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Meroauueckue peKOMEHAALNUU IIPEIHA3HAYEHBI 1151 OCBOCHUSA
IUCIUIUIMHBL «MatemaTrka». Pa3paboTaHbl B COOTBETCTBUH C YYEOHBIM IIJIAHOM U
nporpammont kypea I1JI. 01 «Martemarnka». JlaHHbIE pEKOMEHIAINN COAEPKAT
KPaTKO€ U3J10KEHUE TEOPETUUECKOIO MaTepralla, KOHTPOIbHBIC BOIIPOCHI 110
TemaM, qudepeHurpoBaHHbIE MPAKTUYECKUE 3aJaHMs 11 CAMOIPOBEPKH, a
TaK)Ke TPEHAXKEPHI 111 OTPAOOTKU YMEHHM MO TEMaM.



Conep:xxkanue

Beenenue
Pa3nen 1. Pa3zBuTne OHSATHS O YHCIIE
1.1. JleiicTBuTENbHBIC YKCIA U BeIUYUHBL. [[pubnmkenne neicTBUTEIbHBIX
yucen. [lorpemnoctu
3aoanus ons camocmosmenvHol pabomol
1.2. BeruuciaeHus ¢ npuOIMKSHHBIME TAHHBIMHU
3aoanus ons camocmosmenvHol pabomol
Paznen 2. YpaBHeHHs U HEpaBEHCTBA
1.3. KomruiekcHble uncina
2.1. JIunelinple HEPaBEHCTBA C OJJHOM NEepeMEeHHOU
3aoanus ons camocmosmenvHol pabomol
2.2. KBagparHbie HEpaBeHCTBA
3aoanus ons camocmosmenvHol pabomol
2.3. CucteMbl IMHEWHBIX YPaBHCHUIH ¥ METOJIbI MX PEIICHUS
3aoanus ons camocmosmenvHol pabomol
2.4. CucTtembl JIMHEHHBIX HEPAaBEHCTB
3aoanus ons camocmosmenvHol pabomol
Paznen 3. dynkuuu, ux cBoicTBa U rpaduKu
3.1. Yucnoas pyHKIUsS
3aoanus ons camocmosmenvHol pabomol
3.2. I'paduxu ¢ynkuuii. [Ipocreiimme npeodpazoBanus rpadukoB ¢yHKIUI
3aoanus ons camocmosmenvHol pabomol
3.3. MOHOTOHHOCTb, OTPAHUYEHHOCTh, YETHOCTh U HEYETHOCTh, IEPUOTUIHOCTD
byHKIMI
3adanus 0 camocmosmenvHou pabomoi
Paznen 4. Kopuu, crenenu u jorapudMbl
4.1. KopHHU U CTEIIEHU
3adanus 0 camocmosmenvHou pabomoi
4.2. CteneHu ¢ pallMOHAJIbHBIMU MTOKA3aTEIIMU UX CBOMCTBA
3aoanus ons camocmosmenvrol pabomoi
4.3. CteneHu ¢ JeWCTBUTEIbHBIMY MTOKA3aTEISIMU UX CBOMCTBA
3aoanus 05 camocmosmenvHou pabomol
4.4. UppanmoHaibHble ypaBHEHUS
3aoanus 0ns camocmosamensvHou pabomol
4.5. Jlorapudmsl
3aoanus 05 camocmosimenvHou pabomol
Paznen 5. [lokazarenpHas, TorapupmMuueckas U cTerneHHast pyHKIuu
5.1. Iloka3zarenpHas, torapuMuveckas U creneHHas (QyHKIMHA, UX CBOMCTBA U
rpaduKu
3aoanus 0ns camocmoamenvHol pabomol
5.2. Peniennie mpocTeInX MNoKa3aTeIbHbIX YPaBHEHUN
3aoanus 05 camocmosamenvHol padbomol
5.3. PelieHne npocTermx noKa3aTeJIbHbIX HEPABEHCTB
3



3aoanus ons camocmosmenvHol pabomol

5.4. Pemienue npocTeliux jgorapumMuyeckux ypaBHEHUM
3aoanus ons camocmosmenvHol pabomol

5.5. Pemienue npoctelmux JorapupMuuecKux HEPaBeHCTB
3aoanus ons camocmosmenvHol pabomol

Paznen 6. OCHOBBI TPUTOHOMETPHH.
6.1. PagranHoe nu3amepenue yriaoB v Ayr. TpuroHomerpuieckue ¢yHKIuu
YHCIIOBOTO apryMEHTa, 3HAKH X 3HaYEHUN
3aoanus ons camocmosmenvHol pabomol

6.2. COOTHOILIEHUS MEKy TPUTOHOMETPUUECKUMU QYHKIMSIMU  OJTHOTO
aprymeHTa.
3aoanus ons camocmosmenvHol pabomol

6.3. [IpeoOpazoBaHre CyMM TPUTOHOMETPUUYECKUX (DYHKIIMI B IPOU3BEACHHE.
[IpeobpazoBanue Mpou3BECHNUN TPUTOHOMETPUIECKUX (DYHKITUN B CYMMBI.
[TeprogUYHOCTH TPUTOHOMETPUYECKHUX (PYHKIIHIA
3aoanus ons camocmosmenvHol pabomol

6.4. CpoiicTBa u rpaduku TpUroHoMeTpruieckux Qynkiuit. OdparHbie
TpUTOHOMETpUUYECKue HYHKITUU
3aoanus ons camocmosmenvHotl pabom
6.5. IlpocTeiiiine TPUrOHOMETPUUYECKHUE YPABHEHHUS U HEPABEHCTBA
3aoanus ons camocmosmenvHotl pabomol

Paznen 7. IIpsiMble U MIIOCKOCTH B IPOCTPAHCTBE
7.1. AKCHOMBI CTEPEOMETPUU U TIPOCTEHIITNE CIeICTBUS UX HUX. B3aumHoe
PacIoJIOKEHHE JIBYX MPAMBIX B IPOCTPAHCTBE
3aoanus ons camocmosmenvHol pabomol
7.2. Yron Mexay npsiMbIMu. [Ipu3HaKk napamienbHOCTH OPSIMOIl U TIOCKOCTH.
[Ipu3Hak mapauieIbHOCTH TJIOCKOCTEN
3adanus 0 camocmosmenvHou pabomoi
7.3. ITapaiiennbHOE TPOEKTUPOBAHUE U €ro CBOMCTBA. [lepneHIuKyIsIpHOCTD
IpsIMOi U TII0CKOCTU. OPTOrOHAIBHOE MTPOESKTUPOBAHUE
3aoanus ons camocmosmenvrol pabomoi
7.4. llepnieHAUKYJISIP M HAKJIOHHASA. YTOJ MEXIY MPSAMOU U IJIOCKOCTHIO.
JIByrpaHHBIN yroy. YTOJ MEXAY INIOCKOCTAMU. [lepneHauKyIsipHOCTh IBYX
IIJIOCKOCTEN
3aoanus ons camocmosmenvrol pabomoi

Paznen 8. BexkTopsl 1 KOOpAMHATHI
8.1. BexTopsl Ha MIIOCKOCTU U B IPOCTPAHCTBE. JIeHCTBUS HaJl BEKTOPAMH C
3aIaHHBIMU KOOPIMHATHI
3aoanus 05 camocmosmenvHol pabomol
8.2. IIpsaMoyronpHbIe KOOPJIMHATHI HA IUNIOCKOCTU UB IPOCTPAHCTBE
3aoanus 0ns camocmoamenvHol pabomol

8.3. Jlnuna BekTopa. Yron Mex1y BeKTopaMmu. PaccTosiHre MexXly TOUKaMH.
YpaBHeHHE NPSIMON. YpaBHEHUE OKPYKHOCTH
3aoanus 015 camocmosamenvHol padbomol
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Paznen 9. Hayana matematnueckoro aHanusa
9.1. IlpouzBognas. CBolicTBa NPOU3BOIHOM
3aoanus ons camocmosmenvHol pabomol

9.2. Ilpou3BogHasi CyMMBbl, TPOU3BEACHUS U YACTHOIO ABYX (PYHKIUI
3aoanus ons camocmosmenvHol pabomol

9.3.IlpousBoaHas cinoxHOM GyHKIMHU. [Ipon3BoHAS CTEIEHHOM,
Jorapu(pMUYECKON U oKa3aTeabHON PyHKIM 1
3aoanus ons camocmosmenvHol pabomol

9.4. Bropas npou3Bo/iHasl, €€ T€OMETPUYECKUN U (PU3NUECKUN CMBICIT
3aoanus ons camocmosmenvHol pabomol

9.5. Bo3pacranue u yObiBaHue PyHKIIMU. DKCTPEMYMBbI (DYHKITUH.
3aoanus ons camocmosmenvHol pabomol

9.6. [IpumeHeHre MPOU3BOIHON K MOCTPOCHUIO TpaduKOB (PyHKITUH.
3aoanus ons camocmosmenvHol pabomol

9.7. IlepBooOpaznas
3aoanus ons camocmosmenvHol pabomol

9.8. HeonpeneneHHplii UHTETPA U €r0 CBOMCTRA.
3aoanus ons camocmosmenvHol pabomol

9.9. OnpeeneHHBIN UHTETPAT U €r0 CBOMCTBA
3aoanus ons camocmosmenvHol pabomol

9.10. Berurcnenue miomaziei miockux GUryp ¢ moMOIIbI0 OMPeIeIEHHOTO
UHTerpaa
3aoanus ons camocmosmenvHol pabomol

9.11. JIuddepeHnmaibHbie YpaBHEHHS TIEPBOTO MOPSIKA
3aoanus ons camocmosmenvHotl pabomol
Paznen 10. MHOrorpaHHuKH.
10.1. 'eoMeTpuueckoe Telo, €ero MoBepxXHocTh. MHOTOrpanHuku. [Ipuzma
3adanus 0 camocmosmenvHou pabomoi
10.2. ITapamnenenunen. [Ipuszma.
3adanus 0 camocmosmenvHou pabomoi
Pazgen 11. Tena u noBepXHOCTU BpalllCHHS
11.1. IToBepxHocts BpameHus. Teno Bpamenus. Humunap Konyc
3aoanus ons camocmosmenvrol pabomoi
11.2. Cdepa u map
3aoanus ons camocmosmenvrou pabomei ...
Paznen 12. 3mepenust B reoMeTpUH.
12.1. O6veM reomeTpudeckoro Tema. O0beM MPU3MBbI, Mapauieenuea
3aoanus 05 camocmosmenvHol pabomol
12.2. O6beM nupamMuIbl, AIUHIPA
3aoanus 05 camocmosimenvHou pabomol
12.3.06BeM KoHyca, mapa
3aoanus 0ns camocmoamenvHol pabomol
12.4. Inomaab MOBEPXHOCTU F€OMETPpUUECKUX Tel. [nomanes noBepxHoctu
MIPU3MBI, THPAMHU/TBI



3aoanus ons camocmosmenvHol pabomol
12.5. Ilnomaap NOBEPXHOCTH LHWJIMHApPA, KOHYCA, I1apa
3aoanus ons camocmosmenvHol pabomol
Pa3znen 13. DnemeHThl KOMOMHATOPUKHU
3aoanus ons camocmosmenvHol pabomol
Paznen 14. DnemeHTHI TEOpUU BEPOSITHOCTEN. DIEMEHTHI MATEMAaTUUECKOM
CTaTUCTHKHU.
14.1. Cny4ailHblil OIBIT CIy4yaliHOE COOBITHE.
3aoanus ons camocmosmenvHol pabomol
14.2. BeposiTHOCTH coOBITUSI. Oniepaliuu HaJl COOBITUSIMU
3aoanus ons camocmosmenvHol pabomol
14.3. TeopeMsl cn0KeHUS U YMHOKEHUS BepoATHOCTeW. Dopmyna beprymin
3aoanus ons camocmosmenvHol pabomol
14.4. JluckpeTHas ciiydaiiHasi BEJINUMHA, 3aKOH €€ paclpeIeICHHUs.
3aoanus ons camocmosmenvHol pabomol
14.5. YucnoBble XapaKTEPUCTUKHU JUCKPETHON CIyYailHON BEJIUYUHBI.
3aoanus ons camocmosmenvHol pabomol
Cnucok HCIoNb30BaHHOM JIUTEPaTyphI



BBenenue

OBnazeHue NpakTUUECKH JIF0OOH COBpEeMEHHOM npodeccueit TpedyeT
OTIpe/IeTICHHBIX MaTeMaTHIeCKNX 3HaHui. [IpeacraBnenue o poiau MaTeMaTHKU B
COBPEMEHHOM MHUpE, MaTeMaTHUECKUE 3HAHUS CTAIA HEOOXOAMMBIM KOMIIOHEHTOM
o0riei KynbTypbl. J{s camopeann3anun, BO3SMOXXHOCTH YCIICITHON JIeATEIbHOCTH
B HHGOPMAITMOHHOM MHpe TpeOyeTcs MpoyHasi MaTeMaTH4ecKas IoArOTOBKaA.
MaremaTtrueckoe 00pa3oBaHUE BKJIIOYAET B c€0sI OBJIAJICHUE CUCTEMON
MaTeMaTUYECKUX 3HAHWW, YMEHUW U HaBBIKOB, JAIOIINX MPEACTABICHUE O
npeaMeTe MaTeMaTHKH, O MAaTEMaTHUECKON CHMBOJIMKE, CTICITHATbHBIX
MaTeMaTUYECKUX MPUEeMaX, METOAaX MBIIUICHHUS.

B MeTtoaudeckne peKOMEHIAIMN  BKJIIOUEHBI TAKUE Pa3/Ieiibl KaK Pa3BUTHE
MOHATHS O YHCIIE; YpAaBHEHUS U HEPABEHCTBA; QYHKIINH, UX CBOWCTBA U TPaUKH;
nokaszaTellbHas, JJorapupMudecKas U cTerneHHas QyHKINH; KOPHU, CTETICHU U
norapu(Mbl; OCHOBBI TPUTOHOMETPHH; TIPSIMBIC U TUIOCKOCTH B TPOCTPAHCTBE;
BEKTOPHI M KOOPJIMHATHI; Hadaja MaTeMaTHIECKOTO aHAIN3a; MHOTOTPaHHUKH;
TeJIa ¥ TIOBEPXHOCTH BPAIICHHS, W3MEPEHUS B TCOMETPUH; DIIEMEHTBI
KOMOMHATOPUKH; DIIEMEHTHI TEOPUH BEPOATHOCTEH, DJIEMEHTHI MaTEMaTHIECKOI
CTaTUCTHKH.

VY4eOHo-MeToInUecKoe mocodue cocTaBieHo B cooTBeTcTBUU ¢ DPI'OC
st CCY30B, mpuMepHO# porpaMMoH, ¢ padboueit mporpaMMon .

TemaTu4eCcKuil IJIAH Pa3/ejioB U TeM

IIpuMepHbBIi TeMATHYECKHU MJIAH Y4eOHOH TMCIMILIMHBI

HaumenoBaHue Conepxanune yueOHOro Ob6bem | YpoBeHb
pa3iesioB U TeM MarTepuaJa, 4YacoB | OCBOEHUS
camMocTosiTeJibHAsI padora
o0yuyaommxcs
Tema 1. Beenenue. 1
Maremarrka B HayKe U
IIPAKTUYECKOMN

nestenbHOCTH. Llenu u
3a/1a4y U3y4YEHUS
MaTeMaTHUKH B
yupexaenusx CI10

Tema 2.Pa3Burtue mousTus 9
0 4HCIIe

1)Llenble U panoHaIbHbIE 1 2
qHCIIa.




2) [elicTBUTEIBHBIE YHUCIA.
JlecTBUS Hal
JNEUCTBUTEIIbHBIMU
YHUCJIaMHU.
3)IIpubnuxeHHbIE
BbruncieHus. [lorpemnoctu
npUOTMKEHHBIX
BBIUMCIICHUH. JIeUCTBUA Hal
NPUOIMKEHHBIMU YUCIIAMU.
4)KoMIIIeKCHBIEC YHCTIa.
Anrebpanueckas popma
KOMILIEKCHOTO YHCIIa.
5)HetictBus ¢
KOMILUIEKCHBIMU YHCJIaMU B
anreOpanueckoit popme.
CamocTosiTesibHasi padoTa
no reme «Pazsurue
MOHSITHS 0 YHCJIE).

Tema 3.0cHOBBI
TPUTOHOMETPUHU

40

1)Cunyc, KOCUHYC, TAHTEHC,
KoTaHreHc. ['pagycHas u
paauaHHas Mepa yria.
2)OCHOBHBIE
TPUTOHOMETPUYECKUE
TO>K/IECTBA.

3)DopMyJibl IPUBECHHUS.
4)CuHyc, KOCHHYC, TAHT€HC
CYMMBI U pa3HOCTH JBYX
YTJIOB.

5)PopmyIibl ABOMHOTO yTJIa.
®opmyJIbI IOJIOBUHHOTO
yria.

6)DopMyIibl CyMMBI U
Pa3HOCTH OJTHOMMEHHBIX
TPUTOHOMETPUUYECKUX
byHKITUH.

7)Dopmyitbl TpeoOpa3oBaHUS
MIPOU3BE/ICHUS B CYMMY.
@opmyIIbl MIOHUKEHHUS
CTEICHH.
8)IIpeoOpazoBanue
MPOCTEHIITNX

N




TPUTOHOMETPUUYECKHUX
BBIPAKCHU .
9)ToxaecTBEHHBIE
npeoOpa3oBaHus
TPUTOHOMETPUUYECKHUX
BBIPAKCHU U
CamocrosiTeqbHasi padora
no teme «IIpeodpa3oBanue
TPUTOHOMETPHYECKUX
BbIpasKeHUN».
10)Tpuronomerpuieckue
GbyHKIMHU, UX TpapuKU U
CBOMCTBaA (CUHYC, KOCUHYC).
11)Tpuronomerpuueckue
byHKIMU, UX TpaduKu U
CBOICTBA (TaHIEHC,
KOTaHT'eHC).

12) OGpaTHbIe
TPUTOHOMETPUYECKUE
byHKIMU, UX rpaduKu U
CBOICTBA (apKCUHYC,
apKKOCHHYC, AapKTaHI'EHC,
ApPKKOTAHT€HC).
13)IIpocreiimue
TPUTOHOMETPUYECKHE
YPaBHEHHUS.

14)Pemienre npocTermmx
TPUTOHOMETPUYECKHUX
YpaBHECHUH.

15)Pemienue
TPUTOHOMETPUYECKHUX
YPaBHEHMI pa3IMYHbIMU
METOJIaMH.

16)Pemienne cucrem
TPUTOHOMETPUYECKHUX
YPaBHEHHM.

17)Pemienne
TPUTOHOMETPUYECKHUX
HEPABEHCTB.

18)Peienue
TPUTOHOMETPUUYECKHUX
YPaBHEHUHU,

CUCTEM
TPUTOHOMETPUYECKHUX




YpaBHEHUH,
TPUTOHOMETPHUUYECKUX
HEPaBEHCTB.
19)Tpuronomerpuyeckas
dbopma KOMILIEKCHOTO
qyucia.

20)deticTBus ¢
KOMIUIEKCHBIMU YUCJIaMU B
TPUTOHOMETPUUECKOU
dbopwme.
CamocrosiTeqbHasi padora
10 TemMe
«Tpuronomerpuyeckue
¢pynxkuun. Pemenue
TPUTOHOMETPUYECKHX
YPABHEHHID).

11

Tema 4. Kopnu, crenenu

14

1)Crenenu ¢ pauoHaIbLHBIM
MoKa3aTesIeM U UX CBOMCTBA.
2)IIpeobpazoBanue
BBIPXKEHUI COAEPIKAIINX
CTEIEHHU C pallMOHAJIbHBIM
MOKa3aTeNeM.

3)KopHu HaTtypaibHOM
CTEIEHU U3 YUCIa U UX
cBoiicTBa. [IpeobGpazoBanue
BBIPAXKEHUM COJIEpIKAIUX
KOPHH HATypaJbHOU CTETICHH.
HIIpeodpazoBaHue
BBIPAXKEHUM COJIEpIKAIUX
KOPDHU U CTEICHH.

5)Peuienne nppanoHaIbHBIX
YPaBHEHHM.

6)Pelienre nppalinOHAIBHBIX
HEPaBEHCTB.

7)Pelienrie uppaliiOHAIbHBIX
YPaBHEHU U HEPABEHCTB.
CamocTosiTeqibHas1 padora
no teMe «CTeneHu u
KOPHW

Tema 5. IlokazarensHast u
norapudmuyeckas

byHKIMH.

18
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I)IlokazaTenbHast GyHKUUA.
Ee cBoiicTBa u rpaduku.
2)Jlorapupm 4yucIna,
CBOICTBA JIOrapU(PMOB.
3)IIpeobpazoBanue
Jorapu(pMUYECKUX
BBIPAKCHU .
4)Jlorapupmuueckas
dbyHKIMSA, €€ CBOWCTBAa U
rpaduk.

5)Pemenne mokazaTelbHBIX
YpPaBHEHUM.

6)Pemmenne
Jorapu(PpMUYECKUX
YPaBHEHUM.

7)Pelienue cuctem
MOKa3aTeIbHbIX U
Jorapu(PpMUYECKUX
YPaBHEHUM.

8)PerieHne noka3aTeabHBIX
HEPaBEHCTB.

9)Pemenue
Jorapu(PpMUYECKUX
HEPaBEHCTB.
CamocTosiTesibHasi padoTa
no teme «Iloka3arenbHast
u Jorapudmuyeckas

GyHxkumn»

Tema 6. [IpousBoaHas 40
1)@ yHK1MYU, UX CBOICTBA U 2
rpaduky (MOBTOPEHUE).
2)CnoxHas GyHKIHUA. 2
3)[locTpoenue rpaduxos
GyHKITUH C TTOMOIIBIO 2
npeoOpa3zoBaHUi.
$)ITocrenoBaTeNbHOCTD. 2
[Ipenen
MOCIIEIOBATEIBHOCTH.

S)Ipenen hpyHKIUN. 2
Brruucienue npeaenos

byHKIMA.

6)IlepBblii 1 BTOpOU 2

3aMCYaTCIIbHBIC ITPCACIIbL.

7)HenpepbIBHOCTH (DYHKIIMH.
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Bubl Touek paspeiBa.
8)3amaun, MPUBOAIINE K
IIOHATUIO IIPOU3BOIHOM.
IToHsATHE TPOU3BOIHOM.
OcHOBHBIE ITpaBUIIA
nuddepeHunpoBaHusl.
9)Brruucnenue
MPOU3BOIHBIX.
10)[Ipou3BoiHas CIOKHOM
byHKIUY.
11)IIpousBonnas
TPUTOHOMETPUUECKUX U
00paTHBIX
TPUTOHOMETPUUYECKUX
byHKIUH.
12)[Ipoun3zBoiHast
jorapuMudecKon u
MOKa3aTeIbHON () YHKITUH.
13) I'eomeTpuuecKuii CMbICI
npousBoaHOM. KacarenbHas k
rpaduky GyHKITUH.

14) MexaHn4yecKuii CMBICI
MTPOM3BOIHOM.

15) Bropas npousBoHasi, e
reOMEeTPUIECKUI U
(U3UIECKUI CMBICIL.

16) IlpousBoHast B hu3uke u
TEXHHKE.

17) duddepeniman
byHKIIH.

18)IIpu3Hak Bo3pacTaHus
(yObIBaHMs) (PYHKITUH.
OKCcTpeMyM (G YHKIIHH.
Boinykinocts (BOTHYTOCTB),
TOYKH TTeperuoa.

19) [Ipumenenue
MPOU3BOIHOM K
UCCJIEIOBAaHUIO (PYHKITUH.
[TocTpoenue rpaduka
GbyHKIIUY TIO pe3yabTaTam
UCCJIEI0BaHUS.

20) HauOomnbiee u
HAWMEHbIIIEe 3HAYCHUS

byHKIMH.
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CamocrosiTeqbHasi padora
o reme «IIponsBoxnas»

20

Tema 7. I[Ipsameblie u
IJIOCKOCTH B IIPOCTPAHCTBE

20

1)AKCHOMBI CTEPEOMETPHHU.

CnencTBus U3 akCHMOM.
2)B3anMHOe pacnosoxeHue
IPSIMBIX B TPOCTPAHCTRE.
3)[lapannenbHOCTb NPSIMBIX
Y IUIOCKOCTEM.
[TapannenbHOCTH
TJTIOCKOCTEM.
HIlepneHAUKYIIPHOCTD
MPSMBIX.
[TeprieHAUKYISIPHOCTH
IPSMBIX U INIOCKOCTEN.
S)IleprieHAUKYISIp U
HakjoHHada. Teopema o Tpex
NePHIEHIUKYISpax
6)Yron Mexay npsiMmou u
IJIOCKOCTBIO. YTOJI MEXIY
MJIOCKOCTSIMH.
IlepneHaIuKyAIpHOCTD
IIJIOCKOCTEM.

8)Pemienue 3a1a4u Ha
B3aUMHO PacCIOJIOKEHHE
PSIMBIX, MPSAMBIX U
IUIOCKOCTEM, MJIOCKOCTEN B
IPOCTPAHCTBE.
9)1lapannenenunen,
TETpa’Ip.

10)Pemenue 3amaq Ha
napajuieNielnume1 u
TETpa’Ip.
CamocTosiTeqibHas1 padora
no teme «IIpsimblie u
IUVIOCKOCTH B
MPOCTPAHCTBE

10

Tema 8. Koopaunate! u
BEKTOPbI

1)JlexapToBa cuctema
KoopauHat. Pacctosinue
MEXKY TOUYKAMHU.
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Koopaunatel cepenrnsl
OTpe3Ka.

2)BekTopsl. JleiicTBus Hax
BEKTOpaMH.
3)Ucnonb3oBaHuEe KOOPIAUHAT
U BEKTOPOB IIPHU PELICHUU
MaTEMaTUYECKUX U
NPUKIAJHBIX 3a7a4.
CamocrosiTeqbHasi padora
no teme «KoopauHatel u
BEKTOPbI»

Tema 9. MHOrOrpaHHuKH

1)MHoOrorpaHHHKH.
2)IIpuzma.

3)Ceuenue. [locTtpoenue
CEUCHUU IIPU3MBI.
4)Pemienue 3ajay 1o TeMe
npu3ma.

S)ITupamuna. ITpaBuibHas
nupamMu/a.

6)Pemenue 3a1ad no Teme
«ITupamupar.

7)Y cedeHHas nupaMuaa.
Pewenne 3agau no reme
«YcedueHHasi MUPAMUIAY.
8) ITocTpoenue ceueHui
MUpaMU/IbI.

9)IIpaBunbHbIC
MHOT'OTPaHHUKH.
10)Pemienue 3aaa4 no reme
«IIpaBuibHBIE
MHOT'OTPAHHUKHU
CamocrosiTeqbHasi padora
1o TeMe « MHOrorpaHHUKW

10

Tema 10.Tena BparieHus
Y TIOBEPXHOCTH TEJ
BpaIllCHUS

I)Hununap.

2)Konyc.

3) Pemenue 3amau

4)[Iap u chepa.

5)Pemenne 3amad 1Mo TeMe
«Tena BpameHus».
CamocrosiTesibHasi padora

NNDNDNDDN
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1o reme «TeJia BpalmeHus u
IMOBEPXHOCTH TeJI
BpaleHus»

Tema 11. DnemeHTbI
KOMOMHATOPUKH, TEOPUU
BEPOSITHOCTHU

12

1)OcHOBHBIEC TOHSATHS
KOMOUHATOPUKH

2)3anayu Ha MOACYET YKcia
IIEPECTAHOBOK, PAa3MEIICHNH,
COYETAHUU.

3)CBoiicTBa OMHOMUHAIBHBIX
K03 (HUIIMEHTOB.
Tpeyronbauk Ilackans.
®opmyna 6unoma HproToHa.
4)Cny4aitHoe COOBITHE U €Tro
BEPOATHOCT.

5)CnoxeHne 1 yMHOKEHHE
BEPOSITHOCTEN

6)Pemenue 3amau
CamocTosiTesibHasi padoTa
10 TeMe «JJIeMEeHThI
KOMOMHATOPUKH, TEOPUH
BEPOSITHOCTH B
MaTeMaTH4YeCKOH
CTATHCTHKHN

Tema 12.IlepBoo6pazHas u
MHTETpaJ.

18

1)IlepBooGpasHas.
2)HeonpeaeneHHbIM
WHTETpajl U €ro CBOMCTBA.
Brruncnenue
HEONPEICIICHHBIX
MHTErPaJIOB.
3)UHTterpupoBaHue
IMOJICTAHOBKOM.
4)nTerpupoBaHue o
YaCTSIM.

S5)Haxoxnaenue
HEONPEeIeICHHBIX
UHTETPAJIOB  Pa3JIMYHBIMU
criocobamu.

6)3amaun, MpUBOIAIINE K
MOHSITUIO OTPEJIETICHHOTO
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uHTerpana. CBoicTBa
OINpEJIETICHHBIX UHTETPAJIOB U
UX BBIYUCIICHHE.
7)Brruucnenue
OIpEEICHHBIX UHTETPAJIOB.
8)Brluncienue miomaaei
buryp ¢ noMoIubIo
OIPEJICTICHHOI0 UHTErpaa.
9)Pemenue 3anad GU3MKHU C
MOMOIIBIO  ONPEEICHHOTO
UHTerpaa.
CamocrosiTesibHast padora
no teme «llepBooOpa3nasn
U MHTErpajn

Tema 13. N3mepenus B
reOMETpUHn

18

1)O0BeM u ero u3mMepeHue.
Wurerpanshas Gopmyna
Ob6bema.

2)Dopmyna oobeMa Ky0a,
PSIMOYTOJILHOTO
napajuienenunena. Pemenue
3azay.

3)®opMmyna oObemMa MPU3MBI.
Pemenue 3amau

4)Dopmyna oObeMa
nwInHapa. Pemenue 3amauy.
5)®opmyna o6bema
nupamupl. Penenue 3agay.
6)PopMya oObemMa KOHYycA.
Pemenne 3amau.
7)Popmyibl 0ObeMa 1Iapa u
wiomaan cepsl. Pemenue
3amady.

8)Pemienue 3amay Ha
KOMOUWHAINU
MHOT'OTPaHHUKOB, (DUTYP
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BpalleHusl, cQepsbl.
9)Pemenue 3amaq Ha
HaX0XJAEHHE 00BEMOB
HOBBILIEHHOT O YPOBHS
CJIOHOCTH.
CamocrosiTeqbHasi padora
no reme: «M3mepenns B
reoMeTpumn»

Tema 14. DneMeHTsI
TEOPUU BEPOSITHOCTEH U
MaTEeMaTUICCKOM
CTaTHCTHKHU
(mpooIKeHHE)

1) Auckpernas ciy4aiiHas
BEJINYMHA, 3aKOH €€
pacrpeneneHusl.

2)UucnoBele XapaKTEpPUCTUKU
JIUACKPETHOU CIIy4YalHOU
BEJINYMHBI.

3)IIpencraBieHue TaHHBIX
(TaGnuIBl, AUATPAMMBI,
rpaduxn). ['enepanbnas
COBOKYITHOCTb, BEIOOPKA,
cpenHee apupmMeTuIecKoe,
MeJInaHa, MOJa.

4)PeliieHue MPaKTUUECKUX
3a/1a4 ¢ MPUMEHEHUEM
BEPOSITHOCTHBIX METOJIOB.
CamocrosiTeqbHasi padora
0 TeMe «JJIeMeHTbI TeOPpHH
BEPOSITHOCTEH U
MaTeMaTH4YeCKOoM
CTATUCTHKHN

Bcero 351 vacos

AyauTOpHOI HAarpy3ku 234 yacos

CamocrosiTeq1bHOI padoTsl 117 yacos

IIpoMe:RyTOUYHBIN KOHTPOJIb B GopMe IK3aMeHa
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Pa3gea 1. Pa3zBuTHe NOHATHSA 0 YHCJIE

Beenenne. 1.1. [eiicTBuTe1bHBIC YHCIA U BeTMYMHbI. [Ipudianxkenu
AeHcTBUTENbHBIX Yucea. [lorpemnoctu.

B pe3ynbTaTte m3ydeHHus TeMbI CTYICHT JOJIKEH:

ymemy:

- OIIPENIETIATH TPAHUIIBI TPHOIMKCHHBIX 3HAUCHUH;

- IPEACTABJIATH YMCJIa B CTAHIAPTHOM BUJIE;

- OIICHUBATH A0COJIIOTHYIO IMOTPEITHOCTh MPUOIMKCHHBIX 3HAYCHHIA;

- OIICHUBATh OTHOCHUTEIBHYIO TOTPEIIHOCTh MPUOIMNKEHHBIX 3HAYCHUH:
3HaMb.

- 3HAYCHWE MaTEMATHKHU B HAyKe, DKOHOMHKE U TIPAKTUICCKOH IS TEIBHOCTH;
- IIEJTU ¥ 33]]a4¥ U3yUYCHUS MAaTEMATUKH B YUPEIKICHUSIX CPEITHETO
npodeccroHaIbHOr0 00pPa30BaHMS;

- IOHATHUE ACHCTBUTEIIBHBIX YHCEI;

- MOHATUE a0COTIOTHON M OTHOCUTEIIBHON MOTPEITHOCTH;

- OTIpe/ieNIeHNe CTAaHJaPTHOTO BH/Ia YHCIIA.

MarteMaTHKa B HAyKe U NPAKTHYECKOU 1eATeIbHOCTH

MaremaTuka — HayKa O KOJTUYECTBEHHBIX OTHOLICHUSX U
IPOCTPAHCTBEHHBIX (hopmax

ﬂGﬁCTBHTCHLHOFO MUpa.

Ponp MmaTeMaTuku B COBpEMEHHOM HAayKe MOCTOSHHO BO3PacTaeT. ITo
CBSI3aHHO C T€M, 4TO 0e3 pa3paboTKH U UCTIONH30BAHUS MAaTEMAaTUYECKUX HAYK
ObLJ10 OBI, HaTIPUMEP, HEBO3MOXKHO HU OCBOCHHE KOCMOCA, HU CO3/IaHHE
AIEKTPOHHO-BBIYUCIUTENIBHBIX MAILIUH, HAILIEAIIUX TPUMEHEHHUE B CAMBIX
Pa3TUYHBIX 001ACTIX YEIOBEUECKON AeSTEIHLHOCTH.

MaremaTtuka npeacTaBisieT co00i OCHOBY (PyHIaMEHTaIbHBIX
UCCIIEIOBAHUN B €CTECTBEHHBIX U TyMaHUTAPHBIX HayKax. MaTeMaTuyeckue uaeu
Y METOJIbl IPOHUKAIOT B YIIPABJICHUE BECbMa CIOKHBIMHA U OOJIBIIMMU CUCTEMAaMU
pa3HO¥ PUPOJIBI: TTOJIETAMH KOCMHYECKHX KOpaOJie, oTpacisiMu
MIPOMBIIIICHHOCTH, pa00TON OOIIMPHBIX TPAHCTIOPTHBIX CHCTEM M IPYTUX BUIOB
NEeATENbHOCTU. B MaTemaTrnke BO3HUKAIOT HOBBIE TEOPUHU B OTBET HA 3aIPOCHI
MPAKTUKU U BHYTPEHHETO Pa3BUTHUSI caMOi MaTeMaTuKU. [IpuioxeHus pa3nuaHbIxX
o0nacTeil MaTeMaTHKH CTaIM HEOTHEMIIEMOU YaCThI0 HAYKH, B TOM YHCIIE:
bu3UKU, XUMUH, TEOJIOTUH, OMOJIOTUH, METUITUHBI, TUHTBUCTHUKH, SKOHOMUKH,
COLMOJIOTHH U JP.

Maremartuka HUIrpacT BaXXHYIO pOJIb B €CCTCCTBCHHOHAYYHBIX, HHXKCHCPHO-
TCXHUYCCKUX U T'YMAHUTAPHBIX UCCIICIOBAHUAX. Omna crana A1 MHOI'IX OTpaCHefI
3HAaHUU HE TOJBKO opyauceM KOJIMYCCTBCHHOI'O pacdcTa, HO TAKKEC MCTOAOM

TOYHOT'O UCCJIEAOBAaHUS U CPEJICTBOM IPEAEIIbHO YETKOU POPMYTUPOBKH MOHITUI
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U npobsieM. be3 coBpeMeHHOI MaTeMaTHKH C €€ pa3BUTHIM JJIOTUYECKUM U
BBIYHMCIUTEIBHBIM anapaToM ObLI Obl HEBO3MOXKEH MPOTPECC B PA3IUUHBIX
001aCTAX Y4EI0BEUECKOH NEATEIbHOCTH.

Matematuka SBIsSETCS HE TOJIBKO MOIIHBIM CPEJCTBOM PEIICHUS
MPUKIIATHBIX 33/1a4 ¥ YHUBEPCATBHBIM S3BIKOM HAYKH, HO TAK)KE U DIIEMEHTOM
oO11el KyJIbTypBHl.

JleficTBUTENIBHO, MaTEeMaTHKa MPOHUKAET BO BCE Chephl UeTOBEUECKON
neATeNbHOCTU. TPpYyIHO Ha3BaTh XOTS Obl OJIMH Pa3/iell HAYKH WIH KaKyr-11u00
npodeccruoHaIbHyI0 00JacTh, IJIe HE MPUCYTCTBOBaIAa Obl MaTEMaTHKA WU €€
mMetoabl. [ToaToMy HEOOXOAMMOCTh MaTEMAaTHIECKOTO0 O0pa30BaHUS JIJIs
YCHENIHOTO (POPMUPOBAHHUS JIMYHOCTU HE BHI3IBAET COMHEHHUIA.

Ilenu u 3a0auu uzyuenus mamemamuKku 8 yupescoeHUsxX cpeoHezo
npogheccuonanvrozo oopazosanus:

» (opMHpOBaHHE MPECTABICHUN O MATEMAaTHKE KaK YHUBEPCATILHOM SI3bIKE
HAyKH, CPEJICTBE MOJICTIMPOBAHUS SBJICHUM U TIPOIIECCOB, 00 HUIEAX U METOAaX
MaTeMAaTHKU;

» pa3BUTHE JIOTHYECKOT0 MBIITUICHHS, IPOCTPAHCTBEHHOT'O BOOOpaXKEHUS,
AJITOPUTMHUYECKOHN KYJIbTYpPbl, KPUTUUYHOCTH MBIIICHUS Ha YPOBHE,
HE0OXoauMOM IS OyayIieit mpodeccrnoHaabHON AeATeTbHOCTH, IS
IIPOJIOJKEHUST 00pa30BaHUs M caMO0Opa30BaHuUs;

» OBJIaJICHUE MaTEMaTUYCCKUMHU 3HAHUSIMU U YMCHHUSIMH, HEOOXOUMBIMH B
MIOBCEHEBHOM KU3HU, JJIs1 U3yYEHHUS CMEKHBIX €CTECTBEHHOHAYYHBIX
JTUCIUIUIMH Ha 0a30BOM YPOBHE M TUCIUILUTHMH PO ECCHOHATBLHOTO IHUKIIA,
JUTSL TIOJTYYeHUST 00pa30BaHMs B 00JIACTAX, HE TPEOYIOMUX YITyOaéHHON
MaTeMaTUYeCKOM MOJATOTOBKH;

» BOCIIMTAHHE CPEACTBAMU MAaTEMATUKH KYJIbTYPbl JHUHOCTH, TOHUMAaHHUS
3HAUMMOCTH MaTEMATHKH JJIsl HAYYHO-TEXHUYECKOTO MPOrpecca, OTHOIIEHUS
K MaT€MaTHKe KaK K 4acTh 00IeYeI0BeUeCKON KyIbTYphl Uepe3 3HAKOMCTBO
C UCTOPUEU pa3BUTHUSI MATEMATUKH, SBOJIFOIIUEH MATEMATHYECKUX UICH.

JleicTBUTEIbHBIE YHCIA

B kypce MaTeMaTHKU BCTPEYAIOTCS pPa3JIMIHbBIC YUCIIA.
1,2,3, ...9 — mHarypanbabie uncia (N).

Z — uensie yucna (N, -N, 0)

Q — parmoHanbHEIE (LIETBIC U TPOOHBIC)

€ — 3Hak npuHamIexKHocTH (-2 € N)
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7/4=0,7500 II1=3,141592.... —upparmoHaibHbIe YKCIia

WppanuroHanbHble U pallMOHAJIbHbIE YHCIIA COCTABIIAIOT MHOKECTBO
JEHUCTBUTENIbHBIX YHUCET.

IpubGauzkenne AeliCTBUTENbHBIX YHCE] KOHEYHBIMU AeCITUYHBIMH
APOOSIMH

Ha npaktuke npu onpeaeneHny 3HaY€HUN BETUYUH MOKHO
BCTPETUTH X MPUOIMKEHHBIE 3HaUeHUs. [[pubnmkeHHoe 3HaueHne BeTUYHHbBI
HA3bIBAETCS MPUOJIMKEHHBIM YHUCIIOM, a IEPBOHAYAJIBHOE 3HAYEHUE BETUUHHBI
- TOYHBbIM 4KciioM. [TpubnmkeHHble 3HaUeHHs] OOBIYHO 3aMKUCHIBAIOTCS TaK,
YTOOBI 110 3aMMUCH MOKHO OBLIO OMPEACIUTh TOUHOCTh MPUOINKEHUS.

Hanpumep, Ha pysoHe 060eB HanmMcaHo, YTo €ro JjauHa paBHa 18 +0,3
M. 3Ta 3aIIUCh O3HAYAET, YTO JUIMHA pyJIoHa paBHa 18 M. ¢ TounocThio 110 0,3 M.,
T. €. TOYHOE 3HAUYCHHUE JUTUHBI PYJIOHA MOXKET OTINYATHCS OT MPUOIUKEHHOTO
3Ha4eHUs, paBHOTO 18 M., HE Oonee, yem Ha 0,3 M.

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

IMorpemrHocTH NPUOJIHKEHHBIX BHIYUCTCHUN

HOI‘pGHIHOCTB ObIBacT aOCOJIFOTHAS U OTHOCHUTEIIbHAS.

AOCOIIOTHON OTPENTHOCTHIO MPUOIMKEHHOTO 3HAUCHHS HA3bIBACTCS
MOJIyJIb Pa3HOCTH TOYHOTO U MPUOJIMKEHHOTO 3HAYCHUI.

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

OTHOCHUTENHHOM MOTPEIIHOCTHIO MPUOIMKEHHOTO 3HAYCHUS HAa3bIBACTCS
OTHOIIICHHE a0COTIOTHOM MOTPEITHOCTH K MOYJIIO MIPUOIMKEHHOTO 3HaueHus. Ee
BbIpaxxarot B %o.

IIpumep. Oxpyraum apoOb 14,7 10 1uenbix U HalWJIeM OTHOCUTEIbHYIO
MOTPEIIHOCTh NPUOIMKEHHOTO 3HAUECHUSI.

14,7 =15

1719 [og 03 o o
15 15 15

CranaapTHbIM BUJ YUCJIA
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CranmapTHBIM BUJI HIMEET YHUCIIO, Y KOTOPOTO B LIEJIOM YACTU OJAHO YHUCIIO,
OTIMYHOE OT HYJIA.

