEH
MHTEpBAIY, IPUHUMAIOT CYMMY YacTOT, IONABIIMX B 3TOT UHTEPBAI).
[Tpumep. Ilycts 00beM BbIOOpKH n = 20 1

Xi 2 6 12
m; 3 10 /

Haﬁ,Z[GM OTHOCUTCIIBHBIC YaCTOTHI.

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

Torna pacnpeneneHne OTHOCUTENbHBIX YaCTOT:

Xi |2 6 12
r,” 10,15 (0,50 |0,35

1

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

3aaHud I CaMOCTOSATEIbHOM PadoThl: Pelnre 3a1a4u ¢ 3JIeMeHTaMuU

MaTEMATUUYECKON CTATUCTUKH

1. AuckpeTHas ciayyaiiHas BeTMYrMHa XHUMEET 3aKOH pacipeeeHusl.

X; 0,2 0,4 0,6 08 1

Pi 0,1 0,2 0,4 Py 0,1

46




Uemy paBHa BeposTHOCTh Pa(X = 0,8)? IlocTpouTh MHOTOYTOJIBHUK

pacipcacicHus. Haiitn matemaTtudeckoe OXHUITAaHUC N JUCIICPCHULIO.

2. luckpeTtHas ciaydaiiHas BeInYMHa XUMEET 3aKOH pacIpeiesICHuUs.

Xi

3

4

5

6

7

Pi

Py

0,15

Ps

0,25

0,35

Haiitu BepositHocTh Pi(x = 3) u P3(x = 5), ecnu u3BecTHO, uTo P3B 4 paza

6onbiie Pi. [TocTpouTs MHOTOYTOJBHUK pacnpenenenus. Halltu maTematnyeckoe

OXHITAaHUC N JUCIICPCHULRO.

3.M3BeCcTHBI 3HAYEHUs pACHpPEACNICHUs CIy4YalHbIX BeIMYMH X U Y — YHUCIO

OYKOB BBIOMBACMBIX IICPBBIM U BTOPBIM CTPCIIKAMH.

Xi 0 1 2 3 4 5 6 7 8 9 10
pi | 015|011 0,04 | 0,05 | 0,04 | 0,10 | 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

Heo0xoaumo BBISBUTH, KAKOW M3 JIBYX CTpEIKOB cTpensier Jyyuiie. Iloctpouts

MHOTOYTOJIBHUKHU PaCIpeICIICHUSI.

ok wnE

Bonpocs! A1 CAMOKOHTPOJISA

Kakas BemunHa Ha3bIBa€TCS CIIy4aitHOM ?

3aKOH pacnpeeeHus CIy4YailHbIX BeTUYUH

YTto Ha3bIBAE€TCS MIOTHOCTHIO BCPOATHOCTH

ChopmynupyiiTe TeopeMy CIOKEHUS BEPOITHOCTEH
dopMya OJTHON BEPOSITHOCTH

®opmyna bepnyum
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IIpuio:xkenue A
MeTtoauyeckne peKOMeHAALMH 10 BLINOJTHEHHIO pedeparta

Pedepar — 310 camocTosTensHas uccienoBaTesbckas paboTa, B KOTOpOH
aBTOP PACKPBIBAET CYTh HMCCIEIYEMOM MpPOOJEMbI; IPUBOAUT PA3JIMYHBIE TOUYKH
3peHusi, a Takke cOOCTBeHHbIE B3rJsiAbl He Hee. ConepikaHue pedepara TOIKHO
ObITh JIOTMYHBIM; H3JI0XKEHHE MaTephalia HOCHT MPOOJIEeMHO-TEMaTHUECKHUA
XapakTep.

Pedepar — 310 071uH U3 camMbIX CIOKHBIX BUJOB CAMOCTOSATEIHLHON pabOThI €
KHHUTOM, a JJIg 3TOTO CieayeT OBJIaJeTh Oojee MPOCTHIMH MpUEeMaMH padOThl —
pa3pabOTKOM MIaHa, COCTABIIEHUEM TE€3UCOB U KOHCIEKTOB. [loaroroBka pedepara
U BBICTYIUICHUE C €r0 HU3JI0KEHUEM YTriayOJseT 3HaHUs, paclIupseT Kpyrosop,
NPUYYaET JIOTUYECKH, TBOPUECKU MBICIIUTh, PA3BUBATh KYJIbTYPY pEUH.

[Ipyu mnpocmoTpe JMTEpaTypbl HaMeudaeTcsd OpPUEHTUPOBOUHBIN IIaH
pedepara, B KOTOpHIN BKIIIOUAETCS 00BIYHO 3-4 OCHOBHBIX BOIIpOCA WM paszjena.
B kxaxagom w3 pasnenoB  (GOpMYIHMPYIOTCS  MOJBONPOCH], OMOTAIOIINE
MOCJIEIOBATEIBHO PACKPBITh COJAEPKAHUE TPOOITIEMBI.

