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MaremaTuka SBISE€TCS HE TOJIBKO MOIIHBIM CPEICTBOM PELICHUS
IIPUKJIAIHBIX 33/1a4 U YHUBEPCAIBHBIM SI3bIKOM HAyKH, HO TAKXE U AJIEMEHTOM
oOmelt  kyapTypbl. lloaTomy MmaTematuyeckoe 0Opa3oBaHHE — SIBISETCSA
BaOXKHEUIIEH cocTaBisitonied B cucTeMe (yHAAMEHTAIBHOM MOATOTOBKU
COBPEMEHHOIO CIELUAJIUCTA.

B [1aHHBIX METOAMYECKHMX YKa3aHUSAX Bbl HAWUJETE U3JI0KEHUE
TEOPETUYECKOr0 MaTepualla, CIpaBOYHbIM MaTepUall, IPUMEPHI PELICHUS 3a1a4,
3alaHUA U1 CaMOCTOSTENIBHBIX 3aHATUH, I IOATOTOBKM K KOHTPOJBHBIM
paboraM, 3a4eTy, SK3aMEeHY.

MeTtoauueckue ykazaHus HE SBISIOTCS y4eOHHMKOM, MO3TOMY HE BCE
U3y4aeMble MOHATUS PACCMOTPEHbI OAMHAKOBO MoaApoOHO. [1o 3Toil mpuunHe B
HEKOTOPBIX CIIlydasgx HEOOXOJUMO TMPWIOXKHUTh [UIsl OCBOCHHS MaTepuania
Oonpllle ycwiuid, 4eM B JApyrux. B maHHOM mocoOuu paccMaTpuBaroTCs
DJIEMEHTBl MAaTEMaTUKH, OTHOCSIIMECSH K IEPUOAY MATEMATHKU IEPEMEHHBIX
BEJIMYMH U COBPEMEHHOMY MEpPUOAY, HMEIOIIMEe OOJbIIOE 3HAYEHHE B
COBPEMEHHOW (pyHIaMEHTaIbHOU U MPUKIATHOW MAaTEMATHKE.

PaGotas Haxg KaxaodW TeMOW, Jydille BCEro cHayajga U3Y4YUTh
TEOPETUYECKUM MaTepual, MOBTOPUTh paHEe HU3y4YeHHbIE (OPMYIIbI, TEOPEMBI,
pa3zoOpaTbCcsi B IPHUBENEHHBIX IpuMepax. Eciau Bce MOHATHO, TO MOYKHO
[IEPEXOUTH K BBIIIOJIHEHUIO IPAKTUYECKUX 3aJaHUM.

Yyebuvie u 6ocnumameinvHwlie yeau npakmuiecKux 3aHamutl

B pamkax TpaAMIIMOHHOTO MOAX0/A:

1) akTyanu3upoBaTh 3HAHUS CTYJCHTOB M3 Kypca MAaTeMaTHKU IO TEMe
3aHSTHSI,

2) co3maTh YCIOBHUS JUIS  Pa3BUTHS TBOPYECKOH  aKTUBHOCTH,
CaMOCTOSATEITLHOCTH W KPUTUYHOCTH MBINUICHUS, YMEHHS padoTath B
KOJUICKTHRBE.

B paMkax KOMIIETEHTHOCTHOTO TI0JIX0/1a:

1) comeiicTBOBaTh Pa3BUTHIO y CTYJEHTOB OOICHAYYHBIX KOMIICTCHIIHMM
(aHAJIUTUKO-CUHTETUYECKOH, MPOrHOCTUYECKOM, TPOESKTUPOBOYHOM );

2) co3nmaTh yCIOBUS Uil Pa3BUTHUS KOMMYHHKATUBHOMW, aJanTHUBHOW U
WH(POPMAITMOHHOW KOMITETCHITUH.

JlanHble yKa3aHWsS TpeJHa3HAYeHBbl JUIsl HKCIONB30BAHUS B CPEIHUX
npoecCHOHANBHBIX YUYEOHBIX 3aBEACHHUSIX, B YyYEOHBIX IUIaHAX KOTOPBIX
MpPeTyCMOTpPEHA TUCITUTUTIHA «Maremaruka: anredpa, HayJaJa
MaTEMaTUYECKOTO aHallh3a, TEOMETPHsS», COOTBETCTBYIOMIAS CHCTBYIOIINM
nporpammam. IlpeacTaBieHHBIE B YKa3aHWSIX OCHOBHBIE MaTEMaTHYECKHE
CTPYKTYpbl ~ MMEIOT  HACTOJBKO  OOJblIyl0  00lIe00pa3oBaTEIbHYIO U
MaTEeMaTU4YECKyI0  3HAYUMOCTh, YTO  SBIAIOTCS  OOSI3aTEIBHBIMH IS
PacCMOTPEHHUS CTYJACHTAMH BCEX CIICIIMAILHOCTEH.



Tpeoosanus K ohopmaenuro npakmuueckux paoom

[locne w3yuyeHusT COOTBETCTBYIOIIEW TEMbI CTYAEHTBHI BBIINOJHSAIOT
npaktuyeckyro paboty. CopaepxkaHue MNPAKTHUYECKUMX padOT MOJHOCTHIO
COOTBETCTBYET paboyeil mporpaMMe 1o MaTeMaTHKE.

K BBINOTHEHUIO MPAKTUYECKON PabOThl MOKHO MPUCTYNATh TOJIBKO MOCIHE
U3Y4YEHUS! COOTBETCTBYIOUICH TEMbl U TMOJYYEHHUS HaBBIKOB pEIICHUS 3ajady.
[IpenycMOTpeHHBIE 3aJaHUsI HOCST PENPOLYKTUBHBIN, YaCTUYHO-IIOMCKOBBIN U
NOMCKOBBIM XapakTep. Bce 3amaun um pacdersl 00s3aTENIBHO JOJIKHBI OBITH
JIOBEJICHBI 10 OKOHYATEJIBbHOIO YHCIOBOIO pe3yJibTaTa. BapuaHT NpakTUYECKOU
paboThl orpeneseTcs Mo nocaeAHen udpe NopsAKOBOr0 HOMEpa CIIUCOYHOTO
COCTaBa B )KypHaJle YUYeOHbIX 3aHATUN.

Bce mnpaktuueckue paloThI, coaBaeMble YyYallUMHCS Ha IPOBEPKY,
JOJKHBI OBITh BBIMIOJHEHBI B OOBIYHOM TeTpaaun B KieTky. OOpasenn
o OpMIIEHUS TUTYJIBHOI'O JIUCTA MPUBEJIEH B PUIOKEHUU 1.

[Ipu BBINOJHEHUU TPAKTUYECKON pabOThI CTYyI€HTaM PEKOMEHTyETCsl:

- HCIIOJIh30BaTh y4eOHbBIE TOCOOUS, CIPABOYHUKH;

~ MPOBOJUTH HECIOKHBIE 1€ TyKTUBHBIE PACCYKACHUS;

- 00OCHOBBIBATH I1IaTW PEILICHUS 3a/1a4;

- (bopMyIIMpOBATH ONPEEIICHNS MAaTEMaTUUECKUX TIOHATUH;

- [10JIb30BAThCSl MATEMAaTUYECKON TEPMHUHOJIOTUEN U CUMBOJIMKOM;
- NUCBbMEHHO OOPMIIATD PELLICHUs 3ajiay;

~ II0JI30BAThCS KAJIBKYJIATOPOM;

~ CaMOCTOSITENILHO U3y4aTh Y4eOHBIN MaTepuall.

Bce npencraBiienHble BapuaHThl MPAKTUYECKUX PabOT JaHbl OJJUHAKOBOU
CTENEHU TPYAHOCTH.

[IpakTtueckas paOoTa BBIIONHIETCS B CPOKH, YCTAaHOBJICHHBIE B
COOTBETCTBMM  C  KaJIEHJAPHO-TEMAaTHYECKUM  IUIAHOM. 3a  KaXIylo
MPaKTUYECKYIO Pa0OTy CTYJIEHT AODKEH MOTYUYUTh MOJIOKHUTEIbHYIO OLEHKY.

HtoroBoit popMoi H3ydeHHs] TUCUMUILUIMHBI SBISETCA SK3aMEH I BCEX
cnenuanbHocTe. CTYJIEHThI, HE BBIMOJHUBIINE BCE MPAKTHUUECKHE padOThI, HE
aTTECTYIOTCS M K DK3aMEHY HE JIOITY CKatOTCH.

HckpeHHe xenato ycrnexon!



TemaTnyecknil MJIAH NPAKTUYECKUX 3aHATUI y4eOHOU TMCHUILIMHBI «MaTeMaTHKa»

Hanmenosanue tem

[TpakTuueckue padOThI

1 2
Tema 1.1. [Ipaktuueckas padora Nel «/lefictBurenbubie uncia. [IpubnmkeHHble BEIYUCICHUSD)
Llenbie n
palHOHAJIbHBIC YUCTIA
Tema 1.5. [TpakTuaeckas padora Ne2 «/lelicTBUS HaJl KOMIUICKCHBIMH YHCIIAMI)
KoMIuiekcHble yucna
Tema 2.1-2.2. [Ipaktuueckas padota Ne3 «CreneHu ¢ IeWCTBUTEILHBIMU MTOKA3aTENIMH, UX CBOMCTBa»
Crenenu u ux
CBOWCTBA
Tema 2.3. [TpakTudeckas padora Ned «/lelicTBUS CO CTEIICHIMUI
JlericTBuA co
CTEIEHSIMU
Tema 2.10-2.14. [Tpaktuueckas padora Ne5 «IIpeobpazoBanue morapupMUUECKIX BHIPOKCHHI)
Jlorapudmer
Tema 2.1-2.14 [Tpaktuueckas pabora Ne6 «PemieHune mpocTedlnx MNOKa3aTeIbHBIX W JOrapu(pMUUYECKUX
[IpeoOpazoBanue ypaBHEHUII»
BBIpaKEHUH [Ipaktuueckas pabora No7 «IIpeobpazoBaHuie BbIpaKEHUN
Tema 3.1-3.10 [Ipaktuueckas padota Ne8 «Pagnannas mepa yria. BpaiarenbHoe IBHKEHUE»
OcroBHEIe [Ipaktuueckas pabora No9 «OCHOBHBIE TPUTOHOMETPUUYECKHE TOXKJeCTBA. DOpPMYIIbI
TPUTOHOMETPHUUECKHUE .
TOXKACCTBA, GOPMYIIEI [Tpaktuueckast pabora Nel0 «CuHyc, KOCUHYC IBOWHOTO yriay
MIPUBEICHUS

[Tpaktuueckas padora Nell «IIpeoOGpazoBanne TPUTOHOMETPUUECKUX BBHIPAKEHUM C
VICII0JIb30BAHUEM TPUTOHOMETPUUYECKUX TOXKICCTBY




Tema 3.14-3.15

[Ipaktruueckas pabora Nel2 «PemieHue TpUroHOMETPUYECKUX YPABHEHHID)

Tpuronomerpruyeckue
ypaBHEHHUS
Tema 4.1 ITpakTrueckas pabora Nel3 «IlocTpoerue rpaduKkoB 2IeMEHTapPHBIX (DYHKITHAN
DyHKINH, [Ipaktuueckas padora Nel4 «I[IpomexxyTku Bo3pactanusi, yObIBaHUs, HAHOOJbIIIEE,
MX CBOMCTBA HauMeHbIee 3HaueHus: QyHKIU. TOUYKU IKCTpEeMyMay
Tema 4.8-4.9. [Tpaktuueckas padora Nel5 «IlapannenbHblii IEPeHOC, PACTSHKEHHE, CKATHE)
[TpeobpazoBanms
rpauKoB
Tema 5.1-5.5 [Ipaktuueckas pabora Nel6 «PemieHue ypaBHEHUM: pa3fioKEHHWE HAa MHOXKUTENU, BBEICHHUE
YpaBHeHus HOBBIX MIEPEMEHHBIX, MMOJICTAHOBKA
[TpakTuyeckas padora Nel7 «Pemenue ypaBHeHuil rpaduueckum metonoM. HecranmapTHbie
CIOCOOBI pelIeHUs] YPaBHEHUID)
Tema 5.6-5.10 [Tpaktuueckas padora Nel8 «PemeHne HepaBeHCTB METOJIOM HHTEPBAIOBY
Hepasencrsa
Tema 6.1,6.7-6.8 [Ipaktuueckas padora Nel9 «PaccrosiHue Mexay AByMsl TOYkamH. BeruucieHue KOOpauHAT
Koopaunatsl CEepEearHbI OTPE3Ka»
[TpakTraeckas padora Ne2() «Pemrenne 3a1a4 KOOPIMHATHBIM METOIOM
Tema 6.2-6.6 [TpakTuyeckas pabora No21 «IIpaBunia ciioxeHusi BEKTOPOBY»
BekTopsl [TpakTuueckas padbota Ne22 «YMHOXKEHHE BEKTOpA HA YUCIIO)
[IpakTrueckas pabora Ne23 «CkansipHOE MIPOU3BEICHNE BEKTOPOB)
[Ipaktuueckass pabora Ne24 «lcnonb3oBaHuE BEKTOPOB IMPU PEIICHUH MAaTEMaTUYECKUX M
MIPUKJIAJIHBIX 33]1a4»
Tema 7.3-7.4 [Tpaktuueckas padora Ne25 «llapannenbHOCTh MPSAMOM U TIIOCKOCTHY

[TapaiutenbHOCTD B
IIPOCTPAHCTBE




Tema 7.5-7.8 [Ipaktuyeckass  pabora  Ne26  «I'eomeTpuyeckue  MpeoOpa3oBaHUsl  MPOCTPAHCTBA:
[leprieHIUKYJISIPHOCTD | ApaJUICIbHBINA IEPEHOC, CAMMETPUSI OTHOCUTEJILHO TMJIOCKOCTH
B IIPOCTPAHCTBE [Tpaktuueckas padora Ne27 «llapanienbHoe TPOSKTUPOBAHUE
Tema 8.1-8.7 [TpakTudeckas pabora Ne28 «Bepmmnsl, pedpa, rpaHu MHOTOTPAHHUKA
MHororpasHuku [Tpaktuueckast pabora No29 «Ilapamnenenunen. Kyo»
[Tpaktuueckas pabora Ne30 «Ceuenust ky0a, IpU3MBbl, MUPAMUIBD)
Tema 8.8-8.9 [Ipaktrueckas padota Ne31 «OceBble ceUeHUs M CEUCHMS MapaljieIbHbIe OCHOBAHHIOY
Tena u noBepxHoctu | [lpaktuueckas padora Ne32 «Illap u cdepa, ux ceueHus»
BpalleHUsI

Tema 8.10-8.13
®opmyibl 00bEMA U

[Tpaktuueckas padora Ne33 «Beruucienue 00bEMOB TE U MOBEPXHOCTEN BpaLICHUS»

IUIoIaae
MIOBEPXHOCTH TEN
Tema 9.8 [Tpaktuueckas padora Ne34 «Brraucinenne mpou3BOAHBIX CIOKHONU (DYHKITHI
[IponsBoaHas
CJIOHOU (PYHKITUHU
Tema 9.9-9.10 [Ipaktruueckass padora Ne3S«HaxoxkneHne HaMMEHBUIETO, HAaMOOJBIIETO 3HAYEHUA (PYHKUIUU
[Ipunoxenus Ha OTpE3Ke»
IIPOU3BOTHOM
[Tpaktuueckas padota Ne36 «IlocTtpoenue rpa@ukoB GyHKIHII
Tema 10.2 [Tpaktuueckas padora Ne37 «BblunciieHne HEONpENENeHHBIX MHTErPajoB METOAOM 3aMEHbI
HnTerpan IIEPEMEHHOW
Tema 10.6. [Ipaktuueckast pabora Ne38 «IIpuiioxkeHus: onpeaeIeHHbIX HHTETPATIOB)
OnpeneneHHbIN
WMHTErpal
Tema 11.1-11.6 [Tpaktuueckas padora Ne39 «Pemenue 3a1a4 Ha iepedop BapHaHTOBY
DneMeHThI

KOMOMHATOPUKHU




Tema 12.1-12.2
DJIEMEHTBI TEOPUU
Y BEPOSATHOCTEN

[TpakTuueckast padbora Ne4( «CroxxeHrne 1 YMHOKEHHE BEPOSITHOCTEN

[Tpaktuueckas padota Ne41 «IloHsiTHE O HE3aBUCUMOCTH COOBITUI

IIpakTrueckas pabora Ne42 «/IuckpeTHas ciaydaiiHas BEeIMYMHA, 3aKOH €€ pacipeaeaICHU

Tema 12.3-12.6
DIeMEHTBI
MaTeMaTHYEeCKOM
CTaTUCTHUKH

[Ipaktuueckast pabora Ned3 «PemieHne npakTHuecKuX 3a/1ad ¢ MPUMEHEHUEM BEPOSTHOCTHBIX
METOJOB»




IIpakTnyeckas padora Ne 1
JeiictBuTeibHbIE Ync/ia. [IpubdankeHHbICe BHIYUCTICHUS

Llenv pabomuwi:

CMYyOeHm OO0JIHCEH:

3HAMb.

- (GopMynbl UIS BBIYUCICHHUS TPAHUIl aOCOTIOTHOWM W OTHOCHTEIHHOW
MOTPEITHOCTA  CYMMBI, Pa3HOCTH, TPOW3BEJACHHWS W  YacTHOTO
MPUOJIMKEHHBIX 3HAUCHUN YUCET,;

ymemb:

- BBIYUCISITH  CyMMY, pPa3HOCTh, TPOMW3BEIEHWE W  YaCTHOE
MPUOTMKEHHBIX 3HAYCHUIA YUCE.

Ceeoenusn uz meopuu:

Cnooicenue npubIUNCEHHbIX 3HAYEHU Yucell

['panuiia abCOIOTHONW MOTPEIIHOCTH CYMMbI NMPUONMKEHHBIX 3HAYEHUI
quces paBHA CyMME IpaHull a0COIOTHBIX MOTPEITHOCTEN ATUX YUCEIT:

A(a+b)y=Aa+Ab,
rjae a u b — npubaKeHHble 3HaueHUs yucem; Aa U Ab — rpaHuIbl aOCOFOTHBIX
MOTPEIIHOCTEH COOTBETCTBYIOIIUX MTPUOIMIKCHUH.
['panuIia OTHOCHTEIHHOM OTPENTHOCTH CYMbI BRIUUCIIICTCS 110 hOpMyJIe:
_A(a+Db)
Ea+b— 7@3 b "

Ilpumep 1.

Haiitu cymmy S mpubmmkeHHbIX 3HaueHuit yucen 6,8+0,05; 4,3+0,05 u
3,575+0,0005.

Pemenue:

BBIUUCIIMM CYMMY 3aJIaHHBIX YUCEJ U CYMMY UX IMOTPEITHOCTEM:

S=6,8+4,3+3,575=14,675;
AS=0,05+0,05+0,0005=0,1005.

['panumia  aOCOMIOTHOW  MOTPENTHOCTH  3aKil0ueHa B IIpejeliax
0,05<0,1005<0,5. B npuOJmkeHHOM 3HAYEHUM CYMMbI BEPHBIMH SIBIISIFOTCS
Tuiib Be uudpel (B pa3psaax AecATKOB W eAuHHI). [lomydyeHHbId pe3ynbTar
OKpyIJIMM 10 eaunul] S=14,675=15.

Boluumanue npubnudsicennvix 3HaueHull yucer
['panuiia abCOMIOTHOM MOTPENTHOCTH PA3ZHOCTH ABYX MPUOIMKEHHBIX
3HAUEHUN YUCEJ paBHA CyMME TPaHUIl UX aOCOIIOTHBIX MOTPEITHOCTEM:
A(a-b)=Aa+Ab.
['paHuIla OTHOCUTENHEHOMN TOTPEITHOCTH PA3HOCTH BBIUUCIISETCS IO OpMYyIIe:

Aa + Ab
Eab™
a—>b



Ilpumep 2.

Berauciute  pasHOCTh  JABYX — MPUOJIMIKEHHBIX
a=5,863+0,0005 u b=2,746+0,0005. Haiitu A(a-b) u €.

Pemenue:

BBIYHCIISIEM TPAHUITYy a0OCOJIFOTHOM IMTOTPEITHOCTH PA3HOCTH a-b:

A(a-b)=0,0005+0,0005=0,001.

B npulGnmkeHHOM 3HaY€HUW Pa3HOCTH HUdpa B pa3psfie THICSYHBIX HE
MOXeT ObITh BepHOH, Tak kak A(a-b)>0,0005. Wrak, a-b=3,117=3,12.
AoGcomoTHas norpemHocTs pazHoctu 0,001. B mpubmmkennom uucne 3,12 Bce

1udpsl BepHble. HaxoumM 0THOCUTEIBHYIO TOTPENTHOCTh PA3HOCTH:
0,001

b= 312 =0,00032~0,03%.

3HAYEHUU  YUCEI

Ymnoorcenue npubnusicennvix snauenui yucen

®opMyIbl TSl OLIEHKH TPaHULl a0COMIOTHOM MOTPEUTHOCTH MTPOU3BEICHUS
(4acTHOTO) CIIOKHBI, TO3TOMY Ha MPAKTHUKE CHAadaja HaXOAAT OTHOCUTEIbHYIO
MOTPEIIHOCTh TPOU3BEACHUS (YACTHOIO), a 3aTeéM TIpaHully aOCOITIOTHOU
MOTPEITHOCTH MPOU3BEIEHU (YACTHOTO).

®opmynbl Ajig TpaHul] aObCOMIOTHONM M OTHOCUTENBHOW MOIPEUIHOCTH
HEKOTOPbIX (PYHKIMH NpUBEACHBI B TaOHIIE 1.

Tabmuma 1. Popmynbl sl TpaHWI] aOCOJIOTHOW W OTHOCHUTEIBLHOMU
TOTPEIIHOCTEM.

No | ®Oynkius ['paruIa abCoIFOTHOM ['paHnIia OTHOCUTEIIBLHOU
/1 HOTPEITHOCTH MOTPEITHOCTH
1 y=ab Ay=|b|-Aa+|a|-Ab s :%+%b
i a
2 y=abc Ay=|bc|- Aa+l|ac|- Ab+|ab|-Ac _Aa _Ab Ac
Y a b ¢
3 y=a" Ay=n a""Aa o _pha
v a
4 y=a’ Ay=2a-Aa o _ola
y a
5 y=a’ Ay=3a’-Aa o _3la
y a
6 | y=va _ Aa _Aa
Ay 2Ja £ 2a
7 y=Va __Aa g =Aa
= "3
8 _a _|p|]- Aa+|a]-Ab _Aa A
=5 Ay=F— =t
Ilpumep 3.



Haiitu BepHble 1M pbl NpOU3BEACHUS MPUOTMKEHHBIX 3HAYCHHUMN YHUCel
a=0,3862 n b=0,8.

Penienue:
umeem  0,3862-0,8=0,30896. I'panunel aOCOMIOTHON MOTPEIIHOCTH
comHoxuteneit pasubl 0,00005 u 0,05. Ilo dbopmyne <, —%ﬂL%b HaxoauM

OTHOCHUTCIIbHYIO ITOTPEITHOCTL IPOU3BCACHUA!
~0,00005 0,05

fo T T03862 08
HaxonuMm rpanuily abCoat0THON MOTPEIIHOCTH MTPOU3BEACHUS:
A(ab)=0,30896-0,063=0,0195;
0,005<0,0195< 0,05.
ITony4yeHHBIH pe3ynbTaT O3HAYAET, YTO B IPOU3BEICHUU OJIHA BEpHAs
uudpa (B pazpsae necareix): 0,30896=0,3.

= 0,063

Ilpumep 4.
Berauciuts 00beM nunuaapa V= nR*H, eciu R=45,8 cm, H=78,6 cMm.
Pewmenue:
o ¢popmylie o0bemMa HUIUH/pA, UMEEM
V=n-45,8"78,6=517000 (cM’).
Aa Ab  Ac
Ucnonb3ys dopmyny ¢, = — t7, " u mnomarai n=3,14, Haxoaum
OTHOCUTENBHYIO OTPEIIHOCTb:
Az  2AR  AH 0,005 2-0,05 0,05
=—+ + = + +
£z R H 314 458 786
HaxouMm rpanuily abCoI0THON NOTPEIIHOCTH:
AV=V-&,=517 000-0,0044 = 2270 (cM’).
Bepubimu niudpamu sisitores S u 1.

—0,0044

=1

ﬂeﬂeHue npu6ﬂu9fC€HHblx 3HAYEeHU Yucen

Ilpumep 5.
Haiitu rpanuily aOCOJIOTHOW MOTPEIIHOCTH YacCTHOTO MPUOIMKEHHBIX
3HaueHui uncen a=38,36+0,005 u »=3,72+0,004.

Penrenue:
nMmeeM 8,36:3,72=2,25.
Aa Ab
I[To dopmyne ¢, =7+7 HAaXOJMM OTHOCHUTEJIBHYI) TOTPEIIHOCTh
YJaCTHOTO:

Aa  Ab _ 0,005 0,004

ga_i o A~
“ a4 b 836 3,72

HaxonuMm rpanuity aGCoIOTHON MOTPEIIHOCTH YaCTHOTO:
A(a/b)=2,25-0,002=0,0045.

=0,002=0,2%
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[lomy4yeHHBId pe3yJbTaT O3HAYAET, YTO B YAaCTHOM BCE TpHU LU(PHI

BEpPHBIE.
Ilpumep 6.
Brmaucnoute X= L

b+c
¢c=5,09+0,04.
Pemenue:

a

, €CIU W3BEeCTHO, uto a=7,24+0,05, b=3,46+0,03,

7,2

HaxomauMm X =

b+c 3.46+5,09
_AY _Aa__Ab+Ac_ 005 0,03+0,04

= 0,844

&
X
X a

= +
b+c 7.2 8,55

AX=X"£x=0,844-0,015=0,0127; X=0,844+0,0127 umu X~0,84+0,01.

3aoanusn 011 cCamocmoamenabHo20 peuleHus:

Brraucnurte CYMMY, Pa3HOCTb, ITPOU3BCACHUC N YaCTHOC HpI/I6JII/I>K€HHI)IX

3HAYECHUU YUCEIT;

NOTPEIIHOCTU  KOTOPBIX
COOTBETCTBEHHO PaBHBI
0,005 1 0,00005.

1,9646+0,00005.

1 BapuaHT 2 BapuaHT 3 BapuaHT

N134/5 ¢ yeThIppMs 0,456+0,0005 u V3.4/5.4/7 ¢ yeThIpbMSs
3HAYaAIUMU ITUPpPaMH. 3,35+0,005. 3HAYaAIUMU ITUppaMH.
4 BapuaHT S BapuanT 6 BapuanT

8,72 u 2,6532, rpanutsl | 6,54+0,005; V5, 7 B3sB
a0COIIOTHOM 16,022+0,0005 u npuOIMKEHHBIE

3HAYECHUS KOPHEU C
ToyHOCTHIO 710 0,001.

7 BapuaHT
~2,4/3,+/11 ¢ yeTBIpbMSs

3HaYaIUMU udpamu.

8 BapuanT
a=19,8+0,05 u
b=48,4+0,03.

9 BapuaHT
a=68,4+0,02 u
b=72,8+0,4.

Konmponwvnwie éonpocet:
1. Ilepeuncnure neicTBUS HAJl TPUOIMKEHHBIMU 3HAYEHUSIMU YHUCEIL.
2. Ilepeunciure (opmysibl A BBIYHMCIECHUS TpaHUL] aOCOMIOTHON H

OTHOCUTENBHOM MOTPEMIHOCTEN HEKOTOPBIX (DYHKIIUMA.

ILlenv pabomuwr:
CMYOeHm OO0JIHCEH:
3HAMb.

IIpakTueckas padora Ne 2
JlelicTBUS HAJl KOMILUIEKCHBIMM YMCJIAMU

- anreOpanveckyro (opMy KOMIUIEKCHOTO YUCIIa;
- TPUTOHOMETPHUUYECKYIO (OpPMY KOMILJIEKCHOTO YHUCIIA;

ymemb:
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- BBIIIOJIHATDH ,HCIZCTBH?I Hanqg KOMIIJICKCHBIMHU qucjiaMu,
MMpCACTAaBJICHHBIMHU B PA3JIMYHBIX (l)opMax.

Ceeoenusn uz meopuu:

Aneebpauueckas popma KOMNIEKCHO20 YUCIA

O6o3HaunM +/-1 =i W Ha30BEM MHHUMOW emuHuled, (i° =-1). Torma
YUCJIO BHAA z=a+bi, TIE awub - JNOOBIE JEHUCTBUTEIBbHBIE YHMCIIA, HA30BEM
KOMIIUIEKCHBIM YHCJIOM.

31ech a - Ha3bIBAIOT JCHUCTBUTEIIFHOM YacThI0 KOMIIJIEKCHOI'O Yuciia, Hi -
HA3bIBAIOT MHUMOU 4acThi0, b - KO3 HUIIMEHTOM MHUMOW YaCTH KOMILIEKCHOTO
YHCIa.

ﬂeﬁcm@uﬂ HAo KOMNJIEKCHbIMU yucaamu, npedcmaeﬂeHHbmu 6

aneebpauveckoul popme

ITycTh naHel ABa YMCHA z, = g, +bi, ¥ z, = a, + byi -

JIyist TUX YrCces MOHATHS PAaBEHCTBO W JICUCTBHS CIIOKCHUS, YMHOKCHHUS
OTIPEJICIICHBI CIICAYIOMUM 00pa3oM:

1) JIBa KOMIUTEKCHBIX YHCJIa HA3BIBAIOTCS PaBHBIMHU, €CIM PaBHBI HUX
JNIEMCTBUTEIIbHAST 1 MHUMas 4acTH, T. €. a;=d,, b;=b,.

2) CyMMoO# JBYX KOMIUIEKCHBIX YHMCEIN Zi U Z, HA3bIBACTCS KOMILJIEKCHOE
THCTO z, + 2, = (g, +a,) + (b +b,)i

3) HpOI/IBBeI[eHI/IeM ABYX KOMIUICKCHBIX HYHCCII Z; W Z» HAa3bIBACTCA
KOMIIJICKCHOC YHCJIO z,Z, = (alaz - b]bz) + (albz + azbl )l

4) MonayneM KOMIUIEKCHOIO 4YHCJIa Ha3blBae€TCsl JUIMHA BEKTOPA
COOTBETCTBYIOILIETO 3TOMY KOMIUIEKCHOMY YMCIYy Ha IUIOCKOCTH M BBIYUCISAETCS
o dhopmyie: |Z|=r=~a* +b* |

5) AprymMeHTOM KOMIUIEKCHOTO YMCJia Ha3bIBA€TCS yroj, 00Opa30oBaHHBIM
BEKTOPOM C TMOJIOKUTEJIbHBIM HAIPaBICHUEM JICUCTBUTEIIBHOM OCH U
BbIUKCIseTcss 1o (Qopmyne: argz=arg(a+bi)=¢+27k,  T. o. @A KaxXIOTo
KOMILJIEKCHOT'O YUCJIa MOXHO YKa3aTh O€CKOHEYHOE MHOKECTBO apryMEHTOB.

JI1st HaXOoXKIeHUsI ApTyMEHTa HEOOX0IUMO:

l. Onpenenuts B KAKOM  KOOPAWMHATHOM  4YETBEPTH  HAXOAMTCS
KOMIIJIEKCHOE YHCIIO.

2. HaliTu B 3TOl YETBEPTHU yIroJl PEUIUB YPaBHEHHUE:

tg¢:é; ¢:arctgé:¢+7zk, kerz.
a a

Ilpumep 7.

Pemute xBampaTHOE ypaBHEHUE: x” -6x+13=0.

Pemenue:

BBIYHCIIUM KOPHU KBQIPATHOTO YPABHEHHS Yepe3 TUCKPUMHUHAHT

12



. 6++/36-4-13 _6£+/36-52 _ 6+J—16 _ 6+./16-(-1) _6%4i
o 2 2 2 2 2
L _6%4i  203+2i)
! 2 2
[Toydyena mapa B3aMMHO - CONPSDKEHHBIX KOMIUIEKCHBIX 4yucen 3=+ 27,
rae a4 = 3:h=2.

=3+2i; x, =3-2i.

3aMeTuM, 4YTO BCSKOE alreOpanvyeckoe ypaBHEHHE CTENEHM 7 HMEeT
POBHO 7 KOpHEH, Cpeai KOTOPBIX MOTYT ObITh KaK JIeHCTBUTENbHbIE (pa3IUUHbIe
WIM paBHbIE), TaK W KOMIUIEKCHbIE (00s3aT€IbHO TMOMAapHO B3aMMHO —
COMNPSKEHHBIE) KOPHHU.

Tpuzonomempudeckas popma KOMNIEKCHO20 YUCTA

3anuch KOMIUIEKCHOTO uucia B Bujae ¢ +Di=r(cosg+ising) yazpipaercs
TPUTOHOMETPHYECKON (POPMOM KOMIIIEKCHOTO YHMCIIA.

Heticmeuss  HAO  KOMNAEKCHbIMU — YUCIAMU, NPEOCMAGLeHHbIMU 6

MpU2OHOMEMpPU4ecKoll (hopme

Hag KOMIUIEKCHBIMM  YHCIaMH B TPUTOHOMETPHYECKOUW  (opme
BBITIOJIHSIOTCS JCWCTBHS YMHOXKEHUS, JEJICHHS, BO3BEICHUSA B CTCICHb M
U3BIICYCHHE KOPHS /1-OH CTCIICHH.

Ilycth nmanbl nBa 4ymciaa =z, =r(cosd +ising) u z,=n(cosg, +ising,),
TOraa:

1) IlpomsBemeHHEM KOMIUICKCHBIX YHCEI HAa3bIBACTCA KOMILICKCHOE
YHCII0, KOTOPOE BBIYHCIAETCSA O POPMYIIE: z 2, = 77, (cos(d, + ¢,) + isin(d, + ¢,)) .

2) YacTHBIM KOMIIJIEKCHBIX YMCEJI Ha3bIBACTCA KOMILICKCHOE YHucCJio,

KOTOPOE BBIYKMCIISIETCS 110 popmyJae: L — i(cos(¢] _$) +isin(d - )
Z, n )
3) /I BO3BEJACHUSA B CTENEHB. =" — " (cos(ngd) + i sin(np))
Ilpumep 8.
+2°

Yopocture: ————.

P 1+3i*
Pemenue:

yOpOCTUM Jpo0b (MIOHM3UM CTENEHb YHCIUTENs W 3HAaMEHaTels),
ucnons3ys (i =-1):
B = (Y= (D= i
i = =G i = (1) i =i
[ToncTaBuM MONTy4YEeHHbIE BBIPAXXEHUS B UCXOJIHYIO Ip0o0b U MpeobpasyeM
eé:

L+2i% 1420 (1+20)(1-3)) 1-3i+2i-6i> 1-i+6 7-i 7 i

1437 1+3i (1+3i)1-30) 1+9 10 10 10 10

13



Ilpumep 9.
BEIMUCIIUTE: (\/2(cos10° +isin10°))? - 2(cos40° +isin 40°)

Penrenue:

JUISL TIEPBOTO KOMIUIEKCHOTO YHCJIa HUCIOJb3yeM (PopMysTy BO3BEICHUS B
CTENeHb, a 3aTeM BOCIOJIB3yeMcs (OPMYIIOM TPOM3BEACHUS KOMILIECKCHBIX
YUCEI:

.. . : . 1 /3 .
2(cos 20" +isin20") - 2(cos 40" +7sin 40”) = 4(cos 60" +isin60") = A +i é) =2+ 230

Hna  useéneuenus Kopus n-ii  cmeneHu W3 KOMIUIEKCHOTO dYHcCia
r(cos @ + isin ) UCIIONB3YETCS hopMyIa:

27k 27k
z, :'{/r(cosgp+isin(p):’{/;[cos¢+ +isin 2T j,

n n

e 4/r - apuMeTHIECKuit KOpeHb, £ = 0.1, 2, ....n —1,

Ilpumep 10.
Pemnte ypasaenue: x*-2x+10=0

Penienue:
JUISL PEIICHUsI BOCIOJIB3YeMCSl OOBIYHBIMU (OpMyJamMu BBIYUCIICHUS

KOpPHEW KBaJIpaTHBIX YPAaBHEHUM:
a=1, b=-2, ¢=10,
D=h—4ac=(-2)"—4-1-10=4—40 = —36.

—h+AD 2436 2+ 36.(—1) 2+36-i° 2+6i 2(1+3i)

.t{[ N = = = = = = li
- 2a 2 2 2 2 2

HOJIy‘-II/IJ'II/I apy KOMINICKCHBIX B3aUMHO COIIPSKCHHBIX KOpHeﬁ.

3aoanus 011 CAMOCMOAMENbHO20 PeULeHUA:

1 Bapuant 2 BapuaHT
Nel. Bemmosnnaure neiictBus, | Nel., Beimonnaute JICHCTBHS,
BBIUMCIIUTE APryMEHT M MOAYJIb | BBIYACIUTE apryMEeHT W  MOJYyJb
KOMILJIEKCHOT'O YHCJIA: KOMILJIEKCHOI'O YHCJIA;
1+2i"7
M F b
1+ 3¢
2) 4+(1+0)' —(1—-i); 2) (1-4)";
[ A2
3) 2+3i] 3) (COSﬂ-"‘I.Sil’le
V2| cos ™ +isin " | '
4 4 1-i°
Ne2. Pemmure ypaBHEHUE: No2. Pemmre YPaBHCHHC:!
x2-6x+13=0. x*+3x+4=0.
4 BapuaHT 3 BapuaHT
Nel. Brinmonnute neiictBus, | Nel, BrinmonxuTe JIeNCTBUS,
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BBIYUCIATE AapryMCeHT HW  MOAYJIb | BBIYUCIUTE ApryMmMeHT W  MOAYJb

KOMIIJICKCHOT'O HHcCJja. KOMIIJICKCHOT'O UHcCJja.
1—2;23 3+3i
1 ; 1 ;
) 1-3; ° )1+I-153
2) 5+Q2+i)-(1-0i) 2) 4+(1+D)’ —(1-07;
0 . . 0 .
3) 2(COS4O +1isin 40 ) 3) 4(00510“ +isin10°)-l(cos20° +isin 20“)
(\/g(cosloo +isin10°)) ’ 2

No2. Pemnre ypaBHEeHUE: No2. Pewte ypaBHEHHE:

2
x=-4x+16=0.
Ox*+12x+29=0.
S BapuanT 6 BapuanT
Nel. Brinonnute neiictBus, | Nel. BrinonxuTe JIefCTBUS,
BBIUMCIIUTE APryMEHT W MOJYJIb | BBIYUCIUTE apryMeHT MW  MOJYyJb
KOMILUIEKCHOT'O YHUCJIa: KOMILUIEKCHOT'O YHUCJIa:
1+ 2" 1+ 2l
) ——; 1) ;
1—3i
—V2+i® (1 e )(2 +i)
9 2) 13 s
i+i* 3—i

4(cos360° +isin 360"
) 2(COS 60° +isin 600)

. 4 . T
3lcost+isinz)-2(cos— +isin —
3) 3 ) 2( 2 2).

No2. Pemirte ypaBHEHHUE: No2. Pemmre ypaBHeHHE!

2, 55>bx+1=0. -2 4=0.

7 BapuaHT 8 BapuanT

Nel. Brinonnute neiictBus, | Nel., BrinmonxuTe JIefCcTBUS,

BBIUMCIIUTE APryMEHT ¢ MOAYJIb | BBIYACIUTE apryMeHT MW  MOIYyJb

KOMILUIEKCHOT'O YHUCJIa: KOMILUIEKCHOT'O YHUCJIa:

1) 2+3i+(1-1); 1 l-l-l\/_

2) (1+i)"; T

3) (cos3ﬂ+isin32ﬁj. 2) 121.—191;

a2 (1-2i)°

Ne2. Pemnre ypaBHeHHE: 3) 2(003 7 L isin ”j .

x*-4x+13=0. 6 6
No2. Pemure ypaBHeHue:
4x?-20x+26=0.

9 BapuaHT

Nel. BeimonHuTe ACUCTBUS, BBIYMCIUTE APTyYMEHT U MOJYJb KOMILIEKCHOTO
qyycha:

1) 1+2! ; 2) 11;\1/?, 3) \/5(‘<:0s1200 +isinl200)-\25(cos600 +isin 600),
p— l -

No2. PemHTe ypaBHEHUE:

x*-2x+26=0.
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Konmponwvnwie éonpocel:

1. Jaiite onpenenenue anredpanyeckoi (popmMe KOMIUIEKCHOTO YHCA.

2. Ilepeunciure JNENUCTBUS HaJ KOMIIJIEKCHBIMHU YHCIIAMU,
MPE/ICTaBIICHHBIMU B ajreOpanveckoil popme.

3. JaliTe ompeaeneHue TPUTOHOMETPUYECKON (opmMe KOMIUIEKCHOTO
qHCIIa.

4. Tlepeuucnure NencTBUA Haj KOMILJIEKCHBIMU YHUCIIaMH,
MIPE/ICTaBIICHHBIMU B TPUTOHOMETpUUECKOU (popme.

IIpakTuueckas padora Ne 3
Crenenu ¢ qeiicTBUTEJIbHBIMU MOKA3aTEJSIMH, X CBOHCTBA

Llenv paoomuwi:

CMYOeHm OO0JIHCEH:

3Hamb:

- OCHOBHBIC ITOKa3aTEIbHBIC TOXK/ISCTBA;

- CBOWCTBA CTEIICHEH ¢ JCHCTBUTEIBLHBIMY ITOKA3aTEIISIMU;
ymemy:

- BBIYUCIISITH CTETICHU C IEHCTBUTEILHBIMU MTOKA3aTEIISIMU.

Ceeoenun uz meopuu:
[ToBTOpUM OmpeAeneHus: noHAmusi cmeneHy C HaTypaJIbHBbIM, HYJIEBBIM,
1IeJIBIM OTPUIIATEIBLHBIM M PAllMOHAJIBHBIM MTOKa3aTEISIMMU:
a=a-a-a..q,a=1/(a"); a’=1, at0; a""=xla" ,
~
n pas
m€EZ, nEN, n>2.

IToBTOpHM CBOMCTBA CTENEHEN C PALIMOHAIBHBIM IT0KA3aTEIIEM:

IpY JIIOOBIX X U y CIIPaBeIMBBI PAaBEHCTBA:
aa=a
a/ad=a”;
(aY=a",

(aby=a'b",
(a/b)y=a"/b".

xty.
s

Cmenenb ¢ OeticmeumenbHbiM HOKA3AmMenem

CBoiicTBa cTeNeHel ¢ ACHCTBUTEIIbHBIM MMOKA3aTEIIEM:

1. a?=a™"% >0, y, kEN, xCZ.

2. a>0, a>0, x€R (mobas CTENEeHb IOJOXKUTEIHBHOTO YHCIIA
MOJI0KUTEIIbHA).

3.a>1 npu a>1, x>0.

4. a’<l mpu a>1, x<0.

5. I'=1 (;1r06as cTeneHb eAMHULIBI paBHA €IUHUIIC).
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6. a'<l npu 0<a<l, x>0.

7. a>1 npu 0<a<l, x<0.

8. Ecnu a>1, a#1, To nns 1100010 NoJ0KUTEIBHOTO Yuciaa b CynecTByeT
€MHCTBEHHOE JICUCTBUTENILHOE YUCIIO X TaKoe, 4To a'=b tipu b>0.

9. JIto6as mosI0KUTENIbHAS CTETIEHb HYJISl paBHA HYJIIO.

Kpome mnepeuuciaeHHbIX CBOMCTB BaKHO OTMETUTb TPU CBOICTBa, Ha
KOTOpPBIX OCHOBAaHO pEIICHHE MPOCTEUIINX TMOKa3aTeIbHbIX YpPAaBHEHUH U
HEPaBEHCTB:

10. Ecu a'=a’, o x=y npu a>0, x, y#1.

11. Eciu a'<d&’, To x<y npu a>0.

12. Ecu a'<a’, To x>y npu 0<a<I1.

IIpaBuna nelcTBHS HAJA CTEHNECHSAMH C JICUCTBUTENBHBIM IMOKA3aTEJIEM
BBIpAKAIOTCS (opMysIamMu (TOXKAECTBAMU):

13. a“aP=a™’.

14. a“:aP=a*".

15. (a*)P=a".

16. (ab)*=a"b* nipu a>0, b>0.

17. |ab|*=|a|* |b|* mpu ab>0.

18. (a/b)*=a’/b* ipu a>0, b>0.

19. |a/b|*=|a|*/|b|* pu ab>0.

dopmyibl, oOpatabie hopmyiam 1-7, Tak Ke BEPHBI.

Ilpumep 11.
1
- B
7" (lj S 6437

49
Brruucnure: N

(3]

9

Pemenue:

YIPOCTUM 33/IaHHOE BBIPAKEHUE, UCIIOJIb3YIO0 CBOMCTBA CTETICHEN:

ta | —

1
I T e IS | IR T 11
7N | T —eq4 2377 492 | | = —J49 - |— .- .7 __ .
[49] T g (64] [] _7“/5 ot 9 7789
T - ! - ] B T
1)z 1 _92 ~_.J9 i
it s s
Lo
__72_72 12_ 72 :ﬂ,(_ij:_ﬁ
4 14 14y 120 14) 0 1008
5 5 5
Ilpumep 12.
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2 1

3 5 -1
Beruuciure: S 0257 -2"
640,25 k 20.5

Pentenue:
YIIPOCTUM 33JIaHHOE BBIPAXKEHUE, UCTIOJIB3YIO0 CBOMCTBA CTETICHEM:

P (-2=-,5.(1J2_1 ;o [T m?l_l Lo
83.25>-2" "' 25) 2 _ 25 2 _\2) 5 2 20 2_

64°-25 905 (26 |0.25 905 L3 905 22 4
9 o
20 9
= 4 = —%.

3a0anus 0 CAMoOCmMOAMEIbHO20 PeULeHU:

1 BapuaHT 2 BapuaHT 3 BapuaHT
Nel. Beruucnure: Nel. Beruncnure: Nel. Beruncnure:
1) 2.27; 1) 57-5; 1 [Lj
2 137127 2 (27 16 4)
SR PER 2) 33=27 + 0,14/81 -1
Ne2. Vnopocrure: Ne2. Yrpocrure: No2. Vopocrure:
1 1 3 1
b3 b o a_%a%‘ x 4x2-
4 BapuaHT S BapuanT 6 BapuaHrt
Nel. Beruucnure: Nel. Beruncnure: Nel. Beruncnure:
U3 ! !
1) (\/g)_s > 1) 5.835 1) 362 .25
2 (3] 2) (V3] 2. ) 32
B

No2. Vmpocrure:

No2. Vmopocrure:
2

L
c?

No2. Ymopocrure:

[yf;] }»’; . c? N2
. ()
o6

7 BapuaHT 8 BapuanT 9 BapuaHT
Nel. Beruuciure: Nel. Beruuciure: Nel. Beruuciure:

1 - 1) 4/0.0001-16 ;
1) 2, 1) 3, ’

16 27 %

2) 2) 4/32-0,00001 . 2)

5416 —0,23/— 0,027 + /1.

No2. Vmpocrure:
7
a? \/g .