Hanpuwmep, 2,3; 1,256.
3AJIAHUSA 111 CAMOCTOSJBbHOM PABOTHI
BOITPOCHI 1A CAMOKOHTPOJIA

1. Oxapaktepu3yiTe 3HaUCHHE MATEMAaTHKH B HAyKe, YKOHOMUKE U
MPAKTUYECKOU AEATEIHbHOCTH.

N

OxapakrepusyiTe LeNH U 3a1a4d U3YUEHUSI MAaTEMATHKU B YUYPEKICHUU
CpeaHero NpogeCCUOHAIBHOIO 00pa3oBaHUsL.

Kakune uncna Ha3pIBatOTCS HATYPAIbHBIMU ?

Kaxkue uncna Ha3bIBalOTCS pallMOHATBHBIMU?

Kaxkue uncna Ha3bpIBalOTCS UPPALUOHATBHBIMU?

Kakue uncna Ha3pIBarOTCS AEHCTBUTEIbHBIMU?

Kaxkue 6b1BatoT norpemHocTu?

Yro Takoe abCONOTHAS MOTPEIIHOCTD?

© oNOOrW

. UTo Takoe OTHOCHUTEJIbHASI IOTPEITHOCTh?
10.Yto Takoe cTaHAapTHHINA BUI Uynciia?

IIpaxmuueckue 3a0anusi:

3ajlanue Ha «3»: OHGHI/ITG a6COJIIOTHy10 IMOTPCHIIHOCTDH HpI/I6JII/I>K€HHOTO 3Ha4YCHUA

CICIYIOIIMX YHCEN:

1) 5,56 ¢ TOYHOCTBIO 0 JAECATHIX;
2) 125,9 ¢ TOYHOCTBIO 10 IETBIX
3ajanue Ha «4»: OneHUTE OTHOCUTENBHYIO TOTPEIIHOCTD MPUOIHKEHHOTO

3HAUCHUS CIACAYIONUX YHCEI:
1) 0,145 ¢ TOYHOCTBIO JO COTHIX;
2) 2465,9 ¢ TOYHOCTBIO J0 LETBIX
3aJaHne Ha «5»:

1.0O1enHuTe aOCONIOTHYIO M OTHOCUTEIBHYIO MOIPEIIHOCTh MPHUOIMKEHHOTO
3HAUYCHUS CACAYIONIUX YHCE:

1) 0,145 ¢ TOYHOCTBIO JO COTHIX;

2) 2465,9 ¢ TOYHOCTBIO 70 LEIBIX
1. IIpencraBbTe UKciaa B CTAaHAAPTHOM BHUJC:

1) 58,2;

2) 0,0025;

3) 1,2;
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4) 12578,25:;
5) 105,2789.

1.2. Borunciienusi ¢ NpuOJINKEHHBIMU JAHHBIMM.

B pesynbrare n3ydeHus TeMbl CTYJIEHT JOJKEH:

ymems:

- BBIYUCTISATh MPUOTUIKEHHOE 3HAUCHUE CYMMBI TPUOJIMIKEHHBIX 3HAUCHUH;

- BBIUUCTISATh MPUOTUIKEHHOE 3HAUCHUE PA3HOCTU NMPUOTMKEHHBIX 3HAUCHUM;

- BBIYUCIISATH MPUOTUIKEHHOE 3HAUCHUE TTPOU3BEICHUS IPUOIMKECHHBIX 3HAUCHUH;
- BBIYUCTISATh MPUOTUIKEHHOE 3HAUCHUE YACTHOTO MPUOTMKEHHBIX 3HAUCHUM;
3HAMb!

- METOJIUKY BBIUMCIICHUS TPHUOJIMKEHHOTO 3HAUYCHHSI CYMMBI PUOJIMKEHHBIX
3HAYCHUM;

- METOJIUKY BBIUMCIICHUSI TPUOJIMKEHHOTO 3HAUYCHUS Pa3HOCTU MPUOIMIKEHHBIX
3HAYCHUM;

- METOJIUKY BBIUMCIICHHS TPUOJIMKEHHOTO 3HAUYCHUS TTPOU3BEICHUS
pUOJIMKEHHBIX 3HAUCHUH;

- METOJIUKY BBIUUCIICHHS] TIPHUOIMKEHHOTO 3HAUYCHUSI YaCTHOTO MPHUOJIMKEHHBIX
3HAYCHUM.

Boruunciaenns ¢ le/lﬁJIl/DKeHHbIMI/I JAHHBIMH.

Brruncnenust ¢ npuOIM>KeHHBIMU TaHHBIMU ITOCTOSTHHO HCIIOJIB3YIOTCS B
NPAKTUYECKUX 3a7a4ax, IPU TOM pe3yJIbTaT BEIYUCICHUNA OOBIYHO OKPYTIISIOT.
PaccMoTpuMm, Kak IpOU3BOAATCS 3T OKPYIJICHHUS IIPU CIIOKEHUH, BBIYUTAHUH,
YMHO>KEHHUU U JCICHUH MPUOIMKEHHBIX 3HAUCHHM.

1. Haiinem npubamkeHHOE 3HAYECHHE CYMMBI X + Y-
x<7,63 ¢ TounocTthio 10 0,01

y =9,2 ¢ TouHocTh0 J10 0,1
x+Yy=7,63+9,2~=16,83=16,8

2. HaiineM mpubanxeHHOE 3HAYEHHE PA3HOCTH X — Y.
x~6,784
y =491
x -y =1,874=1,87

2. Haiinem mpubnmxeHHOE 3HAUCHHUE MPOU3BEACHUS X * Y.
x~0,86

y =27,1

x * y=23,306
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0,86 = 8,6*10 27,1=2,7*10 23,306 = 2,3306 * 10!
X *y=23*10=23
4. Haitnem npulOim>xeHHOE 3HaYEHHE YaCTHOTO X/ Y:
x=563,2
y =32
x/y=17,6
563,2 =5,632*102 32=3,2%10 1 17,6=1,76*10
x/y=1,8*%10 =18
3AJIAHUS JIJIS1 CAMOCTOSJIBbHOM PABOTHI
BOITPOCBHI JJIs1 CAMOKOHTPOJIA

1. Kak HaiiTi npuOIMKeHHON 3HAYECHUE CYMMBI MPUOIMKEHHBIX
3HAYCHUN ?

2. Kak Haiitu mpuOIM>KeHHOM 3HaUYe€HUE Pa3HOCTH MPUOITMKEHHBIX
3HAUCHUI?

3. Kak Haiitu npuOamKeHHON 3HaUeHHE TTPOU3BEICHHS TPUOIMKEHHBIX
3HAUCHUI?

4, Kak HalTu NpUuOIMKEHHON 3HAYEHNE YaCTHOTO NMPUOIMKEHHBIX
3HAYCHUI?

IIpaxmuueckue 3a0anusi:

3ajanue Ha «3»: Haiinure cymMmmy B pa3HOCTh TPUOJIMIKCHHBIX 3HAUCHU

1) A=45,651,B=13,12
2) A=48,4, B=20,47
3aganue Ha «4»: Haiinure cymmy, pa3sHOCTb, IPOU3BEAECHUE U YACTHOE

MPUOMKCHHBIX 3HAUCHU
1) A=7,41, B=5,146
2) A=T78,1, B=45,458
3aJlaHne Ha «5»:

+6, ecJIi U3BeCTHO, uTto a = 7,15; B=1,651; c=3,3.

1) Bbraucmurs X =2
C

* L,k

¢ tmea=31,25;8=12;c=7,81;k=158; p =43,

2) Boruuciauth A4 = a

05.

K*p

1.3. KoMmmiekcHbIe 4Yucjia.
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B pe3ynbprate n3yueHus: TeMbl CTYJIEHT JOJIKEH:
ymemb:

- BBIMIOJIHATH JICMCTBUS HAJI KOMIUIEKCHBIMU YUCIIAMM.
3HAMb:

- IOHATHE KOMIUIEKCHBIX YHCEII,

- opMyIIbI IEMCTBUN HAJl KOMIUIEKCHBIMU YHCIIAMH.

KoMmmieKkCHBIM 4HCIIOM Ha3bIBACTCS BbIPA’KCHUC BHUA 4 + B i, rizcaunuB—

JCHCTBUTEIbHBIC YHCIA, | — HEKOTOPBIA CHMBOJIL.
[Tpumepst: 2+31, 2+ (-4) i, 0+5i, 2+01.
JleficTBHSA HaJ KOMIUIEKCHBEIMU YHCIAMU:

24

1) Cymma KOMIUIEKCHBIX YHCEI
CyMMOii IBYX KOMILICKCHBIX YHCEN a1 + Bil U a2 + Bzl Ha3bIBa€TCS
KOMILIEKCHOE YHCIIO
(a1 +az) + (B1+ BY)I, T. €.
(a1 + B1i)+( ar» + Bzi) = (a1 + az) + (Bl + Bz)i
2) TIpousBeaeHre KOMIUIEKCHBIX YHCEI
[TpousBeneHnEM IBYX KOMILIEKCHBIX YKMCEN a1 + Bil U @z + B2l Ha3bIBaeTCs
KOMIIJIEKCHOE YnCIIO (ajaz — BiBp) + (a1B2 + a2 B1) i, T. €.
(a1 + B1i)+( ny + Bzi) = (ajaz —B1B2) + (a1B2 + a2 Bl)
3) PaBeHCTBO KOMILIEKCHBIX YHCEI
JIBa KOMIUIEKCHBIX YHCJIa a1 + B1i ¥ a2 + B2l HA3LIBAIOTCS PABHBIMU, €CIIM a1
= d2 U B1— Ba.
4) BbluuTaHHE KOMIUIEKCHBIX YHCEI
Pa3HOCTBIO KOMILIEKCHBIX 4YKcel a + Bl 1 ¢ + di Ha3bpIBaeTCsA YKCIIO X + Vi,
KOTOPOE yIOBJIETBOPSICT PABCHCTBY
(c+di)+(x+yi)=a+Bi
5) Jenenne KOMIUIEKCHBIX YHCEN
YacTHBIM KOMIUIEKCHBIX yncel a + Bl ¥ ¢ + di Ha3pIBaeTCs KOMIUIEKCHOE
YKCII0 X + Yi, KOTOPOE yIOBJIETBOPSCT PAaBEHCTBY
(c +di)*(x+yi)=a+ Bi

3AJIAHMS 111 CAMOCTOSTEJIBHOMR PABOTHI

Hanucanue pedepatoB 1o KOMIUIEKCHBIM YHCTIAM.



Paspnen 2. HepaBencTrBa. CucteMbl ypaBHeHUi (IIOBTOPEHHUE)
2.1. JIuneiiHble HepaBEeHCTBA C OJHOM NMepeMeHHOMH (MOBTOpeHMe)

B pe3ynbpTare n3yueHusi TeMbl CTYJIEHT JOJIKEH:

ymemy:

- pelaTh JMHEWHbIE HEPABEHCTBA C OAHOM MEPEMEHHOM.
3Hambw.

- IOHATHE JIMHEHHOTO HEPABEHCTBA C OAHOM MEPEMEHHOM.
- CBOIMCTBA JIMHEHMHBIX HEPABEHCTB C OJHOW MEPEMEHHOM.

JIuHelHbIe HEPABEHCTBA C OJJTHOM NMePeMEHHOM

HepaBencTBa Buia ax <B, ax >B, I/I€ X — HE3aBUCHUMAasl IEPEMEHHAsI, A U B —
HEKOTOPBIC YKCJIa, HA3bIBAIOT JUHEWHBIM HEPABEHCTBOM C OJHOW MEPEMEHHOM.

Pemennem HepaBeHCTBA ¢ OJTHOM IEPEMEHHON HA3bIBACTCS 3HAUCHUE
NEpEeMEHHON, KOTOpOe 00pallaeT ero B BEpHOE YHCIOBOE HEPABEHCTBO.

Pemnth HEpaBEHCTBO — 3HAYMUT HAWTHU BCE €r0 PEIICHUS WIIHA 10Ka3aTh, YTO
PEIIEHUI HET.

CBoWcTBA:

1) Ecnu w3 oiHOI YacTH HEPABCHCTBA MEPSHECTH B JPYTYIO CIIAraeMoe ¢
IIPOTUBOIIOJIOXKHBIM 3HAKOM, TO ITOJTYYUTCS HEPABEHCTBO, PABHOCUIILHOE
JaHHOMY;

2) Ecmu o0e yacTi HepaBeHCTBAa YMHOXHTH UJTH Pa3JICIUTh HA OJTHO U TO XKe
MOJIOKUTEIBHOE YHCIIO, TO MTOJIYUYUTCS PABHOCUIIBHOE €EMY HEPABEHCTBO;
Ecnu o0e yacTu HepaBeHCTBA YMHOXKUTH WJIA Pa3/ICIUTh HA OJTHO U TO K€

OTPHULATCIIBHOC YU CJIO, N3MCHHB IIPH 3TOM 3HAK HCPABCHCTBA Ha
HpOTPIBOHOJIO)KHBIﬁ, TO IIOJYYUTCA PaBHOCHUIIBHOC €CMY HCPABCHCTBO.
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ITpumep 1.

I5x —23(x+ 1)>2x + 11
15x-23x-23>2x+11
15x-23x-2x>11+23
-10x>34

x<-3,4

Otser: (-0;-3,4)
[Tpumep 2.

_2x+3
2

. <x—l
4

4x-2(2x+3)<x-1
4x-4x-6<x-1
-x<-1+6
-X<5
X>-5
OtseT: [-5;+w)
3AJTAHMS JIJISI CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCHI JJII CAMOKOHTPOJIA

UTO Ha3bIBAIOT JIMHEHHBIM HEPABEHCTBOM C OJIHOU IMEPEMEHHO?
UTO Ha3bIBAIOT PELICHUEM JIMHEHHOTO HEPABEHCTBA C OJHOI NEPEMEHHOM ?
UTO 3HAYUT PEUIUTH JIMHEHOE HEPABEHCTBO C OJIHOM MEPEMEHHON?

A wh e

Kakumu cBolicTBamu 00J1a1af0T JIMHEHHBIC HEPABEHCTBA C OTHOM
EePEMEHHON ?

lIpakmuueckue 3a0anusi:

Penmites HEpaBEeHCTBA:

3anadaue Ha «3»:

1) 3-2x<12-5x
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2) 2x-3>7(1+x)
3) 2(1-x)>5-3x
3ajanue Ha «4»:
2x-5
1
) x—2
2) 2 3 20
1T—x
3) 0,2x* —0,2(x — 6)(X + 6) > 3,6x;
3ajlanue Ha «S»:
1) 3-0,5x

>0

>0,

Tpenasicep no peutenuio TUHENHBIX HEPABEHCHE

3ajanue:

1. Pemmuth HEepaBeHCTBA:

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

7. +x< -9

8.

o 8 4
10.(x - 1)2 -5<(x + 4)?
11. 4(x-1)<2+7x

2. PemuTe HepaBeHCTBA:

D4(2-3x)-(5-x) >11—x;

2)2(3—x)—3(2+x) < X;
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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(1—-3x) — (x —12x%) < 43;
16)3x2 — 2x — 3x(x — 6) > -2
17)2x(5x + 2) — x(10x + 3) < 14;

18)x(x —1) — (X* +x) < 34;

3x-1 12—7x>

19) 2% > 1; 202 > 0 21) 22, 22) 20;
5 7 42
1 . 2 _ X x _ 3x x
23)=(x+15)> 4; 24)6 < —(x +4); 25)= + = <15; 26)>= = >2
3 57 2 3 2 3
27 -ts 3 28)x + > > 3; 29)2—961;
4 2 2 5
3
30)2F _2x <0;
4
sty 32)2" % > oy 33> -Z<2; 3 ZE X5y
2 4 4 5 5 2
35)3Zx+2_xso; 36)4_Tx—5x20; 37)x— 2L
38)x_x—3+2x—1s4; 39)x_1—1+2x_12x, 40)x_x—1_x+3
5 10 2 6 2 4
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2x 1 3x- 3>x, 42)x_2x+3 x—l; 43)5x 1 x+l

41 ==
) 4 5

3. Pemure HepaBeHCTRA:

p¥=l_gsx*l
2 3

3x— 1_x+ 0:
2 4

2)

5 3x-1 2x-1
4)———#

<1
3 2

5)x—0,5+x—0,25% X_0’125S0;
4 4 8

)(x+)(x-1) - (x* —3x) <14;
8)%(6x+4)—%(12x—5) <4-6x:

N(Bx+1)(x—1) —3x* > 6X +7;
10)15x* — (5x — 2)(3x +1) < 7x - 8§;
2.2. KBaapaTHble HepaBeHCTBA (IOBTOPEHUE)
HepasencTtBo Buaa ax? + BX + ¢ >0, rme a>0, Ha3BIBaeTCS KBaJIpaTHBIM.
MeTobl pelnieHns KBaJpaTHBIX HEPABEHCTR:

DI'padudeckuii: a) HAUTU TUCKPUMUHAHT;
0) n3o0pa3uth rpaduuecku mapadbory

a>0 a<0
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O=0-MHOMECTE0 peleHni

O=0, 2 kopHAa
U 0=0, 1 ropens / \ [ \
O=02 pPHA
O=0, HET peweHui

Puc. 1.

2)Meto1 HIHTEPBAJIOB
IIpumep.

2x°+x—-3>0
2x°>+x-3=0
J=1+24=25, J]I>0,2 xopH4

Xlzl, X2:-1,5

Otser: (-00;-1,5)U(1; )

3AJIAHMS 111 CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1. Yto Ha3bIBaIOT KBAJIPATHHIM HEPABEHCTBOM?
2. Metonpl pemieHnus KBaApaTHBIX HEPaBEHCTB?
3. Oxapakrepusyite rpadhUuecKuii METO] PEIICHNUS KBAPATHBIX HEPABCHCTB.
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4. OxapakTepu3yiTe METOJl UHTEPBAJIOB.
IIpaxmuyeckue 3a0anusi:

Janadaune Ha «3». PemuTh KBaapaTHLIE HEPABEHCTBA:

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

Janadaue Ha «4». PemuThs KBaapaTHbIE HEPABEHCTBA

1)-3x%42x+5<0
2) 25x%-30x+9>0
3) x%+ (x+1)>>0

3aJIaHI/IC Ha «5»: 1. PemmuThb KBaJPAaTHBIC HCPABCHCTBA MCTOAOM HMHTCPBAJIOB.

J— 2_
1) (x=D(x 24x+3) 50
4—x
—2x2-3x+5>0
2)
x?+2x-15
—_—<
x+1

2. Pemnth KBaJapaTHOC HCPABCHCTBO I’Dad)I/I‘-IGCKI/IM MCTOJOM: 0

Tpena:xxep 1o pemeHu0 KBaApaTHbIX HEPABEHCTB

3ajaHue:

1.PemuTh KBagpaTHBIC HEPABEHCTBA I'PpapMUESCKUM METOJIOM:
1) 2x>+3x-2>0
2) 2x2—x-3<0
3) -2x>+11x-14>0
4) -3x%+5x — 12 >0
5) 9x2+6x + 1>0
6) xt-sxf s a0
2. Pemuth KBajipaTHBIC HEPABEHCTBA METOJIOM HHTEPBAJIOB:

1) x24+6x-9>0
2) x>+ 8x+16<0
3) x>+ 10x-25<0
4) 2x%-5x +7>0

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

3. Pemnth kBasipaTHBIC HEPABEHCTBA.
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Dx+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 KBaJpaTHbIE HEPABEHCTBA!

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

5)20 =45,

6) 20x—25x° <4,
7) x—3xt =24
8)—3):2:_?41

9) -~ 7x'~12x-3>0
10) x* +3x+220
11) x*-100=0

2.3. Cuctembl JUHEHHBIX YPABHEHHUI U MeTO/Ibl UX pPellieHUs1 (IOBTOPEeHHE)
IHousiTue cucTeMbl JIMHEHHBIX YPAaBHEHHU I
JlaHbI 1Ba ypaBHEHUS
x+ty=12 x-y=2

UtoOBI HaliTH 00OIIIME PENICHHSI 3TUX YPABHEHU, TPEOYETCS PEIINUTh
cucteMy ypaBHeHUM. CucTeMy ypaBHEHHU MPUHSTO 3aKUCHIBATH C TOMOIIBIO
burypHoOif CKOOKH.

x+y=12
x—y=2

[Tapa 3HaueHUI MEPEMEHHBIX X = 7, Y = 5 CIy)KUT PELICHUEM KaXJ0TO

YpaBHEHHUSI CUCTEMBI, TaK Kak 00a paBeHcTBa 7+5=12 u 7-5=2 ABISAIOTCS BEPHBIMHU.
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Takyro napy yucen Ha3bIBalOT PEUICHUEM CUCTEMBI.

Petienriem cucteMbl Ha3bIBAETCS Mapa 3HAUCHUN MTEPEMEHHBIX,
oOpamarommx KaxJ10€ YypaBHEHUE CUCTEMBI B BEPHOE PABEHCTBO.

PemmTh cucTeMy HEpABEHCTB — HAYYNUT HAWUTHU BCE € PELLICHUS WX 10Ka3aTh,
YTO PELICHUN HET.

Pemienue cucreM JIMHEHHBIX YPaBHEHUH CIIOCO00OM MMOJICTAHOBKH

HpI/I peliCcHUU CUCTCM JIMHEWHBIX ypaBHeHI/Iﬁ CIocooom II0ACTaHOBKH, B
KaKoM — JTu00 u3 ypaBHeHI/Iﬁ CUCTCMBbI OJHO M3 HCU3BCCTHBIX BBIPAKACTCA UCPEC3
Apyroe. HOJ’IY‘ICHHOC BBIPAKCHUC TTOACTABJIACTCA B OCTABIICCCA YPABHCHUC, TTIOCJIC
peHICHU KOTOPOTO HAXOAUTCA OAHO HCU3BCCTHOC. BTOpOC HCHU3BCCTHOC MOXKCT
OBITH Haﬁ}IeHO W3 JIF000Tr0 YpPpaBHCHHUA CUCTCMBEIL.

IIpumep 1. Pemuth cuctemy ypaBHEHUIA:

x+y=7
—-5x+2y=3

y=7-3x

Sx+2(7-3x)=3

x=1

y=4

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

IIpumep 2. Pemuth cucremMy ypaBHEHMIA:

x+2y=-1
3x—4y=17

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

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

Pemenue cucremM JJMHEMHBbIX YPABHEHHUH CIIOCOOOM CJIOKEHUS

33



[Ipu peniennu cucteM cnocoOOM CIOKEHHS IEPEXOIUM OT JaHHOU
CUCTEMBI K IpYIOi, pABHOCUJIBHOM €l CUCTEME, B KOTOPOU OHO U3 YPABHEHUU
COZEPKUT TOJIBKO OJHY IIEPEMEHHYIO.

[Ipumep 3. Pemuth cucremy ypaBHEHHIA:

{2x+3y:—5
x—3y =238
3x =33
x=11

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

Ortger: (11;-9)

Illpumep 4. Peminth cUCTEMY YPaBHEHUM:

{264— 0=6/*2

30-20=-5
{4x+2y:12
3x—2y=-5

Tx="1

x=1

2*¥1+y =6

2+y=6

y=4

OtBerT: (1;4)

Pemenue cucreM JHHEHBIX YPaBHeHNH rpaguyecKUM CiocodoM

J171s1 TOrO, 4TOOBI PEIIUTh CUCTEMY JIMHEHMHBIX YPABHEHUM C IBYMsI
MEPEMEHHBIMH, MOKHO HCIIOJIb30BaTh I'PaUKU YpaBHEHUH.
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{2x+2y=5

3x—-y=-9
2x+2y=5
y=25-Xx

ectmx=0,T0oy=2,5 (0;2,5)
ectux=1,toy=1,5 (1; 1,5)
3x—-y=-9
y=9+3x
ecmm Xx=-1, toy=6 (-1; 6)
ecmuXx=-2, toy=3 (-2; 3)
OtgeT: A (-1,5;4) — pelieHne CUCTEMBI
3AJIAHUSA JJIS1 CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1. Yto Ha3BIBAIOT CUCTEMOM JJUHEWUHBIX YpPaBHEHUH ?

2. Kak pemuthb cucteMy JIMHEWHBIX YpaBHEHUN CITOCOOOM TOJICTAHOBKU?
3. Kak pemmTth cucteMy JIMHEHHBIX YpaBHEHUH CITOCOOOM CIIOKEHUS?

4, Kak pemmuTh CUCTEMY JTMHEHHBIX YpaBHEHUH IpaduyecKuM criocooom?

IIpaxmuueckue 3a0anus.:

3aganue Ha «3». Pemnth cucTeMbl IMHENHBIX YPaBHEHUI:

1) {x—y=7 2) {y—Zx:4

x+y=3 Ix—y=1

Jajiane Ha «4y.

x+2y=4

a)PemmTh cucteMy THHEWHBIX YPAaBHEHUM CTIOCOOOM TOICTAHOBKH: { 9y 15y =10
—2x+9y =

2x+y =12

6)Pemmth cucteMy TUHEHHBIX YpaBHEHUN CIIOCOOOM CIIOKEHHMS {7 531
X—c2y =

3agadaue Ha «S5»:
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§ 5 x—-2y+9=0
a)PeH_II/ITB CI/ICTeMy JIMHCHUHBIX ypaBHeHI/II/I CHOCO6OM HOHCTaHOBKI/I; 3 2 25 -0
x—2y—25=

N o y—x=12
0)Peminth cucteMy JIMHEWHBIX YpaBHEHUN CIIOCOOOM CIIOXKEHUS:
11x +5y =156

y—2x+4=0

B)PemuTh cuctemMy JIMHEHHBIX ypaBHEHUH IpapruecKuM CIoCOO0M: {2 4-0
x—y—-4=

TpeHaskep 1Mo pelIeHUIO CHCTEM JIMHEHHbIX YPAaBHEHU M

3ananue:

1. Pemute cucTeMBI ypaBHeHI/If/'I MCTOAOM ITOACTAHOBKH.

1{3x+y=7 {2x+y=12 3{y—2x=4
)—5x+2y=3 )7x—2y=31 )7x—y=1
{8y—x—7 {2x=y+0,5
2x—21y=2 )3x—5y=13
6 { 2x+5y=0
) 8x + 15y =7
7 {5x—3y—0 {4x+3y=14
)3x+4y—29 )Sx—3y=25
10x + 7y = =2
9){2)6— 22 =5y
3x+4y =0 7x+2y=0
10) {2x+ 3y =1 ) {4y+ 9 = 10
5x + 6y = —20
12){9y+2x—25
3x+1=8y 7x+ 6y =6
13){11}/ 3x =-11 14){3x+4y=9
5x —4y =16
15){x—2y—6
6(x+y)—y=-1 3(x—5)—1=6—2x
191+ 2 42 =0 {30 - 79 =
2(3x—2y) +1=7x 3x+y)—7=12x+y
18){ 19){
12(x+y) — 15 = 7x + 12y 6(y —2x) —1 = —45x
5x+2y) —3=3x+5 4x+1=5x—-3y)—6
20){ _ _ _ 21){ _
4(x — 3y) — 50 = —33y 3x+6y)+4 =9+ 19



57+ 8(x —3y) =7x— 12 —2x—y)+16=30p+7
22){ 23){

9x + 3(x—9y) =11y + 46 6x—(x—5)=-8-(+1)
24) {3 25 26
)—+¥=—2 )—3x+1=—37 Nz _w_

2 4 10 6

7x—%_—4 s—c=6 % ==23
27 28)1 ; 29

5 15 12 10 3 ’

2. PemuTh cUCTEMBI ypaBHCHHfI MCTOAOM CJIOXKCHUA.

{40x+3y=10 5 {5x—2y=12
) 20x—7y =15 ) 15x — 3y = -3
3 {33x+42y=10
) Ox+ 14y =4
4 {13x—12y=14 c { 10x—9y =8
N 11x— 4 = 18y )21y + 15% = 0,5
9y + 8x = —
6) {Sy = —4x—11
7 {12x—7y= { Ix+2y=1
) 4x —5y=6 ) 17x + 6y = -9
9 {6x=25y+1
)5x—16y=—4
4x + 7y =90 0,75x + 20y = 95
10) {SX — 6y =20 11){ 0,32x — 25y =7
0,5x—0,6y=0
12) {0,4x + 1,7y =109
10x = 4,6 + 3y —3x+10y—-0,1=0
13){4)/+3,2=6x 14){15)/+4x—2,7=0
15) 5x+2y)—3=x+5
y+4(x—3y) =50
1 .1 5 0,5x+ 0,2y =7
16){3x+4y : 17){ N
S5x—y=11 Ex—ﬁy—O
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22) x v _ 23)4.,° °
6760 T3y =2
1 1

24)] 3 T =
6x + 5y = 150
11 X,y
“X—=y= -+==1

25) 3% T8 3 26){ 4 6
7y +9x = =2 2x+ 3y =-—12
4x —5y—-10=0

27){ x_ryil_
5 3 3

3. Pemuth cuctembl ypaBHEeHUH rpayUuecKUM METOIOM:

){x—y=1 2){ x+2y=4
2x+3y=9 —2x+ 5y =10
x+y=0 3x—2y=6
){—3x+4y= 14 ){3x+10y= —12
x—2y=6 x—y=0 2x+3y =5
){3x+2y=—6 6){2x+3y=—5 7){3x—y=—9
y+3x=0
8)Lx—y=4
+y=-2
x+y=1
9){y—x=3
2x+y=0
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Pa3znen 3. ®yHkuuu, uX cBoiicTBa U rpaguky (MOBTOPEHHUE)

3.1. YncaoBasi pyHKuus (MIOBTOPEeHHE)

YucioBass GyHKUIUA.

YucnoBoil pyHkiuen ¢ obnacteio onpenenenus D Ha3piBaeTcs
COOTBETCTBHE, IPU KOTOPOM KaXJIOMY 3HAaUCHHUIO X U3 MHOXkecTBa D
COIIOCTABJISIETCS 110 HEKOTOPOMY MPU3HAKY YHKCIIO Y, 3aBUCSIIEE OT X.

Yuciio Y, COOTBETCTBYIOIIEE YUCITY X, Ha3bIBACTCS 3HaUCHUEM (DYHKIIUH B
TOYKE X ¥ 0003HAYAIOT

y=f(x)
Oo6mnacts onpenenenns Gpyuakuuu T od6o3nagaror D (f)
Hatimem oGnacts onpeneneHus GyHKIUI:

)f@=2 D f=(-0:0)U(0:+e0)

X

2)100= 51 D (H=(=3)UGs+0)

OyHKIIH MOTYT OBITh 3aJaHbl PA3TUIHBIMUA CIIOCOOAMH:
1) AHamuTHYecKwid — QYHKIIHS 3a/1a€TCs C TIOMOIIBIO HEKOTOPOH
dbopMyIbL.
Hampumep, Yy=x?+3x-5
y = 2sinx
2) I'padmyeckuii — mocTpoeHue rpaduka.
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3) AnropurmMuveckuil (MAIMHHBIN) — JACTCS AITOPUTM HIIM IIPOrpaMma,
10 KOTOPOM JIJIs1 Ka)K0ro 3HAUEHUS! X BBIYMCIISIETCS 3HAUEHUE (PYHKIIUU
y =f(x)
4) TaOmu4HBIN — TaOIUICH 3a1a€TCs HECKOJIBKO 3HAYCHHUH apryMeHTa U
COOTBETCTBYIOILIIME 3HAUYCHUS (PYHKIIUU
y=x*

3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Yro Ha3bpIBaIOT YMCIOBOM (HyHKUIUEH?
2. Kakumu crioco6amu MOTYT OBITh 33J1aHbl PYHKITUN?

Ilpakxmuueckue 3a0anus:

3amanue Ha «3)».

1.Jlana ¢pyukuus f(x) = x* + 2x — 3. Haiitu f(0), f(-1), f(2).
2. Haiitu o6acTh onpe/enieHust QyHKIIUH y = 3i
X

3amanue Ha «4y.

1

Haiiti 06acts onpenesnenus GyHkumii:l) y=+4x+8;2) y=——— — :3)
X —0OX
1
reC 5x -1
3aJ1aHne Ha «5»:
Haiitu o6nacts onpeneneuust yHkumii:1) y=+x*+x-12;2) y= _2):;10 4 :3)
X X —

[ —6x-2
TV Cex+12
Tpena:xep

3ananue:

1. Hatitu oGnacth onpeaeneHust QyHKITUM:
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1) y=+x

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

Yo

1
%) y_xz—x—12
6) y=+vl-x
7) y=+18-6x

8) y=vx*-2x-8
9) y=+/x*+8x+15
10) y=x+/x-1

3x_2
11) y:V2i+6

4x -1
12 oAl
) Y 3x?-5x-2
-1
13 S e B
) YT Zox+ 20

4x -8
14 oy
) Y =\3 6x

15) y=4(2-x)5+x)
2. a) Jlana ¢pynkus f(x) = x3 -2x? + x — 1. Haiitu f(0), f(-1), f(2).

6) Jana ynxmus f(x) = x* —x° +2x2 +4. Haiitu f(0),f(-1), f(2).

3.2. I'pad¢ukn pynkumid. Ilpocreiimme npeodpazoBanus rpadpukoB GpyHKUMH
(moBTOpPEHME)

I'paduku pynkumia

I'paduxom GyHKIIMK HA3BIBAETCS MHOXKECTBO BCEX TOYEK KOOPIUHATHOM
MJI0CKOCTH, a0CITUCCHI KOTOPHIX PaBHBI 3HAYCHUSM apTyMEHTa, a OpJINHATHI —
COOTBETCTBYIOIUM 3HAUYCHUSM (PYHKITUH.

1. y=x? I'papukom siBnsercsa napabona. I'paguk HeoOrpaHUUEHHO

TIPOJIOJIKAETCST BBEPX CIpaBa M ClieBa OT OCH X.
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Puc. 2
CaoiicTBa:
lecnu x =0, To Y = 0. 3Hauut, rpaduKk TPOXOJAUT UY€pe3 HAYAJIO KOOPAUHAT
2) ecu x #0, To y = 0. 3HaUUT, Bce TOUKU rpaduka Haxonarcs Boiiie ocu OX.
3) IpPOTHBOIOIOKHBIM 3HAYEHHUSIM X COOTBETCTBYET OJTHO U TO K€ 3HAUYCHHUE Y.
2.y = x> I'paduxom sBnsercs napabona. I'paduk HeorpaHMUYEHHO

npojoiikaeTcs ciupasa ot ocu OY BBepx u cieBa oT ocu OY BHU3.
P~ N
1 '

|
/
|

.IN\

Puc.3.
CaoiicTBa:
1) ecmu x =0, To Yy = 0. 3HauuT, Tpad@uK IPOXOIUT Yepe3 HAYaIO KOOPIAUHAT.

2)ecmu x>0, oy > 0; ecnu x <0, To y < 0. 3Haunt, rpaduk pacmonoxer B 1 u 3
KOOPJIMHATHBIX YETBEPTSX.

3) IIPOTHUBOIIOJOKHBIM 3HAYCHHAM X COOTBCTCTBYCT IIPOTHUBOIIOJIOKHBIC 3HAYCHUA
y.

3.y =+/x OyHKIHA HMeeT cMbICH IpH X > 0, D — MHOXECTBO HEOTPHIIATEIBHBIX

yucen. ['padukom sBisieTcs BETBb TapadoJIbl.
42



P 5 ~
-l
/
1
o 1 X
\ J
Puc. 4.

CBoiicTBa:

1) ecnu x =0, To Y = 0. 3Hauur, rpaduk IPOXOJUT YEpPe3 HAYAIO KOOPJIUHAT

2) ecnia x > 0, To y > 0. 3HauuT, rpaduK pacnoyioxkeH B 1 KOOpIMHATHOM

YCTBCPTH.

3) GosplieMy 3HAYEHHIO apryMEHTa COOTBETCTBYET OOJIbIlIee 3HAUCHUE (PYHKIUU;

rpaduk GyHKIIMH AT BBEPX.

4.y =kx + B I'paduxom sBisieTcst npsimas. s moctpoenus rpaduka He0OX0UMO

HaWTU KOOPpANHATHI ABYX TOYCK.
S ™)

1
>

Puc. 5.

5.y = kx — mpsiMast mponopIimoHaIbHOCTb.
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Puc. 6.

k

6 y =— - o0paTHas mponopuUHOHaIbHOCTb. ['padukom siBisierca runepbona,
X

cocTosIIas U3 IByX BETBEH.

D = (-00; 0)U(0;+00)

-

Puc. 7.

7.y = kx? + Bx + ¢ — kBagparuunas Gpynxuus. ['pagukoM saBisercs napadoia,
BEpPLIMHON KOTOPOM siBIsieTcs TOUKa (M;N), rae
6 . dac —¢°

n —_—

_Z’ 4q

m =

[Ipu a > 0 BeTBU HampaBiEHbI BBEPX, IpH a <0 — BHHU3.
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.

Puc. 8.

AJII‘ODI/ITM MMOCTPOCHUS KBAAPATUUYHOM (bVHKI_II/II/IZ

1) HaWTH KOOPAMHATHI BEPIIMHBI 1apabOJIbl, OTMETUTh UX HA KOOPAMHATHOM
MIJIOCKOCTH;

2) TOCTPOUTH HECKOJIbKO TOYCK, IMPUHAIICKAIIHNX mapadoie;

3) coenMHUTH MOTYYCHHBIC TOYKHU TUIABHOMN JIMHUEH.

Cnoco0b1 npeodpa3zoBanusi rpapukoB QyHKIMA

1. mapaynenbHBIN EPEHOC B0 OCEH KOOPIUHAT:

Puc. 9.

2. pacTshKeHHe | ckatue Boyb ocu OY
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Avy=2x" y=x
y=1s
2 U
1
o1 .;,:»:
Puc. 10.

3AJAHUA 1151 CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

. Uto HazwIBaroT rpaduxom GyHKIuN?
. Kakumu cBoiictBamu 061anaer GyHkuus y=x? M306pasute cxeMaTHIHO

rpaduk.

. Kakumu cBoiictBamu 061anaer GpyHKIus y=x°? M306pasuTe cXxeMaTHUHO

rpaduk.

. Kakumu cBoiicTBamu o6namaer GyHkius y=~/x ? 306pas3uTe cXeMaTHIHO

rpaduxk.

. OnuimTe NpUHIKI TOCTpoeHus rpaduka Gpyakmun y=kx+8. N3006pazute

CXeMaTU4YHO TpaduK.

. OnummTe NpUHIKI TOCTpoeHus rpaduka Gpynkmuu y=kx. M3obpasure

CXeMaTUYHO Irpadux.

. OnummmTe TpUHIKI MOCTPOCHUS Tpaduka QyHKINN y= £ N3o06pazute
X

CXeMaTUYHO Irpadux.

. OnumuTe aAropuT™ NocTpoenus rpaduxa Gynkuuu y = Kx? + BX + c.
. Kakue BbI 3HaeTe crocoObl mpeoopazoBanus rpaduKoB PyHKITHANA?

IIpaxmuyeckue 3a0anusi:


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

3ananue Ha «3». [loctpoiite rpaduku yukmii: 1) y=3x+1; 2)y=-2x.

3ananune Ha «4». Iloctpoiite rpadgukm Gynxmuii: 1) y=-3x%; 2) y=+—4x ; 3) y=-
2x3

3aganue Ha «5»: [TocTpoiite rpaduku GpyHKiwmii: 1) y=%x2; 2) y=_—6; 3)y=x2-
X
6x + 8

3.3. MOHOTOHHOCTb, OTPAHMYEHHOCTh, Y¢THOCTH U HEYETHOCTh

Oyuknus f Ha3bIBaeTCsS vemmuoil, €Clv AJis JTIOOBIX X U3 ee 001acTh
OTIpE/ICIICHHSI

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

Oyuknus f HasbIBaeTCS Heuemmotl, eCau TSt TIOOBIX X U3 e¢ 00J1acTh
OTIpeICIICHHS

f(-x)=-f(x)
Ipumep2. f (x)=x> f(-x)=(-x)}=-x3
®yukuus y = f (x) Ha3bIBaeTCH nepuoduueckoil, eciy BHIIOIHAETCS YCIOBHE
f(x+T)=f(x)

Oyukius y = f (X) Ha3bIBaeTCS 02panuuennoil, eCiau CYIIECTBYET TaKoe
yucio C >0, gro

|f (x)| < C nns moboro x u3 obnacty onpeneneHus QyHKIUH.

Oyuknus y = f (X) Ha3pIBaeTCs yowisarower Ha WHTEpBaieC (a;B), €CIU JIJIS
TOOBIX X1 U X2, TPUHAIICKAIINX WHTEPBATY

f(x1) > T (x2)

Oyuknus y = f (X) Ha3pIBaeTCs go3pacmaroweri Ha WHTEpBaje (a;B), €CIIU
JUTSL TEOOBIX X1 U X2, IPUHAAJICKAIIUX HWHTEPBAILY

f(x1)<f(x2)

NutepBaibl, Ha KOTOPBIX PYHKIKA JTUOO BO3paCTaeT, 10O YObIBAET,
Ha3bIBAIOT MHTEPBAJIAMU MOHOMOHHOCHU.
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3AJTJAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

Kaxkast pyHkuus Ha3piBaeTCs YETHOM ?

Kaxkas pyHkuus Ha3piBaeTCsI HEUETHOM?
Kaxkast pynkuust Ha3pIBa€TCS NEPUOIUYECKOM?
Kaxkast pyHkuus Ha3pIBaeTCs OrpaHUYEHHON?
Kaxkas pynkuus HaspiBaeTcs yobiBaroiei?
Kaxkas pynkuus Ha3zpiBaeTCsl BO3pacTaromeii?

No bk wdhE

Kaxkue HUHTCPBAJIbI HA3BIBAIOT MHTCPBAJIaMH MOHOTOHHOCTH?

Ipakxmuueckue 3a0anus:
3ananue Ha «3». [IpoBepbTe PYHKIMU HA YETHOCTh M HEYeTHOCTH: 1) f(X) =06x;

2)f(x) =4-x; 3) f(x) = -6x% + 2

3aganue Ha «4»; [IpoBepbTe PyHKIMHM HAa YETHOCTH ¥ HeyeTHoCTh: 1) f(x) =5x3 -
1; 2)f(x) =0,5x2 +3x + 5; Hfx)=_3

X

2
3ayanue Ha «5»: [IpoBepbTe PYHKIIMHM HA YETHOCTh M HEUETHOCTh: 1) f(x) = _xl
x+

-2+x

2 T =5."5

3) f(x) = —6x° - |x|

TpeHnaskep 1Mo NOCTPOEHUI rpapuKoB U CBOMCTBAM (PYHKIIUM

3ajaHue:

1. IToctpoiite rpadukn caenyommx ¢ yHKIIHMA:

1) y=-6x2+2

2) y=-6x

3) y=5x3-1
3

4) y=-=

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

4

8) v =—
X

9) y=-3x>-1

10) y=x2-4x -5
11) y=-3x3-2
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12) y=+—4x
13) y=x?-8x +15

2. OnpenennuTh YeTHOCTh U HEYETHOCTh (DVHKITUNA:

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

1
4) f(x)= 1—»
5) f(x)=>

X

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

3. Haueptuth dckn3bl rpadMKoB (O VHKIIWII:

1) dyukuus Bo3pacTaeT Ha HHTEpBaie (-00;2] 1 yObIBaeT Ha HHTEPBAJIC
[2; +0);

2) Oyukuus Bo3pacTaeT Ha HHTepBaiax (-00;2] u [0;3] u yObIBaeT Ha
uHTepBanax [-2;0]u [3;0);

3) ®yukuus yosiBaeT Ha nHTEpBaie (-o0;1] u [4; c0) U Bo3pacTaecT Ha
unrepBaie [1;4]

Paznen 4. Kopuu, crenenu u jorapugmsl
4.1. KopHu u creneHu.

