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BBenenue

Hacrosmue MeToAMYeCcKUE YKa3aHWs K BBINOJHEHUIO CAMOCTOSATEIBHON
padorel mo gucuumuimae EH.01 «Marematvka» A CTyACHTOB 2 Kypca
cnenuanbHocTl  08.02.01  «CTpoMTENBCTBO M OKCIUlyaTauuss 3AaHUA |
COOPY>KEHUI» COCTABJIEHBI B COOTBETCTBUU ¢ TpeOoBaHusiMu OI'OC u SBASIOTCS
YaCThIO ~ Y4eOHO-METOAMYECKOrO0  KOMILIEKca K pabouell  mporpamme
MaTeEMaTHYECKOr0 W OOHIET0 €CTECTBEHHOHAYYHOrO0 y4YeOHOTr0 I[HMKJIA M0
mucuumuinae EH.01 «Maremaruka» mist 2 kypcea.

ConepxaHue  caMOCTOATEIBHOH  PadOTBl  MO3BOJISIET  CHOPMUPOBATH
CJIEIYIOILME YMEHMUS:

— BBINOJIHATh HEOOXOIMMBIC U3MEPEHUS U CBSI3aHHBIE C HUIMH PacyueThl,

— BBIYUCIIATH MJIOLIAJAA U O0OBEMBI AETANIEH CTPOUTEIBHBIX KOHCTPYKIIHIA,

— BBIYUCIIATH 00BEMbI KOHCTPYKIIHIA,

— BBIOMpaTh M NOPHUMEHATh MAaTEMATUYECKUE METOAbI JI PEUICHHS
Mpo(EeCCUOHANIBHBIX 3a1a4,

B pe3ynbrare 0cBOESHUS AUCUUTUIMHBI O0YYaArOIIUICS TOJKEH 3HATH!

— OCHOBHBIE TIOHATHS O MATEMATUYECKOM CUHTE3E U aHATTU3E,

— OCHOBHBIC TIOHSTHS JUCKPETHONH MaTEMATHKH,

— OCHOBHBIE TIOHSATHSI TEOPUU BEPOATHOCTH U MATEMATHYECKON CTATUCTUKY,

— OCHOBHBIE (POPMYJIBI JUISl BBIYMCIICHUS TUIOINAACH Uryp u 0OBEMOB TEI,
UCIOJIb3YEMBIX B CTPOMTEBCTBE;

— pOJIb M MECTO MATEMAaTUKH B COBPEMECHHOM MHPE MPH OCBOCHHUHU
npo(heCCHOHATIBHBIX AUCLIUIUIMH U B c(hepe MpOoPeCCHOHAITBHON AEATETBHOCTH.

CamocrodarenbHas paboTa HampasiceHa Ha (OPMUPOBAHME YYEOHBIX W
npo(ECCUOHANIBHBIX ~ MPAKTUYECKUX  YMEHWM, COCTABISIET BAXKHYIO 4YacTh
TEOPETUYECCKOW M MPOPECCHOHATBHON MPAKTHYECKON MOATOTOBKH CTYACHTOB W
CcnocoOCTBYET (POPMUPOBAHUIO OOMIMX KOMIETEHIMH, BKIOYAKOMUX B CeOs
CHOCOOHOCTB:

OK 01. BeiOuparb cnocoObl pemeHHs 3anad  MpPOQecCHOHAIBHOM
JEATEILHOCTH, TPUMEHUTENIBHO K PA3JIMYHBIM KOHTEKCTaM;

OK 02. Hcnmonp30BaTb COBPEMEHHBIE CPEACTBA TMOMCKA, aHauu3a W
WHTEPIPETAlNK HHPOPMALMH, U NMHPOPMALMOHHBIE TEXHOIOTHH JJISl BBIITOJTHEHUS
33124 TPO(PEeCCUOHATLHOMN ACATEIBHOCTH;

OK 03. [InanupoBate U peaau30BbIBaTh COOCTBEHHOE MPO(HECCHOHATTEHOE U
JMYHOCTHOE pa3BUTHE, NPEINTPUHUMATETBCKYIO JESATENBHOCTD B
npodecCuoHabHOM cepe, NCIoNb30BaTh 3HAHUS MO (PMHAHCOBOM TPAMOTHOCTH B
PA3JIMYHBIX )KU3HEHHBIX CUTYalHsX;

OK 05. OcywecTBiasTh YCTHYKO M NHUCBMEHHYK) KOMMYHHUKALMIO Ha
roCy/JapCcTBEHHOM si3bIke Poccuiickoii denepaumm ¢ y4eToM OCOOEHHOCTEH
COLMATBHOIO U KYJIBTYPHOTO KOHTEKCTA,

OK 06. IIposiBiiATE IPAKIAHCKO-NIATPHOTHYECKYIO ITO3ULHIO,
JEMOHCTPUPOBATh  OCO3HAHHOE TMOBEJACHHWE HA  OCHOBE  TPAIULMOHHBIX
OOLICYETIOBEYECKMX LICHHOCTEH, B TOM 4YHCIE C YYETOM TapMOHM3ALUH
MEXHALMMOHAIBHBIX WM MEKPEIMIMO3HBIX OTHOIIEHHWH, NMPUMEHSATH CTaHAAPTHI
AHTUKOPPYNLMOHHOIO TIOBEICHUS,



OK 08. Mcnonp3oBath cpeacTBa (PU3MUYECKOH KYJIBTYPHI JUIsl COXPAHEHUS U
VKPEIJIEHUST 3J0POBbS B MpoLECCE NPOPECCHOHATBHON  ACITENBHOCTH W
NOACPXKaHUS HEOOXOAUMOTO YPOBHS (PM3NYECKON MOATOTOBICHHOCTH

JIaHHOE METOIMYECKOE MOCOOME COACPKHUT JIEKIMOHHBIA W NMPAKTHYECKHAN
Marepual AMCUMIUIMHBL «Maremarukay s CTYAEHTOB BTOPOr0 Kypca OYHOM
dbopMbl  00y4YeHHsT  CICAYIOMNIMX  Pa3lC/ioB  MAaTEMaTHKW.  «ODJIEMEHTBI
QHATMTUYECKONW  reoMeTpum», «Bbluuciaenune mmomaaeid w 0O0bEMOBY,
«IupdepeHuraibHOe W MHTETPATBHOE  UCUYHCIEHUS», «OCHOBBI TEOPHH
BEPOATHOCTEN U MATEMAaTUYECKON CTATUCTUKHY.

JUIsL KaXI0ro pasfenia yKa3blBAaeTCA LEMb W3YUYEHUsT Marepuana, Kakue
HEOOXOOMMBI 3HAHWUS M YMEHMS, TEOPETUYECCKHE CBEICHUS, MPUMEPHI PEIICHUS
3amad. s KakOaoW camMOCTOSTENbHOM paboThl MPENOCTABICHBI BOMPOCHI JUIs
CAMOKOHTPOJIS, 3a0aHUS JJI1 CAMOCTOSTENIBHOTO PELLICHMS.

CamocrodarenbHas padoTa BBIMONHIETCS B TETPAAAX I CAMOCTOSTEIBHON
paboTHI C YKa3aHUEM TEMbI, OTBETAMH HA BOMPOCH U PELICHUEM 33IaHUH.

Kpurepuii onicHUBaHHs OTBETOB HA BOMTPOCHI U BBIMIOJTHEHWS 38 1aHUN:

OTtMeTKa «5» CTaBUThLCS, €CIIU:

— paboTa BBIMOJMHEHA NOJHOCTBIO (JAHBI MPABHIIBHBIE OTBETHI HA BCE
BOMPOCHI U PELIEHBI BCE 3aaHMs),

— B JIOTHYECKUX PACCYKICHUSAX U OOOCHOBAHUM PEUICHMS HET MPOOEIOB U
OIINOO0K;

— B PCLICHUHM HET MAaTEMATHYECKUX OIMUOOK (BO3MOKHA OJHA HETOYHOCTD,
OMKCKA, HE SBISIOIASACA CICACTBUEM HE3HAHWS WJIA HEMOHWMaHUs Y4eOHOTO
Marepuana).

