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AKT COI'JTIACOBAHUA
Ha METOAMYECKNE PEKOMEHIAIMH 110 OPTaHU3alUK TPAKTUUECKON paboThI 110
yueOHOH aucuuiuinae «Matematuka» i cTyaeHToB cnenranbHocty 08.02.01
CtpouTenbCTBO U AKCIUTyaTalus 31aHui U coopyxenuid (aktyan. ®I'OC), pasz-
paboranHble npenogaBarenaeM FOxHO-Y panbCKOro rocyJapcTBEHHOrO TEXHUYE-

ckoro koJuteka Makapenko O.H.

[IpencraBieHHbIC HA COTJIACOBAHUE METOJUYECKUE PEKOMEHAIUU TI0 OpPTaHU-
3alH MPAKTUIECKOW pabOThl CIIAHUPOBAHBI B COOTBETCTBHH C MPOTPAMMON y4eo-
HOM aucuuIuinHbl «Marematuka» mig crnenuaibHoctd 08.02.01 CtpouTenscTBO U
AKCIUTyaTanus 31auuii u coopyxkenuit (akryan. @I'OC).

Meroanyeckne peKoOMEeHAAMU UMEIOT YETKYI0 CTPYKTYPY: COJIepkKaT TeMaTH-
YECKHUM TJIaH, B KOTOPOM IPEJCTaBICHBl BUIBI 3aJJaHUM O KaXJI0M TeMe, 1eJIEBYIO
YCTAHOBKY M MOJIPOOHBIC YKa3aHUS MO BBIMIOJHEHUIO 3aJaHUM.

3ananHusi, MPEACTABICHHBIE B METOJIUYECKUX PEKOMEHAAIMIX pPa3HOOOpa3HBI,
HaIpaBJICHbl Ha CUCTEMAaTU3AIIUIO, 3aKPEIICHUE U YIIIyOJIeHUE TeOPETUUECKUX 3Ha-
HUW U TIPAKTUIECKUX YMEHUH 00ydaromuxcs, a Takke Ha (hopMUpOBaHHE CaMOCTOS -
TEJIbHOCTH MBIILIEHHUS, CIOCOOHOCTEN K CaMOpPa3BUTHIO, COBEPIICHCTBOBAHUIO U Ca-
MOOPraHU3alUU, PA3BUTHUE UCCIIEIOBATEIILCKUX YMEHUM.

JlanHoe M3AaHWEe PEKOMEHIIOBAHO K MPUMEHEHHUIO B y4eOHOM mpoliecce s
cneuunanbHocTH CIIO 08.02.01 CTpouTensCcTBO M AKCIUTyaTalus 30aHUA U COOpYKe-

Hull (aktyan. ®I'OC).

TexHu4ecKkuil TUPEKTOp P.I'. leBanbn
3A0 BMM-2



MNOACHUTEJIBHASA 3AIINCKA

MeTonnueckre peKOMEHJAlUH 10 BBIMOIHEHUIO TPAKTUYECKUX PAOOT MO
y4eOHOH aucuMIuInHe «MaTemMaTuka» npeIHa3HaueHbl Ul 00y4YaroIuXcs 1Mo
crienrasibHOCTH (08.02.01 CTpouTeILCTBO U IKCIVIyaTAUMS 31aHUI U COOPYKeHU I
(Proc 2018).

[IpakTrueckue 3aHATUS SBISIOTCS BaXHBIM 3JIEMEHTOM YUE€OHOM MCUUILIIUHBI.

B nporuecce BBIMONMHEHUS MPAKTUYECKUX PadOT 0Oyyaromuecs CUCTEMATU3UPYIOT U
3aKPEIIAIOT MOJyYeHHbIE TEOPETUYECKHE 3HAHUS, PA3BUBAIOT MHTEIJIEKTyallbHbIC U
npodeccruoHanbHble YMEHHs, (QOPMHUPYIOT DSJIEMEHTHl KOMIETEHIUH OyIyIImx
CHELUUAIINCTOB.

MeTtonnueckne peKOMEHJaluy IpeIHa3Ha4YeHbl Il OpraHU3alliy BBIIIOJHEHHUS
MPAKTUYECKUX pabOT Mo y4eOHOM nuciuiinae «MaTtemaTiukay.

[Iporpammoit  yueOHON  mucuUIUIMHBI — «MaremaTuka»  MOPEeayCMOTPEHO
BBIMOJIHEHHE 15 mpakTHUeckux paldoT, HaAmpaBlICHHBIX Ha (OpMHUpPOBaHUE
INIEMEHM 06 C1e0YIOULUX KOMNEMEeHYUIL:

OK 1. BeiOupare cnocoObl pemeHus 3agad NpodhecCHOHAIbHOU AESTENbHOCTH,
NPUMEHUTENBHO K Pa3JINYHBIM KOHTEKCTaM.
OK 2 OcyuiecTBasiTh NOUCK, aHAIW3 U UHTEPIIPETALUIO0 HHPOPMALIMK, HEOOXOIUMOM
JUTS BBITIOJTHEHUS 3a]1a4 NpOo(eCCUOHATBHOU eATEIbHOCTH.
OK 3 [IlnmanupoBaTh M peaiu30BbIBATH COOCTBEHHOE NpO(ecCUOHAIbHOE U
JUYHOCTHOE PA3BUTHE.
OK 09 MHcnonws3zoBath HWH(POpMAIMOHHBIE TEXHOJOTUH B MPOQPECCHOHATBLHON
JEATENBHOCTH.
OK 11. Hcnonw3oBarh 3HaHWMsS 10 (PUHAHCOBOW TPAMOTHOCTH, TUIAHUPOBATH
IpeIPUHUMATEIBCKYIO IEATEIHOCTh B IPO(eCCHOHAIBHOU cdepe.
YMEHUL:

- BBIIIOJIHATH HEOOXOIMMBIE U3MEPEHUS U CBSI3aHHBIE C HUMH PaCUEThI;

- IPUMEHSTh BEKTOPHI JIJIsl PELICHUS JIJISl PELICHHS PEajbHbIX MMPON3BOICTBEHHBIX
3a/ay;

- BBIYMCIIATH IUIOIAAN U 0OBEMBI JETallell CTPOUTEIbHBIX KOHCTPYKIMM, 00BEMBI
3eMJISIHBIX padoT;

- MPUMEHATh MAaTEMAaTHYECKHE METOJIBI JIJISl peIIeHUs MPO(PECCHOHATIBHBIX 3a/1a4;
000011IeHHEe, CHCTEMATH3AIUI0, YIJIYOJIeHre U 3aKpeIIeHUue 3HAHUIL:

- OCHOBHBIC IOHATHS O MAaTEeMaTH4YECKOM CHHTE3€ W aHAIU3€, AUCKPETHOM
MaTE€MaTUKU, TEOPUU BEPOATHOCTEN U MATEMAaTUIECKON CTaTUCTUKU;

- OCHOBHbIE (OpPMYJIBl s BBIYMCICHUS Iulomaned ¢uryp u oO0beMoB Ted,
UCIIOJIB3YEMBIX B CTPOUTEILCTBE.

B MeToanueckux yKa3zaHUAX K BBITOJIHEHHUIO TPAKTUYECKUX PAOOT COAEPIKUTCS
MHCTPYKIUSI C YETKUM alrOpuTMOM xona pabotsl. Kaxmas mpaktuueckas padota
BKJIIOYAET KPATKUI TEOPETUUECKUI MaTepHrall, IPpUMEPHI 3a]1a4 U HA0Op 3aAaHHI.

Xoa BbINOJHEHHUS MPAKTHYECKO padoThl



[TpakTrdeckne padbOThI HEOOXOIUMO BBINOJHATH B CICHUATBHBIX TETPAIAX C
yKa3aHWeM HOMEpa, TeMBbI, IIeJIei paOboThl.
Xoo pabomui:

1. TIo3HAaKOMMTBCS C TEOPETUUECKUM MATEPUATIOM

2. CpenaTh KpaTKHil KOHCHEKT TEOPETUYECKOI0 Marepuasa B pabouyux TeTpaisax
(OCHOBHBIE MOHATHS, ONIpeAeeHUs, (HOPMYJIbI, IPUMEPHI)

3. B Terpangx s npakTHUECKUX paOOT BBIIOJHHUTH CAMOCTOSITENIbHYIO paboTy
WM pEeUIuTh HOMEpa, KOTOpPbIE YKa3aHbl B paboTe.

4. Cparp npenojaBaTelno TeTpaau A NPAKTUUYECKUX padoT.

Kpurtepuu onieHUBaHNS MPAKTHYECKUX PadOT

Ouenka «5» cTaBUTCS, €CIM BEPHO M pauuoHalbHO pemeHo 90%-100%
IIpearaéMbIx 3aJJaHui, JOMYCTUM | HEel04eT, HENCKaXKAKOIINI CYyTH PELLICHHUS.

Onenka «4» craBurca mnpu  OezommbOouHoM pemenun 80% mpesraraeMbIx
3aJ1aHUN.

Onenka «3» craBuTcs, eciid BbioJiHeHO 70% mpennaraembIx 3aJaHui, TOIMYCTHM
1 Henouer.

OneHka «2» - pemeno MmeHe 70% npemyiaraeMbIx 3aJaHHM.

IlepeyeHb NpaKTHYECKUX PadoT

No pabGoTsr HaunmeHnoBaHMe IpakTHYECKUX pabOT Kon-Bo
4acoB

1. BrrunciieHne CKaJIsIpHOTO MPOU3BEACHUS BEKTOPOB. 2

2. CocraBiieHUuEe ypaBHEHUH NPSIMON. 2

3. Boluncnenne miomaei moBepxXHoCcTel reOMeTPUYECKUX TeTl. 2

4. Pemienne npuknagHeIX 3aJad Ha pacyeT IUIOMIAJEH MOBEPXHOCTEH 2
CTPOUTEIbHBIX KOHCTPYKLHUH.

3. Brruucnenne o0beMa reOMETPUIECKUX TEI. 2

6. Pemenue npukiaaHbIx 3a7a4 Ha pacdeT 0OBEMOB JeTaei CTPOUTEIbHBIX 2
KOHCTPYKIIMH, onpeieJieHue 00beMa 3eMIISTHBIX pa0oT.

7. PackpbiTHe pa3anyHbIX HEONPEASIEHHOCTEH. 2

8. Boluncnenre npou3BOAHBIX CIOKHBIX (PYHKIMNA U BBICIIUX MOPSIKOB. 2

9. HccnenoBanve GyHKIMH ¢ TOMOIIBIO TIPOW3BOTHOM. 2

10. Brluucnenne HeonpenenEéHHbIX HMHTETPajoB C IOMOIIBI  3aMEHBI 2
MIEPEMEHHOMN

11. Brluucnenne Heomnpenen€HHBIX HMHTETPAJIOB € TOMOLIBIO  METoAa 2
WHTETPUPOBAHUS 110 YACTSIM, HHTETPUPOBAHHNE PAIMOHATBHBIX (DYHKITHI

12. BrrunciieHne onpenesi€HHbIX HHTETPaIoOB 2

13. [IpumeneHnue omnpenenéHHOro MHTErpaia sl BBIYMCIICHUS IUIOAAeH 2
TIOCKHUX QUTYD

14. Penienue BepoOATHOCTHBIX 3a/ady. 2

15. CocraBieHHE CTaTUCTHYECKOTO pacHpeAesieHuss BBIOOPKH, ITOCTPOCHUE 2

CHCTOTPaMM.
BCEI'O 30

IIpakTnueckas padora Ne 1



Buvluucnenue ckanapnozo npouseeoenus 6eKmopoas.
eab padoThI:

1. Hay4uTbCs BBIYMCIATH CKAIAPHOE POU3BEICHUE BEKTOPOB.
2. HayuuTbCs BBIYMCIATD YIUIBI MEKTy BEKTOPAMH C IOMOIIBIO CKAJSIPHOTO
IIPOU3BEACHUS.
3HaHusA:

1. TTonsitue MomyJist BEKTOpA.
2. ITonatue ckaiasipHOro MPOU3BEIACHHUS.
YMmenus:

1. Bolunciienne cKaisipHOTO MPOU3BEICHUSI BEKTOPOB.
2. OnpenenieHne yria Mexay BEKTOPaMH.
Conepixxanue padoThbl:

KOOp,Z[I/IHaTaMI/I BCKTOpa d Ha3bIBAIOT IMPpOCKINHN 9TOTO BCKTOpPa Ha

KOOpPJIUHATHBIE OCH, 3alIUCHIBAIOT d Z{ax; a, ;az}.

E‘ N R -
®opMyiia JUIMHBI BEKTOPA Y€pe3 €ro KOOPAUHATHI: ‘ '
. Alx . v,z AN VLI
Ecnu paccMOTpeTh BEKTOP 3aJaHHbIN JBYMS TOUKaMHU (XY 2y AV 2
A A, e AA=X—X Vo=V Z— 2,
, TO KOOPJMHATHI BEKTOpa * |2 BhIpaxkatoTcst hopmyimoi ~ 1727 172 1 Yom Vi BT 4]

T.€. KOOpOUHAMbI EKMOPA PAGHbl PA3ZHOCMU COOMBEMCMBYIOUUX KOOPOUHAM €20
KOHYa U Havaud.

PaccmoTtpum nBa BexkTopa 5:{X1;y1;21} u 5:{Xz;yz;lz}

1. TOTJIa CyMMa JTUX BEKTOpOB d+b= X Xy Vit Y22, T KOOPIMHATHI
CYMMBbI BEKTOPOB PaBHbI CYMM€E COOTBETCTBYIOIMX KOOPAUHAT.

2. aHAJIOTUYHO  ITOJIYYUM 3—5={X1—X2;Y1—)’2;Zl—lz} T.e. KOOpPJAWHATEHI
Pa3HOCTH BEKTOPOB PAaBHBI PA3HOCTU COOTBETCTBYIOLIUX KOOPAUHAT.

3. Hai/IeM KOOPJIMHATHI BeKTopa ¢ = ¢ L C= [ Xy = Y5 o 7]

T.€. KOOPJAMHATHI IPOU3BEIECHUS BEKTOpA ¢ waumcno « PaBHBI [IPOM3BEICHHUAM
COOTBETCTBYIOIIMX KOOPIAMHAT BEKTOpA i wa @

4, BEKTOPBI « y b paBHBI TOIJIa W TOJBKO TOI/A, KOTIJIA PaBHBI HX

COOTBCTCTBYIOIIHNEC KOOPAMUHATHI, T.C.

5. BCKTOPLI 7 b KOJUIMHCAPHbBI TOTdAd U TOJIBKO TOr'Aa, KOraa ux

COOTBETCTBYIOIINE KOOPIUHATHI MPOMOPIIMOHAIBHBI, T.€. 2,
Ipumep 1: Jlaus Touku A(2;-1;0) u B(-2 ;-3; 4). Halitu 1inHy Bexktopa AB.



Pemenne: Haiiném koopauHaThl BekTopa AB=|—2—-2;-3—(—1);4-0/=|—4;-2;4].

BhIUKCIINM JUIHHY BEKTOpPA |AB|=1|—4[ +(—2[ +4°=16+4+16=6.

e i a=4H+3]+ck uw bh=pi-6j-2k

IIpumep 2. [Tpu Kakux 3HaYECHUSIX BEKTOpa
KOJUIMHEAPHBI?
—Ii 4 3
alb. mo —= — g
- -y -/ = b ==k
Pemenue: Tak Kak P orcrona Haxomum ¢ — b /7 =78

Cransipnolm npouseedenuem BeKkTopo ¢ u U HaspiBaeTcs wmcio, paBHoe
IPOM3BEICHUIO MX JJIMH Ha KOCHHYC YIJIa MEXIy HUMH: |,|=||*[|- cosp.

IIycts BekTopsl ¢ u ! 3amaHbl CBOMMH KOOPAMHATAMU a=[x,; ¥, y
b=|x,;y,;2,|, Torna
- CKaJSIPHOE MPOM3BEACHUE 3THX BEKTOPOB HAXOIUTCS 10 (hopMyJIe
LI=x Xy, y,tzy 2,
- KOCHHYC yTJla MeXIy HUMHU — 110 hopMyJie
Xy Xty Y, +2,°2,

cosQ =
2. 2. 2 2. 2. 2
\/Xl ty, +z, '\/Xz ty, +z,

- MPOEKITUS OJHOTO M3 BEKTOPOB Ha APYroi - mo popmyie:
Mp.,= Xy \)/(2"'2)’1 yz2+212 Z,
X, 4y, +2,

Ipumep 3: Haiitu (3—5/-(2+7), ecim [[=3,[|=1, L

Pemenme:
13—5-247|=62°~10(,]+21(,]-3500°=6|f——11(,] -35|f=6-3"~11-0—35-1=19

(1,/=0, T.x., L).

3aganus 11 NPAKTHYECKOH padoThI:

- - - = — - =t [Fl=r (5 =
a=cam+ i b=y o n |’” = |”| =l Lmynl =

,» TIC )

-

1. JlaHBI BEKTOPBI

- _ _ _ — — el T T
(et o+ by (v a+1h), np (V ca+ T b cosl a7 h|
: ', 6) B)

5

Haiitu a) :

. o= .5, B= 4, y=3, 6= 6, k=3, I=5 ¢=513 A= 3 =
1/3, v="1, t= 2.

2. a= 2, B=3,y= 4,65 1, k=1, [F 3, ¢=n [ A= 3, p= 2, v= 2,

3. a= 5, B= 2, v= 3, 8= 1, k= 4, 1= 5, ¢=4n/3 = 2 = 3
4. a= 5,  P= 2 y= -6, 6= 4 k= 3 1= 2 ¢=5n/3 A= _1, p= 1,2,

b

5- a= 35 ‘B_ _25 V= _45 5: 57 k: 29 l: 39 ¢:n/3 s )\: 29 H= _39



a= 2, p= 5, v= -3, 6= 4, k= 2 1= 4 ¢=2m/3 L A= 3, = 4,
V= 1= 3.
7. a= 3; B: 29 Y= _49 6= _29 k= 27 [= 57 ¢:4Tf/3 s A= 1: H= '39
v=0, 1= -1/2.

1= 4,
9. a= 3, PB= 2 y=1,96=5 k=3 I= ¢ ¢=4n/3 A= 1, u= 2,
v= 1, = ]
10. a= 5, B= 3, vy= 4, 6= 2, k= 4, 1= 1, ¢=2n/3 A= 2 p= _12,
v= , T= 0

2. TIpoBepuTh KOJIMHEAPHOCTH BEKTOPOB ' '

|« =2a-3h w ¢ =3a-2b, coe alli- L4), b(3- T0)
7. o, =Ta+db w o, =Ta-3h. coe a(S-40) b(0:- 1:4)
3 G =0a-5h ow o =da+2b, coe a(2-47), b(L-0:0)
4. co=Sa+0h uw o, =2a-h, ooe a(2-1:2), b(3-12)
s o =da-Th w o =3a+db. coe a(2-44) b(l-32)
6. G =3a+Sh w ¢ =a-5h. o cde a(2-0:8), b(l:-4:0)
7 ¢ =2a-9h w o =9a+2b, coe al2i-23) B(3i-2:2)
8. ¢ =a-2bh uw o =ba-2h, coe al2-2:0), b(2:- 1:2)
9. i=-5;+35 ::35+5. coe aldi- 1o), hi3i4:2)
10. ¢, =da-Th w o =Sa-4h.  coe alli- 119), b(2:7:3)
3. Ilo koopaunatam Touek 4, B u C 1 yka3aHHBIX BEKTOPOB HANTH:

a) MOJTyJIb BEKTOpa a;

0) CxansipHoe mpou3Be/IeHnEe BEKTOPOB a U b;

A(4,6.3), B(-5.2.6), C(4-4,-3), a=2CB- AC - AB - CB
A(4,3,-2), B(-3,-1,4), C(2,2,1),a= —5SAC+CB p— AB - AC
A(-2,-2,4), B(1,3,-2), C(1,4,2), a=24C - 384 y— BC .~ BC
AQ2,4,3), B(3,1,-4), C(-1,2,2), a= 2BA+4AC - BA - BA
AQ2,4,5), B(1,-2,3), C(-1,-2,4), a= 3AB-4AC p— BC - BC
A(-1,-2,4), B(-1,3,5), C(1,4,2), a= 3AC-7BC ph= AB = AB

AN o



7. A(1,3,2), B(-2,4,-1), C(1,3,-2), a= 2AB+5CB p= AC = AC

8. A(2,-4,3), B(-3,-2,4), C(0,0,-2), a=3IC- 4B = AB — AB

9. A(3,4,-4), B(-2,1,2),C(2,-3,1),a=5CB+41C p= BA = BA

10.A(0,2,5), B(2,-3,4), C(3,2,-5),a= —3AB+CB p= AC = AC

IIpakTnueckas padora Ne 2
Cocmaesnenue ypasuenuit npamoil

eab padoThI:
1. ITo3HakOMUTBCS ¢ OpMaMH 3aJAHUSIMU TIPSIMOM HA MJIOCKOCTH.
2. Ha KOHKpETHBIX TpUMEpax HAy4YUThCSI COCTABIIATH PA3IMYHBIC YPABHEHUS MIPSIMOM.
3HaHus:
1. Buael ypaBHEHUH MPSMON HA TUIOCKOCTH.
YMmenus:
1. CocTaBneHune pa3IMYHbIX BUJIOB YPABHEHHU HPSIMOIA.
Conepxxanue padoTbl:
1.  Ax+By+C=0 — oOiiee ypaBHEHHE NPAMOU
a) A=0,B#0. YpaBHeHHE OmpeneseT MNpsSMYyI0, MapauIeIbHYI0O OcH abcuucce u

NEePECeKarolyto OCh OP/IMHAT B TOUKE C KOOPJMHATON ¥=—5".

0) B=0,A#0. YpaBHeHHUE OIpeAeiseT MNPsAMYI0, MapauIeIbHYI0 OCH OpAUHAT U

IIEPECEKAOIIYI0 0Ch a0CIICC B TOUKE ¢ KOOPIUHATOM X=—r.