B pe3ynbprare n3yueHus TeMbI CTYJICHT JOJIKEH:
ymemn.
- BBIYUCJISITh KOPHU HATYPAJIbHOM CTENIEHU U3 YUCIIA.
3HAMYb!
- IOHATHE KOPHS N-CTENEHU U3 YUCA,;
- OCHOBHBIE CBOMCTBA KOPHEM.
Kopenb N-cTeneHu U ero cBOMCTBA.

KOpHeM N-0li CTeNEHU 13 YMCJIa a Ha3bIBACTCS TAaKOE 4HuCJI0, N-as1 CTCUCHDb

KOTOPOTO paBHA a ¥ 0003HAUaIoT /a. UKCIIo N HAa3BIBAIOT IIOKA3aTeNIeM KOPHS, a
YHUCJIO a — MTOAKOPESHHBIM BBIPAKEHUEM. 3HAK KOPHS Ha3bIBAIOT TAKXKE PAIUKATIOM.

Hanpuwmep.
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V27 =3, 1.k. 3% =27

VY8 =21k 2% =38

(CHOBHBIE CBOWCTBA KOPHEM:

D (¥a) =a

2) &am =" am*
3) ta b =xfab
Ka _
e
5) (Va)" =xlam
6) %a ="%fa

a
4 a4
) b

3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Yrto Ha3bpIBalOT KOPHEM N-CTENIEHU U3 YncCiIa?
2. Tlepeuncnure OCHOBHBIC CBOMCTBA KOPHEH.

IIpaxmuueckue 3a0anus:

3aganue Ha «3». Berauciute:1) 0,5V81; 2)—2,5v36; 3)v0,16 +/0,9;
4)/0,121 -v/0,09; 5)+/0,0049 +,/0,0025; 6)+/0,36 -/0,01; 7)%\/0,49 +12;
15-10+/0,01.

3aganue Ha «4: BEIHECTH MHOKHUTEIb U3-T10]1 3HaKa KOPHSI:

1) v20; 2)\27; 3) V96; 4) \/48; 5)
V50; 6) V108

7) VZ8; 8)v366;  9) -V18 10) 2,/50;  11) -
1 _ 2 :
~V98; 12) -2./275;

3amanue Ha «S»: YpocTuTh:1) (2\/§ + 1) (2\/§ — 1); 2) (5\/7 — \/ﬁ)(\/ﬁ +
5V7)

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

Tpenaxep 1o KOpHAM

1. YopoctuThb BhIpakeHHUS:
1) |72 2) (Va2)'; 3VVa: 4) Ve
2. Bprunciurs:
1) 727, 2) VBT, 9 V=32 0) Vo 9) U5 0)'[2 1) )2 )
4\/21516; 9) V16 * 625;
10) ¥/32 * 243; 11) /8% 343; 12) Y/0,0001 * 16; 13) Y160 * 625; 14)
V24 +9;

15) V48« 27; 16) /75  45; 17) ¥9* 9; 18) Vi6* V=8; 19) V27*
w.

20) V=25* V25, 21) 5= 22) 3 )35 24) o5

3. BuruuciauTs:

1) 0,6v/36 ; 2)—2,5v25; 3)v0,49 +1/0,16; 4)\/0,64 -
\V0,04; 5)—/0,0036 +,/0,0025; 6)/0,01 -/0,0001;

7);V0,81-1; 8) 4-10v/0,01;

0)(v8)';  10)(—v26)" 11) 0,49 + 2(v0.4)*; 12)
3(VIT) — V6400;

13) (2v6)" + (-3v2)"; 14 -0,1(v120)" - (1v20) ;

15) 26 * (—V6 );

16) —(3v5)";  17) VT4 - 2(v0.6)°;  18) (0,1v70)" + vI,69;
19)3v0,16 -0,1v/225;

20)0,2v/900 +1,8 \E; 21) 0,3V1,21 *V400; 22) 5:,/0,25 *V0,81;

23) 1V00T + (—v2)"; 24)03v25 —1(v2);  25)0,5VI2T +
3(1/0,81) ;




2
26) V144 x/900 ++/0,01; 27)v400 — (J_) 28)< \D —

10+/0,64
4. Pemuth ypaBHEHUS !
1) x> — 0,01 = 0,03 2) 80 + x* = 81 3)
19 +x* = 10
2
4)20 —x* = -5 5) 3x% = 1,47 6) -x
10
1 2 2
7) oX = 32 8) -5x" =1,8 9)
(x—3)2=125
10) (x+4)*2=9 11) (x—6)2 =7 12)
(x+2)?=6
5. Brimect MHOXXUTEND H3-110J] 3HAKa KOPH:A:
2) V12; 2) V18; 3) v80; 4) \/48; 5)

125 ; 6) V108

N ViZo 8)V366;  9) -V2& 10) /45, 11) -

147 12) -—,/275

13) 0,1v/20000; 14) —0,05+/28800; 15) v/20; 16)
98;  17) +200; 18) V160; 19) 0,2+/75; 20)
0,7v/300; 21) —0,125V192;  22) --V450;
6. YIIpoCTUTh:
1) (V12 +V15) V3 2)V5(3V5 +5v8)
3) (4V3 —2v6) x2V3 4) (3v5 —2v3)*V/5 +
V60

5) (V328 — 2V3 +V37) 7 +84 6) (V12 + 2v18)*V2 —

V96

7)V3 (V12 — 2v27) 8) (5v2 —7V3) V6

52



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

11) (1 +3v2)(1 - 2v2) 12) 3 +V3)(2++3)
13) (2v/2 —v/3)(3v2 — 2v3) 14) (V5 — V8) (V5 — 32)

15) (2v5 + V12)(V12 —v/5) — V135 16) (3v2 —v27) (V27 -
V2) — /54

17) (2v5+1)(2v5 - 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) (2910 — v2) 24) (3v6 — 2v3)"

25) (V6 +5) — V120 26) V60 + (V3 —5)

27) (V14 - 3v2)" + 6 VZ8 28) (3v5 +V15)" —
10v27

7. SIBJISIIOTCS JTM JAaHHBIE PABEHCTBA TOXKIECTBAMM ?

1)5-(3\/% +2) =25
2)11(0,15v1600-0,29v400=55

3)(vV225 + 3v121) (§ V0,09 + 0,78V100)=6

1) (-6\/% B2, 0%, 753

4.2. CTeneHu ¢ pauMOHAJIbHBIMHU MOKA3aTeJISIMHU M UX CBOIMCTBA
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B pesynbrare uzydeHusi TeMbl CTYACHT JOJKEH:

ymemb:

- BBIYUCTISITh CTETICHU C PallMOHATBHBIMU MTOKA3aTEISIMH.
3Hamo:

- IOHATHE CTENIEHU C PAllMOHATIBLHBIM MTOKa3aTeleM;

- CBOMCTBO CTENEHM C pallMOHAIBHBIM MTOKa3aTeNIEM.

Crenenu ¢ panuoOHAJbHBIMHA MMOKA3aTCJIAMHU

Creniennto uncia a>0 ¢ PaduOHAJIBHBIM ITOKA34TCJICM m/n , TJIe M- 1eJoce

YHUCII0, a N — HaTypajabHOe Yuciio (Oosbiie 1), Ha3pIBaeTCs YUCIO Va™ .

CBOICTBO CTENEHU C PaldOHAJIBHBIM ITOKA3aTCJICM:

n am =a5
3AJJAHUA I CAMOCTOSTEJBHOU PABOTHI
BOITPOCBI 1JIs1 CAMOKOHTPOJIA

1. YTo Ha3BIBAIOT CTEIICHBIO C paduOHAJIbHBIM rokasarejem?
2. KakuMm cBOMCTBOM O6JI€1I[21€T CTCIICHDb C palliOHAJIbHBIM Tokas3arejiem?

IIpaxmuueckue 3a0anusi:

3aganue Ha «3». [IpencraBbTe BhIpA’KEHUE B BUJIE CTEIICHU C pallMOHATbHBIM

IIO0KAa3aTCIICM .
1) 3a’; 2) 4d;:3) Ya*; 4) Wa

3ananue Ha «4: [IpencraBpTe BoIpaKeHUE B BUAE KOPHS:

2 2 2

3 3
1) 25; 2) a*;3) —6b 5; 4) b3 *c7

1

1 2 4t
3azanue Ha «5»: Berancaure: 0.001° —(-2)264° -8 3 +(9°f

TpeHa:kep 1Mo creneHu

3ananue:

1. IlpeacraBpTe B BUJE KOPHS U3 YUCJIA BBIPAKECHUE:

2 1
1) 32; 2) 5 3;3) 4%;4) 6 2
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2. HpeI[CTaBBTC BBIPAKCHUC B BUJC CTCIICHU C PAIHOHAJIbHBIM ITOKA3aTCJICM
1) ¥a?; 2) V3d; 3) ¥a™; 4) ¥4

3. Haitnute 3Ha4Y€HHUE YHUCIOBOTO BBIPAYKECHUS:

1 2
4\ g 5 3 \g 6
1) 243%; 2) (64 ] 8; 3) 164; 4) (27 Jg 5) 814

KD 125°

oumiah(fi Detern mae (L) (L)

125 32

1

1 2 2
9) 0.001 % —(—2)264° -8 * +(9°F; 10) 273 +(16) " — 25°°;

at

11) (-0.5)* —625°* — [2%) " 419(-3)”

4, HpCIICTaBLTC BbIPAKCHUC B BUAC CTCIICHU C pAlMOHAJIBHBIM ITOKA3aTCIICM !
1) V2ad s 2) P’ 4b; 3) Y ; 4) {27

5. [IpencraBbTe BhIpaKEHUE B BUJIE KOPHS:

1 2

3 3 2 2
1) 3*25; 2) a*:b%; 3) 2b 3; 4) b3 *c’
4.3. CTeneHu ¢ IelCTBUTEIbLHBIMH MOKA3aTEeJIIMH M UX CBOMCTBA

B pe3ynbTare n3yueHus: TeMbl CTYJICHT JOJIKEH:

ymemn:

- BRIYHMCIISATH CTCIIEHH C JCHCTBUTECIBHBIMH ITOKA3aTEIISIMU.
3Hame.

- TIOHSITHE CTEIICHU C JCUCTBUTEIBHBIM MOKA3aTCIIEM;

- IOHSITHE OCHOBAHUS CTCIICHHU;

- TIOHATHE MTOKA3aTeJIsl CTCIICHHU,

- CBOMCTBA CTEIECHM C JCHCTBUTEIBHBIM ITOKA3aTEIIEM.

Crenenu ¢ AeMCTBUTEIbHBIMHY NOKA3aTEJISIMM M UX CBOMCTBA.

HpOI/I3BeI[eHI/I€ HCCKOJBbKHNX OJHMHAKOBBIX MHOXXUTEJICH MOKHO 3alucaTh B
BHUAC BBIPAXKCHHA, KOTOPOC HA3bIBACTCA CTCIICHBIO.

XEXFXFXFX= X°
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[ToBTOPAOIIMICSI MHOKHUTEIb HA3BIBAETCSI OCHOBAHUEM CTETIEHU, A YHCIIO
MOBTOPSAIOLIUXCS MHOXKUATENEH — ITOKA3ATEIIEM CTETICHMU.

CreneHplo 4nciia a ¢ JEUCTBUTEIBHBIM MTOKA3aTeNEM N HA3bIBAETCA
MPOU3BEACHUE N MHOXHUTENCH, Ka)KIbIH M3 KOTOPHIX paBeH a: a.

CBOMCTBA:

qM* gh = am+n (XZ*XS)
am/a" = am/n (Xlo /X6)
(am )n — am*n (X2)6
(aB)n =a" g" (XZ y3)6

-5 G

-n_ + -2¢,-3
a”=— (x“y~)

AN

o

3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

YTo Ha3BIBAIOT CTEIICHBIO C I[GﬁCTBPITGJ'IBHBIM rokasarejem?
Yto HA3BIBAIOT OCHOBAHUEM CTEIICHH ?
Yto HA3BIBAIOT MOKA3aTEIEM CTCIICHU ?

A whe

[IepeuncinTe CBOKMCTBA CTENEHEN C IEMCTBUTEIIBHBIM MTOKA3aTEIEM.

Ilpaxmuueckue 3a0anus:

3amanue Ha «3». HaliTu 3HaueHue BhIpaXKEHHUS:

1) 5%*55 3) 7907 5) (34%
2) 44*43 4) 653 :6573; 6) (8%)2*83
3aganue Ha «4: 1.Beraucauts: 1) 81* 3%4; 2) 9°* 095 3) (3Y)°
*27% 4) 6°: 67
5) 92: 3% 6) 125%:25%
2. Vopoctuts Beipaxkenue: 1) 0,5a® * 10a?s; 2) 2,4x-3y-6*gxy;
5 3.5 % 3.-2. o oa. 1l 5
3) Jmen 16m°n; 4) 6pq 5P

56



Janadaue Ha «5»: BEIUUCIUTE:

1) 057 —(%)1 2) 51 +27 3) 0.3°+0.17 4) 43°-14"  5)
(=5,9)° = (~0.2) 2 6)10-(%)1 7) 7% 49" 8) 43+01°
9) -4* 42 10) 81*3

TpeHaKep 1o cTeneHu

3aganmue:

1. HaiiTu 3HaueHue BbIPAKEHUS:
a) 3-4 * 36; P) 210 . 212;
0) 24*23 1) 5%:5%3;

B) 108 *10°*10°; e) 3%: 3;

2. Berauciaure:

a) 515* 1516 k) 813:(92) 3
1L (1Y, 1, 0.

0) (gj [gj ; ) 6 27,

B) 48 479, M) 32 * (242
1\ (1Y

r) (Ej :(Ej; H) 81% 4%

Il) (2-3)-3; 0) 45*16-2;
1 -3

e) (gj : nm) 82*43

K) 27 * 3% p) 9°* 275

3) (371)° *81% c) 10°:10%

u) 92: 3% T) 125%:25%;

3. YOpoCTUTh BBIPAKECHUE:
57

x) (27
3) (52)-2 * 53;
I/I) 3-4 * (3-2)-4



a) 1,5aB® * 6ap; r) 32x7'y”° *gxy;

3 1 1
6) Zm2n**8m3n2; Zpig¥*pig
) 1) S PgTrop
B) O,GCZdA*%CZdZ; e) 3%a5b18*0,6a1b2°.

4. YopocTure BbIpaKE€HHUE:

a) B x) (0,25x“‘y'3)2*(x—?;]3;
y 39x 4y

0) ?L;;Z; 3) (g pa)”;

) -5 o (S’

r) stj— 13i25; 1) (~2men);

hy) 1§X5_5 =363)/(9; M) 4a7b1*(%b)1;

€) Zia: =1§22; H) (Zyi;]l*(X‘ly)s-

5. Beruuciaure:

a) —134+(-2)° 1) 10-5%2 * )K)34—(§)2*6%

6) -62-(-1)" 1) 2% 31-3%2¢ 3) 0,2 * 3°-0.4%2*
B) - 8°+(-3)° €) 2*5°45% 2 i) 8 * 0,5°425%0,2?
6. YIIPOCTHTB:

2) (xy)**(-3x'y?) n) (-a’h)” *(~a‘b?)
6) 0,522b* *(~2b)° k) 0.2a%° * (-5a’h)’

8) (0,2m?n)* *1000m*n’ ) (%aZb)?’ *(-32a’h)
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r) — 7 ¢®*(-0,4c%)’ H) (—%ab“)*(—Z?asb)

1) (- 0,2b°)°5b 0) (2ab)* *(-7a’b)
¢)—0.01a* *(~10a°)? m) 10a*b* *(0.1ab)?
9 1
K) Ea7 *(—15614)2 p)
—0.6a’b’ *(0.5ab°)*
1 2\ % 5
3) (3;a%)*8la c)

1
—3a’b?)**(—ab
( ) (27 )

7.BBIUUCIIUTE:

a) 0577 +(%)1 e) 61 -37
0) 0.3°+0.1° x) 1.3°-1.3"
B) (-2.0)° —(~0.2)° 3)12-(%)1
r) 6%127 u) 25+0.17
n) -4*8~* K) 27%*37

8._YmpocTuth BeIpakeHHE:

a—3

a) (0.25a—4b%)* * (E)*3

6) A 2 yx( 3

-3
9 a‘2b3)

a’t L o (Em b2y =2
B 5a°bc
) (10a5b2) ( )

aZb—3 4 aZb—Z 5
N ) )

4.3. UppanuoHajibHble ypaBHEHUS.

B pe3ynprare u3ydyeHus: TeMbl CTyIEHT JOJIKEH:

ymems:
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- pemaTh UppalMoOHaIbHbBIE YPAaBHEHUS.
3HAMb.

- IOHATHE UPPALMOHAIBHBIX YPaBHEHU;
- METOJIMKY PEIIECHUs] UPPALMOHAJIBHBIX YPaBHEHUN.

HppauuonanbHbie ypaBHECHUS.

YPaBHGHI/IH, coacpiKaue NCPEMCHHYIO 110/ 3BHAKOM KOPHS, HA3bIBAIOTCsA
uppayuorailbHblMU.

ITpumep 1.
Vx?2-7=3
( lx2_7)2 :32

x>=7=9
x> =16

x,, = +4
[Tpumep 2.
Yx—4=2
(Vx-4y=2°

x —4=8
x=12

3AJTAHMS JIJII CAMOCTOSIJIBHOM PABOTHI
BOITPOCHI JJII CAMOKOHTPOJIA
1. Yto Ha3bpIBalOT UppPALMOHATIBHBIM YpaBHEHUEM?
Ilpaxmuueckue 3a0anusi:

Penmites ypaBHEHUSA:

3ajanue Ha «3»:

1)Vx+5=—4

2) J2x-2=42
3ajlaHue Ha «4»:

1) Y2x-2=1

60



2) Jx-3=x-9
3ananue Ha «5»:

1) / x2—12:\/;;

2) 3x(x+6) =x

Tpenaxep

3ananue:

1. PemuTh uppalmoHalIbHbIE YPaBHEHUS:

1) Jx =x-6; 2) Jx?-12=4x;

3) Vx-5=+3-x; 4) Jx-3=x-9
2. PemuTh UppalOHAIbHBIC YPABHCHHUS
1) Vx-3=x+1

2) Yx-4=2
3) Y2x+2=2
4) Yor-4=2

3. Pemute uppanuoHaibHble YpaBHEHUS:

a)Jdx—3=14; 6) Jx=x-2 B) 3/x(x+6) = x
r) Vx+2=x-4 o) Vx*+9=2x-3 e) Vx*-9=3x-11
XK) Vx?—9=x-21 3) Vx? +5x+1=2x-1 1) Vx2—1=+/3

4.5. Jlorapu¢Mbl 1 UX CBOICTBA.
B pe3synbrare u3ydeHust TeMbl CTYACHT JOJKEH:
ymems:
- BBIYHUCIIATH JIOTapU(MBI.
3HAMb:
- IoHsITHE Jorapudma,
- CBOMCTBa JOTapu(MOB.

Jlorapugmebl 1 ux cBoiicTBA.

.]]OZQpMQbMOM qucCija B IIO OCHOBAHHNIO a HA3BIBACTCA IMOKA3aTCJIb CTCIICHHU
C, B KOTOPYIO HaJJO BO3BCCTH OCHOBAHHC A, YTOOBI IIOJIYYHUTDH B.

log,e=c

[Tpumepsr. log,32=>5 log,8=3 log,27=3
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CaolicTBa JI0rapu()mMoB:

1. log,1=0 log,1=0
2. log,a=1 log,3=1
3. log,ec=log,e+log,c log,, 8+ log,,125 = log,,1000 = 3
4, Iogaleogae—logac Iog27—I0921=I09216=4
c 16
5. log,(6)" =nlog 6

[Tpumeuanue: log,, ¢ = lg ¢ (necsaTUUHBI Jorapudm)

3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Yo Ha3zbIBalOT JiorapudpmMom?
2. Tlepeuucnure cBoMCTBa Jorapudmos.
IIpaxmuyeckue 3a0anusi:

3ananue Ha «3». Beiuncnuts: a) log,16; 0) log,25; B) log,49; 1) log,27; n)
log 125

3ananue Ha «4: Beruncnuts: a) log, 9; 0) Iog;,%; B) Iogzé; r) log,,1; n)

3

lg 100000

e) log,64; x) Iogsé; 3) log, 625

8 5

3ajganue Ha «5»: Borancauts: 1) log,2-log,16; 2) |093%+|Og ,8; 3) Iogs7—logszl5

4) lg14—-1g140; 5) log,32-log,2; 6) log,,9-2log,,10; 7) log,11-log,22
Tpena:xep

3ananue:

1. BeluuciauTe:

a) log,16; ©0) log,125; B) log,64; T) log,81; m) log,625;

e) log,9; x) |095%;3) IogZ%; n) log,1; k) Ig1000.
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2. BBIYHCIINTS:

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

0) Igl13—1g130;
B) log,2+log, 8;

r) log,3-log,6;
) I09510+I095%;
e) log;128—log, 2;
x) log,;9-2log,,10;
3) log,3-log, 24;

1) Iog3%+logSG;

K) Iog45+log4é;

1) log,11-log, 44;
M) log,,4+log,,36;

9
H) Iogs9—loge£,

0) log,6-log, 3;

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

p) log,,4-2log,,10;
1,
c) Iog34+log3z,

16

T) I0g4g—log4g.

Pa3znea 5. Iloka3aresqbHas U Jorapupmuyecass pyHKIUN

5.1. lloka3zaTenbHasn, JorapupmMuyecKass UX CBOMCTBA U rpaduku



B pesynbprate u3yueHus TeMbl CTYIECHT JOJIKEH:
3HAMb.

- IOHSTUE U CBOMCTBA MOKA3aTeIbHON (PYyHKLNU;

- IOHSTUE U CBOMCTBA JIorapu(pMUUecKor PyHKIUY;
- IOHSITUE U CBOMCTBA CTENEHHOU (PYHKIIUH.

IToxa3aTenbHas, Jorapupmuyeckas (PyHKUHMH, UX CBOMCTBA U
rpaguku.

Oyuk1us, 3aganHas Gopmynoit y = a * ;rae a>0, a #0, Ha3bIBaeTCs
MoKa3aTeIbHON ()YHKITUEH.

CBoOMCTBA:

1. D= MHOXeCTBO JIEHCTBUTEILHLIX YKUCEI.

2. OO6nacTb 3HAYEHHUI — MHOKECTBO BCEX MOJIOKUTENBHBIX IEHUCTBUTEIIBHBIX
YHCEJL.

3. Ilpu a>1 ¢ynkuus Bo3pacrtaet, npu 0 < a <1 ¢yHKIUA yOBIBAET.

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

a=1

O=g=1
Q== -1

Puc. 11

Oyuknus, 3ananHas popmyion y =l0g, Ha3bpBaeTCs TorapuMUIecKOi
byHKITHIEH.

CBOWCTBA:

1. D= MHOX€eCTBO MOJIOKUTEIbHBIX YUCE.
2. OO6nacTh 3HAYCHUI — MHOKECTBO BCEX JICUCTBUTEIBHBIX YUCE.
3. Tlpu a>1 dynknus Bo3pacrtaet, npu 0 < a <1 ¢yHKIUA YOBIBAET.
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Puc. 12

Oyukwyst, 3aganHas Gopmynon f(X) = x ?, Ha3bIBaeTCS CTEIICHHOM

byHKIHEH.
CsoiicTBa:

1. Ecnu a — yeTtHOE, TO QyHKIMS — YETHAs; @ — HEUYETHOE, PYHKITUS —
HEYeTHasl.

2. Ecnmu a <0, x>0, To pynkius yobiBaeT Ha mpoMexxyTke (0; o0); ecnu
¢ynkuus a > 0, x>0, To pyHKIMS BO3pacTaer.

IIpu a>0:
vt y=a y=a*\ » t
“1'"" : (a=1) (@<1) \.1
_-—l—"/ E L i 4
> - >
0 1 x 0 1 x
Puc. 13

3AJIAHMSA 111 CAMOCTOSTEJBbHOMR PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1. Kakyro ¢yHKIIMIO Ha3bIBAIOT MOKA3aTEIIBHON ?

2. Ilepeuncnure cBOMCTBA MOKA3aTENIbHON ()YHKIIMH U CXEMATUIHO
n300paszute rpaduk.

3. Kakywo ¢dyHknmio Ha3pIBatOT JorapudMudecKkoii?

4. Tlepeuucnurte cBOWMCTBA JTOTapuhMHUUECKON (PYHKIIMM ¥ CXEMATUIHO
n300pazute rpaduk.

5. Kakyro (yHKIUI0 Ha3bIBAIOT CTEIIEHHON?
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6. Ilepeunciure CBOMCTBA CTENEHHON (YHKIUU U CXEMaTHYHO U300pa3uTe
rpadux.

5.2. Pemienue npocrelinx MOKa3aTeJbHbIX yYPAaBHEHMH.

B PE3YIbTATC N3YUCHUA TCMbI CTYACHT OOJI?KCH !

ymemb:
- pelaTh TPOCTEUIIINE TTOKA3ATEIbHBIE YPaBHECHMUS.

3HAMb:
- [IOHATHE MMOKA3aTEJIbHBIX YPABHEHU;
- METOJUKY pELICHUs I10Ka3aTEIbHbIX YPABHEHUM.

PeunreHue npocrediiux MOKa3aTeJbHbIX YPaBHEHHH.

HpOCTGI‘/'IIIII/IC IMOKAa3aTCJIbHBIC YPABHCHUA UMCIOT BU a *=B.

IIpumepsl. Pemnth ypaBHEHUA

1. 7% =349

7x-2:72/3

)c—2=E
3

3. 4-5*2x+4=0
y=2"

y2 -5y +4=0

2*=4; x =2
3AJAHUS 1JI51 CAMOCTOSTEJIBHOM PABOTBI
BOITPOCHI JJ1s1 CAMOKOHTPOJIA
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1. Yrto Ha3bIBAIOT NPOCTEUIIINM MOKA3aTEIbHBIM ypaBHEHUEM ?
2. OxapakTepu3yiTe METOUKY PEIICHHUS MOKA3aTeIbHBIX YPaBHEHUI.

Ilpaxmuueckue 3a0anus:
Pemmth npocreiiime nokazaTebHble YPaBHEHHUS

3agaHue Ha «3».

1) 3-3=27
2) 10*% =10
3) 2" =32

4) 4—2x+4 — 42—3x

3aanue Ha «4:

1) 7x278x+15 -1
1 X
=| =64
2)(4) 6
3) 72):—4 — 495—4)(

1 e 3x+4
4) (Ej _8

3aanue Ha «5»:

1) V2 =4

&x+3

ajnéks =1

3) 3 3™ =3

4) 9" —8*3" +15=0
Tpena:xep

3ananue: Perminth ypaBHEHUS:

1) 35 =81: 11) (Ej N
2 64
2) 92 —o77 12) 9% —8*3*_9 =0
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3) 36% = 32, 13) 100% -11*10¥-10 =0

4) 3" =9; 14) 49% -8*7*+7=0;
5) 36* — 4*6* -12 = 0; 15) 2°712 =1;

6) 50 =1; 16) 3v2 = g2

7) 2747 =8; 17) 9% = 3.

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

9) @ ~27; 19) @ _ o5

10) 3* = 81; 20) 62x4= 3654,

5.3. Pemienue npocTeHmmx MoKa3aTeJbHbIX HEPABEHCTB.

B pe3ynbprare n3ydeHus TeMbl CTYIEHT JOJIKEH:
ymemb:

- peuIaTh NPOCTEUIIINE NTOKA3aTEIIbHBIE HEPAaBEHCTBA.
3HAMYb!

- IOHATHE MOKA3aTEJIbHBIX HEPABEHCTB;

- METOAUKY PELICHUS M0KA3aTEIbHBIX HEPABEHCTB.

Penrenue npocrediMx MOKa3aTeJbHbIX HEPABEHCTB.

HepasencTBa Buga a* >C , a* < C Ha3bIBAIOTCS MPOCTEUILINMU
MMOKa3aTeJIbHBIMA HEPABEHCTBAMMU.

[pumepl. Pemnts HepaBencTBo 3% > 3%2
2Xx > x-2

X>-2 Otger: (-2; )
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1 2x-1 1
I1 2. = —
s, (1] 2
DR
J— > J—
2 2
x>25 OtBeT: (2,5; )

[Mpumep 3. 6 T2 5 ]

x2-7x+12>0
x?-7x+12 =0
x=3;4
OtBerT: (-00; 3) U(3; )
3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCHI JJJIA CAMOKOHTPOJIA

1.Y1o Ha3bIBAIOT MPOCTEUIITUM MTOKA3aTEIbHBIM HEPABEHCTBOM ?
2.0xapaKkTepu3yiTe METOJUKY PEIICHUS MOKa3aTeIbHBIX HEPABEHCTB.

IIpaxmuueckue 3a0anusi:
Pemuts nipocreinine nokazaTesibHbIC HEPABEHCTBA!

3amanue Ha «3)».

1) 6°>6

2) 4° <16

3) 577*>25

4) 0,3°* <0,097

3ajianve Ha «4:

1) 32x2+7x+15<39

2) (2+x) 51

3) 100072 < [ij
10
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4) (5)4x2—63x+84 ~125

Jagadaue Ha «S5»:

1) 25 >4%8

—39x-40
2) 3 > (lj
3

1 2x24x
3) (E) <

4) (V7] <=

49

o=

Tpenaxep

3ajanue:

Pemuth HEpaBEHCTRBA:

1) 3*>27;

2) 6x2+2x > 63,
3) 32727,
4) #>64;

5) 2% >2%7;

6) 37+4x>27;

7) 452<16:
10x 2 .,
8) (lj >6473
4

9) (%) > 27
10) (V6 <

1
36

70

11) 0,42*1<0,16;

12) 0,3™%< 0,027;
, 1 2x-3
13) 2- >(—j ;
2

1

14) 3% < [_j "
9

10x 2 .,
15) (lj >6473 "
4

17) 2x278x+18 28 ’
18) (3+x)" " >1:

19) (x*-8x+16)" >1

20) (x—1)" """ »1



5.4. Pemienne npocreimmx JorapupmMuyecKux ypaBHEHUIA.

B pesynbprare u3ydeHus: TEMbI CTYACHT JAOJIKEH:
ymembnp:

- pemarhb npocreiine JorapupMUIecKue ypaBHEHHS.
3HAMb:

- IOHSITUE JIOTApU(PMUUECKUX YPaBHEHUN;

- METOAMKY PEUICHUS JOrapuPpMUUYECKUX YpaBHEHUN.

VYpaBHeHue, cojiepkaiiliee NepeMeHHy0 0/1 3HaKOM Jiorapu@ma wid B
OCHOBaHUU Jiorapudma, Ha3bIBAETCS JTOTAPUPMUUECKIM.

Paccmotpum mpocreiiiiee noraprudmudeckoe ypasuenue 10g, x = B
[Tpumep 1. Pemuth ypaBHEHHUE:

logy (x> +4x+3)=3

X%+ 4x +3 =28

x> +4x-5=0

x=1;-b

N |~

[pumep 2. logy 16 - logx 2 =

log 1e_1
2 2

X

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

[pumep 4. 1g 2x + I1g (x+3) = Ig (12x-4)
Ig 2x (x + 3) = Ig (12x-4)

2x2 +6x = 12x -4
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2x% - 6x +4 =0

x=2;1

3AJIAHUSA JJI1 CAMOCTOSTEJBbHOM PABOTHI
BOITPOCHI JJ1s1 CAMOKOHTPOJIA

1. Yro Ha3bIBAIOT MPOCTEUIINM JIOTapU(PMUUECKIM YPABHEHUEM ?
2. OxapaxTepu3yilTe METOJUKY PELICHUs JIOTapu(PMUUECKUX YypaBHEHUH.
Ilpakxmuueckue 3a0anusi:

Pemuth HpOCTCﬁH.IHC JIOFapI/I(I)MI/I‘{eCKI/IC YPaBHCHHUA:

3amanue Ha «3)».

1) log 2 x= 2;

2) log 3 (x+10) = 2;
3) log s (x-1) = 0;
4) log -2 (2x+3) =3

3amanue Ha «4:

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

2) g x = 3;

3) log, (x~5)=-1
4) log, (x~1) =2

3aanue Ha «5»:

1) log osx =-1;

2) log 16x = %

3)Iogx4-logx2=%;

4)logx8+logx2=2

Tpena:xep
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3aganue: PemuTh ypaBHEHUS:

Pemnth ypaBHEHUS :

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 x5+ log x 1 =-2;
4) log2(3—-x)=0; 17)log10(3—-4x)=0
5) log 4(2x-10) = 2; 18) log  (4x+8) = 2;
6) log o3 (5+2x)=1; 19) log o5 (3-2x) = 1;
7) log, (2x—4) = -2; 20) log, (x+6) =1

8) IogX16—IogX2=%; 21)Iogx8+logX2=%;
9) logosx =-1; 22) log osx = -1,

10) |099X=-%; 23) Iog—8x=%;

11) lgx=2; 24) Ig 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. Pemienue npocTeMIuxX JorapupMuyecKux HepPaBeHCTB

B pe3ynbprare nuzydeHus: TeMbl CTyAEHT JOJIKEH:

ymemb:

- pemiath npocreimme TorapuMUIecKue HEepaBEHCTBA.
3HAMYb!

- IOHSITUE JIOTApUPMUIECKUX HEPABCHCTB;

- METOJMKY PEIICHUS JOrapuPpMUIECKUX HEPABCHCTB.

HepasencrBa Buga l0g , X >c¢, 10g » X <c, rae a> 0, a #1 Ha3bIBarOTCS
MPOCTSHITUMHU JIOTAPUPMUICCKUMHI HEPABEHCTBAMM.

IIpumep 1. Pemnts HEPABEHCTBO:
log 3 (5-2x)>2

5-2x > 32
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5-2x>9

X <-2

OtBeT: (-0; -2)
ITpumep 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

Otger: (é;oc) i (64;0c)

3AJAHUA 151 CAMOCTOSITEJIbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1. Yrto Ha3bIBAIOT MPOCTEUIIUM JTOTAPUPMUUECKIM HEPABEHCTBOM?
2. OxapaxTepu3yiTe METOJUKY PEIICHUS JIOTapu(PMUIECKUX HEPABEHCTB.
Ilpaxmuueckue 3a0anus:

Pemuts npocretimue morapugmMuyeckue HepaBeHCTBRA:

Jaanue Ha «3)».

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

4) log x3x>1

3ajianve Ha «4:

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

4

2) log 15 (ZX2 - 5x+17) <1
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3) log 2 (4x +3) <-2
4) log x5 x> < 2

Jagadaue Ha «S5»:

x-1
2x+3

1) log, <2

2) log 22x<-5
3)logosx <-1

4) log,(x—8)>log, (x+3)+log, 2

8 8 8
Tpenaxep

3apanue: PemTh HEpaBEHCTBA:

1) log7(4x +1)<2;
2) log,(3-2x)>-1;

3
3) log 25x < 2;
4) |Og 07X < 1;

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

16) log 2 3x < 4;
17) log o5x < 2;

5) log,(x+8)>log, (x-3)+log, 3x; 18) log .32x < -6;

2 2
4x -1
I
6) °9: x+3
8) log 15(X2—4X+ 3) <I;

<1,

—6
19) log , ~—>
) g*“2x+5

20) log x-2 3 >1;
21) log 6 (4x + 3) <-2;

<2;

9) log x+19<2; 22) log x+54 < 2;

10) log 3x-3x >1; 23) log 3x1x >1;
11) log 3x+3x <1, 24) log o (3x+ 1)<
12) log 05x <-2; 25) log 15x <-2;

13) log, (5+2x)> -1; 26) log, (x-7)=-2.

5 3

Pazaen 6. OCHOBBI TPUTOHOMETPUH

6.1. Paguannoe uamepenue yriaoB u ayr.Tpuronomerpudeckue pyHKIuu

YUCJI0BOI0 apryMmeHTa, SHaKu UX 3HAYeHUH

B pe3ynbprare n3ydeHus TeMbl CTYJIEHT JOJIKEH:
ymemb:

- IEPEXOUTH OT TPALYCHOUM MEPHI yria K paJuaHHON U OT PaJuaHHON MEpHI yria

K TpayCHOM;
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- OIPENENATh 3HAKU 3HAYEHUI TPUTOHOMETPUYECKUX (PYHKIUH.
3HAMb.

- IOHATHE PAJUAHHON MEPHI YIJIA,;

- [IOHATHE CUHYCA, KOCUHYCA, TAHT'€HCA U KOTAaHI'€HCA 4YMCIIA;

- (hopmyny nepexona OT rpaayCHOI MephI yriia K paJuaHHoOM;

- (hopmyny nepexona OT paJluaHHON MEpBI yTriia K I'paJyCHOM;

- 3HaKW 3HAYEHUU TPUTOHOMETPUUYECKHUX ()YHKIIHIMA.

Pannannoe nusmepenue yrjioB u Ayr. CoOTHOIICHUSI MEKIY
rPagyCHON ¥ paIuaHHON MepoH yrJjia

PannanHol Mepoii yriia Ha3pIBae€TCsl OTHOLIEHHE JIMHBI COOTBETCTBYIOILIEH
IOYTU K paIlyCy OKPY>KHOCTH. ENMHUIIEN paAuaHHON MEpPHBI YIJIOB SIBISETCS
paauaH.

VYron B 1 paguan — 3T0 Takoi yroJj, y KOTOpOro JUIMHA IyTH paBHA PAInyCy
OKPYHOCTH.

I'paxycHas Mepa yria B oJuH pajauad pasHa 180°/m = 57°,
dopmyiia nepexojia oT rpalyCHOM MephI YIJia K paJuaHHOM:

P
180°

*

a — paJuaHHas Mepa yria
L — rpagycHas mepa yria
Ipumep 1. L=240°;a="2

4= ——%40° = Z_*24° _Ar
180 18 3

dopmyna nepexoaa OT paAUaHHOW MEPHI YIia K IPaJlyCHOMU:

0
_180°,
T

L

IIpumep 2. a=%[, L="?
0
L=180 *7—7Z=21OO
VA
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CuHYyC, KOCUHYC, TAHT€HC U KOTAHT'€HC YHCJIA.
Tpuronomerpudeckue GyHKIHUU YUCTOBOT0 APryMEHTA, 3HAKH UX
3HAYCHUN

HauepTuM OKpy>KHOCTB C IEHTPOM B Hayaje KOOpAHHAT.

OTHoIIeHUE OpJIUHATHI TOUKU B K qyimHe
paauyca R

Bixy) HA3bIBAETCS CUHYCOM 1
R
L sint =
Kﬁ

0| o

OTtHoI1IEHME a0CUCCHI TOYKHA B K JnHe
panuyca R

Ha3bIBACTCA KOCUHYCOM t.

cost =

;U|Oz

Tanrencom umcna t Ha3bpIBa€TCSl OTHOIIICHUE CHUHYCa 3TOro 4Yuciia K KOCHHYCY,
KOTAaHT'CHCOM — OTHOIICHHUC KOCHUHYCA K CUHYCY.

tot = snL ftgt = —CQSt
cosL sint

Sint, cost, tgt, ctgt Ha3BIBAaIOTCS TPUTOHOMETPUUYCCKUMHU ()YHKIIHSMH.

3HaKH CHUHYCA, KOCMHYCA, TAHTCHCA YU KOTAHI'CHCA I10 YCTBCPTIM.

(SIE
SIE]
e
bl

P
N

N
RSIEYASEVANY

Puc.15

{+
k
k+

3AJIAHUS 111 CAMOCTOSTEJIBHOM PABOTHI
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BOITPOCBI JJII CAMOKOHTPOJIA

Uto Ha3BIBAIOT pauaHHOW MEPOM yria?

Uro sBNIETCA €AMHULIEN paUuaHHOW MEpPHI yria?

dopmyra nmepexoia OT rpalyCHOM MephI yria K paJuaHHON?
®opmysa repexoa OT paAuaHHON MephI yria K rpaayCHON?
Uto Takoe cuHyc yucna?

Uto Takoe KOCUHYC uncia?

Uto Takoe TaHTeHC yncia?

Uto Takoe KOTaHreHc yucia’?

©CoOoN O~ WDNDRE

. Kakwme (I)YHKLII/II/I Ha3bIBAIOTCA TpI/II‘OHOMeTpI/I‘{eCKI/IMI/I?
10.Kakune 3HaKu UMEIOT CUHYC, KOCUHYC, TAHT'CHC U KOTAHI'CHC I10 IIeTBepTSIM?

Ipaxmuuecxue 3a0anus:
1. Haiitu paguannyio mepy yrios: 36°%; 72; 310°
. T, 2m . 37
2. Haiitu rpagycHyio Mepy yria: 3 5 g
3. Kakwue 3HaKM UMEIOT:

cos 160°%; sin 300°%; tg 320°; ctg 500°; sin 70°; cos (-200)°; tg (-45°)

Tpenaikep

3aganue:
1. Haiitu pagraHHyto Mepy yrioB:

30% 459 60% 90% 1209 135% 150°% 1800 2100 2400 2700 315% 36°:
72: 310% 315% 360°% 216% 330°

2. Haiitu rpamycHyro Mepy yria:
5# . 5r _ 11n . 13« . 4_7[ T. T, 3r. . 27, 37[_1

57[_3_7[_ 7_7[ 117z .

) ) ’ ’ ’ 91?1 ’ ’ ’

3’ 9 18° 30’ 3'2 6" 5 3 5 4 212" 6
Ur. B3z
20" 30 °

3. Kakwue 3HaKu UMEIOT:

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.CooTHOIIEHUSI MEKTY TPUTOHOMETPUYeCKUMH (PYHKUMAMHU OJHOTO
aprymeHTa.

B pe3ynbprare n3yueHus: TeMbl CTYJIEHT JOJIKEH:

ymemb:

- IPUMEHSTh HA MPAKTUKE TPUTOHOMETPUUYECKUE TOKIECTBA.
3HaAMb!

- TPUTOHOMETPUYECKUE TOKIECTBA.

1. CyMMa KBaJIpaTOB CI/IHyca u KOCI/IHyca OJHOT'O U TOT'O aprMeHTa paBHa
eINHULIE.
sint + cost=1
in
2. tgr=Nt
cost

3. ctgt = &St
sint

4.tgtctgt=1

5. 1+tg’t=
g cos’t

1

sin?t

6. 1+ctg’t =

[pumep 1. Haiitu cost, tg t, ctg t, ecnmu sint=0,8
cost =+v/1-sin’t =./1-0,64 =0,6

t_smt _0,8_11

_cost_0,6_ 3
3
ctgt = —
g 4

[Ipumep 2. YOPOCTUTh BBIPAKEHUE:

cost .. cost sint _cos’t+sint+sin’t 1

gt ——— = : =
1+sint 1+sint  cost cost(l+sint)  cost
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[Tpumep 3. JZIokazaTh TOXKIECTBO:

sint +1+cost_ 2
1+cost sint sint

sint _ 1+cost_sin’t+1+2cost+cos’t _ 2+2cost _ 2L+cost) 2
1+cost  sint sin t(1+ cost) sint(1+cost) sint(l+cost) sint
2_ 2
sint  sint

3AJTAHMS JIJII CAMOCTOSTEJBHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. CpopmynupyiiTe TPUTOHOMETPUUECKUE TOXKIECTBA.

