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HPEANC/IOBHE

INpennaraemMasgs BHUMaHMIO YUTATENST KHMIa 3aBEPLUAET KOMII-
JieKC y4eOHBIX nocobuii non obuUMM HazBaHUeM « UHOMBHIOYa/Ib-
HbIE 3a1aHus Mo Beicwieit MatemaTHke». ([leppas u Bropas KHUTH
JIaHHOTo KOMIUIEKCa BHILIJTH B U3JaTeNbeTBe « BhILLRiiuas wKkona»
B 2000 r., a TpeTest — B 2004 r.) OH HanucaH B COOTBETCTBMU C
JIeHWCTBYIOIIMMH MMporpaMMaMu Kypca Bbiclledi MaTeMaTHKH B
o6beme 380—450 yacoB wis MHXEHEPHO-TEXHHUYECKUX CiELUatb-
HocTeil By30B. KoMriekc Takke MOXeT GbITh MCTIONB30BaH B By3ax
Opyrux npoduieii, B KOTOPbIX KOJIMYECTBO 4acOB, OTBEIEHHOE Ha
W3yiueHHe BBICIUE{l MaTeMaTHKHW, 3HaYyWTeJbHO MeHbiue. (B no-
CIIEIHEM ClyYae M3 MpelaraéMoOro Marepuaia peKOMEHIYeTCst
clenath HeoOXoaKUMylo BEIOopKY.) Kpome Toro, oH BnosnHe OocTy-
TIEH U1l CTYOEHTOB BEYEPHHUX M 3204YHBIX OTIENCHHUIT BYy30B.

Hacrosmuii koMiuiekc nocobuii aapecopaH npernoaaBaTefsM
M CTYIEHTaM M npeaHa3HayeH IS MPOBeNeHUs NMPaKTHUECKUX ay-
IUTOPHBIX 3aHATHI (A3), caMOCTOSTENBHBIX (MWHU-KOHTPOJb-
HbIX) pabOT M BBHIDAYM MHOMBUIAYAJBHBIX NOMalUHWX 3amaHuii
(M3) no Bcem paznenam Kypca BbiCILeii MaTEMaTUKH.

C uenbio MUHMMH3aLMHK 3aTpaT BPEMEHU MPH U3YYEHWH NIpe-
meTa niepen A3 u W3 npuBonsitcs HeoOXonuMble onpeneneHus,
¢opMynbl, NPUMEDEI € peLlIeHHsIMU, a niocne Kaxaoro UJ13 — pe-
LI€HHe TUMOBOro BapHaHTa. K OONBIIMHCTBY NMpeaiaraeMbIX 3anay
JlaHbl OTBETHI.

B yeTBepTOit KHMTE KOMMNeKca « UHIMBHAYanbHEIE 3a0aH WS MO
BbICLICH MaTeMaTUKE» CONEPXKUTCS MaTepual Mo onepaLHoHHOMY
HCYMCIIEHUIO, 3JIEMEHTaM TEOPHU YCTONUMBOCTH, TEOPHH BEPOAT-
HOCTe#, MaTeMaTHyecKoi cTaTucTHKe. Ee cTpykTypa aHanornyHa
CTPYKTYpPE MEPBHIX TpeX KHUI, a HyMepauus riae, naparpag)oB
PHCYHKOB IIPOJOJIXKaeT COOTBETCTBYIONYIO HyMepaLuio. B nmpuno-
XEHHMAX TMpUBELEHB! TabNUIB OPUIrUHANOB M MX M300paXkeHMIA,
3HayeHHH pyHKUMI pacnipegeneHMsl, UCTIONb3YEMBIX B TEOPHH Be-
pPOATHOCTEH M MaTeMaTHYECKO# CTATHCTHKE, @ TAKXKeE JIByX4acoBas
KOHTpoJibHast paboTa o5 6J104HBIX 3K3aMEHOB.

[naBbi 18 1 19 HacTosLEro MOcoGHs conepXatT UCTpaBaeHHbII
U NOTMOSIHEHHBII MaTepHan yuyeGHoro nocobus «COOpHUK MHIW-
BHIYyalbHBIX 33JaHHil MO TEOpPMM BepOSITHOCTEH M MaTeMaTHyec-
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Ko#t cratucTHkes» aBropoB A.Il. PaGywko, B.B. Bapxartoma,
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ckoro rocynapcteeHHoro yuueepcutera E.E. XKyKy — 3a LeHHbIe
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3iuas wKona».
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METOAUYECKHE PEKOMEHIALIMH

OxapakTepu3yeM CTPYKTYPY MOCOGHS, METOAMKY €ro HCIIONb-
30BaHMsl, OPraHU3aLMIO IPOBEPKH M OLICHKH 3HaHHIi, HABLIKOB U
yMCHUH CTYIEHTOB.

Bechb npakTHYecKMit Matepyall No Kypcy BbICLLE MaTeMaTHKH
pa3feneH Ha MaBhbl, B KaXI0# M3 KOTOPBIX Jal0TCH HEODXOIMMEIE
TeopeTUYECKHe CBeneHMs (OCHOBHLIE omnpeneneHusi, GopMyan-
POBKH TeopeM, dopMybl), HCIIONB3yeMbl€ NIPH pEILEHHH 3a1ad U
BHITIOJIHEHUM ynpaxKHeHuit. ManoxeHune 3TUX cBeneHuUil UToCT-
pHpYyeTCs pelleHHBIMK npuMepami. (Havyano peuieHus npuMepos
oGo3HayaeTcsi CMMBOJIOM P, a KoHell — 4.) 3aTem naioTcsa nonbop-
KM 3aJay ¢ OTBeTaMH [ BCeX NMPaKTHYECKUX ayIWTOPHBIX 3aHA-
THH (A3) ¥ L1 caMOCTOATENbHBIX (MHHH-KOHTPOJbHBIX) paboT Ha
10—15 MUHYT BO BpeMsa 3THX 3aHATHIT. M, HakoHel, NpHUBoAdTCS
HeJesbHbie HHAMBUAyaIbHbIe noMalliHue 3aganus (MO3), kaxnoe
M3 KOTOpHIX cofiepXHT 30 BapHaHTOB U CONPOBOX/AETCSs pellieHH -
€M THnoBoro BapuaHTa. Yacte 3anay w3 UJ13 cHabxeHa oTBeTaMH.
B KoHLEe Kaxa0# raBbl IPHBOOATCSA HOMNONHUTEbHEIE 334U Mo~
BHILLIEHHOM TPYAHOCTH M MPHUKIATHOIO XapaKTepa.

Hymepauus A3 ckBo3Has M COCTOMT M3 JBYX YHCe: NEpBoe U3
HUX yKa3bIBaeT Ha IN1aBy, a BTOPOE — Ha NOPSAIKOBHIT HoMep A3 B
aTtoit maee. Hanpumep, wndp A3-16.1 o3navaet, yto A3 oTHO-
CHTCA K LIECTHaIUATO#H [M1aBe U SIBNAeTCs TIepBLIM Mo cueTy. B naH-
HOM KHUre KOMIUIeKca conepxutcsa 23 A3 n 9 UI3.

HOna U3 takke npuHATa Hymepauus no rnasam. Hanpumep,
wndp UI3-16.2 o3HayaeT, yto U3 oTHOCHTCA K LeCcTHAALIATOMH
rnaee W siBasieTcs BropuiM. BHyTpu kaxnoro I3 npuuaTta caeny-
folasi HyMepauus: NepBoe YHUC/I0 03HaYaeT HOMEp 3aJa4d B JaH-
HOM 3alaHWH, a BTOpoe — HOMep BapuaHTa. Takum obpasoMm,
wnop UO3-16.2: 16 o3HayaeT, YTO CTYAEHT JOJIKEH BbITIONHATE
16-ii BapuanT M3 M3-16.2, KoTtophiit conepxut 3anaum 1.16, 2.16,
3.6 ur.o.

Mpu sbinaye U3 cTyneHTaM HOMepA BHIMIONHAEMbIX BApHaH-
TOB MOXXHO MEHSITb OT 3aJlaHHA K 3a4aHMIO 110 KaKoH-JIM0o cHCTe-
Me WIH cnyyaiiHbIM oOpa3zom. Bonee Toro, MOXHO MpH Bbiaaye
N3 noGoMy cTyOeHTY COCTaBHTb €10 BapuaHT, KOMOMHUpYS OlI-
HOTHIIHbIE 33ajJayd M3 pa3HblX BapuaHToB. Hanpumep, umudp
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WO3-16.1: 1.2; 2.4; 3.6; 4.1; 5.15 o3HayaeT, 4TO CTYOEHTY CleayeT
pewats B 13-16.1 nepByio 3anayy M3 BapuaHTa 2, BTOpYylo — M3
BapHaHTa 4, TpeTbIO — U3 BapHaHTa 6, YETBEPTYIO — U3 BapMaHTa |
M NATY10 — U3 BapuaHTa 15. Takoil KoOMOMHHUPOBaHHBII METOL BhI-
nayu M3 nosponsiet u3 30 BapMaHTOB NOAYYHTD OONbLIOE KOSIH-~
4eCTBO HOBBIX BAPUAHTOR.

Bhenpenne MJ13 B yueGHBIH mMpoliecc NoOKa3ano, YTO HeENeco-
obpasHee BelgaBath M3 He mocne kaxagoro A3 (KOTOpHIX, Kak
npaBuiIo, IBa B HeleNo), a ogHo HenenbHoe M3, BKitoyalolee
OCHOBHOIi MaTepuan ABYX A3 3TOit HelENH.

JanuMm HekoTopble ODilMe PEKOMEHOALUM M0 OpraHU3alUM
paboThI CTYNEHTOB B COOTBETCTBHH C HACTOSILLIMM NocobueM.

1. B By3e cTyaeHYecKHe Ipymnsl Mo 25 yenoBeK, NpoBOAATCA JBa
A3 B HefleN0, TUTAHUPYIOTCA eXeHeleNbHble HeobsA3aTebHbIe I
MOCELCHUA CTYNEHTAMM KOHCYNLTAllMM, BHIJAIOTCS HENENbHEIE
HUIO3. [pu 3THX YCIOBUAX LIS CHCTEMATHYECKOrO KOHTPOJIS € Bbl-
CTaBJICHUEM OLIEHOK, YKa3aHHEM OLIMOOK M MyTeil UX HCrpaBie-
HHUSI MOTYT OBITE MCMOMB30BaHEl BbilaBaeMble KaXaoMy Mpernoaa-
BaTEJI0 MaTPHLIbI OTBETOB M OaHK JIMCTOB pellieHHii, KOTOpPHIE Ka-
¢enpa sarorapnueaet misi U3 (cryneHTaM oHM He BbLIAKTCA).
Ecnn marpHLibl OTBETOR COCTABAAIOTCA 15 Beex 3anay u3 U3, to
JIMCTHI pelleHUii pa3pabaThiBaloTCs TONLKO 4151 TeX 3a1a4 U BapH-
aHTOB, [l Ba)XHO NMPOBCPUTL NPaBHJIBHOCTL BHiIGOpa MeToma, Mo-
CNENORATENBHOCTH IE HACTBUIH, HABLIKOB U YMEHHUIA TIPH BEIMUCIIEHU-
ax. Kadenpa onpenensier, s Kakux M3 HyXHBI JTMCTH peLie-
Huit. JIMCTH pelieHMii (OMMH BapHaHT pacriojiiaraeTcss Ha OJHOM
JINCTE) UCTIONL3YIOTCS MPH CAMOKOHTPOJIE NPaBUJTbHOCTH BHITMOJ-
HEHMUSA 3aJaHUii CTYIEHTaMH, NIPU B3AUMHOM CTYJEHYECKOM KOHT-
pose, a yalle BCero npM KOMGMHUPOBAaHHOM KOHTPOJIE: Mpernoaa-
BaTeJb MpOBEpsieT NIKILb MPaBUILHOCTD BLIOOpa MeToMa, a CTYAEHT
IO JIMCTY pelleHUt — CBOM BBIYMC/IEHUS. DTO TO3ROJSAET NpoBe-
putk U3 25 cTtynenToB 3a 15-20 MUHYT C BbICTaBA€HHEM OLIEHOK
B XYpHaJl.

2. B By3e cTyneHueckHe rpymnrbl o 135 4YeaoBek, NpoBOAATCS NBa
A3 B Heflelio, B pacnucaHue JUIA KaXx10#i rpynribl BKJaYeHbl 005-
3aTe/ibHbIE [1Ba Yaca B HEAEeN0 CaMOMOIArOTOBKH MO KOHTPOJIEM
npenoaagatens. [Tpu 3TUX ycnoBUsAX opraHW3aLMsl MHAMBUAYalb-
HOM, CaMOCTOATENLHOI, TBOPYECKOi paboTHl CTYNEHTOB, ONepa-
THUBHOIO KOHTPOJISl 32 KaY€CTBOM 3TOil pabOTHl 3HAYUTENBHO YIY4-
wmaetcsl. PekoMeHn0BaHHbIE BbIlle METOAbI IPUTONHBI H B 1IaHHOM
c/iyuae, ONHAKO NOSIBAAITCH HOBLIC BO3MOXHOCTU. Ha A3 GObicT-
pee npoBepsTes U oleHuBatoTess U3, Bo Bpems obsizatenbHOI
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CcaMOIMO/ITOTOBKH MOXHO IIPOKOHTPOJMPOBaThb NpopaboTKy Teo-
pui ¥ pemienye MJ13, BEICTaBUTL OLICHKH YacTH CTYNEHTOB, MpH-
HATE 3an0keHHocTH no U3 y oTcTalomux.

Haxonnenue Gonbuioro Konuyectsa oucHok 3a M3, camo-
CTOSTE/NIbHbIE M KOHTPOJBHBIE paboThl B ayIMTOPHH MO3BOJSIET
KOHTPONHpOBaTh y4eGHbIH Mpolecc, ypasasiTh UM, OLEHHUBAaTh
Ka4yeCTBO YCBOEHMS H3y4YaeMOro MaTepuana.

Bce 310 pmaeT BO3MOXHOCTH OTKa3aThCsi OT TPAIWLIMOHHOIO
UTOrOBOTO CEMECTPOBOTO (rOJJOBOro) 3K3aMeHa 10 MaTepHany Bce-
ro cemectpa (y4eOHOro rofa) M BBECTH TaK Ha3blBaeMblii GJIOYHO-
LIMKJOBO#H {MOAYNHHO- IMKJIOBO# ) METOM OLIEHKH 3HAHHWI M HaBBI-
KOB CTYOEHTOB, COCTOSIIUMIA B clenylouleM. Matepuan ceMectpa
(yuebHoro rona) pasdbuBaeTcsi Ha 6110KH (MOLYNH), 10 KaXKAOMY U3
6nokoB (Monmyneit) BoinonHstoTess A3, U3 M B KOHLIE KaXIoro
LMKIa AByX4yacoBasi NUCbMEHHasi KOMJIOKBHYM-KOHTpPONBHAS pa-
60Ta, B KOTOPYIO BXOAAT 2—3 TeopeTHYECKUX Bolpoca W 5—6 3anay.
Yyet oueHok no A3, 13 1 KoNnokBHyMy-KOHTPOJBHOI MO3BO-
JI€T BHIBECTH OObEKTHBHYIO OOLLYI0 OLIEHKY 3a KaXIblit 610K (Mo-
JIylib) 1 UTOTOBYIO OLICHKY IO BceM Giiokam (MoaynsiM) ceMecTpa
(yue6HoTO rosa).

B 3akiioueHne OTMETHM, YTO YCBOEHHE COIEPXALUETOCH B MO-
coOMU MaTepuana rapaHTMpyeT XOpOLIMe 3HaHHs CTYIEHTOB MO
COOTBETCTBYIOLIMM pa3siejlaM Kypca Bbicllieii MateMaTUKH. s
OTIIMYHO YCMEBAIOUIMX CTYOCHTOB HeoOX0oaMMa MOATrOTOBKA 3ada-
HUI DOBBILIEHHONR CNOXHOCTH (MHOIWBUAYAIEHEIR noaxon B 06y-
YeHUH!) € NepcneKTHBHBIMH MOOLIPUTENBHBIMU MepaMu. Harpu-
MeEp, MOXHO pa3paboTaTk A/ TAKMX CTYAEHTOB CreLHaIbHEIe 33-
JaHWs Ha BECh CEMECTP, BKJIIOYAIOIIME 3a0a4H HACTOALIErO MOCco-
615 U NONIONHUTENBHBIE GoJlee CIOXHBIE 3a1a4H U TEOPETUYECKHE
ynpaxHeHHUs (Uisl 9Toil LienH, B YaCTHOCTH, NMpeaHa3HayeHH A0-
NMOJNHUTENbHbIE 33]la4M B KOHLIC HeKOTopbiX rnaB). [penonapatene
MOXET BbIIaTh 3TH 3aaHWA B Hayalle ceMecTpa, YCTaHOBUTD pa-
¢HK 1X BLIMOTHEHUS] MOA CBOMM KOHTPOJIEM, paspellnTh cBoboI-
HOE MOCELEHUE NIEKUMOHHBIX WIM MPaKTHYeCKHX 3aHATHH Mo
BbicHieif MaTeMaTHKe M B CJlyyae ycrneuwHoH paGoThl BbICTaBHTH
OTJIHYHYIO OLIEHKY 10 3K3aMEeHaLMOHHOMH CeCCHM.



16. OITEPAIIMOHHOE UCYHUCIIEHHE

16.1. OPUTHHAJ 1 H30BPAXKEHHME I10 JIATUIACY

Hawaserott @yrkyueti inu opuzunatom Ha3biBaloT GYHKUHIO f(f) neHCTBUTEN -
HOW MepeMeHHO#H 1, YIOBIETBOPAIOWIYIO CAENYIOLIMM YCIOBHAM:

DSf(N=0nprr<0;
2)echt M >0 M s - HEKOTOpbie BELLECTBEHHbIE YHCAA, TO

1l < Me™ npur=0; (16.1)
3) f(1) - xycouHO-HenpepbiBHAA H WHTErpUpyemas Ha NI060M KOHEYHOM OT-
pe3ke HiMeHeHHs I. TouHast HUXHAA TPaHb 5y BCEX YHCEN s, U1 KOTOPbIX BBINON-
HfieTcs HepaBeHCTBO (16.1), HaswiBaeTCA nokazamenem pocma ynxyuu f(1).
Ecnu cywecTByeT HecOGCTBEHHBII MHTErpan
+o0

F(p) = I fine Par, 16.2)
0

rnep=a+ bi,Rep=a>0, Imp=>, To pyHkuuwo F(p) KOMNMIEKCHOH NnepeMeH-
HOM p Ha3bIBaIOT w206paxcenuem yukyuu f (1) no Tannacy, unu ee nanaacossis uzob-
paxcexuem, WNH NpOCTo ulobpaxcenuem.

Mpasuino (16.2) nonyueHHs no 3anaHHOMY OpHrHHany f(f) naobpaxenus F(p)
Ha3blBaeTcA npeobpazosanuem flanaaca.

Ecnun Re p = a 2 5 > 59 v BuinonHsercs yenosue (16.1), To MOXHO A0KA3aTh, YTO
HecobeTBeHHBbIH HHTerpan (16.2) aGconloTHO CXOAMTCH M ONPEAEAAeT aHATHTHYEC-
Kyio QYHKLRIO B NIONYTIOCKOCTH @ > 5, (pHc. 16.1); npu 3ToM

lim F(p)=0. (16.3)

Re p > +oo

bA

o

&
—a[

oy

Puc. 16.1
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Ecan F (p) — nannacopo n3aoGpaxeHue f(r), To KpaTKO 3TO 3aNHChIBaeTCA B BH-
ne F(p) = f(ymm F(p)= Lf (0}

MOXHO BOKA3aTh, 4TO BCAKOMY H306paxXeHHIO F{(p), YIORNETBOPAIOLLEMY YCIOBHIO
(16.3), COOTBETCTBYET €AMHCTBCHHAA HayanbHan QyHKuus (opuruHan). [MpuHsaTHe

obostavenus: f{1) = F(p)wmf() =L {F(@).

IMpumep 1. HaiiTi u3obpaxeHue enHHHIHON @dynxyuu Xesucaiida

Onmpu <0,

(1) = 1
o) 1 npu 120.

Tpaduk PyHKUKM Oy (7) NpHBENEH Ha puc. 16.2.
ooft) A

~Y

Puc.16.2

» OueBHIHO, YTO Gp (1) YAORTETBOPSAET BCEM YCAOBHAM OpUrHHana u sy = 0. ITo
topmyne (16.2) kmeem:

+o +
o
- - . —pt
Lioyg(nt = je Pl = —le pt = l,mxxax lim ¢ =o0.
P 0 P Rep—+om
0

|

N

CaenopatensHo, L{co{t)l = %,t.e. ool =

Ipumep 2. Haiitu n3aoBpaxenue F(p) byakumuu e, roe aeR.

» Umeem:
e e - ayt”
L1y = je—‘"e“'dr = Ie'(”‘“)'df el B I
p-u | p-a’
0 0

ecnd Rep>a =

CrenosatensHo, e = L
= r—a
3ameyanue. M3 onpeneneHus opuruHana cnelyeT, YTO He BCAKAA QyHK-
uua f{1) asnsetcs opurnHanoM. HanpuMep, Npu HeBbinoNHeHMHKn ycnosus (16.1)
HET rapaHTHH CXOAHMMOCTH WHTerpana (16.2). Ecnu unterpaa (16.2) pacxonytes, To
FOBOPAT, YTO PYHKLHS f{1) He ABIAETCA OpHIHHaNoM. HeTpynHo nokalath, Hanpu-

9



3
Mep, YTO QYHKUHUH f(f) = %,f(t) = f:r = el o’ HE SIBNAIOTCA OPHIHHAIAMH,

Tak Kak WHTerpan (16.2) ana HUX pacxoLuTes.
Iepeuncnum ocHosHsle caolicmea opuzuHanos U L306padceHull,
l(cBoficTBo nuHelHocTH). Echu Fi (p) = (N, k=1,2,..,n,TO
n n

Z il = Z e Fi(p), (16.4)
k=1 k=1
rne ¢ — nwobble ReHCTBUTENBHBIE WK KOMIJIEKCHBIC YHCIA.

2(tecopema cMmeweHHuA). Ecnf() = F(p), To Ana n106Oro KOMIUIEKCHO-
TO YUCNa & UMeeM

() = Fp-a), Re p>sy+ Re a. (16.5)
J(reopema nono6usn). Ecnu f(r) = F(p)nur>0,10
F) = %F(f) . (16.6)

4 (Teopema o auddepeHunpoBaHKHK H3o06GpaxeHHn) Ecau
f(0 = F(p), 10
1)"LEe) =", 6.7
dp”
5(teopema o nnddepeHuUpoBaHKY OopUruHana). Ecmf(f) =
= F(p), 10

[0 = pRp)-f10),
70 = p2Fp)-pROY-£"(0),

(16.8)
/70 = B Fey -0 o) - 8" 0 - - D0y
Ecmn f0) = £(0) = ... = £ D0) = 0,70 [0 2 p" Ry
6(Teopema 3anasaviBaHus). Ecanf(r) = F(p), Toansa >0
fi-15) = " Fp). (16.9)

Ceepmuois deyx ehynxyuil fi (1) u f; (1), oGo3HauacMoit fi (1) * 5 (1), Ha3bIBaeTCA
YHKUMSA, ONpenenseMan paBeHCTBOM
+o0

AWRO= [HEnu-0d.
—e
Ecnn fy (1), fo(1) ~ opuruHansl, T.e. fl(t) =0 npH 1 > f, TO UX CBEpTKa npea-
CTaBMMa B ClienyIOWIEM BUIE:

t 1
A0*h0= [fonu-nd = [fu-onmde. 1610)
0 0

10



CBepTKa IBYX OPHTHHAJIOB ABNAETCHA OPUIHHANOM. JL18 Hee cnpaBeLIUBH Clie-
LyloLue CBOHCTBA:

1) fi *fi =/f2 * f; (KOMMYTaTHBHOCTD);
2) (i * A A=A (hH*f3) (accouHaTHBHOCTD);
3) (e1fi + a2} * 5= ¢ (/i * R) + o3 (H* f) (mmeiiHOCTB).
T(teopema bopensa,unuTeopema cBepTH BaHHKA). Ecnu £ (1) =
= R@ELAMZF(p), 10
LH*H@O=F @) K@) (16.11)

@opmyna (16.11) HasbiBaeTcA Gopmynoil yMroxcerus usodpaxcenui. OHa 4acTo
MPUMEHSETCA 1A BOCCTAHOB/ICHHsl OPHIMHAJIA NO €10 H306PaXeHHIO.
8 (reopema o6 MHTETPUPOBAHHH opuruHana). Ecau
f() = F(p), 10
t

froa =ﬂ;12 (16.12)
0
9 (reopema 06 WHTerpupoBaHMH u3obGpaxeHus). Ecau

+o

F(D = F(p) n uuterpan IF(z)dz CXOAWTCA, TO

P
+o
A+ [ Aoz (16.13)
P

I0(Teopema 06 M306GpaXeHHH NEPHOAUYECCKOH PYHKUHNHM).
MycTs f(1) — nepuoanyeckan ¢pyHxuua nepuona T u f(1) = F(p). Ecnm Fy (p) -

T
uzobpaxeuune GpyHKUUH j(r)(oo(r)—cro(r— n),te. Fy(p) = If(r)e_p'dt,m
0
F
Fip) = O(f)r, Re p>0. (16.14)
1-¢?

C uenbio NpoBepKU NPaBUILHOCTH BBINUCIIEHHI B OMEpPaUMOHHOM HCYHCAE-
HWHM YaCTO UCTIONB3YIOT npedenthsie co HUS.

11 (teopema 0o NnpenenbHEIX COOTHOLWeEHUAX). Ecnu f(1), £(1) -
opurunans K f(1) = F(p), T0

lim pF(p) = lim f(n), (16.15)
p—>0 1=
li Fp)y= i = . .
Re plf: +of ) lrll’rgi_f(f) f0) (16.16)

CootHowenus (16.15) 1 (16.16) Ha3LIBAIOTCA NpedeabHbLMU COOMHOMWEHUAMUY
C8A3U MENOY UFOOPANCEHUEM U OPUSUHANOM.

11



12. TNpwu pelieHUK pAaa NPaKTHYECKKUX 3a1ay HCMONbayeTcs ghopmyna Jroamens

t
PR(IFP) /060 + [£(0f5 (1-)de, (16.17)

0
rae f) (1) — HenpepbiBHaa GYHKUMSA; f; (f) HMEET HENPEPbIBHYI NPOH3BONHYIO;
RO =H0 K@) A0

TIpumep 3. Haiitn usoGpaxeHus opuruHaios f(f) =sinr uf (1) =cos 1.
it it it —it

—€
- neost =< . Toraa ua coiictea 1

» M3BecTHO, 4TO sin f = T
clenyeT, 4yTo
N A l') 1 2§ 1
sint & | —-——] = == = »
g(p—: pt+ 2’p2+l P2+|
cost#%(¢.~+‘)=%—22"’—= 2' .
Pt p P+l p+l
me,sinr%%.cosr#—zLA
P+l p o+l

INpumep 4. 3anucath K306paXKeHUA yKa3aHHBIX GYHKUHKH-opuruHanos: sin Br;

cos Br; sh pr, ch pr.
» Tak kak W3BeCTHH H306paXKeHHA AN Sin | M €OS 1, TO H3obpaxkeHHus sin Bt u

cos Br MOryT ObiTh HaliEHB € NOMOLLBIO TeOpeMbl NoaoGus (cM. hopmyny (16.6)):

2
. .1 1 | I
sin Br == = = R
Poiorp’+1 Pplep? PP’
2
1 _p/Bp _ 1V Bp __p
cos Bt = = = .
Peorp?+1 BPoP 4B pl4p
JHanee,
pr_ —pe pr, ~pr
shBr=%,chBr=e +2‘"

Torna 13 npriMepa 2 U cBOMCTBA NMHEHOCTH CEAYET, YTO
1 1 _

.1
b 55745 Earel

p-—
NI LY
ChB!;i(m'l'pT —;z—f?.‘

Ipumep 5. Haiity uao6paxenus opurunaios ¢*'sin Br u ¢* cos pr.
12



, cos Br = TLZ , TO H3 TeOpEMbI CMELIIEH WA CJie-
p +P p+p

» Tak kax sin Br =

IyeT, 4To

emsinpr%—%,e msB:_-—-B:ZL—- ‘4
(pta) +P (p+a)’+p?

Ipumep 6. Haiitn moﬁpmnun YKa3aHHBIX ODUTHHANOB: ] ™  "é™; ¢t sin Pr;
tcos pr.

P U3pecTHo, uTO 0y (1) = :-’ . Torna no npapuny auddepe HUMPOBaHUs U306pa-
EHHUA HAXOOMM:

re-2(0) - 12 é(-l)z;‘iz(},)=2—§,

P p
dean _ 3! L _df(n-1N _ _n!
_dp(:D— 4’“'"’!* dp( n ') n+1"
1
M3 TeopeMbl CMELLIEHUS clieayeT, 4To ¢ "e*! = "'" ol
(p-a)

3Hana u3oOpaxkeHuA sin Pr u cos Pr, u3 TeopeMbl 0 AMdPepeHLHPOBAHHH H300-
PaxXeHHA NoTyyaeMm:

tsinpr = — (p +3") =

@ +13)
fcos Br = ( Bz) 2’20 - .
p +B (pz +'32)1 (P2+B2)2

IMpumep 7. Hality H306paxkeHUA OPUTMHAJIOB:
a) e *sin nr; 6) ch2scos 3r; B) sin 57cos 21,

» a) Tak kak sin nt = TO Mo CBOHCTBY CMELIEHUS

L4
R
~51 . L

e ~sinmf = >
(p+5) +n

3

6) Taxk Kak ch 2rcos 31 = % (le +e 2‘) cos 34, TO U3 cBoiicTBa TUHEHHOCTH K

TeOpEMbI CMELLICHUA ClleRYET, Y4TO

ch2rcos]r$%( ”‘22 + ""i 9)
P-2)"+9 (p+2) +

B) Tak Kak sin 5¢cos 2t = % (sin 7r+ sin 31}, To U3 cBOHCTBa IMHEHHOCTH CJle-
NyeT, 4TO

13



sin 5rcos 2t = %( 3 ? + 23 9) .4
p +49 p 4+
ITpumep 8. Haitti naoGpaxeHus OpUrHHANOB:
1 '
a) J'(e‘”ch 22+ ¢ %sin 42)dz; 6) I(z5-4z4 +37-29)e %z,
0 0
» a) Haiinem u3oGpaxenne opuruHana f{r) = e > ch 2r + ¢* sin 4r. U3 ceoii-
CTBa IMHERHOCTH M TEOPEM NOAOGHS M CMELLEHHS NONYaCM, 4TO
p+s 4
2 2 )
(p+t5) -4 (p-3) +16
Torna, cornacHo NpaBHaY HHTETPHPOBAHKSA OPUTHHANA, KMEEM
t

j(e-szch2z+eazsin4z)d e, 2 6)

e S'ch 2+ e¥sin dr =

; Pp+5)-4 (-3 +1

6) Haitnem u3obpaxeHHe opuruHana:

5 4 2 L3 4.4 6 2
£ —4t +3r —2!—7‘-3—-—?4"-3—-—5.
14 P P P
Torna no TeopeMe CMCLLCHHA
1 .4
(r5-4r4+3r2—2r)e2'%- 3 i 4 4‘S+ 6 3 2 3-
(-2 (p-2) (p-2) (p-2)
WcnonwioBas TeopeMy 06 HHTETPHPOBAHHH OPUIHHANA, MOMYYHM
!
1
j(z5—4z4+3z2-2z)e““dz2=%( |206_ 96 5+ 6 T~ 2 2).‘
. -2 -2 -2 -2

[pumep 9. Haiitv opuriHans! cienyowHx 1iobpaxeHUi:

) ——: 65— B ——.
P+ PP+ )

» a) Tak Kak ,l = % 3 = % sin 3¢, To no Teopenme 06 HHTErPHPOBAHHH
p+9 p +9

OpHITHHAaNa HMEEM

t

1
% [sin3ade = ~ 3 cos 3¢ = 3(1-cos 3.
3 9 ) 9
4]

1
P(.P2 +9)

6) Ha ocHoBaHuU copvynbl (16.12) ¢ yueToM pe3yabTaToB, NOAYYEHHBLIX B
M. «@», Hvcem

14



[

lql—

1 1 1 1 .
= | (l-cos 37)dz = -l z—=sin3z
P p2+9 IQ 9 3 )

; - 1(o-Lam3).
0

]
B) Tak kak ‘2 = 25 ,TO —]3 = ﬁt . Ha ocHOoBaHKH TeopeMbl CMELLIEHHA NONyYyaeM
P P :
2
! 5 2 é—, A
(p+2) ’

Tpumep 10. Haitti u3o6paxenue byHkuumn (1) = 1-cos2r -5t

L3
» Tax Kak GyHKLNA f{1) HenpepbiBHa NpK BeeX (>0 U

. . - -5 . i . —-5
lim A = lim l;oosZre = lim lw-sm re = 0,
1 +0 t—»+0 1 t>+0

TO OHa ABIAETCA opuriHanomM. OuyeBUaHo, YTo | —cos 27 = 1 —2L . U3 npasu-

p t4
71a HHTErPUPOBAHKA H300paXXEHKs CAERYET, YTO
+o

B
S O

p

. 1 2 .
= 1 Inz-=In +4 lim I
B]—Too(nz 2 @ )) I—Toon 2

4 7 +4

/4
(7.,
= Blim [ln——ﬁ—--ln-—ﬂ—) =n1+In 2224
—> 00!

Bea  flea

[MpUMeHUB TeopeMy CMELLEHHA, MONYIHM:

I—cos2r 5t . J(p+5)°+4 . Jp>+10p+29
—— ?1“ =m .
t p+s pt5

[pumep 11. Haiiti n3oGpaxeHue opuruHana cos (2/—-n), 12n/2.

» U3BecTHO, 4TO cos 2/ = £

3 (cM. npumep 4). Toraa ua TeopeMbl 3anaifbi-
P +4
BaHHA NoNy4aem:

cos (2t-n) = cosz(r—g = e_"pq—,P—. 4
Pt
15



Ipumep 12. HaiiTi cBepTKY OpHIHHANOB cos 31 W sin ¢ K H306paXeHUe CBEPTKH,
» CornacHo onpeneneHHI0 CBEPTKH HMEEM:

t '
cos 3¢ *sinr = ]'cos 3t sin(t—1)dt = %I(sin(:+ 27) +sin(r-41))dt =
0 0
I 1 1
= 3= costr+20)[) + 3 cosr-40)[[) =
= %(—% cos3r+% cos 1‘+4l cos 3:-41 cos .r) = % cos3r+é cost.
CnenosatensHo, cos 37 *sin t = —% cos3t+-; cost. M3obpaxeHHne noayueH-

HOTO OPUIHHANA HAXO[WM C YUETOM CBOHCTBA TMHEHHOCTH H TEOpeMbl NoaoGHS:
cosdr*sinr=—+L 1 P _

8p2+9 8‘|!:l2-0-|

- l—ps—p+ps+9p= ¥4 .
BlP+90P+ 1) (P +9)p +1)

Tor xe Pe3ynbTaT MOXHO MNOAYYUTH APYTHM NYTEM. HsBectHO, 4TO

cos3l%—2‘°—, sin t =
p+9 p +1

(cM. nprMep 4). Ha ocHopaun i Teopemnl bopens

MMEEM
oos3r‘sint$2—-}—-2—-—-.(
P+ +1)

Ilpamep 13. Haiitu opuruHan f(f), cooTeercTBylOLIMHA H30GpaXKeHHI0

F(p) = —2L2 .
(" +4)
» llpeacrapuMm  u3o6paxeHwe B Buae F(p) = 1p 1 Tak xak
p +4p +4
21 = % sin2r, {— % €os 2t TO Ha ocHoBaHWK dopmynsi (16.11)
pt+4 p+4
—Lz 2' :=c0521'%sin2:=
p t4p +4
f ]
=1 i =i in(21- =
3 Icos 2t sin(2t-21)dt 3 I(sm 2¢+sin(2r-41))dt
0 0

) = -l-fsin2t+lc052!-lc052r =

I Vo t.1 1
= (t sin 2.r|0 +4 1:c>s(2.r-4t)|0 i 3 2

4

=1 o =
—4rsm21 fin. 4

16



t, 0<t<1,

[pumep 14. Haiitu naobpaxenue opurunana f(1) = nepHo-
: 2-¢1,151<2,

JIKYECKH MPOOIKEHHOTo Ha MHTepBan [0, +wo) ¢ mepuonom T= 2 (puc. 16.3).

A
=T
N ] o
of] 1 2 3 4 5 6t
Puc.16.3

» Tak KaK OpUrHHaA NEPHOAMYECKHIA, TO, cornacHo hopmyre (16.14),

S
F) = — 7o),

2 1 2
re T=2,a Fy(p) = J'f(r)e_‘"dr = Ire_p'dﬂ J'(z —ne Plar.
0 0 1

U HTerpupys no YacTAM, HAXOAUM MHTerpahi:
1 1

Ire"’ ar = —%re’p 'ar I{l) + }’ Ie-p ar =

0 0
1
=_Lw_L;WL=_5v+l_L;{
P p P

2 2 2

—nePlar=—2-nle P Lo Py =
j'(z nelar = ~@2-ne |I jpe dt
1 1

2
= !e_p+—l—e_p‘| = 1e-"’-l—le-z‘p—le-"’.
P e

1 2 2
Pp P
CnenopatenbHo,
Fo(p) = _!e-P_'_l___le—P_" le—p-}l ~2p _ 1 e P
P 2 2 P 2
P p P P
1 2 -p 1 -2
3T 3¢ T3¢
PP P

H3obpaxenunem wis f(r) 6ynet GyHKuus

= |
Fa-e)  pPa-e) e

-p, =2 _-»? -p
F(p)=l-2e +e - (l1-¢ ") ll-e

17



ITpumep 15. HaitTu naobpaxke HHE NepHOANYECKOH CHCTEMBI HMITYIbCOB, H300-
paxXeHHBIX Ha puc.16.4.

ik
A

-

T+t, 2T 2T+4,3T t
Puc. 164

i
1
|
'
1
1
i

T

&> pm—————

» 3ananHylo rpad HYecKH NeproanyecKyio GyHKuMio f (1) ¢ neproaoM T MOXHO
C NOMOLLBI0 eAHHHYHOH BYHKLUKH XeBHcaiina oy (1) NpeacTaBUTb aHANTMTHYECKH:

Ao, (f 0<t<ty,,
iy = o) npu 0
0 npu fst<T.
Moatomy
T o
o —Ply
= TPl = [ae Plar = AP =A_de
Fy(p) jf(r)e dt IAe dr= 2P = LT
[ [1]
Toraa 3 dopmynni (16.14) creayeT, yto
Ply
. A —pty, _ A(1- )
I = —r(-e -
p(l-e ) p(l-e ")
5 2
Ipumep 16. Halith opurkuan f{t) no ero usoGpaxennio F(p) = —P—z .
(r"+4)
P Mpencrasum  F(p) B Bule NpPOH3BEREHHA 5p 2 ! . Tak kak
2 2
p tdp +4
-EL =cos 2/, 2[ = % sin 2¢, 1o no dopmyne Hiwoamens (16.17) nonyuum:
p+4 p +4

I
Sp--E-— ! $5£ cosZr‘!sinzr)=5i IUSZt-lSiHZ(I—‘I')dT =
3. 3 ar 2 an 2

p t4p +4 0

1 ]
= 5 [cos 2t- cos 2(r-1)dt = gj(cos 21 cos(2r -4t))dr =

0 0

18



4

s |
- E(‘[ cos 21+ ¥ sin(21-41))

=3 Lgna-lg )=
2 (rcosZr 4sm2r sin 2¢

2 4

0

-3 Ly -
—z(rcosh 2smzr FGR

Ipumep 17. 3anucats u3oGpaxeHue AOudpepeHUHATBHOIO BBIPaXEHH
21" =3f (N + [ eemu F(p) =y mf(0) = 1,f°(0) = —1.
» Mo popmynam (16.8) umeeM
£ pFG) -1, £7() =0 Fp)-p+1.

Toraa K3 cBOIACTBA IMHEHHOCTH CNIEMYET, 4TO
2
2= (A =2 Fp)-2p+2-3pF(p)+3+ F(p) =

= (27 =3p+ 1)F(p)-2p+5.4
OcHoBHbie cBoiicTBa H3oOpaxXeHuil Jlannaca nepeuvcnersl B npui. 1. Haunto-
Jie€ YyacTO BCTPEYAKLLMKECA NPH PELUCHKK 3alay OPHTHHANBI B MX H306paxeHHA
MNpHBEAEHb! B NpUIL. 2.
B MaTeMaTHKe M pa3iHYHbIX €€ NPUIOXKCHHAX, HATIPUMED B MEXaHHKE, 3JEKT-
pOTeXHHKe, TEOPHH aBTOMATHUECKOrO peryMpoBaHMS, LUMPOKO HCMNONb3YIOTCH
TaK Ha3bIBAEMBIC UMNYAbCHBIE (PyHKyuY W WX W3IoOpaxeHHA. PaccMoTpuM PyHKUMIO

0 mpu <0,
ot h) = %(00(1)-000-!7)) =417h npu 0<t<h,
0 npu h<t< to,
rpad MK KOTopoil npuBencH Ha puc. 16.5.
U1(t, h)j

>|=
:- _-_—-J

0
Puc. 16.5

Ecnn nanHyo QyHKUHIO HHTEPNPETHPOBATL KaK CUIy, neiCTBYIOLLYIO B Npo-
MEXYTOK BpeMeHM oT 0 10 £, 8 B OCTa1bHOE BPeMs paBHYIO HYJIIO, TO OYEBHAHO, 4TO
+o

KMIOYJbC 3TOi CHAbI paBeH I o (s hydr=1.
—0
Tak kak u3oGpaxeHue ¢pyHkuun Xepucaiina o () H3BECTHO, TO, NOMb3)SACH

CBOACTBOM JIMHEIHOCTH H300paXKeHHA, Nnonyyaem
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—ph
1-¢*
—

B MeXxaHHKe YacTO paccMaTpHBAIOT CHIBI, NelfiCTByIOLIHE B OYEHb KOPOTKH
MPOMEXYTOK BpEMEHH, HMITH, KaK FOBOPAT, «MTHOBCHHO®, H HMEIOILHE KOHEYHRI#

ummnynbe. MNoatomy Gbina BBefieHa GyHKumMA &(r) = hlimoo'l(t, h) , XoTopas Ha3ul-
-3

1
o,(t, h) ==
CLEH

paeTcA eduHuYHO uMnyabcHoll yHkyuel WK deabma-gynkyueis Jupaka.
+o

HanoxeHHOe Brillie MO3BONAET CYUTATD, YTO NO ONPEAENEHHIO I 8(Hdr = 1.

-0

0

Mocnenree papeHCTBO MOXHO 3aNKCaTh TakXKe B BUIE IS(r)d'r = 1, Torna

0
_ —ph —ph
S() = tim 112 = yim lee_ o,
h=soh p haop |

3nech MpH HaXOXIEHHH Npenena GbU10 MpHMeHeHOo Npasuio Jlonurans.
PaccmoTpuM 8(f) Kak cuny, AeiCTBYIOLIYIO HA MaTEPHANBHYIO TOYKY EAMHHY-

HO# Maccel. Jlna 3Toro HailleM peweHue AWQQEpeHUHATBHOIO YpaBHEHHS

() = 8(r), ydomneTBopsilOlliee HauanbHBIM ycnosusM s(0) = 0, s'(0) = 0.

Ero onepatopHoe ypaBHeHHe pzi(r) = 1,o0TKyna i(f) = -12-, s(n=1t1vin=1.
' P

Takum oGpasoM, GyHKuMIO S(f) MOXHO TPaKTOBaTh KaK CHJTY, COOGLIAIOLLYIO Ma-

TepPHANbHOR TOYKE eAHHHUHOH Macchl B MOMEHT BpeMeHH 1= ( CKOpOCTb, paBHYIO
€AHHHUE.

fo
MOXHO CYHTaTh HMRYNbCHOW cHnoit, neficTBylo-

Dyukumio 8(1-1y) = e’
teil B MOMEHT BPEMEHH §).
PaccmoTpuM ypaBHeHHe s"(f) = f(f)+8(f) ¢ HayanbHHMM YCNOBHAMH
s(0) = 5'(0) = 0. Ero onepaTopHoe ypaBHeHHe
[
2. R 1
5o = Fore1 . 3p = 24 L onyma st = [Roe-vdes .
P P 0
Ou4eBHIOHO, YTO K TaKOMY Xe Ppe3yibTaTy mnpuIeM, PpeWHB YypaBHeHHE
s"(1) = fl) npy ApYrux HauyanbHBIX yernoerax: s(0) = 0, s*(0) = 1.
W3 onpenenennn 5(r) cnenyer, uto

Li

Iﬁ(t)dr - {0 npu —w<t<0,
| npu 0<1< +o,

o
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t
T.e. oy(1) = IS(T)d‘( — enuHH4HasA GpyHKuma Xesucaiina. JlndpdepeHunpya obe
—C0

4acCTH NOCAENHETo paBeHCTBa, NonydaeM 8(f) = c'o(r).
Sin(t)A

]

-

2h}

(=
- § F—

Pnuc.16.6
BeeneM GpyHKUHIO

lz npu 0<t<h,

=

Bl,h(') = (§,(1=h)) = -Lz npn h<t<2h,

h
0 nmpu —oo<t<0, 2h<t< +oo,

H306paxeHHyIo Ha pHc. 16.6. JLns Hee onpenenuM umnyasciylo QyHKyu0 smopozo
nopadka 8,(r) no dopmyne §,(1) = .»“mos‘ #(0) . PyHKuua §, (1) ynornetsops-
-0 1

€T CNeAYIOLLMM YCNTOBHAM:

1)8;(1) =0 npur=0;

2) SI(—O) = —W,5|{+0) = tom]

1 +o +o 1
3 [ma=50, [8na=o0, far [8,a = 1.
] -0 - —o0

H3obpaxenue 8, (1) Haxoaum kax npeden npH h — 0 naobpaxeHns GyHKuMu

8, (1), KoTopoe onpenensiercs dopmynoi

—ph —2ph
11 277" 7P | —ph 2
8 ==l ——t——) = —(1-¢ s
[ ) h.?(p P P ) th )



—oh2
Te L{8;(0} = lim =(1-¢""" = p, 8,11 .
h—0p P

Haitnem, Hanpumep, pewenne  auddepeHUNaNbHOrO  ypaBHEHHSA
s = 8|(.r) NPH HYNEBBIX HAYAIBHBIX YernoBUAX. UMeeM cooTBeTCTRYIOLEE Ol

paTopHoe ypaBHEHHe pzi(p) = p.lanee, 5(p) = %, () = 1(t>0). 310 O3HaYa-

€T, 4TO HMMYNbLCHAA CHIIA BTOPOTO NopsKa 8| () coobLiaeT MaTepHaTBHOMN TOUKe

eAWHHYHON Macchl MTHOBEHHOE NepeMelleHHe Ha ¢AHHHLUY UTHHBI 6e3 nanbHefi-
LIEr0 ABHXEHHA.

A3-16.1

Haiitn usobpaxkeHne opUruHana.

1. 3¢ —2sin3r+4. 2.e_2f(sin t+cos 31).

13 1 14
. = + R . — +—=f —t.
3. =t 7!2 3r+1 4 20)‘5 4t t

2
5. sin 4r- cos 21. 6. sin231'.
7. ¢ 3 cos?2t. 8. ch2¢-sin3t.
9, sh 7-cos 41. 10. ¢ *'cos 37 cos 61. 1. P2,
—2 -2t
12. ¢ " sin (1-2)oy(1-2), t=2.(Omeem: —2—.)
(p-1)2+1

13. sin (1-2)oy() . (Omseem: (cos 2 - p sin 2)/(p2 +1).)

A3-16.2

Hcnonb3oBaB TeopeMy 00 MHTErpHpOBaHWM H300paxeHHId,
HaliTh U300paxeHHe yKazaHHON QYyHKLWH.

L. sin t/t. (Omaem: g —arctg p.)

. . 2
g, Sn 77-sin i 7¢- sin 3’. (Omeem: ! In L;- 100 J)
! 4 e
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’ 2
3. sin? t/1. (Omeem: % In —%4 J)

at Pt
P

L)

. (Omeem: In p-p )
7 p—a

et—l

t

. (Omeem: In ;;L )

Ccos -

! P
. (Omeem: In )
! ;Jpz +1

7. ¥ ﬂl-;—-t - (Omeem: g— arctg(p+a).)

_L_m )

sin’t 2
g 2t (Omeem: arctg £ 8
£ p 2

P
9.¢" l—h%(ﬂ. (Omeem:% In (l +—1 2) )
@+1)
10. S—h—tt (Omeem: % In ﬁ-—i—:— B
A3-16.3

Haiiti cBepTKy OpUIMHANOB U COOTBETCTBYIOLEE €il H306pa-
XEHHE.

1. £, sin t. (Omeem: t — sin ¢,

)
p(.v2 -1)

2.¢, e (Omeem:sh t, 2' )
P+l

3. t,cost. (Omeem: 1 — cos ¢, 3 D)
p(p~+1)
1
2 )
p-1
5.1-51, . (Omeem: 1, lz )
P

4.1, €. (Omgem:e' — t—1,
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6. Haittu uzobpaxeHue F(p) opuruHana f(r), spasollerocs
nepuoanyeckoit pyHkuueit ¢ nepuonom 7= 2rn, ecnu

]_H npu 0<t<m,

T 1 2th(rn
A = (Omeem: F(p) = ;-J—zﬂ).)
;—3 npu n<f<2m. np

7. Haittu wzobpaxeHue nugdepeHUHMANbHOIO BhHIpaXeHHs
Y5y =3y'+2y-3,ecmy(0)=-3,y'(0) = 7, »"(0) =-1,
roe  y(9, y'(), y(@®, y“'() - opurunanbl. (Omeem:

Pop)+ 552 5() ~ 3p3(p) + 29(p) - % +3p>+8p—43)

8. Haiitn u3obpaxeHune opuruHana ¢ nepuonom 7 = 4, 3aiaH-

-2 —4p
Horo Ha puc. 16.7. (Omeem: 1_—;_‘1—__%25__ )
AR
fit)
ZERVZER
0 2 4 6 8 t

Puc. 16.7

CamocrosaTesnbHas pabota

1. 1) Haiitu n3obpaxenue opuruHana f(r) = i —e'cos 3+
+5sint.

2) HaiiTu cBepTKy OpMIMHAIOB €OS 2/ U sin / U ee n3obpaxe-

Hue. (Omeen: l(cos t-cos 21), 2—%.)
3 @'+ + 1)

2. 1) Haittu u306paxeHune opuruHana f(t) = 3 - &' sin 71 +

+3e7",

24



2) Haiitn caep’rxy OpHMTHHANOB sin 2, cos f ¥ ee n3obpaxe-

Hue. (Omeem: —(cosr cos 21), —L)
G+ + D)

3. 1) Haittu  uzobpaxeHue opuruHana f(f) = cosz6t—

—92' sin 3¢— t4 .

2) Haittu cBepTKy opHrnHaJIOB cos {, cos t 1 ee U3obpaxe-

Hue. (Omeem: -(smt+ tcos ), —-L- )
¢+ 1)

16.2. HAXOKIEHHE OPUTHHAJOB
I10 U30OBPAXEHUAM

B npenninywem naparpade onucaHa METOLHKA RONYHEHHA H3oOpaxeHH
MHOTHX 31EMEHTAPHbIX (PYHKUNH, T.€. YCTAHOBNEHO COOTBETCTBHE OPUTHHAIOB H
HX H306paxeHHH, a TAKXKe Ha MpocTeALINX MPHMepPaX NOKa3aHo, Kak no n3obpaxe-
HHI0 HalTH opHriHan. Crelyloledt BaxHoi 3ata4el OnepaLHOHHOTO HCUHCIEHHS
ABNAETCA HaxoXaeHHe (PYHKUHH-OPHIHHANOB Mo HX HioOpaxeHuAM. B obwem
cnyuae 3Ta 3a1a4a ABIACTCH NOCTATOYHO CNOXKHOI.

Kax u3BectHo, mns Toro yTobbl GyHKuna F(p) 6bina n3obpaxeHueM f(1), no-
CTaTOMHO BBINOMHEHNA CENYIOLIHX YCIOBHH:

1) F(p) — ananuTHyecKan dyHKUNS B nonyniockocTH Re p=a > s,

2) lim F(p) = 0,ecnn Re p> sy,
lel =

+o
3) uMTerpan I |F(a+ bi)|db cxonutes.

-0

[Mpu BBINOHEHHH YKa3aHHLIX YCIOBHI cnpaBe/NIHBL GopMyNb:

+m
Rp) = I fnefar, (16.18)
0
at+bi
fin = 2+u Jim_ J' Fp)edp,tac p = a+bi, i=J-1. (16.19)
a-—-bi

@opmysbl (16.18) 1 (16.19) Ha3bIBAKTCH COOTBETCTBEHHO NPAMBIM K 0Bpamusim
npeobpazoeanuamu JSlanraca. [lna npaktudeckunx uenei popmyna (16.19) manonpu-
rollHa, TaK Kak TpebyeT 3HRHHMA METONOB HAXOXIeHHA WHTErPAsoB OT H3BECTHBIX
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aHaIMTHYecKMX (GYHKUMH KoMniekcHol mnepemeHHolt p = a+bi, rne
—w < b < +oo . [ToaToMy Hallle HCMIONB3YIOT 8MOpPYI0 MeopeMy 0 pazioNceHll, KOTO-
pasl IPHBENCHA HHXKE.

P (p)
2,

KOMRAEKCHOZ0 NEPEMENHO20 P cmeneHeli m U n (m <n); py, P2, ..., Px — KOPHU MHO20~

Teopema. Ecau F(p) =

20e P, (p) u Q, (p) R64710MCA MHOZOMACHAMU

uiena Q, (p) kpamuocmeii Iy, 1y, ..., I, coomeemcmeenro (1;+ 13+ ... Iy, =n)}, mo

k 1-1
— 1 . d"_f _ I,
ﬂr) Z (’r— l)!.F"TP,. d b~ lk(p pr) F(P)epj ’ (16.20)
r=1 P
B wacmuocmu, ecau sce Kopuu p, p3, ..., p, MHozowiena Q, (p) npocmuie, mo
k P )
r

= o (16.21)

Z o)

r-1
3amMeyaHwue. Bcayyae, Korna YHco KopHeit uenol GpyHKUMH GecKoHeYHO
BEIHKO, cyMMbi (16.20) M (16.21) cTanosaTca GecKOHEYHBIMM, T.€. (PYHKLHOHANB-
HBIMH pAgaMH (k = oo, n = ).

+ 1
plp-1)(p+2)°
» Kopun mHorounena Q3 (p) =p(p—1)(p+2) — npocteie u p; =0, p;=1,
p3 = =2. Haxonum:
Q'3(p) = (p-1Xp+2)+ plp + D+ plp-1), 0'3(0) =-2, Q'5(1) =3, 0'3(-2) =6.
Torna u3 popmyns! (16.21) cneayet, uto

Hpumep 1. Haittu opyirunan f(r) no usoGpaxenuio F(p) =

S DU U Wt LIS S
A = 2e +3e 6e 2+

Tlpumep 2. Haitt opurnnan f(f) no naobpaxeHnw F(p) = ————.
2.2
P+l
» 3HameHaTene Q4 (p) = pz(,t.v2 + 1) uMeeT onvH neAcTBHTCNLHBIR KOpeHb
p1 = 0 KpaTHoCTH /| = 2 4 NBa NPOCTBIX KOMIUIEKCHbIX KOPHA py = i, py = —i. Ha-
XORAHM:

'
tim 3‘1[,22_'_!’] = Iim[ /s ;ep ] -1
P"ﬁp (P +1) p—0 (pz+|,' p +1
Tak kak Q'y(p) = 2p @ + 1)+ 2%, To u3 popmyasi (16.20) chenyet, uro
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1 it 1 —it i it i —ir
fin =1+ e + e =1+ -_— =
4P +2i  a(-i) -2i 4-2° 4-2

= t+%i(cos t+isin r)—%i(cos f—isinf) =1—sinf .4

IIpumep 3. Haitu opurunan £(f) mo usoGpaxenuno F(p) = :T':x%
» Lenaa dbyHkuna Q (p) =pshp nMeeT oouH nelcTBUTeNbHLIA KOopeHb
Po=0 KpaTHOCTH /=2 M CHeTHOE WYHCAO MHHMbIX KOpHeR p, = tkmi,

k=1,2,.... Torna HaxonuM Q'(p) =shp+ pchpn Q'(p;) = tknich(kni)y =

= tknicos kn = tkni(-l)k. Moatomy n3 dopmynbl (16.21) cnenyer, uTto

MHHMBIM KOpPHAM 3HaMmeHaTend M300paXXeHHA COOTBETCTBYIOT B OpHIHHaNe
cnaraemMsie

o

k k o
(=0 elmif+ () e-km'f] _ _I_(ekxil+ e..k,;,-,) _
;EI [imi(—l)" —kmi(-1)* E:: ikn

-] o
1, . _ 2 1 .
z Icu2 sin knt = z Z % Sin knrt .
k=1
ChnaraemMoe OpPHIHHasa, COOTBETCTBYIOLLEE KOPHIO py = 0 KpaTHOCTH [ = 2, paBHO

" lim i(pzmep = lim mepr—ep’-l—p-i-w;ep’) =
p-»0dp\" pshp p—>0\shp s, Shp

= lim (_p_ch s eﬂﬂmp_-z) -
p—o-shp sh™p

2 2
=tlimchp + lim chptsh po¥_,, |im2shpt!-l_,
p—>0 p—>0 2shpchp p—>02shpchp
Ilns packpbiTHA HeonpeneaeHHOCTel GbUIO MCNOJIb30BAHO NpaBio JlonuTans.

o
Takum o6pa3oM, HCKoMbIH opHrHHAN paBeH f(r) = t+ Z ll( sin knr. 4
k-1

Ha npaktrke BMecto opmyn (16.20) 1 (16.21) yacTo nMonb3yOTCs TeOPeMON o

PP
pa3ftloXXeHHH NMpaBUIbHBIX PalMOHANbLHBIX Apobeit F(p) = 2 ) B CYMMY npo-

0,
CTEHILIMX palHOHANBHBIX Apobeit, KaK 3TO Aefany NpH HHTErPUPOBAHHM PaLHO-
HanbHbiX Dpobeil. H3o6paxeHHe B NaHHOM ciyyae MOXHO PalOXHTb B CYMMY
npocTefLuX paLHOHANLHEIX Apo6eii cnenyloMX THIOB:
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A A

l.—_&; 1L k,k22;

p (r-)
[]|.._B&‘a?_402<0; 1v. L
P tapta (p +a'p+02)

Jins HaxoXneHHs OpHrUHaloB, cooTBeTcTBYlOWKX ApoGaM I-1H Tnos., we-
MONB3YIOT CleylowMe GopMynsi:

‘-,-‘_1'— = Ae™" (arn apo6u THna I; (16.22)
—“'+ —A__ K15 s npo6u Tna T (16.23)
-af K1)

5 Ba,
Bp+C ‘? oy -5
—cprt e Bcost “2"‘+ smr ay- {ans npobu

‘pz+a|p+ﬁ'2 ’

Tina III). (16.24)

OpHriHan, cooTBeTCTBY WK Apobu IV THna, BecbMa rPOMO3NKHIA, NO3TOMY
Mbl €ro He NpHBOAHM. B HEKOTOpBIX Clyyasix OH MoXeT ObITh MonyyeH 6onee npoc-
THIM MYTEM, C HCOAB30BAHHEM CBOACTB OPHIHHANOB M UX H300paXKeHHH.

3p-2
Tlpumep 4. Haiimn opurunan f{f) no nsobpaxenuio F(p) = —F—=
prmep p iy P 0= he )
» Oyukuna F(p) pasnoxuma B CyMMy npocteitiunx apoGeit suma F(p) =
=4, B ., C
p+p 1 p+3

Jpobu B NpaBoii 4acTH MoceAHero paBeHCTBA MpHBeNEeM K obLLeMy 3HaMeHa-

Temo. YHchnTens noaydeHHo# npoGu NnpupaBHUBacM K 3p — 2:
Ip-2=Alp-1)p+3)+ Bp(p+ 3)+ Cp(p— 1).

Mpu p=0 wnmeeM ypaBHeHHe —2 = —3A4, A=2/3, npn p=1 — ypaBHeHHe
1=4B, B=1/4. a npu p=-3 — ypasHeHue —11=12C, C=-11/12. Cnenosa-
TeNLHO,

2/3 3 I /4 1172
Fip) = 7 p—1 p+3-
CornacHo dopmyie (16.22), Haxoonm opumﬂa.n:

2.t 113
An 5+z¢—ﬁe .4

Ipumep 5. Haitth opviruuan no uaobpaxernwo F(p) = -;-Lt—,f,— .
p t5p +4
» JlanHoe HioOpaxKeHHe NpencTaBUM B BUIE
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p+3 =Ap+B+Cp+D
4 2 2 )
p +5p +4 p +4

2
p+1
IpuBens x ob1eMy 3HaMeHaTesTI0 npobn, cTosILLKe B MpaBoit YacTH NocenHe-
ro paBeHCTBA, H NPHPABHAB YHCIHTENN, NONYYHM TOXIECTBO

p+3=(Ap+ B2+ 1)+ (Cp + D)(p + 4).

MpupaeHAeM Ko3bOhHUHEHTH NMPH ONHHAKOBLIX CTENMEHAX p B 06GenX YacTax
ToXaecTBa. [lonydHM CHCTEMy ypaBHEHMH:

1
slo=4a+c, A=-z,
2
= B+ = -1,
slo=s+n, | o
pll = A+4cC, c=1
3
p0|3 = B+4D, D=1.
Takum o6pasom,
Ap) = (—1/23)p-l+(l/g)p+l -1 2p _:I’. 22 +l zp + 2I .
p +4 p+1 3044 2ptea 3041 e
Hcrnoneays opmynbi H3 npui, 2, HaxooHM
= Leos2r-Lsinare] ;
fin = 3cosZr 2sm21'-l-3cosr+smr .4

Ipumep 6. HaitTv opuriunHan £ (1) no n3o6paxeHno

-3P
—Gptdle
F(p)= - :
(p=1D(p  +2p+5)
P BHayane HaXOAHM OPUTHHAN H3o0paxeHus

Ry = —22 4

-1’0 +2p+53)
painokeHHe KOTOPOTo Ha npocTeiilie ApoGH HMeeT BHI

A
25.0;4 .4 + Mo, ZBE+C .
-1’0 +2p+5) -1F PV plazpes

IMpupena npaBylo YacTh 3TOr0 paBeHCTBa K OGLUEMY 3HAMEHATENIO M NPHPaBHAB
YHCITHTENH B paBoil U Nepol YacTAX, MONYYHM TOXKIECTBO

Sp+a=APP+ 2+ 5)+ Ap—1)p2+ 2p + 5) + (Bp + CYp-1).
Monaras B HeM p = 1, HaxoauM, YTo 9 =84, A= 9/8.

Tenepb NpUpaBHAEM B NOMYYEHHOM TOXIECTBE K0addHUHEHTH NpH p°, p? 1
P°. B pe3yAbTaTe HMeeM CHETEMY YpaBHEHM:

0=A2+ B.0=A|+A1+C—2B.4=5Al

54;+ C.
Ee pewenue: Ay = 9/8, Ay = 1/16, B=—1/16, C = -21/16. Takum oGpaiom,
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25p;4 _9 12+_|_ | 2E+21 -
-1 +2p+5) -2 16271 16 245045
=g ! 24-11‘5 ll-%(p+”:20#%reu%e’-%e lrcosZr—ge "sin21.
-1 °° (p+1) +4

CornacHo CBOACTBY 3aNa3bIBAHUA, HCKOMBIH OPUTMHAT

1-3_1 (-3

S, Ngnag-
1€ 6 cos 2(r—-3) se sin 2(«7 3))x

ain = (30-n€' "+

xoy(r-3) .4

[Ipumep 7. Haiiti opurunan £(r) no usobpaxenuio F(p) = iz cos
p

R

» Ucnonb3yem pasnoxeHHe coOs }’ B CTCMIEHHOH pAl:

n 1 1 1

* @n-2)! 2n Dt

n
+...+(=1) (21’7——2)'?"-'-

Toraa ¢popmanbHO HCKOMBIH OPMTHHA MOXHO 3aNKUCaTh B BUIE
3 5 2n-1

lr ir, n-1__1 i

1) = =g st O e

Mpumep 8. HaiiTh opurnnan f(r) nsoGpaxenus F(p) = (p—l)]T.’o)’ HC-

NoJbL3ys TEOPEMY CBEPTbIBAHHA.

1 1 | 7] I . 3
’33I'IIII.IJCMF(p)BBHnCp—_-Em.TaKKaKﬁ Le pF3 =e " ,TOMNO
TeopeMe CBEPTLIBAHUA UMEeM:
t ' ,

1 . -3t 2(1-1) 21 5t 1 2t 5t
—_— =) = dt = dr — —= =
-2+ A Ie € Ie e dt Se e |,

0 0

_12x 1 3 _ L u 3
5e se . A 5(e e ).4
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A3-16.4

Haiiti oprrrHan no 3agaHHoMy M3obpakeHHIo.

1. F(p) = 2—4-1- (Omeem: e % cos 2t + 3¢ ¥ sin 2t.)
p +4p+8

2. F(p) = 23— (Omeem: 3¢* cos 31+ '3—'e2' sin 31.)
p —4p+13

3. Fp) = Tg%é—.(Omeem: %—%e_4’+le3'.)
pHp-12p 7

_ 1 ) 1 2+ 1

4. F(p) = T - (Omeem: —e" -~ —e '(cos AB3t+

o 12° 12
NE} sinﬁt).)

5. F(p) = -—'3— (Omeem:i—%ch t+ % sh 2t.)

p5—5p +4p

1 -2¢

! . (Omsem: lt-§+e"'——e )

6. {(p) = ———mmm8M8M8M8
P+ 1)(p+2) 2 4 4
2 -2p
1. F(p) = 6p e . (Omeem: (- ge-zf'*u

(P+2)(p- )P +1)

v %y %(cos(!—-Z) +3 sin(t-2)))oo(t—2) )

A3-16.5

Hcnonw3ys Teopemy Bopensi, HaitTu opUruHan, COOTBETCTBY10-
LM yKasaHHOMY H300paKeHH10.
o
(p—-1)p+2)

(Omesem: %(e' - e-zr) )

-2t .)

ad
.(Omeem: e —e

1
S TTAVTES))
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3. _E___ . (Omeem: -(cos t—cos 2¢) .)
G+ D+ 4) '

4, ——f-’-— . (Omeem: -(3sin 31-2 sin2/).)
(P +4)(P +9)

5. -B—— . (Omeem: -(ch t—cost).)
p -1
INMpumMenns Teopemy loamens, HaHTH OPHTrUHa, COOTBETCTBY-
OLLKH JaHHOMY H300paXXeHHIo.

6. ;. (Omeem: 0 +cost—1.)

PG+
3 -2p
e
7. 5 3
(r+2)
(Omeem: (cos3(f—2)—1,5(7—2)sin 3(t-2))cy(1-2).)

8. Mcrionbays TeopeMy O pasnoXeHHH, HAWTH OPHMTHMHAN IO

H3o6paxeHHto F(p) = —Ll .(Omgem:t—2cht+itcht)

PG —1)
3
9. Haiitn opurvHan no wu3oGpaxeHulo F(p) = -2
@+

(Omeem: -:grzcos t+§t sin £ )

10. HaiiTv opurvHan B BUA€E CTENEHHOrO psifa 1o u3obpaxeHHIo

.
F(p) = —= sin —= (Omeem (1) —— )
Jﬁ J.B 20 @2nh)’

11. HaiiTv opuruHan B BUe CTENEHHOTO Psifia N0 U306paXeHH 10

an

n!(2n)!

fAp) = éel ’pz. (Omeem: z J)

n=0
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CamocrosTensHas pabora
Haiith opurunan no sagaHHoMy M3oGpaxeHHIo.

2
L Rp) = —L— . (Omaem: %; cos 21+ }' sin 21
(p +4)
2. F(p) = —-Lz.(Omeem: %tsin t.)
@+
3. F(p) = ————. (Omeem: 11~ % sin 31.)
PG +9) 3o

16.3. IIPHJIOZKEHWSA OITIEPALTIHOHHOTI'O
HCYHUCIEHUA

Pewenue oudppepenyuarsnsix ypasnenui u ux cucmem. IycTb 1aHo nuHeiHoe
nuddepeHUUaTbHOE YpaBHEHHE n-TO MOPAIKA € NMOCTOAHHBIMU KO3 hHLIMEHTAMKH

agy"+ap " Ve vay=fn (16.25)
W HAYATbHbIE YCIOBUA

YO) = ygu 50 = ¥ ¥ TO = 3" (1626)

ByneM cynTaTh, 4To GYHKUKA f(f) M peluekne ypaBHeHus (16.25) y (1) BMecTe
C MPOM3BOINHLIMH O N-TO MOPANKA BKIYMTEIBHO ABIAIOTCA OPHTHHATAMM H
y(H = Y(p), f() = F(p). Toraa, cornacHo npapuny AnddepeHUMPOBAHHA OPH-
rHHaNa U CBOCTBY AMHEHHOCTH, AnddepeHUHaNBHOMY ypaBHeHHIO (16.25) ¢ Ha-
YanbHbIMH YCIoBHAMM (16.26) OyneT coOTBETCTBOBATL ohepamophoe (usobpaxcaio-
l4ee) ypagHerue ’

-1
(agp" +ap" "+ ta)Vp) = Fp)+D, (), (1627)
rae .
-1 -2, -1 2 -3,
®, () = agp" 'y ro" ot t T N ra, 0" Tygre” gt

+y:]"—2)) to.ta, H(py, Yo+ a,_ ¥y — MHOTOWICH CTCMeHH He Bblilie n — |

OTHOEHMTENBHO p. Ecsin BBECTH 0603HayeHMe @, - aop" + olp"_| +..+a

" »
To M3oGpaxaiolliee ypaBHeHue (16.27) npumeT BUA
0,2 Y(p) = F(py+ D, ((p). (16.28)
M3 ypaBHenna (16.28) onpenenum n3oGpaxeHue pelleHUA aHpdepeHUIMA b
HOTO ypaBHeHHA (16.25), YIOBACTEOPAIOLLIETO HANATEHBIM YCIOBHAM (16.26):

D,
- Ap n-1 6
W= oo Tom (16.29)
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PewenveM ypasHeHua (16.25) npu yenosusax (16.26) Gyner opuruHan y (1),
HaitneHHBIR 1Mo u306paxkeHmio (16.29).

B cnyyae HyneBbIX HauanbHRIX ycnosuit  p(0) = y(0) = y"(0) =

= .= (n- 1)(0) =0 ypaBHeHue (16.28) npuMer yNpoLWicHHHIH BUAO
¢,(P)Y(p) = F(p), xak v n3oGpaxenue pewenns Y(p) = F(p)/¢,(p).

3amMeyaH ue. [Ina Toro urobsl HaitTv obuiee peueHHe A depeHUHANBHOTO
ypaBheHHA (16.25) yKasaHHBIM BbllU€ METONOM, ROCTaTOYHO 3ajarb HayalbHbie

yenous B Buze p(0) = C;, y'(0) = C,, ..., y("-l)(O) =Cp. e C

(k=1,2, ..., ) - NpoH3BONbHLIE IOCTOAHHbBIE.

Ipumep 1. Hafitn pewuenne audrdepe HUMaNLHOTO ypaBHEHHA
Y =3y 42y =0, ecnmy(0) =0,y (0) =1.
b HaxonMM COOTBETCTBYIOLLicE OMEPATOPHOE YpPaBHECHME p2 ¥(p)-1-
-3pY(p)+2Y(p) = 0. Orcro0na
@'-3042) Y0) = 1, ) = ————, ¥y = A+ B
(" =-3pt2)

Toraa us ToxaectBa 1=A(p—-2)+ B(p—-1) npup=1wumeem 1 =-A, A=-1,2a
1 1

npu p=2 nonyyaeM 1= B. Moatomy Y(p) = P_Tl+m . Mo ¢opmynam n3
npun. 2 HaXONMM 4YacTHoe pelleHMe NHbdepeHUNaTbHOTO YpaBHeHUs y(f) =
=-¢s e2' .4

ITpumep 2. Halttv pewenve nuddepeHUHanbHOrO ypasHeHua y”—2y'+

+10y = I0r2+ 18+ + 6 , yooBnersopsioulee ycnoeuaM y(0) = 1, y*(0) = 3,2.

» CocrapnsieM n306paxalollee YPABHEHHE, MOAb3YACh ONEPATOPHBIMM pa-
BEHCTBAMH:

YO 2 YP), Y XD -1y £ 5 V) -p-3.2: 7 = 2,
4

1
= 37 1 =-.
. p
B pe3ynbTaTe MojyyacM OTepaTOpHOE YpaBHEHHE N NaHHOTO IubdepeHLH-
aAbHOTO YPaBHCHHA:

PP¥(p)-p-3,2-2p¥(p) +2+10¥(p) = .2.%,»’_‘;4,
LA

AR

Orciona
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@ -2+ 1001 = B+ B lupriy,
LI 4
pop
P+ 1,208 +6p°+ 18p+20

P57 —2p+10)

Y(p) =

Paanoxum Y (p) Ha npocteiiine npoGH cTaHAApTHBEIM MeTonoM. HMaeear:

C,_Dp+E

A, B
Y(p)=-3+—2+p 5 s
p —2p+10

p P
4 3 2 2 2
p +1,2p +6p +18p+20=A(p -2p+10)+ Bp(p -2p+10) +
+Cpl(p - 2p+10) + (Dp+ E)p° .
M3 nocnenHero ToxaecTsa npu p = 0 Haxoaum, yto 20 = 104, A= 2. lna on-

penencHUs OCTANbHBIX KO3((DHLUMEHTOB palloKeHHA NipupasHaeM Ko3(DdHLUHeH-
Thi 3TOFO PABEHCTBA, CTOALME NPH OAHHAKOBBIX CTENEHAX p:

Pl =c+p,
pli2 = B-2c+E,

p’l6 = a-2B+10c,
pl18 = —24+108.
Petuns cuctemy, Hakinem: B=2,2, C=0,84, E= 0,68, D =0,16. 910 03Haua-

eT, YTO

Yo) = %+&%+0,84+0,I6£+20,68‘
PP p-1+9

oy =+ 224080006 =1 4028 —3

p (p-1)"+9 (p-1y +9

P
OTclonia Ha OCHOBaHHM MpHA. 1 U 2 HMeeM
Y1) = £ +2,20+0,84+0,16¢ cos 3r+0,28¢" sin 37 . 4

)

Ipumep 3. HaiiTi pewerne anddepeHUMANBHOIO YpaBHeHHA
y'+2y'+5y = cost, ecnn p(0) = p'(0) = 0.
P 3anuiuem cOOTBETCTBYIOLECE ONEPAaTOPHOE YPaBHEHHE M H300paXKcHHe pe-

P Vo) + 20 () + S¥(p) = 52—, ¥(p) = L

Pl B +2p+ )+ 1)

LUEHHWH:

KOTOPOE Pa3loKNUMO Ha NpocTeiive apobH, T.e.
¥ip) = A—E——, - B+—P—,C *D
p+l p +2p+5
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Haxonum koagpduuneHTst A, B, C, D, none3ysacb CTaHAapTHHIM METONOM.

HmMeem p=(Ap+ B)(_pz +2p+5)+(Cp+ D)(p2 + 1). INpupapusas KoaghpuLMeH-
Th! NIPH COMHAKOBBIX CTENEHAX p B OOEUX YACTAX MOC/NENHEro TOXKAECTBA, NONYYHM
CUCTEMY YPaBHEHH:

plo=a+c,

7’lo = B+24+ D,
pl]l =2B+54+C,
2o = 5B+D.
Ee pewenne: A=1/5, B=1/10, C=-1/5, D=—1/2. Torna
(1/5)p+1710 (1/5)p=1/2 _1_p 1 _1__1_p+l
Pl Pr2ps P 10240 St
32
00,12 +4
C MOMOLUBIO NIPHIIL. 2 Haxo04guM UCKOMOE pELUEHHE

1 1 . 1 -t 3 1.
= - 4 — - - .4
y(n scosr 10 sinr se cos 2t 208 sin 2¢

AJITOPUTM pellieHUA CHcTeM NHHeHHbIX arddepeHUHaNbHBIX YpaBHEHHH ¢
MOCTOAHHBIMH KO3(PDHUHEHTAMH COCTOMT B clelyloweM. Jlns Kaxaoro ypapHe-
HHSl CHCTEMBI HAXOJMM OMNEpaTOpPHOE ypaBHEHHe, a 3aTeM pellacM NONYYEHHYIO
CHCTEMY IMHEHBIX anrebpanyecKuX ypaBHe HHit OTHOCHTeNBHO H300paXke HUIl pe-
weHHR HexonHo# cucTembl. Jlna HalaeHHBIX H300paXe HMH onpenenfaeM OPUIHHa-
JIBl, JAIOLUKE pellie HHe UCXORHOH CHCTEMBL.

Hp) =

Tpumep 4. HalTi pelueHHe cHCTEMBI ypaBHEHHl ONEPaTOPHBIM METOIOM:
x'=2x-3y = 5t,
, X(0)=0,y(0)=1.
y -3x-2y = 8e, <
P Myetox (f) = X(0),y (1) = Y(p). Torna onepatopHbiM H300paxkeHHEM NaH-
HoH cucTeMbl OyneT cucTeMa

PX(p)-2X(p) -3 ¥(p) = 3, (r-2X() -3%p) = 3,
p Wi 4
PYp)-1-3X(p)-2Y(0) = -2 -3Xp) + (p -2 Mp) = B,

PewiuB nocnenHol CHCTEMY ypaBHEHHIl OTHOCHTEABHO X (p) u ¥ (p), no-
NYYHUM:

_ptesp o 1ap +15p-1s

3p° +26p° — 150+ 10
' 2
@ - ip-50

3 7 1)
(P - IUp-5)p

Xp) =
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Pa3noxuM HajiieHHble W300paXeHUA B CYMMY TNpPOCTEHIUNX palMOHANLHBIX

apobGei:

B

1 2 1 2 C

X T —— o — +——
®) p p-1 p+l p-5

397 +26p" — 15p+ 102 A, (5" = 1)(p—5) + A,p(p" ~ 1)(p- 5) +

2 2. 2 2
+Bip(p+)p-5)+Cp(p ~ 1)+ Byp (p-1)(p-3).
W3 nocaenvero ToxnecTtsa HMmeem: 10 = 54, A, =2, npu p=0;
24 =-8B,, B =-3, npn p=1; 48 =12B,, B, =4, npu p=-1;

960 = 600C, C=18/5, npu p=>5. Tak kak Koappuument npu p°
Ay+ By + B+ C=0, 1o Ay =—13/5. To3Tomy

J2 131 50 81
X(”)'pz 5 5 a1t it
Ha3 paznoxenuns
A B, C D E
=L ===
Y o) 2 p p-1 p+l p-5’°

P
AHAJIOTMYHO TOMY, KaK 3T0 ObUIO ClleNaHo B PA3NOXeHMH 1A X (p), HaXoAMM, 4TO
A=-3,B=12/5,C=1,D= -4, E=8/5 MNoatomy
3 121 1 1 8 1
YP)=-—=+ " —— g = _
» p2 S5p p-1 p+l1 5p-5
Ha suipaxenuit ana X (p) n Y (p) ¢ nomMowbio npui. 2 HAXONUM pPeLEHHE HC-
XOOHOH CHCTEMBI:
13,9¢, 1 -+ 3 5¢
= ——t g - i
x(r) = 2t 5 4e 22 202 .

