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IosicHUTENLHAA 3aNINCKA
denepanbHBIMU  TOCYJIAPCTBEHHBIMU  00pa30BaTEIbHBIMA  CTAaHIAPTAMH

cpeaHero mpogecCHoHaILHOT0 00pa3oBaHus MpeaycMaTpuBaeTcst (OPMHUPOBAHNE
YMEHHM CaMOCTOSITEIbHOTO TMPUHATHS pEIIeHHH H MpodeccHoHaNbHBIX 3ajad,
3aHUMAaTbCA caMooOpa3oBaHueM. B 3Toil cBs3u, OoJbIIoe 3HAUCHHE MPHOOpETaeT
OpraHu3aIysl CaMOCTOSTENBHONW JESITeIbHOCTH OO0ydYaroIuxcs Ha y4eOHBIX
3aHATUAX. Pa3paboTka JaHHOTO METOAMYECKOr0 MaTepHalia SBIISETCS aKTyalbHOH,
MOCKOJIbKY CIIOCOOCTBYET Pa3BUTHIO TAKMX YMEHUI.

Metoauueckiue — yKazaHMs ~— TpeIHa3HayeHbl AN OpraHu3aluu
CaMOCTOATENBbHON pabOThl 00yYAIOIIUXCS HA YPOKaX MaTEMaTHKU.

MeToauueckne yka3aHHs COAEPXKAT CIEIYIOIIME 3JIEMEHTHI: COAEpKaHHe
MPAaKTHUECKONH palOoThl, TEOPETUYECKUE CBEACHHA K TPAKTUYECKON pabdore,
pelIeHrEe TUIIOBBIX IPUMEPOB JJIsl BBIIOIHEHHS pabOThI, BOIPOCHI AJIs TOATOTOBKU
K [IPaKTUYECKON paboTe, peKOMEHyEMYIO JIUTEPATypy.

[IpakTHdeckue 3aHATHS CIIy>KaT CBS3YIOUIUM 3BEHOM MEXIy TEOpued u
npakTUKo. OHUM HeoOXOOUMBI [UIsl 3aKPEIUIEHUS TEOPETHYECKUX 3HaHUH,
MOJyYEHHBIX HA ypPOKaX TEOPETHYECKOrOo OOyuYeHHs, a TaK K€ A MOTydeHUs
IPAKTUYECKUX HABBIKOB. lIpakTHueckue 3aaHus BBIIOJIHSAIOTCA OOYyYarolIMMUCS
CaMOCTOSITENIbHO, C IPUMEHEHUEM 3HAHUW U YMEHUH, MOJYyYeHHBIX Ha ypoKax, a
TaKkK€ C UCIHOJb30BAHUEM HEOOXOIWMBIX TIOSCHEHWH, TMOJNYYeHHBIX OT
IpernoAaBaTesisi IpU BBIIOJHEHUH MPAKTUYECKOTO 3a/1aHusl.

JlanHast paboTa COACPKUT METOAMYECKHE YKa3zaHUS K MPAKTHYECKUM
paboTtam o AuCHUITIHHE «MaTteMaTuka» U MpeaHa3HaueHa Jisi 00yJaromuXxcst o
CHEIUATBHOCTSM CPEHETr0 MPOo(ecCHOHaTEHOTO 00pa30BaHMUS.

[lenp MeTOAMYECKMX YyKAa3aHWW: OKa3aHHWE TIOMOIIM OOydJaromuMcs B
BBITMIOJTHEHUH MTPAKTUUECKUX PaldoT 1Mo npeaMeTy «MareMaThka».

Lenstmu mpoBeieHUsI MPAKTUUECKUX 3aHATUHN SBISIOTCS:

- 0000111eHHEe, CUCTEMATU3AlMs, yIiyOJieHre, 3aKperyieHUue MOTyYeHHBIX
TEOPETUYECKUX 3HAHMW 10 KOHKPETHBIM TeMaM Y4YeOHOW JUCLMILTUHBI

«MartemaTtuka»,



- (opMHUpPOBaHHE YMEHMI NMPUMEHATH MOJYyUYEHHBIC 3HAHUS Ha MPaKTHUKE,
peanu3annio €IMHCTBA MHTEIUIEKTYaIbHONW U IIPAKTUYECKOM ACSITEIBHOCTH;

- BBIpabOTKa MPH PEUICHUH MOCTABIEHHBIX 337]a4 TaKUX MPOQeCCHOHATBHO
3HAYMMBIX Ka4eCTB, KAK CAMOCTOSITENIBHOCTD, OTBETCTBEHHOCTh, TOYHOCTb.

Bce npencraBneHHble BapuaHThl MPAKTUYECKUX PAOOT JaHbl OJMHAKOBON
CTENEHU TPYAHOCTH.

[IpakTnueckast paboTa BBIOJHAETCS B CpPOKH, YCTAHOBJECHHBIE B
COOTBETCTBHM C KaJECHIAPHO-TEMATHUYECKUM IIJIAHOM. 3a KKIYHO MPAKTHYECKYIO
paboTy 0OyJaromuiics JOHKEH MOJIyUYUTh OJOKUTENBHYIO OLICHKY.

[TpomexyTouHoit (popMOl M3ydeHHs] AUCLMUILUIMHBI SBJISETCSA dK3aMEH JIs
BCceX crenuanbHocTed. OOydaroniuecs, HE BBINOJHUBIINE BCE MPAKTHUYECKUE
paboThl, HE aTTECTYIOTCS U K 3K3aMEHY He JOoIycKatTcsa. MeToanueckue yKka3anus
pa3paboTaHbl B COOTBETCTBMM C Yy4eOHOM mporpamMmoi. B 3aBUCMMOCTH OT
COJIEp)KaHUsI OHM MOTYT BBIIOJHATHCS OOYYAIOIIMMUCS HWHAMBUAYAJIbHO WIIU

(bpoHTaIBHO.



IIpakTuyeckoe 3ansiTue Nel
«BpInosiHeHNe apu(PMeTHYECKHUX ONEPALMH € AefiCTBUTEJbHBIMH U
KOMILIEKCHBIMH YU CJIaMHU, IPe00pa30BaHNs YMCJI0BbIX BbIPAKEHHUID»

Heap pabdoThl: BHIMOIHATH apuPMETHUECKHE ICHCTBHUS HaJ UHCIAMH,
coyeTasi pa3TU4HbIC PUEMBI, TPOBEPKA U YIIIyOJIeHUE 3HAHU 110 TeMe

Caeenusi U3 TEOpUM:

HppanvioHanbHBIM ~ YMCIIOM  Ha3bIBaeTCs OECKOHEYHas JecCSATUYHAs
Hernepuoauyeckas 1poos. MppannoHanbHble Uyncia, Kak U paldoHaIbHbIE, MOTYT
OBITh MOJIOKUTEIBHBIMU U OTPULIATEITLHBIMH.

Hanpumep, uucno 0,123456...., B KOTOpOM IOCJI€ 3amlsiTOM 3amMCaHbl
NOAPSIA BCE HATYpaJbHBIE YKCIA, SBISIETCA IMOJIOKUTEIBbHBIM HPPAlMOHATbHBIM
gucioM. Yucno -5, 246810...., B KOTOpM MOCJE 3aMsATOM 3amycaHbl TOAPS BCE
YETHBIE YHCIIA, ABISETCA OTPULATEIbHBIM HPPAMOHATIBHBIM YUCIIOM.

Yncna V2, V7, —3/3, T Tarke ABISIOTCS HPPALHOHATBHBIMY, TAK KaK
MO>XHO JI0Ka3aTh, YTO OHM MOTYT OBITh MpPEACTaBICHbI B BHUAEC OCCKOHECYHBIX
JECATUYHBIX HEMEPUOIUYECKUX APOOECH.

PamimonansHbie ¥ UppallMOHAIBHBIE YHUCIA O00pa3ylOT MHOXKECTBO
JIEVUCTBUTEIBHBIX YUCEIL.

JleiicTBUS ¢ OECKOHEYHBIMU JECATUYHBIMU JIPOOSIMH.

N3BecTHO Kak BBIMIOJNHSIOTCA JEUCTBHUS HaJl KOHEUHBIMHU JECATUYHBIMU
npobsiMu. ApudmeTndeckue omepanuu Haj ACHCTBUTEIBHBIMH YHCIIAMH, T.€.
OCCKOHEUYHBIMU JICCATHYHBIMU JIPOOSMH, 3aMEHSIOTCS ONEpalMsIMU  Hal WX
MPUOINKESHUSIMU.

Ipumep. BoraucnuTh TpUOINKEHHBIC 3HAYCHHS V2 ++/3

Pemenue:
1. Bocnonp3yemMcsl KambKyJasTOPOM U HAMAEM 3HAYCHUS V2 u'3
Nmeem V2 = 1,4142135 ... ... , V3 = 1,7320508 .....

2. Haiizem V2 + V3 ¢ TOUHOCTBIO 10 €MHHULIBI
V2~14 u+V3~17 tormavV2++vV3~14+17=31~3

3. Haiinem V2 + /3 ¢ TounocThIO J10 OJHOM JieCSITOMN
V2 =141 u V3~ 1,73, tornrav2 +v3 ~141+173=3,14~ 3,1
4, Haiizem V2 + V3 ¢ TOUHOCTBIO /10 OTHOMN COTOM

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

AHaIBIUYHO, BEIYHCISS Ipou3Beaenue V2 - v/3 ¢ Tounoctsio 10 0,1, momydaem



V23 ~1,41-1,73 = 2,4393 ~ 2,4

Bce ocHoBHEBIE HeﬁCTBHH Haa paoyvOHAJIbHBIMHU YUCIIAMH COXPAHAIOTCA U

I JIEUCTBUTENBHBIX  4ucen  (MepEeMECTUTENbHBIN,  CcOoYeTaTeIbHbIN

u

pacnpeeNuTeNbHbIN 3aKOHBI, paBUjla CPaBHEHUS, MPaBUIIA PACKPBITHS CKOOOK U

T.J.).

JleiicTBUTENbHBIC YKCIIA 00IaJAI0T CIEIYIOMUMU CBOMCTBAMH:
Ceoticmea clodiceHus u @blYyumaHus

1.
2.
3.
4.

a+ B =B+ a (mepeMeCcTUTEIHHOE CBOMCTBO CIOXKEHUS)

(a+B)+c=a+(B+c) (couerarebHOE CBOMCTBO CIOKECHHUS)

at0=a
at(-a)=0

Ceoticmea yMHOICEHUs U OeleHUs

1
2
3.
4.
)
6

a*B = B*a (IMepeMeCTUTEILHOE CBOMCTBO YMHOXKEHUS )
(a*B)*c = a*(B*c) (coueTaTeaIbHOE CBOMCTBO YMHOMXEHUS)

a*l=a
a*0=0
—a=(-1)*a

a*l = (a=0)
a

Ilpumep.  BBISICHUTB,  KaKMM  YUCJIOM  (pallMOHAIBHBIM

I/IppaI_[I/IOHaJ'IBHBIM) ABJEACTCA YU CIIOBOC 3HAYCHHC BBIPAKCHUA!
1) (V8 -3)(3 +2V2)

Pewmenue: [lepeMHOXHM CKOOKH

(V8—3)(3+2V2) =3V8+2V16-9-6V2=6vV2+8—-9—6vV2=—1

OTBeT: aBIsETCS pamnOHaJIbHBIM YHCJIOM
2) (V27 —2)(3 - 3V3)

Pemenue: [lepeMHOXHM CKOOKH

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

= 15v3 — 33

OTBeT: aBnseTCS HppalMOHAJIbHBIM YHUCJIOM

3) (V50 + 4V2)V2

Pemenne: Packpoem ckoOku (pacrpeaeauTeIbHbIN 3aK0H )
(V50 + 4v2)V2 =vV100 + 4-2 =10 + 8 = 18

OTBeT: ABJSIETCS PALMOHATIBHBIM YUCIOM

4) (5V3 ++27) : V3

Pemenne: Packpoem ckoOku (pacrpeneuTeIbHbIN 3aK0H )

NI



(5x/§+\/ﬁ)sx/§—%— %

OTBeT: sSBIsETCS padrOHAJIbHBIM YU CJIOM

5y(V3-1) + (V3+1)°

Pemenue: PackpoeM ckoOku ((hopMyITbl COKpAIIEHHOTO YMHOKEHUS)

(V3-1) +(V3+1) =3-2V3+1+3+2V3+1=8

OTBeT: sSBIsAETCS padrOHAJIbHBIM YHUCJIOM

2 2
6) (V5—1) — (25 +1)
Pemenne: Packpoem ckoOku (popMyJIbl COKpAIIECHHOTO YMHOYKCHUS )

(V5-1) = (2v5+1) =5-2V5+1-20—-4/5—1=-15—6V5

OTBeT: sBIsACTCS HppalruOHaJIbHBIM YHUCJIIOM

=5+3=8

Ilpumep. Boranucnurs:
1.V63:vV28=V7-9-4-7=49-V9:/4=7-3-2 =42
2.4/20-v5 =+20-5 =+/100 = 10
3V50:VB="2= |20 BB o2y

4\/_\/_\/_\/5\[\F3

5231+ 7,65 + 8,69 = 7,65 + (2,31 + 8, 69 ). Oteer: «lIpumenum
NEPEMECTUTENBHOE CBOMCTBO, @ 3aT€M JIMOO BBINOJIHUM CIIOXKEHUE MO TMOPSIKY,
MO0 MPUMEHUM COYETATEIHLHOE CBOMCTBOY.
6. 14,537 — (2,537 + 5,9)= (14,537 — 2,537) + 5,9= 12+ 5,9 = 17, 9.01BeT:
«IIpuMeHNM CBOWCTBO BBIYUTAHHS CYMMBI U3 YHCIIa.
7. Clg+Y4)16=31g:16 +Y4-16 = 6+4=10. IIpuMeHUTH pacIpeaeIUTENLHOE CBOMCTBO
YMHOXKCHHUSL.
8. 31/4‘7:(3+1/4)‘7 =37 +1/4’7:21+1/2:211/2
9. 53/8‘2/7+15/8‘2/7:2/7’(53/8+15/3):2/7’7:2
10. 14/15)( —2/15X:X‘(14/15—2/15):X'12/1524/15)(.

MHuuMbIe 4YHClIa, KOTOPHIMH MbI JIOTIOJHSIEM ﬂeﬁCTBI/ITenLHHe quCIa,
3anuceiBaloTcs B BUje Di, e | — MaMMas enuHuna, npudem i = - 1.

Hcxonass w3 3TOro, MOJYdYdUM CJCAYIOIICEe OINpeaeiicHUe KOMIUICKCHOTO
YHCIIa.

KoMIieKCHBIM YHCIIOM Ha3bIBaeTCsl BhIpakeHue Buaa a + bi, rne au b -
JNCHCTBUTENbHBIC YKCIIa. [Ipy TOM BBIMOIHSIIOTCS YCIOBHS:

a) JlBa KOMIUIEKCHBIX uncia 8; + D1l u a2 + byl paBHBI TOra M TOJBKO
TOraa, Koraa a;=ap, b1=b..

0) CroxeHue KOMIUJICKCHBIX YUCEN OMPEAeIIeTCS MPABUIIOM:

(a1 + byi) + (a, + i) = (a1 + ap) + (by + by) .




B) YMHOKEHHE KOMIUIEKCHBIX YHCEIT OMPEACIISIETCS MPABUIIOM:

(a1 + bai) (a2 + bai) = (a1a2 - biby) + (aib, - azby) 1.

3anmrch KOMITICKCHOTO YHcia B BUJC @ + DI Ha3pBaioT anreOpandeckon
(bopMOit KOMILIEKCHOTO YHCJIa, T/ a — ACHCTBUTEIbHAs YacTh, DI — MHUMAas JacTs,
npudeM D — 1eficTBUTENBHOE YHCIIO.

KomruiekcHoe ymciio @ + DI cumraeTcs  paBHBIM HYJIO, €CIH €r0
JICHCTBUTEIIbHAS ¥ MHUMasl YaCTH paBHBI Hy0: 2 = b =0

KommiekcHoe uncino a + bi mpu b = 0 cumraercs coBmamarommm c
JICHCTBUTEIILHBIM YKciIoM a: a + 0i = a.

KommiekcHoe umncino a + bi mpu @ = (0 Ha3bpIBaeTCs YUCTO MHUMBIM U
obo3unauaercs bi: 0 + bi = bi.

JIBa KOMIUIEKCHBIX 4yKMcia Z = a + biu z = a — bi, oTauyarommecs JHIb
3HAKOM MHHUMOM YaCTH, Ha3bIBAIOTCS COMPSKCHHBIMH.

Han xoMiuiekcHbIMU yucliaMu B anreOpanyeckol GopMe MOXKHO
BBIMOJIHATE CICAYIOIINE TCHCTBHS.

1) Cnoxxenne. CyMMON KOMIUIEKCHBIX Yncen Z; = a; + b1l m 2, = az + bal
Ha3bIBAETCS KOMILICKCHOE YHCIIO Z, IEHCTBUTEIbHAS YaCTh KOTOPOrO PaBHA CyMMeE
JICHCTBUTENIBHBIX YacTeH Z1 U Zp, @ MHUMAsl YacTh - CyMME MHUMBIX 9acTel Yucel
Z1 ¥ Z2, TO ecTh Z = (a1 + a2) + (b1 + by)i.

Yucna z1 1 Z; Ha3bIBAIOTCS ClIaraeMbIMHU.

CroXeHHe KOMIUICKCHBIX YHMCeNl 00JIafaeT CJCAYIOIIMMH CBONCTBAMHU:

1°. KoMMyTaTUBHOCT®b: Z1 + Zp = Z, + Z3.

2°. ACCOLMATUBHOCTH: (Z1 + Z3) + 23 =21 + (22 + Z3).

3°.  KommuekcHoe wuymcio —a-Di HaspiBaeTCs  MPOTHBOIMOIOKHBIM
KOMILUIEKCHOMY 4uciy Z = a + bi. KommiekcHoe 4MCiio, MPOTUBOIOJIOKHOE
KOMILICKCHOMY YHCIy Z, o0o3HadaeTcs -Z. CymMMa KOMILICKCHBIX YHCET Z U -Z
paBHa Hyr0: Z + (-2) =0
Ipumep. Bemomnute ciaoxenue (3 —1) + (-1 + 21).
B-D+(-1+2)=@+(-1)+(-1+2)i=2+1i.

2) Bbruntanue. BpluecTh M3 KOMIUIEKCHOTO 4YHCHIA Z; KOMIUIEKCHOE YHCIIO Z,
3HAYHUT HAWTH TaKOE KOMILJICKCHOE YUCIIO Z, UTO Z + Z3 = Z3.

Teopema. Pa3HOCTh KOMITIEKCHBIX YHCEIN CYIIECTBYET U IPUTOM €IMHCTBCHHA.
Ipumep. Bomosuaure Berautanue (4 — 2i) - (-3 + 2i).
4-20)-(-3+2)=(4-(-3))+(-2-2)i=7-A4i.

3) Ymuoxkenue. IIpousBeneHHEM KOMIUIEKCHBIX YHCEN Zi=a;+bil m Z,=a,+hyi
HA3bIBACTCS KOMILIEKCHOE YHCIIO Z, OIPEACIIIEMOE PaBEHCTBOM: Z = (a1, — b1by) +
(albz + azbl)i.

Yucra Z; U Z, Ha3bIBAIOTCSA COMHOKUTEISIMH.

VYMHOXKEeHNE KOMILIEKCHBIX YMCeI 001a1aeT CIeAyOIMINMU CBOUCTBAMM:

1°. KOMMYTaTUBHOCTb: Z1Z2 = ZpZ;.

2°. ACCOIMATUBHOCTD: (Z122)Z3 = Z1(Z2Z3)

3°. IncTpuOyTHBHOCTh YMHOXEHHST OTHOCHUTEIIBHO CIIOXKEHUS:

(21 + 22) 23 = 2123 + 2223.

4°, z-z = (a+ bi)(a— bi) = a% + b? - meiicTBUTENLHOE YHCIIO.



Ha mpakTtuke yMHOXEHHE KOMIUICKCHBIX YHCEN MPOU3BOIST IO MPaBUITY
YMHOKEHHUS CYMMBI Ha CyMMY H BBIICICHHS JCHCTBUTEIILHOW U MHUMOM YacTH.
Ipumep. Bemonaure ymHoxenue (2 + 3i) (5 — 7i).
1 cnoco6. (2+31))65-71)=(2-5-3-(-7)+(2-(-7)+3-5)i=(10+21) + +(- 14
+15)i=31+1.
2 criocod. (2+31)) (5-71)=2-5+2-(-71) +3i- 5+ 3i- (- 71) = 10— 14i + +151 +
21 =31 +1.
4) Jlenceuue. Pa3aenuTh KOMIUIEKCHOE YUCIIO Z; HA KOMIUIEKCHOE YUCIIO Z2, 3HAYHT
HaWTH TaKoe KOMIUIEKCHOE YMCJIO Z, UTO Z + Zp = Z3.
Teopema. UacTHOE KOMIUIEKCHBIX YUCEIT CYIIECTBYET U €TUHCTBEHHO, €CITH
Z, # 0 + Oi.
Ha mnpakTHKe 4YacTHOE€ KOMIUICKCHBIX YHCEI HAaXOAAT IIyTeM YMHOXCHHUS
YHCIUTENS] U 3HAMEHATEIISI HA YMCII0, COMPSHKCHHOE 3HAMEHATEITIO.
7, _a+hi (8, +bi)a, —b,i)
z, a,+bi (a,+bji)a,-byi)
(a3, +bib, )+ (a,b, —ajb, )i _aa,t b,b, 44 ab —ab, i

[Mycte 23 = a3 + byi, zz = a; + byl, Torma

aZ+b? a2 +b’ a’ +b’
Ilpumep. Haiiti yacTHOE 2- 3!
S5+2i
1 crioco6.
2-3i _ 2-5+(—3)-2+5-(—3)—2-2i=10—6+—15—4i:i_g.
5+ 2i 5% + 22 52 4+ 2° 25+4 25+4 29 29
2 cnocoO.

2-3i  (2-3i)5-2i) 10-4i-15i-6 4-19i 4 19,
5+2i (5+2if5-2i) 5 -(2if  25+4 29 29
5) Bo3BeneHue B 11€Ty10 MOJIOKUTEIBHYIO CTEIICHb.

a) CTerneHu MHUMOM €TUHULIBI.
[Tonb3ysach paBeHCTBOM (2 = -1, Jerko ONpeNeNuTh JIO0YI0 LNy

MOJIOKUTEIbHYIO CTENIEHb MHUMOM e€uHUIIbI. iMeeM:

i°=i%i =i,
i“=i%i2 =1,
P=iti=i,
i°=i%i2=-1,
iI"=i%i% =i,
B=i%’=1wur o

DTO MOKA3bIBAET, YTO 3HAYEHUS CTENEHH ", TIe N — EJI0€ TOJOKUTEIBHOE YHCIIO,
IIEPUOINYECKH TIOBTOPSAETCS IIPH YBEIUYEHUHN [TOKa3aTels Ha 4 .
[TooTOMy, YTOOBI BO3BECTU YMCIO | B LEIYIO MOJOXKUTENLHYIO CTENEHb, HAIO
TIOKa3aTeNlh CTENEHH PA3IEInTh Ha 4 U BO3BECTH | B CTENEHD, I0KA3aTeIb KOTOPOM
paBeH OCTATKY OT JICJIEHHMS.

IIpumep. Borauciure: (1 ¥ +i17) i %,
i 36 — (I 4)9 =19= 1’
j17= i4~4+1=(i 4)4. i=1-i=i
I2Z=i=(iM3=1- = -,

(B +i7)iB=(L+i)(i)=-i+1=1—1i.



0) Bo3BeneHHe KOMIUIEKCHOIO 4YHCIAa B LEIYH MOJOKUTEIbHYK CTEIECHb
IIPOU3BOJMTCS MO MPABHIIY BO3BEICHHUS JIBYyWI€HA B COOTBETCTBYIOUIYIO CTEIEHD,
TaK KaK OHO MPEACTaBIseT COOON YaCTHBIA CIIy4ail YMHOXEHHSI OJMHAKOBBIX

KOMILJIEKCHBIX COMHOKUTEIEH.
IIpumep. Beraucnure: (4 + 2i)®

(4 + 2i)3= 43 + 3 42. 2i + 3. 4 (2i)? + (2i)° = 64 + 96i — 48 — 8i = 16 + 88i.

3adanus 0na camocmoameibHo20 peuieHus:

1 BapuanT 2 BapuaHT
Nel  Haiigute cymmy, pas3Hoctb, | Nel  Haiigute cymmy,  pa3HOCTb,
NpPOU3BEACHUE W  YaCTHOE  JIBYX | IPOM3BEJAEHHWE W  YacTHOE  JIBYX
KOMIUIEKCHBIX 4Hucen Z; = —2 + 4i " | KOMIUIEKCHBIX uucen z; = —1+3i u
Z, = 2 — 2i. Ilomy4yeHHble pe3ynbTathl | Z, = 2 — 3i. [lonydeHHbIE pe3yJIbTAThI
U300pa3uTh Ha KOOPAMHATHOM | H300pa3UTh Ha KOOPAMHATHON
IJIOCKOCTH. MJIOCKOCTH.
No2 Bozsectn umcno z=1—4i Bo|Ne2 Boszsectu uuncio z=4— 30 BO
BTOPYIO U TPETHIO CTENEHb BTOPYIO U TPETHIO CTENIEHb
Ne3 BeIUHMCIUTD. Ne3 BeIUHCIUTD.
0,352+/327 _ 0,75%/32 _
) 0,93-/0,8 - 1) 0,53/0,2 -
2) 3+2-009+(0,15+2}) ) 1-+27+27+135+
0,32%6+0,03—(5,3-3,88)+0,67 1 3
+(04+27)(42-12)
2 40
3 BapuaHT 4 BapuaHT
Nel  Hampgure cymmy, pasHocTh, | Nel — Hangure cymmy,  pasHOCTS,
NpPOU3BEACHUE W YaCTHOE  JIBYX | IPOM3BEJAEHHWE W  4YacTHOE  JIBYX
KOMIUIEKCHBIX 4YHCeN Z; = —2 + 20 W | KOMIUIEKCHBIX 4ucel zZ; = —3 + 30 u
Z, = 2+ i. llonydeHHele pe3ynbTathl | Z, = 2 — 3i. [losyuyeHHbIE PE3YyIBTATHI
n300pa3uTh Ha KOOPJIMHATHOM | N300pa3uTh Ha KOOPANHATHOMN
MJIOCKOCTH. MJIOCKOCTH.
No2 Boszeectn umcino z =1-—2i Bo|Ne2 Bossectu uwmcino z=2—3i BO
BTOPYIO U TPETHIO CTENIEHb BTOPYIO U TPETHIO CTENEHb
No3 Beruuciauts. No3 BeruuciauTs.
1) 0,27%-/3,25 _ 1) 0,65%/3,22 _
0,93-/0,8 0,43-1/0,5
2) (10+22+7,5+10)- 2 (Weiiid)y (e 1),
(1_1*0254_15_7) 015 3 15 225 24~
40 30 360 +0,695 =+ 1,39

KOHmPOJleble eonpocwol.

. Kakue umncna Ha3sIBaroTCs I_IeJ'ILIMI/I?

~No ok~ WD

. Kakue uncna Ha3sIBaroTCs HaTypaJ'IBHBIMI/I?
. Kakune I[CI‘/JICTBI/UI BCCrAa BBIIMOJIHUMbI HA MHOKCCTBC HATYpPaJIbHBIX yucen?

. Kakue neiicTBus Bcerja BhIIOJIHUMbBI HA MHOXKECTBE 1LI€/IbIX YHCe?

. Kakue uncina Ha3pIBatoTCsl palluOHATIBHBIMA?

. Kakue neiicTBHs Bceria BBIITOJIHUMBI HA MHOXKECTBE PAllMOHATIbHBIX YUCEI?
. Kakue unciia Ha3pIBarOTCS MppalmOHaIbHBIMU?
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8. Kakue uncia Ha3bIBAIOTCSA NEHCTBUTEILHBIMU?

9. Kakue neiicTBUs BCcera BBIIOJIHUMBI HA MHOXKECTBE JEUCTBUTENBHBIX YACEIT?
10. ApudmeTndeckre onepanuu HaJl ACHCTBUTEIPHBIMA YUCIAMHU

11. MMeeT ypaBHeHHe X2 = —1pelIeHne Ha MHOKECTBE KOMILIEKCHBIX YHCEN?
12. Uto Ha3bIBaETCSA KOMILUIEKCHBIM YHUCIOM?

13. HazoBuTe MHUMYIO U ACHCTBUTEIBHYIO YaCTH KOMIUIEKCHOTO YUCJIa U KAaKUMHU
CHMBOJIAMHU UX 0003HA4YaI0T?

14. B xakoM cilyyae KOMIUIEKCHOE YMCJIO COBMAAACT C ICUCTBUTEILHBIM YHCIIOM?
15. B kakoMm cityyae KOMIUIEKCHOE YMCJI0 Ha3bIBA€TCSI YCTO MHUMBIM ?

16. IMeeT cMBICH MOHITHS «OOJIBIIEY» U «MEHBIIIE» JJII KOMIUIEKCHBIX YHCE?

17. Kakue KOMIUJIEKCHBIC YK CIIa Ha3bIBAIOTCS COMPSHKEHHBIMU?

18. Uto Ha3bIBaeTCS CYMMOU ABYX KOMIUICKCHBIX YHCEIT?

19. Kakue KOMIUIEKCHBIC YHCiia HA3bIBAIOT MMPOTHBOTOIOKHBIMU ?

20. Yto Ha3bIBaeTCSA PA3HOCTHIO IBYX KOMIUICKCHBIX YHCEN?

21. Yto Ha3bIBaeTCS MPOU3BEICHUEM JBYX KOMIUICKCHBIX YHCEIT?

22. YTo HaA3BIBACTCS YACTHBIM JIBYX KOMIUICKCHBIX YHCEN?

IIpakTnueckoe 3anaTue Ne
«PelieHne NMPUKJIATHBIX 32124 HA POUEHTHI»
Hean pa6oThl: 0TpaOOTKA M 3aKpEIICHHE HaBbIKA PEIICHUS MPUKIAIHBIX
3a/1a4 Ha MPOLEHTHI.
CBeeHus U3 TEOPHH:

CJI0BO «HpPOLIEHT» MPOUCXOAUT OT JATUHCKOTO CJoBa procentum, dro
OyKBaJbHO O3HAYAET «3a COTHIO» WU «CO cTay. [IpolieHTamMu ouyeHb YI00HO
MOJIb30BAaThCS HA MPAKTUKE, TAK KaK OHM BBIPAYKAIOT YACTH LIEJIBIX YKCEN B OJIHUX
U TE€X K€ COTHIX JOJsX. [IpOIeHT — 3TO YacTHBIN BUJ NECATUYHBIX APOOEi, coTas
JLOJISL LIEJIOTO.

Ecnu MBI roBOpUM 0 IpeAMETax U3 HEKOTOPOU 3aaHHOM COBOKYITHOCTH —
JieHbrax, 3apa0aThIBAEMBIX B CEMbE, Marepuaiax, MNPOAyKTax MHUTaHHUS, TO
npoIieHT, pazymeercs, 100 cotpix yacTeit camoro ceosi. [ToaToMy 0OBIYHO TOBOPSIT,
4yTO OHa «rpuHUMaeTcs 3a 100 mpoueHToBy.