Ne2. Ymopocrure:

5
y“%ﬁ-

Vot
Ne2. Ynopocrure:
Zﬁ —&fab b .

Konumponwnwie éonpocot:
1. IlepeuncinTe OCHOBHBIE IOKA3ATEIBHBIE TOXKIAECTBA.
2. llepeuncnure CBOMCTBA CTENEHEN C JEHCTBUTENBHBIMU ITOKA3ATEIAMH.
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IIpakTnueckas padora Ne 4
JedicTBHS CO CTENEHAMM

Lenv padomuwr:

CMYOeHm OO0JIHCEH:

3Hamb.

- OCHOBHBIC ITOKa3aTeIbHbBIE TOXKIECTBA;

- CBOMCTBA CTEIICHEH C JeHCTBUTEIbHBIMHU ITI0Ka3aTCIIMHU;
yMemby.

- BBIUMCIISITh CTEIICHU C JICHCTBUTEIILHBIMU MOKA3aTEIISIMU.

Ceedenusn uz meopuu:

CBoiicTBa CTENEHEH C JICHCTBUTEIILHBIM ITOKA3aTEIIEM:

1. a?=a™""% g>0, y, kEN, x€Z.

2. a>0, a>0, x€R (mobas CcTeneHb IMOJ0KUTEIBHOTO 4YHCa
MOJIOKUTEIIbHA).

3.a>1 pu a>1, x>0.

4. a’<l mpu a>1, x<0.

5. 1=1 (y1r06ast cTerneHb eAMHUIIBI paBHA STUHUIIC).

6. a’<l npu 0<a<l, x>0.

7. a>1 npu 0<a<l1, x<0.

8. Ecmu a>1, a#1, To nns m0060ro moJ0KUTETBLHOTO Yucia b CyliecTByeT
€IMHCTBEHHOE JCHCTBUTENIBHOE YHMCIIO X TaKoe, UTo a'=b mpu b>0.

9. JIroGas monoxxuteabHasi CTENEeHb HyJIS paBHA HYIIIO.

Tak ke IpH yOPOILEHUH BBIPAXKEHUH, COAEPKALMINX CTENEHH MOJIb3YITCS
popmynamu: a’=1, a#0; a""'=xa" , mCZ, nEN, n>2.

Ilpumep 13.
Pemuth ypaBHeHUE: x° =11.
Pemenue:

T.K. CTEIICHb YPABHEHUS 5 — HEYETHOE YUCIIO, TO YPABHEHUE UMEET OJUH
KOpEeHb: x =3/11.

Ilpumep 14.
2a’béc?
YHPOCTI/ITCZ —4, 3 5 -
6a"bc
Pemenne:
UCIIOJIb3YsI CBOMCTBA CTENEHEH, UMEeM:
2a3b§%c4 a374b87(73)c475 aflbllcfl b”
6a'b>c 3 B 3 " 3ac’
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Ilpumep 15.

Beruucaure: 37 -+17 -7 +/17 .

Penienue:

UCII0JIb3YsI CBOMCTBA CTENEHEN, UMEEM:

V7-V17 7+ 17 =37 =177+ V17| =3/7° = (J17)* =439 —17 =

=32 =427 =2.

3aoanus 011 CAaMOCMOAMENbHO20 PEULeHUA:

1 BapuanT
1) Beruucnure:
1/72 + 4 16 _
32 V625
2) Pemnth ypaBHEHUE:
3
x” =11.

3) Yupocture:

45i.
16

2 BapuaHT
1) Beruucnure:

%%/— 27 +53/0,0081 + 341 .

2) Pemnth ypaBHEHHE:
x*+24=0.
3) Yopocture:

3 BapuaHT
1) Beruucnure:
2,58/64 +103/— 0,125 + 81

2) Pemnth ypaBHEHUE:
x*=16.
3) Yaopocrture:

1

4ab V3+\/§'i/3—\/§- —
+2ya . 2 _
7 v 3a 1a
3—q2
4 BapuaHT 5 Bapuanr 6 BapuanT

1) Beruucnure:
%«4/81 +43/—1-93/0,008 .

2) Peuuth ypaBHeHUE:

1) Beruucnure:
2 3 2 2

273 —814 + 643 —325-
2) Pemnth ypaBHEHUE:

1) Beruucnure:
1

16(J.75+4‘[Lj.
25

2) Pemunth ypaBHEHHE:

(8]

x' =80. =18 2x* ~128=0.

3) Ynpocrure: 3) YHPQCTHTei 3) YrpocTure:
b+7b" {/2—\/§>’\/2+\/§. a—2a"’p" +b
7 + b(Li ° a4 b

7 BapMaHT 8 Bapuanr 9 BapuaHT

1) Boruucnure:

E 1 0,5
8" —3-(—) .
49

2) Pemnth ypaBHEHUE:
64x> =1.

3) Yopocture:
3

3
(a4)*4a 2.

1) Boruucnure:

1
81 +4-(0,25)> -
2) Pemnth ypaBHEHUE:
X +32=0.

3) Yopocture:
1

xZ

Bw

X

=
=

1) Boiuucnure:

1
125% —5-(0,16)3-
2) Pemnth ypaBHEHUE:
x*+8=0.
3) Yopocrure:
4\/6 ++/20 -4\/6 -J20.

KOHmPOJleble eéonpocwol:
1. Hepe‘H/ICHI/ITe OCHOBHBI€ ITOKAa3aTCIIBHBIC TOXACCTBA.
2. Hepe‘II/ICHI/ITe CBOMCTBA CTEICHEM C ﬂCﬁCTBHTGHBHBIMH IIOKAa3aTCIIsIMU.
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IIpakTnueckas padora Ne S
IIpeoOpa3oBanue jorapupMmu4ecKuX BbIPpAKeHUH

Lenv padomuwr:

CMYOeHm OO0JIHCEH:

3HamMb:

- ompeneneHue Jorapudma 4ncia;

- (opmynbl OCHOBHOTO JIOTApU(PMHUYECKOTO TOXKJIECTBa, Jiorapudma
MPOU3BEJICHUS, YACTHOTO, CTEMEHH, Tepexoia OT OJHOW CHUCTEMBI
norapudMoB K IPYToi;

ymemb:

- BBIYUCIISITh 3HAYCHUS HECIIOKHBIX JTOTAPU(PMUIECKUX BBIPAKESHUN.

Ceeoenusn uz meopuu:

Jlorapudmom yucna b MO0 OCHOBAHHIO @ HA3BIBAETCS MOKA3aTeh CTEICHH
(x), B KOTOpYIO HY>KHO BO3BECTH OCHOBaHWE d, YTOOBI MOTYyYUTh YUCIIO b, T.€.
log.b=x — a=b.

[Ipu pabGote ¢ norapudpmMamMu TPUMEHSIOTCS CIEIYIONIME UX CBOICTB,
BBITEKAIOIINE U3 CBOMCTB MOKAa3aTeIbHON (QYHKIIUU:

1. d“¢*=b (roe b>0, a>0 u a#0) HA3LIBAIOT OCHOBHBIM N02APUPMULECKUM
MoHCOeCmeoM.

[Tpu mob6om a>0 (a#0) u MOOBIX TOJOXUTEIBHBIX X U J BBITOIHSIIOTCS
paBEHCTBA:

2. log,1=0.

3. log.a=1.

4.  Jlorapudpm  mnpousBeneHHS ~ paBeH  CyMME  JIOTapu(MOB:
log.xy=logx+log.y.

5. Jlorapudm dYacTHOTO paBeH pa3HOCTH JorapudMoB: [og.(x/y)=log.x-
log.y.

6. Jlorapudm creneHu paBeH MPOU3BEIACHUIO IMOKa3aTelsl CTENEHU Ha
norapu(M OCHOBAaHUS ATOM crenenu: log.x'=klog.x.

OcCHOBHBIE CBOWCTBa JIOTapU(MOB MIMPOKO TMPUMEHSIOTCS B XOJE
npeoOpa3oBaHus BBIpAXKEHUH, comepxkamux jgorapudmel. Cpenn HEUX Gopmyiia
nepexoqa K HOBOMY OCHOBaHWIO: log.x=logwx/logya. ITa hopmyna BepHa, eCiu
o0e ee 4acTH UMEIOT CMBICH, T.€. Tipu x>0, a>0 u a#0, b>0 u b#1).

[To mpaBwry  jgorapudMUpPOBAaHUS  CTEIECHW W  OCHOBHOMY
J0TapuPMUYECKOMY TOKIACCTBY MOTYUaAEM:

logix=logy(a"**), otkyna logm=log.x-logya. DTy GOPMyYITy TaK K€ MOKHO
HCITOJIB30BATh JJIS YIIPOIIECHUS BHIPAKCHUM.

Ilpumep 16.
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Brerauciure, WCTIOJIb3YS ONPEAEICHUE jorapudma qHcia
log,, 3169 +log,, Y121,
Pemenue:
BBIYUCIIUM OTACIIBHO KaXbIi JIorapudM:
log,, 3¥/169 = x, log,, V121 =x
13* =169, 11° =3/121,
13 =3/132, 1Y =4/112,
2 2
13" =135, 11* =113,
2 2
X =—. X =—.
5 3
2 2 _6+10 16 1
Bepuemcs B mpumep: log;; V169 +log, V121 = =l
3 15 15 15.
Ilpumep 17.
Breraucnure, WUCHONB3ys OCHOBHOE JIOTApU(MHUUECKOE TOXISCTBO:
1 03 Ig2—1
Pemenne:

UCIIOJIb3Ysl CBOMCTBO CTENEHH, PA3JI0KUM JAHHOE BBIPAKEHUE Ha
MHOKHTEIN:
103[5;271 — 103lg2 . 1071
Hcnonb3ys 6 cBOMCTBO Jorapu@ma CTeNeH!, UMEEM:

10322 —10322.10" = lolgzz L

10
Hcnonb3yst 0CHOBHOE JIorapu(pMUUECKOE TOXKIECTBO, UMEEM:
1072 =102 07 =104 . Lo L% _pg
10 10 10
3aoanusn 0141 cCamocmoamenabHo20 peueHus:
Beruncnure:
1 BapuanT 2 BapuMaHT 3 BapuaHT
1) log0,5; 1) loges(1/16); 1) log.8’;
2) 100'=Y°; 2) 56loes2 2) 360510z \5 ;
g4 Ig 4 lg3+1g27
3) Ig64 —1g8 " 3) Igl6 —1g8" 3) g9
4 BapuaHT 5 BapuanT 6 BapuaHTt
1) log20,08; 1) 1g0,01; 1) logs0,04;
2) 49%“0&2 : 2) gloz: 3+2log, V3 - 2) 0.01'=Y5;
1?7 1 3) 1-1g°3 3) log, 64
3) 1270 1g30 log, V16
7 BapuaHT 8 BapuanT 9 BapuaHT
1 8- 1 27
1) loe 8, D EET 1) log, ——;
2) 2510g5 3-log,s 27 ; 3 243
2) 1001gﬁ+1g10; 2) IOOOIOIO I&\E;
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3) 1g8 +1g18 log, 16 log, 8 N log, 27

21g2+lg3' 10g34 : 3) 10g316 10g59 )

Konmponwvnwie éonpocel:
1. Jlaifte onpenenenue Jorapudma yucna.
2. Tlepeuucnure cBoiicTBa JIOTapu(MOB.

IIpakTuueckas padora Ne 6
Penrenue npocreHnx nmoka3areJbHbIX U JJOrapuMuIecKux
YPaBHEHHH
Yacrs 1.
Llenv paoomuwi:
CMYyOeHm OO0JIHCEH:
3HamMb:
- CBOMCTBA CTEIICHEH;
- CcrocoO0BI pellIeHHs TTOKa3aTeIbHbIX YPAaBHCHUM;
ymems:
- pelaTh ypaBHEHMS, COJIEpIKallle IEPEMEHHYIO B IIOKA3aTelle CTEIICHHU.

Ceeoenus uz meopuu:

YpaBHEHHE, coOIepiKallee IEPEMEHHYI0 B IIOKa3aTelle, HAa3bIBAETCS
NOKA3AMENbHbIM.

[Ipu pelieHuu MOKa3aTENbHBIX ypaBHeHu Buaa @'V=a"" (rne a>0, a#0)
UCIONB3YETCs CIeayoniee cBoicTBo: (@=a")—(Ax)=k(x)).

[Ipeobpa3oBaHue MOKA3aTENbHOrO ypaBHeHMs K Buay a'W=q'™
BBINOJIHAETCS MHOTUMH CIIOCO0aMHU. PaccMOTpHM HEKOTOpBIE CIIOCOOBL.

Ilpumep 18.

Pemnre ypaBHeHHe: 2% 712 — 1.

Pemienue:

IO OIPEIEIIEHUIO HYJIEBOTO MOKasarels crenenu: 1=2°, nomy4nm:

2.\»377.”12 -0,
ITo cBoiictBy (&™=a")—(f(x)=k(x)), momy4aeM OOBIYHOE KBaIPaTHOE
ypaBHEHHE, KOPHHU KOTOPOTO BEIYHCIISIEM Yepe3 AUCKPUMUHAHT:
x*=7x+12=0,
X 1:3, X2:4.
Ortser: 3, 4.

Ilpumep 19.

.

l X
: =128
Pemmnre ypaBHeHue: (0,1 5 5) .
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Penienue:
npuBeieM 00€ YaCTU ypaBHEHUSI K OCHOBAHUIO 2:

! =128
0,125 i

1000\" o
125

82\‘ :27
(23)2,\' — 27
26\ :27

ITo cBoiicTBy (@"=a"")—(f{x)=k(x)), monyuaem 6x=7 u x=7/6.
Otser: 7/6.

Ilpumep 20.
Pemure ypaBHenue: 2% =57
Pemenue:
pasenuB 00e 4aCcTU ypaBHEHUS HA OJHO U TO K€ YHUCIO 572, TOIy4nM:
2)—2 5,\’—2
572 5
2,\ 2 1’
2
SiREl
2=0,
2.
Otser: 2.
Ilpumep 21.
Pemnre ypaBHeHHe: 27 - 2* =112.
Pemenmue:

BBIHECEM OOITUI MHOXKUTEIb 2* 32 CKOOKY, TOJIYIUM:
273 —2Y =112,
292 -1 =112,

2¥.7 =112,
2 =112/7,
27 =16,

2% = 2%,
x=4.

Ortser: 4.

3aoanus 011 CAMOCMOAMETIbHO20 PEULeHUA:
Pemnre ypaBHeHus:

1 Bapuant 2 BapuaHT 3 BapuaHT
1) (l) :(ljr, 1) 23x=5x; 1) 3x=7x/2;
3 4)° 2) 3" +3* =108.
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X 2(x+1) _ Ax+2 — x,l
2) 27-3 32 =2, 2) 377 g7 o
4y
4 BapuaHT S BapuaHT 6 BapuaHT
1) 5x—3:23—x; 1) Sx;} _ 7‘\‘73; 1) 3x—5:81;
2) 7‘3,\'+l _5.\'+2 :16‘3'\‘+I _5,\'+3. - A 2) 0701 'Y"O,l =10-x‘
2) 57" =5"+4.
7 BapuaHT 8 BapuanT 9 BapuaHT
x—1 3x-7 7x-3 X2 —Sx—11 .
1) o3 _prei; 1 [gj :[Zj .| D8 =5,832;
) i,vz 1272,\.4 =0 ) 7 3 > 12) 1000+/0.1=100".
) -7 =0 2) 0.5V =1.

Konmponwvnwie éonpocel:

1. Uto Ha3bIBaeTCs MOKa3aTEIbHBIM YPABHEHUEM?

2. 3anumuTe  CBOICTBO, KOTOPOE  UCIOJB3YIOT TMPU  PEHICHUU
ITOKA3aTEIbHBIX YPABHEHUN.

Yacrs 2.

Llenv pabomuwi:

CMYyOeHm OO0JIHCEH:

3Hamb:

- ompeneneHue jorapudma;

- CcBoMcTBa J0rapuMoB;

ymems:

- pemiaTh ypaBHEHHUsI, COIeprKalue IEPEeMEHHYIO 10T 3HaKOM Jiorapudma.

Csedenus uz meopuu:

VYpaBHeHue, cojepikaliee MEePEeMEHHYIO MOJI 3HAKOM Jorapudma wid B
OCHOBAHMH JIOTapu(hMa, Ha3bIBACTCS 102APUPMULECKUM.

Paccmotpum npocreiiiiee orapupmuueckoe ypaBHeHue: logx=b.

Jlorapudmuyeckas GyHKius Bo3pacTaeT (Miau yOBIBAET) HA MPOMEKYTKE
(0; +00) ¥ MpUHUMAET Ha 3TOM MIPOMEKYTKE BCE IEUCTBUTEIbHBIE 3HAUCHUSI.

Teopema o xopHe: mycth GyHkus f Bo3pacraeT (yObIBaeT) Ha
MPOMEXYTKe [, uucio a — Jodoe M3 3HAUYCHUN, NMPUHUMAEMBIX f Ha ITOM
npoMexxyTke. Torma ypaBHeHHE f(x)=a UMeeT E€IWHCTBEHHbIH KOpEHb B
IIPOMEXKYTKE /.

[lIo BmIIECKAa3aHHON Teopeme ClieayeT, 4YTo Ui J000ro b JaHHOe
YpaBHEHHE UMEET, U IPUTOM TOJIBKO OJIHO, PEIICHUE.

U3 onpenenenus gorapudma 9ucia CaeayeT, YT0 TAKUM YUCIIOM SIBIISIETCS

a’.

Ilpumep 22.
Pemnre ypasuenue: log,(x*+4x+3)=3.
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Pewmenue:

JAaHHOMY YPAaBHEHHIO YAOBJIETBOPSAIOT T€ 3HAYEHMS X, I KOTODPBIX
BBINOJIHEHO PABEHCTBO: X +4x+3=2°,

[TonyuaeM 0OBIYHOE KBaJpaTHOE ypaBHEHUE x +4x+3=8 wmmm x*+4x-5=0,
KOPHH KOTOPOT'O BBIYUCIIAEM € TOMOLIBIO AUCKPUMHUHAHTA: X1=1; X,=-5.

Ilpumep 23.

Pemute ypaBuenue: logs(2x+3)=logs(x+1).

Pemenue:

JAHHOE YpaBHEHHE ONPENENICHO [JIsi Te€X 3HAYeHUH X, MPU KOTOPBIX
BBITIOJTHEHBI HepaBeHCTBA: 2x1+3>0 m x+1>0 (310 ciemyer uU3 onpeaeneHus
norapudma).

Jns 3THX X TaHHOE ypaBHEHWE PABHOCWIBHO YpaBHEHMIO: 2x+3=x+1, u3
KOTOPOT'0 HaXOJIUM X=-2.

BeimonHsist  mpoBepky, yOexxgaemcs, uYTO X=-2 HE YJAOBJIETBOPSET
HepaBeHCTBY x+1>0. CnegoBarenbHO, JaAHHOE YPABHEHUE KOPHEW HE UMEET.

Ilpumep 24.

Pemmure ypaBHenue: log’sx-logsx*-3=0.

Pemenue:

JTAHHOE YpaBHEHHUE, BOCIIOJIB30BABIINCH CBOMCTBOM CTEIIEHHU Jorapudma,
MOKHO nepenucath B Buje: (logsx)*-2logsx-3=0.

Cnenaem 3aMeHy TepeMEHHOU: (=logsx, TOTJa Halle YypaBHECHHE
nepenuuieTcss B Buae: (-2t-3=0, KOPHHM KOTOPOrO BBHIYMCIUM 4YEPE3
OUCKPUMMHAHT: =3, t,=-1.

Bephemcs k ucxoiHOM nepeMeHHoM: [ogsx=3 unu logsx=-1.

Hcmonp3ys ompeaeneHue Jjorapudma ToJydaeM KOPHU HMCXOTHOTO
ypaBHenus: x1=5"=125, x,=5"'=1/5=0,2.

3aoanus 01: CamocmoamenabHo20 peuleHus:
Pemute ypaBHeHue:

1 BapuanT 2 BapuaHT 3 BapuaHT
1) log,(5x+6)=0; 1) 1gx75:2; 1) log3x+logr\_3=92,5;
2) lg(x—9)+ x—2 2) 41g° x—2=1gx”,
+21g/2x—1 = 2. 2) 1g(2x) +1g(x+3) =
= lg(12x — 4).

4 BapuaHT S Bapuanr 6 BapuanT
1) log, (7x+ij_ 2, 1) 10g1(5_10g3 ) :_2; 1) log(2x-1)=4;

3 25 ’ 2 2) I+log,3x+1)=
2) 41g’ x +1gx*2=0, 2)10gl(x*\’x2*16):*1. = log,(x* —5).

2

7 BapuaHT 8 Bapuanr 9 BapuaHT
1) logs(x-12)=2; 1) log.16-log,2=1/2; 1) logs(x+8)=-2;
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2) log,(4—x)+ 5y Llg(xe® 4+ 2x) = 2) lg(x—3)+
+1log,(1—2x) = 2log, 3. 2 +lglx —2)=1-1g5s.
=lgx+ 2.

Konmponwvnwie éonpocel:

1. Yrto Ha3bIBaeTcs JorapupMUUECKUM yYpaBHEHUEM?

2. Ilepeuncnure cHnocoObl  peUIEHUST  ypaBHEHWH,  COJEpKallux
NEPEMEHHYIO0 TI0J 3HAKOM JIorapu¢mMa Wiv B OCHOBaHUU JIorapudpma.

IIpakTnueckas padora Ne 7
IIpeoOpa3oBanue BbIpaKeHUM

Llenv padomuwi:

CMYyOeHm OO0JIHCEH:

3HamMb:

- mpaBuWja  TpeoOpa3oBaHUsS  pPAllMOHANBHBIX,  HPPAUOHATBHBIX,
CTCTICHHBIX BBIPAKCHHIA,

ymemby:

- BBINIOJIHATH  MPeoOpa3oBaHUsl  PALMOHAIBHBIX, HUPPALUOHAIBHBIX,
CTETIEHHBIX BBIPAKECHUM.

Ceeoenun uz meopuu:
Ilpeobpazosanue ancebpauyeckux Gvlpadcenutl, VUCTIOIL3Ys TPHUBEICHUE
npobeit k 001eMy 3HaMeHaTelto, GOPMYJITbI COKPAIIEHHOTO YMHOKEHUS.

CDOpMlebl COKPAWEHHO2O0 YMHOJNCEHUA.
a’ —-b’ :(a—b)(a+b) .
2

(a+b) =a” £2ab+b*.

>
(a+b)’ =a® +3a’b+3ab® +b°.
9

@’ +bP=(a+blla’ Fab+b*].

rae a, b, ¢ — 1100ble JEUCTBUTEIbHBIE YUCIIA;
ax’ —|—bx+c=a(x—x|)(x—x2)
b

rae a#0, x| ¥ X, — KOPHH ypaBHEHusr X +bx+c=0

OcHosHoe c8olicmBo Opodu u delcmeus Hao OpodAMU
a-c a a:c

bc b bic, e b20, c20;
a+b_aib

c ¢ ¢
giﬁzadibc
c d cd
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Ilpumep 25.

a+b’ ) 5 2b ab
Y : +la”=b" |+
IIPOCTHTE: [ 5 j a® =52

a+b_a2 -b*

Pemenue:

penraem o AeicTBusM: 1) nenenue; 2) cioxkeHue; 3) BrIYUTaAHUE.

1) MHcnone3ys ¢opMysbl COKpPAIIEHHOTO yMHOXKEHUS  Pa3HOCTH
KBaJpaToB: a’>—b’>=(a—b)a+b), CyMMBI KyOOB a’+b’ =(a+b)a’ —ab+b?),
MOJTYYUM:

(a*jth‘JH-a;_bg'_(a+b)(a1—ab+h3)_ 1 _(a’—ab+b’)
a+b ' a+b (a—=bYa+b) (a—b)Xa+b)’
2) [Ins cnoxeHnus npuBeaeM apodu K obmiemMy 3HameHaTento (a —b)(a+b)

(Hz*[lb+l’)2)+ 2b _ a> —ab+b” +2b(a —b) _
(a—b)a+b) a+b (a—b)a+Db)
_ a’ —ab+b> +2ab—2b’ B a’+ab—b’
a (a—b)a+b) a =
3) BeinmonHuM BeuUTaHUE APOOEH C OAMHAKOBBIMU 3HAMEHATESIMU:

a’+ab-b* ab _az+ab—bz—ab_az—bz_1

2 2 2 2 2 2 - 2 2
a —b a —-b a —b a —-b

IIpeobpaszosanue svipasxicerutl, co0epAHcAUUx paouKaibl

Y1066 0CBOOOIUTHCS OT UPPAIMOHATFHOCTH B 3HAMEHATEIE HEOOX0IMMO
U YUCJIMTENb W 3HAMEHATeJIb JIPOOM IMMOMHOXXKHTH HAa OJIHO W TO K€ YHCIIO,
COTIPSHDKEHHOE K 3HAMEHATEITIO.

Ilpumep 26.

V2
OcBobomuTech OT HPPAIIMOHATHLHOCTH B 3HAMEHATEIE: NEECE

Pemenue:

94TOOBI OCBOOOJUTHCS OT UPPAIMOHATIBLHOCTH B 3HAMEHATele He00X0IUMO
N YUCIUTCIIb WU 3HAMCHATCJIb I[p06I/I IIOMHOXHUTh Ha OJHO H TO K€ YHCIIO,
COIIPSKCHHOC K 3BHAMCHATCIIIO: (\5* \E) , TOraa ImoJay4uMm:
V2o 2= VEl Je=Vio Je-Vio Ve -4o
V35 W53 5] (W3] —I5] - 3-5 -2

Pewenue uppayuonanvrulx ypasnenui
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Haubonee wdacto wuCHONB3yeMBIM TpPU PEHICHUH HPPAIMOHATBHBIX
YpPaBHEHUN CHOCOOOB ABIISIETCS BO3BEJAEHUE O0OEUX 4YacTell ypaBHEHHUSA B

KBaJIpar.

Ilpumep 27.
Pemre ypaBHeHue: vx—-3 =x-9.
Pewenue:

BO3BCICM 00e yactu YPaBHCHUA B KBaApaT, IIpU 3TOM B YPABHCHHH

MOSIBATCA ~ TIOCTOPOHHHE  KOPHH, IIO3TOMY
UppalMOHATBHBIX YPaBHEHHM 00s3aTenbHa:
( x73.)2 =(x—9)%;
x—3=x"—18x+381;
x> —18x+81—-x+3=0;
x> —19x+84 =0.
[Tomyumnock 0OBIYHOE KBaApaTHOE
BBIYUCIISIEM Yepe3 TUCKPUMHUHAHT: X1=12, X,=7.
BeimostHMM  mpOBEpKy, IS OTOTO TOJCTaBUM B HaIle

YPaBHCHUC ITOJYYHUBIINCCA KOPHU:

npoBepka  MpH

ypaBHEHHE, KOPHHU

B J12-3=12-9;
X1—122 3 =3 (sepro).

. \/T=7—9;
X2=T: 2 =-2 (ne 6epno).

OtBerT: 12.

3a0anus 011 cCamMoCmoAmebHO20 PeuleHUA:

peLIeHUN

KOTOPOTO

HCXOAHOC

1 BapuaHT 2 BapuMaHT
Nel. Yopocrure: Nel. Yopocrure:

x+38

dmn m n
m+n-— + -
m+n m+n n—m

No2. OcBoGoauTech OT

UPpAIMOHATILHOCTH B 3HAMEHATEJIE:
V3

V247

No3. Pemmnre nppauroHaibHOE

ypaBHEHHUE: Vx =x—6,

Ne2. OcBobOoaurecs OT
UPPallMOHAILHOCTH B

243

3
57

3HaMCHAaTCJIC:

2mn j [ X 8 j x? —2x
T 2 2 T ) +
m-—n x -4 x"+2x 4—x

x+2°

No3. Pemnre nppauroHaibHOE

YpaBHCHHUE: Vx—5=~/3—x .

3 BapuaHT
Nel. Yopocrure:

4 BapuaHT

Nel. Ynpocrure:

3a’ +3ab+3b° 2a’ -2b°
4a+4b 94> —9b°

No2. OcBoboauTech OT

UPPALMOHATIBLHOCTH B

3 2 1 L4y
2x—y 2x+y 2x-5y 4x° -y
No2. OcBoboaurecs OT
UPPALMOHAIBHOCTH B 3HAMEHATEIIE:

5 3HAMEHAaTelIE: N7
232 =7 V11445
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Ne3. Pemmre nppanuonanbHoe
YPABHCHHC: vx+2 =x—-4,

No3. Pemmnre nppanunoHaibHOE

ypaBHEHHUE: vx* —12 =+/x.

5 BapuaHT

Nel. Ynopocrure:
[2)(—3 x+1 x2+3] 4

2x— - :

x+1 2-2x 2x°-2) x’—x
Ne2. OcBoGoautech OT
UPPAMOHATHHOCTH B 3HAMEHATEIIE:
V342

5

Ne3. Pemute uppanmonainbHoe
ypaBHEHHUE: vx =x—2,

6 BapuaHT
Nel. Ynopocrure:

x’ -8 1 x—1
+2x |- T .

x—-2 4 —x 2—Xx
Ne2. OcBoboaurecs OT

VUPPALUOHAIBHOCTH B

5
3HAMEHaTeNe: 5 .

Ne3. Pemute uppanmonaibHoe
YPABHCHHUC. vx+1+~x+3=0,

7 BapuaHT

Nel. Ynopocrure:

( 3 4 2a j 2a+1 a-12
+— + . - .

a-3 a’-5a+6 a-2) 3  33-4

Ne2. OcBobOoaurecs OT

UPPALMOHATBHOCTH B 3HAMEHATEJIE:
V5

VI3 -7

Ne3. Pemmre nppauroHaibHOe

ypaBHEHHE: V1—x ++/1+x =1,

8 BapuanT
Nel. Yopocrure:

x? 9—x* 27+x° x?
5 + +| 3+ .
3+x x"—3x 3—x 3—x
Ne2. OcBobOoaurecs OT
UPPALUOHAIBHOCTH B

V543

3HAMCHATCJIC: .
77

Ne3. Pemnre nppaunoHaibHOE
ypaBHEHHE: v2x—1—~/x—1=1,

9 BapuaHT
Nel. Yopocrure:

[ 1 2¢ 1 jz'('c—3)2+12c

2 + 2 + 2
¢ +3¢c+2 ¢ +4c+3 ¢ +5¢+6

1

Ne2. OcBoGonuTech OT UPPAIMOHATBHOCTH B 3HAMEHATEIE: NoEENEE

Ne3. PemnTe nppalliOHaJIbHOE YPABHEHHUE: vx—1 ++2x—1=5,

Konmpwzbubte eonpocwol:

1. Kakue Gopmynbl MOXKHO HCHOJIB30BaTh IMpU MPEeoOpa3OBAHUH

anreOpanyecKuX BhIpAKCHU?

2. Kak MOXHO 0CBOOOJIUTHCS OT UPPAIMOHAIIBHOCTH B 3HAMeHaTee?
3. ChopmynupyiiTe mpaBuiIa perieHus UPPauOHATBHBIX YPABHCHHM.

IIpakTuueckas padora Ne 8
Panuannas Mepa yriia. BpamareibHoe ABUKeHUE

Llenv padomuwr:
CMYOeHm OO0JIHCEH:
3HAMb.

30




- OIpenerneHus pajuaHa, CHUHYCa, KOCHHYCAa, TaHI€HCA W KOTaHI€HCa

YUCJIOBOT'0 apTyMEHTA;

- 3HAYEHHsI TPUTOHOMETPUUECKUX PYHKIUH HEKOTOPBIX apIryMEHTOB;

- 3HAKW 3HAYEHUU TPUTOHOMETPUYECKHX (YHKLUHMHA MO KOOpAUHATHBIM
YETBEPTSIM;

ymems:

- TMEPEBOJMTH 3HAYEHUS YIJIOB U3 PaJUAaHHON MEpPHI yria B rpagyCHYIO
Mepy U Ha00opoT;

- BBIYMCIIITH NPOCTEHIINE TPUTOHOMETPUYECKUE BBIPAYKEHUS.

Ceeoenun uz meopuu:

Paouannas mepa

VYron B | paguan — 3T0 TakOM LEHTPAIBHBIM yroJl, IJIMHA JyTH KOTOPOTO
paBHa pajiyCy OKPYKHOCTH.

Panuannas w1 rpagycHas — Mepbl  CBsI3aHBI ~ MEXAYy  CcOOOi

4
3aBUCcUMOCThIO 1 80°=n paauan; yron B n’= Tgo0 Panuan.

3Ha4eHUs] TPUTOHOMETPUYECKUX (PYHKIMI MOTYT OBITH HAalICHBI TAK, KK
5TO JENanoch B Kypce€ T€OMETPHH, M3 IPAMOYTOJLHOTO TPEYrONbHUKA C
TUIIOTEHY301 paBHOii 1 1 1o ouepenu 3amaBaeMbIx yrios: 30°, 45°, 60°.

3HAKN TPUTOHOMETPUUECKHUX (QYHKIUH M0 KOOPAMHATHBIM YETBEPTSM:

Howmep koopauHaTHOM I 1 1 v
YETBEPTH

sinao. + + — —

cosa + — — +

tgo + — + —

ctga + — + —

EnnHcTBeHHAs yeTHast (DYyHKIUS — KOCUHYC
cos(-a)=cosda.
Bce octanbHbIe OCHOBHBIE TPUTOHOMETPUUECKHUE (PYHKITUN HEYETHBIE:
sin(-0)= -sina,;
(g(-0)= -1go;
ctg(-a)= -ctga.

Tabnuia 2. 3HaueHUs OCHOBHBIX TPUTOHOMETPUUECKUX DYHKIIUI

Panuannasa 0 T 7z 7z z 27 3z 57
Mepa yria 6 4 3 2 3 4 6 T
Ppanycuast | g0 1 300 | 450 | 600 | 900 | 1200 | 135° | 150° | 180°
Mepa yria

. 1| 2| 5 5| vz | 1
sina 0 5 - | 5 1 > 5 5 0
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R [ 2] b
cosa L5151 2|0 > | "% | 2|
te0 R N T EC N B R e
ctga — V3 1 ‘f 0 ~ ‘f -1 _ 3 _
Pammnannas s S5z 4 37 57 7 117 )
Mepa yria 6 4 3 2 3 4 6 T
Ppamycnas | o100 | 5550 | 2400 | 2700 | 300° | 315° | 330° | 360°
Mepa yria

: 1 V2 V3 V3 V2o 1
sina > | % |5 | V| -7% |75 | 2] 0
5| | 1 1| 2 | 4
cosa S || 2|V > | 2 | 2| !
g0, */35 A IV S AR RV ) R T ‘f 0
ctgo V3 1 ‘f 0 — *f -1 ~J3 _
Ilpumep 28.
Buruuciaute: sin405°.
Penienue:

TOIHBIA KPyT — 360° MOKHO «OTOPOCHTEY:

Sind05'=sin(405°-360°)=sind '~ 2.

Ilpumep 29.
Bripasure B paauaHHoli Mepe 3HaueHue yria 36°.
Pemenue:

YTOOBI «IIEPEBECTH» TPATYCHYIO MEpy yrIjla B paguaHHyI0, HEOOXOIUMO

34JIaHHOC 3HAYCHUC YMHOKHWUTH Ha T.O. IIOJIYYUM

T
180° °
36°=

36°7r_£
180° 5°

Ilpumep 30.

o 2
Bripazure B rpagyCHON Mepe 3HAUCHUE yIJia = -

Pemnenue:

4YTOOBI «IEPEBECTH» PAJUAHHYIO MEPY yria B IpaJyCHYIO, HEOOXOIUMO
0

3aIaHHOC 3HAYCHNUC YMHOXHUTDH Ha

, T. 0. IIOJIy4YUM

27 180° _360°
5 T 5

=72°
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3aoanus 011 CAaMOCMOAMENbHO20 PeULeHUA:

1 Bapuant

Nel.  BsIpazute B
pauaHHON
(rpamycHoif)
3HAYEHUE yIJIA:
7T

g .
No2. Beruuciure:
sin2010° + 47g(—855°) +

++/3 cos(—1590%).

Mepe
60°;

2 BapuaHT
Nel. Bripazure B
paauaHHoOi  (TpaayCcHOIN)

Mepe 3Hauenue yrina: 180°;
37

5
No2. Beruuciure:

\/Esin(— %Tj — 6005(— 22?”} +

+2tg 157 _ ﬁctg 237

3 BapuaHT
Nel.  Belpa3ute B
paraHHON
(rpamycHoif) Mepe

sgauenue yrima: 270%
57

% .

Ne2. Beraucnure:
sin(—390° )+ 4rg(—405%) +
++/3 cos?(—420").

4 6

4 BapuaHT S BapuanT 6 BapuanT

Nel.  BeIpazute B | Nel. Bripaszure B | Nel.  Bripazute B
paauaHHOU paauaHHoOW  (TpaayCHOM) | paguaHHOU
(rpamycHoif) mepe | Mepe 3Hadenue yrina: 310% | (rpamycHoii) Mepe
3Hauenne yrma: 120 | 7 3HaueHnue yria: 360°;
37 3° S5z

a4 No2. Beruucure: a4

No2. Beruuciure:
sin1500° + tg(—765") +

+ ?cos(l 845%).

\/Esin(— 3—7[j -6 cos[— ”—7[) +
4 3
O

Ne2. Beruucnure:
c0s2160° + crg(855°%) +

++/35in(=1590°).

7 BapuaHT
Nel.  Belpazute B
paaHHOMN
(rpamycHoif) Mepe

3Hauenue yraa: 1500%
37

E .

Ne2. Beraucnure:

sin2190° +%Ig2(—4050)+

+ /3 cos(—420").

8 Bapuanr
Nel. Bripazure B
paauaHHoOi  (TpaayCHOIN)

Mepe 3HaueHue yriua: 2167
T

E .

No2. Beruucnure:

\/5 sin(— ?Tﬂ'j —6¢co0s? (ZZTﬁj +

9 BapuaHT

Nel.  Beipazute B
paiaHHOMN
(rpamycHoi)
3HAQYEHUE YIJIa:
O

5

Ne2. Beruucnure:
cos405° ++/312(750°%) +

J3

+ 70052(71 590°).

Mepe
90°;

Konmponvnsie éonpocel:

1. Yto Ha3biBaercs yriom B 1 paauan?

2. B Kakux eIMHHIIAX U3MEPSAIOTCS YIJIbI?
3. Ilepeuncnure 3HAYCHHS] HEKOTOPHIX TPUTOHOMETPUUECKHUX (DYHKITHIA.

IIpakTuyeckas padora Ne 9
OcHOBHBIC TPUTOHOMETPUYECKHE TOKAecTBAa. DOpMYJIbI IPUBEIEHUS
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Llenv paoomuwi:

CMYOeHm OO0JIHCEH:

3Hamb:

- OCHOBHBIC TPUTOHOMETPHYCCKHUE TOXKICCTBA;

- (opmyIbl MpUBEICHNUS,

ymemy:

- BBIMIOJIHATH  MpeoOpa3oBaHUs TPUTOHOMETPUYECKUX  BBIPAKECHUH,
MCIIOJIb3Ysl OCHOBHBIE TPUTOHOMETPUYECKUE TOXKIECTBA, (POPMYIIBI IPUBEICHHUS.

Ceeoenun uz meopuu:
OcHosHble (hopmynbl mpuecoHomempuu
W3 onpeneneHuii cuHyca, KOCHHYCa, TAaHTEHCA W KOTAaHTEHCA CIEAYIOT
OCHOBHblE MPUCOHOMEMPULECKUE MOANCOeCEA:
sin‘o+cos’o=1;

sin & cos«
g = , ciga = ;

cosa sin«
tgo-ctgo=1;
1
o +l=——; ctg’a+1=— —.
cos” a sin” «

OCHOBO JIJIs1 OCTAIILHBIX (POPMYII SBIISTFOTCS (hOPMYIbL CLONCEHUSL:
cos(a-B)=cosacosp+sinasinf;
cos(o+p)=cosacosp-sinasinf;
sin(a-B)=sinacosP-cosasinf;
sin(o+f)=sinacosP+cosasinf;

go+ 1y lgaly
ig(a+ p)= "0 o gy UL
l—toex tgf3 l+tecax-tgf3
7
N3 dhopmyn crnoxenus, moynaras S = > raen € Z, nonyyaem ghopmyvl

npugedenusi IpeoOpa3oBaHUs BHIPAKECHUIN BUA!
. 7N 7N 7in m
sm(ziaj , cos(ziaj , tg[zia] , ctg(ziaJ, n€Z.

Jns 3anomuHanus 3Tux Gopmys1 yA00OHO MOJIb30BAThCS MHEMOHUYECKUM
MIPaBUJIOM:

1. Ilepen mpuBeaeHHOW (GyHKIMEH CTABUTCS TOT 3HAK, KOTOPHIA UMEET
ucxoaHas (PYHKIMS B COOTBETCTBYIOIIEH KOOPJUHATHON YETBEPTHU:

2. OyHKIUS MEHSIETCSl Ha «KO(YHKIIMIO», €CIIM 7 HEYETHO; (QYyHKIUS HE
MeHserca, ecnu n 4eTHo. (KodyHkiuusmu cuHyca, KOCHHYycCa, TaHTeHCa U

KOTaHT€HCA HA3bIBAIOTCSA COOTBETCTBEHHO KOCHHYC, CHHYC, KOTaHTCHC,
TAHTEHC).

Ilpumep 31.
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MOFYT JIM CMHYC U KOCHMHYC OJHOI'0O M TOI'O KC 4YHCJIa OBITH paBHBIMHU

cootBeTrcTBeHHO: 0,4 1 0,7.

Penienue:
WCIOJIb3Yysl OCHOBHOE TPUTOHOMETPHUYECKOE TOXKIECTBO sin‘a+cos’o=1,

HUMECCM.

0,4*+0,7°=0,16+0,49=0,65.
T.x. 0,65#1 3HaueHus CHUHyca W KOCHHYCa OJHOTO M TOTO K€ Yuciia He

MOT'YT OBITh paBHBIMU cOOTBeTCTBeHHO: 0,4 1 0,7.

Ilpumep 32.

Haiinure 3HaYeHHWS JPYyrHX TPEeX OCHOBHBIX TPUTOHOMETPHUYECCKUX
bynkuwmid, ecou: sino=-0,8 u n<a<l,5m.

Penienue:

UCIHONB3Yss OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO Sin’ortcos’o=l,

HUMCCM.

cos’a=1-sin’a, Torma cos’a=1-(-0,8)*=1-0,64=0,36.
T. k. n<o<1,5n (III koopauHaTHAst YE€TBEPTH), TO COs0=-0,6.

I torg = S0 Z Ia_—O,S 8 4
o popmyne rga = o5, BPIUHCIIEM 186 =—"0="1= .
4 3
[To popmye tga-ctga=1 Beruucasiem ctga=1: EYRR
3aoanusn 011 cCamocmoamenabHo20 peuieHus:
1 BapuaHT 2 BapuMaHT 3 BapuaHT

1) Moryr nu cuHyc u
KOCHUHYC OJHOTO U TOTO
xKe qucia OBITH
pPaBHBIMHU
cooTBeTcTBeHHO: 0,5 m
0,5.

2) Haiigute 3Ha4YeHUS
JIPYTHUX TPEX OCHOBHBIX

1) Moryr nu cuHyC H
KOCHUHYC OJHOTO U TOTO
xKe qyucia OBITH
pPaBHBIMHU
cooTBeTCTBeHHO: 0,2 U -
0,8.

2) Haiigute 3HaYeHUS
JIPYTHUX TPEX OCHOBHBIX

1) Moryt i1 cuHyc u
KOCHUHYC OJHOT'O M TOTO
xKe qyucia OBITH
pPaBHBIMHU
cooTBeTcTBeHHO: 0,6 M -
0,8.

2) Haiigute 3HadeHUsA
JIPYTHUX TPEX OCHOBHBIX

1) Morytr i1 cuHyC H
KOCHUHYC OJHOTO U TOTO

JKe quciia OBITH
paBHBIMU

5
COOTBETCTBEHHO: —

1) Moryr nu cuHyC H
KOCHUHYC OJHOTO U TOTrO

XKe qucia OBITH
paBHBIMU

6
COOTBETCTBEHHO: — ‘g

TPUTOHOMETPUUYECKHUX TPUTOHOMETPUUYECKHUX TPUTOHOMETPUUYECKHUX
byHKUMH, €Clu: byHKUUH, eclu: byHKUUH, eclu:

T . 2 Vi 15 37
cosa=—£n—<a<7r. s1na=£n0<a<f. COSO=~— U - <a<2x,
4 2 3 2 17 2

4 BapuaHT 5 BapuanT 6 BapuaHT

1) Moryt i1 cuHyc u
KOCHUHYC OJHOTO M TOIO

JKe quciia OBITH
paBHBIMU

2
COOTBETCTBCHHO: /= H
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24
U
2) Haiinute 3Ha4YeHUS

JIPYTUX TPEX OCHOBHBIX

w s
3

2) Haiigute 3HaYeHUS
JIPYTUX TPEX OCHOBHBIX

1

V5

2) Haiigute 3HadeHUs
JIPYTUX TPEX OCHOBHBIX

COOTBETCTBEHHO: —%
5

-3

2) Haiigute 3Ha4YeHUS

JIPYTUX TPEX OCHOBHBIX

TPUTOHOMETPUUECKUX

(GyHKUUH, €CIH:

NG

COSO0=——H
5

151

3—7r<a<27z,
2

COOTBETCTBEHHO: 2,4 H
5

12"
2) Haiinute 3HaYeHUS
JIPYTHUX TPEX OCHOBHBIX
TPUTOHOMETPHUUYECKHUX
byHKIMH, eciu:

. T
sino=0,7 u S ca<r.

TPUTOHOMETPUYECKHUX TPUTOHOMETPUUECKUX TPUTOHOMETPUUECKUX
(GyHKUUH, €CIn: byHKUUH, eclu: byHKUUH, eclu:

. T 3z . T
Slna:0,5H5<a<”. cosa20,41/17<a<2ﬂ. s1na=*55 u0<a<—.
7 BapuaHT 8 BapuanT 9 BapuaHT

1) Moryt nu tanredc u | 1) Moryt nu tanredc u | 1) Moryt jau TaHreHC U
KOTAaHT€HC OJIHOTO M | KOTAHF€HC OJIHOTO0 M | KOTAHF€HC OJIHOrO0 U
TOTO K€ 4YHCIa OBITh | TOTO K€ 4YHcla OBITh | TOTO K€ 4Hcia ObITh
paBHBIMU paBHBIMU paBHBIMU

5
COOTBCTCTBCHHO. \g nu
2./5
=

2) Hailiqute 3HavyeHuUs
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPHUUYECKHUX
byHKIMH, eciu:

T
cosa=0,9 u 0<a<5.

Konmponwnwie éonpocwi:
1. Ilepeuncinte OCHOBHbIE TPUTOHOMETPUUYECKHUE TOKIECTBA.

2. ChopmynupyiiTe MHEMOHUYECKOE TTPABUIIO.

Lenv padomuwr:
CMYOeHm OO0JIHCEH:
3HAMb.

