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IHosicHuTEeALHAA 3AIMUCKA
®denepanbHBIMU  TOCYAAPCTBEHHBIMU O0pa30BaTENIbHBIMU  CTaHAApTaMU

cpeaHero mpohecCHOHaTBbHOT0 00pa30BaHUs MpeaycMaTpuBaeTcs (popMHUpOBaHUE
YMEHHM CaMOCTOSITENIBHOTO TPHUHATHS PpEIIeHUH U TpodecCHOHAIBHBIX 3ajad,
3aHUMAaThCsl caMooOpa3zoBaHueM. B 3Toil cBs3u, 00ibIIOe 3HAUECHHE TpUoOpeTaeT
OpraHu3alus CaMOCTOSATEIbHOM JeATENbHOCTH OOyYaroImMXCAd Ha YYEOHBIX
3aHATUAX. Pa3paboTka 1aHHOTO METOIUYECKOTO MaTepralia SIBISIETCS aKTyalbHOH,
MOCKOJIBKY CIIOCOOCTBYET Pa3BUTHIO TAKUX YMEHHIA.

Metoaudeckne — yka3zaHWs ~— TOpeJHA3HAYCHBl AN OpraHu3aluu
CaMOCTOSTEIbHOM paboThl 00YYAIOMINXCS HA YPOKAX MAaTEMATUKH.

MeToaudeckne yKazaHUsl COJIEPKAT CIEAYIOIINE dJIEMEHTHI: COJep KaHne
NPaKTUYECKOW paboThl, TEOPETUYECKHE CBEACHUA K TPAKTHUECKOH paldore,
pEIICHKE THITOBBIX MPUMEPOB JJISI BHITOJTHEHUS PaOOTHI, BOIIPOCHI IS MOATOTOBKH
K IPAKTHYECKOH paboTe, peKOMEHAYEMYIO JIUTEPATYPY.

[IpakTuueckue 3aHATHS CIIY)KAaT CBS3YIOIIUM 3BEHOM MEXKIy TEopuend u
npakTUkod. OHU HEOOXOAUMBI JIA 3aKpeIUIeHUS TEOPEeTUYECKUX 3HAHUM,
MOJIYYCHHBIX HA YPOKaxX TEOPETUYECKOro OOydeHHMs, a TakKe IJisi TOJNydeHUs
NPAKTUYECKUX HABBIKOB. [IpakTHueckue 3ajaHusi BBIIOJIHSAIOTCS OOyUYarOIIUMHUCS
CaMOCTOSATENIbHO, C MPUMEHEHUEM 3HAaHWM U YMEHUH, MOJYYEHHBIX Ha YpOKax, a
TaKK€ C HCIOJIb30BAHHUEM HEOOXOJUMBIX TOSICHEHUW, TMOJYYEHHBIX OT
IperoaBaTes PU BBHITIOJHEHUH MPAKTHUECKOTO 3aaHusl.

JlanHast paboTa COIEPKUT METOAUYECKHE YKa3aHWs K MPaKTUYECKUM
paboraMm mo auctumuinHe «MareMaTukay U mpegHa3HaueHa JJisi 00yJaromuXCs 1m0
CHEIUATBHOCTAM CPEHETr0 MPO(EeCCHOHATEHOTO 00pa30BaHMUs.

Ilenp MeTOAMYECKHMX YKa3aHHWM: OKa3aHHWE IIOMOIIM OOydJaroIIuMcs B
BBITIOJTHEHUHU MTPAKTUYECKUX pabOT MO MpeaMeTy «MartemaTrka.

[enstmu ipoBeIeHNST TPAKTUYECKUX 3aHATHI SBIISTIOTCS

- 00001IeHNEe, CUCTEMATU3AINS, YIIyOJIeHNe, 3aKPEIUICHUE MOTYYCHHBIX
TEOPETUYECKUX 3HAHWUH 10 KOHKPETHBIM TeMaM Yy4YeOHOW JAUCIUILTAHBI

«MaTteMaTuka;



- (hopMHUpOBaHNE YMEHUI NPUMEHSATH MOJTYYEHHbIE 3HAHUS Ha NPAKTHKE,
pealn3aLMIo €IMHCTBA UHTEIJIEKTYaIbHON U NIPAKTUYECKON AEATEIIbHOCTH;

- BbIpa0OTKa MpHU PEIICHUH NOCTABICHHBIX 3a/1a4 TAKUX MPOPECCUOHAIBHO
3HAYUMBIX Ka4eCTB, KaK CAMOCTOSTEIbHOCTh, OTBETCTBEHHOCTD, TOYHOCTb.

Bce mpencraBiieHHble BapUaHTbl MPAKTHYECKUX PabOT JaHbl OJIMHAKOBOU
CTEIIEHU TPYAHOCTH.

[Ipaktuuyeckas paboTa BBINONHIETCS B CPOKH, YCTAHOBJICHHBIE B
COOTBETCTBHUM C KaJIEHAAPHO-TEMATUUYECKUM IUIAHOM. 32 KaXKIYH MPAKTUYECKYIO
paboTy 00yyaromuics TOJKEH MOJIYYUTh MOJ0KUTEIbHYIO OIICHKY.

[TpomesxyTouHo#l popmMoOil M3ydeHUs! NUCUUILIUHBI SBISETCA dK3aMEH IS
Bcex crenuanbHocTedl. OOywarouiuecsi, He BBIMOJIHUBIINE BCE MPAKTHUYECKUE
paboThl, HE aATTECTYIOTCA U K IK3aMEHY He JIonmycKarTcsa. MeToanuecKue yKazaHus
pa3paboTaHbl B COOTBETCTBMM C Yy4eOHOM mporpammoil. B 3aBucumocTH oOT
COJlep)KaHUsI OHM MOTYT BBIMOJHATHCA OOYYAIOIUMUCA WHIWBUIYAIBHO WIH

¢dbpoHTaNIBEHO.



IIpakTHyeckoe 3ansitue Nel
«BbinosiHeHne apuPMeTHUECKHUX ONEPANUH € 1edCTBUTEIbLHBIMHA H
KOMILIEKCHBIMM YHCJIAMU, MPe0OPA30BAHN S YUCI0BBIX BbIPAsKEHUID)

Heab pa0doThI: BBIMNOIHATH apuUMETHUECKUE NCUCTBUS HAJA YUCIAMH,
coueTasi pa3JIM4HbIe MPUEMBbI, IPOBEPKA U yriayOJieHUe 3HAHUM MO TeMe

CBeneHus u3 Teopum:

UppanmoHanbHbIM = YKCIIOM  Ha3bIBaeTCsl  OECKOHEUHAasl  JeCATUYHAs
Hernepuoaudeckast 1po0b. MppainroHanbHbie 4yncia, KaKk U pallMOHAIbHBIC, MOTYT
OBITH MOJOXKUTEIBLHBIMU U OTPUIIATEIILHBIMHU.

Hanpumep, uucino 0,123456...., B KOTOpOM TMOCJI€ 3amsATOM 3alMCaHbI
MOJAPSJT BCE HATypalbHBIC YHMCIA, SIBISETCS MOJIOKUTEIBHBIM HPPAMOHATIBHBIM
yucinoM. Yucno -5, 246810...., B KOTOpM MOCJE 3aMsTOM 3alucaHbl TOAPS] BCE
YETHBIC YUCIIA, SIBISIETCS OTPUIATEIBHBIM UPPAITUOHATBHBIM YHCIIOM.

Yucna V2, V7, — V 3, T TaKXe SBJISIOTCA UPPALMOHATBHBIMU, TAK KaK
MOHO JI0Ka3aTh, YTO OHHM MOTYT OBITh NPEACTABICHHI B BHUJEC OCCKOHEYHBIX
JECATUYHBIX HEMIEPUOIUUECKUX APOOEH.

PanvionanpHble W UppalMOHANIBHBIC 4YHCJIAa O00pa3yldT MHOXKECTBO

}IGI\/iCTBI/ITCJII)HI)IX YUCCII.

JleiicTBUs ¢ 0ECKOHEYHBIMHU JECATHUYHBIMU APOOSIMHU.

M3BecTHO KaK BBIMOJHIIOTCS JCHCTBHS HaJ KOHEUHBIMH JIECATUIHBIMU
apobsimu. ApudMeTHYECKHE ONEepalud HaJl JEeHCTBUTEIBHBIMH YWCIAMH, T.C.
OCCKOHEYHBIMU JCCSTHYHBIMH JIPOOSMH, 3aMEHSIOTCS OIEpalusMd Haj WX
PUOJIKEHUSMH.

Ipumep. BoIMUCTHT TPHOIMKEHHbIC 3HAUYCHNUS V. 2+3

Pemrenue:

1. Bocnonbpzyemcss KanpKyJISITOpOM M HAaUJEM 3HAUYCHUS V2 u+/3

Vimeem V2 = 1,4142135 ....., /3 = 1,7320508......

2. Haiigem V E ++/ § C TOYHOCTBIO 1O €IUHUIIBI

V2~14u V3~17 tormav2+v3~14+17=31=3

3. Haiigem V E + § C TOYHOCTBIO JO OJHOM OECATOU

V2~141 u V3 ~ 1,73, tormav2 + V3 ~ 1,41 + 1,73 = 3,14 ~ 3,1

4, Haiigem v E + § C TOYHOCTBIO JO OJHOM COTOM

V2 ~ 1,414 u V3 ~ 1,732, Torna V2 + V3 ~ 1,414 + 1,732 = 3,146 ~ 3,15

AHaJIbrMYHO, BEIUUCIAS Mpou3Beaenne V2 - V3 ¢ Tounoctsio 10 0,1, morydaem



V23 ~141-1,73 = 2,4393 ~ 2,4

Bce ocHOBHEIE I[CﬁCTBH?I Haa paoyvOHAaJIbHBIMU YUCIAMH COXPAHAIOTCA U

IS NEUCTBUTEIILHBIX  YHCEI (mepemMecTUTeIbHbIN, COYEeTaTEIILHBIN

u

pacnpenenuTeNbHbIA 3aKOHbI, PAaBUIa CPABHEHUS, PAaBUIIa PACKPBITUS CKOOOK U

T.1.).
JleficTBUTENIbHBIC YUCIA 001aAaI0T CISAYIOIUMU CBOMCTBAMM:
Ceoticmea cnodcenus u 8bIYUMAaHUs.
1. a+B=B+a(nepeMecTUTEIILHOE CBONCTBO CIOKECHHSI)
2. (a+B)+c=a+(B+c) (coueTaTeIbHOE CBOMCTBO CIIOMKCHHS)
3. a+t0=a
4. a+(-a)=0
Ceoticmea yMHOMCEHUSL U OeleHUs]
1. a*B=B*a (nmepemMecTUTEIILHOE CBONCTBO YMHOKECHHUS)
2. (a*B)*c = a*(B*c) (couerareabHOE CBOWCTBO YMHOXKCHHUS)
3. a*l=a
4, a*0=0
5. —a=(-1*a
6. a*l-=1] (a=0)
a
IIpumep. Boisichuth,  KakuM ~ 4MciIOM  (palMOHANIbHBIM

I/IppaHI/IOHaJII)HI)IM) ABIACTCA YUCJIIOBOC 3HAYCHNUC BLIPAKCHUA !

1) (V8 = 3)(3 + 2V2)

Pemenne: IlepeMHOXHM CKOOKH
(V8—-3)3+2V2)=3V8+2V16-9—-6V2=6v2+8—-9—6vV2 = —1
OTBGT: ABJIACTCA palUOHAJIbHBIM YN CJIOM

2) (V27 = 2)(3 = 3V3)

Pemenue: [lepemMHOM) UM CKOOKH

(V27 -2)(3-3V3) =3V27-3V81 -6+ 6V3 =9V3—27 -6+ 6V3 =

—15v3 —33

OTBeT: SABISETCS UPPAMOHATBHBIM YHCIIOM

3) (V50 + 4V2)V2

Pemenue: Packpoem ckoOku (pacmpeienuTebHbIN 3aK0H )
(V50 + 4V2)V2 =100+ 4-2 =10 + 8 = 18

OTBeT: ABIAETCS pAaMOHATBHBIM YUCIIOM

4) (5vV3 ++27) 1 V3

Pemenune: PackpoeM ckoOku (pactpeeuTeNbHbIN 3aKOH)

i



— = = 53 a7
(5\/3+\/27):\/3—\/§+f_5+3_8

OTBeT: ABISIETCS PAIMOHATBHBIM YHCIIOM

2 — 2
5)(V3—-1) + (3 +1)
Pemenue: PackpoeM ckoOku ((popMyIibl COKpaIlIEHHOTO YMHOKEHUS )

2 — 2
V3-1) +(¥3+1) =3-2V3+1+3+2V3+1=38

OTBeT: ABISIETCS PAIlMOHATBHBIM YHCIIOM

2 —
6) V5—-1) —(2V5+1)
Pemenne: PackpoeM ckoOku ((popMyIibl COKpaIIEHHOTO YMHOKEHUS )

2 — 2 _
(V5-1) —(2V5+1) =5-2V5+1-20-4V5—-1=-15-6V5
OTBeT: sBIsIETCSA UPPAITUOHATBHBIM YHCJIOM

Ilpumep. BeryuciuTh:

1.V63-V28=+v7-9-4-7=49-4/9-V4=7-3-2 = 42

2.v20 V5 =+20-5 =+/100 = 10
56 \/'SU \/'2'5_ \25 5

3./50:V/8="" U ="=125
V8 8 4 Vi o4
TR v R At Y L Py L L
V27 27 9 9 3

5.2,31+ 765 + 869 = 765 + (231 + 8, 69 ). Otser: «IIpumeHum
IIEPEMECTHTEIIBHOS CBOMCTBO, @ 3aTEM JIMOO BBIMOJIHUM CJIOXKCHHE IO MOPSJIKY,
00 MPUMEHUM COUYCTATEIIbHOE CBOMCTBOY.
6. 14,537 — (2,537 + 5,9)= (14,537 — 2,537) + 5,9= 12+ 5,9 = 17, 9.0tBeT:
«IIpuMeHHM CBOMCTBO BBIUUTAHUS CYMMBI U3 YHCIIaY.
7. Cle+Y4)-16=313:16 +1/4-16 = 6+4=10. IIpuMeHUTH pacIpeeTUTENLHOE CBOHCTBO
YMHOKEHUSI.
8. 31/4‘7:(3+l/4)'7 =37 +l/4'7:21+1/2:211/2
0. 53/8'2/7"'15/8'2/7:2/7'(53/8"'15/8):2/7'7:2
10. 14/ 15X —2/ 15X:X'(14/ 15—2/ 15):X’12/ 15:4/ 15X.

MHUMBIC YHCJIa, KOTOPBIMH MbI JIOIOJHSAEM JICHCTBUTEIbHBIC YHCIIA,
3aMUCBIBAIOTCA B BUE bi, Tie 1 — MHMMAs eMHMIA, pudeM i2 = - 1.

Hcxons w3 3TOro, IMOJIYy4YdUM CIACAYIOIIEE OIPEACIICHHEe KOMIUIEKCHOTO
quca.

KoMIIIeKkCHBIM YHCJIOM Ha3bIBacTCs BhIpaXKCHUE BHja a + bi, rme au b -
JICHCTBUTENbHBIC YKCIIa. [Ipr 5TOM BBIMOIHSIOTCS YCIOBUS:

a) /IBa KOMIUIEKCHBIX umcia a1 + b1l m a2 + Dol paBHBI Toraa W TOJBKO
TOr[a, Koraa a;=ap, b1=h,.

0) CrioskeHre KOMIUIEKCHBIX YUCEN ONPEIEIACTCS IPABUIOM

(a1 + bll) + (az + bzi) = (8.1 + az) + (b1 + bz) I



B) YMHOKEHHE KOMIUICKCHBIX YHCEJ OMPEACIISCTCS MPABUIIOM:

(a1 + bii) (a2 + bai) = (a1az2 - biby) + (azbz - azb1) 1.

3anuch KOMIUIEKCHOTO 4YWcia B BUJe a + bl Ha3bIBalOT anreOpanyeckoi
dbopmMoil KOMILJIEKCHOTO YucJa, I/ie a — ACHCTBUTENbHAS 4YacTh, bl — MHUMas 4acThb,
npudeM b — elCTBUTEIBHOE YHUCIIO.

KommiekcHoe wmciao a + bi cuuTaercss paBHBIM HYIIO, €CIH €ro
JCHCTBUTEIbHAS M MHUMAs YaCTH PaBHBI HYt0: a =b =0

KommiexkcHoe umcio a + bi mpu b = 0 cuuraercss cOBHajaromUM C
JIEHCTBUTEIBHBIM YUCIIOM a: a + 01 = a.

KommekcHoe umncino a + bi npu a = 0 HaspiBaeTCs 4MCTO MHUMBIM U
ob6o3Havaetcs bi: 0 + bi = bi.

JIBa KOMILIEKCHBIX unciaa Z = a + biu z = a — bi, ornmuuaromuecs nuib
3HaKOM MHHUMOM YaCTH, Ha3bIBAIOTCS COMPSKCHHBIMHU.

Hanm koMmjiekcHbIMH dHciIaMH B anreOpamyeckoid  (GopMe MOXKHO
BBITIOJIHATD CJICYIOIINE CHCTBUS.

1) Cnoxenre. CyMMOM KOMILIEKCHBIX YHcel Z1 = a1 + b1l m zo = az + Dol
Ha3bIBACTCS KOMILJICKCHOE YHUCIIO Z, ACHCTBUTEIbHAS YaCTh KOTOPOTO paBHA CYMME
JCHCTBUTEIBHBIX YacTel Z1 M Zp, @ MHAMAs YacTh - CYMME MHHUMBIX YacTel Yucel
Z1 1 7, TO ecTh z = (a1 + az) + (b1 + bo)i.

Yucna Z1 ¥ Z2 Ha3bIBAIOTCS CIAracMbIMHU.

CrnoxxeHne KOMIUIEKCHBIX YHCENl 00JIaZlaeT CIEeIYIOIIUMU CBOMCTBAMH:

1°. KoMMyTaTuBHOCTB: Z1 + Z2 = Z2 + Z3.

2°. ACCOLMAaTUBHOCTE: (Z1 + Z2) + Z3 =21 + (22 + Z3).

3°  KomruiekcHoe 4YuMcio —a-bl  Ha3bIBAETCS  MPOTHUBOIOIONKHBIM
KOMILJICKCHOMY 4Hciay z = a + bi. KoMIulekCHOe YHCIio, MPOTHBOIOIOKHOE
KOMIUIEKCHOMY YHUCITy Z, o0o3Hawaercs -z. CymMMa KOMITJICKCHBIX YHCEN Z U -Z
paBHa Hymo: z + (-2) =0
IIpumep. Beimonuute cnoxkenune (3 —1) + (-1 + 2i).
B-D+(-1+2)=B+(-1)+(-1+2)i=2+1i.

2) Borunrtanue. BeiuecTh M3 KOMIUIEKCHOTO YHCIA Z1 KOMIUIEKCHOE YHCIIO Z2,
3HAYUT HATU TaKOe KOMIUIEKCHOE YHCIIO Z, UTO Z + Z2 = Z3.

Teopema. Pa3HOCTh KOMIUIEKCHBIX YUCEIT CYIIECTBYET M IPUTOM STUHCTBEHHA.
IIpumep. Beimonaute Berautanue (4 — 2i) - (-3 + 2i).
4-20)-(-3+2))=4-(-3)+(-2-2)i=7-4i.

3) YmHuoxenue. IIpousBenecHUEM KOMIUICKCHBIX dYHcCen zi=aithil u zp=ap+hai
HA3bIBACTCS KOMIUIEKCHOE YHCIIO Z, OTIPEISIIIEMOe PABEeHCTBOM: Z = (2182 — biby) +
(albz + azbl)i.

Yucna Z1 ¥ z2 Ha3bIBAIOTCS COMHOXHUTEIISIMH.

YMHOKEHUE KOMITJICKCHBIX YUCeIT 00J1a/1aeT CICAYIONUMHI CBOWCTBAMMU:

1°. KoMMyTaTUBHOCTb: Z1Zp = ZZ;.

2°. AcconmaTiuBHOCTD: (2122)Z3 = 21(Z223)

3°. IucTpuOyTUBHOCTh YMHOXCHHS OTHOCHUTEIILHO CIIOKCHUS:

(z1 + 22) 23 = 2123 + 292s.

4°. 7.7 = (a+ bi)(a— bi) = a? + b? - geiicTBUTENBLHOE YKCIIO.



Ha npakTrike yMHOXEHHE KOMIUIEKCHBIX YHCEN MPOU3BOJAT IO MPAaBHILY
YMHOKEHUSI CyMMBI Ha CYMMY U BBIJICJICHUS ICICTBUTEIILHON 1 MHUMOW YaCTH.
IIpumep. Beimonuaute ymuoxxenue (2 + 3i) (5 — 7).
1 cnoco6. (2+31)(5-7)=(2-5-3-(-7)+(2-(-7)+3-5)i=(10 + 21) + +(- 14
+15)i=31+1.
2 criocob. (2+31))(5-71)=2-5+2-(-71)) +3i- 5+ 3i- (- 7i) = 10 — 14i + +15i +
21 =31 +1.
4) lenenue. Pa3nenuTb KOMILICKCHOE YMCIIO Z1 HA KOMIUIEKCHOE YUCIIO Z2, 3HAYHUT
HaWTH TaKOE€ KOMIUIEKCHOE YHCIIO Z, UTO Z - Z = Z3.
Teopema. HacTHOE KOMIUIEKCHBIX YHCETl CYLIECTBYET U €AUHCTBEHHO, €CIIU
2o # 0+ 01.
Ha mnpakTuke 4YacTHO€ KOMIUIEKCHBIX YHCEI HaXOIAT IyTEM YMHOXEHUS

YUCJIUTECIIA U 3BHAMCHATCIIA HA YHUCJIO, COIIPAKCHHOC ?Halgeﬂgqeﬂ +b.ila. —b.i
HyCTB Z = a + b I’ VA = a + b I’ TOFHa 1 — 1 1 =}ea'1 1 )( 2 2) —
1 1 1 2 2 2

z, a,+bi (a,+b,i)(a,—b,)
_ (a3, + blbé)?++(§;bl —ayb, )i _ a2y + bib | achy—aub,.

SR
2 2 2 2 2 2
. 2-3i
Ilpumep. Havitn yacTHOE -
5+2i
1 crioco0.
2—3i_L5+(—3)-2+5-(—3)—2-2i_10—6+—15—4i_i_ﬁi
5+2i 52 22 52 +22 25+4 25+4 29 29
2 c11oco0.

2-3i (2-3i)(5-2i) 10-4i-15i-6 4-19i _4 19,
5+42i (5+2)(5-2)  52—(2) 2544 29 29
5) Bo3BeaeHue B IEITYIO MOJI0KUTEIbHYIO CTEIICHb.

a) CTeneHr MHUMOW €IMHHUIIBI.
[Tonp3ysick paBeHCTBOM i = -1, Jerko ONpeienuTh JI00YI0 — LETyIo
MOJIOKUTEIBHYIO CTEIIEHb MHUMOM eIuHUIbI. Meem:

°=iti=-
=22=1,
P=ii=i
P= it =1,
7= = -,

P=i®P=1ur

DT0 MOKa3bIBaET, YTO 3HAUCHUS CTETICHHM 1", TJIe N — [EJI0€ MOJIOKHUTEIHLHOE YUCIIO,
MIEPUOIMYESCKU TIOBTOPSICTCS MPH YBEIMUCHUH TIOKa3aTels Ha 4 .
[TosToMy, 9TOOBI BO3BECTH YHUCJIO 1 B IEIYI0 IMOJOXKHTEIBHYIO CTEIICHBb, HAJO
MOKa3aTeJIb CTEIICHU Pa3eiiuTh Ha 4 M BO3BECTH 1 B CTEIICHB, ITOKA3aTe)Ib KOTOPOH
paBEeH OCTATKY OT JICJICHHSI.

Ipumep. Beraucaute: (i 3 +i17) - i 2,
i 36 — (I 4)9 =19= 1’
j 17 = i4~4+1=(i 4)4. i=1-i=i
i == B=1.8= -

(¥ +i7)iB=(L+i)(-))=-i+1=1—1i



0) Bo3BexgeHMEe KOMIUIEKCHOTO 4YHCIAa B LEIYIO IOJOXHUTEIbHYIO CTEIECHb
MIPOU3BOAUTCS IO IPABUIIY BO3BEACHHUS IBYYIEHA B COOTBETCTBYIOLIYIO CTEICHb,
TaK Kak OHO NpPEACTaBiseT COOOM YacTHBIA clydaid YMHOXEHHUS OJMHAKOBBIX

KOMIUIEKCHBIX COMHOKHUTEJIEH.
IIpumep. Beraucaute: (4 + 2i)?

(4 +2i)3=4%+3-42.2i + 3. 4- (2i)? + (2i)®* = 64 + 96i — 48 — 8i = 16 + 88i.
3aoanusn 011 camocmoamenbHO20 peueHus:
1 BapuanT 2 BapuaHT
Nel  Haiinute  cymmy, pasHocTh, | Nel  Haitnure  cymmy,  pa3HOCTS,
MPOU3BEICHUE W  YacTHOE  JIBYX | IPOM3BEJACHUE W  4YacTHOE  JIBYX
KOMIUJICKCHBIX 4YHucell Z1 = —2 + 41 U | KOMIUIEKCHBIX uucenl z1 =—1+ 30 u
z2 = 2 — 2i. llony4yeHHble pe3ynbtarhl | zz = 2 — 3i. IloiryyeHHbIE pe3yNbTaThI
n300pa3uTh Ha KOOPJAWHATHOM | N300pa3uTh Ha KOOPAMHATHOM
MJIOCKOCTH. MJIOCKOCTH.
No2 Boszectu yucno z = 1 — 4i Bo | Ne2 BosBectu umcino z = 4 — 3i BO
BTOPYIO ¥ TPETHIO CTETICHB BTOPYIO U TPETHIO CTETICHB
No3 BB%‘{I/ICJII/ITB. No3 BBI‘II/IZCJII/ITB.
) 035 327 _ 1) 075 32 _
0,9%V08 0,573-x/OTZ
5 3+:-0,09+(0,15+ 2_) 2) 1—_+27+27+135+
) 0,32*6+0,03—(5,3—3,88)+0,67 + (0,4 2% 1) (42 -1 i)
2 40
3 BapUaHT 4 BapuaHT
Nel  Haiigute cymmy, pas3HOCTh, | Nel  Haiigute cymmy,  pa3HOCTb,
OPOU3BEICHHME W  YaCTHOE  [JBYX | IPOM3BEICHUE W  YAaCTHOE  JIBYX
KOMIUIEKCHBIX 4ucen Z1 = —2 + 20 W | KOMIUIEKCHbIX uucen z1 = —3+ 30 u
= 2 + i. IlonyyenHsle pe3ynbTarhl | zz = 2 — 3i. IloilyuyeHHbIE pe3yJbTaThI
U300pa3uTh Ha KOOPJAMHATHOM | N300pa3HTh Ha KOOPIMHATHOM
IJIOCKOCTH. MJIOCKOCTH.
Ne2 Boszsectn umcino z = 1 — 2i Bo | Ne2 Bossectn uucno z = 2 — 3i BO
BTOPYIO U TPETHIO CTENIEHB BTOPYIO U TPETHIO CTENICHb
Ne3 BLIZI{I/ICJII/ITL. No3 BI)ILII/IZCJ'II/ITI).
1) 0,27 \/3_? _ 1) 0,65 V322 _
93'\/08 43.\[_
2) (10—22+75—10) 2) (0216+__ )+(196 7,7)+
3 0,15 15 225 24—
E 30 *0, 25 + 360) +0,695 =+ 1,39

Konmponwnwie gonpocoi:

1. Kakue uncna Ha3bIBAIOTCA HATYPAIbHBIMU?
2. Kakue neiicTBusl Bcer/ia BEIIOJIHUMBI HA MHOYKECTBE HATYPAJIbHBIX YUCEN?

3. Kakue unciia Ha3bIBarOTCS HGJ’II)IMI/I?

4. Kakue 1eiiCTBUS BCEr/1a BHIMOIHUMBI HA MHOKECTBE LEJIbIX YUCEN?

5. Kakwue 4dunciia Ha3pIBalOTCS pallMOHATbHBIMU?

6. Kakue meiicTBusi BCer/1a BBHITIOJTHUMBI HA MHOKECTBE PAIIHOHATLHBIX YUCEN?
7. Kakue unciia Ha3pIBalOTCSI UPPALMOHATBHBIMU?
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8. Kakue uncna Ha3bIBalOTCS IEHCTBUTEIBHBIMU ?

9. Kakue neiicTBHs Bceria BEIIOJHUMBI HA MHOKECTBE I€MCTBUTEIbHBIX YHCEI?
10. ApudmeTnueckue onepauu Haja ACHCTBUTENbHBIMUA YHUCIAMU

11. Nmeet ypaBHEeHHE X? = —1penieHne Ha MHOXXECTBE KOMITJICKCHBIX YHCEN?
12. Yto Ha3bIBaeTCSI KOMIUIEKCHBIM YUCIIOM?

13. HazoBuTe MHUMYIO U ACHCTBUTENBHYIO YACTH KOMILJIEKCHOTO YKCIIa U KAKUMHU
CUMBOJIAMH MX 0003HAYAIOT?

14. B xakoM ciyyae KOMIUIEKCHOE YMCIIO COBIAAET C NEUCTBUTEIBHBIM YUCIOM?
15. B kakoM ciydae KOMIUIEKCHOE YUCJI0 Ha3bIBAE€TCSI YUCTO MHUMBIM?

16. ImeeT cMbIC MOHATUSA «OOJBIIE» U «MEHbBIIE)» JJIsl KOMIUIEKCHBIX YHCeN?

17. Kakue KOMILIEKCHbIE YHCIIa HA3bIBAIOTCA CONPSIKEHHBIMU?

18. Yto Ha3bIBaeTCS CyMMOU JIByX KOMIUIEKCHBIX UM CEN?

19. Kakue KOMILIEKCHbIE YHCIIa HA3bIBAIOT IPOTUBOOIOKHBIMU?

20. Yo Ha3bIBaeTCs Pa3HOCTHIO JIBYX KOMILJIEKCHBIX YHCEN?

21. Yto Ha3bIBaeTCs MPOU3BEICHUEM JIBYX KOMIUIEKCHBIX YnCEeN?

22. YTo Ha3bIBACTCS YACTHBIM JIBYX KOMIUIEKCHBIX UM CEI?

IIpakTH4eckoe 3ansaTHe Ne2
«Pemenne NnpuKJIAAHBIX 32124 HA MPOLEHTHI»
Hean pa6oThi: 0TpaboTKa M 3aKpEIJICHUE HABBIKA PEIICHUS MPUKIATHBIX
3a/1a4 Ha MPOLEHTHI.
Cenenusi U3 TEOPUU:

Cii0BO «IIpOLIEHT» MPOUCXOJHUT OT JIATUHCKOTO CJI0OBa procentum, YTO
OyKBaJIbHO O3HAYAeT «3a COTHIO» WM «cO cTa». I[IpolieHTamMu ouyeHb yHAOOHO
N0JIb30BAaThCSl HA MPAKTUKE, TaK KAK OHU BBIPAXKAIOT YACTU LEJBIX YUCEN B OJHUX
U T€X K€ COTBHIX A0JAX. [IpOIEHT — 3TO YaCTHBIN BUJ ACCATUYHBIX APOOCH, coTas
JIOJISL 1IEJIOTO.