»n = —3.r+-]5—-2+e!-—4e-r+§es' .

Tlpumep 5. HaiiTu obuiee peutetine anddepeHUNATBHOTO YPaBHEHHA
YTy Ay —dy = -

» CoctaBuM onepaTopHOe YpaBHEHHe MPH NPOU3BONBHBIX 3Ha4YeHUAX y(0),
Y0y, y"(0):

3 L 2 ,

P Y(p)—-y(0)p” - y'(0)p—-y"(0) - p" ¥(p) + y(0)p + y'(0) + 4p V(p) - 4y(0) -

LI
o+ 2)2 p+2
Pewms ero oTHocKTenbHo Y (p), monyuum
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y=2 y(0)+(y (0)- y(ODp+y"(0) Y'(0)+4y(0)
p -p +4p-4
—-2p-3
2 2 :
(P+2) (p-D(p"+4)
Tak Kak 3HaMeHaTeNb nepBoro cjiaraeMoro paa.uomﬁm Ha MHOXKHTEJIH p — In

Y

+

,r.12 + 4, a B YMCNUTENbL BXOAAT N0Oble 3Hauenus y(0), y'(0), y"(0), To 370 Cna-
racMoe MOXHO MpEACTaBHTL B BHAE
¢ cypt+c
S, 28
r-1 p +4
T1€ €}, €3, €3 — MPOH3BONBHbIE MOCTOsTHHBIC. BTOpoe ciaraemoe pasioKHM B CyMMY
MpOCTEHLUMX paLMOHANBHBIX ApoGe:
-2-2_0-32 = A2++Bz+ it 2E
P+ (-1 +4)  (p+2) PTS PT pT4a
Hckombie ko3dduumentsl A, B, C, D, E Haiigem H3BeCTHBIMM METOLAMM.
Hmeem

~2p-3= A= 1)(p +4)+ Bp+ )(p~ 1) + )+ Co+2) (0 +4)+

+(Dp+ BY(p+2) (- 1).
Mpu p=-2 naxomum | =-244, A= —1/24, npu p =1 nonyqaem 5= -45C,
=-1/9.
Mpupashss koadbduuneHTs nph p*, p° 1 p?, ToTyIUM CHCTeMy ypaBHEHMI A
HAXOXICHHS OCTANBHBIX HEM3BECTHBIX:

Brc+D=0, 43 27 1
A+ B+4C+3D+E=0, omyua8=m,0= Tad’ E=1—2.
-A+2B+8C+3E =0,
Takum obpazom,
M L 1 LB 1
") = 755+ 2 2+ '-J Taiprz opo1
=1 ey (p+2) p p
—g2‘l IJA)EH 2
P +4
Hcnonbsya npun. 1 M 2, Haxoau\ OpurHHAIL
_ 1 I . 1 43 u v
y(n c1e+czcos2r+2c3sm21 2_1.re +I44 9e

27 1
4 —
14 cos 21 71 sin 21,

ABNAOWMKHACA 00WHM pelwieHHeM NaHHOTO OuhhepeHUHMAIBHOTO YPaBHCHUS, Tae
€}, €3, €3 NPOHIBOJIbHBIE NOCTOSIHHbIE. 4
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Tpumep 6. Haitth peluerne cHcTeMBl ypaBHeHH A
x"+y' +x = e‘,}
x'+y" =1,
yAOBAETBOPSAIOLLIEE HAyanbHBIM ycnosuaMm x(0) =1, x'(0) = 0, y(0) = -1,
y'(0)=2.

» CocTaBHM CHCTEMY OMEPATOPHBIX ypaBHEHH:

PXG)-p+pYR)+ 14 X0) = Lo,

PX(P) - 149 V(p)+p-2 = =

BhinonHue npoctbie MpeoGpa3oBaHus, MONY4UM CHCTEMY

2
@+ DXG)+ oY) = ES2EEL,

2
pX()+ " Vp) = B2

M3 KoTopo#t HaflaeM, YTo

T e T U N
Xy = 7 TTETS T
p (-1 p P P
5 4 3 2
Moy = 23 p 2yt 1,3, 2,3 L
P -1 oo’
Bocnonb3oBaBlUMCE CBORCTBOM NHHEHHOCTH W NpUN. 2, NONYYHM pELUEHHE
CHCTEMBI:
__13 32 1 _ra 13 2 o 1
x(1) 6' 2r t+e; y(H 241 2: +f +3rt—e . 4

Pewenue unmezpatonvix u unmezpassno-oudepenyuassuvix ypaenenud, One-
Ppayuonnsii menod Jlaniaca MOXKHO NPUMEHATD JUTA PELLEHHA MHOTHX LHNmezpaib-
HBIX ypasHeHuil muna céepmii, T.e. ypaBHeHUH BuIa

]
W) = 0+ k-, (1630)
0
rae y (1) — nickoMaa Hem3iBecTHaA GyHKUMA; f(f) - ceoGonHbIN uneH;, k(7 ~T) - Aa-
PO YpaBHEHMA.
Mycts (1) = Y(p), 1) = F(p) n k(1) = K(p). Torna Ha OCHOBAHHH Teope-
mbl Bopensi o cBepTke opurMHanos nonyvaeM, yto ¥(p) = F(p)- Y(p)K(p) . O1-

ciona Y(p) = % — U306paxeHHe HCKOMOTO peLUeHHA HHTErPANLHOTO ypas-
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HeHus (16.30). PewueHue y (7) ARIAETCA OPUTMHAIOM, COOTBETCTBYIOLMM HalneH-
HOMY u3obpaxenuo Y(p).

!

IMpumep 7. PelunTh HHTETpaNbHOE YpaBHeHHE y(f) + 2 Iy(t)cos (r-1)dt = e_'.

0
» OGo3aHayum y(#) = Y(p). Tak Kak PRl L, cos f = , TO COOT-
“ptl ’ p2+ |
BETCTBYIOLLEE MCXONHOMY OTIEPATOPHOE YpaBHEHHE MPUMET BHA
¥(p) + 2,2,__(2)2}’ = _1 .
p+1 ptl
Orciona 1eTKO NONYYHM pellieHHe HHTErpanbHOTO YpaBHEHUA:
2
vpy=L23L -2 __2 . 1 = Ael-e v =

@+1y  p+1y @+’ PYI

= (-2t e = (-2 = y(r) . 4

IIpumep 8. Haitth pelleHne uHTerpanbHo-aMGpdEpeHUMATLHONO YpaBHEHUSA
!

y +y =sint+ Iy(t)sin(.r- 1)dt npu HaYaNBHEIX ycnoeuax y(0) = 0,
0
Y@ =1.
» Monoxum y (1) = Y (p). lockonbky

1
P

Y =P Hp) -1, sint =

ro aHHoe MHTerpanbHo-aupepeHUHANLHOE ypaBHeHHe B onepaTopHo# dopve
NPHMET BUL

2
p+thHrp)-1= 2' +—)2((£l, otkyna Y(p) = LZ' yn=r.4
Pl op i P
Busucarenue necobemeennvix unmezpaaos. OnHH 3 cnoco6oB BHYMCNCHHSA He-
+o

coOCTBEHHBIX HHTEIPaNoB BHAA I i dt ocHOBaH Ha CBA3M «KOHEYHOTO» 3Have-

0
HHS OPHTHHANA H «HAYaIbHOTO» 3HAYeHHA H306paXeHUA.

Mycts fI1) = F(p) wn cywectsyer lim f(r) = f(+x) = lim pF(p) (cm.
1=+ p—0
dopmyny (16.15)). Tak Kak no Teopeme 06 MHTEIPHPOBAHHM OPHIHHANA
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]
If(t)dr éj-:;F(p) (cM. dopmyny (16.12)), To npH yCNOBMM CXOAMMOCTH Heco6-

0
+o
CTBEHHOTO HHTErpana If(t)dr cnpaBe/tHBO COOTHOLIEHHE
0
+wo
[ndr = Fo). (16.31)
0

OHO BO MHOTHX C/IY4asaX AaeT BOIMOXHOCTD BbIUMC/IHTL HeCOBCTBEHHBII HHTErpan
¢ GeCKOHEeYHBIM BEPXHHM NpeaeioM.

+o
ITpnmep 9. BuiuMcAuTL MHTETPaN I smThd:.
0
» Tak KakK sin 2¢ = 22 , TO NO TeopeMe 06 HHTErpUpOBaHUM H306paxeHUMA
p+4
(cM. popmyny (16.13)) umeem
in 2t +eo d +w
§m—&21—"=arctg£ =§-arctge=arcctge.
r - 2 2 2 2
u +4 p
+o

Torna u3 pagexcrsa (16.31) cnenyer, yto I &'hdr = g—arctg 0= % 4
0

+o»
ITpumep 10. BuiuncanTs vHTErpan I e_'(cos 3tcos r)dr.

0
» Haiinem n3o6paxe HHE NOABIHTErpadbHON QYHKLHM

£y = e '(cos 3rcos 1y = %e"(cos 4r+cos2p) =

.F( Ll L __ptl )
=3 F] E) .
Dprni+16 (prn’+
Toraa u3 paBeHcTsa (16.31) cnenyet, yto

+o

t . n_n
Ie (cos 37 cos 1)dr 2(”+5) =5 R
0
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Cnocob BHMHCIEHUA HeCOGCTBEHHBIX HHTErpaioB C NOMOLULIO ONEPaUMOHHO-
ro HCHUCICHUA TakoKe JacT

Teopema (Ilapcesanrs). Ec:/mfl(l) = Fi(p), /(1) = Fy(p) ugpynxyuu Fy(p}),
F,(p) — anarumuueckue npu Re p 2 0, mo

+o

+o
. ]' £, Fy(u)du = ]' F () dv. (16.32)
0 0

H3 cxodumocmu 0dHoz20 u3 unmezpanoé (16.32) credyem cxodumocns dpyzozo.

+0
—al .
Tpumep 11. BoiuncnuTs MHTErpan I%p-'dt.

0
» Umeem:

LD =e o sin pt =_|3_2 = R,
(pta)+p

Fyp) = % = a1 = £(1).

Torna u3 paseHcrtsa [Mapceeans (16.32) creayer, uto
+o +o +om
Ie'uui sin Budu = I——%—-—Ecro(v)dv =B Iﬁd" =
. o (vre) +p g+’ +p
+o

via
= arctg

0

Yo At ol
IMpumep 12. BuiuucauTh HHTErPaT I_l’_e_d"

0

» MpenpapuTenbHO BHNOAHKM 3aMeHy NMepemeHHoM, nonoxus £ =z Torma

t= Az, dr= Ld,z H0<z<+ow. Orcrona
2.7
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B kauectBe u3oGpaxeHus byHkuun f(z) Bosbmem F|(p) = l/Jﬁ. Hs

npun. 2, n.17, cnenyet, 4to f,(2) = 17./rz.

Ha ocHoBaHmuu dopmynsl (16.32) nonyuum

+a 3 2 +o +o 2

1 pe f-e*? 1 u+2 1 1 V4211

- = _gr=- A du = = —_—2vdv =

5] i 5 [ = du L Ik
0 0 0

+o 2 +on  +oo 2 2
=L Ilnv2+2dv=-!- vin v2+2 - j(iv - ngdv =
Jr v +3 ﬁ v +3 v +2 v+
0 0 0
+o
2
1 [ 2V
= —— —_—|dv,
J;f! (v2+2)(v2+3)]
2
Takkak lim v InY +2=0.

v—> too v +3

BbiuncnseM nocnenHmi HHTerpan:

+e 2 +en +on
2v 6 4 6 v
——|dv = —_— dv = — arctg—
‘;‘[(v2+2)(v2+3)] ('!(v2+3 v2+2) BB
4 v’ _6n 4n G-
— =—arctg — = —=s-—= = n(J/3-.2)
A A, T B A2

HMckombift uTerpan pasen —/m(+f3 - 42) . 4

Onepayuonnoe ucuucaenue 8 saexmpomextuxe u mexanuxe. B HacTosilee Bpems
B KypCe 31eKTPOTEXHHKH METOMILl OTIEPaLMOHHOTO HCYUCIEHHA LIHPOKO MCNOMb-
3YIOTCH NP pacyeTe JNEKTPHUECKHUX Lencii. DTH MeTonbl yROOHbI € MaTeMaTHYeC-
KO TOUKH 3peHHA. DU3HUECKOH OCHOBOI pacyeTa 31eKTpHUeCKOH LENH ABASIOTCH
npaeuna Kupxeogha.

ITepeoe npaeuso Kupxzopa (npasuao ysios). Anrcelpauveckas cymma mokos iy,
CXOOAMYUXCA 8 MOYKE paieemeneris NPOBOOHLUKOE (Y3a€), paeHa HyNIo:

n
S =0. (16.33)
1

k-
20e n 2 3 — wucno nposodnukoe, cxodanuxca ¢ yaie. flonoxcumenvnoimu cuumarwmen
MOKU, NOOXOORWUE K Y31y, OMPULAIMEAbHBIMU — IMOKU, OMX00AILUE OM He2o.

Bmopoe npasuio Kupxzogpa (npasu.to xonmypos). B nobom samknymom xonmype,
HPOUZEOBHO EbIGPAHHOM 8 PA3GEMENeHHOIl Lenl HPOBOOHIKOE, arcelpauseckan cysmaa
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nadenuii HanpAXCeNUil Ha OMOEIbHBIX yHacmKax KOHMYypa paska arzebpauyecKoi cym-
me 2JC e mom wce KoHmype:

n, ny ny n,
Z U&i— Z Ul'l+ 2 UC; = Z n'.:}, (16.34)
Jj=1 Jj=1 Jj=1 i=1

20e Up , U, L’ UC — nadeHusn HanPANCEHUI HA YHACMKAX Yent, COOePNCAtYLX pe3tic-
7 7

MUGHBIL, UHBYKMUEHbIL Ui eMKOCTHbIE 30emenmbl coomeememeenno; E;— I C exawo-
HEHHBIX 8 KOHMYP UCIMOHUKOE INEKMPUHeCKO20 MOKd.

ManeHus HanpsXeHHH Ha COOTBETCTBYIOLIMX YYAcTKaX LEMM ONpefeNsioTcs
cnenyomyM obpasom:

N

di

Up = Ri, v, = L4, Ue = ¢ Jimde. 1639

0
IMpu ucnone3oBaHHUM NpaBHla KOHTYPOB BIOUpaeTCs onpeleNeHHOe Hanpas-
neHue obxofa KOHTYpa: TOKH iy, COBMAfaiolLMe MO HANPAaBAEHHIO C HanpaBieHHEM
obxofta, CHMTRIOTCA NOnOXUTENbHbIMU; DJIC E; HCTOYHHKOB TOKa CYMTAIOTCA NO-

JIOXKNTENBHBIMH, €CIH OHH CO3AAal0T TOKH, MpoXoAsilMe B HanmpaBleHHH obxona
KOHTYypa.
R, R,

— T

Eo(D A 3,

it)

Puc. 168

Ipumep 13. KoHTtyp (puc. 16.8) noakawoueH K nocroaHuol 3AC E. Onpene-
NIUTH CHNY MIEPEXOLHOIO TOKA § () B KOMTYpE NPH OTKA0YeHHOM pyBunbHuke K.

» B XOHType y3n0B HeT, K HEOOXONMMOCTb B MPMMEHCHHUW NEPBOrO MpaBuia
Kupxroda (16.33) ornanaet. HcnonssosaHue sroporo npasuna Kupxroga (16.34)

H opmyn (16.35) npusoaut k pasencray U/ Lt Up= Eo , Fe. x aucdepeHumnans-

HOMY ypaBHEHHIO € HA4ANIbHEIM YCIOBHEM:

L4 (R, + RYi = Ey, i(0)=0 M
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O6o3Hauum uaobpaxenve chunbl Toka i(f) uvepes [(p) wu Bocnonwayemcs
cBoficTBaMu u3oBpaxenuii no Jlannacy (cM. npun. 1, 2). Toraa ans ypasHeHus (1)
NONy4YHM ONMepaTopHOE ypaBHEHHE

LpI(p)+ (R, + R)I(p) = Eg/p ,

pelICHHE KOTOPOro OTHOCHTENBHO [ (p) MOXKHO MPEACTaBUTD B BUAE

ip) = Eo __ k1 & 1
R +R R, +R,p R, +R R +R,~
1 2 1 2 1 2 | 2
Lp(p + ) p+ -
Orcrona, Bocnonb3oBaBIuMch I 1 npua. 1w n. 1, 2 npua. 2, nerko Haxolnm pellie-
HHe 3ana4u Kouuu (1):
E R+ th
e 0 1 L
i(1) R+ Rz[l e ] 4 (2)

IIpumep 14. B xoHType, paccMOTPEHHOM B npuMepe 13, NpH ycTaHOBH BILIEMCSA
peXuMe B HEKOTOPBIf MOMEHT BpeMeHHW, NMpUHHMaeMblit 3a HayanbHulit (1= 0),
BKAKOYaeTcs pyGIbHMK. OnpelennTb CHNy NepexofgHoro ToKa i ().

P Pexum B KOHTYpe, onuchiBaeMbiit dopmynoit (2) s npumepa 13, 6ynet ycra-
HOBUBILUMMCSA NOCAE AOCTATONHO GONBIIONO MPOMEXYTKa BpeMeHM f, T.e. NpH

t—>owo:
X P EO
fyer = Nim i(1) = R+ R
Mony4aem apyryio 3anauy Kowwu:
di . o_. B
LZ+Ryi EO,J(O)-J,,C,-R!+R2. 4}

onepaTopHoOe ypaBHEHUE A8 KOTOpoii MMeET BUL

'ED EO
L P“P)-m + R I(p) = re

Pewuas ero oTHocHTENBHO M300paxenus I (p), Haxoanu
Ey(R, + R._,+ Lp) _ _E_o_ EOEI
P(R|+Rz)(LP+R|) R|P R|(R|+R2)(P+R|/L)‘

Iip) =

BocnonbloBaBIUKCE TEMH XKe NYHKTaMK npuA. 1, 2, 9To W Npy MoAY4YCHHM pe-
weHMa (2) 3anayn Kowm u3 npumepa 13, npuxoaum K pewteHHio 3anayn Kotuw,
paccMoTpeHHoH B RaHHOM npumepe (cM. popmyny (1)):

E R —(R,*
.. _Fo 9 (R, /L)t
i(n RI[IPR|+R2¢ ].1
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Ipumep 15. Llens (puc. 16.9) pybunbHukom K BKII04AETCA Ha NOCTORHHOE Ha-
npsaxeHue U. OnpenennTb cuny nepexolHoro Toka i, i5(9, iy(r) npu ycno-

Buu,uto U = 60 B, R| =10 Om, li’2 =30 Om, L =0,30H.

K R1 ig
- A —
L )
i l‘?
+
U ——
_ R, t
B
Puc. 169

» HanpasneHue obxola Mo KOHTYpaM uenu BulbepeM No X0y 4acoBOMH CTpen-
kH. CornacHo nepBomy W BTopomy npuBuaam Kupxroda, nonyuyuv cucremy

ypaBHeHu#:
i —iy—i3 =0,
R Ldi3 U
yiy—L—= =0, rae i,(0) = i,(0) = ———: i3(0)=0.
di 1 2 R|+R-, 3

i
Rlll +LE = U,

lMepeoe ypaBHeHHE CUCTEMBI ONpefensieM N0 MpaBHAy y3108 (16.33) ans yana
A (cM. puc. 16.9), Bropoe M TpeTbe ypaBHeHHs — M0 NpaBuay KoHTypos (16.34) nas
KoHTYpoB ALBA w UALBU cooteeTcTBeHHO € yycToM hopmyn (16.35).

Ecnu £y (p), I1(p), I;(p) — n3oBpaxenus TokoB i\ (1), i»(f), (1), To coot-
BETCTBYIOLUAN HalICHHON CHCTEME OMepaTOPHAA CHCTEMA 3aMHILETCH B BHIE:
I](P) Iz(P)" I_;U’) =0,

Rz’z(?)' LPI:;(P) 0,
v
S

R] Il(P) + Lpl}(p)

Peulaem naHHyto cuctemy no hopmynam Kpamepa. Ee onpenenutens

[ Y |
A=10 R, -Lpl = RyLp+ Ry(Lp+ Ry) = LR, + Ry)p+ R\ R, =

R, 0 Lp

46



i R Ry
= L(R|+R2) p+m .

Nanee,

0 -1 -1

UR
A =" Ra-Lol o Yypipy = i+ 2,
1 PPt ?
gO Lp
14
I 0 - 1 -1 0
R,U
A= O-LP=UL,A3=0R2 of - ~2°
R Y L Roo Y’
1 p 1 7
[MocnepoBaTenbHO HAXOAMM:
A ULp+ UR
Il(p)=.A_‘= 2 =d+ B .
R\R, P o+ R Ry
fo— —
L(R) + Ryp|p L(R, + R,) L(R, *+R,)

ULp+ UR, 182

+
LR+ R N LR v Ry T P
M3 naHHoro Toxzaectsa npH p = 0 mony4yaem:

R\ R, UR,

= a=Z
“LR+ Ry LR+ Ry’ R’

A

TpupabHHBaem K03(GdHLMEHTH NPU p B NEBOH M NpaBOil YacTAX TOXAECTBA:

UL _ g g TR
L(R, + Ry) ’ R(R + Ry
Ul UR,

1
Ryp Ry(Ry+Ry)) p+ R Ry L(R +Ry)’
Mo npun. 2 HaxoOMM OPHUIrHMHAN:

I](P)’:

RR_,
U Ry LR +R)

i =—=—1- e .

i Rl[ R, + R, ]

AHanorM4Ho nonyyaem:
A
= _z = U
hLp) = A R R »
(R, + R,) p...#
VP24 7 LR+ Ry
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RR,
U L(R + Ry
>

i) = e
2 R+ Ry
Loy = 23 - KUY S| U B
3 A R R, Ri|p ot RRy, |’
“&*%Wﬂ+ﬁﬁng L(R, + R,

R, R, ;
i U TL(R + Ry)
iy = R—I[I -e ' ]

Moncrasus uncnosele 3Hauenwus U, Ry, Ry, L B Boipaxenus aas i (1), iz(t),
i3(f), nonyumum:

~2,5¢ -2,51
e

R . -2,51 .
i(n=6-45e s ip( = 1,5 77, iy () = 6(1 - ). 4
Ipumep 16. DnekTputeckasi Uenb, COCTOALLAS U3 MOCNENOBATENLHO COEAM-
HEHHBIX KOHAEHCATOpa eMKOCTbI0 C, KaTyUlKM C MHIYKTHBHOCTBIO L ¥ 3neKTpu-
yeckoro conpotuenenus R, noncoennHera Kk IAC E (puc. 16.10). Haittn audde-
peHUMANbHblE YPABHEHHA, OMHCHLIBAOLIME 3aKOHB M3MEHEHMA 3NEKTPHYECKOTO

3apsna ¢ (1) Ha ofknalkax KOHIEeHcaTopa M CHIEI TOKa i (f) B UENM.

JE_~~
|
ECT) i

Puc. 16.10

» Lenb He cocpXMT y3N0B, MO3TOMY MCMOB3YEM TONLKO BTOpOE TPaBHIIO
Kupxroda (16.34) u popmynst (16.35):
r

di . L[ _
LFJ+R'+C i(t)dt = E. n

0

M3 anekTpoTeXHMKU M3IBECTHO, 4TO § = —-%. CneponatenbHo, %: = —dz-—g ]
dr

€ yueToM ypaBHeHUs (1) HMeeM
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19, g9, 9 - g @
d!z dr C
NuddepeHumpys obe yacTi ypaBHeHHs (1), NPUXOAMM K YPaBHEHHIO LA CHIIbI
TOKa:
L L0, i 0 dE

a.,z" atcT W 3

NonyyenHue auddepeHunanbHele ypapHeHUA wa g (f) u i (1) (1)-(3) nerxo
peLIalTCs ONEpaTOPHBIM METOJIOM, HO aloT KaueCTBEHHO pa3Hble pellileHHS B 3a-
BHCHMOCTH OT 3HaueHHit L, R, Cu E. 3TH cayyad 0OCTaTOMHO NOAPOOHO ONMCaHbl
BO MHOTHMX yuyeGHHKaXx, Hanpumep B [1], ¥ 3mech MBI MX paccMaTpHBaTh He ByaeMm.
OTMETHM TONBKO, 4TO peLUEHUA MOTYT GbITL NEPUOLMMECKH MM, 3ATYXAIOLLMMH Ne-
PHOAHMYECKHMH, aNePHONHYECKHMH M PE3OHAHCHBIMH .

3ameyaHHue. KoneGanus paia MexaHU4eCKHX YNPYTHX CHCTEM € ORHOM cTe-
feHbo cBoboab onucbiBaloTea aHgPepeHLUHATLHBIMH YpaBHe HUsSiMK B2 (2), (3).
Hanpumep, KoneGaHHA MaTepHATBLHON TOYKH Maccoil m 3amaeTcs ypaBHEHMEM

)
IX 08y ke = i), (16.36)
drz dr
rae x (f) — OTKIOHeHHe TOYKH OT MNONOXeHUA paBHOBeCHst; A W k CBA3aHbI ¢ K03d-
¢ HuMeHTOM TpeHHA W YacToTOMN cBOBoaHBIX KoneGaHuM cucTeMbl; f(f) — BHeLUHsAA
BO3MYLIAKOLIAA CHCTeMY cuna. YpaeHeHue (16.36) TaxKe MOXeT ONMCLIBATE KpYy-
THAbHBIE KoNebaHMA MaXxOBHKa Ha YNMPYroM Bany, eciii x (f) — yron noBopoTa Ma-
XOBHKa, K03 dULIHMEHT K CBA3aH € KPYTHABHOM XeCTKOCTbIO Bana, a f(7) — MOMeHT
BHELIHUX CHNl OTHOCHTENIBHO OCH BpaLUeHHS.

Takum o6pa3om, pa3nnyHble GHIHYECKHE MPOLIECCH OMMCHIBAIOTCA OXHOTHI-
HBEIMM AU hepeHUHANBHBIMU ypaI;HeHHﬂMH (2), (3) u (16.36), KoTOpbIE MOTYT
6bITb NpUBEaEHH K BUAY (16.25) M pellieHbl € NOMOLUbBIO ONEPATOPHOTO YPaBHEHHS
(16.29).

Tlpumenenue umnyavcnvix pynxuui. B § 16.1 HacToAwero nocobus paccMoTpe-

m

Hbl HMITYNIBCHBIE (PYHKLHM NEPBOTO M BTOPOTO NOpsakoB 5(f) u & (r) cooreerct-
BEHHO. DTH QYHKLIHH MOXHO BCTPETHTD NpPH peLLEHHH 3a0a4 U3 0DIacTH MeXaHH-
KH, 3IEKTPOTEXHHKH, NPaBUTALIMH, [1€ OHH BLICTYMNAIOT KaK BHELLIHHE CHJIbI, MTHO-
BEHHO NeHCTBYIOUIME HA (PH3HUIECKYIO CHCTEMY.
Ipumep 17. MeTonamu onepaLHOHHOTO HCYHCNEHHS PellHTDb 3a0ayy Kowuu:
Y +2y'+ 5y = ad(t—1,), y(0) = yy, ¥'(0) = y'y. )
» CocTaBHM onepaTopHoe ypaBHeHHe (a = const ).

120

2
(0" +2p+5)¥(p) = (p+2)yy*+ ¥y + ae

W Haitaem u3oOpaxeHne pewenua Y (p):
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, -ply , —ply
(P+2)yy+yy+ae p+1 Yo+ ¥o+ae
¥p) = 2 =¥ 2 + 2
p +2p+s (p+1)y +4  (p+l) +4
Mo w3oGpaxeHuio Y (p) ¢ noMowbio npui. 1, 2 HaxoauM opuruHan y (1), T.e.
pelueHHe nocTaBieHHOM 3a1ayn Kowm:

—t Yot
0 = Hppen 8

IlBMXeHWe 10 MOMEHTa = fo OMKMCAHO NEPBLIM CNaraeMbiM. B MOMeHT BpeMe-

%)

¥ ‘-
0 sin 2:) + 2oyt~ :O)e'( sin 27 1) -

HH = fy NOA NEHCTBHEM UMNYAbCHOI Cuak nepaozo nopadka ad(f— 1) MaTtepHans-
Hafd TOYKa MTHOBEHHO NONYYaeT NONONHUTENBHYIO CKOPOCTh @, T2K KaK

- 'll)

-(r . !
(goo(r-— fy)e sin 2(r— to)) t=g, = 9- 4

IMpumep 18. Peumts 3anayy Kouwnu:
Y +2y'+ 5y = b8 (1-1,), ¥(0) = yy, y'(0) = y'y. n
» JlaHHas 3a1aya OTNHYaeTCA OT 3anauK Koluu M3 npHMepa 17 Tonbko TeM, 4TO
HMNYNbCHAA CHAa NepBOro nopsaka ad(r— fo) 3aMeHeHa B Hel umnynbeholl cunoit
8mopozo nopadka b8 (1-t,) . [oaToMy umeem Apyroe onNepaTopHOE ypaBHEHHE
(b = const):

2 -ply
B +2p+5)K(p) = (p+2)yy+yg+bpe

H3 KOTOPOro Haxoaum H3obpaxeHne

pPly
(2+2)yg+y'y+bpe -
¥(p) = 0 0 = (y0+bpe pl.-,)_L +

P +2p+s (p+1) +4

1,

+,V0+y'0+ bpe P
2

(p+1) +4

a3aTtTeM H coome'mmylomuﬁ EMY OpHIHHan

Yoty

yin =e '(-"0 cos 2t+ 0 c'sin 2r)+

(1

+ay(r- J‘o)e‘ f.,)(b cos 2(r— 1) - gsirl 2(1- l‘o}) .

3necs nepeoe charaemoe npenctagiscT coboii ofluee pelleHHE ONHOPORHOro
YP2aBHEHHS, 3 BTOPOE COCTOHT M3 IBYX “acTeid, NOABMBLUKXCA M3-3a BO3AeHCTBHSA

HUMAYIbCHOW CHIB BTOPOrO MNopsika bﬁl(r—ro). lMepBasi M3 HUX ONUCHBaeT

MrHOBE HHO€ CMELIEHHE MATEPHAIBHO# TOUKH HA PacCTOAHHE b B MOMEHT BpEMEHH
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t= Iy, a BTOpasd — MrHOBEHHBIH CKaUOK CKOPOCTH Ha BENIHUMHY — b B 3TOT Xe Mo-
MEHT 1=y 4

Petuenue auneiinsix dupgpepenyuarsioix ypasnenui ¢ nepemennsimu kodguyu-
enmamu. [ycTb ko3(hPHLHEHTAMH HCXOAHOIO JIHHeHOro AM¢pdepeHUMANBHOTO
ypaBHEeHHs OyayT MHOrOWIeHbl OTHOCHTENbHO apryMeHTa f M NpaBas 4acThb f(f) sB-
naeTca opvriHanoM. Torna, HENoONL3OBAB TeopeMbl 0 nudepeHUUPOBAHUY OPH-
rMHana ¥ uaobpaxeHus (cM. popmynst (16.7) u (16.8)), noayuum cooTBeTCTBYIO-
LEE ONepaTopHot YpaBHEHHE, KOTOpOE CHOBa OyneT NWHeiHBIV AnddepeHUHAIb-
HBIM YpPaBHEHHEM (apryMeHTOM ABASETCS p) MOPsNOKA, PABHOTO BHICLUEI CTENEHH £
B MHOTOYJIEHaX WCXOLHOTO YpaBHEHHA OTHOCHTENBHO HCKOMOFO HM300paXkeHus
Y (p) . Takum 06paioM, eciid NOPASOK HCXOJHOTO YPaBHEHHSA 1 OTHOCHTENLHO y (/),
a BbICLIaf cTeNeHb MHOrOYNEHOB paBHa m, TO ONepaTopHoe ypaBHeHUe OyneT au-
He#fHbIM AHdibepeHIHaNBHBIM YpaBHeHEM OTHocHTeNbHO Y (p) nopsaaka m. Eciau
m<<n , TO p€lEH e YpaBHEHHA Gonee BLICOKOTO I'lOpﬂIlKa n CBOIMTCH K PELLIEHHIO
ypaBHeHuA Gosiee HU3KOTo MOPAILKa m H OTBICKaHHIO y () No HaitneHHOMY H3o6pa-
weHuwo Y(p). Ho B ofluem cnyyae MCNoAb3oBaHHE 3TOrO0 METOAA NpearonaraeT
3HaYMTENBHbIE TPYNHOCTH.

MpocTeiiuuM SBASETCA Cyyail almelinoeo dudpepenyuarvhozo ypasrenus ii-
nepa

n

T (agr+ 4" B = fny, (16.37)
k-0
roe ag, b, — nocrosHHele; f(f) — opuruHal, 3T1o ypaBHeHHe N0OOrO NOpAAKa n
HMEeT COOTBETCTBYIOILEE ONEPaTOPHOE YPaBHEHUE, ABAMOLIEECS JHHEAHBIM NHb-
¢epeHUMaNBHBIM NEPBOro NOPANKA, peLleHHe KOTOPOTo BCerla BhipaXaeTcs yepes
MHTErpabl, YTO MPHUBOLMT K 3NEMEHTAPHBIM MM CRELMATbHBIM QYHKLMAM 05
Y (p). Ecnv nna Y(p) ynaercs HaiiTH opvrHHaN y (1), TO OH ¥ ABAACTCA PCIUCHHEM
ypaBHeHHs (16.37).
3ameyaHue. [NoCTOAHHBLIC HHTErPHPOBAHUA ONEPATOPHOTO YPABHCHHSA B
ofLueM caydae W B ciydae ypapHeHHA Jiiiepa, KOra WMEETCH TONbKO OHA MOCTO-
SIHHasi MHTETPHPOBAaHHA, IETKO HAXOAATCSA MO HAYANLHBIM YCJOBHAM 15l HCXOAHO-
ro ypaBHEHMA € MOMOLLBLIO TEOPEMBI O CBA3M HAYANBLHOIO 3HAMEHWA OPUIMHAIA C
KOHEYHBIM 3HaueHHeM u3o0paxenus (cM. hopuyny (16.16)). 4

ITpumep 19. Haittu peweHue nuddepeHIIHATBHOTO YpaBHEeHHA
(1" =(Cr+4)y' +(2t+4)y =0
NpH NPON3BONLHEIX HauaNbHBIX YeaoBuAX y(0) = yq, ¥'(0) ~ y'( . T.e. HaliTH ero

ofliee peleHHe.
P CoctaBuM  onepaTopHoe  ypaBHeHWe.  McxodHble  COOTHOLUCHMA:

¥ = Y)Y =pXp)—yy, y() = p2 ¥(p) - pyg- ¥’y - Nepenuuicy nan-
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Hoe ypaBHeHHWe B BMae r(y”"—3y'+2y)+(y" -4y’ +4y) = 0 u HallgeM H306pa-
XKEHHUSA BBIPaXEHHH B cKOoOKax:

Y -4y +4y = (p2—4p+4) Yp) - (p-Byy-¥'y.

2 r
Y =3y +2y = (p -3p+2)Hp)-(p-3)yy-)'y-

IMpuMeHsis K NocneAHEMy ONMepaTOPHOMY COOTHOWEHHIO TeopeMy O Iudde-
peHUHpOBaHUK M3oGpaxeHus (16.7), Haxonum:

(" =3y +2y) = —d—‘f,((pz—3p+2)r(p)-(p-3)y0-y'0) -

2
=-(p -3p+2)Y(p)-(2p-3Y(p)+y,.
CneoBaTelbHO, ONEPaTOPHOE YPaBHEHWE HMEET BHIL

(P -3p+2) P (p)- (PP =6p+ TV ¥(p) = ~yop+ 535~y -

O6u1ee pelweHmne AMHelHoTo AN dEpeHLHANBHOIO YPaBHEHHA MEPBOro no-
pANKa HaXxonHMM CTaHAAPTHLIM 00pa3om:

cd +J’0P2"‘ 'o-4xplr+y,
e-'0-20 @-1p-2)

3necs C — NpoH3BOIbHAA MOCTOSAHHAA WHTErPHPOBAHMSA, 3HaY€HHE KOTOPO# BH-
YHCHseTCs ¢ momoubio dopamynst (16.16), AnA naHHOrO NpUMepa MMeEOLIEH BUX

Iinl pY(p) = y(0) = Yo - Jlerko onpepensieM, 4To nocieaHAA ¢opMyna BHNON-
p—r>too

¥p) =

nserca npu C = 0. HaiinenHoe naobpaxetue Y (p) pa3znokuMO B CyMMy NpocTei-
WHx npobeit:

2
Yo +Wo=4ydrtyy, A . A, . A3
2 T p- 2 p-2°
e-0e-2 P oo’ P2
BoiuncnseM 3HaveHHs A), Ay, A3 1 3anHCHIBaEM OPHTHHAN:

¥(p) =

21 !
Y(p) £ 1N = 25 350)¢” + 2y -yt + 2).
Beenem nee nponaBonbHele MoctoAnHeie Cy u Cp o GpopMynam:
€y =2¥'0=3. G = 2%y~ ¥g-
Torna HaitneHHoe obllee pelieHHe HCXONHOTO ypaBHEHHS JaNHLIETCA B BUIE

¥ = € e+ Celtr+2) . 4

Tpumep 20. OnepaTopHbiM METOLOM pelnTh ’anavy Kowu:
yrry iy = 0,p(0)=1,y(0)=0.

P Onupasich Ha ONLIT PEWEHHA NPENLAYLUCIO YPABHEHHUS, JIErKO HAXOAUM
ONEPaTOPHOE YpaBHEHHE H €10 PellicHHE:
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2
G2+ DV +p¥p) = 0, ¥p) = C/dp +1.
MocToaHHas WHTerpupoBaHua C onpenenseTcs ¢ noMolubio hopmyns (16.16):
lim pKp) = Ilm (pC/Jp +1)=y0)=1,C=1.
p—tow

OKOHYaTEeNIbHO HMEEM:

YP) 530 = Jo(h = Z%}L(?)

T.e. petieHue 3a1a4i Koww (cM. npua. 2, m. 23). 4

A3-16.6

C noMouiblo OrnepallMOHHOTO MCYMCIEHUS HalTH pelueHHe
I pepeHUHMANBHOTO ypaBHEHUS.

Ly +3y'+2y =0, y(0) =1, y'(0) = 2. (Omsem: y(1) =
= 4e - 3e-2'.)

2.y"-4y =t-1, p0)=y'(0) =0. (Omsem: y(t)=
1 1 1 2t 3 -x

= - 3t-ce )

272716° 16

3.7 +y = £+21, y(0) = 4, y'(0) = -2. (Omeem: y(1) =

_1p
37

4. y"-T7y'+6y = sint, y(0) = y'(0) = 0. (Omsem: y(t) =

7 5 I 1 6r
= — — + .
74cosr+74smt lOe lSSe )

5.3y +6y"+y +2y = ¢, »0) = y'(0) = y"(0) = 2.
t. 7 -2t 63 J' 5./' J'

1 -
. = —p 4 — + =
(Omaem: y(1) 4e 3¢ 5 cos — 3 52

6. y"+y" =0,y0) =1,y (0)=1,y"(0) = -2.(0Omeem:

yo = -cost—-%smHZt 3.)
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A3-16.7

C noMoubi OrepauMoOHHOTO HMCYHCIEHHS HalTH pelueHHe
cucteMbl nuddepeHUNaNbHBIX YpPaBHEHHH, YOOBIETBOpSIOLLEE
yKa3aHHEIM HayaTbHBIM YCIIOBUSAM.

L {x 7% X0 = 1, (0) = 0. (Omeem: x = ¢ cos 1,
y =x+y,

2. {x VT M0 =2, W0)=0. (Omsem: x =
= -2x-5,

‘<h
I

= 2e-6'(cos t—sint), y = —4¢ % sin t.)
X' +2x+2y = IOeZ’
3.{ Y L x0)= 1, y(0) =3. (Omeem:
y-2x+y=7¢",
x = le’ y= 3e2'.)
x"-3x-4y+3 =0,
4. 0) = x(0) = 0, y(0) = y'(0) =
{y"+x+y+5=0’ x(0) (0) ¥(0) = y'(0)

= 0. (Omeem: x — Ttsht—17cht+17, y = 12ch r—%tsh t-

12.)
x'=-—x+ty+tg,
5. ,V'=X_.V+Z, x(o)_ I-J”(O)=0’ z(0)=0'(0m-
I =xty+y,
1wt 12t 1 -2t 1 -1 126 1 -2¢ 1 2¢
. = 4 + = - = - - —_—— = - —_
eem: x 3e 6e +2e .y 38 +6£’ 29 4 36’
—ée'.)
2



x'==-x+y+g,
6.y = x—y+z, x(0)=2,p0)=2,z0)=-1.(0Om-
I =x+y-gzg,

t -2t 1 -21 t -2t
gem:x = e +te ,y=e+e ,7=e—-2e )

A3-16.8

MeTonaMu onepallMOHHOIO UCYMCIeHHs HaWTH obluee peule-
HHe yKazaHHOro nugdepeHUHaILHOrO ypaBHEHHA.

Ly -4y +3y = e(F-3t+1). (Omeem: y(f) = ce'+

3t 53¢ 92+ 11 ¢
+c,e —-lzte——mtze—sre.)

2.y -3y +2y = (4tz +41— lO)e-'. (Omeem: y(n) = cle'+
+czte'+ c3e-2'+(tz+t— He')
3. y(4)+y(3) = cost. (Omsem: y(t) = ¢ tcyt+ c3r2+

+ %(cos t—sin 7).)

4. BeTBb, MMeloL1as conpoTHBaeHue Ry (puc. 16.11), noaxiio-
yeHa K uenu. Mcnone3ys npasuna Kupxroda, cocTaBUTb CUCTEMY
onddepeHUHANTbHBIX YpaBHEHUH M HAalWTH ONEpaTOPHBIM METO-
IIOM CHJIbI NEPEXOAHbIX TOKOB iy, iy, i3, €CTH H3BECTHO, YTO U=
=30B, R, =100mM, Ry=50Mm, L=2TH.(Omeem: i (1) = 2,1 —

—6,25¢ 6,251

-0,15e , iLH(r) = 1,8+0,2¢ , i3() = 0,3-
_ 0,05e‘6’25'.)
5. Haiitn pelLieHue MHTErpaTLHOTO YpaBHEHUSA

!
Iy('t) sin (t—1)dt = sin’t. (Omegem: y(1) = %(l +3 cos 21).)
0
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6. Haitty peuleHMe HHTErpaibHOro YpaBHeHUs Y(f) =
1

= sin 2t—§jy(t) sh3(t—1)dv. (Omeem: (1) = %(13 sin 2/~

0
—16sh ) .)

+ao

o -3x
7. BulyMcaWTL HecOOCTBEHHBbIH WHTErpan Ixe cos xdx .

(Omeem: 57169 J)

L
Puc.16.11
+w
8. BLIMMC/IUTL HECOBCTBEHHbIH MHTerpa I sinax—sin Bx .
0 xx
o, B>0.(Omsem: 2n(Ja - JB).)
+a0

9. BHYMCITUTB HECOOCTREHHBIH MHTErpan I xze—mdx ,a>0.
0

(Omeem: 2 /a3 )
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Camocroarenbnas pabora

1. OnepaTopHbIM METOLOM HAWTH pelieHMe U depeHUHa b
HOro ypaBHeHMs )" +2y'+y = cost, ecnu y(0) = y'(0) = 0.

(Omeem: y(1) = % sin t—ltsin t.)

2

2. OnepaTopHBIM MeTOIOM HaiTH 0b1ee pewieHUe nuddepen-
— . -2
LIMaNLHOTO YpaBHeHMS y”" -4y = e . (Omsem: y(t)'= c,e "+
21 1

+C2e ’+E -r.)

3. OnepaTopHBIM METOOOM HalTH pellieHHe CHCTEMBI YpaBHe-

x' = y—-4x
HHi { y ’

, yaorietrBopsitoliee ycioBusaMm x(0) = 2,
y =x+y, -

y(0) = 3.(Omeem: x = e,y = 264630

16.4. THIUBHAYAJIBHBIE IOMAIITHHUE
3AJAHUA K I'/L. 16

H[3-16.1

1. [To 3anaHHOMY OpHTMHaITY HaifTH H300paxeHKe no Jlannacy.

(0 npu t<0,

My+ M t+ Mzrz + M,r3 +
i) =

+e*'((At+ B)sin ot + (Ct+ D)cos of) +

+Ee®'oy(1)+ F5(1)+ G8 (1) npu 12 0.

3HaueHus napaMeTpoBa, ©, M; (i=0,1,2,3),4,B,C,D. E,F, G
npupeneHs B Taéa. 16.1.
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=2

Tabauya 16.1

A

My

M

(]

M

My

)
2
0
2

=2
0

-3
|

0

1
-1
2
0
0

BapH-
aHTa
1.1
1.2
13
14
L5
1.6
1.7
18
110
L11
112
L13
1.14
115
116
117
118
119
1.20
121
1.22
1.23
1.24
125
1.26
1.27
1.28
129
130

Homep

npur<0me=t,.
58

(Nmpu0<t<t,
LHNmpu it <t<ty,

ﬂl

it
0

l

0
2

2. Haiitn u3obpaxenmne GpyHKUMH




®yHkuuM £ (1), fo(f) ¥ YMCTOBLIE 3HAYEHHS NApAMETPOB 1y, 1 TIPU-
BefieHbl B Tabn. 16.2.

Tabnuya 16.2

Homep BapHaHTa St FAU] ] n
2.1 t 2~ 1 2
2.2 0 cos t n/2 n
23 In —t/n b4 2n
24 2 —2(r-4) 2 4
2.5 1 sin f /2 n
2.6 3 -3 1 2
2.7 2t -n 172 1
28 2t/n 2(n—-f)/n n/2 n
29 cos f -1 n n
2.10 n -n n 2n
2.11 2t 2(2-n | 2
2.12 sint cos t n/2 n
2.13 t -t i 2
2.14 0 —sin ¢t n/2 n
2.15 f 2n—t n 2n
2.16 (/¢ 1 n 2n
2.17 sin t —cos ! n/2 n
2.18 1 4—1 2 4
2.19 1 sin f /2 n
2.20 t t-2 1 2
2.21 cost sint n/2 n
2.22 t n—1 /2 n
223 12 -tf2 2 4
2.24 =sint -1 n/2 n
2.25 2t 2(2n—1ty n - 2r
2.26 1-24/n -3+ 2/n n n
2.27 1 12 2 3
2.28 -2 3 5 6
2.29 exp(=2(r-1)) I 1 2
2.30 expt -1 1 2

3. ITo 3agaHHOMY M300paxKeHUIO

Ap’+ Bp+ C
(p+a)(p +bp+c)
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HaiTH opurvHan. 3HayeHus KoacdduimentoBA, B, C, a, b, c npu-
BefieHHl B Tabn. 16.3.

Tabauya 16.3

“:;':gr‘;a A B c a b c
31 3 -9 16 3 r; 3
32 2 16 g T r r
33 1 5 20 3 ] 10
34 9 21 —6 i = 3
35 0 ' 12 1 3 3
36 ) 3 3 0 3
37 0 3 3 -1 5
38 2 10 24 ) 2 -3
39 1 3 r ] 3 13
3.10 0 - ] 0 ) 1
311 1 3 3 3 2 2
EXT) 7 3 2 3
3.3 0 0 3 3 ) 10
3.14 2 13 39 i ) 2
315 1 ~6 8 2 -2 ]
3.16 3 0 i 1 i 0
3.17 ] 9 a4 -1 2 13
3.18 0 2 3 1 0 .y
3.9 1 3 2 1 3 5
3.20 7 12 =7 3 I )
3.21 2 =7 1 ] 3 2
322 3 2 1 3 3 1
3.23 i 3 2 -1 ] 1
3.24 3 ] 17 -2 2 i
3.25 5 3 58 -4 2 3
3.26 1 3 9 10 ) 70
327 2 ) g 3 —a 3
3.28 3 3 7 3 ) s
329 4 3 3 2 6 7
3.30 5 1 5 2 r 75

Pewenue munosozo eéapuanma

I. Tlo 3ananHOMY opHruHany f{t) Haiity uzobpaxenue no Jlan-
nacy F(p).O6wmnit Bua dyHkuum f(1) B3sTb 13 Tabn. 16.1, Bapu-
anT 1.30. )
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» Koabduumentol o = 2,0 =0, My =0, M; =2, M, =0, M; =
=—1, E=G6=0, F=1,A=B=0, C=2, D=-1 6epem u3 no-
cnenHeil ctpoku Tabn. 16.1. IMonctaBnss MX B BEIpaXeHHe IS
¢hyHKLUMH f{1), nonyyaeM

L =2—F2+2t—1) +a(D.
Jis oThickaHWs M300paxenust F(p) HaXoOMM OpPHIHHAIH BCEX
dyHKIMH-cnaraeMbiX, UCIIONb3Ys MPUi. 2

!
te g, P el s 1o el s 2.
’ p (r-2) P
Ha ocHoBaHuH cBo#cTBa TMHEHHOCTH NIONYYaeM
2 6 2 1

—t———-——+1.4
2 4 2 -
o p (-2t P2
2. Haitt uzoGpaxeHue GpyHKUHH

Hp) =

2t mpu 0 <<,
AD =42Q2n-Dnpun<t<2m,
0 nput<0ut22m.

» C noMoiusio efHHHYHOM HyHKUMY XeBUCaiila NpeacTaBuM
¢byHKuMIo f{f) B ClieayiolleM BUIE:
(D)= (cy(D)— og(t-m)) -2t + (oy(t—-n)— o‘o(r— 2m)) %

x2(2n-1) = 204(Nt—20y(t—-n)t+ 20,(t-n)(2n - 1) -
=20y(1-2n)(2n - 1) = 20,(Nt—4oy(t—n)(t-mn)+
+20y(t-2n)(t-2m).

| 1
Tak kak o,(7) =; M oy(Nr= = » TO Ha OCHOBaHWH TeopeMbl

3anasgblBaHUA UMEEM:

So(t—m)(r~m) "v‘e_xp'li, oo(r—2m)(t-2m) = e_znp‘li .
p
CnenoBatebHoO,
f(f)$2—l5—4e"”l2+2e'2“"lz = _23(1 _2g P +e—2mﬂ) -
P p PP
—np 2
= %(l -4
p
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3. Haiitv opuruHan ¢yHKUMHM f{f) 1o 3agaHHOMY H3o0paxe-
HHIO

5p° +5p—58
(p-4)p +2p-3)

P PaznoxuM 3HaMeHatenb ApoOH Ha IMHEHHbIE MHOXHTENH H
MpeacTaBUM JaHHYIO ApoOb B BUIE CYMMBI NMPOCTEHLIHX palHo-
HaJbHBIX fpobeii:

Fp) =

5po+5p-58  _ _ Spi+Sp-s8
(p-~4)(pz+2p—3) (p—4)(p-1)p+3)
__ A, B, C

= + .
P-4 p-1 p+3
ITpuBenst cymmy npoGeii B MpaBoil 4acTH paBeHCTBA K o6LieMy
3HaMEHaTeNno, HpMpaBHﬁCM YUCIHTENH npoﬁeﬁ:
SpP+5p—58 = A(p—1)(p+3)+ B(p—4)(p+3)+

+C(p—-4)(p-1).

TMonctaBuB B JIEBYIO M MPaBYIO YacTH MOCJAEAHErO COOTHOLIE-
HUSl KOPHU 3HaAMeHaTeNsl, MOJy4HM CHCTEMY YpaBHEHHWH 1U1sl OII-
penenetnust koapduumnentoB A, B, C:

p=4| 42=214, A=2,

p=1|-48=-128, B =4,

p=-3 28 =-28C, C=1.
CnepgoBaTenbHO,

Fpy = 2o+ A

p—4 p-1 p+3’
Bocrnons3oBaBIuMch Npui. 2, HaliieM OpUTHHAL:

A - 264 vael+e7 4

HJ[3-16.2

1. PeunTh onepaTopHbLIM METOOOM JIMHeiHOe nHgxbepeHLIN-
ATbHOE ypaBHEHHeE

ak+Px+yx = f{1), x(t;) = A, x(1)) = B.

Gyukumo f(f) 1 3HaueHHs KoaddULIeHTOB, B, ¥, 1y, X (1y). X( )
B35ITh U3 TA0N. 16.4.
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Tabauya 16.4

soprama| @ R ¥ o) o | x| )
1.1 0 1 1 cos ! 0 0,5 —~1
1.2 0 i 2 Scost 0 2 -3
1.3 0 1 -2 2e7 0 1 -2
14 0 1 2 sin ¢ 0 0 -4
1.5 1 -2 2 1 0 0 0
1.6 1 -6 9 2 0 1 2
1.7 i 0 -9 2-t 0 0 1
1.8 1 0 ] 0 ® 1 0
1.9 1 1 0 -2t 2 2 -2
1.10 1 1 -6 6 0 -1 5
1.11 1 0 9 18¢° 0 0 0
1.12 1 0 ! -2sint| w2 0 1
1.13 1 0 -4 at 0 1 0
1.14 1 6 5 12¢f 0 0 0
1.15 1 6 13 4™ 0 0 0
1.16 i 0 1 e +2 0 0 0
1.17 i 2 1 2 1 1 -1
1.18 1 1 0 2t 1 1 -1
1.19 1 -1 0 -2t 2 8 6
1.20 1 -6 5 3e” 0 0 0
1.21 i 4 4 9¢’ 0 0 0
1.22 1 2 1 I+cos2t| 0O 0 0
1.23 1 -2 1 1 —sint 0 0 0
1.24 I -1 0 te' 0 0 ~1
1.25 I -1 0 [ 0 0 -1
1.26 2 [ —10 e 0 1 1
1.27 2 0 8 2 cos’t 0 ~1 2
1.28 1 =2 i 1-¢' 0 1
1.29 3 6 -9 [2f—e" 0 3 -1
1.30 1 —4 5 e*lcos t n/2 —1 l

2. PellMTb ONepaToOpHbIM METOIOM CHUCTEMY JIMHEHHBIX MU-
¢epeHLHaNBHBIX ypaBHEHM

ax+by+extdy = fi(1), x0) = A,}
ayk +byy+cyx+ dyy = f,(1), y(0) = B.

Oyukumu fi(0, (1) ¥ 3HaveHns ay, by, ¢, dy, (k=1, 2), A, B,
x(0), »(0) B3siTb U3 Tabn. 16.5.
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Tabauya 16.5

Homep
papu- | ¢ | & c dy | A1) | a3 | b [ dy | AN | x(0) ]| y)
aHTa
2.1 1 0 0 i 0 0 [ -21-2 0 I 1
2.2 0 I -1 =2 | cost 1 0 2 i sint | 0 0
23 1 0 [ -2] -4 | cost | O 1 1 2 [ sint O] O
24 1 0 7 | ~1 0 0 1 2 5 0 1 1
2.5 ] I 0 [ -1 ¢ 2 1 0 2 0 0| 0
2.6 1 0o | -1 1 [3/2¢] 0 1 4 2 |4+t ] 0] 0O
2.7 1 0 0 1 0 0 1 1 0 0 1| -i
2.8 1 0 1 1 e 0 L[ =11 ¢ 1 1
2.9 1 2 2 0 cost 1 1 -1 0 0 0 0
2,10 | 1 1 0 | -1 0 2 ] 0 2 [costJ O] O
211 | 3 I 2 0 1 1 4 0 3 0 0| 0
202 (11 ] © 2 2 105 ] 0 P =211 7e7 |1 3
213 | 1 0 1 [ -3 0 0 1| -1 -1 ¢ 1 1
2.14 | 1 0 1 | -3 0 [i} 1 [ =1 ] -1 e 0|0
215 [ 1 o [ -1 ] -1 e 0 1 [ =311 0 oo
216 | 1 o [ -1 ] -1 P 0 1 [ -3 1 0 1 1
217 |1 0 5 2 0 0 1 [ -1 ] 7 0 1 1
218 | 1 2 2 0 0 1 1| =1] 0 P 0| o0
209 | i 0 ] -3 0 0 1| =1 -l e’ 1 1
220 | 1 0o | -1] -2 t 0 1| -2 -1 t 4| 2
221 | 1 0 2 4 |4+l | 0 1 TR EEE R
222 | 1 0 | -1j=-1}e" o 1 1 | =3] 0 0] 1
223 | 1 0 | =21 -2 0 0 1 1 0 0 1 1
224 | 1 0 0 1 0 0 ] 1 0 0 |-1]1
225 | 4 1 3 0 0 | 3 0 2 1 ()
226 | 1 5 | -1 0 | sint | 2 1| -1] 0 e 0| -1
227 | 2 4 | =21 -1 ¢ 0| -21]1 0 |cost [ 1 | O
228 | 3 3 1 =3]0 2+ 3 0 2 1 | sine | 0| -2
220 4| 2 | 4| 2 +~1 O ]-1] 0O 2 -t {210
230 | S 1 5| 3 |cos2t| 4 o[ -210 et o] 3

Pewenue munosozo eapuanma

1. PellinTb onepaTopHbIM MeTOgOM OHdepeHLMalbHOE ypaB-

HeHHE X — X = !2 NpH 3a0aHHBIX HAYabHBIX ycnoBusx x(0) = 0,
x(0) = 1.
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» U3 npun. 1, 2 HaxonuM n3obpaxkenus no Jlannacy:
(1) 2pX(p), 5(0) 2 p°X(p)~ 1, 1€ X(p) £x(1); £ 22/p°.

[TonyyaeM onepaTopHOe ypaBHEHHE (p2 -pDX(p)=1+2 /p3 .
Peruaem ero otHocutenbHo X (p):

3
X(p) = _;LZ.
p(p-1)
PacknafbiBaeM MonydyeHHyO palHOHANBHYI0 Apobb B CYMMY
npocTeiumnx npobeil ¢ HeonpeneJeHHBIMU KO3(pdULIMEHTAMMU:

4 4 3 2 -1
ie-1 o p P P Pl
[TpuBeneM cyMMy npoGeii B npaBoii 4acTy paBeHCTBa K 0611eMy
3HaME€HaTeno, NpHpaBHAEM YUCIHUTEIH J].pOﬁCﬁZ

3 2
P +2=A(p-1)+Ap(p-1)+ A3p"(p- 1)+

+ AP (p-1)+ B

[ToacTaBMB B NeByio M MPaByl0 YaCTH NOCIENHETO COOTHOLIE-
HUSI KOPHY 3HaMeHatenst p; = 0, pp= 1 1 NnpupaBHsB B 06euX yac-

TAX KO3(GHULMEHTH NPU CTETIEHAX p4, p3, p2, MOJYYUM CUCTEMY
JIMHEHHBIX ypaBHeHUWii. PeliuB ee, HaliieM 3HaYeHHS MCKOMBIX
K02(hbULIMEHTOB:

p=113=8, B =3,

2 | 0=Ay,-4;, Ay = Ay = 2.

[MTonctaBus BbluMcaeHHbIe KOIDDHLIMEHTH B BHIpaXeHHe sl
X (p), nonyuum

Hcnonb3ys npuin. | u 2, HaXOAUM OPHUIHHAN

x(f) = 3¢ =3-2t-F-F73.
3TO U eCTb UCKOMoe peLlieHHe arddepe HUMATBHOTO ypaBHEHMA. 4

3 3ak. 1261 65



2. PelunTh onepaToOpHBIM METOIOM cHcTeMy AMddepeHIHANb-
HbIX YpaBHEHHU A

4x+y+3x =0,
x+3y+2y =1

MpH 3aaHHEIX HayanbHBIX YenoBusax x(0) = 0, y(0) = 0.
P Mo npun. 1 HaxoauM H3obpaxeHus no Jlamnacy:
(1) =pX(p), WO =pY(p),

roe X(p) =x(0); Y(p) =y(1); 1 =1/p.NonyyaeM cucteMy onepa-
TOPHBIX YPaBHEHHI:

Qp+3)X+pY =0,
pX+(@3p+2)Y = 1/p.
Pe1uuB ee oTHoCcUTENBHO X U ¥, uMeeM:

-1 4p+3
—— 1y = —F :
1p +17p+6 p(11p" +17p+6)

X(p) =

Paznoxum 3HaMeHaTenud Opobeit Ha MpocThle MHOXHTENH U
[IpeICTaBUM paLiMOHaNbHble ApobH B BhipaxeHusX wia X (p), Y (p)
B BUJIle CyMMBI MpOCTEM1INX Opobeli ¢ HeonpeaeNneHHHMH KO3g-
dULHEHTaMU:

X(o) = 1 . B
MG 6/10(p+1) p+6/11 p+i°

1 4, B G

Np(p+6/10(p+1) p+6/11 p+i p

¥p) =

Boluncnum HeonpeneneHHble KO3 hULIHEHTBE:

T |
Xy = §(p_+|"p+6/u)‘
1, 1 u
6p S(p+1) 6(p+6/11)

¥(p) =

Hcnonbs3oBas npui. | ¥ 2, HailaeM OpUrHHaJIBE:
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_s
x(f) = %(e-t—e “,J,

1.1 - 11 71
= -4 - — —
Wiy = gtse —ce

9T0 ¥ eCTb HICKOMOE pellieHHe CHCTEMBI. 4
3. HaiiTu ob1uee pelueHHe ypaBHeHHS

6
—lf

X" —-6x"+11x"'—6x = 12!2e3'—92'.

P [Tepeiigem K U300pakeHUsIM:
X' = pX—x(0), x" = p* X— px(0) - x'(0),
" . 3 2 r " ’
x" =p" X—p“x(0) - px'(0) - x"(0),
1212e3'—e2'é_ 24 - | )
-3y P2
3anuieM onepaTopHOe ypaBHEHHe:
P X—p x(0) - px'(0) — x"(0) - 6p° X + 6px(0) + 6x(0) +
24 1

+11pX—-11x(0)-6X = 3
(r-3)° P72
WJIH TI0C/IE NPOCTHIX Npeobpa3oBaHHit

X' -6p% + 11p=6) = p>x(0) + px'(0) + x"(0) — 6px(0) —

3 2
—6x(0) + 11x(0) + L1222 =3p =21,
@»-3)(-2)
Orcrloga, BOCTIONB30BABILKCh PaNIOKEHHEM p3—6p2+ 11p-6 =
= (p—-(p-2)p-3), nonyyaem
_ pzx(0)+px'(0)+x"(0)—6px(0)—6x’(0)+ llx(0)+
P-D(-2)p-3)
—p3+9p2—3p—21
nd 2 ’
(p-3)(p-2)(p-1)
[lonaraem X(p) = X,(p)+ X,(p), rae

)

+
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£2x(0) + px’(0) + x(0) — 6px(0) — 6x(0) + 11x(0)
(p—1)(p-2)(p-3) ’

-p3+9p2—-3p—2| )
e-3'e-2'0-1)

Paznoxum X|(p) u X,(p) Ha anemeHTapHbie ipobu. UMeem:

X|(P) =

X(p) =

_ M N K
%) -1 p-2 p-3°
A B C D E
X,(p) = ria 3+ 5+ _3+ 5+
(-3 (-3 -3y P (r-2)
+ £ +-i,
p-2 p-1

P+ —3p—21=A(p-2)(p—- 1)+
+B(p-3)(p-2)(p- 1)+ C(p-3Y(p-2)"(p- 1) +
+D(p-3Y (p-2 (p- 1)+ E(p-3)' (p- 1) +
+Fp-3)'(p-2)(p- D+ Gp-3)'(p-2)%.

M3 storo toxaecrsa Haxomum: A =12, B=-18, C =21,
D=-23,F=1,F=24,G = -1.Tornoa

-2 +95°-3p-21 _ 12 18 21 23

= - + —
e-3'e-2e-1 -3 -3 (-3 P73
sl 2 1
(-2 P-2 p-1
CnenoBatenbHoO,
X(p)=pM+N+K+ 12 18 21

+

- + —
P2 P33 oyt (p-3) (p-3)

.23 1 24 1 ’
p-3 (p—2)2 p—-2 p-1

Beens obo3HayeHHA C,=M-1, C,= N+24,
C; = K-23, nonyyum
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+

G . G ¢ 12 18
Xp) = 'l+ 22+ 3f3+ - 5
=i P22 P72 (-3 (0-3)

+2l+l

2 2°
»-3) (p-2)
[Mepexoaum ot u3obpaxenus X(p) K opurunany x(f) no dop-
Mynam:

1 t 2t

. . 1.
— =€, =€ ,—— =€

p-1 P p-3
1 2 12 1283t 3
= 3 e =

3¢

|

[ 8]

=te ——:_-—! 2re’,

e-2¢ (-3

18 . 18230 g2 21 2$2]_l’re3r o1

3 !
@-3" 2 (»-3)
Obuee peuieHHe AucdgepeHUMANEHOTO YpaBHEHUs Oyner
WUMETh BHA

X)) = Ce'+ et + Ce +1e? + (20 - 97 + 211 . ¢
4. HaiiTi yacTHOe pelieHHe CHCTEMbI
XX +y -y = e',}
_ X +2x—yty=¢"
npu HavaabHBIX yeaoBuax x(0) = y(0) = y'(0) = 0, x'(0) = 1.
P [Mepexonum K H3oBpake HHAM:

X(1) = X(p), X'(D) = pX(p), x"(8) =p°X(p) -1, ' =+ ——

p-1’
Y= Hp), Y () =pX(p), (D =P Y(p), €' = 51_1 ,
3anuieM CUCTeMy OllepaTOPHbIX ypaBHEHHUI:
sz— 1 +pX+p2Y-. = ,-ol—l’
pX+2X-pY+ Y = p_-:-—l
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PO+ DX+ )Y = ST,

PHDX=(p=1Y = —.

Peiiiup 2Ty cHcTEMY, NONYHHM:

- 2p—1 - 3
Xp) = ———5, ¥p) = —L—;.
2-D@+1) 2 -1
Paznoxum Ha npocTeiiune npoby BeipaxeHue nis X(p) :
2p—1 _ A B + C

G-Dp+1? Pl e PEU
2p—1 = A(p+1)°+ B(p- 1)+ C(p* - 1),

=1 p_3 - _1.
A —4,B 2,C g
1 1 3 1 1 1 1 1 3 1
R G e B T R G ee
np) = —2£—.
207 -1)
nepexo,uHM K OpHrHHanam:
1 —f 1
—=e , =sht.
ptl pz_]

ITo TeopeMe o nuddepeHLMpoBaHHH H300paXeHHIT HaX0AUM

() s () o
p -1

HUIH

=te' u _2r =rsht.
2 2 2
(p+1) P -1
YacTHoe pellleHue cucTeMbl GyeT MMeTh BU

x(f) = %sh t+i—te_’,
4

¥ = %tsh t.
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H][3-16.3

1. Haittn usobpaxeHrHe no rpadvKy OpMrMHana.
1.1.

4
2 (Omeem:
—P ~21
1 F(p) = l1+e —2e )
- p
of 1 2 x
1.2.
f(x)h
1
(Omeem:
o] 11 2 x ey
1 Fo) = Q..ﬁ_)_.)
- p
1.3.
o9} (Omeem:
1 a-¢e’ !2
Rp) = *——)
of 1 2 X p
1.4.
4
f(): (Omeem:
i 1-¢ %
; Fpy = ——))
0 a x P
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1.5,

f(x)A-
b-a (Omesem:

>
]

1.6.
fx) 4

3 _____-_-'—'

o
-
N

TR - I
-9
xY

1.7.
f(x)A

ol 1 2 3 a4 %

(Omeem: F(p) =

1.8.
[69] )
1

i —ap
/i _ Fpy = —="—
a b

_-.7!
1
6 8

[1, ) -

o 1+ 2 3 4
2

-P
(Omeem: F(p) = izll}-
P(1-e")
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0 1 2 3 4 5 x
i _ 2 1
(Omeem: F(p) = "54‘-"—-——_';72— 2
pop(l—e” ")
1.10.
f(x) CuHycouaanbHbie C Nponyckamu

“MNynbChl, nepuon T

/INCT

T+n 2T X
—np
(Omeem: F(p) = 21 A +e_T .
po+l 1-¢°
L11.
f(x)h
L] e :
! -
0 3 4 x

~3p -4p -3
(Omeem:F(p)=-33(l—e +& —¢ p).)

P 3 1
1.12.
fix)h
1 1
ol 1 3 5 8 x
-1
(Omeem: F(p) = lz(! -eP) —e_sp)(l —e_4p) J)
P
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113,
04

1\

0

3

-1

(Omsem: F(p) = ﬁ(: 1y %D(l —e%7 )

1.14.
fix)4

2
1

0 2

-1

-2

(Omeem: F(p) = Lz(l - e—4p)+
2

1.15.
fix) A

2

1

> Y

0 2

X

}’(1 _4eP 1))

(Omeem: F(p) = ;"(l +e Py (1-e*))

1.16.
fx) 4

2
1

0

(Omeem: F(p) = —IE(I —e—5’)+
5

’1)(1 ~2¢7) )

74



1.17,

0 A
b1 T
i P i HE
Pl o
o @ T T+a 2rzt+a 3T 1
(Omeem: F(p) = ﬂ]_‘_f:_rl )
p(1-€*")
1.18.
0]
1
o[ 1 4t
-p ~4p P
(Omeem: F(p) = I—ze +£ —2e )
P 3p
1.19.
f(t)A
T
P
of 1 23 a4 5 6 71 8t
1 [ (] i
_1__ L I | A |
(Omeem: F(p) = —]i.)
2pchp
1.20.
A
4 ]
H (Omeem:
2t-- ~2p
_2(l+e ™)
Fp) = )
o 1 3 Y pe
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~Y

]
[}
0I‘:‘Z'J 4a 5a 6a 8a

—ap 2
(Omeem: F(p) = .%‘.E.+ )
“4ap
ap’(l-e ")
1.22.
f(t)A
2

1

~Y

of] 1 2 3

(Omeem: F(p) = ﬁ(] + e_p)(l _e—zp) .)
1.23.

fi)h

1

-

0 2 5
-1

(Omeem: F(p) = 1%,(e-ZJI’_e—Jp)l’- )

1.24.
A
ar-=-z
g
o 2 -

(Omsem: Fip) = 5(1-¢ )+ 2(1-2¢77) )
P
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fih
1
2 )
: .
o113 't
224 2
P4 _ 34
(Omeem: Fpy = 21=e__Ml-e ),
p(l-¢”)
1.26.
oA
1
2 i !
! [
0 % 1 2 t
_p/z —p
(Omeem: F(p) = 2-2e -—pe 2; —_pe )
2p(1-e7)
1.27.
]
L e (Omeem
2 1 1 _
i i /i i /i Ry - 8—882p,4_2pe p/2
o 1 1 t p(1-€?
22 | 2
1.28.
fit) A

——————

o
Nt faee==
Njwp--===
N f==-===
N~ f=====

cep - I,

1 21 4
! i !
1 | !
-1
~p/2
(Omeem: F(p) = 42 I_e_plz) .
p(lte” ")
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fith
2F——-- — —
P P
1-—-—-: L—| l—= :—| —
[ | P [ I | | | 1
| | r [ I | | ] 1
1 S I R L IR I N
0| a a a2ab5a , 7a t
6§3236°6 2a

(Omeem: F(p) = %ch(ap/IZ)/ch(apM).)

1.30.
fitrh
U : I
| | P
0| a2 3a) 40 5a6a 7al 8a t
1 ! i !
1-¢ 7
(Omeem: F(p) = o h
p(1+e"%)

2. BoluMcauTh HecoOCTBEHHBIN HMHTErpan ¢ MOMOILbIO Tipe-
JIENBHBIX TEOPEM.

b

—bt
2.1. I%dr, a>0, b>0.(Omeem: lng.)

0
to -at .
2.2. Ig%b’dr, a>0, b>0.(0Omeem: arctgg J)
0
too —at Pt
2.3. I%sinmm‘r, a>0, B>0, m>0. (Omeem:
0

o
arct E—arcl -.
arcig - gm)
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+e0

2.4. I E‘E‘&?lﬂ_’m . (Omeem: g )

0
+w
2.5, J'sm at sin bta. a+b )

t,a>0, b>0.(0Omsem: -l-ln
a-—b

t 2

0
+c0

2.6. I e ¥ sin bxdx, a>0, b>0. (Omeem:
0

b
2)
e

+w

—4x . . 63
2.7. I e ' sin 3x cos 2xdx . (Omeem: 597"
0

+o0
2.8. I e ™ cos bxdx. (Omeem:
0

a
)
02 + b2

——dx. (Omeem: arctg% )

.t
e “sinx

2.9. j
X
0

+o

3x i
2.10. I e "~ cos 3x cos 4xdx . (Omeem: 90 )

0

BHMHCINTE HECOOCTBEHHBIH HMHTErpat, UCNoAbL3ys dopmyny
IMapcesans.

+w

2.11. j C_os_gi—mdx. (Omeem: In B )
x o
0

+e0

2.12. dex.(ameem: —alna.)

0
+o0

. 4
2.13. I—Sl-'—:—xdx.(Omeem:g.)

X
0
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2.14.

2.15.

2.16.

2.17.

2.18.

2.19.

2.20.

2.21.

222

2.23.

+o0 2
,[ sin @x-sin"x
3

dx, 0<a<2.(Omeem: %(4—0).)
X

0

+o

.2 1
Ismx dx . (Omeem: 24/7;)
0

+co

2 L
Icos x“dx . (Omeem: 2@.)
0
+o0
J-x;s;-n—xdx. (Omeem: E )
X
0

+oo

.3 -
sin” x .3
j xz dx . (Omeem: l6ln3.)

—-ax . 3
e sin"bhx .1 b 3b
j-—-———-—-—-—dx. (Omeem: 4(3arctg a—arclg a)'

)

.3
J.SlL}xdx. (Omeem: §1t.)
X 8

0

e _ax  —bx 2 2a,.,.2b
I(e_;e__:) dx . (Omeem: ln%.
0 (a+b)

+o
Is—inxcosxdx.(Omeem:g.)

0

+w

3
[ de,a;tO.(Omeem:-—l—.}
0(x+a) 4a
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+ao
2.24. j——dx (Omeem: Ju(Jb-JJa). Yxaza-
0 X
H U4 e. Crenatb 3aMeHy x2 =1.)

+a0

2.25. I M_)?:’_S?fdx . (Omegem:0.)

0
+o0

2.26.
(;[ xex

2
—ax

l-e

dx . (Omeem: %]n(a+ 1).¥Ykaszanue. Coe-

2
JlaTh 3aMeHy X~ = [.)

BBIMMCTUTE HECOBCTBEHHEIH HHTErpal, NpeaBapuTeNibHO Haii-
151 ero u3obpaxxeHHe C MOMOIIbIO HHTerpana Jlannaca.

+oo
- 2.27. Iﬂdt.(Omeem: ga.)
0 t
+c0
t sin at T -ab
2.28. dt. (Omeem: =e " .)
I £+ b 2
+c
cos at —ab
2.29. If+b dr. (Omeem: = 2b )
+o
230 [ S22 4y (Omeem: Z(1-¢ **).)
:(rz +b%) 2b

Pewenue munogozo éapuanma

1. Haittn un3obpaxeHue GyHKUMM, 3aTaHHON rpaduuecKu
(puc. 16.12).
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f(x)A

>y

0 2 4 6
-1 1

Puc. 16.12

» Kak BHoHO H3 rpaduka (yHKUMM, TpHMBEIEHHOINO0 Ha
puc. 16.12,
0 npux<2,
I npu2<x<4,
fx) =
-l npud4<x<6,
0 npux=6.

CnepnosatentHo, npeobpasoBaHue Jlannaca opuruHana f{x)
HMeeT BUJ,

+o0 4 6
F(p) = I e Pfixydx = Ie_pxdx— je-p Tdx =
0 2 4
4 6
= _-].e-pxl +le—px| = _le_4p+ le_2p+_!e—6p_le-4p =
p 2 p W p P

—p _3p 2
= (o2 ety = e 2 ) == )4

2. Monb3ysice NpedenbHbBIMKH TEOPEMaMH, BLIYMCIUTL HECOBCT-

+co
sin x
BEHHbIi1 MHTErpan f de'
0
+o ]
X
» Bocnone3osaBuiuck opmynoit I 'ﬁ;ldx = I Kp)dp, c
0 0
. 1
YHETOM TOTO, 4TO Sin X & ———, NONY4UM:

p o+l
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Yoo +o B
J-sm X 1y = J‘ 20'2 = lim J'po_ = lim arctgplg =
o o P ¥l Poepter Po

= lim arct =E.4
Bl—hao SB 2

3. Haiit u3obpaxenue F(p) opurMHana f(f) ¢ nepuoaom
T= 2, ecnu f () 3anan rpacdpuyecku (puc. 16.13):

)
1

Puc. 16.13

o
~

» OpuruHan f(f) MOXKHO aHAJTUTHYECKH H300pa3UTL HA HHTEp-
BaJle-nepuoae cnenyounM obpaiom:
0 npu-oo<t<0,
fin =4t npuos<r<l,
l—topu l <t<2.

ITosToMy M306paxeHHe TAHHOTO MepHOAHUYECKOr0 OpPHIMHa/A B
COOTBETCTBMM ¢ 1. 6 npui. | Halinem no ¢opMyne

T
| —pt

I fine?ar =

—pT
1-e?
0

Fp) =

! 2
i ~pt —pt
=T Ire dr+I(l-r)e drl .