IIpakTnueckas padora Ne 10

Cunyc, KOCMHYC ABOMHOIO yIja

- (bopmyIibl IBOMHOTO yTiia TPUTOHOMETPUYECKUX (HYHKIIUA;
- (hopmyIibI MOJIOBUHHOTO apryMeHTa TPUTOHOMETPUIECKUX DYHKIUN;

ymemo:
- BBIIOJHSATH

peoOpa3oBaHUs

UCIIOJIB3Ys (POPMYIIBI IBOMHOTO YTJIA.

Ceeoenusn uz meopuu:
Dopmynvl 080UHO20 Yena MPUSOHOMEMPUYECKUX (DYHKYULL:

TPUTOHOMETPUUECKHUX

BBIPAKCHUH,
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2 = 2
cos2a =cos” o —sin” «,

sin 2 = 2sin ¥ cos &,

2tgx
122 = g .
l-tgx
2
ctga—1
ctgla =
2ctga

[Toxacrasnss B popMyisl cos2t=1-2sin’t u cos2=2cos’-1 3nayenue ¢ =

noJiy4aemM (popMyJibl HOIOBUHHO2O APSYMEHMA:

sinzﬂ: 1—cosa’
2 2
coszﬁ: 1+cosa.
2 2
Pasnenus sin? a _ l-cosa cos? a_ l+cosa
2 2 2 2
[gzg: l—cosa
2 l+cosa

Ilpumep 33.

nosrydaeM GpopmyIy

Bripazure ¢yHKUIMM AaHHOrO yria uyepe3 (YHKIUHU BIBOE MEHBIIETO

yria, sin42°,
Pemenue:

UCIIONB3Yst (hopMyITy Sin2a =2sinacosa | yveem
sin42°=sin(2-21%)=2sin21°cos21°.

Ilpumep 34.
Breruncnute 2sinl5%o0s15°.
Pemenue:

UCIIONB3Ys (hopMydy Sin2a =2sinacosa  pmeem
2sin15°cos15°=sin(2-15°)=sin30°=0,5.

Ilpumep 335.
Beraucure sin(w/12).
Pemenue:
.,a l—cosa
o gopmyiie sin” — = — , uMeeM
1 —cos a - ﬁ
sin> = = 6__ 2 :2_‘5z0,068.
12 2 2 4
3aoanusn 011 cCamocmoameabHo20 peuleHus:
1 BapuanT 2 BapuaHT 3 BapuaHT
1) Bripazute ¢ynkmuu | 1) Beipasute ¢yskmuum | 1) Breipazute dyHKIIMN
JAHHOTO  yIJla dYepe3 | JaHHOTO yIyia d4epe3 | JaHHOTO0  yIyia  4epes
byHKIMHU BJIBOE | PyHKIIUU BJIBOE | PyHKIIUU BJIBOE
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MEHBIIEro yria: sin54°,
2) Beruucnure:

7T
MEHBIIETo yria: tg—-.

MEHBLIETO yria: cosl6’.
2) Beruucnure:

1 — tgz 750 2) Brruncaure: 2tgl 59
21g75°  2:g22°30" 1—2g°15°
1-1g222°30""
4 BapuaHT S BapuanT 6 BapuanT
1) Beipasute ¢ynkuuu | 1) Beipasute @yskuuu | 1) Beipasute ¢QyHKUuun
JAHHOTO  yIJla 4epe3 | JaHHOrO  yIJia  4epe3 | AaHHOro  yIrjia  4epes
byHKUIMAN BJBOE | QyHKIUU BJBOE | QYHKIUU BJIBOE
MEHBIIIEr0 yIia: ctg % - M7eHBIHeFO yria: sin ;ICHBIHCFO yrna:.tg68°.
g ) Beraucnure sin2e
2) Boiuucnure cosa, 12

. 3
eciu sma:§ u

sin % = 24 2)B sin &
eciu Sin—-=—— ) Beruuciure > .
—<a<7rw

V4 . 3 5 .
—<a<r, eClIH Sinx =—— ¢
2 5

§z<a<2ﬁ,

2
7 BapHaHT 8 BapuanT 9 BapuaHT
1) Beipazute ¢ynkuuu | 1) Beipazute ¢ynkuuu | 1) Beipazute ¢GyHKunn
JAHHOTO  yIJla 4epe3 | JaHHOrOo  yIyia 4epe3 | JaHHOro  yrja  4epes
byHKIIMHU BJIBOC | QyHKIIUM BJIBOC | QyHKIIUM BIIBOE

5 . . 0

MEHbIIIEro yria: cos 7 1;4(&):;105111@0 yria:  ctg | MeHbIiero yria: tg 162°.

(24
2) Beruncnure g,

) 3
CCJIN mna-f%r )51

Vs
—<a<r,
2

[24
2) Beiuucnure g —,
1
CCIU oS ==— U

Va
—<a<nrm,
2

[24
2) Boiuucnure cos—,
. 3
c€Clim mna-f%;-ﬂ

Va
—<a<r,
2

Konumponwnwie éonpocot:
1. 3anummmuTe GopMyIIbl ABOMHOTO yIJia TPUTOHOMETPUUECKHUX (DYHKITHIMA.
2. 3anummute GOpMYIIBl TTOJOBUHHOTO apryMEHTa TPUTOHOMETPUYECKUX

byHKIHiA.

ILlenv pabomuwr:
CMYOeHm OO0JIHCEH:

IIpakTnuyeckas padora Ne 11
IIpeoOpa3oBaHne TPUTOHOMETPUYECKUX BbIPAKEHUH €
HCMO0JIb30BAHHEM TPUTOHOMETPUYECKHUX TOKIECTB
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3HAMb.

- (opmyibl mpeoOpa3oBaHMsl CyMMbl TPUTOHOMETPUYECKUX (DYHKLMM B
IIPOU3BE/ICHUE;

- Qopmynbsl mpeoOpa3oBaHUS MPOU3BEACHUS TPUTOHOMETPUUYECKUX
GyHKLHNA B CyMMY;
ymemby:

- BBIIIOJIHATDH HpCO6p3.30BaHI/I}I TPUTOHOMCTPHYICCKHUX BLIpa)KGHHﬁ,
HCIIOJIB3YA TPUTOHOMCETPHYCCKHUC TOKICCTBA.

Ceeoenus uz meopuu:

dopMmynbl TpeoOpa3oBaHUs CyMMBI TPUTOHOMETPUUYECKHX (DYHKIHA B
IIPOU3BECHUE:!

. . . a+ o—
sin & + sin = 2sin ﬂcos ﬁ,

2
sina—sinﬂ:2sina_ﬂcosa+ﬂ,

2 2
cosa+cosﬁ:2cosa+ﬂcosa;ﬂ,

. a+pf . a-—
cosa—cosﬂ:—2s1na 'Bsmazﬂ.
tga+tgﬁzw, a¢£+7zf(, ,b’;tz+7zk,

cosacos 2 2
L Ut | R SR DL
cosacosf 2 2

st mpeoOpa3zoBaHusi MPOU3BECHUS TPUTOHOMETPUUYECKUX (PYHKIUN B
CyMMY MPUMEHSIOTCS (DOPMYJIBI:

sinccos ff =

(sin(a+ﬂ) +sin(a fﬁ)),

N | —

cosacosff=

(cos(a + ,6’) + cos(a —ﬂ)),

— [\)"—‘

sinasin = E(cos(a —ﬁ) —cosla +,B)).

Ilpumep 36.

[IpeobOpasyiiTe B anredpandeckyro cyMMmy sinSxsin3x.
Pemenue:

1o gopmyie sinasinf = %(COS(O{ —~ f| —cosla + f)] umeem

1. . , . R | |
sin Sxsin 3x = E[__COS[__SI —3x]—cosl5x+3x)) = —(cos2x—cos8x) = —cos2x — —cos8x.
Ilpumep 37.
Boruucaure: sin40°+sin20°.
Pemenne:
. . . a+p a-pf
sina +sin £ = 2sin cos
1o opmyire B 5 5 nMeeM
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sin 40" +sin 20" = 2sin

40" + 20"

40" - 20"

3aoanusn 0151 CamocCmoameabHo20 peuleHus:

2

cos = 2sin 30" cos10" =2-0,5-0,98 ~ 0,98,

1 BapuanT

1) Yopocture:
2cosa —sin2a

sin“a—sina+cos’ o
2) Beruucnure:
sin75%+sin15°.
3) Boruucnure:
sin52°30’-cos7°30°.

2 BapuMaHT
1) Yopocture:

1-— sin(2a + ?’ﬂj
2

sin(zz —3«) —sin(—«)
2) Beruucnure:
sin75%+sin105°.

3) Beruucnure:
sin37°30-5in7°30".

3 BapuaHT

1) Yopocture:
2) Briuucnure:
c0s75°+cos15°.
3) Boeruncnure:

8 cosTa-cos3a.

4 BapuaHT

1) Yopocrure:
2sin’ «

1+cos(7 —2x)

2) Beruncnure:

57 Vs
COS—— —COS——.

12 12
3) Boruucnure:

cos75% cos105°.

)
—sin” &,

5 BapuanTt

1) Yopocrure:
2sine —sin2a

cosa—cos’ a—sin‘a’
2) Beruucnure:

T 4
COS— + Ccos—.
12 12

3) Beruucnure:
2 sin(x+a)-cos(x-a.).

6 BapuaHT

1) Yopocrure:
2cos’ a

1 —sin(l,57 + 2&)

2) Beiuucnure:

. 5« . T
Sin— —sin—.
12 12

3) Beiuucnure:
12 sin(-9a)-sin4a.

—cos’ «a

7 BapuaHT

1) Yopocrure:
sina —0,5sin(7 + 2a)

. (z
1+ sin +a
(2 j

2) Beruncnure:
1g22°30°-1g67°30°.
3) Beiuucnure:
4 sinl6a-sin4a.

8 Bapuanr
1) Yopocrure:
cos(% +2a)

5 —cos’a -
l—tgax

2) Beiuucinure:
tg13°30°+1g76°30°.
3) Beruucnure:

4 cos(a+p)-cos(a-p).

9 BapuaHT

1) Yopocrure:
2cosa —sin2a

sin” @ —sina +cos” &
2) Beiuncnure:
tg30%+1g60°".

3) Beiuucnure:

4 cos15°sin20°sin40°.

KOHmPOJleble eéonpocwol:
1. HCpG‘II/ICHI/ITC OCHOBHBIC TPUT'OHOMCETPHUUCCKUE TOKIACCTBA.

2. Ilepeuucnute
GbyHKIUH.

3. Kakue €CTh

dbopMyibl  ABOMHOIO

dbopmybl TUISt

TPUTOHOMETPUUECKHUX (DYHKITHIT?

yria

npeodpa3oBaHus

TPUTOHOMCTPHUUYCCKHUX

CYMMBI

IIpakTnyeckas padora Ne 12
Pemienne TpUroHOMETPUYECKUX YPABHEHM M
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Llenv paoomuwi:

CMYyOeHm OO0JIHCEH:

3HamMb:

- (opmynBl s pemeHds TPUTOHOMETPUUYECKHX YpPaBHEHHH B OOIIEM
BH/JIC U YaCTHBIE CITy4au PEIICHUS;

ymemby:

- pemarh NpoCTeilre TPUrOHOMETPUUECKUE YPABHEHHUS.

Ceeoenusn uz meopuu:
Pewenue npocmetiuux mpueoHomempuieckux ypagHeHull

Ypasnenue cos t=a

OueBuIHO, YTO eciH |a|>1, TO ypaBHEHUE COS [=a HE UMEET PEIIeHU, T.K.
|cos t|<1 mns nmroGoro ¢.

[Iycts |a|<l. Hago HaiiTu Bce Takue uucia f, 4To cos t=a. Ha otpeske
[0; T] cymecTByeT TOJIBKO OJHO PEIIEHHWE YPABHEHUSI COS f=a — 3TO YHUCIIO
arccos a.

Kocunyc — uvetHas QyHkuus, u, 3Ha4yuT Ha otpeske [-m; 0] ypaBHEeHUE
TaK)Ke€ UMEET €JMHCTBEHHOE PEILIEHUE — 3TO YHCIIO —arccos a.

Utak, ypaBHEHME cos f=a Ha OTpe3Ke [-m; 7| MIMHON 27 MMeeT [Ba
penieHus (=tarccos a (coBnaaaroume npu a=1).

Bcenencteue neproandHOCTH (PYHKIIMM KOCHHYC BCE€ OCTANIbHBIE PEIICHHUS
OTIMYAIOTCSA OT HaWJIEHHBIX Ha 21n, (n€Z), T.e. popmyna KopHEH ypaBHEHUS
COS [=a UMECT BU:

t=tarccos a+2nn, (n € Z).

Ilpumep 38.

Pemute ypaBHenue: cos =1/2.

Pemienue:

o dhopmyie t=*arccos (1/2)+2nn, (n € Z).

[Tockonbky arccos (1/2)=n/3 npuxoaum k otBery ==+ n/3+2nn, (n € Z).

Ilpumep 39.

Pemure ypaBHenue: cos =-0,2756.

Pemenue:

o gopmyie t=tarccos (-0,2756)+2nn, (n € Z).

3nauenue arccos (-0,2756) HaxoIUM C OMOLIBIO KaJIBKYJSATOpPA WU IO
tabnuue B.M. bpaauca, oHo npumepHo paBHo 1,85.

Wrak, npuxoaum k otBety =+1,85+2nn, (n € Z).

Ilpumep 40.
Pemute ypaBHenue: cos (2x-n/4)=1/2.

Penrenue:
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o gopmyiie

2x-n/4=xarccos (1/2)+2nn, (n € Z).

[Tockonbky arccos (1/2)=n/3 nonydaem

2x-n/4=+ nt/3+2nn, (n € Z)

2x=n/4+ /3+2nn, (n € Z).

PaznenuB 00e yacTu ypaBHEHMsI Ha 2 MOJYYUM OTBET: x=m/8+m/6+nn,

(n€2).

Ypaeuenue sin t=a

O4eBuAHO, YTO €clu |a[>1, TO ypaBHEHUE Sin t=a HE UMEET PEIICHU, T.K.
|sin t|<1 mus moboro ¢.

[Tpu |a|<1 Ha oTpe3ke [-n/2; m/2] ypaBHEHHUE Sin {=a UMEET OJHO PEIICHUE
ti=arcsin a. Ha otpeske [n/2; 3n/2] ¢pyHKIMs cuHyC yObIBAaeT U MPUHUMAET BCE
3HayeHus oT -1 no 1. [1o Teopeme 0 KOpHE ypaBHEHUE U HA 3TOM OTPE3KE UMEET
OJTHO peIIeHUE.

DTO pelieHue ecTb YUCI0 L=N-arcsin a, T.K. Sin tL=sin (n-t,)=sin ti=aq.

Kpome Toro, mockoibky -m/2< t,<m/2,

uMeeM -1/2<-t,<m/2

u -1/ 2<n-t,<n+m/2,

T.€. 1/2< 6L,<3n/2, 6E€[n/2; 3n/2].

Wrak, ypaBHeHuEe sin t=a Ha orpeske [n/2; 3m/2] umeer aBa perieHUs
ti=arcsin a U t=n-arcsin a ( coBnagaromue npu a=1). YuursiBas, 4To NEPHO]
CHUHYCa paBeH 2T, noxy4daem GopMydTy IS pelieHus ypaBHEHUS Sin (=a:

=(-Darcsin a+nk, k€EZ.

Ilpumep 41.
J2

7,) .

Pemure ypaBHeHue: sin =
Pemenue:

koor (N2
o dhopmyite t=(-1)"arcsin (7 Ytk (k € Z).

[TockonbKy arcsin (\26 )=n/4 npuxoaum k otsery =(-1)" n/4+nk, (k € Z).

Ilpumep 42.

Pewmure ypaBuenue: sin t=0,3714.

Pemenue:

no gopmyne =(-1) arcsin (0,3714)+nk, (k € Z).

3nauenue arcsin (0,3714) HaX0AUM C MOMOILBIO KAJIBKYJISITOpAa WU IO
tabmmre B.M. bpanuca, ono npumepso pasuo 0,3805.

Urak, npuxoxum = (-1)"0,3805+nk, (k € Z).

Ilpumep 43.
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Pemure ypaBHenue: sin (ljg - ;J = \26 .
Pemenue:
(m o ox L (x_ m)_ 2
(GYHKIUS CHHYC HEUETHAas, II0ITOMY Sin (10 > j =-Sin [2 10} =
Torna mo dhopmyie: [; - ;;J =(-1)*arcsin (— \/EJ +nk, (k € Z).
. [ V2 j 7
T.x. arcsin| —— |=— - > AMeeM
L VY S
22 - Z ek (k€ 2)
15R10

2 10 4
YMHOXHB 00€ 4acTH ypaBHEHHUS Ha 2, MOJIYyYUM OTBET:

T kst 7T
x=2+(D (3}27#(, (k € Z).

f=£+(—1)’“(—fj+7zk, (k€ Z).

Ypasnenue tg x=a
[Ipu mr000M a Ha uHTEepBaye (-/2; /2) CymecTBYeT OJHO YUCTIO f , YTO
tgt=a, — 310 arctg a. lloaToMy ypaBHEHHE fg X=a WMeeT Ha uHTepBajie (-m/2;
7/2) IIMHOU TT € IMHCTBEHHBI KOPEHb.
OyHKIUs TaHreHe umeeT nepuoj 7. CienoBarenbHO, OCTANIbHBIE KOPHH
YPaBHEHUS Ig =a OTIMYAIOTCS OT HalWJIeHHOTo Ha 1n, (n € Z), T1.e.
t=arctg atnn, (n € Z).

Ilpumep 44.

Pemmre ypaBHeHue: tg =3 .
Pemienue:

o hopmyie t=arctg(~3 )+nn, (n € Z).

[Mockonbky arctg(~/3 )= % MPUXOJIUM K OTBETY F% +nn, (n € Z).

Ilpumep 45.

Pemure ypaBHenue: tg =5,177.

Pemenue:

no Gopmyne t=arctg(5,177)+nn, (n € Z).

3nauenue arctg(5,177) HaxoauM C TOMOIIBIO KaJIBKYJIATOpa WIH IO
tabauie B.M. bpaauca, oHo npumepHo paBHoO 1,38.

Urak, npuxogum =1,38+nn, (n € Z).

Ceoonass  mabauya pewieHuss NPOCMEUUWUX — MPULOHOMEMPULECKUX
ypasHeHuu

YpaBHEHHE Pemenue
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Yacmuvle cnyyau pewieHus npoCcmenuux mpueoHoMempuiecKux ypasHeHumn

YacTHblE ciydyaun
YpaBHeHHE
P a=-1 a=0 a=1
. T T
SInx=a x:—5+27zk,kez xzm’c,kez x:5+2ﬂk’kez
cosx=a x=z+2d,keZ x=§+7zk,keZ x=—27k,keZ
tox= x——£+7zk keZz x=xnk,keZ x—£+ﬂkkez
gx a 4 2 > 4 5
3z T T
= X=—+k,ke”Z xX=—+nk,keZ x="+m keZ
ctgx=a ) 3 1

3adanus 011 camocmoamenbHO20 peuenHuA:
Pemnre ypaBHeHuUs:

1 BapuanT 2 BapuaHT 3 BapuaHT
1) Sin(;—ZJZO; 1) sinx—%; 1) SiIlez%;
2) cos(er;Tj:l; 2) cos3x:£; 2) Zcosx_ﬁ;ﬁ
3) g2x =3, 3) rg2x — /3. 3) Ig(g’HEJ_T'
4 BapuaHT S BapuanT 6 BapuaHrt
1) sin[gj:—g; 1) sinng; 1) sin(2x+§j:l;
I
2) COS%I%; 2) COS(I_X):E; 2) cos(2x—Zj:—l;
a
e L R
7 BapuaHT 8 BapuanT 9 BapuaHT
1) 2sinx = —/2; 1) 2sin2x =—1; 1) 2sin(§j:\/§;
2) CosSx:—ﬁ; 2) COS{X_EJ:_I.
2 2 4 2’ V2
T B \/g X f 2) COSXx = —7,
3) 3tg(3x+6j— B 3) cngZ 3. 3) Ctg(2x+45°) =1,

KOHmPOJleble 60npocol:

1. Ilepeuuncnure

TPUTOHOMETPUUYECKUX YPABHEHUI B OOLIEM BUJIE.

bopMybl TUIS

pelIeHus

MPOCTEUIINX

2. Ilepeuncnure (QopMylibl YacTHBIX CIIy4aeB pEHICHUS MPOCTEUIINX
TPUTOHOMETPUYECKUX YPABHEHHU.
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IIpakTnuyeckas padora Ne 13
IHocTpoenue rpagukoB JjieMeHTApPHBIX GyHKIMH

Llenv pabomuwi:

CMYyOeHm OO0JIHCEH:

3HamMb:

- BJeMeHTapHble QYHKIMH, YTO ABJISETCS UX rpaduKaMu;
ymemy:

- CTpOUTH rpaduKu dIEMEHTAPHBIX (QYHKIIUMA.

Ceeoenun uz meopuu:

Yucnosas ynkyus

YucmoBoit (QyHKImeln ¢ obmacTeio ompenencHuss [ Ha3bIBaeTCA
COOTBETCTBHE, NPU KOTOPOM KaXKJIOMYy 4YHCIAy X H3 MHOXectBa D
COTIOCTABJISIETCS IO HEKOTOPOMY TIPaBUITY YKCIIO V, 3aBUCAILEE OT X.

OyHKIMU O00BIYHO O0003HAYaIT JIATUHCKUMHU OykBamH. PaccMoTpum
Npou3BOJIbHYI0 GyHKUMIO f. He3aBucumMylo TMepeMeHHYI0 X Ha3bIBalOT
apryMeHToM (GyHKIUU. YWCIO ), COOTBETCTBYIOIIEE YHCITY X, HA3bIBAIOT
3HaYeHUEM (PYHKIMH f B TOUKe X U 0003HadaroT f(x). Ob6macTh omnpeneneHus
byukuu f ob6o3Hayaror D(f). MHOXeCTBO, COCTOSINEE M3 BCEX 4UCEN f(X),
TaKMX, YTO X TMPUHAUICKUT O00JIaCTU ompeneneHus (PyHKIMU f, HA3BIBAIOT
o0racThio 3HaUeHU PyHKIUU 1 0003HavatoT E(f).

['paduxom ¢dyHkmME [ Ha3BIBAIOT MHOXECTBO BCEX TOYEK (X;))
KOOPJIMHATHON IIIOCKOCTH, Tnae »=f(x), a Xx «mpoOeraer» BCIO 001acTh
ornpeaencHus: GyHKINH f.

I'papux nunetinoti hynkyuu
Jluneiinas QyHKIMSA 3anaerca ypaBHeHUEeM y=ax+b. ['padukom TuHEHHON
byHkuuii apisercs npamasi. YToObl MOCTPOUTH NMPSAMYIO JOCTATOYHO JIBE TOUKH.

Ilpumep 46.

[ToctpouTts rpaduk pyHkmum y=2x+1.

Pemenue:

HalJIeM JBe TOYKH. B KauecTBe O HOIN M3 TOUEK BHITOJHO BHIOpATh HYIIb.
Ecnu x=0, To y=2-0+1=1.

bepewm emie kakyro-HuOyab TOUKy, Hanpumep, 1. Eciu x=1, To y=2-1+1=3.

[Ipu odopmieHnn 3agaHuii KOOPAWHATHI TOUYEK OOBIYHO CBOJISATCS B
TabIuIy:

X 0 1

y 1
JIBe TOUKM HaiICHBI, BBIMIOJHUM YEPTEXK:
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Pucynok 2. I'paduk pynkumn y=2x+1

[Ipu opopmineHun yepTexa BCeria moANUChIBAEM rpadukH.
Yacmuvie cnyyau 1unetiHol GyHKyuu

Pucynok 3. Yacthble cinyyau rpaduka JMHEHHONW QyHKIMH

1) Jluneitnas ¢yukuus Buga y=ax (a#0) Ha3bIBaeTCsI MNPSAMON

X o
MPONOPUHUOHAIBHOCTBIO. Hanpuwmep, Y=g, ['paduxk PSAMOM

MPOTIOPIIMOHAJIBHOCTH BCETJla TMPOXOJIUT Yepe3 Hadajlo KOoOpAWHAT. Takum
o0pa3oM, OCTPOEHUE MPSIMOM YIPOLIAETCS — JIOCTATOYHO HANTH BCEro OJHY
TOUKY.

2) VYpaBHeHue BHAAa y=b 3ajaeT MNpsiMylo, mapaienbHyio ocu Ox, B
4acTHOCTH, caMa ochk Ox 3amaercs ypaBHeHueM y=0.

3) VpaBHenuwe Buma x=b 3amaer mpsamylo, mapamiensHyio ocu Oy, B
4acTHOCTH, caMa ock Oy 3anaercs ypaBHeHUEM x=0.

I'papux keaopamuunoul, Kyouueckou GyHKyuu

Ilapabona. Tpapux kBampatwunodi QyHKIMEH y=ax’+bx+c (a#0)
npeacTaBisgeTr coboil mapa®ony. PaccMOTpMM KaHOHUYECKMH Cilaydail: y=x’.
O6Gnacts omnpeaeneHus — I000e AedcTBUTENbHOE uncio. DyHKIUS y=x°
apisgercs 4y€tHol. Ecnu QyHKIms siBnsieTcss 4€THOM, TO ee rpaduk CUMMETPUYEH
OTHOCHUTENBHO ocu Oy.

1 1

4

Pucynok 4. Tpaux GpyHKImH y=x>

Ilpumep 47.
[TocTponuts rpaduk GyHKIHMU y=-x"+2x.
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Penienue:
b 2

CHavajla HaXOAUM BEpUIMHY mapaboibl: X, = 5, N5l
PaccunTeiBaEM COOTBETCTBYIOLIEE 3HAUCHUE «UIPEK»: y=-1+2-1=-1+2=1.
Takum 00pa3om, BepuinHa HaxoauTcs B Touke (1; 1).

Tenepp  HaxoguMm  JOpyrue  TOYKH, HOpPU  ITOM  IOJb3yeMcs
CUMMETPUYHOCTBIO MapadoJIbI.

x | -2]-110 1 2| 3] 4
y|-8]-3]0 | 0| -3]-8

Brimonaum yeprex:

[ \
Pucynok 5. I'paduk GpyHKIMHA y=-x"+2x

JUis  xBagpatmuHoi — QyHkmuM  y=ax+bx+c (a#0) cnpaBeLIMBO
cnenytomee: Ecnu a>0, To BeTBU napabosbl HanmpasieHsl BBepx. Eciu a<0, To
BETBU MMapaboJibl HAPABJICHBI BHU3.

Kybuueckas napabona
KyOuueckas mapa6ona 3agaercs Gpynkuuei y=x. O0nacTh onpeeiIeHus,

o0JlacTh 3HAUYCHHMH — 000 JeHCTBUTENbHOE 4YHCT0. DYHKIMS SBISCTCS
HEYETHOM. ['paduK CTPOUM T10 TOYKAM:

X -2 -1 0 1 2

y -8 -1 0 1 8

I/V :
|

Pucynok 6. I'paduk GpyHKIMHA y=x’
I'paduk QyHkum » =~ .
O6nacte onpenenenust: D(y): [0; +o0). O6nacts 3HaueHuit: E(y): [0; +oo).
To ecth, rpaduk (PyHKIHMH MOJTHOCTHIO HAXOJUTCS B TEPBOM KOOPAMHATHOM
yerBepTH. [Ipu mocTpoenun noadupaemM Takvue 3HaYEHUSI «MKC», YTOObI KOPEHb
M3BJIEKAJICS HALENO:

X 0 1 4 9
y 0 1 2 3

Ctpoum rpaduk:
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Pucynok 7. I'paduk pyHKIMN » =V*

Tunepbona
OO0muii BUI yZé. O6macte ompenenenus: D(y): (-o; 0) u (0; +o0).

O6nacte 3Hauenmii: E(y): (-00; 0) u (0; +o0). OyHKIUS SBASETCI HEYETHOM,
runep0oia CHMMETPUYHA OTHOCUTEIHHO Hayaia KOOPANHAT.
Brimonaum yeprexk:

:\

Pucynok 8. I'papuk pynkumu » :%

I'padpux ¢GyHkuMu BHIA )’Z% (a#0) npencraBisoT coOOW JBE BETBU
TUNEepOOJIbI.

Ecmm >0, To rumepbona pacmojio)keHa B TIEPBOM U  TpEThei

KOOpJIMHATHBIX YeTBepTsax. Ecimu a<0, To runepboia pacnoiokeHa BO BTOPOH U
YETBEPTOU KOOPAMHATHBIX YETBEPTSX.

Ilpumep 48.

6
[TocTpouTs paByto BETBb TUNIEPOOITBI V = <

Penienue:
3HAYEHUS X BBITOJHO MOAOMPAEM TaK, YTOOBI ACTHIOCH HAIICNO:
X 1 2 3 6

y 6 3 2 1
BrinosiHuM ueprex:

Pucynok 9. I'paduk pynkumu v :g
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3aoanusn 014 CAaMOCmMOAMEIbHO20 PEULeHUS:
[TocTpouTth rpaduku GyHKIMII:

1 Bapuant 2 BapuaHT 3 BapuaHT

1) y=x*+2x+3; 1) y=x*-4x; 1) y=-x"+2x-1;

2) v=2Jx; 2) v=+~2x; 2) v=—Jx;
__56 _4 _3

3) y= e 3) » < 3) » o

4 BapuaHT 5 BapuaHt 6 Bapuaunt

— 2 .

1) y:_xz_i_%x; 1) y—-2X +3X, 1) y:x2+%x+3;

2) v =3, 2)y:\g2 2) »=3Vx;
2 9 __5

3) v= e 3)y:;. 3) » S

7 BapuaHT 8 Bapuant 9 BapuaHT

1) y=x*-6x; 1) y=-x*+8x+1; 1) y=-2x*+x-3;

1 1 X

2) y=5x; 2) v=-3x; 2) —\g;
_2 o3 _ 3

3)y—x. 3) e 3) v= E

Konmponvnsie gonpocul:
1. Yto HazpiBaeTcs QyHKIUEH?
2. Yro sBnsercs rpapukoM JTUHEHHOM, KBaIpaTUIHON (YHKITHI?

IIpakTnueckas padora Ne 14
IIpomexyTKkH Bo3pacTanus, yObIBaHUs, HAUOO/IbIIICE, HAMMEHbIIIEE
3HauYeHus PyHkuuu. Touku IkcTpeMyma

Llenv padomuwi:

CMYOeHm OO0JIHCEH:

3Hamb:

- ompejeseHus Bo3pacTaromien (yoriBaroleil) pyHKIuu;

- ompeneneHus: TOYKHM MakcuMyMa (MUHUMYyMa) QyHKIUY;
ymemy:

- HaxoJUTbh MPOMEXYTKH MOHOTOHHOCTU (DYHKIIHH;

- BBIYUCIISITh TOYKU IKCTpeMyMa (HyHKIIUH.

Csedenus uz meopuu:
Bospacmanue u yovieanue @yHxyul
@OyHKIMA f BO3pacTaeT Ha MHOXECTBE P, eciau I JIIOObIX X; U X U3

MHOXECTBa P, TaKUX, 4TO X»>X1, BHIIOJIHEHO HEPABEHCTBO f(X2)>f(x1).
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Oynkuusa f yOpiBaeT Ha MHOXeCTBe P, eciu s JIOOBIX X; U X» U3
MHOXECTBa P, TaKUX, 4TO X,>X|, BHIIOJIHEHO HEPABEHCTBO f(X2)<f(x1).

WNupiMu cnoBamu, GyHKUMA f Ha3bIBa€TCA BO3pacTarOUIeil HA MHOXECTBE
P, ecnu OosibllieMy 3HAUYEHUIO apTyMEHTa U3 3TOT0 MHOKECTBA COOTBETCTBYET
Oonbiiee 3HaueHue GyHkIuU. DOyHKUMS [ Ha3bIBaeTCs yObIBaIOlIeW Ha
MHOeCTBe P, eciau OoJblIeMy 3HAYEHUIO apryMeHTa M3 3TOr0 MHOXECTBa
COOTBETCTBYET MEHbIIIEE 3HaUYeHUE (DYHKIIHH.

Ilpumep 49.

JoxaxwuTte, uto QyHKIUs f(x)=1/x siBHsieTCs1 yOBIBAIOIIECH.

Pewmenue:

obnacte ompenenenus ¢yaknuu: (-0; 0) m (0; +o0). Paccmorpum
noBeicHNe QYHKITMN HA Ka)KJIOM HHTEpBAJIe:

(-o0; 0): x1=-8, x»=-4, 1.e. x>>x;, Torna f(-8)=-0,125, f(-4)=-0,25, T.e
S(x2)<f(x1), a 3HaunT pyHkums f(x)=1/x sBasercs yObIBarolie Ha UHTEpBaJIE (-o0;
0).

(0; +o0): x1=4, x,=8, T.e. x,>x;, Torna f(4)=0, 25, f(8)=0,125, 1.e. T.¢
f(x2)<f(x1), a 3HaunT dyukus f(x)=1/x sapusercs yopiBatonieir Ha uatepnaie (0;
+00).

Opnako 3Ta PyHKIMS HE sIBJsieTCs yObIBaromiel Ha OObEIUHEHUU ITUX
npomexxyTkoB. Hammpumep, 1>-1, o f{1)<f(-1).

[Ipn wuccrnenoBanuu ¢GyHKIUNA HA BO3pacTaHUE W YOBIBAHHWE MPHUHSATO
yKa3bIBaTh MPOMEXKYTKH BO3pACTaHUS W YOBIBAaHUS MaKCUMAaJIbHOW JJIMHBI,
BKJIIOYAsl KOHIIBI (€CIIM, KOHEYHO, OHU BXOJIAT B 3TH MPOMEXKYTKU). Tak, MOKHO
ObLIO cKazaTh, uTo (QyHKIMA f(x)=1/x aBusieTcs yObIBarollel Ha OTpe3Ke [2;
500]. D10 BEpHO, HO TAKON OTBET HEMOJIOH.

[Ipu wucciemoBanuy TOBeACHUS (GYHKIUA BOJIU3M HEKOTOPOW TOYKH
yA00HO MOJIb30BaThCS MOHATHEM OKPECTHOCTH.

Oxpecmnocmvbio mouku a Ha3bIBaeTCs JII0O0W HMHTEpBAJ, COICPIKAIIHA
Ty TOoukKy. Hampumep, mHTepBan (2; 6) — ogHAa W3 OKPECTHOCTEH TOYKH 3,
untepBai (-3,3; -2,7) — OKPECTHOCTh TOUKH -3.

Ixcmpemymol

Touka xo Ha3bIBAETCS MoOyKOU MuHUMYMa QYHKIIUU f, €CIU JUIsl BCEX X U3
HEKOTOPOH OKPECTHOCTH Xo BHITTOJTHEHO HEPABEHCTBO f(X)>f(xo).

Touka xo Ha3bIBaeTCs Moukol Makcumyma HYHKIHMH f, €CIIU JJIsl BCEX X U3
HEKOTOPOI OKPECTHOCTH Xy BBIMIOJHEHO HEPABEHCTBO f(X)<f(xo).

[To onpeneneHusiM 3HaueHUe (PYHKIUU f B TOUKE MAKCUMYMa X, SIBJISIETCS
HauOOJbIIUM Cpeld 3HAYCHUH (QYHKUMHA W3 HEKOTOPOM OKPECTHOCTH ATOU
TOUYKH, [T03TOMY I'papuKk (YHKIMH B OKPECTHOCTH Xo, KaK IPaBUIIO, UIMEET BUJ
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rIaakoro «xXoJimMa»

WM  3a0CTPCHHOI'O

«IIHUKa».

B okpectHOCTH TOYKH

MUHUMYMa TpauKH, Kak NpaBUiIo, U300paKalOTCA B BUJE «BIMAIUHBI», TOXKE
WJIY TIaJKOW WM 3a0CTPEHHOM.

st Touek MakcuMyMa U MUHUMYyMa (yHKIIMHU MPUHSTO 00lllee Ha3BaHUE
— UX Ha3bIBAIOT MOYKAMU IKCMPEMYMA.

3HaueHue

byHKIIMU B

9THUX TOYKaX Ha3bIBAIOT

COOTBETCTBCHHO

MakCUMyMaMHd M MHUHUMyMaMHu GyHKIHH (0Ollee Ha3BaHHE — 3KCTPEMYM
bynkuun). Toukn MakCcUMyMa OOO3HAYAIOT Xmax, @ TOYKA MHUHUMYMA Xmin.
3HadeHust PYHKIIUU B TUX TOUKAX 0003HAYAIOTCS COOTBETCTBEHHO Vmax, Vimin-

Ilpumep 50.

Hauepture scku3 rpaduka GyHKIUM f, €Ciim U3BECTHO, YTO f BO3pACTaeT
Ha IPOMEXYTKe (-00; 2] 1 yObIBaeT Ha MpoMexyTKe [2; +oo). Kakoitf Oyzner Touka

x=27?
Penienue:

CXEMaTH4YHO IrpavK MOKHO U300pa3UTh B BUJE:

VAR
[

Pucynok 10. Ocku3 rpaduka

['padux umeeT BUA TNIAKOTO «XOJIMay», & 3HAYUT TOYKA X=2 — TOYKa

MaKCHUMYyMa.

3aoanusn 011 cCamocmoamenabHo20 peuleHus:
Haueptute scku3 rpaduka GyHKIUU f, ONpeIeTuTe BU TOYEK, ECIH:

1 BapuanT 2 BapuaHT 3 BapuaHT

f BO3pPACTAET Ha | f BO3pPACTAET Ha | f BO3pACTAET Ha

npoMexyTke (-00; 2] U | mpoMmexyTkax (-oo; -2] u | npomexytke [1; 4] u

yObIBaeT Ha | [0; 3], yObBaeTr Ha |yObIBaeT Ha

MPOMEXKYTKE [2; +00). npomMexyTtke [2; 0]. npoMmexyTtkax (-o; 1] u
[4; +o0).

4 BapuaHT S Bapuanr 6 BapuanT

f BO3pAacTacT Ha | f BO3pacTacT Ha | [ BO3pacTacT Ha

npoMexyTKax (-o0; -5] u | mpomexytke (-0; 5] u | mpomexyTtke (-0; 0] u

[1; 5], yOwBaeT Ha | yObIBaeT Ha | yObIBaeT Ha

npoMexxyTkax [-5; 1] [5; | mpomexyTke [5; +oo). npoMexyTke [0; +oo).

+00).

7 BapuaHT 8 Bapuanr 9 BapuaHT

f BO3pacTaeT Ha | f BO3pacTaeT Ha | f BO3pacTaeT Ha

npomexytke [-1; 2] u | mpomexyTkax (-o0; -4] u | mpoMexyTkax (-oo; -3] u

yOBbIBaeT Ha | [2; 4], yOwmBaeT Ha|[2; 5], yObBaeT Ha
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npomexyTkax (-oo0; -1] u | mpomexyTtkax [-4; 2] [4; | npomexyTkax [-3; 2] [5;
[2; +o0). +00). +00).

KOHmPOﬂbele eonpocwol:

1. Kakas ¢QyHkuus Ha3bpiBaeTCs Bo3pacTawomied (yObIBaromiei) Ha
HEKOTOPOM MTPOMEXYTKE?

2. JlaiiTe ompeneneHue TOUYKe MaKCUMyMa (MUHUMYMa) (QYHKIIUH.

IIpakTuueckas padora Ne 15
IMapajiebHbIi IEPeHOC, PACTIKEHUE, CKATHE

Llenv pabomuwi:

CMYOeHm OO0JIHCEH:

3HamMb:

- rpaduKu d7IeMEHTapHBIX QYHKINMT;

- (opmynsl npeoOpazoBaHus rpadKoB;

ymemy:

- BBINIOJIHATH  TOCTpoeHHE  rpaduKoB  (GYHKIMA €  MTOMOIIBIO
napajyieIbHOTO MEPEHOCa, PACTIKEHUS, CKATHUSI.

Cseoenusn u3z meopuu:
Pacmsoicenue 6donv ocu Oy c¢ kodddummentom k, KoTopoe 3amaercs
dbopmynamu:
X =X
{y’=ky'

Jns moctpoenus rpaduka GyHKUMU y=kf(X) Hag0 «pacTIHYTb» rpauk
byHkuuu y=f(x) B k pa3 Bosib ocu opauHar (|k>1).
Ecmu 0<|k|<1, TO pacTspxkenue ¢ Kod)PUIUEHTOM k Ha3bIBAIOT CHKATHUEM.

Ilpumep 51.
[TocTpouTs rpaduku GyHKLIHIA: a) y=% cos x; 0) y=-2x".

Penrenue:

a) B COOTBETCTBUH C MPaBUJIOM Tpaduk GYHKIUU y=cos X TOIy4aeTcs U3
Y=CO0S X C’)KaTUEeM BJI0JIb OCU OpAUHAT ¢ K03 duimeHTom 3;

0) rpaduk QyHKIMH y=-2X" TOJNy4aETCA U3 y=Xx" PACTHKCHUEM BJIOJb OCH
opauHaT ¢ KO3PPUITUEHTOM 2.

Pacmsocenue 6oonv ocu Ox ¢ xosdduiueHToM k, KOTOpoe 3amaercs
dbopmynamu:
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Jlnst moctpoenust rpaduka byHKuuu y=f(x/k) Hamo MOABEPTHYTH Tpaduk
GyHKUMH y=f(X) pacTsHKEHUIO ¢ KOA((GUIIMEHTOM A BJIOJIb OCH a0CIIHCC.

Ilpumep 52.

[TocTpouTts rpaduku pyHKIM: a) y=sin(x/3); 0) y=cos(2x).

Pewienue:

a) B COOTBETCTBHUH C MpaBWIoM rpaduk GyHKIUU y=sin(x/3) moiydaercs
U3 y=sin X pacTsbKkeHrueM Boib ocu Ox ¢ koadduireHToM 3;

0) rpaduk QyHKIMU y=cos(2x) MOITy4YaeTCs U3 y=cOoS X CKAaTUEM BJOJb
ocu Ox ¢ koaPurmeHToM 2.

3aoanus 0 CAMOCMOAMETIbHO20 PeULeHU:

[Toctpouth B OAHOM cucTeMe KoopauHaT rpaduku (GyHKUUN (3amucarhb
L[ETIOYKY JBHUKECHHUS):

1 BapuanTt 2 BapuaHT 3 BapuaHT
yol y=cosx, R
x’ y=2cosx—3, x?2
_2 1 V4 y:4—?,
y—;+2, y=—cos(x+—), R
| 2 4 y=—2x—-2)"
y_2x—3'
4 BapuaHT S BapuanT 6 BapuaHTt
Yy =sinx yzil y=sinx,
I . x’ y =sin3x—1
y==sinx+2 3 >
3 y=2-—, :isin(x—z)
i 4 X 7o 37
y= sm(x+§)_ b 3
2x+4°
7 BapuaHT 8 Bapuant 9 BapuaHT
y:xS’ }::\/;’ y:COSX’
_x3+2 },:4_\@’ y =1+cos2x
. ’ —1+l\/; —l—lcosx
y=—(x-1)". YT N

Konumponwvnwie eonpocwi:
1. Kakumu Gopmynamu 3agaercs pactTsbkeHue (cxatue)?

IIpakTnueckas padora Ne 16
PelieHue ypaBHeHUii: pa3jioxkeHne HA MHOKUTEJIH, BBeJleHHE HOBBIX
NepeMeHHbIX, MOACTAHOBKA

Ilenv pabomuwr:
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CMYyOeHm OO0JIHCEH:

3HAMb:

- crocoObl peleHusl ypaBHEHUMH;

yMemb.!

- pemaTh ypaBHEHHsSI Pa3IUYHBIMH CTIOCOOAMHU.

Ceéedenusn uz meopuu:

Memoo paznosicenus na MHodCUmMenu

CyTp maHHOTO MeTOJAa B TOM, 4YTOOBI TYTEM pPaBHOCHIBHBIX
npeoOpa3oBaHUil  MPEJACTaBUTh JIEBYIO 4YacTb HCXOJHOTO  ypaBHEHHS,
COJIEpIKaIllyl0 HEU3BECTHYI) BEJIIMYMHY B KaKOW-TMOO CTENEeHU, B BHUJIE
MPOU3BEACHUSI JIBYX BBIPQXXEHUMN, COJAEPKAIIUX HEU3BECTHYIO BEJIUYMHY B
MeHbIleil creneHu. [Ipu 3TOM cripaBa OT 3HAaKa paBEHCTBA JIOHKEH OKa3aThCs
HOJIb. [Ipolie Bcero ysiCHUTD 3Ty UJEI0 HA KOHKPETHOM MPUMEPE.

Ilpumep 53.

Pemmre ypaBHEHUE METOIOM PA3JIOKEHUS HA MHOXKHUTEIH: 2,5x° +4x =0,

Pemenue:

OCYIIECTBUM PA3JIOKEHUE HA MHOXHUTEIU (MPEICTaBUM HUCXOJTHOE
BBIpaXKEHUE B BHJE Npou3BeneHMs). lJisi 3TOro BbIHECEM IMEPEMEHHYIO X 3a
CKOOKHU:

x(2,5x+4)=0,

[IpousBenenne paBHO HYJIO TOT/a U TOJIBKO TOT/Ia, KOT/Ia XOTS Obl OJMH
13 MHOYKUTEJIEN PAaBEH HYJIIO.

CnengoBaTeabHO,

x=0 mwm 2.5x+4=0_

N3 nocnennero ypaBHEHUS NOJIyYaeM:

25x=—4 ymu x=-1.6

OtBetr: x=0 1y x=-L6,

3aoaua ona camocmosamenvno2o peutenusn Nel. Pemmrte ypaBHEHHE
METOJO0M Pa3jI0KEHUS HA MHOXXUTEIIN: 3x+15x=0,

Memoo 3amenvt nepemerHoll

CyThb NaHHOTO METOJa B TOM, YTOOBI yJa4HbIM OOpa3oM 3aMEHHTH
CI0KHOE  BBIPAXEHHE, COJIEp)KAINEE HEU3BECTHYIO  BEJIMYMHY, HOBOU
MEPEMEHHOM, B pe3yJbTaTe Yero ypaBHEHHE MPUHUMAET 00Jiee MPOCTOW BH/I.
Jlanee IMOIyYEHHOE YpPAaBHEHHE PELIAETCS OTHOCHUTEIBHO HOBOW IEPEMEHHOM,
MOCJIE YEero MPOMCXOAUT BO3BpAaT K HCXOAHOM NEepeMeHHOM. Bce 3tm umaen
IIPOILIE OCO3HATh HA KOHKPETHOM IIPUMEPE.

Ilpumep 54.
PemuTe ypaBHeHHE METOJIOM 3aMEHBI IEPEMEHHOM: x* +4x” —5=0.
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Pewmenue:
TaKue ypaBHEHUs Ha3bIBAIOTCA OWKBaJipaTHbIMU. [lepenuiiiem ero B BUjE:
()] +4x> —5=0.

BBenem HOByIO mepemMeHHy0 ¢=x’.Torma ucxomaHoe ypaBHEHUE MPUMET

CJICTYFOLIAM TTPOCTON BU:
t?+4t-5=0.

Pemiast nonmyyeHHOE KBaJipaTUUHOE YPaBHEHHE, IOJTy4aeM, UTO:

t=—5wnmt=1.