B npouecce n3yuenusa matepuana GOpMyJIUPOBKH MOJIBOIIPOCOB U PA3EIOB
o0bryHO  yTouHsitoTcs. Ilpu  pedepupoBanum crnegyer JenaTh  BBINKCKH,
3alUChIBaTh MBICIH, BO3HUKAIONIME  MPU YTEHUH; CIEAYeT TaKXEe TOYHO
3alUChIBaTh M ONPENECICHUS TeX MOHATHHA, KOTOpble OyAyT HCIOJb30BaHbI B
pedepare. 3 nmpounTaHHON JUTEpaTypbl HY’KHO 3aMMCTBOBaTh HE OyKBaJbHBIN
TEKCT, a BAXHEHIIME MBICIU, WJEH, TEOPETUYECKUE IIOJOKEHUS, MOYKHO
UTUPOBATh HEOOJBIINE OTPHIBKH, MPUBOAUTH JUArPAMMBbI, CXEMbI, YEPTEKHU, HO
IJIABHOE — BBICKA3bIBaTh COOCTBEHHBIE COOOpa)K€HHs MO BoIpocaMm pedepara.
IIpuBeneHHBIE BBINIE COBETHI CIEAYET pacCMaTpuBaTh KaK IPUMEpPHBIE,
Opeanoiaraloie M JIpyrue IOAXOAbl, TOCKOJIBKY Yy KaXIOro 4YeJOBeKa
BbIPa0aTHIBAIOTCSl CBOM TMPUEMBbl U HABBIKU COCTaBlieHUsI pedepaToB. bosbinyro
MoMOIIs B paboTe Haa pedepaToM OKa3bIBAIOT MPEAUCIOBUS K cOOpHUKaM. B Hux
MOKHO HaWTH CBEJEHUS O LIEJW M3JaHus, a TaKXe O CYLIECTBYIOIIMX Mpobenax B
UCCJIEIOBAHHH.

[Ipu pa3paboTke miaHa pedepara BaXKHO YUUTHIBATh, YTOOBI KaXAbI €ro
MyHKT pacKpbiBajl OJHY H3 CTOPOH H30paHHOM TEMbI, a BCE MYHKTHl B
COBOKYIMHOCTA  OXBAaTbIBaJld  TE€MY  LIEJIUKOM.  Pa3muMyaloT  HECKOJIbKO
KOMIIO3UIIMOHHBIX pelIeHui pedepara: BO-MIEPBBIX, XPOHOJIOTUYECKOE, KOTI/1a TeMa
PAacKpbIBAETCs B HCTOPUYECKOM MOCIEA0BATEIBHOCTH; BO-BTOPBIX, ONKCATEIBHOE,
IpY KOTOPOM Te€Ma PACUJIEHSAETCS Ha COCTaBHBIE YACTH, B LIEJIOM PACKPBIBAIOLINE
ONPENEIEHHOE SIBICHHUE; B-TPETHUX, AaHATMTUYECKOE, KOT/1a TEMA UCCIIENYETCs B €€
MPUYMHHO-CJICICTBEHHBIX CBA3SX W B3aMMO3aBUCHUMBIX MpoOiemax. BaxHo
CJIETUTH 3a TEM, YTOOBI KaXK/IbIil MyHKT IUIaHa ObUI COOTHECEH C TJIaBHOM TeMOU U
HE COJep’Kall MOBTOPEHUS] B JIPYruxX MyHKTax. BaxkueiMu pazgenamu pedepara
ABJISIETCSl BCTYIUIGHME M 3akiioueHue. Bo BeTymieHuM Hago 00O0CHOBATh
aKTyaJbHOCTh TEMbI, 00O3HAYUTH KPYI COCTaBISIOIIUX €€ MpoOJieM, YEeTKO U
KpPaTKO OMNpENeinTh 3a7adyy CBOEl paboThl. B 3akitodeHuM AenarTcs KpaTKue
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BBIBOJIbI, MOJIBOAATCS UTOTU. B KoHIlE pedepaTa NOMKEH OBITh MPUIIOKEH CIHUCOK
JUTEPATYPHL.

B ommmume ot koHcmekta pedepaT TpedyeT OOMbIIeH TBOPUECKOH
AKTUBHOCTH, CAMOCTOSITEIIbBHOCTH B 00OOIICHUHN M3YYCHHOW JTUTEPATYpPhl, YMECHHS
JIOTUYECKU CTPOMHO U3JI0KHUTh MaTepual, OIEHUTh pa3du4YHble TOUKU 3PEHUS Ha
uccaeayeMyto Ipo0ieMy U BBICKa3aTh O Hel coOcTBeHHOe MHeHue. B pedepare
BAXKHO CBSI3aTh TEOPETUUECKHUE MOJOKEHUS C TPAKTUKOM.