0 1
MocnenHue WHTErpaabl BLIMHCIHM C TIOMOLIbIO (OPMYbI HH-
TErPUPOBaHMA MO YacTAM:
|

1
fre_p dt = —l(te_"J "+ le_‘p ') = —
P P
0
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‘ 2
I(l —nePdr = -’l,((l ~ne?' - :-,e"’)
1

1

_l=2p, 1 <2p 1 —p
= +t=e T-Se.
P P

[MoncraHoBKa HaliieHHBIX UHTETPANOB B BRpaxeHHe s F (p)
MPUBOIMT K OTBETY:

1 1 -2, =2p, 1. -p -2pY _
=— {—(1-2 —=e?- =
F(p) - e_zp(pz( e +e ") p(e e ))

h-}
LY

[

U (1, 2 1p . Y _
——j,,(;;_(l—e’) ~1e7(1-€7) =

I-e

- ;[1-_‘-"’_’_5‘_’] §

- 2 N
1+e?\ p P

4. BBIUHCIUTD HecOOCTBEHHBII WHTErpas, MpeaBapUTESbHO

Haiins ero uzobpaxeHHe ¢ NoMonblo MHTerpana Jlaraca M npu-
HSIB 32 NepeMeHHYI0 MHTEIPUPOBaHHs TapaMeTp a:

+o0
ﬂa) = I M’dt.
1 +4)
0
+co
-pa . _ 5
P Tak kak I e sinatda = 12 5 TO H306paxkeHHe naHHOo-
+p
0

ro HecoOCTBEHHOIO MHTErpasia no fnepeMeHHON @ MOXHO NMpeacTa-
BHUTH B CJIEAYIOLIEM BUIE:

+a +oo
Fp) = |7 [ 5 ! it\da =
0 0 I(t +4)
+eo +a
= I ZI Ie_pa sin arda|dt =
S +ay ]
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+ o

dr _
I(Iz+4)(!2+p) P 4I(rz+4 f2+p)dt

1l 1
8pp+

HaiineHHOMY M300paXeHHI0 COOTBETCTBYET OPUTHHAI

fa) = g(l-e‘z").i

16.5. JOTIOTHUTEJIBHBIE 3ATIAYH K TJL. 16
Haiitu n3oGpaxeHHe opMruHana.
1. 7 sin 2t. (Omeem: (125% - 16) /(52 +4) )
2. tcos (1/2). (Omeem: (16p% —8)/(4p> +1) )
3. (F72)sh 1. (Omeem: 3p> + 1) /(02 =1)" )
4. 162" sin 3¢. (Omeem: (6p + 12)/((p+2)2 +9)’.

6.

t 3 2 3
5. (t2/2)e cos t. (Omsem: (p" =3p+2)/(p"-2p+2) .)
1
In +;).)
‘3

7. -E—-’fdx.(Omsem:-l—lnej—l.)
x 2p p-1
0

4
2
8. j“'”‘—z"dx.(o»mem- L1 P*' +ndE =1

: ¥ 2p -1 P
HaitTi opHruHan ykazaHHOro H300paxeHUs.

9. p/((p%+ 1)(p° +2p +2)). (Omeem: (1/5)(cos t+2 sin 1—
— ¢ '(cos t+3 sin 1).)

10. (02 = 1) /(5> +4)°).(Omeem:(1/16)(cos 2t + 5t sin 21— 1).)
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1L (02 + p+ 1)/((p— 1) (52 + 1)) . (Omeem: (1/4)((F = 1)e' +
+ sin t+cos f).) '

12. p/(p* - 1). (Omeem: (1/2)(ch 1~cos £).)

13. (20 = 1)) . (Omeem: (1/2)(ch 1+ cos t-2).)

14. ((p- 1)(p* + 1))'l . (Omeem: (1/2)(e' - sin t—cos #).)
15. p((p—1)(P>+ 1)) . (Omsem: (1/2)(e"+ sin 1—cos 1).)

-1 -

16. ((p+ 1)(p* +2p+2)) . (Omeem: €”'(1=cos 1).)

Pewiuts 3amauy, Mcnonb3ysi MeToIbl ONMEPaLIHOHHOTO UCYMC-
JeHus.

17. Haitty yactHoe pelueHue nucdepeHIMANBHOTO YpaBHEHHS TPH
3a1aHHBIX HAYAILHBIX YCIOBHAX: X" —9x = sh f,x, = -1 ,xy = 3
npu t=0. (Omeem: x = (25/24)sh 3t—ch 3¢t—(1/8)sh ¢.)

18. HaiitTn obwee pewenue auddepeHumanibHoro ypapHe-
Hus  x"+9x = cos 3t. (Omeem: x = C, cos 3t+ C,sin 31+
+(1/6)tsin 31.)

19. Haiit yacTHoe pelueHue cucTeMbl AudbdepeHUHATBHBIX
ypaBHEeHMI1 MpH 3aJaHHBIX HAYANBHBIX YCJIOBHSX:

x"+y =sht— sint—t,

Xg=0,x=2,y,=1,y4=0
y'+x" =cht-cost, } 0 0 Yo Yo
npu t=0.(Omeem: x = sht+1t,y = cos t-t2/2.)
20. Haiitn oGuiee peleHue cucTeMbl auddepeHUMATBHBIX
YpaBHeHUIA:

’

x"—y =1,
y'-x"=0.

x = C+Cysht+ Cy(ch t-1),
} (Omeenmn: )
y=0C+Cchr+Cy+Cysht-t

21. Haiitn obiuee pewenune nuddepeHUMANBHOIO YpaBHeHHA
Diinepa:

aA) (1 -20x"+2x"+(2t-3)x = 0;
0) tx"—(2t+ 1)x"+(t+ 1)x = 0.

(Omeem: a) x = Cle'-l- Czre"'; 6)x = Cltzer+ Cze'.)
22. PelunTh MHTETpalibHOE YpaBHEHMHE:

86



'
-a) {ch(f-1)-x(t)dt

0
!

6) Ich(t— 1) - x(1)dt
0

ch t—cos t;

fcost;

t
B) x(f) = &'+ ]e“‘x(r)dt;

0
!

r) x(f) = 1 —cos t+ |sin (t—1)x(t)dT.

0 .

(Omeem: a) x(f) = 2sint; 6) x(f) = 2cost—1; B) x(1) = le;
1) x(t) = £72))

23. BLIYMCIMTb HecOGCTBEHHDI MHTErpa:

+°oe‘"“r—e‘"”‘co:)s cx
a) j .- dx,a>0, b>0;
0

+o0
6) I xe ¥ cos bxdx, a>0;
0

+c0
B) I cos (axz)dx;
0

+om

x sin ax
r .[ B ket
0 x +b

+w
2
) Ieﬂﬂx dx, a>0;
0



+o0
sin ax - sin bx
X) I —_—

dx,a>0, b>0.
xAfx

0
(Omeem: a) In(,\fb2 + cz /a); 6) (aa2 - .~!>2)/(a2 + bz)Z;

B) (1/2)Jn7(2a); 1) (n/2)e™ % ; n) (n/2)/Ja:
e) Jn/(ab)(Jb—AJa); x) 2n(Ja—b).)



17. BJJEMEHTBI TEOPNH YCTONYHNBOCTHU

17.1. IIOCTAHOBKA 3AJAYH

PaGoTa MHOTMX MEXaHM3MOB, 3JIEKTPOTEXHHYECKHX YCTPONCTB, 3/eKTpoMar-
HHUTHBIX LENeH W WX 3BeHbEB, Pa3INIHbIX MPHGOPOB LUIA ABTOMAaTHYECKOTO peryau-
POBaHKSA ONKCHIBAETCA CHCTeMaMK AHGdepe HUHANBHHX YpaBHeHU . PaccMoTpuM
CIIEAYIOLLYIO CHCTEMY:

dx,. _
@i = Xi("l”‘zv"" o Dsi=1,n. (17.1)

TTpennonoxnM, 4To NpaBble 4acTH cHeTemu (17.1), T.e. dyHKuUMKH X;, Henpe-
PBIBHbI B HEKOTOpO#t OTKpbiTOMH o6nacti D, KoTOpas MOXET COBNAAaTh CO BCeM
(n +1)-MepHbIM NPOCTPAHCTBOM MEPEMEHHBIX 1, X}, X3, ..., X,. BylleM c4uTaTh, 4TO,
KpoMe Toro, Wid cucTeMbl (17.1) B o6nacti D BLINOMHEHH YCIOBHA CYLUECTBOBA-
HHA H EIRHCTBEHHOCTH PELIEHUA

X; = Xt X4, X9, ey XY 0= Tom, (17.2)

YAOBIETBOPAIOLIEIO HA4aNbHEIM YCIOBHAM
0 0 0 0
X(Fgs Xps Xgu e s X)) = X; (17.3)
0
rle fy, X; — HEKOTOpble Ync/a 3 obnactu D. Bynem npeanonarats, 4To peleHHe

(17.2) onpeseneHo Ans N06Oro 3HaYEHKA 1; B ITOM Cllyyae OHO HA3LIBAETCS npodon-
HCAEMBIM.

Mpaebie 9acTH cucTeMn (17.1) MOXHO paccMaTpHBaTh KaK NMPOEKLMH Nepe-
MEHHOTO BEKTOpa CKOpocTH X = (Xl y Xy ey X”), a BEJIHYHHY ! — KaK BpEMS.

Torna cucrema (17.1) onWchLIBAET 3aKOH ABHXEHMA HayanbHOM TOYKH

0 0 0
My(xy, Xy, ..., x,)  n-MepHOTO a3oBOro MpPOCTPAHCTBA MO  TPAEKTOPHK
0 0 0 s T
X; = X1 X), Xyy ey X)), §= 1,0,
3anuuweM cueteMy (17.1) B BexTOpHO# hopwe:

ax _

@ X(x, 1,

rae x = — BEKTOp-cTONGew pa3sMeEpHOCTH n x | ;
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Xl (x, 1
Xy(x, )

X-= ’ (17.4)

(X

SABAAETCSA BEKTOPOM CKOPOCTH.
Petueruem cucmems: (17.4) HaspiBaeTCs BEeKTOpPHaA (PyHKLIHA

xl(r
’ T
I(f) = - = (xl(’)’ xz(’)n Rl } x”(‘)) *

X, (1),
rae T — 3HaK TPaHCNOHUPOBAHMS,
Yepes x| oBosmauum nopmy eexmopa, xoTopylo GyaeM CYMTATH COBNaalo-
wei ¢ eexaudosoii daunoli eexmopa.

n 172
I = [fo] . (7.5

i=1

17.2. OTNIPEJEJEHHUE YCTOMYHUBOCTH.
YPABHEHHA BOIMYIIEHHOI'O ABH2XEHUA

PaccMoOTpHM cHcTeMy auddepeHUHANBHBIX YpaBHEHHH
dy _
i Y(».0). (17.6)

BbuienuM HeKoTopoe peleHHe y = 1) cucTembl (17.6) H Ha3oBeM ero Heeos-
MYWEHHIM QaUNCEHUEM.

Nsuxenue y = f{1) HalbiBaeTcs ycmoliwuesim 8 cmucae JIanynosa, ecnv NS
moboro € >0 cywecTsyeT § > 0 Takoe, 4TO U3 HEpaBeHCTBa u () - f(fo)l <& cne-
ayeT HepaBeHcTso |y(1) - AN <€ npu nwobbix 12 fy- 3neck yepes y = y(r) oGo-
3HayeHo noboe Apyroe pelleHne cucTemsl (17.6), onpeaensieMoe HayalbHBLIMH YC-
JosuamH y(f) = vy (puc. 17.1).

yi .
y=x{t) |




IlpnxeHue y = f{1) Ha3BIBACTCH HEYCMOIMUBNM, ECTH CYLLECTBYeT £> 0 H pe-
weHHe y = y(f) Takue, 4yto AnA Awboro §>0 npu uy(ro) —_f(ro)l <& HailneTca

T21y Takee, uto [W(T)-A Dl z& (puc. 17.2).

i y=ylt)

3
1
(]
|
]
T t
Puc.17.2
IByxeHue y = f{t) Ha3bIBAETCA ACUMAMOMUNECKU YCmolivueom & crubicne JIa-
nyHo8a, ecNH OHO YCTOMYHBO B cMbicae JIANYHORA M CYLUECTBYET TAKOE NMONOXKH-
TeIbHOe YMCo h, 4TO NpH H y(rg) - jt.ro)u < h Gynem umers (puc. 17.3)

lim fy(H-A0l = 0. (17.7)
1o

y=xt)

y=f)

t
Puc.173
Ecnn neuxenue y = fr) ycroiiuuso mo JIsnyHOBY M cooTHoweHue (17.7)
CNpaBe/IMBO AR PELUEHHI p(r) , OnpedensieMbX NIOGLIMH HaYaNbHBIMH YCTOBHS-

MM, TO F'OBOPAT, 4TO ABHXEHHe y = fI) dcumnmomuyecKu YCmoaHueo npu aoobix
HAYAIbHBLX 0aHHBIX (MNTH aCUMPmMOmuHecKy yemoiiuugo 6 yenom; puc. 17.4).

¥4 y=y)i




Mpouaseaem B cucteme (17.6) 3ameHy HckoMoit dyHKumHK y dyHKume#t x no
dopmyne x = y— f{r). Hosas cuctema Gyaer MMeTb BHI

%’-: = Nx+AN,D-YAN,D.
Bsens obosHadenue X(x,r) = Y(x+f1), 1) - Y(A(1), 1), NnoAy4HM cHCTEMY
dx _
- X, (17.8)

rae X(0,r) =0 npur21,.

Cucrema (17.8) onpenensier dugdheperyuarvhbie ypasnenus soamyuertozo deu-
wcenun. [IBvxkenue y = f{r) NepexoaMT NpH pacCMaTpHBacMOM 3aMeHE NepeMeH-
HBIX B COCTOfIHHE paBHOBecHA x = 0 HOBOH cHCTEMBI, a 33]a4a YCTOHYHBOCTH ABM-
Xerus y = f{1) — e 3adavy yemoiiuueocmu Hyneaozo pewuerun cucmems (17.8) x=0.

Pewenne x = 0 cucremsl (17.8) HasbiBaeTCA ycmoiivuesim & cmbicre Janynoesa,
ecan ans nwGoro € >0 MOXHO yKaszaTb Yucno 8> 0 Takoe, YTO M3 HepaBeHCTBa
|x(.ro)l <8 npuniobLIX 12 1) cnenyet HepaseHcTBo [x(1)| <& . Ecam, xpome Toro,

cyutecTByeT & > 0 Takoe, 4TO BCAKOE pellieHHe X = x(f), HaYalbHbie JaHHbIE KO-
TOPOTO  MOAOYMMHAIOTCA  YCIOBHIO I!'('O)l <h, obnanaer cBoHCTBOM

lim flx(Nl = 0, To HyneBoe pelleHHe HAIBIBAETCA acuMnmMomuUYECKU yemolivu-
>+

aoim 6 embicae Jlanynosa. OBnacte [x(H < h na3sbiBaeTcA obracmer npumsicenus
Hynesozo peiuenus. Ecnu 3Ta obnacTh OXBATHWBAaeT Bce (pazogoe npocmpaHcmeo
h = +o , HyneBoe peLueHHe cucTeMbl (17.8) HasbiBaeTCH acumnmomusecku yemoii-
YUBLIM 8 L{eAOM.

Ha puc. 17.5, 17.6 naetca reoMeTpHuecKas MHTEpPTIpETaLMA NaHHLIX ONpele-
NeHui ycTORYMBOCTH B Cllyyae OBYMEpHbIX BEKTOpPOB X = x(xl(t), xz(t)). T.c.

OIHCHLIBAETCA NOBEACHUE TPacKTOPHH ABHXEHHS X = x(f) Ha {a3oBoli NIOCKOCTH.

~

X214
X4

>

x(to) x(to)

Puc. 17.5 Puc.17.6
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X2

lIx(Thi>e

\‘y X

Puc.17.7

TFeomeTpuyeckas HHTEPNPETALMA HEYCTOHYHBOCTH HYIEBOTO PELUEHHS CHCTE-
Mhl (17.8) B AByMepHOM cllyyae NaHa Ha puc. 17.7.

17.3. PYHKIIMH JAITYHOBA H TEOPEMBI JIAITYHOBA
OB YCTOMYMUBOCTH ¥ HEYCTOMYHBOCTH PEIUEHHI
JTUOOEPEHIIUAJIILHBIX YPABHEHU

PaccMmotpum yHKuMIO v(x|, X5, ...y X}, KOTOpas onpeneneHa B $a3oBoM
NPOCTPAHCTBE MEPEMEHHBIX X|, X3, ..., X, HETIPEPBIBHA U MMEET HEMpepbiBHbIE
YacTHbIC NPOM3BOAHBIE B HEKOTOPOIi obnacTu Dy, BKNIOYaIOLLEH ! HAYano KOOPAH-
HaT, H ynoenetsopset ycnopwio v(0,0, ...,0)=0.

DyHKUMA v (X), X3, ..., X,) = V(x), T0e x = (X} X925 ws x")T. Ha3LIBAETCR onpe-
OeaeHHO nonoXcumensvroil UNH noaoxcumensro onpedenennol e obnacmu Dy, ecnu
v(x) >0 Znsniobbix x € Dy, x= 0. Ecan ke v(x) <0 ans mobeix x € Dy, x=0,
To GYHKUMA v(X) HA3BIBAETCA onpedeneHHe OmpULaAmensHol I oMpuLameatHo on-
pedenernoii. B 0GOMX cnyyanx v(x) Ha3biBaETCA TAKXKE IHaKoonpedereHHol.

Ecnu ke ana mo6six x € Dy v(x) 20 uan v(x) <0, To GYHKUHS v HA3bIBAET-

ca SHQKOnOCmoﬂ'Hh‘OE, TIPHYEM B MEPBOM Cllyyae OHa 3HAKONOAONCUMeAbHAA, 2 BO
BTOPOM — IHAKOOMpULamensHas,

Ecnu Bobnracti Dy GyHKUMA v(x) NPUHHMAET KaK MONOXKHTENbHBIE, TAK H OT-

PHUATE/IbHBIE 3HAYEHHA, TO B ITOM Clyyac v(X) Ha3bIBAETCH 3IHAKOMepeMeHHOL
Pyuxyueil.

2 2
Q)yHKI.IHFI v= x] —X2 — 3HAKOMEPEMCHHAasA B MPOCTPAHCTBE NEPEMEHHBIX X,

2,2 2
X3, a2 ¥ = x| +x; — ONpENeNEHHO MONOKHTENbHAS; dyHKuMs v = (x)-x3)" -
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IHAKOMOJIOXMTENBHAA B 3TOM MPOCTPAHCTBE, TaK Kak v=0 npu x; =x; (cum.
puc. 17.8-17.10).

v=04-%)’

Puc. 17.10

OuyeHb YacTo B KauecTpe DyHKUMit JisinyHoBa 4ns auddepeHUHATBHEIX CHCTEM
GepyT KBaapaTH4HbIE (POPMBI, MO3TOMY YKaXeM MPH3HAKH 3HAKOOMpeaeAe HHOCTH
KBaJpaTH4YHbIX opMm.

PaccMoTpuM KBagpaTHUHYIO GopMy

y = z XX (17.9)
N
rae
a‘j = aj‘, ij=1,n (17.10)



Matpuua

1 %12 - g

a a. e Q@
4= |2 %2 = 2a

Inl Gn2 -~ 9y
k03¢ duuHeHTOB KBaapaTHYHOH (opmul (17.9) sArngeTca cMMMeTpUyYecKolt, T.e.
A= Ar, yTO cneayeT u3 yeaosuid (17.10). PaccMoTpuM ee AnaroHanpHLe onpeae-
MHTENM:
1 Mz o Tk
ap=|" 2 || k=T (7.11)
gy Gy o Gy

Teopema I (kpumepuii Curssecmpa). s mozo umobut keadpamuuras popma
(17.9), (17.10) 6oi1a onpedenenHo nonowcumensHoil, Heobxodumo u docmamonno eui-

noatenus yeaosuit Ay >0, k=1, 2, ..., n. ll1a mozo umobut keadpamuynas popma
(17.9), (17.10) 6bra onpedenento ompuyamensroli, Heobxodumo u docmamoyno eui-
nonHeHUR yenoaui (—l)k A>0, k= 1,2, ... n

PaccMOTpHM asmoHomiyo (NpaBHIE YaCTH CHCTEMH He 3aBHCAT OT BPEMEHH )

cucmemy dupdepenyuanvhbix ypasienuil

dx
P X(x), (17.12)

e x = (x, x5, .., x”)T ~ BeKTOop-cTONbell pasmepHocTH nx 1; X(x) =

= (X (%), Xz(x), ey Xn(.t))r = BeKTop-¢GyHKUMA pasMepHocTH n x 1 X(0) = 0.

IpeanonoxuM, 4To npasbie 4acTH cheTeMbl (17.12) HenpepHBHH H YIOBIET-
BOPAIOT YC/IOBUAM CYILIECTBOBAHHA M €AMHCTBEHHOCTH PELLIEHHSA B HEKOTOPO# 06-
nacti D daszosoro npocTpaHcTea, BKIYawlleii Touky O (0, 0, ..., 0) BmMecTe ¢ He-
KOTOpOit OKpeCTHOCTBIO. YenoBue X(0) = 0 o3HayaeT, 4To TouKa O — MONOXeHHe
paBHOBecHs cucTemal (17.12).

Moanoii npouzsoduoii pynxyuu v(x) B cuny cuctemsl (17.12) 6yaem Ha3wBaTh
NPOH3BOAHYIO

il—_'_

n
—‘: ﬂa = . -
Zax, dr ox; Xi(x) = grad v- X(x) ;
i-1

(|1 12)

grad ¥ HanpasneH MO HOPMATH K MOBEPXHOCTH YPOBHA v = const dbyHKuuM v(x) ,
a BekTop A(Xx) — Mo KacaTeibHOIt K TPaeKTOpHH X = x(/).
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3HakoonpeneieHHas B OKpeCTHOCTH TOUKH O GyHKUMA v(x) Ha3blBaeTCH gyH-
xyueii Jlanynoea 0daa cucmemw (17.12), ecnM ee¢ mNoONHaA MNpOH3BOAHAA
y=av
la7.02)
BEHHO PaBHOIl HY/IO B 3TOil OKPECTHOCTH.
Teopema 2 (J/Innynosa o6 yemoiinusocmu). Ecau dnn cucmemst (17. 12) cywecmay-
em ¢ ofnacmu Dy 3naxoonpedenennan @ynxyus v(x) , noanas npoussodHas Komopoii

SIBNAETCA 3HAKOOMPEAENEHHOH, 3HAKONOCTOSHHON WM TOXZECT-

no épemeru Vv, 8bMUCIeNHAR @ cuay cucmemst (17.12), aénsemca 3HaKonocmosHHoii
dynxyueil, 3nak Komopoii npomugononoxcen 3Haxy dynkyuu v(x), uau v=_0, mo no-
AONCeHUe pasHosecus yemoliuugo & cmuicae Jarnyrosa.

Teopema 3 (/Ianynoea o6 acumnmomuyeckoii yemotinueocmu). Ecau cyyecmeay-
em 3Hakoonpedesennan Pynkyus v(x), NoaHas npouzeodHas Komopoii no épeMenu,
Halidennas 8 cuny cucmemer (17.12), 6ydem maxxwce 3nakoonpedenennoll co 3HAKOM,
npomMUBONONONCHNM 3HaKy V(X), MO ROAONCEHUE PAGHOBECUS — aCUMNMOMUMECKU
ycmoiiyugo.

Teopema 4 (nepsas meopema JIanyrosa o neycmoiinusocmu). Ecau 6 oxpecmuoc-
mu Kawaaa koopdunam O cywecmeyem ynkyus Janyrnosa v(x) makas, ¥mo ee non-
HAR Npou3eooHan V = %

(17.12)

Hocmu O moeo xce 3naka, ymo u v(x), mo Hyseeoe pewienue cucmems: (17.12) we-
ycmoiiqugo.

Aengemca 3nakoonpedeneHnoii yHryuei 8 oxpecm-

Teopema 5 (emopas meopema JIanynoea o neycmoiinueocmu). Ecau cywiecmeyem
dv
dr
A = const > 0, a w unu moxcOecmeeHHo paBHA HYAK UL 3HAKONOCMORHHA U €clu 8
nocrednem caynae pyHKLUR v He Re1Remca 6 Aboil okpecmuocmu moyku O 3naxonoc-

MORHHOLI, NPpUYEM 3HAK e NPOMUBONONONCEH W, MO Hynedoe peluerue cicmemvl (17.12)
Heycmoduueo.

@

YHKYUA v maKas, umo ee Npou3sodHan no epeMent umMeem eud v = = Av+w,2de

Tpumep 1. UccnenopaTh Ha YCTORYMBOCTD NPH pa3iiMYHbLIX 3HAYEHUAX a, b, ¢,
d HyneBoe peLeHHe CHCTCMbL:

dx
dt

2n+1
-ay- bx npM UenblX m, n,
)

:—E = cx—dy2m+| npy m20,n20,

» Buibepem pyHkuuio JianyHoBa BHaa: v = cx2 + ay2 . Jlerko HaxoaWm, 4TO
e Y AR T
dt )

HUccneayem NpaByko 4aCTb MOCNEAHENO paBeHCTBA.
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1. Myctb a>0, ¢>0 win a<0, ¢<0,Torna ac>0. Ecnu npu 3tom b>0,

_ d>0, To GynyT BLINONHEHB! Bee ycnoBus Teopembl JIanyHosa 06 acummToTHyec-
KO#i YCTOIYMBOCTH M HyNeBOe pellieHHe (1) acCHMNTOTHYeCKH ycToAYHBO.

2 0ycte b=d=10,ac>0, cxz + ay2 = const. Bce ycnoeusa Teopembl JIa-
nyHoga 00 YCTORUYMBOCTH BBIMONHEHBI, T.€. HyNnepoe pewleHHe (1) yeroituuso.
3. Nycte ac< 0, bd <0, sign bc = sign ad (sign — 3HaK 4Yucna) wnu ac>0,

b<0, d<0. Torna BHNONHEHB BCE YCNOBUA nepBoit Teopembl JIANYHOBa 0 He-
ycToHu1BOCTH, H HY/IeBoe pellerue (1) HeycTolunBo. 4

17.4. JUHENHBIE OJHOPOIHBIE
JHOOEPEHIIHANILHBIE YPABHEHHA
C NOCTOAHHBIMH KODOPOUIIUEHTAMU
H YCTONYMBOCTH X PEIIEHUH

PaccMoTpuM inHeliHOe oaHOpoaHOE Andbepe HLHATBHOE YpaBHEHHE € TIOCTO-
AHHBIMH KO3hdDHUHEHTAMH

M ea Va0 "Dy vax=0. (17.13)
CocTaBuM XapaKTEpHCTHYECCKOE YpaBHEHHE:
Aea A" ea)" e ke, = 0. (17.14)

Onpenenum KOpHU ypasHeHus (17.14) W 3anuiem hyHIAMEHTATBHYIO CHCTe-
My pelueHHi 1A ypaBHeHHA (17.13): x,, x5, ..., X,,. Toraa ero ob1wee petieHHe UMe-

€T BHI

X = oxptex,t . tex, . (17.15)

[Tpou3BonbHbIE MOCTOSHHBIE €14 €25 ey €, OMPEACAUM MO HAYATBHBIM YCIOBHAM:

ORI U

’
xo...., =t 0

x[l= f = %o, x'|!=_ N

JlanHas npouenypa cTaHIAPTHaA: COCTABNAETCA CHCTEMA N TUHEHHBIX ypaB-
HEHHIl OTHOCHTENBHO ¢;, BKKOYalowWan ypasHeHue (17.15) ¥ ewe n — | ypapHe-

HHE, noiyuyeHHoe W3 BhipaxeHHs (17.15) nounenHbiM AnQpepeHUHPOBAHHEM

n-1 paz ¢ mocnenywoueit  3ameHo#t x, x', x", .., x(“_ D Ha
Y (n 1)
Xgs X5 X705 wees Xg , BIAATBIE H3 HaYaNbHLIX YCIOBHI. B peaynbrate Haitnem
0 _ , (n-1), ,_ —
€; = eiXgs X'gy wa X Y, i = 1,n. [loayuuM YacTHOE petlieHHe
0 0 0
X =X teyxy o e, (17.16)

MyHAaMEeHTaNbHAA CHCTEMa pelueHHH HAXOOUTCA B 3aBHCMMOCTH OT KOpHeit
XapaKTepUCTHYECKOTO YpaBHEeHUR (17.14).
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MpocToMy neiCTBUTCABHOMY KOPHIO A COOTBETCTBYET ONHO peLleHHE

&, (17.17)
k-xpaTHoMy neACTBUTENBHOMY KOPHIO A — kK TMHEHO HE3aBHCHMBIX pelleHHIA;
Mo M, (17.18)

[MpocToii nape KOMNIEKCHO-CONPSIKEHHbIX KOpHeR A = o + Bf cooTBeTCTRY-
10T 1Ba pELUEHHA:

e’ cos pr u e*'sin pr, (17.19)
k-KpaTHOH nape KOMIUIEKCHO-CONPSAXEHHLIX KOpHell a £ i} = A — 2k nauweliHo
He3aBHCHMBIX pelueHMIA:

ol of . at of .
e cosfBr,e sin P, re cos Br,te sinpBr,..

- of - af
Ve cospr, e cos . (17.20)

PaccMotpum nosenexue pewienuit (17.17) — (17.20) npu £ —> + oo,
Nycte B pewenunx (17.17), (17.18) A= 0. Torna

k 1’:{0 npu A<0,

lim e
t—+n +oo npu A>0.

Janee, nycts B peweHuax (17.19), (17.20) a = 0. Toraa
lim lke“ cos Br=0, lim rke“ sin Br = 0,ecnn o <0.
1= +c0 =+

DyHKIHH ’kew cos fr, tkec"sin Br HeorpaHWYeHHbl MpH f—> +oo, €CNH

a>0.

Teneps nycTs B petuenuax (17.17),(17.18) A = 0. Toraa tkel' = rk M pelue-

Hue‘(l'I.IT) NPHBOIMT K em = |, T.e. K OrpaH14eHHON GYHKUMH, a pelleHHe
(17.18), Tak Kak k> |, — K HEOrpaHHYEHHBIM NIpH 7 — +o0 (HYHKLHAM.

ByneM Ha3niBaTh KOpHM XapaKTepHCTHYecKOTo ypaBHeHMA (17.14) xapaxme-
pucmuseckumu yucramu ypasrenus (17.13).

Teopema 1. Ecau sce xapakmepucmuueckue yucaa ypaenerus ( 17. 13) umerom om-
puyamenshsie delicmaumenshue yacmu, mo Hyaegoe pewenue ( 17, 13) acumnmomuwec-
Ku yemoiiyueo 6 cmbicae Jlanywosa (npu t — +eo ).

Teopema 2. Eciu xoms odno u3 xapakmepucmueckux 4ucea ypasuenus (17.13)
umeem nonoxcumenshylo deilicmeumenshyro wacmo, mo Hyaeeoe petuenue (17.13) ne-
ycmoivugo.

Teopema 3. Ecau cpedu ropueii xapakmepucmuyeckoeo ypashenusa (17.14) vem
MaKux, y Komopsix 0elicmeumenthas 4acme HOAONCUMENbHA, HO UMEIOMCA KOPHU C Hy-
Aegoll delicmaumensHoli vacmeio, npu4em KaxcooMy maKkomy KOpHIO Coomaemcmeyiom
moabko pewenun euda (17.17)npu A = 0 u(17.19 npu o 0, mo nynesoe pewenue
ypagrenus ( 17.13) ycmoiinugo Heacumnmomuveckt; eciu xce Xxoms 6ot 00HOMY Hy 1€60-
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My kopto . = 0 coomeemcmeyem xoms Gbt 00HO petuenue euda (17.18) npu k=2
unu xoms 6ot 0OHOMy KopHio ¢ Hyneeol Oelicmeumesbholl wacmeio o = ( coomeem-

cmayem xoms Gbt 00Ho petuenue 6uda (17.20) npu k =2, mo Hynegoe pewenue ypae-
Herus (17.13) neycmoiivugo.

Ilpumep 1. HccnepoBaTh Ha YCTOHYHBOCTD HYNEBOE pelUeHHE YPAaBHEHHSA
x"+3x'+2x=0.

P XapakTepuCTHYECKHE YMCNIa NAHHOTO YpaBHeHUA A = -1, A, = -2, Te.

oTpHuatenbHbl. CnenoBaTe/ibHO, COMacHO TeOpeMe 1, Hy/IeBoe pellieHHe YpaBHe-
HMs YCTORYMBO aCHMNTOTHYCCKH. Bonee TOro, 0HO YCTOHYHBO ACHMNTOTHYECKH B
LENOM, TAK KaK 06NacThio MPHTAXEHHSA HYNIEBOTO peLieHHUs ABTAeTCA Bee ¢a3oBoe

npocTpaHeTBo (A = +ow ). 4

Ilpumep 2. HccnenosaTb Ha YCTOMYHBOCTb HYNEBOE peUieHHE YpaBHEHMA
x" -2x"+4x'-8x=10.

P Cpenu XapaKTepHCTHHECKHX YHCEN JIAHHOIO YPaBHEHHA €CTb MOJOXHTENb-
Hoe: A = 2. [lo Teopeme 2 HyNeBOE pelUeHME 3TOFO YPaBHEHHA HEYCTOHYMBO, 4

Ipumep 3. HccnenosaTe Ha YCTOHYMBOCTD HYAEBOE pelleHME YpaBHEHMS
x"+3x"+x'+3x=0.

» Haxonum XapakKTepHCTHYCCKHE YHCIa NAaHHOI0 YpaBHEHHAD ll =-3,

. . 3t
"2 =i, hy=-i. Kophio JLI COOTBETCTBYET pELUEHWE X, = e ~ , a KOPHAM
"2,3 ~Xy = €0s 1, x; = sin 7. [o3Tomy, cornacHo Teopeme 3, HyNeBOE pEILEHHE

[NAHHOTO YPABHEHHSA YCTOMYHBO HEACHMITTOTHYECKH. 4

Ilpumep 4. HUccnenoBaTe Ha YCTOHYMBOCTb HYACBOE pEIUEHHE YPAaBHEHHSA

x{4)+x"'+x" =0.

» Cpenu xapaKTepHCTHYECKHMX YMCENl NaHHOTO YPaBHEHMS €CTb HyJEBOE NBY-
KpaTHoe: &| , = 0. Emy cooTBeTcTByeT pewierue suza (17.20) npu k = 2. Cne-

A0BaTENLHO, COrNacHoO TeopeMe 3, HyNeBOe pellleHHe HeycToHYuBo. 4
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17.5. JUHEHHBIE OJHOPOIHBIE CUCTEMHBI .
JUOOPEPEHITUAIILHBIX YPABHEHU A
C NOCTOAHHBIMH KOSOOHUIHMEHTAMH
U YCTOMYHUBOCTH UX PEIIIEHU I

PaccmoTtpum cuctemy

n
dx.
TSN T Y e gy = const, i =2, mk=1,2,.,m. (17.21)
k=1

Mo aHazoruu ¢ onHopoaHbiM AuddepeHUHATLHBIM YPAaBHEHHEM € MOCTOAH-
HbiMK KoaddruuneHTaMu 6yaeM HcKaTb YacTHoe pelleHue (17.21) B BuDe:

X = 'ykem, roe y, — const. (17.22)
Monctasum x, 1 X; = ykle'u B cuctemy (17.21), cokpaTuM nonyyeHHoe pa-

At -
BeHcTBO Ha ¢ = (. B pesynsraTe npuaem K nuHeliHo# antrebpanyeckoit cucTeve

OTHOCHUTENILHO Yk:

n
> apxt a2y = 0. (17.23)
k=1,
ki
Cuctema (17.23) ofHOpOAHaA H CYLLECTBYET €€ pellicHHe, OTAMYHOE OT TPHBH-
ANLHOTO TOJILKO TOT/a, KOraa onpeaesiMtens 3Tol cuctemsl A(A) = 0, T.e.

a“—-l a3 e Ay,

A(L) = a aZZ_l T =0, (17.24)

Quy Gy = Gpp=)

YpapHeHue (17.24) Ha3bIBaeTCA XApaKmepuUCMUMECKUM YPaBHEHUEM CUCMEMbl
(17.21), ero KopH® — xapakmepucmuseckue wucra cucmems: (17.21).

Jlaa Toro uTobbi X; u3 dopmyne (17.22) ABIANOCH pELICHMEM YPaBHECHHA

(17.21), OTAMYHBIM OT TPUBUATLHOTO, HeoOXOAMMO H NOCTATOYHO, YToObl A Gblio
XapaKTePHCTHYECKHM YMCaoM cucTeMbl (17.21).

AnreGpanueckoe ypaBHeHue (17.24) nmeeT poBHO n KOpHei. B 3agucHvocTH
OT BMA XapaKTEPHCTHYECKHX HUCEN MOXHO NOCTPOUTL hYHIAMEHTAILHYI0 CHCTe-
My pewieHMit cuctembl (17.21) n nailTn obiuee peweHue cuctembl (17.21) Kak an-
HeliHy0 KOMOMHALMIO pPELUEHHH, BXOnALIKX B GYHIAMEHTAJILHYIO CUCTEMY peLle-
HHIl MO aHANOMMK € OAHOPOAHBIMK IMHEHHbIMU YPABHE HHAMM.

Teopema 1. Ecau ece xapakmepucmuvecxkue wucaa cucmemst ( 17.21) umerom om
puyamensuvie Oelicmeume 1bHble Hacmu, Mo Hyneeoe petlerue IMoit cucmebl aclMn-
MOMUHECKU YCmoivugo,
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Teopema 2. Ecau xomb 0dHo uz xapakmepucmuyeckux wucea cucmemst (17.21)
uMeem HonoXCUMeAbHY o delicmeUumenbHylo 4acms, mo HyAeeoe peluetue 3moii cucme-
Mol Heyemoiiuugo. ’

Teopema 3. Ecau cpedu xapakmepucmuveckux uucen cucmemes (17.21) vem ma-
KUux, y Komopbix deiicmeumenbHaa 4acms NOAONCUMENbHA, HO UMEHMCA XapaKmepuc-
muueckue wucaa ¢ HyAeeoli OelicmetmenbHoll 4acmelo, Mo HYNE80e peulerlUe CLcmeMbl
(17.21) moxcem Gbimb YCMOQ4UELIM HEACUMNMOMUYECKU UL HEYCMOLHUGHM,

JInA MccneaoBaHMA yCTOHYHBOCTH HYNEBOro pelleHMs NHHERHOM CUCTEMBI €
MOCTOAHHBIMH K03 dHUHEHTaMH He 00A3aTeNbHO pellaTh XapaKTePHCTHYECKOeE
YpPaBHeHME, a JOCTATOYHO JIMLIb YCTAHOBHTH, KAKHE 3HAKH HMeIOT elicTBUTENb-
HBIE YaCTH XapaKTEPUCTHYECKHX YHCE.

[pHBeneM ONMH 3 KPHTEPHER, KOTOPHI NO3BONAET N0 Ko3dHUKEHTaM CHE-
TEMBI CPa3y YCTAHOBHTD, KOTJA BCE €€ XapaKTePUCTHYECKHE YHUCAa HMEIOT OTpHLA-
TeNbHBlE AEHCTBHTEABHHE YacTH, H, CJCHOBATEAbHO, HYNEBOE pellieHue AaHHOMN
CHCTEMBI aCHMNTOTHYECKM YCTORYMBO. [N 3TOTO 3aNMILEM XapaKTepHCTHYECKOE
ypaBHenHe (17.24) B une (17.14):

P,(A) = 2" +a 2"

+a\"" 4 L +a =0, (17.25)

H3 ko3¢ rureHTOB MHOTOWIEHA P"(A) COCTAaBUM MATpHLY:

g 1 0 0 0 0 - 0

a3 a, a; |1 0

=]
1=

o o |- (120

—
.
:

as a, 03 02 al

0 0 0 0 0 0 . 0 9

B aTolt Matpuue nonaraem a, = 0, ecnu m>n. PaccMOTpMM AMaroHanbHele

OnpenenKTeNnH MaTpuusl (17.26):
a 10
) 1

Ay =ap,48y)= ,A3=a3 a, “1"“’An=anAn-l'

a3 4
as 04 03

Teopema 4 (Iypeuua). rs mozo umobe: ece kopru ypasnenus ( 17.25) umenu om-
puyamensibie delicmaeumensHuie ¥acmu, Heobxodumo u ecmamo4Ho, ymobol 66N0AHA-
AUCH HepagerHcmea

A>0, k=1,2...., 0. (17.27)
Ycnoeua (17.27) HasviBaloTea yerosusmu Payca — lypeuya.

Myctbn=2, Te. A2+ a;h+ay = 0. Torna ycnosue (17.27) npHHHMaeT BUA:

a, |
a‘>(]. ! >0,0Txynaag>0-
a
Takum oGpa3zom, npu n =2 ycnosus Payca — TypBuua sanuuwyTcs Tak:
a|>0, ”2’0' (17.28)
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MNpu n=3 vumeem 13 +a 12+ azk+ a3 = 0 uycnosus (17.27) npuobpetyt

BHI
a 1
a|>0‘ >0, a >0,o‘n<yna03>0.
a3 9y a3 o
OKoHYaTenbHO UMeeM:
a|>(],a}>0,alaz—a}>0, (17.29)

ycnopus Payca — I'ypeuua B ciyyae n = 3. AHaloruyHo HaxoauM ycnosus Payca —
lypeuua Bcnyvaax n=4,n=15 nT.n

Ipumep 1. BoisicHHTD, Npy Kakux a W B (B Kakoii 061aCTH NIOCKOCTH Napa-
METPOB «, B) YCTOIHBO HYNleBOE pellieHHE CUCTEMBL

X =-(p+4)y,
¥ = Qa+Px+(2-a)y.
» XapakTepucTnyeckoe ypasHeHue JAHHOM CHCTEMbl UMEET BUA

S D))
20+ 2-a-A

(%))

=0 uau

lz+a|?\.+a2 =0,
e a; = 2-a, ay = PB+4)2a+p).

YcToH4nBOCTD MM HEYCTOHMMBOCTD HYIEBOIO peLUeHus cHcTeMbl (1) 3aBUCHT
oT 3HaKoB KoabduLneHToB 4|, ay. Tak KaKk @) H a; ABTAITCA HeNpepbIBHEMH
GYHKUHAMH OT o M B, TO 3HAKK @), gy MOTYT H3IMEHATBLCA JIMLUB TaM, TRE a) HIH a3

o0pallaloTes B HyNb, T.e. HaIMHHAX . —2 = 0, B+4 = 0, 2a+B = 0. I™M K-
HMHM TIEPECEKAIOTCH B OIHO Touke A (2, —4) n pa3buBalOT NMIOCKOCTh Ha LiecTh 06-
nactedt (puc.17.11), B Kaxao# M3 KOTOPHIX 3HAKH @y, @ HEHW3IMEHHHL. [loaTomy,
B3AB B KaX/10ii u3 3TuX obiacTe#l NPOM3BONBHYIO TOYKY, MOXKHO ONpee/inTh 3HaKu
K03¢hdUUMEHTOB B COOTBETCTBYIOMIER 0BnacTu:

I- 4(3,0):a, = I>(.),¢;r2 =24>0;

-4,0,0:a =-1<0,4a, = 8>0:

- A3(-1,0): a =-3<0,ay,=-8<0;

IV-4,(0,-5): q =-2<0,a,=5>0;

V-A45(3,-7: a, = I>0,a2 =3>0;

VI—Aﬁ(ZL—S):al = I>().a2 =-1<0.

XapakTepucTHUECKHE YHCAA CHCTEMBI (1) BLIPAXAIOTCs Yepes ay, a; 1o (opmyrie

2
N -at fa, -4:12

AMa= 2
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Ecan a; <0, 7o 1 af -Jla2 2 0 (Torzna oQHO W3 XapaKTepUCTHYECKHX YHceN

2
MOJIOXHTENBHO), HITH ay - tla2 < 0 (XapaKTepuCTHYECKHE YMCJIA — KOMILIEKCHO- CO-

NpPSDKEHHBIE € TONOXHUTENbHOH AeficTBHTENbHON yvacTbw). Ecam 4, <0, 7o

2
Jal - 402 -a> 0 M OOHO U3 XapaKTepHCTHYECKMX YHcen nonoxutenbHo. Crenopa-

TenbHO, B obnactax 11, 111, 1V, VI Hynesoe pewsexue cucteMbl (1) HeycToitunBo (cM.
TeopeMy 2). [pn a, >0, ay> 0 (ycnosus Payca — Typeuua) nMeeM Al 2< 0. IMo-

3TOMy B O6nacTsax [ MV 1BHxKeHHE YCTOIRYHBO aCMMITOTHYECKH (CM. TeopeMy 1). 4

Ilpumep 2. Halitn o6nacTe acCMMNTOTHYECKONA YCTORYHBOCTH HYNIEBOTO peLlic-
HHA CHCTEMBL

@ —X-ay,
t
% = Px-y+az, } raea,p - neAcTBHTENbHBIE YUCTA.
d
S =pr-z

» XapakTepUCTHYECKOE YpaBHeHMe JAHHOM CUCTEMBI HMeeT BHA
-1-2 -a 0
B -1-2 a« (|=0
0 B -1-A
uwid (A + l)(A2+2l+ 1-2af) = 0. KopuaAMM mocnelHero ypaBHeHWs GyayT
M= —1.12‘3 = —1xN ~(1-2ap) . Kopuu 2, 3 GyAyT OTpHLATENBHBIMH, €CH

1-2ap>0,1e af <172, ComnacHo Teopeme 1, Bobaacth af <1 2 Hyneoe
pellieHue ycToH4uBO acuMmnToTHyecku. Ecan 1 —2af < 0, To nosirnAeTca oaMH
MONOXUTENBHBII KOPEHb M, COTNIACHO TEOpeMe 2, HYJIEBOE PELIEHUE HEYCTONYHBO.
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Puc.17.12

Mpu 1-2af = 0 uHMeeM NBa OTPHLATENLHBIX KOPHA M OAMH HYNEBOH, T.c. MO
Teopeme 3 HyNeBoe pellieHne ycToiuuso (puc. 17.12). 4

17.6. HCCJIELJOBAHUME PEIIIEHUI1 CHCTEM
HA YCTOIYHUBOCTH 11O IEPBOMY ITPUBJIHKEHHIO

PaccMoTpuM HennHeHHYI0 cUCTEMY
dx; .
ar = Z ayx;+ X'.(xl 2 Xy ey X)) = 1,2,..,n (17.30)
k=1
H COOTBETCTBYIOLLYIO €l IMHEelHYI0 cucTeMy

ax; : )
rri E X, i=1,2, ., n (17.31)
k=1
IMpennonoxum, 410

n n
2 l+a
X(0,0,.,0)=0, ¥ X(x, %o cu %) AT () (1732)
i=1 i=1
rae & > 0; A— nONOXKTeNbHasA NOCTOAHHARA.

Cuctema (17.31) HasmiBaeTcs cucmemoii nepgozo MpubaudceHus ONA CUCTEMbI
(17.30).

Teopema 1 (06 ycmoiuueocmu no nepeomy npubisumcenuro). Eciu ece xapaxme-
pucmuqecKue Hucaa cucmemst nepeozo npubnuxcenus (17.31) umerom ompuyamenshoie
delicmaumenshbie 4acmu, mo Hyneeoe peluenue He wunelinoi cucmemot (17.30) yemoii-
HUBO ACUMINNOMUYECKU.

Teopema 2 ( 0 neycmoiiwueocmu no nepsomy npubauwcenurs). Ecau cpedu xapak-
MepUCMU1ecKUx Hucen cucmemsl nepeéozo npubnuxcenus ( 17.31) useemca xomsn 6u 00-
HO € NONOMCUMENbHOU OelicmaumensHoll Hacmeto, Mo Hyneeoe peuietue HeruHelinol
cucmemut (17.30) neycmoiisuso.
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Teopema 3. Ecau cpedu xapakmepucmu4eckux yucen cucmemsl nepeozo npubnu-
MCeHUA Hem mAaKUX, delicmeumensHyle 4acmu KOMopbix NOAOJNCUMENbHb, HO UMemeA
XAPAKMEPUCMUYECKUe HUCAA € HYAeBbIMU DeliCIeumenbHolMU Hacmamu, max 4mo my-
nesoe peuwerue cucmembi (17.31) unu neacumnmomuyecku yemoiiyueo, uau Heycmoti-
4UEo, MO Hynegoe pelueriue veauneilnoi cucmemst (17.30) momcem Goimb kak ycmoii-
HUGO, MAK U Heycmol4ueo, e 3asucumocmu om euibopa Heauwelnwx wacmeil
XX}, Xy e X)), i=1,2, 01

Ipumep 1. HccnenoBath Ha ycTOMYMBOCTL HYNIEBOE pellieHUE CHCTEMBI
dx
dt

dy
dt

-sin(x+y),

]

sin(x-y).

» Hcnoabays pasnoxeHue GpyHKumnH sin a B panx Maiiopena:
3 5

. o a
== —t—
sina = a TR +..,

NIoNy4yaeM, YTO CHCTEMA NEPBOr0O NPUOAMXEHUA NaHHON CMCTEMBl HMeeT BUA:
dx
dr

)
dr X—=y.

=-x-y,

Ec XapaKTEpHCTHYECKOE YpaBHEHHeE:

-A-1 -1
I —-1-A

=22+ +2=0.

XapakTtepucTuyeckne yncna A , = —1+ i HMEIOT OTPHLATENLHDIE NEHCTBH-

TenbHble yacTh. o Teopeme 1 HyneBoe peleHHe AaHHON CHCTEMBI AaCMMNTTOTHYEC-
KM ycTofumnso. 4

Ipumep 2. Hccnenosats Ha ycTONYMBOCTD HYNEBOE PEILIEHHE CHCTEMDI
dax _ 23.\' +4y
dt

dy
dt

1,

2,2
-x-2y+x +y.

» Bocnonb3oBaBLUKCH Pa3fioXXeHHUEM B CTENEHHON psill GyHKUKNA €
a az
e = I+a+-2—!+...,
NOAYYHM CHCTEMY NEPBOTO NPHONHXKEHUA M1A JaHHOH CUCTeMBbL:
dx
dt

dy
dt

3x+4y,

-x=2y.
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Ee XapaKTepHCTHYECKOE YpaBHEHHe:

3-A 4
-1 -2-2

XapakrepHcTHuecKHe uMenaa A =2, 3k, = -1. TNockonbKy ONHO M3 Xapak-

=22-a-2=0.

TEPUCTHYECKHX YHCEN CHCTEMH TIONOXUTENBHO, TO Ha OCHOBAHHM TEOPEMH 2 Hy-
NeBoe peLeHHe JAHHOM CUCTeMBbl HeycTOMuMBO. 4
Ipumep 3. Hccnenosath Ha ycTOHYMBOCTE HYNIEBOE pELLIEHHE CHCTEMBI

oy
dr Y »
a>0, b>0. Q)]
dJ:_ -— 3
dt bx=y",

» Hynepoe peliexme cucteMbl (1) aCHMNTOTHYECKHK YCTORYMBO, TaK Kak ¢yH-

KuMs JlanyHosa v = bx2 +a y2 YIOOBETBOPAET YCA0BHAM TeopeMbl JIanyHosa 06
ACMMATOTHYECKON YCTORYMBOCTH:

%’ =20 +ayly<0. 4

(n
INpumep 4. HMccnenoBath Ha YCTOHYMBOCTL TOUKy noxoAd x = 0, y = 0 cuc-
TeMbl

dx 3

dt S aytx.
a>0, b>0.
%=—bx+y3,

P JlanHas cucTeMa MMeeT TaKylo Xe JIMHeHHYIO YacTb, YTO M cHcTeMa (1) u3
npumepa 3. CornacHo neppoit TeopeMe JIAnyHosa 0 HeycTOHYMBOCTH, HyNIeBOE pe-
LIeHHe AAaHHOH CUCTEMBL HEYCTOHYMBO, TaK KaK

2
v=bx2+ay", dv =2(bx4+ay4)2l).4
dt
()
3aMeyaH He. Paccmotpum Gonee nonpoGHO CHCTCMbI YPABHEHHH W3 NpUME-

poB 3 M 4, 148 KOTOPbIX CHCTEMA NEPBONO NPHGAMXEHHUSA O0HA H Ta XKe:

b,
;’ (17.33)
a _ _

@ bx.

2
XapakTepHcTHYecKoe ypaBHeHHe cucTeMbl (17.33) A™ +ab = (0 umeeT 4HcTO
MHUMbBIE KOPHHI A} 5 = tfab. i, T.e. nefiCTBUTEALHLIE HaCTH XapaKTEPHCTHYEC-

KMX yuces — Hynegble. JloGanenye K JimHeAHOM 4acTH HeAMHCHHBIX YIEHOB MpH-
BOIUT B OKPECTHOCTH Hayana KOOPAMHAT K MajloMy HIMCHCHMIO ONPENeNCHHOro
cHcremoit (17.33) nons HanpapaeHUI KacaTeIbHbIX K MHTerpaibHBIM KpuBBIM. O1-
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HaKO 3TO MAJIOE H3MEHEHHE TI0JIS] HaTlpaBNeHUH TPUBOAMT K TOMY, 4TO 3aMKHYTbIE

2 2
HHTErpaNbHBle KPUBLIE [J‘—2+L2 = const] (puc. 17.13, a) cucremut (17.33) mpe-
b
a & e
v
0] X

Puc. 17.13

BpaLLalOTCA B CNMpaliH, KOTOPbIE B Cilydae NpUMepa 3 ¢ yBenuuyeHHeM ¢ npubiu-
XaloTCA K Hadany KoopavHaT (puc. 17.13, 6), a B caydae npvmepa 4 ynanswoTes oT
Hero (puc. 17.13, 6), T.e. HelinHelHble YacTu ypaBHEHMIt CHCTEM MOIYT BAHATL Ha
YCTOHYMBOCTE TOYUKM TIOKOA (CM. TeopeMy 3).

A3-17.1

1. Hccnenosats Ha ycTOHYHBOCTE peLieHue y = @(x) AaHHO-
ro nudppepeHUMANBHOTO ypaBHeHus ' = f(x,y) , y1OBIETBOpPAIO-
LLEro HayalbHOMY YCIIOBHIO ¢(Xy) = ¥, , C MOMOLUbIO oMnpenerie-
HHIi1 yCTOHYHBOCTH U HeycToHuMBOCTH Mo JIanyHoRry:

, 2
a)y to y = 0! G)ER’ ‘\D(x()) =J’0, xo:yoeR;
6)y’+£ =x, ¢(l) =-1;

anx 02)=1;

B 4 -|-X =
)y o
' -, 33 —
Ny +xy=xy, ¢0)=1.
(Omeen: a) ycTOM4YMBO aCUMNTOTUYECKH B LieNIoM; §) HeycToluK-
BO; B) yCTOH4YMHBO; I) YCTOHYKMBO aCMMOTOTHYECKH.)

2. C noMoiibio TeopeM JISSNyHOBa BLISICHUTL, NPH KAKHX 3Ha-
4yeHHsIX mapameTpoB o, f € R HyneBoe peuleHue onHopoaHoro
JuHeitHoro andgdepeHUMANBHOrO ypapHeHUst y' +ay’' + By = 0:
a) yCTOIYMBO ACUMNTOTHYECKH; ©) YCTOHUMBO; B) HEYCTOHYMBO.
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(Omeem: a)a >0, B>0; 6)a=0, B>0; a>0, B=20;
B)a>0,B<0;a<0,BeR;a=0,p<0.)

3. Ucnonbays 3HayeHHs XapaKTepHCTHYECKHX YHCea M COOoT-
" BeTcTByloLLKE TeopeMbl JIANYHOBa, HCCNIEN0BATh Ha YCTOHYHBOCTD
HyNeBOe pellieHHe NMHEHHOoI ogHopoaHOR cucTeMHl nHpdepeH-
LMAMBHBIX YpaBHEHHUIA C MOCTOAHHBIMH Ko3¢ddHLIMeHTaMu:

(dx

rdx

oty PTREE RP L
a) -ed 6) ‘d
_Z= + x* —Z-—'_ + x:
L dt 2yt L dt 2y+x
(dx
—_—= x4
dx a
E=2x—8y, 4
B) < r) 14r - 2x—-y+z,
dy dt
=-2y+x;
L dt dz _ 2y—z:
¥z Y-
(dx _ _ .Y (dx _ _ .Y
a Xty a3
dy _ 4+ % &y _x_ .2
) 19 = y+2, €) P y+3,
dz _ . dz _y_
a7 ar " 27¢

(Omeem: a) HeyCTOWYHEBO;

6) ycToiluMBO acCHMMNTOTHYECKH;

B) YCTOHYMBO; ) HEYCTOHYHMBO; M) YCTOHYMBO; €) YCTONYMBO
ACHUMITOTHUYECKH.)

CamocTtosTenbHas paGota

[MTpw n06LIX HAYANBHBIX YCTOBUSIX Wxg) = ¥y, V(X)) = ¥y
HCCNENOBaTh Ha YCTONYHMBOCTL pellieHHe yYKazaHHoro audgepeH-
UMATBHOrO YpaBHEHHS:

1. y"+6)y' +5y = 3e-2x. {Omeem: ycTOMYHBO acHMMIITOTHYE-
CKH B LIEJIOM.)

2. y" +6)y" - 16y = sin x. (Omseem: HEYCTOHYHBO.)

3. y" + 4y = cos 2x. (Omeem: ycTo4UBO),
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A3-17.2

1. IToka3atk, 4TO IUISI CHCTEMBI

dx _ 4 x+

4t duXTan)

d a,-j = const
LA

4 GarXtany,

GyHkums v = (azzx—-alzy)z+ (a|1‘722“'|2“2|)x2 sBAsAeTCS

¢yukureit JlanyHosa. [Monk3ysice Teopemoit ['ypBuua, ykasaTb
YCNOBHSI aCHMIITOTHYECKOH YCTOWUMBOCTH HYJNEBOro pelieHMs.

2. UccnenoBaTh HyNeBoe pellieHHe CUCTEMBI Ha YCTOMYMBOCTL:
B MepBOM NPHONTHXKEHUH; C MOMOILLI QYHKLUMHK JIsnyHoBa v.
(dx 32 5
I=y+3xy+4x, 1 2 3
a) § v=2GTHy);

% = —-J|:+y3 +x4y,

dt 277

0) 1 v = -l-(3x2—2xy+y2);
dy _ —3y+x --3:x 2 2

. dt yrXIY=%

I'd_x_"=3
dt % 2 2
B) < v=x +3y;

dt ’ 2 2
r) { v=x +y.
dy _

—x,
L dt

(Omeem: a) ycToituKBO; HeycTOHYHBO; 6) YCTOIYMBO; YCTOHYMBO
aCUMITTOTHYECKH; B) YCTOHYMBO, HEYCTOHYMBO, r) YCTOMYUBO;
ycTOHYMBO.)
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3. IucddepeHumanbHoe ypaBHEHHE
¥+ak+bx+cx=0, a,b,ceR, )

3KBHBAEHTHO CHCTEME (X=X, )

.5C| = X,,
¥y = —axy+x3, (2)
X3 = —cx;—bx,.

Hokazats, uto B Kauectse GpyHkumM JIsanyHoea mons cuctemul (2)
2 2 2
MOXHO BbIOpaTh GyHKUMIO v = acx| +2¢x x, + bx; +x3. C rno-

Moulblo KpuTepust CunbBecTpa yKasaTh YCIOBHS: 1) acMMNTOTH-
4YEeCKOil YCTOMYMBOCTH HYNEBOTO pelueHus ypaBHeHHs (1); 2) He-
YCTOMYMBOCTH HYNeBOro pelieHuss ypaBHeHus (1). (Omeenm:
1)a>0,¢>0,ab>c; 2)a<0,c<0,ab<c.)

CamocrosaTeasHan pabora

1. UccnenoBaTe Ha ycTOYMBOCTH HyneBoe pelleHHe y = 0

2 .
nnddepeHUHanbHOro ypaBHeHHs y"+ky' +o  siny = 0, roe
k>0; v e R.(Omsem: acHMNTOTUYECKH YCTOIHUMBO, eciiu @ # 0;
ycTOiuHBO, eci ©w = 0.)

2. UccnepnoBaTh Ha yCTOHYMBOCTb HyneBoe pewieHue y = 0

" 2 .
ypaBHeHust 3y" +2ky'—w siny =0, roe k>0; 0 € R.(Om-
gem: HEYCTOHUHBO, ecnd @ # 0 ; ycroituuso, ecnuw = 0.)

3. Uccnenosats Ha YCTOﬁqﬂBOCTb HYNeBO€ peuleHHEe CHCTEMEI

dx _ — ¥y -4’
dr y y *
%'l: = ——x-—-y3+x3y

1) B nepsom npubnmxenuu; 2) ¢ nomolusio byHkuru JianyHoea

2.2 . . .
v=x ty .(Omeem:; |) ycTOHUHBO; 2) YCTOMYHMBO ACHMITOTH-

YECKH.)
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17.7. ”AHIWBUAYAJIBHBIE TOMAIITHHUE 3ATAHUSA
KII. 17

HI3-17.1

1. UccnepnoBaTh Ha ycTOHYMBOCTD pelieHHe y = @(X) ypaBHe-
HUA Yy’ = f(x,y), YIOOBJIETBOpsAIOLIEE HAYATLHOMY YCJIOBHIO
©(xp) = Yo, UCMONB3Ysl OMNpeEENEHHS YCTOHYMBOCTH M HeyCTOi-
yuBocTH no JIsAnyHoey.

L.y = '_22 x, ¢(0) = 1. (Omeem:  aCUMNTOTHYECKH

y
YCTOMYHBO B LIEJIOM.)

L2,y = (1 +y)ctg x, o(n/6) = 0. (Omeem: ycToituNBO.)

1.3.y' = i In i, o(1) = & (Omeem: HeycTOINYHBO.)
14.y = £+ 1 +£, @(1) = 0. (Omeem: ycToiiuneo.)

2
1.5.y" = xe " —2xy, ¢(0) = 3. (Omeem: acUMITOTHYECKH
YCTOMNYMBO B LIEJIOM.)

1.6. y' = EXE +Jc2 +1, ¢(-1) = 2.(Omeem: HeycToYNBO.)

1+x
, 2x-1 _
1.7.y' = I+—2y, o(l) = 1 +e. (Omsem: HeycTOIYUBO.)
X
1.8.y = 2'—‘-3{-5—.%, o(1) = 1. (Omsem: acUMNTOTHYECKH

YCTOWUUYHMBO B LIEJIOM.)

2 .
19. y = Zxx-%, o(2) = 1. (Omeem: ycTOUMBO.)
x

1.10. y' = ilni, o(1) = 1. (Omsem: ycTOHYMBO AaCHMIITO-
THYECKH.)

HcenepoBath Ha ycTOHYMBOCTB HacTHOE peuieHHME y = @(x)
ypaBHeHus1 )" = flx, y, ¥'), YOOBIeTBOpsAIOliee HaYyalbHBEIM
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yenosuaM @(xy) = yg qi’(xo) =)'y, WCIOJb3Yys ONpeieNneHus
YCTOHYMBOCTH M HEYCTOHYHUBOCTH Mo JIanyHoBy.

L1L. y" = %ln%, @(1) = =2, ¢'(1) = 1. (Omeem: ycroii-

4YHUBO.) ‘
LI2. y" = ¥ +x, @(0) = 0, ¢©'(0) = 0. (Omeem: HeycToIii-
4YKBO.)

2y?
1.13. y" = ,
y y—1
YCTOHYHMBO ACHMIMTOTHYECKH.)

o(-1) =0, ¢'(-1)=-0,5. (Omeem:

1.14. y" = %In%, o(-1) = =2, ¢'(-1) = -1. (Omeem: ne-

YCTOHYMBO.)
2
L15. y" = %, o(0) = 1, ¢'(0) = ~1. (Omsem: ycToituMBo

aCHUMMNTOTHYECKH.)

2
L M L’ = ol r - 2 .
) 1.16. y ny—1 "’ e0)=¢ , ¢'(0) o (Omeen:
YCTOMYHMBO AaCUMINTOTHYECKH. )
2
L17. y" = 'v?, @©0) =1, ¢'(0) = 1. (Omeem: HeycTOM-

4YHBO.)

' .2
1.18. y" = Z—x:-glL’ o(1) = g, ©'(1) = 2. (Omeem: yctoii-

4HBO.)
!2 N
L19. y" = '_-y)’_ 0(2) = -1, ¢'(2) = 0. (Omsem: ycroii-

YUBO.)
2

1.20. y" = :2"%, @(5) =3, ¢'(5) = 2. (Omeem: HeycTOii-

YMBO.)

JlaHbl onHOpoaHoe (HeonHoponHoe) NHHeliHoe AuddepeHLH-
albHOE YpaBHEHME BTOPOTO MOpsiAKa W YacTHOE pelieHHe OLHO-

poaHoro ypasHeHust y, = y,(x). Mccnenosatb Ha ycTOH4HBOCTD
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pelleHHe OaHHOTO YpaBHEHHWS, YAOBJETEBOpAIOLLIEE HAYATBHEIM
yenoBusiM @(xg) = ¥y, ©'(xg) = ¥'p, HCMONb3ys onpeeneHust
YCTOHYMBOCTH K HeycToiynBocTH 1o JIsnmyHoBy.

1.21. (1 —xz)y"—ny'+2y =0, y=x, o0)=-2,

©’(0) = 4..(Omeem: HeycTOIYHBO.)

L2, _ _ sinx (n _ 2 ,(n _
22, += = = = -]l == =1 =0.
1.22. y J‘:y+y 0, » . ’(le n’(PQ' 0

{Omeenr; ycTOHYMBO aCHMNTOTUYECKH B LIEJIOM. )
X

1.23. Qx- X2 £ (2 =2)y' +2(1 -x)y = 0, y =€,
o(1) = 0, ¢'(1) = 1. (Omeem: HeycTOYUBO.)

1.24. (1-x)y" =xy' +9y = 0, y, = 4x’ —3x, ¢(0) = -1,
¢'(0) = 2. (Omgem: HeycTONYMBO.)

1.25. y"—y'tgx+2y =0, Y1

@'(0) = 2. (Omeent: HeyCTOMYHBO.)

sin x, o(0) =1,

MNpu Mobbix HayanbHbIX yelnoBuax y(Xy) = Yo, V' (X)) = V'

HCC/IE0BaTh Ha YCTOMYMBOCTE pelieHHe naHHoro auddepeHin-
albHOrO YpaBHEHMS, MCIIONB3YS OonpejeNeHHs] YCTOHYHMBOCTH M
HeycToiYnBoCTH 1Mo JISMyHOBY.

1.26. 2y" + 5y' = cos 2x. (Omeem: ycToitunBo.)

1.27. y" +2y' + 5y = sin 2x.(Omeem: ycTOIYHBO aCUMITOTH-
YeCKH B LENOM.)

1.28.2y" +y' —y = 12¢ . (Omsem: HeycTONYMEO.)

1.29. 4y" + 16y + 15y = &©/2%

NTOTHYECKH B LIEJIOM.)

. (Omeem: ycTOHYUBO aCHM-

1.30. y" +y +ctg 2 =0. (Omeem: ycToit4HBO.)

2. WUccnepopaTh Ha yCTOHYMBOCTL HyneBoe pelueHue audde-
pPEHLIMANILHOIO YpaBHEHHA WIM cHUcTeMbl JincepeHIUANbHBIX
ypaBHEHHH, MCTOJIb3Yys COOTBETCTRYIOLLME TeopeMbl JIanyHoBa o6
YCTOHYHMBOCTH M HEYCTONUMBOCTH, XapaKTEPHCTHYECKHE YUCaa M
ycjioBus Payca — IN'ypBuua.
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2L y"+2y"+y'+y = 0. (Oméem: yCTOWIHRO ACHUMIITOTH-
YECKH.) .

2.2, 5y —15y"+y" =2y = 0. (Omeem: HeyCTOITYMBO.)

2.3.3y" +2y"+ 6y +3y = 0. (Omeem: yCTOMYMBO aCHMITO-
THYECKH.)

24.y" =2y"+y —y = 0. (Omeem: HeyCTONYMBO.)

'y'| =-=» +y2/3,

2.5.4¥'y = ¥,/3-y,+y3/3, (Omeem: ycToitunBo acummnTo-
V'3 = ¥/3-3

THYECKH.)

(¥'y =y, t¥s,

2.6.{)'y = ¥y +¥3, (Omeem: HeycToMuMBO.)
'3 = V0
(Y'y = =YYz

2.7.3Y'3 = =2y, =¥,~¥3, (Omeem: HeycTONYMBO.)
V'3 = =293
(V' = =3y, +2p, +4y;,

2.8.0)5 = -y~ 2y, (Omeem: ycToi4MBO acuMII-
V'3 = 253

TOTHYECKMH.)
2.9.3 y(4) +10y" -8y = 0. (Omeem: HeycTOIYMBO.)

2.10. 3'y(4)+ 1y™ +27y" +29y" + 10y = 0. (Omeem: ycToM-
YHUBO aCMMNTOTHYECKMU.)
HccnenoBate HyneBoe pelleHHe yKaszaHHOI cucTembl Audde-

peHUHATLHBIX YpaBHEHWI Ha YCTOMYMBOCTL: B MEpPBOM NpubIM-
XeHuH; ¢ nomoubio pyHkumu JisinyHoea v.

dx y
dt ’

2.11. g v=xt 2x2+%y2. (Omesem:
F)t; = —4x+2y3—4x3,

YCTOHYMBO, HEYCTOMYMBO.)
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2.12. <

(dx

L dt

Y,
t .
d y=x +x2+ly2. (Omeem:
dy 2

—2x - 4x3 —2y5,

YCTOMYUBO; YCTOHYHBO.)

2.13. 1

rdx

[l

o yrxy- Lo,
dt 2

dy
dt

v = 3x2—2xy+y2.

—3y+xy+x2y—%xy2,

(Omeem: ycTOIYMBO; YCTOHYMBO aCUMITTOTHYECKH. )

2.14. <

rdx

PTEER A

y=x +2y2. (Omeéem: HeycTONYMEO;
dy _ 3
= —x,

L dt

YCTOMYMBO aCHMMITTOTHYECKH. )

2.15. 4

rdx

= _ _ 5
- 2x-3y7,

gzax’

2 6 o
v=x +y . (Omeem: ycTOIYMBO;

L dt

YCTOHYHMBO AaCHMNTOTHYECKH. )

2.16. «

L dt

(dx 3

dr ?

4 v = 2x2+ y4. (Omeem: ycTOHYMBO;
y

2
=XxX-xYy,

YCTOHYMBO aCHMIITOTHYECKH.)

2.17. <

(dx 5

@ =—4y—-x,

P v = 3x2 +4 y2 . (Omeem: ycToituMBO;
2= 3x-y,

L dt

YCTOWYHBO aCMMIMTOTHYECKH. )

2.18. ;

(dx

_ 3,3
i -4y —-2x -4y,

v = -I-x2+2y2+y4. (Omeem:
dy _ 2
= x’

L dt

YCTOHYHMBO; HEYCTOMYHBO.)
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(dx
dt

dy
\dt

2.19.

y+xeE+yh,
v = xz + y2 . (Omeem: ycToii-
—xryd 4y,

YMBO; HeYCTOHYMBO.)

(dx
dt

dy
dt

2.20. ¢

[l

—3x+xy+xy3—%x2y,
. v=x2—2xy+3y2.
—X'HO’—}’J—ixzy,

(Omeem: ycTOMYMBO; YCTOMYHUBO AaCHMMNTOTHYECKH.)

HUccnenoBatk Ha yCTOMYHMBOCTE HYJIEBOE pelU€HHE YKa3aHHOMH
cvcTeMbl 1M depeHIHaTBHEIX YpaBHEHH.

(dx
dt
dy
\ dt
(dx

dt

dy
L di

rdx

dt

dy
Ldr

2.21. 4

2.22, 4

2.23.

YEeCKM.)
dx

dt

dy
L dt
(dx

dr

dy
L dt
THYECKH.)

2.24. 4

2.25.

x(3 +sin y),
(Omeem: HeycTOMYMBO.)
—y(1 + cos 2x).

-x(1 +cosy),
(Omeem: HeycToOMYMBO.)
y(2 +sin x).
1, x
S =1)-3y,
(Omeem: ycTOMYMBO aCUMITTOTH-
Xx-sin y.

4x+ycosy,
(Omeem: HEYCTOMYUBO.)
3x+2y+ yze'v.

-3x

In(dy+e ™),

(Omeéem: yCcTOMYNBO AaCHMNTO-
i—6x+2y—1.
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(dx _ x+2y
7 € —cos 3x,

2.26. 1 (Omeem: HeycTONYMBO.)
% - JiTex-27.
-:% = Tx+2siny,

2.27. ¢ J (Omeem: HeyCTOMYHMBO.)
o 1
L dt
'-‘;it‘ = In(dx+eY),

2.28. ¢ 4 (Omsem: HeyCTOHYKBO.)
Erl; = 2x—1+3/1-6y.
%J-: =-3x+d -1,

2.29. 4 4 (Omeem: ycTOMYHUBO aCUMITTOTH-
& = 2sinx-5 y.
L dt

YeCcKH.)

":‘%‘ = 2x~1+3/T=6y,

2.30. { 4 (Omeem: ycTOMYUBO aCUMIITO-
:5 = In(4x+¢ ).

THYECKH.)

Pewenue munoeozo éapuanma

1. UccnenopaTh Ha ycTOHYMBOCTB YacTHOE pelleHue y = @(x)
andrpepeHuHanbHOro ypaBHeHuss y' = f(x, y), yAOBIETBOPSIO-
Liee Ha4yalbHOMY YCIIOBHIO O(X,) = ¥, HCMOJIB3YA OnpeneneHus
YCTOMYHBOCTH H HeycTOWYHBOCTH Nno JIsinyHoBy:

I)y'+)xc =1+2Inx, ¢(1) = 1;

2x
2y =L, 00 =2;
l+e
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3
T 1

3)y = ycigx+-2— (-J=—.

)y = yeigxt—, ¢ 2

» 1. Peluast naHHOE NMHeHHOE YpaBHEHHE CTAHAAPTHBIM METO-
oM, HaxoOuM ero obuiee pewenue: y = x In x+ C/x . Ucnonp-
3ysl HavyaJbHOE YC/OBHE, BEIMMCIAAEM 3HaYeHWE MPOH3BOJbLHOIN
noctosiHHoi: C= 1. CrnenogaTesibHO, YacTHOE pelleHHe HUMeeT

BUI y = @(x) = xInx+1/x. [Ina Toro yToGul UcCeN0BaTh €10
Ha YCTOHYHMBOCTh, BO3bMEM JI060e ipyroe peweHue y = f{x) naH-

Horo audepeHUMANLHOTO YpaBHEHHUS NpPU HavyalbHBIX JaHHBIX
(Xg> ¥g), DOCTATOYHO MAJO OTIMYAIOLIMXCA OT HaYabHBIX JaHHBIX

(1, 1). Torpa C Gymer nOCTaTOYHO MaJO OTAMYAThCH OT | M
f(x) = xIlnx+ C/x. Janee,
C 1
X)-o(x) =|=--/—>0
-0 = [€-1
npv x — +o0, T.e. MOOY/b YKa3aHHOM pa3HOCTH MOXHO CHEeNaTh

MEHBLUKMM JI060ro Hanepea 3agaHHoro € > 0 , YTO M O3HAYAET, CO-
I7IACHO OrlpedesieHUIo, YCTOHYHMBOCTb JAHHOTO 4acTHOro pelle-
Hus. Bonee Toro, Tak Kak MOfy/ib 3TO pa3HOCTH CTPEMUTCH K Hy-
mo npu a6omM C, To JaHHOE YaCTHOE PELLEHHE YCTONY MBO aCUM-
MTOTHYECKH B LIETTOM.

2. HaxonuM obluee perieHue auddepeHUMaILHOrO ypaBHe-
HHSA ¢ pa3fensilolMMHCA NepeMEHHBIMU:

y=filx)==C I +e*.

ITpy paHHOM HauanbHOM ycnoBun C =21 @(x) = 241 + e ,

[o3TOMYy
ix) - o) = |C-2|1 + €.

Ecnu x — +o0, TO MOOY/b 3TO# pa3sHOCTH CTpeMHTCA K Gecko-
HEYHOCTH M NMpeBOCXOAUT Nioboe Hanepe/ 3aaaHHoe £ > 0 , KAKOBO
661 HU 6bUI0 &> 0. DTO M 03HAYaeT, YTO JAAHHOE peElIeHHEe He-
YCTOHYHBO.

3. O6wee pelieHHe NaHHOTO ypaBHeHUs BepHyinu umeer
BHI
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y=f(x) =sinx/J2cosx+C.

BbinesisieM U3 Hero YacTHoe pelueHue npu C = 4, YIOBNETBODS-
[olllee YKa3aHHOMY HayaJIbHOMY YCJIOBHIO:

y=o@(x) =sinx’/J2cosx+4.

Jlanee HaxoNMUM, 4YTO

Ax) — p(x)] = |sin |2 cos 2x+ 4 — 2 cos x + (] x

-1
x |2 cosx+ Cf2 cos x+4| .
[1pu 3nauenusx C, nocTaToyHO OIM3KUX K 4 (HOCTATOYHO Ma-
NeIX & > 0), 3To BelpaXeHHe MOXHO CJlieflaTb MeHbIUUM Jio6oro

Harnepen 3afaHHoro € > 0 npu mobbix x> /2 , T.e. JaHHOE YacT-
Hoe peilileHHe YCTOHYMBO (HEaCUMITTOTHYECKH). 4

2. UccnenoBaTb Ha yCTOMYMBOCTD HYaCTHOE pellieHne y = @(x)
ypaBHeHust y" = f(x, y,y'), YOOBIETBOpSIOLlee HayalibHbIM
ycnosusiM @(x,) = ¥y, ©'(xg) = y'g, HCIONB3Ys OmpeneneHus
YCTOMYMBOCTH M HEYCTOMYMBOCTH MO JISIMyHOBY:

(- =xy' — r
Dy =3 02) = 1,¢'(2) = -1;
x
2y
2y =25, 00) = 2,90 = 2.
P |. MoncraHoBKka y' = yz MNpPUBOAMT K YpaBHEHHIO )* =

2 2
1/x" - 7. OTrcroga Haxo-

r 2 r
=yz+yd =y +y7 g +z/x
IHM Z, a 3aTeM, pelllad ypaBHeEHHe y' = yz, nosyuaem obluee pe-
LeHue JaHHOTO ypaBHEHHUS:

y=fx) = Cx+C)/x.

C MOMOLLBK Ha4YalbHBIX yC.TlOBHﬁ BbIYHCJIAEM NPOHU3IBONBHBIE
nocrosiHksie C; n Gyt € = —-174, C, = 3. Mckomoe yacTHoe

peweHue
1.3
= = —=x+4+ -
Y= o) = —ax+s.
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Torna

(o er &2

X
T.e., Kak OB Mano HY oTIHYanachk noctosiHHasa Cy ot —1/4,a C; —
ot 3 (T.e. KaKk 66l HH 66110 MaJ1o 6 > 0 ), MOIYNb YKa3aHHOI pa3Ho-
CTH pellieHHiT He MOXeT OLITh caeflaH MeHBIIMM J1loboro Hanepen
sanaHHoro € > 0. CnegosatenbHo, HalileHHOE YacTHOE pelIeHHe
HEYCTOMYMBO.