Bo3sBpamaemcst Tereps k cTapoit mepeMeHHo (oOpaTHas 3aMeHa):

x?=-5wm x° =1.

Pemrennii y nepBoro ypaBHEHHsI HET, MOCKOJIBKY HE CYIIECTBYET TaKOTO
JNEUCTBUTENILHOTO YHCIIa, KBaApaT KOTOpPOoro Obul Obl oTpuiateieH. Bropoe
YpaBHEHHE UMEET IBa KOpHA * 1.

OtBet: +1.

3adaua ona camocmoamenvHozo peuwienus Ne2. Pemnre ypaBHEHUE
METOJIOM 3aMEHBI IEPEMEHHOM: 9x* —24x> +7=0.

Ilpumep 55.
Periire ypaBHEHHE METOI0OM 3aMEHBI MIEPEMEHHOM
4x 3x
2 t— =1
4x  —8x+7 4x —10x+7
Penrenue:

oOpalllaeM BHUMaHUE Ha TO, 4To x =0 He SBIAETCS KOPHEM IaHHOTO
ypaBHeHus. CrenoBarenbHo, 0e3 MOTepH WM MPUOOpPETEHUs JUIIHUX KOPHEM
MOXXHO pa3JieJuTh YHUCIUTEIh W 3HaMeHaTeslb oOeux apobeit HaX. Torma

YpaBHEHHUE IPUHUMAET BUJ:
4 3

_|_
4x—8+z 4x—10+Z
X X

=1

7
BBeziem HOBYIO IIEpEMEHHYIO:  =4x + P Torna ypaBHEeHUE IPUMET BUJL:
4 3

— =1
-8 ¢-10
BbIoJIHUB 37€MEHTapHbIE IPE00pa30oBaHus: IPUBEAEM JIpoOU K o0LIEMY
S3HaAMCHATCJIII0, IIPUBCICM HOI[O6HBI€ cjaracMmnicC, IOJIyuunuMm:
t>—25t+144 0
(t—8)(z—10)
JpoOb paBHa HYJIIO, €CIIU HYJIIO PaBEH €€ YUCIIUTENb, a 3HAMEHATENb MPU
3TOM HE PaBEH HYJIIO. TO €CTh YpaBHEHHUE PABHOCWIIBHO CIEAYIOLIEN CUCTEME:
t?—25t+144=0
t#8
t=10

PewmnB nepBoe ypaBHEHUE CUCTEMBL, UMeeM: =16 unu 1=9.
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[lepexonst K 0OpaTHOM MOJICTAHOBKE, MOJIYYAEM:

7 >
1. 4x+ S 16, yT0o nmpu x#0 PaBHOCWIBHO YPABHEHUIO 4x° —16x+7=0,
1 7
penias KoTopoe, MojTy4aeM X =— WIH X =—.

7
2. 4x+ r 9 yto mpu x#0 PaBHOCUIBHO YPAaBHEHHUIO 4x’—9x+7=0,y

KOTOpPOIo pGIHeHI/Iﬁ HCT, IIOCKOJIBKY €TI0 JTUCKPUMHWHAHT OTPHUIATCIICH.
7

5,5

3aoaua ona camocmoamenvno2o peutenus Ne3. Peumute ypaBHEHUE

1 1
METOJIOM PA3JI0KEHUS HA MHOKUTEIH: X +— +x+—=0
X X

Konmponwonsie éonpocet:

1.B 4yem cyTp pelmieHMss ypaBHEHMS METOAOM pas3jIOKEeHUS Ha
MHOXUTENN?

2. B yeM cyTh penieHuss ypaBHEHHS] METOJ0OM 3aMEHbI IEPEMEHHOM?

IIpakTueckas padora Ne 17
Pemienune ypapuenuii rpagpuuyeckum meroaoM. Hecrangaprabie
CIoco0bI pemeHus ypaBHeHU

Ilenv pabomur:

CMYOeHm OO0JIHCEH.

3Hamb:

- JTambl peuIeHUs ypaBHEHHH rpauuecKuM METOJIOM;
ymemy:

- CTpPOUTH rpaUKH FJIEMEHTAPHBIX PYHKIUA;

- pemiatb ypaBHEHHUS Pa3IUYHbIMHU CIIOCOOAMH.

Ceeoenusn uz meopuu:

Memoo ouenku obracmu 3HauveHull

CyThb NTaHHOTO MeToJa B CpPaBHEHUHM 00JIacTe 3HAUYCHHMM BBIpAKCHUH,
BXOJAIIMX B ypaBHeHHE. YacTo Takoil aHanM3 TMO3BOJSET JIETKO pENIaTh
CJIOHBIE YpaBHEHHUSA, COJCpIKAIUE DPA3IUYHbIE BBIPAKEHUS (palliOHAIbHbIC,
TPUTOHOMETPHUUECKHE, JIoTapu(MHUUECKHe, ToKa3aTeIbHbIe U 1p.). Pazdbepem aTo
Ha KOHKPETHOM TpHUMeEpe.

Ilpumep 56.

Pemute ypaBHEHHE, HUCHOJIB3Ysl METOJA OLEHKM OO0JIACTH 3HAYECHUM:
2 2
cos x=x"+1.
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Pewmenue:

paccMoTpuM  QyHKIUIO f(x)=cos’x. M3BecTHO, 4Yro —1<cosx<I,
H03TOMY 0 < cos’ x<1. Utak, QyHKIHs f(x)=cos’ x MOXKET IPUHUMATh 3HAYCHHS
TOJBKO U3 npomexyTka [0; 1].

Paccmorpum teneps GyHKIM0O g(x)=x" +1. ['padukoM nanHO# QyHKIMN
aBigeTcss Tnapalboyia, BETBM KOTOpPOW HamlpaBieHbl BBEpPX, a BEpIIHUHA
pacnionoxkena B Touke (0; 1).

T.e. o0nacTh 3HaueHUI NaHHOW (PyHKUMU (T€ 3HAYEHUS, KOTOPhIE MOXKET
MPUHUMATh IEPEMEHHAs ) MPEJCTaBISET COO0M MPOMEKYTOK [ 1; +00).

T.o. BbIpakeHUs, CTOSAIIME COpaBa M CJ€Ba OT 3HAaKa pAaBEHCTBA B
HCXOJTHOM YpPaBHEHUHU, MOTYT OKa3aThbCsl PABHBIMU, TOJBKO €CIIM MX 3HAYEHUS
OKaXyTCs paBHbIMM 1, @OpuYeM Mpd OJHOM M TOM K€ 3HAYECHHUH X.
HenocpencTBeHHOM MOACTAaHOBKON yOEKAAEMCS, YTO 3TO YCIOBUE BHITIOIHSAETCA
npu x =0,

JeiicTBuTenpHO, f(0)=cos’0=1 g g(0)=0"+1=1. [Ipn Bcex OCTAIBHBIX
3HaueHUSX X (QyHKnus g(x)=x’+10ompie 1. 3HauuT x =0 — EAUHCTBEHHBIN
KOpPEHb YPaBHEHHS.

Ortger: 0.

3aoaua ona camocmoamenvrozo peuienus Nel. Pemute ypaBHEHHE C

HCIIOJIb30BAaHUEM METO/1a OIEHKU 00JIaCTH 3HAYEHU; Sin’ x =

T
x——+1
.

Ilpumep 57.
Pemmre ypaBHEHHE: v2x— x> +8 + /x> —4x =+/—x—2 +1.
Pewenue:

ompenenuM 00J1acTh JONMYCTUMBIX 3HAYCHUH (T€ 3HAYCHHS, KOTOPHIC
MO>KET MPUHUMATH MIEPEMEHHAs X B JaHHOM ypaBHeHuu). Mcxoaum u3 Toro, 4To
IMOJAKOPCHHOC BBIPAXKCHUC HEC MOXKCT 6BITI) OTPHULATCIIbHBIM:
2x—x?+8=0,
x> —4x>0,
—-x—-22>20

Pemas cucreMy METOI0M UHTEPBAJIOB, IIOJIYyYaAEM:

-

-5 0 5 10

Pucynok 24. N3o0paxeHue penieHuii CHCTEMbl HEPaBEHCTB Ha YMCIIOBOM
PAMOU

T.o. obmacTe MOMYCTUMBIX 3HAYEHUU COJEPKUT OJHO EIAMHCTBEHHOE
3HaUeHUE Xx=-2. SIBisieTCA JM 3TO 3HAYEHHWE KOPHEM YpPaBHEHHS, MPOIIE BCETO
IIPOBEPUTH MPSAMOMN MTOACTAHOBKOM:

V26-2) (-2 +8 +4/(-2)° —4(-2) = (-2)-2+1,
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V12 =1,
T.e. x=-2 He ABIAETCSI KOPHEM YPABHEHHSI.
OTBeT: KOPHEN HET.

3aoaua ona camocmoamenvHozo peuwienusa Ne2., Pemurte ypaBHEHUE:

Nl —x+42—x—x =[x 1.

Ilpumep 58.

Perute ypaBHEHHE: Vx> +3x—2 —+/x> +2x =2 —x.

Pewmenue:

MIOMHOKHM YPABHEHHE Ha x> +3x =2 ++/x7 +2x .

BooOmie roBops, 310 npeodpazoBaHUE HE SBISETCS PABHOCUIBHBIM, JaXe
B 00J1aCTH JOMYCTUMBIX 3HAYeHUI. Beb MOTyT HaWTHCh TaKue 3HAYCHUS X TIPH
KOTOPBIX 3TO BBIpaXXEHHE oOpaTutcs B Hynb. [Ipu TakoM mpeoOpa3zoBaHHH
MOTYT TOSIBUTHCSI TOCTOPOHHUE KOPHU, MO3TOMY MOJYUYEHHBIE OTBETHI HYKHO
OyJleT MpOBEpUTHh HEMOCPEACTBEHHOW mojicTaHoBKOM. Ho rnaBHOe, yTOo B
pe3yabTare Takoro MpeoOpa3oBaHus HE MPOU30MAET MOTEPU KOPHEH.

Hraxk,

Y A3x—2-x2 —2x=(2—0)(Wx2 +3x—2 + /x> +2x)
(x—=2)+ (x —2)(Wx* +3x =2 ++/x’ +2x) =0,
(x—2)1+ Vx> +3x—2 +/x> +2x)=0.

BeipakeHue BO BTOpBIX CKOOKax HE MOXET OBITb PaBHO HYIIO.
JleiicTBUTENBHO, 00a KOPHS, 110 KpailHE! Mepe, HEOTPULIATENIbHbI, IO3TOMY €CIIN
K MX CyMMe NpuOaBUTh |, MOJYy4YHUTCS MOJOKUTEIBbHOE BbIpakeHHe. To ecThb
OCTaercs, YTo

x—2=0wm x=2,
HemnocpencTtBenHoil moAcTaHOBKOM — yOekIaemcsi, 4YTO JTO KOpEHb
JAHHOTO yPaBHEHUS:

V223 2-2-422+2.2=2-2,0=0.
OtBer: 2.

3adaua 0na camocmoamenvrnozo pewienus Ne3. Peumnte ypaBHEHHE:

%:w/x+10—4.
Nx+1+

Konmponwvnwie éonpocel:

1. TlosicHuTe CyThb MeTO/Ja OLEHKH OOJACTH 3HAYEHUW MpHU PEIICHUU
YpPaBHEHHUM.

2. Kaxue HecTaHIapTHBIE CIIOCOOBI PELLICHUS] YPaBHEHUH Bbl 3HaeTe?

IIpakTnuyeckas padora Ne 18
PelieHue HepaBeHCTB MEeTOI0M HHTEPBAJIOB
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Llenv paoomuwi:

CMYOeHm OO0JIHCEH:

3Hamb:

- TIpaBWIA PELIEHUs MNPOCTHIX, APOOHO-PAMOHANBHBIX HEPABEHCTB C
OJIHOM IIEPEMEHHON;

ymemy:

- peliath HEPaBEHCTBA METOJOM MHTEPBAJIOB.

Ceéedenusn uz meopuu:

JS ()

ITycTh 3a1aHHOE HEPABEHCTBO UMEET BU/I: %V 0. Jlysg perieHust 3Toro
HEPABEHCTBA MCIOJI3YETCS TaK Ha3bIBAEMBINM Memoo unmepsanos, KOTOPBIH
COCTOHUT B CJICAYIOIIEM.

1. Ha 4ucnoByr0 OCh HAaHOCAT TOYKH Xi, , X, pa3OMBaromme e Ha
S
g(x)
(«ruTrOC» MM «MUHYC»). TakMMHU TOYKaMHU MOTYT OBITh KOPHHM YpaBHEHHUI
S(x)=0 u g(x)=0, CoOTBETCTBYIOIIHE JTUM KOPHSIM TOYKH OTMEYAIOT Ha

IMPOMCIKYTKH, B KOTOPBIX BBIPAKCHUC OIIPCACIICHO U COXPAHACT 3HAK

YUCJIOBOW OCH: 3aKpall€eHHBIMM KPYXKKaMU — TOYKH, YJOBJIETBOPSIOILINE
3aJJaHHOMY HEPABEHCTBY, a CBETJBIMU KPYKKAMHU — HE YOBJIECTBOPSIOIINE EMY.
/(%)

2. OnpenensdoT U OTMEYAIOT HA YUCIOBOM OCH 3HAaK BBIPAKEHUS 2(x)

JJIA 3H3‘1€HI/Iﬁ, MNPpUHAAJICKAINX KaXXAOMY H3 IIOJYUYCHHBIX IIPOMCIKYTKOB.

X
JlocTaTo4HO ONpenenuTh 3HaK GyHKIUU 'Qx;

B OCTaJIbHBIX TIPOMEKYTKaX 3HAKH «IUTFOC» U «KMUHYC» OYIyT UYepeoBaTHCS.
N3mMeHeHne  3HAKOB  YJI0OHO  WJUIIOCTPUPOBATH € ITOMOIIBIO

BOJTHOOOpA3HOW KpHBOHN (kpusotl 3HaKos), TPOBEICHHOW dYepe3 OTMCUYCHHBIC

TOYKH M JISKAIICH BBIIIC WM HUKE YUCIOBOM OCH B COOTBETCTBHHU CO 3HAKOM

B JIFIOOOM TaKOM IMPOMCIKYTKEC, a

apoou B paccMaTpuBaeMoOM MpoMexyTke. I[IpomMexyTku, KOTopsble

g(x)
COJCp)KaT TOYKH, YJIOBJICTBOPSIOIIME JAHHOMY HEPaBEHCTBY, HHOI/IA
MOKPBIBAIOT INTPpUXaMHU. 3alITPUXOBaHHAs o00JacTh B COBOKYIHOCTH C
IMOJIY4YCHHBIMU TOYKaMU 6yI[eT ABJIATBCSA OTBCTOM K HCPABCHCTBY:

xlmxz X3ﬁ:
__j Z —

Pucynok 25. KpuBas 3HakoB

> X
7

Ilpumep 59.

1 1
Pemnre HEPpABEHCTBO:, ———— < —.
P x2=5x+6 2
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Pemnrenue:
VIPOILIAeM HEPABEHCTBO IMyTEM PAaBHOCHIBHBIX MPeoOpa3oBaHUiA: MpU
YMHOXXEHUM WJIM JEJCHUU O0euX 4YacTed HEpaBeHCTBA Ha OTPHUIIATEIIHHOE

YHCJI0, 3HAK HEPABEHCTBA MEHSAETCS] HA TPOTUBOTIOJIOKHBIN:
g,
x°=5x+6 2
[TpuBenem apobu k oOIIEMy 3HAMEHATEIIO:
2—(x* —5x+
(zx X+ 6) <0
X" =5x+6
2
); +5x—4 <
x°=5x+6
2
x"—=5x+4 >0

>

b

x*—5x+6
BripaxkeHusi, cTosIMe B YMCIUTENE U 3HAMEHATENe, MOXKHO Pa3JIOKHUTh
Ha MHOXKUTEJIU, TOT/1a HEPABEHCTBO MPUMET BU/I:
(x—4¥x—-1) >0
(x—2)(x—-3)
Janee Haxoaum KOpHU ypaBHEeHUH (x —H(x -1 =0 g (x-2)(x-3) =0,
N3 nepBoro nonydaem x,=4, x,=1. I3 Broporo noiyyaem x;=2, x4=3.
HanocuM Ha 4YHCIIOBYIO MPSIMYIO MOJYYHMBIIUECS TOYKU, MPUYEM TOUYKU
X1, X» 0003HayaeM 3aKpalICHHbIMU KpPYXKOUKaMU (IJI1 HUX HEPABEHCTBO
BBITIOJTHSIETCS), @ TOYKU X3, X4 CBETJIBIMH (IIPU ATUX 3HAYECHUSIX, BBIPAKEHHUE,
CTOSILIEE CIIEBA OT 3HAKAa HEPABEHCTBA, HE UMEET CMBICIIA).
(x—D(x-1
(x—2)(x—3)
MPOMEXKYTKax (MOACTaBIsieM J000€ 3HAYEHHE X U3 KAXKIOro MOIYYEHHOIO
MPOMEXKYTKa B JaHHOE BBIPAKEHHE), H300pakaeM KpPUBYIO 3HAKOB,
3aIITPUXOBBIBAEM T€ TMPOMEKYTKH, HA KOTOPBIX MCXOJHOE HEPABEHCTBO
BBITIOJTHSIETCSA:

OnpenensieM Tenepb 3HAKU BBIPAKECHUSA Ha TOJIYYEHHBIX

—4)y(x—1
Pucynok 26. KpuBasi 3HaKOB BbIpa)KE€HHSI 8_2))8_3))
Ntak, UCXOJIHOMY HEPABEHCTBY YJOBIICTBOPSIOT CJEAYIOIIUE 3HAYCHUS:
x€(-00; 11U(2; 3)U[4; +0).

3adaua ona camocmoamenvnozo peuwienua Nel. Pemite HEpaBEHCTBO:

x+17 >0
xX—x-6

Ilpumep 60.
60


http://yourtutor.info/wp-content/uploads/2012/07/krivaia-znakov.jpg

Pemure HCPABCHCTBO!

Pewmenue:

IIOAKOPEHHOE BBIPAKEHUE, KaK M3BECTHO, HE MOXKET NPUHUMATh
OTPULIATENBHBIX 3HAYEHUH, TAKKE HE JIOIyCKAECTCS HAXOKJICHUE B 3HAMEHATEIIE
npobu wyns. CrnemoBaTenbHO, 00JIACTh JIOMYCTUMBIX 3HAYEHUHW JAHHOTO
HEPABEHCTBA OIPEIECIIACTCI HEPABEHCTBOM X = 0 U TEM YCIIOBUEM, YTO X # 2.,

Perraem ypaBHeHHS +x —3=0 1 x—2=0,

W3 nepBoro ypaBHEHHs MOJIy4aeM, 4To X;=9.

M3 BTOpOro ypaBHEHHsI [1OIY4YaeM, 4TO X,=2.

HanocuM 005acTh JOMYCTUMBIX 3HAYEHU HEPAaBEHCTBA U IOJyUYEHHBIE
TOYKH Ha YUCIJIOBYIO MPSAMYIO, IPUYEM ITH TOUYKU OYAYT CBETJIBIMH, IOCKOJIBKY
HU OJHO W3 3HAYEHUN HE YAOBJIETBOpsieT HepaBeHCTBY. Cpasy omnpenesnseM

Vx

-3
3HAKHU BBIPAKCHUA o B KAKJIOM M3 ITOJIYYCHHBIX ITPOMCIKYTKOB U PUCYCM
X —

KPUBYIO 3HAKOB:

-3
Pucynok 27. KpuBasi 3HaKOB BbIPayKEHHSI \/;—2
v
BepxHeil cTpenkoii Ha pucyHKe o00O03HauYeHa 00JacTh JOMYCTHUMBIX
3Ha4YeHUN HepaBeHCTBa. OTBETOM K HEPABEHCTBY OYJIET SBJISITHCS IMTPOMEXKYTOK,
COOTBETCTBYIOIIIUI Ha PUCYHKE 3alITPUXOBAHHOMN 00JIaCTH.
Otgert: x€[0; 2)U(9; +o0).

3aoaua ona camocmoamenvHozo peutenus Ne2, Penidte HEpaBEHCTBO:
V17 —15x—2x°

x+3

>0.

Ilpumep 61.
1-+/1-8x
Pemmnre HEPABEHCTBO: — >~ <2,
X

Pemenue:

MOJIKOPEHHOE BBIPAXKEHWE HE MOXET MPUHUMATh OTPULATEIBHBIX
3HAYeHHUH, a B 3HaAMeHarene Apodu He AOKHO ObITh Hynsl. CienoBaTelbHO,
00JacTh JOMYCTUMBIX 3HAUYEHUA HEPABEHCTBA OIPEAEIAETCS Cleayolen
CUCTEMOU:

{1—8)(220,<:> —L<x !

N
X+

2

<
8 .
x#0 0
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1-V1-8x"

X

Pemaem ypaBHeHUE 2=0.

1
[Tonyuaem, uro x;=0 u x, =3 Hanocum mnonydeHHble TOYKM Ha

YUCIIOBYIO TNpPSIMYIO, HE 3a0bIBasg O TOM, KaKM€ M3 HUX CIIEyeT 3aKpacuTh, a
Kakue ocBeTIUTh. M300pakaem Takxke Ha HEl 00JacTh AOMYCTUMBIX 3HAUYCHUN
U 1300pakaeM KpUBYIO 3HAKOB:

| 0 I
1 1 7 L 11 :
==

22 3 2v2

1
Pucynoxk 28. KpuBasi 3HaKOB BBIPaKE€HUS

[IyHKTHpHBIE JIMHM HA PUCYHKE OTrPAaHUYUBAIOT OOJACTh JOMYCTUMbIX
3HAYEHUN HEPABEHCTBA. 3aITPUXOBAHHASI O0JACTh COOTBETCTBYET PELICHUIO
HEPaBEHCTBA.

1 1
OrtBer: xe[—ﬁ, OJU[Q gj.

3adaua ona camocmoamenvhozo peuwienun Ne3. Pemnte HEpaBEHCTBO:

\/2x+1<22x+1.
— X

Konumponwnwie éonpocor:
1. JlaiiTe onpeneneHrne HEPABEHCTBA C OJHON IEPEMEHHOM.
2. B 4eM cyTh METO/1a MHTEPBAIOB?

IIpakTueckas padora Nel9
Paccrosinue Meskay IByMs TOUKaMu. Beluuciienne koopauHar
cepelMHbI OTPe3Ka

ILlenv pabomuwr:

CMYOeHm OO0JIHCEH:

3HAMb.

- (hopMyIIBI AJ1 BEIYUCIICHUS PACCTOSHUS MEXKIY JTBYMS TOUKAMU;

- (hopMyIIBI 1JT BBIYUCIICHHS] KOOPAMHAT CEPEIUHBI OTPE3Ka;

ymMemb.!

- BBIUMCIATH PACCTOSIHHUE MEXKAY JBYMS TOYKaMH, KOOPIUHATHI
CepeIMHBI OTpE3Ka.

Ceeoenusn uz meopuu:
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Jlnunoti ompeska AB Ha3bIBaeTCsl PaCCTOSHUE MEXAY TOUKaMu A U B npu
3aJJaHHOM MaciuTade (oTpe3ke eqUHUYHOW JuHbl). [{nuHy oTpe3ska 4B Oynem
0003HaYaTh Kak |-15].

Paccmosnue wmeocoy osyma moukamu Ai(xi; yi) 1 Axx2; )12) B
IPSMOYTOJbHON CUCTEME KOOPAMHAT BhIpaXkaeTcs: (popMyIiou:

|4, A, =Ny —x)7 + (0, — )7
Touka C Ha3bIBaeTCs cepeduHol ompe3ka AB, ecau oHa JEKUT Ha

OoTpe3ke AB W HaxOIWTCS HA OJAMHAKOBOM DPACCTOSIHUM OT €ro KOHIIOB, T. €.
|[4C| = |CB|

Koopounamwi cepeounvi ompeska na niockocmu

BBenem TmpsAMOYroibHYIO JEKapTOBY CHUCTEMY KoopauHaT Oxy Ha
miockocTu. [lycte Ham naHbl 1Be TOUKU A(X4; V4) U B(Xs; y5) U U3BECTHO, YTO
touka C — cepennHa otpeska AB. Haiiiem koopMHATHI X¢ U ¢ TOUKH C.

PaccMoTpum cityuaid, korja ToO4kd 4 U B He COBHAJAlOT M HE JiexKaT
OJHOBPEMEHHO Ha OJHOM W3 KOOPAMHATHBIX OCEHM WM Ha MPSIMOH,
TIEPIICHIUKYSIPHON OIHOW U3 KOOPJMHATHBIX OCEH.

. B, B
— Ve — - -
) c /
[Sh .,

}"C L _C.f/

|“1l Cl
T
g
lh-\

Y

11 4, €, B «x
of 1 x,x X
et
‘qzcx|=|chx|

Pucynoxk 78. KoopauHaTel cepeauHbl OTpE3Ka

ITo moctpoenuto:
Xt Xy o Vat Vs

’

X, = Ve
‘ 2 ‘ 2
T. 0., cepenuna oTpe3ka AB Ha MJIOCKOCTU C KOHIIAMU B TOUKaAX A(X.4; V)
Xyt X J{H‘)ﬁ;]

U B(xg; y5) IM€ET KOOPINHATHI [ N

Ilpumep 62.
Ha mmockoctn 3amaHbl KoopaAWHATHl ABYX Touek A(-7; 3), B(2; 4).
Haitgure koopinHaThI cepeuHbl OTpe3ka AB.

Pewmenue:
nycte Touka C — cepenuHa oTpe3ka AB. Ee KoopauHaThl paBHBI

MOJTyCyMMaM COOTBETCTBYIOIIIMX KOOPJAWHAT TOYEK 4 U B:
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X, +x, —T7+2 5
'xC = = =—,
2 2 2
_Yatys 3+4 _Z
¢ 2 2 2
5 7
T. 0., cepenuna oTpeska 4B nmeeT KOOpAUHATEI [—2, 2).

Yacto ¢ HaXOXKJIEHUEM KOOPAMHAT CepeANHBI OTPE3Ka CBSI3aHbI 337a4u, B
KOTOPBIX PUTYPUPYET TEPMHUH «METUAHAY.

Ilpumep 63.

Haitqute nnuny menuansl AM B TpeyroiabHuke ABC, eciyd W3BECTHBI
KoopauHaThl ero BepuuH A(-1; 0), B(3; 2), C(9; -8).

Pemenue:

T. K. AM — Menuana, To Touka M sBuseTcs cepeaAuHoM CTOpoHbl BC.
Haiinem koopAauHaThl CEpeIMHBI 3TOr0 OTpe3Ka MO M3BECTHBIM KOOpIUHATAM
€ro KOHIIOB:

Xptx. 349

X, = 6,

M 2 2
Vy+y. 2-8

Yu = B2 <= 5 -3.

T. 0., M(6; -3).
OcTanoch BOCHOJIB30BATHCS (GOPMYNION s BBIYUCIEHUS PACCTOSHHS MEXKIY
toukamu A n M

|AM | = /(6 —(~1))* + (=3 —0)* =+/58.

CylecTByIOT pa3iuyHbIE 3a/laud, B KOTOPBIX H3BECTHBI KOOPJIWUHATHI
CEpeIMHbI OTPe3Ka M OJHOTO M3 €r0 KOHIIOB, a TpeOyeTcsl HaWTh KOOPAUHATHI
IPYroro KoHia. PaccMoTpuM penieHue OJHOW U3 HUX.

Ilpumep 64.

B nipsAmMoyronpHON cucTeME KOOPAMHAT TPEXMEPHOIO MPOCTPAHCTBA JAH
napamienenuneq ABCDA,B,C\D,. U3BectHo, uto Ci(1; 1; 0), a M(4; 2; -4) —
cepearHa auaroHanu BD,. Hailaute KoopAUuHATHI TOUKHU A.

Pemenue:

JIMaroHaJIA MapajijieorpaMMa IepeceKaroTcsl B OJHOM TOYKE, U 3Ta TOUYKa
SIBJISIETCSL CEPEIMHON KaXKI0M U3 ATUX AuaroHaieil. Takum oO6pa3om, Mbl MOXKEM
yTBEpXKJIaTh, 4YTO Touka M siBnsieTcsi cepenunon otpeska AC, . U3 Gopmyn s
HAaXO0XKJACHHUS KOOPAUHAT CEPEIMHBI OTPE3Ka UMEEM:
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X, +Xe

Xy = =X, =2x, — X =8-1=7,
Yty

Yu :%jyﬁl =2yy —yq =4-1=3,
Z,+zo

Zy = t=z,=2z,-z, =-8-0=-8.

Nrak, Touka A umeet koopauHatsl (7; 3; -8).

3aoanus 01: CamocmoamenabHo20 peuleHus:

1) Beraucnure nepumerp tpeyroiasuuka ABC, ecou A(4; 0), B(12; -2),
C(5; -9).

2) Beorumcnure anuHy menuanbl AM tpeyronbHuka ABC, BepuIUHBI
koToporo umeroT koopauHatsl A(0; 1), B(1; -4), C(5; 2).

3) Jokaxure, uto TpeyroibHUK ABC — paBHOOCIPEHHBI U BBIYUCIHUTE
€ro IUIOIA/lb, €CJIM BEPUIMHBI KOTOPOro UMEIOT kKoopauHatel A(-4; 1), B(-2; 4),
C(0; 1).

4) Jloxaxure, 4TO YETBIPEXYTOJIbHUK ABCD SBJIAETCSA
napajuiesiorpaMMoM, W BbIUKCIUTE ero auaroHanu, eciu A(1; 1), B(6; 1), C(7;
4), D(2; 4).

5) Jlokaxure, 4TO YEThIPEXYTOJIBbHUK ABCD SIBJISIECTCS
MPSIMOYTOJILHUKOM, M BBIUYMCIIUTE €ro Iiomaab, eciau A(-3; -1), B(1; -1), C(1; -
3), D(-3; -3).

Konmponwnwie éonpocwt:

1. 3anummuTe GopMyIty IS BBIYUCICHHUS KOOPJUHAT CEPEIMHBI OTpE3Ka.

2. 3anumute GOpMyIy JUISl BBIYUCICHHUS DPACCTOSHUS MEXKIY JIBYMSI
TOYKAMU.

IIpakTuyeckasi padora Ne2(
Pemenue 3a1a4 KOOPAMHATHBIM METO/10M

Ilenv pabomor:

CMYOeHm OO0JIHCEH.

3HaMb!

- (hopMyIIBI 1JT BEIYUCIICHUS PACCTOSHUS MEXKIY TBYMS TOUKAMU;

- (hopMyIIBI 17T BRIYUCIICHHSI KOOPAMHAT CEPEIUHBI OTPE3Ka;

ymemb.:

- WCTOJB30BaTh (HOPMYJIBI PACCTOSHHSI MEXKIY JBYMS TOYKAMH U
dbopMyTy Ul BRIYMCICHUS KOOPJIUHAT CEPEIMHBI OTpe3Ka MPH PEIICHUH 3a1a4
KOOPJIMHATHBIM METOJIOM.

65



Ceeoenusn uz meopuu:
Buvluucnenue koopounam mouku, pasHOyOaieHHOU Om 3A0AHHbLIX MOYEK
paccmompum Ha npumepe 137

Ilpumep 635.

Haiitu koopauHatsl Touku O;, KOTOpasi paBHOYAaJIeHa OT Tpex Touek A(7;
-1) u B(-2; 2) u C(-1; -5).

Pewmenue:

u3 GOpMYJUPOBKH YCIIOBUS 3a/1auu cieayet, uro 0,4=0,B=0,C.

[TycTh uckomas Touka O, umeet koopauHartel (a; b). ITo popmye:

d :\/(XA _x5)2 +(J’A _yB)z ’

HaWUJIEM:

O A=Jla-7) +(b+1)

b

OB =+la+2)+(b-2) ,

0,C=la+1)+(b+5) .

CocraBuM cucTEMY W3 ABYX YPAaBHCHUM:

MWler — 717 b+ 107 = e +2)17 18— 217

Laflee — 7017

ITocne BO3BencHMs B KBaApaT JIEBOM M NPABOM 4YacTed YpPaBHEHUM
3anuILIeM:

107 = e+ 117 5 5)°

[ler —7)7 w0+ 117 =(la+2) w15 —2)°

ller —71° 0+ 117 —(ez+ 117 4 (5 + 517

YnpocTuB, 3anuIIEM:

[— Ber = > = 7T = O

T Der — > = 3 — O

PemuB cucremy, nomyunm: a=2; b=-1.

Touka O.(2; -1) paBHOymaneHa OT TpeX 3aJaHHBIX B YCJIOBHHM TOYEK,
KOTOPBIE HE JIe)KAT HA OJHOW MPSMOW. JTa TOYKA — €CTh LEHTP OKPY’KHOCTH,
MPOXOSILIEH Yepe3 TPU 3a1aHHBIE TOUKH.

Buviuucnenue abcyuccol (opounamsi) mouku, KOMOpAas AeiCUm HA OCU
abcyucc (opounam) u HaxX0OUMcs Ha 3A0AHHOM PACCMOSHUU OM OAHHOU MOYKU,
paccmompum Ha npumepe 138

Ilpumep 66.

Paccrostnue ot Touku B(-5; 6) no Touku A4, nexanieit Ha ocu Ox paBno 10.
Haiitu koopiuHATHI TOUKHU A.

Pemenue:

13 (HOPMYIMPOBKU YCIOBUS 3aJaud CJIEAYET, 4YTO OpJuHATa TOYKH A
paBHa HyJt0 U AB = 10.

O603HaunB abcmuccy Touku A dyepes a, 3anuieM A(a; 0).
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ITo popmymne

2

d :\/(XA —x3)2 +(y.4 _yB) ,
HAXOJIUM:

AB =\la+5) +(0-6)" = J(a+5)" +36

[Tonyyaem ypaBHEHUE

(a+5)"+36=10,
Ypoctus ero, umMeem

a*+10a-39=0.
Kophu sroro ypaBuenus a,=-13; a,=3.
[Tonyuaem nBe Touku Ai(-13; 0) u A>(3; 0) — puc. 79.

¥

B(-5; 6)

X
Ar(@r0) ] O] Axaz0)

Pucynok 79.

Buiyucnenue abcyuccoel (opounamvl) mouku, KOmMopas neiCum Ha Ocu
abcyucc (opounam) u HAXOOUmMcsi HA OOUHAKOBOM PACCMOSAHUU OM  O08VX

3A0aHHbIX MOYeEK, paccmompum Ha npumepe 139

Ilpumep 67.

Haittu Ha ocu Oy TOUKy, KOTOpast HAXOJUTCS HA OJJMHAKOBOM PAacCTOSHUU

ot Touek A(6; 12) u B(-8; 10).
Pemenue:

MyCTh KOOPJIWHATHI HY>)KHOH TI0 YCJIOBHIO 33/1a4d TOUKH, JISKAIIEH Ha OCcH
Oy, oyayt O:(0; b) (y Touku, nexamieit Ha ocu Oy, abcmuicca paBHa HyIO). 13

ycaoBus cnenyet, uto 014=0,B.
ITo dhbopmyie

d=lx,=x) +lv =)

HaXOIuM:

0,4=10-6] +(b—12)° = /36+(h—12)°

b

OB=+8 +(b-10)" =64 +(p—10)"

Nmeem ypaBHEHHE

J36+(b—12)* = /64 +(p—10)

BreimonHss AJIIEMEHTAPHBIE Hp606paSOBaHI/I$I pu
MPPALMOHATIBHBIX YPaBHEHUM, OTyYuM b=4.

Heob6xonumas o ycnosuro 3anaun Touka O,(0; 4) — puc. 80.

pelieHun
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N Ae12)
BE 10 =

P 0

Pucynoxk 80.

enenue ompesxa 6 0anHoM OmMHOULEHUU
Koopaunatel x, y, z Touku M, xoropas HENUT OTpe3oK MM,
OorpaHUYeHHBIA TOoukamMu M,(x1, Vi, z1) U Ms(x2, y2, z2), B OTHOIICHUU A,
ornpenensiercs no Gpopmynam:
x:xl+lx2’ :yl+/1yzq Z:ZIJJLZZ
1+4 I+4 1+4

Ilpumep 68.

Janbl koHIbl oTpeska AB: A(-2; 5) u B(4; 17). Ha stom oTpeske
pacnonoxkeHa Touka C, pacCTOSHUE OT KOTOPOM /10 TOUKU A B JBa pasza OoJibIiie
pPacCTOSIHUS OT TOYKHU B. BerancianTs koopauHaThl TOUKH C.

Pemenue:

o yciowuto 3anaun AC=2BC, Torna 1=2.

[To popmymnam:

_N + Ax, y= WA,
1+4 1+4 °

BBIYUCJIIMM KOOPAWHATHI TOUYKH C:
e -2+2-4 -248

1+2 3 >
_ 5+2-17 _ 5+3413.

1+2 3
T.o., C(2; 13).
Ilpumep 69.
Hokazatb, uto TpeyroabHuk ABC: A(-3; -3), B(-1; 3), C(11; -1) —

MPSIMOYTOJIbHBIH.

Pemenue:

BBIYMCIIUM JJIMHBI CTOPOH TPEYTOJILHUKA 110 (hopMyIIe:
d :\/(XA _x3)2 +(J/.4 _yB)z ,

AB =J(—1+3)> +(3+3)> =40

b

BC =J(11+2) +(—1-3)* =160

b

AC =\J(11+3)" +(=1+3)> =200

T.x. AB>=40, BC*=160, AC*=200, T0o AB**+BC*=AC".
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T.0., cyMMa KBaapaToB JJIMH ABYX CTOPOH TPEYTOJIbHUKA PAaBHA KBAApPaTy
JUIMHBl TpeTber CTOpOHBL. M3 3TOrO cnemyer, 4ro TpeyronbHuk ABC
PSAMOYTOJIBHBIN U cTOPOHA A C ABISIETCS €0 THIIOTEHY30M.

3aoanusn 011 cCamocmoamenabHo20 peueHus:

1) Jlokasarh, yTo TpeyroiabHuk ¢ BepmmHamu A(3; -1; 2), B(0; -2; 2),
C(-3; 2; 1) paBHOOE IPECHHBIMN.

2) Ha ocu abciucce HallTH TOYKY, pacCTOSIHUE OT KOTOPOU 10 TOUKU A(-3;
4; 8) paBHO 12.

3) Ha ocu opauHaT HailTh TOUYKY, paBHOyAaleHHYI0 OT Touek A(1; -3; 7) u
B(5; 7; -5).

4) Hanbl Bepmunbl A(2; -1; 4), B(3; 2; -6), C(-5; 0; 2) TpeyroyibHUKA.
BprancnuTe IMHY €ro MeIMaHbl, IPOBEICHHON U3 BEPIIUHBI A.

5) Jansl aBe Bepuunbl A(2; -3; -5), B(-1; 3; 2) mapannenorpamma ABCD
U TOYKa mepeceuyeHus ero auaroHaneu E(4; -1; 7). Onpenenuts BE Ipyrue
BEPIIMHBI ATOTO TapajiesiorpaMma.

6) BplunciauTh KOOpPAMHATHI KOHIIOB OTPE3Ka, KOTOPBIM paszfesieH
toukamu C(2; 0; 2) u D(5; -2; 0) Ha Tpu paBHBIE YaCTH.

Konmponwnsie gonpocul:

1. 3anumure GHOpMYIBI JUISI BBIYUCICHHUS] PACCTOSIHUS MEXIY JBYMS
TOYKaMHU.

2. 3anummrte GOpPMYIIBI I BRIYUCICHUS KOOPAUHAT CEPEUHBI OTPE3KA.

3. 3anmmurte GopMyIIbI IeTeHUS OTPE3Ka B JAHHOM OTHOIICHUH.

IIpakTuueckas padora Ne2l
IIpaBuiia cj10KeHHsI BEKTOPOB

Llenv padomuwi:

CMYOeHm OO0JIHCEH:

3HamMb:

- MpaBUJIa CJIIOKEHUS BEKTOPOB;

ymemby:

- CTpOMTH  CyMMYy  BEKTOPOB IO  TpaBWIy  TPEYroJbHHKA,
napajijiesiorpaMmma;

- BBIUUCIISATH KOOPJIMHATHI CYMMBI BEKTOPOB.

Ceeoenun uz meopuu:
Jluneiinvie onepayuu Hao ekmopamu
Cymmoul TBYX BEKTOPOB d+b HAa3bIBACTCS BEKTOpP, KOTOPBIH HICT W3

Hayvajia BEKTOpa ¢ B KOHEIl BEKTOpa A IPH YCIOBHH, YTO BEKTOP A TPUIOKEH
K KOHILy BEKTOpa d (npasuio mpey2oibHUKa).
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Pucynok 81. [IpaBuiio TpeyronbHuka

Hapsiny ¢ mpaBHIIOM TpEeyrojibHHKa 9acTO MOJb3YIOTCS (PaBHOCHIbHBIM
eMYy) NpAsUIOM NAPAIEN0SPAMMA: €CIH BEKTOPBl & W A TIPUBEACHBI K
o0IIeMy Hayaly M Ha HHUX MOCTPOCH MapajuieiorpaMM, TO CyMMa &+b €CTh
BEKTOp, COBMNAJAIONIMK C JIUArOHAIBIO 3TOTO TapajuiejorpaMMma, HAyIIeH W3
obiero Havana @ u » . OTcro1a cpasy CIACAyeT, UTO d+b =b +a.

v

&

Pucynoxk 82. [IpaBuno napamienorpamma

CrmoxeHue  MHOTMX ~ BEKTOPOB  IIPOM3BOJAWTCS  NOpPH  IOMOIIU
MIOCJIEA0BATENBHOTO NPUMEHEHHS MpaBUia TPEYrOJbHHKA, MOCTPOUM CYMMY
YeTBIPEX BEKTOPOB &, h , € , d .

Pucynok 83. [IpaBriio MHOTOyroJIbHUKA

Pasznocmo IByX BEKTOPOB G —b Ha3bIBAETCS BEKTOP, KOTOPBIH B CyMME C
BEKTOPOM A COCTaBIIsieT BEKTOp < . Ecim ;Ba BeKTOpa & W A TIPUBEICHBI K
o0mieMy Hadajly, TO Pa3HOCTb HX €CTh BEKTOp, HAYIIMH W3 KOHIA b
(«BBIUUTAEMOTO») K KOHIlY & («YMEHBIIIAEMOTO»).

JIBa BekTOpa PpaBHOM UIMHBI, JEXallM€ HA OJAHOM NOpPsIMOA U
HalpaBJ€HHbIE B MPOTHBONOJOXKHBIE CTOPOHBI, HA3bIBAIOTCS  83AUMHO
obpamublMu: €Cld OJWH M3 HUX O0003HAUY€H CHUMBOJOM &, TO Jpyrou
0003HauaeTcss CUMBOJIOM -d . Jlerko BuUaeTb, 4ro0 d-b=a+(-b). T. o.,
MOCTPOEHUE PA3HOCTU PABHOCWIBHO TPHOABICHUIO K «YMEHBIIAEMOMY»
BEKTOpa, OOPaTHOTO «BBIYUTAEMOTO.

Tpu Bexkropa B MPOCTPAHCTBE MOXKHO CKIAQAbIBaTh IO  NPAGUTLY
napaineienunedd: €Clid Ha TpeX BEKTopax 4, b , <, Kak Ha peOpax, MOCTPOUTH
napajieienunea, TO ero AuaroHaidb, BBIXOMSIIAS W3 OOIIEro Hayaia JaHHBIX
BEKTOPOB, U OYJIET UX CYMMOU o =d +b +
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Pucynok 84. [IpaBuno napannenenunena

3aoanus 0141 CamocmoameabHo20 peuieHus:
1) Ilo naHHBIM BEKTOpaM & W A TOCTPOUTHh KaKIBIH U3 CICIYIOLIUX

BEKTOpOB: 1) a+b,2) a—b,3) —a+b,4) —a—b.

[Ipn croOXXeHWHM BEKTOPOB CKJIQJBIBAIOTCS HUX COOTBETCTBYIOIIHE
KOOPJIMHATHI, TIPU BBIYUTAHUU BBIYUTAIOTCS COOTBETCTBYIOIIUE KOOPIWHATHI,
T.C. CCIIM JAaHbI KOOPAMHATBL BEKTOPOB & U b a =(X1, V1, 21), b =(X2, y2, 22) U &

=da+h;, d=d-b, TO KOOPIAMHATBl BEKTOPOB & 1 4 BBIYUCIAIOTCS IO
dbopmynam:
o =(xitxa; yitya; zitz2),
d =(X1-X2; Y1=y2; 21-22).

Ilpumep 70.
BbIMUCINTE KOOPAMHATBI BEKTOPOB =dtp ; d=d-b  eciu 4 =(-3; 5;
1), » =(4; -2; 8).
Pewenue:
o ¢popMyam
 =(x1tx2; yitys; zitz),
d Z(Xl-xz; YVi-)V2;, Z1-Zz),
AMEEM
c=(-3+4; 5+(-2); 1+8)=(1; 3; 9),
d =(-3-4; 5-(-2); 1-8)=(-7; 7; -7).

3aoanus 01: CamocmoamenabHo20 peuleHus:
BBIMHCITUTE KOOPAMHATBI BEKTOPOB &=G—h+/5 d —a+b—h  ecim @ —(4;

23 10), 5 =(-4; 12; -1), #=(3; -7; -11).

Konmponwvnsie éonpocel:

1. CdopmynupyiiTe mpaBUiIO TPEYrOIbHUKA JIJISl CIIOKEHUS BEKTOPOB.

2. ChopmynupyiTe TpaBWIO MapajieJorpaMma Uil CIOXKCHHS
BEKTOPOB.

3. 3anmmure GopmyIibl ClokKeHUs (Pa3HOCTH) BEKTOPOB B KOOPIMHATAX.

IIpakTuueckas padora Ne22
YMHOKeHHe BEKTOPAa HA YHCJI0
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Llenv paoomuwi:

CMYyOeHm OO0JIHCEH:

3HamMb:

- MPAaBUJIO YMHOXEHUS BEKTOPOB;

ymemby:

- CTPOUTH MPOU3BEACHUE BEKTOPA HA YUCIIO;
- BBIUUCIIATH KOOPJMHATHI BEKTOpa Ad .

Ceeoenusn uz meopuu:

IIpousBenenue ka BeKTOpa < Ha YUCIO A HA3BIBAECTCS BEKTOP, MOIYJb
KOTOPOIr'0 PaBEH NPOU3BEIACHHUIO MOJYyJS BEKTOpa < Ha MOAYJb 4Yuclia A ; OH
napajuielieH BEKTOPY ¢ WJIM JISKHUT C HUM Ha OJHOM MPSIMOI M HANpaBJieH TaK
)K€, KaK BEKTOp ¢, €CIu A — YUCIO NOJIOKHUTEIBHOE, U IMPOTUBOIOIOKHO
BEKTOPY &, €CIIA A — YUCIIO OTPULATEIIBHOE.

Eciu £ =0, nns nro0oro BekTopa < MPOU3BEACHUE Ad DPaBHO HYJIb-
BeKTOpy: 0 -d=0.

Ecmm A=1,10 1-aa=a .