Ecin MBI TOBOpUM O mpeaMeTax U3 HEKOTOPOW 3alaHHOW COBOKYITHOCTH —
JeHbrax, 3apabaTbiBaéMbIX B CEMbE, MaTepHaliax, MNPOAYKTaX IHUTAHUSA, TO
nporieHT, pazymeercs, 100 coTrix yacTeit camoro cebs. [loaToMmy 0ObIYHO TOBODSIT,
4yTO OHa «puHUMaeTcs 3a 100 mpoueHToBY.

Ecnu pedb uaeT O MNPOUEHTE OT JAHHOIO YHCIA, TO 3TO YUCIO H
npunumaetrcs 3a 100 %. Hanpumep, 1 % oT 3apmnaTel — 3TO coTas 4acTb
3apriatel; 100 % 3aprutatel — 3TO CTO COTHIX YacTeil 3apruiathl. T. €. Bcs 3apruiaTa.
[Tomoxomaubiii Hajor ¢ 3apruiatel Oepetcss B pazmepe 13 %, 1. e. 13 coThix OT
3apmiatel. 3,2 % Xupa B MOJOKE O3HA4aeT, uTo 3,2 COThIX Macchl MPOJYKTa
COCTaBIISACT XKUP (WK, APYTHUMH clioBaMH, B Kakabix 100 rpammax 3Toro mpoaykra
coliepKUTCs 3,2 TpaMma Kupa).

OCHOBHBIE COKpAIIEHHbIE MPOLEHTHbIE OTHOILICHHUS.
1. 200 % = 2;
2.250%=1
4
3.100 % = 1;
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4.10% =+

10
5.50%=":
2
6.1%= >
100
Pasznnunabie 0003HAYECHUS:
1% 0,01 L
! 100
18
0, -
18 % 0,18 100
0 P
p % 0,01p 100

Haxoxk/1eHue NpPOoueHTOB JaHHOT0 YHCJIA.
Ytoo6n1 HaliTu p % oT a, Hago a-0,01 p .
Ipumep. 15 % ot 90 coctasmnset: 90-0,15 = 13,5.

Haxo:x/eHune 4mcia no ero npoueHTam.
Ecau u3BecTHO, 4TO0 p %0 yncaa a paBHo B,Toa =B : 0,01 p
IIpumep. 2 % uucna x cocrasistor 140.

a=140:0,02;
a = 7000.
Otset: 7000

HaxoxkaeHue NpOLEHTHOr0 OTHOMICHH ST YHCeJl.
YTo0bI HAIITH MPOLEHTHOE OTHOIICHUE YHCeJ, HA/I0 OTHOLIEHHE 3THX YHCel
YMHO:KUTH HA 100 %:
“4.100%
6
IIpocThie NPOUEHTHI.
1) Ogna BenuuuHa Ooibline (MEHbIIE) Apyroi Ha p %.
a — IEepBOHAYAJIBHOE 3HAYCHHUE
P — KOJIMYECTBO MPOLEHTOB
B — HOBOE 3HAUYCHHE
a) ecJii a BO3pocJio Ha p %0, TO HOBOE 3HAYEHHEe PABHO
B = a(1 +0,01p).
0) ecJin a yMeHbIIWJIU HA P %0, TO HOBOE 3HAYEHHE PABHO
B=a(1 — 0,01p).
B) €CJIH a CHAYaJIa YMEHbIIWJIN HA p%, 3areM MOJy4eHHOE YHCJIO
yYBeJIMYHIH
Ha p%, TO HOBOE 3HAYeHHE PABHO
B = a(1 - 0,01p) (1 +0,01p) = a(1 —(0,01p)*) (*)
IIpumep.
YBennuuts uuciao 60 na 20%.
Pemenue:
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60e (1+ 0,01020)=60e(1+ 0,2) =60 ®1,2 =72,
OtseT: 72

Ilpumep. B mebenbHOM MarasuHe CTapble IIeHbl 3aMEHEHbl HOBbIMU. Ha
CKOJIbKO MPUMEPHO MPOIICHTOB CHUKEHBI 1IEHbI ITPU pacipojiake Mmedenn?

Ilena Mkad Kposatb Cron
Crapas 3999 pyO. 1205 pyo6. 1000 py®6.
Hogas 3000 py6. 900 py0. 752 pyO.

A. TIpumepno na 30%
b. Ilpumepno Ha 20%
B. IIpumepno Ha 25%
I'. IIpumepno Ha 80%
Pemenue:
[Ikagp - 3000=3999: (1-p)
p =999: 3999
p=0,249=25%
Crom - 752=1000-(1-p)
p =248 : 1000
p = 0,248= 25%
OtseT: B
Ilpumep. I3 59 neBATUKIACCHUKOB IIKOJIbI 22 YeIOBEKa MPUHSIIA y4aCTHE
B TOPOJCKHUX CIIOPTUBHBIX COpeBHOBAaHMIX. CKOJIBKO MPUOIUZUTEIHHO MPOIIEHTOB
NEBSITUKIACCHUKOB MTPUHSIA YYaCTUE B COPEBHOBAHUSAX ?
A.0,37%
b. 21%
B. 3%
I.2,7%
Pewenue:
CocTaBuUM MPOINOPIHIO
59 yd. -=--mmmmmee- 100%
22 y4. -=m=mmmmmmmn x %
X=22-100 : 59= 37,2%
Otset: B
Ilpumep. Mara3uH 3akynaeT LBETOYHbIE TOPIIKH IO ontoBod 1eHe 100
py0. 3a mtyky. ToproBas HareHka coctaBisieT 25%. Kakoe Hambosbliiee 9ucio
TaKUX TOPIIKOB MOKHO KyNUTh B 3TOM MarasuHe Ha 1300 pyOuiei.
Pemennue:
IlycTh HOBas 1IeHa rOPIIKOB OY/JET B
B =100(1+0,25)=125p
1300 :125=10,4
Moskno kynuTh 10 ropmkos
Otset: 10
IIpumep. leny ToBapa cau3win Ha 30 %, 3aTeM HOBYIO IIEHY MOBBICHIN HA
30%. Kak n3amennnacey nena ropapa?

Penrenue.
[TycTs nepBoHavanbHast lieHA TOBapa a, TOraa:
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a—0,3a =0,7a — neHa ToBapa Mocje CHI>KXEHUS,
0,72+ 0,7a -0,3 =0,91a — HoBas 1cHA.
1,00 - 0,91 = 0,09 unu 9 %.
Hcnonp3ys popmyay (*), momyanm:
d1- 7 ~a(1-0,3?)=091a
| 1002
OtBeT: ieHa cHusmwiack Ha 9 %.
CJ10:kHbBIE POUEHTHI.
a — IepBOHAYAILHOE 3HAUCHUE BEJTUYUHBI;
B — HOBOE 3HAUCHHE BEJIUYUHBI;
P — KOJIMYECTBO MPOIICHTOB,;
1 — KOJIMYECTBO MPOMEKYTKOB BPEMEHH.
B=a (1+0,01p)",
Eciu wu3MeHeHMEe MNPOMCXOAUT HAa pa3HOE YMCIO MPOIIEHTOB, TO ¢opMya
BRINJISIINAT Tak B = a-(1 + 0,01p1)(1 + 0,01p2) ... (1 + 0,01p.)

Ilpumep. Bxnaguuk oTKpbUl cueT B Oanke, BHecs 2000 p. Ha BKiaf,
roJIOBOM JTOXOJ IO KOTOpOMY cocTaBiisieT 12% u pemui B TedeHue 3 jiet He Opath
polleHTHBIC HauKcieHus. Kakas cymma OyJier jexaTh Ha ero cueTe yepe3 3 roja.
Pemenue:

B= a-(1+0,12)3
B= 2000 (1+0,12)% =2808 py6.
Otsert: 2808 pyo.

Ipumep. 3apmnaty paboueMy moBbicuiau cHavana Ha 10 %, a depes roj
eme Ha 20 %. Ha ckojbkO MpOILIEHTOB MOBBICKIIACH 3apIUiaTa MO CPaBHEHHUIO C
NepBOHAYATILHON?

Pemenue:

ITycTs 3apmara pabouero ObuTa a, TOTIA
B=a(l+0,1)(1+0,2)=1,32a
1,32a—a=0,32a

Otger: Ha 32 %.

Ipumep. Jletom pirok3ak cromsn 880 py0. OceHbIO IEHBI Ha PIOK3AKU
camsunuch Ha 25%. A 3umoii eme Ha 25%. Ckombko pyOseit 3amiatur
MOKYIATelb, €CIIN KYIHUT PIOK3aK 3UMOM?

A. 830 py0.

b. 660 pyO.

B. 495 py0.

I'. 165 pyO®.

Pemennue:

ITepBonauanbsHas meHa - 880 pyo.

[Tycth HOBas 11€Ha OyIeT B pyo.

=880 (1-0,25)(1-0,25) =880 (1-0,25)%=495p.
OtseT: B
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IIpumep. O©pyxThl noaemenenu Ha 25%. CKoabKo GPYKTOB MOKHO TETEPh
KYIIUTh Ha T€ )K€ JIEHbI'M, HA KOTOPbIE PaHbIIIe MOKYIaIu 6 KT.

Pemenue:
Panbiie croumocts oHOro 1 kr — a pyo.

Cetiyac croumocth 1 kr — a (1 —0,25) = 0,75 a pyo0.

Croumocth 6K - 6-a
6a .
=8 (KI) — MOXKHO KyIuTb ceiuac.
0,75a
OrtBerT: 8 KT.

3aoanusn 011 camocmoamenbHO20 peueHun:

1 BapuanT
Nel. TIlpum cmemmMBaHMM  TEPBOTO
pacTBopa coJy, KOHILIEHTpALUs

koroporo 40%, U BTOpPOro pacTBOpa
ATOM K€ COJIM, KOHIIEHTpAIHsl KOTOPOTO
48%, MOJTYYHIICS pacTBop c
KoHLeHTpauuen  42%. B  xakom
OTHOILIEHUH OBLIM B3ATHl TEPBBIA U
BTOPOM pacTBOPHI?

Ne2. B cocyn, comepxamuii 5 TUTpOB
12—npoLeHTHOr0  BOJHOIO  pacTBOpa
HEKOTOPOTO BelIecTBa, Ja00aBWiIM 7
auTpoB  BOAbl. CKOJIBKO MPOIEHTOB
COCTAaBJISIET KOHLICHTpaLus
MOJIyYHUBIIETOCs pacTBOpa’?

Ne3. WM3rom mnonydyaeTcss B MpoIECCe

CYIIKH BUHOTpaja. CxombKo
KAJIOTPAaMMOB BHUHOTpaja MOTpeOyeTcs
s nonydenuss 20 KWiIorpaMMoB

M3I0Ma, €clii BUHOTrpaa comepxut 90%
BOJIbI, & U3IOM COAEPKUT 5% BOMBI?

Ne4. Tlena XonoauipbHHKAa B MaraswHe
€KEroJHO YMEHBIIIAETCS] Ha OJHO U TO
K€ YHMCJIO MPOIEHTOB OT MpebIayIIeih

neHsl. Omnpenenure, Ha  CKOJBKO
MPOIEHTOB KaXXJIbIM T'0J] YMEHbIIIAIACH
1IeHa XOJIOJUITbHUKA, €CIIH,

BBICTaBJICHHBI Ha mpoaaxy 3a 20 000
pyOueii, uepe3 ABa roja ObUT MPOJIaH 3a
15 842 pyOuet.

No5. Mutsi, Anton, I'oma u bopuc
VApeawin  KOMITAHWIO C  YCTaBHBIM
karmranom 200000 py6ueit. MuTst BHEC
14% ycrtaBHOrOo KamuTaiaa, AHTOH —

2 BapuaHT

Nel. Ilpu cmemmBaHMM  HEPBOTO
pacTBOpa  KHUCJIOThI,  KOHIIEHTpauus
kotoporo 30%, u BTOpPOro pacrtBopa
TOM K€ KHUCJIOThI, KOHIEHTpAIHs
kotoporo 50%, mnosyyunum pactBop,
cogepxamuii 45% kucinotel. B kakom
OTHOIIEHUH OBbUIM B3SITHl TEPBBIA U
BTOpPOM PacTBOPHKI?

No2. B cocyn, conmepxamuii 7 JTUTPOB

14-nporieHTHOTO  BOJHOTO  pacTBOpa
HEKOTOPOTO  BEHIECTBa,  J00aBWIU
7 nutpoB BoAbl. CKOJBKO MPOIEHTOB
COCTaBJIsIET KOHIIEHTpaIus

MOJIy4YMBIIETOCS pacTBOpa’?
Ne3d. WM3rwom monyyaeTcs B Mpouecce

CYIIKH BUHOT'PAJa. CkoJbKO
KUJIOTPAaMMOB BHHOTpaga MOTpeOyeTcs
I TOy4dyeHusT 82  KWIOorpaMMOB

U3I0Ma, eclu BUHOrpana coaep:xkut 90%
BOJIbI, & U3IOM COAEPKUT 5% BOBI?

Ned. Ilena XomoauIbHHUKA B MarasuHe
€XKEroJJHO YMEHBIIIAETCd Ha OJHO U TO
K€ YHUCJIO TMPOLEHTOB OT MPEAbIIyIIeH

nensl. Ompenenure, Ha  CKOJIBKO
MPOIEHTOB KaXKJIbIM T'0J] YMEHbIIIAIACh
1ieHa XOJIOJIUITHHUKA, €CIIH,

BBICTABJICHHBIM Ha npojaxy 3a 20 900
pyouieit, yepes nBa rojaa ObLT MPOAAH 3a
16 929 pyOneii.

No5. Murts, Aprem, Ilama u JKens
y4peIuiad KOMIIAHUID C  YCTaBHBIM
karmmtajgom 200000 py6ieir. Muts BHEC
18% ycraBHOTO Kamurtama, ApTeM —
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42000 pyOne#, Toma — 0,12
YCTaBHOIO Kalurajga, a OCTaBUIYIOCS
4acTh Karmrasa BHEC bopuc.
VYypenurenu  IOrOBOPWIKNCH — JIEIIUTH
€XKETOIHYIO npuObLIb
MPOMOPLIMOHATILHO ~ BHECEHHOMY B
yCTaBHOW Kamurtan Bkiany. Kakas

cymma ot npuosu 1000000 pyOnei
npuuntaercsa bopucy? OtBeT naiite B
pyOIIsX.

Ne6. Hmeercs nBa cmiaBa. IlepBblid
coaepxxut 10% nukens, sropoit — 30%
HuKens. M3 93Tux JOBYyX  CIUIaBOB
nojyuunu Tpetuil cruiaB maccoit 200 kr,
coaepxkamuid 25% Hukensa. Ha ckonbko
KAJIOTPaMMOB Macca TEpBOro CIijiaBa
ObLJIa MEHBIIIE MAaCChl BTOPOTO?

60000 pyOne#t, Ilama — 0,18
YCTAaBHOTO KalWTalla, a OCTaBIIYIOCS
4acTh Kanurana BHEC Kens.
Yupeautenu AOTOBOPWINCH — JIETUTH
€KETOAHYIO npuObLIb
OPOMOPIMOHATIELHO ~ BHECEHHOMY B
yCTaBHOW KamuTtan Bkjiany. Kakas

cymma ot npuosum 1100000 pyOnei
npuuntaercs JKene? OtBer palTe B
pyOIIsX.

Ne6. Wmeercs nBa cruiaBa. IlepBbiid
coaepxkut 15% nukens, Bropoit — 35%
Hukens. M3 a3TuX JBYX  CIUIaBOB
MOJIYYHJIu TpeTui cruiaB maccon 140 kr,
conepxamuii 30% Hukena. Ha ckonbko
KUJIOTPAMMOB Macca TIEpPBOrO CIujlaBa
OblJIa MEHBIIIE MaCChl BTOPOTO?

3 BapuaHT
Nel. TIlpum cmemmBaHMM  HEPBOTO
pactBopa couy, KOHILIEHTpaLus

kotoporo 40%, u BTOpOro pacTtBopa
ATOM K€ COJM, KOHIEHTpaLUs KOTOPOTO
65%, momy4dunu pacTBOp, COAEPKAILIMIA
60% conu. B xakoM OTHOIIEHUH ObLIH
B3SIThI IEPBBIN U BTOPOW PACTBOPHI?
Ne2. B cocyn, comepxkamuii 8 kr 11-
IPOLIECHTHOTO BOJHOTO pactBopa
HEKOTOPOTO BEIIECTBa, J00aBWUIM 3 KT
BOoAbl. CKOJIBKO MPOLEHTOB COCTABIISIET
KOHLIEHTpaLus MOJIyYMBLIETOCA
pactBopa?

Ne3. WM3rom moiyyaeTcss B Mpolecce
CYIIKH BUHOTPAJa. CKoJbKO
KWJIOTPAaMMOB BHHOTpajia MoTpedyeTcs
Ui TodaydeHuss 16 KHIOrpamMMoOB
U3I0Ma, €clii BUHOTrpaa conepxut 90%
BOJIbI, & U3IOM COAEPKUT 5% BOMBI?

N4, IleHa xojoauiabHHKA B Mara3uHe
€XKEroJIH0 YMEHBIIIAETCSI HA OJHO U TO
K€ YHCIIO MPOUEHTOB OT Mpeablayliei

OCHEI. OHpCI[CJ'H/ITe, Ha CKOJIBKO
IIpOLCHTOB K&)KI[BIﬁ rog ymMcHbIIaJIaChb
OcHa XO0JIOANJIBbHHKA, €CJIn,

BBICTaBJICHHBIM Ha mponmaxy 3a 19 800
pyouieit, yepe3 ABa roga ObLI IpoaaH 3a

4 BapuaHT
Nel. Ilpu cmemmBaHMM  NEPBOTO
pacTBopa COJIH, KOHILICHTpaLMs

kotoporo 35%, W BTOpPOro pacTtBopa
ATOM K€ COJIM, KOHLIEHTpAIUsi KOTOPOTO
65%, monaydnunu pacTBOp, COAEPKAIIMIA
60% conu. B xakoM OTHOIIIEHUH ObLIH
B3SITHI TIEPBBIN U BTOPOI pacTBOPHI?
No2. B cocyn, comepxamuii 8 IUTpPOB
24-TIpOIIEHTHOTO ~ BOJIHOTO ~ pacTBOpa
HEKOTOPOTO  BEIeCTBa,  J00aBWIU
4 nutpa Boabl. CKOJIBKO MPOLIEHTOB
COCTaBJIISIET KOHIIEHTpaIHs
MOJIy4YMBIIETOCS pacTBOpa’?

Ne3d. WM3rom monywyaeTcs B Mpouecce

CYILIKH BHHOTPAJA. CKoJbKO
KWJIOTPAaMMOB BHHOIpaja MOTpedyeTcs
I moiaydeHuss 14 KWiIorpammoB

U3I0Ma, eciu BUHOrpana coaep:xkut 90%
BOJIbI, @ U3IOM COAEPKUT 5% BOBI?

Ne4. Ilena xonoaunabHHKa B MarasuHeE
€XKEroJJHO YMEHBIIIAETCAd Ha OJHO U TO
K€ YHUCJIO TMPOLEHTOB OT MPEAbIIyIIeH

OCHBI. OHpGI[GJ'II/ITe, Ha CKOJIBKO
IMpOLCHTOB K&)KI[BIIZ rog ymMcHbIIaJIaChb
OcHa X0JIOAWJIBbHHKA, €CJIn,

BBICTaBJICHHBIA Ha mpomaxy 3a 19100
pyouieit, uepes aBa roja ObUI PoAaH 3a
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16 038 pyoOueii.

Ne5. Muts, Anton, Ilama wu I'oma
yUpeAWId KOMIIAHUIO C  YCTaBHBIM
kanutaigom 100 000 pyOuneil. Muts BHec
24% ycTtaBHOro Kamurtaia, AHTOH —

55000  pyOmne#t,  Ilama — 0,18
YCTaBHOI'O KallWTala, a OCTaBIIyIOCA
4acTh Kanurasia BHEC ['omra.
VYupenutenu  AOrOBOPWINCH — JAEIUTH
€KETOIHYIO npuObLIb
OPOMOPLUMOHATIBHO ~ BHECEHHOMY B
ycTaBHOM  KamuTan Bkiaay. Kakas

cymma ot npubsuin 600 000 pyOnei
npuunraercs [ome? Oteer naiite B
pyOIIsX.

No6. Wmeercs nBa cmiaBa. IlepBbiit
conepxut 10% nHukens, BTopoit — 35%
HuKens. M3 3Tux OByX  CIUIaBOB
NOJIYYWJIM TpeTHil cruiaB Maccou 150 kr,
conepxkamuii 30% Hukens. Ha ckoibko
KAJIOTPaMMOB Macca TNEpBOro CIijiaBa
ObL1a MEHBIIIE MAaCChl BTOPOro?

15471 pyGub.

Ne5. Numa, Aprtem, I'puma m Bosa
yUpEAWIM KOMIIAHHUIO C  YCTaBHBIM
kanutasioMm 150000 py6seii. Iluma BHecC
17% ycraBHOro kamurtanga, ApTeM —

50000 pyOne#, I'puma — 0,24
YCTaBHOTO KamuTajla, a OCTaBIIYIOCS
4acTh Karurana BHEC Bosga.
Yupenurenu  JOTOBOPWINCH — JI€TUTH
€KETOAHYIO npuObLIb
MPOMOPIMOHAIBHO ~ BHECEHHOMY B
yCTaBHOM  KamuTan Bkiagy. Kakas

cymma ot npubOsum 900000 pyOnei
npuuutaercs Bose? OtBer pgaiite B
pyOIsx.

No6. WMmeercs nBa cmiaBa. IlepBbrit
coaepxkut 10% nukens, BTopoir — 35%
HUKensa. M3  3TMx JOByX  CIUIaBOB
MOJTYYMWJIM TPETUH CIJIaB Maccou 225 Kr,
cojaepxamuii 25% Hukens. Ha ckonbko
KWJIOTPAaMMOB Macca TIEpBOro CIljlaBa
OblJIa MEHBIIIE MacChl BTOPOTO?

Koumponwvnuie 6onpocut

1. Yto Takoe npoueHTt?

2. Kak HaiiTh MpOIIEHTHI OT yncya’?

3. Kak HaiiTi 4ncIio 1o ero nporeHTam?

4, Kak npolIeHT MPEBPATUTH B ICCATUIHYIO APOOH?
5. Uto o3HavaeTt, yBenuuuTh BenmnunHy Ha 10%?
6. Kak necstuanyro 1poOb MpeBpaTUTh B IPOIICHT?

IIpakTHyeckoe 3ansiTue Ne3
«IIpeobpa3zoBaHue pAlMOHAIbHBIX, HPPANUOHAJIBHBIX, CTENEHHBIX U
MOKAa3aTeJbHbIX BbIPA:KeHH»

Heab pabdoThl: HAXOIUTH

3Ha4YCHUA

KOPHA " CTCIICHHU, BBIIIOJIHATD

npeoOpa3oBaHusl BBIPAKCHUM, MPUMEHSS (HOPMYJIbI, CBSI3aHHBIE CO CBONCTBaAMU

CTEIIEHEN U KOPHEN.
Ceeoenun uz meopuu:

HOBTOpI/IM OIIPCACIACHUA noHAmMuUA cmeneHu C HaTypaJbHbIM, HYJICBBIM, ILCJIBIM

OTPHULATCIIbHBIM M PpallMOHAJIbHBIM ITOKA3aTCIISAMU:

a=aa a2 q=lifa); a1, akl; = ar

n pas

meEZ, nEN, n>2.
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CBoiicTBa cTemeHeld C palMOHAIBHBIM TOKa3aTeIeM:MPU JIOOBIX X U Y
CIIPaBEJIMBbI PABEHCTBA!
axay:ax+y;
atlay=a*y,
(@y=av,
(ab)*=a*b*;
(a/b)*=a*/b*.
CmeneHb ¢ OeticmeumenbHbIM NOKA3ameiem
CBolicTBa CTENEHEN C 1EHCTBUTEIBHBIM MOKA3aTEIEM:
. ay=alkk a>0, y, kEN, X€Z.
. a>0, a>0, X€R (;1r00as cTeneHb NOJ0KUTEILHOTO YHUCIIA MOJ0KUTEIIbHA).
. a*>1 mpua>1, x>0.

. a*<1 nmpua>1, x<0.

1
2
3
4
5. 1*=1 (mrobas cTerneHb eAMHUIBI paBHA SAUHUIIE).
6. a*<1 mpu 0<a<1, x>0.

7. a*>1 mpu 0<a<1, x<0.

8. Ecmm a>1, a#l, to mis ar000T0 TONOKHUTEILHOTO YHucla D cymecTByeT
¢IMHCTBEHHOE JCHCTBUTEIBLHOE YMCIIO X TaKoe, uTo a*=h mpu b>0.

9. JIro0as mosoxxuTeNIbHas CTETICHb HYJIA paBHa Hy0: a’ = 1

KpoMme nepeunciieHHbIX CBOMCTB BaXHO OTMETUTH TPU CBOMCTBA, HA KOTOPBIX
OCHOBAHO PEIIEHNE MPOCTEHUINNX OKa3aTeIbHBIX YPABHEHUH  HEPABEHCTB:

10. Ecm a*=aY, To x=y nipu a>0, X, y#1.

11. Ecim a*<aY, to X<y mpu a>0.

12. Ecim a*<aY, To x>y npu 0<a<1.

[IpaBuna neicTBHs Ha/T CTETICHSAMH C JICHCTBUTEIHHBIM MMOKA3aTEJIEM BBIPAKAIOTCS
dbopMynamu (TOXIECTBAMH):

13. a“aP=a**P,

14. a*aP=a*P,

15. (a%)P=a**.

16. (ab)*=a*h® mpu a>0, b>0.
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17. |ab|*=|a|*|b]* mpu ab>0.

18. (a/b)*=a" /b*mpua>0, b>0.

19. |a/b]|*=[a]* /|b]*mprab>0.

®dopmyiibl, 00paTHbie popMynam 1-7, Tak ke BEpHBIL.

KBagpaTHpIM KOpHEM U3 YUCIA @ HA3bIBAIOT YNCIIO, KBAJIpaT KOTOPOTrO
paBeH a. Apu(MeTHUEeCKUM KBaJIpaTHBIM KOPHEM W3 YMCJIa @ Ha3bIBACTCS

HEOTPUIATENLHOE YUCIIO, KBAAPaT KOTOPOrO PAaBEH d. 3alMCh +a 4MTaeTcs
«KBaJPaTHBII KOPEHb U3 a», OIYCKas IPH 5TOM CJIOBO «apU(pMETUUECKUI». a , a-
OJKOPEHHOE BHIPAXKEHHUE, a 3HAK ./ -pajuKall (OT JATHHCKOTO - KOPEHB).

KopHeMm n-ii cTerneHu U3 4rcia a Ha3bIBaeTCs TAKOE YUCIIO D, N-5 cTeneHb
KOTOpOT'O paBHa a, T. €. b — KOpeHb N-ii cTeneHu u3 a <& b" = a

O4eBHIHO, YTO B COOTBETCTBUH C OCHOBHBIMHU CBOWCTBAMU CTETICHEH C
HaTypalbHBIMU MOKA3aTEISIMU, U3 JHOOOT0 MOJOKUTEILHOTO YHCIa CYIECTBYET
JIBa MPOTHUBOIOJIOKHBIX 3HAYCHHsI KOPHS Y€THOW CTETICHHU, HapuMep, Jucia 4 u -
4 SBNAOTCSA KOPHAMH KBaJpaTHBIMK M3 16, Tak kak (-4)? = 4> =16, a uncna 3 u -3
ABIAIOTCS KOPHAMHM 4E€TBEPTOl cTenenu u3 81, tak kak (-3)* = 3% = 81.

Kpowme Toro, He cymiecTByeT KOpHsS YETHOM CTENEHU U3 OTPULIATEIHLHOTO
YHClia, TOCKOJIbKY YeTHAsl CTENEHb JI000ro AeHCTBUTENIBHOTO YUCIIa
HeoTpuuarteiabHa. UTo jxe KacaeTcsi KOpHs HEYETHOM CTENeHH, TO [ JII000ro
JE€MCTBUTEIBHOIO YHCIIA CYHIECTBYET TOJIBKO OJIMH KOPEHb HEUETHOM CTENIEHU U3
storo uucna. Harmpumep, 3 ecTh KOpeHb TpeThel crenenn u3 27, Tak kak 3% =27, a
-2 eCTh KOpeHb MATOM cTenenu us -32, Tak kak (-2)° = 32.

B cBsI31 ¢ cyiiecTBOBaHUEM JIBYX KOPHEHM UETHOMN CTETEHU U3
HOJIOKUTEJIBHOTO YUCIIa, BBEJEM MOHATHE apUPMETUUECKOTO KOPHS, YTOOBI
YCTPaHUTb 3Ty JBY3HAYHOCTh KOPHSI.

HeotpunarensHoe 3HaueHre KOpHs N-1 CTENIEHU U3 HEOTPULIATEIBHOIO
quciia Ha3bIBAE€TCs apU(PMETUUECKUM KOPHEM.

O6o3HaueHue: Ya — KOpeHb N-ii CTeHeHH.

Ywcno N Ha3bIBaETCs CTENEHBIO aprudMeTndeckoro Kopas. Ecnu n=2, o
CTeNeHb KOPHS He yKa3blBaeTcs U muieTcs +/a. KopeHnb BTOpoil cTeneny NpuHATO
Ha3bIBaTh KBaIPAaTHBIM, & KOPEHb TPEThEH CTENIEHU — KyOMUYECKUM.

Ja =B, B2 ==a,a>0, B>0

da =8B, B"= a
1. N - 4eTHoe
a>0, B>0 (Va)) =a,a>0
2. N - HEYETHOE
a, B - JIOObIE (4a)" = a
///J? =
a, ecim a > 0 -a, ecim a <0
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Ja-6 = ja-q
/ \>

a - B. €ClIM a=> B B - a, eciu

a<B
CBoiicTBa KOpHEN

1. Jas=aVs a>0, >0
2. Nas=¥a¥s 4 >0, 5 >0

\/Ezﬂ

3. Ve s3>0 5> 0
nﬁ:%

4. Ve s 43>0 >0
mn, akm —_n ak ’a ZO

=}

Ka="a m,n, k- sarypanbHble uncia

IIpumep. Boruucnure: %/ 717 i’/ 7+417.

Pemenue: ncnonp3ys CBOMCTBA CTENEHEN, UMEEM:

717 J7417 =5\(7-V17)(7+ V17) = {72 - (172 =/49-17 =
=332 =32 =2.

1
- 1

71 (1j *_e42.3
49

5‘1—(71\[22
\9)

Pemenue: yrpoctuMm 3a1aHHOE BBIPAKEHHUE, UCTIOJIB3YIO0 CBOMCTBA CTCIICHEN:

3 1
7,1_q1\|7—64%-3*2 1-495—(1)2'(1)2 1\/@_ o1 1
49 z 64 3 7 ]{674 9 B

Ilpumep. Beruucnure:

\ ) _ ) U _71 89_
N 1\? - 1 921 B E—\@ - _-3 -
5 —(9) 5~ 5 5
! 72 1
Yo Bopo B TS5y
= = e | o .
o414 ((14) 55 ( 14) 1008
5 5 5
_2 _1
Ipumep. Beruucnure: 8 °-25 2 _ o1
640,25.20,5

Pemenue: ynmpocTum 3aJaHHOE BBIPAXKEHUE, UCTIOJIB3YHO CBOMCTBA CTEIICHEN:
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64025 . 205 (26)0,25 905
9
T 9
4 80

Ilpumep. YIpOCTUTE BBIPAKECHUE:!

