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AKT COI'JTACOBAHUA

MeToaudeckiux peKOMEeHIalui MO BBIMOJIHEHUIO CAMOCTOSATENbHBIX pabOT MO JUCIUILINHE
«MaremaTukay i ClieHAIbHOCTH
15.02.01. MoHTax ¥ TeXHUYECKAs KCIUTyaTalusl MPOMBIIIIEHHOTO 000py10BaHUs (ITO OTPACIISIM)
(6a3oBast mOAroTOBKA), pa3paboTaHHbIX MpenoaasaresieM HxHO-Y panbCKOro rocyJapcTBEHHOTO
TEXHUYECKOTO Koyuteka Yepnooit 1U.H.

VYueOHast aucuuIUiMHa «MareMaTuka» SBISIETCS 4YacTbl0 MPOTrpamMMbl MOJTOTOBKU
crienranucToB cpennero 3seHa coriaacHo ®I'OC no cnenuanbHoctr CIIO 15.02.01. MoHnTax u
TEXHMUYECKash HKCIUTyaTallusl TPOMBIIUICHHOTO o0opynoBaHus (mo orpacisM) (OazoBast
MOATOTOBKA), «MareMaTHuKa» OTHOCHTCS K MAaTEMAaTHYECKOMY U O0IIIEMY €CTeCTBEHHOHAYYHOMY
UMKy M ompeneiser oOmmii o0beM 3HaHMM W yMeHHU#, cocTaBisonmx 0asy
npodeccnoHaNbHBIX KOMIETCHIIUH.

[IpakTuueckass HaNpaBJIEHHOCTh JUCHUUIUIMHBI PEATU3yeTCs 4Yepe3  BBINOITHEHUE
CaMOCTOSITENILHBIX PabOT, HA MPOBEJACHUE KOTOPBIX IPOrpaMMoii OTBOIUTCS 68 daca.

MeTtoauueckie peKOMEHAANU M0 BBIITOJIHEHUIO CAMOCTOSITENIbHBIX paboT pa3paboTaHbI
c yueToM TpeboBaHUM paboTojaTeNss K MOJArOTOBKE CHEIMAIMCTOB CPEJHEro 3BEHA 0 JaHHOM
CHEIMAIILHOCTH W BKIIIOYAIOT B ce0s paboTy C pa3MYHBIMA HCTOYHUKAMU WH(GOpPMAINH,
JI0Ka3aTeIbCTBO TEOPEM, BBIIOJIHCHUE WHIVMBUAYIBHBIX PACUYCTHBIX M rpaduueckux padoT.
CaMocTosiTenbHbIe pa0OTHI COCTaBJICHBI C Y4eTOM TpeOoBaHHI paboTonaTeneld K BIIAJCHHUIO
CHEIHaTMCTaMH CPETHEr0 3BeHa YMEHHEM BBINOIHITh HEOOXOAUMbIE U3MEPEHHUSI M CBSI3AHHBIE C
HUMU PacUYeThl; IPUMEHSATh MATEMATHUECKAE METOJIBI IS PeIICHUs TPO(ECCHOHANBLHBIX 3a/1ad.

CamocrosiTenbHbIE  paOOThl  HampaBlieHBl Ha  (QOPMHUPOBAHHE  KOMIETEHTHOCTH
CHEIHMATMCTOB B OCYIIECTBICHUU TOMCKA M HUCIOJIb30BaHUS WH(MOpMAIUU, HEOOXOTUMON s
3¢ (HEeKTUBHOTO BHIOTHEHUS MPOGECCHOHATBHBIX 3a4ad, MPOGECCHOHATBFHOTO0 U JTUYHOCTHOTO
pa3BUTHS, B  HCIOJb30BaHUU  HMHPOPMAIMOHHO-KOMMYHUKAIIMOHHBIX  TEXHOJIOTHH B
npo¢eCCUOHABHON EATETHFHOCTH, B pa0OTE ¢ KOJUIEKTUBOM, PYKOBOJICTBOM, MTOTPEOUTEIISIMU.

MeTtoauueckre peKOMEHIAIMU 110 BBIMOJHEHHUIO CaMOCTOSITENbHBIX PabOT MOTYT OBITh

HUCIIOJIb30BaHbI AJIA pa6OTBI B YUPCIKACHUAX CPCAHETO HpO(I)eCCI/IOHaJ'IBHOFO O6pa30BaHI/I$I.

TexHuueckuit TMPEKTOp

3A0 «BMM-2» P.I'. JleBanbn



HOACHUTEJBHASA 3AIINCKA

BueayautopHas camocTosiTelibHasi paboTa CTYJEHTOB — 3TO ydeOHas
NeATeNbHOCTh CTYJ€HTa, BBINOJHSAEMAas BO BHEAyAUTOpHOE BpeMsa 0e3
HETIOCPEICTBEHHOIO0 y4acTUsl NPENOAABATENsl, HO IO €r0 3aJaHUI0 U IIOJ €ro
PYKOBOJCTBOM,  HallpaBlieHHas Ha  (OpMUpOBaHHUE  CAMOCTOSATEIbHOCTH
MBIIIJICHUSI, CIIOCOOHOCTE K CaMOpa3BUTHIO, CAMOCOBEPIIEHCTBOBAaHUE U
caMOpeaau3aluio.

[{enbro caMOCTOSTENbHON PabOThI CTYIECHTOB SIBJISIETCS:

-CHUCTEMaTH3alus, 3aKpEIUVICHUE, YIUIYyOJICeHHE M PACIIUPEHUE IMOTYYEHHBIX
TEOPETUYECKUX 3HAHUU U NMPAKTUYECKOE UX TPUMEHEHHUE;

-pa3BUTHE AHAIUTUYECKUX CIIOCOOHOCTEHN U JIOTHYECKOTO MBIIIICHHUS,

-OBJIaJICHUE HaBbIKaMH pabOThl C HOPMAaTHBHOM M  CIPaBOYHOU
JIUTEPATYPOHU;

-pa3BUTUE T[IO3HABATENbHBIX CIIOCOOHOCTEH M AKTUBHOCTU CTYJEHTOB:
TBOPYECKOU VHULIMATUBBI, CaMOCTOSITEIIbHOCTH, OTBETCTBEHHOCTH 51
OpPraHU30BaHHOCTH;

-OBJIaJICHUE MPAKTHUYECKUMHU HABBIKAMU TMPUMEHEHHS HH(POPMALUOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTHI B MPO(heCcCHOHATBHOM JIeATeTbHOCTH,

JUis yCHemHOCTH OpraHu3alil CaMOCTOATEIbHOW pPabOThl HEOOXOAMMBI
CHEAYIOUIUE YCIOBUS:

— MOTHBalUMs [OJYyYEHUs] 3HAHUW U TOTOBHOCTb CTYAEHTOB K
CaMOCTOSTEIIbHOM AeATEIIbHOCTH,

— HaJM4YKE€ U JOCTYNHOCTh BCEr0 HEOOXOAUMOTO y4eOHO-METOANYECKOTO
Y CIIPABOYHOI'0 MaTepUaIIa;

—  CHCTEMA  pEryJIIpHOTO  KOHTpPOJISI ~ KAauyeCTBa  BBINOJHEHHOU
CaMOCTOSITEITbHON paOOThI;

— KOHCYJIbTAallMOHHAS TIOMOIIb IPETO1aBaTEI.

Jnst  BHeayauTOpHOW pPabOTHI CTYJEHTOB IO Y4YeOHOW JMCIMIUIMHE
«MaremaTukay cienyroue GopMbl CaMOCTOSITETLHONU pabOTHI:

- CaMOCTOSITENIbHAs paboTa ¢ yueOHOU JIUTEPATYpOil U HHTEPHET pecypcamy;
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- 3aMOJTHEHNE TAOJIHI] M COCTABJICHHUE CXEM,
- peleHre pacueTHBIX 33]1ay;
- IOATOTOBKA pedepaTos;

-BbITIOJIHCHHUEC HpCSGHTaHI/Iﬁ

B pesynbpTaTe BBIMOMHEHUS CaMOCTOSITEIIBHOW PabOThI CTYACHT JOJDKCH
chOpMHUPOBATD: 3IeMEeHMbl CIE0YIOUUX KOMNEMEeHYULL

OK 1. IlonumaTh CyIIHOCTh M COIMAJIBHYIO 3HAYUMOCTh CBOEH Oymyuiei
npodeccuu, MPOsIBIIATh K He YCTONYMBBIN HHTEpEC.

OK 2. Opranu3zoBbiBaTh COOCTBEHHYIO JAESITEIBHOCTb, BHIOUPATH THUIIOBBIC
METO/ABl M CHOCOOBI BBINOJHEHUS MNPOQPECCHOHANBHBIX 3a/]ad, OLEHHUBATh HX
3(PEKTUBHOCTH U KAa4E€CTBO.

OK 3. [IpyHrMaTh pemieHus B CTAaHAAPTHBIX U HECTAHIAPTHBIX CUTYALUAX U
HECTH 332 HUX OTBETCTBEHHOCTb.

OK 4. OcymiecTBisTh MOUCK U UCIOJIb30BaHUE MH(MOPMAIIUU, HEOOXOIUMOMN
1t 3 PEKTUBHOTO BHITIOJHEHUS PO(PECCHOHATBHBIX 3a1a4, TPO(PECCHOHATEHOTO
Y JJUYHOCTHOTO Pa3BUTHSI.

OK 5. Hcnons3zoBaTh MHPOPMAITMOHHO-KOMMYHUKAIIUOHHBIE TEXHOJIOTHUU B
po¢heCCUOHATIBHOU JIEITEIIbHOCTH.

OK 6. Paborarb B KOJUIEKTHBE M KoMaHze, 3((PEeKTUBHO oOOIATHCA C
KOJUIEraMHU, PYKOBOJICTBOM, IIOTPEOUTEIISAMH.

OK 7. Bparb Ha cebsi OTBETCTBEHHOCTh 3a pPabOTy UWIEHOB KOMAaHJbI
(MOIYMHEHHBIX ), pe3YJIbTAT BHIOJIHEHUS 3a1aHUM.

OK 8. CaMocTosTenbHO ONpeAessITh 3adadyd MPOPECCHOHAIBHOTO U
JUYHOCTHOTO Pa3BUTHsI, 3aHUMATHCA CaMOOOpa30BaHUEM, OCO3HAHHO TUIAHUPOBATH
MOBBIIIEHNUE KBATM(PUKALIY.

OK 9. OpueHTHpOBaThCS B YCIOBHUSX YACTOM CMEHBI TEXHOJOTHM B
poheCCUOHATIBHOU eI TEIIbHOCTH.

OK 10. UcnonHsATh BOMHCKYIO 00SI3aHHOCTH, B TOM YHCJI€ C TIPUMEHEHUEM
MOJTYYEHHBIX TPOPECCUOHATIBHBIX 3HAHUH (JIJ11 FOHOIIICH ).

I[IK 1.1. PykoBoautb paboTamH, CBSI3aHHBIMU C  [PUMEHEHUEM
IPY30MOABbEMHBIX MEXaHU3MOB, IIPH MOHTaXE W PEMOHTE NPOMBIIIIEHHOIO
000py10BaHUSI.

I[IK 1.2. TIIpoBoauth KOHTPOJAL pPabOT MO MOHTaXy U PEMOHTY
INPOMBIIIJIEHHOTO  O0OpYZOBaHUSI  C UCITOJIb30BAHUEM  KOHTPOJBHO-
U3MEpPUTETBHBIX TPUOOPOB.



[IK 1.3. VYuacTBOBaTh B MyCKOHAJIAJOYHBIX pabOTaXx U HUCHBITAHUIX
MIPOMBIIIJICHHOT'O 000pY/I0BaHUs MOCIE PEMOHTA U MOHTaXKa.

I[IK 1.4. BeiOupars MeTOABI BOCCTAHOBJIEHHUS JAETAJIE M y4acTBOBATH B
MPOLIECCE UX U3TOTOBIICHUS.

ITIK 1.5. CocTaBisiTh JOKYMEHTAILMIO JJIs MPOBEACHUS Pa0OT MO MOHTaXy U
PEMOHTY IIPOMBIIIJIEHHOTO 000PYI0BaHUS.

yMeHHS:
aHAJIM3UPOBATh CII0KHBIE (QYHKIIMHU U CTPOUTH UX FPAPUKU;

—BBITIOJIHATH I[CﬁCTBHH HaJd KOMIINICKCHBIMHU YHUCJIaMU,
—BBIYHCJIATb 3HAYCHUS TCOMETPUICCKHUX BCIINYNH;
—IIPOU3BOJAUTHL OIICPpAIIMH HA MaTpulIaMH U OIIPCACIUTCIISIMU,

—pemarb  3a4a4d  Ha BBIYMCIICHHE  BEPOSATHOCTH  C MCIOJIb30BAHHEM
AJIEMEHTOB KOMOMHATOPHUKH;

—peniarhb MPUKJIATHBIC 3a/1aun C UCIOJIb30BaHUEM
37€MEHTOB TU(PdHepeHIMATBLHOTO U UHTETPAIIHBHOTO UCUUCIICHUH;

—pfuiaTb CUCTCMbI JIMHEHMHBIX ypaBHGHI/Iﬁ pa3IMYHbIMH MCTOIAMU,

3JHAHHUA:
— OCHOBHBIC MAaTCMATHUYCCKHUC MCTOJAbI PCHICHUS IMPUKIAIHBIX 3a1a4,

— OCHOBHbI€ MOHSTHUS U METOJIbl MAaTEMaTUYECKOTO aHau3a, JIUHEHHOUN anreOpsl,
TEOPUI0 KOMIUIEKCHBIX YHCEJ, TEOPUU BEPOSITHOCTEM M MaTEMaTHYECKOU
CTaTUCTUKH;

— OCHOBBI HHTETPAILHOTO U Au(depeHIInaTbHOTO HCUNCICHUS;
—pojib U MECTO MaTE€MaTUKH B COBPEMEHHOM MHpPE TMpPU OCBOCHHUHU
PO ECCUOHANIBHBIX TUCLUHUILUIUMH U B chepe npodecCHOHaTbHOM NeSITeIbHOCTH.
O6mmit 00BbEM BpEeMEHH, OTBEAEHHOTO Ha CAMOCTOSITEIbHYIO padoTy
coctaBisieT 68 yacos.
Kpurepun ouenuBanus:
- OLIGHKA  «OTJIMYHO»  BBICTABIIIETCA  oOOydaromemycss 3a  pabory,
BBITIOJTHEHHYIO 0€30IIMO0YHO, B TOJHOM OOBEME C YYE€TOM PallMOHATBHOCTH

BBIOpAHHBIX PEIICHU;



- OIICHKA «XOPOIIIO» BBICTABIISIETCA  00ydJaroneMycs 3a pabory,
BBITIOJTHEHHYIO B IIOJTHOM 00BhEME C HETIOUCTaMU;
- OIICHKAa «YIOBJICTBOPUTEILHO» BBICTABJISICTCSA OOydJaromemMycs 3a padoty,
BBITIOJITHCHHYIO B HE MOJHOM oObeMe (He MeHee 50% MpaBMIBHO BBIMOTHEHHBIX
3a1aHUM OT 00I1Iero oobeMa paboThl);

- OIICHKa «HEYJOBIICTBOPUTEIIHPHO» BBICTABIISACTCS OOydaroIeMycs 3a padorTy,
BBITIOJITHCHHYIO B HE MOJHOM o0Bbeme (MeHee 50% mpaBUIBLHO BBIMOTHEHHBIX

3a1aHul OT 00I1Iero 0ObeMa paboThl).



TemaTnueckui mJiaH

Howmep temsl

Hazsanue BCP

KommuectBo
qacoB

1.1.

BremmonHenne pacdeTHbIx paboT mo Teme «Omnepanuu
HaJl MaTpuamMmn», «Perenre MaTpuYHbIX ypaBHEHHY,
«BprunciieHne omnpeAenuTeNiel BTOPOTO W TPETHETO
HOPSLAKA»
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1.2.

BrlnonHeHre WHAMBUAYAIbHBIX 3aJaHUN MO TeMaM
«IIpumenenne merona Xopnana-I'aycca mis peueHus
CUCTEM JIMHEHHBIX ypaBHEHUM», «PelieHue cucrem
JIMHENHBIX YPaBHEHUI MaTPUUHBIM METOJIOMY.

1.3.

BrinonHeHne WHAMBUAYAIBHBIX 3aJaHAM IO TEMaM:
«IlokazarenpHass (QopMa KOMIUIEKCHBIX  YHCET»,
«JlecTBUS HAJl KOMIJICKCHBIMU YHCIIAMM.

2.1.

BelllonHeHne  pacyeTHeIX ~ pabdOT MO TeMaM:
«BekTopHOE Mpou3BEAEHUE BEKTOPOBY, «CMmenmaHHoe
IIPOU3BENCHUE BEKTOPOBY

2.2.

BrlnonHeHne pacyeTHON paboThI 1O TEME:
«YpaBHEHHUS KPUBBIX 2-TO MOPSIKA: OKPYKHOCTD,
AIUTUIIC, TUIepOoia, mapadoay. BeimonHnenue
WHJMBUAYAJIBHOTO 33JJaHUSI IO TEME: «AJITOPUTM
IIOCTPOCHHUSI KPUBBIX BTOPOTO MOPSIAKA.)

3.1.

BeinonauTh pacu€THyro padoty no teme: «Packpeitue
HeonpeaenéHHoctel», IloaroroButh pedepar mo
teMe: «Touku pa3pbiBa, MX KiIacCUuPUKALIM»

3.2.

BeimmotHeHre  pacdeTHBIX — pabOT MO TeMe:
«IIpousBomubie  u  nuddepeHransl  BBICHIMX
nopsiIKOoB» ~ BeImonHeHne  pacuéTHo-TpaduyuecKoro
3agaHus  3amaHud 1o teme: «MccnemoBanue u
nocTpoeHue rpaduxKoB GyHKITAN»

3.3.

BrimonmHeHne pacueTHBIX paboT IO TEMaM:
«BbIuucieHne HEONPEAEIIEHHBIX HHTETPAIIOB 3aMEHOU
MIEPEMEHHOM, 110 YacTsIM», «Pelienue 3anay ¢
MCIMOJIb30BAaHUEM PAa3HbIX METOJ0B UHTETPUPOBAHUS.

3.4.

[TogroroButh pedepar no teme: «lIpuknaaHeix 3agau
Cc VCIIOJIb30BAHUEM g depeHInaabHOro
VCYUCIICHUS.

3.5.

BrinonHeHne WHIUBUAYAIBHBIX 3aJaHUM MO TeMaM:
«Pelrenne cUCTEM JIMHENHBIX OJJHOPOIHBIX YPaBHEHUN
nepBoro mnopsakay, «Pemenne muddepeHmaIbHbIX
ypaBHEHHl 1-rO0 mopsiaka C  pa3aeNsroUUMUCS
MEPEMEHHBIMU.», «PemeHne cucteM  JIMHEMHBIX
OJHOPOJIHBIX ~ YPaBHEHUW  BBICIIMX  MOPSIAKOB.),
«MeTtoa HeonpeaeaeHHbIX K03 OUITMEHTOBY




4.1. Brinmonnenue pacdeTHo paboOThI MO TeMe: « 2
[IpumeHeHne  KOMOWHATOPUKH Uil PEIICHUS
po(heCCHOHATBLHBIX 337129

4.2. BrinmonHnenue pacueTHol padoThI 1o TeMe: «Pemenue 3

3aJJa4 Ha BBIYHMCJIICHHUC BepO}ITHOCTeﬁ C
HCIIOJIb30BAHUEM DJIEMEHTOB MaTEMaTHUECKOM
CTaTUCTUKI).

UTOI'O

68




PA3JEJI 1. JIMHEUHAS AJITEBPA
Tema 1.1 MaTpuubl 1 onpeaeuTe In
1.1.1. Onepaunu HaX MATPULAMHA

eab padoThI: HAYYUTHCS BBIIOJIHATH JEUCTBUS HAJ MATPHUIIAMH.

3ananue: BeimonHuTe NeMCTBUS HA MaTpUIlaMU
Xon paboThI:

[ToBTOpHTE MPOWICHHBIN HA YpOKEe YU4eOHBIM MaTepuaa Mo YYeOHUKY U MPOUYMTANTE
HIDKE CIIEAYIOIINE KPATKAE TEOPETUUECKUE CBEICHUS

Kpatkue TeopeTnueckue cBe1eHUA

JlericTBUS HaJ MaTpULIAMH.
1. Cymmoit aByx watpui A = (ai j) u B= (bij) OJINHAKOBOTO TMOPSIKA
HA3bIBAIOT MATPUILY
C = (Ci j) TaKOro K€ TIOpsAAKa, DJIEMEHTHl KOTOpPOW paBHBI CyMMe
COOTBETCTBYIOIMX >I€MEHTOB MaTput Au B 1o ecth ¢;; = a;; + b;; .

2. AHanorM4yHO,  Pa3HOCTHIO  JBYX  martpur A = (ai j) u B=
(bi j) M OJIMHAKOBOTO MOpSAKa Has3biBaloT Matpuly C = (cl- j) TAaKOro ke
MopsA/IKa, SJIEMEHThl KOTOPOH paBHBI PAa3HOCTH COOTBETCTBYIOUIUX JJIEMEHTOB
MaTpul AuB TO0ecThb Cij = al-]- — bl]

[Tpumep 1:

12 2 -4 8
Haiinure cymmy u pasHocts Matpul A u B, eciin 4 = (—3 4> ub = (—3 6)
0o 7 10 1

Pewenue: HalinéM cymmy IByX 3aJaHHBIX MaTPUIL

124+ (-4) 2+8 8 10
A+B=(—3+(—3) 4+6>=<—6 10):
0+10 741 10 8

Haitném paszHocTh IBYX 3aJaHHBIX MaTPUII

10



12—(-4) 2-8 16 —6
A-B=(_3_<_3) 4_6)=(o _z)
0—-10 7—-1 —-10 6
3. YMHOXEHHE MaTPHUI[bl Ha YHCIIO
1-A=A4 0-A=0
m-(k-A)=(m-k)-A m+k)-A=m-A+k-A k-
(A+B)=k-A+k-B

[Tpumep 2:

1 2 3
Haitnute npoussenenne 2|0 1 1

1 2 3 21 22 2-3
Pemenue:Z-(O 1 1>=<2-0 2-1 2-1>
1 3 2 21 2-3 2-2

4. YMHOXEHHE MaTpPHII

2 4 6
<0 2 2)
2 6 4

[IpousBenenue matpuusl A,,., Ha Marpuny B, Ha3piBaercs Marpuua C,.k
Takasi, 4To »jeMeHT Matpuilbl C, cTosiuui [ —0il CTpOKE M j-OM CTOJOIE, T.C.

QJICMCHT Ci paBCH CyMMC HpOH3B€I[€HPIﬁ AJIEMEHTOB [ —OH CTPOKH MATPHIbI A Ha

SE)
COOTBETCTBYIOIIHE 3JIEMEHTHI [ —Or0 CTOJ0Ia MaTpuLibl B.

[Tpumep 3.

Haiinute npousBenenue Matpun A u B, ecim Ayz = (; (1) (2)) nu Bi; =

-1 0 1

(5 X 4)

-2 0 1

Pewenue:

Az - Bss =

(1-(—1)+0-5+2-(—2) 1-0+0-1+2-0 1-1+O-4+2-1)
3-(-1)+1-540-(-2) 3-0+1-1+4+0-0 3-14+1-4+4+0-1

Azz " B3z = (_25 (1) 3)
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3ajanus 11l CaMOCTOSITEILHOM PadoThI.

13 2 4 6
1. Haiinure npousBenenue matpuil A u B, ecnmu A=(5 7 |, B=| |;
8 10 O
9 11
2 1 -1
2. Haiigute obpatnyro matpuny A A=1[5 2 4
7 3 4
3 6 3 -5 1 3
3. Jano:A=( 0 1 2 |uB=| 2 7 0]
-5 4 -1 -3 -2 4
Haiimure: a) 3A+B 0) AB B)A 1 A 1A

Bomnpocel 1J1s1 caMONIpOBepPKM

1. Kakue OoIIcpanrn MOKHO ITPOU3BOOUTH C ManI/II_[aMI/I?

2. AnropuTMm HaxOXKJIeHUS 0OpaTHON MAaTPHUIIBI?

1.1.2. Pemienne MaTPUYHBIX YPaBHEHU

Iesb padoThI: HAYYUTHCS PEIIATH MATPUYHBIE YPABHEHUS.

3amaHue: pemmTe MaTpUYHbIE YPaBHEHUS

Xoxa paboThl:
[loBTOpUTE MPOMAECHHBIA HA YPOKE Y4EOHBI Marepuan 1no y4yeOHUKY M MpPOUYUTANTe
HIKE CIIEAYIOIIME KPATKHE TEOPETUUECKUE CBEICHUS

KpaTtkue Teopernueckne cBeieHUA

MatpuuHble ypaBHEHHSI HMMEIOT TPSMYI0 aHAJOTHI0 C  MPOCTHIMHU
anreOpanyecKuMu  YpaBHEHMSIMH, B  KOTOPBIX TPUCYTCTBYET  OIEparius
ymHOXeHus. Harmpumep: ax=b, rxue X - HeusBectHoOE.

MatpuyHbIM ypaBHEHHEM HA3bIBACTCSl ypaBHEHHE BUJA
A-X=Bumu X-A=B8B,
rae A u B - uzBecTHbie MaTpuIlbl, X - HEM3BECTHAs MaTpulla, KOTOPYIHO TpeOyeTcs

HAWUTH.
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[Tpumep 1

PemuTe MaTpu4yHOE ypaBHEHHE, BHITOJIHHUTD IPOBEPKY
1 -3 -1 1
(8 0)_2x_3(0 4)

Kak pemiuts MaTpu4HOe ypaBHeHue?
DaKTUYECKH HY>KHO HCIIOJIB30BATh AJITOPUTM PELICHUS YPABHEHUS C YNCIAMU.
B mpaBoi 4acTM yMHOXaeM KaKIbIM 3JIEMEHT MATPHIBI HA TPU, a4 MaTpUILY
JICBOM 4aCTH IIEPEHOCUM HAIIPaBO CO CMEHOU 3HAKa:
oy = (—3 3 ) . (1 —3)
0 12 8 0

BrimmoHM 1€MCTBUS B PaBOW YaCTH:

—2x = (_03—_81 31_2 (—_3))
mex = (:g 162)

1
BBIpaSI/IM X, OJI 9TOTrO 00¢ yacTu YPaBHCHUA YMHOXXHUM Ha — E:

2 2\-8 12
1,
=7 o)

Bce uncia matpuilsl genarcs Ha 2, IOITOMY YMECTHO M30aBUThCS OT poldu. A

320THO U OT «MHUHYCa». J[eTuM KaXKIblil 2JIEMEHT MaTPHUIIbl HA —2:
x = (2 —3)
4 -6

OTBeT: X = (i :2)
[Tpumep 2
4 8)

Pemnts MaTpu4HOE ypaBHEHUE: (3 7) "X = (
6 2

2 8

B
Pewenue: YpaBuenue yxe umeet sua Ax = B, no3tomy x = S
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x=B-A1

_(3 7 _(4 8
N3 ycnoBuss wu3BECTHBI MaTpuipl A = (2 8) ubB = ( 6 2) , OIHAKO,

o =1 o . 9
oOpaTHoO# MaTpuilel 4~ Mbl He 3HaeM. [Ipuaércs e€ HaiiTh:

O6patHyt0 MaTpuIly Haiiem o popmyne: A7l = ﬁ AT,

rne A" — TpaHCHOHHMpOBAaHHasg MaTpulla aireOpandeckux JTOMOTHEHHN

COOTBCTCTBYIOIIHX 3JICMCHTOB MAaTPHUIIbI A,

|A|=(§ g)=3-8—2-7=24—14=10

M = (3 g) — MaTpulia MUHOPOB COOTBCTCTBYIOIIIUX 3JICMCHTOB MAaTPHIIbI 4,

g -2
A=l_7
- — MaTpHIia areOpandecKux JOMOTHEHUH.

ﬂfz[a —7

-2 3 J — TPAHCIIOHUPOBAHHAs! MaTpHIIA AIT€OPanyECKUX JOMOTHEHUI.