Ecmu k£ =-1, 710 (-1): é =-a — BEeKTOp, NPOTUBOMOJIOKHBIN BEKTOPY & .

Ilpumep 71.

JlaHbl BEKTOpBI, COBHAJAIOUIME CO CTOPOHAMH TpeyrojbHuka ABC:
CB=ad, CA=b. BeIpasuTh uepe3 BEKTOPbl @ U b BEKTOp A0, rae O — Touka
NepECeUYCHUs] MEIMaH TPEYTOJIbHUKA. BBINOIHNUTE PUCYHOK.

Peenue:

U3BECTHO, 4TO Touyka (O TEpeceuyeHHsl MeJIWaH TpPEYroJbHUKa JIEeIUT

_ 2 _
OTPE30K MeANaHbl B OTHOIIEHUH 2:1, cuntas ot BepumnHbl. [loatomy A0 = EAD

, T1e Touka D — cepeanHa cTopoHbl CB.
—_ 1 — _ 1 —

- 1
CD=—CB=—a: DC=——
Ho Bektop 3 545 e
- _ _ l_> -
B tpeyronsauke CAD Bexktop DPA=DC +CA=—Ea+b.

— 20 1~ = 1- 2-
i AO=-Z|——a+b|=—a—=b
Hckombli BEKTOD 3( >4 j 34730

3aoanusn 011 cCamocmoamenabHo20 peuieHus:

1) I[lo naHHBIM BEKTOpaM & W A TIOCTPOUTH KKIBIA W3 CIEAYIOIIUX

- 1 - . 1~ 1_. _-~
BEKTOPOB: 3d , —Eb, 2ad +§b, 5 ~3bh .

2) B tpeyronbuuke ABC BEKTOp 4B =/ WU BEKTOp AC =ii. [loCTpOUTH
m-+n m—n —m-+n m+n
2, 2 2 ° 2
3) Touka O sBIAETCS TOYKOM NepecedyeHusi MeauaH TpeyroibHuka ABC.
JloKas3aTh, YTO OA + OB+ OC =0.

KQKJIBIM U3 CIEAYIOIIUX BEKTOPOB:
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4) B npaBunbHOM nsaTuyroibHuke ABCDE  3agaHbl  BEKTODBI,
COBIAJIAIONINE C €ro pedpamu: AB=m  BC=if, CD=p, DE=q, EA=r-

T L B
HDCHKMTLB&UDPHZmfn+pfq+r,m+2p+5r,2m+5n—3p—q+2ﬁ

5) B mapamnenenunene ~ABCDA'B'C'D’  3amaHbl  BEKTODBHI,
COBIA/IAIOLINE C €ro PeOPaMu: 4B = m, AD =n  AA = p (puc. 85)

)ig '
AL 5
|l

I

I

|

!

D s
]
A m B
Pucynok 85.

o —- -~ = = 1=
6) TlocTponTh KaXABIH W3 CICHYIOLIMX BEKTOPOB: wmi+ri+p mtnt—p,

— 1~ — = 1 —

—mt—n+p. —m-—n+—
> ) p, 2p,

Konmponwvnwie éonpocel:
1. CdopmynupyiiTe NpaBUJIO YMHOXKEHHUS BEKTOPA HA YKCIIO.

IIpakTuueckas padora Ne23
CkajgsipHoe pou3BeeHNe BEKTOPOB

Llenv paoomuwi:
CMYOeHm OO0JIHCEH:
3HamMb:

- OpMYJIBI 1J1 BBIYUCIICHUS CKAJIIPHOTO MPOU3BEICHUS BEKTOPOB;
ymems.

= BBIUHUCIEITL CKAJIPHOC  IIPOU3BCACHHUC  BCKTOPOB, YIOJI  MCKIY
BCKTOpaMHU.

Ceeoenun uz meopuu:

Ckanaprvim npouszgedeHuem 08yX 6eKmopos Ha3bIBAETCS YMCIIO, PAaBHOE
MIPOU3BEICHUIO MOYJIEH ITUX BEKTOPOB HA KOCHHYC YTJIa MKy HUMH.

CkaJsipHOE IPOU3BEACHNE BEKTOPOB « U & 0003HAYACTCS CUMBOJIOM ab
(TTOPSIIOK 3aMKUCU COMHOXKHTENIEH Oe3pas3andeH, TO €CTh ab = ba ).

Eciu yroia mexay BEKTOpaMH <« W A O0003HAYUTh Yepe3 ¢, TO HUX

CKJIIPHOE MPOU3BEACHUE MOXKHO BBIPA3UTh POPMYJIOi:
ab = |;H1’;|cos¢ .
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CkasipHOoe TPOM3BEICHUE BEKTOPOB « W 5 MOXKHO BBIPA3UTh TAKXKe
dbopmynoi:

ab — |alnp, b

WIH
ab = |Blnp,a

13 hopmynsr <~ — ][] cos CIIEIIyeT, UTO ab >0, €CII () — OCTPBIHA yrod,
ab <0, €CIH ¢ - TYHNOH yroil, ah=0 B TOM W TOJBKO B TOM Cllydae, KOrjaa
BEKTOPBI < WU 5 TEPICHAUKYJISPHBL

CkansipHoe TMPOU3BEJACHUE «« HA3bIBACTCS CKAISPHBIM KBaJApaTOM
BEKTOpa M 0003HAYAETCS CUMBOJIOM o . CKAISIPHBIM KBajJpar BEKTOpA PaBeH
KBaJIpaTy €ro MOyJIs:

o = |a

Ecnu BekTOpBI « W A 3aJaHbl CBOUMU KOOpAUHATaAMHU: a=(x,1.2) "
b= (X5.1,.2,), TO UX CKaJIPHOE IPOU3BEACHUE MOXET OBITh BBIYHCIICHO II0
dbopmyie:

55 = XX, + NV, + 2125 .
Orcroma ciemyer HEO0O0XO0IMMOE n JIOCTATOYHOE yCJIOBUE
MEPIEHANUKYJIIPHOCTHA ABYX BEKTOPOB:
XX, + Wy, +z,z, =0,
Yroinm ¢ Mexay BEKTOpaMH a=(x,».7z) WU b= (x,,v,,2,) 3agaercsd
ab X)X, + YV, + 2,z
b

dbopmymoii 7 = , MIIH B KOOp/IMHATAX 08¢ = e

2 2 2 2 2 2 -
X+t \/xz TV, T2,
[Ipoekius Mpou3BOIBLHOTO BekTOpa S=(X, ), Z) Ha KaKyrO-HHUOYIb OCh U
onpenensieTcs GopMyJIOn:

|a

np,S = Se
II€ ¢ — €IMHUYHBIA BEKTOP, HAPABICHHBIN IO OCH U.
Ecnu nanwl a, £, y, KOTOPBIE OCH # COCTABIIAIOT COOTBETCTBYIONIUE YTIIbI C
KOOPJIMHATHBIMHU OCSIMHU, TO ¢ = (cos &, cos 3.cos ») W JIJI1 BBIYUCIICHHUS BEKTOpa S
MOXET CIYKUTh opMyJia:

np,S=xcosa+ ycosff+zcosy,

Ilpumep 72.
_ — 27T . .

Bextopsl @ u 5 00pasyloT yroa ¢ ==, 3Had, 4TO lal=3, |p|==,
BBIYUCIUTE: ab , [<| , |27, (a+5]", (3a+25]", (a—5), (32 - 25)(& +25).

Pemenue:

ab N,

u3  QopMynsl oS- |§ 7[> BbpasuM @b =l|a|pleose Torma

%zlzcosz—”ﬂz(—lj: —6-
3 2 ’
=lal , 1o la] =3° =9, 5[ =4* =16,

1o popMyJie COKpaIeHHOr0 YMHOXEHUS KBaJpaTa CyMMbI, UIMEEM
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2

G+ =a +2ab+b =9+2(—6)+16=13
AHAJIOTUYHO

2

30+ 25 =9a" +12ab+ 45 =81+12(—6)+ 64 =73 ;
110 (hopMyJie COKPALIEHHOTO YMHOKEHHMS KBaIpaTa PpasHOCTH, UMEEM
(-8 =" —2ab+5 =9-2(-6)+16=37}
pacKkpoeM CKOOKH
(3a —2blla + 25| =3a +6ab—2ab—ab =3a +4ab—4b =27 +4(—6) —64 = —61.

3aoauu 014 camocmoamenbHo20 peueHus:
1) BekTopbl @ W 4 B3aUMHO MEPICHIUKYJISIPHBI;, BEKTOP < 00pasyeT ¢

T - — .
HUMM YIJIBI, PaBHBlE @ =—; 3Hag, 4To |</=3, [/|=5 |/ =%, BpluncIHTH:

2

(32266 +3¢), (avb+df, (ar2b-3c).
2) BexTopel «, » U < MOnapHO 00pa3yroT APYT C IPYTOM YIIIbI, KaXKIbIi
u3 KoTopeix paBed 60°. 3uas, uto <=2, |A[=2, [/ =<, onpemenurs MOmysIH
BEKTOpa p=a+b+c,
3) JlaHbl BEKTOPBI a = (4:-2:4) U b = (6;-3;2) . Belunciuts: ab, a ,
Vi, 2a—3bla+25), (a+5], (a—B).
4) Nanbt Touku A(-1; 3; -7), B(2; -1; 5), C(0; 1; -5). Bruucauts: 45 ,
Jac® , (24B —CB)2BC + BA)

KOHmPOJleble eonpocwol:

1. 3ammmmure q)OpMy.HBI AJIsT BBIYHUCICHHUSA CKAJSAPHOIO IIPOU3BCACHUA
BCKTOPOB.

2. 3anummrte GopMyITy AJiA BHIYUCICHUS YTJIa MEKYy BEKTOPAMH.

IIpakTuueckas padora Ne24
Hcnosab30BaHne BEKTOPOB MPHU pPellieCHUN MATEMATHYECKUX U
NPUKJIATHBIX 33124

Llenv padomuwi:
CMYyOeHm OO0JIHCEH:
3HAMb.

- BEKTOPBI U IIPOCTEHUIINE IEUCTBUS HAJl HUMU,
ymems.

- INPUMEHATH I[paBUja JEUCTBUS HAJA BEKTOPaMHM IIPU PELICHUU
MAaTEMAaTUYECKUX U MPUKIAAHBIX 3a]1a4.

Ceeoenusn uz meopuu:
Paccmotpum 3amaum TpEX TUMOB, KOTOpBIE ILIEIECOOOpa3HO pemaTh ¢
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IMOMOIIBIO BEKTOPOB.
Heprlﬁ mun: 361061’{14, C8s3aHHble ¢ 00KA3AMelbCmMEOM napajiiejibhocmu
NPAMbIX U OMPE3KO6, NPAMBIX U NJIOCKOCMU

Ilpumep 73.
JlokazaTh 4TO BEKTOpP, KOHI[AMU KOTOPOIrO SIBIISIIOTCS CEPEAMHBI JIBYX

IMPOTUBOJICKAINNX CTOPOH YCTBIPEXYIOJIbHUKA, PAaBCH IIOJOBHUHC BeKTOPHOﬁ

CYMMBI IBYX JIPYTUX MPOTUBOJIEKAILUX CTOPOH.

Pemienue:
nycte ABCD — uetbipexyroyibHuk, M — cepenuna AB, N— cepenuna CD.

_ ] = —
Torma He0OXO0AUMO JIOKA3aTh, UTO MN = E(BC + AD).

HYCTI) O — IMPOU3BOJIbHAA TOYKaA IINIOCKOCTH, COCAMHUM €C C BCPIIMHAMU

U CepeIMHaMHU JIBYX CTOPOH YETHIPEXYTOJIbHUKA, BHITIOJTHUM PUCYHOK (pHC. 86):
B C

U A D

¢. Pucynok 86.
1

3.
[1o npaBuily neneHus OTpe3Ka B 3aJaHHOM OTHOILIEHUU, UMEEM:

OM :%(a+ﬁ) >
ﬁz%(&#O—D).
[1o mpaBuITy TPEYTOJIBHUKA, HMEEM:
ATV:EV—W:%(E#@)—é(aﬂO—B):
:%(%f@w%(@—&) :%(R’+E).

3aoaua ona camocmoamenvHozo peuienusn Nel. Jlokazatb, 4TO CpeaHAs
JIMHUS TPaIelyu napajielibHa OCHOBaHUSIM U paBHA UX MOJyCyMMeE.

Bmopod mun: 3610&'{11, 6 KOomopbslx 00KG3bl6’a€mCﬂ, umo Hexomopda:
mouxa oeaum Ompe30K 8 3a0AHHOM OMHOUEHUU
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Ilpumep 74.
Ha cropone AC tpeyronpauka ABC B3siTa Touka M Tak, 4yTo ‘AM ’ = i’Tq

, @ Ha MpoJo/uKeHnu cTopoHsl BC Takas Touka N 4ro [BN|=[5C|. B kakom

OTHOIIEHUM TouKa P nepeceyeHust AB u MN nenuT Kaxablid U3 3TUX OTPE3KOB.
Pemenne:

BBITIOJTHUM PUCYHOK (pHC. 87), COOTBETCTBYIOIIUM YCIOBUIO 3a/1a4u:

A C

Pucynoxk 87.

Ilycth nMl_ i:y.
PN PB

Bri6epem 0azucHbie BEKTOPBI CB =a, CA =b.
Paznoxum BeKTOp 4 1O Oa3MCHBIM JABYMS Pa3IMYHBIMU CIIOCOOAMU:

a) ﬁ =y, TOTJa g = L, T.K. BEKTOPBl 4p U 4p COHAIIPABJICHEI, TO
PB AB Y+l

P Y =5 Y o r_ca y - 7
AP = AB = (CB—-CA) = (a—>b).
y+1 y+1 y+1

Ap—_ Y o Y 7
y+1 y+1

- 1 —_— _—
6) M _ . torma, AP=— AM +—" 4N .
PN x+1 x+1

Ho, mo ycloBHIO 3a1adu |W‘:%‘Ii‘zi’5, AN =CN —CA=2a—h,

IIO3TOMY

A—PzL[—lE} Y Qa-b).
x+1 4 x+1

B nony4eHHOM BBIpaXE€HUHU PACKpOeM CKOOKH, yIIPOCTUM, TOTa
IMOJIy4YHnM:
—  2x - l+4x -
Ap=—"r 4 T}
x+1 4(x+1)
YuuTeiBass ~ €IUHCTBEHHOCTh  PA3JIOKEHUS  BEKTOpa IO

IBYM
HEKOJUIMHEAPHBIM BEKTOPaM, MOJYyYUM CUCTEMY:
J/>1‘7i|;| o 7‘72;:' -
7 o 1+ <
1»1'+! <+ 1D
Pemass cucreMy  s100bIM  M3BECTHBIM  CIIOCOOOM  (CIIOKEHHUEM,
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MOJACTAHOBKOM ), MOTYYUM:

CrnenoBaTenbHO, TOUYKA P JIEIUT OTPE30K AB B OTHOIICHUHU 2:3 U OTPE30K
MN B otHOmIEHUH 1:4.

3adaua ona camocmoamenvnozo pewenun Ne2. Ha qmaronanax AB, u
BC| rpanent AA B B u BB C C napamnenenunena ABCDA B C D, B34Tbl TOYKH

cooTBeTcTBeHHO H u M Tak, uro orpesku MH n A C mapamienbusl. Hanaure

OTHOUIEHUE JJIUH 3TUX OTPE3KOB (BOCIOJIb3YUTECH MPEJIOAKEHHBIM pHUC. 88).
D, Cy
/

A|<

b
A = B

Pucynoxk 88.

Tpemuii mun: 3a0auu Ha OO0KA3AMENbCMBO NPUHAONEHCHOCMU Mpex U
boiee mouex 00HOU NPAMOU

Ilpumep 75.

Touku M u N nexar COOTBETCTBEHHO Ha cTopoHax AD u BC

yeTbipexyroibauka ABCD, npuueM AM:MD=BN:NC=3:4. JlokaxuTe, 4YTO

cepeqHbl 0Tpe3KoB AB, MN u CD nexaT Ha OJHOW MPSIMOM.
Pemenue:

BBITIOJTHUM PUCYHOK (pHC. 89), COOTBETCTBYIOIIHI YCIOBUIO 33a/1a4n
8

Pucynoxk 89.

Ilycte K, — cepenuna AB, K,

— cepenuHa MN, K3 — cepeauna CD.
Hcnons3yst hopMyIIbl ASICHUS OTpe3Ka B 3aITaHHOM OTHOIIICHUH, UMEEM:

KK, = %(AM +BN),
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KK, = %(E+R*) .
N3 ycnosuss AM:MD=BN:NC=3:4 cnenyer, 4TO
AM =2 4D, BN =2BC.
7 7
CnenmoBateibHO,

KK.->Llap+BO)=2K K. .
772 7

T.o., BeKTOpBI K, K, M K, K, KOJUIMHEAPHBI, ¥, 3HAYUT, TOUYKU K, K,
K, nexar Ha OIHOH TPSIMOH.

3a0aua 0na  camocmoamenbHo20  peuteHus  Ne3. B mpocrpancTse
pacnonoxensl 0Tpe3ku AB u A B . Touka M ecthb cepenrna orpe3ka AB, Touka

M, — cepenuna A B,. JloKaxure, YTO CepeAuHbl OTpe3KoB AA,, BB, u MM,
PACIIOJIOKEHBI HA OJTHOU IIPSAMOU.

KOHmPOJleble eonpocwol:

1. IlpuBegurte mnpuMepsl 3aaad, KOTOpbIE LEIecOO0pa3HO pemaTh C
ITOMOIIBIO BEKTOPOB.

IIpakTuueckas padora Ne25
IMapajuieJbHOCTH NPAMOM U IJIOCKOCTH

Ilens pabomeor:

CIMYOeHm OO0JIHCEH:

3HaMb:

- MPU3HAKY NAPAIICITBHOCTH MIPSMOM U TNIOCKOCTH;

- MPU3HAKY TTAPAIEITHHOCTH TJIOCKOCTEH;

- MPU3HAKYU TAPAIIICIIBHOCTH MIPSMBIX B POCTPAHCTBE;
yMmemy:

= CTPOHUTH MApaAJUICIIBHBIC IIPAMBIC, IINIOCKOCTH B IIPOCTPAHCTBE.

Ceeoenusn uz meopuu:

IIpuznaku napannenrvHocmu IPAMOU U NIOCKOCMU

1) Ecau mpsimasi, nexxamasi BHE IJIOCKOCTH, MapajulielibHa KakoH-In0o
IPSMOM, JIEXKAEH B 3TOM IJIOCKOCTH, TO OHA NapaJuIeIbHA 3TOU IUIOCKOCTH.

2) Eciu mpsiMas ¥ IJIOCKOCTh NEPHEHAUKYJSPHBI OAHOM W TOM Ke
MPSAMOM, TO OHU NAaPaJIJIETbHBI.

HPUS’HGK% napajiieibHocmu niockocmell
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1) Ecam n1Be mepecekawmomnuecs MOpsIMbIe  OJHOW  TJIOCKOCTH
COOTBETCTBEHHO MApPAJUICIbHBI [BYM IEPECEKAIOIIMMCS NPSAMBIM JIPyTrOU
IJIOCKOCTH, TO 3TH IJIOCKOCTU NapaJIJICIIbHbL.

2) Ecnu 1Be miocKOCTH MEepHEeHIUKYISIPHBI OHOM M TOW K€ MPSIMOM, TO
OHMU IapaJIJICIIbHBL.

IIpusnaxu napannenbHocmu NPAMbLX 8 NPOCMPAHCINEE

1) Ecnu nBe npsiMble NMEpHIEHANKYISIPHBI OJTHOM U TOM K€ MIOCKOCTH, TO
OHM TIapaJUICIIbHBbI.

2) Ecniu B OJHOM M3 MEPECEKAIIMNXCs IJIOCKOCTEH JIEKUT MpsMas,
napajuielibHasi JApyro IJIOCKOCTH, TO OHA MHapajUiejbHa JIMHUU TE€peceYeHUs
IIJIOCKOCTEH.

Ilapannenvuvie npsamole
Bo3pMém, Hampumep, nBe Takue npsmble AB u DE, U3 KOTOpPBIX OJHA
IIEPECEKAET HEKOTOPYIO IIOCKOCTh P, a Apyras JIE)KUT Ha HEW, HO HE MPOXOJIUT

yepe3 Touky (C) nepeceueHus nepBoil mpsiMoi U TII0CKOCTH P.
A

B

Pucynok 33. Henepecekaromuecs npsiMbie

Uepes Takue ABE MPSIMBIE HENB3SI MPOBECTH IUIOCKOCTh, MOTOMY 4YTO B
MIPOTUBHOM ClIy4yae depe3 MpsAMYI U Touky C mpoxoausid Obl ABE pa3IMYHbBIC
IJIOCKOCTH: OJHA P, mepecekaromas npsamyro AB, u apyras, coaepsxaias €€, a
3TO HEBO3MOXKHO.

JIBe mpsiMble, HE JEeXalue B OJHOM IUIOCKOCTH, KOHEYHO, HE
MEePECceKaroTCsl, CKOJIbKO Obl WX HHM MPOJOKAIM; OJHAKO MX HE Ha3bIBAIOT
MapaJlICTbHBIMHU.

JlBe nmpsMble, HE JeXamMe B OJHOM IUIOCKOCTH, HAa3bIBAKOTCS
CKpewusarouuMUcs.

Ipsamas u nrockocms napanienvhsvie mexcoy coooll
[tockocTe W mpsAMas, HE Jiekamas B 3TOM IUIOCKOCTH, HAa3bIBAKOTCS
rapajuieIbHBIMH, €CJIM OHH HE TMIEPECEKAIOTCS, CKOJIBKO OBl X HHU IIPOJIOIKAIIH.

Ecmm mnpsmas (4AB) mapamiensHa KakoW-HuOyap mnpsmon  (CD),
PacCIONO0KEHHOU B TI0CKOCTH (P), TO OHa napajielibHa caMOil TNIOCKOCTH.

Ecan mnockocts (R) mpoxoauT dyepe3 MNpsmyro (AB), mapaiienbHyIo
apyroil miockocTu (P), U mepecekaer 3Ty MIOCKOCThb, TO JIMHUSI TIEpeceUeHus
(CD) napannensHa niepBoi npsiMoit (4B).
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Pucynok 34. [Ipsimasi 1 II0CKOCTh MapajuiebHble MEX1y cO00i

Ecnu mpsimast (4B) mapanienbHa KaXaAoW M3 JBYX IEPECEKAONTUXCS
miockoctel (P u Q), To oHa napajuie/ibHa JIMHUU ux nepecedeHus (CD).

c P
A
M Q
-""-F-—-
b B

Pucynok 35. [TapainenbHOCTh NPAMOM JIMHUU MIEPECECUEHUS TIIIOCKOCTEN

Ecimu nBe nipsimbie (AB u CD) mapaienbHbl TpeThed npsimoit (EF), TO

OHH TMapajIeTbHbI MEXKTYy COOOM.
c

N

B M
Pucynok 36. [lapamienbHOCTh TpeX MPSMbBIX

Ilapannenvrvle niockocmu

JIBe IJIOCKOCTM  Ha3bIBAOTCS  NAPALIEIbHLIMU, €CIAU OHU  He
MEPECEKAIOTCsl, CKOJIBKO Obl X HU MPOJOJIKAIH.

Ecnu nBe mepecekatomuecs npsimbie (AB u AC) oanoit mnockoctu (P)
COOTBETCTBEHHO MapajuieNbHbl ABYyM TnpsimbiM (41Bi u A,Ci) napyroi
miockoctu(Q), TO OTHU TUIOCKOCTH mapaienbHbl. Ilpsmbie AB u AC
napajuienbHbI IIIOCKOCTH (.

(2T

vy

[ T

Pucynok 37. [1apannenbHble MIIOCKOCTH

3aoanus 013 cAamMOCMOAMENbHO20 peuitenus:
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Pemure crnenyronme 3amaud  (BBIIOJHHUTH YEPTEXK, AaThb MHOAPOOHBIE
TTOSICHEHUS )

1) Cropona AC TtpeyronpHuka ABC mnapamienbHa IUIOCKOCTH a4, a
cTopoHbl AB n BC mnepecekarTcsi C 3TOM IUIOCKOCTBIO B TO4ukax M m N.
Hokaxwure, yto TpeyronbHuku ABC u MBN 1o100HBbI.

2) CKOJIBKO CYIIECTBYET IIJIOCKOCTEH, MPOXOAIIUX 4Yepe3 JIaHHbIC
IPSIMYIO ¥ TOUKY B IIPOCTPAHCTBE?

3) B npocrtpancTBe nanbl npsiMas a U Touka M. CKOJBKO CYyIIECTBYET
IPSAMBIX, TPOXOIAIIMX Yepe3 M U MmapajuieabHbIX IpsAMoit a?

4) JlaHbl TUIOCKOCTh M TOuka M BHE MIOCKOCTH. CKOJBKO CYIIECTBYET
HPSAMBIX, IPOXOIAIIMX Yepe3 M U MmapauieabHbIX IJIOCKOCTH?

5) B npoctpaHcTBe AaHbl JIBE MapajiefibHbie TpsiMbie a U b. CKOJIBKO
CYLIECTBYET IUIOCKOCTEH, MPOXOIAIIMX Yepe3 MpsMYI0 a U IapauiebHbIX
npsmoit b?

6) [Janbl 1Be ckpemuBaromuecs npsambie a U b. CKOJIBKO CyIIECTBYET Nap
napajielbHbIX IUIOCKOCTEH, OJIHA U3 KOTOPBIX MPOXOJUT Yepe3 a, a Apyras —
yepes b?

7) B mpoctpaHcTBe JaHbl JBE NEpecekaroluecs mnpsimble a, b U He
nexamas Ha HUX Todka M. CKOJIBKO CYIIECTBYET IIJIOCKOCTEM, MPOXOISAIIUX
yepe3 M 1 napauieabHbIX NPSMbIM a U b?

Konmponwnsie eonpocul:

1. CdopmynupyiiTe NpU3HAKK MapAJICILHOCTH MPSIMON U INIOCKOCTH.

2. ChopmynupyiTe IpU3HAKH MAPATIICTEHOCTH TUIOCKOCTEH.

3. CdopmynupyiTe  NpU3HAKK  MAPAJJICIBHOCTH  MPSIMBIX B
MPOCTPAHCTRBE.

IIpakTuueckas padora Ne26
I'eomeTprueckne npeodpa3oBaHusi IPOCTPAHCTBA: MapaJlieJbHBII
NEePeHoc, CAMMETPHSI OTHOCUTEIbHO IJIOCKOCTH

ILlenv pabomuwr:

CIMYOeHm OO0JIHCEH:

3HaMb!

- ompeieNieHre apaJljIeIbHOTO MEPEHOCa U €T0 CBOMCTBA,;

- (hopMyIIBI 1T TapaJUIEIFHOTO TIEPEHOCA;

yMemy:

- BBIMOJHATH  TCOMETPUYECKHE  MPeoOpa3oBaHMsl  MPOCTPAHCTBA!
napayIeTbHBIA TEPEHOC, CHMMETPHUS OTHOCUTEIHLHO TUIOCKOCTH.

Ceeoenusn uz meopuu:
llapannenvusiii nepenoc u e2o ceoticmea
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HarnsgHo napannenvueiii nepenoc omnpepensercs Kak HpeoOpazoBaHUE,
IPU KOTOPOM TOYKH CMEIIAIOTCS B OJHOM M TOM K€ HaIllpaBJICHUU Ha OJHO U TO
XKe paccTosHue. Takoe ompeieneHUEe HE SBISETCS MATEeMAaTUYECKH CTPOTHUM,
MOTOMY 4YTO B HEM YNOTPeOIsieTcs BBIPpAKEHHE «B OJHOM U TOM Ke
HaIpaBIEHUN», KOTOPOE CaMO HYXKJIAETCsl B TOYHOM OIpe/eieHnH. B cBsi3u ¢
THM TapajuIeIbHOMY TEPEHOCY MBI AWM JAPYroe, OTBEYAIOIIEe TOMY Ke
HarJIgIHOMY MPEJCTaBICHUIO, HO YXKE CTPOroe OonpeiejicHue.

BBenem Ha TUIOCKOCTH J€KapTOBBI KOOpAMHATHI X, V. [Ipeobpa3oBanue
¢burypsl F, nmpu KOTOPOM MPOM3BOJbHAS €€ TOouKa (Xx; V) MEePEeXOAUT B TOUKY
(xta; y+b), tne @ m b omHu W Te ke I BCeX ToueK (x; V), Ha3bIBaeTCs
napajuiebHbIM TiepeHocoM. [lapanenbHblii mepeHoc 3amaercss (popmyiaamu
x'=x+a, y=y+b.

Ot GopMyInbl BBIpAXKAOT KOOPAWMHATHL X', )' TOYKH, B KOTOPYIO
NEPEXOIUT TOUKA (X; ) MPH MapaIeIbHOM ePEeHOCE.

e ™

X

Pucynok 38. [1apanienbHblil mepeHoc

llapannenvuviii nepenoc ecms 08udxiCceHue
JleficTBUTENBHO, JIBE MPOU3BOJIbHBIE TOUKU A(X1; V1) K B(X2; 1») mepexoasr
MIpU MapajuieIbHOM niepeHoce B TOUkU A'(xi+a; yi+b), B'(x>ta; y,+b).
[ToaTomy
ABP=(xx1) H(y2)1),
A'BQ:(Xz-X1)2+(yz-y1)2.
Otcrona AB=A'B'. T. 0., napajuieIbHbII IEPEHOC COXPAHSIET PACCTOSIHUS,
a 3HAYUT, SIBJISIETCS IBMKEHHEM, YTO U TPEOOBAJIOCh TOKA3aTh.
HasBanue «napannenvuvlii nepenocy ONPaBABIBAETCA TEM, YTO MPHU
napajyielbHOM MEPEHOCE TOYKM CMEIIATCS MO0 NapajulesbHbIM  (WIH
COBIAJAAIOIINM) MPSMBIM Ha OJIHO U TO K€ paCCTOSTHUE.

A A

B B
Pucynok 39. [1apanienbHslii IEpeHOC

Cummempuss OMmHOCUMENbHO NAOCKOCMU

CuMMeTpuss OTHOCHUTENIbHO IUIOCKOCTU — 3TO TakKo€ CBOMCTBO
reoOMeTpUYecKoil (Qurypsl, Korja Ir000M TOYKE, PACIOJIOKEHHON IO OIHY
CTOPOHY IUIOCKOCTH, BCErzia OyJeT COOTBETCTBOBATh TOUKA, PACIIOIIOKEHHAS 110
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IPYTYIO CTOPOHY IUIOCKOCTH, @ OTPE3KH, COEIUHSIOIINE 3TH TOYKH, OyAyT
NEPHEHAUKYJIAPHBI INIOCKOCTU CUMMETPHUH U JIEISATCS €10 MOMOJIAM.

Cnegyer OTMETUTh, YTO JBE CUMMETpPUYHbIE (UTYpbl WIH [BE
CUMMETPUYHbIE YacTH OJHOM (Urypbl MpPU BCEM HMX CXOJACTBE, PABEHCTBE
0o0BEMOB M IUIOIIAJEH MOBEPXHOCTEH, B OOILIEM Cilyyae, HEpPaBHbI, T.€. HX
HEJIb3 COBMECTUTDH JPYT C IPYroM. DTO pa3Hble PUTYpHI, UX HEb3sl 3aMEHUTH
ApyT pyroM, Hampumep, npaBas Nepyarka, OOTMHOK M T.I. HE TOJATCS JUIs
J€BON pykH, HOTH. IIpeaMeTrsl MOryT UMETh OJIHY, IBE€, TPU U T.J. IJIOCKOCTEU
CUMMETPHH.

Hampumep, npsmas nupamuga (puc. 40a, 41a), ocHOBaHHEM KOTOpPOM
SBIISIETCS. PaBHOOEPEHHBIN TPEYrOJIbHUK, CHMMETPUYHA OTHOCUTEIIBHO OJHOMN
miockoctu P. Ilpusma ¢ Takmm ke ocHoBanueM (puc. 400, 410) umeer aBe
IUIOCKOCTH CHUMMETPHUH. Y MPaBUIBHON MIECTHYroJbHOM mnpu3Mbl (puc. 40s,
416) ux cemb. Tema BpalleHus: IIap, TOp, LWWIMHAP, KOHYC U T.J. UMEIOT
0ECKOHEUYHOE KOJIMYECTBO MIIOCKOCTEH CUMMETPUHU.

Pucynok 41. N3o0paxeHue miocKkocTel CUMMETpUn

Ha deprexxax TUIOCKOCTH CHUMMETPUU  H300pakaloTCsl  TOHKUMU
IMITPUXITYHKTAPHBIMU ~ JIMHUSMH, SBISIONIUMUCS Kak OBl clielaMH  JTHX
IIocKkocTer. Ecimu  TakoW ciied COBMAAgaeT ¢ JAPYyrou JIMHUEH YepTexka,
HanmpuMmep, C KOHTYPHOM, TO OHA MPOBOJAMUTCA B BHUJIE TOHKHUX IITPUXOB,
BBIBOJIMMBIX 3a KOHTYp H300pakeHus Ha 5 — 8 mMm. Ha ueprexe HaHOCSTCS
CJEIbl TOJBKO TE€X IIJIOCKOCTE CHMMETPHUH, KOTOPBIE NEPIECHIUKYISIPHBI
IJIOCKOCTH MTPOCKIINI TAHHOTO M300paKeHHUS.

[Ipy HamUuMKM HECKOJIBKUX MOJOOHO PACHOJIOAKEHHBIX IIJIOCKOCTEH
CUMMETpPHH, KaK y npusmsl (puc. 406), Ha yepTexe N300pakaeTcsa TOJbBKO OJIHA
B3aMHO NEPINECHAMKYJSPHAS Tapa CJIEI0B, MO0 BO3MOXHOCTH T€X, KOTOPBIE
MapaJJIEIbHbI INIOCKOCTAM MTPOEKIIUH.
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I[J'I?I IrCOMCTPHUICCKUX TCJI C INNIOCKOCTSIMHN CHUMMCTPUH, IApaJIJICIIbHBIMUA
HX OCHOBAHUAM, HAIpUMCPp A IIPU3M, CJIICIbI IUIOCKOCTEH CUMMCTPUHU Ha
YCPTCIKAX ITOKA3bIBATHL HE IIPUHSATO.

3aoanusn 011 cCamocmoamenabHo20 peueHus:

Pemure 3amaun:

1) JokaxuTe, 4TO MPHU ABUKEHUU MapajliebHble MpsMble 0TOOpakaroTcs
Ha TapaijieIbHbIC TIPSIMBIE.

2) Jlokaxkute, 4TO MPHU JIBIKEHUH: &) MMapajieiorpaMM 0TOOpa)kaeTcsi Ha
napajienorpaMM; 0) Tpamenus oToOpakaeTcsi Ha Tpamenuio; B) pomO
oToOpakaeTcs Ha PoMO; T) IPSIMOYTOJILHUK OTOOpa)xaeTcsi Ha MPSIMOYTOIbHUK,
a KBaJipaT — Ha KBaJIpar.

3) Ha croponax 4B u CD napamnenorpaMmma 4B8CD nocTpoeHbl KBaApaThl
(TTOCKOCTH  KBAAPATOB MEPIECHIUKYJIAPHBI TUIOCKOCTH TMapajieiorpaMma).
Hcnone3ysi mapaiienbHblil TEPeHOC, AOKAKUTE, YTO OTPE30K, COCTUHSIONIHIA
HEHTPBI TUX KBAJAPATOB, PaBEH U MapajiesieH cTopone AD.

Konmponwnwie gonpocul:

1. [aiiTe ompeneneHue MapauieIbHOTO MEPEHOCA U MEPEUHUCINTE €ro
CBOMCTBA.

2. 3anummrte GopMyIIbI IS MapaJLIeILHOTO MepeHoca.

IIpakTuyeckasi padbora Ne27
IMapajuiesibHOE NPOEKTHPOBAHHUE

Ilenv pabomor:

CMYyOeHm OO0JIHCEH:

3HaMb.

- CBOMCTBA MapajuIeIbHOTO TPOCKTUPOBAHHS,;

yMmemy:

- CTpOUTH QUTYPHI C TOMOIIBIO APATIICITHBHOTO MPOSKTHPOBAHUS.

Ceeoenusn uz meopuu:

llapannenvrnoe npoexmupoganue

[IycTh nmaHBl TUIOCKOCTH O M TpsiMasi [, mepecekaroimias IUIOCKOCTh d.
Bo3pMéeM MpOU3BONIBHYIO TOUKY MTPOCTPAHCTBA A; U IPOBEAEM UEPE3 ATY TOUKY
npsamyto /,, napamensHyto /. [Ipsmas [, mepeceder MIOCKOCTh 0. B HEKOTOPOM
Ttouke A. [lomydennass Takum 00pa3oM ToUka A HA3bIBAETCS MPOCKITMEN TOUKHU A
Ha IUIOCKOCTH O TIPU MPOSKTUPOBAHUHU TApaUIeIbHO MpsMoi /. OOBIYHO KPaTKO
TOBOPST, YTO TOUKA A €CTh MapajuiesibHasi MPOCKIHS TOUKH A;.
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Pucynok 42. [1apamienbHoe IPOEKTUPOBAHUE

Ilapannenvuou npoexyueti TPOCTPAHCTBEHHOU Gurypsl @; Ha3bIBaeTCS
MHOecTBO O MmapasuieNbHbIX MPOEKIUNA BCEX TOUEK TaHHON (PUTYPBI.

Cesoticmea napannenrbHo20 npoOeKmuposanus

1) [Ipoexiust mpsiMOii ecTh MmpsiMasl.

2) ITpoexuny napauieabHbIX NPSMBIX NAapAJUIEIbHBL.

3) OrtTHomeHHEe MPOEKUMH JBYX NapauIeIbHBIX OTPE3KOB PABHO
OTHOLLIEHUIO ITIPOEKTUPYEMBIX OTPE3KOB.

Opmoezonanvrioe npoexmupoganue

YactHpIM  ciiydaeM — TapajUICIbBHOTO — TPOEKTUPOBAHUS  SIBIISICTCS
OpPMO20HANbHOE NPOEKMUPOBAHUE

[TycTh maHBI TUIOCKOCTH O M MpsMasi [, mepreHauKysIpHas o. Bo3zpmem
MIPOU3BOJIBHYIO TOUKY IMPOCTPAHCTBA A; W TPOBEIEM Uepe3 Hee NpsIMyro /[
napawienbHyro [ (4, claegoBaTeIbHO, NEPHEHIUKYJISIPHYIO TUIOCKOCTH O.).
[Ipsimas /; mepeceyer MI0CKOCTh 0L B HEKOTOPOU TOUKE A.

Pucynok 43. OpToronajibHoe NpOEKTUPOBAaHUE

[TonyueHHas Touka 4 HaA3bIBAETCS OPTOTOHAIBHOW IMPOEKLIHUEN TOUKU A
Ha IUIOCKOCTB 0.

Opmoconanvrotl npoexyueti gueypbt @, Ha IUIOCKOCTh 0 HA3bIBACTCS
MHOECTBO @ OpPTOrOHAJIBHBIX MPOEKIMNA BCeX ToueK naHHOM Qurypsl @;. Kak
YaCTHBIA  CiIyyall — MapajuleIbHOrO0  NPOEKTHPOBAaHUS,  OPTOTOHAJIBHOE
MIPOEKTUPOBAHUE oOnamaer BCEMU CBOMCTBaMU napajieIbHOTO
MPOEKTUPOBAHMUSI.

Ceoticmeo opmo2oHanIbHOU NPOEKYUU NI0CKO20 MHO20Y20NbHUKA

[Inomanbs § OpPTOroOHANIBHON MPOEKIMHU IJIOCKOTO MHOTOYTOJIbHUKA Ha
IJIOCKOCTh 0 paBHA MIOW@AAM S TPOEKTUPYEMOTO MHOTOYTOJIbHUKA,
YMHOXXEHHOW Ha KOCHUHYC yIJla Y MEXAY IMUIOCKOCThIO MHOTOYTOJbHUKA U
IJIOCKOCTBIO O
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s=S-cos(Yy).

Ilpumep 76.

UYepes cTOpOHY OCHOBAaHUSA NPABUIIBHON TPEYTOJIBHOMN IIPU3MBI IIPOBEACHA
II0CKOCTh moj yroM y=30° K IIockocTd ee ocHoBaHus. Haiity muromaimb
00pa3yIolIerocs CEUYeHus, eCIu CTOPOHA OCHOBAHUS paBHa 6 CM.

Pewenue:

T.K. TpU3Ma NpaBWiIbHasi, TO €€ OOKOBble pedpa MeprneHIUKYISPHbBI
IUIOCKOCTH OCHOBaHuA. ClIe10BaTENbHO, INIOCKOCTh OCHOBAHUS €CTh MPOCKIUS
IIJIOCKOCTU CEYEHUS.

T.K. B OCHOBaHMM IPABUIILHBIN TPEYTOIBHUK, TO €r0 IUIOLIAAb PaBHA:

a’3
4
Hcnosnb3ys CBOMCTBO OPTOTOHAJIBHON IPOEKIIUU, UMEEM:
_ a3
dcosy

3Has, 4TO CTOPOHA OCHOBAHUS paBHA 6 cM M yroa y=30°, BeIYMCIMM

IJIOIA/Ib:

g_ 63 363 _36_ o
4cos30 4\/5 2 .
2

3adanus 011 camocmoamenbHO20 peuenHuA:

Pemmre 3anaumn:

1) KakoBbl mpoekiuu ABYX MOPsIMBIX HAa IUIOCKOCTb, €CJIH: a) MIpPsIMbIE
nepeceKaroTcsi; 0) MpsMbIe CKPEIUBAIOTCS; B) MPSMBbIE TapaJiIeIbHBI.

2) Ha monenu xy6a ABCDABCiD, yKaXuTe NPOEKIHH HAa IIOCKOCTh
rpanu AA:B,B otpe3kos CiD,, AD, C:D u DB,, tpeyroasauko C;CD u ACD,
kBaspara BB,C,C.

3) I'unoTeny3a npsMOyTroiabHOrO TpeyroyibHHKa paBHa 10 cMm, a ocTpslii
yron 60°. Haiiaure muomans MPOEKIHMH TOTO TPEYrONbHUKA HA ILIOCKOCTH,
COCTABJIAIONIYIO C INIOCKOCTEIO TpeyroabHuKa yroi 30°.

4) Croponsl TpeyroibHuka paBubl 3,9 cm, 4,1 cm u 2,8 cm. Haitgure
IUIOIIAAh €ro IMPOEKIMH Ha IUIOCKOCTh, COCTaBIISIIOIIYI0 C IUIOCKOCTBIO
TpeyroabHuka yroa 60°.

Konumponwnwie éonpocor:

1. Yrto Ha3pIBaeTCs NapajieIbHON MPOESKIINEH?

2. lTlepeuncnure CBOICTBA MAPAIIIEIBLHOTO TPOEKTUPOBAHMUS.
3. Yro Ha3bpIBaeTCS OPTOrOHAIBHOM MpoeKuuen Gpurypsr?
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IIpakTnyeckas padora Ne28
Bepumnbl, pedpa, rpaHd MHOTOrPAHHUKA

Llenv pabomuwi:

CMYyOeHm OO0JIHCEH:

3HAMb.

- CBOWCTBO, CBS3BIBAIOICe YHCIO BEpIIMH, pedep U TpaHel
MHOTOTPaHHHKA;

yMemb.!

- YCTaHaBIMBAaTh CBSI3b  MEXKAY YHUCJIOM  IUIOCKUX  yrioB  [1
MHOT'OTPaHHHUKA 1 YUCJIOM ero pedep P.

Csedenus uz meopuu:

Jns  BBINYKIBIX ~ MHOTOTPAHHUKOB ~ MMEET  MECTO  CBOMCTBO,
CBSI3bIBAIOIIIEE YKCIIO €0 BEPIIUH, pebep U rpaHel, qokazaHHoe B 1752 rony
Jleonapiom DinepoM, U MOJyYUBILIEE HA3BAHUE TEOPEMBI JUJIEpa.

[Ipexnae yeM ero cgopMmyJupoBaTh PACCMOTPUM H3BECTHBICE HaM
MHOTOTPAaHHUKH M 3arOJIHUM CJEAYIOIIy0 Tabiuily, B KOTOpOMl B — 4ucio
BepiuH, P — pebep u [ — rpaHeil JaHHOTO MHOTOTpaHHUKA!

Ha3Banne MHOTOrpaHHuka B P r
TpeyronbHas nupamua 4 6 4
YeTplpexyroapHas nupamMmuaa 5 8 5
TpeyronbHas npusma 6 9 5
YeTpIpexyroapHas mpusma 8 12 6
n-yroJibHas nmupamMuaa n+1 2n +1
n-yrojbHas pu3Ma 2n 3n n+2
n-yrojibHas yCEUeHHas | 2n 3n n+2
nupamuaa

N3 3T0# Tabnuilbl HEMTOCPEICTBEHHO BUIHO, YTO JIJISi BCEX BBHIOPAHHBIX
MHOTOTPAaHHUKOB MMEET MECTO PaBEHCTBO B-P+/=2. Oka3bIBaeTCs, YTO 3TO
PABEHCTBO CIPABEJIUBO HE TOJBKO JIJISl 3TUX MHOTOTPAHHUKOB, HO U JJISI IIPO-
M3BOJIHOTO BBIMTYKJIOIO MHOTOTPAHHHKA.

3amMeTuM, YTO MHOTOYTOJIbHUKH MOXHO Je(OpMHpOBATh, YBEIUYUBATD,
YMEHBIIIATh WM AK€ HCKPUBIATH UX CTOPOHBI, JIMIIbL Obl IPU 3TOM HE
MIPOUCXOJIUIIO Pa3phIBOB CTOPOH. UnCio BepiinH, pedep U rpaHeil npu 3TOM He
WU3MEHUTCS.

Jnst mosiydeHHOro pa30MeHUsi MHOrOYrojbHHKa Ha 0oliee MENKue
MHOT'OYTOJIbHUKH UMEET MECTO PAaBEHCTRO:
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B-P+I'=1,
rae B — oOinee uucio BepiiuH, P — obmiee yuciao pedep u I’ — yucio
MHOTOYTOJIbHUKOB, BXOASIIMX B pazouenue. Acuo, yro I'=/~1, rae ' — uncio
rpaHell JaHHOTO MHOTOTPaHHUKA.

B nobom evinykiom mMHO202paHHUKe HAt0emcsi epanb C Yuciom pebdep
MEHbULUM UTU PABHBIM NAMU
s 1106020 MHO20CpaHHUKAG UMeem MeCmo HepaseHcmeo 3B <2P.

3aoanus 01 CAMOCMOAMETbHO20 PeULeHU:

1) Moket Ji1 4nciio BEPIIMH MHOTOIPAHHUKA PABHATHCS YUCITY €r0 rpa-
Hen?

2) YCTaHOBHTE CBSI3b MEXKAY YMCIOM IUIOCKHUX YIJIOB /] MHOTOrpaHHUKA
U 4UCJIOM ero pedep P.

3) [I'paHsiMu  BBIIYKJIOTO  MHOTOTPAaHHUKA  SIBJIAIOTCA  TOJIBKO
TpeyroiabHUKU. CKOJIBKO Y HEro BepIIMH B u rpaHei I, eciyu oH uMeeT: a) 12
pebep; 6) 15 pedep? [IpuBeante npuMepbl TAKUX MHOTOTPaHHUKOB.