B) ¢c=0. YpaBHEHHE OmpeaenseT MpsaMyto, TPOXOIAIyI0 Yepe3 Hadyaao KOOPANHAT.
X=Xy Y=Y o o
“o—x._ y,—y, ~ YPaBHEHHE NPAMOI, MPOXOAALIEH YEPes ABE TOUKH (x1, y1); (X2, V2).
27 X1 27 )1
X= X0+ mt
S|y =Yotrnt
TOUKH, JIeXKanleil Ha MpsAMOii, M, n|- KOOPIMHATHI HAMPABIIAIONIErO BEKTOpa (BEKTOpa
napaJijIeIbHOTO MPSMOM WITH JISXKAIIETO Ha MPSMOK ).

4 X_XOZY_YO
’ m n

- IIapaMeTPUUECKHe YPABHEHHS HPAMOIL, T/ (Xo; Yo -KOOpAHHATHI JH0GOIT

- ypaBHEHHE TIPSAMOMN, MPOXOAsIIer dYepe3 Touky A (Xg Vo) H

HANpPABJIAIONINI BEKTOpP S=|m,n .

X .
5. E+%=1 - YpaBHEHUE TPSIMON B OTpeE3Kax, IJie auboTpe3Ku OTCEeKaeMble Ha OCSX

KOOpJIMHAT.

6. A(x-xy)+B(-y)=0 — ypaBHeHUE OPSIMOH, MPOXOJALICH uepe3 TOUKYy A(Xy Vo) H
BEKTOP HOpMaI N=|A ; B| (BeKTOp, IIepIEHIUKYIIAPHBIIA IPAMOIi).

7. Y= ¥o=k[x—X,| —ypaBHEHHME IPAMOIi, MPOXOSIICH Yepe3 3aTaHHYIO TOUKY M |Xy; V|
B 33/IaHHOM HaIlpaBJIeHUH, T.€. C 33JJaHHBIM YIJIOBBIM Kod(duirenTom k.



Ipumep: Ilycth naHbl KOOpAMHATHI BEPIIUH TpeyronbHUka:A(4,3), B(16,-6), C(4;-
12).

a) Haiitu niuHbl cTopoH TpeyroiabHuka ABC.

Hcnonb3yeM hopMyIty, ompeelsionyo paccrosare d Mexmy Toukamu M, (x,;y,| u
M (X2JY2)

d= \/ ( Y2)

Torna no (bopMyne nonyunm: |AB|=v|16—4+(—6-3/=1225=15
|BC|=1(20—16"+(16+6/°=500=10+/5

|AC|=V(20— 4] +(16 —3/'=V425=5+/17

0) HaiiTu ypaBHEeHHsI CTOPOH TPEYTroJibHUKA, yKa3aTh X YriIoBbie KOADPHUIIMEHTH U

KOOPJMHATHI HAITPABJISIIOIIMUX U HOPMAJIbHBIX BEKTOPOB COOTBETCTBEHHO.
Hcnonp3yem GopMyity ypaBHEHUS TIPSIMOM, IPOXOSIICH Yepe3 ABE TOUKH

X=Xy Y=

Xy =X - Y= )1

[ToactaBnsast B popMyny KOOpPAMHATHI COOTBETCTBYIOUIUX BEPIIMH TPEYTroOJbHHUKA

ABC, onpenenuM UCKOMBIE YPAaBHEHUS CTOPOH.
x—4 _ y—3 x—4_y—-3 x—4_y-3 .
(AB) 964~ "63" 12 -9’ 4 3’
win-3(x-4)=4(y-3),-3x+12=4y-12; 3x+4y-24=0 (AB)
[Tonyuunnu oOuiee ypaBHeHue npsiMmoit AB. Pazpeminm 310 ypaBHEHHE OTHOCUTEIBHO

nepeMeHHol y , Torna Kod(p(GUUIUEHT mepesl MEPEeMEHHOM X SIBISETCS YTIOBBIM

kod(pdunmrenTom npsimoit AB:

-3

4

Ecou npsmas 3agaHa cBouM o0muM ypaBHeHueM Ax+ By +C = (), TO BEKTOp

3x+4y—24=0:>4y=—3x+24:>y:_73x+6:>kABz

HOPMAJIA N U HAIMIPABJISIOIIMN BEKTOP S UMEIOT CIEIYIOIINE KOOPAUHATHI:
n=|A;BJus=|—B; A
3HauuT, A npsamoit AB: N,;= 13;4)us,,=(—4;3]
AnanorndyHo onpeneauMm ypaBHeHUs: CTOpoH BC u AC W KOOpAMHATHI HX
HOPMAJIBHBIX W HAIIPABJISIOIIMX BEKTOPOB COOTBETCTBEHHO.
x—16 +6 x—16 +6 x—16 +6
(BC): "20—16 1};‘>+6 4 y22 ) yll ’
11(x-16)=2(y+6),11x-176=2y+12; 11x-2y-188=0 (BC)

11x—2y—188=0=>—-2y :—11x+1883y:%x—94:> kBC:E

KOOpAMHATE NX HOPMANIBHBIX M HATIPABJISIOIINX BEKTOPOB: Mpc=(11;—2us, =(2;11|
x-4 _y—=3 x-4_y—3
(AC): "20—4 16-3° 16 13 ’
13(x-4)=16(y-3),13x-52=16y-48, 13x-16y-4=0 (AC)
13 1 13

13x—16y—4=0:>—16y:—13x+4:>y=1—6x—Z:>kAC—1—6




KoopauHatel ux HOPMAJIbHBIX U HaIPaBJISIIOIUX BEKTOPOB:
A,.=(13;—-16/us,.=(16;13]

B) Onpenenuts BenuuuHy yria < B tpeyronbsauka ABC.

Ecnu nBe npsimbie/; 1 /[, 3aaHbl YpaBHEHUSIMH C YIJIOBBIMH KO3 puuumeHTamu:
l,;:y=k,x+bul,:y=k,x+b, TO yroa Mexay HHMH MOXHO HAWTH MO (HopMyIec:

tqg o= kz_kl
A FPTa
-3 11

B namem mpumepe: kl—kAB—T,kZZkB(;:?, 3HAYUT:

1 —_3) 5 | |25

2 4 4 4 0

tg o= = = =2. TakuMm 00pa3oM, tg p=2= p=arctg2~64’.

LU [(=3) 238 =28

PR 8 8

r) Haititu ypaBuenue BoicoTbl CD u ee JinHy.

[Tockonbky CD sBasiercs BbicoTOM TpeyroapHuka ABC, 3nauur CD_LAB
Hcnonb3yem ycnoBue NEpreHIUKYISIPHOCTH IBYX NPAMBbIX:

npsiMble  MEPHNEeHIUKYJSPHBL, €CIM UX YIVIOBble KOA(DPUIMEHTHI 0OpaTHO

IMPOMOPHUOHAJIBHBI U B3ATHI C IIPOTHUBOITIOJIOKHBIMU 3HAKAMU,

—1
T.C. I, L lz<:>k11:k_
L

-1_—-1_4

sk cb—7 ===

B namem cnyuyae: CD_LAB kpg —3 3

4

[anee, ucnosb3yeM ypaBHEHUE IMpsAMOM, NPOXOIAILEW Yepe3 NaHHYI0 TOYKY B
3a/[AHHOM HAIPABICHHH:.Y — Yo=k(X—X,|.B Hamem ciyuae u3BectHa Touka C(20;16)
TOYKa, 4Yepe3 KOTopyro mpoxoauT BeicoTa CD, m yrmoBodt kKodDUIMEHT 3TOMU

4

psiMOit Kep =7

4
Toraa mosryanm: y—16=§(x—20];3y—48=4x—80; 4x—3y—32=0(CD)

( 2 2
Jns onpenenenust ;uHbI BeIcOTH CD, ncnonb3yem dhopmyiny d= \/ (‘xl—xz) +( Y- y2) ,
HO CHavajia Haujaem koopauHatel TOdku D. Ilockonbky Ttouka D sBusercs
nepeceueHueM npsiMbix CD u AB, To y1st onpeaeneHus ce KOOpAMHAT HE0OXO0IUMO

PCHINTD COBMECCTHO YPaBHCHUA ITUX IIpsAMBIX, T.C.
| AB| 3x+4y—24=0x(-4| _[3x+4y—24=0_[x=8
CD |4x—3y—32=0 x3 —25y=0 y=0

3HauuT, Touka D umeer cnenytromue koopauHatel: D(8;0).
IcD|=(20—8) +(16 —0/*=/400=20
n) Hailitu ypaBHeHne meauansl BK .




Tak kak BK siBisieTcs MenuaHod, To Touka K - cepeauna orpeska AC. Onpeaenum
KOOpJIMHATHI cepenuubl oTpe3dka AC o Gopmyiie:

X _XatXc X _20+4
K= K= —
2 2 1 X%=12 L p(12:9,5)
_YatYc _16+3 | y=95
yK_ 2 yK 2
X=X, y—

1 )
, HalJieM ypaBHeHue Meanansl BK:
X=Xy Yo W

31(x-16)=-8(y+6); 31x+8y-448=0(BK)

Janee, ucnonb3yro GopMmyny

x—16 _ y+6 _X—16:y+6_
12—16 9,546° —4 31°
e) Haiitu ypaBHeHue npsmoi, nmpoxoisiier yepe3 Touky D, mapainienbHO CTOpOHE
AC.

[lycts [uckomasi mpsimass. Torma, mo yclOBUIO OHa mapaiienbHa mpsimoirr AC.

HCHOHB3yeM YCJ'IOBI/Ie HapaﬂHeHBHOCTI/I I[BYX HpﬂMBIX:
08¢ npsimvie NapaiieibHbl, ecliu OHU UMEIOM PaeHble Y2llosble Kodph@uyuenmel, T. €.
11 I lz<:>kll :klz

13
B nawewm ciyuae: ki =ku=".

Takxe, MO YCIOBUIO, U3BECTHO, YTO mpsimMas [ , mpoxoauT yepe3 Touky D. Torma
UCTIONB3Ys hopMyay Y — Yo=k (X—Xo), OIIPEJICNIUM YPABHEHNUE UCKOMOW MIPSAMOA:
13

y—0=1—6(x—8);16y:13x—104;ﬁx—16y—104=O(l)

3aganus 11 NPAKTHYECKO# padoThI:

JaHb1 koopanHaThl BepiinH TpeyrojibHuka ABC. Halitu:

a) INIMHBI CTOPOH TPEYTOJbHUKA;

0) ypaBHEHHUSI CTOPOH TpPEYroJbHUKA, yKa3aTh WX YIJIOBbIE KOXDOUIIMEHTH U
KOOPAWHATHI HATPABJISIOMINX U HOPMAJIbHBIX BEKTOPOB COOTBETCTBEHHO;

B) yrou C tpeyronsHuka ABC;

') ypaBHEHHUE BBICOTHI AL U ee 1uHy;

1) ypaBHeHue Menuanbl BK;

€) YpaBHEHUE MPsIMOM, TpoxXosiiel yepe3 Touky L, mapaiensHo ctopone AB;

) caenaTh PUCYHOK

1) A(5:14), B(-5:9), C(7:0) 7) A(15;17), B(-1;4), C(11,-5)
2) A(3:9), B(-7:4), C(5;-5) 8) A4(22;23), B(-4;10), C(8:1)
3) A(10;8), B(0;3), C(12;-6) 9) A(13;11), B(3;6), C(15:-3)
4) A(14;6), B(4;1), C(16:-8) 10) A(8;12), B(-2;7), C(10;-2)

5) A(0:10), B(-5:9), C(7;0)
6) A(4;13), B(-6;8), C(6;-1)



IIpakTnueckas padora Ne 3

Buviuucnenue niowadeit nogepxnocmeii 2eomempuiecKux mevi
Hean padoTsi:
1. Hay4nuThbcst BRIYMCTATH TUIOMAAN TTOBEPXHOCTH T€OMETPUUECKHIX TEI.
3Hanus:
1. [ToHsATHS MHOTOTPAaHHUKOB M TEJ BpaIICHUS.
2. dopMyITBl 11 BEIYUCIECHUS TUIOMIAACH MOBEPXHOCTEH MHOTOTPAHHUKOB M TEI
BpaIlCHHMS.
YMmenus:
1. Tlpumenenne ¢opMyn AJis BBIUMCICHUS IUJIOMIAJEH MOBEPXHOCTEH pa3IMYHBIX
reOMETPUYECKUX Tell.

Conepxxanue padoTbl:
MHOrorpaHHuK, COCTaBJIEHHBIM U3 JBYX PaBHBIX

MHOTOYTOJIbHUKOB AlAs. . Ay u B:B....B,,
j ®  pAcCIIONOKEHHBIX B MAPAICHBHBIX IMIOCKOCTSX, M N
I1apajuIeIorpaMmMoB, Ha3bIBACTCS NPU3MOit
MmuoroyronbHuku AjAs...A, n BiB,...B, Ha3pBatoTCA
OCHOBAHMSIMM  TPHU3MBI, a NAPALIECIOTPAMMBI —
A | OOKOBBIMM I'PAaHAIMHU TIPU3MBI
A,
Puc.1 ° %  Puc.2
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Buvicomoii npuzmwvl Hazvieaemcs nepneHOUuKyIap, OnyueHHsll U3 1000l mouKu
00HO020 OCHOBAHUSL HA NJIOCKOCMb 0py2020 (Puc.2)

Ecnu 6okosvie pebpa npuzmvl nepneHOUKyIapHol K NIOCKOCMU OCHOBAHUS, O —
npuszma npamas (Puc.3)

Puc.3 Puc.4

Ecnu nem, mo npuzma naknonnasn (Puc.4).

Ecnu B HpHMOI\/’I IMprU3ME€ OCHOBAHUEC — HpaBI/IJILHBIﬁ MHOT'OYT'OJIbHUK — IIPpU3Ma
InpaBAJIbHAas.

IlepneHauKyJasipHOe CeYeHHe NPU3MbI — JTO TAaKOE CEYEHHUE, KOTOpPOe
00pa3oBaHO MIOCKOCTHIO MEPICHAUKYISIPHON K €€ O0OKOBOMY pedpy.
[1nomanpo NOJIHOM MOBEPXHOCTH IIPU3MbI HA3bIBAECTCS CyMMa ILIOIIAIEN BCexX €€

rpasen

[nomanpio 00KOBOI MOBEPXHOCTH MPU3MbI HA3bIBACTCS CyMMa IUIOIIaAcH €€
OOKOBBIX I'paHel Srom =Seox + 20

[Inomans OOKOBOM MOBEPXHOCTH IIPAMOM IIPU3MBI paBHA NPOU3BEICHUIO
NepuMeTpa OCHOBAHUSA HA BBICOTY ITPU3MBbI Seox =Foon -H

3 Ilapannenenuned — 310 NIpU3Ma, OCHOBAHUE KOTOPO —
- napayenorpamm. [lapautenenurien umeer mecTb rpaHed U
BCE OHM MapajuiesorpaMMsbl. [IpoTHBONOIOKHBIE TI'paHU
NOMApHO paBHbI U mapajuiesbHbl. [lapamienenumnen uMeer
4yeTblpe JAMaroHav. Bce puaroHasm mnapawienenunena
MEPECEKAIOTCS B OJHOW TOYKE M JEIATCS 3TOW TOYKOU
nonosiaM. OCHOBaHMEM Mapajulesienunesa MOXET ObITh
naro0asi TpaHk.

[lapannenenunesn, 4YeTblpe OOKOBBIE TIpaHU KOTOPOIO — MPSAMOYTOJIbHUKH,
Ha3biBaeTca mMpAMbIM. [Ipsmoil mapamienenunes, y KOTOPOro BCE LIECTh TI'paHen
NPSIMOYTOJIbHUKHU Ha3bIBAETCS NPSIMOYT 0JIbHBIM. [IpssMmoyTroIbHBIN
napajijiesienunesi, BCE I'paHU KOTOPOTO KBaApaThbl, Ha3biBaeTcsa KyOom. Bce pebOpa
Ky0a paBHBI.
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[IpssMOYTOJIBHBIN MapaJUIENEeNUIE], BCE TPAHU KOTOPOIO - KBaJpaThl, HA3bIBAETCS
Kkyoom. Bce pebpa kyba paBHBI, a IUIOMAJh TOBEPXHOCTH KyOa paBHa CyMMe
IJIOIIAIEW MIECTU €ro IpaHeH, T.€. IUIOMAAA KBajgpaTa co CTopoHoM H ymMHOXKEHHON
Ha 1mecTh. [Tnomans moBepxHOCTH Kyba paBHa: S=6 H’

IMupamupga — 3710 MHOFOFpaHHI/IK y KOTOpOFO onHa rpaHL — OCHOBaHHE

NApaMHUIBl —  NPOU3BOJIBHBIN

iiiiiiiiinMPAMMnAiiiiii
MHOFOYFOJIBHI/IK, a OCTaJIbHBIC — & 7 7 7 T

OOKOBBIE rpaHul — TPEYTOJIbHHUKH

60Koaoe peﬁpo I'IIllpaMIlIn,bI

C o0melt BepIIMHOM, Ha3bIBAEMOU
BEPIIMHON MTUPAMU/IBI. i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

IlepnieHaUKyIISp ONYLIEHHBIN U3
BCpIIMHbBI  OUpPAaMUABI Ha  €¢ F"“"Ba“ rpa“b ””PE’M”“‘*'
OCHOBAHME, HA3BIBAECTCA BHICOTOM

NUPAMUJBI. [Tupamua

—————————————————————

Ha3bIBACTCSA TPEYTOJIBHOM,
YETBIPEXYTOJBHOW, W T.O., €CIHU

7 | ; OCHOBaHI/Ie BbICquI I/|J'WI |
OCHOBAaHHWEM MNHUPAMUIBI SBISAETCA | . oo Bepui s B
TPEYTOJIbHUK, YETHIPEXYTOJIBHUK U |
T.1. TpeyroyibHas nupaMuia €CTh YETBIPEXTPAHHUK — TETpa’ap. UeTblpexyrojabHas

— IIATUTPAHHUK U T.J

L

6) B)

Ecmm

OCHOBAHUWE MUPAMUJIbl — MPABUIBHBII MHOTOYTOJIbHUK, & BHICOTA OMYCKAETCS B
[IEHTP OCHOBAHUsI, TO — MHUPaMHAa NpaBujibHas. B npaBuibHOM upamuie Bce
O00KOBBIE peOpa paBHbI, Bce OOKOBBIC I'PaHU PaBHbIE PAaBHOOEIPEHHBIE TPEYTOJIHLHUKH.
BricoTa TpeyroiapHuKa O0OKOBOM I'paHM MPABUILHON MTUPAMUIbI HA3bIBACTCS —
anoghema npaguIbHO NUPAMUOBL.

CeueHne mapajjieIbHOE OCHOBAaHUIO MUPAMU/bI EIUT NMUPAMUy Ha JBE YacTH.
YacTe nupamMuipl MEXAY €€ OCHOBAHMEM W 3TUM CEYEHUEM — O3TO yCeYeHHAasl
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nupamMmaa. OTO CEYEHHE JUISl YCEUYEHHOM NUpaMHIbl SBISETCS OJAHUM M3 €€
OCHOBaHUHU. PaccrosgHMe MeXay OCHOBAaHHUSIMH YCEUYEHHOW INHUPAMMIbI HA3bIBACTCS
BBICOTOM YCEYEHHOM NUPaMHUIbI. YCEYEHHas NUPAMUIA Ha3bIBACTCA NPABUIIBLHOM,
€cJIM MUpaMuja, U3 KOTOpOol OHa OblIa MoJsiydeHa, Oblia MpaBuiibHON. Bece OOKOBbIE
IpaHd MPAaBWIBHOM YCEYEHHOW MHUPAMUJbl — 3TO pPaBHbIE PAaBHOOOKHE TPAIELHH.
BricoTa Tpanenuu OOKOBOHM rpaHW NMPaBUILHON YCEYEHHOW MUpamMuibl Ha3bIBAETCS
— anodgema IpaBUIIbHON YCEYEHHOU TUPaMUIbI

(il — arradgenca)l
1. IMpomiapoaeHas NMUPaMMIa
(5w — PO OEHOBIN)

/ i‘;"ﬂﬂ T == "S."f';.uq' = = ‘S'{u'd'l'

T
3

Ll A

I

INMpasHabHasds NHpaMHila
! (P — RepLuMemnp ocHo6aniin)
|

! 1
1, ]
: 2

Fave Ty

3. IMTpon3zpOoaBHAA YCCHEHNHAA NHPaMMILa

l'l'\\ S u 55 nnomgaou ocnosaniin)
/ . & G G

FrERanE Gorn

Jr= %.H" v(.S'! +.S'3+.JSI.S':)

4. NMNpasmneLHaa yoeufHHaa NMUPpaMMILa
(P e P2 — nepusviernpbl och OSaniain)

1
Sgor = E(Pl + P )-1

(7

Hununop — >to Teno (o6beMHas reoMeTpuueckas purypa), moyueHHOe
BpallleHueM MPSIMOYTOJIbHUKA BOKPYT OJTHOM M3 €r0 CTOPOH KaK OCH.

BepXHee OCHOBaHHe

paye Wimmapa

BepXHee OCHOBalHe

GokoBas MoBepXHOCTS

OCEBAR JHHMA (m) foKoBaA MoBEPXHOCTS

BHICOTA LIHRAPA
3 S A A

HibKHEE OCHoBaRKe
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Pa3BepTka nunmHIpa NpUBEICHA CXEMAaTUUYECKH

=(C.-H=2nRH,

rae C — [IvMHa OKPYKHOCTH, [ — BBICOTA HWJIMHIPA, R — paguyc OKPYKHOCTH

S

ITnowadwv 60K060I NOGEPXHOCMU UUAUHOPA: * 6ox.
OCHOBAHHSI.
o« 2
IInowadv noanolt NOGEPXHOCMU: S, nos. yunmopa=2T R™ + 2MRH
Konyc (npsimoit) — 370 Teno (00beMHasi reoMeTpuueckas Gpurypa), morydeHHOE
BpallleHUEM MPSIMOYTOJILHOTO TPEYTOJIbHUKA BOKPYT €TI0 KaTeTa KaK OCU

BepliIHKa KOHYCA
oceBas MHHA (0Ch),

obpasyionias BRICOTR KOHYCa Gokosas

[I0CKOCTS TIOBEpXHOCT

paJIHyC OCHOBAHHA
KOHyCca

OCHOBaHHe
KOHYCa
OCHOBAHHE KORYCA

I110wadb noaHOL NOBEPXHOCMU: S 1, o6 konyca nR’+nRL
IThowaob 6okoeoit nogepxnocmu: S60k .nog.=mnRL
YCEYEHHBIM KOHYC

Se=nL(r+R)
Suoan =7 (r’+(r+ R) L+ R?)