Takum obpazom, obparHas MaTpHUIa;
gL 8 =7

mi-2 3
Ha ¢uHume npoBoauM MaTpUYHOE YMHOXKEHHE M TIOJy4aeM peIICHHE:

o alg L 8 -77(4 8y 1 (84-76 88-7.2 i {-10 50 -1 3
B -2 3 )la z)wwl-z24436 -z28+3.2) 1wl —w) L1 -1

[Tpumep 3
2 -3
3 2
X(4 3]= 3 04
2 4
Pewenue:
2 -3
HyCTBIA=(3 2), B={3 0
4 3 2 4
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Toraa Ham naHo ypaBHeHHe Bujaa XA = B, cinenosarensHo x = BA™L. Haiiném

A—l
2 -3 18 —13
2 3 =2 3 =2
,:3-3—2-4:1;&0,,41:1( J,X: 3.0 ( ]: 9 -6
3 -4 3 5 al\-4 3) | 0 g

18 13} 3 oy [2 73
41 9 -6 _
IIposepka : ( J— 3 0|

3
=),

“10 8 )\* 3,

18 —-13
Omeem: X =| 9 -6 |

-10 8

3amaHus 11 CAMOCTOATEILHON PadoThI.

Pemnre maTpuiHbIe YpaBHEHUS:
a) (; —21)":(—13 g)
b)"(—1100 Eg):(—i g)
o (5 D=6 19

2 3 2 9
" (1 ) _3>x:(14)

3 4 1 16

1 2 -1 1 -2 5
e) x (O 4 —2) = (1 14 -7 )
1 0 2 1 20 -12

Bomnpocs! AJ1s1 caMONIPOBEPKHU:

1. ChopmynupyiiTe airOpUTM PELIEHUS] MATPUYHBIX YpABHEHUIN

1.1.3. BbruucjieHue onpeaeauTesieii BTOPOro U TpeTbhero nopsiikon

Hear padorbi: COBEpIICHCTBOBAHME YMEHUN BBINOJHATH JEUCTBUS HAJl
MaTpHUIIaMH, BEIYUCIISITH ONPEICIUTENIN PA3HBIMU CIIOCOOAMMU
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3apanme: Bprunciure onpenenuTend 3-ro NOpsaKa ¢ MCIOJIb30BAHUEM CBOMCTB

OIpeICIUTEIICH

Xona paboThl

[ToBTOpHTE MPOWICHHBIN HA YpOKe Y4eOHBIM MaTepuaa Mo YYeOHUKY M MPOUYUTANTE

HWKC CIICAYIOIINC KPATKNUC TCOPCTUICCKUC CBEICHUA

KpaTtkue Teopernueckne cBeieHUA

Cnoxenne marpun;  Cymmoit matpun 4 = (ai j) ub =
(bi j) OJIMHAKOBBIX Pa3MepOB Ha3bIBaeTcs Marpuna C = (ci j) T€X K€ Pa3MeEpOB, y

KOTOPOM
C;j = a;; + b;j . Obosnauenue: C =4 + B,
CaoiictBa cioxenuss Matpui: A + B=B+ A, (A+B)+C=4+ (B+ (),
A+0=4,4A+(-A)=0, A B,C.
Boruuranue matpuil i 4 - B = A + (-B).

YMHO)keHHe mMaTpulbl Ha uucino.  IIpousBenenmem marpunbl A = (al- j) Ha

YHUCJIO & , Ha3bIBaeTcst maTpuia C = (Ci j) TEX e pa3MepoB, y KOTOPOU

C;j =a;j-a, nmnaBcexiuj O6osnauenue: C = al

YMHO)EHUE MaTpPHIL;
[IpousBenenrnem maTpuipl A = (al- j) pasMepoM m X n Ha MaTpuLly
B = (bi j) pazMepoM N Xp Ha3bIBAE€TCSI  MaTpuua C =

(ci j) pa3MepoM m X p y KOTOpPO
Cij = Qi1b1j + Qiabyj + -+ + Qinbyj = Yi—1 Aicby;

Oo0Oo3nauenue: C = AB.
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CaoiictBa: AE=EA =A,AO =0A =0, (AB)D = A(BD), « (AB) = (o« A)B
= A(a B), (A + B)D=AD + BD,D(A + B) = DA + DB (npu ycnoBuu, 4T0
yKa3aHHBIC ONIEPAINN UMEIOT CMBICI).

TpancnoHupoBaHUE MATPHIL:

;1 Q2 0 Qqp a1 axq am1

Az1 Qpp -+ dAzp A1 Q2 - Gy
A= 7 =A==

Am1 Amz2  *° Amn Ain Qyn  ° Amn

CsBoiicTBa:

ANT =4, (@AD" =ad", (A+B)"=A"+B", (AB)' =A"B'

OGpaTnas matpuna;  Marpuna A™! - o6parnas s matpuusr A, eciu
AAT1=A"1A=E

Jliis kBajpaTHOW MaTpuIlbl A oOpaTHas CyIIECTBYET TOTJIa M TOJIBKO TOT/a,
korma detA # 0

—All AQI A?:l 1

A—l e 1 A’lZ ‘422 An2
1 5[4 :
_Aln A2n A?m_

I'ne A;j - anreOpandyeckue IONOJHEHUS DJIEMEHTOBA;j MaTPHIBI A.

DJleMEeHTapHbIE npeoOpa3zoBaHus MaTpPHUILIBI

9J'ICMCHTapHBIMI/I HpeO6pa3OBaHI/I5{MI/I MaTpulbl HA3bIBAIOT:

1) yMHOXeHUE KaKOW-HUOYIb CTpOKU (CTOOIa) HA OTIWYHOE OT HYJS
YHCIIO;

2) npubaBlieHHEe K KaKOW-HUOYIb CTPOKE (CTONOIY) ApPYrol ee CTPOKHU
(cTonb1a), yMHOKEHHOM Ha IIPOU3BOJIBHOE YHCIIO;

3) mepecTaHOBKY MECTaMU JIFOOBIX JIBYX CTPOK (CTOJIOIOB).
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Brruucnenue oOpaTHOMU MaTPHIIbI

Eciu ¢ momouipio 3ieMeHTapHbIX MpeoOpa3oBaHUN CTPOK KBAJIPaTHYIO
MaTpuily A MO)KHO TIPUBECTH K €AMHUYHOM MaTpuie E, To mpu Takux xe
3JIeMEHTAPHBIX IPe0Opa3oBaHusAX Haa MaTpulei E momyunm A™1 .

[Tpumep:
1 =3
e %
T =31 0 1 =311 0O
(AVE)=
-2 4|10 1 0 -2{2 1
Ko eropoi ctpoxe Bropyro cTpoxy
npubaeIen NEPEYIO, YMHO¥AEM Ha —1/2.
YMHOK EHHYH0 Ha 2.
1 =31 0 1 0]=2 - 3/2
%
o 111 —1{2 0 1{-1 —lf2
K nepeoi ctpoke
npubaEsen BETOPYIO,
YMHOK EHHYH0 Ha 3.
-2 =372
= A = / .
=1 —1{2
Onpenenurenu

B wactHOCTM N = 2

)y 4

A= = (_ 1)I(1’ ? @y T (_ 1);(2, l)a12a2l >

Gy Gy
= (_ 1)0 @) Gyy T (_ 1)] @@y = Ay — Gy

npu N =3



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

g 3y s
i (_ 1)!(2 ,3’1)‘21 2oy T (_ 1) @ 3@y a5yt
i (_ 1)!(1’3’2)‘31 1@oalsy T (_ 1)1’(3,2,1)01 alpls +

1(3,1,2)

1(1,2,3) -
25 (_ 1) @ 1 Agplay = Q) @pplss T Q005G +

+ @) Ay — Q) 305 Eay — Q) (y3@sy — A3yl

- —

3aaHus I CaMOCTOATEIbLHON PadoThI

Brruncnure onpenenutenu 3-ro MOpsiAKa € HCMHOJIb30BAHUEM CBOMCTB

OIPEICTUTEIICH:
1 2 3
a) [-1 3 5
0 5 1
2 3 -1
b) |1 5 4
-1 7 8
1 2 5
c)l0 3 -1
0 0 4
2 0 0
d|1 -7 2
3 4 1

Bonpocsl 1151 camonpoBepKu
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1. Tlo kaxoii (hopmyIie BHIYUCISAETCS OMPeAETUTENb BTOPOTO Nopsiaka?
2. Ilo xaxoil (popmyse BBIYUCIAETCS ONPEAETUTEND TPETHETO MopsaKa?

Tema 1.2 Cuctembl JJMHEHBIX YPaBHEHU

1.2.1. Ilpumenenue meroaa Kopaana-I'aycca 1Jis1 pemieHusi CHCTEM
JIMHEHHBbIX YPABHEHUI

Iesp padoThI: HAYYNTHCS PEIIATH CUCTEMBI JIMHENHBIX YPABHEHUN METOIOM
’Kopnana-I"aycca.

3amanue: Pemute cucteMsl ypaBHeHH MeTonoM ['aycca

Xon paboThI:

[ToBTOpUTE MPOMACHHBIA HA YPOKE Y4E€OHBIN Marepuan 1o y4yeOHUKY W MPOUYUTANTe
HIDKE CIIENYIOLIME KPATKUE TEOPETUYECKUE CBEICHHUS

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

Metoa TI'aycca npekpaCHO TOJIXOIUT JUISI PEIICHUS CHUCTEM JIMHEWMHBIX
anreOpanueckux ypaBHeHuit (CJIAY). OH obGmamaer psaoM NPEUMYIIECTB IO
CPaBHEHMUIO C IPYTUMHU METOAAMMU:

1. Her HeoOX0AMMOCTU MPEABAPUTEIIBHO HCCIEAOBATh CUCTEMY YpaBHEHUU
Ha COBMECTHOCT;

2. Merongom I'aycca moxHO pemath He Toibko CJIAY, B KOTOpBIX 4YMCIO
YpaBHEHUH COBIMAJAET C KOJWYECTBOM HEU3BECTHBIX MEPEMEHHBIX U OCHOBHAs
MaTpuila CUCTEMbI HEBBIPOXKJICHHAS, HO M CUCTEMbI YPaBHEHUM, B KOTOPHIX YHCIIO
YpaBHEHUN HE COBNAJAET C KOJUYECTBOM HEU3BECTHBIX IEPEMEHHBIX WIIU
OTIpE/ICIUTENIb OCHOBHOW MATPHUIIbI PABEH HYJIIO;

3. Merox l'aycca mpuBOIUT K pe3yibTaTy NpPH CPaBHUTEIHHO HEOOJIBIIIOM

KOJIMYCCTBC BBIYHNCINTCIIbHBIX onepauﬂﬁ.
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IIpu pemeHun cucreM ypaBHeHHil Meroaom I'aycca HeoOXoammo
3HaTh: Mampuuya cucmemvt— >3mo Mampuyda, COCMAGIEHHAs MOJIbKO U3
K03 uyuenmos npu Heu38eCmubix.

Pacwiupennan mampuya cucmemvl — 3mo ma e mMampuya Cucmembl
niatoc cmoinbdey c60O00HbIX UJIEHO8

DnemMeHTapHbIe IPEOOPa30OBAHUS:

a) CTpoOKM MaTPHIIEI MOKHO MEPECTABISATH MECTAMH. Ecnu B
MaTpuLe €CTh (MU MOSBUINCH) MPONOPIHOHAIbHBIE (KAK YacTHBIM ciyyall —
OJINHAKOBBIE) CTPOKH, TO CIEAYET YAAJMTHb U3 MATPHILBI BCE 3TH CTPOKU KpOME
OJTHOMH.

b) Ecnu B marpume B Xone mnpeoOpa3oBaHU MOSBUIACH HYJIEBas
CTpOKa, TO €€ TakxKe cleayeT ylaaurb. HyneBas cTpoka — 3TO CTpoka, B
KOTOPOU 0OHU HYU.

c) CTpoky MaTpullbl MOXHO YMHO:KMTh (pa3lejiuTh) HA 000

YuCJI0, OTINYHOC OT HVJIA. I[aHHOC JICICTBUE OYCHb ITOJIC3HO, ITOCKOJIBKY

yIpoIlaeT AajbHelne npeodpa3oBaHus MaTPHULIBL.
d) K cTpoke MaTpuisl MOXHO NPUOABUTH JPYIYI0 CTPOKY,

YMHOKCHHYIO HA YUCJI0, OTJIMYHOC OT HYJIA.

[Tpumep 1
x—y=-5
2x+y=-7 P
EINUTh cucTemy MetofoM ['aycca
Pewenue:
1. HyxHo 3anmicarts pacwupennyro mampuyy cucmemot:

R

BepTtukanbHas depra BHYTPHM MaTpHULbl HE HECET HUKAKOTO MATEMAaTHYECKOTO

CMBICJIa — 3TO IPOCTO OTYEPKUBAHUE TS Y100CTBa 0O(DOPMIICHHS.
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2.  Ilocne Toro, Kak paciuIMpeHHas MaTpUlla CUCTEMbI 3alucaHa, ¢ Hel

H606XOI[I/IMO BBIITOJIHUTD HCKOTOPLIC I[CﬁCTBHH, KOTOPLIC TAaKXKCE

HAa3BbIBAXOTCA 31€MERMAPHbIMU npeo6pa308aﬂuﬂﬂ4u.

3. YMHOXUM HEPBYIO CTPOKY Ha -2. [lomyuum matpuiry
1 —-11-5 -2 2|10
(2 1 |_7) - ( 2 1|—7)
4. Ko BTOpoOii cTpoke npubdasiiseM MepByro CTPOKY, YMHOKEHHYIO Ha -2:
[1 —1‘—5} [—2 2th {—2 2‘10}
— —
2 17 2 17 o 33
S. Tenepp nepByIO CTPOKY MOXKHO Pa3JesIUTh «0OpaTHO» Ha —2:

O e P B e

Crpoka, xoropyro [IPUBABJIAJIN —He wu3menunacs. Beerna mensiercs

ctpoka, K KOTOPOU ITPMBABJIAIOT.

YMHOXAIOT CTPOKY OOBIYHO YCTHO WMJIM HAa YEPHOBUKE, MPU 3TOM MBICIIEHHBIN
XO0J1 paCy€TOB IMTPUMEPHO TAKOM:

«ITepenuceiBaro MaTpULLy 151 IIEPENUCHIBAIO 1(50):3% )

[1 —1‘—5} [1 —1’~5J
_}

2 1|7 * ok |k

CTPOKY: »

«CHavana nepBblii cTosOoern. BHU3y MHE HYXHO MOJIy4uTh HOJb. [losTomy

EAUHUILy BBEPXYy YyMHOXal Ha —2: L=2=-2 4 xo BTOPOl CTpOKE

npubaBigo mepByto: 2 + (—2) = 0. 3anucbiBar0 pe3yibTaT BO BTOPYIO

[1 _IFJ [1 —1—5J
—

2 1R7 I

CTpPOKY: »
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«Tenepr BTOpOI cronben. Beepxy —1 ymHOXaw Ha —2: —L=29=2 xo

BTOpOI cTpoke mpubamisiio mepByto: 1 + 2 = 3. 3anuceiBai0 pe3ynbTaT BO

[1 _IFJ {1 —1—5}
—

2 1R7 0 3|*

BTOPYIO CTPOKY: »

« tpetuit cronben. Bepxy —5 yMHOXkaw Ha —2:

-5 =2=10 ko BTOPOI

CTpoke mpubasisito nepByto: —/ + 10 = 3. 3anuceiBaro pe3yabTaT BO BTOPYIO

1 =15 1 =15
_}
b2 1T 0o 313
CTPOKY: »
Hear  3jeMeHTapHBIX  Npeo0pa3oBaHMii — IPUBECTH  MAaTpHUIy K

L) =1=5)
L0 [(1)] 1

CTyIEHYaTOMY BUIY:

7 . B oopMiieHHH 3a1aHUS TIPSAMO TaK H
OTYEPKHUBAIOT MPOCTHIM KapaHAAILOM <JIECTHHILY», a Takke OOBOIAT
KpY>KOUKaMH YHCJia, KOTOPhIE pacnojiaraloTcs Ha «cTyneHbkax». Cam TepMUH
«CTyNEHYaThli BH1» HE BIIOJHE TEOPETUYECKUN, B HAYYHOM M ydeOHOM
JUTEpaType OH YacTO HA3BIBACTCS MpaneyuesuoHbvlil uo NIN mpey201bHblil

8U0.

[Tpumep 2:

Pemute meTonom ["aycca cucteMy ypaBHEHUI:

Ax4+2y—9z=-1

2x—y+3z=13
X+2y—z=9
3anuiiem pacUIMpEeHHYIO MaTpuILly CUCTEMBI:
3 2 =5K1
2 =1 3|13
1 2 =15

Pe3ynbTaT, K KOTOPOMY HEOOXOAMMO MPUNTH B XOJI€ PEIICHHUS:
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cTyneHyatomy Buay. CMOTpUM Ha JIEBOE BEPXHEE YHUCIIO:
IToutn Bcerna 3nech OMKHA HAXOJIUTHCS eIUHUNA. YCTpout U —1 (a uHOrAa U
JIpYrUe 4uciia), HO KaK-TO TaK TPATUIMOHHO CIOXKUIOCh, YTO TyJa OOBIYHO
noMemarT eaunuily. Kak opranuzoBath enuHUIly? CMOTpUM Ha MIEPBBIN CTOJIOEI
— TOTOBas €AMHUIIA Y HAC €CTh!
[IpeoOpazoBanue TMepBOe: MEHSAEM MECTaMH TII€PBYI0O U TPETHIO CTPOKHU:
302 =351 1 2 =15

2 =1 3[13|—=|2 -1 3|13

1 2 =19 302 =51

Teneps, mnepBasi CTPOKA OCTAHETCS HEM3MEHHON [0 KOHIA pelIeHUS.

E)II/IHI/II_[a B JICBOM BCPXHCM YIJIy OpraHMn3oBaHa. Tenepb HY>XKHO ITOJYYHUTh HYJIN

BOT Ha 9TUX MECTax:
(1 2 =19}

AN

) -1 313

By 9 =%k

'.\ .:__(/" — - V/l

Hynu monydyaem kak pa3 ¢ MOMOILBIO «TPyAHOro» mnpeoOpazoBaHus. CHauvana
paszOupaemcsi co BTopoit ctpokoi (2, —1, 3, 13). Uto Hy»X)HO cnenaTk, 4TOOBI Ha
NEpPBOM MO3MLUMM TNONY4YuTh HONb? HyXHO KO BTOpPOHM CTpOKe NPHOABUTH
NepBYI0 CTPOKY, YMHOKE€HHYW Ha —2. MBICIEHHO WM Ha YEPHOBHKE

yYMHOXKaeM TMepByro CcTpoky Ha —2: (-2, —4, 2, —18). U mnocnenoBareibHO
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MIPOBOJMM (OISITH K€ MBICIEHHO WJIM HA YEPHOBHKE) CJIOKEHHE, KO BTOPOM
CTpoke mnpudaBjsieM TMEPBYK CTPOKY, YK€ YMHOKEHHY0 Ha —2:
0 -5 5 -5

-2 -4 2 —-1a
+ + + +
2 -1 3 13
Pesynbrar 3aMuChIBAEM BO BTOPYIO CTPOKY:

3 2 =541 1 2 =1% 1 2 -1|9
2 =1 3|153|—=|2 -1 3[13|—=|0 =5 55
1 2 1% 3 02 =5K1 3 2 =351
AHanornyHo pazbupaemcs ¢ TpeTbeit cTpokoit (3, 2, —5, —1). UToOsl moayuuTh Ha
MIePBOM MO3UIIUN HOJIb, HY’)KHO K TPeTheil CTPOKe NMPUOABUTDH NMEPBYI0 CTPOKY,
YMHOK€HHYI0 Ha —3. MBICIICHHO WJIM Ha YEPHOBUKE YMHOKAEM IMEPBYIO CTPOKY

Ha —3. (-3, -6, 3, —27). I k Tperbeii cTpoke NMpUOaBJIsieM NMEPBYI CTPOKY,

YMHOKEHHYI0 Ha -3
0 -4 -2 — 28
I | | I
-3 -6 3 - 27
+ + +
3 2 -4 -1
PesynbraT 3aITMCBhIBaEM B TPETHIO CTPOKY:
3 2 =541 1 2 =1% 1 2 =19 1 2 =119
2 =1 3(153|=|2 -1 3[13|=|0 -5 5F5|=|0 -5 5|=-5
1 2 1% 3 2 =51 3 2 =51 0 -4 223

Ha npaktuke 3Th AeHCTBHS OOBIYHO BBITIOJHSIOTCS YCTHO W 3aIlMCHIBAIOTCS B
OJIMH Iar:

3 2 =51 1 2 -1% 1 2 19
2 =1 3[3|—=2 -1 3|13|—=0 -5 5|-5
1 2 =19 302 =51 0 -4 —-21-2B
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He HyXHO cyuTaTh BCE Ccpa3y M OJHOBpPeMeHHO. [lopsnok BelYMCIECHHUN U

«BIIUCBIBAHU» PE3YJILbTATOB MOCJIECA0BATEC/ICH
12 —1p) (1 oz —1py (12 -y (12 -1y (12 -1|9
# ow wmbe| 5|0 * w510 -5 #3500 -5 Sls|0 -5 5LE5|—
* K * | * kS * | kS * * |4 * kS * | * * * | *
12 -1]9 1 2 -1]9 1 2 -1]9 1 2 -19
—=|0 -5 5}5|=|0 -5 5FE5|=|0 -5 S5Es5|=|0 -5 5|-5
0 * ow|= 0 -4 *|= 0 -4 —2|=* 0 -4 -2}-28

I[anee HY’KHO IIOJIYYUTb CAMHUITY Ha CJ'ICI[YIOHIGﬁ «CTYIICHBKC)»:

1 2 -1 9
(0 Cs) s —5)
0 —4 -20-28

B nmanHOM mpumepe 53TO caenaTh JIETKO, BTOPYIO CTPOKY JEJIUM Ha —H

(MOCKOJIBKY TaM BCE YuCia ACNITCA Ha 5 0e3 ocTarka). 3a0/IHO JEIUM TPEThIO
CTPOKY Ha —2, BEJIb YeM MEHBIIIC YKCIIa, TEM MPOIIE PEIICHHUE:

32 =541 1 2 -1(% 1 2 -1 5 1 2 -1%
2 -1 3[13|—=l2 -1 3)13|—=|0 -5 5|=-5|—=|0 1 11
1 2 1|5 52 =5kl 0 -4 228 0 2 1[4

Ha 3akiaroumnTeabHOM 3Tame QJICMCHTAPHbIX Hp606pa30BaHI/Iﬁ HY>XHO ITIOJIYUYUTH

€I1le OAUH HOJIb 31ECh:
9
1
14

s 5TOr0o K TpeTbeid CTPpOKe MpUOABJIAieM BTOPYI0 CTPOKY, YMHOKEHHYIO

1 2 -1
<01—1
0@1

HA —2:

1 2 =1% 1 2 =11 5% 1 2 =19
2 -1 3[3|—=2 -1 313|[—=|0 =5 5(=-5|—=|0 1 -1 |—=
2 2 =5K1 0 -4 2126 0 2 1[4
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[TonpoOyiite pazoOpaTh 3TO NEHCTBUE CAMOCTOSATEIHLHO — MBICICHHO YMHOXKbBTE
BTOPYIO CTPOKY Ha —2 U MPOBEJIUTE CIIOKEHUE.
[locnenHee BBINIOJIHEHHOE NIEUCTBUE — MPHUYECKA PE3ysbTaTa, JCIUM TPETHEO
CTpPOKY Ha 3.
B pesynpTaTe naieMeHTapHBIX NPeoOpa3oBaHUM TMMOJydeHa HKBHBAJICHTHAS
HCXOJTHOM cucrema JIMHEUHBIX YPaBHCHUU:
x+2y—z="9
y—z=1
z=4
Tenmepp B jJelicTBUE BCTymaer oOpaTHbIM xoa meroaa ['aycca. YpaBHeHus

«PACKPYIUBAIOTCs» CHHU3Y BBCPX.

B TpeTheM ypaBHEHHH y HAC YK€ TOTOBBIM pe3yapTar: £ =4

CMmoTpuM Ha BTOpoe ypaBHerue: » 2 =1 3HaueHne «3eT» yxKe H3BECTHO,

TaKuM 00pa3oMm:

y—4=1

y=5

U, HaxoHew, nepsoe ypasuenue: * T2 2= «Mrpex» n «3eT» N3BECTHDI, AENO0
3a MaJIbIM:

x42.5-4=9

x+6=19

x=73

Otger; = >¥=22z=4

3aaHud IS CaMOCTOATEIbHOI PadoThI

2xy — x5, +5x, =10
Xy T X, — 3x; = —2
1. V2xy+4x, +x5=1
Xy T x,—xy; =10
2xy — Xy —xg = —2
2. \dx, +x,—3x;=5
27



Xy T, —x;—2x, =10
3 b=xyra,—3xy;+x, =4

BOHpOCLI JJI1 CAMOIIPOBEPKH.

1) Kakas matpwuiia Ha3pIBaeTCs PaCIIMPEHHOM?
2) HazoBute »smeMeHThl mpeoOpazoBanuit npu pemieHuun  CJIIAY

MeTtoaoMm ['aycca

1.2.2. Pemienue cucTeM JIMHEHHBIX YPABHEHHIT MATPHYHBIM METOA0M

Heanb padoThl: HAYUYUTHCS PEIIATh CUCTEMbI JUHEHHBIX YPAaBHCHUM MAaTPUYHBIM
METOJ0M

3apanue: Pemmure CJIAY mMaTpudHBIM CIOCOOOM

Xoxa paboThl:

[ToBTOpUTE MpOMACHHBIA HA YPOKE Y4E€OHBIM Marepuan 1o y4eOHUKY W MPOUYUTANTe
HIDKE CIIEAYIOIINE KPATKAE TEOPETUUECKUE CBEACHUS

Kparkue TeopeTnyeckue CBeICHHs

Martpuunbiii Meton pemenus CJIAY: npumep penieHus: ¢ HOMOIIbI0 00paTHON
MaTpHULbI

Memoo obpamnou mampuysl — 3TO METOJ, UCHOJb3YIOIIMICSI MPHU pPELICHUH

CJIAY B TOM cityyae, €Ciu YUCJI0 HEM3BECTHBIX PABHSETCS YUCITY YPAaBHEHUMU.

Ecmn wMarpuna A HEBBIpOXKJAEHA, TO TOTrAa C NOMOUIBIO ONEpaluil Haj
MAaTpULIAMU BBIPa3UM HEW3BECTHYHO wmarpuny X . Onepauust [eneHds Ha
MHO>KECTBE MaTpPHI] 3aMEHEHAa YMHOKEHHUEM Ha OOpaTHYI MaTpHILy, OATOMY 10
MHOKHM TOCJIEIHEE PABEHCTBO HA MaTpuily A ' ciesa:

ATAX = A 'B= EX=A'B=
X=A'B
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[ToaTomMy, uYTOOBI HaWTH HEWU3BECTHYIO MaTpuily X Hago HaATH 0OpaTHYIO
MaTpUlly K MaTpHIle CUCTEMBl M YMHOXHUTh €€ CIpaBa Ha BEKTOP-CTOJOEI
CBOOOHBIX KOA(PDHUIIMEHTOB.

IIpumep 1
ary +2r. =T
o 21 +ar2=19
Haiitu pemienne CJIAY MaTpPUYHBIM METOIOM.
Pewenue.