Ecnu peyr maer o mOpoueHTe OT JMAaHHOTO YHCIA, TO 3TO YHUCIO U
npuHumaercs 3a 100 %. Hampumep, 1 % ot 3apmatel — 3TO coTas 4acThb
3aprmuiatel; 100 % 3aprnaTel — 3TO CTO COTHIX YacTel 3aprathl. T. €. Bes 3apruara.
[Togoxoaubiit Hasor ¢ 3apruiaTel Oepercss B pasmepe 13 %, T. €. 13 coThix OT
3apmiatel. 3,2 % JKWpa B MOJIOKE O3HAyaeT, 4To 3,2 COTBHIX MacChl MPOAYKTa
COCTaBJISICT KUp (WU, IPYTUMU CJI0BaMHU, B Kaxbix 100 rpaMmax 3Toro npoaykra
coliepKUTcs 3,2 TpaMma Kupa).

OCHOBHBIE COKpaIIEHHBIE MPOIIEHTHBIE OTHOLLICHUS.

1.200 % = 2:

2.250% =1
4

3.100 % = 1:
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4.10% =%
10

5.50%=1:
2
6.1%=
100
Pasznuuynbie 0003HAUYEHUS:
1% 0,01 L
! 100
18
0 2%
18 % 0,18 100
0 a
p % 0,01p 100

HaxoskneHue NpoueHTOB JAHHOT0 YHCJIA.
Yro0b1 HaliTH p % oT a , Haxo a-0,01 p .
Ilpumep. 15 % ot 90 cocrtaBnser: 90-0,15 = 13,5.

Haxoxnenue 4ucia 1mo ero npoueHTam.
Ecau u3BecTHO, 4T0 p % 4Hciaa a paBHo B,To0a=B: 0,01 p
Ilpumep. 2 % uuncna x cocraBusaoT 140.

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

HaxoskaeHue NpouEeHTHOr0 OTHOLICHHS YU Cell.
Y100bI HAWTH NPOLEHTHOE OTHOLICHUE YHCeJ, HAJ10 OTHOLIECHHE ITHX YHCeJT
YMHOKHUTH HA 100 %:

2.100 %
8

IIpocTbie NpoUEHTHI.
1) Onna BenuunHa Oosbiiie (MeHbIe) npyroi Ha p %.
a — TepBOHAYAIbHOE 3HAYCHUE
P — KOJTUYECTBO MPOIICHTOB
B — HOBOE 3HAUCHUE
a) ecJIM a BO3POCJ0 HA P %, TO HOBOE 3HAYEHUE PABHO
B = a(1+0,01p).
0) ecyid a yMeHbIIUJIH HA P Y%, TO HOBOE 3HAYEHUE PABHO
B=a(1-0,01p).
B) eCc/id a CHayajla yMeHbIIWIH Ha Pp%,
YBeJIMYHIH
Ha p%, TO HOBOE 3HAYECHHE PABHO
B=a(1-0,01p) (1+0,01p)=2a(1—0,01p)?) (*)
Ilpumep.
VYBennuuth yncio 60 Ha 20%.
Pemenue:

3aTEM II0JYYECHHOEC YHCJIO0
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60e (1+0,01020) =60 (1+0,2) =60 ®1,2 =72,
Otser: 72

Ilpumep. B mMebenbHOM Mara3uHe cTapble LIEHbl 3aMEHEHbl HOBbIMU. Ha
CKOJIbKO TIPUMEPHO MPOIEHTOB CHMYKCHBI IIEHBI MPU pachpoaxe Mmedenn?

IleHa Mkad Kposatb Cron
Crapas 3999 py®6. 1205 py®. 1000 py®6.
Hopas 3000 py®6. 900 py0. 752 py0.

A. IIpumepno Ha 30%
b. IIpumepno va 20%
B. [Ipumepno Ha 25%
I'. I[Tpumepno Ha 80%
Pewenue:
HIkad - 3000=3999- (1-p)
p=999: 3999
p =0,249=25%
Cron - 752=1000:-(1-p)
p=248:1000
p =0,248=25%
Otget: B
IIpumep. I3 59 neBATUKIACCHUKOB LIKOJIBI 22 YEJIOBEKA MPUHSIINA Y4acTHE
B TOPOJICKMX CHOPTUBHBIX COpeBHOBaHUSX. CKOJIBKO MPUOIUZUTEIBHO MPOIIEHTOB
JIEBSITUKIIACCHUKOB MPUHSUIN Y4aCTUE B COPEBHOBAHUAX ?
A.0,37%
b.27%
B.37%
I'.2,7%
Pewenue:
CocTaBuM MPONOPLIHIO
59 yu.  ------ 100%
22 yu. - x %
X=22-100: 59=37,2%
Otget: B
Ilpumep. Mara3uH 3aKynaeT I[BETOYHBbIE TOPIIKU MO ontoBod 1eHe 100
py0. 3a mryky. ToproBas Hainenka coctaBnser 25%. Kakoe nHanbonblinee 4ucio
TaKUX FOPUIKOB MO>KHO KYIUTh B 3TOM MarasuHe Ha 1300 pyOneil.
Pemienue:
[lycTh HOBas 1ieHa FOPIIKOB OYJIET B
B = 100(1+0,25)=125p
1300:125=10,4
Moxno kynuth 10 ropimkos
Otgert: 10
IIpumep. lleny ToBapa cHuzmian Ha 30 %, 3aTeM HOBYIO LIEHY MMOBBICUIIA HA
30%. Kak n3meHnumnace 1iena topapa?

Pemmenue.
ITycTh mepBoHauambHas [IEHA TOBAapa a, TOraa:
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a—0,3a = 0,7a — iena ToBapa mociie CHUKEHUS,
0,7a+ 0,7a -0,3 =0,91a — HOBad 11IEHA.

1,00 - 0,91 = 0,09 nim 9 %.

Hcnonesys hopmyiy (*), momydnm:

a(l— P’ j =a(1-0,3%)=0,91a

1002

OTBeT: 11eHa cHU3WIIach Ha 9 %.

CJ10:KHBIE POLIEHTHI.

a — IEpBOHAYAJIbHOE 3HAYEHUE BEITUYHHBIL;

B — HOBOE€ 3HAUYEHUE BEJINYUHBI,

P — KOJIMYECTBO MPOIIEHTOB;

I — KOJIMYECTBO MPOMEKYTKOB BPEMEHHU.

B=a (1+0,01lp)",

Eciu u3MeHeHHEe MNpPOUCXOOUT Ha pa3HOE YHCIO TPOLEHTOB, TO Qopmyia
B Ut Tak B = a-(1 + 0,01p1)(1 + 0,01p2) ... (1 + 0,01py)

IIpumep. Bxnaguuk OTKpbul cyeT B Oanke, BHecs 2000 p. Ha BKiaan,
roJIOBOM JOXO0J MO KOTOpoMy cocTaBisieT 12% u pemnit B TeueHue 3 JieT He OpaTh
npoueHTHbIe HauucaeHus. Kakas cymma OyeT fiexarb Ha ero cuere uepes 3 roja.
Pewenue:

B= a-(1+0,12)°
B= 2000 (1+0,12)° =2808 pyb.
Otger: 2808 pyo0.

Ilpumep. 3apriaty pabouemy noBbicuiid cHaudana Ha 10 %, a yepe3 roa
eme Ha 20 %. Ha ckonpkoO MpOLEHTOB MOBBICKIACH 3apIUIATA MO CPABHEHHIO C
IIEpBOHAYAIIBHOW ?

Pewenue:

[TycTh 3aprurata pabodero Obuia a, TOrAa
B=a(l+0,I)(1+0,2)=1,32a
1,32a—a=0,32a

Otgert: Ha 32 %.

Ilpumep. Jletom prok3ak ctousi 880 pyO. OceHbIO IIEHBI Ha PIOK3aKU
cHuzuinuch Ha 25%. A 3umoil eme Ha 25%. Ckonbko pyOJsied 3amaaTuT
MTOKYIIATEelIb, €CIIA KYIIUT PIOK3aK 3UMON?

A. 830 py6.

b. 660 pyO.

B. 495 py6.

I'. 165 py6.

Pewenue:

[TepBonauanbHas niena - 880 pyo.

[TycTth HOBas 11eHa OyeT B pyo.

B=2880(1-0,25) (1-0,25) =880 (1-0,25)"=495 p.
Otget: B
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Ipumep. OpykTsl nogemeBenn Ha 25%. CKOIbKO (PPYKTOB MOKHO TENEph
KYIHUTh Ha TE K€ JICHbI'M, HA KOTOPbIE PaHbIIIE MOKYMAIH 6 KT.

Penienue:

Panbiiie croumocts oHOro 1 Kr — a pyo.

Cetiyac croumocts 1 kr — a (1 —0,25) = 0,75 a pyO.

CroumMocTh 6 KT - 6-a
6a .
=8 (KI) — MOXKHO KYIIUTh ceiJac.
0,75a
OtBert: 8 KT.

3aoanus 01 camocmosamenbHozo peuienus:

1 BapuaHT
Nel.  Ilpm cmemmBaHuMM  TEPBOTO
pacTBopa COJIH, KOHIIEHTpALUs

kotoporo 40%, U BTOPOro pacTBOpa
ATOM K€ COJIM, KOHLIEHTpalusi KOTOPOTO
48%, MOy YHIICS pacTBop c
KoHIeHTpamen  42%. B kakom
OTHOIIECHUU OBLIM B3STHl TEPBBIA U
BTOPOi1 pacTBOPHI?

No2. B cocyn, coaepxamuii 5 JIUTPOB
12—TpoLleHTHOTO  BOJHOTO  pacTBOpa
HEKOTOPOTO BEIIECTBa, J00aBUIM 7
JuTpoB  BOJbl. CKOJBKO MPOLEHTOB
COCTaBJISIET KOHIICHTpAaIus
MOJYYUBILIETOCS pacTBopa?

Ne3. HM3roM mnoisywaercs B Ipouecce

CYILIKH BUHOTpaJA. Cxonbko
KWJIOrPaMMOB BHHOTpaja MoTpedyeTcs
o nonydeHus 20 KMJIOTpaMMOB

M3I0Ma, €ciau BUHOTpan comaepxut 90%
BO/IbI, & U3IOM COAEPKUT 5% BOIBI?

Ne4. Ilena XoJIoaMIBHHKA B MarasuHe
€XEroJHO YMEHBIIAETCS Ha OJIHO M TO
’)K€ YHUCJIO MPOILICHTOB OT MPEAbIIylIeH

nensl. Omnpenenure, Ha  CKOJBKO
MPOIIEHTOB KaXKJIbI T'0Jl YMEHbIIAIACh
1eHa XO0JIOJIUJIbHUKA, eCJIu,

BBICTaBJICHHBIN Ha mpoaaxy 3a 20000
pyouieit, uepe3 Ba roga ObLI MPOJaH 3a
15 842 py6neii.

No5. Murts, AntoH, ['oma u bopuc
yUpeIuI  KOMITAHUIO C  YCTaBHBIM
kanutaiom 200000 pyOneit. Muts BHec
14% ycraBHOro kKamutana, AHTOH —

2 BapuaHT
Nel. Ilpm cMmemmBaHUM  IEPBOIO
pacTBOpa  KHUCJIOTBI,  KOHILIEHTpauus
kotoporo 30%, m BTOpPOro pacrtBopa
TOM K€ KHUCIOTHl, KOHLEHTpalus
kotoporo 50%, mnomyumnu pactBop,
coaepxamuii 45% kuciaoTel. B kakom
OTHOIIEHUU OBUIM B3STHl NEPBBIA U
BTOPOM PacTBOpPHI?
Ne2. B cocyn, comepxamuii 7 IUTPOB
14-npoLieHTHOTO  BOJHOTO  pacTBoOpa
HEKOTOpPOro  BellecTBa,  J00aBWIU
7 matpoB BOAbl. CKOJBKO HPOLEHTOB
COCTAaBJISIET KOHIICHTpaIus
MOJYYUBILIETOCS pacTBopa?
No3. UM3roM monydaeTca B mporecce

CYIIKH BUHOTpAJA. Cxonbko
KWJIOrpaMMOB BHHOTpaja MNoTpedyeTcs
UL TOJNydeHuss 82  KWIOrpaMMOB

M3I0Ma, €ciau BUHOTpana comaepxut 90%
BO/Ibl, & U3I0OM COAEPKHUT 5% BOJIBI?

Ne4. Ilena XxoJoaunbHHKA B MarasuHe
€XKEroJHO YMEHBIIIAETCS HAa OJHO M TO
K€ YHMCJIO MPOLEHTOB OT MpebIayIIeih

nensl. Omnpenenure, Ha  CKOJBKO
MPOIEHTOB KaXKJIbIM T0Jl YMEHbIIAIACh
1IeHa XOJIOJIUJIbHUKA, ecJIu,

BBICTaBJICHHBIN Ha mpojaxy 3a 20 900
pyOJIeii, yepes aBa rojaa ObUT MPOAaH 3a
16 929 py6neii.

No5. Muta, Aprem, Ilama u Kens
yUpeIWId KOMIIAHUIO C  YCTaBHBIM
kanutaiaoMm 200000 pyOneit. Muts BHeC
18% ycraBHOro Kamutana, Aprem —
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42000  pyOmeir, Toma — 0,12
YCTaBHOTO KaluTana, a OCTaBIIyIOCS
4acThb Karnurana BHEC bopmuc.
Yupeautenu  JOTOBOPWIMCH  JCNIUTH
€XKETrOAHYIO npUOBLITH
MPOMOPIIMOHAILHO ~ BHECEHHOMY B
yCcTaBHOM KkamuTan Bkiagy. Kakas

cymma ot mpubsun 1000000 py6Gneit
npuuntaerca bopucy? OtBeT naite B
pyoIIsIX.

No6. Mmeercs nBa crutaBa. IlepBblid
conepxut 10% nukens, sropoit — 30%
Hukens. W3 3TUX JBYX  CIUIaBOB
MOJYYHJIM TpeTuit criaB Maccoit 200 kr,
coaepxkammid 25% nukensa. Ha ckosbko
KWJIOTPaMMOB Macca TEpBOro CIiaBa
ObLITa MEHBIIIE MAaCChl BTOPOTO?

60000  pyGneut, Ilama — 0,18
YCTaBHOTO KamuTana, a OCTaBIIYIOCS
4acTh Kanurajia BHEC Kens.
Yupeautenun  AOTOBOPWINCH  JEIUTH
€XKETOHYIO npUOBLITH
MPOMOPIMOHAIIBHO  BHECEHHOMY B
yCTaBHOM KamuTal Bkiany. Kakad

cymma or mnpubsumn 1100000 pyGaeit
npuuurtaerca JKene? OtBer npaiite B
pyOIIsX.

No6. Mmeercs nBa crutaBa. IlepBbiii
conepxuT 15% Hukens, Bropoit — 35%
HUukens. W3  3TuX JBYX  CIUIaBOB
MOJTyYWJIM TpeTruit crtaB Maccont 140 kr,
coaepxkamuii 30% nukena. Ha ckosbko
KWIOrpaMMOB Macca IEepBOro cIuiaBa
ObLTa MEHBIIIE MAaCChl BTOPOTO?

3 BapuaHT
Nel.  Ilpu cmemmBaHMM  TEPBOTO
pacTtBopa COoJIH, KOHILICHTpaLUs

kotoporo 40%, u BTOpPOro pacTtBopa
ATOM K€ COJM, KOHIEHTpaus KOTOPOTro
65%, MOMy4HnIId pacTBOpP, COAEPIKAIIHI
60% conu. B xakom OTHOIIEHUM OBLIU
B35THI IEPBBIM U BTOPOU pacTBOPHI?
Ne2. B cocyn, comepxammin 8xr 11-
MPOIIEHTHOTO BOJIHOTO pacTBopa
HEKOTOPOTO BeIIeCcTBa, M00aBUIU 3 KT
BOJIbl. CKOJIBKO MPOLIEHTOB COCTaBJISIET
KOHIICHTpAaIus MOJTYYHBIIETOCS
pactBopa?

Ne3. H3roM monywyaeTcs B mpouecce
CYLIKH BUHOT'pAJA. CxkonbKo
KWJIOTPAaMMOB BHHOTpaja moTpedyercs
1. TonaydeHuss 16 KuiorpamMmMoB
M3I0Ma, €ciau BUHOTpas comepkuT 90%
BO/IbI, & U3IOM COAEPKUT 5% BOIBI?

Ne4. Ilena xonogujbHHKA B MarasuHeE
€KEroJIH0 YMEHBIIIACTCS Ha OJHO U TO
K€ YMCJIO MPOLIEHTOB OT Mpeablaylien

uensl. Omnpenenure, Ha  CKOJBKO
MPOLICHTOB KaXIbIM I'0J] YMEHbIIAIACh
IIeHa XOJIOAUJILHHUKA, eCIIH,

BBICTABJICHHBIN Ha mpoaaxy 3a 19 800
pyOnei, uepes aBa roga ObLI MPOJAH 3a

4 BapuaHT
Nel.  Ilpm cmemumBaHMM  TEPBOTO
pacTtBopa COJIH, KOHLIEHTpaLUs

kotoporo 35%, W BTOpPOro pacTBoOpa
ATOH K€ COJM, KOHIEHTpaUus KOTOPOTo
65%, MOTy4HIIA PacTBOpP, COAEPIKAIIUI
60% comu. B xakom OTHOIIEHUH OBLIU
B35THI IEPBBIM U BTOPOU pacTBOPHI?
No2. B cocyn, coaepxxamui 8 TUTpOB
24-pOLIGHTHOTO  BOJHOTO  pPacTBOpa
HEKOTOPOTO  BENIeCTBa,  J100aBUIU
4 nutpa Bonbl. CKOJIBKO MPOLIEHTOB
COCTAaBJISIET KOHIICHTpAaIus
MOJIY4YHMBILIETOCS pacTBopa’?

Ne3. HM3moM mnosyyaeTcs B Ipolecce

CYLIKH BUHOI'pAJA. CkobKo
KWJIOTPAaMMOB BHHOTpajia moTpedyercs
I monydeHuss 14 kuiiorpammoB

W3I0Ma, €ciau BUHOTpana coaepkut 90%
BO/IbI, & U3IOM COAEPKHUT 5% BOIBI?

Ne4. Ilena XoJIOAMIBHHKA B MarasuHe
€XKEroJIH0 YMEHBIIIAeTCs Ha OJTHO U TO
K€ YHCIIO MPOIEHTOB OT Mpeablaylen

nensl. Ompenenure, Ha  CKOJBKO
MIPOLIEHTOB KAXKJBIA T'OJ YMEHbIIAJIACh
1[eHa XOJIOIUJIbHUKA, €CJIH,

BBICTABJIICHHBIM Ha mpogaxy 3a 19100
pyOneit, uepes aBa roga ObUI MPOJIaH 3a
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16 038 pybei.

No5. Murs, Anton, Ilama u I'oma
yUpeauIn KOMIIAHUIO C  YCTaBHBIM
karmrasiom 100 000 py6ieii. Muts BHec
24% ycTaBHOrO Kamurtajga, AHTOH —

55000  pyOne#t, Ilama — 0,18
YCTaBHOTO KalluTaja, a OCTaBIIyIOCS
9acTh KaruTana BHEC ["oma.
Yypenurenu JIOTOBOPUINCH  JICIHTH
€KETOTHY IO pUOBLTH
IPOMOPIIMOHAIFHO ~ BHECEHHOMY B
yCTaBHOW KamuTal BKIaay. Kakas

cymma ot mpubsutn 600 000 py6nei
npuunraerca [ome? OtBer npaiite B
pyOJIsIX.

No6. HMwmeercs nBa cruiaBa. Ilepsblii
conepxut 10% Hukens, Bropoir — 35%
Hukens. W3  3TUX JBYX  CIUIaBOB
MOJIYYUJIM TPETUi cruiaB Maccout 150 kr,
coaepxkanuii 30% nukensa. Ha ckosibko
KWJIOrPaMMOB Macca NEpBOro CIUIaBa
ObLJ1a MEHBIIIE MacChl BTOPOro?

15471 pyOub.

Ne5. Jluma, Aprtem, I'pumia u Bosa
yUpeAUSIu KOMIAHUIO C  YCTaBHBIM
kanutaiaoMm 150000 pyOneii. /luma BHEC
17% ycraBHOrO Kamuranza, ApreM —

50000 pyOme#t, I'puma — 0,24
YCTaBHOTO KallMTana, a OCTaBIIYIOCS
9acTh KamuTana BHEC Bosga.
VYypenurenu  JAOTOBOPUINCH  JICTUTH
€KETOTHY IO pUOBLTH
MPOIMOPIIMOHAILHO ~ BHECEHHOMY B
yCTaBHOW KamuTayJ BKIamxy. Kakas

cymma ot mpubsuin 900000 py6nei
npuuntaerca Bose? OtBer paite B
pyOIIsX.

No6. HMwmeercs nBa cmiaa. Ilepsbiii
conepxut 10% Hukens, Bropoir — 35%
HUukens. W3  3TuX JBYX  CIUIaBOB
MOJTYYWJIM TPETU CIUIaB Maccou 225 KT,
coaepxkamuii 25% nukena. Ha ckosibko
KWJIOrPpaMMOB Macca IE€pBOro CIulaBa
OblJ1a MEHBIIIE MacChl BTOPOro?

Konmponvnwvie eéonpocwi

1. Yto Takoe npoueHT?

2. Kak HailTH IPOIIEHTHI OT ymcia?

3. Kak HaiiTi 9mcio mo ero mporeHTam?

4. Kak npo1eHT npeBpaTuTh B JECATUUHYIO APOOL?
5. Uto o3HayaeT, yBenn4uuTh BennuuHy Ha 10% ?
6. Kak necsatuunyto qpoOb MpeBpaTUTh B MPOLIEHT?

IIpakTnueckoe 3ansaTue Ne3
«IIpeodpa3oBaHue pAalMOHAIbHBIX, MPPANMOHAJIBLHBIX, CTENEHHbIX H
NMOKA3aTeJIbHBIX BbIPAKEHUID)

Heab padoTbl: HAXOIUTH

3HA4YCHMUA

KOpHA 141 CTCIICHH, BBIITOJIHATD

npeoOpa3oBaHus BBIPAKEHUM, TPUMEHSS (OPMYJIIbI, CBSI3aHHBIE CO CBOMCTBAMHU

CTEIIEHEN U KOPHEMU.
Ceéedenus uz meopuu:

HOBTOpI/IM OIIPCACIICHUA noHAmus cmeneHu C HaAaTypaJibHbIM, HYJICBBIM, LCJIBIM

OTPULATCIIBHBIM U PAllTMOHAJIbHBIM IMOKA3aTCIISIMHU

a"= aw‘”:ll(a”); a’=1, a#0; a"=1/a" ,

n pas

mEZ, nEN, n>2.
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CBoiicTBa CTeMeHeW C paIlMOHAIBHBIM IOKa3aTeIeM:IIpu JIOO0BIX X ©u Y
CIIPaBEIJIMBBI PABEHCTBA!
aXaY:aX"'Y;
a*la¥=a*,
(a)=a?;
(ab)*=ab¥;
(a/b)*=a*/b*.
Cmenens ¢ OeticmeumenbHbiM NOKA3amenem
CBolicTBa CcTENEHEN C TeHCTBUTEIBHBIM ITOKA3aTEIEM:
. aY=a0k a>0, y, kKEN, XEZ.
. >0, a>0, XER (J1r06ast cTeIeHb MOJIOKUTSILHOTO YHCIIA TTOJIOKHUTEIIbHA).
. a>1 mpua>1, x>0.

. a<1 mpua>1, x<0.

1
2
3
4
5. 1*=1 (imro6ast cTeneHb eMUHUIIBI paBHA CIHHHMIIC).
6. a*<1 mpu 0<a<l, x>0.

7. a*>1 npm 0<a<l, x<0.

8. Ecm a>1, a#l, to mus m000ro MOJOKUTEIBHOrO uHucia b cyiiecTByer
CIMHCTBCHHOE JICHCTBUTEIILHOE YKMCIIO X Takoe, uTo a*=b npu b>0.

9. JIro6as monoXuTeNbHAS CTENEHb HyJls paBHa Hymo: a’ = 1

Kpome mnepeuncineHHbIX CBOMCTB BaXXHO OTMETUTh TPU CBOMCTBA, HA KOTOPBIX
OCHOBAHO PEIICHHUE MPOCTEUIINX MMOKa3aTebHBIX YPAaBHEHNU U HEPABEHCTB:

10. Eciiu &*=a¥, To x=y npu a>0, x, y#1.

11. Ecom a*<a@’, To X<y nipu a>0.

12. Ecm a*<@’, To x>y npu 0<a<l.

[IpaBuina 1eMcTBUS HaJ CTEIEHSMU C IEMCTBUTEIBHBIM ITOKA3aTEIEM BBIPAXKAOTCA
dbopmynamu (TOXKAECTBAMU):

13. a"aP=a**P,

14. a%aP=a*P,

15. (a%)P=a*,

16. (ab)*=a"b* npu 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|*“mpuab>0.

dopmyibl, 00patHbie Gopmysaam 1-7, Tak ke BEPHBI.

KBagpaTHbIM KOpHEM M3 YKCIIa @ HA3bIBAIOT YUCIIO, KBaIpaT KOTOPOTO
paBeH a. ApudMeTHYecKUM KBaJIpaTHBIM KOPHEM U3 YMCIIA @ Ha3bIBACTCS
HEOTPHULATENBHOE YHCIIO, KBAAPAT KOTOPOTO PABEH d. 3aluch a YuTaeTcs
«KBaJIPATHBIA KOPEHb U3 a», OMyCKas IIPH 3TOM CIIOBO «apu(pMeTudeckuii». va , a-
IIOAKOPEHHOE BBIPA)KEHUE, a 3HaK [ -pajgukal (0T JATUHCKOIO - KOPEHb).

Kopnem n-if creneHu U3 uncia a Ha3bIBAaeTCs TAKOE YHUCIIO b, n-5 CTETIEHb
KOTOPOTO paBHa a, T. €. b — KOpeHb n-il creneHn u3 a & b" = a

O4eBUIHO, YTO B COOTBETCTBUU C OCHOBHBIMU CBOMCTBAMHM CTEIICHEH C
HaTYypaJIbHBIMH IOKa3aTesIMU, U3 JIF0O0TO MOJOKUTEIBHOTO YHCa CYIIeCTBYET
J1Ba ITPOTHUBOIIOJIOKHBIX 3HAYEHHsI KOPHS YETHOW CTEIIEHH, HAIlpUMED, uncia 4 u -
4 gBNAIOTCA KOPHSAMU KBAaJPAaTHBIMU U3 16, Tak Kkak (-4)> = 42 =16, a uncna 3 u -3
SBIISIOTCS KOPHAMM Y4eTBEpPTOM cTenenu u3 81, Tak kak (-3)* = 3% = 81.

Kpome Toro, He cyniecTByeT KOpHsI YETHOM CTEIIEHH U3 OTPULATEIIBHOTO
YHUCIia, MOCKOJIbKY YETHAS CTENEHb JIFOOOT0 JEHCTBUTEIBLHOTO YHCiia
HeoTpuLarenabHa. YTo ke KacaeTcsl KOPHsI HEUETHOM CTENEeHH, TO JJIs JTH000ro
JEHUCTBUTEILHOTO YHCIIA CYIIECTBYET TOJBKO OAUH KOPEHb HEUYETHOM CTETIEHH U3
storo uncna. Hanpumep, 3 ecTh KOPeHb TpeTheii cTenenn u3 27, Tak Kak 3° =27, a
-2 eCcThb KOPEHb MATOMN cTeneHu u3 -32, Tak Kak (-2)° = 32,

B cBs3M ¢ cymiecTBOBaHUEM JBYX KOPHEN YETHOM CTENIEHU U3
MOJIOKUTEIBHOTO YHCIIA, BBEAEM MOHATHE apU(PMETHIECKOTO KOPHS, YTOOBI
YCTPAaHUTH 3Ty JIBY3HAYHOCTH KOPHSI.

HeoTpuuarenbHoe 3HaueHnEe KOPHS N-i CTENEHN U3 HEOTPULATEIIBHOIO
Yrclla Ha3bIBaeTCs apu(pMETHUECKUM KOPHEM.

O6o3Havenue: Ya — KOpeHb N-if cTeneH .

Yuciio N Ha3bIBaeTCs CTENEHBIO aprudMeTndeckoro KopHs. Eciu n=2, To
CTeneHb KOPHS He YKa3bIBaeTcsa 1 numietcs a . KopeHs BTOpoii cTemneHn NpUHATO
Ha3bIBaTh KBAJPAaTHBIM, & KOPEHb TPEThEN CTENEHU — KyOUYECKUM.

Ja=38, B2 ==aa>0, B>0

tla =B, B"= a
1. N - 4YeTHOe
a>0, B>0 (Ja)> =a,a >0
2. N - HEUYETHOE
a, B - J00bIE (4a)" = a
/ i ‘a‘
a, ectm a > 0 -a, ecma a <0
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a-B. €ClM az= B
a< B
CBoiicTBa KOpHEM

1. Yas=vavs 3> 0 B> 0
2.VE=Vﬁ}a>QBzo
J_

WE = ”xk/g m, n, K - HaTypaipHBIE YHUCIa

IIpumep. Beruncnure: Ei/? —~/17 -5{/7 ++/17 .
Pemienue: UCnosib3ysi CBOMCTBA CTEIICHEN, UMEEM:

717 8717 =3)[7 - 17 7+ V17 ) =3[77 - (VA7) =¥/49-17 =
=332 =¥2° =2.

IIpumep. Berancnure:

B - a, €CIIH

Pemenue: ynpocTuM 3aJaHHOE BBIPAXKEHUE, UCITOJIB3YH0 CBOMCTBA CTEIICHEN:

_1 1 1 1 2
7‘1-(1j2—64_2-3_2 1.492_[1j2.(1J 1\/_ == 1.7_1.1
49 7 64) \3) _ 4 9 7 89_
1 1
a 1):2 1—9E *_\/_ 1_3
.12 171
.1 2. 12 :ﬂ,(_ij:_ﬁ
L4 14 14y 72\ 14 1008
5 5 5
2 1
3.25 2.2

IIpumep. Beruucnure: 64075 705

Pemenune: ynpocTuM 3aJaHHOE BBIPAXKEHUE, UCITOIb3YH0 CBOMCTBA CTEIIEHEN:



640,25 . 20,5 (25)0,25 ] 20 5 21,5 . 20,5
9
__20__9
4 80

Ilpumep. YIIpOCTUTE BBIPAKECHUE:

L e+ w3+ 3= N~ R + 8y R~ 8oy +307)=
(‘/;_\/;I(e‘/;)a+(6\/;)3)=(\/;—\/;X\/;+\/;):x—y.
2. V21123 =\12-123+9 =243 -3f =23 -3=2.3-3

3aoanusn 014 camMoCmoAmMenbHO20 PEULeHUA:

I BapuanT
Nel Beruuciaure

1) V7 -V17-Y7+V17
2) V75 - 35 = /1625

(7
3) L
(¥2)
3
_1 1Ny
X 2-X3
4 (wF)
4542
5) -
8-V
Ne2 TIpeobpazoBath

( 3ab )4 ac\"* [a~2p2\*
S5¢d~1 b2d3 cd™3

2BapUaHT

Nel Beruuciaurs
2 1
873.25 2-271

640,25.20,5

1)

2) V128-332
v81i-3ea

(57" v
()

_1 0z ;
9-Y256v2

4
32.3/8

3)

5)

Ne2 TIpeobpa3oBathb
3a®h | 4c3 2ab

. . . x3y4
2¢ 9a°b 3xy .| ab?3
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3BapHaHT 4BapuaHT
Nel Beruucnutb Nel Berauciauthb
+[16 1) =3/=27 + 5%/0,0081 + 3¥/1.
P NE —. 2
1
2) 81925 +4.(0,25)z.
2 &-3- (49) ' 11N
14 7 .8 X 2-X3
3) (Ve7) o° V:_Z) sb ) \Fe
Vb
(9 e
4) x3341 4) 6 N
33 _x22 411"
5 1 5 1 ’ 2= 3\/ z
5) (25 .373—33. 2‘5) . 4/36. d) >4as - |24as.
0,530,5
4 Ne2 TIpeobpazoBath aria 5_ 2+b
Ne2 TIpeobpazoBathb % + 2v+a. (Va+Vp)

KOHmPOJleble eonpocwolt.

