MunuctepcTBo oOpazoBaHus U Hayku YemsiOnHCKoM 00IacTi
['ocynapcTBeHHOE Or01KETHOE MPO(hEeCCHOHAIbHOE 00pa30BaTEIbHOE YUPEKICHHE
«lOxkHO-YpajabCKuil rOCyIapCTBEHHbIH TEXHUYECKUN KOJLJIEIAD)

METOANYECKHUE PEKOMEHJIALIUN
IO BBINTOJTHEHHUIO ITPAKTUYECKHUX PABOT
10 Y4eOHOU TUCUUITIINHE
«MATEMATHUKA»
JUTS CTYJIEHTOB 2 Kypca CHeIHaTbHOCTH
15.02.01 MonTaxk U TeXHUYECKAs IKCIITYyaTAIUSA TPOMBIIIJIEHHOTO
o0opyaoBaHusi (10 OTPACJISAM)

(6a3zoBast MOATOTOBKA)

Yensounck, 2019 1.



Meroanueckue peKOMEHAALUU
COCTaBJICHBI B COOTBETCTBHH C
POTpaMMOi y4eOHOi
TUCHUTUTMHBL  «MaTtematukay,
it crnenuansHocTH  15.02.01.
MoHnTax " TEXHUYECKast
OKCIUTyaTalisi MPOMBIIUIEHHOTO
obopynoBanus (MO OTPaCsIiM)
(6azoBast MOATOTOBKA)

Astop: YepnoBa W.H.,
TEXHUYECKOT0 KOJUIEKa

OOBPEHO YTBEPXJIAIO

[IpenmeTHOM (LIMKIIOBO) 3am. qupekropa no HMP

KOMUCCHUEH T.1O. KpamakoBa
poTOKOJI Ne «_ » 2019r.
« _» 2019r.
IIpencenarens ITIK
/ O.1. Makapenko /
npernojaBatenb  HOXHO-YpalbCKOro  rOCYAapCTBEHHOTO



AKT COI'ZIACOBAHUA

MeTonnueckux peKoMeHIaIui 10 BHIMOJTHEHUIO TPAKTUYECKUX padOT
1o JTUcuUIUinHe «MaremaTukay sl CeuaibHOCTH
15.02.01. MoHTa)X M TEXHHMUYECKas SKCIUTyaTalusl MPOMBIIUICHHOTO O0O0PYI0BaHMS
(mo otpacmsim) (6a3oBasi MOATOTOBKA), pa3pabOTaHHBIX MpemnoaaBaTesneM HOxHO-
YpalbCKOro rocyIapCTBEHHOTO TEXHUYECKOT0 KoJutemka Yeprnosoit 1. H.

VYuebnas nucnurmmHa «MareMaTtukay SBISETCS YacThl0 MPOTPAMMBI TOATOTOBKH
crieruaniucToB cpeanero 3BeHa cormacHo GI'OC mo crenmansaocTu CITIO 15.02.01.
MoHTa)X W TEXHWYECKash »OKCIUTyaTallds MPOMBINIJICHHOTO 00opymoBaHus (110
oTpaciisim) (6a3oBast MOATOTOBKA). YueOHas nUCIUIUIMHA «MareMaTukay OTHOCUTCS K
MaTEMaTUYeCKOMY U OOIIEMY €CTECTBEHHOHAYYHOMY LIMKIY M ONpelessieT oOniui
00beM 3HaHUI ¥ YMEHUMN, COCTABIISIIONIUX 0a3y MPo(ecCHOHATBHBIX KOMITETCHIIHH.

[IpakTrueckas HampaBIEHHOCTh YYEOHOW AMCIMIUIMHBI PEATU3YETCs 4Yepes
BBITIOJIHEHHE MPAKTUYECKUX PabOT, Ha MPOBEJIEHNE KOTOPHIX MPOTPaMMOM OTBOJIUTCS
32 yaca.

MeTtonuueckre pEeKOMEHJAlUU 110 BBIMOJHEHUIO MPAaKTUYECKUX pabdoT
pa3paboTaHbl ¢ ydyeToM TpeOoBaHMI paboTojmaresis K MOATOTOBKE CIEIHATNCTOB
CpPEIHEro 3BEHa IO JAHHOW CHENUaIbHOCTH W BKJIIOYAIOT B ce0s 16 mpakTHUyecKux
paboT, HANpaBJICHHBIX HA Pa3BUTHC YMCHUHN aHAIM3UPOBATH CIOKHBIC (DYHKIMH H
CTpOUTh WX TpaduKH; BBHIMOIHATH JACHCTBUS HAJ KOMIUICKCHBIMH YHCIIAMU;
BBIYUCIIATh 3HAYCHHS] TEOMETPUUYCCKHX BEIWYHMH; IPOU3BOIUTH OIEpallid Haj
MaTpUIlaMUd W ONPEICTUTEISIMU; PEIIaTh 3aJa4d Ha BBIUYMCICHUE BEPOSTHOCTH C
WCIIOJIb30BAaHUEM JJIEMEHTOB KOMOWHATOPUKM, peliaTh NPUKIAJHBIE 3aJa4dl C
MCIIOJIb30BAaHUEM DJIEMEHTOB NU(PHEPEHIIMATBHOTO U UHTETPAIIBHOTO WCUHMCIICHU;
pemaTh CUCTEMbI JTMHEHHBIX YPABHEHHUM Pa3IMYHBIMU METOJJaMHU.

[IpakTuueckue pabOTHl OOECMEUMBAIOT YCIOBHS g (hopmMupoBaHUs
KOMIIETEHTHOCTH CIICIIMAJIUCTOB B OCYIIECTBICHUH TIOMCKAa W HCIIOJIb30BaHUSA
uHdopmaruu, HeoOXoaUMON st 3(PPEKTUBHOTO BBIMOTHEHUSI MPOQPECCHOHATBHBIX
3aad, MNPOPECCHOHAIBHOTO U JUYHOCTHOTO pAa3BUTUA, B  HCIOJIb30BAHHUH
WH()OPMAITMOHHO-KOMMYHUKAITMOHHBIX ~ TEXHOJIOTHMA B TpodecCHOHATBLHOM
AESTeNIbHOCTH, B Pa0OTE C KOJUIEKTUBOM, PYKOBOJCTBOM, MTOTPEOUTEIIMHU.

MeTtonudeckue peKOMEHIAIMHU 110 BBIMOJHEHUIO TMPAKTUICCKUX PadOT MOTYT
OBITh MCIIONB30BAHBI NJIs1 PAOOTHI B YUPEKICHHUSIX CPETHETO MPOGECCHOHATHHOTO
oOpazoBaHus

TeXHUYECKUN TUPEKTOP

3A0 «BMM-2» P.I'. leBanbn



HHOACHUTEJIBHAA 3AIIMCKA

MeTtoauueckre peKOMEHAAIMHM IO BBIMOJHEHHIO MPAKTHYECKUX pPadoT 1o
yuyeOHOU aucuuiimHe «MaremaTtuka» NpeaHa3HadeHbl s CTYACHTOB 2 Kypca,
oOyuaronuxcs no cnenuaibHocTH 15.02.01. MoHTax M TeXHUYECKas dKCIUTyaTalus
MIPOMBIIUIEHHOTO 000py10BaHus (110 oTpaciisimM) (0a30Basi MOArOTOBKA).

[TpakTHueckue 3aHATHS SIBISAIOTCS BAXKHBIM 3JIEMEHTOM yU4e€OHOW JUCIUILIMHBIL.
B mporecce BbIMoNHEHUSI MPAKTUYECKUX pabOT 00ydaromuecs CUCTEMaTU3UPYIOT U
3aKpEIUISIOT MOJMyYEHHBIE TEOPETUUECKUE 3HAHUS, Pa3BUBAIOT MHTEIICKTYyaJbHbIE U
npo¢ecCUOHANbHBIE YMEHHs, (OPMUPYIOT 3JIEMEHTHl KOMIETEHUUH OyayIux
CHELUATUCTOB.

MeToauueckre — peKOMEHJAUMM  IpelHa3HayeHbl s OpraHu3aluu
BBINIOJIHEHHSI IPAKTHYECKUX PadOT M0 yuyeOHOU aucuuImHe «MaremMaTnka.

[Iporpammoii  yueOHOW  aucuUIIMHBI — «Maremarukay MOpeayCMOTPEHO
BbITIOJIHEHKE 16 mpakTuueckux padoT (32 yaca), HampaBJiICHHBIX Ha (popMHUpPOBaHHE
IJ1eMEHM 08 CEOYIOUAUX KOMNEMEHYLIL:

OK 1. IloHumarh CyIIHOCTh M COLMAJIbHYIO 3HAUMMOCTh CBOEH Oymylieil
npodeccuu, NposIBIATh K HEW YCTOMUMBBIA HHTEPEC.

OK 2. Opranu3oBbiBaTh COOCTBEHHYIO [€ATEIbHOCTb, BBIOMpATh THUIIOBBIC
METOJIbl M CHOCOObI BBIMOJHEHUS] NPOPECCHOHATIBHBIX 3aj7ad, OIEHMBATh MX
3 PEKTUBHOCTh U KAaYECTBO.

OK 3. IlpuHumaTth pemieHust B CTaHIAPTHBIX U HECTAHJAPTHBIX CUTYalUsX U
HECTH 33 HUX OTBETCTBEHHOCTb.

OK 4. Ocy1iecTBisATh MOUCK U UCTIOJIb30BaHUE UH(POpMALIMU, HEOOXOIUMOM IS
3¢ ()EKTUBHOTO BBHITIONIHEHHSI TPO(ECCUOHATBHBIX 3a/1ad, NPOoGeCcCUOHATBHOTO H
JUYHOCTHOTO PA3BUTHS.

OK 5. Hcnonb3oBaTh HH(POPMAIMOHHO-KOMMYHHMKAIIMOHHBIE TEXHOJOTUU B
poeCCUOHATILHOM IESITEIIbHOCTH.

OK 6. PaboTtarh B KOJJIEKTUBE U KOMaH/E, 3PPEKTUBHO 00IIATHCS C KOJIJIEraMH,
PYKOBOZICTBOM, IOTPEOUTEISIMHU.

OK 7. bparp Ha cebsi OTBETCTBEHHOCTh 3a pabOTy UWICHOB KOMAaH/IbI
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(MOAYMHEHHBIX), pE3yJIbTAT BBIIIOJIHEHUS 3aJaHUI.

OK 8. CamocToaTensHO OINpeAeNnarTh 3aJadyd  MNpodecCUOHATBHOTO U
JMYHOCTHOTO Pa3BUTHS, 3aHUMAThCA CaMOOOpPa30BaHHWEM, OCO3HAHHO IUIAHHWPOBATH
HOBBIIIEHUE KBAIN(UKALIUH.

OK 9. OpuentupoBarbCsi B YCIOBHSX 4YacTOW CMEHbl TEXHOJIOTMI B
npodheccHnoHaNbHOMN e TEeTbHOCTH.

OK 10. HcnonHATh BOMHCKYIO OOSI3aHHOCTh, B TOM YHCIJI€ C NPUMEHEHHUEM
MOJIYYEHHBIX TPO(ECCHOHATIBHBIX 3HAHUH (7151 FOHOIIEH ).

I1IK 1.1. PykoBoauTh paboTaMu, CBS3aHHBIMH C IPUMEHEHUEM IPY30I10IbEMHBIX
MEXaHU3MOB, [P MOHTAKE€ U PEMOHTE MPOMBIIIIEHHOTO 000PYI0BaHMUSL.

[IK 1.2. TIpoBOANTH KOHTPOJIb pabOT O MOHTAXXY U PEMOHTY MPOMBILIIEHHOTO
00OpyI0BaHUs C UCIIOJIb30BAHUEM KOHTPOJIBHO-U3MEPUTENBHBIX TIPUOOPOB.

I[IK 1.3. VYuactBoBaTh B IyCKOHAJaJOYHBIX pabOTax M HUCIBITAHUIX
MIPOMBIIUIEHHOTO 000PY/1I0BaHUA MTOCJIE PEMOHTA U MOHTAXa.

I[IK 1.4. BpiOuparb MeTOJAbl BOCCTAHOBJIEHUS Jl€Taled M Yy4yacTBOBaTh B
MPOILIECCE UX U3TOTOBIICHUS.

IIK 1.5. CocTaBnaTh NTOKyMEHTALMIO JJIs MPOBEAEHUS pabOT MO MOHTAXY U

PEMOHTY ITPOMBIIIJIEHHOTO 000PY0BaHUS.

B pezynvmame u3zyuenus OuCyuniunvl 00y4aromuiics 00IHCeH

ymemu:

— aHAJIM3UPOBATH CJIOXKHBIE (PYHKIIUU U CTPOUTH X TPAPUKU;

—BBITIOJIHSTH ICUCTBUS HaJl KOMIUIEKCHBIMH YHCIIAMU;

—BBIYUCIISITh 3HAYCHUS TEOMETPUYECKUX BEIIMYNH;

—MPOW3BOAUTH OTIEPAIlNU HaJl MAaTPUIIAMH U OTIPEICITUTEISIMU;

—pemarh ~ 3aJa4yd  Ha BBIYHMCICHWE  BEPOSITHOCTH  C MCIOJIb30BAaHUEM
AJIEMEHTOB KOMOWMHATOPHUKH,

—peniaTh TIPUKJIaHBIC 3a/1a4u C HCTIOIh30BaHUEM

37eMEHTOB U} dHepeHIMATHPHOTO U HHTETPAITBHOTO UCYUCICHUH;



—pemaTh CUCTEMbI JMHEWHBIX YPaBHEHUH pa3IMyHBIMU METO/IaMHU;

3HATh:

OCHOBHBIE MaTEMATUYECKHE METO/Ibl PEIICHUS MPUKIIaIHBIX 3a/1a4;

—OCHOBHBIC TIOHATHS ¥ METOJbl MaTEeMaTHYeCKOrO aHalu3a, JUHEHHOU
anreOpbl, TEOPUIO0 KOMIUIEKCHBIX YHCEN, TEOPUU BEPOSITHOCTEH M MaTeMaTU4ecKOn
CTaTHCTUKH,

—OCHOBBI HHTETPAIBHOTO U AU PepeHInanbHOT0 HCUUCTICHUS;

—poJab W MECTO  MaTeMaTHKH B COBPEMEHHOM MHUpPE TMpU OCBOCHUU
npo(hecCHOHANBPHBIX AUCHHUIUINH U B chepe MpodecCHOHATbHON 1eITeTbHOCTH.

Omnucanue Kaxa0i MpakTUYECKONW pabOThl COJIEPKUT HOMED, Ha3BaHUE U LIETb
paboTel, ¢GopMUpyeMble B TIPOIECCE BBIIOJHEHUS pPaOOTHl 3HAHUSA, YMEHHUS
(3MIeMeHTBl  KOMITETEHIIHI), TEOPETUIECKOe H3JIOKEHHEe HEOOXOAMMOTO Marepuana
(mpu  HEOOXOAMMOCTH TNPUMEPHl BBINOJIHEHUS 3aJlaHUi), BapUaHThl 3aJaHM,
ONHCaHWE aNTOPUTMa BBIMOJHEHUS PAa0OThI M KOHTPOJBHBIE BOMPOCH (C MLEJBIO
BBISIBUTBH M YCTPAHUTh HEJOYETHI B OCBOCHUM MaTepHaa).

JUis nonydeHWs JOINOJIHUTENbHOM, Oojee mnoapoOHOM HMHpOpManuu Mo
OCHOBHBIM BOTIPOCaM yueOHOW AUCHIHUILUIMHBI B KOHIIE METOJAMYECKUX PEKOMEH AN
NpUBEJICH NIepeyeHb UHPOPMAILIMOHHBIX HICTOYHHUKOB.

OT4eTsl CTYACHTOB IO MPaKTUYECKHUM pPa0OTaM JOJDKHBI BBIOTHITHCS B
OTIENBHBIX TETPAISIX, COACpPXKAaTh HOMEp, HA3BaHHWE U 1EIb PAOOTHI, BBHITOJIHEHHBIC

3aJaHud 1 UX PC3YyJIbTAThI.



HEPEYEHDB ITPAKTUYECKHUX PABOT

Nen/n HazBanue npaktuueckoi paboThl 4achkl

1 JlercTBUs HaQ MaTpuliaMu. Y MHOKeHHE MaTtpull. Haxoxnenue 2
0OpaTHOM MaTPUIIBI.

2 Brraucnenue onpenenurencii. 2

3 Pemienne cucrteM JTMHEWHBIX YPABHEHUN PA3IMYHBIMU METONAMU 2
JleficTBUS HaJl KOMIUJIEKCHBIMHU YHCJIaMH B alireOpandeckoin

4 dbopme 2
["'eomeTpudeckoe n300paxeHne KOMIUIEKCHBIX YUCET

3) 2

6 JelicTBUs HaJl KOMILUIEKCHBIMU YUCJIAMH B TPUTOHOMETPUYECKON 2
dbopme

7 Briuncnenue ckaasipHOTO MPOU3BEACHUS BEKTOPOB 2

8 CocrapiieHuE ypaBHEHUSI MPSIMOM Ha TJIOCKOCTH U B 2
MPOCTPAHCTBE

9 Briuncnenue npenenoB. PackpeiTiie HEONPEIEIEHHOCTEM. 2

10 | BeramucneHnue mpeaenoB, CBOMSIINUXCS K 3aMedaTeIbHBIM 2
npeaenam

11 | BeruucnieHue nporu3BOIHBIX JIEMEHTAPHBIX U CIOKHBIX 2
byHKIUH

12 | Beruucnenue HeONpeeIEHHBIX U ONPECIEHHBIX HHTETPAJIOB 2

13 | Pemenue npukiIaaHbIX 3a/1a4 C UCMOIB30BAaHUEM UHTETPATHLHOTO 2
MCUYUCIICHUS

14 | Pemenue npuKIaaHbIX 3a7a4 C UCIIOJIb30BAHUEM 2
nuddepeHnanTbHOr0 UCUUCTICHUS

15 | Pemenue npukiagHbIX 3a7a4 ¢ UCIOJIb30BAHUEM 2
KOMOMHATOPUKHU

16 | Pemenwue 3a7a4 Ha BEIYUCICHUE BEPOSITHOCTEH 2

NUTOIO: 32




ITPAKTHYECKAS PABOTA Nel

Ha3zBanme npaxktuueckoil padorbi: /eiicmeus nao mampuuyamu. YMHOdMCEHUE
mampuy. Haxoorcoenue oopamnoit mampuyl.

Hear padoTbl: HAYYWUTHCS BBINOJHATH ACHCTBHS HaJ MaTpPULAMH, HAaXOIWTh
00paTHYIO MaTpUILy.

3HAHMA:

OCHOBHBIE MAaTE€MATHYECKUE METOJIbI peleHnsT NpPUKIAAHBIX —3a7ady;
OCHOBHBIC TOHSTHUS U METOJAbl MAaTEMaTHYECKOTO aHalu3a, JIMHEWHOH aireOpsl,
TEOPHI0 KOMIUIEKCHBIX YMCEJ, TEOPUU BEPOSITHOCTEM U  MaTEMaTUYECKON
CTaTUCTHKH; POJIb U MECTO MAaTEMATHKH B COBPEMEHHOM MHpE IIPH OCBOCHUHU
PO EeCCUOHANIBHBIX TUCHUILIMH U B chepe npodecCHOHaTbHOM NeSITeIbHOCTH

YMEHHUS:
BbITIONHATH AEMCTBUS HAJ KOMIUIEKCHBIMU YUCJIAMH; IIPOU3BOJUTH OINEpaluu
HaJl MATPULIAMH U OIIPEIECTUTEIIMHU.
Teopernueckuit MaTepua:
Martpuneit A = Ay, TOpsKa m X n Ha3bIBACTCS HPAMOY20AbHASL MadIuya

yuces, cooepaicawas m - Cmpox u n — cmoadoyos

i1 Q12 ot Qqp

Az1 Az -+ dan
A=Ap, = (aij) =

Am1 Amz2 = Amn

B =Bpn, = (bij)' C=Cnn = (Cij)

JlelicTBUS HAX MATPULIAMH.
1. Cymmoii aByx wmatpun A = (aij) u B= (bij) OJIMHAKOBOT'O MOpPSAKA
Ha3blBalOT marpuny C = (Ci j) TAKOro € MOPSAAKA, JIEMEHTbl KOTOPOW pPaBHBI

CyMME COOTBETCTBYIOLIMX dJIEMEHTOB Matpull Au B 1o ecTh ¢;; = a;; + by;.



2. AHanOrM4yHO, pa3HOCTHIO JBYX MaTpuIl A = (ai j) uB = (bi j) U OJIMHAKOBOTO
nopsjika Ha3bplBaloT Marpuiy C = (cij) TAKOr0 K€ MOPSAKA, AJIEMEHTHl KOTOPOH
PaBHBI PA3HOCTH COOTBETCTBYIOIIUX 3JI€MEHTOB MaTpuly Au B  To ecTh

3. ¢j = a;; — by
4. YMHOXXEHHE MaTPUIIbl HA YUCIIO

1-A=A 0-A=0
m-(k-A)=(m-k)-Am+k)-A=m-A+k-A
k-(A+B)=k-A+k-B
5. YMHOXeHue MaTpHIl

[IpousBenenue maTpuupid,,.,, Ha Matpuny B,,., Ha3piBaeTca mMatpuua Cy,., Takas,
4TO 3JeMEHT Marpuibl C, CTOAIMA —OW CTPOKE U j-OM CTONONE, T.€. deMeHT Cjj,
paBeH CyMMe€ TIpOU3BEJCHUN DSIEMEHTOB [ —OW CTpOKM MaTpuibl A Ha

COOTBETCTBYIOIIIME 3JIEMEHTHI [ —Or0 CTOJ0Ia MaTpuLibl B.

IIpumep 1

12 2 -4 8
Haiinute cymmy u pasHocts Matpull A u B, eciiu A = (—3 4)1/1 B = (—3 6)
0 7 10 1

Pewenue: Haliném cymmy IByX 3aJJaHHBIX MaTPUIL

12+ (-4) 2+8 8 10
A+B=(—3+(—3) 4+6>=(—6 10);
0+10 7+1 10 8

Haitném pasHocTh IBYX 3a/JaHHBIX MATPUII

12—(—-4) 2-8 16 -6
A—B=(—3—(—3) 4—6>=( 0 —2)
0-10 7-1 -10 6
IIpumep 2

1 2 3
Haitqute npoussenenue 2 - (O 1 1)

1 2 3 21 22 2-3 2 4 6
PemeHue:Z'(O 1 1>=<2-0 21 2-1>=<0 2 2)
1 3 2 21 23 2:2 2 6 4



IIpumep 3

Haiigure npoussenenue matpul A u B, eciin A,5 = (é (1) (2)) U B33 =

-1 0 1
<5 X 4)
-2 0 1
Pewenue:

A3 - Bss

_(1-(—1)+0-5+2-(—2) 1:0+0-14+2-0 1-1+o-4+2-1)
“3-(-1)+1:540:(-2) 3:04+41:1+0-0 3-1+1-4+0-1

_ (-5 0 3
A23 B33 - ( 2 1 7)
3ananue: BolnogHuTE 110 X0y PadoTHI
13 2 4 6
1. Halinute npousBenenue marpuil A u B, ecnu A=|5 7 |, B=| X
8 10 O
9 11
2 1 -1
2. Haiimure o6parnyro matpunry Al A=15 2 4
7 3 4
3 6 3 -5 1 3
3. JanocA=( 0 1 2 |[uB=| 2 7 0]
-5 4 -1 -3 =2 4
Haitnute: a) 3A+B 0) AB B)A A 1A

KonTpo/bHbBIE BOIIPOCHI:
1. Kakue onepanuu MOKHO MPOU3BOJUTE C MATPULIAMU?

2. ANTOpPUTM HaXOXACHUS 00paTHOW MATPHUIIHI?

INPAKTHYECKAS PABOTA Ne2

Ha3Banue npakTuieckou padboTbl: Boiuucienue onpedenumernei

IIe.m, paﬁ()TbI: HAayUYHUTHCS BBIYUCIIATE OIIPEACIUTCIIN PA3HBIMU croco0amu.
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3HAHMA:

OCHOBHBIE MaTeMaTHYECKHE METOIbI pelieHusl TPUKIAAHBIX —3a/a4;
OCHOBHBIC TOHSTHUS U METOJAbl MAaTEMaTHYECKOTO aHalu3a, JIMHEWHON aireOpsl,
TEOPUIO KOMIUIEKCHBIX 4YHCEJ, TEOPUU BEpOSATHOCTEH M  MaTeMaTHYeCKOi
CTaTHUCTUKH, POJb M MECTO MaTeMaTHKH B COBPEMEHHOM MHUpPE MpPH OCBOCHHUU
npodeccHoHaNbHBIX AUCHUIUINH U B chepe mpodeccHoHaIbHON AeSITeNbHOCTH
yMeHMS:

BBITMIOJHATh JCHCTBUS HaJ KOMIUIEKCHBIMH YHCIIaMU  ;TIPOU3BOJAUTH

OIICpalu Haa MaTpuaM U OIPCACIUTCIIAMU

Teopernueckuit MaTepua:

1. Onpenenurenb2-ro NOpsiAKa

OHpeI[GJ'II/ITeJIGM BTOPOTI'O IMOPAAKA HA3bIBACTCA BBIPAKCHUC BHUAA.

a a
1 TRl=ajjaxp-azay; Uucna aji, aip, ap1, a2 HA3BIBAKOT JJIEMEHTAMHU OIPEICITUTENS.

Ay Ay
Juaronanb, oOpa3oBaHHas JJICMEHTAMH ajj: a2, HAa3bIBACTCS TJIABHOM, a
JMaroHajgb, 00pa3oBaHHas AEMEHTAMU 212821 - TOOOYHOM.
Takum o00pa3om, ompenenauTeNlb BTOPOrO TOpSAKAa paBeH Pa3HOCTH
MIPOM3BEACHUI PJICMEHTOB I'JIaBHOW U IMTOOOYHON JHaroHaic.

3GM€I7’IMM, umo 6 omeeme nojydaemcs 4ucio.

IIpumep 1

‘1 2‘ =1-4-3-2=-6.
3 4

2. Onpenenuresib3-ro mopsjaka

OmnpeaesnresneM TPETHErO MOPSIAKA HA3BIBAETCS BhIpAXKEHUE BUA!
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aq1 Q12 Qg3
Az1 Az QA3
az1 dzpy dAzz

= 0411020433 T A31032013 + Q12073031 — A31022013 — 021412033
— A32023011

ONEMEHTBI A1y Qpp (33 — OOpasylOT TIABHYIO JuaroHans. UYwmcnma
31 Qpp (A3 — O0PA3yIOT MOOOYHYIO THATOHAb.

I/I306paSI/IM, CXCMAaTHYCCKH, KaK O6p33YI-OTC$I cJiaraCMbIC C IIJIFOCOM H C

MI/IHYCOM:
e o c“ e @ oi e e o%
| . | X
|e o o= e« /e /n| — o @ ® |
e o 01 ¢ ® o 3 ¢ o

C mIocoM BXOJAT: MNPOU3BEJACHHE OHJIEMEHTOB HA TJIAaBHOM JHUAaroHalIH,
OCTaJIbHBIC JBa CJIara€MbIX SIBJISIOTCSI MIPOU3BEICHUEM JIEMEHTOB, PACIIONOKECHHBIX
B BEPIIIMHAX TPEYTOJbHUKOB C OCHOBAHUSIMU, MapaJIJICIbHBIMU TJIaBHOM JAHaroHaIu.

CnaraemMple ¢ MHHYCOM OOpa3yrTcs IO TOH JXE€ CXEME OTHOCHUTEIIBHO
MMOOOYHON AUArOHAaJIH.

DTO MpaBWIO BBIYUCICHUSI OMPEACTUTENsE TPEThEro TOpsIKa HA3bIBAIOT

NPaBUJIOM TPeyrojbHUKA Win npasujom Capproca:

IIpumep 2.
-1 3 2
2 8 1{=(-1)-8-14+2-1-2+3-1-1-1-8-2—-2-3-(2)—1-1
1 1 2

(-1)=-8+4+3-8-12+1=-36

3. BoluncJieHue onpeaenTeis:

a1 Q12 Qg3
dz1 Q2 A3 =a11.|

az; a23|
az1 Az dAzz

azq a23|
aszp; dz3

azq a22|
azi1 Qaz3 '

s |
Blas; as;

—a12|

Brruncnenue OIIPCACIIUTEIIA TPETHET'O MOPAAKA CBOAUTCA K BEIYMCIICHHUIO TPEX

OmpeeuTeNIeld BTOPOTO MOPSIKA.

IIpumep 3.
12



1

1 -1 1 =1-(

1

3ananue: Borunciure onpeneauTen:

8

—6

-3

-1

)-8l dren]l T -ss

1 -1 2 5 2 5
A=11 2 1} =|-2 -1 -8
2 0 3 2 -3 -2
3 1 1 1 4 1
A=11 2 3 =[(-1 1 3
-2 5 =2 1 2 -1
1 -1 -1 2 5 -6
A=10 6 2 =14 3 -1
-6 -3 -2 -1 2 =2

KonTposbHbIE BONPOCHI:
1) Uro Ha3bIBaeTcCs onpeaenuTeneM 2-ro nopsaka?

2) HazoBuTe aBa cnoco6a BEIUUCIEHUS 3-TO MOPSIKA.

INPAKTHYECKAS PABOTA Ne3

Ha3Banue npakrtudeckoili padotrbi: Peuwienue cucmem JUHEHHLIX YPAGHEHUIl
DA3TUYUHBIMU MEMOOAMU.
esapb padoThl: HAYYNUTHCS PEIIATh CUCTEMBI TUHENHBIX YPABHEHUN
3HAHUA!

OCHOBHBIE MAaTEMAaTHUYECKUE METOJIbI pelieHusT NPUKIAIHBIX 3aj1ad4;
OCHOBHBIC TMOHSATHS M METOJbI MaTEMaTHYECKOTO aHalin3a, JMHEWHOW anreOpsl,
TEOPUIO  KOMILUIEKCHBIX BEPOATHOCTEM M  MATEMaTHYECKOU

qucel, TEeOopuu

CTaTUCTHKH; POJIb U MECTO MAaTEMATHKH B COBPEMEHHOM MHPE IPU OCBOCHUHU
MpoQeCCHOHANIBHBIX TUCUUILIUH U B chepe npodeccHoHanbHOM 1esTeIbHOCTH

YMEHHUS:

13



BBIITIOJIHATD ﬂeﬁCTBHﬂ HaJ KOMIIJICKCHBIMH YHCJIaMH; IIPOU3BOJUTL OIICpalvn
HaJl MaTpuoaMu MW OIIPCACIUTCILIMH, pPCIOaTb CHUCTCMBI JINHEHHBIX ypaBHeHI/Iﬁ

Pa3IMYHBIMHA METOAAMHA
Teopernuecknii MaTepuaI:

1.®@opmyasl Kpamepa i1 cucTeMbl U3 IBYX YPABHEHU

ay1X + a2y = by

Cucremsl U3 IByX ypaBHEHUU { :
Az1X + Az2y = b,
Omnpenesienue. OnpeaenuTeib, COCTABICHHBINA U3 KOYPHUIIUEHTOB TIPH

HCHU3BCCTHBIX, HA3BIBACTCA OIIPCACINUTCIICM CUCTCMBI U oOo3HayaeTca A (,Z[GJIBTa)I

a1 Qg
A=
az1 Ay

Omnpenenurenu AX, Ay mojy4aroTcst myTéM 3aMeHbl KO3 (UIIUEHTOB MTPU
COOTBETCTBYIOIINX HEU3BECTHBIX CBOOOHBIMU WJICHAMHU:

a1, by
a; by

Ax = by aq

= by a5, — byay; Ay = = ay1b; — az1 by

b, ay;
Haiiti 3HaueHus X U Y BO3MOKHO TOJIBKO MPHU yCIOBUH, eciau A+ 0.