1) - o)l = S|+ 4t mom 5 4o,

2. Obuuee pelleHHe IaHHOTO YPaBHEHHS:
1
=fix)=1+—o0——r.
y =/ Cx+ G,
YacTHoe pellleHHe, YOOBIETBOPAKLIEE YKa3aHHBIM Havallb-
HBIM YCJIOBHSIM, MMEET BHO

1
2x+1°

y=9x) =1+

Torna

- 1]
-0 = | = e

KakoBbl 661 HHOBUTH C, # 0 u C, # 0, riocneHee BbipaXeHHe

CTPEMMTCA K HYIIO Npu x — oo, OTClONa ClEAyeT, YTO YacTHoe
pellleHHEe UCXOHOIo YypaBHEHMS YCTOHYHMBO acHMMITOTHYECKH B
uenom. 4

3. UccnenoBaTh Ha YCTOHUMMBOCTE HY/IEBOE peLIEHHE:

1) 6™ + 19" +46y" +39y + 10y = 0;

Yy ==y 12y,
2)3Yy =5y -yt 2ys,
V'3 =5y~

P 1. 3anuuwem XxapakTepuUCTHUECKOE ypaBHEHHE ort+ |97\,3 +
+46M2 4390410 =0 m nepenuiemM ero B Buae (17.25):
Aranraptraira, =0, me a, = 1946, a, = 23/3,
ay = 1372, a, = 5/3. CocraBum matpuuy (17.26):
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1976 1 0 0
137223731976 1
0 573 13722373
0 0 0 573
M BBISICHHM, BBIMONHAKTCA K yenosus Payca — Iypeuua (17.27):

19/6 1 | _437_13 _ 160

A =19/6>0, A, = >0,
! 2 li3s223s3] 18 29
19/6 1 0
10 675
Ay =113/2237319/6| = ~o5 >0
0 5/3 1372
_ 53 375
A4 a4-A3——?E&'—' 0

Ycnoeus Payca — I'ypBuLa BeinonHeHb. CrnefoBatentsHo, aeit-
CTBUTEJIbHbIE YaCTH BCEX KOPHEH XapaKTepHCTHYECKOTO ypaBHe-
HUS MMEIOT OTpMUATENIbHEIE 3HAUYEHUSA M, COMNIaCHO COOTBETCTBY-
touteii TeopeMe JIsinyHoBa, Hyl€BOE pellEHHE 1aHHOI'O ypaBHEHHS
YCTOHYMBO aCHMIITOTHUECKH.

2. laHHas cucTeMa NMHelHa, ee XapaKTe pUCTHYECKOE ypaB-
HEHHe

-1-x 2 0
5 —-1-x 2 =
0 5 —-1-x

= (14X +20(1+2) = (1+2)(19-22-2H) = 0

MMeeT ABa OTPHULIATENBHBIX M OIMH MONOXUTENBHEIH KopeHb. [lo
Teopeme JlanyHoBa 0 HeycTOHUMBOCTM HYJEBOE pellleHHe He-
ycToituKBo, 4

4. UccnenoBaTh HyleBO€e pellIeHHE JaHHOI CUCTEMBI Ha YCTO#M-
YHMBOCTB B NEPBOM MPHOAMXEHUH; € MOMOLLBIO PYHKUKHK JIANyHO-
Ba V.

R AR G T oY
1) v = x2+y2;
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dx

=3y-x,
2) :" v = 4 +3)7.
Y= —4x—y5,
dt

» 1. 3anuiuem fJaHHYIO CUCTEMY B MEPBOM MPHOIMXKEHHH H ee
XapaKTe pUCTHYECKOE YpaBHEHHE:

dx_

‘L’ “"‘)‘L =2%+1 = 0.
-—Z: ] —

dr "

XapakTepHCTHUYECKKE YMCia (KOPHH) A, , = %i, noatomy ob-
Liee pelli€HHe IMHE HHON CUCTEMBI 110 U3BECTHOMY NPAaBHITY BLIpa-
XaeTcs IMHelHoIt KoMOuHaumeit dyHKumii sint M cos t. OTcrona
cnenyeT ycToiMuMBOCTL (HEaCMMITOTHYECKAs ) HYIEBOTO pelleHHs
CHCTEMBI B IEPBOM TPUONHKEHHUM.

Bocnionbayemcs dyHkuueit Jianynosa. Haitnem v = dv/dr B
CHNY JaHHO CUCTEMBI:

V= 2xx+2yy = 2(x6+x4y2+x2y2+y4)20,

KoTopasl, Kak M QyHKLMs JIsnyHoBa v, SBISETCH MOJIOXHUTENBHO
onpeaeneHHoit. CornacHo neppoii Teopeme JIsnyHoBa 0 HeycTO#-
YMBOCTH, HYJIEBOE PELIEHHE NaHHO CUCTEMbI HEYCTONUMBO.

2. 3anuuiemM JaHHYIO CUCTEMY B NEPBOM NPHONHXEHUH H ee
XapaKTepHCTHUECKOE YPaBHEHHE:

dt ’
A3z =o,

@ _ 4 —4 -}

dt ’

Mockoneky A, , = +2.f3 i, 10, KaK 1 B cay4dae 1, obuiee pe-

LIeHHE SBNSIETCA NHHellHOM KoMOMHaLMeEH sin 2J§ f Y COs 2J§ !
M HYJ€BOE pellieHUE JTMHeiHO M CUCTeMBbl YCTOIYMBO (HEacCMMMTO-
THYECKH).

lMonnas npoussoaHas ¢yHkumH JIsimyHosa v= 0 B cHIy CHC-
TEMbl MMEET BHA

b= 8xx +6yy = —2(4x" +3y%)<0.
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OHa oTpULIaTENBHO OMpeNeaeHHas 1, cornacHo TeopeMe Jlsny-
HOBa 00 acHMMIMTOTMYMECKON YCTONUMBOCTH, HYJNEBOE pelleHHE
JAHHOMN CUCTEMBI YCTOMYHBO aCUMIITOTHYECKH. 4

17.8. JOITIOJTHUTEJBHBIE 3AJAYH K IJL. 17

C nomouubio ¢pyHKIUHK JIanyHora v uccneqoBaTh Ha YCTOHYM-
BOCTb HYJIEBOE pelleHHe cUCTeMbl TU((EepeHIIHATBHEIX YpaBHe-
HWH:

(dx _ 3
dr y=3x, 2. 2

I. 1 4 v(x,y) = x" +y . (Omeem: ycTOH4YHBO.)
Y7 —X=7y
%‘ = —y+x(C+yh),

2. 4 4 ), o vix, y) = X+ yz. (Omeem: He-
2= x4 +
|22 = x4y 4,

ycToiiuMBO.)

(dx _ x—xy*
dt o 2 2

3. ; v(x, y) = X —y .(Omeem: HEYCTOIYHBO.)
dy _ 33
-df y y L
(dx _ 2
4 - Y 3xy-29),

4"% = —2x+3z-y(x+ 2, Vx,y,20) = X +y + 7.
d_z = -— —
| dt 2x-y-z,

(Omeem: yCTOM4YHUBO.)
5. C nomouuslo ycnoemit Payca — T'ypeuua wmccnenosath Ha
YCTOHYMBOCTE Hy/eBoe pelueHHe MG QepeHUHATEHOIO ypaBHe-

HUS: y(4) +2y" +9y" +y' +4y = 0. (Omsem: ycTOHUMBO aCUMITTO-

THYECKH.)

HccnenoBaTh Ha YCTOHYMBOCTL IO MEPBOMY MpPHOIMXEHHIO
HyJleBOE pelueHHe cucTeMbl QU depeHuMalbHBIX YpaBHEHHI.
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2.2
—X—=y+2x"+y°,
(Omeem: yctoitaupo ACHMIITOTH-

I

x—y+y2.

= Tx+ 2 sin y+y4,
7. (Omeem: HeyCToHYMBO.)
e - 3y—-1+ 3x2.

S
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18. TEOPUS BEPOSATHOCTEI

18.1. HEKOTOPBIE ITOHATHA KOMBHHATOPHKH.
COBBITHA 1 HX BEPOATHOCTH

JlaHo KoHeiHOe YHCTo n 00BbEKTOB NPOM3IBONbHOM NPUpOLL, KOTOPHIE Ha30-
BeM aremenmanmu, U3 HUX Mo onpeneneHHOMY MPaBIY MOXHO 06pa3oBaTh HEKOTO-
poic rpynnbl. [NoncyeToM ykena TAKHX BO3MOXHBIX MPYIIN M 3aHUMAETCH KOMOUHA-
mopuka.

YcTaHORNEHHBIH MOPANOK B KOHEYHOM MHOMECTBE HA3biBAKOT HEPECMAHOBKOIl.
Yucno BO3MOXKHBIX NEPECTAHOBOK H3 1 3NEMEHTOB

P,=n(n—1)n-2)..3-2-1=n!

(uuTaetcs «n-daxropuaa»). Hanpumep, Pg=1-2-3-4-5.-6=720.

MHoXeCTBO, 1181 KOTOPOro YKa3aH MOPANOK PACMION0XKEHHS 3MIEMEHTOB, Ha3bl-
BACTCS YNOPAOOHEHHBIM.

YrnopanoueHHbe KOHEUHbIE MOAMHOXECTBA HEKOTOPOTO MHOXKECTBA Ha3biBa-

m
10TCs pasmewenuamy. Uncio A, BCeX BOIMOXHBIX pasMeleHH T, CONEPXALIMX MO

m 3NEMEHTOB M3 MHOXECTBa, COCTOALLETO H3 11 3leMeHTOB (m < n'), onpeneaseTcs
no opmyne

Al =n(n=1)...(n-m+1).

Hanpumep, Ag =6-5-4=120.

Besikoe KoHeuHoe MOIMHOXECTBO, COCTOALLEE K3 M ITEMEHTOB JaHHOIO MHO-
XKECTBA M3 N1 JJIEMEHTOB, HAa3bIBACTCA codMemanuem m INEMEHTOB U3 1, €CIH KaX0e
NMOAMHOXECTBO H3 M 3EMEHTOB OTJIHYAETCA OAHO OT APYroro XoTa Obl QAHWM 3Ne-

MeHTOM. YHeno Becex BO3MOXHBIX coucTannit 0603HayaeTcs C;" :
Am
c.rn=_n=n(n—l)...(n—m+l)= n!

nooP, m! mi(n—-m)!’

s covetanuit BepHbl popMybi:

et

n n

Hanpuwmep, C;g = Cgo = 5?:;9 =1225.
PagetctBo
n
(+en)" = 3 " g 8.0
m-0

Ha3bigaeTcs popmynoit burioma Heromona. Otciona npu p=1, gx = | cnenyert pa
BEHCTRO
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m-0

OCHOBHBIMM MOHATHAMH TEOPHH BEPOATHOCTE i ABNAIOTCA CyHaliHble COOBITHA
u cnyyaiinble BeanunHbl. Cobbimuem HasbiBaeTcA IOGOE ARNEHKE, O KOTOPOM MOXHO
CKa3aTb «MPOU3OLLLTO», «HE MPOU3OLLIO», «TTOABHIOCEH, «HE MOABWIOCEH H T.0.

Co6biTHe HalbLIBaeTCs NOCTOBEPHBIM, €CH OHO 06f3aTeNbHO HACTYMAET MpH
HEKOTOPBIX JaHHBIX YCIOBHAX. ECNU OpH NaHHBIX YCIOBHAX cOOBLITHE HHKOLIA He
HACTYMAET, OHO HA3bIBAETCS HeGoIMONHbIM. CayyaliHbim HAa3bIBAKOT TaKoe cobbiTHE,
KOTOpOE B PE3Y/IBTATE ONLITA MOXET MOABUTBLCS (MPOHIONHTH) MM HE MOSBHUTHCA
(He npowsoiitn). CryyaiiHble cOOBITHA 0603HAYAKOT MPOMUCHBIMYK OYKBAMH TaTHH-
ckoro andasuTa: 4, B, C, ... loctoBepHoe cobniTHe obosHayawT Gykeoil E, a He-
BO3MOXHOE — CHMBOJIOM .

Ecnu nossneH1e oHOro coOOLITHA HCKTIOYAET MOSBJCHKE APYTOro, TO OHK Ha-
3bIBAKOTCH HecosmMecmubiMU, B MPOTHBHOM Clyyae IBa COG]:ITHR Ha3bIBAKTCA cO-
emecmueimu. Hanpumep, nossnetme peweTky U repba npu 6pocaHim onHoil MOHe-
Tl — COBLITHA HECOBMECTHbIE, a BhNAaleHKE pelleTKH 1 repba npu Gpocanuy OByX
MOHET ~ COBMECTHbBIE COOBITHA.

Ipynna cobuiThit Ay, Ay, ..., A, Ha3LIBaETCA 2pynnoii Hecogmecmubix cobbimuil,
€CJIH COBMECTHOE NOABNEHHE IGO0 Napbl 3THX COOLITHI HEBO3IMOXHO.

Ecnu xora 661 onHo coBLITHE K3 rpynnel Ay, A, ..., A, 0bs3aTensHo NpoUcxo-
IUT, TO TOBOPAT, Y4TO 3TH cOBLITHA 00pa3syloT noaxyio epynny cobsimuii. Ha npakruke
4acTO pacCMATPHBAIKOTCA MOJHbIE TPYINNbl HECOBMECTHLIX cobbiTnit. Hanpuwep,
NpH NATH BBICTPENAX N0 MHLIEHH COOBITHA A, A, Ay, A3, Ay, A5, 0B03HaAYaOLLKE,
4TO YyMcnIo nonafaHmuit B Mulexs paBHo 0, 1, 2, 3, 4, 5 cooTBeTcTBEHHO, 00palyloT
NOJIHYIO TDYIMY HECOBMECTHBIX COGBITHIA.

JlBa cobbiTHa, 00pa3yloline NOJHYIO IPYNNY HECOBMECTHBIX COBLITHH, Ha3bl-
BAKOTCA npomusgonoaoxrumu. [Lns nio6oro cobbiTHA A NPOTHBOMONOXKHOE COOLITHE

obo3HauaeTcs yepe3 A (MHTAeTCA «He A»).

Cob6bITHSA HA3LIBAKOT PABHOBOIMONCHBIMU, ECTTL HH O HO M3 HHX He ABnseTcs 60-
/€€ BO3MOXHBIM, YCM JIpyroe.
PaccmoTpunt n coBLITHIE A, Ay, ..., A,. Cymmoii (o6bedunenuem) STRX cobbimuit

n
HabiBaeTcs cobuiTHe B = Z A;, 3aKN04aKLleecs B NOARIEHHH XOTA Gbl OLHOTO
i-1

u3 cOOBITHI A, A, ..., 4,

Tpoussedenuem (cosmeiqenuen) coboimuii Ay, Ay, ..., A, HadbiBaetcs cobbiTue

n
B = n A ofo3Hayawllee NOABNEHHE BCEX MEPEMHOXAEMbBIX CODBITHI,
il
Panocmeio cobbimuit A u B HasbiBaeTcs cobuiTe C, KOTOPOE 03HAYAET HACTYI-

jeHHe coObITHA A W HeHacTynneHHWe cobuITHA B. PasHocTb cobertrit A n B obo3ka-
yaetcs A B uau A\B.
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OueBHIHO, YTO AAd = D, A+ D = A, A- @ =D, A+E=E, AE=A.

Ecan c HacTynieHveM cobbiThs A nosiBasieTcst M coGbiTHe B (A Brevert 3a.coboi
nosiBacHKe B), To 3TO 3anMchiBaeTcs B Buae A C B.

OmHocumensroil 4acmomoii cobsimus A WIW NPOCTO ¥acmomoil, 0603HaAYaeMOH
W (A), Ha3biBaeTCA OTHOLLEHHE YKCIA OMBITOB M, B KOTOPLIX MOABUNOCH COOLITHE
A, K uKCNy BceX MPOBENEHHBIX ONBLITOB #, T.6. W(A)=m [ n.

MNepeuncnum ceoiicmea vacmomer cobbimuii.

1. YactoTta nocroseproro cobuiths E paBHa enuiuue: W (E) = 1.

2. YacToTa HEBO3MOXHOIO coObITHA & paBHa Hymwo: W () = 0.

3. [lna nwo6oro cnyyaittoro coGuiTHA A cripaBemnneo 0 < W(A)< 1.

4. YacToTa CyMMBbI IByX HECOBMECTHBIX COOBITHIA paBHA CyMME MX YacToT, T.e.

W(A+ By = W(A)+ W(B).

5. YacToTa npomn3BeAeHHA NABYX cOOLITHI paBHa NPOM3BENCHHIO YaCTOTH OHO-
ro H3 HHX H YCJIOBHOMH YacTOThI OPYTOro:

W(AB) = W(A)YW(B/A) = W(B)W(A/B).

3neck yepes W(A/ B) oboanayeHa yacToTa NOABRNCHHA COOMTHA A B TEX ONKLITax, B

KOTOpBIX Habnioganoch nosisneHve cobuiTHA B: W(A/B) HasniBaeTca ycaoeroil
yacmomoll cobbimus A, BHHHCAEHRON NPH YCIOBHM NOABNEHHS COOMTHA B. AHano-
THYHO ONpeneseTcs yeaosHas wacmoma coboimusn B8: W(A/B).

Bepoamuocmuto cayuaiinozo cobsimus A Ha3bIBACTCA MOCTOAHHOE YHCNo P (A),
OKONO KOTOpOro IpyNnupyloTcs 4acToTh W (A) cobhiTus A no Mepe yBeIMYECHHA
4ucna onbiToB (ceolicmao yemoiiwueocmu yacmonts). ITO onpenene HHe Ha3biBaeTcA
cmamucmu4ecKumM onpeﬁeneﬂueu 8epoamHocmu cobeimus,

Henwmaruem HasbiBaeTeA obeciedeHie COBOKYITHOCTH YCNOBKH, MPH KOTOPHIX
MOXET NOABHTBCA HekoTopoe cobbiThe, Kaxnoe cobbiTHe, KOTOpOe MOXKET HacTy-
MWTh B UCTILITAHHH, HA3BIBACTCA 4eMeHmMApHeIM UcXo00M ucneimanus. Ecnu B pe-
3YNBTATE HCMLITAHWA HACTYMaeT eNMHCTBEHHOE COOMWTHE, TO FOBOPAT, YTO OCY-
WECTBAACTCA € A H HCTB € HHO BO3MOXHKIA 3/leMEHTAPHBIA HCXOA HCTBITAHUA.

Myctsb A}, Ay, ..., A, — NOTHAA rPYNTIa pABHOBO3MOXHBIX 3NI€MEHTAPHBIX HCXO-
0B ucnbiTaHHA. [1pH HeKOTOPBLIX Hexonax coObITHE A HACTYMAET, NPH APYTHX — HE
HacTynaeT. Hcxonsl, Npu KOTOpBIX cOObITHE A MPOHCXONNT, HA3LIBAKTCA Bazonpu-
Amcmeyowumu cobeimuio A.

Bepoamuocmoto cobbimusi A Ha3biBaeTCA OTHOLUCHHE YHCNA M 3EMEHTapHBIX
HCXOJOB HCMbLITAHUA, GNaronpUATCTBYIOWMX COOLITHIO A, K YMCAY n BCEX €NWH-
CTBEHHO BO3MOXHbIX H PABHOBO3MOXHbIX, 00Pa3yIOLHX MONHYK IPYNNY JNeMeH-
TapHLIX KcxonoB. BeposTHocTs cobbiTia A obo3HavaeTca yepes P(A). Torma, no
onpeneacHulo, P{A) = m [ n — kaaccuueckoe onpedenenue epoamuocmu.

IMpumep 1. B sunke 30 neraneit, cpenm KoTophix 5 GpakoBaHHbIX. HafiTi Bepo-
ATHOCTb TOTO, YTO HAYTAA B3ATAA M3 ALKKA AeTANb OKaXeTCH OpakoBaHHOIA.

P Tak KaK Kaxlas U3 UMelowWHXcA feTancil MoXeT GHITh B3ATa K3 ALLKKA, TO
YHCIO BCEX PAaBHOBO3MOXHBIX eMeHTapHBIX HcxonoB n = 30. Yucno ucxonos,
GnaronpuATCTBYIOWNX NosiRAeHU IO GpakoBaHHo# netanu, m = 5. Ecau coGuitie A
03HayaeT, 4TO B3ATaA AeTalb — OpakosanHas, To P(A) = 5/30 = 1/6. 4

Ipumep 2. Ha cknan noctynuno N usnenuii, cpeau KoTopbix M GpakoBaHHbIX.

Onpenenuts BEPOATHOCTD TOTO, UTO CPEOM A HAayrald B3ATHIX CO CKIaja W3NenHi
OKaXeTcA m OpaKoBaHHbIX.
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» Tak KaK BO3MOXHOCTH NOABNEHNA 11000 KOMOHHALMK n uaneaui u3 Nonu-

HAKOBbl, TO YHC/I0 BCEX paBHOBO3MOXHELIX Cly4acB 6}’}161‘ Cn . Yneno cnocobos

nojydeHust m GpakoBaHHbLIX H3genHii U3 M paBHO C'; , IPHYEM KaXIblit H3 HHX
MOXET OBITH IOMONHEH TPYNNOi 3 n — m KW3aenHii U3 oOLLero YKena cTaHnapTHLIX

ninenuh N — M posHo C"A.'_'L cnocobamu.

CrenosateNbHO, YHCAO CyYaeB ny, KOTOpbie GJaronpuRTCTBYIOT COOBITHIO A,
O3HAaYaWILeMy, YTO cpead OTOOpaHHBLIX n u3genuit Oyaet m GpakoBaHHBIX,

my = CJ:{C’;‘,:"‘;I Hckomas BepoATHOCTB

P(A) = CpyCy ")/ Cly. (182)

rme MSN; m<n. 4

IMycTe 4WCNO I7eMeHTapHBIX HCXOMOB, KOTOpble PAaBHOBO3MOXHBI H 00pasyior
NoJiHyio rpynmny coGeimhii, GeckoreyHo. Torna Knacchueckoe onpeneacHHe BEPOAT-
HOCTH CODLITHA A, KOTOpPOE MOXeT MOABUTLCA B AAHHOW CHCTEME HCXOLOB Takxe Gec-
KOHEYHOE YHCAO pa3, He MPUMEHHMO. B 3THX cllyyasx KaaoMy n3 BO3MOXHbIX HCXO-
JIOB CTABUTCH B COOTBETCTBHE TOYKa MPOCTPAHCTBRA, @ CHCTEME BCEX BO3MOXKHBIX HCXO-
OB — HeKoTopas obnactb D naHHOro npocTpaHcTea. [TocKOABKY BCe HCXOLbL PaBHO-
BO3MOXHBI, TO rornasaxH4e B o0y Touky obnactu D Takoke paBHOBO3MOXHO. Beem

GnaronMpUATCTBYIOLLAM MCX0AM COOTBETCTBYET HeKoTopasi obnacts d € D.
Ecnun Sy 1 Sp— MeTpuyecKHe XapakTepHCTHKH (WIMHa, miowans, o6beM) o6-
nactelt d u D, To nonaraem, 4To BeposTHOCTE P(A) = Sd. SD.

Ipumep 3. lpa yesoBeKa JOTOBOPHIHCH BCTPETHTHCS B HEKOTOpbIH npoMexy-
TOK BPeMEHH IUTMTENBHOCTHIO T MHH, MPHYEM KaXAblii U3 NMPUILEAWNX K MECTY
BCTPEYH NOMKEH XaaTh Ipyroro He 6onee T MUH. HaliTH BepOSTHOCTD BCTpeuH.

P Tlyctb x ¥ ¥ — MOMEHTB TMpHXO#a KaXI0ro W3 BcTpeyawowmxes. Torma
Sp= TLD:{0sxsT,0 <y< T} (puc. 18.1). Bctpeya cocTouTCA B Cllyyae, Koraa

f(x)h
Tl

Puc. 18.1

ly-xl < 1. MNocnenHee HepaBeHCTBO ONpeRENsET MHOXECTBO TOYEK MIOCKOCTH,
PACMONIOKEHHBIX MEXIY MPAMBIMH ¥ = X—=T H ¥ = X +T M Ha 3THX NPAMBIX.

lMnowans obnactu d S, = 12 -(T- t)2 . Torna Mckoviasi BEPOATHOCTb BCTPEYH
2
P=5,Sy=(T~(T-0"yT =1 (1-u/D’ .«
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A3-18.1

1. I[Ipu nepeBo3Ke slIMKa, B KOTOPOM coepXanuchb 21 cTaH-
JapTHas U 10 HecTaHAAapTHLIX AeTaleii, yrepsiHa ofHa getanb. Je-
Talb, Hay#auy U3Ble4YeHHas M3 ALIMKa MOC/e MepeBO3KH, OKa3a-
Jachk cTaHgapTHoil. HaiiTH BeposiTHOCTB ToOrO, 4TO ObUTa yTepsiHa:
a) cTaHjapTHas jetaib; 0) HecTaHnapTHad netalb. (Omeem: a) 2/3;
6) 1/3.)

2. B xopofKe WIeCTh OOWHAKOBHIX NMPOHYMEPOBAHHLIX KyOH-
KoB. HaiiTH BepoATHOCTb TOTO, YTO NPH M3BJIEHYEHHH MO OJHOMY
BCEX LUECTH KyGHMKOB MX HOMEPA IOSBATCS B BO3pacTalollieM Mo-
psaake. (Omeem: 1/720.)

3. 1) B copeBHOBaHMsIX yyacTBYIOT 10 paBHBIX MO CUNE MIAXMa-
THCTOB. CKOJIBKO CYILECTBYET BapHaHTOB pacIpefie/ieHHA MecT
Mexny HUMH? 2) Ckonbko Gpural no 6 4enoBeK B KaXXI0#H MOXHO
cocTaBUTh W3 12 yenoBek? 3) CKonbKHUMM criocobaMyu MOXHO pac-
CTaBMTh 5 noe3noB Ha 8 3anacHeIx nyTax? (Omeem: 1) 3 628 800;
2) 924; 3) 6720.)

4. B awuxke uMeetcs 15 petaneif, Uz HUX 10 okpallueHHBIX.
COopluuk Hayauy u3Bnekaet U3 sinka 3 netanu. Haittu Bepoar-
HOCTb TOTO, YTO M3BJICYEHHbIE AETATH OKaXYTCHA OKpalleHHBIMH.
(Omeem: 24/91.)

5. BHyTpb Kpyra panuycoM R Haymauy GpomieHa Touka. Haiitu
BEPOSITHOCTB TOTO, YTO TOYKA OKAXKETCSA BHYTPH BIIHMCAHHOTO B KpyT:
a) KkBaJpara; 6) npaBWIbHOIO TPEYTOJIbHUKA; B) TPaBHJIBHOTO LIeC-
THyronbHUKa. (Omeem: a) 2/x; 6) 3.3 /(4m); B) 3.3 /(2m).)

6. Hayran sasatelii TenecoHHBIE HOMEp COCTOMT M3 5 nmdp.
HaiiTn BepoSATHOCTB TOrO, YTO B HEM BCe LUGPLI: a) pasInyHbIE;
6) HeueTHble. (Omeem: a) 0,3024; 6) 0,0312.)

7. HaiiTh BeposiTHOCTb TOTO, YTO B AeKabpe Haymayy B3siTOro
rona 4 BockpeceHbs. (Omeem:0,5714.)

8. lNyctb N4enoBek pa3melleHbl cly4aifHEIM 0Bpa3oM 3a Kpyr-
JbIM cTONOM. KakoBa BepoSiTHOCTE TOTO, UTO [Ba OMpeleeHHbIX
yesnoBeka okaxyres pagom? (Omeem: 2/(N—1)L.)

9. ycts A, B, C — Tpu cny4aiiHbIX cobbiTHA. Mcnonw3ys one-
paLMH CNOXEHWS, YMHOXEHHS ¥ OTPHLIAHHUSA COOBITHIT, HAlTH BhbI-
paxeHHst LIS cledyloluX coObITHI: a) MPOM3OLUNO TONLKO A;
6) npou3owwNo TONEKO OOHO COOLITHE; B) MPOH3OLLIO JBa COOLI-
THS; I') NPOM3OLLIK BCE COOLITHA; 1) NPOU30ILNO He Boaee IByX Co-
ObITHIA.
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10. Ha otpeske OA4 nnuHoii [ noctaBiaeHbl Hayraj fpe ToYku B
u C. HaiiTu BepoTHOCTb TOTO, YTO M3 TPEX MOJAYYHBLIMXCSA OTPE3-
KOB MOXHO COCTaBUTh TPEYTONbHUK. (Omeem: 1/4.)

CamocrosTensHas padbora

1. 1. CkonbKMMH crnocoGaMHu MOXHO pacrpelenuTh MepBylo,
BTOPYIO U TPETHIO MPEMHH Ha KOHKYpCE, B KOTOPOM NPHHHMAaIH
yuyacTtue 20 yenosek? (Omeem: 6840.)

2. Haynauy B3siThiil Tene(pOHHBIM HOMEp COCTOMT M3 IIATH
undp. Halitu BeposTHOCTH TOTO, 4TO BCE LM(PHI 3TOr0 HOMEpa
KpaTHHI 3.

2. 1. JlaHB! TpH NPOM3BOJABHEIX cobkITHS A, B, C. C noMoLusio
ofnepalui Hal COOBITHAMM HaiTH BelpaxeHHe LA cobuitua D,
O3HayaloLero rNnosBpieHHe He MEHee ABYX COOLITHIA.

2. Ha cknaje xpaHATCS B HepaccOpTHpoBaHHOM Bue 20 n3-
nenwii nepporo copta M 10 — Broporo. Haiitu BeposiTHOCTE ToTO,
YTO CPeNU B3ATHIX Hayaayy NATH W3neauil mpa GyoyT BToporo cop-
Ta. (Omeem: 0,36.)

3. 1. B knure 500 crpanmi. Haitti yactoTy nosisneHus crpa-
HHL ¢ HOMEPaMH, KpaTHBIMHM 7.

2. BHYTpb pPaBHOCTOPOHHETO TPEYrONLHHKA CO CTOPOHOIl a
Hayraj OpolueHa Touka. HailTu BeposTHOCTB TOTO, YTO TOYKA MO-
nanaeT B Kpyr, BIIMCaHHBIi B TpeyronbHUK. (Tpennonaraercs, yto
nonagaHue B o0y TOYKY TPEyroNbHHKA PaBHOBO3IMOXHO.)

(Omeem: /3.3 D)

18.2. OCHOBHBIE AKCUOMBI TEOPH U BEPOSTHOCTEI.
HENOCPEICTBEHHOE BLIYUCJEHUE
BEPOSITHOCTEN COBBITHUI

Tak KaK BepOATHOCTH COGBITHI — YKMCAa, K KOTOPBIM CTPEMATCA YacTOThl CO-
GLITHi MO Mepe yBelHUEHUS KONMWYECTBA MCMBITAHMI, TO BEPOATHOCTH COBBITHI
obnanaloT BceMH CBOMCTBAMM YacTOT. 3TH CBOICTBA MOXHO CHOPMYNTHpOBATh B
BWIE MPHBEAEHHBIX aKCHOM. .

Axcuoma 1. Bepoamnocms docmoeepnozo cobbimus paeta edunuye, m.e.
P(E)=1

Axcuoma 2. Bepoamrocms neeo3mMoxcnozo cobuimus pasna Hyaw, m.e. P (&) = 0.

Axcuoma 3. Beposammuocms 1106020 cryHaiinozo coGbimus yoos iemeopaem ycaosu-
am 0< P(A)<IE.

Axcuoma 4. Bepoamuocmb cymmsl d8yx HecoOBMeCmHbIX cOBbIMUIL PABHA CYMME LX
geposmuocmeit, m e.ecau AN B=, mo P(A+ B) = P(A)+ P(B).
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BeposTHOCTb HACTYIIEHUS COBLITHA A, BBIYUCNEHHAs NPH YCIOBMH HaCTYILIE-
HHS cOOLITHA B, Ha3LIBAETCA YCA08HOI 6epOAMHOCMbIO COOBIMUA A NO OMHOLUERUID K
cobbimuro B w 0603Havaetcs P (A/B). AHATOTHYHO onpefeIIeTCA YCA0BHAA 8epoam-
Hocmb cobetmun B no omuowenuio Kk cobeimuro A.

Axcuoma 5, Bepoamrocme npouseedenusn (coemecmnozo Hacmynienus,) 0gyx cobvl-
muii pagna npouzeedenio 8epoAMHOCMU 00H020 U3 HUX U YCAOBHOL 8epoamHocmu opy-
2020, m.e.

P(AB) = P(A)P(B/A) = P(B)P(A’B).

ITpumep 1. B ypHe 7 Gennix, 8 kpacHbix u 10 cuHux wwapos. Halimn BeposTHOCTB
TOrO, 4TO H3BJeYEHHbIH Hayral Iap — LBETHOM.

» [MycTb coBbITHE A O3Ha4aeT NOoSBIEHHE KPacHOTO liapa, a B — NnoseieHHe CH-
Hero wapa. Tornga cobeitHe C= A + Bo3HavaeT NosiBleHHe LBeTHOro Lapa. Tak Kak
A M B~ HecoBMecTHble cobbitus, To P(C) = P(A)+ P(B). Umeem P(A)=8/25,
P(B)=10/25. Torna P(C) = 8/25 + 10/25=10,72. 4

ITpumep 2. U3 20 usnenuii nepsoro copta M 10 BToporo copra, MMeIOILMXCA Ha
cKiaje, Hayraj B3sTo 2 wanenus. Halitu BepoaTHocTh TOro, 4to 06a 3TH uU3enuns —
MepBoro CopTa.

» IlycTb A} — mosBNEHHE ONHOTO M3AENHA MEPBOTO COPTA, A; — MOSBNEHHE
Zpyroro M3afienus nepsoro copta. Torna A = A A 03HayaeT NoABNEHHe NBYX H3ne-
nu#t nepeoro copra.

Ha akcvombl 5 cnenyeT, 4to P(A) = P (A))P (A2/A}). Ho P(4;) =20/30,
P (A3/A;) = 19/29. CnenoBatenbHo,

_2019
P(A) 3026~ 0,4368. 4

ITpumep 3. Hayraa B3sThl ABa MONOXKUTENBHBIX YHCA X M ¥, KaXKI0€ M3 KOTO-
PHIX He npeBbilaeT 2. HafiTn BepOATHOCTB TOTO, YTO MX MPOM3BENEHHE HE MeHbILE
2, a cyMMa He Gonblue 3.

P Tak Kak incna x ¥ y yooBneTBopsoT YCnobusim 0 £ x<2 n 0<y <2, 1o TOu-
KM M (x, ), yROBAETBOPSAIOLIME ITHM YCNOBHAM, 00pa3yloT KBalpaT cO CTOPOHO#H 2
H nnowansio Sp= 4 (puc. 18.2).

yh
3
2
d
']
1 D
1]
1
i
¥
i
0 1 V2 2 3 x
Puc. 18.2
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Haiinem mHoXecTBO TOYEK M (X, y), 115 KOTOpLIX xy 22 KW X+ y< 3 .IDTH To4-
KH, YNOBNETBOPSIOWIME yKa3aHHOH CHcTeMe HepaBeHCTB, 0OpasywT obnacth d,
orpaHnucHHYI0 runepBonoit xy = 2 1 npamoit x + y =3 (cM. puc. 18.2). Haxoanm
nrowank S, o6nactu d:

2 3-x 2
S, = ”dxdy= Idx J'dy= J’o-x-z/x)dx =
D 1 2/x |

2
= Bx=x2/2-2In le)ll = 1,5-1n4=0,1137.

Hckomas seposTHocTb P = 5,785, = 0,1137/4 10,0284 . 4

A3-18.2

1. B ypHe 3 GenbIX U 5 yepHRIX mapoB. M3 ypHE Hayrag BHIHU-
MatoT 2 wapa. HaiiTu BeposiTHOCTE TOTO, YTO 3TH IIAPLI PasHOTO
uBeta. (Omsem: 15/28.)

2. U3 aumka, B KotopoM Haxoautcs 31 craHpaprHas u 6
HeCTaH[APTHHIX AeTaneii, B3ato Hayraa 3 neranu. Kakosa seposr-
HOCTb CIENYIOUIUX COOBITMI: a) Bce TpW A€Tald CTAHOAPTHEIE;
6) no KpaiiHeit Mepe ollHa ieTank cTaHAapTHaa? (Omeem: a) 0,579;
6) 0,9973.)

3. Hudposoii 3aMOK conepXuT Ha obuleii ocu 4 nUckKa, Kax-
Ibli1 M3 KOTOPBIX pasfeneH Ha 6 CEKTOpOB, OTMEYEHHBIX LU paMH.
3aMOK MOXeET OBITh OTKPBIT TOJIBKO B TOM CJIy4ac, KOraa JUCKH 3a-
HUMAIOT OMNpeeNeHHOE MOJI0XeHHE OTHOCHTENBHO €ro Kopiyca H,
cnefloBaTenbHO, LMppbl 06pa3yloT onpefeneHHY0 KOMOHHALIMIO,
COCTaBJSIIOLLYI0 «CeKpeT» 3aMKa. Kakopa BeposTHOCTH OTKPHITh
3aMOK, YCTaHOBHB IMPOM3BOJIbHYI0O KOMOUHaLuo uudp? (Omsem:
0,00077.)

4. Hayraz B3ATbl 1B2 TOJIOXHTENbHBIX YHCIIA X U y, KAXI0€ U3
KOTOPHIX He IMpeBhLILuaceT eAMHULB. HailiTy BeposATHOCTb TOTO, YTO
x+y<l,axy=0,09.(0Omeem: =0,2.)

5. B maptuu m3 20 paaMonpHeMHHKOB 5 HewcnpabBHbiX. Jlns
TIpOBEPKH Hayraj oTOHpawTcs 3 paauonpuemuuka. Haittu pepo-
AITHOCThb TOTO, YTO B YUCJI0 BEIOPAHHEIX BOMAYT: a) TONBKO UCMpPaR-
HBIE€ pPagHOTIPUEMHHKH; 6) TONBKO HEHCIIPaBHLIE paIHONIPHEMHH-
KH; B) OIMH HEWCIpaBHBLIA W IBa MUCMPABHLIX PATHONMPHEMHHKA.
(Omeem: a) 91/228;6) 1/114; B) 35/76.)

6. Llernb cOCTOMT U3 ABYX NOCAEA0OBATENbHO BKIIOYEHHBIX 3J1€-
MEHTOB, paboTaLlMX He3aBUCHMMO ApYr OT apyra. BepositHocTh
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6e30TKa3Holi paGoTel mepporo snemeHTa p; = 0,8, a BTOporo —
P2 =0,9. BoIYHCNHUTDL BEPOATHOCTD Pa3phiBa LIEMH.

7. I'pynna coctout U3 4 Myx4uH 1 8 XeHunH. HaiiTu BeposT-
HOCTb TOTO, YTO NPH pa3bHeHHUH 3TOM IpyNIbl cly4yaitHbiM 0Opa-
30M Ha MOArpyIrkl ro 3 YyeNoBeKa B KaX/10# U3 HUX OyneTt XoTs Ol
OIMH MyX4uHHa. (Omeem: 41/55.)

CamocrosTensHas pabota

1. 1. B ypHe 10 Genbix M 15 KpacHbX wapos. Haittu BeposiT-
HOCTb TOTO, YTO [1Ba HayraJ BbIHYThHIX 11apa OKaXyTcsi KpaCHBIMMU.
(Omeem:7/20.)

2. KaxoBa BeposITHOCTB TOTO, 4TO NPOU3BEACHHE O4KOB, BbI-
MaBLUKX HA ABYX UTPAIbHBIX KOCTAX, paBHoO 2? (Omegem: 1/18.)

2. 1. B swmke 5 usnenuii nepsoro copta, 10 — BTOpOro copra
u 15 — Tpetbero copra. HaitTH BepoATHOCTE TOTO, YTO Hayraj B3si-
TOE U3JeNHe — He TpeThero copta. (Omeem:0,5.)

2. 'pynna cocTouT M3 4 MyX4HH W 8 xeHiuuH. HaitTi Bepo-
ATHOCTb TOTO, 4TO MPH pasOUeHWH 3Tl rpynnsl caydaifHbIM o6Gpa-
30M Ha MOATPYNIHI 110 3 YesoBeKa B Kaxaoit U3 HUX OyleT oovH
MyX4uHa. (Omeem: 28/55.)

3. 1. B ypHe 4 Gennix U 5 KpacHbIX wapoB. M3 ypHb Hayran
MOCJ/IeI0BaTeIbHO H3BJEKAITCA BCE LUAPHI U OTKIANLIBAIOTCA B
ctopoHy. HaiiTn BeposiTHOCTL TOTO, YTO NOCNEAHWNA BLIHYTHIi LIAp
Oynet Genbim. (Omeem: 0,4444.)

2. BeposiTHOCTb nonagaHus B oGyl YacTh MJIOCKOMH Tpe-
YTONbHOI NMAacTHHKM [TpoTNopLMOHaNLHA ee rutomand. Haittu se-
POATHOCTL MoMNafaHusa Hayrajg OpolleHHOI Ha MIacTHHKY TOYKH B
TpeyroNbHUK, 00pa3oBaHHbIK CpedHUMM JIMHUAMH HCXOAHOTrO
TpeyronbHuka. (Omeem:0,25.)

18.3. TEOPEMBI CJIOXEHHUA
U YMHOXEHNS BEPOSATHOCTEIA.
OOPMVJIA ITOJHOM BEPOATHOCTH

Teopema caowenun sepoamnocmeii. Beposmnocme cymMmul kKoneuHozo Hucaa He-
cosmecmubix cobbimuil pagra cymme gepoamuocmeti 3mux coGoimudi, m.e.

n n
F{Z A,.] = Z P(4), (18.3)
i=1 i=1
MeA‘Aj = npui=j.
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Ecnu cobuitus Ay, Ay, ..., A, 00pasyloT MOMHYIO FPYTINY HECOBMECTHBIX COObI-
n

THi, TO Z P(A;) = 1. ByacTHOCTH, cOOBITHA A U A 0bpasyloT nonHylo rpynny K
i—-1

HECOBMECTHBI, mo3Tomy P(A)+ P(A) = 1. Ecnu 06osnauute P(A)=p, 10

g=PA)=1-p.

Ipumep 1. Tlpu npremke napTuu w3 80 usgenuit, cpeam KOTopbiX 6 GpakoBaH-
HbIX, npoBepsloTcs 40 Hayran B3ATbLIX Manenuid. [MapTus ussenvil npuHUMaeTca,
€c/ly Cpellu NpoBepsevibIX U3nennii He 6onee nByx GpakoBaHHBIX. ONpeneauTs Be-
POATHOCTb MPHEMKH NapTUH U3aeaunii.

P ITycTb cobbitua A, Ay ¥ A; 06o3HayaloT, 4To cpeny 40 NpoBepAeMbIX Hine-
JIMit COOTBETCTBEHHO HET OpPaKOBaHHBIX, 0HO BpakoBaHHOE U nBa OpaKOBaHHLIX.
Cobuitus Ay, Ay, Ay HecoBmecTHbl. CoObiTHE A = A+ A+ Ay o3HauaeT, 4TO

napTHA W3fenuii Oyder npuHaTa. [lo Teopeme cnoxeHus (cm. opmyny (18.3))
P(A) = P(Ay) + P(A)) + P(A,) . To dopviyne (18.2) HaxoomM:

0, 40 9 1,40 8 0
P(4y) = C;:a’cso- P(A)) = 3y Ce/ Cgp v P(AY) = Cgmcé’d‘so-

CnenosaTtensHo,
P(A) = (Clg+ CoaCh+ o3 Cl)7 oo = 0,337 4

Teopema ymmuowmcenun eepoamuocmeii. Bepoamnocmb npouieedenus KoHe4HOZ0
yucaa cobbimuili pasgHa npou3eederin 8epoAMHOCIL 00HO20 U3 HUX U YCAOBHbLX GEPOAN -
HOCmell ocmanbHiX coBbimuil, 86I4UCIEHKLIX NPU YCA08LL, YO 6Ce npedliecmayroLyle
coBbimuR npou3owAL, m.e.

P(AAy . A) = P(ADP(AL /A P(Ay/A\AY) ... P(A VAL Ay . A, (). (184)

CobbiTis A M B Ha3biBaloTCA Hezasucumbimu, ecnu P(A/ By = P(A). Torma

P(B/A) = P(B), 1.e. He3aBUCUMOCTb COBLITHIT B3anmuan. CobeiTHA Ay, A, ..., A,
Ha3bIBAIOTCS He3AGUCUMBIMU 8 COBOKYHHOCIMU, ECITH KAXKIO0€ U3 HUX U IoObie KOMOH-
HalMM MX COBMECTHOH peanu3aumu SIBISIOTCA He3aBUCHMBIMM coObITHAMN. [ins
HE3aBUCHMON B COBOKYITHOCTH CHCTeMbI COBBITHIT Ay, A3, ..., A, CNpaBeLTHBO pa-
BEHCTBO

n n
P[l_[ Al = I [ P(Ap.
F | i—1
Ecau nmobGbie 1Ba cOObITHA CHCTEMbI HE3aBUCHMBI, TO CHCTEMA COBLITHI Ha3bl-
BaeTCsa honapro Hezasucumoll. 13 He3aBUCUMOCTH COBLITHI B COBOKYMHOCTH clleay-
€T UX NonapHas He3aBMCUMOCTD, 06paTHOe, BOOOLLE rOBOPSA, HEBEPHO.
n

n
Iins noGoro cobuitua A = Z A; TPOTHBONONOXHOE cobLITHE A = z A;,

i~ i=1

n n
P[EA‘. —|-P[ZT4,-. (18.5)
i1 i

i=1

a 3TO O3Ha4aeT, 4To
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Ecnu cobbiTHa Ay, Ay, ..., A, — HE3BBHCHMBIE B COBOKYITHOCTH, TO (popMyna
(18.5) npHHUMaeT BUA

n n
F{EA,] = 1-[]r40- (18.6)
i—1 i=1
Teopema CNOXKEHHS VIS ABYX COBMECTHBIX COOBITUH 3aNHCHIBAETCA B BHAE
P(A+ B) = P(A)+ P(B)- P(AB),
a 11 TpeX coOBITHH — B BHAE
P(A+ B+ C) = P(AY+ P(B)+ P(C)- P(AB)- P(AC)- P(BC)+ P(ABC).

IMpumep 2. BeposATHOCTH NMonanaHHUs B LEb KaXA0ro H3 TpeX CTPEJIKOB COOT-
BeTcTBEHHO paBHbi 0,8; 0,7; 0,9. Ctpenku npou3senu oauH 3aan. HaiiTu seponat-
HOCTb: a) TONBLKO OIHOTO MonaaaHus; 6) XxoTa Obl ONHOTo NonagaHus.

»a) llyctb 4;, i = 1,3, — cobbiTus, 03HAYaOWME MONAJaHHE B LENb KaXaoro
U3 Tpex cTpenakos. Torna P(A))=0,8, P(4) =07, P4,)= 0,9,

P(A4)) = 1-0,8 =0,2, P(4;) = 1-0,7 = 0,3, P(A3) = 1-0,9 = 0,1.

CobbiTHE A, 03Hayalollee TONBKO OJHO MoNagaHHe B MULIEHb, 3aTTMCHIBAETCA
B BHOE

A= A]ZZZ:\, +;|A223+/—'|22A3 .

Tak kak AjAyA3, A1AyA3, AjAyA; — HecoBMecTHbie cOBHTHA (CTPENKH
NPOM3IBOAAT BLICTPENBL! HE3aBMCHMO IpYr OT JpYra), TO M3 TCOPEM CJIOXKEHHA M
YMHOXEHMsA BepoATHocTel cneayeT

P(A) = P(A}) P(4;) P(A3) + P(A)) P(A,) P(A3) + P(A)) P(A) P(A;) =

=0,8-0,3-0,1+0,2-0,7-0,1+0,2-0,3-0,9 = 0,092.
6) Tak Kak nomnagaHuA B LieJlb KAXKIOro CTPe/iKa — HE3aBHCHMLIE B COBOKYM-
HOCTH coBbITHA, TO M3 dopMynbl (18.6) cnenyet, utTo

P(A,+ Ay + A3) = 1= P(A)) P(A) P(A3) = 1-0,2-0,3-0,1 = 0,994 .4

IMpumep 3. Ha cknane 30 uagenuit nepsoro copra u 20 — sroporo copta. Haii-
TH BEPOATHOCTL TOTO, YTO TPH B3ATHIX Hayral U3feNHs — MepBOro CopTa.
P [lycTs A), A3, Ay — COBBITHA, COCTOAILNE B TIOARICHHH M3AE/M5 NEPBOTO COP-

Ta COOTBETCTBEHHO NPH MEPBOM, BTOPOM W TPETLEM B3ATUM M3LENHS CO CKNana.
Torna coGuitiie A4 = A;A,A; o3HayaeT NoABRIEHHE TPEX M3AELMHI MEPBOTO COPTa.

H3 popmynni (18.4) cnenyet, yto P(A) = P(Al)P(AzfAI)P(A3/A|A2).Tax KakK
P(A]) = 30750, P(A,7A)) = 29/49, P(A374,4,) = 28/48:10

_ 302928
P(A) 50 49 48a0,207l. 4
IMpumep 4. Ucnonwaysa ychoBust npyimepa 3, HaliTH BEPOATHOCTL NOABIEHUSA
Tpex W3Aennit mepBOTo COpTa, €CAM MPOM3BOLMTCS MPOBEPKA KAayeCTBa KaXIOTo
B3AITOTO M3ME/IHA M €ro BO3BPAT Ha CKIAj.
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» B naHHOM cnyuae
P(A)) = P(A,7A)) = P(A3/A|Ay) = 30750 = 3/5.
Torna
P(A, Ay A3) = P(A) P(A) P(A3) = (375) = 0,216. 4

Myctb cobuitus Hy, Hy, ..., H, 06pa3yloT NonHyIo rpyniy HECOBMECTHBIX CO-
n
GLITHH, T.€. z H; = E, H‘.h& = (&, i=j. CobbITHE A MOXET HACTYNUTH TONb-
i=1
KO BMECTE € HACTYIJIEHHEM OLHOTO U3 cobbiTHi My, ffy, ..., A, KOTOpLIe Ha3biBa-
10TCA 2unomezamu. Toraa cnpaBeIuBa gopMyaa noaroii eepoamuocmu
n

PUA) = Y P(HYP(AZH). (18.7)
i=1

ITpumep 5. B uexe 3 cTaHKa-aBTOMAT2 WITAMNYIOT NETAAH onHoro Buna. ITpo-
M3BORIMTENBHOCTD TIEPBOTO CTaHKa B [iBa pa3a Oofblie, a TPeTLEro — B OBa pasa
MeHbIle NPOH3BOAMTENLHOCTH BTOPOTo cTaHka, BepositHocTh Gpaka st nepBoro
craHKa pasHa 0,05, nna sroporo — 0,03, wisa tpetbero — 0,01. M3rotoBneHHble ne-
Tajl¥ CKIANBIBAIOTCA B ONMH ALLMK. HaiiT BepoATHOCTB TOTO, 4TO HAyraa B3sATas U3
ALLKKA NeTalb — 6paKOBaHHAasA.

» OTHOCHTENBHO KaXKI0ii B3ATOMH W3 ALLMKA JETATH MOXHO YTBEPXKIATh Cley-
wouee: Hj— NeTalb H3TOTOBNEHA NMEPBBIM CTaHKOM; Hy — ReTallb M3rOTOB/EHA BTO-

PbIM CTAHKOM; Hy — deTanb H3TOTOBIEHA TPETBHAM CTAHKOM.
Tak KaK TpeTHii cTaHOK wramnyet 1/7 Beex neranei, BTopo# — 2/7, To NepBbif —
4/7 Becex petanei. [Moatomy .P(H]) =4/7, P( Hy) =277, P(H3) = 1/7. 1o
ycnoswio sanauu P(A/H|) = 0,05, P(A/H,) = 0,03, P(A7Hy) = 0,01. Tor-
na u3 dopmynel (18.7) cneayer, uro
2 1

=4 z Yoo =
P(A) = 5-0,05+%-0,03+-0,01 = 0,0385. 4

Tpumep 6. DnexTprycckas uenb MN cKOHCTPYMpPOBaHa 10 CXeMe, NpencTan-
NeHHOM Ha puc. 18.3. Bee aneMeHTH Leny /- 5 paboTalOT HE3ABUCHMO IpPYT OT ApY-

®

O+ O—O-

(5)
\_/
Puc. 183

ra U BEPOATHOCTH BLIXOLA MX W3 CTPOA 33 NAHHbIA NPOMEXYTOK BPEMEHH COOTBET
CTBEHHO paBHbL: py = 0,1, py = 0,2, py — 0,5, pp =0,3, p; =0 1.Haiith

BEPOATHOCTb HOPMaNbHOI paboTh! LENW B DAHHBIK NIPOMEXYTOK BpEMEHM
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b Mycts 4, i = 1,5, — cobuiTHe, O3HavaloLIee HOpMATBHYIO paBoTy i-ro ane-
MEHTa LeMH B AaHHBIH NpoMeXyToK BpemeHu. Llens nenpasha (cobbitne A) B naH-
HbI#l TPOMEXYTOK BPEMEHH, €CTH HACTYNAKT COOLITHA A H A, "'AS + A3A4 . Co-
rnacHo opmyne (18.6), KCKoMas BepOSTHOCTD

P(4) = P(A)(1 - P(4) P(A5) P(B))
rue B = A3 +Ag; P(B) = |- P(A;)P(4,) . CnenosatensHo,
P(A) = P(A))(1 - P(A2) P(A5)(1 - P(A3) P(A))) =
=0,9(1-0,1-0,2-(1-0,5-0,7)) = 0,8883 . 4

A3-18.3

1. BeposTHoCTb 6€30TKa3HOoIi paboThl 610Ka, BXOAALIETO B He-
KOTOPYIO CUCTEMY, B TEUEHHUE 3aJaHHOro BpeMeHH paBHa 0,8. [lnsa
MOBLIIIEHWA HAJEXHOCTH CHCTEMBI YCTAHABJIMBAETCA TaKoi Xe
pe3epBHbIi 610K, Haiitu BeposTHocTh Ge3oTka3zHoit paboTh cuc-
TEMBI C pe3epBHBIM OJIOKOM B TeYeHHe 3aaHHOro BpeMeHH. (Om-
eem: 0,96.)

2. JIBanuath aK3aMeHAaLMOHHBIX GMJIETOB COllepXaT Mo 1Ba He-
NOBTOPSAIIMXCS BOmNpoca. JK3aMeHyeMbll 3HaeT OoTBeTHl Ha 35
BornpocoB. HaiiTh BeposiTHOCTL TOT0, YTO 3K3aMeH OyleT cllaH, ec-
JIY A1S1 3TOTO AOCTAaTOYHO OTBETUTH Ha 1Ba BOTIpoca ofjHoro 6uera
MK HA OJIMH BOIIpoc OMUJIETa Y ONMH AONMOJMHUTENBHEII BOTIPOC U3
Ipyrux 6uneros. (Omeem: 0,963.)

3. [Ins pa3pylieHHUs MOCTa IOCTATOYHO MONATaHK1s ONHOI aBH-
auMoHHOH 60MObLI. HaliTh BepossiTHOCTB TOTO, YTO MOCT OyaeT pas-

‘pyLleH, eciu Ha Hero Oynet cOpolleHo deTbipe GOMOEI, BepoAT-
HOCTH MonajaHua KOTOPHX COOTBETCTBEHHO paBHhl 0,3; 0.4; 0,6;
0,7. (Omeem: 0,95.)

4. B Kax10# U3 TpeX YpH colepXuTcs 6 yepHbIX M 4 GelibiX 1ia-
pa. M3 neppoii ypHBI Hayraz W3BjedyeH Lap W MepeaoXeH BO BTO-
pylo, OCNEe Yero U3 BTOpOi ypHBL Hayrag U3BJedeH LWwap U Nepeno-
XeH B TpeTblo. HaliTh BeposiTHOCTD TOrO, YTO LIap, Hayraz u3Bie-
YeHHBII U3 TpeTheil YPHBI, OKaXxeTcs 6enbiM. (Omeem: 0,4.)

5. B AlIMK, B KOTOPOM HaXxoOATcs n JeTalei, NojloXeHa CTaH-
[apTHas AeTalb, [0C/ie YEro M3 HEro W3mieyeHa Hayraja oflHa [e-
Tanb. HaiiTi BepoSATHOCTh TOrO, YTO U3BAEYEHHAs NeTalb — CTaH-
[AApTHas, €CNHM BCe BO3MOXHDIE MPENNOJOXEHHS! O NepBoHaYalb-
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HOM cOCTaBe [eTaleit B SIIUIMKE pPaBHOBO3MOXHBEL. (Omeem:
n+2
2(n+1) )
6. B anextpryeckyto Lerb MN BKIIOYEHE JNEMEHTI a)—ag 10
cxeMe, n3oOpaxeHHoit Ha puc. 18.4. Bce anemeHTH paboTaloT He-

o N

3aBUCHMO JIPYT OT ApYra. BepoATHOCTH BbIXONA U3 CTPOSl KAXI0ro
3J1IEMEHTAa B 3aJaHHBIH MPOMEXYTOK BpEMEHHU TIPUBEICHBI B Clleny-
ouleit TabnuLe:

a; a) L] a3 ay Qs Qg

pi 0,3 0,1 0,4 0,5 0,2 0,6

HaiiTn BeposiTHOCTL pa3pbiBa LielM 32 YKa3aHHBI TTPOMEXYTOK
epeMeHH. (Omeem: 0,7973.)

7. B Tpex ypHax HaxonaTcA Oenble M YepHbIE LIAPHI: B NIEpBOi —
2 GenbiX ¥ 3 YepHBIX, BO BTOPOii — 2 GeNkIX M 2 YepHbLIX, B TPETLEIH —
3 Genplx u | yepHbiit. U3 neppoii ypHBI NepenoXuiu Liap Bo BTO-
pyto. Tlocne 3Toro M3 BTOpPOii YpHBI MEPENOKKUN LUAD B TPETHIO.
W, HakoHew, M3 TpeTbeii ypHBI NepeoXuiu wap B nepeyio. Haittn
BEPOSITHOCTE TOTO, YTO COCTAB LWUAPOB BO BCEX YPHAX HE H3MEHHJI-
cA. (Omeem: 0,34.)

8. Haiitu BeposiTHOCTBL TOro, YTO Hayrajg B3STO€ OBY3Ha4yHOE
YUCJIO OKAXETCA KpaTHbIM 2 unu 5. (Omeem: 0,6.)

CamocTtosaTeabnas padora

YyacTok snekTpuueckoil uend MN coCcTOMT K3 37EMEHTOB,
yka3zaHHbIX Ha cxeme (puc. 18.5—18.7). BepoaTHocTH BhixOda M3
CTpOSI BCEX 3JIEMEHTOB LIEMH 32 HEKOTOPHIH MPOMEXYTOK BpEMEHH
naHbl B TaGaule. BHYHCTUTL BEPOATHOCTE pa3pbiBa LIEMH 33 3TOT
MPOMEXYTOK BpEMEHH.
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o; o oy o3 oy
p; 0,3 0,1 04 0,2
Cwm. puc. 18.5. (Omeem: 0,4624.)
2.
o; oy oy oy oy as
Pi 0,3 0,6 0,5 0,4 0,2
Cwm. puc. 18.6. (Omeem:0,2128.)
3.
o; oy o3 a3 oy as
Pi 0,4 0,5 0,1 0,2 0,3

Cu. puc. 18.7. (Omeem:0,3232.)

Puc. 187
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18.4. ®©OPMYJIbI FAIIECA U BEPHYJLIU.
JIOKAJTLHAA 1 UHTETPAJIbHAS1 TEOPEMBI
MYABPA — JIAILJIACA

Ecnu Hy, H, ..., H,06pa3yloT NoNKyIo rpynny HECOBMECTHBIX COBBITHH (TH-
notes) v cobbITHE A Npou3oLLIo, TO

P(H)P(A’H)) J—
PO A) = —F K = TTh. (18.8)
Z P(H)P(A’H)
i=1
®opmyna (18.8) HaswiBaeTca hopmyaoii Baiieca. OHa naeT BO3MOXHOCTb HaXo-
DUTH YCNOBHBIE anocmepuophsie (NOCE ONbITa) eeposmuochu Tinotes P(H, /A)

MO H3BECTHBIM anpuopbim (10 ONbITa) eeposmuocmam P(H}) runores Hy, H, ...,

H, v naHHBIM P(A/H‘.) .

IMpumep 1. Ha cknan noctynaet npoaykuus c Tpex ¢abpuk. lNoctynnenns ¢
nepsoii pabpukn coctaBasiiot 20 %, co Bropoil — 46 %, ¢ TpeTbeii — 34 %. BeposT-
HocTb Gpaka ans nepsoit Gabpuku pasua 0,03, nis sropoii — 0,02, ana TpeTbeit —
0,01. HaiiTu BepOSITHOCTbL TOro, YTO B CiAyyae, KOLOa B3ATOE Hayral W3neiue
HECTAHOAPTHO, OHO NPOU3BEAEHO Ha NepBoit pabpuke.

» H3gecTHo, YTO nioboe HManenue, Haxonsuleecs Ha CKaane, NPOM3BEAEHO Ha
nepsoit ¢pabpuke (H,), Ha Bropoit pabpuke (H;) unu Ha TpeToeit dabpuke (H;).
Cucrema runotes Hy, H,, Hy ABnseTcs nonHoit rpynnoit HECOBMECTHBIX COOLITHI.
Mo ycnosuiwo P(Hl) =0,2, P(Hz) = 0,46, P(Hj) =0,34, P(A/Hl) =
=0,03, PA/H,)=0,02, P(A/H3) = 0,01. HeobxonuMo HaiiTH BepoAT-

HOCTb FUnoTe3bl Hy NpH YCNOBMH, YTO B3ATOE Hayral u3geine (cobuiThe A) okasza-
nock HecTaHIapTHBIM. CornacHo ¢opmyne Baiteca, uMeeM
P(H))P(A/H|)

PCR\A) = Y PCATH,) + P(H,) PCA7Hy) + POH) P(AZHy)

_ 0,2-0,03
0,2-0,03+0,46-0,02+0,34- 0,01

=0,322. 4

Ecnu BeposiTHOCTE nosiBNEHUSA COOLITHA A B KAXIOM HCMIBITAHUU HE 32BUCUT OT
WCXONOB APYTHX MCNBITAHU i, TO TAKHE UCTIBITAHHS HA3BLIBAIOTCA HEIAGUCUMBIMU OM-
Hocumensto cobimua A.

BeposATHOCTB TOrO, 4TO B /1 HE33ABUCHMBIX MCTIBITAHHSAX, B K2XI0M H3 KOTOPBIX
cobbiThe A nosaeasieTcsl ¢ BepoATHocThIO p(0 < p < 1), OHO HACTYMUT m pas,

mn m
P(my - Cop"q" ™, (18.9)
roe g = 1 - p. @opmyna (18.9) HasbiBaeTeA popmyaoii Bepryanu,
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Ipumep 2. B xaXxnoM M3 5 ONBITOB COOLITHE A MOXET MOABHTLCA C BEPOATHO-
cTbio p = 0,4. HaliTh BepoATHOCTB TOTO, uTO COOBITHE A NosABKTCH 3 pa3a.
» CornacHo gopmyne BepHynnn, umeeM :

Py(3) = C3-0,47-0,6" 20,0922 . ¢
Jloxasvnan meopema Myaspa — Jlanaaca. Beposmuocms mozo, 4mo 6 n Hezaeu-

cuMbx Ucnsimanuax cobsimue A Hacmyhum poeHo m pas,
1

¢(x),
Anpq
1 %

20e p(x) = —e ;X = m-np ; p(0<p<1) — eepoamnocme nacmynienus
Jnpgq

cobbimus A ¢ omdenvrom ucnosemanuu; ¢ = I — p. Pasencmeo ( 18.10) mem mounee, vem

Gonviue n u wem p bauxce k 0,5.

OyHKUHA @(X) — YeTHas;, ee 3HAYeHUA 1A X > 0 npHBeaeHbl B NpwA. 3.

P (m)~ (18.10)

Tpumep 3. HaitTi BepOSTHOCTD TOTO, 4TO B 243 MCOIBITAHUAX COORTHE A Ha-
CTYyNMT poBHO 70 pa3, ecH BEPOATHOCTL MOABAEHUSA ITOr0 COBLITHA B KaXKA0M HC-
MBITAHHM paBHa p = 0,25.

» Io ycnoBuo n =243, m =170, p=10,25, ¢=0,75. Torna
m—np _ _70-243-0,25 ~1,37.

Jnpg  J243-0,25-0,75

Janee n3 npwr. 3 Haxooum ¢(1,37) = 0,1561. CornacHo ¢opmyne (18.10),
HMeeM:

X =

Pyy3(70) = 6,% +0,1561~0,0231 . ¢

Humezpassnan meopema Myaspa — Jlansaca. IMycmo seposmuocme nosenenus
cobumus A e Kaxwcdom u3 n nezasucumbix ucnsimanuii pasna p(0 < p < 1). Tozda ee-
POSIMHOCHb MO20, HMO & N HE3ABUCUMbIX UCRBIMAHUAX OHO ROABUMCR om m | do m) pa3

(my 2 m ), eipaxcaemea gopmynoli
P (m s m<my)=®(x) - (x)), (18.11)
20e

x
D(x) = :&.—J’e d 20’!; XI = ﬁ
n n
0

Oynkumns Jlannaca O(X) — HedeTHast; ce 3HAYEHHUs PUBENCHBL B ipun. 4. [Ins
3HayeHHst x> 5 nonaraot ®(x) = 0,5.

Tpumep 4. Dabpuka Beinyckaet 70 % nponykUuk nepBoro copta, Yemy paBHa
BEPOSITHOCTB TOTO, YTO B MapTHH W3 1000 n3nennit yncno unenui nepBoro copta
GyneT sakntoyeHo mexay 652 u 760?

» o ycnosuto 3amauu n = 1000, p=0,7, ¢=0,3, m; =652, m; =760.

HckomMyto BepOATHOCTD BHIYMCIHM N0 Gopmyne (18.11):

Pog(652 < m < 760) = D(x,) - O(x)) .
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Hmeem:
_ 652-1000-0,7 _ 760-1000-0,7
X T =331, 5y T ————=
J1000-0,7-0,3 J1000-0,7-0,3
W3 npun. 4 vaxooum: @ (4,14) = 0,49998, <& (-3,31)=-0,49981. Cnenosa-
TEIBHO, HCKOMasi BEPOATHOCTL P00 (632 <m <760) = 0,99979. 4

4,14.

3ameganue 1. Ecan B HeKOTOPO# cepuM U3 n UCOIBITAHUIA cOObITHE A Ha-
CTynaeT m pa3, TO YyacToTa ero nossienuss W(A) = m/n. Toroa HepaBeHCTBO
|W(A)—pl <€ paBHOCHIBHO HepaBEHCTBAM mp—ne< m< np+ ne, a U3 UHTET-
paabHo#t TeopeMbl MyaBpa — Jlannaca cnenyer

P(l%“’ <e) = 2‘”(8@- (18.12)

rie p - BEPOSITHOCTDb NOABACHHUA COOBITHA A B OQHOM McNHTaHUK; £> 0 — moboe
neHcTBUTENbHOE YHCTO.

IIpumep 5. BeposiTHOCTb NOsiBNeHMS cOOBITHA A B KaXXIOM MCNBITAHUHM paBHa
0,2. HaitTh HaMMeHbLLiE€e YHUCNO UCNILITAHKIA 1, NPH KOTOPOM ¢ BepoATHOCTLIO 0,97

MOXHO YTBEPXIATh, 4TO OTHOCHTENbHAMA YacToTa coObiTHR W(A) OTKNOHHUTCA OT
BCPOSATHOCTH €0 NOABIEHUSA p No abcontoTHoI BenuunHe He Gonee yem Ha 0,01.

» Umeem: p=0,2, ¢=0,8, e=0,01, (IW(A)-p|<0,01) = 0,97. Onpene-
numM n u3 dopmynsi (18.12):

zo(e@ = 0,97, o(e@ = 0,485.

H3 npun. 4 Haxonum:

[ 217
e |- =217, ”,[4‘1)37534_4
Pq 2

€

3amMeyaHue 2. Uucne my, YNOBIETBOPAIOLLEE  HEPaBEHCTBAM
P (my=1)< P (mgy) < Pn(mo + 1), Ha3bIBAETCA HaUBepoAmMHelluuM YLUCAOM NOSE-
A€HUA coObimusA A 8 N He3aBLICUMBIX UCNBIMARUAX. DTO YUCO YOOBAETBOPSET YCIOBH-
M np-gSmySnp+p. Hanpumep, ecnu noceats 1000 cemsiH, BEpOATHOCTH
BCXONA KaXaA0oTo M3 KOTOphIX paBHa 0,83, To HauGonee BeposiTHO, YTO YHCIO my

B3OLICOLIMX CEMAH  YIOBACTBOPACT HepaneHeTBaM 830 - 0,17 < m, <830+ 0,83,

T.C. HAMBEPOATHEHLLEE YUCO BIOWCLINX CEMAH my = 830.

A3-18.4

1. BeposATHOCTH NMONagaHUs B LENb MPH KaXIOM BLICTpeNe sl
TpeX CTPEJIKOB COOTBETCTBEHHO paeHbl 0,2; 0,4; 0,6. [1pu onHoBpe-
MEHHOM BBICTPEJie BCeX TPEX CTPEIKOB B MULLIEHH OGHAPYXXEHO 01-
Ho rnonagaHue. HalTH BeposATHOCTB TOFO, 4TO B LUEJb Morai rnep-
Bblit crpenok. (Omeem:0,103.)
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2. B kaHuensipuu paboTtaloT 4 cekperaps, KOTopbie 00pabaThl-
BatoT no 40, 10, 30 u 20 % ucxonsmux JOKYMeHTOB 33 OIHO U TO
xe Bpemsi. BepossiTHOCTH HeBepHO#l apecalluy JOKYMeHTOB CeK-
petapsiMy cooTBeTcTBeHHO paBHH 0,01; 0,04; 0,06; 0,01. Haittu

" BepOSATHOCTB TOTO, YTO OMH M3 AOKYMEHTOB, OKa3aBLUMICS He-
BEPHO aJipecOBaHHLIM, OTIpAaBJeH TpeTbMM ceKpeTapeM. (Om-
eem: 0,643.)

3. BeposiTHOCTh Gpaxa M3ae/ins Ha HEKOTOPOM IMpOM3BOICTEE
p = 0,3. HaiiTu BeposiTHOCTE TOro, 4TO cpeay 4 OTOOpaHHBIX 1A
TpOBepKH u3nennii 6ymet 2 6pakoBaHHEIX. (Omeem: 0,2646.)

4. Tlo nanneiM OTK 3aBopa 0,8 Bcero o6beMa BBITyCKaeMbIX
H3genuit — nepeoro copta. Haiith BeposTHOCTE TOrO, 4TO Cpedu
B3ATHIX Hayraj aisi ipoeepku 400 uspenuii 80 6ynet He nMepeoro
copta. (Omeem: 0,04986.)

5. BeposiTHOCTL NosBAeHHS COOHITHA A B KaxXaoM K3 2100 He-
3aBMCUMBIX MCTIBITaHMii paBHa 0,7. HaliTh BeposiTHOCTB TOTO, YTO
cobbiTHe A HacTynUT: a) He MeHee 1470 1 He Gonee 1500 pa3; 6) He
MeHee 1470 pa3s; B) He Oonee 1469 pas. (Omeem: a) 0,4236; 6) 0,5;
B)0,5.)

6. BepoaTHocTe M3rOTOBNEHHS W3eNWii NMepBOro copta Ha
J[aHHOM MpeanpusaTuM paBHa 0,78. YeMy paBHO HaHBeposiTHelillee
YHCIIO H3JENUH [1epBOro COpTa B CIy4aHHO 0To6GpaHHOM NapTHH K3
150 vapennit? (Omeem: 117.)

7. BeposiTHOCTbL TOro, YTO N€Tal1b — HeCTaHAApTHad, paBHA
0,1. Ckonpko feTanei Hy>KHO OTOGpaTh, Y4TOGHI C BEpOSTHOCThIO
0,9544 MOXHO OBLTO YTBEpXIaTh, YTO OTHOCHTENbLHAS YacTOTa
MOSIBJIEHUS HeCTaHOAPTHLIX AeTalell OTKIOHHUTCS OT BEPOATHO-
ctu p=0,1 no aGconioTHON BesMyMHe He Gonee yem Ha 0,03?
(Omeem: 400.)

8. Ilns yenoseka, nocrurilero 20-1eTHETO BO3pacTa, BeposAT-
HOCTB CMepTH Ha 21-M rony pasHa 0,006. B cnyuae cMepTH cTpaxo-
Boe yupexmeHHe BbinnayuBaer 500 y.e. 3acTpaxoBaHa rpynna B
10 000 yenogek 20-neTHero Bo3pacTa. Kakyio MUHMMANLHYIO CyM-
MY CTPaxOBBIX B3HOCOB C/lefyeT YCTaHOBHTh, HTOObI BepOSITHOCTL
TOFO, YTO K KOHLIY Iofla CTpaxoBoe yupeXIeHHe OKaxXeTcsl B YOHIT-
Ke, 6bu1a He Gonbuie 0,17 (Omeem: 3,5 y.e.)

CamocrosareabHas pabota

1. IBa oXOTHHKA OJHOBpEMEHHO CTPENSAIOT B Lieib. M3BecTHo,
4YTO BEPOATHOCTDb MONAalaHMUs 15 NMepBOro OXOoTHUKa paBHa 0,2, a
st sroporo — 0,6. B pesynbrate npousouio oiHo nonagaHue B
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ueab. HaiiTv BEpOATHOCTHL TOrO, YTO MEpPBbIii OXOTHHK MpoMax-
Hyncst. (Omegem: 0,857.)

2. BeposAITHOCTL W3rOTOBNEHHS JETANV NMePBOTo COpTa Ha OaH-
HOM cTaHKe paBHa 0,4. HaiiTn BeposiTHOCTb TOrO, YTO cpellH Ha-
yraj B3sTeIX 26 JeTaieil NoJIOBMHA OKaxeTcs nepeoro copra. (Om-
gem: 0,093.)

3. BeposiTHOCTE NOABAEHHSI COOLITHS B Kax oM u3 100 HezaBu-
CUMBIX MCIbITaHMit pasHa p = 0,8. Haiith BeposiTHOCTH TOTO, YTO
coBLITHE MOSIBUTCS He MeHee 75 pa3 u He bonee 90 pa3. (Omeem:
0,8882.)

18.5. CIYYANHBIE BEJTUYHHBI.
OBILME 3AKOHBbI PACIIPEIEJIEHUA
CJIIVYAMHBIX BEJTUYHH

BenuunHa, npMHHMaOLIAs 3apaHee HEM3BECTHbIE CyYaiiHbie 3HAYEHUs, Ha-
3biBaeTCst cayyaiinoli eenununoil (CB). YcnopruMca obo3HauaTh cayyailHble BeTHYH-
HBI NponucHbIMK OykBamu natuHckoro andaeuta X, ¥, Z, U, ..., a 3Ha4eHus, npu-
HHMaeMble HMH, — COOTBETCTBYIOILUMH CTPOYHBIMH GYKBaMM X, ¥, Z, U, ... .

CnyuaiiHaa BeIMYMHA, KOTOPasi MMeeT KOHEYHOe WM GeCKOHeYHOe CYETHOE
MHOXECTBO 3Ha4YeHHii, HasbiBaeTcsa duckpemuoiir CB. Hanpumep, CB X, o3Haualo-
LA YMCO NONANAHHIA B Lie/1b NPH TIATH BHICTPEaX, MOXET NPHHUMATL 3IHaYeHUA
x=0,1,2,3,4, 5. Ona asnsetca auckpetHoit, Ecnn CB X nprHuMaeT nwobble 3Ha-
4eHUA U3 HEKOTOPBIX MHTEPBAOB WM OTPEIKOB YUCOBOI OCH, TO OHA HA3bIBAETCSA
nenpepsbigoii CB (HanpuMep, owwinbka U3MepeHMs, NANbHOCTh MONETa CHapspa,
BpeMs be3oTKaszHo# paboThl npubopa U T.4.).

Bcsikoe cOOTHOLLIEHKE, YCTAHABAHBAIOLLEE CBA3L MEXAY BO3ZMOXHBIMH 3HaYe-
HUsAMH CB 1 uX BEpOATHOCTAMM, Ha3BIBAIOT 3GKOHOM pacnpedesenus ciy4aiikoil ee-
AUHUHBL

IMpocTeiiiueit popmoit 3anaHuA 3aKoHa pacnpeneneHUs anckpetHoit CB X sB-
nsetcs Tabnvua, B KOTOPo# nepeducieHbl BO3MOXHBIE 3HayeHHs 3ToW CB u yka-
3aHBl COOTBETCTBYIOLIIHE UM BEPOSATHOCTH:

X; X X3 ae Xy

Pi P Dy e Py Z P =1

Takas Tabnuua HasbiBaeTcs panoM pacnpegeneHust CB, ecnu X| <Xy < X,
[pumep 1. Ctpensba no MUWIEHH BeoeTCA O NEPBOro nonanaHus. 3anucatb
pan pacnpenencHus CB X, o6o3Hayaloileit 4MCNO BBICTPENOB, €CNM BEPOSTHOCTL
nonanaHua NpH Kaxuom BLICTpesie paBHa p.
» CayyaitHas BenuyuHa X' MOXeT NMPUHHUMATL GECKOHEYHOE YHCIO 3HAYEHH It
x—1,2,..,n, ... Haitnem ux BepostHocTu. Mo ycnoeuo P(X = 1) = p, Ctpensba
3aKOHYHTCA Ha n-M BBICTPEJIE, €CIH Pe3yIbTaTAMU NEPBBIX 7 — | BHICTpe/ioB GLIK
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MpoMaxH, a n-ro BeicTpena — monaganue. Torfa cobHTHe A, 03Haqalolllee n yKa-
3aHHBIX BBICTPENIOB, NPEnCTaBUMO B BHAe A = A_IZ; e Ay 14,, - Ero BeposTHOCTD

P(A)=P(X=n)=¢" 'p, rae ¢ = 1 — p. Pan pacnpenenenus CB X umeer Bua:

x; 1 2 3 k k+ 1 Sy

pi ) ap 7p - &l

PaccmorpenHoe B npumepe | pacnpeneneHne CB HasbiBaeTcs zeomempuve-
CKUM.

