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Meroandeckue peKOMEHIALUU [TPETHA3HAUYEHBI 151 OCBOCHUS
TUCHUTUINHBL « MaTemaTuka». Pa3paboTaHbl B COOTBETCTBUU C YUEOHBIM IJIAHOM U
nporpammoit kypca I1J1. 01 «Marematuka». [[aHHbIE peKOMEHAALIUM COACPKAT
KPaTKO€ U3JI0KEHUE TEOPETUUECKOTO MaTEpHUaja, KOHTPOJIbHBIE BOIIPOCHI 10
TeMaMm, TudGepeHIupoBaHHbBIC MPAKTHUCCKUE 3aJaHus I CAaMOIIPOBEPKH, a
TaK)Ke TPEHAXKEPhI I OTPaOOTKHA YMEHUH IO TEMaM.



Conepxkanue

Bsenenue
Pa3nen 1. Pa3Butne nNoHATHSA O YHUCIIE
1.1. JleiicTBuTENbHBIC YUCIA U BeIWYUHBL. [[pubnmkenre neicTBUTEIBHBIX
yucen. [lorpemrHoctu
3aoanus ons camocmosmenvHou pabomoi
1.2. Beruncienus ¢ npuOIMKEHHBIMHU TaHHBIMU
3aoanus ons camocmosmenbHol pabomeol
Paznen 2. YpaBHEeHHs U HEpABEHCTBA
1.3. KommuiekcHble yncna
2.1. JluneiiHpie HEPABEHCTBA C OJJHOU MTEPEMEHHOMN
3aoanus ons camocmosmenvHou pabomol
2.2. KBagpaTHbie HEpaBEHCTBA
3aoanus onsa camocmoamenvHou pabomoi
2.3. CucteMbl IMHEWHBIX YPaBHEHUN U METOJIbI UX PEIICHUS
3aoanus onsa camocmoamenvHou pabomoi
2.4. CucteMbl IMHEWHBIX HEPABEHCTB
3aoanus ons camocmosmenvHou pabomol
Paznen 3. ®ynkuuu, ux cBoicTBa U rpaduKu
3.1. Yucnosas pyHKuuMsA
3aoanus ons camocmosmenvHol pabomol
3.2. I'paduku @yukuuii. [Ipocreiimme npeodpa3oBanus rpa@ukoB GyHKIHIA
3aoanus ons camocmosmenvHol pabomol
3.3. MOHOTOHHOCTb, OTPAaHUYCHHOCTD, YETHOCTh U HEYETHOCTh, IEPHOTUIHOCTD
byHKIUH
3aoanus ons camocmosmenvHol pabomeol
Paznen 4. Kopuu, ctenenu u norapudmsi
4.1. KopHHU U CTEIIEHU CTETICHU
3aoanus ons camocmosmenvHol pabomeol
4.2. CteneHu ¢ palmoOHaJIbHBIMU MTOKa3aTeIsIMHU UX CBOMCTBA
3aoanus ons camocmosmenvHol pabomeol
4.3. CterneHu ¢ JEHCTBUTEIBLHBIMY MTOKA3aTEISIMU UX CBOMCTBA
3aoanus ons camocmosamenvbHol pabomeol
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4.4. NppauuoHaJIbHBIE YPaBHEHUS

3aoanus 05 camocmosmesibHol pabomol

4.5. Jlorapudmsl
3aoanus ons camocmosmenvHou pabomol

Pasnen 5. [lokazatenpHas, jorapudmMudeckas U cTerneHHast GyHKIH
5.1. [loka3zarenpHasi, JorapumMuueckast U CTEeHHast (PYHKIIMH, UX CBONCTBA U
rpaduku
3aoanus ons camocmoamenvHou pabomel
5.2. Pemienne npocTelmx Moka3aTebHbIX YpaBHEHUM
3aoanus ons camocmoamenvHou pabomol

5.3. Penienue npocTelmx noka3aTeIbHbIX HEPABEHCTB
3aoanus ons camocmoamenvbHou pabomol

5.4. Pemienuie npocTelmux jJorapupMUUECKuX ypaBHEHHM
3aoanus ons camocmosmenvHou pabomol

5.5. Pemenne npocteimmx JgorapupMUyeCcKuX HEPaBEHCTB
3aoanus ons camocmosmenvHol pabomol

Paznen 6. OCHOBBI TPUTOHOMETPHH.
6.1. PagnanHoe n3mepenue yrioB u Ayr. TpuroHomerpuyeckue pyHKIUN
YHICIIOBOTO apTyMEHTA, 3HAKU MX 3HAYCHHMA
3aoanus ons camocmosmenvHou pabomol

6.2. COOTHOIICHUS MEXKTY TPUTOHOMETPUUECKUMH (PYHKIUAMH OJHOTO
apryMeHTa.
3aoanus ons camocmosmenvHou pabomoi

6.3. IIpeoOpazoBanue CyMM TPUTOHOMETPUYECKUX (YHKIIUNA B MPOU3BEICHUE.
[IpeoOpazoBanue Mpou3BeICHUN TPUTOHOMETPUUECKUX (DYHKIIMIA B CYMMBI.
[leprnoIMYHOCTH TPUTOHOMETPUUECKUX (PYHKITUI
3aoanus ons camocmosmenvHol pabomol

6.4. CpolicTBa 1 rpaduku TpuroHomeTpuyeckux GyHkuuii. OOpaTHbie
TPUTOHOMETPHUECKUE QYHKITUN
3aoanus ons camocmosmenvHol pabom
6.5. IIpocTenmme TPUrOHOMETPUYECKUE YPABHEHNS U HEPABEHCTBA
3aoanus ons camocmosmenvHol pabomol

Paznen 7. IIpsiMble U IITIOCKOCTH B IPOCTPAHCTBE
7.1. AKCMOMBI CTEPEOMETPUH U MPOCTEUIIINE CIEICTBUS UX HUX. B3auMHoe
PacCIoJIOKEHHUE IBYX MPSIMBIX B IPOCTPAHCTBE
3aoanus ons camocmosmenvHol pabomeol
7.2. Yron Mexay npsaMbiMu. [Ipr3Hak mapanienbHOCTH TPSMOM U TIJIOCKOCTH.
[Ipu3Hak mapanienbHOCTH TUIOCKOCTEN
3aoanus ons camocmosmenvHol pabomol
7.3. IlapannenbHoe MPOEKTHUPOBAHUE U €ro CBOMCTBA. [lepneHanKyIspHOCTh
psIMOH U TIOCKOCTH. OPTOTOHAIBHOE MMPOSKTUPOBAHHUE
3aoanus ons camocmosmenvHol pabomol



7.4. IlepneHIUKyISIp U HAKJIOHHAS. YTOJ MEXAY NPSIMOM U MIOCKOCTBIO.
JIByrpaHHsbIi yros. Yroa Mexay INIOCKOCTAMU. 1lepreHIuKyIspHOCTD IBYX
IIJIOCKOCTEN
3aoanus ons camocmosmenvHou pabomol

Pa3nen 8. BekTopsl 1 KOOpAUHATHI
8.1. BekTOpsI Ha IIOCKOCTH U B IPOCTPAHCTBE. JIeMCTBHS HaJl BEKTOPAMM C
3aJTaHHBIMU KOOPIUHATHI
3aoanus ons camocmoamenvHou pabomel
8.2. IlpsmMoyroapHble KOOPAUHATHI HA TUIOCKOCTU UB MPOCTPAHCTBE
3aoanus ons camocmoamenvHou pabomol

8.3. InunHa BekTopa. Yros Mexay BekTopaMu. PacctosiHue Mexay TouKkamu.
YpaBHEHHE TIPSIMOU. Y PAaBHEHUE OKPY>KHOCTH
3aoanus ons camocmoamenvHou pabomoi

Paznen 9. Hauana MmaremaTnyeckoro ananusa
9.1. [IpousBoaHas. CBoICTBA MPOU3BOTHOM
3aoanus ons camocmosmenvHou pabomol

9.2. Ilpon3BoHAs CYMMBI, IIPOU3BEICHUS W YACTHOTO JABYX (DYHKITHA
3aoanus ons camocmosmenvHou pabomol

9.3.IlpousBoanas cnoxxkaon pyHkmuu. [Ipon3BoHAs CTETICHHOM,
Jorapu(pMUYECKON U TTOKa3aTeIbHON (QyHKIHM |
3aoanus ons camocmoamenvHou pabomoi

9.4. Bropas npou3BojiHasl, €€ TeOMETPUUECKUIN 1 (PU3UUECKHUIN CMBICT
3aoanus ons camocmoamenvHou pabomol

9.5. Bozpacranue u yopiBaHue GyHKIUUA. DKCTPEMYMbI (DYHKIIUH.
3aoanus onsa camocmoamenvHou pabomoi

9.6. [IpuMeHeHHE TPOU3BOIHOM K MOCTPOCHUIO TpapuKOB (PyHKIIUH.
3aoanus ons camocmosmenvHol pabomol

9.7. IlepBooOpa3Has
3aoanus ons camocmosmenvHol pabomol

9.8. HeompeneneHHbIi HHTErpai U €ro CBOMCTBA.
3aoanus ons camocmosmenvHol pabomol

9.9. OnpeneneHHBI UHTETPAN U €T0 CBOHCTBA
3aoanus ons camocmosmenvHol pabomol

9.10. Beruucienue miomaaen miockux GUryp ¢ moMOIIbI0 ONPeeISHHOTO
WHTEerpana
3aoanus ons camocmosmenvHol pabomol

9.11. Inddepennmanpubie ypaBHEHHUS MIEPBOTO MOPSIKA
3aoanus ons camocmosmenvHol pabomol
Paznen 10. MHOTOrpaHHUKH.
10.1. I'eomeTprueckoe TeIo, ero NoBepxXHOCTh. MHOrorpaHHuku. [lpuzma
3aoanus ons camocmosmenvHol pabomol
10.2. I[Tapamnenenunen. [Ipusma.
3aoanus ons camocmosmenvHol pabomol
Paznen 11. Tena u noBepXHOCTH BpallleHUS



11.1. IToBepxHocTh BpamieHus. Teno Bpamenus. [{unuuap Konyc
3aoanus ons camocmosmenvHou pabomol
11.2. Chepa u map
3aoanus ons camocmosmenvHou pabomet ...
Pa3znen 12. U3mepeHust B reOMETPHH.
12.1. O6BeM reoMeTpudeckoro Tema. O0beM IpU3MEbI, mapajuieenuea
3aoanus ons camocmosmenvHou pabomol
12.2. O6beM upaMu/ibl, ITUIHHAPA
3aoanus ons camocmoamenvbHou pabomel
12.3.00beM KoHyca, 1mapa
3aoanus ons camocmoamenvHou pabomol
12.4. [1nomaas MOBEPXHOCTH TeOMETpUYEeCKUX Tell. [1nomaas mnoBepXHOCTH
MPU3MBI, TUPAMHUJIBI
3aoanus ons camocmosmenvHou pabomol
12.5. Iinomaab NOBEpXHOCTH LIMJIMHAPA, KOHYCA, I1apa
3aoanus ons camocmosmenvHou pabomol
Paznen 13. DneMeHTh KOMOMHATOPUKH
3aoanus ons camocmosmenvHou pabomol
Paznen 14. DnemeHTHI TEOpHH BEPOSTHOCTEN. DIIEMEHTHI MATEMATUYECKON
CTaTUCTHUKH.
14.1. Ciy4aiiHblii OIIBIT CITy4YaiiHOE COOBITHE.
3aoanus ons camocmosmenvHou pabomoi
14.2. BepositTHOCTB coObITHS. Oniepaiinu HaJl COOBITUSIMU
3aoanus onsa camocmoamenvHou pabomoi
14.3. Teopembl cloKeHUSI U YMHOXKEHUS BeposiTHOCTEN. DopMyna bepHysuiu
3aoanus onsa camocmoamenvHou pabomol
14.4. JluckpeTrHas ciiyyaiiHas BEJIMYMHA, 3aKOH €€ PACTIPEICIICHHUS.
3aoanus ons camocmosmenvHol pabomol
14.5. YncnoBble XapaKTEPUCTUKU JUCKPETHON CIy4alHON BEJIMYUHBI.
3aoanus ons camocmosmenvHol pabomol
CIucoK HCIOIh30BaHHOH JIUTEPATYPHI

BBenenue
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OBnazneHue npakTUYECKH JIF000 cCOBpeMEHHOM npodeccueit Tpedyet
OIpPEEICHHBIX MaTeEMaTHUYECKUX 3HaHUM. [Ipencrapienue o poin MaTeMaTUKH B
COBPEMEHHOM MHpPE, MaTEMAaTUUECKHE 3HAHUS CTAIA HEOOXOAUMBIM KOMIIOHEHTOM
o0riei KyabTypsl. Jls camopeann3anuu, BO3MOKHOCTH YCTICIIHOM 1eATeIbHOCTH
B MH(OPMAILIMOHHOM MHpe TpeOyeTcs MpoyHasi MaTeMaTudyeckasi oArOTOBKA.
Maremarnueckoe 00pa3oBaHuE BKIIIOYAET B ¢€0s1 OBJIAZICHUE CUCTEMON
MaTEMaTUYECKUX 3HAHWM, YMEHUI U HAaBBIKOB, JAKOLIUX IIPEACTABICHUE O
IIPEIMETE MATEMAaTUKH, O MATEMATHYECKOW CHMBOJIMKE, CIIEIIMAJIBHBIX
MaTEeMaTUYECKUX PUEMaX, METOAaX MBIIUICHHUS.

B Meroguueckue peKkOMEHAAIMN BKJIIOYEHBI TAKUE PA3AEIIbl KaK pa3BUTHE
MOHSITUS O YMCJIC; YPAaBHEHUSI U HEPABEHCTBA; (PYHKIIMU, UX CBOICTBA U rpaduku;
noka3aTenbHas, JorapuMuyecKas u cTerneHHas (yHKIUU; KOPHU, CTETICHU U
jorapu(mbl; OCHOBBI TPUTOHOMETPHHM; MIPSIMBIE U TUIOCKOCTH B IPOCTPAHCTBE;
BEKTOPBI U KOOPIMHATHI; HAYaJla MATEMAaTUYECKOIO aHAJIN3a; MHOIOT PaHHUKY;
Te€Ja U MOBEPXHOCTH BPAILEHUS; U3MEPEHHS B TEOMETPHUH; JIEMEHTHI
KOMOMHATOPUKH; JIEMEHTHI TEOPUHU BEPOSITHOCTEM, 31IEMEHTHI MATEMATUYECKOM
CTaTUCTHUKHU.

Y4yeOHO-MeTOAMYECKOE TT0co0re cocTaBieHo B cooTrBeTcTBU ¢ PI'OC
st CCY30B, mpuMEpHON TPOrpamMmoit, ¢ pabodeit mporpaMmoi .

TemMaTnyeckuil IUIaH Pa3lesioB U TeM

IIpuMepHBbIH TeMATHYECKH IIAH Y4eOHOU TUCHMILTHHBI

HaumeHnoBanue Copep:xanue yaeOHOr0 O0bem | YpoBeHb
pa3aejioB M TeM MartepuaJja, 4YacoB | OCBOEHMHS
CaMoOCTOsITeIbHAs padora
00y4aroIuxcs
Tema 1. Beenenue. 1
Maremaruka B HayKe 1
IIPaKTUYECKON

nestenbHocTy. Lenu n
3a71a4u U3y4EeHUs
MaTE€MaTHUKH B

yupexaeausix CIT1O
Tema 2.PazButre NoHATHS 9
0 YucIe
1)Lenbie u panmoHalIbHbIE 1 2
qrcla.
2) JleiicTBUTENbHBIC YUCIIA. 2

JlericTBus Hax




JIEMCTBUTEILHBIMU
YUCIIaMHU.
3)[IpubmmxeHHbIE
Bbluncnenusd. [lorpemHoctu
MPUOJIMKEHHBIX
BBIUMCIICHUH. J[eCTBUS Hal
MPUOJIMKEHHBIMU YUCTIAMHU.
4)KoMIIIeKCHBIC YHCTIA.
Anrebpandeckas ¢popma
KOMILJIEKCHOT'O YU CJIa.
5)deticTBus ¢
KOMILJIEKCHBIMU YHCJIaMH B
anreOpanyeckout popme.
CamocrosiTeibHas padora
no teme «Pa3zpurue
MOHSATHUS 0 YHCJIe).

Tema 3.OCHOBEI
TPUTOHOMETPUH

40

1)Cunyc, KOCHHYC, TAHT€HC,
KoTaHreHc. ['pagycHas u
paauaHHas Mepa yria.
2)OCHOBHbIE
TPUTOHOMETPUYECKHUE
TOXI€CTBA.

3)DopMyibl IPUBEICHUS.
4)Cunyc, KOCUHYC, TAHT€HC
CYMMBI U pa3HOCTH JBYX
YTJIOB.

5)®opmyIibl ABOMHOTO yIJIa.
®opMyIIbl HOJIOBUHHOTO
yria.

6)DopMyibl CyMMBI U
Pa3HOCTU OJTHOMMEHHBIX
TPUTOHOMETPUUECKUX
GyHKIHA.

T)Dopmysl ipeoOpa3oBaHUs
MIPOU3BEICHUS B CYMMY.
DopMyJIbl IOHUKEHUS
CTEIIEHHU.
8)IIpeobpazoBanue
MPOCTEUIIINX
TPUTOHOMETPUYECKUX
BBIPAKCHUM.
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9)ToxaecTBeHHbIC
npeoOpa3oBaHUs
TPUTOHOMETPUYECKUX
BBIPAKEHUN
CamocrosiTenbHast padoTa
o teme «IIpeodpa3oBanue
TPUTOHOMETPUYECKHX
BbIPAKEeHUID).
10)TpuronomeTpuueckue
byHKIMH, UX rpaduKy U
CBOMCTBA (CMHYC, KOCHHYC).
11)TpuronomeTpuueckue
GyHKUIMH, UX TpadUKU U
CBOMCTBa (TaHTEHC,
KOTQHTCHC).

12) ObpatHbie
TPUTOHOMETPUUECKHUE
GyHKUIMH, UX TpadUKU U
CBOMCTBA (apKCUHYC,
apKKOCHHYC, ApKTaHI€HC,
apPKKOTaHTEHC).
13)IIpocretiniue
TPUTOHOMETPUYECKHUE
ypaBHEHUSI.

14)Pemenue npocTenmmx
TPUTOHOMETPUUECKHUX
YpPaBHEHUM.
15)Pemenue
TPUTOHOMETPUUECKHUX
YPaBHEHUM pA3TNYHBIMU
METO/IAMH.
16)Pemienne cucrem
TPUTOHOMETPUYECKUX
YpPaBHEHUM.
17)Pemienne
TPUTOHOMETPUYECKUX
HEPaBEHCTB.
18)Pemienne
TPUTOHOMETPUUECKHUX
YPaBHEHU,

CUCTEM
TPUTOHOMETPUUECKHUX
YPaBHEHU,

TPUTOHOMETPUYECKHUX




HEPaBEHCTB.
19)Tpuronomerpryeckas
dhopma KOMIUIEKCHOTO
YHCIIa.

20)/eticTBus ¢
KOMIUIEKCHBIMH YHCJIAMH B
TPUTOHOMETPHUUECKOM
dbopme.
CamocrosiTeibHas padoTa
1o TemMe
«Tpuronomerpuyeckue
¢dynkunu. Pemienue
TPUTOHOMETPUYECKUX
YPaBHEHHID).

11

Tema 4. Kopnu, crenenu

14

1)Ctenenu ¢ pauroHaIbHbIM
ITOKA3aTEJIEM U UX CBOKCTBA.
2)IIpeobpaszoBanue
BBIPKECHHM COAEPKAIUX
CTENIEHU C PallMOHAIbHBIM
IIOKAa3aTeJIEM.

3)Kopuu HaTypanbHOU
CTEIIEHU U3 YUCJIA U UX
cBoiicTBa. [IpeobpazoBanue
BBIPAKEHUN COAEPKAIINX

KOPHM HaTypajbHOU CTEIICHU.

4HIIpeoOpazoBanue
BBIPAXEHUN COAEPKAIINX
KOPHU U CTETICHHU.

5)Penienne nuppanoHaIbHBIX
YpPaBHEHUM.

6)Pemienue nppanmoHaibHbIX
HEPABEHCTB.

7)Pemienue nppanmoHaibHbIX
YPAaBHEHUM U HEPABEHCTB.
CamocrosiTesibHas paboTa
no teme «CreneHu u
KOPHUY

Tema S. [oka3zarenbHas u
JorapupMuyecKast
GyHKIMH.

18
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1)ITokazaTenpHast (yHKIIHS.
Ee cBoiicTBa u rpaduxmu.
2)Jlorapudm qyucIa,
CBO¥CTBA JOTapr(hMOB.
3)IIpeobpazoBanue
JorapuMUYECKAX
BBIPAKCHUM.
4)JIorapudpmudeckas
byHKIMSI, €ee CBOICTBa U
rpaduk.

5)Pemienne mokazaTeIbHBIX
YPaBHECHUU.

6)Perenne
JorapuPpMUIECKUX
YpPaBHEHUM.

7)Perienne cuctem
MOKa3aTeJbHbBIX U
JorapuPpMUIECKUX
YPaBHEHUM.

8)Pemienne nmoka3aTeabHbIX
HEPABEHCTB.

9)Perienune
JorapupMHUIECKUX
HEPABEHCTB.
CamocrosiTeibHas padoTa
no teme «Iloka3arenbHas
U JIorapu(pmMuyecKas
GyHKIum»

Tema 6. [IponsBonnas

1)®yHKuuu, UX CBOKMCTBA U
rpaduku (TOBTOPEHUE).
2)Cnoxunas QyHKIHS.
3)ITocTpoenue rpadukoB
GyHKIMIA ¢ TOMOIIBIO
npeoOpa3oBaHuUM.
4)ITocnenoBaTebHOCTD.
IIpenen
MOCJIEIOBATEIBHOCTH.
S)Ipenen hyHKIUN.
Brruucnienue npenenon
GyHKIMA.

6)I1epBbIii U BTOpOI
3aMedaTeNbHbIC MPE/IEIbl.

7)HemnpepbIBHOCTD (DYHKITHH.
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Buasl Touek paspsiBa.
8)3anaum, NpUBOASIIUE K
MTOHSATHIO ITPOU3BOIHOM.
[loHATHE TPONU3BOIHOM.
OcHOBHBIE MpaBHIIa

b depeHInPOBaHHSI.
9)BerunciieHue
MPOU3BOIHBIX.
10)[IpousBoaHas CIOKHOU
GbyHKITUH.

1 1)IIpousBoanas
TPUTOHOMETPUUECKUX U
0oOpaTHBIX
TPUTOHOMETPUUECKUX
GyHKIMA.
12)ITpousBoaHas
gorapu(pMUYECKOd U
MoKa3aTeabHON (DYHKITUH.
13) 'eomeTpuueckuii CMbICI
npous3BoaHoM. KacarenpHas k
rpaduky GyHKIUH.

14) MexaHu4ecKuil CMbICT
IIPOU3BOJHOM.

15) Bropast mpon3BoHas, ee
F€OMETPUUECKUH U
(bu3NYeCcKuil CMBICTT.

16) [IpousBoaHas B pusuke u
TEXHUKE.

17) Audbdepeniman
GyHKLIMH.

18)IIpu3Hak Bo3pacTaHus
(yObiBaHUs1) QyHKLHUU.
OKCcTpeMyM (DYHKITHH.
BrinykiocTs (BOrHYTOCTB),
TOYKH Tieperuoa.

19) [Ipumenenue
MIPOU3BOJHOU K
UCCIIeTOBaHNUIO (DYHKIIUU.
[TocTpoenue rpaduka
GyHKLIMH 110 pe3yJibTaTaM
UCCJIEIOBAHUS.

20) Haubomnpiee u
HaMMEHbIIIee 3HAYEHUS

GyHKLIMH.
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CamocrosiTenbHast padoTa
o reme «IIpousBoaHasn»

20

Tema 7. [Ipsmblie n
IIJIOCKOCTHU B POCTPAHCTBE

20

1)AKCHOMBI CTEPEOMETPHH.

CrnecTBus U3 aKCHOM.
2)B3anmHOe pacnoyiokeHHue
MPSIMBIX B IPOCTPAHCTBE.
3)[TapanienbHOCTh NPSIMBIX
Y TJIOCKOCTEH.
[TapauienbHOCTH
IIJIOCKOCTEN.
41 leprieHTIUKYIAPHOCTD
MPSIMBIX.
[leprieHIUKYISIPHOCTD
IPSAMBIX U TUIOCKOCTEMN.
5)IleprieHaUKyISp U
HakJoHHas. TeopeMa o Tpex
MEePIECHIUKYJISIpax
6)Yron mexay npsaMou u
TUIOCKOCTBIO. YTOJI MEXIY
MIJIOCKOCTSMM.
llepnieH UKy ASIPHOCTD
IIJIOCKOCTEN.
8)Pemienne 3a1aq Ha
B3aMMHO PaCIIOJIOKEHUE
MPSIMBIX, TPSIMBIX U
IIOCKOCTEH, TIJIOCKOCTEH B
MIPOCTPAHCTBE.
9)Ilapannenenunen,
TeTpa’Ip.

10)Pemenue 3a1ad Ha
napasuiesienunes] u
TeTpa’Ip.
CamocrosiTeibHas padoTa
no teme «IIpsambie u
IUIOCKOCTH B
NMPOCTPAHCTBE»

10

Tema 8. Koopaunatsl n
BEKTOPBI

1)JIlexapToBa cuctema
KoopauHat. Paccrosnue
MEXY TOUYKaAMH.
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Koopannatel cepenunbl
OTpe3Ka.

2)Bekropsl. JleiicTBus Haj
BEKTOpaMHU.
3)Ucnonbp30BaHNE KOOPAUHAT
¥ BEKTOPOB PH PEIICHUN
MaTEeMaTUYECKUX U
MPUKIIAAHBIX 3a]1a4.
CamocrosiTeibHas padoTa
no teme «Koopaunarel u
BEKTOPbI»

Tema 9. MHOTOrpaHHUKH

1)MHOrorpaHHHKH.
2)Ilpusma.

3)Ceuenue. [locTpoenue
CEYEHUU MPU3MBI.
4)Pemenue 3a1a4 1Mo TeMe
npu3mMa.

S)[Mupamupa. IIpaBunbHas
MApaMHU/Ia.

6)Pemienue 3amad no teme
«ITupamugar.

7)Y ceueHHas mupamMua.
Pemenne 3ama4d mo reme
«YceueHHas MUpaMUIay.
8) IlocTtpoeHnue ceueHunit
MUPaAMUIBI.

9)IIpaBunbHbIC
MHOTOTPaHHUKHU.
10)Pemienue 3aad mo Teme
«IIpaBunbHbIE
MHOTOTPaHHHUKN»
CamocrosiTeibHas padoTa
1o TeMme « MHOrOrpaHHUKW)

10

Tema 10.Tena BparieHus
Y TIOBEPXHOCTH TeJ
BpalleHUsI

1) Hunusap.

2)Komnyec.

3) Pemenue 3amgau

4)lap u chepa.

5)Pemienne 3amad 1Mo TeMe
«Tena BpameHus.
CamocrosiTeibHas padoTa

NN DNDNDDN
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no teme «TeJia BpalieHus u
MOBEPXHOCTH TeJI
BpallleHHUs»

Tema 11. DnemeHTHI
KOMOHHATOPUKH, TEOPUHU
BEPOATHOCTH

12

1)OcHOBHBIE TOHATHS
KOMOMHATOPUKHU

2)3amauy Ha MOJCYET YUCia
MEePECTAaHOBOK, Pa3MEILICHU,
COYETaHUM.

3)CRoiicTBa OMHOMHMHAIBHBIX
K03 PUIIMEHTOB.
TpeyronpHuk Ilackans.
®opmyna buHoma HeroToHa.
4)Cny4aitHoe COOBITHE U €ro
BEPOSTHOCTb.

5)CnoxeHne 1 yMHOKEHUE
BEPOSTHOCTEUN

6)Perienue 3a1au
CamocrosiTeibHas padoTa
10 TeMe «JJIeMEeHThI
KOMOMHATOPHUKH, TEOPUH
BEPOSITHOCTH U
MaTeMaTH4YeCKou
CTATHCTUKN»

Tema 12.1lepBooOpa3Has u
WHTETPaJL

18

1)ITepBoobOpa3nasi.
2)HeonpeneneHHblit
MHTETPAJI U €T0 CBOMCTBA.
Brruncnenue
HEOIpEAEICHHBIX
MHTETPajoB.
3)UurerpupoBanue
MOJICTAHOBKOM.
4)1uTerpupoBanue o
YaCTSIM.

5)Haxoxnaenue
HEOIpeAeICHHbIX
UHTETPAJOB  Pa3IMYHBIMU
crioco0amu.

6)3amaun, IPUBOJIAIINE K
MOHSATHUIO ONPEICIICHHOTO
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uHTerpana. CBolcTea
OTIpEIETICHHBIX MHTETPAJIOB U
WX BBIYMCJICHUE.
7)Bbrancienue
OTIpE/ICTICHHBIX HHTETPAJIOB.
8)Brrunciienue miomaaei
buryp ¢ moMoIp
OTIPEJICTICHHOT0 UHTETpaIa.
9)Pemenue 3anay pU3NKU C
MOMOIIBIO  OTIPEJETICHHOTO
WHTErpana.
CamocrosiTesibHAss padoTa
no teme «llepBooOpa3znas
U UHTErpajn»

Tema 13. 3mepenus B
reOMETPUU

18

1)O0beM u ero usmepeHue.
Nurterpansuas popmyia
O6nemMa.

2)Dopmyna o0beMa KyoOa,
MPSMOYTOJIBHOTO
napayenenunena. Pemenue
3azay.

3)Dopmyna oObeMa MpU3MBI.
Pemenue 3amau

4)Dopmyna oobema
nwimHIapa. Pemenue 3amauy.
5)®opmyna oobema
nupamuel. Pemenue 3aaay.
6)Dopmyna oObeMa KOHyca.
Pemenue 3agau.
7)Dopmynbl 00beMa 11apa u
riomaau cdepsl. Pemenue
3aj1ad.

8)Pemienne 3amaq Ha
KOMOWHAIINT
MHOTOTPAaHHHUKOB, GUTYP
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BpalleHus, cepsl.
9)Pemienue 3agaq Ha
HaXOXJIeHUE 00BEMOB
MOBBIIIICHHOTO YPOBHSI
CJIOKHOCTH.
CamocrosiTesibHasi padoTa
no reme: «M3mepenus B
reoMeTpum»

Tema 14. DneMeHTHI
TEOPUH BEPOSTHOCTEN U
MaTeMaTHYECKOU
CTAaTUCTUKH
(TpoT0JKEHHE)

1)/luckpeTHas ciny4daitHas
BEJIMUMHA, 3aKOH €€
pacrpeieicHusl.

2)HucnoBbl€ XapaKTEPUCTUKHU
JUCKPETHOM CIIy4alHOMN
BEJINYMHBI.

3)IIpencraBieHre TaHHBIX
(TabyHIBl, TUATPAMMBI,
rpadukn). ['enepanbHas
COBOKYITHOCTb, BBIOOPKA,
cpeaHee apupMeTHIECKOE,
MeJIMaHa, MO/a.

4)Penienne npakTHYECKUX
3a/1a4 ¢ MPUMEHEHUEM
BEPOSTHOCTHBIX METOOB.
CamocrosiTeibHas padoTa
10 TeMe «JJIeMEeHThI TeOpHH
BEPOSITHOCTEN U
MaTeMaTH4YeCKOM
CTATUCTHUKN»

Bcero 351 yacos

AyauTOpPHO# HAarpy3Kku 234 gacos

CamocrosiTesibHOM padoTel 117 yacos

IIpomexxyTOYHBIA KOHTPOJIb B (popMe IK3aMeHa
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Pa3nea 1. PazBuTHe NOHATHSA 0 YHCJTIE

Beenenue. 1.1. [leiictBuTebHbIE Ync/ia U BeJuunHbl. [Ipubanxenn
AeHcTBUTEIbHBIX YHcel. [lorpemnocru.

B pe3ynbprare nu3ydyeHus: TeMbl CTYyAEHT JOJDKEH:

ymems:

- OTNPEETATh IPaHUIIbl TPUOIMKEHHBIX 3HAUCHUH;

- IPEACTABJISITh YHACIIA B CTAHAAPTHOM BUJIE;

- OLICHUBATH a0COTIOTHYIO MOTPEUTHOCTh MPUONIMKEHHBIX 3HAYCHUN;

- OLICHUBATh OTHOCUTEIBHYIO TMOTPEIIHOCTh MPUOIMKEHHBIX 3HAUYCHUI:
3Hamb.

- 3HAUCHUE MaTEMAaTUKHU B HAYKE, JKOHOMUKE U IMPAKTUYECKOU JIESITEITbHOCTH;
- LIEJIM Y 33241 U3YyUYECHUsI MAaTEMATUKU B YUPEKICHUAX CPETHETO
npodeccuoHanbHOTO 00pa30BaHMUS;

- IOHATHUE JACHUCTBUTEIIbHBIX YHUCEIL,

- IOHATHE a0COJIIOTHON U OTHOCUTEILHOM MOTPEITHOCTH;

- ONpPEAEIIEHNE CTAaHAAPTHOTO BU/IA YHCIIA.

MaremMaTHKa B HayKe M NPAKTHYECKOM 1eATeJTbHOCTH

MareMaTrka — HayKa O KOJIMYECTBEHHBIX OTHOILICHUSIX U
IPOCTPAHCTBEHHBIX (PopMax

JIEUCTBUTEIBLHOTO MUPA.

Posib MaTeMaTHKU B COBPEMEHHOM HAayKE MOCTOSHHO BO3PACTAET. DTO
CBSI3aHHO C Te€M, 4TO 0€3 pa3padOTKU U UCTOJb30BAHUSI MATEMAaTUUECKUX HAYK
ObLI0 OBI, HATIPUMEP, HEBO3MOYKHO HU OCBOCHHE KOCMOCA, HU CO37[aHUE
AJIEKTPOHHO-BBIUUCITUTENHHBIX MAIINH, HAEAIINX TPUMEHEHUE B CAMBIX
pa3IMyYHBIX 00JAaCTAX YEJIOBEUECKOM 1eATeIbHOCTH.

Maremaruka npeacTaBisieT co00i OCHOBY (yHIaMEHTAIbHBIX
WCCJICIOBAHUM B €CTECTBEHHBIX U TYMaHUTAPHBIX HayKax. MaTeMaTH4eCKue Uaeu
¥ METOJIbI IPOHUKAIOT B YIPABJICHUE BEChMa CIIOKHBIMH U OOJIIIUMU CUCTEMaAMH
Pa3HOI MPUPOIBI: TTOJIETAMU KOCMUYECKUX KOopaldiie, oTpacisaMu
POMBIIIIICHHOCTH, pab0TON OOIIMPHBIX TPAHCIIOPTHBIX CHCTEM U APYTUX BHUIIOB
JesITeNIbHOCTH. B MaTemaTike BO3HUKAIOT HOBBIE TEOPUU B OTBET Ha 3aPOCHI
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MPAKTUKW U BHYTPEHHETO Pa3BUTHS caMOil MateMaTuku. [[punoxxeHus pa3anyHbIX
oOnacTeil MaTeMaTHUKX CTaIl HEOTHEMJIEMOU YacThIO HAYKH, B TOM YHCJIC:
(bU3UKH, XUMHH, TEOJIOTHH, OMOJIOTHH, METUIINHBI, THHTBUCTUKH, SKOHOMUKH,
COIIMOJIOTHH U JIp.

MareMaTtrka UrpaeT BaXXHYIO pOJib B €CTECTBEHHOHAYYHBIX, HHXKEHEPHO-
TEXHUYECKUX U TYMaHUTApHbIX HcciieqoBaHusax. OHa crajna il MHOTHX OTpaciel
3HAHHUI HE TOJIBKO OPYJIMEM KOJMYECTBEHHOT'O pacyeTa, HO TaKKe€ METOOM
TOYHOTO MCCIIEAOBAHUS U CPEACTBOM IMPEEIbHO YETKOW (POPMYITHMPOBKU MOHITUN
u ipobiieM. be3 coBpeMeHHOI MaTeMaTHKH ¢ €€ pa3BUTHIM JIOTUYECKUM U
BBIUHCIUTENIBHBIM alllapaToM ObUT ObI HEBO3MOXKEH MPOTPECC B PA3IUYHBIX
00J1acTAX YEI0OBEUECKOH 1EeATEIbHOCTH.

MatemaTHKa SIBJISICTCS HE TOJIBKO MOITHBIM CPEJICTBOM PEIICHHUS
TIPHUKJIATHBIX 33714 U YHUBEPCAIBHBIM SI36IKOM HAyKH, HO TaKXKE M 3JICMCHTOM
oO011el KyIbTYpHI.

JleHcTBUTEIHLHO, MAaTEMATHKA MPOHUKAET BO BCE CPephl YETOBEUECKOM
NeAaTeNIbHOCTH. TpyAHO Ha3BaTh XOTs Obl OJIMH pa3/iesl HAYKU WU KaKyo-Iu0o
npodecCUOHANIbHYI0 00JIaCTh, T/I€ HE MPUCYTCTBOBAJIA Obl MAaTEMATHUKA WIIH €€
MeTobl. [loaToOMy HEOOXOIUMOCTH MATEMATUYECKOTO 00pa30BaHUs IS
YCIEUHOTO (POPMHUPOBAHUS TUYHOCTH HE BBI3HIBAET COMHEHUH.

Henu u 3a0auu uzyuenus Mamemamuxku 8 yupesHcoeHusxX CcpeoHezo
npogheccuonanvnozo 00pazoeanus:

» (opMHpOBaHUE TIPEACTABIICHUA O MAaTEMATUKE KaK YHUBEPCATHHOM SI3BIKE
HAyKH, CPEJICTBE MOJICITUPOBAHUS SIBJICHUI U MPOIIECCOB, 00 UIIEAX U METOIax
MaTEeMaTHKH;

» pa3BHUTHE JJOTHYECKOTO MBIIUICHUS, TPOCTPAHCTBEHHOTO BOOOPaKCHHS,
AITOPUTMHUYECKON KYJIBTYPbI, KDUTUYHOCTHU MBIIIJICHUSI HA YPOBHE,
HeoOxoauMoM 1t Oyayied mpodeccHoHanbHOM NeSITeIbHOCTH, IS
MIPOJIOJDKEHUS 00pa30BaHUs U CaMOOOPa30BaAHUS;

» OBJIaJIcHUE MaTEeMaTHICCKUMH 3HAHUSIMU U YMEHUSIMHU, HEOOXOIUMBIMU B
MOBCEHEBHOM JKM3HU, JIJIS U3YUEHUS CMEKHBIX €CTECTBEHHOHAYYHBIX
JUCUUIUIMH Ha 0230BOM YPOBHE U JUCHUIUIMH Npo(dheCcCHOHANTBHOTO 1UKIIA,
JUTSl IOJTy4eHUst 00pa3oBaHus B 00J1aCTAX, HE TPEOYIONIMX YIiTyOIEHHON
MaTEeMaTH4YECKON TOITOTOBKH;

» BOCTIMTaHHUE CPEJICTBAMH MATEMATHKHU KYJIbTYPhI TUIYHOCTH, TOHUMAHUS
3HAYMMOCTH MaTEMaTUKH Il HAyYHO-TEXHUUYECKOTO MPOrpecca, OTHOIICHHSI
K MaTeMaTHKe KaK K YaCTH OOIIEUeTIOBEYECKOM KYJIbTYPhI Yepe3 3HAKOMCTBO
C UCTOPHUEH pa3BUTHUSA MATEMATUKH, SBOJIIOLIMECH MATEMATUUECCKUX UICH.

JlelicTBUTEIBLHBIE YHUCJIA

19



B kypce MaTeMaTUKH BCTPEUAIOTCs pa3IMuHbIE YHCTA.
1,2,3, ...9 — HarypanbHbie uncia (N).
Z — uensie yuciaa (N, -N, 0)
Q — panmoHabHBIE (TI€JTBIE U TPOOHBIE)
€ — 3Hak npuHaAIeKHOCTH (-2 € N)
7/4=0,7500 II1=3,141592.... —uppanmoHaabHbIe YUCIIa

HppanrioHanbHbIe U palliOHAIbHBIE YUCIIA COCTABISIOT MHOKECTBO
NEHCTBUTENBHBIX YUCEN.

Ipu6au:xeHue 1eiiCTBUTEIbHBIX YHMCeJ KOHEYHBIMHM 1eCATUYHBIMH
ApoosAMU

Ha npakTtuke npu onpeaeaeHuy 3HaYeHUN BEJIMYUH MOKHO
BCTPETUTH UX MPUOTMKEHHbIC 3HaUeHUs. [[pubamkeHHoe 3HaUeHUE BETUYUHBI
Ha3bIBAETCS MPUOIUKEHHBIM YUCIIOM, a IEPBOHAYAIBHOE 3HAYCHHUE BEJTMUMHBI
- TOYHBIM yuciioM. [IpubnuxeHHble 3HAYEHUS OOBIYHO 3aMUCHIBAIOTCS TaK,
YTOOBI IO 3aMUCU MOXKHO OBLIO OMPEAETUTH TOUHOCTh MPUOIMKESHHUS.

Hanpumep, Ha pyJsioHe 000€B HaIMCaHO, YTO €ro JiyIuHa paBHa 18 £0,3
M. 3Ta 3alKUCh 03HAYAET, YTO JJIMHA PyJIOHA paBHA 18 M. ¢ TouHOCTHIO 110 0,3 M.,
T. €. TOYHOE 3HAYECHHE JITTMHBI PYJIOHA MOKET OTJIMYATHCSA OT MPUOIHKEHHOTO
3Ha4eHwus1, paBHoro 18 m., He 6onee, yem Ha 0,3 M.

18 - 0,3 <I<18+0,3
17,7<L.<18,3

HorpemHocTy NPUOJINKEHHBIX BHIYHCICHUMN

[TorpemHOCTh OBIBaCT aOCOMIOTHAS 1 OTHOCUTEIbHAS.

AOCOIIOTHOM MOTPEUTHOCTHIO TPUOIMKEHHOTO 3HAYEHUST HA3bIBAETCA
MOJYJIb PA3HOCTH TOYHOT'O U MPUOJIMKEHHOTO 3HAYEHUH.

2,25~=23
12,25 -2,31=1-0,51 = 0,5

OTHOCUTENIBHON TTOTPENTHOCTHIO MPUOIMKEHHOTO 3HAYCHHST HA3bIBACTCS
OTHOIIIEHUE aOCOTIOTHOM MOTPEIIHOCTH K MOAYJIIO TPUOIMKEHHOTO 3HaueHus. Ee
BBIpaXkatroT B %o.
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Ipumep. Oxpyriaum npo0b 14,7 10 1ENbIX U HAaIEM OTHOCUTEIbHYIO
MOTPEIIHOCTh MPUOTUKEHHOTO 3HAUCHUS.

14,7 =15

47-15 |-05 03

= =0,02=2%
15 15 15

CraHaapTHBIA BU/ YU CIA

CTaH,Z[apTHBIfI BHUI UMCCT YUCJIO, Y KOTOPOTI'O B HGHOﬁ qaCTHu OJHO 4YHUCJIO,

OTJINYHOC OT HYJIA.

Hanpuwmep, 2,3; 1,256.

© oo N Ok W

3AJIAHUS 1JIS1 CAMOCTOSIJIBHOM PABOThBI
BOITPOCHI )11 CAMOKOHTPOJIA

OxapakTepu3yiTe 3HaYeHHE MaTeMaTUKH B HAyKe, SdKOHOMUKE U
MPAKTUYECKOMN JEATEIBbHOCTH.

OxapakTepu3yiTe eI U 33/1a4i U3YUYCHUSI MAaTEMATUKU B YUPEKIACHUU
cpeaHero npohecCUOHAIBHOTO 00Pa30BaHUsI.

Kakue uncna Ha3pIBalOTCSl HATYpaJIbHBIMU?

Kakue urciia Ha3pIBarOTCS PariiOHATLHBIME ?

Kakwue unciia Ha3pIBalOTCS UPPATUOHATBHBIMU ?

Kakne gmcia Ha3bIBalOTCS IEUCTBUTEILHBIMHA?

Kakwue ObIBaroT morpenrHocTu?

Uto Takoe aOCOJIFOTHAS MOTPEITHOCTh?

. UTOo Takoe OTHOCHUTEJIbHAS MOTPEUIHOCTh?

10.Yto Takoe cTaHAApTHBIA BUI Uynciia?

Ilpakmuueckue 3a0anus:

3amanue Ha «3»: OueHnuTe abCOMOTHYIO MOTPEIIHOCTh TPUOTMKEHHOTO 3HAYCHUS

CIICAYIOmUX 4YHUCCII:

1) 5,56 ¢ TOYHOCTBIO IO JECATHIX;

2) 125,9 ¢ TOYHOCTBIO JI0 IENBIX
3aganue Ha «4»: OLUEHUTE OTHOCUTENbHYIO MOTPEIIHOCTh MPUOIMKEHHOTO

SHAYCHHUS CICAYIOMUX YMCCII:

1) 0,145 ¢ TOYHOCTBIO JI0 COTHIX;

2) 2465,9 ¢ TOUHOCTBIO JIO LEJIBIX

Jaganue Ha «S5»:
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1.01eHuTe aOCOMOTHYIO M OTHOCHTEIBHYIO IMOTPEIIHOCTH MPUOIHKEHHOIO
3HAYCHUS CICAYIOMUX YHCEI:

1) 0,145 ¢ TOYHOCTBIO JIO COTHIX;

2) 2465,9 ¢ TOYHOCTBIO JI0 LEJIBIX
1. IlpeacraBbTe YnciIa B CTaHAAPTHOM BH/IE:

1) 58,2;

2) 0,0025;

3) 1,2;

4) 12578,25;

5) 105,2789.