5 o
(2 7)
BoinuimeM — MaTtpuily — CUCTEMBI L M Marpully  MpaBbIX

-
i

B =
qacTen ( 9 ) . Haiinem oOpaTHyr0 Marpuiy ajsi MaTpuubl cuUcTeMbl. Jlis
MaTpULlbl BTOPOTrO MOpsAKa OOpaTHYI0 MOXHO HaXOAWUTh IO CIEIYIOIIEMY
ANTOPUTMY:
1) marpuna qoKHA OBITH HEBBIPOXKJIEHA, TO €CTh €€ ONPENEIUTENb HE JI0JKEH
paBHsiThes Hymio: |4 = 1;
2) 3JIEMEHTHI, CTOSLINE Ha TJIABHOM JUaroHalli MEHSIEM MECTaMH, a y 3JIEMEHTOB
noOOYHOM JUaroHaJv MEHsEM 3HaK Ha MPOTUBOMIOJIOKHBIM U JI€UM MOJIy4YECHHbIE
AJIEMEHTHI Ha ONPEEIUTENb MaTpULlbl. ITak, mosydaeM, 4To
A1 ( 1 -2 )
' —2 2
Torma
. x 1 -2 7
‘hz(m; )=_;-1 18:( -2 r})'(s})z
~11 ;r.’l ~11

:( :u):"(fg):( :u)

JIBe MaTpuubl OJHOIO pa3Mepa paBHBI, €CIM PaBHbl UX COOTBETCTBYIOLIUE

3JIEMEHTBI, TO €CTh B UTOT€ UMEEM, 4TO &1 = —11 xa = 31
OtBer. 71 = —11 12 = 31
IIpumep 2:
201 + X2+ 1 =2
I — s = —2
-.?li]'.’l — T2+ 2:]’.’;5 =2

Pemmth ¢ moMoIibio 00paTHOM MaTPUIIbl CUCTEMY
Pemenue. 3anuiiem faHHYIO CUCTEMY B MaTpU4YHOU dopme:
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AX =B,

2 1 1 r
A= I =1 0 X = s
y —1 2 vy
rae - MaTpuila CHCTEMBI, - croibery
)
B=| -2
2 .
HEU3BECTHBIX, = / - cronOern npaBbix yacten. Torna
X=A'B

Haiinem o6patayro Matpuiy A ' k MaTpuie A ¢ TOMOIIBIO COIO3HOM MATPHIIBL:

PR

A

3IICCB A= |’1‘| - ONIPEJACINUTENIL MaTpUIbI A , MaTpuna A - coro3Has MaTpulia, OHa

MOJy4YeHa U3 UCXOJHOU MaTpHUIlbl 1 3aMEHOI ee PJIIEMEHTOB UX alre0panyecKuMu

nononaHeHusMu. Hatinem A , 1719 5TOr0o BEIUHCIAM aJreOpandecKue JOIMOJHSHUS K

QJICMCHTAM MAaTpPHIIbI Az

Ay = (1)t :1 g =2 A= (-1 1; {; = -2
Ay = (=118 1; j =2 Ay = (—1)**! _11 é = -3
Ay = (122 2 121 A= (12| 1| =5
Agy = (—1)"H _1 {1} =1 Ay =(—-1)"" f {1] =1
Aqgq = (—1)°1 f _1 = -3

Takum o6pazom,
2
A= —3 1
1

Onpenenutens MaTpuibl A
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]
A=|1 =1 0|=2-(-1)-241-(-1)-141-0-3—
3

3 (-1)-1—(-1)-0-2—-1-1-2=—-45£10

A Torma
-2 =3 1
~ 1
A=—= -2 1 1
4 2 5 -

’y L2 31 2
X=| a2 |=—| -2 1 1 -2 | =
2 1\ 2 5 = 2

|
=t
)
o
I
[S

I = —1
re = 1
Otser. (3 =3
3agaHus 11 CAMOCTOATEILHON PadoThI
Jx, —2x,=

b
] Chlr.h

- T _ 7
1. \_-.T-_ J.T: =

2y+x+z=-1

c—Z—Vv+3x=-1

2 —2x+3z+2yv =75
| X, +2x,-2x,=3
350, +Tx, +x,=-1

3 3%, +3x,+5x, =0

Bonpocsl 1151 cCaMONIPOBEPKH:

1) B uém 3akmrouaeTcst MaTpudHbIi MeTo perrenus CJIAY?



2) HazoBute anropuT™ pemnieHus: OAHOPOIHON CUCTEMBI IMHEWHBIX YPaBHEHUH

METO/10M 00paTHOI MaTpPHUIIBI.

Tema 1.3 KoMmjiekcHbBIE YHCIa
1.3.1. JleiicTBus HaJ KOMIUIEKCHBIMHU YHCIIAMHU

Hear padorbi: COBEpIICHCTBOBAHME YMEHUM BBINOJIHATH JIEUCTBUS Haj
KOMITJIEKCHBIMU YU CJIaMH, U300pakaTh KOMIUIEKCHOE YMCIIO Ha MIIOCKOCTH.

3amanue: Brinmonnure aeiicTBUS HAl KOMIUIEKCHBIMH YU CIIaMU
Xon paboThI:

[ToBTOpUTE MPOMACHHBIA HA YPOKE Y4EOHBIM Marepuan 1o y4yeOHUKY W MPOUYUTANTe
HIDKE CIIENYIOLIME KPATKUE TEOPETUYECKUE CBEICHHUS

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

2

Aurebpandeckas hopMa KOMIUIEKCHBIX yicen 2 =& +bi, 1" =-1,
rae | - MHIMasl €IUHALA; a - JeHCTBUTEIbHAA YacTh: a = Re z; bi - Mmunmas
gacTh: b = Im z; yrcna Buaa bi - 9yucTo MHUMBIE; TUIOCKOCTH OXY -
KOMILIEKCHASI INIOCKOCTh; 0Ch Ox - ACHCTBHUTENBbHASA OCh; 0Cch OY - MHMMas OChb;

z=a-bi
- YHCJI0, COMPsDKEHHOE Yucy Z = a + bi;

2 2
P |z| =" +b
- MOJYJTb KOMILJICKCHOTO YHCJIa;

p=argz, - M<PST 0= @< 2m
2 (e0) , -~ APTYMEHT KOMIUIEKCHOTO

yprcna Z (TI1aBHOE 3HAYCHHE apryMEeHTa);
cosp=alJat +b?, sne=blfa’+b?, tgp=bja (a=0)
Arg Z - MHO)XECTBO apTyMEHTOB YHCIIA Z:
Argz=argz+2m%, KeZ.
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Y ;
M(a;h)

0 a X
JleiicTBUA HAl KOMILUIEKCHBIMH YHUCJIAMU B ajiredpanyeckoi popme.

Han koMIIeKCHBIMU YHClIaMH B anreOpandeckoi opMe MOKHO BBITTOJTHSTh
CIeAYIOIINE ACHCTBUS.

1) Cnoxxenue.

Onpeoenenue. CyMMOM KOMIUICKCHBIX UMceNl Z1 = a; + Diimzp; = az +

b2l Ha3pIBaeTCS KOMIUIEKCHOE YHCIIO Z, ICHCTBUTEIIbHAS YacTh KOTOPOTO paBHA
CYMMe JICHCTBUTEIBHBIX YacTeH Z1 U Z2, @ MHAMAs 9acTh - CYMME MHUMBIX
YyacTel uKcen Z; U Zp, TO €CTh Z = (a1 + ap) + (b1 + by)i.

Yucra z; ¥ Z; Ha3bIBAIOTCS ClIaraeMbIMH.

CroxeHre KOMIICKCHBIX YHCeT 001a1aeT CAeIyOIUMHU CBONCTBAMH:
1°. KoMMyTaTuBHOCTS: Z1 + Zp = Zp + Z3.

2°. AcCOUMATUBHOCTH: (Z1 + Z2) + 23 = 71 + (22 + Z3).

3°. KommuiekcHoe 4rciio —a —bi Ha3pIiBaeTCs MpOTHBOMOIOXKHBIM KOMITICKCHOMY
yucity Z = a + bi. KoMruiekcHoe 4nciio, MPOTHBOMOIOKHOE KOMILICKCHOMY

quciy Z, 00o3Havyaercs -Z. CymmMa KOMIUIEKCHBIX YHCEN Z U -Z paBHa HyIO: Z + (-
z2)=0

IIpumep 1. Beimmonuute cnoxenne (3 —1) + (-1 + 2i).
B-D+(-1+2)=C@+(-1)+(-1+2)i=2+ 1i.
2) Beiunrtanue.

Onpeodenenue. BpriecTb U3 KOMILICKCHOTO YUCIa Z; KOMILIEKCHOE YHCIIO Z2,
3HAYUT HAUTHU TaKOE€ KOMILJIEKCHOE YHUCIIO Z, UTO Z + Zo = Z3.

Teopema. Pa3HOCTD KOMILIEKCHBIX YUCEIT CYIIECTBYET M IPUTOM STMHCTBEHHA.
IIpumep 2. Beimonaute Berantanue (4 — 2i) - (-3 + 2i).
(4-2)-(3+2)=(4- () +(2-2) i =7 4i

3) YMHOXKeHHeE,
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Onpeoenenue. ITpon3BeieHUEM KOMILIEKCHBIX
yrcen Z;=a;+b;i u z,=a,+b,l Ha3pIBaeTCS KOMILIEKCHOE YHCIIO Z, OIPEACIISIEMOE
paBeHcTBOM: Z = (@;@z — b1by) + (aib, + azbi)i.

Yucna z; v Z2 Ha3bIBAIOTCSI COMHOKHUTESIMU.

YMHOKEHHE KOMIUIEKCHBIX YUCEN 00JIaJaeT CIEeTYIOUMMU CBOMCTBAMH:
1°. KoOMMYTaTUBHOCTb: Z1Z2 = ZpZ1.

2°. AccormaTBHOCTS: (2122)23 = 21(Z223)

3°. IuctpuOyTUBHOCTh YMHOKEHHSI OTHOCUTEIIBHO CIIOKEHUS:

(21 + Zz) 713 = 7123 + Z5Z3.

4° z - = (a + bi)(a — bi) = a? + b?- geiicTBUTENBHOE YHCIIO.

Ha IMPAKTHUKC YMHOKXCHUC KOMIIJICKCHBIX YHUCCJII IIPOU3BOIAT 110 IIPAaBUITY
YMHOXCHHUA CYMMBI HAa CYMMY U BBIICIICHUA IIGIZCTBHTGHLHOI)II 1 MHAMOM YacCTH.

B crenyromem npumepe pacCMOTPUM YMHOKEHUE KOMIUIEKCHBIX YHACEIT IBYMSI
croco0amu: 1o MPaBUITy U YMHOKEHUEM CYMMBbI HA CYyMMY.

IIpumep 3. Bemonuaute ymuoxenue (2 + 3i) (5 — 71i).

1cmocob. (2+3i))(5-7)=2x5-3%x(-7) +(2%x(-7)+3x5)i==(10 + 21)
+ (-14 +15)i =31 +1.

2 croco6. (2 + 30) (5—7i) = 2% 5+ 2% (- 7i) + 3ix 5 + 3ix (- 7i) = = 10 — 14i +
15i + 21 =31 + 1.

4) llenenue.

Onpeéeﬂeﬁue. PEI3)I€J'II/ITB KOMIIJICKCHOC YMCJIO Z13 HA KOMIUICKCHOC YUCIIO Zy,
3HAQYUT HATH TaKOE KOMIIICKCHOE YHCJIIO Z,49TO z * zp = 11.

Teopema. YacTHOE KOMILUIEKCHBIX YHCEII CYIIECTBYET U €JUHCTBEHHO, €CIIH Z3 # ()
+ Oi.

Ha IMPAKTHUKC YaCTHOC KOMINJICKCHBIX YHUCCI HAXOAAT ITYTEM YMHOKCHUA
YUCIINTCIIA U SBHAMCHATCIIA HA YU CJIO, COIIPSAKCHHOC 3HAMCHATCIIIO.

[Tycts 21 = a3 + bai, Z, = @, + bai, Torma
zZ; _at byi _ (ay + byi)(a; — byi) _ (aya; + bib;) + (azby — a,by)i

ZZ _a2+b2i N (a2+b2l)(a2_b2l) B a%-l_bzz
_ aqap + b, b, a;b; —a; b,
~ a?+b? a? + b2
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5) Bo3BeneHue B LUENYIO MOJOKUTEIbHYIO CTENIEHb.

a) CTerneHyn MHUMOM €TUHHUIIBI.
[Tonb3yach PABEHCTBOM i2 = -1, JIETKO OIPEAEIUTH TI00YIO LIETYIO
MOJIOKUTENbHYIO CTENIEHb MHUMOM equHHUILIbL. MMeewm:

= i2i = -,
=22 =1,
=it =i,
=42 = -1,
7= 52 = -,

P=i%iP=1wur n

DTO MOKA3bIBAET, YTO 3HAUEHHUS CTENEHH 1", T/I€ N — IEJI0€ MOJ0KHUTENHHOE
YHUCJI0, IEPUOIUICCKH MOBTOPSECTCS IIPH YBEIMYCHUH TTOKa3aTess Ha 4 .

[TosTOMY, YTOOBI BO3BECTH YMCIIO | B LIETYIO TOJOXKHUTEIBHYIO CTEIICHB, HAZI0
HoKa3aTesb CTCIICHH Pa3/IeiMTh Ha 4 ¥ BO3BECTH | B CTCIICHB, IOKA3aTeIb
KOTOPOM paBEH OCTATKY OT JIEJICHUS.

[pumep 5. Beraucmure: (i ® +i17) -i %,
i36:(i 4)9: 19: 1’

(7= A= (i ==

2= 58 ((4x B B=-|

(®+i7) iB=1+i)(-i)=-i+1=1—i.

0) Bo3BeneHne KOMIUIEKCHOTO YHCIIa B LIETYIO ITOJIOXKHUTEIbHYIO CTETIEHb
ITPOU3BOJIUTCS MO MPABUITY BO3BEICHHUS ABYYJIEHA B COOTBETCTBYIOIIYIO
CTENEHb, TAK KaK OHO MPEICTABIIAECT COOON YaCTHBIN CIydyall yMHOKEHUS
OJIMHAKOBBIX KOMIUTIEKCHBIX COMHOKUTEIIEH.

[Tpumep 6. Boraucnure: (4 + 2i)°

(4 + 20)3=43 + 3% £2x 2i + 3x 4x (2i)2 + (2i)3 = 64 + 96i — 48 — 8i = 16 +
88i.

3aiaHus I CaMOCTOATEILHON PadoThI:

1. JlaHBI KOMIUIEKCHBIC unciaz, = 2 + 3i,z, = 5 —7i
Harinure:
a) Zq + Zy

b) z; - z,
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2. TlpousBeanTte yMHOXKEHHE KOMIUTEKCHBIX uncen: (2 + 3i) - (5 — 7i)

8+2i
3. Breruuciure: i
-3l

4. Pemmute ypaBHeHue: x> — 6x + 13 = 0

Bonpocel 1j11 caMONIPOBEPKM:
1. Kak o003HauaeTcs KOMILIEKCHOE YUCIIO?

2. @opMBbI KOMIUJIEKCHOTO yHciia?

3. Kakwue I[CﬁCTBPIH IMPOU3BOIATCA HAA KOMINUICKCHBIMU yuciaamMu?

1.3.2. Tloka3aTenbHas ¢gopMa KOMILIEKCHBIX YUCeJ

I.[e.m; paﬁoTu: HAaY4YUTBHCA IIPCACTABIIATE KOMIIJICKCHOC YHUCJIO B MOKa3aTeJIbHOU

dopme.

3aganue: BeimosHuTE IEMCTBUA HAJl KOMIDIEKCHBIMI YU CIAMU
Xon paboThI:

[loBTOpUTE MPOMAECHHBIA HA YPOKE Y4E€OHBI Marepuan no y4eOHUKY U MpPOYUTANTE
HIDKE CIIEIYIOIINE KPATKHE TEOPETUYECKHUE CBEICHHUS

Kpatkue TeopeTnueckue CBeIeHUS

JIro60oe KOMILIEKCHOEe 4Mclo (Kpome Hyns) Z=¢+& MoxHO 3ammcaTh B
IMOKa3aTeJIbHON dbopme: z = |z|e'® , rie |z
— 3TO MOJyJIb KOMIUIEKCHOIO YUCHIa, a ¥ — apryMeHT KOMIUIEKCHOTO YUCIIa.

3anuch KOMIUIEKCHOTO YHCJa Z B BUAC z=r-ei"’ Ha3bIBACTCs IOKa3aTeIbHOMN

dbopmoii 3anucu,
r=|z| =x?+y?

YTo HYKHO CeNaTh, YTOOBI MPEACTABUTh KOMILIEKCHOE YUCIIO B TOKa3aTeIbHON
dbopme? 1. BBINOJHUTH YEPTEXK; 2. HAUTU MOAYJb M apryMeHT; 3. 3amucaTh
YKCIIO B BUJIE Z = |z|e'?.

JleficTBUS HaJl KOMIUIEKCHBIMU YHCJIaMU B MOKa3aTeIbHOU (hopme:

Zy 2y = 1,601 1,02 = 1, - @l (@1+02)
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ipy
Z ;e T ,
R — 1. el(<P1—<P2)

Z, Te%r 1,
. n ,
z" = (re””) =7 e®

p+2mk

%:n\/rei(p:w-ei n

[Tpumepl : 3anummre B mokazaTeabHOU Gopme uncio z, = —2 + 4i
Pemienue:

Jns uncna z, = —2 + 4i HaiiiéM MOJIyJIb U ApTyMEHT:

Monyns: z, =m=m=\/2_0=2\/§

ApryMeHT:

argz, =m + arctgg =r+ arctg_i2 =m+ arctg(—2) =n — arctg?2 .
Tornga maHHOE 4YHMCIO B TIOKAa3aTelbHOM (OpMe 3amuIIeTCs CIEIYIOLIUM
obpasom: z, = 2v/5 - el(m-arcte2)
[pumep 2: 3anummre B IOKa3aTeIbHON Gopme Yucio z=2i
Pewmenue:

JleMcTBUTENBLHOM YacThIO SABIISIETCS yucio x = Re z =0,

MHHMMOM YacCThIO ABISIETCA Y = Im  z = 2.

Haxoaum Moayiib M apryMeHT KOMIUIEKCHOTO YUCJIa:

r=\/x2+y2=\/02+22=2

y 2 s
@ = arctgz = arctg=— = arctg — = arctgoo = =
X 0 2
: m
CrnenoBaTelbHO, MOKa3aTenbHas (popMa UMeeT BHUII: Z = re'® = 2ez

[Tpumep 3:
[IpencraBuTh 3aJaHHbIE KOMIUIEKCHBIE 4YMCia B MOKaszaTelabHOU (opme: 1)

z=2+0-1; 2) z=1/2+1/2-1.

Pewenue:
ITokazarenpHas (opma 3amMcH HEKOTOPOro KOMIUICKCHOTO 4YHCIa HWMEET BHJI
Z=r-e",

1. ITo ycnouto a=2,b=0. BeruciauM MoOIyidb HCXOJHOTO KOMILIEKCHOTO

yucaa: r = V22 +02 =2
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Beraucnum apryMeHT HMCXOJHOTO KOMILIEKCHOTO YHCIA, UCIONB3Yys (GopMyny :
0
¢ =z-arctg; = arctg0 =0

IToacTaBuM MOJTyd4eHHbIE 3HaYeHHs U nonydnm: z=2-e'0 CnenosarensHo, z=2-e"

- ICKOMasl 3aIMCh KOMITJICKCHOTO YHCIIA.
2. Tlo ycnoButo a=1/2,b=1/2.

2 2
1 1
Berunciaum MOAYJdb HMCXOAHOIO KOMILUICKCHOIO 4YHClIa: T = (E) + (E) =
1 12
+ - = - —
4 2 2

Brraucium apryMeHT MCXOHOTO KOMIUIEKCHOTO YHCJa, UCTIONB3Ys (GOpMYIy:

N

1/2 T
@ = arctg 1;—2 = arctgl = T [ToacTaBUM MOJTy4YEHHBIE 3HAUYECHUS U TTOJTYUHM:
V2 = V2 iz
z = 76 4+ . CrnenoBaTejbHO, Z = 76 4 - HUCKOMAas 3aliCh KOMIUJIEKCHOTO
yuciia
[Ipumep 4

YacTHOE KOMIUIEKCHBIX 4YHCENl Zq = Xq +1iy; U Z, = X, + iy, HaXOAUTCA
IIyT€M JOMHOXXCHUS UWCIMUTEIS W 3HAMEHATeNldl Ha CONPSHKEHHOE YMCIO K
3HAMEHATEJIIO:

Z _ % + iy, _ (x1 +iyy) (xz — iy,) _X1Xp +V1Y2 l.x23’1 — X1Y2
Zy Xyt iy,  (xp +iy)(x —iy,) x22 + )’22 x22 + }’22

3aiaHus 11 CaMOCTOATEILHON PadoThI:

1. 3amumcarh KOMIUIEKCHOE Ynclio Z = 4 — 3i B Moka3atelbHOU (popMme.

. TT.
2. Haiitu npon3sBeaeHre KOMIIIEKCHBIX Uncen z; = V2 e 2z uz, = V2es'
3. Paznenute komruiekcHbie ynucna z; = —1 =3iuz, = 1+ 2i

Bonpocsl A1 caMonIpoBepKHM:

1. 3anuimurte 00N BUJT KOMIUIEKCHOTO YKCTIa B MOKa3aTelIbHOU (popme.

2. 3anumute (QOopMynbl IS BBINOJIHEHUS apuPMETHUEeCKUX JCHCTBUH C
KOMIIJIEKCHBIMU YHCJIAaMH B MOKa3aTeIbHON opme

PA3JIEJ 2. AHAJIMTUYECKASA TEOMETPUS
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Tema 2.1 Bektopbl. Onepanuu HaJl HUMH
2.1.1. Onepanuu HAJ BEKTOpPaAMHU

Hear pabGorbl: CoOBEpHICHCTBOBAHUE YMEHHUN BBINOJHATH OINEpallMU  Haj

BEKTOPAMHU
3apanme: BpinosHUTE onepanyy HaJ BEKTOpamMu

Xona paboThI:

[ToBTOpHTE MPOWICHHBIN HA YpOKEe YU4eOHBIM MaTepuai Mo YYeOHUKY U MPOUYMTANTE
HIDKE CIIEAYIOIINE KPATKAE TEOPETUUECKUE CBEICHUS

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

CyMMa BEKTOpOB:

AB+ BC =AC
___ (mpaBuio TpeyrojbHUKA)

OA+ OB = OC
(mpaBuIIO MapaienorpaMma)

AL + AA, +...+ A A =AA,
T (MpaBUIJIO MHOTOYTOJIbHUKA);
OA+ OB +0C = 08 [05]
(paBuIIO Mapasenenuea, - INaroHab).

a—-b=a+ (— b)
Pa3znocTh BEKTOpOB:

OB -0A= AB
dopMya 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=xi+y j+zk, b=Xi+y, j+zk, a-b=xx,+yy,+2z2z,
__Ecmnu TO
a’= xf +yl2 +zf,
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Bexmopnoe npoussedenue

BekTopHOE Ipon3BeIeHHE BEKTOPOB . u b BEKTOP,
o [%]’ [ab] czxg, .
0003HaYaeMbIi W 11 KOTOPOTO:
1y 121l o : b ospsm,
(? - yron Mexmy BEKTOpaMu U );
) [ab] La, |ab]Ld
< 5 |ab
3) Tpoiika ¢ : b : [a - IIpaBasl.

Cmewiannoe npoussedenue ¢ KOOpOUHamax
a=xi+y j+zik, b=xi+y, j+z,k, c=xi+y,j+zk, o

Ecimn
1 X 4
abe =X, ¥y Zy|= XVyZy + ZX, Y5+ NZ%s — 2V 0%y — X2y Y — V1%, 75
X3 V3 Z3

3amaHus 11 CAaMOCTOATEILHON PadoThI:

1. J[aHbl KOOPJAUHATHI TPEX BEKTOPOB B NMPSMOYTOJIHHOM CUCTEME

a=(1.-1.3). b=(-2,2.1) d=1(3.-2.3)
KOOpJIHUHAT . Haiinure
- = -
a-b-d
CKJISIPHOE MTPOU3BEICHNE

2. B npaBoii mpsMOYyToJIbHON JEKapTOBOM CUCTEME KOOPAMHAT 3a/1aHbl TPH
-+ = -

a.b d
B3aMMHO IEPIIEHINKYJISIPHBIX BEKTOPA U, o0pa3yroumx npaByro
TPOWKY, UX JJIMHBI PaBHBI COOTBETCTBEHHO 4, 2 1 3. HaiinuTe ux cMemrannoe
-+ = =
a-b-d

IPOU3BEICHUE

3. Jlansl Bektopsl A = {2; 1 1}, B=1{3;3;4} u C= {2;0; 2}. Haiitu
KOOpJMHAaThI BekTopa D, ecim n3BeCTHO, 4TO OH MEPIEeHIUKYIISIPEH
BekTopaMm A u B, a ckanspuoe npoussenenne Dc = -8.
Yka3zanue
Bexropnoe npousseaenue [A, B] nepneHaukyaspHO 000MM COMHOKHUTEINSIM,
To ectb [A, B] nepnenaukynsipen 4 u B.

Brrauciuts 00beM TeTpasapa, BEpIUIUHBI KOTOPOTO HAXOASITCS B TOUKAX
A(2; 2; 2), B(3; 1; 5), C(0; 4; 3), D(5; 0; 7).

Yka3zanue
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Monyns cmemannoro mpousBeneHusi BektopoB AB, AC, AD paBen o0Bnemy
napaijIe/IeIHIe/1a, TOCTPOSHHOTO Ha 3THX BEKTOpaX Kak Ha CMEXHBIX peOpax.

BOl'[pOCLI AJIA CAMOIIPOBEPKU:

1. Kaxue onepanyy MOXHO ITPOU3BOAUTH HaJl BEKTOPaMH?
2. Kaxkue BeKTOpa Ha3bIBAIOTCS KOJUTMHEAPHBIMU?

3. Ilpu3Haku KOJTMHEAPHBIX BEKTOPOB

2.1.2. CmeliaHHOe NIPOU3Be/IeHNE BEKTOPOB

I.[e.m; paﬁoTu: HAaY4YUTHCA BBIIIOJHATE CMCIIAHHOC IIPOU3BCACHUC HAl BECKTOPpAMU.

3aganme: BeinmomHuTe AeMCTBUS HAJ MaTpULIAMU
Xoxa paboThl:

[ToBTOpUTE MpOMACHHBIA HA YPOKE Y4E€OHBIN Marepuan 1o y4yeOHUKY W MpPOUYUTANTe
HIDKE CIIEAYIOIINE KPATKAE TEOPETUUECKUE CBEICHUS

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

CMelIaHHBIM ~ [IPOM3BENECHUEM  TpPEX  BEKTOPOB  d,bud Ha3bIBACTCS
JEHUCTBUTEIHLHOE YMCJI0, PABHOE CKAISIPHOMY MPOU3BEACHUIO BEKTOPOB

> — - > — -
[a X b] u d, rae [a X b] - BEKTOPHOE IIPOM3BEJIECHUE BEKTOPOB d U b
CMemaHHOe  TPOW3BEACHHWE  YacTO  HA3bIBAIOT  BEKTOPHO-CKAISAPHBIM
MIPOU3BEICHUEM.

-

CMelanHoe MPOU3BeIeHNE BEKTOPOB d, b U d 00buHO 0603HavaoT d b - d. B
TaKuX 0003HAYEHHUSAX 10 ONPEIESIEHUI0 CMEIIAHHOTIO MPOU3BeaeHus d * b - d =

([axB]-d).

CMemaHHoe Mpou3Be/ieHHe B KOOPAMHATHOM (hopme.

HOKa)KeM, KaK HaXOAUTCs CMCIIaHHOC IMPOU3BCACHUC, €CIIN N3BCCTHDLI
KOOPpAWMHATBbI YMHOKXAaCMEBIX BEKTOPOB B HDHMOVFOHBHOﬁ CUCTEMC KOOPAHWHAT.

> —
IIyctb 1,7 v k - KOOpAWHATHBIE BEKTOPBI.

BekTopHoe mpou3BeIcHUE B KOOPAUHATAX UMEET BHUJ
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dxgz(aybz—azby)-?+(az-bx—ax-bz)-f+(ax-by—ay-bx)ig
ay a; a, a, Ay ay -
=|b, b, b, b, b, b,| ¥

1 — .]_)_l_

d CKaJIAPHOC IIPOU3BECIACHNUEC BEKTOPOB B HDHMOVFOHBHOﬁ CHUCTCMC
KOOpJAWHAT paBHO CYMMC HpOPI3B€I[€HHﬁ COOTBCTCTBYIOIIUX KOOPAUHAT, IIO3TOMY,

- i ay aZ ax aZ - ax ay g - - i
([aXb]):<by bZ'l_ bx bZ]+ bx by.k'dx.l-l_dy.]-l_dzlk)
a, a, a,

N A L Rl O

y V4 X Z X dx dy dz

Takum 06p8,30M, CMCHIAHHOC IIPOU3BCACHHUC BCKTOPOB pPaBHO OIIPCACIUTCIIIO
MaTpulbl TPCTHCIO IIOpAAKa, CTPOKaAMH KOTOpOﬁ ABJLIIOTCA  KOOPAWHATHI
YMHOKAaCMbIX BCKTOPOB, TO €CTh,

a, a, a,

C_il;(z=([&><l_?>]j)= bx by bz
d, d, d,
CBOICTBA CMEIMIAHHOTO ITPOU3BEICHUS.