1
2.
3.
4
5

Hepqu/ICHI/ITe OCHOBHBIC ITOKA3aTCJIIBHBIC TOXACCTBA.

Hepqu/ICHI/ITe CBOMCTBA CTCICHEH C IIGﬁCTBHTGJIBHI;IMI/I II0KAa3aTCIIIMU.

Kak B BBIpAKCHHUHA Q/E Ha3bIBACTCS YHCIIO a7

Kak B BBIpAKCHHUHA Q/E Ha3bIBACTCS YHUCIIO N?

Kak na3piBaeTCcs HGOTpHHaTGHBHBIﬁ I1I0 3HAYCHHIO KOPCHDb N-0l CTENEHHU C

HCOTPHUIATCIIbHBIM ITIOKOPCHHBIM YHUCIOM?

6.

[Iponomkute onpeneneHrue: KOpHeM N-i CTETEHH U3 HEOTPUILATEIbHOTO Yncia

d, Ha3bIBACTCs TaKOC HEOTPHULATCIIBHOC YUCIIO 6 ...

7.

Kak Ha3bIBaeTcs 3HaK U3BJICYEHUSI apU(PMETUYECKOTO KOPHS, MPOU3OLLIE T

OT JIATUHCKOW OYKBBI I'?

8.

Kak Ha3pIBaeTCs HEOTPULIATENBHBIN KOPEHB?

9. Kak Ha3pIBaeTcst KOpeHb pu N=27

10. Kak Ha3piBaeTCsi KOpeHb npu N=37

11. Chopmynupyiite npaBuiio U3BICYCHUS KOPHsS W3 mpousBeneHus. [Ipusegute
npuMep.

12. Kak BRIHOCUTH MHOKHTEIb 32 3HAK paaukana? [Ipuseaute npumep.

13. Chopmynupyiite npaBuiio u3BiedeHUs: KOpHs u3 Apoou. [IpuBenure mpumep.
14. Kak 0cBOOOIUTHCS OT UPPALMOHATBHOCTH B 3HAMEHaTese?

15. Kak Bo3BecTu KopeHb B cTenenb? [IpuBenure nmpumep.

16. Kak u3Bneub kopeHb u3 KopHs? [lokaxxkure Ha mpumepe.

IIpakTnuyeckoe 3ansaTue Ned
«IIpeoOpa3oBanue JIOrapupMuIeCKUX BbIPAKECHUID
Hear padoTbi: 0TpaboOTaTh MPAKTUUYECKUE HABBIKK B MPeoOpa3oBaHUU

Jorapu(MUYECKUX BBIPAKEHUN C MOMOIIbIO CBOMCTB Jorapupma M OCHOBHOTO
J0rapupMUYECKOr0 TOXKIECTBA
Ceéedenusn uz meopuu:
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Jlorapudmom 4duciia b o oCHOBaHHMIO @ Ha3BIBACTCS IMOKA3aTeh CTCIICHU
(x), B KOTOpYIO HYXXHO BO3BECTH OCHOBAaHWE «, YTOOBI MOJYYHTH 4yuciio D, T.e.
log.b=x, =a*=h.

[Ipu pabore c nmorapupmMamMu TPUMEHSIOTCS CJCAYIONINE HX CBOKCTB,
BBITEKAIOIINE U3 CBOMCTB MOKA3aTEIbHON (QYHKIUU:

1. a'°9%=p (rge b>0, a>0 u a#0) HA3BIBAIOT OCHOBHBIM N02APUDMULECKUM
MoHCOeCmeoM.

[Tpu nr06om a>0 (a#0) u MOOBIX TONOXKHUTEIBHBIX X M ) BBIOJTHSIOTCS
paBeHCTBA:

2. 10ga1=0.

3. 10gaa=1.

4. Jlorapudm TIPOU3BEICHUS paBeH CyMMe JorapupMoB:
logaxy=loga.x+logay.

5. Jlorapudm wyacTHOrO paBeH pasHocTH Jjorapudmon: 0ga.(X/y)=l0ogax-
logay.

6. JlorapudMm creneHu paBeH NPOU3BEACHUIO TMOKa3aTeslsl CTENEeHW Ha
norapudm ocHoBaHMs dToii crenenu: 10g.x“=klogax.

OcHOBHBIC CBOWCTBa JIOTApU(MOB MIUPOKO TPUMEHSIOTCS B  XOJE
npeoOpa3oBaHus BBIpAXEHUH, comepkammx jorapudmel. Cpenn HEX (opmyra
nepexoaa Kk HoBoMy ocHoBaHuIo: l0gax=logyx/logpa. Dta hopmyna BepHa, eciau 06e
€€ YaCTH UMEIOT CMBICI, T.¢. ipu X>0, a>0 u a#0, b>0 u b#1).

[To  mpaBuny  jorapudMupoBaHHSI  CTEIEGHH W OCHOBHOMY
Jorapu(pMHIECKOMY TOKISCTBY MOJTydaeM:

logpx=logs(a'*9®), orxyna logpx=l0gax-logsa. DTy hopmyiy Tak ’xe MOKHO
WCTIOJTb30BATh JIJIS YIIPOIIEHUS BBIPAKCHHIA.

C nomomipto (hopMysibl Mepexojia MOKHO HAWTHU 3HA4YeHHE Jiorapupma c
MIPOU3BOJIBHBIM OCHOBaHHEM «, UMEs TaOJHIIBI JIOTapu(PMOB, COCTABICHHBIC IS
KaKoro-HuOyap OJHOro ocHoBanus b. HawmbGosee ymoTpeOWTEIbHBI TaOHUIIBI

JECATUYHBIX U HATYpPaJIbHBIX JIOTapu(OMOB (decsimuunbimMy HA3BIBAIOT JOTApU(PMBI
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no ocHoBanuio 10 u ob6o3HavaroT Ig, a ramypanvueimu noTaprudmMaMy Ha3BIBAIOT
JorapudMbl 10 OCHOBaHHIO e~2,72 u 0003HavaroT In).
IIpumep. Beraucnure 10go37.
Pemenue: Bocnonb3yemcsi opMyJioif mepexo/ia K HOBOMY OCHOBAHHUIO U MepenieM
K ocHOBaHuto 10:
log.x=logpx/logpa
logo 37=l0g107/109100,3=1g7/1g0,3.

[Tonb3ysch KaMbKYISTOPOM WM CTIEMaIbHBIMU TaOMUIIaMU, HalpUMep, TaOIuIe

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

Hcnonb3ys 5 u 3 cBoiicTBa JIorapu(MoB, BEIYUCISIEM

190,3=1g(3/10)=1g3-1g10=0,4771-1=-0,5229.
Urax, logo37=0,8451/(-0,5229)=-1,6162.
IIpumep. Berauciure: (1972-1g9)/(1g28-1g7).

Pemenue: ucnonb3ys 5 u 6 cBoiicTBa JIOrapu(MOB, BIYUCIISIEM
Ig72-1g9=1g(72/9)=1g8=1g23=3lg2;
1g28-1g7=1g(28/7)=lg4=1g22=2Ig2.

HUraxk, (1972-199)/(1g28-1g7)=(31g2)/(21g2)=3/2=1,5.

Ilpumep. Bpluucnaure, wuCHoONb3ysl oOmNpeneleHue Jorapudma dYucia

log ,3/169 +log , ¥/121.

Perrenne: BEIYMCINM OTACIIBHO KaXKIBIH JTOTapU(M:

log,;¥/169 = x, log,, V121 = x,
13 =¥/169, 11° =3/121,
13° =3/13?, 11° =3/112,

2 2
13" =13°, 117 =113,
2 2

x=—. x=%

5 3

2 2 6+10 16 1

Beprewmcs B npumep: 1095 3169 +log,, 3121 = c + 3 = T = = = lE

prl/lep BH‘II/ICHI/ITC, HCIIOJIb3Yys OCHOBHOC JIOFapI/I(l)MI/I‘-IeCKOG TOXKIECTBO.
103Ig 2-1
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Pemenue: HCIIOJIb3YyA CBOMCTBO CTCIICHH, PA3JIOKHMM JAaHHOC BBIPAKCHUC HaA

MHOXHTCIIN

103|gZ—1 — 103|92 .10—1.

Hcnonb3ys 6 cBOKWCTBO Jiorapudma CTENeHH, UMEEM:

103|9271 :103Ig2 '1071 :10|923 iy
10

1

I/ICHOJIL?)y}I OCHOBHOC JIOl“apI/I(bMI/I‘ICCKOG TOXICCTBO, HMMCCM:

1031921 —10%92.10% :10I923 i _ 78 i _ ﬁ _
10 10 10
3aoanusn 014 cAamMoCmMoOAMENbHO20 PEULEHUA:
IBapuaHT 2BapuaHT

Nel. Beruuciure:

1) log,,3 +1log,4; 2) log,48—

log, 3;

3) logs 91°; 4) log,< ¥225; 5) ll"(fg;f;
3

6)lg4+2lg5.

8
Ne2. Beruncnute — log, log, VV2

Ne3. Bripazute log,¢ 3 "epe3 morapudpm

10 OCHOBAHHUIO 2.

Ne4. HaliTu 3HaueHuE BbIpaKEHUS:
1) log; 3,6 —log; 1,4 + logs 1%;

2)§log§i/§—3log§3 +§log§36

Neo5. Beruucnure
logz 5-log1 10
9

Nob6 Beruuciaurth

J

3
log,, - +log  b+log, b ecan

log,a=2

Nel. Beruncnure:
1) logis5+1logis3; 2) logs50—
logs 2,
3) log, 87; 4) log,s ¥169: 5) l;’jg—Si“;
5
6) lg900—2lg3.

4
Ne2. Beraucnute — logg log, V8

Ne3. Bripasure log,,; 5 uepe3 norapupm
110 OCHOBAHHIO 3.
Ne4. HaiiTu 3HaueHUE BBIPAKEHUS:

1) log, 0,8 — log, 1§ + log, 2 2,5;
2) 210g110 — log: 28 + > logs V49

5 5 5
Ne5. Beruncnure

logg 5—-log 1 10
81

Nob6.Brrancinurh
log - bé/a + log ; a+log, Jab |, ecmm

log,b=2

3BapuaHT
Nel. Beruuciure:

1) log,53 +1log,g6; 2) logs;54—

log; 2;

3) log, 25°; 4) log,, V144, 5) -

6) lg8+3lg5.

log 36,
l g7 6 !

4BapuaHT
Nel. Beruncnure:
1) log,,7 +1log,;3; 2) logs75—
logs 3;
3) log, 49'; 4) log,, V196, 5)

6) g 800 — 3 1g 2.

log; 64
log; 8"’
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8

8
No2. Beruucnute — log, log: V32 No2.Beruuciute — log: log, 4\/\/128

4 2

Ne3. Bripazute log,¢ 5 uepes norapudm | Ne3. Bripazute logg, 6 yepe3 norapudm

110 OCHOBAHUIO 2. 110 OCHOBAHUIO 3.

Ne4. Haiitu 3HaueHME BbIpAKEHUS: Ne4. Haiitn 3HaueHHE BBIPAKEHUS:

1) log;3,6 —log; 1,4 + logs 1%; 1) log, 0,8 — log, 1§ + log, 2 2,5;

2)2log: Y8 — 3logz3 +-10gz36 2)210g110 — log: 28 +>logs V/49
3 3 3 5 5 5

No5. Beraucanre No5. Beraucanre

4log2 5+logp 25 10. 1610g2 5-10gp 2510

Ne6Brruncinth Ne6Brrunciute

4
\/E+Iogﬁb+loga 3o, log 2 b\/a+|09\/b- a+log, vab , ecom

a log,b =4
eciu log, a = 3

Iogab

Konumponvnwie éonpocwi:
1. Malite onpenaenenue jorapudma yuca.

2. Ilepeunciure cBOMCTBA JOTapU(PMOB.

IIpakTnyeckoe 3anaTue NeS
«Bblunc/ieHHEe APKCHHYCA, aPKKOCHHYCA, APKTAHT€HCA).

Heap paGorbl: (QopMupoBaHUE aNrOPUTMA BBIUUCICHUNA 3HAYCHUU
TPUTOHOMETPUUYECKUX  BBIpOKEHWH, B  KOTOPHIX  YYacTBYIOT  OOpaTHBIC
TPUTOHOMETpHUUYECKUE QYHKITUU
Ceedenusn uz meopuu:

DyHKUMA y = arcsin X

I1o onpenenennto apkcuHyca 4ncia s Kaxaoro X€[—1;1] onpeneneno
OJIHO uncio y=arcsinx. Tem cambiM Ha oTpe3ke [—1;1] 3agana GpyHKIMA
y=arcsinx,— 1 <x<1. ®yHKIMs y=arcsinx sBIseTCs 00paTHOUN K QYyHKIIUU y=SinXx,
rae —m/2<x<m/2. [lorToMy cBOICTBa (DYHKIIMH y=arcSinx MO>KHO MOJIYYUTh U3
CBOMCTB (DYHKIIMH y=SInX

I'padux pyHKIMM y=arcsinXx CUMMETpUUYEH rpapuky GyHKUHUH y=SInx, T1ae
—1/2<X<m/2 OTHOCUTEIBHO NPSIMOU y=X .

Ay V= arcsinx
A

T

2
4

: -
0 S
i

2

I'padux byHKIIMM y=arcsinx
OcHoBHBbIC cBOMCTBA QYHKIMH y=arcsinx
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1. Obnactsb onpeaeneHus - oTpe3ok [—1;1]

2. MHOXeCTBO 3HAYEHUH - OTPE30K [—/2;1/2]

3. OyHKIUS y=arcsinx - BO3pacTaer.

4. OyHKIHS y=arcsinx sBJIAETCS HEUETHOM, TaK KaK arcsin(—x)=—arcsinx

DYyHKUMSA Y = arccos X

1o onpenenenno apKKoCUHyca yncia i Kaxaoro X€[—1;1] onpeneneno
OJTHO 4MCJI0 y=arccosxX. Tem cambiM Ha oTpeske [—1;1] onpenenena GyHKIus
y=arccosx,rae —1<x<1. ®yHK1us y=arccosX sBJIsIeTCs 00paTHOU K
dyHkunny=cosx,rae 0<x<n

['paduk Pynkumu y=arccosx cuMMeTpuueH rpaduky QyHKIIHUH y=COSX,I/Ie

0<xXx<m, OTHOCHUTEJILHO NMPSAMOU y=X
F J.f

-1 @ A
DyHKIHUS y=arccosx

OcHoBHBIE CBOMCTBA QYHKIIUM y=2arcCOSX

1. OGnacTh onpesenenus - oTpe3ok [—1;1]

2. MHOeCTBO 3Ha4eHUM - 0Tpe30kK [0;m]

3. OyHKIHUS y=arccosx yObIBaeT

DyHKIUA y = arctg X

ITo onpeaeneHno apKTaHTEHCA YUCIa IS KaKI0TO IEHCTBUTEIIBHOTO X
ONPEAEIECHO OAHO YMCIO0 y=arctgx. Tem caMbIM Ha BCEM YMCIOBOW MPSIMOM
onpeneneHa pyHkuus y=arctgx,x€R.

Ota QyHKIMS y=arctgx siBhsieTcss 00paTHOM K QyHKIMU y=tgX,r/e
—/2<x<m/2. I'paduk ¢pyHKIIMU y=arctgXx cuMMeTpudeH rpaduky QyHKIHH
y=tgx,rae —n/2<x<m/2 OTHOCUTEILHO MPSIMON y=X

ST

L

['paduix pyHkumum y=arctgx
OcHoBHbIE CBOMCTBA QYHKIMH y=arctgx
1. O6macth onpeeneHus - MHOKECTBO R BceX JeliCTBUTEIBHBIX YHCEIT
2. MHOXeCTBO 3HaYEHU - nHTEpBaI (—7/2;1/2)
3. @yHKIHMs y=arctgx BO3pACTaET.
4. @yHkuMs y=arctgx sIBISETCS HEUETHOM, TaK KaK arctg(—x)=—arctgx
DyHKIMA y=arcctgx
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[Toatomy, rpaduk QpyHKIMK y=arcctgX MOKHO MOJTYUYUTh U3 Tpaduka
bynkun y=ctgx, x€(0;m) ¢ TOMOIBIO TPeoOpa30BaHMsI CHMMETPHH
OTHOCHUTEIILHO MPSIMOI y=X.

__________________________________

Y =arcctg x

/W

X

I'paduk ¢pynkmum y=arcctgx

CroiicTBa pyHkuum y=arcctgx

1. D(f)=(—00;+0)

2. E(H=(0;m)

3. OyHKUUS HE ABJISIETCS] HU Y€THOM, HU HEUETHOM, T.K. rpaduk QyHKIUU
HE CUMMETPUYEH HU OTHOCUTEIBHO Havajia KOOPAWHAT, HU OTHOCUTENIBHO OCH Y.

4. ®yHKUMS yOBIBAET.

5. OyHKIMSA HENPEPBIBHA.

arcctga - aTo Takoe unciio u3 uatepnaia (0;m), KOTaHreHC KOTOPOro paBeH

Urak, arcctga=te {ctgt=a,0<t<m;ctg(arcctga)=a

J1Jist apKKOTaHT€HCa UMEET MECTO COOTHOIIICHHE, aHATIOTUYHOE TS
apKkocuHyca arcctg(—a)=n—arcctga

Ilpumep. Beraucaurb

. 1 , 1 T T
arcsin| — =) = —arcsin-=——E€ [—-;-]
2 2 & 2’2
V3 3 T ST
arccns(— T) =m—arccos _~=m—_—=—E§ [0; ]

arctg(—1) = —arctgl = _E c (_g;g}

arcctg (—i_} =T —rx’rcctgi_=?r ey (0; @)
+3 +3 3 3

. 1 .1
arcsin (— —) =— arcsin —

545 545
arccos (————) = M — arccos——

arctg (— 1) =— arctgl
arcctg (— «Jr3) =1 - arcctgxf&

. /' ]
arcsm(__ _\_/_5) =— 1
2 3
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arcsin(—1)= —{;—

i [o s
arcsinf _ V% |=—=
2 4

arccos( —+ )= -
2 3

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° = 0,5000.

: .3
Ilpumep. Beruuciuth 3HaueHue A = sin (2 arcsin E) .

.3 .
Pemrenne. Ecnum o0o3HauuTth a = arcsin, TO A =sinZ2a . U3 onpenenenus

GyHKIHMH Yy = arcSinx cieayer, 4yTo Sina =

ul |l w

u— <a<

SE

T
SCKSE.TaKKaK—

NIE!

T p 9 4
E,TocosaZOHcosazxﬂ—smz = fl—gzg.

. . 3 4
OpnHako sin2a = 2sinacosa,nodtomy A = 2 T iS5

24
25"

3aoanus 01 cAamMoOCmMOAMENbHO20 PEULEHUA:

Bapuanr 1
Nel. Beruuciure:

1) 2-arcsin (— \/2_§) + arctg(—1) +
V2
arccos —
2
2) 3- arcsin~ + 4arccos (— E) —
2 2

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

No2. Haiigute 3HaUYeHUSA OCTAJILHBIX
TPUTOHOMETPUUECKUX (DYHKITHH, €CITH:

1) cost = —ﬁ,n<t<3—n
25 2

ctgt ==, m<t<=

Bapuant 2
Nel. Berauciure:

1) 2 -arcsin (— g) + arcctg(—1) +
V3
arccos 7)

2) 3- arcsin~ + 3arccos (—E) —
2 2

Sarcctg (— \/3—§)

3) arcsin0.1616 + arccos0,9839 +
arctg5,113

No2. Haiigute 3HaUeHHUA OCTAJIBLHBIX
TPUTOHOMETPUYECKUX (DYHKITUN, €CITH:

1) cost = 0,6, 3771 <t<2m

7 3m
2)ctgt—z,n<t<7

29




No3 Haitgure 3Hau€HHE BBIPAKECHUS:

;

. .3 3
1) sin(arcsin % + arccos 7);

2) cos (arccos§+ arcsin g);
3) sin (arctg 1 + arcctg 1);

4) tg (arcsin ? +arctg +/3)

No3 Haiinure 3HaueHUE BHIPAKCHUS:

;

.3 3
1) cos(arcsin % + arccos 7);

2) sin(arccos§+ arcsin %);
3) cos (arctg 1 + arcctg 1);

4) ctg (arcsin ? + arctg +/3)

Bapwuanrt 3
Nel. Beruuciure:

1) 5-arcsin (— \/2—5) + arctg(—1) +

V3
arccos —

2
2) 0,5- arcsin% + 2arccos (— ‘/Z_E) _
arcctg (— g)

3) arcsin0.1650 + arccos0,7570 +
arctg6,163

No2. Havigure 3HaUeHUS OCTAIBHBIX
TPUTOHOMETPUUECKUX (DYHKIUMN, €CITu:

5
Dcost=—=, Z<t<m
13’ 2

3
Z)tgt——z,z<t<7'[

Ne3 Hailinure 3HaueHUE BBIPAKEHNUS:

1) sin(arcsin % + arccos %);
3 . N2
2) cos (arccos§+ arcsin g);

3) sin (arctg ? + arcctg +/3);

4) tg (arcsin ? + arctg +/3)

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

V3
S5arccos >

2) 0,5- arccos = + 2arcsin (— ﬁ) —
2 2

arcctg (— g)

3) arcsin0.9951 + arccos0,9403 +
arctg2,116

No2. Haiigute 3HaUueHUA OCTAJIBLHBIX
TPUTOHOMETPHYECKUX (DYHKITUN, €CIIH:

1) cost = 0,8, O<t<§
Qtgt =24, 1<t <T

Ne3 Haiinute 3Hau€HUE BBIPAKEHUS:

.3
1) cos(arcsin % + arccos %);

r

2) 23in(arccos%+ arcsin 73);
3) cos (arctg /3 + arcctg 1);

4) ctg (arcsin % + arctg +/3)

KOHmPOJleble eonpocwol:

1. CpopmynupoBaTh onpeeseHue apkcuHyca yncia’?

2. JIns KakuX 4rcel ONpeiesieH apKCUHYC?
3. ChopmynupoBath onpeneneHne apKKoCuHyca, apkTaHnreHca?

4. JIna KaKuX 4yucesl OH onpejeseH?
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IIpakTH4yeckoe 3ansitue Ne6
«IlocTpoenue rpapukoB pyHKUMID».

Hean paboThl: 3aKpenuTh 3HAHUS 110 TOCTPOSHUIO IPaPUKOB QYHKIIHIA.
Ceedenus u3z meopuu:
[IpuBeneM mpuMeEpHBIN aITOPUTM MOTYUEHUS HEOOXOAUMBIX JaHHBIX.

1.HaxoxaeHnue 001acTu onpeneieHnsi GyHKIMA

OOnacTeio OMpeNeNeHusl Ha3bIBAETCSI MHOXKECTBO 3HAYEHUH, KOTOpHIE
MOeT npuHuMath x. O6o3Hauenue D(f).

2.Hysm ¢pyHkumu

JIist BbIYMCIIEHUST HYyJeW (DYHKIUH, HEOOXOAMMO MPUPABHSITH 3aJaHHYIO
(GYHKIUIO K HYJIO W pEelIUTh MOJy4yeHHoe ypaBHeHHe. Ha rpaduke 3TO TOUKH
nepecedeHus ¢ ocbro OX.

3.YeTHOCTb, HEYETHOCTH (PYHKIIUU

Oyuknus vyetHas, ecian y(-X) = Y(X). @yHKIusa HedeTHas, eciu y(-X) = -
Y(X). Ecm pynkius yetHas — rpaduk QyHKIIMH CHMMETPUYCH OTHOCUTEIBHO OCH
opauHat (OY). Eciu ¢yskius HeueTHas — rpaduk (QYHKIUA CUMMETpUYEH
OTHOCHUTENBHO Hayanaa KOOpAHHAT.

4.I1pomMeKyTKH 3HAKONOCTOSIHCTBA

PaccTtaHoBKa 3HAKOB Ha Ka)XXJIOM W3 MHTEPBAJIOB OOJACTU ONpPEIEICHHUS.
DyHKIMS TOJIOKUTENIbHA HAa MHTEpBaJie - TpaduK pacmioiokKeH BhIIIE OCH a0CIUCC.
OyHKUIMS OTpULIATENIbHA - TpapUK HUXKE OCH aOCIHCC.

5. IIpome:KyTKH BO3pPACTAHUSA M YObIBAaHUA (DYHKIIUU.

Monotonnoctb. Ecau s mo0Ooi mapbl yucen X1 M X2 U3 HEKOTOPOTO
NPOMEKYTKa M3 HepaBeHCTBA X1 < X2 (x1 < x2) Bceraa ciaeayer HepaBeHCTBO f (x1) <
f (x2) (f(x1) >f (x2)), To dynkmus f (x) HaseBaeTcs sospacmaroueri (yoviearouetr)
B OTOM MPOMEXYyTKe. B ciyuae koryia u3 HepaBeHCTBA X1 < Xz (¥1 < Xx2) crlemyer
HepaBeHCTBO f (x1) < f (x2) ( f (x1))=f (x2)), dbynkums f (x) HaspBaercs
Heybvisarowetl (Heso3pacmaroweil) B pacCCMaTPUBAEMOM MTPOMEKYTKE.

OyHKIMY yIOMSHYTBIX TUIIOB Ha3bIBAIOTCS MOHOMOHHBIMU.

6.0rpannvyennoctb. Oyukius y = f(x) Ha3piBaeTcs OrpaHUYEeHHOW Ha

IPOMEXYTKe X, €CI CYIIECTBYET TaKoe MOJIOKUTEIbHOE urciao M > 0, uro | f(x) |
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<M gns moboro xe€X. B mnpotuBHOM ciiydae (QYHKIUS Ha3bIBACTCA
HeocpaHU4eHHOU.

7.Mepuognunocts. Oynkuus y = f(x) HaszpBaercs nepuoduueckoii ¢
nepuonoM T+ 0, ecrnu ans 00X x U3 obnactu onpenenenus pynkuun f(x +7) =
= f(x). dna mroboro wymcina x w3 oOnacTu ompeneneHus yucia x +71 Toxe

IIPpHUHAAJICKAT o0acTn OIIpCACIICHMA.

2

IIpumep. Viccnenyem QyHKIUIO Yy = Z -y MOCTPOUM €€ Tpaduk.

x%+1

1. Haiinem o6nacts onpeenenus GyHKuy. Tak Kak 3HaMeHaTeNnb X2 + 1
npoOu He oOpataeTcs B Hy b, To D(Y) - Bes unciioBas npsmasi.

2. Onpenenum ocobeHHocTy PyHKIMU. OUeBUIHO, UTO TaHHAS PYHKIUS
(-x)?-1 _ x2-1
(-x)2+1  x2+1
nocTpouM rpadux GyHKIUU pH X > 0. 3aTeM 3Ty yacTh rpaduka oTpa3um BIEBO
OTHOCHUTEJILHO OCH OpJIUHAT.

3. Haiinem Touku nepeceuenus rpaduka GyHKIMU C OCSIMUA KOOPIUHAT.
UToOBI HANTH TOYKY MEPECEUEHUS C OChIO OPJIMHAT, TTOJIOXKHUM X = (0 ¥ MOJTYyYUM y
= -1. Touka nepeceuenus ¢ ocbto opauHart (0; -1). UToObl HAWTH TOUKY

yetHas. [leiicTBUTENBHO,Y(—X) = = y(x). [TosTOMy HccieayeM u

x2-1
x2+1

nepeceveHusi ¢ 0Chlo adcuuce, moyokuM y = 0 u noiyuum ypaBHenue 0 =

uin 0 =x?- 1, otkyna x = +1. Touka nepeceuenus ¢ ocwro abeuce (1; 0).
4. BBIICHUM TIPOMEXYTKH 3HAKOIIOCTOSIHCTBA (DYHKITUH, T. €. Ha KaKHX
MPOMEXKYTKAX (DYHKIUS MPUHUMAET ITOJIOKHUTEIbHBIC 3HAUCHUS, a Ha KaKHX -

oTpuuaTenabHbie. sl HAX0XKIEHUS MPOMEXYTKA OTPULATENBHOCTH (DYHKIIMU

x2-1

< 0w X~ 1 <0, otkyna 0 < x < 1. J[ng HaXOKAeHUS

x%—

eIlIMM HEPABEHCTBO
p p x2+41
1

> 0w X2 -
x24+1

MIPOMEKYTKA MOJIOKUTEITHHOCTH (PYHKITUU PEITUM HEPaBEHCTBO

1 >0, orkyga x > 1.
5. OnpenenuM MOHOTOHHOCTh (yHKIMHU. [1yCTh X2 U X1 - IBE TOUKHU U3
npomexyTka [0; o), mpuuem Xy >X;. 3anuiineM GyHKIUIO B BUIE
-1 (x1+1)-2 I
AL el bl
Haitnem pasHoctsb
x; +1 x! +1

Ho)=Ax)= ('- XAl Al (DR +D)

B a10ii 1pobu 3HaMeHaTeNb BCeTraa MOJIOKUTEIbHBINA. B unciurerne
MHOXHTEIb X2—X1> 0 (Tak Kak X2>X1), X2+X1> 0 (Tak kak X1 2> 0). [Toromy
YUCIUTEIb JPOOU TaKkKe MOJ0KHUTENbHbIN. ClenoBaTenbHo, 1po0b
MOJIOXKHUTEIbHA, TaK Kak y(X2) -Y(X1) > 0 uan Y(X2) >Y(X1). [Toaromy pyukmus y(x)
BO3pacTacT Ha mpoMexyTke [0; o). YuuteiBas ueTHOCTh PyHKIMH Y(X), Ha
npomexxyTke (-0; 0] oHa yObIBaeT.

y(x)=

2 ]-[1- 2 J 2 2 2(x,~x)x,+x)
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6. Haitnem skctpemymbl pynknuu. Tak kak TodpKo B Touke X = 0
yObIBaHUE (PYHKIIMH CMEHSETCSI BO3PACTaHUEM, TO TOUYKA MUHUMYMA Xmin= 0 1

MUHAMYM QYHKIAHA Ymin = -1.