1.2. BoruncijieHus ¢ NPpUOJIHKEHHBIMUA JAHHBIMHU.

B pesynbrare u3ydeHust TEMbI CTYICHT JIOJDKEH:

ymemn.

- BRIUUCJISITh TPUOJIMKEHHOE 3HAYEHUE CYMMBbI MPUOINKEHHBIX 3HAUYCHUI;

- BRIUUCIISITH TPUOJIMIKEHHOE 3HAUEHUE PA3HOCTH MPUOJIMKEHHBIX 3HAUCHUM;

- BRIUUCJISITh TPUOJIMIKEHHOE 3HAUYEHUE MPOU3BECHUS MPUOTNKEHHBIX 3HAUCHUI;
- BRIUUCIISITh TPUOJIMKEHHOE 3HAYEHNE YACTHOTO MPUOIUKEHHBIX 3HAUYCHU;
3HAMb.

- METOJIMKY BBIYMCJICHUSI TPUOIMHKEHHOTO 3HAYCHUSI CYMMBbI TPUOIMKEHHBIX
3HAYCHMI;

- METOJIMKY BBIYUCJICHUS TPUOIMKEHHOTO 3HAYCHUS PA3HOCTH MPUOIINIKEHHBIX
3HAYCHUM;

- METOJIMKY BBIYMCIICHUSI TPUOIMKCHHOTO 3HAYCHUS TTPOU3BEACHUS
MPUOIMKCHHBIX 3HAUCHU;

- METOJIMKY BBIYUCIICHUS TPUOIMKEHHOTO 3HAYCHHUS YaCTHOTO MPUOINKEHHBIX
3HAUYCHUI.

Borunciaenus ¢ npudJIMKeHHbIMU TaHHBIMH.

Boeruucnenus ¢ npuOIMKeHHBIMU JaHHBIMU TTOCTOSTHHO UCTIONB3YIOTCS B
MPAKTUYECKUX 3a]la4ax, IPH 3TOM PE3yJIbTaT BHIYUCICHUN OOBIYHO OKPYTIISIOT.
PaccMoTpum, Kak MPOU3BOIATCS 3TU OKPYTJICHUS TIPU CIIOKECHUU, BBIYUTAHUH,
YMHOXXEHUHU U JICTICHUU NPUOTUKEHHBIX 3HAUYCHUM.

1. Haiinem npubnukeHHOE 3HAYCHUE CYMMBI X + V-
x~7,63 ¢ TounocTtrio 10 0,01

y =9,2 ¢ TouHoctsto 10 0,1
X +Yy=7,63+9,2=16,83~16,8
2. Haiinem npubin>keHHOE 3HaYEHUE pa3HOCTH X —Y:

X~6,784
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y =491
x —y ~1,874<1,87

2. Haiimem mpubnxeHHOE 3HAYCHUE TIPOU3BEACHUS X * V.
x~0,86

y =27,1

X * y=23.306

0,86 = 8,6*10" 27,1=2,710 23,306 =2,3306 * 10
X *y=23*10=23

4. Halinem npuOiamKeHHOE 3HAUEHUE YacTHOTO X /Y-
x~563,2
y =32
x/y=17,6
563,2 =5,632%102 32=3,2%10 17,6=1,76*10
x /y=1,8%10 =18
3AJJAHUS 111 CAMOCTOSJIBHOM PABOTbBI
BOITPOCHI JIJIA CAMOKOHTPOJIA

1. Kak HaiiTu npuOaMKeHHOW 3HAaY€HUE CYMMBbI PUOIMKEHHBIX
3HAYEHUN?

2. Kaxk HaiiTu mpuOIMKEeHHOM 3HaYeHUE Pa3HOCTH MPUOIMKEHHBIX
3HAYEHUN?

3. Kaxk Haiitu nmpubarmkeHHON 3HaYeHUE TPOU3BECHUS TPUOINKEHHBIX
3HAYECHUM ?

4. Kak HailTh npuOJIMKEHHON 3HaYe€HUE YaCTHOTO MPUOIMKEHHBIX
3HAYEHUN?

IIpakmuueckue 3a0anusi:

3amanue Ha «3»: Haiinure cymmy U pa3HOCTh IPUOIMKEHHBIX 3HAUYCHUN:

1) A=45,651,B=13,12
2) A=48,4, B=20,47
3ajanue Ha «4»: Halimure cymmy, pa3HOCTh, MPOU3BEICHHUE U YACTHOE

NPUOJIMKEHHBIX 3HAUCHUNA:
1) A=7,41, B=5,146
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2) A=78,1, B=45,458
3amanue Ha «5»:

1) Beruucnuth X = ars , €CJIM U3BECTHO, uto a=7,15; B=1,651; c=3,3.
C

2) Beruncauts A4 =@, raea=31,25;8=12;¢c=7,81; k= 158; p =43, 05.
K=p

1.3. KomiuiekcHbIe YncJIa.
B pesynbTaTe nu3ydeHus TeMbl CTYJEHT JOJIKEH:
yMems:
- BBITIOJIHATH JEHUCTBUS HaJl KOMIUICKCHBIMH YHCIIAMHU.
3Hamb.
- TIOHATHE KOMIUIEKCHBIX YHCEIN;
- popMyJIbI AEUCTBUM Ha/l KOMITJIEKCHBIMHU YHCJIAMHU.

KoMIIekCHBIM 9HCI0M Ha3bIBACTCS BHIPAXKCHHE BUAa a + B I, IIe @ U B —
JCHCTBUTEIILHBIC YHCIIA, | — HEKOTOPBIA CUMBOJIL.
[Tpumepst: 2+ 31, 2+ (-4) 1, 0+5i, 2+0i.
JleiicTBUS HaJl KOMIUIEKCHBIMH YHCIIAMHU:
1) CymMMa KOMILIEKCHBIX YHCE
CyMMOii IBYX KOMIUIEKCHBIX YHCEI a1 + Byl M ap + Bol Ha3bIBaCTCS
KOMILUIEKCHOE YHCIIO
(al + az) + (B1 + Bz)i, T. €.
(a1 + B1i)+( a + Bzi) = (a1 + az) + (B1 + Bz)i
2) IlpousBeneHne KOMIUIEKCHBIX YHCEIT
[TpousBeeHreM ABYX KOMIUIEKCHBIX YHCEN a3 + Bil U @z + Byl Ha3bIBae€TCS
KOMIUIEKCHOE 9Kciio (ajaz — B1B2) + (a1Bz +az By) i, T. €.
(al + B1i)+( Ho + Bzi) = (alaz — B1B2) + (ale + az B1)
3) PaBeHCTBO KOMIUIEKCHBIX YHCEIT
JIBa KOMIUTIEKCHBIX YMCIIA a3 + Byl M Az + Byl HA3BIBAIOTCS PaBHBIMH, €CIIH a3
= a2 U B1— Ba.
4) BolunTaHHe KOMIUIEKCHBIX YHCE
Pa3HOCTBIO KOMIUIEKCHBIX unce a + Bl u ¢ + di Ha3bIBaeTCs YUCIIO X + Vi,
KOTOPOE yIOBJIETBOPSICT PABEHCTBY
(c+di)+(x+yi)=a+Bi
5) Jenenne KOMIUIEKCHBIX YHCEIT
YacTHBIM KOMIUIEKCHBIX YKcell a + Bl 1 ¢ + di Ha3bIBaeTCs KOMIIEKCHOE
YHCIIO X + Y, KOTOPOE YAOBJICTBOPSACT PABEHCTBY
(c +di*(x+yi)=a+Bi

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOTHI

Hanucanue pedepaToB M0 KOMILJIEKCHBIM YUCIIAM.

24



Paspnes 2. HepaBencrBa. CucreMbl ypaBHeHUi (IIOBTOPEHUE)
2.1. Jluneiinble HepaBeHCTBA C OJIHON MepeMeHHOI (IOBTOPEHMNE)

B pe3ynbrare n3ydeHus: TeMbl CTyACHT JOJIKEH:

ymems:

- pelaTh JUHENHbIE HEPABEHCTBA C OJHOM IIEPEMEHHOM.
3HaAMb.

- IOHATHE JIMHEWHOI'O HEPABEHCTBA C OJTHOU IIEPEMEHHOM.
- CBOMCTBA JINHEMHBIX HEPABEHCTB C OJHOM IIEPEMEHHOM.

JInHelHbIe HEPABEHCTBA C OHOM NePeMEHHOM

HepasencTa Buaa ax <B, ax >B, IlI¢ X — HE3aBUCHUMasl IEPEMEHHAs, 4 U B —
HEKOTOPBIE YKCIIa, HA3bIBAOT JUHEUHBIM HEPABEHCTBOM C OJTHOW MEPEMEHHOM.

Pemennem HepaBeHCTBA ¢ OHOM IIEPEMEHHON HA3bIBACTCS 3HAUCHUE
NEPEMEHHOI, KOTOpOE 00paIAeT €ro B BEPHOE YUCIOBOE HEPABEHCTBO.

Pemnts HEpAaBEHCTBO — 3HAYUT HAWTHU BCE €T0 PELICHUS WUIIA 10KA3aTh, YTO
pELIEHUI HET.

CBoicCTBA:
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1) Ecnu u3 oiHOM 4acTH HEPaBEHCTBA MIEPEHECTH B IPYTYIO ClIaraeMoe ¢
IIPOTUBOIIOJIOKHBIM 3HAKOM, TO TIOJIYYUTCS HEPABEHCTBO, PABHOCHUIIBHOE
JAHHOMY;

2) Ecnu 00e yacTu HepaBeHCTBa YMHOXKUTH HITH PA3feiuTh Ha OJTHO U TO JKe
ITOJIOKUATEIIBHOE YUCIIO0, TO MTOIYYUTCS PAaBHOCUIBHOE €My HEPABEHCTBO;
Ecnu 00e yacT HepaBEHCTBA YMHOKHUTh WM Pa3JeIUTh HA OJHO U TO K€

OTPULIATEJIBHOE YHUCIIO, U3MEHUB IIPY 9TOM 3HAaK HEPABEHCTBA HA
IIPOTUBOIIOJIOKHBIN, TO MOJYYUTCS PABHOCUIIBHOE €EMY HEPABEHCTBO.

[Tpumep 1.

15x —23(x + 1)>2x + 11
15x-23x-23>2x+11
15x-23x-2x>11+23
-10x>34

x<-3,4

Otgert: (-0;-3,4)

[Tpumep 2.

2x+3
-
2

s

4x-2(2x+3)<x-1

4x-4x-6<x-1

-x<-1+6

-X<5

x>-5

OtserT: [-5;+0)

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOTHI
BOITPOCHI U1 CAMOKOHTPOJIA

1. Yrto Ha3bIBAIOT JUHEWHBIM HEPABEHCTBOM C OJJHON NEPEMEHHON?
2. UYrto Ha3bIBAIOT PEIICHHEM JIMHEWHOTO HEPABEHCTBA C OJTHON TIEPEMEHHOMI?
3. UTo 3HAYUT pemnTh JUHEHHOE HEPABEHCTBO C OJTHON TIEPEMEHHOM?
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4. Kakumu cBoiicTBamMH 001a/1at0T JIMHEWHbBIE HEPABEHCTBA C OJTHOM
MIEPEMEHHON?

IIpaxmuueckue 3a0anusi:

PemuTs HEpaBeHCTBA:

3amanue Ha «3»:

1) 3-2x<12-5x

2) 2x-3>7(1+x)

3) 2(1-x)>5-3x
3amanue Ha «4»:
1) 2x-5

x—2

>0

2) x+3£0

T—x
3) 0,2x% — 0,2(x—6)(x +6) > 3,6x;
3aIIaHI/IC Ha «5»:
1) 3-0,5x

>0;

Tpenascep no peuwienuro TUHEHBIX HEPABGEHCME

3ajanme:

1. Pemmth HEpaBeHCTBA:

1. x+4)>2-3x;

4-3x 2x-1 5x-2
2 < -

3 4 6

3. (x—3)?-11>(x +2)>
4. (2x —1)?> - 8x < (3 —2x)?
5
6

L 3(x—2)=4x-9

3—x—§<4x—3
2 5
7 37—2)c_|_xg3x—8_9
3 4
8. 7—-6x 10x<20x+1+2
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9, 5—x+3—2x
8
10.(x - 1)? -5<(x + 4)?
11.4(x-1)<2+7x
2. Pemnte HEepaBeHCTRA:

>0

)4(2-3x) - (5—x) >11—x;
2)2(3—x)—3(2+x) < X

3)1>1,5(4 — 2x) + 0,5(2 — 6x);
4)2,5(2—x) —15(x —4) <3—x;

B)X — 2> 4,7(x—2) — 2,7(x —1);

6)3,2(x —6) —1,2x < 3(x — 8)

X(x—4) —x* >12 —6x;

8)(2x —1)2x —5x < 4x* — X;

9)5x° —5x(x +4) >100;

10)6x(x —1) — 2x(3x — 2) < 6;

11)0,2x% — 0,2(x — 6)(x + 6) > 3,6x;
12)(2x —5)? —0,5x < (2x —1)(2x +1) ~ 15;
13)(12x —1)(3x +1) <1+ (6x + 2)*;

14)(4x -1)% > (2x + 3)(8x —1);
15)4x(L-3x) — (x - 12x?) < 43;

16)3x? — 2x — 3x(x — 6) > —2:

17)2x(5x + 2) — x(10x + 3) <14;

18)x(x —1) — (x* +x) < 34;

3x-1 12-7x

>2; 22) >0;
42

19)2—5" >1 20)67" > 0; 21)
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23)1(x+15)z 4; 24)633(“4); 25)% + X <15, 26)3—x—522;
3 57 2 3 2 3

27)£—£>—3; 28)x+£23; 29)§—XS1;
4 2 2 5

30)?%—2x< 0;

321 g 32)272% 5 9y 33)r <o 302X _ X5y
2 4 5 5 2
353+¥,2-x 36)2 % _5¢>0; a2 1sg
4 3 5
g3 21y ) P P d 40Xt _X*t35 5
10 2 6 2 4
41)2x—1_3x—3>x; 42)x_2x+3gx—1; 43)5x—1+x+1gx;
2 5 2 4 5 2

3. Pemnre HepaBeHcTBa:

nX=t gt g
4 3

3x—1_x+ 0:
2 4

2)

5bx 3x-1 2X—1<

gL X2y <1
6 3 2

x—05 x-0,25 x-0125
+ } <

5
) 4 4 8

0;

5—x_1—X_1;
3 2

6)
Nx+D(x-1) - (x* —3x) <14;
8)%(6x+4)—%(12x—5) <4-6x:
9)(3x +1)(x—1) —3x? > 6x+7;
10)15x* — (5x —2)(3x +1) < 7x —§;

2.2. KBagpaTHble HepaBeHCTBA (IIOBTOPEeHMHE)

HepasencTtBo Bua ax® + BX + ¢ >0, rne a>0, Ha3pIBaeTCA KBAJIPATHBIM.
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MGTOI[BI peUICHUs KBAAPATHBIX HCPABCHCTB.

1)I'paduueckuii: a) HAUTH TUCKPUMUHAHT;
0) n300pa3uTh rpadudecku mapadory

a>(0 a<0

[=0-MHOM¥ECTEO pelEsHN

O=0, 2 kopHAa
U A=0, 1 kopeHs / \ [ \
O=02 PHA
a=0 P

Puc. 1.

2)MeTto HHTEPBAIOB
[Tpumep.

2x2+x—-3>0
2x2+x-3=0
A=1+24=25, 1>0,2 xopHs

Xlzl, X2:-1,5

Otser: (-0;-1,5)U(1; )

30



3AJTAHUSI IJISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI JIA CAMOKOHTPOJIA

1. Yro Ha3bIBAIOT KBAJAPATHHIM HEPABEHCTBOM?

2. Metoapl pelieHus KBaJpaTHbIX HEPABEHCTB?

3. Oxapakrepusyite rpaduuecKuii METo]] pelieHus: KBaAPaTHBIX HEPABEHCTB.
4. OxapakTepusyiTe METOJI UHTEPBAJIOB.

IIpaxmuueckue 3a0anusi:

3aganue Ha «3». PellnTes KBaJpaTHbIE HEPABEHCTBA:

1) 2x%+4x+3<0
2) 2x*+4x-6>0

3anaHHe Ha «4». PemuTh KBaZIpaTHBIC HCPABCHCTBA.

1)-3x%4+2x+5<0
2) 25x%-30x+9>0
3) x4+ (x+1)>0

3anaHHe Ha «5»: 1. PemnTh KBaJApPAaTHBIC HCPABCHCTBA MCTOJO0M MHTCPBAJIOB.

1) (x =1)(x* —24x+3) 50
4—x
—2x*—3x+5>0
2)

x®+2x-15
—_—<
x+1

2. Pemuth KBapaTHOE HEPABEHCTBO IPaMYECKUM METOJIOM: 0

TpeHa:kep 1o pelieHUI0 KBAPATHbIX HEPABEHCTB

3ajanme:

1.Permth KBaJpaTHbIC HEPABECHCTBA IPAPHUECCKUM METOIOM:
1) 2x>+3x-2>0
2) 2x2—x-3<0
3) 2x2+11x—-14>0
4) -3x? +5x — 12 >0
5) 9x?+6x + 1>0
6) 2 -5x% 4420
2. Peminth KBajipaTHbIC HEPABEHCTBA METOIOM HHTEPBAJIOB:

1) x*+6x—-9>0
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2) x?+8x+16<0
3) x2+10x-25<0
4) 2x?-5x +7>0

5) -3x2 +2x -2 >0

3. Pemuth KBaApaTHBIC HCPABCHCTBA.

1) (x+1) (x—2)>0;
2) x (3—x) >0;

3) (x—4) (1 —3x) <0;
4) (1 —x)(6—x)<0.

5) (x —1) (x +2) > x+ 2;
6) (x +4) (x + 6)< 6 (x + 6);

4. Pemuth KBaJApaTHBIC HCPABCHCTBA!

1)1?;;—6;:2 <12
2) 0,52 -12 =0,
3) 4x*+1=-4x
4) 3x* =4z <7,

5)20 —dx
6) 20x—25x° <4

7) *- 3xt =24,
8) - 3 =4x
9)=7x*~122-5>0
10) ' +32+220
11) **-100=0
2.3. CuctemMbl JJMHEIHBIX YPABHEHU U MeTO/IbI UX pelieHus (IIOBTOPEHNE)
IHonsitue cucremMbl JJMHEHHBIX YPAaBHEHUMN

JlaHbI 1Ba ypaBHEHUS

x+ty=12 x-y=2
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YtoObl HaiiTH 00IIME pEIICHNs STUX YPaBHEHUH, TPEOyeTCs pelInTh
cuctemy ypaBHeHui. CHCTeMy ypaBHEHHM MPUHATO 3alMUCHIBATH C TIOMOIIIBIO
(bUrypHOM CKOOKHU.

x+y=12
x—-y=2

[Tapa 3HaueHUII NEPEMEHHBIX X = 7, Y = 5 CIYKUT PEIICHUEM KaKI0TO
YpaBHEHHUS CUCTEMBI, TaK Kak 00a paBeHCTBa 7+5=12 u 7-5=2 ABNAIOTCS BEPHBIMHU.

Takyro napy urcesl Ha3bIBalOT PEIICHUEM CUCTEMBI.

PemienrieM cuctembl Ha3bIBa€TCS Mapa 3HAYECHUN MEPEMEHHBIX,
oOpamaronmx KaxkJI0€ YpaBHEHUE CUCTEMBI B BEPHOE PABEHCTBO.

Pemuth cuctemMy HEPaBEHCTB — HAYUHUT HAWTH BCE € PEIICHUS WIH 10Ka3aTh,
YTO PELICHUN HET.

Pemenne cucrem JIMHEHHBIX YPABHEHHUH CIIOCOO0M MOACTAHOBKH

[Ipu penreHny cucTeM JTMHENHBIX YPABHEHHM CIIOCOOOM MOJICTAHOBKH, B
KAaKOM — JIMOO U3 YpaBHEHUI CUCTEMBI OJJTHO U3 HEM3BECTHBIX BBIPAXKAETCS Yepe3
npyroe. I[lonyyenHoe BeIpaXeHUE MOICTABIIECTCA B OCTABIIEECs YPABHEHUE, I10CIIE
pELIEHUs] KOTOPOr0 HAXOAUTCA OHO HEU3BECTHOE. BTOpOE HEM3BECTHOE MOXKET
OBITh HAWJIEHO U3 JIFOOOTO YPABHEHUS! CUCTEMBI.

[Ipumep 1. Pemuth cuctemy ypaBHEHUI:

3x+y="7
—-5x+2y=3

y=7-3x

Sx+2(7-3x)=3

x=1

y=4

OteeT: x=1y=4 (1;4)

[Ipumep 2. Pemuth cucremy ypaBHEHUIA:

x+2y=-1
3x—-4y =17
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x=-1-2y
3(-1-2y)—-4y=17

y=-2
x=3
Otser: (3;-2)

Pemrenue cucreM JIMHEHHBbIX YPABHEHHUH CIIOCOO0M CJIOKEHUSA

[Ipu pelieHnn cucTeM CIOCOOOM CIIOKEHUS IEPEXOAUM OT JaHHOU
CHUCTEMBI K IPYTOM, PABHOCUJIILHOM € CUCTEME, B KOTOPOM OHO U3 YPABHECHUU
COAEPKUT TOJIBKO OJIHY IIEPEMEHHYIO.

[Ipumep 3. PemuTh cuctemMy ypaBHEHUM:

{2x+3y:—5
x—3y =238
3x =33
x=11

11- 3y =38
-3y =27
y=-9

Ortser: (11;-9)

Ilpumep 4. Pemintb cucTEMYy ypaBHEHUN:
20+ 0=6/*2
30-20=-5

4x+2y=12
3x—2y=-5



2+y=6
y=4
Otger: (1;4)
Pemenue cucreM JIMHEHHBIX YPaBHEeHUH rpaduuecKuM Criocooom

J51s TOr0, YTOOBI PEIMIUTH CUCTEMY JIMHEHHBIX YPAaBHEHUH C TByMS
NEPEMEHHBIMU, MO’KHO MCIIOJIb30BaTh IPaQUKN ypaBHEHUI.

2x+2y =95
3x-y=-9
2x +2y =5
y=25-X

ectmx=0,Toy=2,5 (0;2,5)
ecmx=1,toy=1,5 (1; 1,5)
3 x-y=-9
y=9+3x
ecmu X =-1,Toy=6 (-1; 6)
ecmux =-2, oy =3 (-2; 3)
OtaeT: A (-1,5;4) — peleHue CHCTEMBI
3AJIAHUSA 1151 CAMOCTOSITEJIBHOM PABOTHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Yto Ha3bIBAIOT CUCTEMOM JIMHEWHBIX YPAaBHECHUI?

2. Kak pemmth cucteMy JTHHEHHBIX YpPaBHEHUI CIIOCOOOM TO/ICTAHOBKH?
3. Kak pemutsb cuctemMy JMHEHHBIX ypaBHEHUH CIOCOOOM CIIOKEHUs?

4. Kak pemmuTh CUCTeMY JUHEHHBIX YpaBHEHHU rpadudecKuM criocooom?

IIpaxmuueckue 3a0anusi:

3aganue Ha «3». Pemnts cucTeMbl TMHENHBIX YPABHEHUM:

0 {x—y=7 2 {y—2x=4

x+y=3 x-y=1
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Jaganue Ha «4y.

., . x+2y=4
a)PemnTh cructemMy JMHEHHBIX YpaBHEHHUI CIOCOOOM MOACTAaHOBKHU:
—-2x+5y =10
2x+y =12
0)PemnTh cucTeMy JTMHEMHBIX YPABHEHHUI CIIOCOOOM CIOKEHUS
7x—-2y=31
3ajaHue Ha «5»:
. . x-2y+9=0
a)Pemnth cructeMy JMHEHHBIX YpaBHEHHM CIOCOOOM MOJCTAaHOBKU:
3x-2y-25=0
. o y—x=12
0)Pemnth cucteMy JTMHENMHBIX YPABHEHHM CIIOCOOOM CIIOKEHUS:
11x +5y =156
o . y—2x+4=0
B)Pemnth cucteMy JTMHEMHBIX ypaBHEHUN IpayuyecKuM criocoOoMm: ) 4-0
x—y—-4=
TpeHaxxep Mo pelieHNI0 CUCTEM JIUHEHHbIX YPABHCHUH
3apanme:
1. Peminth cuCTEMBI YpaBHEHUI METOI0M MOJCTAHOBKH.
{3x+y=7 2{2x+y=12 3{y—2x=4
)—5x+2y=3 )7x—2y=31 )7x—y=1
{8y—x—7 5{2x=y+0,5
2x—21y =2 ) 3x—5y=13
6 { 2x+5y=0
) 8x+ 15y =7
7{5x—3y—0 8{4x+3y=14
) 3x+4y—29 ) 5x—3y =25
10x+ 7y =
9){ 2x — 22 = 5y
3x+4y=20 7x+2y=0
10){2x+3y= 1 11){4y+9x= 10
5x + 6y = =20

12){ 9y + 2x = 25
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3x+1=28y 7x+6y==6
13){11}/ 3y =-11 14) {3x +4y=9
5x —4y =16
15>{x—2y=6
16){ 6(x+y)—y=-1 17){3()6—5)—1:6—2)6
70+4)—-(+2)=0 3x—y)—7y=—4
18){ 2B3x—2y)+1="7x 19){3(x+y)—7=12x+y
12(x +y) — 15 = 7x + 12y 6(y — 2x) — 1 = —45x
5(x+2y)—3=3x+5 4x+1=5x—-3y)—6
20) {4(x —3))—50 = —33 2D {3 -
3 = 3 x+6y)+4=9y+19
59+ 8(kx—3y)=7x—12 —2x—y)+16=3(+7
22){ 23){
9x+3(x—9y) =11y + 46 6x—(x—5)=-8—-(@+1)
24)13 25 26
)—+)—’=—2 )—3x+l=—37 ) X _D_y
2 4 2 10 6
27) 28)1 ; 29){ 5
r4 ¥ 3 —+L=0 L_Z_12

10 3

2. Pemuth cuctemMbl ypaBHEHUM METOAOM CIIOKEHUS.

1 {40x+3y=10 5 {5x—2y=12
) 20x—7y =5 )15x—3y=—3
3 {33x+42y=10
) x+ 14y =4
4 {13x—12y=14 c { 10x—-9y =8
) 11x—4 =18y )21y+15x=0,5
9y + 8x = -2
6) {Sy = —4x—11
12x -7y = Ix+2y=1
7){4)6—5)/: 8){17x+6y=—9
9 {6x=25y+1
)5x—16y=—4
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10){4)c+7y=90

5x — 6y = 20
{ 0,5x—0,6y=0
0,4x+ 1,7y = 10,9

—_

2)
10x = 4,6 + 3y
13){ 4y +3,2 = 6x

15) y+4(x—3y) =50

16){—x+ 2V 2=0
S5x y—11

22)y x_v
6 6
1 1

24yl 3 TRy
6x + 5y = 150
11

25)1 37 TV =3
7y +9x = -2
4x—5y—10=0

27){ x_yil_g
5 3 3

5x+2y)—3=x+5

0,75x + 20y = 95
11){ 0,32x — 25y =7

—3x+10y—0,1=0
14){ 15y +4x—2,7 = 0

Loly—o

0,5x+ 0,2y =7
17){
3

——5—0
20){ *
2x —y =10

26{ 4
2x+ 3y =-—12

3. Pemuth cucteMsl ypaBHEHUN TparaecKuM METOIOM:

x—y=1
1){2x+3y=9
{ x+y=0
)—3x+4y=14
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2y =4
2){ x+ 2y

—2x+ 5y =10

— 2y =
4){ 3x—2y=6

3x + 10y = —12



){ X—2y=6 6){ x—y=0 7){2x+3y=5

3x+2y=-6 2x+3y=-5 3x—y=-9
y+3x=0
8){x—y=4
x+y=-2
x+y=1
9){y—x=3
2x+y =20

Pazgea 3. ®yHKuMH, MX CBOHCTBA U rPpapuKu (IIOBTOPEHHE)

3.1. YnucaoBas pyHKuus (MoBTOpEHME)

YucaoBass pyHKIUA.

Uucnoroit ¢pyHKIMEH ¢ obacThio onpeaesieHus: D Ha3piBaeTCs
COOTBETCTBHE, IPH KOTOPOM KKIOMY 3HAUCHHUIO X W3 MHOXecTBa D
COTIOCTABJISIETCS IO HEKOTOPOMY MPHU3HAKY YMCIIO Y, 3aBUCSIIEE OT X.
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Yucio Y, COOTBCTCTBYIOLICEC YHCITY X, HA3bIBACTCA 3HAYCHHUEM (bYHKHI/II/I B
TOYKE X U 0003HAYAIOT

y=f(x)
Oo6unacts onpenencaus pyaknun f o6o3nagaror D ()
Haiinem obnacts onpenencHus GyHKIIAN:
Df@=" D {)=(o:0U(0;+0)

X

2)100=5 D (H=(e3)UGste)

cI)yHKHI/II/I MOI'YT OBITH 3a/[aHbl pa3JIMYHbIMU criocobamu:

1) AHanuTHYeCKHid — QYyHKITUS 3a1a€TCSI C TOMOIIBIO HEKOTOPOH

bopMyIbL.
Hampumep, y=x?+3x-5

y = 2sinx

2) I'paduueckuii — moctpoenue rpaduxka.
3) AnroputMuYecKuii (MaIMHHBIN) — TACTCS AITOPUTM WM IIpOrpamMmma,
110 KOTOPOM ISl KaXKJA0T0 3HAYEHHS X BBIYUCIISIETCS 3HAUCHUE QYHKIIUN
y =1f(x)
4) TaOauuHbIl — TaOJUIICH 3a7a€TCsA HECKOJIBKO 3HAYCHUI apryMeHTa U
COOTBETCTBYIOIINE 3HAUCHUS QYHKITUN
y =x°

3AJIAHUS IJISI CAMOCTOSATEJBHOM PABOTHI
BOITPOCHI 1JIX1 CAMOKOHTPOJIA

1. Yto Ha3bIBAIOT YUCIOBOU (DyHKIIHEH?
2. Kakumu crmioco6aMu MOTYT OBITh 3a1aHbl PYHKIIUH?

Ipaxmuueckue 3a0anusi:

Jaganue Ha «3.

1.Jlana ¢pynxous f(x) = x* + 2x — 3. Haitru f(0), f(-1), f(2).
2. Haiitu o6nacTs onpeneneHus QyHKIUH y = 3i
X
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Jaganue Ha «4y.

Hatiti o6nmacts onpenenenus GyHkuumii:1) y=+4x+8;2) y= I
X —bx+

y

1
-5x-1

3amanue Ha «5»:

Haiitu o6acte onpenencHus QyHkmumia:1) y=+x>+x-12;2) y=

B —b6x-2
YV Tex 112

Tpena:xep

3ananue:

1. Haittu obnacthb onpeaeneHus QyHKIINN:

1) y=+x
2) y=-2x-4
3) y=+v2x+6

1
4 y=

4x -1
1
) y_xz—x—12
6) y=+1-x
7) y=+18-6x
8) y=vx*-2x-8

9) y=+x*+8x+15
10) y=\/;+\/x—1

3x_2
11) y=\/2z+6

4x -1
12 =—- =
) T3 5y _2
-1
13 - X7t
) YT Z9x+20
4x -8
14 =
) =\ 3 6x
15) y=4/2=x)5+x

L .3

x+10
x2+3x—4"

2. a) Jlana ¢pynxmus f(X) = x3 -2x? + x — 1. Haiiru f(0), f(-1), f(2).
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6) Jana pynkuus f(x) = x* —x3 +2x2 +4. Haiiru f(0),f(-1), f(2).



3.2. I'pa¢uxu pyukumii. IIpocreiimue npeodpazoBanusi rpagukoB PpyHKIUit
(moBTOpEHUE)

I'papuku pyHkumi

['padmkoM (yHKITUU HA3BIBAETCS MHOKECTBO BCEX TOUEK KOOPIUHATHON
TUTOCKOCTH, a0CIICCHI KOTOPBIX PaBHBI 3HAUCHUSM apTyMEHTa, a OPINHATHI —
COOTBETCTBYIOIIUM 3HAYCHUSIM (PYHKITHH.

1. y =x? I'paduxoM sBnsercs napadona. I'paguk HeOrpaHUUEHHO

MPOJOJDKACTCS BBEPX CIpaBa U CJIeBa OT OCH X.
(7 WIE, / )

\ /

Puc. 2
CaoiicTBa:
l)ecnu x =0, To Yy = 0. 3HauuT, rpaduk TPOXOAUT Yepe3 HAYaIo KOOPIAUHAT
2) ecnu X #0, T0o y = 0. 3HaUUT, BCce TOUKM rpaduka HaxoasTcs Boiiie ocu OX.
3) IPOTUBOIIOIOXKHBIM 3HAYEHHSIM X COOTBETCTBYET OJTHO U TO K€ 3HAUCHUE Y.

2.y = x3 I'paduxom sBisercs napadona. ['paduk HeOrpaHUIEHHO
npoaopkaeTcsa cupasa ot ocu OY BBepx u cneBa ot ocu OY BHUS.
S N

1
4

|

|
|
/
|

——

Puc.3.

CBoiicTBa:
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1) ecmu x =0, To Y = 0. 3HauuT, Tpad@uK IPOXOIUT Yepe3 Havaio KOOpIUHAT.

2)ecnmu x>0, 10y > 0; ecnu x <0, To y < 0. 3HauuT, rpaduk pacnoyioxed B 1 u 3

KOOPAWMHATHBIX YCTBCPTAX.

3) IMPOTHUBOIIOJJIOKHBIM 3HAYCHUAM X COOTBCTCTBYCT IIPOTHUBOIIOJIOKHBIC 3HAYCHUA
y.

3.y =+/x ®ynkuus umeer cMbich opu X > 0, D — MHOKXECTBO HEOTPHIIATEIBHBIX

gucel. ['pagukom siBisieTcs BETBb nmapabobl.
= ~

1
=

Puc. 4.

CaoiicTBa:
1) ecmu x =0, To Y = 0. 3HauuT, rpaduK NPOXOIUT Yepe3 Havalo KOOPJIUHAT

2) ecnmu x > 0, To y > 0. 3Hauut, rpaduk pacnoyioxkeH B 1 KOOpAUHATHOM

YETBEPTH.

3) GoJibllIeMy 3HAYEHUIO apTYMEHTa COOTBETCTBYET 0OJIbIliee 3HAUCHUE (PYHKIINH;

rpaduk GyHKIIMHA UIIET BBEPX.

4.y = kx + B I'pacdukom siBiisiercs npsimast. st mocTpoeHus rpaduka He0OX0IMMO

HAUTH KOOPAWHATHI IBYX TOYCK.
5 A\

1
=0

Puc. 5.

43



5.y = KX — mpsimMasi mporopIMuOHATIBHOCTb.
(

1
¥

Puc. 6.

k
6 y =— - oOpaTHas pOIMOPIHOHATLHOCT. ['padukoM siBrseTcs runepboa,
X

COCTOSIIast U3 IBYX BETBEH.
D = (-0; 0)U(0;+0)

Puc. 7.

7.y = kx? + Bx + ¢ — kBagparuunas Gpynkuus. ['pagukom sBisercs napadoia,
BEPIIMHOM KOTOPOH sBIIsAETCS TO4Ka (M;N), T1ie

6 . dac —g*
- n=—/.——/—/

2a 4a

m=

[Ipu a > 0 BeTBU HamNpaBJICHbI BBEPX, pU a <0 — BHU3.

44



e

Puc. 8.

AJITOpUTM HOCTPOECHUS KBAAPATUIHON DYHKIIMH:

1) HaWTH KOOPJMHATHI BEPIIUHBI TApaOO0IIbl, OTMETUTh UX HA KOOPIUHATHOM
IIJIOCKOCTH;

2) TIOCTPOMTDH HECKOJBKO TOUEK, MPUHAICKAIINX Mapabolie;

3) COEAMHUTH MOTYYCHHBIC TOYKH IUIABHON JIMHUCH.

Cnoco0b1 npeodpasoBanus rpa@puKoB PyHKIUI

1. mapaienbHBIN EPEHOC BAOIL OCEH KOOPAUHAT:
A

Puc. 9.

2. pacTsbKeHue U cxaTue BIoJb ocu OY
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Avy=2x" y=x
y=1s
2 U
1
o1 .;,:»:
Puc. 10.

3AJIAHUS JJISI CAMOCTOSATEJIBHOM PABOTBI
BOITPOCHI TSI CAMOKOHTPOJIA

. Uro HazpIBaroT rpadukoM QyHKIHH?
. Kaxkumu cBolicTBamu o6nagaer GpyHkmus y=x2? M300pa3ure cXeMaTHIHO

rpaduk.

. Kaxkumu cBolicTBamu o6nagaer Gpynkmus y=x>? M300pa3ure cXeMaTHIHO

rpaduk.

. Kakumu cBoiicTBamu o6manaer GpyHKIus y=+/x ? 1306pasuTe cXeMaTHIHO

rpaduk.

. OnuiuTe TpUHIMN MocTpoeHus rpaduka PyHkiuu y=kx+B. M3o00pasure

CXEMaTHU4HO Tpaduk.

. OnuiuTe NpUHIMI MOCTPOoeHUs rpaduka GyHkun y=kx. M3o00pa3ure

CXeMaTHU4HO Tpaduk.

. OnuimTe TpUHIMI NOCTPOCHUS Trpaduka PyHKIUU y=5. N306pa3ure
X

CXeMaTH4HO TpaduK.

. Onummre anroput™ nocrpoenus rpaduka pynkuuu y = kx? + Bx + C.
. Kakue BbI 3HaeTe criocoObl mpeoOpazoBanus rpadukoB PyHKIINNA?

Ipaxmuueckue 3a0anusi:


http://fgraphiks.narod.ru/sghatie1.html

3ananue Ha «3». [TocTpoitte rpaduku ¢pynkmmit: 1) y=3x+1; 2)y=-2x.

3aganue Ha «4». [locrpoiite rpaduku Gpynknmii: 1) y=-3x?; 2) y=+-4x ; 3) y=-
2x3

3amanue Ha «5»: [locTpoiite rpaduxu pyHKuMii: 1) y=%x2; 2) y=_—6; 3)y=x2-
X

6x +8

3.3. MOHOTOHHOCTbH, OTPAHUYEHHOCTDH, YeTHOCTH U HEYETHOCTh

Oyukuus f HazpIBacTCS uemnoll, €Cu I JF00BIX X U3 e¢ 00JIacTH
OTpeIeTICHUS

f(x)= 1)

Ipumepl. f (x) =x* f(x)=(x)*=x*

®Oyukius f HazpIBaeTCS HeuemHoll, €CITU TS MOOBIX X U3 €€ 00JIaCTH
OIIpENEICHUS

f(-x)=-f(x)
Hpumep2. f (x) =x> f(-x) =(x)}=-x3
®yukuus y = f (X) HasbIBaeTCA nepuoouyeckoil, eClii BbIIOIHIETCS YCIOBHE
fx+T)=f(x)

®Oyukius y = f (X) Ha3bIBACTCS 02panuuenHoll, €CA CYIECTBYET TaKOe
yucyio C >0, uro

|f (x)| < C s moboro X U3 061acTh onpeseneHus QyHKIUH.

Oyukius y = f (X) Ha3bIBaeTCs yobisaoujell Ha UHTEpBaC (a;B), €CIIN IS
JTHOOBIX X1 U Xp, TPUHAIICKAIINX HWHTEPBATY

f(x1) >f(x2)

Oyukmus y = f (X) Ha3pIBaeTCs 6o3pacmaroweli Ha WHTEpBaie (a;B), €CIIU
JUISL TFOOBIX X1 M X2, TPUHAJICKAIIMX UHTEPBATY

f (Xl) < f (Xg)

WNHuTtepBanbl, Ha KOTOPBIX (PYHKIMS MO0 BO3pacTaeT, 1100 yObIBAET,
Ha3bIBAIOT UHTEPBAIAMU MOHOMOHHOCHIU.
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3AJTAHUSI IJISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI JIA CAMOKOHTPOJIA

Kakas ¢pyHKuMs Ha3bIBaeTCs YETHOM?

Kakas ¢pyHKuMs Ha3pIBaeTCsl HEUETHOM?
Kakas ¢pyHKuMs Ha3bIBaeTCs NEPUOANYECKOM?
Kakast pyHKUMs Ha3pIBa€TCS OrpaHUYEHHON?
Kakas pyHkuus HazpiBaeTcsl yObIBarOIIEH?
Kakas pyHK1Ms Ha3pIBa€TCSA BO3pacTarOLIEH?

NOo Ok

Kaxkue HWHTCPBAJIbl HA3BIBAIOT MHTCPBAJIAMU MOHOTOHHOCTH?

Ilpakmuueckue 3a0anus:

3azanue Ha «3». [IpoBepbTe (PyHKIMHU Ha YETHOCTH M HEYETHOCTH: 1) f(X) =6X;
2)f(x) =4-x; 3) f(x) =-6x2+ 2

3azanue Ha «4»; [IpoBepbTe (PyHKIMU HA YETHOCTh U HeueTHOCTh: 1) f(x) =5x3 -

1; 2)f(x) =0,5x2 +3x + 5; Hf(x)=_3
3amanue Ha «5»: [IpoBepbTe PyHKIMU HA YETHOCTh U HEYETHOCTh: 1) f(x) = 2_x1
X+
—2+x
; 2) f(x)= — _bx—
: 2) f(x) 510 3) f(x)=—6x>—|+|

Tpenaxep mo nocTpoeHur0 rpaguKoB U CBOMCTBAM PYHKIMH

3ananue:

1. ITocTpoiite rpadukn Ciaeayrommx HYHKIIAN:

1) y=-6x2+2
2) y=-6x
3) y=5x3-1
3
4) y=-=
x

5) y=x2-6x +5
6) y=0,5x>+3x +5
7) y=x*-2x-8

4

8) v =—
X

9) y=-3x2-1

10) y=x%-4x -5
11) y =-3x3-2
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12) y=+—4x
13) y=x%-8x +15

2. OHDCI[CJII/ITI) YCTHOCTHL M HCUCTHOCTD d)VHKHHﬁ:

1) f(x)=1-x
2) f(x)=x3
3) f(x)=4x

1
4) f (X) = E
5) f(x)=>

X

2
6) fl0=—"
7) f(x)=x° +|x|
8) f(x) =x*—x
9) f(x)=x*

3. Haueptuth 3cKkn3bl rpadrkoB HYHKIINII:

1) ®yHkiMs Bo3pacTaeT Ha HHTepBasie (-00;2] v yObIBaeT Ha MHTEPBAJC
[2; Ho0);

2) ®dyukius Bo3pacTaeT Ha nHTepBanax (-00;2] u [0;3] u yObIBaeT Ha
uHTepBanax [-2;0]u [3;0);

3) Oyukius yosiBaeT Ha MHTEpBae (-o0;1] u [4; c0) U Bo3pacTaeT Ha
uHtepBaie [1;4]

Paszgea 4. Kopau, crenenu u jorapupmsi
4.1. KopHu u cTreneHu.

B pesynbraTte n3y4eHus TeMbl CTYIAEHT JOJDKEH:
ymems:
- BBIYMCIIATh KOPHU HATYPaAJIbHOM CTENIEHU U3 YMCIIA.
3HaAMb.
- IIOHATHE KOPHS N-CTEIEHU U3 YUCIIa,
- OCHOBHBIE CBOMCTBA KOPHEM.
Kopens N-crenenu u ero cBoiicTaa.

KOpHeM N-OM CTEIEHM M3 YMCJIa 4 Ha3bIBAETCS TAKOE YHuCJI0, N-as1 CTCIICHb

KOTOPOT0 paBHa a 1 0603HayaroT va. Uucsio N Ha3pIBAIOT MOKa3aTesleM KOPHS, a
YHCJI0 @ — TIOAKOPSHHBIM BBIPAXCHUEM. 3HAK KOPHS HA3bIBAIOT TAKIKE PAIHKAIIOM.

Hanpuwmep.
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V27 = 3,1k 33 =27

%=2,T.K. 23 =38

4[81 3
16 2’

(OCHOBHBIE CBOWCTBA KOPHEW:

D (¥a) =a
2) &fam ="am*
3) ¥a %o =xfa-b

3AJIAHUSA 151 CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1. Yrto Ha3pIBalOT KOPHEM N-CTENEHU U3 YKciia?
2. llepeuncnure OCHOBHBIE CBOWCTBA KOPHEH.

IIpaxmuueckue 3a0anusi:

3amanue Ha «3». Beraucnute:1) 0,5v81; 2)—2,5v36; 3)v/0,16 +/0,9;
4)/0,121 -/0,09; 5)+/0,0049 +,/0,0025; 6)+/0,36 -4/0,01; 7); 10,49 +12;
15-104/0,01.

