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1 HOACHUTEJIBHASA 3AIIMCKA

CocrtaB U colepKaHhe NMPAKTUUYECKUX 3aHATUN HampaBieHbl Ha peanu3anuio denepanbHOroO
rOCYJapCTBEHHOTO 00pa30BaTEIbHOTO CTAaHAAPTA CPEAHETO NPOPECCHOHATHLHOTO 00pa30BaHMS.

Benymeit aMnakTU4YecKoll 1€NpI0 MPAKTUYECKUX 3aHITUN  sBIsieTcs (OpMUPOBAaHUE
npo(EeCCUOHATBHBIX MPAKTUYECKUX YMEHUH (YMEHUIl BBINONHATH ONpPEICICHHBIE JeHCTBUS,
orepaiy, HeoOXOAUMbIE B MOCJIEAYIOMIEM B MPO(ecCHOHANBHON IeSTeNbHOCTH) WU Y4eOHBIX
MPAKTUYECKUX YMEHHH pemaTh 3a/a4d 10 MaTeMaThKe, HEOOXOAMMBIX B MOCIENyIOmEel yueOHon
NEeSATEIbHOCTH.

B cootBerctBMM ¢ paboueil mporpamMmoil yueOHOH aucuMIUIMHBL «MaTeMaTuka
MPEAYCMOTPEHO MPOBEJIECHHUE MPAKTUYECKUX 3aHATHH. B paMkax mNpakTUYECKOro 3aHITHs
o0ydJaronecs MOTYT BBITIOIHATh OJHY UM HECKOJIBKO MPAKTHUECKUX padoT.

B pe3ynbrare X BBIIOJHEHMSI, 00Y4arOIUNACs JODKEH:

ymemb:

- pelarh IPUKIIAJAHbIE 33Jjaul B 00JaCTH IPOPECCHOHATIBHOM 1€ TEIbHOCTH;
- QHATTM3UPOBAThH 3a]1a9y W/WUJIH TPOOJIEMY M BBIIEISTH €€ COCTaBHBIC YaCTH;
- OIIPEJEIISITh ATAlbl PELLICHUS 3a]auu;

- peaJIn30BaTh COCTABJICHHBIN ILIAH;

- CTPYKTYPHUPOBATh NOIYYaeMyo HH(OPMAIHIO;

- BBIJIENIATh HauOoJiee 3HaYMMOe B IepeyHe nH(popMalnu;

- OLICHUBATh IPAKTUYECKYIO 3HAYUMOCTb PE3yJIbTATOB IIOUCKA,

- 0OPMJIISTH pE3yIbTAThI IOKCKA.

ConepkaHye NPAKTUYECKUMX OPUEHTUPOBAHO Ha TOArOTOBKY OOYYAIOIMXCS K OCBOCHHUIO
Npo(eCCUOHATIBHOIO ~ MOJYJISL  MPOTpaMMbl  IOJTOTOBKM — CHELMAIMCTOB  CPEAHEro 3BEHa IO
CIELMAIBLHOCTY U OBJIAJICHUIO HPOPECCUOHATbHBIMU KOMNEMEHUUAMU:

I[IK 4.6 Ananu3upoBaTh (PUHAHCOBO-XO3SHUCTBEHHYIO AESITEIBHOCTb, OCYIIECTBISTH aHAIU3
nH(pOpMallMK, MOJYYEHHOW B XOJ€ IMPOBENEHUS KOHTPOJIbHBIX MPOLEIYp, BBISBICHHE U OLCHKY
PHUCKOB;

A Takxe pOpMUPOBAHUIO 0OU4UX KOMNEMEHYUIL:

OK 01 Bri6upats criocoObl pemieHus 3aj1a4 NpopecCHOHATBHON AeATEIbHOCTH PUMEHUTENIBHO
K pa3IM4HbIM KOHTEKCTaM.

OK 02 OcymecTBiiTh MOUCK, aHAINW3 M HHTEpHpeTanuio MHGOpMaLul, HEOOXOIUMON JUIs
BBITIOJTHEHUS 33/1a4 PO ECCHOHATBHON JAEeSITENbHOCTH.

BrinmonHenue o6ydaroniuxcsi mpakTH4ecKux padoT mo yuyeOHoM mucuuruivHe «MaTemaTtuka»
HaIpaBJIEHO HA:

- o0o0mieHue, cucTeMaTH3alloo, YIayOlleHue, 3akpelyieHHe, pa3BUTHE M JAETalINU3aluIo
MOJIYYEHHBIX TEOPETUUECKUX 3HAHUI 10 KOHKPETHBIM TeMaM y4eOHOW JUCIUILINHBL,

- (opMHMpOoBaHHE YMEHUH NPUMEHSATH IOJyYCHHbIE 3HAHUS Ha TPaKTHKE, pean3aluio
€IMHCTBA MHTEIJIEKTYaJIbHOM U MPaKTUUECKON JeATeIbHOCTH;

- pa3BUTHE HHTEUIEKTYalbHBIX yMEHUH Yy OyIylIIMX CIEHUAINCTOB: aHAJTUTHUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BbIpaOOTKY NpHU pEIIEHUH IMOCTABJICHHBIX 3aJad MpPO(EecCHOHANBHO 3HAYMMBIX KadyecTB,
TaKMX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTb, TOYHOCTh, TBOpYECKasi HMHUIATHBA.

[pakTiueckue 3aHATHA TMPOBOIATCS IIOCIE COOTBETCTBYIOLIEH TEeMBbl, KOTOpas oOecrednBaeT
HaJIM4YKe 3HaHUH, HEOOXOIUMBIX IS €€ BBIIOTHEHHSI.



2 MIEPEYEHD IPAKTUYECKUX 3AHATHUI

Pazneanl/TeMbl Tembl KoanuectBo | TpeGoBanusi
NPAKTHYECKUX/J1a00PATOPHBIX 4acoB orocC C1io
3aHATHI (ymeTn)
Paznen 1. KOMIIJIEKCHBIE UM CJIA 4
Tema 1.1. [IpakTuueckas padora Nel 2 ¥01.2
Anrebpanyeckas Gopma «/JleicTBHS HAJl KOMIUIEKCHBIMU Y01.3
KOMILIEKCHOTO YKCiia YUCJIAMH B aJIreOpanyiecKoi Y01.9
dbopme v02.4
¥02.7
Tema 1.2. [IpakTuueckas padora Ne 2 2 Y01.2
Tpuronomerpuueckas ¢popma | «JlelicTBUS HaJ] KOMIUIEKCHBIMU Y01.3
KOMIIJIEKCHOTO YHucJia YUCJIAaMU B TPUTOHOMETPUYECKON Y01.9
bopme» v02.4
Y02.7
Pasnen 2. JUHEMHAS AJITEEPA 12
Tema 2.1. [IpakTryeckas pabora Ne3 2 Y01.2
Marpuiibl ¥ onpeaeaIuTenu «JleficTBHS ¢ MaTpULIAMU» V01.3
¥01.9
v02.4
¥02.7
[IpakTuueckas pabora Ne 4 2 Y01.2
«Bbluncnienue onpeneauTenci» Y01.3
Y01.9
v02.4
v02.7
Tema 2.2. [IpakTuueckas pabora Ne 5 2 Y01.2
Cucrembl TUHEHHBIX «Pemenne cucTteM JTMHENHBIX V01.3
ypaBHEHH ypaBHeHU MeTosioM Kpamepay ¥01.9
vV02.4
Y02.7
[IpakTuyeckas padora Ne 6 2 Y01.2
«Permienne cucTeM JIMHEUMHBIX Y01.3
YpaBHEHUN MaTPUYHBIM ¥01.9
METOIOM)) v02.4
v02.7
[IpakTuueckas padora Ne 7 2 Y01.2
«Pemenne cucteM JTMHENHBIX V01.3
ypaBHeHu MeroaoM ["aycca» Y01.9
¥02.4
Y02.7
[IpakTuyeckas padora Ne 8 2 Y01.2
«Pemenne cucTeM JTMHEMHBIX V01.3
YPaBHEHUH pa3InYHBIMU ¥01.9
METOaMH)y V024
¥02.7
Pasznen 3. MATEMATUYECKHIN AHAJIN3 20




[IpakTrueckas padota Ne 9 Y01.2
« Boruncnenue npenenos Y01.3
Tena 3.1 hyHKIHI Y01.9
Teopus npezeron [IpakTrueckas padorta Ne 10 YV01.2
«BblunciieHne npeaenos. Y01.3
N30aBnenue ot Y01.9
HEOIPEICTECHHOCTEN
Vi
[Ipaktuueckas padoraNe 11 Y 01.2
«nddepernupoBanme cIoXHBIX Y 01.3
GyHKIHN Y 01.9
v02.5
¥02.6
[IpakTuueckas pabora Ne 12 Vi
Tena 3.2. «UccnenoBanue GyHKIMA HA YV 01.2
TTpomsBOHAs (YHKIMH H ¢ MOHOTOHHOCTb, 9KCTPEMYMBI, VY 01.3
HpUMeHeHTe BBIITYKJIOCTH - BOTHYTOCTb, Y 01.9
reperuoy» Y02.5
Y02.6
Vi
Y 01.2
[IpakTuueckas padora Ne 13 Y 01.3
«Pemienne Gpu3nveckux 3aaad.» Y 01.9
v02.5
Y02.6
Vi
[IpakTuueckas padota 14 Yy 01.2
«Bpluncrnenue HeonpeaeIeHHbIX Y 01.3
WHTETPAJIOBY» Y 01.9
Y02.5
Y02.6
Vi
[TpakTrueckas padota 15 Yy 01.2
Tema 3.3. «Bpruucnenue miomanen Y 01.3
WHTerpan u ero NpuiIoKeHHst | TUIOCKUX GUTYp B 00BEMOB TE» Y 01.9
v02.5
Y02.6
Vi
[IpakTuueckas padora 16 3;%112
«Pemienne puznueckux u .
Te:HHeqecil?x :aﬂ;‘;» Y O0L9
¥02.5
Y02.6

Pasgen 4 SJIEMEHTBI TEOPHU BEPOSITHOCTEU U
MATEMATHUYECKOUN CTATUCTUKHA




Tema 4.1 DneMeHTBI TEOpUH

[IpakTuueckas pabora Nel7 4 Vi1
BEPOSITHOCTH U « Pemrenne 3a1a4 Ha BBIYUCIICHUE Y 0l.2
MAaTeMaTUYECKON CTATUCTUKUA | BEPOATHOCTH C UCIIOJIb30BaHUEM VY 01.3
9JIEMEHTOB KOMOMHATOPUKI Y 01.9
v02.4
v02.7
HUTOI'O 40




3SMETOANYECKHE YKA3AHUS

Tema 1.1 Anreopandeckasi popMa KOMIJIEKCHOTO YHCJIA

IIpakTnueckoe 3ansaTue Ne 1
JlelicTBus HaJ KOMIUIEKCHBIMM YHMCIaMHU B alireOpandeckoit popme.

Heab: Hay4uThCS BBINONHATH JCHCTBUSA HaJ KOMIUIEKCHBIMH YHCIAMH, 3allMCAaHHBIMH B
anrebpandeckoii opme.

Beinosinus patdory, Bel Oyaere:
ymemb:
- AaHAJIM3UPOBATh 3aJ1a4y U/UIM ITPOoOIeMy U BBIAEIATh €€ COCTABHbIE YacTH;
- OIIPEIEIIATh dTalbl PEILICHUS 3aa4u;
- peayin30BaTh COCTABICHHBIN IUIAH;
- CTPYKTYpPHPOBATh NOJIY4aeMyro HH(OpMAIHIO;
- 0bOpMIIITH PE3yabTATHI TTOUCKA.
MarepunanbHoe obecrnieyeHue:
WNHnuBunyanbHble 3a1aHKs, CIIPABOYHBIE MATEPUAIIbl, KOHCIIEKTHI JICKIUH.

3aganue:
1. Jlausl komiutekcHble uncna: z1=(-3;-5), z2=(-7,2;7,2), z3=(2;6).
3amucarh 3TH YKCia B anreopandeckoii popme.

2. Breuaucnuts:
1) z1+2z2;
2) z2-13;
3) z1/23;
4) z2*1z3;
5) z15.
3. Brmuucnurs:
1-3i 1+4i .,
—+ — i
-2 1+3i

Kparkue Teopernueckue cBeJleHHs:

KommiekcHble uncna B anredpanueckoil popmMe 3amuchIBAIOTC:

z=a+bi

JleticTBusi HajJ KOMIUIGKCHBIMH YHCJIaMH B aireOpandeckoil (opMe BBITOTHSIIOTCS,

UCTIONB3YST (POPMYIIBI:
71+ 2y = (aq + ay) + (by + by)i
7y — 73 = (ay — az) + (by — by)i
7y * zy = (103 — byby) + (ayb; + azby)i

Z1 _ Q103+b1b; azbi—ab, .
Z aZ+b2 aZ+b2

Ilopsinok BbINOJHEHHs PadOTHI:



1. BHuMaTenbHO 03HAKOMBTECH C YCIIOBUEM 3a/IaHMUS.
2. Tlonb3ysich KOHCIEKTOM JEKIUil, moAdepuTe HYXHYIO (POpPMYITy WM COOTBETCTBYIOIIEE
YCIIOBUE JIJISl pELIEHMS 3a1a4u.

Xon padoThl:

1.IIpounTtaTh MaTepuan KOHCIEKTa Jekuuii; Ha ocHoBaHMN M3710)KEHHOTO MaTepuasia
paccMOTpUTE IPUMEPHI PELICHUS 3a/]1a4.

2.B TeTpaau 11 NpakTH4ECKUX paboT peluTh MPEUI0KEHHBIE MPErojaBaTeieM 3aJauu.

Ha ocHOBaHMYM M3]I0KEHHOTO Marcpuaia paCCMOTPHUM IIPHUMEPEI PCIICHUS 3a1a4.

1.lanbl KomIutekcHbIe unca : z1=(7;1), z,=(-1,5;1,5), z3=(4;-3).
3anucarh 3TH 4Kcia B anredpandeckon popme.
Pemenue:
T.k. anredpanveckas Gpopma KOMILTICKCHOTO YHCIIa MMEET BU Z=X+iYy, TO
2, =T+i; z,=-15+15i; Z;=4-3i
2.BBIMoaHUTE ASHCTBUA B anreOpandeckoi ¢popme:
1) 21+ zy;
2) 22- 23
3) Zl/ 73,
4) Zo * 73,
5) 215.
Pemenue:
1) z3+ z,=(7-1,5)+(1+1,5)i=5,5+2,5i;

2) 21~ 23=(7-4)+(1+3)i=3+4i;

Z +1 +1 + ol + 2+ 41+ 3l + 23l — + 29I
3)z,  7+i  (T+i)4+3) 28+21i+4i+3i° 28+25i-3 25+25i

- F T : N - = = 1+i
z, 4-3i (4-3i)(4+3i) 16— (3i)® 16+9 25

4) 7y + 73=(~15+15i)(4 —3i) = —6 + 4,5i + 6i — 4,51 = —6 +10,5i + 4,5 = —2,5+10,5i ;

2,52 (T+0)° = ((7+0)2)7 (7+1) = (49+14i +1%)? (7 +1) = (48+141)* (7 +1) =
(2304+1344i +196i2)(7 +i) =
— (2108 +1344i)(7 + i) = 14756 + 2108i + 9408i +1344i = 13412 + 11516i

5)

3. BeruuciuTs:
1+3i 4-5i
e
i—-3 1+3i
Pemtenue:

L+31, 4-51 =910 g
i—-3 1+3i

1) 1+3i  (1+3i)(-3-i) -3-i-9i-3i’ _-10i _

-3 (3+i)(3-1) (321’ 0



2) 4-5i _(4-5i)(1-8i) _4-12i-5i+15i° _-11-17i

= = -11-17i
1+3i  (L+3i)(1-3i) 1-(3i)? 10

4)—i+(-11-17)-1=-i-11-17i-1=-21-28i

C[)opMa NnpeacraBjJacHusd pedyjabTara:
Brimonnennoe 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BHIMOJTHEHA B MOJIHOM 00BEME ¢ COOTI0ICHIEM
He0o0X0IMMOM MOCIe0BATENbHOCTH JICHCTBUI; B OTBETE MPABHIIBHO U aKKYPAaTHO BBIIIOJHEHBI BCE
3aIMCH U BBIYUCIICHUS.

Ounenka "xopomo' CTaBUTCS, €CIM BBIIOJHEHb TpeOOBaHUS K OLIEHKE "OTIUYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka "yI0BJIETBOPHUTEIBHO'" CTaBUTCS, €CU paboTa BBHIMOIHEHA HE MOJHOCTHIO, HO
00BEM BBITIOTHEHHOW YaCTH TAKOB, YTO IMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YIbTAThl U BHIBOJIBI,
B XO/JI€ MPOBEACHUS pabOThl OBUIH TOMYIIEHBI OLTHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBUTCS, €ClIM padOTa BBHINOIHEHA HE MOJHOCTHIO WIH
00BEM BBITIOJIHEHHOH YyacTH paboThl HE TTO3BOJISET ClIeaTh MPaBUIIbHBIX BHIBOJIOB.

Tema 1.2 Tpuronomerpuuyeckas (popMa KOMILJIEKCHOT0 YHCJIA

IIpakTuyeckoe 3ansaTue Ne 2
JleiicTBHsI HaJl KOMIUIEKCHBIMH YMCIaMH B TPUTOHOMETPHUYECKOH dopme.

IIe.m;: HAay4YUTBCA 3allUCbIBAaTh KOMIUICKCHBIC 4YHCIA B TpHI‘OHOMGTpH‘-ICCKOﬁ (bopMe,
BBIITIOJIHATH I[CI\/'ICTBI/ISI Haa KOMIIJICKCHBIMHA YHCJIaMH B T‘pI/IFOHOMeTqueCKOI}'I q)opMe.

Boinoainus padorty, Bel Oynere:
ymemb:
- AaHAJTM3UPOBATh 3a]1a4y U/UIM POOJIEMY U BBIIEIATh €€ COCTaBHbIE YaCTH;
- OIIPEJENISATH dTalbl PEIICHUS 3aa4ul;
- peaJin30BaTh COCTABIEHHBIN IUIAH;
- CTPYKTYPHUpPOBATh MOITy4aeMyI0 HH(OpPMaLIHIO;
- 0OPMJIISTH pe3yabTAThI TOKCKA.
MarepuanbHoe o0ecnieyeHmne:
WNHauBuayanbHble 3a1aHNSL, CIPABOYHBIE MaTEpUAIbl, KOHCIIEKTBI JIEKIIUH.

3amanme:
1. 1 danbl koMiutekcHbie uncia: z1=(-3;-5), z2=(-7,2;7,2), z3=(2;6).
3amucaTh 3TH YUCIIa B TPUTOHOMETPHUYECKOU (hopMe.

2.Berancnure:
1) Zy " Z3;
2) %,
Z3
10



3) zi;
4) VZ3,
3. BeimonHUTE IEHCTBUS U 3aIUIINATE PE3yNIbTaT B anredpandeckoii popme:

. ST . . 5Ty\2 24(cos75%+isin 75%)
a) (3 (cos , Hisim 4)) ) 3(cos 30%+isin 300) °

KpaTRne TECOPETHYECCKUEC CBCACHUS .

TpHFOHOMeTpI/I‘leCKOﬁ q)OpMOﬁ KOMIIJICKCHBIX YHCCJI HAa3bIBACTCA 3aIIUCh UX B BUJC:
z =71 (cosp + ising).

[Ipu BbIMOMHEHUM NEHCTBUI HaJ KOMIUIEKCHBIMHM YHCIAMU B TPUTOHOMETpPHUYECKOH (opme
HCIIOJIb3YIOTCS CIENyIoKe (POpMyIIbL:

z 'Zzz =77:1 ‘1y(cos(@r + @2) + isin(@, + ¢3))
= = 2 (cos(gy — o) + isin(p, — ¢,))
Z T

n

z" = r"*(cosng + isin ne)

J11st u3BIICYEHUS KOPHS N-i CTETICHHU U3 KOMIUICKCHOTO YKCIIa B TPUTOHOMETPUIECKOM hopme
z =r(cose + ising) UcHoOab3yeTcs popmyna :

@+2mk
n

. . @+2mk n o
wy = V1 (cos + isin %), rue Vr. apudmeTHuecKuii Kopens, k=0, 1, 2, ..., n-1.