Takum o0pa3om, pedepaTuBHas paboTa — 3TO CaMOCTOsTENIbHAs paborta,
KOTOpas JOJKHA CBUICTENBCTBOBATh O 3HAHHMM JIMTEPATYPHI MO JAaHHOU Teme, ee
OCHOBHOM MpoOJeMaTUKe, OTpaKaTh TOUKY 3PEHHS CTYJIEHTa Ha 3Ty MpodiieMy,
€ro YMEHHUE OCMBICIUBATH SIBJICHUS KU3HU HA OCHOBE TEOPETUUYECKUX 3HAHUM.

[Ipu ounenke pedepara OOBIMHO PYKOBOJCTBYIOTCA — CIEAYIOIIUMHU
KPUTEPUSIMHU:

1. Yanocek au €ro CTyJ€HTY pacKpbITh CYIIHOCTh JAHHOW MTPOOJIEMBI;

2. CyMen nu CTYJEHT IMOKa3aTh CBSI3b paccMaTpUBaeMOM MpoOJIEeMbI C
KU3HBIO;

3. IlposiBuI 1M CTYJEHT CaMOCTOSITEIbBHOCTh M TBOPYECKHM TNOAXOJ B
W3JI0KeHUH pedepara;

4. MoxHO 11 cuuTaTh pedepar JOrH4eCcKu CTPOMHBIM U T. 1.

Pedepar nomken ObITh npaBuiabHO oopmieH. Coaepxkanue u ohopmiIeHUE
paznenoB pedepara:

TutyneHbIl UCcT.  SIBNIETCS MEpBOM CTpaHUIEH pedepara U 3amoTHAETCS
[0 CTPOro OINpPEIEIECHHBIM IpaBwiIaM. B BepxHeM MoOJie yKa3bIBaeTcsl MOJHOE
HauMEHOBaHHE y4eOHOro 3aBeieHus. B cpeqneM mose gaetcs 3arnaBue pedepara,
KOTOpOE MpoBoaAMuTCs Oe3 ciioBa " TemMa " M B KaBbIUKM HE 3akitouaerca. Jlanee,
OJ>ke K TIpaBOMY KparO TUTYJIBHOTO JIMCTA, YKA3bIBAIOTCA (haMUIIHs, WHUITUATIBI
CTyJIEHTa, HanucaBIlIero pedepar, a Takke ero Kypc u rpynna. HemHoro Huxe ninu
CJ€Ba YKa3bIBAIOTCS HA3BaHHWE W KOJ CHEIUAIbHOCTH, (aMWJIUS U WHUIUAIBI
MpenojiaBaresis - PyKoBOAUTENs paboThl. B HM)XHEM Moy yKa3blBA€TCd TOJl
HanucaHus pedepara.

[locne TUTYABHOTO JUCTA MOMEUIAIOT OIJIABJIEHHE, B KOTOPOM MPUBOIATCA
BCE 3aroJIOBKH PabOThl U YKa3bIBAIOTCS CTPAHUIIBI, C KOTOPHIX OHU HAYMHAIOTCSI.
3arojoOBKM OIJIABJIEHUS JOJDKHBI TOYHO TOBTOPSATH 3arojloBKU B TEKCTE.
Cokpamate MX WIM J1aBaTh B JAPYrod (OPMYJIHPOBKE U TMOCIEIOBATEIHHOCTU
Heb34. Bce 3arojoBKM HAUMHAIOTCS ¢ TPOMUCHON OyKBBI 0€3 TOUKM Ha KOHIIE.
[locnenHee €I0BO KaXKIOTO 3arojioBKa COEOUHSIIOT OTTOUUEM / ............... /c
COOTBETCTBYIOIIIUM €MY HOMEPOM CTpaHUIBI B IMPABOM CTOJIOIE OTJIaBJICHUSI.
3aroyioBKM OJMHAKOBBIX CTyINEHEW pyOpuKaIiuu HEeoOXOAMMO pacrojiaratb Ipyr
MO IPYrOM. 3arojOBKH Ka)JAOW MOCHEAYIONIEH CTYIIEHU CMENIAIOT Ha TPU - MATh
3HAKOB BIIPaBO MO OTHOIIEHUIO K 3ar0JIOBKaM MPEebIAyIeH CTYIIeHHU.

