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1. MACHOPT ®OHJIA OLIEHOYHBIX CPEJICTB

1.1. O6aacTb npuMeHeHus1 GOHAA OLEHOYHBIX CPEACTB

@®oHA ~ OLEHOYHBIX  CPEACTB  MpeIHa3HayeH JJii  KOHTPOIs U
OLIEHKH 00pa30BaTEIbHBIX JOCTHKEHHI OOYYaroIIMXCs, OCBOMBIIUX MPOrpaMMy
y4eOHOM AMCHUILUIMHBI «MaTemMaTHuKa.

®OC BKIIOYAIOT KOHTPOJBHBIE MaTepuaibl Jid MPOBEICHUS TEKYILEro
KOHTPOJIE B pOpME BBIMOTHEHUSI MPAKTHUECKUX PabOT, KOHTPOJIbHBIX 3aaHUM,
BBITIOJIHEHUST TECTOBBIX 3aJlaHUA U TMPOMEXKYTOYHOW arrectauuu B (dopme
nrddepeHIInpoBaHHOTO 3a4eTa.

1.2. TpeGoBaHus K pe3yJIbTaTaM 0CBOECHHS THCIUILIUHBI

B pesynbrare OCBOCHMS MUCIUIUIMHBI OOydYaroUIUMHCS OCBaWBaeT
sreMeHThI 00mmx komnerenuni (OK):

OK O01. Beibupare crnocoObl pemieHust 3a7ad4  npodecCUuoHaTbHON
JEATEIIbBHOCTH MPUMEHUTEIBHO K PA3JIMYHBIM KOHTEKCTAM.

OK 02. Hcnonp3oBaTh COBPEMEHHBIE CpEJICTBA IIOWCKA, aHald3a U
WHTEpHpeTanuu HHPopManuu, 1 THHOPMAIIMOHHBIE TEXHOJIOTUU JIJISl BBITIOTHEHUS
3a/1a4 mpodecCuoHaIbHOU IEeITeTLHOCTH.

OK 04. DddexkTuBHO B3auMOJEHCTBOBaTL M pabOTaTh B KOJIJICKTHUBE U
KOMaH/ie.

[Tepeuens npodeccnonanbubix komMnereHunid (IIK), sneMeHThl KOTOPBIX
bopMUPYIOTCS B paMKax JUCHUTUIAHBIL:

I1IK 1.7. BeINOJHATE NEPBUYHYI0 MATEMATUYECKYI0 00pabOTKy pe3ybTaToB
MOJIEBbIX  TEOAE3MYECKUX HM3MEPEHUN C  HUCIOJIb30BAHUEM  COBPEMEHHBIX
KOMIBIOTEPHBIX ~ NPOrpaMM,  aHAJIU3UPOBATh U YCTPAHATh  MPHUYUHBI
BO3HMKHOBEHUS Opaka U rpyObIX OIIMOOK U3MEpPEHUH.

B pamkax nporpaMmbl ya4eOHOM TUCHUTITUHBI 00y4YatOIUMKCS OCBABAIOTCS
YMEHUS U 3HAHUS

Kon YMenus 3nanus
IIK, OK
OK 01,02,04 - pemaTh IpUKJIaHbIC 32/1a49U B - 3HaueHHWE MareMaTuKu B
IIK 1.7 o0actu npodeccuoHaNnbHOMI npoeCCHOHATLHON JeSITeIbHOCTH
JeSITEIIbBHOCTH U TOpU  OCBOGHHMM  OCHOBHOMU
npodeccHoHaNBHOM
o0pa3oBaTesIbHON NpPOrpaMMBbl 1O
CHEUAIBHOCTH,

- OCHOBHBIC MaTEMATUYCCKUEC
METOJBl PEUICHHUS TMPHUKIATHBIX
3a/1a4 B obnactu
npodeccHoHaNBHOM
JCSITETbHOCTH,

- OCHOBHBLIC IIOHATHA U METOAbI




MaTeMaTH4eCcKOTo aHau3a,
JUHEWHOW  anredpel,  TEOPHH
KOMIUIEKCHBIX ~ YHCell, TeOpUu
BEPOSITHOCTEM U MaTEMaTU4YECKOU
CTaTHCTUKH;

- OCHOBBI MHTETPAIIBHOTO U
nudGepeHIAITBHOTO HCUUCTICHUS

2. KOHTPOJIb U OLIEHKA PE3VJILTATOB OCBOEHMS YYEBHOI
TV CHUILIAHBI
KOHTpOJII) N OICHKa pE3yJIabTaTOB OCBOCHUA y‘{C6HOI?I JAUCIHUTIIIINHBI
OCYHICCTBILICTCA IIPCIIOAABATCIICM B IIPOHOCCCC IIPOBCACHUSA IPAKTHYCCKHUX
3aHITUU u TCCTUPOBAHHA, a TaKXKCEC BBIITOJIHCHH AL 06y‘{aI-OHII/IMI/IC}I
I/IHI[I/IBI/II[yaJ'IBHBIX 3aI[aHI/Iﬁ N CaMOCTOSATCIIbHBIX pa60T.

Pe3yabTaThsl 00y4yeHus D®opMbI M METObI KOHTPOJISI U OLIEHKH
(oCBOCHHBIC YMEHUSA) pe3yabTaTOB 00y4eHHs
OcBoeHHBIC YMEHHS:

- peIIaTh NPUKIIaTHBIC DKcnepTHas OlICHKA BBITTOJTHEHUS
3a1a1H B 00NacTA npakTudeckoit padboTsl. KoHTpoasHas
podeccuoHaIbHOU 6
NEeSATeTLHOCTH. paborTa.

OKCnepTHasl OLEHKa BBIIIOJIHEHUS
CaMOCTOSTENIbHON paOOTBHI.
JuddepeHurpoBaHHbIi 3a4eT.

YcBoeHHBIE 3HAHNUA:

- 3Ha4YCHNC MAaTCMAaTHKH B DKcnepTHas OLICHKA BBITIOJTHECHUS

MPO(ECCHOHALHOM npakTHaeckoi padbotel. KonTponbpHas
JICSITCIIbHOCTH U IIPH 5
ocsoennu I1T1ICC3; paoora.

DKCrnepTHasl OlIEHKA BBIMTOJTHEHUS
CaMOCTOSITEIIbHON paOOTHI.
JudbdepennmpoBanHbIif 3a4eT.

- OCHOBHBIC MaTCMAaTHYCCKHUC 3KCHepTHaH OLICHKA BBIIIOJITHCHMA

METOJIbI PEIICHUS TTPUKIIATHBIX
3ajga4 B oOyactu
npodeccCuoOHaAIbLHON
NEeSATECITLHOCTH,

npakTudeckoi padboTsl. KoHTpoabHas
pabora.

DKcnepTHasl OLlEHKa BBIMOJIHEHUS
CaMOCTOSITENIbHON pabOTBHI.
JuddepeHurpoBaHHbIil 3a4eT.

- OCHOBHBI€ MTOHATHUS U
METObl MATEMATUYECKOTO
aHaJIn3a, JMHCHHOMU
anreOpsbl, TEOpUU
KOMILIEKCHBIX YHCEN,
TEOPUU BEPOATHOCTEU U
MaTEeMaTU4YECKON
CTaTUCTHUKWU;

DKCrnepTHAs OIIEHKA BBITIOJTHEHUS
npakTudeckoit padboTel. KoHTpoabHas
pabora.

DKCrnepTHAs OLIEHKA BHITIOTHEHUS
CaMOCTOSITEITbHON paOOTHI.

HuddepeHnmpoBaHHbIi 3a4eT.




- OCHOBBI HHTETPATBHOTO U DKcnepTHas OleHKa BBITIOTHEHMS
nuddepeHIaTLHOTO paKTHIeCKOl paboTel. KoHTpoibHAS
VCYHCTICHUSL. pabora.

DKcrnepTHast OLIEHKa BBIMOJIHEHUS
CaMOCTOSITEIILHON PabOoTHI.
JuddepeniiupoBaHHbIif 3a4eT.

KoHTpOJIb U OlIeHKa 0CBOCHM S Y4eOHOM JUCUMILIMHBI 110 pa3aesaM (Temam)

Pa3znen / tema yuyeOHoit | dPopma TeKyliero Koab! popmMupyembix
AMCIHUIIHHBI KOHTPOJIsA IHK 1 OK
Pa3pen 1. Y CTHBIN OITpoC OK1;0K2OK4;IIK 1.7
Marematnyeckui KonTponbHas pabota
ananus / Tema 1.1. [IpoBepounas pabora
Huddepenuunansroe u
UHTETrPaJIbHOE
VCUYHUCIICHHE

Pasnen 1/Tema 12, | KoHTposnbHas padota | OK ;0K 2 OK 4; IIK 1.7

BIKHOBEHHBIC [TpoBepounas padorta
nu(depeHurasbHbIe
YPaBHEHUS

Paspen | / Tema 1.3, | Y CTHBII onpoc OK 1;0K 2 OK 4; TIK 1.7
Psizbt KonTposbHas pabora