DTOT BBIBOJI CIEYET U3 CIEAYIOIIEH TEOPEMBI.

2. Teopema Kpamepa: Eciu onpedenumens cucmemvbl OMAUYEH OM HYIs, MO
cucmema JTUHEUHbIX YPAGHEeHUL UMeem 00HO eOUHCMBEHHOe pelueHue, NPUYEM
HeusB8ecmHoe pagHo OMHOWEHUIO onpedenumerei. B 3namenamene — onpedenumens
cucmemsl, a 8 YUCIuUmene — onpeoeiumeib, NOJLY4YeHHbIl U3 Onpedearumelisi CUCmembl
nymeém 3ameHnvl KodPPuyuenmos npu 3mom Heu38eCmHoM c80000HbIMU UTIeHAMU.

Oma meopema umeem mecmo OJisl CUCHEeMbl TUHEUHbIX YPAGHEHUU 1100020 NopsOKa.

Takum obpazom, hopmyast Kpamepa ons cucmemvl uz 08yxX ypasHeHuil: X= AAX » Y=
Ay
e

IIpumep 1. Pemuth cucTeMy JTUHEHHBIX ypaBHEHUM:

{3x1 +2x,=1
X, +4x, = =3

14



CornacHo ¢popmynam moJiy4aem:

B 2 naq o
a=[? 2 =3-4-1-2=12-2=10
Ax=|1 2|=1-4+3-2=4+6=10 s g 2O 10
171-3 4 I77A T 10
Ax, —10
szzﬁ _13|=3-(—3)—1-1=—9—1=—10 x2=T2=1—0=—

Otset: x; =1 x, =—1
YacTHbIe cayyan
Tpu ciyyast Ipy peNIEHNN CUCTEM JIMHENHBIX YPAaBHEHUM:
1) cucrema NMHEWHBIX YpaBHEHUH MMEET €IMHCTBEHHOE pellleHue(cucTemMa

COBMECTHA U OTpe/IeIEHHA)

a a
VemoBus: A+ 0 222
azi az;

2) cucrema JIMHEWHBIX  ypaBHEHUHW  UMeeT  OCECUHMCIEHHOE  MHOXXECTBO

penreHuii(cucTeMa COBMECTHA U HEOTIpeAeEHHA)

a a b
YcnoBus: A=0, a—ll = a—12 = b—l , T.e. KOO(POUIMEHTH TPU HEU3BECTHBIX U
21 22 2

CBOOOJIHBIE YJIEHBI TPOTIOPIIUOHAIIBHBI.

3) cucrteMa JTMHENHBIX YPaBHEHUI pelIeHui He UMeeT(CUCTEMa HECOBMECTHA)

a a
Venopusi: A=0, 2=-22x-2
azy Az b,

Wrak, cuctemMa M JINHEMHBIX YPABHEHHM C N IEPEMEHHBIMU HA3bIBAETCS
Heco8MeCmHOU, €CIIN Y HE€ HET HU OJTHOTO PELICHHUS, U COBMECMHOU, €CIIA OHA UMEET
X0T4 Obl 071HO penieHre. COBMECTHasi CUCTEMA YpaBHEHU, UMErOIIasi TOJbKO OJHO
pelieHne, Ha3bIBACTCS onpedesiéHHoll, a 00Jee OTHOTO —HeOonpeOeIeéHHOU.
3.®opmyJnsl Kpamepa nist cucreMbl M3 TpeX YPaBHEHHH

a11x + a12y + a13Z - b1
a21x + azzy + a23Z == bz
as1X + aspy + Q33Z = b3



I'ne A (nenbra) cocraBiieH U3 KO3 HUIIMEHTOB ITPU HEU3BECTHBIX:
A1 A2 4g3
z1 Qz2 QAp3
a3y dzz 0az3

A=

A omnpenenutenu AX, Ay, Az nony4daroTcs myTéM 3aMeHbl KOAPGUITUEHTOB MTPH

COOTBETCTBYIOIINX HEM3BECTHBIX CBOOOHBIMHU YICHAMHU:

a1 Q2 by
dp; Qzp by
az; Qazp b

a;1 by ags
az; by ay;
as; by ass

by a;; ag3
b, ap; a3
b; a3, as3

Ax = Ay: Az =

Haiiti 3HaueHUsIX, Y ¥ ZBO3MOKHO TOJIBKO MPHU yCIOBUH, ecinu: A+ 0
IIpumep 2. Peminth CUCTEMY JIMHEUHBIX YPABHEHHUI:

2x, —x, —3x; =3

3x, +4x, —5x; =8,

2x, + 1x; =17
2 -1 -3
A=|3 4 -5=79,
0o 2 7
3 -1 -3
AX=|-8 4 -5=395,
17 2 7
2 3 -3
Ay=3 -8 -5=-158,
o 17 7
2 -1 3
Az=]3 4 -8 =237,
0o 2 17

_Ax _c¢. AY — n. 5 AZ _
=22 =5 y=2L =2, 2= 22 =8,
A A A
Ortsger: (5; -2; 3)

3ananue: Pemuth cucremy metoaom Kpamepa

16



3x+y+z=-2

x—y=3 3x —4y =5
1.{ o 2.{ oo 35—y —-—2z=10
3x —2y=1 6x — 8y =10 X—y+5z=—12

x+3y—z=0 x—2y+z=3 _
4d2x—y+3z=1 5.]2x — 4y +2z="5 6.{’§x+_2y:§

7x+ 7y +3z =2 3x —6y+3z=9 Y=
_ x+2y—z=-3 x—4y+3z=5
7.{3&1?:? 8.12x+3y+z=-1 9.{2x—8y+6z=10
Y= x—y—z=3 3x — 12y + 9z = 15

KoHTpoJibHBIE BONIPOCHI

1) Yto Ha3bIBaeTCA CUCTEMOM JIMHEWHBIX YpaBHEHUIA?

2) Kakas cuctema Ha3bIBa€TCSl COBMECTHOM, KaKkasi HECOBMECTHOM ?

3) Kakas cuctema Ha3bIBa€TCs OMPEICIICHHON U HEONIPEIEICHHOM ?

4) Ilpu xakoM yCIOBUM MOKHO HCIOJIb30BaTh (opmyibl Kpamepa misa pemienus

CUCTEMBI YPABHEHHI?

HNPAKTHYECKAS PABOTA Ne4

Ha3Banue npakrtudeckoit padornl: /leiicmeua Ha0 KOMNIAEKCHbIMU YUCAAMU 6
anzedopauueckoii hopme.

Hennb padoTbl: HAYYUTHCS BBIIOJIHATH JEUCTBUS HaJ KOMIUIEKCHBIMHM YHUCIaMU
3a/IaHHBIMU B anreOpandeckoit popme.

3HAHMA:

OCHOBHBIE MAaTEMaTUYECKHE METOJbI peuieHuss NpUKIAJHBIX —3ajad;
OCHOBHbBIE€ TMOHSATHUS M METOJbl MAaTEMaTHYECKOrO aHalu3a, JIMHEWHOW anreOpsl,
TEOPHI0 KOMIUIEKCHBIX YHMCEJ, TEOpPUU BEPOSITHOCTEM W MaTEeMaTU4YECKON
CTaTUCTUKH; POJIb U MECTO MAaTeMAaTHUKH B COBPEMEHHOM MHPE MpPH OCBOCHUU
MpoQEeCCUOHANIBHBIX TUCUUILIUH U B chepe npodeccuoHanbHOM NesTeIbHOCTH
YMEHHS:

BBITTIOJIHATDH HCfICTBHH HaJd KOMIIJICKCHBIMHU YU CJIaMHU
17



Teopernueckuii Mmarepuas:
Onpeodenenue. KOMIUIEKCHBIM YHUCIIOM Ha3bIBAaeTCS BBIpOKEHHE Bupaa + Dbi,
rjie a u b - geiicTBuTebHBIC Yncia. [Ipu 3TOM BBITOHSIOTCS YCIIOBUS:
a) JlBa KOMIUIEKCHBIX 4HcCla a; + Dl ma; + byl paBHBI TOrga M TOJIBKO TOT/A,
Koraa a;=ap, b1=b,.
0) Ciio)KeHre KOMIUIEKCHBIX YUCEN ONPEAEIAETCS MPABUIIOM:
(a1 + byi) + (a2 + bai) = (a1 + @) + (by + by) i.
B) YMHOXEHHE KOMILICKCHBIX YHCEIT OIPEICIACTCS MPaBUIIOM:
(8.1 + bll) (8.2 + bzl) = (8.18.2 - blbz) + (a1b2 - azbl) I
Aaredpanveckas (popMa KOMILJIEKCHOTO YHCJIA.
3anuch KOMILIEKCHOTO YHClia B BHJE & + DI Ha3pIBAIOT ajireOpandecko Gpopmoit
KOMILUICKCHOT'O YHClla, TJ¢ a— JCHCTBUTEIbHAs 4YacTh, DI — MHUMas 4YacTh,
npudeM b — TeHCTBUTEIBHOE YUCIIO.
KommiekcHoe uncio a + bi cuuraercs paBHbIM HYJTIO, €CITH €T0 JICHCTBUTEIBHAS U
MHHMasl YacTH paBHbI HyI0: @ = b =0
KommiekcHoe wuwucmoa + binpub = Ocudmraercs coBmamgammmM ¢
JICHCTBUTENILHBIM YKciIoM a&: a + 01 = a.
KommekcHoe uwmcinoa + binpma = 0 HassBacTcs YHCTO MHHMBIM U
obo3nauvaercs bi: 0 + bi = bi.

JeiicTBMSI HAl KOMILIEKCHBIMM YK CJIAMU B ajiredpanveckoii gpopme.
Hajg KOMILIEKCHBIMHM YHCIaMH B ailreOpanueckodl (opMe MOKHO BBITOJHSATH
CJIEIYIOIINUE ACHUCTBHUS.
1) Cnoxenue.
Onpeodenenue. CyMMOW KOMIUIGKCHBIX 4YHCcenZi= a1+ biiunz,= a+
bl Ha3pIBaeTCS KOMIUIEKCHOE YHCJIO Z, JACWCTBUTENbHAS YacTh KOTOPOTO paBHA
CyMME JEUCTBUTEIIBHBIX YaCTEU Z1 U Zp, @ MHMUMAs 4aCTh - CYMME MHUMBIX YaCcTEN
YKCeN Z1 U Z, TO €CTh Z = (@1 + az) + (b1 + by)i.
Uwcna Z; v Z; Ha3bIBAIOTCS ClIaracMbIMHU.
Cro)KeHre KOMIUIEKCHBIX YHCeNT 00JIaaeT CIASAYIONMMH CBOWCTBAMHU:

1°. KoMMyTaTuBHOCTb: Z1 + Zp = 7, + Z1.
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2°. AccormaTuBHOCTE: (21 + Zp) + 23 =71 + (22 + Z3).

3°. KomrutekcHoe 4mnciio —a —bi Ha3bIBaeTCsS MPOTHUBOIOJIOKHBIM KOMILICKCHOMY
yuciay z = a + bi. KomruiekcHoe 4HCIIO, TPOTHUBOIMOJIONKHOE KOMILIEKCHOMY
qHCITy Z, 0003Ha4yaeTcs -z. CymMMa KOMIUIEKCHBIX YHCEN Z U -Z paBHA HYIHO: Z + (-2)
=0

IIpumep 1. Bemoanawure cioxenue (3 —1) + (-1 + 2i).
B-)+(C-1+20=@+(-1))+(-1+2)i=2+1i.

2) Berunrtanue.

Onpedenenue. BeaecTh W3 KOMIUIEKCHOTO YHCJIA Z; KOMIUIGKCHOE  YHCIIO Z,
3HAYUT HAWTH TaKOE€ KOMILJICKCHOE YHUCIIO Z, UTO Z + Zp = Z3.

Teopema. Pa3HOCTh KOMITIEKCHBIX YHCEI CYIIECTBYET M MPUTOM EAMHCTBCHHA.
IIpumep 2. Bemosaute Berantanue (4 — 2i) - (-3 + 2i).
4-20)-(-3+2)=@4-(-3)+(-2-2)i=7-A4i.

3) YMHOKEHHE.

Onpeodenenue. [IpousBenennem KOMIIJIEKCHBIX
urcen Z;=a+b;i u z,=a,+b,l Ha3pIBaeTCA KOMILJIEKCHOE YHCIIO Z, OIMpEAesaeMoe
paBEHCTBOM: Z = (8.18.2 — blbz) + (a1b2 + azbl)i.

Yucna Z1 ¥ Z; Ha3bIBAIOTCS COMHOKHUTEIISIMH.

YMHOKEHHE KOMIUIEKCHBIX YUCeIT 00J1a/1aeT CIICIYIOMUMU CBOMCTBAMH:

1°. KOMMYTaTuBHOCTb: Z1Zy = Z5Z;

2°. AccoumaTuBHOCTD: (Z12,)Z3 = z1(2,23)

3°. JIucTpuOyTHBHOCTh YMHOXCHHS OTHOCHTEIBHO CIOXKEHUS: (Z + Z,)z5 =
Z1Z3 + ZyZ3

4°, z= (a+ bi)(a—bi) = a? + b?- gelicTBuTenEHOE YUCIIO.

Ha mnpakTuke YMHOXCHHE KOMIUICKCHBIX YHCET IPOU3BOIAT [0 MPABUITY
YMHOEHHUSI CYMMBbI Ha CyMMY M BBIJICIICHUS JCHCTBUTEILHOM U MHUMOM YaCTH.

B cienyromeM npuMepe pacCMOTPHM YMHOXCHHE KOMIUICKCHBIX YHCEN JBYMS
CTHI0CO0aMH: TI0 MPABUITY M YMHOKEHUEM CyMMBI Ha CYMMY.

IIpumep 3. Bemmonaute ymuoxenue (2 + 3i) (5 — 7).
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1cnocod. (2+31) (5-71)=2x5-3x(-7)+2x(-7)+3x5)i==(10+21) + (-
14 +15)i =31 +1.

2 crtocob. (2 + 3i) (5—71) =2x 5+ 2x (- 71) + 3ix 5+ 3ix (- 71) = = 10 — 14i + 15i
+21=31+1.

4) Jlenenue.

Onpeodenenue. Pa3neauTh KOMIUIEKCHOE YHCIO Z; HA KOMIUIEKCHOE YHCIIO Z2,
3HAYMT HANTH TaKO€ KOMIIJIEKCHOE YHCIIO Z, UTO Z * Z = Z3.

Teopema. YacTHOE KOMIUIEKCHBIX YHCEN CYHMICCTBYET U €AMHCTBCHHO, €CIH Z2 # ()
+ 0.

Ha mnpakThke dYacTHOE KOMIUICKCHBIX YHCEI HaxXOOAT IIyTEM YMHOKEHHUS
YMCIUTENSA ¥ 3HAMEHATE IS Ha YHCJI0, CONPSHKCHHOES 3HAMEHATEITIO.

[Tycts z; = a; + bsi, Z, = a, + byl, Torga

zy _ap+bii (ay + byi)(a; — byi) _ (aia; + bib,) + (azby — a1 by)i

Zy _az‘l‘bzi B (a2+b2i)(a2_b2i) B a%-l_bzz
_ a0, + by by azb; — aib;
~ a?+b? as + b?

5) Bo3BeneHue B 11ETyIO MOJ0KHUTEIBHYIO CTEIICHb.
a) CTerneHu MHUMOM €JTUHULIBI.
[Tonb3ysach  paBeHCTBOM i>= -1, JIerKO  ONpENENuTh JIOOYH  ILENyI0

MOJIOKUTEIIBHYIO CTEIIEHh MHUMOW €UHUIIBI. FIMeeM:

°=i2i =,
=P =1,
i°=iti =1,
=2 =-1,
=2 =-,

P=i®”P=1ur n
DTO MMOKa3bIBAET, YTO 3HAUYEHUS CTENEHH 1", TIIe N — IEI0€ MOJ0KUTEIBHOE YNCIIO,

MNEPUOANYICCKHU IMOBTOPACTCA IMPHU YBCIIMUCHUHU ITOKA3ATCIIA HA 4.
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[ToaToMy, 4TOOBI BO3BECTH YHCIIO | B IIEIYIO IOJOXHUTEIbHYIO CTENEeHb, HAJO0
TI0Ka3aTellb CTEIICHH Pa3/IeIuTh Ha 4 U BO3BECTH | B CTENECHB, MIOKA3aTeNlb KOTOPOU
PaBEH OCTATKY OT JEJICHUS.

ITpumep 5. Beruucure: (i3 +i17) - i 2,

i36= (I 4)9: 19: 1’

V=il =(iY)%xi=1-i=1i

i23=i4x5+3=(i4)5><l-3:1 B=-i
(®+il)-iB=Q+i)(-i)=-i+1=1-1i,

0) Bo3BeneHne KOMILIEKCHOTO 4YHCIa B LEIYI0 IIOJOKUTENbHYIO CTENEHb
IIPOU3BOJUTCS 110 IPABUILY BO3BEACHUS JIBY4YJIEHA B COOTBETCTBYIOIIYIO CTEIICHbD,
TaK KaK OHO MPEJCTaBIsE€T COOOM YACTHBIM Cllydaidl YMHOXEHUS OJUHAKOBBIX
KOMIUIEKCHBIX COMHOKUTENEH.

[Ipumep 6. Beruucnure: (4 + 2i)3
(4+ 203= 4% + 3x 42 2i + 3% 4 (2i)? + (2i)® = 64 + 96i — 48 — 8i = 16 + 88i.

3ananue: BolnoyiHuTE 321aHUA 110 X041y PA0OTHI:
1. JlaHbl KOMIUIEKCHBIC UKciaz, = 2 + 31,2, = 5—7i
Haiinure:
a) z; + 2,
b) z, - z,
2. TlpowsBeanrte yMHOKEHHME KOMIUTEKCHBIX uucen: (2 + 3i) - (5 — 7i)

8+2i
3. Breruuciure: i
-5l

4. Pemmmre ypaBHenue: x2 — 6x + 13 =0

KonTposabHbIe BONPOCHI:
1. Kak o603HauaeTcs KOMILUIEKCHOE YUCIIO?
2. ®opMbl KOMITJIEKCHOTO YHrcia?

3. Kakwue neficTBust MpOU3BOAATCS HAJl KOMIUIEKCHBIMU YUCIaMU?
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IHPAKTHYECKAS PABOTA NeS

Ha3Banme  mpakTuyeckoii  paborbl:  [eomempuueckoe  uzoodpasrcenue
KOMNJIeKCHBIX Yucel

Lesqb padoThl: HAYYUTCS BBIMOIHATH ACUCTBUS HAJl KOMIUIEKCHBIMU YHCIAMH,
3aJJaHHBIMU B ajredpandeckoit popme.

3HAHUS!

OCHOBHBIE MAaTEMaTUYECKHE METOJbI  PEIICHHUS MPHUKIATHBIX 3a7ad;
OCHOBHBIC TIOHSTHS M METOIBl MAaTEMAaTHYECKOTO aHaju3a, JIMHCWHOW aireOphbl,
TEOPUIO KOMIUIEKCHBIX 4YHCEJ, TEOPUU BEPOSATHOCTEH M  MaTeMaTHYeCKO
CTaTUCTHKH;, POJb W MECTO MAaTEMaTHKH B COBPEMEHHOM MHpPE IpPH OCBOCHHH
npodeCCHOHANBHBIX TUCHUIUIMH U B cepe npodeccuoHanbHOM eI TeNbHOCTH
yMeHHS:

BBIMONHATE  ACWCTBUS HAll KOMIUICKCHBIMH YHCJIAMHU; BBIYUCIATH

SHA4YCHUA I'COMCTPHUUCCKHUX BCIIMINH

Teopernueckuit MaTepua:

KomriekcHas miaockoCcTh — 3TO MIIOCKOCTh € MPSIMOYTOJIBHOM J€KAPTOBOM CUCTEMOM
koopauHart xOy.

KommiekcHble yncia Ha 3TON MIIOCKOCTH MU300paKaroTCs B BUJIE TOYEK JUOO B BUJIEC
BEKTOPOB.

|. T'eomempuueckas ummepnpemayus KOMNHIEKCHbIX Yucel 6 6ude mMoyeK Hda
KOMNJIEKCHOU NJIOCKOCMU

Kaxxiomy KOMIUIEKCHOMY YHCITy Z=a+bi Ha KOMIUIEKCHOM MJIOCKOCTH COOTBETCTBYET
Touka z(a;b).

N naobopoT, KaxAyr TOYKY z(a;b) MIOCKOCTM MOMKHO CUMTATh H300paKeHHEM

KOMILIEKCHOTO 4yHrcJia z=a+bi.
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Takum 00pa3om, reoMeTpUUECKoe N300paKEHNE KOMIUIEKCHBIX YHCEN B BUAE TOYEK
KOOPJIMHATHON TJIOCKOCTH YCTAaHaBJIMBA€T B3aMMHO OJIHO3HAYHOE COOTBETCTBUE
MEXy KOMIUIEKCHBIMHA YUCIaMHU ¥ TOYKAMH TIJIOCKOCTH.

HeiictBurenbubie ymucna z=at(0i Ha KOMIUIEKCHOM TUIOCKOCTH HM300pa)KaroTcs
ToukamMu ¢ koopauHatamu (a;0) (nexammumu Ha ocu OX), YMCTO MHHUMBIE YHCIA
z=0+bi — roukammu ¢ koopauHaramu (0;b) (Ha ocu Oy).

[Toatomy ock abciuce OX Ha3BIBAIOT delicmeumenvrol ocvio u 0boznauaemcsaRE(2),

a ock opauHat Oy — mHuMmotl ocwro u oboznawaemes IM(2)

Im 2

Rez

KOMHHCKCHO-COHD}I}KGHHBIG qucjia Ha IINIOCKOCTHU I/I306pa)KaIOTC5I TOYKaMU,

CUMMCTPUYIHBIMU OTHOCHTCIIBHO OCH OX, ITPOTHUBOITIOJIOKHBIC KOMILJICKCHBIC 4YHCJIa

— TOYKaMH, CHMMETPUYHBIMU OTHOCHUTENIBHO TOUKH O (Hadajia KOOpAUHAT).

/\y

Z =-4+45i Z=2+4i
L= 3+
z,=-6 ® n
O X
2= 1y =i
&6
2=2-4i
IIpumep 1
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N3obpazum

Ha KOMILICKCHOM IIJIOCKOCTH

qHucJia , ) , ,
Iy
3 Tz
Z; s
3 : 9
: 1 p====- * g
|
3 2 !
: 0 1 2 3 x
i
%4 H306pa)K€HI/I€ KOMIIJICKCHBIX YHUCCII

TOYKaMH IIJIIOCKOCTH

2. T'eomempuueckaa unmepnpemayus KOMRIEKCHBIX Yucel 6 6uoe paouyc-

6eKmopoe

KommiekcHpie umciia 1/1306pa>1<a10Tc;1 TAK)KC BCKTOpaMM C Ha4dYaJlOM B TOYKC Ou

KOHIIOM B TOuKe z(a:b) (paauyc-BeKTOpaMH).

CooTBeTcTBHE MCKAY KOMIUICKCHBIMU YHCIAMHU HW PaJUYyC-BCKTOPAMHU TAaKKC

ABJIICTCA B3aMMHO OAHO3HAYHBIM.

/\y

2,=2.5i

B cnyuyae mnzoOpaxeHne KOMIUIEKCHBIX YHCEN W3 MPEabAyliero mpumepa 1

OyIeT TaKuM:
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BCKTOpaMH

N300paxkeHre KOMIUIEKCHBIX —YHCEN

FGOMeTpH‘{eCKI/I CyYMMa KOMINIJIICKCHBIX YHUCCI B BUJAC PaAUyC-BCKTOPOB CTPOATCA 110

IIPaBWITy MapajuIeIorpaMMa CII0KEHHS BEKTOPOB.

N300pakeHre cyMMbl KOMIUIEKCHBIX YUCEN

FeOMeTpH‘-IeCKI/I KOMIIICKCHBIC UM CJId TAKKC MOJKHO BBIUYHMTATh, KaK BCKTOPHLI.
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Im 2

1— 22

22

Rez

Pa3nocth Z1—Z7 IPCACTABJIICTCS BEKTOPOM, KOHCII KOTOPOIr0O HAaXOJUTCA B TOUKE Z1, a

Ha4YaJo --- B TOYKE Z».

Ha kommiiekcHOM TIJIOCKOCTH YyA0O0HO U300pa)kaTh pa3iMuHbIE MHOXKECTBA
KOMILJIEKCHBIX YHCEJI, YOBJIECTBOPSIONINE 3a/IaHHBIM YCIOBUAM
MopayJieM KOMILIEKCHOIO YUCJIAa Z Ha3bIBACTCS PACCTOSHUE OT Havyasa KOOpAUHAT

10 COOTBETCTBYIOILLEH TOYKH KOMILIEKCHOU miockocTH. Ilompocty rosopsi, mModyns

— 9mo onuna paguyc-ektopa. O003HaUCHKE! El a1

[Io Tteopeme Iludaropa nerxko BbIBECTH QOpMYNIY IS HAXOXKICHUS MOJIYJIS

KOMILJIEKCHOTO uncna: |z| = Va? + b? ,rae 3Hauenuss a u b - aroovle.

::E Imz :

{p{mu‘f o x& camoe argz)
v ' 1 = .

i ! i |
' i G : Rez:

L
o i

3ananue: BoinoaHnTe 321aHUS 110 X0y padoThI
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1. U3o0pa3ure Ha KOMIUIEKCHOW IUIOCKOCTH CEPEIUHY OTPEe3Ka, COCTUHSIOUIETO
TOYKH:
a) -1-2iu-3-4i
b) 3-4i u 7-6i

2. N300pa3ure Ha KOMIUIGKCHOW IUIOCKOCTH TOYKH IIEPECEUCHUST OTPE3Ka,
COCMHSIOIETO TOUKH
a) -1+3iu 4-2i,
b) -1+3i u 4-2i, c ocsiMH KOOpAMHAT

3. M3obOpa3uTe Ha TIIOCKOCTH CEPeIMHY OTpe3Ka, COCAMHSIONIETO TOYKH 3-41 u 7-
6i

4. Bpruucnure:

a) (V2—1i)(V3+2i)
b) 6—i

3+4i

KonTposbHbIE BONIPOCHI:
1. Kakas miockoCTh Ha3bIBa€TCs KOMIUIEKCHON?
2. Kak MOXHO n300paxaTh KOMILJIEKCHBIE YUCIIa Ha TNIOCKOCTH?

3. Kakwue OIICpanr MOKHO ITPOU3BOAUTL C KOMINUICKCHBIMHU YU CJIAaMH Ha TJIOCKOCTH?

INPAKTHYECKAS PABOTA Ne6

HazBanue npaktudeckoil padornl: /leiicmeua Ha0 KOMNIAEKCHbIMU YUCAAMU 6
mpu2oHomempuueckou popme
Hear padoTbl: HAYyYUTbCS BBINOJIHATH JACHCTBUS HAJ KOMIUIEKCHBIMU
quCclIaMH, 33JJaHHBIMU B TPUTOHOMETPUYECKOH (hopMme.
3HAHMA:

OCHOBHBIE MaTE€MaTUYECKHE METO/b peuieHusl NpUKIAJHBIX 3ajad;
OCHOBHBIE TOHSATHUS U METOJAbl MAaTEMaTHYEeCKOTO aHajiu3a, JIMHEWHOH aireOphl,

TCOPHUIO  KOMILUICKCHBIX  YHCCJI, TCOPHHU BCpOHTHOCTeﬁ U MaTeMaTH4YeCKOM
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CTaTUCTUKHU; POJIb U MECTO MATEMATHUKA B COBPEMEHHOM MHPE IPU OCBOCHHUHU
npodeccuoHaTbHBIX JUCIUIUIMH U B cdepe npodhecCuoHaTbHOU NeITeTbHOCTH
YMEHHUs:
BBITIOJIHATH JEUCTBUS HAJl KOMIUIEKCHBIMH YHCIIAMU
Teopernueckuit MaTepua:

JIto6oe KoMIuIeKCHOE YHuCIo (KpoMme Hyisl) Z = a + bi MOXHO 3amnucaTh B
TpuroHomerpuueckoii ¢dopme: z = |z|(cos¢ +ising) , rae |z| — 310 MoayIBL
KOMILJIEKCHOTO 4YMCJIa, a (0 — apryMeHT KOMILUIEKCHOro umcia. He pasderaemcs,
BCE MPOLIE, YEM KaXKETCS.

N300pa3um Ha KOMIUIEKCHOW TIOCKOCTH YHCIO Z = a + bi. JIns onpenenéHHOCTH H
MPOCTOTHl OOBACHEHHUI PACIOJOKHM €ro B MEPBOM KOOPAUHATHOW YETBEPTH, T.€.

cuntaeM, uto a >0, b >0

EC Imz

@ (muj mo :Arcq" camoeiargz)
: ! 1 1 ]

SR L O L T2

ApPrymMeHT KOMIIJIEKCHOTO YMCIa Z CTaHAapTHO 0003HAYAIOT: ( WU argz

N3 reoMmeTrpuyeckux COOOpakeHUW TMOoJydaeTcs cienytomas dopMyna s
b

HaXOXXICHUS apryMeHTa: argz = arctg —.
a

Buumanmue! Jlannas ¢opmyna paboTaet ToJIbKO B npaBoi nosyruiockoctu! Eciu
KOMIUIEKCHOE YMCIIO pacnoJyiaraercst He B |-l u He 4-ii KOOpIMHATHOW YETBEPTH,
TO (hopmyJia OyAET HEMHOTO IPYyTroi. DTH CJIydau MbI TOXKE pa3doepem.

Ho cHauana paccMOTpHM MpOCTEMIIHE MPUMEPBI, KOTJa KOMIUIEKCHBIE YuCia
pacrnosiararoTcsi Ha KOOpJAMHATHBIX OCAX.