Hlap — 510 Teno (oObeMHas

a 1
MOBEPXHOCTL M3P?  reomeTpuueckas Gurypa),

@\‘m :\.\\3\ TI0JIy4EHHOE BPALICHUEM
“N\\l\\ \‘\\ ‘ HOJ'IYprra BOprr cro

AMaMETp Iapa  npameTpa Kak OCH.
Ilnowaow noeepxmnocmu
uiapa paBHa y4eTBEPEHHOU IUIOMIAIM OOJIBIIIOrO Kpyra 1mapa: S=4m R’

rae R— paauyc mapa.
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OO0pa3upbl penieHns 3aJaHUI
3amaval. OcHOBaHUEM MPSAMON TPEYTOJIbHON MPU3MBI
CIIY’>KHUT MPSIMOYTOJIbHBIN TPEYroJIbHUK ¢ KaTeTaMu 6 U 8.

[Imomane ee moBepxHOocTH paBHa 288. Halnure BBICOTY.
Pemenne.
['unoreny3a ocHoBanusa paBHa 10. BeicoTy Haiinem wu3
BBIPA)KEHUS JIJIS IJIOIIAIU IIOBEPXHOCTH S=25,+Ph:
g S\ poS725,_288-48 _
p 24

e I

i

10

OTtgerT: 10.

3amaua 2. Haiinure mwioniagas NOBEPXHOCTH MPSIMOI IPU3MbI, B OCHOBAHUU
KOTOPO JIEKUT pOMO ¢ JUAroHaJIIMU, PaBHBIMU 6 U 8, 1 OOKOBBIM peOpOM, paBHBIM
10.

Pemenne.

CropoHa poMOaaBBIpaXKaeTCsl Yepe3 ero AuaroHanu 4, u
d, hopmyioii

a=2d+d,’=5

Haiinem miomiaas pomba
SP:%dld2:24
Torna mionia e NOBEpXHOCTH NPU3MbI paBHA
§=2S,_ +S, =2S,+4aH=48+4-5-10=248
OtBer: 248.
3agaua 3. Haiigute 60kOBO€ peOpo MpaBUIBHOW YEThI-

i PEXYyroJbHON MPU3MBI, €CJIM CTOPOHA €€ OCHOBAHUSI paBHA
: 20, a momaas NOBEpXHOCTH paBHaA 1760.

Pemmenue.
[Linomaae MOBEpXHOCTH MPABUIBHOU YETHIPEXYTOJIbHOU

______ — NPU3MBI BBIPAXKAETCS Yepe3 CTOPOHY €€ OCHOBAHWS a |
. O6okoBoe pedbpo H kak

S=2a’+4aH
[MoxcraBuM 3HaYeHUs a U S: 1760=2-20"+4-20-H,
OTKyJa HaxoauM, yto H=12,

OtBeT: 12.
3agaua 4. B npaBUSbHON YETBHIPEXYTOJILHOMN
nupamusie SABCD touka O — UEHTp OCHOBaHUs, S —

BepunHa, SB=13,AC=24. Hainure IJIMHY OTpe3Ka

SO.

Pemenue.
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B npaBwibHOM mnupaMuAe BEpLIMHA NOPOCLHUPYETCA B LEHTP OCHOBAHUSA,
cienoBaTenbHO SO SBISETCS BRICOTOM MUPAMUIBI, TOTIA o Teopeme [Tudaropa

SO =+/SB? —BO? = \,-"531 (.%C)_ = /169 — 144 = 5.

==

Ad
A

OTBerT: 5.

3agaua S. B npaBunbHO# TpeyroapHO# nupamusie SABC Touka M — cepearHa
pebpa AB, S — BepmmHa. M3BectHo, uto BC=3, a mioia b 00KOBOW MOBEPXHOCTH
nupaMubl paBHa 45. Hangure mumnHy otpeska SM.

Pemenue.

Haitnem mnomane rpanu SAB:

Seox _ E
3 3

Otpe3ok SM sABIgeTCS MEIUMAHOMN MPABUIBLHOTO TPEYTOJIbHUKA SAB, a 3HAUUT, €ro

= 15.

5.5'.-1 B =

BbICOTOU. Torma
28sap _ 28sap _ 2-15

SM = B BC 3= 10.
OTtser: 10.
5 3agava 6. B npaBuIbHOM TPEYroJIbHOW MUPAMUIE
SABC touka L — cepeauna pedbpa AC, S — BepuinHa.
H3BecTHO, yTOo BC=6, a SL=5. Haiaure miomaas 00KOBOI
MOBEPXHOCTH MUPAMHU/IBI.
Pemenue.
B < Otpe3ok SL sBIsleTCST MEOUAHOM MPABUIBHOTO Tpe-
T yroiibHuka SAC, a 3HaYUT, U €ro BbICOTON. BOKOBBIE rpaHu
A MAPaMUJIBl PaBHBI, TO3TOMY
Seox = Igac=3- %AC -SL = é&c .SL= é 6-5=45.
OtBer: 45.

3amava 7. B nmuiMHAPUYECKOM COCYJI€ YPOBEHD KUJKOCTH nocturaet 384 cm. Ha
KaKO¥ BBICOTE OYJIET HAXOIUTHCS YPOBEHD KUIKOCTH, €CIIA €€ HATUTH BO BTOPOM
coCyJ1, AMAMETP KOTOPOro B 8 pa3 OoJblle AHaMeTpa mepBoro?
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Pemenne: /luamerp Ooibliie B 8 pa3 = To U paauyc (KOTOPbI paBEeH MOJOBUHE
nuameTpa) Toxe Oonbire B 8 pa3. [Lnomans ocHoBaHus yBennanutcst B 64 pasza
(BOoceMb B KBajIpaTe), HOTOMY 4TO IUIOIIAh OCHOBAHUS —S,,,=nr° . Ho Boja Ta xe
camasi, 00beM KHUJIKOCTU HE U3MEHIIICS TIpH niepennBanuu. [loaTomy, pa3 miomaib
OCHOBaHMsI yBeJIMUYMWIACh B 64 pasa, TO BbICOTA JOJKHA YMEHBIIUTCS BO CTOJIBKO K€
pa3, 4TOOBI MOJYYHUTH TaKoH ke 00beM. HoBas BeicoTa 384 : 64 =6

Otger: 6

3anmaua 8. BricoTa koHyca paBHa 36, a auamerp ocHoBaHus paseH 30. Haiinure
JUIMHY 00pa3yrolieil konyca?

Pemenne

3

AB - pannyc ocHOBaHMs KOHyca, AB =70 =15.

Ob6pasytomias HB siBasieTcst runoreny3oii npsiMmoyrojibHoro TpeyroibHuka AAHB.
N3BectHbI BoicoTa AH = 36 1 AB = 15, no teopeme [Iudaropa naiinem HB

HB’ = AH’+AB’

HB’ =36+ 15°

HB = 1/1296+225

Otser: 39.

3amaua 9. OOpa3yroiasi KOHyca HaKJIOHEHA K TJIOCKOCTU OCHOBAHUSI MOJT YTJIOM
60°. Haitnure paanyc OCHOBaHMs, €CJIM JJIMHA o0Opa3yroieit paBHa 15.

Pemenue

AB - paguyc ocHoBanus konyca, ZABH = 60° — ZAHB = 90° - 60° = 30°

AB HB
sin(ZAHB) =5=12, HB = 15, AB=""=7.5

OtBer: 7,5

3anaua 10. .[Tnomane ceuenus cdepsl, MPOXOASIIETO Yepes e€ IeHTp, paBHA IM2.
Haiinure mromans chepsl.

Pemenne: Ceuenue, npoxosiiee yepes HeHTP chepbl, €CTh OKPYKHOCTbD.

Seew =112, OTCIOA 9= TR?, OTCrONAa R=\9/1C .

Sepep=4 T, BHAYNT Scpepu=4T - 9/m ==36M"

3ajaHus I NIPAKTHYECKO padoThI:

1 BapuanT

1. Jlnuna, mMpuHAa, BBICOTA MPSAMOYTOJIBHOTO MApAJIJIEIENUIIEIa COOTBETCTBEHHO
paBHbI 3 cM, 6 cM, 7 cM. Haligute auaroHaiis napajjieienume/a.

2. Haiigute CcTOpOHY OCHOBaHHMSI WU BBICOTY NPABUIBHOW YETBIPEXYTOIbHON
NPU3MBI, €CJIM IUIOIIAAb MOJHON MOoBEpXHOCTH paBHa 40 cM’, a miomaas OOKOBOM
TIOBEPXHOCTH PaBHA § cM”.

3. B npaBwiIbHON Y4ETHIPEXYTOIBHON TUpaMuUJie CTOpOHA OCHOBaHUs paBHa 10 cwm,
a BbIcOTa - 12 cm. Halinure muromans NOJIHON ITOBEPXHOCTH TUPAMU/IBI.
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4. Ilo cropoHe ocHOBaHMs W BbICOTE h Haiiaure amodemy MpaBUIBLHON
nupaMujibl: 1) TpeyroyibHOM; 2) YEThIPEXYTOIbHOM; 3) MIECTUYTOIBHOM.

5. Pammyc ocHOBaHUS IMUIMHIpa B JIBa pa3a MEHbBIE 00pa3yroliei, paBHOU 4a,
Yemy paBHa m1omagb O0KOBOM MOBEPXHOCTHU?

6. Uemy paBHa 1Iomaab NOJHOW TIOBEPXHOCTH LWJIMHIAPA, IOIYYEHHOTO
BpalleHUEM MNPSIMOYTOJIbHUKA CO CTOPOHAaMH 4 CM M 7 CM BOKpPYr ero OoJiblieil
CTOPOHBI.

7. Pammnyc ocHOBaHMS KOHYyca paBeH 3, BeicoTa paBHa 4. Haitaure miomans noJ-
HOM NTOBEPXHOCTH KOHYCA.

8. Ilnomazns IMOMHOM IOBEPXHOCTH KOHyca paBHa 164 7 cMm’, IuIomanb €ero
00KO0BOI oBepxHOCTH paBHa 100 m cm”. Halinure paanyc OCHOBaHHUS KOHYCA.

9. Pebpo xyba paBHo 1. HaliguTe miomaas O0NbIIOro Kpyra, ONMCAHHOTO OKOJIO
KyOa 1mapa.

2 BapuaHT

1. Jlinna, mMpuHa, BBICOTA MPSAMOYTOJIBHOTO MApAJIIENENHUIIEIa COOTBETCTBEHHO
paBHbI 1 cM, 4 cm, 5 cMm. Haligute auaroHans napajjienenure/a.

2. Haligute CTOpOHY OCHOBaHUS M BBICOTY NIPaBUIBHOW YETHIPEXYTOJIBHOM
IPHU3MBI, €CJIM IUIOMIAAL MOJHON MOBEPXHOCTH paBHA 52 ¢M?, a IUIoIags OOKOBOI
HIOBEPXHOCTH paBHa 44 cMm”.

3. B npaBuiibHON YETHIPEXYTOJIBHOM MUPAMUJIE CTOPOHA OCHOBAaHUS paBHA 6 cM,
a BbicoTa - 4 cM. Haiinute miiomaas moiaHOM NOBEPXHOCTH MUPAMUBI.

4. Ilo cropone ocHoBaHusi U BbIcOTE€ h HailinuTe O0KOBOE peOpO MpaBUIIBLHOMN
nupamMuzbl: 1) TpeyronbHOM; 2) 4eThIpeXyroibHOM; 3) MEeCTUYTOIbHOM.

5. Paamyc ocHoBaHUs IMJIMHIpa B JBa pasza Ooblle 00pa3yroilel, paBHON 3m.
Uemy paBHa ero 1momaj» 60KOBOM MOBEPXHOCTH?

6. Uemy paBHa IuIONIaAb TOJHOW IOBEPXHOCTH LWJIUHAPA, IOJIYYEHHOTO
BpaIICHUEM MPSAMOYTOJIbHUKA CO CTOpPOHAMU 4 CM M 7 CM BOKpPYI €ro MEHbLIEH
CTOPOHBI.

7. Haiigure momanb MOTHOW IMOBEPXHOCTH TEJA, MOJYYEHHOTO IPHU BPAILLCHUH
IPSIMOYTOJIBHOT'O TPEYTOJIbHUKA BOKPYT MEHBIIET0 KAaTeTa, €CIU APYroil KaTeT paBeH
6 CM ¥ IPOTUBOJIEKAIIUI eMy yroi paBed 60°,

8. Ilnmomans MONHOM TOBEPXHOCTH KOHyca paBHa 1367 cM’, IUIomans €ero
00KO0BOI TIoBepxHOCTH paBHa 100 t cm”. Haliaure paanyc ocCHOBaHUS KOHYCA.

9. Yepes cepenmHy paadyca IIapa IpOBEJIEHA IUIOCKOCTh MEPHNEHAUKYISIPHAS K
paanycy. Kakas wacTe muom@aau OOJIBIIOrO Kpyra COCTABIISIET ILIOIIAJb KpyTa,
MOJIy4YEHHOTO B CEUEHHUU?

IIpakTueckas padora Ne 4
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Peuwienue npuknaonsix 3a0au Ha pacuem naouiadeii nogepxHocmeil
CMPOUmMEIbHBIX KOHCMPYKUULL
Hean padoTsi:
1. Hayuwutbcs pemars NpUKIAIHBIE 3a1a4d  HA PAacdeT IUIOIIAJEH IMOBEPXHOCTEU
CTPOUTENBHBIX KOHCTPYKITUH.
3HaHus:
1. TloHsSITHSt MHOTOTPAHHUKOB U TEJ BpallEHUS.
2. ®opmynbl A BBIYUCIICHUS TUIOMIAJEH MOBEPXHOCTEH MHOTOIPAaHHUKOB U TEI
BpAILCHHUS.
YMmenus:
1. Ilpumenenne GopMyn sl BBIYMCICHHUS TUIOMIAJEH TOBEPXHOCTEH pPa3IUYHBIX
r€OMETPUYECKHUX TEN.
Conepxxanue padoThbl:
Obaacmu npumeneHus memvi niOWa0b NOGEPXHOCMU 8 apXumexkmype u ouzatine
Pacuet mutomniaieit moBepxHocTel KOMHAT (IO MITYKaTypKy, 000M)
Pacuer mmomazeit ¢acanoB 31aHUN U COOPYKEHUN
Pacuer momnaaeil HOBEPXHOCTH KPBILIN
N np.
Pacuem naowadu nogepxnocmu nomeuwieHuil NOO WMyKamypKy u 0oou

3agaua 1. Beruucnure miomaabs MOBEPXHOCTH CTEH TAHHONW KOMHATHI.

Jlnst pacuera 1Iiomaned CTEH CTAHIAPTHBIX IMOMENICHUN MPUMEHSIOT (OpMYyITy
TUIOMIAN PSIMOYTOJIBHUKA S=a- b

B nanHOM cilydae Mbl BBICUMTBHIBAEM IUIONIAJb CTEH Y BBIUUTAEM IUIOLIANA JIBEPU U
OKHa.

Torna, B HallleM npuMepe TIOAL CTeH OyAeT paBHa:

Pacuem naowiadu nogepxnocmu nomeuwieHuil N00 WMyKamypKy u 0oou
3agaya 2. Bpiumciaure moniager MOBEPXHOCTHM CTEH JAaHHOW KOMHATBI, €CIU
IJIONIa]Ib OKHA U JIBEpel cocTaBisieT 8.5% OT Bcel MIIOIIAIN CTEH.
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3.35m ] 2,70m
m *
BbiIXO4
{ B KyXHI0
{ ]
f‘\ 4 m
| BblXoa
H B Xxonn

Pacuem niowadu nosepxnocmu nomeuwyeHuil OO WMyKamypKy u 0oou
3amaya 3. PaccuuTaTh pacxojl TUIICOBOM MITYKAaTypPKU B MOMEIICHUHU C pa3MEpaMu:
nuHa — 6,5 M, mupuHa — 4,2 M, Beicota — 3,1 M. EcTh 2 okHa pazmepom 2*1,5 M u
neepp -0,9*%2,1 m. LITykaTypka yKJIaibpIBaeTCsi TOJBKO HA CTEHbBl B TPHU CJOA
(tommuna cinos 2 wMM). Pacxong -0,8 kr/mM’. CKOJBKO MENIKOB IITYKATypKH
Heo0xoauMo Kynuth ((acoBka 30 kr)?

Umoobwvl y3namp Konuuecmeo 000e6 0711 OKIEUKU CHEH, NPOGOOUM pacuemsvl HO
gopmyne: (a+b) x 2 x h, 20e a u b nyuHa cTeH, h — BBICOTAa KOMHATHI.
IIpumep 4. KoMHaTa uMmeeT JUIMHY CTEH 5 M U LIKUPUHY 3,5 M, BBICOTA COCTABIIAET 2,5
M.

PaccuntbiBaeM U mosyyaem KB. M, WJIH OKPYIJIEHHO __ KB. M

0e3 yueTa miomaan OKoH u asepel. Eciu 00ou ¢ pucyHKoM, TpeOyIOIIMM MOATOHKH,
TO IUIOIIaJAb OKOH M JBEpEW HE NpuHUMaeM B pacuder. Mx mmomans yunaer Ha
NOJATOHKY pucyHka. Ecinu o0ou He TpeOyroT MOATOHKH, TO IUIOIIA b OKOH U JIBepe
BBIYMTAEM M3 OOLIEH TUIONIAJH CTEH.

3Has MIoMa/lb CTEH, PACCUUTHIBAEM KOJIMYECTBO PYJIOHOB 000eB. Kaxablii pyjoH
UMeEeT MapKUPOBKY, YKa3bIBAIOILYIO OOIIYIO JUIMHY U IMIMPUHY PYJIOHA.

Pemmnu 3akynuth pysnonsl 00oeB jiuHoi 10,05 M u mupunoit 1,05 m. Ilo 5 cm
JlaeTcs Ha MPUILYCKU NPpU Hakielke 00oeB BHaxjecT. BricoTa nmoTonka B KoMHate 2,5
M, HO JUIMHY OJIHOTO ITOJIOTHUIIA Mbl yBean4yuBaeM Ha 10 cM aJid BeIpaBHHUBAaHUS U
nojryyaeM pabouyro JAnuHy 000ouHbl 2,6 M. PaccunThiBaeM KOJIMYECTBO MOJOTHUIIL €
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OQHOI'0 PpPYyJIOHA * = IOTYK. KomunuectBo OCIbIX IIOJIOTCH

YMHOXaeM Ha pabouyio UIMHY U HIHUpUHY 000uHBI ( %2,6x1,05) u momydaem c
OJHOTO pyJIOHAa __ KB. M MOJE3HOM miomann. [lnomans KOMHATHI ( KB. M)
JeNM Ha __ KB. M M TMOJy4aeM HE0OXOJUMOE€ KOJIMYECTBO PYJOHOB C 3aacom
(ecu HEe YYUTBIBAIM TUIONMIAAb OKOH | Bepeit). [IpoBogum nmojacuer =

pysioHa. OKpyrisieM U 3aKyNaeMm JiJIsl OKJIEHKU CTEH _ PYJIOHOB 00O€B.

Pacuem naowaou nogepxnocmu pacaooe 30anuii No0 WMmMyKamypKy
3agaua 4. PaccuuTaTh  KOJMYECTBO  INTYKAaTypKW  HeoOXoaumoe s
OIITYKATypUBaHUS  3JIaHUS
‘ ‘ S (Bce pa3mepnl JaHbl Ha

1.2
cxeme). TommmHa  cios
‘ ‘ 18 u ITYKaTypKU -8MM. Ha

CKOJIBKO YBCIIMYHUTCA pacCxon

LITYKaTypPKH, €CIU TOJIIIUHY

51

10.5 x CJIOSl YBEJIMYMUTh HA 2 MM?

Pacuem niowyaou nosepxnocmu hpacaooe 30aHuii NOO WIMYKAMYPKy
3agaua 5. Heob6xoaumo paccuuTaTh KOJIUYECTBO IITYKATYPKHU IS
OLUTYKaTypUBaHUs AOMa, IPEACTABICHHOIO Ha pa3BepTke. OTyKaTypuBaHUe
OCHOBHOM "acTu nmpou3BoauTcs mrykarypkoir Knauf Grundband cioem B 15 Mm.
Buuzy noma yknaasiBaetcs aekopatuBHas mrykarypka ATLAS CERMIT PS crnoem
B 1,5 Mm.