7. BeisicHuM noBeieHre (pyHKIMY IpU OOJBIINX 3HAYCHUSIX X. JlaHHas

byHkus umeetr BUI: y = 1 — =1

. IIpy HEOrpaHMYEHHOM BO3PACTAHUU X

3HaMEHATeNb ApoOu X2 + 1 Takke HEOrPaHUYEHHO BO3pacTaeT. [103ToMy 3HaueHHs

2
x24+1

npodu

HpI/I6JII/I}KaIOTCSI K HYJIO, OCTaBasiACh ITOJIOKHUTCIIbHBIMHU.

CrnenoBaTenbHO, 3Ha4€HUS (PYHKUIUHU Y(X) HEOTPpaHUYEHHO MPUOIMKa0TCS K 1,
octaBasick MeHblue 1. [ToaToMy npsimast y = 1 siBJIsIeTCS TOPU30HTAIILHOMN

acumnToTon GyHKIuu Y(X).

8. Haumenbiee 3HaueHne QYHKIUH Yyany=-1 TOCTHTAaETCS TTpH X = 0,

HauOOJIbILIETO 3HAYCHUS HET.
9. ®yHKUMA OrpaHUYCHA.
10. ®yHKIMA HENPEPBIBHASA.

11. Beimyksocts rpadguka QyHKIIMN YCTAaHOBUTH TPYIHO (OHA MEHSETCS).

o X
WccnenoBanHble CBOMCTBA PYHKIIMU Y =

2

5. IIO3BOJIAXOT IOCTPOUTD €€
x“+1

rpaduk. CaenaeM cHauaa Takoe MOCTpOeHUe JIsl poMexyTka X€E[0; o).
[TocTpouMm Touku nepeceuenus ¢ ocsimu koopauHar (0; -1), (1; 0). Yurem,

yT0 Ha ipoMexxyTke [0; 1) 3Hauenus y < 0, Ha mpomexxyTke (1; o) 3Hauenus y > 0.

3HadeHust PYHKIIMU BO3PACTAIOT OT Y = -1 U cTpeMATcs K 3HadeHuto y = 1 npu

oospbiux X. [[poBOIMM HEMPEPHIBHYIO KPUBYIO.
y

0 /‘r
_‘/I x

Y4uThIBast 4€THOCTD JJaHHOU (QDyHKIHH Y(X) OTpakaeM KPHUBYIO,
ITOCTPOEHHYIO ITPH X = (), BIIEBO CHMMETPUYHO OTHOCHUTEJIBHO OCU OPJIMHAT.

[Monmyyaem rpaduk ¢pyHkmmu Y(X).

3aoanusn 014 cAamMoCmMoOAMeENbHO20 PEULEHUA:

1 BapuanT
Nel Tloctpouts rpaduk QyHKIUMH U
OMMCaTh CBOMCTBA

1
Dy=2xs3
2)y =—x?+3

3
3)y—x2_4
4y =3*141

5y =2log,(x+3)—1

Ne2 VcranoBurte, sBisieTcst 1 QyHKITUS
qyE€THOM, HEYESTHOM WU OOIIEro Buaa
Dy=(x*+1)3—x*

2 BapuaHT
Nel Tloctpouts rpaduk QyHKIUH U
ONMCaTh CBOWCTBA

1
1) y=3x"3
2) y=—x*+3
2
3)y_xz—l
4) y =42 +1

5 vy =2log,(x —2) -2

No2 VcranoBurte, sBisieTcst 1 QyHKITUS
yéTHOM, HEYETHOM WIIN OOIIEro BHUaa

1) y=x*=2)°—x°
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)y =x3—x*

2) y=x°—x?

3 BapuaHT
Nel Tloctpouts rpadux GyHKIUH U
OIMcaTh CBOMCTBA

1)y =3x72
)y =—x%-2
2
3)y_xz—9
4)yy=2"1+1

5)y =3log,(x +3) —4

Ne2 VcranoBute, gBisieTcs 11 QyHKUIUSA
yETHOM, HEYETHOM MJIM OOIIETro BUIa
1)y = (2x% — 2)3 — x°

2) y = 2x3 —x*

4 BapuaHT
Nel Tloctpouts rpadux ¢yHKIMH U
OIKCaTh CBOMCTBA

1) y = 3x71

) y=—-x*-1
—2

3) y_x2—9

4) y =4*t1 —1

5 y =3log,(x —1) -3

Ne2 VcranoBure, siBnsieTcst 11 QpyHKUIMA
yéTHOM, HEUCTHOM MJIM OOIIEro BUIA

1) y = (3x%2 —3)3 —x°

2) y = 3x3 —2x*

KOHmPOJleble eonpocwol:

1. JTaiiTe onpeneneHus BO3pacTaromen PyHKIMN 1 MUHUMYMa (PyHKIUH.
2. Jlaiite onpeeneHus yobiBaromiei GyHKINN 1 MaKCUMyMa (QyHKITUH.
3. Jlaiite onpenenenre 4€THON U HEYETHON (QYHKITUH.

4. JlaiiTe onpeeneHrue MepuoIunIeckon PyHKIIUHN.

IIpakTnueckoe 3ansaTue Ne7
«IIpeoOpa3zoBannsi rpauKoB (PyHKIIHID».

Heab padoThI:
npeoOpa3oBaHU
CBeeHus U3 TEOPHH:

3aKpPCIIMTL HABBIK  ITOCTPOCHUA

rpa@ukoB C TOMOIIBIO

IMepenoc Baoab ocu opaunar f(x) = f(x)+b. {ns moctpoenus rpaduka

bynkuun y = f(x) + b cnenyer:

1. moctpouth rpaduk GyHkun y=f(x)
2. mepeHecTy och abcuuce Ha |b| equHuI BBepX npu b>0 uinu Ha |b| equHUII
BHU3 ipu b < 0. [TomyueHHBIN B HOBOW CUCTEME KOOPJMHAT TpaduK SBIsETCA

rpagukoM ¢pyHkuuu v = f(x) +b.

Mpumeptr:
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IMepenoc Baoab ocu aéemmce f(x) = f(x+a). st moctpoeHus rpaduka
byukun y = f(x+a) cnenyer:
1.moctpouts rpaduk pyakunu y=f(x)
2.1IepEeHeCTH OCh OpJMHAT Ha |a| eMHHUII BIpaBo npu a>0 Wi Ha |a| eUHHUI
BieBo pu a<0. [lomyueHHBIN B HOBOI CHCTEME KOOPAUHAT TpauK SBISETCS
rpaduxom pynkumm y=f(x+a).
Npumepe::

IMocTpoenue rpaduka pynkmuu suaa y=f(-x)

f(x) =1(-x)
Jlist moctpoenust rpaduka pyHkuuu y = f(-X) cnemyer:
1. moctpouts rpaduk pyukimu y = f(x)

2.  OTpa3uTh €ro OTHOCUTEIHLHO OCU OPJIMHAT
3. momydeHHbIN Tpaduk sBisieTcs rpadpuxom pyHKImu y = f(-x).

Mpumepsbi:

y4 ! gyt
r: %ﬁﬂ ° lc'Ig:;:'\?.---
[ -="
i .
y= 2—1‘ ‘,'y — Zx ‘;a' >
. -1 S1 x
12 [
e '\ ]
——— o 1]
> :

y = x*=(—x)*

>
I x"

IMocTpoenue rpaduka pyakuuu Buaa y = -f(X)

f(x) =-1(x)



Jlna noctpoenus rpaduka pynkuuu y = -f(x) cnenyer:

1. moctpouts rpaduk Qynkunn y=f(x)
2.  OTPa3UTh €ro OTHOCUTEIBHO OCH adCIUCC

Mpumepsi:

IHocTpoenue rpapukoB YeTHOM U HeYeTHON pyHKIUI

[Tpu noctpoennn rpadMKOB Y€THON M HEUETHON (QYHKIIUU yA00HO MOJIh30BaThCS
CJIEIYIOIIUMHU CBOWCTBAMH:
1.I'paduk yeTHON HYyHKIMU CUMMETPUUYEH OTHOCUTENILHO OCH Op/IMHAT.
2.I'paduk HeueTHOM PYHKITMM CUMMETPUYEH OTHOCUTEIILHO Hauajia KOOpUHAT.
Jlst mocTpoeHus rpauKoOB YETHON M HEYETHOW (DYHKIIMH OCTATOYHO MOCTPOUTH
TOJIBKO TIPaBYIO BETBb I'pa(uKa AJis MOJOKUTEIbHBIX 3HaUEHUI aprymeHnTa. Jlepas
BETBb JIOCTPAaMBAETCS CHUMMETPUYHO OTHOCHUTEIIbHO Hayalla KOOPAMHAT JJIs
HEYETHOU (PYHKIIMM U OTHOCUTEIBHO OCH OPAMHAT JIJIsl YeTHOM (DYHKIIMH.
Jlnst noctpoenus rpaduka yetHol pyHkuuu y = f(x) cnenyer:

1. mocTpouTh BeTBb rpaduka 370l GyHKUUU TOJIBKO B 00JIACTH MONOKUTEIbHBIX
3Ha4YeHuM aprymenTa x=>0.

2. OTpa3uTh 3TOT BETBb OTHOCUTEIILHO OCH OPJAMHAT B 00JIACTh OTPUIIATEIIbHBIX
3HAYEHHU X .

YN
M M
/_\'\ //y:f(\ﬂ
X
0 =

Jiis nocTpoennsi rpaguka HeueTHOl pynkumnu y=f(x) ciaenyer:
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1. ctpouTs BeTBh rpaduka 3T0N GYHKIIUHA TOJIHKO B 00JACTH MOJOKUATEITHHBIX
3Ha4YeHUH apryMenTa (x>0).

2. OTpa3uTh 3TOT BETBb OTHOCUTEILHO HAYAJI0 KOOPAMHAT B 00J1aCTh
OTPHUIIATEIHHBIX 3HAUCHUH X .

y=1(x)

f(xo)

. i
f(x,) JL
ya—

ITocTpoenue rpaduxa oOpaTHO PyHKIUM

Kak yxxe oTmeuanoch, mpsiMast U oOpaTHasi (yHKIIMU BBIPAXKAIOT OJAHY U TY
K€ 3aBHCHUMOCTb MEX]y IIEPEMEHHBIMU X M Y, C TEM TOJIBKO OTJIWYHEM, YTO B
oOpaTHOM (PYHKIIMU STH TEPEMEHHbIE MOMEHSUIMCH POJISMHU, YTO PABHOCHUIBHO
U3MEHEeHHI0 0003HaYeHuil oceil koopaunar. [TosTomy rpaduk obpatHoit QyHKIMH
CUMMETpUYEH rpaduky mpsMorl QyHKIuU oTHOcutenbHO Ouccektpuchl [ u III
KOOPJIMHATHBIX YTJIOB, T. €. OTHOCUTEIBHO mpsiMol y = x. Takum oOpaszom,
II0JIy4aeM CJIEYIOLIEE PABUIIO.

Jlist noctpoenus rpadpuka GyHKIuH y = ¥(X), 0OpaTHON MO OTHOIICHHIO K
byukiuun 'y = f(x), caegyer moctpouth rpaduk y = f(x) U OTpa3uth €ro
OTHOCHUTEIIBHO MPSIMOU Y = X.

Mpumeps! zpaghunoe a3auMHo oSpamHbX hyHKYU.

A s A
yl 2=y 2 ; %2 (2>0)
R !
1 ,’:/-"'/ H "',-/
¥
_..--"""’_l .-'/ \'0?"!“ l" “f
> '
// 1 x 1 Jx
1
A ’ N
1 x”




Hledopmanus (c:kaTue U pacTsKeHue) rpapuKkoB

C:xatne (pacrsikeHue) rpadpuka BaoJb ocu opauHar f(x) = A-f(x).
s moctpoenus rpaduxa pynkunn y=A-f(x) cnenyer:

1. moctpouts rpaduk pyHKun y=f(x)

2. yBEIIUYUTH €TO OpIUHATHI B A pa3 nmpu A>1 (Ipou3BecTy pacTsHKeHUE rpaduka
1

BJIOJIb OCH OPJIMHAT) WM YMEHBIIUTH €T0 OPANHATHI B ~pasnpu A < 1

(mpou3BecTH cxkathe rpaduka BIOJIb OCH OPIUHAT)
3. mosy4deHHbIH rpaduk sBisgercsa rpadguxkoM GyHKIUU y = A-f(x).

C:xartue (pacrsikeHue) rpadpuka BaoJb ocu adeuuce f(X) = f(ax)

Jlns moctpoenus rpaduka pyukuun y = f(ax) cinenyer:

1. moctpouTts rpaduk GpyHkimu y=f(x)
2. YMEHBIIUTH €ro a0CIMCCHI B @ pa3 mpu a >1 (mpousBectu cxaTue rpaduxa
1
BJI0JIb OCH a0CIIMCC) UITU YBEJIMYUTD €r0 a0CIIUCCHI B —pazmpu a < 1 (mpoussectu

pacTsbkeHue rpaduka BIOIb OCH a0CITUCC).
3. HoJIy4YeHHbIH rpaduk sBisgercs rpapukoM GpyHkimu y = f(ax)

fpumepst:

= =+x/2
T A
7
1{-As

a'/
11 2 x
2

(2 W odng &
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KomOunanus nepenoca, orpaskeHusi 1 negopmanumn

Odenb 4acTo NpH MOCTPOECHUU TPaPUKOB HYHKIIMIA TPUMEHSIOT
KoMOUMHaIuio npueMoB. [locnenoBareabHOe MPUMEHEHUE Psifia TAKUX MPUEMOB
MO3BOJISIET CYIIECTBEHHO YIPOCTUTH OCTPOCHHE rpadka HCXOAHON (DYHKINH U
HEPEIKO CBECTH €r0 B KOHIE KOHIIOB K ITOCTPOCHUIO OJHOM U3 MPOCTEUIIINX
AJIEMEHTAapHBIX PyHKIMI. PaccMOTprM, Kak C y4€TOM H3JI0KEHHOTO CIIETyET

CTPOUTH TPaPUKU PYHKITHIA.

OTMeTHM, 4TO MOPSAAOK YIPOILECHHUS 11€1€CO00Pa3HO MPOBOAUTH B

CHGI[YIOHIGﬁ IIOCJICAOBATCIIbHOCTH.

1. Ucrionb30BaHre Y€THOCTH MM HEYETHOCTH (DYHKITHH.
2. [lepenoc oceid.
3. OTtpaxxkenue u aehopmariys.

4. TlocTtpoeHue e rpaduka BbIIOJHAETCS B 0OpaTHON MOCIIEI0BATENBHOCTH.
IIpumep. Ioctpouts rpaduk Gyskun y = 3 — [n(1 — 2x)

[TocTpoenue npoBeneM o CIeIyOUUM [Iaram:

1. moctpouM rpaduk HaTypaabHOTO Jorapudma y = Inx:

2. coxméM k ocu OY B 2 paza: y = [n2x ;

3. 0T00pazuM cuMMETpUYHO OTHOCUTENbHO ocu OY: y = In (—2x);

4. cneuHeM B0k ocu OX Ha % (1) BpaBo: y = In (—2 (x — %)) = In(1 - 2x):

5. 0T0Opa3suM CUMMETPHYHO OTHOCUTENBHO ocu OX: y = —In(1 — 2x);

6. cuBunem Baosb ocu OY Ha 3 enunuis! BBepx: y = 3 — [n(1 — 2x):

A

------------------------------------------

§y=1n(§l—2x)g

y= In(~§2x)

-----------------------------------------------
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4
Y
y=3=In(E-2%) :
y=hil-2%)
Xi
LA ' A\l L\ 0 v 1 i T L
y=-Mn(1-2%)

Ipumep. Tloctpouts rpaduk PyHKIIUU Y = Sin2x.

CHauana u300pa3um rpaduk cuHyca, ero nepuoj pasen T = 2.

rpaguk QyHKIUU Yy = Sin2Xx MOJy4yaeTcs MyTEM CKaTus rpapuka y = Sinx K ocu

OpJIMHAT B JIBa pas3a.

IIpumep. ToctpouTts rpaduk Gpynkuun y = (x — 1)?

[TocTpoum napabony y = x2 u cisuraem eé Baosb ocu abeuyce Ha 1 enuHuiy

BIIPABO:
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IIpumep. lloctpouts rpaduk GyHKIUN Y = =

xX+2

1, . .
['unepbony y = - (u€pHBbIi 1IBET) ciBUHEM B10Jb ocu OX Ha 2 eTUHUIIBI BJICBO:

3aoanus 0 cAamMoCmMoOAMENbHO20 PEULEHUA:

1 BapuaHT
Nel Tloctpouts rpaduku QyHKIUN C
TIOMOIIBIO peoOpa30BaHUM, €CITH JaHbI
rpaduku  QyHKIMHA Yy =sinx, y =
cosx,y =tgx, y =2% y=logsx
1)y = 3sinx
2)y = —0.5sinx
3y =21 +1
4)y =log,(x+1)—1

5)y=2cos(x+§)—2,
6)y = 2tg (x—%)

2BapuaHT
Nel Tloctpouts rpaduku QyHKIUE C
TIOMOIIIBIO TTPEOOPa30BAHUM, €CITH JTaHBI
rpabukun  QyHKIMA Yy =sinx, y =
cosx,y =tgx, y=3% y=logsx
1)y = 3cosx

2)y =3*1+2,
3)y =log,(x+2)+2
4) y = sin 2x,

5)y:35in(x+%)—2,
6)y=3tg(x—§)
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3 BapuaHT
Nel Tloctpouts rpaduku QyHKUMHA C
MOMOIIIBIO0 MPE0OPaA30BaAHMI, €CIIN JIaHbI

4 BapuaHT
Nel Tloctpouths rpaduku QyHKUMIA C
MTOMOIIBIO MMPe0Opa3oBaHM, €CITU JTaHbI

rpadukn  GyHKIMHA Yy =sSinx, y =
cosx,y =tgx,y =2% y=1log,x

rpadukn  QyHKIMH Yy =sSinx, y =
cosx,y =tgx,y =3%y=log,x

1) y = 2sinx 1) y =2cosx
2) y = —0.25sinx 2) y =—0.25cosx
y=2*=-2 3) y=3*1-3,

4)y =logsz(x+2)+2
VA
5)y—2cos(x—g)+1,

6)y=2tg(x—%)

4) y =logy(x —1) — 2
. A
5) y—351n(x+g)—2,

6) y=3tg(x—§)

KOHmPOJleble eonpocwol:

1. Kakumu popmynamu 3amaercs pactsikeHue (cxxarue)?
2. Kakumu ¢popMynamu 3a7aeTcs mapajjiebHbINA IepeHoc?
3. Kak moctpouth TOUKY CUMMETPUYHYIO OTHOCUTEIHHO OCel KOOpIMHAT?

IIpakTnueckoe 3ansaTue Ne§
«Pemenne 3a1a4 Ha onpejieieHNe B3AUMHOI0 PACIIOJIOKEHUSI IBYX

IJIOCKOCTEN»

Iear paGoTbl: 0000IUTH U CUCTEMATU3UPOBATH 3HAHUS MO Pa3aeiy
«IIpssMple W TIJIOCKOCTH B TIPOCTPAHCTBE»; 3aKPEMHUTh YMEHHUS WCIOJIb30BaTh
TIOJTyYCHHBIC 3HAHUS JIUIS PEIICHUS 3a7a4.

Ceedenusn uz meopuu:

JIBe pasziuyHble TJIOCKOCTH B MPOCTPAHCTBE JUOO napanienvhsvl, JTHOO
nepecexkarmcsi.
IMapanneabHOCTH IBYX INIOCKOCTEMH

JIBe

napauiCJibHbBIMHU, €CJIM OHU HC ICPECCKAKOTCH.

Omnpenesienue. IUDIOCKOCTM B IPOCTPAHCTBE  HA3bIBAKOTCS
IIpu3Hak mapa/uleIbHOCTH ILIOCKOCTeH. Ecim n1Be mepecekarommecs
MPSAMBIE OJHOM IUIOCKOCTH COOTBETCTBEHHO IMAPAJIICIBbHBI ABYM HPSAMBIM JIPYTrOM
IJIOCKOCTH, TO TaKHUE INIOCKOCTH MAapAJIIEIbHBI.
OcHOBHBIE CBOMCTBA MAPA/LICJIBbHOCTH IIOCKOCTEH.
o  JluHum nepecedeHus: ABYX NMapajUICIbHBIX INIOCKOCTEN TPEThEN
IJIOCKOCTBIO NTapaJICIIbHBI.
o OTpe3ku napajuieNbHbIX NPSIMBIX, 3aKITIOUEHHBIX MEXKITY JIBYMS

napaui€JIbHbBIMU IINIOCKOCTSAMM, paBHBI 110 JJIWHE.
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Ilepeceuenue ABYX IJI0CKOCTEH

JIBe 1mIoCKOCTH TmepecekaroTcs 1o npsmoil. OOmas mnpsMas JBYX
IUIOCKOCTe Ha3bIBaeTcss pedpoM JBYTpaHHOTO yria, oOOpa3oBaHHOIO MpHU
MEPECEUECHNH JaHHBIX IUIOcKocTel. Ilpm mepecedeHMM JBYX IIJIOCKOCTEN
o0Opa3yloTcs 4YeTblpe JBYIpaHHbIX yria. Eciu Bce OHHM paBHBI, TO IUIOCKOCTH
HAa3bIBAIOTCS MEPIECHAUKYIISIPHBIMU.

IIpu3HaKk NEePHeHAUKYJSPHOCTH ILIOCKOCTer. Ecim omHa w3 AByX
IJIOCKOCTEN MPOXOJUT Yepe3 MPAMYIO, IEPIICHANKYIISPHYIO K APYTOM IJIOCKOCTH,
TO TAKHE TIOCKOCTH NEPIEHIUKYJIISPHBI.

N3 npusHaka nepneHIuKyIIPHOCTH IUIOCKOCTEN CIEAYET, YTO IJIOCKOCTD,
MIEPIICHINKYJIIPHAS K MPSAMOM, II0 KOTOPOM MEPECEKAIOTCA IBE JAHHBIE TIIOCKOCTH,
MEPIIEHAUKYJISIPHA K KaXKJIOW U3 3TUX IUIOCKOCTEH.

Yroa mexay IUIOCKOCTAMH — HAaWMEHBIIMN W3 JBYTPAHHBIX YIJIOB,
00pa30BaHHBIX MPU NEPECEUECHUH MIIIOCKOCTEH.

YrnoBas BeIWYMHA ABYTPAHHOIO Yrja — 3TO BEJIMYMHA JUHEWHOTO YTJiia
JAHHOTO IBYTPAHHOTI'O yIJIA.

UYtoObl HANTH JIMHEWHBIN yTOJd JABYTPAHHOTO YIJIa HAJIO U3 MPOU3BOJILHOM
TOYKM Ha peOpe JBYIPaHHOTO YIVIa TPOBECTH B KaXKAOW TUIOCKOCTH IO
MEePIEHIUKYJISIPY K 3TOMy pedpy. Bce nuHeliHble yTiibl ABYTPaHHOTO YTria PaBHbI

APYyT ApYyTYy.

3aoaua. Tpu npsiMble, TPOXOASAIIME YE€pe3 OJIHY TOUKY M HE JIe)Kallue B
OJIHOM TUIOCKOCTH, MEPECEKAIOT OJIHY U3 MapaUIEIbHbIX MJIOCKOCTEN B TOUKaX A,
B1 u Ci, a npyryto B Toukax A B Co(puc.). Jlokaxure, 4T0 TPEyroIbHUKH
AlBlcl " AszCz HO,Z[O6HLI.

B

Puc.
JlokazarenbcTBO: IlycTh MaHHbBIE TpU MPSMBIE TIEPECEKAIOTCS B TOUKE S.
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Ilo ceouictBY 1, ecnu JBe mapayieiabHBIE IUIOCKOCTH NEPECEYEHBI TPEThEU, TO
JMHUY WX TiepecedeHus napawienbHsl. [Inockoctu 41B1C1 u A2B,C;, mapamenbHb
U TIEPEeCEUCHbl IIOCKOCThIO SA1B1. 3Hauut, nuaum nepecedenus Ai1Bi uAd»B»
napajuienbHbl. AHANOTHYHO, MockocTh SB1Ci paccekaer miuockoctu A1B1Ci u
A;B,C;, mo mapamnensapiM npssMbiM B1Ci 1 B2Cs. A mnockocth SA1Ch paccekaer
miockoctu 41B1C1uA,B,C, mo mapamtensabiM npsMbiM A1C1 1A2Co.

1 cioco6. Yribl A U A1 paBHBI KaK yTiibl C COHANIPABICHHBIMU CTOPOHAMHU. YTibl C
u (Cp TakkKe paBHbl KaK YIJbl C COHANPABIECHHBIMU CTOpPOHAMHU. 3HAUWT,
TpeyroiabHuku A1B1C1 u A2B2C, mo100HbBI 110 ABYM yTIIaM.

2 cnioco0. Tpeyroasuuku SA1B1 u SA4,B; nogoOHbl, Tak kak npsimbie A1B1 ud,Bo
napaensHbl. Tpeyroasauku SC1Bi u SCoB, mogoOubl, Tak kak npsimeie C1B1 u
(2B, mapamnenshbl. Tpeyronbuuku SA1C1 u SA2C; moA00OHBI, TaK Kak MpsiMble
A1C1n A,Conapamienshsl. Y3 momnobust cineayer:

5S4, _SB, _SC, _ 4B, _B,Cy _AC,

s4, SB, SC, A,B, B,C, A,C,

N3 nponopuroHanbHOCTHA TPEX CTOPOH BBITEKAET MOA00ME TPEYroJbHUKOB SA1B1 1
SA,B;.

3aoaua. Tlapammenwubie oTpe3ku Ai1dz, BiB,, CiC, 3akmioueHsl Mexmy
napajyielbHbIMM  IJIOCKOCTSIMM o u [ (puc.). a) Omnpenenure BHI
yeThlpexyroiibiuka A1B1BAz, CiB1B2Co,  A1C1CoAp.  6)  JlokaxkuTe, 4TO
TpeyronbHuku A1B1C1 u A,B,C, paBHBI.

Puc.

Pewmenue. a) Ilpsamble A14,, BiB, mapamnensusl mo ycnoButo. A14,=B1B; 1o
CBOWCTBY 2 mapajUlelibHbIX IUIOCKOCTeN. B  uyeTkipexyronbHuke A1B1B2A4
MPOTHBOMOJIOKHBIE CTOPOHBI TMAPAJUJICTBHBI W PaBHbI, 3HAUUT, A1B1B24,—
napasuiesiorpaMM. AHaJIOTUYHO JTOKA3bIBAETCS, YTO YEThIpeXyroJbHUKH C1815,C:,
A1C1C24; — mapamnenorpamMmbl. 0) Ai1B1=A.B,, B1C1=B,C,;, 4:C1=A;C; (kax
MIPOTUBOIIOJIOKHBIE CTOPOHBI TAPALIEIOTPAMMOB). 3HAUUT, TpeyroinbHUK A1B1Cq
u A2B,C;, paBHBI 110 TpeM CTOpOHAM.

3aoaua. Jlokaxurte, 4TO AMAroHANIb MapajulesieNUuNea MEHbIIE CYMMBI
Tpex pedep, UMEIOMUX OOIIYI0 BEPIIHHY.
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Clai D
B - "
Puc.

HoxkazatenberBo: [lycts AB = X, ACi1=d, AA;=z, AD=y. U3 110001 BEpIIUHBI
UCXOIAT Tpu pebpa, cymMMa JJIMH KOTOpPbIX paBHa X+y+z. Bocmoabzyemcs
HepaBeHCTBOM TpeyroybHuKa. Paccmorpum TpeyroibHuk ACCi. AC1<AC+CCy,
d<z+AC. U3 tpeyronpauka ABC umeem: AC<AB+BC=AB+AD=x+y. 3Hauwur,
d<z+x+y, uro 1 TpeOOBAIOCH T0KA3ATh.

3aoaua. Mpsmeie AB, AC u AD mnomnapHo neprneHaukyisipHbl. Haiinure
orpe3ok CD, eciu: AB = 15 M, BC =35 M,AD=7,5m.

lWar 1. denaem pUCYHOK B COOTBETCTEHU
C YyCNOBMEM 33434

LWar 2. 3anuwem ycnosue 3aaaqu
Tano: 4B 1 4cl 4D

B AB=15m,

BC =35,

AD=7 3n

Haionu:

CcD

Lar 3. BoinoAHAEM pelueHne 3aa4m

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

Mo T.NMuparopa BC=AB*+AC?, oTcroga AC= "F(* - AB IS = 19 1225 = 225710
PaccmoTpum A ADC—npamoyronbhbi, T.K. ACL AD

Mo 7. Nudaropa CD*=AC+AD?, cnepgoeatentio CD*=10%+7,5°=100+56,25=156,25
3hauutCD=125

OteeT:CD=125m

3aoaua. BepxHue KOHIBI JBYX BEPTUKAIBHO CTOSIIUX CTOJIOOB,
yJAJEeHHBIX Ha paccTosiHue 3,4 M, COCAMHEHBI IMEpeKaJIuHoN. BricoTa oHOIO
crosiba 5,8 M, a pyroro — 3,9 M. Haiinure nivHy nepekiiaiuHebl.

Warl. Jenaem pUCyHOK B COOTBETCTEUMH

LWar 2. 3anuwem ychoBue 3a4a4m
C YCNOBHEM 33403494

H3 A3bIKE TEOMETPUM

Hano: m-mea, AD| o, BC| a

O @

(=]

DC=34xn
BC=38xn
AD =39 x
Hatimu: AB

lWar 3. BoinoaHaem pelwesne 334a4m

Pemenne: Tax Kax gse npasele AD u BC nepneHAHKYIAPHEL OOHOM IUIOCKOCTH &,
TO OHH NMapamtensHel. Cnegoearensro, ABCD — npAMOYTONbHAR TPANSHA ¢
ocrosamuaui AD u BC . IIposeném seicoty Tpanemi AH.
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id

AHCD —npavoyromeHik. y xotoporo AH= CD =3.4m, CH= AD=3%Mm.
Paccmotpima A ABH — npamoyromesent, TX. AH BbICOTa Tparnerpns .

BH =BC-CH= 58-39= 19

Io 1. IIndaropa 4B?=4H?+BH?, cnegosatensHo

ABI=34%+192= 11,56+3,61=15,17

SHaumt AB=39%9 M

3aoaua. VI3 TOUKH K INIOCKOCTH IIPOBCACHBI IBC HAKIIOHHBIC. Haﬁ,Z[PITe
JJIWHBI HAKJIOHHBIX, €CJIN OJHAa U3 HHUX Ha 26 cM OombIie I[pyroﬁ, a IIPOCKINH

HAKJIOHHBIX paBHbI 12 cM 1 40 cm.
Warl. Jenaem pHCYHOK B COOTBETCTEHU

War 2. 3anuwem ycrosue 3aaaqm
C YCNOBMEM 33434M

JaHo: -6 &,
AB — nepnenouxyaap,

AC u AD — naxionnvle

B AC=4D +26cm
1N BC u BD — npoexyuu
40
HAXTOHHBIX
C BC =40cw, BD=12cx
' : A
/ (.