®yukuna F(x) = P(X <x), 3anaouas BeposTHOCTb HEpaBeHCTBAa X <X, Ha-
3biBaeTcs uHmezpaabholl gynkyuell pacnpedenenus W obNagaeT CRenYOLIMMH CBOi-
CTBaMH:

DO FAx)<I;
2) F(xl)s F(xz) NpH X| <Xy 3

3) PlasX<B) = F(B)~- Fla);
4) lim Fx)=0, lim Fx)=1.
X——0 x> to
Cnpape/IMBO cliefyloLlee yTBepxaeHHe: Besikas GdyHKUMs F (X), yIOBIeTBOPA-

ouan yenoeusasm 1-4, apasercss MHTErpanbHoi GyHKUMelH pacnipeseneHus HEKo-
Topoit CB X.

JLns auckpetHo# CB X, 3anaHHOI psu1oM pacnipefieneHus, UHTerpatbHas yH-
KUMA pacnpeneneHHs UMeeT BUL

F(x) = Z P(X=x)).
X, <x

Ecnu Bo3amoxHble 3HadeHua CB X npuHagnexar KoHewHOMY oTpesky [a; b], To
F(x)=0npn x<a u F(x)=1 npn x2 b . BennunHa b—a Ha3bIBACTCA pazmaxom

CB X. Ecnu F(x) u F(x) — HenpepbiBHble dyHKUHH, To CB X HasbiBaeTcs nenpe-
pbigHoii,

OueBuaHo, 4yto Ansa nwboit CB P(X = Xg) = F(xo +0)- F(xo— 0). Ins He-
npephigHoil CB P(X = x3) = 0.

[pumep 2. [awH pan pacnpenenexus auckpetHoi CB X:

x; 2 4 6 8
pi 0,1 0,3 0,4 0,2

MocTpoutsb rpaduk HHTerpanbHoi ¢hyHKuUM pacnipenenenus s CB X.

» [lo onpeneneHuio $pyHkuun F(x) v akcuome 3 BepOATHOCTH CYyMMBbI HECO-
BMECTHBIX cOBbITHIA
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0 npu xs2,
0,1 mpu 2<x<4,
F(x) =:0,4 npn 4 <x<6,
0,8 npu 6<x<8,
1,0 mpn 8<x.
I'paduk dpynkumn F(x) u3obpaxeH Ha puc. 18.8. 4

F(x)A

1 b ———

0.8

0.4

0,1 v
0 2

[ I pp—

xY

Puc.18.8

IMpumep 3. 3anaHa unTerpanbHas GYHKUKA pacnpeneieHus HenpepbuBHOM
CB X:

0 npu x<1,

F) = {a(x-1)° npu 1sx<3,
1 npH x> 3.

Haiith koadduumeHt a, noctpoute rpapuk GyHKuUMH F(X) H BBYHCIUTH
P(1<x<2).

» M3 HenpepbiBHOocTH GyHKuUnH F(x) M cBoiictBa 4 ciaeayer, 4TO

lim (a(x- 1)3) =} ,otkyna a = 1/8 . Torna
x—=3

P(1<x<2) - F2)-F(1) = %(2—”3—%“—”3 = 1/8.

Ipaduk dyHkunn F(x) npuseneH Ha puc. 18.9, 4

F(x)A

1t




Thomuocmeto pacnpedenenus seposmuocmeit CB X 6 mouxe x wnu dugpdeperiyu-
anvholi ynxyueil pacnpedeaenus f(x) Ha3blBaeTCs Npenen

lim Px<X<x+Ax) = f(x). (18.13)
Ax—0 Ax

U3 cpoiictBa 3 MHTerpanbHOi GyHKuMM pacnpeneneHns F(x) u ¢Gopmyanl
(18.13) cnenyet, utO

fix) = lim FEFAO-FO) _ pyy
Ax =0 Ax

(npeanonaraetcs, 4To F'(X) CyuecTByer).

Jns nuckpetHo# CB uHTerpanbHast GyHKUMS pacnipelencHus F(x) — Kycou-
HO-TMOCTOSIHHasA, a NIOTHOCTD PacnpelenieHust BepoATHOCTEH

n
fxy = 3 pdlx-x),
i=1 )
roe & = 8(x) — gyuryus Jupaxa, kotopas no onpeaeneHuio pasHa 0 npu x =0 u
+oo mpu x = 0.
Mepeyncnum ceoiicmea naomuocmu pacnpedenenusn eeposmuocmeii;
1) f(x)=20 nns moboro xe R;
b
2) Pla<X<b) = Iftx)dx;
a

x

3 Ry = [

-0

o

4) j'f(x)dx =1.

—oD

IMpumep 4. CayuaiiHas BenMynmHa X pacnpeleneHa € IUIOTHOCTBIO
fix) =asin2x,0<x<n/2,nfilx) =0 npn x<0 u x>n/2. Haiith koapdu-
UHeHT a, dyHkuHio F(x), eeuncaute P(0< X<n/4) W noctpouth rpaduku
dyHkunii f(x) u F(x).

» M3 cBoiicTBa 4 NNOTHOCTH pacnpenencHUst BEPOATHOCTEH HMeeM

n 2

Iasin 2xdx =1,
0

a n 2
OTKYIa — = €OS 2x| =1, a = 1. W3 ceoiicTea 3 N10THOCTH pacnpeneieHus

2 (.
BEpPOATHOCTEH CelyeT, 4To
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x 0 npu x<0,
F(x) = j'f(r)d:= (1-cos 2x)72 npn 0<x<m/2,

—o 1 npu x2mn/2.
a 6
f(x)A Flx) &
1=z : 1
]
1
' 12
i
! - -
0 n/4 /2 x 0 X
Puc. 18.10

M3 cBoitcTBa 2 NNOTHOCTH pacnpene/ieHUA BEPOSTHOCTEH HAXORUM, YTO

n 4
P0<X<n/4) = I sin 2xdx = A cos 2x]:;/4 =

1
2 2

1]

Ipadmkmn Ppynkunit f(x) u F(x) npusenexnbl Ha puc. 18.10, @ u 6 cooTpeT-
CTBEHHO. 4

A3-18.5

1. IMocTpoutt psg pacrnpeaeneHus auckpetHoit CB X, o3Haya-
I0LLeH YMCNOo BhiManeHKUit repba npy NTH GpocaHUsIX MOHETHI.

2. B naptuu u3 10 geraneii 8§ crannaptHeix. Hayraa B3sto 2 ne-
tanu. CoctaBurh psaj pacnpeneneriust CB X, o3Havaloleit yucno
CTaHAApTHBLIX AeTanei cpell BLIOpaHHLIX.

3. Nuckpernas CB X pacnpeneneHa no 3akoHy

x 1 2 3 4
P 0,1 0,2 0,4 0,3

Haiitn ¢pyHkumio pacnpeneneins F(x) U NOCTpOMTS ee rpadHK.

4. M3BectHo, yto Ff(x) = ax2 npu x € [0; 2] u A(x) = 0 nipu
x < 0. Haitth koacddmnumeHT a, hyHkuuio f(x), BEpoOATHOCTD MO-
nagaHusi CB X na otpesok [1; 2]. IMoctponts rpaduku GyHKLMIH
F(x)uf(x).(Omeem: P(1<X<2)=10,75.)
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5. TnotHOCTL pacnpeneneHust BeposiTHocTel f(x) = ¢/(1 +x2)
npu x>0 u fix) = 0 npu x < 0. Haittu koapdrureHr ¢, GyHk-
umio F(x), sHayenne P(0 <X <1) u noctpouts rpacpuMku PyHK-
uMit f(x) u F(x). (Omeem:c = 2/n, P(0<X<1) = 0,5.)

CamocTosTenbHasn pabora

1. Psan pacnpeneneHus auckpetHoii CB X umeert Bua

X" 3 4 1 IO
Pi 0,2 0,1 0,4 0,3

Haitth ¢ynkumio F(x) ¥ noctpouts ee rpadMk, BbIMHUCIHTB
P(3<X<8).(Omeem: P3<X<8)=0,5.)
2. CnyyatiHasl BeM4MHa X MpUHUMAET 3HAYeHUA X =n, n = 1,

2, ..., € BeposITHOCTbIO P(X = n) = 27" . Haiirn dyHkumio F(x),
[OCTPOUTD €€ CXeEMATHYeCKMit FpauK 1 BeIYUCTHTL P(3 S X <6).
(Omeem: P(3 < X<6) = 0,2344 )

3. Cnyyaitnas pennumMHa X MMeeT IUVIOTHOCTb pacripefiefleHHs
BeposiTHocTeit f(x) = ¢ mnpu xe[l;5] n fix)=0 npu
x¢[1;5]. Haittu uymcno ¢, dyHkumio F(x) U BLIYHCIWTE
P(2<X<4).(Omeem: P2<X<4) = 0,5))

18.6. YHCJIOBBIE XAPAKTEPUCTHKHA
CJIYYAHHBIX BETHYUH

MycTb AnckpeTHas CB X npuHUMaeT 3HaYe€HUA X|, X3, ..., X, € BEPOATHOCTAMH
12 A2 n

P1s P2s -ver P COOTBETCTBEHHO. TOTna Mamemamuyeckum oxcudanuem WM cpednum

3naqenuem CB X HaspiBaeTCH YMCTIO

n
M(X) = m, = inp:"
i=1
B cnyuyae, Korna n —» +co, MPEANONAraeTCA, YTO MONYHYEHHBI YUCIOBOM PAl
a6COoMIOTHO CXOANTCA.

Ecan HenpepbiBHas CB X WMeeT nnoTHOCTb pacnpeneneHHs BEPOATHOCTE#
f{x), To
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‘o
MX)=m = Ixf(x)dx.

TlepeyncNHM OCHOBHbIE CE0LiCMEa MameMamu4ecko20 OMCUGaHUA,
1. MaTemMaTHYecKOe OXHAAHKHE YHCNA NOABNCHHI COOLITHA A B OHOM WCIbI-
TAHHH PABHO BEPOATHOCTH P HACTYNNEHHA 3TOTO COGBITHA.

2. M(C) = C, ecnu C — nocTosiHHOE (Hecny4yaiHOE) YKCHoO.

3. M(CX) = CM(X), T.e. NOCTOAHHBII MHOXHTEN b MOXHO BLIHOCHTD 33 3HAK
MaTeMATHYECKOIO OXKUIaHHUA.

4 M(X+Y) = M)+ M.
5. M(XY) = M(X)M(Y), ecnu cnyyaiiivie BeTMYHHBI X' U Y He3aBUCHMBI.

Ipumep 1. Jan psan pacnpeseneHus CB X:
Pi 0,1 0,2 0,4 0,2 0,1

BbIYHCNHTL MaTeMaTHYeCKOE oXuIdaHHe M (X).
» [o onpeneneHHIO HMeeM

m.=2-0,1+4-0,2+7-0,4+9-0,2+11-0,1 =6,7.4

Tlpumep 2. B kaxXoM W3 n He3aBUCHMBIX MCTIBITaHUii cOOBITHE A NoABNAETCA
¢ BeposaTHocThio p. Hality MaTeMatiyeckoe oxuaanne CB X — yucna nosieneHmit
cOOBITHA A B 7 HCNILITAHHAX.

» Myctb X; — 4MCNO NoABNEHNI COOBITHS A B KAXKAOM M3 n HE3ABHCHMBIX MC-

nblTaHui (i = m ). Toraa

h
X= Z X;. (18.14)
i=1
Cnyuaiinas BenuuHa X; npuHUMaeT 3HaueHus 1 u 0 ¢ BEPOATHOCTAMM COOTBET-
ctBeHHO pH g. Torza M(X;) = 1-p+0- ¢ = p.Tak KaK MCNBITAHKA HEIABUCHMBI,

To u3 paeHcTsa (18.14) Ha ocHOBAHMM CBOWCTBa 4 MATEMATHUECKOTO OXWIAHHA
nonyyaem

n n
M(X) = ZM(X‘.)= Zp =np.4
i- 1 i—1
Ina moboit CB X cnyuaiinas BenuyvHa Ap = X- m, Ha3blBaeTCA LeHmplUpo-

eanroii CB vy omkaoneHuem.
Jucnepcueii unu paccesnuem D (X) CB X Ha3biBaloT MaTe MaTHYECKOE OXHIAHHE

KBaJIpaTa OTKAOHEHWH, T.e. D(X) = M((X- mx)zj.
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Bennunna o, = JD(X) Ha3sbiBaeTcA cpedHUM KeadpamuuHsM OMKAONEHUEM

CBX.
Ins HenpepuiBHOR CB X

+w
o = M) = [ - mPRds,

ansi anckpetHoit CB X

n
2
o0 = M) = 3 (- m;.
i-1
MNepeurcnum ocHoshuie caolicmea ducnepcuu:

1) DOX) = MY =m?;
2) D(C) = 0, ecnn C - NocTosiHHAsA BeNIMYHHA;

3) D(CX) = CzD(X) ,ecin C — NOCTOSIHHAS BEIHYHHA;
4) nucnepeys cyMMBl KOHEYHOTO YHC/IA HE3ABHCHMBIX CNYYaiiHBIX BenMYMH
paBHa cyMMe HX AHCNepcHit, B YacTHocTH D(XtY) = D(X)+ D(Y).

ITpumep 3. Haiitn nucnepcuio yucna X nossieHUA coOBITHSA A B 7 HE3aBHCH-
MbIX UCMIbITAHHUAX, €CIIH BEPOATHOCTD NOABICHHA A B KAXIOM MCTNLITAHWH PaBHA p.

» Ecan X;, i =1, n, — 4MC/O NOABNEHHH COOBITHS A B KAXKIOM HCMBITAHMK,

n
TOX= Z X; , M, COMNAcHO CBOHCTRY 4 AMCNEPCHH, TIONYIHM
il

n
DXy = 3 DUX).
i-1
B npuMepe 2 ycTaHOBIEHO, YTO M(X;)) = p. lNoatomy M(Xz) =1-p+0-g=
= p.Torna no ceoitcTey | AMCHEPCHH HAXOIUM

D(X) = L-p—-p* = pg, D(X) = npg .4

Ipumep 4. Haiitu 3Hayenust M(X), D(X) u o(X) ana CB X, unrerpansHasi
(QYHKUMS pacnpeneneHus KoTopoit

0 npu x<0,
F(x) = %xz—%xl npn 0<x<2,
1 npu x>2.

» Haxoamm nAOTHOCTb pacnpeleneHUA BEPOATHOCTEI:
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0 npu x<0 n x>2,
fx) = gx—ixz npu 0 <xns2.
2 4
HNanee nocnegoBaTeNbHO B4 HCNAEM:
2 2 )
= = B(3x=3 e = (L3-8 =
M(X) = xﬂx)t?‘x— fr(zx 4x)dx (zx I6x)0 1,
0 0

2
=1,2.
0

2 2
M(Xz) = Ixzf(x)dx = Ixz(%x—%xz) dx = (%A’q—z—%xs)
0 0

CornacHo cBoiicTBy | ancnepcum, nonydaem D(X) = M()&z)— Ml{}()2 =0,2.

Mo onpenenennio o(X) = J/D(X)=0,447. 4

Ecaun MaTeMaTHuyecKoe oxulaHHe CB X aBaseTcsi XapakTepHCTHKO#M ee nofo-
JKEHHSA, CPEAHHM 3HAYEHHEM, OKOJIO KOTOPOro IPYNNHPYIOTCA 3HaYeHHA cayyah-
HOM BENMWYMHBI, TO AKCTIEPCHS M CPeIHEE KBAIPATHYHOE OTKJIOHEHHE ABIAIOTCH Xa-
pakTepHcTHKaMH paccesiiua CB okono Matematvueckoro oxuaaHus. [as Gonee
nonpo6Horo onucaxwua ceoiicTe CB X paccMOTpHM Takoke M HEKOTOpLIE IPYTHE ee
XapaKTEPHCTHKH.

Modoit My duckpemnoii CB X HasuiBaeTcs ee HauGollee BepOATHOE 3HAYEHHE.

Modoii Henpepuieroii CB X Ha3sbiBaeTcs Takoe ee 3HaueHue M), A1A KoToporo
fiMy) — max f(x).

Meduanoii CB X Ha3biBaeTcsi TaKoe €€ 3HaueHHe M, 1 koToporo P(X< M )=
= P(X>M).

B cnyuae cuvMeTpHyHoro pacnpeneieHus CB Mona v vMennaHa coBnaaloT ¢ ee
MaTEMaTHYECKHNM OXKHAAHHEM,
YucnoBeIMM XapakTepHCTHKaMK pacnpeleneHust CB X Takxke ABnsiiorcs wa-

HaAbHbIE Oy = M{/\k) W yenmpanvhvie p = M({Xo)k) - M{(X mx)k) MOMeH-
mu nopadka k, k=1, 2, 3, .... OueBuaHo, 4To | = M(X) 1 py = D(X). Yucno
Ay =y /ci Ha3bIBAETCA Kodghhuyuenmom acummempuu U XapaKTEPH3YeT aCHM-

MeTpuio pacrnipeneneHusi CB X, uncno Ex = Hy o:—.’; HA3bIBAETCH KCHECCOM K
XapaKTEPU3YET OCTPOBEPIUKHHOCTL rpadMKa NAOTHOCTH pacnpeleNeHUs BEPOAT-
Hocte#t f{x). Jlna HopmanbHoro 3akoHa pacnpeneieruns CB X (cm. § 18.7) umveem
E_ = 0. I'papuyeckue WINIOCTPALKH MOIBI, MEIHAHBI, ACHMMETPHH W 3KCLIECCA
naHbl Ha puc. 18.11--18.14 cooTeetcreenno. (Ha puc. 18.11, 18 12 nnowanu 3a-
WITPUXOBAHHBIX obnacTe it § = .S‘z = 0,5 kB.ea.)
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fix)A

fix)
fix) A

HopmanbHan
kpueas: E,=0

1
]
i
]
1
i
1
1
[}
1

xY

my

o

5-

Y
o

Puc.18.13 Puc.18.14

A3-18.6

1. B neHexHoit notepee Ha 200 BrIMyLLEHHBIX BUIETOB Mpeay-
cMmarpvpaeTcs | BeiMrpeill B pasmepe 200 y.e., | BbIMIpBILI —
50ye. u5—nolye. HaliTh cpenHioo BeTMYMHY BBIMIPHILLIA HA
ONMH KyruleHHbIH Ounet. (Omeem: 1,275 y.e.)
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2. lnotHocTs pacnpeneleHus pepoatHocteil CB X

0 npu x<0, x>4,

o) = {xfs npu 0<x<4.

Brryucnure M (X). (Omeem: 8/3.)

3. BeposTHOCTB MOMafaHMsl B LEb [TPH KaXIOM U3 BhICTPEJIOB
paBHa p. HaliTu MaTeMaTHyecKoe OXHaHHE, AMCIIEPCHIO U Cpel-
Hee KBaJpaTUYHOE OTKJIOHEHHE [Nl YMCITa BHICTPENOB [0 MUILIEHU

1o nepporo nomnafavus. (Omeem: m, = 1/p, D(X) = q/p2 2)

4. U3 ypHbl, cofepxatueif 3 6efbiX ¥ 5 yepHBIX L1apOB, U3BJE-
katotcs 3 wapa. [Tycte X — Yyucio BEIHYTHIX YepHbIX wiapoB. [To-
CTpOUTH psn pacrnpenenekus CB X U HaiiTu ee MaTeMaTHYeCKoe

oxunanue. (Omeem: m, = 1,9.)
5. Joka3saTh, YTO MaTeMaTHYecKoe oXHaaHue nwboit CB 3a-

KJIKYEHO MEXI1y HAUMEHBbLIUM H HauOOJbLIMM €€ BO3MOXHBLIMH
3HAaYCHHAMM.

6. laH psia pacnpenenenus CB X:

x; _s 2 3 4
P 0,4 0,3 0,1 0,2

BLIYMCIHTE MaTeMaTHYECKOE OXHWOaHWe m,, aucnepcuio D (X) u

cpeiHee KBaJpaTHYHOE OTKIOHEHHE O, . (Omeem: m, = -0,3,
D(X) = 15,21,0, = 3,9.)

7. OvckpetHas CB X npyH1MaeT nBa 3Ha4YeHUs X| U Xp, TPH-

X

YeM x| <X, . BeposatHoctb Toro, yto CB X rnpuMeT 3HayeHue X,

paBHa 0,2. Haiity 3akoH pacnpeneieHua CB X, snas maremaru-
yeckoe oxunaHue M(X) = 2,6 M cpeliHee KBaJpaTHYHOE OTKJIO-
HeHue o(X) = 0,8.

(Omeem: * : ; J)

P 02 08

8. [TnotHocTh pacripenenenus BeposTHocTeit CB X fix) =

=Asinx npu 0<x<n ¥ fix) = 0 npu x<0 u x>=n. Buluuc-
JIUTb 3HaYeHHe A, MATEMAaTHYECKOE OXHIAHWE M, U AMUCTIEPCHIO

D (X). (Omeem: A= 0,5, my=n/2, D (X) = n’/4-2.)
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CamocTtosTenbnas paGora

1. 1. Jau psin pacnpenenenusi CB X:

xi 0 1 2 3 4 5
i 0,2373 _ 0,3955  0,2637 00879 00146  0,0010

BbMHUCINTE MaTeMaTHYeCKOe OXHMAAHMWeE, THUCIIEPCHI0 M CpeliHee
KBagpaTHYHoe oTKloHeHUe CB X. (Omsem: m,= 1,25, D(X)=

=0,938, o, =0,968.)
2. JaHa IUIOTHOCTB pacrpeleneHust BepositHocteit CB X
fix) = %COSJC npu |x] <n/2 u f(x) = 0 npu [x] > /2. Briuuc-

JIUTh MaTeMaTHYECKOe oXulaHue u aucnepcHio CB X. (Omeem:
m, =0, D(X) = (n’-8)/4.)
2. 1. OaH psan pacnipegenenus CB X:

Xj 2 4 8
Pi 0,1 0,5 0,4

BbIYMCANTE MaTeMaTHYECKOE OXHMAAaHHe, OMCTIEPCHIO W CPENHEe
KBagpaTHiHoe oTkioHeHue CB X. (Omeem: m,= 5,4, D(X)=

=22,0,=15.)
2. JaHa rUIOTHOCTBH pacnpeleneHus BepositHoctedt CB X:

S(xX) =2x npn 0<x<1 u fix) =0 npy x<0 ¥ x> 1. Buluuc-

JINTh MaTeMaTH4YecKoe oXHaaHue U aucriepcuio CB X. (Omeem:
m,=2/3, D(X)=1/18.)

3. 1. Jan pan pacnpeaeneHus CB X:

X; 3 5 7 9
Pi 0,2 0,1 0.4 0,3

BHIYKMCIHTE MaTeMaTHYECKOE OXHIAHHE, NHUCIIEPCHIO U CpelHee
KBafpaTHyHoe oTKIoHeHue CB X,  (Omeem: m,= 6,6,

D(X)=4,64.)

2. JlaHa MnoTHOCThL pacrpeneneHus BeposTHocteit CB A:
fix) =0npux<1 ufix)= 3/):4 npH x = | . BBIYUCIHTE MaTe-
MaTHYeckoe oxupaHue W amcnepcuio CB X. (Omeem: m,= 1,5,
D(X)=0,75.)
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18.7. OCHOBHBIE 3AKOHbBI PACITIPEJIEJIEHNA
CJIVYAMHBIX BETUYUH

Furnomuanshetil 3axon pacnpedesenun. [1ycTb B KaXJ0M M3 1 HEIABHCHMBIX HMC-
NbITaHKi cobbiTHe A ToABAseTca ¢ BeposiTHocTbio p. Torna CB X, o3Havalowas
YKCNO NORBNEHHI COOLITHR A B n HE3ABUCUMBIX MCILITAHHAX, MOXET NPHHHMATL
3HayeHus 0, 1, 2, ..., n ¢ BEPOATHOCTAMH

P(X=m)=Cyp"g" ", (18.15)
Takoe pacnpenenciue CB X vaswiBaeTcs 6unomuasbrbiM. B 3ToM cnyyae m, = np, a

D(X)=npg.

Ipumep 1. YCTpoHCTBO COCTOMT M3 Tpex HE3aBHCHMMO paboTaloLMX 3/MEMEH-
ToB. BeposTHOCTE 0TKa3a Kaxuioro anemeHta pasHa 0, 1. 3anMcaTh 3aKOH pacnpelle-
NEHHs] YUCNA OTKA3ABIUMX JEMEHTOB YCTPOHCTBA, HAlTH MaTeMATHYECKOE OXMAA-
HHUE U AHCNEPCHIO.

» Nuckpetnad CB X MOXeT NpHHHMATH 3HAYEHMS X 0, Xy = 1, x3 = 2,

X, = 3 (Bce aneMeHTBl paGoTalOT, OAMH 3/IEMEHT OTKA3aN, 0Ba eMEHTa OTKa3a-

JIH, OTKAa3aJIH Bce TpH 3aneMenTa). Tak kak n =3, p — 0,1, ¢ = 0,9, 1o no dopmyne
BepHYNNN HaxoouM:

Py(0) = ¢ = 0,729, Py(1) = Cipg” = 3-0,1-0,9” = 0,343,

Py2) = Cop’q =3-0,17.0,9 = 0,027, P,(3) — (0,1)° = 0,001.
Hcxkomblit GHHOMHaNbHBIM 3aKOH pacnipenencHus CB X nveer Bun:

X 0 1 2 3
P 0,729 0,343 0,027 0,001

Martematiyeckoe oOxumatue m, =np =3-0,1 = 0,3, a aucnepcus

D(x) = npg=3-0,1-0,9=10,27.4
Pacnpedeaenue Ilyaccona. Ecnn 41cno ucneiTankii BeIMKO, 4 BEPOATHOCTD p
NosBAEHHUA CODLITHA A Mana, TO HCMOABL3YIT NPHOAHXEHHYIO hopMyny
A
A"e
P"(m) ES

m!

(18.16)

Tie M — YUCII0 NOABNEHHIT COOLITHS A B 1 HE3ABUCHMbIX HCNHITAHUAX, A = np.Ta-
KOeE pacripefeficHue cnyqaiiHoll BeTMYHHBbI Ha3blBaeTcA pacnpedenenuem Ilyaccona.

Nna pacnpenenenus Iyaccona M(X) = D(X) = L. 3akony pacnpeneieHmns
Myaccona o6bIYHO NORYMHEHA CAyyaiiHas BeMYHMHA, 3aaalolas npocTefwnii no-
TOK cOBBITHI (YHCNO BbI3OBOB CKOPOH MOMOLUM, YHCAO Bbi3oBOB Ha ATC, yucno
3aKa30B HA NPeANPHATHH GbITOBLIX YCIYT W T.4.).

Ecnu HHTEHCHBHOCTL NOTOKA A BbIPAXAET YHCO MOABIEHUI COOBITHA 3a €NH-
HHULY BpEMEHH, TO BEPOATHOCTb HACTYMNIEHHA Kk cOOBITHIA 3a BpeMs f onpenenseTcs
opmynoii Iyaccona
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k
Pyky = B2

Jns ynpolleHua BelyucieHuit no gpopmyne (18.16) u dopmyne Myaccona ume-
eTcA cneuvanbHas Tabnuua (cM. mpua. 5).

ITpumep 2. CtaHok M3roTasnHeaeT 3a cmeHy 100 000 meraneil. BepoATHOCTB
u3rotoBNneHus GpakoBarHoM netanu p = 0,0001. Haktu Beposrmocn TOro, 4To 3a
cMmeHy Oynet n3rotorneHo 5 GpakoBaHHbIX NeTane.

» o yenosuio # = 100 000, p =0,0001, m = 5. Tak Kak nosipneHHs GpakoBaH-
HBIX €TaNeit HE3aBHCHMBbI, 1 BENIMKO, 2 BEPOATHOCTD p Malla, cieayeT BOCNONb30BATLCA
pacnipenenenueM INyaccona (18.16), B Kotopom A = np = 100 000-0,0001 =
Hckomasi BeposTHOCTD

I‘]Se—IO

Proo 000(3) = —3;

E 105 -0,000045/120 = 0,0378 . 4

Pasnomepnoe pacnpederenue. Ecnu CB X npuHiMaeT Bee 3HaucHuA x € [a; b]

€ MOCTOSAHHOM MAOTHOCTBIO pacrpeneneHMs sepoATHocTe C = 1/(b—-a), To ro-
BOpAT, 4To CB X pacnpedenena pasnomepro ra ompesxe [a; b]. MNnoTHocTs paBHO-
MepHoO pacnpeleneHHoi CB X

I/(b a) npu a<xs<b,
fix) =
npu x<a, x>b.

I1as paBHOMEPHOTO pacnpeaeieH st
m.=(a+b6)/2, D(X) = (b-a) /12.

IToxasameavnoe pacnpedesenue. IycTb IUIOTHOCTH pacTipeieNneHHA BEPOATHOC-
Teit CB X 3anana dpyHkunei

0 npu x<0,
fix) = —Ax
Ae npu x20, A>0.

Torpa CB X pacnpenencHa mo MokKasaTeNbHOMY (3KCMOHEHLMANIEHOMY) 3aKOHY.
Jlaa nokasaTenbHOro 3aKoHa pacnpeaeneHms

MX) = 17, D) =12, o(X) = 173,

0 npu x<0,
F(x) = {

- npu x=0,

Pla<X<P) = FAP)- Fla) = e **—¢ P,

B npun. 6 naHa TaGnuua Ans BYHCIEHUS GYHKUMEH Fune”

Dynxcyua nadexcnocmu. Ecnu T — Bpema 6e30TKa3Ho# paboThl MeXaHu3Ma, TO
F(ry = P(T <) BblpaxaeT BepOATHOCTb BHIXONA H3 CTPOR MEXaHM3Ma 3a Bpewvia I,
Torna R(r) = P(T>1) = | - F(r) — BepoaTHoCTb G€30TKa3HOM paboOTHl MEXaAHH3-
ma 3a BpeMs 1. DyHkuus R (1) HazbiBaeTCH Qynkyuell hadewrocmu.
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Tak XaK NpH NOKA3aTeNbHOM 3aKOHE pacTipeneneHWA BeposTHoctell F(f) =

—\t At
=1l-e » ,To R(f) = e "+, roe A — MHTCHCHMBHOCTb OTKA30B (Y4HCJIO OTKA30B B
€NMHHULY BpEMEHH).

Ilpumep 3. Bpevsa 6e30TKa3HOM paboThl MEXaHM3Ma NMOAYMHEHO NOKA3aTeNb-

0,02
HOMY 3aKOHY C TUIOTHOCTBHIO pacnpenefieHHa BeposTHocTed f(f) = 0,02e b

npu +20 (-~ Bpems B 4acax). HaliTH BepoATHOCTB TOrO, YTO MeXaHU3\ npopabo-
TaeT GeaoTkasHo 100 4.

» o ycnosuio A = 0,02 . UckoMas BepOATHOCTb
p = R(100) = ¢ 002190 _ 20 1353 . ¢

Hopmanshsiii 3axon pacnpedesenus. Ecnu NIOTHOCTL pacnpeneneHus BEpoAT-
Hoctelt CB X
1 e—(x-m)’ (26%)

o Sk

[+ n

’ (18.17)

To Takoe pacnpenencHue CB X HaswiBaeTcs mopmarsnbim. Bxosawme B popmyny
(18.17) BeNYHHBE M H © ABIAKTCA COOTBETCTBE HHO MATEMATHYECKHM OXHAAHH-

€M M CPelHHM KBaIpPATH4YHBbIM OTKIOHEHHEM pacnpeneneHHol HopMansHo CB X,
Jlnsg HopManbHOIO pacnpeneneHua

= ofB=") _ pfe="
Plasx<p) = o = ) -of = ), (18.18)
X
1 ¢-r”2
rae ®(x) = Fje dt — dyHxumsa Jlannaca, 3HayeHHs KOTOpo# onpenens-
n
0

10TCH M3 NpU. 4.
Jlns wopMmansHOro pacnpeeneHUs Takxe BepHa dopmyna
P(IX-m|<8) = 20(8/0). (18.19)
Ecnu, B yacTHocTh, & = 30, To P(|X-m| <30) = 20(3) = 0,9973 =1, Te.
HopManbHo pacnpenencHHas CB X oTKIOHAETCA OT CBOEro MATEMaTHYECKOTO OXKH-
NAHWA m, KAK NpaBUIO, MEeHee YeM Ha 30 (mpasuno mpex cuzm).

Ipumep 4. MpounsBoanTcs M3IMEPEHUE nnaMeTpa Bata Ge3 CHCTCMATHYECKHX
ownGoK. CnyuaitHbie OWHOKK H3viepeHHA X MOAYMHCHBI HOPMANBHOMY 3aKOHY CO

CpelHMM KBallpaTMUHbIM OTKJIOHeHWeM ¢ = |0 MM. HailTH BeposTHOCTL TOTO,

4YTO H3aMepeHUe GyneT NPoU3IBCAeHO ¢ OLIHOKOI, He NpeBblwalowedi no abconoT-
HO# BeNTHYUHE 15 M.

» MaTeMaTHUECKOE O3KMIAHHE CTYYaHHbIX OLIMGOK m, = 0,10 )roMy u3 pop-
smynbl (18.19) npu o = 10, & = 15 nonyyaem
P(IX1 <15) = 20(15/10) = 20(1,5).
H3 npun. 4 naxoaum @(1,5) = 0,4332, Torna uckovas BEpOSTHOCTD
P(IX <15) = 2-0,4332 = 0,8664 . 4

3axon pacnpedesenun Beiifyasa. Cnyyaiinas BeTMuMHa X Ha3bIBacTCs pacnpede-
Aenhoil no aKony Beltbyana, ecnu ee uHTerpaibHas GyHKUuus pacnpeaeicHus F(x)
HMEET BHAO

158



. 0 npu x<ec,
F(x) = _(E;s)* ; (18.20)

a
—-e npn x>¢,

rae a>0, b>0, ¢~ nelicTBUTENbHBIE YHCNA M HA3LIBAKOTCH COOTBETCTBEHHO Ma-
paMeTpomM maciutaba, napaMeTpoM GHopMBl, NApaMeTPOM CABHIA.

Jucppepenyuansran hyxyua pacnpedenenus, Ul RAOMHOCMb pacnpedenenus
Beiibynna, HaxonuTcs Mo ONpencieHHI0

0 npH x<c,
_ _ x -\t
f=F@ =4, 4 {59 as21)
_(x___—c) e npM x2c.
a a

I'pathukn HHTerpanbHoR GyHKUMH F(x) npu ¢ = O U pasHbiX 3HaYEHUAX Mapa-
MeTpa dopmbl b(0<b<1, b =1, b>1)ulobpaxeHs Ha puc. 18.15. I'padpukn
mwiotHocTM f(x) npu a = 1, ¢ = 0 M 3Ha4YeHUsAX mapamerpa Gopmul b = 0,5,
b=1, b=2, b= 3 npueencHsl Ha pHc. 18.16.

f(x)
1,2 -3
F(k 1,0
1,0 -
b<t b=2
051
b=1
b>1
b=1
o1} // b=05
0 > 0lo3 0,5 1.0 1.2 x
Puc. 18.15 Puc.18.16

3ameyanue. BuacTHOM cyyae, koraa napamMeTp ¢popmel b = 1, pacnpene-
nenue Befibynna npeppauiaeTca B NOKa3aTenbHOE (3KCNOHEHUNANBHOE) pacrpene-
JIeHHe, a NapaMeTp MaILTaba @ CTAHOBHUTCA PABHEIM MATEMATHYECKOMY OXMAAHHIO

W cpefHeMY KBaapaTHUYHOMY oTkIoHeHno (M(X) = a; D(X) = az; o(X) = a).

B obwem cayyae (b= 1 ) M(X) u D(X) nns pacnpenenenus BefiGynna peivnc-
nserca no popmynam:

+om
MX) =a _[x' b g, (18.22)
0
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+w +w
D(X) = 02[ sz”’e"‘dx-[ Ix""e"‘dx] . (18.23)
0 0

C uenvlo YMpOLUEHHs BblMMCHeHHE BBOAMTCA 2amma-ghynkyus [ (x) =
+o

= Itx_ Ie—'dt (cM. mpua. 7), ¢ noMolusio Kotopoit ¢opmynbt (18.22) u (18.23)

0
MOXO0 MepenuHcaTs B CJIEAYIOLLUEM BHIE:
M(X) = aI(1+1/b) +c, (18.24)
D(X) = a>(I(1 +278) - (F(1 + 17b))%) . (18.25)

H3 pacnpenenenus (18.20) nerko nonyyaeM ¢popMyny
59 &Y
a a
Pla<X<P)= FB)-Fla) = e - . (18.26)

Pacnipenenerne Beiibyana ucrionbayeTcst NpH aHaAn3e NpelesioB YNIPYrocTH
W BLIHOCIMBOCTH CTallH, NMPH OleHKe BpeMeHH Ge3oTkasHoii paGoTel npubopos
(HameXXHOCTH 3MeKTPHYECKUX YCTPOMCTB, arperaToB MallMH, OTOENbHLIX Y3/I0B
TPaKTOPOB H T.11.). OHO 3aBUCHT OT TPEX NapaMeTPOB M ABAAETCA GOJlee CHOXHBIM,
Ho M BoJiee YHHBEPCATBLHBIM MO CPaBHEHHWIO C pACCMOTPEHHBIMH BbllLIE pacrpene-
NEHHAMH.

Ipumep 5. Cpok ciyx6bl MONIIMNHWKA ABASETCA ClydaiiHO BelHYMHOMN X,
NOAYHHEHHOM 3aKOHY pacripeneneHus Beitbynna ¢ napameTpom Macwraba @ = 10
neT, napameTpoM opmbl b = 2 u napaMerpoMm caBura ¢ = 0. BelNMCAUTB cpen-
HU# CpOK cyX0bl, CHENHEKBaIPATHYHOE OTKJIOHEHHNE OT HETO M BEPOATHOCTD TO-
O, 4TO NOALIHMHHK MPOCAYXHT HE MeHee 9 NleT.

» Moab3ysacs popmynamu (18.24)—(18.26) ¥ npua. 6, 7, nocneaoBaTeIbHO Ha-
XOIHM:

X=MX= |or(| +17J =10-0,8862 = 8,862, T.e. X = 8,862 rona,

DX - |oo(r(| + |)-(f(1+5lj)2) = 100(1,0000 - (0,8862)°) =
= 100(1-0,7854) = 100-0,2146 = 21,46,
o(X) = JD(X) = f21,46 = 4,63 roxa,

0.9° o _ 0.8l
—e®=¢

PO<X<+w) =¢ = 0,4449 . 4

A3-18.7

1. lNpousBoauTCs 4YeThipe He3aBHUCHUMBIX OMbITA, B KaXIO0M M3
KOTOpPbIX COOBITHE A nosiBnsieTcs ¢ BeposiTHOCTHIO p = 0,4. Cny4aii-
Hasi BeIMYMHA X — YMCNo NOSBAEHHUI COOLITHS A B YETBIPEX UCTIBI-
TaHusX. [MocTpoutk psn M yHkuMIo pacnpeaeneHus CB X, Bui-
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YHCIUThL €€ MATEMATHYECKOE OXMIAHHWE, JHUCMEepPCHIO U CpellHeE
KBaZpaTHYHOE OTKJOHeHHe. (Omeem: my,= 1,6, D(X)=0,96,
o, =0,98)

2. YcrpoiicTBo cocTouT U3 1000 aneMeHTOB, paboTaromMX He-
3aBUCHMO ApYT OT Apyra. BeposiTHocTh 0TKa3a n1060ro aneMeHTa B
TeueHue BpeMeHH T paBHa 0,002. HaiiTu BeposSTHOCTB TOrO, YTO 32
BpeMsi T OTKaXyT pOBHO TpH aneMeHTa. (Omeem: 0,18.)

3. 3apon otnpaBun Ha 6a3y 500 mamenuii. BeposiTHocTh no-
BpexaeHus M3genus B nytH p= 0,002. HaiiTi BeposTHOCTL TOTO,
UTO B NYTU OyIeT MOBPEXEeHO: a) pOBHO TPH U3AeHs; ©) MeHee
Tpex U3nesunii; B) 6osiee Tpex M3AENH; I) XOTH Obl OMHO M3aEIHe.
(Omeem:a) 0,0613; 6) 0,9187; B) 0,019; r) 0,632.)

4. CpegHee YMCJIO 3aKa30B TAKCH, MOCTYMAIOUIMX HAa AHUCET-
YEPCKHit MyHKT B OOHY MUHYTY, paBHO TpeM. HaliT BeposiTHOCTB
TOTO, YTO 32 2 MWH TMOCTYMUT: a) YeThipe BbI30Ba; 6) MEHee YeThl-
pex BLI3OBOB; B) HE MeHee YeThlpex Bbl3oBOB. (Omeem: a) 0,1335;
6) 0,1525; B) 0,8475.)

5. CnyuwaiiHas BelMuyMHa X pacnpejeneHa Ha oTpeske [2; 8] ¢
MOCTOSIHHOM TINOTHOCTBIO. BEIUMCIUTE MaTeMaTHUECKOE 0XHa-

Hue U arcnepcuio CB X, a Takke P(3<X<35). (Omeem: m, =5,

D(X)=3, P3<X<5)=0,333)

6. Ecnu cobnionaetcsa rpacdmk ABHXKEHHS, TO cpeiHee BpeMs
OXHMIaHMsl maccaXXMpoM aBrobGyca pasHo 3,5 MuH. M3BecTHO, YTO
BpeMsl OXHWIAHWS HMMeeT PaBHOMEPHBII 3aKOH pachnpeneeHus.
MmuHuMansHOe BpeMs oXHaaHus paBHo 0 MMH. HaiiTH BepoaT-
HOCTb TOrO, YTO MaccaxXMp OyaeT oXKMaaTh aBTodyc oT 2 40 5 MHH.
(Omeem: 3/1.)

7. ABToMaT M3roTaBaMBaeT wapuku. lllapuk cuMTaetcs rou-
HBIM, €CJIM OTKJIOHEHMe X JuaMeTpa LapyMKa OT HOMHMHala Mo ab-
CONMIOTHOI BenuuWHe MeHblle 0,7 MM. CuMTas, 4YTo cnyyaiiHas
ownbKa pacnpeaesieHa HOPMaJTbHO CO CPENHUM KBaJpaTHYHBIM
OTKJIOHEHHEM & — 0,4 MM, HailTH cpejHee KOJHYECTBO TOAHBIX
LIAPMKOB CPeJIM €Ta U3roTOBAEHHBIX. (Omeem: 92.)

8. CnyuaitHas BenuunHa X pacnpefaeneHa HOPMaibHO ¢ MarTe-
MaTHUYECKHM OXHilaHHEM m, = 25. BeposiTHocTh Monaganma CB X
Ha otpe3ok [10; 15] paena 0,2. YeMy paBHa BepOSTHOCTB TOMNaja-
Hus CB X Ha oTpesok [35; 40]? (Omeem: 0,2.)

9. HaiiTu BeposiTHOCTb OTKJ1OHeHMs HopMaibHo#M CB X oT ma-

TEMAaTHYECKOTO OXHWAaHus m, Ha BeJIM4MHY 30,. (Omeem:
0,9973.)
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10. BpeMs peMoHTa M 00C/Ty>XHMBaHMS aBTOMOOMNSA moclie oa-
HOM NOE3KH cydaliHO W UMEET NMoKa3aTelIbHBII 3aKOH pacripene-
JIeHHsi ¢ MaTeMaTH4YeCKMM OXMiaaHWeM 5 MuH. Hailtum BeposiT-
HOCTb TOrO, YTO [IPU oUepeAHON Moe3/IKe 3TO BpeMsl He NPeBLICUT
10 MuH. (Omeem: 0,8647.)

CamocroaTeasHas pabora

1. CayyaiiHas BenvuMHa X pacrpelneneHa HOPMalkLHO ¢ MaTe-
MaTHYeCKUM oXuaaHueM 30 1 cpeHUM KBaapaTH4HLIM OTKJIOHe-
HHeM 10. Haiitn BeposTHocTs nonagaHusa CB X Ha oTpesok [10;
50]. (Omeem: 0,9544.)

2. MarteMaTHyecKoe OXWIaHWe M CpelHee KBaIpaTHUHOE
OTKJIOHEHWe HopMmaibHo pacnpeaeneHHoit CB X  paBHH
cooTBeTcTBeHHO 20 1 5. HaiiTH BEpOSATHOCTL TOTO, YTO B pe3yNbTa-
Te ucnuitanus CB X npumeT 3HadeHune M3 oTpeska [15; 25]. (Om-
gem: 0,6826.)

3. CpeaHee 4MC/IO BLI30OBOB, MOCTYMAKOMIMX HA CTAHLIMIO CKO-
poit nomouiu 3a | MMH, paeHo 2. HaiiTh BeposiTHOCTB TOTO, YTO 3a
2 MHH NocTynuT 3 BuizoBa. (Omeem: 0,195.)

18.8. CHCTEMBI CJIVYANHBIX BETUYUH
N UX YHCJTOBBIE XAPAKTEPHCTUKH

CoBMecTHOE paccMOTpeHMe HecKonbKHX CB NpUBOOMT K cucmene eayyaitnonx
eeausun. YcenosHo cucteMy CB X| Y, ..., W3anuceiBawT B BUae Touku (X, Y, ..., W)
NpOCTpaHCTBa COOTBETCTBYIOLUEH pasMepHocTH. Tak, cuctema asyx CB X'm Yuso-
Opaxaetcs Toukoit (X, ¥) nnockoctn Oxy, a cucteMa X, ¥, Z— Toukoit npoctpau-
crea R>. 3nauenus, NPHHUMAEMble KaXI0R W3 BENHMUNH cucTeMbl (X, Y), Oynem
0003HAYATL Yepe3 X U y.

PacnpeneneHue cuctevbl AByX IMCKpeTHbIX CB (X, ¥) MoxeT GbITh 3a0aHO Clle-
nywolueH Tabauuei:

X
1% X X2 Xn
» Pui Py Pnl
Y2 P12 P2 Pn2
Ym Pim Pam - Pnm
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n.m m
me P(X=x, Y=y)=pz i=1,n; j— 1,m; z p;=1; ZP,-J-‘
ijol j=1
n
= P(X=1x); Z‘pij= P(Y=yj).
i=1
DyHkuma F(x, y) = P(X<x, Y<y) anamobsix x, y € R HazbiBaeTcsa unmez-
panbroti gynkyueii pacnpedenenun cucrmemsr CB (X, Y). TcoMeTpnyecku oHa 3a1aeT

BEPOATHOCTL MoNafaHuA cnydalitoit Toukn (X, ¥) B 6eckoHedHblii npamMoii yron ¢
BeplUMHOI B Touke M (x, y) (puc. 18.17).

Yi
M(x.y)

.

Puc. 18.17

IMepeuncnum ocroshvie ceoiicmea dynxyuu F(x, y):
1) 0< Ax,y)<1 mnsanwobeixx, ye R;
2) F(x), )S Flxy,y) npu x; <xy, F(x,y}<F(x,y;) npH y; <y,, Te.

F(x, y) — HeyObiBaowas GyHKLUHA MO KaXIOMY H3 apryMeHTOB;
3) lim Flx,y)=1;
x=»tow
y—>to
4) lim Fx,y)= lim Fx,y)= lim Fx,y)=20;
X~ —o0 y—o - xX=r o
y=> o
5) F(x, to) = Fx(x) n F(+w,y) = Fy(y) , T.€. €C/IM OIHA U3 NEPEMEHHBIX

CTPEMUTCA K GECKOHEYHOCTH, TO NOJy4yaeM HHTerpaibHylo hyHKUMIO pacnpenene-
HHA ApYrofi cny4aiiHOM BEAMYMHBI;
6) Pla<X<b, c<¥Y<d)= F(b,d)- Fla, d)- F(b, c}+ F(a, c).
flnomuocmeto pacnpedenenun eeposmrocmeii cicmemst deyx CB (X, ¥) wan co-
BMECMHOLl NAOMHOCMBIO pachpedeneHun gepoimHocmeli Ha3blBaOT Mpeaen
Px<X<x+Ax, y<¥<ytAy)
Ax\y ’

fix,y) = lim
Ax—=0
Ay—0
STOT npenes CyLIECTBYET, €C/IH CYLUECTBYET CMELLAHHASA NPOU3BOLHAA F‘fry . Tor-

Ha BepHO paBeHcTBo flx, y) = F .
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TpuBeaeM ocroshbie ceolicmeéa niomiocmu pacnpedenrenusn aepoamuocmeil cuc-
membi 08YX CAYHAUHBIX GeAUHUN:

1) fix, y)=0 nnsa mobbix x, y € R;

2) P((X, e D) = [ [fx, yaxdy;
D

xy
HFxy = [ [Au vydudv;
+o+w

4) I Iﬂx. Yydxedy = 15

x +o +m oy
5) Fy(x) = Idu fﬂu, Vv, FAy) = J‘du jﬂu, v)dv;

—on —aD —o0 o0
6) cnpaBefyBEl paBEHCTRA:

+om +w

I = [fxndy, 1y = [fix, pras.

Dyhkunm Fylx), Fi(y) Ha3sbiBAIOTCA MapeunaabHotmu GyHKUUIMU pacnpede-
nenus,a fr{x), fAY) — mapaunarbheu nomHocmaMu pacnpedenenua 6epoanHoc-
meii CB X u Y coOTBETCTBEHHO.

Ipumep 1. Pacnpenenexne cucremsl CB (X, Y) sanano caenywolueit Tabnuueit:

Y X X|=l X2=3 X3=4 X4=8
n=3 0,15 0,06 0,25 0,04
»n=6 0,30 - 0,10 0,03 0,07

HaiiTh 3akoHbl pacripeaeneHUS COCTABIAIOILMNX CHCTEMbBI.
» Cnoxup BepoSTHOCTH 3HaveHuil CB X no ctonbuaw, noayunm:

X; 1 3 4 8
P 0,45 0.16 0.28 0,11

AHA10THYHO, CA0XHB BEPOATHOCTH BO3MOXHBIX 3HauYcHUil CB Y no ¢ctpokam,
HalizxeM:

/) 3 6
b 0,5 0,5

164



Tpumep 2. Cuctema CB (X, ¥) MMeeT MIOTHOCT pacnpeneneHHs BeposiTHoCTel

flx, 9) =

a
n’ (16 +x7)(9+ ")
Haitty: a) koagpuumeHT a; 6) dyHkumo pacnpeneneHms F(x, y); B) BEpOATHOCTL
nonagauus ciydaitHoit Toukn (X, Y) B npamoyroneHuk 1 = {|x] <4, |y <3};
r) MaprMHanbHble GYHKUMH pacnpenefieHus Fx(x), F Y(¥): L) MapruHalbHbie
MJIOTHOCTH pacnpeaeNeHHA BeposTHocTeH f {x) s f Y.

» a) lna HaxoxaeHWs Ko3dpGdHUHEHTA g HCMOAb3yeM CBOMCTBO 4 MIOTHOCTH
pacnpeneieHHA BepoATHOCTE cucTemsbl AByX CB, 3 koToporo caenyer, 4To

‘ot
11
[ B wmwe e e i B N
. n(x +16)(y +9) m ®
+oo
x arctg = iinz =1,
12_2
—o3 1

oTKyna a = 12.

6) Ha ocHOBaHWH cBoficTBa 3 NIOTHOCTH pacnpeneneHUs BepoATHOCTelH CHe-
TeMbi CB nmeem:
dudv

(|6+" )(9""’ )

g

by

=

]
NI;
— X
—

_ 121 u 1 v -
2‘lart::tgd 3arct33rw

= Grarctgg + Q(iarctg';-’ + 3 .

B) U3 cpoiicTBa 2 NnnOTHOCTH pacnpeneneHus BeposTHoctelt cuctevsl CB no-
nyyaeM

P((X, hen) = ”ﬂx y)dxdy =

n
3
——%I I =L’amlg'§ -arctg% =
'4|6+x 9+y n” 4 3
= lrn_
T 222 0.25

1) Mo onpenenexuio
X to x +tow

Fy(a) = j Iﬂu.y)dudy j Im

o) -
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+w

= 121

X 1 2
24arctg4| - jarctg

3 3
L]

1 x 1
= - S+,
arctg 3

AHANOTHYHO MOoayYaeM
1 y. 1
F. = = + =
) narctg3 2

1) OyHKUMA
+w +on
ey =12 22— -
(l6+x )9 +)7)

F(x)

_ I2 1 .Z 4
- zam'g S
16 +x n(l6+x")
AHAIOMM4YHO HaXxooMM
3
fy) = —— .4
n(9+y")

MapruHanbhble NIOTHOCTH pacrpenenelns BePOATHOCTER fy W f) MOXHO
nony4uTh A ¢epeHUNPOBAHNEM (DYHKLNE FX(x) “ Fy(y),'r.e. C
fylx) = dFy(x)/dx, fi{y) = dFy)/dy.

Pacnpenenenve onHoii cny4aiiHoii BeIHYHHBI CHCTEMBI, Halile HHOE NpH yCio-
BMM, YTO ApYras ciyyaiiHaa BETMYHMHA 3Tolt cHCTeMbl IPHUHANA ONpefeSieHHOE 3Ha-
YEHWE, HA3bIBAETCH YCA08HbIM 3AKOHOM pacnpedeaenus smoii CB.

Ecau uepes f{x/y) 0603HAUMTE MIOTHOCTL pacripefefeHnss BEpOATHOCTE R
CB X, HaiineHHyio npH ycaoBuH, yTo CB ¥ = y,avepe3 f(y/x) — N1OTHOCTD pac-

npenencHua BepositHocTeli CB Y, HalineHwyto npu ycnosum, yto CB X = x, 1o
crnpaBe/IMBb! CENYIOLLHE PABEHCTBA:

flx, y) = [ADAp/x) = [ANfixry). (18.27)
PaseHcTBO (18.20) aHanoruyHo TeopeMe YMHOXEHHs YCIOBHBIX BEPOATHOCTE i

cObOLITHI. YcnoBHbIE IUIOTHOCTH pacnpeneacHUn BepoaTHoeTel flx/y) u fly/x)
. MOXXHO BBIYMCINTB o hopMynam:

+w +e
fix?y) = fix, y)/ Iﬂx. »dx, fly/x) = fix, y)/ Iﬂx. y)dy. (18.28)

Ias YCIOBHHIX MJIOTHOCTEH pacnpelleieHHA BEPOATHOCTER CnpaBeTMBbI pa-
BE€HCTBA:

+w +o
[rxeyyax =1, [fyrndy =1.
- ®
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Ecnu f(x/y) = f{x) nau fy/x) = fAy), 7o CB X'n ¥ HasbiBaloTcs Hezaeu-
cumbimu, [ind HezaucnmocTn CB X'y ¥ HeoOX0aMMO K JOCTATOYHO, 4TOOB! BLINON-
HAIOCH paBeHCTBO fix/y) = fx(x)fy(y).

Mamemamuveckum oxmudanuem cucmemsr CB (X, Y) HasbiBaeTcss Touka
(M (X), M(Y))=(my, m,), rae m,, m,— MaTeMaTH4eCKHe oxunaHus CB Xn Yco-

oTBeTCTBEHHO. Mamemamuyeckue oxcudanus cucmems nenpepvienbix CB (X, Y)
onpenenaoTcs GopMynaMn:

+ootw +owtw
m, = j jxﬂx, Vdxdy, m, = J' _[ yfix, y)dxdy.  (18.29)
—00 —0 —0) —ad

Jna auckpetHix CB X M Y ¢ COBMEeCTHBIM 3aKOHOM pacnpeaefieHHs
Py = P(X=x, Y= yj) MaTeMaTHYECKHE OXHMIAHHA COOTBETCTBEHHO

n n n m
m, = Z inp‘-j, m, = Z Zy,-plj. (18.30)
i=1j=1 i=1j=1
Jucnepcun CB X Ycuctempl onpenensiiotes no ¢gpopmynaM:
DOD = MUX=m)'), DY) = M((Y-m)").

MaremaTnyeckoe oxnaanue onHolt CB X cucteMbl, HaltieHHOE NPH yCIOBUM,
410 npyrag CB Y 3Tol cuCTeMbl MPUHANA ONMpefeeHHOE 3HAYEHHE, HAa3bIBaeTCA

yenosuvim mamemarmuteckum oxcudanuem CB X n obosHasaeres M(X/Y) = m ().
AHaNoru4Ho onpenenserca n M(¥7X) = my(x) .

¥YcnoBHBIE MaTeMaTHYECKHE OXKHIAHNA BHYMCIAIOTCA NO caeaywiunM dopmy-
naM:

Ul HeNpEpBbIBHBIA BENUYHH

+w +o
m) =[x, m) = [y indy:
—o0 —oD

LA TUCKPETHBIX CAyYaHHBIX BEAMYMH

n m
m) = N P/ Y =g, m0) = N pPO X =)
i-1 i=1

Kosapuayueil win xoppeasyuonHeim momenmom cucmemsi CB X u Y HasviBaeTes
BeJIMYHHA

Oy

@opmyny (18.24) MoXHO npeobpaloBaTh K BULY

Cyy = M(XY) - mm, .

Jlns cUCTEMBl HEMPEPBIBHBIX CY4aitHbIX BETHMWH
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+ow+w

Oy = I Ixyf(x, y)dxdy— mem,,
o) —o0

4 U1 CHCTEMbI IHCKPETHBIX CyYaHHbIX BEIHYHH

n m
Cyy = Z iny)p‘.j-mxmy.
i=1j-1
TepeuHCNM c80iicmea KoppeasLIOHHO20 MOMERMA:
1) Ty = ny;
2 _ _ 2 _ _ 2,
)Uxx—D(X)_Ux! Uyy_D(y)_ y?

3) ecnn X'n Y- HesaBucumbie CB, To Oyy = 0 (oGpaTHOe, BOOGLLE roBOpS, He

BEPHO).
Ywucno
Fey = Sy,
0,0,

Ha3bIBaeTCH Ko3ghgpuyuenmom xoppeaayuu CB Xn Y.
INpuseneM ceoiicmea xo3gppuyuenma Koppeasyuu:
l)r_rx=ryy= I;

2) |r_‘,y| <l

3) ey = 0,ecnn CB Xu YHe3saBUCHMBI;

4) |rxy| = | Torma M TONLKO Torna, korma Y = aX+ b, roe a, b — HekOTOpHIE

NOCTOAHHbBIE YHUCAA (3TO FOBOPHT O TOM, YTO KO3 ULIMEHT KOppPeSLMK XapaKTe-
PHU3YET TeCHOTY JinHeHOM cBsisk mexay CB Xu T).

Ecnu ey = 0, To cnyyaitHble BeNM4YMHBI HAa3blBAIOTCA HEKOPPEALPOBAHKLIMU.

Hopmarerneim saxornom pacnhpedeaenus wa niockocmu HasblBaeTcs pacnpenene-
Hue BepoATHocTell nByxmepHoit CB (X, ¥) B ciyyae, korna

o{x, y) ’ 2
fix,y) - e /(chxoy "’xy) \

rne
(-m)® =-m)’  x-my-m
0x, y) = ~—1 =t 2
2 2 2 Xy o c
2(I—rxy)t o, o, x y

My, My, G, G, — COOTBETCTBEHHO MATeMaTHYECKHE OXWIAAHHWA, CpenHHE

r
»roxy
KBaJIpaTHYHLIE OTKIOHEHHA H KodddHumeHT koppensuun CB X u Y. [las Hop-
MaJIbHOTO 38KOHA MpH 7, |, ~ 0 CB Xu Y OynyT He3aBHCHMbLIMHU, T.€. B 3TOM ciyyae

NOHATHA HE3ABMCUMOCTH M HekoppesinpoBaHHOCTH CB X'# Y paBHOCH/IBHBIL.
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B ciyuae Iyy = 0 BCPOATHOCTL MONanaHms cayyaltHOH TOYKM HOPMAallbHO

pacnpeneneHHoil cuctembl (X, ¥) B npamoyronbHuk D = {a< X< b, c< Y< d}
BbIYHCNAETCA MO HOpMmyne

ren e = o575 (o(5)-<(57)

x

£
rie O(x) = Ie dt - unmezpan eeposmuocmit, WM gpynkyun Jlanaaca, 3Ha-

1
J27
0
YeHMs KOTopoii npuBefeHbl B NpHA, 4.

IMpumep 3. 3akoH pacnpeneneHus cuetembl CB (X, ¥) 3anaH Tabnuueit:

Xj
¥ 1 3 5 7
-2 0,05 0,08 0,05 0,02
2 0,07 0,15 0,25 0,03
4 0,02 0,07 0,09 0,12

Haitti: a) 3akoHb! pacnpeneneHus CB X u Y, pxonauumx B cucTemy; 6) ycnoBHblik
3aKOH pacrpeneieHus cocTapnsioleit X npu ycnosun ¥ = y, = 2 B) MaTeMaTh-

4ecKoe OXMaHue, CpellHee KBanpaTHuHoe OTKIOHeHHe CB X'u Y, nx xoagduumn-
€HT KOppesiUnH.

» a) Hafinem BepoATHOCTH 3HaYeHuUit X' NpH BCEBO3MOXHBIX 3HaYeHHAX Y ny-
TeM CYMMHPOBaHHA BepoATHOCTeH no ctonbGuam. MonyuuM 3aKoH pacnpeneneHus
CB X B Buze pala pacnpeneneHmns:

X; 1 3 5 7

p; 0,14 0,30 0,39 0,17 Zpi =1

AHaNOMM4YHO, NPOCYMMHPOBAB BEPOATHOCTY BO BCEX CTPOKax TaGauubl, nony-
YuM psn pacnpenenewvs o CB Y:

¥ -2 2 4

P 0,2 0,5 0,3 =1

6) L HaxoXIeHHUs YCAOBHOTO pacnpeleneHus cocrapndoweit X npu yeno-
BiM, YTO COCTARNAIOWIAS ¥ NPHHUMAET 3HaveHHe ¥, 2, BocroabayeMcs Gopmy-

noh P(xi/yj) - P("':'yj)/‘PU}') . Bblllle ycTaHOBAEHO, 4TO P(yy) = 0,5. Torna
P(x,7y,) = 0,07/0,5 = 0,14, P(x,/y,) = 0,15 0,5~ 0,3,

P(xy y3) = 0,25 0,5 = 0,5, P(x; y,) — 0.03 0,5 - 0,06.

169




HajineHHbi# yCIOBHBIA 3aKOH pacnipeneneHusa Xu Y = ¥, 3anMchiBaeM B BHE

TabAMUbL
2x/y2) 0,14 0,30 0,50 0,06 Zp(x,./ y) =1

B) s HaxoXAEHHA YHCJIOBBIX XapaKTEPHCTHK CAydaitHbIX BETHYHH CHCTEMEI
BOCMO/NB3YeMCA YKa3aHHBIMM Bhillle popmynamu. UMeem (n = 4, m = 3):

n m nom
me= 3 Y xpy =42, m= N N ey = L8,
i=1j=1 i=lj=1
n m
D(X) = Z Zx?p,.j—mi = 3,28,
i-1j=1

n m
2 2
D(yy = Z Zyjp,-j—my = 4,36,
TR

o, = JD(X) = 1,81, g, = JD(Y) = 2,09,

n m
Syy = Z z XYjpyi= mymy, = -2,03,
i=lj=1

Tey = crxy/(crxcry) =-0,54.4

Ilpumep 4. IlnoTHoCTh pacnpelencHun BepoAaTHocTel cucteml CB (X, 1)

asin(x+y) npu 0sx<sn/2, 0<y<n’/2,
flx,y) = {
0 B Apyrux ciyuanx.

Haittn: a) koagdpuumeHT a; 6) MHTerpanbHylo GyHKUMIO pacrpenencHus
F(x, ) cucremnl CB (X, }); B) nnoTHOCTL pacnpene/ie HHs KaXIo# cocTasns oe i

CUCTEMBI; F) MaTeMaTHYECKOe oXuaaHue W aucnepcuio CB Xu Y; i) xoppeasunoH-
Hbiil MOMeHTCB Xn Y.

» a) W3 cBoiicTBa 4 NNOTHOCTH pacnipeneneHHs BEpOATHOCTeH HveeM

x 2n 2
J' _[asin (x+y)dxdy = 1,
0 0
OTKylla
n 2 LA
J‘ n 2 .
a(—cos (x+y))|0 dx = a I(cosx*sm x)dx =
0 0
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= .:;r(sinx--i:osx)lg’2 =2a=1, a=1/2.

6) Dynkumio pacipenenenus F (x, y) CHCTEMBbI HAXOIMM, HCNOJB3YA €BOHCTEO 3

x y
F(x,y) = P(X<x, Y<y) = Iduﬁ sin (u + v)dv =
0o 0
X X
= -il Jcos (u+ v)l';du = %I(cos u—cos (u+y))du =
0 : 0

= %(sin u—sin (u +y))ig = %(s'm x +sin y—sin (x +y))

ansanwbeiX (x, ¥y) € D: {0<x<n/2, 0<y<n/2}. Jlasa ToueK IIOCKOCTH, KOOp-
NMHaTH KOTOpLIX x £0 uau y <0, umeeM F(x, ¥) = 0, a 41 ToYeK, KOOPAUHATH
KoTopuIX x2m/2, y2n/2, —F(x,y) =1.

H3 cpoitcTa 5 pyHKuMH pacnpeseneHus cucteMbl CB cnenyet, yto

Flx, 1/2) = Fy(x) = %(sin x—cosx+1),

Fx/2,y) = Fyy) = z',(sin y—cosy+1).

B) IioTHoCTL pacnpeleneHus BepoaTHocTeit CB X HaxolMM corflacHo cBO#-
cTBy 6 GyHKuuM pacnpeneneHus cuctemsl CB no gopmyne

n’2 "2
1) = [ fm vty = [ Fsin ey = =3 cos G * =
0 [

= %(cos x +sin x)

Wwin F y(x) = filx) = %(cos x+sin x).
AHanorH4Ho
fyny = %(cos y+sin y).

r) Maremaruueckoe oxunavmne CB X

n it 2 n/l
M(Xx) = % I Ixsin(x+y)dxdy= % Ix(—cos(x+’§)+cosx)dx=
0 0 0

ST

n 2
J‘ . _1 . n 2
x(sin x + cos x)dx = Ex(_ cos X+ sin Jc)|0 -
1]

n/2

1 . LI P T2 _ 1
— - + = = 4= = =
2 I (- cos x + sin x)dx 4i-z(s;m X+ cos x)|o 1

0
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Tak KaK MI0THOCTD pacnpecie HHA BepOATHOCTEH CyMMETPHYHA OTHOCHTENb-
HO XM Y, T0 M(Y) = n/4.
Jucnepcua CB X cuctembl

T 2 2

1 2 . 2
N ET—
0 0

T 2
2. 1:2 nz n
Ix (sin x + cos x)dx—R = l—6+§-2z0.1865,

_ 1
T2
0
a COrMacHo yKa3aHHOHW cHMveTpuu, D(Y) =0,1865.
1) KoppensauvoHHbIA MOMEHT HaxonuV no ¢opuvyne
+otw

Oyy = I Ixyf(x, y)dxdy—mxmy =

@ o

n 2m 2
= % j Ixysin (x+y)dxdy-—1!2fl6 =
0 0

n 2
= % Ix(-ycos (x+¥) +sin (x+y))|g 2ax—ntr16 -

0
n 2
=1 (E H - si _22s16 -
3 Ixzs1nx+cosx smx)dx n /16
0
= 1/2-1~7%/16~-0,0461.
Torna
o
= Zxp 00461 24724
v g0 0,186 = 02472

Xy

A3-18.8

1. Pacnipenenenue cuctemul CB (X, Y) 3anaHo tabnuueii:

N 0,01 0,02 0,03 0,04

0,02 0,01 0,02 0.04 0,04
0,04 0,03 0,24 0.15 0,06
0,06 0,04 0,10 0.08 0,08
0,08 0,02 0,04 0,03 0,02
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TpebyeTca HaiiTH: a) 3aKOHBI pacrnpejeNeHUsl Kaxaoil ciaydaii-
HOii BENMYMHBI CHCTEMEI W YCJIOBHBIM 3aKoH pacripenencuvs CB
X ripu ycnoeuy, yto Y = 0,06; 6) MaTeMaTHYeCKOE OXHMAAHHE K

cpefHee KBaapaTH4YHOE OTKJIOHeHHe 1S Kaxaoil uz CB X' u ¥,
KO3(PULUMEHT KOppesiLlMM CHUCTEMBI; B) YCIIOBHOE MaTeMaTw-

yeckoe oxunaHue M(X/Y=0,04). (Omeem: 6) m, = 0,026;
m, = 0,0482, o, = 0,0092, o, =0,0165, r,, =-0,072;
B) M(X/Y=0,04) = 0,012.)

2. Haiitn ycnoBHoe MaTeMaTHdeckoe oxunauue M(Y/ X = 0)

IUISl CHCTEMBI CJIy4YaiiHbIX BEIMMUH C COBMECTHOH MIOTHOCTHIO
pacripenefeHus BepoATHoCTEH

fix, y) = {IOe_(sx+2y) npu x>0, y>0,

npu x<0, y<0.

(Omeem: M(Y/X=0) = 0,5.)
3. [MnotHocTH pacnipeneneHus BepositTHocTel cucteMel CB (X, 1)

2 2
) npu x>0, y=0,

fix, y) = {‘“‘ye_
0 B OCTaNBHBIX Clly4asx.
Hajitn MaTeMaTHdYecKoe OXHAaHWE U AUCMEPCUIO COCTaBIAIO-
WUX cucrembl. (Omeem: m, = m,, = Jﬁfz, D(X) = D(Y) =
= (4-m)/4.)
4. IMnotHocTk pacnipenefieHus BepositHocTel cHctembl CB (X, T)

—(3x+2
6e(x ” npu x=0,y=0,
0 B OoCTaNbHbLIX cly4yasx.

fix,y) = {

Haiitn maTemMaTHueckoe OXMOaHMe M CpelHee KBaapaTHYHOE
oTKJNoHeHHe Kaxnoi CB cucteMsl, UX KoBapHauuio (Koppesisi-

UMOHHBII MOMEHT). (Omeem: m, = 1/3, m, = 172,60, =173,
o, = 172, Oyy = 0.)

5. HezaBHcuMble ciyuaiiHble BEIMYMHEL paclpejesieHbl Hop-
MajbHO ¢ mapaMeTpamu m, = 2, m, = -3,0,=1, G, = 2.

BuIYMCAUTL BepoATHOCTL Toro, 4yto |X| <1 u |Y <2. (Omeem:
0,0476.)
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6. Cuctema asyx CB (X, Y) paBHoMepHoO pacripeneneHa B Tpe-
YrojibHUKe, OrpaHHYeHHOM JHMHHMAMM y = x, ¥y =0, x =12.
Haiitu MaTemaTudeckMe OXMWIAHWS W CPEOHUE KBalpaTHYHBIE
OTKJIOHEHMS COCTABNAILMX cUcTeMbl. BhluMcnuTe koadpduumeHT
KOppensAuMu cucreMbl. (Omeem: m, = 4/3, m, = 273,

o, = 4272, o, = S22, Iy = 0,5.)

7. 3agaHbl MIOTHOCTHU pacnpeesieHUsl BepoATHOCTEH He3aBU-
CUMBIX COCTaBAAIOMUIMX X' ¥ Y CHUCTEMBI CNYYaiiHbIX BEJIMYMH:

0 npu x<0, {0 npu y<0,

ey Hy) =

npu x>0,

Flx) = {

36 npu y>0.

HaiiTi: a) mnoTHocTh pacrnpefeneHusi BEPOATHOCTEH CHCTEMHI
CB (X, Y); 6) uHterpanbHyo (GyHKLUMIO pacrpeleNleHUsl CHCTe-
MBI, B) MaTeMaTUYECKOE OXMOaHUE, TUCNIEPCUIO COCTABNSAIOILINX
Xu Y, koadpduuuent koppensiumu cuctembl CB (X, T). (Omeem:

By m, = 1/5, my=|/3, D(X)=1725, D(Y)=1/9,
rxy=0.)

8. CosmMecTHoe pacripeneneHue CB X'y Y3anano tabnuueii: -

v X -1 0 1
0 /12 1/2 /12
2 1712 176 112

HaiiTi 3aKoHH pacnipenefieHUs COCTAaBIAIOLINX, BEIMUCIHTE KOP-
PEASILUOHHBIA MOMEHT U BLIICHWTL, 6yayT 1 CB Xu Y HezaBucu-

MBI, (Omeem: Oyy = 0;CB X'u Y3aBuCcHMBL.)

9. 3akoH pacnpeneneHus cuctemsbl asyx CB (X, ¥) umeet Bup:

X
Y 0 1 2 3
-1 0,01 0,06 0,04
0 0,04 0,24 0,15 0,17
l 0,05 0,10 . K

HaiiTh onHoMepHble 3aKoHbI pacnipeneneHusa CB X' u Y, ux mare-
MaTHUYECKHE OXKUIAHHS U IMCTIEPCHH, KO DHUUMEHT KOppeasLIMH
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mexay X u Y. (Omeem: m, = 1,6, m, = 0,18, D(X) = 0,84,
D(Y) =0,45,r, = -0,11.) '

Camocrostesbnas padora

1. noTHocTk pacnipeneneHus BeposATHocTed CB X

fix) = (cos x)/2 npu xe[-n/2; /2],
0 npu x & [-n/2; n/2).

HaiiTu KoppensiuyoHHbI MOMeHT cucteMbl CB Xu V=X 2 (Om-
éem: G, = 0.)

2. 3akoH pacnipeneneHus cuctemsl CB (X, ¥) uMmeet Bua:

X
Y 2 5 8
0,4 0,15 0,30 0,35
0.8 0,05 0,12 0,03

HaiiTu: a) 3akoHbl pacnipeaeneH s COCTaBNA0IUX; 6) yCAOBHbIH
3aKOH pachnpefesieHHsl cocTaBaswolleil X NpH ycIoBUM, YTO
cocrasnswouas Y= 0,4; B) MaTEMaTHUYECKUE OXMOAHUA W IUC-

nepcuM cocTaasiiowmx. (Omeem: B) m, = 5,54, m, = 0,46,
D(X) = 4,93, D(Y) = 0,026.)

3. 3akoH pacnpeneneHus cucteMel CB (X, Y) uMeer Bun:

~ .

Y 3 10 12
4 0,17 0,13 0,25
5 0,10 0,30 0,05

Haiitu: a) 3akoH pacnpeneneHus cocTaBasawILMX X v Y cuctemsr;
©) 3aKOH pacTipenesicHUsl cocTabpasitoltelt X, eciv cocTapnsiiomas
Y=35; B) MaTeMaTHYeCKHE OXMIAHUSL W OUCTIEPCHUM COCTABISIO-

wux X u Y. (Omeem:B) m, = 5,71, my, = 4,45, D(X) = 56,03,
D(Y) =0,25))
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18.9. MFHANBUJAYANIBHBIE TOMAIITHHE
3AJAHUA KTJI. 18

HI3-18.1
Pewuthb CACOyOWHE 3a0a4H.
1

1.1. Ha cenbckoxossiiicTBe HHEIE paboThl M3 TpeX Opuran Bolae-
JISIOT N0 omHOMY dYenoBeky. M3BecTHo, 4yTo B riepBoil Gpurane
15 uenogek, Bo BTopoii — 12, B TpeTheil — 10 yenosek. OnpenenuTs
YUCJIO BO3MOXHBIX TPYIN MO 3 4esa0BEKa, ecjM MU3BECTHO, YTO Ha
CeNbCKOX034iiCTBEHHBIE paboThl MOXET ObITH OTTNIpaBieH KaXIblii
paGouuit. (Omeem: 1800.)

1.2. [1aTb naccaXXMpoB cagsTcsl B 3AEKTPOIOE3[, COCTON UM
u3 10 aroHoB. Kaxnwiit naccaxup ¢ OIMHaKOBO#H BepOSITHOCTLIO
MOXeT cecThb B 1060t u3 10 BaroHoB. OnpenenuTb YUCIO Beex
BO3MOXHBIX BapHaHTOB pa3MelleHWs MaccaXHpoB B rioese.
(Omeem: 100 000.) '

1.3. CryneHThl 1aHHOTO Kypca usydatoT 12 nucuunnuH. B pac-
fMcaHUe 3aHATHMA KaxIblit OeHb BKIAKOYaeTcs no 3 npeoMera.
CKOAbKUMM cniocobamMu MOXeT GbITh COCTaBlIeHO pacfiMcaHue 3a-
HATHI Ha Kaxablit nerb? (Omeem: 1320.)

1.4. BoceMb YenoBeK JOTOBOPHIMCH €XaTh B OJHOM MOE3/€, COo-
CTOSILUCM M3 BOCbMM BaroHoB. CKONBKMMH CrocobaMH MOXHO
pacTpene/uTh 3THX JtoIeil o BaroHaM, ecjli B KaXIblii BaroH cs-
LleT No ofiHOMY 4enoBeky? (Omeem: 40 320.)

1.5. B waxMatHoM TypHWpe ydacTBoBajo [4 11axmMaTucToB,
KaXIblil M3 HUX Chirpaj ¢ KaXAbIM MO ofHOM mapThH. CKOIBKO
BCEro chirpaHo naptuit? (Omeem:91.)

1.6. Ha koHdepeHUMIo U3 TpeX rpynn CTYAEHTOB ONHOI crie-
LManbHOCTH BhIOMpaloT Mo ofHoMy neneraty. M3pectHo, 4yTto B
nepBoit rpynne 23, Bo BTopoit — 28 U B TpeTheit — 20 yenopek. On-
pPENENUThL YUCIO BOIMOXHBIX IENETALMHI, €CIM U3BECTHO, YTO KaX-
Al CTYEHT U3 060 rpyniibl ¢ OIMHAKOBOI BEPOATHOCTHIO MO-
XKeT BOMTH B cocTas aenerauuu. (Omeem: 14 000.)

1.7. U3 neatu 3Haqalux uncdp cocTaBasioTcs Tpex3HauyHbIe
yucaa. CKONBbKO pPasfiMYHBIX YHCEN MOXeT ObITh cocTasneHo?
(Omeem: 729.)

1.8. CKOJ’IinO PAIMYHBIX YETBIPEX3HAYHBIX YHUCEN MOXHO 3a-
N#HcaTh ¢ MOMOILLBIO AEBATH 3Ha4AIUUX LKbp, U3 KOTOPHIX HY OfHA
He fIOBTOpﬂCTfﬂ? (Omeaem: 3024.)
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1.9. B naccaxwpckom noesne 10 BaroHoB. CKONBKUMM CIIOCO-
6aMH MOXHO pa3MeLlaTh BATOHELI, COCTaBNsAs TOT noe3n? (Omeem:
3628 000.)