Brenenne. 3aech 00BIMHO OOOCHOBBIBACTCS AKTYaJIbHOCTh BBIOpAHHOMU
TeMbl, 1I€JIb W cojepkaHue pedepara, ykasbiBaeTcs OOBEKT / mpeamer /
paccMOTpEeHUsl, TPUBOJIUTCS XapaKTEPUCTHUKA UCTOUYHUKOB JIJIsS HAITUCAHUs PaOOThI
U KpaTKui 0030p HMMEIINICHCS M0 JaHHOW TeMe JIMTepaTypbl. AKTyaJlbHOCTh
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npeanosiaraeT OUeHKY CBOEBPEMEHHOCTH U COLMATIbHOM 3HAYMMOCTH BBIOPAHHOM
TEMBbI, 0030p JIUTEPATypbl MO TEME OTpa’kaeT 3HAKOMCTBO aBTOpa pedepara ¢
UMEIOIUMUCS HUCTOYHHKAMH, YMEHHUE HX CHCTEMaTH3UPOBaTh, KPUTHUECKU
paccMaTpuBaTh, BBIICIATH CYIIECTBEHHOE, OTPECIIATh TTIABHOE.

OcHoBHast  4acth. CojepxkaHue TrJaB H3TOM YacTH JOJDKHO TOYHO
COOTBETCTBOBATh TeMe PabOTHI M TOTHOCTHIO €€ PAaCKPbIBaTh. DTH TJIaBbl JOJHKHBI
MOKa3aTh YMEHHUE UCCIIEIOBATENs CKATO, JOTUYHO U apryMEHTHPOBAHO H3JIaraTh
MaTepuai, 0000111aTh, aHATU3UPOBATH, JAEJIATh JOTUYECKUE BHIBOBI.

3akmrounTenbHas YacTh. llpenmnonaraer mocienoBaTeIbHOE, JTOTUYECKH
CTpOMHOE U3JI0’KeHHE 0000IIEHHBIX BBIBOJIOB 10 pacCMaTpUBAEMON TEME.

bubnuorpaduuecknili CNUCOK HMCHOJB30BAaHHOM JIUTEPATyphl COCTABIISET
OJIHY M3 yacTed paboThl, OTPAKAIOIIEH CaMOCTOSITEIbBHYIO TBOPUYECKYIO paboTy
aBTOpA, MO3BOJISIET CYJIUTh O CTENEHH (PYyHIAMEHTAILHOCTH IaHHOTO pedepara.

B  pabotax  wWCHONB3yHOTCS  CIHEAYIOIIME  CHOCOOBI  TMOCTPOCHUS
OounbmmorpaduyecKux CIUCKOB: MO aipaBUTy GaMuUIIMil, aBTOPOB MJIM 3arjiaBui; MO
TEMaTHKE; 10 BUJAM U3JaHUI; M0 XapaKTepy COAEPKaHMS;, CIIHCKU CMEIIAaHHOTO
noctpoeHus. Jlureparypa B CHOUCKE YKa3bIBae€TCsi B  COOTBETCTBUH C
MeToau4ecKuMH YKa3aHUSIMHE 110 0(hOPMIICHUIO

B npunoxxeHuu MOMEIIAIOT BCIIOMOTATENbHBIE WM JOMOJHUTEIbHBIC
MaTepualibl, KOTOPhIE 3arpOMOXKIAIOT TEKCT OCHOBHOM 4acTH pabOThl / TaOJIMIIBI,
KapThl, rpaduKku, HEOMyOJIMKOBAaHHBIC JOKYMEHTHI, repenucka u 1.1. /. Kaxmoe
PUIOKEHUE JTOJDKHO HAYMHATHCS C HOBOIO JIMCTa / CTPAHMIIBI / ¢ yKa3aHHEM B
paBOM BepxHeM yriy ciosa " [lpunoxenue" u UMETh TEMaTHUYECKUI 3ar0JI0BOK.
[Tpu Hanuuuu B paboTe 6oJiee OAHOrO MPUIOKEHUS OHU HYMEPYIOTCS apaOCKUMU
udpamu / 6e3 3Haka " Ne "/, naripumep, " [punoxenue 1". Hymepanus crpanuil,
Ha KOTOPBIX JAAIOTCS MPUIIOKEHUS, JOKHA OBITh CKBO3HOM M MPOJOJIKATH OOIIYIO
HyMEpaluio CTpaHWI] OCHOBHOTO TekcTa. CBSI3b OCHOBHOTO TEKCTa C
MPWIOKEHUSMU OCYIIECTBIISIETCS Yepe3 CCBHUIKUA, KOTOpBIE YIMOTPEONISIOTCS CO
c0BOM " cMOTpH " / OHO OOBIYHO COKpAILAETCS M 3aKII0YAETCS BMECTE C IHUPpPOM
B KpyTJible CKOOKH - (cM. mipuiL.1)/.
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