15 ) - R 57
e NG ) K (5) s
2. 21123 =\12-1243+9 =/ (3/3-3) ~[2/3-4-23-3

3aoanusn 011 camocmoamenbHO20 peuieHun:

1 BapranT
Nel Bprauciaurp

1) V7 -v17-V7+V17
2) V7535 + V625

SRR
) ———=
D)

3
11

“2-x3
RS

4-822

5 5
Vg.3/z2

Ne2 TIpeobpaszoBath
3ab * act ~

(5cd—1) . (h2d3 )

a-2p? *
T

2BapuaHT
Nel Berauciautb
2 1
873.252—2"1
l) 640,25.20,5
2) \i28-3/32
V8i3/6a
3 A2 b8
B
1 2 E
4 X 2-x3
) G
5) 9-V256v2
V32./8
No2 TIpeo6pazoBath
a c a 344
3a3b \/4 3 2ab  y3y

2c 9a5h 3xy

ab3
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3BapuaHT 4BapuaHT

Nel Beruucnurs Nel Beruucnuth
— —_— — 13 — 4 8 —
) YrRiyl 5L 1) 5v/-27+5+0,0081 + 3V1.
32 625 16 1
2 1.05 2) 81025 + 4 -(0,25)2.
2) 8—-3-(=) . 3
E 14
14775 18 X 2X
y ) G
/B s —
4) —VW
x33+1 -
4) ozt VWym
5 1 5 1 _ 3\/ 2L 3\/ 2
5 (23-373—33-273)- V36 5) V54a“s. V24as.
a+2a%5b% +b
Ne2 TIpeo6pa3zoBath

arca v +b
(Va++vb)

S -
Ne2 TIpeobpazoBath %éf%?-+ 2VVa.

KOHmPOJleble eéonpocasl:

1. TlepeuyucnauTe OCHOBHBIC IMOKAa3aTEIbHBIC TOXKIECTBA.

2. IlepeuncnuTe CBONCTBA CTENCHEH C IEWCTBUTEILHBIMU TTOKA3ATEIISIMH.

3. Kak B BeIpakeHHH Ya Ha3bIBaeTCs YMCIO a?

4. Kak B BRIpaKEHWH Y/a Ha3blBaeTCs 9uciio N?

5. Kak Ha3pIBaeTCsi HEOTpHIIATENbHBIN MO 3HAYEHUIO KOPEHb N-Oi CTENEeHH C
HEOTPHUIATEIbHBIM MTOKOPEHHBIM YHCIIOM?

6. IlpomomxuTe ornpeseneHue: KOpHeM N-i CTENEHU U3 HEOTPUIIATEIbHOTO YUCIIa
a, Ha3bIBAETCA TaKOE HEOTPHUIATEIHHOE YUCIIO 6 ...

7. Kak Ha3pIBaeTCs 3HaK U3BICYCHUS apUPMETHIECKOTO KOPHSI, POU3OIIEIITUI
OT JIATUHCKOHN OYKBHI I'?

8. Kak Ha3bIBaeTCs HEOTPUIIATEIIBHBIA KOPEHb?

9. Kak Ha3bIBaeTcs KOpeHb mpu N=27

10. Kak Ha3wiBaeTcst KOpeHb mpu N=37

11. ChopmynupyiiTe mpaBuiio W3BICUYCHHUS KOpHA U3 mpousBeaeHus. [IpuBenure
puMep.

12. Kak BBIHOCUTH MHOXKUTENH 32 3HaK pagaukana? [IpuBenure mpumep.

13. Copmynupyiite mpaBuiIo U3BICUEHUs KOpHS U3 npobu. [Ipuseante mpumep.
14. Kak 0cBOOOIUTHCS OT UPPAIMOHATBHOCTH B 3HAMEHATENE?

15. Kak Bo3BecTH KOpeHb B cteneHb? [IpuBeaute npumep.

16. Kak u3Bieun kopeHb u3 kKopHs? [lokaxuTe Ha mpumepe.

IIpakTuyeckoe 3ansaTue Ned
«IIpeoOpa3oBaHue JorapupMu4ecKUX BbIPAKEHUI»

Heanr padoTbi: oTpaboTaTh MNPAKTHYECKHME HABBIKK B NPeoOpa3OBaHHUH
JTorapu(PMUYECKUX BBIPAXKEHUNM C MOMOIIBI0O CBOMCTB jorapudma U OCHOBHOTO
JTorapuMUYECKOro TOXKIEeCTBA
Ceedenus uz meopuu:
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Jlorapudmom urcna b Mo OCHOBaHWIO ¢ HA3BIBACTCS MOKA3aTENIb CTEIICHH
(x), B KOTOpYIO HYXHO BO3BECTH OCHOBAaHUE «, YTOOBI MOJIYYHTH 4ucio b, T.e.
log.b=x, =a*=h.

[Ipu pabote c norapudmamMu NPUMEHSIOTCS CIEIYIOUIME HX CBOICTB,
BBITEKAIOIIUE U3 CBOMCTB MOKA3aTEIbHON (YHKIIUU:

1. ¢'°%%=h (rme b>0, a>0 u a£0) HA3BIBAIOT OCHOBHBIM 102APUPMULECKUM
MOHCOeCMBOM.

[Mpu nrodom a>0 (a#0) u JHOOBIX MOJIOKUTEIBHBIX X U ) BBIOJIHIIOTCS
PaBEHCTBA:

2. 1ogal=0.

3. logaa=1.

4. JTorapudm IPOM3BEICHUS paBeH cymme J0rapuQMoB:
logaxy=logax+l0gay.

5. Jlorapudm vacTHOro paBeH pasHocTH JorapudmoB: 10ga(x/y)=l0gax-
logay.

6. Jlorapupm creneHu paBeH NPOU3BEICHHUIO IMOKA3aTeNs CTENCHH Ha
norapu(mM 0cHOBaHMs 3ToM crenenu: 10g.x*=klogax.

OCHOBHBIC CBOWMCTBa JIOTapu(PMOB IMIUPOKO MPUMEHSIOTCS B  XOJe
npeoOpa3oBaHusl BBIpAKEHUM, comepkamux jorapudmel. Cpenn HuUX ¢opmyna
nepexojia K HoBoMy ocHoBaHuI0: l0gax=logpx/logpa. Ita dpopmyna BepHa, eciiu 00
€€ YacCTH UMEIOT cMbICH, T.€. ipu X>0, a>0 u a#0, b>0 u b#1).

[lo  mpaBwiry  norapudMUpPOBaHHS  CTEIIEHHU W OCHOBHOMY
Jorapu(PMHIECKOMY TOXKIECTBY TOTydaeM:

logsx=logy(a’2*), otkyna logpx=loga.x-logpa. Dty popmyiay Tak e MOKHO
WCTIOJIb30BaTh JIJIS YIIPOIICHUS BBIPAKCHUH.

C nomoipio (opmyInbl nepexoaa MOXKHO HaWTH 3HadYeHHe jorapudma c
MIPOU3BOJIBHBIM OCHOBaHUEM «, UMesl TaOJHIbI Jorapu(MoOB, COCTABICHHBIC IS
KaKoro-HUOyAb OJHOTO OcHOBaHHWS b. Hambosiee ymoTrpeOHUTENBHBI TaOIUIIBI

JCCSTHYHBIX U HATYpaJbHBIX JorapudmoB (decsmuynvimu HA3BIBAIOT JTOTapH(DMBI
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no ocHoBanuto 10 u o6o3Havaror |9, a ramyparenviMu nOTaprudMaMu Ha3bIBAOT
norapudMbl IO OCHOBaHUIO e~2,72 u 0003HavaroT In).
IIpumep. Beraucmute 10go37.
Pemenne: Boconb3yemcs popmymoii mepexoia K HOBOMY OCHOBAaHHUIO U TIepeiaeM
K ocHOBaHM1O 10:
logax=logpx/logpa
logo37=l0g107/10g9100,3=1g7/1g0,3.

[Tonb3ysich KadbKyJIATOPOM WM CHICIIHATLHBIMU TAOIUIIAMU, HAPUMED, TaOIHUIIeH

B.M. Bpanuca, Haxoaum 3nadenue 1g7=0,8451.

Ucnonw3ys 5 u 3 cBolicTBa jorapuMoB, BEIUUCIISIEM

19g0,3=Ig(3/10)=1g3-1g10=0,4771-1=-0,5229.
HWrak, logo37=0,8451/(-0,5229)=-1,6162.
IIpumep. Berauciure: (1g72-199)/(1928-1g7).

Pemenue: ucnons3ys 5 u 6 cBoiicTBa 10rapuMoB, BEIYUCISIEM
Ig72-1g9=Ig(72/9)=1g8=Ig23=3Ig2;
Ig28-1g7=I9(28/7)=Ig4=Ig22=2Ig2.

HUrak, (1g72-19g9)/(1g28-1g7)=(31g2)/(21g2)=3/2=1,5.

Ilpumep. Bpruncnure, WCHONB3YS ONpENCICHUE Jorapudma dmcia

log13%/169 +logi1 /121,

Perienre: BEIYUCINM OTACITBHO KaX I JIorapudm:

log,, /169 = x, log,,3/121 = x,
13* =3/169, 11x =3/121,
13+ =3/132, 11x =3/112,

2 2

13 =138, 11* =118,
2 2
X=__. X=__.
5 3
Bepremcst B ipumep: 109 s/169 +100 3/197 — 2 n 2_6+10_16 :1L
1 H 5 3 15 15 15.

IIpumep. Borauciaure, UCMOb3ysi OCHOBHOE JIOTapU(PMHUUECKOE TOKIECTBO:

103 lg2-1
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Pemenue: HCITOJIb3Ys CBOMCTBO CTCIICHH, PAa3JI0OKUM AOAaHHOC BBIPAXKCHUC Ha

MHOXHUTCIIHN.

1031921

=10°%92.107".

Hcnonb3ys 6 cBOMCTBO JorapudMa CTerneHu, MMeeM:

103Ig 2-1_

10%92.10" =1

OIgZ3 i
10

Hcnonb3yst 0CHOBHOE JOTapu(pMUYECKOE TOKAECTBO, UMEEM:

103921 — 103'92.10 = 10'9% i = 23. 1_8 =0,8.
10 10 10
3aoanun 011 camocmoamenbHO20 peuieHun:
IBapuanT 2BapuaHT

Nel. Beruucnure:

1) logi23+1logiz4;, 2) log,48—

log, 3; oan 25

3) log 910; 4) log 225 5) 09 2.
logsz 5

6)lg4+21g5.

8 e
Ne2. Boruuciure — logz logs \/\7\/ 2

Ne3. Bripazute log¢ 3 uepes norapudm
10 OCHOBAHUIO 2.

Ne4. Haiitu 3HaueHue BI>1pa>1<eHI/I;11
1)log 3,6— log 1, 4+log 1

2) - logz V8 — 310g23+ logz36

NQS. BBI‘{I/ICJII/ITG
logz 5—log1 10

9 9
Ne6 Berauciaurts

Nel. Beruucnure:
1) logis5+log1s3; 2)

logs 2,
3)log 87:4) log _ *\F169; 5) 2954
logs 4

logs50 —

6) lg900—2lg3.

4r 4 ——=
Ne2. Berunciaure — logs loga \/\7\/ 8

Ne3. Bripazute log,7 5 depes morapudm
110 OCHOBAaHUIO 3.

Ne4. Haiitu 3HaueHue BBIPAKCHUS:
l)log 0,8— log 1 +log 22,5;

2)2109110 log128+ 21091 V79
5

No5. Brerunciure
logg 5—log1 10

81 81
Neo6.Beruuciauts

log _bia+log a+log /@b, ecom
log £+Iog b+log f/b,eCHH Ja va v a
* a : log,.b=2
log,a=2
3BapuaHT 4BapuaHT

Nel. Beruucaure: Nel. Beruucnure:
1) log18 3+1logig6; 2) logz354—|1) log21 7+ 10g;13; 2) logs75—
logs 2; log736 logs 3; log764
3) log 25%4) log _ V142; 5) 3) log 4911; 4) log "\196; 5)

log76 log7 8

6)lg8+3195.

6)lg800—3lg2.

25




8 S —_—
Ne2. Beraucaute — logz log: ‘/‘7\/ 32
4

Ne3. Bripazute log1¢ 5 uepes norapudm

8 T —
Ne2 .Borunciute — logi logs \/\7\/ 128
2

Ne3. Beipasute logg; 6 depe3 norapudm

110 OCHOBAHHUIO 3.

Ne4. Haiitn 3HaueHue BBIPAKEHHUS:

1) log2 0,8— log2 1_+ 1092 22,5;
8

2)210g110—log128+ %logl V9
5 5 5

110 OCHOBAHUIO 2.
Ne4. Haiith 3Hau€HNE BBIPAXKEHUS;
1) log33,6— log31,4 + log31

6
2) Elogz V8 -3 log: 3 +ilogz 36
3 3 3 2 3

Neo5. Beryuciaure
1610g2 5—logp,25 10

No5. Beruncnure
4log2 5+logo 25 10_

No6Br1yncianTh Ne6BrrunciuTh
4
og " +log _b+log o, log _by/a+log ~a+log jab, ecmm
ab a Jab a
log, b =4

eciu log, a = 3

Konmponwnwie eonpocoi:
1. aiiTe onpenenenue Jorapudma gucia.

2. llepeuncnure cBOKCTBA JIoTapu(PMOB.

IIpakTueckoe 3ansaTue NeS
«BbrunciieHne apKCHHYCA, aPKKOCHHYCA, APKTAHTE€HCA».

3HAYCHU U
oOpaTHbIe

Henpr paGorsl: GOpMUpPOBAHHWE QJITOPUTMA BBIYHUCICHHMA
TPUTOHOMETPUYCCKUX  BBIPAKCHHHA, B  KOTOPBIX  YYaCTBYIOT
TPUTOHOMETPUIECCKUE (PYHKIIHH
Cseoenusn uz meopuu:

DyHKIHA Y = arcsin x

ITo onpeaeneHuo apkCUHyca Yynciia i Kaxaoro X€[—1;1] onpeneneHo
OJIHO yucyo y=arcsinX. Tem cambiM Ha oTpe3ke [—1;1] 3agana pyHkmus
y=arcsinx,—1<x<1. @yHKIus y=arcsinx sBiaseTcs oOpaTHON K PYyHKIIUM y=SInXx,
rae —m/2<x<m/2. [loaToMy cBO¥CTBa (YHKIIMH y=arcsinX MOXXHO MOJTYYUTh U3
CBOMCTB (hYHKIIUU y=SinX

I'paduk GpyHKIIME Y=arcSINX cuMMeTpudeH rpaduky GyHkmmuu y=Sinx, rie
—7/2<Xx<mt/2 OTHOCUTEIHHO MPSIMOI Y=X .

Ay Y= arcsinx
&

T

2
4

; -
0 -
5

2
I'paduk pyHKIIIM Y=arcSinX
OcHoBHbBIE CBOIiCTBA PyHKIIMH Y=arCSiNX
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1. O6nacts onpenenenus - otpe3ok [—1;1]

2. MHO»XeCTBO 3HAYEHUH - OTPE30K [—7/2;7/2 ]

3. ®ynHkus y=arcsinx - Bo3pacraer.

4, OyHKIHs Y=arcsinX sBisieTcss HeYETHOM, Tak Kak arcsin(—x)=—arcsinx

DyHKUMA Y = arccos X

1o onpeneneHnio apKKOCHHYCa Yncia Juisl Kaxaoro Xe[—1;1] onpeneneno
OJIHO YHUCJIO y=arccosX. TeMm cambIM Ha oTpe3ke [—1;1] onpenenena ¢pyHKms
y=arccosx,re —1<x<1. ®yHK1us y=arccosx sBJIseTCI 00OpaTHOMN K
dyHkuuny=cosx,rae 0<x<m

I'padux pyHKIIMK Y=arcCOSX CUMMETPHUYEH rpaduKy QYyHKIIUU Y=COSX,I/Ie
0<x<m, OTHOCUTEIBHO MPSAMON y=X

OyHKIMA Yy=arccosx

OcHoBHBIE CBOIiCTBA (PYHKIIUHU Y=arCCOSX

1. O6nacTe onpeneneHus - oTpe3ok [—1;1]

2. MHO»XeCTBO 3HaYeHUH - 0Tpe3okK [0;7]

3. OdyHKIMs Y=arccosx yoniBaer

dyukuuda y = arctg x

[lo onpenenenuto apKTaHreHca YUcia ISl KaXA0ro JeHCTBUTEIBHOTO X
OIPEICIICHO OJHO YUCIO y=arctgx. TeM caMbIM Ha BCEH YHCIOBOM MPSIMOU
onpeneneHa GyHKIUsa y=arctgx,x€R.

Ota dhyHKIMA y=arctgx sBusercs oOpaTHON K PyHKIIUKU y=tgX,rae
—1/2<x<m/2. I'padux pyHkmuu y=arctgx cummerpudeH rpaduxky ¢ yHKIuu
y=tgx,rae —m/2<x<m/2 OTHOCUTEILHO MPSIMOH y=X

__________________________________

__________________________________

['paduk GyHkmum y=arctgx
OcHoBHBIE cBOMicTBa QyHKUIMH Y=arctgx
1. O6nacTp onpeeneHus - MHOKECTBO R BceX e CTBUTEIBHBIX YUCE
2. MHOXeCTBO 3HaYCHUH - HHTEepBa (—7/2;7/2)
3. ®yHKIMs y=arctgx Bo3pacraer.
4. Oyuknus y=arctgx sisnsiercst HeUETHOM, Tak Kak arctg(—x)=—arctgx
DyHKIua y=arcctgx
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[ToaTomy, rpaduk QyHKIMHM Y=arcCtgX MOXKHO MOITYYUTh U3 Tpaduka
¢yHkuuun y=ctgx, x€(0;m) c ToOMOoIbI0 TpeoOpa30BaHUsl CUMMETPUU

OTHOCHUTEJIBHO NIPAMOM y=X.

_________________

/W

y=arcctg X
X

I'padux dpynxuum y=arcctgx

CroiicTBa pynkuuu y=arcctgx
1. D(f)=(—o0;+0)
2. E(f)=(0;m)

3. OyHKIUS HE ABJISETCS HU YETHOM, HU HEUETHOM, T.K. TpaduK GyHKIIUU
HE CUMMETPUYEH HU OTHOCHUTEJILHO Hayajla KOOPAUHAT, HU OTHOCUTEIIBHO OCH Y.

4. OyHKuMA yObIBAET.
5. OyHKIMS HENMPEphIBHA.

arCCtga - 9TO TAKOC YHMCJIO U3 UHTCPBAJIa (O;TE), KOTaHI'€HC KOTOPOI'0 paBCH

Urak, arcctga=te{ctgt=a,0<t<m;ctg(arcctga)=a
I[JI}I APKKOTAHI'€HCA UMECT MCCTO COOTHOIICHUEC, AaHAJIOTHYIHOC JIJIA

apKKocHHYca arcctg(—a)=mn—arcctga

Ilpumep. Berauciurb

[ury

, , 1 T o
arcsin (— ;) = —arcsin-=——¢€ [_E;E]

™ = 4

+3 +3 7
arccos(— T] =m —arccos -~ =mw——=—§ [0; ]

=

arctg(—1) = —arctgl = _E e (_g;g}

1 1 7 2
arcctg (——_) =nw—arcctg ==m —— =— € (0; )
+'3 +3 3 3
arcsin (— i) =— arcsin —
27 = 2
arccos (— i) =T — arccasi
77 7

arctg (— 1) =— arctgl
arcctg (— erB) =m- arcctg«\f&

et V3l—_7x
dl{_,b]ll(_ _E_) 3
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arcsin(—1)=— 1}

m

aresin "/2
[ S ‘_:2_' _l:

( |) i
arccos| — 5 ==

arcsin 0,5736 = 35° = 0,6109;
arccos 0,7771 = 39° = 0,6804;
arctg 4,705 = 78°=1,3614;

arcctg 3,732 = 15°=0,2618.
arcsin 0,3010 = 17°31° = 0,3057;
arctg 2,3 = 66°30° = 1,1606
arcsin 0, 7801 =51° 17° = 0,8951;
arccos 0,8771 =28°42° = 0,5009.

|
[ ]

%)

. .3
Ipumep. Beruucants 3Hauenue A = sin (2arcsin_) .
5

. 3 .
Pemenne. Ecan o0o3Hauute a = arcsin_, 1o A = sin2a .

. . 3
GyHKIMN Y = arcsinx cienyert, u4to sina = _u — L < 4 < = Tak Kak —
-T2

E,TOCOSC{ZOI/ICOSO(=\/I—Sln2a=\/1—_=_.

2

. . 3
OnHako sin2a = 2sinacosa,nodTomy A = 2 T

N3 omnpenenenus
5

SR

<a<
5 2

4

25 5

25"

4 24
5

3adanus 013 camocmoamenbHo20 peueHus:

Bapuanr 1
Nel. Beruucnure: /2
1) 2-arcsin(— —) + arctg(—1) +
2
arccos >

2
2) 3- arcsini + 4arccos (— f) —
2 2

arctg (— ﬁ)
3

3) arcsin0.7627 4 arccos0,8695 +
arctg4,280

Ne2. Haiigute 3HaYeHUS OCTAIBHBIX
TPUTOHOMETPUUYSCKUX (PYyHKIIHH, CCITH:

1)
2)

24 3
cost=—_,m<t<_
25 2

12 3

ctgt =, m<t<__
5 2

BapuanT 2
Nel. Beruucnure: 7
1) 2-arcsin (——) + arcctg(—1) +
2
arccos \/—3)

2
2) 3- arcsini + 3arccos (— E) -

2
Sarcctg (— ﬁ)

3
3) arcsin0.1616 + arccos0,9839 +

arctg5,113

No2. Haligute 3HaYeHUSI OCTAIBHBIX
TPUTOHOMETPUUYSCKUX (QYHKIIMH, SCITH:

1) cost = 0,6, 3_n< t<?2m
2

2)

7 3
ctgt=_,n<t<
24 2
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Ne3 Haiinute 3Hau€HNE BBIPAXKEHUSA:
1) sin(arcsin ﬁ + arccos ﬂ);
2 2

z [z
2) cos (arccos ¥ + arcsin £);
2 2

3) sin (arctg 1 + arcctg 1);
4) tg (arcsin E +arctg /3)
2

Ne3 Haitnure 3HaueHNE BBIPAKEHUSA:
1) cos(arcsin £ + arccos ﬁ);
2 2

. f4 . Z
2) sm(arccos£+ arcsin [);
2 2

3) cos (arctg 1 + arcctg 1);
4) ctg (arcsin f +arctg /3)
2

Bapuanrt 3
Nel. Beruucnure: )
1) 5-arcsin(— _) + arctg(—1) +
2

arccosf
2 o1 V3
2) 0,5-arcsin_+ 2arccos (— )~
NE 2
arcctg (— _)

3
3) arcsin0.1650 + arccos0,7570 +

arctg6,163

No2. Hailigurte 3HaueHUS OCTAIBLHBIX
TPUTOHOMETPUUYECKUX (PYyHKIIMH, €CITH:

5
1)COSt=—_,E<t<T[
13 2

3
Dtgt=—2"<t<n
4 2

Ne3 Halinute 3HaueHUE BHIPAKECHUS:

1) sin(arcsin 1 + arccos f);
2

2) cos (arccos£+ arcsin ﬁ);

2
. B, _
3) sin (arctg ¥ +arcctg /3);

4) tg (arcsin E +arctg /3)
2

Bapuanr 4
Nel. Beruucnure:
1) 3-arcsin(—1) + arcctg(—1) +

S5arccos v
2 1 . V3
2) 0,5-arccos _+ 2arcsin (— )~
V3 2 2
arcctg (— _)

3
3) arcsin0.9951 + arccos0,9403 +

arctg2,116

No2. Haligute 3HaueHHUS OCTAIbHBIX
TS)I/II‘OHOMGTpI/ILIeCKI/IX GbyHKIUH, eciu:

cost = 0,8, 0<t<_
2

Dtgt = 2,4, <t <"
2

No3 Hailinute 3HaueHUE BHIPAKCHUS:

+ arccos E );

1) cos(arcsin ﬁ
2 2

2) 23in(arccos£+ arcsin E);
2

3) cos (arctg /3 + arcctg 1);

4) ctg (arcsin s arctg /3)
2

Konmponwnwie gonpocowi:

1. ChopmynupoBaTh onpeesieHre apKCUHyca yucia?

2. JIns KakuX 9ucell onpeIeliecH apKCUHYC?

3. ChopmynupoBath onpe/eeHne apkKOCHHYyca, apKTaHTeHca?

4. JIns KakuX 4MCell OH orpeseseH?
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IIpakTHyeckoe 3ansiTue Neb
«IlocTpoenue rpaguxoB pyHKIHI».

Henb padoThl: 3aKpenuTh 3HAHMS 110 TOCTPOSHUIO TPaUKOB PYHKIUH.
Ceeoenus uz meopuu:
[IpuBeaemM NpUMEepHBIN aJrOPUTM MOTYYEHUST HEOOXOIUMBIX JaHHBIX.

1.Haxoxaenue odjiacTu onpenesienust yHkuuun

OO0sacTpi0 OmpeneneHus] Ha3bIBACTCS MHOXKECTBO 3HAYCHUM, KOTOpPHIC
MoxeT mpuHuMath X. O603nauenue D(f).

2. Hyau ¢pyHkuuu

JIist BBIYMCIICHUS HYJIeW (YHKIHH, HEOOXOJMMO TPHPABHITH 3aJaHHYIO
(GYHKIIMIO K HYJIO W PEIIUTh TOJydYeHHOE ypaBHeHHe. Ha rpaduke 310 TOUKH
nepecedeHus ¢ ocbio OX.

3. YeTHOCTb, HEYETHOCTH PyHKIMHU

Oyuknus vetHast, ecian Y(-X) = y(X). OyHkius HedetHas, ecau Y(-X) = -
y(X). Eciu dyHKIMs yetHass — rpaduk QyHKIIUA CUMMETPHYEH OTHOCUTEIIBHO OCH
opaunat (OY). Ecim ¢dyHkuus HedeTHas — rpaduk (QYHKIIUH CHUMMETPUUYCH
OTHOCHTEIHFHO Havasia KOOpIHHAT.

4. TIpomMeKyTKH 3HAKOMOCTOSAHCTBA

PaccranoBka 3HAKOB Ha KaXKJIOM W3 MHTEPBAJIOB O0JIACTH OMPEICIICHUS.
OyHKIUS MOJIOKUTETFHA Ha HHTEPBAJIC - TpadUK PacIoOkKeH BBIIIE OCH aOCIIHCC.
OyHKIUS OTpHUIIATENIbHA - TpadUK HUYKE OCH a0CIIHCC.

5. IIpomexyTku Bo3pacTaHus ¥ yObIBaHUs PyHKIUM.

Monoronnoctb. Ecmm s nmro6oi mapsl 4ucen X1 M X2 U3 HEKOTOPOTO
MIPOMEKYTKa M3 HEPABEHCTBA X1 < X2 (x1 < X2) Beceraa cieayeT HepaBeHCTBO f (x1) <
f (x2) (f(x1) > f (x2)), To dyakmus f (x) HaswiBaeTcs so3pacmaroweti (yoviearoueir)
B 3TOM TIpoMeXyTke. B cirydae korma u3 HepaBeHCTBa x1 < X2 (x1 < x2) clemyeT
HepaBeHcTBO f (v1) < f (x2) ( f (x1)) > f (x2)), pynkums f (x) Ha3wBIBaeTCs
Heybvlgarowel (Heso3pacmaroujeli) B pacCCMaTpUBAEMOM IIPOMEKYTKE.

OyHKINUN YITOMSHYTHIX THIIOB HA3bIBAIOTCS MOHOMOHHBIMU.

6.OrpannyenHoctb. Oynknus y = f(x) Ha3pBaeTCS OrpaHWYCHHOW Ha

MPOMEXYTKe X, €ClI CYIMIECTBYET TaKOe MOJI0XHUTeIbHOE uyncio M > 0, uro | f(x) |
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<M gna moOGoro xe€X. B mnpoTtuBHOM ciy4yae (QYHKIMS Ha3bIBAETCH
Heo2paHUu4eHHOU.

7. Ilepuonmunoctb. Oynkuus y = f(x) HaswpiBaeTcst nepuoduueckoii ¢
nepuoaoM 70, ecim st 00BIX x U3 oOmactu onpenenenus pyukuu f(x +7) =
= f(x). Jna moboro umcima x w3 obnacTu ompeneneHus ducia x +7 Toxke

IMpHUHAAJICKAT obiacTu OIIpCACICHUS.
2

Ilpumep. Uccnenyem QyHKIU0O y = x2
x“+1
1. Haiinem o6nacth onpesenenns GyHKuuy. Tak Kak 3HaMeHaTeNb X2 + 1
apoOu He obparaercs B HyJib, To D(Y) - Bcs uncioBas npsimasi.
2. OnpenenuM 0COOEHHOCTH (1))XH11<LII/II/12 O4eBUAHO, 4TO JaHHAs (HYHKUHUS
—_— x —_—

yetHas. JeiictBurenpho,y(—x) = (= = y(x). [TooTomMy UcCIeayeM H

U TIOCTPOUM €€ TpaduK.

(=x)24+1  x2+1

noctpouM rpaduk Gynkiuu npu x > 0. 3ateM 3Ty yacTh rpaduka OTpa3uM BIEBO
OTHOCHUTEJIBLHO OCU OpAUHAT.

3. Haiinem Touku nepeceueHus rpaduika GyHKIUUA C OCIMU KOOPIUHAT.
UToOBl HAWTH TOUYKY MEPECEUECHUSI C OCBIO OPIMHAT, TOJOXKHUM X = 0 U MoIy4um y
= -1. Touka nepecedenus ¢ ocbto opaunar (0; -1). UroObl HAWTH TOUKY
x*—1
x2+1

nepeceueHus ¢ 0chbio abceiuce, nmonoxuMm y = 0 u moxyyum ypaBaenue 0 =

nn 0 =x%- 1, otkyna x = 1. Touka nepeceuyenus ¢ ockto abeiuce (1; 0).
4. BBIACHMM MPOMEKYTKH 3HAKOITOCTOSTHCTBA (DYHKIIMH, T. €. Ha KaKUX
IPOMEKYTKaX (QYHKIUS TPUHUMAET TOJIOKUTEIIbHBIC 3HAUCHUS, a Ha KaKHX -

oTpunaTenabHbie. s HaX0XKIeHU MPOMEXYTKA OTPUIATEIbHOCTH (HYHKIIUU
2—1
penM HepaBeHCTBO 35— < 0 mm X- 1 <0, orkyna 0 < x < 1. JIys HaXOKAEHHS
X 2

x 1 2

IIPOMEXKYTKA MOJIOKUTEIBHOCTH (PYHKIIMH PEIIUM HEPABEHCTBO —> 0 nmum x° -
x“+1

1> 0, orkyna x > 1.
5. OmnpenenuM MOHOTOHHOCTE GyHKIUU. [TycTh X2 1 X1 - IB€ TOUKHU U3
npoMexkyTka [0; 00), mpuueM Xp >Xi. 3anuiieM (yHKIIUIO B BUTE

‘xz-] [114‘[]_2 2
) i =1- .
yx) o 41 x +1 x* +1
Haiinem pasHocTs
9 2 2 2(x; — X, (X, +X,)
o = 1- = = B = ’
Nx)=m(x) [ x;+1][ xf+|] X+l g+l (x+1)(x +1)

B s1oii npoOu 3HaMeHaTeNb Bceraa MOJIOKUTEIbHBIN. B uncauTene
MHOKHUTEIb Xo—X1> 0 (Tak Kak X2>X1), Xo+X1> 0 (Tak kKak x1,2> 0). [Toromy
YUCIIUTENb APOOU TAKKE MOJOXKUTENbHBIN. CleqoBaTenbHO, ApoOh
MOJIOKUTENBbHA, TaK Kak y(x2) -Y(X1) > 0 wmm y(X2) >Y(X1). [Toatomy pyHKIus y(X)
BO3pacTaeT Ha NpoMexkyTKe [0; c0). YUnuThIBast 4eTHOCTh PYyHKIMH Y(X), HA
npomexyTtke (-00; 0] oHa yObIBaerT.
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6. Haiinem skctpemyMbl GyHKIMU. Tak Kak TOJBKO B ToUke X = 0
yObIBaHHE (DYHKIIMM CMEHSIETCS] BO3PACTAHUEM, TO TOUKAa MUHUMYMA Xmin= 0 1

MUHUMYM QYHKIUHU Yimin = -1.