3ananue Ha «4: BbIHECTH MHOKUTEIb U3-T10]1 3HaKa KOPHSI:

1) V20; 2)\27; 3) V96; 4) \/48; 5)
V50; 6) V108

7) V28; 8) V366; 9) ~VT8; 10) 2/50;  11) -
1 ) 2 :
~V98;  12) -2,/275;

3aymanue Ha «S»: YOpocTuTh:1) (2\/§ + 1)(2\/§ — 1); 2) (5\/7 — \/1_3)(\/1_3 +
5V7)

3) (3v2 — 2v3)(2V3 + 3v2); 4) (0.5V14 + V3) (V3 — 0.5V14)
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5) (1+2v3)"; 6) (3vZ-3)°

TpeHaxep M0 KOPHAM
1. YopocTuTh BBIpaKEeHHUS:
1) 72 2) (Va?)’; 3VVa; 4) Vo
2. BprauciauTs:
1) ¥=27;2) V81; 3) Y=32; 4) V64; 5) i/g; 6) i/g; 7)== 8)
42\/%; 9) V16 * 625;
10) V32 * 243; 11) /8 '+ 343; 12) ¥/0,0001 * 16; 13) V160 * 625; 14)
V24 +9;

15) Y48+ 27; 16) /75 + 45; 17) Y9+ ¥/3; 18) 16+ ¥=8; 19) V27
V9;

3 4 3 6
3 5% 6/5E. V=625 V128 V243 V128
20) =25+ /25, 21)3=; 22) 5= 23) 3= 24) o=

3. BprauciauTs:

1) 0,6V/36 ; 2)—2,5V25 ; 3)1/0,49 +/0,16; 4)\/0,64 -
V0,04; 5)—/0,0036 +,/0,0025; 6)4/0,01 -/0,0001;

7)§\/_O,81 -1 8) 4-104/0,01;

9)(V8);  10)(—V26); 11) 0,49 + 2(v0,4)*; 12)
3(VIT1)" — V6400;

13) (2v6) + (—-3v2); 14) —0,1(V120)  — (%\/2_0)2;

15) 2vV6 * (—V6 );

16)—(3V5);  17)vLa4 - 2(v0,6)°;  18) (0,1V70) +vI,69:
19)31/0,16 -0,1+/225;

20)0,2+/900 +1,8 \E; 21) 0,3VT,21*V400;  22) 5:/0,25*/0,8T;

23) 10y0,01 + (—VZ)"; 24)0,3V25 —g(\/i)z; 25) 0,5V121 +
3(v/0,81) ;




26) V144 x+/900 *+/0,01; 27) V200 — (4\/@)2; 28) <_3\/§> B

10v0,64

4. Pemnth ypaBHEHUS !

1) x2—0,01 = 0,03 2) 80 + x* = 81 3)
19 +x* =10
2
4)20—x* = -5 5) 3% = 1,47 6) -x
10
1 2 2
7) SX = 32 8) —5x“ =1,8 9)
(x —3)2 = 25
10) (x+4)2=9 11) (x—6)2=7 12)
(x+2)?2=6
5. BbIHECTH MHOXKUTEIb U3-T10]] 3HaKa KOPHS:
2) V12; 2) V18; 3) V80; 4) +/48; 5)
V125 ; 6) V108
7) ViZ; 8)V366;,  9) -v2& 10) 2,/45;  11) -
1 ) 1 :
V147, 12) -=/275;
13) 0,1,/20000; 14) —0,05v28800;  15) v20; 16)

98; 17) v200; 18) v/160;
0,74/300; 21) —0,125v192;
6. YIIpOCTUTB:
1) (V12 +V15) =3
3)(4V3 —2v6 ) x2V3
V60

5) (V328 —2vV3 ++/37 ) xV7 +84
V96

V3 (V12 —2v27)
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19) 0,2,/75; 20)
22) -2+/450;

2) V5 (3V5 +5V8)
4) (3v5 —2v3)*/5 +

6) (VIZ +2vIB)*VZ —

8) (5V2 —7v3) V6



9)V8 — (V10 —V5) V5 10) V48 — 2v3 (2 -
5V12)

11) (1+3v2)(1 - 2v2) 12) (3++V3)(2+V3)
13) (2v2 — v3)(3v2 - 2v3) 14) (V5 —v8) (V5 - 3v2)

15) (2v/5 +V12)(V12 —V/5) — V135 16) (3v2 — v27) (V27 -
V2) — /54

17) (2v/5 + 1)(2vV5 - 1) 18) (5V7 —V13)(V13 +
5v7)

19) (3v2 — 2v3)(2v3 + 3v2) 20) (0.5v14 ++/3) (V3 -
0.5v14)

21) (1 + 3v5)” 22) (2V3-7)°

23) (2v10 - V2)* 24) (3v6 — 23)°

25) (V6 +v35)” — V120 26) V60 + (V3 —V5)

27) (V4 - 3vV2)" +6 V28 28) (3v5 +V15) " —
10v27

/. SIBNSAYOTCS U JaHHBIE PABEHCTBA TOXJECTBaAMU?
4 1

1)5-(3\/; + 5) =25

2)11(0,15v1600-0,29v400=55

3)(V225 + 3v121) (5+/0,09 + 0,78VI00)=6

4) (-6 \E 4 Y228, 008y (7253

4.2. CTeneHM ¢ palMOHAJbHBIMHU MOKA3aTEJIAMHU U UX CBOMCTBA
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B pesynbTaTe n3ydeHus TeMbl CTYACHT JJOJIKEH:

ymembw:

- BBIUHUCJISITH CTENEHU C PAllUOHAIBHBIMU MTOKA3aTEIISIMU.
3HAMb:

- MIOHSITUE CTEMEHU C PAllMOHAJIBHBIM MMOKA3aTelIeM;

- CBOMCTBO CTENEHU C PALIMOHAJIBHBIM I10KA3aTEJIEM.

Crenenu ¢ PANHOHAJIBLHBIMHA MMIOKA3ATECJIAMUA

Crenenbio yncna a>0 ¢ palMOHAIBHBIM NIOKa3aTeieM M/N , rae M- menoe

4HCIIO, a N — HaTypasibHOE YKuciio (0obie 1), Ha3pIBaeTCs Yucio Va™ .

CBOICTBO CTENEHHU C PalrOHAJIbHBIM I10OKAa3aTCJICM:

3AJIAHUS JJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI TSI CAMOKOHTPOJIA

1. Yto HaA3BIBAIOT CTENCHBIO C paluOHAJIbHBIM rokas3arejiemM?
2. Kakum cBoiicTBOM O6JI21I[&€T CTCIICHD C paliliOHAaJIbHBIM ToKas3areyieM?

Ilpakmuueckue 3a0anus:

3ananue Ha «3». [IpeacraBpTe BhIpAXKEHUE B BUIE CTEMEHU C PAlMOHAIBHBIM

IMOKa3aTcCJICM:
1) ¥a’; 2) ¥d;3) ¥a*; 4) 4

3ananue Ha «4: [IpencraBbTe BhIpaK€HHUE B BUIE KOPHS:

2 2

3 3 2
1) 25; 2) a 4;3) —6b 5; 4) b3*c’

1 2 1
3anaHue Ha «5»: Borancmure: 0.001 % — (- 2)%64° -8 2 +(9°f

TpeHaxxep mo creneHu
3ajanme:

1. IlpencraBbTe B BUAE KOPHS U3 YKHCIIA BBIPAKECHHUE:

2 1
1) 3?; 2)5°;3) 4%;4) 6
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2. IIpeacraBbTe BEIPAKEHHUE B BUJIE CTEIICHH C PALMOHAIBHBIM [TOKA3aTeJIEM:
1) ¥a?; 2) ¥3d; 3) ¥a’; 4) ¥a

3. Haitgure 3HaueHME YUCIIOBOTO BBIPAKECHUS:

1 2
4\ g 5 3 \o 6
1) 243, 2) [64 ) . 3) 164; 4) (27 jg 5) 814

3 125°

5 1 3
8 A 1 1 -
w3 ot owe (2]

1 2 1 2
9) 0.001° —(-2)264° -8 3 +(9°f ; 10) 27° +(16) °™ - 255

at

11) (-0.5)* —625°* — (%) " +19(-3)°

4, HpeIICTaBBTG BBIPAKCHHUC B BUAC CTCIICHN C pallMOHAJIbHBIM IIOKA3aTCIICM:
1) SUZrax s 2) P +ib; 3) ada; 4) iz

5. IIpencraBpTe BBIpaXKEHNUE B BUIE KOPHS:

3 3 2 2 1 2

1) 3*25; 2) a*:b%; 3) 2b ¥; 4) b *c7
4.3. CTeHEHH C HeﬁCTBHTeﬂbeIMH noxKka3atTejasiM1M U ux CBOﬁCTBa

B pe3ynbrarte nu3ydeHus: TeMbl CTyACHT JOJIKEH:

ymems.

- BBIYUCIIATH CTEIIEHU C JEUCTBUTESIILHBIMHY ITOKA3aTEIISIMU.
3Hamb:

- IOHSATHUE CTEIICHU C JICMCTBUTEIBLHBIM ITOKa3aTelIeM;

- IOHSATHE OCHOBAHMUS CTCIICHH;

- IOHATHE MOKAa3aTeJIsl CTEIICHMU,

- CBOMCTBA CTEIICHU C JICMCTBUTEIBHBIM ITOKA3aTEIICM.

Crenenu ¢ HeﬁCTBHTeJII)HbIMI/I NoKa3aTeJisiMM M UX CBOMCTBA.

HpOHBBC}ICHI/IG HECKOJBKHNX OAMHAKOBBIX MHOXKUTEJIEH MOYKHO 3aIlicaTh B
BUJC BLIPAXKCHHA, KOTOPOC HA3SBIBACTCA CTCIICHBIO.

XFXFXFxFx= x°
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HOBTOpHIOHIPIfICH MHOKHTCIIb HA3bIBACTCA OCHOBAHHMEM CTCIICHU, a4 YHCJIO
IOBTOPAOIIUXCS MHOKHUTEJIEH — II0KA3aTEIEeM CTEIICHH.

CreneHpio Uynciia a ¢ I[CI?ICTBHTCJILHI)IM ImokazareJjieM N Ha3bIBACTCH
IIPOU3BEACHHUEC N MHO}KHTCHCﬁ, Ka}K,HLIfI N3 KOTOPBIX PABCH a: a".

CBoiicTBa:
1. gMm* g" = gMn (XZ*Xs)
2. gM/gh=gmh (Xlo /XG)
3. (am )n — a'm*n (XZ)G
4. (aB)n =a" g" (X2 y3)6
n n 2
5 4] 24 £ )3
[ 8 j 8" ( x? )
—n 1 2.3
6. a"=— (xy°)
a
7. a°=1
3AJJAHUSA J1JI CAMOCTOSTEJBHOU PABOTBI
BOITPOCHKI 1JIs1 CAMOKOHTPOJIA
1. Yto Ha3BIBAIOT CTEIIEHBIO C AEHCTBUTEIBHBIM ITI0Ka3aTeaeM?
2. YTo Ha3BIBaIOT OCHOBAHUEM CTENIEHU?
3. Yto HaA3BIBAIOT MOKa3aTeJIEM CTEIEHN?
4. TlepeuucnuTe CBOMCTBA CTETICHEH C IEHCTBUTEIBLHBIM MOKa3aTEJIEM.

Ilpakmuueckue 3a0anus:

3aganue Ha «3». HailTu 3HaueHNe BBIPAKECHUS:

1) 5%* 55 3) 797 5) (3%

2) 44*43; 4) 653: 6573 6) (8%)2*83

3asanue Ha «4: 1.Beraucauts: 1) 81* 34; 2) 9°* 95 3) (371

*277 4) 6°: 6%

5) 92: 3% 6) 125%:25°

2. Vnpoctuts Beipaxkenue: 1) 0,5a™ * 10a?s; 2) 2,4x*3y*6*%xy;
5735* 342 o a1 5

3) m nxlemn’; 4) 6p 7a "> p’g
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Jananue Ha «S»: BeraucianTs:

1) 0.57 (%)1 2) 51422 3) 03+01°  4)43-141  5)
(-5,9)° —(-0.2)? 6)10—(%)‘1 7) 7* 49 8) 43+0,1°
9) -4* 4 10) 81*3*

Tpena:kep no creneHu

3apanme:
1. HaiiTu 3HaueHNE BBIPAKECHUS:
a) 34* 3¢ r) 210:212 x) (274
6) 24*23 m) 53:53, 3) (5%)2* 5%
B) 108*10°*10%; e) 3%: 3; u) 34*(32)4

2. BbIUUCIIUTD:

a) 51 *151%; k) 813:(9?) 3
ARNEAY 1
= x| = . _*210.
6) (3} [gj : m Lot
B) 48: 4%, M) 32 * (24
ARG
r) \5) (5)" H) g1 * 43
n (2373 0) 4°*16%
) @ ) 82% 4%
xK) 27 * 34 p) 9°* 273
3) (371)°*81% c) 10°:10%;
) 92: 36 T) 125%:25%;

3. YIpoCcTUTh BBIPAXKEHHUE:
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a) 1,5a8 * 6a?s;
3 _
“m?n**8m°n?;

0)

B) 0,6c%d* *%c‘zd‘z;

4. YpocTuTe BhIpaXKEHUE:

12

13x7°

4 .
a R A
) y 39x°7°
5q¢° 7b7
0) —= ;
) b’ 25a
15¢
B) 3Cp2 :_,2;
p
17
r) 26); =—y25;
y 13x
12x°° y
) v 36x°’
0 63’ _18b°
2b°  7a’

5. Beruucnure:

a) —1°+(-2)°

0) -6°—(-1)*

B) - 8°+(-3)°

6. YIIpOCTHUT:

a) (xy)**(=3x"y")

6) 0,5a°b* *(-2b)°

B) (0,2m?*n)®*1000m*n’
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r) 32x7'y” *gxy ;

H)z

1
=P

-1

1

g7 *=p

6

2

q

5.

e) 3§aﬂrm*05a4b”.

K) (0,25x Py 32 x| =
) ( ) (4W

3)(gp*qrﬂ

3

Za'p®

K) (4

K

) (— 2m5n’3)2;

) talp ey

m(

r)10-5*2 *

;) 2% 34_3%2¢

) 2%5°%45*2°

2
y

K

X

K

4_32* 1
®) 3~(0)" 6,

3) 0,2 * 3°-0.4%2°

n) 8 * 0,5°+25%0,2

u) (-ab)**(-a*b?)

k) 0.2a°h*®*(-5a%0)?

) (%azb)3 *(-32a°b)



r) — 7 ¢**(=0,4¢%)? H) (—%ab“)*(—Z?asb)

1) (- 0,2b°)°5h 0) (2ab)* *(-7a’h)
e)—0.01a* *(~10a°)? 1) 10a’b* *(0.1ab)°
9 1
)K) Ea7 *(—1§a4)2 p)
—0.6a’b’ *(0.5ab°)*
1 2\ % 5
3) (3 ga )*8la c)

1
—3a’b?)**(—ab
( ) (27 )

7.BeauciuTs:

a) 0.5 +(§)-1 e) 671 -3
6) 0.3° +0.1* %) 13° 13"
B) (-2.0° —(~0.2)"3 3)12-(%)1

r) 6%127 n) 25+0.17
1) -4% g2 K) 273

8._Ympoctuth BeIpakeHHE:

3

a) (0.25a—4b~2)2 * (23
) ( ) (4b2)

a~b* 3

6) ( 5 )*(a,zbg)‘3

a™ 2 A2y =2
B *(5a°bc
) (10a5b2) ( )

a’b® , . a*h?,,
r *
) ( oe ) ( o )

4.3. UppaunoHaibHble ypaBHEHMS.
B pe3ynbraTe u3yueHus TeMbl CTYJEHT JOJKEH:
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ymems:

- pelaTh UppPalMOHAJIBHBIE YPAaBHEHUS.
3HAMb.

- [IOHSITUE UPPALMOHAIBHBIX YPaBHECHUM;
- METOJIMKY PELICHUS UPPALUOHAIBHBIX YPAaBHCHUM.

HppanuoHanbHble ypaBHEHUS.

YPaBHCHI/IH, CoACpKalune IICPCMCHHYTO 110 3HAKOM KOPHS, HA3bIBAIOTCA
uppauyuoOHAaJIbHbIMU.

[Tpumep 1.
Vx?2-7=3
(2 =7) =3

x2-7=9
x> =16
x1'2=i4

[Ipumep 2.
Yx-4=2
(Vx—-4)*=2°

x —4=8
x=12

3AJIAHUSA 1151 CAMOCTOSIJIBHOM PABOThHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1. Yro Ha3bpIBalOT UPPALMOHATIBHBIM YpaBHEHUEM?

Ilpakmuueckue 3a0anusi:

Penmites ypaBHEHUS:

Jaganue Ha «3»:

1)Vx+5=-4
2) J2x-2=42

3aganue Ha «4y:
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1) ¥2x-2=1

2) Jx-3=x-9
3aHaHI/Ie Ha «5»:

1) v ¥ -12 =x;

2) 3x(x+6)=x

Tpena:xep

3ananue:

1. PemuTh uppanvoHaibHbIe ypaBHEHUS:

1) Jx=x-6; 2)  Jx?-12=4x;
3) Vx-5=+3-x; 4) Jx-3=x-9

2. PemmTth uppanroHalbHbIE YPABHEHHS:

1) Vx-3=x+1
2) Yx-4=2

3) Y2x+2=2
4) 4f6x-4=2

3. Pemmre nppanroHaIbHbIE YPABHEHUS:

a)Ax -3 =4; 6) Vx=x-2 B) &/x(x+6) =x
r) Jx+2=x-4 1) Jx? +9=2x-3 e) Vi’ -9 =3x-11
K) Vx?—9=x-21 3) Va2 +5x+1=2x-1  u) Jx’-1=43

4.5. Jlorapu¢gmbl 1 UX CBOICTBA.
B pesynbTaTe n3ydeHus TeMbl CTYICHT JTOJDKEH:
ymemb:
- BBIYUCJISTH JIOTAPU(PMBI.
3Hamb:
- IOHATHE Jorapudma,;
- CBOICTBa JIoTapr(PMOB.

Jlorapu¢mbl 1 UX CBOICTBA.

J]oeapu(])mom qucjaa B IIO0 OCHOBAHHIO @ HA3BIBACTCI IIOKA3aTCIIb CTCIICHU
C, B KOTOPYIO HaJI0 BO3BECTH OCHOBAHUC a4, YTOOBI IIOJIYIUTD B.

log, e =c
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ITpumepsl. log,32=5 log,8=3 log,27=3

CaoiicTBa JIorapupmMoB:

1. log,1=0 log,1=0
2. log,a=1 log,3=1
3. log,6c=log, e+log, c log,, 8+ log,,125 = log,,1000 = 3
4. log,$=1log, 6-log, c Iogz7—logzlzlog216:4
c 16
5. log,(6)" =nlog, s

[Ipumeuanue: log,, ¢ = Igs (necaTuunbIi J0orapudm)

3AJIAHUS IJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI 1JIX1 CAMOKOHTPOJIA

1. Yro Ha3bIBaIOT JIOTapuMoM?
2. Ilepeuncnure cBoiicTBa J0rapudMOB.
Ipaxmuuyeckue 3a0anusi:

3amanue Ha «3». Beruncnuts: a) log,16; 6) log;25; B) log,49; 1) log,27; n)
log, 125

3ananue Ha «4: Berauciuts: a) log, 9; 0) Iogsz%; B) Iogzé; r) log,,1; 1)
3

Ig100000

e) log, 64; x) I0938il; 3) log, 625
5

8

3ananue Ha «S»: Beraucauts: 1) log,2-log,16; 2) Iogsé+log38; 3) IogSY—Iogsé;
4) Ilg14—1g140; 5) log,32-log,2; 6) log,,9-2log,,10; 7) log,11-log, 22
Tpenaxep

3ajganme:
1. BeryuciauTsb:
a) log,16; ©0) log 125; B) log,64; T) log,81; m) log, 625;
e) log,9; x) Iogszis;s) Iogzé; n) log,1; k) lg1000.
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2. BBIUHUCINTS:

a) log,, 4+log,, 36;

0) 1g13—-1g130;
B) log, 2+log, 8;

r) log,3-log,6;

) I0951O+I095%;

e) logz128 —log, 2;
x) log,;9-2log,,10;

3) log,3-log, 24;

n) Iogsé+ log,6;

K) Iog45+log4%;
1) log,11-log, 44;
M) log,,4+log,, 36;
9
H) log.9-log, —;
) log, %5 36

0) log, 6-log, 3;

2 2
n) log,8-3log, 2;

p) log,,4-2log,,10;
1,
c) log,4+ Iog3Z,

4 16
T) IogA€—Iog4E.

Paznea 5. IlokasarenbHas v Jiorapupmuydecasi QyHKUHH

5.1. Iloka3arenbHas, Jorapupmuyeckasi X CBOHCTBA U rpauKu



B pe3ynbpTaTe n3y4eHus TEMbI CTYAEHT JOJDKEH:
3HAMb:

- IOHSATHE U CBOMCTBA MOKA3aTeIbHON (DYHKIINH;

- IOHSTHE U CBOMCTBA TOrapuPMUUECKON PYHKINH;
- IOHSITHE U CBOMCTBA CTETIEHHOW (PYHKIINU.

Hoka3areabHas, Jorapupmuyeckass (yHKUUH, UX CBOMCTBA H
rpaguku.

OyHkus, 3aanHas Gopmyoit y = a * ;rae a>0, a #0, Ha3bIBaeTcs
MoKa3aTebHOU (PYHKITUEH.

CBoiicTBa:

1. D= MHOXeCTBO I[CﬁCTBHTCJII)HBIX YHCCII.
2. OOnacTh 3HAUCHHUI — MHOKECTBO BCEX MOJIOKHUTEIIHLHBIX I[GﬁCTBPITGJ'IBHBIX

YHUCEel.
3. Ilpu a>1 dynkuus Bo3pactaet, rpu 0 < a <1 ¢yHKiHs yObIBaET.

[Tpu a>0: [Tpu a<O0:

a=1

O=g=1
Q== -1

Puc. 11

®dyukius, 3ananHas Gopmyioii y =109, Ha3pIBaeTCs JT0OrapuPpMUUECKON
byHKLIHEH.

CBoiicTBa:

1. D= MHOXECTBO MOJOKUTEIbHBIX YUCEN.
2. OO0nacTh 3HaYE€HUN — MHOKECTBO BCEX JICUCTBUTEIBHBIX YHUCEI.
3. Ilpu a>1 ¢pynkuus Bo3pacraer, npu 0 < a <1 ¢yHKuMs yObIBaeT.
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Puc. 12

dyukuus, 3aganHas popmyioi f(X) = x ?, Ha3pIBaeTCs CTEINCHHON
(byHKITHEH.

CBoiicTBa:

1. Ecnu a — detHoe, TO QYyHKIMS — YeTHAsl; a — HEUYETHOE, PYHKIUS —
HEYeTHasl.

2. Ecmu a <0, x>0, To pyHkuusa yobiBaeT Ha mpomexyTke (0; o0); ecnu
bynkuus a > 0, x>0, To PyHKIUS BO3pacTaeT.

IIpn a>0:
y 4 ry=i p=d*\ ¥ Fy
“1'""  (e=1) (@<1) \.1
_—'—"/ E a T° 4
L > o -
0 1 x 0 1 x
Puc. 13

3AJIAHUS IJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1. Kakyro (yHKIUIO HAa3bIBAIOT OKA3aTEIbHOM?

2. Ilepeuncnure cBOWCTBA MOKAa3aTEILHON (PYHKITUU M CXEMAaTUYHO
n300pazute rpaduk.

3. Kakyro ¢yHKIMIO HA3bIBAIOT JIOTapU(DMUUECKON?

4. Tlepeuucnute cBOMCTBA JIOTapU(PMUUECKON PYHKIIMU U CXEMATUYHO
n3zo0pasute rpadux.

5. Kakyro (yHKIMIO HA3bIBAIOT CTETIEHHOM ?
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6. Ilepeuncnure cBOMCTBA CTETIEHHON (DYHKIIMM U CXEMAaTUYHO U300pa3uTe

rpaduk.

5.2. Pemienune npocrefiliuX IOKa3aTeIbHbIX YPaBHEHUI.

B pe3synbraTte n3y4eHus TeMbI CTYIAEHT JOJDKEH:
ymems:
- pelaTh NPOCTEUIINE MOKA3aTEIIbHBIE YPABHEHHUS.
3HaAMb.
- IOHSITUE TTOKA3aTEIbHBIX YPABHEHUM;
- METOJIMKY PEUICHUS MTOKA3aTEIbHBIX YPABHEHUM.
Penienue npocrediunx NnoKa3aTeJbHbIX YPaBHEHHH.

[Ipocrelimue noka3areabHbIe YPABHEHHS UMEIOT BUJ a * = B.
[TIpumepsl. Pemints ypaBHEHUS:

1. 772=3/49

7x-2=723

x—2:Z
3

xX=2—
3

2. 5 #l_25
x2-2x—-1=2
x=3;-1
3. 4-5*2*+4=0
y=2"
y2—5y+4=0
2*=1;x=0
2*=4; x =2
3AJTAHUS IJISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI 1JIsI CAMOKOHTPOJIA
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1. Yrto Ha3bIBAIOT MPOCTEUIIIUM MMOKA3ATENbHBIM YpaBHEHUEM ?
2. OxapakTepu3yiTe METOIMKY PELICHHS MOKa3aTeIbHBIX YpPaBHEHUI.

Ilpakmuueckue 3a0anus:
PemmTs npocreiiiime rnoxka3arejabHble YPaBHECHUS:

3aganue Ha «3.

1) 3°=27

2) 10> =10
3) 20 =32

4) 4724 = 42>

3amganue Ha «4:

1) 7x278x+l5 1
1 X
2 —_— =
) (4) 64
3) 72x—4 — 495—4x

1 3x-2
4 - — 3x+4
() -

Jaganue Ha «S5»:

1) V2" =4

—ix+3

2) 105 L

3) 3" %3 =3

4) 9* —8*3" +15=0
Tpenaxep

3aganue: Pemuth ypaBHEHUS:

1) 3v5=81; 11) (1] _ L.
2 64
2) 92 =77 12) 9~ 8*3*— 9 = 0;
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3) 3t =32 13) 100* -11*10*-10=0

4) V3* =9; 14) 49% -8*7* +7=0;
5) 36% — 4*6*-12 = 0; 15) 2772 =1

6) 5 =1, 16) 32 = 8%

7) 2 47 =8: 17) 92 = 32x6:

8) 4* =64, 18) 434 = 6452,

9) @ = 27; 19) @ s

10)  3*=81; 20) 6= 3654,

5.3. Pemienne mpocTeiilinx MOKa3aTeJlbHbIX HEPABEHCTB.

B pesynbTaTe n3ydeHus TeMbl CTYJEHT JOJKEH:
ymemy:

- pelaTh NPOCTEUIIINE MOKA3aTeIbHbIE HEPaBEHCTBA.
3Hamb:

- MIOHSITUE TIOKA3aTEIbHBIX HEPABEHCTB,

- METOJIMKY PEIICHUS TOKA3aTEIbHbIX HEPABEHCTB.

Penrenue npocredinx MoKa3areJbHbIX HEPABEHCTB.

HepasencTa Buga a* >C , a* < C Ha3pIBarOTCA MPOCTEULINMU
MOKa3aTeJIbHBIMUA HEPABEHCTBAMM.

[Ipumepl. Pemnts HepaBeHCcTBO 32 > 3%2
2X > x-2

X >-2 OtBer: (-2; )
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1 2x-1 1
[Ipumep 2. - —
_— (2} " 16
BRG]
- > =
2 2
Xx>2.5 Ortsert: (2,5; »)

[pumep 3. 6% 72 51

x%-7x+12>0
x%-Tx+12=0
x=3;4
OtBerT: (-00; 3) U(3; )
3AJIAHUS 1)1 CAMOCTOSITEJIBHOM PABOThHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

1.Y1o Ha3bIBaIOT MPOCTEUIINM MMOKA3aTEIbHBIM HEPABEHCTBOM?
2.0xapakTepu3yiTe METOIMKY PEUICHHs MTOKa3aTeIbHBIX HEPABEHCTB.

Ilpaxmuueckue 3a0anus:
Pemuts nipoctenme nmoka3arebHbIE HEPABCHCTBA!

3aganue Ha «3.

1) 6*>6

2) 4* <16

3) 54 >25

4) 0,3°% < 0,097

3aganue Ha «4:

1) 32x2 +7x+15 < 39

2) (2+x) 1
3) 1000* % < (ij
10
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4) (5)4.%763“84 ~125

3aHaHI/Ie Ha «3»:

1) 2°>%/8

—-39x-40
2) 3 >(1J
3

1 2x24x
3) (Ej <

4 () <

|

Tpena:xep

3ananue:

PemuTts HEpaBeHCTBA:

1) 3>27;

2) 6x2+2x > 63,
3) 32%77:

4) 4*>64;
5) 2% >2%3;

6) 37+4x>27;

7) 4>2<16;
10x 2
8) m >643 "

4

o (1) 22
10) (V6 <

1
36

70

11) 0,4>1<0,16:

12) 0,37*<0,027;

2x-3
13) 2" > [lj -
2

1)2

14) 34”33[—}
9
10x 2
15) (lj >6473 "
4
x%-5x+8
16) (EJ sl;
3 9
17) 2x2—8x+18 28 ’

18) (3+x) ™ >1;

19) (x2 —8x+16)x_6 >1

20) (x _ 1)x2 —6x+8

2
X

>1



5.4. Pemienue npocredmux JgorapuGMuyecKux ypaBHEHHH.

B pesynbraTte n3y4eHus TeMbI CTYIAEHT JOJDKEH:
ymems:

- pemaTh NpocTeime JorapupMudeckue ypaBHEHUS.
3HAMb.

- IOHATHE JOTapU(PMUYECKUX YPABHECHHIA;

- METOJIUKY PELICHUSs JIOTapu(PMUIECKIX YpaBHEHUH.

YpaBHeHue, cofieprKaliee nepeMeHHYIo MoJ1 3HaKOM Jorapudma uin B
OCHOBaHMH JIoTapu(dMa, Ha3bIBACTCS JIOTapUPMUIECKUM.

PaccmoTpum nipocreiiiiee jorapudmudeckoe ypapaenue 109, X =B
[Tpumep 1. Pemuth ypaBHEHHME:

log, (x> +4x +3)=3

X%+ 4x +3 =28

x?+4x-5=0

x=1;-5

Ipumep 2. logy 16 - logy 2 = %

log 1_1
2 2

ITpumep 3. logs (2x+3)=log 5 (12x-4)
2x+3 =x+1
X=-2

[Mpumep 4. 1g 2x + Ig (x+3) = Ig (12x-4)
lg 2x (x +3) =1g (12x-4)

2x% +6x = 12x -4
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2x%-6x+4=0

x=2;1

3AIAHMS J1JISI CAMOCTOATEJBbHOM PABOTHI
BOIIPOCBI JIXI CAMOKOHTPOJIA

1. Yto Ha3BIBAIOT MPOCTEHIINM JIOTapU(PMUUECKUM YpaBHEHUEM?
2. OxapakTepu3yiTe METOJIMKY PEUICHHS JIOTapUPMUIECKIX ypaBHEHUH.
IIpaxmuueckue 3a0anusi:

Pemute mpocreiinue gorapupMuyecKue ypaBHEHUS:

3agadue Ha «3.

1) log » x= 2;

2) log 3 (x+10) = 2;
3) log 5(x-1) = 0;
4) log ., (2x+3) =3

3amganue Ha «4:

1) log, (x +4)=-2

2)lgx=3;

3) log, (x-5)=-1

4) log, (x-1)=-2

2

3agaHue Ha «5»:

1) log o5x =-1;

2) log 16x=-%;

3)logx4-logy2=

Wl

4)logx8+logx2=2

Tpenaxep
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3ananme: Pemuth ypaBHEHUS:

Pemurtes ypaBHEHMS:

1) log 3(x-12) = 2; 14) log -3 (4x+7) = 3;

2) logs(x +10)=2; 15) log s (8x +5)=-1;
3) IogX2+IogX3=%; 16) log x 5+ log x 1 =-2;
4) log,(3—-x)=0; 17)log 10(3—-4x)=0
5) log 4(2x-10) = 2; 18) log ¢ (4x+8) = 2;
6) log o3 (5+2x)=1; 19) log 05 (3-2x) = 1;
7) log, (2x—4) = -2; 20) log, (x+6) =-1

8) Iogx16-logx2=%; 21)Iogx8+logx2=%;
9) log o4x = -1; 22) log os5x = -1;

10) |099X:-%; 23) log -8x=%;

11) lgx=2; 24) g x =-3;

12) log, (2x - 6) =2; 25) log, (x +1) =-3;

13)log 5 (x-6) = 1; 26) log 7 (x-10) = 2.

5.5. Pemnenne npocredmux JorapupMuyeckux HepaBeHCTB

B pesynbrare nu3ydeHus TeMbl CTYIAEHT JOJDKEH:

ymema:

- peuaTh NpocTermne JJorapupMrUIecKue HEepaBeHCTBA.
3HamMb:

- IOHATHE JOTapU(PMUYECKUX HEPABEHCTB;

- METOJUKY pEeIIEeHUs JOorapu(pMUUECKNX HEPABEHCTB.

Hepagsencrpa Buna log , x >c, log , X < ¢, rme a> 0, a #1 Ha3pIBaIOTCSA
IPOCTEUIIUMH JOrapHu(PMUUCCKUMH HEPABEHCTBAMU.

[Tpumep 1. PemuTh HEpaBEHCTBO:
log 3 (5-2x)>2

5-2x > 32
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Otser: (-o0; -2)

[Tpumep 2.

log? x > 36

2

log? x >6° log? x > (-6)°
2 2

log, x>6 log, x>-6
2 2

x>i X > 64
64

Ortser: (6—14;oc) i (64;0c)

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOTHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1. Yrto Ha3bIBAIOT MPOCTEUIIUM JOTapu(PMUUECKHUM HEPABEHCTBOM?
2. OxapakTepu3yiTe METOIMKY pelIeHHs JIOTapU(PMUIECKIX HEPaBEHCTB.
IIpaxmuueckue 3a0anusi:

Pemute mpocreiinue gorapupMudecKie HepaBeHCTBA:

3aganue Ha «3.

1)logs(3x +1)>2
2) log -4 (x -8) >2
3)logsex <1

4) log x3x >1

3amganure Ha «4:

1) log, (7 +5x)> -1

4

2) |Og 15 (2X2 - 5x + 17) <]
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3) log 2 (4x +3) <-2
4) log x+5x2< 2

3amanue Ha «5»:

1) log, <2

x-1
2x+3

2) log 22x <-5
3) |0g 05X <-1

4) log, (x-8)>log, (x +3)+log, 2

8 8 8
Tpena:xep

3aganue: PemnTs, HEpaBEeHCTBA:

1) log 7(4x + 1) <2; 14) log 3(7x + 1) <3;
2) log,(3—2x)>-1; 15) log, (3x—2)>-2;

3 2
3) log 25x < 2; 16) log 2 3x < 4;
4) log o7x < 1; 17) log o5x <2;
5) log, (x+8)>log, (x-3)+log, 3x; 18) log -32x < -6;

2 2 2

4x-1 . x—6 .

6) log, 3 <1; 19) Iog_4ms2,
7) log x:725 >2; 20) log 23 >1;
8) log 15(x% — 4x + 3) <I; 21) log ¢ (4x + 3) <-2;
9) log x+19<2; 22) log x+54 < 2;
10) log 3x3x >1; 23) log 3x-1x >1;
11) l0g 3x3X <1; 24)log 9 (3x+ 1)<
12) log 05X <-2; 25) log 15x <-2;
13) log, (5+2x)> -1; 26) log, (x-7)>-2.

5 3

Pazgesn 6. OCHOBBI TPMTOHOMETPHUU

6.1. Paxnannoe uamepenue yrjioB u aAyr.Tpuronomerpuyeckne pyHkuum

YMCJIOBOT0 ApryMeHTAa, 3HAKM UX 3HAYEHU I

B pe3ynbrarte nu3ydeHus: TeMbl CTYACHT JOJIKEH:
ymems:

- IEPEXOAUTH OT I'PaJyCHOM MEPHI yIUla K paJlMaHHOM U OT paJMaHHON MEpBI yIia

K IpaJyCHOM;
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- OIPENENATh 3HAKU 3HAUEHUN TPUTOHOMETPUUECKUX (YHKIUI.
3HAMb:

- IOHSITHE PaAMaHHOMN MEpPHI YIJIA,

- IOHSITUE CUHYCA, KOCHHYCA, TAHI€HCA U KOTAHI'€HCA YMCIIA;

- (hopmyy mepexo/ia OT IrpagyCHOM MepHI yIia K paJuaHHOK;

- (hopMyITy mepexojia OT paiuaHHON Mephl yIia K rpajdyCHOM;

- 3HaKU 3HAYCHUN TPUTOHOMETPUUYECKUX (PYHKIIHIA.

Pannannoe usmepenue yriioB u Ayr. COOTHOIIEHUS MEXKIY
rPaxyCHOM ¥ PaIUAHHON MEpPOH yrJia

PannannoM Mepoii yriia Ha3bIBAETCS OTHOLIEHUE JJIMHBI COOTBETCTBYIOLIEH
IyTH K PaANYyCy OKPYKHOCTH. EquHUIIEN paIuaHHONW MEPHI YTJIOB SIBJISIETCS
panuas.

VYron B 1 paguan — 3T0 Tako# yroJi, y KOTOPOTo JIJIMHA AYTH PABHA PAJIAYCY
OKPY>KHOCTH.

I'pagycHas Mepa yria B OfUH paauad pasHa 180°/ m = 57°,
@opmyna repexoia OT rpalyCHOM MEpHI yria K paJuaHHOM:

q= T
180°

*

a — paJuaHHas Mepa yria
L — rpangycHas Mepa yria
Ipumep 1. L =240°;a="?

x40 = 4%
3

a=——*240° =~
180 18

®opmyna nepexona OT paAuaHHOW MEpPHI yrila K IpaayCHOM:

0
L _180°
T
[Tpumep 2. a:%[,L=7
0
L =280 77 100
T
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CuHyc, KOCHHYC, TAHT€HC U KOTAHT€HC YU CJIA.
Tpuronomerpnuyeckue GyHKIHN YMCJI0BOT0 APrYMEHTa, 3HAKH M X

3HAYEHUN
HauepTuM OKpy’>KHOCTH € LIEHTPOM B HavaJie KOOPAWHAT.
OTHollIEHUE OpAUHATHI TOUKHU B K 1uHe

panuyca R

Bixy) Ha3bIBAETCS CHHYCOM 1

sint:E
R

OTHoitrenne adcrucesl TOUKU B K utnHe
paguyca R

Ha3bIBAETCA KOCUHYCOM .

cost =

;U|oz

Tanrencom yucna t Ha3pIBA€TCS OTHOUIEHUE CUHYCA 3TOT0 YKCIIa K KOCHHYCY,

KOTaHI'€HCOM — OTHOIIIEHUE KOCUHYCa K CUHYCY.
sinL . cost
ftgt=—

tgt =——
g cosL sint

Sint, cost, tgt, ctgt Ha3pIBatOTCSA TPUTOHOMETPUUCCKUMHU (YHKIIUSIMHU.

3HaKu CHHYCa, KOCHMHYCA, TAHT'CHCA M KOTAHI'CHCA I10 YCTBCPTAM.

»

(S1E]
(B
S1E]
klH

oo
ASIEVANY

Puc.15

(F P (-
NN\

&
@
k
o

3AJTAHUS 1JISI CAMOCTOSATEJIBHOM PABOTHI
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BOITPOCEHI JII CAMOKOHTPOJIA

UTo Ha3bIBAIOT paaHHON Mepou yria’?

UYro siBsieTCS €AMHULIEH paJuaHHON MephI yTiia?

®dopMyiia nepexoja oT rpalyCHOM MEphI YIJIa K paJuaHHOMI?
®dopMyiia nepexoja oT paAMaHHOW MEpBI yIJia K rpayCHOM?
Yrto Takoe cuHycC uncia?

Uro Takoe KocuHyc yucua’?

Uro Takoe TaHreHc yucna’?

Uto Takoe KoTaHreHc yuciua’?

©WoOoN Ok owdE

Kakue ¢pyHKIMM Ha3bIBAIOTCS TPUTOHOMETPHUUECKUMU?
10.Kakue 3HaKM UMEIOT CHHYC, KOCHHYC, TAHT€HC ¥ KOTAHTE€HC 10 YETBEPTIM?

Ipaxmuueckue 3a0anusi:
1. Haiitu paguannyio mepy yrios: 36°%; 72; 310°
o T, 2, 3
2. Haiitu rpamycHyto Mepy yria: 3 5
3. Kakwme 3HaKH UMEIOT:
cos 1607 sin 300°%; tg 320°; ctg 500°; sin 70°; cos (-200)°; tg (-45°)

Tpenaxep

3ananue:
1. Haiitu pagnanHyro Mepy YrJjoB:

300 45% 600 900 1200 135% 1500 1800 210% 2400 270% 315% 36°

72: 310% 315% 360% 216°% 330°.

2. Haiitu rpanycHyto Mepy yria:

oz, 5. Wr. BBz, 4z, n. 7. 32, 7. 2z, 3x. 7. 5z, 37, Iz, 1llrx,
36’ 918" 30’ 3’726 573" 57 479" 4’ 2712 6’
Lz, 137
207 30 °

3. Kakwue 3HaKU HUMEIOT:
cos 150°; sin 320°; tg 220°; ctg 400°; sin 60 cos 200°; tg 45°;

ctg 100°%; sin 170°% cos 300°%; tg 160°; ctg 315% tg 450°; sin 400°; sin 50°;

tg 200°;
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0s 129%; ctg 560°; sin 350% tg 401°% cos 29°% ctg 237°; sin 210° tg 654°.

6.2.Co0THOLIEHUS] MKy TPUTOHOMETPUYECKMMH (DYHKIIUSIMH OTHOTO
aprymesra.

B pesynbprare u3ydyeHus: TeMbl CTYAEHT JOJIKEH:

ymems.

- IPUMEHATh Ha IPAKTUKE TPUTOHOMETPUUYECKUE TOXKIECTBA.
3HAMb:

- TPUTOHOMETPUUYECKHE TOXKIECTBA.

1. CYMMa KBaIIpaTOB CHHyca 51 KOCI/IHyca OJIHOI'O U TOI'O apryMeHTa paBHa
CANHUIIC.
sin“t + cost =1
in
2. tgr=Mt
cost

cost
3. Ctgt e —
sint

4. tgtctgt=1

1
cos’t

5. 1+tg’t =

6. 1+ctg’t =

sin’t
[Mpumep 1. Haiitu cost, tg t, ctg t, ecnim sint=0,8
cost =+v1-sin’t =./1-0,64 =0,6

t_smt _0,8_11

“cost 06 3
3
ctgt=—
g 4

[Ipumep 2. YOpoCTUTH BBIpAXKEHUE:

cost ..._ _cost +sint_coszt+sint+sin2t_ 1
1+sint 1+sint  cost cost(L+sint) cost
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[Ipumep 3. JIokazath TOXKIECTBO:

sint +1+cost_ 2
1+cost sint sint

sint_ 1+cost _sin’t+1+2cost+cos’t _ 2+2cost _ 21+cost) _ 2
1+cost  sint sint(L+ cost) sint(l+cost) sint(l+cost) sint
2 _2
sint  sint

3AJTAHUSI 1JISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI TSI CAMOKOHTPOJIA

1. CpopmynupyiiTe TPUTOHOMETPUUECKUE TOKIECTBA.

Ilpakmuueckue 3a0anus:

3aganue Ha «3». Haiitm sint, tgtu ctgt, ecim cos t=0,3.
3amanue Ha «4:

1. Haiitm tgt, ecm ctg t=0,2.
2. Ynupoctuts Belpaxkenus:1) 1 —cos?t;  2) sin’t +2+ cos 2t
3ananue Ha «5»: YIIPOCTHTH BHIPAKEHUS:

1) cos t- cos t * sin’t;

2) ctg?acos?®a — Ctg?a;

3) (L+ctg’t +CL)*33in “tcos’t

0s’t
Tpenaxep
3ajnanme:
1. Hanitm cost, tgt, ctgt, ecnu sint:%.
2. Haiitu sint, tgt, ctgt, ecau cost:%.
3. Haiitu sint, tgt, ctgt, ecau cost:%.