IIpumep 1
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2)

3)

[IpeacTaBuTh B TPUTOHOMETPUUYECKON (DOPME KOMIUIEKCHBIE Ynca:
z1=1, z, =20, z3=-3, z,=—4i.
BrimonHaum ueptéx:

ms

JIst HArJIIOGHOCTH IEPENUINY TPUTOHOMETPHYECKYIO (OPMY KOMILIEKCHOIO
gncna: z = |z|(cos¢ + isin @)

3anoMHHMM, MOJyJIb — AJIMHA (KOTOpasi BCErja HeOTpullaTeldbHa), apryMEHT —

yroJ.
1) IlpencraBumM B TpUTrOHOMETpUUYECKO (opme umcno z; = 1 . Haiigem ero

MoOIyab W aprymeHT. OueBuaHO, uTo |z;| = 1. ®DopMmaibHBIA pacyeT o

dopmyre: |z;| = Va2 + b2 =V12+02=+1=1
OueBugHO, 4YTO @, = 0 (YMCIO JEKUT HEMOCPEACTBEHHO Ha JICMCTBUTEIBLHOU
MOJIOKUTENIbHOM moJiyocu). Takum 00pa3oM, YUCIO B TPUTOHOMETPUYECKOU
dbopme: z; = cos0 + isin 0. ScHo, Kak AeHb, 0OpaTHOE MPOBEPOUYHOE JICUCTBUE:
zy=cos0+isin0=1+i-0=1
[IpeacraBuM B TpUroHomeTpuueckoi Gopme umcino z, = 2i . Halinem ero

MOIyJdb W aprymeHt. Od4eBuaHO, uTO |Z,| =2 . DopMmanbHbIi pacyer o

dopmyie: |z,| = Va2 + b2 =02 +22 =4 =2
OdyeBUIHO, 4YTO @, = % (mmu 90 rpamycoB). Ha ueprexxe yron o0o03HaueH

KpacHBIM IBETOM. Takum oOpa3oM, YUCJIO B TPUTOHOMETpHYECKOW (opme: z, =

T . . T
CoOS—+1sin—.
2 2
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Wcnions3yst mabauyy 3HaveHuili. mpuecoHomempuieckux QyHKyuti, JIerko oOpaTHO

MOJIYYHUTh alireOpanyeckyro (popMy uncia (3a0JHO BHITIOJIHUB MPOBEPKY):

Z, = (2cos§+ ising) =20+i-1)=2i
3) IlpencraBuM B TpUrOHOMETpUYECKOW ¢opme umcio |zz| = —3. Haiigem ero
MOIyJdb M apryMeHt. OueBumgHO, 4YTO |z3] =3 . dopMaibHBIi pacyeT IO
bopmyie: |z3| = Va? + b2 = m =9 =3
OueBunHo, uto @3 = m (unu 180 rpagycon). Ha yeptexe yron o003Ha4eH CUHUM
nBeToM. TakuM 00pazoM, YUCIIO B TPUTOHOMETpUUYECKON hopme:

z3 = 3(cosm + isinm).
[Mposepka: z; = 3(cosm + isinmw) =2(—1+i-0) = -3

4) U 4erBEépTHIH MHTEpPEeCHBbIM ciydail. IlpeacTaBuM B TPUTOHOMETPHUYECKOM

¢dopme uucio z, = —4 . Haiinem ero Moaysnb u aprymeHT. O4eBUAHO, YTO Z4 = 4 .

dopManbHBII pacuet 1o hopmye: |z,| = Va? + bZ = /02 + (—4)2 =16 = 4.

o 3
ApPryMEeHT MOXXHO 3amucarh AByMs criocobamu: IlepBrliii crocol: ¢, = > (270

3n . . 3m
rpaaycoB), U, COOTBETCTBEHHO: Z, = 4 (cos; + i sin 7).
[Mposepka: z, = 4 (Cos%n + isin%ﬂ) =4(0+i-(-1)) = —4i

Opmnako 0osiee cTaHgapTHO clieaytoiee npasuwio: Eciau yrosa 6oabme 180

rpajycoB, TO €ro 3alKChIBAIOT CO 3HAKOM MHUHYC U MPOTUBOIOJI0KHOM

OopueHTaIuen («IPOKPYTKOM») yria: ¢, = _Z—n (munyc 90 rpagycoB), Ha yepTexKe

3 T
YIoJl OTMCUYCH 3CJICHBIM LIBECTOM. Jlerko 3aMCTUTDb, YTO @4 = 7 U QPyp = — 5 —

3TO OJIMH U TOT € YTOJl.
Vs .. s
Takum 00pa3om, 3aMUch NPUHUMAET BUJ: Z, = 4 (COS (— 5) + i sin (— ;))

Buumanue! Hu B koeM citydae Heb3s UCIIOIB30BaTh YETHOCTh KOCUHYCA,

HCUCTHOCTH CMHYCA U ITPOBOANTDH I[EU'IBHGIZHIGG CYIPOHICHUC) 3alTUCHU:

ro= (s (-5) wt5n () = T[]
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[lepeiizem Kk paccMOTpeHUIO OoJiee pacnpocTpaHeHHbIX ciaydaeB. C  Mojaynem

npo0JieM He BO3HUKACT, BCET/Ia ClIeyeT UCIob30BaTh hopmyny |z| = Va? + b? . A

BOT ()OPMYJIBI TSI HAXOXKIEHUS apryMeHTa OyayT pa3HbIMH, 3TO 3aBUCUT OT TOTO, B

KaKoW KOOpJMHATHOM YETBEPTHU JICKUT YUCIO Z = a + bi . [Ipu 3TOM BO3MOKHBI TpU

BapHUaHTA:

1) Ecmu a > 0 (1-s1 u 4-s1 KOOpIMHATHBIC YSTBEPTH, WUIIH ITPABAst MOJIYILIOCKOCTh), TO

b
apryMeHT HY>KHO HaXOAUTh Mo hopmyne argz = arctg -
2) Ecim a <0, b>0 (2-1 xoopaMHaTHas 4YETBEPTh), TO AaAPryMEHT HYXKHO
b

HaxXOoJIUTh 10 opMyJie argz = 1 + arctyg p

3) Ecnu a <0, b<0 (3-1 xoopauHaTHas 4YETBEPTb), TO APIYMECHT HYKHO
b

HaxoJIUTh 1o ¢opMyIie arg z = —m + arctyg 2

Ipumep 2: KoMIuIeKCHOE YHCI0 Z=-1 IPEACTaBUTh B TPUTOHOMETPHUECKOI (hopMe.
Pewenue: ]J1ng 3a1aHHOTO YKCIIa IeHCTBUTEIbLHAS YacTh a=0, a MHMMAas 4acTh

b=-1 . Torma moaysas ororo uucna |z| = /0% 4+ (—=2)2=+v0+1=1

-1 T 3
a apryMeHT ¢ = arcth =—3=7

3m . . 3m 3m . . 3T
Orcrona nosmyyaem, uto z = 1 - (cos; + isin 7) = Cos—-+isin—

3m . . 3m
OtBeT. z = COS7 + lsm7

Ilpumep 3:
3anucaTh YMCIIO Z B aJireOpanyecKkoi 1 TPUrOHOMETPUYECKOH hopmax, z = T
Pewenue:
5 (B4+0-)(1-2) 5-10i+0-i—-0-i 5-10i 5-10i
1+2i (@A+20)(1-2i) 12 — (2i)2 144 5

=1-2i
z =1 — 2i - anrebGpanyeckas hopmMa KOMIUIEKCHOTO YHCIia

YroObl 3amucaTh YKCIO B TpUroHOMeTpudeckoi (opme z = r(cos@ + ising), rae

r =va? + b? - Moayb KOMIUIEKCHOTO YHCIIa, () - ApPTYMEHT KOMILIEKCHOTO YHCIIa,

HY>KHO OIIPCACIIUNTL HCKOMbBIC BCIWMYUHBI MOIAYJISI W apryMcCHTA. HOBTOMy r=
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a 1 V5 ) b -2 2+/5
1%+ (=2)2 C0OSsp =—=—=—, sing =-=—=——_ Orcroaa yroia
HaXOJIUTCA B quBépTOﬁ ‘-IeTBCpTI/I, u KOMIIJICKCHOC qUCJIIO 3alIUIIIcmM B

. 36V5 | . 72V/5
TPUTOHOMETPHUECKOH (popme z = V5 (Cos — tsin T)

I[eﬁCTBHH HaJd KOMIIJICKCHBIMH YUCJIaMHU B TpHFOHOMCTpH‘IGCKOﬁ (1)OpM€

1. YMHOXEHHE KOMIUICKCHBIX YHCEI:

z1Z; = 11ry(cos(@, + @3) + isin(g@; — ¢3))

2. JleneHue KOMIUICKCHBIX YHCEIT: j—l = :—1(COS(§01 + ¢,) +isin(p; — @,))
2 2

3. Bo3BeneHne KOMIUIEKCHOTO YHCIIa B HATYPAJTbHYIO CTEIICHb:

4, z" = (r(cos @ + isin go))n = r"*(cos ng + i sinng) dopmymna Myaspa
IIpumep 4: Haiiti npousBeneHne KOMIUIEKCHBIX YUCeIT Z; = 2C0S 50° + 2 i sin 50°,
Z, = €0S 40° + i sin 40°.
Pemenwne. TpuronomeTpudeckue GOPMBI ITUX YUCEIT UMEIOT BUI:
z1=2 - (cos 50° +1i sin 50°), zo = 1- (cos 40° + i sin 40°).
Torma zy -z, =12 - (cos (50° + 40°) + i sin (50° + 40°)) = 2(cos 90° + i sin 90°) = 2(0
+1) = 2.

IIpumep 5: Haiiti yacTHOE KOMIUIEKCHBIX YHCelT Z1 = 2C0S 50° + 2 i sin 50°,
Z, = €0S 40° + i sin 40°.

Pemrenne. Tpuronomerpuueckue GOpPMbI 3TUX YHCET UMEIOT BHI:

z1=2 - (cos 50° +1i sin 50°), zo = 1- (cos 40° + i sin 40°).

Torna (C0s (50° — 40 ©) + i sin (50° — 40°)) = 2(cos 10° + i sin 10°).

3ananue: BoinoJiHuTE 321aHUSA 110 X0y PA0OTHI

1. Jlanel  KOMIUIEKCHBIE umciaa z; = 12(cos225 +sin225) u 2z, =
3 o . ° o z

5 (cos75 +sin75 ). Haiigure MX MpOU3BEICHHE Z; * Z, U YACTHOE Z—l OtBeT
2

3aIUIIUTE B allreOpandeckoi hopme.

5
2. Bemucnure: z = 2 ((cos 24" + sin 24°))
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3. 3amuumiTe B TPHIOMETPUUECKOi (hopMe KOMILIEKCHOE UHcio: Z = V3 + i
4. TlpousBequtTe YMHOXCHHE KOMIUICKCHBbIX uymcen: (cos40 +isin40)-

3(cos 50" + isin50")

KoHTpoJibHBbIE BONPOCHI:
1. Yto Takoe MOAYJb U apPryMEHT KOMILIEKCHOTO yucia?
2. Ilepeuncnure GopmBbI 3aITUCH KOMIUIEKCHOTO YHCIIA.
3. Kakue BBINOJHAIOTCS NEUCTBUS HaJl KOMIUIEKCHBIMHU YHUCJIaMH, 33JIaHHBIMU B

TPUTOHOMETPHUUECKOH Popme?

HNPAKTHYECKASA PABOTA Ne7

Ha3panue mnpaxkrudyeckoi padorbl: Boiuucnenue ckanapnozo npouseedeHus
6€eKmopoe

Hennr padorei: HayuuThbCs BBINOJMHATH JIMHEWHBIE OINEpalMM HaJ BEKTOpaMU H
HAaXOJIUTh CKAJIAPHOE MPOU3BEICHHE BEKTOPOB.

3HAHMA:

OCHOBHBIE MAaTEMaTUYECKHE METOJbI peuieHuss NpPUKIAJHBIX — 3ajad;
OCHOBHbBIE€ TMOHSATHUA M METOJbl MaTEMaTHYECKOrO aHalu3a, JIMHEWHOW anreOphl,
TEOPHI0 KOMIUIEKCHBIX 4YHMCEJI, TEOPUU BEPOSITHOCTEH M  MaTeMaTHYECKOU
CTaTUCTUKH; POJIb U MECTO MAaTEMATHKH B COBPEMEHHOM MHPE IIPH OCBOCHHUHU
PO EeCCHOHANIBHBIX TUCUUILIUH U B chepe npodecCHOHaIbHOM NeSITeIbHOCTH
YMEHHs:

BBIYHCIIATH 3HAYEHUS] TEOMETPUUECKUX BEJIIMYNH;
Teopernuecknii MaTepuaJ:
BekTopsl 3aHuMaoT ocoboe MecTo cpend OOBEKTOB, PACCMATPUBAEMBIX B BBICIICH
MaTeMaTUKe, MOCKOJIbKY KaXKIblii BEKTOpP MMEET HE TOJIbKO YHMCIOBOE 3HAUYECHHE -

IJINMHY, HO H (I)I/IBI/I‘-IGCKOG H TCOMCTPUYCCKOC - HAIIPABJICHHOCTD. BGKTOp,
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Hp@I[CTaBJIeHHHﬁ HarpaBJICHHBIM OTPE3KOM, HAYIIMM OT TOYKHU AK TOUKe B,

o0o3Hauvaercsa tak: AB .

B I'eomeTpHYecKuil BEKTOP NPEICTABICH
- B IBYMEPHOM U TPEXMEPHOM
2 IIPOCTPAHCTBE B BUJIE HANPABIEHHO20
A / ompesKa, T.e. OTpe3Ka, y KOTOpPOro
pa3InyaroT Ha4yaJlo ¥ KOHEL.

Ecnu A - Hauaino BekTopa, a B - ero

KOHCI, TO BCKTOP o0o03HayaeTcs
— . .
cuMBoJoM AB uiu OIHOH CTPOYHOHU

OykBoii @ . Ha puCyHKe KOHELl BEKTOpa

YKa3bIBA€TCS CTPEIIKON

) e

~ 7
4 RN 1
~ "4

\{
:<\r.'-‘__-_‘.-.. o

E—
JlimHoi (MIu MoAyJieM) reoMeTpudyeckoro Bektopa AB HazbpiBaeTcst JyinHa

MIOPOYKIAOIIETO ero oTpe3ka |AB]|
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JIMHeHHbIe oNepaluu HAJl TeOMEeTPUYECKMMH BEKTOPaMu
YMHOKeHHEe BEKTOPa HA YHCJI0
-
1 IIpoussedenuem eekmopa a Ha
= |:',|"
\ yucno A Ha3bIBAECTCS BEKTOP,
o .
4 [IOJIY4YarOIIUICS U3
BeKTOpa a pacTsokenneM (mpu A > 1)
i cxarueM (pu A < 1) B [1] pas,
[IpUYEM HaIIPABJICHUE
BEKTOpa a coxpausiercs, ecnd A > 0, u
MEHSETCS Ha MPOTUBOIIOIOKHOE,

ecu A < 0.

U3 OIIPCACIICHUA CJICAYCT, YTO BCKTOPLI 5 u b= AC_l) BCCTa PacCIIOJIOKCHBI Ha
OI[HOﬁ 501041 Ha mapajiCJIbHbIX IIPSAMBIX. Takue BCKTOPbI
Ha3bIBAIOTCA KOJIUHEAPHbIMU. (MO)KHO IOBOpUTL TaKXKXC, YTO J3TH BCKTOPLbI

napajuielabHbl, OJHAKO B BEKTOPHOW ajqreOpe MPUHATO TOBOPUTH "KOJIMHEAPHBI'.)

CrpaBe/IMBO U 0OPAaTHOE YTBEPKICHUE: €CIIM BEKTOPHI @ U ¥ KOJUIMHEAPHBI, TO OHH

—

CBSI3aHBI OTHOIICHUEM. b = Ad
CJ105keHHe ¥ BIYHTAHHE BEKTOPOB

[Ipu cnokeHUU BEKTOPOB HYKHO

3HATh,

==

4TO CyMMOLL BEKTOPOB ¢ U £ Ha3bIBa

ercs BeKTOp ¢ = ¢+ pagano

KOTOPOI0 COBIMAAACT C HAYAJIOM

BEKTOpa ¢, a KOHEIl - C KOHIIOM
BEKTOpA ¥ , IpH YCIIOBMH, YTO HAYAIIO
BEKTOpPA © MPUIIOKEHO K KOHITY

BEKTOpa ¢ .
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CkajsipHoe Npou3BeJeHNe BEKTOPOB

A ') Omnpenenenne 1. CransipHbIM

IPOM3BEICHHEM JIByX BEKTOPOB
A-BE=ABcos 7 HaspIBaeTCs  4MciIo  (cKausp),
paBHOE TPOM3BEICHUIO JUTMH JTHX
BEKTOPOB Ha KOCHHYC yIJIa MEXIY
aumu. CoryacHO —OmNpejesIeHHIO,

—— - dbopmyna BBITJISITUT TaK

X

alE:-=|all

E|c:os &

CKaHHpHOC IMIPOU3BCACHUC BCKTOPOB IIO3BOJIACT HAXOAWUTHL YIOJI MCKAY JABYM:IA
BCKTOpaMM. HOBTOMY OHO 4YaCTO BCTPCHACTCA B MOCICAYIOINHUX pa3aciax
MaTCMaTHuKH, OCO6GHHO, aAHAJIMTUYECKOU IrcoOMCTpPHMH. Crout nmu T'OBOPUTBH O TOM, 4YTO
HaXx0XACHUC CKAJLIPHOI'O IIPOU3BCACHUSA BCKTOPOB - q)YHHaMCHTaHBHBIﬁ HAaBBIK JJIA

m000ro OyayIIero uHxKeHepa, IPOCKTUPYIOLIETo BCE YTO YTOIHO

-+ -+
a,

Ipumep 1. JIansr . Haiitu ¢*# | ecin

|E|:3; 5:8|; .:;9(5, 5):'%

Pemenne:
E-E=3-8-cosg=3-8-§= 12403,

AJsiredOpanvecKue CBOMCTBA CKAJAPHOI0 NPOU3BeIeHUS BEKTOPOB
ab=ba (mepemecTUTENBLHOE CBOMCTBO)
(Aa)E = A(ab) .
(coueTaTe/IbHOE OTHOCHTEILHO YHCIIOBOTO MHOKHUTEISI CBOMCTBO)
(a+b)c:ac+bc .
(pacmpeaeTuTeIbHOe OTHOCUTEIBHO CYyMMBI BEKTOPOB CBOMCTBO)
@¢ >0 ecnu ¢ - HeHyneBoil BekTop, u 44 =0 ecnu ¢ - HyJIeBOi BEKTOP.

aeb= AR i U D ol _
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Hpumep 2:Haiftu ckanspHOE IIpoM3BEAECHHE BEKTOPOB 2 ® ¥ | ecinm

El=2. [F|=5. 4(3;5}.:%

Fh = |§| |§| coss (@, &)

Pemenne: Vicrionszyem popmyny . B 1anHom ciyyae:

Ne

=y = e T 3
ab =[a| B[ cos @ B)=2.5 cosT =10 =53

Otser: &% =53
VYTroJs Mexay BEKTOPaMHU U 3HAYECHHE CKAIIPHOTO IIPOU3BEACHUSA
B Ilpumepe 2 ckaisipHOE NPOU3BEACHHUE MOTYYUIIOCH MOJ0KUTENBHBIM. OT Uero
3aBUCHT 3HAK CKaJSIPHOTO Mpou3BeAcHuss. CMOTpUM Ha Hally

T b= |§| |5|-|::os£(.§; A

|§|:-D,|5|::-U

bopmyny: . JITMHBI HEHYJIEBBIX BEKTOPOB BCErAa

ITOJIOXXUTCIIbHBI: , IIO3TOMY 3HAK MOJKCT 3aBUCCTh TOJIbBKO OT 3HAYCHHA

O=s@ b=
KOCI/IHyca.yFOJI MCIKOY BCKTOPAMH MOXCT U3MCHATHCA B ITPCACIIAX ,

H IIPHU 5TOM BO3MOKHBI CIICAYIOIINUC CIIydan:

0 <@ B) e
1) Ecnu yroa Mex1y BEKTOpaMH OCTPBIIi: 2 (ot 0 m0 90 rpamycos),

0 cosL(@2) >0y ckansipHoe npousBeseHne GyaeT MOMOKHTEIbHBIM: 22 >0

T
OcoOblIii Citydail: eciii BEKTOPBI COHANPAgieHsl, TO YToll MEeXIy HUMU CUUTACTCS

Z@Ey=0

HYJIEBBIM , I CKJIIPHOE TIPOU3BEICHHE TAK)KE OYIET MOTOKUTEIHHBIM.

7 h=lg b
[ockombky ©°39=1 10 popmyna ympomaercs: ¢ g |b| :

z < (TR <
2) Eciti yroa1 Mex1y BeKTOpaMu TyHoii: & (ot 90 no 180 rpagycos),

o cos (@, by <0

T , 1, COOTBCTCTBCHHO, CKAJISIPHOC IIPOU3BECICHUC

orpunateabno: ¢ <0 Ocobblii ciyuaii: eclM BEKTOPHI HANpPAGIeHb]
NPOMUBONOJIOHCHO, TO YTOJI MEKIY HUMU

. L A(FE B =0T
CUUTACTCS PA3BEPHYMBIM. (180 rpamycoB). CkansipHOE NpPOU3BEICHUE

TOXE OTPHUIATEIBHO, TaK Kak 037 = -1

CrnpaBelsTMBBI U OOpATHBIE YTBEPKICHUS:
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1) Ecnn #% >0 10 yrom Mesx Iy JaHHBEIME BEKTOPaMH OCTpHIii. Kak BapuanT,

BCKTOPBI COHAIIPAaBJICHBI.

2) Ecnn #% <0 10 yrom Mex Iy JaHHBEIME BEKTOpaMH Tymoii. Kak Bapuanr,
BEKTOPBI HAIIPABJIEHBI IIPOTUBOIIOIOKHO.

Ho oco0plii nHTEpEC MpeacTaBiIseT TPETUN CIydai:

2@ B =

T
3) Ecnu yroa Mexty BeKTOpamMu NPsiMOii: 2

(90 rpamycoB),

i
cog— =10

T0 2 ¥ cKaJsipHOe Npou3BeAeHne papHo Hy o 2 =0 O6paTHoe TOXKE

Z@h=2

BepHO: eciu 7% =0 10 2 . KOMIIaKTHO yTBepsKIeHHEe HOPMYINPYETCS
Tak: CrajsipHOe NPON3BeAeHNE ABYX BEKTOPOB PABHO HYJIIO TOIIa U TOJBKO
TOI'1a, KOT/Ja IaHHbIE BEKTOPbI OPTOroHAILHbI. KOopoTKkas MaTemMaTuueckas

3amucy: &0 =0&ald

3ananmue: Ilo koopaunaram Touek A, B u C 1t yka3aHHBIX BEKTOPOB HAWTH:2)

MOIYJIb BEKTOPA a; 0) CKAJSAPHOE MPOU3Be/IeHNnEe BEKTOPOB a M B.
1) A(4, 6, 3), B(-5, 2, 6), C(4, -4, -3), a=4CB - AC , 5= 45 .

2) A(4, 3, -2), B(-3, -1, 4), C(2, 2, 1), a=-5 AC +2CB , 5= 45 .

3) A(-2, 2, 4), B(1, 3, -2), C(1, 4, 2), a=2 AC -3 54 , = BC .

4)A2, 4,3), BG, 1, -4), C(-1,2,2), a=2 i +4 AC, 5= 5 .

5) A2, 4, 5), B(1, -2, 3), C(-1, -2, 4), a=3 45 -4 AC , = BC .

6) A(-1, -2, 4), B(-1,3, 5), C(1, 4, 2), a=3 AC -7 BC , 8= 45 .

7) A1, 3, 2), B(-2, 4, -1), C(1, 3, -2), a=2 45 +5 CB, = AC .

8) A2, -4, 3), B(-3, -2, 4), C(0, 0, -2), a=3 AC -ACB , 8= 45 .

9) A3, 4, -4), B(-2, 1,2), C(2, -3, 1), a=5 CB+4 AC , = B .

10) A0, 2, 5), B(2, -3, 4), C(3, 2, -5), a=-3 745 +4 CB , 5= AC .
38



Pemienue TMoBOro BapuaHra:

ITo koopaunatam Touek A(-5, 1, 6), B(1, 4, 3) u C(6, 3, 9) HaiiTu: a) MOIYJIb BEKTOpA

a=4 4B + BC ; ckasipHOE TIPOM3BEICHNE BEKTOPOB a 1 B=BC..

a) Haxomum 45 =(6, 3, -3), fTCf:(5, -1,6),4 45 +§’=(29, 11,-6), | 428 +

BC | =4/297 +11 + (-6)° = /998
0) Umeem a=(29, 11, -6), B=(5, -1, 6). Torma a-8=29-55+11-(-1)+(-6) -6=98.

KonTposbHbIE BONPOCHI:
1. 3anuimure onpeaeaeHue BEKTopa
2. 3anuiuuMTe IpaBUIIO CJIOXKEHHS U BBIUUTAHUS BEKTOPOB

3. OdopmuTte U caaiiTe OTYET MPEMNOIaBATENIO.
INPAKTHYECKAS PABOTA Ne8

Ha3zBanme mnpakTuuyeckoii padorbl: Cocmasnenue ypasHeHUs nNPAMOU HA
njaocKkocmu u 6 npocCmpancmaee

Heab paGorbl: HayuuThbCs BBINOIHATH JIMHEWHBIE OIEpallMM HaJl BEKTOpPaMH,
COCTaBJISITh YPAaBHEHHE MPSMOM HA MJIOCKOCTH U B MPOCTPAHCTBE.

3HAHUSA:

OCHOBHBIC MATEMATUYECKUE METOIbI pellieHus MPUKIAJHBIX 3ajay;
OCHOBHBIC TMOHATHS W METOJbl MATEMATHYECKOIO aHalau3a, JIMHEHHON anreOphl,
TEOPUID KOMIUIEKCHBIX YHCEJ, TEOPUM BEPOSITHOCTEM M MATEMATHYECKOU
CTaTUCTUKHU; POJIb U MECTO MATEMATUKHA B COBPEMEHHOM MHUPE MNpPU OCBOCHUU
MpoQeCCUOHANIBHBIX TUCUUILIUH U B chepe npodeccuoHanbHOM 1esITeIbHOCTH
yMEHHUS:

aHAIM3UPOBATh CIIOKHBIE (PYHKIIMM W CTPOUTh HUX TpaduKu; BBIYUCIATH
3HAYEHMS TEOMETPUUECKUX BEITUYNH

Teopernueckuit MaTepuas:
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[TycTh Ha KOOPAMHATHOM IJIOCKOCTH MOCTPOCHA MPsMast, IPOXOSIIAsl Uepe3 BE
3a/laHHble TOukh. OTMETUM Ha MPSIMOM MPOU3BOJIbHYIO TOUKY C, €€ KOOpAUHATHI

(X;y). O603HaUMM JIBa BEKTOpA:

AC u 4B

A

N3BecTHO, YTO y BEKTOPOB, JIEKAIINX HA NapaJUIEIbHbIX OPSIMBIX (JIMOO HA OJHOM

MPsIMOi1), COOTBETCTBYIOIINE KOOPAUHATHI TPOTIOPIIUMOHAIIBHBI, TO €CTh

X— Vo X— }".—é
T80 gy BB ()
X'_é y'_a} e T

nen

OtHomeHns koopauHar "X" u koopauHar "y" TakuX BEKTOPOB PaBHBL.
Tenepp 0CTAaéTCA TOIBKO BCIOMHUTD, YTO JUJIS ONIPEACIEHUS KOOPAUHAT BEKTOPA
HEO0OXOUMO U3 COOTBETCTBYIOIIMX KOOPAMHAT KOHIIA BEKTOPA BbIUECTh

KOOpAMWHATLI €0 HaYal1a:
y Hac  A(x;;y1) Blxyy,)  Clxy)

3HAUYUT KOOPpAHWHATBEI BEKTOPOB MMCIOT BU/I:

X_ . =X —X V. =V—YV

v 1 }AG y—=Wi

X_, =X — X ’ .J'_' — F. — \F
;-‘B 2 1 }AB Yo — W

[Toncrasnsiem B (1). [Tonyuaem dhopmyiy:
X=X _ Yy—»

Xo —X1 Vo= V1

Ecnu kakoii-m0o U3 3HamMeHaTesnell paBeH HyJII0, ClIeyeT IPUPABHATH HYJIIIO
COOTBETCTBYIOIIMI YUCIUTEND. Ha NIIOCKOCTH 3anrcaHHOE BBILIE YPABHEHUE MPSAMOU

YIPOIIAETCS:
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Vo= W ‘
V= == (x—x)
X, — X,

2 : €CIM X1 X2 UX = X1, €CIA X1 = X2 .

-'L.! . 'L.!I

X, — X, .
HpoOp 2 ! Ha3pIBaeTCs YIJ0BBIM KO3 PUIMEHTOM NPSIMOIi.

IIpumep 1: Halitu ypaBHEeHHE npsiMOii, mpoxoasiieit uepe3 Touku A(1, 2) u B(3, 4).
Pewenue. [TpumeHsis 3aNMCaHAYIO BBIIIE (POPMYITY, TOTYIACM:

4-2
po2= (x—1)

y=-2=x-1

x—y+1=0

YpaBHeHue NPSIMOM 110 TOYKE U YIJIOBOMY KO3(Puumenry.

Ecnu obmiee ypaBHeHue npsimoit Ax + By + C = () npuBecTH K BULY:

1 C
p=——x—-—
’ I51 151
A {"
——=k ——=h me v=kv+b
¥ 0603HauUTH i , TO TIOJlyYeHHOE YpaBHEHUE

Ha3bIBACTCA

YPpaeHeHuem npAMOI ¢ y2n06vim KoIgpuyuenmonm k.

YpaBHeHHe NIPAMOii B OTpPe3Kax.

Ecnmu B ob6mem ypaBuenuu npsimoit Ax + By + C = 0 C#£0, To, pa3zgenuB Ha —C,

MTOJTYYNM:
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['eomeTpudeckuii cMbIcT KO3(PGUIIMEHTOB B TOM, 4YTO KO3(PQUIMEHT a SBISCTCS
KOOPAMHATOMN TOYKH MePECCUCHUS

npsiMoli ¢ ockro Ox, a b — KOOpIUHATON TOYKH TIEPECEUCHHS MPSAMOM ¢ 0chbio Oy.

[Tpumep 2: 3agaHo ob1ee ypaBHeHHE TpsiMoid x — y + [ = (). HaliTu ypaBHEeHUE ATOM

IIPSIMOU B OTPE3KaX.

c=1, I 1 a=-1b=1
[Tpumep 3: Jlano obuiee ypaBHeHue npsimoit /2x — 5y — 65 = 0. TpebyeTcs Hanucartb

pa3IMYHbIE TUIIBI YPABHEHUMN 3TOM IIPAMOM.

YpaBHeHHe ITOH IPAMOI B OTPE3Kax:

pe ]
(65/12)  (=13)

YpaBHenue 3T0i NPAMOIi ¢ YIJIOBBIM KO3I(pPULHMEHTOM: (Ie11M Ha 5)
12 63 12

= — —T.T_].:I.
3 2 D

Yroa MEKAY NPAMBIMHA HA IVIOCKOCTH.

Onpeoenenue. Ecnu 3amanbl aBe npsmbie Y = Ky X + b1, y = K 2x + by, To ocTpsrit
YroJl MEXKIY STUMHU TPSIMbIMH

OyJIleT onpeaensaThes Kak

Jll:l.---| .I!I;.'I
SRy
=N
© =1 JIBe mpsiMble mapajuiebHbl, eciu K1 = K . JIBe mpsiMbIe
NIEPIICHIUKYJISIPHBI,

ecim ky = -1/ k, .