M3 cBOWCTB BEKTOPHOT'O NPOU3BEJIECHUS U CBOUCTB CKAJISIPHOTO
MPOU3BENICHUSA CICAYIOT CICIYIONINE CBOMCTBA CMEIIAHHOTO IIPOU3BEACHMUS !

a-(ﬁ+ﬁ) i=a-p®D-d+a2p®-d
i B(d<1>+d<z>)—a b d® +G-b-d®
[Tpumep 1:

JIaHbI KOOPIUHATHI TPEX BEKTOPOB B MPAMOYTOJIBHON CHCTEME KOOPAUHAT d =
(1, =1, 3), b=(=2, 2 1), d=(3, -2, 5).Haiiure cMemannoe

NPOM3BENEHHE d * b-d.

Pemenue:
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CMCIIIAaHHOC IMPON3BCIACHHUC BCKTOPOB MOXCT OBITH BBIYHCJIICHO qcpe3
OIIPCACIINTCIIb MATPHULblI TPCTHETO IIOPsAAKa, CTPOKaMHU KOTOpOﬁ SABJIIIOTCA
KOOpAWHATBI BEKTOPOB, TO €CTh,

a, ay a, 1 -1 3
i-b-d=([axb]-d)=|bx by b=|-2 2 1
dy dy d, 3 -2 5
=1-254+3-(-2)-(-2)+(-1)-1-3-3-2-3—-(=1) - (-2)
5—-1-1-(=2)=-7

FCOMCTpI/I‘ICCKI/Iﬁ CMBICJI CMCIHIAHHOT'O ITPONU3BCACHUA].

BrrsicuuMm FeOMeTpI/I‘IeCKI/Iﬁ CMBICJI CMCIIAaHHOI'O IMPONU3BCACHUA

—

BEKTOpOB d, b u d

—

OT1noXUM BCKTOPBbI (,_l),b U dor OHHOﬁ TOYKH H ITOCTPOUM IIaPAJUICIICIIUIICI Ha
9THUX BCKTOPAX KaK Ha CTOPOHAX.

O6o3Haunm € = [Ei X b]. B 3TOM citydae cmenmaHHOe TPOU3BEACHUE MOKHO

- _)A - 5 - -
sammcath kak @ - b - d = |é] - |d| * COS (c d) = |C| - npgd, rae npzd - uncnosas

)

- —
poeKUHs BeKTopa d Ha HanpaslieHue Bekropal = [d X b] .

AOcomioTHasT ~ BeIMYMHA ~ YHMCIOBOM  TPOEKIMH  Npgd paBHA  BBICOTE

—

S
napajuieNenuIena, IOCTPOEHHOro Ha BEKTopax d, b ¥ d, Tak Kak BEKTOP

—

¢ = [d x b] nepnennukynspen u Bextopy d M BekTOpy b 1O ONpeNeEHUIO

BEKTOPHOTO MPOW3BEICHUS. A B pa3jielie FEOMETPUUYECKUN CMBICT BEKTOPHOTO

MIPOM3BEAEHUS Mbl BBISICHWJIM, YTO BeauwuuHa |C| = |a X b| npencraBnsieT coboit
M

IUIOIIA/b MapaiesiorpaMMa, OCTPOEHHOTO Ha BeKTopax d U b . Takum o0pasom,

MOJIyJIb CMELIAHHOrO IpousBenenus d - b - d = || - npzd

- OTO IMPOHU3BCACHUC IIOIIAAW OCHOBAHUSA Ha BBICOTY IIapalJICIICIIUIICAA,

—

IIOCTPOEHHOIO Ha BeKTOopax d,b u d.
AOCOJIOTHAST  BeJIMYMHA  CMEIAHHOrO  NPOM3BEIEHHS  BEKTOPOB

npeacTaBJaseT co00ii 00beM nmapaJsuiesienuinena:
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-

- -
Viapannenenunena = |a-b-d| . B »aTOM 3akioudaeTrcsi TE€OMETPUUECKUU CMBICT

CMCIIAaHHOI'O IIPOU3BCIACHUA BCKTOPOB.

—

S
O06beM TeTpadapa, IMOCTPOEHHOIO Ha BEKTOpax d,b u d , paBeH OmHOM mHIeCTON

oO0BeMa COOTBCTCTBYIOLICTO IMAPAJUICIICIINIIC A, TAKUM 06p330M,

1 1., - -
VTeTpasapa = gVnapaﬂnenennneaa = g ) |a b - dl
; Vnapaﬂﬂeﬂennne,qa = |a b - dl
h
g 1 1 ., - -
ae VTeTpaaﬁlpa = g Vnapaﬂﬂenennnega = g : |a b - dl
7
b
[Ipumep 2:

Brruucnure 00beM mapasienenurie/ia, TOCTPOCHHOTO Ha BEKTOpax
AB=(1, 6, 3), AC=(1, 3, -2), AA,=(2, 2, 2)
34/1aHHbBIX B HpHMOerJ'II:HOﬁ CUCTEMC KOOpI[I/IHaT.
Pemenne.

Hckomblit 00beM Napaienenunea paBeH adCoIIOTHOM BEIMYMHE CMEUIaHHOTO
IIPOM3BEACHUS 3aJaHHbIN BEKTOPOB. HaxoauMm cMelanHoe nponusBeeHue:

I3 6 3
AB-AC-AA, =1 3 -2
2 2 2
=3:3-3+6-(=2)"2+3-1:2-3-3-2-6-1-2—-3-(=2)
.2 =-18
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Torna, Vnapanneﬂennneaa = |-18| = 18.
Orser: Vnapannenennneaa =18

[Tpumep 3:

B npsimoyronsHO# AeKapTOBOM CHCTEME KOOPIUHAT JIaHbl YEThIPE TOUKH

A(C 0, 1, 0), B(@3, -1, 5), C(1, 0, 3), D( -2, 3, 1). Haiinure 00bem
terpasapa ABCD.

Pemienue.

O0beM TCTpasapa ABCD MBI MOXEM BBIYUCIIMTH C UCIIOJIH30BAaHUEM CMEIIAHHOTO
IIPOU3BCACHUSA BCKTOPOB 110 (I)OpMyjle

1 _— — ——
VreTpaa,qpa = 6 *|AB-AC-AD

Hatinem koopanHaTEI BEKTOPOB IO KOOPANMHATAM TOYEK

AB=(3-0, —-1—-1, 5-0)=(3 -2 5)
AC=(1-0, 0—1, 3—-0)=(1 -1 3)

AD=(-2-0, 3—-1, 1-0)=3-2 2 1)

—_— — ——
Brruucnsiem cmemannoe npoussBenenue AB - AC - AD 1o koopanHaTaMm BEKTOPOB:

3 =2 5
AB-AC-AD=|1 -1 3}

-2 2 1
=3-(-1)-1+(-2)3-(-2)+5-1:2-5-(-1)-(—-2)—(-2)
1-1=-7

Takum obpazom, HMCKOMBIN 00BbeM TeTpadipa paBeH

7

VTeTpaaapa = g |=7] = 6

7
OtBeT: Vierpasppa = p
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3agaHus 11 CAMOCTOSITEIbHOM PadoThI:

1. JlaHBI KOOpAMHATHI TPEX BEKTOPOB B MPSMOYTOJIBHOW CHUCTEME KOOPIUHAT
i=(-1, 2, 3), b=(-4, 2 0), d=(, -1, 5).Haiimure

—_—
CMEIIaHHOE Tpou3sBeaeHre d - b - d.

2. B npsMoyronbHOM eKapTOBOM cHCTeMe KOOPAMHAT JaHbl YEThIPE TOUKU

A(3,1,4), B, -1, 2), C(0, -2, 3), D( -2, 3, 1). Haitnure o0bem
terpa’apa ABCD.

3. Brruucaure o0beM napasuiesenuneia, IOCTPOSHHOTO Ha BEKTOpax

AB=(1, -6, 3), AC=(1, -3, —2), AA, =(-2, —2, 2)
3aJJaHHBIX B IPSIMOYTOJIbHOM CHUCTEME KOOPIMHAT.

Bonpocsl A1 caMonIpoBepKHM:

1. Kakoe npou3sBeieHNE BEKTOPOB HA3BIBAECTCS CMEIIAHHBIM ?
2. HazoBuTe CBOIICTBAa CMEIIAHHOTO MPOU3BEICHUS BEKTOPOB
3. 3anuimTe reOMETPUYECKUI CMBICI CMEIIAHHOTO IPOU3BEIECHUS BEKTOPOB.

Tema 2.2.1IpsaiMasi HA VIOCKOCTH U B MPOCTPAHCTBE: KPUBbIE 2-T0 NMOPAIKA

2.2.1. YpaBHeHUSs] KPUBBIX 2-T0 NOPSAAKA: OKPYKHOCTb, JUIUIIC,
rumnepooJ1a, napadoJia

Heap pabdorbr: COBEPIIEHCTBOBAHUE YMEHHUM COCTAaBJIATH YpPAaBHEHHSI KPHUBBIX

BTOPOTO MOPSIAKA.
3ananue: CocTaBbTe YpaBHEHUSI KPUBBIX BTOPOTO MOPSIKA

Xox paboThl:

[loBTOpUTE MPOMAECHHBIA HA YPOKE Y4E€OHBIN Marepuan 1no y4eOHUKY W MpOUYUTANTE
HIDKE CIIETYIOIINE KPAaTKHE TEOPETUYECKHUE CBEICHHUS

Kparkue TeopeTnyeckue cBeICHUS:

I'unep6oaa. I'unep60s0if  HAa3BIBACTCS TEOMETPUUYECKOE MECTO TOYEK,
Pa3HOCTh PACCTOSHUN KOTOPHIX OT JABYX JAaHHBIX (PUKCUPOBAHHBIX TOYEK

(bokycoB) rumepOoJibI €CTh OJHA M Ta € TIIOCTOSHHAs BeJIMYMHA.
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[Ipennonaraercsi, 4TO 3Ta MOCTOSIHHAS BEIMYMHA HE paBHA HYJIO U MEHBIIIE,
YEeM PACCTOSIHUE MEXKIY (POKycamH.

[Ipocreiiiiee ypaBHEHUE TUIIEPOOITBI

xZ yZ

e
3nech a - JICHCTBUTEIbHAS TOIYOCh THIEPOOIBL, D - MHHMMas mMmoiryoch
TUIIEepOOJIBI.
Eciu  2c-  paccrosHme  Mexay — Qokycamu — rumepOosibl,  TO
MEXKIY @, b 1 C cylecTByeT COOTHOIICHUE
a?+b%=c%
[Tpu b = a rumepoOoIa HAa3bIBACTCS PaBHOCTOPOHHEM. YpaBHeHUnE
PaBHOCTOPOHHEHN runepO0IIbl UMEET BUJ
X2 -y? = a2,
®oKychl TUIIEPOOJIBI JIEKAT Ha €€ JEHCTBUTEIBLHOM OCH.
DKCLEHTPUCUTETOM T'MIEepOObl HA3bIBA€TCS OTHOIIEHUWE PACCTOSHUSA

Mexay (POKycaMH 3TOM rurnepOoIbl K IJIMHE €€ ACHCTBUTENBHOU OCH.

e =—
a

AcCHUMITOTHI TUTIEPOOIIBI - IBE TPSIMbIC, OTIPEIEIsIEMbIE YPABHEHUSIMU

b
y=2*
b
y==,%

IMapa6oua. [TapaGosoil Ha3bIBAETCS TEOMETPUUECKOE MECTO TOUCK, KaxKIast
U3 KOTOPBIX OJMHAKOBO YJaJlleHa OT 3aJaHHON (PUKCHPOBAHHON TOYKH M OT
3alaHHON (UKCHpOBaHHOM mpsiMoil. Touka, 0 KOTOPOU UAET peub B ONpPENEICHUH,
Ha3bIBaeTCs POKYCOM IMapadoIIbl, a psiMast - €€ TUPEKTPUCOH.

[Ipocreiiiee ypaBHeHNE MapaOOIIbI
y?=2px. ()
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Bxopsmias B 9T0 ypaBHEHNE BeIMYMHA ) HA3BIBACTCS TTapaMETPOM MapadOoJIbL.

[TapameTp mapaboJibl paBeH pacCTOSHUIO OT IUPEKTPUCHI MapadoJIbl 10 ee PoKyca.
Koopaunats! dokyca F mapadomsr (*) F (g, 0)

. (boxyc mapabosbl JIEKUT Ha €€ OCH CUMMETPHUH) YpPaBHEHUE TUPEKTPUCHI

napabosl (*)

DKCUEHTPHUCHUTET napadossl € = 1.

LI |

c[-%. 0 F(5. o)

L]

=

2 _
y==2px (p>0)

Anauncom HA3BIBACTCS TEOMETPUUECKOEC MECTO TOYEK, CyMMa PaCCTOSHUM

oT KOTOPBIX bi (o) JIBYX 3aJJaHHBIX Touek Fiu Fo,

Ha3bIBACMBIX d)oxycamu OJIJIMIICA, €CTh BCIIMYMHA ITIOCTOsIHHAsI.

i
b D
af & 5\ i
- - o c P X
-bH |

Ypaeueuue naunca .
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x2 yZ
2tpr=!

31mecy Ha4aja0 KOOPAMHAT SIBISETCS IEHTPOM CHMMETPHH DIUIUICA, & OCH
KOOpJIMHAT — €ro ocsAiMu cummeTpud. [lpm a > b gokychl sjumrica Jexar Ha
ocu OX ( puc.l ) , mpu a<Db dokycel smmmnca sexar Ha ocu OY, a
npu a =D 3/UIHIIC CTAaHOBHUTCS OKPYXHOCTHIO ( (DOKYCHI 3JUIMIICA B 3TOM CITy4ae
COBMAJAIOT C IICHTPOM OKPY)XHOCTH ). Takum 00pazoM, OKpyIiCHOCMb eCcmb
YaCMHBIU CYYal IIIUNCA.

Orpesok F1F;= 2c¢, rtme c=./|la? —b? , Ha3eBaeTcsa PoKycHbIM
paccmoanuem. Otpe3ok AB = 2 a HasbIBaeTcs 00160l  0ocblo Innunca, a
otpe3ok CD = 2 b — manou 0Cbi0 IIUNCA. Yucoo e=c/a, e< 1

Ha3bIBACTCA IKCUEHMPUCUMEMOM IJL/IUNCA.

[Mycte P (x1, y1) — TOUYKa 3JUIMICA, TOTJA ypA6HEHUE KACAMENbHOU K

duiuncy B HaHHOﬁ TOYKEC UMCCT BU.

X1X Y1Y_1
a?z ' b

Ycnoeue kacanus npamoii Y =mX +K wannunca x?/a? + y?/b?=1:

k?=m?a?+b2.

3aaHus I CaMOCTOATEILHON PadoThI.

3apanue 1: CocraBbTe ypaBHEHHS KPUBBIX BTOPOTO MOPSAKA

1. Haiiute KOOpAMHATHI LIEHTpA M paayyca OKpyXKHOCTH X2 + y2 — 8x —
10y —8=0
2. Jlana okpyxkHocTs x2 + Y%+ 4x — 6y =0 cocTaBbTe ypaBHEHHE

IaMeTpa, MEePHeHIUKYISpPHOro kK xopae 2x — 3y + 13 = 0.
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3. CocraBpTe ypaBHeHHe mmrca ¢ ¢dokycamu Ha ocu Ox, ecnd ero
OoutbInast och paBHa 14, a skcrieHTpucHuTeT €=2/3.

4. CocraBbTe ypaBHeHue sumnca ¢ (okycamu Ha ocu OXx, ecium OH
poxoauT yepe3 Touku A(6; 4) u B(8; 3).

S. CocraBpTe ypaBHEHHE THIIEPOOJbI, €CAM €€ aCHUMIITOThI 3aJIaHbl
V6
ypaBHEHUSIMU Y = + ~ ) X ¥ OHa IIPOXOJIUT Yepe3 TOUKY (6;-4)

Bomnpocsl AJ1s1 caMONpoBepPKU:
3anuimrTe ypaBHEHUE TUIIEPOOJIBI
3anummre ypaBHEHUE TapadoJIbl

3anumuTe ypaBHEHHE DJUIUIICA

A w o

3anuumuTe ypaBHEHHE OKPYKHOCTHU

2.2.2. IloaroTOoBUTH Npe3eHTanuio Mo TeMe «KpuBbie BTOPOro nopsijika»

Kpurepuu opopmieHus npe3eHTauum CMOTPUTE B IPUIIOKEHUU B

PA3JEJI 3. MATEMATHYECKHWHA AHAJINA3
Tema 3.1 Teopusi npeaesioB U HENPEPHIBHOCTH
3.1.1. PackpbiTHE HeonpeaeJJéHHOCTEI

Hean paborbi: OTpaboTKa HABBIKOB BBIUUCICHUS MTPEAEIIOB (DYHKIIMIA

o . v . 0 o
3ananme: Packpoiite HeonpeaeaEHHOCTH HEONPEIeIEHHOCTEH 6 , —
o0

Xoxa paboThl:
[ToBTOpUTE MPONAECHHBIA HA YPOKE Y4E€OHBIN Marepuan no y4eOHUKY M MpOYUTANTe

HWKC CIICAYIOIINC KPATKNUC TCOPCTUICCKUC CBCICHUA

Kpatkue TeopeTnueckue CBeIeHUs
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Omnpenenenne. Yncno b HazpiBaercs npeaenom ynkiun f(X) B Touke Xo, ecnu s

BCEX 3HAUCHMH X, A0CTAaTOYHO OIM3KHUX K Xo 1 OTJIMYHBIX OT Xg, 3HAYCHUS ClJYHKHI/II/I

f(X) ckoJIb YroaHO Majio OTIMYAIOTCS OT uncia b. [MumyT: lim f(x)=b
X—>Xg

OCHOBHBIC HCOIIPCACICHHOCTH IIPCACIIOB U UX PACKPBITHC.

o 0
OcHOBHBIC BUJAblI HCOIPCACIICHHOCTCHU: HOJIb ACIWTH Ha HOJb (6) )

00
0OECKOHEYHOCTh ACJIUTb Ha OECKOHEYHOCTh (;) , HOJIb YMHOXWUTb Ha

oeckoneunocth (0 - 0), OECKOHEYHOCTh MHHYC OECKOHEYHOCTH (00 — 00),
eIMHMIIA B CTeNeHH OeckoHeyHocTh 1%, Homp B cremenu Homb 090
OECKOHEUHOCTb B CTENEHH HOJIb o0°,
PackppIBaTh HEONPEAEIEHHOCTH TIO3BOJISICT:
yropoiieHue Bujaa QpyHkuuu (mpeoOpa3oBaHUE BBIPAXKEHUSI C UCIIOIb30BaHUEM
dbopMya  COKpalIEHHOTO  YMHOXXEHHS, TPUTOHOMETpUYECKHX  (opMyd,
JTOMHOKEHHUEM Ha COTPSDKCHHBIC BBIPAKCHUS C MOCIEAYIOMUM COKPAIICHHEM U
T.IL.);

HCIIOJIB30BAHNC 3aMCUYATCIIBHBIX IIPCACIIOB,

MpUMeHeHHe npaBuia Jlonurans;

HCIIOJIL30BaHNEe 3aMEHBI OCCKOHEYHO MAaJIOTO BBIPDAKCHUA CMY

3KBI/IBaJ'IeHTHBIM(I/ICHOJ'IL3OBaHI/IC Ta6J'II/II_[BI SKBUBAJICHTHBIX 0ECKOHEYHO

MaJIbIX ).
CrpynnupyemM HEONpeAeICHHOCTH B TAOJUILy HeompeaejgeHHocTeld. Kaxnomy
BUJly HEOMPEACICHHOCTH TOCTAaBUM B COOTBETCTBUE METOJ] €€ PaCKPbITUS (METO

HaXO0XKJICHHS TIpeJIesia).

Tabnuna 1 — Tabnuia HeonpeaeaEHHOCTEN

Bunsr MeToabl HaXOXACHUS TIpeaena
HEONPEACIEHHOCT
97
(9) Heob6xoammo npeobpazoBath 1 ynpocTUuTh Beipakenue. Eciu
0
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sin(kx) kx
CCTb BBIPpAXKCHUC BHU A NN — , TO IPUMCHSCTCA
kx sin(kx)

IIEPBBIN 3aMEYaTEIbHbIN IPEACII.

(Oo) Heo0Oxoaumo mpeobpa3oBaTh U ypocTUTh Beipaxenue. Eciu

(0]
HC IIOMOT'aCT, TO UCIIOJIb30BATh ITPABUIIO Jlonurans.

. _ . 0
(0 00),(00 — ) | HeoFxommo peobpa3oBaTh HEONPEAEIEHHOCTD K BULY (6)
(00
W (;), 3a TeM MMPUMEHUTH MpaBuiio Jlonuras
1%, IIpumensieM BTOpOM 3aMedaTeNbHbIA peIes

CeoiictBa mpenenos. Ilycts cymectByror npemenst limf(x)=a u limg(x)=b .

X=Xy X=X

Tornma:

1. Ilpenen KOHCTaHTbl ~ paBEH caMoi KOHCTaHTE: limc=c

2. Ilpegen cymmbl nByx GYyHKUHUA paBeH CyMMe MPENesioB 3THX (DYHKITHI:

{9+ g(0]=a+b

3. Ilpenen mpowusBeneHus ABYX (DYHKIUH paBEeH MPOU3BEACHHIO MPEIACIOB ITHX

yHKIMii: XIim[f(x)-g(x)]:a-b

—>Xo

4. TlocTOSHHBIM MHOKHMTENb BBIHOCHTCA 3a 3Hak mpenena: limlk- f(x)]=k-a .

X—>Xo

5. Ilpenen yactHOro AByX (PyHKUMU PAaBEH YACTHOMY MPEIETIOB 3THX (PYHKIIUI:

f(x) a

Iim—_B, ecm g(x)#0

6. ITokazarenn CTCIICHU MOKHO BBIHOCHUTD 3a 3HaK npeacia:

lim(f(x))" =(Iim f(x))n =a".

X—>X%g X=X

o o . Sinx
HepBbll/l 3aMevYaTeJIbHbIN Mpeae UMECT BU/: llng . =1
X—
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Ha npakTtuke yame BcTpedaroTcss MOAU(GUKANMYU NEPBOro 3amMe4aTe1bHOro

sin(kx) _

npeneJia B Buje: lim 1

x—0 kx

rae, K — koadduipeHr.

CJICIICTBI/IH MmEPBOro 3aMmeuaTeJIbHOro mpeaejaa:

. x . 1 1
1. Iim—=limpFz=-=1
x—-0sinx  x-0 1
X
. kx . 1 1
2. lim - =llmm=—=1
x—0 Sin kx x—=0 1
Ipumep 1:
o . sin(3x)
Haittu npenen: lim ——
x-0 2x

Penienue:

sin 3x 0
=

)

HpI/IHIJ'II/I K HCOIIPCACIICHHOCTHU HOJIb ACIIMTh HA HOJIb. CMOTpI/IM B Ta6JII/I[[y

[Toxacrasisiem 3HaueHue: lim = (-
x—0 2x 0

HEONpeAeIeHHOCTEN AJIs onpeiesieHus MeToa pemienus. KomOuHanyst cuayca u

€ro aprymeHTa MojCKa3blBaeT HaM O MPUMEHEHUH MIEPBOr0 3aMEYaATEIILHOTO
npenena, Ho JUIsl 9TOr0 CHavasia Hy>KHO HEMHOT'O TTpeo0pa3oBaTh BhIpaKEHHE.

JIOMHOXUM Ha 3X ¥ YUCIIUTEINIb U 3HAMEHATENb IPOOH.

y sin(3x) (0) 3xsin(3x) . [sin(3x) 3x 3 sin(3x)
im———=(z]=—=lim|————— | =lim|=-——
x>0  2X 0 3x-(2x)  x-0 3x 2x x->0\2  3x
. sin(3x)
B cuiy crieacTBus U3 mepBOro 3aMedyaTeNIbHOIO Ipeeiia 11rr(1) vt 1, mosTomy
X—
. limi_sin(Bx) _ 3. 1= 3
PUXOMM K pesyabTary: lim 2-—2= = >-1 = -

o . . 1\*
Bropoii 3amMmeuaTeJbHbIN Mpeaes uMeeT B lim (1 + ;) =e

X—00
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WU B IPYro 3anucu lir% 1+x)/*=e
X

B CJIydac BTOPOro 3aMcHaTCJIbHOIO IIpcaAciia UMCEM ACJIO C HCOIIPCACICHHOCTBIO

BUJIA €AMHMIIA B CTENEHU OeckoHeuHOCTH(1%) .

IIpumep 2:
x2+1
. 2 4
Beraucnuts npenen lim (1 — —
X—00 x4“+1
HOI[CT&BJBICM 6CCKOHC‘IHOCTBI
x2+1 0241

I 2 4 2 4 w w
x‘l?o(l_xZH) _(1_ooZ+1) =(1-0)"=Q1%)

HpI/IHIJ'II/I K HCOIIPCACIICHHOCTHU CAWHUIA B CTCIICHH OECKOHEYHOCTb. CMOTpHM

B Ta6J'II/II_IV HCOHDGHCHCHHOCTCﬁ JJI1 OIIPEACIICHUA MCTOAAd PCHICHUA U

OCTaHaBJIMBACMCS Ha IPUMCHCHHUHU BTOPOI0 3aMCYaTCIbHOIO IIPCacia.

x2+1  x%+1 t
Cnenaem 3aMeHy nepeMeHHbIX. [IycTet = — P =

Ecmtux - 00, Tot > —00

Hcxomublid mpeaes mocjie 3aMeHbl PUMET BHU/I:

[EnY
[EnY

2
x2+1 1, I\ E

2 4 1\ 2 _
im (1-22) == (14 = pm (1)
X—00 X +1 t—oo t t—oo t

Il
o
N

IIpumep 3:

) x—-1\*
Beraucnuts npenen lim (—
x—o0o0 \X+1

Pewenue:

[ToacrasisieM OECKOHEYHOCTD:

1
. x—1"_1_ 1—; _1—0°°_1oo
tim () =lim | — ) =(755) =@
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HpI/IH_UII/I K HCOIIPCACICHHOCTH CANHHNIIA B CTCIICHU 6eCKOHe‘-IHOCTB, KoTOpasd
YKa3bIBACT HAa IIPUMCHCHHEC BTOPOT'O 3aMCUYATCIIbHOI'O IIpCaciia. BBII[CJ'II/IM HCIYIO

4acTh B OCHOBaHUU IMOKA3aTEIbHO CTEIICHHOW (DyHKIIMH:
x—1 x+1-2 x-1 2 2

x+1 x+1  x+1 x+1 x+1

Torma npenen 3anuueTcs B BUJE:

I x—1>x_<1oo>_ y (1 2 )
xl—{go(x+1 B Rt x+1

Cnenaem 3aMeHy nepemMeHHbIX. [1ycTh

X

t=—xZ—1=>2t=—x—1 =>x=-2t—1

Ecimx - 0, Tot > —

Hcxonnslii mpeaen nocie 3aMeHbl MPUMET BU:
li il N 1) = lim (1 - ——
xLIEO(x+1> = ( )_x1—>n<>10< x+1)
1\ "2t-1 1\ "2t 1\ L
=1im(1+—> =1im<<1+—) -(1+—) )
X—00 t t—oo t t
-2t
= lim (1 + —)
t—oo t

1 -1
- lim (1 + —)
t—oo t
1

A 1\~
=1im<<1+—>) -(1+—> =e2-(1+0)1t=e2
t—oo t [ole)

B npeobpa3zoBanusx ObUIM KCIIONIB30BAaHbI CBOMCTBA CTENEHU U CBOMCTBA

peAesioB

3amaHus 11 CaMOCTOATEILHON PadoThI.