Pasnen 2. Y cTHBIN onpoc OK1;0K2O0OK4;IIK 1.7

KomriekcHgle yncina /
Tema 2.1.
KomMrmekcHbie yncia B
anreopanueckon popme

Pasnen 2. Y CTHBIN onpoc OK1;0K2O0OK4;IIK 1.7

Komruiekcuble uucna /
Tema 2.2
KommekcHbie uncia B
TPUTOHOMETPUYECKOU

opMe

Pasnen 2. Y CTHBIN onpoc OK1;0K20OK4;IIK 1.7

KomruigkcHble uncia /
Tema 2.3
[TokazaTenbHas popma
KOMITJIEKCHOT'O YHCIa

Paznen 3. Y CTHBIN OnTpoC OK 1;0K2 OK 4;IIK 1.7

DNeMEeHThI_JIMHENHOMN
anreopsl /
Tema 3.1.
Marpuitsl,
OIpPENEITUTEIN MATPHI]

Pasnen 3. YcTHBIN onpoc OK1;0K2OK4;IIK 1.7

OneMeHThl JIMHEHHOW | KoHTposabHas paborta
anreopsl / Tema 3.2.
OOpaTHas MaTpuIa




Paznen 3.
3HeMeHTLI JTAHEWUHOM
anreopsl/ Tema 3.3.
CI/ICTCMBI JIMHESHHBIX

[Tucemennsiit onpoc | OK 1;0K 2 OK 4; TIK 1.7
KontponwHas paboTa

ypaBHCHHH
Pasnen 4. [Tucsmennniii onpoc | OK 1;0K 2 OK 4; 11K 1.7
Mecl)TCeHN?e?prII an TpeTHOH KontposnbHast pabota

MHuoxecTBa U
oTHomeHUs. CBOMCTBA
oTHo1IeHuu. Onepanuu

HaJ MHOXECTBAMU

Paznen 5.
CHOBBI TEOPUHU
BEPOSITHOCTCH U,
MaTEMaTHYECKON
cratuctuku/ Tema 5.1.
OcHOBBI TEOPUU
BEPOSITHOCTEU

Kontponbnas pabora | OK 1;0K 2 OK 4; TIK 1.7

KpuTtepun u mkajna oneHUBaHUs B pe3yJbTaTe U3yYeHHUs JMCUMILIUHBI TPH
MPOBeICHNH TEKYIEr0 KOHTPOJISI M IPOMEKYTOUYHOI aTTeCTAlluU

HIkana oueHuBaHusda

Kpurepumn ouenkun

«OTIHNYHO»

OOyuaromuiics MpaBUJIBHO OTBETU HA
TeOpeTUYECKHUe BONPOCHL. [loka3an oTiIMYHbIE 3HAHUSA
B paMKax yuyeOHoro Matepuaina. [IpaBuibHO
BBIIIOJIHWJI IIPaKTHUecKue 3a1anus. [lokaszain
OTJINYHBIC

YMEHUS U BIaJCHUS HAaBbIKAMU TPUMEHEHUS
NIOJIyYEHHBIX 3HAHUM U YMEHUM IIPU PEIICHUU 3a/1a4 B
paMKax yueOHOro Marepuana.

«XOpOILO»

OOy4arouuiicsi ¢ HeOOJBIIUMHU HETOUHOCTIMU
OTBETUJI HA TeOpeTHYecKre Bonpockl. [Tokazan
XOpOIIe 3HaHUs B pamMKax yuyeOHoro matepuana. C
HEOOJBITUMHU HETOYHOCTSIMU BBITIOJTHUTT
npakThuueckue 3aaanus. [lokazan xopomve yMeHus U
BJIQJICHUSI HABBIKAMU ITPUMEHEHUS TTOJTYYEHHbBIX
3HAHWU U YMEHUH ITPU PELICHUU 3a7a4 B PaMKax
y4eOHOTO MaTepuaia.

«YAOBJICTBOPUTCIBLHO»

OOGy4arouiuicst ¢ CylecTBEHHBIMA HETOUYHOCTSIMHU
OTBETHUJI HA TEOPETUUECKHE BOMPOCHI. [lokazan
yIOBJICTBOPUTEIIHHBIC 3HAHUS B paMKaX y4eOHOTO
marepuaia. C CylecTBEeHHbIMU HETOYHOCTAMU
BBITIOJIHWII MIpaKkTHUeCKue 3aaanus. [lokazan
YAOBJIETBOPUTEIBLHBIC YMEHUS U BJIAJICHHUS HABbIKAMU
IIPUMEHEHHUS TTOJYYEHHBIX 3HAHUN U YMEHUU TIPU
pereHnn 3a7a4 B paMKax yaeOHOTro MaTtepuana.
JlomyCTrHII MHOTO HETOYHOCTEM ITPU OTBETE HA




JOIOJHHUTCIIbHBIC BOITPOCHI.

«KHCYNOBJICTBOPUTEILHO» | OOyyaronuiics Mpyu OTBETE HAa TEOPETHUUECKUE
BOIIPOCHI U NPU

BBITTOJTHEHUU MTPAKTUYECKUX 3aaHUI
IPOJIEMOHCTPUPOBAII

HEJIOCTaTOYHBIM YPOBEHb 3HAHUU U YMEHUH IIPU
pEIIeHNH 3a7a4 B paMKax yueOHoro marepuana. [lpu
OTBETaX Ha JOMOJIHUTEIIbHbIE

BOIIPOCHI OBLIO JOIMYIIEHO MHOKECTBO HEMPABHIIBHBIX
OTBETOB.

3. TEKYIIUH KOHTPOJIb
OBA3ATEJIBHBIE KOHTPOJIBHBIE 3ATAHUSA
(BONIPOCHI U TECTHI)
Temal.l. luddepennnanbHoe 1 HHTErPAJIbHOE HCHHUCTICHUE

BOIIPOCHI 11O TEME: _ _
«@PYHKIIMN OJHOU HE3ABUCHUMOMU NEPEMEHHOM. ITPE IEJIbI»

Uro 3HauuT «3a7aTh QyHKIUIO»? YKaKUTE TPU OOBEKTA.

UTto Takoe He3aBUCHUMAs U 3aBUCHUMAsi IEPEMEHHBIE?

Kaxwue BbI 3HaeTe criocoObl 3aaHust GyHKIUHA OJHON MEPEMEHHOMN?
[IpuBenute npumep GyHKIMH OJHOW MEPEMEHHOM.

Yro Takoe npenen GpyHKuun?

Ha xakom si3pike HauOosee yacto GOpMYJIUPYIOT OMNpeesieHue Mpesena
YHKIUU?

B dem coctout nepBoe CBOMCTBO mpeaena PyHKIUU?

HazoBuTte BTOpO€E CBOMCTBO Mpezena PyHKIUH.

B gem coctout TpeTbe CBOMCTBO Ipeaena GyHKINH?

HazoBute yeTrBepToe 1 MaToe CBOMCTBO Mpeaeia PyHKIIUH.

Sk E

=

©

Kounrpoabnasi padora

Bapuanr 1

1. Haiitu npenensl pyHKIuH

) 3-X ) 4\
- - 1_|__
) limg e o dim{eg)
. sin 5x
lim

%0 SIN 20X




2. Haitgure npenen pyHKIIUU, UCTIONB3YSI MpaBuiIo Jlomurans

r Jx -4
M jnx—15)

xe-3

3. Haiimure npoussonnyio Gpyukmuu Y =€  *-arccos X

V3

B TOUKE X, = 7

4. Hanumwure ypaBHEHHE KacaTelbHOW K Tpaduky (GyHKIUU
f (X) =sin® 4x
B TOUKE Xy, = —.

° 16
5.  Haliaute Toukum mneperuba M TMPOMEKYTKH BBITYKIOCTH

rpaduka GyHKIIUU
4

X 2
y=—-3X |
6
6. Beruucnure wHTErpan

(2x3 —1)4 - x2dx.

Ot—;l—‘

7. Halimute oObeM Tena, MOJYYEHHOTO BPAIIEHHUEM BOKPYT
ocu abcuucc

KPUBOJIMHEMHON Tpaneuu, OrpaHUuYEeHHOW JUHUAMH: y=0,
y=3, y=5 u

y =+X—2.

Bapuanr 2

1. Haiitu npenenst pyHKImit

i 4—x i 3\ . sin6x
- - = 1+=2
8 lim,—7—=- © Ilm[ +Xj . 8 lim

X—4 X—>00 x—0 Sinl8X.

2. Haitgute npeaen pyHKIIUU, UCTIONB3YsI MpaBuiIo Jlonurans



? Jx =5
1M 1(x—24)°

-1

3. Haiinute nponssonnyio Gyskuun Y =€ % -arcsin X

V2

B TOYKE X, = 7

4, Hamuimmre ypaBHEHHE KacaTeIbHOM K rpaduky (QyHKIHH
f (X) = cos® 6x

« T
B TOUKE Xo = —.
24

5. Haiigure TOukM mepernda M TPOMEKYTKU BBIMYKIOCTH Tpaduka
byHKIIUN

X4

2
y="-—6x"
3
6. Bobruncnure uHTErpan

C3X4—Fly2-X3dX.

O'—-.I—‘

7. Halimute o0BbeM Tena, MOJYYEHHOI'O BpAIIEHHUEM BOKPYT OCH
a0bcrucc

KPUBOJIMHEMHON Tpamneuuy, OTPaHUYECHHOW JuHUAMH: y=0, x=4,
x=6 u

y =~/ X—3.