1.10. M3 10 kaHaMnaToB Ha OJIHY M TY Xe JOJXKHOCTh JOJDKHO
OBITh BEIOpaHo 3. OnpenenuTs Bce BO3MOXHBIE BapHAHTHL pe3yb-
TaTOB BLIGOpOB. (Omeem: 120.)

1.11. bpuraaup nojixeH OTnpaBUThL Ha paboTy 3BEHO M3 S Yelo-
BeK. CKOJIBKO TaKUX 3BEHBEB MOXHO COCTABUTH M3 12 yenosek
6puragsi? (Omeem: 792.)

1.12. CKONbKO MpAMBIX TUHUH MOXHO MpPOBECTH yepe3 8 To-
4eK, €CIM M3BECTHO, YTO JIOObIE TPU M3 HUX HE JieXar Ha ONHOM
npaMoii? (Omeem: 28.)

1.13. CkonbkMMH crocobaMM MOXHO COCTaBMTb MaTpyilb M3
Tpex connat M ogHoro ouuepa, ecny umeercs 80 conpat n 3 opu-
uepa? (Omeem: 246 480.)

1.14. CkonbkuMK criocobaMu MOXHO pacrpeaeuTs 6 pasnuy-
HbIX KHUT MEXAY TPEMST ydeHUKaMHM TakK, YTOObI KaXXablii Moayumn
2 kuuru? (Omeem: 90.)

1.15. CKoNbKHMH pasiu4yHBIMH CITOCOBaMH MOXKHO M30paTh U3
15 yenoBek Jeneraiuio B coctabe Tpex yenosek? (Omesem: 455.)

1.16. CxonbKHMH pasnuuHBIMU criocobaMu cobpaHue, cocTo-
sitee U3 40 yenosek, MoXeT BLIGpaTh Npeacenarens cobpanus, ero
3aMecTHTeNs ¥ cekpetapa? (Omeem: 59 280.)

1.17. CkoabKHMHM criocobamMu MOXHO BHIOpaTh [iBa KapaHzallua
W TPH PYYKM M3 TSTH pa3IMUHBIX KapaHaaleid U NATH pasiuyHbIX
pyuek? (Omegem: 100.)

1.18. CkonbKo paznuyHbIX MATH3IHAYHBIX YMCET MOXHO 3arm-
caTh ¢ omouubio unop 1, 2,3, 4, 5, 6, 7, 8, 9 (6e3 noBropeHHii)?
{Omeem: 15 120.)

1.19. CkonbkMMM crnocoBGamMy MOXHO CMOIETHpOoBaTh ¢ar,
COCTOSILLIMIA M3 TPEX TOPHU3OHTANBHLIX TTOJIOC Pa3NNYHBIX LIBETOR,
€c/iM UMeeTCsl MaTepHal MATH pasTMdHbIX uBeToB? (Omeem: 60.)

1.20. CkonbKHMM criocobaMy MOXKHO paccTapuTh Genble pUry-
pol (2 KoHs, 2 cnoHa, 2 nansM, | depsb, | Koposb) Ha nepsoii K-
HUM WaxmaTHo# nocku? (Omeem: 5040.)

1.21. [pu BcTpeye 12 yenoBek OOMEHANTUCH PYKOMNOXATUAMM.
CkonbKo pyKomnoxatuii Obu1o cienaHo npu stoM? (Omeem: 66.)

1.22. CxonbknMH crniocobaMu MOXHO BBICTABUTL Ha Urpy ¢yT-
6OJIbHYI0 KOMaHAy, COCTOSILLYIO U3 TPEX HarnagatlouMX, Tpex Mojy-
3alUTHHKOB, YETHIPEX 3aLLMTHUKOB W BpaTapsi, ec/ii BCEro B KO-
MaHie 6 HanagalWKX, 3 NoMy3alMTHUKA, 6 3alLMTHUKOB U | Bpa-
Tapk? (Omeem:300.) °*
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1.23. TlogcotozHoe Glopo dakynbTeTa, coctoslee U3 9 yeno-
BEK, Ha CBOeM 3acelaHuM NOMXKHO U3bpaTh nNpeacenarens, ero 3a-
MecTUTeNsl U KazHayesi. CKOJIbKO pa3M4HBIX Cy4aeB NpU 3TOM
MoXeT ObiTh? (Omeem: 504.)

1.24. Ckonbko repecTaHOBOK MOXHO cAelath U3 OyKB CloBa
«paKeTa», 4ToObl BCe OHM HauMHAMUCh C BYKBEL «p»? (Omeem: 60.)

1.25. ABroKoJIOHHa, cocTositlass M3 30 aBroMoOHIeit, MONXHa
BbLIENHUTL Ha YOopoyHbie paboThl B KOJIX03k! 12 rpy3oBuKoB. CKolb-
KMMH criocobamMu MOXKHO 3To caenatk? (Omeem: 86 493 225.)

1.26. Ha miaxmarHoM TypHupe 66110 chIrpaHo 45 naptui, npudemM
KXl U3 laXMaTHCTOB CHITPAT ¢ OCTAJIbHBIMU IO OIHOM MapTHH.
CKONbKO LIaXMaTHCTOB YYacTBOBaNo B TypHUpe? (Omeem: 10.)

1.27. Ha craHumu vMeetcs 6 3anacHbix nyteil. CKOJILKUMH
crniocobaMu MOXKHO paccTaBUTb Ha HUX 4 nmoe3na? (Omeem: 360.)

1.28. W3 rpynnsl cTyNeHTOB WHXEHEPHO-CTPOUTENLHOrO (a-
KynbreTa B 16 yenopek opMHPYIOTCS IBE CTPOMTENbHEIE GpUTa bl
o 10 u 6 yenoeek. CKOALKUMY cnocoBaMH MOXHO €O3AaTh 3TH
6puranw? (Omeem: 8008.)

1.29. Ha nucke tenedoHHoro anmnapata HMMeetrcsi 10 uudp.
Kaxawiit tenedpon ATC uMMeeT HOMep, 3anMchIBaeMblil ¢ Q-
Moulblo MATH UMGp, NpudeM nepsas Ludpa y HUX OHA U Ta Xe.
Haiitu Hanbonbliee BO3MOXHOE 4uc/io TakuX abOHEHTOB 3TOM
CTaHIIMM, ¥ KOTOpHIX 4 nocnenHue undpel HoMmepa TenedoHa pas-
nuuHbl. (Omeem: 5040.)

1.30. M3 umncen 1, 2, 3, ..., 100 cocTaBneHs! BCe BO3MOXHBIE
napHele mpouspeacHHsA. CKONBKO MoNy4eHHBIX Yucen GyayT Kpat-
Hbl TpeM? (Omeem: 2739.)

2

2.1. U3 natu 6yKB pa3pe3Hoil a36yKH COCTaBAEHO CIIOBO «IIec-
Hs». PeGeHok, He ymewowwMil YUTaTh, pacchinal 6YKBbI W 3aTeM
cobpan B npor3BoabHOM nopsinke. Haiitu BepositHocTh Toro, 4TO
Y HEro CHOB& MOJIy4MIOCh CIOBO «TiecHsi». (Omeem: 0,0083.)

2.2. Kyb, Bce rpaHH KOTOPOro OKpallleHbl, pacluleH Ha ThICS-
4y KYOMKOB OIWHaKoBoro pa3mepa. [lonydeHHbie KyOMKM TLIa-
TeNbHO nepeMeuiaHbl. OnpeaenuTh BEpOSITHOCTE TOTO, YTO Hayla-
4y H3BledYeHHbI! KyOMK Oyner MmeTb [IBe OKpalleHHble TpaHM.
(Omeem: 0,096.)

2.3. 3 napTMH BTYNOK, M3rOTOBIEHHLIX 32 CMeHY TOKapeM,
cny4aitHbiM 00pa3oM otOupaetcs ans koHTpons 10 wr. Haittu Be-
POSITHOCTL TOTO, YTO CpeAy OTOOpaHHBIX BTYJIOK ABE — BTOPOro
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copTa, ecly Bo Bceil MapTHH 25 BTYJIOK NepBoro copta U 5 — BTO-
poro. (Omeem: 0,3601.)

2.4. B audT 1ecTU3ITaXHOro 40Ma Ha nepBOM 3Taxe BOLLIH
3 yenoseka. Kaxablit U3 HMX ¢ OIMHAKOBOM BEPOSITHOCTHIO BHIH-
nmeT Ha noboM U3 3Taxei, HauuHas co eroporo. Haittu BeposiT-
HOCTb TOTO, YTO BCE [AacCaXHpHl BHIAYT HAa YETBEPTOM 3Taxe.
(Omeem:0,008.)

2.5. B rpynne cnoptcMeHOB 7 JIBDKHMKOB M 3 KOHbKOGEXLa.
N3 Hee cnyyaitibiM 06pasoM BhLIeNeHB! TPM cropTcMeHa. Haiitn
BEPOSITHOCThL TOTO, YTO BCe BHIOpaHHBIE CMOPTCMEHBI OKAXYTCSH
NbDKHUKaMU. (Omeem: 0,29.)

2.6. 13 6ykB paspe3Hoit a30yKM COCTaBAEHO CJIOBO «PEMOHT».
Kaproyku ¢ otaenbHBIMH GykBamMM TLUATeNILHO TepeMelluBaloT,
3aTeM Hayrajl BLITACKMBAlOT 4 KAPTOYKH M packIaibiBaloT UX B MO-
psanke HM3BireyeHWsl. KakoBa BeposITHOCTb MONY4YEHMS IMPH 3TOM
cnoBa «Mope»? (Omeem: 1/360.)

2.7. U3 BoceMM KHHT ABe XynoxecTseHHule. Haiitu BeposiT-
HOCTB TOTO, YTO CPEiM B3ATHIX Hayral YeThipeX KHUT X0TH Ob1 0iHa
XynoxectBeHHas. (Omeem: 0,785.)

2.8. Ha nonke 6 paquonamn, U3 KOTOpLIX IBe HerogHeie. Cny-
yaifHbBIM 06pa3oM oTOupatoTcs ABe paguonamnbl. Kakosa BeposT-
HOCTb TOTO, YTO OHHW TOOHHI Wil ucnonb3oBaHua? (Omeem: 0,4.)

2.9. B 3anace peMoHTHO# MacTepckoiil 10 MopLIHEBLIX KoJleLl,
TPH M3 HUX BocCTaHoBAEeHHBbIE. Onpenenurb BepoOSTHOCTb TOTO,
4YTO CpefM B3SITHIX Hayrajl yeThlpex Kofiel 1Ba OKaXyTcsl BoccTa-
HOBJEHHBIMW? (Omeem: 0,3.)

2.10. JecAaTt CTYOEHTOB YCIOBMIMCH €XaTb oOMNpeaefleHHBIM
peiicoM anekTponoesaa ¢ 10 BaroHaMK, HO HE IOFOBOPHIMCh O HO-
Mepe BaroHa. KakoBa BepoSTHOCTb TOTO, YTO HH OIMH M3 HHX HE
BCTPETHUTCS C APYTUM, €CNTA BO3MOXHOCTH B pa3MellIeHHH CTYAEeH-
TOB IO BaroHaM paHoBepoaTHH? (Omeem: 0,000363.)

2.11. buaersl JloTepeM BHIMYUIEHEI Ha OOUIYKD CyMMY
10 000 y.e. LleHa 6unera 0,5 y.e. LleHHble BLIMIPHILLK NAagaloT Ha
50 6uneroB. OnpenenuTh BEPOATHOCTb LEHHOrO BBIMIPHILIA Ha
oAuH bunet. (Omeem: 0,0025.)

2.12. B rpynmne u3 8 crnopTCMEHOB LIECTh MAacTepoB CriopTa.
Haitty BeposiTHOCTE TOTO, YTO M3 ABYX Ciy4aiiHBIM 06pa3oM o106
PaHHBIX CMIOPTCMEHOB XO0TA Obl OOMH — MacTep cniopta. (Omeem:
0,9643.)

2.13. U3 napruu petaneii, cpeau Kotopbix 100 cTaHIapTHBIX 1
5 6pakoBaHHBIX, U1 KOHTpoJst Hayran B3sTo 12 wr. [Tpu KoHTpo-
Jle BBIAICHWIOCH, YyTO nepBble 10 W3 12 netaneit — craHOapTHHIE.
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OnpenenuTh BEPOSITHOCTb TOTO, YTO Clledywoluas Actaib Oyaer
cTaHaapTHoil. (Omseem: 0,944.)

2.14. Onpeaenvth BEPOSITHOCTh TOro, YTO CEpHs Hayaauyy BhI-
OpaHHO# 06MHMrauMM He COOEPXUT OAMHAKOBBIX LM(p, €CIK HO-
Mep cepuH MOXeT OBITh I0OBIM NATU3HAYHBIM YMCIOM, HaYHHas
¢ 0,0001. (Omeem:0,302.)

2.15. BykBeHHBI 3aMOK CONEPXMT Ha o0lueii ocM 5 OUCKOB,
KaX\blit U3 KOTOPHIX pa3geieH Ha 6 ceKTOpoB ¢ pasiMyHbIMH Ha-
HECEHHBIMW Ha HUX 6yKBaMH. 3aMOK OTKPHIBAETCS TONBKO B TOM
cily4ae, ecJ1M KaXablil AMCK 3aHMMaEeT OJIHO oNpeleNeHHOE [oJ10-
KeHHWe OTHOCUTENIBHO Koprnyca 3aMka. OnpeleluTb BEpOATHOCTh
OTKPBITHS] 3aMKa, €CJIM YCTAHOBJIEHa NPOM3BOJibHas KOMOWHaLUA
OykB. (Omeem: 0,00013.)

2.16. Taptusa u3 100 netaneit npoBepsieTcst KOHTPONEPOM, KO-
TOpHIii Hayran otoupaer 10 netaneil U onpeaensieT WX KauecTBO.
Ecnu cpenu BuIOpaHHBIX KOHTpPOJIEPOM NETaNici HET HU OJHOM
OpakoBaHHOI1, To Bcsl NapTHs NpyHKMaeTcs. B npotiBHOM cnyyae
ee MOCHhUIAaloT Ha NOTNOJHHTENbHYIO MpoBepKy. KakoBa BeposiT-
HOCTb TOTO, YTO MapTHA AeTaiel, codepxallasa 5 6pakoBaHHBIX,
OyneT npuHsTa KoHTponepom? (Omeem: 0,5838.)

2.17. Ha necsiTH OOMHAKOBBIX KapTOYKaX HaMHCaHbl pa3idy-
Hble yrcaa ot 0 go 9. OnpenenuTb BEpOSiTHOCTb TOTO, YTO Clyyaii-
HO COCTaBJIEHHOE C MMOMOILbIO JAHHLIX KapToUueK ABY3HaYHOE YHC-
Jo genutca Ha 18. (Omeem: 0,056.)

2.18. Ha nonke cnyyaiiHbiM 006pa3oM paccrapisitiorca 10 KHUr.
OnpeaenuTb BepoATHOCTb TOTO, YTO MPH 3TOM TPH ONpeleleHHbIe
KHUIH OKaXYTCS CTOSILLMMH psigoM. (Omeem: 0,067.)

2.19. U3 kopobku, coaepxalieii KapTOYKH ¢ OyKBaMH «0», «H»,
«K», «b», HAyraJ BBIHUMaIOT OJHY KapTOuKY 3a Apyro# v pacnosa-
raloT B nopsiake u3sieyeHus. KakoBa BeposTHOCTb TOTO, YTO B pe-
3y/IbTATE NOJNYYHUTCS CIOBO «KOHb»? (Omeem: 0,0417.)

2.20. V3 npyna, B KoTopoM mnasaioT 40 1yK, BLUTOBHIK 5 LYK,
MOMETHIIM MX U MyCTHIU 06paTHO B rpyn. Bo Bropoit pa3 BeUIOBH-
a1 9 wyk. KakoBa BepoATHOCTb, Y4TO CPellH HHUX OKaXyTCH TONbKO
nBe noMeydeHHble IWYKH? (Omegem: 0,246.)

2.21. Ha waxMaTHYO JOCKY U3 64 KNeTOK CTaBAT Hayaayy JBe
nagbu Genoro v yepHoro 1Beta. C Kakoil BepoOSITHOCTbIO OHH He
OynyT «6uTh» Opyr npyra? (Omeem: 0,78.)

2.22. U3 nsiTu KapToyek ¢ OyKBamu «a», «O», «B», «», «I» Ha-
yrag ofHy 3a Opyrofi BHIOUpAlOT IBe M pacronaraloT ux B [IOpAIKE
uspiedeHus, KakoBa BEpPOSITHOCTb TOrO, YTO FOJYYMTCS CNOBO
«aa»? (Omeem:0,0167.)
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2.23. B ypHe 3 6enbix 1 7 yepHBIX WapoB. KakoBa BeposATHOCTH
TOTO, YTO M3BJIEYEHHBIE Hayraj ABa llapa OKaXyTCH 4YepHbIMH?
(Omeem: 0,467.)

2.24. Manbyuk 3abbL1 1Be MocnenHKe UUgpb HoMepa Tenedo-
Ha ONHOKJIAaCCHHMKAa M Habpan WX Hayral, NOMHS TOJIBKO, YTO 3TH
uMppbl HeyeTHB U pa3nryHbl. HaitTu BeposaTHOCTS TOTO, YTO HO-
mep HabpaH npaBunbHO. (Omeem: 0,05.)

2.25. [1pa yenoBeKa yCNOBUNKMCh BCTPETUTBCA B ONPEAE/IEHHOM
MecTe MeXay OBYMsI M TpeMsl yacaMu OHs. [Mpullenuunii nepBsiM
XKAeT gpyroro B TedeHMe 10 MuH, nocne yero yxonut. Yemy paBHa
BEPOSITHOCTb BCTPEYM STHX JIIOAEH, eC/U NPUX0J KaXI0ro U3 HUX
B TeyeHHe YKa3aHHOTO yaca MOXeT MpOoU30iTH B Noboe Bpems?
(Omeem: 0,3056.)

2.26. lNocne 6ypu Ha yuacTke Mexay 40-m u 70-M KujioMeTpa-
MH TesethoHHOM JIMHUK Npou3ollies oOpbiB npoona. Kakosa Be-
POSITHOCTB TOT0, 4TO OH Mpou3oLlien Mexay 50-M u 55-M Kunomer-
pamu iuHuu? (Omeem: 0,167.)

2.27. B MacTepckyio [Uisl peMOHTa noctynuno 20 TeJe BH30pOB.
HU3BecTHO, yTO 7 U3 HUX HYXJAlOTCs B HacTpoiike. Mactep Gepet
niobbie 5 TenepuzopoB. KakoBa BeposITHOCTb TOTO, YTO 2 U3 HHX
HyXJaloTcsl B HacTpoiike? (Omeem: 0,3874.)

2.28. B wiaxmaTHOM TYpHHpe y4yacTBYIOT 20 YyeNOoBEK, KOTOPHIX
no xpebuio pacnpenensiot B Ase rpynnsl no 10 yenopex. Haiitu
BEPOSITHOCTEL TOrO, YTO [Ba CWJIbHEHLIMX LIaXxMaTHcTa OyayT ur-
paTthb B pasHbix rpynnax. (Omeem:(0,5263.)

2.29. B naptuH, coctosileit u3 20 panMonprHeMHUKOB, 5 HeHC-
npaBHbIX. Hayran 6epyt 3 panmonpueMunka. KakoBa BepossTHOCTB
TOro, YTO B YMCJIO BBIOPAHHBLIX BOMHIYT | HeucnpaBHBIA U 2 HC-
npaBHbIX paauonpuemMHuka? (Omeem: 0,4605.)

2.30. B marasuHe 13 100 nap saumMHMX canor ogHoro ¢acoHa 10 —
KOpHYHEBOTO LIBETa, a OcTalbHble — yepHoro, [1pousBosibHO OT-
Gupalot 8 nap canor. KakoBa BepoSITHOCTb TOTO, YTO BCE BbIOpaH-
HbIE canoru — yepHoro useta? (Omsem: 0,3305.)

3

3.1. B tenectynuu TpH TeNeBU3MOHHBIE KaMepbl. BeposiTHoCTH
TOrO, YTO B NAHHbI MOMEHT KaMmepa BKJIIOYEHA, paBHBI COOTBET-
ctBeHHo0 0,9; 0,8; 0,7. HaitTH BepossATHOCTb TOr0, YTO B JAHHBIH MO-
MEHT BKJIIOYEHBI: a) ABe Kamephl; 6) He Ooniee omHoil Kamepsl;
B) Tpu KaMmepbt:{ Omegem: a) 0,398; 6) 0,098; B) 0,504.)

3.2. Ha xene306eTOHHOM 3aBOA€ W3TrOTABJAMBAlOT MaHENH,
90 % w3 KoTOpHIX — BhiCLIEro copTa. Kakoea BeposiTHOCTb TOTO,
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YTO M3 TpeX Hayraj BHIOpaHHBIX NaHeneH BbICLUETo copTa OymyT:
a) TpM naHenu; 6) XoTs Obl O[lHA NaHeNb; B) He bosiee 0QHOI NaHe-
nu? (Omeem: a) 0,729; 6) 0,999; B) 0,271.)

3.3. B 6510k BXOOAT TP pagyonaMibl. BepossTHOCTH Bbixonia U3
CTpOsl B TeUeHHE rapaHTHHHOINo CpOKa 1S HUX paBHbI COOTBET-
crBerHo 0,3; 0,2; 0,4. KakoBa BeposITHOCTB TOTO, 4YTO B T€YEHHE
TapaHTHHHOTO CpoKa BBLIHAYT U3 CTpOS: a) He MEHee IBYX pagHo-
Jlamn; ©) HHY OAHOM pagHonamIibl; B) XoTs Obl 0gHa pangdonammna?
(Omsem: a) 0,212; 6) 0,336; B) 0,664.)

3.4. B neproM siiumke 20 geranei, 15 U3 HUX — cTaHOAPTHLIE,
Bo BropoM smuke 30 metaneii, 25 U3 HUX — craHgaptHble. U3
Kax[oro f1KKa Hayran 6epyT no ogHoit netanu. Kakopa peposr-
HOCTB TOTO, YTO: a) obe AeTtanu OyayT cTaHAapTHBIMU; §) XOTSH OBl
olHa JeTanb cTaHAapTHas; B) obe netanu HectaHnapTHee? (Om-
gem: a) 0,625; 6) 0,9583; B) 0,04266.)

3.5. BeposiTHOCTb MOpPaXKe€HUS LK MEPBbIM CTPEJIKOM paBHa
0,9, BropeiM — 0,7. O6a cTpesika cienaiy Nno ofHOMY BbICTPEJy.
KakoBa BepOsITHOCTB TOTO, 4YTO LieNb MOpaXeHa: a) XoTs Obl ONHMH
pas; 6) aBa pasa; B) onuH pa3? (Omeem: a) 0,97; 6) 0,63; B) 0,34.)

3.6. Ipy onHOM LKKIE 0030pa TpeX paaHONOKALIMOHHBIX CTaH-
LKA, ClensiMX 3a KOCMUYECKUM Kopabaem, BEpOSITHOCTH ero o6-
HapyXeHH$ coOTBeTCTBeHHO paBHbl: 0,7; 0,8; 0,9. Haittn pepost-
HOCThb TOTO, YTO NPH OOHOM UMKJIe 0030pa Kopabnb: a) Gynet 06-
HapyXeH TpeMsl cTaHuusMU; O) OyneT obHapyxeH He MEHee YeM
IBYMSI CTaHLMsIMH, B) He OyneT oOHapyxeH. (Omeem: a) 0,504;
6) 0,902; B) 0,006.)

3.7. BuluMcnuTenbHast MalllMHa COCTOMT M3 yeThipeXx OJIOKOB.
BepositHocTh 6e30TKa3HOM paboThl B TeueHHe BpeMeHHW T nepBoro
Gnoka papHa 0,4, eroporo — 0,5, TpeTbero — 0,6, uepseptoro — 0,4.
Haiiti BepossTHOCTB TOrO, YTO B TeueHue BpemeHu T npopabora-
I0T: a) Bce 4HeThipe Onoka; ©) Tpu 6n0Ka; B) MeHee Tpex OJIOKOB.
(Omeem: a) 0,048; ©6) 0,224; B) 0,728.)

3.8. Tpoe pabouux cobupaloT noAWKMNHUKKU. BeposTHOCTE TO-
TO, YTO MOALIMITHUK, COOpaHHBII NepBbIM pabo4ynM, — BLICLLETO
KauecTBa, pasHa 0,7, eropbim — 0,8, Tpetbum — 0,6. [Ing koHTpons
B35ITO 110 OAHOMY MMOALIMITHUKY M3 COOpaHHbIX KaXIbiM pabourM.
KakoBa BeposSITHOCTB TOTO, YTO BHICLIErO KayecTBa OyayT: a) Bce
MOAUIMIHUKHK; ©) ABa MOAIIMITHUKA; B) XOTsl Obl OOMH MOJLIMII-
HUK? (Omeem: a) 0,336; 6) 0,452; B) 0,976.)

3.9. Ha cbopky moctynalot netaiv ¢ Tpex ctaHkosB ¢ YITY.
Mepsbiit ctadok naet 20 %, propoit — 30 %, TpeTuit — 50 % onHo-
THMHBIX JeTaneil, noctynaroumMx Ha cbopky. Hailti BepodaTHoCTb
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TOTO, YTO W3 TPEX Hayraj B34ThIX JeTaNleii: a) TPH € pa3HbIX CTaH-
KOB; 0) TPM ¢ TpeThEro CTaHKa; B) BE C TPEThero cTaHKa. (Omeem:
a) 0,03; 6) 0,125; B) 0,125.)

3.10. Ilepeblit cTaHOK-aBTOMaT gaeT | % 6paka, BTopoi —
1,5 %, a tperuit — 2 %. CnyyaiineiM 0Opa3omM oToGpanu o ogHoil
JeTany ¢ KaXgoro ctaHka. Kakosa BeposITHOCTb TOTO, YTO CTaH-
JapTHHIMH OKa)KyTcsi: a) TPM AeTanH; 6) IBe meTalnH; B) XOTS Obl
onHa aetanb? (Omeem: a) 0,9556; 6) 0,0437; 8) 0,999997.)

3.11. B uexe uMeeTcst TpH pe3epBHBIX 3NeKTpoaBUraTend. g
KaXJoro U3 HHUX BEPOSITHOCTE TOrO, YTO B JaHHBI MOMEHT OH
BKJII04€H, cooTBeTcTBeHHO papHa: (,2; 0,3; 0,1. Haiitu Beposit-
HOCTb TOro, YTO BKJIOYEHDbI: a) IBa 3JIEKTPoJBHTaTefs; 6) XoTd
Obl OOMH 3/IeKTpOABUIraTENL; B) TpU 3NeKTpoaBUratens. (Omeem:
a) 0,092; 6) 0,496; B) 0,006.)

3.12. Ha yyacTke Kpocca Ui MOTOLMKIMCTa-TOHILMKA UMEET-
cA TpM MpensATcTBUA. BepofiTHOCTEL ycmewHoro MnpoxoxIaeHHs
nepBoro npensTcTBusA pasHa 0,4, Broporo — 0,5, TpeTkero — 0,6.
HaiiTh BeposiTHOCTE yCTEUIHOTO NPEOAONAEHHS: a) TpeX MPEeMNATCT-
BHii; 6) He MeHee IBYX MpenATCTBUM; B) ABYX NpenaTcTBHit. (Om-
eem: a) 0,12; 6) 0,5; B) 0,38.)

3.13. BeposiTHOCTB TOTO, YTO CTYIEHT CAACT MEPBLIi 2K3aMeH,
paBHa 0,9, BTopoit — 0,7, Tpetuil — 0,6. BLIYHCINTE BEPOSTHOCTH
TOro, 4TO CTYAEHT CIAcT: a) 1Ba 3K3aMeHa; 0) He MeHee IByX 2K3a-
MEHOB; B) He Oonee aByX 3K3aMeHoB. (Omeem: a) 0,456; 6) 0,834;
B) 0,622.)

3.14. CamoneT nNpoTHBHUKA OGHAPYXXHBAETCsl TPEMS PagHoIO-
KartopaMu ¢ BeposiTHocTaMHM 0,8; 0,7; 0,5. Kakosa BepoATHOCTb
obHapy»XeHHMs caMoJieTa: a) OlHMM pagHonokatopoM; 6) nByMs
panronokaTopaM#; B) XoTsi 6b1 0OHUM panuonokatopom? (Omeem:
a) 0,22;6)0,47; B) 0,75.)

3.15. IBa 6ombapaupoBiLiKa npeoponepaiot 30Hy [1BO. Be-
POATHOCTB TOFO, 4To OyneT cOUT nepBblit GoMBapaMPOBILKK, paB-
Ha 0,7, Bropoii — 0,8. HaiiTy BepoATHOCTB: a) YHHUYTOXEHUS OHO-
ro boMbapauposlKnKa; 6) nopaxeHus ABYX 6oMOapaUpPOBILUKOB;
B) npomaxoB. (Omeem: a) 0,38; 6) 0,56; B) 0,06.)

3.16. Ctpenok npou3pen yeThipe BHICTPENA Mo yaaisiolleics
OT HEro Leiu, NpHYyeM BEpOSiITHOCTD MonajaHus B Ue/b B Hayajle
cTpensosl paBHa 0,7, a nocJie KaxXaoro BLICTpe/ia yMEHbLLAeTcsl Ha
0,1. BHIYMCAUTL BEPOSITHOCTHL TOrO, YTO LEJb GYIEeT ropaxeHa:
a) yetelpe pasa; 6) TpM pasa; B) He MeHee Tpex pas. (Omeem:
a) 0,084; 6) 0,302; B) 0,386.)
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3.17. MNepeolit pabounii narorapnupaet 40 % u3aenuit Bropo-
ro copta, a Bropoit — 30 %. ¥ kaxgoro pabouyero B3siTo Hayraz rno
nBa uzgenus. Kakopa BeposiTHOCTBL TOro, YTO: @) BCE YETHIPE M3-
lenus — BToporo copta; 6) xoTs OBl TPH M3JeNUs BTOPOTO COPTa;
B) MeHee TpexX u3aeNuit — Broporo copta. (Omeem: a) 0,0144;
6) 0,1248; B) 0,8752.)

3.18. lpu HeKOTOPLIX ONpeAc/IEHHBIX YCIOBUAX BEPOSTHOCTD
cOUTH caMOJIET MPOTUBHKUKA U3 NEPBOro 3¢ HUTHOIO OpyAMsl paBHa
0,4, u3 Broporo — 0,5. CnenaHo no ogHoMy BeicTpeny. HaliTu Be-
POATHOCTb TOTO, YTO: a) CAMOJIET YHUUYTOXEH ABYMS CHapsllaMK;
6) caMoneT rnopaxeH XoTs 6bl ONHUM CHapsA0M; B) HH OMH CHa-
paI He ronan B uens. (Omeem: a) 0,2; 6) 0,7; B) 0,3.)

3.19. BeposiTHOCTE BLIMIpHILLIA [0 JIOTEpPEiiHOMY BHUNETy mep-
Boro Beinycka papHa 0,2, Broporo — 0,3. UMeeTcs no aBa 6unera
Kaxcioro Beinycka. HaliTM BepoATHOCTH TOTO, YTO BBIMIPAIOT:
a) Tpu 6unera; 6) He MeHee Tpex 6MNeTOB; B) MeHee TpeX OUNIETOB.
(Omesem: a) 0,0456; 6) 0,0492; B) 0,9508.)

3.20. Tpu KoMmaHaBl criopTMBHOro obiectsa A cocTsA3aloTCH
COOTBETCTBEHHO € TpeMs KoMaHaamu obulectBa B. BepositHocTH
BBIMTPLILLEH MEPBOW, BTOPOH ¥ TpeTbei KoMaHa U3 obulecTBaA y
COOTBETCTBYIOILMX KOMaHI W3 obuiectea B pasuul 0,7; 0,6; 0,4.
Komanabl npoBesiv no onHok Bctpeye. KakoBa BeposiTHOCTB TOTO,
4YTO KOMaHIbI 0bulecTBa A BLIUIPAIOT: a) ABe BCTpe4H; 6) xoTs Obl
JIBe BCTpeud; B)Tpu BcTpeuu? (Omesem: a)0,436; 6)0,604;
B) 0,168.)

3.21. BeposiITHOCTb MOpPaXXeHUs LENH MEPBBIM CTPENKOM IPH
onHOM BbicTpene paBHa 0,7, BropbiM — 0,5. HaiiT BeposTHOCTB
TOTO, 4TO LeNb OyAeT NopaxkeHa: a) AByMs cTpenKaMH; 6) XoTs Obl
ONHWM CTPEIKOM; B) TONbKO OOHHUM cTpenkoM. (Omeem: a) 0,35;
6) 0,85;8)0,5.)

3.22. B kopobkax HaxonsTcs AeTalu: B nepBoit — 20, U3 HKX
13 ctaHnapTHeIX; Bo BTOpo# — 30, U3 HKX 26 craHmapTHBIX. M3
KaxA0# KopoOkH Hayraa GepyT rmo oaHo# neranu. Haittu BeposiT-
HOCTb TOrO, 4TO: a)ofe OeTanu OKaxXyTcs HECTaHOAPTHHIMU;
0) oaHa neranb HecTaHaapTHast; B) obe netanu craHnaptHelie. (Om-
gem: a) 0,4667; 6) 0,39; B) 0,5633.)

3.23. Tpu craHka paboTaloT He3aBUCUMO ApYr oT apyra. Bepo-
STHOCTb TOFO, YTO MEPBLI CTAHOK B TeYeHHE CMEHH BBLIMAET U3
ctpos, pasHa 0,1, Bropoit — 0,2 u Tpetnit — 0,3. HaiiTu BeposT-
HOCTb TOTO, YTO B TEYEHWE CMEHbI BHIIAYT U3 CTPOA: a) He MeHee
[Byx CTaHKOB:. 0) 1Ba cTaHKa; B) Tpu cTaHka. (Omeem: a) 0,098;
6) 0,092; B) 0,006.)
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3.24. B smuke 50 % meraneii, M3roTOBIEHHBIX Ha 3aBofe Ne 1,
20 % — Ha 3aBoge Ne 2 1 30 % — Ha 3aBone Ne 3. Hayran B3sTo TpH
netanu. Haiftu BeposiTHOCTb TOro, 4TO: a) BCe TpW JleTalli — C 3a-
Bona No 1; 6) mBe metanuv — ¢ 3aBoaa No 1; B) Bce TpU A€Tanu — €
pasHbIX 3aBonoB. (Omeem: a) 0,125; 6) 0,125; 8) 0,03.)

3.25. Ina aBapHiiHoii curHanM3alUy yCTAaHOBNEHEI 1Ba He3la-
BHCMMO paGoTaIlKUX CUMTHalIu3aTopa. BeposiTHocTh TOro, 4TO
npH aBapuM cpaboTaeT mepBbIif cMrHaiunzarop, paBHa 0,9, Bro-
poii — 0,7. Haiitu BeposiTHOCTL TOro, 4YTO MNpHU aBapHHU:
a) cpabotaloT 06a cvrHanusatopa; ©6) He cpaboTaeT HHU OJUH CUT-
Hanu3zartop; B) cpaboraeT xoTs OB OAMH cUTHanu3atop. (Omeem:
a) 0,63; 6) 0,03; B) 0,97.)

3.26. Ha nByx cTaHkax 00pabaThIBalOTCS OMHOTHUITHLIE NETAH.
MosiBnieHye OGpakoBaHHOM geTanu mis craHka No | cocraBnsier
3%, nnst ctaHka Ne 2 — 4 %. C Kax/10oro cTaHKa B3J11 M0 oAHOH
neranu. HaiiTi BeposiTHOCTB Toro, 4TO: a) 06€ AeTanu CTaHOApT-
HEle; 6) 0aHa feTab cTaHJapTHas; B) 00e NeTany HecTaHlapTHHIE,
(Omeem: a) 0,9312; 6) 0,0676; B) 0,0012.)

3.27. Tpu aBTOMaTa M3roTaBAMBAIOT NeTalu. BeposATHOCTL TO-
ro, 4TO feTalb, U3rOTORIEHHAs MEPBLIM ABTOMATOM, — BBICLLETO
KauvecTBa, paBHa 0,9, s Broporo — 0,7, ais tpetbero — 0,6. Ha-
yraz 6epyT no ofHo# AeTanu ¢ Kaxnoro aeromara. Haiftu BeposT-
HOCTB TOTO, YTO W3 B3ATBIX JeTajeil: a) Bce BLICLIEro KayecTBa;
0) IBe BBICLIEro KauecTBa, B) XOTs Obl 0Ha BLICUIEro KayecTha.
(Omeem: a) 0,378; 6) 0,456; B) 0,988.)

3.28. BoluMcnMTENBbHBIA LIEHTP, KOTOPBIH NONXEH MpOU3BO-
IMUTBb HENMpEPBIBRYIO 00paboTKy noctynalouleil MHQopMauyu, pac-
ToNaracT ABYMSI BBIYMCIMTENbHbLIMH ycTpoiicTBamMu. M3BecTHo,
4YTO BEPOSITHOCTh 0TKa3a 3a HeKoTopoe BpeMs Ty KaX10ro M3 HUX
paBHa 0,2, HaitTi BeposiTHocTb 6e30TKa3HO#M paboThI 3a Bpemst T:
a) Kaxxaoro ycTpo¥cTBa; 6) xotsi 66l 0qHOro YCTPOIHCTBa; B) OAHOIO
ycTpoiicTBa. (Omeem: a) 0,64; 6) 0,96; B) 0,32.)

3.29. UHXeHep BBLIMOJNHSAET pacyeT, MoAb3ysach TPEMS Cripa-
BOYHHKaMU. BeposiTHOCTH Toro, YTO MHTEpECYIOILME €ro AaHHbIE
HaxoIATCS B MIEPBOM, BTOPOM, TPETBEM CMPAaBOYHMKAX, PABHbI CO-
oreeTcTBeHHo 0,6; 0,7; 0,8. Haiitu BepoaTHOCTb TOTO, YTO HHTEpE-
CyIOLLHE HHXEHepa JaHHBIE COAEPXKATCA: a) TOJIbKO B O/IHOM Cpa-
BOYHHUKE; 6) TONBKO B IBYX CIIpaBOYHHKAX; B) BO BCEX TPEX CMpa-
BOYHUKaX. (Omeem: a) 0,188; 6) 0,452; 8) 0,336.)

3.30. BeposiTHocTh GesoTkasHoit paGothl 3a Bpemsi T Gnoka,
Bxogsiiuero B npubop, paBHa 0,85. JIna nosbilieHUA HaAEXHOCTH
ycTaHaBJMBaeTCsl Takol e pe3epBHBI 6ok, OnpeaenuTs Bepo-
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ATHOCTD Ge30TKa3Hoit paboThl npHbopa 3a BpeMsa T ¢ yyeTom pe-
3epBHoro 6noka. (Omeem:0,9775.)

4

4.1. 20 % npubopoB MOHTHUPYETCH € NPMMEHEHUEM MUKPOMO-
nyneil, octalbHble — C NPUMEHEHHEM MHTerpalbHBIX cxeM. Ha-
IeXHOCTb pubopa ¢ NpUuMeHeHHeM MUKpoMoaynei — 0,9, HHTer-
panbHbiX cxeM — 0,8, Haittu: a) BeposiTHOCTb HaleXHOM paboThl
Hayraj B3sitoro npubopa; 6) BepoSTHOCTH TOrO, 4TO NMpUbop — ¢
MHMKpoMoay/ieM, ecld oH Obinl wucrpaBeH. (Omeem: a)0,82;
6) 0,22.)

4.2. [letanu nonagatoT Ha 06paboTKy Ha OMH K3 TPEX CTAHKOB
€ BEpOSITHOCTSIMH, paBHBIMK cooTBeTcTBeHHO 0,2; 0,3; 0,5. Bepo-
SATHOCTb OGpaka Ha nepBoM cTaHke pasHa 0,02, Ha BTopom — 0,03,
Ha TpetbeM — 0,01. HaiiTh: a) BepossiTHOCTBH TOTO, YTO Cily4aiiHO
B3siTast nocse ob6paboTKM eTajlb — CTaHAapTHasA; 6) BeposATHOCTb
00paboTku Hayraj B3sTOM NeTalu Ha BTOPOM CTaHKe, €CJIM OHa
oKasanach cTaHaapTHoi. (Omeem: a) 0,982; 6) 0,2963.)

4.3. Cpenu noctynusimx Ha cbopky netaneit 30 % — c 3aBona
Ne 1, octanbHble — ¢ 3aBoga Ne 2, BepositHocThk Opaka 1S 3aBona
Ne | papHa 0,02, nnst 3aBoga Ne 2 — 0,03. Haiitu: a) BepoaTHOCTB
TOro, YTO Hayraj B3sTasi IeTalb CTaHIapTHasl; 6) BepOSITHOCTDb H3-
TOTOB/IEHUsI Hayraj B3AToi AeTanu Ha 3aBoje Ne 1, eciu oHa oka-
3afnach craHOapTHoil. (Omeem: a) 0,973; 6) 0,302.)

4.4. Tpy aBTOMaTa M3rOTaBAHBaIOT OAHOTUITHBIE NETATH, KO-
TOphle MocTynalwT Ha obwuii KoHBeitep. [poussonurenbHoCcTH
repBOro, BTOPOro M TPETbElo ABTOMAaTOB COOTHOCATCA Kak
2:3:5. BeposiTHOCTb TOrO, YTO AETalb C NEpBOro aBromara —
BHICILIETO Ka4yecTBa, paBHa 0,8, nns sroporo — 0,6, ans TpeTbero —
0,7. HaiiTy BepoaTHOCTL TOTO, YTO: a) Hayral B3fATas ¢ KOHBeile-
pa NeTallb OKaXeTCsl BhICLIEro KauecTBa; 6) B3sATas Hayraa eTallb
BBICILErO Ka4eCTBa U3roTOBNEHA NEPBLIM aBTOMATOM. (Omeem: a)
0,69;6) 0,2319.)

4.5. KoMnnekToBILMK monyyaet ans cbopku 30 % nertaneit ¢
3aBogaNe 1, 20 % — c 3aBona Ne 2, octaiibHble — ¢ 3aBofa Ne 3. Be-
POSITHOCTL TOTO, YTO AeTanb C 3aBoga Ne | — Bbicluero KayecTsa,
paBHa 0,9, ans neraneii ¢ 3aponga Ne 2 — 0,8, nns netaneii ¢ 3apoga
Ne 3 — 0,6. HaiiTv BepoaTHOCTB TOro, 4TO: a) cay4yaiiHo B3ATas oe-
Talb — BBICILETO KauecTBa; 0) Hayran B3siTas AeTalb BbICILENO Ka-
yecTBa U3roTOB/NEHA Ha 3aBose Ne 2. (Omgem: a) 0,73; 6) 0,2192.)

4.6. 3aroToBKa MOXET NOCTYNHUTHL I 00pabOTKH Ha oAMH U3
IBYX cTaHKOB ¢ BeposiTHocTAMH 0.4 1 0,6 cooTBeTcTBeHHO. [1pH
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00paboTKe Ha NepBoM CTaHKe BeposiTHOCTh Opaka coctaenset 2 %,
Ha BTopoM — 3 %. HaiiTh BeposiTHOCTE TOTO, 4TO: @) Hayraz B3ATOE
noche 00paboTKK U3neNHe — cTaHaapTHoe; 6) Hayraa B3siToe rnoc-
ne 00paboTKH cTAHAapTHOE H3ae/Ke 06paboTaHO Ha NEPBOM CTaH-
ke. (Omsem: a) 0,974; 6) 0,402.)

4.7. Ha nByx ctaHkax ob6pabaThlBalOTCs OQHOTHUITHEIE JETaH.
BepositHocTb 6paka mns ctanka Ne 1 coctaensiet 0,03, nns ctaHka
Ne 2 — 0,02. O6paGoraHHbie JeTaNH CKJIAABLIBAIOTCH B OJlHOM Mec-
Te, NpuuyeM geTaneit, o6paboTaHHbIX Ha cTaHKe Ne 1, BaBoe Gonb-
we, 4eM Ha ctaHke Ne 2. HaiiTi BeposTHOCTB TOrO, YTO: a) B3ATas
Hayraf feTalb OyneT cTaHOapTHoii; 6) Hayraj B3siTas CTaHOApT-
Hasl [eTajlb U3rOTOBJIEHA Ha NepBoM cTaHkKe. (Omeem: a) 0,0266;
6) 0,7518.)

4.8. B nucnneiiHoM knacce umeercsl 10 mepcoHaNbHBIX KOM-
MbIOTEPOB MepBOro Tuna M 15 Broporo tuna. BepositHocTh TorO,
YTO 3a BpeMs paboThl Ha KOMIbIOTEPE NIEPBOro THNa He NPOK30ii-
net cbos, paBHa 0,9, a Ha KomnbloTepe Broporo Tina — 0,7. Haiitu
BEPOSITHOCTb TOr0, YTO: a) HA c/iydyaliHo BHIOpaHHOM KoMIbloTEpE
3a BpeMs paboThl He nmpousoiinet cbosi; 6) KOMIBIOTEP, BO BPEMs
paboThl Ha KOTOPOM He npousouuto cbosi, — nepporo tumna. (Om-
gem:a)0,78; 6) 0,4615.)

4.9, B natu simmkax ¢ 30 wapamu B KaXJ0M CONEPXMTCSA IO
5 KpacHbIX LIapoB, B LWIECTH APYruX AuKax ¢ 20 wapaMu B Kax-
IIOM — TI0 4 KpacHBbIX wapa. HaiiTu BepossiTHOCTB TOrO, YTO: a) M3
Hayral B3STOro SILMKa Haydayy B3fATBIA wwap OyNeT KpacHBIM;
6) Hayra[ B3sTHI KpacHBI Wap COAEPXHUTCS B ONHOM M3 NEpPBLIX
naTv AwKkoB. (Omeem: a) 0,1848; 6) 0,4099.)

4.10. Mo 1MHKUM CBA3M NepenaHo ABa cUrHaa TUNoBA v B¢ Be-
posiTHOCTAMU cooTBeTcTBeHHO 0,8 1 0,2, B cpeanemM npuHUMaeTcs
60 % curnanos tuna A 1 70 % tuna B. Haiitu BeposiTHOCTE TO O,
4TO; a) MOCNAHHBII curHai 6ynet NpuHAT, 6) NpHUHATBIN curHan —
tna A. (Omeem: a) 0,62; 6) 0,7742.)

4.11. Ins curHanuzaLuy o TOM, 4YTO PeXXHUM paboTkl aBTOMATH-
4eCcKOM NMHUK OTKJIOHSIETCA 0T HOPMAdbHOTO, MCHOAB3YIOTCS HH-
NMKATOPbI ABYX THIIOB. BEpOATHOCTH TOro, YTO MHAHKATOP NpPHHa-
OJIEXHUT K OHOMY M3 IBYX THIOB, PaBHB COOTBETCTBEHHO 0,4 U
0,6. Ipu HapyweHUH paboThl IMHMKH BEPOATHOCTb CpabaThiBaHUs
MHAWKaTopa nepporo Tina pasHa 0,9, proporo — 0,7. a) Haiitu pe-
POATHOCTE TOTO, YTO Hayraj BbliOpaHHBIH MHAOMKaTOp cpabotaer
MpH HapylleHWH HopMalibHO# paboTbl IMHKK. 6) MHAKKaTOp Ccpa-
6oTtan. K KakoMy THIYy OH BeposiTHee BCErO MpUHaLIexut? (Om-
eem: a) 0,78; ©6) ko BTOpoMYy.)
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4.12. Pe3uctop, NOCTaRIeHHBIH B TEJEBH30D, MOXET [TpPUHA/-
Nexathb K OOHOM K3 ABYX MapTHii ¢ BepoaTHocTaMU 0,6 u 0,4, Be-
POATHOCTH TOTO, YTO PE3UCTOP NpopaboTacT rapaHTMIHOE YMCIIO
4acoB, ANd 3THUX NapTWi paBHBl cooTBeTcTBeHHO 0,8 M 0,7.
a) HaitT BeposATHOCTL TOrO, YTO B3SITBIA HAayraa pe3ucTop npopa-
GoTtaet rapaHTHiiHOe uMcno vyacos. 6) Peanctop npopaboran ra-
paHTHItHOEe yKcao YacoB. K Kakoil mapTMu OH BeposiTHee BCEro
npuHaanexut? (Omeem: a) 0,76; ©) K neppoii.)

4.13. [1pH OTKNOHEHHH OT LUTATHOTrO pexuma paboThl NOTOY-
HOil JIMHKK cpabaTbiBaloT curHanusatop Tina T-1 ¢ BepoATHOC-
T 0,9 ¥ curianumsarop tvna T-2 ¢ sBeposTHocThio 0,8. Bepodt-
HOCTH TOT0, UTO JIMHUS CHabXeHa cMrHanu3atopamu Tvnos T-1 u
T-2, paBHbl cooTBeTcTBeHHO 0,7 1 0,3. a) HaiTu BeposiTHOCTL To-
ro, 4TO MNP OTKJIOHEHHH OT LITATHOTO pexXHMa paboThl CHTHATH-
3arop cpaboraet. 6) CurHanusarop cpabotan. K kakoMmy THny oH
BEposITHEE BCero npuHawiexut? (Omeem: a) 0,87; 6) T-1.)

4.14. Ins yyacTHs B CTYAC HYECKHX CIIOPTHBHBIX COPEBHOBAHM-
X BblaeneHo 10 yenopek U3 nepsoii rpymis! U 8 U3 Bropoii. Bepo-
SITHOCTB TOTO, YTO CTYNEHT MNMepBROi4 rpyrnbl nornanet B cOOPHYIO
HHCTUTYTa, paBHa 0,8, a mis ctyneHTta Bropoit rpynnnl — 0,7.
a) HaiiTH BeposSITHOCTB TOTO, YTO Cy4ailHO BLIOpAaHHBIH CTYNEHT
nonain B cbopHyto MHCTUTYTA. 6) CTyIeHT nomnan B cGOpHY0 HHC-
TUTYTa. B Kakoit rpymnme oH BeposTHee Bcero yuutca? (Omeem:
a) 0,7555; ©) B nepBoii.)

4.15. Ha cbopKy nocTynaioT getanu ¢ Tpex KoHpeitepos. [lep-
Bblid naet 25 %, Bropoit — 30 % v Tpetuii — 45 % netanei, nocty-
nawLmnx Ha cbopky. C mepBoro KoHseitepa B CpeHEM MOCTyNaeT
2 % Gpaka, co Broporo — 3 %, ¢ Tpetbero — 1 %. Haiitu peposiT-
HOCTb TOro, 4TO: a) Ha cOOpKY MocTynuia OpakoBaHHas JeTallb;
6) noctynusiuas Ha cBopKy GpakoBaHHasa JeTalb — CO BTOPOro
KoHBelepa. (Omeem: a) 0,0185; 6) 0,4865.)

4.16. B nByx kopobkax UMeIOTCs OQHOTHNHbBIE KOHAEHCATOPHI.
B nepsoii 20 KoHAEHCATOPOB, M3 HUX 2 HEUCTIPABHBIX, BO BTOpO#i —
10, 13 HMX 3 HeucrnipaBHBIX. a) HaiTv BeposATHOCTBL TOrO, YTO Ha-
yran B34TEIH KOHAEHCaTOp M3 cyvaiiHo BuiGpaHHOM KOpobKu ro-
JIeH K Ucronb3oBaHHMIo. 6) Hayran s3saTbhiii KoHIEHcaTOp OKazancs
ronHeIM. M3 Kakoi KopoGku oH BeposiTHee Beero B3siT? (Omeem:
a) 0,8333; 6) u3 nepeoii.)

4.17. B TeneBU3MOHHOM aTeNibe HMEETCs 2 KHHECKONa MepBo-
ro TUmna v 8 BTOporo TMNa. BepoATHOCTb BHIIEPXKaTh rapaHTHIi-
HblH CPOK L1l KMHECKONOB rnepBoro tuna pasua 0,9, a nusa BrO-
poro Tuna — 0,6. HaiiTv BepoATHOCTBb TOro, uTo: a) B3SATHIH Ha-
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yraJ KWHECKON BHIIEPXUT rapaHTUHRHBIH cpok; ©) B3ATHII Hayran
KWHECKOTI, BbIOEPXaBLUIMii rapaHTMHHBIA CPOK, MEPBOTO THIIA.
(Omeem: a) 0,66; 6) 0,2727.)

4.18. ¥ cGopiuuka 16 netaneii, M3aroToBIeHHBIX Ha 3aBofe Ne 1,
v 10 neraneil, M3roToBNeHHBLIX Ha 3apone Ne 2. BeposiTHOCTH Toro,
YTO NETATH BbIAEPXKAT rapaHTHIHbBIN CPOK, paBHBI COOTBETCTBEH-
HO 11 geTaned ¢ 3apona Ne 1 — 0,8; ¢ 3aBoga Ne 2 — 0,9, a) Haiitu
BEPOSITHOCTb TOTO, YTO B3ATasl Hayraj JeTalb nMpopaboTaeT rapaH-
THIHBIA cpok. 0) Basitas Hayran netans npopaborana rapaHTHit-
Hblii cpok. Ha kakoM K3 3aBOIOB OHa BepOsiTHEEe BCEro H3roToBe-
Ha? (Omeem: a) 0,8384; 6) Ha nepBOM.)

4.19. TenerpadHoe cobleHHE COCTOMT U3 CUTHANIOB «TOYKa» K
«TUpe», OHK BCTPEYaloTCsl B MEpeNaBacMbiX COODLIECHHAX B OTHO-
weHuu 5 : 3. CTatuyeckue CBONCTBa NOMEX TAKOBbI, YTO UCKaXa-
10TCA B cpeiHeM 2/5 coobuleHuit «Touka» u 1/3 coobLueHHit «TH-
pe». HaiiTu BeposiTHOCTb TOro, 4To: a) NepefaBaeMBIii CHrHan
MPUHAT; 6) NPUHATHIH CUTHAN — «THpe». (Omeem: a) 0,5; 6) 0,5.)

4.20. [Ins noMcKoB CycKaeMoro anraparta KOCMHYeCKOro Ko-
pabns BelAENeHO 4 BepToJieTa NepBOro TUIa M 6 BEpTONETOB BTOPO-
ro Tvna. Kaxaeiit BepTosner nepBoro THna o6HapyXHBaeT HaXos -
wuiicsl B pailioHe MoucKa anmnapar ¢ BeposATHOCThIo 0,6, Broporo
THNa — ¢ BeposgTHOCTLIO 0,7. a) HaliTn BeposiTHOCTH TOro, 4To Ha-
yraz BbiOpaHHBIH BepToneT o6HapyXHuT annapart. 6) K kakomy tu-
My BEpOSITHEE BCEr0 MPUHALIEKHUT BepTONeT, OOHAPYXHBLIMIi
cnyckaeMublit annapat? (Omsem: a) 0,66; 6) ko BTopoMy.)

4.21. [Npubop COCTOMUT M3 ABYX Y3J10B ONHOTO THIIA M TPEX Y3/10B
Broporo THna. HaaexXHocTs paboTh B TeueHHe BpeMeHM T s y3-
na nepporo Tuna pasHa 0,8, a mns y3na Broporo tvna — 0,7.
a) HaliTk BeposiTHOCTE TOTO, YTO Hayra/Jl BLIOpaHHBIi y3en npopa-
6otaer B TeueHWe BpeMeHu T. 6) ¥3en npopabotan rapaHTUitHOE
BpeMs T. K kakomy Tuny oH BeposiTHee Bcero otHocutca? (Om-
gem: a) 0,74; 6) Ko BTropomy.)

4.22. IMaccaxup MoxeT ob6paTUTLCs 3a MojiydyeHUeM OuneTa B
OJIHY M3 Tpex Kacc Bok3asa A WiK B OJIHY U3 MATH Kacc BoK3ana B.
BeposTHocTb TOro, 4To K MOMEHTY MPUXOAA Nacca)xHpa B Kaccax
BOK3ana A uMmeloTcst B mpojaxe OuneTol, paBHa 0,6, B Kaccax BOK-
3ana B — 0,5. a) Haiitu BeposTHOCTb TOTO, 4YTO B Hayraj BuiOpaH-
HOW Kacce uMmeeTcs B poaaxe ouner. 6) [Naccaxup kymnun Guner.
B kacce kakoro Bok3ana oH BeposiTHee Bcero kKymineH? (Omeem:
a) 0,5375; 6) B kacce Bok3ana B.)

4.23. B BriuMcauTenbHoi Nabopatopuu 40 % MUKpOKanbKyns-
TopoB u 60 % nucruieeB. Bo BpeMs pacueta 90 % MUKpOKanbKyns-
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topoB 1 80 % aucriees paGotaloT Ge3oTKa3Ho. a) Haiitu BeposT-
HOCTb TOTO, YTO Hayraj B3siTas BbIUMCIHTENbHAs MallHHa npopa-
GotaeT Ge3oTKa3HO Bo BpeMsi pacuera. ©) BelbpaHHas malumHa
npopabotana 6e30TKa3HO BO Bpemsl pacueTa. K KakoMy THIy Bepo-
ATHee Bcero oHa npuHamnexut? (Omeem: a) 0,84; 6) k iHcrIEAM.)

4.24. B cocraB Gnoka Bxonst 6 paguonamn nepsoro Tuna u 10
BToporo. l'apaHTHIHBIN cpoK 06bIYHO BhLIEpXHBalOT 80 % panvo-
JlaMn nepsoro TiNa u 90 % Broporo Tuna. HaiiTi BeposTHOCTB TO-
ro, 4TO: a) Hayrad B3siTas pajHoJiaMMNa BBIAEPXWT rapaHTHHHBIN
cpok; 6) paguonamria, BulaepXKaBllasi rapaHTHITHBII CpoK, NepBo-
ro tuna. (Omeem: a) 0,8625; 6) 0,3478.)

4.25. Ha cGopKy nocTynakoT AETaTH C TPEX aBTOMATOR, MPHUYEM
¢ nepsoro 30 %, co Broporo 40 % u ¢ Tperbero 30 % scex netanei.
BeposiTHocTb 6paka ans nepeoro aBromMarta pasHa 0,02, nnst Bropo-
ro — 0,03, ons tpeteero — 0,04. a) Haititi BepoAAITHOCTB TOrO, YTO
B3siTasi Hayraj fneTalb — GpakoBaHHasi. 6) Bastas nayran metanb
oKasanachk 6pakoBaHHOM. C Kakoro aBToMaTta OHa BEpOSITHEE BCETo
noctynuna? (Omeem: a) 0,03; 6) co BToporo WiH TPeTbEro.)

4.26. Umeetcs 6 kopoGok nronoB TMNa A U 8 KopoGok IHON0B
Tuna B. BepoaTHocTh 6e30TKa3HO# paboThl JuMona Tuna A paBHa
0,8, Tuna B— 0,7. a) HaiiTy BeposiTHOCTB TOrO, 4TO B3ATHIA Hayraz
n1on npopaGoTaeT rapaHTHitHOE YKcno YacoB. 6) BaaTwil Hayran
nuop npopaboTan rapaHTHitHOE YKcio YacoB. K Kakomy THMy OH
BeposiTHee Bcero oTHocutcs? (Omeem: a) 0,7429; 6) k Tuny B.)

4.27. Ilnst yqacTHSA B CTYyNEHYECKMX CNOPTUBHBIX COPEBHOBAHH-
SIX BbLOEJIEHO W3 MEPBOIi TPYTINELL 5 CTYNEHTOB, W3 BTOPOi K TPEThel —
cooTBeTcTBeHHO 6 W 10 cTyneHTOB. BeposTHOCTH BLIMONHEHWSA
HOpMbI MacTepa clopTa paBHbI COOTBETCTBEHHO IJISi CTYJEHTOB
nepsoii rpynnet — 0,3, BTopoii — 0,4, TpeTieii — 0,2. HaiiTu Bepo-
STHOCTb TOTO, YTO: @) HAYraj B3SITHIH CTYAEHT BBITIONHUT HOPMY
MacTepa cnopra; ©)cTyleHT, BBLIMOJHUBIUWNA HOpMY MacTepa
cropTta, yuMTCH BO BTropoi rpynne. (Omeem: a) 0,28; 6) 0,4.)

4.28. Ha yyactke, n3rorasimpatouieM 6oNTbl, NepBbliil CTAHOK
nNpou3BoIHT 25 %, BTOpOil — 35 %, TpeTuii ~ 40 % Bcex uU3nenMii.
B mpooykuumk Kaxaoro M3 cTaHKOB OpaK COCTaB/fiIET COOTBET-
CTBEHHO 5 %, 4 %, 2 %. HaiiTi BEpOATHOCTb TOTO, YTO: a) BIATHIH
Hayraj 6onT — ¢ aedekToM; 6) cayyaiftHo B3sATHI OONT ¢ nedheKTOM
M3roTOBJEH Ha TpeTheM cTaHke. (Omegem: a) 0,0345; 6) 0,2319.)

4.29. Ha cbopky noctynaioT AeTalH ¢ 4YeTbipeX aBTOMAaTOB.
Mepeolit o6paGarbiBaet 40 %, Bropoit — 30 %, Tpetmit — 20 % u
yeTBepThiil — 10 % Bcex netaneii, noctynawuiux Ha cbopky. [ep-
Bblid aBTOMart gaet 0,1 % Gpaka, sTopoii — 0,2 %, Tpetuii — 0,25 %,
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yerBepThiit — 0,5 %. HaiiTH BeposiTHOCTb TOTO, 4YTO: a) Ha cOOPKY
NOCTYNMUT cCTaHAAPTHAA AeTanb; 6) nocTynyeLiasg Ha cOOpPKy cTaH-
[apTHasi [eTalb H3roTOBJE€Ha nNepBbiM asromatoMm. (Omeem:
a) 0,9935; 6) 0,4022.)

4.30. TlpounaponuTes cTpenbba Mo MUILEHSAM TPEX THIOB, H3 KO-
TOpHIX 5 MUIUEeHelH THNa A, 3 MHIIeHHW THNA B 1 3 MULueHu Tuna C.
BeposiTHOCTE nNonajaHus B MULIeHb THNa A paBHa 0,4, B MUILEHb
tuna B - 0,1, B Muwens tvna C — 0,15, Haiiti BepossTHoCTh ToTO,
4TO: a) MUILUEHB OyAeT NopaxeHa Npy OLHOM BBICTpPENE, ECJIH HEU3-
BECTHO, MO MMIUEHH KAaKOIro TUMa OH ObL1 caenaH; 6) NpH OOHOM
BhicTpesie (ecn HEUM3BECTHO, NO MUUIEHH KAKOro THUINA OH CIEsaH)
6yner nopaxeHa MUILEHL THNA A. (Omeem: a) 0,25; 6) 0,7273.)

5

5.1. BexoxecTh ceMSIH HEKOTOpPOTO pacTEHWs COCTaBAsieT
80 %. HaiiTu BepOATHOCTb TOrO, YTO M3 6 MOCEAHHbIX CeMSH
B3oHOyT: a)Tpu; ©)He MeHee TpeX; B)u4eTbipe. {(Omesem:
a) 0,08192; 6) 0,98324; B) 0,24588.)

5.2. B cembe uetBepo neteil. IlpMHMMas paBHOBEPOSITHHIM
pOXIeHWe MalbyMKa M NeBOYKHM, HafiTH BEPOSITHOCTb TOTO, YTO
MaJbBMHMKOB B CeMbe: a) TpH; 0) He MeHee TpeX; B) aBa. (Omeem:
a) 0,25; 6) 0,3125; B) 0,375.)

5.3. Cpenu 3aroToBOK, W3roTaBJIMBaeMbIX pabo4urM, B CpelHEM
4 % He ynosnetsopsiloT TpeGoBaHWsIM cTaHaapta. Halitu seposit-
HOCTb TOTO, YTO Cpeau 6 3ar0TOBOK, B3ATHIX ISt KOHTpOJIS, Tpe6o-
BaHMSIM CTaHAapTa He YIOBJIETBOPSIOT: a) He MeHee NnsATH; 6) He
Gonee natu; B) oee. (Omeem: a) 0,9784; 6) 0,2172; 8) 0,0204.)

5.4. BeposiTHOCTB BHMTPbILLIA N0 OAHOI OGNHMralny Tpexnpo-
LeHTHoro 3aiiMa paBHa 0,25. HaiiTH BeposATHOCTb TOTO, YTO M3
BOCbMM KYIJIEHHBIX OOAMralMii BbIMIPBIIUHBIMM OKaXyTCH:
a) TpM; ) aAse; B) He meHee ABYX. (Omeem: a) 0,2076; 6) 0,3115;
B) 0,6329.)

5.5. BeposiTHOCTb YcreIHO# cAaY M CTYAEHTOM KaXI0To U3 M-
TH 3K3ameHoB pasHa 0,7. HaiiTu BeposTHOCTE ycnelHo#i coauu:
a) Tpex 3K3aMeHOB; §) IBYX 9K3aMEHOB; B) HE MEHee I BYX IK3aMe-
HoB. (Omeem: a) 0,3087; 6) 0,1323; 8) 0,9692.)

5.6. BeposiTHOoCTb paboTHl Kax/Joro U3 ceMH MOTOPOB B JaH-
HbIi MoMeHT paBHa 0,8. HailiTH BeposiTHOCTb TOTO, YTO B JAHHHI#
MOMEHT BKJIIOUEHBI: a) XOoT# 6Bl OIMH MoTOp; ©)ABa MOTOpa;
B) TpH MoTopa. (Omeem: a) 0,99998; 6) 0,0043; 5) 0,1435.)

5.7. B teneatense umeetcsa 7 teneeusopos. Jnga kaxaoro tene-
BH30pa BEPOSITHOCTb TOTO, YTO B NaHHBIII MOMEHT OH BKJIIOYEH,
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paBHa 0,6. HaiiTh BepoSTHOCTL TOFO, YTO B JaHHBII MOMEHT BKJIIO-
YEeHBI; a) YeThipe TeneBH3opa; 0) xoTA OBl OOMH TENEBH3OP; B) HE
MeHee Tpex TeneBu3zopoB. (Omeem: a)0,2916; 6)0,9999;
B) 0,9477.)

5.8. I1pu MaccoBOM MPOMU3BOACTBE MOJYNPOBOAHUKOBLIX JHO-
0B BepoATHOCThL Gpaka npu ¢opmoske pasHa 0,1. Haiitu BeposT-
HOCTb TOTO, YTO H3 BOCbMH nuonos, npoeepsiemelx OTK, 6pako-
BaHHHIX DyneT: a) nBa; 6) He MeHee ABYX; B) He Gonee nByx. (Om-
gem:a) 0,1488; 6) 0,1871; B) 0,9617.)

5.9. BeposiTHOCTb NopaXeHUs MULLIEHH LISl NTAHHOTO CTPEJKa B
cpenHeM coctasnsiet 80 %. CTpenok nmpou3ssed 6 BLICTPENOB IO
MuLeHU. HauTu BeposATHOCTB TOro, 4TO MULIEHDL Gbl1a MopaxeHa:
a) nsiTh pa3; 6) He MeHee NATH pa3; B) He Gonee NsATH pa3. (Omeem:
a) 0,3932; 6) 0,6554; B) 0,7379.)

5.10. BepoAiTHOCThL coauM 3K3aMeHa s KaXAOro W3 HWIECTH
ctyneHToB pasHa (0,8, HaliTi BeposATHOCTb TOTO, YTO 3K3aMEH cla-
JYT: a) NATh CTYAEHTOB; B) He MEHee NATH CTYNEHTOB; B) He Gosnee
NATH CTYneHTOB. (Omeem: a) 0,3932; 6) 0,6553; B) 0,7379.)

5.11. BepoATHOCTh NMOpaXKeHUS B KaXI0M LIaXMaTHOR NapTHH
nnsi urpoka pasHa 0,5. HailTH BepoAATHOCTb TOTO, YTO OH BbIMIpa
B LIECTH MapTHAX: a) XoTA OBl ONUH pa3; 6) ABa pa3a; B) He MeHee
AByX pa3. (Omsem: a) 0,9844; 6) 0,2344; 8) 0,8906.)

5.12. BcxoxecTh ceMAH nMMoHa cocTtaBnseT 80 %. Haiitu Be-
POSITHOCTb TOTO, YTO M3 9 NocessHHbIX ceMAH B3OMOYT: a) ceMb;
©) He Gonee cemu; B) Gonee ceMu. (Omeem: a) 0,302; 6) 0,5638;
B) 0,4362.)

5.13. Mpu wramnoske uagenuii Guigaer B cpeaHem 20 % Gpa-
ka. [Ins KoHTpons otobpaHo 8 uznenuit. Hailtu: a) BepossTHocTh
TOTO, 4TO ABa W3eHA OKaXyTcsl 6pakoBaHHBIMK; 6) HAUBEPOAT-
Heilee Yyncno OpakOBaHHBIX M3OENWH; B) BEPOATHOCTb HauBe-
poaTHeliwero yncna 6pakoBaHHbIX U3nenuit. (Omeem: a) 0,2936;
6) 1; B) 0,3355.)

5.14. Cpenu u3nenwuii, moapeprapilMXcsl TepMUYecKoi obpa-
6otke, B cpenHeM 80 % Buiciuero copta. HaliTu BepossTHOCTB TOTO,
YTO CpenM NATH U3NENMIA: a) XOTA Obl YeTblpe BLICILUETO COPTA;
6) ueThipe BBICLLETO COpTa; B) He Boslee YeThIpeX BHICLIETO COpTa.
(Omeem: a) 0,7373; 6) 0,4096; B) 0,6723.)

5.15. OntoBasi 6a3za o6cnyxuBaetr 6 MarasuHoB. BeposaTtHocTh
nonayyeHus 3asgsBku 6a3oi Ha AaHHBIM OEHb IS KaX10ro U3 Mara-
3uHoB paBHa 0,6. HaiiTH BepoATHOCTB TOTO, 4TO B 3TOT fIEHL GYAET:
a) NATh 3asBoK; 0) He MeHee MATH 3a8BOK; B) He OoJiee MATH 3a-
ABoK. (Omeem: a) 0,1866; 6) 0,2333; B) 0,9534.)
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5.16. INocne 3y6odpe3epoBKH HiecTepeH y paGouero B cpeaHeM
nosydaercsi 20 % HecTaHIapTHHIX WwectepeH. HaiiT BeposTHOCTH
TOrO, YTO CpeM B3ATHIX LIECTH LUeCTepeH HecTaHAApTHHIX OyneT:
a) TpH; ©) He Oonee Tpex; B) xot Obl onHa. (Omeem: a) 0,0819;
6) 0,7209; B) 0,7379.) .

5.17. Ipy nepenaye coobilieHUs BEPOATHOCTb MCKAXKEHUS Oll-
Horo 3Haka pasHa 0,1. Haiftu BepoAATHOCTB TOTO, YTO COODLIEHHE
n3 10 3HaKoB: a) He GyneT MCKaxXeHO; 0) COOEpPXUT TPU HCKaxe-
HMSI; B) COAepXHT He Donee Tpex uckaxeHUi. (Omeem: a) 0,3487;
6) 0,0574; B) 0,9872.)

5.18. INpoaykuus, nocrynawowas 13 uexa B OTK, He ynosner-
BOpSIET YCJIOBHMSM CTaHIapTa B cpeqHeM B 8 % cnyyaes. Haiitu Be-
POSITHOCTL TOTO, YTO U3 Hayraj B3siTbIX CEMH H3AENHI He YIoBIeT-
BODAIOT YCJIOBMSIM CTaHAapTa: a) LIeCTb MU3AenHii; 6) He MeHee
IIECTH M3ENHI; B) MeHee LecTH Uaaenuit. (Omeem: a) 0,000002;
6) 0,000002; B) 0,999998.)

5.19. BeposiTHOCTb MOpaXeHHs LieMM MpH OAHOM BHICTpENE
paBHa 0,4. [IpousseneHo 8 BricTpenor. Haiith BeposTHoCTE Nopa-
JKEHHS LIeNIU: a) TpH pasa; 6) HaMBeposiTHeMLLEE YUCIIO pa3; B) XOTA
OBl OMH pa3. (Omeem:a) 0,2787; 6) 0,2787; &) 0,9832.)

5.20. BepoATHOCTE TOFO, YTO H3ENHE NPOIAET KOHTPOb, paB-
Ha 0,8. HaiiTu BeposiTHOCTb TOTO, YTO M3 IUECTH H3OENHH KOHT-
poJib NpoiayT: a) NATH U3AENHii; §) He MeHee NATH U3eNuii; B) He
Gonee naTu usmenuii. (Omeem: a) 0,3932; 6) 0,6553; B) 0,7379.)

5.21. Cpenu neraneil, usrotapivBaeMbiX pabo4yKM, B CpeaHEM
2 % nectanmaptHeiX. HaiiTh BepoAITHOCTB TOTO, YTO CpeaH B3fl-
THIX Ha MCMBITAHWE [ATH AeTajlei: a) TPM HecTaHOapTHBIX;
6) OyneT HaMBepoATHEMHLLIEE YHCIO HECTAHIAPTHHIX AeTaneit (13
MATH); B) HY onHOMH HecTaHnapTHo# netanu. (Omeem:a) 0,00008;
6) 0,9039; ) 0,9039.)

5.22. BeposiTHOCTL NMEpeBBINONHEHHUS TOAOBOTrO MyiaHa ans
KaXKaoro u3 BocbMu pabouux pasHa 0,8. HaiiTu BepoaTHoCThb TO-
ro, YTO MEePEBbINOJHAT rofoBOH M1aH: a) XoTA Obl OUH paboumii;
6) nBoe paGoumx; B) Tpoe paGouux. (Omeem: a)0,999997;
6) 0,001146; 8) 0,00917.)

5.23. BeposiTHOCTL NOpaXKeHMsI LEAW fPU OOHOM BBHICTpEJE
pasha 0,8. [IpousseneHo 7 Brictpenos. Haiith BeposTHocTs TOTO,
4TO MMEJIO MECTO: a) YETHIpe NopaXXeHHs LenH; 6) [IeCTk, opaxe-
HUH; B) He Gonee LeCTH NopaxeHwuit. (Omeem:a) 0,1147; 6) 0,367;
B) 0,7903.) .

5.24. BeposSTHOCTb MOPaXeHHs LEJIH KaXAblM M3 CEMH Bbi-
ctpenioB paBHa 0,8. HaiiTu BEepOATHOCTb MOpaXeHWs LeNH:
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a) 1ByMsl BbicTpenaMHM; 6) XoTs Obl OOHUM BBICTpEJIOM; B) HE Me-
.Hee 4eM Tpems BbicTpenamu. (Omeem: a) 0,0043; 6) 0,99998;
B) 0,9953.)

5.25. BeposiTHOCTb MOTONMTL CYIHO OAHOH Topriedoil paBHa
0,2. Beinyuieno 5 topnen. HailTu BeposATHOCTBL TOTO, YTO MMEET
MECTO: a) TPU MNorfagaHus B cynHo; 6) He MeHee Tpex nonagaHui;
B) 4eTbipe nonagaHus. (Omeem: a) 0,0512; 6) 0,05792; ) 0,0064.)

5.26. BeposiTHOCTb NomnajgaHusl B LENb MNPH OIHOM BBICTpEJIE U3
BHHTOBKH pagHa 0,3. IpousBeneHo 6 srictpenos. Haitth Beposit-
HOCTb TOTO, YTO [POM3OLLIO: a) TPHU NoMNaaaHusa B Uenb; 6) naThb
rornajaHuii; B) He MeHee MATH MonafaHuii. (Omeem: a)0,1852;
6) 0,010206; B) 0,010935.)

5.27. BepossiTHOCTb NOpaKeHHUS MULLIEHH IMPH ONHOM BLICTpEJIe
pasHa 0,6. TlpousseneHo 5 BeicTpenos. HaiiTh BepoaTHQCTE ToTO,
yTo 6YAET UMETh MECTO: a) YETHIPE MOpaXKeHHs uenu; 0) He MeHee
YeThIpeX TMopaxeHuit; B) Tpu rmnopaxeHusi. (Omeem: a)0,2592;
6) 0,33696; B) 0,3456.)

5.28. BeposTHOCTb MonajaHua B Uenb paBHa 0,3. OnHospe-
MeHHo cBpacbiBaetcs 6 Gom06. HaiiTu BeposiTHOCTB TOro, 4TO B
LIeNb NONafaeT: a) ueTeipe BoMOLI; 6) He MeHee YeThipex 6oMO;
B) He Gonee ueTbipex 6om6. (Omeem: a) 0,059535; 6) 0,07047;
B) 0,9891.)

5.29. Cpenn netaneid, H3rotTaBnruBaeMblx paGounM; B cpeqHeM
4 % OpakopaHHBbIX. HaitT BEpOATHOCTbL TOrO, YTO CpeiH B3ATHIX
Ha KOHTpoJb NIATH feTaleii: a) 1Be OpakoBaHHbIE; 6) XoTs ObI OIHA
OpakoBaHHasi; B) He Oonee ofiHoil ©OpakoBaHHoOH. (Omeem:
a) 0,014156; 6) 0,1846; B) 0,9852.)

5.30. BepoATHOCTE BHLIMIPATh MO ofiHOW oBnMrauMu rocymap-
CTBEHHoOro 3aiiMa pasHa |/3. HaiiTk BeposiTHOCTB TOTO, 4TO, HMes
6 oGnuralMii 3TOro 3aiiMa, MOXHO BBIMIPATh: a) Mo ABYM obJMra-
LHAM; 6) no TpeM oGnurauMsiM; B) He MEHee UeM Io ABYM OOJIHra-
umaM. (Omeem: a) 0,3292; 6) 0,2195; 8) 0,6485.)

6

6.1. BeposiTHOCTb NOSBIEHHS COOLITHIA B KaXXIOM M3 HE3aBH-
CHUMBIX UcnbITaHKi paBHa 0,25. HaiiTH BeposATHOCTb TOTO, YTO CO-
OniTe HacTynuT 50 pa3 B 243 ucnbiTaHuax. (Omeem: 0,0167.)

6.2. BeposiTHOCTb NOSIBIEHUS COObITHA B KaXIOM M3 HE3aBM-
CUMBIX McMbiTaHWi paBHa 0,8. HaiiTH BeposiTHOCThL TOro, 4TO B
144 ucneitaHuax cobuiTe HacTynut 120 pas. (Omeem: 0,0504.)
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6.3. BeposiTHOCTE MOAARNEHHSI COOLITHSA B KaX/JOM W3 He3aBH-
CHMBIX HcnbiTaHuit paBHa 0,2. HaiiTH BeposiTHOCTB TOTO, 4TO CO-
6biTHe HacTyruT 25 pas B 100 ucnuitanusx. (Omeem: 0,0456.)

6.4. BeposiTHOCTb NMosiBNIeHHUs COOLITHS B KaxaoM K3 2100 He-
3aBMCUMBIX UCNBITAaHUI pagHa 0,7. HaiiTu BeposiTHocTb TOrO, 4TO
cobbITHE HAacCTYNUT He MeHee 1470 pa3 u He Gonee 1500 pa3. (Om-
gem: 0,4236.)