Packpoiite HeonpenenéHHOCTH

: 9,2 2 _
}Cllré(3x 2x% + 3) lim 2x*+x—3 fext—x—1
x—>—1 x+3 lim —
x—>§ X — 7
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_ <3x2 + 5x — 2)
lim
x—>—2 X+ 2

lim
x—10

5x% —51x + 10
x—10

. x2—2x+1
;E} 2x2—x—1

_ < x—1>
lim | ——
>1\Wx2 -1

i (Y2
ngS-JE-—Z

(x —3)(x + 1)
xllg x2 4+ 2x —15

Vi+x—+vV1—x

1_(1 2)
JE} x—1 x2—-1

_ ~ [4x° +4x3+3
}Cl_r)r(l, X iL@o( 7x5 — 4 >
_ 2x3+1 _ 6x7 —2 - (2x —3x*
a <3x5 +7x + 8) Ll <4x5 +7x6 + 1) o ( 9x* + 5 )
lim t_gzx ; ”m(4x_1j2x. linm C0OS 2X — coS° 2x;
x—0 Sin 2X x—oo\ 4X + 3 Xx—0 X2

Bonpocsl 1j1s1 caMonpoBepKHU

1. Yro HazpiBaeTcsa (PyHKIMEN OJJHOI HE3AaBUCUMOW MTEPEMEHHOI?

. Hepe‘lI/ICHI/ITB OCHOBHBIC 3JICMCHTAPHEIC (1)YHKIII/II/I

. Kakue ¢pynkuun HazpiBarorcs anementapasiMu? [IpuBenure npumepsl.

. JlaliTe onpesiesieHre MPaBOro | JeBoro npezaenos Gpyukiuu y = f(X)

. JlaitTe onpenenenue mpeaena nocjie10BaTeIbHOCTH.

2
3
4. Yro takoe npeaen ¢pynkuu Y = f(X) mpu X— a?
5
6
7

. Kakas yHnkius HazpiBaeTcs O€CKOHEYHO OOJIBINON BETMUMHON TIPU X— & U

X— +00?

8. KaxoBa cBs3b Mexk 1y 0€CKOHEYHO OOIBIION U OECKOHEUHO MaJIon

BEJIMUMHAMM?

3.1.2. lloaroroButs pedepart no teme: «Touku pa3pbiBa, UX

KjIaccupuranus»

Kpurepuu odopmienus pedepara CMOTpUTE B IPUITIOKECHUN A

Tema 3.2.ludpPpepenunanbHoe ucunciaeHue PyHKIUI 0JHON HE3aBUCUMOM

nepeMeHHOu

3.2.1. llpousBoanbie u U pepeHInATbI BHICIIMX MOPAIKOB

56




Heapb padorbi: OTpaboTKa HABBIKOB BBIUMCICHHS MPOU3BOAHON (QYHKIHMA U
IPAKTUYECKOT0 IPUMEHEHUS IPOU3BOIHOM.

?.az:amle: Breraucnure IMPONU3BOAHBIC CJIOKHBIX U 3JICMCHTAPHBIX q)YHKHI/IfI

XoJ paboTHI:

[loBTOpUTE MPOIIEHHBI HA YpOKE YYEOHBIM MaTepHai 1Mo y4eOHUKY W MPOYUTanTe

HWKC CIICAYIOINC KPATKNUC TCOPCTUICCKUC CBEACHUA

Kpatkue Teopernueckue cBe1eHUs

®opmyiibl AudhepeHIUpPOBAHUS [IpaBuna [Iprumenenue
b depeHurpoBaHus ITPOU3BOTHOU

¢'=0 (sinx) =cosx (U+v) =u'+v' F'(x)=tga =k
x'=1 , , v(t)=S'(t)

, (cosx) =-sinx (uv) =uv+vu
(x”) =nx"" ' a(t)=v't)

tgx) = cu) =cu’

o i (t99) = (cu)

' 1 ' u ' u'v—=v'u YpaBHEHHE KacaTeNbHOM:

- - —| = , V=0 '

(\/;) e (ctgx) Sy (vj V2 o y=F(x )+ (% x=%,)

' - ! 1 ' ! !
(lj = _iz (arcsmx) = e [f (g (X))] =f (g (X)) g (X) f(X) Bo3pacraer Ha |, eciu

x x —X
' (x)> O Hal.
(aX ), —a*Ina | (arccosx) =— -
1-x

! f(X) yobiBaeT Ha |, eciu

) =
| (e - fooomt
(log, x) = xIna X Baimyxiiocts rpaduka
' 1 (YHKLIUH U ero neperuos:
(arcctgx) =———;
' 1+x y" > 0, BBITyKJIOCTh BHH3

(Inx) = ™

y" >0, BBIIYKJIOCTb BBEPX

57




3amaHus I CAaMOCTOSATEILHOM padoThI.

1.1. BeraucanTh IpOU3BOIHBIE CICTYIOMINX (PYHKITHI:

Ny=2x*-3x+5; 2)y=4—x% 3)y=x*—x% 4)y=5x*"-Tx*+x-3; 5)y=x*+

3 6
4y — 8x> + 9x — 5; 6)y:2i—3x2+6x—1; 7)y:3i+4x5—2x3—i; 8)
3 2 2x
y=2—£—5x2—i;
2 X2

2 3

9)y :(Zx—3)(3x4 +5x—8); 10) y=3x2; 11)y=4x7; 12)y=3x3; 13)y=5x °;
14) Haittu f ’(—1), ecm f (x)z 4x* —2x* + x-5;
15) Haiitu f '(0,5), ecm f (x)z 349 —x+2;

1.2. BerauciauTe Ipou3BOIHBIE CIOKHBIX (DYHKITUI:

1) y=3sin5x; 2)y :4cos§ . 3) y=arccos3x; 4)y=Inv2x-1;

5)y=(x*—x-1f; 6).y=+x*+2x-5; 7)y=cos’x; 8) y=sin®x; 9)y=Insin3x;
10) y=Inv2x—1; 11)y=3"_2% 45 12)y=3"" —47 13¢>;

1.3. Berurciure mporu3BOIHBIC TTOKA3aTEIbHO-CTCIICHHBIX ()YHKITHIA:

1)y=x 2y=x; 3y=x; 4y=x"; 5)y=x"; 6)y=(arcon)";

7)y=(arctgx); 8) y = (x+x2)".
1.4. 'eomeTpudeckuit U1 GU3NUECKUI CMBICT TIPOU3BOTHOM.

1) CocraBbTe ypaBHEHHE KacaTelbHOM K Tmapabojic y=x’—4x B TOYKE C
a0cmmccoit @) x, =-1; 0)Xo=0; B)Xo= 1.
2) Jana xpuBas y=2x’—4x*+5x—1. CocTaBbTe ypaBHEHHE KacaTeJIbHOW B TOYKE,

abciucca kotopoit pana a) —1; 6)0; B) 1.

" .14 o
3) B kakoil Touke KacareiabHas K KpHUBOM y—gx —3x° +8x+4 mnapaieiibHa

npsiMoit a) 2x+2y—5=0; o)y—3x-5=0; B)Yy+x=0?
Bonpocsl 1J11 CAMOKOHTPOJISA
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Jatb onpenenenue npousBoaHon ¢pyakimu Y =f(X).

KakoBbI reoMeTpruecKril 1 MEXaHUYECKHI CMBICIIBI IPOU3BOIHON?
Kak HaiiTy mpon3BOJHYIO CIOKHOU PpyHKIMN?

Jatb onpenenenne auddepennnana yakmun y =f(X).

Kaxoit reomerpuueckuit cmbicit umeet auddepenman?

o 0k w0 D e

Yro Ha3bIBacTCs MPOM3BOIHOM BTOpOro nopsiaka oT GpyHkiuu Y =f(X)?

3.2.2. UccienoBaHue v nocTpoeHue rpapukoB pyHKIM

Hean padorbi: OTpaboTKa HABBIKOB NPUMEHEHUS MPOU3BOJHOMN K MCCIEAOBAHUIO

byHKIIIH

3apanme 1: Hccnenyiite u noctpoiite rpaduk GyHKIIHH:

Xoxa paboThl:
[loBTOpUTE MPOMAECHHBIA HA YPOKE Y4E€OHBI Marepuan 1o y4eOHUKY M MpPOUYUTANTe

HIWZKC CIICAYIOIIUC KPATKUC TCOPCTHUIYCCKUC CBCACHIA

Kparkue TeopeTndyeckue CBeICHUs

Jlocmamounoe ycnosue eo3pacmanusi pyHKyuu

.

¥

fi{x) =0
Ecnu B xaxmoit Touke uateppana (a, b) f'(x)>0, To pynkuus f(x) Bo3pacraer Ha
ATOM WHTEpBAJE.

Jlocmamounoe ycnosue yboviganus gyHKyuu.
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/

fi{x) <0

Ecnu B xaxmoii Touke nuaTepBana (a, b) f'(x)<0, To pynkmus f(x) yosiBaeT Ha 3TOM
UHTEpBAJeE.

Onpeoenenue:

Xo Ha3bIBAaETCS KPUTUUYECKOM Toukor pyHKmu f(x), eciu

1) Xo — BHyTpeHHsIsl Touka obactu onpeencHus f(X) ;

2) f'(X0)=0 wmm f'(xo) HE CyIIeCTBYET.

Heobxooumoe ycnosue sxcmpemyma.

Ecnu xo— Touka sxctpemyma pyHkiuu f(X), To 3Ta TOUKA ABJISAETCS KPUTHUECKOU
TOYKOHN JaHHOU (DYHKITUU.

Jlocmamounoe ycnosue sxcmpemyma:

Ecnu pu mepexone uepes TOUKY Xo MPOU3BOAHAS (PYHKIIMK MEHSET 3HAK, TO Xg —

Touka 3kcTpemyma Gpynkuuu f(X).

zHak | .
i +

- m
HapakTep X, X
HEMEHEHHA

WHELHH

zHak |
mEx -

+
HapakTep ‘_'_,.r'"-’r’.» X, X
HEMEHEHHA
WHELHH \

IIpumepwl sxcmpemymos:

fog ¥4 |
e f' He cywecTeyeT
o/ 1 N
. [
< : q’fﬁ \B
I g *min ) Xmin o
! X man \\\:-/ Xmaﬁ\/—/ X
i 1 ]
%
f'=0

f' He cywecTeYET

Cxema uccrnenoBanus GyHKITUH.

1. Haiitu obnacth onpeneneHus GyHKIIHUH.
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[IpoBeputh, He SBIsIETCS TU (PYHKUMS YETHOM WM HEUETHOW; MPOBEPUTH
TaKXe, HE SABJIAECTCS JIM OHA MIEPUOJUYECKOM.

HaiiT, eciu 3T0 BO3MOKHO, TOUKHU IepeceueHus rpaduka GyHKIUU C OCSIMU
KOOpJIMHAT U TPOMEXKYTKH 3HAKOMOCTOssHCTBa (yHKumu. WHorma mms
YTOUHEHHs MOCTPOEHHUs TpaduKa CIeAyeT HaWTU JIBE TPHU JOINOJIHUTEIbHbBIE
TOYKH.

Haiiti nmpon3BoaHyt0 GYyHKIIUU U €€ KPUTHUECKHUE TOUKH.

HaliTn npoMexyTKu MOHOTOHHOCTH U 3KCTPEMYMbI (DYHKIIUU.

HaiiTi mpomMexyTKu BBIMYKJIOCTH U BOTHYTOCTH PpyHKIMU. Touku neperuoda.
HaiiTn BepTHKaIbHYI0, HAKIIOHHYIO U TOPU30HTAIIBHYIO ACUMITOTBHI.
[loctpoutrs rpaduxk  GYHKOUM, HCIONb3YSd IOJYYEHHbIE  PE3YJIbTaThl

HCCIICOAOBAaHUA.

HauoOosbuiee 1 HauMeHbLIee 3HAYeHUs PyHKumu f(X), HenmpepbIBHOM HA
oTpe3ke [a; b].

Haiitu 3Hauenns GyHKIIMU B KOHIAX oTpe3Ka, T.¢. f(a) u f(b) ;

Haiitu 3HaueHuss GyHKIIMU B T€X KPUTUUECKUX TOUKAX, KOTOPbIC MPUHAIC)KAT

uHTEpBaNy (a, b) ;

W3 nalieHHBIX 3HaUYCHHUH BHIOpATh HAMOOJIbIIICE U HAMMEHBIIICE.

[IpoMeXyTKH BOTHYTOCTH M BBITYKJIOCTH (QYHKIINH HAXOASATCS PU PEIICHUAMH
nepaseHctB f//(x) =0 u f//(x) <0 CcOOTBETCTBEHHO.

HOra BOTHYTOCTh HA3BIBAIOT BBITYKJIOCTHIO BHHU3, A BBITYKIOCTD —
BBIITYKJIOCTBHIO BBEPX.

3/1ech TAKKe CIPaBEJINBbI 3aMEUAHHs, TTOJ00HBIE 3aMEUaHUAM U3 MYHKTA TIPO

MIPOMEKYTKU BO3pACTaHUs U yOBIBAHMUS.

IIpomeKyTKM BOTHYTOCTH M BbINYKJIOCTH (PYHKIMH !

1. BO-TIEPBBIX, HAXOIUM BTOPYIO IIPOU3BOAHYIO;
2. BO-BTOPBIX, HAXOAUM HYJIM YACIIUTEIS U 3HAMEHATENS BTOPOU
IIPOU3BOJHOM;
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3. B-TPETbUX, pa30MBaeM 00J1aCcTh ONpeAesICHUs TOTYyYEeHHBIMUA TOUYKaMU
Ha UHTEPBAJIbL;

4. B-YETBEPTHIX, ONPEAEIAEM 3HAK BTOPOU IIPOU3BOJHON HA KaXIOM U3
MIPOMEKYTKOB. 3HAK IUTFOC» OyIE€T COOTBETCTBOBATH IPOMEXKYTKY

BOTHYTOCTH, 3HAK «KMHUHYC» - IIPOMCIKYTKY BBIITYKJIOCTH.

l'opusonTanbHasi, BEepTUKAJbHAS U HAKJIOHHAS ACUMIITOTHI.
1. [I'opuzonmanvhble Uiy HAKIOHHbIE ACUMNIMOMBL CIIETYET UCKATh JIHUIIb
TOraa, Koraa GyHKIUs onpesesieHa Ha 0eCKOHEYHOCTH.
2. Ha rpanunax o6siactu onpeneneHus GyHKINS UMEET 8epMUKalbHble

acumnmonisl, CCJIIX OAHOCTOPOHHHC ITPCACIIbI d)VHKI_II/II/I B 3THUX I'PAHUYHBIX TOYKAX

OECKOHEYHBI.

3. Haxnonnas acumnmoma umeet Buj npsamMon y = kx + b , rae

k= lim 22 u b = lim (F(x) — kx) .
X—00

n-oo X
Ecimk=0umbHe paBHO OCECKOHEYHOCTH, TO  HAKIOHHAas  ACHMIITOTA
CTaHET 2OPU3OHMATLHOU.

3aaHus I CaMOCTOATEIbHON PadOThI

Uccnenyiite n moctpoiite rpaduk GyHKIUU:

1) y=8-2x—x?; 2)y=x*-3x*+4; 3) y=3-3x+x>; 4)y = x* + 2x3 - 5x% 5)

2
yzx2 _1; 6) y=xv2-x; 7)y=|n(x2+1);

X+

Bonpocsl 1J11 CAMOKOHTPOJISA
1. B 4ém cOCTOUT NOCTAaTOYHBIN MPU3HAK IKCTpeMyMa?

2. Kakue TOYKM Ha3bIBarOTCS ToukaMu nepernda pyuakium y =f(X)?

3. Yro HaswiBaeTcs acumnToror pyakiwn Y =f(X)?
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Tema 3.3.nTerpajibuoe ucuucjeHne GyHKIMUA OHOM HE3ABUCUMOM
MepeMeHHOM

3.3.1. Boluuc/ieHue HeomnpeaeTeHHbIX HHTErpajioB 3aMeHOii nepeMeHHO,
10 YaCTAM

Hean padorbi: OTpaOoTKa HABBIKOB BHIYMCIICHHSI HEOIPEACIEHHBIX UHTETPAJIOB
METOJIOM 3aMEHbI IEPEMEHHON U MHTETPUPOBAHUEM 10 YACTIM

?.az:amle: Brraucnure HCOHpCI[CJIéHHBIG HHTCIpaJibl MCTOOOM HHTCIPUPOBAHUA 110
YacTsAM U CIIOCOOOM 3aMEHEBI HCpCMGHHOﬁ

Xona paboThI:

[ToBTOpUTE MpOMACHHBIA HA YPOKE Y4E€OHBIN Marepuan 1o y4yeOHUKY M MPOUYUTANTe
HIDKE CIIEAYIOIINE KPATKAE TEOPETUIECKUE CBEICHUS

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

Ta6JII/II_[a HGOHpeIIeJIéHHBIX HHTCI'PAaJIOB

Tt _ $"+l {i_.'?.- _
f$ d$_11+1 fa* —ln|ﬂ.i"|
[efdz = e* [a*de = =
Il 2
[sinzdr = —cosz [coszdr=sinx
vode g de ,
J cosd @ tg.’l. f sin? @ o Ctg:l.
de 1 @ de 1 :v—a1
[ o =garctg s [P =4 In|
i I
— — ar 111 —
fﬁm arcsin <
f-d—,m_ :ltL‘m-I—ﬁ.,f:sg :I:az'
vr?da?

Meroax  UMHTErpUpOBaHMST IO  YACTHAM IO3BOJSIET  CBECTH  MCXOIHBIN
HEONpEJIEICHHBI HWHTErpag K Oojiee MpPOCTOMY BHAY JUOO0 K TaOIUYHOMY
UHTErpasy. DTOT MeToJ Haubojee 4acTo MPUMEHSETCS, €CJIM IMOJbIHTEeTPaIbHAS
byHKIIHS COJICPKUT norapupMUUIECKUe, MOKa3aTEeIbHBIE, oOpaTHbIC

TPUTOHOMETPUUYECKHE, TPUTOHOMETpUYECKUE QYHKIINHU, a TAKKE UX KOMOMHALIMH.

PopmyJsia UHTETPUPOBAHHUS IO YACTIM
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ff(x)dx = fu(x)d(v(x)) =ulx)v(x) — f v(x)d(u(x))

To ectb, monmbHTErpasibHOe  BhIpaxeHue f(X)dX mpexcraBnssem B BUIE
npousBenenus Gyakuuu U(X) Ha d(V(X)) - muddepennuan Gyuxuu V(X). anee

HaXO0JIUM ¢bynkmuto V(X) (dare BCEr0 METOJIOM HEMOCPEICTBEHHOTO

unterpupoBanusa) u d(U(x)) - muddepennman dynkmouu U(X). Tloacrarmsem

HailICHHbIC BBIPOKCHNS B (DOPMYIIYy MHTEIPHPOBAHHS [0 HACTSM M HCXOIHBIH
HeoNpeIeNeH bl MHTerpai cBomutes K pasoctn u(x)v(x) — [ v(x)d(u(x))
TocieHuil HEONPEICICHHBIH HHTErPal MOXKET OBITh B3ST C HCIIOJIB30BAHHEM

JIF000T0 MCTOJIa MHTCIPUPOBAHHA, B TOM YHUCIIC M MCTOJAa HMHTCTPUPOBAHHA II0

JaCTSIM.
B xauectBe npumepa HalijleM MHOXKECTBO MEPBOOOpa3HbIX (DYHKIUMU Jorapudma.
[Tpumep 1.

Haiitu neonpenenennbii uarerpan [ Inx dx

Pewenue.

Haiinem 3TOT HeonpeaeneHHbI NHTETpal METOAOM HHTETPUPOBAHUS IO YacTsIM. B
kadectBe (yHkImu U(X) Bo3bMeM In(x), a B kadectBe d(V(X)) ocTaBIyrocss 4acThb
MOJIBIHTETPATLHOTO BBIPAKEHUS, TO €CTh dX.

Umeem, Inx dx = u(x)d(v(x)) , e u(x) = Inx, d(v(x)) =dx

Huddepennman  dynkiuu U(X) ecth d(u(x)) = u/(x)dx = & , a

bynkums V(X) —sto v(x) = [d(v(x)) = [dx =x

3AMEYAHMUE: kouctanty C pu Hax0XJIeHUM (PYHKIUU V(X) CIUTAIOT PaBHOM
HYJIIO.

Teneps Bce moacTapisieM B popMyITy HHTETPUPOBAHUS IO YACTSIM:

flnxdx=u(x)v(x)—fv(x)d(u(x)) =lnx-x—fx-d—x=lnx-x—jdx

X

=lnxx—(x+C)=x-(Inx—-1)+C, roneC=2C,
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Otser: [Inxdx = x-(Inx — 1) + C,

Camoe CIIOJKHOE, YTO €CTh B OTOM METOJE — 3TO IPABUIILHO OINPEICIIUTh, KaKyIO
4acTh MMOABIHTETPAIbHOTO BhIpakeHHs Opath 3a U(X), a kakyto 3a d(V(X)).
PaccMOTpHM CTaHAapPTHBIC CITyYaH.

Jlnst uarerpanos Buna [ B, (x) - e®dx, [ B,(x)-sinaxdx wm [ P,(x) -
cos(ax) dx ,rme P,(x) - MHOrO4IeH cTeneHu N, a8 — K03 (UIIUCHT, B KAUeCTBE

¢yukuuu U(X) Beioupaem mHorowieH B, (x) .

[Tpumep 2.

Haiitu MHOXeCTBO mepBooOpa3ubix pyHkimu f(x) = (x + 1) sin 2x
Pewenue.
Heonpenenennsiii uarerpan [(x + 1) sin(2x) dx MOXHO B3iTH METOIOM
MHTETPUPOBAHUSI IT0 YACTSIM.
B kauectBe ¢ynkimu U(X) ciaemyer B3aTh X+1, Toraa d(v(x)) = sin(2x)dx.

CnenosarenbHo, d(U(X)) = d(x+1) = dX, a ¢ MOMOIIBIO HEMOCPEACTBEHHOTO
uHTerpupoBanus nonydaem v(x) = [ sin(2x) dx = —%cos(Zx)

BrlnonHsieM NoCTaHOBKY B (hOpMYITy HHTETPUPOBAHUS IO YACTSIM:

j(x + 1) sin(2x) dx = u(x)v(x) — f v(x) d(u(x))
=(x+1) <—%cos(2x)> - f (—%cos(Zx)) dx
1 1
= —E(x + 1) cos 2x +§j cos 2x dx

1 1
= —E(x+ 1)c032x+Zsin2x+C

Omeem:

1 1
j(x+ 1) sin(2x) dx = —E(x+ 1) cost+Zsin2x+ C

3ajanus 1Jsl CaMOCTOSITEILHOM PadoThI.
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3ananue: Beruncnure HeonpeaenEHHbIE MHTErPAJIbI

1.1. Beruncnure nHTETpaI NPUMEHSS] OCHOBHBIE MPABUIIA HUHTETPUPOBAHUSL.

1. ijdx; 2. j% 3. J‘xzdx; 4, Iﬁdx - b, J‘(5x3—2x2+3x—8)1|x; 6.
XZ

[(ax® -15x" +14x-3)ix;

7. [(2x-1dx; 8. [x*L+5x)x; o, _[de; 10. Imw; 11.

4x* —2x3 +x? | .
[

X

1.2. Beluncnure HHTETPAsbl, HCIOJIB3YsI METOJ MOJICTAHOBKH.
1. I(?—Zt)sdt; 2. _[(5u —1)3du ;3. I(l+ x®) x*dx; 4. I(9—2x3)4x2dx; 5. I4<X4 +5)2x3dx;
1.3. Beruncnure HHTETpasbl, MPUMEHSS METOJI UHTETPUPOBAHUS 110 YACTSM.

1.Ixcosxdx; 2.jxexdx; 3._|'x5lnxdx; 4.jxezxdx; 71._[x|nxdx;

Bonpocsl 1j1s1 caMonpoBepKu

1. Kakas pyHKIMs Ha3bIBaeTCS IEPBOOOPA3HOI?
2. B 4é€m cocTouT CyTh METO/Ia MHTETPUPOBAHHUS 110 YaCTsIM?

3. B 4ém cocTouT cyTh MeTO/Ia 3aMEHBI IEPEMEHHOM?

3.3.2. Peuienue 3a1a4 ¢ MCMOJIb30BAHNEM Pa3HbIX METO/I0B
HHTErpUPOBAHUSA

Heas padorbi: OTpaboTKa HABBIKOB BBIYMCICHUS HWHTErPAJOB C TMOMOIIBIO
TaOJIMIIBI OCHOBHBIX MHTETpaioB U (popmyiibl HetoTona-Jleitonuiia

3ananue: Brrunciure onpenenéHHbii HHTErpal
Xon paboThI:

[ToBTOpUTE MPOMAECHHBIA HA YpOKE Y4eOHbIN Marepuan no y4eOHUKY U MpOYUTANTE
HIDKE CIIEAYIOLIME KPAaTKUE TEOPETUUECKUE CBEICHUS
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Kparkue TeopeTndyeckue cBeICHUs

Omnpenenennplii uaTerpaa Herorona-JleiitOnuuna.
[TokaxkeM, Kak JaeTcsi MOHATHE onpeieeHHoro uHrerpaia Hetorona-JleiiOnuua.
[Tycte pynkuus Y=Ff(X) umeer nepBoodpasnyio F(X) na orpeske [a; b], npuuem
3HaYeHHUE MePBOOOPa3HOM B Touke X=a paBHO Hy0: F(a)=0. Onpeodenennvim

unmezpanom Hvromona-Jleiibnuya Ha3pIBaeTCs 3HAYEHUE 3TOM IEPBOOOPA3HOI B
b
Touke b, To ecTb, fa f(x)dx = F(b) mpu F(a)=0.

DTO onpesesieHre TECHO CBA3aHo ¢ hopmynoi HeloToHa-JleliOHuIa

b
j f()dx = F(b) - F(a)

B dopmyne Hetorona-Jleiibnuma F(X) — ro0as mepBooOpasHas W3 HX
MHOXXECTBa, a B IOHATUM OIpeAesieHHoro wuHterpana HproToHa-JIeiiOHuIa
burypupyer UMEHHO Ta MepBooOpa3Hasi, KoTopasi oOpariaeTcsi B HOJIb IPU X=a.
®opmyny Hprotona-JIeliOHMIIa HA3BIBAIOT OCHOBHOU (DOPMYIOU UHMESPATILHO2O

ucqucieHus.
IIpumepl:

3,2
BbIUMCIIMTL 3HAYEHHE ONPENETIEHHOr0 HMHTerpana . L Xx“dx 1o dopmyne
Hrrotona-Jleitbuuiia.
Pewenue.
Jlns Hayana OTMETHM, YTO TOIBIHTErpaibHas (QYHKIUS Y = X HeNpephIBHA Ha
orpeske [1;3], ciaemoBarenbHO, MHTETpUpYEMa HA HEM.

U3 Ta6HI/IHI)I HCOMMPCACIICHHBIX MHTCTPAJIOB BUJHO, YTO JJIA (IJYHKHI/II/I

y = x? MHOKECTBO IEPBOOOPA3HBIX JUISl BCEX JEHCTBUTENBHBIX 3HAYCHHUI

aprymeHTa (ciieoBareibto, U uit X € [1; 3] ) 3anmceiBaeTcs Kak

3 3
F(x) = [x*dx = % + C . BossMeM niepsoobpasayro pu C = 0: F(x) = % :

Tenepp ocTasioch BocmoJib3oBaThbest  (popmysnoit  Herotona-JleiOnuma st
3

3 x3 33 13 26

. 2 _ _ _

BBIYHCIIEHUS ONPEAEIIEHHOIO HHTETpaja: f L X dx = 5 =5 "33
1

o7/
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Ilpumep 2:

4x342

x2

dx v

fl 4x342

1
BBIYKMCIUTE ONPEIENEHHbBIE MHTETPATBI | i W

Pewenue.
1
Ha otpeske (—4 ; — 5| TomBIHTErpaIbHAs (GyHKITUS HETIpephIBHA,

CJIEI0BATEIbHO, UHTErPUpPYEMA.

o _ 4x3+2,
Haitnem MHOkECTBO 1TepBOOOpa3HBIX QYHKIIUH Y = -
4x° + 2 _2 , 2
fx—zdx=4fxdx+2jx dx = 2x —;+C

BossMeM nepoobpasuyo F(x) = 2x? — % u o ¢opmyie Herotona-Jleiibauma

BBIYHMCIIUM TPEOYEMBbIH ONpeeIeHHbIA HHTErpall:

_L 1
f‘W_”dx:(sz_E)i[ Y () R Y

-4

[lepexoauM KO BTOPOMY OINPEAEICHHOMY UHTErpay.