@opMyJIbl KOOPAUHAT CepPeIuHbI 0TPE3KAa
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3&,[[&‘{8, ACJICHUA OTPE3Ka Ha ABC PABHLIC YaCTHU — 3TO YaCTHBIN cnyqaﬁ JACIICHUA

A | wacmy M 1 yacms B
OTpe3Ka B JAaHHOM OTHOIIICHHH. " =
G AM 1
B sToM ciiydae oTHoIIeHHE BeIpakaeTcs mponopuuert 5 1 U oOmue
X g+ A g ¥t A-¥a
M T T T - M T =
hopMyIIBI 1+ 4 1+4  ygynecHbIM 00pa3oM MPeoOpaKkarOTCS B HEYTO
_ gt Xy _Yat Vs
M= Y m——/——
3HAKOMOE U MPOCTOE: 2 2

yI[O6HI>IM MOMCHTOM ABJISICTCSA TOT (1)31(’1‘, YTO KOOPAWMHATBI KOHIIOB OTPE3Ka MOKHO

E

_tat Ay _FYetVy
R hhara
0€300JIe3HEHHO MEPECTABUTD: Z 2

JI1st IpOCTPaHCTBEHHOTO ClTydasi ClipaBe/IIMBa OUeBUIHAS aHAIOTHs. Eciu naHbl
KOHI[bI oTpe3ka %4> Fa:2a): BXz: F225) 10 xoOpaMHATHI ero cepemutbl # BbIpaxkaroTcs

_Ngt g _FYatXs . _ZatZs

H] %) 2

it
bopmynamu: 2 2 2

IIpumep 4

[Mapannenorpamm AFCL 3anan xoopAMHATAMYU CBOMX BEPIIMH
A=4,0), B 4). €(7, 2), DL =2) Hajimy Touky nepecedenns ero AuaroHaei.
Pemenue:

XKenarotue MOTYT BBIMOTHUTE 4epTEX. ['paddut 0cCOOEHHO PEKOMEHIYIO TEM, KTO

KaluTaabHO 3a0bLT IIKOJIBHBIN KypC T€OMETPUH.

ITo u3BecTHOMY CBOMCTBY, IMAarOHaIM NapajieIorpaMMa CBOEH TOYKOUN NTepeceueHus
O(%o: Fo) nensres momonam, modTOMyY 3a1a9y MOYXKHO PEIINTh JBYMSI CIIOCOOAMH.
PaccMoTprum TpOTHMBOMNOJIOKHBIE BEPIIMHBI A0 CT2 10 dbopmynam aeneHus

OTpe3Ka MOIoJIaM HalaEM cepeluHy quaroHamm A¢

: xﬂ+x,:._—4+7
2 2

£

{)
B pesyinbrare: 2

3ananne: BoinoJiHUTe 32/1aHUS 10 BADUAHTAM
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Bapmanr 1.

1. Haiitu paccrosuue mexay Toukamu A(1;2;3), B(4;5;6);

2. Jlan tpeyrompauK ¢ BepmmHamu A(-2;0), B(2;4) u C(4;0). Haucats ypaBHEeHHE
Menuanbl AE.

Bapuanr 2.

1. Haittu paccrositnue mexay Toukamu A(2;2;3), B(1;5;6);

2. Janbl Bepimunbl Tpeyroiabauka ABC: A(4, 3), B(-3, -3), C(2, 7). Halitu ypaBHeHue
Meauansl AM.

KoHTpoJibHBbIE BONPOCHI:

1) 3anumuTe ypaBHEHUE MPSIMOM 110 IBYM TOYKaM.

2) 3aMuUIlIUATE ONPEETICHUE MEIUaHbl TPEYTOJIbHUKA.

IHPAKTHYECKASA PABOTA Ne 9

Ha3zBanue mnpakrtuueckoi padorbi: Boiuucnenue npeoenos. Packpvimue
HeonpeoenénHnocmeil.
Hean paboThl: HAYYUTHCS BEIYUCIATD MIPEACIIBI.
3HaHus:

OCHOBHBIE MAaTEMAaTHYECKHE METO/bl PEILICHUs MPUKIAIHBIX 3a4ad;
OCHOBHBIC TMOHSATHS M METOJIbI MaTEMaTHYECKOTO aHalin3a, JIMHEWHOW anreOphl,
TEOPHI0 KOMIUIEKCHBIX YHCEJ, TEOPUU BEPOSTHOCTEH U  MaTeMaTU4YeCKOH
CTaTUCTUKU, POJIb U MECTO MAaTeMAaTUKH B COBPEMEHHOM MHpE IPH OCBOCHUU
PO EeCCHOHANIBHBIX TUCHUILIUH U B chepe npodecCHOHaIbHOM NeSITeIbHOCTH
YMEHHUSsI:

AHanM3UpoOBaTh CIOKHBIE QYHKIIUU U CTPOUTH UX TpaduKu

Teopernuecknii MaTepuaJ:
Omnpenesienue (HaxoxeHue Tipeaena GyHKIMA Ha OECKOHEYHOCTH).
Yucno 4 Ha3eiBaeTcss npenenioM  yHkmwm f(X) mpu X —>%C | ecnmm A 000

OECKOHEYHO OOJIBIION MOCIEeI0BATETLHOCTH apryMEHTOB (PYyHKIMU (OECKOHEYHO
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OOIBIION TIOJOKUTEILHON WU omnuaTeanOﬁ), MoCJaca0BaTCIbHOCTD 3HAYCHUH

91Ol QyHKnuu cxoautcs k 4. Obo3nauvaetcs lim f(x) = A.
X— 00

3ameuanmue.

[Mpenen dynkuuu f(X) mpu X — % GeckoHEUEH, €Cau IS 000K 0ECKOHEYHO
OOJIBITION TOCJIENOBATEILHOCTH apryMEeHTOB (PyHKIMU (O€CKOHEUHO OOIBIION
MOJIOKUTEIPHON WJIM  OTPHUIATENFHOW), TIOCIEIOBATEIBHOCTh 3HAYCHUH ITOH
byHKIUM ABiAeTCA OECKOHEYHO OONBIION MOJIOKUTEIBHOW MM OECKOHEYHO

. . lim f(x)=wx
OospiIoN oTpunaTeapHON. O003HaUaeTCs == .

OcHoBHbIE HeOTIPeeJeHHOCTH MpPe/IeJIOB U UX PACKPbBITHE.

o 0
OcHoBHBIE BU/IbI HEONPEACTCHHOCTEN: HOJIb JCIWTbL Ha HOJb (6) )

[0e]

OECKOHEUYHOCTh ACJIUTh Ha OCCKOHEYHOCTh (;) , HOJb YMHOXHTb Ha

oeckoneunocts (0 00), OECKOHEUYHOCTh MHHYC O€CKOHEUHOCTh (00 — 00)
€IMHWIA B CTENEHH OecKoHeuHocTh 1%° , Homb B cremenn Homb 0°0
OECKOHEYHOCTh B CTEHEHH HOMb 00”,
PackpbiBaTh HeoNpeaeIeHHOCTH MTO3BOJISET:
yhnpouieHue Buaa GpyHkuuu (mpeodpa3zoBaHue BbIPAKEHUS C UCIIOIb30BAHUEM
(bopMyJ1 COKPAILLIEHHOTO YMHOKEHUS, TPUTOHOMETPUUECKUX (hOpMY!II,
JIOMHO>XCHHEM Ha COTPSHKCHHBIE BBIPAXKEHHUS C TIOCIEAYIONINM COKpAIICHUEM U

T.1L.);

HCIIOJIB30BAHNC 3aMCUYATCIIbHBIX IIPCACIIOB,

npruMeHeHune npasuia Jlonurans;

HCIIO0IL30BaHNEe 3aMEHBI OCCKOHEYHO MAaJIOrO BBIPAKCHUA CMY

HKBUBAJICHTHBIM(HMCIIOJIb30BAHKE TaOJIUIIBI SKBUBAJICHTHBIX O€CKOHEYHO MAJIbIX ).

Crpynnupyem HeonpeAeJeHHOCTH B Ta0JuIy HeonpeaeaeHHocTe. Kaxnomy Buay
HEOIPEAEIEHHOCTH TOCTABUM B COOTBETCTBHE METOJ €€ PACKPBITHS (METO/

HaxO0XJICHUS TIpesena).

Bunsr MeToabl HaXOXKICHUS TIpeiea
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http://www.cleverstudents.ru/limits/LHospitals_rule.html
http://www.cleverstudents.ru/limits/equivalent_infinitesimals.html
http://www.cleverstudents.ru/limits/equivalent_infinitesimals.html

HEONPEAEIEHHOCT
en
<0> HeoOxoaumo mpeobpa3oBath U ynpocTUTh BeipaxeHue. Eciu
0 sin(kx) kx
€CTh BBIPAKEHHUE BUJIA —— WJIM ———, TO IPUMEHSIETCS
kx sin(kx)
MEPBbIMA 3aMEUYaTEIbHBIN TTPEIIEII.
(f) Heobxoaumo npeoOpa3zoBath U ynpoCcTUTh BbipakeHue. Eciu He
(00]
IIOMOTaeT, TO UCIIOJI30BaTh NpaBwiio Jlonuras.
0+ 0), (o0 — o) : 0
’ Heobxoaumo npeoOpa3zoBaTh HEOMPEAECIEHHOCTh K BULY 5
(09)
1581051 (—), 3aTe€M NPUMEHUTH MpaBuiio Jlonurans
oo
1%, [IpuMeHsieM BTOpPOM 3aMevaTelIbHbIA MPEESIT
IHpumepl:
2
x“+2x-3

2
1 —_
Beruncnure npegen 3x" =5x+2

Pewenue.

[Moncrasisiem 3HaueHue:lim =
x—1 3x2-5x+2 3:12—-5-1+2

x?+2x-3 _ 12+21-3 (0)
—\o

[Tpuinm k HeonpeaeneHHoCTH. CMOTPHUM B TaOJIMIly HEOIIPEAEIEHHOCTEN ISl

BbIOOpA METOJ1a PELIEHUs U TPOOYyEM YIPOCTUTH BhIpaskeHHe. Tak Kak U YUCIUTEND U

3HaAaMCHATCJIb o6pama}oTC$[ B HOJIb IIPpH X =] , TO €CJIN PA3JIOKHNTHh HA MHOXHWTCIIN 3TN

BBIPAKEHUS, MOXKHO OYJICT COKPATUTh (X-1) M HEOMPEICIIEHHOCTh HCYC3HET.
Paznoxum yuciuTens Ha MHOKUTEIH:

x'+2x-3=0

D=2*-4.1(-3)=16=

X -3
2
_x_'z:_z_'_—;(ﬁ:]:;

X' 4+2x-3=(x+3)x-1)
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http://www.cleverstudents.ru/expressions/polynomial_factorization.html

Paznoxum 3HamMeHaTellb Ha MHOKUTEIIN

3x* —5x+2=0
D=(-5f-4-3.2=1=

II=—=
2-3

x2=5+ﬁ=]¢
2-3

3x1—51:+2=3[x—§](x—])

Hamr npenen npumer Bux:

x?+2x—3 (0)__ (x+3)x-1)  x+3 1+3

}ci—r>r}3x2—5x+2= _}cl—r>r}3(x_%)(x_1)_:lcl—rgg(x_%)zg(l_%)

0

=4
[Tocne npeoOpazoBaHus HEOMPEAECICHHOCTh PACKPHLIACK.
x*+2x-3 4
Omeem- =13 —5x+2
PaccmoTpum nipesiesibl Ha OECKOHEUHOCTU OT CTEMEHHBIX BhIpaxkeHUM. Ecimn
ITOKA3aTCJIN CTCIICHHOI' O BI)Ipa)KeHI/IH ITOJIOKUTCIIBHBI, TO HpGI[eJI Ha 6€CKOHCLIHOCTH
6€CKOHCIICH. HpI/I‘ICM OCHOBHOC 3HAQUCHHUEC UMECCT HaI/I6OJ'IBH_IaH CTCIICHb, OCTAJIbHBIC

MOYHO OTOpPAachIBaTh.
IIpumep?2:.
fim X+ _2xj —4
Beluvcnuts npegen 3x +12

Pewenue.

7 5
Lox +2xy -4 o0
lm——  ={_
o 3y 412 ol
CreneHb yuCaUTENS paBHA CEMH, TO €cTh M=/. CTeneHb 3HaMEHATEeJIs TAK)KE paBHA

7
cemMu N=7. PaB,[[e.]'H/IM M YMCJIUTENb U 3HAMEHATEIh Ha * |
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. x”+2x°—4 7
row  3x7 + 12 xso 3x7 + 12
x7
2 4 2 4
:hm1+;—7_1+ooz—g 1+0-0
X—00 3 +”1% 3 +_J£; 340
X o0

3ananue: Boruncaursb npenen GyHKUMu:

Bapuanr 1.

3
. x3+1

1. lim =
x-—1x<—1

4. lim

Bapuanr 2

x?-25
x——1 X+5

1.

) 2x+x>2
2. lim
x—>—1%x%2+5x+6

2
. x“—=25
3. lim
x—>—1 x2-8

x—2

Vx+2-2

4. lim
x--1
Bapuanr 3

3
. x°=27
1. lim
x—3 Xx-—3

. 4x3-11x-3
2. lim————
x—3 3x2-8x-3

1+2x+x3
x—>c0 10x3+x2-80

6—Xx

lim
x—6 3—Vx+3
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KoHTpoJibHBbIE BOPOCHI:

1) Yto Ha3pIBaeTCs MpeaesioM PyHKIIHH?

2) Kakas cBs3b CyIIeCTBYeT MEXJIy OECKOHEYHO Majod U OECKOHEYHO
OosbiIon GyHKIHEH?

3) Ha3zoBuTte BuABI HEONPEIETEHHOCTEM.

INPAKTHYECKAS PABOTA Ne 10

Ha3Banue mnpakTudeckoil padoTbl: Bwvluucienue npeoenos, c600AUWUXCA K
3ameuamenbHbviM npeoeiam

esanb padoThl: HAYYUTHCS BHIYUCIATD MPEEIBI.

3HaHus:

OCHOBHBIE MAaTEMATHYECKUE METOJIbI pelieHrsT NPUKIAAHBIX —3a7ady;
OCHOBHBIC TMOHATHS W METOJbl MaTEMaTUYECKOTO aHaJIu3a, JUHEUHOU anreOphl,
TEOPUI0 KOMIUIEKCHBIX YHCEJ, TEOPUH BEPOATHOCTEH U MaTeMaTUYECKOU
CTATUCTUKHU; POJIb M MECTO MaTEMAaTHUKH B COBPEMEHHOM MHPE MPU OCBOCHUHU
po¢heCCUOHANIBHBIX AUCIUILIMH U B chepe mpodheCCUOHATIBHON IEATeIbHOCTH
YMEHHS:

AHaJIM3UPOBAThH CIIOKHBIE (YHKIIUU U CTPOUTH UX rpaduKu
Teopernueckuit MaTepua:
sinx

IlepBblii 3amMeuaTe/IbHBII Mpeaea uMeeT BUA: lim =1
x—-0 X

Ha npakTuke ydaiiie BcTpedaroTcs MOAU(PUKAIIUN EPBOr0 3aMe4aTe/IbHOr0

sin(kx)

npejaesa B uje: lim 1

x—0 kx

rae, K — koapuiment.

CaeacTBusi IepBOro 3amMe4yaTeIbHOI0 npejeJia:
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kx . 1 1

2. lim—
x—0 sin kx x—0

Ipumep 1:

Haittu npenen:
Penienue:
IloxacraBisiem 3HaueHUE:

HIHMZ<E>

=0 2x 0

HpI/IH_U'H/I K HCOIIPCACICHHOCTH HOJIb ACJIUTHb HAa HOJIb. CMOTpI/IM B Ta6J'II/Igy

HeolpeieeHHOCTEN AJis onpeiesieHus: MeToa peuienus. KomOuHanust cunyca u ero
aprymMeHTa IOJICKa3bIBaeT HaM O IPUMEHEHNH [IEPBOT0 3aMeUYaTeIbHOro npeena, Ho
JUTSl 3TOTO CHavala Hy>KHO HEMHOTO Ipeo0pa3oBaTh BbIpakeHue. JJoMHOKUM Ha 3x U
YUCIIUTENb U 3HAMEHATENb JPOOH.

lim

sin(3x) _ (0\ 3xsin(3x)  (sin(3x) 3x i 3 sin(3x)
x—0 2x B ( ) B

0 3x-(2x) *o0\ 3x  2x)  xs0\2  3x

e

J -
Li]
B cuity ClIe/ICTBHS U3 IEPBOTO 3aMedaTelIbHOrO mpefena o8 X , IODTOMY

MPUXOJUM K PE3YNbTATY:

M[E.M}E.]:E

x—0

2 3 2 2

o - ) 1\*
Bropoii 3ameuaTenbHbII Mpeaes uMeeT BUA: lim (1 + ;) =e

X—00

WIM B IPYTOil 3amucu lirr(1) (1+x)*=e
X—

B CJIydac BTOPOro 3aMc4aTCJIbHOIO IIpcaciia MMCEM ACJI0 C HCOIIPCACICHHOCTBIO

BHJIa €MHHUIA B CTENEHN 0eCcKOHEYHOCTH(1%) .
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IIpumep 2:

x4l

. 2
i)
== x?+1

HOI[CT&BJ'I}IGM OCCKOHEYHOCTb:

Brraucnute npenen

x2+1 02+1

1im(1—ﬁ) * =<1 L) -0~ =0

X—00 _OOZ-I-]_

HpHHIJII/I K HCOIIPCACIICHHOCTU CAMHUIIA B CTCIICHU OCCKOHEYHOCTb. CMOTpI/IM

B T3.6J'II/I[IV HEONPEJICICHHOCTEH L OIIPCACIICHUA MECTOA PCILICHUA U

OCTaHaBJIMBACMCS HA IPUMCHCHHUHN BTOPOI'0 3aMCYATCIbHOIO IMPCacia.

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

Eciu X =% 10 I =%

HCXO,Z[HI)Iﬁ Ipcaci mocCjac 3aMCHBI IIPUMCT BHUI:

¥+l

1 _-

-t AN 1
]im[]— 12 )4 ={]°°}=]im[]+1) : =lhm {]+1) =g ?
. xt+1 o t = t

IIpumep 3:

X
. [x—])
Borunciuts npegen M 1
Pewenue:

[ToacraBisieM OECKOHEUYHOCTh:

X

-1
ol sl ()
X— x—'— X— ]+_ +
X

[Tpunm Kk HeoNpeaeIeHHOCTH €IMHUIIA B CTENIEHU 0€CKOHEYHOCTh, KOTOpast

YKa3bIBACT HA IPUMCHCHHUC BTOPOT'O 3aMCUATCIIbHOI'O IIpCaciia. BI)II[CJ'II/IM HCIYHO
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4acTh B OCHOBAHMH MOKA3aTE€IbHO CTCIEHHOM (1)YHKHPIPII
2 2

x—-1_ x+1-2 x+1 B
x+1 x+1 x+1 x+1 x+1

Torma npenen 3anuiercs B BUJE:

inf 2 =)ot 2 )

x+1 —

E—m

Crnenaem 3aMeHy nepemeHHbIX. [TycThb
x+1
t=——=2t=—x-1=x=-2¢-1

Eciu X = 10 T —> =0

Hcxonnslii mpeaen nocie 3aMeHbl MPUMET BU:
X

(1) =am=mm (155

li
xl—g‘}) x+1 X—00
. 1y "2t-1 | 1\ -2t ~
X—00 t t—oo t t
1 -2t
= lim (1 + —)
t—oo t
1 -1
- lim (1 + —)
t—coo t
1\ 1371
= lim <<1+—> ) -<1+—> =e2-(1+0)1=e?
t—oo t (o'e]

B npeobpa3zoBanusx ObUIM UCIIOJIB30BAHbI CBOMCTBA CTENEHU M CBOMCTBA MPE/EIIOB.

3ananue: Boruncaursb npenena GyHKOui:
1) lim (1 + )
X—00 X
2) lim (1 +2)5*
X—00 X

: 2\x
3) llm(1+3x)

X— 00

firn 5
r=0 . 4 X
4)
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e 1-cosdx
5) x—0 qx

52X

3x

lim
— 0

6) *

7) ©Psinix

KoHTpoJibHBbIE BONPOCHI:
1) Yro Ha3bIBaeTcs mpenesioMm GyHKIUU?
2) ChopmynupyiiTe nepBbIii 1 BTOPOil 3aMedaTeIbHbIC IPEICIbI.

3) HazoBuTe BHIbI HEOTIPEICTICHHOCTEH.

INPAKTHYECKASA PABOTA Ne 11

Ha3Banue npaktuueckoil padotbi: Boiuucienue npouzeo0Hvix 3J1eMeHMAPHBLIX U
CLOHCHBIX PYHKYUIL

Hean pabGorbi: HayuuTbcss HaXoauTh MPOU3BOJAHBIE (YHKIHMM 10 (Qopmylam

g depeHurpoBaHusl.
3HaHus:
OCHOBHBIE MAaTEMaTUYECKHE METOMbI pelIeHns] NPUKIAIHBIX —3a4ad;

OCHOBHBIC TOHATHS M METOJbI MaTEMaTHYECKOTO aHalinu3a, JMHEWHOW anreOphl,
TEOPUIO KOMIUIEKCHBIX 4YHCEJ, TEOPUU BEPOSITHOCTEH UM  MaTeMaTHYEeCKOM
CTaTUCTUKU, OCHOBBI MHTETPAILHOTO W AU (PEepeHINaTbHOTO WCYUCIICHUS; POJb U
MECTO MaTEeMaTHKH B COBPEMEHHOM MHUpPE TIPU OCBOSHUU MPOQPECCHOHAIBHBIX
JTUCITUIUIMH U B cpepe MpodecCuOHAIBHON AeSITEIHbHOCTU
YMEHHUSsI:

aHAMM3UPOBATh CJOXHBIE (YHKIIMH UM CTPOUTh HX TpaduKH; pemaTh
NpUKIAAHBIC 337a4d C HWCIOJIb30BAHUEM DJEMEHTOB UM PEpeHIIMATBHOTO |
WHTETPAJTbHOTO NCYUCIICHHH

Teopernyeckasi 4acThb.

ITyTs X — apryment pynknuu f(X) u &% - Mamoe 4uCI0, OTIAMYHOE OT HYJIS.
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AX (yurtaeTcs «IeabTa MKC») Ha3bIBAIOT MPHUpalenneM aprymenTa ¢pynkuuu. Ha

PUCYHKC I10 OCH a6CHI/ICC IIOKa3aHO M3MCHCHHUC apryMCHTa OT 3HAYCHUA X 10

sHavenns ¥ T AX (oTcrona BUIHA CYTh HAa3BaHHS «IIPUPAIIEHHE» apIyMEHTa).

X, +Ax

[Ipu mepexosie OT 3HAYEHHS ApPryMeHTa ¢ K 3HAYEHUs PYHKIUU U3MEHSIOTCS

f(xﬂ]

COOTBETCTBEHHO OT 710 flxo +4x) IPY YCIOBHH MOHOTOHHOCTH (DYHKITUH Ha
OTpe3Ke

[x0; X9 +A x] . PazaocThf (xy +A x) — f(x9) =A f(x) Ha3pIBAIOT MpHpPAIIEeHAEM
¢ynxmun f(X), cooTBeTCTBYIONMEM TaHHOMY IIPUpAIIEHHIO apryMmenTa. Ha pucynke

npupaiieHue QyHKIMY MOKa3aHo MO OCH OpJUHAT.

I N 1
www.cleverstedents.

Omnpenesenue npou3BoaHON GyHKINH B TOUKE.

X, + Ax
- TOYKH 3TOI'0

ycts Gynxims f(X) onpenencHa Ha npomexyTke (a; b), *¢ u
npomexyTka. [ponssoanoii pynxuun f(X) B Touke *° HaseBaeTca npemen

OTHOIIEHMS NPUpaNeHns QYHKIMH K IPHPAIICHIIO apryMeHTanpu &% = 0,

O6o3Hauaercaf’/ (x,) = Jim Ai(;)
X—

IpaBuaa nupdepenuuposanus. lIpousBoanbie 31eMeHTAPHBIX QYHKIUH

1.(c) =0 11.(a*) =a* Ina
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2. (x) =1

12.(sinx)' =cosx

3. (U+v) =u’ +V

13.(cosx) =-sinx

4.(w) =u'v+v'u

14.(tgx)' =
(t9x) cos’ X
! / / _
uj uv+vu 15. (ctax) =
5 (;j R (ctgx) sin’ x
6 (CU)/ =uc’ 16. (arcsinx)’ _ 1
1—x?
7. () = 17.(arccosx)’ = -1
1-x?
1 1
8.(Inx) == 18. (arctgx)’ =
(nx) X (arc gx) 14+ x2
/ 1 / —1
9. (logx) = =loge 19. (arctgx) =T
_|_

HaiiTu npou3BoaHbIe CAeAYOIINX QYHKIUMN:

IIpumep 1
y=x2-4x+3.
Pemenue:

y /= (x%4x+3) "= (x?) - (4x) + 3.

ITo gpopmynam 1,2, 3,6 u 7 Tabmuus! 2.1, nonyuum y' = 2x-4.

IIpumep 2
5 1 1
x4
y x  x? 3x°
Pemenne:

BBoast 1poOHbIe 1 OTpHUIaTENbHbIE TTOKA3aTeNn, TPeodpa3yeM NaHHYI0 (PYHKIUIO:

1 -1 1
y=x2+5x3 —x7+=x" .

[Tpumenss gopmyiisl (6 1 7), HOIy4rM:




2
;1 5 2 1
YTk ke x X
Ipumep 3
f '(x)= l-I\—/—f/; - Beramenmts (1),
Pewienue:

[To popmynam (5 u 7) nomydum:

(\/E)/(l+\/§)—(l+\/§)/ -&:ﬁ
L+ Vx) L+ Vx) L+Vx)

/ _ 1 .
§ (X)_ 2\/;(1+ \/§)2 ’

f =

. 1 _ 1 :1
) 21+ 1) 22" 8
IIpumep 4
(1+«/;)2
y=+——"/L
X
Pemntenue:

PackppiBaem CKOOKH M IPOU3BOIUM JICIICHUE:

(1+ x/x)2 1+2Vx+x 1 2
= ==+—+1 .
X

X X Jx

HCHOHBByeM I[pO6HI>Ie N OTPHULATCIIBHBIC IIOKA3aTCJIN, ITPUBOASA JAHHOC BBIPAKCHHC

K Buay (7) Tabmuusl 2.1:

1
y=x"+2x 2 +1 .

Haxoaum Ipou3BoaHyo y '

3
y =—x? +2(%jx 2 :—iz— L
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IIpumep 5
Haiitu npou3BoHyto 2-T0 MOpsiaka oT PyHKIIUU y=x-sinx .
Pentenue:

Hcnone3ys dopmyinsl 4,2 u 12 Tabmuist 2.1, momydanm:

y' =(x) sinx +x(sinx)" =sinx +XxcosXx .

JupdepeHupys TpousBoaHy0 y |, umeeM:
y" =(sinx)" +(x)' cosx + x(cosx) =cosx +Cosx —xsinx =
=2C0SX —XsinX.

IIpumep 6

JIBM KeHUE JIeTUYMKa MPY KaTamyIbTUPOBAHUH U3 PEAKTUBHOTO caMoJIeTa
o 3
MOKHO TPHOIM3HTENBHO ommcath popmymoit S=3,7t" +Int—19t (m). Onpenenuts

CKOPOCTb M YCKOPEHHME JIETYMKA YePE3 2 € MOCII€ KaTamyJIbTUPOBAHUS.
Penienue:

ITo popmynam 3, 6,7 u 8 Tabnuis 2.1:

v=$,v=(3,73 +Int-19t) ,

Torna v=3,7+3t? +}—19:25,9 m/c; a:d—v;azll,lt2 +}—19;
t dt t
1(m 1
a=222t- —2(—2); a_, =222-2-_=4415M/, .
t°\c 4 c

IIpousBoaHasn cj10:KkHOM PyHKIUU

Ecrmi y = §(u), e u = (x), T-€. €CIH y 3aBUCHT OT X Yepe3 MPOMEKYTOTHbIH

apryMeHT U, TO Y Ha3bIBa€TCS CIOKHOU (DYHKIIMEH OT X.

[IpousBoaHas CiOXXKHOM (DYHKIIMU paBHA MPOU3BEACHUIO €€ MPOU3BOJHON IO
MIPOMEXKYTOUYHOMY apryMEHTy Ha MPOU3BOJHYIO 3TOr0 apryMeHTa MO HE3aBUCUMOM
nepemennoii:y’ =§ ' (u)-u’(x).

HexoTopeie hopmyIibl TaGIUIBI MPOU3BOAHBIX TETIEPh OYAYT UMETh BU/ :

(un)/ =nu n-1 u/
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(sinu) =cosu-u’
(cosu) =-sinu-u’
U T.J.
HaiiTu npou3BoaHbIe CAeAYIINX QYHKIUM:

Ipumep 1.
y =(1+5x%)".
Pemenue:
[Momaras 1+5x = U u y = U3, mpumenss mpaBuino 1udpepeHIUPOBAHKS CIOKHON
GyHKIUHA, UMEEM:

y =3u?(1+5x) =3(1+5x)’ -5:15(1+5x)2.
IIpumep 2

y =sin3x.

Pemenue:

[Tonaras 3x= U, HailieM, UCTIOJIb3Ysl COOTBETCTBYIOIIHNE (DOPMYJIBI:
y' =(sinx®) =(sinu) =cosu-u’ =cos3x* -3

y' =3c0s3x.

Hpumep 3

y =sinx®.

Pemenue:

[Monaras x°= U, HaiieM:

y' =(sinx*) =(sinu) =cosx-u’ =3x* cosx’.
IIpumep 4

B kakol MOMEHT BpEMEHH CKOPOCTb TeJld, JBWXKYIIETOCAd IO 3aKOHY
S =3t* —15t + 2, paBHa 0? Haiitn yckopeHue Tena.

Pentenue:
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CkopocTh Tenma V. - 3TO IepBas NPOM3BOAHASA OT MEpPEMEINCHHMs S Mo BpeMEHH:
TS
V= d_tS; 3aKOHy V = (3t2 —15t + 2)/ =16t —15.
15
Ecnu v=0, To 0=16t-15 => t = r = 2,5(c)

N
— - N d V
yCKOpeHI/Ie a_ — 9TO IICpBasg MPOU3BOAHAA OT CKOPOCTHU V I10 BPpCMCHMU: a=——,

it
a=(6t—15) =6(1%2)

IIpumep S

Touka coBepiiaer kojedaTeabHbIE ABHKEHUS MO OCU a0CIUCC IO 3aKOHY X =COS®I .
Haiitn MOMEHT BpeMeHH, KOTJ]a CKOPOCTh paBHa Hy 0. UeMy B 3TO Bpems paBHO X?