4) U3 xaxmoil BEpHIMHBI BBIMYKJIONO MHOTOTPAHHHMKA BBIXOJHUT TPHU
pebpa. CKoJIbKO OH UMEET BepIIMH B u rpaHel I, ecinu y Hero: a) 12 pebdep; 0)
15 pebep? Hapucyiite 3Tu MHOTOTpaHHUKH.

5) B kaxmol BepHIMHE BBIMYKJIONO MHOTOTPaHHUKA CXOJMUTCS TIO
yeTbipe pedpa. CKOIbKO OH MMEET BepIIuH B u rpaHeit [, eciau uucio pedep
paBHO 12? Hapucyiite 3TM MHOTOTpaHHUKH.

Konmponwvnsie éonpocet:
1. 3anumure popmyiy, CBA3BIBAIOUIYIO YMCIO BEPIIMH, peOep U rpaHei
MHOT'OTPaHHHUKA.

IIpakTueckas padora Ne29
IHapaanenenunen. Kyo

ILlenv pabomuwr:

CIMYOeHm OO0JIHCEH:

3Hamb:

- ompeieNieHre mapajieenunena, Kyoa;

- CBOICTBA MPAMOYTOJIBHOTO NapalieNeuIea;

- popmysibl 00bEeMa MPSIMOYTOJILHOTO MapajuieNienunesaa, Kyoa;
ymemu:

- CTpOUTH MapajuieNenumne, Kyo;

- BBIYHUCIIATH 00bEM IPSIMOYTOJILHOTO Mapasuiesienunesaa, Kyoa.

Ceeoenusn uz meopuu:
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llapannenenunedom Ha3pIBaeTCs MpPU3Ma, OCHOBAHUSAMH KOTOPOU CITy»Kat
napajuienorpaMmsl. Bee mects rpaneil nmapasuienenumnea — napauieaorpaMMel.
OTpe3kH, COENMHSAIONIME BEPLIMHBI MMapajuielenuneaa, He NpUHAIeKaIne
OJIHOM M TOM e I'paHu, Ha3bIBAIOTCS OUACOHAIAMU napaiienenuneod.

Ceoticmea napainenenuneoa

1) Cepeauna nuaroHajid napajljielienunena sBIAETCS €ro LEHTPOM
CUMMETPHH.

2) IlporuBonexamiue TpaHU NapajUIesienunena TOMapHO paBHbI H
rapajuieibHBb.

3) Bce deThlpe auaroHanu napajuieenuIie/la NEePeceKaroTcss B OJIHOU
TOYKE U JICTSATCS €10 MOIOoJIaM.

Pucynok 46. [1apannenenunen

[lapannenenunen, OoOkoBble pedpa  KOTOPOro  MEPHEHAUKYISIPHBI

TUTOCKOCTH OCHOBaHUS napasuiesienurea, Ha3bIBaCTCS NPAMbIM
napannenenunedom (ABCDAB,C\D; — npsiMoii apajuieJenunesn).
S
4 B,
2 Ry c
A - F:]

Pucynok 47. [IpsMOyTroJbHBIN MapajuieIenunes

[Ipsmoit napasuielieunes, OCHOBaHHEM KOTOPOTO CILYKUT
MPSIMOYTOJIbHUK, HA3bIBACTCS NpAMOY20JbHbLIM napaiieienunedom. Bee rpanu
MPSIMOYTOJIBHOTO TapajUielenuneaa — npsIMOYToJbHUKHU. JIIuHBI Tpex pebdep
MPSIMOYTOJIBHOTO  NapaJuleNiCNIUIela, BBIXOJAIIMX W3 OJHOW  BEPIIUHBI,
Ha3bIBAIOTCS] U3BMEPEHUSIMH MPSIMOYTOJIBHOTO NapajlieIeuIea.

Ceoticmea npsamoy201bH020 napaiieienuneod
1) KBagpar nquaroHanu npsMOyroJibHOTO MapajijiesienuIeia paBeH CyMMe
KBa/IPATOB TPEX €ro N3MEPCHUIA:
d*=a*+b*+c’.
2) Bce nuaronany npsiMOyroJIbHOTO IapajuiesieuIe/ia paBHbl.
3) Hns xy6a dopmyna ynporaercs: 4d*=12a>.

Ilpumep 77.
Haiitu qyinHy cTOpoHBI Ky0a, €clid ero JuaroHajib paBHa 5 CM.

Penrenue:
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u3 (hOpMyIIBI A7l AUArOHA N Ky0Oa BBIpAa3UM €ro CTOPOHY:

,  4d’
a =——.
12
Torna,
a4’ _d s
12 43 3

T. k. mapajjie/ienue] eCTh YacTHBIM CIIy4adl NPU3MBI, TO IUIONIA/Ib
MMOBEPXHOCTH M 00BEM TMapajuICNICIIUIIC/Ia BBIYMCIAIOTCS 10 (hopmyiaM s
IJIONIAIM  TIOBEPXHOCTH MW oObema nmpusmbl. Kpome Toro, o0ObeM
MPSMOYTOJBHOTO MapalJIeICITUIICT MOXKHO BBIYUCIIATH 10 hopMyJie:

V=abc,
rie a, b, ¢ — Tpu u3MepeHus MPSIMOYTOJILHOTO TapaJlJIe/IeHIIe 1a.

Kyo
[TpssMOYTOJIBHBIN MTapajuIeNIeUIe]] C PABHBIMU U3MEPECHHUSIMU HA3bIBACTCSI
KyOoMm. Bce rpanu kyOa — paBHBIC KBaIpaTHI.
O0neM kyOa BeiuucsieTcs o Gpopmyie:
V=a’,
IJIe a — U3MEpPEHHE Kyoa.

Kak naiimu cymmy onun eécex pébep napainienenuneoa

Jlns ymoObctBa BBeaeM o0O03HaueHHS: A4 W B CTOPOHBI OCHOBaHHS
napayenenunena; C — ero O0KOBas rpaHb.

T. 0., B OCHOBaHMM TNapajuielieIUIEAa JIEKUT MNapaLIeIOrpaMM CO
cropoHamu A wu B. llapauremorpaMm — 3TO  YETBIPEXYTOJIbHUK,
IIPOTHUBOIIOJNIOKHBIE CTOPOHBI KOTOPOrO paBHbl M MapajuielbHbl. M3 3TOrO
ONPENEIICHNs] CIENYET, YTO MPOTUB CTOPOHBI A JIEKHUT paBHAas €l CTOpOHa A.
[TockonbKy NpPOTUBOJICKALME TPAaHU MapaulesieNuIela paBHbl (BBITEKAET U3
OIIPEJICJICHMS), TO BEPXHSS €ro IpaHb TOXE UMEET 2 CTOPOHBI paBHbIe A. Takum
o0pa3oM, CyMMa BCEX YETBhIPEX 3TUX CTOPOH paBHA 44.

To ke, MOXHO CKa3aTh, U O CTOpOHE B. [IpoTuBOIIOI0OKHAS €1 CTOPOHA B
OCHOBaHMM TMapajieienunenaa paBHa B. Bepxusas (mpoTuBojexainas) TpaHb
napajuielienunea ToKe UMeeT 2 CTOpOHbI, paBHblie B. CymMma BCEX YEThIPEX
ATUX CTOPOH paBHa 45.

BokoBbIle TpaHu mapajuiesienuneaa ToXe SBIAIOTCA NapajuieIorpaMMaMu
(BBITEKAET W3 CBOWCTB mapajuienenurena). Peopo C oMHOBPEMEHHO SIBIISETCS
CTOPOHOM  JIByX  COCEIHMX TrpaHel  mnapautenenunena.  Ilockoibky
MPOTHUBOIIOJIOKHBIE TpaHW MapajuieJenuneaa I[ONapHO paBHBI, TO BCE €ro
O0KOBbIE pedpa paBHBI MEXy co00ii 1 paBHbl C. CymMMa 00k0BbIX pedep — 4C.

Taxkum oGpa3zoM, cymma Bcex pebep napamienenunena: 44+4B+4C unu
4(A+B+C).
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YactHelil ciy4ail mpsMoro mnapamwienenunena — kyo. CymMma Bcex ero
pebep paBHa 124.

Ilpumep 78.

Haiigure mmpuHy M BBICOTY NPSIMOYTOJBHOIO NapajUleelunesa, €Ciu
mupuHa b 0oJibllle €ro JJIUHBI a Ha 1 ¢M, BbIcoTa ¢ B 2 pa3a OoJbIle JIMHBI @, a
TuaroHayb d B 3 pasa OoJIbIIe JJIUHBI d.

Pemenue:

3aMuIlieM OCHOBHYIO (OpMyiy KBajapara AUAroHaIM MPSIMOYTOJIHHOTO
napajieenumneaa:

d’=a’+b*+c*.
Bripazum Bce u3MepeHus uepes 3aJlaHHyIo JUIMHY a: b=a+1; c=2a; d=3a.
[ToxpctaBum B hopmyiy:
9a? =a*+(a+1)*+4a>.

PemuB kBagpaTHOE ypaBHEHHE, HAlJIEM JJIMHBI BCEX pedep:

3a*-2a—1=0.
a=1; b=2; c=2.

Ilpumep 79.

JIlBa pebpa mpsSMOYTroJIbHOTO MapaUieeNuIie/ia, BhIXOISAIINE U3 OJHOU
BepIINHBI, paBHbI 3 1 4. [lomans NOBEpXHOCTH 3TOTO MapajuieNienuIie;a paBHa
94. Haiiaute TpeThe pedpo, BHIXOAIIEE U3 TOM K€ BEPIUITUHBI.

Pemenue:

0003HaYMM HW3BECTHBIC pedpa 3a a m b, a HemsBecTHOe 3a c. Ilnomanp

MMOBCPXHOCTH IAPAJIICIICIIUIICA BBIPAKACTCA KaK
S =2(ab+bc + ac).

BeIpasuwm c:
S ab
c=2
a+b
Iloncrasiss 3ajaHHbIC 3HAYEHUS, UMEEM:
94 12
c=-2 =35.
7
Ortger: 5.

3aoanusn 011 cCamocmoamenabHo20 peuieHus:

Pemure 3amaun:

1) Hamo mokpacuth mon B komHare. Pacxox kpacku Ha 1 am® — 120 2,
KOMHaTa uMeeT pazMepsl 5 m u 4 m. CKOJIBKO MOTpedyeTcs: KpacKu?

2) Haio okienTh KOMHATY C OJTHUM OKHOM M JBEPHIO0 000SIMHU OT TI0JIa JI0
noroika. J{muHa komHatel 5 m, miupuHa — 4 m, BeicoTa — 3 m. ITnomans okHa 3
Mm%, uromaas asepu 2 v, O60oM MpOJAIOTCs LENbIMH pyJioHaMu, 1 pynon Ha 10
m?. CKOJIBKO TOTpedyeTcs pyI0HOB 000eB?
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3) JIBa pebpa mpsIMOYTOJILHOTO MapajuIeNenuIieIa, BRIXO SIS U3 OJHOM
BEpIIMHBI, paBHbl 1, 2. [lnomanps moBepxXHOCTHM mapajuienenuiena pasHa 16.
Haitgure ero quaronans.

4) Inomank rpany NPSMOYTOJBHOrO Mapasuienenuneaa pasia 12. Pedpo,
NEepHeHANKYJIIpHOE 3TOM Ipanu, paBHo 4. Haliaute o0beM napasuienenurena.

Konmponwnwie gonpocul:

1. Jlaiite  ompezneneHue  mapajuieNienuiena, Kyba,  BBINOJIHUTE
COOTBETCTBYIOIIUE YEPTEKH.

2. llepeuncnure cBOMCTBA MPAMOYTOJBHOTO NapaJlieIenuIe ia.

3. 3anmmure (HOpMyJBl s BBIYMCIEHUS OO0beMa Mapajuiesenumnesa,

KyoOa.
IIpakTnueckas padora Ne3(0
Ceuenusi ky0a, npu3Mbl, MUPAMUIbI
Llenv padomuwi:
CMYyOeHm OO0JIHCEH:
3Hamb:

- METOJI «CJIEHOBY;

- IpaBWJIa MOCTPOCHUS CEUCHU MHOTOTPAHHUKOB;
ymems.

- CTpPOUTH CeueHHUs Ky0a, mpU3Mbl, MUPAMU/IBI.

Ceeoenun uz meopuu:

Ceuenus Kyba niockocmoio

Ecnmm mutockocTs mepecekaer Tpu pebpa KyOa, BBIXOMSIIUX W3 OJIHOU
BEpLIMHBL, TO B CEYEHUU MOJIyHaeTcsl TpeyrojapHuK (puc. 48 cnesa). IIpu stom
€CJIM OTCEKAEMBbIE IIJIOCKOCTBIO OTPE3KU Pedep paBHBL, TO B CEUEHHUH MOTY4YaeTCs
PAaBHOCTOPOHHUM TpPEYTOJIBHUK, €CIM pPAaBHbI JBa OTpPE3Ka W3 TpeX, TO
MOJIy4aeTcsl paBHOOEIPEHHBIN TPEyrojJbHUK, HAKOHEL, €CIM BCEe TPU OTpE3Ka
Pa3JINYHBI, TO B CEYEHUU ITOTYUYaETCsl pa3HOCTOPOHHUM TPEYTOJIbHUK.

B

.
T |
Pl === T === | Trm== 1 o
- - .
. -

Pucynok 48. Ceuenus Ky0a II10CKOCTBIO

B ceuennn xy0a MaocKOCThIO HE MOTYT MOJy4aThCs MPSIMOYTOIbHBIN WU
TYIIOYTOJIbHBIN TPEYTOJIbHUKH.
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BrisicHuM, Kakue 4eThIPEeXyTOJIbHIUKH MOTYT TOJIy4aThCsl B CEUCHUU KyOa
TUIOCKOCTBIO.

SIcHO, YTO eciM TJIOCKOCTh MapalijiedbHa OJHOM W3 TrpaHeil KyOa, TO B
ceyeHUM Tmoiyuaercss kBaapar (puc. 48 mnocepenune). Eciaum  miockocTh
napauielibHa OJHOMY u3 pebep Kyba, TO B CEUYCHUH TOJIy4daeTcs
npsAMOYrojibHUK (puc. 48 cmpaBa). Ecinu mIIOCKOCTh TepecekaeT uYeThIpe
napajiebHbIX pedpa Kyba, TO B CEUEHUHU MOJydaeTcs napajuiesnorpamMm (puc.
49 cneBa).

’
‘
L
<]

Pucynok 49. Cedenus ky0a MmiI0CKOCTbIO

Ha puc. 49 nocepenune moka3zaHo ceueHue KyOa IUIOCKOCTBIO B (hopme
naruyroynbHuka ABCDE. Tlpsimbie AB u DE, CD n AE napanieiibHbl, Kak JUHUH
NIEPECEUEHHUSI IBYX NapaJUIENIbHBIX INIOCKOCTEN TPEThEN IIIOCKOCTBIO.

Ha puc. 49 cnpaBa moka3zaHo cedeHue KyOa IUIOCKOCTbIO B (hopme
mectuyronsunka ABCDEF. Ilpsmbie AB u DE, BC w EF, CD u AF
napajuyiebHbl, KakK JIMHHUM NEPEeceUeHUs JABYX MNapauleNIbHbIX IUIOCKOCTEN
TPETHEN IUIOCKOCTHIO.

[TockonbKy y KyOa MMeercs TOJIBKO LIECTh IpaHei, TO B CEUYEHUU KyOa
IJIOCKOCTBI0 HE MOXET TMOJYYUThCSA MHOIOYIOJBHUK C YHCIOM CTOPOH,
OOJIBIIIUM IIIECTH.

Ilocmpoenue ceuenutl MHO202PAHHUKOS

Jnsg  mocTpoeHuss — CEYEHHMM  MCIOJB3YIOT  METOH  «CIEIOB),
3aKJIFOYAIOIIUICS B HAXOXKJICHUU TOUYKHU IEPECECUEHHUS MPSAMON U IUIOCKOCTH 110
3aJIJaHHBIM JIBYM TOYKaM 3TOM MPSAMOMN U UX MTPOEKUMUAM Ha ILUIOCKOCTb.

Ilpumep 80.

[TycTh npsiMast k IpOXOIUT Yepe3 TOUKU A, B 1 U3BECTHBI NapasliesIbHbIE
npoekuun A’, B’ 3TUX TOYEK Ha IUIOCKOCTh 7. TpeOyeTrcss HaWTH TOUKY
repeceyeHust npsiMoi AB € TIOCKOCTBIO Tt

Pemenue:

yepe3 Touku 4, B’ npoBenem npsimyto k’. Torna nepeceyenue npsmou k ¢
npsaMoil k” 1 OyleT UCKOMBIM TepecedeHUueM MNpsSIMON k C IMIOCKOCTBIO T (CM.
puc. 50).

Pucynox 50.
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Ilpumep 81.

Hanbl Touku A, B, C u ux napamienbHble npoekuuu A’, B’, C’ Ha
MJIOCKOCTh 7. TpeOyeTcs MOCTpOUTH JIMHUIO TepecedeHus: miockoctu ABC u
IIJIOCKOCTH T

Pemenue:

UCIIOJb3Yys PEIICHUE TMpEabIAYyIIEed 3aJadd, MOCTPOMM TOYKM X u Y
nepecedenust npsamMeix AB u AC ¢ mnockocteio 7. [Ipamas XY Oyaetr uckomoit
JMHUEN nepecedyeHus miockoctu ABC M TIJIOCKOCTH 70 (cm. puc. 51).

Pucynok 51.

Ilpumep 82.

Yepes nannyio Touky C (C’) mpoBecTd MpsMyI0, TapaJIebHYIO TaHHON
npsimoit AB (A’B’), u HallTH ee TOUKY MepeceyeHusi ¢ TUIOCKOCTHIO Tt.

Pewenue:

yepe3 Touky C MpoBOAUM MpsIMYI0, napamienbuyo AB. Yepe3 Touky C’
MPOBOAUM TIpsIMYI0, mapaiienbHyto 4 'B’. Touka X nepecedeHus: 3TUX MPSMbIX
u Oynet uckoMoi (cMm. puc. 52).

Pucynok 52.

Hcnonvsys memoo, paccmompennsiii 6 npumepe 119, pewum 3a0auu Ha
nocmpoeHue cedenuti Kyoa, nupamuosbl U npu3mbvl

Ilpumep 83.

[TocTpouTh ceyeHue ky0a MIOCKOCTHIO MPOXOJSAIICH Yepe3 TPU TOUKH A,
B, C, npuHajiexaiide MmonapHo CKpeluBaroummcs peopaMm 3Toro kyda (cm.
puc. 53).

By 7
. (o

Pucynoxk 53.

Penrenue:
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HalJIeM IepeceUYeHue NpsIMOM AB, Jexamen B IUIOCKOCTH CEYEHUs, C
IUIOCKOCTBIO  OCHOBaHMA KyOa. Jlns 3Toro mocTtpouM mapajieibHbIe
npoekuuuA ’, B’ Touek 4, B Ha oCHOBaHUE KyOa B HalpaBlieHMH OOKOBOTO pedpa
KyOa (cM. puc. 54).

N N
W N -
-\ -
\ ~ =
LI N
5 4
.
h
1
1
'

o]

LAC

iﬁ‘

Pucynok 54.

[lepeceuenne mpsimbix AB u A’B’ Oynmer uckomoil Toukoir P. OHa
NPUHAUICKUT TUIOCKOCTH  CEYEHHMS U IUIOCKOCTHM  OCHOBaHHsS — KyoOa.
CrnenoBaresibHO, MJIOCKOCTh CEYEHHMsI MEPECEKAeT OCHOBaHUE KyOa Mo MpsAMOun
CP. Touka mepecedyeHus: 3TOM MpsSIMOl ¢ peOpoM OCHOBaHHUS Ky0a JacT elie
onHy Touky D ceuenus ky0a. Coequnum touku C u D, B u D otpe3kamu. Yepes
TOUYKY A MpOBEIEM MPSIMYI0, MApaUIENbHYI0 BD, U TOUKY €€ NEepeceyeHus C
pebpom kyba o6o3HauuMm E. Coequnum touku £ u C orpeskom. Yepes Touky A
poBeleM MpsMyto, napawienabHyto CD, U TOUKYy ee IepecedeHus ¢ pedpom
Ky0a o0o3HauuM F. Coeaunum Touku 4 u F, B u F oTpe3akamu. MHOTrOyrojibHUK
AECDBF wn 6yneT uCKOMBIM H300paXeHUEM CEYeHHS KyOa IMTOCKOCTHIO.

Ilpumep 84.
[locTpouTs ceyeHue TpeyrojabHON MUPAMUABI INIOCKOCTHIO, ITPOXOAALIEH
yepe3 Tpu Touku A, B, C, npuHajiexaiiue ee peopam (cM. puc. 55).
E

Pucynok 55.

Pemenue:

npoBeeM MNpsMyl0 AB u ee TOUKy mnepecedueHus ¢ OOKOBBIM pedpom
nupamuabsl  o0o3HauuMm uepe3 E. IlpoBegem mnpsmyto EC U ee TOUKY
nepeceyeHus ¢ pedopoM OCHOBaHUS IUpaMuibl 0003HaunM depe3 D. CoeqnHuM
orpeskamu Touku B u C, 4 u D. YersipexyronbHuk ABCD Oyner MCKOMBIM
CEYEHUEM MUPAMUJIBI.

3aoanusn 01 CAMOCMOAMEIbHO20 PeULeHUS:

Pemmure 3agaun:

1) Kaxoit ¢urypoil sBusercs ceueHne kyba A..D; MIOCKOCTBIO,
poXoJisiel yepes Bepiiunbl By, D u cepenuny peopa CC,?
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2) Kakoit ¢urypoir sBiasercs cedeHue Kyba A..D; TUIOCKOCTBIO,
npoxosiien uepes cepenunnl pedep AB, BC u DD,?

3) Yepes cepeauny pedpa kyOa, MEPHEHAUKYISIPHO CKPELIUBAIOLIEHCS C
ATUM peOpOM JIMaroHaiv, IpoBeIeHO ceueHue. Onpeaenure ero BUI.

4) Kakoil ¢urypoil sBiserca cedyeHue KyOa IUIOCKOCTbIO, KOTOpas
MPOXOJUT 4Yepe3 JABE IPOTHUBOIIOJIOKHBIE BEPIIMHBI HI)KHETO OCHOBAHUS U
CepelIMHy OJIHOTO U3 pedep BepxHero ocHoBanusa? Haiinure ero nepumerp, eciu
JutHa pebpa kyba paBHa 1.

5) Yepes Bepmmnbl 4, C, D, kyba A4...D, npoBeaeHo ceueHue. B xakom
OTHOIICHWH OHO JEIUT JuaroHaidb DB;, W Kakod oOpasyeT yroa ¢ 3TOH
IUarOHAJILIO?

6) Kakum sBisiercs ceuenue terparapa ABCD NMnoCKOCThIO, TPOXOIsIeh
yepe3 cepeaunsl pedep AB, BC u CD?

7) Kakoil ¢urypoii sBieTcs cedyeHue npaBuibHOro terpasapa ABCD
IJIOCKOCTBIO, MPOXOJAIIECH 4Yepe3 BepminmHy B u Toukun M, N — cepeauHbl
COOTBETCTBEHHO pedep AD, CD?

8) Iloctpoiite ceueHue kyba A...D; TIOCKOCTBIO, MPOXOJAIIEH dYepe3
BepiuHbl By, D u Touky H, npunajiexaiiyto peopy CC;.

9) IloctpoiiTe ceueHHe TMPABUIBLHONH YETHIPEXYTOJBHONW MHUPAMUIBI
IJIOCKOCTBIO, IPOXOASIICH Yepe3 TOUKH, YKa3aHHbIE HA PUCYHKE 56.

A

PucyHnok 56.

10) TIlocTtpoiiTe ceyeHHME TPaBUIBHOM IIECTUYTOJIBHOM  MPU3MBI
IUIOCKOCTBIO, POXOAAIIEN Yepe3 TOUKHU, YKa3aHHbIE HAa pPUCYHKE 57.

' 1
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Pucynok 57.

Konmponwvnwie éonpocel:

1. Moxer 1 B ceueHUH Ky0a MI0CKOCTHIO MOTYYUThCS: a) Tpamnenus; 0)
paBHOOEIpeHHAs  Tpamelusi; B)  HEpaBHOOEApEHHass  Tpameuus; T)
NPSAMOYTOJIbHAS Tpaneuus; 1) TYIOyroJibHas Tpaneuus?

2. Kakume  MHOTrOyrojibHUKM  MOXHO  TOJYYUTb B  CEUCHUH
YEeThIPEXYTOJIbHON MUPAMUIBI TUIOCKOCTHIO?

3. Kakue MoryT ObITh C€UEeHHS IPABMIIBHOIO TETPajipa MIOCKOCThIO?
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IIpakTnyeckas padora Ne31
OceBble ceyeHHs U CeYeHUs NapaliejbHble 0CHOBAHMIO

Llenv padomuwi:

CMYyOeHm OO0JIHCEH:

3Hamb:

- CBOMCTBA MPOCKIINH;

ymems:

- CTPOUTH CEUECHUS LUIIUHIIPA.

Ceeoenun uz meopuu:

Ceyenus yununopa

Ceuenuss NOWIMHApPA TUIOCKOCTBIO  MOXKHO  paccMaTpuBaTh  Kak
napasuielibHble MPOEKIIMU OCHOBAHUS IWIMHAPA HA 3Ty IJIOCKOCTh. [losTomy,
€CJIM TJIOCKOCTh MapalijieibHa MIIOCKOCTH OCHOBAHUS, TO B CEYEHUU MOJy4aeTCs
KpPYT, PaBHBII OCHOBAHUIO.

Eciam miockocTh CedYeHUsi COCTaBISET HEKOTOPBIA YTOJ C IUIOCKOCTBIO
OCHOBAHUS IWIMHJPA U HE TIEPECEKaeT OCHOBAHMS, TO B C€YeHUHU OyAeT durypa,
OTrpaHUYEHHAsI DJITUTICOM.

Pucynok 61. Ceuenne nunuuapa

Ha puc. 61 nmoka3aHo MOCTpOEHHE TOYEK AIUINIICA, MMOTYYAOLIErocs Kak
ceueHne OOKOBOM MOBEPXHOCTU LMJIMHJIPA MJIOCKOCTHIO.

Jl1st 3TOTO 3aMaIUM JIBa CONpPSIAKEHHBIX nuameTpa AB u CD. Yepe3 Touky
A mpoBeneM o0pa3ylollyl0 W BbIOEpeEM Ha HEW KakKylo-HHOyAb TOUKy A,
npuHajiexkaniyro  cedeHuto. Ilpsamas A°0O  mepeceder  0oOpa3yrollylo,
MIPOXOALLYIO Yepe3 TOUKY 5B B HEKOTOPOW TOUKE B’, Takke MPHUHAICKAILYIO
ceyeHuro. Bo3bmeM tenepb Ha oTpe3ke CD MPOU3BOJIBHYIO TOUKY M ITPOBENEM
yepes Hee TMpsMyro, napawienbHyio A’B’. Ee TOYkM TniepecedeHus c
o0pa3yIoluMy HWIMHAPA Oy IyT MPUHAJIEKATh CEUYECHUIO.

Bo3bmeM mnpsMOyrosibHBIA JUCT OymMarn W HapucyeM Ha HEM OCH
koopauHaT Ox u Oy napajiyieJIbHO COOTBETCTBYIOIIMM CTOpPOHAM (puc. 62).

98



Pucynok 62.
3areM CBEpHEM ATOT JIUCT B OOKOBYIO MOBEPXHOCTH MPSMOTO KPYTOBOTO

UWJIMH]pa, paJdyC OCHOBaHHUS KOTOporo mnpumem 3a eaunuiy. Ocb Ox
CBEpHETCS B OKPYXKHOCTh paguyca 1, a ock Oy cTaHeT 00pasyrolei MUInHApa

(puc. 63).
A
0

- -

~— g
Pucynok 63.

UYepes numamerp OD TOMyYEHHOW OKPYKHOCTH IIPOBEIEM CEUYEHHUE,
COCTABJIAIONIEE € IUIOCKOCTBIO OKpykHOcTH yron B 30°. B sroMm ciyuae
ceYeHUEeM OYJIET AIJUIUIIC.

3aoanusn 011 cCamocmoamenabHo20 peueHus:

1) Hapucyiite muiavMHApP M IUIOCKOCTh, MEpeceKarolrylo ero OOKOBYIO
HNOBEPXHOCTH IO AJIUIICY.

2) HapucyiiTe UMAMHAP U TIOCTPOMTE HECKOJBKO TOYEK JIUIMIICA,
MOJTyYaIOIEroCsl B CEUEHUH €ro OOKOBOM MOBEPXHOCTHU IIIOCKOCTBIO.

3) B ocHOBaHuM LWIMHIpPA Kpyr paaumyca 5 cM. bokoBasi MOBEPXHOCTb
LWIMHApPA MepecedeHa IUIOCKOCThI0. HaliauTe miomans cedyeHHs LUIUHApa
ATOM TJIOCKOCTBIO, €CJIM OHA 00pa3yeT ¢ MIOCKOCThI0 OCHOBaHUS yroi: a) 30°;
0) 45°; B) 60°.

4) Bo3pMeM MNpsMOYTOJbHBIA JTUCT OyMaru ¢ HapUCOBAaHHBIMU Ha HEM
ocsaMu KoopauHat. CBEpHEM 3TOT JIUCT B OOKOBYIO NMOBEPXHOCTH MPABHIIBHOM
YeThIPEXYTroJabHON npu3Msl (puc. 64). CTOpoHY OCHOBaHUS MPU3MBbI IPUMEM 32
1 cm. Yepes Toukn O m D mpoBeneM CEUYEHHUE IUIOCKOCTBIO, COCTABIIAIOIIEN C
MJIOCKOCTBhIO OCHOBaHUs yroi 45°. Pa3sepHem auct Oymaru. BoisicHure, kakas
IIPY 3TOM MOJy4YUTCs KpuBas? UTO M3MEHMTCS, €CIM CEYEHUE MPOBOJAUTH IOJ
JAPYTUMU yIi1amMmu?
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Pucynok 64.

Konmponvnsie éonpocel:

1. B kakom city4ae C€4eHHEM LMJIMHIPA INIOCKOCTBIO SIBIIAETCS KPYI?

2. Yro Oyner cedyeHHUeM IWIMHJIPA ITIOCKOCTHIO, MPOXOASAIIECH Yepe3 oCh
HAJIUHAPA?

3. Kakyio @¢opmy mnpuHUMAeT MOBEPXHOCTh BOJBI B  KPYIJIOM
HAKJIOHEHHOM CTaKaHe?

4. MOXeT 1 B CEYEHUHU HWINHAPA IIJIOCKOCTBIO MOIYYUTHCS: a) KPYT; 0)
NPSIMOYTOJIbHUK; B) apaJlIeJIOrpaMM; I') Tpareuus J1) TpeyrojabHUK?

5. MoryTt a1 B c€YeHMUSIX UWIMHAPA TUIOCKOCTBIO MONYyYaThCsl (PUTYPBI,
OTJIMYHBIE OT KpPyra, NpSAMOYTOJIbHUKA U AJIuIca’?

IIpakTuuyeckas padora Ne32
Ilap u c¢epa, ux ceuenus

Lenv padomuwr:

CMYOeHm OO0JIHCEH:

3HAMb.

- ompeneneHue mapa, chepsl, UX JIEMEHTOB;
yMemy:

- CTPOUTH CEUYCHHS IIMapa.

Ceeoenusn uz meopuu:
lllapom TIpUHATO HA3bIBATH TEJO, OTPaHUYEHHOE c(epoil, T.e. mwap u
cdepa — 3TO pa3Hble TEOMETPUUECKHUE Tea.

Cgepa — »>10 Purypa, cocrosimas U3 BCEX TOYEK MPOCTPAHCTBA,
YAQJIEHHBIX OT JJAHHOW TOYKH Ha JIAHHOM PAaCCTOSHUM.

HEHTP
cephbi
. Cdepa nonyqaercs npu
’ C BpallleHHH OKPY:KHOCTH
A

g BOKPYI JHaMeTpa WK
NOJIYOKPYKHOCTH.

Pucynok 65. Cdepa
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llogepxnocmv wapa wnazviearom cgepou. Ecam pacceub  chepy
IJIOCKOCTHIO, TIOJIyYUM B CEUEHUU OKPY>KHOCTb. Takue OKpPYKHOCTU HUMEIOT
pa3HbIe PAJAUYChl: YeM Jajibllle IJIOCKOCTh OT IeHTpa cdepbl, TeM MEHbIIIE
pamuyc cedyeHusi. Camble OOJIBIINE OKPYKHOCTH TMOJYyYarOTCsl MPU CEYEHUU
chepbl IIOCKOCTAMH, MPOXOIAIIMMHU 4Yepe3 €€ IeHTp. Takumu OoIbIIuMU
OKPY)KHOCTSIMH Ha 36MHOW TOBEPXHOCTH SIBJISIFOTCS 3KBAaTOP W MEPUIUAHBI. A
napajjieli — 93TO CEYEHHUS 3€MHOM TOBEPXHOCTH IUIOCKOCTSMH, KOTOpPBIC
napajuiebHbl SKBATOPUATIBLHOM IIIOCKOCTH.

Cgheporti HazbiBaeTcs Gurypa, COCTOsIIas U3 BCEX TOUYEK MPOCTPAHCTBA,
pPaBHOYIAJEHHBIX OT JAHHOW TOYKH. DTa TOYKA HA3BIBACTCS YEeHMpPoMm chepbl u
06b1un0 0b03Hauaemces O.

Paccrositaue ot Todek cdepsl 10 €€ MeHTpa HA3bIBACTCS paouycom cgepuol
u 0bvluno obosnauaemcsi R. Paouycom Taxke HazbIBaeTcsl 1000 OTpe3oK,
COeUHSIOMMI TOUKy cdepbl ¢ e€ ueHtpom. Cghepa — 3TO rpaHula IIapa.
Hentp, paguyc u auamerp cdepbl SBISIOTCS TaKXKe LEHTPOM, PaguycoM U
JTMaMETPOM I1apa.

Lllapom Ha3bIBaETCS TEJI0, KOTOPOE COCTOUT U3 BCEX TOUEK MPOCTPAHCTBA,
HaxOJISIIINXCS HA PACCTOSIHUM He 0oJiee YeM Ha JJaHHOEe paccrosHue. Jpyrumu
CJIOBAMH, uiap — 3T0 00bEAMHEHUE CPEepbl U BCEX €€ BHYTPEHHUX TOYEK.

Bcesikoe ceuenue wapa nnockocThio ecth Kpyr. LleHTp aTOoro kpyra ectb
OCHOBaHME TMEPHEHANKYJSIpa, OIMYHIEHHOTO M3 IIEHTpa Iapa Ha CEKYIIYIo
MJIOCKOCTb.

OcnosHule ceomempuueckue Qpopmynsi
[Tnomans chepsr:

S=4nr’=nd".
O0beMm 1mapa, OrpaHUYEeHHOT0 chepoil:

Pucynox 66. Bzaumuoe pacrnonoxenue chepsl U MI0CKOCTH

Kacamenvnas nnockocms k cghepe

[Tnockocth, wuMeromas co c@epoil TOABKO OAHY OOLIYI0 TOYKY,
Ha3bIBACTCS KAacaTEIIbHOW TUIOCKOCTBIO K cepe, a uX 00Imas Touka Ha3bIBaeTCsI
TOYKOM KacaHUs IUIOCKOCTH U CHEPHI.

Pagnyc cdepbl, mpoBeACHHBI B TOYKY KacaHus CPepbl U TUIOCKOCTH,
NEPIIEHANKYJISIPEH K KacaTeIbHOM IIOCKOCTH.
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Pucynok 67. KacatenbHas mi1ockocTh k chepe

Ecnmu pagnyc chepbl nepneHauKyIIpeH K IIOCKOCTH, MMPOXOIAIICH Yepes
€ro KOHEIl, JIeKAluid Ha cdepe, TO 3Ta IUIOCKOCTh SIBISETCS KacaTelbHOW K
cepe.

Ceuenue wapa

Bcsikoe cedueHue mapa ImiIoCKOCTbIO €cTh Kpyr. LIeHTp 3Toro kpyra ectb
OCHOBAHHE TMEPIECHIUKYJISIPA, OMYIIEHHOTO W3 ILIEHTpa Iapa Ha CEKyLIyIo
IJIOCKOCT.

Pucynok 68. Ceuenue mapa

Ilpumep 85.

JIBa cedenus mapa paauyca 10 cMm napamiesbHbIMU IIOCKOCTSIMU UMEIOT
panuychl, paBHble 6 c¢cM u 8 cM. HaliTm paccrosHue MeEXAy CEKYyIIUMU
TUIOCKOCTSIMH.

Pemenue:

HaXOJMM PAacCCTOSHUE KaKJIOW U3 MapalJIeIbHBIX TJIOCKOCTEH 10 LIEHTpa
mapa u3 MpsMOYTOJIbHBIX TPEYTOJIBHUKOB 110 TeopeMe [Iudaropa:

d, =~100-36 =8 cMm
WA
d, =~/100—64 =6 cM.

B 3aBUCHMOCTHU OT TOTO, JISKUT JIA LIEHTP IIapa MEXKAY IIOCKOCTIIMU UITH
HET, MOJTy4aeM JiBa pa3IMYHbIX OTBETA K 3aj1aye:

d=14 cm.

Ilpumep 86.

Yepe3 cepeauHy paadyca Iapa TpPOBEICHA MEPHEHAMKYJISApHAs €My
MI0CKOCTh. Kak OTHOCHTCS TIUIONIA[b TIOJYYEHHOTO CEUEHUS K IUIONIAId
Oompioro kpyra (puc. 69)?
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Pucynok 69.

Penrenue:
OTHOILICHHUE TUIOMIAX KPyTa K IJIOMIAIN OJIYYEHHOTO CEYEHUST PABHO:

32
7| Ri[—

ZR? 4"

3adanus 011 camocmoamenbHO20 peuenHusA:

Pemmre 3anaumn:

1) ap, paguyc kotoporo paBeH 41 am, mepeceyeH IUIOCKOCThIO Ha
paccTosiHUM 9 M OT LIeHTpa. BeraucianTe miomaib Noay4YuBIIErOCS CEUCHMUS.

2) Uepes cepeanHy pajauyca Iiapa npoBejcHa NepreHIUKYISIpHas K HEMY
MIOCKOCTh. Kak OTHOCHUTCA TUIOMIAJb MOJYYEHHOIO CEYEHUs K IUIOIIaIu
0oJbIIoro Kpyra?

3) Pamuyc mapa paBen 63cm. Touka HaxoauTCs Ha KacaTelIbHOU
IJIOCKOCTH Ha paccTossHUM 16 ¢M OoT TOYkM KacaHuda. Haltm ee kparuaiimee
pPacCcTOsIHME OT MOBEPXHOCTH I11apa.

4) Paguyc mapa R. Yepe3 koHel pajuyca MPOBEACHA IJIOCKOCTb IO
yriom B 60° k Hemy. Haiitu miomans ceueHus.

5) Ha moBepxHoCcTH m1apa aanbl Tpu Toukd. [IpsMonrHeitHbie paccTosTHUS
Mexay Humu: 6 cm, 8 cM u 10 cm. Pagnyc mapa pasen 13cm. Paauyc mapa
paBeH 13cm. Haiitu paccTosiHue OT IIeHTpa mapa 10 IJIOCKOCTH, MPOXOISIIe
4yepe3 3TU TPU TOUKHU.

Konmponwvnwie éonpocel:

1. [ailite onpenenenue mapa, chepsl.

2. 3anummre Gopmylibl Iiomanu chepel, oobema mapa.

3. TlpuBemuTe mpuUMeEpHl B3aMMHOTO PACIONIOKEHHUs ChEephl U MIIOCKOCTH.

IIpakTuueckas padora Ne33
BoiuucieHue 00beMOB TeJl M IOBEPXHOCTEN BpallleHUus

Llenv paoomuwi:

CMYyOeHm OO0JIHCEH:

3HamMb:

- popmMyJibl 0OBEMOB TEJI U MOBEPXHOCTEN BpAILICHHUS;
ymemby:
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- BBIYHCIATHE OOBEMEBI TENT U HOBCpXHOCTeﬁ BpaliCHHA.

Ceeoenusn uz meopuu:

Obvem npsamoy201bH020 napaiienenuneod
V=abc,

rae a, b, c — cTopoHbI Mapasuienenume/a.

Obvem Kyba
V=a’,
IJie a — JUIMHA TpaHu Kyoa.

Obvem npuszmol

)

Pucynok 70. ITpuzma

OO0beM mpU3MBbI paBeH MPOW3BEACHUIO TIJIOMIANM OCHOBAHUS TPHU3MBI, HAa
BBICOTY:

V=S.h,
rae S, — IJI0Ia/lb OCHOBaHUS IPU3MBI, /1 — BBICOTA IPU3MBI.

Obvem napannenenuneda
J—

/iy

Pucynok 71. [lapannenenunen

OO6bemM mapanienenumnea paBeH Mpou3BeICHUIO IO OCHOBaHUS Ha
BBICOTY:

V=S.h,

rac So — IJ1omaab OCHOBAHM:, h— JJINHA BBICOTHEI.

Obvem npsamoy2o1bHo20 napaienenuneod

!

I
h e -
s~ b

4 a

Pucynoxk 72. IIpssMOyTOJbHBIN HapalieenuIe
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OO0beM MPSAMOYTOJIBHOIO NapajlIeNIeNHIela PaBEeH MNPOU3BENCHHUIO €ro
JUTMHBI, IIUPUHBI U BBICOTHI:
V=a-b-h,
rie a — JUIuHa, b — mupuHa, i — BHICOTA.

Obvem nupamuonl

(e}

Pucynok 73. Ilupamuna

OO0beM nmupaMuJIbl paBEH TPETU OT MPOU3BEICHUS TIJIOMIAN €€ OCHOBAHUS
Ha BBICOTY:

v=Lsn
3 9

rac So — Iu1oniaJib OCHOBAHUWA MUPpaMU/bI, h— JJIMHA BBICOTBI ITUPAMUABI.

Obvem npasuibHo20 mempa’aopa

12
r7ie a — JUIMHa pedpa NpaBUIbHOTO TETPA3IpA.

Obvem yununopa

Pucynoxk 75. Humsap

O0beM HWIMHApPA PABEH MNPOU3BEJCHUIO IUIOMIAAM €r0 OCHOBAaHHUS Ha
BBICOTY:
V=nR*h
WJIH
V=S.h,
rae S, — IUIONIaJb OCHOBAaHMS MMWIMHApPA, R — paauyc UUIUHIpa, h —
BBICOTA HUIMHIpa, 1=3,141592.
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Obvem Konyca

Pucynok 76. Konyc

O0BeM KOHYyCa paBeH TPETH OT MPOHU3BEIACHHUS IUIOMIAIA €r0 OCHOBAHUS
Ha BBICOTY:
1
V =—aR’h
3
NI
1
V = ES{JI )

rae S, — oAb OCHOBAHUSI KOHYCa, R — paJinyc OCHOBaHUSI KOHYca, /i —
BBICOTA KOHYycCa, m=3,141592.

Obvem wapa

V = isz3
3

b

rae R — paguyc mapa, n=3,141592.

Ilpumep 87.
Ecnu xaxmnoe pedpo kyba yBeJIMUUTh HA 2 CM, TO €r0 00BEM YBEITUUHUTCS
Ha 98 cM’. Onpenenure pedpo Kyba.

Pemenue:
0003HauuM pedpo KyOa 3a X U COCTaBUM ypaBHEHHE:

(x+2)’=x’+98,

X6 +12x+8=x’+98,
6x7+12x-90=0,

X*2x-15=0,
X 1:-5, x=3.
X1=-5 — He YJIOBJIETBOPSET YCIOBUIO 33]]a4H.
Ortser: 3.
Ilpumep 88.

[IpsAMOYTONBHBIN JUCT KEeCTH, UMeroIUi 1,6 M 1ynHBI 1 0,8 M IUPUHBI,
MOHO COTHYThb B TPYOKYy JBOSIKMM 00Opa3oM: B MEPBOM cCllydae JIMHA TPyOKH
oynet 1,6 m, Bo BTopoMm 0,8 M. Haiitu oTHO1IEHHEe 00bEMOB TPYOOK.

Pemenue:

TpyOKH 00pa3yloT IWJIUHIAPHL, OO0OBEM, KOTOPOTO BBIUYUCISETCS TIO
dbopmyre:

V=nR’h.

106



VY mepBoro mwimHapa Beicota Oyaer 1,6 M, Ttorma pamuyc 0,4 M. Bo
BTOpOM IIwiMHApe BbicoTa Oyaer 0,8 M, torma pamuyc 0,8 M. Bberuuciaum
OTHOIIIEHHE O0BEMOB JIBYX LIWJIUH]IPOB:

Vv, 70,4°,6 1

v, 70808 2
OtserT: 1:2.

3aoanusn 01: CamocmoameabHo20 peuieHus:

Pemure 3amaun:

1) Usmepenus mpsamMoyroiabHoro napamwienenunena: 15 m, 50 m u 36 m.
Haiitu pebpo paBHOBENMKOrO eMy KyoOa.

2) Wsmepenus mpsimoyrosibHoro Opyca: 3 cm, 4 cm u 5 cm. Ecmm
YBEJIUUUThL KAKI0€ €ro pedbpo Ha X cM, TO MOBEPXHOCTh YBEIMUYMTCA Ha 54 ey’
Kak yBenuuunrcs ero oobem?

3) OceBoe ceueHue UMIMHAPA — KBAJpaT, AHAroHaJlb KOTOPOro paBHa 4.
Haiitu 0o0beM nuiuspa.

4) OcHOBaHMEM MUPAMUBI CIIYKUT IPSIMOYTOJIBHUK CO CTOPOHAMU 9 m u
12 m, xaxxnoe u3 00KoBbIX pedep paBHO 12,5 m. Hailtu 00beM nupaMuibl.

5) OcHoBaHuEM MHUPAMUABI CIY>XUT PaBHOOCAPEHHBIM TPEYTrOJbHUK, Y
KOTOPOT'O paBHbIE CTOPOHBI MO 6 cm, a ocHOBaHUE § cm. bokoBbie pedpa paBHBI
MeXTy cobol 1 paBHBI 9 cm. Haiitn 00beM nupamMuipl.

6) B npsimom mapajsuienenurieie CTOpOHbl OCHOBAHUS paBHbI 8 cm U 15 cm
1 00pasyror yroa B 60°. MeHbliasi quaroHaib napajulesenumena COCTaBIsgeM ¢
IIOCKOCTBIO 0cHOBanus yron 30°. Haiiti 00beM mapaluieNenuiea.

7) BricoTra m oOpa3syrorias KOHyca OTHOCATCS Kak 4:5, a 00beM KOHyca
paBeH 967 cv’. HaiiTh moJIHyI0 MOBEPXHOCTL KOHYCA.

Konmpononsie éonpocel:
1. 3anummre Gpopmyiibl 00BEMOB TEJI U TOBEPXHOCTEN BpAIICHMS.