ANTOPUTM TIepexojia OT aaredOpandeckoil (GopMbl K TPUTOHOMETPUUECKOM:
[TycTh KOMITJIEKCHOE YHCIIO 337aH0 B anirebpandeckoi popme z = a + bi.
1) Moaynes r=|z| 0THO3HAYHO ONpeAeIseTCs MO GopMyIIe

r = VaZ ¥ b2

a . b

cosp=— sinp=-—

2) Aprym™meHT ¢ ompezensiercs u3 GopmyI r, r
3HaYCHHUS apryMEHTa KOMILIEKCHOTO YKCIIa MOXKHO HaXOJUTh M TaK:

e Ormpenenuts , B KaKOW YEeTBEPTH HAXOIMUTCA TOYKA (MCIIOJIb30BAaTh I'€OMETPUUYECKYIO
MHTEPIIpETAIMIO Ynucia) z = a + bi

e PemmuB ypaBHEeHHE tge = g, [10JIy4aeM, 4TO
argz = ¢ = arctgs JUIs BHYTPEHHUX TO4YeK 1 u 4 yeTBepTeid,
argz = ¢ = arctg Z +m [ BHYTPEHHUX TOYEK 2 YETBEPTH,
argz = @ = arctg Z —m  JUIsl BEYTPEHHHX TOYEK 3 4ETBEPTH.

Ecnu Touka z 1€XUT Ha JEHCTBUTEIBHON WIM MHUMOW OCH, TO arg Z MOXHO HAUTH
HENOCPEACTBEHHO.

3) Haiinsg Mmoxynb 1 apryMeHT KOMIUIEKCHOTO YHCIIa, €T0 MOXKHO 3aIlHCcaTh B
TPUTOHOMETPUYECKOH HIIM TTOKA3aTeIBbHON popMe  z = r(cos + i sing) WIH z = re'?.

Ilopsinok BbINOJHEHHs PadOTHI:

1. 3anumure 3ajaHHBIE 4YHUCIa B TPUTOHOMETPHUUECKOM (opMme,  HCIONB3Yys alropuT™M
nepexo/ia K TPHrOHOMEeTpUYECKoi popme.
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2. BrimosnHuTe 3a1aHHbIE IEHCTBUA.

Xon padoThl:

1.IIpounTtaTh MaTepuan KOHCIEKTa Jekuuii; Ha ocHoBaHMHU M3710)KEHHOTO MaTepuasia
paccMOTpUTE IPUMEPHI PELICHUS 3a/]1a4.

2.B TeTpaau 11 NpakTUYECKUX paboT peluTh NpeJI0KEHHbIE IpenoaBaTeieM 3a1auu.

Janbl komiutekcHsle uncia: z;=(7;1), z,=(-1,5;1,5), z3=(4;-3).
1. 3anmcarp yncna 73, Z;u Z3 B TPUTOHOMETPUIECKON (hopMme.
Pemenne:
1) z,=7+i
|z;| = V49 + 1 = V50 = 5v2,
Uuciio HaxouTCs B IEPBON YETBEPTH, 3HAUUT

Q= arctg; = arctg0,1429.
z; =7 + i = 5v2(cos 8°8’ + isin8°8").
2) z,=-15+15i
|z,| = J(=1,5)2 + 1,52 = /2,25 + 2,25 = \/4,5=2,1

3m.

o b
HHci0 HaXOAUTCs BO BTOPOl YETBEPTH, 3HAYUT ¢ = arctg—+m = arctg(—1) +m = — g +m=

z; = =15 + 150 = 2,1(cos = + isin ).
3) z3=4-3i
|z;] =9+ 16 = V25 =5,
Yucio HaxXoIUuTCida B quBepTOﬁ YCTBCPTHU, 3HAYUT
Q= arctg_T3 = arctg(—0,75) = —36°°52'.
73 = 4 — 3i = 5(cos(—36°52 + isin(—36°52).
2. Beruncaunre:
1) z, - z3;
2)
3) zi;
4) Vz,
Pemenmue:
Zy+ 73 =2,1" 5(cos(135° — 36°52") + isin (135° — 36°52’)) = 10,5(cos 98°8’ + isin 98°8');
a5V (cos(8°8’ (—36°52")) + isin(8°8' + 36052’)) = V2(cos 45° + isin45°);

Z3
75 = (5\/_ ) (cos5-8°8' + isin5 - 8°8") = 12500v2(cos40°40" + isin40°40");
Bocnons3yemcest hopmynoit:

ox=4r (cos L +n2ﬂk isin?™* 2ﬂk)

n
B namem anMepe n=2.

§135°4360%k | 13574360, .

VZ, = wy = ( lsmT),
3V2 135°+360%0 |, . . 135°+360°0 . . .
Wy = /T(COST + isin T) = +/2,1(cos 67°30" + isin 67°30");

Wy = /?(cosw + isin 1%2&) V2,1(cos 247°30" + isin 247°30").

1. BrimonHuTe ACWCTBUA U 3alIUIINTE PE3yAbTAT B anreOpandeckoit popme:
5m 51 5m 5m 5m 5m V2o 2
- —Y))6 = 26 - - = - ) = -
2- (cosz4+lsm ) 2 <cos24 6+151n24 6) 64<cos 7 + isin 4) 64-( > i 2)
= —32v2 — 32v2i
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24lcos75 + bin 750 L 2 (75° = 15°) + isin(75° — 15°) = 8(c0s60° + isin60°) = 8 1+ v3
3(cos 15° + isin 15°) ~ 3 (cos isin = 8(cos isin = i

2 "2
=44 4/3i

C[)opMa NnpeacraBjJacHusd pedyJjabTara:
Brimonnennoe 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BHIMOJTHEHA B MOJIHOM 00BEME ¢ COOMI0ICHIEM
He0o0X0IMMOM MOCe0BATEIbHOCTH ICHCTBUI; B OTBETE MPABIIBHO U aKKYPAaTHO BBITIOJIHEHBI BCE
3aIiCH U BBIYUCIICHUS.

Ouenka "xopomo'" CTaBUTCS, €CIM BBHIIOJHEHBI TpeOOBaHMUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka "yl1oBJIETBOPUTENbHO'" CTAaBHUTCs, €clid paboTa BBHITIOJIHEHA HE IOJHOCTHIO, HO
00BEM BBITIOTHEHHOW YaCTH TAKOB, YTO IMO3BOJISET MOJYYHTh MPABUIBHBIC PE3yIbTaThl M BHIBOJIBI;
B XO/JI€ MPOBEACHUS pabOThI OBUIH JTOMYIIEHBI OLTHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBUTCS, €CJIM padOTa BBHINOIHEHA HE MOJHOCTHIO WIH
00BEM BBITIOJIHEHHOH YyacTH paboThl HE TIO3BOJISET ClIENaTh IPABUIIbHBIX BHIBOJIOB

Tema 2.1 MaTpuiubl ¥ onpeaeJuTe

IIpakTuyeckoe 3ansaTue Ne 3
JlelicTBUS HAJT MAaTPUIIAMHU.

HeJIBZ HAYYHUTHC BBIIIOJIHATD HeﬁCTBHﬂ HaJl MaTpHllaMU.

Brinosinus padorty, Bl Oynere:
ymemup:
- aHAJTM3UPOBATH 33/1a4y W/WIH MPOOJIeMY U BBIICTSATH €€ COCTaBHBIC YaCTH;
- OINPEAEIATh 3TAIbl PEIICHUS 3aa4H;
- peann30BaTh COCTaBJIEHHBIH IJIaH;
- CTPYKTYPHPOBATh MOTy4aeMyto HH(POpMaIIUIO;
- 0OPMIISITH PE3yNbTAThI TOUCKA.
MarepuajibHoe o0ecnieyeHue:
WNHnuBunyanbHbIe 3a1aHKs, CIIPABOYHBIE MATEpUAIIbl, KOHCIIEKTHI JIEKIIHI.

3aganme:
1. [laHbl MaTpHUIIbI

Haiitn 24 — B =,
2.J1aHbl MaTPUIIBI

A=

ool pal? =2
12 2 -1)

u
Haiitn matpuny 4xB—-Bx 4,

3. Berumciute Matpuiy X = 2CB + 34", ecim

13



10 -2 2 1
A:<2 1 —1>B= s g)C=<0 —3)

1 1 0

ITopsinok BbINOJIHEHHUSI PAa0OTHI:

1. BHUMaTeabHO 03HAKOMBTECH C YCIOBUEM 3aaHMUSL.

2. Tlonb3ysichb KOHCIEKTOM JIEKIUH, MoA0epuTe HYXHYIO (POpPMYITy WM COOTBETCTBYIOLIEE
YCIIOBUE /ISl pELIEHMS 3a1a4u.

Xon padoThl:

1.IToBTOpHUTE NIpaBMIa 1 GOPMYIIBL.

2.0npenenute NOPSIOK IEHCTBUS B 3aJJaHUU.

3.1 Kaxx0ro AeHCTBUS MPUMEHUTE COOTBETCTBYIOLIYIO (opMyIy.
4.0dopmure perieHue.

Ha ocHoBaHuuM M3110XK€HHOTO MaTepuaia pacCCMOTPUM MIPUMEPHI PEIICHHS 3a/1a4.
7 -3 1 4
1. Tano ypasuenue A+X=B. 31ech ! |3 1 I.b |” -3 t Haiitu X.
Ecim 4 + X=B, to X=B — A. Kaxzaplii 3J€MEHT pa3HOCTU [BYX MaTpul B U A paBeH
pa3HOCTH COOTBETCTBYIOIIUX 9JIEMEHTOB JaHHBIX MaTpHuIl BuA.
Torna

2 w3 | 1 2
2. Jla"bl MaTpUIIbI u O V) Haiitu matpuity Bx 4 - AxB,

— e o
[Tycts € =4xB. TormasnemeHT ~ ¥ MaTpuisl C paBeH CyMMe MPOU3BEICHUN
9JIEMEHTOB i-0 CTPOKH MATPHUIIBI A Ha COOTBETCTBYIOIIHE 3JICMEHTHI |-TO CTOJI0Ia
MaTpulsl B

n
=1

[1 2) [2 —3)

Bxd= *® =

0 1) 1-1 1
(12421 1-(-3)+2-1) (0 -1
lo241-(-D) 0-(=3)+1-1) -1 1

AHaJIOTMYHO UMEEM:

(2-14(=3)-0 2-2+4( 3)-1’ {2 1 ‘>
-1-14+1-0 -1-2+1-1

Torma matpuna
[0 —1) [2 1)
Bx4—-4xB= - =
-1 1 -1 -1
0-2 -1-1 -2 -2
_[—1—(—1) 1—(—1)]_[0 2]’
3. Beraucinre Matpuiy X = 2CB + 347, ecn
14



1 0 -2 2 1
A=(2 1 —1>B= & 3 é)C=<O —3)

1 1 0 3 2
Pemienue:

Brimmonaum 3aanue mo IedCTBUSIM:

2 1 4 2
1) 2xc=2-(0 —3>:<0 —6)
3 2 6 4

2) 2CB=
4 2
2 -1 2
0 —6]" =
(6 4) G2 o)
4-24+2(-1) 4-(-1)+2-2 4:24+2-0 6 0 8
0:24+(-6)'(-1) 0:-(-1)+(-6):2 0:-2+(-6)-0 =<6 —12 0)
6:2+4-(-1) 6:-(—1)+4-2 6:-2+4-0 8 2 12

Haiinem matpuily, TpaHCIOHUPOBAHHYIO K A

1 0 -2 1 2 1
A:<2 1 —1), AT = (o 1 1)
11 0 -2 -1 0
1 2 1 3 6 3
1) 347=3": (0 1 1>=<0 3 3)
-2 -1 0/ \=6 =3 0

6 0 8 3 6 3 9 6 11
2) 2CB+347=(6 —-12 0 |+ <0 3 3>=<6 -9 3)
8 2 12 -6 -3 0 2 -1 12

®opMma npeacTraBjIeHud pe3yabTara:
Brinonnennoe 3aianue.

Kputepun onenkmn:

Ouenka "oTJIMYHO'" CTaBUTCS, €CITM pabOTa BBHIMOJHEHA B IMOJHOM 00BEME C COOIIOIEHUEM
He00X0IMMOM TOCTIE0BATENHHOCTH JIEHCTBUI; B OTBETE MPABHIBHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aIIMCH U BBIYUCIICHHUS.

Ouenka "xopomo' CTaBUTCS, €CIHM BBIOJHEHb TpeOOBaHUS K OIEHKE "OTIUYHO", HO
JOTMYIIEHBI 2-3 HeloYeTa.

Ounenka "yI0BJIETBOPUTEJIBHO'" CTAaBUTCS, €clid pa0oTa BBHIMOJHEHA HE MOJIHOCTHIO, HO
00BEM BBITIOJIHEHHOW YacTH TAaKOB, YTO MO3BOJISIET MOJYUYUTh MPABUIBHBIE PE3YIbTAaThl U BHIBOJIBI;
B XO/JI€ MPOBEACHUS PabOThI OBLIH TOMYIIEHBI OITHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBHUTCS, €CJIM padOTa BBHIMOJHEHA HE MOTHOCTHIO WITH
00BEM BBITIOJIHEHHOM YacT paboThl HE TIO3BOJISET ClIeNaTh MPABUIBHBIX BEIBOJIOB

Tema 2.1 MaTpuubl 4 onpeaeuTen

IIpakTnueckoe 3ansaTne Ne 4
Breruncnenue onpenennurenei.

He.ﬂbZ HAaYYHUTHCA BbIYUCIIATE OIIPEACTIUTCIIN.
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Beinosnus patdory, Bel Oyaere:
ymembs:
- aHAJIM3UPOBATH 3314y U/WJIK IPOOJIeMY U BBIIETSATH €€ COCTaBHBIC YaCTH;
- OIIpCACIIATD 3Tallbl PCHICHUA 3a/1a4U,
- peaJIn30BaTh COCTABJICHHBIN ILIAH;
- CTPYKTYPHUPOBATh MOITy4aeMyI0 HH(OPMALIHUIO;
- 0 OPMIISITH PE3YABTATHI TOKCKA.
MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/IZ[yaJILHLIe 3alaHuA, CIIPaBOYHBIC MaTCpUalibl, KOHCIICKTLI HCKI_II/II;’I.

3ananmue:

1. HU3BecTHO, YTO OMpEIeTUTENH BTOPOTO MOPSIIKa
4 —3x

‘—1 6

paBeH mectu. Haiitu 3HaueHue x.

2. HaiiTu 3HaueHue OIIPCACIINTCIIA TPETHETO ITOPAAKA
o6 -3
I 4 1
0 -4 -1

Kparkne TeopeTudeckne cBeIeHUs:
C kaxx10M KBaJpaTHON MaTpHUIICH CBSI3bIBAIOT YUCIIO.

OTO YMCIO Ha3bIBAETCS OLpejenuTeseM MaTpulibl. OnpeaeauTenb BBIYUCIIETCS 0 0COObIM
npaBuiiaM U obo3Hauaercs |A|, det A, AA.

Yucno cTpok (CTONOIOB) ONPEAESTUTENS HA3bIBAETCS €T0 MOPSIKOM.

A=\a
Onpenenurens MePBOTO MOPSAKA MATPHUIIBI ( 1 )h‘l paBeH asieMeHTy ai1: |A|=a;

Onpenennreib BTOPOTo MOPIaKa 0003HaAYaeTCsI CUMBOJIOM

a, a,

11
ay dyp

 paBeH |A|=ay18z-a08.

J{nst BBIYMCIEHUS ONPEIESIUTENIEN TPETHErO MOPSJIKA CYIIECTBYET TAKME MTPABUIIA.
IIpaBuiio TpeyroJabHUKa

CxeMaTuyecku 3TO MPABUIIO MOKHO M300pa3UTh CIIEAYIOMIUM 00pa3oM:

«rn “—»

[Ipou3BeneHrEe PIEMEHTOB B IEPBOM OMPEIEIUTENE, KOTOPhIE COSMHEHBI MPSIMBIMU, OepeTCs
CO 3HaKOM "TITIOC"; aHAJIOTUYHO, ISl BTOPOTO OMPEAETUTENS - COOTBETCTBYIOLIUE TIPOU3BEICHUS
OepyTcs co 3HaKoM "MuHyc", T.€.

11 2y
o) (Lo

2 3
flzy | = @11022035 + Q12230 + Q301 032—

lg) gz Qgag

[

i

16
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Ilopsi1oK BbINOJIHEHHUS PAdOTHI:
1. BHUMarTeapbHO 03HAKOMBTECH C YCIIOBHEM 33 IaHHSL.
2. Onpenenute NOPsAIOK OMPEIeTUTENS.

3. [l BEIYUCIICHHSI ONPEACTUTENS IPUMEHUTE COOTBETCTBYIOIIYIO (hOopMyITy.

Xox padoThI:

1.IIpounTaTh MaTepual KOHCIEKTA JieKIMii; Ha ocHOBaHMM M3J10)KEHHOTO MaTepualia

pPaccMOTPUTE MIPUMEPHI PEIICHUS 3a/1a4.

2.B TeTpaau i NpakTUYECKUX paboT PeIIUTh MPEUI0KEHHBIE TPErojaBaTeIeM 3aauu.

Ha ocHOBaHMM U3J10KEHHOI'O MaTeprasa pacCCMOTPUM IIPUMEPHI PELICHUS 3a1a4.

1.BeruuciauTs onpenenuTesib BTOPOro MopsiaKa
-2 -4

5 7

Onpenenurens paBeH

-2 -4 2 2
s - =(-2)-7-5-(-4)=-14+20=6.
2. Beruuciautb OpCACIINTCIIb TPCTHETO IMOPAAKaA
3 4 -5
g8 7 -2
2 -1 8
Torna
3 4 -3
8 7 -2/=3.7-8+8-(-1)-(-5)+4-(-2)-2—
2 -1 8

-2.7-(-5)-(-1)-(-2)-3-8-4-8=168+40—-16+70 -6 — 256 = 0.

dopMa npeacTaBJIeHUs pe3yJbTara:
BrinosHeHHOE 3a/1aHUE.

Kputepuu onenkmn:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BHIMOJIHEHA B MOJHOM 00BEME ¢ COOTI0IeHIEM

He00X0IMMOM MOCIIE0BATENbHOCTH JIEHCTBUI; B OTBETE MPABHJIBHO U aKKYPaTHO BBIIIOJHEHBI BCE

3alMCH U BBIYUCIICHUS.
Ounenka '"'xopomo' cTaBUTCS, €CIM BBINOJHEHb TpeOOBaHUS K OLIEHKE "OTIWMYHO", HO
JOMYUIEHBI 2-3 HeJloYeTa.
Ouenka "y1oBJIEeTBOPUTEJbHO'" CTAaBHUTCs, €clid paboTa BHITIOJIHEHA HE IMOJHOCTHIO, HO

00BEM BBIIIOJIHEHHON YacTH TAKOB, YTO MO3BOJIACT MOJYUYUTh NPABUJIBHBIC PE3YJILTAThI U BHIBOJLI;

B X0JI€ MPOBECHUS PaObOTHI OBUTH TOTYIIEHBI ONTHOKH.
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OueHka ""Hey10BJIETBOPUTEIbHO' CTaBUTCS, €CITU PadOTa BHIMOIHEHA HE TIOJHOCTHIO HITU
00BEM BBITIOJIHEHHOM YacTH paboThl HE TIO3BOJISIET ClIENaTh MPaBUIIbHBIX BHIBOJIOB

Tema 2.2 CucreMbl JIMHEHHBIX YPABHEHUI

IIpakTuyeckoe 3ansaTHe Ne 5
Pemenue cucrem nuHenHbIX ypaBHEHU MeToaoM Kpamepa.

Iesab: HAy4YUTHCS pelIaTh CUCTEMBI JIMHEHHBIX YpaBHEHU MeTo10M Kpamepa.

Beinosinus patdory, Bel Oyaere:
ymemb:
- AaHAJIM3UPOBATh 3a]1a4y U/UIM IPOOJIEMY U BBIIEIATH €€ COCTaBHbIE YaCTH;

- OTIPE/ICIISITh ATAIBI PEIICHUS 3a/1a4H;

- peanr30BaTh COCTABJICHHBIN TIJIaH;

- CTPYKTYPHPOBATh MOJIYYaeMyr0 HH()OpMAIIHIO;
- 0bOpMIIITH pE3yabTATHI TTOUCKA.

MaTtepuajbHOe o0ecneyeHue:
I/IH[[I/IBI/IZIyaHI)HBIe 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI JIGKIII/II;'I.

3ananmue:
Oy +2y =8,

4x+y=3

1. Cucremy
pemuTh o npasuity Kpamepa.

]

2. Haiitu pemienue CJIAY {2;“

ro =

) npu noMouu Meroga Kpamepa.