Pasmepsl noma: gyuna -10,3 M, mmpuna -4,5M, BbicoTa -5,1 M
Pa3mepsl OKOH: JyTMHA - IUpUHA -2,1M, BbicoTa -1,6 M
Pasmep aBepu: nuHa - mvpusa -1,2m, BeicoTa -2,5 M
BricoTa nonocsl JekopaTuBHOM mITyKaTypku — 0,8 m

Hopwmsl pacxopa:

Pacxon mrykatypku Knauf Grundband — 18,3kr/m*/15mm
Pacxon mrykatypku ATLAS CERMIT PS 2,0 kr/m*/Mm

SO TO AMe apoparTse QACAS0N MpemASIROT JEC0DE T LTYLA TYRE)

T Fa T dd daa d i

=
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Pacuem nnowjadu nosepxnocmu Kpvluiu
[Ipu pacueTe TUIONIAAM KPBIIITH YYUTHIBAIOT CICAYIOMNE OCOOCHHOCTH:
® qiepen TEM KAK MOCUYMUTATh IUIOMIAAb KPBIIIM, BCE CIIOXKHBIC JJIEMEHTBI KPOBIIH
pa30MBaIOT Ha OT/JEIbHBIE COCTABISIONINE — TPEYTOJIBHUKU, KBAAPATHI U T.1.
® IMHY CKaTa IPUHUMAIOT OT KOHbKA J10 KpaliHEe! JIMHUM KapHU3a;
® HecMOTpPS HA TO, YTO Ha JIIO0OW KpOBJIE MPUCYTCTBYIOT BEHTWJISIIMOHHBIC
KaHaJbl, JBIMOXOJHBIE TPYObl, OKHA CIIyXOBbI€ M MaHCap/HbIC, TMapareTbl, UX HE
OTHUMAIOT OT MOJIYYUBILETOCS 3HAYEHUS TUIOIIAIH.
Cy1iecTByeT OrpoMHOE MHOKECTBO BUJIOB U T€OMETPUUECKUX (POPM KPBIILL, HO
CaMU CKaThbl KPBILIX OBIBAIOT, KAK MPABUIIO, YETHIPEX T€OMETPUUECKUX (PopM:
® 1PAMOY20ILHUK
® mpaneyus
® pasHOCMOPOHHUU MPEY2OTbHUK
® napannenoepamm

Pac4yem nnowaodu ckamob cnoXxHbiX Kpbiw

a

“\
]
N
L
>

Sy S

S =la*h/2 e | S=la+bh/2
S=a*h

acuem naouwiaou 00HOC

KAMHOU KpPOoeiu

DTO — camblil TPOCTON TUI KPOBJIM, KOTOPBIN MOAXOIUT U JJIsl )KUIIOTO JIOMa, U JJIst
XO3MCTBEHHOU ITOCTPOMKH.
IIpumep 6. lom umeet pazmepsl 10 x 4 merpoB. CTpornuia uMeroT JUIHy 4,5 MeTpa.
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A T Jlnuna cBeca craggaptHas — 50 cM.
BpruncinyuM MoBepXHOCTh CKaTa:

S=( +  +  )x( + )=

2

Lbd

M
(:1 _

A
Y

Led

Pacuem naowiadu 08yckamuoii Kpoeiu
Cpeau 007bIIOT0 pa3HOOOpa3usi BUIOB KPHIII HAUOOJNbIIEH MOMYJISPHOCTHIO Ha
MPOTSHKEHUU HECKOJIBKUX CTOJETHH TMOJb3yeTcsl JBYXCKaTHast kpbima. [Ipoctora
KOHCTPYKIIMU, OTJIWYHAs YCTOMYMBOCTb, MPHUCIOCOOIEHHOCTh TIOJ  pa3HbIe
KIIMMaTUYECKUE YCIOBUS — BECOMBIE apryMEHThI, MPOBEPEHHBIE MHOTOJIETHEN
CTPOUTEIBHON MPAKTUKOM.
Tak kak ckaTel UMEIOT (OPMY MPSIMOYTOIBHUKOB, TO BBIUKCISEM TUIOMIAIb
KaXXJIOTO U CKJIAJbIBAEM PE3YJIbTAThI
Pacuyer miiomaau BaJJbMOBOM KPOBJIH

Takas deThIpexCKaTHas KpbIa
UMEET JIBa CKaTa, KOTOPbIE HMEIOT
BUJ Tpamenuw, W JBa cKara
(TOpIIEBBIX) TPEYTrOJbHOU (HOPMBI.
Otu TPEYTroJIbHbIE CKaThbl
Ha3bIBAIOTCS BalbMbl. OTClONa U
TOIILJIO Ha3BaHUE — BAJIbMOBASI.

BanbmoBreIe KpOBJIM HMCIOT CBOH

npenMyuiecTBa:
® IPOTUBOCTOST CHJIBHBIM MTOPHIBaM BETPA;

® He roBepraroTcs AeopManny 3a CYET KECTKOCTH KOHCTPYKLINH;
® [103BOJISIOT JieNaTh OOJbIINE KapHU3HBIE CBECHI C YETBIPEX CTOPOH 3AaHMI,
HEOOXOMMBIE AJIs 3alTUTHI (hacaZoB OT aTMOC(EPHBIX OCAIKOB;
® KapHU3HBIX HABECOB;
@ BU3YAJIBHO JICNIAIOT I0OMa C MaHCapA0 HU3KUMHU.
Ilpumep pacuema niowadu 6anbmMo601 Kpo6au

Pacyem nnowadu bBansmMobou kpblwu YacmHozo doma

AN

o

| 5 |
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TpaneuueBuaHbIe CKaThl HMMEIOT CJENYIONIME MapaMmeTphl: ofHa cropoHa 10 M,
apyrast 7 M, BbICOTa 3M.

TpeyronpHble cKaTbl: AB€ CTOpoHbl 1o 3,34 M, oaHa cTopoHa 7M. Bricora
TpeyroyibHUKa 4,8 M.

[Inomane Tpamenuu HAXOTUTCS CIEAYIOMKMM 00pa3oM: CYMMHPYEM UIHHY
TOPU30HTAIBHBIX CTOPOH, JENMM Ha 2, YMHOXaeM Ha BBICOTY. To ecTh, B HalleM
ciay4dae: S= KB.M

Jlanee BbIUMCIISIEM IIJIOLIAAb TPEYTOJIBHBIX CKATOB. S=
3aBeplIaroIIMM 3TallOM CTAHOBUTCSA CyMMHPOBAHUE BCEX IUIOIIAJIEH:
S = KB.M

Pacuem nnowaou uemboipexckamuou Kpoeau

Jisg Toro, 4ToObl MPaBWJIBHO paccuuTaTh IJIOLIA/b YEThIPEXCKATHOW KPOBIH, €€
CJIEIyEeT TAKXKE Pa3/IeIUTh HA OTEIbHbIE KOHCTPYKTUBHBIE AJIEMEHTBHI.

Ecnu Bce cKarbl MMEKOT OJWHAKOBBIE pa3MeEpbl, TO JOCTATOYHO PACCUUTATh
IUIOIIAJAb OJJHOTO U3 HUX U 3aTEM YMHOXKUTh Ha YETHIPE.

[TockonpKy CKaT sIBIsIETCS paBHOOSAPEHHBIM TPEYTOIBHUKOM, TO: S =b x h/2

b —3TO JIMHA OCHOBAaHMS TPEYroJibHUKA; h — BBICOTA; S — IJIONIA/lb TPEYTOIBHOTO

CKara.

ILnoma e TPpeyTo B HHKA
4 S=(b x h)/2, rne

b - aanua
Il OCHOBAHHA
TPEYrodbHIKA

h - BBICcOTA
TPeVIoabLHIIKA

I
y
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IIpumep 7. BoraucnuTh mI01maas KPbIiid H300paKeHHON HA PUCYHKE.

IIpakTnueckas padora Ne 5

Bviuucnenue oovema zeomempuueckux men
eab padoThI:
Ha koHKpeTHBIX mpuMepax HAYUYUThCS BEIYUCIISTE 00bEMBI T€OMETPUUYECKUX TEJL.
3HaHus:
1. ITonsiTHE O MHOTOTPpaHHUKAX U PUTypax BparieHus, GopMyJIbl 1711 BHIYUCIECHUS UX
00BEMOB.
YMmenus:
1. Boruucnenre 00bEMOB TeOMETPUUECKUX TEI.
Conepxxanue padoTbl:

OcHogHble hopmynbl 014 6bIUUCICHUA 00bEMOB mel

Haxnonnasa npuzma: V=S,.a,

rae S, - IUIOWIAAb TEPIEeHIUKYJISIPHOTO CEUYCHHS HAKJIOHHOW NPHU3MBI, d -
O0okxoBoe pedpo.

Ipaman npuzma: V=S,..a, t0€ S,c, - TIIOMATL OCHOBAHUS TIPSMOUN IPU3MBI, d -

0okoBOE pedpo.
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IIpamoyzonvuslit napannenenuned: V=abc, rne a,b,c - naMepeHus
MPSMOYTOJIBLHOTO TIapajuiesienurneaa.

Kyo: V=a’, rne a - pebpo xy0a.

1
Hupamuoa: VZESOCHH, rae S,c, - II0MAaab OCHOBaHUS, H - BEICOTA.

H o
Yceuennan nupamuoa: VZE (S,+S,+VS,S,), rne S;, S- - UTOIMAH OCHOBAHMIA

YCEUEeHHOM nupamuipl, H - €€ BricoTa.

Hununop: V=nR’H, rae R - paguyc OCHOBaHHMs LWIKHIPA, a H - ero BeICOTA.

1
Konyc: V=51 R*H, rpe R - pajuyc OCHOBaHHs KOHYyca, a H - ero BbICOTA.

. 1 2 2 o
Yceuennwiit konyc: V=§7TH (R*+Rr+r”), rie R, r - pafiychl OCHOBAaHMI
YCEYCHHOTO KOHyca, H - ero BhICOTA.

4
Cohepa u wmap: V:§7T R’ rue R - paguyc mapa.

1
Oobvem wapoeozo ceemenma: V=1 HZ(R—§ H), tne H - BbICOTa IIapOBOTO
CEIrMEHTA, R - paauyc 1mapa.
2
Oovem waposozo cekmopa: V=§7TR2 H, rne H - BbICOTa COOTBETCTBYIOIIETO

IapOBOT'0 CEKTOpa, R - pajauyc mapa.

Ilpumepwt pewsenusn 3a0au:
3apaua 1. Cocyn, umeronuii GopMy MpaBUIbHONW TPEYTOIbHON MPU3MBbI, HATWIN
2300 cM’ BOABI U HOTPY3UIIM B BOAY JA€Talb. Ilpu

3TOM YPOBEHb BOJIbI MOAHSJICS C OTMETKH 25 CM 10
? ormeTkun 27 cMm. Haligure o0bem nperann. OTBeT

BBIPA3HTE B CM" .

Pemenue.

\/"' [To 3akony Apxumena 06beM J1eTaian paBeH 00beEMY

BBITECHEHHOM €10 XUIKOCTH. OOBEM BBITECHEHHOU
’KHUJIKOCTHU paBeH 2/25 UCXOAHOTO 00beMa:

-- V... = 2300 = 184cm®.

\/ Otger: 184. |

3anava 2. B npaBwibHOM TpeyrosibHOM nupamuae SABC Menuansl ocHoBaHust ABC
nepecekatorcs B Touke O. [Tnomans Tpeyronsauka ABC paBHa 2; 00beM MHUPAMHUJIBI
paBeH 6. Haiinure nnuny otpeska OS.

Gl v
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Pemenne. Otpe3ok OS BbicOTa TPEYTOIBLHOM -

s pamuasl SABC, ee 00beM BeipakaeTcs Gpopmynoi
1
1‘” = §.S-__'|_E{" " 50.
Takum obpazom,
B 3V 3.6
5__1‘3{' “
A OtBert: 9.

3anava 3. B npaBuiibHOM TpEeyroibHON NUpaMu/ie
SABC menuanbl ocHOBaHUsI ABC nepecekaroTcs B
touke O. [Imomaas TpeyronbHuka ABC paBHa 9;
o0BeM upamuabl paBeH 6. Halimute anuny orpeska OS.

Pemienne.
OTtpe3ok OS sBusiercst BeICOTOM TpeyroibHoUM nupamuasl SABC, ee 00beM BbIpaxka-

ercst hopMmyioit
1

V == E..‘;__'lg{" - S\O.
Taxum oOpazom,
3V 36
50 = =_—_— =2
S__”].l_‘" g
OTBerT: 2.

3anaua 4. Jlana mpaBWibHasi YETHIPEXYTOJbHAS
nupamuia. CTOpOHBI OCHOBaHHMS a= 3 CM, Bce
OookoBble pebpa b= 4 cm. Halimute o00bem
MUpaMUIbI.

Pemenue:
JIy1st Hayasia BCIIOMHUM, 4TO JJIS pacuera oobema

HOTp€6yeTC$I BbBICOTA MMUPAMUIBI. MBI MOKEM

HaiiTu ee o Teopeme [ludaropa. s aToro Ham
notpedyeTrcst IJuHa AUaroHalu, a TOYHEE — e
1osjoBrHA. Tornaa 3Hast AB€ U3 CTOPOH IIPSMOYTOJIBHOIO TPEYTOJIbHUKA, Mbl CMOXKEM

HAWTH BBICOTY. [[J11 Havaia HaXo UM JUaroHasb:
i}

d™=a E—H,r. 2
[ToxcraBum 3HaueHus B hopmyy:
ff?::‘i?—H‘iT =9+9=18cm
d= 1._ 18=4 .25¢em

Bricoty h Haitnem ¢ momomisio d u pedpa b
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Teneps HangeM IUIOMIAAL KBaApaTa, KOTOPBIM JIEKUT B OCHOBAHWUU NPABUIBHOMU
MAPAMUJBIL:

. 2 2
S=3"=Y9cm
[ToncTaBum HalijieHHbIE 3HaUY€HUS B POpMyITy pacuera oobema:

1 , 3
V =z ®xOx4 H=13.5cm

x

Otsert:13,5.

Ne3. B umniMHAPUYECKUN COCY/l, B KOTOPOM HaxOAUJI0Ch 4 TUTpa BOJIbI, OMyIIEHA
netaiib. [Ipu 5TOM ypoBeHb KUJIKOCTH B cOCyJie moaHsuIcs B 1,5 paza. Uemy paBeH
00BEM aetanin? OTBET BBIPA3UTE B JIUTpaXx.

Pemenue:

OO0BbEM HUIMHpA JTMHEHHO 3aBUCHUT OT €ro BhICOTHI. He KBapaTHO, HE KyOM4YHO, a
MPOCTO JIMHEWHO. BricoTa yBenuumiack B 1,5 pas, 3HaUuT U 00BEM yBEITHUUIICS B
nositopa pasa. beno 4 nmutpa, crano 4 ymHOXKUTH Ha 1,5 = 6 nutpos. JlobaBunock 2
auTpa. TakoB U ecTh 00bEM MOTPYKECHHOU JICTAITH.

OtBer: 8 MUTPOB

3agaHus I NPAKTHYECKON padoThbI:

1 BapuanT

1. Hailinute 00BbEM mpsMOro mnapajuUieNienurnena, €clid €ro OCHOBAaHUE HMEET
CTOPOHBI 4 CM 1 5 ¢M, yrosl Mexay HuMu 45°, a 00KOBBIE pEOPa paBHEI 8 CM.

2. JlwaroHanb NpaBWJIbHOM YETHIPEXYTOJIBHON MPU3MBbI paBHA 4 CM U COCTABJISIET C
MJIOCKOCThIO O0KOBO#M Tpanu yroi 30° . Haliiure 00bEM IPU3MBI.

3.  OcHoBaHuEM TPSIMOM MPU3MBI SBISETCS pOMO CO CTOPOHOM 12 ¢cM M OCTpPhIM
yriioMm B 60°. MeHblllee U3 JUArOHAIBHBIX CEYEHUM sIBIsAETCS KBajparoM. Hailitu
O00BEM MIPU3MBI.

4.  OcHoBaHME€ TPSAMOW NPU3MblI — NPSIMOYTOJIBHBIN TPEYTOJIBHUK C THIIOTEHY30M
10 cm u kaTteroM 6 cM. bonbluii KaTeT TPeyroJbHUKA B OCHOBAHUU MPU3MBI PaBEH
JaroHaiu MeHbIIel u3 60KoBbIX rpaHell. Hailtu 00bEM Npu3MBbIL.

5. CxonbKO KI' KpackKu MOTpeOyeTcs MJis MOKPACKU (C YyYETOM ToJia M MOTOJKA)
HOMEIEHUs pasmepamu 12 X 5 x 3 merpa, ecnu pacxoj Kpacku Ha 1 M? coCTaByseT
250 r?

6. B npaBuibHON TpeyroyibHOM nmupamuae 00KOBOe pedpo paBHO 4 cM, a CTOpPOHA
OocHOBaHMs paBHa 6 cM. Haitinure 00bEM nupaMuibl.

7. B npaBuiIbHOW YETHIPEXYTOJBHON MUpaMHUAE CTOPOHA OCHOBaHMS paBHa 10 cwm,
a BbicoTa - 12 cm. Halinure miiomaab NOJHOW MOBEPXHOCTH MUPAMHU/IBI.

8. Paaunyc ocHOoBaHMS IMIMHApPA paBeH 2 CM, BBICOTA — 5 CM, 4YeMYy paBeH 00beM
HAJIAHAPA?

9. Haiigure 00bEM KOHyca, eciii ero obOpasyromias paBHa 12 cM, a yrona mnpu
Bepiuune pasen 120°,
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10. OOwem koHyca paBeH 24. Uepe3 cepeauHy BBICOTHI MapasieTbHO OCHOBAHUIO

KOHYCa IPOBEJICHO CEYEHUE, KOTOPOE SIBJISIETCSI OCHOBAHHEM MEHBIIIETO KOHYCa C TOU

e BepinHoi. Haiinure 00beM MEHbIIEro KOHyca.

11. OOBeMm napajienenuneaa, ONMCaHHOTO 0KoJIo ceprl paBeH 216. Haiitu paguyc

cdepsl.

2 BapuaHT

1. Haitnure 00BEM npsMoro napaiesenurneaa, €CJIi €ro OCHOBAaHUE UMEET CTOPOHBI

3 cM 1 4 cM, yron Mexxay Humu 30°, a 00KOBBIE PEOPa paBHEI 6 CM..

2. Haittu 00BEM mMPSAMOYTONBHOTO TapaJIeeNuNnena, y KOTOPOro CTOPOHBI

OCHOBaHUA paBHbI 12 cM u 16 cM, a AMaroHanp napajuiesenunena cocrasisier 45° ¢

IUIOCKOCTBhIO OCHOBaHusA. Haiith 00BEM NpAMOYTroiabHOrO mNapajielenunena, y

KOTOPOT0 CTOPOHBI OCHOBaHHMS paBHbI 12 cM u 16 cM, a AuaroHalib napajuiejenue/ia

cocTaBisieT 45° ¢ IIIOCKOCTBE0 OCHOBAHUS.

3. OcHoBaHHEM MPSAMON MPU3MBI SABJISETCS POMO CO CTOPOHOW 6 CM M OCTPHIM

yriioM B 60°. MeHblllee U3 JUArOHAIBHBIX CEYEHUM sIBIsAETCS KBajaparoM. Haiitu

00BEM MPU3MBI.

4. OcHoBaHME NPSAMOM MPU3MBI — MPSMOYTOJBHBIA TPEYTOJIBHUK C TUIOTEHY301 10

CM U KaTeToM 8 cM. MEHbIIHIl KaTeT TPEeyrojibHUKa B OCHOBAaHWU IMPU3MBI PaBEH

JMaroHaM MeHbIIeH n3 OOKOBBIX rpaHeil. Haiith 00BEM NpU3MBI.

5. 1. B mpaBunbHO# 4YeTHIPEXYTOIBHOW MHpamuie OOKOBOE peOpO COCTaBISET C

IJIOCKOCThIO OCHOBaHUSI yron 45° . CTopoHa OCHOBaHUS MUPAMUIIBI paBHA 6 CM.

Haiitn 00bEM nupamMupl.

6. 2.B npaBuibHOI TpeyroiabHON nupamujie 0okoBoe pedpo paBHo 10 am, a BbicoTa

paBHa 8 nM. Haiiqute 00BbEM nupamMuabl.

7. CKOJIbKO JIUTPOB BOJIbI BMEIIAET 5IMA, BBIPBHITAs B BHUJEC YCEUEHHOW MUPAMUJbI,

€CJIM BbICOTA sIMBI 1,5M, cTOpoHa HUKHEro ocHoBaHus 0,8M, BepxHero — 1,2m?

8. Paguyc ocHoBaHMS HWJIMHJApPA paBeH 3 CM, BbICOTa — 4 CM, 4eMy paBEeH 00beM
HAJIAHAPA?

9. JlnameTp OCHOBaHMS KOHYca paBeH 6, a yrojl IpH BEpIINHE OCEBOIO CEYEHUS

paBeH 90°. Berunciaute o0beM KOHYcCA.

10.CKoJIbKO CTOUT MOKpPAacKa KOHUYECKOTO WIS OalllHH, €ClId JIJTMHA OKPY>KHOCTH

ero ocHoBaHHs paBHa 18,84m , a yroia mMexmy oOpa3ymOIIMMH B OCEBOM CEUEHUU

cocrasisior 60° [Tokpacka 1xv* crout 150 pyo0.

11.Haligute paccTostHUE OT LIEHTpa IIapa 10 IJIOCKOCTH CEYEHUs, eClu 00BbEM 1apa

paBeH 2887, a IIomaib ce4eHus paBHa 277.

IIpakTnueckas padora Ne 6
Pewenue npuknaouvix 3a0au Ha paciem 00bémoe oemaneii CmpoumeabHbvlx
KOHCmMpPYKUuil, onpeoenenue 00vema 3eMaanvlx pabom
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Heab padoTsi:
Ha KOHKpeTHBIX mpuMepax HAYUYUThCSI BEIYUCIISITE 00bEMBI T€OMETPUUECKUX TEJL.
3HaHuA:
1. ITonsiTHe 0 MHOTOTpaHHUKAX U PUTypax BpalieHus, GOpMyJIbl 1711 BBIYUCICHUS UX
00BEMOB.
YMmenust:
1. Beruncnenre 00bEMOB reOMETPUUYECKUX TEJI.
Conepxxkanue padoThbl:
Kpartkue TeopeTnyeckne cBeeHUs

B o6miem ciydae 00beM 3eMIISTHBIX PaOOT IpU OTPHIBKE KOTJIOBaHA OyJIEeT:

}3@'
Ve =2 (R4 By +4R)

b

I'ne hey— cpenusis riryOuHa KOTJIOBaHA, M;

F1, F2, FO — mnnomanp KOTJIOBaHa COOTBETCTBEHHO IIOHU3Y, IOBEPXY U
TIOCEPEMHE, M.
WO O
et 1
v Hix=1.5m
_ Hr=3.0m

13

| 24 [18.5 |12

himaxi = hmint1l = 1,5 + 0,020 x 15,50 = 1,86 m.

L by g | 154186
Fl 9 B

=168,

Cpennuii pa3Mep CTOPOH KOTJIOBAHA:
a = 15,50 M. A= a11+2hcp><m = 15,5 +2 X 1,68 x0.67= 17,76 M.
Cagtay 155041776

4 =16,63
2
i=0.020
s

VA 7

Puc. 1 KotsioBan noja 31anue
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ara=1776

an=16, X
777
arj1=15,50
g -.:l"'|

Cpennuii pa3Mep CTOPOH KOTJIOBaHA:

b1 = 54,50 m; b1z = b1y +2he,xm = 54,50 + 2 x1,68 x 0.67 = 56,76 m;

bn+,ﬁu 54504 5676
2

boy = = 55,63

|__‘: bia=5& 76

—% bo1=55,63 7??—
}-

e
k11=>54 .50

|-l’.' '.I--|

Puc. 2 Kots1oBan noja 31anue

Fi = a11b11: 15,50 X54,50 = 845 M2;
Fi.=a 12b12 = 17,76 X 55,63 =088 M2;
Fo=aobo = 16,63 x 55,63 =926 m?%;

%(845+ 98b+4-926)=1551 I

Kl

hiax1 = hmin +11= 1,86 + 0,020 x 18,00 = 2,28 M.