6.5. BeposiTHoCThL npou3BoacTBa OpakoBaHHOM AeTanu paBHa
0,008. HaiiTi BeposiTHOCTB TOTO, YTO M3 B3ATHIX Ha Nposepky 1000
neraneii 10 6pakoBaHHBIX. (Omeem: 0,0993.)

6.6. BeposTHOCTb NOSIBJIEHHS COOBITHS! B KaX/IOM W3 He3aBH-
CUMBIX HcnbiTaHWil paeHa 0,2. HaliTi BepofiTHOCTb TOTO, YTO CO-
6eiTHe HacTynuT 20 pa3 B 100 ucribtranusx. {Omsem: 0,0997.)

6.7. BeposiTHOCTE MpoMaxa NMpu OAHOM BbICTpene Mo Mulie-
HU paBHa 0,1. CkonbKo BHICTpEJIOB HEOOGXOAMMO NMPOH3IBECTH,
4TOOHI ¢ BepoATHOCTBIO 0,9544 MOXHO ObLNO YTBEpXAaTh, YTO
OTHOCHTEJIEHAs YacToTa MpoMaxa OTKACHHUTCH OT MOCTOAHHOM
BEPOATHOCTH MO abCcoNOTHON BelTHYMHE He Gonee yem Ha 0,03?
(Omesem: 400.)

6.8. CpenHee 4MCJIO MallMH, MPUOHLIBAIOIUKMX B aBTOMApK 3a
1 MHH, paBHO aByM. HaiiTH BeposiTHOCTB TOTO, YTO 32 5 MHH MpPM-
OyneT He MeHee AByX MalllMH, €CJIA MOTOK MPUEBLITHA MalllHH Ipo-
creimuii, (Omeem: 0,999505.)

6.9. BeposTHOCTB HapyIUEHHSI CTAaHIApTa NMPH LITAMITOBKE Kap-
6onutoBeiX konel, pasHa 0,3. Haiitu BeposTHOCTE TOTO, YTO [UTA
800 3aroToBOK 4MC/I0 GpaKOBaHHLIX KOJEL 3aKII0YeHO MexXay 225
U 250. (Omeem: 0,6543.)

6.10. BepoATHOCTb NOpaKeHHsI MMILIEHU NMPH OHOM BBICTpEJIE
paBHa 0,8. Haiiti BeposiTHOCTb Toro, 4to npu 100 BeICTpenax MH-
LIeHb OYZIET nopaxeHa He MeHee 75 pas. (Omeem: 0,8944.)

6.11. BeposiTHOCTL NoOSBAEHHUS COBBLITUA B KaX10M He3aBHCH-
MOM McnbiTaHuM paBHa (,7. HailiTu BepossTHOCTB TOTO, 4TO B 100
WCTbITAHHAX CODBITHE HacTynUT He Gonee 70 pas. (Omeem: 0,5.)

6.12. HaiiTi BeposiTHOCTb OfHOBpeMeHHOro octaHosa 30 Mma-
mHH 13 100 paGoTaoLMX, €CIH BEPOSTHOCTb OCTAHOBA ISl KaX-
IO MaluKHH paBHa 0,2, (Omeem:0,0044.)

6.13. Annapatypa coctout u3 1000 anemMenToB. BepoaTHocTb
OTKa3a 0nHOro aneMeHTa 3a BpeMsl T paBna 0,001 u He 3aBMCHT OT
paGoThl IpyrHx aniemeHToB. HaltTH BepoATHOCTL OTKa3a He MeHee
NBYX 3meMeHTOB. (Omeaem: 0,264.)
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6.14. HaiAT BeposITHOCTb MOpaXkeHUs] MHIIEHH 75 pa3 MnpH
100 BbicTpesax, ecii BEPOSITHOCThL MOpa)X€HWS TIPU OOHOM BHI-
crpene pasHa 0,8. (Omsgem: 0,0456.)

6.15. CtaHok coctouT U3 2000 He3aBMcHMO pabGoTalolIMX y3-
noB. BeposATHOCTH OTKasa OOHOTO y371a B Te4YeHMUE rofa pasHa
0,0005. HaiiTH BepOATHOCTb OTKa3a B TeYeHHe roja ABYX Y3/IOB.
(Omeem:0,1838.)

6.16. [TpoMblLneHHas TeNeBU3MOHHAS YCTAHOBKA COLEPXHT
2000 TpaH3KcTOpOB. BeposiTHOCTH BhIXOAa M3 CTPOSl KAXAOIO M3
TpaH3ucTtopoB paBHa 0,0005. Haiitu BeposiTHOCTH BbiXoma u3
cTpos XoT# Obl 0aHOro TpaHiuctopa. (Omeem: 0,632.)

6.17. BepoATHOCTb OTKJIOHEHHIT OT MPUHATOrO CTaHAAPTA MPH
wTamMrnoBke KiemMM paBHa 0,02. HaiiTu BeposiTHOCTb HATHYHS B
naptvu K3 200 kiemm ot 70 0o 80 KieMM, He COOTBETCTBYIOLLIMX
ctaHpapty. (Omeem:(.)

6.18. BeposaTHoOCTE NosiBJIEHHA COOLITHSA B Kax oM 13 2000 He-
3aBMCHMBIX HCTTBITAHKI paBHa (,7. HaliTn BeposATHOCTE TOTO, YTO
cobObITHe HacTYNMHT He MeHee 1500 pa3. (Omsem: 0,00003.)

6.19. BeposiTHOCTb NOSIBNIEHHSA COBLITHA B KaXI0M M3 21 Hesa-
BUCMMOTO HcrnbITaHus paBHa 0,7. HailiTH BeposiTHOCTHL TOrO, 4TO
cobbITHE HACTYNUT He MeHee 11 pa3. (Omeem: 0,93435.)

6.20. Mpsinunbiirua obenyxusaer 1000 BepereH. BeposTHocTb
obpbiBa HUTH Ha OJJHOM BepeTeHe B TeueHue | MHUH paBHa 0,004.
HaiiTu BeposaTHOCTE TOrO, 4TO B TeueHHe | MUH OGpbHIB NPOH3OI-
[IET Ha LecTH BepeTeHax, (Omeem:0,1041.)

6.21. BeposiTHOCTL NOSIBNEHUS COGHITHA B Kax,/0M U3 900 He-
3aBUCHUMBIX UCTIBITaHKIA paBHa 0,5. HaiiTu BeposiTHOCTh TOTO, YTO
OTHOCHTE/IbHAS YacToTa MOSABACHHUA COOLITUS OTKIOHHTCSH OT €ro
BepOSITHOCTH He Gornee 1eM Ha 0,02. (Omeem: 0,7698.)

6.22. BeposiTHOCTB TOTO, 4TO U3ENHe — BICLLIETO COpTa, paBHa
0,5. Haittu BepoATHOCTB TOTO, 4uTO M3 1000 M3zenuii 500 — BoiciLe-
ro copra, {Omeem: 0,0252.)

6.23. BepoATHOCTb MOsABIEHHA COOBITUA B KAXIOM M3 HE3aBH-
CHMBIX UcnBITaHKWI paBHa 0,8. Haiitu BeposTHOCTB TOTO, 4TO B 100
MCNBITAHUSIX COObITHE HACTYMHUT He MeHee 70 U He Gonee 80 pas.
(Omeem:0,4938.)

6.24. BeposiTHOCTb TOTO, YTO H3AE/]HME — BbICILEro KauecTsa,
paBHa 0,5. Ha¥iti BepoATHOCTBL Toro,*uto 13 400 uanenuit unucno
M3neNHid BhICLIEro KadyecTBa cocTaBUT oT 194 no 208. (Omsem:
0,5138.)

6.25. CpenHee 4MCO BBI30BOB, MOCTYMAOLKHX HA KOMMYTaTOp
3a | muH, paBHo 2. Haiitu BeposiTHOCTb TOTO, YTO 33 6 MHH MOCTY-
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MUT He MEHEE TPEX BLI3OBOB, €CJTH [10TOK BHI30BOB [IpenosaraeTcs
npocteiliiuM. (Omeem:0,9995.)

6.26. Haiit1 BeposiTHoCTb TOTO, 4TO NpH 400 UcheiTaHMAX CO-
6bITHE MosiBUTCS He MeHee 104 pa3, ecliM BepOSTHOCTL €r0 HACTYTI-
JIeHUsl B KaXIOM HEe3aBUCHMOM HCHBITaHHH paBHa 0,2. (Omeem:
0,00135.)

6.27. CpenHee 4HMCIO CAMOJIETOB, NPUOKIBAIOLIMX B a3pofopT
3a | MUH, paBHo 2. HaiiTH BeposiTHOCTE TOTO, YTO 3a 6 MHH NpuGy-
JET 5 CAMOJIETOB, €CNH NOTOK NPUOLITHS CAMOJIETOB MPOCTEMILKIA.
(Omeem:0,0124.)

6.28. BexoxecTh ceMsiH faHHoro pacteHus pasHa 0,9. Haiitu
BEPOSITHOCTb Toro, 4To M3 900 nocaxkeHHBIX CEMSIH YMCNO Mpo-
poCLIKX ByneT 3aKnoueHo Mexay 790 u 830. (Omeem:0,9736.)

6.29. CpepnHsisi nIOoTHOCTL BONE3HETBOPHLIX BakTepuit B | M

Bo3nyxa paeHa 100. bepercs Ha npoby 2 Bo3nyxa. Haiitu Bepo-
SITHOCTb TOTO, YTO B HeM Oynet oGHapyxXeHa XoTs 6bl ofiHa GaKTe-
pusi. (Omeem: 0,1813.)

6.30. BeposiTHocTb poXaeHust MalbyuKa paBHa 0,515. Haiitu
BEPOSITHOCTh TOoro, 4uTo U3 1000 poxaatowimxcs aereil MalbYHKOB
Gynet He MeHee 500, Ho He Gonee 550. (Omeem: 0,8157.)

Pewenue munogozo eapuanma

1. B 6purane 25 yenoek. CKOJIBKHMM criocoBaMKu MOXHO M3-
6paTb TPOHX pabouHX B TpH KOMHCCHH (TI0 OTHOMY B Kaxayto)?

» OnHa KOMOMHALIMA OTJIMYAETCS OT ApYyroit M1ubo xota Obl o1-
HMM YesloBeKOM, GO nopsinkoM U3bpaHus B KoMuccHH. [ToaTo-
MY 4HCJio croco60B H3BpaHHs TPOUX pabouHX paBHO YHCITY pasMe-

weHui 13 25 yenosek o 3, T.e. Ags =25-24-23 = 13 800.4

2. B waxmaTHOM TYpHHpe yuacTByloT 10 rpoccmeiictepos,
6 MexayHapoIHbIX MacTepoB U 4 MacTepa. LllaxmaTucTel nas nep-
BOTO Typa M HOMep CTOJNIMKA [UISl KaX/10i Napbl yYaCTHUKOB oNpe-
nensiloTcs nyTeM xepebbeBkH. HaliTH BeposiTHOCTB TOTO, YTO 3a
MepBLIM CTONMKOM BCTPETATCA 1LIAXMATHUCTH OOHOM W TOM Xe Ka-
TErOpUM.

» Yucno Bcex paBHOBO3MOXHBIX CJyyaeB OMpenencHMs OBYX
COMepHHKOB U3 20 YYacTHHMKOB PaBHO YHCY coueTaHuit U3 20 ane-

MEHTOB Mo 2, T.€. Cgo . Hucno rpynn 1o 2 yenoBeka, KOTOpPhLIE MO-

ryT 61Tk cocTaBneHsl U3 10 rpoccMeiicTepoB, paBHO do . Yucno
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IPYIMN, KOTOpEIe MOTYT GbITh COCTABNEHBI U3 6 MeXIyHapOAHBIX

MacTepoB, paBHO Cg . U3 4 macTepoB MoXeT OBITE COCTABIEHO C:f

nap. CymMma CEO"‘ Cé + C‘: paBHa YHCHy GNaronpHATCTBYIOLIMX

CNy4aceB 1)1 BCTpEYH 3a NEPBbLIM CTOJIHKOM LLIaXMaTHCTOB OIHOH U
TOM Xe KaT€ropHH. CJ'ICHOBaTCJ'leO, HCKOMasl BEpOATHOCTb

p=(Co+tC+ChyrCly = 33795.4

3. B peMOHTHY0 MacTepcKyto noctymiio 15 Tpaktopos. U3-
BECTHO, YyTO 6 M3 HUX HY)XIaeTcsi B 3aMeHe [BUraTesisl, a OCTallb-
HbI€ — B 3aMeHe OTAeNbHBIX y3noB, CnyyailineimM o6pa3oM oTOHpa-
eTcs nBa Tpaktopa. HaiiTu BeposiTHOCTB TOTO, YTO 3aMeHa 1BUra-
Teass Heobxoauma: a) B ABYX TpaKTopax; 6) B 0lHOM TpakKTope;
B) XOTs OBl B OHOM TpaKTope.

P a) O6o3HauuM yepe3 A cobbiTHe, COCTOsALLIEE B TOM, YTO Bbi-
6paHHEIi TpakTOp TpebyeT 3aMeHbl ABHraTens. CorlacHO YCIOBH-
SIM 3aJa'H, BEPOSATHOCTD TOrO, 4T MepBbiM GyneT oTobpaH Tpak-
TOp, Tpebyloluii 3aMeHt! iBuratens, P(A) = 6715 = 0,4 .

BeposiTHOCTE TOrO, YTO BTOpOi BBLIOpaHHbIA TPaKTOp TakKe
notpebyet 3ameHbl ABUrarens, P(A) = 5714 . Torna BeposiTHOCTh
COOBITHSA, cOCTOSALLErO B TOM, YTO NepBLIi M BTOpoi 0TOBpaHHble
TpaKkTOphl NOTPEBYIOT 3aMeHbl ABUraTeNs, p = %15—4 = % .

6) O60o3HauKMM yepe3 B cOOLITHE, COCTOALLEE B TOM, YTO TOJILKO
OIMH W3 ABYX BHIOpaHHBIX TPAaKTOPOB TpebyeT 3aMeHbl ABUTaTEs.
5T0 cOoOBITHE 3aK/1I04AETCH B TOM, YTO MEPBbIH TPAKTOP HYX1aeTCs]
B 3aMeHe JBUraTesisi, a BTopoii — JIMLLIEL B 3aMeHe OTAENbHBIX Y3/I0B,
nubo nepBblil TpakTop TpeOyeT 3aMeHbl OTAENLHEIX Y3/I0B, a BTO-
poil — 3aMeHbl IBUTaTeA:

-29 .96 _18

514 1514 357

B) O6o3HauuM uepe3 C cobuITHe, cocToAulEE B TOM, YTO HH
O[MH TPaKTOp He NoTpe6yeT 3aMeHbl NBUraTens. BepoATHOCTh TO-
ro, 4TO MEPBBIA TPakTOp He NOTpebyeT 3aMeHbl ABMraTens, paBHa
9/15 = 3/5. BeposATHOCTb TOro, 4TO BTOPO# TPAKTOP TAKXKE He T10-
TpebyeT 3ameHbl nBuratens, 8/14 = 4/7. Torna BepoATHOCTE TOTO,
4TO 0Ga TpakTopa He NoTpebyIoT 3aMEHBI IBUTATENS,

P(B

_34_12
PO =57=735:



BeposiTHOCTE TOTO, 4TO XOT# GBI AN OAHOTO TpaKTopa NoTpe-
OyeTcsa 3aMeHa ABUraTens, )

p=1-P(C)=1-12735=23/35.4

4. pu obcnepoBaHWM ABYX OJWHAKOBLIX TPYMN MYXYHH M
XeHIIHH GbUTIO YCTAHOBIEHO, YTO CpeaH MYXYHH 5 % NalbTOHM-
KOB, a cpeau xeHwHH — 0,25 %. Haiitn BepoaTHOCTL Toro, 4TO
Hayran BLIOpaHHOE NKILI0: a) CTPANaeT NalbTOHH3MOM; B) siBAsieTCS
MYXX4HHOMH, ECIM H3BECTHO, YTO OHO CTpaJaeT HATLTOHH3IMOM.

» a) [TycTb coGbITHE A COCTOMT B TOM, YTO Hayrajg BulGpaHHOE
JIMLIO CTpajaeT JajikToHH3MoM. [1pu 3TOM BO3MOXHHEI Cclenymollme
runotessl: Hy — BoIGpaHHOE NHLO ABISETCS MyX4HHoit; Hy — Bbl-
6paHHOE JIULIO SBIAETCSH XEHUIHHOMA.

W3 ycnosuit 3agaun Haxoanm:

P(H)) = P(Hy) = 0,5, P(A7H,) = 0,05, P(A/H,) = 0,0025.

IMo ¢opmyne nonHo# BEPOATHOCTH BBIMMUCISEM BEPOATHOCTH
TOro, YTO Hayraj BHIOpaHHOE AMUO CTPajaeT AalETOHHU3MOM:
n
PA) = Z (H)P(A’H,) = 0,5-0,05+0,5-0,0025 =0,2625;
k=1
6) YcnoBHas BepOATHOCTb MpoOU3OLIENIIero cobuHTHS A MpH
OCYLUECTBIIEHUH JaHHOI runoteswl A

P(H,)P(A/ H)) ~
P(H,)P(A/H\)+ P(H)P(A’H,)

- 0,5-0,05
0,02625

5. HabnromeHUsIMY YCTaHOBIIEHO, YTO B HEKOTOPOi MECTHOCTH

B ceHTs16pe OkiBaeT |12 noxanuebix gHeit. HaiiTi BeposTHOCTL TO-

ro, 4To M3 cay4ailHo 3aMKCUpOBaHHHIX B 3TOM Mecsiue 8 AHeit

NOXTMBbIMU OKaXKyTCAi: a) TpH IHA; 6) He MeHee Tpex Heil; B) He
bonee Tpex aHei.

» HabntoneHusa B ycnoBUAX JaHHOMH 3ajauu ABNAKOTCA He3aBH-

CUMBLIMH. BepoATHOCTE BbINAageHHs JOXAS B 1t060it neHb ceHTAG-

pa p = 12/30 = 0,4, a BepoATHOCTb TOro, 4TO B NOOOI NEHb

ceHTa6ps noxas He b6ynet, ¢ = 1—-p = 1-0,4 = 0,6.

P(H,/A) =

~0,952388. 4

BepositHocTb P,(m) ToOro, 4To B 7 HaGNOAEHUSX CODBITHE Ha-

CTYIIMT m pa3, onpeaensietcs GopMynoii GHHOMHaNLHOTO pacrpe-
neneHus (popmysioit bepHynnn):
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m n—m

P(m) = Cp"g
a) 1o ycnoeuio 3amaunn=8,m= 3, p=0,4, ¢=0,6. Torna
Py(3) = C-0,4"-0,6° = 0,278692.

6) [Mockoneky n = 8,3<m<8,p=0,4,q9 =0,6,710
Pe(3<m<8) = Pg(3)+ Pg(4)+ Pg(5) + Pg(6) + Py(7) +

+ Py(8) = 1— Py(0)~ Py(1) - Py(2) = 1-0,6° -

~8-0,4-0,6 —28-0,4%-0,6° = 0,624893.
B) Takkak n = 8§,0<m<3,p=10,4,4=0,6,T0
P(0Sm<8) = Py(0)+ Py(1)+ Py(2) + Py(3) =

= 0,016796 +0,149292 + 0,209019 + 0,278692 =

= 0,653309. 4

6. Ha daxynbrere 730 cryneHTOB. BeposiTHOCTE IHS pOXIEeHUSA
Ka)[IOro CTyeHTa B AaHHBIH AeHb paBHa [/365. BeiamciiuTe Bepo-
SITHOCTh TOTrd, UTO HallyTCsl TpH CTYIEHTa, Y KOTOPBIX IHH POXKIIe-
HUS COBMANAIOT.

» B nanHoM cnyyae n = 730, m =3, p = 1/365, ¢ = 1-
— 17365 = 364 /365 . TaK Kak n BeJIMKO, BOCIO/b3YeMCS JIOKATb-
HOI1 TeopeMoit Myaspa — Jlannaca:

1
P, (m)=
hpq

rne x = (m—np)/Jnpq. 3HaueHne GpyHKUMH @(x) HaxoouM M3
npui. 3. Umeem: '

o(x),

_ 3-7307/365

1 364
365365

¢(0,71) = 0,3101, Py3,(3)~0,2210. 4

=07,
730

H3-18.2

1. Haiitu 3aKoH pacnipefiefieHHsI yKa3aHHOM nMcKpeTHoit CB X
u ee ¢GyHKUMIO pacnipeaeneHusi F(x). Beluucaints MatemaTHyec-
Koe oxuaaHue M (X), nucnepcuio D (X) M cpenHee KpalpaTHYHOE
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otioHeHHe o X) . [MocTpouTh rpadmk GyHKUMM pacnpeaeieHUs
F(x). :

1.1. ABTOMOOUMIL NOMKEH MpoexaTh MO YyAHLE, HAa KOTOpOi
YCTaHOBJIEHO YEThIPE HE3aBUCUMO paboTalolliux cBetodopa. Kax-
Dbl cBeToGOp € MHTEPBAIOM B 2 MMH IMONAET KPACHHIMH 1 3e/IeHEIH
curHansl; CB X — 4yMcino 0CTAHOBOK aBTOMODHNSA Ha 3TOM yIULE.
(Omeem: M(X)=2,D(X)=1.)

1.2. [lpousBonaTcsi TpM BEICTpENa MO MUIIEHH. BeposiTHOCTB
nopaxeHuss MUIUEHM MEPBLIM BhICTpenoM paBHa 0,4, BTOPHIM —
0,5, tpetbum — 0,6; CB X — uucno nopaxeHuit MueHu. (Omeem:
M(X)=15, D(X)=0,73.)

1.3. BepositHOCTh Ge30TKa3HOM paGoThl B TEYEHHE rapaHTHii-
HOTO CpOKa [I/151 TeIeBU30pOB MepBoro THna pasxa 0,9, Broporo TH-
na — 0,7, tpeteero tumna — 0,8; CB X — uucno TeneBU30poB, Npo-
paboTaBIUIMX rapaHTHIfHBIN CPOK, CPeaH TPEX TEIEBU30POB pa3HhIX
THINOB. (Omeem: M (X) = 2,4, D (X) = 0,46.)

1.4. BeposTHOCTE NOpaXXeHMS LIENH MPH OHOM BLICTpEJie paB-
Ha 0,6; CB X — uMcno nopaxeHHit Ley NPy YETHIPEX BEICTPENaX.
(Omeem: M (X) = 2,4, D(X)=0,96.)

1.5. BeposiTHoCTh BHINycKa MpuGopa, YIOBIETBOPSIOLIErO Tpe-
6oBaHUsM KayecTBa, paBHa 0,9. B koHTponkHOM napTuu — 3 npu-
6opa; CB X — yrcno npuGopoB, YIOBIETBOPAOILINX TpeGOBaHUAM
KaudectBa. (Omeem: M (X) = 2,7, D(X) =0,27.)

1.6. BeposiTHOCTBL MepeBbinoNHeHUs iana wis CY-1 paBHa
0,9, nna CY-2 - 0,8, past CY-3 — 0,7; CB X — uucno CY, nepeBsi-
MONHMBIUMX 1aH. (Omeem: M (X) = 2,4, D(X) = 0,46.)

1.7. BepossTHOCTL MonagaHusi B UeJb NMPH OAHOM BLICTpENe
paeHa 0,8; CB X — uucio nonananuii B Lieik NpH TpeX BLICTpEJIax.
(Omeem: M(X)= 2,4, D(X)=0,48.)

1.8. BepositHocTh mocTyruieHusi BuizoBa Ha ATC B TeueHue
1 MuH paeHa 0,4; CB X — yucio BEI3OBOB, NOCTYNMBLIMX HA ATC
3a 4 MyH. (Omeem: M (X) = 1,6, D (X)=0,96.)

1.9. BepositHOCTh cauM JaHHOrO 3K3ameHa A5 KaXIOoro M3
4eTbipeX cTyaeHToB pasHa 0,8; CB X — 4yKcno CTyneHTOR, cAaBLIMX
aK3aMeH. (Omeem: M (X) = 3,2, D (X) =0,64.)

1.10. BeposTHOCTL ycIelIHOM coayM MepBOro 3K3ameHa UTs
IaHHoro ctyneHTa pasHa 0,9, Broporo ak3ameHa — 0,8, Tperrero —
0,7; CB X — uucno cAaHHBIX 3K3aMeHOB. (Omeem: M (X) = 2,4,
D(X)=10,46.)

1.11. [1py  ycTaHOBMBLIEMCS TEXHOJIOTMYECKOM TMpOLIECCE
NpeATNpPHUSATHE BbIMYCKaeT 2/3 CBOUX U3AENM NMEPBHIM COPTOM M
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1/3 BropeiM coptoM; CB X — uucno M3nenuil mepBoro copra M3
B3ATBIX Hayraj yeteipeX. (Omeem: M (X) = 8/3, D(X) = 8/9.)

1.12. W3 naptuu B 20 u3nenuii, cpeny KOTOPEIX UMEETCSH YETHI-
pe HECTaHIapTHEIX, U1 MPOBEPKH KauecTBa BHIOpaHHI C/IyYaiHBIM
obpasoM 3 u3nenus; CB X — yncno HecTaHaapTHBIX H3ENHii cpe-
M npoBepsieMblX. (Omeem: M (X) = 0,6, D (X) =0,48.)

1.13. BeposiTHOCTE NpHEMa KaKI0ro U3 YeThIpeX paqHoCHrHa-
noB paBHa 0,6; CB X — YHCIIO MPUHATHIX paiMOCHIHATOB. (Omeem:
M(X)= 2,4, D(X)=0,96.)

1.14. B naptiu 13 15 resiepOHHBIX aMnnapaToB 5 HEUCIIPAaBHBIX;
CB X — 4yMcno HeMCNpaBHEIX AMMapaToB CPeNM TPEX CNyYaiHBIM
obpa3oM otobpaHHBIX. (Omeem: M (X) =1, D(X) = 2/3.)

1.15. Ipoe paGoyMx, BHIMYCKAIOMMX OOHOTUITHYIO MpPOAYK-
LIHIO, JOTIYCKAIOT [POM3BONCTRO U3/IENHIt BTOPOro COpTa ¢ BEPOST-
HOCTAMH, COOTBETCTBEHHO paBHbIMH 0,4 1 0,3. Y kaxaoro paboye-
ro B3sTo no 2 usgenus; CB X — yncno u3nenuit Broporo copra cpe-
IW HHX. (Omeem: M (X)= 1,4, D(X)=10,9.)

1.16. 90 % naHeneil, M3roTaBIMBaeMEIX Ha Xele300eTOHHOM
3aBole, — BrIculero copra; CB X — 4yucio naHeneil Bricuiero
CopTa M3 YETBIpEX, B3IATEIX Hayraa. (Omeem: M (X)= 3,6,
D(X)=0,36.)

1.17. BeposiTHOCTE 0TKa3a npubopa 3a BpeMs MCTILITAHMS Ha
HazexHocTb paBHa 0,2; CB X — uucao npubopoB, oTKalaBUIMX
B paboTe. cpelM MNSTH MCNBITHBaeMuX. (Omeem: M (X) =1,
D(X)=0,8.)

1.18. B nepBoit kopobke 10 canbHMKOB, M3 HUX 2 GpaKoBaH-
HBIX, BO BTOpOif — 16 ca/lbHHUKOB, U3 HMX 4 GpakOBaHHBIX, B TPETh-
el — 12, n3 uux 3 6pakoBaHHbIX; CB X — yucio 6pakoBaHHBIX
CaJIbHUKOB MpPH YCNOBHMH, YTO U3 KaXJIOH KOpOOKM B3MTO Hayran
no ofHOMY canbHUKY. (Omeem: M (X) = 0,7, D (X) = 0,535.)

1.19. Pabounit o6c/yx1BaeT YeTbipe CTaHKa. BeposTHOCTD BEI-
X04a M3 CTposA B TEUEHME CMEHBI Ul MepBoro craHka pasHa 0,6,
s eroporo — 0,5, nns tpetbero — 0,4, mis yerBeptoro — 0,5;
CB X — 4ucio cTaHKOB, BHILUEOIMX U3 CTPOA 3a cMeHY. (Omeem:
M(X)=2, D(X)=0,98)

1.20. BeposTHOCTL BHIMIpEILIAZ MO ONHOMY GWIETYy NOTepeM
paBHa 1/6; CB X — 4Mcno BHIMIPHILUHEIX GUJIETOB M3 YETBIPEX.
(Omeem: M(X)=12/3, D(X)=15/9.)

1.21. B nepBoii ctyneHveckoit rpynne u3 24 yenosek 4 oTaUY-
HHKa, BO BTOpO# 13 22 yenoBeK 3 OTNIMYHUKA, B TpeThei U3 24 — 6
OT/IMYHMKOB M B yeTBepToit M3 20 — 2 otnuunuka; CB X — yucro
OTIMYHUKOB, MPUINalIeHHBIX HAa KOoHdepeHUHIo, MpUH YCITOBMH,
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YTO M3 KaKIOH FpyTIIE BRLIEAWIM cny4ailHBIM 06pa3oM no oqHo-
My yenoBeky. (Omeem: M (X) = 0,65, D (X) =0,53.)

1.22. BeposTHOCTE BBIXOAA U3 CTPOS KaXKIOro U3 Tpex 6J10KOB
npubopa B TeueHUWe rapaHTHiiHoro cpoka pasHa 0,3; CB X — uucno
6/10KOB, BBILUEALIMX M3 CTPOSi B TEYEHHE rapaHTUIHOIO CpOKa.
(Omeem: M (X)=0,9, D(X)=10,63.)

1.23. BeposiTHOCTB TOTO, YTO [ETa/b € MEPBOTrO aBTOMara yaoB-
NeTBOPSAET CTaHOapTy, paBHa 0,9, ws proporo aBroMara — 0,8, nns
Tpetkero — 0,7; CB X — yucno aeraneit, yloB1eTBOpSAIOLUMX CTaH-
JIapTy, NIPH YCJIOBMH, YTO € KaXIOro aBTOMATa B3SITO Hayraj 1o oji-
Hoii petanu. (Omeem: M (X) = 2,4, D (X) = 0,46.)

1.24. BeposATHOCTH NMOpaXKeHMS LIeJIM KaXIbIM M3 TpeX CTpesi-
KOB paBHHI cooTBeTcTBeHHO 0,7; 0,8; 0,6; CB X — uncno nopaxe-
HUIi LIENH MpH YCIOBUM, YTO KaX Ikl U3 CTPENKOB CAENal 1o Of-
HOMY BrIicTpeny. (Omeem: M (X) = 2,1, D (X) = 0,61.)

1.25. BeposiITHOCTH BEIXOAA M3 CTPOSi B TeYeHHE rapaHTHITHOTO
CpOKa KaXIoro M3 Tpex y3noB Npubopa paBHBEI COOTBETCTBEHHO
0,2;0,3;0,1; CB X — yMco y310B, BEILIEAIIMX U3 CTPOSI B TeYEHHE
rapaHTuiiHoro cpoka. (Omeem: M (X) = 0,6, D (X) = 0,46.)

1.26. BeposiTHOCTE MomnagaHusi MSYOM B KOP3HMHY MpPH KaX-
noM Opocke Ajs paHHoro Gackerbonucrta paeHa 0,4; CB X — .
4uCII0 MoNagaHus npy YeTwipex 6pockax. (Omeem: M (X) = 1,6,
D{X)=10,96.)

1.27. B naptum u3 25 muanenuii 6 6pakoBaHHbIX. 115 KOHTpoOs

" UX KayecTBa cJy4yailHbIM 00pa3oM oTOMpaloT YeThipe W3eNus;
CB X — umcno 6pakoBaHHHIX U3AeHit cpend oToOpaHHBIX. (Om-
eem: M (X) = 0,96, D (X)=0,73.)

1.28. Brixog u3 cTpost KopoGKH nepenay MpoMCXOAMT MO TpeM
OCHOBHBIM MPUYHMHAM: NTOJIOMKA 3yObeB lecTepeH, HEJOMYyCTUMO
6GosbliMe KOHTAKTHBbIE HAIpSKEHWs] M M3JIMLIHSAS XEeCTKOCTBb
KOHCTpYKLMH. Kaxnasi 3 NpUYHH NPUBOAMT K MOJIOMKE KOPOGKH
nepelnay ¢ ONHOM W TO# e BepoATHOCTbIO, paBHo# 0,1; CB X —
YUCIO MPUYMH, MPHUBEOLIMX K MOJOMKE B OJHOM HCMBITAHHMH.
(Omeem: M (X)=10,3, D(X)=0,27.)

1.29. M3 39 npuBopoB, HCMHITHIBAEMBIX HAa HAEXKHOCTh, 5 BbIC-
weit kareropuu. Hayraa Basinu 4 npubopa; CB X — uucno npubo-
POB BEHICLUIEH KaTeropuu cpefu oToOpaHHEIX. (Omeem: M (X) = 2/3,
D(X)=5/9.)

1.30. [poBonsitcst TpM HE3aBUCHMBIX U3IMEPEHHMS HCCielye-
Moro obpasua. BeposTHOCTb HOMYCTUTh OLUMOKY B KaXXIOM H3Me-
peHuu paBHa 0,01; CB X ~ umciao otumboK, DOMNYLIEHHBIX B U3Me-
peHusx. (Omeem: M (X) = 0,03, D (X) = 0,0297.)
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2. NaHa ¢dyHkuus pacnpenencHus F (x) CB X. Haittu nnot-
HOCTb paclipefelieHUsl BeposiTHocTel f(x), MaTeMaTHyeckKoe
oxuaanue M (X), nucniepcuio D (X) ¥ BepOSTHOCTE NoNalaHus
CB X Ha otpe3ok [a; b]. [TocTpouts rpacduxu dyHkuuit F(x) u
).

0 rmpu x<0,
2.1. Ax) = %x3 npm 0<x<2,a=0,b=1.
1 npu x>2;
(Omegem: M(X) = 1,5, D(X) = 0,15, P(0<X<1) =10,125))
0 npu x<0,
2.2. Fx) = {3202 +5x) mpu 0<x<3,a=1,b=2.
1 npu x> 3;
(Omsem: M(X) = 1,77, D(X) = 0,676, P(1 <X<2) = 0,333))
0 npu x<0,
2.3. F(x) = éxz mp 0<x<3,a—-0,b=1.
1  npu x>3;
(Omgem: M(X) =2, D(X) = 0,5, P(0<X<1)=0,111.)
0 npu x<0,
24. F(x) = -2L4(x2+2x) npu 0<x<4,a=0,b=1.
1 npu x>4;
(Omeem: M(X) = 2,44, D(X) = 1,136, P(0<X<1) = 0,125))
0 npu x<0,
2.5. F(x) = Ilo.(x3+x) npu 0<x<2,a=0,b=1.
1 npu x>2;
(Omeem: M(X) = 1,4, D(X) 0,227, P(O<X<1)=10,2.)
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0 npu x<0,
2.6. F(x) = 2l0(xi+x) an'O <x<4,a=0,b=3.

| npu x>4;
(Omeem: M(X) = 2,53, D(X) = 1,049, P(0<X<3) — 0,6.)

0 npu x<3mn’4,
2.7. F(x) = {cos 2x npu 3n/4<x<m,a=3n/4,b=>5n/6.
1 npy x>T7;

(Omeem: M(X) = 3,64, D(X) = 1,54, P(3n/4<X<5n/6) =
=0,5))

0 npu x<0,
28 F(x) ={1—-cosx mpu 0<x<n/2,a=0,b =n/3.
Ll npu x>n/2;

(Omeem: M(X) =1, D(X) = 0,14, P(0<X<n/3) =0,5.)

(0 npu x<0,

2.9. F(x) = | 9]—6(x3+8x) npu 0<x<4,a=0,b=2.

‘1 npyu x>4;
(Omeem: M(X) = 2,667, D(X) = 1,067, P(0<X<2)=0,25))
0 npu x<-1,

2.10. A(x) = é(x+ 1) npu —1<x<2,a=1,b=2.

1 npu x>2;
(Omeem: M(X) = 1, D(X) = 0,5, P(1£X<2) = 0,556.)
0 npu x<m/2,
21l F(x) =4l —sinxnpun/2<x<n,a=n/2,b—3n/4.
] npH x> 7,

(Omeem: M(X) = 2,57, D(X) = 0,14, P(n/2<X<3n/4)
0,29.)
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0 npu x<-1,
2.12. F(x) = é(x3+l)npﬂ -1<x<2,a=1,b=2.

1 npu x>2;
(Omeem: M(X) = 1,25, D(X) = 10,6375, P(l<X<2)=
= 0,778 .)

0 npu x <0,

2.13. F(x) = 5'5(3x2+2x) mpu 0<x<3,a=0,b=2.

1 npy x>3;
(Omeem: M(X) = 1,909, D(X)= 0,583, PO<X<2)=
= 0,485.)
0 npu x<3n”/2,
2.14. F(x) = {cosxnpu 3n/2<x<2n,a=3n/2,b=Tn/4.
1 npyu x> 2n;

(Omeem: M(X) = 5,28, D(X) = 0,14, P3r/2<X<7n/4) =
= 0,707.)
0 npu x<0,

2.15. F(x) = %(x2+2x) npu 0<x<3,a=0,b=2.

| npu x>3;
(Omeem: M(X) = 1,8, D(X) = 0,66, P(0<X<2) = 0,533.)
0 npu x<-l1,

2.16. F(x) = 1%{x+l) npu —l <x<4,a=0,b=3.
‘1 npy x>4;
(Omeem: M(X) = 1,5, D(X) = 2,083, P(0<X<3) = 0,6.)

0 npu x<0,

217, Alx) = {sinxnpu0<x<n/2,a=0,b=m"6.

1 npu x>mn/2;

{(Omeem: M(X) = 0,57, D(X) = 0,14, P(0<X<n 6) = 0,5.)
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(0 mpu x<0,
2.18. F(x) = *(x3+3x)/l4 npu 0<x<2,a= 0,;’J= 1.
) |1 npy x>2;
(Omeem: M(X) = 1,286, D{X) = 0,29, P(0<X<1) = 0,286.)
(0 npu x<0,
2.19. F(x) = {(x*- x)/2 mpu 1<x<2,a=1,5,b=2.
L1 npu x>2;

(Omeem: M(X) = 1,667, D(X) = 0,111, P1,5<X<2)=
= 5/8.)

0 npu x<0,
2.20. F(x) = {(x* +x)/6 npu 0<x<2,a=0,b= 1.
1 MnpH x> 2;

(Omeem: M(X)= 1,222, D(X)=10,284, PO<X<l)=
= 0,333.)
0 npu x<0,

2.21. F(x) = | -llé(x2+3x) mpu 0<x<2,a=0,b=1.

‘1 Ipu x>2;
(Omeem: M(X) = 1,133, D(X) = 0,315, P(0<X<1) =0,4))
0 npu x<1,

2.22. F(x) = | i»(x’— 2x) mpu 1<x<2,a=1,2,b=1,5.

‘l MpU x>2;

(Omeem: M(X) = 2,0625, D(X) = ~-0,771, P(1,2<X<1,5) =
= 0,262.)

0 npH x<2,

2.23. F(x) = %x—l npu 2<x<4,a=1,b=3.

1 npu x>4; .
(Omeem: M(X) = 3, D(X) = 0,333, P(1<X<3) - I
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0 npu x<O0,
2.24. F(x) = %x npH 0<x<6,a=2,b=5.
1 npu x>6;

(Omeem: M(X) = 3, D(X) = 3, P(2<X<5)=10,5))

0 npu x<-1,
2.25. F(x) = %xi-% npu —1<x<1,a=-17/2,b-172.
1 npyu x> 1;

(Omeem: M(X) =0, D(X)=0,333, P(-1/2<X<1/2)=
=0,5.)

0 npu x<2,
2.26. F(x) = {(x-2)" npn 2<x<3,a=2,5, b—2,8.
1 npu x>3;

(Omeem: M(X) = 2,667, D(X) = 0,056, P(2,5<X<2,8) =
=0,39.)

0 npu x<1,
2.27. F(x) = %(xz—x) opr 1<x<2,a=1,5,b-1,9.
1 npu x>2;
(Omsem: M(X) = 1,589, D(X) = 0,076, P(1,5<X<1,9) =
=0,48.)

0 npu x<m/2,
2.28. F(x) = {-cosxmpun/2<x<m,a=m 2,b=5n 6.
1 NpH X>T;

(Omesem: M(X) = 2,14, D(X) = 0,14, P(r/2<X<5n/6) =
= 0,87.)
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0 npu x<1,

2.29. F(x) = J—;(x-l) npn 1<x<5,a=2, b=4.

1 npu x>5;
(Omeem: M(X) = 3, D(X) = 1,333, P(2<X<4)=10,5.)
0 npu x<0,

2.30. A(x) = %{l—cosx) npn 0<x<m, a=n/3,b=n1/2.

1 Mpu X>m;
{(Omeem: M(X) = 1,57, D(X) = 0,465, P(n/3<X<n/2) =
= 0,25.)

3

3.1. Banuk, M3roToBieHHLIii aBTOMATOM, CYHTAETCH CTAaHOApT-
HBIM, ECJIH OTKJIOHEHHME €ro AMaMeTpa OT NPOEKTHOTO pa3Mepa He
npeBeiltaerT 2 MM. CnydaiiHele OTKJIOHEHHS OHAMETPOB BATHKOB
MOJAYMHSAIOTCA HOPMAJbHOMY 3aKOHY CO CpeIHMM KBaapaTHYHLIM
OTKJIOHEHHEM |,6 MM M MaTEMaTHYECKHM OXHIAHUEM, PaBHBIM 0.
Cxonbko CTaHOapTHHIX BAIMKOB (B %) W3rOTaB/NMBaeT aBTOMAT?
(Omeem: 78,9 %.)

3.2, [Ipy onpegeneHWH pacCTOSHHUSI PAoMOJIOKATOPOM CJly-
yaiiHble OLIMOKH pacnpenensiloTesi N0 HOpManbHOMY 3aKoHy. Ka-
KOBa BEPOSITHOCTb TOr0, YTO OWMGKa MpH onpeaeeHHH paccTo-
SIHMSL HE MPEBLICUT 20 M, €CNTM U3BECTHO, YTO CUCTEMATUYECKHUX
OLIMOOK pagjuoNoOKaTOp He JOMYCKaeT, a AUCIEPCHsl OLIMOOK

paBHa 1370 M%? (Omeem: 0,4108.)

3.3. Bce 3HaueHua parHoMepHoO pacrnpeaesieHHoi CB X nexar
Ha otpe3ke [2; 8]. HaiiTu BepositHocTe nonanaHusi CB X B mpoMe-
XyTOK (3; 5). (Omeem: 0,3333.)

3.4.CB X nonuuHeHa 3akoHy [lyaccoHa ¢ MaTeMaTHYeCKHM
OXuaaHHeM, paBHbIM 3. HaitTi BeposiTHoCTb Toro, uto CB X npu-
MeT 3HayeHHWe, MeHbllee, YeM ee MaTeMaTH4ecKoe OXHIaHMe.
(Omeem:0,423.)

3.5. LleHa neneHus IIKalbl U3MEPUTENBHOrO Npubopa paBHa
0,2. lNoka3aHus npubGopa OKpYMISIOTCH A0 GAMXailliero Lenoro
neneHus. CyuTas, 4To OLIMOKHM U3MEPEHHS pacrpe/elieHbl paBHO-
MEPHO, HaliTU BEPOATHOCTL TOTO, YTO MPH OTCUeTe ByAeT caeaHa
omubka, MeHeluas 0,04. (Omeem: 0,4.)
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3.6. INoTok 3as1BOK, NOCTYNAKUIMX Ha TeaedOHHYI0 CTAHUMIO,
npencTapiseT coboil mpocTeiflinil nyaccOHOBCKHKIA noTok. Marte-
MaTHUYECKOE OXXWIaHKe YMCAa BbI30BOB 3a | 4 paBHo 30. Haiitk Be-
POSITHOCTD TOTO, YTO 3a | MMH MOCTYIMUT He MEHee IBYX BLI30BOB.
(Omeem: 0,0902.)

3.7. B notepee pa3bIrpLIBAIOTCA MOTOLMKI, BEOCHIIEN M OHHU
yacel. HaitTh MaTteMaTHyeckoe oXHIaHHE BBIUIPHILLA A5 JULA,
MMelolero oo1H OuneT, ecu obliee KoaM4ecTBO GUAETOB PaBHO
100. (Omeem: 3,4.)

3.8. CynTtaetcs, YTO M3eNue — BRICUIETO Ka4yecTBa, €ClH OT-
KJIOHEHHE €ro pa3MepoB OT HOMUHATLHBIX He TIPEBOCXOIMT Mo ab-
conoTHo#M BeanyuHe 3,6 Mm. CiyyaliHble OTKIOHEHMS pasMepa
M3/IeIUs] OT HOMWUHANTLHOTO MOAYUHSIOTCS HOPMaJlbHOMY 3aKOHY
€O CpelHUM KBaJpaTMYHbIM OTKJIOHEHWEM, paBHLIM 3 MM. CucTe-
MaTHYeCKHE OTKJIOHEHHUSs OTCYTCTBYIOT. OTIpeeHTh cpeaHee YUc-
J10 M3AeNMit BeicLero Kayectsa cpeau 100 M3rotoBneHHuIX. (Om-
eem:T717.)

3.9. letanu, BLIMTycKaeMbIe LIEXOM, HMEIOT IMAMETPHI, pacripe-
neJleHHbIE M0 HOPMANBHOMY 3aKOHY € MaTeMATHYIECKHUM OXUWIaAHU~
€M, PaBHBIM 5 cM, U aucnepcueii, pasHoii 0,81 cM2. Haitti BEpO-
SITHOCTB TOTO, YTO IMaMeTp Hayran B3siToM JetalH — oT 4 0o 7 cMm.
(Omeem: 0,8533.)

3.10. CB X noaurHeHa HOPMaNbHOMY 3aKOHY C MaTeMaTHyec-
KHM oxHaaHueM, paBHBIM 0. BepositHocTh MonagaHus 3toit CB B
untepsan (—1; 1) pasxa 0,5. HaliTi cpenHee KBagpaTHYHOE OTKIIO-
HEHHE W 3aMucaTh HOPMAaNbHLI 3aKoH. (Omeem: 1,47.)

3.11. ABToGychl HEKOTOPOTO MapLUPYTa MAYT CTPOTO 110 paciu-
caHMio. MHTepBan aexkeHus — 5 MuH. HaliTu BeposiTHOCTE TOTO,
4YTO MMaccaxup, NOAOLIEAHIA K OCTaHOBKe, OYIET OXHaaTh Ove-
penHo# aBTobyc MeHee 3 MUH. (Omeem: 0,6.)

3.12. PeGpo kyba x u3MepeHo npubauxenHo: 1 £x<2. Pac-
cMaTpuBas pebpo Kyba kak CB X, pacrnipeneneHHy0 paBHOMEPHO
B UHTepBane (1; 2), HaliTU MaTeMaTHUYECKOE OXKHAAHHE U IMCIep-
cuio obrema Kyba. (Omeem: M(X) = 3,75, D(X) 4,08.)

3.13. CnyuqaiiHas BenMyHHa NoduMHeHa 3akoHy [TyaccoHa ¢ ma-
TeMaTHYeCKUM oXuaaHueM a = 3 . Haiitu BeposiTHOCTB TOro, YTO
naHHasi CB npumet nonoxurensHoe 3HavyeHue. (Omeem: 0,95.)

3.14. [1pu pabote 35BM BpeMs oT BpeMEHU BO3HUKAIOT COOM.
[ToTtok cboeB MOXHO cuMTaTE Npocteitiinm. CpeaHee yucio cboes
3a cyTk# pasHo |,5. HaiiTh BeposiTHOCTB TOro, YTO B TEYEHHE CY-
TOK NMpou3oiaeT xots 6rl onvH cOoil. (Omeem: 0,777.)
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19.2. YUCJIOBBIE XAPAKTEPHUCTHKH
CTATUCTHYECKOT'O PACITPEJEJIEHMSA

JIwbGoi napamerp é, HaileHHBI# No BLICOPKE, H3BNEYEHHEBIA H3 reHepaibHOM

COBOKYNHOCTH X, fiBNfieTCcA noaxoasiled oueHKoit mapaMetpa 0 3Toi COBOKYTI-
HOCTH, eclu:

1 M) = 6;
2) P(|é-9|<e} =1;
3) nucnepcus D(0) sapnseTca MHHHUMaNbHOM.

lNapametp O, ynorneTBopALUMiA yCNOBHAM 1—-3, Ha3bIBAaETCA COOTBETCTBEH-

HO Hecmetyenoil, cocmoamensioll W sghhexmustoil oyenroii napametpa 6 reHepaib-
HOIt COBOKYNHOCTH npH3HaKa X.

Myctsb Xy, X3, ...y X, = BHIOOPKA H3 reHepanbHOR COBOKYNHOCTH, Cpednum 3na-
HeHuem ebl00pKL WU 66/00pOUHBIM CPEOHUM HA3BIBAETCSA YHCIO

n
xn=i=52x‘.. (19.1)
i=1

Ecnu x; — BapuanTl BHOOpKM, m; — 4YacToThl BapMaHT x; i = 1, k,
k
n= Z m; — 06beM BEIGOPKH, TO
i-1
k
X=X =1 (19.2)
i=1

BuiGopoyHoe cpenHee SABNSETCA HECMELUEHHOMH, COCTOATENEHON H 3¢ eKTHB-
HOW OLUEeHKOH ANS MaTeMaTHYECKOTO OXKHAaAHHA TeHepalbHOH COBOKYMHOCTH.

Buidopounoii cmamucmuyeckoil ducnepeueii CB X HazblBaeTcsl YHCIO

n
_2_1 2
D*(X) =3 HZ(.\". X)
i-1
HIH
k

271 2
* = = - -X
D*X) =5 nsz(x" X,
i=1
roe X - BHIOOpOYHOE cpenHee.
2 _
Tak kak M(s7) = "H—ID(X) , TO B KaYecTBE HECMEWEHHOH OLEHKH AXCnep-

CHH reHepaanoﬂ COBOKYNHOCTH MPHHUMAETCHA BEIHYHHA
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n
bn =5 = = 3 -0’
i=1

k
: 2 1 o2
DXy = 5 = s Zmi(xl—x) .
i=1

19.3)

Bennyuna s, HalbIBAETCH UCHPABIEHHBLM CPEOHUM KBAOPAMIUMHBLM OMMKAOHEHLEM.

TlpH H3BECTHOM MaTEMATHYECKOM OXHAAHHM My HECMELLEHHAA OLEHKA AHC-
nepcUu

k
2 1 2
5 = ;Z mix;—m.J)" .
i-1

Ecnu B KaXI0M H3 HabnofeHuit pacCMaTpHBAIOTCA OAHOBPEMEHHO ABA MpH-
3HaKa XM Yc puibopkamMu:

X Xy X3 s Xg

m my my wes my

YIn »n « w

. my

COOTBETCTBEHHO, TO A1 XapaKTEPHCTHKH HX CBA3H BBOAUTCH MOMEHIM Koppearsyulu
k

Sy = g 3 mx= D09,
i=1
rae X ¥ y — BoibopoyHbie cpelHHe NpHIHAKOB X 1 ¥; n — 06beM BLIGOPKH.
Kospduyuenmom xoppenrayut Ha3biBaIOT BeNHUHUHY

=

’
S‘,Sy

Tey

roe Ses Sy — BbibOpOYHbBlE CpeiHHe KBalpaTHYHble OTKJIOHCHHA.

3ameyaHHe. lpu Gonbiunx o6bemax Boibopox (n 2 30) s 1 5p NPHHUMAKOT-
€Al PABHBIMH.

Henocpenctee HHO U3 onpeZeneHuil cacoyer, 4To

k

2_ 1 2 _n .2

so——-—-n_]Zmix.. 5 (19.4)
i=1
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k
s =-I—2x.y.—Li’j’. (19.5)
Xy n-1 Frop—1
i-1
BennunHa

k
1 r
K, = ; z m,'(x,'_x)
i1

Ha3blBACTCA YEHMPANbHBIM MOMERMOM nopadka r. Acummempueil s100pKu Ha3blBaeT-
3 N 4
CA HHCNO Ay = Wq/5 , IKCYECCOM (KpymiLsHolt) 86160pKU — YUCIO ey = py /s -3.

ACHMMETPHSL H IKCLECC SBASIOTCA XapaKTEPHCTHKAMH OTKJIOHEHHS 3MMHMPHYEC-
KOTO pacrpeleieHHsl OT HOPMAIBHOTO.

ITpumep 1. [lo BuIGOpKe MpH3HaKa X, 3aaaHHO# cnenyloued Tabnuued:

X; 45 50 55 60 65 70 75

m; 4 6 10 40 20 12 8

HalTH BHIGOPOYHOE CpefiHee, NHCMIEPCHIO W CpellHee KBAAPaTHYHOE OTKIOHEHHE.
7
» O6BEM BHIDOPKH n = z m; = 100 . o dopmyne (19.2) Bbribopoutioe cpeariee
i=1
45-4+50-6+55-10+60-40+65-20+70-12+75-8 _
100

X = 61,7.

JIns BLIYHUCNEHHA AHCMEPCHH cOCTaBAsAeM TabAHLY KBanpaToB 3Hauenuit CB X:

x? 2025 2500 3025 3600 4225 4900 5625

m; 4 6 10 40 20 12 8

Mo ¢popmyne (19.4) umeem

7
sf, = glgz x?m‘,—%(ﬁl,i’)z = 50,11,
i-1
oTKyna s, = JS()T&T.OS.
[Monyunnu HecMele HHbIE OLCHKH 151 AWCNEPCHU W CPENHETO KBAAPATHYHOTO
OTKIOHeHHsI. COOTBETCTBYIOLLHE CMELLEHHBIE CLIEHKH s2 =496l us=17,04.4

[pumep 2. TlpoBefeHO HECKONLKO WIVEpeHHit paccToAHuMA. PesynbTathl n3-
MepeHHit B METpax NpeicTABNeHB B BHIE psa:
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X; i X; i X ] X

1235,6 5 1238,5 9 1234,5 13 1234,3
1237,5 6 1234,2 10 1236,8 14 1237,5
1232,9 7 1235,9 11 1237,6 15 1235,4
1236,2 8 1233,3 12 1233,1 16 1234,7

B B

BBIYMCTHTE OLICHKH MaTeMaTHYeCKOTO OXHIAHHA, IMCNePCHH W CPEIHETO KBajpa-
THYHOro OTKJIOHEHHA H3MEPEHHOTO PaCcCTOAHUA.

» Benem YCNOBHBIE BAPHAHTHI u; = x;—a, rac B Ka4eCTBE a BO3bMEM CpellHEe

yucno 1235, T.e. a = 1235. B pe3ynstaTte nOoNy4uM TabNHLY IS YCIOBHbIX BAPHAHT:

i U i uj i u; i uj
1 0,6 5 3,5 9 -0,5 13 -0,7
2 2,5 6 -0,8 10 1,8 14 2,5
3 -2,1 7 0,9 I 2,6 15 0.4
4 1,2 8 -1,7 12 -1,9 16 -0,3

BriGopouHoe cpenHee B JaHHOM ciyyae BbiuncnfeTcA no gopMyne

k
F=atl S mu, = 12354 1L(16-8) = 1235.5.
i=1
CraTHcTHYecKas JHCTIEpCHA

k k

2 _ 1 2 21 2

0= 5o Z my - ——(X-a)" = - Z my(u,— 8",

i=1 i=1
roe o - CpCAHEE 3HAYEHHE YCIOBHBIX BApHAHT. Orciona
2 1

55 = -f-s-(0,0I +4+6,76+0,49+9+1,69+0,16+4,84+1+
+1,69+4,41+5,76+1,44+4+0,01+0,64) = 3,06,
5o = Js_ﬁ = .3,0621,75 m. ¢

Ipumep 3. Ha¥it BHGOPOYHYIO AMCAEPCHIO NO DAHHOMY pacnpeaeneHUIo Bbl-
GOpKH:

X; 0,01 0,04 0,08

m 5 3 2

» [ina Toro uto6u U3bexath AeACTBHI Hal NPOGAMH, NepeitieM K YCNOBHBIM
BapHaHTaM u; = 100x;. [onyunm crienyiolliee pacripefeneHue:

u; 1 4 8

m; 5 3 2

BriGopouHyl0 IMCHEPCHIO YCIOBHBX BADHAHT HAXOAMM MO hopMye
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3 3
2
Z’"i“:‘ Zmiu'. 3
s2(u}= iﬂ‘” - i:ln n= Zm"= 10,
i=1
2 5+48+128 (5+12+16\2 _
s(u)-_ 0 —( o 7,2,

£(x) = s(u)/100% = 7,21/10 000 = 0,00072 .
HcnpasieHnas BHIGOpOYHAs AHCHEPCHS

5o = 257 =0,0008.. ¢
IIpumep 4. CrpynnupoBaHHbie 3HaYeHHA BHIGOpKK X pavbl B Tabn. 19.2.
Tabruya 19.2
Howmep uHTepsana Hrrepsan l X; | m;
1 (27,5; 29,5) 28,5 3
2 (29,5; 31,5) 30,5 9
3 (31,5; 33,5) 32,5 23
4 (33,5; 35,5) 34,5 33
5 (35,5; 37,5) 36,5 38
6 (37,5; 39,5) 38,5 34
7 (39.5; 41,5) 40,5 21
8 (41,5; 43,5) 42,5 8
9 (43,5; 45,5) 44,5 1

BuIYHCNMTE cpeliHee 3HaYeHHe, cpeiHee KBaApaTHYHOE OTKIOHE HHE, aCHMMETPHIO
H 3Kcuecc BulOopkH X (I’i — cepeiMHB! HHTEPBANOB).
» Kak cnenyet u3 Ta6n. 19.2, o6bem BriGopKH paseH 170. Bo3bMem B KauecTBe
CPElHEro 3HaueHUsl BapHanThl xy = 36,5  BBEAEM YCNOBHblE BAPHAHTDI
u = X;=Xg _ x;~36,5
U n 2
Pe3ynbTaThl BHUHCEHHI 3anuwweM B Tabnuuy (Tabn. 19.3).

Tabauya 19.3
T A [ [ w [ [ el [l [ et
1 28,5 3 -4 -12 48 =192 768
2 30,5 9 =3 =27 81 -243 729
3 32,5 23 =2 -46 92 -184 368
4 34,5 33 -1 -33 33 -33 33
5 36,5 38 0 0 0 0 0
6 38,5 34 1 34 34 34 34
7 40,5 21 2 42 84 168 336
8 42,5 8 3 24 72 216 648
9 44,5 1 4 4 16 64 256
Z - 170 - -14 460 -170 3172
i
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Mo pe3ynsTaTaM BCeX BHYMCIEHMHA, MpHBeAeHHbIX B Ta6. 19.3, HaxoouM Ha-
YabHbie MOMEHTH v, r=1,4:

=

<
N
I
I
[
had
&

OnpenennM UEHTPalbHBIE MOMEHTHI Jlp, H3 H Myt

My = Vo= V] = 2,706 (-0,082) = 2,699,
Hy = V3= 3v,vo+ 2vi = — 1 -3(-0,082) - 2,706 + 2(~0,082) = -0,355,
Uy = vg—4v, vy +6Vivy—3v] = 18,658 -4(-0,082)(-1) +

+6(~0,082)%- 2,706 - 3(~0,082)° = 18,439
Cpennee 3HaYeHHe BLIOGOPKH
% = xg+ih = xg+v h = 36,5 +2(-0,082) = 36,336,
a BbIGOpOYHaR AMCTIEPCHA
& = K (vy=v1) = 4(2,706 - (0,082)") = 9,824, 5=3,29.
AcHMMeTpHA

ay = uy/ id = -0,355/.0(2.699)° = -0,026,

a 3Kcuecc

eg = By/H3—3 = —0,355/(2,699)° -3 = -0,48. ¢

INpumep 5. Metoaom npounseeneHnit HaiTH BHIGOpOUHOE cpenHee H BHGOpoU-
HYI0 IUCTIEPCHIO pacnipencieHHA BHIGOPKH:

x; 12 14 16 18 20 by)

m; 5 15 50 16 10 4




» Io onpeaeneHHOMY NPaBHIY COCTABIAEM pacycTHyI0 Tabnuuy (Tabn. 19.4).

Tabauya 19.4

X, I m, u, l mu; I m,u,2 | m(u+ 1)?
12 5 -2 -10 20 5

14 15 -1 -15 15 0

16 150 0 =25 0 50

18 16 1 16 16 64

20 10 2 20 40 90

22 4 3 12 36 64

- - — +48 — —

Z n=100 - 23 127 273

1. B nepsblit cTonbell 3anHchiBaeM 3IHAYEHHS BAPHAHT X;.

2. Bo Bropoit cTonGew 3anMchBaeM YacTOTh BAPHAHT.

3. B kayecTBe Hyns BbiGMpaeM YMCIO X = 16 — 3Ha4YeHHUe BAPHaHTHI C HaW-
Gonblueit yacToToi. Tak Kak war Mexiy BApMaHTaMH hi = 2, TO YCIOBHBIE BapHaH-
Thi BBOJIUM COINIACHO PaBEHCTBY ; = (x;—Xg)/h M 3HAYEHHs YCNOBHLIX BAPHAHT
noMeLlaeM B TpeTbeM cTonGLe.

4. Mpou3BeACHHE YACTOT M 3HA4YEHUI YCIIOBHBIX BapHAHT 3aMHChIBAEM B YET-

BepThif cToNGel, yKa3biBaf NPy 3TOM CYMMY OTPHLATENBHBX H CYMMY MOMOXH-
TeNbHLIX MPoK3BeAeHHH (B TabNHLIE 3TH CYMMbI B3AITH B paMKH).

5. B naToM cTonGue NpHBOAMM MPOU3BEAEHHSA YACTOT M KBAPATOB YCIOBHBIX
BAPHAHT.

6. B wecToi cTonGeu 3anucbiBacM BeNHYHHBL m{ Ui+ l)2 H HaXOIHM MX CYMMY.
Jinsi KOHTPONA BLIYMCNEHHH NONBLIYEMCH TOXKIECTBOM
6 6 6
Z (u; + l)zm'. = Z mluf +2 Z mu+n.
i-1 i1 i=1
6
KonTpone Z mu;+ I)2 =273,
i\
6 6
3 mu; 42 mu+n = 1274223 +100 = 273
i-1 i1

CoBnaZeHHe KOHTPONLHLIX CYMM CBHIETENBCTBYET O NPaBIIBHOCTH BHYHKCIE-
HUWHA, NpuBEaeHHBIX B Tabn. 19.4.

BbiYHCIMM HaUaIbHBIE MOMEHTBL NEPBOTO H BTOPOrO NOPANKOB YCAOBHBIX Ba-
PHaHT:
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Vi S T e T 0B
m.u

D D B

2 n 100

Toraa
x= v|h+x0 =0,23-2+16 = 16,46,

& = (vy-v)Ph = (1,27-(0,23))) - 2° = 4,87,

2
OTKyla sy = 4,92, 5 = 2,22, T.e. OMYYHNH HECMELLIEHHBIE OLEHKH JUTA AUCTep-
CHH M CPEIHEro KBaIPaTHYHOro OTKAOHEHUSA. 4

Ipumep 6. MeTonoM cyMM BBIYHCIHTD BBIGOpOUHOE cpefiHee i BHIGOPOYHYIO
AMCNEPCHIO MO 331aHHOMY pachpeleieHHIo BblOOpKH o6BeMoM n = 100:

X; 48 52 56 60 64 68 72 76 80 84

m, 2 4 6 8 12 30 18 8 7 5

» Tak KaK BHGOpKa COCTOMT M3 paBHOOTCTOALLMX BAPHAHT ¢ liarom A = 4, 1o
- 2 2,2
X=vhtxy,s = (vz-vl)h ,
The Xy — JOKHbIHA Hynb. [1pH BHMHCNEHUM O METOLY CYMM YCNOBHBIE MOMEHTHI
MepBoro M BTOPOro NOpAAKOB onpegensieM no ¢gopmynam:
v, = dlfn, vy = (5)+255)/n,
tae d) = a;-b;; 5= a|+b] 38y = az+b2.‘lucna a,,8y,b 1 b2 HaXOMHM

ChelylOLWHM o6pazoMm.
Mo onpemeneHHOMY MpaBUNy COCTABAAEM pacyeTHYIO TabnuLy (Taba. 19.5).

Tabauya 19.5
x " m; b=72 [ b=70
48 2 2
52 4 6 8
56 6 12 20
60 8 20 40
64 12 32 0
68 30 0 0
72 18 38 0
76 8 20 37
80 7 12 17
84 5 5 5
- n— 100 a=175 ay=59
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1. B nepBulii cTonbew 3anMcbBacM 3HAYEHUA BapHaHT.
" 2. Bo BrOpoii cTon6el NOMELIAEM YaCTOTH M HX CYMMY.

3. B kauecTBe noXHOro Hyns BbIOMpaeM 3HaYeHHe BapHAHThl HaHOonbLieH
yacToThl (x; = 68) , Ha nepeceyeHUH TPETLErO M YETBEPTOro CTONGLOB M CTPOKH,
collepxalleil NOXHBIA Hy/lb, CTABHM HyNH. B yeTBepTOoM cTONGLIE HAN NOXHBIM Hy-
NneM U TIOJ HUM TaKXKe MULIEM HYNH.

4. B ocTaBLIMXCA KIETKaX TpeTbero cronbua, pacrnonoXeHHbIX Hal HyNeM, 3a-
MHCHIBAEM HAKOIIEHHA 4YacTOT M HaxoAMM HX cymmy: by = 72. AHanoruyHo B

KJIEeTKaX TpeTbero cronbua, pacnoNOXeHHBIX TOL HYyNeM, 3anUCcHIBacM
MOC/IEAOBATENBHBIE HAKOTUIEHHA YACTOT H BHIYHCIIAEM HX CYMMY: @y = 75.

5. AHaJIOrMYHO 3aMoNHsAeM YeTsepThift cronGew, rae HaxoaATcs Yuena by =70
Hay=59.
Mo pesynbratam BeuucneHn#t B Ta6Gn. 19.5 umeem:
dy =a,-b =7-72=3,

5= a}-i-b' =75+72 = 147,

§y = aytbhy =59+70 = 129.

Torna MOMEHTB! YCNOBHBIX BAPHAHT
vy =d,/n=3/100 = 0,03,
vy = (s;+255)/n = (147+2-129)/100 = 4,05,
Takkak h = 4 u x5 = 68,10

X = v h+x,=0,03-4+68 = 68,12,

s = (vy=vDh = (4,05-(0,03)%) -4 = 64,78. ¢

Ipumep 7. CrpynnupoBaHHbie AaHHbiE BHIGOPKH 3HaueHUH cHeTembl CB (X,
V) npusenens! B Ta6n. 19.6. HaltTu cTaTHCTHYECKHE OLEHKH JUIA MATEMAaTHYECKHX
OXHIOaHH M aUcnepcHit W KO3 PHUNEHT KOppPEns LMY BLIOOPKH.

P O6beM BHIGOpKH n = 100. Bo3pMeM B KauyecTse JIOXKHOTO HYNSl TOYKY
My (12,10). Cornacro Tabn. 19.6, h, = 2, hy = 3. MNoctpoum Tabnuuy pacnpeae-

NeHHA YCNOBHLIX BaphaHT u; = (x;—12)/2, v = (}:’-— 10)/3 (Taba. 19.7).

Ta6ruya 19.6
X - = - = = -

Y x,—& Xz—lo 13—|2 14—]4 15—16 .1'6"18
y|=’ 2 3 - - - 1
yy=4 1 5 4 3 1 -
=1 - I 10 2 -
ya=10 i - 18 8 2 3
ys=13 - | 3 7 10 5
Yo = 16 1 - - 3 5
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Tabauya 19.7

. 2
h wl-2 -1 0 1 2 3 m, | myvmv ijmx‘my'ul.

I
-3 2 3 - - - 1 6 -18 | 54 12
-2t 5 4 3 1 - 14 [ -28 | 56 4
-1 - 1 10 2 - - 13 -13 13 -1

0 1 - 18 8 2 3 32 0 0 0

1 - 1 3 7 10 5 26 26 26 31

2 1 - - - 3 5 9 18 72 36
m. |5 10 35 20 16 14| 100 | -15 | 221 82

m u (=10 =10 0 20 32 48| 80

X

m u[20 10 0 20 64 144| 258

b1

X

Ha ocHoBaHHM NonyyeHHHX B Tab/. 19.7 pe3ynsraToB HMeem:

;=j.-=_|-.-’.l-__=_.ll—5-=..0']5.
6
Zm"i""
-=‘=I =-§g=
“ n 100 0.8,
6
sz
_ Z L)
Aoi=t 22l
v - 100 2,21,
6
2
me,"i
Foim1 8 _
“ n 00 - 228

2= vi =) = 2,21-0,0225 = 2,1875,

&= u-(@)’ =2,28-0,64 = 1,64,

s, = J2.187=1,479, 5, = J1,64=1,281,
§=12+2(-0,15) = 11,7,
= 10+3-0,8 = 12,4,

Sy = svhy =1,479-3 = 4,437,s = sh_= 1,281 2 =2,562.
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KoadduuneHT Koppenaiumnm

roe

6
z "N

=0,82,

832

av=hi L _ 82
n 100
OTKyna
_ 0,82-(-0,15)-0,8 _ 0,
xy 1,479 - 1,281 I,
A3-19.2

1. Haiitn BbiGopouHoOe cpefHee Mo
HHI0 BBIGOpKH 06beMoM n = 20

894==0,439 .4

3aJJaHHOMY pacnpeaene-

X 2560 2600

2620

2650 2700

2 3 10

m;

4 1

(Omeem: 2621.)

2. Haiith BEIOOpOYHYIO OHUCIIEPCHIO
HMIO BLIGOpKH 06BeMOM 1 = 10:

o JaHHOMY pacnpencic-

X; 186

192 194

m, 2

i

5

(Omeem: 8,93.)

3. Haiitu MeToioM Ipou3BeieHN i BLIGOpOYHOE CpeIHEe W BbI-
OOpOUHYIO IUCMIEPCHUIO MO 3aJaHHOMY pacrnpeaefieHWio BHIOOpKH

obbeMoM n = 100:

xi o125

16 18 23 25 26

10 10 4

mj

12 13 8 20 9

(Omeem: % — 15,86, s = 45,14.)
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4. MeTonoM npousseneHHIt HaiiTH BEIOOPOYHBIE CpeIHee, IHC-
NepCcHI0, aCMMMETPHIO H 3KCLIECC MO 3aJaHHOMY paclipeeNeHUIo
BbiGOpKH o6beMoM n = 100:

x; 12 14 20 22
m; 5 15 50 10 4
(Omeem: x = 16,46, D(x) = 4,87, a; = 0,47, ¢, = 0,36.)

5. Haiitn BuiGopouHoe cpeaHee U BbiGOpOYHOE CpefHee KBaj-
paTUYHOE OTKJIOHEHHME BLIDOPKHU obbeMoM n = 20, pacnipefiefieH e
KoTopo# 3anaHo Tabauueit (tabn. 19.8).

Ta6auya 19.8
Homep HHTepsan Hacrora Howep Hnrepean Yacrora m,
HHTEpBATA m, HHTepBana
1 (-15; -0,13) 3 8 (-0,01; 0,01) 18
2 (- 0,]3,-0 11) 8 9 (0,01; 0,03) 17
3 (-0,11; -0,09) 11 10 (0,03; 0,05) 17
4 (-0,09; —0,07) 20 11 (0,05; 0,07) 8
5 (-0,07; -0,05) 27 12 (0,07;0,09) 4
6 (-0,05; —0,03) 36 13 (0,09; 0,11) 1
7 (-0,03; -0,01) 29 14 (0,11;0,13) 1

(Omegem:x = -0,284, s = 0,0515.)

HHUE KBaJpaTHYHBbIC OTKJIOHEHMHWA.

CamocTrosTesbHas padoTa

IMo naHHBIM BLIGOPKAM HaiTH BHIGOpOYHBLIE CpeJHHE U Cpell-

1.
X; 1250 1275 1280 1300
m; 20 25 50 5
(Omeem:x = 1273,75, 5 = 13,054 )
2.
X; _12,5 17,5 22,5 27,5 32,5
m; 0,1 0,2 0.4 0.2 0,1
(Omgem:x = 22,5,5 = 5,45))
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3.

WuTep- | (28; 30) (30;32) (32;34) (34;36) (36;38) (38;40) (40; 42) (42;44)
Ban

m; ] 15 15 12 15 20 10 5

(Omeem: x = 35,72,s5 = 4,012.)

19.3. OLIEHKA YU CJIOBHIX XAPAKTEPUCTHK.
METOJ MOMEHTOB
Memod Momermoe mosex O OUEHKU HEUIBECMHBIX NAPAMEMPOE pacnpedeaenun.

JlaHHbIA MeTON COCTOHT B NpHPpaBHHBAHHH IMIHPHYECKHX H TCOPETHYECKHX MO-
MEHTOB, COOTBETCTBYIOLUHX IMITHPHYECKHM MOMEHTaM TOTO Xe¢ MOpAAKA, HanpH-

Mep M(X) =x = V- Ecnu pacnpesiencHHe onpeneaeHo AByMA NapaMeTpaMH, TO

NPHPABHHUBAIOTCA 182 TEOPETHHECKHMX W 182 IMNHPHUECKUX MOMeHTa v = M(X),
My = MX-3",Te. M(Y) = X n D(X) = 5.

Ipumep 1. Cnyuaitnas ennunHa X pacnpeneneda no 3akouy Ilyaccona
X; =)

Ae

'
x,.

P (x) =

’

rIe m — YHCIO HCMBITAHKH; X; — WHCNO NOABACHHH COOBITUR A B 3THX HCMBITAHH-
ax. Mo subopke x), X3, ..., X, HAATH TOYEHYHYIO OLEHKY HEH3BECTHOTO NapaMeTpa

A , onpenensiowero pacnpeneneHue MyaccoHa.
» lnA oueHKH ONHOrO NapaMeTpa 3anMiieM ypaBHEHHE OTHOCHTEbHO 3TOTO
napaMeTpa:
vy = M(X) = x.
Tak kak B pacnpenenenuH [yaccona M(X) = A, 1o A = . Toueuroii ouen-

Koii napameTpa A pacnpezneneHus lNyaccoHa cayxHuT BbiGopoyuHoe cpenHee X. 4
Memod nauboaswezo npasdonodofus. ITOT METON OLEHKH HEM3BECTHBIX Mapa-
METPOB 3a1aHHOTO pacnpeneleHHA CBONHTCA K OTHICKAHHIO MaKCHMYMa (byHKLIHH
ONHOrO MM HECKONBKHX OLIEHHBAaEMbIX NapaMeTPOB.
Dynxyueir npasdonodobus duckpemnoli CB X, npuHHMaoLelH 3HaYeHHA X;,

i=1,n,c BCPOATHOCTAMH P(x;, 0) , HA3BIBAIOT HYHKUHIO
L{x|, x3, ey X,, 0) = P(x), B) P(x,, B) ... P(x,,0).

Ecnu f{x) - nnoTHocTb pacnpenencHus sepoaTHocTed CB X ¢ HEH3BECTHBIM

napameTpoM 6 , To hyHKUMIO NpaBrononoGms HenpepbisHoil CB X 3anMcuisaloT B
BHIe

L(X|- -\'2, ey Xy ) = ﬂ.).", B)ﬂxz, 0) ...f(.\’n, 0).

242



MNpH OBYX HEM3BECTHBIX IapaMeTpax pacnpc.ueneliua 6, u 6, odyHkuus
npapaononobus HMeeT BUR
L(xq, Xg5 ees X, 81, 8,5) = fx), 8¢, 0,)f(x5,0),0,) ... flx,, 0;,0,).

Jozapugpmuneckoii gynxyueil npasdonodobus HasbBaoT GyHKUMI In L. ToukH
3KCTpeMyMa yHKUWHM In L ¢ OIHHM HEM3BECTHBIM NMapaMeTpoM O MLUYT No crely-
foLel cxeme:
din L

de
2) onpenensilOT TOYKH, B KOTOPbIX 3Ta MPOH3IBOAHASA PABHA HYJIO, T.€. KOPHH
dinl _ .

do ?

1) Haxo4AT NPOM3IBOAHYIO

ypaBHEHUA npaBiononobus

dzlnL

d0*

Touke O* BTOpas NPOM3BOAHAA MEHBILE HYNA, To 0% — TouKa MaKCHMYyMa; CiTH Xe
BTOpast NpOM3BOAHAR MONOXKHTENbHa NpH 6* , To 0* — ToYKa MHHHMYMa. 3Haye-

HMe NapamMeTpa D* , pH KoTopoM In L nocTHraeT MaKkcHMyMa, NpHHUMAaeTCs 3a Be-
JIHYHHY OLCHHBaEeMoro napamcrpa.

3) BLINHCASIOT BTOPYKO MPOH3BOZHYKO B HalNCHHBIX TOYKAX; €CIH B

Ipumep 2. Metonom HauGonbwero npapaononobus no BEIGOpKe X, X3, ..., X,

HaiTH ToYeYHYIO OLEHKY HEM3BECTHOTO Napamerpa A NOKa3aTeNbHOTO pacnpene-
NEHUA .

-Ax
fix) = {le npH x20,
0 npu x<0.

» CocraBnseM QyHKUHIO npapiononobus:
L = fix;, 0)fix,,0) ... fix,, 0).

YyuthBaf, yto A = 0, UMeeM -

Ax Ax nooi-

M! - -
L(xl.xz, vy Xy A) = (ke WAe ) ... (he y=Le

HaxonuMm norapudpmudeckyro GyHKUNIO Npapaononobun:

n
InL = nlnl-—le,.

i-1

d

n
In A 1
Tax Kak T 2 X, , TO ypaBHEHUE NPaBONONoGHS MEET BHI

d

243



n
1
n=-— x;,=0.
I
i=1
PelitkBs ero, NONy4UM KPHTHYECKYIO TOUKY

n
A=n/ Zx.. = 1/x.
i=1
B d2 Inl _ -2 -1/
Topast NPOH3BOLHAA ——— = -nk ~ <0 npu A = 1/X. 370 3HAYMT, 4TO
di
A = 1/X% — Touka MakcuMyma pyHkunu L. CnenopatenbHo, olle HUBaeMBlit Touey-
HbIA napametp— A = 1/x. 4
Hrmepsansnoie oyenku napamempos. Untepean (0, 0,), B KOTOpuiit bUeHH-

BaeMbIi MapaMeTp O MONAJaeT C 3aAaHHOI BEPOATHOCTLIO Y, HA3bIBaeTCA dogepu-
menbHbiM, @8 Y — J08epLUMeAbHOil 8epOAMHOCBIO (HAOENCHOCMbIO) OLEHHBAEMOTO Ma-
paMerpa O :

P(B, <0<By) = 7.