Ha otpeske [-1;1] monbiHTerpanbHas (QyHKIUS HE OrpaHWUYeHa, TaK Kak

. 4x342
lim —
x-0 X

=400 , TO €CTh, HE BBINOJHACTCS HEOOXOJAUMOE YCIOBHUE

, 2
MHTErPUPYEMOCTH (PYHKIIMH Ha oTpe3ke. bomee Ttoro, F(x) = 2x —~ He

o 4x3+42 .
SBJISICTCSL TIEPBOOOpa3HOM (PYHKIMU Yy = Ha otpeske [-1;1], mockoabKy

x2
touka 0, mpuHAJIeKAIIas OTPE3Ky, HE BXOAUT B 00JIACTh ONpenenacHus (pyHKINH.

CnenoBaresibHO, HE CYLIECTBYET OINpEAENICHHbIM HHTerpan Pumana n HproToHa-

3
JlewOHuIA 17151 QYHKITUH B2 ha orpeske [-1;1].

x2

B BpuncieHnn miomaayd KpUBOJIMHEWHOM Tpaneuuu COCTOUT 2eoOMempuiecKuil
CMBIC/I  ONPeOeeHHo20 UuHmezpana. BplUUCINB ONPENCICHHBIM HHTErpal
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f: f (x)dx, mbl Haiiiem MIoMIaaAbp GUTYPHI, OTPAHUYCHHOM MuHUSIMH Y = f(X), y =
0,x=aux=b.
Ipumep3.

BrerarcnuTh miiomanas GUrypbl, OrpaHUYeHHON JTHHUSMU:
1

y=§(x2+2x—8), y=0, x=-2, x=4%.

Pewenue.
[Toctpoum sty purypy. Ilpsmas y = 0 coBnagaer ¢ ocsto OX, mpsiMblie X = -2 U

1

X = 4 mnapamnensHer ocu Oy, a rpapuxom ¢QyHKIEH Yy = 2 (x?+2x—8) =
1
5 (X + 1)2 -3

SBIIsICTCS mapaboyia ¢ BepmuHOH B Touke (-1; -3) BeTBM KOTOPO# HampaBiieHbI
BBepx. Hailnem Touku nepeceueHus 3Toi mapadoibl C OCbIO abCIHCC:

1
y=§(x2+2x—8)=0 <>x?+2x-8
D=22_4-1-(-8) =36

X 2 x2=_4‘

CnenoBatenbHO, 3Ta apaboia mepecekaet och adbcmuce B Toukax (-4; 0) u (2; 0).
Takum oOpa3zom, Hama ¢purypa G umeeT ciaemayonui BU/I.

vk
6_ /

] Turypa G

- 3 _ | X
Irﬁ 2 I} -

Orta (urypa He ABIIETCS KPUBOJMHEWHON Tpanenuen, Tak Kak QyHKIus

1
y =3 (x* 4+ 2x — 8) menser 3nax Ha otpeske [-2; 4].
Kak e ObiTh B 3TOM ciydae? OueHpb mpocto. durypy G MOKHO NPEACTABUTH B

BUJIe OOBEMHEHUS JABYX KPUBOJMHEHHBIX TpPATCIIHi G=GuG, U TI0 CBOMCTBY

ajmrusHocty wioniaan S(G) = S(G,) + S(G,)
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..f.
Gi J 4
NE %

Ha otpeske [2; 4] rpaduk napaboiibl HaXOAWTCS B HEOTPHIIATEILHOW 00ACTH,
nostomy S(G,) = f;%(xZ + 2x — 8) dx. Ha otpeske [-2; 2] dyHKIms

y = g(x2 + 2x — 8) HemoIoKHUTEIbHAs, CIIeJOBATeIbHO, B CHIY 3aMEUaHHUs K
r€OMETPHYECKOMY  CMBICAY OIpPEIEICHHOro HHTerpaiza, wumeem S(G;) =
f_zz % (x? 4+ 2x — 8)dx . Ocranoch BHMUCIUTL ONpEJEICHHBIE HHTErPaibl IO
dbopmyne Hprotona-JleitOuuma:

S(G) =S(G) +S(Gy) =— [,z (x? + 2x = 8) dx + [, = (x? + 2x — 8) dx =

1 (x3 2 1 (x3 4 1 x3
—5(?—X2—8X) —5(?+x2—8x) =—§ ?+22—8'2—
-2 2
(=2° (o2 _q.(_ e 42 _a.a_(2192_q. _
( 2+ (-2)? -8 ( 2)>)+3<3+4 8-4—(>+22-8 2)>_

—s(G-12+3-20)+; (2 -16-S+12) =2

OOparute BHUMaHUE Ha TO, YTO HEJb3s HAXOUTh IJIOMIAb ATOU (PUTYypBHI Kak

4
5(G—f1(2+2 8)d Y G, !
)— 3X X x—3 3 X X
-2

—2
1/ 43 (=2)3

=—| —+42-8-4— —2)2—-8-(=2
3 3+ 8 <3 +(=2)2-8-(=2)
—1(64 16+8 20)— 4

~3\3 3 B

B Hamem mpumepe HOIydeHHOE TaKuM OOpa30M 3HAYCHHE IMPEACTABISICT COOOI
pasuocte S(G,) — S(G,).

IIpumep 3
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Onpenenuth CUTy AaBJIEHHUS BOJbl HA CTEHKY aKBapuyMa C OCHOBaHHEM 1,8 M u

BeIcOTOM 0,6 M.

Hano: Pemienue:

_ F

1=1,8m p:_:;,p=p-gF:fpds.
H=0,6m >

Bennuuna p naBneHus KUAKOCTH HA TOPU30HTAIILHYIO
F-? IJIONIA/IKy 3aBUCUT OT TJIyOMHBI €€ TOTPYKEHUS X, T.€. OT
PACCTOSIHUS TUTIOIIAIKH 10 TTIOBEPXHOCTH YKUIKOCTH
P=103 KF/M3p =p-g-x.
G:9,8M/C2HJIOIH3I[B oTOH nojtocku ds = I - dx.
0,6

x? I
F=j pgx-1-dx = pgl 066=%(0,36—0)

0
=0,18-10%-9,8-1,8 = 3,2(kH).

3amaHus 11 CAMOCTOSATEILHON PadoThI.

1. Beluucnure omnpenenéHHbIA MHTETpasi, npuMeHss ¢opmyny HerloToHa-

JleiOnuMIa
5 1 2 1 2 V4 X
1.Idx; Z.dex; 3._[3x2dx; 4.](2x+1)dx; 5. j3e3xdx; 6.jcos§dx;
3 0 0 -1 0 0

2. Ilpumenute ¢dopmyny Hprorona-JleliOHuIa UIsi BBIYMCICHUS TUIOMIAICH
puryp:

a) Ocpio OX, IPAMBIMH X =—1, x =2 ¥ mapadoyioi y=9—x’;

b) y?=9x,x=16,x=25,y=0;

) y=-x2+4uy=0; 4.y=x3y=1/xxe[l;e]; 5.y’°=x,y=x%

d) y=8+2x-x% y = x+6;

e) Xy=6ux+y-7=0; 8x-2y+4=0,x+y-5=0,y=0.
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Bomnpocs! Aj1s1 caMmonpoBepKu
1) 3anumute Gpopmyny Hetotona-Jleitouuia

2) B dyem 3akiroyaeTcs FTeOMETPUUYECKUNM CMBICH OIPEIeIEHHOTO HHTEerpasa?

Tema 3.4.ludpPpepennuanbabie HCHUCTEHUS PYHKIMA HECKOJIbKUX
nepeMeHHbIX

3.4.1. IloaroroButh pedepat no teme: «Ilpukiaagnbie 3a5auu ¢
HCI0JIb30BaHueM T depeHIHATBLHOI0 HCYUCTCHUS»

Kpurepuu odopmienus pedepara CMOTpUTE B IPHIOKCHUN A
Tema 3.5.00b1kHOBeHHBbIC TUPPepeHIHATbHbIC YPABHECHHUS

3.5.1. Pemienue auddepeHunanbHbIX ypaBHeHuii 1-ro
NOPSIAKA ¢ pa3Ae/sIIOIMMUCS NMepeMeHHbIMH.

Hean padorbi: OTpaboTKa HABBIKOB penieHus auddepeHnnanbHbIX yYpaBHEHUN
1-ro nopsaka ¢ pa3aengomUMUCcs IEPEMEHHBIMU

3apanme: Haiinute yactHble pemieHus AudpepeHunanbHbIX ypaBHEHUN

Xox paboThl:

[ToBTOpUTE MPOMACHHBIA HA YPOKE YUYEOHBIN MarTepuas 1Mo y4yeOHUKY W MPOUYUTANTE
HIDKE CIIEAYIOIINE KPATKAE TEOPETUUECKUE CBEACHUS

Kpatkue TeopeTnueckue CBeIeHUS

Ionsitue 00 00BLIKHOBEHHBIX 1M} PepeHINATBbHBIX YPABHEHUAX
Huppepenyuanvnoe ypasnenue - 3TO PaBEHCTBO, COJEpIKaliee
npou3BoAHble Wi auddepeHnnransl HewsBecTHOW (QyHKuu. OOmmil  BUf
muddepennmanbioro ypasuenus: F(X, y, y', y” ...)=0, 3aecp F- HekoTopas
U3BeCTHas QYHKIINS, 3aBUCSIIAS OT HECKOJBKHUX MTEPEMEHHBIX.
[Ipumenenue Teopun auddepeHnnanbHbIX ypaBHEHUN B OHOJOTUM U MEIUITUHE
0OyCJIOBIIGHO TEM, YTO B COOTHOIICHUSX, SIBJISIONINXCS BBIPAKCHHEM TEX HWIU

HHBIX 3HAKOB, B donucaHugx KOHKPCTHBIX CBOMCTB T€X HWJIM MHBIX CHUCTEM WU
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MEXaHU3MOB BXOJST, KaK MPaBUIIO, POU3BOAHBIE HHTEPECYIOIMIMNX HAC QYHKIIHI, a
He camu QyHkuuu. [ToaToMy cylecTBeHHas YacTh U3yUYEHHUsI MHTEPECYIOIIEro Hac
SBJICHHSI COCTOUT B aHAJIU3€ U PEIICHUH COOTBETCTBYIOMUX AU(depeHInaIbHbIX
YpPaBHEHUM.

Huddepennivanbaple  ypaBHEHHUS Ha3bIBAIOTCS  OObIKHOBEHHbIMU, €CIIH
Heu3BecTHas (yHKIHUS 3aBUCUT TOJIBKO OT OJTHOTO apryMEHTAa.

Ilopsiook muddepeHIManbHOTO YpaBHEHHS — 3TO TOPSAOK BBICHICH
IPOU3BOIHOM, COJIEpKAIIICCs B TOM YpaBHEHUHU.

Hanpumep: ypaBHenue y”+5y —3y =0 - 310 nuddepenunansuoe
ypaBHEHHE BTOPOTO MOPsIIKA.

Humezpan (Wnm penieHue) ypaBHEHHE — 3TO (DYHKIMSI, YJOBJIETBOPSIOIIAS
b depeHInanbHOMY YPaBHEHUIO.

Hanpumep, QyHKIMS y=2X SBISETCS MHTErPAIOM ypaBHEHHS X2y~ — 2Xy' +
2y = 0, Tak Kak, HaWag NPOWU3BOAHBIE ITOTO YPAaBHEHHsS M NOJACTABIAA HX B
JNAHHOE YPAaBHEHHE, MbI MTOJTYYUM TOKIECTBO -4x+4x=0.

Obwee pewenue nuddepeHIIUATLHOIO YPaBHEHUSI COJEPKHUT CTOJIBKO
HE3aBHCHUMBIX MTOCTOSHHBIX, KAKOB TIOPSAOK YPABHECHHS.

Yacmuoe pewenue-3T0 (QYHKIMS, MOJydaeMas MPHU Pa3IUYHbIX YHCIOBBIX

SHAUYCHUAX IMPOU3BOJIbHBIX IMMOCTOSAHHBIX.

JAuddepenunanbHbie ypaBHEHUSA NEPBOI0 MOPAIAKA
IIpumep 1
IIpoBepHTh MOACTAHOBKOM, uTo AudepeHransHoe ypaBHeHue Y — 2y = e3X
MMeeT o0lIee pelmeHre B Buge  y = €3 + Ce?™
Haiitu yactHoe peleHne, yaoBIETBOPstolIee YCIoBU0 Y=3 mpu x=0.
Pewenue:

y = e3X + Ce®Xy = 3e3¥ + 2Ce*X

[ToncraBum auddepeHimaisHoe ypaBHEHUE:

3e3% 4+ 2Ce?* — 2(e3* + Ce?*) = 3%
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3e% + 2Ce?* — 23 — 2Ce™ = 3

e3%X = e3%X - 370 TOXKIEeCTBO.

YacTtHOE pelieHue:

y = e3X + Ce?*; 3=e%+Ce® =>C=3

y = e3¥ + 3e?* - wacTHOE pelIeHuE.

YpaBHeHHUs ¢ pa3IeiaIOIMMMHCS epeMeHHbIMHU
Vpasuenue nepsoro nopsiaka P(x,y)dx + Q(X,y) = 0 Ha3wIBacTCs ypasHeHuem ¢
pazoensrouumucs nepemerHHoiMu, eciu QyHkuuu P u Q pasmararorcs Ha
MHOYKUTEJIH, 3aBUCAIIME KaXIbIi TOJBKO OT OJHOM IMepeMEeHHOM’:
f; COf? (y)dx + @1 (), (y)dy = 0
B takom ypaBHeHmu mocie aeienus wieHoB Ha f;(y) r @,(X) mepememnicHHbIC

Ppa3acCiIA0TCA:

hiG) L 920)

@1 (%) f,(y)

N kaxaplii 4jieH ypaBHEHHS 3aBUCUT OT OJTHOM ITIEPEMEHHOM.

dy =0

OO0t uHTETpan ypaBHEHUS HAXOAUTCS MOWICHHBIM HHTEIPUPOBAHUEM:

f; (x) e2(y) |
.[(P1(X) et f f,(y) dy =0

Ilpumep 1
Haiitu o01me uHTerpaibl ypaBHEHUS:
x+1)3dy—(y—2)%dx=0

Pewenue:
Pa3zgenyM mepeMeHHbIC B JTaHHOM YypaBHEHHH, Jelisi o0e ero yactu Ha (x +
D3y - 2)°

dy dx

y—-2? x+1)°

[TousieHHO MHTETPUPYS, OIYYUM UCKOMOE O0I1Iee pelieHue:

1 N 1
y—1 2(x+1)?

0

=C
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IIpumep 2

Haiitu yactHoe pemnienue nuddepeHnaibHOro ypaBHEHUS % = (x — 1)dx, opu
X=2, y=5.

Pewenue:
%=xdx—dx; f%=fxdx—fdxi

In|y| =0,5x2 — x + InC.

VmuoxuM 0,5%x?> —x Halne ,(lne = 1);
In|y| =1ne®5**~X 4 InC;

2 _
ly| = C-e%* % - 510 obmiee pemenne auddepeHIHaTEHOT0 YPaBHEHNS.

Haiioem wacmnoe pewenue. JIns atoro BerauciauM C npu Xx=2 1 y=5.

5=Ce?2 =>( =5.YacTHoe pemenne y = 5625 7%,

3agaHus 11 CAMOCTOATEILHON padoThI

Hailinute yactHble pemieHus nudpepeHnaibHbIX YpaBHEHUN

a) (x+3)dy—(y+2)dx=0,ectuy =3 npux = 2;
b) y+2y+4=0ectuy =5npux=20

2
C) ? 12t — 2,ecnius =4 u %zanntzl

t2=

d?s 1ds ds
—=—-—;52u—=1nput=1
dt? tdt dt

d)

Bonpocsl 111 caMonpoBepKHM:

4. Kakas cucTeMa Ha3bIBae€TCs OHOPOIHOMN ?

5. ChopmynupyiiTe aiaropuT™M peuieHusi OJHOPOJHOM CHUCTEMBI JIMHEHHBIX

YPaBHEHHUM.
6. 3anummure onpeaenenue AU epeHIInaILHOTO YPAaBHCHUS

/. HazoBute Buabl qudhepeHnnanbHbIX ypaBHEHUN

75



3.5.2. Pemienue cucteM JMHEHHBIX OJHOPOJIHBIX YPABHEHUMH
NepBOro NopsiaAKka

Heanb padorsi: OTpaboTKa HABBIKOB PEHICHUS CUCTEMbI JIMHEUHBIX OJIHOPOIHBIX
YPaBHECHUI

3apanme: Pemvte cucTeMbl TMHEMHBIX YPAaBHEHUIM

Xoxa pabGoThI:

[ToBTOpUTE MPOIIEHHBI HA YpOKE YYEOHBIM MaTepuai 1Mo y4eOHUKY W MPOYUTanTe
HWKE CIICAYIOIIME KPATKHUE TEOPETUUECKUE CBEICHUS

Kpatkue TeopeTnueckue cBeIeHUS

CucremMbl JIUHEHHBIX OJJTHOPOJIHBIX YPABHEHHI MEPBOT0 MOPSAKA.

IpoCTEUIUX cucTeM U PepeHIIMATbHBIX YPaBHEHUN UMEIOT BUJ

dx

E=alx+b1y+c1

dy , The ai, by, €1, &z, by, C2 - HekoTOpBIC NEHCTBUTEIBHBIC
E=a2x+b2y+c2

yrcna. CHavanga MOKakKeM METOJ| MHTETPUPOBAHUS CHCTEMbl ypaBHEHUH, Jaiee
NIOJIPOOHO OIHIIIEM PEIICHHUE ITPUMEpa.

1. PemienneM  Takoi  cucTembl  sBiseTcs  mapa  Qynkomi X(t) u y(t),
oOpararoriasi B TO’K/J1eCTBa 00a ypaBHEHHUS CUCTEMBI.

2. OmumeM  METOJ ~ WHTETPUPOBaHUS  cUCTeM  AuQdepeHInaIbHbIX

dx
dt
dy
dt

=a;x+by+c
YpaBHEHUI :
=a,x+ b,y +c,

3. HUckmounM HensBecTHYIO (QyHKIHIO X(t) U3 MepBOro ypaBHEHHUS CHCTEMBI.

d
JIJist 5TOTO BBIpa3uUM X U3 BTOPOTO yPaBHEHUSI CHCTEMBbI d—jt/ = a,x + b,y + ¢, =>
1 [dy
x =—|—=— b,y — ¢, ), mponuddepenmnupyem 1o t BTopoe ypaBHEHHUE CHUCTEMbI

a, dt

dx
H pa3p€uM €ro OTHOCUTCIIBHO E:
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d?y dx dy dx 1 (d?y dy
B T dt a,\dt?  *dt

4. TloxacraBisieM MOMYYEHHBIE PE3YJIBTATHI B IEPBOE YPABHEHHE CUCTEMBI, TEM

cambIM HensBecTHas pyHkius X(t) OyneT uckitoUYeHa:

dx d?y dy
E=a2x+b1y+cl => a—2 W—bza
dy
aq
:a_ d__bzy C2)+b1y+C1
d?y dy
<=> Fr (ay + by) T + (a1b; — azby) "y = azcy — as¢,
Ilpumep 1.
& x—1
Haiinute pemenne cucreMsl U depeHuanbHbIX YPaBHEHHM dx at
g 2y —3

Pewenue.

d
. Pa3pemum BTOpOE ypaBHEHHE CHCTEMBI OTHOCUTEIIBHO X: X = d—jt] —2y+3

dx
. [Iponuddepenurpyem BTOpoe ypaBHEHHE CUCTEMBbI U PEIIUM OTHOCHUTEIBHO E:

d? dx d dx  d? d
dy _dx  Hdy _dx_dy  ,dy
dt? dt dt dt dat? dt

. HO}ICT&BJ’IH@M IMOJYYCHHBIC PE3YyJIbTATBlI B IICPBOC  YPABHCHUC CHUCTCMbI

. dx
b depeHInanbHbIX YpaBHEHUH: i 1

d’y _dy dy

dtz_idt 2 yts-d
d“y y
—~ _3—242=2
dt? 3dt+

Tak mbl mpunn k JIHAY BTOporo mopsiaka ¢ mocTOSHHbIMUA KO3 (dUIIMEHTaAMU

d?y _dy
—Z _3=42=2
dt? dt+

Omnpenenus ero odIee pemieHre, Mbl moydnM GyHkimto Y(t).
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Haiimem cHauamayo- oOmiee penieHue COOTBETCTBYIOIIETO
g depeHInaIbHOTO YpaBHEHHUS.
J1J1s1 5TOTO BBIYKMCIIMM KOPHU XapaKTePUCTUYECKOTO YPaBHEHUS
k*—-3k+2=0
D=32-4-2=1

3+1 k,=1

2 ()

OJTHOPOIHOTO

Tak kak KOPHH ,HCfICTBPITGJIBHI)IG " Pa3IMIHBIC, TO 06HICC peIICHUC OJHOPOIAHOTO

nuddepeHrManbHOrO ypaBHEHUS 3auIIeTcs Kak Yo = C; - et + C, -

Ilepexoaum K HAXOXKAEHUIO Yy - yacTHOro pemenus JIHAY

d%y dy .
o7 ” +2y=2.

eZt

Tak kak ero ImpaBad 4acCThb IIPCACTABILACT 000} MHOTOWJICH HYHCBOﬁ CTCIICHH, TO

4yacTHOE perieHue OyaeM UCKaTh B BUJie ¥ = A , rie A — HeollpeAeIeHHbIN

KO3 PUIIHEHT.

d?y dy
&y _ 34

Onpeneaum ero u3 paBeHCcTBa
pea b dt? dt

d2(4) 3d(A)
dtz  ~ d

+2§=2

Taxum obpazom, ¥ =1 uy(t) =y, + 7 = Ciet + C,e?t + 1.

Wrak, ogHa Hem3BecTHAs! GyHKIMS HalIeHA.

+2A=2 => 24=2 =>A=1

[ToacTaBuM 3Ty (PYHKIMIO BO BTOPOE ypaBHEHHE cHUCTEMbI AU(depeHInaIbHbIX

YPaBHEHHH W pa3peIirM MOJYyYCHHOE PABEHCTBO OTHOCHTEIHHO X(1):

d(Ciet + C,e?t + 1)

=x+2(Ciet + Ce?* +1)—3

dt
Clet + 2C2€2t =x++ chet + 2C262t - 1
x =—Cet+1
Tak MBI IOJTy49HIIM BTOPYIO HensBecTHyIo Gynknuio x(t) = —C et + 1.

x(t) = —Ciet +1

—
reem y(t) = Ciet + C,e?t + 1
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3aganus 11 CAMOCTOATEILHOM PadoThI

1. Haiitn wacTHOe pemieHne cuctemMbl AuQepeHlnaIbHbIX YpaBHEHHIH,

YAOBJICTBOPAIOMICC 3a1dHHBIM HAYaJIbHBIM YCIIOBHUAM.

/ = 3x —
Y x(0)=5 y(0)=8
y'=4dx—y
2. Haiitu wacTHOEe pemieHue cucrtemsl JHHENMHBIX Y, CcOOTBETCTBYyIOLIEE

3aJlaHHBIM Ha4YaJIbHbIM YCJIOBHAM

x/ =2x—-5y+3

3. /
y/=5x—6y+1

x(0)=6 y(0)=5

3.5.3. IndpepennuajbHbIX YypaBHEHUI BTOPOro MOPsiAKA
C IOCTOSAHHBIMHU KO3 PHUUHEHTAMHU

Heans padorbi: OTpaboTKa HAaBBIKOB penieHus aud@epeHnnanbHbIX yYpaBHEHUN
BTOPOTO MOPSIIKA C TOCTOSSHHBIMU KO3 UIIMEHTaMH

3ananme: Haiinure o6iee permenune nuddepeHmanbHbIX YpaBHEHUIN:

Xox paboThl:

[ToBTOpUTE MPOMACHHBIA HA YPOKE YUEOHBIN Marepuas 1o y4yeOHUKY W MPOUYUTANTE
HIDKE CIEAYIOIINE KPATKAE TEOPETUUECKUE CBEACHUS

Kpatkue TeopeTndeckue cBeeHus
OOmee  permeHue  JIMHEWHOTO  OAHOpPOAHOTO MU depeHInarTLHOTO

ypaBHenus ~ Broporo mopsaka  y// +py/ +qy=0. ¢  TOCTOSHHBEIMH

koddunmentTamu umeet Bun  y, = C;y; + C,Y,, T1€ Y1 U Y2 — YaCTHBIC JIMHEWHO
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He3aBucumble pemieHus, a Ciu C;— mpou3BoibHBIE MOCTOSIHHBIE. (OCTalloCh
HAYYUTHCS HAXOJUTh YaCTHBIC PEIICHUS Y1 H Y2.
Diinep NpeUIoKUIl HCKATh YaCTHbIE PEIleHus B Bujge y = e*¥
Eciu npunsats y = e** yacTHbIM pemenueM JIOAY Broporo mopsiaka c
nocTosHHBIME Ko3pduumentamu y// +py/ + qy =0 , To HpH TOACTaHOBKE
ATOTO PEIICHHUS B ypPaBHEHUE MbI JOJDKHBI MOJTYYUTh TOXKIECTBO:
(ekx)// + p(ekx)/ + qekx =0
k?e** + pke** + ge** = 0
ek (k2 +pk+q) =0
k?+pk+q=0

Tax MBI TIOJTYYHITH TaK Ha3bIBAEMOC XapaKTePUCTHYECKOE
ypaBHEeHHe TUHCWHOTO OJHOPOTHOTO NU(B(HEpPCHINATBHOTO YPAaBHEHHSI BTOPOTO
mopsiika ¢ TOCTOSHHBIMH  Kod(¢urnuentamu.  Pemenus Ky u Kz atoro
XapaKTEPUCTHUECKOTO YPABHEHHSI OTIPEICIISIFOT YAaCTHBIC PEIICHHSI
y, = e*1* y y, = e** mpamero JIOJY BTOPOro MHOpAAKAa C IOCTOSHHBIMU
KodhhuIeHTamMH.

B 3aBucumocti 0T K03(pPHUIIMEHTOB P U  KOPHU XapaKTEPUCTUIECCKOTO
ypaBHEHUS MOTYT OBITh:

1. nedcTBUTENHHBIMU U pa3nuyuHbiMu ky # ko, ki, k; ER
2. NEWCTBHUTENLHBIMU U coBnamarommmu k; = k, = k,, ky ER,

3. KOMIUIEKCHO compsikeHHOM mapoit ky = a+i-f, ky,=a—i-f .
ANTOPUTM HaXOXACHUS OOIIEro PelieH s IMHEWHOTO OJTHOPOITHOTO
muddepeHnnanTsHOT0 YpaBHEHHSI BTOPOTO MOPSIKA C TOCTOSSTHHBIMU

kosddurmenramu y// + py/ + qy = 0.

3anuceIBacM XapakTepucTuueckoe ypasaenne k2 +p - k+q = 0.