/. BpsicHuM noBeZieHUe (PYHKIUU NPU OOJBIIUX 3HAYCHUSX X. JlaHHas

2
¢yHKuuMsA umeer BUI: y = 1 — " [Ipn HEOrpaHMYEHHOM BO3PAaCTaHHUH X
X

3HaMeHaTelb Jpoou x> + 1 Takke HEOrpaHUYEHHO Bo3pacTaeT. [103ToMy 3HaYeHuUs

HP06Hﬁ npUOIMKAIOTCS K HYJII0, OCTaBasCh MOJIOKUTEIbHBIMH.

CnepnoBatenbHO, 3HaYeHUs! QYHKUMHU y(X) HEOTPaHUYEHHO NpUOImKaoTes K 1,
octaBasich MeHblIe 1. [Toatomy npsmas y = 1 sBisieTca ropu30HTAIBHOM

acumMnToToi GpyHKIUU y(X).

8. Haumenbliee 3HaueHne GQyHKUUHU Yiany=-1 qOcTUTaETCS TipH X = 0,

HauOOJBIIETr0 3HaYEHUs HET.
9. ®yHKIMS OrpaHUYEHA.
10. ®dyHkuusa HENpepbIBHASL.

11. BeinykiiocTs rpaduka QyHKIHH YCTAHOBUTH TPYAHO (OHA MEHSETCH).

) X
HccnenoBannbie cBOMCTBA QYHKIIUH Y =

TIO3BOJIAIOT ITOCTPOUTD €C
x2+1

rpaduk. CaenaeM cHavaia Takoe MOCTPOCHUE JUis poMexxyTka XE[0; o).
[TocTpoum Touku nepeceueHusi ¢ ocsimu koopauHat (0; -1), (1; 0). Yurewm,

uyto Ha npomexyTke [0; 1) 3Hauenus y < 0, Ha mpomexxyTke (1; 00) 3Hauenus y > 0.

3HayeHus PYHKIUU BO3pACcTalOT OT Y = -1 u cTpeMaATcs K 3HaueHuto y = 1 npu

0oapmux X. [IpoBOAMM HENIPEPHIBHYIO KPUBYIO.
¥

SN x

VY4uThIBast 4€THOCTH TaHHON QYHKIMU Y(X) OTpakaeM KPUBYIO,
MOCTPOCHHYIO MpH X > 0, BIEBO CUMMETPUYHO OTHOCUTEIIBHO OCH OpJIMHAT.

[Tomyuaem rpaduk GyHkImn y(X).

3aoanun 0131 camocmoamenbHo20 peuleHus:

1 BapuanTt
Nel Tloctpouts rpaduk QyHKIHH U
OnucaTh CBOWCTBA

1)y:2x—§
— 42
égy_ x + 3
x2—4
4y =31 +1

5y =2log2(x +3)—1
Ne2 Vcranosure, sBisieTcst U QyHKIHS

yETHOM, HEUETHOM MJIM OOIIEro BUaa
1)y=(x?*+1)3—x*

2 BapHaHT
Nel Tloctpouts rpaduk QyHKIMH U
OnucaTh CBOWCTBA

1)y=3x—§
— 2
533’_ X + 3
x2—1
4)y =42 +1

5 y = 2logz(x —2) — 2
No2 VcranoBurte, aBisieTcst 11 QyHKIUS

yE€THOM, HEYETHOU MJIM OOIIero BUaa
1) y=(x*=2)% —x6
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)y = x3—x*

2) y = 25 — 12

3 BapuaHT
Nel Tloctpouts rpaduk QyHKUMH U
OmnucaTh CBOMCTBA

1) y = 3x2
— 2 _
§r=-2
x2—9
4)y =21 +1

5)y =3log2(x +3) — 4

Ne2 VcranoBure, siBnsieTcst 11 PyHKIUSA
yETHOM, HEUETHOM MJIM OOIIETO BHA
1)y = (2x2 — 2)3 — x6

2) y = 2x3 —x*

4 BapuaHT
Nel Tloctpouts rpaduk QyHKUIMH U
onucaTh CBOMCTBA

1) y =3x1
— 2 —
§y="x"1
x2—9
4) y = 4x+1 — 1

5) y =3log2(x — 1) — 3

Ne2 VcranoBure, siBnsiercs 1 GyHKIUSA
yETHOM, HEUETHOM MJIM OOILETO BUA

1) y=(3x2—-3)3—x5

2) y = 3x3 — 2x*

KOHmPOJleble eéonpocul:

1. Taitte onpeneneHus: Bo3pacTaromie GyHKIIuu 1 MUHUMYMa (QYHKIIKH.
2. laiite onpeneneHus yobiBaroiei GQyHKINA U MaKCUMyMa (QyHKIUH.
3. [aiiTe onpenenenre 4ETHON U HEUETHON PYHKITUH.

4. JlaiiTe onpezesieHUe NEPUOUIECKON QPYHKIIUH.

IIpakTrueckoe 3ansaTue Ne7
«IIpeobpa3oBanus rpadpuxkoB GyHKIUIN».

Heas paboThIi:
npeoOpa3zoBaHUi
Cenenusi U3 TEOPUU:

3aKpPCIIUTH

HaBBIK  ITOCTPOCHUA

rpa@uKoB C TOMOIUIBIO

Iepenoc Baoab ocu opaunar f(x) = f(X)+b. {ias moctpoenus rpaduka

bynkuum y = f(x) + b cienyer:

1. moctpouTs rpaduk Gyukumun y=Ff(X)
2. IepeHecTH oCch abciuce Ha |b| equnui BBepx npu b>0 wiun Ha |b| exuHuUI
BHU3 TIpu b < 0. [loydeHHBIH B HOBOM CUCTEME KOOPAUHAT I'paduK SBISCTCS

rpaduxom ¢yakuu y = f(x) + b.

Mpumeptr:
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IMepenoc Bron ocu adcumce f(X) = f(x+a). s mocrpoenus rpaduka
¢ynkuun y = f(x+a) cienyert:
1.moctpouts rpaduk ¢pynkmn y=F(X)
2.TIepEeHEeCTH OCh OPJIMHAT Ha |a| eAMHMIL BOpaBo npu a>0 Wiu Ha |a| eIUHHULL
BneBo npu a<0. [TomydyeHHbIN B HOBOM cUCTEME KOOpAUHAT rpaduK sIBISIETCS
rpadukom ¢pynkuun y=f(x+a).
Npumeps::

IMocTpoenne rpadpuka pynkuun Buga y=rf(-x)

f(x) = f(-x)
Jlnst moctpoenus rpaduka Gpyukuuu y = f(-x) cinemyer:
1. moctpouth rpaduk Gpyukiwu y = f(X)

2.  OTpa3uTh €r0 OTHOCUTEIIFHO OCH OpJIUHAT
3. momyueHHbIH rpaduk sBiasercs rpadbukom Gpyuknuu Y = f(-x).

Mpumepsbi:

vp oy vt
%’ﬁ y = log,x__
' -7
! s
y=27" Sy=2" 4 >
o -1 A1 x
1 '
-~ \ ]
— - !
e -'

y = x*= (-2’

.
| x”

IMocTpoenne rpaduka pynkuuu Buga y = -f(X)

f(x) = - f(x)



Jlnst moctpoenus rpaduka pynkuuu y = -f(X) cnenyer:

1. moctpouts rpaduk pyHknun y=f(x)
2.  OTpa3HTh €T0 OTHOCHTEIEHO OCH abcIuce

Mpumepesi:
LY B ., .
1] ' y ‘=2
1 I
] ;"
\“ "
) :!.1-!
kY — -
-——\ xf
-1
y =-27

ITocTpoenue rpapuKOB YeTHOM U HEYETHOU (PYHKIMI

[Tpu mocTpoeHun rpaukoB YETHON U HEUETHON (PYHKIUU yTIOOHO MOJIb30BATHCS
CIEIYIOIIMMHU CBOMCTBAMU:
1.I'paduk yeTHOM HYHKIIMH CUMMETPHUYEH OTHOCUTEIIBHO OCH OpIUHAT.
2.I'paduk HeyeTHON DYHKIIMM CUMMETPUYEH OTHOCUTEIHHO Hauajga KOOpAUHAT.
Jlnst mocTpoeHust rpa kOB Y€THON M HeYETHON (DYHKITUU JTOCTATOYHO IMOCTPOUTH
TOJILKO MPaBYIO BETBb TpaduKa JJis MOJOKUTEIbHBIX 3HAUCHUI aprymeHTa. JleBas
BETBb JIOCTPAMBACTCS CHUMMETPUYHO OTHOCHUTEJIBHO Hayajga KOOPAMHAT iAo
HEYETHON (DYHKIIMHM U OTHOCUTEIIBHO OCH OPAMHAT JIJIsl YeTHON (DYHKIIUH.
Jliist moctpoenus rpaduka yetHor pynknuu Yy = f(X) ciemyer:

1. mocTpouTh BETBb Irpaduka ATON (HYHKIIMH TOJIBKO B 00JIACTH TTOJIOKHUTEIBHBIX
3HaueHui aprymenta x>0.

2. OTpasuTh 3TOT BETBb OTHOCUTEIIBHO OCH OPJIMHAT B 00JIACTh OTPUIIATEITHHBIX
3HAYEHUH X .

YN
M M
/\\m
X
0 —

Jast mocTpoenus rpaguka HedeTHoi pynknmuu y=f(X) caenyer:
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1. ctpouts BeTBb rpaduka 3To PyHKIUHU TOTBKO B 00JIACTH MOJ0XKUTEIBHBIX
3HaueHUM aprymenta (x>0).

2. OTpa3uTh 3TOT BETBb OTHOCUTEIBHO Hayal0 KOOPJAMHAT B 00J1acCTh
OTPULIATENILHBIX 3HAUCHUH X .

g y=1x)

fxo)

%
floxg) <

IHocTpoenue rpapuka odpaTHOi GyHKUMHU

Kak yxe oTrmeudanocsh, nmpsimasi 1 00paTHasi PYHKIIMU BBIPAKAIOT OJAHY U TY
KE 3aBUCUMOCTb MEX]Y MEPEMEHHBIMH X U y, C TEM TOJIbKO OTJIMYMEM, YTO B
oOpaTHOW (YHKIMU 3THU TMEPEMEHHbIE MOMEHSUIMCH POJISIMHU, YTO PABHOCUIIBHO
U3MEHEHHIO 0003HaueHni oceil koopauHat. [losTomy rpadux o6paTHON GyHKIUN
CUMMETpHUUYEH Trpaduky npsiMoil QyHKIUU oTHOcUTenbHO OuccekTpuchl [ u Il
KOOPJMHATHBIX YTIJIOB, T. €. OTHOCUTEIbHO MNpsiMoM y = x. Takum oOpaszom,
NoJIydaeM Cleyoliee MPaBuio.

Jlns moctpoenus rpaduka GyHKIuu y = * (X), 0OpaTHOM MO OTHOIICHUIO K
by 'y = f(x), ciaemyer moctpouth rpaduk y = f(X) U 0Tpa3uTh ero
OTHOCHUTEJIBHO MPSIMOH y = X.

Npumeps! zpaghunoa a3auMHo o6pamHbX hyHKUYUD.

y A
[ 1] vl 2= H, : X% (x20)
iy ! :
A P
I
’

- (4 >
1 x”
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s L —1
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JMedopmanus (c:kaTHe U pacTsKeHue) rpaguKoB

C:xartue (pacTsikenue) rpadguka Baoan ocu opamnat f(x) = A-f(x).
Jlist moctpoenus rpaduka pykuun y=A-f(x) ciegyer:

1. moctpouTts rpaduk ¢pynknun y=f(x)
2. yBEJIMYUTD €ro OpJIMHATHI B A pa3 npu A>1 (Ipou3BecTH pacTsixeHue rpaduka
BJI0JIb OCH OPJAMHAT) WM YMEHBIIUTh €0 OpPJIMHATHI B 1Zpa3 npu A<1

(mpousBecTH cxatue rpaduka BAOJIb OCU OPJUHAT)
3. Moy4YeHHbIN rpaduk sBiserca rpagpukom pyHkuuu y = A-f(x).

]
1
1
L}
1
L]
1

C:xartue (pactskeHue) rpaguka BaoJb ocu ademucce f(X) = f(ax)
Jliis moctpoenus rpaduka pyukuun y = f(ax) caemyer:
1. moctpouTth rpaduk Gyukuun y=F(X)

2. YMEHBIIIUTH €T0 a0CIIMCCHI B @ pa3 mpu « >1 (mpou3BecTu crxaTue rpaduka
BJI0JIb OCH a0CIMCC) WIIM YBEIIMYUTH €ro adciuccehl B Lpas npu a < 1 (mpousBecTu
a

pacTspkeHue rpaduka BIOJIb OCH abcrucc).
3. moJIy4eHHbIH rpaduk siBisercs rpadpukom Gyakimn y = f(ax)

fpumepst:

= =4x/2
By @ ,‘J:_:L?.- y =VE[2
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KomOunHanus nepenoca, orpaxxeHusi 1 aegopManumn

Ouenb yacTo npu NocTpoeHuu rpaukoB GYHKIUNA TPUMEHSIOT
KoMOuHaImo npuemoB. [locienoBaTenbHOE TPUMEHEHHE PsAJIa TAKUX MPUEMOB
MO3BOJISIET CYIIECTBEHHO YIIPOCTUTH MOCTPOCHUE Tpaduka NCXOTHOU PYHKIIUU U
HEPEIKO CBECTU €TO B KOHIIE KOHIIOB K IIOCTPOEHUIO OJTHOM U3 MPOCTEUIIN X
aJeMeHTapHbIX QyHKIMM. PaccMOTpUM, KaK ¢ y4eTOM H3JIO)KEHHOTO ClIeIyeT

CTpOouTh rpaduku ¢ yHKIUMA.

OTMeTHUM, 4TO MOPSAIOK YIIPOILCHHS 1IeI€CO00Pa3HO MPOBOJAUTH B

CJICI[YIOI_Heﬁ IIOCJIICA0BATCIbHOCTH.

1. Mcionp30BaHue YETHOCTH WITH HEYETHOCTH (DYHKITUH.
2. [lepenoc oceit.
3. OTpaxxkenue u nepopmariusi.

4. TTocTpoeHue sxe rpaduKa BBIMOIHIETCS B 00paTHOM MOCIIe0BATSILHOCTH.
IIpumep. TloctpouTts rpaduk ¢pynkmuun y = 3 — In(1 — 2x)

[TocTpoeHue MPOBEIEM IO CIICTYIOIIUM IIaram:

1. mocTpoum rpaduk HaTypajabHOTO Jorapudma y = Inx:

2. coxxméMm Kk ocu OY B 2 paza: y = In2x ;

3. 0ToOpa3zuM cuMMeTprUIHO oTHOCUTENBHO ocu OY: y = In (—2x);

4. cneuHeM Baoiab ocu OX Ha 1 (1) BpaBo: y = In (=2 (x — 1)) = In(1 — 2x):
2 2

5. oToOpasuM CUMMETPUYHO OTHOCUTENBbHO ocr OX: y = —In(1 — 2x);

6. cieuHem Brosib ocu OY Ha 3 exunuibl BBepx: y = 3 — [n(1 — 2x):

/

..........................................

§y=ln(§1— Zx)g

= 1029

................................................
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'
Y
y=3=In(-2x) :
y=hil-2%)
Xi
LA ' L L\ 0 '1 v L s
y=-Infl-22)

IIpumep. [loctpouts rpaduk GyHKIUU Y = SIN2x.

Cnauana u3zo0Opa3zum rpauk cuHyca, ero nepuoj pases T = 2.

rpaduk QyHKIIUHA Y = SiN2X MOJy4daeTcs MyTEM CxKaTus rpaduka y = Sinx K OcH

OpJIMHAT B JIBa pasa.

IIpumep. Toctpouts rpaduk pyakimu y = (x — 1)>2

ITocTporm mapaboiy y = x2 u cauraeM e€ BJI0JIb OCH a0OcIuce Ha 1 equHHIY

BIPABO:
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IIpumep. lloctpouth rpaduk GyHKIUU y = L

x+2

1
I'nnepbony y = — (uépHbIii 11BET) cABUHEM B0JIb ocu OX Ha 2 e TMHUIIBI BIEBO:
X

3adanus 013 camocmoamenbHo20 peuenus:

1 BapuanTt
Nel Tloctpouts rpaduku QyHKIHI C
MIOMOIIIbIO TIPe0Opa30BaHMM, €CITH JaHBI
rpaduku  QyHKIMH y = sin x, y =
cosx,y =tgx, y= 2%y =logzx
1)y = 3sinx
2)y = —0.5sinx
3y = 2xt1 41
4)y =log2(x +1) —1
5)y = 2cos (x +g) -2,

6)y =2tg (x =)

2BapuaHT
Nel Tloctpouth rpaduku (GyHKIMI C
MOMOIIBI0 TTPeoOpa30BaHUM, €CIIN TaHbI
rpaduku  GyHKOUH Yy = sin x, y =
cosx,y = tgx, y = 3%y =logzx

1)y =3cosx

2)y = 3*1 4+ 2,

3)y =log2(x +2)+ 2
4) y = sin 2x,

5)y=3sin(x+f)—2,
6

6)y =3tg (x —
3
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3 BapUaHT 4 BapuaHT
Nel Tloctpouts rpaduku @ynkmuit ¢ | Nel Iloctpouts rpaduku QyHKuui c
MOMOIIBIO MPEe0OPa30BAHMI, €ClI AaHbl | TOMOIIBIO MPEe0OpPa30BaAHMI, €Cclu AaHbl
rpapuku  GyHkumit y = sin x, y = |rpaduku ¢GyHKIM y = sin x, y =
cosx,y =tgx,y = 2%,y = logy x cosx,y =tgx ,y = 3%y =log, x

1) y = 2sinx 1) y=2cosx

2) y =—0.25sinx 2) y=—0.25cosx
y=2x-2 3) y =3x1-3

4) y =logs(x +2)+ 2 4) y =loga(x —1) — 2
5)y=2cos(x—%)+1, 5)y=3sin(x+%)—2,
6) y=2tg(x—23) 6) y =3tg (x— )

KOHmPOJleble eéonpocul:

1. Kakumu dpopmynamu 3agaeTcs pactskeHue (cxarue)?
2. Kaxumu hopmynamu 3aaercsi napajiesibHbIA MepeHoc?
3. Kax mocTpouTh TOUKY CHMMETPUYHYIO OTHOCUTEILHO OCEH KOOPAHHAT?

IIpakTnyeckoe 3anaTHe Ne§
«Pemenue 3a1a4 Ha onpejiesieHNe B3aUMHOI0 PACHOJI0KeHHUS IBYX

IJIOCKOCTEN»

Heas pabdorhbi: 0000IMUTH W CUCTEMATU3UPOBATH 3HAHMS 10 pPA3ACIy
«IIpsiMble W TIJIOCKOCTH B MPOCTPAHCTBE»; 3aKPEMHUTh YMEHHS HCIIOJIb30BaTh
MOJIYYE€HHBIE 3HAHUS ISl PEIIeHUs 3a/1a4.

Ceedenusa uz meopuu:

JIBe pasnuyHble IUJIOCKOCTH B TMPOCTPAHCTBE JHOO napaiieibHul, TU00
nepecexkaromcsi.

IMapanieJbHOCTH ABYX IIOCKOCTEH

Onpenesenne. J[Be  IIOCKOCTM B MPOCTPAHCTBE  HA3BIBAKOTCS
MapajyIeIbHBIMU, €CJIM OHU HE NIEPECEKAIOTCA.

IIpu3Hak napajuieJbHOCTH IUIOCKOCTeH. Ecin aBe mnepecekarommuecs
MPSIMBbIE OJHOW TUIOCKOCTH COOTBETCTBEHHO MAapaJUICNIbHBI JBYM IPSMBIM JIPYIrou
IJIOCKOCTH, TO TAKUE TIJIOCKOCTH NapaJlIeIbHBI.

OcHOBHBIE CBOHCTBA NAPAJJICJBbHOCTH IVIOCKOCTEH.

o JluHum mepeceyeHus ABYX NapajuIENbHBIX IJIOCKOCTEN TPEThEU
IJIOCKOCTBIO MapajlieIbHBbI.
o Ortpesku nmapamienbHbIX TPSAMBIX, 3aKIIFOYEHHBIX MEXAY JIBYMS

mapaJuiCJIbHbIMU INIOCKOCTAMM, PABHBI 110 JJIMHC.
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Ilepeceyenue ABYX II0CKOCTEM

JIBe 1IOCKOCTHM TmepecekaroTcss mo mnpsimoil. OOmas mnpsMas JBYX
IUIOCKOCTEH Ha3bIBaeTCs peOpoM ABYrpaHHOrO yria, o0Opa30BaHHOrO MpH
[IEpECECYEHUN JaHHBIX IulockocTe. [lpu mepecedyeHMHM ABYX IUIOCKOCTEU
o0pa3yloTcsi 4YeTbipe ABYTrpaHHBIX yria. Ecim Bce OHU paBHBI, TO IUIOCKOCTHU
Ha3bIBAIOTCS NEPIEHIUKYIISAPHBIMU.

IIpusHak nepHeHAMKYJAPHOCTH IUIOCKOCTeW. Ecim omHa W3 IByX
IIJIOCKOCTEN IIPOXOJIUT Yepe3 NMPAMYIO, NEPHEHANKYISIPHYIO K APYTrO# IIJIOCKOCTH,
TO TaKWE IUIOCKOCTH MEPIICHANKYISPHBI.

N3 npusHaka neprneHIuKyIsipHOCTH TUIOCKOCTEU CIEAYET, YTO IIIOCKOCTb,
NIEPIICHAUKYJIISIPHAS K IIPSMOM, IO KOTOPOM MEPECEKAOTCS JIBE JaHHbBIE TIOCKOCTH,
NEPIICHAUKYJIISIPHA K KaXJ0M U3 3TUX IUIOCKOCTEM.

Yroa Mexay IJIOCKOCTAMHM — HAaWMEHbIIMK W3 JBYIPAHHBIX YIJIOB,
00pa30BaHHBIX MPU NEPECEUEHUH TIIOCKOCTEH.

VYrioBas BeIMYMHA ABYIPAHHOIO yIjla — O3TO BEJIMYMHA JUHEWHOIO yria
JAHHOT'O JBYI'PAHHOIO YIJa.

UToObI HAWTHU JTUHEHHBIN yroa ABYIPAHHOTO yria HaJl0 W3 MPOU3BOJBLHOU
TOYKM Ha peldpe ABYrpaHHOrO yrja TNPOBECTH B KaXKIOHW IUIOCKOCTH TIO
NEPICHIUKYISIPY K 3TOMYy peOpy. Bce nuHeliHbie yribpl IBYTPAHHOTO yria pPaBHBI

APYT APYTY.

3adaua. Tpu npsmMble, TPOXOIAIIME Yepe3 OAHY TOUKY U HE JIeKalue B
OJIHOU IJIOCKOCTH, MEPECEKaoT OAHY U3 MapajlieNIbHbIX MIOCKOCTEN B TOUKax A,
B1 n C1, a apyryio B Toukax Ap, Bz Co(puc.). JlokaxuTe, 4TO TPEYTrOIbHUKHU
A1B1C1 m A2B2C, moio6HBLI.

B:

Puc.
JlokazaTenbcTBO: I1ycTh TaHHBIC TPH MPSAMBIC IIEPECEKAIOTCS B TOUKE S.
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Ilo cBoiictBy 1, ecnu ABe mapajulesibHbIE IUIOCKOCTH IEPECE€YEHbl TPEThEH, TO
JMHUU UX TepeceueHust napasienbbl. [Tnockoctu A1B1C1 n A2B,C, napannensHbl
U TepecedeHbl IUIOCKOCTbI0 SA1Bi1. 3Hauurt, nuHum nepeceuenuss A1B1 uAd»B»
napajuiesibHbl. AHAJIOTUYHO, MiockocTh SB1Ci paccekaeT muiockoct A1B1Ci1 u
A:B,C, no napamnensHbiM npsaMbiM B1C1 u B2Ca. A mnockocth SA1C1 paccekaeT
mockoctu A1B1C11A2B,C, no napannensubiM npsMbiM A1C1 uA42C.

1 cnioco6. Yribl A U A1 paBHBI KaK yIJibl ¢ COHANIPaBICHHBIMU CTOPOHAMHU. YTibl C
n C1 Takke paBHbl KaK YIJIBl C COHAIpaBICHHBIMU CTOpPOHAMHU. 3HAUMT,
tpeyroidbHuk A1B1C1 u A2B2C, mogo6HbI 10 ABYM yriiam.

2 cnioco6. Tpeyronbuuku SA1B1 u SA2B, mono6HeI, Tak kak npsameie 41B1 nAd»B»
napauienbubl. Tpeyronbauku SC1B1 u SC2B, mono6Hb1, Tak kak npsmeie C1B1 u
(2B, mapamnensHbl. TpeyronbHuku SA1C1 u SA2C> mOAOOHBI, TaK Kak MpPSIMbIC
A1C1 n A,Conapannenshbl. M3 nonobus cnenyer:

S4, _SB, _SC, 4B, _ByC, _ A,
SA, SB, SC, A,B, B,C, A,C,

M3 mponopIiMoHaaILHOCTH TPEX CTOPOH BBITEKAET MO 100Me TPEYrodbHUKOB SA1B1 1
SA42B>.

3aoaua. TlapamnenbhHble oTpe3ku Ai1dz, BiBz, Ci1C, 3akmodyeHb MEXIy
napajuielbHbIMA  IUIOCKOCTIMH o W [ (puc.). a) Omnpenenure BUT
YeThIpeXyroidbHuka A1B1B242, Ci1B1B2Cs, A1C1C2A2. 6) JlokaxuTe, UTO
TpeyronbHuku A1B1C1 u A2B2C;, paBHBL.

Puc.

Pewenne. a) Ilpsimbie A14», B1B; mapamnensHsl no ycnosuw. A14,=B1B; mo
CBOMCTBY 2 mapajUlelbHBIX IUIOCKOCTEe. B  derbipexyronbuuke A1B1B24>
MPOTUBOMOJIOKHBIE CTOPOHBI MApajUIebHbl W PaBHbI, 3HA4YUT, A1B1B24> —
napasuiesiorpaMm. AHaJOTUYHO JIOKa3bIBAETCS, YTO YEThIpeXyronbHUKN C181B2(7,
A1C1C242 — mapamnenorpammbl. 0) A1B1=A2B2, B1C1=B,C;, A41C1=A,C; (kak
MTPOTHUBOIIOJIOKHBIE CTOPOHBI MapalIeIorpaMMoB). 3HaUUT, TpeyroabHuku 41B1Cq
u A;B>C, paBHBI 11O TpeM CTOpOHAM.

3aoaua. JlokaxuTe, 4TO AWArOHalb NapajliesielUiea MEHBIIE CYMMBbI
Tpex pedep, UMEIOIINX 00IIYI0 BEPIINHY.
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Puc.

JokazatensctBO: Ilycth AB = x, AC1=d, AA;1=z, AD=y. U3 1000l BepIINHBI
UCXOAAT Tpu pebpa, CymMMa [JIMH KOTOPBIX paBHa X+y+Z. Bocmomb3yemcs
HepaBeHCTBOM TpeyrojibHuka. Paccmorpum TpeyroasHuk ACCi. AC1<AC+CCy,
d<z+AC. U3 tpeyronbauka ABC umeeM: AC<AB+BC=AB+AD=x+y. 3Haywur,
d<z+x+y, 4To U TpeOOBAIOCH TOKA3ATh.

3aoaua. Mpsmeie AB, AC u AD nonapno nepneHaukyisipusl. Haiinure
orpe3ok CD, ecnu: AB = 15 m, BC =35 M,AD=7,5Mm.

lWar 1. Jenaem pUCYHOK B COOTBETCTEBHM War 2. 3anuwem ycnosue 3agaqm
C YCNOBMEM 334344 Tano: AB _L4CJ_4.D
B AB=15n,
BC =35,
AD=7 3n
Haionu:
CD

Lar 3. BoinoAHASM pelueHne 3aaa4m

Pewenue: PaccmoTpum A ABC—npamoyronbhbii, T.K. AB L AC

Mo T.NMudparopa BC=AB*AC?, oTctogaAC = VFC* - 487 I8 = 157 1225 = 22510
PaccmoTpum A ADC—npamoyronbhbid, T.K. ACL AD

Mo 7. Mudaropa CD?=AC+AD?, cnegosarentio CD*=10%+7,5°=100+56,25=156,25
3nauutCD=125

OteeT:CD=125m

3aoaua. BepxHue KOHIBI JBYX BEPTHKAJIBHO CTOSIIUX CTOJIOOB,
yAQJICHHBIX Ha paccTossHue 3,4 M, COCJIMHEHBI IMepeKiIaauHoi. Bricota omHOrO
crosiba 5,8 M, a pyroro — 3,9 M. Haiinure mivHy nepekiiaaiHbl.

War 1. Jenaem pUCyYHOK B COOTBETCTBUM

A P Lar 2. 3anuwem ycroBue 3a4a4u
C YCAOBUEM 33434M
H3 A3bIKE reOMETPUM

A H Hario: ma-me a, AD) o, BC | a
¥ DC=34x
52 58 BC=58m,
ul C AD=39xn
34 Haimu: AB

War 3. BoinoaHAEM peleHne 3a0a4m

Pemenne: Tax kax gse npamele AD u BC nepneHARKYIAPHEL OTHOM IUIOCKOCTH 4,
TO OHH mapawtensHel. Crnegoearensao, ABCD — npAMOYTONbHAR TRANENHA ¢
ocrosaruaMu AD u BC . IlposenéM seicoTy Tpanemmn AH.
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id

AHCD —npavoyrompHik. v xkotoporo AH=CD =3.4m. CH= AD=39m.
Paccmotpima A ABH — npamoyronbibnt, TK. AH EpicoTa Tpaneipm .

BH =BC-CH= 58-39= 19

To 1. [Indaropa 4B’=4H?+BH’, cnegoraremsHo

ABI=342+19%= 11,56+3.61=15.17

SHaunt AB=39% M

3aoaua. VI3 TOUKM K IJTIOCKOCTH TPOBEJICHBI JIBE HAKJIOHHbIE. HaliuTe
JUTMHBI HAKJIOHHBIX, €CJIM OJIHA U3 HUX Ha 26 cM OO0JIbIIIe APYTOi, a MPOEKITUU

HAKJIOHHBIX paBHbI 12 cM 1 40 cm.
Warl. Aenaem pUCyHOK B COOTBETCTBHM

War 2. 3anuwem ycrosue 3a8aq4m
C YOIOBHEM 33 434U

JaHo: mI-16 @,
AB — nepnenouxyasp,

AC u AD — naxionnsle

B AC=4D +26cm
1N BC u BD — npoexyuu
40
HaKTOHHBIX
€ BC =40 cx, BD=12 cx
: . "
/ (.