KpaTKue TECOPETHYECCKUEC CBCACHUSA:

Teopema Kpamepa. Ecinu onpenenurens MaTpULbl KBaAPaTHOW CUCTEMBI HE PaBEH HYJIIO, TO
crcTeMa COBMECTHA M UMEET €IMHCTBEHHOE pellleHue, KOTopoe HaxoauTces o popmynam Kpamepa:

Ti=

A
rae A - onpeennTeNh MATPHIGI CHCTEMBI, Li- ONpeIeInTe]h MATPUIGI CHCTEMBI, IJe
BMECTO i -T0 CTOJIOIA CTOMT CTOJIOEI] IPAaBbIX YacTeH.

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. BHuMaTenbHO 03HAKOMBTECH C YCIIOBUEM 3a/IaHMUS.

2. Tlonb3ysach KOHCIEKTOM JICKIUH, TOI0epUTe HYXKHYIO (POPMYIy WM COOTBETCTBYIOIICE
YCJIOBHUE JUISl PELIEHUS 3aa4U.

Xon paborsr:

1.IIpounTaTs MaTepHas KOHCIIEKTA JIEKIMI; Ha OCHOBaHMM M3J105K€HHOIO MaTeprana

pPacCMOTpPHUTE NIPUMEPHI pELICHUS 3a1a4.

2.B terpanu /Ui MpakTUYECKUX padOT PeIIUTh MPEIOKEHHbIE TIPEToAaBaTeeM 3a1auu.
18



Ha ocHOBaHMM H37T0’)KEHHOTO MaTepraia pacCCMOTPHM TPUMEPHI PEIICHHS 3a/1a4.

2x-3y=17,

Sx+6y=9

1. Pemuth cucremy no npasuity Kpamepa.

OCHOBHO ONPeACIUTENb PABEH
R

“

-3
A=, =12—(-15)=27.

Ecmn 4=0 10 npasuio Kpamepa juist pemeHus cucTeMsl He IIPUMEHSIOT.

& _ 510 OTIPENICIIUTEIb, KOTOPBIH MOTYYaeTCsl U3 TIIABHOTO OMPEICITUTENSI CHCTEMBI ITyTeM 3aMEHBI
CTOJIOIA, COCTOSMIETO U3 KO3 (UIIMEHTOB MPHU X
Ha CTOJIOCTI, COCTOSIINN U3 COOTBETCTBYIONIMX CBOOOHBIX WICHOB,

Hmeem
7 -3
Ax =
9 6
AmHanoruyso,

Ay o

“ - 3TO ONPEIEIIUTEND, KOTOPBIN MOJIYYAETCA U3 TJIABHOT'O ONPENEIUTENS] CUCTEMBI IIYTEM
3aMEHBI  CTOJIOIA, COCTOSIIETO H3 KOXP(HUIMEHTOB TIIpU Y HAa CTOJOEI, COCTOSIIMK U3
COOTBETCTBYIOIIUX CBOOOTHBIX YJICHOB,

Torna

s
&~

7

Ay =
? 5 9

Bepubim oTBeTOM OyieT:

{;-}:]'.’1 + 2x2 =7

o Do .

2. Haiitu pemenne CJIAY (%1 12

Pemenue. Beruncisem onpeaennTeab MaTPUIbI CHCTEMBI:

o

Y mpu momomu Metoa Kpamepa.

5 2
21

Tak kak & # 0 , 1o o Teopeme Kpamepa cucrema cOBMECTHA U HMEET €IMHCTBEHHOE PEIIEHHE.
Beraucium BCIIOMOTAaTENIbHBIC OTIPEICITUTEIH. Onpenemurens A1 momyanm u3
onpeenuTeNs A 3aMeHON €ro TepBOro CTojbIa CTONONOM CBOOOAHBIX KOd(dUIMeHTOB. Bymem
HUMCECTh:

T 2
1

A=y

=T7—18=-11

AHAJIOTUYHO, OTPEAETUTEND A2 TIOAyYaeTCs U3 ONMPENETUTENSS MATPUIILI CUHCTEMBI A 3aMEHOM
BTOPOTO CTOJIOMA CTOIOIOM CBOOOIHBIX KOI(P(DUIIMEHTOB:

a7
29

A, = =45 - 14 =31

Tornma momy4aem, 4To
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C[)opMa NnpeacraBjJacHusd pedyjabTara:
Brimonnennoe 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HO" CTaBUTCS, eciii paboTa BHIMIOJIHEHA B IMOJHOM 00BEME ¢ COOII0ICHIEM
He0o0X0IMMOM TOCIIEI0BATENbHOCTH JICHCTBUI; B OTBETE MPABUIBHO U aKKYPaTHO BBIIIOJHEHBI BCE
3alMCH U BBIYMCIICHUSI.

Ouenka "xopomio'" CTaBUTCS, €CIM BBHIIOJHEHBI TpeOOBaHMUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka "y1oBJIETBOPUTENbHO'" CTAaBHUTCs, €clid paboTa BBHINIOJIHEHA HE IOJHOCTHIO, HO
00BEM BBITIOTHEHHOW YaCTH TAKOB, YTO IMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YIbTAThl U BHIBOJIBI,
B X0JI¢ MPOBECHUS PaObOThI ObUTH TOMYIIEHBI OITHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBUTCS, €CJIM padOTa BBHIMOJHEHA HE MOJTHOCTHIO WIIH
00BEM BBITIOJIHEHHOH YyacTH paboThl HE TIO3BOJISET ClIENaTh IPABUIIbHBIX BHIBOJIOB

Tema 2.2 CucreMsbl JTHHEHHBIX YPABHEHHIA

IIpakTnyeckoe 3ansaTue Ne 6
Pemenue cucrem JIMHENHBIX YpaBHEHUM MaTPUUHBIM CIIOCOOOM.

Leab: Hay4YUTHCS NPUBOJUTH MATPUILY K CTYIIEHYATOMY BHJY, PEIIaTh CUCTEMY JIMHEHHBIX
ypaBHEHU MaTPUYHBIM CIIOCOOOM.

Boinoainus padorty, Bel Oynere:
ymemas:
- aHAIM3UPOBATH 337124y W/HIIK IPOOJIeMy U BBIIETSATh €€ COCTaBHBIE YaCTH;

- OIPEENSTh dTAbl PEIICHUS 3a]a4u;
- peain30BaTh COCTABICHHBIN TUIAH;

- CTPYKTYPHUPOBATh MOITyIaeMyI0 HH(OPMAIIHUIO;
- 0OpPMIIITH pE3yabTAThHI TTOUCKA.

MarepuajbHoe obecnedeHne:
I/IH)II/IBI/II[yaHI)HI)IG 3alaHuA, CIIPAaBOYHBIC MaTCpUajibl, KOHCIICKTbI J'IeKIIHfI.

3aganue:
2r1 + 212 =7
. 2r1 +x2=19
1. Haittu pemmenue CJIIAY MAaTPUYHBIM METOJOM.
2X1 + 7X2 + 13X3 = 27
2. Pemuth cuctemy : {3x; + 14x, + 12x3 = 11 MaTpUYHBIM METOJIOM.
5X1 + ZSXZ + 16X3 = 3

Kparkue Teopernyeckue cBeJleHHS:
C nomo1po JaHHOTO METOAa MOKHO HAXOJIUTh PEIICHUE TOJIBKO JUIsl KBaapaTHbx CJIAY.

3anuuiem 3aJaHHYI0 CUCTEMY B MAaTPUYHOM BUJE: AX = B
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Ecnu marpuna 1 HeBbIpOXKIEHa, TO TOT/IA C MOMOIIBIO ONEpaIMii HaJl MATPHIIAMHU BBIPA3UM
HeusBeCcTHYI0 Marpuily X . Ormepaiss JeNeHUss HAa MHOKECTBE MATpHI[ 3aMCHCHA
YMHOKEHHEM Ha OOpaTHYI0 MAaTpHIly, TO3TOMY JIOMHOXXHM IIOCIICIHEE PaBEHCTBO Ha
Matpuily A ' cieBa:
ATAX =A'B= EX=A"'B=
X=A'B
[TosToMy, uYTOOBI HAWTH HEW3BECTHYIO MaTpuily X Hago HalTH OOpaTHyI0 Marpuily K
MaTpHIIE CUCTEMBI M YMHOXKHTD €€ CIpaBa Ha BEKTOP-CTOJIO0EI] CBOOOAHBIX KO PHUIIMEHTOB.
AJITOpUTM pElIeHUs CUCTEMBI JINHEWHBIX YPaBHEHUH MaTPUYHBIM METOJIOM:

1. CocraBute Matpunly A u3 K03(pPUIMEHTOB MpH HEW3BECTHBIX, MAaTpUIly B 13 cBOOOIHBIX
YJICHOB U MaTpuily X U3 HEM3BECTHBIX.

2. Haiiti oGpatHyro MaTpuiy A™.

3. Haiiti npousBe/ieHie 06paTHO MaTpuisl A™ Ha MaTpHITy-CcTON6EI CBOGOIHBIX H4ICHOB B.

ITopsinok BbINOJHEHUs PadoOThI:

1. BHUMaTeabHO 03HAKOMBTECH C YCIIOBUEM 331aHMUSL.

2. Ilonp3ysicb KOHCHEKTOM JIEKLUH, M0A0epuTe HYKHYIO (POpPMYNy MM COOTBETCTBYIOIIEE
YCIIOBUE /ISl pELICHUS 3a/1a4H.

Xoa paGoTsI:

1.IlpountaTh MaTepuas KOHCIEKTa JIEKIHii; Ha OCHOBaHMM M3JI0’)KEHHOTO MaTepuaia
paccMOTpHUTE IPUMEPHI PEIICHHS 3a/1a4.

2.B Terpaam Ans MpakTUYECKUX PadOT PELIUTH MPEUIOKEHHBIE TPETIoiaBaTeIeM 3a/1auu.

Ha ocHOBaHMU H3JI05KEHHOTO MaTtcpHrajia paCCMOTPHUM IIPHUMCPLI PCIICHUA 3a/1a4.

2ry + a2+ =2
I — e = -2
PelmTs ¢ MOMOIIBIO OOPaTHOM MaTPHUIBI CHCTEMy \#o1 — &2 + 215 =2
Pemenue:
3anuiieM IaHHYI0 CUCTEMY B MaTpUIHOU GopMme:
AX =B,
M)
2 1 1) . 2
A (1.1..) X=1 = B (3)
riue 4 -1 2 /- Marpuma CHCTEMBI, 35/ - cromben, HEW3BECTHBIX, 2 /-

ctonber mpaBbIX yacTeil. Toraa

X=A'B
Haiinem oOpaTHy0 MaTpuIly 4 ! K MaTpule A C IOMOIBIO COIO3HON MaTpHUIIbL:
1_ L o7

A= —.
A

3neck & = |A| - onpenennTens MmaTpunm! A ; Mmarpuna A - cor03Has MaTpHIA, OHA TTOJIydEHA U3
UCXOAHON Marpullbl A 3aMeHOl ee dIeMEHTOB MX anre0pandecKMMH AONoaHeHusmu. Haiinem A,
JUTSI 9TOTO BBIYUCITMM aJIreOpandecKue TOTOJIHEHHSI K DJIEMEHTaM MaTpPHUIIbI A
-1 0 1 0
-1 2 :
1 -1
3 -1

Ay = (-1t — =2 A= (-1}

Ay = {_l)l ¢ ‘




]
[y

Ay = (-1)° !

Agy = (—1)""*

—
I

Takum o6paszom,

) 2 2 2
A 4 1 1
SR S

Omnpenenuresns MaTpuibl A
2 11

A=|1 =1 0|=2-(=1)-241-(-1)-14+1-0-3~
3

-1 2

3 (1) 1—(=1)-0-2—-1-1-2=—14£0
A Tornma

-3 1
11
5 —3

1

LY

4

S S B

Otcrona uckomMasi MaTpuua

Iy 1 -2 -3 1 2
X = Ia = ——1 —2 1 1 —2 =
g ' 2 5 =3 2
—1 r1 = —1

= 1 = {xa =1

ry = 3

dopma npeacTaBiaeHus pe3yJabrara:
BrinosHeHHOE 3a/1aHUE.

Kputepuu onenkmu:
Ouenka "oTJIMYHO" CTaBUTCS, €CITU padOTa BBHIMOJHEHA B MOJTHOM 00BEME C COOMIOICHUEM

H606XO,Z[I/IMOI>'I oCICa0BaTCIbHOCTHU HCﬁCTBHﬁ; B OTBCTC IIPABUJIBHO U AKKYPATHO BBINIOJIHCHLI BCC
3allMCU 1 BBIYMCJICHU .

Ouenka '"xopomo' CTaBUTCS, €CIM BBIOJHEHBI TpeOOBaHUS K OIEHKE "OTIWYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ounenka "yI0BJIETBOPUTEJIBHO'" CTAaBUTCS, €clid pa0oTa BBHIMOJHEHA HE MOJIHOCTHIO, HO
00BEM BBHITIOJIHEHHOW YacTH TAKOB, YTO MO3BOJISIET MOJYUYUTh MPABUIBHBIC PE3YIbTAaThl U BHIBOJBI;
B XO/JIe MPOBEACHUS pabOThI OBLIH TOMYIIEHBI OLTUOKH.

Ouenka '""Hey10BJIETBOPUTEJIBHO'" CTAaBUTCS, €ClIM padOTa BBINOJIHEHA HE MOJHOCTHIO WM
00BEM BBITIOJIHEHHOM YyacTH paboThl HE TIO3BOJISET ClIeNaTh MPABUIBHBIX BEIBOJIOB

Tema 2.2 CucreMsbl JUHEHHBIX YPABHEHHUIA

IIpakTuuyeckoe 3ansitue Ne 7
Pemrenne cucreM nuHeNHbIX ypaBHEHUN MeToaoM ["aycca.

Heab: HayuynuThCS MPUBOIUTH MAaTPUIy K CTYIIEHYATOMY BHJY, pELIaTh CUCTEMY JIMHEUHBIX
ypaBHeHul MetosioM ["aycca.
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C KOHIA 10 Hayanma. M3 MOCIeIHEro ypaBHEHHS HAXOUAT “* .

Beinosnus patdory, Bel Oyaere:
ymembs:

- AHAJIM3UPOBATL 3a1a4y H/Uaa HpO6J’I€My U BBIACIIATH €€ COCTaBHEIC qacCcTH,

- OIIpCACIIATD 3Tallbl PCHICHUA 3a/1a4U,
- peaJIn30BaTh COCTABJICHHBIN ILIAH;
- CTPYKTYPHUPOBATh MOITy4aeMyI0 HH(OPMALIHUIO;
- 0 OPMIISITH PE3YABTATHI TOKCKA.
MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/IZ[yaJILHLIC 3alaHuA, CIIPAaBOYHbIC MAaTCpUaJibl, KOHCIICKTbBI JIGKL[I/II\/JI.

3ananmue:
201 + 22+ 13 =2
I —aIs = =2

1.Pemmuts CJIAY H21 — @2+ 205 = 2 yrerorom Naycca.
2. Pemuth cucremy meronoM ['aycca.

ntxn-nm=0
dm—dxm+ =73

X - h=—4

Kparkue TeopeTnueckue cBeeHHA:
Metox Taycca 3akmovaercss B IOCIICAOBATCIILHOM  HUCKJIFOUYCHUH

peoOpa3oBaHNUU CUCTEMBI IMHEHHBIX allre0panvdeckux ypaBHEHHH

G R+ Ry X, = By,
g M+ dgpdy + .. Fdp, &y = Oy,

DXy F gy +o- Ay Xy = ‘bx
K TPEYTOJIbHOMY BUIY
iyt oy X, = d);

Eanfiy +oo ot O X, =y

Cal =y o =1[k=12 . n)

MNEPEMCHHBIX U

[Iepexox OT nepBOi CUCTEMBI YPAaBHEHMI 1O MOCIEAHEN HA3BIBAETCS MPSAMBIM XOJI0M METOJIa

X
npeanocieanee - HaxoAaT “*-1 u T.1. M3 mepBoro ypaBHeHHs HAXOIAT I,

Ilopsinok BbINOJHEHHs PadOTHI:
1. BHMMaTeIbHO 03HAKOMBTECH C YCIIOBUEM 3a1aHMUS.

I"aycca. OOparnblit X0 MeToa ["aycca HaunHaeTces ¢ nmocieaHel cucreMsl ypaBHeHui. Ee pemator

IlogcTtaBuB 3TO 3HadYeHUE B

2. Tlonb3ysach KOHCIEKTOM JIEKIIMH, MOJ0EpUTEe HYXKHYIO (DOpPMYIy WM COOTBETCTBYIOIIEE

YCJIOBUC IJId PCUICHU 3aa4u.
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Xox padoThI:

1.IIpounTaTh MaTepuasl KOHCIEKTA JieKIM; Ha ocHOBaHMU U3J10KEHHOIO MaTepuaia
pPaccMOTPUTE IIPUMEPHI PEIICHUA 3a1a4.

2.B TeTpaam i MpakTUYECKUX paboT PeIuTh MpeUIoKEHHbIE PEroaBaTeIeM 3a1auu.

Ha ocHOBaHMM U3J10KEHHOI'O MaTeprasa pacCCMOTPUM IPUMEPHI PELICHUS 3a1a4.
2X1 + 7X2 + 13X3 =27
1) Pemuts cucremy : {3){1 + 14x, + 12x3 = 11
5X1 + 25X2 + 16X3 =3
MetozioM ["aycca.
Jl1d 3alaHHOM CUCTEMBI yPAaBHEHUH 3allMIIEM PACIIUPEHHYIO MAaTPULLY Y, BBIIOJIHSASA
3JIEMEHTapHBIE IPE0Opa30BaHUs, IPUBEAEM €€ K TUaroHaJIbHOMY BUY.
2 7 13)27
3 14 12|11
5 25 1613
YMHO)UM 1-y10 cTpOKy Ha (-2 )u IpruOaBUM MOIYYCHHYIO CTPOKY KO 2-0H U 3-eil, moxy4um

MaTpuILy
2 7 13| 27
(—1 0 -14 —43)
1 11 -10l-51
[Tomensiem Mmectamu 1-y1o CTpoKy co 2-0i, 2-y10 ¢ 3-€ii, oJIyduM MaTpUIly
-1 0 —14|-48
( 1 11 -10 —51)
2 7 13127
YmHo)kuM 1-y10 cTpoky Ha ( 1) u mprubaBUM MOIY4YEHHYIO KO 2-0ii, 3aTeM 1-yI0 yMHOXHM Ha

(2)m
1 0 14 | 43
npubaBUM MOJTYYEHHYIO K 3-eif, moayuum (0 11 -24 —94)
0 7 -—15I-59
YMHO)UM 2-y10 cTpOKY Ha (-7),a 3-bto Ha (11) 1 mpubaBUM MOITYYEHHYIO 2-YIO CTPOKY K 3-
1 0 14|43
bEU, MOJIYYUM (0 11 -24 —94)
0 0 319
YMHO)UM 3-b10 CTPOKY Ha( §) U MOJIyUYEHHYIO IPUOaBUM KO 2-0i, OJyYUM MaTpUILy
1 0 14]43
(0 11 0 —22)
0 0 309
Pa3znenum 3-p10 cTpoky Ha 3, 3aTeM YMHOXUM MOJIy4eHHYIO Ha (-14) u npubaBumM k 1-0#,

1 0 0
MOJIyYUM MaTpULly <0 1 0

0 0 1
1
OTBeTZX:<—2> .
3

2. Pemuth cucteMy 4eThIpex JIMHEHHBIX alireOpandeckux ypaBHeHui metoqoM ['aycca.

1 X =1
-2 |E , KOTOpas COOTBETCTBYCT CUCTEMC ypaBHeHI/Iﬁ Xy = —2
3 X3 = 3
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Sm - 3xy+dm —8x =1,
N+n+xn+xn=0
I+ in+rm+dn =0

dx+2x, +3xn+x,=13

Pemrenue.

BeinuimeM paciiMpeHHY0 MaTpULly I JAHHOM CUCTEMBI
5 =3 2 -3l

i 1 1 1 140 .
3 5 1 410
4 2 3 113

CBezieM ee K TpeyroJIbHOMY BU/y € IOMOIIBIO 3JIEMEHTApHbBIX IPpeoOpa3oBaHuil.

1.Ilomensiem MecTaMu NIEPBBIA U BTOPOI CTPOKH.

2. J1o6aBUM K 3JIEMEHTaM BTOPOT'O, TPETHEr0 M YETBEPTOIO CTPOK AIEMEHTHI IIEPBOW CTPOKH,
YMHOKEHHBIE COOTBETCTBEHHO Ha ~% %%

3. [lomensieMm MecTaMu BTOPOH U TpeTuil CTpoKu. JJo0aBUM K 371€MEHTaM TPETHETO U
YETBEPTOr0 CTPOK AJICMEHTHI BTOPOH CTPOKHU, YMHOKEHHBIE COOTBETCTBEHHO Ha !