Ilpakxmuueckue 3a0anus:

3ananue Ha «3». Haiitu sint, tgtwu ctgt, ecau cos t=0,3.
3agaHue Ha «4:

1. Haittm tgt, ecnmu ctgt=0,2.
2. Ynpoctuts Beipaskenus:1) 1 —cos ?t;  2) sin’t +2+ cos %t
3aganue Ha «5»: YIIPOCTUTH BHIPAKEHUS:

1) cos t- cos t * sin’t;

2) ctg?ocos?a — ctgo;

3) (1+ctg2t+%)*35in2tcoszt
cos’t

Tpena:xep

3ananue:

1. Hanitu cos t, tgt, ctgt, ecnu sint :g :
2. Hantusint, tgt, ctgt, ecou cost :%.
3. Haiitu sint, tgt, ctgt, eciu cost :%.

4. Hantu cost, tgt, ctgt, ecom sint:j—g.

5. Hawitm sint, tgt, ctgtecmu cost:—%.
6. YmpoctuTte BEIpaKCHHS:
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1 —sin?t;

(1 - cost)(1 + cos t);
1+ sin’t + cos °t;

sint - sint cos °t;

sin*t + cos “ + 2sin’tcosL;
tg’t - sin’t tg?t;

cos 2t + tg’t cos 2t;

tg?t (2 cos %t + sin’t -1);
1-tg’t+tg’t .

cos’t
sint sint

"1+cost 1—cost’

© ooNoGOA~WNE

10

7. JIOKaKUTE TOXKIECTBA .

1) 1+sint +cost+tgt=(1+cost) (1+tgt);
sin t 1+ cost
2) =—
1-cost sint

3) (ctgt+ 1)+ (ctgt-1)>=

2
sin?t

6.3. [IpeoGpa3oBanHusi cyMM TPUTOHOMeTpHUYeCcKUX (YHKIUI B
npoussenenne. [llpeodpazoBanue npousBeleHUl TPUTOHOMETPHYECKUX
¢yukumii B cymmbl. [1epuoau4HOCTh TPUTOHOMETPUUYECKUX (PYyHKIMI

B pe3ynprare nuzydeHust TeMbl CTyIEHT JOJIKEH:

ymemo:

- MpeoOpa3oBbIBATh CyMMbI TPUTOHOMETPUYECKUX (PYHKINN B TPOU3BEICHUE;
- MpeoOpa3oBbIBATH MMPOU3BEICHUSI TPUTOHOMETPUUYECKUX (QYHKIIMA B CYMMBI;
- HaXOJIUTh TIEPHOJT (HYHKIIUIA;

- IPUMEHSATH (POPMYIIBI CIIOKECHHUS;

- IPUMEHSATH (POPMYITBI IBOWHOTO U MOJIOBUHHOTO apryMEHTA.

3HAMb.
- (hopmynel mpeoOpa3oBaHUs CyMM TPUTOHOMETPUYECKUX (PYHKITUH B
MPOU3BEICHHUE;

- (hopmynel mpeoOpazoBaHus MPOU3BEACHUI TPUTOHOMETPUIECCKUX (PYHKITHI B
CYMMBI;

- IOHSITUE TIEPHOIUIECKON QYHKITNH;

- CBOMCTBA MEPUOTUIHOCTH TPUTOHOMETPUICCKUX (PYHKITUH;

- (hopMYJIBI CITOKEHHUS;

- (hopmyITBI TBOWHOTO W TIOJIOBUHHOTO apTryMEHTA.
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IIpeoOpa3zoBaHusi CyMM TPUIOHOMETPUYECKUX (PYHKIUHI B IPOU3BEICHUE

1. sina+sin B =2sin Gt B s 2P

2 2

2. sina—sinﬂ:2005a+’gsina;ﬂ
3. cosw+cosﬂ:2003a;ﬂcosa;ﬂ
4. COSa—COSﬂ=ZSina;'BSinﬂ;a
5. tga+tgﬁ:—sm(a+ﬂ)

COSx COS [
6. tga—tgﬂ:—sm(a_ﬂ)

COS COS [

ITpumep 1. Beruucnuts:

0 0 0 _1pE0
sin 75° +sin 15° = 2sin 75" +15 oS [kt S 2sin 45° cos30° = 2%? = ?
IIpumep 2. Beraucinuts:
St _x  Sr 7w
sin 5—7T—sin£:23in 12 12 cos 12 12 = 2sin zcosfzzlﬁzﬁ
12 12 2 2 2 2

IIpeoOpa3oBanue Npou3BeeHNH TPUTOHOMETPUYECKUX PYHKUUH B
CYMMBI

1. sinacosp = %(sin (a + B)+sin(a—p))
2. COSaCosf} = %(cos(a + 3)+cos(a - B))
3. sinasin = %(cos(a — p)-cos(a + B))

[Tpumep 3. Berauciauts:
1(, /3

sin 75° c0s15° = %(sin (75° +15° )+ sin (75° ~15° )) = %(sin 90° +sin 60° ) = E[u—] _2+43

4

2

IlepuoAUYHOCTH TPUTOHOMETPHUYECKUX PYHKIMA
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®ynkuuto f HazpBaIOT nEepuoduueckoii ¢ nepuogom T#0, ecmu 1is 060T0
X U3 00JacTH OIpeesieHNs 3HaUeHUsl 3T0i (yHKUMHU B TOUKax X, X-T, x+T paBHBI,
T. €.

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

Bce tpuronomerpuueckue GyHKIpH Y = SIN X, Y = COS X, Y = tg X, y = ctg X
Ha3BIBAIOTCS HEPUOOUHECKUMU.

CBolicTBa MEPUOAUYHOCTH TPUTOHOMETPUUECKUX (PYHKUIUNA MOKHO BBIPa3UTh
TOXKJIECTBAMU

sin a = sin (& + 27K)
cosa = cos(a + 27K)
tga = tg(a + 7K)
ctga = ctg(a + k)

HauMeHnbnii moioKUTENbHBINA IEPUOT 1JII CHHYCa U KOCUHYCa paBeH 27 , IS
TaHT€HCa M KOTaHIeHCa 7 .

IIpumep 4. Beruucinuts:

c053660° = cos(360° *10+ 60° ) = cos60° = %

[Ipumep 5. Beruucnuts:

3
2

w | &
o | &

sin(—300°) —tg(-150°) = sin( —300° +360°) —tg(-150° +180°) = sin 60° —tg30° =
[Tpumep 6. Hatitu mepuon ¢ yHKIUM:

y=sin3x

nycTh T — HCKOMBIN EPUOA

sin3x=sin 3 (x + T) =sin (3x + 37T)

3T=2~x

L2
3

[Ipumep 7. Haiitu nepuoa ¢ yHKIIUN:
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_COSX
Y 2

nycTh T — UCKOMBIN IIEPUOA

X X+T X T
COS— = C0S| —— |=Cc0S| — +—
2 [ 2 j (2 2)

Z =2r
2
T=4r
DopMYyJIbI CIA0KEHUA
1. cos(a— )= cosacos B +sin asin
2. cos(a + B)=cosacos f—sin asin
3. sin(a—B)=sin acos f—cosasin B
4. sin(a+ B)=sin acos f+cosasin B
tga +tgp
5 t =—_>C
gla+p) I tgotap
. . . 3. 5
[pumep 8. Haiitu sin(a + ), eciu sin o = i Cosf=—ro.

2
cosa = —/1—sin’« =—/ _@j :_g

sin f=— 1—(—£j :—2.

S

sin(a+ )=~

[pumep 9. Haiitu tg(a— ), ecu tga = %, tgf :%.
11
)= tga—-19f _ 2 3 _
1+tgatgp 1+

~N| -

tg(a -

oI~

N |
Wl

(I)OpMy.]'ILI IlBOﬁHOFO H MOJIOBHHHOI'O apryMmeHaTa

1) sin2a=2sin a-cosa
2) cos2a =cos’a—sin’a
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2tga

3) tg2a =
) 9 —tgza
4) Sinzgzl—cow sing: /1—COSa
2 2 2 2
5) Coszg=l+005a a_ 1-cosa
2 2 2
6) ¢ a sin
2 1l+cosa

[Ipumep 10. Haiitu sin 2o 1 cos2a, ecnu sin o :g

) . 24
Sin 2a = 2Sih - CoSox =-—

25
2 2
c0S2a = c0s? o —sin 2 a=(—§j —(fj _8 _16_ _l_
5 5 25 25 25
ITpumep 11. Haiitu tg%, eClIM Sin o = ?

¥5

g: sin a _ 3 :\/g
2 l+cosa 4 2
3

3AJIAHUS 111 CAMOCTOSTEJIBbHOMR PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.3anummmTe GopMyIbl IpeoOpa3zoBaHUs CyMM TPUTOHOMETPUUIECKUX (QYHKITUN B
MPOU3BEICHUE.

2. 3anumuTte GopMysbl MpeoOpa3oBaHUs IPOU3BEACHUN TPUTOHOMETPUUECKUX
GYHKIUN B CYMMBI.

3. Kakyro ¢hyHKIHIO Ha3bIBAIOT MEPUOTHMUECKON?

4. Ilepeuncnute TPUTOHOMETPUUECKHE (PYHKIIUH.

5. 3anumute GopMyIibl CBOMCTB MEPUOAUYHOCTH TPUTOHOMETPUUECKUX (DYHKIUH.
6. 3anumure GOpMyIIbl CIOKEHUS.

7. 3anuiute GopMyibl IBOMHOTO U OJIOBUHHOTO apryMEHTA.
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Ipaxmuueckue 3a0anus:

YIIPOCTUTH BBIPAKEHUA:
3agaHue Ha «3».

1) sin 20° cos 40° + cos 20° sin 40°
2)sin 45° cos15° —cos45° sin 15°
3agaHue Ha «4:

1) cos12° cos18° —sin 12° sin 18°
2)cos98° cos8” + sin 98° sin 8°
tg22° +tg23°

P =
)1—t922°t923°

tg45° —tg15°

=2 97
)1+t915°tg45°

3ajjaHue Ha «5»:

sin®19° —cos®19° _sin 257° +sin%33°
sin19° — cos19° tg19° + ctg19°

Tpenaikep
3aganue:
1. Haiitu sin(a—f), ecu cosa = —g, sin 3 = —%.

2. Haiitu sin(a+ ), ecnu cosa:—%, cosfp ==

)
3. Haiiru tg(a + B), ecnu tga = %, tgp = g
4. Haiitu tg(a + B), ecu tge :%, sin /3 :g.
5. Haiitu sin(a+ 8) u sin(a— ), ecnu cosa :%, sin o =
6. Haiitu cos(a+ ) u cos(a— ), ecnu sin a = %, cos /3

7. Haiitu sin g, cosg, tgg, €ClIn cosa:—l.
2 2 2 25
o . 4
8. Haiitu sin 2o, ecau cosa = —.
5
9. Haiitu sin 2, cos2a u tg2a, eciu sSin « :—g.

10. Haiitu sin 2«, cos2«a, tg2a, €Ciu CoSa :%.
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11. Haiitu sin 2c, cos2p, sin(a— ), cos(a+ B), ecin sin « =%, cosﬁz—%.

12. IlpencraBUTh NPOU3BEICHUE TPUTOHOMETPUUYECKUX (DYHKLIMMA B BUAE CYMMBI:

1) sin10°-sin 20°;
2) sin 45°.cos30°.

13. IIpencraBUTh CyMMYy TPUTOHOMETPUYECKUX (DYHKUUN B BUJI€ IPOU3BEICHUS:

1) sin105° +sin 75°;
2) c0s105° —cos75°;
3) sin105° —sin 75°;

4) sin Uz o in 2% ;
12

5) sin U7 _in —;
12

6) CcOS-— +sin L ;
12

7) sin 40° +sin 20°,

14. BelYucanTh:

87

1) tg 405°% 2sin 750°; sin 1843% cos 72307 sin 900°; tg 585°% ctg 750°;
2) tg(-135°) - tg 225°;

3) 2sin 750° — 3c0s900° + tg405°;

4) sin(-330°) + sin (-690°)

15. Haiitu mepuon GyHKIUU:

1) y =19 2x;

2) y=ctg ;;

3) y =cos 3x;

4) y=cosi:
)y 1

5) y=cos .
)y :



6.4. CpoiicTBa U rpaguKH TPUTOHOMETPHYECKUX (PYHKIMA.
OOpaTHbIe TPUTOHOMETPHYECKHE PYHKIMU

B pe3ynbTaTte u3ydyeHus TeMbl CTYJIEHT JOJIKEH:
ymemy:

- CTPOUTH IPaPUKUA TPUTOHOMETPUUECKUX (DYHKIIMIMA.
3HamMb.

- CBOMiCTBA PYHKIMH Y = SiN X;

- cBOMCTBa (PYHKIIMHU Yy = COS X;

- cBOMcTBA PyHKIMM Y = 1] X;

- cBOMcTBA PyHKIMM Yy = clg X;

- CBOICTBA (PYHKIIMU Y = arcsin x;

- CBOMCTBA (PYHKIIMM Y = arccos x;

- cBOMCTBA (PyHKIMM y = arctg x;

- cBOMcTBa (PyHKIMH Y = arcctg x.

CaoiicTBa M rpa)uKH TPUTOHOMETPUYECKUX PyHKIHUH.
OOpaTHble TPUTOHOMETPpHYECKHEe PYHKIIMU.

1. y=sinx
CsBoiicTBa:

1. OGnactb onpeaenenust R: x — mo0oe guco.

2. OO6mnactp 3nauenuid: [-1;1].

3. DyHKIMA HEUETHAs, IEPUONUECKas C IIEPUOIOM 2 77 ; OTpaHUYEHHAs,
nepecekaeT ochb OY B Touke y = 0, ocb OX B Toukax X = 7N, N 20, £1, £2,

4. DyHKIM BO3pacTaeT Ha KaKIIOM U3 OTPE3KOB {— % + 27zn;§+ Zyzm} u
V4 3r
yObIBaeT Ha KaXKJIOM M3 OTPE3KOB {E + 27zn;? + an} .

T V3
5. B Toukax x = 57 27n UMEEeT MaKCUMyMBI (y = 1), B TOUKax X = St 27n

MHWHHUMYMBI

(y = -1).

['padux HA3BIBACTCS CUHYCOUOOIL.
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Puc.16

2.y =CO0S X

CBOMCTBA:

1. O6nactp onpenenenust R: x — moboe ynco.
2. OG6nacts 3HaueHwmii: [-1;1].
3. OyHKIMs YeTHAs, IEPUOJUYECKas C IIEPHOAOM 2 77 ; OTpaHUYCHHAS,

nepecekaet ocb OV B Touke y = 1, ocb OX B TOUKax x = %+ m
4, DyHKIUS BO3PACTAET Ha KAXJIOM M3 OTPE3KOB [— 7 + 27m;27mm| v yObIBaeT
[2700; 72+ 27m], N 20, £1, £2, ...

5. B Toukax x = 270 umeer MakCUMyMsI (y = 1), B TOUKaxX X = 7+ 27N
MUHUMYMBI

(y=-1).

I'paduk Ha3BIBACTCS KOCUHYCOUOOI.

Puc. 17

3y=tgx

CBOMCTBA:

T
1. OGnactb onpenenenust R: x — mo0oe 4ucio, He paBHOE St m.

2. OO0nacTh 3HAYCHUH: Y- JH000€ YHCIIO.
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3. DyHKIUA YeTHasl, IEPUOIUUECKas C IEPUOAOM 7 ; HEOTPAHUUYEHHAS,
nepecekaeT ock OY B Touke y = 0, ocb OX B TOUKax X = 7.

T T
4. ®yHKIUA BO3PACTAET HA KAXKJIOM U3 UHTEPBAJIOB {— oA+ 72711} :
JKCTPEMYMOB HE UMEET.

['paduix HA3BIBAETCS MaHeeHCOUOOI.

Yi
iy
3 r .
—25.11 n -2n n -3 g %‘ T X
Puc.18
4.y =ctg x
CsBoiicTBa:

1. O6nactb onpeaeneHust R: x — mo0oe yucio, He paBHOe m, N £0, £1, £2, ...
2. Obnacth 3HAYCHUH: Y- TH000E YHCIIO.
3. DyHKIHS YeTHAas, IEPUOINYCCKas C IEPUOJIOM 7 ; HeOrpaHHUeHHas, ock OY

T
He mepecekaeT, ock OX mepecekaer B TOUKaxX X = St

4. ®yHKkuus yObIBAET HA KaXKIOM M3 MHTEPBAJIOB [7N; 7+ /7m), SKCTPEMYMOB He

HNMCCT.

I'padux HA3BIBAaETCS KOMaHeeHCOUOOII.
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l y:ffgx

|
L.
- w3 ! T i Lo n ool W, 1 SUN 3N X
el B -3 7 i J
|
Puc.19
5.y = arcsin x
CBoOlMCTBA:

1. Oo6nacts onpeaenenus R: x € [-1;1].

2. Oo6nacth 3HaueHUi: y € {—%%}

3. DyHKIMA HeYeTHAas1, HEeTlepHoInYecKas, orpaHndeHHas, nepecexkaet ocb OY
u ock OX B Havase koopauHat: X =0, y=0.

4. dyHKIMS BO3pacTaeT Ha BCel 00J1acTH omNpeieieHus, YKCTPEMYMOB He

nMeeT.
¥
- p
2
y=arcsinx)
=2 -1 Y 2 g
-7
o
Puc.20
6. y = arccos x
CaoiicTBa:

1. O6nacte onpeneneuust R: x € [-1;1].
2. O6nacts 3Hauenuii: y € [0;7].
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3. CDYHKI_[I/DI HHU 4YC€THAA HHU HCUCTHAA, HCIICPUOANYCCKAA, OTrpaHNYCHHA,

T
nepecekaeT ock OY B ToUke y = > ocb OX B Toukax x = 1.

4. @OyHkuus yObIBaeT Ha Bcel 00J1acTU ONpeeieHusl, SKCTPEMYMOB HE

HUMeEeT.
b
21
\ y=arccos(x)
-2 -1 0 1 7 ¥
—',t |
Bl
Puc.21
7.y =arctg x
CsBoiicTBa:

1. OGnactp onpeaenenust R: x — mroboe.
o T T
2. Obnacth 3HaueHUi: y € {—E;E}.
3. OyHKIUA HEUETHAs1, HETIepUOoIuYecKas, OorpaHnYeHHas1, nepecexaer ocb OY
u ock OX B Hauane koopauHat: x =0,y =0.

4. DyHKMs BO3pacTaeT Ha Bcei 00J1acTu OnpeeNieHus, YKCTPEMYMOB He

HUMCECT.

¥

n

2

-'10 -'5 0 ':. 1'0 X
y=arctgx

-N

2
Puc.22

8. y=arcctg x
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CBOMCTBA:

1. OGnactb onpeaenenust R: x - moboe
O6nacts 3Ha4enuii: y € [0;7].
3. OyHKIMS HU YeTHAs HU HEYETHAs, HeTIEpUOINIecKasi, OrpaHUYCHHA,

N

T
nepecekaet ocb OY B Touke y = > ock OX He nepecekaer.

4. @OyHkuus yObIBaeT Ha Bcell 00J1acTU ONpeieieHusl, IKCTPEMYMOB HE
uMeeT.

y=arcctgx

Puc.23

3AJAHUA 1151 CAMOCTOSTEJIbHOM PABOTHI

BOITPOCHI JJII CAMOKOHTPOJIA
1.3anurmmre cBOMCTBA PYHKIMH Y = SIN X U MOCTPOMTE CXeMaTHYHO rpaduK.
2. 3anummuTe cBoMCTBa GYHKIIMU y = COS X U MOCTPONTE CXEeMATUUHO rpaduK.
3. 3anummre cBocTBa QYHKIHH Y = IJ X U MOCTPONTE CXEeMATUUHO TpaduK.
4. 3anummuTe cBoicTBa GYHKIIMU y = ctg X U TOCTPONTE CXEeMAaTUYHO TrpaduK.
5. 3anmmmTe cBOMCTBA PYHKIIMK y = ArCSiN X ¥ MOCTPOUTE CXEMATUIHO TpaduK.
6. 3anumure cBOMCTBa (PyHKIMH Y = arc0S X W MOCTPOUTE CXEMAaTHYHO TpaduK.
7. 3anummuTte cBOMCTBA PyHKIMH y = arctg X v MOCTPONTE CXEeMAaTHYHO TpaduK.
8. 3anuiuTe cBOiCTBA GYHKIIMM Y = arcCtg X U MOCTPONTE CXEeMaTUYHO TpaduK.

6.5. IIpocTeiiine TPpUroHOMeTPHUYECKHE YPABHEHUS H
HEpaBeHCTBA

B pe3ynbprare nzydeHus TeMbl CTYJIEHT JOJIKEH:

ymemb:

- peuaTh NTPOCTEUIINE TPUTOHOMETPUUECKHUE YPABHEHHUS.
3HAMb.

93



- [IOHATHE TPUTOHOMETPUYECKUX YPABHEHUN;
- [IOHATHE TPUTOHOMETPUYECKUX HEPABCHCTB.
- (hopmMyIBl KOpHEW TPUTOHOMETPUUYECKUX YPABHEHHI.

IIpocreiiniue TPUroHOMETPUYECKHE YPABHEHUS U HEPABEHCTBA.

VYpaBHeHus BHja SIN X =a, COS X = a, tg X = a, Ctg X = @ Ha3bIBaIOTCSA
MPUSOHOMEMPULECKUMU.

HepapenctBa Buja Sin X < a, COS X > a, tg X < a, Ctg X >a Ha3bIBalOTCA
MPUSOHOMEMPULECKUMU.

1.sinx=a x = (-1)"arcsina + zn
o1
IIpumep 1. Pemuth ypaBHeHue SIN X = 5

x = (-1)" arcsin Lyan
2

x=(-1)" %Z + zn

[pumep 2. Pemnth ypaBHEeHHUE SIN X = g
x = (-1)" arcsin g + 7N
x=(1)"Z + zn
4
2.cosx =a X = *arccos a + 2N

1
[Tpumep 3. Pemuth ypaBHEHHE COS X = 5
1
X = £ arccos > +27zn

XZ:I:% + 27N

J3

[Mpumep 4. Pemuth ypaBHEHUE COS (2x —%) =
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J3

2x—Z=+arccos | 2| + 27n
4 2

2x-F=+"10n

2x== 5{+%+ 27N

w
X=x>"—"+>+2zn

B.tgx=a x=arctga+ zn

[pumep 5. Pemuts ypasrenue tg X = +/3

X = arctg +/3 + zn

=2+ 2n
3

4. ctgx=a X = arcctg a + N

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

3
2x=—+ zn
2 Vs

3AJIAHMS 111 CAMOCTOSTEJBbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.Kakue ypaBHEHUs Ha3bIBAIOTCS TPUTOHOMETPUUECKUMHU ?

2. Kakue HepaBeHCTBA HA3BIBAIOTCS TPUTOHOMETPUICCKUMU?

3. 3amumute GopMyITy KOpHS TPUTOHOMETPHUYECKOTO YpaBHEHHS SiN X = a.
4. 3anummnte GopMysy KOpHEH TPUTOHOMETPUUECKOTO ypaBHEHHUS COS X =a.
5. 3anumure popMyny KOpHsS TPUTOHOMETPUYECKOTO ypaBHeHUs tg X =a.
6. 3anuiure GopMyiTy KOpHsI TPUTOHOMETPUUYECKOTO ypaBHEHUs ctg X =a.

IIpaxmuyeckue 3a0anusi:
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Pemnth ypaBHEHUS :
3amanue Ha «3)».

1)cosx:—1;
2

2)tgx=0;

3)sinx=-1

3aganue Ha «4:

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

3) V3tg 3x =1;
3aIIaHI/IC Ha «5»:

1) ctg (%—%);@;

2) 2sin (%—%);/5;
3) 2cos (%’H zxj =-2

Tpenaxep

3ajanue:

Pemute ypaBHEeHUS:

1) sin x :-1;
2

J2

2) COoS X :7;
3) tg x =1;
4) ctgx =1;
5) 2cos x - 1=0;
6) /3tg x - 1=0;
8) cos x =-1;

V2

9) cos X =-—;
2

10) sinxz-g;

11) tgx = %
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 ==
4

1
2

ctgx+1=0;

Jactg x - 1=0;

cos (E - zxj =-1:
6

cosxzﬁ;
2
ctg X =-+/3;
n(5-3)
sin | =-=
2 6
tg3x:§



Paznen 7. IlpsiMblen IJIOCKOCTH B IIPOCTPAHCTBE

7.1. AxcHOMBI CTEpeOMeTPHH M NPocTellIue cJIeJCTBUS U3
HuX.B3aumHoe pacnosioxkeHue AByX NPAMBIX B IPOCTPAHCTBE

B pe3ynbrare u3ydeHus: TEMbI CTYAEHT JOJKEH:
3HAMb:

- IOHATHE CTEPEOMETPUH;

- OCHOBHBIE (PUTYpBHI B TPOCTPAHCTBE;

- AKCUOMBI CTEPEOMETPHH;

- CIEACTBUS U3 aKCUOM CTEPEOMETPUU;

- IOHATHE NapAJUIEIbHBIX NPSIMBIX B IPOCTPAHCTBE.
- IOHATHE CKPEUIMBAKOIIMXCS MPSMBIX.

AKCHOMBI CTEPpeOMeTPHUH U MPoCcTeiilme CJIeACTBUA U3 HUX

Cmepeomempus — pa3fiesl FEOMETPUU, B KOTOPOM H3Y4aroTCs (PUTypHI B
IIPOCTPAHCTBE.

OCHOBHBIMHU (1)I/IpraMI/I B ITPOCTPAHCTBC SABJIAKOTCA TOYKA, IIpAMasd U
ITIJTOCKOCTD.

[Tnockocth OeckoHeuHa. byaem n3o00paxaTh 4acTh MIIOCKOCTH B BUJIE
napasuienorpamMma. [lnockoctr 0603HaUaIOTCS TPEYECKUMU OYKBaMU a, B, ...

v

AKCHUOMEBI CTEPEOMETPHUH .

1. KakoBa Obl HU ObLIA MNIOCKOCTb, CYIIIECTBYIOT TOUKH, IPUHAIICIKAIIIAE dTON
IJIOCKOCTH, M TOYKH, HE TPUHAIeXKAIIIHNE €.
2. Ecmu nBe pa3nuuHbIe IIOCKOCTH UMEIOT OOIIYI0 TOUYKY, TO OHH
MIEPECEKAIOTCA MO NPSIMOU, MPOXOAAIIEH YePE3 ITY TOUKY.
3. Ecnm nBe paznudHbie MpsSMbIe HMEIOT OOITYIO TOYKY, TO Yepe3 HUX MOKHO
MPOBECTH IJIOCKOCTh U MMPUTOM TOJIBKO OJIHY.
ClieIcTBUS U3 AKCHOM CTEPEOMETPUU:

1. Yepes npsiMmyto U HE JIeKaIYIO0 HA HEM TOYKY MOYKHO MTPOBECTH MJIOCKOCTh U
MIPUTOM TOJIBKO OJHY.

2. Ecnu nBe TOYKHM MpSIMON MPUHAJICKAT TUIOCKOCTH, TO BCS TIpSIMast
MPUHAJIEKUT ITOM TIIOCKOCTH.
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3. Uepes Tpu TOUKH, HE J€KAIIUE HA OAHOU MPSAMOM, MOYKHO MPOBECTH
IIJIOCKOCTD U IIPUTOM TOJIBKO OZHY.

B3anMHoe pacnosioxkeHnue AByX NPSMbIX B POCTPAHCTBE

I[Be MMPAMBIC B IIPOCTPAHCTBE HA3BIBAIOTCA napajjiejibHbiMu, €CIIN OHU
JIC)KAT B OJJHOM IJIOCKOCTU U HE MEPECCKArOTCA.

[Ipsimbie, KOTOPBIE HE IEPECEKAIOTCS U HE JIEXKAT B OJJHOM IIIOCKOCTH,
Ha3bIBAOTCS CKPEUJUBATOUWUMUCS].

Teopema: Uepes TOUKY BHE JAHHOU MPSIMOU MOKHO IIPOBECTH HPSIMYIO,
[AapaJUIEIBHYI0 3TOM NPSAMOW, U IPUTOM TOJIBKO OJHY.

JlaHoO: npsimas a.
A€ npsamoii a
a 11 a1l
Jloka3aTh: a; — €IUHCTB.
JloKa3aTenbCTBO.

[TpoBeneM uepes npAMyro a U TOUKY A TNIOCKOCTh « . JIOIyCTUM, YTO CYIIECTBYET
Iapyras npsiMasi az, IpOXoAIasi Yepe3 TOUKY a U MapajulesibHas MpsMOu a. yepes
IPSIMBIE A U a2 MOKHO MPOBECTH IUIOCKOCTh ¢ 2. [IOCKOCTh ¢ 2 MPOXOIUT Yepe3
OpsIMYIO @ U TOUKY A. CJI€J0BaTENbHO, OHA COBMAAAET C IUIOCKOCTBIO ¢ . 3HAYUT,
npsiMas aiy a2 COBIAJIAOT.

3AJIAHMS 111 CAMOCTOSTEJIBbHOMR PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.Yto Ttakoe ctepeomeTpusi?

2. [lepeuncnure OCHOBHBIE (DUTYPHI B IPOCTPAHCTBE.

3. Kak uzo6paxkaeTcst miaocKoCTh?

4. ChopMynupyHTe aKCHOMBI CTEPECOMETPHH.

5. ChopmynupyiiTe CIeCTBUS U3 AKCUOM CTEPEOMETPHUH.

6. Kakue npsiMble B TPOCTPAHCTBE HA3BIBAIOTCS MapaJljIeIbHBIMU?

7. Kakue npsiMble B TPOCTPAHCTBE HA3BIBAIOTCS CKPELIMBAIOLIIAMHUCS ?

7.2. ¥Yroa mexny npsimbiMu. [Ipu3Hak napansieJJbHOCTH NPSIMOii U
IUIOCKOCTH.
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IIpu3Hak napajuieJJbHOCTH IIOCKOCTEel

B pesynbprare u3ydeHus: TEMbI CTYACHT JAOJIKEH:
3Hamb:

- IPU3HAK NAPAJITIETBHOCTHU MPSAMBIX;

- IPYU3HAK MAPAJITIETBHOCTHU MIPSAMOM U IJIOCKOCTH;
- IPU3HAK MapaJUIEIBHOCTHU IUIOCKOCTEN.

Yroa mexay npameiMu. IlIpusHak napaJjuieIbHOCTH NPSAMON H
IJIOCKOCTH

JIBe nmepecekaroluecs npsiMple 00pa3yroT CMEXHbIE U BEPTUKAJIbHBIE YIJIbI.
BepTHKanbHbIE YITIbI PABHBL, 2 CMEXKHBIE JONONHAIOT Apyr Apyra o 180°. Yron
MESKLy ePHEeHIUKYIAPHEIME IIpsAMbIME paBeH 90°. Yroa MexIy napajuienbHbIMH
npsiMbIMU paBeH 0.

[Ipu3Hak mapayieabHOCTH OPIMbIX: JABE MPSMbIE, MapaieIbHbIe TPETheH
IPSIMOM, ITapaJUICIIbHBI.

[Ipu3Hak nmapamieabHOCTH NPIMON U MIIOCKOCTHU: MPSAMAst U MIIOCKOCTh
HA3bIBAIOTCS MAapaJUIeIbHBIMU, €CJIM OHU HE TIEPECEKAIOTCS.
Teopema: Ecnu npsimasi, He npuHaiexkanias IoCKOCTH, apajijiesibHa KaKoil-

HI/I6y,III> Hp}IMOﬁ B ATOM IIJIIOCKOCTH, TO OHA ITapaJlJIC/]IbHA U caMOU MIOCKOCTH.

JlaHO: IIOCKOCTh «
npsMast a € o
npsMast a1 € «o
alla

Hoxkazate: npsimas a 1l «

Puc. 24  Jloka3aTenbCTBO.

Uepes npsiMble a U a1 MPOBEAEM IIIOCKOCTh « 1. ITOCKOCTH a U « 1 IEpeCceKaroTCs
10 TIPSAAMOM a1, ecyi OBl TIpsIMast a Iepecekaa IMIOCKOCTh « , TO TOYKa IePEeCCUCHHS
pUHaIeKana Obl IPSMOM a;1. HO 3TO HEBO3MOXHO, T. K. a Il a;. Mrak, nmpsmas a
HE IepeceKaeT MI0CKOCTh « . ClieroBaTensHo, a llo .

IIpu3Hak nmapajijieJbHOCTH IJIOCKOCTEIA.

[Ipu3HaK napaaaeaIbHOCTH IJIOCKOCTCH: ABC IINIOCKOCTH HA3BIBAKOTCA
mapaJuiCJIbHbBIMHU, €CJIM OHHU HC IICPCCCKAIOTCA.
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Teopema: Ecnu aBe nepecekaromuecs npsiMble OJJHOU INIOCKOCTH
COOTBETCTBEHHO IMAPAJUIENBHBI IByM IPSIMBIM APYIOM INIOCKOCTH, TO 3TH
IJIOCKOCTHU NapalIeIbHBL.

” A“ 5 ) ; JIaHO: TUIOCKOCTH « U f3
2

npsiMbie a1 U a2 € «o

B bi by ..
npsiMbIE B1 U B2 €
di 11 B1
Puc. 25 az 11 B2

Jokasate: o Il B
JIoKa3aTebCTBO:

Jlonyctum, uto «ll B, T. e. mepecekarorcs Mo HeKOTOPoO# mpsimoii ¢. Tak kak aj |l
B1

az 11 Bo, TO OHU HE TepeceKaroT MPSIMYIO C. 3HAYUT, B TUIOCKOCTH o Yepe3 TOUKY A
POXOJIAT JBE MpsIMBIE (21 U a2), MapaJlJiesbHbIE IpsiMoii ¢. Ho 3TO0 HEBO3MOKHO 110
aKCHOME MapaUIeIbHBIX IPIMbIX. [IpuIiiM K npoTuBopeunto. 3Hauut, o Il f.

3AJAHUA 1151 CAMOCTOSITEJIbHOM PABOTHI

BOITPOCHI JJII CAMOKOHTPOJIA
1. ChopmynupyiiTe Npu3HaK MaAPAIETLHOCTH MPSMBIX.
2. ChopmynupyiiTe MpuU3HAK MApAIICTHHOCTH IPSAMOM U TJIOCKOCTH.
3. ChopmynupyiiTe nmpru3HaK MapaIeTbHOCTH IIOCKOCTEH.

7.3. TlapanieibHOe NPOEKTUPOBAHUE U €0 CBOIiCTBA.
IepneHIUKYJISIPHOCTH NPAMOM U IUIOCKOCTH. OPTOroHAJIBLHOE
NPOEKTHPOBaHHUeE.

B pe3ynbprare n3ydeHus TeMbl CTYJICHT JOJIKEH:

3HAMb:

- CcBOMCTBa (PUTYPHI HA TIOCKOCTH;

- IOHATHE NPSIMOU, MEPIIEHAUKYJIIPHON MIIIOCKOCTH;

- CBOMCTBA NEPIEHAUKYJISIPHOCTH MPAMOU U IIOCKOCTH;
- IOHATHE OPTOrOHAIBHOTO MTPOEKTUPOBAHMUSL.
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IHapanienbHOe NPOEKTHPOBAHUE U €r0 CBOICTBA.
IlepneHAMKYJIAPHOCTH NPSAMOM M IVIOCKOCTH. OpPTOroHaJIbHOE
IPOCKTHPOBAHUE.

Jlist u300paxkeHust IPOCTPAHCTBEHHBIX (PUTYp HA TUIOCKOCTU UCIIOJIb3YETCs
IapajuieNIbHOE MPOEKTUPOBAHUE.

JlaHa MI0CKOCTh @ ¢ 4epTekoM. BriOepeM Mpon3BOJIbHYIO MIPSMYIO a,
NEPECEKAIOUIYI0 TUIOCKOCTh YepTeka « .

Puc. 336

Puc. 26

CsoiicTBa d)I/IFVDLI Ha IIJIOCKOCTH .

1. TIpssmonuHelHbBIE OTPE3KU GUTYPHI H300paXKAIOTCA HA MIIOCKOCTH YEPTEkKa
OTpE3KaMUu;

2. TlapamnensHbie OTpe3KkH QPUTYPHI H300pAKAIOTCS HA TNIOCKOCTH
napayIeIbHBIMU OTPE3KaAMU;

3. OTHomIeHNE OTPE3KOB OJHOM MPSMOMN WM MapauIeIbHBIX MPSIMBIX
COXPAaHSIETCS TIPH MapaUICTFHOM MPOEKTHPOBAHUH.

[Ipsamas, nepecekaromas IOCKOCTh, HA3bIBAETCS NEPIEHIUKYISIPHON 3TOU
MJIOCKOCTH, €CJTH OHA MEPICHANKYJIISIPHA JIF0O0H MPSMO#, KOTOpas JISKUT B JAHHOU
IJTIOCKOCTH ¥ MTPOXOJUT YEPE3 TOUKY MEPECECUCHUS.

Teopema: Ecnu nipsimasi NepneHaAuKyIJIsIpHA IBYM NEPECEKAIOIIMMCS MPSAMBIM,
JIS)KAIINM B TUIOCKOCTH, TO OHA MEPIEHAUKYIJISIPHA JAaHHOU TIOCKOCTH.
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JlaHO: INIOCKOCTh «&

NS

% ImpsMas a rNepeCCcKacT o

Jloka3aTthe: mpsmas al o
Jloka3aTenbCTBO:

1) TIpoBenem MpPOU3BOJIBHYIO MPSIMYIO X Yepe3 TOUKY A B IJIOCKOCTH « ,
NEPNEHAUKYISPHYIO MPSAMOH a.

2) TlpoBeneM B IJIOCKOCTU ¢ MPOU3BOJBHYIO MPSIMYIO, HE IPOXOISIIYIO Yepe3
TOYKY A M IEPECEKAIOUYIO MPSIMBIE B, € U X. ycTh B, C 1 X — Toukun
NEPECEUYEHUSI.

3) OTn0XKUM Ha IPSMOI & OT TOUYKH A B Pa3HbIC CTOPOHBI PABHBIC OTPE3KH
AA; = AAj. Coequnum Touku B, C u X ¢ Toukamu A1 u Aj.

4) Paccmotpum A A1CA; — paBHOOenpenHblii (T. K. AC — Me/inaHa v BbICOTA).
A A1BA; — paBHOOenpenHslii (T. K. AB — MenuaHna u BbicoTa).

3nauut, A A1BC = A A2BC (no 3 npusnaky). CnenoBarenbHo, AiBX =
A2BX, CnenosarenbHo, A A1BX = AA2BX (1o 1 npusHaky).
CnenoBarenbHo, A1X = A2X, cienoBarenbHO A A1 XAz — paBHOOSAPEHHBIM.
3naunt, AX siBisiercs BbicoToit. CrenoBaTenbHo, IpsiMas a -+ o

CBoOMNCTBA MEPIEHIUKYIIAPHOCTA TIPIMOU U IJIOCKOCTH:

1. Ecnu niockocTh MEpHNEHINKYIISIpHA OJJTHON W3 ABYX MapasuieIbHbIX MPSMBIX,
TO OHA MEPIEHANKYJISIPHA U APYTOM.

2. JIBe mpsiMble, IEPIEHANKYISIPHBIC OJTHON U TOH YK€ TUIOCKOCTH,
NapaJuIeIbHBbI.

Opmoeommbﬁoe npoexkmupoearue MpUMCHACTCA B YCPUCHHUH — 9TO IIapaJlJICIIbHOC
IIPOCKTHPOBAHUC IIPAMBIMH.

3AJIAHUSA 111 CAMOCTOSTEJIBbHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Chopmynupyiite cBOMCTBA PUTYp HA TIJIOCKOCTH.
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2. Kakas npsimasi, mepecekaronias mioCKOCTb, HA3bIBAETCA MPSIMOMU,
MEPIEHANKYJIIPHON 3TOM INIOCKOCTH?

3. ChopmynupyiiTe CBOMCTBA MEPIEHAUKYIISIPHOCTH NPSIMOM U TUIOCKOCTH.
4. Yto Takoe OpPTOrOHAJIbHOE NPOEKTHPOBAaHUE?

7.4 IlepneHAMKYJISIP M HAKJIOHHAS. YTO0J MeXKAYy NPAMOH 1
IVIOCKOCTHI0. JIBYTPAHHBIN YIoJ. YT0J MEXKAY NJIOCKOCTAMHM.
IlepneHANKYJISAPHOCTD ABYX IIOCKOCTEH

B pe3ynbTaTe u3ydeHHs TEMbI CTYJICHT JOJIKEH:
3HaMb.

- IOHATHUE TIEPIICHIUKYJIAPa K IMJIOCKOCTH;

- IOHSATUE OCHOBAHUS MEPIECHIUKYIIAPA;

- IOHSATUE HAKJIOHHOM;

- IOHSATUE OCHOBAHMSI HAKIIOHHOM;

- MIOHATHUE TPOCSKIIMY HAKIIOHHOM;

- IOHATHUE yTiIa MEXKTY TPSIMOU U TIIOCKOCTHIO;
- IOHATHUE ABYTPAHHOTO YTJIA;

- IOHATHE TPaHeH u pedep;

- TIOHSITHE yTJIa MEeXKIY TUIOCKOCTSIMH;

- IPU3HAK NEePIEHANKYISIPHOCTH JABYX IUIOCKOCTEH.

IMepnieHAUKYISIP M HAKJIOHHASA. YTO0J MEKIY NPAMON U
IUIOCKOCTBIO.

JlaHa MJIOCKOCTh o W HE Jexaras Ha Hevl Touka A, Touku Cu B € «.

A
AB - nepneHauKysp
B — ocHOBaHue nepneHauKyspa

a
B AC — HakJIOHHaA
C v
C — ocHOBaHHE HAKJIOHHOM
Puc. 28

OTpe3oK, COeTUHSIONINN JaHHYI0 TOYKY C TOUKOM MJIOCKOCTH U JICKAIIUM

Ha MPSMOM, MEePIECHIUKYIIPHON MIIOCKOCTH, HA3bIBACTCS NEPNEeHOUK)IAPOM,
OMYILEHHBIM U3 JAHHOM TOYKHU Ha JJAHHYIO MIIOCKOCTh. KOHell 3Toro oTpeska,
JeXKAIIUNA B IJIOCKOCTH, HA3bIBAETCSI OCHOBAHUEM NEPNEHOUK)IADA.
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OTpe30K, COeTMHAIOMINMA TAHHYIO TOUYKY ¢ TOYKOM IMIIOCKOCTH, HE
ABJISIIOLLNKCS IEPIEHAUKYIISIPOM K INIOCKOCTH, Ha3bIBACTCA Hak1oHHoU. KoHen
ATOrO OTPE3KA, JIEKALINN B INIOCKOCTH, HA3BIBAECTCS OCHOBAHUEM HAKAOHHOU.

OTpe30K, COETUHSIOMNK OCHOBAHUE NIEPIEHANKYJIISIPA U HAKIOHHOM,
IIPOBEJICHHBIX U3 OJTHOM U TOM K€ TOYKHU, HAa3bIBACTCS NpoeKyuel HaKIOHHOU.