3magur AD’- BD?= AC’- BC? noacTasuM JaHHBIE H [OMYYHM YPAEHEHHE
x—12°= (x + 26 - 40°

X% — 144= x ?+ 52x+676 - 1600

—52x =676 - 1600+144

x=-780:(-52}

x=15

Crenosarensro, AD =13, Torma AC=15+26=41(n)

Lar 3. BoinonHAem pelueHue 3aaa4u

Iycts AD =x, mozoaAC =x + 26.

Paccyompurt A ABD uA ABC —

NPAMOY20TbHEIE, M.K. AB — nepnenouxy 1ap.
D Ilo m. Hugpazopa

Az AABD

AD’= AB*+BD? => AB’=A4D’- BD’?
Jna A ABC
AC?=A4B?+BC? => AB’= AC?-B(?

Omeer: AD=15um AC=4lx
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3aoanusn 011 camocmoamenbHO20 peueHun:

1 BapuanT

Nel. lan terparap AMNK. Touku B un
C - cepemunbl pebep MN u NK
COOTBETCTBEHHO. OTNPENEINTh B3AUMHOE
pacnionoxkenue npsaMeix AK n MK, BC
u MK, MN u AK; npsiMoii U TIJIOCKOCTH:
BC u (AMK), AK u (MNK), AM u
(AMK). OtBeTBI 000CHOBATS.

Ne2. Jan IPSAMOYTOJIbHBIN
MapAJUIECTIEITUTIET AMKBA1M:K1B;.
OnpenenuTs B3aMMHOE PACHOJ0KEHUE
npsimbix AA1 1 MK; BB1 u MM1; MB u
BBi; mpsmoii u miockocth - AB wm
(MKKl); BK u (BKKl); AM u (KMMl)
OTBeThl 000CHOBATH.

Ne3.  Ilpsmoyronsruk MNAB u
napauieniorpamMm  MNKP He nexar B
OJIHOM IJIOCKOCTH. Onpenenuts

B3aMMHOE pacrojoxeHue npsMoix AN u
PK; AB u PK; npsimoii AB u mimockocTu

2 BapuaHT
Nel. Han terpasap SMFK. Touku A n
C - cepemunsl pedbep MF u FK
COOTBETCTBEHHO. Onpenenutpb
B3aMMHOE pacnojiokeHue npsmeix: KS
u MF; AC u MK; MF u KS; npsmoii u
mwiockoctu: AC u (SMK); MK u (SFK);
FK u (SFK). OTBeTbl 000CHOBATS.
Ne2. Han MPSAMOYTOJIbHBIN
napauienenuneq ~ CNMBC,N, M, B,.
OnpenenuTs B3aMMHOE PaCIIOI0KEHUE
npsmeix: CC,; u MN; BB; u NN, ; MN
1 MM, ; ipsimoit u nockoctu: CB u
(B.C;N,); NM u (NMM,, ); CB u (BB,
M). OTBeTbl 000CHOBATH.
Ne3. Pom6 ABCD wu mapamienorpamm
MNCD He nexaTr B OJHOM IIUIOCKOCTH.

OmnpenennTe B3aUMHOE PAaCIOJIOKEHUE
npsmeix: AM u CD; AB u MN; npsamoii

7 |MN wu miockocTd pom0Oa; NpsMOid,
HapajienorpaMma, HPAMOM, | mapamnensHoit DM M TIIOCKOCTH
napauienpHod  PM u mmockoctu poMba.
IPSIMOYTOJIbHUKA.
3 BapUaHT 4 BapuaHT

Nel. Han terpasap AMCK. Touku B u
N - cepenunbl pebep MC u CK
COOTBETCTBEHHO. OmpeaenuTh B3aUMHOE
pacnonioxenue npameix AK u MK, BN
u MK, MC u AK; npsiMmoii ¥ MJIOCKOCTH:
BN u (AMK), AK u (MCK), AM u
(AMK). OTBeTBI 060CHOBATH.

Ne2. Jlan PSIMOYTOJIBHBIN
napamtenenmnen ABCDA, B, C, D, .
OnpenenuTs B3aHMMHOE PACIOJI0KEHUE
npsmeix AA; u BC; BB, u CC,; CB u
BB, ; nmpsamoii m miockoctu - AB u
(CDD,); BA u (BAA,); AD u (BCC,).
OTBeThI 000CHOBATH.

Ne3.  Ilpsmoyronsauk  MNCD wu
napamenorpamm MNKL He nexar B
OJTHOM IJTIOCKOCTH. Onpenennuts

B3aUMHOE pacnoynoxeHue npsambix CN u
LK; CD u LK; npsamoii CD u mrockocTu

Nel. Tan Tetpasap CMLK. Touku A u
F - cepeagunsl pebep ML um LK
COOTBETCTBEHHO. Onpenenutsb
B3anMHOE pacroyioxkeHue npsmbix: KC
u ML; AF u MK; ML u KM; npsimoii u
wiockoctr: AF u (CMK); MK u (CLK);
LK u (CLK). OtBeTbl 000CHOBAThH

Ne2. [an MPSMOYTOJIbHBIN
napamtenernunes SNMKS, N, M, K, .
OnpenenuTh B3aUMHOE PACIIONIOKEHUE
npsambeix: SS; m MN; KK; u NN, ; MN
u MM, ; npsimoii u tutockoctu: SK u (K
:S:N.); NM u (NMM,); SK u (KK, M,
). OTBEeTHI 000CHOBATb.

Ne3. Pom6 KPCD wu mapannenorpamm
MNCD He nexatr B OJHOW IUIOCKOCTH.
OmnpenenuTh B3aUMHOE PACIIONIOKCHUE
npsameix: KM u CD; KPAB u MN;
npsMoi MN u miockoctu pomoOa;
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rapasieaorpaMma; NpAMOM, | IpAMOM,  mapamuiensHod DM u
napajuienbHoi LM M IUIOCKOCTH | IOCKOCTH poMOa.
IIPSAMOYTOJIbHUKA.

KOHmPOJleble 60npocoul.

1. Kakue rmi1ocKoCTH Ha3bIBAKOTCS MapasuIeIbHBIMU ?

2. ChopmynupyiiTe npu3HaK MapauieTbHOCTH IIIOCKOCTEH.

3. BzanmHoe€ pacmosioxkeHne mIiocKocTel (Bce BOZMOXKHBIE CITydan).

4. Akcroma O HaJIM4YUM OOIIEH TOUKHU JBYX IJIOCKOCTEM.

5. BepHo 11, 4TO JyIMHA NEPIICHANKYJISIPA MEHbBIIE IJTMHBI HAKJIOHHOM,
OPOBEIEHHOUN U3 ATOU K€ TOUKH?

6. MoXeT 11 yroJl MeXAy MPSMON U TUIOCKOCTBIO OBITh TYIBIM?
IIpakTHyeckoe 3ansitue Ne9

«PemieHue 3a1a4 Ha NIPUMEHEHHE TeOPEeMbI 0 TPeX MePHEeHINKYJIAPAX»

Hear pabGoTbl: 3akperuieHHe 3HAHUW  OOyYarOUIMXCS  MPUMEHATH
TEOPETUYECKHUE 3HAHUS K PEIICHUIO 3aJady Ha J0Ka3aTeIbCTBO M BBIUMCIICHUS,
pa3BUBaTh MPOCTPAHCTBEHHOE BOOOpaKEHHE, pPa3BUBATh YMEHUE CTPOUTH
apryMeHTUPOBAHHOE M JIOTHYECKHM BEPHOE peIIeHUEe 3aJaydd, CIoCcOOCTBOBATH
JanbHEUIIeMy pa3BUTHIO HABBIKOB CAMOKOHTPOJISL.

Ceeoenusn uz meopuu:

TEOPEMA O TPEX NEPNEHIUKYJISIPAX
IIpsimMasi, mHpoBeNEHHass Ha IUIOCKOCTH 4Yepe3 OCHOBAaHHUE HAKIIOHHOMN

NEPIEHIUKYISIPHO €€ TPOCKIUH, IEPIICHANKYIJISIPHA U CAMON HAKJIIOHHOM.
N obpatHo: ecnu mpsiMasi Ha TUIOCKOCTH MEPHEHANKYJISIPHA HAKIOHHOM, TO

OHa IEPICHAUKYJIAPHA U ITPOEKIIMNA HAKIIOHHOM.

3aoaua. Otpe3ok AM neprneHIuKyIapeH MI0oCcKocTH TpeyroiabHuka ABC u
uMeet JuinHy 6 cMm. Halinute paccrosinue ot Touku M no npsimoit BC, ecnu AB =
AC=10cmMm, C=12 cm.

Hano: A ABC - paBrHOOeapennsrii, T.k. AB = AC = 10 cm
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AM —niepniennukynsp, AM L (ABC), AM =6 cm

BC = 12¢cm.

Haiitn: MK.

Pewenue.

1) Paccmorpum A MAK - npsiMOyronbHbId, T.K. AM —

HEepHEeHIUKYJIsp, AM L (ABC).

MK — M0>XHO Ha3BaTh HAaKJIOHHOW K IIOCKOCTH A
MAK, a AK ee npoekuuei Ha 3Ty IIIOCKOCTb.

ITo teopeme ITudaropa: MK?=AM?+ AK? AM=6, AK "
=7

2) Paccmotpum A ABC - paBHOOenpeHHBIH, T.K. 10 ycioBuio AB = AC = 10 cwm.
Onpenenum uem siBigercss AK mns A ABC. Tak kak no yciosuro 3amaun MK —
pacctosiure oT Touku M go mpsimoit BC (T.e. mpoBoauTCs NMEPHEHAUKYISIPHO K
ATOU MPSAMOM), TO 10 00paTHOM TeopeMe 0 TpeX MEePHEHANKYIIIpax: eCIu MK L BC
, TO 4K | BC =AK - BeicoTta B A ABC.

Tax xak AABC — paBHoOenpenHsiid, To AK He TOJNBKO BBICOTA, HO M MEIHMaHa

12
— gk =KC=_=6.

2
3) Paccmotpum A AKB — npsimoyrosnbhblii (T.k. AK — BeicoTa)

AB =10 cm (o ycnosuto), BK = 6 (u3 2 0. pemieHus).
ITo Teopeme ITudaropa: AK? = AB?> — BK?

AK? =102 - 62 =100 - 36 = 64

TK. 4K>0, To AK=+/64=8cM.

Bepremcs B 1 1. pemenus: MK?=AM?+ AK?
MK?=62+82 =36 +64 =100

T.x. MK>0, TO MK =+100 =10cm.

Otger: 10 cm

3aoaua. V3 Touku O mepeceuenus nuaroHaner kpaapara ABCJI k ero
IUIOCKOCTH TpoBeeH mneprneHaukyaip SO u Touyka S coenwHEHA C CEpeIUHOMN
croponsl JIC (puc. 2). Haiinure muny orpeska SC, eciiu AB= 8 cm, ZSEO = 60°.
Hano: ABCJI — kBajpar,

s AC u B/l — nuaronanu kBajpara,
O — TouKa mepecevyeHus quaroHaieu.

SO — neprenukystsp, SO L (ABC).
E — cepenauna JIC (t.e. JIE = EC)
AB=8cMm, ZSEO =60°,

Hatitu: SC.

Pewenue.
1) Paccmorpum AAJIC - mpsMOYTOJBHBIN,

paBHOOeIpeHHbIN (T.K. o ycnoBuo ABC/]
— kBagpat, 3Hauut, AJ[=JIC=8). Tak kak
AO = OC (no cBoiicTBy nuaronaneit kaapara) u JIE = EC (o ycnoBuio 3agaun),

A
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Al 8

10 OE — cpennssa munmsa A AJIC = OE=_"" = =4 (mo cBoicTBY cpeaHeil TMHAK
2 2

TPEYrOJbHUKA).

2) Paccmotpum ASOE - nipsiMoyrombHbIH (T.K. 110 yeiioButo SO — nepreHIuKyIsIp,

SO L (ABC)=>SOLOE). Tak kak 0o YyCIOBMIO 3ajadd ~/SEO = 60° To

ZOSE =180° - (90° —~ 600): 30°. Tak Kak KaTeT, JCKAIIUN IPOTUB ATOTO YIiia paBeH

MOJIOBUHE TUIIOTEHY3bl, @ TUIIOTEHY3a B JiBa pa3a OOJbllIe 3TOr0 KaTeTa, TO

IIOJIyYa€M, YTO SE=2-OE =2-4=8CM.

3) Paccmotpum ASEC u onpeesium ero THIT:

Tax kak B papHoOenpenHom ACO/] (O] = OC no ycnosuto 3agaun) OF saBnsercs

meauaHoit (E- cepenuna ctoponst JIC no ycnoButo 3amgaun), To OE — BbicOTa,

caenpoBarensHo, OF L C/I.

Taxk kak gns ASOE ortpe3ok OE — sBusercs mpoeknueid HakiIoHHOW SE Ha

IUIOCKOCTh KBajJpaTa, TO MO TEOpEME O TpexX MNEepPHeHAMKYJspax CileayeT, YTO

CH 1L SE, a, cnenoBarenbHo, ASEC — npssMOYTOJIBHBIH, B KOTOPOM H3BECTHO, YTO

EC=4cM (MO YCJIOBHUIO 3aJlauu ﬂE:EC:% =§ =4), SE = 8 cm (3 2 myHkTa
2 2

pElIeHHS ).

ITo Teopeme ITugaropa SC? = SE? + EC?

SC? =82+ 42 =64+16 =80, m.k. SC >0, mo SC = +/80 =+/16 -5 = 4/5 cM.

OtBeT: 44/5cMm.
3aoaua. VI3 Bepmunbl A kBagpata ABCD BoccTaHOBIIEH TIEPIICHIUKYIISP
AK k ero miockoctu. [Jokaxute, uro BC nepnenaukyisipHo KB.

K 2 aHo:
ABCD — xBagpar,
AKX | (ABCD).
Hoxaszats: BC L BK.

A, . B

D. o
C
JlokazaTenbCTBO:

AR 1 (ABCE) (mo YoIOBHRS,
BE — maxnonnan,

AR — npoexnua KB ga nnockocte (ABCD),
BC 1 AR (wawr cMe®HLIE CTOpOHE KRATPATA),
torga BC 1 BE (mo TeopeMe o TpeX NepleHIHERIAR AKX ).
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3aoaua. V3 Bepmnbl B kBagpata ABCD BoccTaHOBEH NEPIEHIUKYIISP

BM « ero miockoctu. Jlokaxute, utro AC nepnenaukyiasipao MO (O — Touka
MepPECEUCHUs] TUaroHaen).

M

Hano:

ABCD — xsagpar,
ACNBD=0,
BM L (ABCD),

“p
Hoxazaty: AC 1 MO

HoxazaTeENnbECTEO:

BM L (ABCD), MO — maknounaa, BO — npoexnua MO wa nnockocts (ABCD), AC 1L BO
(kax ZHaArOHANTH KEAOpaTa).

Snaqut, AC 1 MO no teopeme o Tpex nepneHIUKYIAPaX.

3aoaua. U3 Bepmmnbl A npsimoyroisHuka ABCD BoccTanoBieH

neprieHaukysap AK k ero miockoctu. Jlokaxure, uto TpeyrojbHuKk KBC
PAMOYTOJIBHBIM.

K

aHO!

ABCD — npAMOYTONBHHE,

AK | (ABCD)
Al » 8 NMoxasare: A KBC — npamMoyroneHEI.
D, v
c
JlokazaTenbCTBO:

AR | (ABCD), BE — nwamnonnasa, AR — npoernna KB Ha nnockocTs,
BC 1 AB (¥ay cMe®HLIE CTOROHE IpAMOYTOIEHHES ).

Torma BC 1 AR o TeopeMe o TREX DepneHmuEyaapaz., T.6. & KBC — npAMoyTonbHEIH,
ZB =50°

3aoaua. U3 BepmmnHbl npsimoyronsHuka ABCD BoccTaBnen
neprneHaukyisap AK k ero miockoctu. Paccrosaus ot Touku K 1o npyrux BepmmH
paBHbI 6 cM, 7 cM, 9 cm. Haitnute nninny nepnennukyispa AK.
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Ko aHo:

ABCD — npaMoyTONEHHE,
AKX 1 (ABCD)

Pemenune:

1) A AKD — npamoyroneHu#. o Teopeme [Indaropa; KD? = AF? 4+ AD2.
Hajtnewm AD. Samernm, uto AD =EBC.

21 Paccuorpum A KBC:

AR | (ABCDN, BE waxnonuman, &F — npoexnua BE wa nnockocTe.

BCl AP (kay cMe®HEE CTOPOHH OPAMOYTONBHHER).

Torga BC 1 BE (no TeopeMe ¢ TpeX DepOedgukynapax), T. e. A BEC — opaMoyronb ML,
SB=090"

3) o Teopeme udarepa: KC4=BE? + BC% Otcroma cnegyer,

B2 =KC2-BK2=81-49 =32 To ecte AD*=32,

4) Yuurreas 1), ameen: AK? = K¢ — AD? =36 — 32 = 4, Spaunt, AK = 2(cw).
OtEeT AR =2 cm

3aoaua. N3 Bepmmmabl D xBagpata ABCD co cTopoHoi#t 2 ¢M K ero
IJIOCKOCTH MPOBENICH NepneHauKyisap DK = 2v/3cm. Haiinure momans A ABK

aHo

ARCD — ymagpar,
AB=BC=DC=AD=2cm

: DE L (ABCD), DE =243 cm.
D Hafiti: = 4 apr -7

A B

Pemrenue:

1) Paccuotpnm A ATE:

DE 1(ABCE) (no yonoEHR),

AR — mapmonnas, AD —npoexnua AK #a nnockocTe,

AR AT (vay cMeEHEE CTOPOHE KEAOPaTa),

Torma ABL AT T e A ABE — npamoyromeami, < A =90

2 Sa apr =00 AB « AT, AW

3 A ADE —npamoyronpHEd.

IIo teopeme udarepa AKZ=AD2+DE? Creoga AK =4 (cwm).
A Saapg=05+2+d=4(cu?.

OTEeT: 54 aRK = 4 cud.
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3aoanusn 013 camoCcmoAmenbHo20 peueHus

1 BapuanT

Nel.K mmockocty NpoBENEHBI paBHBIE
HaKJIOHHBIE. JlOKaxuTe, 4YTO  HX
ITPOEKLUH PABHBI.

Ne2.B AABC yron C pasen 90°, CB=8,
AB=10. KA nepnenaukymap K
IUIOCKOCTH  TpeyroibHuka. KA=6.
Onpenenute BuA TpeyroiapHuka KCB.
Haiitu paccrossnue ot Touku K 1o
npsmont CB.

Ne3.B AABC AB=AB=10 cm, £A=30°,
BK nepnenaukynsip K IUIOCKOCTH

TpeyronbHMKa U paBeH 5vV6 cwm.
Hainpure paccrossaue ot toukn K 1o
AC.

Ne4.Yepes BEPLINHY K
npsamoyroiasHoro AKCM ¢ npsameim
yrmom C mpoBeneHa mnpsamas KP,
NEPHNEHAUKYJISApHAsE K  IUIOCKOCTH
TPEYroJbHUKA. Jlokaxure, 4TO
TpeyrojibHUK PCM mnpsiMOyroibHBIN.
Haiinure PK, ecrm KM=13, MC=5,
PC=14.

2 BapuaHT

Nel.JIB€ HaKJIOHHBIE, IPOBEICHHBIE K
IJIOCKOCTH, MMEIOT DPaBHbBIE IPOEKIUU.
JlokaxuTe, YTO HAKIOHHBIE TaK XKe
PaBHBI.

Ne2.B AABC yron C pasen 90°, CB=4,
AB=5. KA nepneHauKyIsip K II0CKOCTH
TpeyroiibHuka. KA=6. Onpeaenuts BUJI
tpeyrosbHuka KCB. Haiitu paccrosinue
ot Touku K o npsimoit CB.

Ne3.B AABC AB=AB=20 cm, £B=120°,
BK nmeprneHmukymsip K  IJIOCKOCTH

TpeyronsHuka u paBeH 10vV6 cwm.
Haitnure paccrosnue ot Touku K q10 AC.
Ne4.Yepes Bepminny M IpsIMOYTOJIBHOTO
AAPM c npsmeiM yrinom P mpoenena
npsmass  MC, mnepneHaukynspHas K
IJIOCKOCTH TpeyrojbHUKa. Jlokaxwure,
4710 TpeyroiabHUK PCA mpsMOyTOIbHBIN.
Haiinure MA, ecnmu CP=13, MC=12,
PA=4.

3 BapuaHT
Nel. U3 ToukHM BHe IAaHHOHM INIOCKOCTH
IIPOBE/ICHBI K IUIOCKOCTH

NEPIECHAUKYIAp 6 CM W HakJIOHHas 9
cM. Hamnpgure  mmHy — npoekuuu
HAKJIOHHOM Ha IUIOCKOCTb.

Ne2. PaBHOCTOPOHHUI TpPEYroJIbHUK
ABC co cropoHoit 6 CcM JEXUT B
HEKOTOpoil miuockoctu. Touka S, He
Jexaniasi B IUIOCKOCTH, paBHOYJalieHa
OT KaXXJOW W3 BEPIIUH TPEYTOJbHHUKA
Ha 9 cm. Haitgute paccrositHue ot
TOYKHU S J10 TIIOCKOCTH.

Ne3d. K mockoctr mOpsiMOYTrOJIBHOTO
tpeyrobinka ABC ( £ C =90°)
npoBeieH neprneHaukyisip PB, PA =
13 cm, £ABC = 30°, AC = 5 cm.
Boruncnute paccrositnue ot Touku P no:
1) npsimoit AC;

2) 1iockoctu Tpeyroibarka ABC.

4 BapuaHT

Nel. Otpe3ok, nnuHa KoToporo paBHa 17
CM, He HMeeT OOIMUX TOYEeK C
IUIOCKOCTBIO.  Haiigure mimHYy  ero
NPOEKIMA HA ATy IUIOCKOCTb, €CIH
KOHIIBI OTpe3Ka yAaJeHbl OT IIOCKOCTH
Ha 10 cM 1 Ha 18 cMm.
No2.PaBHOCTOpOHHUH TpeyroibHUK ABC
CO CTOpPOHOM 8.3 CcM JeXUT B
HEKOTOpPOU IUIOCKOCTH. Touka M, He
Jexamniasi B IUIOCKOCTH, HaxXOJIHTCS Ha
paccrosauu 10 cM OT Kaxaon wu3
BEPILUUH TPEYrOJIbHUKA. Haitnure
paccTosiHie OT TOYKM M J0 MIIOCKOCTH
TPEYrOJIbHUKA.

Ne3d. K mnockoctu kBaapara ABCD
MPOBEJICH NEpNEeHAUKyYssp BM, paBHbIN
4 nm, AB=2 nm. Beranciaurte paccTossHUSA
OT TOYKU M J10:

1) cropoH kBajpara;
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Ned4. Otpezok AM mnepneHAUKYIApEH
miockoctu  TpeyronbHuka ABC u
uMeeT auuHy 6 oM. Haiinure

pacctosgHue oT Touku M 1o mpsimoit
BC, ecitu AB = AC =10 cm, C=12 cm.

2) nuaroHajel KBajapara.

Ne4. Haitgute paccrosiHne OT TOYku M
no croposl CB  mpsMOyroiabHOro
tpeyroapHuka ABC, eciu AM = BC= 5
cm, AC =13 cm.

KOHmPOJleble 60npocosl:

3 1. AB — nepnenaukymnsp K miaockoctd, AC — HakJIOHHas,

BC — e€ mpoexumsa Ha mockocts, CD — mnpsmas Ha

I IJIOCKOCTH, nepneHaukyisipHas npsmont BC. Omnpenenute
5 ~c Benuuuny yria ACD.

: 5 2. AB — nepnenaukynsp K miockoctd, AC — HakJIOHHa,

BC — eé mpoekuuss Ha mockoctb, CD — mpsimas Ha

IJIOCKOCTH, nepnenaukyisipHas npsamoit AC. Onpenenure Bennunny yria BCD.

3. VYroa C tpeyronbauka ABC — npsimoii. AD — neprnieHauKymisip K MIOCKOCTH
TpeyroibHuka ABC. Onpenenute tun A BCD.

4. W3 Bepmunbl S k mockocty kBajgpata ABCJI npoBenen nepnenaukyisip BS u
HakjonHble SA, SC u SD (puc.). Ha3zoBute Bce npsMoOyroibHble TPEYTroJbHUKH C
BepimnHoi S. OTBeT 000CHYITE.

5. U3 Bepmunbl A mpsimoyroiibHOro TpeyroiabHuka ABC (yron B — mpsmoit) k
IJIOCKOCTH TPEYroJbHUKA MpoBeaeH neprneHaukyassp AK. Onpenenure B3auMHOE
pacnosioxenue npsiMmbix KB u BC.

IIpakTnueckoe 3ansitue Nel(
«BpIno/THEHHE OnepPalMil HAJA MHOKECTBAMM

Heap padoTbl: yMeTh 3aJaBaTh 3JIEMEHThI MHOXECTBA;, pa3auyaTh U
KJIaccu(UIUPOBATH MHOXKECTBA, BHITIOIHSITH ONEpaIluy HaJ MHOXKECTBAMU
Ceeoenun uz meopuu:

MHOXkECTBO — OCHOBHOE MaTeMaTH4eckoe ToHsATHE. Ero cmsici
BBIPA)KAETCS CJIIOBAMHU COBOKYIHOCTb, Ha0Op W T. M. OAHOTUITHBIX 3JIEMEHTOB,
BOCIPUHUMAEMBIX KaK €IMHOE LEJIOE.

MHuosxecTBa 0003Ha4aIOT OOJBIIUMU JTATHHCKUMU OYKBaMHU.

Hampumep, A = {Konus, Ilets, Mamra, HUpa}, B = {1, 2, 7}, C = {1, 2, 3, 4,
R | N

Bce npeaMersl, COCTaBISIOIMIME MHOXKECTBA, HA3bIBAIOTCA SJIEMEHTaMH
MHOXXECTBA. JIEMEHTHl MHOXXECTBAa O003HAYAIOT MAJCHBKUMH JIATUHCKUMH
OykBamu. Hampumep, eciam sieMeHT X TPUHAMICKUT MHOXKECTBY K, TO mumryT
x€EK, ecnu aneMeHT X He MPUHAICKUT MHOKECTBY K, TOo mummyt x€K.

EcTb MHOXECTBO, B KOTOPOM HET HU OJHOrO 3JIeMeHTa. Ero Ha3bpBaroT
MyCTHIM MHO>KECTBOM U 0003Ha4aoT Q.

MHOXeCTBO MOXET OBbITh KOHEYHBIM, €CJIM OHO COCTOMT M3 KOHEUHOIO
yyciaa 3JIEMEHTOB, U OECKOHEUHBIM, €CJIM OHO COJEPKUT OECKOHEYHO MHOTO
371eMEHTOB. [IpuMEPOM KOHEUHOTO MHOKECTBA MOXKET CIIYKUTh MHOXKECTBO JHEU
HEJIeTU, TPUMEPOM OECKOHEUYHOTO MHOYKECTBA — MHOKECTBO HATypPaJIbHbIX YHCE.
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W3 mKOJBHOTO Kypca BaM HM3BECTHBI MPUMEPHI OECKOHEUHBIX YHMCIOBBIX
MHO>KECTB — MHO>KECTB HATYPaJIbHBIX, LIEJIbIX, PALIMOHAJIBHBIX U AEHCTBUTEIBHBIX
quCell.

MHOKeCTBO MOKET OBITh 3a/1aHO:

— nepeunciiennem. Hammpumep, K = {2, 4, 20, 40};
— XapaKTEepPUCTHUUYECKUM CBOMCTBOM, T.€. CBOMCTBOM, XapaKTEPHBIM TOJBKO JIJIs
AJIEMEHTOB 3TOTO MHOKECTBA.

N3 snementoB mHoxkectBa A = {Koms, Ilets, Mama, Upa}, nanpumep,
MO>KHO COCTaBUTh HOBoe MHOXecTBO M = {Ilers, Mama}. OHo xapakTepusyercs
TEM, 4YTO BCE€ 3JIeMEHThl M mnpuHamiexar MHOxkecTBy A. ['oBopsar, uto M —
OJIMHOKECTBO MHOKECTBa A 1 mumyT McA.

MHuoxectBoO M dBiSieTcsl MOJMHOXECTBOM MHOXKECTBAa A, €CIM BCAKHI
AJIEMEHT MHOXeCTBa M sIBIIsieTCs 2JIeMEHTOM MHOXecTBa A U 0003HayaoT McA.

Hampumep, MHOXKECTBO BCeX MEPBOKYPCHUKOB SIBJISIETCA MOJMHOKECTBOM
MHO>KECTBA BCEX CTY/ICHTOB.

Jiist mo0oro MHOKECTBa A CIIpaBeJIUBO:

1) CaM0O MHOECTBO SIBJISICTCS CBOUM IOJIMHOYKECTBOM, T.¢. AC A.

2) ITyctoe MHOKECTBO SIBISIETCS ITOIMHOKECTBOM JIFOOOTO MHOXKECTBA, T.€. JCA.

IIpumep. CKOIIbKO MOKHO COCTABUTH ITOJMHOXECTB MHOKECTBa B?
1. B ={0, 1}, rorma {0}cB, {1}cB, @cB, {0, 1}cB — ueTsIpe.

2. B ={1, 2, 3}, rorna {1}cB, {2}cB, {3}cB, {1, 2}cB, {1, 3}cB, {2, 3}cB,
@cB, {1, 2, 3}cB — Bocemb.

Mo3KHO J0Ka3aTh, YTO €CJIM B MHOYKECTBE N DJIEMEHTOB, TO OHO nMeeT 2"
IO IMHOKECTB.

MHoO€eCcTBa CUMTAIOTCS PAaBHBIMU, €CJIM OHU COCTOSIT U3 OJHUX U TEX KE
AJIEMEHTOB. A Tak)ke MHOkecTBa A u B paBHbl, eciii ACB u BC A.

ITycts A={2, 1, 3}, aB ={1, 2, 3} torna A= B.

Oneparuy HaJl MHO)KECTBAMH

Han MmHOXecTBaMM MpOU3BOISTCA OINEpaIluU: IEpeceyeHue, 00beJUHECHHUE,
Pa3HOCTh, JOIMOJHEHUE.

ITepeceyennem mMHOX)ecTB A U B Ha3pIBaeTCs HOBOE€ MHOXKECTBOA N B,
KOTOpPOE€ COCTOMT U3 BCEX DJJIEMEHTOB, MPHUHAJIEKAIINX OJHOBPEMEHHO
MHOKeCTBaM A u B, T.e. A<BHpabocs

O0vennHenrneM MHOXeCcTB A W B HaswsiBaeTcss HOBoe MHOKecTBO A U B,
KOTOpPOE€ COCTOMT M3 BCE€X JJIEMEHTOB, MPHUHAJICKAIMX XOTS OBl OJHOMY M3
MHOXeCTB A unu B, T.¢.

PasnocTeio MHOXecTB A m B HaspiBaeTcsi HOBoe MHOXecTBO A \ B,
KOTOPOE COCTOMT M3 BCEX DJIEMEHTOB MHOXECTBAa A, HE NPUHAICKAITUX
MHOXECTBY B, T.C.

JlonmonHeHueM MHOXECTBa A 10 MHOXKECTBa B Ha3bIBaeTcsi HOBOE
mHOXkecTBO C(A)B, KOTOpOE COCTOMT W3 BCEX OJIEMEHTOB u3 B)A  re,

CO="TheBseaA
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CumMeTprudecKOr pa3HOCTBI0O MHOKECTB A 1 B Ha3pIBaeTCsi MHOXKECTBO A
A B, sBustromeecss o0be1MHeHHEM pa3sHocTeld MHOkecTB AB u BA, To ecth A A B
= (A\B) U (B\A).