= g1 g | 2284186 o o
2 2

1=0,020

LSS A

Pucynok 3 Kotsi0BaH noja 31anue

Cpennuii pasMep CTOPOH KOTJIOBAaHA:
a;= 18,00 m. a;; = a;; +2hexm = 18,0 + 2 x2,07 x 0.67 = 20,78 m.
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ty

2 2
|__( ajx==0.778

)--I
I an=1%.=%9 SEccan
-~

i

|j11=18,DD

_aytay 180042078 1939%

>
Cpennuii pa3mep CTOPOH KOTJIOBaHa:
b = 18,50 m; b1 = b1 +2h,xm = 18,50 + 2 x2,07 x 0.67 = 21,28 m;

bﬁhn 1850+21 28
btll = ) = )
Ff bi1a=21.25

=19 89a¢

‘.I--I

T bpi=1%. 89
- ;

b11=12.50

- 'EI--|

Pucynok 4 Korsi0BaH noja 31anue
Fii=a; b = 18,00 x 18,50 =333 M2;
Fi,= a12b12 = 20,78 X21,28 =443 MZ;
Fo = aobo = 19,39 x 19,89 = 386 m*;

?(33%44%4-335): B01ac’;

VKZ =
V=V,+V,=1551+801=2352 m°;

O0BeM 3eMIISTHBIX pa60T IIpHU OTPBIBC TPAHIICH:
_F +FE

i

rae Fi, F> — miomaau nonepevyHoro ceyeHus TpaHilen Ha €€ KOHIax B M2,

Vo

L.

L — nnuna tpanmeun B M.(L=50 M.);

[upuny Tpaniien no quy npuaumaem b, = 0,7 m;

['ny6uny tpanmeun(h.,) npuaumaem pasHoii 3,00 m;

KpyTtusny otkoca(m) ycraHaBivBaeM B 3aBUCMMOCTHU OT BUJIa TPYHTA U TJTyOUHBI
tpanuen (m = 0,75);

bo=b;+2h xm=0,7+2-3,00-0,75=4,12 m. ;

Fi=h(bi:b,)/2 = 3,00(0.7+4.12)/2 = 7,23m%;
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Himaxt = hain +il = 3 + 0,010 x 50 = 3,50M.

bs=bi +2hmes xm=0,7+2-3,50-0,75=5.95 m. ;
F>=h o (br: b3)/2 = 3,50 - (0.7+5.95)/2 = 11.64 M
Vin=F xL=723-50=361.5M;

Vio=F, x L=11,64-50 = 582 v’

V= (Vi1 + Vi2)/2=(361.5+582)/2=471.75 m’;

=
(]
050 X

|3‘§’ ’£| 0,70

3aganus 11 NPAKTHYECKO padoThI:

3agaua 1. Onpenenuth 00BEM KOTIIOBAaHA, UMEIOUIETO BUJ (CMOTPHUTE PUCYHOK)
b2:5,7

b2=5./1
/

o \“‘I’
e VUL \&\ 1)

—

- -

3apaya 2. Omnpenenuth 00bEM 00paTHOM 3aCBIIKKM KOTJIOBaHA,
yCTaHoOBIIeH (yHIamMeHT B (opMe MNPaBUILHON MPU3MBI
PUCYHKE, N300pa)KeHHOM B pa3pese.

IAY L

i

€ClIM BHYTpHU
. [anHplE CcMOTpeTh Ha

b2

M

0.2 1,0 (LZ
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IIpakTnueckas padora Ne 7

Packpeimue paznuunvix Heonpeoenénnocmeil
Heab padoTsi:
Ha KOHKpeTHBIX mpuMepax HayYMThCS BBIYUCIATH IPENEbl C Pa3IMYHBIMU BUIAMU
HEONPEAECIEHHOCTEMN.
3HaHuA (aKTyaau3aims):
1. Onpenenenus npeaesna GyHKIHUH.
YMmenust:
1. Bebluncnenune mpenenoB (YHKIHI: pacKpbITUE HEONpeAeNEHHOCTEH BUIA

0 oo %
=, —;00—00;17
0 o
Conepxkanue padorsl:
Tunwl Heonpedenénnocmeii u ux uobl

[e¢}

1 mun Heonpeoenénnocms suoa |— |6 npedeine

0.¢]
0,ecaun<k

n n—1
a,x +a,_ x +...+a, |o, eciun>k

lim k k—1 a
x- b, X' +b,_ X "+...+b, D0 ecrunsk
bk
IIpumepsl:
£
lim 5x°~3x+8 .
[)r=> .~ —2(T.K. CTapLINC CTCIICHN YNCIUTEIS U 3HAMCHATEIIS] PABHbI, TO
2x—1 2

JeUM KO3 (UIIMEHTHI PU CTAPIINX CTEMEHSX X).
G

lim 5x*~3x+8
Y
2))(%00 ()
2x°—1

3HAMEHATEIIs)

:oo(T.K. CcTapurasa CTCIICHb YHCIIUTCIIA OoubIIIe CTapIHCﬁ CTCIICHH

f(x)

8 npeoese lim ——=
P x-a g(x)

0

I[J'I}I PACKPBITUA HGOHpG}ICJ’IéHHOCTH HCO6X0)II/IMO h15(e10) Ppa3JI0KUTh YUCIUTCIIb U

2 mun Heonpeodenénnocmo 6uoa

3HaMCHATCJIb Ha MHOXXHNTCIIN, 0o YMHOXKHUTD BBIPAKCHUC COACPIKAINICC KOPHU Ha

COMPSIKEHHOE.
IHpumepsr:
. 2 . .
" lim x 5x+6:-9-: x2—5x+6:O:£lE(X 2/[x 3)21121x 2): 3-2]_1
X'—9 0] | x,=2x,=3 (x—3[x+3] x+3] |3+3] 6
lim2x+3-3 [ ¢ lm[V2x+3-3[V2x+3+43]  lim2x+3-9 lim 2 x—6
2))(%3 —|Y|=x=3 — x-3 — x-3 =
x—3 0] (x—3)(V2x+3+3) 1x—3)(\/2x+3+3) (x—3)(\/2x+3+3)
lim 2(x— 3] lim 2
X -3 = X -3 — 2 :l
(x—3)[vV2x+3+3] V2x+3+3 |3+3] 3
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3 mun I-vlti 3ameuamenvhblil npeoesl U OCHOBHbLE IKBUBAICHMHOCMIU.
lim sin x
x-0 ::1

X

HpI/I Xx— () UMEIOT MECTO CICAYyroHIue HCOHpGIICJIéHHOCTI/IZ

sinx xtgx xarcsinx xarctgx x
2
X

1—cos x ?ex—l xIn[1—-x) x

IIpumepsbr:

lim sin”3 x lim (3x)* lim 9x°

x -0 — Ez ::xgaO‘ — x-0 :;léi

1—cos5x |0 (5x[ 25x> 25

2 2

limIn(1-x lim—-x lim—1

x-0 _ x-0 _—_x-0 ___1_1
_ = = ==
X —Xx x(x—l) (x—l) -1

4 mun I -o1i 3amevamenvhblii npedei

. 1|" L
lim [1+=| =e lim [1+x)*=e
X — © X x -0
IIpumepnbr:
x—1 x—1 x—1
lim | % —lim |1+X23 21]  =onim 14323 2X2L) i
xoo0 | X+ X o 00 x+1 X2 x+1
_ x—1 _ X_+1 7_4,‘:)(_1‘ M
Glim | 1+———|  =¢lim |[[1+——| 4" " =¢lim [e] ' =e*ii
X o0 X+ X 200 x+1 X 200
3aganus 11 NPAKTH4YECKO# padoThI:
Bapuanm 1 Bapuanm 2 Bapuanm 3
«3I»
 5x+2 . 3x- 8 lim 4 +2
a)lxl}'p 2x+3 a) x-2 4x+2 a) x>3 Sx-1
i 3-2x lim 3+*3 lim -8
6) Xlgl x+1 6) x—w 2x+7 6) x—o 4x+5
2 2
. - 36 x-5 . -9
limZ% e lim*
B) x06  X-6 B)ly}glx - 25 B) x=3 x-3
Jim 222 lim-* lim >
r) X0 X F) <50 sin3x r) x>0 sin5x
1 2x 1 X 5x
lim |1+—= lim(1—— lim |1+—
o lim 14 9 lim 1] o lim 14
«“4»
- 2x-3 X -4x+s I x -1
, X2 L im =,
a)lxlglx2+3x+3 a)lxlgl X *+6 a) i X *Sx-2
3 2 3 5 4
3x - 2x +3x+1 1 X *3x-2 . 4x - 2x +3x-1
6)1129 4};- xﬁ' Tx+8 6) }}1? x4_2;x3+3x_ 1 6)1}}1} X?-inx24-4x- 2
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2 2 2
. X - 6x+8 X - 5x+6 . -1
lim X r® lim Xo2re 1
4 1m 2. 1m ~dx-
B) 2 X B) X3 X 9 B) X1 5 4x- 1
lim &% lim Sn2x lim &
I) 0 sin3x r) oo sin3x I) 0  sin3x
0 lim 14— oitim|1+—L | o0 lim[14—L|"
X > 00 X_l X — 00 X+]_ X o 00 X_2
«5»
3 3 3
im X! . X -27 . X -8
a) hfln x-1 lim lim
a) X3 x—3 a) X2 x—2
3 2 2 2
lim 8x ‘33x +2x ' 2X —4x+5 lim X +2x-3
6) ol Ax - 2x+l 5 lim X a4 6) .-  300x—1000
lim lim lim
B) x31 B) x2 B) x>0
x+1 ) 2.
X X X X
. X 2 2
1. Slnzg 1- 2x 1. —tg 4x
1m 2 Im on2r im . 2
F) X0 F) X0 S 5 F) oo SIDLY
o[ x+1 _(x=1\" [ 2x+1 ™
1 1 041
A2 I | | 2x—2

Heab padoTsi:

IIpakTnueckas padora Ne 8
Botuucnenue npou3eo0nvix c1oMcHbIX QYHKYUIL U 8blCUIUX ROPAOKOE

[TpoBepuTh yMEHUS HAXOXKICHUS MPOU3BOIHOM CIIOKHON (PYHKIIHH.

3HAHUA:

1. Onpenenenne nporu3BOAHON U €€ CBOMCTBA.

2. TlonsiTue caoXXHOU PYyHKIIHUH.

3. ®opMya BBIYUCIEHUS IPOU3BOIHOM CIOXKHON QPYHKIUY.

YMenusa:

1.BerarciieHre mpou3BOIHOMN 3aIaHHOM CIIOKHOHN (DYHKITUH.

Conepxkanue padorsbl:

(2] = [ =0

() =
]l =7

Tabauya npou3z600HbIX OCHOBHBIX INEMEHMAPHBIX PYHKYUIL:

{sinx) =cosx

(cosxl =-sinxy

38




{ctax]) =- larcsinx! = Larccos x) =- ——

sin” x N - JI-
1

Laretex) = - Lareotoy] =- -
I+ I+

': a'l =atIna

|
vlna

(e ] =c' (Inxl =— { JL",_LT.. xl =

OcHogHble nPABUIA HAXOHCOEHUA NPOU3BOOHOUL:

_uv-an

‘ i
bl =0, (el =1, tuxvl =0 v, lew) =cu, Ll =uv+me | |y 2
9 9 9 9 9

IIpou3zeoonasn cnoxicnou hynkuyuu

Eemu » =/ 1)y w =0l ,To! =/ o (yHKIMH, TOraa €€ MpOr3BOIHASL
R [ Flgla)) = flglx) ¢l x)

BbIUMCIIAETCA 110 opMyJTIe- * - ', TO €CTh . OTO MpaBuUIIO
pacmipocTpaHseTcsl Ha [EMOYKy U3 JJF0O0ro KOHEUYHOTOo uncia quddepeHIpyeMbIX
GYHKIUR: npou3800HAs CLONCHOU PYHKYUU PABHA NPOU3BEOEHUIO NPOU3BOOHBIX
@yHKYUll, eé cocmasisiouux.
IHpumepsr:
1.HaiiT npoM3BOIHYIO CIOXKHOM yHKIHHK: y=1n|x'—3 x*+4x|.
[Monoxkum y=Inu, rae u=x’—3x*+4 XIOIyYHM:

ylxzy;,-u;z ln(x3—3x2+4x))'=% -(x3—3x2+4x)':é,

1

_3X —6x+4
X —3x’+4 x

. 2_ et
(SX 6X+4) X°—3x°+4x

X

2. .HaiiT mpou3BOAHYIO CJIIOKHOU (1)yHKuI/II/I:y=COS2 6

2 X
[Tonoxum y=u :U:COSV,VZE, I[MOJIyUHUM:

1 -1 . x
—=—sin—
6 6 3

X
—sin—
6

, o 1 X
=y -u-v.=2u-—sinv]-==2cos =-
yX .yu uV vX u ( l VJ 6 6

3ajanus I8 NPAKTHYECKO padoThI:
Borunciure npou3BoAHbIE CIOKHBIX (PYHKITHI:

Bapuanr 1

. 2x—1 S
2) y=+a3)y=2" 4) y=n S 5) Y=

1) y=cos %—BX
Bapuanr 2

213

1) y:sin(2x2—3x+1) 2) y=cos’(2x—1] 3) y= \/;+XZ

4) y:ln(lnx] 5) Ay:earctgzlx
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Bapuanrt 3

1) y=cos|3x*~4x| 2) y=sin’(1-2x| 3) y=[x*-2Vx|
4) y=log,(2x=5) 5) y=e ™

Bapuanrt 4

) 1
1) y=tglx’~1] 2) y=5"" 3) y={l7-2x} 4) y=175~
5) y= x—1\

Y= x+1
Bapuanr 5

1) y=ctg(2—x*) 2) y=In[cos(5x|| 3) y=2% 4) y=cos|cos x|
5) y=v3x—-4

IIpakTnueckas padora Ne 9

Hccneoosanue hynkyuu ¢ nomouipro npou3e00Houl

eab padoThbI:
Hcnonb3ys cxemy uccienoBanusi QyHKIIUU HAYUYUTHCA UCCIEA0BaTh QYHKIIMU U
CTPOUTH UX rpaduKH.
3HaHusA:
1. ITonsiTue skcTpeMyMOB (QYHKIIMH U €€ TOYEK Iepernoa.
2. [onsATHE aCUMIITOT M KX KJIacCU(DHUKAITHS.
YMmenus:
1.ITocTpoenue rpa@ukoB QyHKIHIA.
Conepxxkanue padorbl:
Obwas cxema uccinedosanusi YyHKyuU U nocmpoetue eé epagpuxa.
1. Haitnute obnacthb onpeeneHus PyHKIINUN.
2. Uccnenyiite pyHKIMIO HA YETHOCThH UM HEUETHOCTD.
3. Haiigute Touku nepecedenus rpaduka GyHKIUU C OCSIMHU KOOPAUHAT (HYJIH
GyHKIUN).
4. Haiimure mpoMeXyTKU MOHOTOHHOCTH (DYHKITHH, €€ SKCTPEMYMBI.
5. Haiigute mpoMexyTKu BBIMTYKJIOCTH Tpaduka GyHKIMH, €€ TOUKH meperunoa.
6. OnpenenuTe HaTMIue aCUMIITOT.
7. IlocTpoiiTe rpaduk GyHKIMH, UCTIOIB3YS MOTYICHHBIC PE3YIbTAaThl HCCIICOBAHUSI.
IIpumep:

2
X

x+1

[loctpouts rpaguk GyHKIMU: y=
1. D[y|=[=o0;=1] U [=1;+0]

2. T.x. obyacTh onpeaencHus He CHMMETPUYHA OTHOCUTEIHFHO Havalla KOOPAUHAT, TO
GyHKUUS HE ABIISETCS HU YETHOM, HU HEUETHOM (T.€. O0IIEero BUa).

3. IIpu x=0, y(0)=0 — 5T0 eAMHCTBEHHAs TOYKA MepeceueHust rpaduka ¢ OCIMHU
KOOpJIMHAT.
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X (x+1]—x*(x+1) _X'42x_ x|x+2]
(x+1] (x+1  [x+1F

[IpupaBHsieM MPOU3BOAHYIO K HYJIO U HaWIEM KPUTUYECKHE TOUKHU:

=0

+2 X
X(‘X 2J =0=>x=-2
(X+1) xZ—1

N N
X

+ el
X=-2 —m. max Vma =y(2) = -4
x=0—m. min Ymn =y(0) =0
5. BprancnuM BTOPYIO POU3BOIHYIO U IIPUPABHAEM €€ K HYJIIO:

[ x*+2x '_(X2+2x)'(x+1]2—(x2+2x]((x+1)2)’_
x+1P] x+1/* -
(,J[2x+2)(x+1)2—(x2+2x)2lx+1):2(jx+1)(x2+2x+1—x2—2x): 2
(x+1)* (x+1/[* (x+1)°
2__g
(x+1f

— —+—
L S

Touek nepernda y AaHHOW (PYHKIIUU HET.

6. Onpenenum HaIu4ue aCUMIITOT:
2

X
+1 =Oo0T.C. TOPU3OHTAJIBHBIX ACUMIITOT HCT.

a) lim

X -

0) PaccMoTpuM 0JIHOCTOpOHHUE MPEIEbl B TOUKE X=-1
2
=46

lim
x-—-1-0 X+
T.x. B Touke x=-/pyHKUHUA TepIUT OECKOHEUHBII pa3pbIB, TO rpaduk QPyHKIIUU
UMEET BEPTUKAIBHYIO aCUMIITOTY X=-/
B) /st oThIcKaHMsI BEpTUKAIbHONW aCUMITOTHI B BUJIE y=kx+D BBIUUCIUM
CJIEIYIOIINE TIPEIEIIbL:

lim x> lim x
f(x)

k=lim D =gx=e  jxow gy
xoo X (x+1)x [(x+1]
) lim —x
b=lim [f (x| —kx|=¢ lim Cx|=re oy
X 00 xoow | X+1 x+1

Takum 00pa3om, npsimMas y=x-1 CIy>KUT HAKIIOHHOW aCUMNTOTOM rpaguka.
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7. Ucnionb3ys moy4eHHbIE JaHHBIC, CTPOUM Trpaduk QyHKITHH:

Ln——
E =

o 1]

i

3agaHus I NIPAKTHYECKO padoThI:

3AJJAYA 1

TIpOBECTH MOJTHOE UCCIeHOBAHME DYHKIHH - =1y MOCTPOUTH €€ rpaduK.

1. y=x>+6Xx°+9x+4 6. y=x’+3x"—9x+5

2. y=x>+6x"—15x+8
3. y=x’+12 X’ +45x+50
4. y=x>-3x’~9x—5
5. y=x"+3x"—24x+28

7. y=x’-3x"-24x—-28
8.y=x"-6x’+9x—4

9. y=x’-6x"—15x—8
10. y=x’-12x*+45x—-50

3AJTAYA 2

[IpoBecTu monHOE UccneaoBaHNe GYHKITUN
y X+ 2x+4 y X - 4x+7 LoX
1.  x+2 PR x-3 3. B
X -2x+9 0 x4+3x+4
2 s v el
X +2xv+8 X7 -2x+8
AT R S S

v =/f(x)

U TIOCTPOUTH €€ rpaduK.

- - x-1

v+

-6y +10

x-23

¥ -3x46

x-5

IIpakTuuyeckas padora Ne 10

Buotuucnenue HeonpeOeréHHblx unmezpaioe ¢ NOMOuLbIO 3dMeEHbL nepemelmoﬁ

eab padoThbI:
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Ha KOHKpeTHBIX NpUMEpPAaX HAYYWUTHCA BBIYUCIATH HEOINPEAEIECHHBI HHTErpal,
NpUMEHSS TaOJIMIly U CBOMCTBA MHTETPAJIOB, HAXOAUTH HEONPECICHHBIN HHTETPAJl C
ITIOMOIIBIO 3aMEHBI IEPEMEHHBIX.
3Hanus:
1. ITonsiTHE HEONIPEAEIEHHOTO UHTETPAJIA, ETO OCHOBHBIX CBOWCTB.
YMmenust:
1. BpluncieHne HEONpPENeNEHHBIX MHTETPAIOB METOAOM HEMOCPEICTBEHHOIO
WHTETPUPOBAHUS.
2. Boluncsienye HeonpeaeaEHHbIX HHTErPAIOB METOIOM 3aMEHbI IIEPEMEHHOM
Conepxxanue padoTbl:

Tabauua unmezpanos

1. ) f%zctgx+c ‘f%:%amtyﬁc
dx=" i *Co(n2=1) ftgxdx:1n|cosx|+C 14.
8. p )
= X a+x
2. fdx x+C 9 fctgxdx:ln|sinx\+C | —="—==5 =+
' . ) a-X
f@:m)ﬁc 10 Je w=e dx
3. X : . f—zzarcsinx+C
4 fsinxdx:—cosxdx [ad =G s 15. 1-X
11. Ina d
fammk:ﬁnmk [ —E—=arssin>+C
S szzarctg)HC az XZ a
J.Lz:tgx-‘-c 12 1+ X 16. -
s COS '
HenocpeacrBeHHOe WHTErpupoOBaHUE — D3TO METOJl, OCHOBAHHBIA Ha

IPUMEHEHUU TOXJECTBEHHBIX MpPeoOpa3oBaHUN MOABIHTETpAJIbHON (yHKUIMHU, a
TaK)K€ OCHOBHBIX CBOWCTB HEONPEIEICHHOTO MHTErpaia v TaOJIMYHBIX MHTErPajoB.
Haubonee dacto MCHONB3YIOTCS CIEAYIOUIME MPeoOpa3oBaHUs MOABIHTETPATbHOMN
GyHKINH:

1) JCJICHUE YHCIUTENS Ha
3HaMEHaTelb MOWIEHHO;

2) IPUMEHEHHE bopmyn
COKPAILIEHHOT'O YMHOKEHHS;

3) IPUMEHCHHE
TPUTOHOMETPUUECKHUX TOXKIECTB.