OTBETHBI

Ne

1 BapuaHnr 2 BApMAHT
3aganus p p

1 a) 6 8




1 0) el? el2
1 1
1 B) 2 3
1 1
2 — el
8 10
3 '\/§7Z' _ > ~ 27 N ,—2
6 4
4 y:4x+%—Z y=—6x+1+£
(-+/3:-75) u (- v/3:-15) u (v3;-15)
(\/g;—7,5) KOODPIMHATHI KOODIMHATEI TOUYEK
TOYCK mepernoda neperuoda
(—o0;—/3) u —o0;—/3) u
5 (V3;+0) (V3i+o0)
NPOMEXKYTKH BBINYKJIOCTH | HPOMCIKYTKH BBITYKIOCTH
BHH3 BHU3
(-v3:43) (-v3:4/3)
IIPOMEKYTOK BBIITYKJIOCTH IIPOMEKYTOK BBITYKIOCTH
BBEPX BBEpX
1 7
° 15 2
7 A 45

Bpemst BbINOIHEHUS KOHTPOJIbLHOM padoTsl 14 30 Mmun

Kpurepuii ouenkm:

KoanuecTBo
NPaBUJIbHBIX
OTBETOB

OueHka




95-100% «5»
96-90% «4»
71-80% «3»
81% 1 MeHbIIEe «2»

IIpoBepoynasi padora mo teme « IIpenesnnr

Bapuant 1

1. Beraucnuth npeaen GyHKIum:
. x* -9
lim———.
x>3 X —8x+15

2. Bprauciauts nipeaen GyHKIUM:
. X+5
lim :
x>2 3X — 6

3. Bwraucauts npenen GyHKITUN:
. sinl7x
lim— .
x>0 5in12X

4. BplyuciauTh npeaen GyHKINM:

Iim(1+zj3.
X—0 X

Bapuanr 2
1. Beruucnuth npenen GyHKIUU:
x> +x-20
lim=———
x>4 x°-16
2. Bpraucauts nipeaen GyHKIHH:
. 3X+6
lim .
x>2 2X —4
3. Bwraucauts npenen GyHKITNN:
sin7x
im— :
x>0 8in13x
4. BpryuciauTh npeaen GyHKINM:
lim [1 + EJ "
X—>0 X
Bapuanr 3
1. Beraucnuth npenen GyHKIUU:

x* —49
im———.
x>7 x° —5x-14
2. Bwraucauth npenen GyHKIUU:
x> +4
lim .
x>3 2X — 6
3. Bwraucauts npenen GyHKIUN:
. sin9x
lim—= .
x>0 SN 4X
4. Beraucnuth nipenen GyHKINN:

. HempepbIBHOCTH (DYHKIIHID.



mn@+lgr.
X—o0 X

Bapuanr 4
1. Beruucauthb npenen QyHKINH:
im x? —12x+35

x5 x?—25
2. Bwraucouts npenen GyHKIUU:
. x*-1
lim :
x5 2x —10
3. Beraucauts nipeaen GyHKIHM:
sin8x

x>0 5in19x
4. BpryucauTh npeaen GyHKIIH:

2X
Iim(l+ fj .
X—0 X

Bapuanr 5
1. Beruucnuts npenen GyHKIUU:
. x> -3x-18
lim———.
-6 x°—36
2. Bpraucauts nipeaen GyHKIHM:
. 2Xx-3
lim :
x>4 3x —12
3. Beraucauts nipeaen GyHKIHM:
. sin5x
lim— .
x>0 sin14x
4. BpryuciauTh npeaen GyHKINM:
3x
Iim(1+ EJ :
X—»00 X
Bapuanr 6
1. Beruucnuth npenen GyHKIUU:

x> —81
im—————.
-9 x* -11x+18
2. Bpraucauts nipeaen GyHKIHH:
. 3x-=5
lim :
x-6 2X —12
3. Beraucauts nipeaen GyHKIUM:
. sin19x
lim— .
x>0 sin 3X
4. BpryuciauTh npeaen GyHKIUM:

2X
IM@+EJ.
X—o0 X

Bpems Ha BpinmosiHenue: 40 MuH.
Kpurepuu oueHuBaHus:
«OTJIMYHO» - BEPHO BBINIOJHEHO 4 3a/1aHus;




«XO0pOoH1I0» - BEPHO BLIIIOJHCHO 3 3aJaHuA;
«YAOBJICTBOPUTECIIBHO» - BEPHO BLIIIOJIHCHO 2 3aaHusA;
«HCYOOBJICTBOPUTCIILHO) - BEPHO BBIIIOJJHCHO MCHCC 2 33I[3HI’II>1.

IIpoBepounasi padora mo TeMe « [IponzBoaHas, GU3NUECKUN CMBICT.

Bapuanr 1
1. Haiitu npon3BoHy0 QyHKIUH Yy = sin‘3(4x3 - 2).
2.HaiiTi mpon3BOIHYIO TPEThETro MOpsiaka GyHKIHH Y = 3X* + cos5X .

N, 3
3.HamucaTh ypaBHEeHHE KacaTeabHOU K rpaduKy GyHKIUH f(X) =" B TOYKE
X
c abcuuccont x, =-1, x, =1.
1 o
4 MarepuaiibHasi TOYKa JIBFDKETCSA IO 3aKOHY X(t) = —§t3 +2t° +5t. Haiitu

CKOPOCTh M ycKopeHue B MoMeHT BpemeHu =5 c. (Ilepemelenue
U3MEpSAETCS B METPAx.)

Bapuanr 2
1.Haiiti mpon3BoHyI0 QYHKITUU Y = cos“(6x2 + 9).
2.HaiiTu npou3BOIHYIO TPETHEro MopsiaKa GyHKIUU Yy = 2X° —sin 3x.
3.Hanmcates ypaBHeHHe KacaTelnbHOU K rpaduky pyHkimum f(x)=2x-x> B
TOYKe ¢ abcuuccout x, =0, x, =2.
4.MarepuanbHasi TOUKa JIBUKETCS 110 3aKOHY X(t) =t° —4t*. Haiiti ckopocTb
u yckopeHue B MomeHT BpeMeHu t=5 c. (Ilepemermienue usmepsercs B
MeTpax.)

Bapuanr 3
1.Haiiti mpon3BoaHyIo QYyHKIIUHU Y = tg 5(3x4 —13).
2.Haiit mpou3BOIHYIO TPEThEro mopsiaka QyHKIHK Y = 4x° —e™,
3.Hamwmcate ypaBHeHHE KacaTtelabHOU K Trpaduky QyHkimuu f(x)=x’+1 B
TOYKe ¢ abcuuccout x, =0, x, =1.

1 o
4 MarepuanabHas TOUKa JIBHKETCS T10 3aKOHY X(t) = Zt4 +t°. Haiiti ckopocTh

u yckopeHue B MomeHT BpeMeHu t=5 c. (Ilepemelenne usMepsercs B
MeTpax.)

Bapuanr 4
1. Haiitu npou3BoHy0 GyHKIUH Y = ctg 4(5x3 + 6).
2.Ha¥iTi mpon3BOIHYO TPEThEro MOpsiika GYHKIMH Y =5X* —cos4X.
3.Hanwmcats ypaBHeHHE KacaTenbHOW K rpaduky ¢yHkmmu f(x)=x>-1 B
TOUKe ¢ abcuuccon x, =-1, X, =2.
4. MatepualibHasi TOUKa JBMXKETCS 1O 3aKOHY X(t) =t* —2t. HaiiTu ckopocTh
u yckopeHue B MomeHT BpeMenu =5 c. (Ilepemeienune usMepsercs B
MeTpax.)

Bapuanr 5
1. Haiit npou3BoHyo QyHKIMK Y = arcsin® 7x°.



2.HaiiTi mpoM3BOAHYIO TPETHETO MOPsAIKa QYHKIHU Y = 4X* +sin 2X.

3.Hanucate ypaBHEHHE KacaTelbHOW K rpaguky QyHkuuu f(x)=tgx B
TOYKE C a0CIUCCON X, = %, X, =% :
4.MatepuasibHasi TOYKa JABIKETCS IO 3aKOHY X(t) =2t° —8. Halitu ckopocTh
U yckopeHue B MomeHT BpemeHu t=5 c. (Ilepememienue wusmepsercs B
MeTpax.)

Bapuanr 6
1. Haiiti mpon3BoqHyI0 QyHKIMH Y = arctg®5x”.
2.Haiiti mpon3BOIHYO TPEThEro nopsiaka QyHKIMH Yy = 6x° +e™.
3.Hamucatps ypaBHeHUe KacaTelnbHOM K rpaduky GyHKIuM f(x)=1+cosx B
TOoUKe ¢ abcuuccot x, =0, X, = % .
4.MarepuanbHasi TOYKa JIBIXKETCS O 3aKOHY X(t) =t* +2t. Haiitu ckopoctb
u yckopeHue B MoMmeHT BpeMeHu t=5 c. (Ilepemeienue usmepsercs B

MeTpax.)

Bpewms Ha BeinmonHenue: 40 MuH.

Kpurepuu oueHuBanus:
«OTIIMYHOY» - BEPHO BBINIOJIHEHO 4 3a7aHus;
«XOpPOLIO» - BEPHO BHIIIOJIHEHO 3 331aHUS;
«YZOBJIETBOPUTEIBHO» - BEPHO BHIIIOJIHEHO 2 3a/1aHUS;
«HEYJOBJIETBOPUTEIBHO) - BEPHO BBIIIOJIHEHO MEHEE 2 3a1aHHM.

IIpoBepounas padora mno Teme «HeompeneneHHbI — WHTErpal.
HenocpencTBeHHOE HHTETPUPOBAHUE. 3aMEHA IEPEMEHHOI.

Bapuant 1
HaiitTu HeompeneneHHble HWHTErpaibl  METOJOM  HEMOCPEACTBEHHOIO
uHTerpupoBanus (st Ne 1-5).