3mauur  AD’- BD’=AC?- BC? noacTasuM QaHHEIS H NOMYYHM YpPasHEHHE
x —12%= (x + 26 — 409

x° — 144= x ?+ 52x+676 - 1600

—52x =676 - 1600+144

x=-780:{-52}

x=15

Cnenosarensro, AD =13 m, Torma AC=13+26=41(m)

LWar 3. BoinonHaem pelleHue 3aaaqu

Iycte AD =x, mozoaAC =x + 26.

Paccyompun A ABD u A ABC —

NPAMOY2OTBHBIE, M.X. AB — nepnenouxy1ap.
D ITo m. IMugpazopa

s AABD

AD?’= 4AB’+BD? => 4B’=.4D’- BD?
Jna A ABC
AC=A4B?+B(C? => AB’=AC?-B(?

Omeer: AD=13m AC=41x
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3aoanusn 0na camocmoamesibHo20 peuleHus:

1 BapuanT

Nel. J{an terpasap AMNK. Touku B u
C - cepemunsl pebep MN u NK
COOTBETCTBEHHO. OMpeieuTh B3aUMHOE
pacnosioxxenne npsameix AK u MK, BC
u MK, MN u AK; npsamoi U mIocKoCTH:
BC u (AMK), AK u (MNK), AM u
(AMK). OTBeThI 000CHOBATB.

Ne2. Han IIPSMOYTOJIbHBIN
rapaieaenuIe AMKBA MK B;.
OnpenenuTs B3aMMHOE PAaCIOJIOKEHHE
npsambeix AA; u MK; BB; u MM;; MB u
BBi; mpsmoii u minockoctu - AB wm
(MKK;); BK u (BKK3); AM u (KMM;).
OTBeTHl 000CHOBATB.

Ne3.  Ilpsmoyronmbauk  MNAB u
napayenorpamm  MNKP He nexar B
OJTHOU IJIOCKOCTH. Onpenenuthb

B3aMMHOE pacnoioxenue npsamoix AN u
PK; AB u PK; npsimoit AB u miockoctu

2 BapuaHT

Nel. Han tetpasap SMFK. Touku A u
C - cepemunsl pedbep MF u FK
COOTBETCTBEHHO. Onpenenuthb
B3aMMHOE pacroiioxkeHne mpsaMbix: KS
u MF; AC u MK; MF u KS; npsimoii u
mwiockoct: AC u (SMK); MK u (SFK);
FK u (SFK). OtBeTsl 000CHOBATS.

Ne2. Jaun IPSMOYTOJIBHBIN
napamnenenunen  CNMBC,N,M,B,.

OnpenenuTs B3aMMHOE PACIIONIOXKEHUE
npsmbix: CC, u MN; BB, u NN,; MN
u MM, ; npsamoii u miockoctu: CB n
(B,C,N,); NM u (NMM,); CB u (BB,
M). OTBeTBI 000CHOBATB.

Ne3. Pom6 ABCD wu mapamienorpamm
MNCD He nexaT B OJHOM IMJIOCKOCTH.

OnpenenuTs B3aUMHOE PACIIOI0KCHHUE
npsmeix: AM u CD; AB u MN; npsmoii

. | MN wu mnockoctn pomba; mNpsMOH,
napajjiesorpaMmma; MPSIMOH, .
. napawienbHod DM u  miiockocTu
nmapaienbHol  PM m miockoctu omGa
IPSIMOYTOJIbHHKA. P '
3 BapuaHT 4 BapuaHT

Nel. JTan Tetpasagp AMCK. Touku B u
N - cepemunbl pebep MC u CK
COOTBETCTBEHHO. OTpeeuTh B3aUMHOE
pacnonoxxenne npsimeix AK 1 MK, BN
u MK, MC u AK; npsMoii 1 TIIOCKOCTH:
BN u (AMK), AK u (MCK), AM u
(AMK). OTBeThI 000CHOBATb.

Ne2. Han MPSIMOYTOJIBHBIN
napauleJIenune ABCDA,B,C,D,.
Onpenenutbh B3aUMHOE PACIOJIOKEHUE
npsimeix AA, u BC; BB, u CC,; CB u
BB,; npsamoii u miockoctu - AB u
(CDD,); BA u (BAA,); AD u (BCC,).
OTBeTHl 000CHOBATH.

Ne3.  IIpsmoyromeauk MNCD u
napaienorpamm MNKL He nexar B
OJIHOM TJTIOCKOCTH. Onpenenuthb

B3aMMHOE pacnoiioxkeHne npssmbix CN u
LK; CD u LK; npsmoit CD u mmockoctu

Nel. Han terpasap CMLK. Touku A u
F - cepemunst pebep ML u LK
COOTBETCTBEHHO. Onpenenuts
B3aMMHOE pacrionoxenue npsmeix: KC
u ML; AF u MK; ML u KM; npsimoii u
miockoctr: AF u (CMK); MK u (CLK);
LK u (CLK). OtBeTsI 000CHOBAThH

Ne2. Jan PSMOYTOJIbHBIN
napamnenenunenr  SNMKS N, M K.
Ompenenuth B3aUMHOE PACIIOIOKEHUE
npsambix: SS; 1 MN; KK, u NN,; MN
u MM, ; npsimoit u mockoctu: SK u (K
.S;N,); NM u (NMM),); SK u (KK, M,
). OTBeTH 000CHOBATD.

Ne3. Pom6 KPCD wu mapannenorpamMmm
MNCD He nexaT B OJHOM IJIOCKOCTH.
OmpenenuTh B3aMMHOE PACIIOIOKEHUE
npsMeix: KM u CD; KPAB u MN;
npsimoii  MN  u  mockoct  pom0a;
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rapajijiesIorpamMma; npsAMoii, | mpssMoM,  napauiensHoi DM u
napauiensHoi LM M MIOCKOCTH | TNIOCKOCTH poMOa.
IPSIMOYTOJIBHHKA.

KOHmPOJleble eonpocwolt.

1. Kakue miocKOCTH Ha3bIBAIOTCA NapajlieIbHbIMU?

2. ChopmynupyiiTe Npu3HaK MapaieIbHOCTH MIIOCKOCTEH.

3. BzanmHoe pacnosiokeHne miocKocTel (Bce BO3MOXKHBIC CIIyUan).

4. AxcuoMa 0 HaJIM4uu OOIIEeH TOYKHU ABYX IJIOCKOCTEH.

5. BepHo 511, 4TO AyIMHA TIEPIICHAUKYJIIpa MEHBIIE JJIMHBI HAKJIOHHOM,
MPOBEAEHHON U3 3TOM K€ TOUKHU?

6. Mo3eT 11 yroia Mexay NpsSMON U TIIOCKOCTHIO OBITh TYIbIM?
IIpakTnueckoe 3ansaTue Ne9

«Pemenue 3ailavd HA IPUMEHECHUE TCOPEMDBI 0 TPEX NMEPNECHAUKYJIAPAX»

Hean paGorhl: 3akperuieHHWEe 3HAHUKM OOydYarouuxcsi MPUMEHSTb
TEOPETUYECKHE 3HAHWSA K DPEIICHUIO 3aady Ha JI0KAa3aTeIbCTBO M BBIUMCIEHUS,
pa3BUBaTh MPOCTPAHCTBEHHOE BOOOpPAKEHUE, pA3BUBATh YMEHHUE CTPOUTH
apryMEHTUPOBAHHOE M JIOTMYECKM BEPHOE pELIEHUE 3aJaud, CIIOCOOCTBOBATH
JabHENIIEMY Pa3BUTUIO HABBIKOB CAMOKOHTPOJIS.

Ceéedenusn uz meopuu:

TEOPEMA O TPEX NEPIIEHIUKYJISIPAX
HpHMaH, IIpOBCACHHAA Ha IINIOCKOCTH 4YCpPC3 OCHOBAHHUC HAKJIOHHOM

MEPIEHINKYJISIPHO €€ MPOEKINH, NEPIEHANKYIIAPHA U CAMOW HAKJIOHHOM.
N oOpatHO: ecnu mpsiMasi Ha MJIOCKOCTH MEPHEHIUKYISIpHA HAKJIOHHOM, TO

OHa IEePIIEHANKYJISIPHA U TPOSKLUUHA HAKIIOHHOM.

3adaua. Otpe3ok AM neprieHANKYJISIpeH MmIockocTu Tpeyroiabauka ABC u
uMmeeT nauHy 6 cM. Haiinure paccrosinue ot Touku M no npsimoit BC, ecniu AB =
AC=10cm, C=12cwMm.

Hano: A ABC - paBaoGenpennsiii, T.k. AB = AC =10 cm
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M

AM — nepnenaukyJsp, AM L(ABC), AM =6 cm

BC = 12cm.

Haittu: MK.

Pemenue.

1) Paccmotpuim A MAK - npssMOyroJbHBIH, T.K. AM —

NEPIEHAUKY AP, AM L (ABC).

MK — MO0XHO Ha3BaTh HAKJIOHHOM K IIOCKOCTH A
MAK, a AK ee npoekuueil Ha 3Ty MIIOCKOCTb.

Io Teopeme Iudaropa: MK’ =AM*+4K*, AM= 6, AK ? =

=7

2) Paccmotpum A ABC - paBHOOeapeHHBIH, T.K. 10 ycioBuio AB = AC =10 cm.
Onpenenum uem sBisercss AK nna A ABC. Tak kak no ycinoBuro 3amaun MK —
paccrosiaue ot Toukn M nmo mpsimoiri BC (T.e. mpoBoauTCS TEPIECHIUKYISIPHO K
ATOM IPSAMOI1), TO IO 0OPATHOM TeOpeMe O TpeX MEPHEHAUKYIISApax: eClu MK | BC
, To 4K 1 BC =AK - BricoTa B A ABC.

Tak xkak AABC — paBHOOenpenssiii, To AK He TOJIBKO BBICOTa, HO U M€IUaHa

:BK:KC:%:G.

K

3) Paccmotpum A AKB — nipsimoyrosnbHsii (T.k. AK — BbIcOTa)
AB =10 cM (o ycnoBuro), BK = 6 (43 2 n. peienus).
ITo Teopeme Iudparopa: AK* = AB* - BK®
AK? =10° -6° =100 - 36 = 64
T.X. 4K>0, TO AK =64 =8cMm.
Bepuemcs B 1 1. pemrenns: MK® = AM’ + AK*
MK?* =6"+8" =36+64 =100
T.x. MK >0, TO MK =+100 =10cM.
Otser: 10 cm
3aoaua. N3 toukm O mepecedyeHus nuaronanei keajgpata ABCJ x ero
MJIOCKOCTH TIpoBeAcH mepreHaukyaap SO m Touka S coeawHEHaA ¢ CepeauHON
cropomrst JIC (puc. 2). Haitnurte amuny otpeska SC, ecmn AB= 8 cm, ZSEO = 60°,
Hano: ABCJI — xkBaapar,
s AC u B/l — nuaronanu kBaapara,
O — TOYKa mepeceyeHusl TuaroHaneu.
SO — nepnennukysp, SO L (ABC).
E — cepenuna JIC (1.e. IE = EC)
AB=8 cm, ZSEO = 60".
Haiitu: SC.
Pemenue.
1) Paccmotpum AAJIC - mpsIMOYTOJIBHBIH,

paBHOOenpeHHbIN (T.K. o ycnoBuio ABCJI
— kBagpar, 3Hauut, AJ[=/IC=8). Tak kak

A

AO = OC (o cBoticTBy nuaronanei kBaapara) u JIE = EC (o ycnoBuro 3amaun),
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Al 8
10 OF — cpennss munua A AJIC = OF =7 :E =4 (no cBoiicTBy cpeHeil MMHUH

TPEYTOJIbHUKA).
2) Paccmotpum ASOE - npssMOYTOJIBHBIH (T.K. 10 yciaoButo SO — mepneHIuKysp,
SOL1(ABC)=>SOLOE). Tak kak 1O YCIOBUIO 3aiadd ~SEO = 60°, To

ZOSE =180° —(900 —60°)=30°. Tak kak KaTeT, JIe)KAIIMH [IPOTUB ATOr0 yria paBeH

MOJIOBUHE THUIOTEHY3bl, a TUIOTEHY3a B JBa pa3za OOJbIIe 3TOr0 Karera, TO
IIOJIy4aeM, YTO SE =2-OE =2-4=8CM.
3) Paccmorpum ASEC u ompeiesiuM ero THIT:
Tak kak B paBHoOeapenHoMm ACO/] (Ol = OC no ycnosuto 3anauun) OF sBisieTcs
meauanoit (E- cepenuna croponsl JIC mo ycnoBuio 3anauu), To OE — BbIcOTa,
cnenoBarensHo, OF L CJ].
Tak kak nas ASOE orpesok OE — sBusercs mpoekmuedt HakioHHod SE Ha
IJIOCKOCTh KBaJpara, TO MO TEOpPEME O TPEX MEPHECHAUKYJSIpax CIEeAyeT, 4TO
Cll L SE | a, cnemoBatenbHo, ASEC — npsIMOYTOJIbHEIN, B KOTOPOM H3BECTHO, YTO
EC=4cM (10 YCIIOBUIO 3ajiayu JIE :EC:%Z:%:M, SE = 8 cM (u3 2 myHKTa
pELICHMUS).
ITo teopeme IMudaropa SC* = SE* + EC?
SC2 =8? +4% =64 +16 =80, m.x. SC >0, mo SC =~/80 =~/16-5 = 4/5 cMm.
OtseT: 44/5cMm.

3aoaua. VI3 Bepmmnbl A kBaapata ABCD BoccTaHOBIIEH NEpIeHIUKYIISP
AK k ero mockoctu. Jlokaxure, utro BC nepnienaukyisapao KB.

K aHo:!

ABCD — xeagpar,

AKX 1 (ABCD).
Hoxazate: BC 1L BK.
A ] . B
D. L]
C
I[OK&?;&TGHLCTBOI

AR L (ABCD) (no yonoBwno),

BE — maxmonnan,

AR — opoexnua KB ma mnockecte (ABCD),

BC 1 AR (¥a¥ cMe ®HEE CTOROHE FEANPATA),

rorga BEC | BE (mo TeopeMe o TheX NepIeHIHERIARAK ).
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3aoaua. U3 Bepuinnbl B kBaipata ABCD BoCCTaHOBIIEH NEPIICHANKYIISP

BM « ero miockoctu. JJokaxure, uro AC nepnenaukyasipao MO (O — Touka
NIEPECEUCHHUS] TUaroHaen).

M

Hano:

ABCD - xeagpar,
ACNBD=0,
BM L (ABCD),

O

Hoxasate: AC L MO

HOK&B ATEJIECTEO .

BM | (ABCD), MO — naxnonnas, BO — npoexnua MO ma mnockocts (ABCD), AC L BO
(kax gHaroHATH KEampaTa).

3nayut, AC 1 MO no Teopeme ¢ Tpex NepneHgHKYIAPaX.

3aoaua. U3 Bepuinnbl A ipsmoyroiibaruka ABCD BoccTaHOBIICH
neprneHauKkyJsip AK k ero minockoctu. Jlokaxute, uto TpeyronsHuk KBC
MIPSAMOYTOJIbHBIN.

K

aHO!

ABCD — npaMoyToNbHHEE,

AK 1 (ABCD)
A, » 8 Hoxasars: A KBC — npaMoyroNeHE.
D, v
c
Jloka3arenbCTBO:

AR | (ABCD), BE — waknounan, AR — opoexiua KB va nnockocTs;
BC 1 AP (kay cMe®HHE CTOROHE OpAMOVTONLHHER).

Torma BC 1 AR mo TeopeMe o TpeX NeplIeHOHEYIApax, T.e. & KBC — npaMoyronsHL,
ZB =807

3aoaua. N3 Bepuiunbl npsiMmoyroiasauka ABCD BoccTaiieH
neprneHaukyisip AK k ero miockoctu. PacctostHust ot Touku K 10 Apyrux BepvH
paBHbI 6 cM, 7 cM, 9 cMm. Haiinure qummnHy nepnenaukyispa AK.
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K aHo:

ABCD — npAMOYyTONEHHUE,
AK 1 (ABCD)

Penienue:

1) & AKD — npamoyroneHu#. o Teopeme [udaropa; KD? = AF? 4+ AT2.
Hasigem AD. Jametum, ure AD =EC.

2 Paccmotpum AKEBC:

AR | (ABCIN, BE waknonmas, 4B — nopoexnua BE Ha nnockocTe.

BC1 AP (xay cMe®HHE CTOPOHL IPpAMOYTONBHHER ).

Torga BC 1 BE (no TeopeMe ¢ TReX DepOeHguEynapax), T. e. A BEC — opamo yTone e,
SB=30"

2 1o Teopeme udarepa: KC4=BE? + BC% Otcroma cnegyer,
BC2=KC2-BE2=81-49 =32 Toecte AD?=32,

4y Vuurreaz 1), ameen: AR = KD? — AD? =36 — 32 = 4. 3gaunt, AK = 2(cw).
OTeEeT AR =2 cm

3aoaua. VI3 Bepmmabl D kBagpata ABCD co cTtopoHO# 2 M K €T0
TUIOCKOCTH TPOBEJICH NEepneHIuKyJsip DK = 2v/3cm. Haiigure miomans A ABK

AHO!

ABCD — smagpar,

_ DE L (ABCD), DK =243 cu
s Hafito: 5 p apg -7

A B

Penienue:

1y Paccwmotpum A ADE:

DE 1 (ABCD) (no yoooEHes),

AR —waxnondada, AD —opoeexnna AK ma nnocKocTs,
AB 1 AD (yar cMeXHLE CTOPGHE EEATDaTA),

tTorna ABLAK | T e A ABK — nmpaMoyroneHf, £ A = 907

N Eaapk=05 48 « AR, AR -7

3 A ADE —npaMoyToNLHLE.

IIo Teopeme [Iudaropa A= AD?4+DE2 Orcroga AK =4 (cu.
4S5 apr=05+2+4=4 (cum ).

OTEET. Sp ARk = 4 C1e.
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3aoanus 0na camocmoamesibHo20 peuienus

1 BapuanT
Nel.K miockocTy mpoBENEHBI paBHBIE
HakJIOHHBbIE. JloKaxkute, YTO ux

IPOEKILIUU PABHBI.

Ne2.B AABC yron C pasen 90°, CB=S8,
AB=10. KA nepneHgukymsip K
IUIOCKOCTH ~ TpeyrojbHuka. KA=6.
Omnpenenute Bua TpeyroiabHuka KCB.
Haiitn paccrostaue ot toukum K 1o
npsmoit CB.

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

TpeyrolbHHKAa " paBeH 5v6 oM.
Haitgute paccrossnue ot touku K nmo
AC.

Ne4 Yepes BEPUINHY K
npssmoyroiibHoro AKCM ¢ mpsiMbiM
yriiom C mnposenena mnpsimas  KP,
NEpPHeHANKYJIApHAas K  IUIOCKOCTH
TPEYTOJIbHUKA. Jokaxwure, 4TO
TpeyroabHUK PCM  npsAMOyroJIbHBIN.
Haitgure PK, ecim KM=13, MC=5,
PC=14.

2 BapuaHT

Nel.JlBe HakJIOHHBIE, MPOBEICHHBIE K
IJIOCKOCTH, HWMEIOT PaBHbIE MNPOEKIUU.
Jlokaxkute, 4YTO HAKIOHHBIE TaK e
PaBHBI.

Ne2.B AABC yron C pasen 90°, CB=4,
AB=5. KA nepneHauKkymnsp K III0CKOCTH
Tpeyroibauka. KA=6. Onpenenutsb BUn
tpeyronbarka KCB. Hailitu paccrosinue
ot Touku K no npsimoit CB.

Ne3.B AABC AB=AB=20 cm, £B=120°,
BK nepneHaukynsip K  IUIOCKOCTH

TPEYTOJIbHUKA U PaBEH 10vV6  cwm.
Haiinure paccrosnaue ot Touku K no AC.
Ne4 Yepes BepuinHy M npsIMOYTOJIBHOTO
AAPM c npsameim yrmom P mpoBeaena
mpsmass  MC, nepneHaukyispHas K
IJIOCKOCTH TPEYyrojbHUKa. [lokaxwure,
9yTO TpeyroJbHUK PCA mpsSMOyTOJIBHBIN.
Haiinutre MA, eciu CP=13, MC=12,
PA=4.

3 BapuaHT
Nel. VI3 Touku BHE JAHHOW ILUIOCKOCTH
MIPOBEICHBI K IUIOCKOCTH

NEPHEHIUKYJIslp 6 ¢M U HakJIOHHas 9
cM. Hangure  mmHy — npoekuuu
HAKJIOHHOUW HA IJIOCKOCTb.

No2. PaBHOCTOpOHHHI TpPEYroJIbHUK
ABC co cropoHor 6 CM JEXUT B
HEKOTOpOoW Tmiockoctu. Touka S, He
Jexaiasi B MIOCKOCTH, paBHOYAAJIEHA
OT KaXKJOW W3 BEPIIMH TPEYroJIbHUKA
Ha 9 cm. Haiijgute paccrosiHue OT
TOYKHU S JI0 MIIOCKOCTH.

Ne3d. K mockocTH HpsSIMOYTOJIBHOTO
tpeyroapauka ABC (£ZC  =90°)
npoBefeH nepneHaukysip PB, PA =
13 cm, ZABC = 30°, AC = 5 cm.
Beruucnure pacctostHue ot Touku P 1o:
1) mpsmoii AC;

2) tutockoctH Tpeyronbauka ABC.

4 BapuaHT

Nel. Otpe3ok, nnuHa koTOporo paBHa 17
CM, HE HMeeT OOImIMUX TOYeK ¢
IUIOCKOCThIO.  Hannure mmHYy  ero
MPOEKUMHA Ha OJTy IUIOCKOCThb, €CJIHU
KOHIIbI OTPE3Ka yAAJIEHBI OT IUIOCKOCTH
Ha 10 cm u Ha 18 cwm.

Ne2 .PaBHOCTOpOHHUI TpeyronsHUK ABC
co cTOpoHOHf 83 cM ;exur B
HeKoTopol mmiockocth. Touka M, He
Jexanmas B IUIOCKOCTH, HaxOJWTCS Ha
pacctossHun 10 cM  OT Kaxaou wu3

BEPILIUH TPEYroJbHUKA. Havinure
paccrosiHre OoT Touku M 10 miuockocTu
TPEYTOJIbHUKA.

Ne3d. K mnockoctn kBaapara ABCD
npoBeJeH nepreHaukyisip BM, paBublii
4 nm, AB=2 nm. Berauciaure pacCcTOSHUS
oT Touku M 1o:

1) cropoH KBaapara;
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Ne4. Otpe3zox AM nepneHauKyJIsIpeH
miockoctd  TpeyroabHuka ABC u
umeer JuuHy 6 cm.  Halinute
paccTossHhEe OT TOYKM M 10 mpsmon
BC, ecmu AB = AC =10 cm, C=12 cm.

2) nuaroHaJied KBaJpara.

Ne4. Haitnute paccrosiHue OoT TO4ku M
1o croponsl CB  mpsmoyroibHOrO
tpeyronbHrka ABC, ecnu AM = BC= 5
cm, AC=13 cm.

KOHmPOJleble eonpocwol:

S
» 1. AB — nepnengukymsip K miaockoctd, AC — HakJIOHHasi,

BC — e€é mnpoekuus Ha miockocts, CD — mnpsmas Ha

I IJIOCKOCTH, TepneHaukyisipHas npsmoi BC. Onpenenute
4 ~c  BennunHy yria ACD.

- 5 2. AB - nepnenaukymsp k 1iockoctd, AC — HakJIOHHas,

BC — e¢ mpoekmuss Ha miockocts, CD — mpsmas Ha

IJIOCKOCTH, TieprieHAuKyJsapHas npamoit AC. Onpenenure Benmunny yria BCD.

3. Yron C tpeyronbauka ABC — mpsmoit. AD — neprieHauKysp K MiIOCKOCTH
tpeyroapHuka ABC. Onpenenure Tun A BCD.

4. W3 BepumHbl S K wiockocT kBagpata ABCJl mpoBenen nepnenaukyisip BS u
HaksoHHble SA, SC u SD (puc.). HazoBute Bce npsIMOYTOJbHBIE TPEYTOJIBHUKHU C
BepinHoi S. OTBET 000CHYHTE.

5. U3 Bepmmnbl A npsmoyroiasHoro TpeyroibHuka ABC (yron B — mpsimoil) k
IJIOCKOCTH TPEyTOJbHUKA NMpoBeneH nepneHaukysip AK. Onpenennre BzaumHoe
pacnionoxxenue npsmeix KB u BC.

IIpakTnuyeckoe 3ansaTue Nel(
«BblnosiHeHNE onepanuid HAJl MHOKECTBAMM)

Heab pabdoThl: yMeTh 3a1aBaTh 3JIEMEHTHI MHOKECTBA; pas3iuyarh U
KJIacCU(UIIMPOBATH MHOKECTBA, BHITIOIHATH OTIEPAIIMK HAJl MHOKECTBAMU
Ceéedenusn uz meopuu:

MHOXECTBO — OCHOBHO€ MaTreMaThdeckoe moHsATHE. Ero cmbich
BBIPAKAETCS CJIOBAMH COBOKYMHOCTb, HA0Op M T. J. OJHOTUIIHBIX 3JIEMEHTOB,
BOCIIPUHUMAEMBIX KaK €UHOE 1IEJI0E.

MHuoxecTBa 0003Ha4at0T OOJIBIIMMHU JTATUHCKUMH OyKBaMH.

Hanpuwmep, A = {Kons, Ilets, Mama, Upa}, B = {1, 2, 7}, C= {1, 2, 3, 4,

U | T 8

Bce mnpenmMeTsl, cocTaBisioOIME MHOXKECTBA, HA3bIBAIOTCS JJIEMEHTaMU
MHOKECTBA. OJEMEHThl MHOXKECTBA 0003HAYalOT MAJICHBKUMHU JIATUHCKUMU
OykBamu. Hampumep, eciau sJeMEHT X MPUHAIJICKUT MHOXKeCTBY K, To mumryT
x€K, ecnn 351eMeHT X He NpUHAIEKUT MHOKeCTBY K, To mumryt XK.

Ectb MHOXECTBO, B KOTOPOM HET HHM OAHOTO 3JeMeHTa. Ero Ha3bIBaroT
MyCTHIM MHOXECTBOM U 0003HauaroT .

MHOXECTBO MOXET OBbITh KOHEYHBIM, €CIIi OHO COCTOUT U3 KOHEYHOTO
qyycjaa 3JIEMEHTOB, U OCCKOHEUHBIM, €CIIM OHO COJIEPKUT OECKOHEYHO MHOTO
sieMeHTOB. [IpruMepoM KOHEYHOTO MHOKECTBA MOXKET CIY>KHUTh MHOXKECTBO JHEH
HeJIeTU, TPUMEPOM OECKOHEUHOT0 MHOKECTBA — MHOKECTBO HATYPaIbHBIX YUCE].
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N3 mKombHOTO Kypca BaM W3BECTHBI MPUMEPHI OCCKOHEYHBIX YHCIIOBBIX
MHOECTB — MHOKECTB HATYpPaJIbHbIX, LIEJIbIX, PALIMOHAIBHBIX U JEHCTBUTEIBHBIX
quced.

MHO0XECTBO MOXET OBITh 33]1aHO:

— nepeuncienueM. Hanpumep, K = {2, 4, 20, 40};
— XapaKTEPUCTUYECKUM CBOMCTBOM, T.€. CBOMCTBOM, XapAKTEPHBIM TOJIBKO JJIS
AJIEMEHTOB 3TOI0 MHOKECTBA.

N3 snementoB MHoxkectBa A = {Kous, Ilers, Mama, Upa}, nanpumep,
MO>KHO COCTaBUTh HOBoe MHOXecTBO M = {Ilersa, Mama}. OHO xapakTepu3yercs
TE€M, 4TO BC€ 3ueMeHTbl M mnpunHamiexar MHOxecTBy A. ['oBopsar, yto M —
MOJIMHOXECTBO MHO€eCTBa A u nuiryT McA.

MHoxecTBO M sBiIsIeTCS ITOJAMHOXKECTBOM MHOXECTBA A, €CIU BCSIKUM
AIIEMEHT MHOKECTBA M SIBIII€TCS 3JIEMEHTOM MHOKECTBa A U 0003Ha4Yar0T McA.

Hanpumep, MHOXkECTBO BCEX MEPBOKYPCHUKOB SIBISIETCS MOJAMHOXKECTBOM
MHOYKECTBA BCEX CTYJICHTOB.

Jiist mo0Ooro MHOXKECTBA A CIIpaBeIJIMBO:

1) Cam0O MHOECTBO SIBJISICTCSI CBOMM ITOJIMHOXKECTBOM, T.€. AC A.

2) HYCTOG MHOXXCCTBO ABJIICTCA ITIOIMHOXKCCTBOM JH000T0 MHOXXCCTBaA, T.C. OCA.

Ilpumep. CKOTBKO MOXKHO COCTAaBUTh MOJMHOXKECTB MHOKeCTBa B?
1.B={0, 1}, Torma {0}cB, {1}cB, OcB, {0, 1}cB — getsIpe.

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.

MOoXHO J0Ka3aTh, 4TO €CJIM B MHOXKECTBE N AJIEMEHTOB, TO OHO umeeT 2"
MOJAMHOECTB.

MHoOXecTBa CUUTAIOTCSI PaBHBIMH, €CJIM OHHU COCTOSIT M3 OJHUX U TEX ¥Ke
AJIEMEHTOB. A Takxke MHOXkecTBa A u B paBHbl, eciu ACB u BC A.

ITycte A={2, 1, 3},aB = {1, 2, 3} Torna A= B.

Onepanuu HaJ MHOXKECTBAMU

Han MHO»XecTBaMu IPOU3BOJIATCS OTEpalliu: MepeceueHne, 00beAMHEHNE,
Pa3HOCTh, JIOMOJTHEHUE.

ITepeceuennem MHOkecTB A u B HazpiBaeTcs HOBOe MHOkECTBOA N B,
KOTOPOE COCTOMT M3 BCEX DJIEMEHTOB, INPHHAIIEKAIIUX OJHOBPEMEHHO
MHOKeCTBaM A 1 B, T.e. A<BHDocE

O0pennHenreM MHOXeCTB A um B HaspIBaeTcs HOBOE MHOXeCcTBO A U B,
KOTOPOE COCTOMT M3 BCEX DJIEMEHTOB, NPHHANJICKANMX XOTSA OBl OJHOMY H3
MHOKECTB A win B, T.e. A B ><E

Pasnocthto MHOkecTB A W B HasbiBaercs HoBoe MHOxecTBO A \ B,
KOTOPOE COCTOMUT M3 BCEX DIIEMEHTOB MHOXECTBA A, HE IPHUHAIEKAIIUX
MHOKECTBY B, T.c. AB=H>*<OoeE

JlomoHeHHMEM MHOXKECTBAa A 70 MHOXKecTBa B Ha3pIBaeTcs HOBOE
mHOkecTBO C(A)B | KOTOpoe COCTOMT u3 BCeX »SIeMeHToB u3 BVA | re.
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CumMeTpruYecKoi pa3HOCThIO MHOXKECTB A 1 B Ha3bpiBaeTCs MHOXKECTBO A
A B, sBastonieecst o0benuHeHneM paznocreid MHOxkecTB AB u BA, To ectb A A B
=(A\B) U (B\A).