L

(3 42w 5y
IIpumep 1. Haiitn nHTETpan r &

Pemenmne.

f(3x2+2 x—S)dx:f 3x2dx+f 2xdx—f Sdx=x>+x*-5x+C.
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f 7x2+x—1dx

Ipumep 2. Halitu unTerpan X

Pemenue. Paznaraem noapiHTerpaibHyo GYHKIHMIO Ha claraembie, JeNsl YUCIUTEINb
ITOWIEHHO HA 3HAMEHATEIIb.
7x +Xx— 1 dx 1
f — —7f —+f X dx— f X 2dx= 7ln|x\——+—2+C
X X 2x
. |r [+¢" ) dx
IIpumep 3. Haiitu unrerpan -
Pemenue. Bo3Boaum B Ky0 ¥ MHTErpUPYEM Kax0€ claraemoe.

J(l +ex)3dx = j(l +3e" +3e™ +¢" )dx = fdx+3fexdx +3J'ezxdx+ fe“dx =
= x43e" S PNt oG
2 3

Jy-3

M &

i dx
Ipumep 4. Haiitu uarerpan Y - 4

Pemenne. Pa3znaraem mnojapIHTETpaibHYIO JIpoOb Ha JBE cClaraeMbIX ApOOH, AeIs
YHUCJIUTENb MOYWIEHHO Ha 3HAMEHATEb.

2x—3 2X
dx= dx—3 ——lnx -4 ——l +C.
fx2—4 IX2_4 f 4 | | | |

. .1':
dx

IIpumep 5. Haiitu uarerpan “V +2
Pemenue. Boinenum B HenmpaBMIIbHON JPOOH 1IEJIYIO YACTh U MPABMIIBHYIO JIPOOK.

% (x2 +5)-5 5
d = 200 g = (11
J‘xz+5 * J. x> +5 g J{ x> +5

=X— farctg T+C

Mertoj 3aMeHbI epeMeHHOi (MeToJ1 IOJACTAHOBKH)

dx :fdx- 5

x2+5

OH sBngeTcs OOHMM M3 HambOosee S(PPEKTUBHBIX M PACIPOCTPAHEHHBIX IPHUEMOB
VHTErPUPOBAHUS, TIO3BOJIAIOIIMX BO MHOTHX CIIy4asiX YIIPOCTUTH BBIUMCIICHUE UHTErpaIa.
CyTp 3TOr0 Me€Toza COCTOMT B TOM, 4YTO IIyT€EM BBEICHUS HOBOM IIEPEMEHHOMN
WHTETPUPOBAHUSA 3aJAaHHBIM MHTErpaJl CBOAUTCA K HOBOMY HMHTEIpally, KOTOPBIM JIETKO
BBIUMCIIIETCS HEMIOCPEACTBEHHBIM UHTEIPUPOBAHUEM.

Mpumep 6. Beranciuts [ (3x—4)*dx
Pemenne. J[anuplii uaTerpan Oyaer npuBeAEH K TAOIMYHOMY, €CIH CAENATh 3aMEHY
IIEpEMEHHONt =3 x— 4
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t=3x—4

f(3x—4)4dx= de=(3x~4) dx=3dx :f t“-ldtzlft4 Le=Lic=
el 3773 35 15
3
( 5
L—(BX_‘H +C
15

2
IIpumep 7. BLILH/ICJII/ITLI §—+8dx
X

Janueiii wHTErpan OyneT NpuBenEéH K TaOJIMYHOMY, €CIIM CHeNaTh 3aMeHy

HIepEMEHHONt = x°+8

t=x+8 1dt
, , 2
f X dx:dtZ(x3+8) dx=3x"dx :J' 3 _lfd__ -ln‘t|+C:l'ln|x3+8‘+C
X dx=—dt
3
COS X
—  —dx
IIpumep 8. Berunciuts f S x+

Pemenue. J[anupiii uHTETpasl OYJAET NMPUBEAEH K TAOIMUYHOMY, €CIIH CAENATh 3aMEHY

MIEPEMEHHOME =Sin X

J' CoSs X . t=sin x o odt _1 1 sinx
—  —dx= Y = —arctg— +C ==arctg +C
sin” x+4 dt=[sin x| dx=cos x dx t?+4 2 2 2
3anaHud I NPAKTUYeCKO padoThI:
Bapuanm 1 Bapuanm 2 Bapuanm 3
5~ 3n_
[12 ¥x—¥2x+5]dx [ lx=1)lx+2/dx [vx-2 |ax
X
X X 2 2
f32 23dx x+1 fx 23x+1dx
2" X
—gin® Cos2 x 2
1—sin X i f ~——dx ftg xdx
sin’x Cos” xsin“x
[ [ [ VBx=9dx
(5—3x/)° 11-4x
2_ xdx
fX\/x 7 dx J"\/x d_x1 -[XZ_,_G
f e"dx fsmxcos xdx e"dx
e“+4 x_gf

IIpakTnuyeckas padora Ne 11
Buiuucnenue neonpeoenénnovix uHmezpanog ¢ ROMOuLbI0 Memooa
UHMEZPUPOBAHUA NO YACMAM, UHIMEZPUPOCAHUE PAUUOHATIbHBIX PYHKUUIL
eab padoThI:
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Ha KOHKpeTHBIX mIpuUMeEpax HAYYWUTHCS HAXOAUTh HEOIPEICIICHHbIM HMHTErpan ¢
MOMOIIBI0  (OPMYJIBI WHTETPUPOBAHUS 10 YACTAM, a TakKKe WHTETPUPOBATH
palnroHaabHble (QYHKIUU.
3Hanus:
1. ITonsiTHE HEONIPEAEIEHHOTO UHTETPAJIA, ETO OCHOBHBIX CBOWCTB.
YMmenust:
1. BriunciieHre HEONPEAEIEHHBIX HHTETPAJIOB METOJOM HHTETPUPOBAHHUS IO YACTSIM.
2. BolunciieHre HEONPEAENEHHBIX HHTErPAIOB OT PALMOHAIBHBIX ()YHKIHIA.
Conepxxanue padoTbl:
Memoo unmeepuposanus no uacmsm CBOJUTCA K BBIUMCICHUIO HHTErpaia IIo
bopmye

f udv:uv—f vdu
Jlist BBIYMCIIEHUS MHTETpaia Mo 3Tod (Gopmyse HEOoOXOIMMO TMOJBIHTErpaTbHOE
BBIPOKEHHE HCXOJHOTO WHTErpaja MpEACTaBUTh Kak udv. T.e. 4acTh BBIPAKCHUS

MPUHATH 32 U, a 4aCTh - 3a dV.
IIpumep 1. BpluuciauTe HHTErpal € MNOMOLIBIO (OPMYJIBI WHTETPUPOBAHUSA IO

f x*In xdx
JaCTSIM:
Pemienue:
[Tonoxum u=Inx dv=x’dx nupdepeHuupys u ¥ UHTETPUPYS dV MOTYUUM:
dx ]
du=— v:f P dx="%
X 3

[Toctossurass C B O3TOM clly4ae HE CTaBUTCSA; OHa OyJeT TMOCTaBlieHAa B
OKOHYATEIHLHOM pe3yJbTaTe, KOT/a OyIeT HalJIeH TaHHbIN HHTEeTpal.
OOparmaemcs Teneps K Gopmysie UHTETPUPOBAHUS IO YACTSIM:
X X dx_x’Inx 1 X’Inx 1 x° X’Inx x°
flenxdx:lnx-—— ——= —= | x*dx= ———+C= ——+C
3 3 x 3 3 3 33 3 9

: — 2. _ AP
x2cosxdx=0|U=x"; U=2x0[i444

Ipumep 2. 6
— ol U =2 x; U =24|4 40

&

2 . .
=x sinx+2xcosx—2sinx+C;
—1

12 Z’|(’(’,Z,Z,
IIpumep 3. e

{BTOpOE craraemMoe BBIYMCIUM C ITOMOIIBIO 3aMEHBI IEPEMEHHOM )

|U=arccos x; U =
arccos x dx=¢
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f_—xdx— ==2x dx il
1-x° 6

f arccos x dx=x-arccos x—y1-x*+C;
B UTOI'C IIOJIy4YacM

Humeepuposanue payuonaibhvix Opobetl OCYIMECTBISCTCS C IIOMOIIBIO PA3I0KCHIS
Ha TIPOCTEHIITNE APOOHU:
IIpumep 4.

dx

,[ X’+2x+6
X —7x*+14 x-8
Pemenmue:
3HaMeHaTelb IPOOU paCcKIaIbIBACTCS HA MHOXKHUTEIIH:
x- 7P+ 14x-8=(x-1)(x-2)(x-4)
Tak Kak KaKJblid U3 IByWICHOB BXOJIUT B 3HAMEHATEIb B IIE€PBOMl CTETIEHHU, TO JJAaHHAs
MpaBWJIbHAS pallMOHAIbHAS APOOb MOXKET OBITh IPEJACTABICHa B BHUAC CYMMBI
MPOCTEUIITUX IPOOEH:
X'+2x+6 A B C
= + +
(x—lﬂx—Zﬂx—4) x—1 x-2 x—4

OcB00OOXKTasICh OT 3HAMEHATEJS, TOJTYIYUM

X +2x+6=A(x-2)(x-4)+B(x-1)(x-4)+C(x-1)(x-2)
CnenoBaTtenabHO,

X+ 2x+6=A(x’-6x+8)+B(x’-5x+4 )+C(x’-3x+2)
Crpynnupyem 4ieHbl ¢ OJMHAKOBBIMU CTEIICHSIMMU:

X'+ 2x+6=(A+B+C)x’+(-6A-5B-3C)x+(84+4B+2C)
CpaBHuBast K03 (PUITUEHTHI TPU OJIMHAKOBBIX CTEMEHSX X, MOJIYyYUM CUCTEMY:
A+B+C=1
-6A-5B-3C=2
8A+4B+2C=6
N3 koropoit Haitnem A=3, B=-7, C=3.
Wtak, paznoxkeHue parmoHaIbHON JpOOU Ha MPOCTEHIIINE UMEET BU]I
X*+2x+6 3 . -7.5
= + +
(x—lﬂx—Zﬂx—4) x—1 x—2 x—4

Takum 06pa3zom,

fx 242 x+6 f3dx f 7dx 5dx _3 dx _7fdx
—7x*+14x— 8
5
03I |x—1|=7In|x—2[+5In|x—4[+C= 1|w|+c
(x-2)
K
dx

2
Ipumep 5. X'—x+l

[Tos 3HAKOM HMHTErpaja HelpaBUIIbHAsL pallMOHANBHAS IPO0k. BhIISTHM IeTyI0 YacTh
3TOM IPOOH MyTeM JICTCHUS YUCITUTENS Ha 3HAMEHATEITh:
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x® 1
=x*+x}—x—1+———

x*—x+1 x*—x+1
Brienum moHbINM KBaJpaT B 3HAMEHATENE MPABWILHON pallMOHATIBLHON IpoOu:
2 2
X —x+1= x—l —l+1: x—l +§.
4 2] 4
Bo3Bpamasich K MCXOJHOMY UHTETPabl, IOTYYHUM:
4, 3 4 3 dx
f X+X —x-1+ dx:fx dx+f X dx—f xdx—f 1dx+f —=
1.3 ARE
=t X——| +H—
2] 4 2] |2
1
x> x* X X—3 x> x* X2 -1
:€+Z—7—x+v—_§arctg ﬁ +C E"'T—? \/ arCtg \/ +C

3agaHus I NIPAKTHYECKOi padoThbI:
Humeepuposanue no wacmsam

1 fxsinxdx
) flnxdx
ffﬁ&
Humezpuposanue payuonanvisix opooetl
X+2
f dx
1. * x(x=3)
2
X +1
———dx
2 f(x—1)3(x+3)
8x —16x+1

YT

IIpakTuyeckas padora Ne 12

Botuucnenue onpedenénnvix unmezpanos
eab padoThI:
Ha KOHKpETHBIX IpUMEpax HAy4YUTbCA BBIYUCIATH OIPENCICHHBIM HHTErpal,
OpUMEHSs TaOJUIly M CBOMCTBA MHTErpajioB, HAXOAUTH OIpPENEICHHbIH MHTErpai
IIOMOIIBIO 3aMEHBI IIEPEMEHHBIX U METOJOM UHTEIPUPOBAHUSA 110 YACTSIM.
3HaHus:
1. ITonsaTHE ONpPENENEHHOrO UHTErPAJIA, EM0 OCHOBHBIX CBOMCTB.
Ymenus:
1. Bpluncienne ONpenenéHHbBIX HWHTETPAJIOB METOAOM  HENOCPEICTBEHHOIO
WHTETPUPOBAHUS.
2. Buluucienye HeONmpeAeIEHHBIX UHTErPAIOB METOIOM 3aMEHbI IIEPEMEHHOM U 110

qacCTsiaM.
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TeopeTquCKHe CBeJEeHUs1.

OnpenenéHHblil HHTErpasl BHIYUCISIETCS ¢ MoMolIbio (hopmyiibl HeroToHa-JIeliOHuna:
b

| f|x)dx=F[b]-F(a)

Ipumep 1

(5x°+4x>~5x—2)dx

O e

Brrancnure onpeneneHHbli HHTETpall

Pemenmne:
1

1 1 1 1
f (5x5+4x3—5x—1)dx=5f x5dx+4f x3dx—5f xdx—Zfdx:
0

6 4 2
5x +4x _oX _zx)lé:

0 0 0 0 6 4 2
. 6 . 4 . 2
A ER L SN N -
6 4 2 3
Ipumep 2
T
} dx
2 Sin’x
Brrancnure onpeneneHHbll HHTErpan 4
Pemenne:
3 y
dx 3 m T, V3 _ 1-43
{sinzx_ Ctgx|%— (ctg3 ctg4)— 3 +1= 3
4
IIpumep 3
3
‘¢ dx
Beruucnure onpeaeeHHbli HHTErpan 0 9+x’
PemeHne
i g V3 1 1 1
f X I larctgig3zlarctg———arctgO:—-E——OZL
0 9+x2 0 37+ 3 3 3 3 3 36 3 18
Ipumep 4
5
f(4—x)3dx
Beluncnure onpeaeneHHplii MUHTErpan 4
Pemenue:
5 L\ £\ 4\
oo paeldmd o (48 (amaf_ 1o 1
—4 —4 —4 4

4

Memoo unmezpuposanus no uacmsm.
Metoa MHTErprUpOBaHUs M0 YaCTSIM PEHIAET OYeHb BaKHYIO 3a/1a4y, OH [MO3BOJISIET

UHTETPUPOBATh HEKOTOPHIE (PYHKIIMH, OTCYTCTBYIOIINE B TaOJIHIIE, TPOU3BEACHNE
(yHKLHA, a B psiie CIIy4aeB — U YaCTHOE.
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JlaHHBI METOJ| TO3BOJIIET CBECTH MCXOJHBIM OINpEeICHHBIN WHTErpan K Oolee
OpPOCTOMY BHAY JUOO K TaOIMYHOMY HHTErpaily. DTOT METOJ Haubojee YacTo
MPUMEHSIETCS, €CJIM TOABIHTErpalibHas (DYHKIMS COJAEPKHUT JorapudMUUYECKHE,
MoKa3aTeabHbIE, 00paTHbIE TPUTOHOMETPUUECKUE, TPUTOHOMETPUYECKUE (DYHKIUH, a
TaKXe UX KOMOUHAIINH.

Ecmu dysakiuu u= u(x) u v = v(X) UMEIOT HEMPEPHIBHBIC TPOU3BOIHBIE HA OTPE3KE

[a;b], TOo umeeT mecTo hopmyia UHTETPUPOBAHUSI IO YACTSIM:
b

b
f udv= uv\z—fvdu

a a

CaMoe CIIOKHOE, YTO €CTh B 3TOM METOJE — 3TO MPaBUIBHO ONPEACIIUTh, KaKYIO
YacTh MOABIHTETPATBHOTO BBIPAKEHHS OpaTh 3a U, a Kakyo 3a dv

PaccMoTpuM cTaHAapTHBIC CIyYaH.

e Jlns mmrerpanos Buma | Plx|e™dx, [ Plxjsin(ax|dx mmm [ Plx|coslax|dx, rme
P.(X) - MHOTOUNEH, a— yucio. YnooHo npuHaTh u=P(x), a 3a dv 0003HaYUTH BCE
OCTaJIbHBIE COMHOYKHTEIH.

e Hurerpajisl Buia fP(x)lnxdx, fP[x]arcsinxdx, fP(xJarccosxdx, fP(x)arctgxdx,
f P(x|arcctgxdx. Y mo6HO npuHaTh P(X) = dv, a 32 u Bce OCTaIbHBIE COMHOKHUTEIH.

e urerpainsl Buaa fsian'e”X dx, fcos bx-e“dx, rne a u b dncna. 3a u MOXKHO
OPUHATH QYHKIHIO U = e™,

2
Hpumep S. Brruncnute fxex dx
1

Pentenue.

u=x=>du=dx
e"dx=dv=>v=e

2 2

2
_fxexdx: X=xexl—f e dx={(
1 1

1o 2 2 2 2 2
(2e"—e—e'[[=2e —e—e +e=e".

Ipumep 6. Beruucnuthb f xsinx dx
0

Penrenue.

u=x=du=dx

2
T .
_ :—xcosx|0+fcosxdx=<,
sinxdx=dv=v=—cosx

1

s
f xsinx dx=
0

{—m-(—1)+0+sinx|y=m.

Humezpuposanue 3ameHnoti nepemeHHol (H0OCmMaHo8Koll).
b

[lycTe nis mHTErpaia f flx|dx oT HenpepbIBHOM (YHKIMHU ClieJaHa MOACTAHOBKA

X = q@(t).
Ecmu: 1) pynxmus x = ¢(t) u ee npousBognas X' = ¢/(t) HenpepbiBHBI npu t€[oL;B];
2) MHOKECTBOM 3HaueHUH QyHKIUU X = @(t) pu tE€[ ;3] sBasieTcs oTpe3okK [a;b]
3) g(a) =au @(p) =b, 10
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ff |dx= ff ‘lt)de=F|o(t)|[=F[o(B)]-Flo(a)|=F(b|-F(a)

OtMmetum, yto: 1) IIpu BeIUMCIEHUH ONIPEACIIEHHOTO UHTErpaja METOAOM 3aMEHbI
MEPEeMEHHOM BO3BPAIIATHCS K CTApOH MEPEMEHHOM HE TpeOyeTcs;

2) 4acTO BMECTO MOJICTAHOBKHU X = ((t) MPUMEHSIIOT MOJCTAHOBKY t = g(X);

3) He cnenyerT 3a0bIBaTh MEHSTh TMpENENbl HMHTETPUPOBAHUS TIPU 3aMEHE
MEPEMEHHBIX.

Aneopumm 8bl4UCTIeHUS ONPEOETIeHHO20 UHMe2PaNd MemoOOM NOOCMAHOBKU.

1. Onpenenstor, K KaKOMy TaOJIMYHOMY HHTETpaly MPUBOAUTCS JaHHBIM UHTETPA

(mpeaBapUTEIbHO IPE0OPA30BaB MOJABIHTETPAILHOE BHIPAKEHUE, €CITU HYXKHO).

2. OmnpenensitoT, Kakyl YacTh IMOJBIHTETPAIbHONW (YHKIIMU 3aMEHUTH HOBOM

NIEPEMEHHOM, U 3aMKMCBIBAIOT 3TY 3aAMEHY.

3. Haxonar nuddepeHunans o0enx yacTed 3alucy U BhIpaXXaroT AuddepeHuan

CTapoil mepeMeHHOM (WM BbIpa)keHue, cojiepxaiiee 3ToT nuddepeHnnan) yepes

g depeHnran HoOBOU MEPEMEHHOI.

4. HaxoasT HOBbIE IIpeiebl UHTETPUPOBAHU.

5. IIpou3BoAT 3aMEHy I10]1 UHTErPAJIOM.

6. HaxoasT noay4eHHbI HHTETpal.

5
Ipumep 7. Boruncauts [ xVx*—16dx
4

dt
Pemenne. 3amena: t = x* -16; dt = 2x dx; dx= Sx"

HaiinéM HOBBIE TIpeesbl MHTerpupoBanus. Ipu x = 4, o= t(4) = 4* -16 =0; x = 5,
B=t(5) = 5*-16 =9.

[Tomyuaem:
3
5 1 5 9
[ xVx*~16dx= flﬁdt ft dt %% :%t\ft :%-9@:9,
4 el 0
2
I xdx
Hpumep 8. Beruucnuts { Toxeiel
Pemenne. 3ameHa: t = vV2x+1+1, .
_— —_— \2— 2_
£o] =Vax+L, 2x + 1= (t— 1Y x="" 12) 1.t 22t,dx=(t-1)dt.

Haiiném HoBble mpenensl uHTerpupoBanus. llpu x = 0, a= t(0) = 2; x = 4,

B=t(4)=4.

HonyqaeM'
4 4 4
f\/z T+1 ft 2t I 1) %f t6—2)[t—1]dt=¢ %f t662—3t+2 dt—%coco
x+1+1 5 ) )
2[5 2448 l§—6+4 =7
2\ 3 213 3
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3amaHus I NPAKTHYeCKOil padoThl.

Bapuanr 1.
2 / \
a) [ [3x*~2x]dx 3 )
! [(1- [lax3-3x
0). 2 B). |

1.
2. I1pu momoiu HopMyJTbl HHTETPUPOBAHUS 110 YACTSIM BBIUUCIUTE UHTETPAJIBIL:

a)

1
xcos 4 x dx; 6) [ xin(1+x]|dx
0

INER e L

3. Beruucnure MHTErpaibl C TOMOUIBIO 3aMEHbI IEPEMEHHOM:

2

a)f%; 0) f3x(1—x)l7dx
Bapuanrt 2.

f (xz—x)dx f(7—5x)dx
l.a). -2 0). -1 B).