1. I 5cosx—3x2+1 dx .
X

—dx
X5

3. [(6* -3 —apx.

4. I t 1 X.
CoS® X  J1_x2

dx
5. - .
I1+16x2

Haiiti HeonpeaeeHHbIe MHTErPabl METOIOM IOACTaHOBKH (11 Ne 6-8).
6. I(Sx—4)3dx.

8 _ 5 4
2 IBX X> + X




12x° +5
Jaxvex ™
3X" +5x—3
6
8. Ix5 -eXdx.
9.  HaiiT HeEONpEAENCHHBIH HHTErpall METOAOM HHTCTPHPOBAHUS MO
4acTAM: _[(x +5)cos xdx .

Bapuanr 2
Haiith HeompeneneHHbIE HMHTETPadbl METOJOM  HETOCPEICTBEHHOTO
uHTerpupoBanus (s Ne 1-5).

1. J. Gsinx+4x3—1 ax .
X

dx

5 J-x9 —31((: +2x°
3. j(?x . 2% +5)dx.

1 1
4. + dx .
J.(1+ x* sin? xj

dx
e

Haiit HeonpeeieHHbIC HHTETPAIBI METOIOM MOJICTAHOBKH (11t Ne 6-8).

6. j7x+54dx.
18x2

E -[6x —3x+8

8. J'x eX dx.

9. HaliTu HeomnpeneneHHbId HWHTETpajl METOAOM HWHTETPUPOBAHUSA IO
JaCTSIM: j(x—2)sin xdx .

Bpemst Ha BpInmoIHeHHe: 45 MUH.
Kpurepuu ouenuBanus

«oTuaHO» - 85%-100% mnpaBUIBHBIX OTBETOB,
«xoporio»- 65%-85% npaBUIHHBIX OTBETOB,

«ynoBneTBOpuUTeNbHO»- 50%-65% mpaBUIbHBIX OTBETOB,

«HEYJOBJIIETBOPUTETHLHON- MeHee 50% MpaBUIIbHBIX OTBETOB

IIpoBepounasi padora mo TeMe «OmnpencieHHbId HHTerpaja. BeruuciaeHue
OnpeAeIeHHOro nHTerpana. ['eoMeTpruieckuii CMbICIT ONPEICICHHOTO UHTErpaiay.

Bapuanr 1



2

1. BpIYMCINTD ONPEACICHHBIM HHTETPA: I (4x2 + X —S)jx.
0

2. BpruuciuTh  ONpENENICHHBIM  HMHTErpajll  METOJOM  IOJCTAHOBKHU:
3
_[(ZX ~1)°dx.

2

3. BeumcnuTh, mTpenBapuUTENBLHO CHENaB PUCYHOK, IUIOMIAAb (QHUTYDHI,
OTPAHUYEHHOU JINHUSIMU: Y = —x% +4, y=0, x=-2, x=2.

4. Haittm 00beM Temna, MOTYYSHHOTO MPU BPAIICHUH BOKPYT OCH a0CITUCC
KPUBOJIMHEMHOU Tpaneuuu, OrpPaHUYECHHOU JINHUSIMU
y:&, y=0, x=1 x=4.

5. CKOpOCTh JABMKCHHUSI TOYKH M3MEHSCTCS MO 3aKOHY V =3t> +2t+1 (M/C).
Haiiti myTh S, ipoiiaeHHBIN Touko 3a 10 ¢ OT Hayana ABUKEHUS.

Bapuanr 2
3
1. Beraucnuth onpeaeaeHHbIA HHTEeTpal: j (2x2 — X+ 4)1|x.
0

2. BbruuciauTe  ompeneNieHHBIM ~ MHTETpal  METOAOM  IOJICTAHOBKH:
1
I(Sx +1)*dx.

0

3. BeruuciauTh, mpeaBapuTEIbHO CIeTaB PHUCYHOK, IUIOMATs (UTYPHI,
OTrPaHWYCHHOW JIMHUSAMH: Yy =—X>+1, y=0, x=-1, x=1.

4. Halitu 00beM Tela, MOJYYEHHOTO MPH BpallleHUHd BOKPYT OCHU a0CIHCC
KPHUBOJIMHENHOMN Tparneuuu, OTPaHUYECHHOU JIVMHUSAMU:
y:\/;, y=0, x=0, x=1.

5. CKkopoCTh JBMDKCHHS TOUKM H3MEHSCTCS II0 3aKOHY V=9t -8t (M/C).

Haiiti myTh S, IpOACHHBIN TOYKOM 3a YETBEPTYIO CEKYH/IY.

Bpemst Ha BbInOJIHeHHe: 45 MUH.
Kpurepuu ouenuBanus

«oTuaHO» - 85%-100% mnpaBUIBHBIX OTBETOB,
«xoporio»- 65%-85% npaBUIBHBIX OTBETOB,

«ynoByieTBoputTeabHO»- 50%-65% npaBUIIbHBIX OTBETOB,

«HEYJIOBJIETBOPUTEIBHON- MeHEE 50% MpaBUIILHBIX OTBETOB

Tema 1.2. O0bikHOBeHHBIE TH(PepeHInaTbHbIe YPABHEHUS

IIpoBepounas padora
Bapuanr 1



1. ABnstores M JTAaHHBIC byHKIIH peIIeHUsIMU JTaHHBIX
nuddepeHInanbHbIX YpaBHeHUH (11t Ne 1-2).
1. y=ce™+c,e*, y"+4y' -5y=0.

8 1
2.y=3 y-_1y.
y X y 8y

2.Pemuth crnepyrorue auddepeHnuanbHble ypaBHEHHSI IEPBOTO U BTOPOTO
nopsiaka (st Ne 3-6).

3.y = 12 + x4,
cos” X
, x-1
4.y =—=.
y
5.y -3y+5=0.
Bapuant 2
1. SBmarorca M JgaHHble  (QYHKIUMA — pELICHUSIMU  JaHHBIX

nuddepeHIanbHbpIX ypaBHeHud (s Ne 1-2).
1. y=ce*+c,xe*, y'+2y'+y=0
2. y=e"™42 vy =4y
2. Pemuth cnenyromue nuddepeHnnanbabe ypaBHEHUS TIEPBOTO U BTOPOTO
nopsiaka (st Ne 3-6).
3.y =-6y
' y
Y V1-x?
5. y"—7y'+10y =0
Bapuant 3
1. SBnsiroTcs M JTaHHBIC byHKIUN pEIICHUSIMHA JTaHHBIX
nuddepeHmanbHbpIX ypaBHeHui (s Ne 1-4).
l.y=ce® +c,xe™, y'+4y' +4y=0.
2.y=e* -5y =3y+15.

2.Pemuth cnepyromue auddepeHinanbHbie ypaBHEHHS IEPBOTO U BTOPOTO
nopsiaka (s Ne 6-12).

3.y'= LI
1-x°

4.y’:2—

>

<
X

5.y +8y-3=0.

Bapuanr 4

1. ABnstores M JaHHBIC GyHKITIH peIIeHUSIMHU JTAHHBIX
nuddepeHImanbHbpIX ypaBHeHui (s Ne 1-2).

l.y=ce*+c,e*, y"—y -6y=0



' 2

5
2.y==, y'=-y

X H
2.Pemmth cnepyromume auddepeHnnanbHbie ypaBHEHHS IEPBOTO W BTOPOTO
nopsiaka (s Ne 6-12).
3.y =8y
4y =Y

TR
5.y"+8y' +16y =0

Bpems Ha BbInoJIHeHHne: 45 MUH.
Kpurtepuu oneHuBaHusi

«oTIyHO» - 85%-100% mnpaBUIBLHBIX OTBETOB,
«xopotion- 65%-85% npaBUILHBIX OTBETOB,

«ynoBieTBopuTebHO»- 50%-65% mpaBUIILHBIX OTBETOB,

CHCYOAOBJICTBOPUTCIBLHO»- MCHCC 50% IIpaBUJIbHBIX OTBCTOB

Koumponwvnaa paboma no meme
«Pewenue 00nopoonvix oughghepernyuanvHvix ypagHeHui.

Bapuant Nel.

Pemute nuddepeHuuanbHble ypaBHEHUS U HAWAUTE YaCTHBIE pelIeHus (YacTHbIE

MHTETPaJIbl), yJOBIETBOPSIOIINE JaHHBIM YCIOBHAM:
(x+1)%dy-(y - 2)%dx =0, y = 0 npu x = 0.

ycosxlny=y,y=1npux=r.

3eftgycos?ydx-(L+e)dy=0, y = A4 npux = 0.

Bapuant Ne2.

Pemute nuddepenHnuanbHble ypaBHEHUS U HAWAUTE YaCTHBIE pelieHus (YacTHbIE
MHTETpabl), yAOBIECTBOPSIOUINE TAHHBIM YCIOBUSIM:

(\/E+\/;)y—y=0,y=lnpnx=1.

(1+x?)y3dx - (*- Dx*dy =0, y=1 npux = 1.

(xy?> +x) dx + (x?y -y)dx =0, y =1 mpu x = 0.
Bapuant Ne3.

Pemute nuddepenmanbHbie ypaBHEHUS U HAWAWTE YaCTHBIE pelieHus (4acTHbIE
MHTETpabl), yAOBIECTBOPSIOUINE TaHHBIM YCIOBHUSIM:



ydx, + ctgxdy =0, y = -1 ipu x = /3.
tg x sin? y dx+cos?xctg y dy = 0,y = 714 npu x = /4.