OtmMeTKa «4» CTaBUTCS, €CIIH:

— BBIMOJIHEHO 75-90% 3amanuii (JaHbBl OTBETHI HA YacTh BONPOCOB W
PELIEHBI YaCTh 3a/1aHUH ),

— 00 paboTa BBIMOJHEHA NOJHOCTBIO, HO OOOCHOBAHUS LIArOB PEIICHHS
HEJOCTATOYHBI,

— JONyUIeHa OJIHA OIMOKA WM JIBa-TPHU HEIOYETA B BHIKJIAIKAX, PUCYHKAX,
yeprexkax WM rpagukax (€cam 3Td BUABI padOThl HE SBISIOTCS CHECHHATBHBIM
OOBEKTOM MPOBEPKH ).

OtMeTKa «3» CTaBUThLCS, €CIIU:

— BBIMOJIHEHO 60-75% 3amaHuii (JaHbl OTBETHI HA YacThb BOMPOCOB H
petieHo 60 % 3amxanuii),

— gonyuieHsl Oonee OAHOH OmMOKM WM 00Jiee JBYX-TPEX HEIOYETOB B
BBIKJIQJIKaX, 4YepTekax WM Trpadukax, HO ydyalluics BIIaaceT 00s3aTelIbHBIMU
YMEHUSAMHU 110 IIPOBEPSIEMOM TEME.

OTtMeTKa «2» CTaBUTCSH, €CIIH:

— BBINOJHEHO MeHee 60% 3a1aHui;

— JIONYUIEHBI CYIICCTBEHHbIE OMMOKH, IMOKA3aBIIKAE, YTO YyYalIMiics HE
BJaJICET 00s3aTEIbHBIMA YMEHHSIMHU IO TAHHOM TEME B TIOJTHOM MEPE.

MeTtonnueckoe nocoOMe MOMOMET CTYACHTAM BOCIOJIIHATH NPOOENBl B
3HAHMSX, & MPENOJABATEISAM MMOATOTOBUTHCS K 3aHATHUSIM.
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Pemrenne: Ilnomans napamiesaorpaMma, IIOCTPOEHHOIO Ha BEKTOpax a, b
YUCJICHHO paBHA JUIMHE BEKTOPHOTO MPOU3BEACHMUS:

— — . = LT \/§

S=|axb| =13l || -sm(é’,b) = 2-3-31n§=6-7=3\/§z 5,2 en’.

[Ipumep 3: Haiitin BEKTOpHOE TPOM3BENACHUE BEKTOpoB a (—1;2;—3),
b (0; —4; 1) u ero anuHy.

PelieHne: HATH BEKTOPHOE MPOU3BEACHUE (BEKTOP):

i 7k
_ _ 5 3 _ -1 -3 _ -1 2| -
N:[ﬂXE}]:—l 2 — 3= 4 1.3—0 1'-"r+|:| 4j:=
o -4 1

= (2-12) F—(-1-0) J+@-0) k=—107 + j+4k

B pe3yibTare nonydeH BeKTop ¢ koopauHaramu N (—10; 1;4).
Haiitu ero muny:

37| = JE107 1 447 = 00+ 1416 = 117 = 3./13

[Tpumep 4: Jlanbl BEPILIAHBI TPEYroJIbHAKA
A (0;2;0),B(—2;5;0),C (—2;2;6). Haiitu ero miomaais.

Pelienne: cHavana HallTH KOOPAMHATHI BEKTOPOB ¢ OOIIEH BEPIIMHOM:

AB = (—2—-0;5-2;0-0) = (=2;3;0),

AC=(-2—-0;2-2;6—0) = (=2;0;6).

3areM BEKTOPHOE MPOU3BECIICHHE:

'

20 _ 20
0= 3=

0 & -2 A
£

N=[ABxAC|=| 2
2

Lo TR U TS

P+ 2 BE—

=(18-0) - —(—-12-0). j+(0+6) k=187 +127 +6k
Beruucnute €ro mivHy:

] = 18 +12% +6* = 324+ 144+ 36 = -/504 = 614
dopMylibl  MIOWIAJACH MapajiesiorpaMmMa M TPEYroJibHUKA, CaMO COOOM,
OCTAKOTCS T€ XKE CAMBIC: Srpeyronprmka = % IN| = 3V14 ~ 11,22 ex®.

[Tpumep 5: Jausl BekTopbl a (1; —1; 2),5 (0;4;3),c(3;2;—6).
Brruucnurs:

a) CMEIIAHHOE MPOU3BEACHUE BEKTOPOB;

0) 00BEM mapasienenune/a, MoCTPOSHHOTO Ha BEKTOpax a, b, C;

B) 00BEM TETpad/pa, MOCTPOCHHOTO HA BEKTOPAX a, b, C.
Pemenue:

a) [lo popmysie cMemaHHOTO MPOU3BEACHHUS:
1 -1 2
p=(@-b.-7i=0 4 3|=
i 2 -4

(OMPEACTUTEb PACKPHIT MO MEPBOMY CTOJIOILY ).

4 3
—f

12
+3T4 3‘=(—24—ﬁ]+3-(—3—8}=—3E|—33=—63



0) OOBEM mapanienenunena, MTOCTPOSHHOIO Ha BEKTOpaxX a,b,c, paBeH
MOJIYJIIO CMEUMIAHHOTO MPOM3BENCHHS JAHHBIX BEKTOPOB: Viap—na = |p| = [—63] =
63 ex’.

. . — 1 —

B) O0BEM TeTpasapa, NOCTPOSHHOTO HA JAHHBIX BEKTOPAX: Vier_pa = - lp| =
1 63
=|—63] ===10,5ex’.
—[—63] =— 5 e .

[pumep 6: Mdaubl cuma F =(2;3;—1) U Touka €€ MNPHIOKCHHUS
A(—1;-1;3). HaiiTu MOMEHT CWJIbl OTHOCHTEJIHHO Hauaja KOOPAMHAT W YIJIbI,
COCTaBJISIEMbIE MOMEHTOM C KOOPAWHATHBIMHU OCSIMH.

Pemenue:
Haiitu BEeKTOpHOE MPOU3BEACHUE PANUYC-BEKTOPA TOUKHU MPUIIOKECHUS 7=

(—1; —1; 3) u BekTOpa CUJIBI F= (2;3;—1) — 510 M OyAET MOMEHTOM CHIIBI:

= > = T T E —_ > — > - —1l|7
. 2 3 -1
—81+ 5] —k

JIns HaXOXKJICHUS YIJIOB ONPEACIIUTh HAMPABIIAOIIKAE KOCUHYCHI, BBIYACIIUB
MOAYyJIb MOMCHTA.! |m0(ﬁ)| = \/(—8)2 + 52 4+ (—1)2 = +/90.

_x_=8 . _ Y 5 L —_Zz _ 1
cosa—m—\/%fv O,843,cosB—|v|—\/%~0,527,cosy—|v|—\/%~
—0,105.

yFJ'IBI, COCTABJIACMBIC MOMCHTOM CHJIEI C KOOpI[I/IHaTHBIMI/I OCiIMHU paBHBI:
a =147° 8 = 58°y = 96°.

YpaBHEHHE NPSIMO# B MPOCTPAHCTBE

BeKTOPHO-TIapaMETPHYECKOE YPABHEHUE MPIMONH MMEET BUA: T = 1y + tq,
rae ¥ — pamdyc-BeKTOp Jo00i Toukd M(X,y,z) mpsAMOM, T, — paauyc-BEKTOD
Touku My (Xg, Yo, Zg), t — MapaMeTp, MPUHUMALOLIUNA BO3ZMOXKHBIC IEHCTBUTEIIBHbIC
3HAYeHUs. OTO YpaBHEHUE MPsAMOi, mpoxoisuiei vepe3 Touky My (Xg, Yo, Zo)
napajulebHO  BEeKTOpy ¢ = (M, n,p), KOTOPBIM HA3BLIBAETCA HAIPABJISIOLIMM
BEKTOPOM C KO3 puIMeHTaMu m, n, p.

[TapameTpryeckoe ypaBHEHHE NIPAMONA: X = Xy + tm,y = y, + tn,
Z =7y + tp.

—Xo Y—=Yo Z—Zg

o X
KanoHnnveckoe ypaBHEHUE TIPSIMOM: o - n o
YpaBHeHHE TIpAMOW TPOXOdlie uyepe3 JnBe TOoukd M;(Xq,¥q,21),
XXy YTV1 _ Z7Zg
MZ(XZJYZJZZ)' . Vv,  go_o "
X2—X1 y2=¥1 Z27Z1
OO111ee ypaBHEHHE MPSAMOM B TPOCTPAHCTBE — 3TO JIMHUS MEPECCUCHUS TBYX
TUIOCKOCTEH, T.€. TpsMas OMNpeacicHHas 3aJaHMEeM CHUCTEMbl JBYX JIMHEHHBIX

VPaBHEHHUNA:

{Alx + Bly + Clz + D1 = O,
A2X + B2y+ sz + DZ = 0.