Yron Mexay IpsAMOU U €€ NPOEKIMEN Ha INIOCKOCTh HAa3bIBACTCS )2/10M
MedACOY NPAMOU U NAOCKOCDIO.

JABYrpaHHbIi yroj. YroJj Mexay miIoCKoCTAMMU.
IlepneHAUKYJIAPHOCTH ABYX INIOCKOCTEH

®durypa, ooOpazoBaHHas ABYMsl MOJYIUIOCKOCTSAMHU € 001IeH
OTrpaHUYMBAIONIEH UX MPSMOM, Ha3bIBACTCS 08yepanubim yeaom. 11oaynnockocTu
Ha3bIBAIOTCS epaHAMU, OTPAHUYMBAIONIAS UX MIpsMast - peopoM.

L1

Puc. 29

[IpoBenem MmI0CKOCTh y , MEPECEKAIONIYI0 MITOCKOCTH o U . OHa mepecekaer

JaHHBIC IINIOCKOCTH 110 ABYM IIPAMBIM. Vron MCIKAY 3TUMHU IIPAMBIMHU HA3BIBACTCA
yeaom M@chay JaHHBIMU 7JIOCKOCMAMU.

JIBe nmepecekaromuecs I0CKOCTH Ha3bIBAKOTCS NEPIEHIUKYISIPHBIMH, €CIIU
TPETHSI IIIOCKOCTh, NEPIICHAUKYJIISIPHAS IIPSIMOM ITEPECEUEHUS 3TUX IIOCKOCTEM,
[IEPECEKAET UX MO NEPINECHAUKYISPHBIM MPSIMBIM.

Teopema. Ecin miiockoCTh NPOXOAUT Yepe3 NPAMYIO, NEPIEHAUKYISIPHYIO IPYTron
IJIOCKOCTH, TO 3TH IJIOCKOCTH MEPIEHANKYIISIPHBI.

MEQPNEHAHNYAADHEE NADCKOCTH

JlaHo: mIocKkoCcTH o U f

alp npsiMasi B Lo

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

a U [ TEepeceKaroTcs 1o IPsIMOU C

Jlokazatse: o 1 s

Jloka3aTenbCTRBO.

IIpoBeneM B INIOCKOCTH ¢ 4epe3 TOUKY B npsaMyro a, NeprneHauKyIapHYIO IPAMOR

C. IPOBe/IeM Yepe3 MPsIMbIE a U B IIOCKOCTh » . OHa MepneHAuKyIsIpHa IPSIMOH C,

T.k. ¢+ awuc-L s Tax kak HpHMaHaJ‘B,TO a J—,B

O N AUk W~

3AJTAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI

BOITPOCBI JJII CAMOKOHTPOJIA

. UTo Ha3BIBAIOT NEPIECHANKYIIPOM K IJIOCKOCTH ?
UTo Ha3bIBalOT OCHOBAHUEM MEPHEHIUKYIIsIpa?
Y10 HA3BIBAIOT HAKJIOHHOM ?
Y10 HA3BIBAIOT OCHOBAHMEM HAKJIOHHOM?
UTo Ha3BIBAIOT MPOCKIIMENH HAKITIOHHON?
UTo HaA3BIBAIOT YIIOM MEXAY MPSIMOM U TIIOCKOCTHIO?
UTo Ha3BIBAIOT ABYTPAHHBIM YIJIOM?
UTo Ha3BIBAIOT IPaHbIO?
. Uto Ha3wIBatOT pedpom?

10 UTo HaA3BIBAIOT YIIIOM MEXIY MIIOCKOCTSIMU?
11. ChopmynupyiiTe IpU3HAK MEPIICHANKYISIPHOCTH JIBYX IIJIOCKOCTEH.

Tpenaikep

3ajaHue:

Pemnts 3agaun:

1.

2.
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OzuH U3 YIIIOB OpH IIEpeceYeHUH BYX NpaMbIX paseH 73°. Haiitu
OCTaJIbHbBIC YIJIBL.

OnuH 13 yrioB Opyu NEPECEUEHUH ABYX MPAMBIX B 3 paza MEHbIIIE IPYroro.
Haiitu yrusr.

OnuH U3 YIII0B PaBHOOEIPEHHOT0 TpeyroibsHuKa paseH 67°. Haiitu
OCTaJIbHBIC YIJIBIL.

Y TpeyroibHUKA OJMH U3 BHYTPEHHUX yIJI0B paBeH 55° a ouH U3 BHEIHUX
140°. Haiitu ocTanbHble BHYTPEHHHUE YIIIbI TPEYTOIbHUKA.

OfuH U3 BHEIIHUX YITIOB PaBHOOEIPEHHOrO TpeyroasHuka pasen 1200,
Haiit BHyTpeHHHE YIJIBI TPEYTOJIBHUKA.

JIBa BHeIIHMX yria TpeyronbHuka pasubl 110° u 133°. Haiitu TpeTni
BHEIIHHUU yTOJI.



7. OpuH M3 yIIOB IpH NEPECEUEHUH IBYX IpAMbIX Ha 35° Gombmie apyroro.
Hawitu 31 yroer.

8. U3 TOYKHM K MIIOCKOCTH NPOBEIEHBI ABE HAKJIOHHbIE. HallTH AJIMHBI 3THX
HAKJIOHHBIX, €CJIM OJIHA U3 HUX Ha 26 cM Oouiblle ApYroi, a NpOeKIHH
HAKJIOHHBIX paBHBI 12 cM 1 40 cm.

9. U3 TOYKM K MJIOCKOCTH MPOBEJEHBI JIB€ HaKJIOHHbIe. HaliT JIMHBI ATHX
HAKJIOHHBIX, €CJIM HAKJIOHHBIE OTHOCATCS KaK 1:2, a MpOeKIMY HAaKJIOHHBIX
paBHbI | cM 1 7 cwm.

10.HaiiTu yribl, KOTOpbIE NOJYYatOTCs IPU NMEPECEYEHUH IBYX NPSIMBIX, €CIIU
CyMMa TpeX 3THX yrioB paHa 270°

11.Ha¥iTu cMeXHBbI€ YIJIbl, €CJIM UX TPaJyCHbIE MEpbl OTHOCSTCS Kak 3:7.

12.HaiiTu yriasl TpeyrojbHUKA, €CJIM OHU MPONOPLUHUOHAIBHBI YuciaMm 2,3,4.

Pa3znen 8. BekTopbl 1 KOOpPAMHATHI

8.1.BekTOpbI HA MVIOCKOCTH M B MPOCTPAHCTBE.
JledcTBUS HAl BEKTOPaAMHU C 3aJaHHBIMH KOOPAMHATAMH

B pe3ynbrare u3ydeHust TeMbl CTYAEHT JOJIKEH:

ymems:

- HAXOJUTh KOOPAUHATHI BEKTOPOB;

- BBINIOJIHATH IEUCTBUS HAJl BEKTOPAMU C 3aIaHHBIMU KOOPJIMHATAMM.
3HaMb:

- IOHSTUE ¥ 0003HAYEHUE BEKTOPOB;

- IOHATHE OJIMHAKOBO HAIIPABJICHHBIX BEKTOPOB;

- IOHATHE TPOTHUBOMOJI0KHO HAIIPABIEHHBIX BEKTOPOB;

- IOHSATUE a0COTIOTHOMN BEIMYUHBI BEKTOPOB;

- IOHATHE HYJIEBOTO BEKTOPA;

- (hopmyInBI KOOPAMHAT BEKTOPA HA TIOCKOCTH M B TIPOCTPAHCTBE;
-(opmyIibI CyMMBI BEKTOPOB Ha TIOCKOCTH U B TPOCTPAHCTRBE;

- (hopmynel MpOU3BEICHNS BEKTOPOB Ha MJIOCKOCTH U B MPOCTPAHCTBE;
- (hopMyIBI CKANSIPHOTO MPOU3BEICHUS BEKTOPOB HA TUIOCKOCTHU U B
MIPOCTPAHCTBE.

BekTopbl HA IVIOCKOCTH U B IPOCTPAHCTBE

Bexmop - nanpaBneHHbIN 0Tpe30K. HampaBnenue BekTopa onpeaensercs
yYKa3aHHUEM €ro Hauaja u KoHla. HampapiieHue BeKTOpa 0TMEUAETCs CTPEIKOM.
J11s1 0003HaUeHUSI BEKTOPOB MCIOJIB3YIOTCS JIATUHCKHE OYKBHIL: &, 8, C, ...;A, B, C,
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/'

Hauano BekTopa cTaBUTCS Ha IEPBOM MECTE; BMECTO CIIOBA «BEKTOP» HAJ
OyKBaMH CTaBUTCSI CTpeJIKa WM YepTa.

a, a, BA, BA

BekTopbl Ha3bIBAIOTCS 0OOUHAKOBO HANPABIEHHBIMU, €CIIU TTOITYIPSIMbIE
OJIMHAKOBO HAIPaBJICHBI.

BCKTOpBI HAa3bIBAXOTCA nNPpOMUEONOJI0HCHO HanpaeileHHbiMU, CCIIA
MMOJYIIPAMBIC ITPOTUBOIIOJJIOKHO HAITPABJICHBI.

Abcontomuasn eeruuuna eekmopa — JJIMHA 0TPe3Ka, n300paKaroIiero
BEKTOP.

O06o3HauaeTcs: | a |

Hynesoti exmop — BEKTOp, y KOTOPOT0O HA4aJIO COBIMAIAET ¢ KOHIIOM (Y HETO
HaIlpaBJieHUs HET, abcotoTHas BenuunHa paBHa (). O6o3Havaercs: (a).

PaBHbIC BCKTOPBI OAMHAKOBO HAITPABJICHBI U PABHBI 110 a0COJIFOTHOM
BCIIMYHNHC.

KoopanHatel BEKTOpA:

1. Ha mmockoctu: Hauano A(X1; y1) 1 KoHel B (X2; y2) — Ha3pIBatOTCS yucia (X2 —
X1, Y2 = Y1).

2. B mpoctpanctBe: A(X1; y1;Z1) 4 KOHEI B (X2; y2; Z2) — Ha3bIBAIOTCS YMCIIA
(X2 — X1; y2 — Y1, Z1- Z2).
JeiicTBUSA HAX BEeKTOPaMH € 3aJJaHHBIMU KOOPAMHATAMH.

JlercTBUA HAJT BEKTOPDAMMU:

1. CymMmdad 6eKmopoes.

1) Ha muockocTu — CyMMOU BEKTOPOB a (a1; a2) ¥ B (B1; B2) Ha3bIBACTCS BEKTOP
c (a1 + By; a2 + B).

a (a1; a2) + B (B1; B2) = ¢ (a1 + B1; a2 + BY).

2) B OPOCTPAHCTBE -
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a (a1; ap; az) + B (By; B2;B3) = ¢ (a1 + By; a2 + By; ag + By).

2. [Ipousseoenue:

1) Ha MIIOCKOCTH — MPOU3BEACHUEM BeKTOpa (ai; a2) Ha YMcia0 K Ha3bIBaeTCs
BEKTOP

(k az; k ap), T. €.
(ag; a2)’k = (k ag; k ap)
2) B IPOCTPAHCTBE
(a1; az; az)k = (K ag; K az; k as)

3. CKaJIpHOoe np0u3eec)eHue 6EKMoOopos

1) Ha IMJIOCKOCTH — CKaJISIPHBIM MPOM3BEACHHEM BEKTOPOB a (ai; a2) U B (B1; B)
Ha3BIBAETCS YUCIIO a1B1 + a2 By. O003HauaeTcs a'a = a’,

a (a1; a2) * B (B1; B2) = a1B1 + a2 By
2) B IPOCTPAHCTBE -
a (ay; a; as) * B (B1; B2;B3) = a1B1 + a2 B2 + a3B3
3AJIAHUSA J1JIS1 CAMOCTOSATEJBbHOM PABOTHI
BOITPOCHI I CAMOKOHTPOJIA

1.Yto Takoe BekTOp?

2. Kak 0603Ha4aroTcs BEKTOPHI?

3. Kakue BEKTOpbI Ha3bIBAIOTCS OJMHAKOBO HAIIPaBICHHBIMU?

4. Kakue BeKTOpbI Ha3bIBAIOTCS IPOTUBOMOJIOAKHO HAIIPABICHHBIMU?

5.YUt0 Takoe abCoJIIOTHAs BEJIMUMHA BEKTOpa?

6. Kakoii BeKTOp Ha3bIBa€TCsl HYJIEBBIM ?

7. Ilo xkaxoit hopmyJie HAXOAATCS KOOPJAMHATH BEKTOPA HA TUIOCKOCTH ?

8. ITo kakoit popMyIie HAXOAATCS KOOPAUHATHI BEKTOpPA B MIPOCTPAHCTBE?
9.Tlo kakoi# (hopmysie HAXOAUTCA CyMMa BEKTOPOB Ha MJIOCKOCTU?

10. ITo kaxoit popmyiie HAXOAUTCS CyMMa BEKTOPOB B IPOCTPAHCTBE?

11. ITo xakoit popMyre HAXOAUTCS MPOU3BEJACHUE BEKTOPOB HA TUIOCKOCTH?
12. ITo kaxoil ¢popmysie HAXOAUTCS IPOU3BEJAECHNUE BEKTOPOB B MPOCTPAHCTBE?
13. ITo kaxoit hopmylie HAXOAUTCS CKAISIPHOE MPOU3BEICHHE BEKTOPOB Ha
IIJIOCKOCTH ?

14. ITo xaxoil ¢popmysie HAXOAUTCS CKAISIPHOE MPOU3BEJICHHE BEKTOPOB B
MIPOCTPAHCTBE?

109



8.2.1IpsiMOyrosibHbIE KOOPAMHATHI HA IVIOCKOCTH U B IPOCTPAHCTBE

B pesynbprare u3ydeHus: TEMbI CTYACHT JAOJIKEH:

ymemb:

- CTPOUTB BEKTOPBI B CHCTEME KOOPAMHAT Ha IJIOCKOCTH U B IIPOCTPAHCTBE;
- CKJIa1bIBaTh BEKTOPHI IO IPABUITY TPEYTOJIBHUKA U 110 MTPABUITY
MapajuiesiorpamMmma;

- BBIYUTATh BEKTOPHI;

- YMHOXaTbh BEKTOPBI HA YUCJIO.

3Hamy:

- IPABWJIO TPEYTOJIbHUKA;

- PAaBWJIO IapajuiesiorpaMmma.

HpﬂMoyFOJ'lebIe KOOPAUHATDBI HA IIJIOCKOCTH M B IIPOCTPAHCTBE

Jlan Bextop AB B cucteme koopauHar. A (x1; y2) B(x2; y2)

Ha nnockoctu: 1. O — Hayano KOOPAMHAT, X MU'y — OCH KOOpJUHAT

r

[} Y |
c. v A ) X —ochk a0cruce
a ) Y —och opauHar
X 0 B X
Puc.31 M v
Y!
Puc. 31

B npoctpanctBe: T. O — Ha4ano KOOpAWHAT, X My — ocu koopauHaT, OX — och
a0crucce

OV — ocb opauHat

Z
D OZ - och anmmkKar
B(x;vy;z
A (x;y;2)
X — a0ciucca
< c .
(o} Y y — OpJuHaTa
d
B: | Z — anIuIikuKara



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

JlericTBUSA Ha BEKTOPAMU:

1) Ilpasuno mpeyeonvnura

Puc. 33

Puc. 34

3) Buluumanue 6ekmopos

O
ol o
]

Puc. 35

4) Vmnooicenue sexmopa Ha 4ucio

/—Ei' 34 J/ -03a

Puc. 36
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http://wiki.eduvdom.com/_detail/subjects/geometry/%D0%B2%D1%8B%D1%87%D0%B8%D1%82%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2_123.png?id=subjects:geometry:%D1%81%D0%BB%D0%BE%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5_%D0%B8_%D0%B2%D1%8B%D1%87%D0%B8%D1%82%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B2%D0%B5%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2

3AJTAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI

BOITPOCBI JJIsI CAMOKOHTPOJIA

1.Kak Ha3biBatoTcs ocu koopaunat OX, OY u OZ?
2.Kak Ha3bIBalOTCSI KOOPAMHATHI X, Y U Z?

3. ChopmynupyiiTe MpaBUiio TPEYroabHUKA.

4. ChopmynupyiitTe mpaBuiio mapasiesorpaMmma.

5. Kak BbIUHTAIOTCS BEKTOPHI?

6. Kak yMHOXUTb BEKTOP Ha YHCIIO?

Ilpakxmuueckue 3a0anus:

3amanue Ha «3».

1.Haitnute BEKTOp C, paBHBII CYMME BEKTOPOB a U B, €CJIU:

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

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

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

3aanue Ha «4:

1.lansl BexTOpHI a (2; 3; -3) u B (3; -1; 2). HaiiTu:

4a — 3B;
-3a + B;
(4a — 3B)(-3a + B);
aB;
a. (-3a+ B)?
3aganue Ha «S»: JlaHbI TpU BEKTOpa a, B U C.

—

[TocTpoiiTe BEKTOPBI, paBHBIE:

g o
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a. at+B+c;
6. a—B+c;
B. -at+B+C

Tpenaxep

3ananue:

1. lan nenyneBoit BekTop OA. OTnoxuth oT Touku O BekTopsl: 3 OA, -2 OA, 0,5
OA, -0,75 OA, 50A.

2. Jlansl BexTopsl a (1; 2; -3) u B (4; -1; 2). Haiitu:

e. 3a—2B;
XK. -5a + B;
3. (3a—2B)(-5a + B);
U. aB;
k. (-5a+ B)?
3. Hailtu ckansipHOE MpOU3BEAECHUE BEKTOPOB:

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

1. Ha npsimoit nansl Tpu Touku A, B, C, npuuem Touka B exxuT Mexay Toukamu
A u C. Cpenu BextopoB AB, AC, BA u BC Ha3oBUTe 0JIMHAKOBO
HaIlpaBJICHHbIE U POTUBOIOJIOKHO HAIpPaBJICHHBIE.

2. Jlanbpl BekTop AB 1 Touka C. OTIOXHTE OT TOYKH BEKTOP, PABHBIN BEKTOPY
AB, ecnu:

a. Touka C nexut Ha npsimoi AB;

6. Touka C He nexut Ha mipsimoit AB.

Haiinure BEeKTOp ¢, paBHBI CyMMe BEKTOPOB a U B, €CJIU:

a

B. a(l;-4) B(-4;8)
r. a(2;5 B(4;3)
Haiinure BEeKTOp ¢, paBHBIN pa3HOCTH BEKTOPOB a U B, €CIIU:

~

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

8. Han tpeyronsnuk ABC. Haiinute cyMMy BEKTOPOB:
a. ACuCB;
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6. ABuCB;
B. ACu AB;
r. CAuCB.
9. JlaHbBI TpH BEKTOpA 4, B U C.

g

ITocTpoiiTe BEKTOPHI, paBHBIE:

r. a+sB+g;
a. a—BtC;
€. -atBTtC
10. ITocTpouts BekTOop AB, ecnu:

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

8.3. liimHa BeKkTOpa. Yroy Mexay Bekropamu. PaccTosiHue Mexxay TOUKaMH.
YpaBHeHue nNpsiMoil. Y paBHeHHE OKPYKHOCTH

B pe3ynbTaTe n3yueHUs TEMBI CTYACHT JOJKCH:
ymemy:

- HAXOJUTh JUTMHY BEKTOPA;

- HAXOJIMTh PACCTOSTHUE MEKYy TOUKAMH.
3HAMb.

- IOHSTHE yTJIa MY BEKTOPaMHU;

- (hopmyny IITUHBI BEKTOPA;

- (hopMyITy pacCTOSIHHSI MKy TOUKAMU;

- o011Iee ypaBHEHHUE TIPSMOM;

- YaCTHBIC CITydau OOIINEro ypaBHEHUS MPSIMOW;
- hopmyITy ypaBHEHUS OKPYKHOCTH.

JiiuHa BeKTOpa. YroJu Mexkay BekropamMu. PaccTosinne MeR1y TOUKaAMU.

Han Bextop AB A(x1; y1) ¥ B (x2; y2)

JlnrHa BexkTOpa |AB| = \/ (x2 —X )2 + ()/2 —N )2

[pumep 1. Haiitu nnuny Bexropa AB, eciin A(1; 1) u B (4; -3)
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4B/= \J(4-17 +(-3-1* =5

Venom meoicoy moObIMU ABYMS 6eKmopamu a U B HA3bIBAETCS YTOJI MEXKIY
PaBHBIMHU UM BEKTOPaMH C OOIIMM Ha4yajoM.

PaccTosiHue Mex1y TOUKaAMM:

d? = (x2 — x1)? + (y2 — y1)?

d= \/(xz _xl)z +()’2 _y1)2

YpaBHeHue NPAMON. YpaBHEHHE OKPYKHOCTH

JIroOas npsiMasi B ICKAPTOBBIX KOOPAMHATAX X, Y KIMECT YpaBHEHUE BH/IA
ax + By + ¢ = 0 — oO11ee ypaBHEHHE MPSIMOM
rZie a, B, C — HEKOTOPBIC YKCIIa, PUIEM XOTs ObI OJTHO M3 YKCENT HE PaBHO HYJIIO.

YacTtHble cliydyau 06IIICFO YPaBHEHUS OPSIMOM;

c=0 ax+ By =0 — nmpoxoauT 4epe3 HayajJo KOOPIUHAT
a=0 By+c=0—napamnensHa ocu Ox

0 ax+ c¢=0—napamuiensHa ocu OY

0 ¢c=0 By=0-coBmanaet ¢ ocrto OX

0 ¢c=0 ax=0-cosmagaer ¢ oceto OY

aObrwbdE

B
a
B

JlaHa OKpY>KHOCTh C LIEHTPOM B TOUKE Ap (a; B) 1 paguycoM R. Bo3pmem
MIPOU3BOJIbHYIO TOUKY A (X; ) Ha OKPY>KHOCTH.

R?=(x-a)* + (y - B)°

A28 Alky)
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Puc. 37
3AJAHUS 1JI51 CAMOCTOSTEJBHOM PABOTHI
BOITPOCHI J1JI51 CAMOKOHTPOJILA

1.I1o xako#t hopmyse HaXOAUTCS AJIMHA BEKTOpa?

2. Yto Ha3bIBAIOT YIJIOM MEXKIY BEKTOpaMH?

3.I1o kako#t hopMyIie HAXOTUTCS PACCTOSHUE MEXKIY TOUKAMU?
4. Kakoit Buj umeet oluiee ypaBHEHUE TPSIMOii?

5.0nuimTe 4acTHhIE Clly4ad OOIIEero ypaBHEHUS MPSMOH.

6. Kakoii Bu1 uMeeT ypaBHEHNUE OKPYKHOCTHU?

Ilpakxmuueckue 3a0anus:

3ananue Ha «3». Hatitu paccrosaue mexay Toukamu:1)(3;5) u (3;4); 2)(2;1) u (-
51)

3ananue Ha «4: lansl Touku A(1; -2; -3), B(2; -3; 0), C(3; 1; -9), D(-1; 1; -12).
Boeruncnuth paccrosiaue mexay Toukamu: 1) A u C; 2)Bu D; 3)C u D.

3ajanue Ha «5»: JlokaszaTk, 4TO TpeyrojbHUK ¢ BepminHamu A (2; 2), B (16; 5), C
(5; -2) sBIsIETCSA PABHOOEIPCHHBIM.

Tpenaxkep

3ajaHue:

1. Jansl Tpu Touku A (4; -2), B (1; 2), C (-2; 6). Haiitu pacctosHue Mexay
TOYKaMH, B3ITHIMH IOIMAPHO.

2. Bpruncnuts nepumetp TpeyroibHuka ABC, BepiimHaMu KOTOPOToO SIBISIFOTCS
touku A (6; 7), B (3; 3), C (1; -5).

3. Jloka3arb, 4TO TPEYroJbHUK ¢ BepmimHaMu A (-1; -5; -2), B (-4; 0; 0). C (-7; -4; -
3) sBasieTCS paBHOOEAPEHHBIM.

4. Jlokaxkute, uto yeThipexyroiabHuk ABCD c Bepmunamu B Toukax A (4; 1), B

(0; 4),

C (-3; 0), D (1; -3) siBnsieTcst KBapaToM.
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5. Hokaxwure, uto Touku A (1; 0), B (-1; 0), C (0; 1), D (0; -1) sBastroTcs
BEpIUIMHAMU KBaJiparta.

6. Kakue u3 touek (1; 2), (3; 4), (-4; 3), (0; 5), (5; -1) nexar Ha OKpYKHOCTH,
3a[JaHHO} ypaBHeHHEM X° + y? = 25

7. Halizute Ha OKPYKHOCTH, 3aJaHHOM ypaBHeHHEM X2 + y? = 169, Touku:
1) ¢ abcruccoii 35;
2) ¢ opauHatoit -12.

8. HaitguTe TOYKM nepecedeHus ¢ OCSIMU KOOPAUHAT MPAMOi, 3a1aHHON
YPaBHEHHUEM:

1) x+2y+3=0;

2) 3x+4y =12;

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

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

9. HaiiTu TOuKy nepecedyeHust NpsMbIX, 3aJaHHBIX YPABHEHHUEM:
) x+2y+3=0u 4x+5y+6=0;

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

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

10. Jansl Touku A (4; 0), B (7; 4), C (-4; 6). Haittu nnunsl BektopoB AB, BC,
CA.

11. Beruucnure nepuMeTp TpeyrojabHUKA, BEPIIMHAMHU KOTOPOTO SIBISIOTCS] TOUKHU:
1) A(4;0), B(7;4), C(-4;6);
2) A(6;7), B(3;3),C(1;-5).

Paznen 9. Hayasia MmaTeMaTH4eCcKOro aHaIu3a

9.1. IlpousBoaHas. CBoiicTBa NPOU3BOTHOM

B pesynbrare u3ydeHust TeMbl CTYACHT JAOJKEH:
ymemu:

- HAXOAUTh MPOU3BOJIHYIO () YHKIIUH.

3Hamy:

- nousatue auddepeHpyemMon QpyHKIuu;
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- noHsATUE AU DHEepEeHINPOBAHUS.

IIpouseoonoii pynkyuu f (X) B TOUKe Xo HA3bIBACTCS MPEACI OTHOIICHUS
npupaienus A f QyHKIMK B 3TOH TOYKe K MPUPAIICHHUIO apryMeHTa, KOr/ia
MOCTIEIHEE CTPEMHUTCS K HYJTIO.

IimM= lim f(x, +AX)— f(x,)

Ax—0 AX Ax—0 AX

Oyuknus f (X), iMeromas TPOU3BOAHYIO B K&KIOH TOUKE HEKOTOPOTO
IPOMEXKYTKA, HA3BIBACTCS OudghepeHyupyemoti 8 3mom npomedrncymxe.
O6Gosznauaerca f (x).

Haxosxaenue nmpon3BoIHON Ha3bIBACTCS Ougpepenyuposaruem.

OCHOBHEIC CBOMCTBA MIPOU3BOJIHOM:

1. ¢/'=0 2/=0
2. (x)/=1
3. (x)"=nx"t (x%) = 3x2

4. (sin x)/ =cos x
5. (cos x)' = -sin X

3AJAHUA 151 CAMOCTOSTEJBHOM PABOTHI

BOITPOCHI JJI1 CAMOKOHTPOJIA

1.Kakas pyHkius Ha3piBaeTcs ¢ depeHIpyeMoli B HEKOTOPOM MPOMEKYTKE?
2. Uto Takoe auddepennupoBanue?
3. 3anuirTe OCHOBHBIE CBOMCTBA MPOU3BOHOM.

Ilpaxmuueckue 3a0anusi:

Hatiti mpon3BogHYIO CAEAYIONIUX (HYHKITHII:
3agaHue 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
3ananue Ha «4:

118



1) y=5,6x-2x3 + 4x;
2) y=-6x%+9x 2

3) y=- §X9+ 13x5 + 12;

4) y=-3x"- %X5—4§X3 -3;

5) y=7-9x%- 13x — 4x3,
6) y=5x""+54x2+2x-9
3aIIaHI/Ie Ha «5»:

1) y= §x4—lx_3+1x2+3;

4 3 8
2) y=-2xY4+5;
3) y=0,5¢ - >

4) y=_—9+7x—2;
X
5) y=x3+ 2Jx;
6) y=—6,9x8+3%X2+8x+10

Tpenaikep

3aganue: HaliTu mpou3BOIHYIO CIIETYIOMUX ()YHKITUMN:

3;
X)

2X

X,

y =2x3 - 3x;
y=5x2+3x—4;
y=-3x8+3x% - x + 24;
y=x"-4x>+2x - 6;

10.y = 6x° + 3%){3 + 5x;
11.y =3x*+3x8 - 2;

12.y = 5x7 + 3x — 12x%;
13.y = 15x3 - 2x% + 4x;

1l4.y = -6x% + 9x — %XG;

y=
y=
y=
y=
y=

©CoNoaRrWNE

15.y=- %Xg + 3x% + 12;

16.y = 3x’ - 2x° — 4x3 -3;
17.y=7- 0x? - 13x — 4x5;
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18.y = 5x%+4x°+2x - 9;
19.y = 5x® + 3x — 4;

20.y = %X“ +3x8+2x-3;
21.y =-9x° + 3x3 - 3x + §;

22.y = 1x4 —lx3 +lx2 +3,
4 3 2
23.y = 2x*+ 5;
24.y = 3x - % ;
X

25.y = 1+5x—2;

X
26.y =x°+ Jx;
27.y = -6x8 + 3x% + 8x + 10;
28.y =-3x3-12x - %Xg;
29.y = 9x® + 10x —15x5;
30.y =-6x%+ 9x — %XG;

3Ly = %xﬂ _3x* + 6x - 36:
32.y=x*-23x3+ 14x + 18.

9.2. IlpousBoaHAasi CyMMBbI, IPOU3BEAEHUS U YACTHOIO ABYX (YyHKIIUIi

B pesynbTaTte u3ydeHust TeMbl CTYJIEHT JOJIKEH:

ymemu:

- HaXOJIUTh MPOU3BOJAHYIO CYMMBI, TPOU3BECHUS U YACTHOTO ABYX (DYHKITHIA.
3Hamy:

- popMyy MpOM3BOAHON CYMMBI IBYX ()YHKITHI;

- (hopmyny mpou3BOIHOM TPOU3BEACHUS ABYX ()YHKIIHIA,

- (hopmyTy MPOU3BOIHOM YaCTHOTO ABYX (DYHKIIHIA.

Ilpouzeoonasn cymmol, npou3ee0eHus u YacmHo20 08yx PyHKyuil.

1. (u+v)'=u’+v/
2. (uv)/=uv+v'u

/ / /
u uv-vu
3. (8] =22
\' \Y

Ipumep 1. Haiitu npoussoauyo GyHkmun y = x2 + 3x3

y = (x%+ 3x%) = (x») + (3x®) = 2x + 9%?
[pumep 2. Haiitu npousBoauyio GyHkmun y = (X + 5)(2x - 8)
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Y =(x+502x-8)=x+52x-8)+(x+5(2x-8)/=3x+2

2
[Mpumep 3. Haiitr npou3Boauy0 QyHKIHH Y = %

3AJTAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Hanumure ¢popMyiny mpoU3BOAHONW CYMMBI IBYX (pYHKIIUH.

2. Hanumure ¢hopmyiy Npou3BOAHON MPOU3BENCHUS IBYX (PYHKIUH.

3. Hanummure GpopMyiy npou3BOAHON YaCTHOTO JIBYX (PYHKIIUH.
Ilpaxmuueckue 3a0anus:

Haiitu npousBoaHyt0 crneayomux GyHKINM:

3amanue Ha «3)».

1) y=4x*+3x;

2) y=12x*-x-2;

3) y=-4x%-8x*—6x+22;
4) y=8x'-14x>+ 5x - 10;
5) y=6x>+ %X3+9X;

6) y=19x*+ 3x® — 22,
3ajanue Ha «4:

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

6
2) y=—;
X
3) y=Q2+x)(x + 7);
4
4) y=—,;
X
X" +5.
5) Y= -8x*’

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

3ajianue Ha «5»:

1) y=(-2x°-3)(1 - 4x3);
9+ 2%,
DY e
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_ —3x-2x°

3) y 1-2x%
4) y = (2x34+6x-10)(3 + 10x — 6x?);
5) y=(2x72-3)(1 - 4x3);

2-2x7?
6 =
) y 3x—5x7°

Tpenaxep
3aganme: Halitu npou3BoiHYIO CleAyrommX (yHKIIHMA:

1) y=4x3-8x;

2) y=10x>+5x — 2;

3) y=-4x%+3x*—16x +2;
4) y=8x"-14x> + 5x - 10;
5) y=16x>+ %X3+6X;

6) y=9x*-5x8-22;

7) y=x(x+1);
1

8) y= 5,
X

9) y— ©

) y= x-1’

10) y=x34+2x-x?);
11) y=x’Bx+x%);
12) y=(2x-3)(1-x%;

13) _ 1+2x :
3-5x
2
14 =_*
) y 2x% -1
3x-2
15 ==
)y 5x+8’
16) y=>"2
X
3 _3x
17) y=21—°%.
) Y 1+4x*
5—2x°
18 =
) M 1-x°
19)  y=2x33 + 10x — 6x?);
12
20 =
) y 3x?
2
-2
) y 4x3
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22) y=(4x-3)(6+x%;

23) _ 4—3x;
5x—-6
24)  y=x°(-6x — 3x?);
—2x*
25 =
) Y 2-7x°
3
26 = —
) y 8—x*

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

28) y = 5x% — 81x+2;

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

30) y=-4x"+0,33x* - 16x + 2;
31) y=0,8x"-14x7+ 25x + 60;

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

33) y=3x*-5x2-22;
34)  y=-6x(23x +2);

35) y= %

X

4x? .
36) y:—2x3—1o’

37) y=06x34+2x - 3x?);
38) y=5x%3x+2x%);
39) y=(2x-3)(6x—-x3);

14 2x?
40) B 3—;)( ;
— 22
41) y= _2x5_3;
3x-2 .
) Y s
3+2
43) = szi
X +2x
4) y= Tt
45) _ 5x — 2x*
5X + 7x°
46) y=-2x*3x+ 10 +3x?);
a7) y=1%

X

9.3 .IlpousBoaHas cio:xxHoi pyHkuuu. [Ipon3BogHasi cTeneHHON,
Jorapu(pMu4ecKou U nNoKa3areJbHOM PyHKIMI

B pe3ynbprare n3ydeHus: TeMbl CTYJIEHT JOJIKEH:
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ymembnp:

- HaXOJUTh MIPOU3BOJAHYIO CTEIIEHHOMW, JOrapu(pMUUYECKON U MOKa3aTEIbHOMI
GyHKIU.

- HaXOJUTh IPOU3BOJIHYIO CIOKHOU (DYHKIIMIA.

3HAMb:

- IOHSITUE CIOXKHOU QPYHKINH;

- (hopmyny npou3BOIHON CTENEHHOW (PYHKIUY;

- (hopmyny npou3BoIHOM JorapudmMuueckort PyHKIUY;

- (hopmyny npou3BOIHOM MOKa3aTEAbHON (PYHKIUY.

[Tycte nausl aBe Gynkuu y = f (x) u z = g (y), npudem o01acTh
ornpeaencHust PYHKIMUA  COACPKUT MHOKECTBO 3HaUeHUI PpyHKIMHN y. OyHKIHSA,
3amanHas popmyoii Z = g [(y)], Ha3bIBaeTCA CIOKHOM QYyHKIIMEH, COCTaBICHHOMN
u3 ¢pyukuuii fu g.

z=9I(y)]
z'=d (D]
1.(x"Y=nx"1.x/ (x®+3x+10)? Y=2 (x*+3x +10)(2x +
3)
/o L ) 1
2 () - 2 O
3. (Inxy = % (Inxy = = (x¥)'= ‘1
4, @) =a*Ina (2¥Y=2%1In2

[pumep 1. Haiiti mpou3BoaHy0 QYHKIIHH
f(x)=(x*-1)*

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

[Ipumep 2. HaliTu npou3BoiHYI0 G YHKIIMU
f(x)= V3x? +1

1 / 60 -
fl(x)= ——(38°+1) =————=__ 35
2/36° +1 ( ) 2436° +1 /382 +1

[Ipumep 3. Haiitu npon3BoiHyO PyHKIIMH
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Fo0 = +1f
f/(x) =((x3 +1)2ﬁ: %(()ﬁ +1)2 ); *(x3 +1)2 = %((x3 +1)2 ); *3x% = i/%

3AJTAHMS JIJII CAMOCTOSITEJIbHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Kakas QpyHKIMs Ha3bIBA€TCS CIOKHOM?

2. Hanumure ¢hopmysny Npou3BOAHON cTeNeHHON (DYHKIIHH.

3. Hanumure GpopMyiy npou3BOJAHON MMOKA3aTENbHONU (DYHKIIMH.

4. Hanumure ¢hopmyiy Npou3BOAHOM orapudMuueckon GyHKIIUH.
Ipakxmuueckue 3a0anus:

Haiitu npousBoaHyt0 crneayomux GyHKINN:

3amanne Ha «3».

L y=(x-2)°
2. y=(x* +2x)°
3. y=(x+3)

4. y=41%

5. y=(3 +5x+x%?
3ajanue Ha «4:

VIx? +5
n (-5x’ + 14x + 3)
-2x° +5)3
N
5 y=(-23)"
3ajjaHue Ha «5»:

I
=3

1y
2.y
3.y
4.y

1 _ 1+ x° ’

R x> -6

2. y=-x*y-6x*-3

3. y=+-3x"-7x-6

4. y=3/-5x*—6x

5. y=-6(-6x2 - 6x +2)/
Tpena:xep

3ananue: HaliTu npou3BOHYIO ClIEYIOMUX (DYHKIUMN:
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y=(x+2)*

y=(x? -2x)*
y=(3x-2)°
y=(x*-1)°
y=x%-x+1)*
y=503x% -x+4)’
y=(23 + 15x + x3)?
y=x+1

1 2
X —X

10.y = (2x® +5)3

11.y =3(5x? -x +4)°
12.y = (x% - 2)°

13.y = (-2x- xX°)®

14.y = \/3x* -4

15.y = x*/4x-3

16.y = V4—x?

17.y = vx* -3x?

18.y = (x3 - 2x% + 5)3
19.y = (x3 - 1)°
20.y=(x*-5x+7)°
21.y = (x3 + 6x% — 5x)’
22.y=1In(x>+3x+9)
23.y = (x*+3x + 4)?
24.y = In (-4x? + 10x + 3)
25.y = In (6x* - 3x3 - 29)
26.y =1In (2x + 4)
27.y=1In (3 + 12x°%)
28.y = (23 + 35x + 9x?)®
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

37.y=x3V2x* -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)7°
43.y = 0,3(-5x% - 3x + 4)*
44.y = (10 + 5x + 2x3)?

45.y = J2x +1
3x-10 Y’
46.y =
y (4x2—2xj

47.y = (-3x3 +15)?

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

50.y = (-6x+5x°)*

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

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

53.y = V4 -2x?

54.y = V2x7 +3x°

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

57.y = (-3x3 +5x -3)®

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

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

67.y=4*

9.4.Bropasi npou3BOAHAS, €€ TeOMeTPUYEeCKUI U (PU3NYECKHH CMBICJI

B pe3synbrare u3ydeHust TeMbl CTYACHT JAOJIKEH:
ymemu:

- HAXOJUThH BTOPYIO TPOU3BOJIHYIO.

3Hamy:

- IOHATHE BTOPOW MPOU3BOJIHOM.

Jlana npousBogHas y = T (X).

[pomssogHas y' = f(X) Ha3eIBaeTCA MPOM3BOIHON MEPBOTO MOPSAAKA MU
MEPBOM MPOU3BOJIHOM.
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[IpousBogHas OT MepBOK NPOU3BOJHON HA3BIBAETCS BTOPOU ITPOU3BOTHOM
WM POU3BOJHOM BTOpOro nopsiaka. O0o3HavaeTcs:

y"=f(x)
CyllecTBYIOT TaKk€e MPOU3BOIHBIC BBICIIIMX TOPSIIKOB.
IIpumep 1. Halitu BTOpY1O NPOU3BOIHYIO:
y = <3 yl=3X2 y” =6x
y=x"-2x3+x-3 y=5x%6x>+1 y" =202 ~12x
3AJJAHUA I CAMOCTOSTEJBHOM PABOTBI
BOITPOCBI 1JIs1 CAMOKOHTPOJIA

1. YTto Ha3bIBaIOT BTOPOM MPOW3BOIHON?

Ilpaxmuueckue 3a0anus:
HaiiTu BTOpyI0 MpOM3BOJHYIO CIENYIOUUX (PYHKIU:

3amanue Ha «3)».

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

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

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

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

5) y=-3x3-4x> + x.
3ajjaHue Ha «4:

1) y= %x4+3x'6+2x- 3;
2) y=-9x>+0,3x>-3x + §;
3) y= gx4—gx3+%x2+3x—45;
4) y=(3 +10x + 2x3)?
5) y=(-2x" +5)°
3ajanue Ha «5»:
1) y=~+-9x"+4
2) y= \-5x-7x°

6—
3) y= "7
X
—6x?
4 = :
)y —5x° -1
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5) y=2x3(4 - 2x — 6x2);
6) y = (x*6)(3x +x°)

Tpenaxep

3aganue: HaliTu BTOpYIO MPOU3BOAHYIO CIEAYIOMMX (DYHKIIHIA:
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1) y=23 +15x + x5
2) y=6x5+3%X3+5x;
3) y=3x*+3x%-2;

4) y=5x"+3x — 12x5
5) y=15x3 - 2x2 + 4x;

6) y=-6x+9x — =

7 y=- §X3+3X6+12;

8) y=3x"-2x>—4x3-3;

9) y=7-9x%- 13x — 4x3;

10) y=5x*+4x>+2x-9;
11) y= 5X2+3X—4'

12) y=2= x+3X8+2X 3;

13) y=—9x +3x3-3x +8;

14) y—%x“—éx +;x +3;

15) y=(23 + 15x +x3)?

16) y= (ZX + 5)3
17) y= +/3x
18) y= VJ4-x?
19) y= iz;
2
X
20) y= = _1

21) y=x34+2x-x?);
22) y=x’(3x+x%);
23) y=(2x-3)(1-x%;

24) _ 1+2x
3-5x

9.5. BospacTanue u yobIBaHHe (DYHKIIUH.

IKCTpeMyMbI PyHKIIUH



B pe3ynbTaTte u3ydyeHus TEMbl CTYJIEHT JOJIKEH:
ymemy:

- CCNeA0BaTh PYHKIUIO HA SKCTPEMYMBI.
3HaMb:

- IOHATUE yObIBatoLel QyHKINH;

- IOHATHUE BO3pacTarouell QyHKIUU;

- IOHSITUE UHTEPBAIIOB MOHOTOHHOCTH;

- IOHSATUE TOYKH MAKCUMYyMa;

- IOHSITUE TOYKH MUHUMYMA;

- IPaBUJIO HAXO0XJIEHUS SKCTPEMYMOB (D YHKIIMU C TOMOILbIO TIEpBO
ITPOM3BOIHOM.