4. OT 4eTBEpPTOro ypaBHEHHUs YMHOKEHHOTo Ha 11 Bhrumraem tpethe ypaBHeHHE

YMHOXXCHHOC Ha -3

5 -3 2 -8l 111 1o
-1t 1 fo|Ws -3 oz -gf1 (B
A= [ f=l

305 1 40|73 5 1 40

4 2 3 )3l |4 2 3 1|3

t 11 1]t 1o L A
g -2 -3 —13)1|Bllg 2 -z 19[4]£D2 -2 1|0
“lo 2 =2 1 0To o - -1 |T oo -1 -9t

0o-2 -1 =33 |00 -3 -23 00 0 530

Takol paclIMpEeHHON MaTPULBI COOTBETCTBYET CIEAYIOIIAs CUCTEMA YPaBHEHUIN
Ao+t a=0
dry—dm+x =10
=l -9x =1
Sx, =30

C 4eTBEPTOro YpaBHEHHUS HAXOMUM "4 ~ 30/5=8 y noncrasmsiem B TpEThE YpPaBHEHUE

g =1+0x, =1+ 96 =552 =-5511=-5
HaiinenHble 3HaueHUs MOJCTABIISIEM BO BTOPOE YPaBHEHUE
Ixy=2x - % =2.[-5)-6=-16 = x, =-16/2=8.

W3 nepBoro ypaBHEHHsI HAXOAUM IEPBYIO HEU3BECTHYIO
M=Ky - Xy —xy =84+5-6=T

=l =-Gr=-5r==>

Cucrema MoIHOCTBHIO peuiCHa 1 — €€ pCUICHUC.

®opma npeacraBiaeHus pe3yJbTara:
BrinonHeHHOE 3a1aHueE.

Kpurtepun onenkmn:
25



Ouenka "oTaU4HO'" CTaBUTCS, eclii paboTa BHIMOJIHEHA B MOJHOM 00BEME ¢ COOTI0ICHIEM
He00X0IMMOM MOCIIeI0BATENbHOCTH JIEHCTBUI; B OTBETE MPABHJIBHO U aKKYPaTHO BBIIIOJHEHBI BCE
3alUCH U BBIYUCIICHUSI.

Ouenka "xopomio'" CTaBUTCS, €CIM BBHIIOJHEHBI TpeOOBaHMUS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ouenka "yl1oBJIETBOPUTENbHO'" CTAaBHUTCs, €clid paboTa BBINIOJIHEHA HE TMOJHOCTBIO, HO
00BEM BBITIOTHEHHOW YaCTH TAKOB, YTO IMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YIbTAThl U BHIBOJIBI,
B X0/JI€ MPOBECHUS PaObOThI ObUTH JTOMYIIEHBI OITHOKH.

OueHka ""Hey10BJIETBOPUTEIbHO' CTaBUTCS, €CITU PadOTa BHIMIOJHEHA HE TOJHOCTHIO HITU
00BEM BBITIOJIHEHHOM YacTH paboThI HE TIO3BOJISET ClieaTh MPaBUIIbHBIX BHIBOJIOB

Tema 2.2 CucteMbl JIMHEHHBIX YPABHEHUI

IIpakTuyeckoe 3ansaTHe Ne 8
Pemenne cucreM TMHEHHBIX YPAaBHEHUMN PA3JIMYHBIMUA METOAAMU

HeJIBZ HAYYUTHCA peHIaTb CUCTCMbI JIMHEMHBIX ypaBHeHHﬁ, HCIOJIb3YA pA3JINYHBbIC MECTOIBI.

Boinosinus padorty, Bel Oynere:
ymemas:
- AHAIM3UPOBATH 337a4y U/ WU NPOoOIEMY U BBIIEIATH €€ COCTaBHBIE YaCTH;
- OIPEENSTh STAIbl PEIICHUS 3a]a4u;
- peasin30BaTh COCTABICHHBIN IUIAH;
- CTPYKTYPHUPOBATh MOITy4aeMyI0 HH(OPMAILIHUIO;
- 0bOpMIIITH pE3yJabTATHI TTOUCKA.
MarepuanbHoe ofecrneyeHue:
WHnuBuayanbHbIC 3a/1aHMs, CIIPABOYHBIC MATEPUAIIbl, KOHCIICKTHI JICKITH.

3ananne:
Pemmts cucreMsl nuHENHBIX ypaBHeHnH MeTooM Kpamepa u ["aycca:
ax—Ev =11 3Xx+3y-5z=-2
X — =
1) y 2) Ix+y+2z=3
2x+3y =20
2X—y+T72=27

KpaTkue TeopeTnyeckue cBeIeHUs:

IIyctb jgama cucTteMa JBYX JIMHEWHBIX ypaBHEHHWH ¢ JABYMS  HEWU3BECTHBIMH:
{a11x1 + a0, = by
Az1X1 + A% = by

CocraBuM ompenenuTenb W3 KOAIQ(PHUIIMEHTOB MPU HEU3BECTHBIX. IJTOT OMPEICTUTENb

|a11 a12|

Az1 A2z

CoctraBuM ompeAenuTenn Kaxaod HeuzBecTHOM. Omnpeaenutens A; monaydaercs U3
ompenenuTeNnst 4 myTeM 3aMeHbl MEepPBOTO CTOJOIMAa KOd(PPHUIMEHTOB CTOIOIOM W3 CBOOOTHBIX
by ay;
b, a,

-
e

Ha3bIBACTCA ONPCACITUTCIIEM CUCTCMBI:. A=

YJICHOB. A, =

Onpenenurens &, momydaercs U3 ompenenuTens 4 mMyreM 3aMeHbl BTOPOro CToJsdna
KO2(pPUIIMEHTOB CTOIOIIOM M3 CBOOOIHBIX YJICHOB.
ay by

&:
azy by
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I[Iyctp pgana cucrema Tpex JIMHEMHBIX ypaBHEHUM € TpeMsi HEU3BECTHBIMH:
@yy%y + @ypx; + agzxg = by
Az %y T Gy X; T g3X3 = by
Gy %y + @5y X; + Agzxg = by
CocraBum ompeaenutenb U3 KOAIQ(UIHUEHTOB NPU HEU3BECTHBIX. OTOT ONPEICIUTENb
@41 Qq3 Gy
HA3bIBACTCS ONPENCIIUTEIIEM CUCTEMbL: A= |83y @33 Gz
@33 Qz; Gag
CocraBUM oOIpenenuTeNd Kaxaol Heu3BecTHOU. Ompenenutens A, TodIydaeTcss U3

ompeaenuTeNns & myTeM 3aMeHBI MEpBOro ctojibna Kod()PHUIMEHTOB CTOIOIOM H3 CBOOOIHBIX
YJICHOB.
by a;; ag
Aj=|b, a
by ag, ag

Onpenenurens &, Momydaercs U3 OMNpelenuTens 4 MyTeM 3aMeHbl BTOPOro CTOJOIa
KO2(pPHUITMEHTOB CTOJIOIIOM M3 CBOOOIHBIX YJICHOB.

a;; by agg
A,=lay by ag
az; by ag
Onpenenurens A; modydaercs W3 OINpeneiuTens 4 myTeM 3aMeHbl TPEThEro CToydla

KO2(pPUITMEHTOB CTOJIOIOM M3 CBOOOIHBIX YJICHOB.
Gy Qg3 By

az; ag; b

Meton l'aycca siBisieTcss OAHMM M3 HamOoJiee YHHUBEPCAIbHBIX METOJOB PELICHHUS CHUCTEM
JUHENHBIX YpaBHEHUH. OH COCTOUT B MTOCIEN0BATEILHOM UCKIIOUEHUHN HEN3BECTHBIX.

[Ipouecc pemenus no merony I'aycca coctout u3 nByx 3tanoB. Ha nmepBom sramne (nmpsiMoit
XOJ[) cucTeMa MPUBOAMTCS K CTymeHuyaToMy Buay. Ha BTopoMm srame (oOpaTHBI X01) HAET
IIOCJIEZI0BATENBHOE ONPEACICHUE HEU3BECTHBIX U3 OTOM CTYIIEHYAaTOU CUCTEMBI.

Ha mpaktuke yno06Hee paboTaTh He ¢ CUCTEMOM ypaBHEHMH, a ¢ pacHIMPEHHOM MaTpulei,
BBINOJIHSAS BCE dJIEMEHTAapHbIE IPe0o0pa30BaHMsl HaJl €€ CTPOKAMHU.

OeMeHTapHbIMU PE0OPa30BAaHUSIMU MATPHUIIBI SBJISIOTCS:

- IEPECTAHOBKA CTPOK MECTaMU;

-YMHOXE€HHE HEKOTOPOU CTPOKH Ha JII000e, He pPaBHOE HYJIIO YUCIIO;

-npuOaBIeHHEe K AJIEMEHTaM OJHOW CTPOKHM COOTBETCTBYIOIIMX 3JIEMEHTOB JIPYIrOM CTpPOKH,
YMHOXEHHBIX Ha OJIHO U TO K€ YUCIIO.

IHopsaok BbINOJIHEHUS PA0OTHI:
1. 3anummuTe cCUCTEMY YpaBHEHHM.
2.3anuiinTe U BEIYUCIATE ONPEIETUTENb CUCTEMBI.
3.Beruucnure onpeaenuTeN KaxK10M HEU3BECTHOM.
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4. HaiinuTe 3HaU€HUsI HEM3BECTHBIX, HCIONB3Ys (popmyrsl Kpamepa.
5. pemuTh CUCTEMY ypaBHEHUI MeTogoM ["aycca

Xox padoThI:

1.IIpounTaTh MaTepual KOHCIEKTA JieKIMii; Ha ocHOBaHMM M3J10)KEHHOTO MaTepualia
paccMOTPUTE IIPUMEPHI PEIICHUS 3a1a4.

2.B TeTpaau i NpakTUYECKUX paboT peluTh MpeUI0KEHHBIC TIPenoJaBaTeeM 3a1auu.

Ha ocHoBanuu u3n0XeHHOTO MaTeprasna pacCMOTPUM MIPUMEPHI PEIICHUS 3a/1a4.
Pemts cucremy ypaBueHuii metosioM Kpamepa:
2xy —x, +4x; = 5;

3xy+x,—x3=5

1 2 =3
A=|2 -1 4 |
3 1 -1

1 2 -3
AA=(2 -1 4 |=10%0
3 1 -1

Beruucnum onpenenurenn Kaxaou NepeMeHHOM:

0 2 —3
Ay=|5 -1 4 |=0—15+40—-15+10—0= 20
5 1 -1
1 0 -3
A,=12 5 4 |=—-5-304+04+45—-0—-20=-10
3 5 -1
1 2 0
A;=12 —1 5|=-54+0430—-0-20—-5=0
3 1 5
B T N

A
Ortsert: (2;-1;0).

Pemnts cucreMy ypaBHeHu# meTonoM I'aycca:
.‘x.'1+ zx: - 31-'3 = ﬂ;
[21—'1 — X3 + ‘1‘.’1-'3 = 5;
33{.’1 + X —Xg= 5

CocraBuM paCIMPpCHHYKO MaTpuny Hu3 KOB(I)(I)I/ILII/ICHTOB IIpU HEU3BCCTHBIX H CBO60I[HBIX

YJICHOB:
0
)
3

1 2 =3
(AIB) =2 -1 4
BLIHOJ'IHI/IM SHCMCHTapHLIe Hp606pa30BaHI/I$[ Hazqg CTpOKaMI/I ManI/II_U:IZ

3 1 -1
1 2 -—=3|0 1 2 =3|0 1 2 =30
2 -1 415 ~t0 =5 10|15 ~10 1 =2-1]~
5 0 -5 815 0 -5 815

3 1 -1
0
-1
0

1 2 -3
~l0 1 =2

0 0 -2
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ITony4yeHHON MaTpULIE COOTBETCTBYET CUCTEMA YPABHEHUM:

x1+2x2—3x3 = ﬂ
:X.':—Z:x.’a =-1
_sz =0

HaunHnas cHU3Y BBEpX, HAXOJUM 3HAUYCHUS] HEU3BECTHBIX
xy+2x,—3x3=0 (¥1+2%,—3%3=0 (x, +2-(-1)=0

Xy—2x3=-1 ; X =—1 : X, =—1 :
x3=10 x; =0 Xg =
x1=2
Xy =—1,
x3=10

Otser: (2;-1;0).

®opMma npeacTraBjIeHud pe3yabTara:
Beinonnennoe 3aganue.

Kpurepumn oneHku:

Ouenka "oTJIMYHO'" CTaBUTCS, €ClIM paboTa BBIMOJIHEHA B IMOJHOM 00BEME C COOIIOIEHUEM
He00XO0IMMOM MOCTIE0BATENBHOCTH JICHCTBUI; B OTBETE MPABUILHO U aKKYPaTHO BBITIOJHEHBI BCE
3aMCH U BBIUYMCIICHUSI.

Ounenka '"'Xopomo' CTaBUTCS, €CIM BBINOJHEHb TpeOOBaHUS K OIEHKE "OTJIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka "yI0BJIeTBOPUTEJbHO'" CTAaBUTCs, €Ciid paboTa BBHINIOJIHEHA HE TOJHOCTHIO, HO
00BEM BBITIOTHEHHOM YaCcTH TAKOB, YTO MO3BOJISET MOJNYYUTh MPAaBUIbHBIC PE3YIbTAaThl U BHIBOJIBL;
B XOJI€ TPOBEACHUS paObOTHI OBUTH TOMYIIEHBI OITHOKH.

Ouenka ""Hey10BJI€TBOPUTEIbHO' CTaBUTCS, €clid PadOTa BBHIMOJIHEHA HE TOJHOCTHIO MU
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MTO3BOJISET CACNATh MPABUIBHBIX BHIBOJIOB

Tema 3.1 Teopusi npenesioB

IpakTuyeckoe 3ansitue Ne 9
Beruncienue mpeesnos.

Heab: HayunTHCS BBIUUCIATH NPEAebl PYHKINN ¢ TOMOIIbIO PaCKpPBITHS
HEOIPENEIEHHOCTEN.

Beinosinus patdory, Bel Oyaere:
ymemp:
- aHAJTM3UPOBATH 33/1a9y W/WJIH MPOOJIEMY U BBIICTSATH €€ COCTaBHBIC YaCTH;

- OIIPCACIIATD 3Tallbl PECIICHUA 3aJa4u,
- pCain30BaThb COCTaBJICHHBIN IJIaH.

MarepuajibHoe obecrieyenne:
WunuBuyanbHbIe 3a1aHKS, CIIPABOYHBIE MAaTEPHAJIbI, KOHCIICKTHI JICKIIHH.

3aganme:
Haiitu npenen dyakiuu:
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x?-2x-3 X% —x—-2

1) | : 6) lim X —X=2.
) >I<I—r[]3 x% -9 ) x>-1 x2_1
. X% -5x+4 X% +5x+6
2) lim——— 7 lim ———;
x=>4  x°-16 x»-3 X° -9
2_ _ 2 _
3) lim X -1, 8) lim X tX=2.
X—1 X =1 x>l x° -1
. X% —7x+10 X% -5Xx+6
4) lim X=X, 9) lim X —X*2.
x=5  x°—-25 X2 X -4
5 lim x? +3x-10 10) lim x2 —4x+3
X—-5 X2 - 25 ' X—3 X2 -9

KpaTRHe TCOPETHYECCKUEC CBCACHUSA

Oyukuus y=f(x) cmpemumcs k npedenry b npu x — a, eciu Ui KaXJI0TO MOJOKUTEIBHOTO
qrcia €, Kak Obl MaJo OHO He ObLTIO0, MOKHO YKa3aTh TaKOE MOJIOKUTEIBHOE YUCIIO O, YTO MPH BCEX
X # a U3 obnactu onpeaeneHus: GyHKIUHU, YIOBIECTBOPSIOMIUX HEPABEHCTBY |X - @ < 0, UMeeT MEeCTO

m flx)=4
HepaseHcTBO [f(X) - b| < €. Ecnu b ects mpenen dyukuuu f(X) npu x — a, T0 numyr *—=2
Wi f(x) — b npu x — a.
Onpenesienue HenpepbiBHOM pyHkmmnn. Oynkius f(X) HenpepbiBHA B TOUKE @, €CIIU
lim f{x)= f(a).

X—sct

Brruuciienue npenesioB GyHKIUH OCHOBaHO HA IPUMEHEHUH CJICTYIOIUX OCHOBHBIX TEOPEM:

TEOPEMA 1. Ilpegen cymmsl ABYyX (YHKUMH HpH X CTpeMslIeMcsl K & PaBeH CyMMe
MPEJENIoB 3TUX QYHKIUH, TO €CTh

lim (f(x)+ g(x))= lim f(z)+ lim g(x).

X—a r—=a X

TEOPEMA 2. Ilpenen npousBeneHus AByX (QyHKIMI mpu X cTpemsiieMcss K @ paBeH
MIPOU3BEICHUIO TIPEIENIOB ATHX (PYHKIUH, TO €CTh

lim ( f(x)g(x))= lim f(x)- lim g(x).

r—a X—a r—d

TEOPEMA 3. Ilpenen yacTHOro ABYX (pyHKIMII mMpH X cTpeMslieMcs K & paBeH YaCTHOMY
MIPEAECIIOB, ECIIM MPEEN 3HAMEHATENA OTJINYEH OT HYJIS, TO €CTh

lim f{x)
lim &) _ _x—d , ecmd  lim g(x) =0
—a g(x) limg(x) —a
r—a

" paBCH IIIKOC (MI/IHYC) 6CCKOHC‘-IHOCTI/I, €CJIn Ipcacyli 3BHAMCHATECIIA O, a npeacia YUCIUTCIIA
KOHCUYCH W OTJIMYCH OT HYJIA.

Ilopsinok BbINOJIHEHHUS PA0OTHI:

1. BHuMaTenpHO 03HAKOMBTECH C YCIIOBUEM 3a/IaHMUS.
2. IloBropuTe mpasuia u GopMyIbl.

3.Beruncnute npezen.

Xon paborsr:
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1.IIpounTaTh MaTepual KOHCIEKTA JIeKIMii; Ha ocHOBaHMM M3110)KEHHOTO MaTepualia

paccMOTpHUTE IPUMEPHI PEILICHHs 3a/1ay.
2.B TeTpaau i MpakTUYECKUX paboT peluTh MpeUIoKeHHBIE TPeroiaBaTeieM 3a1auu.

Ha ocHOBaHMM U310KEHHOIO MaTepraja pacCCMOTPUM IPUMEPBI PELLIEHUS 3a/1au.

[Tpumep 1.
lim(x +3)= lim x + lim 3= 7+ 3=10.
=7 =7 a7
Kommenmapuii. 3aeck ObU1a UCIIOIB30BaHa TEOPEMa O MPeee CyMMBI.
[Ipumep 2.
lim(3x +2 llm 3x)+lim2  lim3-limx+2
im 3x+2 x%l( ) ( ) =1 _xol x>l _
—125—7  lim(2x - 7) 11rr1(2x)+ llm( 7 lim2-limx-7 3142 g, g
x—1 =1 x—1 x—1 x—>1 2.1-7

Kommenmapuu. Ha nepBom miare OblUla MpuMEHEHa TeopeMa O Ipenesie YacTHOTo, Tak Kak
IpeAesl 3HaMeHaTelnsl He paBeH Hyimo. Ha BTOpoOM miare ucnosib3oBaiach Teopema O Ipefelie
CYMMBI JUIS YUCIUTENs M 3HameHaTens JapoOu. [locrme Oblnma mpuMeHeHa Teopema O TMpeselie
MPOU3BEICHHUS.

[Tpumep 3. Haittu npenen

x4

lim

=32 X — 2

3HaMeHaTeNnb M YUCIUTENb APOOM MpU X CTpeMsieMcs K 2 CTpeMsTcs K HYI0, MO3TOMY
TeOpeMa O NpeAesie YacTHOTO 3/1eCh HENpPUMEHMMA. B Takux ciydasx HYXHO HONBITaThCs
yIPOCTUTH JpoOb. UMeeM

x2—4_(x—2)(x+2)_

x-2 -2

D10 mpeoOpa3oBaHHE CIPABEAIUBO MPU BCEX 3HAUCHUSAX X, OTIUYHBIX OT 2, MOSTOMY B

COOTBCTCTBI/II/I c onpez[eneHI/IeM npejiena MOKEM HaucaTh

lim 2 (x 2)(x+2) llm(x+2)— limx+ lim2=
=2 X— 2 x%2 x—2 —2 =2 xR

=2+2=4

+ 2.