[Ipumep 1: CocCTaBUTh YpaBHEHHE TMPAMOHM, NPOXOMSIICH YEpPe3 TOUYKY

10



M, (2; 1; 3) u mapasiensHol BekTOpy q = (4, —5, —6).
. X—2 -1 z—3
Peluenne: COCTABATH KAHOHNMECKOE YPABHEHUE MPAMOIt: —— = ==

[TpeoOpazoBaTh €ro B 00IIEE YPABHCHHUE MPSIMOM:
X—2 y—1

- == {—5x+10=4y—4, ¢>{5x+4y—14=0,
y1_z233 —6y + 6 = —5z + 15. 6y —5z+9 = 0.

-5 -6

IIpumep 2: CocTaBUTH ypaBHEHHME NPAMOM, napauensHoi ocu Ox U
npoxojsiie yepes Touky M(1;1;1).

Perenue:

Hanpasnsromuii BeKTOp ¢ npsAMoi koyumiHeapeH ocu OX, 3HA4UT €ro
npoekiuu Ha ocu Oy m Oz paBHbl HyJ0. [IPUHATH HAMpaBIEHHE BEKTOpPA

COBIAJIAIOIIUM C TIOJIOXKUTEIBHBIM HampasjieHneM ocu OX W JUIMHY 3a €IWHUILY,
x-1 _y-1 _z-1
o0 o

torna d = (1;0;0). CocraBuTh KaHOHUYECKOE YPABHEHHE:
y—1=0,
z—1=0.
[Ipumep 3: CoCTaBUTh YpaBHEHUE TMPAMOH, NPOXOMAIIEH 4YEPE3 TOUKH
A(1;,-2;-1),B(3;0;4).
X—Xq V—V1 Z—7Zq -1 y+2 zZ+1

X
Pewenue: [lo ¢opmyne = = NOJTy4aeTCst
X2=X1  Y27V1  Z27Zg 3-1

OO0111ee ypaBHEHUE MPUMET BUI; {

0+2 4+1

Xx—1 _y+2 z+1

Wi

2 2 5

KpuBble BTOporo nopsiaka. Mx kaHOHWYECKHUEe VPaBHEHUS

OO111c€ YPAaBHEHUE KPUBBIX BTOPOTO MOPSIKA UMEET BU;

Ax? + 2Bxy+ Cy?+2Dx+2Ey+F=0, rne A, B, C, D, E, F —
MTPOU3BOJIBHBIC ICHCTBUTENBHBIE uncha, mpuueM A # 0,B # 0,C # 0.

KaHnoHWuYecknili BUA YPABHEHUS — 3TO OOUICHPUHATHIA CTAaHAAPTHBIA BUJY
VPaBHEHUS, KOIrJa Cpa3y MOHATHO, KAKOH TIE€OMETPUYECKHH OOBEKT OHO
onpenenser. KpoMe TOro, KaHOHMYECKHA BHUJ OYEHb YAOOEH ISl PELICHUS
MHOTHX TTPAKTUYECKUX 3a/TaHUH.

Knaccuukanus nuauil BTOporo nopsiaka B KAHOHUYECKOM BHE (a U b -
MOJIOKUTENBHBIC JEHCTBUTEIBHBIC YUCIA):

XZ y2
- StE= 1 (a> b) — KAHOHWYECKOE YPABHECHUE DJUIHIICA,
2 2

X yr .
S cintcbe 1 — KaHOHWYECKOE YPABHEHHUE TUNEPOOIIBI;
_ y22 = gpx (p > 0) — KAHOHUYECKOE YpaBHEHUE MapadoJIbl;
X .
- =+ L = —1 — MHEMBIH sHnC;
a b2 ’
XZ y2
av it 0 — mapa nmepeceKarommxcs MPSIMbIX;
XZ 2 .
-3 + z—z = 0 — mapa MHAMBIX NIEPECEKAIOIINXCS MPSIMBIX (C €TMHCTBEHHOM

JEHCTBUTEIBLHOM TOUKOM MepeceUeHus B HaYaie KOOPAUHAT),
— y? — a? = 0 — napa napaJIenbHEIX IPSIMBIX;

— y? + a? = 0 — napa MHUMBIX NAPaJIIENLHEIX TPAMEIX;

11
























B)3)log,b" =n-log,b

CrenenHo-nmokaszarenpHas (yHKOUS — 53T0 (yHKUOMS, y KOTOPOH H
OCHOBAHHE, U MOKa3aTeNb CTENeHN (DYHKIMH, 3aBUCAIINE OT «HKe»: y = f(x)8(),
JIns HaxXOKACHUS TPOM3BOJHONW MCMHONB3YIOT NPUEM — JOrapuMUUECcKOe
maddepenmmpopanue; Iny = Inf(x)8® => Iny = g(x) - Inf(x). B pesynsrare B
neBoii wactu cnoxuast pynxuus (f'(u(x)) = f'(w) - u'(x) => (Iny)' = % y'),aB

OpaBoif  4acTW  MOJy4yaeTcs  NPOM3BEACHUE  JBYX  (DYHKIMHA, KOTOpPOE
muddepenimpyeTcs no cranaaptHoit popmyne (u-v) =u -v+u-v'
Jnddepennman GyHKINN.
Ecmu dynkims y = f(X) umeeT KoHeUHYHO Mpou3BoaAHYIO f'(X) B TOUKE X, TO
NOJHOE MpUpauieHue GYHKIUU AY MOKHO 3arucaTh B BUJE:
Ay = f(x + Ax) — f(x) = f' (X)) Ax + a(AX) AX,

riae a( Ax) — 6eckoneyHo Manas pyHkius npu Ax — 0, T.e. llm0 a(ax) = 0.
AX—

[naBHas  9acTh  MOJNIHOTO  MpUPANICHUS  (YHKIMM  HA3BIBACTCS
mipdpepeHumaiom  QyHkumm  u obozHauvaercs dy. CnemoBarenbHO, 1O
onpeaencauio  dy = f'(x)Ax. Ecm f(x) =x, To dx= AX, Mm0O3TOMYy
g epeniman 00pIHO 3amuckBaroT B Buje: dy = f'(x)dx.

[Ipy [OCTaTOYHO MajBIX AX TIOJHOE TpupamieHue (QyHKIUU WU
i pepeHnran OTINYATCS HE3HAYUTEIBHO, T.€. Ay = dy. 3T0 00CTOATENBCTBO
UCIIOIB3YETCS /s NPUOIMKEHHBIX BhIUUcacHui: Ay = f(x + Ax) — f(x) = dy =>
f(x + AX) = f(x) + dy, mm f(x + Ax) = f(x) + f'(x)dx.

Teopembl auddepeHINATBEHOTO HCYUCIEHUS.

Teopema ®@epma. Eciu ¢pynkuus y = f(x) onpeneneHa u quddepeHuupyema
Ha wHTepBajie (a, b) M mocTHraet B Touke X, € (a,b) cBoero HamboONBIIETO HIH
HAMMEHBIIETO 3HAYECHUS, TO MPOU3BOAHAS (YHKIMU B 3TOW TOUKE paBHA HYJIIO,
T.e. f'(x) = 0.

Teopema Pomns. [lycts pyHkius y = f(x) onmpeneneHa u HempepbiBHA Ha
otpeske [a, b], nupdepenuupyema V x € (a,b) u f(a) = f(b), Torna cymecryer
TOouKka X = ¢ € (a,b), B koTopoii f'(c) = 0.

Teopema Jlarpamxka. Ilycts ¢ynkuus y = f(x) onpeneneHa u HempepbiBHA
Ha oTpeske [a, b], nuddepenimpyema V X € (a,b), Toraa cylmecTByeT Touka X =
c € (a,b), Takas urto BemosHsgeTcs ycaosue f(b) — f(a) = f'(c)(b — a).

Teopema Komm. Ilycte ¢yHknuu y =f(x) W y =HenpepbiBHBI U
ompejeacHbl Ha oTpe3ke [a, b], nuddepenimpyemsr V x € (a,b), Tarke g'(x) # 0,
TOTJIa CYIIECTBYET TOUKa X = ¢ € (a,b), Takas, 4To JJIs Hee BHIOTHACTCS YCIOBUE
f(b)-fd) _ f' (0
gb)-g@)  &'©

[IpaBuno Jlonurans pacKpbITHs HEONIPEAETCHHOCTEN.