Oynknus y = f(X) nHaszpiBaeTcst yovisaroweti Ha MHTEpBae (a; B), €CIIN JJIs
JHOOBIX X1 U X2, IPUHAICKAIIUX HHTEPBATY

f(x1) > f(x2)

Oyukiust y = f(X) Ha3pIBaeTCs 603pacmaroweli Ha MHTEpBaje (a; B), €CIU
JUTSL TEOOBIX X1 M X2, IPUHAJICKAIIUX HHTEPBAITY

f(Xl) < f(Xz)

WNuTepBanbl, B KOTOPbIX (PYHKIMS yOBIBAET UM BO3PACTAET, HA3BIBAIOT
UHmMep8aNamu MOHOMOHHOCHIU.

Touka Xg Ha3eIBaeTCsA mouxou munumyma Gyakuuu f, ecom mist Becex X u3
HEKOTOPOU OKPECTHOCTH Xo BBITIOJIHAETCS HEPABEHCTBO

f(x) > f(xo)

Touka Xg Ha3sIBaeTCs moukou maxcumyma Gyakuu f, ecnm s Beex x u3
HEKOTOPOU OKPECTHOCTH X0 BBIIIOJIHAETCS HEPABEHCTBO

f(x) < f(Xo)

Touku MakcuMyMa U MEHUMYyMa Ha3bIBAIOTCS DKCTPEMAJIbHBIMA TOYKAMHU
WU MOYKAMU IKCMPeMyMd.

HDaBI/IJIO HaXOXACHHUA SOKCTPEMYMOB d)VHKI_[I/II/I \ f(X) C IMTOMOINBIO HGDBOﬁ

OPOU3BOIHOM.

1. Haiitu nponssomnyio f/(X).
2. Haiitu xputndeckue Touku Gyaxiuu y = f(X), T. e. Touku B KoTopsix f/(X)
oOparaeTcsi B HOJIb HJIU TEPIUT pa3phiB.
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3. Hccnenosats 3HaK npou3BoaHOM f/(X) B mpoMeskyTKkax, Ha KOTOpbIe
HalJICHHbIE KPUTHYECKUE TOUKH JIEJIAT 00JIACTh ONpeAeicHUsS QYHKIMHA Y
= f(x). [Ipu 5TOM KpHUTHYECKas TOYKa Xg — MIN, €CITH OHA OTIEISACT
poMeskyToK, B kotopoM f/(X)<0, ot mpomesxyTka, B koTopoMm f/(X)>0; max
— Hao0opoT. Eciu B coceTHUX MPOMEXKYTKAX 3HAK MPOU3BOIHON HE
MEHSIETCSI, TO B TOUKE X YHKIIUS IKCTPEMYMa HE UMEET.

4. BpuuciuTh 3HaUeHUE QYHKIIUHM B TOUKaX SKCTPEMyMa.

IIpumep. Uccnenosath Ha kcTpeMyM QyHKIMIO y = 3x% — 12X + 9

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

4. ymin:y(2)='3

3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCBHI JJII CAMOKOHTPOJIA

1. Kakast pyHKIMS Ha3bIBa€TCs YOBIBAOIIICH ?
2. Kakast pyHKIMSI HA3bIBAETCS BO3PACTAIOMICH?
3. Kakue uHTepBasbl Ha3bIBalOT HHTEPBAJIAMU MOHOTOHHOCTHU?
4.Y10 Ha3bIBAIOT TOYKOW MUHUMYyMa?
5.YTo0 Ha3BIBAIOT TOYKOW MakcuMyMa?
6. ChopMynupyiiTe mpaBUiIo HaXOKACHUS IKCTPEMYMOB (DYHKIIMH C TIOMOIIBIO
IIEPBOM MPOU3BOIHOM.
Ilpaxmuueckue 3a0anus:

HccnenoBath Ha SKCTPEMyMBbI (PYHKITUU:

3amanue Ha «3)».

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

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

3ajianue Ha «5»:

1) y= % x® — x* +301;

X3

2 Y50
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Tpenaxep
3aganme: VccnenoBarb Ha SKCTPEMYMBI (DYHKIIMH:

1) y=-x*+6x-8;
2) y=x%-4x;

3) y= x2+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=1X2—6x+5;

4
11) y=%x3—x4—35;

12) y=6x%-6x+5;

13) y =x?-1;

14) y=%x3—%X2 -4x + 6;
15) y=x>

16) y = 2x%

17) y= % x4 - 2x;

18) y=x+ % x? -5;
19) y=6x- xX>-7;

20) y = x>
21) y=-5x% - 2x + 2;

_1 3.3 2 .
22) y=3xX-5x +6x -7;

23) y = 2x% — X% -4x+ 5;

24) yZ%Xs—X;
2 =X .
5) TR
27

26 =3X———

) y=3———

3

27 =X—'
) y 3x?-1’

28) y=2x%+3X + 4.
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9.6 .JlpuMeHeHne NPOU3BOAHON K MOCTPOCHUIO rpapuKkoB GpyHKIMit

B pe3ynbTaTte u3ydyeHus TEMbl CTYJIEHT JOJIKEH:

ymemy:

- UCCTIEA0BATh HA BBIITYKJIOCTb rpaduK QyHKIUY;

- HaXOJIUTh TOYKH Nepernda rpaduka GyHKUIUU.

3HamMb:

- IOHSATUE HANIPABJICHUH BBIMYKIOCTH rpaduka GyHKUINU;
- IOHATHE Touek neperuda rpaduka QyHKIUU.

HanpasieHnus BbINYKI0CTH rpaguka pyHKUMH.
Hanpasnenus BeInykinocTy rpaduka GyHKIUY:

1) ewvinykrocms 66epx — BCe TOUYKH rpaduKa JeKaT HIDKE KacaTelIbHOM

K

Puc. 38
2) 6bInyKIOCMb 8HU3 — BCE TOUKU Ipad)rKa JIeXKaT BhIIIe KacaTeIbHON

_J

Puc. 39

Ecmu y' = f(x) - nonoxurensHas, To rpaduk (GyHKIUU BHITYKI BHU3;
Ecmu y" = f(x) - orpunarensuas, To rpaguk GyHKIUN BHITTYK] BBEPX.
[Ipumep 1. Mccnenyem Ha BHIMYKIOCTh Tpaduk QyHKIHH:
f(x) =x3-3x2+2x+1
f/(x) =3x%—6x+2
f/(x) =6x-6
Haiinem kputrHueckue TOUKU:

6x -6 =0
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x =1

(s 1)U (L + )

[Ipu nepexone uepe3 ToUKy X =1 QyHKIMS MEHSET 3HAK C — Ha + .

Ha untepBane (-« ; 1) rpaduk pyHKImu BeITyKI BBepX; (1; + o« ) — BHU3.
Touku neperuda rpaguxa pyHkuuu.

Touka rpaduka, B KOTOpOH CYIIECTBYET KacaTeabHas, W IPH IEPEX0e
4yepe3 KOTOPYIO KpUBasi MEHSICT CBOE HAIIPaBJICHUE BBITYKIIOCTH, HA3bIBACTCS
mouKou nepeauoa.

Ecnu X — Touka neperu6a, o f”(xg) = 0
Touxu neperu6a tam, rae f(x) ve cymecrsyer

[Ipumep 2. Haiitu Touku neperuda rpadguka GyHKINUN:

x}=2x2+7x-4

=1
JORE
fi(x) =x>—4x+7
fl(x) =2x -4

X = 2 — KpUT. TOUKa

y=f(2) =4

(2; 4 %) — TO4YKa reperuda

3AJIAHMS 111 CAMOCTOSTEJIBbHOM PABOTHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Kakue ObIBafOT HampaBieHus BRITYKI0CTH? CXeMaTHIHO M300paszute rpaduk

byHKIHH.
2. Uto Takoe Touka nepernda?

lIpakmuueckue 3a0anusi:

3agadaue Ha «3».

1.MccnenoBaTh Ha BEITYKIOCTh Tpaduk pyHKmit: y = 2x3
2. Haiitu Touku neperu6a rpadukos QyHKIMil: y = x>+6
3agaHue Ha «4:
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1.MccnenoBars Ha BBIMYKIOCTh Tpaduk QpyHkmii: y = 5x3-2x%+2x-10
2. Haiitu Touku nepern6a rpaduko QyHkmmii: y = 6x3-6x°+2x-1
3ajaHue Ha «5»:

1.MccnenoBaTh Ha BBITYKJIOCTb rpauK QyHKIUN: y = — 5 ;
X —

X’ +6
—3x

2. Haiitu Touku nepernda rpadukoB QyHKUUN: y =

Tpenaxep

3ananue:

1. UccnenoBath Ha BBIMYKIOCTh TpaduKu PyHKITUN:

1) y=x*-2x36x+1;
2) y=x3- 6x>+2x - 6;

3) y=%x3—2xz+3x—3;

4) y=-x*-2x3+12x* + 15x - 6;
5 y=x+ 6 ;
X
6) y=3x>-10x* - 30x3+ 12x + 7;
7) y=—x2-1;
8) y =x*-2x3+6x + 1;
9) y=x3
10) y=2x3
1
1) y= x* +1
X
X* —4
2. Haiitu Touku nepernda rpadukoB QyHKITUHA:

12) y=

1) y=x3- x-6;

2) y=6x2-x3-2;

3) y=x*—8x3+ 18x2 - 4x + 31;
4) y=1+x3

5) y=x*—8x3+24x% + 1;

6) y=%x3—3x2+8x-3;
7) y=x*-10x3+ 36x% + 100;
8) y=%x5-43;
9) y=x3- 3x;
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10) y=%x4+11,
1

11) Y=
2

12) y=X X‘4

9.7. IlepBoodOpa3nas

B pe3ynbTaTte u3ydyeHust TeMbl CTYJIEHT JOJIKEH:

ymemy:

-HaXOJIUTh MEepBOOOPa3HYI0 (DYHKIIHH.

3HamMb:

- IOHSTUE TIEPBOOOPA3ZHON PYHKIUY;

- IOHSITUE UHTETPUPOBAHUS;

-CBOMCTBA NMepBOOOpa3HON (DYHKIIUH.
IlepBooOpa3Has

Oyuknus F HaspiBaeTcs nepsooodpasznou s pyuakuuu f Ha 3a1aHHOM
IPOMEXKYTKE, €CJIH JJISI BCEX X U3 3TOT'0 MPOMEXKYTKA

F (x) = f(x)

3 3
pumep 1. F/ (x) = % - nepBoobpazHas pynkuuu f (X) = x2, T. k. (% Y =x?,

3
Ho (% +7) = x2, nosromy f(X)=F (x)+C

OTbIcKHMBaHUE MTepBOOOPa3HON (HYHKIIMH I10 33JIaHHOM e¢ POon3BoIHON f
(X) — nmeticTBue, 0OpaTHOE MU (DEPCHIIMPOBAHMIO — UHMESPUPOBAHUE.

CBolicTBa IIEPBOOOPAZHOM:

1. JIro6ast mponsBogHas st GyHKIMH f Ha HEKOTOPOM MPOMEKYTKE MOXKET OBITH
3anrcaHa B BUJIE

F(x)+C, rme
F (X) — mepBooOpasnas pynkuun; C —TTpon3BOJIbHAS ITOCTOSTHHAS.

2. Eciu F — mepBooOpasnast s pyaknuu f, a G — mepBoodpaznas mist g, To F+ G
— niepBooOpasuast s f + g.

(F+G)Y=F+G =f+g

3. Eciim F — mepBooOpasnas st pynknuu f, a K — mocrosiaHast, To pynkmnus KF —
nepBoooOpaszHas ms Kf,
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(KF) = kF = kf
[Ipumep 2. Haiitn nepBooOpa3Hyro GyHKIHUU

fx)=2+x3

4
F(x)=2x+ 2
(9 =2x+ %

3AJTAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI
BOITPOCHBI JJIsI CAMOKOHTPOJIA

1.Yto Ha3bIBalOT EepBOOOpa3HON GyHKIIHEH?
2.YT0 Takoe uHTerpupoBaHue?
3. Copmynupyiite cBOMCTBa UHTETPUPOBAHMUS.

IIpaxmuyeckue 3a0anusi:
Haiitu mepBooOpasHyro cienyromux yHKIIHii:

3amanue Ha «3)».

1) f(x) =-8;
2) T(x)="17x;
3) f(x)=2-x%

4) f(x) =x%- 3x;

5) f(x) =x"— 8x%+ 4x? + 10;

6) f(x)=-5x>+ 2x>+7x-3
3agaHue Ha «4:

1) f(x) = % X6 — x4 - 5

2) f(X)=-§X5+9X6+2X-4;

3) f(x)= 1x4—1xs+lx2+3x+5;
8 9 4

4) f(x) =-6 x + COS X;
5) f(x):-§x3+3x6+1;

6) f(X)=%x3-3x7+2

3ajianue Ha «5»:

Df (x) = xl_z + 2x-6;
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2)f ()= 8-

3)f (x) =3 sin)>c<;
A)F(x) =47 -3x3+ &
5) f (X) = 5x2 + 2x73 )-IC- 11;
6) f (x) = xi _ 3sin x

1.

Tpenaxep

3ananue:
Haiitu mepBooOpasHyro cienyromux QyHKIHii:

1) f(x)=3x>-2x+4;
2) f(X)=4x—-6x>+1;
3) f(x)=5x—-x3-20;
4) f(x)=3x>-2x+4;
5) f(x)=2-x*

6) f(X)=3x;

7) £(x)=-3;

8) f(X)=x+cos x;

9) f(x)=x°®-5x;

10) f(x):xis—z;
11) f(x):l—x%;
12) f(x) =2sinx;

13)  f(0=6-3C+
14) f (x) = 5x% + 2x3 + 11;
15  f(x)= xi _sinx:

1.

16)  f(X)=x- 2 —22;
X

17) f (x) = 5x° — 5x + 36;

18) f(x) =-10x8 - 1;

19) f(x) =x*— 8x3+24x2 + 1;
20) f(x)=x3- 6x%+2x - 6;
21) f(X)=1+4x—x%

22) f(x)=-9x°+3x3-3x +§;

23)  f(x)= % X3 — x4 - 35;
24)  F(=-2x+ 30+ 12

25) f(x)=x3- 3x;
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26) f(x)= % + sin X;
X

27y f)=te-teiles
47 37 2
28) f (x) =3x°- 10x* - 30x3+ 12x + 7;

29) H@=X+g;

30) f(x) =3x*+3x8-2;

31) f(x) =5x" +3x - 12x%;
32) f(x) =15x% - 2x% + 4x;
33) f(x) =7x2+14x+ 1;

34) f(x) =5x*+4x>+2x-0.

9.8. HeonpeneJjieHHbIII HHTETPAJI M €ro CBOWCTBA

B pe3ynbTare n3yueHusi TeMbl CTYJIEHT JOJIKEH:

ymemb:

-HaXOJIUTh HEOIPEICIICHHbIE WHTETPalibl METOJIOM HETOCPEICTBEHHOTO
WHTETPUPOBAHUS;

-HaXOJIUTh HEOIIPEICIICHHbIE MHTErpajibl METOJOM 3aMEHBI IEPEMEHHBIX.
3HAMb!

- [IOHATHUE UHTETPUPOBAHUS;

- [IOHATHE HEONPEAEICHHOTO UHTETPAJIA;

- CBOMCTBA HEOIIPEICIICHHOTO UHTErpaJIa;

- METOJbl HAX0XKICHUS HEONIPEAEICHHOTO UHTETpalla.

IlonsiTHe HeompeaeIeHHOT0 HHTerpaJia

Hnmeepuposanue — oneparusi, ooparaas gudpepeHImpoBaHUIo, 3TO
OTBICKUBaHHUE TIEPBOOOPA3HON PYHKITUH.

F(x)="fx)
Opumep 1. f(x)=3x> F (x)=x3 - nepsoobpasnas

COBOKYITHOCTH IepBOOOPa3HBIX s pyHKIwH f (X) Ha3pIBaeTCs
HeonpeoeeHHbIM UHmMe2paiomM U 0003HaYaeTcs I f(x)dx.

If(x)jx= Fx)+C

f (x) — moapIHTETpasIbHAS (QYHKITUS

f (x) dx — mogBIHTErpaIbHOE BHIPAKEHUE

139



C — npou3BOJIbHAs MOCTOSTHHAS

CBoiicTBa HeoNpeAeJIECHHOI0 HHTEerpaJja

1) Heomnpenenennslit nHTErpai oT quddepeniuana GyHKIUU paBeH dTOH
(YHKIUU TUTIOC TTPOU3BOJIbHAS TOCTOSTHHAS
If(x)dx= F(xx)+C

2) Tlpou3BoHAsI HEOTIPEIEIICHHOTO HHTETpajla paBHA MOABIHTETPAIbHOM
byHKIIIHU

(| F0x) =F(x)
3) duddepennnan HEONPEACICHHOTO HHTErpajia paBeH MOIBIHTErPATbHOMY
BBIPKEHU IO

dJ' f(xpx = f (x) dx

4) TloCcTOSIHHBIM MHOYKHTEIb MOXKET ObITh BRIHECCH 3a 3HAK HEOMPEACICHHOTO
WHTErpasna

Iaf(x)dx =a I f (x)dx

5) HeonpeneneHHbI MHTETPA OT anreOpanveckoi CyMMbI ABYX (DyHKITHI
paBeH anredpandecKkoi cymme 3TUX QYyHKIIHMA

I(f (x)dx £ g(x)dx) = _[ f(x)dx + j g(x)dx
IIpumepsr:

1) =% +c
X°dx = =+
) | -
2) Icosx=sinx+C
6

6
3) j3x5dx:3fx5dx:3%+C=X7+c

4) I(4x*°‘—6x2 +2x+3)dx:4.[x3dx—6_|'x2dx+2.|'xdx+3_|'dx:x4 -2x* +x*+3x+C

Memoowvl naxorcoeHus HeonpeodeneHH020 UHmezpala

1. HemocpencTBeHHOE MHTETPUPOBAHHUE:

3x* —2x* —3x+7 3 7 dx _ x°
| ~ dx:j(3x2—2—;+x—2jdx:3jx2dx—2jdx—3j‘?+7jx “dx =3~ 2x =3[

1
X

+7—1+C:x3+2x—3|n|x|—Z+C
X

2. MeTop 3aMEHBI TIEPEMEHHOM
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1. I(3x —5)"dx

3x-5=t
3dx = dt

1

dx = =dt
3

8 8 8
j(3x—5)7dx= J.lt7dt:1t_+c U e (3x-5)
3 38 24 24

+C

2. J'(3x+ 2) dx
3X+2=t

3dx = dt

1

dx = =dt
3

6 6 6
Jars2fax= [fea=ttc=b B2 ¢
3 36 18 18

3. J(Zx3 +1)4x2dx
2+ 1=t
6x° dx = dt

X2 dx = Lt
6

1 1t° t° 1
I(2x3+1)4x2dx= E.[ t4dt=g€+C=E+C:%(2x3+1)5+c

3AJIAHMS 111 CAMOCTOSTEJIBHOMR PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

=

UTto Takoe UHTErpupoBaHue?

Uto Ha3BIBAIOT HEOMPEAEIEHHBIM HHTETpaIoM?

3. Chopmynupyiite CBOMCTBA HEONPEACISHHOTO0 HHTETPaja, 3aHIITNTE
bopmyIbI.

4. Tlepeuucnute METOIBI HAXOXKICHUS HEONPEICICHHOTO HHTETpaa.

N

IIpaxmuyeckue 3a0anusi:
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Haiitu crnenyromune HHTETpassl:

3amanue Ha «3». 1) j x3dx; 2) j (x*-2x14x-2) dx ; 3) j
(2x2+6x°) dx; 4) j 10 dx;
5)[ (-6x>-3x°-x+9)dx ; 6) [ (2x-34)dx.

Janadue Ha «4:

1)j 6(x2-2)dx;  2) j (-6x42x°)dx ; 3) j (2x-4)%dx; 4) j (-3-7x)%dx
5) j 2(x3-2x1+x-3) dx ; 6) I (6x3+4x78) dx.

3ajjaHue Ha «5»:

1) j‘—w d; 2) | (-1/2x+5)%dx 3) [ (3xr2)dx;  4)
dx .

I (2-2x)* "’

5 | (-l4x-1)*dx; 6) [ (-6x+2)%dx.

Tpenaxep

3ajaHue:

1. Haiitu ciaenviolme MHTErpaibl.

1. [ 5dx 13)j i
dx
2. j 6x%dx 14) j x*dx
3. j 4(x2-x+5)dx 15) j (4x3-6x2-
4x+3)dx
3 2
g, [EEIAN G 16) | 2xdx
X
5. j (2x%-5x%+7x-3)dx 17) j 2(3x-1)2dx
6. j (5x*-4x%+2x-1)dx 18) j x? dx
7. [ 19) [ (5x-L)dx

X
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8. j (6x3+2x-1)dx

2x+1)dx
Q. j 5(x%-1)dx

10. j (2x24+3x3)dx

11. j Tx2dx
4x°)dx

12. j (6x2+5x3-4x+2)dx

%)dx

2. Hatitm HHTCIpaJIbl MCTOAOM 3aMCHbBI ICPCMCHHBIX.

1) [ (6x-4)%dx

2) [ (7x+8)%dx
3)*dx

3) [ (7-2x)%dx

4) J‘ dx

(4 —3x)*

5) [ (5x-1)°dx
6) [ (-2x+5)Y2dx
7) [ (2/3x-4)"dx
8) [ (-4x+3)%dx

3. Haiitu uHTErpanbl:

1) [ 7x%dx;
4) j 7 dx;

S)j (6x°-2x5-x+3) dx ;

[ 3(2x-3)%dx;

9) [ 12x%x;
x*dx;
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10) j 7x°dx;

2) j 5(x*-2xM4+x-2) dx ;

6) [ (2x-34)%x;

11) [ (3x*-2x%-3x+6)dx;

20) [ (6x"

21).[ x°dx
22) | 6dx
23) [ (2x*

24) [ (3x*+8x

9) [ (8-9%)dx
100 [ (15x -
11) j(sxd—fl)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)%dx

3) j (6x2+4x%) dx;

7) [ (7x-10)%dx; 8)

12) |



13) [ 2(5x%4x+5)dx;  14) [ (4-2x%dx;  15) | X436 by
X

9.9. Onpeoenennviit unmezpan u ezo ceolicmea.

B pe3ynbprare n3yueHus: TeMbl CTYJIEHT JOJIKEH:

ymemb:

-BBIUMCIISATh OMNPEACICHHBIE WHTETPAJIBI METOIOM HEMOCPEICTBEHHOTO
WHTETPUPOBAHUS;

-BBIUMCIISITh ONPEACICHHBIE WHTETPAJIbl METOIOM 3aMEHBI IEPEMEHHBIX.
3HaAMb!

- IOHSTHE ONPENICIICHHOTO UHTErpaa;

- CBOMCTBA ONPEAECIEHHOTO UHTErPaJIa;

- METO/bI BEIYMCIIEHUS ONIPEAEIICHHOTO NHTETpaIa.

Ilonamue onpedenennozo unmezpana.

[Tycts F (x) — mepBooOpasnas ¢pyakiuu f (x) B HEKOTOPOM MPOMEKYTKE X,
a YMCla a U B IPUHAJIEkKAT 3TOMY IPOMEXKYTKY.

[Mpupamenue F(b) — F(a) moboit u3 mepoobpazueix Gpyukmuit F (x) + C
Ha3bIBACTCS ONpeoeleHHbIM uHme2paiom ot a 10 B pyukiuu y = f (x) u
o003HayaeTcs

j f (x)dx

a U B - IPEaesbl HHTErPUPOBAHUS

f (x) — mogpIHTETpaNTbHAS QYHKITUS

[ 1()dx= F(b) - F(a)

OcHoBHbIE CBOIiCTBA ONpe/IeJIeHHOI0 HHTerpaJja:

1. TlocTosiHHBIN MHOKUTEIb MOKET ObITh BEIHECEH 32 3HAK UHTErpajia

jAf(x)dx = Aj‘ f (x)dx
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2. OrnpezeneHHbl HHTETpal OT aIre0panyeckol CyMMBI IBYX HENPEPBIBHBIX
(yHKUIMH paBeH anreOpanyecKkod CyMMe UX HHTErpajioB

j(f (x) £ g(x) dx = j f (x)dx + j g(x)dx

3. Ecam a<c<s, TO
j f (x)dx :j f (x)dx + j f (x)dx
4. Ecnu dpynknus f(X) HempepbIBHA HA OTPE3Ke [a;B], TO CYIIECTBYET TOYKA C
€ [a;B], Takas, 4TO

j f (x)dx = f(c) (B-a)

MeToabl BBIYUCIEHUS OIpEeaCJICHHOI0 HHTETrpaJjaa:

1) Mertoa MoACTaHOBKU

2
a) [(x*-3x+7)dx= (%x3 —gxz + 7xj‘ 2=195
-1

4
0) I(sz —~3x)dx=19,5
1
2) METOoJ] 3aMEHbI IEPEeMEHHON

a) i(zx-l)%lx

2x —1=t

2dx = dt

dxzidt
2

1t 1

3 S ¢ _ae
Jx-piox=ftd="" 3=§(5 ~3*)=58
2 3
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5dx = dt

1

dx = =dt
5

1

‘ 2 2 2( L 1) 9
Jl‘5x 1 dx— —_[t 2dt—5t2‘ _3(92_42]23

1
B) j(2x3 +1)* x%dx
0

2x3+ 1=t

6x 2dx = dt

x 2dx = 1dt
6

i 1% 1t° 1 1
!2x311 x2dx = !t“olt:gg\f=%(35—15):8E

3AJAHUA 1151 CAMOCTOSITEJIbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.Yto Ha3bIBaIOT OMpPEEICHHBIM UHTETPATIOM?

2.ChopmynupyiiTe CBONCTBA OMPEEICHHOTO HHTETpaia, 3anuIInTe GOpMyIIb.

3. [lepeuncnure METOABI HAXOXKACHUS OMPEEICHHOTO HHTETpaIa.
IIpaxmuueckue 3a0anusi:

Brerauciautb CICAYIOIINC UHTCTPAJIbI:

2 1 4 1
3anmanue Ha «3». 1)j3dx; 2) j x*dx; 3) _[ 2xdx; 4) I 2x°dx
1 0 3 -1

2 2 0 4
3aymanue Ha «4: 1) I (2x+1)dx; 2) I (3x* —3x +6)dx ; 3) I (2x° — 4x)dx; 4) j(Z—x)5dx
1 -2 -3 3

1 1 1 3 2 1
3 S»: 1) |V3xdx; 2) |-—dx; 3) |¥3x-1dx; 4) [ ———d
aJIaHue Ha «5» ).([\/_x X )£4x2 X )}[\/ x —1dx )!(2x+6)2 X

Tpena:xep

3ajnanue:
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1. Beruucnuth MHTETpabl:

=

~
s
=

N
~

w
~

(x® +2x+1)dx ;

w .L'—.N N e ) O ey
><r\)
o
X

4) j(4x3 —3x% + 2x +1)dx ;
-2

9) j:(l—2x+3x2)dx
a
10) j.(ze +3x —5)dx
)
11) j.(Z)c3 —3x)dx
0
12) T(—Gxg +2x% —5x +1)dx
)
13) ]).(sz + 8x)dx
22

1
dx
2x?

14) |
15) Jl'\/adx
16) .lﬁ/ydx

2. BeruuciauTh HHTCI'paJIbl MCTOAOM 3aMCHBI HepeMGHHOﬁ:

1) j’.(4—x)3dx;

to1
oo™
3) i3\/3x—1dx
4) i (2x—1)*dx

3. BeIUHCIUTG UHTETPAJIBI:

2

2 3

1) i(f +1)dx;

1

5) J%(Zx—l)3dx; 6).1[ !

dx;
+ (3x +1)° X

5) JZ.(G +2x)%dx
I

6) !: —(Zx 7 dx

7) j.i/ 5x + 6dx

8) j(lo —2x)"dx

3) j—.(2x—1)3dx ; 4) j.(3x2+2x+4)dx

7) Jl'(4—x2—3x)dx; 8) j\/?dx

9.10. Bolunc/ieHHe TUIOIIAAeH MIIOCKUX (UTYp ¢ MOMOIIBIO OTIpeIeIeHHOT 0
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B pe3ynbTaTte u3ydyeHus TEMbl CTYJIEHT JOJIKEH:

ymemy:

-BBIYUCIIATh IUIOIIAIU IJIOCKUX (DUTYp C TOMOLIBIO OMPENEIEHHOTO HHTErpaa.
3HaMb:

- (hopmyny BeIUMCHEHUS ITUIOLIAAM IUIOCKUX (DUTYp C MOMOILBIO OMPEAEIEHHOTO
MHTErpaa.

Berunciienue miomanae miocKux (GUryp ¢ noMoubI0 onpeaeeHHoro
HHTErpaJa.

Jlana ¢urypa, orpanndenHas rpadgukoM Ha otpeske [a;B] pyukuuu f (X), ocsro OX
U TIPSIMBIMU X = a, X = B.

S :.b[ f (x)dx

[pumep 1. Beraucnute miomaas GUrypsl, OrpaHUuEeHHOMN JIMHUAMHU

=%X2+1,y=0,x=—2,x=3.
: 1 5
S=[Cx*+1dx =10
42 6

[pumep 2. Beraucnuth miomanas GUrypsl, OrpaHUueHHON JIMHUAMHU

y=-x>-1,y=0,x=-1,x=2.

2

S=[(-x*-Ddx =6

3AJIAHMS 111 CAMOCTOSTEJIBbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.3anumure GopmMyny BRIUUCICHUS IJIOMIAJIEH IIIOCKUX (QUTYp C TOMOINIBIO
OMpeIeICHHOT0 HHTETpaJa.

lIpakmuueckue 3a0anusi:
Berauciuts mnomasns Guryp, orpaHUIeHHBIX JTHHUSIMHU:

Baganue HA 3». y=2x%,y=0,x=1,x=2.

Baganue Ha «4: y=3x>4,y=0,x=-2,x=1.
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3aganue Ha «5»: y =2x%+6x,y =0, x+1 =0, x-2 = 0.

Tpenaxep

3ananue:

Boeruncnuts minomaas GUryp, orpaHU4eHHbIX JIUHUSAMMU:

1) y=3x-1,y=0,x=2,x=4.
2) Xx+2y—4=0,y=0,x=-3,x=2.

3 y=x4y=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)

JAuddepenunanbibie ypaBHeHHs IEPBOro NOpsAAKa (I0NOTHUTEIbLHbIH

Juggepenyuanvrviv Ha3pIBaCTCS ypaBHEHHUE, COJEPIKAIECE HEU3BECTHYIO
TIepeMEHHYI0 X, HCKOMYIO (YHKIIMIO Y U ee mpoussousie y, v/, ..., y"

y=-x+4, y=0
y=x°y=2x
y=3x%,y=0,x=-3,x=2.
y=x3y=0,x=-2,x=2.

y=x3x, y=0,x=-1,x=1.

9.11. MuddepenunaibHble ypaBHEeHHs NEPBOro MOPsiAKa

MaTepuaI)

F=xv,¥,y,..,y)=0

Jughdepenyuanvrviv ypasnenuem nepeoco nopsaoka Ha3bIBaeTCs ypaBHEHUE

BHUA

F(x,y,y)=0
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Pemenuem nuddepenunanbHOro ypaBHEeHUs Ha3bIBaeTCs Takas (pyHKIMS,
KOTOpasi 00paIaeT 3T0 ypaBHEHHUE B TOKIECTBO.

Vpasrenue Buga y' = f; (X) f2 (X) HasbiBaeTcs ypaBHEHMEM C
pa3IeSIOIIUMUCS TEPEMEHHBIMHU.

(£ = 1,00 1.09)

[Ipumep 1. Pemuth ypaBHEHHUE:
ydy = 3x? dx

Iydy :j 3x? dx

2
Y _xicC
2

[Tpumep 2. Pemuth ypaBHEHHUE:
2ydy = (1-3x?) dx

[2ydy =] (1-3%%) dx
y?=—x*+C

ITpumep 3. Pemuth ypaBHEHHE:

|Q_
N[

dx

2

x>y
y2 dy = x? dx
Iyzdyzj X% dx

3 3
y?=X?+C

3AJIAHMS 111 CAMOCTOSTEJBHOMR PABOTHI

BOITPOCHI JI1 CAMOKOHTPOJIA

1.Kakoe ypaBHeHUe Ha3bIBaeTCs nuddepeHrnaibHbM ?

2.Kakoe ypaBHeHHE Ha3bIBaeTCs AU(HEepEHITNATHHBIM YPaBHEHUEM TIEPBOTO
nopsiaka?

3. Uto Ha3bIBaIOT pelieHreM AudpepeHmaibHOro ypaBHeH s ?
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Ipaxmuueckue 3a0anus:
Pemmts ypaBHEeHUSA:

3ananue Ha «3». 1) 6ydy = 3x dx;
2) 2y*dy = -x3dx;
3) x2dx = (y+6)dy;
4) 6y* dy = (5x3-7x) dx;
Baganue Ha «4: 1) (9-2y?)dy — (4-x3)dx=0;
2)-2x% dx + (y+4)dy=0;
3) (-17y-6y*+11)dy — (1/6x%— 1/2x3)dx=0;

4)&;&
X+3 y-4
2
3aganune Ha «5»: 1) 8ty _4+2x :
dx dy
1
) e
dx —-9+y*’
dy dx
3 =—
5Ty
1.,
dy g 3x+1
4) = ="
dx y°+10
Tpenaxkep
3ananue:

Pemte ypaBHEeHUA:

dy X .
1 _— =
) dx 1+y?’
dy dx.
2 T =5
) Ix o y?
2
3) (1+y):(1+x);
dx dy
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4) dy dx .

(x-1) y-2'
5) ydy = 3x2 dx;
6) (2+2y?)dy — (1-x3)dx=0;
7) x%dx + (y- 1)dy=0;

3-y°+4y x*-2x-3,
dx dy

8)
dy _ 6x*—3x+1,

dx  y?+10

10) (6y+3y?)dy — (7x*- 3x3 -5)dx=0;

dy dx
11 = ;
) 6x>2 -6 4y*-2y-7

12) 6x2 dx + (y°- 13)dy=0;

9)

2
13) 5+3y:2+4x :
dx dy
dy dx
14 = ;
) X yi-2y+3
15) y* dy = (5x*+2x) dx;
16) dy__ 4 =
dx 3y+2y
6 4
17) 5-2y +6y:2x —3x+1;
dx dy
18) (9 - 3y?)dy — (3 - 4x%)dx=0;
19) dy dx

(X -10) 2y+3’
20) (3y-6y?-1)dy — (6x2 - 2x3)dx=0.
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Pa3znen 10.MHOrorpaHHuKn
10.1. 'eomeTpuyeckoe TeJ10, €ro NOBepXHOCTh. MHoOrorpanunku. lipuzma

B pe3ynbTaTte u3ydeHHs TEMbI CTYJICHT JOJIXKCH:
3Hamo:

- IOHSITUE TEOMETPUUECKOTO TENa;

- IOHSITUE MHOTOTPAaHHUKA,

- IOHSITUE TpaHel MHOTOTPAaHHUKA;

- IOHsITUE pedep MHOTOTPAaHHUKA,

- IOHSITUE BEPIIMH MHOTOTPaHHUKA;

- MIOHSITUE AUArOHAIM MHOTOTPAHHUKA;
- IOHSITUE TIPU3MBI;

- IOHSITUE OCHOBAHWM MPU3MBI;

- IOHATHE OOKOBBIX pedep MPU3MBIL;

- CBOIICTBA IIPU3MBI;

- IOHSITUE BHICOTHI TIPU3MBI;

- IOHSITUE HAKIIOHHOW MPU3MBI.

MHororpaHHuKH

B crepeomerpun nzyqarorcs Gpurypsl B mpoCTpaHCTBE, HA3HIBAEMBIE
menamu.

['eomeTpuueckoe Teno npeacTaBisieT cOOOM YacTh MPOCTPAHCTBA, 3aHATYIO
(bu3HUECKUM TEJIOM ¥ OTPAaHIUYEHHYIO TOBEPXHOCTHIO.

MHnozoecpannuk — T€J0, TOBEPXHOCTH KOTOPOTO COCTOUT U3 KOHEYHOI'O
4yucia INIOCKMX MHOTOYTOJBHUKOB. Hanpumep, nupamua.
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MHOrorpaHHUK Ha3bIBAETCS BBITYKIIBIM, €CJIA OH PACIIOJIONKEH 0 OJIHY
CTOPOHY IJIOCKOCTH KaXKJI0TO MJIOCKOT0 MHOTOYT'OJIbHUKA Ha €r0 OBEPXHOCTH.
['paHnyHBIE MHOTOYTOJIBHUKH HA3BIBAIOTCS epaHAMU, UX CTOPOHBI - pebpamu, a
BEPIINHbBI — 8EPUILUHAMU MHO20SPAHHUKA.

OTpe3ok, COeNNHSIONINN IBE BEPIINUHbI, HE JIEkKAIIUE B OHOMN I'paHH,
Ha3BIBACTCS OUACOHATLIO.

Hanpumep, ky0 — BBIYKJIbIiI MHOTOTpaHHUK. Ero moBepxHOCTh COCTOUT U3 6
kBazgpaToB: ABC/L,... Ouu sBisiercs ero rpansamu. PeOpamu ky0a siBisitoTCst
CTOPOHBI ATUX KBaJpaToB: AB,... Bepmmnamu ky0a sBIASIOTCS BEPIIUHBI
KBaJIp : , C... Y ky0a 6 rpaneit, 12 pebep u 8 BepIuH.

Puc.40

Ilpuszma

HpMSMCZ — MHOT'OI'paHHHUK, KOTOpLIﬁ COCTOUT U3 IBYX INNIOCKHUX
MHOT'OYT'OJIBHUKOB, JIC)KAIIINX B PA3HBIX IINIOCKOCTAX U COBMCIIACMBIX
ImapauiCIIbHbBIM IICPCHOCOM, H BCCX OTPC3KOB, COCAUHAIOIINX COOTBCTCTBYIOIINUC
TOYKH 3TUX MHOI'OYI'OJIbHUKOB.

MHOroyroJIbHUKM Ha3bIBAKOTCSl OCHOGAHUAMYU TIPU3MBI, @ OTPE3KH,
COEJIMHSAIOIINE COOTBETCTBYIOIINE BEPIIUHBI, - OOKOBbIMU peOpaMU TIPU3MBI.

<

Puc. 41

CBOMCTBA:

1. OcHoBaHus PU3MBI PABHBI;
2. Y mpu3Mbl OCHOBaHUS JISKAT B APAJUICIIBHBIX IOCKOCTSX;
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3. Y npu3mMbl 60KOBbIE peOpa mapaieiabHbl U PaBHBI.
[ToBepXHOCTH IPU3MBI COCTOUT U3 OCHOBAHUI M OOKOBOM MOBEPXHOCTH.

boxoBast MOBEepXHOCTh COCTOUT U3 MapalIeIOrPaMMOB. Y KaKJI0TO U3 HUX JIBE
CTOPOHBI ABISIOTCS COOTBETCTBYIOIIMMH CTOPOHAMH OCHOBAHHIA, a ABE IPYTHE —
COCeIHUMH OOKOBBIMU pedpamu.

Bvicomoii npu3Mbl SBISIETCS PACCTOSIHUE MEKY INIOCKOCTSIMU €€
OoCcHOBaHUN. OTPE30K, COEANHSIONIUN ABE BEPIIMHBI TPU3MbI, HE PUHAJICKALITUN
OJIHOM TpaHu, Ha3bIBAETCS OUACOHAIbIO TIPU3MBI.

[Ipu3ma Ha3bIBaeTCs npsamou, eciu ee OOKOBbIE peOpa NepreHIUKYISIPHBI
OCHOBaHHUSAM. B ocTanbHbIX ciayyasx npu3Ma HaszblBaeTcs HakaoHuHou. [lpsamas
npu3Ma Ha3bIBACTCS NPABUILHOL, €CIIA €€ OCHOBAHHUS SIBISIOTCS MIPABUIBHBIMU
MHOTOYTOJIbHUKAMH.

3AJTAHMS JIJII CAMOCTOSITEJIbHOM PABOTHI
BOITPOCBHI JJII CAMOKOHTPOJIA

1.Yto Takoe reoMeTpruyecKoe Teao?

2.Yto Takoe MHOTOrpaHHUK? [IpuBeanTe npumepsi.

3. Uto Ha3bIBAIOT IPAHSIMU MHOTOTPAaHHUKA?

4. Uto Ha3bIBAIOT peOpaMy MHOTOTpaHHHUKA?

5. YTo Ha3bIBAIOT JUATOHAJIBI0O MHOTOIPAaHHHUKA?

6. 13 yero coctout Ky6?

7. Yto Takoe nmpusma?

8. UTo Ha3bIBalOT OCHOBAHUSIMU ITPU3MBI?

9. Uto Ha3bIBalOT OOKOBBIMHU peOpaMu MPU3MBbI?

10. ChopmynupyiiTe CBOWCTBA TPU3MBL.

11. Y3 yero cocTouT MOBEPXHOCTH MPU3MBbI?

12. YTO Ha3bIBaIOT BHICOTOM MPU3MBI?

13. Kakas npusma HazbiBaeTcs npsimoii? HakiionHno?
10.2. ITapannenenunen. [lupamuaa.

B pe3synbrare u3ydeHust TeMbl CTYACHT JOJKEH:

3HAMb:

- IOHATHE NapalIeIenuIea;

- IOHATHE MPOTUBOJICKAIKUX TPAHEH MapalieNenuIena;
- CBOICTBA MapAJUICJICITUNEA;

- IOHATHE NPSIMOYTOJILHOTO NapaieNenunea;

- IOHATHE Ky0a;

- CBOMCTBO JMaroHay NPsSIMOYTOJIbHOTO MapallieNenuIena;
- IOHATHE TUPAMUJIBI;

- MOHATHE OOKOBBIX pedep MUPaAMUJIbI;

- IOHATHE TETPARIPA;
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- CBOWCTBO MUPAMU/IBL;

- IOHATHUE BBICOTHI IUPAMUJIBI;

- IOHATHUE NPABUILHOU NTUPAMU/IBI,
- OHATHE ano(peMbl TUPAMU/IBI.

IHapajeaenunen

Ecnu ocHOoBaHuME pHU3MBbI €CTh MapajieorpaMM, TO OHA Ha3bIBAETCS
napannenenunedom. Y HEro Bce TpaHu — napamienorpammel. [lapannenenunen
OBIBACT NPAMOU U HAKIOHHDBIUL.

Puc. 42 Puc. 43

FpaHI/I napauICJICIIuIICaa, HC UMCIOIIHC O6HII/IX BCPIIKWH, HA3BIBAIOTCA
npomueoJjieacauiumu.

CBoiicTBa;:

1) V napannenenurnea mpOTUBOJICKAIIME TPAHH PABHBI M MTapaslIC/IbHBI,

2) JlnaroHanau mapaJuiesienuiea MpeceKalTcs B OMHON TOUYKE H TOUKOM
NIEPECEUYEHUS NMPECEKAIOTCS MOMOJIaM;

3) V mapasutesnenumena ToYKa MepecedeHus AMaroHaiei siBiseTcs [ICHTPOM
€ro CUMMETPUHU.
[Ipsamoir napannenenunes, y KOTOporo OCHOBaHUEM SIBIISIETCS

MPSIMOYTOJIbHUK, HA3BIBAETCS NPAMOY20IbHBIM Napaiienenunedom. Y Hero Bce
IrpaHu — NPSAMOYTOJIbHUKH.

[TpssMOYTONIBHBIN MTapajuIeIeHIe ], Y KOTOPOTO BCE TPaHU PaBHEI,
Ha3bIBACTCS KYOOM.