4. Haitti cost, tgt, ctgt, ecan sint:%

5. Hanitm sint, tgt, ctgtecnu cost :—% .

6. Ympoctute BeIpaKeHUS:
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1—sin’t;
(1 -cost)(1+cost);
1+ sin’t + cos °t;
sint - sint cos °t;
sin“t + cos “t + 2sin’tcosL;
tg’t - sin’t tg*;
Cos 2t + tg?t cos ;
tg’t (2 cos 2t + sin’t -1);
1-tg°t +tg*t .

cos’t

sint sint

"1+cost 1—cost’

© OoNoGOhLDE

10

7. JlokayKuTe TOXXIeCTBA.

1) 1 +sint +cost+tgt=(1+cost) (1+tgt);
2) sint  1+cost
1-cost  sint

3) (ctgt+1)°+ (ctgt-1)°=

2
sin?t

6.3. IIpeoOpa3oBanusi CyMM TPUTOHOMETPUYECKUX (PYHKIHI B
npoussenenue. [ipeodpazosanue npousBeeHuil TPUTOHOMETPHUYECKUX
¢Gynkuuii B cymmbl. Ileppoau4HoCcTh TPUTOHOMETPUYECKUX PYHKIMH

B pesynbraTte n3y4eHus TeMbI CTYIAEHT JOJDKEH:

ymems:

- MpeoOpa3oBbIBATh CYMMbI TPUTOHOMETPUYECKUX (QYHKUUN B MPOU3BEICHUE;
- MpeoOpa3oBbIBATH MPOU3BEICHUSI TPUTOHOMETPUUECKUX (DYHKIUI B CYyMMBI;
- HAXOJMTb NepuoA (PyHKIH;

- IPUMEHSTH (POPMYJIbI CIIOKEHHUS;

- IPUMEHSTH (POPMYJIbI JBOMHOTO U MOJOBUHHOTO apryMEHTAa.

3Hamb:
- (opmybl IpeoOpa3zoBaHUs CyMM TPUTOHOMETPUUYECKUX (DYHKIIUA B
MIPOU3BE/ICHUE;

- opmyJibl IpeoOpa3oBaHus MPOU3BEACHUN TPUTOHOMETPUUECKUX (DYHKITUHN B
CYMMBI,

- IOHATHE TTEPUOINYCCKON (DYHKIIHNH;

- CBOMCTBA MEPUOANIHOCTH TPUTOHOMETPUICCKUX (PYHKITUI;

- opMyJIBI CIIOXKEHUS,;

- (hopMyIIBI ABOWHOTO M MTOJIOBUHHOTO apryMEHTA.
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IIpeoGpa3oBanusi CcyMM TPUTOHOMETPUYECKHX (PYyHKIUIT B IpOU3BeAeHHE

a+ﬂcosa_ﬂ

1. sina+sin B =2sin
p 2 2
2. sina—sinﬂ:2cosa+’gsina_ﬂ
2 2
3. 003a+cosﬁ:2003a;ﬂcosa;’8
4, cos(x—cosﬂ=25ina+'gsinﬂ_a
2 2
5. tga+tg,8:—sm(a+ﬂ)
cosa cos 3
0. tga_tgﬂ:M
cosa cosf

ITpumep 1. Beruncnurs:

0 0 0 10
sin 75° +5sin15° = 2sin 75 +15 cos [ 2sin 45° cos30° = ££ = ﬁ
2 2 2 2 2
[Tpumep 2. BeIuucauTh:
Sz _x Sz 7w
sin5—7[—sin£=25in 12 12 cos 12 12 :23inzcos£: l£=£
2 2 4 2 2 2

IIpeoOpa3oBanue npou3BeeHU TPUTOHOMETPUYECKUX PYHKIUI B

CyMMBI
1. sinccosp = %(sin(a+ﬂ)+3in(a—ﬂ))
2. cOSaCOosf = %(cos(a + )+ cos(a - B))
3. sinasin f = %(cos(a - p)-cos(a+ B))

[Tpumep 3. Beruucnurs:

2+\/§
4

sin 75° cos15° = %(sin(?SO +15° )+sin(75° —15°)) = %(sin 90° +5in 60° )= %(u ﬁj -

2

Iepuoan4yHOCTH TPUTOHOMETPHYECKUX PYHKIIUI
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Oyuknuio f Ha3pIBaIOT nepuoduueckoti ¢ nepuogom T#0, ecnu s 1000T0
X U3 00J1acTH OTpeeNICHHs 3HAaUeHUs 3TON (DYHKIIMHU B TOUKaX X, X-T, Xx+T paBHBI,
T. €.

fx+T)=f(x)=f(x-T)

Bce tpuronomerpuueckue GyHKIMU Y = SIN X, Y = COS X, Y =1g X, y = ctg X
Ha3bIBAIOTCS NEPUOOUUECKUMU.

CBolicTBa MEPUOANYHOCTH TPUTOHOMETPUUECKUX (PYHKIIUNA MOXKHO BBIPA3UTh
TOXJAECTBAMMU:

sin o = sin(a + 27K)
cosa = cos(a + 27K)
tga = tg(a + 7K)
ctgar = ctg(e + k)

HanMeHnbmmii noJI0KATENBHBIN IEPUOJT JJIs1 CHHYCA U KOCUHYCA PABEH 27 , IS
TaHT'€HCA U KOTaHI'€HCA 7 .

[Tpumep 4. Beruucnurs:
c0s3660° = cos(360° *10+ 60° ): cos60° = %

[Tpumep 5. Beruucnurs:
V3

2

J3

sin(—300°) —tg(-150°) = sin(—300° +360°) — tg(—150° +180°) = sin 60° —tg30° = o

w| &

[Ipumep 6. Hatitu nepuoa byHKIUU:
y=Sin3x

nycTh T — HICKOMBIN NIEPUOA

sin 3x =sin 3 (x + T) =sin (3x + 37T)
3T=2x

=27
3

[Ipumep 7. Halitu nepuosa GpyHKIUU:
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= COS5
Y 2

nyCcTh T — HICKOMBIN NIEPUOA

X X+T X T
COS— =C0S —— |=cCc0s —+ —
2 2 2 2

Z=27r
2

T=4r
DopMyJIbI CII0KEHHSI

cos(a — 3) = cosacos 3 +sin asin B
cos(a + 3)= coscrcos B —sin asin B
sin(a — 8)=sin azcos S —cosasin
sin(a + ) =sin azcos B + cosasin

tga +t
t“a+ﬂ%1%wa%§

o AR

[pumep 8. Haiitu sin(a + ), eciu sina :% : cosf = S

13
2
cosa =—J/1-sin‘a =— f —(gj :_%

sin f=— 1_(_£j2 :_E_
sin(a+ﬂ):g.(_%}r[_gj_(_%j:g

[Ipumep 9. Haiitu tg(a - ), eciu tga :%, tgf = %

1 1 1
tga-tgf 2 3 _6_1
tala — 8)= = —o_=
9@~ A)=1" engs L1177
6

23
®DopMyJibl IBOHHOI0 U NMOJJOBUHHOI'0 AapPryMEHTa

1) sin2a=2sina-cosa
2) cos2a =cos’ a—sin’«a
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2tgax

1-tg°a

4) sin’ a_ 1-cosa sin? - [1-cosa
2 2 2 2
@
2

3) tg2a =

5) COszg:l+c03a _ l1-cosa
2 2 2
6) t a_ sina
2 1+cosa

[Tpumep 10. Haiitu sin 2a u cos2«, eciu sin a =g

sin 2o = 2sin & - COS & :-ﬁ
25

C0S2c = CoS’ a —sin? a:(—gjz —(EJZ _°_16 __ 1,
5 5 25 25 25

w| &

[Ipumep 11. Haittu tg%, eClu sina =

V5

- Sne _ 3 _ &
2 l+cosa 4 2
3

3AJIAHUS IJISI CAMOCTOSATEJBHOM PABOTHI
BOITPOCHI T CAMOKOHTPOJIA

1.3anummTe popMyIibl peoOpazoBaHusd CyMM TPUTOHOMETPUUECKUX (PYHKIMHI B
POU3BECHUE.

2. 3anummrte GopMyJibl TpeoOpa3oBaHus MPOU3BEACHUN TPUTOHOMETPUUECKUX
(GyHKLMIA B CYMMBI.

3. Kakyto (hyHKIMIO HA3bIBAIOT MEPUOANYECKON?

4. Tlepeuucnute TpUroHoMeTprUueckue GyHKIUU.

5. 3anummre GopMyJibl CBOMCTB NEPUOJUYHOCTH TPUTOHOMETPUUECKUX (DYHKIIHIM.
6. 3anummuTe GOPMYJIbI CIOKEHUS.

7. 3anummTe GOpMyJIIbl JBOMHOTO U MOJOBUHHOTO apryMEHTA.
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Ipaxmuueckue 3a0anusi:

YHpocTUTh BBIPAKCHHUS:
3agadue Ha «3».

1) sin 20° cos40° + cos20° sin 40°
2)sin 45° c0s15° —cos45° sin15°
3aganue Ha «4:

1) cos12° cos18° —sin12°sin18°
2)c0s98° cos8’ +sin 98° sin 8°

3 tg22° +tg23°
1-tg22°tg23°

L 45° —tg15°
1+1tg15°tg45°

3aganue Ha «5»:

sin®19° —cos®19° ~ sin?57° +sin?33°
sin19° — cos19° tg19° + ctgl9’

Tpenaxep
3ananme:
1. Haitru sin(a - f), ecnu cosa = —g, sin = —% :

2. Haiitu sin(a + B), ecnu cosa :—%, cosp="2.

5)
3. Haiitu tg(a+ f), ecim tga = %, tgpf = g
. 1 . 2
4. Haiitu tg(a + f), ecnn tga = cosinf==.
5. Haiitu sin(a + ) u sin(a— ), ecnu cosa :g, sin o
6. Haiitu cos(a + ) u cos(a— ), ecnu sina :%, cos 3

7. Hantu sing, cosg, tgg, eclIn COSa:—l.
2 2 2 25

8. Haiitu sin2a, eciin cosa :g.

9. Haiitu sin 2, cos2a U tg2a, eclu Sin a :—g.

10. Haiitu sin2a, cos2a, tg2a, €CIU COSa =%.
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11. Haiitu sin2a, cos2/, sin(a— ), cosla + f3), ecnm sinazg, cosﬁ=—%.

12. IIpeacTaBuTh NIPOM3BEAEHNE TPUTOHOMETPUIECKHUX (DYHKIIUI B BUIE CYMMBI:
1) sin10°-sin20°;
2) sin45°.cos30°.

13. IlpeacTaBUTh CyMMY TPUTOHOMETPUUYECKUX (PYHKIIMIA B BUJIEC TPOU3BEICHUS:

1) sin105° +sin75°;
2) c0s105° —cos75°;
3) sin105° —sin75°;

4) sin&jtsinzZ :
12 12

5) sin&—sinS—ﬂ;
12 12

6) cos%+sin1—;;
7) sin40° +sin20°.
14. Be1yuCIUTb:
1) tg 405% 2sin 7500 sin 1843% cos 7230°% sin 900°; tg585°% ctg 750°;
2) tg(-135°) - tg 225°;
3) 2sin 750° — 3c0s900° + tg405°;
4) sin(-330°) + sin (-690°)
15. Haiitu nepuon pyHKIIMU:
1) y=192x;
2) y=ctg ;;
3) y =cos 3x;

4) y=c0s>;
)y cos 7,

5) y=cos ~.
)y c
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6.4. CpoiicTBa M rpa)UKH TPUTOHOMETPHUYECKUX (PYHKIIHIA.
OOpaTHble TPUrOHOMeTPHUYECKHE PYHKIMHU

B pe3ynbraTe u3yueHus: TeMbl CTYACHT JOJDKCH:
ymemy:

- CTPOUTH TpaduKU TPUTOHOMETPUUYECKUX (PYHKIIHA.
3Hamb:

- cBOMcTBa (DyHKIMH Y = SIN X;

- CBOMCTBA (YHKIMH y = COS X;

- cBOMCTBA QYHKIMH Y = tQ X;

- CBOMCTBA PyHKIMH y = cl] X;

- cCBOMCTBa (DyHKIIMU y = arcsin x;

- CBOMCTBA (PYHKIIMH y = arccos X;

- CBOMCTBa (PyHKIMU y = arctg x;

- CBOMCTBA PyHKIIMM Yy = arcctg x.

CaoiicTBa ¥ rpad UK TPUTOHOMETPHUYECKUX (PYHKIIHIA.
OoOparHble TpUroHOMeTpHUYecKHe GyHKIMH.

1l.y=sinx
CBoiicTBa:

1. O6nactb onpenenenus R: x — mobdoe yuco.

2. O6macte 3HaucHwmii: [-1;1].

3. DyHKIIMS HEUYETHAS, IEPUOINIECKAs C IIEPUOOM 2 7 ; OTpaHUUYCHHAs,
nepecekaeT ock OV B Touke y = 0, och OX B Toukax x = ~Nn, N £0, 1, 2,

4, OyHKIHS BO3pACTAaET Ha KaXKJOM U3 OTPE3KOB {— % + 27211;%—%— Zﬂm:l U
Vs 3
yOBIBaET Ha KaXXJIOM U3 OTPE3KOB {E + 27, > + 272711} .

T T
5. B Toukax x = > 27n ©MeeT MaKCUMYMBI (Y = 1), B TOUKax X = St 27n

MUHUMYMBI

(y=-1).

['padux HA3BIBAETCS CUHYCOUOOILI.
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Puc.16

2.y =CO0S X
CBoMCTBA:

1. O6nacts onpenenenus R: x — nmo6oe yuco.
2. O6mactp 3HayeHwmii: [-1;1].
3. OyHKIMS YeTHas, IePUOINIECKAs C IEPUOIOM 2 7 ; OTpaHUYEHHAS,

nepecekaeT ock OV B Touke y = 1, ocb OX B TOUKax X = %+ m
4. ®YHKIMA BO3PACTAET HA KAKIOM M3 OTPE3KOB [— 7 + 2/m;2/zm] U yObIBaET
[270; 7 + 27m], N 0, £1, £2, ...

5. B toukax x = 2zn umeer MakcuMyMmsbl (y = 1), B TOUKax X = 7+ 27m
MUHUMYMBI

(y =-1).

['pacduix HA3BIBAETCA KOCUHYCOUOOL.

Puc. 17

3y=tgx

CBoicCTBA:

T
1. O6nactb onpenenenus R: X — mobdoe ynciio, He paBHOE St

2. O6snacTh 3HaUYCHUM: Y- T1000€ YUCIIO.
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3. OyHKUMS YeTHas, IEPUOJUYECKas C IEPUOJIOM 7 ; HEOrpAHUUEHHAs,
nepecekaeT ock OV B Touke y = 0, och OX B TOUKaX X = zn.

T v
4. OyHKIMS BO3pacTaeT Ha KaKJI0M U3 HHTEPBAJIOB {— oA ﬂm} :
DKCTPEMYMOB HE UMEET.

['paduk Ha3bIBAaETCS MmaneeHcoUdou.

Yi
-
Z L I
~n m -Zn n I ¢ Z (8 X
Puc.18
4.v=ctg x
CBoWcTBa:

1. OGnactb onpenenenus R: x — moboe yucio, He paBHoe zn, N £0, £1,+2, ...
2. OO6nacTh 3HaYEHUH: y- TI000E YUCTIO.
3. OyHKIMS YeTHas, MepUoIuIecKas ¢ MepruoJIoM r ; HeorpaHndeHHasi, ocb OY

T
He nepecekaet, ocb OX nepecekaeT B TOUKaxX X = ot m .

4. OyHKuUs yObIBAET Ha KaIOM U3 UHTEPBAJIOB [zn; 7 + zm|, SKCTPEMYyMOB HE

HUMCCT.

['pacduix HA3BIBAaETCA KOMAH2EHCOUOOT.
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l y:ffgx

|
L
- s ! T i Lo n ool W, 1 SN, 3N X
el B -3 7 i J
|
Puc.19
5.y = arcsin x
CBoiicTBa:

1. Oo6nacte onpenenenus R: x € [-1;1].

2. OOnacTh 3HaueHui: y € [—%%} .

3. OyHKIMS HEUeTHas, HEMePUOINYEeCcKasi, OTpaHuYEHHas, epecekaer och OY
n ocb OX B Hayane koopauHat: X =0,y =0.

4. ®yHKIUS BO3pacTaeT Ha BCel 00JIaCTH ONpeeeHUs, IKCTPEMYMOB HE

HMeEeT.
¥
- h
2
y=arcsinx)
sa¢ =1 0 1: 2 N
-n
o
Puc.20
6. y =arccos x
CBoWCTBA:

1. OGnacts onpenenenus R: x € [-1;1].
2. O6nacts 3nauenuit: y € [0;7].

91



3. CDYHKI_II/IH HHU 4YC€THAJd HHM HCUCTHAsA, HCIICPUOANICCKAA, OrpaHUYCHHAA,

T
nepecekaeT ocb OV B Touke y = > och OX B TOoukax x = 1.

4. @OyHKIMs yObIBaeT Ha BCeHl 00JIACTH OMpEeeIeHHs], IKCTPEMYMOB HE

NMCCT.
¥
L
\ y=arccos(x)
-2 -1 0 a I
-n |
R
Puc.21
7.y =arctg x
CBoiicTBa:

1. OGnactb onpeneneHust R: x — mro0oe.
9 T T
2. OOnacTh 3HaueHUi: y € [—E;E} .
3. OyHKIMS HEUETHAsA, HEMEPUOINYECKasi, OTpaHuYeHHas, iepecekaeT ocb OY
u ock OX B Havase koopauHat: x =0,y =0.

4. dyHKIMsS BO3pacTaeT Ha BCEHl 001acT onpeneneHus, dKCTPEMYMOB HE

HUMCCT.

¥

k)

2

-10 -3 0 5 10 X
y=arctgx

-7

%
Puc.22

8.y = arcctg x
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CBoiicTBa:

=

O6nacTe onpenenenus R: x - moboe
OGmnacTth 3Hauenuit: y € [0;z].

3. (DyHKHI/Iﬂ HH 4C€THAA HU HCUCTHAA, HCIICPUOANICCKAA, OTpaAaHNYCHHA,

no

T
nepecekaet ocb OY B Touke y = —, ocb OX He IepeceKkaer.
2 b

4. @OyHKIMs yObIBaeT Ha BCEH 00IACTH OMpeIeIeHHsI, IKCTPEMYMOB HE
uMeerT.

y=arcctgx

Puc.23

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOTHI

BOITPOCHI I CAMOKOHTPOJIA
1.3anummre cBOWCTBA (PYHKIIUH Y = SIN X U TOCTPOMTE CXeMaTHYHO rpaduK.
2. 3anuiuTe cBoKCTBA (YHKIUHU Y = COS X U IOCTPOUTE CXEMAaTUYHO TpaduK.
3. 3anumure cBoWcTBa PYHKIMH Y = {Q X ¥ MOCTPONUTE CXEMATUYHO TpaduK.
4. 3anumuTe cBocTBa GyHKINU Yy = ctg X U TOCTPONTE CXeMAaTUYHO rpaduK.
5. 3anuiuTe cBOMCTBA (HYHKIMH y = arcsin X v MOCTPONTE CXeMaTUYHO rpaduK.
6. 3anumuTe cBOKWCTBA PYHKIMU y = arCOS X ¥ MOCTPOMTE CXEMaTUYHO IrpaduK.
7. 3anummTe cBOKMCTBA PYHKIMHU y = arctg X ¥ MOCTPOUTE CXEMAaTUYHO IpaduK.
8. 3anuiure cBoMCTBA (PYHKIIMM Y = arcCtg X U MOCTPONTE CXEMAaTUYHO TpaduK.

6.5. IIpocTeiilmue TPUroHOMeTPUYECKHE YPABHEHUS 1
HepaBeHCTBAa

B pesynbraTte n3y4eHus TeMbI CTYAEHT JOJDKEH:

ymems:

- pelaTh NpOCTEUIINE TPUTOHOMETPUUECKUE YPABHEHMUS.
3HaMb:
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- IOHATHE TPUTOHOMETPUUYECKUX YPABHEHUM;
- IOHSITUE TPUTOHOMETPUYECKUX HEPABEHCTB.
- (hopmyIBI KOPHEW TPUTOHOMETPUUYECKUX YPABHEHUI.

IIpocTeiinie TPUrOHOMETPHUYECKHE YPABHCHHUS M HEPABEHCTBA.

VYpaBHeHus Buja Sin X =a, COS X = @, tg X = a, Ctg X = a Ha3pIBaIOTCSA
mpucoHomempu4eCKumMuU.

HepaBernctBa Buja Sin X < a, C0S X > a, tg X < a, ctg X >a HaspIBalOTCA
MPULOHOMEMPUUECKUMU.

1.sinx=a x = (-1)"arcsina+ ~n

[Mpumep 1. Pemute ypaBHeHHE SIN X = %
— (1Y arcsin L
x = (-1)"arcsin 5 + zn

xzpnn%i+ﬂn

[Tpumep 2. Pemutek ypaBHeHHE SIN X = %
x = (-1)" arcsin g + zn
x=(C1)"Z + zn
4
2.cosx=a X = +arccosa+ 2z
21
[Tpumep 3. Pemuth ypaBHEHUE COS X = >

1
X = =+ arccos > + 27N

X=ﬂ:% +27zn

[pumep 4. Penth ypaBHeHHE COS (2x —%) -8

2
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J3

2x—Z=+arccos | X2 | +2xn
4 2

2x F=+ 1o,
4 6

ox=+ T +% 42
6 4

57

X=x —
12

+Z+2n
8

B.tgx=a x=arctga+ n

Ipumep 5. Pemmts ypasHEHME tg X = /3

x =arctg ¥3 + zn

T
= —+ 7N

4. ctgx=a X =arcctga+ n

[Ipumep 6. Permuth ypaBHenue ctg 2X = -1
2x =arcctg (-1) + zn

3

2X = + 7N
4

3AJIAHUS IJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI JTA CAMOKOHTPOJIA

1.Kakue ypaBHEHUs HA3bIBAKOTCA TPUTOHOMETPUUECKUMU ?

2. Kakue HepaBeHCTBA HAa3bIBAKOTCS TPUTOHOMETPUUECKUMU?

3. 3anummTe GopMyIy KOPHS TPUTOHOMETPHUECKOTO ypaBHEHHs SiN X = a.
4 .3anumute GopMyy KOpHEH TPUTOHOMETPUUYECKOTO ypaBHEHUs COS X =a.
5. 3anummre GopmMyIly KOpHS TPUTOHOMETPUYECKOTO YpaBHEeHHUs 1g X =a.
6. 3anummre GopMyIly KOpHS TPUTOHOMETPUYECKOTO YpaBHEeHHUs clg X =a.

Ipaxmuueckue 3a0anusi:
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Penuts ypaBHEeHUS:
3amanue Ha «3».

1) cos x = —%;

2)tgx=0;
3)sinx=-1
3aganue Ha «4:

1) 2 cos X - +/3=0;
2) 2sin X =1;

3) V3tg 3x =1;
3agaHue Ha «5»:

1) ctg (%—%);@;

2) 2sin [%—%j;/?;
3) 2cos (37”+ 2xj =-\2

Tpenaxep

3ananue:

Pemuts ypaBHEHUS:

1) sin x :-i;
2

2) CO0S X :g;

3) tgx =1;

4) ctgx =1;

5) 2cos x - 1=0;

6) V3tg x - 1=0;
T X )\_ 4.

7) tg (Z_Ej_ 1;

8) cos x =-1;

9) cos X :-%;

V3

10) sinx =-—;

11) tgx =-

S

12) tg x =0;
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13)
14)

15)
16)

17)
18)
19)
20)

21)
22)
23)

24)

tg X + /3=0;

sin X==:

4

1
2 1

ctgx + 1=0;

J3ctg x - 1= 0;

oS (f - 2xj =1
6

(1_1
3 4

j=J§;



Pa3znea 7. IIpsiMbien IUI0CKOCTH B IPOCTPAHCTBE

7.1. AKCHMOMBI CTepeOMeTPHUHU M MpoCcTeilne cJeICTBHS U3
Hux.B3aumMHoe pacnoJio:keHue ABYX NPSIMbIX B POCTPAHCTBE

B pe3ynbTaTe n3ydeHus TeMbl CTYACHT JOJDKEH:
3Hamb:

- IOHSATHE CTEPEOMETPUH;

- OCHOBHBIE (PUTYPBI B IPOCTPAHCTBE;

- aKCMOMBI CTEPEOMETPUH;

- CIICZICTBUS U3 AKCUOM CTEPEOMETPHH;

- IOHATHE NMApAJUIEIBHBIX IPSIMBIX B IPOCTPAHCTBE.
- IOHATHE CKPEIIUBAIOIINXCS MPSMBIX.

AKCHOMBI CTEpPEeOMETPHUHU M MPOCTEIue CJIeICTBUA U3 HUX

Cmepeomempus — pa3iell TEOMETPUH, B KOTOPOM U3y4aroTcs (PUryphl B
IIPOCTPAHCTBE.

OCHOBHBIMM (pUTYpaMU B TPOCTPAHCTBE SABJIAIOTCS TOUKA, IpsAMas U
IIJIOCKOCTb.

[Tnockocth OeckoHeuHa. byieM n3o0pa)xarth 4acTh IJIOCKOCTH B BU/JIE
napasuienorpamma. Ilnockoctu 0603Ha4Yar0TCs TpeuecKuMu OyKBaMu «, B,y ...

v

AXCHUOMBI CTEDEOMETPUH .

1. KakoBa Obl HU OblIa MJIOCKOCTh, CYILIECTBYIOT TOUKH, TPUHAJJICKAIINE ITOU
MJIOCKOCTH, U TOYKH, HE MIPUHAJJICKAIUE SH.
2. Ecnm nBe pa3nnyHbIe IITOCKOCTH UMEIOT OOIIYIO TOYKY, TO OHU
MIEPECEKAOTCS IO MPSMOU, IPOXOIALIEH YEPE3 3TY TOUKY.
3. Ecnm nBe paznuyHbie MPpsSMbIE UMEIOT OOIIYIO0 TOUKY, TO Y€pe3 HUX MOKHO
MPOBECTHU IUIOCKOCTh U MPUTOM TOJIBKO OJHY.
CrneAcTBUS U3 AKCUOM CTEPEOMETPUH:

1. Yepes npsiMyIo U HE JISKAIIYIO HAa HEH TOUKY MOKHO MPOBECTH ILIOCKOCTh U
IIPUTOM TOJIBKO OJHY.

2. Ecnu nBe TOYKHM MpsSMO MpUHAJIEKAT IIOCKOCTH, TO BCS MPsMast
MIPUHAJIEKUT 3TOU TTTIOCKOCTH.
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3. Uepes Tpu TOUKH, HE JIeKAIIKe HA OAHOU MPSMOM, MOKHO MPOBECTU
IJIOCKOCTh U MPUTOM TOJIBKO OJIHY.

B3aumnoe PaACmoOJOKEHUE IBYX NMPAMBIX B IIPOCTPAHCTBE

I[BG IIPAMBIC B ITPOCTPAHCTBC HA3BIBAKOTCA napasjielbHbiMu, CCIIN OHU
JICXKAT B OI[HOﬁ IINIOCKOCTH U HC IICPCCCKAIOTCA.

HpSIMI)Ie, KOTOPBIC HC IICPCCCKAOTCA U HC JICIKAT B OI[HOﬁ IIJTOCKOCTH,
HAa3bIBAKOTCA CKpeuuearoujuMucA.

Teopema: Yepes TOUKY BHE TAHHOW MPSAMON MOKHO ITPOBECTH MPSAMYIO,
MapaJuIeNIbHYI0 3TOW IPSAMOU, U IIPUTOM TOJIBKO OJIHY.

JlaHo: psimas a.
A€ npsiMoii a
all a;
Jloka3zaTb: a; — €AMHCTB.
JlokazaTenbCTBo.

[IpoBenem uepes NpsAMYIO a M TOUKY A IUIOCKOCTh « . JlOITyCTHM, 4TO CYIECTBYET
Jpyras npsmas ap, IpoxXoAsias 4epe3 TOUKY a U napajuiesibHas NpsiMOU a. uyepes
IIPSAMBIE & U a2 MOKHO IPOBECTH IUIOCKOCTh  « 2. IIITOCKOCTH & 2 MPOXOIUT yepes
PSMYIO @ M TOUKY A. CIE€0BATEIbHO, OHA COBIAJAET C INIOCKOCTHIO ¢ . 3HAYMT,
npsiMasi a1 a2 COBNAJALOT.

3AJIAHUSA 151 CAMOCTOSITEJIBHON PABOTHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1.Yto Takoe crepeoMeTpusi?

2. I[lepeuncnure OCHOBHBIE (PUTYPHI B TPOCTPAHCTBE.

3. Kak uzo6paxkaercs miocKoCcTh?

4. ChopmynupyiiTe aKCHOMBI CTEPEOMETPHH.

5. ChopmynupyiTe CIeICTBUS U3 aKCUOM CTEPEOMETPHH.

6. Kakue npsiMble B MPOCTPAHCTBE HA3bIBAIOTCS MAPaJIICIbHBIMU?

7. Kakue npsiMble B IPOCTPAHCTBE HA3bIBAIOTCS CKPEIIMBAIOIIIMMUCS?

7.2. ¥Yroa mexny npsambiMu. [Ipu3Hak napajieJbHOCTH NPAMOW U
IVIOCKOCTH.
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IIpu3Hak napasnjieJbHOCTH INIOCKOCTEH

B pe3ynbpTaTe n3y4eHus TEMBbI CTYACHT JOJDKEH:
3HaMb:

- IPU3HAK NAPAJLIEITBHOCTH MPSMBIX;

- IPU3HAK NAPaAJUIEIbHOCTH MPSAMOU U INIOCKOCTH;
- IPU3HAK NapPAJLIEIbHOCTH INIOCKOCTEM.

Yroa mexnay npsambiMu. [Ipu3Hak napaniebHOCTH NPAMOU U
IUIOCKOCTH

JIBe mepecekarouecs npsMbie 00pa3yloT CMEXHbBIE U BEPTUKATIbHBIC YTIIbI.
BepTuKanbHbIE YIIIbl PABHEL, @ CMEXKHBIE JOMOJHSIOT ApyT apyra g0 180°. Yron
MESKTy TIEpIIEHANKYISPHEIME IpAMbIME paseH 90°. Yron Mexmy mapasienbHbIMu
npsAMbIMH paBeH 0.

[Ipu3HaK napajIeNabHOCTH OPSIMBIX: JIBE MPSAMBIE, TapalIeIbHbIE TPEThEH
PSAMOM, ITapaJlICIIbHBI.

[Ipr3HaK napaJIeaIbHOCTH MPSMOW U INIOCKOCTH: IPsIMas U INIOCKOCTh
Ha3bIBAKOTCS NApAJJICIIBHBIMU, €CJIM OHHU HE NIEPECEKAIOTCS.
Teopema: Ecnu npsiMast, He mpUHaAJIekKallas MIOCKOCTH, MapalijieibHa KaKOM-

HUOYIb IPSAIMOI B 3TOM IJIOCKOCTH, TO OHA MapajliedbHa U CaMOU MJIOCKOCTH.

JlaHo: TIOCKOCTh «
npsimMasi a € o
npsimMasi a1 € «

all al

Hoxkazarb: npsamas a ll «

Puc. 24  Jloka3zaTeiabCTBO.

Yepes nmpsiMbIe a U a1 IPOBEAEM IIJIOCKOCTh « 1. [ITOCKOCTH o M « 1 IepeceKaroTcs
o TPSIMOM a1, €cJiv ObI IpsiMas a MepeceKasna MIOCKOCTh « , TO TOUKa MepecedeHust
npuHajjiexana Obl MPSMOMN a;. HO 3TO HEBO3MOXKHO, T. K. a Il a;. Urak, mpsmast a
HE TepeceKaeT MI0CKOCTh « . CienoBaTenbHo, a lla .

Ipu3zHak napansieIbHOCTH MJI0CKOCTEMH.

[Ipu3HaK napajuIeJIbHOCTH IJIOCKOCTEH: IBE€ IIIOCKOCTH HA3bIBAIOTCS
napaui€JibHbBIMHU, €CJIN OHU HC MCPECCKAIOTCH.
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TeopeMa: Ecan ABC IICPECCKAIOIMNECA ITPAMBIC O,Z[HOﬁ IIJIOCKOCTH
COOTBCTCTBCHHO IIapalJICIIbHBI ABYM IIPSIMbIM I[perﬁ IIITIOCKOCTH, TO 3TH
IJIOCKOCTH IapaJlJICIIbHBI.

2 ----- ; JlaHO: IIIOCKOCTH o U f3
, _— npsiMble a1 1 a2 € «a
£ B npsiMble By U B2 € 3
a 1l B,

Puc. 25 ax 1l B,

Hoxkazate: a |l g
JlokazarenbCTBO:

Homyctum, uto o Il g, T. €. mepecekaroTcs Mo HeKOTOpoi HpsiMoii ¢. Tak kak aj Il
B1 A

ay 11 B2, TO OHU He MepeceKaroT NpsIMyIo ¢. 3HAYUT, B IJIOCKOCTU o YEPE3 TOUKY A
MPOXOJAT JIBE MpsIMbIE (a1 U a2), NapajlyiesbHble TPsiMO ¢. Ho 3TO HEBO3MOXKHO 1O
aKCHOME TapaJUIeIbHBIX MPsMbIX. [Ipunum k npotuBopeunto. 3Hauut, o |l 4.

3AJIAHUSA 151 CAMOCTOSITEJIBHON PABOTHI

BOITPOCHI JIJIA CAMOKOHTPOJIA
1. Chopmynupyiite npu3HaK MapajeIbHOCTH MPSMBbIX.
2. ChopmynupyiiTe Mpu3HaK MapauieIbHOCTH MPSIMOU U INIOCKOCTH.
3. ChopmynupyiiTe MpU3HAK MapaJlJIeIbHOCTH IIJIOCKOCTEH.

7.3. TlapajulejibHOE MPOEKTHPOBAHME U €r0 CBOICTBA.
[epneHAMKYJISIPHOCTH NPAMOHN M IIOCKOCTH. OPTOroHAJIbHOE
NMPOEKTHPOBAHUE.

B pe3ynbrare n3ydeHus: TeMbl CTyAEHT JOJIKEH:

3HaMb.

- CBOMCTBa (PUTYPHI HA TIJIOCKOCTH;

- IOHATHE NPSAMOU, EPIEHIUKYIISIPHON IUIOCKOCTH;

- CBOMCTBA MEPHEHAUKYIJISIPHOCTHU MPSIMOM U IUIOCKOCTH;
- IOHSATHE OPTOTOHAIILHOTO ITPOEKTUPOBAHMSL.
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IHapajuienbHOE NPOCKTHPOBAHUE U €0 CBOMCTBA.
IepneHAMKYJIAPHOCTH NPAMOM U IVIOCKOCTH. OpPTOroHAJIBLHOE
NPOCKTHPOBAaHHUeE.

J111s n300paxeHus MpOCTPAaHCTBEHHBIX (PUTYp Ha MIIOCKOCTH UCTIOIB3YETCS
[1apajulesIbHOE POEKTUPOBAHUE.

JlaHa MIIOCKOCTh @ € YyepTeoM. BeiOepeM Mpou3BOJIbHYIO IPSIMYIO a,
MEPECEKAIOIIYIO TNIOCKOCTh YEPTEkKA « .

Puc. 336

Puc. 26

CsoiicTBa d)I/IFVDBI Ha IIJIOCKOCTH.

1. TlpsimonuHeHbIe OTPE3KH (HUTYPBI H300pakKaIOTCA Ha TIIOCKOCTH YepTeka
OTpE3KaMH;

2. IlapannenbHbie OTpe3KH GUTYPHI H300pakat0TCA Ha TUIOCKOCTH
napauIeTbHBIMUA OTPE3KaMHU;

3. OTHoOIIIEHUE OTPE3KOB OTHON MPSIMON WITH MApaIJICIbHBIX PSIMBIX
COXPAaHSETCS TIPU MapaJuIeTbHOM MPOCKTHPOBAHUH.

[Ipsimast, mepecekaroas INIOCKOCTb, HA3bIBACTCS MEPIICHAUKYIIAPHON dTOU
MJIOCKOCTH, €CJIM OHA MEPHEHIUKYJIIpHA JTI000H MPSMON, KOTOpas JEKUT B JaHHOU
IJIOCKOCTH U IIPOXOAUT YE€PE3 TOUKY IIEPECECUCHMUS.

Teopema: Ecnu npsiMast nepneHANKYISpHA ABYM MIEPECEKAIOIINMCS MTPSMBIM,
JIEKAIUM B INUIOCKOCTH, TO OHA NEPIEHAUKYJIIPHA JaHHOU IIJIOCKOCTH.
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JlaHO: TIOCKOCTh o

AN

% IIpsaMast a IICPCCCKacT &

I[OKaSaTB: ImpsaMast aJ— a
I[OKaSaTe.]'IBCTBOI

1) IIpoBenem MpPOU3BOIBHYIO MPSIMYIO X Yepe3 TOUKY A B IUNIOCKOCTH « ,
NEPIEHANKYJISIPHYIO IIPSIMOH a.

2) IIpoBeneM B IJIOCKOCTH @ MPOU3BOJIBHYIO MPSIMYIO, HE TIPOXOASIIYIO Yepes3
TOYKY A M IIEPECEKAIOUIYIO NPsMBIE B, C U X. TycTh B, C 1 X — Toukn
IIEPECEUYECHUS.

3) OT0XKUM Ha TPSIMOM a OT TOYKH A B Pa3HBIC CTOPOHBI PABHBIE OTPE3KH
AA;=AA;,. Coequnum Touku B, C u X ¢ Toukamu A1 u As.

4) PaccmotpuMm A A1CA; — paBHOOenperHsIi (T. K. AC — MeinaHa u BBICOTA).
A A1BA; — paBHOOenpeHHbIil (T. k. AB — MenuaHna u BeicoTa).

3naunt, A A1BC = A A,BC (o 3 npusnaky). CinenoBarenbHo, AiBX =
A,BX, CnenoBarensHo, A A1BX = AA,BX (1o 1 npusnaky).
CrnenoBatenbHo, A1 X = AyX, cnegoBatenbHo A A1 XAy — paBHOOEAPEHHBIN.
3Hauut, AX sBisiercst BbIcOTOU. Cae0BaTeNnbHO, IpsMas a L g

CBONCTBA NEPIIEHAUKYIIPHOCTH TIPIMOU U MJIOCKOCTH:

1. Ecnu nmiaockocTh NEPHEeHIMKYISIpHA OJJHOM U3 ABYX MapalieabHbIX IPSIMBIX,
TO OHA NEPHEHAUKYJIISIPHA U IPYTOM.

2. JIBe mpsiMble, EPICHINKYISIPHBIE OJHOM U TOH K€ TUIOCKOCTH,
I1apajulesIbHBI.

OPI’I’IOZOHCl]ZbHOG npoekmupoeaHue IpUMCHSCTCS B UCPUCHNH — OTO IMApaJlJICIIbHOC
IMPOCKTUPOBAHUC ITPAMBIMHU.

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOTHI
BOITPOCHI IJIsA CAMOKOHTPOJIA

1. Chopmynupyiite cBoVicTBa (PUTYpP HA MITIOCKOCTH.
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2. Kakas npsimas, nepecekaronast IioCcKOCTh, HA3bIBAETCS MPSIMOI,
NEPHEHANKYJIIPHON 3TOM MIOCKOCTH?

3. ChopmynupyiiTe CBONCTBA MEPIECHANKYISIPHOCTH TIPSIMOM U TIJIOCKOCTH.
4. Yto Takoe OpTOrOHAJIBHOE MPOECKTUPOBAHUE?

7.4 IlepnieHIMKYJISIP M HAKJIOHHAS. YTOJ MexAy NPSIMOil U
IVIOCKOCTHI0. /IBYrpaHHBIi yroj. YroJ MexXay IJI0CKOCTSMH.
IepneHAUKYJISAPHOCTD ABYX ILUIOCKOCTEH

B pesynbTaTe n3ydeHus TeMbI CTYICHT JOJDKEH:
3HAMb.

- IOHATHE TIEPIICHANKYJISIPA K TUIOCKOCTH;

- IOHATHE OCHOBAHWSI MEPIICHINKYIISPA,;

- IIOHSATUE HAKJIOHHOM;

- MIOHATHE OCHOBAHUS HAKJIOHHOM;

- MIOHATHE TIPOCKIIMA HAKJIOHHOM;

- MIOHATHE yTJIa MEXy IPSIMOM U TIJIOCKOCTBIO;
- MIOHSTHE ABYTPAHHOTO YTJIa;

- IIOHSATHE TpaHel u pedep;

- MIOHSATHUE yTJIa MKy TIOCKOCTSIMH;

- MPU3HAK NEPIEHIUKYIIIPHOCTH IBYX TIOCKOCTEH.

IepnieHAMKYJISIP U HAKJIOHHAA. YTO0J MKy MPSAMOM U
IUIOCKOCTHIO.

JlaHa JI0CKOCTh « W HE Jiexkanias Ha Hel Touka A, Touku Cu B € « .

A
AB - nepnenauKysp
B — ocHOBaHue neprieHauKyIspa

a
B AC — HakJIOHHas
C
C — ocHOBaHME HAKJIOHHON
Puc. 28

OTpe30K, COeNUHSIOMINN TaHHYIO TOUYKY C TOUYKOM IMJIOCKOCTH U JISKAIUA

Ha IOPsIMOM, EPIEHANKYIJISIPHON IUIOCKOCTH, HA3bIBAECTCS NEPHEHOUK)ISAPOM,
OIYILIEHHBIM U3 JAHHOM TOYKHM Ha JAHHYIO INIOCKOCTh. KOHel 3Toro orpeska,
JeKalUil B INIOCKOCTHU, HA3bIBAETCSI OCHOBAHUEM NEPNEHOUKVAAPA.
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OTpe30K, COeMHAIOIUI TaHHYI0 TOUKY C TOUYKOH IUIOCKOCTH, HE
SABJISIIOLINANCS IEPIIEHANKYJIIPOM K IUNIOCKOCTH, Ha3bIBAETCS HaknoHHou. KoHery
ATOrO OTpe3Ka, JEKALUN B INIOCKOCTH, HA3bIBAETCSI OCHOBAHUEM HAKIOHHOU.

OTpe30K, COeTUHSIONINI OCHOBaHNE NMEPIIEHANKYIISIPA U HAKIIOHHOM,
IPOBEJICHHBIX U3 OJHOW U TOM K€ TOUKH, HA3bIBAETCS NPOeKyUel HaKIOHHOL.

VYroa Mexay npsMoi U ee MPOEKUMEN Ha TUIOCKOCTh HA3bIBAETCS Y2l10M
MedHcOy npAMOU U NIOCKOCHbIO.

JAByrpaHHbIi yroJ. YroJ Mexay II10CKOCTAMU.
IepneHAUKYJISAPHOCTD ABYX ILUIOCKOCTEH

durypa, o0pazoBaHHas ABYMS MOJYTUIOCKOCTSMHU € 001IeH
OrpaHUYMBAIOLIEH UX MPSMOM, Ha3bIBAETCS 08yepannbim yenom. IlonynnockocTu
HA3BIBAIOTCS 2PAHAMU, OTPAHUYHUBAIOIIAS UX MIPSAMAs - peOpoM.

Puc. 29

HpOBe,Z[eM MJIOCKOCTB y, IEPECCKAIOLILYIO INIOCKOCTH ¢ U f. Omna IIEPeCCKacT

JIAaHHBIE TIJIOCKOCTH TI0 ABYM MPSIMBIM. YTOJ MEXK]1y STUMH MIPSIMBIMU Ha3bIBACTCS
Venom medHcoy NaHHBIMU HJI0CKOCHIAMU.

JIBe nepecekaromuecs MI0CKOCTH Ha3bIBAKOTCS NEPIICHANKYJIIIPHBIMU, €CIIN
TPETHS IIOCKOCTD, MEPIICHAUKYJISIPHAS IPSIMOM TIEPECEUEHHUS] ITUX TIIOCKOCTEM,
IIEPECEKAET UX IO MEPIECHAUKYIISIPHBIM IIPSMBIM.

Teopema. Ecinu m1oCcKOCTh MMPOXOAUT YEPE3 MPSIMYI0, HEPIEHIUKYIISPHYIO APYTOU
IJIOCKOCTH, TO 3T IIOCKOCTH MEPIIEHAUKYIJISIPHBI.

MEQPNEHAHNYAADHEE NADCKOCTH

JlaHO: TWIOCKOCTH o U fB

alp npsimast B Lo

| npsimasi B € B
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https://commons.wikimedia.org/wiki/File:Dihedral_angle.png?uselang=ru

a U f TIepeceKaroTcs Mo npsiMoi ¢

Jlokazath: o 1 yij

JlokazaTenbCTBO.

[IpoBeneM B INIOCKOCTH ¢ 4Yepe3 TOUKY B mpsimyto a, neprneHIuKyISpHy0 IpsIMon
C. POBEJIEM Yepe3 MPsAMbIE a U B TUIOCKOCTh y . OHa nepneHuKyIsipHa MpsiMoH C,

T.%x. ¢Lawuc-L s Tak kak HpﬂMa}IaJ‘B,TO a J—,B

I R

3AJIAHUS 1JIS1 CAMOCTOSATEJBHOM PABOThHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

. UTo Ha3bIBAIOT NEPIEHIUKYIISIPOM K INIOCKOCTH?
UYT0 Ha3BIBAIOT OCHOBAHHUEM IIEPIIEHIUKYIISIpA?
UYT0 Ha3BIBAIOT HAKJIOHHOM ?
YTO HA3BIBAIOT OCHOBAaHUEM HAKIOHHOW?
YT0 Ha3BIBAIOT NIPOEKIMEN HAKJIOHHOM?
YTO HA3BIBAIOT YIJIIOM MEXIY NMPAMOU U INIOCKOCTBIO?
YTO HA3BIBAIOT ABYTPAHHBIM YIJIOM?
YTO HA3BIBAIOT TPAHBIO?
. Urto Ha3wIBalOT peOpom?