£(x) T ¢

a) Ecmm llm f(x) = llm @©(x) =0, 10 xlg)l(lo o) (0) = )}Lr)r(lom npu
YCJOBUH, UTO npe;:[en B HpaBOI/I qacm BBIPQKEHUS CYLIECTBYET, AaHAJIOTHUYHO, €CJIU
1) _ (0) iy 1100

0 X—Xq Q"' (%)

lim f'(x) = hm @' (x) =0, To lim

X—=Xq X=Xy @' (X)
npecaci B HpaBOI/I YaCTH CYICCTBYCT U T. A.

IPU YCJIOBUM, YTO

24



0) Ecnum llm f(x) = llm @(x) =00, T0 lim ) (2) = lim fe) npu

X=X P(X) 00 x—Xo ¢’ (%)
YCJIOBHH, YTO npej:[en B MTPaBO# qacm BBIPQKEHUS CYLIECTBYET, aHAJIOTMYHO, €CJIU
f (x . "(x
lim f'(x) = hm @' (x) =00, T0 lim —= 09 (—) = lim fT() OPHU YCIOBHH, YTO
X—Xo x—Xo @' (%) co X=X ¢ (X)
npeaen B HpaBOI/I YacTH CYLIECTBYET U T.J.

[pumep 1: Haliti mpou3BoaHyro ool Gpynkmun y = (x3 — 5x + 7)°
Pemienne: JlanHas (QPyHKLUS ABISETCS CIOXKHOM CTeneHHoi Qyukuueit y= u’
rae u=x> —5x + 7. Iostomy: y' = ((x3 —5x+ 7)) =
=9(x3—=5x+7)8 (x> —-5x+7) =9(x3 - 5x+7)% (3x% — 5)
[pumep 2: Haittu npomssonayto pyuxumn y = /(5 + 3x — 2x2)2
Pewmenue: Ota QyHKIMs TakKe SABISETCS CIOKHOM CTENEHHOM PyHKIMEH, a
2 2

MMEHHO V = U3, rae u=5 + 3x — 2x2. [Tostomy y' = ((5 + 3x — 2x%)3)’ =

_E — 2__1' — 2’:&
—3(5+3X 2x%)s - (5+ 3x —2x%) P e

[pumep 3: Haiitu mpoussoanyro pyrkuun y = In(2x% — 3)

Pemenne: Ilycte u = 2x%—3, Ttorma y' = (Inu)’-u’ =$- u' = 2X21_3-
(2x*=3)' = 22;(—3? - 2xtx—3

[Tpumep 4: Haiitn npon3BOaHYO PyHKIHAN Y = e X’

Peterne: myctb U = —x2, tormay’ = (e¥) - u' = e u' = e X - (—x2)’ =
=X . (=2x) = —2xe™¥

Ipumep 5: Haiiti npousBoaryo Gyrkimn y = 31X

Pemenne: mycts u = Inx, Torna y' = (3%)’-u’ =3%In3-u’ =3MXIn3-
Inx
(Inx)’ = 3"XIn3- (1) > X1n3
[pumep 6: Hailitu npon3soaHyro GyHKIUK Y = COS X3

Pemenne: nycts U = x3, torma y' = (cosu)’-u’ = —sinu-u’ = —sinx3 -
(x3)' = —sinx3 - 3x?
3(x+4)3

[Npumep 7: Haiiti mpon3BoaHyI0 QYHKINK Y = )23y

Pemenne: HaxokaeHue NpouM3BOAHOM NaHHOHW (YHKIMHM MO MpaBUIIaM
IM(PQPEPEHIMPOBAHNS OUYEHb TPYAOEMKHMI mpouecc (TPUMEHSIOTCS MPaBHJIA
OPOU3BOJHONM OT YACTHOTO M NPOM3BEACHUS CINOKHBIX (pyHKUMi). [IpuMeHenue
Jorapu(pmMuueckoro qudPpepeHIpoBaHus STOT MPOIECC OOIErYaeT.

3anmucare B JIEBOM M MPaBoil dYacTsax (QYHKIUM 3HAK HATYPAIBHOIO

Vera?
(x—1)2(x+3)5
norapudma, TpeaCcTaBUTh MPOU3BEACHUE B BUJIEC PA3HOCTH JIOTApU(IMOB:

Iny =In{/(x+4)3 — In(x — 1)%(x + 3)5 => Iny =In3/(x+4)3 -
—(In(x—1)?+Inx+3)°>) = Iny=In(x+ 4)5 —In(x—1)2 —In(x + 3)°)
=> Iny=In(x+ 4)5 —In(x—1)>—In(x+3)> = Iny= %ln(x +4) —
—2In(x—1)—-5In(x+ 3)

norapudma: Iny = In YHPOCTUTH NPABYIO YaCTh C MOMOILBI CBOMCTB
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cooTBeTcTBUU ¢ (popmynoit f(x + Ax) = f(x) +f (x)dx — x = 1, Ax=-0,03:
arctg 0,97 = arctg 1 + (arctg1)'Ax = E + 1+12 (—0,03) = 45° — 003 _ = 44°08’
IIpumep 13: TIpoBeputh, yHOBIETBOPSAET U (PyHKUMS Y = 3x? + 2X
ycioBusM Teopemel depma Ha otpeske [0; 1]
Pemenue: Haiitu npoussomnyro ¢ynkmun y' = 3(x2) +2x' = 6x+2. B
Touke X =0y'(0) =6+ 0+2—2¢OI/IBT0quX—1y(1)—6 1+42=8+0

[TpousBoaHas oOpamaercs B HYJb B TOYKE X = 5, HO OTO 3HAUEHUE HE

npuHauie)kuT uHTepBany (0; 1). Takum oOpazom, ycnoBusiM Teopembl depma
JNaHHas PyHKIHS HA 3aJaHHOM OTPE3KE HE YIOBJIETBOPSET.

[Tpumep 14: OnpeaenuTe BBINOJHAETCS JHU Teopema Pomist ans QyHkumm
y=—x?+5x—1 na orpeske [1; 4]. IIpy KaKOM 3HAYEHUH C BHINOIHACTCS
yenosue f'(c) = 0.

Pemenune: @yHKIMs ONpeAcacHa U HENPEPBIBHA B KAKAOH TOUKE 3aJaHHOTO
otpe3ka. Ha xoHmax otpes3ka [1; 4] 3Hauenus ¢yHkuuu paBHbL V(1) = y(4) =
—1+5-1—1=-42+4+5-4—1 =3 cienoBarenbHo, TeopeMa Pomns Ha 3TOM
OTpPE3Ke BBHITIOJIHACTCS. 3HAYCHUE ¢ onpeeisieM u3 yeinosus f'(x) = —2x+5=10
=>-2c+5=0=>c=25.

[Ipumep 15: Onpenenuts BBINOJHACTCS JU  Teopema Jlarpamxka mis
(ynkuum y = 2x — x? na orpeske [1; 3].

Pemenue: @OyHKIMS ONpENEIECHA W HENPEpPbIBHA Ha oTpe3ke [1;, 3] m
maddepenpyema Ha unTepsane (1; 3). Berunenuts fla=1)=2-1-1%2 =1,

flb=3)=2-3- 32=—3b—a—3—1—2Torﬂaf(bt))_f(a) Bl

ffx)=2—-2x=>f'(c)=2—-2c=-2=>c=2€(1;3). CneJ:[OBaTeano
TeopeMa Jlarpan»ka BBINOJIHIECTCS.

[Tpumep 16: TlpoBeputh, BbIMOMHSAETCS U Teopema Komm mist QpyHknmm
f(x) = —x? + 10x — 9, g(x) = x3 — 9x? + 24x na orpeske [0; 4].