(0 +)7) dx + (®-x%) dy=0,y=1npux =1.

Hopma ouenku:

KoaudecTBO Onenka
NMPaBUJIBHBIX 0TBETOB
95-100% «5»
96-90% «»
71-80% «3»
81% u MeHbI1IE «2»

Bpemst BbInoIHEeHHSI KOHTPOJIbHOM padoThl 14 30 Mmun

Tema 1.3. Paabl

BOITPOCHI 110 TEME:
«PAABIL. OHNPEAEJIEHUE CXOJINUMOCTHU PAAOB 110 IPU3HAKY
JTAJTAMBEPA»

UTto Takoe YMCIOBOM psi1?

Kaxkotii a1eMeHT Ha3bIBatOT OOIIMM YJIEHOM YHCJIOBOTO psiaa?
Kakwue psisibl Ha3bIBaIOTCS CXOASAITAMUCS?

Kakwue psaizibl Ha3pIBatOTCS pacXoASIIUMUCS?

ok wWwhE

B dem coctout npusnak Janambepa cXoAUMOCTH PsIIOB?
Yro Takoe YacTHYHAs CyMMa YHCIIOBOTO psaa?

Koumponwvnas paooma no meme
«Onpeodenenue cxooumocmu psooe no npusznaxy /lanamoepay.

Bapuant Nel.

2 2k +1

3amanue 1. Uccrenyiite yucioBoil psia kz 2k

Ha CXOJUMOCTH MO npu3Haky [lanambepa.3anummure msiTh NepBbIX YJICHOB Psijia.

@ k.{
2

3ananue 2. [IpoBepbTe paCXOAMMOCTb YHCIOBOTO psiga =

Bapuant Ne2.



= 3k -1

3amanue 1. Uccrienyiite yncnoBou psij kz 3k

Ha CXOOUMOCTS I10 ITPHU3HAKY I{anaM6epa. 3anuImTe mIITh IICPBLIX YJICHOB psaa.

[o'e) nn

3ananme 2. [IpoBepbTe pacxoIMMOCTh YUCIOBOTO psifa Nl
n=1 Il

Bapuant Ne3.
5 5 2 4k +1
3aganme 1. Nccnenyiite 4ucioBou psia Z 4
k=0
Ha CXOJMMOCTH 10 Mpu3Haky /lamamOepa. 3anuinTe NaTh NEPBHIX YJICHOB Psja.
@ k.{
>

3aganne 2. [IpoBepbTe PacXoIMMOCTh YHCIOBOIO Psaa

Hopma ouenku:

KoauuyecTBoO Onenka
NPaBUIbHBIX OTBETOB
95-100% «5»
96-90% «@y»
71-80% «3»
81% u MeHbIIIEe «2»

Bpemsi BbInoIHEHHSI KOHTPOJILHOI padoThI 45 MUH

BOITPOCHI 110 TEME:
«PAbI. OIIPEAEJIEHUE CXOJINMOCTHU 3HAKOITEPEMEHHBIX
PA1OB»

Kaxue psiapl Ha3pIBaIOTCSl 3HAKOTICPEMEHHBIMU PSaMU?

Kakue psiibl Ha3bIBalOTCS 3HAKOMOJIOKUTEIbHBIMU PSAJIAMU?

Kaxkue psiibl Ha3bIBalOTCS 3HAKOYEPEAYIOIIUMUCS PSAJIaMU?

B uem coctout npusnak JleiiOHuIa cXoauMoCTH psiioB?

Cnpasenimsa B0 TeopeMa Jleitbamta eCciiu
yCIIOBUE Un>Un+1 BBITIOJHAETCS, HAUYMHAs ¢ HEKOTOporo Homepa N?
ABnsercs 1 yciaoBue Up>>Up+1 CXOAUMOCTH psifia HEOOXOAUMBIM?

agrLONE

o



7. B gem cocrout I[OCT&TO‘-IHBIfI IMPHU3HAK CXOAUMOCTHU 3HAKOIICPCMCHHOI'O
pada Uik IIPU3HAK a0COJIFOTHOM CXO,III/IMOCTI/I?

BepHO JIN YTBCPIKIACHUC: « Ecan I[EIHHI)IfI paa CXOOUTCS, TO PAL, COCTaBJICHHBIN U3

a0COJIIOTHBIX BEJIUYHH €T0 YJICHOB, MOXCT U paCXOI[I/ITI)CH»?

Tema 2.1. KomniekcHble yncia B ajredpanyeckoii popme

BOIIPOCHI I1O TEME: _
«KOMINVIEKCHBIE YNCJIA B AITEBPANYECKOHU ®OPME.

MNPEJICTABJEHUE KOMILJIEKCHBIX UUCEJI A AJITEBPAUYECKON

RN E

OOPME»

Yto Takoe MHMMAas €IUHULIA?

Kaxoit OykBoif 0003Ha4aeTCss MHIMAs SIHHATIA?

BepHo 71, 9TO CHUMBOJI i yJIOBJICTBOPSET YCIOBHIO i° =17

Y10 Ha3pIBaeTCA KOMIUICKCHBIM YHCIOM?

Yto Takoe AeHCTBUTENbHAS YACTh KOMIUIEKCHOTO YHCiIa?

Yto Takoe MHMMAas 4YaCcTh KOMIUIEKCHOI'O yuciia?

Kaxkoii OykBoii yaiiie Bcero 0003Ha4aeTcss KOMIICKCHOE YHCIIO?

Kaxkoii 6ykBoi mpuHATO 0003HAYATh MHOKECTBO KOMIUICKCHBIX YHCEN?
. Kak Ha3bIiBaeTcs 3alich KOMILUIEKCHOTO YHCJIa B BUAE Z =a+bi?

0 Yro Takoe MOOYJIb KOMIIJICKCHOI'O yucna?

BOITPOCHI 11O TEME:
«IEMCTBUS HAJI KOMILIEKCHBIMU YU CJIAMU B
AJT'EBPAMYECKOH ®OPME»

UYto Ha3pIBAETCS CyMMOM NIBYX KOMIUIEKCHBIX YUCEN?

Kak HaiiTh pa3HOCTh IBYX KOMIUIEKCHBIX YMCEI?

Uto Ha3pIBAaETCS IPOU3BEICHUEM JBYX KOMILIEKCHBIX YUCEN?
Kak HaiiTh 4acTHOE IBYX KOMIUIEKCHBIX YUCEN?

Kax BBIYMCINTD apryMEHT KOMILJIEKCHOTO YucIa?

Tema 2.2 KomIiekcHbIC YHCJIA B TPUTOHOMeETpHYecKo (popme

BOITPOCHI 11O TEME:

«TPUTOHOMETPHUYECKAS ®OPMA KOMINVIEKCHOI'O YHUCJIA.

oW

IHHOKA3ATEJIBHAA ®OPMA KOMIVIEKCHOI'O YUCJIA»

Yro Ha3bIBaeTCs TPUTOHOMETPUYECKON (OpMOM 3amuch KOMILJIEKCHOTO
yucna?

Kak nepeiitu oT anredpanydeckoii GOpMbI K TPUTOHOMETPUIECKOM ?

Kak nepeitta OT TpuroHoMeTprudecKkoi (hopmbl K anredpandeckoin?

UTto Ha3bIBaeTCs MOKa3aTeIbHOM (OPMOI 3aMcH KOMITJIEKCHOTO Yucia?

Kak nepeiitu oT anredpandeckoit popMbl K TOKa3aTEIbHON ?



~
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Kak nepeiitu oT moka3atenbHON (HOPMBI K anredpandeckoit?
Kak BBIMONHATE N1eHCTBUS B TPUTOHOMETpUYeckor dpopme?
Kak BBIMONMHATE NEHCTBHS B MOKa3aTenbHOU dopme?

Tema 3.1. MaTpuubl, onpeaeJuTeJ i MATPUIL

BOITPOCHI 110 TEME:
«MATPUIBI, OHNPEAEJUTEJIN MATPHUL. BBIYNCJIEHUE
OINPEAEJIUTEJEN MATPUILbD»

UYrto Takoe marpuna?

I'ne B MaTeMaTHKeE UCTIOIB3YIOT MAaTPULIBI?

Kaxkas maTpuua Ha3bpIBaeTCsA KBaJIpaTHOM?

UTo Takoe TpaHCIOHUPOBaHHAsA MaTpHIla?

Kakas maTpuna Ha3bIBaeTCA €AUHUYHOW, HYJIEBOM?

Uro Takoe nuaroHajabHas Marpuia’?

Uto Takoe MOpSA0K WA pa3MepP MATPHULIbI?

UYto Takoe onpenennuTenb MaTPULIbI?

. Kak Bprunciauth onpenenuTens KBAIPaTHONM MaTpHUIlbl 2 OpsAaKa?

0 CKobpKO c110cO0O0B CYHIECTBYET AJIs1 BBIYMCICHUS ONPEAEIUTENS MAaTPULIBI 3

nopsijaka’?

Tema 3.2. O0paTHas MmaTpuna

BOITPOCHI 110 TEME:

«OBPATHASA MATPUIA. BBIYUCJIEHUE OBPATHBIX MATPHUL»

R A\

Kakas MaTpuna Ha3pIiBaeTCs 0OpaTHOM?

Kak o6o3Hauaercs obpaTHas Matpuia?

UYro Takoe B3aMMHO 0OpaTHbIE MaTPUIIbI?

BepHo nu ytBepxknenue: «Ecnu onpenenuTens MaTpuilbl paBeH HYJIO, TO
oOpaTHas K HEel HE CYIIECTBYeT»?