10 YTO HA3BIBAIOT YIJIIOM MEXAY IUIOCKOCTAMU?
11. ChopmynupyiiTe nprsHaK MEPHIECHANKYISPHOCTH JABYX TUIOCKOCTEH.

Tpena:xep

3ananue:

Pemmte 3agaun:

1.

2.
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OJUH K3 YIIIOB IpH NIEPECEUEHUHN IBYX IpAMBIX paeH 73°. Haiitu
OCTaJIbHBIE  YIJIBL.

OpauH U3 yrioB NpU NEPECEUCHNUH JIBYX NMPSAMBIX B 3 paza MEHbILE JPYIroro.
Haiitu yrusr.

OnuH U3 YrIoB PaBHOOEAPEHHOIO TPEYroNbHUKA paBen 67°. Halitu
OCTaJIbHBIE YTJIBI.

V TpeyronbHUKa OIUH M3 BHYTPEHHHX YIJIOB paBeH 55°, a oy u3 BHEImHMX
140°. Haiiti ocTaibHblE BHYTPEHHHUE YTIIIBI TPEYTOJIBHHKA.

OJuH U3 BHEIIHKX YIIIOB PAaBHOOEIPEHHOTO TPEYroibHuKa paseH 120°,
Haitt BHyTpeHHHE YTJIbl TPEYTOJIbHUKA.

JlBa BHEMIHKX yIia TpeyronabHuka pasubl 110° u 133°. Haiitu tperwmit
BHEIIIHUU YTOJI.



7. OnMH U3 yIJIOB NP IEPECEUYeHnH JBYX NpAMbIX Ha 35° Gonbiie npyroro.
Haittu 51 yroel.

8. U3 ToukM K TUIOCKOCTH TIPOBEICHBI IBE HAKJIOHHBIC. HaliTh MIIMHBI 3THX
HAKJIOHHBIX, €CJIM OJHA M3 HUX Ha 26 cM OOJIbIIIe IPYTOM, a TPOCKITUU
HAKJIOHHBIX paBHBI 12 cM 1 40 cwM.

9. U3 TOYKHM K TUIOCKOCTH TIPOBEICHBI JIBE HAKJIOHHBIC. HaliTh MIIMHBI 3THX
HAKJIOHHBIX, €CJIM HAKJIOHHBIE OTHOCATCA KakK 1:2, a mpOEKIMU HaKJIOHHBIX
paBHbI 1 cM U 7 cM.

10.HaiiTu yrisl, KOTOpbIE MOJIYYaIOTCs P MEPECCUYCHUH IBYX MPSIMBIX, €CIIN
CyMMa Tpex 3THX yrioB paHa 270°

11.HaifTu cMeXHbIe YTJIbl, €CJIM X IPaJyCHbIC MEpbl OTHOCSTCS Kak 3:7.

12.HaiiTu yriasl TpeyrojibHUKA, €CJIM OHU IIPONOPIMOHANIbHBI YuciaM 2,3.4.

Pazgen 8. BekTopbl H KOOPANHATHI

8.1.BeKTOopbl HA IJIOCKOCTH U B IPOCTPAHCTBE.
JeiicTBUSI HAI BEKTOPAMHU € 32JIaHHBIMU KOOPAMHATAMHM

B pe3ynbrarte n3ydeHust TeMbl CTYACHT JOJDKEH:

ymems:

- HAXOJUTh KOOPJIMHATHI BEKTOPOB;

- BBIIIOJIHATH ACUCTBUS HaJl BEKTOPAMH C 3aIaHHBIMUA KOOPJANUHATAMMU.
3HaAMb.

- IOHATHE U 0003HAUYECHUE BEKTOPOB;

- IOHATHE OJIMHAKOBO HAIIPABJIEHHBIX BEKTOPOB;

- IOHATHE TPOTUBOIIOJIOKHO HAMPABICHHBIX BEKTOPOB;

- IOHATHE a0COJIIOTHON BETMYMHBI BEKTOPOB;

- IOHSITHE HYJIEBOI'O BEKTOPA;

- opMyJIbI KOOPIMHAT BEKTOPA Ha IJIOCKOCTU U B IPOCTPAHCTBE;
-(opMyJIbI CyMMBI BEKTOPOB Ha INIOCKOCTH U B IPOCTPAHCTBE;

- (hopMyJIBI IPOU3BEICHUS BEKTOPOB Ha MJIOCKOCTH U B IPOCTPAHCTRE;
- OpMYJIbI CKAJIIPHOTO MPOU3BEICHUS] BEKTOPOB Ha IJIOCKOCTU U B
IIPOCTPAHCTBE.

BekTOpbI HA VIOCKOCTH U B IPOCTPAHCTBE

Bexmop - HanipaBiieHHBIN OTpe30K. HarnpasieHnne BekTopa onpenensercs
yKa3aHHMEM €ro Hauaja u KoHlla. HampasieHue BeKTopa OTMEUaeTCsl CTPEIIKOM.
st 0603HaYEHUST BEKTOPOB UCIIOIB3YIOTCSl JIATUHCKUE OYKBHI: 4, 8, ¢, ..., 4, B, C,

107



/'

Havano BekTopa CTaBUTCA Ha IEPBOM MECTE; BMECTO CJIOBA «BEKTOP» HAJl
OyKBaMU CTaBUTCS CTPEJIKA I YepTa.

a, a, BA, BA

BeKTOpBI Ha3BIBAIOTCS 0OUHAKOBO HanpaejleHHbiMU, CCIIN ITOJIYIIPSMBIC
OJMHAKOBO HAITPABJICHLI.

BCKTOpBI Ha3bIBAIOTCA nPOMuUEONO0I0HCHO HANPABIEeHHbIMU, CCIIN
IMOJIYIIPAMBIC IIPOTHUBOIIOJIOKHO HAIIPABJICHBI.

Abconomuas eenuuuna 6ekmopa — JJIMHA OTPE3Ka, U300pAKAIOILIETO
BEKTOP.

O0o3HauaeTcs: | a |

Hynesoti gexmop — BEKTOpP, y KOTOPOTO HA4aJI0 COBIMA/Ia€T C KOHIIOM (y HEro
HaIpaBJIeHUs HET, adcotoTHas BeauunHa paBHa (). O0o3HavaeTcs: (a).

PaBHEbIC BCKTOPLI OJMHAKOBO HAITPAaBJICHBI 1 PABHBI I10 a0COJIFOTHOM
BCINYUHC.

KoopauHaTtel BEKTOpa:

1. Ha mockoctu: Hawano A(X1; y1) ¥ KoHell B (X2; y2) — Ha3bIBaroTCs uncia (X —
X1; Y2 = y1).

2. B mpoctpanctBe: A(X1; y1;Z1) ¥ KOHEIl B (X2; y2; Z2) — Ha3bIBAIOTCS YMCIIA
(X2 — X153 Y2 — Y1, Z1- Z2).
JedcTBHUSI HAL BEKTOPAMHU C 33IaHHBIMU KOOPAUHATAMM.

JlericTBUS Ha BEKTOPAMU:

1. CyMMA 6€KmMopos.

1) Ha mutockocTd — CyMMO# BEKTOPOB a (a1; az) ¥ B (B1; B2) Ha3bIBACTCS BEKTOP
c (a1 + By; a2 + By).

a (ar; a2) + B (B1; B2) = ¢ (a1 + By; ap + By).

2) B OPOCTPAHCTBE -
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a (a1; az; ag) + B (B1; B2;B3) = C (a1 + By ap + By; az + B).

2. [Ipoussedenue:

1) Ha TUIOCKOCTH — IPOU3BEACHUEM BEKTOpa (ai; a2) Ha uncio K Ha3bIBaeTCs
BEKTOP

(k az; k ap), T. €.
(a1; ap)’k = (K ag; k ap)
2) B IPOCTPAHCTBE
(a1; az; az)k = (K ag; k ap; K ag)

3. CKaJIsIpHOE npou3@edeHue B6EKmMopoe

1) Ha IJIOCKOCTH — CKaJSIPHBIM IPOU3BEICHHUEM BEKTOPOB a (aj; a2) U B (By] By)
HA3BIBAETCS YHCIIO a1B1 + ap By, O003HAYaeTcs a'a = a2,

a(a1; a) " B (B1; Bz) =aiB1 + a2 B
2) B IPOCTPAHCTBE -
a (a1; az; a3) - B (B1; B;B3) = aiBy + a2 By + a3B3
3AJAHUA JJIA CAMOCTOSTEJBHOM PABOTHI
BOITPOCHI J1JI51 CAMOKOHTPOJIA

1.Yto Takoe BekTOp?

2. Kak 0603Ha4ar0TCsi BEKTOPHI?

3. Kakue BeKTOpbI Ha3bIBAIOTCS OJIMHAKOBO HAIIPABJICHHBIMU?

4. Kakue BEKTOpBI Ha3bIBAIOTCS IIPOTUBOIIOJIOKHO HAIIPABICHHBIMU?

5.Uto Takoe abCoOJIOTHAS BEIMUKMHA BEeKTOpa?

6. Kakoii BeKTOp Ha3bIBa€TCsl HYJIEBbIM?

7. Ilo kako# hopMyIie HAXOATCSI KOOPAUHATHI BEKTOPA Ha MJIOCKOCTHU?

8. ITo kako# ¢popmysie HAXOAATCS KOOPJAMHATHI BEKTOPA B MPOCTPAHCTBE?
9.Ilo kako# hopMyIsie HAXOIUTCS CyMMa BEKTOPOB Ha IJIOCKOCTH?

10. ITo kaxoit hopmyJie HAXOIUTCSI CYMMa BEKTOPOB B MPOCTPAHCTBE?

11. ITo kakoit popMyie HAXOAUTCS MPOU3BEACHUE BEKTOPOB Ha MJIOCKOCTU?
12. ITo kakoil ¢popMyre HAXOAUTCS MPOU3BEJICHUE BEKTOPOB B MPOCTPAHCTBE?
13. Ilo kakoit popMyse HAXOAUTCS CKaJISPHOE MPOU3BEICHUE BEKTOPOB HA
IJI0CKOCTH?

14. Tlo xakoit popmyJie HAXOAUTCS CKAJISIPHOE MPOU3BECHIE BEKTOPOB B
MPOCTPAHCTBE?
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8.2.1IpssMOYyro/ibHbIC KOOPAUHATHI HA MJIOCKOCTH U B POCTPAHCTBE

B pesyinbrare n3y4eHus TeMbl CTYAEHT JOJDKEH:

ymemn:

- CTPOUTH BEKTOPBI B CUCTEME KOOPAUHAT Ha INIOCKOCTU U B IIPOCTPAHCTBE;
- CKJIAJbIBAaTh BEKTOPHI 10 ITPABUIIY TPEYTOJIBHUKA U 110 TPABUILY
napajienorpaMma,

- BBIYUTATh BEKTOPBI;

- YMHOKaTh BEKTOPBI HA YUCIIO.

3HAMb.

- IPABUJIO TPEYTOJIbHUKA;

- IPAaBUJIO MapaJljIeIorpaMma.

IIpsimoyroJibHbIe KOOPAUHATHI HA MJIOCKOCTH U B IPOCTPAHCTBE
Jan Bextop AB B cucteme koopauHat. A (X1; y2) B(X2; y2)

Ha mmockoctu: 1. O — Hayano KOOPAWHAT, X U Y — OCH KOOPJIUHAT

r

] Y |
c. v A ) X —ock abcrucce
a ) Y —och opauHar
X’ 0 B X
Puc.31 M \V
Y!
Puc. 31

B npoctpanctBe: T. O — Ha4ajio KOOpJAMHAT, X Uy — ocu koopauHaT, OX — och
abcruce

OV — ocp opauHar

Z
D OZ - och ammuIiKaT
B(x;y; z
A (x;¥; 2)
X — a0bcrucca
< cC, ,
o Y y — OpJaMHAaTa
d
B: | Z — anruimKara



https://upload.wikimedia.org/wikipedia/commons/d/dd/Descartes_system_2D.png
https://commons.wikimedia.org/wiki/File:Descartes_system_3D.png?uselang=ru

Puc. 32

JlericTBUS HAJT BEKTOPAMU:

1) Ilpasuno mpeyzonvhuka

Puc. 33

Puc. 34

3) Boviuumanue 6exkmopog

O
ol o
]

Puc. 35

4) Vmuoorcenue 6eKmopa Ha HUcio

/—Ei' 3%/ -03F

Puc. 36
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3AJIAHUSI 1JISI CAMOCTOSTEJIBHOM PABOTHI

BOITPOCHI TSI CAMOKOHTPOJIA

1.Kak naszsiBarotcst ocu koopaunat OX, OY u OZ?
2.Kax Ha3pIBatOTCSI KOOPAUHATHI X, y U Z?

3. ChopmynupyiTe IpaBUIO TPEYTOJIbHUKA.

4. ChopmynupyiitTe IpaBUiIoO MapaiejorpaMmma.

5. Kak BbIUHUTAIOTCS BEKTOPHI?

6. Kak yMHOKUTH BEKTOP HA YUCIO?

Ilpakmuueckue 3a0anus:

3agadue Ha «3.

1. Haiigute BEKTOp C, paBHBIA CYMME BEKTOPOB a U B, €CJIU:

a. a(-2;4) B(-3;6)
0. a(l;-4) B(8;-3)

2. HaiimuTe BEKTOp C, paBHBIN pa3HOCTH BEKTOPOB a U B, €CIIU:

a. a(0;-2) B(-6;1)
0. a(3;-1) B(-5;5)

3ananue Ha «4:

1.Janbl BexTops! a (2; 3; -3) u B (3; -1; 2). Haittu:

4a — 3B;
-3a + B;
(4a—3B)(-3a + B);
aB;
n. (-3a+B)>
3agaHue Ha «5»: JlaHbI TpU BEKTOpA a, B U C.

—

[TocTpoiite BEKTOPHI, paBHBIE:

Jw o
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a. at+B+cC;
0. a—B+tc;
B. -atB+C

Tpena:xep

3ananue:

1. Tan nenyneBoit BekTop OA. OTnoxuthk oT Touku O BekTophl: 3 OA, -2 OA, 0,5
OA, -0,75 OA, 50A.

2. Jansl Bextopsl a (1; 2; -3) u B (4; -1; 2). Haittu:

e. 3a—2B;
XK. -5a+ B;
3. (3a—2B)(-5a + B);
U. aB;
k. (-5a+B)?
3. Haittu cxkaysipHO€ MPOU3BEAEHUE BEKTOPOB:

a. a(2;-5;4)usB(-1;2;7);
0. a(1;-2;2)us(-1; 1, 0).

1. Ha npsimoii nanel Tpu Touku A, B, C, npuueM Touka B nexxut Mexay ToukaMu
A u C. Cpenu BexktopoB AB, AC, BA u BC Ha30BUTE 0JJMHAKOBO
HaIlpaBJICHHBIE U MPOTUBOIIOJIO0KHO HAPABJICHHBIE.

2. Jlansl BekTop AB 1 Touka C. OTI0XXUTE OT TOYKHU BEKTOP, PaBHBIN BEKTOPY

AB, ecnu:
a. Touka C nexut Ha npsiMoi AB;
0. Touxa C He nexxut Ha mipsimoii AB.
6. Haiinure BEKTOp C, paBHbI CyMM€ BEKTOPOB a U B, €CIIU:

B. a(l;-4) B(-4;8)
r. a(2;5) B(4;3)
. Haiiaure BeKTOp ¢, paBHBIN pa3HOCTU BEKTOPOB a U B, €CIIU:

\‘

a a(l;-4) B(-4;8)
e. a(-2;7) B(4;-1)

8. Man tpeyronsHuk ABC. Haiinure cymmy BEKTOPOB:
a. ACuCB;
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6. AB u CB;
B. ACu AB;
r. CA u CB.
9. JlaHbl TpH BEKTOpa a, B U C.

g

ITocTpouTe BEKTOPHI, paBHBIE:

r. a+B+g;
ao. a—Btc;
€. -at+tBt+cC
10. ITocTtpouts BekTOp AB, ecnu:

- A(-1;-3),B(3; 4);
- A(0; 4), B (-4, 0);
- A(1;2), B (-3; 5);
A(2;-3), B (-2; 3);

H W oo

8.3. lliuHa BeKkTopa. Yroa Mexkay Bekropamu. PaccTosinne Mekay TOUKaAMU.
YpaBHeHue IpAMOii. YpaBHEHUE OKPYKHOCTH

B pe3yabTaTe u3ydeHHs TEMbI CTYACHT JOJDKCH:
yMemb:

- HaXOJIUTh JIJTMHY BEKTOPA,

- HaXOJIUTh PACCTOSTHUE MEXTy TOYKAMHU.
3HAMb.!

- MOHATHE yTJla MEXK/y BEKTOpaMH,

- hopMyIIy JUTMHBI BEKTOpA,;

- hopMyITy pacCcTOSTHUS MKy TOUKAMH;

- o0111ee ypaBHEHHUE MPSMOMT;

- YAaCTHBIC CIIy4ad OOIIEro ypaBHEHUS MPSMOIA;
- hopmyy ypaBHEHUST OKPYKHOCTH.

JnvHa BeKTOpa. YroJu Me:xay BeKTopamu. PaccTossHue Mexay TOUKaMM.

Jan Bektop AB A(x1; y1) 1 B (X2; v2)

JlnvHa BekTopa |4B|= \/ (v, =2, ) + (v, =)

[Mpumep 1. Haittu anmuny Bexktopa AB, ecoin A(1; 1) u B (4; -3)
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4B|= \J(4-1 +(-3-17 =5

Venom meorcoy nroObIMU IBYMS 6eKmopamu a U B Ha3bIBAETCA YIOJ MEXIY
PaBHBIMU UM BEKTOpPaMU C OOLIUM Ha4yaJIOM.

Paccrosinue MCXAY TOYKAMM.

d? = (x2 — x1)* + (y2 — y1)?

d= \/(xz _x1)2 +()’2 _)’1)2

YpaBHeHue IpAMOii. YpaBHEHUE OKPYKHOCTH

JIto6as mpsimasi B IEKapTOBBIX KOOPJIMHATAX X, Y UMEET ypaBHEHUE BUJA
ax + By + ¢ = 0 — oO11iee ypaBHEHHUE TIPSAMO
7€ a, B, C — HEKOTOPBIC YUCIIA, PUYEM XOTS OBl OJTHO U3 YHCEN HE PaBHO HYJIIO.

YacTHbIE ClIyyand OOIIEr0 YPaBHEHMUS IPSIMOU:

c=0 ax+ By =0 — OpoxXoauT yepe3 Ha4YaJl0 KOOPJAUHAT
a=0 By+c=0-mnapamnenpbHa ocu Ox

B=0 ax+c=0-—mnapamnensHa ocu OY

a=0 c=0 By=0-_coBnamgaer c ocsto OX

B=0 c=0 ax=0-coBnanaer c ockto OY

bW e

JlaHa OKpY>KHOCThH C IIGHTPOM B TOUKe Ay (a; B) u paguycom R. Bozpmem
MPOU3BOJIBHYIO TOUKY A (X; y) Ha OKPY>KHOCTH.

R%?=(x —a)’+ (y — B)?

A8 Axy)
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Puc. 37
3AJIAHUSA J1J15 CAMOCTOSTEJIBbHOM PABOTbHI
BOITPOCHI 1JI1 CAMOKOHTPOJIA

1.ITo kakoii hopmyre HaXOIUTCS ATUHA BEKTOpa?

2. YTo Ha3bIBAIOT YIJIOM MEXIY BEKTOpaMHU?

3.ITo xakoit popmyIie HAXOIUTCS PACCTOSTHUE MEXKITY TOUKAMHU?
4. Kakoii Bus umeet oO1riee ypaBHEHHE MPSMO ?

5.0nuirTe YacTHbIE CiIy4yau OOIIEro ypaBHEHHS MPSIMOM.

6. Kakoii Bug UMeeT ypaBHEHHUE OKPY>KHOCTU?

IIpaxmuueckue 3a0anusi:

3ananue Ha «3». Haliti paccrostaue mexay Toukamu:1)(3;5) u (3;4); 2)(2;1) u (-
5;1)

3amanue Ha «4: ansl Touku A(1; -2; -3), B(2; -3; 0), C(3; 1; -9), D(-1; 1; -12).
Breruncnuth paccrosaue mexay toukamu: 1) A u C; 2)B u D; 3)C u D.

3aganue Ha «5»: JlokazaTh, 4TO TpeyroJibHUK ¢ BepinHamu A (2; 2), B (16; 5), C

(5; -2) sBRsIeTCs paBHOOCIPEHHBIM.

Tpenaxep

3ananue:

1. Hanst Tpu Touku A (4; -2), B (1; 2), C (-2; 6). HaiiTu paccrosiuue Mexmy
TOYKaMH, B3SITBIMH TTOTIAPHO.

2. Bpruncnuts nepumerp tpeyroibHuka ABC, BepiinHaMu KOTOPOro SIBISIFOTCS
touku A (6; 7), B (3; 3), C (1; -5).

3. Jlokazarb, 4YTO TPEYTOJbHUK C BepimHaMmu A (-1; -5; -2), B (-4; 0; 0). C (-7; -4; -
3) sBisieTCS paBHOOEIPEHHBIM.

4. lokaxwure, uto yetbipexyroibHuk ABCD C Bepmmnamu B Toukax A (4; 1), B
(0; 4),

C (-3; 0), D (1; -3) sBsieTcst KBapaTOM.
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5. lokaxuTte, uto Touku A (1; 0), B (-1; 0), C (0; 1), D (0; -1) sBsroTcs
BEpIIMHAMH KBaJIpara.

6. Kakue u3 touexk (1; 2), (3; 4), (-4; 3), (0; 5), (5; -1) nexaT Ha OKPY>KHOCTH,
3aJJaHHOM ypaBHeHUeM X2 + y? = 25

7. Haligute Ha OKPY>KHOCTH, 3aaHHOM ypaBHEeHHEM X2 + y? = 169, Touku:
1) ¢ abcruccoii 5;
2) ¢ opauHaTOM -12.

8. HalimuTe TOUkH mepecedeHus ¢ OCSIMU KOOPAUHAT MPSIMOM, 33 TaHHOMN
YPaBHEHUEM:

1) x+2y+3=0;

2) 3x +4y =12;

3) 3x-2y+6=0;

4) 4x -2y -10 = 0.

9. HaiiT Touky nepeceyeHus NpsIMbIX, 33JaHHBIX YPABHEHUEM:
1) x+2y+3=0u 4x+5y+6=0;

2) 3x-y-2=0wu 2x+y- 8=0;

3) 4x+5y+8=0wmu 4x-2y-6=0.

10. ansl Touku A (4; 0), B (7; 4), C (-4; 6). Haiitu qymunst BektopoB AB, BC,
CA.

11. Beruncnure nepuMeTp TpeyrojbHUKA, BEPIUIMHAMU KOTOPOTO SIBJSIFOTCSI TOUKU:
1) A(4;0), B(7;4),C(-4;6);
2) A(6;7), B(3;3),C(1;-5).

Paznen 9. Hauana MareMaTH4ecKOro aHajaimn3a

9.1. IlpousBoanas. CBoiicTBa NPOU3BOIHOI

B pesynbTaTe n3ydeHus TeMbl CTYICHT JTOJDKEH:
ymemb:

- HAXOJIUTh MPOU3BOHYIO (DYHKIIHIA.

3Hamo:

- nousATre quddepeHnupyemont PyHKINY;
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- nonsiTue aAudPepeHImpoBaHus.

IIpouseoonoi pynxyuu f (X) B Touke Xo Ha3bIBACTCS MPECS OTHOIICHHUS
npuparieHus A f pyHkny B 3TOM TOUKe K IPUPAIICHUIO apryMeHTa, KOT/1a
MOCIICIHEE CTPEMHUTCS K HYJTIO.

IimM: lim f(x, +AX)— f(x,)

a0 AX Ax—0 AX

Oyuknus f (X), IMeromas MPOU3BOAHYIO B K&KI0W TOUKE HEKOTOPOTO
MPOMEXKYTKA, Ha3bIBACTCS Oughghepenyupyemoti 8 3mom npomexncymke.
O6Gosnagaercs f '(x).

Haxosxenue mpou3BoAHON HA3bIBACTCS Jughghepenyuposanuem.

OCHOBHBIC CBOMCTBA MIPOU3BOIHOM:

¢/=0 2/=0
. x)=1
. (x)"=nx"? (x%) =3x?

. (sin x)/ =cos x
. (cos x)/ = -sin x

g~ wWN R

3AJIAHUS IJISI CAMOCTOSATEJBHOM PABOTHI
BOITPOCHI 1JIX1 CAMOKOHTPOJIA

1.Kakas gynkius HazpiBaeTcs nudepeHrpyemMoil B HEKOTOPOM MPOMEKYTKe?
2. Yro Takoe auddepeHupoBaHue?
3. 3anuninMTe OCHOBHBIE CBOMCTBA IPOU3BOIHOM.

Ilpakmuueckue 3a0anus:

Haiiti mpou3BoHyI0 Caeayomux GyHKITUI:
3anaHue Ha «3».

1) y= x%
2) y=2x%
3) y=2x°+8x;

4) y=-6x>+7x + 14;

5) y=-3x*+4x°—x +4;

6) y=2x"-7x>+9x-1
3aganue Ha «4:
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1) y=5,6x3-2x73 + 4x;
2) y= -6x8 4+ 9x — %XG;

3 y=- §X9+ 13x5 + 12;

4) y=-3x'- %X5—4§X3 -3;

5) y=7-9x%- 13x — 4x3;
6) y=5x"+54x>+2x-9
3ajanue Ha «5»:

1) y= §)c"—%x +1x2+3

8

2) y=-2x14+5;

3
3) y2075X7_F1
4) y=_—9+7x—2;

X

5) y=x%+ 2Jx;
6) y=-6,9x8+3%X2+8x+ 10

Tpenaxep

3aganue: HaliTu Mpou3BOAHYIO CICAYIONTINX (yHKIIHM:

CoNOARLDE

lOy 6X5+3 x3 + 5x;

11.y =3x*+ 3X - 2;
12.y = 5x" + 3x — 12x%;
13.y = 15x3 - 2x® + 4x;

14.y = -6x% + 9x %XG;
15.y = - §X3 +3x8 + 12;

16.y = 3x" - 2x°> — 4x3 -3;
17.y =7 - 9x* - 13x — 4x3;
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18.y = 5x* +4x?+2x - 9;
19.y = 5x® + 3x — 4;

20.y= %x4+ 3x8+2x - 3;
21,y =-9x°+3x3 - 3x + &;

22.y = lx4 —lx3 +lx2 +3;
4 3 2
23.y =2x*+5;
24.y = 3x" - %;
X

25.y = %+5x—2;
26.y=x3+ Vx|

27.y = -6x8 + 3x2 + 8x + 10;
28.y =-3x3-12x — %Xg;
29.y = 9x® + 10x —15x8;
30.y = -6x2 + 9x — %XG;

31y = %xlz _3x4+ 6x - 36
32.y=x*-23x3+ 14x + 18.

9.2. IIpou3BoaHAsI CyMMbI, IPOU3BEAEHUS] U YACTHOTO JABYX QyHKIUA

B pesyinbrare u3y4eHus TeMbl CTYIAEHT JOJDKEH:

ymems:

- HAXOJIUTh MPOU3BOJHYIO CYMMBbI, TPOU3BEIAEHUS U YACTHOTO IBYX (PYHKIUH.
3HamMb:

- (popMyIly IpPOU3BOIHON CYyMMBI IBYX (DYHKIIUH;

- (popMyIty IpOM3BOAHOM IPOU3BEACHUS ABYX (DYHKIIMIA;

- (popMyIly IpOM3BOIHOM YaCTHOTO JBYX (PYHKIUU.

IIpou3zeoonasn cymmol, npou3eeo0eHus u 4acmuo2o 08yx PyHKuuil.

1. u+v)/'=u’+v/'
2. (uv)'=ulv+vu

/ / /
u uv-vu
3. (2| =25
\Y Vv

[pumep 1. Haiitu npoussoanyio GpyHKmun y = x2 + 3x3

y' = (x2+3x%) = (x?) + (3x%) = 2x + 9x?
[Tpumep 2. Haiitu npousBoanyo GyHkimn y = (x + 5)(2x - 8)
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y=(x+5)2x-8)Y=(x+5/2x-8)+(x+5)(2x-8)=3x+2
2
[Tpumep 3. Haiitu npon3BoaHy0 QYHKINH Y = %

Y 3 3? 3

3AJIAHUS 1JIS1 CAMOCTOSATEJBHOM PABOThHI
BOITPOCHI I CAMOKOHTPOJIA

1. Harmumure hopmyy npou3BOHON CyMMBbI ABYX (DYHKIIHA.

2. Hanumure hopmyity mpou3BOHON MPOU3BEACHUS IBYX (QYHKIIUM.

3. Hanumute dhopmysty Npou3BOJHON YaCTHOTO ABYX (DYHKIIHIA.
Ilpakmuueckue 3a0anusi:

Haiit mpou3BoAHYIO CIEAYIOMMX ()YHKIIHIA:

3aganue Ha «3).

1) y=4x*+3x;

2) y=12x2-x-2;

3) y=-4x%-8x*—6x+22;
4) y=8x"-14x>+ 5x - 10;
5) y=6x3+ %x3+9x;

6) y = 19x*+3x% - 22,
3amanne Ha «4:

1) y=2x(3x + 1);

6
2) y=—;
X
3) y=2)(x+7);
4
4) y=—;
X
. x2+5
5) a -8x°’

6) y=(-6x - 3)(4 +x3)

Jaganue Ha «S5»:

1) y=(-2x°-3)(1 - 4x3);

9+ 2x’
2) y=—="+;
) y 3_5x5
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_ —3x—2x° .

3y 1-2x°

4) y = (2x3+6x-10)(3 + 10x — 6x2);
5) y=(2x2-3)(1 -4x3);

2—2x7?
6 —
) y 3x—5x

Tpena:xep
3aganme: HaliTu mpou3BOAHYIO CIEAYIOMMX (DYHKIIHIA:

1) y=4x3-8x;

2) y=10x?+5x — 2;

3) y=-4x°+3x* - 16x +2;
4) y=8x"-14x>+ 5x - 10;
5) y=16x3+ %x3+6x;

6) y=9x*-5x® - 22;

7) y=x(x+1);
1
8) Y= —
X
2
X
9) Y= -1’

10) y=x34+2x —x?);
11) y=x?3x+x3);
12) y=(2x-3)(1-x3;

13) _ 1+ 2x :
3-5x
2
14 =
) Y 2x° -1’
5x+8
16) y= 3_24x;
X
3 _3x
17) y=21—°.
) Y 1+4x*’
5-—2x°
1 - 5 =" -
8) 1-x°
19) y=2x33 + 10x — 6x?);
12
20 =
) 3x?
2
-2
21 =r <.
) Y 4x°
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22)  y=(4x-3)(6+x%;

5x—6
24)  y=x%-6x — 3x2);
—2x*
25 =
)y 2-7x%"
3
26 = —
) Y 8—x*’

27) y=(x-3) (- 5x%).

28) y = 5x3 - 81x+2;

29) y=-2x+5x-2;

30) y=-4x7+0733x*-16x+2;
31) y=0,8x"-14x7%+25x + 60;

32) y=-9x3+ %X3 + 6x+3;

33) y=3x*-5x?-22;
34) y=-6x(23x +2);

35) y= >,

X

4x? .
36) y:—2x3—10’

37) y=6x34+2x-3x%;
38) y=5x?(3x+2x%);
39) y=(2x-3)(6x—-x3;

1+ 2x?
40) N 3—5xx;
—2x2
R e S
3x-2 .
42) y= 5x° +8’
3+2
43) Y:Tf,
X +2x
44) Y= oa
45) _ 5x — 2x*
5X+7x%’
46) y=-2x*3x+ 10 +3x?);
12x

9.3 .IlpousBoanas ciaoxuoi pynkuuu. [IpousBoaHasi creneHHoi,
JorapupMuyecKoi U NOKa3aTeJbHON QyHKIUT

B pe3ynbrarte nu3ydyeHus: TeMbl CTYA€HT JOJDKEH:

123



ymemy:

- HaXOJUTh MPOU3BOIHYIO CTEIICHHOH, IOTapU(PMHUUECKON U MOKa3aTeIbHOM
byHKITHIA.

- HaXOJUTh MPOU3BOIHYIO CIOKHON (HyHKITUH.

3Hamb:

- IOHSTHE CIOKHOU (PyHKIINU;

- (hopmyTy IpOM3BOIHON CTENEHHON (QYHKITNH;

- opMyJTy IPOU3BOIHOM JTorapuMUIECKON DYHKITUH;

- (hopmyTy IPOM3BOJHON MTOKA3aTENbHON (QYHKIUH.

[Tycte manwr aBe pyukuuu y = f (x) u z = g (y), npuyem odmactb
onpeaeneHus: GyHKIUU § COAEPKUT MHOKECTBO 3HaUeHUH GyHKUIUU y. DyHKIMS,
3aanHas Gopmyioit Z = g [(y)], Ha3bIBaeTCs CI0KHON (QyHKIHUEH, COCTaBICHHON
u3 ¢pynknuii f u g.

z=g[(y)]
z'=d (M)

1.(x"Y=nx"1.x/ (x2+3x+10)? V=2 (x®+3x +10)(2x +
3)

2. () = Ny —

Codx 2//x?
2
3. (Inx)'= 1 (Inx®) = %(X3)’= 3%
X X X
4. (atY=a*Ina (2Y=2%1In2

[Tpumep 1. HaliTu npon3BoaHy0 PYHKIIUU
f(x)=(x%-1)4*

fi(x)=2(x%-1)%2x

[Ipumep 2. Halitu npon3BoaHYI0 (PYHKITUH
f(x)= /327 +1

s / 0 ~
36° +1 36

1 60
24367 +1 ( /- 235° +1 V35 +1

[Tpumep 3. HaliTu npor3BoAHYIO0 (PYHKIIUU

fli(x)=
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f (0 =3(x* +1)
f/(X) =((x3 +1)2ﬁ = %((x3 +1)2 )_‘1’ *(x3 +1)2 = %((x3 +1)2 )_; *3x% = i/inzl

x3+

3AJIAHUS 1JIS1 CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI I CAMOKOHTPOJIA

1. Kakast (hyHKITUSI Ha3bIBACTCSI CIIOKHOM ?

2. Hanumure opMyity Mpou3BOAHOM CTENEHHON (DYHKITUH.

3. Harmumure dhopmysty Mpou3BOIHON MOKa3aTEILHON (PYHKITUH.

4. Hannmure hopmyity Npou3BOJHOM JIorapupMudeckoil pyHKIUN.
Ilpakmuueckue 3a0anus:

Haiit mpou3BOAHYIO CIEAYIOMMX (QYHKIIHIA:

3aganue Ha «3).

1. y=(x-2)8

2. y=(x* +2x)°
3. y=(x+3)*
4, y=41*%

5. y=(3 +5x +x%?
3amanne Ha «4:

1. y=+9x*+5

2. y=In(-5x" + 14x + 3)
3. y=(2x5+5)‘3

4, y=~4-6x°

5. y= (23)X

Jaganue Ha «S5»:

1 _ 1+ x° ’
Y x*-6
2. y=-x*/-6x"-3
3. y=+-3x"*-7x-6
4, y=3¥-5x"-6x
5. y=-6(-6x3 - 6x +2)1
Tpenaxep

3apanme: HaliT mpon3BOAHYIO CIETYIOMINX (DYHKITHIA:
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y=(x+2)*

y=(x? -2x)}

y = (3x -2)®
y=(*-1)°
y=x%-x+1)

y =503x% - x +4)
y=(23 +15x +x3)?
y=Jx+1l

2
9 y:(12+xj
x°—x

10.y = (2x® +5)3
11.y =3(5x? -x +4)°
12.y = (x% - 2)°
13.y = (-2x- x°)®
14.y = J3x* -4
15.y = x%\4x -3
16.y = V4 - x?
17.y = Vx* - 3x?
18.y = (x3 - 2x% + 5)3
19.y = (x3 -1)8
20.y=x*>-5x+7)°
21.y = (x° + 6x% — 5x)’
22.y=In(x*+3x+9)
23.y = (x®+3x +4)?
24.y = In (-4x2 + 10x + 3)
25.y = In (6x* - 3x3 - 29)
26.y=1In(2x +4)
27.y=1In (3 + 12x%)
28.y = (23 + 35x + 9x?)8
29.y = (x%-5)°
30.y = V4x® —2x°
3ly=7x"-2
32.y=31*
33.y =(-2)*
34.y = (5 - 6x + 4x?)?
35.y = V2x° +3
36.y = V3x® —4x+2
31.y= x3y2x2 -5
38.y = (5x +32)*
39.y = (3x? - 8x)?
40.y = (3x -2)°
41.y = (-3x? - 1)°
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42.y = (-6x% +3 x +21)°
43.y = 0,3(-5x% - 3x +4)*
44.y = (10 + 5x + 2x3)?

45.y = Jy2x+1
3x-10 Y’
46.y =
y (4x2—2xJ

47.y = (-3x® +15)?

48.y = 0,2(-3x2 - 10x + 4)°
49.y = (-1,2x2 - 2)°

50.y = (-6x+5x°)™*

5l.y = +-6x"+2x-6

52.y = -2x%/6x +46

53.y = V4 -2x?

4.y = V2x7? +3x?

55.y = 2(-2x3 +3x2 -11)’
56.y = -2(-6x3 +2x)*

57.y = (-3x3 +5x -3)®

58.y = -3(x° + 6x° — 5x)°
59.y = In (-3x% -9x + 10)
60.y = -3(2x% + 5x- 16)*
61.y = In (1/2x2 + 7x + 43)
62.y = In (-5x* - 2x3 +6x+1)
63.y =In (2/3x + 4x-1)
64.y =In (-2 + 6x3)

65.y = (23 + 35x + 9x?)8
66.y = V-7x° +2

67.y =4

9.4.Bropasi npou3BOAHAasA, €e reOMEeTPHUYECKUN M (PU3HYECKUI CMBICJI

B pesynbrare u3ydeHust TEMbI CTYICHT JIOJDKEH:
ymMems:

- HaXOJIUTh BTOPYIO IPOU3BOJIHYIO.

3Hamb:

- TIOHSITUE BTOPOU MPOU3BOIHOM.

Hana nponsBogHas y = f (x).

[pousBonnas y’ = f (x) Ha3bIBaeTCS MIPOU3BOAHON MEPBOTO MOPSIKA UIH
IIEPBOU IPOU3BOAHOM.
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[Ipou3BoaHAas OT MEPBOK MPOU3BOIHON HA3BIBAETCS BTOPOM MPOU3BOIHOU
WM MPOU3BOIHOM BTOpOTO Nopsika. O003HayaeTcs:

/] —
y"=f(x)
CYHICCTBYIOT TAKIKEC HpOI/ISBOI[HBIC BBICHIUX HOpHI[KOB.

[Tpumep 1. HaiiTu BTOpyro NpOU3BOAHYIO:

3 Yy =6x

y =X y/ =3x2
y = X5 _2X3 +x—-3 y/:5X4_6X2+1 y// = 20x3 —12x
3AJTAHUSA 1JISA CAMOCTOSTEJBHOUN PABOTBI

BOITPOCHI TSI CAMOKOHTPOJIA

1. Uto Ha3pIBAOT BTOPOU MPOU3BOAHON?

Ipaxmuueckue 3a0anusi:
HaiiTu BTOpYI0 MIPOM3BOJHYIO CIAEAYIOMUX (PYyHKIUMA:

3aganue Ha «3).

1) y=3 +5x +2x5;

2) y=-x>+3x3+5;

3) y=-3x*+6x8-2;

4) y=x"+3x - 2x%

5) y=-3x%-4x® +x.
3aganue Ha «4:

1) y=%x4+3x'6+2x-3;

2) y=-9x>+0,3x3- 3x + §;
3) y= §x4 —§x3 +£x2 +3x—45;
8 6 4
4) y=3 +10x + 2x3)?
5) y=(-2x" +5)3
3ajaHue Ha «5»:

1) y=~-9x"+4
2) y=~-5x-T7x°

6_
3) y=23;
X
— 6x?
4) v=
)y ~5x* -1’
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5) y=2x3(4 - 2x — 6x?);
6) y = (x*-6)(3x +x°)

Tpena:xep

3aganue: HaliTu BTOpYIO MPOU3BOAHYIO CIEAYIOMINUX (YHKITHIA:
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1) y=23 +15x +x5;
2) y=6x5+3éx3+5x;
3) y=3x*+3x8-2;

4) y=5x"+3x — 12x?
5) y=15x3-2x? + 4x;

6) y =-6x>+9x — %XG;

Ny=- §x3+3x6+12;

8) y=3x"-2x>—4x3-3;

9) y=7-9x>- 13x — 4x3,

10) y=5x4+4X2+2x-9;
11) y= SX + 3x — 4;

12) y=3 3 x4+ 3x8 + 2x - 3;

13) y—-9x5+3x -3x + 8;

14) y—%x4—%x +;x +3;
15) y=(23 + 15x +x3)?

16) y (2)(3 +5)3

17) y=+3x

18) sz—x

19) y=i2,
2

20) y—x_1

21) y=x3(4+2x —x?);
22) y=x*3x+x%);
23) y=(2x-3)(1-x%);

24) _ 1+2x
3-5x

9.5. Bo3pacTtanue u yobiBaHue GyHKIIHUM.

IKCTPpEeMyMBbI (PYHKIUH



B pe3ynbrarte n3yueHus: TeMbl CTYACHT JOJDKEH:
ymems.

- HCCIIeIOBATh (DYHKIIUIO Ha SKCTPEMYMBI.
3HAMb:

- IOHATHE YOBIBAIOIICH (PYHKITUY;

- IOHATHE BO3pacTaromel (yHKINH,

- IOHSATHE UHTEPBAJIOB MOHOTOHHOCTH;

- IOHATHE TOYKU MAKCUMYyMa;

- IOHATHE TOYKU MUHUMYMA;

- MMPABUJIO HAXOXKACHUS SKCTPEMYMOB (DYHKITUH C TIOMOIIBIO TIEPBOM
MIPOU3BOJHOM.

Oyukius y = f(X) Ha3bIBaeTCs yowisaiouseli Ha UHTEpPBAJIC (a; B), €CIU IS
JTHOOBIX X1 U Xo, TPUHAIICKAINX UHTEPBATY

f(x1) > T (x2)

Oyuknus y = f(X) Ha3pIBaeTCs so3pacmaroujeri Ha UHTEpBaIe (a; B), €CIIN
JUTSL TIOOBIX X1 M X2, IPUHAIICKAIINX HHTEPBATY

f(Xl) < f(Xz)

WNHTtepBanbl, B KOTOPbIX PYHKIMS yOBIBAET UM BO3PACTAET, HA3BIBAIOT
UHmMepeaNamu MOHOMOHHOCU.

Touka x¢ Ha3bIBaeTCs mouxou munumyma Qynkuuu f, ecmu st Beex x u3
HEKOTOPOI OKPECTHOCTH Xo BBIMOJIHAETCS HEPABEHCTBO

f(x) > f(xo)

Touka xo Ha3bIBaeTCsA mouxou maxcumyma GyHkun f, ecm 11 Beex X U3
HEKOTOPOU OKPECTHOCTH X0 BBITIOJIHSAECTCS HEPABEHCTBO

f(x) < f(xo)

Touku MaKCMMyMad U MUHHUMYMa HA3bIBAIOTCA 9KCTPEMAJIbHBIMHA TOYKaAMHU
NI MOYKAMU IKCmpemyma.

HDaBI/IJIO HaXO0XIACHUA DKCTPEMYMOB (bVHKI_II/II/I Y= f(X) C ITIOMOIIIBIO HCDBOﬁ

OPOU3BOIHOMN.

1. Haittu npoussoanyio /().
2. Haiitu kputnueckue Touku Gpynkuun y = f(X), 1. e. Toukn B kotopsix f/(X)
oOpaliaercsi B HOJIb WJIA TEPITUT Pa3phiB.
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3. Mccrnenopats 3HaK npoussoaHoii f/(X) B mpomexyTkax, Ha KOTOpBIE
HalIeHHbIE KPUTUIECKUE TOUKH JICIAT 00JIACTh onpeAcieHust QYHKIUH Y
= f(x). [Ipu aTOM KpUTHUYECKAs TOUKA Xo — MIN, €CITN OHA OTENSIeT
poMeKyTOK, B kotopoM f /(X)<0, ot npomexyTka, B koTopom f/(X)>0; max
— HaoOopoT. Ecnu B coceTHUX MpoMeKyTKax 3HaK MPOU3BOTHOMN HE
MEHSIETCSI, TO B TOUKE Xo (DYHKIIHS SKCTPEMyMa HE UMEET.

4. BpUuCIHATH 3HaYeHUE (PYHKIIUU B TOUKAX IKCTPEMyMa.

[Ipumep. Uccnenosate Ha SKkcTpeMyM GyHKIUIO y = 3x%2 — 12X +9

1. y'=6x-12
2. 6x—12=0 x=2
3. y(2)=min

4. ymn=y(2)=-3

3AJIAHUS JJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI TSI CAMOKOHTPOJIA

1. Kakast pyHKIms Ha3pIBaeTCs yObIBAIOIICH?
2. Kakas QyHKIusl Ha3bIBAE€TCSI BO3PACTAIOIICH?
3. Kakune nHTepBasIbl HA3BIBAIOT MHTEPBAJIAMUA MOHOTOHHOCTHU?
4. Y10 Ha3bIBAIOT TOYKOM MUHUMYyMa?
5.YT0 Ha3bIBAIOT TOYKON MaKkcUMyMa?
6. ChopMynupyiTe NMpaBUIIO HAXOXKACHUS SKCTPEMYMOB (DYHKIIUU C TTOMOIIIBIO
IIEPBOU IPOU3BOAHOM.
Ilpakmuueckue 3a0anusi:

HccnenoBarh Ha SKCTPEMyMbI (DyHKITUU:

3aganue Ha «3.