Pewenne: DyHKUMM ONPENENEHbl M HENPEPBIBHBI HA oTpe3ke [0; 4] u
muddeperumpyema Ha uatepsane (0; 4). Beraucants f(b = 4) =) = —42 + 10
4—-9=15 fla=0)=)=-024+10-0—-9=-9, gb=4)=43-9-42+

_ A f)-f(@ _ 15-(-9) _ 24 _ 3
24-4=16,g(a=0)=0= o s@ — 1o0 — 16z
f'(x) = -2x+10=>f'(c) = —2c+ 10
g'(x) = 3x%2 — 18x+ 24 =>g'(c) = 3c%2 — 18c + 24
0O _ 20110 _3 . 40420 =9c¢% —54c+ 72 => 9c¢? — 50c + 52 = 0
g'(©) 3c2-18c+24 2
= c~14€(0;4) u c~42¢ (0;4). Ectb Touka, mpuHajyieKamas OTPE3KY,

3HAYUT TCOPCMaA BBIIOJIHACTCA.

eX—x—1
[Tpumep 17: Haiitu npenen 11 =
-0 sin23x’
Pemenne: Tak kak llm(e —x—1)=0wu lm& sin?3x = 0, TO MOXHO
X—
X_x—1 0 . eX—-1
MPUMEHUTE TIpaBuiIo Jlonurans: 11 — = (—) =lim———=
—0 sin43x 0 x—0 2sIn3xcos3x-3
) eX—1 0 ) eX ) eX ef 1
= lim— = (=) = lim = lim = =—
X—0 3sIn6Xx 0 x—0 3C0s6X-6 X—0 18cos6x 18cos0 18
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KOHTPONBHBIE BOITPOCHL:

— Yro Takoe nupdepeHuuporanue GyHKIUH?

— Yro Takoe mupdepenumnan GyHkuumn?

— Kakasa QyHkuus sBnseTcss HesIBHOW?

— B kakom ciy4yae npuMeHsieTcs Jiorapupmudeckoe nudpdepeHirporanme?
— Ilepeuncnute TeopeMbl TP PepeHIUPOBAHNS UCUACTICHHUSI.

— Jlndg yero npumeHsieTcs npasuio Jlonurasnsa?

3.1 CamocrositesibHast pabdora «lIpou3sBoaHAss HeSIBHOH (yHKUUM:
Jorapupmuueckoe aupPepeHuupoBanue; aupPepenunan
(pyHKUHMH; OCHOBHBIE TeOpeMbl AU depeHIuaTbHOI0 HCHHCIEHUD)

BbInonHuTh clieayromue 3a1aHus:
1) Halitn mpon3BoaHy0 QYHKIMU Y = x2x°

2) Haittu nponssoanyo Gyrkuun y = (x2 + 1)°%2

3) Haiitu npousBoaHyo HesiBHOM QyHKImM 3x*y® + e”*~4 = 4x5 + 2y*

4) TIpoBepuTh, yAOBIETBOPsET MM (yHKIMA y = —7x% + 28 yclnoBusm
TeopeMbl Depma Ha oTpe3ke | - 4; - 2]

5) Bemonuserca nu teopema Pomns ang QyHkmum y = X2 + 7x+ 3 Ha
otpeske [ - 2; - 5]. IIpu kakoM 3HaueHHH ¢ BIONHseTc yeiosue f'(c) = 0.

6) IIpoBeputhb, BbIMoONHseTCs U Teopema Kowmm ans pynkuum f(x) =

1.3 _ __x 1.
S X X, g(x) = +1HaOTp63Ke[ I; 1].

x2
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[Ipumep 2: IuimHapuuecKass TUCTEPHA ¢ paauycoM ocHoBanus 0.5 M. U
BBICOTOH 2 M. 3amojiHeHa BOJOW. BbIUMCINTE paldoTy, KOTOPYH HEOOXOIUMO
IPOU3BECTHU, YTOOBI BBIKAYATh BOAY U3 LIMCTEPHBL

Pemienne: Tak Kak mIOTHOCTH Boabl p = 1000 kr/M®, T0 ee Bec cocrapiser

292
9,807 x 1000 = 9807 H. TTostomy A = =222 — 49037 ~ 15395 JIx

[Ipumep 3: Koten wumeer ¢opMmy mnapabojouna BpauieHus. Pamaumyc
ocHoBaHMss R =2 M. myOmna kotna H = 4 M. OH HamojgHEH >KUAKOCTBIO,
IJIOTHOCTH KOTOpoit p = 800 kr/m®. BeruuciuTh paboTy, KOTOPYIO HEOOXOIHMO
POU3BECTHU, YTOOBI BBIKQYATh KHIKOCTh U3 KOTJIA.

2172 .9g- 22,42
PE T = TP IRE Y ~ 262588 [k = 2,63 - 10° ik

Penienne: A =

KOHTPOABHBIE BOITPOCHL:

— 3anucars popmyny HerotoHa-JleiiOHMIIA.

— JIns  BBIUMCICHHS KAaKMX T[EOMETPUYECKMX (QUIyp TPUMEHSETCS
ONPEACIICHHBINA MHTErPa?

— 3anucatb GOopMyJTy ISl HAXOKIEHUS padOTHI.

— 3anucath GOpMYIy Ul HAXOKICHHS CHJTbI JABICHHS KUAKOCTH.

4.1 CamocrositenibHass  padora  «IlpuioxkeHue  OonpeneJeHHOTO
HHTErpaia»

BeInonHuTh ClieAyroume 3a1aHus:

1) BeruncnuTh CUITy TaBJEHUS BOJbI HA BEPTUKAIBHYIO IJIOTUHY, UMEIOLLY O
(dbopMy PaBHOOCAPEHHOW Tpanenuu C OCHOBaHWUAMM: a = 45 M u b = 3 M u
BbICOTOI h =2 ™.

2) llunmueapuyeckuii pe3epByap ¢ paalyCoM OCHOBAaHUS 2 M. U BBICOTOM
3 M. 3amonHeH BOAOH. Berumcante padoTy, KOTOPYH) HEOOXOIMMO MPOM3BECTH,
4yTOOBI BBIKAYaTh BOIy M3 Pe3epByapa.

3) [IpsmoyronbHBIA pe3epByap, OCHOBAHUEM KOTOPOTO CITY>KHT KBAapar co
CTOPOHOH 3 M., a BBICOTA paBHA 2 M. 3aloOJIHEH BOAOH. Brumciute padory,
KOTOPYIO HEOOXOIMMO MPOM3BECTH, YTOOBI BBIKAYATh BOLY U3 PE3€pByapa.

4) Emkocth nMeeT popmy napabonouaa BpameHus. Paguyc ocHoBanus R =
3 M. myouHa komia H = 4 M. OHa HanoJiHEHa KUAKOCTBIO, TWIOTHOCTh KOTOPOM
p = 710 kr/m°. Beiukcnuth paboTy, KOTOPYO HEOOXOAUMO IIPOU3BECTH, YTOOBI
BbIKAYaTh KUAKOCTb U3 EMKOCTH.
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S OcHOBBI TCOPUH BEPOSITHOCTH U MATEMATHYECKOI CTATHCTUKH

Llenb  paGoTel:  cHOPMUPOBATH YMEHUE  BBIYMCIATH  BEPOSTHOCTH
JUCKPETHBIX CYyYaHHBIX BETMYAH C TTIOMOLIBE) TEOPEM CIIOKEHUS U YMHOXKEHUS U
CJIICACTBUI U3 HUX, PACIIUPUTH 3HAHUS O BUAaX pacnpenenenus JJCB.

[Tpu BBIMOIIHEHWN MPAKTHYECKOH paOOTHI CTYIEHT JAOJKEH 3HATH!

— TOHSATHE CIIOKHOTO COOBITHS,

— (QOpMYTUPOBKH W (POPMYJIBI TEOPEM CIIOKEHUS W YMHOXKCHUS
BEPOATHOCTEM,

— CJICACTBHS U3 TEOPEM CIIOKEHUS U YMHOKCHMS,

— MOHATHE TACKPETHON CIIyYaiHON BEJIMYHNHEL,

— BuabI pacnpeacnenus JCB.

CTyIeHT TOJDKEH YMETh!

— pewarb 3a7a4d Ha HaxoxacHue pacnpenencHus [ICB ¢ npumeHeHuem
TEOPEM CIIO’)KEHHS U YMHOKEHHS BEPOSITHOCTEN U CIEACTBUI U3 HUX.

[TopsIOK BBIMONHEHHS PAOOTHL

a) U3YUYUTh TEOPETUUYECKUI MaTepurall,

0) paccMOTPETh NPUMEPHI PEIICHUS TUIOBBIX 3a1aHUM;

B) OTBETUTH HA KOHTPOJIbHBIE BOMPOCHI,

I') BBIIOJIHUTE OJMH U3 BAPUAHTOB JUISl CAMOCTOATEIBHON PAOOTHI.