Bepno nu yrBepxknenue: «Eciu oOpaTHas Marpuiia CymecTBYeT, TO OHa
€IMHCTBEHHA.

Koumponsnaa paboma

1 eapuanm

1. Hatioume npouszsedenue mampuy AB

A

1 2

1 2 3 B
frd y B = 1 _3
(4 5 6)

4 5



3 3 2

2. Bwiyucnume onpedenumens |5 3 —2.

1 -2
2 1 1
4 Hauoume mampuyy, obpamuyto Kk oanHou. A=|3 —1 2
2 4 -5
2 eapuanm
1. Hatioume npouszsedenue mampuy AB
-1 2
4 5 6
A= , B=| 1 -3
1 2 3
4 5
4 2
2. Bwiyucnume onpedenumens |1 -5 3.
8 7 —
2 1 1
4 Hauoume mampuyy, obpamuyio Kk oanvou. A =| 3 i -2
2 —4 5

3 eapuanm

1. Hauwoume npouzeedenue mampuy AB

-2 1
1 2 3
A= , B= 3 —-1/.
4 5 6
5 4
3 2 3

2. Bwiyucnume onpedenumens |5 —2 3.
1 1 -2



2 1 1

4 Hauoume mampuyy, oopammuyro Kk oauHou: A =| 3 2 -1
2 —5 4

4 eapuanm

1. Hatioume npouszsedenue mampuy AB

-2 1
4 5 6
A= , B= 3 —1].
1 2 3
5 4
4 1 2
2. Buiuucnume onpeoenumenr |1 3 -5.
8 -1 7

2 1 1

4  Haiioume mampuyy, obpamuyro Kk OaHHou: A =|3 —2 1
2 5 —4

OTBEThbI
Ne 7 3 3 .
sadanus ¢apuanm éapuanm éapuanm sapuanm
1 13 11 25 23 19 11 37 23
25 23 13 11 37 23 19 11
2 -50 33 50 _133




L1l 13 1 L1l 1031
9 3 9 13 13 13 9 3 9 13 13 13
v 4 18 7 |# 2 54 10 1
27 9 27| ||3 39 39 27 9 27| | |39 39 39
1“2 Spjj4 101 w4 1L 8 7
27 9 27) | \39 39 39 27 9 27) | (39 39 39

Bpemst BbINOTHEHHS KOHTPOJIbLHOM padoTsl 14 30 MmuH

Hopma ouenkn:

KoaunuecTBO Onenka
NMpaBUJILHBIX
OTBETOB
95-100% «5»
96-90% «4»
71-80% «3»
81% u MeHbIIIE «2»

Tema 3.3. Cucrembl JIUHEHHBIX YPABHEHU

BOITPOCHI 11O TEME:

«PEIIEHUE CUCTEM JUHEWHBIX YPABHEHUI MATPUYHBIM

Noohkowd

8.
9.

METOIO0OM»

Kakas cucrema HaspIBaeTcsl CHCTEMOM M JIMHEWHBIX YPaBHEHUM C n
HEU3BECTHBIMU?

Kakas cucrema TMHEWHBIX YpaBHEHNUI HA3bIBAETCS COBMECTUMOM?

Kakas cucrema TMHEWHBIX ypaBHEHHUI HA3bIBAETCS HECOBMECTUMOM?.

Yrto Takoe MaTpuIla CUCTEMbI?

Kak Ha3bIBarOTCsI YKciia, CTOSIIUE B MTPABBIX YaCTAX YpaBHEHUH, D1, ...,Hn?
UTo Ha3bIBAETCS PEIICHUEM CUCTEMbI JUHEUHBIX YPaBHEHUN?

Kakue Tpu cuTyauum MOryT BO3HUKHYTH IPH HAaxOXICHUU PELICHUU
CUCTEMBIL.?

B uem coctout mpasuiio Kpamepa?

B yem coctoutr Mertox ["aycca?

10.Kakue npeoOpa3oBaHUs OTHOCATCS K 3JIEMEHTAPHbBIM

npeoOpa3oBaHUSIM MATPHUIIBI?



KonTtpoJsbHas padoTa 1o MmateMaTuKe

Bapuanr 1

1. Haiitu npousBenenue matpuil ABC, eciin

clogh (B ) el

2. Pemiuth MaTpuyHOE ypaBHEHUE

2 3 23
k X =
6 7 59 )
3. Pemutn CUCTCMY ypaBHeHI/Iﬁ 10 (bOpMy.TIaM KpaMepa

3x—-8y+6z=5,
—5X+4y+3z=12,
IX+2y—-5z=-4,

4. CocTaBUTh YpaBHEHHUS IBYX MPSIMBIX, MPOXOAITUX uyepe3 Touky A(3; 2),
napajuieNIbHO U NMEePIEeHANKYISIPHO npsamoit 4x — 3y + 1 =0.

5. ITocTpouTk 06J1aCTh pEIICHUIN CUCTEMbI HEPABEHCTB

—-X+y<3,
— X+ 3y > -6,
X+ Yy <10.

OnpenenuTh KOOPIAUHATHI YTIIOBBIX TOUEK 00JIACTH PEIICHHA.

6. Mcnonb3ys rpaduyeckuii METO peleHus 3a/1a4 JMHEHHOTO
IPOrpaMMHUPOBAHMS HANTH HauOOJIbIlIee 3HAUCHUE TUHEHHOM 11eJ1IeBOM
¢yukuuu F (X; y) = 3x + 2y B 0051acTH, 331aHHOM OTPAHUYCHUSIMHU



X+2y <10,
—-X+y<2,
X < 6;
x>0;y >0.

KonTpoJsbHas padoTa 1o MmareMaTuKe

Bapuanr 2

1. Haiitu npousBeaenue matpuil ABC, eciiu

S S RS

2. PemuTh MaTpuyHOE ypaBHEHHE

2 3%l

3. Pemuth cucremy ypaBHenuii mo gpopmynam Kpamepa

4x-2y+17=12,
—IX+9y+ 3z =-6,
3x+4y—-2z=09.

4. CocTaBUTh YpPaBHEHHUS IBYX MPSIMBIX, MPOXOAITUX yepe3 Touky A(S; 1),
IapajuIeNIbHO U MEPIIEHANKYISIPHO NpAMOi 2x — Sy + 3 = 0.

5. IloctpouTk 06J1aCTh pEIICHUIN CUCTEMbI HEPABEHCTB
X+Yy>-3
X+3y <09,
—X+Yy=>-b.

OnpenenuTs KOOPAUHATHI YIJIOBBIX TOYEK 00IaCTH PEIICHUIA.

6. Mcnonb3ys rpadguyeckuii METO peleHus 3a/1a4 JMHEHHOTO
POrpaMMHUPOBAHMS HANTH HauOOJIbIlIee 3HAUEHUE JTUHEHHOM 11eJ1IeBOM
¢ynknuu F (X; y) = 2x + Sy B 005acTH, 3a1aHHON OTPAaHUYCHUSMU:



—X+2y <6,
X+Yy<09,
X<,
x>0;y>0.

KonTpoJsbHas padoTa 1o MaTeMaTHKe
Bapuanr 3

1. Haiitu npousBeaenue matpuil ABC, eciiu

S P A

2. PemuTh MaTpuyHOE ypaBHEHHE

o) e{as)

3. Pemuth cuctemy ypaBHenuit no popmymnam Kpamepa

2x -5y +6z=11,
—-9X+2y+32=09,
5X+y—-4z=-8.

4. CocTaBUTh YpaBHEHHUS IBYX MPSIMBIX, MPOXOAIIUX uyepe3 Touky A(2; 3),
IapajuIeNIbHO U MEPIIEHANKYISIPHO NpAMon 5x — 2y +4 = 0.

5. IloctpouTk 06J1aCTh pEIICHUIN CUCTEMbI HEPABEHCTB
- X+Yy<4,
—X+4y>-8§,
X+y<13.

OnpenenuTs KOOPAUHATHI YIJIOBBIX TOYEK 00JIACTH PEIICHUI.

6. Mcnonb3ys rpadguyeckuii METO peleHus 3a/1a4 JMHEHHOTO
POrpaMMHUPOBAHMS HANTH HauOOJIbIlIee 3HAUEHUE JTUHEHHOM 11eJ1IeBOM
¢yukuuu F (X; y) = 4x + 3y B 005acTH, 3a1aHHON OTPAHUYCHUSIMU



X+2y<12,
—-X+Yy<3,
X <10;
x>0;y>0.

KonTpoJsbHas padoTa 1o MmareMaTuke
Bapuanr 4

1. Haiitu npousBeaenue matpuil ABC, eciiu

(P I P B P

2. PemuTh MaTpuyHOE ypaBHEHHE

s oels)

3. Pemuth cuctemy ypaBHenuit no popmymnam Kpamepa

3x-8y+z=17,
—5X+4y+ 2z =-10,
2X+17y—-32=06.

4. CocTaBUTh YPaBHEHHUS IBYX MPSIMBIX, MPOXOAITUX uyepe3 Touky A(4; 1),
MapajuIeNIbHO U MEPIIEHANKYISPHO npsimoit 3x —4y +2 =0

5. IloctpouTk 06J1aCTh pEIICHUIN CUCTEMbI HEPABEHCTB
X+Yy=>-2,
X+4y <16,
— X+ Yy >-06.

OnpenenuTs KOOPAUHATHI YTIIOBBIX TOYEK 00J1aCTH PEIICHUH.