Penienue:
dx i .
V:E:—cosmcot; O=mwsinmt;

KT KT
kn=ot=t—; X=cos——==41 .
® ®

3ananue: Haiitu npou3BoaHble (GYHKOMA NpPH JAHHOM 3HAYeHUH
aprymeHra:
Bapuanr 1

1. f(x)=x3—-3x2+4x-5; f'(2)

2. f(x) = (x—DVx+1; f'(3)

@)=Y p)

f(t) =t%+e%; f/(0)

f@) == f(V3)

fx) = 2x3 — 4x% — 5x + 3; f'(2)
fO) =—-DVx+1; f'(3)
f@=%=f'(2)

9. f(t) =3t —e3+1; f'(2)

o &~ w

© N o
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x+1

10.f() = 125 F/(3)

Bapuanr 2

2 5 4 '
1. f(X)=4X +10—\/—§+3{/7—;;f(1)

2. flx) = (x+ Vvx? = 1; f'(2)

3. f(2) =" 1 (V3)

4. f(x) = 3ve®*3; f/(0)

5. (1) =1-——; f'(2)

6. f(x) =sin?x; f'(/4)

7. F(x) =Incosx; F'(—m/3)
8. f(t) =sint —cos?t; f'(0)
9. f(2) = tgz f'(n/4)

10. f(x) = e"™*; f'(0)

Bapuant 3

1. f(x) = cos?x; f'(—m/4)
f(z) =Insinz; f'(r/6)
F(x) = cosx + sin® x; F'(0)
f(x) =Inctgx; f'(-m/4)
f) =e2; f'(m/4)
f(z) =1Insin?4z; f'(/16)
f(x) = cos?x?; f'(m/4)
f(x) =2sin*xcosx; f'(/2)
0(x) = eSin2x _ 30082x; £7(()
10.F(y) = tg?3y; F'(0)

© ©o N o 0o bk~ w DD

KoHTpoJibHBIE BONIPOCHI:
1) 3anuiure onpeaeneHue Npou3BOIHON
2) Uem otiuMuaercss MpPOW3BOAHAS CJIOKHOW (YHKIIMA OT TPOU3BOTHOMN

aNeMeHTapHON QyHKIMH?
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INPAKTHYECKAS PABOTA Ne 12

Ha3zBanue mnpaxkTnueckoii padoTbl: Bwiuucinenue  HneonpeoenéHnvlx u
OnpeoenéHHbIX UHMEeZPaioe.

Hear padoTbl: HAYYUTHCS BBIYUCIATH ONPEACHEHHBIA W HEONpPEIEIEHHBIN
MHTETPAJIbI C MOMOIIBIO TAOIUIBI OCHOBHBIX UHTErPajioB

3HAHMS:

OCHOBHBIE MaTEMaTUYECKHE METOMbI penieHuss NpUKIaJHbIX —3ajad;
OCHOBHBIE TOHSATUS M METOJbl MAaTEMaTHYECKOTO aHajiu3a, JIMHEWHON aireOphl,
TEOPUI0 KOMIUIEKCHBIX YHMCEJ, TEOPUU BEPOSTHOCTEM U MaTEMaTUYECKON
CTaTUCTUKU; OCHOBBI MHTEIPAIBHOTO U JU(DPEpeHIHATBHOIO UCUUCIEHUS; POJIb U
MECTO MaTeMaTHUKH B COBPEMEHHOM MHpE IpPH OCBOEHHMH MpOo(ecCrOHAIbHBIX
JTUCHUIUIUH U B chepe mpodheCcCUOHATIBHON IEATeIIbHOCTH
YMEHHUS:

Pemarep 3amaum Ha BBIUKCIECHUE BEPOSITHOCTH C HCIIOJIb30BAHUEM
AJIEMEHTOB KOMOMHATOPUKH; PEIIaTh MPUKIIAIHbIE 3aJa4H C MCIOJb30BaHUEM

9JIEMEHTOB U] hepeHIIMATHPHOTO U HHTETPAITHHOTO UCYUCICHUN

Teopernuecknii MmaTepuas:
OmnpenesieHue nepBoodpa3HO.
[TepBooOpazuoit  ¢yukuuu f(X) Ha  mpomexyTke (&; D) HazpiBaeTcss  Takas

F'(x)=f(x) Ui JTF000T0 X U3

¢yukius F(X), 4YTO BBIMOJHACTCS PABEHCTBO
3aJJaHHOTO MPOMEXKYTKA.

Ecnu mpuHAT, BO BHUMaHHE TOT (haKT, YTO MPOM3BOJHAs OT KOHCTaHTHI C paBHa
Hymo, To copasemmuBo paseHctBo (F(x) +C)/ = f(x) . Takum o6pa3som,
dyskmus f(X) umeer MHOXecTBO —mepBooOpa3Heix F(X)+C, s  mpou3BOIBHOU

KOHCTaHThl C, TpUYeM OITU TMEpPBOOOpa3HbIC OTIWYAIOTCS JpPyr OT Jpyra Ha

IMPOU3BOJIBHYIO ITOCTOAHHYIO BCIIMIYHHY.
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Onpenenenue HeonpeaeJIeHHOT0 HHTErpaJa.

Bce wMHOXecTBO mepBooOpa3Hbix (yHKIuH f(X) Ha3pIBaeTCS  HEOMPEACICHHBIM

Jf(x)dx:F(x%C.

WHTETPAJIOM 3TOM PYHKIIMU U 0003HAYAETCS

Bripakenue S x ) HA3BIBAIOT N0ObIHMezpaibHulM  sbipaxcenuem,  a f(x) —
noovinmeepanvhou @ynxyueti. [1oAbIHTErpATbHOE BBIPAKCHHUE TIPEICTABISACT COOOM
muddepentman Gyukiun f(X).

JleiicTBe HaXOXKIEHUS HEW3BECTHOW (PYHKIIMU TO 3a7aHHOMY ee auddepeHmany
Ha3bIBACTCS HeonpeoeleHHbIM UHTETPUPOBAHUEM,  MOTOMY  YTO  PE3YJIbTaTOM
UHTCTPUPOBaHUS  siBsieTcss  He onHa  ¢yHkoms F(X), a  MHOXecTBO  ee
nepBooOpasubix F(x)+C.

Ha  ocHoBaHuMM  CBOWMCTB  MpPOM3BOJHOM  MOXHO  CHOPMYIMPOBATH U

JI0Ka3aTh CGOICHEA HEONPedeNeHH020 uHmezpaa (CBOCTBA IEPBOOOPA3HON)

[ £xlde) =(F(r)=C = £1x)

1.
[TpousBoHas pe3ynbTaTa MHTETPUPOBAHUS PABHA MOABIHTETPAIbHON (PYHKIIMH.

| JalF(e) =[xk = | 7= F (e}
Heonpenenennslii unterpan auddepenunana (yHKUUA paBEeH CyMME CaMmou
(GYHKIIUHM U TPOU3BOJILHON KOHCTAHTBHI.

; [ R flclde = k- [ flx )

: , rue k — IPOU3BOJIHHAS KOHCTaHTA.

KoadduimeHT MOKHO BRIHOCHTD 3a 3HAK HEOIPEICICHHOTO HHTErpaa.

. [t )£ gl e = [ flxc ket = [ glic e

Heonpenenenusiii MHTErpan CyMMbl/pa3sHOCTH (GYHKIHNA paBEeH CyMMe/pa3sHOCTU
HEOIpe/IeNICHHBIX UHTErPAJIOB (PYHKIIMHA.
3ajaua UHTETPUPOBAHUS SIBJISIETCS 00paTHOM 3amadye AuddepeHuupoBaHus, TpruieM
MEX/1y 3TUMU 33JJa4aMH OUY€Hb TECHasl CBS3b:
e TIEPBOE CBOMCTBO TO3BOJIIET NPOBOAWTH TPOBEPKY HWHTErpUpOBaHUsA. YUTOOBI
MIPOBEPHUTH MPABUIHLHOCTh BBHITIOJTHEHHOTO HHTETPUPOBAHUS JOCTATOUYHO BBIYUCIUTH

MMPOU3BOAHYIO IIOJIYUYCHHOI'O pe3yJibTara. Ecau IMOJIydCHHasA B PC3YJIbTATC
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muddepennpoBanuss QyHKIMS OKaXETCs] paBHOW MOABIHTErPAIbHON (QYHKIIMH, TO
3TO OyZIeT 03Ha4YaTh, YTO UHTETPUPOBAHUE MPOBEJICHO BEPHO;
BTOPO€ CBOWMCTBO HEOINPEIECICHHOIO MHTErpajga IO3BOJSET 10 H3BECTHOMY
muddepennany GyHKIMA HAUTH ee iepBooOpa3Hyto. Ha 3ToM cBoiicTBE OCHOBaHO
HEIOCPEICTBEHHOE BBIYHCIIEHUE HEONPEIETIEHHBIX HHTErPAJIOB.
HecomHeHHO, OCHOBHBIM METOJOM HaXOXKJIEHUS MEPBOOOPa3HON (QYHKIIUU SIBISETCS
HEMOCPEICTBEHHOE UHTETPUPOBAHUE C UCIIOIB30BaHUEM TaOJUIIbI TEPBOOOPA3HBIX U
CBOMCTB HEOIPEIEICHHOr0 MHTEerpaiga. Bce apyrue MeToabl MCHONB3YIOTCS JIMILIb
JUTS TIPUBEJIEHUS UCXOIHOT'O MHTErpajia K TAOIMYHOMY BUJLY.

Taduanna nepBoodpa3HbIX (HeonpeaeeHHbIX HHTEIPaJIoB).

1

wET
. : .
‘I‘.T"G'.TZ — . r=—1
»—1
_|'|:--.s.-‘r=C
. . i ) P’y 1 e
_I-a" Celn = -, a=1 ———= = —arecrg — — O
11 2 T o— X" i b
. .
_ b .
‘l-e o = & — O ‘Fizarcsrn——c
|| E_ 2 o]
% e S
= n|.‘r|— : ek 1 X — 2
x [——==—m -
4 T o— T 2 N — 3
COs X o = s1rn v — O
4
[ ! =
_l-sin.'r-d:rz—cos.‘{—(__f .I. 2 —1n|_'-r— * _a|—C
xT =3
.
o oo |1 — cos xl
COST X S111 % | Exhalliee |
:
o .
J‘ i = —crgw — O o 1 [1— sin x o
s~ ¥ Bt i e
COs X COs Y
riee .
.|-7~ = arcsin v — O
Wl — x-
ek
_l-i'ﬂ=a='crg_‘r—c
1 — x-

@dopMysbl W3 JIEBOTO  CTOJIOIA  TaOJMIIBI  HAa3bIBAIOT  OCHOBHBIMH
nepBooOpazHbIMU. DOpMyIIbI U3 MPABOTO CTOJIOIIAa OCHOBHBIMU HE SIBJISIIOTCSI, HO
OYE€Hb YacTO HCHOJIB3YIOTCA MNPU HAXOXKIACHUM HEONPEIACICHHBIX MHTErpaioB. Mx

MOKHO TTPOBEPUTH U (DPEPEHIIMPOBAHNEM.

Ilpumep 1:

flx)=2"+Z-3f5x+4

Haiingute MHOECTBO MEepBOOOPa3HbIX (PYHKIIUU

o | w

Pewenue.
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1
flx)=2* NESoopS +5-[5x+4)3
3anuiieM (pyHKIHUIO B BUJE 2 2 :

Tak kak wuHTErpaJl CyMMbl (QYHKIHMI paBeH CyMMe HMHTErpajgoB, TO

Ifl:_x_fldr = HE *4 = (5x+ -Hl:dr = Il” v + ‘[% | 5x + :I_fl_% dx

3
5

-

Yucnosou KOA(pGUIUEHT MOYKHO BBIHECTU 3a 3HaK VHTErpaJia:
‘o . 3 . .
Ifl,_x__ldr = I 25dx+ ‘F; ASx+4dy=
. 3 ¢ 2
= I 27 dx += -II,_Sx— 45 dx

[lepBbIil M3 WHTErpajoB MNPUBEACH K TAOIUYHOMY BHUJY, MOITOMY H3 TaOJIUIIBI

"'J.‘f

Ydx="_~+C
MepPBOOOPA3HBIX JUIS MMOKa3aTeIbHOU (QYHKIIUH UMEeM m2
1
J (5x+4Fdx
JIiss  HaXOXKIEHUS BTOPOTO HWHTETpaa BOCTIOJIB3YEeMCsI  TaOJnIei
e+l
Jx""-drz * Lc
MepPBOOOPA3HBIX TS CTETICHHOM GyHKITIH p+l u
[ £k x+bdx == Flk-x+b)=C
[IPaBUIIOM k . To €CTh
. 1 1 - WL 3 :
[Bx+apdx=c— (x+4) +C, = (5x+4F +C
51, 2
a3
CnenoBaTelbpHO,
I oe 1

I fl:_.T_fldﬁr = I: ax —hE -JI,_f! x—4dr=
_ - -, il : = |:~r—4]§ -, =

In2 2020 ' )

2 9 2
= —— 5y -4di: =-C

In2 40 '

c=cC,+ 3 o

rie p:
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Onpenenennpiii nHTerpag Hororona-JleiiOnuna.
Celfuac TOKa)keM, KakK JaeTcsi TOHATHE OMpeJeICHHOro WHTerpaisa HpioToHa-
JleiObnawmma.
[Mycte  ¢ynkuus Yy=f(X) umeer mnepBooOpasnyio F(X) Ha otpeske [a; D], mpuuem
3HaYeHUE IEepBOOOpa3HOM B Touke X=a paBHo Hymo: F(a)=0. Onpeodenennvim

unmezpanom Hoeromona-Jleiibnuya Ha3pIBaeTCsl 3HAUYCHUE STOW IMEPBOOOpPa3HOM B

b

}' flxlde=Flb)
Touke b, To ecTh, ° npu F(a)=0.
910 ONpEIEIICHNE TECHO CBS3aHO ¢ popmyoit Hprorona-
B
[ ()= F(b)-Fla)
JleitOnumna = . B dopmyne Hrrorona-Jleitonuna F(X) — nrobdas

nepBooOpa3Hass U3 HX MHOXECTBA, a B IOHATUU OIPEAEICHHOIO HWHTErpaa
Herotona-Jleitbnuna ¢uryprupyer UIMEHHO Ta MepBOOOpa3Has, KOTopas oOpaliaercs
B HOJIb IIpU X=4.

®opmynny HproTona-JIeliOHUIIa HA3BIBAIOT OCHOBHOU (HOPMYNIOU  UHMESPATbHO2O

ucHuciernusl.

Ilpumep2:

x dx

—_—e

Beraucnuth 3HaUYeHHWE OMPEEICHHOTO HWHTErpasa no (opmyne Hrprorona-
JleitOuura.

Pewenue.

2
y=Xx
I[J'DI HadaJia OTMCTHUM, YTO IIOJABIHTCTpAJIbHAA q)yHKI_[I/IH HCTIPCPLIBHA Ha

orpeske [1;3], ciaemoBarenbHO, HHTETPUPYEMa HAa HEM.

U3 Ta6J'II/II_IBI HCONPCACIICHHBIX MHTCTPAJIOB BUJAHO, UTO JJIA

2
y=x o .
(bYHKHI/II/I MHOXECTBO HepBOO6p8.3HBIX JJIA BCEX ACUCTBUTCIIBHBIX 3HAYCHUU
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Fﬁ;ﬂ = Ixjdx =

4AprymcCcHTa (CJ'IGI[OB&TGJIBHO, n 11 xre []’ 3]) 3aIIMCBIBACTCA KaK

IE
Flx)==—
. Bosemem nepoo6pasnyio mpu C = 0: 3,

Teneps ocTanock Bocnoyb30BaThes hopmysnoi Herotona-JleiOHuma nss

P 0 0F 17 26
J‘ _'{'_ C{ir_'{' = = _——— =
1 3 3 3 3
BBIUUCIICHUA OHpGI[GJ'IeHHOFO I/IHTGFpaJIai 1
Ilpumep 3:
P4y 22 S4x L2
} — v wm | ———— v
Y.oX X

Breraucauth ONPECACIICHHBIC UHTEIpaIbl ~-

Pewenue.
1

-]
Ha OTPEC3KC |: 2 MMOABIHTCIpAJIbHAA (1)YHKI_[I/IH HCIIPCPbIBHA, CJIICAOBATCIIbHO,

MHTErpUpyema.
442
HaiineM MHOECTBO epBOOOpa3HBIX (YHKIUU x
j”‘)‘f—jzdx=4jxdx+2jx-1dx=2f Z.c
: x  .Bospmem

X

F (x)= 2x7 —E
epBOOOPa3HYIO X u no popmyne HeroTona-JIeitOHMUIIA BRIYUCTUM

TpeOyeMblil onpeIeIeHHbI UHTETPaJL:
L ) ]

4P +2 0 (., 2
‘[—C{{T=|2.T_——
X

-4 - S

[Tepexoaum KO BTOPOMY OIpeIeICHHOMY UHTErpaly.

Ha otpeske [-1;1] noasinTerpanbHast QyHKIUS HE OTpaHUYEHA, TaK

. 4 42
lim ——— =+

meX , TO €CTh, HE BBITIOJHAETCS HEOOXOUMOE yCIOBUE
bb

KakK

¥

C



, 2
F(x)=2x"-Z
MHTErpupyeMocTH GpyHKIMHN Ha oTpe3ke. bonee Toro, X He sBIseTCA
4x° +2
y= 3
nepBooOpa3Hoi GyHKITUH X" ma orpeske [-1;1], mockonbky Touka 0,

IpUHAJUIEkKAIIAs OTPE3KY, HE BXOJAUT B 00JIaCTh OIpeneaeHUs (PYHKIIHH.
CirenoBartenbHO, HE CYLIECTBYET ONPEACIeHHbIN nHTerpai Pumana u Herotona-
4x° +2

y= _
Jleitbanma nyst hyHKIUN X" maorpeske [-1;1].

3ananue: BoinosiHuTe 321aHKs 110 BApHAHTaM

Bapuanr 1
1. Haiiti MHTErpabl: a) f(§x3 — %xz + 8)dx; 6) [ sin? x cos x dx;
B) [(e?* + 2)dx

2. Haiitu unrerpasr: _[ x27*dx

3. Haiigure MHTErpasl:a) fozn sin xdx; 0) f003(2x + 5)dx
Bapuanr 2
1. Haitru unrerpansr: a) [(x* — 8x3 + 4x)dx; 6) [ cos? x sinx dx;

B) [(€3* + 1)dx

2. HaiiTi uHTETpaIHL: Ixzegxdx;

3. Haiimute unrerpansra) | 03 3 xdx; 0) f_on cos(2x)dx
KoHTpoJibHBIE BONIPOCHI:

1) Kakoiif uHTEerpai Ha3bIBae€TCsA HEONPEAeIEHHBIM?

2) Kakoil uHTerpai Ha3pIBa€TCs ONpPeAeIEHHBIM?

3) 3anumure popmyny Herotona-Jleitbuuiia.

4) HazoBUTE OCHOBHBIE METO/Ibl UHTETPUPOBAHUS.

INPAKTHYECKASA PABOTA Ne 13

Ha3BaHue npakTuueckoii padorsi: Peuienue npuxkiaousix 3a0ay ¢

UCnOJ1b306anHUEM UHMEZPATIBHO20 UCHUC/ICHUA
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Hean padorbi: HayunThCst BEBIUUCIATD MIIOMIAIU TUIOCKUX (DUTYP C TTOMOILBIO
onpeneEéHHOro HHTerpaa.
3HaHus:

OCHOBHBIE MaTEeMaTUYECKUE METO/Ibl PELICHUSI MPUKIAIHBIX 33/1a4; OCHOBHBIC
MOHATUS M METOJAbl MAaTEeMaTUYECKOTO0 aHaldu3a, JUHEWHOW alreOphl, TEOPHIO
KOMILJIEKCHBIX YHCEJI, TEOPUU BEPOSITHOCTEM M MATEMAaTUYECKON CTATUCTUKU; OCHOBBI
UHTErPaJbHOTO U JAU(GEepeHIIUaTbHOTO UCYUCICHHUS; OCHOBHBIE MaTeMaTHUYECKHE
METO/bl PELIEHUs MPUKIAJAHBIX 337a4; POJIb U MECTO MAaTE€MaTUKH B COBPEMEHHOM
MUpE MPU OCBOCHUU MPOPECCUOHANBHBIX JUCIHUIUIMH U B chepe npodeccrnoHanbHOM
NEeATENBHOCTH;

YMEHHUS:

pemars 3a4a4d Ha BBIYHUCICHUE BEPOSITHOCTU C MCHOJB30BAHMEM 3JIEMEHTOB
KOMOMHATOPUKH; PEIIaTh MPUKIAIHBIE 3aJa4l C UCIOJIb30BAHUEM AJIEMEHTOB
¢ depeHInanbHOr0 U HHTErpaibHOTO HCUMCIEHUI

Teopernueckuit MaTepuas:

I'eomempuueckuii cmbicn Y A

ONPENEIICHHOTO  WHTErpaja:  OH

YHUCIIEHHO paBeH IO /
KPUBOJIMHENHOU Tpaneuuu,

OTPaHUYECHHOU MPSAMBIMU X=a; X=b;

y=0 u 4YacTpio rpaduka (yHKIUH

y=f(X), B3sATOW CO 3HAKOM ILIIOC,

eciau (PYHKIMS TIOJIOKUTENbHA, U CO
3HAKOM MHHYC, €Ciu  (PYHKIUS

OTpHIIaTENIbHA. y = f(x)

S = [ f(x)dx=F(b) - F(a)

IIpuMeHeHMe onpeieIeHHOT0 HHTErpaJia JAJifl pelieHUs MPUKJIAIHbIX 3a/1a4.
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IIpumep 1

OHpCI[CJII/ITL Ijiomanab ITOJIYBOJIHBI

CUHYCOU/IBL. y =sinx

1
S = j sinxdx = —cosxlg = —(cosIll —cos0) = —(—1—-1) =2 (xB.exn.)
0

IIpumep 2

Onpenenuts  IJIOMIAAb  ITOJHOM
CUHYCOU/IBI.
y = sinx
Pewenue:
21 0 7 27 X

S =j sinxdx = —COSXlzg[
0

=—(-1-1)=0.
Omeem: S=0.

IIpumep 3

CKOJIBKO KpacKd HYXHO, 4TOOBI 3aKpacuTh 00JIaCTH, 3aIlITPUXOBAHHBIC HA PUCYHKE
3agaun 3.15?

Pewenue:

JIy1st 0OTBETa HA ATOT BOIMPOC HAIO0 OpaTh TUIOMIAIH 10 MOIYITIO

IIpumep 4

OnpenenuTh IOMAab GUTYPHI, 00pa3oBaHHON (QYHKIHEH Y = 2X + 5 U OChIO, TIpH

n3menennu x ot 0 mo 3.
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2

(2x+5)dx— —27

|3 — 9415 = 24 (kB.ex.)

+5x| =X | + 5x

HpnMep 5

BEIMUCIUTH IIOMAAb MEXTy IMHUAME V; = X2Uy, = 3X.

Pewenue:

HNckomas miomaap — 3TO Pa3sHOCTh MEXKIY IUIOMIANb0 TpeyroinbHuka OA X, u
IUIOIIAJbI0 KPUBOJIMHEHHOIO TPEYrOJIbHUKA, OrPAaHUYEHHOIO CBEPXY YYaCTKOM

napaboJibl.

Y\
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Touky X, - abCIUCCy TOYKM HepecedyeHusl TpapuKOB HAXOMUM U3 ypaBHEHUS X2 =
3x = x5 = 3:
3 3
" x%13 x33 27
S =j3xdx—jx dx = 37|0— | =——9=45(kB.ex.).

310" 2
0 0

IIpumep 6

OnpenenuTs cWily AaBIEHUS BOJbl HA CTEHKY aKBapuymMa C OCHOBaHUWEM 1,8 M u

BeIcOTOM 0,6 M.

Iano: Pewenue

_ F

I=1,8Mm p:_:F:p-stjpdS.
H=0,6Mm S

Haitm: E-2 BenuuuHa [ JaBlIeHMS SKMAKOCTH Ha
TOPU30HTAIBHYIO IUIOIIAJAKY 3aBUCHT OT
IIyOUHBl €€ MOrpyKeHus X, T.e. OT
PacCTOSHUS TUIOMIAAKH 10 IOBEPXHOCTH
HKUJKOCTH
P=103 Kl"/M3 p=p-g-x.
G:9,8M/C2HJ]OHIaIIB 3TOM moJiocku ds = I - dx.
0,6 ,
F = f pgx -1+ dx = pgl —|%0 = pTgI(o,% _0)=018-10%-9,8-1,8

210
0

= 3,2(kH).

3ananue: BoinoiHuTE 321aHUA 110 BADHAHTAM

Bapuanr 1.
BbIYHCIHTD [IOLIAAb GUrypbl, orpaHHueHHyro mHmsive: T (X)=1-x°, y=0.
Bapuanr 2.

BBIYMCIUTE IUI0MIaab (GUIyphl, OrPaHHYEHHYIO JIMHUAMHE: Y =3X— X2, y=-X

Bapuanr 3.
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BBIUKMCINTE MIOMANL (UTYPBI, OTPAHMYEHHYIO JIMHUAMM: y=1-x2, y=x%+2,
x=0, x=1.

KoHuTposibHbIe BONPOCHI:

1) 3anumure popmyny Hetorona-Jleitonuiia.

2) B yeM 3akirouaeTcsi TEOMETPUUECKUNA CMBICI ONPEACICHHOTO UHTETpaia?

INPAKTHYECKAS PABOTA Ne 14

Haspanue npakrnuyeckoit padorbl: Peuwienue npuxnaouvix 3adau c
UCnONb308aAHUEM QU PepeHyuaIbHO20 UCHUCIEHUA

eab padoThI: HAYYUTHCS BBIIOJIHATH JEUCTBUS C YUCIOBBIMH MHOXKECTBAMM.
3Hanus:

OCHOBHBIE MAaTE€MaTU4YECKHE METOJbI pelleHus] TPHUKIATHBIX —3ajad;
OCHOBHBIC TMOHATHS W METOJbl MaTEMaTUYECKOTO aHaJIn3a, JUHEUHOU anreOphl,
TEOPUI0 KOMIUIEKCHBIX YHCEJ, TEOPUH BEPOSITHOCTEH U  MaTeMaTU4YECKOU
CTaTUCTUKHU; OCHOBBI HHTETPAILHOTO U TU((DHEPEeHIINATBLHOTO UCUMCIICHUS; OCHOBHBIE
MaTeMaTUYECKUE METOJIbI PEIICHUSI IPUKIIAJIHBIX 3a/1a4; POJib U MECTO MAaTeMaTUKU
B COBPEMEHHOM MHUpPE TMPH OCBOCHUU MPOGECCHOHANBHBIX TUCHUIUIMH U B cdepe
poheCCUOHATIBHON eI TEIIbHOCTH
YMEHHUS:

pemaTh 3a1aud Ha BBIYKCICHHE BEPOSITHOCTH C MCHOJIb30BAHHEM 3JIEMEHTOB

KOMOMHATOPUKHU; peniaTh MNPUKIAJAHBIC 3a7a4d C UCIOJIb30BaHUEM DJIEMEHTOB
muddepeHnanTsHOTO M HHTETPATbHOTO UCUNCTICHUN

Teopernuecknii MaTepuaJ:
ITycte dyukus ¥ = [ () nuddepeHiupyeMa B TOUKE £, TO €CTh MPHUPAIICHUE dTOMN
(YHKIIMK MOHO TPEJACTaBUTh B BHUIE CYMMBI JIBYX CJlaraéMbIX: JIMHEHHOTO
OTHOCHTEJIBHO AT ¥ HEIMHEMHOTO YJIEHOB:

Ay = f'(x) - Ar+ a(Az) - Ax
rae a(Ax) — 0 npu Ar — 0

Onpenenenue
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Huppepenyuanrom  (ynkyuu Ha3pIBACTCS JIMHEHHAS OTHOCUTEIBLHO AT  YacTh
npupaiienns Gpyrxiun. Ona o6o3nadaercs kak @Y wmm 4 (). Takum o6pasom:
dy = ['(x) - Az
3ameuaHue
Huddepennnan QyHKIMHA COCTABIAET OCHOBHYIO YaCTh €€ MPUPALICHHSL.
3ameuaHue
Hapsiny ¢ nonstuem nuddepennmana GyHKIIMU BBOAUTCS MoHATHE Tuddepenimana

aprymenta. Ilo omnpenenenuto ougpgpepenyuan apeymenma ectb NpupalicHue

aprymeHTa:
dr = Ax
3ameuaHue
®opmyiy must mubdepenimana QyHKIHE MOKHO 3amucats B Bune:dy = [ (x)dx

dy ;
— = ["x)
Orcrona moay4aem, utod:s

I/ITaK, 9TO O3HA4YaCT, YTO IIPOU3BOAHAA MOIKCT OBITH NpcaACTaBJICHA KakK

O0OBIKHOBEHHAsI Ipo0b - OTHOLIEHUE TP PepeHIINaNoB (PYHKIIMN U apTyMEHTA.

I'eomerpuyeckuii cmbici auddepenunala
Huddepenunan QyHKIuU B TOUKE 0 paBeH MPUPAIICHUIO OPAMHATHI KacaTeIbHOM,
MIPOBEICHHON K rpauKy (yHKIIMM B 3TOM TOYKE, COOTBETCTBYIOLIEMY MPUPAILIEHUIO

aprymenTta Az,

CaoiicTBa nudpepeHunana

Huddepenunan ob1anaer cBOWCTBAMH, AHATIOTMYHBIMU CBOMCTBAM ITPOU3BOIHOM:

4C°=0 (C - nocrosunas Bemmunna) (1)

d (10 +v) = du + v, (2)
d v =u dv+v du, (3)
diCu)=C du, (4)
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d[i]:vdu;u .:i’v.
v v (5)

IIpumenenue nudPpepeHnuana B npuOJIMKEHHbIX BHIYUCIECHUSIX
VY cranoBiaeHHOE MPUOIMKEHHOE PABEHCTBO

Ay e v Ax My = gy,

WIH
MO3BOJIAET UCTIOIB30BaTh AU PepeHiuan 1 NpuOIMKEHHBIX BEIYUCICHHHI
3HaYeHUN QyHKLINU.

3anuiieM NpudInAKEeHHOE PAaBEHCTBO Oosiee moaApoOHo. Tak kak

by = f+A0)- F(x,), g =7 (R)x  F (m+8x) =7 (%)= () bx

W
Fx 4 £ ()4 7 () i )
JAudpepeHunan cJI0KHOU PYHKIIUM.
TTycts Y croknas dymxmus X; » =7 () a o(x). Tiuddeperuman 2 =Y % sroii

GyHKIMH, UCTIONB3Ys (OPMYITY JUTsl IPOU3BOJIHOMN CIOXKHOW PYHKIIUU, MOKHO

v :f'[u)u 'dx H

3amucaTh B BUIE o #'d ecty nquddepennuan GyHKImH U,

dy :f'[ujcfu T e.df [u) :f'[u:].:fu.

IIOATOMY

3nech nudpepeHnpan 3anrcad B TOM ke BUJIE, KaKk U B popMyJie s

muddepennmana GyHKIMA HE3aBUCUMOM TIEPEMEHHOM X, T. €. 4f (x)=1"(x) dx, XOTS

apryMeHT U SBJISIETCS] HE HE3aBUCUMOM MEPEMEHHOM, a PyHKIMEH X.

T
Mpumep 1. Tana pynxmus > (3x-3)

Pemenue.