VY npsmMOyroiapHOro napajeiaenuneaa Tpu U3MEpeHHUSL.

B OPAMOYTOJIBHOM IAapAJLICIICIIMIICAC KBAAPAaT JIF000M AuaroHajin paBCH

CYMME KBaJIpaTOB TPEX €ro M3MEPECHUM.

IMupamuga
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Ilupamuda — MHOTOTpaHHUK, KOTOPBIA COCTOUT U3 MIOCKOTO
MHOT'OYT'OJIbHUKA — OCHOBaHHMS TUPaMUIbl, TOUKH, HE JICIKAIIEH B TUIOCKOCTH, -
BEPUIMHBI TUPaAMUJIbI U BCEX OTPE3KOB, COCIUHSIIONIMNX BEPIIUHY C TOUKAMU
OCHOBAHHS.

OTpe3ku, COeANHSIONINE BEPIIUHY TUPAMUIbI C BEPIIMHAMU OCHOBAHUA,
Ha3bIBAIOTCS] OOKOBBIMU PEOpPAMHU.

[ToBepXHOCTH MUPaMUABI COCTOUT U3 OCHOBAHUS U OOKOBBIX TpaHEH.
Kaxxnas 6oxoBast rpanb — TpeyrojabHUK. OJIHON U3 €ro BEepUIUH SBJISETCS BEpIIMHA
nUpaMu/bl, a IPOTUBOJIEKAIIEH CTOPOHON — CTOPOHA OCHOBAHUS IMTUPAMHU/IBI.

TpeyronbHas nupaMua Ha3bIBACTCA MEMpa’0POM.

CBoiiCcTBa: MIIOCKOCTb, IEPECEKAIOIIAS MUPAMULY U MapajlIesIbHAs €ro
OCHOBAHUSM, OTCEKAET MOJO0HYIO TUPAMUTY.

Bvicomoii nupamuowvl Ha3pIBaeTCs NEPIEHANKYIISIP, ONMYIIEHHBIN U3
BEPUIMHBI NUPAMUBI HA TNIOCKOCTh OCHOBAHUS.

HI/IpaMI/IIIa Ha3bIBACTCs I’lpd8M]ZbHOL7, CCJIn €€ OCHOBAHUCM SABJIACTCA
HpaBI/IJ'IBHblf/'I MHOT'OYT'OJIbHUK, @ OCHOBAHHC BBICOTHI COBIIAAACT HCHTPOM 3TOI'O
MHOI'OYT'OJIbHUKA.

BricoTa 00K0BOI rpaHu IPaBUIILHON MUPAMU/IBI, POBEACHHAS U3 €r0
BEPILMHBI, HA3bIBACTCS anogemoui. BOKOBOM MOBEPXHOCTHIO MUPAMHU/IBI SIBISETCS
CyMMa IIJIOIaiel ee OOKOBBIX I'PaHEH.

boxkoBas IIOBEPXHOCTH HDaBHHLHOﬁ OUpaMuabl paBHA IIPON3BCACHUIO

MNOJYIIECPUMETPA OCHOBAHMSA HA al'[O(beMV.

Puc. 44

3AJIAHUSA 111 CAMOCTOSTEJBHOM
PABOTBI

BOITPOCHI JI1 CAMOKOHTPOJIA

1.Yro Takoe napamnenenumnen’?
2. Kakue rpanu napajienenunea Ha3blBatoTCs MPOTUBOJICKAIIUMHA ?
3. ChopmynupyiiTe CBOKMCTBA Mapalie/IeUIIe 1a.

4. Kakoi napajuiesienuIie]l Ha3bIBaeTCs NPSIMOYTOJIbHBIM ?
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5.Uto0 Takoe Ky6?

6. CKOJIBKO U3MEPEHUI y TPSMOYTOJILHOTO Hapajuiesienumena?
7. ChopmynupyiTe CBOMCTBO AMArOHAM Mapajuieienunesa.

8. Uto Takoe nupamuaa?

9. Urto Ha3bIBalOT OOKOBBIMU peOpamMu TUpamMuabl?
10. Y3 yero cocTOUT MOBEPXHOCTH MUPAMUIBI?

I1. Yro Takoe teTpasrap?

12. ChopmynupyiiTe CBOMCTBO MUPAMHUIBI.
13. YTo Ha3bIBAIOT BHICOTOM MUPAMUIBI?

14. Yto Ttakoe anodema?

15. Yemy paBHa O0KOBasi MOBEPXHOCTh MUPAMHUIbI?

Pa3zpnen 11. Tesia u moBepXHOCTH BpalIeHUS

11.1. TloBepxHocTh BpaieHusi. Teso Bpamenusi. llmaunap. Konyc

B PE3YIbTATC U3YUCHUA TCMbI CTYACHT JOJIPKCH:

3HAMmMbs.
- HOHATHUC TUWJIIMHIPA,
- IOHSITHE OCHOBAHUM MUJINHAPA,

- IOHATHE O0Pa3YIOIINX HIIUHIPA;

- CBOICTBA IWJIMH]IPA;

- IOHSITHE TIPSIMOTO IMIIHHIPA;

- TIOHSITHE painyca NUINHIIPA,;

- TIOHSITHE BHICOTHI IWIHH]IPA;

- IOHSITHE OCH LIWJINHIIPA,;

- IOHSITHE KOHYCA;

- IOHATHE O0pa3yIIIHNX KOHYCA;
- IOHSITHE TIPSIMOTO KOHYCA;

- IOHSITHE BBICOTHI KOHYCA;

- IOHSITHE YCEUEHHOTO KOHYCa.

Huaunap

Lununop — T€10, KOTOPBIM COCTOUT U3 ABYX KPYTrOB HE JIEKAUIUX B OJHOU

IIOCKOCTH U COBMCIIACMBIX ITapalJICIIBHBIM IICPCHOCOM, U BCCX OTPC3KOB,

COEUHSIONINX COOTBETCTBYIOIIUE TOUKHU 3TUX KPYroB. Kpyru Ha3bIBarOTCA

OCHOBARUAMU L;wmydpa, d OTPE3KH, COCANHAIOINEC COOTBCTCTBYIOINC TOYKH 3THUX

KPYTOB — 00pa3yiowumu YuiuHopd.

CBoWcTBA:

1) OcHoOBaHUs WIMHJPA PaBHBL,

2) Y muivHApa OCHOBAHUS JISXKAT B MAPAJIICIIBHBIX TNIOCKOCTSX;
3) V¥ mwmHApa oOpa3yroline napauiebHbl U PaBHBIL.
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[ToBepXHOCTh UIMHIPA COCTOUT U3 OCHOBAHUN U OOKOBOW MOBEPXHOCTH.
bokoBas IOBEPXHOCTh COCTOUT U3 00pa3yIOIIMX.

Hunuugap Ha3bIBaCTCS npsMbiM, €CIIA €r0 00pa3yIoIIe NEePIEHIUKYISIPHbI
IUIOCKOCTAM OCHOBAHUU.

Paouycom nunuuapa Ha3pIBaeTCS pajnyc €ro OCHOBaHUs. Bvicomotl
LHUJIMHApPA HA3bIBAETCS PACCTOSIHUE MEXKAY ITIOCKOCTSMH €r0 OCHOBaHUU. Ocbio
HWIMHAPA HA3BIBACTCS IpsiMasi, MPOXOAsIIas yepe3 HeHTPbI ero OCHOBaHUM. OHa
napasuiesibHa 00pa3yroIIuM.

Y
]

N

Puc. 45
Konyc

Konyc — teno, KOTOpoe COCTOUT U3 Kpyra — OCHOBaHHS KOHYCa, TOUYKHU, HE
Jexanie B IIIOCKOCTU 3TOTO Kpyra, - BEpIIMHBI KPyTra, U BCEX OTPE3KOB,
COEIMHSIOIINX BEPIIMHY C TOUKAMHU OCHOBaHUS. OTpEe3KH, COEAUHSIONINE
BEPIIMHY C TOYKAMHU OCHOBAHUSI, HA3BIBAIOTCS 00pA3YIOUUMU KOHYCA.
[ToBepXHOCTH KOHYCA COCTOMT U3 OCHOBAHUS U OOKOBOM MOBEPXHOCTH.

KOHYC Ha3bIBACTCA npAmsviM, CCIU IIPAMasd, COCOANHAIOIIAA BEPIINHY KOHYCa
C OCHTPOM OCHOBAHM:A, IICPIICHIHUKYJIAPHA IINIOCKOCTH OCHOBAHUA.

Bvicomou xoHyca Ha3bIBAETCA NEPIECHIUKYJISP, ONMYIIEHHBIA U3 BEPLINHBI
Ha IUIOCKOCTHh OCHOBAHHS.

[TmockocTh, MapajiesibHasi OCHOBaAaHUIO KOHYCA U MepeceKaroias ero,
OTCEKaeT OT HEr0 MEHbBIINN KOHYC. OCTaBIIAsICs YaCTh HA3bIBACTCS YCEeUeHHbIM
KOHYCOM.
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Puc. 46

3AJTAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI

BOITPOCHBI JJIsI CAMOKOHTPOJIA

1.Yro Takoe nunuuap?
. UTO Ha3bIBAIOT OCHOBAHUSIMH LIWIMHAPA?
. Uto Ha3bIBaIOT 00pa3yOMMUMH LIUJIUHIpA?
. ChopmynupyiiTe CBOMCTBA IUIMH]IPA.

. 113 yero cocrout 60xkoBas IMMOBCPXHOCTH IH/IJ'II/IH)Ipa?

. UTo Ha3bIBAIOT paINyCcOM LUIUHpA?

. UTo Ha3bIBAIOT BHICOTOW IUJIUH]IpA?
9. Yto Ha3bIBAIOT OCHIO UIMHpA?
10. Yto Takoe koHyC?
11. Yto Ha3wIBalOT 00pa3yo0mKUMu KoHyca?
12. Y3 yero cocTouT MOBEPXHOCTH KOHYyca?
13. Kakoii KOHyC Ha3bIBa€TCs MPSMbIM?
14. YTo Ha3bIBAIOT BHICOTOM LIMJIMHIpA?
15. Kakoili KOHyC Ha3bIBa€TCsl YCEYEHHBIM?

2
3
4
5. W3 yero cocTOUT MOBEPXHOCTh NUIUHAPA?
6
7
8

11.2.Cdepa u map

B pe3ynbTaTe n3yueHUs TEMBI CTYACHT JOJKCH:
3HAMb.

- IOHSITUE TIapa;

- IOHATHUE TIEHTPA U pajJryca mapa;

- IOHSTUE CEPHI;

- IOHSTUE ANAMETpa 1Iapa;

- HOHATHUC TUAMCTPAJIbHO IIPOTHUBOIIOJIOKHBIMHY TOYKAMM IIapa.

l[[ap — TCJIO, KOTOPOC COCTOUT U3 BCCX TOUCK IIPOCTPAHCTBA, HAXOAAIICTOCA

Ha pacCTOSTHUM, HE OOJIBIIE JAHHOTO, OT JAHHOTO TOYKH. IJTa TOUYKAa Ha3bIBACTCS
yeHmpoMm 11apa, a JaHHOE PACCTOSIHUE — paduycom mapa.

I'panuna mapa Ha3pIBaeTCs MIAPOBOM MOBEPXHOCTHIO, WIH cghepoli.
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OTpe30K, COCTUHSIONINNA IEHTP IIapa ¢ TOYKOH MIapOBOi MOBEPXHOCTH,
Ha3BIBACTCSL PAOUYCOM.

OTpe30K, COeTUHSIIONIUN LIEHTP I1apa ¢ TOYKOU MapoBOM MOBEPXHOCTH U
MPOXOJAIIMNA Yepe3 LEHTP 1Iapa, Ha3bIBACTCA OUAMENPOM.

Konup! 1000ro quamerpa Ha3bIBalOTCA OUAMEMPANTbHO
NPOMUBONONOHCHBIMU MOYKAMU TLIAPA.

Bceskoe cedyeHune mapa miocKocTbio ecTh Kpyr. LleHTp aToro kpyra ectsb
OCHOBaHME MEPIEHINKYIISAPA, OMYIIEHHOTO U3 LIEHTpA I1apa Ha CEKYILYIO
IUIOCKOCTb.

IlenTp mapa sABISETCA LIEHTPOM €r0 CUMMETPUHU.
3AJTAHMS JIJII CAMOCTOSITEJIbHOM PABOTHI

BOITPOCHI JJII CAMOKOHTPOJIA

1.Yto Takoe map?

2. YTo Ha3bIBAIOT PaUyCOM IIapa?

3. Uto Takoe cepa?

4. Yto Ha3bIBAIOT JUAMETPOM I1apa’?

5. Kakue TokM 1m1apa Ha3bIBAIOTCS TUAMETPATIBHO MPOTUBOIIOIOKHBIMU ?
6. Uto siByisieTcs ceyeHuem mapa’?

Tpenaikep

3ajganue: Pemuth 3aqauu:

1. OnuH U3 YIJIOB NIPHU NEpecedeHH ABYX npsMbIX pased 65°. Haiitu
OCTAJIbHBIE YTJIBI.

2. Haiitu BeICOTY paBHOOOKOI Tpamneruu, y KOTOpOi OCHOBAHMSI PaBHBI
S5m u 11M, a GokoBas cTopoHa 4Mm.

3. OxuH U3 yraoB IpHU NepeceuyeHuH ABYX MpsAMbIX Ha 45° Gonble
apyroro. Haltu 3Ty yriisl.

4. BuewmHuii yron paBHoOeIpEHHOr0 Tpeyronbuuka pasen 42°. Haiitu
yTJIbl TPEYTOJIbHUKA.

5. VY napannesienunena TpU rpaHd UMeloT mwiomanu 1m?, 2m?, 3m2, Uemy
paBHA MOJIHAs MOBEPXHOCTH Mapajienenumnena?

6. Haifti nuaronany mpsiMOYTOJBHOTO TapaJlJIeeHIeIa IO TPEM €T

U3MEPEHUSIM:
1) 1,22
2) 2,36.
3) 6,6,7.
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/. B npsamoyrojibHOM napaJijiejenure/ie CTOPOHbl OCHOBAHMS PaBHBI 7 IM
u 24 nm, a BeicoTa 8 M. HaliTu miomaabs AuaroHajJbHOTO CEUYSHUS.

8. Paaumyc ocHoBaHus nuiMHIpa 2M, BeicoTa 3M. Halitu auaronans
OCEBOTO CEYCHHS.

9. BeicoTa nununapa 8cm, paanyc ocHoBaHus 5 cM. [lumHap nepeceueH
IJIOCKOCTBIO TAaK, UTO B CEUCHUU MOJMYyUYUIICs KBaapaT. Haiitu paccrosinue
OT 3TOT'0 CEYEHHMS 0 OCH.

10. Pamuyc ocHOBaHUs KOHYca 3M, BbicOTa ocHOBaHus 4M. Haittu
00pazyroniyio.

Pa3znen 12. U3MepeHus B reomeTpuu

12.1.00bemM reomeTpudeckoro teja. O0beM nNpu3Mbl, Napajjiejenumnena

B pe3ynbTaTte u3ydeHHs TeMbI CTYJICHT JOJIKEH:
ymemy:

- BBIYUCIIATh 00BEM TIPHU3MBI,

- BEIYUCIISITH 00bEM Mapaiiesienumne/1a.

3HamMb.

- TOHSITHE 00BEMa TEOMETPUIECKOTO TEJIa;

- CBOIICTBa 00BbEMA;

- popmyny oOBeMa MPU3MBI,

- (hopmyIry 0ObeMa MPSMOYTOIBHOTO TTapaJlIeIIeTUIe1a;
- (hopmyIry 00beMa HaKIIOHHOTO MapaJuIeieuIe 1a.

O0bem reomeTpuueckoro tejaa. OdbeM Npu3Mbl, NapaJJjesenuinena.

O0BeM — MOJIOKUTEIbHAS BETUYMHA, YHCIICHHOE 3HaY€HUE KOTOPOI
obJajaeT CaeayrIMMU CBOWCTBAMU

1) PaBHee Tena IMEIOT paBHBIC 0OBEMBI,
2) Ecmu Temo pa30uTo Ha YacTH, SIBISTFOIIHAECS TPOCTBIMH TEJIAMH, TO 00BEM
ATOTO TeJla PaBeH CyMMe 00BEMOB €T0 YaCTel;
3) O0BeM KyOa, pedpo KOTOPOTO PaBHO €IUHUIIE JITUHBI, PABCH SIMHHMIIC.
PaccMoTpuM npsMOyTroJibHBIN NTapajieenune]] ¢ JNHEMHBIMUA U3MEPEHUSAMU a, B,
C.

Puc. 47
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O06beM NpAMOYTOIBHOTO Mapajieenuneaa ¢ JUHEHHBIMU U3BMEPEHUSMH 4, B, C

BBIYHCIAETCS TI0 hopmyne V =a-d-f

PaccMOTpHM HAKJIOHHBIN NapaieNenuIe:

Puc. 48

O0BeM paBeH MPOU3BECHUIO OCHOBAHUS HA BBICOTY

V=5, -H

i

Paccmotpum npusmy. O6beM 110001 MTPU3MBI paBeH TPOU3BEICHUIO TIIOIIAIH
OCHOBAHMS Ha BHICOTY.

V=S, H

ifif
3AJAHUA 1151 CAMOCTOSITEJIbHOM PABOTHI
BOITPOCHI JI1 CAMOKOHTPOJIA

1.Yto Takoe o0bemM?

2. UeMy paBeH 00bEeM MPSMOYTOIBHOTO Mapajuienenuneaa’?
3. UeMy paBeH 00beM HAKJIIOHHOTO Iapajuiesnenumneaa’?

4. Yemy paBeH 00beM MIPU3MBI?

12.2. O0beM nupaMuabl, HUIHHAPA

B pe3ynbTaTe H3ydeHUs TEMBI CTYACHT JOJKCH:
ymems:

- BBIYHCIISITH 00BEM ITHPAMU/IBI,

- BEIYHCIIATH 00hEM AITHH]IPA.

3HAMb.

- popmyy oObeMa MUPAMHUJIBL;

- hopmyny o6bema UIHHIpA.

O0beM nmupaMuabl, MUJIUHAPA.

Paccmorpum nupamuny.
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e

Puc. 49

O6beM mr000H UpaMuIbl paBEH OJHOUW TPETH MPOU3BECHUS TUIONIAIU €€

1 .
OCHOBaHHS Ha BBICOTY V = gsw -

PaCCMOTpI/IM MUJINHADP.

V =R*H
Puc.50
3AJTAHMS JIJII CAMOCTOSITEJIBbHOM PABOTHI
BOITPOCHI JJII CAMOKOHTPOJIA

1. UeMy paBeH 00beM TUpPaAMUIBI?
2. Uemy paBeH 00beM ITUIUHAPA?

12.3.00beM KOHYCa, IIApPa

B pesynbTaTte u3ydeHust TeMbl CTYJICHT JOJIKEH:
ymemu:

- BBIYHCIIATh 00BEM KOHYCA;

- BBIYHCIIATH 00BEM IIIapa.

3HamMyb:

- popmyny oObeMa KOHYCA;

- popmyny oObeMa 1mapa.
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O0beM KoHYyca, mIapa

O0BeM KOHycCa paBeH OJJHOM TPETH MPOU3BEACHUS TLJIOIIA I OCHOBAHUS Ha
BBICOTY.

V==8y -1 =

PaccmoTpuM yceueHHbIN KOHYC ¢ paguycaMu ocHOBaHMi R1 u Ry,

\% :%721' (R? +R,-R, + R?)

PaccmorpuM map. v — 2R3

3
Puc.51

3AJTAHUA 1151 CAMOCTOSITEJIbHOM PABOTHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Uemy paBeH 06beM KoHYyca?
2. Uemy paBeH 00beM 11apa?

Tpenaxkep

3ajganue: Pemuth 3aqauu:

1. Tpu ky6a c pebpamu 3 cm, 4 cM, 5 cM TieperiaBiIeHbl B oAuH Ky0. Halitu
pebpo aToro Kyoa.

2. TpebyeTcs yCTaHOBUTH PE3EPBYAp Ul BOABI eMKOCTBIO 10 M® Ha TuIomamke
pazmepom 2,5 x 1,75 M, ciyxaiieit Ay Hero gHoMm. HaliTu BeICOTY
pe3epByapa.

3. M3mepenwus npsamoyroiasHOro napamienenunena 15 m, 50 m, 36 m. Haiitu
pedpo PaBHOBEIIMKOTO eMy Kyo0a.

4. B TpeyroiabHOW NUpaMHIe CO CTOPOHAMHU OCHOBaHUA 5 ¢M, 6 cM, 7 cM
BbICOTa paBHa 3,5 cMm. Hailtu o0beM nupamusl.

5. B uumuHape ¢ paguycoM ocHoBaHus 3 M 00beM paseH 10 M3, Haiftu BeIcOTY
UUATTUHIpA.

6. B muaumHape ¢ nmameTpoM 5 ¢M BeicoTa paBHa 7,5 cM. Haiitn 00beM
UUTTUHIpA.
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7. 25 M menHo# npoBosioku uMmeroT maccy 100,7 r. Halitu auameTp nmpoBOiIOKU
(mnoTHOCTL Meau 8,94 r/cm’).

8. Kyua meOHs nMeeT KaHOHMYECKYIO0 OopMy, pauyc OCHOBaHHUS KOTOPOH 2
M, a oOpa3yromias 2,5 M. Haittu o0beM Kyuu 1meoHs.

9. CocHoBoe OpeBHO AIMHOM 15,5 M MeeT TuaMeTphl KOHLIOB 42 ¢cM U 25 cM.
Yemy paBeH o0beM OpeBHaA?

10.YceuyeHHbIll KOHYC UMEET, Y KOTOPOI'O paJnyChl OCHOBaHUW 4 cM U 22 cM, U
PaBHOBEIMKUN HUIUHAP UMEIOT OJHY U Ty e BBICOTY. Uemy paBeH paanyc
OCHOBAHHUS 3TOT0 LMIHHIpa?

11.TpeOyeTcs nepemiaBuTh B OJUH I11apa JABa YYT'YHHBIX 11apa C IUaMeTpaMu
25 cm u 35 cM. Haiitn ntuameTp HOBOrO miapa.

12.T1nockocTh, NepNeHIUKYISIpHAS TUaMETPy 11apa, IeJIUT €ro Ha 4acTu 3 cM U
9 cm. Haiitu 06beM paBHOBEIMKOTO €My HHJIMH/PA.

12.4. Ilnomaab MOBEPXHOCTH reOMeTPHUYECKHUX TeJl.
Inomaas NOBePXHOCTH MPU3MbI, TUPAMHUIbI

B pe3ynbTaTte u3ydeHHs TEMbI CTYJICHT JOJIXKCH:

ymemy:

- BBIYUCIISITH TUIOMAAb IIOBEPXHOCTH MTPU3MBI;

- BBIYMCIISITH TUIOMIAAb IOBEPXHOCTH MTUPAMHUIBI.

3HAMb.

- (hopMyITy TUTOIIA I TIOBEPXHOCTH MPU3MEI,

- (hopmyity TUTOIIA M OOKOBOM MOBEPXHOCTH MIPHU3MBL;

- (hopMyITy TTOIIA U TIOBEPXHOCTH IMAPAMHUIBI;

- popmyny mromnaau 6OKOBOM MOBEPXHOCTH MUPAMUJIBI,

- hopmyity TTOIIA M OOKOBOM IMOBEPXHOCTH YCEUYCHHON MTUPAMUJIBI.
Ilnomaab MOBEPXHOCTH MPU3MBI

[momaaps MOBEPXHOCTH MPU3MBI — CYMMA TUIOIIAJIEH BCEX €€ TPaHEH.

S =S5 +2§S

noH 6ok ocH

BokoBast TOBepXHOCTh MPU3MBI PaBHA IIPOU3BEACHHUIO TOJYIICPUMETPa OCHOBAHUS
Ha BBICOTY MPHU3MEI, T. €. Ha JUIMHY OOKOBOTO pedpa.

S =PI

ale

S . =P.1+2S,

el il

HJIOI].IZIIIL MOBEPXHOCTH IMMHUPAMMU/BI

[Tmomaae MOBEPXHOCTH MAPAMUABI — CyMMa IUIOIIAJAEH BCEX €€ TPAHEH.
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S, =S, +S

nonH 60K ocH

[Inomaas 60KOBOM MOBEPXHOCTU MPABUIBHOW MUPAMUbI paBHA MTOJIOBUHE
MPOU3BEACHUS IEPUMETPA OCHOBAHUS Ha anodemy.

3AJTAHMS JIJII CAMOCTOSITEJIBHOM PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Uemy paBHa MI011a/]1b MOBEPXHOCTU MPU3MBbI?

2. UeMy paBHa 1J10111a/1b O0KOBOM MMOBEPXHOCTU MPU3MBI?

3. Uemy paBHa 1j101ab MOBEPXHOCTH TUPAMUIbI?

4. Yemy paBHa 11011181 OOKOBOM MOBEPXHOCTU MUPAMHUJIBI?

5. YUemy paBHa 1101131 OOKOBOM MTOBEPXHOCTH YCEUCHHOW MUPAMUIBI?

12.5. Ilnomaab MOBEPXHOCTH HWJIMHIAPA, KOHYCA U mIapa.

B pesynbTrare nzydeHus TemMbl CTYJIEHT JOJIKEH:
ymems:

- BBIYMCIISIT IUIOIIAlb MOBEPXHOCTH LIUJIMHAPA;

- BBIYMCIISITH IUIOMIAb MIOBEPXHOCTH KOHYCA;

- BBIYMCIISITH IUIOIIAlb HOBEPXHOCTH IIapa.

3HAMb.

- opMyny MIOIIA M TOBEPXHOCTH MIIHMH/PA;

- (hopmyny momaau 60KOBOM MOBEPXHOCTH MIJIMHIPA;
- (hopmyny mIomIaau MOBEPXHOCTH KOHYCA,

- hopmyny mromaau G0KOBOM MOBEPXHOCTU KOHYCA;
- (hopmyny mIomaaM MOBEPXHOCTH IIapa.

ILi1omaas MOBEepXHOCTH UJIMHIAPA.
JlaH uuauHap.

S =S5 +2§S

noH 6ok ocH

Puc.52
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[Inomaas OOKOBOM MOBEPXHOCTH LWJIMHJIPA PaBHA MPOU3BEICHUIO JJIUHBI
OKpYykHOCTH C €ro OCHOBAHMS Ha BBICOTY.

Sge =N-H =27R-H
R - paguyc ocHOBaHMS IIMIIMHJpa

[Imomaap MoOJIHOM MOBEPXHOCTH HWJIMHIPA paBHA CYMME IUIOLIAAN €T0
OOKOBOU MOBEPXHOCTH U TUIONIAJEH OCHOBAHUA.

S =27RH +2R?

NOlH

ILomanb MOBEPXHOCTH KOHYCa
I1nomans MOJHON MOBEPXHOCTH KOHYCA:

=S_ +S

nonH 60K oCH

[Tnomaas 60KOBOM MOBEPXHOCTH KOHYCA paBHA MOJIOBUHE MPOU3BEACHHUS IITUHBI
OKPYXHOCTH €T0 OCHOBaHUS Ha 00pa3yIoIIyIO.

S,. =1N-|=32ﬂR|=;le
2 2

ale

S =Rl +2R?

NOJNH

ILs1omaap MOBEPXHOCTH IIAPA
[Tnomanpe chepsl paanyca R Beraucisercs mo popmyne S =4aR°
3AJIAHUS 111 CAMOCTOSATEJBHOM PABOTbBI
BOITPOCHI JJII CAMOKOHTPOJIA

1. 3anumure Gopmyny MmIoMaAN NOBEPXHOCTH LIMIMHAPA.

2. 3anummrte (HopMyITy IIIOMAaad OOKOBOM MOBEPXHOCTH ITUIMH/PA.
3. 3anummTe GopMyITy TUIOIIAIH IOBEPXHOCTH KOHYCA.

4. 3anummte GopMyITy TUTOIAIH OOKOBOM IMMOBEPXHOCTH KOHYCA.

5. 3anuimute GpopMyiy MI0IIaAN TOBEPXHOCTH IIapa.

Tpenaxep

3ananue: Pemuts 3anaun:
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1. IlepumeTp nepneHAUKYISIPHOTO ceueHus Mpu3Mbl paBeH 20 cM. PeOpo npusmel
20 cMm. Haiitu miiomaas O0OKOBOM MOBEPXHOCTH MPU3MBI.

2. OcHoBaHue MUpaMUAbl — poMO ¢ nuaroHanssMu 6 M u 8 M. BoicoTa mupamMu/ibt
IIPOXOJUT Yepe3 TOUKY MepEeceUeHUs AuaroHaneil 1 passa | m. Haltu mmomans
OOKOBOM MOBEPXHOCTU MUPAMHUJIBI.

3. OcHOBaHuE NMUpaMUIbl — PABHOOEIPEHHBIN TPEYTOJbHUK cO cTopoHaMu 40 cM,
25 cM u 25 cMm. Ee BbIcOTa MPOXOJUT UEpPE3 BEPIIMHY YTiia, MPOTHUBOJICKAIIETO
ctopone 40 cm, u paBHa § cM. Haiitu miomaab 60K0BOM MOBEPXHOCTU MUPAMUBIL.
4. OcHOBaHME MUPAMUJBI - KBaJApaT, €€ BHICOTA IPOXOIUT Yepe3 OAHY U3 BEPILIUH
ocHoBaHus. HaliTu miomaas 60KOBOW MOBEPXHOCTH, €CIIM CTOPOHA OCHOBaHUs 20
cM, a BbIcoTa 21 cm.

5. JlnuHa qUaroHamy mpsMOYyroibHOTO Hapaiieenunena 5+/2 cm, Jauns pedep
ocHoBaHuA 3 cM U 4 cM. HaliTu muonaapr moBepXHOCTH.

6. Bricora konyca 10 cm, quamerp ocHoBanus 12 cMm. Haiitu mmomaas 60koBoit
NOBEPXHOCTH U MOJIHYIO TUIOAJb KOHYCA.

7. Uunuaapuyeckas 1pbIMoBasi TpyOa ¢ AuaMeTpoM 65 cM umeeT BbicoTy 18 M.
CKOJIBKO KECTH HYXKHO JIJIs1 U3TOTOBIICHUS TPYObI?

8. KonycooOpa3Has nanatka BeICOTOM 3,5 M U 1uaMeTpoM 4 M MOKpbITa
napycuHoil. CKOJIbKO KBaJIpaTHBIX METPOB MAapyCUHBI MOILIO Ha MaIaTKy?

9. Kpepima 6anrau umeet popMmy KoHyca. BricoTta kpbiu 2 M, tuaMeTp OaiiHu 6
M. HaliTh TOBEpXHOCTH KPBIIIIH.

10. Cxonbko onudsl moTpedyeTcs s OKpacku BHelHeH moBepxHocty 100 Beaep,
UMEIoIUX POPMYy YCEYEHHOTO KOHYyca ¢ uaMeTpamMu ocHoBaHui 25 cM u 30 cM u
obpasyromieit 27,5 cM, eciau Ha 1 M? Tpebyercs 150 T onudsl.

11. OcHoBanue TUpaMuIbl — paBHOOEAPEHHBIN TPEYTOJIBHUK CO CTOPOHAMH 6 CM,
6 cM u 8 cM; BeIcoTa paBHa 9 cM. Haiitn 00beM mupamMusI.

12. Haiitu nuaroHany npsiMOyroiabHOTO Mapajuieenunea, €Ciau ero u3MepeHus
paBHBI 6, 6 1 7.

13. Haiitu cropony u anodgeMy paBUIBHON TPEYTrOJIbLHON MTUPaMU/IbI, €CITH €€
60koBOe pedpo paBHO 10 cM, a 60KOBast MOBEPXHOCTH 144 cMm?,

13. DyieMeHTHI KOMOMHATOPUKH.

B pesynbrare u3ydeHuss TeMbI CTYACHT JOJIKEH:
ymems:

- BBIYUCIISATH pa3MENIeHUs, IEPECTAHOBKA W COUYCTAHMS.
3HaAMb:

- IOHATHE KOMOWHATOPHUKH,

- IOHATHE PAa3MEIICHUN;

- hopmyny uncna pazmenieHui;

- IOHATHE TIEPECTAaHOBOK;

- (hopMyITy MEPECTAHOBOK;

- TIOHATHUE COYCTAHUM;

- popmyny coueTaHmil.
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JJIeMeHTbl KOMOMHATOPHKH.

[Ipu penieHnu psijja TEOPETUUECKUX M MPAKTUUECKUX 3aj]lay TpeOyercs u3
KOHEYHOI'0 MHOYKECTBA JJIEMEHTOB 110 3aJaHHBIM IIPABUJIAM COCTABJIATH
pa3nyHble KOMOUHAIIMU Y TTPOU3BOJIUTH MMOJICUET YUCIIa BCEX BOZMOXKHBIX TAKUX
koMOuHarui. Takue 3a7a4u HA3BIBAIOTCS KOMOUHAMOPHLIMU, & PA3LIEIT
MaTeMaTUKH, 3aHUMAIOLIUNCS UX PEIIEHUEM, Ha3bIBACTCS KOMOUHAMOPUKOLI.

DeMeHThl KOMOUHATOPUKHU:

1. Pazmewenus — pa3MelieHUsIMHA U3 N 3JIEMEHTOB MO M B KaXKJJOM Ha3bIBAIOTCSA
TaKue COEAMHEHUS, KOTOPbIE OTJIMYAIOTCS APYT OT Jpyra JIMOo caMUMu
3JIEMEHTaMHU, JIM00 NOPSAAKOM UX PACIOJIOKEHUS.

Yucno pasmenieHuid U3 N 3JIEMEHTOB MO0 M 0003HAYAETCS CUMBOJIOM 4, |

BBIYHCIISIETCS 110 (hopMyIie
A'=n(n-)(n-2)..(n—-m+1)
ITpumep 1. Halitu uncio pazmemenuid u3 10 amemMeHToB 1o 4.
A' =10-9-8-7 =5040

2. Hepecmaﬂoeku — IIEPECTAaHOBKAMHM M3 N 3JICMCHTOB HA3bIBAIOTCS TAKUE
COCIMHCHUS U3 BCEX N DJICMEHTOB, KOTOPBIC OTIIMYAOTCA APYT OT ApyTra IMOPsIAKOM
pasMCIICHUSA 3JICMCHTOB.

Ywuco nmepecTaHOBOK U3 N 3JIEMEHTOB 0003HAYAETCsI CHMBOJIOM P,
Phn=A'=n(n-1)(n-2)...3-2-1 unu
Phn=123...(n-1)n

Yucio Bcex IIEPECTAaHOBOK M3 N DJIECMEHTOB PaBHO IIPOU3BEACHUIO
IIOCJICAOBATCIBbHBIX YHUCCI OT 1 J0 N BKIIFOUUTECIBHO.

[Tpomsseaenue 1:2:3...(N-1)n o6o3Ha4aeTcss CUMBOJIOM N!, IpryeM
0r=0
11=1

[Tonyuaem P = n!
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[Ipu perreHny 3a1a4 4aCTO UCIIOIB3YETCS paBeHCTBO Al = (n—m)AT

[Tpumep 2. CocTaBUTh BCEBO3MOXKHBIE IEPECTAHOBKU U3 DJIEMEHTOB:

1) 5u6
(5; 6) (6:9)

Pz =12=2
2)xY, Z
P;=123=6

3) Couemanus - coyeTaHUSIMH U3 N DJIEMEHTOB MO M B KaXXI0M Ha3bIBAIOTCA TaAKHC
COCAMHCHUS, KOTOPBIC OTIIMYAKOTCA APYT OT JApyra XOTA OBI OAHHM J3JICMCHTOM.

Uucno coueTaHuit U3 N 3JIEMEHTOB MO M o3Havyaetcsi cumBosiom C,' . Haxonurcs no

dbopmyne

C' = A 15030
P

[Ipumep 3. Beruucauts C;7

| . 131
cis o 15 151413 .
131(15-13) 1321

3AJIAHMS 111 CAMOCTOSTEJIBbHOMR PABOTHI

BOITPOCHI JI1 CAMOKOHTPOJIA

1. Uto Ha3bIBalOT KOMOMHATOPUKO?

2.Ilepeuncnure 37eMEHTH KOMOWHATOPHKH.

3. Uto Takoe pazMelieHus?

4. 3anumute GOpMyy BEIUUCICHUS YUCIIa Pa3MEILICHUI.
5. YUto Takoe nepecTaHOBKH ?

6. 3anuimure GopMyy BHIUYMCIECHHUS YHUCIIAa IEPECTAHOBOK.
7. Uro Takoe coueTaHus?
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8. 3anuiute (HopMyIly BHIYUCICHUS YKCTa COUCTaHUM.
IIpaxmuyeckue 3a0anusi:

3agaHue Ha «3».

1. Haiitu uncio pasmemenuii: 1) 45 ;2) 4 ;3) 45, ;4) 43;5) 4.
2. BeruncnauTh 3HaueHue Beipaxenus: 1) 3! + 41; 2) 51 —21; 3) 6! - 21

Janadue Ha «4:

1.Berancnute:1) Cq; 2) Ci; 3)C3; 4) C?
2 Beruucaure: 1) P, - P,; 4) 45+ P, - P,;5) P, + P;.

3ajjaHue Ha «5»:

5 4
BBI‘II/ICJII/ITLil) %WL A52 : Af 'Af;

Tpenaxep

3ananwe:
1. Haiitu uncno pasmewmenuii: 1) 45 ; 2) A2 ;3) 4., ;4) 42;5) 4;.
2. Bbruncanth 3HaueHue Beipakenus: 1) 51 + 61; 2) 41 — 21; 3) 71 * 3!
3. Borumcmuts: 1) CF ;2) C) + Ci; C3 - CZ.
4. Beruucnute: 1)P,;2) P,;3) P, + P, ;4) P, P, ;5) P, - P,.
5. Bpraucaurs:

1) A4+ 42+ 4 ;

2) A+ A7
A
3) 4l AL AL

4) P, + P :
P4

5) Ps'(P7'P3);

6) C; + CZ;
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6. HaiiTu 3HaueHNE BBIPAXKECHUI:

1) 10!-8! :

3) 6! (7! -3);

7. CKOJBKMMM CIOCOOaMH MOKHO COCTABHUTB CITMCOK M3 10 uenoBex.

8. CKOJbKMMHU cTIOCO0aMU MOKHO PaccajuTh 7 4eJIOBEK 1Mo 7 mectam?

9. CKOJBKO MATU3HAYHBIX YUCET MOKHO cOCTaBUTh U3 udp 1, 2, 3, 4, 5 6e3
NOBTOPEHUI ?

10.Beruuciurs: 1) C ;2) 1) ¢ 3 3) 1) Cy.

11.TIpoBepbTe paBEeHCTBA:

AS

1) ¢ =2,
) 20 Ps

4
2) C145' C135:%;

2
3) (i =Crs
4) Cp+ Cp = Cjy

5) Cit Gy =Gy

12.BBIYUCIUTE:

;
1) Also; 2) Py - Py, 3)C_120;
G
4) 4, S) P, Py 6) G - G
7) 43; 8) 6!- 2; 9) C; + 3
A2 % 43- Py . 7.
10) A * 4;; 11) 2—2 12) Cf; ;
A_;‘_ P, +P, . ct -
13) 12, 14) 8 ’ 15) 10 »
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16) (42— 42, 17) Lo 18) ¢} + C7;

412
3 4
19) A+ ). 20) Pt h 21) CZ;
10 P,
A3
22) A‘il'z; 23) P,:15+12,51; 24) ¢!, ;
125 . . 10 11.
25) 7, 26) 10312+ 93'9:31 27) C'13 + Cl3’
9
A5+A4+Af). 105 . 13 14
2 10 0 0 2 - )
8) 19 ’ 9) P4 _ P2 ’ 30) C18 C18 ’
4 5
31) At A 31) Lth, 32) & + C);
Al 4
7 6
33) %A . +B,.23.2; 003 .
) TR 34) 18,3+B,-23.2; 35) oL
3 4
36) %A ;A7 : 37) B,-(12+P,); 38) 2 Cl;
612 . ) 7 11
39) E—43, 40) 3,5+P8:12—2, 41) ClO - C13

14.1.CnyyaiiHbIH ONBIT U CJIy4aiiHOe COObITHE

B pe3ynbprare n3ydeHus TeMbI CTYJICHT JOJIKEH:

ymems:

- OIIPENIETISATh JOCTOBEPHBIE U HEBO3MOXKHBIE COOBITHS;
- OIIPEAENSATh COBMECTUMbIE M HECOBMECTHUMBIE COOBITHS;
- OIpEENsATh PABHOBO3MOYKHBIE COOBITHS;

- COCTABJISITH TIOJTHYIO CUCTEMY COOBITHH.

3HAMb:

- IOHATHE JT0CTOBEPHBIX COOBITHUI;

- IOHATHE HEBO3MOXKHBIX COOBITHI;

- IOHSATHE CIIyYalHbIX COOBITUH;

- IOHSTUE UCTIBITAHUS;

- BUJIbI CITy4ailHBIX COOBITHIA.
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Ciy4yaifHbIH OIIBIT U CJIy4aiiHOe COObITHE

B okpykaromiem Hac MUpe MOXKHO HaOII0OaTh COOBITUSI, KOTOPHIE
00s3aTeNbHO TPOU30MIYT, €ciii OyIeT OCYILIECTBIEHA ONPEACIICHHAS

COBOKYITHOCTb yCJIOBUM. Takue cOOBITHS HA3bIBAIOTCA OOCHO8EPHBIMU.

[Ipumep:

1. Ecnu Harpets Boay B cocyae 1o Temneparypsl 100 rpamycos, TO
0053aTEeIbHO HACTYMUT MPOLECC KUTIEHUS BOJIBI.
2. Ecnu B KOp3uHE HaXOAATCS TOJBKO LIBETHBIE IIAPhl U HAYJauy U3BJICUEH

OJIMH IlIap, TO COOBITUE «U3BJICUYEH LIBETHOH LIap» MPOU30MIET 00513aTEIBHO.

CoObITHE, KOTOPOE 3aBEIOMO HE IPOU30MIET, €CIIU OYJET OCYLIECTBIECHA
OIpe/ieJICHHasi COBOKYITHOCTh YCIIOBUM, HA3bIBACTCS HEBO3MONCHBIM.

[pumep: Ecnu B sinuke HaxoasTcs_Oelble mapbl U U3 YpHBI U3BJIeueH | mapa, To
COOBITHE «U3BJICUEH YEPHBIH 1I1ap» OyAeT HEBO3MOKHBIM.

YacTo mpuxoAUTCs CTAKUBATHCS ¢ COOBITUSIMU, KOTOPBIE TTPU
OCYIIECTBJIICHUH OIPEACIICHHBIX YCIOBUI MOTYT MPOU30MTH, 2 MOTYT HE
NPOU30MTH, TAKUE COOBITUS HA3bIBAIOTCS CIVYAUHBIMU.

COBOKYITHOCTb YCJIOBUMN, IPU OCYIIECTBIEHUU KOTOPBIX COOBITHE MOXKET
IPOU30MTH, @ MOYKET HE IPOU30NTH, HA3bIBACTCS UCNbIMAHUEM VIIA ONBIMOM.