BBIYMCIIEHUE [PEJAEJIOB C IIOMOIIBKO TEOPEMBI O IIEPBOM
3AMEYATEJIbHOM ITPEJIEJIE

[Ipumep 1.
lim B _ fj (S0 L) S0 e L
=0 X =0, x cos(x)) =0 x x—=0cos(x)
1

=l-——=1--=1.
lim cos(x) 1
x—0

—_

dopMa npeacTraBJIeHUs pe3yJbTara:
BrimmonHeHHOE 3a1aHuE.

Kpurepum ouenku:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BHIMOJIHEHA B MOJHOM 00BEME ¢ COOTI0IeHIEM
HEO0OXOMMOM MOCIeI0BATeILHOCTH ICUCTBHUI; B OTBETE MPABUILHO U aKKypPaTHO BBIMTOJHEHBI BCE
3aITMCH U BBEIYHCIICHMS.
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Ounenka '"'Xxopomio' CTaBUTCS, €CIM BBINOJHEHB TpeOOBaHUS K OIEHKE "OTIWUYHO", HO
JONYIIEHBI 2-3 HeoYeTa.

Ounenka "yI0BJIETBOPUTEIBHO'" CTAaBUTCS, €ClM paboTa BHIMOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJTHEHHOM YacTH TAaKOB, YTO MO3BOJISET MOJYUYUTh MPAaBUIbHBIC PE3YIbTAaThl U BHIBOJIBI,
B XOJI€ TPOBEICHUS paOOTHI ObUIN TOMYIIEHBI OITHOKH.

Ouenka '""Hey10BJIETBOPUTEJIBHO'" CTAaBUTCS, €CIIM pabOTa BBIMOJIHEHA HE MOJHOCTHIO WIIH
00BEM BBITTOJIHEHHOM YacT pabOThI HE TIO3BOJISET ClIENATh MPABUIBHBIX BEIBOJIOB

Tema 3.1 Teopusi npeaesioB
IIpakTnyeckoe 3ansaTue Ne 10
Breruucnenne npenenos. M306aBiaeHue ot HeonpeaeaeHHOCTEH.

Llesib: HAYYUTHCS BHIYUCIATH MPEEIbl (QYHKIMNA C TOMOIIBIO PACKPBITHS
HEONPEACIEHHOCTEN.

Brinosinus padorty, Bl Oynere:
ymembp:
- aHATM3UPOBATH 337129y H/WIIM IPOOJIEMY U BBIICTSAThH €€ COCTaBHBIC YaCTH;

- OIIpCACIIATD 3Tallbl PCIICHUA 3a1a4u,
- p€ajin30BaThb COCTaBJICHHBIN IJIaH.

MaTepnaﬂbnoe odecmeyeHue:
I/IHI[I/IBI/II[yaJ'IBHBIC 3a/laHus, CIIPABOYHBIC MaTCpUaJibl, KOHCIICKTBI J'IeKI.[PIfI.

3aganme:

Haiitu npenen dynkuu:
" 5x% +3x2 =1

1. \T-x 4x7 +2x-9 )
; x—5
m———

5 x—s53% —T5x
. 10x

3 :n_]}u sin 30x

i)
lim | 1+—
4, x—= /.
IMopsinok BINOJTHEHHS PA0OTHI:
1. BHuMaTeNnbHO 03HAKOMBTECH C YCIIOBHEM 3a/IaHUS.
2. Onpenenute BU HEOTPEIEICHHOCTH.
3. IIpeobOpasyiiTe BBIpaKEHHUE, CTOAIICE TOJ 3HAKOM Tpejelia, ¢ Ieiablo H30aBICHUS OT
HEOTPECICHHOCTH.
4.Bpluucnute npeed.

Xox pa0doThI:

1.IIpounTaTh MaTepual KOHCIEKTA JIeKIM; Ha ocHOBaHMM M3J10)KEHHOTO MaTepualia
paccMOTpUTE MIPUMEPHI PEIICHUS 3a/1a4.

2.B TeTpaau i MpakTHYECKUX paboT peluTh MpeUIosKeHHbIE perno/aBaTeieM 3a1auu.
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Ha ocHOBaHMM M310KEHHOIO MaTeprasa pacCCMOTPUM IPUMEPHI PELIEHUS 3a1a4.

; 3x <11x 46
m —_ - -
l_ x—+3 2.\?2 Sx-3 .
f{x) —————————’{“:_”‘.6
OyHKIHS 3¢’ —5x-3 mpezncraBisgeT coOOM OTHOLIEHHME JBYX MHOTOYIEHOB, OOPAIIAIOIIUXCI B

HyJdb B TpeAeabHOW Touke ¥=3. [losromy cHauama mpeoOpasyeM HaHHYIO (YHKIIHIO.
JIr000i1 KBaipaTHBINA TPEXUWIEH MOKHO Pa3I0KHUTh HA MHOKUTEIH C TOMOIIBIO (POPMYITBI

ax? +bx+c= a(x —x;)(x —x;)

rae *! 1 2 —KOpHM KBaJpPAaTHOTO TPEXWICHA.

2
KopHsmu kBagpaTHOTO TpexwieHa 1 —111 =6 gpIgroTCS Yucia 3 u 3 3HaunT

N
3x? —llx+6=3(x—§)(x—3)

1
2 Z
A KOpHHU KBajipaTHOro TpexuiaeHa 2¥ —3%¥—3 papupl 2 m 3,

2x" —5x-3=2x+ . Kx—-3)
CJICO0BATCIIBHO 2

Bo3Bpamasce k npezaeiry, uMeem:

o ? o
23 ZX JX=3 “

- : =1z 3 = fim =
!,}“7 - n 1 n

IloacraBuM MMpEACIIbHOC 3HAYCHUC apIryMCHTA B OCTABIICCCA BbIPAKCHHUE, TIOJTYUUM:
3x-2 9-2 7

1 = =
x—=32x+1 6+1 7

150x-1000
2 ..h.lil, 2% ~3x+4
Tak kak
lim (150x-1000) = = lim (2_{2 —3x+4) ==

Xeb® H X—® ’
ot

TO 34€Chb HMECT MCECTO HCOIPEACICHHOCTL BHIA *. I[J'IH €C PACKPBITUA PaA3ACIUM KaXJ0€C

cllaraeMoe YUCIIUTES U 3HAMEHATeEs Ha + (HaI/IBBICIJ_IYIO CTENEHb ™" B JTaHHOM I[pO6I/I).

1
lim —=0
Torna, 3Has, yro *—=%
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MOJTYYUM:

150x 1000
o 150x-1000 _ 2 & _
rw2xt —3x+4 xo®2¢° 3x 4

2 a2tz

4
=t
=

150 1000

2
X— .-’__+_ A
X

2
X

3. x—=0 x

UYroObl BBIYHCIMTH Tpenest (YHKIUH, HYKHO BOCIOJIB30BAThCS IEPBBIM 3aMeydaTelIbHBIM
peeioM

Sm X
=1

lim

1 COOTHOLICHUCM
lm & - f(x) =k - Hm /(x)
X—a .

X—a

=f _
Jlniss  5TOro  HeoOXOAMMO  BBIONHUTH  3aMeHy  NEPEMEHHOM: 2 ,  OoTKy;a * = 2

VuutsBag, uto ! = 0 mpu ¥ = 0 momyuaem:

sim — . .
2 .. smf 1. smf 1 1
]jIIl = - ="lm—— =.1==
0 X t—0 2t 210 t 2 2
‘5.\'
hlll['";]
4. x—»x\ X

[IpeobpazyeM QyHKITHIIO F1%) Tak, 9TOOBI MOYKHO OBIJIO MIPUMEHHUTh BTOPOM 3aMedaTeNbHBIH
npezaen, Gopmyny

1
lim [1+=| =e
- |

X%

Jis  »TOrO  YHCIWMTENh M 3HAMEHaTeldb JpoOM  pa3ieluM Ha  YHCIO 3, UMeeM
5x 3x
lim [l—g) = lim [l+ ! ] )
P X X—0 x/r(— 3)
Ty
Jlallee BBINOJTHUM 3aMeHy IepeMeHHOMW, momaras 3 . Tormga eciu = +=, To!—+=, ¥=—30 y
CJIeI0BATEIBHO,

1 5x 1 5-(-3¢) 1Y - .
lim |1+ —— =1im[1+-J = h[u-) =B,
x—® xf(—3) t—®@ t t—m@ f
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®opMa npeacTaBiIeHns pe3yJbTaTa:
BrinosHeHHOE 3a/1aHKE.

Kpurtepun onenku:

Ouenka "oTJIMYHO'" CTaBUTCS, €ClM pabOTa BBHIMOJHEHA B IMOJHOM 00BEME ¢ COOI0IEHUEM
HE0OXO0TMMO TIOCTIEIOBATEIFHOCTH JICHCTBUI; B OTBETE MPABIILHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aMKCH U BBIYUCIICHUS.

Ounenka ''Xopomo' CcTaBUTCS, €CIHM BBINOJIHEHB TpeOOBaHMS K OIEHKE "OTIMYHO", HO
JIONYIIIEHBI 2-3 HeJo4YeTa.

Ounenka "yI10BJIETBOPUTEIBHO' CTAaBUTCS, €clid paboTa BBHIMOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YacTH TAaKOB, YTO MO3BOJISET MOJYUYUTh MPAaBUIbHBIC PE3YIbTAaThl U BHIBOJIBL;
B XOJI€ TPOBEACHUS paOOTHI ObUIN TOMYIIEHBI OITHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBHUTCS, €CIIM padOTa BBIMOJHEHA HE MOJTHOCTHIO WITH
00BEM BBITTOJIHEHHOM YacT pabOThI HE TIO3BOJISET ClIENAaTh MPABUIBHBIX BEIBOJIOB.

Tema 3.2 IIpousBoaHasi pyHKIUH U ee IPUMeHEHHUE

IIpakTuyeckoe 3ansitue Ne 11
HuddepenurpoBaHue CI0KHBIX (YHKITHA.

Lesib: HAYYUTHCS HAXOIUTH TPOU3BOIHBIC CIIOKHBIX (PYHKITHH.

Boinosinus padorty, Bel Oynere:
ymemp:
-pelaTh NPUKIAIHbIE 3a/1a4l B 00JIaCTH IPO(PECCUOHATILHON AEATEIbHOCTH;
- AaHAJTM3UPOBATh 3a]1a4y U/UIM IPOOJIEMY U BBIIEIATH €€ COCTaBHbIE YaCTH;
- OIIPEJENISATH dTAlbl PEIICHUS 3aa4ul;
- peain30BaTh COCTABJICHHBIN ILJIAH;
- BBICIISATH HanboJiee 3HaYMMOe B IlepeyHe HHPOpMaIIH;
- OLICHUBATh MPAKTUYECKYIO 3HAYMMOCTh PE3YyJIbTATOB IIOUCKA.

MarepuajnbHoe o0ecnieyeHue:
WNHnuBunyanbHble 3a1aHKs, CIIPABOYHBIE MATEpUAJIbl, KOHCIIEKTHI JIEKIIHI.

3ananue:

Haiitu npousBogHble QyHKIUI
1. y=(5x%-2x)*
2. flx) =3sin(2x — E}
3. flx) = arcsindx+ arccos’x
4, f(x) =logs(Tx*—5x3+1)

——

5. flx) = In | 222X

-\‘I l-cosx

IMopsiiok BbINOJIHEHUS PA0OTHI:

1. BHuMaTenbHO 03HAKOMBTECH C YCIIOBUEM 3a/IaHMUS.

2. Tlonb3ysach KOHCIEKTOM JIEKIMH, MOJ0EpUTEe HYXKHYIO (OPMYTy WM COOTBETCTBYIOIIEE
YCJIOBHUE JUISl PELIEHUS 3aa4U.
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Xox padoThI:

1. Onpenenuts Bu QyHKIMH. BBECTH MPOMEKYTOUHBIH apryMEHT.

2. Ompenenutb, KaKUMH MpaBwiIaMd JAU(PPepeHIupOBaHUS HYKHO BOCIHOJIB30BaThHCS.
[IpuMeHUTHh COOTBETCTBYIOLIEE ITPABUIIO.

3. Ucnonb3ys TabMIly TpOU3BOIHBIX, HANTH MPOU3BOIHBIE () YHKIIUM.

4. PacKpbITh CKOOKH U MIPUBECTH MOI0OHBIE, €CIIH 3TO YIIPOCTHUT 3aMUCh (PYHKIUH

Ha ocHOBaHMYM M3]I0KEHHOTO Marcpuraia paCCMOTPHUM IIPHUMEPHI pCIICHUS 3a/1a4.

Haiitu npoun3BogHbIC PYHKITHI:

1 glx) ={1—4x)0

DyHKIHS SBISCTCS CIIOKHOM CTENCHHOM. BBeeM mpoMexxyTo4YHbIi apryMeHT u = 1 — 4x2. Jlns
i depeHIIMPOBAHUS HY)KHO BOCIOIB30BaThCA GopMyItoi (u™)' = nu™ 1 -u'
v =10(1—4x3)%- (1 —4x?)" =10 (1 — 4x?)%(—8x) = —80x(1 — 4x3)*

2. flx) = sin%x- cos2x

@OyHKUMSA TpeACTaBIsAeT COO00H MPOU3BENEHHE ABYX CIIOKHBIX TPUTOHOMETPUYECKUX (YHKITHH.
[TosToMy cHavaa Bocmosb3yemcs npasmwioM auddepenuupoanus (U - V)" = U'V + UV’

1 1 1
f'(x) = (sin 5% cos 2x)" = (sin Ex} "cos2x + sin Ex(casEx}’
BBeneM npoMeKyTOUYHBII apryMeHT : Ui TIepBOM QYHKINHU u = %x, JUTSl BTOPOU QYHKIMH U = 2X.

[Ipu nuddepeHpoBaHUHN UCTIONB3YEM CENYIOIINE (POPMYIIbL:
(sinu)' = cosu-u',(cosu)’ = —sinuu'.

1 1 1
F'(x) = (sin %" cos 2x)" = (sin Ex} "cos2x + sin Ex(casEx}’

v
= cas%x- @ x) - co52x + sin%x -{—sin2x) - (2x)'
1 1 1
= 3 casix “CO52x — 231?‘151’ ‘5in2x.
gex+exd
3Y = s

OyHKIUSA TpeAcTaBiIsieT coOoW  YacTHOe  ABYX CHOXHBIX — (pyHkiuid. Ilostomy cHavama

' rv—ue
BOCTIONIb3YyeMCsl MpaBujioM auddepeHIInpOBaHUS (E) =0

(23%*557)' . 1og, (3 + 10x) — 23%%5%" . (log,(3 + 10x))’

(log2(3 + 10x))?
BBenem npoMeKyTOUHBIH apryMeHT : [Uisi MepBoi GYHKIUU u = 3x + 5x2, a7t BTOpOi GyHKIUU
u=3+10x,

.

[Tpu mudepeHnrpoBaHNH UCHIOTAB3YEM ClIEAYIOIINE (HOPMYIIBL:

wyt U syt r_ [l
(a¥) = a¥lna-u',(log, u) =_—u .
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(23+5%) - log, (3 + 10x) — 23%%5%% . (log,(3 + 10x))’
(log,(3 + 10x))?
232557 1n 2 (3x + 5x2)" log,(3 + 10x) — 23x¥5x7 . e fﬂx 7 (3 + 10x)’
- (log(3 + 10x))?

=

Jx+5xT _ 93x+5xT | 10
2 In2(3+ 10x) logx(3 +10x) —2 G+ 1002

- (log,(3 + 10x))2

3
4, f(x} = arr:singx + arccosbx

OyHKIUS TPEACTABISAET COO0H CYyMMY BYX CIIOKHBIX OOpPATHBIX TPUTOHOMETPUYECKUX (YHKIIUH.

[TosTOMy cHadana BOCHOJIb3yeMcs paBuioM quddepenuupoanus (U + V) = U" + V"
I

3
Fiix) = (a:r‘csi:rlgx) + (arccos5x)’
o o 3 o
BBeneM NpOMeKyTOUHbIA apryMeHT : 1l 1epBOil PYHKIMK U = X, JUls BTOPOii PyHKUMM U = 5.

[Ipu nuddepeHpoBaHUYN UCTIONB3YEM CEAYIONIHE (POPMYIIbL:
I I

u
(arcsinu)’ = — ; (arccosu)' = ———
1\." — "\-'l'l —
') = (arcsin) = (2x) - 5x) = — 2 — 5
frix)= (arcsm -x | +(arccos5x) e = IEI},.( ) _ |'1——,_ =
R -4 25X

5.f(x) = arccosv1 — e®

OyHKIMS SIBISIETCS CI0XKHOW 00paTHON TPUTOHOMETpUYECKoil. BBeieM mpoMeKyTOUHBIN apryMeHT

u=+1-—e2*, st middepeHpoBanys HYKHO BOCIIOJIE30BaThCS dopmyioit
P w
(arccosu)’ = —
) —_— 1
f(x} = (m"c‘cus\..'l - sz) = — {\I 1— gﬂr:]r
Ji—d -

[IpomMexxyTOUHBI apryMEHT SIBISIETCS TakXKe CIOXHOW (yHkiued. BBemeM u s HEro HOBBIN
MPOMEKYTOUHBI APTYMEHT

u=1—g

Jst nudpdepeHImpoBaHms Hy>)KHO BOCTIONB30BaThCs (HOPMYIIOM
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dopMa npeacTaBJIeHs pe3yJbTara:
BrimmongenHOE 3a1aHuE.
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Kpurtepun onenkmn:

Ouenka "oTJIMYHO'" CTaBUTCS, €ClM pabOTa BBHIMOJHEHA B IMOJTHOM 00BEME C COOITIOICHUEM
HEOO0XOAUMOM TOCIIE0BATEILHOCTH ICHCTBUI; B OTBETE MPABHIBHO M aKKYPaTHO BBHIIIOJHEHBI BCE
3aMKCU U BBIYUCIICHUS.

Ounenka ''Xopomo' CTaBUTCS, €CIHM BBINOJIHEHB TpeOOBaHMS K OIEHKE "OTIMYHO", HO
JIONYIIEHBI 2-3 HeJ0YeTa.

Ounenka "yI10BJIETBOPUTEIBHO'" CTAaBUTCS, €CIU pabdoTa BBHIMOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJTHEHHOM YacTH TAaKOB, YTO MO3BOJISET MOJYUYUTh MPAaBUIbHBIC PE3YyIbTAaThl U BHIBOJIBL;
B XOJI€ TPOBEICHUS paObOTHI ObUIN TOMYIIEHBI OITHOKH.

Ouenka '""Hey10BJIETBOPUTEJIBHO' CTAaBHUTCS, €CIIM pabOTa BBIMOJIHEHA HE MOJHOCTHIO WIH
00BEM BBITTOJIHEHHOH YacTH paObOThI HE TIO3BOJISACT CIEIAaTh MPABUIIHHBIX BHIBOJIOB

Tema 3.2 IIpousBoaHasi pyHKIMHU U ee MIPUMEHEHH e

IIpakTnyeckoe 3ansitue Ne 12
HccnenoBanue GyHKIMI HA MOHOTOHHOCTB, 3KCTPEMYMBI, BBITYKJIOCTh - BOTHYTOCTb,
neperuo.
Lesab: HaydyuThcs HCCIENOBATh (DYHKIMM HAa MOHOTOHHOCTB, DKCTPEMYMBI, BBITYKJIOCTH-

BOTHYTOCTb, IIEperud u CTPOUTH rpapuKu HyHKITHA.

Boinosinus padorty, Bel Oynere:
ymems:
peliaTh IpUKIaIHbIe 3aa4i B 00JaCTH NMPoQecCHOHAIBHON 1eATeIbHOCTH;

- aHAJIM3UPOBATh 3a]1a4y U/UIIM IPOOJIEeMY U BBIIEIATh €€ COCTaBHbIE YacTH;
- OIPEJEIISITh ATAlbl PELLICHUS 3a]auu;

- peaJIn30BaTh COCTABJICHHBIN ILIAH;

- BBIACIIATH HanboJiee 3HaYMMOE B IIepeyHe UHPOpMALIH;

- OLIEHUBATh PAKTUYECKYIO 3HAUUMOCTb PE3YJIbTATOB MOUCKA.
MarepuajibHoe o0ecnieyeHue:
WNHnuBuayanbHble 3a1aHKS, CIPABOYHBIE MaTepUalibl, KOHCIIEKTHI JICKIIUI.

3aganue:
HccnenoBath GyHKIMIO IO OOIIEH CXeMe U TOCTPOUTH ee Tpaduk:

1. f(x) = 5x3 — 3x5.
2. flx) ==

xI-4

Kparkue Teoperuyeckue cBeeHH:
OO6mas cxema ucciue0BaHus (PyHKIHHA.