Yepes dx:

dy =((3x-5)" )'e(3x-5)'dx =

=7(3x-5)" 8 3dr=21(3x-5)" dx

Ucnionp3oBanu npasmiio audhepeHIupOoBaHus CTETICHHOW (PYHKITUH.
Yepes du:

u=3r-S=y=u =dv="Tu"du

[loxcTapiss B HOdy4E€HHOE PaBEHCTBO ¥ = 34~ 3 y du = 3dx nonmyuaem
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dy =Tu'du =7(3x—5) #3dx=
= 21{3x-5)"dx.
YacTHbIE NPOU3BOIHbIEC
Kaxxmast wactHas mponsBoaHast (110 X 1 110 YY) (pyHKIIUH IBYX TEPEMEHHBIX
MpeICTaBIsieT cO00 OOBIKHOBEHHYIO MPOU3BOAHYIO0 (DYHKIIUU OJTHOM IepeMEeHHOM

npu PUKCUPOBAHHOM 3HAYEHUU JAPYTON NIEPEMEHHOM:

& .
a_fx(xsy}

(rme y = const),

%=ﬂmﬁ

(rme X = const).

[ToaTOMYy "YacTHBIEC TPOU3BOAHBIC BEIYUCIIAIOT MO (popMyiaM U IIpaBUiIam
BBIYHMCIICHUSI IPOU3BOIHBIX (DYHKIIMI OJTHOM MEpEMEHHOM, CUUTas PU ATOM JIPYTYIO
MEPEMEHHYIO TOCTOSSHHOM (KOHCTaHTOM).

IIpumep 2. HaiiTu yacTHbIE TPOU3BOIHBIE QYHKIIUN

z=5xy —x

Pemrenune. Mmeem

i 2.1

—=15x"y"-1

x d

(y puxcupoBano);

% =10x"y

oy

IIpumep 3. HaliTu yacTHBIC TPOU3BOIHBIC (DYHKITUN
Z=3n [xy)

Pemenue. B oguH mar Haxoaum

ik
— = ycos [xy)
2z
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(Y duKcupoBaHO U SBISETCS B JAHHOM CIIy4ae MHOXKHUTEIIEM IPH X, KaK €CJIU ObI

APrymecHTOM CHHYCa OBLIO 5X: TOYHO TakK K€ 5 OKa3hIBaCTCS epeca 3HaKOM

yHKIHH);
% = xcos( Xy

(X puKCUpPOBAHO U SBISCTCS B JAHHOM CJIy4ae MHOXHTEJICM IPH Y).

IIpumep 4. KonuuecTBeHHAs: BEJIMUMHA MOTOKA /7 TACCAKUPOB KEJIE3HBIX JOPOT
MOKET OBITh BhIpaXK€HA (HYHKIIHEH

IT=NIR,

riae /1 — xonuuecTBo naccaxupon, N — 4UCIIO KUTENEeH KOPPECTOHTUPYIOIINX
MYHKTOB, R — paccTosiHun MeX 1y MyHKTaMHu.

Yactnas npousBojHas Gpyukiuu /7 o R, paBHas

a7 N

R

IIOKA3bIBAET, YTO YMEHBIICHNE MOTOKA MACCAXKUPOB 00PATHO MPOMOPLUOHAIEHO
KBAJIPaTy PACCTOSHHS MEKTy KOPPECTIOHIMPYIOIIUMHE ITYHKTAMH [IPH OJHOMN U TOM
K€ HHUCIICHHOCTHU )KHTeJIeﬁ B HYHKTaX.

Yactras npousBonHas /7 no N, paBHas

a7 2N

a R’

ITIOKA3bIBACT, YTO YBEIMYECHHUE NIOTOKA ITACCAKUPOB IPONOPLUOHAIBHO YABOCHHOMY
YUCITy )KATEJIEW HACENEHHBIX ITYHKTOB IIPU OJTHOM U TOM K€ PACCTOSTHUH MEXKIY

ITYHKTaMH1

3ananue: BpinoJiHuTE 321aHUSA 110 X0y PA0OTHI

_ 1 _
1. Haiitu yacTHbIE IPOM3BOAHbIE (YHKIUU® ~ 55y - x.

2. Haiinure nquddepeHnnaisl IepBoro mopsaka: a) y = e*sinx; 0) y = e*v2x;

By =(x*-2)% ny=vx?-1

3. Haiinure nuddepenumansl BTOporo nopaaka: a) y = Insin? 2x;6) y = e™*
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4. CocraBbTe (HOpMYITy IJIsl BBIYUCICHUS OTHOCUTEIBHOMN MOTPEITHOCTH (QYHKITHH
y = sin? 3x
KoHuTposibHbIe BONPOCHI:
1. Yo nazeiBaercs auddepeHnraioMm GyHKIUu?
2. llepeuncnure cBoiicTBa quddepennnana

3. Uro HaspiBaeTcs quddepeHIranom ciIoKHOU QyHKIUNu?

HPAKTHYECKASA PABOTA Ne 15

Haspanue npakTu4yeckou padorsl: Peuwenue npukiaounvix 3a0ay ¢
UCNOIb306AHUEM KOMOUHAMOPUKU.

Heap padoThl: HAYYUTHCS peLIaTh 33/1a4U Ha MOACUYET Ynciaa KOMOUHAIIHI.
3HAHMA:

OCHOBHBIE MaTEMaTUUYECKUE METOJbl PEUICHUS MPUKIIAIHBIX 33]1a4; OCHOBHBIE
MNOHATUS W METOAbl MaTeMAaTUYECKOTO aHaju3a, JUHEHMHON anreOpbl, TEOpHUIO
KOMILJIEKCHBIX YHUCEJI, TEOPUU BEPOSITHOCTEW U MATEMATUYECKON CTATUCTUKH; OCHOBBI
MHTETpalbHOTO U U PEepeHIINaIBHOTO HUCYUCIICHUS; OCHOBHBIE MAaTEMaTHYECKHE
METO/bl pELIEHUs MPUKIAJAHBIX 337a4; POJib U MECTO MAaTE€MaTUKH B COBPEMEHHOM
MUpE MPU OCBOEHUU MPOPECCUOHANBHBIX JUCHUILUIMH U B chepe npodeccnoHanbHOU
NEeSATENBHOCTH

YMEHUS:

PemaTe 3amaum Ha BBIUHCIEHUE BEPOSTHOCTH C HCIIOJIb30BAHUEM
AJIIEMEHTOB KOMOMHATOPUKU

Teopernueckast 4acTb

KomOunaropuka  u3ydaeT  KOJMYeCcTBa  KOMOWHAIMM,  MOJYMHEHHBIX
ONpEJEICHHBIM YCIOBUSIM, KOTOPbIE MOKHO COCTaBUThH U3 JIEMEHTOB, O€3pazIuyHO
KaKoi MpUpoOAbl, 3aJaHHOTO KOHEYHOro MHokecTBa. llpu HemocpencTBeHHOM
BBIUHUCIICHUH BEPOSITHOCTEH YacTO HCIHOJB3YIOT (HOpPMYIbl KOMOMHATOPUKH.
[IpuBenemM HanboJIee yoTpeOUTENbHbIE U3 HUX.

[Tpu pemennu 3a1a4 KOMOMHATOPUKH UCTIONB3YIOT CIEAYIONINE TTpaBua;
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Ilpasuno cymmol. Eciu HEKOTOpbIE OOBEKT A MOXET OBITh BBHIOpaH H3
COBOKYITHOCTH OOBEKTOB M CIIoco0aMu, a Apyroil o0bekT B MokeT ObITh BBHIOpaH n
crioco0amu, To BEIOpaTh MO0 A, 1160 B MOxHO m + n cmoco6amu.

Ilpasuno npousseodenus. Ecim oObeKT A MOXXHO BBIOpaTh M3 COBOKYITHOCTHU
00BEKTOB M CIIOCO0aMH M TOCIE KaXI0TO TaKOTO BbIOOpa 00beKT B MOXHO BBHIOpaTh
n cocobamu, To mapa o0beKTOB (A, B) B ykazaHHOM NOpsKE MOXKET OBITH BHIOpaHa
m-n CrocoO0aMu.

Ilepecmanogxamu HA3bIBAIOT KOMOMHAIIMM, COCTOSIINE U3 OJHUX U TEX K€ N
Pa3UYHBIX JJIEMEHTOB W OTJIMYAIOIIMECS TOJIBKO TMOPSAKOM HX PaCHOJOXKECHHUS.
Yuciio Bcex BO3MOXKHBIX MEPECTaHOBOK
Pr=n!, rae n! = 1e¢ 2¢ 3¢ en.
3ameTnm, uTO YI00HO paccMmarpuBath 0!, momnarasi, o onpenenenuto, 0! = 1.

Pasmewenusmu Ha3pIBalOT KOMOMHAIIMM, COCTAaBJICHHBIE W3 N Pa3IUYHBIX
AJIEMEHTOB TI0 M 3JIEMEHTOB, KOTOPHIE OTINYAIOTCS TUOO COCTABOM AJIEMEHTOB, JTNOO

HX ITIOPAOAKOM. Yuciio BceX BO3MOXKHBIX paSMGH_IeHI/Iﬁ

AV =n(n-Din-2). (n-m+1) = (—Ll)'

Couemanusimu Ha3bIBAIOT KOM6I/IHaHI/II/I, COCTABJICHHBIC H3 1N Pa3IMYHBIX
QJICMCHTOB IIO m 3JICMCHTOB, KOTOPBLIC OTIHMYAIOTCA XOTHA OBI OOJHHUM JJICMCHTOM.

Yuciio couetaHui

- nl

"l —m)l
IIpumep 1.
CKONBKO TpEeX3HAYHBIX YHCENl MOXHO CcOCTaBUTh W3 mudp 1, 2, 3, ecaum kaxmas
urdpa BXOIUT B U300pakeHHE Yncia TOJIbKO OJIUH pa3?
Penienue.
HckomMoe 4nciio TpeX3HauYHbIX YUCe
P;=31=1*2*3=6.
IIpumep 2.
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CKOJIBKO MOXHO COCTaBUTb CUTHAJOB U3 6 (PJIaXKKOB Pa3IMYHOTO LIBETA, B3ATHIX I10
27

Pemenue.

HckomMoe 4Kciio CUrHaaoB

A%=6*5=30.

IIpumep3.

CkoJIbKUMHU crioco0aMu MO>KHO BBIOpATh JIBE€ JI€Tald M3 slUKa, cojepskaiero 10
neranen?

Pemenue.

Hckomoe ymciio crnoco6oB

C?10= 10!/ (2! 8!) = 45.

[ToquepkHeM, YTO 4HCIa pPa3MEIICHUM, IEPECTAHOBOK W COYETAHUM CBS3aHBI
PaBEHCTBOM

A" =PnC™M,.

IIpumep 4.

Ha ponurenbckom coOpanuu npucytctByeT 20 uenoBek. CKOJIBKO CYIIECTBYET
Pa3JIMYHBIX BApUAHTOB COCTaBa POAUTENBCKOTO KOMHUTETA, €CJIIM B HErO JOJIKHBI
BOWTH 5 4enoBek?

Pewenue:

B sTom mpumepe Hac He MHTEpeCyeT nopsAok pamumii B ciricke komuteTa. Ecnu B
pe3yJbTaTe B €r0 COCTaBE OKAKYTCSI OJHU U T€ K€ JIFOJIU, TO TI0 CMBICITY JJI HAC 3TO
OJIMH W TOT k€ BapuaHT. [loATOMYy MBI MOXEM BOCHOJB30BAaThCS (POPMYJION IS
MoJicueTa ynciia couetanuu n3 20 3j1eMeHTOB 110 5.

Nuade OyayT 0OCTOSTH Jie1a, €CJIM KK UJIeH KOMUTETAa U3HAYAJIbHO OTBEYAET 3a
OTpeeiCeHHOE HampaBjieHue padboTel. Torja mpu OJHOM M TOM K€ CIHUCOYHOM
COCTaBe KOMMTETa, BHYTPHU HEro BO3MOXKHO 5! BapuaHTOB mnepecTaHOBOK, KOTOPHIE
UMEIOT 3HaueHue. KonnuecTBo pa3HbIX (U MO COCTaBy, U MO c(hepe OTBETCTBEHHOCTH )
BAPUAHTOB ONPEJIENAETCS B ATOM CIIy4ae YUCIOM pa3menieHui u3 20 3J1eMEHTOB 10
S.

3ameuanue.
79



Brime npeamnojarajioCb, 410 BCEC n 3JICMCHTOB pPa3/IMYHBI. Ecnu xe HEKOTOPBIC
QJICMCHTLI IIOBTOPAIOTCA, TO B 3TOM ClIy4dac KOM6I/IHaHI/II/I C TIOBTOPCHUAMU
BBIYMCIIIOT MO ApyruM QopmynaMm. Hampumep, ecnum cpead n 3J1€MEHTOB €CTh
N12JICMCHTOB OJHOIO0 BHJA, N23JICMCHTOB Apyroro Buaa WU T.A., TO YHCIIO
IMEPECTAaHOBOK C ITOBTOPCHUAMU

Pn(n1, Nz, ...) =n!/ (N1 ny! ... ),rme ng+ N+ ... =n.

Pawweu;e%m;mu C nosmMoperUAMU U3 N 3JIEMEHTOB 1O M Ha3bIBAIOTCS ynopﬂdoquHble

M-3JICMCHTHBIC BI)I60pKI/I, B KOTOPBIX 3JICMCHTBI MOI'YT HOGMOPAMbCA. Hucno

——

A:L' = n™

pasmeujeHuti ¢ NOBMOPeHUIMYU BEITUCIISIETCS 110 hopMyJIe:

IIpumep S.

Bo3bsmem OykBhI B, A, P. Kakue pa3MenieHust U3 3TUX OYKB, B3SATHIX 10 JIBE, MOKHO
moayunTh? CKOJIBKO TaKUX HaOOPOB MOJYYUTHCA, ecliv: 1) OyKBBI B HaOOpe HE
MOBTOPAIOTCS; 2) OYKBBI MOT'YT MOBTOPSATHCA?

Pewenue.

1. Tlonyuarcs cnenyromiue Habopsl: bA, BP, AP, Ab, Pb, PA.

AY =n(n-Dn-2).(n-m+1 (—I:II

ITo dbopmyne
g3 113
2. s
MOJTy4aeM: B2l 1 HaOOpOB.
2. Tlomyuarcst na6opsl: bb, bA, bP, AA, Ab, AP, PP, Pb, PA.

mo_ »n
.A." 22 et

o dhopmyne TOJTyYaeM: ? HaBOpOB.

Hucno couemanuti ¢ noemopeﬁu}mu(n AJICMCHTOB, B3ATBHIX 110 M, TAC 2JICMCHTHI B

S (n+m —1)!

Im=1]1
HabOpe MOTYT MOBTOPSATHCS ) BEIUMCISIETCS 1O (POpMyIIE: mlfr-1)

IIpumep 6.
B xne6HoM oTene umerorcs Oyaku 6e5oro u uepHoro xyeda. CKoJIbKUMU
crocob6aMu MOKHO KynuThb 6 Oylok xyeda?

Pewenue.
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O06o03Hauas Oynku Oenmoro u yepHoro xyeda Oyksamu b u U, cocTaBUM HECKOJIBKO
Bb100OpoK: BBEBbb, BBYYEL, YYYYYB, ... CocTaB MeHsIETCS OT BEIOOPKH K
BBIOOPKE, MTOPSIIOK 3JIEMEHTOB HECYIIECTBEHEH, 3HAUNUT ITO - COYCTAHMS C

MIOBTOPEHUSIMU U3 2 110 6.

B _ |{n+m —1:|!

= 6 _ 6 _ ol
ITo bopmyne i 1)! mojy4aem €3 =021 =05 =% =7 triocobos.
Cnenaem npoBepky U BeinuiieM Bce BapuanThl nokynku: bbBbbb, BbBbBY,

bbbbYY, bbbYYY, bbYYYY, bU4YYYY, YYYYYY. Ux neilcTBUTEIBHO 7.
Ipumep 7.

CTpOouTENBCTBO JIECTHULIBI.

Pemenue.

Crtpourtcs JiecTHULIA, Beylast U3 TOUku A B Touky B(cM. puc.).

Paccrostnue AC paBHo 4,5 M, a paccrosare CB — 1,5 m. BeicoTa Kax/10i CTylIEHbKH

paBHa 30 cMm, a ee MIMpPUHA NOMKHA OBITH 1EeNbIM KpaTHbIM 50 cM CKOIBKUMU

criocooamu

MOKHO ITIOCTPOUTH J'IGCTHI/II_IY?

U3 YCIIOBUSA 3aga49 BUJHO, UYTO JICCTHUIA JOJI’KHA UMCTb 5 CTYIICHCK U COCTOATH U3 9

«OomoxoBy» jummHOU 50 cM. [ToaToMy cTyneHbku MOXKHO cTpouth B 10 mectax. Takum

o6pasoM, Hazo u3 10 MecT BBIOpaTh 5, M 3T0 MOkHO caenats C?p= 252 crocobamu.
3apanne: BoInoJiHUTE 3a/1aHUSI TI0 BAPHAHTAM.

Bapmuanr 1

1. CkonbKO IBYX3HAYHBIX YMCETI MOKHO cocTaBuTh U3 1udp 1,3,5,8,9 Tak, 4T0OBI

B Ka)XKJIOM YHCJIe HEe ObLIO OAMHAKOBBIX ITU(p?

2. U3 6 oTkpBITOK HaMO BEIOpaTh 3. CKOJIBKUMU CIIOCOOAMHU 3TO MOKHO?
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3. Ilpenmpusitue MOXKET MPEAOCTABUTh PAOOTy MO OAHOU CIIEUUATBLHOCTH 4
KEHIIUHAMHU, 110 APYTroi - 6 My KYHHaM, 110 TPEeThel - 3 paboTHUKaM
HE3aBUCUMO OT To1a. CKOJIBKUMHU CITOCOOaMU MOYKHO 3aIIOJIHATh BAKAHTHBIC
MeCTa, €ClIi UMEIOTCS 14 mpeTeHIeHTOB: 6 )KEHIIUH U 8§ MYy»XUYHH?

Bapuanr 2

1. CxoJBbKUMU CITIOCOOAMU MOTYT Pa3MECTUTHCS 5 YEIIOBEK BOKPYT KPYTJIOTO
crosa?

2. CKONBKAMH CIIOCOOAMH MOYXHO COCTAaBUTH (Py1ar, COCTOSIITNI U3 TPEeX
TOPU30HTAIBHBIX MOJOC PA3IUYHBIX LIBETOB, €CIIM UMEETCSI MaTEPUall CEMU
Pa3JIMYHBIX [[BETOB?

3. I'pynmy u3 20 CTYyIEHTOB HYKHO pa3leiuTh Ha 3 OpUrajbl, MPUYEM B MEPBYIO
Opuragy JOJKHBI BXOJUTH 3 YeJIOBEKa, BO BTOPYIO — 5 U B TpeTbio — 12.
CKOJBKHUMH CcIIOCO0aMHU PTO MOYKHO CHENIATh.

Bapuanr 3

1. U3 10 xanauaaToB HYKHO BBIOpaTh 3 yesoBeka Ha KoH(pepeHI 0. CKOIbKUMU
Pa3IMYHBIMUA CIIOCO0AMH 3TO MOXKHO C/IEJIaTh?

2. CKOJBKO pa3IMYHBIX MATU3HAYHBIX YUCET MOKHO cOocTaBUTh U3 1udp 0, 1, 3,
5, 7 TaK, 4TOOBI B KXKJIOM YHCJIE€ HE OBLJIO OAMHAKOBBIX LU(p?

3. Hns yuactus B komaHe TpeHep oToupaeT 5 ManpunukoB u3 10. CKoJTbKUMU
crioco0aMu OH MOKeT chOPMHUPOBATH KOMaH]Ty, €CIIU 2 OIpeIeSIeHHbBIX
MaJIbYMKa JOJKHBI BOUTH B KOMAaHAY?

KoHTpoJibHBIE BONIPOCHI:
1) Ha3zoBuTte BHIbI KOMOHHAIIHIA

2) HazoBuTe OCHOBHBIC TIPaBUIa KOMOMHATOPHKH

Cxema onpeodenenus 6uoa KomMoOuHayuu

82



CocTaBUTEL HECKOILKO KoMOMHaIRET (Bb160p0K)

v

IToBTOPSIOTCA JO1 3.IEMEHTHI B BhIGOpKe ?

aa

MeHseTcsa J¥1 cocTaB ?

)13/
»

N

He

MeHseTca J¥1 cocTaB ?

o

S

Cymec e Hex Jepecranosx Ilepecranos CywecTee Hex

Jot mopsiAox? uc X Jot MopsizoR?
10BTOP EHMAM

Aa eT He Aa

Pasmenyerie ¢ CoueraHua ¢ Coveranma Pasmemerma

TOBTOP eHHANY TIOBTOP eHIAMI

IHPAKTHUYECKAS PABOTA Ne 16

Ha3Banue npakruyeckou padorbl. Peuenue 3a0au na gvluucienue
éepoamHuocmen.

Ieanb padoTbl: HayunuThCsi BBIYUCIISATH BEPOATHOCTH COOBITHH.
3HAHMS:

OCHOBHBIE MAaTEMAaTUYECKUE METO/bl PELICHUS MPUKIAJHBIX 33]]a4; OCHOBHbBIE
MOHATUST M METOJbl MAaTeMaTHYECKOrO0 aHaiu3a, JUHEHHOW anreOpbl, TEOpHIo
KOMIUIEKCHBIX YHCEJN, TEOPUU BEPOATHOCTEM M MATEMATUUECKON CTATUCTUKHU; OCHOBBI
MHTETPATLHOTO U I PEepeHInaTIbHOIO UC-YHUCIICHUS; OCHOBHBIE MAaT€MAaTHYECKHUE
METO/bl PpEeLIEHUs MPUKIAAHBIX 337a4; POJib U MECTO MAaTE€MaTUKH B COBPEMEHHOM
MUpE MPU OCBOEHUU MPOGECCHOHANBHBIX JTUCIUILUINH U B chepe npodeccnoHanbHOU
NS TENbHOCTH;
yMEHHUS:
pemaTh 3a7a4i Ha BIYMCIICHHE BEPOSTHOCTH C UCIOJIb30BAHUEM JIEMEHTOB
KOMOMHATOPUKHU

Teopernyeckasi 4acTh:

1. Caiyuaiinoe coObiTHE
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CnyuaiiHoe coObITHE — 3TO JH000M (haKT, KOTOPBI B Pe3ysIbTaTe UCHBITAHUS
MOXXET TPOM30MTH WM He Npou3ouTu. CilydailHoe COOBITHE — 3TO pE3yJbTar
WCITBITAHUS.

WcnbiTanue (OmbIT, SKCHOEPUMEHT) — B 3TOM OIPEACICHUM MOHUMAETCs
OTpe/ieNIeHUE OMPEAeIEHHOr0 KOMIUIEKCa YCIOBH, B KOTOPBIX HAOMIOJaeTCs TO WK
WHOE sBIICHWEe, (UKCUPYETCS TOT WM WHOW pe3ynabTaT. VchmbITaHME MOXKET
IPOBOJUTHCS YEJIOBEKOM, HO MOKET OCYHIECTBISATHCS W HE3aBUCHUMO OT 4YEJIOBEKA.
YenoBek B 3TOM CIIy4ae BBHICTYIAET B POJIM HAOIIOAATENs.

CoOpiTHEe 0003HAYAIOTCS HAYaIbHBIMU MPOMUCHBIMH (3aryIaBHbIMU) OyKBaMH
naTuHCKoro andasuta A, B, C.

1. JlocToBepHOE COOBITHE — 3TO COOBITHE, KOTOPOE€ B pe3ysbTaTe
UCIIBITaHUS 00S3aTENBHO JJOJKHO MPOU30UTH.

2. HeBo3MoxHOe coObITHE — 3TO COOBITHE, KOTOPOE B pe3yJbTaTe
WCTIBITaHUS BOOOIIE HE MOXKET MPOU30UTH.

CoObITHS HA3BIBAIOTCSI HECOBMECTUMBIMU, €CITM HACTYIUICHHUE OJHOrO U3 HUX
MCKJTIOYAET MOSBJICHHUE JPYTroro. B mpoTUBHOM ciy4yae COOBITHSI — COBMECTHBIC.

[IpOTUBOINOIOKHBIE COOBITHS: 1Ba COObITUS A ® A HaspBaOTCA
MIPOTHUBOIIOJIOKHBIMH, €CIIM HE TOSBJICHWE OJHOTO M3 HUX B pe3yibTaTe JTaHHOTO
VCTILITAHKS BIICYET HOSBIEHUE Apyroro. (A umTaercsa «He A).

2. BepoSITHOCTD CJIy4ailHOTO COOBITHS

YwucreHHass Mepa CTENeHW OOBEKTUBHOCTH BO3MOXKHOCTH HACTYIUICHHUS

COOBITHS HA3BIBACTCS 8EPOSIMHOCIbIO CAVUAUHO20 COObIMUSL.

Knaccuueckoe onpedenenue BepoATHOCTH COObITUS A
m
P(A) =—
(A)="
BepositHocTh  coObITHSI A paBHa  OTHOLIEHUIO  YHUCJIA  CIIy4Yaes,
0JIaronpUATCTBYIOIIUX COOBITHIO A (M), K 0011IeMy YHCITy cliydaeB (n).

IIpumep 1

JlaGopatopHas Kpbica, ITOMEIIEHHAs B JIAOMPUHT, JOJKHA U30paTh OJUH U3

IIATHU BO3MOXXHBIX HyTGfI. JInmp OJWH M3 HUX BCIACT K INOOIIPCHUIO B BUJC ITHIIC. B
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NPEANOJI0KEHNHU, YTO KpbiCa C OJIMHAKOBOW BEPOSITHOCTHIO M30€peT JItoOOM MyTh,

KaKOBa BCPOATHOCTD BI)I6paHHOI‘O IIyTH, BEAYIICT'O K HI/IHIC?

1
Pemeﬂue:g

IIpumep 2
[Ipu Opocanuy UrpagbHON KOCTH, BO3MOXKHO, IIECTh MCXOJOB: BbINIajicHue 1,
2,3,4,5, 6 oukoB. KakoBa BepOSTHOCTb MOSBJICHUS YETHOTO YKCIIa OYKOB?

Pewenue: P(A) = % = %

CoOpiTHe A — «IOSBIICHHE YETHOTO YHCJA OYKOBY» OJarompusATCTBYIOT 3
ucxona (2, 4 u 6 04koB).
IIpumep 3

Bce narypanbhabie uncia ot 1 n1o 30 3amucaHbl Ha OJJMHAKOBBIX KapTOUKaxX W
MOMENIeHBI B ypHY. Ilocie TIIaTeNbHOTO TMEepEeMENTMBAHUS KAapTOYEK W3 YPHBI
M3BJICKAETCSA OJIHA KapTouka. KakoBa BEpOSTHOCTh TOTO, YTO YHCIO Ha B3SATOM
KapTOYKE OKAXKETCS KPATHBIM 57

Pewenue:

O6o3HaunM yepe3 A cOOBITHE, COCTOAIEE B TOM, YTO YMCIO HA B3STOM
KapTouke KpaTHO 5. B manHOM ucnbitanuu umeetcsi 30 paBHOBO3MOKHBIX MCXOJIOB,

13 KOTOPBIX COOBITHIO A OJIaronmpusiTCTBYIOT 6 ucxo0B 5, 10, 15, 20, 25, 30).

CnenoBatenbHo, P(A) = % =0,2

IIpumep 4

[TonOpaceiBatoT 2 MoHeThl. KakoBa BEpOATHOCTh, YTO 00€ YMAAyT «repOoOom»»
KBEpXy?
Pewenue:
4 ucxona opocanus mouet: I'T, T'P, PT", PP.
[Tyctb cobbiTHE A — «BBINANTHU 2 TepOay - ITOMY COOBITHIO OJIarONPUATCTBYET

OJIUH HCXOJ.

P(A) = % =0,25

1
4
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IIpumep 5

[TonpOpackiBatoTCs J1IBa UTPAJIbHBIX KyOHKa, MOJCYUTHIBAETCS CyMMa OYKOB Ha
BEPXHUX IpaHsX. YTO BEPOSTHEE — MOIYUUTh B CyMMe 7 WM 87
Pewenue:
O0603HaunM COOBITHS: A — «BBINANIO 7 OYKOB», B —«BBIMAIO 8 OUKOBY.
CoObITui0 A 0IaronpusITCTBYIOT 6 3yeMeHTapHbIX Ucxo10B: (1;6), (2;5),
(3:4), (4;3), (5:2), (6;1).
CoOpiTus B 6maronpusarctByet 5 ucxoaoB: (2;6), (3;5), (4:4), (5;3), (6;2).

Bcex paBHOBO3MOKHBIX HCX010B N=62 =36.

P(A) = ===+ =0,167, P(B) = — = 0,139

Utak, P(A) > P(B) nonyuuts B cymme 7 0O4KOB 00Jiee BEpOSITHOE COOBITHE, YEM
B CYMME€ 8 OYKOB.
3. CtaTtucTu4eckoe onpeaejieHusi BEPOITHOCTH

OTHOCHTENbHAS YacTOTa COOBITUS — 3TO J0JIA Te€X (PaKTUUECKH IPOBEICHHBIX

o m
UCIIBITaHUHM, B KOTOpBIX coObiTHEe A mosiBuioch W = P*(A)= —. D10 omnbITHas
n

AKCIIEPUMEHTAIIbHAS XAPAKTEPUCTUKA, TJI€ M — YUCJIO ONBITOB, B KOTOPBIX MOSIBUJIOCH
coObITHE A; N — YUCJIO BCEX MOBEJACHHBIX OIBITOB.
BeposTHOCTBIO COOBITHSI HA3BIBACTCS YKCIIO, OKOJIO KOTOPOTO TPYHIUPYIOTCS

3HAa4YCHUA YaCTOTbl JaHHOI'O COOBITHS B pPa3IMYHBIX CCPUAX OOJBIIOr0 YHCIIa

) . m
ucneitanuit P(A) = lim —
n—oo n

IIpumep 6

N3 982 60nbHBIX, MOCTYNHUBIINX B XUPYPTAUYECKYIO OOJIBHUILY 3a MecsIl, 275
YeJIoBeK UMeNu TpaBMbl. KakoBa OTHOCHUTENIbHASI YacTOTA MOCTYIUICHUS! OOJIBHBIX C

3TUM BHUIIOM 3a00J1eBaHUA?

Pewenue: P*(A) =%

IIpumep 7

[Tpu crpensbe no mumenu yacrora w=0,75. Halitu yncno nonaganuii npu 40

BBICTpEJIax.
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Pewenue. W = %:m =Wn; m = 0,75-40 = 30.

Omeem: Ob110 MoaydeHo 30 nmomagaHui.
4. 3aKO0H CJIOKeHHSI BEPOATHOCTEM

CymMa JBYX COOBITUH — 3TO Takoe COOBbITHE, MPU KOTOPOM MOSBISIETCS XOTS
OBl 0JTHO M3 ATUX cOoObITHH (A unu B).

Ecru A u B coBmectHbie coObITHS, TO uMX cymma A+B o0o3Haudaer
HACTYTUICHHE COOBITUSA A niu coObITHS B, mim o6onx coObITHI BMECTE.

Ecnu A u B HecoBMecTuMbIe coObITHS, TO cymMmMa A+B 03HauaeT HacTyIIeHUE
unu coobiTust A wiu coObitus B.
IIpumep 8

[ToGeauTens COpEeBHOBAHUSI HArpa)KJaeTcsi MpU3oM (coObiTHe A), ACHEKHOM
npemueit (coobitue B), menanwsio (coObitue C). UTo mpeacTaBisiOoT co00il coObITUS
A+B?