6. Mcnonb3ys rpadguyeckuii METO1 peleHus 3a/1a4 JMHEHHOTO
POrpaMMHUPOBAHMS HANTH HauOOJIbIlIee 3HAUEHUE JTUHEHHOM 11eJ1IeBOM
¢ynknuu F (X; y) = 2x + 4y B 005acTH, 331aHHON OTPAHUYCHUSMU:



—X+2y <8,

X+ Yy <10,
X<8;
x>0;y>0.
OTBETHI
K KOHTPOJILHOI padoTe 1Mo MaTeMaTHKe
Ne
3aja- 1 BapuanT 2 BapuaHT 3 BapuaHT 4 BapuaHT
HUA
1 30 9 —18 3 6 15 12 -12
30 9 —18 3 6 15 12 -12
) 4 6 5 7
5 7 6 8
3 (1;2; 3) (3,1, 2) (1;3; 4) (4,1;3)
mapajjicjibHas nmapaJjujicjibHast mapajujicibHas mapajujicibHas
npsiMast npsimMast npsimMast npsimMas
4x-3y—6=0 2X—5y-5=0 5x—2y—4=0 3x—4y—8=0
4 NEPIEHANUKYIISIPH | HEPUIECHANKYIAPH | IEPIECHAUKYIISIPH | IEPIEHAUKYIISAPH
as asi ast ast
npsAaMas npsaMas npsaMas npsaMas
3x+4y-17=0 5x+2y—-27=0 2x+5y-19=0 4x+3y-19=0
(~7,5; -4.,5) (-9; 6) (-8;-4) (-8; 6)
5 (3,5; 6,5) (1;-4) (12; 1) (2; -4)
(9; 1) (6;1) (4,5; 8,5) (8; 2)




(6; 2) (4; 5) (10; 1) (4; 6)

F_ =22 Frex = 33 Frex =43 Frex =32

max max

Hopma ounenknu:

Koaun4yecTBO Onenka
NMPaBUJILHBIX
OTBETOB
95-100% «5»
96-90% «4»
71-80% «3»
81% u MeHbIIIe «2»

Bpemst BbIOIHEHHA KOHTPOJILHOM padoTsl 14 30 Mmun

Tema 4.1. MHo:xecTBa M 0THOIIeHHUsI. CBOMCTBA OTHOIEHUI. Oniepanuu Hax
MHO’KEeCTBAMH

BOITPOCHI 110 TEME:
«MHOKECTBA 1 OTHOIIEHUS. CBOMCTBA OTHOIIIEHUM.
OIIEPAIIMU HA/I MHO’KECTBAMM. ITPUMEPBI»

YTto Ha3pIBA€TCSI MHOKECTBOM?

Uto Takoe mycToe, yHUBEPCAIbHOE MHOKECTBO?

Kakue onepaiyu HaJl MHOKECTBaMHU BbI 3HaeTe?

[Iepeuncnure cBOMCTBa ONIEpallUil HAJl MHOKECTBAMM.

Yro Takoe OMHapHOE OTHOIIICHUE?

Kak o6o3nauaeTcs oTHoIIeHHEe?

HazoBute Buabpl OMHAPHBIX OTHOIIEHWH MHOXKECTBA?

Yrto Takoe SApO OTHOIIEHUS?

YTto Ha3pIBA€TCS KOMITO3UIIMEH OTHOIICHUM ?
Ha3zoBute cBOMCTBA OTHOIICHUM.

CoNOOR~ODE

Koumponwvnaa paooma no meme
«/lelicmeusn Hao MHOMICECMBAMUY.
Bapuant Nel.

Nel. Kak Ha3bIBaeTcs cieayromee MHOKeCTBO YHCeJI:
N — MHO>KECTBO. .. N=1{1,2,3,4,..}
Ne2. Yrto 0003Ha4aeT 3anUCh?



AuB=§x|xe Avxe B}
AAB={x|(xe AnxgB)v(xg Anxec B}

Ne3. BoinoJsinute onepauun AxB, C? HaT MHOKEeCTBAMM:

A=1{25,6}
B=1{4,5,6}
C =1{2,3}

1.N — MHOECTBO HaTypaJIbHBIX YHCET,

N=1{1,2,3,4,...};

Bapuant Ne2.

Nel. Kak Ha3bIBaeTcsl CileAyIOLIee MHOXKECTBO YUCeJI:

Z —wmHOXectBO ... Z=1{...,—-3, —-2,-1,0,1,2,3,4,...}
Ne2. Yro o0603HaUYaeT 3aNIUCH?

ANnB={x|xe Anrnxe B}

A={x|x¢& A}
Ne3. Boinosiaute onepanun AXB, C? Hag MHOKeCTBAMU:

{1,3,7}
{5,2,4}

0.3)

A
B
C

Bapuant Ne3.

Nel. Kak Ha3bIBaeTcsl cieAyollee MHOKECTBO YHCe:

O={ E|mEZAHEN }
Q — MHOXECTBO. .. n

Ne2. Yrto o003HayaeT 3anuch?
AVB={x|xe Anx¢ B}
AxB={(a,b)|aec An be B}

Ne3. Beinosiaute onepanun AXB, C? HaJ MHOKeCTBAMU:

A=1{316}
B={138}
C={.2}

Hopma ouenku:

KoauuecTBo
NPaBUJIbHBIX OTBETOB

95-100%
96-90%

Onenka

«5»
«4»




71-80% 3»
&1% 1 MeHblIIe «»

Bpemsi BbINOJIHEHUSI KOHTPOJIbHOI padoThl 45 MUH

Tema 5.1. OcHOBBI TEOPHH BEPOATHOCTEH

KOHmPOJlea}l pa60ma «OcHosbl meopuu eepwlmuocmeﬁ U Mmamemamuueckou
cmamucmuku))

1.3ananuel.
451
Berumcauts: a) 3; 6) 73 ) 6l

3az1a}me 2. CKOJIBKMMH CIIOCOOaMHM MOKHO pacCTaBJIATh Ha OIIHOI\(JI ITOJIKC HICCTDH
Pa3INYHbIX KHUT?

3aganue 3. CKOJBKO BAapUaHTOB pACHpENElCHUs TpeX ITyTEeBOK B CaHATOPUU
pPa3IUYHOro NMPOQuUIs MOKHO COCTABUTH IS IIATH MPETEHACHTOB?

3ananme 4. B Opurage u3 25 4enoBeK HYKHO BBIJIECIHUTh YEThIPEX JJIsl pabOThl Ha
ornpeneneHHoM ydacTke. CKOJIbKMMHU CIIOCOOAMH 3TO MOYKHO ClIeaTh?

2.3anava 1. Ha dakynpreTe m3ydaercsa 16 npenmeroB. Ha moHeaenbHUK HY)KHO B
pacnucaHue noctaBuTh 3 npeameTa. CKOIbKUMH CIIOCOOaMHU MOKHO 3TO CHENaTh?

3amaua 2. U3 15 00bekTOB HY>KHO 0T0OpaTh 10 00beKTOB. CKOJIBKUMU CIIOCOOAMU
ATO MOHO CJIeNIaTh?

3amaya 3. B copeBHOBaHUSIX y4acTBOBAJIO YEThIpe KOMaHAbl. CKOJIBKO BAPUAHTOB
pacrpeeneHuss MECT MEXAY HUMHU BO3MOKHO?

3anaua 4. CKOJBKUMHU CIIOCOOAMH MOXHO COCTAaBUTH JI030p M3 TpeX cojiaT U
onHOTO Ooduriepa, ecau umeercs 80 conmat u 3 odunepa?

3.

1. B maptum u3 18 peraneid Haxonstcs 4 OpakoBaHHbIXx. Hayran BeiOuparor 5
neraned. HaWtu BEpOATHOCTH TOTO, YTO M3 ATUX S5 JETAJEH JBE OKaXYTCs
OpakOBaHHBIMH.

3apauya 1. B norepee u3 1000 6uneroB umerorcs 200 BBHIMTPBIIIHBIX. BhIHUMAIOT
Hayrag ojuH Owier. YeMy paBHa BEpPOATHOCTH TOTO, YTO JTOT OWIIET
BBIUTPBILIHBINA?

3apaua 2.B maptum u3 18 neranedt HaxomsTcs 4 OpakoBaHHbIX. Hayran
BBIOMpAIOT 5 ngeraneil. HailiTu BEpOATHOCTH TOTO, YTO W3 ITUX S5 JETaNe 1BE
OKaXyTCs OpaKOBaHHBIMU.

OTBeTbI U penieHus 3a1a4.



1 Coueranusi, nepecTaHOBKHU

3ananmel. | g) 31=1-2-3=16
0) Tak Kak fl=1-2-3-4-5-6-7Ty 5!=1'2'3'4'S,TOMO)KHOBI)IHGCTI/ISB.
ckobKn !
Torpa nonydnm
e -1y =5041=12-34-5-41=120-41=45%20
SIS ST +Ty 6T +1 43
B) © Sl & 6
3aganue | Mckomoe 4ymciio crnoco0OB paBHO YKCITY IEPECTAHOBOK U3 6 AJIEMEHTOB, T.€.
2 Fo=6l=1234-56="720
3apanue3. | FickoMoe 4MCII0 BAPUAHTOB PaBHO YUCIY pa3MEIIEeHUH U3 5 3JIEMEHTOB 110 3
JJIEMEHTA, T.€.
A =543=60
3aganme | Tak Kak MOpsiIOK BEIOPAHHBIX YETHIPEX YEIOBEK HE UMEET 3HAYEHUS, TO 3TO MOXKHO
4. +

clesarh Cas criocobamu.