HaxonuMm KopHU XapakTeprcTUUecKoro ypaBHenus Ky u Ko.
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B 3aBucMMOCTM OT 3HAQ4YeHUM KOPHEHM XAaPAKTEPUCTUYECKOTO YpPaBHEHUS
3anrceiBaeM obmiee perenue JIOJY ¢ mocrosHHbIMU KO3 pHUIIECHTaMU B BUE:

1. yo = Cie*1* + C,e*2* ecmu k; # k,, ki, k, ER

2. Yo = Cie** + C,xe** ecom ky =k, =k, ko €ER

3. yo =e*™(CycosPx+ Cysinfx) ecmn ky =a+i-B, ky=a—i-f

PaccmoTpum nipuMeps! i1 Kaxka0To Cirydasl.
[Tpumep 1
Haitnute oOmiee perieHde JUHEWHOrO OJHOPOAHOTO AuddepeHIuaIbHOTOo
YpaBHEHUSI BTOPOTO MOPsIIKA C TOCTOSTHHBIMU KO3 DUITIEHTaMU
y// +4y/ + 4y =0
Pewenue.
3anumieM xapakTepucTuueckoe ypasHenue K2 + 4 - k + 4 = 0. Haiizem ero KopHu
k* +4k+4=0
(k+2)?2=0

HOJ’Iy‘II/IHI/I ABa COBIAJAaromiuXx KOpH:A, CJICJ0BATCIBHO, 0611166 PCUHICHUEC HMECT

BUY, = C,eko* + C,xeko* = Ce™2* + C,xe %,

[Tpumep 2
Haiitr obmmee penternne quddeperimansHoro ypapaerus y// — 5y/ + 6y = 0

Pewenue.
Mb1r umeem JIOJIY BTOporo mopsiika ¢ TOCTOSHHBIMH KO3(HUIIMECHTAMHU.
3anuuieM XxapakTepuCTUUECKOE YPABHEHUE U HAWJIEM €r0 KOPHHU:
k*-5k+6=0
D=5%2—-4-6=1

5+1 =

2 k2=3
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Kopuu geiicTBuTenbHbIe M pa3idyHbIe, IO3TOMY, 00Ilee pElIeHHE OJIHOPOJIHOTO

YPaBHEHHS UMEET BU]T

yO - Cleklx + Czekzx - Clezx + Czegx

IIpumep 3

Haiitu oO1miee penieHue nuddepeHInaIbLHOTO ypaBHEHUS
y// —y/ +3y=0

Pewenue.

Xapakrepuctuueckoe ypaBHenue JIOJ[Y BToporo mnopsnka ¢ MOCTOSHHBIMU

K03 duLIieHTaMU UMEET BU]T

k*—k+3=0
D=12-4-3=-11
1411 1 /"1=l+i\/H 1 Vi1
k=———=7%iIl = : => a=z, f=—
k2=§—i\/ﬁ

[lonyunnn mapy KOMIUIEKCHO COIPSKEHHBIX KOpPHEW XapaKTEpPUCTUYECKOIO

YpaBHCHUA, CJIICA0OBATCIBHO, 06H_[€C PECUHICHUC NCXOJHOI'O YPaAaBHCHHA NMCCT BU

8

Yo=€%(C; cos Bx + C,sin fx) = e2 > + C, sin >

< V1ix _ \/ﬁx>
C; cos

3agaHus 11 CAaMOCTOATEILHON padoThI
Haiinute obmee pemenue auddepeHiuanbHbIX ypaBHEHUH:
1. y// =2y +7y=0
2. 5y// +y/ +2y=0
3. 3y// =2y +7y =0

Bonpocsl 1j1 caMONIPOBEPKM:
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1. Cdopmynupyiite anroputMm peuieHus AuQQepeHnrnaIbHbIX ypaBHEHUHN

MOCTOSTHHBIMU KO3 UITUECHTAMH

3.5.4. IllpumeHeHne 00bIKHOBEeHHBIX JU(depeHunaTbHbIX YPABHEHU T
A1 IPO(hecCHOHAIBHBIX PACYETOB
Leap paGoTbl: YcOBEpIICHCTBOBAaHUE HABBIKOB peUIeHUs AupepeHnanbHbIX
YpaBHEHHUS IS pelIeHUs TPO(heCCHOHANBHBIX 3a7a4

3ananme: Haiinute o61iee pemenune nuddepeHimanbHbIX YpaBHEHUIN:

XoJ paboTHI:

[ToBTOpUTE MpOMACHHBIA HA YPOKE Y4EOHBINM Marepuan 1o y4eOHUKY W MPOUYUTANTe
HIDKE CIIEAYIOIINE KPATKAE TEOPETUUECKUE CBEACHUS

KpaTKI/IG TCOPCTUUCCKHUC CBCACHHA

[Tpumeps! mpuMenenus: qudPepeHIuaIbHOr0 YpaBHEHUS

[Tpumep 1.

[TpyxkuHa KECTKOCTHIO K ¢ TPUKPEIJICHHBIM K HEl IPy30M Maccoil M HaXOATCS B
TOPU30HTAIBLHOMN MJIOCKOCTH B TIOJIOKEHUH PABHOBECHS, COBIAIAIOIIEM C HA4ajIoM
koopauHaT. CBOOOIHBIM KOHEIl TMPYKHHBI 3akperuieH. [IpyxkuHa mapasienpHa
ocu Ox. B HayanbHBIN MOMEHT BPEMEHHU I'PYy3y COOOIIAIOT CKOPOCTh Vo BA0JIb OX.

Haittu 3aBUCUMOCTb KOOPIUHATBI rpysa oT BPEMEHU.

B npown3BonbHBII MOMEHT BPEMEHM KOOpPAMHATA I'pPy3a paBHA X, CKOPOCTb — V .

3anuimeMm 3aKOH COXpaHCHHUA OHCPI'UHU:

BreimonHauMm ciiemyromue npeoopa3oBaHUs:

k
mV2i=mV¢—kx? => V2=Vi—-——x? => V=V,
m

k dx
BBens o603HaueHne w? = — Y 3aIIMCaB CKOPOCTh B BUAE V = - » OJIyInM
m

muddepeHnranbHOe YpaBHEHUS C Pa3IesSIONUMUCS TEPEMEHHBIMU:
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dx wx\?

— = Vo 1- ) Paznenum nepemenHsbie: il 3TOTO BBINOJHUM 3aMEHY
0

wx . wx) 2 i 2

~-)=sinz . Torma 1-— ) = V1 —sin“z =cosz . Bripazum

0 0

auddepennman dx:
Vo . d Vo .\ v

x =-=sinz, dx=—xdz=(—°smz) dz = 2cos zdz
w dz w w

Tenepp naTerpupyem: Iloacrasisas B ypaBHEHHE, UMEEM:

X t
Vi . WX . WX Vo ..
2arcsin—| = V,t arcsin— = wt x = —sinwt
w VO O 0 VO w

JIBUKEHHUs, TPOUCXOISIIME 10 3aKOHY CHHYCa WJIM KOCHHYCA Ha3bIBAKOTCA
rapMOHUYECKUMHU  KojieOaHusiMu.  PaccMoTpeHHass — cucTemMa  Ha3bIBaeTCs

MPY>KUHHBIM MasgTHUKOM. BuaHO, 4TO B HalieM cilydae MakCHUMaJbHBIH MOIYJb
Vo .

KoopJuHaThl paBeH — . OH dYacTo oOo3HayaeTcsi OykoBOM A M Ha3bIBaeTCA
w

aMIUTATY0M  KoJieOaHWi. AMIUIMTyJa TapMOHMYECKHX KojeOaHuUW Bceraa

OIpCACIIACTCA HAYaJIbHBIMHA YCJIOBUAMMU.

. v k
OtBer: x = Asinwt A== w= |—
w m

3aaHus I CaMOCTOSATEIbHON PadoThI

1. CKOpOCTh OCTBIBaHUSI HArpeTroro Tejia MPONOPLUOHAIBHA Pa3HOCTH
TEMIIEPATYp TeJIa U OKpyXk aroleu cpenpl. 3a 10 MUHYT Temo 0XJIaauiIoch OT
100 o 60 rpanycoB. TemnepaTypa cpenbl MOCTOsHHA U paBHa 20 Tpaycam.

Korna teno octeiHeT 10 25 rpagycoB?

2. MoTopHas J1oJKa ABMXKETCS B CIIOKOMHOM BOJE CO CKOPOCTBIO Yo = 20Kkm/u

Ha nomHom xomy €€ mortop BbeiKitodaeTcss U yepe3 40 ¢ mocie 3Toro CKOpocTh

JNOAKM yMeHbIIaeTcst g0 Y = 8KM/U ComporuBieHHe BOXBI MPOIOPIHOHATBHO

CKOpPOCTH ABHIKCHUA JTIOAKU. OHpeJleJII/ITB CKOPOCTBb ABMIXCHHA JIOAKH YCPE3 2 MUH.

IIOCJIC OCTAHOBKH MOTOpA.
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3. Kongencarop é€mkoctbto C BkIOYaeTcs B Lenb C HanpsbkeHuem U u
conportusiieHueM R. Onpenenuts 3aps KOHACHCATOpa B MOMEHT BpeMeHH t rocie

BKJIIOUYCHU.

PA3JIEJI 4. OCHOBBI TEOPUM BEPOSITHOCTEHN "
MATEMATHYECKON CTATUCTUKH

Tema 4.1. djieMeHTHI KOMOMHATOPUKH

4.1.1 llpuMeHeHne KOMOMHATOPUKH VISl pelIeHUs NPodecCHoHAIbHBIX
3aja4

Hean padorbl: CoBEpHICHCTBOBAHME YMEHUW pelaTh 3aJladyd  COJAEpIKAIINE
AJIEMEHThl KOMOWHATOPUKH.
3ananme: Pemmte 3a1auu ¢ 2ieMeHTaMU KOMOMHATOPUKU

Xox paboThl:

[loBTOpUTE MPOMAECHHBIA HA YPOKE Y4EOHBI Marepuan 1o y4eOHUKY M MpPOUYUTANTe
HWKE CIICAYIOIIME KPATKHUE TEOPETUUECKUE CBEICHUS

Kpatkue TeopeTnueckue CBeIeHUS

1. Pa3menienus 0e3 NOBTOpEHUM
IloncuntaeM KOJMYECTBO CIOCOOOB  PACIOJIOKHUTH N PA3IMYHBIX  DJIEMEHTOB

nmo % pasomuneiv nosummaM (kK <n) . Takue pacHoNOKEHHS Ha3bIBAKOTCS
pa3MeIICHUSIMH, a 179 KOJIMYECTBO, oT ¢dpaHIry3cKOTO
cioBa arrangement o6osnasaercs AKX . B ciyuae, ecimm  K=n xonmuectBo
OPEeIMETOB COBMANAET C KOJIMYECTBOM HUMEIOUIMXCS MECT, U 3TO YXe H3ydeHHas
3aJ1a4a O YMCIe MePeCTaHOBOK.

Ecnu u3 ™ 00beKTOB BBIOMPAIOT K IITYK, TO YHCIIO BHIOOPOB MOCIEIHEr0 00bEKTa
ecThb N-K HeBBIOPAHHBIX OOBEKTOB, YTO O3HAYACT HAIUIHE

N-k+1 BO3MOKHOCTH BbIOOpa MOCIIEAHEr0 BHIOPaHHOTO 00BeKTa. TO ¥kKe, APyruMu
CIIOBaMHU: mociie BeiOopa mepBbix K-1 31eMeHTa octaercst BRIOpaTh

n-(k-1)=n-k+1 snemenT.
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TeopeMa: Unciao  pa3MEIIEHHI N PA3IMYHBIX  2JIEMEHTOB MO F  pasIuYHBIM

nosumusamM  ectb AX =n(n—1)(n—2)-(n—k+1) , wim, B TepMHUHAX

n!
(axTopuanos, AX = oo

prwettauue: 3aMCTUM, 4YTO B CJIydac, KoOrjga 4YMucCJIO MCCT, II0 KOTOPbIM
pasMCIIarOT MpcaAMCTbI, COBIIAAACT C KOJIHUYCCTBOM CaMHUX IIPCAMCTOB, T. C.
Koraa k=n, paccMarpuBacMad 3agada CTaHOBUTCA 3a1[aqel71 0 9HUCJIC IICPCCTAHOBOK.
B namem CJIydac IIpu 3TOM MBI II0JIYy9acM B 3HAMCHATCIIC I[pO6I/I HOJIb (b&KTOpI/IaJI,
H J1JI51 TOIr'o, 4TOo OBI Pa3HbIC (i)OpMy.TIBI, COOTBCTCTBYIOIIHC OHHOﬁ 1 TOM XKe 3aJa4dc,

MIPUBOJIVIIH K OJIMHAKOBBIM pe3ysibTaTaM, mojiararoT, 9yro 0!=1.
2. Coueranusg

ITongcuntaem KOJIMYECTBO CII0OCO0O0B, KOTOPBIMH MOYKHO
BBIOpaTh K 13 N pa3auaHbIX MPEAMETOB. Takue BBIOOPKHU Ha3bIBAIOTCS
COUYETAaHUSIMH, a MX KOJIMYECTBO 0003HAYaCTCs C,’{ )

Ipu k <n , BeGpats K npenmeroB u3 n moxkuo AX cnoco6amu, mepecrapiss
Aﬁ _ n!

ux P, cnocobamu: CK = = —
k n T op, T (n—k)lk!

Pexyppenrtnas gpopmyna: C = C1 m_TnH

n m-—-n. n n+1 _ ~n+1
Cn =0 Cn+ Gy =0l

CaoiictBa couetanmii: Cj = C; ™.
3. IlepecTaHOBKH C TOBTOPEHUSIMH

[TycTh maHbl N1 3IEMEHTOB MEPBOTO THIA, Ny — BTOPOTO THUIIA, ..., Nk K- TO
THUTIA, BCEro N 35ieMeHTOB. CriocoObl pa3MeCcTUTh UX MO N pa3IMuHbIM MECTaM
Ha3bIBAIOTCS TIEPECTAHOBKAMU C TTOBTOpeHUsIMU. VX KommuecTBO 0003HaUaeTcs

Pn(Tll,le, Tty nk)'

TeopeMa: YHUCJI0 MIEPCCTAHOBOK C IIOBTOPCHUAMM CCTh

Pn(n11n21 tty nk) =
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Pa3mMemenns ¢ noBTOpeHUSIMH
IlycTh pmaHbl N pa3IM4YHBIX BHUAOB MPEIMETOB, KOTOPBIE MOYKHO pPa3MECTUTh
1o K pa3imyHbIM MecTaM, TpUYeM BBIOMPATh MPEAMEThl MOXKHO C MOBTOPCHUSIMHU
(T.e. MOXHO BBIOpaTh HECKOJBKO MPEAMETOB OJHOTO BHAa). Takue BBIOOPKHU
HA3bIBAIOTCS PA3MENICHUSIMU C TOBTOPEHUSAMH, & UX KOJIMYECTBO BBIYHUCIIACTCA IO
bopmyrne: AX = nk .

4. CoueraHus C TIOBTOPEHUSIMU
[lycTh HMMEIOTCA NpPEeIMETHI N pa3IMYHBIX BUAOB IMPEAMETOB, W M3 HHX
COCTaBJIIOTCS HAOOpPHBI, cojaepikariue K aneMenToB. Takne BBIOOPKH HA3bIBAKOTCS
COueTaHUAMM C IOBTOpeHHeM. Mx uncio o6o3Hauaercs CX .

Teopema: yucio coyeTaHuid C TOBTOPEHUSAMH MOXET OBITh BBIUYKUCIECHO IIO

.rk _ rk _ rn-1
dopmymamt: Cf = Cky oy = CRoL,

3agaHus 11 CAMOCTOSATEILHON PadoThI:

1) Cxonbkumu criocobamMu MOKHO B rpyIie U3 21 cTyneHTOB BBIOpaTh CTapoCTy,
3aMECTUTEISI CTapoCThl U (huzopra?

2) Ilopsimok BBICTYIUIEHUH 9 yYaCTHMKOB KOHKYpCa ONpENeseTcs KepeObeBKOM.
CKOJIbKO BapUaHTOB KEPEObEBKU MTPU ITOM BO3MOXKHO?

3) B cembe nBoe aeteil. Haitnure BeposiTHOCTD, YTO CTAPIIN peOEHOK — MaJIbUUK.
4) B ypue 4 Genbix U 6 4yepHbIX mapoB. M3 ypHBI 10 oyepenu u3BieKaroTcs 2
mapa. HaliTu BEposITHOCTh TOTO, UTO BBIHYTHIE IIAPHI OJJHOTO LIBETA.

5) UrpanbHyto kocTh OpocatoT ABa pa3a. Haliiute BeposiTHOCTh TOTO, YTO B CYMME
BBITAJIO HE MeHee 10 OYKOoB.

6) UrpanbHas kocTh OpoiieHa 6 pa3. HailTu BeposSTHOCTh TOTO, UTO POBHO 3 pasa
BBINAJIET «IIECTEPKay.

7) Ayautop oOHapy>KMBaeT (PMHAHCOBBIE HAPYIICHHS Yy MPOBEpPSeMOU (PUPMBI C
BeposiTHOCThIO 0,9. Haiitu BeposiTHOCTH TOrO, 4TO cpenu 4 Gupm-HapymmuTenen
OyJeT BBISIBJICHO OOJIbIIE TTOJIOBUHBI.

Bonpocsl 1J11 CAMOKOHTPOJISA

1. Ha3zoBute ocHOBHYIO (hopMyITy pa3melleHnuid 6e3 TOBTOPEHU.
2. YTo 3HAUUT COYETaHHE COOBITHII?

3. Kaxue coObITUSI HAa3bIBAIOTCS CITy4YailHBIMU?

Tema 4.2.0cHOBBI TEOPHH BEPOSTHOCTEM
U MATEMATHYeCKOIl CTATUCTUKH
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4.2.1. PemieHue 3a/1a4 HA BbIYHUCJIEHHE BEPOSITHOCTEI ¢
HCI0JIH30BAHHEM YJIEMEHTOB MATEMATHYECKOH CTATHCTHKH

Hear pabGorbi: COBEpIICHCTBOBAHME YMEHHMM pellaTh 3a/ladud CoJeprKallue
AJIEMEHTHl MATEMaTUYECKON CTATUCTHKU

3aganme 1: BelmonHuTe 3a7aHMs Ha BBIYMCICHUE KOJMYECTBA BAapHUAHTOB
COOBITHH.

3ananme 2: BpInosiHEeHUE 3aaHUSl HA BBIYKMCICHHE BEPOSITHOCTEHM CIydallHBIX

COOBITHH ¢ MCIIOJIB30BAaHUEM DJIEMEHTOB MAaTEMATHYECKOM CTATHCTUKHY.

Xoj paboThl

Kpartkue TeopeTndeckue CBEICHHUS:
1. Teopus BEpOATHOCTH
Uucio, sBAsAOmMEeCs  BBIPAKCHHEM  MEPbl  OOBEKTHBHOM  BO3MOXKHOCTH
HAaCTYIUICHUSI ~ COOBITUS,  HA3bIBACTCS 8EPOAMHOCHIbIO DTOTO  COOBITUS U
0003HayaeTcss CUMBOJIOM P(A).

Onpeoenenue. BeposTHOCTBIO COOBITHS A HAa3bIBACTCSI OTHOIIICHUE YHCIIa HCXO0B
m, OJarompHUATCTBYIOIIMX HACTYIUICHHIO JAHHOTO COOBITHS A, K YHCIYy N BCeX
UCXOJ0B (HECOBMECTHBIX, EIWHCTBEHHO BO3MOXHBIX M PaBHOBO3MOXHBIX),
4
P(_,.'l} = ___
T.C. e
CrnenoBarenbHO, JJISI HAXOXKACHUS BEPOSITHOCTH  COOBITUS  HEOOXOJHMMO,
paccMOTpPEB pa3JIMUHbIE MCXOJIbl MCIBITAHUS, TMOACYUTATh BCE BO3MOXKHBIC
HECOBMECTHBIC HCXOJBI N, BEIOpATh YHCIO HHTEPECYIONIMX HAC HMCXOJIOB M U
BBIYMCJIATH OTHOIIIEHHE M K N.

N3 sToro onpeneneHns BRITEKAIOT CIEAYIOIINE CBOWCTBA:

BepOHTHOCTB JIF000TO HUCIIBITaHUA €CThb HCOTPpULATCIILHOC qHuCJIo, HEC
MIpCBOCXOAAIICC CANMHUIIBI.

JIeHCTBUTENILHO, YUCIO M UCKOMBIX COOBITUM 3aKIIO4eHO B mpexenax Y=m =#
PaznenuB 06e yacTu Ha N, MOJy4YUM

0P

=1

V
2. BeposTHOCTh JOCTOBEPHOTO COOLITUS PaBHA €AUHMIIE, T.K. <

(S8}



04t
3. BeposITHOCTh HEBO3MOXKHOTO COOBITHSI paBHA HYJIIO, IOCKOJIbKY “# .

Ilpumep 1:. B maptum u3 18 peraneit Haxonsrcs 4 OpakoBaHHbIX. Hayran
BbIOMpaloT 5 gerarneil. HaliTu BepOsITHOCTH TOTO, YTO U3 ATHX 5 jAerajneil JaBe
OKaXyTcsl OpaKOBAHHBIMHU.

Pemenne. Yncno BceX paBHOBO3MOYKHBIX HE3aBHCHUMBIX HCXOJIOB N PABHO YHCITY
couyeranui n3 18 mo 5 t.e.

_1817:16'1514
1:2:3:4-5

n=0C, =18-17 28 = 8568
[loncuntaem umcno m, OrmarompuATcTBYIOHIMX coObITHIO A. Cpeam S5 B3ATHIX
Hayraj Jetajeil JOmKHO ObITh 3 KadecTBEHHbIX M 2 OpakoBaHHbBIX. Yucio
CHI0c000B BBIOOPKHU JABYX OpakOBaHHBIX JAeTajeil u3 4 UMermuxcs OpakoBaHHBIX
PABHO YHCITy COUYETaHUM U3 4 110 2:

—_— 4‘ 3 —_—

Cﬂ
Yoqn

&
Uucno cnocoOOB BBIOOPKM TpeX KA4YECTBEHHBIX JeTalied u3 14 wumerommxcs
KauyeCTBEHHBIX PABHO

or 141312

2 = 14132 = 364
123

JItobast rpymma KadyecTBEHHBIX JeTaje MOXKeT KOMOWHHMPOBATHCA C JIIOOOH
rpynIon OpaKOBaHHBIX JIeTaIe, [I03TOMY oO1ee YUCIIO
KOMOMHAIMH M COCTaBIISIET

m=C{ Chy =6:364=2184

Hckomas BCPOATHOCTD coOpITHS A paBHa OTHOIICHHIO YHCJIAa HCXOIO0B 1M,
6HaFOHpI/I$[TCTBy}OH_[I/IX 9TOMY CO6BITI/IIO, K 4YHCIly n BCEX PABHOBO3MOXKXHBIX
HC3aBUCHUMBIX UCXOOAO0B:

By =" = 2184 5055
8568

b
TeopeMa ci0)KeHUsT BEPOSITHOCTEM.

BeposATHOCTE CyMMBI JIBYX HECOBMECTHBIX COOBITUH paBHA  CyMMe
BEPOSTHOCTEH STUX COOBITHIA.

PA+B)= P& +P(B)

P(Ay +4, +..+ A) = P(4) + P(4) +...+ P(4,)
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CaenctBue 1. Ecnu coObitue A1, Az, : ,An 00pa3yroT MOJHYIO CUCTEMY, TO CyMMa

BEPOSITHOCTEH 3TUX COOBITHI paBHA €UHULIE.

P(A)+ PA)+ + P(A)=1

Cnencrue 2. CyMMa BEpOSATHOCTEN IPOTHBOIMOJIOKHBIX coObITui 1 n 4 paBHa

CAUHUIIC.

P(4)+ P(A)=1

2. MaremaTnueckass CTaTHCTHKA

[lepBast 3amaua MaTeMaTUYeCKOW CTATUCTHKU — YKa3aThb cCmocoObl cOopa H
TPYNIHPOBKU CTATUCTUYECKUX CBEICHUMN, MOTYUYCHHBIX B pe3yIbTaTe HAOII0ICHUIN
WIH B pe3yJIbTaTe CIEUAIBHO ITOCTaBIECHHBIX IKCIIEPUMEHTOB.

Btopas 3amaua maTreMaTHueCcKOWl CTAaTUCTHKU — pa3paboTaTh METOJbI aHaIU3a
CTAaTUCTUYECKUX JTaHHBEIX B 3aBUCHUMOCTH OT Ieiner wucciaemoBanud. Croma
OTHOCSTCH:

a)OLIEHKA HEW3BECTHON BEPOSITHOCTH COOBITHS; OIIEHKa HEU3BECTHOM (DYHKIIUU
pacupeesieHus; OLEHKA IMapaMeTpPOB pacIpeAciICHNs, BUJI KOTOPOI'O U3BECTEH;

6)HpOBCpKa CTAaTUCTHYCCKHUX TUIIOTC3 O BUJAC HCHU3BCCTHOI'O PACIIPCACICHUA WU O
BCIIMYUHC IIapaMCTPOB PaCIIpCACICHUSA, BU KOTOPOI'O U3BCCTCH.

Wrak, 3a1aua MaTeMaTUYECKOM CTATUCTUKU COCTOUT B CO3JJaHUU METOAOB cOOpa 1
00pabOTKH CTATUCTUYECKUX JAHHBIX JJIA MOJYYCHUS HAYYHBIX U MPAKTHYECKUX
BBIBOJIOB.

Br160po4HON COBOKYMHOCTHIO MJIM MPOCTO BHIOOPKOI HA3bIBAIOT COBOKYITHOCTH
CJIy4ailHO OTOOpaHHBIX 0OBEKTOB.

['eHepasibHOM COBOKYITHOCTBIO HA3bIBAIOT COBOKYITHOCTh
00BEKTOB, U3 KOTOPBIX IPOU3BOIUTCS BHIOOPKA.

CTaTUCTHYECKUM pAAOM pacnpcaciiCHUA Ha3bIBAIOT NCPCUCHDb BCCX

3HAYCHMH i U3 BBIOOPKM M COOTBETCTBYIOIIMX MM 9YaCTOT WIH OTHOCHUTEIBHBIX
yactor. CraTUCTHYEeCKOE  paclpelelieHue  MOXHO  3agaTh  Takke B
BUJIC MHTEPBAIBHOTO  CTAaTHUCTUYECKOTO  psina, T.e.  IOCJIEI0BaTeIbHOCTU
WHTEPBAJIOB ¥  COOTBETCTBYIOIIMX WM 4YacTOT (B KauecTBE 4YacTOTHI,
COOTBETCTBYIOILIEH MHTEpBalLy, MPUHUMAIOT CYMMY 4YacTOT, MONAaBIIMX B A3TOT
UHTEpPBAN).
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[Tpumep. Ilycth 06beM BbIOOPKH N = 20 U

Xi 2 6 12

m; 3 10 7

Haﬁ,Z[CM OTHOCHUTCIIBHBIC YaCTOTHI.

3 « 10 . 7
B, = — = 0,15 B’ = — = 0,50 By, = — = 0,35
20 : 20 : 20

TOI‘I[& pacinpcacicHuc OTHOCUTCIIbHBIX YaCTOT:

Xi |2 6 12

p.” 10,15 |0,50 |0,35

Korrpos: 015 + 0,50 + 0,35 = 1.

3agaHus 11 CAMOCTOATEILHON PadoThI.

3amanue 1: BemomHWTe 3a1aHus Ha BRIYUCIICHUE KOJIMYSCTBA BAPUAHTOB COOBITHIA
1.1. Haiitu uucno pasmemennii: 1) 4); 2) 42;3) 4, 4) 4;5) 4.
1.2. BprumcinuTh 3HaueHHue BhipaxeHus: 1) 3! +4!;2) 51 —21; 3) 61 * 2!

1.3, Bbrauciuts:1) Cg; 2) C51; 3) Cf; 4)C?

5 4
+

14 ~ Boruncauts:1) M+ A* AT AL
6

1.5. Berumcnute: 1) P, - P,; 4) 45+P, * P,; 5) P, + P;.

3ananue 2: BpInogHeHNWe 3ajaHAs] HA BBIYMCIIEHUE BEPOSITHOCTEN CIyYalHBIX

COOBITHH C UCTIOJB30BAHUEM JIEMEHTOB MaTEMAaTUYECKON CTATUCTUKHU.

2.1 N3 Kop3uHBI, B KOTOPOM HAXOOATCS 9 KpacHBIX, 8 KEATbIX U 7
3eJIEHbIX 1IApOB, Hay/layy BbIHMMaeTcsl ofauH. HailTh BepoSATHOCTH TOro, 4TO

BBIHYTHIH IIAp OKAXKETCS: a) KPACHBIM, 0) JKEITHIM; B) UEPHBIM; T') 3€JICHBIM.
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2.2. B xop3une nHaxomarcs 30 Oenbix u 20 uyepHsix mapoB. Hayran
BBIHUMAIOT OJIUH IIap, KOTOPBIA OKa3aycs O€IbIM, U OTKJIA/IBIBAIOT €T0 B CTOPOHY.
Hayran BBIHUMAIOT €l1e OJUH IIap, KOTOPbIA OKa3ajics Y€PHBIM, U OTKJIAJbIBAIOT
ero B ctopony. Ilociie atoro 6epyr eme oauH map. Hailtu BEpOATHOCTH TOTO, UTO
ATOT IIAP OKAXKETCS OEJbIM.