Pewenue:

CoObiTus A+B cocTouT B HarpakJIeHUU MOOSTUTENSI WM MPU30M JIEHEKHOM
MIPEMHUEH, UIIA TEM U IPYTHM.
IIpumep 9

Typuct umMeer BO3MOXHOCTh moceTuth 3 ropoga: A, B u C. O6o3nauaem
coObITHs: A — TypuCT nocetus ropoa A; B- Typuct nocetun ropoa B;

C-typuct nocetun ropoa C. B uem 3akitouaercs coobitue A+C?

Pewenue:

Typuct noceTus1 TOJIbKO OAUH U3 Topo1oB A miu C, WM OH OCETHIT UX 00a.

BeposiTHOCTH CyMMBI JBYX HECOBMECTUMBIX COOBITUHA paBHA CyMMe
BEPOSITHOCTEH 3TUX COOBITHIA:

P(A+B)=P(A)+(B).
BeposiTHOCTh CyMMBI IBYX COBMECTHBIX COOBITHI paBHA CyMME BEPOSTHOCTEH

X COBMCCTHOI'O ITOABJICHUA:

P(A+B)=P(A)+(B) — P(AB).
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CymMa BepOSITHOCTEH NUCKPETHBIM COOBITHM, 00pa3yloluX MOJIHYIO TPYIIILY,
paBHA €IUHULIE

P(A; )+ P(A »)+...= P(A,)=1

iP(Ai) =1

CymMa BepOsITHOCTEM MPOTUBOIIOJIOKHBIX COOBITUN paBHA €AMHUIIE:

P(A)+P(A)=1.

N

Ipumep 10

1
[IycTh BEpOATHOCTH TOrO, 4YTO 3a0er BbIMTpbIBaeT J[KKUM, paBHa 3> @

1
BCPOATHOCTb TOI'O, YTO 3a0er BBIMI'PACT TOM, paBHa E KaxkoBa BCPOATHOCTHL TOTIO,

4TO 3a0€r BBIMTPAET OJIUH U3 HUX?

Pemenwne: P(A +B) ==+

W=
U

8
15
IHpumep 11

BeposiTHOCTh TOTO, YTO y B3pOCJIOrO MAlMEHTA BCE 3yObl COXPAaHWINCh paBHA
0,67. BeposSTHOCTh TOro, 4YTO HEKOTOpble 3yObl OTCYTCTBYIOT paBHa 0,24.
BepositHoCTh TOTO, uTO OH 6€33y0BIit paBHO 0,09. BEuncnuTh BEpOSITHOCTH TOTO, YTO
y HalMeHTa HECKOJIBKO 3y00B.

Pewenue: P(A+B)=P(A)+P(B)=0,67+0,24=0,91.
Ilpumep 12

BeposiTHOCTh MoOmNajgaHuss B OMYXOJIEBYIO KIETKY «MHILIEHb» TEPBOroO
panuonyknuaa paBHa P =0,7, a Broporo —P =0,8. HaliTu BepoATHOCTH MOMAaIaHUs B
KJIETKY - «MHILIEHbY, €CJI Obl OAHOBPEMEHHO MCIOJIb30BAIKNCH 00a Ipenapara.

Pewenue:

P(A+B)=P(A)+P(B) - P(A -B)=0,7+0,8 - 0,56=0,94.

JIns HenpephIBHBIX CIy4allHbIN BEJIMYUH yCIOBUE HOPMUPOBKHA UMEET BU/L:

f_o:of(x)dx =1

IIpumep 13
88



B 6osbioil momynsuuy miogaoBoM Mymku 25% MyX UMEIT MyTaluio Tiias,
50% - myrammio kpeuibeB, a 40% Myx ¢ MyTtamued Tia3 U KpbuibeB. Kakosa
BEPOSITHOCTh TOT'0, YTO Y MYXH, HayJjauy BbIOPaHHOM W3 3TOM MOMYJSLUH, OKAXKETCS
XO0Ts OBl OJTHA U3 ATUX MyTalui?

Pewenue:

A — CoOsbITHe, cocTOsIee B TOM, YTO CIy4allHO BBIOpaHHass MXa HMEET
MyTaluu riaa3. B ectb coObiTHE, COCTOAIEE B TOM, UTO CIy4ailHO BHIOpaHHAs Myxa
MMEET MYTALMIO KpPbUIbEB. BEposSTHOCTH TOro, 4YTo MyXa HMEET OJHY WM 00€
MYTalHH:

P(A+B)=P(A)+P(B) - P(AB).
Torga P(A+B)=0,25+0,5 - 0,4- 0,25=0,65.
4. YcJI0BHAsI BEPOSITHOCTD

VYcnoBHas BEpOSITHOCTh COOBITHSI B — 3T0 BEpoATHOCTH coObITUs B, HaiineHHas
P YCJIOBUH, 4TO coObITHE A mpou3zonuio. O0o3nauvaercsa P(A/B).

Ipumep 14

B xopoOke conepxkarcs 3 Oenbix U 3 KeNnThiX TabJMeTku. M3 KOpoOKU JBaXKIbI
BBIHUMAIOT Hayrajg No OAHOM TabjeTke, HEe BO3Bpamas uUX B KopoOky. Haiitu
BEPOSITHOCTh MOSBJICHUS O€NbIX Ta0JETOK MpU BTOPOM HCHbITaHUU (coObiTHE B),
€CJIU TIPU TIEPBOM UCIIBITAHUM Obljla U3BJICUCHA JKeJTast TabsieTka (coObITHEe A).

Pewenue:

[Toce nepBOro UcnbITaHUS B KOPOOKE OCTAIOCh 5 TabJIETOK, U3 HUX 3 OebIX.

Hckomoe ycnoBue BepositHoctu: P(B/A)= 3/5 =0,6.

Ipumep 15

B xopobke Haxomutcs 8 kpacHbIX U 6 Oenbix Tabnetok. M3 kopoOku
MOCJIeIOBAaTEILHO O3 BO3BpaIlleHUs W3BJIeKaroT 3 TaOiieTku. HalTh BeposITHOCTH
TOT0, Y4TO Bce 3 TaONCeTKU OelbIe.

Pewenue:

O6o3HaunMm; A - nepBas TabyneTka Oenasi, Ay - BTopas Ta0ieTka Oenasi, Az -

TpeThs TabsieTKa Oemnasi.
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P(AlAz A3):P(A1)P(A2 /Al)'P(A3 /A1 Az);

P(A1)= = P(A2/A)= =i P(As/A1A) =

P(A) = P(AAAg) == - = . L = > = 0,055,

IIpumep 16

[Ipeanonoxum, 4To B HEKOTOPOU CEMbE UMEIOTCS 2 peOeHKa.

1. KakoBa BeposITHOCTB, 4TO 00a peOCHKA — MaJTbUYUKH?

2. Ecnn n3BecTHO, 4TO, O KpalHEW Mepe, OAUH M3 JI€TeW — MAJIBbYHK, TO
KaKoBa BEPOSTHOCTb TOTO, UTO 00 peOeHKa — MalTbYUKU?

3. Ecnu um3BecTHO, 4TO crapmmii peOEHOK — MallbuUK, TO BEPOSITHOCTD
TOT0, 4TO 00a peOEHKa — MATbYUKH?

Pewenue:

1. YUetsipe paBHOBepOsTHBIX coObITHsI MM, M1, JIM JI/1; POIMM)=1/4 .

2. Uckmouaetcst Bapuant J/[: P(MM)= 1/3.

3. Bapuants! Tonsko: MM, MJI: POIMM)= 1/2.
5.3aKkoH YMHOKeHHUS BEPOSITHOCTEH

[TpousBeneHue IBYX COOBITUH — 3TO COOBITHE, COCTOSILEE B COBMECTHOM
MOSIBJICHUU ATUX coObITUH (A 1 B).
Ipumep 17

[TycTh uMeroTCA cheayromue cCoObITUs: A — «HM3 KOJIOJbI KapT BBIHYTA JaMay;
B — «u3 konoawl KapT BbIHyTa KapTa MUKOBOW MacTw». UTO mpencTaBiisieT coOoi
cobbiTue AB?

Pewenue: AB ectb coObITHE «BBIHYTA JamMa UK.

CoOpiTHe B Ha3pIBarOTCS HE3aBUCHMBIMH OT COOBITHS A, €CIH MOSBJICHHC
COOBITHSI A HE U3MEHSET BEPOSTHOCTH MOSABIICHUS COOBITUS B.

BeposiTHOCTh  MOSIBICHUST HECKOJBKUX HE3aBUCUMBIX COOBITUM  paBHa
MIPOU3BEJICHUIO BEPOSITHOCTEHN 3TUX COOBITHIA:

P(A-B)=P(A)- P(B).
JI71s1 3aBUCHMBIX COOBITHM:

P(AB)=P(A) -P(B/A).
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BeposiTHOCT,  mpou3BeneHUsT JIByX COOBITMH  paBHa  NPOU3BEICHUIO
BEPOSITHOCTH OJHOIO M3 HUX Ha YCIOBHYIO BEPOSTHOCTH JIPYroro, HaWJIECHHYI B
MPEANOJIOKEHUH, YTO IEPBOE COOBITHE MPOU3OIILIO.

IHpumep 18

HaliTu BEpOSTHOCTH COBMECTHOI'O MOSIBJIEHHA Tepba Mpu OJAHOM OpocaHuu

IBYX MOHET.

Pewenue: P(A/B)=P(A) -P(B) =

N

N
Il

NN

IIpumep 19

BeposTHOCTH TOr0, YTO y B3pOCIOro MalMeHTa BCe 3yObl COXPAHUIIUCh PaBHA
0,67. KakoBa BEpOATHOCTb TOTO, YTO Y JIBYX HE UMEIOIIUX OTHOIIECHUS IPYT K APYTY
OOJIBHBIX, 0’KUJIAIOIIMX IpUEMa B KAOMHETE CTOMATOJIOra, €CTh BCE 3yObI?

Pewenue: P(A - B)=P(A) - P(B)=0,67 - 0,67=0,45.
IIpumep 20

Haitti BEpoSITHOCTh TOTO, YTO B CEMBE U3 ABYX HAETEM:

1)  oba pebenka — manmbuuku; 2) o0a peOCHKa — JEBOYKH; 3) CTapIIHid
pedeHOoK

MaJIb4MK, & MIIAJIIINN — IeBOYKa. BeposTHOCTH pokaenus mansunka — 0,515.

Pewenue:

P(MM)=P(M) -P(M)=0,515 -0,515=0,265;

P(1/1)=0,485- 0,485=0,235;

P(M[)=0,515- 0,485=0,25
Ipumep 21

N3BecTHO, uTO B 3 ciydasx u3 250 Ha CBET MOSBISIIOTCS OJU3HEIBI, TPUYEM
B OJIHOM Clly4ae — 3TO UCTHHHbIE (MOHO3UIOTHBIE) OsM3Helbl. KakoBa BEpOsSITHOCT,
4TO y OMpeeeHHOW OepeMEHHON IKEHIIMMHBI POJATCA OJM3HENbl MajJb4yuK |
JE€BOYKA. YUTUTE, YTO OJHOSMIIOBbIEC OJIM3HEIBI HUKOT]a HE OBIBAIOT Pa3HBIX MOJIOB —

3TO 00s3aTeIBHO MO0 2 MaIbUrKa, 00 2 IEBOYKH.
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Pewenue:

BCPO}ITHOCTI) HUMCTb JU3HUTOTHBIX 6JII/13H€HOB PpaBHa:

3 .

_ —1-1-2
P(A)= o0 1-PB)=1 37 3
Hckomast BEpOATHOCTD:
- 3.z . 1_1
PA) PB)= o553 5 7 Tz

IIpumep 22

BepoaTHOCTh TOTO, YTO CTYAEHT B JIETHIOKO CECCHUIO CIACT IMEPBBIA IK3aMEH,
paBHa 0,9; Bropoit — 0,9; tpetuit — 0,8. HaliTu BEpOSTHOCTH TOTO, YTO CTYAEHTOM
OyayT caanbl 1)TOIbKO BTOPOW SK3aMEH; 2)BCE TPU IK3aMEHa.

Pewenue:

1)  P(B)=P(A1 Az A3)=P(A1) - P(A2) - P(A;3)=0,1 0,9 0,2=0,018

2)  P(A1A2 A3)=P(A1) - P(A2) - P(A3)=0,9 0,9 0,8=0,648.

Teopema. BeposiTHOCTh MOSIBJIEHUS XOTA Obl OJJHOTO U3 COOBITUH A1 , Ay ,..., An
HE3aBHCUMBIX B COBOKYITHOCTH, paBHAa PA3HOCTU MEXAY CIUHUIEH U MPOU3BEICHUEM
BEPOSATHOCTEH MPOTUBOMOIOKHBIX COOBITHI Ap , Ay, ..., A

Ipumep 23

BeposiTHOCT Momnaanus B 1€Nb NpU CTpenbOe U3 Tpex opyAuil TakoBa: Py =
0,75; P, =0,8; P; = 0,85. KakoBa BepOSTHOCTb XOTsI ObI OJTHOTO MonaaaHus (COOBITHE
A) TIpu OTHOM 3aJITie U3 BCEX ITUX OPYAUit?

Pewenue:

9i=1-P;=1-0,75=0,25;

g=1-P,=1-0,8=0,2;

gs=1-P;=1-0,85=0,15;

P(A) =1-010:0;

P(A)=1-0,25-0,2 - 0,15=0,9925.

IIpumep 24
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JIBa cTpernka CTpeISItoT 10 MUILIEHU. BEposITHOCTh monagaHus B MUIIEHb ITPU
OJIHOM BBICTpelNie Ay nepBoro crpesika paBHa 0,7, a mns Broporo — 0,8. Haittu
BEPOSITHOCTH TOT'O, YTO IIPU OJJTHOM 3aJIII€ B MUIIEHb MOMAIET TOJBKO OJUH CTPEJIOK.

Pewenue:

BeposiTHOCTh TOr0, YTO B MHILIEHb MONAJAET NEPBBIA CTPEIOK U HE MONAAET
BTOPOM, paBHa:

P(A; A2)=0,7- (1-0,8)=0,7- 0,2=0,14

BeposTHOCTH TOrO, YTO MOMAJAET BTOPOM CTPENOK B MHILEHb M HE MOMAIET
IIEPBbIM, PABHA:

P(A; Az)=(1-0,7)- 0,8=0,3-0,8=0,24.

BeposiTHOCTH TOro, YTO B MHUIIEHb MONAAET TOJBKO OJHMH CTPEJIOK, paBHA
CYMME€ 3THX BEPOSITHOCTEM:

P(A; A, )+P(A; A, )=0,14+0,24=0,38.
Ipumep 25

CKOJIbKO JTOJKHA IUIAHUPOBATh Mapa UMETh JETeH, 4YTO Obl BEPOSTHOCTh XOTS
Obl ogHOro Maibuvka Obuia Bhimie 90% (BEpOSTHOCTh POXKACHHUS Majb4ylKa WU
aesouku — 0,5).

Pewenue:

[1ycTh BEpOATHOCTH TOT'O, UTO BCE JEBOYKHU:
111 1

P =->=..on={=)"=09

2227772

BCpOHTHOCTB TOI'0, 4YTO HE BCC ACBOYKHU.:

P(x0Tst ObI OJMH MaJILYUK)= 1 - %%}” =0,9.

0,1= ()" ;= = 1/2"% 2" =10 =n~4.

6.@opmyaa baiieca
dopmyina balieca mpuMmeHsieTcsi, Korjaa coObITHEe 4, KOTOPOE MOXKET MOSIBUTHCS
TOJIBKO C OJHOM M3 rumore3 Hi, H, ...H,, Mpou301II0 U HEOOXOIUMO IMPOU3BECTH
KOJIMUYECTBEHHYIO MEPEOLICHKY anpuopHbix BEpOSTHOCTEH 31X runore3 P(H:), P(H>),

..., P(H,), U3BECTHBIX 10 HCIBITAHWS, T.C. HAUTH anocmepuopHvle (MOTydacMbie
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1ocJjie POBEACHUS MCIBITaHUs) yCIOBHBIE BepositHocTy rumnote3 P(Hi/A), P(Ha/A),

oo P(H,JA):

P(Hi)-P(A/Hi)

P(HY/A4) = ==

Nmn BMecto P(A) ucmonb3yeM €€ 3HadeHHE, BBIYHMCICHHOE M0 (GopmyIie

IIOJTHOM BCPOATHOCTHU:

P(Hi)-P(A/Hi)
P(Hi)-P(A/Hi)+..+P(Hn)-P(A/Hn)

P(H/A) =

Wrtak, mycTe 10 omblTa UMEKOTCA runore3sl Hi, H,, ..., H,. Ilocne ombita
CTAaHOBUTCS U3BECTHOU MH(OpPMAIIKA O pe3yJIbTaTax OMbITa, HO HE MOJHAs, 8 UMEHHO:
pe3yabTaThl HAOIIOICHUIN TOKA3bIBAIOT, YTO HACTYIHUIIO HEKOTOPOE COOBITHE A.

Cuuraercsi, 4To J0 OMNbITa OBLIU U3BECTHBI (AnpuUopHble) BEPOSITHOCTU TUIIOTE3
P(H1),P(H3), ..,P(H,) u ycroeuvie BepositHoctu P(A/H1), P(A/Hy),..., P(A/H,).
Heobxonumo onpenenuts anocmepuopHsie BepossTHOCTH runote3 P(Hi/A), P(H»/A),
., P(H,/A).

3nauenue ¢opmyisl balieca cCOCTOUT B TOM, YTO IIPU HACTYILICHUH COOBITHUSA,
T.e. MO Mepe TMOJIydeHUs HOBOM HHPOpPMALIMM, MBI MOXKEM TMPOBEPATh U
KOPPEKTUPOBATh BBIABUHYTHIE 10 MCIBITAHUS TUIOTE3bl. TakoW MOJIXO0[ HAa3bIBACTCS
0aileCOBCKHUM.

IIpumep 26

JIBa OXOTHHKA OJIHOBPEMEHHO CTPEJSAIOT OJUHAKOBBIMU MYJIIMU B MeABeas. B
pe3yabTare MeABelb Obl1 YOUT oiHOM mynel (coowiTne A). Kak OXOTHUKHU JTOJKHBI
MOJICNIUTh MIKYPY YOUTOTO MENBES, €CIM U3BECTHO, YTO BEPOSITHOCTD MOMAJaHUs Y
nepBoro oxotHuka 0,3,a y sroporo 0,67

Pewenue:

Bocnone3yemcs popmymnoit batieca. Onpenenum npeaBapuTeIbHO THIIOTE3BI.

I'mnioresa F; :momnai nepBblii OXOTHUK, BTOPON IIPOMAaxXHYJICS.

['unoresa H>: monan BTOPOM, NEPBBIA MPOMAXHYJICS.

['unote3a H;: monanu 006a OXOTHUKA.

['unoTe3a Hi: 06a mMpoOMaxHYJIUCH.
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CoObiTe A MOXET MPOU30HTH TOJBKO TOrJa, KOrjJa Mpou3ouuia Judo
runore3a Hi, 1noo runoresa Ho, T. €.:
P(A/H1)=1, P(A/H3)=0
P(4A/H»)=1, P(4/H4)=0
[Ipennosiaraem, 4T0 MOMaJaHHWs OXOTHUKOB B MEIBEAS HE 3aBUCAT JIPYT OT
npyra. 1 nonyydaem:
P()=0,3-(1-0,6) =0,12;
P(H3)=0,6-(1-0,3) =0,42;
P(H3)=0,3-0,6 =0,18;
P(Hy)=(1-0,3)(1-0,6) =0,28.

[Tpumensiem popmyny baiieca:

P(H1)-P(A/H1)

P(Hl/A) - P(H1)-P(A/H1) + P(H2)-P(A/H2) + P(H3)-P(A/H3) + P(H4)-P(A/H4)

0,12-1 2
P(Hi/A) = =2
0,12-1+0,42-1+0,18-:0+0,28-0 9

P(H2)-P(A/H2)
P(H1)-P(A/H1) + P(H2)-P(A/H2) + P(H3)-P(A/H3) + P(H4)-P(A/H4)

P(H/A) =

0,42-1 7
P(Hy/A) = =7
0,12-1+4+0,42-1+0,18-0+0,28-0 9

Takum oOpazoM, MpU CHOPABEIJIMBOM [EJICHUM MEPBbIMA OXOTHUK JOJIKEH

2 .
TOJY4UTh o IIKYPbI, T.C. MEHBIIC YETBEPTOH HACTH WIKYPBI, B TO BPEMs Kak, Ha

. 1
TEPBBIH B3I, KA3a10Ch, YTO €My MPUYUTACTCS - IKYPBI (0,3).

3ananue: BpinoJiHUTE 32IaHUA 110 BADUAHTAM:
Bapuant 1
1. KakoBa BEpOSITHOCTh TOTO, UTO Hay/lauy BeIOpaHHOE 11esoe uncio oT 40 go 70
ABJSIETCA KpaTHBIM 67
2. KakoBa BEpOSITHOCTb TOT'O, YTO MPHU MATH OPOCAHUSIX MOHETHI OHA TPHU pa3a
ynaaeT repooM KBepxy?
3. KoHcynbTallMOHHBINA MYHKT YHUBEPCUTETA MOJIyYaeT MaKeThl C KOHTPOJIbHBIMU
pabotamu u3 roposioB A, B u C. BeposTHOCTh mony4yeHus nakera u3 ropoaa A
paBHa 0,6, a u3 ropoga B — 0,1. Haiitu BepOATHOCTh TOr0, YTO OYEPEIHOU

nakeT Oyner nmoiaydyeH u3 ropoja C.
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4.

BeposiTHOCTH TOrO, 4TO B JIETHIOKO CECCHIO CTYJCHT CAACT MEPBBIM IK3aMEH,
paBHa 0,8; Bropoii — 0,9; Tpetuit — 0,8. HailTu BEpOSITHOCTH TOTO, YTO
CTYIEHT CAACT XOTs Obl OJINH 3K3aMEH.

NwmeeTcs n1Ba 0oMMHAKOBBIX fAIIMKA ¢ mapaMu. B mepBom siuke 2 6enbix u 1
YEepHBIN 1ap, a BO BTOpoM — 1 Oenblid u 4 4epHbIX 1mapa. Haymaay BeiOuparoT
OJIMH SIIUK W BBIHUMAIOT M3 Hero map. KakoBa BeposSITHOCTH TOTO, YTO OC-

TaBIIUUCA AP SIBISIETCS OeNbIM?

Bapuanr 2

1.

KaxoBa BeposITHOCTH TOTO, UTO Hay/1auy BeIOpaHHOE 1iesioe uyncio ot 1 g0 30
(BKIIIOUUTEBHO) SBIISIETCS AenuTeneM uyncia 307

B HUU pabotaet 120 yenoBek, u3 HuX 70 3HAIOT aHTITUHUCKUH S3BIK, 60-
HeMelnkuii, a 50-3HatoT 06a. KakoBa BeposITHOCTh TOTO, YTO BEIOpAHHBIN
Hay/Ja4y COTPYIHHUK HE 3HAET HU OJTHOTO MHOCTPAHHOTIO SI3bIKa?

C mnepBoro npegnpustus noctynwio 200 mpoOupok, u3 Kotopbix 190
CTaHJApTHBIX, a co BToporo — 300, u3 kotopeix 280 crangapTHbIX. Haiitu
BEpPOSITHOCTH TOT'O, YTO HAyAauy B34Tasi NpOOUpKa OyJET CTaHIAPTHOM.
BeposTHOCTH OJHOTO MOMNAaJaHus B LIE€JIb NP OJHOM 3aJI€ U3 IABYX OpYyIdui
paBHa 0,38. HaliTu BEpOSATHOCTH MOPAXEHUS LENU NPU OJHOM BBICTPEIE
MIEPBBIM U3 OPYJUH, €CIIM U3BECTHO, YTO ISl BTOPOTO OPYAMS 3Ta BEPOSITHOCTD
paBHa 0,8.

JIBa aBTOMaTra MPOU3BOAAT  OAMHAKOBBIE  XHUPYPrUUYECKUE  3a’KHUMBI.
[Ipon3BOaUTENBHOCTh TEPBOTO aBTOMAara BABOE OOJbIIE, YE€M BTOPOTO.
ITepBrbIit aBTOMAT MPOU3BOAUT B cpesiHeM 60% 3aKMMOB OTJIMYHOTO Ka4yeCTBa,
a Bropol — 84%. Haypauy B34TBIM 3aXKUM OKa3ajcs OTJIMYHOTO KAdyecCTBa.

Haittu BCPOATHOCTH TOI'O, YTO OH IIPOU3BCACH IICPBBIM aBTOMATOM.

Bapuant 3

1.

I'pynima TypuctoB, coctosias u3 12 roHoiel u 8 AeByIieK, BLIOUpaeT 1o
KPeOUI0 XO3IMCTBEHHYIO KOMaHy B cocTaBe 4 denoBek. KakoBa BepOsSITHOCTh

TOTO, YTO B YHCJIC M30PAHHBIX OKAXXETCS JBOE IOHOIIICH U JIBE ACBYIIKU?
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Nmeetcs Tpu ypHbl. B mepBoit HaxoauTest 5 OebIX MIapoB U 3 Y€pHBIX, BO
BTOPOM — 6 O€NBIX U 2 YepHBIX, B TpeTheii—10 OenpIx mapoB. BeiauMaror
HayTaJl OJIMH map. YpHa BeIOUpaeTcs Toxke Hayraa. Haltu BeposiTHOCTH TOTO,
YTO 3TOT HIAp OEIbIi.

Ha tpuauaru ucropusx 0Oonesnu Hanucanbl 30 AByX3HauHbIX yncen ot 1 go 30
(MX TOpsAAKOBBIE HOMEpa). DTH HCTOpUU OOJNE3HEH Jexar Ha TOJKE B
ciydaitHom mnopsiake. KakoBa BEpOSTHOCTh BBIHYTh HCTOpPHIO OOJIE3HH C
HOMEPOM, KpaTHBIM 2 wiu 37

Otaen TEXHUYECKOTO0 KOHTPOJIS MPOBEPSAET MEAUIIMHCKOE U3/IETIUE Ha
CTaHAAPTHOCTB. BEpOSITHOCTD TOTO, YTO U3JEIUE CTAHAAPTHO, paBHa 0,9.
HaiiTu BEpOosSTHOCTB TOTO, YTO U3 ABYX MPOBEPEHHBIX U3JEIIAN TOJIBKO OJHO
CTaHAApTHOE

B nmatu anteukax HaXoAATCA OJAMHAKOBBIE 10 Macce U pa3Mepam TabseTku. B
JIBYX — TI0 6 3elieHbIX U 4 KenThix TabjeTok. (JTo anteuka coctaBa Hi). B
ABYX APYrux anrteukax (cocraBa Hy) — mo 8 3eneHbIx u 2 xenThix TabneTok. B
omHOU anTeuke (cocraBa H3) — 2 3eneHbix u 8 xenThix TabneTok. Haymauy
BbIOMpaeTcsl anTeyka M U3 Hee HU3BJIEKAaeTcs TabJieTKa, KOTopas oKa3ajach
3enieHoM. KakoBa BEpOSTHOCTH TOrO, YTO 3€JieHas TabjieTKa M3BJIEYEHA W3

AIITCUYKHU IIEPBOro CoCraBa
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Kpurepuu oneHuBaHus NPaAKTHYECKUX PadoT

- OIICHKA «OTJIMYHO» BBICTABISETCA OOydYaromemycsi 3a paboTy, BHIITOJTHEHHYIO
0€301K100YHO, B TIOJIHOM 00BEME C YUETOM PAIIMOHATLHOCTH BHIOPAHHBIX PEIICHUI;
- OIICHKA «XOPOIIIO» BBICTABJsICTCS 00yJaromemMycsi 3a padoTy, BBITIOJTHEHHYIO
B IIOJTHOM 00BbEME C HEOUCTAMMU;
- OIICHKA «YJOBJICTBOPUTEIHHO» BBICTABISIETCS oOOydammieMycs 3a pabory,
BBITIOJTHEHHYIO B HE MOJHOM oObeMe (He meHee 50% MpaBWIBHO BBHITIOJTHEHHBIX
3a/laHuii OT 0011Iero o0beMa paboThI);

- OlIEHKAa «HEYJOBIIETBOPUTEIHHO» BBICTABJIsETCS oOydaromemycs 3a pabory,
BBITIOJTHEHHYI0O B HE TOJHOM o0Obeme (MeHee 50% mpaBUIIBHO BBITOJHEHHBIX

3a1aHui OT 00I1Ier0 0OBheMa paboThI).

JINTEPATYPA

1. Texneuxuii U.JI. Matematuxka [Tekcr] : yueb. mocobue st cTy. YupexaeHuii cpe. npod.
obpazosanus /W.J. [lexnenkwii. - 12-e uzn., crep. — M.: W3natenbckwuii neHTp «Axagemusi», 2017
.= 320c.
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2. T'puropses B.I1. Maremartuka: ydeOHUK UIst cTy. YUpexkaeHui cpea. mpod. oopazoBanus /
B.I1. I'puropreB, T.H. CabGypoBa. — 2-e u3n., crep. — M: M3narenbckuii neHTp «Axagemus», 2018.
—368c.

Humepuem-pecypcel:

www.ru.Wikipedia.org
www.ru.matformula.ru
www.reshebnik.ru
www.exponenta.ru

b=

99


http://www.ru.wikipedia.org/
http://www.ru.matformula.ru/
http://www.reshebnik.ru/
http://www.exponenta.ru/

[Tpunoxenune A
HexkoTtopbie cBeleHUs U3 3JIEMEHTAPHOM MaTEeMATUKH
Auredpa
3aKkoHBI AeHiCTBHI HAJX YHCJIAMH

[TepemecTruTEIBHBIN 3aKOH CIIOKEeHHS: 2 + b = b + a.

CoueTaTeNbHbIN 3aK0H clokenus: (@ +b) +c=a + (b + ¢).

[TepeMecTHUTEIBHBIN 3aKOH YMHOXKEHUS: ab = ba.

CoueTraTenbHbIN 3aKOH YMHOXKEHUS: (ab)c = a(bc).

PacnipeaenuTenbHbIi 3aKOH YMHOKEHHUSI OTHOCUTEIILHO CIOXKEHUS: (a + b)c =
ac + bc.

PacnipeaenuTenbHbIi 3aKOH YMHOKEHHUSI OTHOCUTENILHO BhIUMTaHu: (& - b)c =
ac - bc.

/{po0HBIe BHIPpAKECHUA

aczg,b:ﬁo, c=0.

OcHOBHOE CBOMCTBO aApoOu: b¢ b
JleiicTBHs ¢ 1po0sSMHU (IpEANoIaracTcs, 4To 3HaMEeHATeIn IPOoOeH OTINIHBI

OT HYJI):

a b a+b a ¢ ad+be
—_t — = 5 —_t —= )
c ¢ c b d bd
BT TS
bd bd’ b b =b
a ¢ ad [aj”_a”
b d b b b

CreneHnu u KOpHH

Cmenenb ¢ yenvim nokazameiem

b

a =aa --a (n pas neN,n::l)
a'=a, a =1 (a=0), a™ =1/a" (a=0)

CBoiicTBa:
aman a0 am+n, am/an e am—n’ (CIMT con ;vm’

(@b} = a™”, (afp] =a"fb".