TeopeTnuecknii MaTepual;

JIMCKpETHBIE CIyYaiHBIE BEJIMYWHBI WIPAKOT KIFOYEBYIO POJIb B TEOPUU
BEPOSITHOCTEM M MATEMATUYECKON CTATUCTHKE. OHM MOTYT NMPUHUMATH KOHEYHOE
WIN CYETHOE MHOXKECTBO 3HAYEHUN, KOKA0€ U3 KOTOPBIX CBA3AHO C OIPENCIICHHOMN
BEPOATHOCTBIO. PaccMOTpUM pas3iuyHble BHIBI PACHpEceHUN JUCKPETHBIX
CIIYYallHBIX BEIWYMH, 4 TAKXKE CIECACTBUSA U3 TEOPEM CIIOKEHUS U YMHOXXEHHS
BEPOSITHOCTEN.

Ilepen TeMm Kak MepeTH K BUAAM PaclpeNeIICHI, IOBTOPUTH KIACCUYECKOE
ONPENEIIEHAE BEPOITHOCTH U BOKHENIIINE TEOPEMBI BEPOATHOCTH.

BeposTHOCTBIO COOBITHS A HAa3bIBACTCS OTHOIICHUE YMCIAa MCXOAOB M,
ONMaronpHUsITCTBYIOIIMX HACTYIUICHHIO JAHHOTO COOBITHS A K 4YHCIy N BCEX
UCXOA0B (HECOBMECTHBIX, €IMHCTBEHHO BO3MOYKHBIX H PABHOBO3MOKHBIX ):

m
P(A) = — — KIaccuyeckas popmysia BEpOSTHOCTH.

BeposTHOCTE 1FO00TO COOBITHSI HE MOKET OBITh MEHBIIE HYJIS M OONbIIE
eauHubl, T.c. 0 <P(A) <1

HeBo3MOXKHOMY COOBITHIO COOTBETCTBYET BEPOsATHOCTE P(A) = 0, a
JOCTOBEPHOMY — BEpOSATHOCTh P(A) = 1

CymMa BEPOSATHOCTEH MPOTUBOIIOIOKHBIX COOBITHI paBHA €IMHULIE:

P(A+P(A)=1

Teopembl U1 BBIYUCIEHUS BEPOATHOCTEH CIIOKHBIX COOBITHIA:

TeopeMa CoKeHHSI BEPOSITHOCTEH HECOBMECTHBIX COOBITHIA. BeposTHOCTH

NOSIBJICHUS OJTHOTO U3 JIBYX HECOBMECTHBIX COOBITHI, paBHA CYMME BEPOSTHOCTEH
atux coobithii: P (A + B) =P(A) + P(B).
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TeopeMa CIIOKEHUST BEPOSITHOCTEH COBMECTHBIX COOBITUHA. BeposTHOCTH
NOSIBJICHUS. XOT OBl OJHOTO W3 JBYX COBMECTHBIX COOBITMII paBHA CyMME
BEPOSTHOCTEH 3TUX COOBITHIA O€3 BEPOSITHOCTH UX COBMECTHOTO TMOSIBIICHUS:

P(A+B)=P(A) + P(B) — P(AB).

Teopema Npou3BeACHUS Ui HE3aBUCHUMBIX COOBITMH. {711 HE3aBHCHMBIX
COOBITUI BEPOATHOCTH COBMECTHOTO MOSIBJICHUSI COOBITHI paBHA MPOU3BEICHUIO
BEPOATHOCTEH 3TIX coObITHii: P(AB) = P(A) P(B).

TeopemMa yMHOMKEHHMS BEPOSITHOCTEH 3aBUCHMBIX COOBITHIA. BEposTHOCTH
COBMECTHOTO TOSIBJICHHS JIByX 3aBUCHUMBIX COOBITMH paBHA NPOU3BEICHUIO
BEPOSTHOCTH OJJHOTO U3 HAX HA YCJIOBHYIO BEPOSTHOCTbH APYTOr0, BEIYMCICHHYIO B
NPEINONIOKEHUH, YTO MEPBOE COOBITHE Yke HAcTynuio: P(AB) = P(A) Pa(B).

Teopema nosHoO# BepositTHocTH ((opmyna baiieca). IlycTe HecoBMECTHBIE
coopite Bj, By, ... B,, oOpasyromux mnogHyr rpynny coObBITHH W npu
HACTYIUICHUH KaXIOr0 M3 HUX, COOBITME A MOKET HACTYMHUTh C YCJIOBHOW
BEPOATHOCTBIO, TOTAA BEPOSATHOCTH COOBITHS A paBHa CyMME MPOM3BEACHUN
BEPOATHOCTEH KaXAOro H3 CcOOBITMIE B Ha COOTBETCTBYIOLIYIO YCIOBHYIO
BEPOSITHOCTh COOBITUS A

P(A) = P(B,) - Py, (A) + P(B,) - Pg,(A)+...+P(By) - Py, (4)

OTU TEOPEMBI SBIISFOTCS OCHOBOM IJIi AHAIM3a CIIOKHBIX BEPOSITHOCTHBIX

MOJIEJIEW ¥ TIOCTPOCHUS PACIIPEACIICHAN CIIyYailHbIX BEJTMYAH.

Buael pacnpenesieHUil OUCKPETHBIX CIOY4YalHBIX BEJIWYMH. PaccMoTpum
HECKOJIBKO HauOOJIeE PaCHpOCTPAHEHHBIX BUIOB PACHPEACTICHUN AMCKPETHBIX
CIIyYalHBIX BEJINYHH:

— DHHOMMAIIBHOE pACIPEAEIIEHUE ONMUCHIBAET KOJUYECTBO YCIEXOB B CEPUU
U3 N HE3aBUCUMBIX WCIHBITAHWA DEpHYIUIM, TIe KKABIA YyCHeX MPOUCXOIUT €
BEPOATHOCTBIO p. DopMmyiia Ui BEPOATHOCTH MOJYYEHUS POBHO M YCIEXOB
BRITJISLAT ciienayromuM odpazom: P,(m) = P(X =m) = C'p™ (1 —p)™™™, rtoe
m=1,23..n.

bruHOMMANBHOE pacIpPEaCICHUE, UMEET CIICAYOLIMNA BU:

X 0 1 m n

P | Cp°(1—p)" [ Cip*(1 —p)? crp™(1 —p) ™ Chp"(1—p)°

— IlyaccoHOBCKOE pacnpeneneHue. B ToM ciydae, €Clid KOJHMYECTBO
UCIBITAHUH N B OWMHOMHAJILHOM PACHPECIICHUN OUYEHb BEIUKO (COMHU U MblCAYlU),
3TY BEPOSTHOCTH OOBIYHO PACCUMTHIBAIOT MPUOIMKEHHO — C TTOMOLIBIO JIOKATbHOM
teopemsl Jlamnaca. Opnako Teopema Jlamnaca gaet O0bIIYIO MOTPEUIHOCTD, ECIIH
BEPOATHOCTh P MeHblie, yeM 0,1. TTostomy HamGonee 3(h(HEKTHBHBIM SIBIISIECTCS
Apyroit MeToa, a UMeHHO pacnpeaeneHue [lyaccona.

Ecnu KONMMYECTBO MCOBITAHWKA N JOCTaTOYHO BEITUKO, & BEPOSATHOCTH P
MOSIBJIEHUSI COOBITHSL A B OTACJIBHO B3ATOM HCHbITaHUM Bechma Maja (0,05-0,1 u
MEHBIIE), TO BEPOSTHOCTH TOTO, YTO B JIAHHOW CEPUM MCIBITAHWHA cOObITHE A

MOSIBUTCS POBHO M Ppa3, MOKHO TPUOIMKEHHO BBIYMCIUTE IO popmyiie [lyaccona:
m
a

P, = — e @, TIe a = n- p — CPeIHEE KOJIMYECTBO COOBITHI B €IUHUIIE BPEMEHHU

WM TIPOCTPAHCTBA.
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[TyacCOHOBCKOE pacnpeacsiCHUE OMMCHIBACT KOJMYECTBO PEAKUX COOBITHH,
MPOUCXOIAIINX B CIMHUIY BPEMEHHU UJTU TPOCTPAHCTBA.