IIpakTnueckas padora Ne 34
Bbruuc/ieHue Npou3BOAHBIX CJA0KHON PYHKIUU

ILlenv pabomuwr:

CIMYOeHm OO0JIHCEH:

3Hamb:

- CUCTEMY U OIIPEJEIICHUE MPOU3BOJHONW, BTOPOU ITPOU3BOJHOUM H
MPOU3BOJIHBIX BBICIINX MOPSIKOB;

- Ta0JM4YHbIE PEIICHHS] MPOU3BOJHBIX AIEMEHTAPHBIX (YHKLUUWA, B TOM
quclie 00paTHBIX TPUTOHOMETPUUECKUX (PYHKIUH;

- MpaBUJIa BBIYUCIEHUS TPOU3BOAHON CIOKHON QYyHKINU;

ymems:
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- HAXOAWUTb MPOU3BOIHYIO CIOKHON (PyHKINU;
- HaxOAMUTh BTOPYIO ITPOU3BOJHYIO U MPOU3BOAHYIO BBICIIAX MOPSIAKOB.

Ceeoenusn uz meopuu:

Ilpouseoonas cnooichoii hynkyuu

[Tycte pynkuusa v =./(x), x € (a;b), MeeT NMPOU3BOIHYIO B TOUKE X9
(a;b), a dbynkums z=/(x¥) uMeeT MPOW3BOAHYIO B TOUKe Yo =&(x). Torma
cinoxHass ¢yHknus Z(x)=/(g(x)) mMeeT MPOU3BOIHYIO B TOUYKE Xj, KOTOpAs
BBIYUCISIETCS IO PopMyTie:

2'(xy) = (S (8(x)) = /' (v) - &' (%))

Ilpumep 89.
Brraucioute IPOU3BOJHYIO (1)yHKI_II/II/I y=(x"+3x+10)",
Pemenue:
OpeACTaBUM 3aJaHHYI0 (QYHKIMIO KaK KOMIIO3UIIMIO KBaJApaTUUHOU
(GYHKLIMH U CTETIEHHON
y :(x2 +3x+10)2;
g(x)= x> +3x+10;
S0 =(g(x)7;
S0 =(g(x))?) =2g(x)-(g(x);
P =2(x" +3x+10)-(x” +3x+10) =2(x" +3x +10)(2x +3).

Ilpouzeoonvie gvicuiux nopsokos

Bropas mpousBojiHas 3TO MPOW3BOJHAS OT MEPBOM MPOU3BOJHOM, T.C.
Y=, nur.n.

[Tpon3BogHBIC BHICIINX MOPSIKOB 0003HAYAOTCS PUMCKUMH ITU(paMH.

Ilpumep 90.
HaiiTu 4yeTBepTYI0 NPOM3BOIHYIO » = x° +4x +12,
Pewmenue:
BBIYHUCIISIEM TTOCIEN0BATEIBHO TPOU3BOIHBIE:
V' =6x" +4;
" =30x";
P =120x7;
v =360x".

3aoanus 01 CAMOCMOAMETIbHO20 PeULeHU:
Brruncnure 3Ha4Y€HHE «CIOKHOM) NPOU3BOJAHON B YKA3aHHOM TOYKE:

1 BapuanT 2 BapuaHT

1) f(x)=sin’x; f'(z/4); 1) f(x)=cos’x; ["(—x/4);

2) f(x)=Incosx; f'(—7z/3); 2) f(x)=Insinx; f'(7/6);

3) f(x)=sin2x—cos’ x; f'(0); 3) f(0)= sin® x +cos2x; f'(0);
4) f(x)=Intgx; f'(x/4); 4) f(x)=Inctgx; ['(—z/4),
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5) S(x)=e"" £1(0).

5) S0 =S4,

3 BapuaHT

1) /(x)=Insin’x; f'(x/4);

2) f(x)=cos’ x*; [\ 2);

3) f(x)=2sin" xcosx; f'(7/2);
4) f(x)=1g3x; f(0);

5) f(x)=e"" =3e°; f1(0).

4 BapuaHT

1) f(x)=-2sin’x; f'(—7/4);

2) f(x)=Incosx; f'(7z/3);

3) f(x)=2sin2x+3cos3x; f'(0);
4) f(x)=Inigx; [(7/4);

5) f(x)=e""5 £1(0).

S Bapuant

I) f(x)=In cos’ 2x; f'(x/8);

2) f(x)=sin" x +cos’ x; f'(7/4);
3) f(x)=Incos2x; f'(x/8);
4) f(x)=Intg2x; f'(7/8);

5) S0 = e =26 £/ 4).

6 BapuaHT

1) f(x)=Intg’2x; f'(/24);

2) f(x)=cos’ x; f'(x/4);

3) f(x)= sin* x —cos* x; f'(7/4);
4) f()=e " e ),
5) f(x)=Insinx; /'(z/4).

7 BapuaHTt

1) f(x)=Incos’ 4x; f'(x/16);
2) f(x)=4cos’ x; /(7 /4);

3) f(x)=4sin’2x; f'(7/8);
4) f(x)=Intg3x; f'(x/12);
5) f(x)=e"" +e; () 2).

8 Bapuanr

1) f(x)=In+/sinx; f'(z/8);

2) f(x)=cos*3x; f'(x/6);

3) F(x)=Inyfig3x; f'(x/12);
4) f(x)=arcsindx +¢e*; f'(0);
5) f(x) =5arccos/x;/'(1/2).

9 BapuaHT
1) f(x)=In+cos2x; f'(—z/8),
3) S(x)=1Inyferg3x; f/(—7/12);

5) f(x) =5arccos~1—x; f'(1/2).

2) f(x) =sin"6x; f'(x/3);
4) J(x)= arctg\/;; (17 4);

Koumpwzbnbte eonpocwol:

1. ChbopmynupyiiTe mnpaBuiia BBIUMCICHUS MPOU3ZBOJHBIX CIIOXKHOM

byHKIUN.

2. Uto Ha3bIBaeTCs BTOPOM MPOU3BOIHOMN NaHHON (HyHKIIMH?

IIpakTnueckas padora Ne 35
Haxox1eHue HanMeHbIIEro, Hau00JbIIEro 3HA4YeHUus1 (yHKIMHU Ha

Llenv padomuwi:
CMYOeHm OO0JIHCEH:
3HAMb.

oTpe3Ke

- ompeneneHue TOYEK MakcuMyMa (MUHUMYMa) QYHKIUY;
- 3aBHUCHUMOCTH TIOBEICHHS (QYHKIIMU OT 3HAKA MEPBOM MIPOU3BOIHOM;

ymems:

- IPUMCHATH IICPBYIO IPOU3BOJIHYIO J[UJIA HAXOXKICHHA IIPOMCIKYTKOB

MOHOTOHHOCTH (DYHKIINH;
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- HAXOWTh HAMMEHbIIIee, HanOOoJIbIIIee 3HAUCHNE (DYHKITMHN Ha OTPE3KeE.

Ceeoenusn uz meopuu:

/s HaxoowcoeHus HaumeHvuieco U HAUOOIBLUIE2O 3HAYEHUU QYHKYUU,
HEenpepul8HOU 8 HEKOMOPOM NPOMENCYMKe, He0OX00UMO:

1) HaliTH KPUTUYECKUE TOUKH, TPUHAICKAIIHNE 3aJTAHHOMY IMPOMEXKYTKY,
Y BBIYMCIUTD 3HAUYCHUS (PYHKIIMU B ITHX TOYKAX;

2) HaliTH 3HaYeHUs (PYHKIIMU Ha KOHIAX MPOMEXKYTKA;

3) cpaBHHUTH MOJIyYCHHBIC 3HAYCHUS; TOT/IA HAUMEHbIIEEe U HauOOJbIIIee
U3 HUX SBJISIFOTCS COOTBETCTBEHHO HAUMEHBIITUM M HAaWOOJBIIUM 3HAYEHUSIMU
(GyHKIIUM B pacCMaTpUBAEMOM ITPOMEKYTKE.

Ilpumep 91.
Halinute  HauOonbllee W HaMMEHbLIEE  3HAYCHUS  (PYHKIUU

_ ERN )
y=3x+2x *3X HaTIPOMEKYTKE [-2; 0].

Pemenue:
BBIYUCIIUM KPUTUYECKUE TOYKHU (DYHKIMHU, MPUHAIJICKAIIUE 3a[aHHOMY
IIPOMEXKYTKY, C TOMOILBIO ITEPBOM MMPOU3BOIHOM:
V' =3+4x+x7;
x> +4x+3=0;
D=16-12=4;
—4+2

x, =—1; x, =—3.

T.x. -3 & [-2; 0], x=-1 — KkpuTHUECKas TOUKA.
by a2 L
(=D =3(-D)+2(-1 +3( 1) 3+2 3 13, y(—1) 13.

Bpruucium 3HadyeHUs (bYHKHI/II/I Ha KOHIAX IIPOMCIKYTKaA:
8 2 2

. 1 2
—2)=3(-2)+2(-2) +=(-2)" =—6+48——=2-22=—-Z  p(-2)=-2
y()()()B() 3 3 3,y() 3
0)=0.
CpaBHI/IM HOJ'IyLICHHBIe SHAUCHUA. HAUMMCHLIIICC 3HAUCHHC (I)YHKIII/II/I

1 .
paBHO — 17 M JOCTHraeTCsi €10 BO BHYTPCHHEH TOYKE NPOMEXYTKa, a

HauOoJblIee 3HaueHue paBHo 0 U 10CTUTaeTCsl Ha MPaBOM KOHIIE MPOMEXYTKA.

3aoanusn 011 cCamocmoamenabHo20 peuleHus:

Haiinure HamMmeHblliee ¥ HanOOJIbIEe 3HAYCHUS (PYHKIMHA B 3aJaHHBIX
IPOMEKYTKAX:

1) y=—6x+x"+13 ga npomexytke [0; 6];

2) »=8-0,5x" Ha npomMexyTKe [-2; 2];

1 1
3) y= Exz —§x3 Ha ipoMexyTke [1; 3];
4) y=6x"—x' Ha mpomexyTKe [-1; 6];
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5) y=x"-3x" —9x+35 Ha mpoMexyTKe [-4; 4];
6) »=-24x+9x" —x" +10 Ha npomexyTtke [0; 3];
> 13
7) y=x-2x"+ 3% Ha IPOMEXYTKe [-4; -1];
3

8) yzgx—§x2 ,é)g Ha IpoMexyTke [-3; 1];

| 1
9) y=-3x ~§x2 + §x3 Ha poMexyTke [-5; 0].

Konmponwvnsie éonpocet:
1. ChopmynupyiiTe npaBuiia BEIYUCICHNUS HAUMEHBIIETO U HAMOOJBILETO
3HaYeHUA PYHKIUU HA IPOMEKYTKE.

IIpakTueckas padora Ne 36
IHocTpoenue rpadpuxkoB pyHKumin

Ilens pabomeor:

CIMYOeHm OO0JIHCEH:

3Hamb:

- 00myto cxemy nmoctpoeHus rpadukoB PyHKITHI;

ymemb:

- HCCIEeAO0BaTh (PYHKIUIO C MMOMOILBIO NEPBOM, BTOPON MPOU3BOJIHOM;
- CTpPOUTH rpapuku QPyHKIUH.

Ceeoenusn uz meopuu:

Obwas cxema nocmpoeHnust 2paguxkos PyHKYuiL:

1) Haiftu o0nacTh onpeaeieHus: QyHKIUU;

2) HaWTH TOYKH mepeceueHus rpaduka GyHKIMU C OCSIMUA KOOPIUHAT;

3) HaWTH TPOMEXKYTKH MOHOTOHHOCTH (YHKIMH U OKCTPEMYMBI
byHKIUY;

4) HaWTH TPOMEKYTKHU BBITYKJIOCTH U TOYKH TEeperuoa;

5) moctpouth Tpaduk (YHKIHMH, HCIOIB3YS IMOJTYYECHHBIC PE3yJIbTAThI
UCCIICJIOBAHUS.

Ilpumep 92.

HccnenoBats GyHKIMIO v =(x+1)-(x=2)" 1 HOCTPOUTH ee rpaduk.

Pewenue:

1) JanHas QyHKUus ABISETCS MHOTOWIEHOM (MOXHO PacKpbITh CKOOKH,
MOJyYdM MHOTOWIEH TpeThed CTeMeHH), I[03TOMY OHa OmpejelieHa,
HenpepeiBHAa U jauddepeHuupyemMa npu J0Obix x. [loatomMy o6nacth
ornpeesneHus GyHKIUN — BCS YMCIIOBas MpsiMasi.

2) BbrumcauM TOYKM TepecedeHus rpaduka  (QYHKIHH C  OCAMH
xoopauHar: rpaduk GpyHkuu y=(x+1)-(x—2)* nepecekaer ock Ox npu y=0, T. €.
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(1) (x-2)=0;
x+1=0 nnn (x—2)*=0;

x=-1 nmm x=2.

I'paduk pynxuun y=(x+1)-(x—2)* nepecexaer ocy Oy npu x=0, T. €.
y=(0+1)-(0-2)*=1-4=4.
T.o. mb1 nomyuwnu tpu Touku: (—1; 0), (2; 0), (0; 4).
3) HaiineM nmpomMeXyTKH MOHOTOHHOCTH (PYHKIIMHM U €€ SKCTPEMYMBI C
TTOMOIIBIO TIEPBOX MPOU3BOIHOM:
Y=t (-2)7) =3 (x-2).

N3 ypaBHeHud y =0 HalileM KPUTUUECKUE TOUKH:

3x:(x—2)=0;
X 120, XQ:2.
Pe3ynbTathl perieHns 3aHeceM B TaOIHUITY:
X (0, 0) 0 (0;2) 2 (2; +o0)
y’ + 0 — 0 +
, / 4 \ 0 /
BO3pAacTaeT max yOBIBaeT min BO3pacTaeT

OyHKIMSA BO3pacTaeT Ha MHTepBanax (—oo, 0) u (2, +oo0), yObIBaeT Ha
untepsaie (0; 2), uMeeT MakCUMyM Npu X=0 1 MUHUMYM NPU X=2: Yma=1(0)=4;
Ymin=y(2)=0.

4) HaiimeM nmpoMeXyTKH BBINYKJIOCTH W TOYKU Teperuda c MOoMOIIbIO
BTOPOU MTPOU3BOJHOM:

y"=(3x(x-2)) '=6-(x-1).
Kpusas Beinmykna tam, rae y”’< 0, T. e.
6:(x—1) <0,
x<1.

KpuBas Boruyra tam, rae y”’> 0, T. e. x > 1.

Ha unrtepBane (—oo, 1) kpuBas Bblllykja; Ha uHTepBasie (1, +o0) — Boruyra.

Touky neperuba Haiinmem u3 ypaBHenus y’=0. T. o., x=1 — abcuucca
TOYKM Tmiepernda, T.K. 3Ta TOYKA pa3JeisieT HWHTEPBAJIbl BBITYKIOCTH H
BOTHYTOCTH KpuBOil. OpaunaTa Touku neperuda: y(1)=2.

Pe3ynbTathl perieHust 3aHeceM B TaOJIUILY:

X (=0, 1) 1 (1; +o0)

y 144 _ 0 +

. /\ 5 \\/
BBIITYKJIA neperuo BOTHYTa

5) I1o noay4YeHHBIM TOYKAM CTPOUM IpaduK:
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\ 4

- 2 X

1
Pucynok 23. I'papuk pyukumu y=(x+1) (x—2)*

3aoanus 011 CAMOCmMOAMEIbHO20 PeULeHU:

HccaenyiiTe cnenyronye GYHKIIMHA U TIOCTPOUTE UX TPadUKH:

1 BapuaHT 2 BapuaHT 3 BapuaHT
y=—x"+8x*+9 y=x —3x, y=x+6x>+9x+8,
4 BapuaHT S BapuaHT 6 BapuanT
y=x'-5x+4, y=x —6x"+9x—3, y=x"—12x+4,
7 BapMaHT 8 Bapuanr 9 BapuaHT
3
y=-x +x, oy 3 1, )
=—x ——X =—x" —2x
Y=a TR y=3 .

Konmponwvnwie éonpocwt:
1. Yro Ha3piBaeTcsi OOJACThIO OIpEACNICHUS M O0JacThl0 3HAYCHHI
byHKIUn?

2. IlpuBeauTe mnpuUMepbl NPUMEHEHHS] TEPBOM MPOU3BOJHOU K
WCCIICIOBAaHUIO (DyHKIIUU.

3. IlpuBenure mnpuUMeEpbl INPUMEHEHUS BTOPOM  TNPOU3BOAHOM K
UCCNeIOBaHUIO (DYHKITUU.

4. Pacckaxxute OOUIYI0 CXEMYy HCCIEIOBaHUA M TMOCTpOoeHus rpaduka
GyHKLIHU.

IIpakTnueckas padora Ne 37
BoruucieHue HeonpeaeeHHbIX HHTEIPaJI0B METOI0M 3aMeHbI
nepeMeHHOoM

Ilenv pabomor:

CMYyOeHm OO0JIHCEH:

3HAMb:

- Ta0nWIly 3HAYCHUH HEOMPEAeIEHHBIX HHTETPAJIOB,;

- CYTb METO]Ia 3aMEHBI IEPEMEHHOM B HEOTIPEICIICHHOM HHTErpale;
ymemby:

- BBIYUCIATH  HEONPEACICHHBbIE  HMHTErpajibl  METOJOM  3aMEHBI
TIEPEMEHHOM.

Ceeoenusn uz meopuu:
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TabauyHble 3HAUCHUS HCONPCACICHHBIX HHTCI'PAJIOB

= ; - _ . dx 1 X
jdx xX+c Ismxdx- COSX + ¢ J‘ _ — = —arcig =+
xu+1 J‘ d . a +x a a
n g . cosxdx =sinx + ¢
Ix dx-n+]+c dc 1 Rkl
dax J. 2 2
dx J' e a —x" 2a |x+a
I— = 1n|x|+c COS™ X
x
: [ g
: a’ : =-—cigx+c¢
Ia"dx = +c sin? x <
na
_.-e"‘dx=e“’+c

Hnumeepuposanue memooom 3amenvl nepemeHHOU

CylnHOCTh MHTETPUPOBAHUSI METOJOM 3aMEHBbI NEpeMEeHHOU (crocobom
MOJICTAHOBKHM) 3aKJIIOYaeTcss B MpeoOpa3oBaHWM WHTETpasa I S(x¥)dx B
AHTETpAI | Fyar KOTOPBIN JIETKO BBIUMCISETCA MO TaOnuIle 3HAYCHUUH
HEOIPEICIICHHBIX UHTETPAJIOB.

JIis HAXOXKIEHHs MHTerpana | /(xX)dx 3aMeHseM HepEeMEHHYIO X HOBOIL
nepemeHHoi ¢. [luddepenunpys paBeHCTBO, MOTy4aeM BbIpaKEHUE dX.

[Tociae TOro Kak WHTErpajll OTHOCHUTEIHLHO HOBOM MEpeMEHHOH ¢ OyjaeT
HaWJICH, C IOMOIIIbI0 0OPATHOM MOJCTAHOBKU OH MPUBOJUTCS K IIEPEMEHHOM X.

Ilpumep 93.

Brrurcnure nHTErpal METOAOM 3aMEHBI IEPEMEHHOM: [ cos(5x+3)yax

Pemenue:

C MOMOIIBID 3aMEHbl YAaCTH IMOJBIHTETPATBLHOIO BBIPAXKEHUS MPUBEIEM
3a/IaHHBIN UHTErpall K TAOJIUYHOMY BUJTY:

U=

0
s

I

h

s reda -

-

Wi

Ilpumep 94.

BBIUKCIIHTE HHTErPal METOIOM 3aMEHBI IEPeMEHHOM: | (2x+ 1) dx

Pemenue:

C TIOMOINBIO 3aMEHBl YacTH TOJBIHTETPAIHHOTO BBIPAXXEHUS IPHBEIEM
3aJIaHHBIN MHTETPAI K TAOJIUIHOMY BUITY:

—
I4
Y

W,
N

3aoanusn 011 cCamocmoamenabHo20 peuleHus:
Boluncnure cieayoonme HHTerpajibl METOJIOM 3aMEHbI IEPEMEHHOM:

1 BapuanT 2 BapuaHT 3 BapnaHT
1) I(xz +3)5xdx; 1) I4(x4 —l)szdx; 1) J- 6x°dx
2) "‘Sll’l\/i (1 2x )4 ’
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3) IcosS xdx dx ‘ xdx
4y [Sin3xd sin 3xdx a5 ) g
) 2 +cos3x’ 4) _[3 Gx+1)7dx. 3) I(7f2~\’) dx;
3
R
xX+5
4 BapuaHT S BapuaHT 6 BapuaHT
x ‘ sin 2xdx 1) I(xS +Daxdx;
D I(5x+1)3 i D Il—cos2x J+inx
2) [ 2) [—2—, D
12—x ° 4—-9x*7 xdx
3) [(5r—Dtar, 3) [2x* —3)°xdx; 3) ji(sxz ATe
4) [A/(—4x+1) dx x dx
4)I(5x +3)° 4)11—4x
7 BapuaHT 8 Bapuant 9 BapuaHT
1) jngd‘C ; 1) J.)CZN/XB + 5dx 1) Isin 3xdx ;
x*dx cos xdx 2) [xN1—x2ax;
) = ey 12:xdx
3) J.Bx V2x® —ldx; 3) I(x4 —2)2x3dx; 3) '[(SX +1)° ;
. x coOs xdx
4) J2x/(1—3x7) ax. 4) ISln[dex 4) jm

Konmponwvnsie éonpocel:
1. Kakast ¢yHKIMsI Ha3bIBaeTCs MepBooOpa3Hoi st GyHKIUU f(Xx), TIpU X

E (a; b)?

2. UTo Ha3bIBa€TCA HEOMPEAEICHHBIM UHTETPATIOM?

3. Ilepeunciure OCHOBHBIE (POPMYJIBI HHTETPUPOBAHMS.

4. ChopMyaupyiTe CyTh METO/Ia HETIOCPEICTBEHHOTO HHTETPUPOBAHUS.
5. ChopmynupyiTe CyTh METOJIa 3aMEHBI TICPEMEHHOM.

IIpakTnueckas padora Ne 38

HpI/IJIO)KeHI/IH ONpEaCJCHHBIX HHTErpajioB

Lenv padomuwr:

CMYOeHm OO0JIHCEH:

3HAMb.

- TabnuIly 3HAYCHUN HEOMPeIeEHHbIX NHTETPAJIOB;

- crocoObl BEIUKCIICHUS OTIPE/ICIICHHBIX HHTETPAJIOB;

yMemy:

- pemath MPUKIIATHBIC 3a7a91 C TIOMOIIBIO ONPECIICHHOTO HHTErpaia.

Ceeoenusn uz meopuu:
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Duzuueckue npunodcenusi OnpeoeeHHblX UHMe2panos

Buiuucnenue nymu, npoiioenHo2o moukot

[1yTh, MPOMAECHHBIN TOYKON TP HEPABHOMEPHOM JIBHKEHHUU I10 TIPSIMOM C
MEPEMEHHON CKOpOCThI0 V=f (f)>(0 3a TPOMEXKYTOK BpPEMEHHU OT f; N0 0,

BBIUUCIIAETCSA 110 popmyite S = If (t)dr

h

Ilpumep 95.

CKOpOCTh JBMKEHHMS TOYKM M3MEHSETCA 1O 3akomy V=(3£+2t+1) m/c.
Haiitu nyTh, npoiiieHHbIN TOUKOM 3a 10c OT Havana IBUAKEHHUS.

Pemenue:

COIJIACHO YCIOBHIO, f (1) =3£+21+1, 1=0, £,=10. Tlo popmyne S = j.f (¢)dt

HaxXoaumM

10 3 5 10
3 3f 2{‘ [ 3 \ 3 3
s=f@ar +2f+1)a’f[7+?+fj =+ ]| =10 410° 410 =110 ().

0

0

Buviyucnenue pabomul cuivi
Pabota, npousBegeHHas nepeMeHHON CWIoN f (X) MpU MEpEeMEIIeHUHN 0
ocu Ox MarepuaIbHON TOYKU OT X=a JI0 X=b, HaxoaAUTCA 10 HOpMyJIE:

A= reods

[Ipu pemieHuun 3aay Ha BbIYKUCIEHUE PAaOOTHI CHIIBI YaCTO UCIOJIb3YETCs
3akoH ['yka: F=kx, rne F-cuna, H; x — aOCOIIOTHOE yIJIMHEHHUE TPYKUHBI, M,
BbI3BaHHOE cuiioi F, a k — koappuimeHT nponopuroHaibHOCTH, H/m.

Ilpumep 96.

Cxaruie X BUHTOBOM MPYKUHBI, IPOIMOPIUOHATBHO MPWIOKEHHOU cuiie F.
Boerancnuts paboty cunbl F ipu cxkaTuu npyxusbl Ha 0,04 M, ecau Ams cxaTus
ee Ha 0,01 M HyHa cuna 10 H.

Pewenue:

T.K. x=0,0lm nmpu F=10H, TO, MOACTaBJsIsI 3TU 3HAYEHHS B PABEHCTBO
F=kx, nonyuum 10=0,01%, otkyna k=1000 H/m.

[ToxcTaBuB Temeps B 3TO K€ paBEHCTBO 3HaueHHe k, HaxoauM F=1000x,

T.€. f(x)=1000x. ckomyto paboTy HaiigeMm mo gopmyie A= J‘f(X)dX, noJiaras
a=0, b=0,04:

0.04 2
A= jloooxdx - (IOOOXJ
) 2

0,04

= 500x2"" =500.0,04% = 0.8 () .

0.0
o]

0
3aoanus 011 CaMoOCmMOAMEIbHO20 PeULeHUs:
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1 Bapuant

CKOpOCTh IBUKEHUS
TOYKH U3MEHSIETCA 10
3aKOHY

V=(-3£+12t) m/c.
Havitu niyTs,
MPOUICHHBIN TOYKOU OT
Havajia JIBUKEHHUS J0 €€
OCTaHOBKH.

2 BapMaHT

[Tonx neiicTBHEM CHIIBI
80H mipyxuHa
pactsaruBaetcs Ha 0,02mu.
IlepBoHauanbHas AjiMHA
npy>kuHbl paBHa 0,15.u.
Kakyto padoty Hamo
COBEPIIUTH, YTOOBI
pactanyThb e€ 10 0,2m?

3 BapuaHT

[IpyXuHa B CIOKOMHOM
COCTOSIHUH UMEET JTUHY
0,2m. Cuna B 5S0H
pacTAruBacT MPYKUHY
Ha 0,0 L. Kakyro
paboTy Ha/lo
COBEPIIUTH, YTOOBI
pactanyTh e€ ot 0,22 1o
0,32 m?

4 BapuaHT

[Ipwm cxxaTnu npyKUHBI
Ha 0,05m 3aTpaunBaercs
pabora 25/[c. Kakyio
paboTy HEOOXOAUMO
COBEPIIUTH, YTOOBI
cKaTh MPYKUHY Ha
0,1m?

S BapuanT

CKOpOCTh IBUKEHUS
Touku V=(61'+4) m/c.
Hairtu myTs,
IIPOMICHHBIN TOYKOH 3a
5 ¢ oT Hayana JABMKCHMUSL.

6 BapuanT

CKOpOCTh IBUKECHUS
Touku V=(-3+18¢) m/c.
Haiitu nyTs,
IIPOMJCHHBIN TOYKON OT
Hayajia ABMKEHUS JI0 €€
OCTAHOBKH.

7 BapuaHT

CKopoCTb IBUKECHUS
Toukn V=(8¢74+2¢) m/c.
Haiitu nyTs,
MIPOMJICHHBIN TOUYKOM 3a
2-10 CEKyHy.

8 BapuaHT

[Ipyxuna pactaruBaercs
Ha 0,02m o neficTBUEM
cunbl 60H. Kakyro
paboTy NPOU3BOJIUT 3TA
cuia, pacTsIruBas
npyxuny Ha 0,12u?

9 BapuaHT

CKOpOCTb IBUKECHUS
TOYKHU U3MEHSIETCS 110
3aKOHY

V=(9¢-8¢) m/c. Halin
IIyTh, TPOMICHHBIN
TOYKOM 3a 4-10 CEKyH]Y.

Konmponwvnsie éonpocel:
1. [IpuBenuTe MPUMEPHI IPUIIOKEHUS ONPEICIICHHBIX HHTETPAJIOB.

IIpakTuueckas padora Ne 39
Pemienue 3a1a4 Ha nepedGop BAPUAHTOB

Llenv paoomuwi:
CMYOeHm OO0JIHCEH:
3HamMb:

- OIIPEICIICHUE COCIMHEHN I, NX BUJIOB;
- ONIPEICIICHUE BEPOSITHOCTH;
- TEOPEMBI CIIOKEHUS, YMHOKEHUS BEPOSITHOCTEN;

ymems.

- II0 YCJIOBHIO 3aJda49U Pa3JIN4aTh BUAbI COGHHHGHHﬁ;
- BBIYHCJIATH PAa3HBIC BUAbI COGHHHCHHﬁ;
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= BBIYUCIIATH BEPOATHOCTDH COOBITHH.

Ceeoenusn uz meopuu:

Coeounenusi, ux uobl

['pynmbl, cocTaBiI€HHbIE W3 KaKUX — JMOO SJEMEHTOB, HA3bIBAIOTCS
COeOUHEeHUSMU.

Pa3nuyaro Tpu OCHOBHBIX BUJA COEAUHEHUN: pazmeujeHus, nepecmatosku
U couemaHusl.

Pazmewenusamu M3 n 31€MEHTOB TO m B Ka)XIOM Ha3bIBAIOTCS TaKUE
COC/IMHCHHUSI, KOTOPBIC OTJIMYAIOTCS IPYT OT Apyra MO0 CaMHUMH 3JIEMEHTAMH,
00 TTOPSIIKOM UX PACTIONOKEHHUS.

Yucno pasMeInieHnii U3 7 3JIEMEHTOB 10 71 0003HAYAETCSl U BBIYUCIISETCS
o ¢popmyiie:

A" =n(n—1)(n—-2)...[n—(m—1)]

llepecmanogékamu W3 n 3IEMEHTOB HA3bIBAIOTCS TAKUE COEIUHEHHUs W3
BCEX 7 DJIEMEHTOB, KOTOpPbIE OTJIHMYAIOTCA JAPYr OT Jpyra IOPSAKOM
PACIIOJIOKEHUS DIIEMEHTOB.

[lepecTaHOBKM MpPEACTABIAIOT YaCTHBIM Ciydaldl pa3MEIIEHUd U3 7
AJIIEMEHTOB I10 71 B KAKJIOM.

Yucno Bcex NEPECTAHOBOK W3 71 DJIIEMEHTOB PAaBHO MPOU3BEIACHUIO
MOCJEA0BATENBHBIX YHACEI OT 1 10 7 BKIIFOUUTEIIBHO:

P, =nl=1-2-3-..-(n—=Dn

n!-antaetcs «n-paxkropuamy, npuuem 0!=1 u 1!=1.

Hcnonb3ys NpyUBEIEHHBIE BBIIIE ONPENEIECHUs UMEEM (POPMYJIBIL:
P n!

m __ n

P (n—m)?

n—m

IIpH PCUICHUHU 3aJ1a4 4aCTO UCIIOJIB3YyCTCsI PaBCHCTBO!
A" =(n—m)A”

Couemanusimu W3 n DJIEMCHTOB IO /7 B KaXKJIOM HAa3bIBAIOTCS TaKHE
COCJIMHEHHUS, KOTOPBIC OTJIMYAIOTCS JIPYT OT JAPyra XOTs ObI OJHHM 3JIEMECHTOM.
Yuciio coueTaHuid U3 7 JIEMEHTOB 110 71 0003HAYaeTCs ¥ BBIUUCIISACTCS 110
dbopmyie:
m _ AI’?”
no Pm b

n

KOTOpYIO MOXXHO 3aIIiucaTh TaKKE B BUJIC
o n!
" m!(n—m)!
NJINn
nn—0)...[ln—(m—1
PGtV U i 1
m!
Kpome Toro, mpu penieHun 3a1a4 UCIOIb3YIOTCS CASAYoImue (HopMyIbl,

BBIpAKAIOIINE OCHOBHBIC CBOMCTBA COUYCTAHMU:
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er]n _ C};z—m (0 S m S ”) , C: _ ]’ C](I) — ]’ C:z +C,1,n+] — Clr;rl»l
Ilpumep 97.
Haiitn uyncio pazmemennit u3 10 smemeHToB 110 4.
Pemenue:
10 GOpMyJIe A" = n(n—1)(n—2)...[n—(m—1)].

Al =10-9-8-7 =5040

Ilpumep 98.

Peruts ypaBaenue: 4, =304, , .

Pemienue:

UCIIOIB3YS (OPMYJITY JJIs BBIYMCICHUS YUCIIa pa3MEIIeHU HMEEM:
nn—(n—-2)(n—-3)Yn—-4)=30n—-2)n—-3)n—4)n->5) )

Pa3I[eJ'II/IM 00€e yacTH Ha OAMHAKOBBIC BBIPAKCHUA, ITOJYYHUM:

n(n—1)=30(n—-3),
U PELINM IOJIyYUBIIEECS KBAAPATHOE YPABHEHUE: 1, =6, n, =25

Ilpumep 99.
Pemmure cucremy: fe-: — oo
lcz — 66
Pemenue:
pELINM BTOPOE YpPaBHEHUE:
C? =66 =D _ g6

1-2
xT—x—-132=0;
x, =—11, x, =12

T. k. x>2, 10 —11 He ynoBneTBOpsET ycIoBUIO 3a0aun. [logcraBus x=12
B [1I€PBOE YPAaBHEHHUE CUCTEMBI, TTOJIyYUM

Ci, = Cl);z .
Hcnonb3ys OCHOBHOE CBOMCTBO COUETAHUN, UMEEM:
C}, = Cllzzﬂv >

Toraa
Cor=Cl=12-y=y+2=y=5,
Otser: x=12, y=5.

Ilpumep 100.

CKoJIbKUMH CIIOCOOaMU M3 BOCBMHU KaHJWJATOB MOXXHO BBIOpAaTh TpHU
JULAa Ha TPU JOJKHOCTH?

Pemenue:

YCJOBHIO 33J]a4¥ COOTBETCTBYIOT pa3MelleHHs 3 U3 8, UMEEM:
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A =8-7-6=336

Cnyuatinvie coobimus

N3yyeHue Kaxaoro siBJEHUS B MOPSIKE HAOIIOIECHUS WM IPOU3BOJICTBA
ONbITA CBSA3aHO C OCYLIECTBIECHUEM HEKOTOPOrO KOMIUIEKCA YCIIOBHMU
(ucnbiTanuii). Bceskuil  pe3ynabTaT WM HMCXOJ HWCHBITAaHUS  Ha3bIBAETCS
coovimuem.

Ecnu coObiTHE NpU 3aaHHBIX YCIOBUSAX MOXKET MPOU30MTH WM HE
IIPOU30MTHU, TO OHO HA3bIBAETCA CIYYAUHBIM.

B ToM ciyuae, korma coObITHE JOJKHO HEMPEMEHHO IMPOU30MTH, €ro
Ha3bIBalOT 0OCMOBEPHLIM, & B TOM Cllydae, KOrJa OHO 3aBEIOMO HE MOXKET
MIPOU30UTH, HEBO3ZMONHCHBIM.

CoObITHSI Ha3BIBAIOTCS HECOBMECMHBIMU, €CIU KaXKIblH pa3 BO3MOXKHO
HOSIBJIEHUE TOJIBKO OJHOTO M3 HUX. COOBITUSI HA3BIBAIOTCSI COBMECHHbIMU, €CITU
B JAHHBIX YCIIOBUSIX IMOSIBJICHHE OJHOTO M3 3THUX COOBITUI HE HCKIIOYaeT
MOSIBJIEHUE JPYTOrO MIPU TOM K€ UCIIBITAHHH.

CoObITHS  HA3BIBAKOTCA  NMPOMUBONOJIONCHLIMU, €CIU B YCIOBHUAX
UCIIBITAHUS OHHU, SIBJISASCH €IMHCTBEHHBIMH €0 HCXOJAAMH, HECOBMECTHBI.

BeposiTHOCTh  COOBITHSI paccMaTpHBAaeTCsi Kak Mepa OOBEKTUBHOMN
BO3MOYKHOCTH MOSBJICHUSI CITy4aliHOTO COOBITHS.

Knaccuueckoe onpedeﬂeﬂue eepoAnHocmu.
BCpO}ITHOCTBIO COOBITHS A Ha3bIBACTCsA OTHOIICHUC quciia

6HaFOHpI/IHTHBIX HCXOJ0B m, K YUCJIY BCCX BO3MOKHBIX UCXOIO0B 71:
m

P(A)=—,
n
BeposTtHoCTh 11060T0 COOBITHS HE MOXKET OBITh MEHBIIIE HYJISI U OOJIbIIe
IMHUIIL, T. €. 0= P(A) =1,
HeBo3MOXKHOMY COOBITHIO COOTBETCTBYET BeposiTHOCTh P(A4)=0, a
JIOCTOBEPHOMY — BepOsATHOCTh P(A4)=1.

Ilpumep 101.

B norepee u3 1000 OuneroB 200 BHIMTPHIIIHBIX. BEIHUMAIOT HayTa OJUH
owter. KakoBa BEpOATHOCTh, UTO 3TOT OWJIET BHIMTPBIIHBIN?

Pemenue:

KOJIMYECTBO OJIArOMPHUSATHBIX COOBITHUN, YAOBJIETBOPSIONIUX YCIOBHIO
3agaun m=200.

Yucno Bcex BO3MOKHBIX BapuaHnToB n=1000.

ITo onpenenennto BepositHoctu: P(4)=200/1000=0,2.

Ilpumep 102.
W3 ypHBI, B KOTOPOH HaxOmATCSA 5 OeNbIX W 3 YEPHBIX IIapa, BEIHUMAIOT
oJMH 1map. HaliTu BEpOSITHOCTh TOTO, UTO 3TOT IIAp YEPHBII?

120



Pemenue:
oOlllee 4YMCIO MAapoB m=8, W3 HUX YEPHBIX n=3, MO OMNPEACICHHUIO:
P(A)=3/8=0,375.

Ilpumep 103.

N3 ypHBI, B KOTOpO HaxoasTcst 12 OeNbIX U 8 YepHBIX I1apa, BEIHUMAIOT
Hayjayy JnBa mapa. HaliThu BeposTHOCTb TOTO, 4To 00a Iapa OKaXyTcs
YEPHBIMHU?

Pemenue:

oOIiee 4Mcio BO3MOXKHBIX CIIy4aeB A paBHO 4YMCIy coudeTaHud u3 20
(12+8) rnemeHTOB 10 ABA:

ncho:%:mo.

b

YHCJIO0 6J'Ial"01'IpI/I}ITHBIX HCXOJO0B n1 PABHO YHUCITY COUeTaHuM u3 §
QJICMCHTOB IIO JIBa:

n=c2 =37 _1g
1-2
ITo onpenenennto: P(4)=28/190=0,147.

Ilpumep 104.
B naptuu u3 18 neraneit Haxonsarcs 4 OpakoBaHHbIX. Hayran BeiOuparot
5 neranei. KakoBa BEpOSATHOCTH TOrO, YTO M3 ITHX 5 JECTAIEU NIBE OKaXyTCs
OpakOBaHHBIMU?
Pemienue:
YUCJIO BCEX PABHOBO3MOYKHBIX HE3aBUCHMBIX HCXOJOB 71 PAaBHO YHUCIY
coueTaHuy u3 18 o 5:
s 18-17-16-15-14
A T W .
[TopcunTaeM yncno OJAaronpusATHBIX UCXOA0B m. Cpenu 5 B3AThIX Hayraj
neTanel JOJDKHO OBbITh 3 KaueCTBEHHBIX M 2 OpakoBaHHBIX. Uuciao cnoco0oB
BBIOOPKH JIByX OpakOBaHHBIX JAeTalield U3 4 MMEIOIMXCA OpakOBaHHBIX PABHO
YUCITy cOYeTaHui u3 4 no 2:

=38568

4.3
Cl=""=6
-2
Yucno cmocoboB BBHIOOPKM TpeX KAueCTBEHHBIX Jeraneit u3 14
MMEIOIIUXCSl PaBHO YUCITy coyeTaHuid u3 14 no 3:
. 14.13-12
Y123
Jlrobas rpymma KadyeCTBCHHBIX JCTaled MOXET KOMOWHHPOBATHCS C
m000# Tpymnoi OpakoBaHHBIX, TIOATOMY OOIIEee YUCI0 KOMOUHALIMKN M PaBHO:

m=C;-C), =6-364=2184

=364

121



o onpeaenenuto: P(4)=2184/8568=0,255.

3aoanus 011 CaMOCmMOAMEIbHO20 PeUeHUS:
Pemute cnepyromue 3aadyd, HCHOJb3Ys OIpPEAENIEHHE COYETaHWl, uX

BHJIOB:
1 BapuanT 2 BapuMaHT
1) Cxonbko  nBy3HauHblXx  uwucen | 1) Ckonbkumu — criocobamMu  MOTYT
MOXXHO cocTaBuTh U3 nudp 1, 3, 5, 8, | paszmecTuThcs 5 dYeNOBEK BOKPYT

9 Tak, 4TOOBI B KaXKJIOM YHCJIC HE
OBLIIO OIMHAKOBBIX ITUDP?
2) U3 6 OTKpHITOK HAJ0 BHIOpATH 3.
CKOJIBKMMH CIIOCOOAMH 3TO MOKHO
clenarhb?

1

3) Pemmre ypaBHeHue: ° — o A

KpyTJIoro croja?

2) CkoapKuMH CcIoco0aMu  MOXKHO
COCTaBUTH (hi1ar, COCTOSIINN U3 TPex
TOPU3OHTANBHBIX TMOJOC PA3TUYHBIX
LIBETOB, €CJIM UMEETCA MaTepuall CeMU
Pa3IMYHBIX [[BETOB?

3) Pemure ypaBHEeHHE: 30x = A’

3 BapuaHT
1) Uz 10 xaHAMAATOB  HYXHO
BbIOpATh 3 YEJI0BEKa Ha
KOH(EpEeHIHIO. CxonbKUMU
Pa3IMYHBIMU CIIOCOOAMH 3TO MOKHO
caenarb?

2) Ckoibko Ppa3IUYHBIX
NS TU3HAYHBIX qrcel MO>KHO
coctaButh u3 mudp 0, 1, 3, 5, 7 Tax,
9TOOBl B KaXJIOM 4HCIE HE OBLIO
OJIMHAKOBBIX ITU(Pp?

3) Pemmre ypaBHEHHE: 304}, = 47

4 BapuaHT

1) Bpuragup [n0JKEH OTNPAaBUTHh Ha
paboty Opuragy wu3 3 4YeJOBeK.
CkoyibKO  Takux Opurajg  MOXHO
COCTaBUTh U3 § YEIOBEK?

2) Ha cobpanuu TOJDKHBI BBICTYIUTH
5 uenoBex (A4, b, B, I', /]). CKOIIbKUMH
croco0aMu MX MOXHO Pa3MeCTUTh B
CIIUCKE  BBICTYMAaKOIUX, eciu A
JIOJI’KEH BBICTYIIATh MEPBHIM?

3) Pemmre ypaBHeHHE: 204> , = 4°

5 Bapuaur

1) CKOJBbKUMH CIOCO0AMU  MOYKHO
paccTaBUTh Ha MOJKE 6 KHUT?

2) CkoiabKUMH CIIOCOOaMH  MOXKHO
BHIOpaTh TJIACHYI0 U  COTJIACHYIO
OYKBBI U3 CJIOBA <OKypHAID»?

3) Pemmre ypaBuenue: - _

Py

A 12

X

6 BapuaHT

1) CkolbKUMH CIIOCOOAMH  MOYKHO
COCTaBUTb CIIUCOK U3 6 4eOBEK?

2) CkonbKkuMH criocobamu coOpaHue,
cocrosmiee u3 18 yeaoBeK, MOXKET U3
CBOETO cocTaBa BBIOpATH
npejcenaress coOpaHust U cekperapsi?
3) Pemure ypaBnenue: 4 = 4°

7 BapuaHT

1) Cpenu nepecraHoBok u3 1udp 1,
2, 3,4, 5 CKOIBbKO TaKUX, KOTOPBIE HE
HayuHarTCs nudpamu 3 uiu 5?

2) U3 ropoma A B ropon B BenyT 6
nopor, a u3 ropoga B B ropox C -3

8 BapuanT
1) B I1aXMaTHOM TypHUPE
IPUHUMAIIN ydactue 15

MmaxmMaTucToB, IIPHUYCM K&)I(I[I)Iﬁ n3
HHUX CbII'PaJl TOJIBKO OJHY IIapTHIO C
KaXXJIbIM H3 OCTaJIbHBIX. CKOJIBKO
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noporu.  CKOJIBKMMH  crocoOaMu | BCEr0 NapTHl  CBITPAHO B 3TOM
MO>KHO TOMNAaCTh U3 ropoaa A B ropojl | TypHupe?

C? 2) Umeercs 8§ map  mepyarok
3) Pemure CUCTEMY: | pa3INUHbIX pa3mMepoB. CKOJBKUMH
[ty — oz croco0aMu MOXHO BBIOpaTh U3 HHX
lzey —sex™ OIHy IIEpYaTKy Ha JIEBYIO PYKYy H

OJIHy TIepYaTKy Ha MpaByIO PYKY Tak,

YTOOBI 9TH TEPUYATKH OBUIM Pa3HbIX

pa3MepoB?

3) Pemmre cucreMy: jo-v — coo-
<

Lz _

9 BapuaHT

1) I'pynma ydamuxcss H3y4aeT CEeMb Y4YEeOHBIX JHCIMIUIMH. CKOJBKUMH
croco0aMy MOKHO COCTaBUTH PAcCIMCaHUE 3aHATHI Ha MOHENEIbHUK, €CIU B
ATOT y4eOHBIN JACHb JOKHO OBITh YETHIPE PA3IMUHBIX YpoKa?

2) CkonbKo MaT4eil OyaeT chirpaHo B (yTOOJRHOM YEMITMOHATE C YYaCTHEM
16 xoMaHJI, €CcliM KaXKJpble JIBE KOMaHIbl BCTPEUAIOTCS MEXKIAY COOOW OJHH
paz?

3) Beruuciaurs:

Konumponwnwie éonpocot:

1. JlaitiTe onpeieieHUE COEANHEHUS, NX BUbI?

2. IlpuBenute popmyJibl 17151 BBIYUCIECHUS PA3HbIX BUAOB COCMHEHUMN.

3. Jlaiite ompeneneHue ciaydariHOro coObITHs, uX BuUAbL [IpuBeaute
PUMEDBI.

4. JTaiiTe KI1acCUYECKOE ONPEETIEHNE BEPOATHOCTH.

IIpakTuueckas padora Ne 40
CJi0:keHHe 1 YMHOKeHHe BEPOSITHOCTEH

Ilenv pabomor:

CMYyOeHm OO0JIHCEH:

3HAMb:

- TEOPEMBI CJI0KEHUSI, YMHOKCHHSI BEPOSTHOCTEH;
yMemb.!