Haxonum mo nepBoit popmyiie

C’;j _ 252423 22 12650
1-2-3-4

Kpome Toro, npu pemeHnu 3ajay UCIOIb3YIOTCS cileytonme GopMyIsl,
BBIPA)KAIOIINE OCHOBHBIE CBOMCTBA COYETAHMIA:

Cr =C™® (0 < n <)

cr=1_ =1
(10 OTmpeIeNICHHIO MOJIATal0T " )

H #+l _ #+l
O oMl =

:w+1_

2 Pemuts 3agaun

3agaua 1. | Cioco0OB MOCTAHOBKH B pacluCcaHue TPeX MPeaAMETOB U3 16 CTOIbKO, CKOJIBKO
MOYKHO COCTaBHUTh pa3MelleHnuid u3 16 3ieMeHToB 10 3.
| | | 15
135 _ 16l =E=13.14 1516 —14-15 16 = 3360
(16-=231 13 13l
3agaua 2. | Pemienue.
o 14l _ 151 =10!'11'12'13'14'15=11'12'13'14'15=11'3'13'3'1é
13 (15 -100100 5101 k10l 1-2-3-4-5 2311
_ 1131514

=11"3-13-7 = 3003,

3agaua 3

Peruenue.




F=1234=24

3agaua 4 Pemenue. Conmat B 1030p MOKHO BBIOpaTh
a0l TR B0 7E79R0
0 = oo - = 137980 = 82160
TG 23 23
Cl=
criocobamu, a o¢uiepoB 3 crocobamu. Tak kak C Kaxaod KOMaHIOW H3
conaar MOJKET nouTH o060 odurep, TO BCEro
O3, 05 = 82160 3 = 246430
MMeeTCs Croco00B.
3 Kiaccuueckoe onpeneneHue BEposSTHOCTU
3anaua 1. | Pemenue. O61miee yncio pa3nuyHbix nexon0B ectb N=1000. Yucio ncxomos,
OIaronpUATCTBYIOIIUX MOTYYSHHIO BRIMTpHIIA, coctaBisier m=200. CoryiacHo
dhopmyIe, moaydum
200 1
Pay=2=—=_=q
#1000 5
3agauya 2. | Pemenue. Yncio Bcex paBHOBO3MOKHBIX HE3aBUCUMBIX UCXOOB N PaBHO YUCITY

coyeTanui 3 18 mo 5 t.€.
1817161514

n=0_Cr = =18-17 28 = 8568
1-2:3:4:5

[Toacunraem unciao m, 6JIaronpUITCTBYIOMIKMX COOBITHIO A. Cpenn 5 B3SATBIX
HayTraJl AeTajei TOJKHO OBITh 3 KaYeCTBEHHBIX M 2 OpakoBaHHBIX. Yuncio
Croco0O0B BBEIOOPKH JIBYX OpaKOBaHHBIX JCTaJICH U3 4 UMEIOIIHNXCs OpaKOBaHHBIX
paBHO YHMCIly cOYeTaHui u3 4 no 2:

A

Cﬂ
Yoo

&

Yucno cnocoboB BbI60pKI/I TPEX KAaUCCTBCHHBIX JeTaneu u3 14 HUMCIOIINXCA
Ka4CCTBCHHBIX PaBHO

5 _ 141312

2 = 14132 = 364
123

JIro0as Tpynma KaueCTBEHHBIX JIeTallell MOKeT KOMOMHUPOBATHCS C 000
rpynnoi OpakoBaHHBIX A€Tajel, Mo3ToMy o0lee YuciIo KOMOMHAIMM McoCcTaBseT

m=Cy Chy =6:364=2184

Hckomas BCPOATHOCTH coObITHS A paBHa OTHOLICHUIO YMUCJIa UCXOJ0B M,
6HaFOHpI/I5{TCTBy1-OIHI/IX OTOMY CO6BITI/IIO, K 9HCJIy N BCEX PAaBHOBO3MOXXHBIX
HC3aBUCUMBIX UCXOO0B:

Py =" = 2184 4055
3568

M

Hopma ouenku:

|

KosnuecrBo ’ Ouenka




NPaBUWJIbLHBIX 0TBETOB
95-100% «5»
96-90% «4
71-80% «3»
81% u MeHbIIIC «2»

Bpems BbIOJTHEHUSI KOHTPOJIbHOM padoThl 14 30 MmuH

HTOIOBBIH KOHTPO.Ib

JuddepennmpoBaHHbIi 3a4eT

Bapuanra Nel
1. Pemuth quddepenuuanbHoe ypaBHeHHe M HAWTH €ro 4acTHOE pellieHHe
dy=(2x*>-5)dx mpux=1y=-4
2. UccnenoBath CXOAMMOCTD psijia
1 1
+ + o I .
1.2 2.2 3.2° n-2"
3. Pemuth cucremy ypaBHeHui nmo ¢popmynam Kpamepa

Ax-2y+1z7=12,
—7X+9y+ 3z =-6,
3X+4y-2z=9.

4. Pemuuthb cucremy ypaBHenuii merogom I'aycca

5. BI)IHOJ'IHI/ITI) )ICI>'ICTBI/I$I Haa KOMIIJICKCHBIMUA YU CJIaMHA
(3 + 5i) ; (7 - 2i).

BapuanT Ne2
1. Peminth nuddepeHnnanbHoe ypaBHeHHEe M HAWTH ero YacTHOE pelieHne
x?dx + ydy=0 mpu x=0 y=1
2. UccnenoBath CXOAMMOCTD psijia
1 1 1 1
+ + +o A+ ...
1-2 3-2° 5.2° 2n-1)-2"
3. Pemuts cucremy ypaBHeHuil o popmynam Kpamepa

3x—-8y+6z=5,
—9X+4y+3z=12,
IX+2y—-52=-4.

4. Pemuts cuctemy ypaBHeHui MeroaoM ["aycca

5. BeIOTHUTE ACHCTBUS HAJl KOMILJICKCHBIMU YHCIIAMH
(6 +2i); (5 + 3i).

Bapuant Ne3
1. Pemnth nuddepeHnnabHoe ypaBHeHHEe M HAWTH ero 4acTHOE pelieHne



pu X=0 y=2
diy_}_% — 0
2X Yy

2. HcciaenoBaTh cCX0AUMOCTh psaa

1 1 1 1
+

+ + e+
2.-22 3.2° 4.2° (n+1)-2"
3. Pemuth cucremy ypaBHenuii mo ¢gpopmysiam Kpamepa

Ax-2y+1z7=12,
—7X+9y+ 3z =-6,
3X+4y-2z=09.

4. Pemuth cucTeMy ypaBHeHHuii MmeToaoMm I"aycca

5.BBINNOJIHUTH JleﬁCTBI/Iﬂ Haad KOMIIVICKCHBIMU YU C/IaMHU
(=2 +3i); (7 - 2i).

Bapuant Ne4
1. Perunth nuddgepeHunaibHOe ypaBHEHHE M HAWTH €ro YaCTHOE pPeleHue

Zidy _ 14y TPH x=0 y=0

X
2. UccaenoBaTh CX0AMMOCTH psia
1 2 3 4 n
4+ -+ —+ ..+ .
2 3 4 5 n-+1
3. Pemuth cucremy ypaBHeHuii no ¢popmysam Kpamepa
2x -5y +6z=11,
-9X+2y+32=9
5x+y—-4z=-8.

4. PemmmTh cucTeMy ypaBHeHuii MetooM "aycca

5.BbIOJHUTD AelCTBUS HA KOMILIEKCHBIMHA YU CJIaMH
(5-4i); (6 + 2i).

Bapunant Ne5

1. Peminth nudpepennnanbHoe ypaBHeHHE M HANTH €ro YaCTHOE pelleHue
dy + xdx = 2dx mpu x=1 y=1,5
2. UccnenoBath CXOAMMOCTD psijia

1 2 3 n

+ + + ...+ .

3.2 3.22 3.2° 3.-2"
3. Pemmuth cucTEMY ypaBHeHHil HCHOJIb3Ys npaBuiio Kpamepa:

X+2y—2=2

2X—3y+272=2

3X+y+2=8

4. Pemuuth cucremMy ypaBHeHHuil meronoMm I"aycca.

5.BBINOJHHUTL AeHCTBUA HAJI KOMILIEKCHBIMY YU CJIAMHU
(3=2i);(B+1i).

Bapuant Ne6



1. Pernts nudrpepeHunaibHOe ypaBHEHHE H HAMTH €ro YacTHOE pelleHue
2y dx =xdy mpu x=1 y=2
2. UccnenoBath CXOAMMOCTH psijia

5 8 3n-1
1+—+—+...+ .
4 6

2n
3. Pemuth cucTEMY ypaBHeHHH HCHOJb3Ys npaBuiio Kpamepa:
2x+4y—-z=4
4x-6y+4z=4

6X+2y+22=16
4. Pemuuthb cucremy ypaBHeHHii metoaom I'aycca.

5.BBINOJHHUTD JelCTBUA HAJX KOMILIEKCHBIMHY YHCJIAMU
(4 +2i); (- 3+ 2i).

Hopma onenku:

KoaudecTBoO Onenka
NPaBUJIBLHBIX 0TBETOB
95-100% «5»
96-90% «4»
71-80% 3»
81% u MeHbI1IE «2»

Bpemst BbInO/IHEHHS KOHTPOJIBLHOM padoTsl 90 MuH