Pacnpenenennn Ilyaccona. CnyuaiiHas BennumHa X, pacnpeaciiéHHas Mo
ATOMY 3aKOHY, MPUHUMAET OCCKOHEYHOE W CUETHOE KOJMYECTBO 3HAYEHUH X; =
{0,1,2, ..., n}, BEPOSTHOCTH MOSBICHUS KOTOPBIX ONMPEACIAIOTCS (HOpMYIIOii:

aXi

— 4", ,—a
P, = o e 4, a>0
[TyacCOHOBCKOE pACIIPEACICHUE, UMEET CIEAYIOIINNA BUI:
X; 0 1 2 m n
2
_a U - a™ am
pi| e ae — e — e @ — e @
2! m! n!

— ' eoMETPUYECKOE paclpeeNCHUE OMUCHIBAET KOJMYECTBO MOMBITOK 10
[IEPBOr0 ycCIexa B MOCJIEI0BATEIIBHOCTH HE3aBUCUMBIX HCHBITAHUN bepHyIum.
BeposaTHOCTE TOT0, 4TO MEPBBIA yCcreX MPOU30MIET Ha K-i MONBITKE, BBIPAXKACTCS
dopmymnoit: P(X = k) = pg¥~t.

To ecTb eclii NPOBOAMUTCS CEpUs MCHBITAHUN, B KOKIOM W3 KOTOPBIX
CIIy4aifHOE COOBITHE A MOKET MOSIBUTHCS C BEPOSITHOCTBIO P; MPUYEM, UCIIBITAHUS
3aKaHYMBAKOTCS MMPU MEPBOM K€ MOSIBIICHUU JAHHOTO coObITUs. Torna ciyvaiiHas
BEJIMYMHA X, XapaKTePHU3YyIoLas KOJIWYECTBO COBEPIIEHHBIX MOMBITOK, KaK pa3 U
UMEET TEOMETPUUYECKOE PACIIPENCIICHHUE.

Hanpumep, cnyvaitHoe coObiTHe A — mpyu MOAOPACBIBAHUHA MOHETHI BBIIAAET
open. BepoaTHOCTh MOsiBICHHs Opia B JOOOM UcCHbITaHUM p = 0,5, U HYXHO
NPOAHAIM3UPOBATE — KAaK CKOPO TOSBHUTCS MEPBBIA Opén (MOCIE 4ero cepus
3akoHuMTCs). COCTaBUM 3aKOH paclpeAc/iCHUs CIyYallHOW BenMYMHBI X —
KOJIMYECTBA MPOBEAEHHBIX OPOCKOB.

Ecmm x = 1, TO 3T0 03HA4aer, 4ro OpEN BbIAN B MEPBOW K€ IMOMBITKE.
BepostHocTh 3T0T0 COOBITHS paBHA: p; = p = 0,5

Ecnu x = 2, TO B epBoii MONBITKE BbINaja peuika (BEPOSITHOCTh q = 1- p =
0,5), a Bo BTOpoii — opén. [lo TeopemMe YMHOXEHUS BEPOSATHOCTEH 3aBUCHMMBIX
COOBITHH:

p2=pq=0,50,5=0,25

Ecmu X = 3, TO B IEPBBIX JABYX HUCIBITAHUAX MOSBAJIUCH PELIKH, & B TPETHEM
— opéu. o Toit ske Teopeme: p; = pqq =0,5° =0,125

M Tax nanee 10 OECKOHEYHOCTH.

W mepen Hamu npuMep AUCKPETHON CIIYYaHONW BEIMYMHBI, KOTOpPAs
NPUHAMACT OECKOHEYHOE U CUETHOE KOJIMYECTBO 3HAYCHUM.

I'eomeTpryeckoe pacrpeaencHue UMeeT BU
X 1 2 3 e n

2

pi |P Pq Pq

pq™!

BepodtHocTH  p; OPEACTABISIIOT €000  OECKOHEYHO  YOBIBAIOLLYHO
reOMETPUUECKYIO TTPOTPECCUIO C TIEPBBIM YJICHOM P M ocHoBaHueM (. Orcrona u
Ha3BaHUE — FEOMETPUUECKOE paclpeiciiCHue BEpossTHOCTEeH. Kak u3BecTHO, CyMMa
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Takoll mporpeccum pasHa: p + pq+pqc + - = ===1, 4T0 TNOJIHOCTBIO

o o

P
1-q
COOTBETCTBYET BEPOATHOCTHOMY CMBICITY 3a1a4U.

CnencTBus U3 TEOPEM CIIOKEHUS U YMHOKEHUS

[IpumMeHEHE TEOPEM CIIOKEHHS M YMHOKEHUS BEPOSATHOCTEH IMO3BOJISIET
CHCNaTh CIEAYIOIIHME BBIBOJBI O CBOMCTBAX PACHPEICICHUN IUCKPETHBIX
CIIyYalHBIX BEJIMYHH:

CymMa HE3aBUCUMBIX CITy4YaiHbBIX BEJTMYMH:

Ecimm Xi, X3, ..., Xy — HE3aBUCUMBIC CIYYANHBIC BEIIMYMHBI, KOKAAA U3
KOTOPBIX TOJYMHSETCS ONMPEACIICHHOMY 3aKOHY PACIpPENCIICHUS, TO UX cymma Y =
X; + Xy + ...+ X, Oyzner umeTh cBoe COOCTBEHHOE pacnpenerneHue. Hampumep,
CyMMa JBYX OMHOMMAJIbHBIX CIIyYaiHBIX BEIMYMH Takke OyAeT OMHOMHUAILHO
pacnpeneneHa.

[Tpou3BeACHUE HE3ABUCHMBIX CTYYailHBIX BEJIMYMH:

[Tpou3BeAcHHE HE3aBUCUMBIX CIYYalHBIX BETMYMH HE BCETIA MOTUHHSICTCS
IPOCTOMY 3aKOHY pacnpeaeneHusi. OQHAKO, €CH PaCCMOTPETH JIOrapu(PMbl 3THX
BEIMYMH, TO WX CyMMa OyJeT NOJUYMHSATBHCS HOPMAIBHOMY PaclpeiciiCHUIO,
COIJIACHO LIEHTPAIBHON PENEIIEHON TEOPEME.

Y Cn0BHBIE BEPOATHOCTH:

YCNOBHBIE BEPOATHOCTH IMO3BOJISAIOT AHAIM3UPOBATH 3aBUCHUMOCTH OJHOM
Cy4aiiHOW BenmuuuHbl OT apyroi. Hampumep, ecmu X U Y — 3aBUCHUMBIC
CJly4aiiHbl€ BETMUYMHBI, TO YCIIOBHAS BEPOATHOCTh P(Y=y|X=x) Oyner otnuyarscs
0T O€3yCIOBHOM BeposATHOCTH P(Y=y).

[Tpumep 1: CocTaBuTh 3aKOH PACTPEACIICHHS YMCIIA TONAJAHUNA B 1ENb MPH
YETBIPEX BBICTPEIIAX, €CJIA BEPOATHOCTh NMOMAAAHUs NPU OJHOM BBICTPEJIC PAaBHA
0,9.

Pemenue. CiyvaitHas BenmMurMHa X — YUCII0 NONAAAHUH B [IE]Ib TPH YETHIPEX
BBICTpENAX — MOXET npuHuMarh 3HaucHus 0,1,2.3.4, a COOTBETCTBYIOIIHEC WM
BEPOSITHOCTH HAxXOA4T 1o (popmyse bepHym:

P(X = 0) = C$0,9°0,1* = 0,0001;
P(X =1) = C10,9'0,13 = 0,0036;
P(X = 2) = C20,9%0,1% = 0,0484;
P(X =3) =C30,9%0,1' = 0,2916;
P(X = 4) = C;0,9%0,1° = 0,6561

Hrtak, WCKOMBIA 3aKOH PACHPENCIICHUS — 3aKOH PACHPEICICHUs 4Yucia

MONAJJAHUN B 1IEJIb TPU YETHIPEX BBICTPENIAX

X 0 1 2 3 4

P 0,0001 0,0036 0,0486 0,2916 0,6561

IIpumep 2. Cpemn 10 notepeitHbix OwmnetoB wmmeercs 4 Oumnera ¢
BeIMrpeilieM. Haynady nokynator 2 Ounera. Hamucare 3akoH pacnpenesicHust
BEPOSATHOCTEH 4YHCIA BBIMTPBHIIIHBIX OWJIETOB CPEAM KYIUICHHBIX. BBIUMCINATH
MaTeMaTHYECKOE 0XKUAAHNE, TUCTIEPCUIO U CPEIHEE KBAAPATHYECKOE OTKIIOHEHHE.