1. Haiitu oGnacte onpenenenus yukimu D (y).

2. Haiitu (ecau 3T0 MOXHO) TOUYKHM HepecedeHus rpaduka ¢ ocsimu koopauHat (mpu X =0 u
npu y = 0).

3. UccnenoBaTh GYyHKIIUIO HA IEPUOJUIHOCTD, YETHOCTh U HEUYETHOCTD.

4. HaiiTu MHTEpBajIbl MOHOTOHHOCTH, TOYKH SKCTPEMYMOB U 3Hau€HHUs (DYHKIMH B ITHX
TOYKaX.

5. Haiitu uHTEpBajIbl BRITYKJIOCTH (BOTHYTOCTH) M TOUKH Neperuba rpaduka GyHKINU.

6. Haiitn acuMnToThI rpadguka QyHKIUH.
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7. HaliTu 1ONOTHUTENbHBIE TOUYKHU U TOCTPOUTH IpaduK MO pe3ynbTaTaM UCCIICIOBAHMS.
ANTOPUTM HAXOXJICHUS YKCTPEMYMOB ()YHKIIMH U HHTEPBAJIOB €€ MOHOTOHHOCTH C

HOMOIILIO IEPBOI IPOU3BOTHON

1. Haiitu oGmnacth onpezaenenus GyHKIUNA U UHTEPBAJIbI, HA KOTOPBIX (PYHKIUS HETIPEPHIBHA.

2. Haiiti npousBoanyro ¢pynkuuu f '(X).

3. Haiitu xputnueckue Touku ¢yHkimuy =f(X), T.e. TOYKH, MpUHAIISKALIHE OOJIACTH
onpeneneHus: QyHKIMH, B KOTOPBIX pou3BoaHas f '(X) oOpamiaercs B Hy/Ib WM HE CYILECTBYET.

4. MWccnenoBath xapaktep wusMeHenus ¢yakium f(X) um 3mak mpowmssogmoii f '(X) B
IPOMEXKYTKAax, Ha KOTOpble HaWJEHHBbIE KPUTHYECKHE TOYKM JETAT 00JacTh OINpeeNeHUs
¢bynkuuu y = f (X).

5. OTHOCHUTENBHO KaXKI0M KPUTHYECKON TOYKU ONPEHENIUTh, SBISETCS JIM OHA TOYKOU
MaKCUMyMa, MUHUMYMa HJTU HE SBJISIETCS TOUKOH dKCTpeMyMa.

[ToMHU: KpUTHYECKasi TOYKA Xg €CTh TOYKa MHUHHMYMa, €CIM OHA OTAEISIET MPOMEXKYTOK, B
kotopoM f '(X)<0, ot mpomexytka, B koTopoM f '(X)>0, 1 Touka MakcuMyMa - B IPOTUBHOM ClIydae.
Ecnu sxe B cOceTHUX MPOMEXKYTKAX, Pa3JeICHHBIX KPUTUUECKON TOYKOU Xo, 3HAK MPOU3BOTHOMN HE
MEHSETCS, TO B TOUKE Xo (PyHKIHUS S3KCTpeMyMa HE UMeEeT.

6. Boraucnuth 3HaUeHHs QYHKIIMH B TOUYKAX SKCTPEMyMa.

7. 3ammcate pe3yabTaT HCCIENOBaHMA (YHKIMH: TPOMEXKYTKM MOHOTOHHOCTH H
KCTPEMYMBI.

AJNTOPUTM HaXOKJICHUS BBITYKJIOCTEH (DYHKIIMU M TOYEK Tepernoa:
1. HaxoauMm BTOpYIO IPOHU3BOAHYIO .

N

Haxoaum To4ku, B KOTOPBIX 700 =0 gy e CYLIECTBYET.

3. Hccnemyem 3HaK ciieBa W CIpaBa OT HAaWICHHBIX TOYEK W JieJacM BBIBOJ 00 HMHTEpBasiax
BBIMYKJIOCTH U O HaJTMYUU TOUYEK Meperuoa.

4. Haxoaum 3HaueHue PYHKIMM B TOUKaX Neperuoa.

ACHMOTOTEHL

Acumnroroii rpaguka gynxuum ¥ = (¥} gaspisaerca mpsamas, o6nagaromas TeM CBOMCTBOM,

4to paccrosiHue OoT Touku'* (¥} g0 3T0l TpsMOIl CTpeMHTCS K HYJII0 HPH HEOTPAHUYCHHOM
yJIaJIeHUU TOYKU rpadyka OT Hayajia KOOpHHAT.

[psimast * = 0 Ha3pIBaeTCS BEPTHKAJIBHON acUMNTOTO# rpaduka Qynkumu ¥ = /%), ecnn
o lim  flz) lim  fix) i )
XOTs1 ObI OJTHO U3 MIPEJCITBHBIX 3HAYCHUHN » 2o 0° ' MM a0’ PABHO +50 MM — 3
3ameuanue. [Ipsimas © = 2o He ~ MokeT  ObITb ~ BEpPTUKAJIbHOM  acCUMNOTOTOM,  eciu
(GyHKIUS HempephlBHA B TOYKE # = 2o . [103TOMYy BepTHKaNbHBIE AaCUMITOTHI CJIEIyeT HCKaTh B

TOUKax pa3pbiBa (PyHKIHH.

[psimast ¥ = yo Ha3pIBAETCSI TOPM3OHTAJIBHOM AaCMMNTOTOI rpaduka QyHkumm ¥ = /@), ecnn
X013 Gbl O1HO U3 nIpeaenbHbIx 3Havenuit - /)y M /) pagro w .

3ameuanue. ['paduk QyHKIIMM MOKET MMETh TOJIBKO MPABYI0 FOPU3OHTAIBHYIO aCHUMIITOTY
WM TOJIBKO JIEBYIO.

[Ipsimas ¥ = k* + b HaspiBaeTCA HAKJIOHHOM acUMNTOTO# rpaduka Gynkun ¥ = f(x),

ecn .I_lll.l:la [f(x) — ke —b=0
: " 10 QyHKIHA

Ecmn mns dynxuuu ¥ = /(%) cymectyror mpemenst kgt L)

MMEET HAKIIOHHYIO acuMnToTyy = K& + b mpu o — oc |
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IHopsiaok BbINOJHEHUS PA0OTHI:
1. BHMMaTEIbHO 03HAKOMBTECH C YCIIOBUEM 3aJaHUs.

2. Tlonp3ysich KOHCIIEKTOM JICKIUH, MOAOEpUTE HYXHYIO (DOPMYITy WM COOTBETCTBYIOIIEE
yCIIOBUE JJISl peLICHUS 3a1a4u.

Xox padoThI:

1. ITpoBecTu aHayM3 3ajaHHOM QYHKIIUH 110 OOIIEH cXeMe.
2. Iloctpouts rpaduk GyHKIUH.

HccnenoBath PyHKINIO U TOCTPOUTD €€ TpaduK.

x2

1. O6nacts onpeaenenus Qpynxuu = 17 U L),

0= ——

2. Ilpu moacranoBke 3HaueHus * =0 momydanm BT

Takyto e TOUKy MOJIYYUM €CJIM IpUpaBHsAeM (QYHKIMIO K Hyat0. Touka *=0U- enuHCTBEHHAs
TOYKA [IEPECEUEHMS C OCAMU KOOPIAUHAT.

3. [IpoBepsieM QYHKIIMIO HA YETHOCTh

I=x) x

H-x-1)  Z(x+l)
Fl-z)= vlx), wi-x)=-¥(1).
Urak (byHKHI/Iﬂ HU 4YC€THAas, HU HCUCTHAsA, HCIICPUOJNICCKAs.

4. I[JI?[ OTBICKAHWA HWHTCPBAJIOB MOHOTOHHOCTH BBIYHCIIAAEM IICPBYIO IMIPOU3BOAHYIO
25 {x=1)=x° f(x~2}

(byHKHHH 2{x -1y 2{x lltv

[IpupaBHMBas €€ K HYJIO MOJYYHM TOYKH IIOJO3PHTENLHEIE Ha dKcTpeMyM * = %%=2  Omnu
pa3OuBaroT o0J1acTb OIpeIEneH s Ha CIIEAYIOIIHE MHTEPBAJIbI
monoTonHocTr | IV EU1:2)U (2 5).

Hccnenyem noseaeHue Mporu3BOIHON cieBa U ClipaBa OT HalIEHHBIX TOUEK pa30MeHUs
w{=1] S 0 v'(05) 0.3(0.5-2) L5<0
2-1-1y 4 2(0.5-1)
L3(L5-2) LSt 7 @)= "H-l,-:i( a
2131 2(3-1)° 8

yLs)

I'paduuecku MHTEpBAJIBI MOHOTOHHOCTH OYAYT UMETh BHU]L
V
4 B T r

0 1 2
I/Iccne;[yeMaﬂ (IJYHKI_[I/I}I BO3PAaCTACT HA UHTCPBaJIax

—are o TR 0-1% i1-2
(=024} g yopiBaer WA

Touka *=0 — Touka mOKATBLHOTO MakcuMyMa, ¥ =1 — JIOKaJThbHOIO0 MHHHMYyMa. Haiigem

'

P
0 Frm WE-1)

3HaYeHue GyHKIMH
5. ]I OTBICKaHHs! MHTEPBAJIOB BBIMYKJIOCTH HAiiJIeM BTOPYIO TIPOM3BOIHYIO

(Ls-2INx—0) -2x(x-2)(x-1) 1

{x-1) x-1)
Taxux HHTCPBAJIOB HECT, IIOCKOJIBKY BTOPAA MPOU3BOJHAA HE IPUHUMACT HYJICBbIX 3HAYCHUH B
00J1aCTH OoNpeAeIeHHUS.
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6. Touka =1 — BepTHKaJbHAs acUMNTOTa (DYHKIWH. YpPaBHCHHE HAKIOHHON aCHUMITOTHI
uMeeT Bu Y =kx+b
Haxoaum HyXHbI€ TpaHUIIbI
; Y

Y Y
Im ——— Im —
x—sz00 2x( ) ade 2

2x(x—1) ,h_“il"-

. x 1 ¢ P ex(x-1) .
lm (———=—x)= lim ————— lim !
rto 2{x-1) 2 rtm 2{x-1) p—

1|| || "

Koneunslil BUI IPAMOM CIIETYIOLIHI
11

7. Ha ocHOBe MpOBEICHHOTO aHAJIM3a BBINOIHIEM MOCTpoeHue rpaduka GpyHkuuu. s sToro
CHayaja CTPOMM BEPTUKAJIbHbIE M HAKJIOHHBIE ACUMIITOTHI, 3aT€M HAaXOJUM 3HaYeHHE (YHKIIHH B
HECKOJIbKUX TOYKaX U IO HUX MPOBOIUM ITOCTPOCHHE.

‘

dopma npeacTaBiaeHus pe3yJabrara:
BrinosHeHHOE 3a/1aHUE.

Kpurtepun onenku:

Ouenka "oTau4HO" cTaBUTCS, eciiu paboTa BHIMOIHEHA B MOJHOM 00BEME C COOTIOACHHEM
HEO0OXOMMOM MOCIIeI0BATEILHOCTH ICUCTBHI; B OTBETE MPABUIBLHO U aKKYPAaTHO BBIMOJHEHBI BCE
3alMCH U BBIUNCIICHUS.

Ounenka '"'Xopomo' CTaBUTCS, €CIM BBINOJHEHbI TpeOOBaHUS K OLIEHKE "OTIMYHO", HO
JOTYILEHBI 2-3 HEROYETA.

Ouenka "yIoBJIETBOPUTENbHO'" CTAaBUTCS, €Clid paboTa BBHITIOJIHEHA HE IOJHOCTHIO, HO
00BEM BBITIOTHEHHOM YacTH TaKOB, YTO MO3BOJISET MOJYYUTh MPABUIBHBIC PE3YIbTAThl U BHIBOJIBI,
B XO/JI€ MPOBEACHUS pabOTh! OBLIH JTOMYIIEHbBI OLUTHOKH.

Ouenka ""Hey10BJIETBOPUTEIbHO' CTaBUTCS, €CU PadOTa BHIMOIHEHA HE TOJHOCTHIO WU
00BEM BBITIOJTHEHHOM YacTH paOOThI HE TTO3BOJISIET CAENIATh MPABUIBHBIX BHIBOJIOB

Tema 3.2 [IpousBoaHasi pyHKIIUH U ee TPUMEHEHUE

IpakTnyeckoe 3ansitue Ne 13
Pemenne gpusnueckux 3amgad.

Heab: HayuuThcs  pemarh (uU3MYECKHe 3aJauyu ¢ MpUMeHeHHeM uddepeHnaibHOro
UCYHCIICHUS.
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Beinosnus patdory, Bel Oyaere:
ymembs:
- pemaTh MpUKIIaIHbIC 33]]a4K B 00JIaCTH MPO(ECCHOHANBHON e TEIbHOCTH;
- QHATTU3UPOBAThH 3a]1a4y U/UIH IPOOJIEMY U BBIIEIATH €€ COCTaBHBIC YaCTH;
- OTIPE/ICTIATH JTAIbI PEIICHUS 3a/1a4H;
- peaJIn30BaTh COCTABJICHHBIN ILIAH;
- BBIJIEJIATH HanOoJiee 3HaYMMOE B IepeyHe H(OpMAIIH;

- OICHUBATb MPAKTUYCCKYIO 3HAYUMOCTDL PE3YyJIbTATOB IIOKCKA.
MarepuajibHoe o0ecnieyeHue:
ManuBuayanbHbpie 3aaHUs, CIIPaBOYHbIE MaTEPUAJIbl, KOHCIIEKTHI JEKIIUHN.

3aganmue: _

1. Touka mBwxkercs mo 3akomy ¥(t) =20" =31 Uemy paBHa cKOpoCTH B MOMEHT
Bpemenu b = 17

2. YpaBHEHHUE [IBIKCHHS MATEPUAILHOM TOYKH BIOMIb OCH uMeeT Buj 5(t) = —0.507 + ¢ +2 ().
Haiitn yckopenue a{throuxu B MoMeHT Bpemenu L = 2 c.

3. 3akoH u3MeHenus Temueparypsl T Tena B 3aBUCUMOCTH OT BpeMeHH t 3a/1aH ypaBHEHHEM
T = 0,2¢%. Ckakoil CKOPOCTBIO HarpeBaeTCs TeI0 B MOMEHT Bpemernu 10 ¢?

4. MaxoBuK, 3aJep)KUBAaEMBIi TOPMO30M, 3a t C T1OBOpauMBaeTcs Ha  yroi
@ = 5t — 0,4t2 (pax). OnpenenuTs yriaoByK CKOPOCTh ) MaXOBHUKa B MOMEHT BpeMeHu t = 2 cu

HaWTH MOMEHT OCTAaHOBKH BpalcHus.

Kparkue Teopernyeckue cBeJleHHs:
IIyTh, IpOMIEHHBII TEIOM

Iycts 3aman 1yt $ = f(!) tuskenns  matepuanbHOii  Touku. CKOpOCTH  JaHHOM
MaTepuaabHON TOYKA B MOMEHT BpeMeHH ! eCTh MpOM3BOIHAS OT IYTH & 10 Bpemeru L:v(l) = s'(1),

Bropas MPOU3BOAHASA - CKOPOCTh W3MEHEHHUS MepBOM MPOU3BOIHOM,
T.€.yCKOpeHue U3MEHEHHs HCXOMHON (yHKimu: a = 5" () = v'(t).

Ecnu TBepoe Teno BpamaeTcss BOKpYr OCH, TO YroJl TOBOPOTA @ €CTh (PYHKIIMS OT BpeMeHH t.
o o \ A
Yr10Bast CKOPOCTh BPAIICHUS B IAHHEIA MOMEHT 1 YHCICHHO PaBHA NPOU3BOAHOMN @ = limep /.
ITopsinok BbINOJHEHHS PadOTHI:
1. IIpounTtarh 3a7a4y ¥ ONPEALCTUTH CIIOCOO €€ pelIeHUsI.
2. [lpumenuts Gopmyny auddepeHnnaaIbHOro HCYUCIEHUS IS PELICHUS 3a1a4u.

3. 3amucarh OTBET.

IMopsiiok BbINOJIHEHUS] PA0OTHI:

1. BHuMaTenbHO 03HAKOMBTECH C YCIIOBUEM 3a/1aHMUS.

2. Tlonb3ysch KOHCIIEKTOM JIEKIMH, MOI0EpUTEe HYKHYIO (POPMYIy WM COOTBETCTBYIOIIEE
YCJIOBHUE JUISl PELIEHUS 3a1a4U.

Xon paborsr:

3
| = =i

9] s} 2t 4t
1. 3apmanme. Teno nBuXKeTCS MNPSMOJIMHEHHO IO 3aKOHY © "% (m). Onpenenutsb

CKOPOCTB €T0 JIBUKEHUSA B MOMEHT ¢ = 10l C.
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Pemenue. ckomast CKOpoCTh - 3TO MPOU3BOAHASA OT IIYTH, TO €CTh

2, ! 2.3
o(t) = s'(t) = (_‘—11'* — 242 +-1z) = (%H) — (23 + (1) =

o

=

= %{z”)’ — 203 At = :3 B2 2 A1 =22 — At + 4

B 3aanHbIi MOMEHT BpeMEHU

v(10) = 2-10° =4+ 10+ 4= 200 — 40 + 4 = 164 (m/c).

Ortser. v(10) = 164 (m/c).

2. 3akoH u3MeHEeHHs TeMieparypbl T Tena B 3aBUCHMOCTH OT BpeMeHH 1 3a1aH ypaBHEHUEM
T = 0,2t2. C xaKo#i CKOPOCTBHIO HArPEBACTCS TEJIO B MOMEHT Bpemenu 10 ¢?

CkopocTh HarpeBaHusi Tella €CThb MPOM3BOAHAs TemmepaTypel T mo Bpemenu L
2 (0,2t2)' = 0,4t.

di

Ckopoctb HarpeBanus Tena npu t =10 c:

(S)e=10 = 0,4- 10 = 4 (rpal).

3. MaxoBuk 3a BpeMs BOpauMBaeTcs Ha yroi ¢ = 8t — 0,5¢%. OnpenenuTh YIiIoByH CKOPOCTh
¢ B KOHIIE 3-i1 cekyHbpl. HailTh MOMEHT, KOT/1a TPEeKpaTUTCS BpaleHHE.

Umeem @' =8—t. Tak kak w =(8—1) pan/c, To mpu t = 3 momyuum w =5 (pau/C).

Bpamenue npekpaTutcss B MOMEHT, kKorja @ = 8—t =0, T.e. mput =8 C.

®opMma npeacraBjIeHud pe3yabTara:
Beinonnennoe 3aganue.

Kpurepun oneHku:

Ouenka "oTJIMYHO'" CTaBUTCS, €CNTU pabOTa BBHIMOJHEHA B IMOJHOM 00BEME C COOIOIEHUEM
He0o0X0IMMOM TOCTIE0BATENHHOCTH JICHCTBUIl; B OTBETE MPABUIBHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aIUCH ¥ BBIUYMCIICHUSI.

Ounenka '"'Xopomo' CTaBUTCS, €CIM BBINOJHEHb TpeOOBaHUS K OLIEHKE "OTIMYHO", HO
JOMYUIEHBI 2-3 Helo4eTa.

Ouenka "yIoBJIETBOPUTENbHO'" CTAaBUTCs, €clid paboTa BBHIMIOJIHEHA HE IOJHOCTHIO, HO
00BEM BBITIOTHEHHOM YaCcTH TAaKOB, YTO MO3BOJISET MONYUYUTh MPAaBUIbHBIC PE3YIbTAaThl U BHIBOJIBI,
B XO/JI€ MPOBEACHUS pabOTh! OBLIH JTOMYIIEHBI OLUTUOKH.

Ouenka ""Hey10BJIETBOPUTEIbHO' CTaBUTCS, €CITU padOTa BHINOJHEHA HE MOJHOCTHIO WU
00BEM BBITIOJTHEHHOM YacTH paOOThI HE MTO3BOJISET CACNATh MPABUIBHBIX BHIBOJIOB

Tema 3.3 UuTerpaJ u ero npuJo:KeHus

IIpakTuyeckoe 3ansaTue Ne 14
HaxoxieHne HeonpeeeHHbIX UHTETPAJIOB Pa3IunYHbIMU METOJJAMU UHTETPUPOBAHUS.

Leab: HayuyuTbCs  WMHTETPUPOBATH  (DYHKIMH, HCIOJNB3YS  pa3jMyHble  METOJbI
WHTETPUPOBAHUSI.