2.3. B komonme 36 xaptr. Haygauy BblHUMaroTcs 2kapThl. HaiiTi
BEPOSATHOCTH TOTO, YTO ITO OYyAYT JBa Ty3a

2.4. JluckpeTHas cilydaifHas BeIMYUHA XUMEET 3aKOH paclpeieICHHUS.

X 0,2 0.4 0,6 0.8 1
pi 0,1 0,2 0,4 Py 0,1
Uemy paBHa BepositHOCTh PsX = 0,8)? IlocTpouTh MHOTOYTOJIBHHUK

pacipcaciacHus. Haiitn matemaTtuueckoe OXKHTaHUC U JUCIICPCHUIO.

2.5. JluckpeTHas ciiy4aifHas BelTuInHa XUMEET 3aKOH Pacpe/IeICHNUS.

Xi 3 4 5 6 7

Pi Py 0,15 P3 0,25 0,35

Haiitu BepositHocTh Pi(x = 3) u P3(x = 5), ecnu u3BecTHO, uTO P3B 4 paza
6omnpine Pi. [TocTpouTs MHOTOYTONBHUK pacmpenenenus. Halltu maTematnyeckoe
0XUJAHHUE U JUCTIEPCUIO.

2.6. W3BecTHBI 3HAUCHUST pacipeaesieHus] CiIydyaHbIX BeauduH X u Y

— YHCJIO OYKOB BEIOMBAEMBIX IICPBBIM K BTOPBIM CTPCIIKAMU.

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

pi 0,15 | 0,11 | 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 0,01 0,03 |0,05 |0,09 |01 |0,24 |0,21 |0,10 |0,10 | 0,04 | 0,02

HeoOxoaumo BBISBUTH, KaKOW W3 JIBYX CTPEIKOB cTpenser yydmie. [loctpouth

MHOTOYTOJIbHUKH PacCIpeIeIICHUS.
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Bonpocs! Aj1s1 caMOKOHTPOJISA

Kakas BenmuumHa Ha3bIBaeTCs CIydaitHOM?

3aKOH pacnpeAesieHUs CIy4YalHbIX BEJIMYNH

Yrto Ha3bIBAETCS MIIOTHOCTHIO BEPOSITHOCTH
CdopmynupyiiTe TeOpeMy CIOKEHHS BEPOATHOCTEN

dopmyiia TOJTHOU BEPOSITHOCTH

o 0k~ wDdE

®opmyna bepryium
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Ipuioxenue A
MeToauyeckue peKOMEHIAIUM 110 BbINOJHEHUIO pedepara

Pedepar — 310 camocTosATeNnbHas UcCcenoBaTeNbCcKas pabdoTa, B KOTOPOM
aBTOP PACKPBIBAET CYTh HMCCIEIYEMOM MpOOIeMbl;, IPUBOIUT PaA3JIUYHBIE TOUKH
3peHus, a Takke COOCTBEHHbIE B3IIIsIIbl He Hee. CojepkaHue pedepara JTOIKHO
OBbITb JIOTUYHBIM; HW3JIOKEHUE Marepualia HOCHUT MPOOIEMHO-TEMATUYECKUN
XapaKTep.

Pedepart — 310 01MH M3 caMBIX CIOKHBIX BHIOB CAMOCTOSATEILHON pabOTHI ¢
KHUTOHM, a JJIA 3TOTrO CJIEAyeT OBJIaAETh OOJee MPOCTHIMH NpHEeMaMHu pabOThl —
pa3pabOTKOM TUTaHa, COCTABIICHUEM TE€3MCOB M KOHCIEKTOB. [loaroroBka pedepara
M BBICTYIUICHHE C €T0 H3JI0KEHHUEM YTIyOJIIeT 3HAHWSA, PACIIUpSET KPYyro3op,
MPUYyYaeT JIOTUYECKH, TBOPUECKH MBICIIUTh, Pa3BUBATH KYJIbTYPY PEUH.

[Ipyu mpocmoTpe mnuTEpaTypbl HaMEUaeTCsi OPUECHTUPOBOUYHBIA IJIaH
pedepara, B KOTOpbHINA BKIIOUAETCS 00BIYHO 3-4 OCHOBHBIX BOIIpOCA WM paszjena.
B xaxgom w3 pasnenoB  GOpMYIHPYIOTCS — MOJBOIPOCH], MOMOTAIOIINE
MOCJIEIOBATEIHHO PACKPHITH COJEPKaHUE MTPOOIEMBI.

B nporecce u3yuenus matepuana GopMyIUPOBKH MOJIBOIIPOCOB U PA3ICIOB
oObryHO  yTouHsitorcs. [lpu pedepupoBanum crneayer jenarh  BBIMHCKH,
3alUChIBAaTh MBICIM, BO3HUKAIOIIUE  IPU YTEHUU; CIEAYET TaKKE€ TOYHO
3aMUChIBaTh M OMNPEICICHHUS TeX MOHATUM, KOTOpble OyAyT HCIIOJIb30BaHbI B
pedepare. M3 npounTtaHHOW JTUTEpATyphl HY’KHO 3aMMCTBOBAaTh HE OYKBaJIbHBIN
TEKCT, a BAXXHEUILIME MBICIH, UJCH, TEOPETUUYECKUE TIOJOKECHUS; MOXKHO
LIUTUPOBATH HEOOJBIINE OTPBHIBKY, IPUBOJUTH JUATrPAMMBI, CXEMBbI, YEPTEKHU, HO
IJIABHOE — BBICKA3bIBaTh COOCTBEHHBIE COOOpaKEHHMS MO BompocaMm pedepara.
[IpuBeneHHBIE BBIIIE COBETHl CIEAYyET paccMaTpuBaTh KaK MpPUMEPHBIE,
Mpeanoiaralonue W JIpyrue TMOAXOJbI, IOCKOJBKY Y KaXJIO0TO YeJIOBEeKa
BBIPa0aTHIBAIOTCSl CBOM TMPUEMbl U HABBIKM COCTaBJIeHUs pedepaToB. bombinyro
OMOIIIL B paboTe Haa pedepaToM OKas3bIBAIOT MPEAUCIOBUS K COOpHHKaM. B HUX
MO>KHO HaWTH CBEACHUS O IEJIU M3JaHMs, a TAKXKE O CYIIECTBYIONIUX Mpobdenax B
UCCIIEOBAHUH.

[Ipu pazpaboTke miuaHa pedepara BaXKHO yUUTHIBATH, YTOOBI KaXIbIH €T0
NYHKT PacKpbiBal OJIHY W3 CTOPOH U30paHHOM TEMBbI, a BCE IYyHKTHl B
COBOKYITHOCTH  OXBAaThIBAJIM  TE€My  LEIMKOM.  Pa3auyaloT  HECKOJIBKO
KOMIO3UIIMOHHBIX pelieHul pedepara: BO-NEPBbIX, XPOHOJIOTMUECKOE, KOTa TeMa
PacKpbIBaETCS B UCTOPUUECKOMN MOCIEA0BATEILHOCTH; BO-BTOPHIX, OMHUCATEILHOE,
P KOTOPOM TE€Ma PaCUJICHSETCS Ha COCTABHBIC YACTH, B 1LIEJIOM PACKPHIBAIOILINE
OTIPENICJICHHOE SIBJICHUE; B-TPEThUX, aHAIUTUUECKOE, KOT/1a TeEMa UCCIICIYeTCs B €¢
NPUYMHHO-CJICJACTBEHHBIX CBSI3SIX M B3aMMO3aBUCHUMBIX TMpobsiemax. BaxHo
CIEAUTH 3a TeM, UTOOBI KaXK/Ibli MYHKT IJIJaHa ObLT COOTHECEH C TJIABHOW TEMOW U
HE COJIeprKall TIOBTOPEHUSI B JAPYruX MyHKTax. BaxkHeiMu pazgenamu pedepata
SABJISICTCSl BCTYIUICHME W 3akitoueHue. Bo BeTymieHum Hago 000CHOBATh
aKTyaJIbHOCTh TEMBbI, O00O3HAYHTHh KPYT COCTABISIOMIUX €€ MpoOJeM, YeTKO U
KpaTKO OMpENeNTuTh 3a7ady cBoed paboThl. B 3akmioueHun AenaroTcs KpaTKue
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BBIBOJIbI, TTOJIBOASTCS UTOTU. B KoHIIe pedepaTa 1omxKeH OBITh MPUTIOKEH CIIHCOK
JUTEPATYPBHI.

B ornuune ot koHcmekta pedepaT TpeOyeT OoJblied TBOPYECKOM
AKTUBHOCTH, CAMOCTOSITEIBHOCTU B 00OOIICHUN U3YYEHHOW JUTEPATYPhl, YMEHUS
JIOTUYECKHU CTPOMHO H3JIOKHUTH MaTepuall, OLICHUTh Pa3jIMYHble TOYKU 3PEHHS Ha
UccleyeMyro mpolbyieMy M BbICKa3aTh O Hel coOcTBeHHOe MHeHue. B pedepate
BaYKHO CBSI3aTh TEOPETHUUECKHUE TIOJIOKEHUSI C PAKTUKOM.

Takum oOpazom, pedepaTuBHasi paboTa — 3TO CaMOCTOATENbHas padorta,
KOTOpasi JOJDKHA CBHUIETEIBCTBOBATh O 3HAHUM JIMTEPATYPHI 110 JAHHOU TeMe, ee
OCHOBHOH MpoOJeMaTUKE, OTPaKaTh TOYKY 3PEHHS CTYJIEHTa Ha 3Ty MpoOJieMy,
€ro yMEHUE OCMBICIUBATH SIBJICHUS )KU3HU HA OCHOBE TEOPETUUYECKUX 3HAHUM.

[Ipu omnenke pedepata OOBIYHO PYKOBOACTBYIOTCS  CIEAYIOIIUMU
KPUTEPHUSIMHU:

1. Y 1anoce ju ero CTyAGHTY pacKphITh CYIIIHOCTh TAHHOU MPOOJIEMBI;

2. Cymen nu CTYIOEHT IOKa3aThb CBSI3b pacCMAaTpUBAaEMOW MpPOOJIEMBI C
KU3HBIO;

3. IlposiBuA 1M CTYAEHT CAaMOCTOSITEIBHOCTh W TBOPYECKHHM IOAXOJ B
U3JI0’KEHUH pedepara;

4. MOXHO 71 cCUUTaTh pedepaT JOrHYeCKH CTPOHHBIM U T.]I.

Pedepar nomken 6bTh mpaBmwiibHO oopmieH. Coaepkanne u ohopmiIeHHE
paszenoB pedepara:

TutynpHbIll UCcT.  SIBIIETCS MEpBOW CTpaHUIEH pedepara U 3anoaHsAeTCs
[0 CTPOTO OMNpENEICHHBbIM IpaBujaM. B BepXHEM Mojie yKa3bIBaeTcsl IOJIHOE
HaMMEHOBaHHE y4eOHOro 3aBejieHus. B cpenneM mose gaercs 3arnaBue pedepara,
KOTOpO€ MpoBOAMUTCS 0e3 cioBa " TeMa " M B KaBbIUKHM HE 3akitouaercd. Jlanee,
OJI>Ke K TPaBOMY KparO TUTYJBHOIO JIUCTA, YKA3bIBAKOTCS (DaMMIINSI, HHULHAIIBI
CTYyJIEHTa, HanucaBIIero pedepar, a Takxke ero Kypce u rpynna. Hemuoro ke uinu
CJIeBa YKa3bIBAIOTCA HA3BaHUE M KOJ| CICIHUAIBHOCTH, (DaMmiius W HHUIHAIIBI
npernojaBareiisi - pyKoBOAUTENsT paOOoThl. B HIDKHEM Tojie yKa3bIBaeTCs TOJ
HarnucaHus pedepara.

[Tociie TUTYJIBHOTO JUCTA MMOMEUIAIOT OIVIABJIIEHHE, B KOTOPOM IPHUBOIATCS
BCE 3aroJIOBKA paOOThl M YKa3bIBAIOTCS CTPAHUIIBI, C KOTOPHIX OHM HAUYWHAIOTCS.
3aroJOBKM OIJIABJIEHUS JOJDKHBI TOYHO TOBTOPATH 3arojlOBKU B TEKCTE.
Cokpamate MX WM J1aBaThb B JAPYTrod (QOPMYIHPOBKE W MOCIEAOBATEILHOCTH
Henb3sl. Bee 3arosioBkM HaYMHAKOTCS ¢ MIPOMUCHOM OYKBBI 0€3 TOYKM Ha KOHIIE.
ITocnenHee cIOBO Ka)KAOrO 3arojOBKa COCIUHSIOT OTTOYHEM / .......ooe.... /c
COOTBETCTBYIOIIUM €MY HOMEPOM CTpaHHUIbl B IMPAaBOM CTOJIOLE OrJaBiCHUS.
3aroyioBKM OJMHAKOBBIX CTyNeHeW pyOpuKanuu HEeoOXOIHWMO pacrmoJiaraTh JIpYr
1o/l APYTOM. 3arojIOBKM KakKI0M MOCIEAYIONIEeH CTYIeHH CMEUAloT Ha TPU - NATh
3HAKOB BIIPABO MO OTHOILIEHHUIO K 3ar0JIOBKAM MPEbIIYIICH CTYIIEHH.

BBenenue. 3pmech OOBIYHO OOOCHOBBIBAETCS AKTYaJbHOCTh BBIOpaHHOM
TEMbI, Ieb W CcoJepkaHue pedepara, ykaspiBaeTcs O00BEKT / mnpeamer /
PaCcCMOTPEHHUSI, IPUBOJIUTCS XaPAKTEPUCTUKA UCTOUHUKOB JIsl HAITMCAHUS paOOThI
U KpaTKuil 0030p HMMEIOMICICS TO0 JaHHOW TeMe JMTepaTyphbl. AKTYalbHOCTh
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MpEeIoiaraeT OLEHKY CBOEBPEMEHHOCTH U COIMAIIbHON 3HAYMMOCTH BbIOpaHHOMN
TE€MbI, 0030p JIUTEpaTyphl MO TEME OTpakaeT 3HAKOMCTBO aBTOpa pedepara c
UMEIOIIUMHCS MCTOYHUKAMHM, YMEHHME MX CHUCTEeMAaTU3UPOBATh, KPUTHUYECKU
paccMaTpUBaTh, BBIIESATH CYIIECTBEHHOE, ONIPEIEISATh TJIaBHOE.

OcHoBHass ~ yacth. CojepkaHue rjaB dTOM YACTH JIOJDKHO TOYHO
COOTBETCTBOBATh T€ME pa0OThI U MOJTHOCTHIO €€ PACKPHIBATh. JTU TJIABBI JIOJKHBI
M0Ka3aTh YMEHHUE MCCIEAO0BATEls CKATO, JOTUYHO UM apryMEHTUPOBAHO U3JaraTh
Marepuai, 00001aTh, aHATM3UPOBATh, JEIATh IOTUYECKHUE BBIBOIBI.

3akmrounTenbHas 4acTh. llpenmonaraer mocienoBaTEIbHOE, JOTHYECKH
CTpOITHOE U3TI0KEHUE 00OOIICHHBIX BEIBOJIOB IO paCCMAaTPUBAEMO TEMeE.

bubnmuorpaduyecknii CMUCOK HMCHOJB30BAaHHOW JIUTEPATypPhl COCTABIISCT
OJIHYy U3 4acTedl paboThl, OTpa)kalollel CaMOCTOSTENbHYI0 TBOPUECKYIO paboTy
aBTOpA, MO3BOJISIET CYAUTH O CTENEHU (PyHIaMEHTAIBHOCTH JaHHOTO pedepara.

B  pabotax  HCHONB3yHOTCS  CIHEAYIOIIME  CHOCOOBI  TMOCTPOCHUS
O6ubmuorpaduuecKux CIUCKOB: MO aipaBuTy GamMuiIMii, aBTOPOB WJIN 3arjiaBuil; Mo
TEMaTHKE; [0 BUJAM U3JaHUI; 10 XapaKTepy COAEp:KaHMS;, CIHCKU CMEIIAHHOTO
noctpoeHus. Jlureparypa B CHHCKE YKa3blBa€TCsI B  COOTBETCTBUU C
MeToauuecKuMH yKa3aHUSIMU 110 0()OPMIICHUIO

B npunoxeHuu MOMEIIAIOT BCIIOMOTaTENIbHbIE WM JOMOJHUTEIbHbBIC
MaTepuaibl, KOTOPbIE 3arPOMOXK/Ial0T TEKCT OCHOBHOW 4acTH paboThl / TaOIUIIb,
KapThl, rpadvKu, HEONMyOJIMKOBAaHHBIE JTOKYMEHTHI, nepenucka u T.4. /. Kaxnoe
MPUWIOKEHUE JTOJDKHO HAYMHATHCS ¢ HOBOT'O JIUCTA / CTpaHUIBI / C yKa3aHUEM B
IIPaBOM BEpXHEM yriry cioBa " [lpunokenue" u UMETh TEMAaTHYECKUN 3arOJI0BOK.
[Ipu Hamuuu B pabote 0oJiee OJHOTO MPUIIOKEHHSI OHU HYMEPYIOTCSl apaOCKUMU
uudpamu / 6e3 3naka " No " /, nanpumep, " [lpunoxenue 1". Hymepainus ctpanuil,
Ha KOTOPBIX JAIOTCA NPUIIOKEHHMS, TOHKHA OBITh CKBO3HOW M MPOJOJIKATH OOIILYIO
HYMEpPALIMI0 CTPAaHUI OCHOBHOro TekcTa. CBsA3b OCHOBHOIO TEKCTa C
IOPUTIOKEHUSIMU  OCYILIECTBIISIETCSl Yepe3 CChUIKH, KOTOpPbIE YHOTPEOJISAIOTCS CO
cioBOM " cMOTpH " / OHO OOBIYHO COKpAIIAETCA U 3aKJIF0YAETCS BMECTE ¢ Mudpom
B KpyTJIble CKOOKH - (cM. TipriL.1)/.
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IIpuioxenue B

Meroanyeckue PpeKOMEHJAUMH 10 IMOArOTOBKE KOMIIbIOTECPHOM
Npe3eHTAlNHU K TOKJIALY

[enpto 000N Tpe3eHTaluu SBISETCS BU3YAJIbHOE TPEJCTABICHUE
3aMbICiia aBTOpa, MaKCUMAaJIbHO YIOOHOE [JIsi BOCTIPHUATUS CIYIIATSISIMH U
o0y K1arolIee X Ha MO3UTUBHOE B3aUMO/ICHICTBHUE C aBTOPOM.

B cooTBeTcTBUU C 3TUM, MPE3CHTAIMU, COMYTCTBYIOIIUE 3aIIUTE PadOTHI
(pedepara, TBOpUECKON PaOOTHI, KypCOBOTO WJIM TUIIJIOMHOTO TPOEKTAa) MOYKHO
pa3lIeIUTh Ha COMPOBOKIAIOIINE U AOMOIHSIOLIUE.

ComnpoBokAarolne MPE3eHTAMNU OTPAXKAIOT COJIEpkKAHUE IOKIana, T. €.
comepkar Ty ke wuHMopmanuioo. B nmaHHOW mpe3eHTanuu 1enecoo0pasHo
AKIICHTUPOBAaTh BHUMAHUE HA TMOHATUSAX W OMNPEIECICHUAX, CTATHCTUYECKHUX
JAHHBIX, BBIBOJIAX.

JononHsromas npe3eHTanusi He BOCIPOU3BOIUT COJAECPKAHKE JIOKIIA/la, OHA
€ro pacmmpser, aeTanu3upyer. B kauecTBe TakuX JOTOJHEHUS MOTYT OBITh
WUTIOCTPAllUM, COOTBETCTBYIOIIME XOIy JOKJIana; Trpaduku, auarpaMmebl,
XapaKkTepu3yrolue TMHAMUKY, U3MEHEHHUs, COOTHOIIECHNE; TaOJIUIIbl, CXEMBbI U T.]I.
B nanHOoM ciywae BBl TIpejAcTaBiisieTe WH(OPMAIMIO, BBIXOASIIYIO 32 PaMKHU
JOKJIa/1a, HO UMEIOIIYI0 Ha HEE CCBUIKM. JTO MOXKET OBITh BBIPAXEHO (pazaMu
«/lnHaMKKy pa3BUTHS Bbl MOXKeTe HaOI0AaTh Ha ciaine Ne 7», «JletanbHo cxeMa
npenacrasieHa Ha cianae Ne 11» u T.1m.

C yyeTom TOT0, 4YTO 00BEM JOKJIa/da COCTABISAECT OOBIYHO 7 — 10 MUHYT, YTO
COOTBETCTBYeT 3 — 4 JuCTaM I[EeYaTHOTO TEeKCTa, JJid Haubosee yIadyHOTO
IpencTaBlieHus: paboThl 10CTaTOYHO OT 5-7 Ao 12-15. [Ipu MeHbIIeM KOJIUYECTBE
ClaiiioB OyJeT HEBO3MOXXHO HM COMPOBOAWTH JOKJIaa, HH, TeM Ooiee, €ro
JOTIOJTHUTE. bombiiee KoIM4ecTBO ClaioB OyAeT HECTH MHOTO JIUIITHEH,
BTOPOCTENEHHON WHGOPMAIUHU, TTOCTYKUT UCTOYHUKOM pPACCEMBAHMS BHUMAHMS
CIylIaTesie, U. KaK CJIeACTBUE, HU3KOW OIICHKE JOKJIAa.

Crnaiiipl B TpE3CHTAIlMM UMEIT CBOM TNpaBujia OQOPMIICHUS U
npencraBienuss  uHbopmanuu. CoOnroieHHe OATUX MOpPaBUI  BaXHO IS
00BEKTHBHOTO U TIOJIOKUTEIILHO BOCTIpUsITUS Bateit npe3enramuu.

Odopmirenue caaiio

Cruib CobnronaiiTe eTMHBINA CTUITH OPOPMIICHUSI.

oopmienuns N36eraiite cTuieil, KoTopsle OyyT OTBIEKaTh OT CaMOM MpPe3eHTAIHH.
®oH Jlnst poHa BeIOMpaiiTe Oosiee X0N0AHbIE TOHA (CUHUM WM 3€JIeHBIH).
3ByKOBO# (hOH He nomxen memars. He 3moymorpe0istiite 3BykoBbIM (DOHOM B yIiepo

BOCIIPHUATHIO HH(OPMAIIUHU ClIaia.

Hcnons3oBaHue Ha oxgnom craiine PCKOMCHAYCTCS UCIIOJIB30BATh HE Oolee TPEX LBCTOB:
OBETa OJWH OJId q)OHa, OJIMH AJId 3aroJIOBKOB, OAWH JJId TEKCTA.
I[HH (I)OHa n TCKCTa HCHOHBL’»yﬁTG KOHTPACTHLIC IIBCTA.
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AHHUMAaIMOHHEBIE

3P PeKThI

HUcnonp3yiiTe ~ BO3MOXKHOCTH  KOMIBIOTEPHOWM  aHUMaUud IS
MpeIocTaBlieHuss HHGOPMAIUU Ha claiije.
HO! He crour 310ynoTpelnsaTh pazIdyHBIMH aHUMAIMOHHBIMH

a¢dekramu, OHM HE JOJDKHBI OTBIEKATh BHUMAHUE OT COICPKAHUS
nH(pOpMaIUY Ha craije.

IpeacraBiaenue napopmauumn

Conepxanue Hcnones3yiTe KOPOTKHUE CIIOBA U IIPEAJIOKECHUS.
UHpOpMaIIUN MUHHMHU3HPYHTE KOJIMYECTBO MPEATIOTOB, HAPEUUH, MPHIIAraTelIbHbIX.
3aroJ0BKH JJOJKHBI ITPUBJICKATh BHUMAHHE.
Pacnonoxxenue [IpennoYTuTeIbHO TOPU30HTAILHOE PACIIOIOKEHUE HHPOPMAITUH.
uHpopmanuu  Ha | Haubonee BakHas wuHOpMammsi [OJDKHA pacmojiaratbCs B IIEHTPE
CTpaHHIIC JKpaHa.
Ecom  Ha cnaiine pacnonaraercs  KapTUHKA, HAANUCh  JIOJDKHA
pacrioyiarathbCs 1moj Hel.
MaxkcruManabHOE YUCIIO CTPOK Ha ciaiijie — 8, OoJbliiee UX 4ucio He Oyner
BOCIIPUHUMATHCSI.
[pudte Jlnisa 3aronoBkoB — 32 - 36.
s nadopmanmm — 28.
Ipudter 6e3 3aceuek (Arial, ArialBlack, Tahoma, u T.1.) aerde uurarts ¢
OO0JIBIIIOTO PACCTOSHUSI.
Heinb3st cMemmBaTh pa3Hbie THITHI IPU(TOB B OJHOW MPE3CHTAIIHH.
Jnst BeigeneHUsT WH(POPMAIUM JKEIATENbHO HCIOIb30BaTh JKUPHBINA
mpudT, KYpCHUB HCIOJIB30BaTh Kak MOXHO pexe. [lomyepkuBanue
MCIIOJIB30BATh HEIb3s, T.K. 3TO ACCOLUUPYETCS C TUMIEPCCHIITKAMH.
Henb3st 3m0ynotpe6sisTh MpONUMCHBIMU OyKBaMM (OHH UYHUTAIOTCA XYXKe
CTPOYHBIX OYKB).
Crnioco0sl CrnenyeT UCNONb30BaTh:
BBIJICJICHUS
undopMaIIH paMKH, TPaHHUILY, 3aJIUBKY;
pasHble mpudTa IBETOB, IITPUXOBKY, CTPEIIKH;
PUCYHKH, JIuarpamMMbl, CXeMbl IS WIUTIOCTpAllMM Hanbojee BaXKHBIX
(hakTOpOB.
O06Bem He crout 3amoyHATh OAWH ClIAliJl CIMIIKOM OOJIBIIUM OO0BEMOM
uH(popMaIuu uHpOpMalUU: CTYIEHTHl MOTYT €IMHOBPEMEHHO 3allOMHUTHh He Oolee

TpeX (haKTOB, BEIBOJIOB, OIIPEEIECHUN.
HaubGonpimas >@Q¢eKkTHBHOCTh AOCTUTAETCS TOTNa, KOTJAa KIIIOYeBbIe
MTYHKTHI OTOOPaXKAIOTCS TI0 OJHOMY Ha Ka)KJIOM OTJIEIFHOM CIIai/ie.

Bunsl cnaiinos

s obecniedeHus pa3sHOOOpasus ClieyeT HCIONb30BaTh Pa3HbIC BUIBI
CJTA/IOB: C TEKCTOM; C TaOJIUIIaMU; C TUarpaMMaMH.

Odopmnenue
3aroJioBKOB

Touka B KOHIIE HE CTaBUTbCSA, €CIM 3arojIOBOK COCTOMT M3 JBYX
MPEAJIOKEHUN — CTABUTHCSL.

He pexomenayercs mucaTh JJIMHHBIC 3aT0JIOBKH.

Cnaiipl He MOTYT UMETh OJJMHAKOBbBIE 3aroj0BKU. Eciii Xxo4eTcs: Ha3BaTh
OJIMHAKOBO Hajo mmcath B KoHme (1), (2), (3), wim mpoaoKeHHe
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(mponomxenue 1), (mpogomkeHue 2).

Odopmitenue Y nuarpaMMmbl JIOJDKHO OBITh Ha3BaHWE WJIM TaKHMM Ha3BAaHHEM MOXKET
JUarpamMmm CIIY’)KHTb 3aroJIOBOK Cllaiija.
Jluarpamma JJOJDKHA 3aHUMATh BCE MECTO Ha Ciane.
JIvHUH ¥ TIOJIITUCH JIOJDKHBI OBITH XOPOIIO BH/THBIL.
Odopmienue JlomkHO OBITH HA3BaHUE TAOIHUIIBI.
Ta0IuIL UuraemMoCTb.

IManka Ta6J'II/II_[BI JOJDKHA OTINYaTbCa OT OCHOBHBIX JaHHBIX.

IMocnenuuii cnaiing

Cnacu0o0 3a BHUMaHME.
[ToGmarogapute Bammx cinymareneii!
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