1) y= x?+5;
2) y=3x?-6x
3amanue Ha «4:

1) y=2x3- 6x+84;
2) y= % x3 - g x? +6x +9

Jaganue Ha «S5»:

1) y= % x3 — x* +301;

XS

2) y=_ X
)y 3x? -1
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Tpenaxep
3ananue: VccienoBaTh Ha SKCTPEMYMBI (DYHKITHH:

1) y=-x*>+6x-8;
2) y=x?—4x;

3) y=x>+x-1;
4) y=T7x>+14x + 1;
5) y=3x%-6x>+4;
6) y=x3-3x;

7) y=x(1-x);

8) y=1+4x—x%
9) y=3+ x%-6x;

10) y=lX2-6x+5;

4
11) y=%x3—x4-35;
12) y=6x%-6x+35;
13) y =x2-1;
14) y=%x3-%xz -4x + 6;
15) y=x%
16) y = 2x%
17) y = % x4 - 2x;

18) y = X3+%X2 -5;
19) y=6x- x> -7,

20) y=x>
21) y =-5x2—-2x + 2;
1 5
22 =-x%- = x* +6x-7;
) y=3¥x-3% 6x -7,

23) y = 2x3 - x% -4x+ 5;

24) y=%x3—x;
9 _ X
) TR
26) y:3x—1;
2—X
3
27 -
) Y a1

28) y =2x%+3x + 4.
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9.6 .IlpuMeHeHUE MPOU3BO/IHOI K MOCTPOeHHIO rpa¢uKoB pyHKUIMIA

B pe3ynbTaTe n3ydeHus TeMbl CTYACHT JOJDKEH:

ymemy:

- HCCIIEZIOBATh Ha BBIMYKIIOCTh Tpaduk GyHKIUU;

- HAXOJIUTh TOYKH neperuda rpaduka GyHKIUH.

3HAMb:

- IOHATHC HAIIPaBJICHUH BRIMYKJIOCTH Tpaduka GyHKINH,
- MIOHSITUE TOYEK Nepernda rpaduka GyHKINUH.

HanpasJieHus1 BBINYKJIOCTH Tpapuka QpyHKIUH.
HamnpaBnenust BEINYKJIOCTU Tpaduika (yHKIIMH:

1) evinykiocms 66epx — BCe TOUKHU TpaduKa JISHKAT HIDKE KacaTeIbHOM

K

Puc. 38
2) 8bINYKIOCHb 6HU3 — BCE TOYKH IpaduKa JIe)KaT BBIIIC KacaTeIbHOM

_J

Puc. 39

'= f(x) - monoxwurensHas, To rpaguK QYHKIMH BBITYK] BHH3;

Ecmny
Ecmu y” = f(x) - orpunarensnas, To rpadgyk (yHKIUH BBITYKI BBEPX.
[Ipumep 1. Mccneayem Ha BBIYKIOCTh rpaduk GYyHKIUU:
f(x) =x*-3x2+2x+1
f/(x) =3x2—6x +2
f/(x) =6x-6
Hailinem kpuTH4eCKue TOUKHU:

6x -6 =0
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x =1

(oc; DU (L5 + o)

[Tpu nepexone yepe3 ToUKy X =1 QyHKIUS MEHSET 3HAK C — HA + .

Ha unrepsaie (- ; 1) rpaduk GyHKIHH BRITYKI BBepX; (1; + oc ) — BHH3.
Touxku nepernda rpagpuka GyHKuum.

Touka rpaduka, B KOTOpOH CyIIECTBYET KacaTelbHas, U IPH MEPEX0/Ie
Yyepe3 KOTOPYIO KpHBasi MEHSET CBOC HAMPABICHUE BBITTYKJIOCTH, HA3bIBACTCS
mouxou nepe2uba.

Ecnu xo — Touka neperu6a, To f/(x) = 0
Touku neperu6a tam, rae f/(x) ve cymecrsyer

[Tpumep 2. Haittu Touku nepernda rpaguka GyHKIUM:

X -2x*+7x—-4

f(x) =

Wk

fiix) =x>—4x+7
f/(x) =2x -4

X = 2 — KpUT. TOUKa

_t@=42
y=f(@)=4

2; 4%) — TOYKa Tiepernoda

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOTHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1. Kakue ObIBalOT HaMpaBlIeHUs BBIMYKIOCTH? CXxeMaTUYHO H300pa3uTe rpaduk

byHKLIHU.
2. Uto Takoe Touka neperuoda?
Ilpakmuueckue 3a0anus:

Jaganue Ha «3.

1.MccnenoBaTh Ha BBITYKIOCTh rpaduk GyHKIM: y = 2x°
2. Haiitu Touku neperu6a rpadukoB GpyHKIuiA: y = x3+6
3ajanue Ha «4:
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1.MccnenoBarh Ha BBITYKIOCT Tpaduk QpyHKImiL: y = 5x3-2x%+2x-10
2. Haiitu Touku nepern6a rpadukos GpyHkmmii: y = 6x3-6x%+2x-1
3amanue Ha «S»:

1.MccnenoBars Ha BBITYKIOCTb FpadyK QyHKIMNA: y =— 5
X" —

x> +6
—-3X

2. Haiitu Touku nepernda rpadukoB QyHKIUN: y =

Tpena:xep

3ananue:

1. UccnenoBaTh Ha BBITYKIOCTh I'pauKu PyHKIUNA:

1) y=x*-2x3+6x +1;
2) y=x3- 6x%+2x - 6;
3) y=%x3—2xz+3x-3;
4) y=-x*-2x3+ 12x% + 15x - 6;
5) y=x+
X
6) y =3x°- 10x* - 30x*+ 12x + 7;
7)) y=—-x%-1;
8) y =x*-2x3+6x + 1;
9) y=x7
10) y=2x3
1
11 = ;
)y x*+1’
X
x* -4
2. Haiitu Touku neperunda rpadukoB GyHKIIHA:

12) y=

1) y=x3- x-6;

2) y=6x2-x3-2;

3) y=x*-8x3+18x%*—4x +31;
4) y=1+x3

5) y=x*—8x3+24x% + 1;

6) y=%x3—3xz+8x-3;
7) y=x*—10x3+ 36x2 + 100;
8) y=%x5-43;

9) y=x3- 3x;
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10) y=%x4+11;

11) y =1

12) y=X

9.7. IlepBooOpa3nas

B pe3ynbrare u3yueHus TeMbl CTYAEHT JOJDKEH:

ymemy:

-HaxOJIUTh MEPBOOOPa3HYI0 (PYHKIIUU.

3Hamb:

- IOHSTHE MePBOOOPA3HON (YHKIIHH;

- IOHSATHUE UHTETPUPOBAHUS;

-CBOICTBa NEPBOOOPA3ZHON PyHKIUY.
IlepBooOpa3nas

®dyukuus F HaspiBaeTcs nepsoodpasznou i pynkuuu f Ha 3a1aHHOM
MPOMEXKYTKE, €CIIU JJISI BCEX X U3 ATOTO MPOMEKYTKA

F () =f(x)

3 3
Ipumep 1. F/ (x) = % - nepBooOpasnas pynkuuu f (X) =x2, 1. k. (% )Y =x?,

3
Ho (% +7) =x2, nosromy f(X)=F (x)+C

OTpICKMBaHKE MTEPBOOOPA3HON PYHKIIMH 10 3a1aHHON ee MPon3BoaHOM f
(X) — neiictBue, oOpaTHOE MU HEPCHIIUPOBAHUIO — UHMESPUPOBAHUE.

CBoO¥iCTBA ITIEPBOOOPAZHOM:

1. JlroGas mpousBoaHas 11 GyHKmU f Ha HEKOTOPOM HPOMEKYTKE MOKET OBITh
3amrcaHa B BUJE

F(x)+C, e
F (X) — nepBooOpasnas ¢pyHkuun; C —poU3BOIbHAS TOCTOSIHHAS.

2. Eciu F — nmepBooOpa3nas s pyukiuu f, a G — mepooOpasnast mist ¢, 1o F + G
— niepBooOpasnas s f + g.

(F+GY=F+G=f+g

3. Eciu F — nmepBooOpaznas s ¢pyukiun f, a K — nocrosauas, o dynkuums KF —
nepBooOpasnas s Kf.
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(KF) = kF' = kf
[Tpumep 2. Haiitu nepBooOpa3Hyto GpyHKINN

fx)=2+x3
— x4+ X
F(xX)=2x+ 7

3AJTAHUSI 1JISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.Yto Ha3BIBAIOT MEpBOOOpa3HON (PYHKITHECH?
2.YTo Takoe UHTETPUPOBAHUE?
3. Chopmynupyiite cCBOWCTBA UHTETPUPOBAHUS.

Ipaxmuuyeckue 3a0anusi:
Haiitu nepBooOpa3HyIo ClIeAyIONMX (yHKIIHIA:

3agadue Ha «3.

1) f(x) = -8;
2) f(x) = 7x;
3) f(x)=2-x%

4) f (x) =x2- 3x;

5) f(x) =x"— 8x%+ 4x? + 10;

6) f(x)=-5x>+ 2x>+7x-3
3aganue Ha «4:

1)Hm:3ﬁ—ﬁ-&
2)f(X)— 5+9x6+2x4

3) f(x) = —x —%x +ix2+3x+5
4) f(x)—6x+COSX'

5) f(x)=- x +3x8+ 1;

6) f(X)‘ 3X 3-3x"+2

3agaHue Ha «5».

1)f (x) = -—+2x6
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2)f () =-8-
f(x)=3 sin);;

4)f (x) =47 -3x3+ L
5) f (x) = 5x2 +2x3 iIC- 11;
6) f (x) = X_16 _ 3sinx

1.

Tpena:xep

3ananue:
Haiitu mepBooOpasHyto ciaeayrommx §yHKITHA:

1) f(x)=3x?>-2x+4;
2) f(x)=4x—-6x>+1;
3) f(x)=5x —x*-20;
4) f(x)=3x>-2x+4;
5) f(x)=2-x*

6) f(x)=23x;

7) f(x)=-3;

8) f(x)=x+cos X;
9) f(x)=x°%-5x;

10) f(x):xis—Z;

1) f=1-;

12) f(x)=2 sinxx;

13) f(x)=6-3+ = ;
14) f (x) =5x%+ 2X3)j' 11;
15) f(x)= xiﬁ —sin x;

16)  f()=x- 2 —22;
X
17) f (x) = 5x°® — 5x + 36;
18) f (x) =-10x8 - 1;
19) f (x) = x* — 8x3+ 24x% + 1;
20) f(x) =x3- 6x%+2x - 6;
21) f(xX)=1+4x—x%
22) f(x) =-9x°+3x3-3x +8;

23)  f(x)= % x3 — x* - 35;

24)  f(x)= -§x3+3xe +12:
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25) f(x)=x3- 3x;
26)  f(X)= > +sinx
X

27)  f=ix-teiles
47 37 2
28) f (x) =3x°- 10x* - 30x3+ 12x + 7;

29)  f)=x+2:

30) f(x) =3x*+3x8-2;

31) f(x) =5x"+3x - 12x%
32) f(x) =15x3-2x% + 4x;
33) f(x) =7x%+ 14x + 1;

34) f(x) =5x*+4x%>+2x-9.

9.8. HeonpeneseHHbIii HHTETPAJ U €r0 CBOICTBA

B pe3ynbrate u3ydeHus TEMbI CTYICHT JOJDKCH:

yMemb:

-HaXxOJIUTh HEOIIPEICTICHHBIE HHTErPajIbl METOJIOM HETIOCPEICTBEHHOTO
UHTETPUPOBAHUS;

-HaXxOJIUTh HEOIPEICIICHHBIE HHTEIPajIbl METOIOM 3aMCHBI TICPEMEHHBIX.
3HAMb:

- IOHATHE HHTECTPUPOBAHHS;

- IOHSATHE HEONPEICICHHOTO HHTETpaa;

- CBOMCTBA HEOIPEIeJICHHOTO HHTETPaIa;

- METOJIbI HAXOXKJICHHUS HEOIPEICIICHHOTO HHTErpaa.

IlonsiTe HeompeaeJIeHHOT0 HHTErpaJa

Hnmeepuposanue — onepanus, oopatnas 1udepeHImpoBaHuto, 3T0
OTBICKMBAHHUE TIEPBOOOPA3HON PYHKITUH.

F (x)=f(x)
Hpumep 1. f(x)=3x2 F/ (x)=x3 - nepsoobpasnas

CoBOKYMHOCTH TIepBo0Opa3HbIX st GyHKIMH f (X) HazbBaeTCs
HeonpeoesleHHbIM UHmezpalom U 0003Ha4aeTcst I f(x)x.

jf(x)dx= F(x)+C

f (x) — mogpIHTETpaNTEHAS PYHKITUSL

f (x) dx — moABIHTErpaIbHOE BHIPAKCHHE
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C — mpou3BoJIbHAS] TOCTOSIHHAS

CBoiicTBa HeonmpeeJIeHHOT0 MHTErpaJia

1) HeomnpeneneHuplii HHTErpai ot Auddepennnana GyHKIHA paBeH dTOH
(GYHKIMA TUTIOC TPOU3BOJIHHAS TTOCTOSTHHAS

If(x)dx= F(xx)+C

2) TlpousBoHas HEONPEACICHHOTO HHTETpalla paBHa MOABIHTEIPATBHOM

byHKITUH
(J O =T (x)

3) JdudbdepeHnunan HeonpeaeIeHHOro HHTErpajia PaBeH MOIBIHTETPAIbHOMY
BBIPAXKECHUIO

d_[ f(xx = f (x) dx
4) TIOCTOSIHHBIIM MHOXHTEb MOKET OBITh BBIHECEH 32 3HAK HEOIPEIEICHHOTO
HHTErpasa

Iaf(x)dx =a I f (x)dx
5) HeonpeneneHHbIH HHTETPaJl OT alreOpanveckoi CyMMbI ABYX (DyHKITHI
paBeH anredpandecKkoi cyMMe 3TuX QyHKIUH

_[(f (x)dx £ g(x)dx) = '[ f(x)dx + j g(x)dx
IIpumepst:

5 x°
1) [x°dx=—+C
) | -
2) Icosx:sinx+C
6

6
3) j3x5dx=3jx5dx=3%+C=X7+c

4) J(4x3 —6x? +2x+3)dx=4J‘x3dx—6j‘x2dx+2'|'xdx+3_|‘dx= x* —2x® +x% +3x+C

Memoovl Hax0)cOeHUsA HeoOnpeodeleHH020 UHmezpana

1. HemocpeicTBEHHOE MHTETPUPOBAHUE:

3x* —2x* -3x+7 3 7 dx _ x°
| — dx=j[3x2—2—;+7jdx:3jx2dx—2jdx—3f7+7.[x dx =37~ 2x-3Injy
-1

+7x—1+C=x3+2x—3|n|x|—Z+C
X

2. MetoJ 3aMeHbI IEPEMEHHOIA:
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1. [(3x-5)"dx

3x-5=t

3dx = dt

dx = 1dt
3

8 8 8
'[(3x—5)7dX= J.lt7dt:1t—+C:t—+C :(3)(_5) +C
3 38 24 24

2. j(3x +2) dx

3X+2=t
3dx = dt

1

dx = =dt
3

6 6 6
J(3x+2)5dx: J'ltSdtzlt_JrC LA (3x+2)
3 36 18 18

+C

3. I(sz +1)4x2dx

23+ 1=t

6x2% dx = dt

X2 dx = Edt
6

.[(2x3 +1)4x2dx= % '[ t*dt =%%+C :%+C =3—10(2x3 +1f +C

3AJTAHUS 1JISI CAMOCTOSATEJBHOM PABOTHI

BOITPOCHI 1JIsA CAMOKOHTPOJIA

=

Urto Takoe uHTEerpupoBaHue?

Uto Ha3bIBAIOT HEOMPEICICHHBIM HHTErPAIoM?

3. ChopmynupyiiTe CBONCTBA HEONPEICTIEHHOTO HHTETPaIa, 3alHIINTe
bopMyIIBL.

4. Tlepeuncnure METOAbI HAXOKACHUS HEOMIPEAEIECHHOTO HHTErpaa.

no

IIpakmuueckue 3a0anus:
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Haiitu cnenyromuye HHTErpabl:

3aganue Ha «3». 1) j x3dx; 2) 'f (x*-2x14x-2) dx ; 3) I
(2x2+6x°) dx; 4) [ 10dx;
5) j (-6x°-3x°%-x+9)dx ; 6) .[ (2x-34)dx.

3anganue Ha «4:

1)“' 6(x2-2)dx;  2) I (-6x*+2x°)dx ; 3) I (2x-4)%dx; 4) J (-3-7x)%dx
5) I 2(x3-2xM4x-3) dx ; 6) J (6x3+4x8) dx.

3aganue Ha «5»:

D[N0 g ) [ (1axesidx 3) [ (Bx2)tdx;  4)
X

_[ dx .

(2-2x)* "’

5 | (-1/4x-1)%dx; 6) [ (-6x+2)%dx.

Tpenaixep

3ananue:

1. Havitu cieayromme MHTErpaibl.

1. [ 5dx 13) [2 =87
X
dx
2. J 6x%dx 14) I x*dx
3. J 4(x2-x+5)dx 15) J (4x3-6x-
4x+3)dx
3 2
g, [FAI TG 16) [ 2xdx
X
5. J (2x2-5x%*+7x-3)dx 17) I 2(3x-1)%dx
6. J (5x*-4x%+2x-1)dx 18) I x? dx
7. [Ty, 19) [ (5x-1)dx

X
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8. J (6x73+2x-1)dx

2x+1)dx
9. '|' 5(x2-1)dx

10. j (2x724+3x%)dx

11. I 7x2dx
4x°)dx

12. J (6x2+5x3-4x+2)dx

®)dx

2. Hatitu HTErpajibl METOIOM 3aMEHBI IEPEMEHHBIX

1) [ (6x-4)%x

2) [ (7x+8)%dx
3)4dx

3) [ (7-2x)%Xx

4) _[ dx

@307
5) [ (5x-1)%dx

6) [ (-2x+5)Y2dx
7) [ (2/3x-4)*dx
8) [ (-4x+3)%x

3. Haiitu uHTErpaIbI:

1) [ 7x%x;
4) J' 7 dx;

5) I (6x°-2x5-x+3) dx ;

[ 3(2x-3)dx;

9) j 12x3dx;
x4dx;
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10) I 7x°dx;

2) I 5(x*-2xM4x-2) dx ;

6) | (2x-34)%dx;

11) [ (3x*2x3-3x+6)dx;

20) [ (6x"-

21)I x°dx
22) j 6dx
23)I (2x3-

24) [ (3x*+8x

9) [ (8-9x)dx
100 [ (15x -
11) I(Sxd—i(l)s
12)[ (-1/2x +1)dx
13)[  (-1/3x +1)“dx
14)[  (-8-1/2x)%dx
15)[ (2-1/5x)°dx

16)[  (-1/2x -3)%x

3) J (6x2+4x°) dx;

7) [ (7x-10)%dx; 8)

12) |



13)_[ 2(5x2_4X+5)dX; 14) I (4'2X)6dX; 15) dex

X

9.9. Onpeodenennwiii unmezpan u ezo ceoiicmaa.

B pesynbrarte n3y4eHus TeMbI CTYIAEHT JOJDKEH:

ymems:

-BBIUMCIISIT  ONPENEICHHBIE MHTETPaibl METOJIOM HEIIOCPEACTBEHHOTO
WHTETPUPOBAHNS;

-BBIUMCIISITH ONPENEIICHHBIE MHTETPajibl METOJOM 3aMEHBI IEPEMEHHBIX.
3HAMb.

- [IOHSATHUE ONPEACIICHHOIO UHTErpaa;

- CBOMCTBA OIIPEIEICHHOI0 NHTErpaa;

- METOJIbI BBIYUCIICHUS ONIPEAEICHHOIO HHTETpaa.

Honamue onpe()eﬂermoeo unmezpaa.

[Tyctsb F (X) — mepBooOpasnHast pynkmuu f (X) B HEKOTOPOM MPOMEKYTKe X,
a 4yKciia a U B IPUHAJICKAT 3TOMY ITPOMEKYTKY.

[Mpupamenne F(b) — F(a) moboit u3 mepBooOpa3Heix Gyukmmii F (x) + C
Ha3bIBACTCS ONpeOeneHHbIM Unmezpaiom ot a 10 B GpyHkuuu y = f (x) u
o0o3HavaeTcs

jf(x)dx

a ¥ B - [IPEEIIbl HHTETPUPOBAHHUS

f (x) — mogpIHTErpasIbHAS (PYHKITUS

[ 1(0dx= F(b) - F(a)

a

OcHOBHBIE CBOMCTBA ONPeIeIeHHOT0 HHTerpaJa:

1. TlocTOSTHHBIN MHOKHUTEIIb MOXKET OBITh BEIHECEH 3a 3HAK MHTETpaja

jAf(x)dx = Aj f (x)dx
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2. OmpeneneHHbI HHTErPAJl OT alredpandeckoi CyMMbl ABYX HENPEPBIBHBIX
byHKIMI paBeH anreOpanyeckoil cyMMe UX UHTETrpajioB

j(f(x)i g(x))dx:j f (x)dxijg(x)dx

3. Ecau a<c<s, T0O

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

4. Ecmu ¢ynkuus f (X) HenpeprsiBHA Ha OTpe3Ke [a;B], TO CYIMIECTBYET TOUYKA C
€ [a;B], Takas, 4TO

8

I f (x)dx = f(c) (B-a)

a

MeToabl BbIYHCJIEHHS OIpeacJCcHHOIo HHTErpaJjaa:

1) MeToa MoACTaHOBKH

2
a) I(xz —3x+7)dx = [%x3 —gxz + 7x)‘ _12 =195
-1

4
0) j(zx2 —3x)dx= 19,5
1
2) MeTo 3aMEeHbI MIEPEeMEHHON

a) T(zx—l)solx

2x —1=t
2dx = dt
dx = 1dt
2
3 3 4
_[(Zx—l)sdx= 1jtSdt =1t—\§ :1(54 ~3*)=58
) 21 241° 8
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5dx = dt
dx = 1dt
5

i

j5x 1) “dx = —jt Zdt—EtZ\ —2(9;—4;}

[$0R)\N)

1
B) [(2x° +1)*x*dx
0

2x3+ 1=t

6x 2dx = dt

X 2dx = 1dt
6

; 1t°; 1 1
_EZX 11 x2dx = jt dt= 5\3 :%(35—15):8E

3AJIAHUS IJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI 1JIX1 CAMOKOHTPOJIA

1.YTo Ha3bIBAIOT ONpE/ICICHHBIM HHTETPAIOM?

2.Chopmynupyiite CBOMCTBA OMPENCIEHHOTO HHTETpasa, 3aUIINTe (OPMYJIIHI.

3. Ilepeuncnute METOIbI HAXOKICHUSI ONPEICTIEHHOTO UHTETpaa.
Ilpakmuueckue 3a0anus:

Breraucnuts CIICAYIOMME MHTCTPAJIbI:

2 1 4 1
3amanue Ha «3». l)_[de; 2) Ixadx; 3) J' 2xdx; 4) j 2x°dx
1 0 3 -1

2 2 0 4
Bamanne ma «4: 1) [(2x+1)dx; 2) [(3x* -3x+6)dx; 3) [(@2x® —4x)dx; 4) [(2-x)°dx
1 -2 -3 3

1 1 1 3 2 l
Bamganme HA «5»: 1) [V3xdx: 2) [——dx: 3) [3/3x-1dx: 4) [——d
JaHKME Ha «5» ){ x )I4x X )_([ x —1dx )!(2x+6)2x

2
-1
Tpenaxep

3ajanmue:
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1. Bpruncnuts MHTErpaJIbL:

N =
N’ N
<
=

w
~

(x* +2x +)dx ;

W L —N N'?.w Oty
N
o
x

4) J.(4x3 —3x% +2x +1)dx;;

9) i(l— 2x +3x%)dx
10) j(6x2 +3x —5)dx
)
11) j(2x3 —3x)dx
0
12) j(—6x3 +2x% —5x +1)dx

0
13) j (2x° +8x)dx

15) j\/adx
16) dex

2. BeruMcnuTh MHTErpasibl METOJOM 3aMEHBI IEPEMEHHOM:

4-x)dx;

1) [
‘l. 3x+1
) [

4) j (2x—1)°dx

3. Beruucauts uHTETrpabl:

3 2 3
1) [ +Ddx; 2) sz Lo
-1

5) .Sf(2x—l)3dx;

5) j(G +2x)%dx
o1

6) ;[—(Zx 7 dx

7) '2[3\/ 5x + 6dx

8) i(lo —2x)7dx

3) j(Zx—l)SdX ; 4) j‘.(3x2 + 2x + 4)dx

7) j‘(4—x2—3x)dx; 8) i\/ﬁdx

9.10. BeluucieHnue miomajaei miockux ¢Guryp ¢ noMoumbio onpeaejeHHoro
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B pesyinbraTte n3y4eHus TeMbl CTYAEHT JOJDKEH:

ymemsp:

-BBIUMCIIATh IUIOHIA/IN IJIOCKUX (PUTYp C MOMOILIBIO ONMPEAEIEHHOTO0 HHTErpaa.
3HAMb.

- (hopmyTy BBIUMCICHHS TUIOMIAIN TUIOCKUX (PUTYp C TOMOIIBIO OMPEIEICHHOTO
WHTErpaa.

Bbruuciienue miiomaaei miocKux (puryp ¢ mnoMoiubi onpeae;ieHHOro
HHTerpaJa.

Jana ¢urypa, orpanndeHnas rpapukomM Ha otpeske [a;B] pynkmuu f (X), ocsro OX

H IIPAMBIMHU X = 4, X = B.

S:if(x)dx

[Tpumep 1. Berarcnute miomaas (GUrypel, OrpaHUuE€HHON JIMHUSIMU

y=%x2+1,y=0,x=-2,x=3.
: 1 5
S=j(—x2+1)dx =10>
52 6

[Ipumep 2. Berauicnuth miomaas GUrypsl, OrpaHMueHHON JIMHUSIMHU

y=-x>-1,y=0,x=-1,x=2.

2

S = [(-x*-1)dx =6

3AJIAHUS IJISI CAMOCTOSATEJBHOM PABOTHI
BOITPOCHI )11 CAMOKOHTPOJIA

1.3anumuTe GopMyITy BEIYMCICHUS IIOMAEH TUIOCKUX (DUTYP C TTIOMOIIBIO
ONPEAEIEHHOTO UHTErpasa.

IIpaxkmuueckue 3a0anusi:
Boeraucnuts miomians Guryp, orpaHudeHHBIX JTHHUSIMU:

Baganne Ha 3». y=2x%, y=0,x=1,x=2.

Bajanue Ha «4: y =3x%4,y=0,x=-2,x=1.
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3asanue Ha «S»: y =2x%+6x,y =0, x+1 =0, x-2 = 0.

Tpena:xep

3ananue:

Bperaucnurts Iiomanab (I)I/Iryp, OI'PaHUYCHHBIX JIMHUAMHA:

1) y=3x-1,y=0,x=2,x=4.
2) x+2y—4=0,y=0,x=-3,x=2.

3) y=x4,y=0,x=2,x=3.

4) x-y+2=0,y=0,x=-1,x=2.
5 2x-3y+6=0,y=0,x=3,x=0
6) y=4x3,y=0,x=2,x=-1.

7)) y=x*+1, y=0,x=2,x="-1.

8) y=x33, y=0,x=-1,x=1.
9) y=-3x%,y=0,x=1,x=2.

10)
11)
12)
13)
14)

JAu¢ppepeHunanbHbie ypaBHEHHUS NEPBOro MOPAAKA (I0MOJHUTEIbLHbBIN

Jluppepenyuanvrvim Ha3bIBaCTCS YpaBHEHUE, COACPIKAIEE HEU3BECTHYIO
TIIEpPEMEHHYIO X, ICKOMYIO (DYHKIIMIO Y U ee npou3soansie y, y/, ..., y"

=-x+4, y=0
y=x%y=2x
y=3x%y=0,x=-3,x=2.
y=x,y=0,x=-2,x=2.

y=x3x, y=0,x=-1,x=1.

9.11. NuddepeHunanbHble yPABHEHNS EPBOT0 MOPAIKA

MaTepuaJ)

F=(xy ¥,y ...y =0

Juggepenyuanvrvim ypasrnenuem nepso2o nopsoka Ha3bIBaCTCsl YPaBHEHHE

BUJA

F(x,y,y)=0
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Pemennem nuddepeHnnanbHOro ypaBHEHHs Ha3bIBA€TCs Takast PyHKIuS,
KOTOpasi 00palllaet 3To ypaBHEHUE B TOKIECTBO.

Vpasuenue suna y' = f; (X) f, (X) HaseiBaeTcsa ypaBHeHHEM ¢
pa3IeIIONMMUCS TEPEMEHHBIMU.

(1 £~ 1,00 1.9)

[Tpumep 1. Pemuth ypaBHEHHE:
ydy = 3x2 dx
Iydy = I 3x? dx

2
Y _yiicC
2

[Ipumep 2. PemuTh ypaBHEHHE:
2ydy = (1-3x?) dx

J2ydy :_[ (1-3x2) dx
y?=-x*+C

[Ipumep 3. PemuTh ypaBHEHHE:

dy _ o
x>y
y2 dy = x? dx

J'yzdy:.[ x2 dx

3 3
y?:%w

3AJTAHUS 1JISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI IJTA CAMOKOHTPOJIA

1.Kakoe ypaBHeHure Ha3bIBaeTCs MU PpepeHImaIbHbIM?

2.Kakoe ypaBHeHHE Ha3bIBaeTCs AU PpepeHInanbHbIM YpaBHEHUEM IIEPBOTO
nopsiaka?

3. Urto Ha3bIBaIOT penieHueM AuddepeHuaibHOro ypaBHeHus?
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Ipaxmuueckue 3a0anusi:
Pemmnts ypaBHEHUA:

3ananue Ha «3». 1) 6ydy = 3x dx;
2) 2y?dy = -x3dx;
3) x?dx = (y+6)dy;
4) 6y* dy = (5x3-7x) dx;
3azanue Ha «4: 1) (9-2y?)dy — (4-x3)dx=0;
2)-2x2% dx + (y+4)dy=0;
3) (-17y-6y?+11)dy — (1/6x%— 1/2x3)dx=0;

4)l: dx
X+3 y-4
N 2
3amanue Ha «S»: 1) 8ty _d+2x ;
dx dy
1
dy X3
2) L= :
)dx —9+y?
dy dx
3) ~=23
NS
1.
)ﬂzz —-3x+1
dx y>+10
Tpenaixep
3ananue:

Pemmnts ypaBHEHUA:

dy X
1) 2=
) dx 1+y?’
dy dx.
2 T ="
) Ix oy
2
3) (1+y)=(1+x);
dx dy
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(x-1) y-2°

4) dy dx

5) ydy = 3x? dx;
6) (2+2y?)dy — (1-x3)dx=0;
7) x%dx + (y- 1)dy=0;

8) 3—-y +4y:X 2X 3;
dx dy

dy 6x®-3x+1,
dx  y*+10 '
10) (6y+3y?)dy — (7x*- 3x3 -5)dx=0;

d dx .
11) = A— ,
6x° -6 4y -2y-7

12) 6x2 dx + (y°- 13)dy=0;

9)

2
13) 5;3y:2+4x :
X dy
dy dx
14 = ;
) I yP-2y+3’
15) y* dy = (5x%+2x) dx;
16) %: : 4x .
y+2y
17) 5—2y6+6y:2x4—3x+1;

dx dy
18) (9 - 3yH)dy — (3 - 4x3)dx=0;

dy  dx .
(x*-10) 2y+3’

20)  (3y-6y2-1)dy — (6x2- 2x%)dx=0.

19)
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Pa3znesn 10.MHOrorpanHuku
10.1. 'eomeTpuYecKoe Tej10, €ro NoBepxHocTh. MHOrorpanHuku. Ilpusma

B pe3ynbraTe u3yueHus: TeMbI CTYACHT JOJDKCH:
3Hamb:

- IOHATHE TEOMETPUUECKOTO TEa,;

- IOHSTHE MHOTOTPAaHHUKA;

- IOHATHE TPaHEe MHOTOTPaHHHKA;

- IOHATHE pedep MHOTOTPaHHUKA;

- IOHATHE BEPIITUH MHOTOTPAaHHUKA,

- IOHATHE JTUATOHAJIM MHOTOTPAaHHUKA,
- IOHATHE TIPU3MBI;

- IOHSITHE OCHOBAHUN MTPU3MBI;

- IOHATHE OOKOBBIX pedep MPU3MBI,

- CBOMCTBA NPU3MBI;

- IOHSATHE BBICOTHI TTPU3MBI;

- IOHATHE HAKIIOHHOW TIPU3MBI.

MHoOrorpaHHuKH

B crepeomeTrpun nzyuarotcsi Guryphl B MpOCTPAHCTBE, Ha3bIBACMbIC
menamu.

['eomeTpuueckoe Teao mpeacTaBisieT co00i YacTh MPOCTPAHCTBA, 3aHATYIO
(bU3UYECKUM TEJIOM U OTPAaHUYEHHYIO OBEPXHOCTHIO.

MHuozoepannuk — T€I10, IOBEPXHOCTb KOTOPOI'O COCTOUT U3 KOHEYHOIO
yucia IIOCKMX MHOTOYTOJIbHUKOB. Hanpumep, nupamuza.

153



MHOTrOorpaHHMK Ha3bIBAE€TCA BBITYKJIBIM, €CJIM OH PACIIOJIOKEH M0 OJIHY
CTOPOHY IIJIOCKOCTH Ka/I0Tr0 IJIOCKOTO MHOTOYTOJIbHUKA HA €r0 OBEPXHOCTH.
['paHnyHBIC MHOTOYTOJIHUKH HA3bIBAIOTCS 2PAHAMU, UX CTOPOHBI - pebpamu, a
BEPUINHBI — 8EPUIUHAMU MHO202PAHHUKA.

OTpe3oK, COeTUHSIONINM JIBE BEPIIUHBI, HE JIS)KAIlME B OJTHON TpaHH,
Ha3bIBAETCS OUACOHANDIO.

Hamnpumep, Ky0O — BBIITYKJIbI MHOTOTpaHHUK. Ero moBepxHOCTh COCTOUT U3 6
kBaapatoB: ABC/I,... Ouu sBisercs ero rpansmu. PeOpamu ky0a sSBISIOTCS
CTOPOHBI 3TUX KBapaToB: AB,... Bepmmnamu xKy0a sSBISIOTCS BEPIIUHBI
KBaJIp : , C... Y xy0a 6 rpaneii, 12 pebep u 8 BepiiuH.

Puc.40

Ilpuszma

Hpusma — MHOI'OI'pPaHHHK, KOTOpBIﬁ COCTOHUT U3 ABYX IINIOCKHX
MHOTI'OYI'OJIBHUKOB, JICKAIIINX B PA3HBIX IINIOCKOCTAX U COBMCIIACMbBIX
napauiCJIbHbBIM IICPEHOCOM, U BCEX OTPE3KOB, COCANHAIOINX COOTBCTCTBYIOIIUC
TOYKH 3TUX MHOI'OYI'OJIBHHKOB.

MHOFO}’FOJ’IBHI/IKI/I HAa3bIBAKOTCA OCHOBAHUAMU TIPU3MBI, 4 OTPE3KH,
COCAMNHAIOIINC COOTBCTCTBYIOINHNEC BCPIINHEI, - OOKOBbIMU pe6paMu IIPU3MBI.

<

Puc. 41

CBoMCTBA:

1. OcHoBaHUs IPU3MBI PABHBI;
2. Y npu3Mbl OCHOBaHHMS JIEKAT B MapaJUIEIbHBIX MIOCKOCTSIX;
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3. VY npu3mMbl 60KOBbIE pedpa mapasjieiabHbl U PaBHBI.
[ToBepXHOCTH MPU3MBI COCTOUT U3 OCHOBAHHI U OOKOBOM MOBEPXHOCTH.

BbokoBasi mOBEpXHOCTh COCTOUT U3 MapaljIeIOrpaMMOB. Y Ka)KIOT0 U3 HUX JIBE
CTOPOHBI SBJITFOTCSI COOTBETCTBYIOIIMMH CTOPOHAMH OCHOBAHUH, a JIBE IPYTHE —
COCeTHUMHU OOKOBBIMH peOpaMu.

Bvicomoii ipu3MBI SIBISETCSA PACCTOSHUE MEXKY IUIOCKOCTSMU €€
OCHOBaHMI. OTPE30K, COENNHSIIOUI IBE BEPIIUHBI IPU3MBbI, HE IPUHAIJICKAITUI
OJITHOM I'paHU, Ha3bIBAECTCSA OUACOHANbIO TIPU3MBI.

[Tpu3ma Ha3bIBaeTCA npsimot, €Ciu ee OOKOBbIE peOpa MepIeHIUKYISIPHBI
OCHOBaHMSIM. B ocTanbHBIX ciiydasx mpu3Ma Ha3blBaeTcs HakaoHHou. [Ipsimas
MpU3Ma Ha3bIBAETCS NPAGUNLHOU, €CITA €€ OCHOBAHMS SIBJIAIOTCS MPAaBUILHBIMU
MHOT'OYTOJIbHUKAMHU.

3AJIAHUSA 151 CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI TSI CAMOKOHTPOJIA

1.Yto Takoe reoMeTpuuecKoe Teyo?

2.Yto Takoe MHOrorpanHuk? [IpuBeaure npumepsl.

3. UTo Ha3bIBAIOT TPAHSIMU MHOTOTPaHHUKA?

4. Yto Ha3pIBalOT peOpaMu MHOTOTpaHHUKA?

5. UTo Ha3bIBAIOT AUArOHAJIbI0 MHOTOTPaHHUKA?

6. 13 yero cocrout ky6?

7.Yto Takoe nmpuzMa?

8. UTO Ha3bIBalOT OCHOBAHUSAMU MPU3MBbI?

9. Uto Ha3bIBalOT OOKOBBIMU peOpaMu IPU3MBbI?

10. ChopmynupyiiTe CBOMCTBA MPU3MBI.

11. Y3 yero cocTOUT MOBEPXHOCTh MPU3MBbI?

12. YTO Ha3bIBAIOT BBICOTOW MPU3MBI?

13. Kakas npu3ma HazpiBaeTcs npsimoit? HaknonHou?
10.2. MMapaanenenunen. [lupamuna.

B pesynbTaTe n3ydeHus TeMbl CTYICHT JTOJDKEH:

3Hamb:

- IOHATHE MapaIeNenuIea,;

- IOHATHE MTPOTHUBOJISKAIINX TPaHeH TapalieIeITUIe/a;
- CBOMCTBA MapajieenuIieaa;

- IOHATHE MIPSMOYTOJILHOTO TapauIeICUIeaa;

- MIOHSTHE Ky0a;

- CBOMCTBO JUArOHaJIM MPSIMOYTOJIBLHOTO MapalijIe/IeHIe1a;
- IOHATHE TTUPAMUJIBL;

- IOHATHE OOKOBBIX pedep MUPAMHUIBI;

- IOHATHE TETPAdIPa;
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- CBOMCTBO IIUPaMU/IBI;

- IIOHSITUE BBICOTHI MUPAMUJIBI;

- IIOHSITUE NIPABUJIBHOW MUPAMUJIBL;
- IOHATHE arnopeMbl TUPAMHUIBI.

MMapasutenenumnen

Ecnu ocHoBaHue MPU3MBI €CTh MapaijIeIorpaMM, TO OHA HA3bIBAETCS
napannenenunedom. Y HEro Bce TpaHu — nmapasuiesorpaMMel. [lapannenenurmnen
OBIBACT npAMOU U HAKIOHHDBLIL.

Puc. 42 Puc. 43

['panu napamienenuneaa, He UMEIOIIME OOIIMX BEPIINH, HA3bIBAIOTCS
NPOMUBOTIEHCAUJUMU.

CBoiicTBa:

1) YV mapannenenuiea NpOTUBOJICKAIINE TPAHN PABHBI U MTAPAJLICIIbHBI;

2) JlnaroHanu mapaJiiesienue/ia MpecekarTcs B OJHON TOUYKE U TOYKOM
NIEPECEUEHHUSI IPECEKAIOTCS MTON0JIaM;

3) V mapautenenurieia TOUKa MepeceUeHHs JUAroHaIen IBIsICTCS IICHTPOM
€ro CUMMETPUH.
[Ipsmoii mapannenenumen, y KOTOporo OCHOBAHUEM SIBJISIETCS

NPSIMOYTOJIbHUK, HA3bIBAETCS NPAMOY20IbHbIM napasienenunedom. Y HETo BCe
IpaHu — MPSAMOYTOJIbHUKH.

[TpstMOyTOIBHBIN MapaieenuIie], y KOTOPOro Bce IpaHu PaBHEI,
HA3BIBACTCS KYOOM.

Y npsiMOYTOJIBHOTO MapAJUICIICHUIIEIa TPU U3MEPEHUS.

B npsiMmoyrojibHOM napajuiejicnuneae KBajapart JF000M AUaroHaJld paBCH

CYMME KBaJApaTOB TPEX €ro U3MEPEHUM.

IIupamuna
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Ilupamuoa — MHOTOTpaHHUK, KOTOPBIM COCTOUT U3 TIOCKOTO
MHOT'OYTOJIbHUKA — OCHOBAaHUS TUPAMU/IbI, TOUKH, HE JICIKAIIIEH B TIIOCKOCTH, -
BEPIIMHBI TUPAMHU/JIBI U BCEX OTPE3KOB, COCIUHSIONIUX BEPILIMHY C TOUKAMHU
OCHOBAHHSI.

OTpe3ku, COeANHSIONINE BEPIINHY MTHUPAMUIBI C BEPIITMHAMHU OCHOBAHWSI,
Ha3bIBAIOTCS OOKOBBIMU peOpamu.

[ToBepxXHOCTH MUPAMHUJIBI COCTOUT U3 OCHOBAHUS M OOKOBBIX TPaHEei.
Kaxxgast 6oxoBast rpanb — TpeyroiabHUK. OJTHOM U3 €T0 BEPIIHH SBIISETCS BEPIIMHA
IIAPaMUJIBL, @ IPOTUBOJIEIKALLEH CTOPOHON — CTOPOHA OCHOBAHUS ITUPAMUJIBI.

TpeyronbHas nupamua Ha3bIBACTCS Mempa’0poMm.

CBoiicTBa: IIIOCKOCTh, IEPECEKAIOIIAs MUPAMUY U MapajlieabHas ero
OCHOBAHMSIM, OTCEKAET MOJJOOHYIO MUPAMUJTY.

Bvicomout nupamuovl Ha3pIBA€TCs NEPIEHAUKYJISAP, OMYLICHHBIN U3
BEPILMHBI MUPAMU/IbI Ha MJIOCKOCTh OCHOBAHUSI.

HI/IpaMHI[a Ha3bIBACTCA npaeuﬂbﬂoﬁ, CCJIM €€ OCHOBAHHECM ABJIICTCA
HpaBI/IJ'IBHHﬁ MHOT'OYT'OJIBHUK, @ OCHOBAHHMC BBICOTBI COBIIAAACT LICHTPOM 3TOI'O
MHOI'OYI'OJIbHHKA.

BricoTa 60KOBOM I'paHy MPaBUIILHON MUPAMUJIbI, TPOBEACHHAS U3 €TI0
BEPUINHBI, HA3bIBAETCA anogemoti. BOKOBOI MOBEPXHOCTHIO MUPAMUBI SBIIACTCS
CyMMa IIONIa/Iel ee OOKOBBIX IPAHEH.

bokoBas IHOBEPXHOCTH HD&BHHBHOﬁ nupaMuabl paBHA IIPOU3BCIACHHUIO

HOJYIICPHUMECTPA OCHOBAHMS HA anod)eMv.

Puc. 44

3AJIAHUS JJ151 CAMOCTOSITEJILHOM
PABOTBI

BOITPOCHI T CAMOKOHTPOJIA

1.Yrto Takoe napannenenunesn’?
2. Kakue rpanu napajuienenurena Ha3bIBarTCS MPOTUBOJIEKAIUMHA?
3. ChopmynupyiiTe CBOMCTBA Mapasuielienunesaa.

4. Kakoil napajuienenuriesl Ha3bIBaeTCsl NPSIMOYTOJIbHBIM ?
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5.Uto Takoe ky0?

6. CKOJIbKO U3MEPEHUM y MPSMOYTOJIbHOTO Napajuieenumena?
7. ChopMynupyHTe CBOMCTBO NUArOHAIN TapajuIeIeIUIe/a.
8. Uto Takoe nupamuaa’?

9. Urto Ha3bIBalOT OOKOBBIMU peOpaMu TUPAMUIbI?

10. 13 yero cocTouT NOBEPXHOCTh TUPAMUJIBI?