Boinoanus padorty, Bul Oynere:
ymemp:
- pemiaTh MPUKIAIHBIC 33/1a4H B 00JIACTH MPOPECCHOHATHHON ASSITENFHOCTH;
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- QaHAIM3UPOBATh 33/1a4y W/WIN MPOOJIEMY U BBIACTATH €€ COCTaBHBIC YaCTH;
- OTIPE/CTIATH JTAIbI PEIICHUS 3a/1a4H;
- peaJIn30BaTh COCTABJICHHBIN ILIAH;
- BBIIEJIATH HanOoJiee 3HaYMMOE B IepeyHe HH(POpMAaINK;
- OLIEHUBATH MPAKTUYECKYIO0 3HAYNMOCTh PE3yJIbTATOB MTOUCKA.
MarepuajibHoe o0ecnieueHue:
WunuButyanbHble 3a1aHNs, CIIPABOYHBIC MATEPHAJIbI, KOHCIICKTHI JICKIIHH.

3aganue:
1. Haiitm HeompeaeleHHbIE WHTETPajbl, MCIIONB3YS METOJ 3aMCHBI IEPEMEHHOM: a) I dx

6)-[ 4x+3 ) .[ F) Ide-

2. HaI/ITI/I HCOMPECACICHHBIC HMHTCIPAJibl, UCIIOJIb3Yyd MCETOA HMHTCIPUPOBAHHUA IIO YACTAM: a)
Ixesxdx; 0) _[In(l—x)dx; B) Ixsin3xd><-

Kparkue TeopeTuueckue cBeJeHHA:
®ynkuus F(X) Ha3bBaeTcs nepBoodpasHoit aist pynkimu y = f (X) B mpomexytke /a ,; b], eciu B
7000 TOYKE 3TOr0 MPOMEXKYTKa e€ mpou3BoaHas paBHa f (X).
OtbickaHue TMepBOoOOpa3HON (QyHKIMM 1O 3amaHHOW e€ mpousBogHod f (X) wim 1Mo
mabdepentmany f (X) dxects aeiictBue, oopatHoe AU HEPEHIUPOBAHUIO - WHTETPHPOBAHHE.
[Ipyn HaxOXK/IEHHM HEOMpPEAETICHHBIX HHTETPATIOB HCIIOJIB3YIOT CBOWCTBA MHTETPATIOB U
Tabnuiy.
Csoticmea HeonpedeneHH020 Uunmespana:
1) mpou3BomHAs OT HEONPEICICHHOIO HWHTErpaja paBHA IOIBIHTEIPATbHON (YHKIHH, T.C.

(j f(x)dx) = f(x)

2) muddepeHnnan HEONMPENeNCHHOIO HMHTErpaja PaBeH MOABIHTETPATbHOMY BBIPAXKEHHIO, T.C.
d(j f (x)dx): f(x)dx ;

3) HeompeneNeHHBIN HHTErpal oT AuddepeHIrana HeKOTOPO (GYHKIUK paBeH 3TON (QyHKIHHU C
TOYHOCTBIO JI0 IOCTOSTHHOT'O CJIaraeMoro, T.e. J‘ dF(x) = F(x)+c TAeC — IPON3BOJILHOE YHCIIO;

4) TOCTOSHHBIA MHOKHTEIh MOKHO BBIHOCHTD 3a 3HAK MHTErpasa, T.c. j of (W)de=a j f(x)d(x)» TAE O —

HEKOTOPOE YHCIIO;
5) wuHTerpan o anreGpandeckoil CyMMBI ABYX (YHKIMH paBeH TaKoil ke CyMMe HHTErpanoB OT
>THX DYHKIWMH, T.€. J‘(f(x)+g(x))dx=J'f(x)dx+jg(x)dx-

Tabnuya neonpeodenenHblX UHMe2Panos

1 '[de:c; 9. Ims;cdx:sinx+C}
2. dr=x+C> 10. =£arct Xic, a=0,
Ix X+ J-a2+x2 a ga )
n+1 . dx —a .
3. Ix"dx:x +C, n=—1; 11. I —5 = |x ‘+C,a¢0,
n+1 x“—-a° 2a a\
4, [dx_ ;
J'x =Inj+C 12. j %_arcsm +C,

—a<x<a, a>o0;
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5. jdx—2&+C’ 13. _[ x+ﬁ+c a0
Vxi+a
6. J' L _Infx+al+C) 14. jexdx:ex+Ci
x+a
7. Isinxdxz—cosx+c; 15. I —tgx+C}
cos? x
¥ 16. - .
8. Ia'”dx:::]—a+c,a>0, azl; J.sinzx**CfngrC
Memoo 3amenvl nepemennol
[Tycte x=¢(x) — Qydkous, HenpepsiBHO auddepeHImpyeMas Ha pPaccMaTpUBAEMOM

npomexytke. Torma I f(x)dx = I f (o(t))'(t)dt .

Dt1a GopMyIia Ha3bIBAETCS POPMYILOU 3aMeEHbl NEPEMEHHOU B HEOTIPEIEIEHHOM HHTETPAJIE.
Memoo unmezpuposanusi no uacmsm
[Tycte u=u(x) 1 v=v(x) — HenpepsiBHO mudeperimpyembie GpyHkuuu. Toraa crnpaseainsa

dbopmyna: J'udv = uv—J'vdu .

Ota popmMyiia Ha3bIBACTCS (YOPMYNOL UHMESPUPOBAHUSL NO YACTISIM.

DTOT METOJ] 3aKIIF0YAETCSl B TOM, YTO MOJIBIHTETPAIbHOE BBIPAKEHUE TIPEACTABISICTCS KAKHM-
a100 00pa3oM B BHJE Ipou3BeaeHus AByX comHoxutenein Uu dV. 3atem, nmocie Haxoxaeaus dUu
V,H1crons30BaTh GOpMYTy HHTETPUPOBAHUS 10 YACTSIM.

o - WuTterpaisi BUIA
I P(x)e¥*dx, [P(x)sinkxdx, [P(x)coskxdx, rtme P(X)- mHorouwren, k- umcmo. Yao6Ho
noj0kuth U = P(x), a Bce OCTalbHbIE MHOKUTEH NPUHSTH 3a dV.

. NHTerpaisl BUJA
[ P(x)arcsinxdx, [P(x)arccosxdx, [P(x)inxdx, [P(x)arctgxdx

[ P(x)arcctgxdx. Yno6n0 nonoxuts Plx)dx = dV, a ocTanbHbIe MHOXKUTEIM IIPUHATH 3a U,

. Wnterpansl  Buma [ e®*sinbxdx, [ e®*cosbxdx, Tme au
buucna. 3a U MoxxHO npuHATE QyHKIMIO U = %

Ilopsinok BbINOJHEHHS PadOTHI:

1. 3amucaTe 3aaHMe M OMNPENENIUTh, KAaKUM M3 METOJ0B HHTETPUPOBAHHS HEOOXOIUMO
BOCIIOJIb30BAaThC.

2. Ecnu uHTErpan MOXHO HalWTH METOJOM IOACTAaHOBKH, TO BBECTH HOBYIO IEPEMEHHYIO,

Haiitu ee quddepenunan. [locne BBeaeHUs HOBOM NEPEMEHHOM 3aJaHHBIA MHTErpaJl IPUBOAMUTCS K
HOBOMY MHTETpaly, KOTOPBIN SABISIETCS TAOINYHBIM.

3. Ecau uHTerpan Henb3s HAWTH  BbIIIEYKA3aHHBIM CHOCOOOM, TO NMPUMEHUTH (OPMYIY

Judv =uv — [vdU
HUHTCTPHUPOBAHUSA 110 HaACTAM

Xon paborsr:

1.IIpounTaTts MaTepHall KOHCIIEKTA JIEKIMI; Ha OCHOBaHMM M3J105K€HHOIO MaTrepuana
pPacCMOTpPHUTE NIPUMEPHI pELICHUS 3a1a4.

2.B rerpanu /Ui MpakTUUYECKUX padOT PeIIUTh MPEIOKEHHbIE MPEo1aBaTeseM 3a1a4u.

Ha ocHoBaHMM U310KEHHOTO MaTepraja pacCCMOTPUM MPUMEPHI pEeLIeHUs 3a1a4.
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Ipumep. HaiiTu nnterpansi:
15x"dx
nf

(1—x%)*

9ToT HHTCIpall MOXHO HalTH C ImoMompr© METOAAa IIOACTAHOBKU. BBG,Z[CM HOBYIO

HIEPEMEHHYIO.
1—x3=t
i L3
tsxtax |40 2 =t —jﬁdt— 5jt“‘dt— s e o= +C
A -xop | ar=dt 35 R T TE R TE RN
Zd _—
X X 3

2. J(x®— 4x)inx-dx
DTOT HMHTErpal MOXHO HaWTH C IOMOIIBI0 METOJa HHTCTPHPOBAHUSA [0 YaCTSIM, OH
OTHOCHTCSI KO BTOPOMY BUY, mo3ToMy U = Inx, dV = (x? —4x)dx.

~

1 ) x*
di =—dx, U:JI (x® — dx)dx = — — 2x7
x 4
I/ICHOHBSYH Q)OpMYHy HHTCIpHUPOBAHUS 11O YACTAM, I10JTydacM

» x* ‘e Y1
T _ baw e dr = I m— — 9% = | [ 2= — 9 | Zdx =
J'-.I 4x)inx I?-I.'I—I.'i"n_l'(q 2x J J (4 2x dex =

®opMma npeacTraBJIeHUd pe3yabTara:
Beinonnennoe 3ananue.

Kputepun onenkmn:

Ouenka "oTJIMYHO'" CTaBUTCS, €CITM pabOTa BBHIMOJHEHA B MOJTHOM 00BEME C COOTIOICHUEM
He0o0X0IMMOM TIOCTIE0BATENBHOCTH JICHCTBUI; B OTBETE MPABUIBHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aIIMCH U BBIYUCIICHHUSI.

Ouenka "xopomio' CTaBUTCS, €CIM BBIOJHEHb TpeOOBaHUS K OLEHKE "OTIUYHO", HO
JOTYIIEHBI 2-3 HeloYeTa.

Ounenka "yI0BJIETBOPUTEJIBHO'" CTAaBUTCS, €clid padoTa BBHIMOJHEHA HE MOJIHOCTHIO, HO
00BEM BBHITIOJIHEHHOW YaCTH TAaKOB, YTO MO3BOJISIET MOJYYUTh MPaBUJIbHBIE PE3YyJIbTaThl U BHIBOJBL;
B XO/JIe MPOBEACHUS PabOThI OBLIH TOMYIIEHBI OITHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO'" CTAaBUTCS, €CIIM pabOTa BBIMOJTHEHA HE TOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacT paboOThI HE TIO3BOJISET ClIeNaTh MPABUIBHBIX BEIBOJIOB

Tema 3.3 UHTerpaJ u ero npu/io:KeHus

IIpakTnyeckoe 3ansitue Ne 15
Brruucnenue miomnaaen miockux Guryp u o0bEMOB Ted.

Hean: hbopMupoBaHre YMEHUM MPUMEHATh HHTETPUPOBAHKE VISl PEIICHUS 3a/1a4 TEOMETPHUH.
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Bbinosinus padory, Bel Oyaere:
ymembs:
peliaTh IPUKJIATHBIC 33a491 B 00J1aCTH MPOQEeCCHOHAIBHON IeATeIHbHOCTH;

- AHAJIM3UPOBATD 3a1a4y H/Uaa npo6neMy U BBIACIIATH €€ COCTaBHEIC qacCcTH,
- OIIpCACIIATH 3Tallbl PEIICHUA 3aJa4u,

- p€ajin30BaThb COCTaBJICHHBIN IJIaH,

- BBIACJIATDH HauOoJIee 3HAYUMOE B MEPECYHE I/IH(l)OpMaI_II/II/I;

- OLICHUBATh MPAKTUYECKYIO 3HAYMMOCTh Pe3y/IbTaTOB IIOUCKA.
MarepuajibHoe o0ecnieyeHue:
I/IHI[I/IBI/II[yaJIBHLIe 3alaHuA, CIIPAaBOYHbBIC MaTCpUaJibl, KOHCIICKTbLI JIGKL[I/Ifl.

3aganmue:
1. Haiitu uiomaau miockux Guryp, orpaHuueHHbIX JTUHUAMU:
Q) y=x2+1,y=0 x=1x=4;
b) y=lnx,y=0, x=1x=e¢;
C) v?=x%x=4
2. Bplunciauth 0o0BbEM TeNa, MONYYEHHOI'O BpALICHUEM BOKPYI YKa3aHHOH ocHu (Urypbl,
OrpaHUYCHHOHN JIMHUAMU: y = /x; ¥ = 0; x = 4 (ocb BpameHus ocs Ox).

Kparkue TeopeTnueckue cBeeHHA:
FeOM@mleIleCKl/llZ CMbICIl OnpedeﬂeHﬁoeo urmeecpana

Iycte ¢ynkuus y= f(x) HenmpephlBHAa Ha OTpE3KE [a;b] M NPMHHMMAET Ha 3TOM OTPE3KE
HEOTpHIIATEbHbIE 3HaueHus, T.e. f(x)>0 npu xe(ab]. ®urypa, oOpa3oBaHHas TMHUAMU X=a,
x=b, y=0, y=f(x), Ha3pIBaeTCA KpUBOJIMHENHOM Tparenuei (puc. 1). OnpeneneHnblii HHTErpa

OT HEOTpULATENbHOM (YHKIUU HUMEET IMPOCTOM T'€OMETPUUYECKUH CMBICI: 3TO IUIOIAb
KPHUBOJIMHEWHOM TPAIELVH.

Puc. 1
Inowaou nrockux gueyp
1. Ecmu ¢ynkuus f(x) HeoTpULaTenbHa Ha OTpe3ke [a;b], To mmomans Snon kpusoil y= f(x) Ha

b
[a;b] (puc. 2) uncnenno paBHa onpeeleHHOMY HHTErpaly oT f(x) Ha JaHHOM OTpe3Ke: S =I f (x)dx

a
(reoMeTpUYECKHil CMBICIT OTIPEEIEHHOT0 UHTErpaa).

y y=Hx)
e

2 ’ 5+ Puc. 2
2. Ecou ¢ynxius f(x) — HemonoxuTenbHa HA OTpe3ke [a;b], To miomans Smox kpusoit y = f(x)

Ha [a;b] (puc. 3) paBHa onpeneneHHoMy HHTerpany oT f(x) Ha [a;b], B39TOMY CO 3HAKOM «MHHYC»:
b

S =—If(x)dx.

a
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I ;

Puc. 3
3. Ecum dynxmus fy(x)> fi(x) Ha orpeske [a;b], To mmomans SGUrypel, 3aKIFOYEHHOH MEXTy
b
kpuBbIMU y = f,(x) 1 y = f,(x) Ha [a;b] (puc. 4) onpenensercs popmynoii S =I(f2(x)— f,(x))dx .
a

v

— y=rx)

— LSS AN i + yw i)

! 1‘ - Puc. 4

Bbrunciienne 00eMO0B TeJ1 BpaleHusl.

[Ipu momoIuM ONpeaeieHHOT0 HHTErpaia MOKHO BBIYMCIUTh 00BEM TOTO WJIM MHOTO Tena, B
YaCTHOCTH, T€J1a BPAIICHHUS.

Tenmom BpamieHUs Ha3bIBaeTCS TEJIO, MOJYYEHHOE BpAIICHHEM KPUBOJIMHEHHON Tparenun
BOKpYT ee ocHoBaHus (puc. 1, 2)

Puc.1 pur 2

OOmbeMm Tena BpallleHHUs BBIYUCIIAETCS 10 OAHOM 13 hopmy:

- ol
B p-

v=x|[fx)] d
1. E , €CJIM BpalllcHHE KPUBOJIMHEWHON TpanenuuBoKpyr ocu OX.
V= ,‘.'j- [0(\]] lf_\'

2. , €CJIM BpallleHuEe KPUBOJIMHEUHOW TpaneuuBOKpyr ocu OY.

IMopsiaok BbINOJIHEHUS PA0OTHI:
1. IIpounTtarh 3a7a4y U ONPEIEITUTH CIIOCOO €€ peIIeHUsI.

2. IlpumenuTsh GOPMYITy UHTETPAITBHOTO UCUMCIICHUS JUTsl PEIICHUS 3a/1a4u.
3. 3amucaTth OTBET.

Xon paborhr:

1.IIpounTaTs MaTepHall KOHCIIEKTA JIEKIMI; Ha OCHOBaHMM M3J105K€HHOIO MaTeprana
pPacCMOTpPHUTE NIPUMEPHI pELICHUS 3a1a4.

2.B terpanu /Ui MpakTUUYECKUX padOT PeIIUTh MPEIOKEHHbIE MPETo1aBaTesieM 3a1auu.

Ha ocHOoBaHUM M310KEHHOTO MaTepraja paCCMOTPUM MPUMEPHI PEeLIECHUS 3a/au.

[Tpumep 1. Haiitn IJI0IAb ¢burypsl, OTPaHUYEHHOMN rpaduxkamu

(IJYHKI_II/Iﬁ y=rt-dr+lp y=x-1
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TInowmas GUrypsl, OrpaHHUYCHHON HerpepbiBHEIME KpuBbivi 1 = /109 ¥2 = /2(0)

< ~ ‘\‘zj.l f.](\i— ,"_.ll‘;'lh
npamMbiMu ¥ =4 p ¥=b ppe /it F 210 ya nannoM orpeske,Haxogutcs o popmyne

Haiinem npenensl MHTErpUpOBaHUs - TOUKH MepecedeHus rpadukoB QyHKIMMA, A ATOTO
MIpUpPaBHSAEM IpaBble YaCTU UCXOAHBIX PYHKIUN U PEUINM MMOTYyYHBIIEECs

2
ypaBHeHue ¥ —3%¥+2=x-1 KopHAMHU 3TOTO YpaBHCHUS ABISIOTCS ymcna ¥ =1 g x=3,
CJIEZI0BATENLHO, OHH M ABJISIFOTCS MIPEIEIaMi HHTEMPUPOBAHUs. 3HAYUT, TIOMIA1b (GUTYPhI pABHA:

S f'.-:.\ 1= {x* =3x+2)dx = [(dx~x" = 3)dk

=2y -1 _3x)f =18-9-9

1
1
[Tonyuwnnm, yto rwiomanb Gurypsl paBHa * (KB. €]1.)

[Ipumep 2. Haiitn o0beM Tena, TOJy4yaeMOro BpalleHUEM BOKPYT OCH OpJIHWHAT
KPUBOJIMHEHHOI TPaNeInH, OrpaHHIeHHOM THHmaMu: X> + y> =64,y =-5,y=5,x =0.
Pemenue.

2

: R I 5 2 -
v=x[lea-y*y=r 64}:—% ,=55657 ~1163cad
-3
Ortger : 1163 cm®.
HpI/IMep 3 Breruuciaute 06’beM TCIa, 06pa3OBaHHOFO BpallCHHUEM JICTICCTKA, BOKPYI' OCHU
abermce Y = X%, y2 = X.

Pemenue .
A

T

IToctpoum rpaduku GpyHKIMU. Y = X2, y2 = x. I'padux Y’ =X npeoOpaszyem K BUIy Y = Jx
Nmeem V = V; — V; Beraucianm 06beM Kaxaon (GyHKITUN
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1 o
x|t T
Vlzf[xdx:fr-— =—
J 210 2
5 2 2
1 5
. x| 7
Vy=r|x*dx=r-——| ==
‘D 510 5
I I
V=V-V,=———=037
2 5

C[)opMa NpeacraBjJacHud pedyjabTara:
Brimonnennoe 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BHIMOJTHEHA B MOJIHOM 00BEME ¢ COOTIOICHIEM
HEOOXOMMOM IMOCIIeI0BATeILHOCTH JICUCTBUI; B OTBETE MPABUJILHO U aKKYypPAaTHO BBIMTOJHEHBI BCE
3aIIMCH U BBIYMCIICHUS.

Ouenka "xopomio'" CTaBUTCS, €CIM BBIIIOJHEHBI TpeOOBaHMS K OICHKE "OTIWYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka "y10BJIETBOPUTEJIBHO'" CTAaBUTCS, €clii paboTa BBHINOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOTHEHHOW YaCTH TAKOB, YTO IMO3BOJISET MOJYYUTh MPABUIBHBIC PE3YIbTaThl U BHIBOIBI,
B XO/JI€ MPOBEACHUS pabOThI OBLIH JIOMYIIIEHBI OLTUOKY.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBUTCS, €ClIM padOTa BBHINOIHEHA HE MOJHOCTHIO WIH
00BEM BBITTOJTHEHHOM YacTH pabOThI HE MO3BOJISET CACNIATh MPABUIBHBIX BHIBOJIOB

Tema 3.3 UHTerpaj u ero npuiosKeHust

IIpakTuyeckoe 3ansitue Ne 16
Pemenne Gpu3nvecknx U TEXHUYECKUX 3aJ1a4.