Pemenue:
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[Tycte X — cnyualiHas BEIMYMHA YHCJIA BBIMTPHIMIHBIX OWJIETOB Cpeau 2
KYIUICHHBIX OMJIETOB, TOT/1a 3HAYCHHSI, KOTOPBHIE MOXKET MPUHUMATh 3Ta CllydyaiHas
BesmurHA paBHbl. 0, 1, 2. J[;19 KQXKIOr0 3HAYCHUS HAMTH BEPOSITHOCTh MOSIBJICHUS
3TUX 3HAYCHUM.

3aMeuaHue: A HaXOXKIEHUS! BEPOSATHOCTH MPOCTOrO COOBITHS MPUMEHSIOT
KJTACCUYECKOE OMPEIETICHUE BEPOSITHOCTH, TJI€ BCE MUCXOAbl HAXOAT MO (hopmysie
coueTaHus n 3JeMEHTOB M3 N, a OJaronpusiTHbIE MCXOJbl KaK MPOU3BEICHUE
COYETAaHUM M BJIEMEHTOB U3 M 1 n — m 31€MeHTOB U3 N — M:

CM-CR—M
PX=m)=—"F—
C
N

B nannoii 3amaue m = 0, 1, 2 — 4WCIO BBIMTPBIIIHBIX OWJIETOB CpeIy
KYIUICHHBIX HAyraja n = 2 OWJIETOB.

N = 10 — Bcero nmerommxcst OunetoB, M = 4 — 4UCIIO BBIMTPBILIHBIX CPEAU
BCEX MMEIOIIMNXCST OMIIETOB.

Torna
0 2 1.8
_ _ oy CYCE 1z 56 910 56 2 1
=0 p=PX=0)="=="=5"F=5"55"3
10 ﬁ
. . 4y __CiCe 46 46 910 46 2 8
=1 pp=PX=D="gt=Twr=Ti'7"=T"557
10 ﬁ
-C2 21 34 910 34 2 2
C3-Ces 2121 )
Xa = 2 =P(X=2)= 2! A2 _ R, 2 _ 2
3 P3 ( ) 2, U 2 " 2 2 910 15

. 1
[IpoBepuTh, UTO BEPOATHOCTH HAWICHBI BEPHO. Py + Py + p3 = 3 +—=+

—=1.
CrnenoBarenbHO, UCKOMBIN 3aKOH PaclpeieICHUsl UMEET BU:

X o] 1] 2
p | 1| B |2
3 |51 15

Martemaruueckoe oxxuganue; M(X) = 0 - % +1 -% +2 12—5 = % =0,8
Jucnepens: D(X) = M(X?2) — (M(x))?
2y—02.1412. 8 4 92.2 _16_
M(X2) = 022412 =422 = == =107
D(X) = 1,07 — (0,8)2 = 0,43
Cpennee kBaaparudeckoe otkiaoHenue: o(X) = /D(X) = /0,43 = 0,66

ITpumep 3: backerOomuct aenaer Tpu wmTpadHbix Opocka. BeposTHOCTH
NOMAJaHUs TP KaxaoM Opocke paBHa 0,7. [locTpouTh psa pacnpenciaeHus yucia
NonajaHuil Msiua B KOP3UHY.

Pemenue:

[Tycth X — ciyyvaiiHas BeJIMUMHA YKCIIA MOMAJaHUM Msiya B KOP3UHY, TOTJA
3HAYEHUs, KOTOPbIE MOXKET MPUHMMATH 3TA Ciy4daiiHas BeJWYMHA paBHbl: O (HU
nomnaj HU pa3zy), 1 (moman oauH pas), 2 (monan aBa pasa), 3 (momnan BCe TPH pasa).
JIns KaKAaoro 3HAUEHWs HAMTHU BEPOSITHOCTh MOSBICHUS 3TUX 3HAYECHUH IO
(dopmyne bepHyn.

n=3,p=07,q=1-0,7=03
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[To Teopeme CHOXEHUS BEPOSATHOCTEH MPOTHBOIOJIOKHBIX COOBITHIA:
Pm>3)=1-P(MmM<3)~1-0,9344 = 0,0656 — BepoATHOCTb TOIO, YTO
IPH J0CTaBKe OyAET MOBPEXKACHO 00Jiee 3 N3IEHIA.

OtseT: a) = 0,223, 06) = 0,1255, B) = 0,0656

[Tpumep 6: CTpenok MpOU3BOAUT HECKOJIBKO BBICTPENIOB B LIENb A0 TIEPBOTO
nonajanus, uMes Bcero 4 mnarpoHa. BeposTHOCTH TOMAAaHWs MPU OJHOM
BeiCcTpene paBHa 0,6. HaiiTu 3aKkOH pacnpeneneHus Ciy4aiHOW BENWYMHBL X,
maremarnueckoe oxuaanue M(X), aucnepcuro D(X), rme X — KOIMYECTBO
MTPOU3BEAEHHBIX BBICTPEIIOB.

Pewienne: mo yciaoBHIO, BEPOSATHOCTh NOMAAAHWS B KKAOM HCIBITAHUU
pasHa p = 0,6. Torna BeposTHOCTb pomaxa: q = 1- p=1- 0,6 = 0.4.

CocTraBuTh 3aKOH  pACOPEACICHHS  CIYYalHOW BENWYMHBL X 10
Ir€OMETPUUYECKOMY PACTIPEACTICHUIO:

Ecmm x = 1, TO 3TO 03HA4aAECT, 4TO CTPEJIOK NONa C 1-i MOMBITKK U HA 3TOM
WCIIBITAHUS 3aKOHYIIUCH. P = 0,6.

Ecnu X = 2, TO 3TO 3HAYUT, YTO B NEPBOM KCIIBITAHWUMU MPOMAX, BO BTOPOM —
nonaganue: p, = pq = 0,24,

Ecnu X = 3, To onagaHue ¢ TPEThel MONBITKH: ps3 = pg? = 0,096.

Ecmu x = 4, TO 3HAYUT, 4TO CTPEJNIOK MOKET MPOMAXHYTHCS WK MONACTh, HO
UCTBITAHUS 3aKAHYMBAIKOTCS B JIFOOOM ClIy4ae, TaK KaK 3aKOHYATCS MATPOHBI.
[TocneaHsist BEPOATHOCTD HAXOAUTCS MO TEOPEME CYMMBI COOBITHHA:
ps=q' +pe’=q (q+p)=¢q* 1=¢"=0,4=0,064

Takum 00pa3oM, HCKOMBIH 3aKOH PACTIPEJCIICHHUS
X 1 2 3 4
P 0,6 | 0,24 10,096 | 0,064

BrInmoaHuTe NpoBepKy: p1 + p2 + p3 + ps = 0,6 + 0,24 + 0,096 + 0,064 = 1.

MareMaruieckoe OKUTaHUE: M(X) = Y x;p; = 1,624 —  9T0
CPEIHEOKUAACMOE KOJIMYECTBO BBICTPETIOB (IMMPM MHOTOKPATHOM TOBTOPEHUHU
TaKUX CepHil U3 4 BHICTPEIIOB).

Jucnepens: D(X) = M(X?) — (M(X))2 = 3,448 — 2,637376 = 0,810624
— OTO MCpPa pacCCAaHrUA KOIMYCCTBA BBLICTPCIIOB OTHOCHTC/IBHO MATCMAaTH4YCCKOIO
OKUJaHU4.

KOHTPOJBHBIE BOMTPOCHL:

— Jlate onpeneneHue BEPOSATHOCTH.

— CdopmynupoBaTh TEOPEMY CIIOKEHUSI BEPOSITHOCTEH.

— CdhopmynupoBaTh TEOPEMY YMHOKEHHUS BEPOSITHOCTEH.

— Cdopmynuposats TeopeMy baiieca.

— Jlate omnpeneneHue OUCKPETHON ciyyailHoil BennuuHbl [IpuBectn
MIPUMEPBI.

— Ilepeuncnuth BUIBI pacpenciiCHUs TUCKPETHON CyYailHOM BEJIMYUHEL.

— B kakom ciydae npuMeHsieTcss OMHOMHAAIBHOE pacrpeacncHue?

— Jlndg kakux 3a71a4 uCnonb3yem pacnpenenenue [lyacona?

— B Kakux cly4asx COCTaBISAIOT FEOMETPUUECKOE PACTIPEACIICHUE?
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