2. I1pu nomoiu (HpopMyJsibl HHTETPUPOBAHUS 110 YACTSIM BBIUUCIUTE UHTETPAJIbIL:

(1-2x)'dx

— C—

3

a) f (x—3)e "dx; 6)

0

2 .
x°sinx dx

:b:w|.:|

4
3. Brruncinnre HHTETPabl C HOMOIIBIO 3aAMEHBI IEPEMEHHOM:

3

a) !%, 6) | x(3—x)dx

2

IIpakTnueckas padora Ne 13
Ilpumenenue onpedenénnozo unmezpana 0 6bIYUCIEHUA NIOWAOEH NIOCKUX
ducyp
Heab padoTsi:
1. HayunTbcst BBIUMCIATE ONPENEIIEHHBIE HHTETPAIBL.
2. I1o3HaKOMUTBCA C IOHATUEM KPUBOJIMHENHOMN Tpaneuun
3. Ha xOHKpEeTHBIX TpUMeEpax HAyUYUThCS HAXOAUTh IUIOIIAb KPUBOJIMHENHON
Tparennu
3HaHusA:
1. ITonsiTue onpeaenEHHOro0 UHTErpaa.
2. CBoiiCTBa ONPEAEIEHHOTO HHTETpaIa.
3. OCHOBHBIE METO/IbI BBIUNCIIEHUS ONPEIEIEHHBIX HHTETPAJIOB.
4. TloHsiTue KpUBOJIIMHENHOMN Tpaneuuu
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5. MeToap! BEIYMCIIECHHS TUIOMAA KPUBOJIMHENHOMN Tparenuu

Ymenus:

1. BerunciieHue onpenenéHHbIX UHTErPAIOB.

2. Bprunciienre miomaay KpuBOJIMHENHON Tpanenuu

Conepxxkanue padorsl:

KpuBonuneitnoit Tpanemnueit (puc. 1) Ha3pIBalOT GUTYpy, KOTOpask OTpaHUYCHA:

Y y=y(x)
CBEpXY - rpadMKOM HETIPEPHIBHOU
dyHKIHH Yy=)(X)
cHuzy — ockto OX (y=0)
v > X CJIEBA — MPSIMOU X=a
a b cripaBa — IpsMoix=>h
Puc.1

['eomeTprUuecKnil CMBICIT OITPEACITEHHOTO HHTETPAJIA B TOM, YTO €r0 3HAYCHUE PABHO
IJTONIA COOTBETCTBYIOIIEW KPUBOJIMHEWHON TPATICLIUU:

b
S= f y(x)dx
“ ()
PaccMoTpuM paszinyHble METOIbI BBIYUCIEHUS TUIONIaAeH MIIOCKUX QUryp.
IIpumep 1. BeraucnuTh miomaas miockon GUrypel, OrpaHMuE€HHON JIMHUSIMU:

2
Y=X"=2x+2  x=-1,x=2 u ocsio OX.
Pemenue: nannas ¢urypa (puc. 2) npeacrabisieT cO00i KpUBOJIUHEWHYIO TpaNeuio,
no3TOMYy €€ IIoIaas Beraucisiercs mo gopmyse (1).

Y
p=x- Qi)
2 3
S:_[(x2—2x+2)dx:;—|31—x2|fl+2x|31:
-1
(22 (=1P 2 2
o —|2°=|=1]7|+|2:2=2-|-1]|]=
2o ezl
; > (3—3+6=6.
-1 2 X
Puc. 2 OTBer: 6 KB.e].

[Tycts y=f(x) — HenmpepbIBHasA QpyHKIUSA Ipu X ¢ [a, b], rpaduk KoTOpoi
pacnosioxked Hike ocu OX (puc. 3). 3HaueHHne onpeaeNEHHOTro HHTerpaia OyaeT
OTpHLATEIbHBIM, IO3TOMY AJIs pacuéTa Imomaau 0epéM 3HaueHUE UHTErpasa 1o
MOJZYJIIO.
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b
2 by s=|[ flx/dx|
)

v

v y=f(x)
Puc. 3

IIpumep 2. BoraucauTh miomaas miockon (GUrypel, OorpaHMue€HHON TrpaduKom
2
dyskmun  Y=X —3X+6 y ocpio OX.
Pemenue: nannas ¢urypa (puc. 4) pacnonoxxera Hrke ocu OX, T03TOMy MPUMEHUM
bopmyy (2).

3 3 2
5x
S=|[ (x*=5x+6)dx|=|>- -2 P+6x[|=
Y y:X2'5X+6 ‘{(X X )X‘ |3 ‘2 7 ‘2 X|2|
3 53 2 2
&‘3__2 _[23 52 (6~3—6-2]|:
] 3 3 2 2
5 3 X 0\19 25 6\ |38 75+36‘ |_1__1
v 3 2
Puc. 4 Ortser: 1/6 kB.€x.

IIpumep 3. BorauciauTh mI01a1b MI0CKOH PUTYyphl, OrpaHUYEHHON TpadukamMu

— 2 —
dymkmmit Y=X+1 y y=-x+3
Pemienue: nannas gurypa (puc. S)npeacrasiser co00i pa3HOCTb KPUBOJIMHEHHBIX
Tpaneuun

A6CHHCCBI TOYEK MEePECeUEHUs] HaXOIUM IO YePTeXY: X;=-2 U X>=1.
1

S= f —x+3Jdx— [ [x*+1]dx
-2 . MoHO 3anucaTh MoJj] OJIUH UHTETPal:
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Y 2
y =x"+1 1
-2
' 2 3
| . 1 X X 1 _
: G2X‘_2—2—|_2—3—‘_2—
=-X+3
AN e 2P (3
| v > 3 3 B 2
1 X
-2 Ortser: 4,5 kB.e/I.
Puc. 5

1

S:f (—x+3—(x2+1)) dx:f (2—x—x2)dx:

-2
1?2 (-2
2 2

)_

21-21-2-

|

1
—3=4=
3 2

IIpumep 4. BeraucauTh Mmiomaas mIiocKon (GUrypel, OrpaHMueHHON TpadukaMu

—,2 —
dyrkmuit  Y=X"+1 y Y=—X+3  y xoopaMHATHBIME OCSMH.
Pemenue: nannas ¢urypa (puc. 6) npeacTaBisieT co00il CyMMy KPUBOJIMHEHHBIX

1 f
51:f (x2+1)dx
0

3
S,=J —x+3Jdx
1

Tpanenu S=S;+S,, rae " . [Tonyuum dopmyy:
1( 2 ) 0 ) X 1, 1 X’ 3
S=|x+1]dx+| [—x+3|dx==—| + x| —=—[7+
.y :;x2 +_1 { {( 3 |0 k ) |1
+3x[}=
3 3 2 43
\ y=-x+3 b r_ o +(1—O)— 3 L +(3~3—3-1):
| 3 3 2
> 1 1
(=+1-4+6=3—
0Oy 1 3 X 3 3
Puc. 6 31
OTBer: 3 KB.ej.
3amaHus I NPAKTHYeCKO padoThI:
3aoanue 1 Bvluuciume onpedenénnvie UHmespanol:
Bapuanr 1 Bapuant 2 Bapuant 3
4 3 8
_f J;—i dx f(2x—1][3x+5)dx J'iq’/;(x+1)dx
1 \/; 2 0
n 1 n
7 2% 2
f2xsinxdx ‘{X X f5xcosxdx
0 0
0 2 n 1
[ A [ xlx'=3Pdx
Sl fcosx-sm xdx )
0
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3aoanue 2 Boruuciumo niowiaou gueyp

Bapuant 1
FY A Y
y=x 41 y=4x-X
_ . s
o1 4% |x
Bapuanr 2
AY ,
y=-x+5
|
: I R
—_— 20[ 1
Bapuant 3
AY .
y=x-4 y=x-x
227 0 2 » S
Z
y=-x+3x
4

IIpakTuyeckas padora Ne 14

Pewienue eepoamuocmuuix 3a0au
eab padoThI:

Ha KOHKpETHBIX MpUMEpaxX HAYYUTHCS BBIYUCIATH BEPOSTHOCTH CITyYaiHBIX
COOBITHUH.

3HaHus:

1. IToHsiTHE CITy4alfHOTO COOBITHSI.

2. Knaccuueckoe ornpe/iesieHne BEpOATHOCTH.
YMmenus:

1. Brbiuuciaenue BepoOSITHOCTH  CIyYaWHOTO  COOBITUA C  MPUMEHEHHEM
KOMOWHATOPHBIX (POPMYIL.
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Conepixxanue padoThbl:

1. Pazmemenus

PaccMoTpum mpocTeiiirie MOHSATHSA, CBS3aHHBIE C BBHIOOPOM M PACIOIIOKCHHEM
HEKOTOPOTO MHOKECTBA OOBEKTOB.

[Topcuer uymcna crmocoOOB, KOTOPHIMA MOKHO COBEPIIMTH ATH JCHCTBHUS, YaCTO
MIPOU3BOAMTCS MPU PEIICHUH BEPOSATHOCTHBIX 3a]1ad.

Onpeoenenue. PazmeliennemM u3 n 3jeMeHTOB 1o k (k < n) Ha3bIBaeTcs JIH000O€
YHOPSIOYCHHOE TIOJIMHOXKECTBO M3 k DJIEMEHTOB MHOXECTBA, COCTOSIIETO U3 7
Pa3UYHBIX JJIEMEHTOB.

IMpumep. Crenyronme nocnea0BaTeIbHOCTH UGP ABISIOTCS pa3MEIICHUSIMU 110 2
areMeHTa U3 3 aneMeHToB MHOKecTBa {1;2;3}: 12, 13, 23, 21, 31, 32.

3aMeTuM, 4TO pa3MEIIeHUs OTIUYAIOTCS MOPSIKOM BXOSIIUX B HUX DJIEMEHTOB H
ux cocrtaBoM. Pasmemenust 12 u 21 comepkar oguHaKoBble MUGPHI, HO MOPSAOK HX
pacnoyiokeHus pazindeH. [103ToMy 3TH pa3MeneHrs CYUTAIOTCS PAa3HBIMU.

Uucno pasiMyHBIX pa3MEIleHHil U3 7 SIEeMEHTOB Mo k o0Oo3HadaeTcss A, U

n!

k_
BBIYKCIIAECTCS 110 Q)OpMyne:An—(n_k), .

rne n! = 1-2-..:(n- 1)n (uuraercs «n—
baxTopuany).

2. IlepecTaHOBKH

Onpeoenenue. TlepecraHoBKaMu U3 1 SJIEMEHTOB HA3bIBAIOTCS TAKHE Pa3MEIICHHUS
U3 1 3JIEMEHTOB, KOTOPBIE PAa3INYaOTCs TOJIBKO PaCIOI0KEHUEM JIEMEHTOB.

Ywucno rnmepecTaHOBOK U3 71 3JIEMEHTOB P, BeumcisieTcss 1o dhopmyie: P,=n!

IIpumep. Cxonbkumu crnocodamMu MOTYT BCTaTb B OYEpedb S YEIOBEK?
KonmdectBo crioco0OB paBHO YHCITYy TMEPECTAHOBOK M3 5 3JIEeMEHTOB, T.e. Ps=5!
=1-2-3-4-5=120.

3. Coueranus

Onpeoenenue. CodeTaHUSIMU U3 71 DJIEMEHTOB 1O K Ha3bIBAIOTCA TaKHe
pa3MeINIeHus U3 1 DJIEMEHTOB MO k, KOTOPbIE OJHO OT JPYTroro OTIMYAOTCS XOTs Obl
OJIHUM 3JIEMEHTOM.

Yucio pasauyHbIX COUETaHUH U3 71 DIIEMEHTOB 110 k 0003HauaeTcs C, BBIUMCIAETCS
_n!
Ck!n—k|I"
ITo onpenenenuto 0!=1.

1o gpopmymne:C,

Jln coueTaHui CripaBeJIMBEI CIIECIYIOIINE CBOMCTBA:

1L Ch=n
2. Cy= ﬁ_k
3 C?!=CJ::'I!=1
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IMpumep. Nmerorcst 5 1iBeTkoB paszHoro 1Beta. st Oykera BeiOupaeTcs 3 1BeTKa.

/
2! 49
31217

Yucno paznuuHbix OykeToB 1o 3 1BeTka u3 5 paBHo: C 3=

4. CoobITHA

[lo3HaHue NEeHCTBUTEIBLHOCTH B €CTECTBEHHBIX HAayKaX MPOUCXOJAUT B pe3yJIbTaTe
WCIIBITAHUM (SKCTIEpUMEHTA, HaOJI0ICHUH, OTIBITA).

Ucnvimanuem WM ONBITOM  HA3bIBAETCA  OCYLIECTBICHUE KaKOTrO-HUOYIb
OIPEIETICHHOIO0 KOMIUIEKCA YCJIOBHM, KOTOPBI MOXET ObITh BOCIHPOM3BENEH CKOJIb
YTOJHO OOJIBIIIOE YHUCIIO Pa3.

Cnyuatinbim Ha3bIBA€TCSI COOBITUE, KOTOPOE MOKET MPOU30MTH UM HE MIPOU30UTHU
B pE€3yJIbTaTe HEKOTOPOT'O UCIIBITAHUS (OMBITA).

TaknM 00pa3oM, cOOBITHE pacCCMATPUBAETCS KaK pPe3yJbTaT UCIIBITAHHUS.

IIpumep. bpocanne MoHeTHI — 3TO UcnbiTanue. [losiBaeHue opiia npu OpocaHuu —
COOBITHE.

HaGmrogaembple HamMu COOBITHSL pa3IMYaAlOTCS 1O CTENEHU BO3MOMKHOCTH HUX
MOSIBJIEHUS U TI0 XapaKTepy UX B3aUMOCBSI3U.

CoObITHE HaA3BIBACTCS OOCHOBEPHBLIM, €CIU OHO O0053aTeIbHO MNPOU3OMIET B
pe3yibTaTe NaHHOTO UCIIBITaHUS!.

IMpumep. [TonyueHue CTyI€HTOM MOJIOKUTEIHHON UM OTPULIATEIHLHOM OLIEHKH Ha
HK3aMEHE €CTh COOBITHE IOCTOBEPHOE, €CIU PK3aMEH MPOTEKAET COrJIacHO OOBIYHBIM
IpaBUIIAM.

CoObITHE HAa3bIBAECTCS HEBO3MOJCHLIM, €CIM OHO HE MOXKET NPOU30HTH B
pe3ysbTaTe JaHHOTO UCIIBITAHMSL.

IIpumep. H3Bneyenue u3 ypHbl O€noro mapa, B KOTOPOM HaXOAATCS JIUIIb
LBETHBIE (HE OeJble) IIaphl, €CTh COOBITHE HEBO3MOXKHOE. OTMETUM, UTO MIPHU APYIHX
YCIIOBHSIX OIbITa MOSIBJICHUS OEJOro mapa He HCKIIOYAeTCs; TaKUM 00pa3oMm, 3TO
COOBITHE HEBO3MOXKHO JIMILIb B YCIOBHUSIX HAILIETO OMBITA.

Janee ciyuaiinbie coObITUsI OyJieM 0003HAa4YaTh OOJIBIIMMU JIATUHCKUMHU OYKBaMH
A,B,C... loctoBepHOE cOObITHE 0003HAYMM OyKBOM 2, HEBO3MOXKHOE — ().

JIBa WM HECKOJbKO COOBITUM HA3BIBAIOTCS PABHOBO3MONCHLIMU B JTAHHOM
UCIIBITAHUH, €CJIM UMEIOTCS OCHOBAHUSI CUMTATh, YUTO HU OJIHO M3 3TUX COOBITHI HE
sBJIsieTCs 00JIee BOZMOXKHBIM WJIM MEHEE BO3MOXHBIM, YEM JPYTHE.

IMpumep. [Ipu ogHoMm Opocanuu urpanbHON KOCTH mosiBieHue 1, 2, 3,4, 5 u 6
OYKOB - BCE 3TO COOBITUS PAaBHOBO3MOXKHbIE. [Ipeamomaraercs, KOHEYHO, YTO
UrpajgbHas KOCTb M3rOTOBJIEHA W3 OJHOPOJHOIO MaTepuajga U UMEET MPaBUIIbHYIO
dbopmy.

JIBa COOBITHSI HA3BIBAKOTCS HECOBMECMHbIMU B JIAHHOM WCHBITAHUU, €CIIU
NOSIBJIEHUE OJHOIO0 M3 HHUX MCKJIIOYAET MOSBIEHUE JIPYroro, U CO8MECHmHbIMU B
MPOTUBHOM CITy4ae.
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Ipumep. B smuke UMEOTCS CTaHAAPTHBIE U HECTAHIAPTHBIE JaeTain. bepeM Ha
yaady OJHY Jnaetaiib. llosiBlieHMEe CTaHIapTHOM JETalld UCKIIOYAeT IMOSBICHUE
HECTAaH/IAPTHOM JeTaau. ITH COOBITUSI HECOBMECTHBIE.

Heckonbko coOBITHIT 00pa3yIOT noaHYI0 epynny cobbimuil B TaHHOM HUCIIBITAaHUU,
€CJIM B pE3yJIbTaTe 3TOI0 UCIIBITAHUS 003aTENBHO HACTYUT XOTS OBl OIHO U3 HUX.

Ipumep. CoObiTus U3 puMepa 00pa3yrOT MOJIHYIO IPYIITYy PAaBHOBO3MOXKHBIX U
MONIaPHO HECOBMECTHBIX COOBITHIA.

JIBa HECOBMECTHBIX COOBITHS, 00pa3yIOIIMX IMOJIHYIO TPYNIY COOBITUI B JAHHOM
UCIIBITAHUH, Ha3bIBAIOTCS TPOTUBOIOIOKHBIMU COOBITHSIMU.

Ecnu onHO u3 HUX 0003HaueHO Yepe3 4, TO APYroe MPUHATO 0003HAYAThH yepe3 A
(unTaercs «He A»).

IMpumep. Ilomaganue W mpoMax NOpPH OJHOM BBICTpEJIE MO ILETU - COOBITHS
MPOTUBOIOJIOKHEIE.

5. Kimaccuyeckoe onpejaesieHue BEPOITHOCTH

Beposamnocmuv cobvbimus — 4ucneHHas Mepa BO3MOXHOCTH €0 HACTYIUICHUS.

CoObiTHE A Ha3BIBACTCA 0O1a20npusmcmseyiowum COOBITHIO B, eclii BCSKHUMl pa3s,
KOI'/Ia HACTyNaeT COObITHE A, HACTyNaeT U cOObITHE B.

CoObitust 41,45, ..., A, 00pa3yroT cxemy ciyuaes, €CIu OHU:

1) paBHOBO3MOKHBI;

2) monapHO HECOBMECTHBI;

3) 00pa3yroT MOJHYIO TPYMIY.

B cxeme ciayuaeB (M TOJBKO B O3TOM CXeME€) HMEET MECTO KJIACCHYECKOe
ornpezenenre BeposTHOCTU P(A) coObitus A. 31ech CiiydyaeM Ha3bIBalOT KaXJa0€ M3
COOBITHH, TPUHAJICKANTUX BBIJCICHHON TOJHOW TpyIe pPaBHOBO3MOXHBIX U
MOTIAPHO HECOBMECTHBIX COOBITHIA.

Ecnom n — 4Wcio Bcex ciaydaeB B CXeMe, a m — YHCIO CIIy4aes,
ONMaronpUATCTBYIOUINX COOBITHIO A, TO 8eposimHocmb cobvimus A onpenensercs

m
paBeHcTBOM: P(A|="".

W3 onpenenenrs BEpOSITHOCTH BBITEKAIOT CIIEAYIONINE €€ CBOMCTRA!

1. BeposiTHOCTH 1OCTOBEPHOTO COOBITHS PaBHA €IUHUIIE.

2. BeposTHOCTh HEBO3MOXHOTO COOBITHS paBHA HYJIIO.

3. BeposTHOCTh CIy4yallHOTO COOBITHS €CTh MOJIOKUTEIHHOE YHCIIO, 3aKITI0UYEHHOE
Mexy HylieM u enuaunen 0 <P(A4)< 1.

6. Onepanuu Haja coObITUsIMH. Teopema cii0:KeHHsSI BEPOATHOCTEI

Cymmoil, wid OO0bEAMHEHUEM, HECKOJIbKUX COOBITUH Ha3bIBAETCA COOBITHE,
COCTOSIIIIEE B HACTYIUICHUU XOTSI Obl OJHOTO M3 3TUX COOBITHI (B OJTHOM M TOM K€
WCTIBITAHUN).
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IIpumep. bpocarorcs nBe wurpanbHble KocTd. IlycTh coObiTHe A COCTOUT B
BbIMIaZicHNN 4 OYKOB Ha 1 KOCTH, a COObITHE B — B BBINIAJICHUU 5 OYKOB Ha APYrou
kocTtu. CoObiTHst A 1 B coBMecTHBI. [1oaTOMY coObITHE A+B COCTOUT B BbINaJIcHUH 4
OYKOB Ha MEPBOM KOCTH, WIH 5 OYKOB HA BTOPOM KOCTH, WM 4 OYKOB Ha NEPBOMU
KOCTH U 5 OYKOB Ha BTOPOH OJHOBPEMEHHO.

IIpumep. CoObiTHEe A— BHIMTPHII MO 1 3aliMy, COOBITHE B — BBIUTPHILI IO 2 3aiiMYy.
Torna cobbiTe A+B— BBIMIPHINI XOTSA Obl MO OJHOMY 3aiiMy (BO3MOXHO IO JIBYM
cpasy).

[IpousBeneHneM UM MepeceYeHueM HECKOJIbKUX COOBITUN HA3bIBACTCS COOBITHE,
COCTOSIIIIEE B COBMECTHOM TOSIBJIEHUM BCEX AITHX COOBITUH (B OAHOM M TOM XK€
WCITBITAHUN).

IMpumep. CoObitusi A u B coctost B ycnemHoMm npoxoxaeHuu [ u Il typos
COOTBETCTBEHHO TPH MOCTYIUIEHWHW B MHCTUTYT. Torma cobbitTue A4 XB cocTout B
YCHEIMIHOM MTPOXO0KIEHUH 000UX TYpOB.

Teopema. Eciiu coObiTust 4;(i=1, 2, ...,n) monapHO HECOBMECTHBI, TO BEPOSITHOCTb
CYMMBI COOBITUI paBHA CyMME BEPOATHOCTEN ITUX COOBITUI:

P(A4:+A4,) =P(4,) +P(4>)

Ecnu coOwitust A1 u1 A, COBMECTHBI, TO BEPOSTHOCTb CYMMBI JBYX COBMECTHBIX
coObITuil paBHa: P(A1+A42) =P(A:) +P(A4,) — P(A1XA4>).