- BBIYHCIIATH BEPOSITHOCTH COOBITHH.

Ceeoenusn uz meopuu:
Beposamnocmo necoemecmuuvlx coovimuii
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BepoaTHOCTh NOSIBIIEHUSI OTHOTO M3 HECKOJBKUX MOMAapHO HECOBMECTHBIX
COOBITHI paBHA CyMME BEpOSTHOCTEN 3TUX coObITil: P(A+B)=P(A)+P(B).

Ilpumep 105.

B simuke B citygyalilHOM nopsiike pasnoxkeHsl 20 neranei, npudeM IsaTh U3
HUX cTaHjnapTHble. Pabouunii Geper Haygady Tpu aetanu. HalTu BeposITHOCTD
TOrO, 4YTO, I10 KpallHEe!d Mepe, OAHA U3 B3ATBIX ACTalICH OKaXKETCs CTaHAApPTHOU
(coObiTHE A).

Pewenue:

OYEBHUHO, YTO, IO KpallHEW Mepe, OJIHA U3 B3ATHIX HCTAICH OKaKEeTCA
CTaHJApTHOM, €CIM MPOU30UJIET JIF000E M3 TPEX HECOBMECTHBIX COOBITHI: B —
OJlHa JeTaJlb CTaHJAapTHasl, B HecTaHAapTHble; C — JBE JIeTalau CTaH/IAapTHBIE,
OJIHA HECTAaHJAPTHAs; /[ — TpU AETaNU CTaHJAPTHBIE.

T.o., coObITHE A MOKHO NMPEACTABUThH B BUAE CYMMBI 3TUX TPEX COOBITHMA:
A=B+C+/]].

Torma P(A)=P(B)+P(C)+P(/).

Bbruncium BeposSTHOCTh KaXA0r0 COOBITHS:

1 2
P(B):(%'f% _5:15-14 35
Cs 1-1-:2 76

C:-C 5415123 5

P(C)=—+"1= =
Cy 1-2:1-20-19-18 38
C? 5.4.3.1.2-3 |
P(1)=—= =
C), 1:2:3:20-19-18 114
Hraxk,
P(A):£+ > —137:0,601

76 38 114 228

Beposamnocmo coemecmubix codvimutl
BeposaTHOCTh 1OsIBIICHHST XOTsI OBl OJTHOTO U3 JABYX COBMECTHBIX COOBITUI
paBHa CyMM€ BEpOSITHOCTEW ITHX COOBITHI 03 BEPOATHOCTH MX COBMECTHOIO

ITOSIBJICHUA .
P(A+B)=P(A)+P(B)-P(AB)

Ilpumep 106.
HaiiTn BeposSTHOCTH TOrO, YTO Haymady B3ATO€ JBY3HAYHOE YHCIIO
OKaKETCS KpaTHBIM JTN00 3, 6o 5, MO0 TOMY U IPyroMy OJHOBPEMEHHO?

Pemenue:
nycTtb 4 — 4yucno KpatHo 3, B — 4ucno kparHo 5. Beero umeerca 90
nBy3HauHbIx yncen: 10, 11, ..., 98, 99. 13 nux 30 — kpaTtHbie 3, 18 — kpaTHbIE 5
Y LIECTh YUCETl OJHOBPEMEHHO KPAaTHBI U 3 U 5, IO3TOMY:
P(A):E:l, P(B):ﬁzi, P(AB):E:L
90 3 90 5 90 15
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T.x. A u B coBMecTHBIE COOBITHSI, TO TIO (hOpMYyIIe UMeeM:
I 1 1 7

P(A)=—+———=—"=0,467
35 15 15

3aoanus 011 CAMOCMOAMETbHO20 PeULeHU:

Pemmure 3agaun, MCHONB3Yys  TEOPEMBl  CIIOKEHHS, YMHOXECHHS
BEPOSITHOCTEM:

1) B nepBoii ypue Haxozasatcst 10 O6enbix U 4 yepHBIX MIApOB, @ BO BTOPOH
5 Oenbix W 9 4yepHbIX mapoB. M3 kaxaol ypHbI BbIHYJM Mo mapy. Kakosa
BEPOSITHOCTh TOTO, YTO 002 MIapa OKAKYTCS YEPHBIMU ?

2) Tpoe yuammxcs Ha 5K3aMEHE HE3aBHCHUMO JPYr OT JApyra peliarT
OJIHY U Ty e 3a/iauy. BeposTHOCTHU ee pellieHus 3TUMH ydauumucs pasHbl 0,8,
0,7 u 0,6 coorBeTcTBeHHO. Haiinure BEpPOSTHOCTH TOrO, YTO XOTsA OBl OJUH
yYaIUKCs pELInT 3a1a4y.

3) Oxcnenuuus H34aTeNbCTBa OTIpaBWIa Tra3eThl B TPU IOYTOBBIX
OTJeEeHUs. BEpOATHOCTE CBOEBPEMEHHOM JTOCTaBKH ra3eT B IEPBOE OTHAEICHUE
paBHa 0,95, Bo BTopoe — 0,9, B Tpetbe — 0,8. HaliTu BEpOATHOCTH ClIEAYIOIINX
COOBITHI:

a) TOJIBKO OJJTHO OTJEJICHHUE MOJTYUYUT I'a3eThl BOBPEMSI;

0) X0Ts Obl OJJTHO OTAEJICHHUE MOIYYUT ra3eThl C OMO3/IAHUEM.

4) BepoATHOCTH XOTs OBl OJHOIO MOMNAJaHUsl B LEJb INPU YETIPEX
BbIcTpenax paBHa 0,9984. Haiitu BEpOATHOCTH NOMNANaHKs B LIEJb IIPU OJHOM
BBICTpEJIE.

Konmponwvnsie éonpocel:
1. ChopmynupyiTe TEOpEMBI CIIOKEHUS, YMHOKEHUSI BEPOSITHOCTEH.

IIpakTueckas padora Ne 41
ITousiTHe 0 HE3ABUCUMOCTH COOBLITHI

Llenv paoomuwi:

CMYyOeHm OO0JIHCEH:

3HamMb:

- OIpeJIeTICHNE He3aBUCUMBIX COOBITHH;

- TEOpEMY YMHOKEHHUS BEPOATHOCTEH;

ymemby:

- BBIUUCIISATH BEPOSITHOCTh HE3aBUCUMBIX COOBITUH.

Ceeoenusn uz meopuu:
[TycTh BEpOATHOCTH COOBITHSI B HE 3aBUCUT OT MOSBIICHUS COOBITUS A.
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Cobvimue B Ha3bIBAIOT He3a8UCUMBIM Om cobbimus A, €Cnu TOsBIICHUE
coObITHUSI A HE U3MEHSET BEpPOSITHOCTH COOBITHS B, T. €. eciu yCIOBHas
BEPOSITHOCTh COOBITUA B paBHa ero 0e3yCI0BHON BEPOSITHOCTH:

P A(B) =P (B)

Hrtak, ecoru coObiTne B HE 3aBHUCUT OT COOBITHS A, TO coObITHE A HE
3aBUCHUT OT COOBITHSI B; 3TO 0O3HAYaET, UTO CBOUCMBO HE3ABUCUMOCTU COOLIMULL
83AUMHO.

JIj1 He3aBUCUMBIX COOBITHH TeopeMa YMHOKEHHS UMEET BUJL:

P (AB)=P (A)-P (B),
T. €. BEPOSITHOCTh COBMECTHOI'O MOSIBJICHUS IBYX HE3aBUCUMBIX COOBITHII paBHa
MIPOU3BEJICHUIO BEPOSTHOCTEH 3TUX COOBITHIA.

JlBa coObITHS HAa3bIBAIOT HE3ABUCUMBIMU, €CIH BEPOSTHOCTH HX
COBMEIICHUS paBHA MMPOU3BEJICHUIO BEPOSITHOCTEN 3TUX COOBITUI; B IPOTUBHOM
cily4ae COOBITHS Ha3bIBAIOT 3A6UCUMBIMU.

Ha npakTuke 0 He3aBUCUMOCTH COOBITUH 3aKJIIOYAIOT MO CMBICTY 3aJauH.
Hamnpumep, BEpOATHOCTH NOPaXEHUS UEIN KaXIbIM U3 ABYX OPYAUIl HE 3aBUCST
OT TOr0, MOPA3UJIIO JIM LENb APYTO€ OpYJUe, IOATOMY COOBITHS «IIEPBOE OPYIUe
MOPA3WIIO LENb» U «BTOPOE OPYAHE MOPA3UIIO0 LIEb)» HE3aBUCHMBI.

Heckonbko cobvimuti Ha3bIBAIOT NONAPHO HE3A8UCUMBIMU, €CITA KaXKJIbIe
1Ba M3 HUX HezaBucHUMBL. Hampumep, cobbitus 4, B, C monapHO HE3aBUCHMBI,
eciii He3aBUCHMEI cOObITMI A u B, An C, Bu C.

Ilpumep 107.

Ilycte B ypHEe mMeercs 4 mapa, OKpall€HHbIE: OJWH — B KPacCHBIM LIBET
(4), onun — B cuHuil UBET (B), onuH — B yepHbIi uBeT (C) U OJAUH — BO BCE ATHU
Tpu uBera (ABC). Uemy paBHa BEPOSITHOCTb TOr'O, YTO W3BJICYEHHBIN U3 YPHBI
iap UMeeT KpacHbINA LBET?

Pemienue:

T.K. U3 YETHIPEX I1apOB JIBa UMEIOT KPACHBIH 1BET, TO P(A4)=2/4=1/2.

Paccyxnas ananoruyno, Haitnem P(B)=1/2, P(C)=1/2.

JlonmycTuM Terneph, YTO B3ATHIN IIap MMEET CHHHUM LBET, T. €. COObITHE B
yKe MpOM301UI0. VMI3MEHHUTCA M BEPOATHOCTH TOrO, YTO W3BJICYCHHBIA LIap
UMEET KPACHBIH LIBET, T. €. U3BMEHUTCS JIU BEPOATHOCTb COOBITHS A?

N3 nByx mapoB, UMEIOWIMX CHHHUM LBET, OJWH IIap MMEET U KPACHBIN
I[BET, MMO3TOMY BEPOATHOCTb COOBITHS A mo-mpexHemy paBHa 1/2. JIpyrumu
CIIOBaMH, yCIIOBHAs! BEPOSITHOCTh COOBITHS 4, BEIYUCICHHAS B MPEANOI0KEHUH,
4YTO HACTyHnWJIO cOObITHE B, paBHa ero O€3yCIOBHOW BEpPOSTHOCTH.
CnenoBarenbHo, cOOBITHS A M B HE3aBUCUMBI.

AHaNOrMYHO MPUJIEM K BBIBOJY, 4TO cOObITUS A U C, B 1 C HE3aBUCHUMBI.
Ntak, cobbiTus 4, B u C nomnapHO HE3aBUCUMBI.

He3aBucumsl i1 3TH cOOBITHS B COBOKYMHOCTU? OKa3bIBaeTCs, HET.
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JlericTBUTENBHO, IyCTh W3BJICYEHHBIM I1ap MUMEET JIBa 1[BETA, HAIpUMEDP
CMHMWA M 4YepHbIM. YeMy paBHa BEpPOSATHOCTH TOTO, YTO 3TOT WIAP HMEET U
KpacHbIi 1BeT? JIMIb OJMH map OKpalleH BO BCE TPU LIBETA, NOITOMY B3ATHIN
1ap UMeET U KpacHbIN LIBET.

T.o., nomyctus, uro coObiTuss B 1 C MpPOU30LLIN, PUXOJUM K BBIBOIY,
yro coObiTHe A o0s3aTenbHO HacTynut. CrefoBaTelibHO, 3TO COOBITHE
JOCTOBEPHOE U BEPOSTHOCTH €TI0 PABHA CIMHMIIC.

JpyruMu cioBaMu, YCIOBHasi BEpOSATHOCTb Ppc(A4)=1 cobbituss A He
paBHa ero 6e3yciioBHON BeposiTHOCTH P(A)=1/2. Utak, momapHo HE3aBUCUMBIE
coObITus A, B, C He SABISIOTCS HE3aBUCUMBIMU B COBOKYTTHOCTH.

Beposmunocmv  coemecmnoco  nosenenusi  HeCKOAbKUX — COObIMULL,
He3A8UCUMBIX 8 COBOKYNHOCMU, PABHA NPOU3BEOCHUID BEPOSMHOCMEl IMUX
coobimuil:

P(AiAs ... A) = P(4)-P(4s)-...- P(4y).

Ilpumep 108.

HaiiTh BepoOSTHOCTH COBMECTHOTO TIOSBJICHHMS Tepba TIpH  OJHOM
OpocaHuu JABYX MOHET.

Pemenue:

BEPOSITHOCTD MOSIBIICHUS TrepOa nepBoil MOHETHI (coobiTue 4): P(A4)=1/2.

BepositHoCcTh mosiBIIeHUs repba BTOpoit MOHETHI (coObiTue B): P(B)=1/2.

CobObiTiss A U B He3aBUCHUMBIE, TOITOMY HCKOMAasli BEpPOSITHOCTH IIO
TeOpeMe YMHOKCHHS paBHa:

P(AB)=P(A)-P(B)=1/2-1/2=1/4.

Ilpumep 109.

Nmeercsa 3 smuka, coaepxkanux o 10 peranei. B nepBom simuke 8, BO
BTOPOM 7 U B TPETheM 9 cTaHAApTHBIX JeTaneil. M3 Kakaoro smuka Hayaady
BBIHUMAIOT 110 OJHOM AeTanu. HallTu BEpOSATHOCTH TOTO, YTO BCE TPU BBIHYTHIC
JNETAIN OKAXYTCSl CTAHAAPTHBIMU.

Pemenue:

BEPOSITHOCTh TOr'0, YTO M3 IIEPBOTO SIIMKA BbIHYTA CTAaHIAAPTHAS JCTAIb
(coOwiTHE A):

P(4)=8/10=0.,8.

BeposTHOCTH TOr0, 4TO M3 BTOPOTO SIIIWKA BBIHYTA CTaHJAAPTHAS JIETAJIb
(coObiTHE B):

P(B)=17/10=0,7.

BeposTHOCTB TOro, 4TO M3 TPETHETO AIIMKA BBIHYTA CTAHAAPTHAS JECTAJIb
(cobwrTHe C):

P(C)=9/10=0,9.

Tak kak coOwiTusi 4, B u C HE3aBUCHUMBIE B COBOKYMHOCTH, TO MCKOMasi
BEPOSTHOCTBH (110 TEOpEME YMHOXKCHUSI) paBHA:
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P(ABC)=P(A)-P(B)-P(C)=0,8-0,7-0,9=0,504.

3aoanus 011 CaMOCmMOAMEIbHO20 PeUeHUS:

Pemute 3amaun:

1) BepodarHocTh TOro, 4To B Mara3uHe OyJeT MpoaaHa mapa MY>KCKOM
o0yBu 44-ro pasmepa, paBHa 0,12; 45-ro — 0,04; 46-ro u Gosnbuero — 0,01.
Haiitu BeposiTHOCTH TOTO, YTO OYAET MpoJaHa napa MyKCKOH 00yBU HE MEHBbIIIE
44-ro pazmepa.

2) Ilpu ycnoBusx 3agaun | HaWTHU BEPOATHOCTH TOTO, YTO OYEPETHOM
OyneT nmpojaHa napa o0yBu MeHbIe 44-ro pamepa.

3) B sAmuke Haxomarcs 5 pe3loOB: JBa HM3HOLICHHBIX M TPU HOBBIX.
[IpousBoauTCcsl JBa IOCIENOBAaTEIbHBIX M3BICYEHHUS pPe3UoB. Ornpenennurtsb
YCIOBHYIO BEPOATHOCTh MOSABJICHHUS HW3HOLIEHHOTO pe3lua IpU BTOPOM
M3BJICUEHUHU MPU YCJIOBUH, YTO U3BJICUYECHHBIA B MEPBBIA pa3 pe3el B ALIUK HE
BO3BPAILAETCA.

4) B ypHe Haxonarca 5 Oenbix mapoB, 4 yepHbIXx U 3 cuHuX. Kaxnoe
UCIIBITAHUE COCTOUT B TOM, YTO HayAaudy W3BJIEKAIOT OJIMH LIap, HE BO3BpaIlas
ero B ypHy. HaliTu BeposiTHOCTb TOTO, YTO MPHU MEPBOM HUCIBITAHUU MOSBUTCS
Oenplii map (codbiTue A), MPU BTOPOM - YepHBIN (COOBITHE B) U TIPU TPEThEM —
cunuii (coowitre C).

Konumponwnwie éonpocot:
1. [laiiTe onpesenenne He3aBUCUMBIX COOBITHIA.
2. Kakue coObITHS HAa3bIBAIOTCS TTOTIAPHO HE3aBUCUMBIMHU?

IIpakTuuyeckas padora Ned?2
JlucKpeTHast ciay4aiiHasi BeJIMYMHA, 3AKO0H ee paclipeieseHust

Llenv padomuwr:

CMYOeHm OO0JIHCEH:

3HamMb:

- OIIPEICJIEHNE TUCKPETHOM CIIy4YaliHOM BEJIMYMHBI;

ymems:

- CTPOUTb MHOTOYTOJIBHUK (IIOJIMTOH) PACIPENCICHHUS JUCKPETHOU
CIIy4YallHOW BEJIMYMHBI,

- COCTaBJIATH 3aKOH PACHPENEICHNS TUCKPETHON CIyYalHOW BEITUYUHBI.

Ceeoenus uz meopuu:

CnyyaitHoe COOBITHE MOXET COCTOSATh, B YAaCTHOCTH, B TMOSIBJICHUU
HEKOTOpPOTO 4HCJIa, 3HAYeHHE KOTOPOrO HE MOXKET OBbITh OJIHO3HAYHO
OMPENICJICHO YCJIOBUSIMH €0 BO3HUKHOBEHHE. Takue COOBITUS Ha3bIBAIOT
Clly4ailHBIMM BeNMYMHAMU. B 3Toil TpakTOBKE MbI COXpaHsSeM KIACCUUYECKUN
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MOJIXO0J1 K OHSTHUIO CIy4ailHOTO coObITUSA. OHAKO TpeOOBaHHE KOPPEKTHOCTH B
MIOCTPOEHUU MAaTeMaTUYEeCKUX TEOpUW 3acCTaBiisI€T HAC BHOBb OOpaTUTHCA K
aKCHOMAaTUYECKOMY TIOJIXOJly, COXPAHHUB KIJIACCUYECKHE MOJEIH B KayeCTBE
HarJIAIHbIX 00pa31oB U3 cephl MPAKTUYECKUX MPUIOKEHUH.

MartemMaTu4ecku KOPPEKTHO ONPEEIUTh CIyYallHyl0 BEJIUYMHY Kak
YUCJIOBYIO (DYHKIIUIO, 33JJAHHYIO B IPOCTPAHCTBE SJIEMEHTAPHBIX COOBITHIA.

[IpennonoxuM BHaYajie, YTO IPOCTPAHCTBO SJIEMEHTApHBIX COOBITHMN
SBJISICTCS. KOHEUHBIM MHOXXECTBOM. (COOTBETCTBYIOIIYIO €MY CIy4YailHYyIO
BEJIMYMHY HA3bIBAIOT JIMCKPETHOW: OHA MOXET IPUHUMATh JIUIIbL KOHEYHOE
9UCJIO0 3HAYCHHWH, KaXJIOMY M3 KOTOPBIX MOXET OBITh COIIOCTaBJICHA
BEPOSITHOCTh €T0 TMOSIBJICHHUS B oOmbITe. 1103TOMYy IUCKpETHBIE CllydalHbIE
BEJIMYMHBI MOXKHO 3a7aTh TaOJIHIEH BUIA:

X |x; X2 eee | Xn
P \p: |p: |... |p»
3nech OykBoii X oOo3HaueHa cCiydailHas BEJIUYWHA, X;, X2, ..., Xy —

IIEpEYEHb BCEX €€ BO3MOYKHBIX 3HAYEHUMU, & pj,..., P» — COOTBETCTBYIOIIHNE UM
BeposTHOCTU. Takyro TaOiMIly Ha3bIBAIOT 3aKOHOM pacIpeesieHUus AUCKPETHOM
CIIy4allHOM BEJIMYMHBL.

Cobbrtust X=x;, (i=1, 2, ,3, ..., n) SBIAIOTCS HECOBMECTHBIMHU U
€IMHCTBEHHO BO3MOXXHBIMH, T. €. OHH OOpa3yloT MOJHYIO CHCTEMY COOBITHH.
[TosToMy cymMMma uxX BEpOSITHOCTEN paBHA €IMHHUILIE: p,+prtpst...+p,=1.

Ilpumep 110.

Pa3bIrpbiBatoTCs JBE€ BEIIM CTOMMOCTBIO MO 5 py0. W O/JHA BeEllb
ctoumocthio 30 py0. CocTaBUTh 3aKOH pacHpeleseHUs BbIMIPBIMIECH s
YeJioBeKa, KyMUBIIEro ojuH oumnet u3 50.

Pemienue:

MCKOMas ciydaiiHas BeJinunHa X Ipe/iCTaBiseT cOOOM BHIMTPHIIT U MOKET
npuHuMaTh 3HaueHus: 0, 5, 30 py0. [lepBomy pe3ynbTaTy OJaronpusTcTByet 47
CJIy4aeB, BTOpOMY pe3yJibTaTy — 2 ciiy4yasi u TpeTbeMy — 1 ciyuaid. Haiinem nx
BEPOSITHOCTH:

P(x,)=47/50=0,94;
P(x,)=2/50=0,04;
P(x3)=1/50=0,02.
Torna 3aKoH pacnpeneneHus CiIy4aiHoW BETUYUHBI UMEET BUL:

Xi 0 5 30
Di 0,94 0,04 0,02
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B xauecTtBe npoBepku HaueM p+p +p;=0,94+0,04+0,02=1.

3aoanus 011 CaMOCmMOAMEIbHO20 PeUeHUS:

1 BapuanTt
1) [TocTpouTh MHOTOYTOIBHUK
(mosIMroH) pacnpeeneHus

JIUCKPETHOU CIIy4alHOUW BEIIMYMHBI X,
3aZ[aHHOI>'I 3dKOHOM PACHIpCACIICHUA:

x 24576
» 03010204

2) CTpenok naeiaeT Mo MUILEHU TPU
BBICTpena. BeposTHOCTh momagaHus B

2 BapuaHT

1) [TocTpouTh MHOTOYTOIBHUK
(mosIMroH) pacnpeeneHus
JIUCKPETHOU CIIy4alHOUW BEIIMYMHBI X,

3aZ[aHHOI>'I 3dKOHOM PACHIpCACIICHUA:
x [10]15] 20
» 0,110,702

2) CocTaBUThH TAOIHUITY
pacrpeienacHus BEPOSITHOCTEH

MULIEHb TPU  KaXJOM BBICTPEJE | CIIyHailHOrO YMcia OYKOB,

paBHa 0,3. [TocTpouts PSAI | BBINIABIIETO HA BEPXHEW I'PaHu

pacnpeie’eHus Yuciia monaaaHuii. UTPaJIbHOrO KyOHKa IPU OJHOM
1no10pachIBaHUHU.

3 BapuaHT 4 BapuaHT

1) ITocTpouTh MHOTOYTOJIBHUK
(mosIMroH) pacnpeeaeHus
JTIUCKPETHOU CIIy4alHOW BEIIMYUHBI X,

3a,Z[aHHOI>’I 3dKOHOM PACTIpCACIICHUSA:
X [10]20] 30 40
» [03]0,1(02]04

2) UrpanbHyto KOCTh OpOCarOT
nBaxabl. CydaiiHas BeIuunHa X —
CyMMa OYKOB IPU 000uX
nonopaceiBadusX. COCTaBUTH
Ta0IUIly pacupeesICHUs

1) ITocTpouTh MHOTOYTOJIBHUK
(mosIMroH) pacnpeeaeHus
JTIUCKPETHOW CIIy4alHOUW BEIIMYUHBI X,

3a,Z[aHHOI>’I 3dKOHOM PACTIpCACIICHUA:
X [5 [10]15] 20
» [0,1]03]02704

2) B xopobOxke Haxonsarcs 7
KapaH/Jallien, U3 KOTOpbIX 4 —
kpacHbie. Haynauy 6epyT Tpu
kapanaama. Kakou 3akoH
pacnpeaeneHrss UMEET CilydaiiHas

BEPOSATHOCTEHN. BEJINYMHA, 03HAYAOIIAS] YUCIIO
M3BJICYCHHBIX KPACHBIX KapaHIaIIei?
S BapuanT 6 BapuanT

1) [TocTpouTh MHOTOYTOIBHUK
(mosIMroH) pacnpeeneHus

JTUCKPETHOW CIIy4alHOW BEIIMYUHBI X,
3a,Z[aHHOI>’I 3dKOHOM PACTIpCACIICHUSA:

X |2 |14 |5 |6
p 101102105 0,2

2) CocTaBUTh TAOIUITY
pacnpeaeneHust BEpoATHOCTEN
CIIy4ailiHOTO YMCJIa OYKOB,
BBINTABIIIECTO HA BEPXHEH IpaHu

1) [TocTpouTh MHOTOYTOIBHUK
(mosIMroH) pacnpeeaeHus

JTUCKPETHOU CIIy4alHOUW BEIIMYUHBI X,
3a,Z[aHHOI>’I 3dKOHOM PACTIpCACIICHUA:

X1 ]2 |34
» 02040103

2) CTpenok jeNaeT o MUIICHH JIBa
BhICTpenia. BeposiTHOCTh monagaHus B
MUIIIEHB TIPU KaKJIOM BBICTpETIe
paBna 0,3. IlocTpouts psiz
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UTPATLHOTO KyOHWKa TP OHOM
1n010pachIBaHUHU.

pacrpeneseHus Yuciia NonaJaHui.

7 BapuaHT
1) [TocTpouTh MHOTOYTOIBHUK
(mosIMroH) pacnpeeaeHus

JTIUCKPETHOU CIIy4alHOUW BEJIIMYUHBI X,
3a,Z[aHHOI>’I 3dKOHOM PACIIpCACIICHUSA:

X [1 [4 710
» [03]04]0270,1

2) B xopobxe HaxoastTcs 9
KapaHJallen, U3 KOTOPbIX 4 — CUHHUE.
Haynauy 6epyT Tpu kapanaanmia.
Kakoii 3ak0H pacnpeneseHus nmeer
Cly4JaiHasl BEJIMYMHA, O3HAYAOIIAs
YHUCJIO U3BJICUCHHBIX CUHUX
KapaHaamen?

8 Bapuanr
1) [TocTpouTh MHOTOYTOIBHUK
(mosIMroH) pacnpeeaeHus

JTIUCKPETHOW CIIy4alHOUW BEJIIMYUHBI X,
3a,Z[aHHOI>’I 3dKOHOM PACHIPCACIICHUA:

X [10]30]5
» 030,502

2) UrpanbHyto KOCTh OpOCaroT
TpuxAbl. CityualiHasi BeTu4uHa X —
CyMMa OYKOB IIpH TPeX
noaopaceiBaHusX. COCTaBUTH
Ta0JIMILy pacupeaeaeHus
BEPOSATHOCTEN.

9 BapuaHT

1) ITocTpouTh MHOTOYTOJIBHUK (TIOJIUTOH) paclpeeeHus TUCKPETHOM
CJIYYaWHOM BEJIMYUHBI X, 3aaHHOM 3aKOHOM pacrpeIe/iCH s

x 24576
» 030102704

2) Ctpenok aenaeT o MUILIEHU YEThIpE BbICTpena. BeposaTHOCTh monagaHus B
MUILIEHb NPU KaxJ0M BbIcTpeiie paBHa 0,2. [TocTpouts psin pacnpeneneHus

qucia ImonajgaHui.

KOHmpo./leble eonpocwol:

1. JlaifTe onpeaeneHre cayqaiHOTro COOBITHSI.
2. Yro Ha3bIBAETCS CIYyYalHOW BETUUHHON?
3. ITlosicHuTe 3aKOH pacnpeAesieHusl JUCKPETHOU ClIy4ailHON BETMYUHBI.

IIpakTnyeckas padora Ne43
Pemenue npakTu4ecKux 3a1a4 ¢ IpMMeHEeHNEM BepPOSATHOCTHBIX
MeTO/10B

Lenv padomuwi:
CMYOeHm OO0JIHCEH:
3HAMb.

- (opMyJbI IJI9 BBIYMCICHUS MATEMaTHUYECKOTO OKHIAAHUS, TUCIIEPCUU,
CPEIIHETO KBAJIPATUYHOIO OTKJIOHECHUS IUCKPETHOU CIyYalHON BEJIUYHHBI;

ymemo:
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- BBIYMCIATH MATEMATUYECKOE OXKHJAHHWE, JHUCIEPCUI0, CpeaHee
KBaJPaTUYHOE OTKIOHEHUE AJUCKPETHOU CIyYaHOU BEIUYUHBI.

Ceeoenusn uz meopuu:

Cryyaiinble BEIMUYWHBI (JUCKPETHBIE U HEMPEPHIBHBIC) XapaKTEPU3YHOTCS
CBOMM  3aKOHOM  DAaCIpeleieHus. 3aMeTUM, YTO 3TO  HMCYEPIbIBAOLIAS
XApaKTEPUCTHKA B TOM CMBICIIE, YTO B 3aKOHE PpACIPENESICHUS COACPIKUTCS BCS
uHpOpMaIsT O CIOy4daHOW BeIMuMHe. HHKakoil CKOJMb YrOAHO — CIIOXKHOM
MaTeMaTHYECKOW 00pabOTKOM HAOMIOMAEMbIX 3HAYECHHN CIy4ailHOM BEJTMUMHBI O
HEW HEBO3MOKHO IIOJYYUTh CBEICHUS, HE COACPIKAILMECS B 3aKOHE PaCIIPEICIICHMS.
OnHako 3TOT 3aKOH YacTO HEM3BECTEH M O HEM NPUXOJUTCS CYAWTh HA OCHOBE
KaKUX-TO TPHUOMMKEHHBIX OIeHOK. C Jpyroil CTOPOHBI, [JII MHOTHX
NPAaKTHYECKUX 3a]ad Takas WHpopMalus SBISETCS WM30BITOYHON: MOCTATOUYHO
3HaTh JIMIIb  HEKOTOPHIE  KOJWYECTBEHHBIE  XApPAKTEPUCTUKH  3aKOHA
pacrpeneneHusl.

IIpocreiimiesi, HO OYEHb BAXHOW  XapaKTEPUCTUKOU  SABIACTCS
MaTeMaTUYECKOE OKUJAHNE.

ITycTh, Hampumep, X - muckperHas ciiydaiiHash BeIMYHHA pPAaCIpeleNieHa 10
3aKOHY:

X X1 X2 Xn

P | pr| p| ... | D

Toraa ee mamemamuueckoe oxcuoanue M(X) onpenensieTcss paBEHCTBOM
MX)=x;pi+ x:p>t...+ Xy pu.

OO6paTuM BHUMAaHHUE Ha TO, YTO XOTSI KOHKPETHBIC 3HAYCHUSI BETUUMHBI X
SBIIAIOTCS CIy4allHBIMHU, MaTeMaThueckoe okujgaHue M(X) cinydallHBIM He
SABJISICTCSL.

[TycTh, HampuMep, UCTIBITAHWE COCTOUT B OpPOCAHUU UTPATHLHOTO KyOHKa.
[lockonbKy  BBITIQJICHUE  KaXJOW  TpaHH  paBHOBO3MOXHO,  Pi=1/6.
CrnenoBaTeabHO, MATEMATUYECKOE 0KUAAHUE YKCIIA BHIMABIINX OYKOB PABHO

MX)=1/6(1 +2+3+4+5+6)=21/6=3,5.

Yucno, OMM3K0E K ATOMY, TOJYYHTCS, €CIM peanbHO OpocaTh KyOWK

MHOI0 pa3 ¥ MOJICUUTATh CyMMY OUYKOB, JIEICHHYIO Ha YUCJIO OPOCKOB.

MaremaTnudeckoe OXXHUJIaHHE W CpelHee apudMeTHdYecKoe CiydyalHou
BEJIMYMHBI - BAXKHBIE XapPaKTEPUCTUKHU 3aKOHA PACTIPEICIICHU, HO, 3HAasl TOJIBKO
UX, Mbl UIMEEM €lIE BECbMa OJHOCTOPOHHEE NpEACTaBiIeHHE 0 HeM. He scHo,
HarpuMep, Kak BEJIIMKU MOTYT ObITh OTKJIOHEHMS 3HAYEHUN BEITUYHHBI OT ITHX
XapaKkTepucTuk. Beap oIHO M TO XKe 3HAYEHUE CpelHEro apupMeTHUYecKOoro
HaO0JII0JaeMbIX 3HAYEHUM MOKET MOJYUYUTHCS KaK B CiIydae, KOTJa BCe 3HAUCHHUS
HAXOJATCS BOJIM3M CpEAHEro, TaKk M B CJIy4ae CKOJIb YTOJAHO OOJBIIUX
OTKJIOHEHUU OT HETO B CTOPOHY OOJIBIIIUX ¥ MEHBIIINX BETUYHH.
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Jis  Toro 4ToOBl XapaKTepU30BaTh B CPEJHEM BEIUYMHBI TaKUX
OTKJIOHEHUM, BBOJUTCS €Ill€ OJWH BAXKHBIM MMapaMETp 3aKOHA pacIpeaciicHUs,
HAa3bIBAEMBIN JTUCIEPCUECH.

Jlucnepcueti (paccestHueM) JUCKPETHOU CIy4allHOW BEJIMYMHBI HA3bIBAIOT
MaTeMaTHUECKOE OXKHJIAaHUE KBaJpaTa OTKIOHEHUS CIydyailHOW BETMUYUHBI OT €€
MaTEeMaTHYECKOTO OXKUIAHMS:

D{X) = MIX- M(X)T"
Tak e Aucrnepcro MOKHO BBIUKUCTUTE U O hopmyIie:
D{X) = M(X’)- [M(X)T’,
T. €. KaK pa3HOCTb MaTeMAaTUYECKOr0 OKUIaHMsI KBaJpaTa 3HAUEHUH CiydailHON
BEJIMUYMHBI U KBaJIpaTa €€ MaTeMaTHYeCKOTO OKUAAHUS.

Jluciepcusi CyMMbl JBYX HE3aBHUCHUMBIX CIy4allHBIX BEJIMYMH paBHA
CyMMe€ JHUCTIEPCUIl 3TUX BEINYHH:

D(X+Y) = D(X) + D(Y).

MHorue ciiydaiiHble BEJIWYWHBI, BCTPEYAIOIIMECS HA NPAKTUKE, UMEIOT
pasMepHocTh. Hampumep, BeIMYMHBI, KOTOPBIE BCTPEUYAKOTCS MPU PA3TUYHBIX
n3MepeHusix. Toraa, eciu, CKaxkem, CiydaiiHasi BeIMUMHA U3MEPSIETCA B METpax,
TO AMCIEpCHs OyAET MMETh PasMepHOCTh M. IT03TOMy BBOAMTCA €IE OfHA
XapaKTepUCTUKa, Ha3blBaEMasi CpPeOHUM KBAOPAMUYECKUM OMKIOHEeHUeM,
o003HayaeTcsi: o =+/D(X). ee pa3MEpPHOCTb COBMAJAET C PA3MEPHOCTHIO
CIIy4allHOM BEJIUYUHBL.

Ilpumep 111.

[Tycth X — 4uncno 04KOB, BBINAJAONINX IPU OJHOM OpPOCaHHH UTPATIbHOM
kocth. Haitu aucnepcuto cirydaiiHOM BEJTMYMHBI X.

Pewenue:

Cly4ailHas BeJIM4MHa X — 4KMCJIO OYKOB MPUHUMAET 3HaueHus 1, 2, 3,4, 5,
6. CocTaBuM 3aKOH €€ pacupeaeIeHuUs:

Xi 1
1
P P

A=
AN =] w
SN
A =|wn
o ~| o

Torpa e€ MaTeMaTHUYECKOE OKUIAHUE:
1 1 1 1 1 1
=1—-+2-—4+3-—+4.-—+5-—+6-—=35
M(X) 6 6 6 6 6 6 )
Hainem otkionenus i x;, Xa, ..., Xs:
x/"=1-3.5; x,"=2-3,5; x;"=3-3,5; x,"=4-3,5; x5"=5-3,5; x5’=6-3,5.

Brrancnum qucnepcuro:
35

D(X)= é((l —3.5) +(2-3,5)" +(3-3.5)7 +(4—3.5) +(5-3,5)" +(6-3,5)") = B

3aoanus 011 CaMOCmMOAMEIbHO20 PeUeHUS:
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1 BapuanT
1) Monety noaopacsiBatot 7 pas.
Haiitn MatemMaTtuueckoe oxu1aHue,

JUCIIEPCHIO YKCIia TOSIBICHUH repoa.
2) Haiitu matemaTrdeckoe OxXugaHue 1
JUCIIEPCUIO CIIyYalHON BEJIUYMHBI,
3aJIaHHOM TaOJIMIIeH pacipeieNICHuUs:

X 1134|167
)% 0,1{0,1{0,310,4(0,1

2 BapuMaHT

1) UrpanbHyto KocTh noaOpoCHIIn 5
pa3. Haittu matemarnueckoe
OKUJAHKE, AUCIIEPCUI0 YHCTIa

HECBBIITIAJACHUA CIUHUIILI.

2) Haiitn MatemaTruecKkoe OXugaHue 1
JIACTIEPCHIO CITyYallHOM BEJIMYMHBI,
3aJIaHHOM TaOJIMIICH pactpeeIeHuUs:

X 20-1101 12
P 0,1{0,2/0,310,3(0,1

3 BapuaHT

1) Haiiti MaTeMaTH4ECKOE OKUIAHUE U
JIACTIEPCHIO CITyYalHOMN BEJIMYUHBI,
3aJIaHHOM TaOJIMIIeH pacipeiesICHuUs:

X 1147|1013
)% 0,1{0,1{0,310,4(0,1

2) Monety noadpacsiBaioT 6 pas.
Haiitn nucnepcuto u cpennee
KBaJIPATUYECKOE OTKIIOHEHHUE
CIIy4allHOW BEIWYUHBI X — BBIAICHUS
CPEIIKW.

4 BapuaHT

1) Haiiti MaTeMaTHYECKOE OKUIAHUE U
JIACTIEPCHIO CITy4allHOM BEJIMYMHBI,
3aJIaHHOM TaOJIMIIeH pacipeneeHuUs:

X 1123 ]|4]5
p 10,15/0,17/0,35/0,21,0,12

2) MoHety nogopachsIBatoT S5 pas.
Haitrtn nucnepcuro u cpennee
KBaJPaTUYECKOE OTKJIOHEHHUE
CIIy4allHOW BEIWYUHBI X — BBIAJICHUS
repoa.

5 Bapuanr

1) Haiitn MmaTemaTHdecKoe OXKHIaHUE U
JUCIIEPCUIO CITyYalHOM BEJIIMYUHBIL,
3aIaHHOU TaOJIMIICH pacrpeeICHUs

X 1030 | 40 |60 | 70
)% 0,310,13(0,45/0,1(0,02

3) UrpanbHyto KocTh moadbpocuiiu 7
pa3. Haiitu Mmaremarnueckoe
0KHJIaHUE, TUCIIEPCUIO YUCTIA
HEBBIINAJICHUS €UHULIBI.

6 BapuaHT

1) Haiitn MmaTemaTHyecKoe OXKHIaHUE U
JUCIIEPCHUIO CITyYalHON BEJIMYMHBI,
3a/laHHOM TabJMLEel pacrpeneaeHus:

X 1|5 |10)15]20
P 0,1(0,11{0,2]0,22|0,37

3) UrpanpHyto KOCTh TOAOPOCHIIN 5
pa3. Haiitu Mmarematnueckoe
0KHMJIaHUE, TUCIIEPCUIO YUCTIa
HEBBIINAJICHUS €AUHULIBI.

7 BapuaHT

1) Haiitu matemMaTtiuecKoe 0KMIaHHUE U
JIACTIEPCHIO CITyYalHON BEJIMYUHBI,
3a/laHHOM TaOJIMIeH paclpeeeHs:

X [ 1020 [30
»  0,125/0,375]0,5

2) IlpaBuibHas TpeyroabHast
APaMUJIA UMEET TPOHYMEPOBAHHbIE
rpaunu 1, 2, 3, 4. 3anummuTe 3aK0H
pacnpeneneHus AJisl BbIaICHUS
HOMEpa r'paHu, Ha KOTOPOH CTOUT

8 BapuanT

1) Haiitu mateMaTidyecKoe OKMIaHHUE U
JIACTIEPCHIO CITy4ailHON BEJIMYMHBI,
3a/laHHOM TaOJIMIeH pacrpeieIeHIs:

X [ 10 [30] 50
» 10,175]0,35/0,475

2) UrpanbHbiil KyOMK UMEET
MIPOHYMEpOBaHHbIE Irpanu 1, 2, 3,4, 5,
6. 3anuIunTe 3aKOH paclpecieHus
JUTsl BBITIAJICHUSI HOMEpa IpaHy, Ha
KOTOPOH CTOUT KyOUK.
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| mupamua.

Konmponwnwie gonpocul:

I. Yro Ha3pIBaeTCd MaTEeMaTUYECKUM  OXHUJAHHEM  JIUCKPETHOU
CIIy4ailHOM BEJIUYUHBI?

2. Yrto Ha3pIBaeTCS AUCIEPCUEN TUCKPETHON CIIy4YalHOW BEIUUUHBI?
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[Ipunoxenue 1

[IpumepHbIii BApUAHT IK3aMEHALMOHHOTO OujeTa

MunucrepcTBO 00pa3oBanus U Hayku Poccuiickoit denepanuu
[IpodeccrnonanbHoe 06pa3oBaTENbHOE YaCTHOE YUPEKICHUE
cpeaHero nmpodecCUOHAIBLHOTO 00pa30BaHus
«BpICcIIMi IOpUINYECKUN KOJUIEK:

HPKOHOMMUKA, (DMHAHCBHI, CITyK0a 0€30MaCHOCTH

DK3AMEHAILIMOHHBII BUJIET Ne 1

JlucuunirHa: «MATEMATUKA»

No 3agaHue OTBeT
3a4aHnA
1 3 3
Halaute 3HaueHue BbipaxkeHua: (-24 — 8 ) -160
2 Ha gnarpamme nokasaHoO M3MeHeHMe CTOMMOCTHM Aoanapa K pybto
3a nepuog c 6 no 12 pespana 2011 roaa. KakosBa pa3HuuUa B
KOMeMKax MeXay CaMblM BbICOKMM M CaMbliM HU3KMM KypPCOM 33
OAHHbIV nepuog?
ﬂnuamwm Ky pca gonnapa
30,3 1
302,
301 1
g 30 4
299 A
§ 298 -
E 297 1
206 4
29,5 -
294 T
- e
g & § 8 8 § § 8§ 8§ § 8§ § g g
€ 5 8 8 ¢ ¢ & ¢ & ¥ ¢ £ ¢ d
3 Cembs 13 Tpex yenoBeK eaeT U3 Mocksbl B Hebokcapbl. MoXHO

exaTb N0e340M, @ MOXHO — Ha CBOEeM maluHe. bunet Ha noesa Ha
oaHoro YyenoseKa ctont 930 pybnen. ABTomobunb pacxoayet 11
nnTpoB 6eH3MHa Ha 100 KMIOMETPOB NYTU, PACCTOAHME MO LWocce
paBHO 700 Km, a ueHa 6eH3nHa paBHa 18,5 pybneit 3a anTp. CKOAbKO
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pybnen npuaeTtca 3annatuTb 3a Hanbosee el eByro NOe3AKy Ha
Tpoux?

4 Hangute 3HauyeHuMe BbiparkeHua v 65 — 567
5x—12 — i
Hanpgute KopeHb ypaBHEHMA 125

6 log1(12 — 4x) = -3
Hanaute KopeHb ypaBHeHMUA 4

7 casrx=i_ ch(g—n;Zn)

Hanaute T9% ecnn Vio wu 2 .

8 Ha pucyHKe nsobpaxeH rpadpuk ¢pyHkumnm y=f(x), onpegeneHHom Ha
nHTepsane (-2; 12). Hanante cymmy TodeK aKCTpeMyma GyHKLMN
f(x).

‘a y = flr)

9 Hanaute pacctosaHue mexay sepwmHamm A n C, MHOFOrpaHHMKa,
n306parKeHHOro Ha pucyHKe. Bce gByrpaHHble yribl MHOTOrpaHHMKA
npAamble.

10 Ha ak3ameHe 40 Bonpocos, Kons He Bblyunn 4 n3 Hux. Hagurte

BEPOATHOCTb TOroO, YTO emMy nonageTcA Bbly‘-IEHHbIﬁ BOMpocC.
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11 B npasuabHoM TpeyronbHon nupammae SABC megmaHbl OCHOBaHUA
ABC nepecekatotca B Touke O. lNnowaab TpeyronbHmnKa ABC paBHa 2;
obbem nupammabl paBeH 6. Hanaute gnnHy otpeska OS.

5
B
A
C

12 4 3
Hanante 3HauyeHMe BbiparkeHuUA 79 - 4918

13 HaianTte TOUKy MUHUMYMa PYHKLUMM Y = x> — 48X + 17

14 2 3 2
Bbluncnante onpeseneHHbI MHTEerpan f1 (3x* + 2x* +3)dx

15 a) Pelunte ypasHeHme cos2x+5 sinxcosx+5c0s°x=0.

6) HalianTe KOPHU ypaBHEHUA, NPUHAZNEKALLME NPOMENKYTKY

Kputepum oLLeHKU BbINOAHEHMA 3a8aHnAa 15 :

B npeacraBneHHOM peleHnn 060CHOBAHHO NOJyYeH BEPHbIA OTBET 2
BepHo pellieHO ypaBHEHUe, HO He NpoBeAeH OTOOP KOPHEN, U BEPHO 1
Haﬁ,ﬂ,eHbI TOZIbKO KOPHW U3 3a1aHHOI0 OTPE3Ka

PeweHune He COOTBETCTBYET HM OAHOMY U3 KPpUTEPUEB, NEPEYUYNCTIEHHDbIX O
BblLlle

MaKcumanbHbIY 6ann 2
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16

B npamoyronbHom napannenenunege ABCDA;B,C;D; 3agaHbl ANNHbI
pebep AD=12, AB=5, AA,=8. Haingute ob6bem nupamuabl MB;C,D,
ecnam M — TouKa Ha pebpe AA;, npuyem AM=5.

Kputepuun oueHKM BbINOJIHEHMA 3a4aHNA 16:

B npeacrtaB/1EHHOM pelweHnn 060CHOBAHHO nonyyeH BeprIl\/‘I oTBEeT 2

PeweHune copgepxunt 060CHOBaHHbIM nepexon K nnaHmmeTpmquKoﬁ 1
3a4ave, HO noay4yeH HEBeprIVI OTBET, N NPUN NPaBUIbHOM OTBETE
peweHne HeJoCTaToO4YHO 0bocHOBaHO

PeweHune He COOTBETCTBYET HM OAHOMY U3 KpUTEPUNEB, NEPEYNCNTIEHHDbIX O
BblLle
MaKcumanbHbIY 6ann 2
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