Boinonnenue omepanuii ¢ MHOXECTBaMU YyJIOOHO WJUIIOCTPUPOBATh Ha
Kpyrax Ounepa.

€ DLmiCE

ANB AUB A\B C(A)B AAB

C nomo1po KpyroB Dijiepa MOXKHO J10Ka3aTh CIEAYIOLIME CBOMCTBA MHOYKECTB,
CIipaBeJIJTUBbIE ISl TPOU3BOJILHBIX MHOXKECTB A, B, C u D:
1) AuB=Bu4 (KOMMYTaTHBHOCTb OOBCIUHCHHS);

2) ANB=BN4 (xOMMYTAaTHBHOCTH IIEpECEUCHNs);

3) A@Q@—&(accounaTHBHOCTL 00BECAUHCHUS);

4) AV@G@“B\(aCCOHI/IMHBHOCTL TIEPECCUCHHUS);

5) A(B’G@\‘B)”@vc(m/cqy@ammo656nnﬂeﬂnﬂ);
6) A B-OU DU Gy IOCTB Iepece e HIs);

7) Avd=4;
8) And=4;
9) AU =4;
10) A0=0:

11) A\BcA -

12) AcAUBY BcAUB:

13) A~BcA g ANBcB

Ilpumep. B 6purane 25 genosek. Cpenu Hux 20 monoxe 30 ner, 15 crapmie
20 net. MoXeT U Tak OBITh?
Pemenue: Ilycth A — MHOXECTBO WieHOB Opwransl mojioxke 30 ner. B —
MHOXECTBO wieHOB Opuranbl ctapuie 20 yner. C — MHOXECTBO BCEX UJICHOB

opuraasl. C = AY B. Tak kak 20+15 >25, 0 A"B # @.
N3 pucyHka BuaHO, 4TO0 A M B cocTaBIIsieT
o (15+20) — 25 =10 yenoBek.
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Tornma A coctout u3 15 — 10 =5 unenos, B coctout u3 20 — 10 = 10 wieHos.
JlekapTOBBIM IIPOM3BENECHUEM MHOXKECTB A W B Ha3pBaeTcs HOBOE
MHOECTBO A X B, aeMeHTaMu KOTOPOTO SIBISIFOTCS BCEBO3MOXHBIC Taphl (3, b),
rniea € Aub € B, r.eAXB = {(a;b)|la€ A b € B}.
Ilpumep. JIaHO HEKOTOPOE MHOXKECTBO, COCTOSIIEE U3 TPEX DIIEMEHTOB:

A={ab,c}. HaiiTu Bce ero o MHOMKeCTBA.

Pemenue.

Bo-nepBebix, 370 — mycToe MHOKECTBO (. BO-BTOPBIX, MHOKECTBA, COEpIKAIINE TIO
OJIHOMY dJieMeHTY: {a}, {b},{c}. B-TpeTbux, MHOXXECTBa, COJEpKalllH1e 110 JIBa
anemeHTa: {a,b}, {b,c}, {a,c}. U, nakoner, camo MHOXeECTBO {a, b, c}.
OtBeT:0, {a}, {b},{c},{a,b}, {b,c}, {a,c},{a,b,c}.

Ipumep. Nano: a) A, BcZ,A={1,;3;4;5,9}, B={2;4;5;10}. 6) 4,BcR,

A =1[-3;3), B =(2;10].
Haiitu: ANB, AUB, A\B, B\A, B.
Pemenue.

a) ANB = {4;5}, AuB ={1,;2;3;4;5;9;10}, A\ B = {1,3;9}, B\ A = {2;10}, B=Z

\B;

6) ANB = (2;3), AUB =[-3;10] , A\B = [-3,2], B\A = [3,10],BZ\B = (-

20,2]U(10,+00).

Ilpumep . IlycTh A — MHOXKECTBO Pa3IMUHBIX OYKB B CJIOBE
«MaTeMaTuka», a B — MHOXeCTBO pa3IMuHBIX OYKB B CIIOBE «CTEPEOMETPHUSI.
Haiitu nepecedenue u o0beIMHEHNE MHOXKECTB A U B.

Pemenue.
A={m, a,T,e,Hn,K}

ANB = {m, T, ¢, u}

B={c,1,e,p,0,M,u, s}

AUB={mM,a,T,¢e1K,CcC,p,O0, s}.

3aoanus 013 camocmoamenbHo20 peueHus

1 BapuanTt
Nel.lanst  mHOXecTBa: A={3,5,7}mu
B={0,3,5,7,8}. Hailimure mnepecedycHue
MHOJKECTB A u B. Haiinure
00beqUHECHNE MHOXKECTB A 1 B.
No2 . Jlanber MHOXecTBa: A={4,6,8,10}u
B={7,8,9,10,11}. Haiinure
nepecedyeHue MHOXkecTB A u  B.
Haiimute o0beaquHEHNE MHOXKECTB A M
B.
Ne3. CocraBbTe 11 KaXXKAOTO M3 CJIOB
CBOE MHOXECTBO  «IJICKTPUUYECTBOY,
«yueOHuk». Haligute nepecedenue u
00beTUHECHHE TTOTYUYCHHBIX MHOXKECTB.
Ned4. N300pa3zute ¢ MOMONIBIO KPYToB
Jijlepa MNEpPEeCceUYeHUe MHOXKECTB H

2 BapHaHT
Neol.lanbl MmHOXecTBa: A={7,9,3,0,2}u
B={0,3,2,1}.Haitnute nepeceueHue
MHOecTB A u B. Hatinure
o0BbeIMHEeHre MHOKECTB A u B.
No2. Jlansl MHOKECTBa: A={2,3,5,6,9}u
B={6,7,8,9,10,11}. Halinure
repeceuyeHue MHOXeCTB A u B.
Hatinnre oObeIHEHE MHOXKECTB A 1
B.
Ne3. CocTaBbTe 71 KaXKJI0T0 U3 CJIOB
CBOE MHOJXKECTBO «3a/a4a,
«kapanjaiy. Halinute nepeceueHue u
00bEIMHECHHUE TIOJTYYEHHBIX MHOYKECTB.
Ne4. N300pa3ute ¢ mOMOINIBIO KPYTOB
Ditsiepa 00beTMHEHNE MHOXKECTB U
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PaBEHCTBO MHOKECTB.
Nes. B YYEHHYECKOU
MIPOU3BOICTBEHHOM Opuraze 86
CTapIIECKIACCHUKOB. 8 U3 HUX HE YMEIOT

paboTaTh HHM Ha TpPaKTOpe, HU Ha
koMmOaitHe. 54  ydeHMKa  XOpOIIO
OBJIAJEIU TPAKTOPOM, 62 —

koMOaitHoM. CKOJIBKO 4YeJIOBEK M3 ITOMU
Opuranbl Morytr paboratb U Ha
TpakToOpe, U Ha KomOaiiHe?

MOJAMHO>XECTBO MHOKECTBA.

No5. B knacce 36 yuennkoB. MHorue u3
HUX MOCEMIAI0T KPYKKU: (U3UUYECKUI
(14 uenosex), maTeMarnueckuii (18
yesoBek), xumuueckuit (10 yenoBek).
Kpome Toro, u3BecTHO, 4TO 2 YeIOBEKa
MOCENIAI0T BCE TPU KPYIKKA; U3 T€X, KTO
MOCEILAeT JBa KPYKKa, 8 YEIOBEK
3aHUMAIOTCS B MATEMaTUUYECKOM U
(bu3MUEeCKOM KpyXKKax, S — B
MaTeMaTUYeCKOM U XUMUYECKOM, 3 — B
buznyeckoM u xuMuueckoMm. CKOJIBKO
YEJIOBEK HE MOCENIal0T HUKAKUX
KpPY>KKOB?

3 BapuaHT
Nel./lansl MHOXkecTBa: A={1, 5, 9lmu
B={9,8,7,6,5,4,3,2,1}. Haiinure
nepeceueHue MHOxkecTB A u  B.
Haiinute oObenuHEeHrEe MHOXECTB A U
B.
Ne2. Jlaner wmHOkecTBa: A={5,4,3}u
B={6,7,8,9,10}. Haiinute mnepeceueHue
MHO>XECTB A u B. Haiinure
o0beTMHEHNE MHOXKECTB A 1 B.
Ne3. CocraBpTe UIT Ka)KIOr0 U3 CJIOB
CBOE MHO>KECTBO «MHOXECTBOY,
«cBoucTBOY». Halgure mnepecedueHue u
00bEeIMHEHHUE TTOJTYYCHHBIX MHOKECTB.
Ned4. M300pazute ¢ MOMOIIBIO KPYroB
Dilliepa  paBEHCTBO  MHOXECTB U
MOJAMHOKECTBO MHOKECTBA.
No5. Kaxnpii u3 35 HOATHKIACCHUKOB
SBJISICTCS. YUTATEIIEM, 110 KpalHEeW Mepe,
OJIHOW M3 JIBYX OMOJIMOTEK: IMIKOJIBLHON U
paiionnoi. U3 Hux 25 ywammxcs Oepyt
KHUTH B IIKOJBHON OmoOiamoreke, 20 —
B paiOHHOM. CxkonbKo u3
MATUKJIACCHUKOB: a) HE  SBJISIOTCA
YUTATENAMHU IIKOJIBHON OUOMHUOTEKH; O)
HE SBIBSIIOTCS YWUTATENSIMH PalOHHOU
OMOMMOTEKH; B) SBISIOTCS YUTATEISIMU
TOJILKO IIKOJbHOW OUOTMOTEKH; T)
SIBJISIFOTCS YUTATEISIMA TOJIBKO
palloHHON OMONMOTEKU; 1) SIBISIOTCS
yuTaTeasIMu 00enx OudInoTex?

4 BapuaHT
Nel.Jlansl MHOXKECTBA: A={9,6,5,3,2}u
B={1,4,7,8}. Haiinute nepeceueHue
MHOXkecTB A u B. Halinure
00beAMHEHNE MHOKECTB A 1 B.
No2. Nanbl MmHOXKecTBa: A={1,3,4,5} u
B={6,0,8,1,5}. Haiinure nepeceuenue
MHOXkecTB A u B. Halinure
o0beqUHEHNE MHOXKECTB A 1 B.
Ne3. CocrtaBbTe U1 KaXXKI0r0 U3 CJIOB
CBO€ MHOXECTBO «CIIOCO0»,
«oA0KOHHMKY». Halinute nepeceuenue
1 00bEeTMHEHUE TTOTYYEHHBIX
MHOKECTB.
Ned. 306pa3ute ¢ MOMOINIBIO KPYTrOB
Diliepa MHOXKECTBA, KOTOPHIC HE
nepeceKaroTcs U 00beTMHCHHE
MHO>KECTB.
Neo5. Kaxk1plii y4EHHK B KJIACCE U3Y4aeT
100 aHTIIUKACKUH, OO0 PpaHITy3CcKuit
SI3BIK, TU00 00a 3THX SA3bIKA.
AHTITUNCKUH S3BIK U3YYaIOT 25
YeJoBeK, PpaHIy3cKuil — 27 4enoBeK,
a ToT u Apyroit —18 yemoBek. CKOIBKO
BCEr0 YYEHHUKOB B Kiacce?
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KOHmPOJleble 6ONPOCHIL.

1. IloHsiTEe MHOXKECTBA. DJIEMEHTHI MHOKECTBA. [lycToe MHOXKECTBO.
ITonmHOXeCTBA.

2. YucnoBble MHOKeCTBA. CBSA3b MEKY YMCIOBBIMA MHOKECTBAMH.

3. OcHOBHBIE cTIOCOOBI 33JJaHUSI MHOXKECTB. Y HUBEPCAIbHOE MHOKECTBO.
4. Onepauuu Haag MHOXkecTBaMU. OCHOBHBIE CBOICTBA ONepauil.

IIpakTuueckoe 3ansatue Nell
«Pelenue 3a1a4 ¢ UCNOJH30BAHNEM T€OPEM BePOSITHOCTEI»
Ileanb pa6oThi: BeIpaOaThIBaTh YMEHHUS PELIATh 3aJla4d C UCIOJIb30BaHUEM
TEOPEM BEPOSITHOCTEH.
Ceeoenusn uz meopuu:
N3ydenne kaxaoro sBJICHHUS B MOPSAKE HAOIIOJICHUS WIM MPOU3BOJICTBA

OMbITA CBSI3AHO C  OCYILECTBICHHEM HEKOTOPOro  KOMILIEKCA  YCIIOBUM
(ucnipiTanuit). Beskuii pe3yabTaT Ui UCXO UCTIBITAHUS Ha3bIBAETCS COOBITHEM.

Ecnum coObiTHe mnpu 3aaHHBIX YCJIOBHUSAX MOXKET MPOU3ONTH WM HE
IIPOU30MTH, TO OHO HA3BIBACTCS CIyYaHBIM.

B Tom cnydae, korma coObITHE JOJKHO HEMPEMEHHO MPOM30MTH, €ro
Ha3bIBAIOT JIOCTOBEPHBIM, a B TOM CJIy4ae, KOTJla OHO 3aBEIOMO HE MOXET
IPOU30MTH, HEBO3MOKHBIM.

CoObITHs HA3bIBAIOTCA HECOBMECTHBIMH, €CIIM KaXKIbI pa3 BO3MOMKHO
MOSIBJICHHE TOJBKO OJHOTO M3 HUX. COOBITUSI HA3bIBAIOTCS COBMECTHBIMH, €CIIH B
JAHHBIX YCIOBUSX MOSBICHUE OJTHOTO M3 ATHX COOBITUN HE UCKIIOYAET MOSBICHUE
JIPYroro mpu TOM K€ UCIIBITAHUU.

CoObITHS HA3BIBAIOTCS MMPOTUBOIIOJIOKHBIMU, €CIIA B YCIOBHUSIX UCTIBITAHUS
OHM, SIBJISISICh €AMHCTBEHHBIMH €70 UCXOJAaMU, HECOBMECTHBI.

BepositHocTh  cOOBITHS  paccMaTpuBaeTCsa Kak Mepa OOBEKTHBHOM
BO3MOYXHOCTH TIOSIBIICHUS CITy9aiHOTO COOBITHS.

Kitaccuueckoe omnpeneneHnue BEposITHOCTH.

BepositHOCTBIO COOBITHSI A Ha3bIBACTCS OTHOIICHUE YHCIIA OJIArOMPUSTHBIX
MCXOJIOB M, K YKCITY BCEX BO3MOXKHBIX UCXOJOB N:

p(a)=""
n
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BeposiTHOCTB 11000r0 COOBITHSI HE MOXKET ObITh MEHBIIE HYJs U OOJbIIe
enquaunpl, T. €. 0 <P(A) <1.

HeBo3MoxkHOMY COOBITHIO COOTBETCTBYET BeposiTHOCTH P(A)=0, a
JOCTOBEPHOMY — BEpOsATHOCTH P(A)=1.

BeposTHOCTh HECOBMECTHBIX COOBITHIA

BeposTHOCTh MOSIBIEHUSI OJTHOTO M3 HECKOJBKUX MOMapHO HECOBMECTHBIX
cOOBITHI paBHA CyMMeE BeposiTHOCTEN 3TuxX coobiTuii: P(A+B)=P(A)+P(B).

BeposTHOCTh COBMECTHBIX COOBITHIA

BepostHOCTh MOsIBIIEHUST XOTS OBl OJJHOTO M3 JIBYX COBMECTHBIX COOBITHI
paBHa CyMME BEpOSITHOCTEH STHUX COOBITHI 0€3 BEPOSATHOCTH HUX COBMECTHOTO
MOSIBJICHUSI:

P(A+B)=P(A)+P(B)-P(AB)

[TycTh BeposiTHOCTb COOBITHS B HE 3aBUCUT OT MOSBICHUS COOBITUS A.

CoObiTHe B Ha3pIBalOT HE3aBUCHUMBIM OT COOBITHSI A, €CJIM TOSIBJICHUE
cOObITHSI A HE H3MEHSEeT BEPOSATHOCTH CcoObITHA B, T. €. eciu yciaoBHas
BEPOATHOCTH cOOBITHSI B paBHa ero 0e3yci10BHOM BEpOSTHOCTH:

Pa(B) = P(B).

Hrak, ecau coObiTHe B He 3aBUCUT OT coObITHA A, TO coObITHE A HE
3aBHCHT OT COOBITHA B; 5TO 03Ha4aeT, 4YTO CBOMCTBO HE3aBHUCHUMOCTH COOBITHM
B3aUMHO.

J171st He3aBUCHUMBIX COOBITUI TeOpEMa YMHOKEHHUSI UMEET BUJI:

P (AB) =P (A)-P (B),

T. €. BEPOATHOCTb COBMECTHOT'O MOSIBJIEHUS JIByX HE3aBUCUMBIX COOBITHI
paBHa MIPOU3BEJICHUIO BEPOSITHOCTEH ITUX COOBITHIA.

JIBa CcOOBITHMS HA3BIBAIOT HE3aBUCUMBIMH, €CIH BEPOATHOCTh WX
COBMEILECHHS] paBHA MPOU3BEACHUIO BEPOSITHOCTEN ITUX COOBITUH; B MPOTUBHOM
Ciy4yae COOBITHSI HA3bIBAIOT 3aBUCHUMBIMHU.

Ha mpaktrke 0 He3aBUCHMOCTH COOBITHH 3aKITIOYAIOT MO CMBICTY 3aadH.

Hanpumep, BEpOSATHOCTH MOpaX)XEHUS LENIH KaXAbIM U3 JIBYX OPYAUN HE 3aBUCST
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OT TOTO, MOPA3WIO JIK LIENb APYroe Opyaue, MOITOMY COOBITUS «IIEPBOE OPYyIHE
MOPA3UIIO 1IEJIbY» U «BTOPOE OPYAUE MOPA3UIIO 1€ HE3aBUCUMBI.

Heckonbko cOOBITHI HA3bIBAIOT MOMAPHO HE3aBUCHUMBIMH, €CIU KaXIble
JBa U3 HUX He3zaBucuMbl. Hampumep, cobwitust A, B, C monapHO HE3aBHUCHUMBI,
ecim He3aBUcHMEI cOOBITHI A B, Au C, Bu C.

BeposTHOCTL ~ COBMECTHOTO  TOSIBJICHHUSI ~ HECKOJIBKUX  COOBITHH,
HE3aBUCHMBIX B COBOKYITHOCTH, paBHA IPOM3BEICHUI0O BEPOSTHOCTEH ATUX
COOBITHH:

P(AlAz-... An) = P(Al)'P(Az)'...'P(An).

Ilpumep. Vmeetrcs 3 smmka, comaepxammx no 10 geraneii. B mepBom
SIIUKE 8, BO BTOPOM 7 U B TpeTheM 9 cTaHAapTHBIX AeTaneil. M3 kaxmoro smuka
Hay/Jady BBIHUMAIOT MO OJHOM jaeTanu. HaliTh BEpOATHOCTH TOTO, UTO BCE TPH
BBIHYTBIC JIETAJIA OKAKYTCS CTaHIAPTHBIMH.

Pemienne: BEpOATHOCTH TOTO, UTO M3 MIEPBOTO SIIUKA BBIHYTA CTaHAAPTHAS JI€Tallb
(cooObiTHE A):
P(A)=8/10=0,8.

BeposATHOCTH TOTO, 4TO M3 BTOPOTrO SINMKA BbIHYTa CTaHAApTHas AETalb
(cobOniTHE B):

P(B)=7/10=0,7.

BeposTHOCTH TOTO, YTO U3 TPETHErO AIIMKA BBIHYTA CTAHAAPTHAS JETaJb
(coomsiTHe O):

P(C)=9/10=0,9.

Tak xak coObitust 4, B u C He3aBUCUMBIE B COBOKYITHOCTH, TO MCKOMas
BEPOSITHOCTB (110 TEOpEME YMHOKEHHS) paBHa:

P(ABC)=P(A4)-P(B)-P(C)=0,8-0,7-0,9=0,504.

Ipumep. Tans 3a0bu1a oceTHIO MUGPY HOMEpa TeneoHa 3HAKOMOH
7eBOYKH 1 HaOpana e€ Hayraa. KakoBa BeposTHOCTB TOro, uTo TaHs momana K
CBOE 3HAKOMOM ?

Pemenue: Ha mocnegnem mecte B HOMepe Teneona MOKeT cTosTh oHa u3 10
uudp 0, 1, 2, 3,4, 5, 6,7, 8, 9; n=10; Bce mpeapiaymue udpbl HUKAKOTO
3HaueHust He umeroT. M3 =10 Tonpko ogHa nudpa BepHasi, moatomy m=1.
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BEPOSITHOCTb COOBITUSL A, COCTOSIILIETO B TOM, 4TO, HAOpaB MOCIEAHIO0 HUppy

HoMepa Hayraj, TaHs momnana K cBoeii 3HaKoMoii, papaa P(A) = = o
n

OTtBeT: i )
10

Ilpumep. Buts 3a0b11 ABe nocieanue udpel Homepa TesegoHa IpusTes u
HaOpain ux Hayraja. C Kakoi BEpOSITHOCTBIO 3TOT 3BOHOK MOMAET K MPUATETIO?
Pemenne: Mcxoa0M B JaHHOM ciiydae siBisieTcs mapa aecatuanbix mudp (0..9) ¢
y4€TOM TOPSAJKA U C MOBTOPEHUAMHM; OOIIIEE YHUCIO BO3MOKHBIX UCXOJ/I0B
Nn=10-10=100; Bce ncxo1bl CYUTAEM PAaBHOBO3ZMOXHBIMH. Cpeid 3TUX UCXO/I0B
TOJILKO OJMH SIBJISIETCS] IPABUJIBHBIM, COOTBETCTBYIOIIUM HOMEPY TeaedoHa
npusitess. Takum 00pa3oM, COOBITHIO A — «3BOHOK MONAAET K MIPUSITEIIO
OJIArONpHATCTBYET TOJIBKO OAUH MCX0a Ma=1; BepositHocTs P(A) = m_r: =% =0,01.

Ortser: 0,01.

Ipumep. ]Ins noBoronuei norepeu ornevatanu 1500 6uiieros, u3
koTophiX 120 BeIMrphIIHEIX. KakoBa BEpOSATHOCTH TOTO, YTO KYIUICHHBIA OMIIET
OKaKETCS BBIMTPBIIIHBIM ?

Pemenue: Ecnu nmponaxka 6uiieToB OyJeT Oprann3oBaHa Tak, 4To MOKYyIKa J000ro
u3 1500 GuneToB OyneT paBHOBO3MOKHA, TO MOKHO MTPUMEHHUTH (OPMYITY
KJITacCUUeCKOU BeposITHOCTH. ITycTh cOOBITHE A — «KYIUICHHBIN OUJIET OKa3acs

BBIUTPHIIITHBIMY. TOoraa KOJTU4ecTBO OIaronpusTCTBYIONIUX UCX010B M=120, a
mA
001I1e€ YKCII0 PABHOBO3MOXKHEIX Hcx00B N=1500; BepostHocts P(A)=_~
n

~ 120 _ 2 _008=8%
1500 25
Ortser: 0,08.

Ipumep. [1ns1 5x3aMeHa MOATOTOBHIIM OMIIETHI C HOMepamu oT 1 o 25.
KaKoBa BEPOSITHOCTh TOTO, YTO B3SATHIM HAyTraj] yYUeHUKOM OMIIET UMeeT: 1)
OJTHO3HAYHBIK HOMEP; 2) ABY3HAYHBI HOMEP?

Pemenune: OO1ee uncio OMiIeToB N=25; u3BieueHne Kaxx10ro U3 HUX CYATAETCS
PaBHOBO3MOXKHBIM. PaccMoTpuM coObITHE A — «B3SITHIN OUIIET UMEET
OJTHO3HAYHBIM HOMEP», B — «B3ATHIN OMIIET UMEET BY3HAYHBI HOMEPY.
KoaundecTBo OaronpusTCTBYIOMIMX UCX010B: Ma=9 (oxHa mudpa ot 1 10 9);
mg=16 (mepBas uudpa 1 wim 2, Bropas mudpa — ot 0 10 9 nmocne 1, ot 0 10 5

m 9 . mg _
nocne 2, Bcero 10+6=16). Mckomele BepositHocTH: P(A)=_~ = = P(B)=_2=
n n
gi
25
9 .
Otser: 1) —; 2) 16
25 25

Ilpumep. Y4eHUK NPU MOJATOTOBKE K SK3aMEHY HE YCIEN BbIyYUTh OJIUH U3
Tex 25 OWIeToB, KOTOpbIe OYAYyT MpeasioKeHbl Ha dk3aMeHe. KakoBa BEpOSITHOCTh
TOT0, YTO YYEHUKY JIOCTAHETCS HA IK3aMEHE BblyYEHHBIN OMeT?
Pemenue: O6miee uncno Ouneto N=25; BEIOOP KaKa0r0 OMiieTa paBHOBO3MOKEH.
CoObITHE A — «Y4EHUKY JIOCTAHETCS Ha YK3aMEHE BbIyUEHHBIN OMIIETY;
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KOJIMYECTBO OJIArOMPUSTCTBYIOMINX UCXOA0B M=25-1=24. BeposTHOCTb COOBITHUS
A: p(A)="=2%4=0,96.
n 25
24

OtBet: =—.

25

IIpumep. B notrepen 1000 6uneros, cpenu KOTopbix 20 BEIMTPHIIIHBIX,
npuodperaercst onuH Ouner. KakoBa BEpoSITHOCTH TOTO, UTO ATOT Ouiiet: 1)
BBIUTPBILLIHBIM;

2) HEBBIMTPBILITHBII?
Pemenue: O6miee uncio 6uneroB N=1000; npuoOpeTeHre Kaxa0ro U3 HUX
PaBHOBO3MOXXHO. PaccMOTpUM COOBITHS M TIOJCYUTAEM OJIarONMPHUATCTBYIOIIUE UM
UCXOOBI: P(A) =E =£ = i =0,02, P(B) = mi= ﬂ: 0,98.
n 100 50 n 1000
Omesem: 1) 0,02; 2) 0,98.

Ipumep. YKenst Ky 2 JIOTEpEHHBIX OUJIETa, M OJIUH U3 HUX OKa3ajcs
BBIMTPBIITHBIM. MOYKHO JIM YTBEPXKAaTh, YTO BEPOSITHOCTH BEIUTPHIIIA B JIOTEPEH
1o
2
Oteet: Het. OTHOTO UCTIBITAHKS HE JOCTATOYHO, YTOOBI IO YACTOTE Y3HATH
BEPOSTHOCTb.

Ilpumep. Anéuia 3a0bU1 TOCIEAHIOW MUGPY TeIePOHHOTO HOMEPA U
HaOpau e€ Hayras,

MIOMHSI TOJIBKO, UTO 3Ta Iu¢pa HeuéTHas. HaiiTu BeposITHOCTh TOTO, UTO HOMED
HaOpaH MpaBUIILHO.

Pemenne: MicxonoM B 1aHHOM ciydae siBistoTcs 1udpel ot 0 10 9, Takux mudp —
10, HO cpeau HUX HEYETHBIX TONIBKO — 5. OTcrona caeayer, uro M=5, N=10,

3HA4YUT
pay="=°_1_¢5.

n 10 2
Omeem: 0,5.

Ilpumep. B xnacce 20 manpuukoB u 10 geBouek.
a) Ha xnacc ganu ouH OWJIET B IIUPK, KOTOPBIA PEIICHO Pa3bIrpaTh 10 KpeOHro.
KakoBa BepoATHOCTb, UTO B IUPK NOUAET MaTbUUK ?
0) Yuurenb HCTOPUH 3HAET, YTO 3 JICBOYKHU U 5 MaJILYMKOB M3 Kjacca ObLIH
HaKaHyHE B KMHO, [IOATOMY HE BBIYUWJIM JoMallHee 3a1anue. K coxkanenuro, OH He
3HAeT X (paMUIuii, HO OYCHB XOYET ITOCTABUTh KOMY-HUOYAb ABOMKY. Koro emy
JIy4Ill€ BBI3BATh K JJOCKE — MaJIbUUKa WU JICBOUKY?
B) Brnag He pemnui qomMaliHiow0 3aja4dy mo Mmarematuke. KakoBa BeposSTHOCTb, YTO
YUUTENb 3TOTO HE Y3HAET, €CIIU 32 YPOK OH yCHEBAET CIPOCUTD MIATEPHIX ?
Pemrenne: a) Ob6mee uncio ucxonaoB paBHo 30. biaaronpusarasix ucxomo — 20,

3HAYUT P(A) = m_= — ="=0,667.0) O61ice ynCI0 UCXOIOB IS I€BOYCK PABHO

n 30 3
10, nns mambunkoB — 20. biaronpusaTHEIX HCXOA0B JUIS ICBOUCK — 3, IS

m_ 5 1
MaJbUMKOB — 5, 3HAUMT JUIS IEBOUEK P(A)= = ~ | I MaJIBYMKOB - ~ = . Tak
n 10 20 4
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3.1
Kak ~ >, O3TOMY Jyullle BhI3BATh JIEBOUKY. B) OOIIee YUCI0 UCXOJ0B PABHO

10 4
30. bnaronpusiTHBIX UCXOAOB — 25, 3HAYUT P(A) = m— 25_: 5_: 0,833.

n 30 6
Otser: a) 0,067; 0) myure BbI3BaTh AeBOUKY; B) 0,833.

Ilpumep. ]I IKOJIBHOTO HOBOTOJAHETO Beuepa Hanevatanu 125
MIPOHYMEPOBAHHBIX TPUTITACUTECIIBHBIX OUIIETOB, MEXTY KOTOPHIMH
MIPEAIoaraeTcs pas3bIrpath TIIaBHBIN Mpu3. KakoBa BEPOSATHOCTH, YTO HOMEP
CYaCTJIMBYMKA OYJIeT OKAHYMBATKLCSA: a) HAa TPOIKY; 0) Ha JeBIATKY? B) BoBa
MOJTYYHJI IPUTTIACUTENbHBIN OusieT ¢ HomepoMm 33, a Tans — 99. Bepno nu, uto y
BoBBI 00JIBIIIC IAHCOB MOJIYYUTh TJIABHBIN TIpH3?

Pemrenue: a) Ob6uiee unciio ucxo1oB paBHo 125. braronpuarHeix ucxonos — 13
(Ha TPOWKY OKaHUMBAIOTCS JICBATH JIBY3HAUYHBIX, TPH TPEXZHAYHBIX YKCIIA U CAMO

4ucIio -3), 3HaUUT P(A) = m_= ~7 =0,104. 6) O6miee ynciao UCXOA0B paBHO 125.
n 125

BJIaFOHpI/IHTHBIX HCXOJ0B — 12 (Ha ACBATKY OKAHYMUBAIOTCS ACBATH IBY3HAYHBIX,

TpY TPEX3HAYHBIX YKC/IA U CaMO YUCIIO - 9), 3HaYUT P(A) = E ="" =0,09. B)
n 125

O6m1ee ynciio ucxo10B paBHo 125. baaronpusiTHeIX UCXOA0B | JiJIst TaHu U AJis
Bossl — 1, 3Hauut P(A) = M=".
n 25
Otsert: a) 0,104; 6) 0,096; B) HeT, HE BepHO. Y 000MX IIAHCHI PaBHBI.
Ilpumep. Y Buku 1B€ OIMHAKOBBIC MAPbI BAPEKEK. Y X0 HA YUY, OHA
HayraJz 0epeT aBe Bapekku. KakoBa BEpOSTHOCTb, YTO OHHM OKaKYTCS TTAaPHBIMHU

(T.€. Ha pa3HBIC pYKH)?

OTtBeT: 2
3

IIpumep. Buka notepsiia OJHy U3 BapeKEK Ha YIHIIE, U TETIEPb UX y HEE
TpH. Y X051 Ha YJIUILy, OHA MO-TIPEKHEMY BHIOMPAET JABE BAPEIKKHU CIyYaHBIM
oOpazom. KakoBa BEpOSATHOCTB TOT'O, YTO OHU OKAXKYTCS MaPHBIMU?