11. Yto Ttakoe TeTpasip?

12. ChopmynupyiiTe CBOMCTBO MUPAMUJIBI.

13. UTo Ha3bIBaIOT BHICOTOM MUPAMUJIbI?

14. Yto Takoe anodema?

15. Yemy paBHa OOKOBasi IOBEPXHOCTh MUPAMUIBI?

Pazgen 11. Tena u moBepXHOCTH BpaleHUs

11.1. IloBepxHocTh BpaieHusi. Teno Bpamenus. Hunaunap. Konyc

B pesynbTaTte n3ydeHus TeMbl CTYJEHT JOJKEH:
3HAMb:

- MIOHSITUE UUJIUH]IPA;

- IOHSITUE OCHOBAHUM LUJIMH]IPA;

- IOHATHE 00Pa3YIOIIUX IIWIHH]IPA;
- CBOMCTBA LIWJIMH]IPA;

- MIOHSITUE NIPSMOTO LIWJIUH]IPA;

- MIOHSTHUE paJnyca MWINHAPA,

- TIOHSITUE BBICOTHI LIWJIMHJIPA;

- TIOHSITUE OCH ITUINHAPA;

- MIOHSITUE KOHYCA;

- OHATHE O0pa3yIOIIUX KOHYCA;

- MIOHSITUE TIPSIMOTO KOHYCAa;

- TIOHSITUE BBICOTHI KOHYCA;

- IOHSITUE YCEUEHHOTO KOHYCA.

Huaunap

Lununop — Teno, KOTOPbIN COCTOUT U3 JBYX KPYTOB HE JICKAIIUX B OJTHOU
MJIOCKOCTU U COBMEIIAEMBIX MApPAJIJIEIbHBIM IEPEHOCOM, U BCEX OTPE3KOB,
COEIMHSIONINX COOTBETCTBYIOLIUE TOUKU 3TUX KpyroB. Kpyru Ha3bIBaroTCs
OCHOBAHUAMU YUTUHOPA, @ OTPE3KH, COSTUHSIONINE COOTBETCTBYIOIINE TOUKH ITUX
KPYTOB — 00pazyrouumu YyuiuHopa.

CBoiicTBA:

1) OcHoBaHHUs IHJIMHAPA PABHbI;
2) V uniIMHApa OCHOBAHUS JIEXKAT B MapajlIeIbHBIX TIOCKOCTSX;
3) V unimHapa 00pa3yroliye napaieIbHbl i PaBHBI.
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HOBCpXHOCTB mUuJImHApa COCTOUT U3 OCHOBaHMI 1 OOKOBOM IMOBCPXHOCTH.
bokoBas IMOBCPXHOCTH COCTOUT U3 06pa3y10m14x.

Hunuuap Ha3bIBACTCS NpAMbIM, €CIH €T0 00pa3yIolue NepIeHIUKYIISIPHBI
MJIOCKOCTSIM OCHOBaHUHU.

Paouycom nununapa Ha3bIBaeTCs pauyc ero OCHOBaHUs. Bvlicomoti
LUMJIMHAPA HA3bIBAETCS PACCTOSTHUE MEXKAY IUIOCKOCTSAMH €ro OCHOBaHUN. Ocbio
LUUJIMHAPA HA3bIBAETCS MpsAMast, MPOXOAAIIAs Yepe3 UEHTPhI ero ocHoBaHUM. OHa
napajuienabHa o0pa3yIouuM.

Y
]

N

Puc. 45
Konyc

Konyc — teno, KoTopoe COCTOUT U3 Kpyra — OCHOBaHUS KOHYCa, TOUKH, HE
JeXalllel B INTIOCKOCTH 3TOT0 KPyTa, - BEPIIMHBI KPYTa, U BCEX OTPE3KOB,
COEJIMHAIONINX BEPUIMHY C TOUKaMU OCHOBaHUs. OTpE3KH, COCIUHSIONINE
BEPUIMHY C TOUKAMU OCHOBAHMSI, HA3BIBAIOTCS 00paA3yIouWuMu KOHYCa.
[ToBepXHOCTh KOHYCa COCTOUT U3 OCHOBAHUS U OOKOBOM MOBEPXHOCTH.

KoHnyc Ha3bIBaeTcs npsamsim, €Clv IpsiMasi, COeIMHAIONIAs BEPIINHY KOHYca
C LIEHTPOM OCHOBAHHS, TMEPIECHIUKYJISIPHA IOCKOCTH OCHOBAHUS.

Bvicomou xoHyca Ha3bIBAETCS NMEPIICHINKYIISIP, ONYIIEHHBIN U3 BEPILIUHBI
Ha IIOCKOCTh OCHOBAHUS.

HJ'IOCKOCTB, mapajujicjibHass OCHOBAHHMIO KOHYCa M IEPCCCKaroiasa €ro,
OTCEKaeT OT HEr0 MEHBIIIMKI KOHYC. OcraBmasicst 4acTh Ha3bIBACTCS YCEe4YEeHHbIM
KOHYCOM.
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Puc. 46

3AJIAHUS 1JIS1 CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI I CAMOKOHTPOJIA

1.Yto Takoe nunuHap?

2. UTo Ha3bIBAIOT OCHOBAHUSIMU IMIJIUH]IpA?
3. Uto Ha3bIBAIOT 00Pa3yIONIMMU IIMIIHH]IpA?
4. ChopmynupyiiTe CBONCTBA HUIUHAPA.

5. W3 4ero cocTouT MOoBEPXHOCTh LUIUHApA?
6. M3 gero coctonut 60KOBast MOBEPXHOCTH IIMIHH/IpA?
7. UTO Ha3bIBAIOT PAIAYCOM LUIUH]IpA?

8. UTo Ha3bpIBAIOT BHICOTOW LIUIMHpA?

9. YUTo Ha3BIBAIOT OCHIO NWJIUHAPA?

10. Yto Takoe koHyc?

11. Yto Ha3pIBatOT 00pa3yrOImUMHU KOHyca?
12. Y3 4ero cOCTOUT MOBEPXHOCTh KOHYcCa?
13. Kakoii KOHyC Ha3bIBa€TCs NPSIMbIM?

14. Yto Ha3bIBAIOT BHICOTOM HUIMHIpA?

15. Kakoli KOHyC Ha3bIBa€TCsl yCEUECHHBIM?

11.2.Cdepa u map

B pesynbTaTe n3ydeHus TeMbI CTYACHT JOJDKEH:

3Hamo:

- IOHATHE 11apa;

- IOHATHE LIEHTPA U pajuyca 1mapa;

- IoHATHE ChEepHI;

- IOHATHE JUaMETpa 1apa;

- IOHATHE JTUAMETPATBHO MTPOTUBOIIOIOKHBIMU TOYKAMH I1apa.

Illap — Ten0, KOTOPOE COCTOUT M3 BCEX TOUYCK MPOCTPAHCTBA, HAXOISAIIETOCS
Ha PAaCCTOSTHUH, HE OOJIBIIE TAHHOTO, OT JAHHOTO TOYKH. DTa TOYKA HA3BIBACTCS
yewmpom 11apa, a JaHHOE PACCTOSTHUE — paouycom mapa.

I'panuna mapa Ha3bIBa€TCs IIAPOBOM NOBEPXHOCTBIO, WIIH Chepoti.
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OTpe3oK, COeNUHSAONINHN IISHTp IIapa ¢ TOYKOW IIapOBOW MOBEPXHOCTH,
Ha3bIBAETCS PpAOUYCOM.

OTpe30K, COeTUHSIIONINI [IEHTP 1Iapa ¢ TOYKOM 1IapOBOM MOBEPXHOCTU U
MPOXOMSIIUNA Yepe3 LEHTP Iapa, Ha3bIBACTCS OUAMEMPOM.

Koniier moboro nuameTpa Ha3bIBAIOTCS OUAMEMPANIbHO
NPOMUBONOTIONCHHIMU MOYKAMU TTAPA.

Bcskoe ceuenue mapa IJI0CKOCTBIO €CThb KPYT. HGHTp 9TOTI'0 Kpyra €CTb
OCHOBAHMUC IICPIICHOUKYJISIpA, OIIYIICHHOI'O U3 LICHTPA IIapa Ha CCKYITYIO
IINTOCKOCTB.

[{enTp mapa sABIAETCS UEHTPOM €TI0 CHMMETPHHU.
3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOThHI
BOITPOCHI IJIX1 CAMOKOHTPOJIA

1.Yrto Takoe map?

2. YTo Ha3bIBAIOT PAInyCOM IIapa?

3. Uto Takoe cdepa?

4. Yto Ha3bIBAIOT JUAMETPOM Iapa?

5. Kakue Toku mapa Ha3bIBalOTCS IUAMETPATBHO MPOTUBOMOI0KHBIMU ?
6. Uto sBsieTCA ceUeHHeM Iapa?

Tpena:xep

3aganue: PemmTh 3a1a4u:

1.  OmuH K3 yIJIOB IIPU NEpECEUEHNH IBYX NPAMBIX paBeH 65°. Haiitu
OCTAJIbHBIE YTJIBI.

2. Haiitu BeICOTY paBHOOOKO# Tparenuu, y KOTOpOil OCHOBAHUS PaBHBI
Sm u 11M, a GokoBast cTopoHa 4Mm.

3. OnuH U3 yIJIOB IIPU NEPECEUECHUH ABYX MPAMBIX Ha 45° Gonbie
npyroro. Haitu 31 yrisl.

4. BHemHuii yron paBHOOEIPEHHOTO TpeyronbHuKa pasen 42°. Halitn
YTJIbI TPEYTOJIbHUKA.

5. Y nmapanienenureza Tp¥ I'paHu UMEIOT Iomanu 1m2, 2m2, 3m2. Uemy
paBHa MMOJIHAS IOBEPXHOCTH Mapasuienenunena’?

6. HaiiTu nuaronanan npsMOyroJbHOTO MapajiesienuIeaa o TpeEM ero

W3MEPECHUSIM:
1) 1,22
2) 2,3,6.
3) 6,6,7.
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7. B npsmoyrojibHOM napaJijiesienuneie CTOpOHbI OCHOBAHUS PaBHbI 7 M
n 24 oM, a BeIcoTa 8 aM. HaiiTh mroma b 1uaroHajJbHOrO CCUCHUS.

8. Pammyc ocHoBaHus umiauHIpa 2™, BeicoTa 3M. Haiitu auaronans
OCEBOI'0 CEUCHUSI.

9. Beicora nunuHApa 8cM, paauyc ocHoBaHuA 5 cM. [mmuHap mepeceyeH
IJIOCKOCTBIO TaK, YTO B CEYEHUH MOJTy4YHIICA KBaapar. Haltu paccrosHue
OT 3TOr'0 CEYEHMS 10 OCH.

10. Panuyc ocHoBaHus KOHyca 3M, BbIcOTa ocHOBaHus 4M. Halitu
00pa3yoIyIo.

Paznen 12. U3mepeHusi B reoMeTpun

12.1.00beM reomerpuueckoro rejaa. O0bem nNpu3Msbl, napajuiesienunena

B pesynbTaTe n3ydeHus TeMbl CTYACHT JTOJDKEH:

yMemb:

- BBIYUCIISTH 00BEM MTPU3MBI;

- BBIYUCJIIATH 00BEM TMapajvieenunesaa.

3HAMb:

- IOHATHE 00bEMa TEOMETPUUIECKOTO TeIa;

- CBOMCTBa 00BEMA;

- popmyiry oObeMa MPU3MBI;

- popmyiry o0beMa NpsIMOYTOIBLHOTO MapasuIeIeIuIe/1a;
- popmyiry 0ObeMa HAKJIOHHOTO Mapasuiesienunea.

O0bem reomerpuueckoro rejaa. O0bem Npu3Mbl, Napasiesienuiena.

O0beM — NoJIOKUTENbHASI BETMYMHA, YUCIICHHOE 3HAUCHHE KOTOPO
o0JiajaeT CaeayouMMHA CBOMCTBAMMU:

1) PaBHee Tena MMEIOT PaBHBIC OOBEMBI;
2) Ecnu Teno pa30MTO Ha 4acTH, SBJISIONIMECS MPOCTHIMH TEJIaMH, TO 00beM
3TOrO TeJa PaBeH CyMMe 00bEMOB €0 4acTeH;
3) O0Bem Kyba, peOpo KOTOPOTO PaBHO SIAUHUIIC JJTMHBI, PABEH CIUHHMIIC.
PaccMoTpum npsIMOYTOJIBHBIN MMapAJUICIICIUIIE C JUHEMHBIMUA U3MEPEHUSIMU 4, B,

C.

Puc. 47
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O0beM IMPAMOYTOJIBHOI'O IapaJuICIICIIMIIeaa C JIMHEHHBIMU HN3MECPCHUAMMU a, B, C

BEIUHCIAETC 1o popmyne V =a-a-f

PaCCMOTpI/IM HAKJIOHHBIM MapaJuICIICIIUIIC:

Puc. 48

O0BeM paBeH MPOU3BEJCHUIO OCHOBAHHUS Ha BBICOTY

V:Smi H

PaccmoTpum npusmy. O0beM 110001 MPU3MbI PaBEH MPOU3BEACHUIO TIIOIAIN

OCHOBAaHMH:A HaA BBICOTY.

3AJIAHUSA 151 CAMOCTOSTEJIBHON PABOTHI
BOITPOCHI IJIs1 CAMOKOHTPOJIA

1.YTo Takoe 06bem?

2. Yemy paBeH 00beM MPSMOYTOJIBHOTO Mapajuiesenunena’?
3. Uemy paBeH 00beM HAKJIIOHHOTO Mapasiienenumea?

4. Yemy paBeH 00BEM MPU3MBI?

12.2. O6beM nupaMuabl, HWINHIPA

B pesynbTaTe n3ydeHus TeMbl CTYICHT JTOJDKEH:
ymemb:

- BBIYUCJIISTH O0BEM MTUPAMUJIBL;

- BBIYUCIIATH O0BEM ITUITHH/IPA.

3Hamb:

- popmyiry oObeMa MUpamMusIbl;

- popmyiry oObeMa HUIHHAPA.

O0beM nupaMuabl, HIAJITHHAPA.

Paccmorpum nupamuny.
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e

Puc. 49
O06bem mo00H TUPaMUIBl PABEH OJTHON TPETH MPOU3BEIACHUS TIJIOMIATN €€

1 .
OCHOBaHUS Ha BBICOTY V =-S5 - |
3

PaCCMOTpI/IM MUJIIMHIDP.

V =R*H

Puc.50
3AJAHUS JUISI CAMOCTOSITEJIBHOM PABOTHI

BOITPOCHI 1JIs1 CAMOKOHTPOJIA

1. Yemy paBeH 00beM MUpaMuIbI?
2. Yemy paBeH 00beM HUIUHIpA?

12.3.00bem KoHYycCa, HIapa

B pesynbTaTe n3ydeHus TEMbI CTYACHT JTOJDKEH:
ymemb:

- BBIYHCIISATH 00BEM KOHYCa;

- BRIYHCIISITH 00BEM IIapa.

3Hamb:

- hopmyiry o6beMa KoHycCa;

- popmyiry oO6bemMa mapa.
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O0bem KoHyca, apa

O0beM KOHYCa paBCH O,HHOﬁ TPCTU IMPOU3BCACHU ILIOINAaAX OCHOBAHUS HA

BBICOTY.

- 1
V:_STNi 'I :gﬂRzl

PaccMoTpuM yceueHHbIN KOHYC ¢ pajanycaMu ocHoBaHu# Ri u Ry.

\V =%721' (R? +R,-R, +R?)

Paccmotpum map. v — 2 R=

3
Puc.51

3AJIAHUS JJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI T CAMOKOHTPOJIA

1. Yemy paBeH o0beM KoHyca?
2. Yemy paBeH 00beM mapa?

Tpenaxep

3aganue: PemmTh 3a1a4uu:

1.

2.
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Tpu kyOa ¢ peOpamu 3 cMm, 4 cM, 5 cM nieperiaBieHsl B o1uH Ky0. Halitu
pebpo aToro kybda.

TpebyeTcs ycTaHOBUTB pe3epByap I BOABI eMKOCTBIO 10 M® Ha TuIomamke
pasmepom 2,5 x 1,75 M, ciryxaient ajist Hero AHoM. Hailtu BeicOTy
pe3epByapa.

N3mepenus npsamoyroyibHOro napamuienenunena 15 m, 50 m, 36 m. Haiitu
pebpo paBHOBEIUKOTO eMy KyOa.

B TpeyroibHOM nupaMuae co CTOpOHAMU OCHOBaHHUS S ¢M, 6 ¢M, 7 cM
BbICOTA paBHa 3,5 cM. Halitu o0beM mupamMuspl.

B nunuHape ¢ paguycoM ocHoBaHus 3 M 00beM pasel 10 m3. Haiitu BeicOoTy
UUJIMHpA.

B munuaape ¢ muameTpoM S5 ¢M BeicoTa paBHa 7,5 cMm. Halitn 00bem
HUAJIUHIpA.



7. 25 M MenHOM npoBosioku uMeroT Maccy 100,7 r. Haiitu auameTp npoBOJIOKH
(mmoTHOCTHL Meu 8,94 r/cv?).

8. Kyua mebHst uMeeT kKaHOHHUYECKYIO (hOpMy, paIiyC OCHOBAaHUS KOTOPOH 2
M, a oOpa3ytomias 2,5 M. Haiiti o0bem Kyun meoHsI.

9. CocHoBoe O6peBHO AnMHOU 15,5 M uMeeT nuaMeTpbl KOHIIOB 42 cM u 25 cM.
Yemy paBeH o0beM OpeBHa?

10.YceueHHblif KOHYC UMEET, Y KOTOPOTO PainyChl OCHOBaHUM 4 cM 1 22 cM, U
PABHOBEIMKHUM LIMJIMHJP UMEIOT OJIHY U Ty e BbIcOTy. UeMy paBeH paauyc
OCHOBAHMSI 3TOTO UIHHApA?

11.TpeOyeTcs nepemyiaBuTh B OJIMH IIapa JBa YYyT'YHHBIX Il1apa ¢ AUaMEeTpaMu
25 cm u 35 cM. Halitu nuametp HOBOrO 1iapa.

12.T1n0cKO0CTh, IEPNEHANKYIISIPHAS TUAMETPY 11apa, IEJTUT €ro Ha 4acTu 3 cM U
9 cMm. Haiitu 00beM paBHOBEIMKOTO MY LMJIMHIPA.

12.4. Ilomaab NOBEPXHOCTH FeOMETPUIECKHUX TeJl.
IL1omaas NOBEPXHOCTH MPU3MbI, MUPAMHU/IbI

B pesynbTaTe n3ydeHust TeMbl CTYICHT JTOJDKEH:

ymemy:

- BBIYUCJIATH TUIOIA/Ib ITOBEPXHOCTH MPU3MBIL;

- BBIYUCJIATH TUIONIA/Ib ITOBEPXHOCTH MUPAMU/IBI.

3Hamb:

- (hopmyIy TIIOIIAM TOBEPXHOCTH MPU3MBI;

- opmyJTy TIOIIA U OOKOBOM MOBEPXHOCTHU MTPU3MBI;

- (hopmyy TIOIIAAN TOBEPXHOCTH TUPAMU/IBL;

- popmyJTy IO OOKOBOM MOBEPXHOCTH MUPAMHUIBL;

- popmyTy TUIOIIAIM OOKOBOM MOBEPXHOCTH YCEUEHHON MUPaMUJIBI.
Iliomaas MOBEPXHOCTH NPU3MBI

[151omaib MOBEPXHOCTH MPU3MBbI — CyMMa IUIOLIAIEH BCEX €€ IPaHE.

BokoBast mOBepXHOCTH MPHU3MBbI PaBHA MMPOU3BEACHUIO MOTyIIEPUMETPa OCHOBAHHMSI
Ha BBICOTY IIPHU3MBI, T. €. Ha ITTUHY OOKOBOTO pedpa.

S =PI

aie

S... =P-1+2S..

iei [l

ILnomann IMMOBEPXHOCTHU ITHPaAMHU/IbI

[Lomaae MOBEpXHOCTH MUPAMUIBI — CyMMa IUIOIIAJIEH BCEX €€ TPAHEM.
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Sy =S TS

nonH box ocH

HJ'IOHI&,ZII) OOKOBOM IMOBCPXHOCTH HpaBHHLHOﬁ IMUpaMU bl paBHA IIOJIOBUHC
IMPOU3BCACHU IICPUMCTPA OCHOBAHUA HA anoqaemy.

S,. =1P A

aié ll
2

3AJIAHUSA 151 CAMOCTOSITEJIBHOM PABOThHI
BOITPOCHI )11 CAMOKOHTPOJIA

1. Uemy paBHa 1m101ma1b HOBEPXHOCTH IPU3MBI?

2. YeMy paBHa IUIOMIA]Ib OOKOBOI MOBEPXHOCTH MPU3MBbI?

3. UeMy paBHa IJIOIIA/Ib HOBEPXHOCTH MUPAMUIBI?

4. YUemy paBHa IJI011a]{b OOKOBOM MOBEPXHOCTU MUPAMUIBI?

5. YUemy paBHa 1uionaab 00KOBOM MOBEPXHOCTH YCEUECHHON MUPaMUJIbI?

12.5. Ilnomaas MOBEPXHOCTH HUJIMHAPA, KOHYCA U 1Iapa.

B pesynbTaTe n3ydeHus TeMbl CTYICHT JTOJDKEH:
ymemb:

- BBIYUCJIATH TUIONIA/Ib IIOBEPXHOCTH IUIIUHPA;

- BBIYUCJIATH TUIONIAAb ITOBEPXHOCTH KOHYCA;

- BBIYUCJIATH TUIOIIAIb ITOBEPXHOCTH IIapa.

3HAMb:

- (opMyITy TUTOIIAAM TOBEPXHOCTH UIUHAPA;

- popmyJTy IO OOKOBOM MOBEPXHOCTHU IUIIUHIPA;
- (hopmyIy TIOIIAIM TOBEPXHOCTH KOHYCA,;

- popmyJTy TUIOIIAIM OOKOBOM MOBEPXHOCTH KOHYCA;
- (hopMyIy TIIOMIAAN TOBEPXHOCTH IIapa.

Ii1omaab NOBEPXHOCTH UMJIMHAPA.
Jlan nunuHIp.
S,... =S, +2S

NOJIH OCH

Punc.52
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[Tmomaas 60KOBOM MOBEPXHOCTH HIIMH/IPA PaBHA MPOU3BEICHUIO JUTHHBI
okpykHOCTH C €ro OCHOBAaHUS Ha BBICOTY.

Sge =N-H=2R-H
R - paanyc ocHOBaHMS IWJIMHIpA

[1momaapr NOJHOM MOBEPXHOCTU UUJIMHIpPA paBHA CyMME ILTOMIAAN €T0
OOKOBOM MOBEPXHOCTH U TUIOIIAECH OCHOBAHMUIA.

S,,,, =2mRH + 22R?

NOJH

ILiomanb IMMOBEPXHOCTH KOHYCA

HJIOHI&IIL MOJTHOM IMIOBCPXHOCTHU KOHYCa:

S, =S TS

nonH box oCH

[Tnomaas 60KOBOM MOBEPXHOCTH KOHYCA paBHA MOJOBUHE MPOU3BEACHUS JITUHBI
OKPYKHOCTH €r0 OCHOBaHHSI Ha 00pa3yIomIyIo.

S,. :lm-lzlzﬂRlzﬂRl
2 2

ale

S =Rl+2R?

NOJH

[Liomaas MOBEpPXHOCTH LIAPA
[Tnomank chepsl pamuyca R Beraucisercs no Gopmyne S = 47R?
3AJIAHUS 1)1 CAMOCTOSITEJIBHOM PABOThHI
BOITPOCHI 111 CAMOKOHTPOJIA

1. 3anummTe GopMymTy MIIOMIAAN TOBEPXHOCTH IIMIIUHIPA.

2. 3anummTe (HopMyITy IO OOKOBOM MOBEPXHOCTH LIMIHHIIPA.
3. 3anummTe GopMyTy IJIOLIAAN MOBEPXHOCTH KOHYCA.

4. 3anumute hopMyITy II0maau 60KOBOW MOBEPXHOCTH KOHYCA.

5. 3anummTe GopMyy IJIOLIAAN MOBEPXHOCTHU IIapa.

Tpenaxep

3apanue: PemmTh 3a1aum:
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1. IlepumeTp nepneHAUKYISIPHOIO ceueHus: npusMsl paBeH 20 cM. PeOpo npuzmbl
20 cMm. Haiitn miiomaas O0KOBOM MMOBEPXHOCTH PHU3MBI.

2. OcHoBaHMe MUPaMHIBI — pOMO ¢ JUaroHaassMu 6 M 1 8 M. BeicoTa nupaMu/isi
IIPOXOJUT YePE3 TOUKY NEpeceyeHus auaronaine u pasia | m. Haitu rumomans
OOKOBOM IMOBEPXHOCTU MTUPAMUBI.

3. OcHOBaHKE MUpaMUbl — paBHOOEAPEHHBIN TPEYTOJBHUK CO cTopoHaMu 40 cM,
25 cm u 25 cM. Ee BpIcOTa MPOXOAUT YEPE3 BEPIIMHY YTIIIA, IPOTHUBOIEKAILIETO
cropone 40 cm, u paBHa 8 cMm. HaiiTu miomaas 60KOBOI MOBEPXHOCTH MUPAMM/IBI.
4. OcHOBaHME MMPAMHUJIBI - KBAAPAT, €€ BBICOTA IIPOXOJUT YEPE3 OJIHY U3 BEPIIVH
ocHoBaHus. Haiitu muiomane 60KOBOM MOBEPXHOCTH, €CIIHM CTOpOHA OCHOBaHUs 20
cM, a BwIcoTa 21 cMm.

5. JlinHa auaroHany npsMoyTroJbHOTO Mapajuieenunena S5 J2 oM, mHEL pebep
OoCHOBaHWuA 3 ¢cM U 4 cM. Haiitn rutoniazp mOBEpXHOCTH.

6. BricoTa xonyca 10 cm, muamerp ocHoBanus 12 cm. Haiitu momaas 60koBoi
IIOBEPXHOCTH U MOJHYIO IUIOLAAb KOHYCA.

7. Hunuuapuyeckas AbIMOBasi TpyOa ¢ AuaMeTpoM 65 ¢cM UMeeT BbICOTY 18 M.
CKOJIBKO JK€CTH HYXHO I U3TOTOBJIEHUS TPYObI?

8. KonycoobOpa3Hnas nanaTka BeICOTOM 3,5 M U 1uaMeTpoM 4 M MOKPHITa
napycnHoi. CKOJIBKO KBaJpaTHBIX METPOB NapPyCHUHBI MOILUIO HA NANaTKy?

9. Kppbia 6anrHu umeeT popMy KoHyca. BeicoTa kpeimm 2 M, tuameTp OamHu 6
M. HaliTn mOBEpXHOCTH KPBILIH.

10. Ckosbko onudsl moTpedyeTcs A1 OKpacku BHelIHel nosepxHoctu 100 Benep,
UMeINX (OpMy YCEUEHHOTO KOHyCa C AMaMeTpaMu ocHOBaHuM 25 cM u 30 cM u
obpasyromeii 27,5 cm, ecii Ha 1 M2 Tpebyercs 150 T omusL.

11. OcHoBaHue nupamMuabl — paBHOOEAPEHHBIN TPEYTOJIBHUK CO CTOPOHAMU 6 CM,
6 cM u 8 cM; BeIcoTa paBHa 9 cM. Haiitu 06beM nmupaMu/isI.

12. HaiiTu tuaroHany npsiMOyroJIbHOTO MMapajulelIeUIIea, €CIIH €r0 U3MEPEHUS
paBHbI 6, 6 1 7.

13. Haiitu ctopoHy u anodeMy NpaBHIIbHON TPEYTOJIbHON MTUPAMUJIbI, €CITH €€
6okoBoe pedpo paBHO 10 cM, a GokOBasg MOBEpXHOCTH 144 cMm?,

13. D1eMeHTHI KOMOMHATOPUKH.

B pe3ynbTraTe u3y4eHus TeMbl CTYIAEHT JOJIKEH:
ymemb:

- BBIUHCIISTH Pa3MEILICHHS], IEPECTAHOBKU U COUETAHMSI.
3Hamb:

- MIOHATHE KOMOUHATOPUKHU;

- IOHATHUE PA3MELICHUM;

- popMyITy YKCIIa pa3MeNIeHU;

- IOHSATHE MIEPECTAHOBOK;

- popMyJTy IEpPECTAaHOBOK;

- TIOHSITUE COYCTAHUIM;

- hopmymy coueranuil.
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DJIeMeHTbl KOMOMHATOPHKH.

[Ipu pelreHnu psiia TEOPETUUECKUX U MPAKTUUYECKUX 3a]ad TpeOyeTcs U3
KOHEYHOTO MHO>KECTBA JIEMEHTOB 110 33/IaHHBIM TPaBUJIAM COCTABJISATh
pas3nuYHbIe KOMOWHAIIUN W TTPOU3BOINUTH MOJCYET YUCIIA BCEX BO3MOKHBIX TAKUX
koMOuHanui. Takue 3a1aun Ha3bIBAIOTCS KOMOUHAMOPHLIMU, A PA3IET
MaTEeMaTHKH, 3aHUMAIOIIUNACS UX PEIICHUEM, HAa3bIBACTCS KOMOUHAMOPUKOLI.

DJIEeMEHTHI KOM6HH3TODI/IKI/I:

1. Pasmemeﬂuﬂ — pa3sMCIICHUIMH M3 N 3JICMEHTOB 110 M B Ka)XA0M HAa3bIBAOTCS
TAKHNC COCAUHCHUS, KOTOPBIC OTIIMYAIOTCA APYyT OT Apyra 1100 caMHMH
QJICMCHTaMU, 0o IMOPAOKOM HUX PACIIOJIOKCHHA.

Yucno pasmenieHuid U3 N 3JIEeMEHTOB MO M 0003HAYaeTCsl CHMBOJIOM A U

BBIYUCTsICTCS IO PopMyTie
A'=n(n-)(n-2)..(n—-m+1)
[Ipumep 1. Halitn yucno pasmenienuid u3 10 s3neMeHToB 1o 4.
Al =10-9-8-7 =5040

2. [lepecmanosku — nepecTaHOBKaMH U3 N JIEMEHTOB HA3bIBAIOTCS TAKHE
COEIMHEHUS U3 BCEX N DIEMEHTOB, KOTOPBIE OTINYAIOTCS APYT OT APYTra MOPSAKOM
pa3MelnieHus dJIEMEHTOB.

Yucao mepecTaHOBOK M3 N 3JIEMEHTOB 0003HAYAETCSI CHMBOJIOM P,
P,= A" =n(n—-1)(n-2)..3-2-1 mm
Phn=123...(n-1)n

Ywucno Bcex IIEPECTAHOBOK M3 N DJIECMECHTOB PABHO IIPOU3BECACHUIO
IIOCJIACA0BATCIIbHBIX YHUCCII OT 1 J0 N BKIIFOYUTEIBHO.

[Tpouseenenune 1:2-3...(N-1)N o0o3HaYaeTcs CHMBOJIOM N!, TipUYeM
01=0
11=1

[Tomywaem P, = n!
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[Tpu pelreHnu 3aa4 YacToO UCMOJIb3YEeTCS PaBEHCTBO Al = (n—m)A"

H[!I/IMCQ 2. CocTaBUTh BCEBO3MOKHbBIC IICPCCTAaHOBKH U3 3JICMCHTOB!

1) 5u6
(5; 6) (6;5)

P,=12=2
2) XY, Z
P;=12-3=6

3) Couemanus - COUETaHUSIMH U3 N JIEMEHTOB IO M B Ka>XJ1O0M HAa3bIBAIOTCA TAKHUEC
COCANHCHU, KOTOPBIC OTIINYAIOTCA APYT OT Apyra XOT:A OBI OIHHM JDJICMCHTOM.

Yucno coueTannii U3 N 3IEMEHTOB MO M o3Ha4daercsi cumBoJioM C,' . Haxoaurcs mo

dbopmyiie

CY = A WA
Pm
m n!
Co = mi(n—m) i
on _ n(n-1).[n—(m-1)]
" m!

[pumep 3. Beruucauts C.3

. 15! 15-14-13!
13(15-13) 1321

3AJTAHUS IJISI CAMOCTOSATEJIBHOM PABOTHI

=105

BOITPOCHI IJIAA CAMOKOHTPOJIA

1. Yto Ha3BIBAIOT KOMOMHATOPUKOM ?

2.Ilepeuncaute 31eMEHTH KOMOMHATOPUKH.

3. Uto Takoe pa3MelieHus ?

4. 3anummmTe GopMyITy BEIYHCIICHUS YUCIIA PA3MEIICHHM.
5. YTo Takoe nepecTaHOBKU?

6. 3anuiure GopMyTy BEIYUCICHHUS YUCiIa IEPECTAHOBOK.
7. Uto Takoe coueTaHus?
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8. 3anumurte GopmMyTy BBIUMCIECHUS YUCIIA COUSTAHHM.
Ilpakmuueckue 3a0anus:

3aganue Ha «3.

1. Haiitu uncno pasmernennii: 1) 45 ; 2) 42 ;3) 4, ;4) 4;5) 4.
2. BerurcnuTh 3HaueHne Beipakenus: 1) 3! + 41; 2) 51 —21!: 3) 6! - 2!

3amanue Ha «4:

1.Berauciute: 1) CF; 2) Ck; 3)C3; 4)C?
2.Boruucnute: 1) P, - P,;4)45+P, - P,;5) P, + P;.

3aIIaHI/I€ Ha «5»:

5 4
+
Berauciuth: 1) AGA—sAG+ A AL AL
6

2 ¢ ci«ch

Tpenaxep

3aganue:
1. Haiitu gucno pasmemmenuii: 1) 435 ;2) A2 ;3) 45, ;4) A3;5) 4.
2. Beruuciuth 3HaueHue Beipaxkenus: 1) 5! + 61; 2) 41 —21; 3) 71 * 3!
3. Berumcnuts: 1) C 5 2) Co + Ci; CP - CZ.
4. Beraucnuts: 1)P,;2) Py;3) P, + P, ;4) P, P, ;5) P - P;.
5. BberauciauTs:

1) 4+ 45 + 42

2) A+ A
48
3) A5 Al A

4) P5+P6;
P4

5) PG'(P7-P3);

6) C>+ CZ;
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6. Haiftn 3Ha4YeHNE BRIpAKCHUM:

1) 101-8! :

3) 6! (7! -3);

7. CKOJBKHMMH crioco0aMHu MOKHO COCTaBUTh CIMCOK u3 10 yeJtoBex.

8. CKOJIbBKMUMH CTIOCOOaMH MOKHO PaccajiuTh 7 4eIoBeK 1Mo 7 MecTtam?

9. CKOJBKO MATU3HAYHBIX YUCET MOXKHO COCTaBUTH U3 mudp 1, 2, 3, 4, 5 6e3
MOBTOPEHUI?

10.Berauciute: 1) Cy ;2) 1) ¢ 5 3) 1) Cs.

11.TTpoBepbTe paBEeHCTBA:

48
1) ¢ =2
) 20 Pg
C4
2) 0145 - C135 = 716 '

3) Ci = Cg;
4) C1150 + C1160 = Cfl 7
5) ¢, + Ci = Cis.

12.BBIYUCIUTD:

C7
1) A150; 2) P7'P3; 3)_13;
C8
4) £ 5) P, P,; 6) G - G
7) 4; 8) 6!- 21; 9) ¢ + C;;
A2 3. P . 7
10) AP* A3, 11) 2—2, 12) ¢, ;
A P, +P
13) 4 . 14) 5, 15) Cf, ;




R

16) (45 - 45)2; 17) 18) G + &,

412’
3 4
19) (st A, 20) Lt P 21) c2;
10 P,
A3
22) Aiiz; 23) P,:15+1251; 24) Ct
125 . . 10 11.
25) i 26) 103,2+B,-9,3; 27) Cy + Cpy;
A150 + A140 + A130) . 105 . 13 _ 4.
28) 19 ; 29) b_p 30) G - Cis s
4 5
31) —Aﬂ/:f”ﬂ; 31) PP 32) ¢, + C);
1 4
7 6
3 M +p. -23.2" ﬂ
3) T 34) 18,3+D, ; 35) B c
3 4
36) i 87) Be2+R);  39)CC
612 .. . 7
39) —-43 40) 3,5+pP,:12-2; 41) ¢, - C;;

14.1.Cay4aiiHblii ONIBIT U cJIy4YaiiHOe COObITHE

B pesynbTare n3ydeHust TEMbI CTYJICHT JIOJDKEH:

ymemsn.

- OMpeENsATh TOCTOBEPHBIE U HEBO3ZMOKHbBIE COOBITHS;
- OIpeesATh COBMECTUMBIE M HECOBMECTHUMBIE COOBITHUS;
- OIpeEsATh PABHOBO3MOXKHBIE COOBITHS;

- COCTaBJISITh MOJTHYIO CUCTEMY COOBITHH.

3HAM®.

- MIOHSITUE JOCTOBEPHBIX COOBITHIA,

- IOHSATHE HEBO3MOJKHBIX COOBITHUI;

- IOHATHE CIyYalHBIX COOBITUH;

- IIOHSITUE UCTIBITAHUS;

- BUJIBI CITy4alHBIX COOBITHI.
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CayuaiiHblii ONIBIT U CJIy4aiiHOe coOObITHE

B okpysxarorieM HacC MUpe MOXHO HAOII0IaTh COOBITHS, KOTOPHIE
00s13aTeIbHO MPOU3OHAYT, €ciiu Oy/AET OCYIIECTBIICHA OIpeIeJICHHAS

COBOKYMHOCTb yCJIOBUM. Takue cOObITUS Ha3bIBAIOTCS O0CHOBEPHBIMU.

[Tpumep:

1. Ecnu Harpets Boay B cocyze 1o temneparypsl 100 rpagycos, To
00513aT€IbHO HACTYIUT IPOLECC KUTIEHHSI BOJBI.
2. Ecnu B KOp3uHE HAXOJATCS TOJIBKO LIBETHBIE IIaphl U HAyZady U3BJIECUEH

OJIUH I1Iap, TO COOBITHE «U3BJICUEH LIBETHOM 1Iap» MPOU30HAET 0043aTENBHO.

CoObITHE, KOTOPOE 3aBEAOMO HE IPOU3OMIET, €Clii OYJET OCYIECTBIECHA
OIIpEEIICHHAs! COBOKYITHOCTb YCIIOBUM, HAa3bIBAECTCS HEBO3MOICHBIM.

[Ipumep: Ecnu B simuke HaxoAsTCs_Oelble Maphl U U3 YPHBI U3BJICUEH | miapa, To
COOBITHE «W3BJIEUYEH YEPHBIN 1Iap» OyJeT HEBO3ZMOMXKHBIM.

YacTo npuxXoauTCs CTAIKUBATHCS C COOBITUSMHU, KOTOPBIE IIPH
OCYILIECTBJIICHUU ONPENEIICHHBIX YCIOBUI MOTYT IIPOU30MTH, & MOTYT HE
MPOU30MUTH, TAKHE COOBITUS Ha3bIBAIOTCS CIYUAUHBIMU.

COBOKYITHOCTB YCIIOBUH, IIPU OCYIIECTBIEHUN KOTOPBIX COOBITUE MOXKET
IIPOU30UTH, & MOKET HE POU3OUTH, HAa3bIBACTCS UCHbIMAHUEM WA ONbIIMOM.

[Tpumep:

1. «bpoiieHa MoHETa» - UCIIBITAHUE; IIOSIBJICHUE repOay - cilydaiiHoe
coObITHE.
2. «IIpoun3BeneH BHICTPEN MO MUIIIEHW» - UCTIBITAHNE; «TIOMAJaHUE B LENb) -
CIIy4yaifHOE COOBITHE.
Crnydaiinbie coObITHS 0003HaYar0TCs OOJIBIIMMH OyKBAMHM JIATUHCKOTO alaBuTa
A.B, C.
[Tpumep: CoObiTHE A — MONagaHue B MULIEHb IIPU BBICTPEIIE.
JloctoBepHbie coObITHS 0003HavatoTcsa OykBoi U, HeBo3MOxHBIE — V.
OpHopoaHbIE CiTy4aiiHbIe COOBITUS IPY MHOTOKPATHOM TTOBTOPEHUH OTIbITA
NOIYMHSIOTCS ONPEAECIICHHON 3aKOHOMEPHOCTH. MI3yueHneM Takux
3aKOHOMEPHOCTEMN 3aHUMAETCs TEOpHUsl BEpPOATHOCTEN. OHA BO3HHUKJIA B CEPEINHE
17 B. OcnoBarenu: dpaniry3ckue Marematuku [lackanb, depma, royanery
['tolireHc.

Bunbl ciydaitHbIx COOBITHI:
1. necoemecmumvlie — Ha3bIBAIOTCS 2 COOBITHS, MOSABIEHUE OJHOIO U3 KOTOPBIX
UCKJIIOYaeT nosiBjeHue apyroro. [Ipumep: B siuuke Oenble U yepHbie
mapel. Haynauy BeiHuMaroT map. CoObITUS «10CTanu Oesblid map» u
«JIOCTaJIM YEpHBIH 1Iap» OyIyT HECOBMECTUMBIMHU.
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2. coemecmumble - HA3bIBAIOTCS 2 COOBITHSA, TIOSIBJICHHUE OJTHOTO M3 KOTOPBIX
HE UCKJTI0UaeT nosiBjeHue apyroro. [Ipumep: bporena urpanpHas KOCTb.
CoOBITHS «TIOSIBJICHUE IBYX OYKOBY» U «IIOSBJICHHE YETHOTO YHCIIA OYKOBY
OyJlyT COBMECTUMBIMHU.

3. pasHo803MOHCHbLE — HA3BIBAIOT COOBITHUS, €CIIN yCIOBUS HUCTIBITAHHS
00eCreurnBalOT OAMHAKOBYIO BOZMOKHOCTh OCYIIIECTBICHHS KaXXI0TO U3
HuX. [I[puMep: mosIBJICHUE TOTO WM MHOTO YHCJIa OYKOB IPU OpocaHum
UTPATBHON KOCTH €CTh COOBITHSI PAaBHOBO3MOXHBIE, T.K. KOCTh M3TOTOBJICHA
U3 OJTHOPOJHOTO MaTepraja U UMEET CTPOTO CUMMETPHUHYIO GopMYy.

4. noanas cucmema cobvimuil — B pe3yiabTaTe JAHHOTO UCTIBITAHUS
HENPEMEHHO MPOU30UIET OAHO U3 HUX. [IpuMep: CTyaeHTy Ha SK3aMeHe
nocTaics Ouie ¢ AByMs TEOPETHIESCKHUMH BOIIPOCAMHU.

3AJIAHUS JJISI CAMOCTOSATEJIBHOM PABOTHI
BOITPOCHI JIJIAA CAMOKOHTPOJIA

1. Kakue coObITHS Ha3bIBAIOTCS JOCTOBEPHBIMU?

2. Kakune coObITHS Ha3bIBAIOTCSI HEBO3MOYKHBIMU ?

3. Kakue coObITHSI HA3bIBAIOTCS CITyYalHBIMU?

4. YTo HaA3BIBAIOT UCIILITAHUEM MU OIBITOM?

5.Kak o003Ha4aroTCs cly4aiiHbIMUA COOBITHAMU?

6. Kakne coObITHS Ha3bIBAIOTCS HECOBMECTUMBIMHU ?
7. Kakue coObITHS HAa3bIBAIOTCSA COBMECTHUMBIMH ?

8. Kakue coObITHS HAa3bIBAIOTCSI PABHOBO3MOKHBIMU ?
9. Yto Takoe IoJIHAs CHCTEMAa COOBITHI?

Tpenaxep

3ananue:

1. Haiitu cpenu coObITHI JOCTOBEPHBIE U HEBO3MOKHBIE!
1) «nosiBnerue 10 0YKOB NP OPOCAHUN UTPATBHON KOCTHY,;
2) «nosiBneHre 10 0YKOB MpH OPOCAHUHU TPEX UTPATBHBIX KOCTEHN;
3) «mosiBienue 20 0YKOB MPU OPOCAHUH TPEX UTPATBHBIX KOCTEH;
4) «Hayraja BRIOpaHHOE JBY3HAYHOE YHCII0 He Oosbine 100y.
2. Onpenenuthb, Kakue U3 COOBITHI COBMECTUMBIC U HECOBMECTUMBIE:
1) HcnbiTanue — OpocaHre MOHETHI; COOBITUS: A — «IOSIBIICHHE TepOay,
B — «nosiBnenue mudpu»;
2) VcnbiTanue — OpocaHue UTPATBHOM KOCTH; COOBITHS: A — «IOSIBIICHUEC
TpPeX OYKOBY», B — «IOsBIICHIE HEYETHOTO YHCIIa OUYKOBY;
3) UcnbiTanue — OpocaHue IByX MOHET; COOBITHS: A — IIOSIBICHUE
rep0Oa Ha OJTHOM U3 MOHET», B — «mosiBieHune repba Ha BTOPOi
MOHETEY;

3. OHpeI[eJ'H/ITB, ABJAKOTCA JIM PaBHOBO3MOKHBIMHA COOBITHS:
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1) Ucnbitanue — 6pocanue UrpabHON KOCTH; COOBITHS: A — «IIOSIBJICHUE
JIByX OYKOBY», B — «110sIBNIEHNE MSATH OUYKOBY;

2) VcnbiTanue — OpocaHue UTPATBHOM KOCTH; COOBITHS: A — «IOSIBIICHUE
JIByX OYKOBY», B — «I10sIBIEHNE YETHOTO YUCIIa OUKOBY;

3) HcnbiTanue — ABa BBICTPEINIA IO MUIIIEHH; COOBITHS: A — «IIpOMax IMpH
NIEPBOM BBICTpENe», B — «ripomax mpu BTOPOM BBICTpEIIEY;

4. CocTaBUTh NOJIHYIO CUCTEMY COOBITHIA:

1) HcneiTanue — OpocaHre MOHETHI;

2) VcnblTaHue — TpH BBICTpEIa 10 MUIICHHY;

3) Hcnbitanue — OpocaHue UTPaTbHON KOCTH.