8. YciaoBHas BeposiTHOCTh. Teopema yMHOKEHUS BEPOSATHOCTEH

YcnoBHol  BeposTHOCTBIO P(B/A) Ha3bIBaeTCs BEPOSATHOCTH COOBITHS B,
BBIYKCIICHHAS B MPE/IIOJI0KEHUH, UTO COOBITHE A YK€ HACTYIIUJIIO.

Teopema. BeposTHOCTH COBMECTHOTO TOSIBJICHUSI JBYX COOBITHI paBHa
IIPOU3BEICHUIO BEPOSTHOCTEW OJHOIO M3 HUX HA YCIOBHYIO BEPOATHOCTH JIPYIroro,
BBIYHCIICHHYIO B MPETOI0KEHHUH, YTO TMEPBOE COOBITHE YK€ HACTYTIHIIO:

P(A-B) = P(4)-P(B/A).

JIBa COOBITHSI HA3BIBAIOTCS HE3aBUCUMBIMH, €CIIU TOSBIICHHUE JIOOOTO W3 HHUX HE
M3MEHSET BEPOSITHOCTh MOSIBJICHUS IpyTOro, T.€. P(A) = P(A/B)

Ecnu coObitust A u B He3aBucumsl, 10 P(4-B) = P(A)-P(B).

3ajaHus VI IPAKTHYECKON padoThI:

1. B kopoOke HaxoAsTcst m~+2 CUHUX, n+3 KpacHbIX U 2n+] 3eeHbIX KapaHJalie.
OnHOBPEMEHHO BBIHUMAKOT m+3n+2 kapanpameid. HallTu BEpOSTHOCTH TOro, 4TO
cpeau HUX OyaeT m+1 cuHuX U n+ 1 KpacHbIX.

2. B nepBoil ypHe HaxoasaTcs m+2 mapoB O€JI0ro W 7 1MapoB YEPHOTO I[BETA, BO
BTOpOWH — m-+n O€Ioro u m CUHEro, B TpeThel — n+3 Oenoro u m+I KpacHOTro
uBera. M3 mepBoil 1 BTOPOM YpHBI HayZady M3BJICKAIOT M0 OAHOMY LIAPY U KJIaAyT B
TpeTbo. [locne 3Toro mu3 Tperbel BBIHMMAKOT OJUH ap. Hailtu BEpOSTHOCTH TOTO,
YTO OH OKQXKETCS OCJIbIM.
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3. BepoATHOCTh MOMajaHusi CTPEIKa B MHUILIECHb IMPU OJHOM BBICTpEJE paBHA

m+n

m+n+2  [IpousBoautcs n+4 BeicTpena. HaiiTH BeposATHOCTH TOTO, YTO OH
IIPOMaxHeTCs He OoJiee ABYX pas.

4. Kaxnaplii m3buparenb HE3aBUCHMO OT OCTAIBHBIX H30WpaTesned, OoTIaéT CBOM
rojjoc 3a kangugata A c BepoarHocTtbio 0,1(m+n) um 3a kaHgumata B — ¢
BeposATHOCThIO 1-0,1(m+n). OueHUTh BEPOATHOCTH TOTO, YTO B peE3yJbTaTe
roJI0cOBaHMs Ha n30uparenbHoM yuactke (5000 u3bupareneit) oauH u3

KaHJIUJATOB ONEPENIUT JPYroro:

a) poBHo Ha 1900 ronocos; 0) He MeHee, ueM Ha 1900 rosiocos
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Tabnuna 1 (Be1OOp mapameTpa m)

A |0 1 2 3 4 5 6 7 8 9
m |1 2 3 4 5 1 2 3 4 5

IIpakTHyeckas padora Ne 15
Cocmaenenue cmamucmuuecko2o pacnpeoeienus evl00pKu, NOCmpoeHue
2ucmozpamm

eab padoThI:

HayuuTtbcst CTpOUTH CTAaTUCTUUECKHUH Psii BHIOOPKH U TUCTOTPaAMMBI.

3HaHus:

1. ITonsiTue 0 BHIOOPOYHOM HCCIEIOBAHUMU.

2. IloHsATHE O NPEACTABICHUN CTATUCTUYECKUX JTaHHBIX.

Ymenus:

1. ITocTpoeHne CTaTUCTUYECKOTO Psiia U TUCTOTPAMMBI.

Coaep:xanue padoThI:

IIpeamer MaTeMaTUYECKOM CTAaTUCTHUKUA COCTAaBJISIOT pa3paboTKa METOJ0B
perucTpanuu, ONUCAHUS W aHAJIW3a CTAaTUCTUYECKUX SKCIEPUMEHTAIBHBIX JTAHHBIH,
MOJIy4aeMbIX B PE3yJIbTaTE HAOMIOACHUS CIIyYalHbIX SIBJICHUMU.

Y CTaHOBJIEHUE 3aKOHOMEPHOCTEW, KOTOPBIM MOAYMHEHBI MAaCCOBBIE CIly4YalHbIE
SIBJICHUSI, OCHOBAHO HAa M3yYEHUHM METOJaMU TEOPUU BEPOSTHOCTEH CTATHCTHYECKHX
JAHHBIX, T.€. PE3yJIbTATOB HAOIIOICHUSI.

B maremarunueckoii CTaTUCTUKE pacCMaTPUBAIOT JIBE€ OCHOBHBIX 3a/1a4u:

1) TIlepBas 3aauya COCTOUT B TOM, YTOOBI yKa3aTh CIIOCOOBI cOOpa U TPYNIUPOBKH
CTaTUCTUYECKUX CBEACHMUH, TOJYUYEHHBIX B pe3yJbTaTe HaONIOJEHUNH WU B
pe3ysbTaTe MOCTABIEHHBIX 3KCIEPUMEHTOB

2) Cocroutr B pa3pabOTKe METOJOB aHaNIM3a CTAaTHCTHYCCKUX JaHHBIX B
3aBUCUMOCTH OT 1ienen ucenenopanusi. Croa OTHOCSTCS:

a) OLEHKa HEU3BECTHOW BEpPOSATHOCTH COOBITHS; OIEHKAa IapaMeTpoB
pacnpenesieHus, BHUJ KOTOPOrO HEWU3BECTEH; OILIEHKAa 3aBUCUMOM CIIy4alHOU
BEJIMYMHBI OT OJJTHOM MJIM HECKOJIBKUX CIIyYailHbIX BEJIUYHH

0) MpoBepKa CTAaTUCTUYECKUX TMIIOTE3 O BUJE HEM3BECTHOI'O PACIPENEIICHUS UITU O
BEJIMYMHE MapaMeTPOB pACTIPEEIICHHMS], BUJ KOTOPOTO HEU3BECTEH.
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N3ydyeHne TeX WM HHBIX SIBICHUM METOJAMH MaTEMAaTUYECKOM CTATUCTHUKU
CIIy’)KaT pEUIEHHEe MHOTHUX BOIPOCOB, BBIABUTA€MbIX HAyKOM U MPAKTUKOU
NpaBWJIbHAS OpraHU3aIUs TEXHOJIOTMYECKOTO Ipolecca HauOoIbIIe 11e1eco00pa3Hoe
IUTAHUPOBAHUE U MTPOYEE.

W Ttak, OCHOBHas 3ajJaya MaTE€MaTUYECKOM CTATUCTUKU COCTOUT B CO3JaHUHU
METOJI0OB cOopa M 00pabOTKM CTATUCTUYECKUX AAHHBIX JUIS MOJYYECHHUS HAYyUHBIX U
MPAKTUYECKUX BBIBOJIOB.

I'enepanbHasi 1 BbIOOPOYHAS COBOKYIHOCTD.

COBOKYITHOCTh BCEX OOBEKTOB, MOAYUHEHHBIX JTAHHOMY IPHU3HAKY, HA3bIBACTCS
reHepajJibHON COBOKYNMHOCTBIO. UuCio Takux OOBEKTOB Ha3bIBAeTCS 00BEMOM
reHepajibHONH COBOKYITHOCTH.

[Tycts TpeOyercs HM3y4UTh COBOKYNMHOCTH OJHOPOJHBIX OOBEKTOB OTHOCUTENIBHO
HEKOTOPBIX KAYECTBEHHBIX WJIM KOJIMYECTBEHHBIX TPU3HAKOB, XapaKTepU3YyIOIIKE 3T
oOBekThl. Hampumep, ecnm wMeeTcss mapTus JeTaieil, TO KadyeCTBEHHBIMU
MpU3HAKAMU MOXET CIY>KUTh CTaHAApPTHOCTh JeTaneil, a KOJIWYECTBEHHBIM -
KOHTPOJIMPYEMBIA pa3smMep AETAIH.

OOBIYHO W3 BCEW COBOKYNHOCTH OTOMPAIOT OrPaHMYEHHOE YHCIO0 OOBEKTOB,
KOTOpO€ H3Yy4yaloT TaKyl CIy4ailHO OTOOpaHHYI0 COBOKYIHOCTb, Ha3bIBaIOT
BbIOOPOYHOI COBOKYITHOCTBHIO WJIH BBIOOPKOI.

Bbi6opka, 10CTaTOYHO XOPOIIO OMUCHIBAIONIAsl BCIO T€HEPATbHYIO COBOKYITHOCTD,
Ha3bIBACTCA penpe3eHTATUBHOM. [ TOro, 4roObl MO JAHHBIM BBIOOPKH MOKHO
OBLIIO IOCTATOYHO YBEPEHHO CYAUTH 00 MHTEPECYIOIIEM HAC MPU3HAKe, HE0OX0IUMO,
YTOOBI

OOBEKTHI BBHIOOPKH MPABWJIBHO €r0 MPEJCTABISIN, T. €. BHIOOpKA JOJIKHA OBITH
penpe3eHTaTUBHON ( PEICTaBUTEIbHOM).

Jlis  monmydeHWe  penpe3eHTAaTUBHOW BBIOOPKHM HEOOXOAMMO ,4TOOBI  BCE
0TOOpakEHHBIE ITEMEHTHI UMEIOT OJJMHAKOBYIO BEPOSTHOCTH MOMAcTh B BHIOOpPKY. B
ciy4yae OO0NbIIOr0 00bEMA TIE€HEPAIbHOW COBOKYIMHOCTH HCIIONB3YIOT TaOJIHILy
ciydaitHeix yucen. Hanpumep, 4To0bl Beipa3uTh 2000b€KTOB U3 MPOHYMEPOBAHHOMN
reHepaJbHON COBOKYMMHOCTH MOXKHO 3anucarh 20 ciiydailHbIX YHCed.

DNEMEHTHI X1, X2,.. Xy CIy4YallHO MOMABIINE B BHIOOPKY HA3BIBAIOTCSA BapHaHTAMM, a
UX KOJI-BO N — 00beM BBIOOpKU. OTOOpaHHBIE 3JEMEHTHI PACIoyIaraloT B MOPSIKE
BO3pacTaHus. Takas mocien0BaTENbHOCTh HA3bIBAETCS BAPUALMOHHBIM PSIOM.

Pa3HoCTp MeXIy MakCHUMalbHbIM M MHUHUMAJIbHBIMH 3JEMEHTAMHU Ha3bIBACTCS
pa3MaxoM BbIOOPKH.

Cpenu n-31eMeHTOB BBIOOPKH MOTYT OBITh BCTPEUATHCS MOBTOPSIIOIITUECS.

Hanpumep x; — n; pa3, X — n, pas; X, — N, pa3. Yucna ni, n,, n, Ha3bIBAIOTCS
4acTOTaMHU BapUAHT.
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PacnonoxkeHHoe B TOpsiAKE BO3pacTaHUsI BAPUAHT IOCJIEIOBATEIBHOCTH Map
4yucel, COCTaBJIEHHAass M3 BapMaHT M HMX 4YacToT (Xi;ni), (X2;n2) Has3bIBaerTcs
CTaTUCTUYECKUM PpAJIOM WA CTaTUCTUYECKUM pacnpeneneHueM. [lpu stom
MOJIB3YIOTCSl TAOJIMYHOM 3aMUCHIO:

Xi X1 X2

n; n; n

Ilpumep: 3amucath BapUALIMOHHBIM psii M CTATUCTUYECKOE pacrpeicsicHue
BBIOOPKHU U3 YMClia YYEOHBIX JHEH B rofy, MPOMYIICHHBIX MO OOJIE3HU CTYJACHTaMHU.
OnpenenuTsb pazMax BBIOOPKU:

5,0,3,7,0,1,0,5,0,5,2,10,2,0,7,2,4,7,7,4

1) Haitnem o6bem BeIOOpKH: N=20

2) 3anuiieM BapUAIIMOHHBIN PSI;

0,0,0,0,0,2,2,2,3,4,4,5,5,5,7,7,7,7,10,10

3) 3anuieM cCTaTUCTHYECKOE pacipeieieHue:

Xi 0 2 3 4 5 7 10

n; 5 3 1 2 3 4 2

4) Omnpenenum pazMax BEIOOPKHU: 7=10-0=10

[Ipu GonbiioM 0O0beMe BBHIOOPKH JIJISi YNPOIIECHUSI €€ BBIYUCIICHHS €€ DJIEMEHTHI
OOBEAMHSIOT B paspsiibl, MNPEJACTaBIsii B BBHIOOPKY B BHJIE TPYNIHPOBAHHOTO
CTaTHUCTHYECKOTO psfa. s 3Toro Bce coiaepxkamiuecs: dJIeMeHThl pa3ouBaroT Ha k
VHTEPBAJIOB PABHOM JIJINHBL.

I'padpuyeckue npeacraBieHUus1 CTAaTUCTUYECKOM COBOKYITHOCTH

IosMroxn u rucrorpamma.

B menmsax HarSIAHOCTH  CTPOSIT  pa3iu4Hblie TIpadUKUd  CTAaTUCTUYECKOTO
pactipeneneHuss. OHM TO3BOJISIIOT JIy4llle MPEACTABUTH XAPAKTEP PaCIpEETICHUs
AJIIEMEHTOB BBHIOOPKH, @ MHOTJA U CAENATh MPEANOJIOKEHUS O 3aKOHE pacipeieeHus
IE€HEPaJIbHOU COBOKYITHOCTH.

OcHOBHbBIE IOHATHS.

Pap pacnpepesieHMst — 3TO psAx 4UCEN, B KOTOPOM 3HAQUYEHUE H3Yy4aeMOro
npu3Haka (BapuaHTa) PacIoJIOKEHbI B OMNpeJeeHHOM mopsnke. JInbo B mopsiake
BO3pacTaHus, JIM00 B mopsike yosiBaHus. Hapsiny ¢ BapuanTamu psiji pacrpeaeseHui
BKJIIOYAIOT B YacTOThl (BEJMYMHBI, IMOKA3bIBAIOUIME CKOJIBKO pa3 Kaxkzaas u3
BApUAHTOB BCTPEYAIOTCS B JIAaHHOW COBOKYyMHOCTH). CyMMma YacTOT paBHa 00beMy
COBOKYMHOCTHU. Takum 00pa3om, psiji pacripeeICHus] COCTOUT W3 BApPUAHT M YaCTOT.
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B 3aBUCHMOCTM OT NPEPBHIBHOCTUM M HEMPEPHIBHOCTH BAapbHPYIOLIErO IPU3HAKa
psabl  pacrupezeneHuss yAOOHO TMPEACTaBisATh B BHUAE JABYX Pa3HOBHIHOCTEH:
JAUCKPETHOI0 M BAPHALMOHHOTIO (MHTEPBAJIbHBIX)

JIMCKpETHBIN s MpeICTaBIseT COOOM Psii MPEPHIBHBIX YHCEIT.

Hanpumep: pacnpeneneHne cemen 1o YuCily YWICHOB.

[Ipy HempepblBHOW Bapuauuu  paclpeiesieHUeM [pU3HaKa  Ha3bIBaeTCs
MHTEPBAJIbHBIM.

Hanpumep: pactipeneneHre coBX030B 007aCTH 110 % BBIIOJIHEHUIO IIJIaHA.

[Tyctb M3 reHepanbHOW COBOKYINHOCTHM M3BjeueHa BblOOpKa. HabOmromaemble
3HAYEHHMS X;- HA3BIBAIOT BAPMAHTAMH, M- YMCIA HAOMIOACHMS YacTOTAMH, N=) N
o0beM  BBIOOPKM, OTHOIIEHHMS YacToT K 0ObeMy BBIOOPDKM  Ha3bIBaeTCS

OTHOCHTEJIbHLIMH YacTOTaMu W, =—
n
IIpumep. CocTaBuUTh pacHpelesIeHUs OTHOCHUTEIbHBIX YacTOT, €CIIM 3a/aHO

pacrpeiefieHue 4acToT BEIOOPKU 0Obema.

n=20
X 2 6 12
n 3 10 7
Pemenue. Haliném oTHOCUTENBHEIE YACTOTHI.
woh_3
"n 20 X; 2 6 12
10
wa=og W, 0,15 0,5 0,35
s
5720

0,15+0,5+0,35=1 .
CyMMa OTHOCHUTEINIBHBIX YAaCTOT PABHA €UHUIIC.

B nensix HarasgHOCTH CTPOSIT pa3IndHbie TpadUKU nOIUCOH U 2UCHOSDAMMA.

IToIMrOHOM YaCTOT HA3bIBACTCS JIOMAHAsl JIUHUS BEPIIUHOW, KOTOPOU SIBJISFOTCS
TOYKHU ((X 1,’11),(X2,“2)---(Xk,nk) ONpEICIISIEMBIE AJIEMEHTAMM CTATUCTUUYECKOTO psiaa. s
€ro MOCTPOCHHS MO OCH a0CHMCC OTKJIAJbIBAIOT BapUaHTHI X;, a MO OCHU OpJUHAT
COOTBETCTBYIOIIIAs UM 4YacToTa ;.

ITocTpoeHHBIE TOYKU COCAUHSIOT OTPE3KAMHU MIPSAMBIX.

I'mcTorpaMmmoii 4acTOT Ha3bIBaeTCs CTyneHYaras (Qurypa COCTaBJICHHAs W3
NPAMOYI'OJIBHUKOB IIOCTPOCHHBIX Ha MHTEpBaJIax TaK YTO IUIOIIAAbL KaXKI0To
MPSIMOYTOJIbHUKA YUCIICHHO PaBHA YAaCTOTE BAPUAHTHI PACIIONOKEHHOW B CEPEIMHE I
uHTepBasia. To €CTh IJIOIIA b THCTOIPAMMBI YaCTOT paBHa 00bEMY BBIOOPKHU

Hpumep. [locTpouTh NOJIUTOH U TUCTOTPAMMY YaCTOT.
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Jlano Bpemsi HeNENbHOW 3arpy3Kd DJJIEKTPUYECKUX AyXOBBIX MmikadgoB 50-Tu
00CJIeIOBaHHBIX MPEMPUATUN OOIECTBEHHOTO MMUTAHUS B Yacax.

38 60 41 51 33 42 45 21 53 60

60 52 47 46 49 49 14 57 54 59

77 47 28 48 58 32 42 58 61 30

61 35 47 72 41 45 44 56 30 40

67 65 39 48 43 60 54 42 59 50
PazoObem psij pacnipeiesieHust Ha 7 UHTEPBAJIOB, ONPEIETUM pa3Max BhIOOPKH.
77-14=63

Haiinem mivHy uHTepBaga. h= % =9
I'panuis! CepenuHa X;
HHTCPBAJIOB HWHTEPBAJIOB

1 14-23 18,5 2
2 23-32 27,5 3
3 32-41 36,5 6
4 41-50 45,5 17
5 50-59 54,5 10
6 59-68 63,5 10
7 68-77 72,5 2

YToO0BI IIOCTPOUTD TUCTOIPpAMMY HaﬁﬂéM OTHOCHUTCIIBHBIC YaCTOTHI.

18
16
14
12
10

O N DM OO®

7 7

14-23 23-32 32-41 41-50 50-59 59-68 68-77

3aiaHus 11 NIPAKTHYECKO padoThI:

[Ipyn M3MeHeHHM aWamMeTpa BajidKa Iocie mIM(oBKH ObLTa TOJIydeHa CICAYFOIIas
BBIOOpKA:
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20,3 18,1 [20,4 [20,1 [153 [22,8 [183 [13,9 [16,7 [17.8 [13.5
154 21,9 [16,5 [16,8 [19,3 [21,9 [14,7 [198 [204 [213 [118
172|153 [19,7 [14,7 [17,8 12,5 [145 185 [195 [175 [18.6
192 16,8 [20,5 [20,8 |162 [10,1 [18,1 [202 [172 [19,4 |19,1
233 13,2 14,3 [19,5 [15,7 [21,1 [18.4 [238 [19,6 [17.8 |193

[TocTpouTh rucTOrpaMmy 4acToT, IPEABAPUTEIBHO MOCTPOUB PAJl CTATUCTUYECKOTO
pacrpeneneHus, COCTOSIIUN U3 CEMU NHTEPBAJIOB.
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	ПОЯСНИТЕЛЬНАЯ ЗАПИСКА
	Высотой призмы называется перпендикуляр, опущенный из любой точки одного основания на плоскость другого (Рис.2)
	Если боковые ребра призмы перпендикулярны к плоскости основания, то — призма прямая (Рис.3)
	Рис.3 Рис.4
	Если нет, то призма наклонная (Рис.4).
	Если в прямой призме основание — правильный многоугольник — призма правильная.
	Перпендикулярное сечение призмы — это такое сечение, которое образовано плоскостью перпендикулярной к её боковому ребру.
	Прямоугольный параллелепипед, все грани которого - квадраты, называется кубом. Все ребра куба равны, а площадь поверхности куба равна сумме площадей шести его граней, т.е. площади квадрата со стороной H умноженной на шесть. Площадь поверхности куба равна:
	


	где C — длина окружности, H — высота цилиндра, R — радиус окружности основания.
	Площадь полной поверхности: + 2
	
	Площадь боковой поверхности:
	где R— радиус шара.
	Решение
	Решение

	Основные формулы для вычисления объемов тел
	Теоретические сведения.

	Абсциссы точек пересечения находим по чертежу: x1=-2 и x2=1.