OTtBeT: 2 )

IIpumep. B norepeun yuactBytoT 100 GuietoB. Pa3sirpsiBaercst oauH npus.
a) KakoBa BepoSITHOCTH TOT0, YTO Bbl HUYETO HE BHIUTPAETE HA CBOM
€JIMHCTBEHHBIN OMIeT?
0) YuacTBys B TO¥H ke Jotepeu, Bol Kynuiu 20 6uneroB. KakoBa BEpOSTHOCTH, U4TO
BbI OIIATH OCTAHETECh HU C YeM?
Pemrenne: a) O6mee unciao ucxonoB papHo 100. baronpustHbIX HCX010B — 1,

3HAYUT P(A) = ri: ~~ =0,99; 6) O6mee yncio ucxoaos pasuo 100.
n 100 80 4
bnaronpustHeix ncxonoB — 80, 3HAUUT P(A) :_m = ==0,8.
n 100 5

Otger: a) 0,99; 6) 0,8

Ilpumep. JIBa npyra >KxuByT B OJHOM JIOME, & y4aTCs B Pa3HbIX KJIACCaX.
YpokH B MIKOJIE 3aKaHYUBAKOTCA B MHTEpBalie oT 13 1o 14 yacos. Ilocne 3ansatnii
OHHM JIOTOBAPHUBAIOTCS JKJIATh IPYT Apyra Ha aBTOOYCHOM ocTaHOBKe B TeueHue 20
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MUHYT. CKOJIBKO MPUOIU3UTENBHO pa3 3a roJl UM YJIAETCs NoeXaTh JOMOM BMECTE,
ecau B roay 200 yueOHbIX qHEN?
607 —40? _ ° CrnenoBarenbHoO, 3a
Pemenue: BeposTHOCTh moexaTh BMeCTe OYIET 57 9 - A ,
5
roJi UM yJacTcs [oexarh BMecTe npubausurensno 200 5 ~111 pas.

OtserT: 111 pas.

Ilpumep. Paccrossaue ot octaHOBKH «I opcam» 10 octanoBku «l1Ikona»
aBTOOYC MPOXOJUT 32 2 MUHYTHI, a Anéma — 3a 15 munyt. IHTepBan IBH>XEHUS
aBTOOyCOB — 25 MUHYT. B ciyualinbiii MOMEHT BpeMeHH AJ€nia BRIXOAUT U3
ropcaja, onasabiBas B IIKOJAy. YTo emy JIydllle 1es1aTh — UJITH MEIIKOM WIH
MOI0KaTh aBTOOyC?

o 131
Pemenue: BeposiTHOCTD, 4yTO Asnekcelt OOrOHUT aBTOOYC, COCTaBUT __ > .
25 2

1
CrnenoBatenbHO, JIyUIlle MOI0KAaTh aBTOOYC (XOTS OTKJIIOHEHHUE OT 5 CTOJIb

HE3HAYMUTEIIPHO, YTO MOXHO MPOUTHUCH U TICHITKOM ).
Otsert: Jlyunie momoxaaTe aBTo0YC.

IIpumep. Ha mIKOIbHOM Beuepe cpeau npucyTcTByomux 160 yyammxcs
Cly4aliHBIM 00pa3oM pacripocTpanmin 160 oTeperHbIX OMIeTOB (KaXkKIbIi
CTapIICKIACCHUK TOJIYYHJI 0 o HOMY Owmtety). Cpenu 3Tux OUiIeToB ObLIO 5
BBIMTPBIIIHBIX. KakoBa BEpOSITHOCT TOTO, YTO Ka)JAOMY CTApLIEKIACCHUKY U3
YHCIIa MPUCYTCTBYIOIIUX AOCTACS: 1) BEIMTPBIIIHBINA OUICT; 2) HEBBIMTPHIIIHBIH
ouet?

Pemenne: KaxxmoMy MIKOJIBHUKY MOT JIOCTaThes Jito0oi u3 160 6uneros, T.e.
n=160. 1) baaronpusaTcTBY0OMNUX BRIUTPHINTY OMIETOB 5, T.e. m=5. Toraa

p(A)="=5 _ 1 2) HeBpiurpeimaeix omnetos 160-5=155, mostomy «He
n 160 32

BBIUTPHITITY» OnaronpuarcTByeT 155 ucxomgon; m=155. Takum oGpazom,

. m_155 31
BEPOSITHOCTD IMOJTyUCHHsI HEBBIMTPBIIIHBIA OMIIET paBHa P(A)= _ =" ="".
n 160 32
1.
Oteer: 1) —; 2) 31
32 32

Ipumep. 113 ykparieHus €1Ku MPUHECTH KOPOOKY, B KOTOPOH HAXOAUTCS
10 kpacHbIX, 7 3€N€HBIX, 5 CUHUX U § 30J10THIX 1IapoB. 3 KOpoOKU Hayrana
BBIHUMAIOT OAMWH 1ap. KakoBa BEpOsITHOCTh TOTO, YTO OH OKaXKETCSI: a) KPACHBIM;
0) 30710TbIM?
Pemenue: B kopoOke 6bu10 Bcero 10+7+5+8=30 mapoB, ncxom — u3bsATHE OJTHOTO
miapa onpeen€éHHoro nuBeta. PaccMoTpuM coObITHS: a) A — «BBIHYTBIN 1I1ap

oKazalcs KpacHbIM»; Ma=10; P(A) = M= 0) B — «BBIHYTHIN 1Iap OKa3acs
n 30 3
mg _ 4
3070TBIM»;, Me=8; P(B)=_2=_".
n 15

OtBeT: ___.
15
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Ilpumep. TecT conepkut 25 BorpocoB. Ha kaxx b1t BOpoc npeiaraoTcs
JIBa BEPHBIX OTBETA, U3 KOTOPHIX HY>KHO BHIOpaTh MPaBUILHBIN. 32 CKOJIBKO
MPaBUJIBHBIX OTBETOB CIEAYET CTABUTH MOJIOKUTEIBHYIO OLICHKY ?
Otger: 3a 18 u 607n€e NpaBUIbHBIX OTBETOB.
3aoanusn 01 camoCcmoamenbHO20 peueHus

1 BapuanT
Nel U3 OykB cinoBa «CTaTUCTHKA»
Hayrajq  BblOMpaeTcs oaHa  OykBa.
KakoBa  BepOATHOCTH  TOro,  4YTO

BbIOpaHHasi OyKBa OKaXXETCs: TJIACHOM;
COTJIACHOM; «T» HIIH «C»; «M»

No2 B smuke 50 Genbix, 10 u€pubix, 10
cuHuX, 20kpacHbeIX mapoB. BeiHynu |
map. KakoBa BepoOsSTHOCTH TOro, YTO

BHIHYTBIM AP  OKaXeTCs: OembIM;
4EPHBIM; CHHUM; KPAaCHBIM; O€JIbIM WU
4&pHBIM; CHHUM WJIM KpPaCHBIM; HE
KPAaCHBIN.

Ne3 B Ounere 3 pasgena. W3 30

BOIIPOCOB TMEPBOTO pazjena CTYACHT
3HaeT 15 BompocoB, u3 18 Bompocos
BTOPOTO pazjiesia 3HaeT 15 Bonmpocos, U3
25 BOIPOCOB TPETHETO pazfeia 3HaeT
Bce. KakoBa BEpOATHOCTH MPaBHIBHOTO
OTBETA CTYAECHTA 10 OUJIETY.

Ne4IIpy M3roTOBICHUM MOAIMIMITHUKOB
auaMeTpoM 67 MM BEpPOSITHOCTH TOTO,
YTO0 JauaMeTrp OyAeT OTAWYaThCs OT
3aJaHHoro He Oosnbire, yeM Ha 0,01 M,
paBHa 0,965. Haiinute BEPOSITHOCTH
TOrO, YTO CJHY4YallHbIA MOJIIUITHUK
OyZeT WMeTh JAWaMeTp MEHbINE, YeM
66,99 MM mm Oospiie, yeM 67,01 Mm.
Ne5  Arpodupma 3akynmaeT KypuHbBIE
qdillla  TONBKO B JBYX JOMAlIHUX
xo3siicTBax. M3BecTHO, yTO 5% suIl u3
MEPBOr0 XO35MCTBA — SWIA BBICIIEH
KaTeropuu, a U3 BTOPOIO XO35UCTBA —
30% suu BbIclied kaTteropuu. B atoi
arpodupme 15%  sun  BeICHIEH
Kkateropuu. Halimure BEpOSITHOCTH TOTO,
YyTO  SIMIO, KYIUICHHOE y  3TOW
arpoupMbl, OKa)KeTCI U3 MEPBOTO
XO35MCTBA.
Ne6 B  ToproBom

IIEHTpe  JBa

2BapuaHT
Nel U3 OykB cinoBa «HecoOCTBEHHBIM
Hayraj, BbeIOMpaeTcss onaHa  Oyksa.
KakoBa  BEpOATHOCTH  TOro,  4TO

BbIOpaHHasi OyKBa OKaKETCs: TJIACHOM;
COTJIACHOW; «H» UJIH «C»; «JI»

No2 B smuke 25 6enbix, 45 4€pHbIX, 65
CUHHUX, 85 KpacHbIX IapoB. BeiHynu 1
map. KakoBa BepOsATHOCTH TOro, YTO

BBIHYTBIM  IIap  OKaXeTcs: OembIM;
4EPHBIM; CHUHUM; KPAaCHBIM; O€IbIM WJIU
4EPHBIM; CHHUM WIH KpacHbIM; HeE
KPACHBIM.

Ne3 B Ounere 3 pasgena. U3 60

BOIIPOCOB TEPBOr0 pazjeia CTYACHT
3HaeT 20 BompocoB, W3 20 BOMNpPOCOB
BTOPOTIO paszjiesia 3HaeT 15 BONpPOCOB, U3
30 BOMPOCOB TPETHEro paszjeia 3HaeT
Bce. KakoBa BEpOsSITHOCThH MPaBUIBHOTO
OTBETa CTYJACHTA 0 OWIIETY.

No4IIpy M3roTOBICHUU MOJAIIMITHUKOB
arameTpoM 67 MM BEpPOSITHOCTH TOTO,
YTO JuaMeTrp OyaeT OTIu4YaTbes OT
3aJaHHOTO He Oobiie, yeM Ha 0,01 MM,
paBHa 0,839 Haiinute BepOSITHOCTH
TOrO, YTO CIy4YalHbIA IOJIIIUITHUK
Oynmer WMeTh JuaMeTp MEHbIIE, YeM
66,99 MM nnu 6ombire, yeM 67,01 M.
Ne5  Arpodupma 3akymaeT KypHHBIC
Aia B JBYX JOMAIIHHUX XO3SMCTBAX.
60% suIl U3 TIEpBOTO XO3siicTBA —
S BBICIIEH KAaTErOpuU, a U3 BTOPOTO
X035 CTBa 70%  sun  BBICHICH
KaTeropuu. Bcero BBICIIYIO KaTEropuio
MOJIy4aeT 65%  suw. Haitnure
BEPOSITHOCTH TOrO, 4TO AU,
KYIUICHHOE Yy  2TOM  arpo@upMsl,
OKa)KETCs U3 TEPBOTO XO3SHCTRA.

Ne6 B  ToproBoM  1meHTpe  JABa
OJIMHAKOBBIX aBTOMAaTa MPOJAIT Kode.
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OJIMHAKOBBIX aBTOMAaTa MpPOJa0T Kode.
N3BecTHO, YTO BEPOATHOCTH COOBITHUS
«K Beuepy B 1mepBOM  aBTOMATe
3akoHunTCa Kode» paHa 0,25. Taxas
e BEpOSITHOCTh coObITHs «K Beuepy BO
BTOPOM aBTOMAT€ 3aKOHUYHUTCS Kodey.
BepositHOCTH TOrO, 4TO KO(Ee K BEeuepy
3aKOHUYMTCA B 00OMX aBTOMAaTax, paBHa
0,15. Haiinute BEpOSITHOCTh TOTO, YTO K

BeposTHOCTH TOrO, YTO K KOHLY JTHA B
aBTomMate 3akoHuMTCs KOode, paBHa 0,3.
BepostHocth  TOro,  uro = kode
3aKOHYUTCSA B 00OMX aBTOMAaTax, paBHa
0,12. Haiinure BEpOATHOCTH TOTO, YTO K
KOHIy JHsA Kode ocTaHeTcs B 000UX
aBTOMATax.

Beuepy Kode ocTtaHeTcs B 00oux
aBTOMAaTax.

3 BapUaHT 4 BapuaHT
Nel U3 OykB cnoBa «Ctpatocdepa» | Nel N3 OyKB CJIOBa
Hayrax BeIOMpaercs onHa  OykBa. | «HeoOBIKHOBEHHBIM HayTaj
KakoBa  BeposTHOCT,  TOro, 4TO | BRIOMpaeTcs omHa OykBa. Kakosa
BeIOpaHHass OyKBa OKa)XETCs: TJIACHOH; | BEPOSTHOCTh TOTO, YTO BBIOpaHHAs

COTJIACHOM; «T» HIIH «C»; «M»

Ne2 B smuke 14 6enbix, 20 u€pubix, 30
CUHUX, 28 KpacHbIX IIapoB. BeiHynu 1
map. KakoBa BeposSTHOCTH TOro, YTO
BBIHYTBI  IIAp  OKaXeTcsi:  OenbIM;
4EPHBIM; CUHHUM; KPAaCHBbIM; OEJIbIM WJIU

YEpPHBIM; CHHHMM WIH KpacHbIM; HeE
KPaCHBIU.
Ne3 B Ounere 3 pasgena. Wz 40

BOIIPOCOB TIE€PBOr0 pasjieiia CTYAEHT
3HaeT 15 BompocoB, u3 18 Bompocos
BTOpOro pasnena 3Haetr 10 Bompocos, u3
25 BOIPOCOB TPETHETO pa3zesia 3HAeT
Bce. KakoBa BEpOATHOCTH MPABHIBLHOTO
OTBETa CTYACHTA MO OWJIETY.

Ne4d B cayyallHOM  3KCIIEpUMEHTE
4eThIPeXK bl OpocatoT MoHeTy. Kakoma
BEPOSITHOCTH TOTO, YTO MEPBBIE JBA pasa
BBITIAIET KOPEI»

Ne5  Arpodupma 3akymaetT KypuHBIC
Sila B JABYX JIOMAIllHUX XO3SIMCTBax.
85% suIr M3 mepBOro Xo3sMHMcTBa — SHIa
BBICIIEM KATErOpWM, a U3 BTOPOTO
X0351CTBA 65% saur;  BeICHIEH
KaTeropuu. Bcero BBICIIYIO KaT€ropHio
MoJIy4yaeT 80% STULL. Haitqure
BEPOSITHOCTH TOTO, 4TO AN,
KYIUDIGHHOE Yy  93TOH  arpoupmsi,
OKa)KETCs M3 MEPBOT0 XO34ICTRA.

OyKkBa OKa)KETCsl: TJIACHOM; COTJIACHOI;
«H» WU «BY; «D»

No2 B smuke 25 6enbix, 45 u€pHbix, 60
CUHHUX, 85 KpacHbIX mapoB. BeiHynn 1
map. KakoBa BepoOSTHOCTB TOro, 4TO

BBIHYTBIM  IIap  OKaXeTcs: OelbIM;
4EPHBIM; CHUHUM; KPacHBIM; O€JIbIM WU
YEPHBIM; CHHUM WM KpPACHBIM; HeE
KPaCHBIU.

Ne3 B Oumere 3 pasgena. U3 50

BOIIPOCOB IEPBOr0 paszfena CTYAEHT
3HaeT 20 BompocoB, u3 19 Bompocos
BTOpOro pasnena 3HaeT 10 Bonmpocos, u3
30 BOMPOCOB TpPETHEro pasjeia 3HaeT
Bce. KakoBa BEpOATHOCTH MPABUIBHOTO
OTBETa CTYJECHTA 10 OWIeTy.

Ne4 B caydailHOM  3KCHEPUMEHTE
Opocator 3  WrpajbHBIX  KyOWKa.
Haiigure BEpoOATHOCTH TOrO, YTO B
CyMMe BbITIaJIeT 12 0YKOB.

Ne5  Arpodupma 3akymaeTr KypuHBIC
Aia B JBYX JOMAIIIHHUX XO3SMCTBAX.
55% saun U3 mepBOro xo3slcrBa —
S BBICIIEH KAaTEeropuH, a U3 BTOPOTO
X0341CTBA 35% smu  BbICLIEH
Kateropuu. Bcero BBICIIYIO KaTErOpUIO

MOJy4yaeT 45% SIUILI. Haiignte
BEPOSITHOCTD TOrO, 4TO AU,
KyIUDIEGHHOE Yy 93Toi  arpoupmsl,
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Ne6 B  ToproBoM meHTpe  ABa
OJIMHAKOBBIX aBTOMAaTa MpPOJa0T Kode.
BeposiTHOCTH TOr0, YTO K KOHLY JTHS B
aBToMare 3akoHuuTcs kode, pasua 0,35.
BepositHocTh  TOrO,  4TtOo  KOe
3aKOHUMTCA B 000OMX aBTOMaTax, paBHA
0,2. HaliguTe BEpOSTHOCTH TOTO, YTO K
KOHIly JHS KOo(e OCTaHeTcs B 000HMX
aBTOMATax.

OKa)KeTCs U3 IEPBOTO XO35AUCTBA.

Ne6 B  ToproBoM  1eHTpe  JABa
OJIMHAKOBBIX aBTOMAaTa MPOJIalOT Kode.
BeposTHOCTH TOTO, YTO K KOHITY JHS B
aBTomMate 3akoHuMTCs KOode, paBHa 0,2.
BepostHocth  TOro,  uro  kode
3aKOHYMUTCS B 00OUX aBTOMAaTrax, paBHa
0,16. Halimute BEpOSITHOCTH TOTO, UTO K
KOHIy JHsA Kode ocTaHeTcsi B 000UX
aBTOMAaTax.

KOHmPOJleble eéonpocul:

1. Jlaiite onpenesieHHe CIIy4ailHOTO COOBITHS

2. Bunabl cOOBITHI U X OTIPEACIICHHUS.
3. Teopembl BeposiTHOCTEM

IIpakTnueckoe 3ansitue Nel2
«Pemenne KOMOMHATOPHBIX 3229
Ieab padoThl: 3aKpenuTh 3HAHUS U HABBIKU B PEIIEHUH KOMOWHATOPHBIX

3asa4y
Ceedenusa uz meopuu:

['pynmel, cocTaBieHHblE W3 KaKMX — JMOO 3JIEMEHTOB, Ha3bIBAIOTCS
COETMHEHUSIMHU.

Paznnuaro TpHU OCHOBHBLIX BHIA COGI[PIHGHPIﬁI pasMCIICHUA, IICPECCTAHOBKH

N COUCTaHu.

P&SM@HIGHI/UIMI/I U3 1n 3JIEMCHTOB IIO M B KaXJAOM HA3bIBAIOTCA TaKHUC

COEIMHEHHUS, KOTOpbIE OTJIMYAIOTCS JIPYr OT JApyra Ju00 cCaMUMHU 3JIEMEHTaMH,

00 MOPSIKOM UX PACTIONOKEHUS.

HepeCTaHOBKaMI/I N3 N 3JICMCHTOB HA3bIBAIOTCA TaKHMC COCAMHCHHA N3 BCCX

N 3JIEMEHTOB, KOTOpbIE OTJIMYAIOTCA APYr OT Apyra MOPSAKOM PpPaCHOI0XKEHUs

OJICMCHTOB.

[lepecTaHOBKM NPEACTABISIFOT YAaCTHBIA Ciydall pa3MEeNeHHu u3 n

QJICMCHTOB II10 N B KAKAOM.

Yucmo Bcex INEPCCTAaHOBOK K3 N J3JICMCHTOB pPABHO IIPOU3BCACHHIO

IIOCJICAOBATCIbHBIX YHUCCI OT 1 J0 NI BKIIOYHUTCIIBHO:

P, =nl=1-2-3-...-(n=1)n,

nl-auraercs «n-paxtopuany, npuuem 01=1 n 11=1.
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Hcnonb3ys puBeIEHHBIE BBILLIE OMPEAEIICHU UMeeM (DOPMYIIbL:

m Pn
An - Pn—m

. n!
S (h-m)’

IIpH PCIICHUHN 3aaa4 4aCTO UCITIOJIB3YyCTCA PAaBCHCTBO!
m+l m
An - (n - m) An

CoueTanusiMd M3 N DJIEMEHTOB IO M B KaXXaO0M HAa3bIBAIOTCA TaKHC
COCOAMHCHUMA, KOTOPBLIC OTIIMYAIOTCA APYI OT Apyra XOTA ObI OJHHUM 3JICMCHTOM.

Yucio coueTaHui U3 N 3JIEMEHTOB TT0 M 0003HAYAETCS U BEIYHUCIISACTCS T10
dbopmyse:

cn Ao
an :

KOTOPYIO MOJKHO 3aIIMCATh TAKXKC B BUAC

m n!
" mli(n—m)!

Kpome toro, npu pemieHuu 3agad UCHOJB3YIOTCS Cieayromue GopMyIbl,

BbIPAXXalOIMMUEC OCHOBHLIC CBOMCTBA COYCTAHUM:
cm=Crm (0<m<n), C"=1; C%=1; CM+Cml=Cml
n n n n n n

n+1

Ilpumep: Boruncnuth A3
3__ 8 12345678
87 (8—3)1" 51 B
Haunem npousBenenue He ¢ 1, a ¢ 8 B uncauTene u ¢ 5 B 3HaAMeHaTeNe
8:7-6-5-4-3-2-1
5-4-3-2-1

W BuiuM crenymoonyro 3aKOHOMEPHOCTh: €C/IM HaYMHATh M0 yObIBaroned MuUcaTh
COMHOXXHTEIM C HIDKHETO 4Huciia (B JJAHHOM ciiydae 3To 8), TO COMHOXKHTEJCH
MIOCJIE COKPAIIEHUs CTOJIBKO kK€ KAKOBO BEpXHEE YUCIO (B JAaHHOM ciiydae 3)

IIpumep: Berancants Ay,
Pemenue: [Tpumennm Gopmymy
Am=_ "  raen=10, m=5unoxyuum A> =_ 10" =10!=10987654321=1(-9-8-7-6

o (n—m)! 10 (10-5) s 54-3:2:1

— OITSITH IPOU3BECHHEe M=5 COMHOXHUTENEH, HaunHas ¢ N=10.
MoHO OBLJIO OCUNUTATH Cpa3y
A3,~10-9-8-7-6=30240
OrtseT: A3,=30240.

Ipumep: Boraucnuty C3=__ 8 = 8' = 876:54321=K.7= 56

31(8-3)! 3I'5!  3:2:15:4-3-2:1

Petienue: A
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EcTh oO1iee B BBHIYUCICHUU C MPEAbIAYIIUM NMpUMepoM. TOJBKO Halo elie Bce

MOJIEJIUTh Ha BEPXHEE YUCIIO ¢ (PaKTOpUAIOM
A3=876=8.7=56.

OtBeT: A§=56.

Ilpumep: CKOJIBKO CYIIECTBYET, CIIOCOOOB COCTaBUT paclucaHue u3 3 map
Ha OJUH AEHb U3 9 npeamMeros?
Pemrenne: B pacnucaHuy mopsiiOK paclojioKEHUs NPEAMETOB Ba)XKEH, XOPOILUO,
Korja mnociefaHss reorpadus unu (usmdeckoe BocnuTaHue. YyaecHbI JI€Hb,
korja 3to Il u Il mapa. YnopsinouenHast BbIOOpKa — 3TO pa3MEIleHUE U UX YUCIIO
HaxoauTes o gopmyse(l):

3__ 9! _9! 987654321 o
Ag_(9—3)!_6!_ cmaszl D 8:6=504

OTOT pe3yabTaT HaJl0 MOHUMATh TaK:
- moboii u3 9 mpeameroB Ha | mape
- 1 M000H 13 ocTaBmuxcs BochMu Ha ||
- 1 110001 u3 octaBimuxcs cemu Ha 1
Coro3 «1» roBopUT 00 YMHOXKEHUU.
Oter: 504 crioco0a coCTaBUTh pacluCaHuUE.
Ilpumep: B yemnmonate no ¢yroony ydactByeT 16 xomana. CKOJIBKUMHU
cnocobamu (0e3 yuyera CHOCOOHOCTEW) MOTYT pacHpeleIuThcss 30JI0Tas,

cepeOpsiHast U OpOH30Bast MeAaTH?

Pemenne: A3 =161=16-15-14=3360 cnocoOamu.
13!

A3g pacmmdpoBbIBaeTCA Tak: YHUCIO CHOCO00B W3 16 KomaHA BBIOpaTh TpH
NPU30BBIE, CUUTAs, YTO 30JI0TO MOXKET OBITh Y KaKIOW M3 TpeX MO OYepenu, T.C.
HOPSIIOK 30JI0TO-cepedpo-0poH3a Wil OpPOH3a-30J10TO-cepedpo U T..I. BAXKEH.

Otset: 3360 cmocobammu.

Ipumep: CKOJIBKO CYIIECTBYET, CIIOCOOOB COCTABUT, MATH3HAYHOE YUCIIO
w3 mudp 1,2,3,4,5,6,7,8,9 He MOBTOPSS HX.

Pemenue: AS=_9% =9'=9-8-7-6-:5=15120

9 (9-5) 41
Otsert: 15120 crtoco6oB.

Ilpumep. KoMuccus COCTOUT U3 MpEACEAaTeNs, €ro 3aMECTUTENS U €Il
nATh 4enoBeK. CKOJNBKUMHU CIOCO0aAMU WIEHBI KOMHCCHH MOTYT PACIpPEICIHUTh
MEXKly cOO0M 00513aHHOCTH Mpe/IcenaTelNs U 3aMECTUTEIIS ?

Pemenue: [1pu BeIOOpE mpeaceaaTens u €ro 3aMeCTUTENS U3 JaHHBIX CEMHU
YeJIOBEK UMEET 3HAUCHHUE HE TOJBKO TO, KaK BEIOPAHBI 9TH J[BA YE€IIOBEKA U3 CEMHU
MIPETEHIEHTOB, HO U TO, KaK paclpeieNIeHbl UX TOJKHOCTH MEXAY co00i (T.€.
Ba)KEH U COCTaB, U MOPSIIOK CIEOBAHMS BEIOPAHHBIX SJIEMEHTOB).

3HauuT, peub UAET 0 pa3MelieHusx (0e3 MOBTOPEHUI) U3 CEMU AJIIEMEHTOB 110 JIBA.
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p2-_ " =6-7=42
7 (7-2)

Ilpumep. Jna 3anupanHusi cepoB M aBTOMATHUECKUX KaMep XpaHEHHS
MPUMEHSIOT CEKPETHbIE 3aMKH, KOTOpbIE OTKPBIBAIOTCSA JIMIIb TOIJa, KOrja
HaOpaHO HEKOTOPOE «TAallHOE CIOBO». JTO CIOBO HAOUPAIOT C MOMOILBIO OJHOTO
WM HECKOJIbKMX JHMCKOB, HA KOTOPbIX HaHeceHbl OyKkBbl (Wiu mudpsl). [lycts Ha
IUCK HaHeceHbl 12 OykB, a CEKpPETHOE CJIOBO COCTOMT M3 5 OykB. CKOJIBKO
HEyJTaYHbIX MOMBITOK MOKET OBITh C/IEIAHO YEJIOBEKOM, HE 3HAIOIIMM CEKPETHOTO
ciosa?

Pemenune: O611ee KOJIMYECTBO MOMBITOK PABHO YHCITY Pa3MEIICHUN C
NOBTOPEHUSIMU U3 12 371IEMEHTOB 10 5, TO €CTh

A5, = 125 = 248 832.

IToaTOMY KOJINYECTBO HEYAAUHBIX MONBITOK paBHO 248831.

IIpumep. K kacce 3a moaydyeHUEM JICHET MO0 OJHOBPEMEHHO 4
yesioBeka. CKOJIBKO CYIIECTBYET CIIOCOOOB UM BBICTPOUTHCS B OUEPE/Ib.

Pemenne: Ouepenb MOKHO MPEICTABUTDH, KAK HEKOTOPYIO IEPECTAHOBKY M3
YEThIPEX YeJIOBEK. 13 HUX MOXKHO cOCTaBUTh P4 = 4! = 24 nepecTaHOBKH.

IIpumep. B rocTuHUIIE CEMb OAHOMECTHBIX HOMEPOB, U CEMEPO FOCTEN
KENAI0T B HUX MOCEIUTHCS, IPUYEM, TPOE 3apaHEe 3aPE3EPBUPOBAIN KOHKPETHBIE
HOoMepa. HaliuTe ymciio crmocoOoB pacceneHusi CEMU TOCTEH TI0 CeMU HOMEpaM.

Pemenne: Tpoe rocreii 3apaHee 3ape3epBUPOBAIN KOHKPETHbBIE HOMEpA. 3HAUHT,
YEeTBEPO TOCTEN OYIYT pacCeSATHCS MO YETHIPEM OCTaBUIUMCS HOMEPAM.

Yucno cniocob0B pacceneHusi CEeMHU rOCTeH 10 CeMH HOMepaM PaBHO YUCITY
[IEPECTAaHOBOK U3 YETBIPEX JIEMEHTOB, TO €CThb P4 = 4! = 24 .

Ilpumep. CKOTBKAMU CITOCOOAMHU MOXHO PACCTABUTh Ha KHM)KHOM TOJIKE
necaTuToMHHK [lyrmkmHa Tak, 9T00BI TOM 2 CTOSI PSIAOM C TOMOM 1 M cripaBa ot
HETro?

Pemrenne: IpenacraBum cebde, uro Toma 1 u 2 cBs3ansl Oeu€BKoi. PaccTanoBka
MOJIy4YEHHOT0 Habopa 13 9 ToMOB (BOCbMH OOBIYHBIX U OHOTO CABOEHHOTIO)
MOXET OBITh Mpou3BeaeHa P9 = 9! = 362880 cnocobamu.

Ipumep. CKONBKO MEPECTaHOBOK MOYKHO 00pa3oBaTh U3 OYKB CII0Ba
«Muccucunm»?
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Pemenue: B cnoe «Muccucunm» Bcero 9 6ykB, HO HE BCE OHHM Pa3InyHbl. JTO
CJIOBO COJIEPKUT OAHY OyKBa «M», UETBIpE OYKBBI «1», TP OYKBBI «C» U OJJHY
OyKkBa «1». 3HAYUT, IO (POpMyJie MEPECTAHOBOK C MOBTOPEHUSIMHU YHCIIO
IIEPECTAHOBOK, KOTOPBIE MOKHO IOJIYYUTh U3 OYKB 3TOrO CJI0BA, PABHO

9l

P(4,3,1,1) = ' = 2520.
41-31-11-1!

Ilpumep. CKOMBKO pa3IUYHBIX YETHIPEX3HAYHBIX YHCEJI MOKHO COCTAaBUTh
w3 mudp 0, 1, 2, 3, ecnu kaxaas nudpa B U300paKEHUU YMCIIa BCTPEUAETCs OJIUH
pa3?

Pemenue: PaccmarpuBaeMoe 4eThIpEX3HAYHOE YMCIIO MOXKHO IIPEICTABUTH, KaK
HEKOTOpYIo niepectanoBky u3 udp 0, 1, 2, 3, B koTOopoit nepBas nuudpa oTInyHa
oT HyJia. Tak Kak U3 yeTblpex HUup MOKHO COCTaBUTh P4 = 4! mepecTaHOBOK U U3
HuX P3 = 3! HaunHaroTCA € Hyss, TO ICKOMOE KOJIMYECTBO paBHO 4! — 3! = 18.