14.2. BepositHOCTH cOObITHAA. Oniepaniun HAJA COOBITUSMH

B pesynbTaTe n3ydeHus TEMbI CTYACHT JOJDKEH:
ymemb:

- HAXOJIUTh CYMMY COOBITHIA;

- HAXOJIUTh MPOU3BEJICHUE COOBITUI;

- OMPENIEIATh MPOTUBOIIOJIOKHBIE COOBITHS;

- pemaTh 3aJ]a4u, UCTIONb3Yys (OPMYITY BEPOSITHOCTH COOBITHS
3HaMb:

- IOHATHE PaBHBIX COOBITU;

- IOHATHE CyMMBI JIBYX COOBITHIA,

- IOHATHE TTPOU3BEICHUS IBYX COOBITH;

- IOHATHE MTPOTHBOIIOJIOKHBIX COOBITHIA;

- IOHATHE BEPOSTHOCTH COOBITHS,

- popMyJTy BEpOSITHOCTH COOBITHS;

Onepanuu HaJ COOBITUSIMH

Oneparmu Hag COOBITUSIMMU:

1) Pasencmeo
PaccmoTpum coObITus:

A — «TOsIBIIEHHE TPEX OYKOB MPH OPOCAHUM UTPATBHON KOCTH»; A = {3}

B — «IOsIBJIEHME HEYETHOTO KOJIMYECTBA OUKOB MPH OPOCAHUU UIPATBHOM
Kocti»; B = {135}

O4eBHUIHO, YTO €CJIM MTPOU30LLIO COOBITHE A, TO HEIPEMEHHO POU30MIET U
coObITHe B. B 3TOM citydae roBopsIT, 4TO COObITHE A BiieUeT 3a coboii coObiTre B
(i B siBsieTcst cnencTBreM COOBITHS A) U 3aITUCHIBACTCS

A ( B (umu B)A)
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Ecnu cobsitust A u B TakoBsl, uTo A ( B 1 B )A, T0o oHU Ha3bIBatOTCS
pPaBHBIMU (PaBHOCWIIbHBIMU), TIPU ATOM nuinyT: A=B

2) cymma coobimuii:

a) cyMMa JIBYX COOBITHIA

Cymmoti uim ob6vedunenuem IByX coObiTHil A u B HazbiBaeTcs coobiTue C,
COCTOSIIEE B HACTYTUICHUH XOTsI ObI OJTHOTO X COOBITHI A mim B.

3aMuChIBAIOT:
C=A+B nmu C=AUB

0) cyMMa HECKOJIbKUX COOBITUI

Cymmoti nid 00beduHenuem HECKOJIbKUX COOBITUN A1, Ay, ...An Ha3bIBACTCA
coObITie C, cocTosiiiee B HACTYIUIEHUU XOTS Obl OJTHOTO X COOBITUM A1, Ao, ... An

3arnmcrIBaroT;

[Ipumep: Haittu cymmy coobituii. A — «IlosiBnenue 1 ouka npu OpocaHuu
urpajibHOM KocTu». B — « [losiBieHue 1ByX OUKOB IpU OpOCaHUU UTPATBLHOMN
KOCTHY.

Cymmoit A+B sBasiercst coObiTue «IlosiBiieHne He 0oJiblIe ABYX OYKOB MpU
OpocaHuu UTPATLHON KOCTH.

3) npouszsedenue 08yx cobobimuil

IIpouseedenuem unu nepecevenuem IByxX coObITUN sBisieTCs coObiTHE C,
COCTOSIIIEE B OJHOBPEMEHHOM HAaCTyIIeHHU A U B.

3amnuceIBacTC:
C=A*B wm C=A NB

[Ipumep. Haiitu npousBeneHne coObITUN A «IonajgaHue B 1IEJIb EPBBIM
BbICTpEIOM»; B «Ilonaganue B 11€71b BTOPBIM BBICTPEIIOM).

I[Ba CJ'Iy‘I&fIHBIX COOBITHS HA3BIBAIOTCS IIPOTHUBOIIOJIOKHBIMHA, €CJIW OJHO U3
HUX IIPOUCXOOUT B TOM CJIydac, KOoraa HC IIPOUCXOAUT APYTocC.

[Tpumep.
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1. HOHaZIaHI/IC 1 IIpoOMax 110 MUIIICHSM.
2. TlosiBneHne 4eTHOTrO M HEYETHOI'O YHCJIa OYKOB Ipr CTpeJIB6C 10 MUIIICHAM.

BeposiTHOCTBH cOOBITUA

BepositHocThio P (A) coObITHSI A Ha3bIBAETCS OTHOUIEHUE YKCTIa
AIIEMEHTAPHBIX COOBITUM, OJIArOMPUATCTBYIOIIMUX COOBITHIO A, K 0011IeMYy YHCITy N
PABHO3HAYHBIX JIEMEHTAPHBIX COOBITHIA.

P (A)=m/n
3 OIIpCACIICHNA BEPOATHOCTH BBITCKAIOT CIICAYIOIIUC CBOICTBA:

1. 0<P(A) <1
2. P(U)=1,rne U - 10cTOBEpHOCTH COOBITHIA.
3. P(A+B)=P (A) + P(B), ecniu HezaBucumsl A u B.
[Ipumep. B ypue 3 6enbix u 9 yepHbix mapoB. U3 ypHbI Hayraa BeIHUMaeTcs 1

map. KakoBa BEpOSATHOCTH TOTO, YTO BBIHYTBIN IIAP OKAXKETCS YEPHBIM?
n=12 m=9
P(A) =9/12=3/4

3AJIAHUSA 151 CAMOCTOSITEJIBHON PABOThHI
BOITPOCHI J1JIX1 CAMOKOHTPOJIA

1Kakue coObITHS Ha3bIBAIOTCS PABHBIMU?

2. YUto Ha3bIBAIOT CYMMOM COOBITHI?

3. UTo Ha3bIBAIOT MPOU3BEICHUEM COOBITUI?

4. Kakue coObITHUS Ha3bIBAIOTCS MMPOTHBOMOIOKHBIMU ?
5. UTo Ha3BIBAIOT BEPOATHOCTHIO COOBITHSA?

6. 3anummTe GopMyTy BEpOITHOCTH COOBITHSL.

Ilpakmuueckue 3a0anusi:

3aganue Ha «3». Pemmts 3amauy. M3 KOp3uHBI, B KOTOPOU HAXOAATCA 9 KpACHBIX,
8 XKENTHIX U 7 3eJIEHBIX NIapOB, HAyAady BRIHUMAETCS OJMH. HallTu BEpOSITHOCTD
TOTO, YTO BBIHYTHIH IIap OKAKETCS: a) KPACHBIM, 0) JKEITHIM; B) YEPHBIM; T)
3€JICHBIM.

3aganue Ha «4: Pemuth 3agauy. B kop3une Haxoasarcs 30 6emnbix U 20 yepHbIX
mapoB. Hayras BBIHUMAIOT OIMH 111ap, KOTOPBIM OKa3aics OeNbIM, U OTKIAAbIBAIOT
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ero B cTopoHy. Hayraj BBIHUMAIOT e111e O1MH 11ap, KOTOPbIM OKa3ajcs YEpHbIM, U
OTKJIQJBIBAIOT €ro B cTopoHy. [locie sTtoro 6epyT emie oaun map. Haiitu
BEPOSITHOCTh TOTO, YTO ATOT IIAP OKAKETCS OEIBIM.

3amanue Ha «5»: Pemmth 3amauy. B konozne 36 kapt. Haygauy BeiHUMaroTCA
2xapThl. HaliTu BEpOATHOCTH TOTO, UTO 3TO OYyAYT JiBa Ty3a.
Tpenaxep

3ananue:

1. Haiiti cymmy COOBITHIA:

1) UcneiTanue — 1Ba BhICTpENa 0 MUIICHH; COOBITUS: A — «TIOTaJaHHe C
NIEPBOT0 BBICTpENay, B — «momaianne co BTOPOTO BBICTPENay;

2) HcnbiTanue — OpocaHue UrpajbHON KOCTH; COOBITHS: A — IIOSBICHUE
OJIHOTO O4YKa», B — «mosBieHne 1ByX 04KOBY»; C — «I0sIBJIEHUE TPEX
OUYKOBY;

3) HcnbiTanue — npuoOpeTeHue JJOTEPEHHBIX OUIIETOB; COOBITHS: A —
«Bpirpsi 1000 py6aeity, B — «Beurpsim 2000 pyoneiiy»; C — «BBIMTPHITI
3000 pyOmneii».

2. Haiitu npousBeieHre cOObITHH:

1) UcnbiTanue — Ba BRICTpENa [0 MUILICHH; COOBITHS: A — «TIOTIaIaHKE C
IIEPBOTO BBICTpENa», B — «1omatanne co BTOPOTO BBICTPEIIAY;

2) HcnbiTanue — OpocaHue UrpajibHON KOCTH; COOBITHS: A — «HETIOSIBIICHUE
TpeX O4YKOB», B — «HenosiBiaeHUE NATH 0YKOBY»; C — «HEMOSIBICHHE
HEYETHOTO YKCIIa OYKOBY;

3. HazoBuTe npoTUBOMOJIOKHBIE COOBITUS ISl COOBITHIA:

1) A — «BBINIaZICHUE IBYX TepOOB MpU OPOCAHHUH ABYX MOHETY);

2) B — «mosiBieHne 0€10T0 IMapay, eCIH OMBIT COCTOUT B U3BJICYCHUH OJHOTO
niapa U3 KOp3uHbI, B KOTOPOH UMEIOTCSI O€Jble, YEPHBIE U KPAHHBIE LIAPbI;

4. U3 kop3uHBI, B KOTOPOW HAXOATCSA 7 KPACHBIX, 8 HKENTHIX U 5 3€JIEHBIX IIapOB,
HayJladyy BIHUMAaeTCs OAuH. HalTu BEpOSATHOCTH TOTO, YTO BBIHYTHIN LIAP
OKaXETCS: a) KPACHBIM, 0) KEITHIM; B) YEPHBIM; T') 3€JICHBIM.

5. Cpenu 50 neraneii 5 HecTaHAApTHBIX. HaliTH BEpOSITHOCTH TOTO, UTO HAYyTa]
B3sITas J€TalIb OKAKETCS: a) CTAaHAApTHOM; 0) HeCTaHJaPTHOM.

6.bporena urpanpHas KocTh. HaliTi BEpOATHOCTH CIEAYIOMIUX COOBITHIL: A-
«BBINANO 3 0UKay»; b- «BBINTATIO HEYETHOE YUCIIO OUKOBY.

7.B simuke ¢ petansimu okazaiock 300 aetaneit mepBoro copta, 200 neraneit
BTOpOro copra u 50 neraneit Tperbero copra. Hayran BeiHUMaeTcs oiHa U3
netaneil. Yemy paBHa BEpOSITHOCTh BBIHYTh JIETAJIb IEPBOTO, BTOPOTO WU
TPETHETO copTa?

8. B xop3une Haxoastcs 20 6enbix U 15 yepHsIx mapoB. Hayran BBIHUMAIOT OAMH
map, KOTOPbIN oKazalcs OesbIM, U OTKJIAIBIBAIOT €ro B CTOpoHY. [locne aToro
OepyT emie oauH map. HailTu BeposITHOCTB TOTO, UTO 3TOT LIAp TOXKE OKAKETCs
OenbIM.
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9. B naptuu u3 30 nap o0yBu umeetcs 10 map my>kckoii, 8 map xeHckou u 12 map
neTckoil 00yBu. HailTu BeposITHOCTB TOTO, UTO B3sATasi Hayraj mnapa o0yBH
OKa)XETCs HE IETCKOM.

10. U3 100 oguHakoBbIX neraneit 3 OpakoBaHHBIX. HaliTu BEpOSATHOCTH TOTO, UTO
B3sITast HayTaj Jeranb 6e3 Opaka.

11. Ha sx3amene 60 6miieToB. AHApeit He Bely4ri 3 U3 HUX. HaliTu BeposiTHOCTD
TOTO, YTO €MY IONAJETCS BEIyUYEHHBII OUJIET.

12. KakoBa BEpOATHOCTh TOT0, UTO CIIy4alHO BEIOpAaHHOE HATYpaIbHOE YUCIIO OT
10 no 19 nenntcd Ha 3.

13. Ha knaBuarype tenedona 10 uudp ot 0 1o 9. KakoBa BeposITHOCTb TOTO, YTO
cily4ailHo Haxkatas nudpa OyaeT YeTHOM.

14. B sTane koHKypca «Y4YuTenb rojla» TPUHUMAIOT y4acTHE 3 yuuTens
HaYyaJIbHBIX KJAccoB, 2 ¢pu3uka, 5 pusonoros, 1 MaTeMaTuk u 4 UCTOPUKA.
[Topsinok, B KOTOPOM Y4YHTENISl TPOBOJAT OTKPBITBIN YPOK, ONPEAEISIETCS
xepeObeBKOM. HaliTu BEpOSTHOCTD TOT0, UTO MEPBBIA YPOK MPOBEAET PUBHK WIIH
MaTE€MaTHK.

15.B MexayHapoIHOM COPEBHOBAHUH MO (PUT'YPHOMY KaTaHUIO YYaCTBYIOT 25
CIIOPTCMEHOB U3 Pa3HbIX CTpaH, B ToM yuciie no 3 u3 CIIA u Poccuu u o 2 u3
Anonun u lIBenuu. [Topsanok BeICTyIIEHHSs onpeaensercs kepedbeBkoi. KakoBa
BEPOSITHOCTh TOT'0, YTO CHOPTCMEHKA, BBICTYNAIOIIAsl IEPBO, OyayT
MPEACTABIATH KaKyl0- TO IPYTYI0 M3 OCTAaBILIMXCS CTPAH YYaCTHHUIL.

16. [lepen HavyamoM MEpBOro Typa YeMITMOHATA TI0 IIaXxMaTaM y4aCTHHUKOB
pa30uBalOT HAa UTPOBBIE TAPBI CIIyYaHBIM 00Pa30M C OMOIIBIO KEPEObEBKHU.
Bcero B ueMnuoHaTe y4yacTByIOT 26 IaXMaTHUCTOB, CPEIU KOTOPBIX 5
crioprcMeHoB U3 Poccuu, B Tom uncine Kupun Ueproycos. Halitu BeposiTHOCTB
TOTO, 4TO B TiepBOoM Type Kupumut YUepHoycoB OyieT urpath ¢ IMIaXMaTUCTOM U3
Poccun.

17. B knacce 7 MmayibuukoB U 14 neBouek. 1 ceHTSOps ciydaliHbIM 00pa3zoM
OTPENIEIIAIOT ABYX JEKYPHBIX Ha 2 ceHTAOps. HailTu BeposiTHOCTh TOTO, YTO
OyIlyT ACKYPUTH 2 MaJIbuMKa.

18. 13 60 BOonpoCcoB, BXOIANINX B 9K3aMECHAITMOHHBIC OMIICTHI, CTYJACHT
noaroroBui 50. KakoBa BepOsSITHOCTb TOTO, YTO B3SIThIM HAYTaJ| CTyJACHTOM OWJIET,
coJiep Kallivii 2 Borpoca, OyJ1eT COCTOSITh U3 MOATOTOBICHHBIX UM BOIIPOCOB.

19. B smuke umeercs 15 neranei, cpeau KOTOPHIX 8 okpaimieHHbIX. COOPIIHK
Hayjady u3BleKaeT 3 nerand. HailTh BEpOSITHOCTh TOTO, YTO U3BJICUEHHBIE JE€TaN
OKa)KyTCsl OKPAIlIEHHBIMH.

20. Cpenu 17 cTyneHTOB IpyIIibl, U3 KOTOPBIX § AEBYIIEK, pa3blrpbIBacTCS 7
owmeroB B TeaTp. KakoBa BeposSITHOCTh TOTO, UTO Cpenu obagaTeneil OuIeToB
OKaXXyTcs 4 IEBYIIKH U 3 IOHOIIM.

14.3. Teopembl C/10:KeHHSI 1 YMHOKeHHs BeposATHOCTel. DopmyJia
bepnyiiu

B pesynbrarte u3ydeHus TeMsl CTYIAEHT JOJDKEH:
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yMemb:
- pemaTh 3aJ]a4u C HCIIOJIb30BAHHEM TEOPEM CIIOKECHUSI M YMHOKCHHUS
BEPOSATHOCTEM.
3Hamb:
- TEOPEMBI CIIOKEHHSI BEPOSITHOCTEH;
- TEOPEMBI YMHOXXCHHS BEPOSTHOCTEH;
- popmyny bepuymu.
Teopembl cJ10:KeHUsS] BEPOSTHOCTENH

Teopema 1. BepoTHOCTb CyMMBI IByX HECOBMECTUMBIX COObITHI A U B paBHa
CYMME€ BEPOATHOCTEH ITUX COOBITHUH.

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

Teopema 2. BeposATHOCT CyMMBbI KOHEYHOT'O YUCJIA MTOMMAPHO HECOBMECTUMBIX
COOBITHI

A1, A, .. Ay paBHA CyMME BEPOSITHOCTEN ATUX COOBITUM:
P (A1+ Az +...+ Ap)=P (A1) + P(A)+ ... +P (Ap)

Teopema 3. Ecnu cobbiTust A 1 B cOBMECTUMBI, TO BEPOSATHOCTh UX CYMMBI
BbIpakaeTcsa (popmyIioin

P (A +B)=P (A) +P (B) - P(AB), 1.

BeposTHOCTE CYMMBI IBYX COBMECTHBIX COOBITHI paBHA CyMME
BEPOSITHOCTEH ATUX COOBITHIA 0€3 BEPOSATHOCTH MX MPOU3BEICHUS (COBMECTHOTO
OCYILIECTBJICHUS).

[Ipumep: HAUTH BEPOATHOCTH TOTO, YTO MPU OPOCAHUU JABYX UTPATBHBIX KOCTEU
XO0Tsl ObI OJJUH pa3 BbINAAET 6 OUKOB.

O0603HaYNM COOBITHS:

A — «BbIlIazieHue 6 0YKOB IIpHu OpocaHuu 1 UrpambHOI KOCTH
B — «BBImanenre 6 04KoB mpu OpocaHUU 2 UTPATTLHON KOCTH
Tax kak coObITHS A 1 B COBMECTHEI, TO

P(A+B)=P(A)+P (B)-P(AB),

P(A)=1/6 P(B)=1/6 P (AB)=1/36

P(A+B)=%+%—3_16:%
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Cuencrtpue 1. Ecnu cobbitust A1, Az, .. An0Opa3yroT MOJIHYIO CUCTEMY COOBITHIMA

IIOIIApHO HCCOBMCCTUMBIX, TO CYMMa HUX BGpOHTHOCTGﬁ paBHa 1.
P (Ay) + P(A))+ ... +P (Ay) = 1

CaenctBue 2. CyMMa BEpOATHOCTEH MPOTUBOMOIOKHBIX COOBITUN paBHa 1.

P(A)+P(A)=1
TeopeMbl YMHOKEHUSI BEPOSITHOCTEM

Teopema 1. BepoaTHOCTb POU3BEAEHUS ABYX COOBITUI paBHA IPOU3BEAEHUIO
BEPOATHOCTH OJHOTO U3 3THX COOBITHI Ha YCIOBHYIO BEPOATHOCTH JPYTrOro mpu
YCJIOBUH, YTO IIEPBOE IPOU3OILLIO

P (AB)=P (A) *P (B/A) = P(B) * P (A/B)

Teopema 2. BepoATHOCTh POU3BEAECHUS ABYX HE3aBUCUMBIX COOBITUI paBHA
MIPOU3BEICHUIO BEPOSITHOCTEH 3THX COOBITHI

P (AB)=P (A) *P (B)

[Ipumep: B onHOM KOp3uHE HAXOATCA 4 O€NbIX U § YEpHBIX IIApOB, B APYroi 3
Oenbix U 9 yepHbIX. M3 Kak1o¥ KOop3uHbI BRIHYIM 10 1 mapy. Halitu BeposiTHOCTh
TOTO, 4TO 00a Iapa OKaxKyTcsi OEJIbIMHU.

A — «mosiBrieHue Oenoro mapa u3 1 Kop3uHbD
B — «nosBienue 6enoro mapa u3 2 KOp3uHbD
Tax kak coObITHS A 1 B HEe3aBUCHUMEL, TO
P(A) =4/12=1/3 P(B)=3/12=1/4

S
4

P (AB)=P (A) *P (B) = -

Wl

mn-m

®opmyna beprysm: P,(m)=CMp"q
3AJAHUS JJISI CAMOCTOSITEJIBHOM PABOThHI

BOITPOCHI IJTA CAMOKOHTPOJIA

1. ChopmynupyiTe TEOPEMBI CIIOKEHHUS BEPOSITHOCTEH.

2. ChopmynupyiTe CIEICTBHS U3 TEOPEM CIOKEHHUS BEPOSTHOCTEH.

3. Chopmynupyite TEOpEMbl YMHOKEHUST BEPOSITHOCTEH.
Ilpakmuueckue 3a0anusi:
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3ajanue Ha «3». PemuTh 3a1auy. B yueOHbIX MacTepCKUX TEXHUKyMa
M3TOTOBJISIFOTCA JIETAIM HA TPEX CTaHKAaX. BEpOATHOCTH M3rOTOBIICHUS I€TAIN Ha
nepBoM ctaHke paBHa 0,6. BeposTHOCTb MOSIBIICHUS TOJTHOM €Tl Ha IEPBOM
cranke paBHa 0,8. HaiiTu BepOATHOCTb TOr0, UTO TOAHAS AETAJIb U3TOTOBJICHA HA
IIEPBOM CTaHKE.

3aganue Ha «4: Pemnts 3a1auy. B xop3une 4 Oenbix u 3 yepHbIx mapos. U3
KOP3HMHBI MOCIIEI0BATEIBRHO BRBIHUMAIOT 2 mapa. Haiitu BEposiTHOCTh TOrO, 4TO
BTOPOM IIap OKAXKETCS YEPHBIM TP YCIOBUH, YTO TIEPBBINA 1IAP ObLT YEPHBIM.
3anaHue Ha «S»: PemmTs 3aaauy.

Pemuts 3agauy. B Ammke HaxonsTes 7 geTaieu mepBoro copra, S BTOPOro copra
u 3 TpeTbero copta. M3 siuka nocienoBaTeibHO BBIHUMAKOT TpH JeTanu. Haitu
BEPOSITHOCTH TOTO, IIEpBasi HAYTaJl BbIHYTAasl I€TAJIb OKAXKETCS MEPBOTO COpTa
(cobwiTHE A1), BTOpasi — BTOPOTO copTa (COObITHE A2) U TPEThS J€Talb — TPETHETO
copTa (coObITHE A3).

Tpenaxep
3ananme: Pemuth 3amaym.

1.B yuTanbHOM 3ajie UMEIOTCSl 6 YYEOHUKOB, U3 KOTOPBIX 3 B MEpeIlieTe.
bubnuotexkaps Haynauy B3siia 2 yueOHuka. HailTu BeposiTHOCTB TOro, 4TO 00a
y4eOHHKa OKaXXyTCs B MEpeEIieTe.

2. JIBa cTpelika CTpeIsIoT M0 OJHOM U TOU K€ 1eau. BeposTHOCTh monajganus B
1IeJIb T epBoro crpenka pasHa 0,9, ans Broporo - 0,8. Haiitu BEpoATHOCTH
TOTO, 4TO 00a CTpeJIKa MONaAyT B LIEIb.

3. Cpenn 50 2JIEKTPUYECKHX JITAMITIOYEK 3 HECTaHAApTHBIE. HaliTh BEPOSITHOCTH
TOT0, 4TO 2 B3AThIE OJJTHOBPEMEHHO JIAMIIOYKH HECTaHIAPTHBHIC.

4. B uexe pabortator 7 My>XuuH U 3 *eHuHbl. Haygauy oToOpanbl 3 deoBeka.
Haiitu BeposITHOCTB TOTO, YTO BCE OTOOPAHHBIE JIMIIA OKAXKYTCS MYyKUYMHAMH.

5. BeposiTHOCTB TOTO, YTO B MarasuHe OyJI€T MpoJiaHa rapa My>KCKoil 00yBu 44
pa3mepa, paBHa 0,12; 45-ro -0,04; 46-ro u 6onpmie — 0,01. Haiiti BeposITHOCTH
TOTO, 4TO OyJeT MpojaHa napa MyKCKoi o0yBu He MeHee 44 — ro pa3mepa.

6. Tpu smuka conepxkar no 10 neraneii. B nepBom 8 ctangapTHBIX AeTanei, BO
BTOpPOM -7, B TpeTbeM — 9. M3 Kakaoro siuuka Hay/1ayy BBIHUMAIOT 1O OJTHOM
neranu. HallTh BEpOSITHOCTB TOTO, UTO BCE 3 BBIHYTHIE IETAIH OKAXYyTCS
CTaHIApTHBIMH.

7. B IByX AIIMKAaX COJEPIKATCS CHHUE W KPACHBIE IIAPhI: B IEPBOM SIITUKE 6
CUHUX U 7 KpacHbIX, BO BTOPOM — 4 CHHMX U 5 KpacHbIX. M3 kaxaoro smmka
U3BJICKAIOT 110 OJTHOMY I1apy. HalTu BeposTHOCTB TOTO, UTO XOTS OBl OUH U3
BBIHYTBIX 1IaPOB OYI€T KPaCHBIM.

8. Llens B THpE pazneneHa Ha TPH 30HBL. BEpOATHOCTH TOTO, UTO HEKUM CTPEIOK
BBICTPEJIUT B 1I€JIb B IIepBOi 30HE paBHa 0,15, Bo BTopoi 30He- 0,23, B TpeThen —
0,17. HaliTu BEpOATHOCTh TOTO, YTO CTPEJIOK MOMAJIET B IEJIb U BEPOSITHOCTD TOTO,
YTO CTPEJIOK MONaAeT MUMO LETIH.
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9. JIBa cTpeinka HE3aBUCUMO APYT OT Apyra CTPEJSIOT [0 OHO U TOH K€ LEIH.
BepositHocTh monaganus 1uist nepsoro crpenka 0,9, s sroporo — 0,8. Haiitu
BEPOSITHOCTh TOT'O, YTO XOTS ObI OAMH CTPEJIOK MOMNAJET B LENb.

10.Y4eOHble MacTepcKue TEXHUKyMa MOTydaroT u3Aenus ot 3aBojoB A, B u C.
BepositHOCTh mOcTyTUICHHS M3enuid OT 3aBoja A paBHa 0,35, ot 3aBoaa B- 0,4.
HaiiTu BeposITHOCTh OCTYIUIEHUA U3/1eiui oT 3aBojaa C.

14.4. [luckperHas ciay4daiiHasi BeJINYMH, 3AKOH ee pacnpeaeieHust

B pe3ynbprare u3ydeHust TeMbl CTyACHT JOJKEH:

3HAMb:

- TIOHSITUE CIIy4alHOW BEJIIMYNHBI,

- TIOHSATHE JUCKPETHOM CITy4YallHOW BEJIMYUHBI;

- 3aKOH pacIpeAeICHUs TUCKPETHON CITyYalHON BEJIUYHUHBI.

JluckperHas cjydyailHasi BeJIMYMH, 3AK0H ee pacipeaeieHus

CrnydaiiHoe coObITHE, CBI3aHHOE C HEKOTOPBIM OIBITOM, SBJISIETCS
KauEeCTBEHHOW XapaKTepUCTUKOMN onbITa. KoIMuecTBEHHOM ke XapaKTepUCTUKOMN
pe3yJsibTaTa MPOBEAECHHOTO ONBITA SBJISICTCS Cy4dailHas BEJIUYHHA.

[Ipumepl. bpocaroTcs ABE NMpaBUIbHBIE OJHOPOIHBIE MOHETHI. CKOJIBKO U3 HUX
BBITIAJIET repOOM KBEPXY?

Penienue:

[Ipu noadOpacklBaHUK JBYX MOHET MTPOCTPAHCTBO 3JIEMEHTAPHBIX COOBITUN UMEET
sun: U= IJI], [JT, I'l], I'T, tne 1]- «itucppar, I- «rep6». [lepBoIit cuMBOII
MOKA3bIBAET, YTO BhINAJa MEpBasi MOHETA, a BTOPOI — BTOpasi MoHeTa. Hanpumep,
[][I" 03HavaeT, 4TO MepBasi MOHETA BhITIaja MUQPPON KBEPXY, a BTOpas - repooM.
Tak Kak MOHETBI IPaBUIIbHBIE U OAHOPOJHBIE, TO MOKHO CUUTATh, UTO BCE
AJIeMEHTapHbIE COOBITHS MpOocTpaHcTBa U paBHOBEPOSTHBI, U TOTJIa BEPOSITHOCTD
P Ka)Xxa0ro U3 HUX paBHa “4. O003HayuM 4epe3 X YMCI0 MOHET, BhIMABIINX repOoM
KBEPXY, U COCTABUM TaAOJHILY:

U LILT 1r wi| IT
X 0 1 1 2
p 1/4 1/4 1/4 1/4

Tak kak aneMeHTapHbIM cOObITHSM [[I" 1 I'[] OTBETCTBYET OJHO U TOKE 3HAUCHUE
BEJIMYMHBI X, paBHOE 1, TO MOKHO IM0JIarath, 4YTO ATO 3HAYECHHUE BeIUUMHA X
IPUHUMAET C BEPOSITHOCTBIO p= Y4 +1/4= 12 .Takum 00pazom, 3HaU€HHUSI BETUYHHBI
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X —4gucno MOHCT, BbIIIaBIINX I‘€p6OM KBEPXY, COOTBECTCTBYIOIIUEC UM BEPOATHOCTHU
MOJKHO 3aIIMCaThb B BUJIC T&6JII/IHI>I:

X 0 1 2
p 1/4 1/2 1/4
I/ITaK, KaXX10€ 3HAUCHUEC BCIINYNHBI X €CTb 4uCJIO, onpeﬂenﬂeMoe HNCXOJ0M OIIbITAa

H 3aBUCAIICC OT Ciy4asd.

Cnyuatinou Ha3pIBAaCTCS BEJTMYMHA, KOTOPAsi B pe3yJIbTaTe OMbITA TPUHUMAET
C OTPECIICHHON BEPOSITHOCTHIO TO MJIM MHOE 3HAYCHHUE, 3aBUCSIICE OT UCX0/1a
onbiTa. CiydaiiHbIe BEJIMUUHBI 0003HAYAIOTCS IPOMUCHBIMU OYKBaMU JTAaTHHCKOTO
andasuta: X, Y, Z ¥ T.1., a UX 3HAYCHUS — COOTBETCTBYIOIIIUMHU CTPOUYHBIMHU
OykBamu — X, Y, Z 4 T.]I.

CrnydaiiHasi BeJIMUMHA HA3bIBACTCSI OUCKPEMHO, €CIIA MHOKECTBO €€
3HAYEHUN KOHEYHO WM CYETHO, T. €. MHOXKECTBO € 3HAaUEHHE MPECTaBIsAET COO0M
KOHEUHYIO MOCJIEIOBATEIBHOCTD X1, X2, Xn WJIK OECKOHEUHYIO
MOCIIEIOBATENBHOCTD X1, X2, Xn,... BEpOATHOCTB TOTO, 4UTO CllydaiiHasi BeIu4ruHa X
PUMET 3HAYEHUE X, 0003HAYAIOT

P(X) = P(X=x)

CooTBETCTBHE MEXKIY BO3MOKHBIMU 3HAUYCHUSIMU X1, X2, Xn CIyYalHOU
BEJIMYUHBI X U UX BEPOSITHOCTSIMU P1, P2..., Pn HA3BIBACTCS 3aKOHOM
pacnpeneneHus Ciry4aiiHON BEJIMYUHBI X.

3aKoH pacrpeeeHus CIy4aitHOM BETUYMHBI MOKET ObITh IIPEACTABIICH B BUJIE

TaOJIALIBI:
X X]_ X2 e Xi cee Xn
P P]_ P2 e Pi cee Pn

CoObIrTust X=x1, X=X2,..., X=Xn 00pa3yloT MOJHYIO CUCTEMY MOMapHO
HECOBMECTUMBIX COOBITUH, TOATMY CyMMa UX BEPOSITHOCTEH paBHa 1, T.e.
pitp2t...pn=1

3AJTAHUSI 1JISI CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI IJIsA CAMOKOHTPOJIA

1. Yro Takoe ciy4aiiHas BeaIu4YuHA?
2. Yto Takoe AUCKpETHAs CilydailHas BeIU4YHHA?
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3. ChopmynupyiTe 3aKOH pacrpeeieHus JUCKPETHOM CIIydaiiHON BEJTUYUHBI.

14.5. YnucnoBble XapaKTEePUCTUKU JUCKPETHOM CJIy4ailHOH BeJUYNHBI

B pesynbrare u3ydyeHus: TeMbl CTYAEHT JOJIKEH:

ymems.

- HAXOJUTh MAaTEMATUYECKOE OKUJAHUE CIIyYaliHON BEJIIMUUHBI.
3HAMb:

- IOHATHE MAaTEMAaTUYECKOTO OKUIAHHUS;

- CBOMCTBAa MAaTEMATUYECKOTO OXKUIaHUS.

YucoBble XapaKTEePUCTHUKU JUCKPETHOM CIy4YailHON BeJIMYNHBI.

B mareMartnke 4acTo UCIIOJIB3YIOT YHCIIA, KOTOPBIE ONKUCHIBAIOT CIy4alHY1O
BEJIMYMHY CyMMapHO. Takue 4nciia Ha3pIBatOT YUCIOBBIMUA XapaKTEPUCTUKAMU
CIIy4alHOU BeNMYMHBL. Cpeln YMCIIOBBIX XapaKTEPUCTUK CAMOW BaXKHOM SIBIIAETCS
MaTeMaTHYECKOE 0KUIAHNE, KOTOPOE YKA3bIBAET, KAKOE CPEIHEE 3HAUCHUE
CIIy4YallHOW BEJIMYMHBI CIIETYET OKUIATH B PE3YJIbTATE UCIIBITAHUN WIIHA
HaOJIIOICHUI.

Maremartnueckum oxuganrueM M(X) TucKpeTHOH cily4ailHOW BETMYUHBIL X
Ha3bIBACTCS CyMMa IIPOU3BECHUN BCEX €€ BO3MOXKHBIX 3HAYCHUH Xj HA UX
BEPOSITHOCTS Pj:

M(X) = X1p1 + Xop2 +... T Xn Pn = DX, P
j=1

[Ipumep. HaiiTn MmaTeMaTH4eCKOE OKUIAHUE CIIyYaHOW BEJIMUMHBI X, 3HAsl 3aKOH
€¢ pacIpeeiICHUs:

X -1 0 1 2 2

D 0,2 0,1 0,25 0,15 0,3

M(X) =-1*0,2+0*0,1+1*0,25+2*0,15+3*0,3=1,25

CBoiicTBa MAaTEMaTHUECKOTO OXHAaHNA.

1. HOCTOHHHBIfI MHOXHUTCIIb MOXKECT 6BITB BBIHCCCH 34 3HAK MAaTEMATHUUYCCKOI'O
OKHUJaHUSL.
M(CX) = CM(X)

2.MareMaTn4eckoe OKNIAaHUC CYMMEBI JIBYX CJ'Iy‘-IElfIHBIX BCJIMYMH PAaBHO CYMMC UX
MaTEMAaTHYCCKUX O)I(I/I)IaHI/II\/’II
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M(X + V) = M(X) + M(Y)

3.MaremaTuueckoe OXHNIaHHC MOCTOSIHHOM BeIMYUHBI C PaBHO caMoM AToH

BCIIMYUHC:
M(C)=C

4 MarteMaTU4EeCKOE OXHIAHUC ITPOU3BCACHUA HC3aBUCUMbIX CﬂyqaﬁHBIX COOBITHI
PaBHO IIPOU3BEACHUIO X MATCMATUICCKUX O)I(I/II[aHPlﬁl

M(X *Y) = M(X) * M(Y)
3AJAHUSI IJIS CAMOCTOSITEJIBHOM PABOTHI
BOIIPOCHI JIJIS1 CAMOKOHTPOJIST

1. YTo Takoe MaTeMaTU4E€CKOE OXKUIaHuE?
2. ChopMynupyiiTe CBOMCTBA MaTE€aTHUECKOTO OXKUJIaHHMS.

Tpenaxep

3ajganme: HaliTn MaTemMaTHYeCKOE OXKUIAHUE CITyYallHOW BEJIUYUHBI X, €CJIN
3aKOH €€ pacrpecIcHus 3aaH TabInuIIeH:

X 1 2 3 4

p 0,3 0,1 0,2 0,4
X 0 1 2 3 4
p 0,2 0,4 0,3 0,08 0,02

188




PEKOMEHAYEMAS JIUTEPATYPA

JUJIfl CTYACHTOB
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reoMeTpusi:3alauHuK: yued. mocooue sl CTYIEHTOB TPO(eCCHOHATBHBIX
o0pa3oBaTeIbHbIX OpraHU3allHil, OCBaUBAIOIINX MPOPECCUU U CIIEHUATBLHOCTH
CIIO.- M., 41
bawmaxos M.M. MatemaTuka:airedpa 1 Havyalla aHaJIU3a, TEOMETPUSL:
DneKkTpoHHBIN yuel.- meToa. KoMiieke 1i1st cTy1eHTOB podeccoHaIbHbIX
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o0pa3oBaTeIbHBIX OpPraHU3alMi. OCBAUBAIOMIMX MPOPECCUU U CIIEIIMATIBHOCTH
CIIO.-M.,2017
bawmaxos M.H. Matematuka (6a30Bbiii ypoBeHb). 10 kimacc. — M.,
2014. bawmarxoe M.M. Matematuka (0a30BbIi ypoBeHb). 11 kiacc.
— M., 2014. bawmaxoe M.F. AnreOpa 1 Hauana aHaau3a,
reomerpus. 10 knacc. — M., 2013.
bawmarxoe M.M. Matematuka (6a30Bbiii ypoBeHb). 10 kimacc. COOpHUK 3a7au:
y4e6. mocooue. — M., 2008.
bawmaxos M.H. Matematuka (6a30Bbiii ypoBeHb). 11 kinacc. COopHUK 3a7a4:
y4eb. nmocooue. — M., 2012.

I'yvces B.A., [ pucopves C.I'., Heoneuna C.B. Marematuka: anreopa u Hayana
aHaJIM3a MaTEMaTUYECKOTO aHaJIN3a, TeOMETPHsL: YUeOHUK JIJIsl CTYJIEHTOB
npodecCHOHANIbHBIX 00pa30BaTEIbHBIX OPTaHU3AIMH, OCBAaBAIOIIUX Mpodeccun u
cnenmansHoctu CI10.-2017.

Konseun FO.M., Tkauesa M.B, @edeposa H.E. u op. Marematuka: anredpa u
Hayvajia Mare-

MaTHUYECKOro aHanu3a. AnreOpa v Hayajla MaTeMaTUYECKOTO aHaIn3a
(6a30BbIl U yrayoseHHsl ypoBHu). 10 kinace / moxa pen. A.b.Kmwxkuenko. — M.,
2014.

Konseun FO.M., Txauesa M.B., @edeposa H.E. u op. MaTteMaruka: anredpa
U Hayajia Mate-

MaTHUYECKOTO aHaiu3a. Anredpa 1 Hayajaa MaTeMaTHYeCKOro aHaIn3a
(6azoBbIii 1 yrayOneHHbI ypoBHH). 11 kinace / moxa pea. A.b.JKmxkdenko. — M.,
2014.

Mopoxkosuy A.I'., Cmupnosa .M. Marematuka: anredpa u Hayaisa
MaTEeMaTUYEeCKOro aHajan3a; reomeTpus. (6a30BbIil ypoBeHb). M., MHemMo31Ha,
2015 .

Jloist mpenogaBaresiei

006 o6pazoBanuu B Poccuiickoii @enepaunu: gpeaep. 3akoH ot 29.12.2012 Ne
273-D3 (B pen. Denepanbubix 3ak0HOB OT 07.05.2013Ne 99-D3, ot 07.06.2013 Ne
120-®3, ot 02.07.2013 Ne 170-®3, 0123.07.2013 Ne 203-D3, ot 25.11.2013 Ne
317 @3, o1 03.02.2014 Ne 11-®3, ot 03.02.2014 Ne 15-®3, ot 05.05.2014 Ne 84-
®3, o1 27.05.2014 Ne 135-D3, ot 04.06.2014 Ne148-D3, ¢ u3M., BHECECHHBIMHU
®denepanbHbIM 3aKOHOM OT 04.06.2014 Ne 145-D3, B pea. Ot 03.07.2016, ¢ uzm.
Ot 19.12.2016)

®enepanbHbIil 3akoH 0T 29.12.2012 Ne 273-D3 «O06 0bpa3oBaHuM B
Poccuiickoit @enepauuny. [Ipukaz Munucrepcta o0pazoBanus 1 Hayku PO ot
17.05.2012 Ne 413 «OO0 yTBepxkaeHuu (heaepaibHOro rocyJapcTBEHHOTO
00pa3oBaTEILHOTO CTaHIapTa CPeaHEro (MOJIHOTO) 00I1Iero 00pa3oBaHuUsDy.
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[Ipukaz MunuctepctBa oOpazoBanus U Hayku P® ot 31 mexabps 2015 1. Ne
1578 «OBHeceHnn wu3MeHeHHH B (eAepaibHbIi TOCYyIapCTBEHHBIA CTaHAAPT
cpemHero oOmmero oO0pa3oBaHUsS, YTBEPXKICHHBIM TMpUKa3oM MuHHCTEpPCTBA
oOpazoBanus u Hayku Poccutickoit @eneparuu ot 17 mas 2012 r. Ne 413»

[Tucemo JlemapramMeHTa TOCYJapCTBEHHOW MOJUTHKA B c(epe MOATOTOBKHU
pabounx kaapoB u JI1O MunnctepctBa obpazoBanus u Hayku PD ot 17.03.2015
No 06-259 «PexoMeHmanuu 10 OpraHu3alldyd TMOJYYEHHUS CPEIHEro OOIIero
oOpa3oBaHUsl B Tpejesax OCBOCHMSI O0O0pa30BaTENbHBIX MPOTPAMM CPEIHETO
npodecCHOHAIBHOTO 00pa3oBaHus Ha 0a3e OCHOBHOIO OOIIero oOpa3oBaHUs C
ydeToM TpeOoBaHUN  (eaepalibHbIX  TOCYJapCTBEHHBIX  00pa30oBaTEIbHBIX
CTaHJApTOB M MoOJdydyaeMod mpodeccur UM  CHEIUATBHOCTA  CPEIHETO
poecCUOHANBHOTO 00pa30BAHUS.

[IpumepHass ocHOBHasg o0Opa3oBaTelibHasg MporpamMma CpeIHero Ouiero
oOpazoBaHus, OJ0OpeHHas penieHueM QeaepaibHOro y4eOHO- METOANYECKOIo
00beIUHEHNUS TI0 001IeMy oOpa3oBanuto (poTokot ot 28 urons 2016 1. Ne 2/16-3)

bawmarxos M.H. MatemaTuka: KH. JIJIs IpenoAaBatelis: METO/. mocooue. —
M., 2013
bawmaros M.U., [[vicanos III.H. MeTonudeckoe mocoOue sl TOATOTOBKH K
EI'D. — M., 2014.
bocomonos H.B. CoopHuk 3anau o mateMaruke (st CCY30B) M.,
Hpoda,2003 r.

HNuTepHeT-pecypcesl

www.fcior.edu.ru (MadopmanoHHbIe, TPEHUPOBOYHBIE H KOHTPOJILHBIC
MaTepHuabl)

www.school-collection.edu.ru (Enunas komtexknuu mudpoBbIx
o0pa3zoBaTeIbHbIX

pecypcoB).

http://www.mathnet.spb.ru/

http://www.exponenta.ru/educat/class/class.asp

http://www.bymath.net/studyquide/tri/tri topics.html

http://www.mathem.hl.ru/index.html

http://www.mathnet.spb.ru/

http://www.exponenta.ru/educat/class/class.asp

http://www.bymath.net/studyquide/tri/tri topics.html

http://www.mathem.hl.ru/index.html

http://festival.1september.ru/
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http://www.mathnet.spb.ru/
http://www.exponenta.ru/educat/class/class.asp
http://www.bymath.net/studyguide/tri/tri_topics.html
http://www.mathem.h1.ru/index.html
http://www.mathnet.spb.ru/
http://www.exponenta.ru/educat/class/class.asp
http://www.bymath.net/studyguide/tri/tri_topics.html
http://www.mathem.h1.ru/index.html
http://festival.1september.ru/
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