Heab: HayduuThCs pemath (U3MUYECKHE M TEXHWYECKHE 3aJjayd C [pUMEHEHHEM
¢ depeHINaTbHOTO U UHTETPaIbHOTO UCUMCIICHHUS.

Borinoinus padorty, Bel Oynere:
ymemb:
peliaTh IpUKIaTHbIe 3aa4i B 00J1aCTH NMPOoQecCHOHAIBHON 1eATeTbHOCTH;

- aHAJIIM3UPOBATh 3aj[a4y W/UIIM IpoOJIeMy U BbIIEIATh €€ COCTaBHbBIE YaCTH;
- OIPEJENISITh ATAlbl PELICHUs 3a]auu;

- peaJIn30BaTh COCTABJICHHBIN ILIAH;

- BBIACIISATH HanboJiee 3HaYMMOE B IlepeyHe HHPOpMaAIIH;

- OLIEHUBATh MPAKTUYECKYIO 3HAUMMOCTh Pe3y/IbTaTOB IIOUCKA.

MarepuanbHoe o0ecnieyeHme:
WNHauBuayanbHble 3aaHNsI, CIPABOYHBIE MaTEpUabl, KOHCIIEKTHI JIEKIIHH.

3aganme:
1. Haitagute nmyth, MpONAEHHBIA TOYKOM OT Havasla JBUKEHUS JI0 €€ OCTAaHOBKH, 3Has

CKOpOCTb €€ MPSIMOJINHEIHOT O IBUKEHUA v = 18t — 67,

50



2. HaitguTe nyTh, NpPOWIECHHBIM TOYKOW 3a YETBEPTYIO CEKYHIy, 3Has CKOPOCTh €€

MPAMOJIMHENHOTO JIBUKEHUSA ¥V = 3t2— 2t — 3.
3. Cuna ympyrocta npyxuHbl, pactsayroil Ha 0,05 m, paBna 3H. Kakyio paboty Hamo

MIPOU3BECTH, YTOOBI pacTAHYTh NpYyKUHY Ha 3T 0,05M?

4. Kakyro paboTy HaIO 3aTpaTUTh, YTOOBI pacTsHYTh npyxuny Ha 0,05M, ecnu cuna 100H
pactsruBaet npyxuny Ha 0,01m.

5. OnpenenuTh CUITy JaBJ€HUS BOJbI Ha CTEHKY IILII03a, JJIMHA KoToporo 20 M, a BeIcOTa 5
M (cuuTas IUII03 JOBEPXY 3al0JHEHHBIM BOJIOM).

Kparkue TeopeTudyeckue cBeJleHUs:
IIyTh, IpOMAEHHBII TEIOM

[Iyctp MarepuaipHasi TOUKA MEPEMEIAeTCsl MO MPSAMOM C MEepEeMEHHONW CKOPOCThIO V=V(t).

Haiinem nyTs S, npoliieHHBIN €10 32 IPOMEXYTOK BPEMEHH OT t1 110 t).
W3 ¢usnueckoro cmeiciia NMPOU3BOAHON H3BECTHO, YTO IPU JBUKEHUM TOYKH B OJHOM
HaIIpaBJICHUN «CKOPOCTh MPSIMOJMHEWHOIO ABMUKEHUS PaBHA MPOU3BOJHOM OT IIYTH 110 BPEMEHUY,

0=

Ortcrona caenyer, uyto dS = v(t)dt. MaTerpupys nosyueHHOe paBeHCTBO B Ipejenax ot ti 10
7]
S = f u(t) dt.
to, monydaem b
Beruuciienne paboThbl ¢ HOMOIIBIO ONPEIeNEHHOI0 UHTErpaa.

[IycTh oA 1EMCTBUEM HEKOTOPOM CHJIBI fe) MaTepuasibHas Touka M ABMXKETCS 110 IPSIMOU B

HampaBiieHuu ocu % . TpebyeTcst HailTu paboTy, MPOU3BEAEHHYIO CHIION f&) Ipy NepEMEILEHUN
TOYKU M U3 ITOJIOKEHUA ~* = *1 B IIOJIOKEHHE * = 1,
1) Ecnu cuna mocrosiaHa /1= © 10 paGoTa BeIpakaeTcs CeAYIOLIM 06pasoM 4= Cha — %)
A= j[ Hx

2) Ecnu cuna NepeMCHHas BCIIMINHA, TO A

OHDGJIGHGHI/IG CHUJIBI AABJICHHUSA KUJAKOCTH HAa BEPTUKAJIBHO PACITIOJOXCHHYIO ITJTACTHHKY.

W3 ¢usukn n3BecTHO, uTO cuia P maBieHUs )KUIKOCTH HAa TOPU3OHTAIBHO PACTIONOKEHHYIO
IJIOMIAKY S, TIyOMHA MOTPYKEHUs KOTOpoi paBHa h, onpezensercs o Gopmyie:
P =98lyhs (4), rae ' — mI0THOCTB JKMIKOCTH.
b
P = 9,81]/j xy dx (5).
a

Ecnm BepxHMil Kpail TIIaCTUHKUA COBITAJIa€T C MOBEPXHOCTHIO KHUAKOCTH, TO a=0 u GopmMymna
(5) npumer Bua
b

P = 9,81}fj xy dx {5).

[ird

HIuprHa KaXxI0H MOJIOCH 3aBUCUT OT ()OPMBI TUIACTUHKU U SIBIIETCS (PyHKIMEH TITyOHHBI X
MIOTPY>KEHUS JAHHOM ITOJIOCHI.

JUis MIacTUHKM TMOCTOSHHOM mmMpHHBL (Qopmyna (5) ympomaercs, T.K. 3Ty HOCTOSHHYIO
MO>KHO BBIHECTH 32 3HAK MHTErpaa:
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b:_ﬂ:

B b B
%2
P = 9,8'1]/] xydx= 9,81]4’}-'”‘ xdx= 9,81}@-'?] = 9,81yy
a @ @

IMopsinok BbINOJIHEHUS PA0OTHI:
1. [IpounTats 3a1a4y U ONPEAETUTH CIIOCOO €€ pelICHHUS.

2. [lpumernTh GOPMYITYy HHTETPAIIBHOTO UCUMCIICHUS JUTsl PELICHUS 3a/1a4H.
3. 3amucaTth OTBET.

Xox padoThI:

1.IIpounTaTh MaTepual KOHCIEKTA JieKIMii; Ha ocHOBaHMM M3J10)KEHHOTO MaTepualia
paccMOTPUTE IIPUMEPHI PEIICHUS 3a1a4.

2.B TeTpaam i NpakTUYECKUX paboT PeluTh MpeIoKeHHBIE TPenojaBaTeieM 3a1auu.

Ha ocHOoBaHMM U310KEHHOI'O MaTeprajia pacCCMOTPUM IPUMEPBI PELICHUS 3a1a4.

[Ipumep 1.3aganue. Haiitu myTh, IpoiACHHBIN TEJIOM 3a 4 CEKYH[bl OT Hayajla JBUKCHMUS,
ecu ckopocTh Tena v(t) = 10t + 2 (m/c).

Pemenne: Ecnm v(t)=10t+2 (M/c), To myTh, IpOIIEHHBIN TEIOM OT Hadana ABMxeHus (t=0) mo
KOHIIA 4-11 CeKyH/Ibl, paBEH

4
s=/(1oc+2)a=st’|;+2:|;=eo+a=sa (w).
]

Otgert. S = 88(Mm).

[Ipumep 2. Kakyro paOoTy HYXHO 3aTpaTuTh, YTOOBI pacTsHYTh NpyxxuHy Ha 0,05 M, ecnu
cwia 100 H pactsrusaer npyxuny Ha 0,01 m?

Pemenne: Ilo 3akony ['yka ympyras cuma, pacTaruBaromias IpyKHHY, IMPONOPLHOHAIbHA
3TOMY pacTsbkeHuro x, T. €. F = kx, rtne k — koadpdurnment nponoprimonanpHoctu. CoriacHo
ycioButo 3amaun, cwia F = 100 H pactaruBaer npyxuny Ha x = 0,01 M; cnenoBarensno, 100 =
k*0,01, orkyna k = 10000; cnenoBarensno,F = 10000x.

Hckomas paboTa Ha OCHOBaHUH (POPMYJIBI paBHA

d

oS

06

A= [ 10000zdr = 500070 = 12,5 (ilxc).

[Ipumep 3. B Boay omyuieHa npsMOyrojibHas IUIACTUHKA, PAcIlONOkKEeHHAsl BepTUKaiIbHO. Ee
rOpU30HTANIbHAs CTOPOHA paBHa | M, BepTHKaNbHas 2 M. BepxHss cTOpoHa HaXOIUTCS HA TTyOuHe
0,5 M. OnpeienuTh CUTy JaBJIE€HUS BOABI HA IUNIACTUHKY.

Pemenne:

3nechy=1,a=0,5b=2+0,5=2,5(m), 7 =1000 Ko/ CrnenoBatenbHoO,

z 057

o e - - -
x° |25 2,5 —-0,5°
P = 9810 J‘x)-‘ dx = 9810 J‘x dx = 9810 —| Q5810 — = 29430 (H).
a a
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®opMa npeacTaBiIeHns pe3yJbTaTa:
BrinosHeHHOE 3a/1aHKE.

Kpurtepun onenku:

Ouenka "oTJMYHO'" CTaBUTCS, €ClIM pabOTa BBHIMOJHEHA B IOJIHOM 00BEME ¢ COOIIIOICHHEM
HE0OXO0TMMO TIOCTIEIOBATEIFHOCTH JICHCTBUI; B OTBETE MPABIILHO U aKKYPAaTHO BBITIOJHEHBI BCE
3aMKCH U BBIYUCIICHUS.

Ounenka ''Xopomo' CcTaBUTCS, €CIHM BBINOJIHEHB TpeOOBaHMS K OIEHKE "OTIMYHO", HO
JIONYIIIEHBI 2-3 HeJo4YeTa.

Ounenka "yI0BJIETBOPUTEIBHO'" CTAaBUTCS, €ClIM PabOTa BBHINIOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOM YacTH TAaKOB, YTO MO3BOJISET MOJYUYUTh MPAaBUIbHBIC PE3YIbTAaThl U BHIBOJIBL;
B XOJI€ TPOBEACHUS paOOTHI ObUIN TOMYIIEHBI OITHOKH.

Ouenka '""Hey10BJIETBOPUTEJIBHO' CTAaBHUTCS, €CIIM pabOTa BBIMOJIHEHA HE MOJHOCTHIO WIIH
00BEM BBITIOJIHEHHOM YacT pabOThI HE TIO3BOJISET ClIENaTh MPABUIBHBIX BEIBOJIOB

Tema 4.1 DiieMeHTBHI TeOPUHU BEPOSAATHOCTEH M MATEMATHYECKOI CTATUCTUKH

IIpakTuyeckoe 3ansitue Ne 17
Perenuie 3a1a4 Ha BEIYMCIICHHE BEPOSITHOCTH C UCIIOJIB30BAaHUEM 3JIEMEHTOB KOMOMHATOPUKHU

He.]]bZ HAYYUTHCA HAXOAUTH BEPOATHOCTDH CO6BITPII>1, HCIIOJIb3Ys (1)OpMy'J'IBI KOM6I/IHaTOpI/IKI/I.

Brinosinus padorty, Bl Oynere:
ymemp:
-pemaTh MPUKIAIHBIE 3a/1a491 B 00JIaCTH MPOPECCHOHATLHON JAEATEIbHOCTH;
- aHATM3UPOBATH 337129y H/WIIM IPOOJIEMY U BBIICTSAThH €€ COCTABHBIC YaCTH;
- OIIpCACIIATD 3Tallbl PCIICHUA 3aa4H,
- peaJIn30BaTh COCTABJICHHBIN IIJIaH.
- CTPYKTYpHUpPOBATh MOJIy4aeMyto HH(POpMaIIHIO;
- 0OPMJIISTH pE3yabTATHI TOKCKA.

MarepuajnbHoe o0ecnieyeHue:
WNHnuBuayanbHbIe 3a1aHKs, CIIPABOYHBIE MATEpUAIIbl, KOHCIIEKTHI JIEKIIHI.

3aganue:

1. T'oTOBsICH K JIOKJaAy, CTYJI€HT BBINMHMCATI U3 KHUTH LIUTATy, HO, 3a0bIB HOMEDP CTPAaHMIIbI,
Ha KOTOpOM OHa HaxOAWJIach, HamMcaja HOMep Hayaady. KakoBa BEpOSITHOCTb TOrO, YTO CTYIEHT
3anucai Hy>KHbI HOMEp, €CJIM OH TIOMHUT, YTO HOMEP BbIPa)KaeTcsl IBy3HAYHBIM YUCIIOM?

2. B smuke 15 neraneit, cpeau xotopbix 10 okpamensl. COopmuk Hayaauyy BbiOpan 3
neranu. KakoBa BEpOSTHOCTb TOT0, YTO BbIOpAHHBIE AE€TATN OKa3aJUCh OKPAILIEHHBIMU?

3. Nmeerca 8 kaprouek. OHA CTOpOHA KaXXAOW M3 HUX YMCTas, a Ha APYroil HalmucaHbl
oykssl :K,1,P,JI, A,H,3,I1. Kaprouku kimaayT Ha CTOJ YUCTON CTOPOHOH BBEPX, MEPEMEIINBAIOT, a
3aTeM IOCJIEJIOBATEIbHO OAHY 3a JpYyrod mepeBopaunBaroT. KakoBa BEpOATHOCTH TOrO, MpHU
MOCJIeI0BAaTEILHOM TOSIBJICHUU OYKB OyzeT coctasiieH cioBo [IPA3J[HUK?

Kparkne Teopernyeckne cBeeHHs:
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BeposiTHOCTBIO COOBITHSI A Ha3bIBACTCSl OTHOIICHHE YHCIA M CIy4aeB, OJIaronpHsITCTBYIOIIUX
ero MOSIBJICHUIO, K O0IIEeMY YHCITy BCEX HECOBMECTHBIX PaBHOBO3MOXKHBIX W 00Opa3yOIINX
NOJHYIO Ipymny coObiTuii. Takoe ompeneneHue BEPOSATHOCTH HA3bIBAIOT KJIACCUYCCKHUM.
BepositHocTh coObITHS 0003HauaeTcst P(A) 1 Bbruucisiercs mo hopmyie: FA) = %

BeposiTHOCTh TOSIBIICHUS COOBITHS 3aK/II0YEHA B Tpejenax
oT Omol: O0=F(4) =1

IMopsanok BbINOTHEHUS PAGOTHI:
1.Onpenenute codbiTHe A, BEpOSATHOCTH KOTOPOTO HYKHO BBIYHCIIUTD.
2.IlpocuuTaiite obiiee uncio(N) BO3MOXKHBIX HCXOJIOB.
3.IIpocunTaiite 4ucio UCX0A0B(M), OIArONPUATCTBYIONIMX HACTYIUICHUIO COOBITHS 4.
v . m
4.Mcnonb3yiite GopMyiTy ISl BBIYMCIEHHUS BEPOSTHOCTH ONPENENEHHOTO coObITHsL. PIA) = —.

Xopn padoThl:

1.ITpounTaTh MaTepuan KOHCIIEKTa JieK1uil; Ha oOCHOBaHMY M3J105)K€HHOT0 MaTepuaa
paccMOTpUTE IPUMEPHI PEIICHUS 3a/1a4.

2.B TeTpaau i1 NpakTUYECKUX paboT peluTh MPeUI0KEHHbIE IperojaBaTeieM 3a1auu.

1.Habupast Homep Tenedona, aboHeHT 3a0bU1 ocnennue 3 nudpsl 1 HAOpaI UX HayJAady, TOMHS .
YTO OHU pa3inyHbl. HaliiuTe BEpOSITHOCTH TOTO, UTO HAOPaHbI HYKHBIE ITU(PHI.
Pemenue.

1. CoObiTHe A-«HOMEp HaOpaH BEPHO».

2. Yucno Nn-o01iee YMCIIO UCXOA0B HCIIBITAaHUS MOTYyYHM, BOCIOJIB30BABIIUCH (hOpMYIaMu
koMOuHatopuku. Bcero umeercs 10 mudp, T.e.. uyucio siaemMeHTOB paBHO 10; B Kaxmoe
COCIMHEHHUE BXOJUT 1O 3 MUQPHI; MOPSI0K MUPP(IIEMEHTOB) CYIECTBEHEH NMPU Habope HOMepa,

3HAQUUT, HYKHO HaliTh 4wWcno  pasmemeHnid w3 10 osjgemMeHToB mo 3 1O
o 10! TEG-1D
dopmynedis = o= 11 =720. Urak, n=720

3. Yucmo m=1, T.K. TOIBKO OJWH HAOOP U3 TPEX UMD SBISETCS HYKHBIM.
4. P(A) === :

720
2.113 ypHBI, B KOTOpOi HaxoAsaTcst 12 GenbIX U 8 4YEPHBIX IapOB, BHIHUMAIOT HayJady JiBa miapa.
KaxoBa BeposITHOCTh TOTO, UTO 00a 11apa OKaXKyTcsl YEPHBIMU ?
Pewenue.

1. CobGriTHe A-«00a mapa OKaKyTCs YEPHBIMU.

2. Yucno n-o0liee YMCIIO UCXOIOB MCTBITAHUS MOJIYYUM, BOCIOJIB30BABIINCH (OpMyTaMu
koMOuHatopuku. OOImee dYUCIO BO3MOXHBIX CiIy4aeB N paBHO dYHCITY codyeTaHuit wu3 20

. apt 20! 2p-18-1m)
snemenToB ( 12+8) mo gsa: n=C3p = TamTAE T 1zam
3. Yucno caydaeB M, OIarompusTCTBYIOIIUX COOBITHIO A, pPaBHO YHUCITy COYCTAHHHA W3 8
gl il g7-6!

He- " 26 12081

3JIeMEHTOB ( 8 YepHBIX IIApOB ) MO ABa: N= C; = 28

m B
4, P(4) = — = ¥ 0,147
2.Ha nartu xaproukax pa3pe3Hoil a30yku Hanucansl 0ykssl A,3,K,0,M. KapTouku
MEepEeMELIMBAIOTCS U Hayra/l packiaasiBatoTcs B psall. KakoBa BeposATHOCTH TOro. UTo moaydurcs
cioso 3AMOK ?

Pemenue.

54



1. CobpiTHe A-«momyunrtcs cinoBo 3AMOKY.

2. Yucno n-o01ee Yuciio UCXO0B UCTIBITAHUS TTOTYYUM, BOCIIOJIB30BABIIMCH (POpMyTaMu
KoMOuHaTopuku. OOmiee 4YHCIO BO3MOXKHBIX CIy4aeB N paBHO YHCIY NEPECTaHOBOK M3 5
asieMeHTOB (OykB): N=P; = 5!=5-4-3 -2-1=120.

3. Hucno ciydaeB M, OMarompusiTCTBYIOIIMX coObITHIO A, paBHO 1, T.K. TpeOyercs
COCTaBUTh CJIOBO C OyKBaMM, DPACCTAaBJICHHBIMH B OIPEACIEHHOM IHOpsake. A 3TH OyKBBHI
pa3IUYHBbIL.

4, P{AJ=§=

1
120

C[)opMa NnpeacraBjJacHusd pedyjabTara:
Brimonnennoe 3aJaHuC.

Kpurepun oneHku:

Ouenka "oTau4HO'" CTaBUTCS, eclii paboTa BHIMOJTHEHA B MOJIHOM 00BEME ¢ COOTI0ICHIEM
He0o0XO0IMMOM MOCIE0BATENBHOCTH JICHCTBUI; B OTBETE MPABUIBHO U aKKYPaTHO BBITIOJHEHBI BCE
3aIMCH Y BBIYUCIICHUS.

Ounenka "xopomio' CTaBUTCS, €CIM BBIIOJHEHb TpeOOBaHUS K OLIEHKE "OTIUYHO", HO
JOMYIIEHBI 2-3 HeloYeTa.

Ounenka "yI0BJIETBOPUTEJIBHO'" CTAaBUTCS, €clii paboTa BBHINOJHEHA HE MOJHOCTHIO, HO
00BEM BBITIOJIHEHHOW YaCTH TAKOB, YTO IMO3BOJISICT MOJIYYUTh TPABHIBHBIC PE3YJIbTAThI U BHIBOIBI;
B XO/I¢ MPOBeACHUS pabOThI OBUIH TOMYIIEHBI OLTHOKH.

Ouenka '"Hey10BJIETBOPUTEJIBHO' CTAaBUTCS, €ClIM padOTa BBHINOIHEHA HE MOJHOCTHIO WM
00BEM BBITIOJIHEHHOH YacTH paboThl HE TIO3BOJISIET ClIENaTh IPABUIIbHBIX BHIBOJIOB
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