Ipumep: CKOJIBKO CYIIECTBYET CITOCOOOB JKepeObEBKH CEMH KOMaH/T?
Pemenue: P, =7!=7-6-5-4-3-2-1=5040.
OrtseT: 5040 crioco0oB.

Ipumep: CKOIBKO CYIIECTBYET CIIOCOOOB COCTaBUTH IMATH3HAYHBIC YHCIIA
U3 IATH P, HE TTOBTOPSSA UX?
Pemenne: Ps =5!=5-4-3-2-1=120
OrtBeT: 120 crioco0oB.

Ilpumep: CKONBKO CYIIECTBYET CIIOCOOOB J0CTaTh 3 OCNBIX IIapa W3

SAIUKA C 7 OIMHAKOBBIMH IIapaMu?
3__ 7' _ 7' _1234567_567
77 31(7-3)1" 3141 1231234 1-2:3
OtBeT: 35 croco0oB.

Ilpumep: CKOIBKO CYIIECTBYET CIIOCOOOB B TpyIIe H3 25 4YeIOBEK

BBIOpATh TPEX WICHOB PEAKOJIIICTHH ?
Pemrenne: C3_=252423=2300
1-2:3
OtseT: 2300 crioco6oB.
Bri6upaem codyeTanus T.K. MOPSIIOK WICHOB PEAKOJUIETHH HE BayKEH.
Ilpumep: B npame A.C. Ilymikuna «IlukoBas mama» ['epmaH BhIHUMAaET

Cpa3y TpH KapThl U3 KOJIOABI B 52 nucta. CKOJIBKO CYIIECTBYET TaKUX CIIOCOOOB?
Permenue: C3 =52:51:50=22100

1-2:3
Otser: 22100 cioco6oB.

Ilpumep: B smuke 15 xpacHbix, 9 cuHux u 6 3eneHbIx mapoB. CKOJBKO
CYIIECTBYET CIOCOOOB BBIHYThH | 3€JE€HBIN , 2 CUHHMX, 3 KPaCHBIX, €CJIU B3SITh BCE
3TH LIAPHI cpasy?

Pemienue: M3 ycnoBusa cieayeT, 4To BBIHYTO 6 1mapoB cpa3y. IlompoOyem
chopmylnupoBaTh BONPOC 3ajayd, 4YTOOBI pa3o0paThCcsi, TIAE€ CymMMma, TJIe
npousBeneHue (ymMHOX)eHue «M», cmoxenue «JIN»). BetayTe 1 3enensiii u 2

5:7=35

Petenue: C
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CUHUX, U 3 KPacHBIX, 4TOOBI OBLJIO UX IIECTh. 3HAYUT YMHOKEHHUE TPEX OTACIBbHBIX
3MU3040B. Teneps NPOCUUTHIBAEM KAXKIBIN.

- CxoJpK0 crtoco00B u3 6 3emenpix nqocrath 17 lects.

- CKOJBKO cr0co00B U3 9 cuHuMX gocTtaTh aBa? C2 = 9 =98=0-4=36
2171 2
- Ckoibko crioco0oB u3 15 kpacHbIx moctath Tpu? C3 = 15! =151413=35.13=455

15 31121 123
Htoro: 6:36-455=98280
Otset: 98280 crioco6oB.
Ilpumep: B nmaptuu u3z 10 geraneit umerorcs 4 OpakoBaHHBIX. CKOJIBKO
CYILIECTBYET CIIOCOOOB BBHIOpPATh KOMIUIEKT U3 3 CTaHAAPTHBIX U 2 OpaKOBaHHBIX.

Ectb coto3 «M», 3HaUuT, yMHOKAIOT JIBa MU30/1a:
- CkonbKO c1oco00B U3 6 cTaHAapTHBIX B3ATh 37 C3= 6! =654=5-4=2(
131 D
- CxosbKko crioco0oB U3 4 OpakOBaHHBIX B3ATh 27 CZZE:“E:%
2121 12
- Utoro cnoco6oB 20-6=120
Otser: 120 cioco6oB.

Ipumep: YOHoma 3a0bu1 ABE MocaeaHue HUdpbl HOMEpa CBOEH 3HaKOMOH,
MOMHHT TOJIBKO, YTO OHHU pa3Hbie. CKOJIBKO CIIOCOO0B «yraaaThy HOMEp?
Pemenne: [Hudp ucnonssyercs 10 ot 0 70 9. M3 HUX HaIO COCTaBUTH JIBy3HAUHBIC
yucia, npudeM 31 u 13 3T0 pasHbie yMcha, a 3HAYUT U BapUAHTHI, T.K. MOPSIOK
PaCIONIOKEHHSI UHCeNT BaXKEeH, UCTIOIb3yeM (hOpMyITy Yucia pa3MeIIeHH:

A2= 9 =91=0.8=72
? -2 7
OtBert: 72 BapuaHTa /Il yraJIbIBaHUA MTPaBUILHOTO HOMEpA.
3aoanus 0na camocmoamenbHo20 peuieHu

1 BapuanT 2 BapuaHT
Nel. OGyuaromuecs u3yyarot 8 Nel.  OOyuwaromuecs  uzyyaror 7
Pa3sTUYHBIX AUCHUIUTHH. CKOJBKUMHU pasnuYHbBIX AUCHHUIUIMH. CKOJNBKUMU
crrocob6amMu MOYKHO COCTaBUTh criocobamu MO>KHO COCTaBUTH
pacnucaHue U3 YeThIPEX Pa3IUIHBIX pacmucaHue U3 [ATA  Pa3IUYHBIX
IpEIMETOB Ha YETBEPT? MPEIMETOB HA YETBEPT?

Ne2. Kon B kamepe xpanenusi coctout | Ne2. B kKoae Kamepsl XpaHEHUs
U3 BCEX YETHBIX MUQP U CIACAYIONUX 3a | HCTIOIB30BaHbl TPU U3 JIECITH TIACHBIX
HUMHU JBYX M3 JECATH TIACHBIX OYKB | OyKB pycCKOro andaBUTa W CIETYIOIINX

pPYyCCKOro andasura. CKONBKO | 32 HUMH YeTHIpEX HEYETHBIX mUP.
BO3MOXHBIX MU(PPOB MOXKHO HAOpaTh B | CKOJBKO BO3MOKHBIX IH(PPOB MOXKHO
3TOM cliy4ae? HaOpaTh B ATOM cliy4ae?
Ne3.Pemnte ypaBHeHHe OTHOCUTENBHO | Ne3. Pemmre ypaBHEHHE OTHOCHUTEIIBHO
n: Ent2 = 24, n: Bn=1 =0,05.

Ppn—1 Pn1

Ne4. Ha xHMXHOW moiike IIATH KHUT | Ned, Ha KHMKHOW MOJIKE MIECTh KHHUT
pa3IM4YHBIX ABTOPOB M TPEXTOMHUK | pa3JIMYHBIX ABTOPOB M  TPEXTOMHHK

A.C.Ilymxkuna. Ckonapkumu criocodamu | M.IO.JIepmoHTOBa. CkosbKuMHu
MOXKHO PpacCTaBUTh 3TH KHHWIH, €CJIH | CIOCO0aMU MOYKHO pacCTaBUTh 3THU
BCE TpHU NYIIKUHCKUX TOMA | KHUTH, €CJIM BCE TPHU JIEPMOHTOBCKHUX

(O6e3paznmuyHO, B KAakOM TMOPSIKE)
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JOJKHBI CTOSITh PSAIOM 2
Ne5. Haiigure K, eciu 4

1= A2
Nob. J %k} JEBSITHAALIATA
MEPBOKYPCHUKOB  HYXHO  BBIOpAaTh

MATEPBIX TSI yY4aCTHS B TOPOACKOM JTHE
nepBoKypcHuKa. CKOJIBKO BapHaHTOB
BBIOOpA CYIIECTBYET?

Ne7. B ¢yrOonsHOlt KOMaHme 15
urpokoB. HyxHO BeIOpaTh KamuTaHa |

TomMa (0e3pa3IuyHO, B KaKOM MOPSIKE)
JOTHKHBI CTOSITH PAIOM?

N95.H%17mme K, ecin

k—4)-A
¢ k_)s k=21-A_,

Ne6. U3 nBapuatv cnopTCMEHOB HYXKHO
BbIOpaTh 6 Y4aCTHUKOB JJii MaccOBOTO
3a0era. CKOJNBKMMH crHoco0amMu 3TO
MOYHO OCYIIECTBUTH?

Ne7. B cryaendeckoir rpynne wu3z 30

ero ITOMOIIHHKA. CKOJBbKUMU | YETIOBEK BBIOMPAIOT CTapoCTy M  €ro
cnoco0aMM  MOXHO  OCYIIECTBUTH | 3aMCCTUTEIIS. Ckonbko croco0oB
BBIOOD? Al BbIOOpA CyLIECTBYED? o
P16 _ No8 A 18
Ne8. Boruncnurs +16 iy °8. Borauenurs 4
A Cld clf A%
3 BapUaHT 4 BapuaHT

Nel. Obyuarommuecs nzyyaroT 11
Pa3IUUHbIX AUCIUTIINH. CKOJTBKUMU
croco0amMu MOXKHO COCTaBUTh
pacruca”ue U3 IMITH Pa3IuIHbIX
PEIMETOB Ha YETBEPT?

No2. Kon B kaMepe XpaHEHHUSI COCTOUT
U3 BCEX HEYETHBIX UMD U CIETYIONINX
32 HUMHU TPEX U3 JIECSITH IIACHBIX OYKB
PYCCKOro andasura. CkoibKko
BO3MOXKHBIX IU(POB MOKHO HAOpaTh B

3TOM cliy4ae?
(n-1)!

(n+2)!
Ne4, Ha xnamwksHo#t mnonke 10 KHur
pa3IMYHBIX aBTOPOB U TPEXTOMHHUK
A.C.Ilymkuna. CKOJIBKHMH CTIOCOOaMH
MOXHO PAacCTaBUTh STH KHHUTH, CCIIH
BCE TpH MYIIKAHCKUX TOMa
(6e3paznmuuHO, B KaKOM  IOPSIKE)

JOJKHBI CTOSITh PSAJIOM?
No5. Haiinure X, eciin 4° =304* ,
X X—

Ne3. Yopoctuts

Ne6. U3 25 mnepBOKYpCHUKOB HYKHO
BBIOpaTh TMATEPHIX IS YYacTUS B

FOPOACKOM  JIHE  MEPBOKYPCHHKA.
CxkonbKo BAPHUAHTOB BBIOOpA
CylIECTBYET?

Ne7. B ¢yrbonpHOM KOMaHze 20
urpokoB. HyxHO BbIOpaTh KamuTaHa U
€ro TTOMOIITHHUKA. CKOJTBKUMHA

Nel. OGyuaromuecs uzyyaror 12
pa3IMUHbIX AUCHUTUIAH. CKOJIBKUMU
croco6amMu MOKHO COCTaBUTh
pacruca’ue u3 MeCTH Pa3IMUYHbIX
peAMETOB Ha YETBEPT?

No2. B kome KaMepbl  XpaHEHMS
UCIIOJIb30BaHbl 5 M3 JECATH TIACHBIX
OyKB pycckoro anagaBuTa U CIEAYIOUUX
3a HUMU ABYX HEYETHBIX IUGp. CKOIBKO
BO3MOXHBIX MIKU(PPOB MOXKHO HAOPATH B
ATOM ciiy4ae?

Ne3d. Yopoctuts __ - !

n! (n+1)!
Ne4, Ha kHMKHOM TMOJNKE & KHUT
pPa3IMYHBIX aBTOPOB M  TPEXTOMHHK
M.IO.JIepmonTOBA. CKoapKuMU

coco0aMyd  MOKHO PpacCTaBUTh JTH
KHWUTH, €CIH BCE TPH JIEPMOHTOBCKUX
Toma (06e3pa3IMvHO, B KaKOM MOPSJIKE)

JIOJKHBI CTOSITh PSIOM?
Ne5. Haitnure X, ecmuC? =21

X—2

Ne6. M3 16 cHOpTCMEHOB HYXHO
BBIOpaTh 8 YYaCTHHMKOB I MacCOBOTO
3a0era. CKOJBKHMHM CIIOCOOAMHU  3TO
MOHO OCYIIECTBUTH?

No7. B crynenueckou rpymme u3 28
YEJIOBEK BBIOMPAIOT CTApOCTy U €ro
3aMECTHUTES. CKoabKO CIIoco00B

BbIOOpA CYIIECTBYET?
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FI1d —
CMoco6aMH ~ MOXKHO ~ OCYIIECTBHTE | 3\00- BRITHCINTE 722 —

10 4

BH6Op? > Aig Cia
A

No8. Borunciurp P20 — “2

“q15 5
"420 620

KOHmPOJleble 60npocosl.;

IIpaBuino yMHOXKEHUS.

[IpaBuiio cioxenus.

Pa3menienue U3 N 31eMEHTOB O M.

dopmyna AJis1 HAXO0KICHUS YHCIIa BCEX pa3MEIICHUM U3 N 3JIEMEHTOB 1O M.
[IepecTanoBka U3 N 3JIEMEHTOB.

dopmyiia AJisl HAXOXKICHUS YKCIIa BCEX MEPECTAHOBOK U3 N 3JIEMEHTOB.
CoueTanue U3 N 3IEMEHTOB O M.

dopmyna AJisl HAXOXKICHUS YHCIIa BCEX COUETAaHUM U3 N 3JIEMEHTOB MO M.

NGk~ wWDE

IIpakTHyeckas padora Nel3

«HaxoxaeHne YucJI0BbIX XaPAKTEPUCTUK CJIYyYailHON BeJTMYMHBD)

Ileap pabdoThbI: 3akpenuTh 3HAHUS OOYYAIOUIUXCS B  HAXO0XICHUU
YUCJIOBBIX XapaKTEPUCTUK CIYYallHOW BEJIMYHUHBI 110 3aJJaHHOMY PaCIpPEACICHUIO
Ceeoenun uz meopuu:
Cayuaitnoil Ha3bIBAIOT BEJIMYMHY, KOTOPAsl B pe3yJIbTAaTe UCIBITAHUS IPUMET OJIHO
U TOJBKO OJHO BO3MOXHOE€ 3HAUYCHHUE, HaNepE] HEM3BECTHOE M 3aBUCSIIEE OT
CIIy4alHBIX MPUYHH, KOTOPHIE 3apaHee He MOTYT OBITh yuTeHBI. Hampumep, uncio
OpakoBaHHBIX JIamMmouek cpean 10 KyIUIGHHBIX €CTh CJydailHas BeJIWYHWHA,
KOTOpasi UMEET CJeaylomue Bo3MokHble 3HadyeHus: 0, 1, 2,....,10. Cnyuaiinbie
BEJMYMHBI 0003HAYAIOTCSA MPOMUCHBIMU OyKBaMH JIaTHHCKOro andasuta: X, Y, Z
U TaK Jiajiee, a MX 3HaUYCHHS] — COOTBETCTBYIOIIMMHU CTPOYHBIMU OYKBaMH X, Y, Z U
TakK jgajee.
Paznuuaror ouckpemuvie u HenpepwigHvle CTydaliHbIe BETUYHHBI.

CiyuaiiHasi BeJIMUMHA HA3bIBACTCS OUCKPEMHOU, €CIIA MHOXECTBO €€ 3HaUCHU I
KOHEYHO WJIM CYETHO, TO €CTh MHOXXECTBO €€ 3HAUCHUU NPEICTABISIET COOO0M
KOHEYHYIO MOCJIEI0BATEIbHOCTD X1,  X2,....Xn WIX  OECKOHEUYHYIO
MOCJIEIOBATEIBHOCTD X1, X2,..Xn ...

Henpepoienoii Ha3bIBAIOT CIYYANHYIO BEJIMYUHY, KOTOpPAsi MOXKET MPUHUMATh BCE
3HAYCHUS M3 HEKOTOPOr0 KOHEYHOrO HJIM OCCKOHEYHOTO MHOXKecTBa. YHCIo
BO3MOHBIX 3HAUEHUN HEMPEPHIBHOMN CITy4alHOUW BEIMUYMHBI OECKOHEUHO.
Hanpumep, ecnum B KaudecTBe CIIydalHOW BEJIIMYMHBI PACCMAaTPUBATH OLECHKY
CTYJICHTa Ha 3K3aMEHE, TO C OMPEJCICHHOW BEPOSTHOCTBHIO, KOTOPAasl 3aBUCUT OT
MHOTUX ()aKTOPOB, CTYJICHT MOXXET MOJY4YUTh WU 2, uiu 3, uiau 4, uiaud 5, HO B
pe3yybTaTe CHAaHHOTO OJHUM CTYJICHTOM 3K3aMEHa B BEJOMOCTH BCErJa CTOUT
TOJIBKO OJHA OIICHKA.

CnyuaiiHasi BeIMYMHA MOXET OBITh 3a/1aHa 3AKOHOM PACNpeOeieHUsL.

3akonom pacnpeoeyieHus OUCKPEMHOU CAYYAUHOU GelUUUHBl (COKPAULEHHO
JICB) Ha3bIBalOT COOTBETCTBUE MEXIY BO3MOXXHBIMM 3HAYEHUSAMU H HX
BEPOSITHOCTSIMH.
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3aKOH pacnpenesneHus JIUCKPETHOW CIIydalhHOW BEJIMYMHBI MOXHO 3a1aTh
TaOJIMYHO, aHATTUTUYECKH (B BUIE (POPMYJIbI) U FPAPUUECKHU.

[Ipu TabnuuHOM 3aJaHUM 3aKOHA pacClpeleNieHus] AUCKPETHOM ciaydyalHOU
BEJIMYMHBI TA0JIMIIA COCTOUT M3 ABYX CTPOK M HA3bIBAETCS 3aKOHOM WIIM PSIOM
pacripefiesieHus TUCKpeTHOW ciyuyaiiHoi BennunHbl X. IlepBas cTpoka Tabiuiibl
CONECPKUT BO3MOJKHBIE 3HAUEHHs CJIy4YallHOM BEJIWYMHBI, a BTOpas -
COOTBETCTBYIOIINE UM BEPOSITHOCTH.

X X1 X7 Xn+1 Xn
14 D1 D2 Pn+1 Dn
3HaueHus X1, X2, ... , X, 3AIUCBHIBAIOTCSA B TaOJHUIlE, KaK TPABHWIO, B IOPSJIKE

Bo3pactanus. [IpuHSB BO BHHMMaHUE, UYTO B KaXJIOM OTIEILHOM HWCIBITAHUU
Clly4yaliHasl BeJIMYMHA MPUHUMAET TOJBKO OJHO BO3MOXKHOE 3HAUEHHUE CIIy4yalHOU
BEIUYUHBI X, 3aKiatouaeM, 4yTo coObiTust X = x1, X = X3, ..., X = X;, HSCCOBMECTHBI
U 00pa3yloT MONHYH Tpymnmy coObiTuil. ClienoBaTelbHO, CyMMa BEPOSITHOCTEH
OTUX COOBITHM, T.€. CyMMa BEpPOSTHOCTEH BTOPON CTPOKM TaOJMIIBI, paBHA
eIUHUIIE:

n

pr+p2+ ... +pn=D.pi=1
i=1
IIpumep. B uznarennctBe BhiylieHo 100 kKHUT 110 OBLIEBOACTBY. JloTepeeit

pasbirpanbl ogHa kaura B 500 py6. u 10 mo 10 py6. Haiitu 3akoH pacnpeneneHus
CJIy4ailHOM BEJIMYUHBI X - BOBMOYKHOTO BBIMTPHIIIA OJHOW KHUTH.
Pewienue:
Bo3MOXHBI 3HaYEHUSIX: X1= 500, x2 = 10 ,x3 = 0. Beposarnoctu: p1=0,01; p,
=0,1; ps=1 - (p1+ p2) = 0,89.
3aKOH pacupeeeH s :

X 500 10 0
P 001 |01 0,89

Dyukuueii pacnpedenenus cayuainoi eenuuunsvt HazpBalOT (yHKIHO F(X),
ONPENEIAIONIYI0 BEPOSTHOCTh TOTO, YTO cllydaiiHas BenuunHa X B pe3yJbTare
UCTIBITAaHUS TIPUMET 3HAYCHHE, MeHbIIee X, To ecTh F(X) = P(X<X).

Kpome 3akona pacnpeneneHus, KOTOPBIM [JaeT IIOJIHOE IPEICTABICHUE O
CIIy4YallHOM BEJIMYMHE, 4YacCTO MCIIOJIB3YKOT YHUCJIA, KOTOPBIE OMMUCHIBAKOT CIIY-
YaHYK BEJIMYMHY CyMMapHO. Takue 4ucia Ha3blBAIOT UYUCIO06bIMU XADAK-
mepucmuxkamu Ccay4aiuHou eeaudunsl. K HUM OTHOCATCA Mamemamuyeckoe
odicudanue, Oucnepcus U cpeoHee KeaOpaAmMuuyHoe OMKIOHEeHUe OUCKPEemHOU
CYYAUHOU BETUYUHDL.

Mamemamuueckum oxncudanuem (M) TUCKPETHON BENMYHMHBI HA3BIBAIOT CYMMY
MIPOU3BEICHUI BCEX €€ BO3MOXHBIX 3HAUEHUM, YMHOKEHHBIX HA KX BEPOSITHOCTH.
M(x) = x1p1 + X2p2 + - + XpPn = X1 X1V1,

rae Xi, - 3HAUEHUE CIy4YaliHOM BEJIWYMHBI, Pi- BEPOSITHOCTh CIyYailHOW BEJIMYHHBI.
MaremaTueckoe OXHAAHUE JUCKPETHOW CIydallHOM BeIMYMHBI OO0JajaeT
ceoUCcmeamu, KOTOPbIE BBITEKAIOT U3 €T0 ONPEICIICHUS.
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1. MaremaTnueckoe OXHUAAHUE NOCTOSSHHOM BeauunHbl C €cTh MOCTOSIHHAs
BemuunHa M(C) = C,rge C = const.
2. MaremaTuueckoe OXHJAHME JIUCKPETHOM CiIy4ailHOM BeNIWYUHBl X,
YMHOXEHHOM Ha  IOCTOSIHHYIO  BenumuuHy C, paBHO  IIPOM3BEICHUIO
Marematuueckoro oxujaanuss M(X) Ha C. To ecTh MOCTOSHHBIA MHOMXHUTEIb
MO>KHO BBIHOCHTB 32 3HaK cyMMupoBanusi M (CX) = CM (X)
3. MareMaTtruyeckoe OKUJaHUuEe CyMMbI JUCKPETHBIX Cy4yalHbIX BETMYUH X U Y
PAaBHO CYMM€ MX MaTeMaTUYECKUX OKUIAHUM.

MX+YV)=M(X)+M(V)
4. MaremaTtuyeckoe OXHJAHUE TMPOU3BEICHUS HE3aBUCHUMBIX JUCKPETHBIX
CIly4ailHbIX BeMYUH X U Y PaBHO MPOU3BEACHUIO UX MATEMATHUYECKUX OXKHUIAHUNA
MX YY) = M(X) » M(Y),eciu X u Y He3aBUCHMBI
Yacto TpeOyeTcss OLEHUTh paccesHHEe BO3MOXHBIX 3HAUYCHHUHM CIlydaiiHOU
BEJIMYUHBI BOKPYr €ro cpenHero 3uaueHus. Jucnepcuen (paccesanuem) D(X)
CIIy4allHOM BEJIMYMHBI HA3bIBAIOT MATEMATHYECKOE OXHUJIAHUE KBaJpara
OTKJIOHEHHSI CIy4YaillHOM BEIMYMHBI OT ee MareMaTuueckoro oxumanus: D(X) =
M[X-M(X)]>.
®opmyia i Beraucienus aucrepcun D(X) = M(X?)-[M(X)]?.
Cpeonum keaopamuunvim omkiaonenuem (0 (X)) ClydalHOW BEJIMYUHBI X

Ha3bIBAIOT KBAAPATHBIA KOPEHb U3 AucIepcun: a(x ) = VD(X).
HccnenoBanne BapHallMOHHBIX CTATUCTHYECKUX PSIAOB pACCMOTPUM Ha MPUMEDPE.
Ilpumep: JIan TUCKPETHBIN BApUALIMOHHBIN PSIJT

X 1 4 6
N 10 15 25
rae X {X1Xo, X3} xapakrepuctuxu ciydaiinoi Beauannbl X,N {N1, ny ,n3} - 4acTOTHI
TIOSIBJICHUS DJIEMCHTOB B BHIOOPKE.

[MpoBecTy MccaeI0BaHUE TUCKPETHOTO BAPHUAIMOHHOTO Psijia

1) Haiitu 00bEM BBHIOOPKH;

2) COCTaBUTh 3aKOH PaCIpeIeICHHs CyYaiHON BETUIMHBI X;

3) HaWTH MaTeMaTH4ecKoe OXHJIaHWe, AUCIICPCHI0 W CpeaHee KBaapaTUIHOE
OTKJIOHEHHUE.

Pemenue:

1) Haiiném o0bemM BBIOOPKH: n= Ni+Ny+n3=10+15+25=50.

2)Haiiném otHocutenbHble yacToThl: Wi1=10/50=1/5, w,=15/50=3/10, w3=25/50y
=1/2.

3aKoH pacnpeeseHus CIy4ailHOM BeTMYUHBI X MPECTaBICH TaOIHIIei:
X 1 4 0
W 1/5 3/10 1/2

3) Haiiném mareMaTudeckoe OXKHUIAaHHE, TUCIEPCHIO U CPEIHEE KBAJAPaTUIHOE
OTKJIOHCHUC.

M=w1X; + WoXo + W3X3=I/5 ¢ 1+3/10 -4+1/2-6=4/4;

D= w; (X1-M)? + W, (X2 -M)?+ w3 (x3 -M)?>= 1/5 - (1-4,4) +3/10 - (4- 4,4) +1/2 - (6-
4,4)=3,64;0(x) = VD(X)=V3,64 =1,9
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3aoanusn 01 camoCcmoAmenbHO20 peueHus

1 BapuanT
Nel JluckperHast cimydaiiHas BEJIMYHMHA

UMeEET PsiJl pacrpeeieHus

2 BapuaHT
Nel JTuckpernas cimydaiiHas BEIMYMHA

UMEET PsiJl pacrpeieicHus

Xi 7 9 11 | 15 | 20

Xi 5 6 9 12 | 20

pp 1010201 03] 03

Pp | 02]01| 02| 01| 04

Haiitu matemaTtudeckoe OXKuJaHuE,
JTACTIEPCUI0, CPETHEE KBAAPATUUYHOE
OTKJIOHCHHE

Ne2 JTuckpernas ciyvaiiHasi BEIMYMHA
UMEET PsiJl paclpeacicHusl.

Haittu maTeMaTudeckoe OKHIaHuE,
JIUCIIEPCUI0, CPETHEE KBAAPATUIHOE
OTKJIOHEHHUE

Ne2 TuckperHas cnydaiiHasi BETUYMHA
UMEET Pl paclpeeIeHusl.

x| -1 0 12 15 26 x| 2 3 10 15 24
p/ 012 | 0,24 | 0,28 | 0,19 | 0,15 ||/p| 0,12 | 0,24 | 0,28 | 0,19 | 0,15
4 3 3 8 2 4 3 3 8 2

Haiitu maTemaTtuueckoe OKuJIaHUE,
JTACTIEPCUI0, CPETHEE KBAAPATUYHOE
OTKJIOHEHHE

Ne3 Haiitu p2 u ps, ecnu ps B 10 pa3
OombIlle pp, €CIM 3aJlaHa JUCKpPETHas

ciy4yaliHasg BeJIMYMHA X W HUMEETCS

Haittu maTemMaTuueckoe OKHaHuE,
JIUCIIEPCUI0, CPETHEE KBAAPATUYHOE
OTKJIOHECHHE

No3 Haiitu p2 u ps, eciu psa B 10 pa3
OoJbIIe Pz, €CIU 3aJaHa JAUCKPETHAs

Cly4yalHass BeJIMYMHA X W UMEETCs

3aKOH pacnpeeseHus. Haittu | 3akon pacrpeeneHus. Hanitu
MaTeMaTH4YeCKOe OKHJIaHUE U | MaTEMaTU4YECKOE OKHUJIaHUE U
THACTICPCUI0 JTUCKPETHOW CIIyYalHOM | AUCHEPCHUI0 JAUCKPETHOM CIy4alHOU
BEJINYMHBL. BEJINYMHBI.

X | -2 -6 |-7 9 -3 X [-2 -6 |0 8 13

p (012 |[P2 025 |[P4 |041 p 012 (P2 |025 |P4 |041
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3 BapuaHT
Nel JluckperHast cinydaiiHash BEJIMYMHA

UMEET PsiJl paclpeaesieHUs

4 BapuaHT
Nel JTuckpernas cimydaiiHas BEIMYHMHA

UMEET PsiJl pacipeiesieHus

Xi 6 8 10 | 18 | 21

Xi | -6 -8 10 | 15 | 20

pp 1 03|02 |01 01 03

Pp | 02| 02| 02| 02 02

Haiitn maTeMaTtudeckoe OXKuJIaHUE,
JIHACTIEPCUI0, CPETHEE KBAAPATUUHOE
OTKJIOHCHHE

Ne2 JTuckpernas ciyvaiiHasi BEIMYMHA
UMEET PsiJl paclpeacIcHusl.

Haittu maTeMaTudeckoe OKMaHuE,
JIUCIIEPCUI0, CPETHEE KBAAPATUIHOE
OTKJIOHCHHE

Neo2 TuckperHas cnydaiiHasi BETUYMHA
MMEET Pl paclpeeiaeHusl.

x| 2 5 12 15 25

x| 4 8 10 12 23

pl 012 | 0,24 | 0,28 | 0,19 | 0,15
4 3 3 8 2

pl 012 | 0,24 | 0,28 | 0,19 | 0,15
4 3 3 8 2

Haiitu maremaTtuueckoe OKuJIaHUE,
JTACTIEPCUI0, CPEJTHEE KBAAPATUYHOE
OTKJIOHCHHE

No3 Haiitu p2 u ps, ecnu ps B 10 pa3
OoJpllie Pz, €CIM 3aJaHa JUCKpETHAs
cilyyaliHasg BeJIMYMHA X W HUMEETCS
Haittu

3aKOH pacipcCaciCHus.

MaTeMaTH4YeCKOe OKHJIaHUE u
JTHACTICPCUI0  JTUCKPETHOW  CIIyYalHOM

BCJIIMYHHBI.

Haittu maTeMaTuueckoe OKHIaHuE,
JIUCIIEPCUI0, CPEITHEE KBAAPATUYHOE
OTKJIOHEHHE

No3 Haiitu p2 u ps, ecnu ps B 10 pas
Oonpllie P2, €CM 3aJaHa JAUCKpPETHas
Cly4yalHass BeJIMYMHA X W UMEETCs
Haiitu

3aKOH PacipcaciaCHus .

MaTeMaTH4eCKOe OKHUJIaHUE U
JIUCIIEPCUI0  JTUCKPETHOU  CIIyYalHOMN

BCIIMYHNHEI.

X |2 6 7 9 3

X |-2 -6 |0 9 3

p |012 [P2 [025 |P4 [041

p 1012 [P2 [025 |P4 |041

KOHmPOJleble eéonpocsl:

1. 1aTh onpenenaeHne MaTeMaTH4ecKOro 0KUAaHUs
2. UTo MOKa3bIBaCT MUCTICPCHUS CITYYaAHON BETUIMHBI?
3. Kak naiitu cpeqnee KBagpaTHiHOE OTKIOHEHHE?
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