BrinonHenune omnepanuii ¢ MHOXKECTBaMU YJIOOHO WJUIFOCTPUPOBATh Ha
KpyTrax Junepa.

)

155

ANB AUB A\B C(A)g AAB

C nmomomiplo Kpyros Jiliepa MOKHO J0Ka3aTh CIEIYIOIINE CBOKWCTBA MHOYKECTB,
CIIpaBeIJIUBbIE JJIs1 TPOU3BOJIbHBIX MHOXKECTB A, B, C u D:
1) A-B=B_4 (KOMMYTaTUBHOCTb OOBEIMHCHNS);

2) A"B=B (KOMMYTaTUBHOCTb IIEPECCUCHUS ),

3) ABOCL 2y C (accoMaTUBHOCTh OOBEIUHEHNUS );

4) AE@FCABI € (30coUUATUBHOCTD [IEPECCUCHHS);

5) AESECLF L (11cTprGy THBHOCTS 00BEIMHEHHS);
6) W(I@ICTPH(S}/THBHOCTB NepPEeCeUCHuUs );
7) Aud=4;

8) And=4;

9) Au(Z):A;

10)  An0=0;

11) A\BcA;

12) AcAUB y BcAUB:

13)  AnBc4 y AnBcB

Ilpumep. B opurane 25 genoBek. Cpeau Hux 20 momosxke 30 e, 15 crapime
20 neT. MoXeT 11 TaK OBITh?
Pemenne: Ilycth A — MHOXECTBO wWiIEHOB Opuraasl Mojoxe 30 jer. B —
MHOKECTBO 4jeHOB Opuranael crapmie 20 jger. C — MHOXECTBO BCEX YJICHOB
opuranel. C = AY B. Tak kak 20+15 >25, 0o ANB # @.
N3 pucynka BUAHO, 4TO A" B COCTaBISAET
10 (15+20) — 25 =10 ues0oBeK.
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Torma A coctont u3 15 — 10 =5 unenos, B cocrout n3 20 — 10 = 10 uneHOB.
JlekapToBBIM TIPOU3BEACHUEM MHOXKECTB A U B Ha3piBaeTcs HOBOE
MHOXeCTBO A X B, aneMeHTamMu KOTOpPOTO SIBJISIFOTCS BCEBO3MOXHBIC mapsl (a,b),
riea€Aub€eB, reAxB={(ab)la€AbeB}
IIpumep. JJaHO HEKOTOPOE MHOYKECTBO, COCTOSILIEE U3 TPEX AIEMEHTOB:
A={a,b,c}. Haiitu Bce ero moaMHosKkecTBa.

Penienue.

Bo-niepBbIX, 3TO — ImycToe MHOXKECTBO @. BO-BTOPBIX, MHOXKECTBA, COJIEPIKAIIIHE T10
OJIHOMY dJieMeHTy: {a}, {b},{c}. B-TpeTbux, MHOXECTBa, COJIEpKAIIIHIE TIO JIBA
sneMenTa: {a,b}, {b,c}, {a,c}. , nakoner, camo MHOXeCTBO {a, b, c}.
OtgeT:0, {a}, {b},{c},{a,b}, {b,c}, {a,c},{ab,c}.

Ilpumep. Jlano: 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.
Pemenmne.

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 . IlycTb A — MHOKECTBO Pa3JIMYHBIX OYKB B CJIOBE
«MaTeMaThKa», a B — MHOKECTBO pa3IMuHBIX OYKB B CJIOBE «CTEPEOMETPUS.
Haiitu nepeceuenne u o0beIMHEHNE MHOKECTB A U B.

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

ANB={Mm, T, e, u}

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

AUB={m,a,1,e,u,K¢C,D,o0,}.

3aoanus 01 camoCmoAMeEnbHO20 PeUuleHUA

1 BapuaHT
Nel.lanbr  mHOXecTBa: A={3,5,7}mu
B={0,3,5,7,8}. Haiinure mnepeceuycHue
MHO>KECTB A =n B. Havinute
o0begMHEHNE MHOXKECTB A U B.
No2 JTanwt mHOXxecTBa: A={4,6,8,10}u
B={7,8,9,10,11}. Haigure
nepeceyeHne MHOXkectB A u  B.
Haiinure oObequHeHne MHOXXECTB A U
B.
Ne3. CoctaBbTe IS KaXXIOTO U3 CJIOB
CBO€ MHOXECTBO  «3JICKTPUUECTBOY,
«yueOHuK». Haiinute mnepeceueHue u
00BeMHEHUE TIOTYYCHHBIX MHOYKECTB.
Ned4. M300pa3ute ¢ MOMOIIBIO KPYroB
Diliepa nepeceyeHue MHOXKECTB U

2 BapuaHT
Nel.Jlanwsr MmHOXKECTBA: A={7,9,3,0,2}u
B={0,3,2,1}.Haiinute nepeceueHue
MHOKecTB A u B. Haiinure
o0BbeIMHEeHNEe MHOKECTB A 1 B.
No2. JTanwt mHOECTBa: A={2,3,5,6,9} 1
B={6,7,8,9,10,11}. Haitnute
nepeceyeHrne MHOXKECTB A U B.
Haiinure 00be1nHeHNE MHOXKECTB A U
B.
Ne3. CocTaBbTe U1 KaXKI0TO U3 CJIOB
CBOE MHOJKECTBO «3a/1a4ay,
«kapangamy. Haiigure nepeceyenue u
o0BbeIMHEHNE TIOTYICHHBIX MHOKECTB.
Ne4. 306pa3ute ¢ MOMOIIBIO KPYrOB
Ditsiepa 00beTMHEHNE MHOXKECTB H
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pPaBEHCTBO MHOKECTB.
Nes. B YYEHUYECKOU
IPOM3BOJICTBEHHON Opurane 86
CTapIIEKIIACCHUKOB. 8 U3 HUX HE YMEIOT

paboTaTh HHM Ha TpPAaKTOpE, HU Ha
KoMmOaitHe. 54  ydeHHMKa  XOpOIIO
OBJIAJICTN TPaKTOPOM, 62 —

koMOaiitHoM. CKOJIBKO 4YEJIOBEK M3 ITOM
Opuragpl MOryT paboTtaTh M Ha
TpakTope, U Ha KoMmbOaitHe?

MOJAMHOKECTBO MHOYKECTBA.
No5. B knacce 36 yueHukoB. MHorue u3
HUX TOCEMIAI0T KPYKKHU: (PU3NISCKUN
(14 genoek), MaremaTuyeckuii (18
yenoBek), xumuueckuit (10 yenoek).
Kpome Toro, n3BecTHO, UTO 2 4eIOBeKa
MOCEIIAI0T BCE TPU KPYKKa; U3 TE€X, KTO
MOCEIIAET JIBAa KPYKKa, 8 YeIOBEK
3aHUMAIOTCA B MATEMATHUYECKOM U
bu3MYecKOM Kpy>KKax, S — B
MaTEeMaTUYECKOM U XUMHUYECKOM, 3 — B
buszndeckoM 1 XuMuyeckoM. CKOJIbKO
YeJI0BEK HE MOCEIIAI0T HUKAKUX
KPY/KKOB?

3 BapuaHT
Nol.JTanet MHOXecTBa: A={l, 5, 9}u
B={9,8,7,6,5,4,3,2,1}. Haitnure
nepeceyeHrne MHoxectB A u  B.
Haiinnre oObennHenne MHOXeECTB A U
B.
Ne2. Hauwt mHOXxecTBa: A={5,4,3}u
B={6,7,8,9,10}. Halimute nepecedycHue
MHOXkecTB A wu  B.  Hailigure
oObeMHEeHNEe MHOXKECTB A 1 B.
Ne3. CoctaBbTe UII Ka)KIOTO U3 CIIOB
CBOE MHOECTBO «MHOXECTBOY,
«CBOMCTBO». Haitgute mnepeceueHune u
00bEIMHEHUE TIOJTYYEHHBIX MHOYKECTB.
Ne4. WM306pa3ute ¢ NMOMOIIBIO KpPYTroOB
Diepa  paBEHCTBO  MHOXKECTB U
MOAMHOKECTBO MHOYECTBA.
No5. Kaxnpiii u3 35 NOSATUKIACCHUKOB
ABJISICTCS. YUTATEIIEM, 110 KpallHEH Mepe,
OJTHOU M3 ABYX OMOJIMOTEK: IMIKOJIBHON 1
paiionHoi. U3 Hux 25 yyammxcs 6epyt
KHHUTU B LIKOJILHOW OmOanoreke, 20 —
B paliOHHOM. Ckonbko u3
MATUKJIACCHUKOB: a) HE  SBISIOTCSA
YUTATESIMU IIKOJIbHOW OUOInoTeKu; 0)
HE SBJSIIOTCS YMUTATEISIMU PAOHHOU
OMOMMOTEKH; B) SIBISIIOTCA YUTATEISIMU
TOJIBKO IIKOJbHONH OMOIMOTEKH; T)
SIBJISIIOTCSI YUTATEISIMU TOJILKO
palioHHOW OWONHMOTEKH; M) SBISIFOTCS
YUTATEISIMU 00enX OuOIMOTeK?

4 BapuaHT
Nol.Jlanwst MmHOXECTBA: A={9,6,5,3,2}un
B={1,4,7,8}. Haiinute nepeceucHue
MHOKecTB A u B. Haiinure
o0beauHEHNE MHOXKECTB A U B.
No2. JTansr mHOKecTBa: A={1,3,4,5} u
B={6,0,8,1,5}. Haitnure nepeceueHue
MHOKecTB A u B. Haiinure
o0beguHEHNE MHOXKECTB A U B.
Ne3. CocTaBbTe IS KaXKJ0I0 U3 CJIOB
CBOE MHOJKECTBO «CITOCO0»,
«OJAOKOHHMK». Haitgure nepeceyeHue
1 00beIMHEHUE TTOTYUYECHHBIX
MHOECTB.
Ne4. N300pazute ¢ MOMOILBIO KPYTOB
Diiyiepa MHOXKECTBA, KOTOPHIE HE
repeceKkaroTcs U 00beIMHCHUE
MHOYECTB.
No5. Kax bl ydeHUK B Kj1acce U3y4aer
100 aHTIMCKUH, THOO0 (paHITy3CKUN
SI3BIK, JINOO 00a DTHUX SI3BIKA.
AHIIMICKAN A3BIK U3YYArOT 25
YeJioBeK, (PpaHIry3ckuit — 27 4eoBeK,
a TOT u apyroi —18 denoBek. CKOIBKO
BCETO YYEHUKOB B Kjacce?
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I(oumpwlbubze 60npocol.

1. I[lonarue MHOXKECTBA. DJIeMEHThI MHOXKeCTBa. [lycToe MHOXKeCTBO.
IlogMHOXkecTBa.

2. UucnoBeie MHOXKeCTBA. CBSA3b MEXK/Ty YHCIOBBIMH MHOYKECTBAMH.

3. OcHOBHBIE CITIOCOOBI 33/TaHUSI MHOXKECTB. Y HUBEPCAIbHOE MHOXKECTBO.
4. Onepanuu HaJi MHOKecTBaMU. OCHOBHBIE CBOMCTBA OIEpaIIiA.

IpakTnueckoe 3anarue Nell
«Pemienue 3a1a4 ¢ UCIOJB30BAHHEM TeOpeM BepOATHOCTE»
Heab paGoThl: BbIpabaThIBaTh YMEHUS PEIIATh 33/1a4U C UCIIOJIb30BAHUEM
TEOPEM BEPOSTHOCTEM.
Cseoenun uz meopuu:
N3ydyeHne Kaxaoro sIBJICHUs B MOPSAIKE HAOIIOJEHHUS WU MPOU3BOJICTBA

ONbITA CBA3aHO C OCYIIECTBICHUEM HEKOTOPOrO KOMIUIEKCA  YCIIOBHUM
(uctibITanuii). Beskuii pe3ybTaT WM UCXO/1 UCIIBITaHUSL HA3bIBAETCSI COOBITHEM.

Ecnn coObiTHe Tpu 3aJaHHBIX YCIOBUSAX MOJKET MPOU3OUTH WU HE
IIPOU30UTH, TO OHO HA3bIBAETCS CIyYalHBIM.

B Tom cnywae, xorma coObITHE JOJIKHO HEMPEMEHHO IPOU30MTH, €ro
Ha3bIBAIOT JOCTOBEPHBIM, a B TOM CIydae, KOTJa OHO 3aBEIOMO HE MOXKET
IIPOU30UTH, HEBO3MOKHBIM.

CoObITHSI Ha3bIBAIOTCS HECOBMECTHBIMM, €CJIM KaXIbId pa3 BO3MOXKHO
MOSIBJIEHUE TOJIbKO OAHOr0 M3 HUX. COOBITHS HA3BIBAIOTCS COBMECTHBIMM, €CIU B
JAHHBIX YCJIOBHSIX MOSIBJICHHE OJHOIO U3 3TUX COOBITHI HE MCKIIIOUAET MOSIBICHUE
JPYroro Npy TOM K€ UCTIBITAHUU.

CoObITHS Ha3bIBAIOTCS MPOTUBOIIOIOKHBIMHU, €CJIU B YCIOBUSAX HUCIBITAHUS
OHH, SIBJISSICh €IMHCTBEHHBIMU €0 UCXOAaMH, HECOBMECTHBI.

BeposiTHOCTH  cOOBITHSI paccMaTpuBaeTca Kak Mepa OOBEKTHUBHOM
BO3MOXKHOCTH TIOSIBJICHUSI CITy4alfHOTO COOBITHSL.

Kraccuueckoe onpeneneHue BEposSTHOCTH.

BeposTHOCTBIO COOBITHSI A Ha3bIBa€TCSl OTHOIICHHUE YKCIia OJIaronpusTHBIX

HCXOJ0B M, K YUCIIYy BCCX BO3MOKHBIX HCXOI0B n:

P(A)=%.

59



BeposiTHOCTh 1106010 COOBITUSI HE MOXET OBITh MEHBLIE HYJIS U OOJbIle
equuunbl, T. €. 0 < P(A) <1.

HeBo3MoOXHOMY COOBITHIO COOTBETCTBYET BeposiTHOCTH P(A)=0, a
JIOCTOBEPHOMY — BeposITHOCTh P(A)=1.

BeposiTHOCTh HECOBMECTHBIX COOBITHI

BeposiTHOCTh TOSIBIIEHHS] OTHOTO U3 HECKOJBKUX MOMAapHO HECOBMECTHBIX
cOOBITHI paBHa CyMMe BeposiTHOCTel 3Tux coonituii: P(A+B)=P(A)+P(B).

BeposiTHOCTh COBMECTHBIX COOBITHIA

BeposiTHOCTh TIOSIBIIEHHST XOTSI OBl OJTHOTO M3 JIBYX COBMECTHBIX COOBITUM
paBHa CyMMe€ BEpOSITHOCTEM 3THUX COOBITHII 0€3 BEpPOATHOCTH UX COBMECTHOIO
MOSIBJICHUS:

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

[TycTh BeposSITHOCTH COOBITHSI B HE 3aBUCUT OT MOSIBIICHUS COOBITHS A.

CoOpiTe B Ha3pIBalOT HE3aBUCHMBIM OT COOBITHS A, €CIIH IIOSBJICHHC
COOBITHSI A HE HU3MEHSET BEpOsSITHOCTH coObITUS B, T. €. ecnu yciaoBHas
BEPOSITHOCTh COOBITHA B paBHa ero 06e3ycioBHOM BEpPOSATHOCTH:

Pa(B) = P(B).

Hrak, ecin coOwiTie B He 3aBucuUT OT coObITHS A, TO cOOBITHE A HE
3aBUCHUT OT cOOBITHS B; 5TO 03HauyaeT, 4TO CBOWCTBO HE3aBUCHUMOCTH COOBITHH
B3aHMMHO.

J171st He3aBUCUMBIX COOBITHI Te€OpeMa YMHOXEHUSI UMEET BU/I;

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

T. €. BEPOSITHOCTb COBMECTHOTO TOSIBIIEHUS JBYX HE3aBHUCUMBIX COOBITHIA
paBHA MPOU3BEICHUIO BEPOSTHOCTEN STUX COOBITHIA.

JIBa CcOOBITHMS Ha3bIBAIOT HE3aBUCHUMBIMHM, €CJIM BEPOATHOCTh UX
COBMEINICHHS paBHA MPOU3BEICHUIO BEPOATHOCTEH ITHX COOBITHH; B MPOTUBHOM
cilydae COOBITHS Ha3bIBAIOT 3aBUCUMBIMU.

Ha mpaktuke o HE3aBUCUMOCTH COOBITUH 3aKTIOYAIOT MO CMBICITY 3aadyH.

Hanpumep, BEpOATHOCTH MOPaKEHUS LENN KaXKIbIM U3 JBYX OPYAUW HE 3aBUCAT
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OT TOTO, TIOPA3WIO JIK TEJIb APYTroe OpYJre, MOITOMY COOBITHS «IEPBOE OpPYIHE
MOPaA3UIIO LEIb» U «BTOPOE OPYIUE MOPAZUIIO LIE€JIb» HE3ABUCUMBI.

Heckonbko cOOBITHII HA3BIBAIOT MOMAPHO HE3aBUCHUMBIMHU, €CITH KaXKJIbIe
JBa U3 HUX HezaBucuMbl. Hampumep, coositust A, B, C momapHO HE3aBUCHUMBI,
eciii He3aBuCcUMBI coObITHI A 1 B, Au C, Bu C.

BeposTHOCTP ~ COBMECTHOTO  TOSIBICHHUS  HECKOJIBKUX  COOBITHH,
HE3aBUCHUMBIX B COBOKYIIHOCTH, paBHa MPOU3BEACHUIO BEPOSTHOCTEH OSTHUX
COOBITHIA:

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

Ilpumep. Nmeercs 3 smmka, coaepxkamux no 10 geraneit. B mepBom
AIIUKE 8, BO BTOPOM 7 ¥ B TPETheM 9 cTaHIapTHBIX AeTanend. M3 kaxaoro smmka
HayJlayy BBIHUMAIOT 1O OJHOM naeTanu. HailTu BEpOSATHOCTH TOrO, YTO BCE TpHU
BBIHYTHIC JICTAIM OKAXXYTCSI CTAHJAPTHBIMHU.

Petienue: BEpOSITHOCTh TOTO, UTO U3 TIEPBOTO SIIUKA BBIHYTA CTaHAApTHAs JI€Talb
(coObITHE A):
P(A)=8/10=0,8.

BeposiTHOCTH TOTO, UTO U3 BTOPOTO SIIMKA BBIHYTA CTaHIApTHas AETajb
(coObITHE B):

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

BeposiTHOCTH TOTO, UTO U3 TPETHErO AIIMKA BbIHYTa CTaHJApPTHAS JE€Tajlb
(cooniTHe C):

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

Tak kak coObiTust A, B u C He3aBUCHMbBIC B COBOKYITHOCTH, TO HCKOMas
BEPOSITHOCTH (110 TEOPEME YMHOKEHHS ) paBHa:

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

Ilpumep. Tans 3a0bL1a MOCIEIHIOW HU(PPY HOMEpa TeledOoHa 3HAKOMOM
JIeBOYKM U HaOpana e€ Hayraja. KakoBa BepossTHOCTH TOTO, uTO TaHs momnana K
CBOEH 3HAKOMOW?

Pemenue: Ha mocnennem Mecte B HOMepe TeneoHa MOKET CTOSATh oaHa u3 10
mupp 0, 1,2,3,4,5,6,7, 8,9; n=10; Bce npeapiaymue mudpbl HUKAKOTO
3HaueHus He uMmeroT. 3 N=10 Tonbko ogHa mudpa BepHas, modTomy m=1.
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BEPOSITHOCTh COOBITHS A, COCTOSIIIETO B TOM, 4TO, HAOpaB MOCIeAHIO U(py
o . m_1
HOMepa Hayrajl, TaHs momnajia K CBOei 3HaKOMOM, paBHa P(A) = —= 0"
n
1
OtBet: —.
10

IIpumep. Buts 320611 1BE nocnennue nudpul HoMepa TeneGoHa MpUsTess U
HaOpan ux Hayraja. C Kakoi BEpOATHOCTHIO 3TOT 3BOHOK MOMAAET K MPUITENIO?
Pemenune: Mcxomom B JTaHHOM ciiydae siBisieTcs napa aecsatuanbix udp (0..9) ¢
y4ETOM MOPSIJIKA U C TIOBTOPEHHUSIMU; OOLIEE YHCIIO BO3MOXKHBIX HCXO/0B
n=10-10=100; Bce ucxoapl cunTaeM paBHOBO3ZMOXHBIMU. CpeIu 3TUX HUCXOJI0B
TOJIBKO OJIUH SIBJISIETCS TPaBUIILHBIM, COOTBETCTBYIOLIUM HOMEPY TesedoHa

npustens. Takum 06pazoMm, COOBITHIO A — «3BOHOK MOMAAET K MPUSTEIION
m 1
OJaroNpUSITCTBYET TOJIBKO OAMH UCXOJ Ma=1; BEpOATHOCTh P(A) = —A = 100" 0,01.
n
Otser: 0,01.

IIpumep. Ins HOBoroauei notepen ornevaranu 1500 6uneros, u3
KOTOpbIX 120 BbIMTphIIIHBIX. KakoBa BEpOATHOCTB TOTO, YTO KYILJIEHHBIN OUJIET
OKa)KETCS BBIMTPBIIIHBIM ?

Pemenne: Ecnu npojaxa OusneToB Oy1eT OpraHM30BaHa Tak, 4YTo MOKYIMKa JH000ro
u3 1500 6uiieToB OyaeT paBHOBO3MOXKHA, TO MOKHO IPUMEHUTH (GOpMYITy
KJIAaCCUUECKOM BeposATHOCTHU. IIycTh coObITHE A — «KYIUIEHHBIN OMIIET OKa3ascs

BBINT'PBIITHBIM)) . Torzxa KOJINYCCTBO 6HaFOHpI/I}ITCTBy1-OIHI/IX HCXO0O0B m:120, a

o0111ee YMCII0 PAaBHOBO3MOKHBIX UCX0/10B N=1500; BepossTHOCTL P(A) = Ma

_120 _ 2 _og=8%
1500 25

OtBer: 0,08.

Ipumep. [Ins 3x3amMeHa MOArOTOBUIIN OUIIETHI ¢ HOMepamu ot 1 1o 25.
KaKoBa BEPOSITHOCTh TOTO, UTO B3SITHIA HAyTaJl yUCHUKOM OUJIET UMeeT: 1)
OJIHO3HAYHBII HOMEP; 2) IBY3HAYHBII HOMEpP?

Pemenne: O0miee unciao OMIeToB N=25; U3BJICUCHUE KAXKIOT0 U3 HUX CUUTACTCS
PaBHOBO3MOXHBIM. PaccMoTpuM coObITHE A — «B3SITBIM OUJIET UMEET
OJIHO3HAYHBIN HOMEDPY», B — «B34ThIN OUJIET UMEET JBY3HAUHBIM HOMEP).
KonuvecTBo 01aronpusaTCTBYIONIMX UCX0A0B: Ma=9 (oxHa nudpa ot 1 mo 9);
mg=16 (nepBas nudpa 1 wiu 2, Bropas uudpa — ot 0 1o 9 nocne 1, or 0 g0 5

nocie 2, Bcero 10+6=16). ckombie BeposiTHOCTH: P(A) = Ma _ % ; P(B)= Me =
n n

16

25

Ortser: 1) i; 2) 16
25 25

Ilpumep. YueHUK npy MOATOTOBKE K dK3aMEHY HE YCIIe BRIYYUTh OJIUH U3
Tex 25 OuneToB, KOTOphIe OyayT MPEITIOKEHBI Ha dK3aMeHe. KakoBa BeposSITHOCTh
TOTO, YTO YUYEHHUKY JOCTAHETCS Ha SK3aMEHEe BBIyUYCHHBIN OmeT?
Pemenue: O6miee uncno OuneToB N=25; BEIOOP KaXA0ro OMjeTa paBHOBO3MOKEH.
CoObiTHE A — «yYCHHKY JIOCTAHETCS HA IK3aMEHE BBIYUCHHBIN OUIICTY;
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KOJIMYECTBO OJIArOMpHUSATCTBYIOMIUX UCX0I0B M=25-1=24. BeposTHOCTb COOBITHS

A: P(A) :%zgzo,%.

Otser: 22,
25
IIpumep. B norepen 1000 6miieToB, cpenn KOTOPbIX 20 BBIMTPBILIHBIX,

npuobpetaetcs ofauH Omner. KakoBa BEpOSITHOCTB TOTO, UTO 3TOT OmiieT: 1)

BBIUTPHIIIHBIN;

2) HEBBIUTPBILIHBINA?

Pemenue: O6mee uncio 6uneto N=1000; mpuoOpeTeHNE KaXA0TO U3 HUX

PaBHOBO3MOKHO. PaccMOTpuM COOBITHS U TIOJICUUTAEM OJIArONPUATCTBYIOIINE UM
uexompr: P(A)=Ma=20 1 405 pey=Me =980 g5
n 100 50 n 1000
Omeem: 1) 0,02; 2) 0,98.

Ipumep. XKens kynui 2 JIOTEpEHHBIX OUIIETa, M OJIMH U3 HUX OKa3aJCs
BBIUTPBIITHBIM. MOKHO JIH YTBEPKIATh, YTO BEPOSTHOCTH BBIMTPHIIIA B JIOTEPEU
1r
2
OtBet: Het. OgHOTr0 MCbITaHUS HE JOCTATOYHO, YTOOBI 10 YaCTOTE y3HATh
BEPOSITHOCTb.

Ilpumep. Anéma 3a0bL1 OCIEAHIOW UPPY TeIePOHHOTO HOMEPA U
HaOpan e€ Hayras,

TIOMHSI TOJIBKO, YTO ATa mudpa HeuéTHas. HaliTh BEposSTHOCTH TOTO, YTO HOMED
HaOpaH MPaBUIIBLHO.

Pemienne: Mcxonom B faHHOM cityuae aBisitotes udpsl ot 0 g0 9, Takux uudp —
10, HO cpenm HUX HEYETHBIX TOJBKO — 5. OTcrona cnemyet, uto M=5, N=10,
3HAYUT

Py ="=2_1_0s.
n 10 2
Omeem: 0,5.

IIpumep. B xnacce 20 manbuukoB 1 10 geBoyek.
a) Ha xnacc nanu ogun OuiieT B IUPK, KOTOPBIN PEIICHO pa3bIrpaTh Mo KpeOuro.
KakoBa BEpOSITHOCTb, UTO B LIUPK NOUAET MaTbUUK?
0) Yuutenb UCTOPUM 3HAET, UTO 3 JIEBOYKHU M 5 MaTbYMKOB U3 KJ1acca OblIN
HaKaHyHE B KMHO, IO9TOMY HE BBIYUIJIM JIoMalliHee 3afanue. K coxxaneHnuro, oH He
3HAeT uX (paMUInii, HO OY€Hb XOUYET MOCTABUTh KOMY-HUOYAbL ABOMKY. Koro emy
JIydIlle BbI3BaTh K JOCKE — MaJbuuKa WJIH JICBOUKY?
B) Biian He pemnn qoManiHiow 3aaady no matematuke. KakoBa BEpoSTHOCTh, UTO
YYUTEb 3TOTO HE Y3HAET, €CJIM 32 YPOK OH YCIEBAET CIPOCUTD MATEPHIX ?

Pemenue: a) O6miee uncio ncxoaoB pasHo 30. braronpustaeix ucxoaoB — 20,

3HAYUT P(A) = m_ % = % =0,667. 6) OO11Iee YUCIIO UCXOI0B )i JCBOYEK PABHO
n

10, s mansuukoB — 20. baaronpusTHBIX UCXOJIOB JJIsS I€BOYEK — 3, JIs
m_ 3 5 1

MaJIbYUKOB — 5, 3HAYUT JJISI A€BOYEK P(A) = —= 0’ TSI MQJIbYMKOB 01 Tak
n
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3.1
kaK = > 7> IO9TOMY JIyHIlIE BBI3BATH EBOUKY. B) O0111€€ YMCII0 UCXO0/I0B PAaBHO

30. braronpusiTHBIX UCXOJOB — 25, 3HAYUT P(A) = % = % = 2: 0,833.
Otser: a) 0,067; 6) mydie BbI3BaTh 1eBOUKy; B) 0,833.

Ilpumep. JInst MIKOILHOTO HOBOT'OJIHETO Beuepa Hanevaranu 125
MIPOHYMEPOBAHHBIX PHUTIACUTEIHHBIX OMIIETOB, MEXTY KOTOPHIMHU
MpeIoiaraeTcs pa3plrpath riaBHbIN pu3. KakoBa BEpOSTHOCTh, YTO HOMEP
cYacTIMBUYMKa OyJeT OKaHYMBATKCS: a) Ha TPOMKY; 0) Ha AeBATKY? B) BoBa
TIOJTYYHUT TIPUTIIACUTEIBHBIN OnieT ¢ HomepoMm 33, a Taus — 99. BepHo nu, 410 y
BoBsbI 00J1bI1IE IITAHCOB MOJTYYUTh IJIaBHBIN TTPU3?

Pemenune: a) O61miee unciio ncxoaoB paBHo 125. biaaronpusatHeix ucxoaos — 13

(Ha TpOﬁKy OKAHYUBAIOTCA ACBATH ABY3HAYHbIX, TPU TpéXBHaLIHBIX qucija u caMo

YuCIIo -3), 3HaUUT P(A) = m=% =0,104. 6) OO111€€ YKCIIO UCXO/I0B paBHO 125.
n

BJIaI‘OHpI/I}ITHI)IX HCXOO0B — 12 (Ha ACBATKY OKAaHYHNBAIOTCA ACBATH ABY3HAYHBIX,

TPpHU TPEX3HAYHBIX YKCIIA U CAMO YUCTO - 9), 3HaUUT P(A) = m= % =0,096. B)
n
OO6miee yrciio UCXoA0B paBHO 125. baaronpusTHRIX UCXOA0B U UId TaHU U IS

BoBbl — 1, 3Hauut P(A) = m_1
n 25
Otgert: a) 0,104; 6) 0,096; B) HeT, HE BepHO. Y 000UX IIAHCHI PABHBI.
Illpumep. Y Buku nBe 0JMHAKOBBIE NAPHI BAPEIKEK. Y X0 HA YJIUILY, OHA
HayraJ 0ep€r nBe Bapexxku. KakoBa BEpOSTHOCTb, YTO OHH OKaXKYTCSl TAPHBIMU

(T.€. Ha pa3HbIE PYKH)?

OrtBeT: 2
3

IIpumep. Buka norepsiyia OqHy U3 BaAPEKEK HA YIHIIE, U TENEPDh UX Y HEE
TpHU. YXO/s HA yJIHILY, OHA MO-TIPEKHEMY BBIOMPAET JIBE BAPEKKH CITyHYaliHbIM
oOpa3om. KakoBa BEpOSITHOCTb TOTO, UTO OHU OKAXKyTCSI TAapHBIMU ?

OTBerT: 2 )
3

Ipumep. B norepen yuactBytor 100 6usieToB. PaspirpbiBaeTcs OAMH MPU3.
a) KakoBa BeposiTHOCTh TOTO, YTO BBl HUYETO HE BHIUTPACTE HA CBOU
€IMHCTBEHHBIN OmeT?
0) YuacTBys B TOI e joTepeH, Bol Kyruiu 20 6mietoB. KakoBa BEpoOSITHOCTb, YTO
BBI OIISITh OCTAHETECh HU C YeM?