[Ipumep:

1. «bpomiena MoHETa» - UCIIBITAHUE; «IOSIBJICHUE TepOay - ciayuyaiiHoe
coObITHE.
2. «lIpousBeneH BBICTPEN 110 MUIIIEHW - UCIIBITAHUE; «ITOMAJaHUE B IEJIb) -
ClIy4yaliHOE COOBITHE.
Cnyvaitabie cCOOBITHSI 0003HAYaIOTCS OOJIBIIMMHU OYKBaMH JIATHHCKOT'O ayipaBUTa
AB, C.
[Tpumep: CoObiTHE A — MONaJJaHUE B MULIEHD MPU BBICTPETIE.
HoctoBepHbie coOBITHSA 0003HaUar0TCs OykBoit U, HeBO3MOXKHBIE — V.
OpHOpoAHbBIE CiTydaitHbie COOBITHS TP MHOTOKPATHOM ITOBTOPEHHH OIBITA
MOTYMHSIOTCS OTIPEJICIICHHON 3aKOHOMEpHOCTH. M3yueHneM Takux
3aKOHOMEPHOCTEH 3aHUMAETCsl Teopus BeposiTHOcTe. OHa BO3HUKJIA B CEPEIUHE
17 B. OcHoBatenu: ¢ppanuy3ckue matematuku [lackans, @epma, romiangeil
I'torirenc.

Busl cinydaitHbIX COOBITHIA:
1. mecoemecmumvie — HA3BIBAIOTCST 2 COOBITHS, OSIBICHHUE OJHOTO U3 KOTOPBIX
UCKIIIOYaeT nosieiieHue npyroro. [Ipumep: B siuke Oenble U yepHbIE
mwapsl. Haygauy BeiHuMaroT map. CoObITUSL «10CTalu Oemblil map» u
«J10CTaJIM YEPHBIN 1I1ap» OyyT HECOBMECTUMBIMHU.
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2. coemecmumble - Ha3bIBAIOTCA 2 COOBITHS, TMOSBICHUE OJHOTO U3 KOTOPBIX
HE UCKITI0YaeT MosBiIeHue npyroro. [Ipumep: bporiena urpanbHast KOCTb.
CoOBITHS «TIOSIBJICHHE IBYX OYKOBY» U «IIOSIBJICHHE YETHOTO YHUCIIA OYKOBY
OylyT COBMECTHUMBIMHU.

3. pasHo803MOJiCHble — HA3BIBAIOT COOBITHUS, €CITU YCIOBUS UCIBITAHUS
00eCneurnBaT OMHAKOBYIO BOZMOXKHOCTh OCYIIIECTBICHHS KaXKOTO U3
HuX. [Ipumep: MOsSBICHHE TOTO WM HHOTO YHUCJIa OYKOB IIPH OpOCAHHUH
UTPATLHOU KOCTH €CTh COOBITHS PaBHOBO3MOYXHBIE, T.K. KOCTh U3TOTOBJICHA
U3 OJTHOPOJHOTO MaTepualia U UMEET CTPOr0 CUMMETPUUHYIO (hOpMYy.

4. noanas cucmema cobvimuil — B pe3yinbTaTe JAHHOTO UCIIBITAHUS
HETIPEMEHHO MPOM30MIeT OAHO U3 HUX. [IpuMep: CTyIeHTY Ha dK3aMeHe
JocTayncs Ouie C AByMsI TEOPETHUYECKUMHU BOTIPOCAMH.

3AJTAHMS JIJII CAMOCTOSTEJIBHOM PABOTHI
BOITPOCHI JJII CAMOKOHTPOJIA

1. Kakue coObITHS HA3bIBAOTCS JJOCTOBEPHBIMH?

2. Kakue coObITHsI HA3bIBAKOTCSI HEBO3MOXKHBIMU ?

3. Kakue coObITHSI Ha3bIBAIOTCS CITyYaHBIMH?

4. Yto Ha3bIBAIOT UCIIBITAHUEM HJIA ONBITOM?

5.Kak 0003Ha4ar0TCs CIydalHBIMH COOBITUSMU?

6. Kakue coObITHS Ha3bIBAIOTCA HECOBMECTUMBIMHU?
7. Kakue coObITUSI HA3bIBAIOTCSI COBMECTUMBIMHU?

8. Kakue coObITHS Ha3bIBAIOTCS PABHOBO3MOKHBIMU?
9. Urto Takoe moJyiHasi cucTeMa COOBITHIA?

Tpenaikep

3ajaHue:

1. Haiitu cpenu cOOBITHII JOCTOBEPHBIE U HEBO3MOKHBIE:
1) «nosiBiierne 10 04KOB IpH OpPOCAHWH UTPATLHOU KOCTHY;
2) «nosBiieHre 10 0YKOB IpU OPOCAHHUH TPEX UTPATBHBIX KOCTEH;
3) «mosiBieHue 20 0YKOB MPH OPOCAHUM TPEX UTPATBHBIX KOCTEH
4) «Hayraj] BRIOpaHHOE ABY3HAYHOE YKMCIIO He Ooibine 100y.
2. OmpenenuTh, KakKue U3 COOBITUI COBMECTUMBIE 1 HECOBMECTHMBIE:
1) UcnbiTanue — OpocaHre MOHETBI;, COOBITHSI: A — «ITOSIBJICHHE TepOay,
B — «mosiBnenue uudpei»;
2) WcnbiTanue — OpocaHue UTPATbHON KOCTH; COOBITHS: A — «ITOSIBIICHHUE
TpeX OYKOB», B — «110sIBIeHNE HEYETHOTO YUCIa OUYKOBY;
3) HcnplTanue — OpocaHue JBYX MOHET; COOBITHS: A — «ITOSIBJICHHE
repOa Ha OJIHOM K3 MOHET», B — «nosiBiieHne repOa Ha BTOPOii
MOHETEY;

3. OHpeI[eJ'H/ITB, ABJIAIOTCA JIM PABHOBO3MOXKHBIMH CcOOBITHS:
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1) UcnwiTanue — OpocaHue UrpaibHOW KOCTH; COOBITHS: A — «IOSIBIICHHE
JIByX OUYKOB», B — «I110sIBIIEHNE MSITH OYKOBY;

2) WcnbiTanue — OpocaHue UTPATbHON KOCTH; COOBITUS: A — «IOSIBIICHHE
JIByX OUYKOB», B — «I1OSIBIIEHNE YETHOTO YHCIIa OUKOBY;

3) UcnbiTanue — iBa BhICTpEa [0 MUIICHU; COOBITUS: A — «IIpOMax Ipu
NEPBOM BBICTpENE», B — «1pomax npu BTOpOM BBICTpPEIIEN;

4. CocTaBUTH MOJHYIO CUCTEMY COOBITU

1) UcnwiTanue — OpocaHre MOHETHI;

2) VcnbiTaHue — TpH BBICTpENIa 10 MUIICHH;

3) UcnbiTanue — OpocaHue UTPATBHOM KOCTH.

14.2. BeposiTHOCTB cOObITHA. Onepanum HAJ COOBITUAMU

B pe3ynbTaTte u3ydeHHs TEMbI CTYJICHT JOJIKEH:
ymemy:

- HaXOJIUTh CYMMY COOBITHIA;

- HaXOJIUTh MTPOM3BEICHNE COOBITHI;

- OIIPEJICIIATH IPOTHUBOIOJIOKHBIC COOBITHS,

- pemiarth 3aJa41, UCIOJIb3ys GOPMYITY BEPOSITHOCTH COOBITHS
3HAMb.

- TIOHSITHE PABHBIX COOBITHI;

- IOHSITHE CYMMBI JIBYX COOBITHIA;

- TIOHSITHE TIPOU3BEICHHUS IBYX COOBITHH;

- TIOHSITHE TTPOTUBOTIOIOXKHBIX COOBITHH;

- TIOHSITHE BEPOSTHOCTH COOBITHSI;

- opMy1y BEPOSTHOCTH COOBITHS;

Onepauuu HaJA COOBITUAMH

Onepanyu HaJx COOBITUSIMU:

1) Pasencmso
Paccmotpum coObITus:

A — «OSIBJIEHHE TPEX OYKOB IIPU OPOCAHUM MIPABHOM KOCTH»; A = {3}

B — «mos1B7I€eHNE HEYETHOTO KOIMYECTBA OUYKOB IIPU OPOCAHUU UIPAIbHON
koctm»; B = {135}

OuyeBUIHO, YTO €CIIM MPOU30ULIO0 COOBITHE A, TO HEIPEMEHHO IPOU30MAET U
coObiTHEe B. B 3TOM cityyae roBopsT, 4To coObITHE A BiieueT 3a coOoi coObiTre B
(wnu B siBnsieTcst cneacTBueM coObITUSL A) U 3aITUCHIBACTCS

A ( B (umu B )A)
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Ecnu cobbitus A u B TakoBsl, uto A ( B u B )A, To oM Ha3bIBatOTCs
paBHBIMH (PaBHOCUJIBHBIMH ), IPH 3TOM NUIIYT: A=B

2) cymma cobvimuil.

a) CYMMa JIBYX COOBITHH

Cymmoti unu obveounenuem NByX coObiTHil A 1 B Ha3biBaetcs coObiTue C,
COCTOSIIIIEEe B HACTYIUICHUHU XOTsI ObI OJHOTO UX COObITUHM A unu B.

3anuCKHIBAIOT:
C=A+B umu C=AUB

0) CyMMa HECKOJBbKUX COOBITUI

Cymmoti unu 06veoureHuem HECKOIbKUX COOBITUI A1, Ay, ...An Ha3bIBACTCS
cobsiTe C, coCTOSIIEE B HACTYIUICHUH XOTsI OBl OJHOTO UX COOBITHI A1, Az, ...An

3armucChIBAIOT:

n
C=> A

i=1

[Ipumep: Haiitu cymmy cobpituii. A — «IlosiBnenue 1 ouka mpu 6pocaHuu
urpaiabHoil koctu». B — « [losiBnenne ByX 04KOB pu OPOCAaHUU UTPATIBHOMN
KOCTI.

Cymmoii A+B sBnsiercst coObitue «IlosiBnenne He O0JbIIe IBYX OYKOB IMPU
OpocaHMM UTPATLHON KOCTHY.

3) npouzgeoenue 08yx cobblmuil

IIpoussedenuem Niu nepeceyeruem NByX COOBITHI sABIseTCS coObITHE C,
COCTOsIIIIeE B OJTHOBPEMEHHOM HacTyIuieHuun A u B.

3amnuceIBaeTCA:
C=A*B nmmu C=ANB

IIpumep. Haiitu mpousBeieHre COOBITHN A «II0TalaHue B 1€ MEPBHIM
BbICTpesioM»; B «llomaganue B 1ieab BTOPBIM BBICTPETIOMY.

I[Ba CJ'Iy‘-I&fIHBIX COOBITHS HA3BIBAIOTCS IMPOTHUBOIIOJIIOKHBIMHU, €CJIM OOAHO M3
HHUX IIPOHUCXOJUT B TOM CJIydac, KOrJa HC ITPOUCXOOUT APYIrocC.

[Tpumep.
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1. TMonagaHue u MpoMax MO MUIIEHSIM.
2. TlosiBeHUE YETHOTO U HEUYETHOT'O YUCJIAa OUYKOB MIPHU CTPENIHOE MO MUIIICHSIM.

BeposiTHOCTB COOBITHS

BepositHocThio P (A) coObITHSI A Ha3bIBa€TCSl OTHOIICHHUE YHCIIA
AJIIEMEHTAPHBIX COOBITUH, OJIArONPUATCTBYIOIIUX COOBITHIO A, K 00LIEMY YUCTy N
PaBHO3HAYHBIX AIEMEHTAPHBIX COOBITUH.

P (A)=m/n
4 3 ONpCACICHUS BCPOATHOCTU BBITCKAIOT CIICAYIOIIUC CBOMCTBA:

1. 0<PA) <1
2. P(U)=1,rne U - 10cTOBEpHOCTb COOBITHIA.
3. P(A+B)=P (A)+ P(B), eciu HezaBucumsi A u B.
[Ipumep. B ypue 3 Genbix u 9 yepHbIX mapoB. M3 ypHbI Hayraja BeiIHUMaeTcs |

map. KaKOBa BCpOSITHOCTB TOIro, 4To BBIHyTBIﬁ map OKaXECTCiA qepHLIM?
n=12 m= 9
P(A) = 9/12=3/4

3AJTAHUA 1151 CAMOCTOSITEJIbHOM PABOTHI
BOITPOCHI JJI1 CAMOKOHTPOJIA

1 Kakue coObITHS HA3bIBAIOTCSI PABHBIMU?

2. UTo Ha3BIBAIOT CYMMOM COOBITHIA?

3. Uto Ha3BIBAIOT MPOU3BEICHUEM COOBITHIA?

4. Kakue coObITHS Ha3bIBAIOTCS MPOTUBOIOJIOKHBIMHU ?
5. UTo Ha3bIBAIOT BEPOSTHOCTHIO COOBITHS ?

6. 3anumure GopMyTy BEPOSTHOCTH COOBITHS.

lIpakmuueckue 3a0anusi:

3amanue Ha «3». Pemuts 3agauy. M3 Kop3uHbl, B KOTOPOH HAXOAATCS 9 KpacHBIX,
8 JKEJITBIX U 7 3€JICHBIX IAapOB, HAy1a4y BBIHUMAETCS OWH. HaliTh BEpOSTHOCTH
TOTO, YTO BBIHYTHIN IIAP OKAXKETCA: a) KPACHBIM, 0) KEITHIM; B) YEPHBIM; T)
3€JIEHBIM.

3ajanue Ha «4: Pemuth 3amady. B kop3une Haxoasitest 30 Oenbix u 20 4epHbIX
mapoB. Hayraj BBIHUMAIOT OJUH 1Iap, KOTOPbIA OKa3ajcs OelbiM, U OTKJIaAbIBAIOT
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€ro B cTOpoHy. Hayraj BEBIHUMAIOT enie OMH 1ap, KOTOPBIA OKa3aJcs YEPHbIM, U
OTKJIaJIbIBaIOT €ro B cTopoHny. [locne atoro Oepyt enie oauu map. Haiitu
BEPOSITHOCTh TOTO, YTO 3TOT IIAp OKAXETCS OEJbIM.

3ananue Ha «5»: Pemnts 3amauy. B konmoxae 36 kapt. Haynauy BelHMMaOTCS
2xapThl. HaliTu BepOSTHOCTH TOTO, UTO 3TO OYAYT JBa Ty3a.
Tpenaxep

3ananue:

1. Haiitu cymmy coOBITHIA:

1) HcnbiTaHue — 1Ba BBICTpPEa IO MUIICHHU; COOBITUS: A — «IOTAJIaHKE C
NEPBOTo BhICTpEnay, B — «mmomnaganue co BTOPOro BeICTpesay;

2) UcnbiTanue — OpocaHUe UTPATBHOM KOCTH; COOBITUS: A — «IIOSIBIICHUE
OJIHOTO OuYKay, B — «mosBieHne 1Byx 0ukoB»; C — «IosiBIIEHUE TPeX
OUYKOBY;

3) HcnbiTanue — mpruoOpeTeHUE JIOTEPEHHBIX OUICTOB; COOBITHS: A —
«Boiarpoi 1000 py6raeit», B — «Beiurpsim 2000 pyosneii»; C — «BBIMTPHITI
3000 pyGueit».

2. Haiitu npousBeneHrne cOObITHI:

1) HcnbiTaHue — 1Ba BBICTpPEIa IO MHUIICHHU; COOBITUS: A — «IOTAJ[aHKe C
NIEPBOTO BBICTpENa», B — «momnamganue co BTOPOro BeICTPETAy;

2) UcnbiTanue — OpocaHue UTPAIbHOM KOCTH; COOBITHS: A — «HETOSIBIICHHE
TpeX OYKOB», B — «HemnosiBiieHne nTu 04KOB»; C — «HEMOABICHUE
HEYETHOTO YHUCJIAa OYKOBY;

3. HazoBuTe MpOTHUBOIIOI0KHBIE COOBITHS JJIS1 COOBITHIA:

1) A — «BbIlIaZIcHHE ABYX TepOOB IIPH OPOCAHUH IBYX MOHETY;

2) B — «mosiBiieHue GEI0To mapay, €Clid OIBbIT COCTOUT B U3BJICUYCHUHU OJHOTO
1Iapa U3 KOp3WHbI, B KOTOPOW UMEIOTCS OeJibie, YEpHbIE U KPaHHBIC IIAPhI;

4. W3 KOp3uHBI, B KOTOPOM HAXOJATCS 7 KPACHBIX, 8 KENTHIX U 5 3€JICHBIX 11apOB,
HayJady BIHUMAaeTCs oAuH. HalTu BEpOSTHOCTH TOrO, YTO BBIHYTHIW LIAP
OKa)XETCsI: a) KPACHBIM, 0) KEITHIM; B) YEPHBIM; T') 3€JICHBIM.

5. Cpenu 50 neraneit 5 HecTaHAApTHBIX. HaiiTh BEpOSTHOCTH TOTO, UTO HAyraj
B3sITas JAeTallb OKAXKETCS: a) CTAHIAPTHOM; 0) HeCTaHJapTHOM.

6.bpomiena urpanbHas kocth. HaliT BEpOSITHOCTH CIIEAYIOMINX COOBITHI: A-
«BBINANO 3 0UKay; b- «BbINAJIO0 HEUETHOE YHUCIIO OUKOBY.

7.B amuke ¢ aetansimu okazainoch 300 geraneir mepBoro copta, 200 neranei
BTOporo copra u 50 neraneu Tperbero copra. Hayraa BelHUMaeTCs 0OJ1HA U3
netanei. Yemy paBHa BEpOATHOCTb BBIHYTH JE€Tallb IEPBOT0, BTOPOTO WIH
TpeThero copra’?

8. B xop3une HaxomsaTcs 20 6enbix u 15 yepHbIX mapoB. Hayran BeIHUMAKOT OWH
map, KOTOpbIN oKaszaycs OeJbIM, U OTKJIAJIBIBAIOT €ro B cTopoHy. [locne sToro
OepyT emle oauH wap. HailTu BEposITHOCTh TOrO, YTO 3TOT LIAP TOKE OKAXKETCS
OeJIbIM.
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9. B maptuu u3 30 nap o0yBu umeercs 10 nap Mmyxckoi, 8 map xeHckoil u 12 nap
neTckoil o0yBu. HailTu BEpOATHOCTB TOTO, UTO B34Tas Hayraj rnapa oOyBu
OKa)KETCS HE IETCKOM.

10. U3 100 onuHakoBbIX nertaneil 3 OpakoBaHHBIX. HaliT BEpOATHOCTH TOTO, UTO
B3siTas Hayraj Jeraib 0e3 Opaka.

11. Ha sx3amene 60 6uneroB. AHzpeit He Bblyumi 3 u3 HuX. HailTu BeposTHOCTD
TOr0, YTO €My MOTAJAETCs BBIYYEHHBIH OUIIET.

12. KakoBa BEpOSTHOCTh TOT'0, UTO CIy4YaiiHO BHIOpAHHOE HATYPAJIbHOE YHCIIO OT
10 o 19 nenurcs Ha 3.

13. Ha knaBuatype tenedona 10 uudp ot 0 no 9. KakoBa BeposITHOCTb TOTO, YTO
cily4aitHo HaxkaTtasi nuudpa OyJeT YeTHOM.

14. B srane koHKypca «Y4uTeIb T0J1a» NPUHUMAIOT yYacTHe 3 yuuTess
HavyaJIbHbIX KJIACCOB, 2 Qu3uKa, 5 ¢punosnoros, 1 MmatemMaTHk u 4 UCTOPHKA.
[Topsinok, B KOTOPOM YUUTENsl MPOBOISAT OTKPBITHIN YPOK, OIIPEACIISIETCS
xepeObeBkoil. HailTh BepOsSITHOCTH TOTO, YTO MEPBBII YPOK MPOBeneT PU3UK WU
MaTeMaTHK.

15.B Mex1yHapoIHOM COPEBHOBAHUH 10 (UTYPHOMY KaTaHUIO y4aCTBYIOT 25
CIIOPTCMEHOB U3 Pa3HbIX CTpaH, B ToM yucie no 3 u3z CIIA u Poccun u 1o 2 u3
Snonun u lIBeruu. Iopsaok BeICTyIIeHUs onpenensercs xepedbeBkoil. Kakopa
BEPOATHOCTh TOTO, YTO CIIOPTCMEHKA, BHICTYMAOIIAs IEPBOM, OyIyT
IPEACTAaBIATh KaKyl0- TO IPYTYI0 U3 OCTaBUIMXCS CTPaH yYaCTHHII.

16. Tlepen HavamoM MepBOro Typa YeMIUOHATA MO [IaXMaTaM Y4aCTHUKOB
pa30MBaIOT Ha UTPOBBIE TAPHI CIIYYaHHBIM 00Pa30M C MOMOIIBIO KePeObEBKHU.
Bcero B ueMnuoHaTe y4yacTBYIOT 26 IaXMaTHUCTOB, CPEIU KOTOPBIX 5
crioprcmeHoB u3 Poccun, B Tom unciie Kupuin YepHoycos. Haiitu BEpOSTHOCTB
TOTr0, 4uTO B epBoM Type Kupuiin UepHoycoB OyaeT urpath ¢ maxmMaTUCTOM U3
Poccun.

17. B ximacce 7 manpuukoB U 14 neBouek. 1 ceHTIOps ciydaliHbIM 00pa3om
OTIPEJICIISIIOT ABYX JACKYPHBIX Ha 2 ceHTsA0ps. Hailtu BeposSiTHOCTH TOTO, YTO
OyIyT neXypuTh 2 MaJIbYUKA.

18. 13 60 BompoCcOB, BXOIAIINX B IK3aMEHAI[MOHHBIE OWIICTHI, CTYIACHT
noarotoBui 50. KakoBa BEpOsSTHOCTH TOTO, YTO B3STHIA Hayraj CTyJICHTOM OWIIET,
coJieprKaliuii 2 Borpoca, OyJeT COCTOSATh U3 MOATOTOBIEHHBIX UM BOIIPOCOB.

19. B smmke umeercs 15 gertaneid, cpeau KOTOPhIX 8 okpamieHHbIX. COOPIINK
Hayjaudy u3BJIeKaeT 3 neranu. HaliTu BEpOATHOCTH TOTO, YTO U3BJICUYEHHBIE JETATN
OKa)XKyTCsl OKpAIICHHBIMHU.

20. Cpeau 17 cTyneHTOB rpymIibl, U3 KOTOPBIX 8 AEBYIIEK, pa3bIrpbIBACTCS 7
ounetoB B TeaTp. KakoBa BepoATHOCTh TOT0, YTO Cpeau obsagaTeneii OuIeToB
OKa)XXyTCs 4 NEBYIIKU U 3 IOHOIIIH.

14.3. TeopeMbl CJI0KeHUS U YMHOKEHHUS BeposiTHOCTeil. DopmyJia
bepnyiiu

B pe3ynbprare n3ydeHus: TeMbl CTYJIEHT JOJIKEH:
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ymemu:
- pemiaTh 3a7a4u C UCTIOIH30BAHHEM TEOPEM CIOKCHHSI U YMHOKCHHS
BEPOATHOCTEH.
3Hamo:
- TEOPEMBI CIIOKECHHSI BEPOSITHOCTEH,
- TEOPEMBI YMHOXECHHSI BEPOSITHOCTEH;
- popmyny bepnyu.
Teopembl ci10:keHUsT BePOSITHOCTEM

Teopema 1. BeposiTHOCTH CyMMBI IByX HECOBMECTUMBIX COObITHI A 1 B paBHa
CyMMe BEPOSITHOCTEH dTUX COOBITHIA.

P(A+B)=P(A)+P (B)

Teopema 2. BeposTHOCTb CyMMBI KOHEYHOTO YHCJIA TOTIAPHO HECOBMECTUMBIX
COOBITUH

A1, A, .. Ay paBHA CyMMe BEPOSTHOCTEH 3THX COOBITHI:
P (A1+ Ay +.. .+ An) =P (Al) + P(A2)+ ... TP (An)

Teopema 3. Ecnu coObiTust A 1 B coBMECTUMBI, TO BEPOITHOCTh UX CYMMBbI
BbIpaxkaeTcsi Gopmyoit

P(A+B)=P (A)+P (B) - P(AB), T.e

BeposiTHOCTH CyMMBI IByX COBMECTHBIX COOBITUI paBHA CyMMe
BEPOATHOCTEHN ATHX COOBITUI O€3 BEPOSITHOCTH UX MIPOU3BEACHHS (COBMECTHOTO
OCYILIECTBIJICHUS ).

[Tpumep: HAWTH BEPOSTHOCTH TOTO, YTO MPU OPOCAHUU JBYX UTPATBHBIX KOCTEH
XOTs1 ObI OZIMH pa3 BBIMAJET 6 OYKOB.

O0603HaYNM COOBITHS:

A — «BbITIaZIeHUE 6 OYKOB MpU Opocanuu 1 UTpaIbHONU KOCTHY
B — «BbImazenue 6 04koB MpU OPOCAHUM 2 UTPATBHON KOCTH»
Tak xak coObITHA A 1 B cOBMecTHBI, 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%:%
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CanenctBue 1. Eciau coObitust Az, Az, .. An00pa3yroT HOJHYIO CUCTEMY COOBITHUI

IIONIAPHO HECOBMECTUMBIX, TO CyMMa UX BEPOSITHOCTEN paBHa 1.
P (A1) +P(A2)+ ... tP (An) =1

Caenctsue 2. CymMMa BEpOSITHOCTEN MPOTUBOMOJIOKHBIX COOBITHI paBHa 1.

P(A)+P (A)=1
TeopeMbl YMHOKEHHSI BEPOATHOCTEH

Teopema 1. BeposTHOCTH poU3BEICHHS ABYX COOBITHI paBHA MPOU3BEICHUIO
BEPOSITHOCTH OJTHOTO U3 ATUX COOBITUM HA YCIOBHYIO BEPOSITHOCTH APYTOro Mpu
yCIIOBUH, YTO NIEPBOE MPOU3OIILIO

P (AB) =P (A) *P (B/A) = P(B) * P (A/B)

Teopema 2. BeposTHOCTH MpOU3BEICHUS IBYX HE3aBUCUMBIX COOBITUI paBHA
IPOU3BEJICHHUIO BEPOSATHOCTEH ITUX COOBITHI

P (AB) =P (A) *P (B)

[Tpumep: B onHoM KOop3uHE HaXOAATCs 4 OCNBIX U 8 YEPHBIX IIAPOB, B APYToM 3
Oenbix 1 9 uepHbIx. M3 kaxxaoit kop3uHbI BeIHYIH 110 1 mapy. Halitu BeposiTHOCTD
TOT'0, 4TO 00a I1apa OKaXyTcs OEITbIMH.

A — «mosBieHue 6esoro mapa u3 1 KOp3uHbD
B — «mosiBnenue Gesnoro mapa u3 2 KOp3uHbDY
Taxk kak coObITHsI A 1 B HEe3aBUCUMBIL, TO
P(A) =4/12=1/3 P(B)=3/12=1/4

P (AB) =P (A) *P (B) = %*% =%:0,8
dopmyna bepraynu: P,(m)=C"p"g"™"
3AJJAHUA I CAMOCTOSTEJBHOU PABOTHI
BOITPOCBHI 1JI I CAMOKOHTPOJIA

1. ChopmynupyiiTe TEOPEMBI CIOKEHUS BEPOSTHOCTEH.

2. ChopMynupylTe CAEACTBUSA U3 TEOPEM CIIOKECHHS BEPOSITHOCTEH.

3. ChopmynupyiTe TEOPEMbl YMHOKESHUS BEPOSITHOCTEH.
llpakmuueckue 3a0anusi:
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3ayanue Ha «3». Pemuthb 3a1ady. B yueOHBIX MacTEepCKUX TEXHUKYMa
M3TOTOBIIAIOTCS AETAJIM HA TPEX CTaHKaX. BeposTHOCTh U3rOTOBIECHMS I€TAIU Ha
nepBoM ctaHke paBHa 0,6. BepoaTHOCTh MOSBIEHUS TOJHOM J1€Taau Ha EPBOM
ctanke paBHa 0,8. HailTu BEpOATHOCTB TOT0, UTO TOJHAs J€Tallb U3TOTOBJIEHA Ha
MIEPBOM CTaHKE.

3ananue Ha «4: Pemnth 3anauy. B xop3une 4 Oenbix u 3 yepHbIx mapos. U3
KOP3UHBI MOCJIEA0BATEIbHO BRBIHUMAIOT 2 1m1apa. HailTu BeposTHOCTB TOr0, YTO
BTOPOH IIap OKaXKETCS YEPHBIM IIPH YCIOBHUH, YTO MEPBBII 1I1ap ObLI YEPHBIM.
3ananue Ha «5»: Pemnts 3amauy.

Pemuts 3anauy. B smuke HaxonaTcs 7 meTanei nepBoro copra, S BTOporo copra
u 3 TpeTbero copra. M3 siuuka nocienoBaTeabHO BHIHUMAIOT TpU AeTanu. Halltu
BEPOATHOCTH TOTO, MIEpBasi HAYTa/l BbIHYTas J€Tallb OKa)KETCsl IEPBOr0 copTa
(coObITHE A1), BTOpast — BTOpOro copta (coObiTue A2) U TPEThS JAETalb — TPETHETO
copTta (coObiTHe Aj3).

Tpenaxep
3ananue: Pemuth 3aauu.

1.B ynutanbHOM 3aj1e UMEIOTCS 6 YUeOHUKOB, U3 KOTOPBIX 3 B MEperieTe.
bubnunorexaps Hayqauy B3suia 2 yueOHuka. Haiitu BeposiTHOCTh TOTO, YTO 002
yu4eOHUKA OKaKYTCS B MIEperuieTe.

2. JIBa cTpeliKa CTPEISIIOT 110 OJHOW U TOM ke Lenu. BeposaTHOCTh monagaHus B
1eJb 71 epBoro cTpeiika pasHa 0,9, piist Broporo - 0,8. HaliTu BEposSITHOCTh
TOT0, 4TO 00a CTpeNKa MonagayT B LETb.

3. Cpenu 50 snekTpuuecKUX JaMmmnodek 3 HecTaHaapTHbie. HailTh BEpOSITHOCTD
TOTO, YTO 2 B35IThIE€ OJTHOBPEMEHHO JIAMIIOUYKH HECTAH/IaPTHBHIE.

4. B niexe paboraroT 7 My>kuuH U 3 xeHIMHBL. Haynauy oro6pans! 3 yenoBeka.
HaiiTu BeposiTHOCTB TOTO, UTO BCE OTOOPAHHBIE JUIA OKAXKYTCS MYKUUHAMH.

5. BeposaTHOCTH TOTO, UTO B Mara3uHe OyJIeT MpojaaHa mapa My>KCKoi 00yBu 44
pasmepa, paBHa 0,12; 45-ro -0,04; 46-ro u 6onbire — 0,01. Haitti BepoSITHOCTH
TOT0, 4TO Oy/IET Mpo/iaHa rmapa MYKCKoil 00yBU He MeHee 44 — T pa3Mmepa.

6. Tpu simuka conepxkar o 10 neraneii. B nmepBoM 8 cTaHIapTHBIX AeTaleid, BO
BTOpPOM -7, B TpeTbeM — 9. 13 Kaka0ro sinuKa HayJayy BEBIHUMAIOT MO OJHOM
netanu. HaliTu BEpOATHOCTH TOTO, UTO BCE 3 BBIHYTHIC JIETANIN OKAXKYTCS
CTaHJAPTHBIMU.

7. B nByX sSIIHUKax COAEPkKATCSI CUHHUE W KPACHBIC LIAPBI: B IEPBOM SIIIUKE 6
CUHUX U 7 KpacHBIX, BO BTOPOM — 4 CHHUX U 5 KpacHbIX. M3 KaxXa0T0 sinuKa
M3BJICKAIOT IO OJJHOMY Iapy. HaliTu BEpOATHOCTH TOTO, UTO XOTSI OBI OJMH W3
BBIHYTBIX IIAPOB OYIET KPaCHBIM.

8. Llesnb B TUpE pa3geneHa Ha TPU 30HbL. BEPOSTHOCTH TOTO, YTO HEKUM CTPETIOK
BBICTPEJIUT B LIEJIb B ITepBOM 30He paBHa 0,15, Bo BTopoit 30He- 0,23, B TpeThel —
0,17. HaifTu BEpOATHOCTb TOTO, YTO CTPEJIOK MOMAJAET B LIEJIb U BEPOATHOCTH TOTO,
YTO CTPEJIOK MONaJeT MUMO LIEIIH.
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9. /IBa cTpeiika HE3aBUCUMO APYT OT JApYyra CTPENSIOT MO OJAHO U TOM K€ LENH.
BepositHocTs nonaganus ais nepsoro crpenka 0,9, nng sroporo — 0,8. Halitu
BEPOSITHOCTh TOTO, UTO XOTS Obl OIMH CTPEJIOK MONAJET B LENb.

10.YuebHble MacTepcKkre TEXHUKYMa MOJIy4aroT U3eius ot 3aBojioB A, B u C.
BeposiTHOCTh mocTymieHus u3aenui ot 3aBojia A passa 0,35, ot 3aBoaa B- 0,4.
Haiitn BEpoATHOCTH NOCTYIUIEHUS U3aenui ot 3aBoaa C.

14.4. IluckpeTHas ciay4ailHasi BeJIMYHMH, 3aKOH ee pacipeaeeHus

B pesynbrare nuzydeHus TemMbl CTYJIEHT JOJIKEH:

3HAMb.

- IOHATHUE CIIYYaHOW BEJIMYUHBIL;

- IOHATHE TUCKPETHOU CIyYalHOU BEJIIMYUHBI;

- 3aKOH PACIIPEIEIIEHNS TUCKPETHON CIIyYalHOW BEJIMYUHBI.

JluckpeTHas ciydyaHasi BeJIMYUH, 3aKO0H ee pacnpeaejaeHus

CnyyaitHoe coObITHE, CBI3aHHOE C HEKOTOPHIM OIBITOM, SIBJISICTCSI
KAQYECTBEHHOM XapaKTEPUCTUKOU OmbITa. KOJIMYECTBEHHOMN K€ XapaKTEPUCTUKON
pe3ysbTaTa MPOBEACHHOTO ONBITA SIBJISIETCS ClIy4alHas BEJIMYUHA.

[pumepl. Bpocarotcst ABe MpaBUIIbHBIE OAHOPOIHBIE MOHETHI. CKOJBKO U3 HUX
BBIMAIET repOoOM KBEpXy?

Penienue:

[Tpu mogOpackiBaHUM TBYX MOHET IPOCTPAHCTBO DJIEMEHTAPHBIX COOBITHI NMEET
sun: U= I{I], [T, I'l], I'T, tne 1]- «tmudpar, - «repo». IlepBoIit cuMBOI
MOKa3bIBAET, YTO BbINAJIA [I€pBasi MOHETA, & BTOPOW — BTOpas MoHeTa. Hanpumep,
L' o3Haydaer, 4yTO MepBasi MOHETA BhIMMAJIa U(PPON KBEPXY, a BTOpas - repooMm.
Tak Kak MOHETBI TPABUJIBHBIE U OJJHOPOHBIE, TO MOKHO CUUTATh, YTO BCE
AJIEMEHTapHbIE COOBITHS TPOCTpaHcTBa U paBHOBEPOSITHBI, U TOTJ]a BEPOSITHOCTD
p Kaxxaoro u3 HUX paBHa Y4. O003HaYUM depe3 X YMCI0 MOHET, BHIIMABIIUX TepOOM
KBEpPXY, U COCTAaBUM TaOJIUILY:

U 111 r I'Tl I'T
X 0 1 1 2
p 1/4 1/4 1/4 1/4

Tak kak 3eMeHTapHbIM COOBITUSAM [[I" v I'l] OTBETCTBYET OJHO U TOXKE 3HAUCHUE
BEJIMYUHBI X, paBHOE |, TO MOXKHO MOJIaraTh, YTO 3TO 3HAUCHHE BeIUYMHA X
MIPUHUMAET C BEPOSITHOCTBIO p= Y4 +1/4= 12 " Takum oOpa3om, 3HaYEHHUS BEJIUUYUHbI
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X — 9HCIJI0 MOHET, BBINIABLINX I'epOOM KBEPXY, COOTBETCTBYIOLIME UM BEPOSITHOCTH
MO>KHO 3aIMCaTh B BU/IE€ TaOIMIIbI:

X 0 1 2
P 1/4 172 1/4
I/ITaK, KAXKJI10€ 3HAYCHUEC BCIIMYNHEBI X €CTh 4YHUCJIO, OHpeI[eJISICMOC NCXOOA0M OIIbITa

H 3aBUCAIICC OT Ciyvasd.

Cayuaiinoti Ha3pIBa€TCS BEIMYMHA, KOTOPAsi B PE3YJIbTATE ONBITA IPUHUMAET
C OTpEIEIICHHON BEPOSITHOCTHIO TO WIIM MHOE 3HAY€HHUE, 3aBHUCSIIEE OT UCX0Aa
onbiTa. CiyyaiiHble BEIMUUHBI 0003HAYAIOTCS MPONMUCHBIMU OYKBaMU JIATUHHCKOTO
andasuta: X, Y, Z ¥ T.11., @ UX 3HAYEHUSI — COOTBETCTBYIOLUIUMHU CTPOUYHBIMU
OykBam# — X, Y, Z 4 T.]I.

CrnydaiiHas BeJIMYMHA HA3bIBAECTCS OUCKPEMHO, €CIIA MHOXKECTBO €€
3HAYEHUN KOHEYHO MJIM CYETHO, T. €. MHOXECTBO € 3HAaUeHHE MPEJICTaBIsET COO0M
KOHEUHYIO IMOCEI0OBATEIbHOCTD X1, X2, Xn WJIM OECKOHEUHYIO
MIOCJIEIOBATEIILHOCTD X1, X2, Xn.... BEpOATHOCTH TOTO, UTO CiiydyarHas BeaIuunHa X
IpPUMET 3HAUYCHHE X, 0003HAYAIOT

P(x) = P(X=x)

CooTBeTcTBUE MEKTYy BO3MOKHBIMU 3HAYEHUSMU X1, X2, . Xn CIy4alHOMN
BEJIMYUHBI X U UX BEPOATHOCTSIMU P1, P2..., Pn HA3BIBAETCS 3aKOHOM
pacnpeneseHus CIy4aliHON BEJIMYUHBI X.

3aKoH pacrpeneneHus CIy4yaHON BEIMUYMHBI MOKET OBITh MPEICTABIICH B BUJIE

TaOJITULIBL:
X X1 X5 . X . Xn
P P P, . P; s P

CobbiTusa X=x1, X=Xa,..., X=X, 00pa3yIoT MOJHYIO CUCTEMY MOTIAPHO
HECOBMECTUMBIX COOBITHMN, TOITMY CyMMa UX BEpOSITHOCTEU paBHa 1, T.e.
p1tpat...pn=1

3AJIAHMS 111 CAMOCTOSTEJBHOMR PABOTHI
BOITPOCBI JJII CAMOKOHTPOJIA

1. Yro Takoe ciydaiiHas BEIUYuHA?
2. YTo Takoe OUCKpETHAas Cily4yaiiHas BEIUYUHA?
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3. ChopmynupyiiTe 3aKOH pacrpeAeieHus: JUCKPETHON CIy4ailHOW BETUYUHBI.

14.5. YucnoBble XapaKTepUCTHKHU JUCKPETHOM CJIYy4YaHON BeJTMYMHBI

B pe3ynbprare n3yueHus: TeMbl CTYJIEHT JOJIKEH:

ymemb:

- HAXOJIUTh MAaTEMATHUYECKOE OKUJIAHUE CITYYaHOW BEJINYMHBI.
3HaAMb!

- MOHATHE MATEMATUUYECKOTO OKUIAHUS,

- CBOMCTBA MAaTEMATUUYECKOTO OKUIAHUS.

YucaoBble XapaKTEePUCTUKH JUCKPETHON CJOYYaHHON BEeJIUYHMHBI.

B Maremaruke 4acTo UCIOJB3YIOT YKCIa, KOTOPBIC OMUCKIBAIOT CIIyYalHYIO
BEJIMYMHY CyMMapHO. Takne 4uciia Ha3bIBalOT YHCIOBBIMHU XapaKTePUCTUKAMH
ciy4aitHoi BenmnuuHbl. Cpeiy YMCIIOBBIX XapaKTEPUCTHK CaMOM BaXKHOMU SIBJISCTCS
MaTEMaTUYECKOE OXKHUIAHUE, KOTOPOE YKa3bIBaCT, KAKOE CPEIHEE 3HAUCHUE
CITy4aifHOW BEJIMYUHBI CIICAYET OKMIATh B pe3y/IbTaTe UCIIBITAHUHA HITH
HAOJTIOIEHUH.

Marematndeckum oxuganneM M(X) TUCKpETHOM ClIydyailHOW BEIUYMHBI X
Ha3bIBAETCS CyMMa MPOU3BEAECHUN BCEX €€ BO3MOKHBIX 3HAUEHUN Xj HA X
BEPOSITHOCTB Dj:

M(X) = x1p1 + Xop2 ... T Xn Pn = D X;p;
-1

[Ipumep. HaliTn MaTeMaTHYECKOE 0KUIAHUE CIyYAMHOW BEJIIMYMHBI X, 3HASI 3aKOH
€€ pacIpeIeICHUS:

X -1 0 1 2 2

p 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 MAaTEMaTHYSCKOTO OXHOAHWA .

1. IToCTOSSHHBIA MHOXXHUTEJb MOYKET OBITH BBIHECEH 32 3HAK MAaTEMATHYECKOTO

OXXHNdaHUNs.
M(CX) = CM(X)

2.MaremaTuueckoe OXKHMJaHUEC CYMMEBI JIBYX CJ'Iy‘-IElﬁHBIX BCJIMYMH PaBHO CYMMC HUX
MAaTECMAaTHYCCKUX O)KHH&HHﬁZ
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M(X + Y) = M(X) + M(Y)

3.MaremaTtrnyecKkoe 0KUIAHNE MOCTOSHHON BENMYMHBI C paBHO CaMOM ATOM

BCIINMUUHC:
M(C) = C

4. MaremaTHuecKoe 0’KHMJIaHHE MTPOU3BEIACHUS HE3aBUCUMBIX CIyYalHbIX COOBITUI
PABHO MPOU3BEACHUIO X MATEMATUYECKUX OKHUIAHUM:

M(X *¥Y) = M(X) * M(Y)
3AJJAHMSA 1151 CAMOCTOSITEJIBHOM PABOTBI
BOIIPOCHI JIJIS1 CAMOKOHTPOJIS

1. Uto Takoe MaTeMaTUYECKOE OXKUJaHHE ?
2. ChopmynupyiTe CBOMCTBA MATEATHUYECKOTO OXKUAHUS.

Tpenaxep

3amanme: HaliTu MmaTeMaTu4eckoe OKUAaHUE CIIYYalHON BETUUUHBI X, €CIU
3aKOH €€ pacrpeaesIieHUs 3a1aH TaOIUIICH:

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
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	Введение
	Корнем n-ой степени из числа а называется такое число, n-ая степень которого равна а и обозначают ,𝑛-а.. Число n называют показателем корня, а число а – подкоренным выражением. Знак корня называют также радикалом.
	Например.
	,3-27.=3, т.к. ,3-3.=27
	,3-8.=2, т.к. ,2-3.=8
	,4-,81-16..=,3-2.,
	Основные свойства корней:
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