Kopenw n-ti cmenenu

Va - apudmerndeckuii KopeHs N-if CTENEHH U3

g a>0 Na20, neN, n>l.
quciia —? e

CsoiicTBa:
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fafp =Nafife (b>0), o =4fa

B wactHOCTH, V/a - apu(MeTHIeCKUii KBapaTHEIH

(faf =a, a*=|d

KOPEHB:
Cmenenwb ¢ OpoOHbIM (PaAYUOHAILHBIM) NOKA3AMeENeM

a™ =3a" wmeZ, neN, nz2 a>0.

b

Ceoticmea cmenenu ¢ oeticmseumeibHbiM noxKa3amenem

(>0, >0, xeR, yeR)
g gt (a")v=a’“', (ab) = a’b*,
(O:fb)n =ax/bx, ax =bx10goa,
a" =™ =exp(xha) a*=10""

IIporpeccuu
Apugpmemuueckan npoepeccusi

ApudmMerrueckas mporpeccus - YUCIoBast
(@

»

HOCJIE0BATEIBHOCTD —  ONpeeseMast YCIAOBUSMHE:
1) &1 = 2) %xn = % +d, =l (d - pazHoCTh apudMeTHUCCKOH
MPOTPECCUN ).

CBoiicTBa apu(METUUECKON MPOTrPECCUu:
Dy — % = Qpn — Ty, G =

=a+d(n-1)

ax + ax+2
a?!
®opwmyia N-TO YieHa:
@opMyJIbl CyMMBI N MEPBBIX YJIEHOB:
g =(a1+an)n g =2al+d(n—l)n
i 2 " 2

I'eomempuueckas npoepeccus

FGOMCTpI/I‘ICCKa}I MporpecCusd - 4HucCJjioBada

&)

IIOCJICA0BATCIIBHOCTD : OHpeHeHﬁeMaﬂ YCJ'IOBI/IHMI/I:
1) bl = ‘b (‘b *: 0)’ 2) bx+l = bxq (q = O)s

reOMETPUYECKON POTrpeccun ).

CBolicTBa reOMETPUYECKON MPOTPECCH:
2
bm»l ,{'b” = bx+2 )}‘bml ’ b b b

el = Yauaa-
-1
b=bg

n=1,2, .. (q - 3HamMeHaTe/b

®dopMmyna N-To 4YjeHa:
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(g=1)
®dopMyJIBI CyMMBI N TIEPBBIX YJIEHOB ;

S =bxq—b1’ (A =b1(qx—l)

g-1 g-1
CyMMa GeCKOHEYHOM reoOMEeTpUYECKOU MTPOTPECCUU:
b+bg+bg’ +. . =bfll-q), |a|<1.

®opmMyJibl COKPALIEHHOT0 YMHOKEHUSI

a®-b* ={a-b)a+b),
a’-b* ={a- b)(cf +ab+b2),
a’+b’ =(a +b)(a2 —ab+b2),
at-b* = (a—b)(a3+a2b+ab2 +b3)= (a—b)(a+b)(a2+b2),
a’-b = (a—b)(a‘ +a’b+a’h? +ab3+b4),
a’+b’ = (a+b)(a4—a3b+a2b2—ab3 +b4),
a'-b" = (a—b)(a”"l +a b+ .+ ad™? +b"'1),

g P (a+b)(a2" —a™ b+ - L+ a?h T - ™! +b2”),
(a+b) =a*+2ab+b*, (a-b) =a®-2ab+b?,
(a+b) =a® +3a’b+3ab® +5°,

(a-bf = a®-3a’b+3ab® - b,

(a+b+cf =a® +b* +c* + 2ab+ 2ac + 2bc,

(a+b-c} =a* +b* + ¢ +2ab- 2ac - 2bc,
(a+b+c+df =a’+b* +* +d® +2ab+2ac+2ad+ 2bc+2bd + 2cd,
(a+b-c-df =a® +b* +* +d* +2ab- 2ac— 2ad - 2bc - 2bd + 2cd

a(x—xl)(x—xz)zaxz+bx+c,
rae Xi, X2 - KOpHU KBaJAPATHOT'O TpEeX4JICHA ax® + bx +c.

CBoiicTBa YHCJI0BBIX HEPABEHCTB

1) Ecnu a < b, To mpu mobom C: a + ¢ < b + c.
2)Ecma<bwuc>0,Toac<bc.

3)Ecrma<bwuc<0, 10 ac>bc.

4) Ecnu a < b, a u b ognoro 3naka, To 1/a > 1/b.
5)Ecrma<buc<d,toa+c<b+da-d<b-c.

6) Ecoma<b,c<d,a>0,b>0,c>0,d>0, Toac < hd.

2 2 - .
7)Ecnua<b,a>0’b>0,Toa <b!, a"<d" (nel)

&) B FI<P| 1o " <%
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Jlorapugmsl

log,b (a>0 a=l, b>0)
- norapudm yucia b mo oCHOBaHHUIO a.
aloga_b — b
OcHoBHOE JTorapuMHUIECKOE TOKICCTBO:

lgd 10 = 3,

elnb — b

- IeCATUYHBIN JTorapudm (Jorapudm mo ocHoBaHuto 10):

- HaTypaJIbHBIH JIoTapuM (JTorapudm 110 OCHOBAHUIO €):
Ilepexon 0T OAHOTO OCHOBAHHUS K APYTOMY:

log .0 = log,b.
log, @
logab':l 1 =1gbzzbj]nb=@=@
B wacTtHOCTH, °0g,a lga 4 ge M (

M = ]ge: L B 0,4343
In10 - MOAYJIb TIEpeX0/a OT HATypaJIbHbIX JOrapu(pMOB K
JIECSITUYHBIM).

CaotictBa orapudmos (U, v >0):
log,a=1, log,1=0, log,{uv)=log, u+log,v,

logclz—logcv, logag=1ogau—logav,
v v
log ,u® = alog, u, Ioga%::llogau, nelN, n=l
7

Tpuronomerpuyeckue Gopmybl
Tpuronomerpuveckue GyHKIUU

SN &, COS &,
tga =sin Gfcosa@, @#Af2+m, neZ,
ctga=cos&fsin @, @#m, nez,
seca=1lcosa, @#xaf2+m, nel,
coseca=1fsina, a#+m, nel.

3HAKH TPUTOHOMETPHYECKUX (PYHKIUI

YeteepTs Benuyuna yrna sin & COS ¥ tga cig &
I 0<a<nf2 + + + -
I a2 << + - - -
I T @< 3af2 - - + +
IV 3Infl<ea<2n - + —~ -

Dopmy.Jibl IPUBEACHUSA
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8 sin 8 cos 8 tg8 ctg8
nf2+a cos& —sin. & —cig& —ig&
T+a —sin & —cos& g cigl
3nf2+a —cos & sin @ —ctgl —tg&
2+ & sin & cos & fga cigl
-& —sin & cos & —lg& —citgd
b s COS & sin & cig& ga
T-& sin & —cos & —igd —cigd
3nfe-a —cos & —sin. @ ctga tga
- —sin & cos & —lg& —cigd
OCHOBHbIE TPHTOHOMETPHYECKHE TOKIECTBA
sin ‘@+cosla=1
tga-ctga =1 a=anfl, neli,
l+tgta=1/cos* @, a=nf2+m, nelZ,
l+eigla=1fsn*a, a=zm, nel

BoipaskeHue TpUroHoMeTpuYecKNX (yHKIMI Yepe3 OHY U3 HUX TOI0 Ke
aprymeHra

(BBIOOp 3HaKa Mepel KOPHEM 3aBUCHUT OT TOTO, B KAKOW YETBEPTH HAXOAUTCS

yron &)
Yepes sin &;
cos @=*+1-sn? a,
sn & tl-sna
g = ——on—e —, ctge = —
+41-sin’a smn &
Yepes €5 &
sin @ = ++/1-cos? @,
i«fl—cosgar cos&
fg="——""—"— clgl= —— —
z cos & +4/1- cos® @
@
Yepes o
1
ctgae=—
tga
sin & = A COSQ = L
i«(l+fg2a i-ﬂ,(l+rg2a'
tg
Yepes S
1
g = .
ctgd
: cigd
sih & = cos& =

1
T 41 +etgie ’ s ﬁ/l +cigie .
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DopMy.JIbI CII0KEHHS

sin (@ + &)= sin @ cos 8+ cosasin 8,
sin (@ — 8)=sin @cos 8- cos asin 8,
cos{@ + 8)= cos@cos 8—sin asin 8,
cos{@ — 8) = cos wcos S +sin asin 8,
zg(a+lg)=w, zg(a'._ )=M
1-tga-tgh8 1+iga-tg8
(B mOCNeHUX ABYX (opMynax & #7Af2+m, B=# mf2+m y
COOTBETCTBEHHO &+ £ # f2+m, a- f=nrf2+m, nel);
cfg(a’+,8)= ctge-ctgh—1 : ng(a_ ,3)= ctge-ctg8+1
ctgB+ciga ctgf—ciga
(B TOCIIeTHMX OBYX opMyaax & #m, S#7m g
COOTBETCTBEHHO &+ 8#m, a- G=zm, nel),
IIpeoOpazoBaHue CyMMbI TPUTOHOMETPUYECKUX PYyHKIMI

a+ 8 sa—ﬁ

sin @ +sin 8= 2sin co >
, L & &+

sih & —sin 8= 2sin 2/3005 2’6,
&+ a—

cos& +cos 8=2cos 2'8005 2'8,

a+,83].n a—- 8
5

cos@—cos 8=-2sin

sin (& + bia
Zga+3gﬁ=M, &, B+—+m, nez,
cos &cos 8 2
sin (& — big
zga:—zgﬁ=(—’8), & B+—+m, nez,
cos@cos 8 2
sin (& +
cﬁga+c£gﬁ=M, &, B#m, nez,
st & sin
sin | S—a
czga—czgﬁ=L, &, B#m, nez,
sin &sin 8

Asin x+ Beosx= /A +B* snx+ @),
IIpeoOpa3oBaHue Npou3BeIeHUS TPUTOHOMETPUYECKUX PYHKUMHA B CyMMY

smasn 8= l[cos(a:— ,8)— cos(cr + ,8)],
cosq cos 8= E[cos(a' - ,8)+ cos[cr + ,8)],
sn ¢ cos 8= %[sin(a:— ﬁ)+ sin(a' + ﬁ)]
Tpuronomerpuveckue GyHKIUU ABOWHOTO U TPOMHOIO0 APryMEHTA
sn 2@ = 2s5m & Cos,

cos2a=cos’ @—-sin‘a@=1-2sn*a=2cos* @-1
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sin 3e = 3sn @—-4sin” @, cos3a=4cos’ @-3cosa,
2tz dga-tfiw
: e < Jaciliy - B!

tg3a

tgla= 2 :
$ & 1—3£g2a

1-tg
Tpuronomerpuyeckue GyHKUMH IIOJOBHHHOIO aPryMeHTA

. af2
(BBIOOp 3HAKA 3aBHCHUT OT TOTO, B KAKOM YETBEPTH HAXOAUTCS yroJl )

st & 1-cosa

1+ cose sin &

BoipaskeHue TPUroOHOMETPHYECKOM (PYHKIMHU Yepe3 TAHTeHC MOJT0OBHHHOIO
aprymeHra

1+tg’ (af2) 1+tg*(af2)
__2glar) o 1-tei(e)?)
L 1-tg*(af2)’ i 2tglaf2)
Yuciaosbie pyHKIUH

OcCHOBHBIC MOHATHSA

X - R
Oo0mnacTh ornpeaencHus (MHOXKECTBO 3ananus) Gyukmuu f: . X=D ().

. E(f)={rlx)xe x}= 1(x)
MHoxecTBO 3HaueHHUH QyHKIMH f:
I =[(x, y)eR2|xeX, y=f(x)]

VxeX =>-xeX " Fl=x) = f(x)

I'padux pyHKIMM:

YerHas GyHKUUA:

YreX =-xeXx fl-z)=-f(z)
Heuetnas pynkuus: U

Iepuonuyeckas Gpynxius (mepuoga “
VieX mxtacX x-eeX Flx+a)= f(x)

MoHoTOHHBIE (PYHKIIUH

®ynkius f crporo Bo3pacraer (Bo3pacTaer) Ha MHOXKECTBE X
vxl’xﬁ € X’ xl <x2 :>f(xl)< f(x2)
®ynkius f Bo3pacraet (He yObIBaeT) Ha MHOXKECTBE X
vxl’xﬁ € X’ xl <x2 :f[xl)g f(xQ)
®ynkius f crporo yosiBaeT (yObIBaeT) Ha MHOXKECTBE X
Vx5 e X, % <x, = ) 1)
Oynuknwmst f yOpiBaeT (He Bo3pacTaeT) Ha MHOXKECTBE X-
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Vx,x, € X, xp<x, = fx)2 flx)
y=x", €€RrR
menenHas QyHKyus

b

a=2n neN:

1.
y=x", D{f)=R, E(f)=[0, +o|.
-0 O
OyHKIMS YeTHAas1, CTPOTO yObIBaeT Ha >y CTPOr0 BO3pAacTaeT
[O‘, +00
Ha (puc. 2.1).

&Xi=2n=1re N

2.
y=x"" D(f)=R, E(f)=R.

DyHKIMS HEYETHas1, CTPOTO Bo3pacTtaeT (puc. 2.2).
&=-2n neN:

3.
1
y= e DU)=R\o) E(r)=]0; 4o
]—oo; 0[ ]O;+00[
@yHKIMA Y€THAs, CTPOr0 BO3pacTaeT Ha 1 CTporo yObIBaeT Ha
1 & YA y=x? JA
y=X yaXx
1 P y=at
\ I
\ / ;S
N\ A ]
N\ / 110 1 X
| -~ s = _1
-f g f X

&==-2nrn+1, neN:
4,

y= . D)= R0}, 2(7)-= R\()

J-eo; 0f ; J0; +oo]

(puc. 2.4).

@DyHKIMSI HEYETHAs!, CTPOTO yObIBaeT Ha

v
5.6}.’8

y=x*, D(f)=]0 +o | E(f)=]0 +o]
[Tpu Hekoropbix & D(f) u E(f) moryT ObITh 1mIHpeE.
Yy YA yA

X
Ly= 143 yop y=ll
\
\
-1 SR
N o 1 *
\ =1 1 1

o
3
D
=Y
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Dxcnonenma
y=e"=emp(x) D(f)=R, E(f)=]0, +a].
@DYHKIUS CTPOTO BO3pacTacT.

Tloxazamenvrasn ¢pynxyus (puc. 2.6)

% ha ;
y=a =€ ya>»0, arl

D(f)= &, E(f)=]0, +a
ITpu 0 < a <1 pyHkuus cTporo yosIBaeT, pu a > 1 cTporo Bo3pacraer.
Jloeapugpmuueckan ¢hynkyus

Jlorapugm HaTypaJabHbIH
y=lhx, D(f)=]0; +o], E(f)=R

@yHKIHUS CTPOTO BO3PACTACT.
yA YA

y=lnx K/ ):-l.g_x_
1 D

Jlorapudgm ¢ ocHoBaHueM a

=log. X, @0 a:l

plr)=10, +ol, B()- &

ITpu 0 <a <1 ¢. crporo yosIBaeT, mpu & > 1 CTpOro Bo3pacraert.

Tpuconomempuyeckue ynxkyuu
1 V= smX
D(f)=&, E(f)=]-1 1]

YA _
y=CO05X  y=Ssinx

s LIRS o
TIN50 HINZ S 2n - X
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Oyukuusa HeuetHas. [lepruon =T Ha xaxxgom u3
[-rj2+27k, nj2+27k | ke Z,
IIPOMEKYTKOB ¢. cTporo Bo3pacraer,
[7/2+ 27k, 3nf2+ 27k |, keZ,
a CTporo yObIBaeT.
2. Y =95 (puc. 2.9):

b(f)=r, E(f)=]-1 1]

2.
Oyukuus yetHad. [lepuon “=°" Ha Ka)XJIOM U3
[27#{; T+ 27zfc], kel

MIPOMEKYTKOB " . ctporo yObIBaeT,
[7r+ 2nk, 2w+ 278‘{], ke Z,

Ha CTPOTO BO3pacTaer.

3 y =igx

D(f)=rR\{rnf2+nk|kezZ), E(f)=R

\U“
)
|
54

— NS
=1

N

I
y=tgx
Oynkuus HeyeTHas. [lepruon Rl @yHKIHS CTPOrO BO3PACTAET HA KAXKIAOM
Frf2+nk, nfo+nk], kez
13 NPOMEKYTKOB
4 y=rcigx

D(f)= R\{m’clkez =
] |
i |
! \2x! \ir
1/2\‘3 /z\‘is,v/z
[ |
{ |

y=C1gx

i |

@ =7
Oyukuus HeuetHas. [lepruon @DyYHKIUS CTPOTO YOBIBAET HA KAXKIOM U3

[nk;, w47k, ke z.
IIPOMEXKYTKOB

Obpamuvle mpuecoHomempuueckue QyHKyuu

1 y=arcsmx
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D(f)=[—l; 1], E(f)=[—7r;’2; 7?/2].

@DyHKIMS HEYETHAas!, CTPOTO BO3pPACTaeT.

b

: : Vg N2
arcsin 0= 0, arcsm —= — arcsm—-—:z,

i ; T
arcsiy — = —, arcsm 1= —.
2
2 Y = arccosx

OyHKIMS CTPOro yObIBAECT

arccos(-1)= x, arccos[— g] = %r arccos[— 2

( 1] 2 T 1
areeosl== |==—_ arecosl="—: :arceos—=—
2 3 2 2 3
2o NE
arccos —= —, arccos— = —, arccosl= 0.
2 4 2 6
Y¢ YA
a2 z
- /2
9 /10 1 x \
-rf2 e
~1 0 1
IIpenesnl
CroiicTBa npeesoB
(a,) ()
1. Ecnu mocnenoBaTeIbHOCTH u CXOJIATCS, TO
imf{e +& )=lm e +lmd, lmaeb =lim e lim b,
n— n— n—w n—w n— n—©
lim (@, — & )=1lim @, —lm &, lmca, =clm a,,
n-y© n—c n— n—w n—
g Ima,
lim = =22 Q‘irn bn¢0)
nro h lim A e
n—w
ma,=a, a,<b, Vn, a<bh
2. Ecmm % u TO
a, fc £b Vn, Ilmg =lmb =aqa, lm c,
3. Eciu u e w2 TO ">®



lim @, =a, gnwa =|a|

4. Ecnmu 7« TO

n

Hexoropsbie npenesibl
" 1% _ 3 o
1}11)10(1 +x)" =e, lxlinw(l +1/x) =e,

i In{1+x) . Uit log, 1+ x)= 1 ,
=0 x>0 s Ina
lime _1=1, lima _1=lna,
=0 x =0 x
. Shx . chx-1 1 . thx
lim—=1, lim —=—,u lim —=1,
=0 x=0 2 =0 x

1+x)* -1
lim%=a, lim x*nhx=0 (x>0}
=0 X >+

1 @ a
lim —>=0 (z>0) lim>-=0, limx"=1.
>t >te g =40

lm g" =0 (g[<1} lmng"=0 (g|<1)

im (1 +1/n) =e, lm[n“/a”)=0 (4]>1)
L]{)nm(a”/n!)" =0, l?;n_)nw(ln nin)=0,
Elgnw(lnqn/n“)=0 (ac>0), l@wﬂa:l (@ >0),

AT A=, )=

k k-1
lim aonk+alnk_l +otd, Gy (bo ¢0)>
mehnt+bhr T +u4+b, by
. AR L NE 1
lim = - ;
n>c n? p+1
lim L+ . +..+L =1n2,
o+l B+ 2 1

2

2:3---2R 1 Vi3
lim =3 opmyna  Banmica),
n—>°°[1-3---(2n—1)} i )

' 1- 1 {

im 521, lm ot =2, lm o,
=0y x=0 x 2 =0

IIpoussoausbie U 1 depeHnaIbI

OnpenesieHue NPoOU3BOAHOM
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Flog +Ax) - flx,)

S %)= Jim, - :
71(x,) = lim Flx)-1lx,)
0 R X—Xg ’
oy S+ )= 1lx)
f(x)_lhlgln h '

OaHOCTOPOHHHUE TPOU3BOAHBbIE

f(xn'“}'x)— f(xo)

]:(xo)= a{;iinw e ,
f:(xo)=£§_0f(xo+?_f(x )

Dyukuus, 1udpdepeHuupyemMas B TOUKe Xo
Ty + Ax) = flx, )+ AAx + o(Ax) Ax — 0

npu
A= fr(xu )

JAuddepenumnan

b= 1k )=

MudppepenunpoBanue apupmMerniecKuX KOMOMHAIHI

a!
(u, v, w - nuddepenupyembie GyHKITUH, - IOCTOSIHHBIE

[cm+ ,8&1)' =an'+ B, a’(au+ ﬁu)= adie+ Sav,
(v) =uv+w, d(uv)=udv +vdu,
(uvw) =YW+ v'w + 1w,
d (uvw) = ywdii+uwdv + vuadw,

s t d —ua’
(Ej =IA’,V iy (V#O), d(g]=v IA‘,Q V’
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IIpou3BOaHBIEC OCHOBHBIX 3JIEeMEHTAPHBIX PYHKUMIA

7(x) rx) 7{x) rx)
¢ 0 a’ a"lna
1 In x 1/x
x™ ax’s Inx| 1/x
% 2X log, x xlil -
Vx #> x>0 sin x cosx
i
1/x & cosX —sinx
1
7 & B4 cos’ x
1 1
1 - th
8 sin® x . chx
1 1
arcsin x ﬁ, |x| <1 cthx e
! 1
arceoss _ﬁ> pr| <1 1n(x+ 1}x2+1) 142
1
arctg x : E : lnlx+v‘x2—1' rmg x| >1
X g
arccig x o 1—ln et L
. laeac? 2 l-x ] cep?
shx chx 1(x) 5(x)
chx shx

IIpou3BoaHAaA CTENEHHO-TIOKA3ATEeJAbHOU (PYHKIMH

)

f f

= (e“’“‘) =vu'u +ulnu v,

IIpou3BoaHbIE BHICIIMX MOPAAKOB HEKOTOPBIX (PYHKIMH
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7(x) Ao

o 0
%% ala-1)--(a-n+1)x*™
Inx (-1 (r-1)x(0=1)
4 g’
a’ a' In"a
sin x sin (x + m/2)
COSX cos(x + m/2)
{th npu n=2k,
shx
chx npu n=2%k-1
chx npu n=2k,
e {shx npu n=2k-1
y =arctg x g™ = (n-1)tcos” ysinn(y +7/2)

JlokaabHbI| IKCTpeMyM auddepeHunpyeMoil GPyHKIMU

Heobxooumoe ycnosue noxkanvnozo sxcmpemyma

700 =0,
Ecmu Xg - Touka yiokanbHOTO dKcTpemyma (pyHkiwu f, To
Jlocmamounsie ycno8us 10KaibHo20 IKCMpemyma
70 )=0.
I IIpaBuJo. Ilycts
Ecnu f' ipu mepexone uepes Touky Xo MeHseT 3Hak ¢ "+" Ha "-", TO Xo - TOUKa

JIOKAJIbHOI'O MaKCHUMYyMa.

Ecmu f' mpu mepexone yepes TOUKY Xg MEHSET 3HaAK ¢ "-" Ha "+", TO Xp - TOUKa
Yy ,

JIOKQJIbHOT'O MUHHUMYMa.

Ecmu f' mpu mepexoge uepe3 TOUKY Xo HE MEHSET 3HAaKa, TO TOYKa Xg HE

SBJISIETCS TOYKOM JIOKAJTBLHOTO SKCTpEMyMa.
I Ipasuno. [Tycts f qax b1 nuddepenuupyema

fr(xo)=0> f"(xo)¢0'

TOYKE Xo,

f"(xo ) <0,

Ecan TO Xp - TOYKA JIOKAJIbHOTO MaKCUMYyMa.

I () >0,

Ecmu TO Xp - TOYKA JIOKAJIbHOT'O MUHHUMYyMa.

III  IIpaBmuo. [Tyctb f npa3  HempepbiBHO  auddepeHnupyemMa

f'(xo ): fﬂ(xo )= = f(n_l)(xo )= 0, f(”)(xo);e().

TOYKE Xo U
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¥ (=) (xn )< 0,
Ecnu n - yeTHOE 1 TO Xg - TOYKA JOKAIILHOTO MAaKCUMYyMa.

f(n)(xo ) > 0>
Ecnu n - yetHoe 1 TO Xo - TOYKA JJOKAJIbHOTO MUHUMYMa.
Ecnu n - HedeTHOE, TO Xo HE SIBISETCS TOUKOM JIOKAIBHOTO AKCTPEMYMA.
Touxku nmepernda

[Mycte  ¢ynkums f onpenessieHa B HEKOTOPOH  OKPECTHOCTH  TOYKH Xo,
HENpephIBHA B TOYKE Xo © UMEET B ITOW TOUYKE KOHCUYHYIO WM OCCKOHCUYHYIO
npou3BoAHYy0. Ecmum mpu  mepexome depe3  TOUKY Xo GyHKIus f MeHseT
HaIpaBJICHUE BBITYKJIOCTH, TO Xo HA3bIBAIOT TOYKOW mepernOa ¢ynkmouu f, a
Touky (Xo; f(Xo)) - Toukoit mepermba rpadwmka (yskuouu f. I'padux GyHKIHH
IEPEXOAUT C OJHON CTOPOHBI KacaTeIbHOM, MpoBeAcHHOM B Touke (Xo; f(Xo)), Ha
npyryro cropony. Touku neperuba f - Touku sxcrpemyma s f'.

Heobxooumvle ycnosus nanuuus nepecuba

f"[x0)=0 fﬂ(xo)

160 HE CYIIECTBYET.

ﬂOCmClmOUHble YClaoeusd HAIU4uA nepeeu6a

f

(x)
1. Ecnn MEHSAET 3HAK MPU NIEPEXOJIE YEPE3 TOUKY Xo, TO Xg - TOUKA
neperuoa.

f"(xo ): fm(xo )= = f(n-lj(xo)= 0, f(n)(xo)?&(l

2. Ecin TO

pyu N YETHOM X - TOYKa Tieperuda, mpu N HEYETHOM Xg HE SIBJISIETCS] TOUKOU
neperud
HeonpeneneHHbId HHTErPa

IlepBooOpa3nas

[TepBooOpasuoii ¢pyukiuu f Ha mpomexyTke | HaspiBaeTcs pynknus F, Takas,
Fix)= f(x) ¥xel
0

HeonpeaeneHHbId HHTErPaJI
[#(x)dx = F(x)+C,

riae F - mepBoobpasnas ¢pynkiuu f (Ha mpomexytke); C - MpoOU3BOJIbHAS TOCTOSTHHAS.
OcHosHuie ceolicmea

] =16 af o= 1630
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, [Fi(x)ax= F(x)+C, [aF(x)= F(x)+C.

[rxax=F()+c,

3. Ecou TO
Jf(ax+b)dx= l!1"'(41x+:b)+(3’, az0
173

4 J(@' (x)+ Be(x))dx = aJ Fx)ax+ ﬁjg(x)dx, o +p2 =0

3amena NMEPEMEHHBIX B HEONIPEACJICHHOM HHTETpaJjie

. [l (x)ax = [ #lu)du = Flu)+ C = Flu(x)+C.

x=plt), pt)=0, F (gople,
2. Eciaun - nepBoo6pa3Ha;1 VIS TO

[elx)ax = glel))e ()t = Fl)+C = Flp™ (x))+C.

(I)OpMy.Ha HHTCI'PUPOBAHUA 110 YACTAM
jua!‘v =uy —Jvdu,

(u, v - muddepentmpyembie GyHKIHH).

IIpocreiine HHTErpaJIbl
[o-ax=c, [1-dx=[dx=x+C,

dx 1 1 dx
|G i WL gl

1
J 5 2=—a::“c:‘ltgx+C’ a#0,
a” +

i

s (T x|

d 1 +
J2x2=—lna x
a®—x 2a

J dx |1+x|

+C, az0,
a—x

J s =lln|x2+a|+C,
2

x2 + e
Jvl— x?
adx

S A
ﬁ=arcsm —+C,
a’=x a

dx
=hnlx++x +1)+C,
el 7
J x =1nx+«.1‘x2—l‘+C,
x4 dx +a}+C,

= arcsin x+C,

=In

x2+cz
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dx
sin % x cos® x
JJieMeHTbl KOMOUHATOPUKH, Gopmyaa HeroToHa

=igx+C,

de

=—cigx+C, J

HepeCTaHOBKl/I. PaSMeIIIEHI/IH. Coueranus.

Yucno nepecTaHOBOK U3 N DJIEMEHTOB:
P,=12:3:--n=nl

. m(nzm)
Yucno pa3menieHuid u3 N o | )
A= (o=1, 1=1)
(n—m)
A =nfn=1) amme ), A =1
A = (n-m)A7,
A::Pu=n|’ A:-I_A::n|
. m(nzm
Hucno coueranuit u3 N mo
R = L
& m!(n—m)!’
o n(n—l)~--(n—m+1)_ n(n— 1)~--(n—m +1)
i mll 1:2:30em
CBoiicTBa cOUETaHMII:
Cr=CI™ 02ms<n Ch=Cr=]

Co+Ch+..+Ch=2"
PexypenTtHas gopmyna jist yuciaa COueTaHUM:
cCricrt=Cc*!, 0<m<n

2+l 2

®opmysa ounoma Herorona

(a+b) =a+b,
(a+b) =a® +2ab+ b,
(a+b) = a® +3a’b+3ab® +5°,
(a+b) =a* +4a°b+6a°b* + 4ab’ + b,
(a+b) = a® +5a*b+10a°b? +10a°b® +5ab* +5°,
(a+b) =Cla" +Cla" b+ C2a™ b +... +
+Cra b +...+ CBY, neN.
Ecnu k-t unen ((k+1)-e cmaraemoe) pasinoskeHus CTereHr OMHOMa 0003HAYaTh
T,
yepes , TO
T, = Cla™*b*.
Tpeyroasnuk Ilackais
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0 1

11 1

2. 1 2 1

3 1 3 3

4 1 4 6

51 5 10
6 1 6 133
71 ) 21
8 1 8 23
9 1 9 35
10 1 10 45

(n-SI CTPOKa COCTOUT U3 YHUCCII

1
4
10
20
35
56
84

120

5
15 6
35 21 7

70 56 28 8
126 12¢ 84 36
210 252 210 120

0 1 »
e el e

).

Bo3BeaeHne MHOro4JieHa B CTell€Hb

(a+b+c
(a+b-c

2

9
45

V=a®+b* +% +2ab+ 2ac + 2be,
V=a®+b 4+ +2ab-2ac - 2be,
(a-b-c)=a®+b* +c* - 2ab- 2ac + 2bc,

1
10

(a+b+cf =a® +b° +c7 + 3(&2b+a26 +bla+bic+

(a+b+c) =a* +b* +c* +4(a3b+a3c +bhia+
+b’c+c’a +c3b)+6(e:1z2b2 +a’ct +b%c? )+

+cza+cgb)+ 6abe,

+1 Z(agbc +bac+c’ ab),
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