Pemenue: a) O6miee uncio ncxoaos pasHo 100. baaronpusiTHeIX ncxoa0B — 1,

3HauuT P(A) =1 =% =0,99; 6) Obmee uncmo ucxomoB paBao 100.
n

briaronpustHbIX Hcx070B — 80, 3HAUUT P(A) = m_8 _4_ 0,8

100 5
Otger: a) 0,99; 6) 0,8
Ilpumep. JIBa npyra >KuByT B OJTHOM JIOME, & yYaTCs B pa3HbIX KJIACCAX.
VYpoku B IKOJIE 3aKaHYMBAIOTCA B UHTEPBaJe oT 13 no 14 gacos. [locne 3ansatnii
OHHM JIOTOBAPUBAIOTCS JKJIaTh JPYT JApyra Ha aBTOOYCHOM OCTaHOBKeE B TeueHue 20
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MUHYT. CKOJIBKO TPUOIU3ZUTEIHLHO pa3 3a TOJ UM YIaETCs M0eXaTh JOMOU BMECTE,
ecir B roay 200 yueOHBIX qHEH?

60> —-40° 5
T = § CrnenoBatelibHO, 3a

roa UM yaacCTcCs IocxaTtb BMCCTC HpI/I6J'II/ISI/IT€JII>HO 200 g ~111 pas3.

Pemenue: BepO}ITHOCTB ITOCXAaTb BMCCTC 6y,[[eT

Otgert: 111 pas.

IIpumep. PaccTostnue ot ocranoBku «I'opcan» 1o ocranoBku «llIkomna»
aBTOOYC MPOXOJIUT 3a 2 MUHYTHI, a Anéma — 3a 15 MmunyTt. UnTepBan ABMKeHUs
aBTOOYCOB — 25 MUHYT. B ciyuaiinbiii MOMEHT BpeMeHH AJENIa BEIXOAUT U3
ropcaza, onaszpiBas B IIKOIy. YTO eMy JIydIle AesaTh — UATH ITEIKOM HUIIU

MOJ0X/1aTh aBTOOYC?

o 13 1
Pemienne: BeposaTHOCTb, 4TO Ajlekceil OOTOHUT aBTOOYC, COCTaBUT > >E :

1
CrnenoBaTtelbHO, JIydllle MOA0KIATh aBTOOYC (XOTS OTKJIOHEHHUE OT > CTOIb

HE3HAYUTEIbHO, YTO MOKHO ITPOUTHUCH U MELIKOM).
Ortgert: Jlyume nogoxaars aBToOyC.

IIpumep. Ha IKOIBHOM Bedepe cpeau NMpUCyTCTBYONMX 160 ydamuxcs
Cly4aiiHbIM 00pa3oM pacrpocTpaniu 160 noTepeidHbIX OMIIETOB (KaXIbIi
CTapIICKJIACCHUK MOIYUYUII IO OJJHOMY OmieTy). Cpenu 3Tux OuiaeToB ObLIO 5
BBIMTPBIIHBIX. KakoBa BEpOSATHOCTH TOTO, YTO KAXKJIOMY CTAPUIEKIACCHUKY U3
YUCia TPUCYTCTBYIOMIUX JOCTAICS: 1) BRIMTPHINIHBIN OUIIET; 2) HEBBIUTPHIIIHBIN
ouner?

Pemenue: Kaxxnomy mKOIBHUKY MOT JOCTaThes J1I000M u3 160 6umieros, T.e.
n=160. 1) braronpusaTCTBYIOUIMX BBIMTPHIITY OMIeTOB 5, T.e. M=5. Toraa

pa)="= % = é . 2) HeBbiurpsimnbix omietoB 160-5=155, moatomy «He
BBIUTPHIITY» OnaronpustcTByeT 155 ucxonos; M=155. Takum oOpazom,
o m_155 31
BEPOSTHOCTD MOJYUYCHUSI HEBBIUTPBIIIHBINA OUJIET paBHA P(A) = —= 60"
Otser: 1) i; 2) 3L
32 32

Ipumep. Ins yxpatieHus €1Ku MPUHECTH KOPOOKY, B KOTOPOM HAXOAUTCS
10 kpacHbIX, 7 3eNEHBIX, 5 CHHUX U § 30JI0THIX 11apoB. Y3 KopoOKu HayTas
BBIHUMAIOT OAuH map. KakoBa BEpOSTHOCTb TOTO, YTO OH OKAXKETCS: a) KPACHBIM,;
0) 30710ThIM?
Pemenue: B xopobke 6b110 Bcero 10+7+5+8=30 mapoB, HCXOA — U3BSITHE OJJHOTO

mapa onpeeaeéHHoro nBera. PaccMoTpum coObITUS: a) A — «BBIHYTBIN 1Iap
oKazayicsi KpacHeIM»; Ma=10; P(A) = My :% = % . 0) B — «BBIHYTHIH T1ap OKa3aICs
n
30JI0TBIM»; Mp=8; P(B) = Mg -4
n 15

OrtBer: 4 )
15
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IIpumep. Tect cogepkut 25 BorpocoB. Ha kaxkaplii BOIPOC MpeasiaratoTcst
JIBa BEPHBIX OTBETA, U3 KOTOPBIX HY>KHO BHIOPATh MPABUIBHBINA. 332 CKOJIBKO
IPaBUJIBHBIX OTBETOB CIEAYET CTABUTH MMOJIOKUTEIbHYIO OLICHKY ?
OtBer: 3a 18 u Oosiee MpaBUIBHBIX OTBETOB.
3aoanus 0na camocmoamenbHo20 peuteHus

1 BapuanT
Nol U3 OykB cnoBa «CraTUCTUKa»
HayrajJ  BblOMpaeTcss oaHa  OykBa.
KakoBa  BEpOSITHOCTH  TOro,  4TO

BbIOpaHHass OyKBa OKaXeTCs: TJIacHOM;
COTJIACHOM; «T» WJIH «C»; «M»

No2 B smuke 50 6enbix, 10 u€pnsbix, 10
cuHuX, 20KkpacHbIX 1mapoB. Bemymm 1
map. KakoBa BepOATHOCTH TOTO, 4YTO
BBIHYTBHIA IIAp OKAXKETCA:  OeNbIM;
YEPHBIM; CUHUM; KPAaCHBIM; O€IbIM WU
YEPHBIM; CHHHM WJIM KpPAaCHBIM; HE
KpacCHBIH.

No3 B Ounere 3 pasmena. U3 30
BOIIPOCOB TMEPBOTO pazjena CTYIAEHT
3HaeT 15 Bompocos, u3 18 Bompocos
BTOPOTO pasjeiia 3Haer 15 Bonpocos, u3
25 BONPOCOB TPETHETO pa3jielia 3HAET
Bce. KakoBa BepOsITHOCTH MPaBUIHLHOTO
OTBETAa CTyJCHTA 10 OWJIETY.

NodlIpu u3roTOBJICHUH MOAIIMITHUKOB
auaMeTpoM 67 MM BEpPOSITHOCTH TOTO,
yTO0 auaMmeTrp OyAeT OTIWYaThCi OT
3aJaHHOTr0 He OoJbiie, yeM Ha 0,01 mwM,
paBHa 0,965. Haiinute BepoOsATHOCTH
TOTO, YTO CIIYYaWHbIA IOJIIIUITHUK
OyleT WMETh JuaMeTp MEHbBIIE, YeM
66,99 MM mnu 6ombie, ueM 67,01 M.
Ne5  Arpodupma 3akymaer KypuHbIE
giflla TOJIKO B JIByX JIOMAIIIHUX
xo3giicTBax. M3BectHo, uTo 5% suIy u3
IIEPBOr0 XO3SMCTBA — WA BBICIIEH
KaTeropuu, a U3 BTOPOro XO3sIMCTBA —
30% suu BbIclIed kateropuu. B aToit

2BapuaHT
Nel U3 6ykB cioBa «HecoOCTBEHHBII
HayraJ BblOMpaeTca oOAHa  OykBa.
KakoBa  BEpOSATHOCTH  TOro,  4TO

BbIOpaHHass OyKBa OKaXeTCs: TJIACHOM;
COTJIACHOM; «H» WJIH «C»; «JI»

No2 B smuke 25 Oenbix, 45 u€pHbIX, 65
CHHMX, 85 KpacHbIX mIapoB. BeiHynu 1
map. KakoBa BepoATHOCTH TOTO, 4YTO
BBIHYTBHIA IIap  OKAKETCS:  OesbIM;
YEPHBIM; CUHUM; KPACHBIM; O€JbIM HIIU
4YEPHBIM; CHHHM WJIM KpPAaCHBIM; HE
KpacCHBIN.

No3 B Ounere 3 paszmena. U3 60
BOIIPOCOB TMEPBOTO paszjena CTYIAEHT
3HaeT 20 Bompocos, u3 20 BONpPOCOB
BTOPOTO pasjeia 3Haer 15 Bonpocos, u3
30 BOMpPOCOB TPETHErO pas3aeia 3HAET
Bce. KakoBa BepOsSTHOCTH MPaBUIHLHOTO
OTBETa CTYJEHTA 10 OWJIETY.

NedlIpn W3rOTOBJICHUU MOAIMIMITHUKOB
auaMeTpoM 67 MM BEpOSITHOCTH TOTO,
41O nauaMmeTrp OyAeT OTIWYaThCs OT
3aJlaHHOTr0 He OoJbie, yeM Ha 0,01 mwM,
paBHa 0,839 Haiigute BepoOsATHOCTH
TOTO, YTO CIIYYaWHbIA MOIIIUITHUK
Oyler WMeTh JIUaMeTp MEHbIIE, 4YeM
66,99 MM mnu 60mabire, ueM 67,01 M.
Ne5  Arpodupma 3akymaer KypuHbIE
diila B JBYX JOMAIHUX XO3SMCTBax.
60% sWII U3 MEepBOro XO35MCTBA
AMa BBICIIEH KaTerOpuu, a U3 BTOPOIO
xo3saiictBa—  70% AWl BbICHIEH
KaTeropuu. Bcero BBICHIYIO KaT€ropuio

arpobpupme  15%  saum  Beicmied | momywaer  65% sl Haiinure
kareropuu. Haninure BEpOSATHOCTD TOTO, | BEPOSTHOCTh TOrO, 4TO AN,
YTO SN0, KYIUICHHOE Y  OTOM | KYIUIEHHOE y  3TOH  arpoupM™sl,
arpoUpMBbI, OKaXETCsl W3 TEPBOTO | OKAKETCS U3 MEPBOTO XO3SHCTBA.

X03s1CTBA. Ne6 B  TOproBoM 1ieHTpe  JABa
Ne6 B TOproBoM IIeHTpe JBa | OJJMHAKOBBIX aBTOMAara MpoJarT Kode.
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OJIMHAKOBBIX aBTOMAaTa MPOJAIOT Kode.
N3BecTHO, YTO BEpPOSTHOCTH COOBITHUS
«K' Bedepy B mepBoM aBTOMAaTe
3akoH4YHTCS Kode» paBHa 0,25. Takas
e BEpOSTHOCTH coObITHS «K Beuepy Bo
BTOPOM aBTOMAT€ 3aKOHYHUTCS Kodey.
BepositHoCcTh TOTO, UTO KO(Ee K Beuepy
3aKOHYUTCS B OOOMX aBTOMAarax, paBHa
0,15. Haiiiute BEpOSTHOCTH TOTO, YTO K

BeposiTHOCTh TOTO, YTO K KOHITY THS B
aBTomate 3aKoH4HTCsS Kode, paBHa 0,3.
BepostHocTh ~ TOro,  u4ro  kodge
3aKOHYHTCS B 000MX aBTOMAarax, paBHA
0,12. Haiigute BEpOsITHOCTH TOrO, YTO K
KOHIy JHS Kode OCTaHeTCs B 000MX
aBTOMAaTax.

Beuepy Kode ocrtaHeTcs B 000MX
aBTOMATax.

3 BapuaHT 4 BapuaHT
Nel M3 6ykB crnoBa «Crtpatochepar | Nel "3 OyKB CJIOBA
HayraJg BblOMpaercs oaHa  Oyksa. | «HeoObIKHOBEHHBIN Hayraj
KakoBa  BeposTHOCTH  TOTO, 4TO | BbIOMpaeTcs onaHa OykBa. KakoBa

BbIOpaHHass OyKBa OKaXeTCs: TJIacHOM;
COTJIACHOM; «T» WJIH «C»; «M»

No2 B smuke 14 6enbix, 20 u€pnbix, 30
CUHUX, 28 KpacHbIX mapoB. Bemymn 1
map. KakoBa BepOATHOCTH TOTO, YTO
BBIHYTBHIA IIap OKAXKETCA: OeNbIM;
YEPHBIM; CUHUM; KPAaCHBIM; O€bIM WU

4&pHBIM; CHHMM WJIM KpacHBIM; He
KpacCHBIH.
No3 B oOunere 3 pasnmena. U3 40

BOIIPOCOB MEPBOTO pasfena CTYIAEHT
3HaeT 15 Bompocos, u3 18 Bompocos
BTOPOTO paszeina 31aer 10 Bonpocos, u3
25 BONPOCOB TPETHETO pas3jiesia 3HAET
Bce. KakoBa BEpOATHOCTH MPaBUIBHOTO
OTBETa CTyJCHTA 10 OWJIETY.

Ne4 B cnydailHOM  3KCHEpPUMEHTE
YeThIpeXkIbl OpocatoT MoHeTy. Kakoma
BEPOSITHOCTH TOT'0, YTO IIEPBBIE ABA pa3a
BBITAAET «OPEI»

Ne5  Arpodupma 3akymaer KypuHbBIC
AM0a B JBYX JOMallHUX XO35KMCTBax.
85% sAnIl U3 MepBOro X034icTBa — Al
BBICIIEM KAaTEropuu, a U3 BTOPOIO
XO035IMCTBA 65% sguIr  BBICHIEH
KaTeropuu. Bcero BBICIIYIO KAaTErOpUIO
nojyyaet 80% SIALL. Haiinure
BEPOSATHOCTH TOrO, 4TO AN,
KyIUDIECHHOE y  JTOM  arpodupmbi,
OKJKETCS U3 MEPBOT0 XO35IMCTBA.

BEPOSATHOCTh TOTO, YTO BbIOpaHHAs
OyKBa OKaXXETCs: TJIACHOW; COTJIaCHOM;
«HY UITH «BY»; «JD»

No2 B smuke 25 Oenbix, 45 u€phbix, 60
CUHUX, 85 KpacHbIX mapoB. Bemymn 1
map. KakoBa BEpOSTHOCTH TOTO, 4TO
BBIHYTBI IIap OKaXkeTcs: OelbIM;
4&PHBIM; CUHUM; KPacHBIM; O€JIbIM HJIU

YEpHBIM; CHUHHUM WIH KpPacCHbIM; HeE
KpPACHBIM.
No3 B oOwunere 3 paszmena. U3 50

BOIIPOCOB TMEPBOTO pas3fena CTYJEHT
3HaeTr 20 BompocoB, u3 19 Bompocos
BTOPOTO paszeina 31aer 10 Bonpocos, u3
30 BOMpPOCOB TPETHErO paszaeia 3HAET
Bce. KakoBa BEpOSITHOCThH MPAaBUIBHOTO
OTBETa CTyJI€HTa 10 OUJIeTy.

Ne4 B cnoydailHOM  3KCHEPUMEHTE
Opocator 3  WrpaJbHBIX  KyOWKa.
Haiimure BepoOATHOCTH TOrO, 4YTO B
CyMMe BbINAJIET 12 OYKOB.

Ne5  Arpodupma 3akymnaer KypuHbIE
Aila B JBYX JIOMAallHUX XO3SUCTBAX.
55% sun U3 mepBoro Xo3sucTBa
AMa BBICIIEH KaTerOpuU, a U3 BTOPOIO
XO03sIMCTBA 35% sguir  BBICHIEH
Kareropuu. Bcero BBICHIYIO KaTErOpHUIO
mojyvaet 45% SIALL. Haiinure
BEPOSATHOCTH TOrO, 4TO AN,
KYIJICHHOE Yy  JTOW  arpoupmsbl,
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Ne6 B ToproBom  1ieHTpe  JBa
OJIMHAKOBBIX aBTOMAaTa MPOJAIOT Kode.
BeposiTHOCTh TOTO, YTO K KOHITY THS B
aBTOMaTe 3aKOoHUYUTCS Ko(e, paBHa 0,35.
BepositHocTh  TOro, u4to  Kode
3aKOHYHUTCSA B 000MX aBTOMAaTax, paBHa
0,2. Haitgute BEpOSATHOCTb TOTO, YTO K
KOHIy JHA Kode OCTaHeTcs B 000MX
aBTOMaTax.

OKaXETCS U3 TIEPBOTO XO3SHCTBA.

Ne6 B  TOproBoM  ueHTpe  1Ba
OJIMHAKOBBIX aBTOMAaTa MPOJAIOT Kode.
BeposiTHOCTh TOTO, YTO K KOHITY THS B
aBTomMaTe 3aKoH4HTCS Kode, paBHa 0,2.
BepostHoCTh TOTO, 4YTO Ko(e
3aKOHYUTCA B 00OMX aBTOMAaTax, paBHa
0,16. Haiiiute BEpOSTHOCTH TOTO, YTO K
KOHIy JHS Kod)e OCTaHEeTCs B 000MX
aBTOMATax.

KOHmPOJleble eonpocwol:

1. JlaiiTe omnpeneneHne CaydaitHOro COOBITUS

2. Bunpl cOOBITUM M X ONIPECICHUS.
3. Teopembl BeposiTHOCTEM

IpakTuyeckoe 3ansaTue Nel2
«PemeHue KOMOMHATOPHBIX 32129
Heanb padoThl: 3aKpEeNUTh 3HAHUS U HABBIKH B PEIIEHHMH KOMOWHATOPHBIX

3a/1a4
Ceéedenusn uz meopuu:

I'pynmel, cocTaBieHHbIE W3 KakuxX — JIMOO DJIEMEHTOB, Ha3BIBAIOTCS
COCTMHEHUSMU.

Paznnuaro TPpHU OCHOBHBLIX BHO4 COGHHHCHHﬁI pa3MCIICHUA, IICPCCTAHOBKHU

H COUCTaHM.

P&BMCH.ICHI/IHMI/I U3 N 3JIEMCHTOB IO M B KaXJIOM HA3bIBAKOTCS TaKUC

COEIMHEHNUS, KOTOpBIE OTIAMYAIOTCA APYr OT JIpyra au00 CaMHMH JJIEMEHTaMH,

00 MOPAAKOM HX PACIIOJIOKCHHUA.

HepeCTaHOBKaMI/I 13 N 3JICMCHTOB HA3BIBAIOTCA TAKUC COCIAUHCHUS U3 BCCX

N 3JIEMEHTOB, KOTOpPbHIE OTJIMYAKOTCSA JPyr OT APYyra IOPSAKOM PacCIOJIOKECHUS

DJICMCHTOB.

IlepecTaHOBKM NPEACTABISIIOT YAaCTHBIM Cilydyad pa3MELICHHN

3JICMCHTOB 110 N B KAXKIO0M.

n3 n

Yucno Bcex NEepEeCTaHOBOK M3 N DJJIEMCHTOB pPaBHO IIPOM3BECIACHUIO

IIOCJIACA0BATCIIbHBIX YHUCCII OT 1 J0 N BKIIFOYUTEIBHO:

P, =n=1.2-3.-...-(n=1n,

nl-auraercs «n-pakropuam», mpuyem 0!=1 u 1!=1.
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Hcnonb3ys mpuBeIeHHBIE BHIIIE OMPECICHUS UMEEM (POPMYJIBI:

m_Pn_ n!
A"_P (n—m)!’

n—-m

HpI/I peH_IeHI/II/I 3aa4 4acCcTo I/ICHOJIIByeTC}I paBeHCTBOZ
1
AT =(n—m)AT
CO‘-IeTaHI/I}IMI/I U3 N HDIEMEHTOB IO M B KAXKJI0M HA3BIBAKOTCSI TaKHUC

COCAMHCHUA, KOTOPBIC OTIIMYAIOTCA APYT OT Apyra XOT:dA OBI OJHHM JJICMCHTOM.

Yucino coueTanuii U3 N JIEMEHTOB MO M 0003HAYAETCS U BBIUYHCIIAETCA I10

bopmyie:
Am
m_ "
C, = pm
n
KOTOPYIO MOKHO 3aucaTh TaKXKe B BUJIE
m n!
" mi(n—m)!

Kpome Toro, npu pemeHun 3ajad MCHOJb3YIOTCS Cleayronme (popMyIbl,

BBIpAKAarOMKUe OCHOBHBIC CBOMCTBA COUYCTAHUU:

C,T:C:_m (Ogmgn)’ Cr? ::L Cr? ::L C:"_i_CrTﬂ: m+1

n+1

Ipumep: Borancauts A3
3_ 8 _12345678_
87 (8-3)" 5! -
Haunewm npousBenenue He ¢ 1, a ¢ 8 B yucCnuTeENE U C 5 B 3HAMEHATEIE
8:-7-6-5-4-3-2-1
5-4-3-2-1
W BuauM clenyroNyro 3aKOHOMEPHOCTh: €CJIM HauWHaTh MO yObIBarolIel MUcaTh
COMHOXXMTEIM C HWXKHEro 4ucia (B JaHHOM cllydae 3TO §8), TO COMHOXHTENEH
MOCJI€ COKPAIICHUS CTOJBKO e KAKOBO BEPXHEE UMCIIO (B JAHHOM cliydae 3)
Ipumep: Borancouts A3,
Pemenue: [Ipumenum popmyy
| | I 10:9-8-7-6-5:4-3-2-
ﬁ=(nin)!, rae N=10, m=5 u noxyuum A§0=(1;S'5)!=%=10 i i-1-63-52-i 321
— OISATH NPOU3BEACHUE M=5 coMHOXUTeNeH, HaunHast ¢ N=10.
MoxHO OBLIIO MOCUUTATH CPA3Y
A2,=10-9-8-7-6=30240
Otset: A3,=30240.
3_ 8 _ 8! _ 87654321

IIpumep: Beraucnutes Ca= ==
pumep 8731(8-3)! 3I'5! 3:2:1-5:4-3-21

Petenue: A

=10-9-8-7-6

=8-7= 56
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Ectb o0miee B BBIYMCICHUU C MPEABIIYIIAM MPUMEpPOM. TOJIBKO HAJ0 €lle BCe

MOJICTUTh Ha BEPXHEE YUCIIO ¢ (aKTOpUaIoM

A3=2T°-g.7-56.

OTBeT A3=56.

Ipumep: CKONBKO CYHIECTBYET, CIIOCOOOB COCTaBUT paclucaHue U3 3 map
Ha OJIMH JIeHb U3 9 nmpeamMeToB?
Pemenue: B pacnucanuu mopsioK pacroioKEHUs MPEeIMETOB Ba)KEH, XOpOIIO,
Korja mocnefusisi reorpadus win (usndyeckoe BocnuTaHue. UyJecHbI JeHb,
koraa 37o |l u 1l mapa. YnopsimoueHHast BbIOOpka — 3TO pa3MElIeHUE U UX YUCIIO
HaxoauTcs 1o dpopmyie(1):
3= 9 9\ 987654321 oo s

(9-3)! 6! 654321

DTOT pe3yabTar HaJl0 TOHUMATh TaK:
- moboit u3 9 npenmeroB Ha | mape
- 1 JII0OOM U3 ocTaBiIMXcs Bochbmu Ha ||
- 1 1000 U3 octaBmuxcs cemu Ha |11
Coro3 «1» roBopuT 00 yMHOKEHHUHU.
OtBet: 504 cnoco0a coCTaBUTh pacIUCaHUE.

Ilpumep: B yemnuonare no ¢ytdony ydactByeT 16 xomanza. CKOJIBKUMU
cnocobamu (0e3 yuera CHOCOOHOCTEW) MOTYT pacHpeleIuThcsi 30JI0Tasl,
cepeOpsiHasi 1 OpoH30Bast Meaanu?

16!
Pewenue: Ai’6:1—3'=16~15-14=3360 CHOCO0aMHU.
A3, pacumppoBbIBacTC Tak: YUCIO CHOCO00B M3 16 KoMaH[ BHIOpaTh TpH

IIPU30BBIC, CUUTAS, YTO 30JI0TO MOXKET OBITh y KaKIOW M3 TPeX IO OYEPEIH, T.C.
MOPSAIO0K 30JI0TO-cepeOpo-OpoH3a Uil OPOH3a-30JI0TO-CepeOPO | T.JI. BAJKEH.

Otser: 3360 crmocobamu.

Ilpumep: CKOJIBKO CYIIECTBYET, CIOCOOOB COCTaBUT, MATU3HAYHOE UYUCIIO
u3 uudp 1,2,3,4,5,6,7,8,9 He mOBTOPSIS HX.

9!
(9-5)! 4

Pemenne: A3= ——9 8:7-6:5=15120

Otset: 15120 crtoco6oB.

Ilpumep. KoMuCCHS COCTOMT M3 MPEJCENaTelis, €ro 3aMEeCTUTENS U eIlle
nATh 4enoBeK. CKOJBKUMHU CIOCOOaMHU YJIeHbI KOMHCCHH MOTYT PaclpeeInuTh
MEXTy cOO0M 00513aHHOCTH TIpeiceaaTeNsl U 3aMECTUTEs ?

Pemenue: [1pu BeIOOpe mpeaceaaTesns U €ro 3aMECTUTEINS U3 TAHHBIX CEMU
YEJIOBEK MMEET 3HaUeHUE HE TOJBKO TO, KaK BRIOPAHBI ATH JIBa YEJIOBEKA U3 CEMHU
MIPETEHICHTOB, HO U TO, KaK Paclpe/IesIeHbl UX JOJKHOCTU MEXTy co00H (T.e.
Ba)KEH U COCTAaB, M MOPSIOK CIICIOBAHHUS BEHIOPAHHBIX DJIEMEHTOB).

3HaAuUT, peub UJET O pa3MelleHusx (6e3 MOBTOPEHUI) U3 CEMHU AIIEMEHTOB T10 JBa.
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5 7!
A = ————==6-7 =42.
7 (7 =2)!

Ilpumep. ns 3anupaHus cepoB M aBTOMATUYECKUX KaMep XpaHEHUS
IPUMEHSIOT CEKPETHbIE 3aMKH, KOTOpPbIE OTKPBIBAIOTCSA JHINb TOTNAa, KOrna
HAaOpaHO HEKOTOPOE «TaHOE CIIOBO». JTO CIIOBO HAOWPAIOT C MOMOIIBIO OJTHOTO
WM HECKOJBKUX JIMCKOB, HA KOTOPBIX HaHeceHbl OyKkBbI (wiu 1udpsl). [lycts Ha
JTUCK HaHeceHbl 12 OykB, a CEKpETHOE CIOBO COCTOMT U3 5 OykB. CKOJIBKO
HEYJTAYHBIX TOTMBITOK MOKET OBITh CAENAHO YETIOBEKOM, HE 3HAIOIIUM CEKPETHOTO
ciosa?

Pemenue: OO011ee KOJIMYECTBO MOMBITOK PABHO YUCIY pa3MeIleHuil ¢
MOBTOPEHUSIMH U3 12 37IEMEHTOB 110 5, TO €CTh

A5, = 125 = 248 832.

[TosTOMYy KONMYECTBO HEYAAUYHBIX MONBITOK paBHO 248831.

Ilpumep. K xacce 3a nosydeHUEM JICHET MOJOILIA OJHOBPEMEHHO 4
yesoBeka. CKOJIBKO CYIIIECTBYET CIIOCOOOB UM BBICTPOUTHLCS B OUEPE/Ib.
Pemenne: Ouepear MOKHO MPEICTABUTh, KAK HEKOTOPYIO IEPECTAHOBKY U3

YyeThIpeXx yenoBeK. 13 Hux MoxHO coctaButh P, = 4! = 24 nepecTaHOBKH.

IIpumep. B TOCTHHHIIE CEMb OJJHOMECTHBIX HOMEPOB, U CEMEPO T'OCTEN
JKEJNAT B HUX MOCEIUTHCS, IPUYEM, TPOE 3apaHee 3ape3epPBUPOBAIN KOHKPETHBIE
HoMepa. Halinute ynciao cnoco0oB paccesieHUsl CEMU TOCTEH M0 CEMU HOMEpaM.

Pemenue: Tpoe rocreit 3apanee 3ape3epBUPOBAIN KOHKPETHBIE HOMEpPA. 3HAYMT,
YETBEPO TocTei OyyT pacCeNsIThCA MO YEThIPEM OCTABIIMMCS HOMEPAM.

Yuciio cnocoOoB pacceneHus: CEMU rOCTel M0 CEMU HOMEpPaM PaBHO YHUCITY
MEPECTaHOBOK U3 YETHIPEX JIEMEHTOB, TO €CTh P, = 4! = 24 .

Ipumep. CKOABKUMHU CIOCOOAMU MOKHO PaCcCTaBUTh Ha KHUYKHOM IMOJIKe
necaTUTOMHUK [lyiknHa Tak, 4ToObI TOM 2 CTOSJI PSJIOM C TOMOM | U cripaBa OT
Hero?

Pewmenue: [IpeacraBum cebde, uto Toma 1 u 2 cBsizanbl OeuéBKOi. PaccTaHoBKa
MOJIy4YeHHOT0 Ha0opa U3 9 TOMOB (BOCbMH OOBIYHBIX U OJIHOTO CABOEHHOTO)
MOXeET OBITh Mpou3BeaieHa Py = 9! = 362880 criocobamu.

Ipumep. CKkOIBKO IEPECTAHOBOK MOKHO 00pa30BaTh U3 OyKB CIIOBa
«Muccucumnm»?
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Pemenue: B cnose «Muccucunuy» Bcero 9 OykB, HO He BCE OHU Pa3IMYHBL. ITO
CJIOBO COZIEPKUT OJIHY OyKBa «M», YEThIPE OYKBBI «I», TPU OYKBBI «C» U OJHY
OyKBa «I». 3HAYUT, 110 POpMyJIe IEPECTAHOBOK C IOBTOPEHUSAMU YHCIIO
NEPECTAHOBOK, KOTOPBIE MOXKHO MOIYYUTh U3 OYKB 3TOT0 CJIOBA, PABHO

91

P(4,3,1,1) = - = 2520.

Ipumep. CKOTBKO PA3TMUHBIX YETHIPEX3HAYHBIX YHCET MOKHO COCTABUTH
w3 mudp 0, 1, 2, 3, ecnm kaxaas mudpa B ©300pakKEHUN YHCIIa BCTPEIACTCS OJTUH
paz?

Pemenue: PaccmarpuBaemMoe 4eThIpEeX3HAYHOE YUCIIO MOKHO MPEACTaBUTh, Kak
HEKOTOpYIo nepectaHoBKy u3 uudp 0, 1, 2, 3, B koTopoi nepsas 1udpa oTaudHa
oT HyJis. Tak Kak u3 4eTbipex HU(pp MOXKHO cOCTaBUTh P, = 4! mepecTaHOBOK U U3
HUX P; = 3! HaunHAIOTCS C HYJISA, TO HICKOMOE KOJINYECTBO paBHO 4! — 3! = 18.

IIpumep: CKONBKO CYIIECTBYET CIIOCOOOB K€PEObEBKU CEMH KOMaH/I?
Pemenue: P, =7!'=7-6-5-4-3-2-1=5040.
Otget: 5040 cioco6oB.

IIpumep: CKOJIBKO CYLIECTBYET CIOCOOOB COCTaBUThH MATHU3HAYHBIE YHCIIA
U3 ATH TAQp, HE TTOBTOPSS UX?
Pemenne: Py =5!=5-4-3-2-1=120
Otget: 120 cnoco60B.

Ilpumep: CKOIBKO CYIIECTBYET CIOCOOOB JOCTaTh 3 O€NbIX Iapa H3

ALMKa C 7 OIMHAKOBBIMU IIapaMu?
7! 7! _12:3:4'567_567
Pemenue: C3= = =5-7=35
31(7-3)! 3l'4! 1-2:3:1-2:3:4 123

OtBert: 35 cnoco0oB.
Ilpumep: CKOTBKO CYIIECTBYET CIIOCOOOB B rpymme W3 25 4YeloBEK

BBIOPATh TPEX YJIECHOB PEAKOJIIETHU?

Pemenne:; (3= 23_2300

OTsert: 2300 cnoco6OB.
BriOupaem couetanusi T.K. TOPSIIOK WICHOB PEJIKOJIJIETMU HE BaXKEH.
Ilpumep: B npame A.C. Ilymkuna «IlukoBas nama» ['epmaH BbIHMMAaET

cpa3y TpH KapThl U3 KOJIOAbI B 52 nucTa. CKOJIBKO CYIIECTBYET TaKUX CIIOCOOOB?

Pemenne: C3,=2-—2=22100

OtBert: 22100 crioco0oB.

Ilpumep: B ammke 15 xkpacHblX, 9 cuHuUX U 6 3eneHbIX mapoB. CKOJBKO
CYIIECTBYET CIIOCOOOB BBIHYTH 1 3€J€HBIN , 2 CUHUX, 3 KPACHBIX, €CJIM B3SITh BCE
ATH LIAPHI Cpazy?

Pemenue: W3 ycnoBus cremyer, yTto BbIHYTO 6 1mapoB cpazy. IlompoOyem
chopMynMpoBaTh BOIPOC 3ajaud, 4YTOOBI pazo0OpaThCs, TIe CyMMa, TJe
npousBeaeHue (yMHoxenue «», cnoxenue «UJIM»). BeinyTth 1 3enenbiit u 2
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CUHUX, U 3 KPACHBIX, YTOOBI OBLIO WX MIECTh. 3HAYUT YMHOKEHUE TPEX OTACIBbHBIX
AMU300B. Tenepb MPOCYUTHIBAEM KaXkKbIN.
- Cxonpko cioco6oB 3 6 3eneHnIX goctath 1? IlecTs.

9!

- CKOJIBKO CI10c000B 13 9 cuHuX J10CcTaTh ABa? C2 =—= ——9 4=36

- CKOIbKO €110co00B U3 15 kpacHbIX goctath Tpu? C3s=
312!

Hroro: 6:36-455=98280
OtBeT: 98280 crtoco0o0B.

217!
15 _15-14-13

1-2:3

=35-13=455

Ilpumep: B maptuu wu3 10 peranelr umerorcst 4 OpakoBaHHBIX. CKOJIBKO
CYILIECTBYET CIIOCOOOB BHIOpaTh KOMILIEKT M3 3 CTAaHIAPTHHIX M 2 OpakOBaHHBIX.
Ectb coto3 «1», 3HaUUT, yMHOKAIOT JIBa MU30/1a:

- CKOJIBKO c1I0CO0O0B U3 6 CTaHAAPTHBIX B3SATh 37 C3

- CKoJ1bKO c1I0CO00B 13 4 OpakOBaHHBIX B3ATh 27 €

- Utoro crtoco6os 20:6=120
Otset: 120 cnoco0oB.

6! 654

2 =2 5.4=00
3131 1-2-3

2 4l _43_

475121 12

IIpumep: YOHo1Ia 320611 ABE nocieaHue udpsl HOMepa CBOE 3HAKOMOH,
MOMHUT TOJIBKO, YTO OHM pa3Hble. CKOJIBKO CIIOCOO0B «yrajaTh» HOMEp?
Pemenue: Hudp ucnonsizyercst 10 ot 0 10 9. VI3 HUX HaZ0 COCTaBUTH JABY3HAYHBIE
yucna, npudeM 31 u 13 310 pa3Hble Uncia, a 3HAYUT U BapUAHTHL, T.K. TOPSIAOK
PaCOJIOKEHUS YUCEN BaXKEH, UCOJb3yeM (hopMyJTy Yynciia pa3MenIeHU:

2—

9!

=2-9-8=72

97 (9-2)! 7!
OtBeT: 72 BapuaHTa JJis yraJblBaHUs MMPABHIIBHOTO HOMEpA.
3aoanus 01 camoCmoAMmMeEnbHO20 PeuleHUA

1 BapuaHT
Neol. Ob6yuaroniuecs u3ydarT 8
Pa3IMYHBIX AUCIUTIIUH. CKOJIBKUMU
croco0aMu MOKHO COCTaBUTh
pacnucaHue U3 YeThIPEX Pa3InIHBIX
MPEIMETOB HA YETBEPI?
No2. Kox B kaMepe XpaHEHUsI COCTOUT
U3 BCeX YETHBIX UG U CISAYIOMNX 3a
HUMHU JIBYX M3 JECSATH TJACHBIX OYyKB
PYCCKOTO andaBuTa. CkoJbKO
BO3MOYKHBIX IIK(PPOB MOXKHO HAOpaTh B
ATOM cliy4ae?
No3 . Pemure ypaBHEHHE OTHOCHUTEIHHO
n: = 24.

Pny2

n—1
N4, Ha KHUXKHOU TMOJKE MATh KHUT
pPa3TUYHBIX aBTOPOB U TPEXTOMHHUK
A.C.Ilymkunaa. CKOJBKUMU CTIOCOOaMHU
MOXHO PAacCTaBUTh 3TH KHUTH, €CIIH
BCE TpU MYIIKUHCKAX TOMa
(Oe3pa3nuuHO, B KAKOM  TOPSJKE)

2 BapHaHT

Nel. OOyuaromuecss ~ uszy4aror 7
pasIUYHBIX AUCHUIUIMH. CKOJIBKUMU
crocodoaMu MOJKHO COCTaBHUTH
pacnucaHue W3 IATH  Pa3IuIHBIX
MPEIMETOB Ha YETBEPT?

Ne2. B kome KaMepbl XpaHEHHs

UCIIOJIB30BaHbl TPU W3 JECSITH TJIACHBIX
OyKB pycckoro andaBHuTa U CICIYIOIINX
32 HUMM 4YeTBIpEX  HEUYETHBIX 1udp.
CKOJIBKO BO3MOKHBIX MHU(POB MOMKHO
HaOpaTh B 3TOM ciryyae?

No3. Pemre ypaBHEHHE OTHOCHUTEIBHO

n: == =0,05.

n+1
Ned. Ha KHWKHOW TMOJIKE MIECTh KHUT

pa3IMYHBIX aBTOPOB M TPEXTOMHHMK
M.1O.JIepmoHTOBA. CxonbkuMu
croco0aMd  MOXXHO PAacCTaBUTh ITH
KHHATH, €CITH BCE TPH JIEPMOHTOBCKHUX
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JIOJKHBI CTOSITh PAIOM?
5

NeS. Haiimure K, ecru /11—’; = A% _,.

Nob. 3 JIEBITHAIIATH
NEPBOKYPCHUKOB  HYXXHO  BBIOpaTh
MSATEPBIX ISl YYaCTHUSI B TOPOJACKOM JHE
nepBoKypcHuka. CKOJIbKO BapHaHTOB
BBIOOpA CYILIECTBYET?

Ne7. B dyrOonpHOM KOMaHze 15
urpokoB. HyxHO BeIOpaTh KamuTaHa |

Toma (0Oe3pa3NTuYHO, B KAKOM TMOPSIIKE)
JIOJKHBI CTOSITH PAIOM?

Ne5.Hatinute k, ecin
4

D% = 2143,

Ne6. M3 aBaguatu CIOPTCMEHOB HYXKHO
BbIOpaTh 6 YYaCTHHMKOB JJII MacCOBOTO
3a0era. CKOJBKMMH cHoco0aMu 3TO
MO>KHO OCYILECTBUTH?

No7. B crynenueckoit rpynne wu3 30

ero MOMOIITHHKA. CKOJIBKAMH | UETIOBEK BBIOMPAIOT CTapoCTy M €ro
cnocobaMd ~ MOXXHO ~ OCYIIECTBHUTDH | 3aMECTUTEIS. CkombKO croco6oB
BBIOOD? BBIOOpA CYILIECTBYET?
Ne8. Berauciuthb ?—156 — 04_1%;6[ Ne8. Borauciuthb ﬂ—l%og — ?—f
‘A16 616 618 c’418
3 BapuaHT 4 BapuaHT

Nel. OGyuaronuecs uzyqarot 11
pPa3TUYHBIX AUCHHUIUIAH. CKOJIBKUMUA
croco0aMu MOKHO COCTaBUTh
pacnucaHue U3 MATH Pa3TnIHBIX
MPEIMETOB HA YETBEPT?

Ne2. Kox B kamepe XpaHEHUSI COCTOMT
U3 BCEX HEUETHBIX MU U CICTYIONTNX
32 HUMHU TPEX U3 JIECATH IJIACHBIX OyKB
PYCCKOTO andanura. CKoJIbKO
BO3MOXKHBIX MIU(PPOB MOKHO HAOpATh B
3TOM city4ae?

(n=D)!

(n+2)!
Ne4. Ha xkHmxkHoM mnonke 10 KHUT
pa3IUYHBIX aBTOPOB U TPEXTOMHHUK
A.C.Ilymkuna. CKOJBKMMU CIIOCOOAMMU
MOXHO pPacCTaBUTh ATU KHUTHU, €CIIU
BCC TpHU My IIKUHCKAX TOMa
(6e3paznmuuHO, B KaKOM  TOPSAKE)
JIOJKHBI CTOSITH PAIOM?
No5. Halinute X, ecnmu 4° =304, ,
No6. U3 25 mnepBOKYpPCHUKOB HY HO
BBIOpAaTh TMATEPHIX IS yYacTUsl B
TOpOJACKOM  JIHE  IEPBOKYPCHHKA.
Cxonbko BAPUAHTOB BbIOOpA
CyIIECTBYET?
No7. B ¢yroonbHOM kOManme 20
urpokoB. Hy>xHO BeIOpaTh KamuTaHa |
ero TTIOMOIIHHUKA. CKOJTBKUMU

Ne3. Yopoctuth

Nel. OGyuaromuecs u3zy4darot 12
pa3IMYHBIX AUCTUTIINH. CKOTBKIMH
crnoco0aMu MOKHO COCTaBUTh
pacmucanue u3 MIeCTU Pa3IMYHBIX
IIPEAMETOB HA YETBEPr?

Ne2. B kome KaMepbl XpaHEHHs
UCTIONB30BAaHbl 5 W3 JECSATH TJIACHBIX
OyKB pycckoro angaBuTa U CIEAYIOLUIUX
32 HUMH JBYX HEYETHBIX 1Upp. CKOIBKO
BO3MOXHBIX MIA(PPOB MOKHO HAOpATHh B

3TOM ciry4ae?
1 1

nt (n+1)!

No4., Ha kHWXHON mMoOJIKE & KHUT
Pa3IMYHBIX aBTOPOB U  TPEXTOMHHK
M.1O.JIepmoHTOBA. CKONBbKUMH
crocobaMu MOXKHO pacCTaBUThb OTHU
KHWTH, €CJIM BCE TPH JICPMOHTOBCKUX
TomMa (0e3pa3IM4yHO, B KAaKOM MOPSIKE)
JIOJDKHBI CTOSITH PSAAOM?

Neo5. Haripure X, ecnuC’ , =21

Ne6. U3 16 CcHOpTCMEHOB HYXHO
BBIOpaTh 8 YYaCTHHKOB JJII MacCOBOTO
3a0era. CKOJBKMMH CHOCOOaMH  3TO
MOYHO OCYILIECTBUTH?

Ne7. B crynenueckon rpymnme u3 28
YEeJIOBEK BBIOMPAIOT CTapoOCTy M €ro
3aMECTHUTE]IS. CxoapKO CII0CO00B
BBIOOpA CYIIECTBYET?

Ne3. Vopoctuth
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CIocodamMu  MOXKHO — OCYLICCTBUTD | No® Bprapcmrs -1t —

BBIOOD? Ale  Ciy
P. A3

Ne8. Borunciauts —x — —22
c/q'Z() CZO

KOHmPOJleble eonpocwot.

[TpaBHI0 YMHOKCHHUS.

[TpaBuio cioxeHus.

Pa3smemienue U3 n 3JIEMEHTOB 110 M.

dopMyna 1 HaXOXKIACHHS YHCIIa BCEX Pa3MEIICHUH M3 N 3JICMEHTOB 110 M.
[TepecTaHoBKa U3 N 3JIEMEHTOB.

dopMmyta 151 HaXO0XKJACHHS YHUCIia BCEX TIEPECTAHOBOK U3 N AJIEMEHTOB.
CoudeTanue U3 n PIIEMEHTOB 110 M.

dopMmyta 1l HaXO0XICHHS YHCiia BCEX COYETaHUH M3 N 3JIEMEHTOB TI0 M.

Nk owdPE

IIpakTnueckas padora Nel3

«HaxoxkaeHue YUCI0BBIX XaPAKTEPUCTUK CJIYYAHOI BeJUYUHbD)

Hear pabdoThl: 3akpenuTh 3HAHUS OOYYAIOIIUXCA B HAXOXICHUU
YUCJIOBBIX XapaKTEPUCTHUK CITyYalHOW BEIMYHUHBI 110 3aJaHHOMY PaClpeIeICHUI0
Ceéedenusn uz meopuu:
Crayuaiinoii Ha3bIBaIOT BEJIMYNHY, KOTOpPas B PE3yJIbTATE UCTIBITAHUS TPUMET OJHO
U TOJIbKO OJHO BO3MOKHOE 3HAYEHHE, HaIlepEél HEM3BECTHOE M 3aBHCSIIEE OT
CJIy4ailHBIX MPUYUH, KOTOPHIE 3apaHee HEe MOTYT ObITh yuTeHbl. Hanmpumep, uncio
OpakoBaHHBIX JIaMIIO4eK cpeau 10 KyIJIEHHBIX €CTh ClydaiiHas BeJIWYMHa,
KOTOpasi UMEET ClIeAyrole Bo3MOKHbIe 3Hauenus: 0, 1, 2,....,10. Cmoyyaiinbie
BEJIMYMHBI 0003HAYAIOTCS IPOMUCHBIMU OyKBaMU JaTUHCKOro aidasura: X, Y, Z
U Tak Jajiee, a UX 3HAYCHUS] — COOTBETCTBYIOIIMMU CTPOUYHBIMU OyKBaMH X, Y, Z U
TaK Jajee.
Paznuuarot duckpemmuule N HenpepuleHble ClydailHble BEIMYUHBI.

Ciy4aiiHasg BeJIMUYWHA HA3bIBACTCA OUCKPEMHOIl, €CIIM MHOXECTBO €€ 3HAUCHUHN
KOHEUYHO WJIM CYETHO, TO €CTh MHOXECTBO €€ 3HAaueHUM MpeAcCTaBisieT coOoM
KOHEUHYIO  IOCJEJ0BATEIbHOCTh X1, X2,...Xn WIH  OECKOHEUHYIO
MOCJIEA0BATEIBHOCTD X1, X2,..Xn,. . .

Henpepuvignoii Ha3bIBaIOT CIYyYAlHYIO BEJIMYMHY, KOTOpasi MOKET MPUHUMATh BCE
3HAYEHUs] U3 HEKOTOPOT0 KOHEYHOro WM OECKOHEYHOro MHOXkecTBa. Yucio
BO3MOYKHBIX 3HAUECHUN HETIPEPHIBHON CITy4alHOM BEJIMUMHBI OECKOHEUHO.
Hanpumep, ecim B KadecTBE CIIy4allHOM BEJIWYMHBI PacCMaTpPUBATh OLIEHKY
CTyJI€HTa Ha SK3aMEHE, TO C OMPEACICHHON BEPOATHOCTHIO, KOTOPAsi 3aBUCUT OT
MHOTHX (PaKTOpOB, CTYJEHT MOXKET MOJyYUTh WM 2, WK 3, uiau 4, win 5, HO B
pe3yabpTaTe CIAaHHOTO OJIHUM CTYJEHTOM 3K3aMeHa B BEJIOMOCTH BCErja CTOMT
TOJIBKO OJTHA OLICHKA.

CrnydaiiHasi BeIMYMHA MOXKET OBITh 3aJjaHa 3aKOHOM pacnpeoeneHus..

3akoHom pacnpedenenHuss OUCKPEHMHOU CAYyYAUHOU GeauduHbl (COKpaujeHHo
JICB) Ha3pIBalOT COOTBETCTBUE MEXKAY BO3MOXHBIMM 3HAYEHUAMHU M UX
BEPOSTHOCTSAMU.
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3aKOH pacnpeleneHuss JHUCKPETHOM CIy4allHOM BEJIMYMHBI MOXHO 3aJaTh
TaOJIMYHO, aHATMTUYECKH (B BUIE (POPMYJIIBI) U TPadUUECKH.

[Ipy Tabnu4yHOM 3aJaHUM 3aKOHA paCHpeleieHUs JTUCKPETHON CiyyallHOU
BEJIMUMHBI TA0JIMIla COCTOUT W3 JIBYX CTPOK M HA3bIBACTCS 3aKOHOM WU PSIOM
pacripeniesieHuss TUCKPETHOM ciyuyaiiHoi BennunHbl X. IlepBas cTpoka TaOiuilbI
CONEPKUT BO3MOJKHBIC 3HAYEHHs CIy4YalHOW BEIWYMHBI, a BTOpas -
COOTBETCTBYIOIIME UM BEPOSITHOCTH.

X X1 X, Xpa1 Xp
p P1 p2 Pn+1 Pn
3Ha4YeHUS Xq, Xy, ..., X, 3AMHCBHIBAIOTCA B TaOJMIle, KaK MPaBWIO, B MOPSAIKE
Bo3pacTtaHus. [IpuHSB BO BHMMaHHE, YTO B KAXKIOM OTIEIbHOM HCIBITAHUU
CJIy4alHasl BEJIMYMHA IIPUHUMAET TOJIBKO OJHO BO3MOYKHOE€ 3HAYEHHE CIIyYalHOU
BEJIMYMHBI X, 3aKIt04aeM, 4To COObITUSI X = X1, X = X5, ..., X = X,;, HSCOBMECTHBI
U 00pa3yloT MOJIHYK Tpymmy coObituil. CrenoBaTellbHO, CymMMa BEpPOSITHOCTEH
3TUX COOBITHH, T.€. CyMMa BEpPOATHOCTEW BTOPOM CTPOKM TaOJMIIbI, paBHA
CAUHULIE:

n
pr+ P2+ .. +pn=zpi =1
i=1

IIpumep. B nznarensctie BoinylieHo 100 kHUT o oBUEBOACTBY. JloTepeei
pasbirpanbl ogHa kHura B 500 py6. u 10 mo 10 py0. Haiitu 3akoH pacmpeneneHus
CJIy4aliHOW BEJIMYMHBI X - BO3MOKHOTO BBIUTPHIIIA OJJHOW KHUTH.

Pewienue:

Bo03MOXHBI 3HAYCHUAX: X1= 500, x, = 10 ,x3 = 0. Bepositnoctu: p1=0,01; p;
=01, p3=l - (pl+p2) = 0,89.

3aKOH pacipeaeICHHUS:

X 500 10 0
P 0,01 |01 0,89

Dynkyueil pacnpedenenus Caydainoil eenuuunvl Ha3bBalOT (QyHKIUO F(X),
OTPENIEIIAIONTYI0 BEPOSTHOCTh TOTO, YTO cliydaiiHas BeiauunHa X B pe3yJbTare
UCIBITAaHUS TPUMET 3HAYCHHE, MeHbIIee X, To ecTh F(X) = P(X<X).

Kpome 3akoHa pacnpeneneHusi, KOTOPbIA JaeT TMOJHOE TMPEACTaBICHUE O
CIIydyalHOW BEJIMYMHE, YacTO MCIIOIB3YIOT 4YHCJA, KOTOpbIE OIMUCHIBAIOT CIIy-
YallHyl0 BEJIMYMHY CyMMapHO. Takue 4ucia Ha3bIBAIOT YUCT08bIMU XAPAK-
mepucmukamu cay4anuHou eeauuunsl. K HUM OTHOCATCS Mamemamuueckoe
oolcudanue, Oucnepcusi U cpeoHee KeaopamuiyHoe OmMKIOHeHUe OUCKPEeMHOU
CAYHUAUHOU 8eIUYUUHDL.

Mamemamuueckum oxcuoanuem (M) TUCKPETHON BEIMYMHBI HA3bIBAIOT CyMMY
MPOU3BEACHUN BCEX €€ BO3MOXKHBIX 3HAUEHU, YMHOKEHHBIX Ha UX BEPOSITHOCTH.

M(x) = x1p1 + X202 + -+ + XnDn = Xi21 X1V,

rA€ X, - 3HAUEHUE CIIyYallHOW BEJIMYUHBI, Pi- BEPOSITHOCTH CIIy4YaliHON BEJIMYUHBI.
MaremaTuyeckoe OXHUAaHUE JTUCKPETHOM CIy4ailHOM BeIWYUHBI 0O0JajaeT
ceolicmeamu, KOTOPhIE BHITEKAIOT U3 €r0 ONpeAeICHUs.
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1. MaremaTndeckoe OXKHJaHUEe IOCTOSHHONW BenuunHbBl C eCTh IOCTOSHHAas
BennunHa M (C) = C,rge C = const.

2. MareMatu4eckoe OXHJAHUE JUCKPETHOM CIIy4YallHOM  BEJIMYMHBI X,
YMHOXXKCHHOM Ha TOCTOAHHYI0 BeanuuHy C, paBHO  IPOU3BEICHUIO
mateMatuyeckoro oxumanuss M(X) nHa C. To ecTb MNOCTOSIHHBI MHOMXHUTENb
MO’KHO BBIHOCHTS 3a 3HaK cymmupoBanus M (CX)=CM (X)

3. MaremMaTtnueckoe 0XKMIAAHUE CYMMbI TUCKPETHBIX CIYyYalHBIX BEJIMYUH X U Y
PAaBHO CyMMe€ X MATEMAaTUYECKUX OKUTaHUM.
MX+Y)=M(X)+M(Y)

4. MaremaTuueckoe OXUIAaHUE NPOU3ZBEACHUS HE3ABUCUMBIX JUCKPETHBIX
CIIy4ailHbIX BeJIMYMH X U Y paBHO MPOU3BEICHUIO NX MATEMATHUYECKUX OXKUIAHHMI
MX *¥Y) = M(X) * M(Y),ecanu X 1 Y He3aBUCHUMBI
Yacto TpeOyercs OIEHUTh pacCessHUE BO3MOXKHBIX 3HAYCHUM CiydaitHOMH
BCJIMYMHBI BOKPYr €ro cpemHero 3HaucHus. /ucnepcueii (paccesnuem) D(X)
CIIy4yalHOW BEJIMYMHBI HA3bIBAIOT MATEMaTUYECKOE OXHMJIAHUE KBaJpara
OTKJIOHCHUS CIyYallHOW BEIUYMHBI OT ee MaTemaruueckoro oxumanus: D(X) =
M[X-M(X)]?.
dopmyna i Beraucnenus gucnepeun D(X) = M(X?)-[M(X)]?.
Cpeonum keaopamuunvim omkionenuem (o (x)) CIy4aliHOH BETUYHMHBI X
Ha3bIBAIOT KBAIPATHBIA KOpeHb U3 qucnepcun: o( x ) = 1/ D(X).
HccnenoBanre BapuallMOHHBIX CTATUCTUYECKUX PAIOB PACCMOTPHUM Ha IPUMEPE.

IIpumep: JlaH TUCKPETHBIM BapUALMOHHBIN P

X 1 4 6
N 10 15 25
rae X {XiX2, X3} xapakrepuctuku ciydaiinor Benmauubl X,N {n1, ny ,n3} - 9acTOTHI
TIOSIBJICHUS DJICMEHTOB B BBIOOPKE.

[IpoBecTH ucciiemoBaHNe JUCKPETHOTO BAPHAIIMOHHOTO psiaa

1) HaiiT 00BEM BBEIOOPKH;

2) COCTaBUTb 3aKOH pacIpeieieHus CIydailHOi BeTUYuHBI X;

3) HailTM MaTeMaTHUYECKOE OXKUJaHWEe, TUCIEPCHI0 U CpeHee KBaAPaTUYHOE
OTKJIOHEHHE.

Pemenue:

1) Haiiném o6wem BbiOOpKH: n= N1+Ny+n3=10+15+25=50.

2)Haiiném otHocurenbHblie yactoThl: W1=10/50=1/5, w,=15/50=3/10, w3=25/50y
=1/2.

3aKoH pacrpeesICHus CITy9aiiHONW BeTUYUHBI X TIPEICTABIICH TAOIHIICH:

X 1 4 0
W 1/5 3/10 1/2
3) Haiiném Marematuueckoe OXKHMJIaHWUE, JUCIEPCHIO U CpelHEe KBaAPaTUYHOE
OTKJIOHCHHUE:

M=w1X1 + WoXo + W3Xz=[l/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) =/ D(X)=v3,64 =1,9
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3aoanus 0na camocmoamesibHo20 peuieHus

1 BapuanT 2 BapuaHT
Nel Muckpetnas cimydaitHasg BenuuuHa | Nel JluckperHas ciydailHas BEIMYMHA

UMEET Pl pacupeaeeHIs UMeEeT PsIJI pacupeaeeHHs
X 7 9 11 | 15 | 20 X 5 6 9 12 | 20
pp {01 ]02)|01|03]03 pi 10201 02)]01]| 04

Hatitu MmaTemaTnueckoe OXXHujaHue, Haiitu MmaTemaTnueckoe OXKujgaHue,
JTWCTIEPCHUI0, CPEAHEE KBAAPATUIHOE JIUCTIEPCHUIO, CPEHEE KBAAPATUUHOE
OTKJIOHEHHUE OTKJIOHEHHUE

No2 JTuckpetHas ciyyaiinas BenuunHa | Ne2 JluckpeTHas ciiydaiiHas BEIU4YHHA
UMEET P PacIpeIeIICHUSL. MMEET PSAJ PaCIpPEICIICHUS.

x| -1 0 12 15 26 x| 2 3 10 15 24
p| 0,12 | 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
Haiit MmaTeMaTH4eCcKOE OKHUIaHKE, Haiitn MmaTteMaTH4ECKOE OKUJAHHE,
TIACTICPCUI0, CPETHEE KBAAPATUIHOE JIUCIIEPCUI0, CPETHEE KBAAPATUIHOE
OTKJIOHECHHE OTKJIOHCHHE

Ne3 Haiitn p2 u ps, ecam ps B 10 pa3 | Ne3 Haiitu p2 u ps, ecnu ps B 10 pa3
OoJplIe pp, €CU 3ajJaHa JAMCKpETHas | OoJblle Pz, €CIOM 3aJaHa JIUCKpETHas
ciaydanHass BeJquuMHa X W HMEETCs | Cly4ahHas BeaMYMHa X W UMEeTCs
3aKOH pacpeneneHus. Haittu | 3akoH pacupeneseHus. Hantu
MAaTEMATUYECKOE 0KUJIaHUE U | MATEMaTUYECKOE 0XKUJaHUE u
JOUCIEPCUIO  JTUCKPETHOM  CIIYYallHOM | JUCHEPCUIO JTUCKPETHOM  CIIy4YanHOM
BEJIMYMHBI. BEJIMYUHBI.

X |-2 -6 | -7 9 -3 X |-2 -6 |0 8 13
p (012 P2 0,25 |P4 |041 p (012 |P2 0,25 |P4 |041
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3 BapuaHT
Nel JluckperHasi ciyvailHash BeJIMYMHA

HMCCT PAA paCclIpCacIICHUA

4 BapuaHT
Nel JluckpeTtHast ciyvailHash BeJIMYMHA

HUMCECT pAd PaClIpCaACICHUA

Xi 6 8 10 | 18 | 21

Xi| -6 -8 10 | 15 | 20

P, 1 03]02]|01] 0103

Pp 102 |02)]02]|02] 02

Hatitu MmaTemaTnueckoe OXXujaHue,
JTWCTIEPCHUI0, CPEAHEE KBAIPATUIHOE
OTKJIOHEHUE

Ne2 JluckpeTHas cirydaliHas BEIU4YMHA
UMEET Psifl PACIPEACIICHHUS.

Haiitu MmaTemaTrnueckoe OXKugaHue,
JIUCTIEPCHUIO, CPEHEE KBAAPATUUHOE
OTKJIOHEHUE

Ne2 JluckperHas ciyyaliHasi BEIUYMHA
UMEET Psifl PACIPEACIICHHUS.

x| 2 S 12 15 25

x| 4 8 10 12 23

p| 0,12 | 0,24 | 0,28 | 0,19 | 0,15
4 3 3 8 2

p| 0,12 | 0,24 | 0,28 | 0,19 | 0,15
4 3 3 8 2

Hatitu MmaTemaTnueckoe OXXujaHue,
TIACTICPCUI0, CPETHEE KBAAPATUYHOE
OTKJIOHEHUE

Ne3 Haiitu p, u ps, ecam ps B 10 pa3
OoJbllle py, €COM 3a/aHa JUCKpETHas
ciaydaliHas BeJInM4YrMHa X W HUMEETCS
Hantu

3aKOH PacCipCaACiICHus.

MaTEMAaTH4dYCCKOC OXHNOaHUC u

TUCIIEPCUI0  TUCKPETHOM  CIly4alHOMN

Haiitu MmaTemaTrnueckoe OXXujgaHue,
JIUCIIEPCUI0, CPETHEE KBAAPATUIHOE
OTKJIOHEHUE

Ne3 Havitu p, u pa, ecim ps B 10 pa3
Oonbllle pp, €CIAM 3a/laHa JUCKpEeTHas
CiaydaiiHas BelIM4YrMHAa X W HMEETCS
Hantu

3aKOH pacipcaciCHus.

MaTEMAaTH4YCCKOC OXHIOaHHUC u

JUACTEPCUIO  JTUCKPETHOM  CIy4allHOU

BEJIMYUHBI. BEJIMYMHBI.
X |2 6 7 9 3 X |-2 -6 |0 9 3
p 0,12 |P2 (0,25 |P4 |0/41 p (012 |P2 |0,25 |[P4 |041

KOHmI)OJleble eonpocwol:

1. JlaTe onpeneneHne MaTeMaTHYECKOTO 0XKUJaHUS
2. YTo moka3bIBaeT AUCIIEPCHS CIydYailHOM BETUUHHBI?
3. Kak naiitu cpenHee kBaApaTUYHOE OTKIOHCHHE?
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