Yucno a = |-y HasbiBaeTcs ypoenem 3nauumocmu. B NpaKTHYECKMX 3a5a4ax
obbivHO  npuHMMaloT o = 0,1; 0,05, 0,001, Ecam a = 0,05, TO
(1-0,05)- 100 = 95 u3 100 3HayeHHil oueHHBaeMoro napamerpa GynyT Haxo-
OMTBCS BHYTPH HHTepBana (0 ; 02) .

OTteicKaHHe JOBEPHTENIBHOTO HHTEPBANa ANt MATeMAaTHYECKOIO OXHIAHHA m,
HOpPMaJTbHO pacnpenefleHHOTO KOJHYECTBEHHOro NpH3Haka X MpPH H3IBECTHOM
CcpelIHeM KBalpaTHYHOM OTKJOHEHMHM © MpPOBOLHTCA MO NPHBOOMMOMY HHXeE Npa-
BHJTY.

Mycts x), X3, ..., X, = BHIGOpKa 0GBEMOM # M Y — NOBEPHTENbHASA BEPOATHOCTD,

n
x= Z x;/n — puGopounoe cpeanee. Torna

J'r—r£<m_‘,<5r+t£. (19.6)
n n

roe x =/ — 3HayeHMe apryMeHTa (yHKumu Jlannaca ®(f), NpH KoTopoM
o) = /2.

Ilpumep 3. HalTH NoBepHTENLHLIA MHTCPBA] LA OLEHKH C HANEXHOCTHIO
¥ = 0,99 HeM3IBECTHOrO MaTeVaTHYECKOrO OXHIOAHHA M, HOPMalbHO pacnpene-
JNIeHHOTO MpH3HaKa X reHepalbHON COBOKYNHOCTH, ec.1n 06beM BbIGOpKH n = 25,
X = 16,8 W cpenHee KBaapaTHUHOE OTKIOHEHHE IeHepaNbHOH COBOKYMHOCTH
c=35.
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» lopepHTenbHLIA HHTEPBaN ONpeaenseTca HepabeHcTBaMH (19.6). Haxonum ¢
M3 ypaBHeHHA O(f) = y/2 = 0,495, nonb3ysck npua. 4: 1 = 2,58. Torna u3s He-
papeHcTB (19.6) crenyer, yto ’
16,8-2,58.5/5<m <16,8+2,58-5/5,

14,22<m <19,38, m e (14,22; 19,38)

¢ BeposiTHOCTBIO ¥ = 0,99, 4

JloBepHTeNbHBIA HHTEPBAN LA MaTeMATHYECKOTO OXHMAAHHA NPH HEH3BECT-
HOM CpefHEM KBaJpPaTHYHOM OTKJIOHEHMH HOpPMalbHO pacnpefencHHoit CB X
ONpenenseTcs 3 HEPaBEHCTB

i—rvi<mx<i+rvﬁ, (19.7)
roe n — ofbeM BHIGOPKH; X — BEIDOPOYHOE CpefiHEE; § — CpenHee KBapaTHYHOE OT-
KNOHeHHe BHIGOPKH; ¥ ~ HOBEPHTE/NbHaA BEPOATHOCTH, 3HAYEHHE MapameTpa t
ONpENENAETCH U3 paBCHCTBa

f

Y= Is(r, n)dt,
-'7

B KOTOPOM NOABIHTErpanbHas GyHKUHA 3anaeT niomuocms Cmewodenma pacnpene-
JNIEHUA BepOoATHOCTeH cnyyaitHOH BENHYHHBIL

T=ujn’v,
e 4 M v — He3apHcuMeble CB: u — HopManbHo pacnpeneneHtasn CB ¢ napamerpamMu
2
m, = 0,0 = 1,avHMeeTpacnipeneneHme } ¢ ncreneHaMH ceoGoaul. Yucno r\,

HaXOAMTCA M3 NpHI. 8 Mo 3aaHHOMY YPOBHIO 3HAaYMMOCTH o = 1 -y (HagnexXHo-
CTH Y ) NpH YKcae cTeneHed ceoBonwl k = n—1.

ITpumep 4. M3 reHepansHOM COBOKYNMHOCTH HM3BJIeueHa BHIOOpPKAa 0ObEMOM
n=10:

X;

m; 2 1 2 2 2 1

-2 1 2 3 4 5

HaiTi noBepHTENbHEIA HHTEPBAN LA MAaTEMATHYECKOTO OXUIAAHHA m, C Halex-
HOCThIO ¥ = 0,95.

» BoiuMciseM BHIGOpPOYHOE CpelHee:
oo 2-2+1-1+2-2+3-2+4-2+5-1 _

X 10 2
M MCNpaBieHHOE CPeNHEe KBAaApaTHYHOE OTKIOHEHHE
’ [2.42+|'|+2-0+2-I+2-22+32
5= =24.

9 .
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U3 npun. 8 mpu v = 0,95 u n = 10 (k =9) Haxonum r, = 2,26 . Josepwu-
TenbHBIM HHTEPBAIOM Ha OCHOBaHMM HepaBeHcTB (19.7) Gynet

2.4 2,4
2-2,26- 57 <m, <2+2,26- 25

S L my € (0,3:3,7)

C HaneXxHocTelo ¥y = 0,95. 4

JosepuTenbHBIA HHTEPBAN C 3al1aHHOM HALEKHOCTLIO Y DA cpelHero KBaapa-
THYHOTO OTKJIOHEHHWA O HOPMANbLHO PaclipedcNEHHOro MpH3Haka X Mo HCnpase-
NEHHOMY CcpeqHeMy KBAaJIpaTHYHOMY OTKJIOHEHHIO s onpenensem no GopMynam:

s(l-¢g)<o<s(l1+¢g) npu g<1,
(19.8)
O<o<s(l+g) npug>1,

TA€ NapaMeTp ¢ HaXOAUM M3 Mpua. 9.

IIpumep 5. TpouaseneHo 12 HaMepeHMit HEKOTOPOH BeMUHHBL OOHKM MpPH-
OopoM Ge3 cucTeMaTHYeCKOR OLWWMOKH, NpHYEM HCMpaBAEHHOE CpellHee KBanpa-
THYHOE OTKIOHEHME S Cly4aiHBIX OoWHOOK M3MEpeHHA OKasanock paBHbiM 0,5.

Haittv TouHocTe Nnpubopa ¢ HagexHocTvio Y = 0,99, ecn pe3yasTaThi olWHGOK
H3MEpPEHHIt pacnpeneieHbl HOPMaNbLHO.

» TouHocThio NpHBOpa 06LIMHO HA3BIBAIOT CPEIHEE KBAAPATHUHOE €ro OWHBOK
u3mepennn. Ma HepaseHcts (19.8) cneayer, uto ¢ onpenenserca npu n = 12,
Yy = 0,99 H3 mpun. 9 M HepaBeHCTBa 1>¢g=0,9. 3uaumur,
0,5-0,1<0<0,5-1,9. Takum obpazom, o € (0,05; 0,95) C BepOATHOCTHIO
y=0,99.4

A3-19.3

1. MeTonoM MOMEHTOB MO BLIOOPKE X, X3, ..., X, HAHTH TOYEY-

HYI0 OLIEHKY HeM3BeCTHOTO napamMeTpa A pacnpeaeneHust CB X,
3Hasl, YTO MAOTHOCTh PacripeneieHMsl BEpOATHOCTE

0 npum x<0,
fix) =

}_Le_h npu x20.

(Omeem: 1/%.)

2. CayuaitHaa BenuumnHa X (YUCAO NOABIEHHI COOLITHA A B
HE3aBUCHUMBIX WCNBITAHUAX) NoaYMHEHa OWHOMHAJIBHOMY pac-
MpefefieHUI0 C HEM3BECTHLIM MapaMeTpoM pPAachpefeneHus p.
[MposeneHo 10 ornbiToB Mo 5 ucnbiTaHuil B KaxaoM. B pesynbrate
MONYYEHO SMIMPHYECKOE pacrpeaeneHHe
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X; 0 ! 2 3 4 5

m; 4 2 1 1 1

€ X; — YUCIIO nosBJieHUit cOGBITHS A B ONHOM OINbLITE; M; — KOJH-
4eCTBO OMBITOB, B KOTOPHIX A MOSABUIIOCE X; pa3. MeTtonoM MomeH-
TOB HaiiTH TO4YEYHYIO OLEHKY NapaMeTpa p GHHOMHAJILHOTO pac-
npeneneHus. (Omsem: p = 0,32.)

3. CnyuaitHag BenMyMHa X — OLIMOKA W3IMEPEHMS NANBHOCTH
paguojaLHOMepa — NOAYMHEHa paBHOMEPHOMY pacnpeeieHUIo
C HeM3BECTHBIMHU NapaMeTpamMM @ u b. CTaTHCTHYECKOE paclipe/ie-
nenue CB X uMeer BuA:

X; 3 5 7 9 11 13 15 17 19 21

m; 21 16 15 26 22 14 21 22 18 25

o€ Xx; — CpelHss olKUbKa U3MEPEHHIt; m; — KONTHYECTBO M3Mepe-
HHUH, MMEIOLLINX CPENHIO0 OIIKOKY X; . MeTonoM MOMEHTOB HaliTH
TOYeYHBIE OLIEHKM HEM3BECTHLIX NapaMeTpoBa U b pasHOMepHOro
pacnipeneneHuss. (Omeem: a = 2,24 , b = 2,38)

4. Meronom Haubonblero npasaononobus HaiiTu no BuiGopke

X)s X3, ey Xy TOUEYHYIO OLEHKY MapaMeTpa p reoMeTpUYECKoro
X

pacnpenenenns P(X=x;) = (1-p) ‘p, tO€ p — BEPOATHOCTb MO-

SIBJIEHMA COOLITHUA B OTAENBHOM MCMBITAHMHM. (Omeem: p = 1/x.)

5. HaiiT MUHMMaNbHBIM 00beM BEIGOPKH, IIPH KOTOPOM C Ha-
IeXHOCThIo ¥ = 0,975 TOYHOCTb OLIEHKM MaTeMaTHYECKOTO 0XH-
NaHUs m, TeHepalbHOM COBOKYNHOCTH M0 BEHIOOPOYHOMY CpefHe-
My paBHa & = 0,3, ecM M3BECTHO CpeliHee KBaJpaTHYHOE OTKIIO0-
HeHHe o = 1,2 reHepanbHOH COBOKYMHOCTH, pacripeleNeHHO#H
HopManeHo. (Omeem: n = 81.)

6. lano: x = 2000 M, o, = 40 M, y = 0,95. Haiitu nosepu-
TEAbHBIN HHTEPBA [LIS m__, €CIU X — HOPMATLHO pacnpeneneHHas
CB. (Omesem: (1964,94; 2035,06).)

7. U3 reHepanbHO COBOKYMHOCTH M3BAeYeHa BhIGopka o6be-
MOM n = 12:
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x |-0,5 -04 -02 0 02 06 08 1 12 15

m; 1 2 1 1 1 1 1 1 2 1

HaiiTn noBepuTeNbHBIA MHTEPBAT Ul MaTeMaTH4eCKOro OXHIa-
HHUA HOPMaIbHO pacnpelefieHHOH reHepanbHOH COBOKYMHOCTH,

eclu NOBepHTeNbHasg BeposTHOCTL ¥ = 0,95 . (Omsem: (—0,04;
0,88).)

8. KakoBo HNO/XHO ObITh YHUCAO OTILITOB, YTOObI C HaJEXHO-
cTblo ¥y = 0,95 TOYHOCTH OLEHKM MAaTeMaTHMYECKOIO OXHIaHHA
m, Gpina pasHoit § = 0,2, ecnu cpenHee KBaAPaTUYHOE OTKJIOHE-

Hue o, = 4.(Omeem: n>1537.)

9. [o naHHBIM BLIOOPKH 00BEMOM n, W3BNEYEHHOM U3 pac-
npenesieHHOW HOpManbHO FeHepanbHOI COBOKYITHOCTH, Halae-
HO MCMNpaBJieHHOE CpellHee KBapaTHYHOE OTKJIOHeHUe s. Onpe-
JEAWUTH JOBEPHTENbHBII MHTEPBaJI, IOKPbLIBAIOLIMI FeHEepaAJIbHOE

cpenHee KBaApaTUYHOE OTKIOHEHHE © € HALEXHOCTBIO
Y = 0,999, ecnm: a) n =10, s =5,1; 6} n =50, s = 14. (Omeem:
a) (0; 14,28); ©6) (7,98; 20,02).)

Camocrosrensnas paGora
1. Pe3ynbTratel yetbipeX HM3MEpeHWIl OOHOTHMMHBIX OETANCH:
x, = 0,25 M, x, = 0,24 M, x3 = 0,25 M, x4.= 0,26 M. Cyuras

pacfipeieneHue MUTMHEL X AeTaneid HOpMalibHBIM, HailTH NOBEpU-
TeNbHEI MHTEpBal MCTHHHOW MANWHBI OETalW € HaOCXKHOCTHIO

Y = 0,95. (Omeem: (0,12; 0,38).)

2. lNpou3eeneHo 5 HezaBUCHMBIX onbiToB Haa CB X, pacnpene-
JICHHOI HOpPMAJIEHO € HEW3BECTHBIM MapameTpoM m, M G, = 2.

PesynkraThl onbiTa pUBEeHE B caenytouleil Tabnuue:

X; -25 -20 10 21 34

m; 1 1 1 1 I

HaiiTu noBepHTENbHBIH WHTepBal A m_ C HalEXHOCTbIO
y = 0,9. (Omeem: (2,53; 5,47).)
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3. U3 reHepaibHO#M COBOKYIMHOCTH X ¢ HOpMaJbHLIM pacnpe-
JleleHeM U3BjleueHa Bbioopka o6beMoM n = 10 1 cocTasiieH cTa-

TUCTUYECKHIA psaa:

x; -2 1 2 3 4 5

m; 0,2 0,1 0,2 0,2 0,2 0,1

HaiiTh noBepuTenbHbI WHTEPBAT A MAaTEMATHYECKOro OXHa-
HHUS m  C HaneXHOCThIo ¥ = 0,95 . (Omeem:(0,28; 3,72).)

19.4. METOJJ HAUMEHBIIIMX KBAJPATOB.
KOPPEJISIIMOHHAA CBA3b

TMycTb 3aBUCHMOCTD y OT X BbipaxaeTcs GpopmMynoii

y= ﬂxs ao; al’ aasy u-m) »
re g, o, ..., @, — HEH3BECTHBIE MapaMETPbl, MOLIEXALIME ONpPENCeHHIO.
B peaynbTaTe n HE3aBHCHMbIX ONbITOR MO 3aJaHHBIM 3HAYEHHAM X{5 Xyy eery X, WE-
PpeMeHHOH X MONy4eHbl COOTBETCTBYIOLINE 3HAYEHHA QYHKUMH ¥y, ¥y, -\ ¥, - By-
AEM CHYMTaTb, YTO HaHBEPOSTHERIIHE 3HAYEHHA UIA NMapaMeTpoB Ogs Oy ey Opy
NaT MHHHMYM (QYHKLUWH 3THX NapaMeTpoB S(ao, Oy s ©) 0

n
S = (y,—flx;,, 0y, a o ))2
i P L v U -
i=1

Heobxonrmele ycnoprsi MHHHMyMa QYHKUHH S 3aNHCHIBRIOTCA B BUIE CHUCTE-
Mbl m + | ypaBHEHHI:

oS _o 25 _, _ @S _
Bag =0, %a, ) ey 2a,, 0. (19.9)

HaxoxaeHHe 3aBUCHMOCTH MeX1Y Y X M3 ONBITHBIX OAHHBIX HA3bIBAlOT 6bi-
PasHUBaHUEM IMNUPUHECKUX OaHHbIX 60016 Kpugod y = f(x, ag, 0y, «.\ @) .

Ha npakthke pyHkuma flx, 0y Oy ey am) 00bl4YHO 320a€TCA B TAKOM BHIE,
YTO MmapameTpHl  Og, Oy, ..., &, BXOOAT B Hee JauHedHo. [loatomy
fix, ag, o, ..., ©,) MMECT HETPEPLIBHBIE YaCTHbIE NPOH3BONHbIE MO BCEM Napa~
MeTtpam a;, i =0, m. Hanpumep,

2 m
fix, 09,00, . 0,) = 0y toyxtoyxT o ta,x

B naHHoM ciyuae cucrema (19.9) npuHuMaeT BHA
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n n n
ogn+a, Zx,+...+umz.t;" = Zy‘-,

i=1 i=1 i=1

n
quxwlZ’* -ta Z T Yo | (19.10)

i=1 i=1 i=1

n
%Zx +0.|Zx +...+am2xi nyx:.".

i=1 i=1 i=1 i=1

B yacTHOCTH, N0 3a0aHHBIM ONLITHEIM Toukam M(x;, y,), i =1, n, MOXHO

HaHTH OLIEHKH NapaMeTpOB THHEHHON QYHKUHK y = ot x. Cucrema nuHel-

HbIX ypaBHeHH (19.10) B 3TOM cnyyae NpUHKMAET BUI

0n+u|2x ny’

i=1 i=1
n : (19.11)

n

n
“oZ"i*’“lZ §= zx

i=1 i=1 i=1

Ecnu no onbitHeIM Toukam M(x;, y;), i = 1, n, MCKaTb OLEHKH LTS Mapa-

METPOB 0, &), &) 33BHCHMOCTH y = a,+a x+ a2x2 , To cuctema (19.10) npu-

MET BHA

n n n
agn oy Z"i“‘zzx? = v

i=1 i=1 i=1

%Zx +ulzx +u22x Ex,y'.. (19.12)

i=1 i=1 i=1

aoz.vc +a12x +u22x = foy'..
1

i=1 i=1 i
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IIpumep 1. B pesynbrate OnbiTa nonydeHn 3Hayeuns CB Y no 3agaHHbIM 3Ha-
yeHuam CB X:

X; 0 4 10 15 21 29 36 51 68

m; 66,7 71,0 763 806 857 929 99,4 1136 1251

Haiity nuHelinylo 3aBHCHMOCTL y = oy x+a, M0 METONY HAHMEHBLIIMX KBaA-

paToB.
» INo pe3ynbTaTaM 3KCnepuMeHTa cocTaBaseM Tabnuuy (tabn. 19.9).

Tabnuya 19.9

i X; l Vi ] xf Xy
1 0 66,7 0 0
2 4 71,0 16 2840
3 10 76,3 100 763,0
4 15 80,6 225 1209,0
5 21 85,7 441 1799,7
6 29 92,9 841 2694,1
7 36 99,4 1296 3578,4
8 51 113,6 2601 5793,6
9 68 125,1 4624 8506,8
2 234 811,3 10 144 24628,6
i

Tak kKak n =9, To cuctema (19.11) npuHMMaeT BHA
Sa,+234a; = 811.3,
23405+ 10 1440, = 24 628,6.}

YMHOXMWB nepBoe ypaBHeHHe Ha —26 W CIOXHMB CO BTOPHIM, NONYYHM
40600 = 3534,8 wm o = 0,87. Torza %o, = 811,3-203,58 = 607,72,

a, = 67.5.

ChenoBaTeNbHO, 3ABHCHMOCTD y OT X HMEET BUA
y=67,5+0,87x. 4

Tpumep 2. 3HaueHMA HEKOTOPOTO MpU3Haka Y Mo 3HaYeHWSM MpH3HaxKa X
XapaKTepPH3YIOTCH ONbITHBIMH NJaHHbIMHK:

X 1 2 3 4 5 6 7

Y 0,5 0,5 1,5 35 6,5 10,5 15,5

2
BbipaBHATE 3aBUCHMOCTL Y OT X no napabone y = a,x + apx+ayg.
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» 135 cocTaBneHUsi cHcTeMbl ypapHeHHH (19.12) 3anucbiBaeM pacyeTHyo Tab-
nuuy (tabn. 19.10).

Tabauya 19.10

I | X l Yi | Xiz | -’fi3 I x:" | XYi | X.vz Yi

1 1 0,5 1 1 1 0,5 0,5

2 2 0,5 4 8 16 1 2

3 3 1,5 9 27 81 4,5 13,5

4 4 3,5 16 64 256 14 56

5 5 6,5 25 125 625 32,5 162,5

6 6 10,5 36 216 1296 63 378

7 7 15,5 49 343 2401 108,5 759.5

E 28 38,5 140 784 4676 224 1372
i

Mo pe3ynsTaTam BHYMCIEHHI COCTARNSAEM CHCTEMY YPaBHEHHH
Tay+ 280, + 1400, = 38,5,

280.0 + 140‘:‘1 + 78402 224,
1400 + 784a, + 46760, = 1372.

Onpenenutens aToll cuctembl A = 8254 ,a Ao, = 12 385,5, Aay = -12 385,5,

Aoy = 4128,5.Torma oy = 1,5, @; = -1,5, o, = 0,5. HckoMas 3aBuCHMOCTE

HMeET BHA
y=1,5-1,5¢+0,5x. 4
Ecnu j’x, — YCJIOBHbIE CpEHHE, TO BLIPABHHBAHHE TOUEK (x!.; ¥). i= m ,
no MeTofly HauMeHbILUWX KBaApPaTOB BAONbL KPHBOH y = fix, Oy Oy ey a,)

NPUBOLMT K TOHATHIO AUHUM  pecpecculd Yy Ha X, @  YPaBHEHWE
¥ = fix, 0p, @, ..., @, ) HAIBIBACTCH ypasHeHuesm pezpeccuu y Ha X. Ecnu ata 1a

BHCHMOCTb IRHEHHaR, TO NONYY4aEM NpAMYIe ¥ = O+ 0} X pezpeccull y Ha X.
Vpaenenue npamoii pezpeccuu y Ha X UNMieeT BUL
y-y= Py Lx-%), (19.13)

rie x, y — CpcOHHe 3HAUECHHUS NIPH3HAKOB X M Y, =r. s, 5.:r Ko>p
Yy x o xyly Cxtiwy

2 2
bHUMEHT KOPPENALMH; 5, , 5, — IMNUPHYECKHE LUCTIEPCHH NPHIHAKOB Xut

Ypaerenue npamoll pezpeccuu X Ha y 3aNHCLIBAETCA B BUIE
X-Xx=p, y(y—j’). (19.14)

[Tpumep 3. M3 reHepanbHOH COBOKYMHOCTH, B KOTOpO# npu3Haku X u Y pac
npeeieHsl HOpMAALHO, HiBaeueHa Buibopka obbeMom 1 — 530. PelynbTarsl uive
peHHA TNpuHakoB X M Y BLIGOPKM TpHBeneHol B KOPpEnsiuMOHHONM Tabauue

252



(rabn. 19.11). Haiith BbiGOpOuHBIl KOI(DODHLUHEHT KOPpPeNsiuMH M €ro cpeaHee
KBA/IPaTHYHOE OTK/IOHEHHE, 3anHcaTh ypaBHEHHE NMPAMBIX perpeccuit y Ha X M x Ha y.

» Tak KaK 3Ha4yeHHMA BApHAHT NPH3HaKoB X, Y 10CcTaTOYHO BENHKY, a IJIHHA HH-
TepBaNIOB MX 3HAYE HHH COOTBETCTBEHHO hx = 100, hy = 10, To BBEIEM YCJIOBHbIE

BapHaHThL:
u = 0,01(X-550), v = 0,1(Y-50).
Tabnuya 19.11

X ¥ 15-25 | 25-35 | 35-45 | 45-55 | 55-65 | 65-75 | 75-85 my
200-300 19 5 - - - - - 24
300-400] 23 116 11 - - - - 150
400-500 1 41 98 9 - - - 149
500-600 - 4 32 65 7 - - 108
600-700 - 1 4 21 36 3 - 65
700-800 - - 1 2 11 13 1 28
800-900 - - - - 1 3 2 6

m; 43 167 146 97 55 19 3 530

Haxoaum cepenquHbl WHTEPBATOB H3MEHEHHA NPU3HAKoB X U Y, BLYMCIIREM
IUTA 3THX 3HAYEHH It BENMYMHBI YCIIOBHBIX BAPHAHT K COCTABNAEM KOPPENALHOHHYIO
Tabnuuy (Taba. 19.12), 3anonHseM ee no ykasauHolt cxeme. o pesynbratam Bbi-
YHUCNEHHH, CBeleHHBIM B Ta0N, 19,12, HaxonuMm:

= —" = —ﬁ = -0,721,
m. v

_ XM sor
n 530 - 097

Torna BbIGOpoOYHBIE CpeAHHUE TIPU3HAKOB X' n ¥:
X = 500+E/hx = 500-0,72170,01 = 550-72,1 = 477,9,

y= 50+;/hy = 500-0,957/0,1 = 50-9,57 = 40,43 .

Ilaa BpiyHCNEHHA AMcnepcHit NPU3HAKOB X M Y HaXOQHM AHCTIEPCHH YCAOBHBIX
BAPHAHT & U v No hopMynam:

2 ¢
2_ .2 .2 me"i me,"i _
s =u —(u) = =7 =

u
= 1196 530—(—0,721)2 = 2,257-0,520 = 1,737,
2 2
2 -2 -2 Z”’y,"j Z’"y,"f
=vio(v) = e Emnl B

Sy
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1359 = _ =
= 330 -(-0, 957) 2,564-0,916 = 1,648.

Tormas, = 1,32,s,=1,28,a
s, =s,/h, =1,32/0,01 = 132, sy = 8, /h = 1,28/0,1 = 12,8.

KoadduureHT Koppensuuu npusHakos X, ¥ cosnanaer ¢ xoadduuneHToM
KOppenfALMH YCIOBHEIX BAPHAHT H BLlYHC/AETCS No (hopmye

m..
= L (2 mitY )
r= susv 5,5, [ nz i 'nZ”’"
1 1161
T3z 23(530 - (0,720 953})
_ 1 _ 1,501
=130 (2 191-0,69) _,69 ~0,888.
CrenoBaTenbHO,
_ - 12,8
Py.x = 0,888 - —”2 =0,0849,

X

_ Sk 132
Py y = 13 = 0.888- 55 <916,

A

a YpaBHCHHE npﬂMoﬁ PETPECCHH y Ha X 3alMLIETCA B BHOE
y—40,43 = 0,0849(x - 477,9).
IMpaman perpeccuy X Ha y UMeeT BUA
x-477,9 = 9,16(y—40,43).

MpH HOpManbHOM pacnpeneneHHM MPU3HAKOB X M Y cpenHee KBaapaTHUHOE
OTKJIOHEHKE KO DULIMEHTA KOPPeNsiLMn

s, - (1-F)/.dn = 0,009. ¢
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A3-19.4

1. BEIYMCAHTE BHIGOPOUHEIH KO3(GMOULMEHT KOppeasiikl Mo
BribOpke cucteMel CB (X, V), pacnpeneneHue KOTOpoH 3alaHo
Tabauueit (Tabn. 19.13). Haiith ypaBHeHHe IMHEHOI perpeccuu

YHa X. (Omeem:r = 0,603, y = 0,659x+ 12,34 .)

Tabauya 19.13

X
N 10 20 30 40 50 o0 | m
5 3 7 = - = = 2
25 z 20 23 - - - 4
35 - - 30 47 2 - 79
4 - - 10 1 20 6 47
55 - - - 9 7 3 19
e 5 77 I3 & T g1 200

~ 2.Tlo 3apaHHBIM 3HaYeHHsIM NPU3HaKa X MONyYeHB! COOTBET-
CTBYIOUIHE 3HAYEHHUA NMPH3HAKa Y.

X 0,30 0,91 1,50 2,00 2,20 2,62 3,00 3,30

Y 0,20 0,43 0,35 0,52 0,81 0,68 115 0,85

BbipaBHATH 3aBUCUMOCTE Y OoT X 1o npsamoit y = o x+ o . (Om-
eem: o = 0,263, oy = 0,120.)

3. Tabnuua 3HayeHWi NpH3HAKa Y MpH OaHHbIX 3HAYEHMSX
npu3Haka X UMeeT BHI:

X Y X Y X Y X Y X Y

12,0 54 16,1 76 20,0 107 24,1 139 28,1 178
13,1 59 17.4 85 21,4 118 25.0 153 30,0 203
14,0 67 18,0 97 21,9 127 26.8 160

MeTonoM HaMMeHBILMX KBapaTOB BbIpaBHATH 3aBUCMMOCThL Y OT

Xmo kpuBo#t y = agtax+ a2x2 .(Omeem: y = 18,7+ 1,02x+
2

+0,168x .)

4. CooTBETCTBYIOUIME 3HAYeHUSI NpU3HAKoB X KU Y nipuBeneHbl
BTabn. 19.14.
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Tabruya 19.14

_
5]
w
-
w
(=23

¥y 0 7| my
25 2 1 - - - - - - 3
35 | - 5 3 - - - - 8
45 | - - 4 2 4 - - - 10
55 | - - - - 2 3 1 5 11
65 | - - - - - - 6 2 8
my |2 6 7 2 6 3 7 7 40

Haitti koadpduuyeHT TUHEITHOM KOoppeasSLMH U 3anycaTh ypas-
HEHMS MpAMBIX perpeccil y Ha x U x Ha y. (Omeem: r = 0,9,
y—3,9 = 0,17(x—48,2), x—48,2 = 4,8(y-3,9).)

5. 3HayeHHs MpU3HAKOB X' M Y 3alaHBl KOppeasiiHOHHO#MH

tabnuueit (tabn. 19.15). Hajitu xkoadduumeHT aHMHeiHHOI
KOPpEeJSILIHK M 3aMuCcaTh ypaBHEHHs IIPAMBIX perpeccuil y Ha x

U x Ha y. (Omeem: r = —0,899, y—185,3 = —1,78(x-96,72),
x-96,72 = -0,454(y - 185,3).)

Tabruya 19.15

v X| 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 6070 m,
120-140 | - - - 3 ry 7
140-160 | - - - 2 5 2 9
160-180 | - - 3 6 3 - 12
180-200 | - 5 4 4 - - 13
200-220 | 7 4 2 - - - 13
20-240 | 5 2 - - - - 7
240-260 | 3 - - - - - 3

o, s mn 9 2 m 3 &

CamocTtosTesbHan padora

MertogoM HauMMeHBLUIMX KBAaApaTOB BEIPABHATH MO MPSAMbBIM
¥y = @+ o, X cneayome 3MIMpUIecKHe NaHHbIE.

1.

X 1 4 9 16 25

0,1 3 8,1 14,9 23,9

(Omeem: y = 0,922x-0,909.)
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X 1 2 3 4 5 6

2 4.9 7,9 11,1 14,1 17

(Omeem: y = 3,023x-1,08.)
3.

X 1 1,5 2 2,5 3

2,1 2,2 2,7 2,8 2,85

19.5. CTATUCTHUYECKAA ITPOBEPKA I'HIIOTE3

Ocnosnvie nonamus u onpedeasenun. Beaxkoe yTBepXaeHHe, BRICKa3aHHOE OTHO-
CHTENBHO HEM3BECTHOIO 3aKOHA FeHepalbHOR COBOKYNMHOCTH MWAH OTHOCHTENBHO
YUCIOBLIX XapaKTEpHCTHK 3TOT0 3aKOHa (eCNIH M3BECTEH 3aKOH pacnpenesieHus),
Ha3wBaeTCs 2unomesoi.

Ocnoexoii (Hyneeoil) 2unome3zoli Ha3bIBAIOT BHLABHHYTYIO TunioTesy Hy, a kouky-
pupytoweii (anmepnamuenoii) — Tunotesy H;, KOTopasi IPOTHBOPEYHT Hy/IeBOH TH-
note3e Hy.

Hanpumep, ecitn HyneBas runotesa Hy COCTOMT B NPEANOIOXKEHHH, YTO Cpell-
Hee KBapaTHYHOE OTKJIOHEHHE HOPMaBbHOTO pacnpeneneHus ¢ = 20, To anvTep-
HAaTHBHas runoTesa f| 3aKnioyaeTcs B NpeANONOXEHHH, 9T0 o # 20 . KopoTko 3to
3anMcuBaeTcA Tak: Hy: o = 20; Hj: 0=220.

I'nore3a, conepxallas TOAbKO ONHO MPEANONOXeHHe, Ha3bIBAETCS npocmoil,
a TMIoTe3a, COCTONLLAA W3 HEKOTOPOro YWc/ia NPpeanosoXeHUH (NpOCTHIX THMo-
Te3), — CAONCHOIL,

TockonbKy NpoBepKY CIpaBeUIMBOCTH THIOTE3 MPOU3BOIAT CTATHCTHYECKH-
MH METOZIaMH, TO MX Ha3biBaIOT cmamucmuveckumu. B xone npoBepku MOTyT GBIT
IONYLWeHH cnenykolile oWHOKH. Owubka nepeozo poda 3aKioYaeTcss B TOM, 4TO
OyneT oTBEprHyTa NpaBHIbHas rMNoTe3a. Owubika 6mopozo poda COCTOMT B TOM, 4TO
OyneT NPUHATA HEMpaBHAbHas MIOTe3a,

Cmamucmuueckum Kpumepuem (WNu NPpOCTO kpumepuem) HasbiBawoT CB K, Ko-
TOpas CIYXHT JU1A NPOBEPKH rHnoTesb Hy.

Habnrodennvim snavenuem kpumepus K HasbiBaeTcs 3HaueHUHe KpHTepHs K,,, Bbi-
YHCNEHHOE NO BbIbOpKaM.

CoBOKYNHOCTb 3HaYeHH#H KpuTepus K, MpH KOTOPBIX HY/IEBYIO TMIIOTE3Y OT-
BEpraloT, Ha3blBaeTCA Kpumuyeckol obaacmero. COBOKYTTHOCTb 3HaYEHHI KPHTEPUS
K, npn Kotopbix runotesy Hy NpHHUMAIOT, Ha3BIBAETCA obaacmbio OONYCmUMbX
3HaveHull Kpumepua NN 061acmoro NPUHAMUSA 2UNOMEe3bl.

Ilpunyun nposepxu cmamucmuyeckux zunomes. Eciu nabatodennoe 3navenue
Kpumepus npuxadnexcum Kpumuueckoii obaacmu, mo 2unomesy Hyy omeepearom; ecau
xce HabniodenHoe 3navenue Kpumepus npuHadnexcum o6aacmy nPUHAMUS 2unome3sbl,
mo zunome3y Hy npurumarom.

Touxu, oTnensiolHe KPUTHYECKYHO 061acTb OT OGNACTH NPHHATHSA FUIIOTESI,
Ha3BIBAIOT Kpumuteckumu W 0603HAYAIOT Kyp-
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Ilpasocmoponnsa  kpumuweckaa ofaacmb ONpelleNsieTcd W3 PaBeHCTBA
P(K> chp) = 0, /Ae6OCMOPOMHAA Kpumuueckad obaacms — W3 paBeHCTBa

P(K< chp) = o, a 08YCMOPOKHAR Kpumuyeckaa obaacmb — U3 paBeHCTBA
P(K<k)+P(K>k)) = a,

FI€ BEPOATHOCTL O HA3BLIBAETCS YpoSHeM 3Hauumocmu; Ky, kz — COOTBETCTBEHHO Ae-
6aA v npaean Kpumuyeckue moyxy. Ha npaKkTHKe NPH MpOBepKe FHNOTe3 06GLIYHO 3a-
HhaeTcs ypoBeHb 3HaYMMocTH o = 0,05; 0,01; 0,001.

Mownocmero Kpumepus Ha3bIBaeTCHd BEPOATHOCTD MONAaJaHNA KPUTEPHA B KPH-
THYECKYI0 06J12CTh NIPH YCIIOBHH, YTO CNpapeL1HBa KOHKYPHpYIoOLlas runotesa H)|.
TouHee, MOLUHOCTD KPHTEPHS €CTh BEPOATHOCTD TOIO, 9TO HyNeBas MIIoTe3a OyneT
OTKJIOHEHA, €CJ/IH BepHa KOHKypHpyiolaa runotesa H). Ecnu B — BepositHocTh
OIIMGKH BTOPOro pola, TO MOLHOCTL KPHTEPHA paBHa | — B. DTo 3HAaYMT, 4TO NpH
BHOpaHHOM YPOBHE 3Ha4MMOCTH KPHTHYECKYH 00J1aCTh HYXKHO CTPOMTD TaK, 4TO-
OB MOLLHOCTL KPHTEpHSA GbL1a MaKCHMaJILHOM.

3aMeyaHHe. BelMyHHb & M B paBHBI BEPOATHOCTAM OLUMGOK MEPBOTO M
BTOPOro pofia COOTBETCTBEHHO. YeM MeHbllle 3TH BEIHYHHBL, TEM «Iy4lle» KPUTH-
qeckas 06nacTb. OIHAKO HX ONHOBPEMEHHOE YMEHBLUEHHE NPU 3aJaHHOM oGbeMe
BLIGOpKH HeBO3MOXHO. EnquHcTBEHHHI cnocob caenath 3TO COCTOMT B YBenHYe-
HHH 06BbeMa BBIOOPKH.

Ilposepxa 2unomesti o Hopma.sbHOM pacnpedeaeHuu 2eHepaIbHOIl COBOKYRHOCMU €
nomouipro kpumepus IMupcona. PaccMoTpuM BROOPKY

X x X3 X

m; m ma e my

€ PaBHOOTCTOSLIMMHK 3HaYEHHSIMK BapuaHT. TpeGyercs, MCIONb3ys KPHTEpMi
IupcoHa, NpoBepHTb THNOTE3Y O TOM, YTO TeHepaNbHas COBOKYNHOCTL X pacnpe-
JesieHa HOPManbHO,

Ipasuso 1. [as nposepxu zunomess: Hy 0 HopmaavHom pacnpedenenuu 2enepans-
HOli COBOKYRHOCIMU NpU 3000HHOM YPOBHE 3HAHUMOCIU O, HEOBX00UMO:

1) eviuucaums euibopounsie cpedree X, u cpediee K8aOPAMU4HOE OMKIOHEHUE © i

2) sbiyucaums meopemuueckue 4acmomol

. h
my = :—B‘P(uf) ’

20e n — oGvem evibopxu; b — pazHocmb memcdy cOCeOHUMU 8aPUAHMAMU;

X, —X 2
i’ 1 w2
u.= @(H) = — .
Fi E] ’
Gy J2n
3) cpagrume 3mnupuveckue u meop HecKue wac { € MOMOWBIO Kpumepus

12 (Mupcona). s amozo:
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a) cocmasume mabauyy (Tabn. 19.16), no komopoii Haxodumcs Habarodenroe 3Ha-
seHue Kpumepusa:
2
’

2 _ mi=my)
o= Y
i 1

Tabauya 19.16

i m; ', m—my | (mmmty. | (=) o,
(T 9,1 59 34,81 3,8
2 26 16,5 9,5 90,25 5,5
335 25,3 0,3 0,09 0,0
4 30 32,0 -2,0 4,00 0,1
s 26 33,0 -7,9 62,41 1,8
6 2 298 -88 71,44 26
7 2 22,0 2,0 4,00 0.2
8 20 13,5 65 42,25 3,1
9 13 7,0 6,0 36,00 5,1
2 200 - - - 2.2
I

6) uz npua. 10 npu 3adannom yposHe 3nawumocmu o, U Hucne cmenekeii c6060dbt
k=s5-3 (s — uucao epynn sbibopki) Halimu Kpumuueckyo mouxy xip(a, k) npaso-
cMmopokKe Kpumuyeckoii obaacmu,

Ecau xzﬂ( xip » Mo Hem ocHoséakuii omeeperyme eunomesy Hy o nopmaneHom

pacnpedenenuu zereparsholl cosokynHocmu. Jpyzumu caoeamu, IMnupuveckue U meo-
pemuyvecKue ¥acmomesl paziuiamca HeaHa4yuMo.

2 2
Ecnu yy> Xp » MO Hynesyto unomesy omeepzarom, IHA4UM, PAIALMUE IMNUPY-

YECKUX U MEoPemusecKUx Yacmom IHAYUMO.
3amMeyaHue. Yncno cTeneHedt ceoGoan kpurepus Fupcona k=s—r- 1,
L€ r— YHCAO NapaMeTPOB, OUEHHWBaeMbIX MO BHGOpKe.
Ipumep 1. Mcnons3ys kputeprit [upcoka, npu ypoBHe 3HaunmocTH o = 0,05
NPOBEPHTL, COINACYeTCH MK THINOTE3a 0 HOPMANBLHOM PacTIpefieSIe HHHM reHEPANbHO I

COBOKYMHOCTH X ¢ SMIUPHYECKHUM pacnipeleneHieM BuiGopku obbvemom n = 200:

X 5 7 9 11 13 15 17 19 21

m; 15 26 25 30 26 21 24 20 13

» 115 BRIYKCNIEHHMA BHIBOPOYHOTO CPEAHETO X H BRIGOPOYHOTrO CPEAHENO KBa-
PaTHYHOTO OTKNOHEHHA O, METONOM npou3BeneHUM cocTapnaeM Tabnuuy

(Ta6n. 19.17), B35iB B KauecTBe YCIOBHBIX BAPHAHT v; = (x;—-13)/2.
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Tabauya 19.17

x; m; Vi my; m} m;(vi+1)2
5 15 -4 -60 240 135
7 26 -3 -78 234 104
9 25 -2 -50 100 25

11 30 -1 -30 30 0

13 26 0 0 0 26

15 21 1 21 21 84

17 24 2 48 96 216

19 20 3 60 180 320

21 13 4 52 208 325

Z 200 - -37 1109 KoHTponas: 1235

i

Mo pe3ynbraTam BHYMCNEHHH, CBeleHHRIM B Tabn. 19.17, Haxooum:
v =-37/200 = -0,185, ¥ = 13-0,185-2 = 12,63,
cri = (II09/200—(—0,I85)2)-4 = 22,044, 0, = 4,695.
BuiuMCIMM  TeOpeTHYECKHE YacTOTH (y4MThIBag, 410 n=200, h=2,
oy = 4,695 ) no popmyne

. h 200-2
= Dou) = T=Se(u)) = 85,29(x)

"i " e, 4,695

rie u; = (x;-X)/0,. 3HayeHHA GYHKUMH @(u&) onpefensieM u3 npua. 3. Iocne-

JIOBaTeNbHOCTL BHYMCNeHHit npyBeneHa B Tabn. 2.18.

Tabruya 2.18
i X; u; = (x;-X)/o, o(u) m; = 85,2q:(uf)
1 5 -1,62 0,1074 9,1
2 7 -1,20 0,1942 16,5
3 9 -0,77 0,2966 25,3
4 1 -0,35 0,3752 32,0
5 13 0,08 0,3977 33,9
6 15 0,51 0,3503 29,8
7 17 0,93 0,2589 22,0
8 19 1,36 0,1582 13,5
9 21 1,78 0,0818 7,0

Mons3ysick Tabn. 19.16, cpaBHYBaeM 3MNHPHYECKHE N TEOPETHUECKHE AaHHBIE.

02
(mj—mj)

Taxxakxi,"z ,mx§f=22,2.

1

’
m;
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N3 TabnuuH KpUTHYECKHX TOYEK pacnpeaeieHUs 12 (cm. npun. 10) mo ypos-
HIO 3HauumocTH o = 0,05 wu 4mcny cremeHeit cBobopm k = s—r-1 =

=9-2-1=6 Haxomnm, 10 x2,(0,05; 6) = 12,6.

Tak kak xio xip , TO TMIOTE3Y O HOPMANbHOM pacnpefe/ieHHHN reHepanbHO#
COBOKYNHOCTH OTBepraem. 4

MycTe aMnupuyecKoe pacnpeneneHHe 3aJaHO B BHAE MOCNEAOBATENbHOCTH
MHTEPBATOB PaBHOH IUTHHbI:

(i3 xi41) (x,5x2) (x2: x3) e (Xs3 X5+ 1)

m; m my - mg

JIns Toro 4To6Gel NPOBEPHTH IMNOTe3y Hj 0 HOPMaNBHOM pacTipeie/IeHUH TeHe-

panbHO# COBOKYNMHOCTH X, Henonbayd Kputephit IlupcoHa, HeoBX0AHMO NpOBECTH
BCE BEIYMC/IEHUSA COMNAaCHO NPHBOAUMOMY HHXE NpaBHAY.

Ipasuso 2. 1. Memodom npoussedenuii ebiuucaums esib0pouHOe cpedree X U @bi-
Gopounoe cpednee Keadpamuunoe omxaonenue G . B xavecmee snavenuii eapuanm e
uHmepeane npuname X; = (X;+x;,)/2, i=1,s.

2. Ilponopmuposame CB X, m.e. 80 écex unmepsanrax nepeimu K eeauduHe
Z = (X-X)/0, u evivucaums shaveHus

G = (X;=X)/0g, T4y = (X4 = %) 0y
Jeavtil KoHey nepeozo ukmepeana ycmpemunms Kk — © , a npassiii Koxey nocaedrezo —
K +oo,
3. Buuucaums meopemuyeckue yacmomo
[ —
m'; nP'. )

20e n — obvem guibopru; P; = ®(z;, |)-D(z,) — eepoamnocmu nonadanus CB X e
unmepsanet {x;, x;, ) ; ©(x) — gynxyus Janraca.

4. Boyucnrume nabnwodaemoe snavenue kpumepus IMupcona
2 2,
Apy = Y (my=m) /'y
ITo ma6auye u3 npua. 10 naiimu xip(u, k), 2de a. ~ ypoeens 3nauumocmu; k — uucio
cmeneteii ca0600b1. ‘

2 2
Ecnu y'py< Xp » 2Nnomesa Hy npunumaemes, ecau e 1%,) xip — omeepza-
emes.

lpumep 2. Henonb3ys kpurepuit TMupcoHa, npH ypoBHE 3HAYMMOCTH
a = 0,05 npoeepuTh, cOrnacyercs JH rHNOTe3a 0 HOPMAABHOM pacnpeaeneHHH
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reHepaiabHON COBOKYTIHOCTM X € 3MIMpHYECKHM pacnpeneneHyeM BHOOpKH 06b-
eMoM n = 100, npuBeneHHOH B Tabnyue:

Homep 1 2 3 4 5 6 7
HHTepBala

Hurepean | (3;8) (8;13) (13;18) (18;23) (23;28) (28;33) (33;38)

YacroTa m; 6 8 15 40 16 8 7

» MeTtonoM npousseaeHHit BRMUCIHM BHIGOPOYHOE cpeiHee X M BHIGOpOYHOE
cpeaHee KBalpaTHYHOe OTKIOHeHMe Gy . Bce BhunC/ieHns nposeneM no cxeme

(tabn. 19.19).

Tabauya 19.19

Homep Cepean- % _
MHTEpBa- Hmp- HaumuTep- | M; = x_ggg q:::: m; | ma? | miQui+ 1)
na Bana X; !
1 (3;8) 55 -3 6 -18 54 24
2 (8;13) 10,5 -2 8 -16 32 8
3 (13;18) 15,5 -1 15 -15 15 0
4 (18;23)° 20,5 0 40 0 0 40
5 (23;28) 25,5 1 16 16 16 64
6  (28;33) 30,5 2 8 16 32 72
7 (33;38) 355 3 7 21 63 112
KoHT-
Z - - - 100 4 212 pone:
i 320

JHanee BpiumcnsieM:

2miy

n

u=

=0,04,x=20,5+0,04-5= 20,7,

i
D(u) = S—— —(@)? = 2,12-0,0016 = 2,1184,

ol =2,1184-25 = 52,9, o, = 7,28.

Hailnem uMTepBanl (zl.; %y l), i= r'}, g = (xr.—i)/ca, YYUTBIBAA, YTO
x=20,7,0,=7,28, 170, = 0,137. C uenblo CHCTeMAaTH3aLUUK BbIYHCAEHHH
COCTaBHM pacyeTHy1o Tabnuuy (Tabn. 19.20). JleBuii KOHEW MepBOrO HHTepBala
YCTPEMHM K —c0 , a NpaBbiit KOHEW NOCJAENHETO HHTepBana — K + 0.
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Tabauya 19.20

I'panuLK

MHTepBana TpaHuub utepsana (Z;; Z; ., l)
. (X'-; Xiy 1) B _
i X=X | x; 0 -% P

Mo 4= (Dey | (x;4 | —X%)/oy
1 8 - -12,7 - -1,74
2 13 =127 -7,7 -1,74 -1,06
3 13 18 -1,7 -2,7 -1,06 -0,37
4 18 23 =27 2,3 -0,37 0,32
5 23 28 2,3 7,3 0,32 1,00
6 28 33 7,3 12,3 1,00 1,69
7 33 38 12,3 - 1,69 -

3HayeHus TeOpeTHYECKHX BEpOATHOCTER P; OnpefenHM M3 NpHUA. 4 H BRIYHC-

MM TEOPETHYECKHE 9acTOThl NO dopMyne m; = nP; = 100 P;. Pesynsrathl Bhi-

yycneHuit ceeneM B Tabnuuy (rabn. 19.21),

BriuncnnM HabmioneHHOe 3HaueHHe KpHTepus TupcoHa no dopMyne

(m— )
2 _ i~ "
XH Z-__m; .
Tabnuya 19.21
I'paHHLBl
i| mepsara D) (O, ) | P = Oy, )-0(z) | m = nb;
g iy 1
1 - -1,74 -5,0000 -0,4591 0,0409 4,09
2 -1,74 -1,06 -0,4591 -0,3554 0,1037 10,37
3 -1,06 -0,37 -0,3554 -0,1443 0,2111 21,11
4 -037 0,32 -0,1443 0,1255 0,2698 26,98
5 0,32 1,60 0,1255 0,3413 0,2158 21,58
6 1,00 1,69 03413 0,4545 0,1132 11,32
7 1,69 - 0,4545 0,5000 0,0455 4,55
Z_ -~ - - - 1 100
1
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Tabauya 19.22

) 2
il om m m=mi | (mmm)' | (mpm ) =
1 6 4,9 1,91 3,6481 0,8920
2 8 10,37 -2,37 5,6169 0,5416
3 15 21,11 -6,11 37,3321 1,7684
4 40 26,98 13,02 169,5204 6,2833
5 16 21,58 -5,58 31,1364 1,4428
6 8 11,32 -3,32 11,0224 0,9737
7 7 4,55 2,45 6,0025 1,3192
zf: 100 100 - - 13,22

MocnepopaTenbHOCTL BHMYKMCAEHHH yKa3aHa B Tabn. 19.22.

Takum obpa3om, xi, = 13,22. .

W3 npun. 10 Haxomum xip g a = 0,05 v ukcna creneHeit cBobomb
k=s-r-1=7-2-1=4:
X5p(0,05:4) = 9.5

2 2
TaK KaK ¥ > Xyp, » TO THAOTE3a O HOPMAJILHOM PAacnIpElENCHUN TeHepaib-

Hoii copokynHocTu CB X oTepraetca. 4

Ilposepxa 2unomesst 0 HOpMALHOM pacnpedescHuL 2eHEPAILHOL COBOKYRHOCMY €
nomowsro kpumepus Koamozoposa. Kpurepuii KonMoroposa npoBepKH rHNOTE3bl O
BHIE 3aKOHa pacnpeecHUs reHepanlbHOH COBOKYITHOCTH MPUMEHSAETCA B CNyvae,
KOTZAa FHNOTETHYECKH (110 NPEANONOXKEHHIO) H3BECTHRI CaM 3TOT 3akoH F(x) u Bce
€ro napaMeTpbl, a Ha OCHOBAHHH OTILITHBIX JAHHBIX HEODXOAMMO NOATBEPXKIAEHHE
ero cnpasegnuBocTH. ChopMynHpyeM 3TOT KpHTEPHiA,

Kpumepuii Koamozoposa. \. ITo pesynemamam n He3aBucUMbIX Onbimog Hatumu

cmamucmuseckyo pyukyuo pacnpedesenus F*(x).
2. Onpedenums seausurly D kpumepus Koamozopoea:
D = max |F*(x) - F(x)|

u eeucaume Ao o= D.Jn. (Beauwuna D onpedessemca rnymem cpasHenus

|F*(x) - F(x)| & 3a0annbix mouxax wat no epapuram gynxyuii F*(x) u F(x).)
3. Mpuname onpedenennsiil ypoeens snauumocmu g kpumepua Koamozoposa.
4. 3nan P()‘xp) = 1—gq, naitmu uz npus. 11 coomeemcmayioyee snavenue Akp.

Ecau )\

HepanbHoii cosoxynHocmu X pasna F(x), npunumaemes, a npu lonm > A.Kp ama au-

onur < Axp , Mo zunome3a, ymeepxoarowas, ¥mo QyHKUuA pacnpedeneHus 2e-

nomesa omeepzaemca.
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IIpumep 3. lana priGopka 06BeMOM n = 10, H3BNEYEHHas U3 reHepPanbHOM co-
BOKYTIHOCTH X:

x; 2 4 6 8 10 12

m; 1 2 2 2 2 1

Tpwn ypoBHe 3nayrmocty ¢ = 0,01 npoBepHTHL ¢ NOMOLIBIO KpuTepHa Konmoroposa
THNOTE3y O paBHOMEPHOM pacnpefeleHUH FEHEPATBHON COBOKYTMHOCTH X B MHTEp-
sane (2; 12).

» M'mnoteTHyeckas GyHKUMA pacnpeliene HUA

x 0 npn x<2,
F) = [Axds = {(x-2)/10 npn 25x<12,
-0 1 npu xz12.

Mo naHHbiM BRIGOpKM Halaem F*(x) M F(x) Bo Bcex TOYKax Xx; H OLEHMM
|F*(x)— F(x)| . PesynbraTsl BHYMCNEHHE cBenem B Tabn. 19.23.

Tabauya 19.23

i X m; Pr(x) F(x) [F*(x)— Fix))|

1 2 1 0,0 0 0

2 4 2 0,1 0,2 0,1

3 6 2 0,3 0,4 0,1

4 8 2 0,5 0,6 0,1

5 10 2 0,7 0,8 0,1

6 12 1 0,9 1,0 0,1

Beyucnsem:

D = max |[F*(x)~ F(a)l = 0,1, r,,. = DJn = DJ100,3162.
3Has, 4TO P(JLKP) = 1-¢g = 0,99, u3 npun. 11 HaxomuM lxpz 1,63.

Tak kak Aoner < lxp y

HepanbHON COBOKYNMHOCTH He OTBepraeTcs. 4

TO MpeAnOA0XKEHHE O paBHOMEPHOM pacnpeleneHHy re-

A3-19.5

1. HUcnionb3ys kputepuii IupcoHa, npu ypoBHe 3HAYMMOCTH
o = 0,05 ycTaHOBUTH, CIy4aiiHO WJIH 3Ha4HMO pacxoxieHue
MeX1y IMIMHPUYECKHMY YaCcTOTAMM M; U TEOPETHYECKMMM YacTo-
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TaMHu m 'l » KOTOPBIE BEIMHUCIEHBI HCXOOA W3 THITOTE3bI O HOpMalb-

HOM pacripeie/IeHHH TeHepalbHOM COBOKYITHOCTH X, eCIH:

a)| m 5 10 20 8 7

m'; 6 14 18 7 5

6)| m 6 8 13 15 20 16 10 7 5

B) m; 14 18 32 70 20 36 10

m; 10 24 34 - 80 18 22 12

(Omeem: a) Xz = 2,47, Xy = 6,056) gy = 1,52, %3y = 12,6

B) Xy = 13,93, Xgp = 95)

2. Ucnonb3ysi kputepuit IlvpcoHa, NpM YpoBHE 3HAYUMOCTH
o = 0,05 npoBepHTh, COTNACYETCS JIU THITOTe3a O HOPMATbHOM
pacrnpeleleHHH TeHepalbHOH COBOKYITHOCTH X C 3aJaHHBIM 3M-
MUPUYECKHUM pacIpeieieHHEM, eCITH:

a)| Homep
HHTEp- 1 2 3 4 5 6 7
Bana

Hu-

TepEan (—=20; -10) (-10;0) (0; 10) (10;20) (20;30) (30;40) (40;50)

Yacto-
Ta m;

20 47 80 89 40 16 8

(Omeem: % = 10,4, o =13,67, k=4, xy=1,52,

2

Xkp = 9,5.)
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6) Homep
HHTEpBa- 1 2 3 4 5 6 7 8
na

Murep- | o1y (6 Q6 (36 (46 (56 (66;  (76;

pan 26)  36) 46) 56) 66) 76)  86)
factoma |4 7 6 35 15 8 6 5
I

(Omeem:% = 42,5, 0 = 17,17,k = 5, x5 = 14, x5 = 11,1.)

3. lNpouseenero n= 100 onwitop. JI1060it oNEIT cocToan M3
[= 5 vcneITaHWii, B KAX/IOM M3 KOTOPBIX BEPOSITHOCTD P TOSBJIE-
Hus cobbiTus A paBHa 0,3. B »tore nonyyeHo cieayolliee IMIMU-
PHYECKOE pacnpeaelieHHe:

x; 0 1 2 3 4 5

m;i 2 10 27 32 23 6

[e X; — YUCJIO NOABIEHUH COOBITHA A B KaXIOM OITBITE; M; — Yac-
TOTa YMCJIA TMOSABIEHHUIH cobbITHS A B i-M onbite. Tpebyercs npu
ypoBHe 3HayuMocTH o = 0,05 npoBepHThH MMMOTE3Y O TOM, YTO
muckpetHas CB X pacnpeneneHa no GHHOMHaIBHOMY 3aKOHY.

(Omeem: X3y = 4,44, x3,(0,05; 4) = 95.)

4. MMonw3yscek kputepueM [IupcoHa, Mpu ypoBHe 3HAYMMOCTH
o = 0,05 ycTaHOBHTB, COTJIacyeTcsl JIM TMMNoTe3a 0 HOpMaJlbHOM
pacnpeelieHUH reHepalbHOH COBOKYNHOCTH C JIAHHBIMU BHIGOD-
KH o6bemMoM n = 200, ecnu:

x |03 05 07 09 1,1 13 1,5 1,7 19 21 23

m; 6 9 26 25 30 26 21 24 20 8 5

(Omeem: % = 1,26, ¢ = 0,491, x5 = 12,222, qu, =15.5.)

5. B OTK 6winu M3MmepeHbl AvaMeTphl 60 BaATMKOB M3 MapTHH,
M3roTORNEHHOH OOHMM CTAaHKOM-aBTOMaToM. PesynbraThl Mame-

peHMi 3aaHBI cneaylolleii Tabnuueii:
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HHrepBan, MM m; Huteppan, MM m;
(13,94; 14,04) 1 (14,34; 14,44) 14,5
(14,04; 14,14) 1 (14,44, 14,54) 13,5
(14,14; 14,24) 4 (14,54; 14,64) 9,5
(14,24; 14,34) 10,5 (14,64; 14,74) 6

I1pu ypoBHe 3HauMMocTH g = 0,05 c nomorubio Kputepus Konmo-
roposa MpoOBEPHTL [MIIOTE3Yy O TOM, YTO BHIOOpKa cornacyercs ¢
PaBHOMEDHBIM pacnpele/ieHHEM FeHepanbHON COBOKYITHOCTH B

vHTepsae (13,94; 14,74). (Omeem: A

Ilpu ypoBHe 3HauuMoctH o = 0,05 TPOBEpHUTH FMNOTE3Y O
HOpMaNbHOM pacTipelleIeHWH TeHepalbHOI COBOKYITHOCTH, €CJIH

Habn

CamocTosiTesibHas paGora

H3BECTHBI SMITHPHYECKHE H TEOPETHYECKHE YaCTOTHI.

=2,12, %, = 1,355.)

1.
m; 6 12 40 13 8
m; 4 ) 43 15 6
2 2
(Omsem: Xy = 2.5, Xxp = 9,5.)
2.
m; 5 6 14 43 39 30 20 6
m:. 4 7 12 48 35 34 18 7
(Omeem: x%, = 3, %2 = 14,1))
meem: ¥ g » Xxp ,1.
3. .
m; 5 13 m 8 12
', 2 20 35 15 10

(Omeem: xgy = 13,0, x2 = 9.5.)
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19.6. HHINBUAYAJIIBHBIE JOMAIITHHUE 3AJAHHA
KI. 19

H3-19.1

B pesynbraTe 3KCIIEpHMEHTA MOJYYeHB JaHHbIE, 3alIMCAHHbIE
B BHJe cTaTHCcTHYecKoro psaa. TpeGyercs:

a) 3anMcaTh 3HaYeHUS Pe3yJbTATOB 3KCIIEpUMeEHTa B BUJE Ba-
pHALMOHHOTO Psija;

6) HaiiTH pa3Max BapbMpOBaHHs W pa3bHTEL ero Ha 9 WHTepBa-
JIOB;

B) NIOCTPOMTE MOJIMIOH YacTOT, TMCTOTPaMMy OTHOCHTENBHBIX
yacTot M rpa¢huK 3MIKMpHyeckoit GyHKUMK pacipefeneHUs;

T) HalTH YMCJIOBBIE XaPaKTEPHCTUKHU BLIOOPKH X , Dy;

Il) MPHHAB B KaYecTBe HYJIEBOi1 runoTe3y Hy: reHepaibHas Co-
BOKYITHOCTB, U3 KOTOPOIi U3BJieyeHa BbIGOpKa, HMEET HOpMalbHOe
pacripefieJieHue, NPOBEPHTE €€, MoNnb3ysick kpurepueM IlupcoHa
f1pH YpOBHE 3HaYMMocTH o = 0,025;

€) HalTH OOBepUTENIbHBIE WHTEPBANHl U MaTeMaTWYECKOro
OXXHAAHHA M CpeJIHEro KBaApaTHYHOTO OTKJIOHEHHS TMPH HamexX-

HocTH Y = 0,9.
1.1.

17,1 | 21,4 [ 159 | 19,1 | 22,4 | 20,7 | 17,9 | 18,6 | 21,8 | 16,1
9,1 | 20,5 | 142 | 169 | 17,8 | 18,1 | 19,1 | 158 | 188 | 17,2
16,2 | 17,3 | 22,5 | 199 | 21,1 | 151 | 17,7 | 19,8 | 14,9 | 20,5
17,5 | 19,2 | 18,5 | 15,7 | 140 | 186 | 21,2 | 16,8 | 19,3 | 178
188 | 143 | 17,1 | 19,5 | 163 | 20,3 | 17,9 | 23,0 | 17,2 | 15,2
156 | 17,4 | 21,3 | 22,0 | 20,1 | 14,5 | 193 | 184 | 167 | 18,2
164 | 18,7 | 14,3 | 18,2 | 19,1 | 153 | 21,5 | 17,2 | 22,6 | 20,4
228 | 17,5 | 20,2 | 155 | 21,6 | 18,1 | 20,5 | 14,0 | 18,9 | 16,5
208 | 16,6 | 183 | 21,7 | 17,4 | 23,0 | 21,1 | 19,8 | 15,4 | 18,1
18,9 | 14,7 | 19,5 | 20,9 | 158 | 20,2 | 21,8 | 182 | 21,2 | 20,1

1.2.
168 | 17,9 | 21,4 | 141 [ 19,1 | 18,1 | 151 | 18,2 | 20,3 | 16,7
19,5 18,5 | 22,5 ( 184 | 16,2 | 18,3 | 19,1 | 21,4 | 14,5 | 16,1
21,5 | 149 | 186 | 204 | 152 | 18,5 | 17,1 | 22,4 | 20,8 | 19,8
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17,2 | 19,7 | 163 | 18,7 | 14,4 | 188 | 19,5 | 21,6 | 153 [ 17,3
228 [ 17,4 | 222 [ 165 | 21,7 [ 154 [ 21,3 [ 143 | 205 | 16,4
20,6 [ 155 | 194 | 175 [ 209 [ 23,0 | 189 [ 159 [ 182 | 20,7
17,9 | 21,8 | 182 [ 21,2 | 16,0 | 18,4 [ 17,5 [ 193 | 22,7 | 19,6
22,1 | 17,6 | 16,7 | 204 | 157 | 18,1 | 16,6 | 18,3 | 15,5 | 17,7
192 | 148 | 197 [ 17,7 [ 16,5 | 17,8 [ 18,5 [ 140 | 21,9 | 16,9
158 | 20,8 | 17,1 | 20,1 | 22,6 | 18,9 | 156 [ 21,1 | 20,2 | 15,1
1.3.
189 | 207 | 213 | 208 | 186 | 210 | 198 | 219 | 231 | 227
202 | 211 | 220 | 236 | 227 | 220 | 210 | 183 | 213 | 190
197 | 227 [ 187 | 226 | 213 | 191 | 209 | 196 | 202 | 235
211 | 214 | 220 | 195 | 182 | 228 | 202 | 207 | 192 [ 226
193 [ 203 | 232 | 202 | 215 [ 195 | 220 | 233 | 214 | 185
234 | 215 | 196 | 220 | 203 | 236 | 225 | 221 | 193 | 215
208 | 184 [ 217 [ 193 [ 216 | 205 | 197 | 203 | 229 | 204
25 | 216 | 233 [ 223 | 208 | 204 | 207 | 182 | 216 | 191
210 | 190 [ 207 [ 205 | 232 [ 222 | 198 | 217 | 211 | 201
185 | 217 {7225 | 200 | 208 | 211 | 189 | 205 | 207 | 199
1.4.
94 | 719 [ 03 [ 68 [ 42 [19 [ 78 [ 1,7 ] 51 [ 88
87 |1t | 77 [ 1,8 55 [ 105 43 | 38 | 1,4 | 11,2
0 [ 7337 44 [ ns|[ss | 1,956 [101] 84
100 [ 11,6 | 52 | 20 | 57 | 48 | 74 | 08 | 47 | 36
83 [ 76 [ 07 | 73 [ 34 [na| 57 99 ] 22]72
23 [ 47 | 97 [ 13| 58 | 49 | 33 | 05 | 7.5 | 46
50 [ 04 | 89 [ 71 [ 96 [11,5] 59 [ 90 |53 |24
95 [ 59 | 1,0 [ 91 |25 |60 | 82 | 32 | 109 ] 6,1
102 ] 26 | 45 [ 31 [ 62 [ 1,7 ] 63 [ 02 |70 [ 92
1,2 | 64 [ 119 69 | 81 [ 65 [ 29 | 62 | 44 | 103
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L5.

16 | 44 [ 109 ]| 64 | 40 | 28 | 52 | 1,2 | 7,6 | 34
29 | 53 | 17 | 77 | 69 | 10,1 | 54 | 41 | 88 | 65
66 | 42 | 55 | 05 | 89 | 45 | 18 | 56 | 7.8 | 3.0
1,9 | 102 ] 7,9 | 25 | 57 | 3.1 | 67 | 43 | 0,6 | 9,0
68 | 3,2 | 44 | 91 | 103 | 60 | 79 | 69 | 80 | 2.0
70 | 10,7 | 81 | 21 | 58 | 64 | 03 | 45 | 92 | 3.3
76 | 93 | 34 | 46 | 50 | 3.8 | 59 | 82 | 22 | 7,1
23 | 08 | 7.2 | 83 | i1 | 65 | 3.5 | 9.4 | 108 | 47
48 | 61 | 36 | 95 | 84 | 24 | 62 | 73 | 57 | 0,9
74 | 85 | 58 | I, | 59 | 49 | 3,7 | 96 | 26 | 61
1.6.
20 [ 26 [ 32 ] 3¢ [ 26 | 28 | 22 | 30 17 | 24
30 | 28 18 | 22 | 24 | 26 | 34 | 28 | 22 | 20
3 | 24 | 28 | 20 | 32 17 [ 22 [ 24 | 26 | 30
30 | 22 | 26 | 35 [ 28 | 24 [ 30 | 32 | 28 18
20 | 30 17 | 24 [ 32 | 28 [ 22 | 26 | 24 | 30
34 | 26 | 24 | 28 | 22 | 30 | 35 [ 32 | 20 17
28 [ 22 [ 36 | 30 [ 20 | 26 | 28 | 23 | 24 | 32
20 [ 26 [ 30 [ 24 | 32 17 | 22 | 28 | 35 | 26
28 | 35 | 32 | 22 | 26 | 24 | 26 | 24 | 30 | 24
18 | 24 [ 26 | 28 [ 35 | 30 | 26 [ 22 | 26 | 28
1.7.
sT [ 4 [ 33 ] 49 [ 29 [ 50 [ 38 [ 4 27 | 34
37 | 49 | si 26 | 55 | 42 | 9 | 43 | 46 | 30
31 43 | 58 | al 35 | 47 33 | a5 | 49 | 37
47 | 34 | 54 | 39 | 60 | 49 | 25 | 50 | 31 53
38 | 4l T 37 | 55 | 47 | 43 | 35 | 42
35 | 46 | 27 | a5 | 41 3 | 50 | 29 | s1 39
42 | 59 | 83 | 3 38 | 58 | 54 | 37 | 26 | 43
29 | a2 [ 33 [ & 24 | 39 | 53 | a5 | 33 | sl
45 | 25 | sa | 50 | 37 | 30 | a 60 | 42 | 46
38 | 53 [ 34 | a7 [ 35 | a9 | 57 | 39 [ 55 | 31
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1.8.

37 49 43 3 | 4 38 40 31 28 43
32 44 47 29 51 25 43 38 4 32
38 24 49 40 32 34 31 28 37 a6
a1 35 43 25 37 46 38 24 4l 50
38 29 41 32 34 49 44 37 31 47
50 34 25 37 40 32 35 28 44 43
a6 | 37 | a1 35 29 | 43 38 31 26 34
49 32 46 26 38 35 40 51 37 46
37 25 40 34 24 44 32 28 34 38
44 34 29 47 37 49 43 35 47 50
1.9.
70 95 75 85 60 77 55 63 80 67
90 78 57 76 84 82 75 68 73 62
62 81 77 72 97 68 85 56 92 71
73 78 98 63 83 85 70 90 66 91
86 68 55 93 71 96 77 81 86 72
82 62 70 78 67 87 91 99 78 87
91 58 81 97 75 83 71 66 61 76
73 85 65 9 86 61 54 75 78 93
87 58 72 92 66 98 65 81 76 63
95 83 65 57 80 87 61 92 56 n
1.10.
57,3 1 751 | 78,1 | 69,3 | 60,1 | 77,3 | 66,1 | 69,5 | 72,1 | 68,7
81,1 69,4 | 63,1 674 | 77,1 826 | 648 | 725 | 62,5 | 80,7
77,6 | 65,8 | 78,3 | 57,7 | 80,7 | 64,4 | 82,8 | 67,3 | 83,1 70,6
753 | 58,0 | 60,7 | 81,3 | 67,1 | 69,6 | 82,4 | 62,3 | 66,9 | 80,6
62,7 | 73,8 | 689 | 838 | 57,0 | 72,6 | 65,6 | 78,7 | 59,5 | 70,0
73,5 | 58,1 | 64,0 | 83,9 | 84,0 | 63,5 | 74,1 77,7 | 68,5 { 80,5
66,3 | 730 | 79,1 | 71,1 | 80,4 | 62,1 | 66,7 | 83.7 | 768 | 59,3
71,3 | 63,7 | 71,2 | 78,9 [ 652 | 77,9 | 74,9 | €9.1 | 708 | 74,8
71,6 | 729 [ 61,9 | 70,5 | 754 | 71,7 | 59,9 | 74,3 | 76,1 70,9
61,3 | 71,4 | 11,8 | 650 [ 67,8 | 755 | 71,9 | 64,9 | 74,7 | 62,9
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1.11.

181 | 141 | 162 | 103 | 136 | 124 | a1 | 117 | 69 | 153
101 | 24 | 67 | 154 | 172 | 110 | 62 | 59 | 197 | 121
135 | 58 | 199 | 159 | 81 39 | 142 | 87 | 179 | 85
170 | 107 | 125 | 192 | 163 | 200 | 133 | 150 | 178 | 98
148 | 56 | 113 | 169 | 73 | 138 | 104 | 31 | 9 | 109
127 | 116 | 190 | 20 | 111 | 94 | 157 | 119 | 53 | 76
66 | 132 | 166 | 91 | 44 | 115 | 72 | 26 | 128 | 149
46 | 75 | 105 | 137 | 82 | 64 | 186 | 96 | 176 | 97
156 | 33 | 188 | 58 | 112 | 139 | 8 | 174 | 106 | 77
152 | 130 | 43 | 108 | 119 | 129 | 37 | 71 | 9% | 114
1.12.

32 [ 105 ] 48 [ 80 [ 144 ] 128 64 [ 112 [ 18 [ 81
66 | 129 | 113 | 17 | 94 | 78 | 90 | 51 | 104 | 34
10 | 149 | 36 [ 103 | 82 | 53 | 93 | 130 | 68 | 150
1na | 84 [ 55 [ 131 | 70 | 38 [ 102 | 77 | 16 | 135
41 19 [ 142 | sl 85 [ 159 [ s | 57 | 72 [
6 | 100 | 86 | 146 | 73 | 40 | 141 | 25 | 87 | 126
151 | N 94 [ 15 [ 125 76 [ 58 | 99 | 39 | 140
17 | 124 | 52 | 98 | 139 | 37 [ 147 | 88 | 69 | 109
35 | 158 [ 67 | 30 [ 93 [ 123 [ s0 | 138 | 21 97
96 | 121 | 49 | 137 | 89 | 145 | 91 65 | 92 [ 33
1.13.
0,053 [ 0,026 [ 0,037 [ 0,056 | 0,041 | 0,035 | 0,031 | 0,046 | 0,021 | 0,054
0,035 [ 0,039 | 0,043 | 0,031 | 0,038 | 0,023 | 0,045 | 0,026 | 0,037 | 0,042
0,030 [ 0,041 [ 0,021 | 0,047 | 0,026 | 0,046 | 0,033 | 0,038 | 0,053 | 0,035
0,049 [ 0,054 [ 0,039 | 0,034 | 0,051 | 0,029 | 0,046 [ 0,023 | 0,038 [ 0,043
0,026 | 0,039 | 0.033 | 0,020 | 0,042 | 0,050 | 0,025 | 0,037 | 0,041 [ 0,029
0,029 | 0,038 | 0,027 | 0,043 | 0,035 | 0,030 | 0,049 | 0,055 | 0,039 | 0,034
0,022 [ 0,045 [ 0,034 | 0,055 | 0,037 | 0,025 | 0,033 | 0.051 | 0,027 | 0.045
0,041 [ 0,051 0,027 | 0,046 | 0,029 | 0,038 | 0,042 [ 0,020 [ 0,039 | 0,031
0,025 [ 0,047 [ 0,030 | 0,050 | 0,023 | 0,039 [ 0,035 [ 0,049 | 0.030 | 0.047
0.034 [ 0,022 | 0,042 { 0,031 | 0,049 | 0,033 | 0,056 | 0,037 | 0,050 | 0,025
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1.14.

0,026 | 0,034 | 0,028 | 0,036 [ 0,030 [ 0,038 [ 0,041 [ 0,038 ] 0,030 [ 0,028
0,028 | 0,030 | 0,034 | 0,038 | 0,040 | 0,036 | 0,034 | 0,023 | 0,032 [ 0,026
0,034 [ 0,032 [ 0,024 | 0,036 | 0,032 | 0,026 | 0,030 [ 0,028 | 0,038 | 0,034
0,038 | 0,041 | 0,028 | 0,026 | 0,030 | 0,034 [ 0,032 [ 0,040 | 0,036 | 0,032
0,030 [ 0,036 | 0,034 | 0,032 | 0,023 | 0,032 | 0,028 | 0,032 | 0,026 | 0,038
0,026 | 0,032 | 0,028 | 0,040 | 0,038 | 0,030 | 0,032 [ 0,024 | 0,036 | 0,030
0,024 | 0,032 | 0,030 | 0,036 | 0,028 | 0,041 | 0,032 | 0,038 | 0,034 | 0,026
0,041 [ 0,034 | 0,023 | 0,038 | 0,026 | 0,030 | 0,028 | 0,036 | 0,040 | 0,028
0,030 | 0,026 | 0,034 | 0,028 | 0,024 | 0,036 [ 0,032 | 0,030 [ 0,038 | 0,034
0,028 | 0,034 | 0,040 | 0,036 | 0,030 | 0,038 [ 0,023 [ 0,034 | 0,032 | 0,026
1.15.
086 | 1,04 | 1,45 | 1,31 | 122 | 1,09 | 0,73 | 1,1t | 0,95 | 0,84
0,96 | 0,78 | 1,23 | 1,13 | 1,04 | 1,44 | 1,32 | 1,29 | 0,68 | 0,86
1,33 | 1,08 | 0,87 | 0,67 | 1,28 | 0,97 | 1,14 | 0,83 | 1,33 | 1,40
124 | 1,43 | 0,98 | 1,34 | 0,81 | 0,88 | 1,10 | 0,70 | 1,15 | 1,23
1,34 | 1,09 | 0,80 | 1,16 | 1,24 | 0,75 | 0,99 | 1,41 | 0,88 | 0.79
136 | 1,25 | 0,89 | 1,26 | 1,42 | 1,35 | 0,80 | 1,17 | 0,90 | 1,00
1,11 | 069 | 1,18 | 0,82 | 1,01 | 0,90 | 1,36 | 1,25 | 0,67 | 0,91
1,37 | 1,02 | 092 | 1,27 | 1,19 | 1,38 | 1,46 | 0,93 | 1,27 | 0,83
104 | 1,1 | 147 | 1,07 | 0,72 | 0,93 | 1,26 | 0,77 | 1,20 | 1,28
0,77 | 1,10 | 095 | 1,05 | 1,08 | 1,11 | 1,10 | 1,48 | 1,07 | 0,92
1.16.
0,76 | 0,82 | 0,70 [ 0.86 | 0,78 | 0,96 | 0,68 | 0,83 | 0,92 | 0,86
0,86 | 0,8 [ 0,66 | 092 | 0,76 | 0,95 | 0,84 | 1,91 | 0,78 | 0,70
078 | 0,70 | 0,82 | 099 | 083 [ 0586 [ 0,67 | 0,91 | 0.75 | 0.86
083 [ 0,75 | 095 | 0,79 | 0,65 | 0,84 [ 0,78 [ 0,88 | 0,70 | 0,95
087 [ 071 [ 092 | 1,00 [ 075 | 087 [080 [ 079 | 0,66 | 0,90
0,79 | 0,82 [ 0,65 [ 0,83 | 0,88 | 096 [ 0,75 | 0,91 | 0,7t [ 0,87
0,76 [ 09 [ 0,71 | 0,87 | 0,74 | 0,94 | 0,80 | 1,00 | 095 | 0,79
0,9 | 098 [ 084 [ 079 | 091 [ 071 [065 [090 | 0,88 | 0,74
0,74 | 067 [ 094 | 072 | 101 [ 082 [ 0580 | 083 [099 | 0,83
088 | 0,80 | 0,72 | 091 | 0,84 | 074 | 094 | 0,72 | 0,83 | 0,87

275




1.17.

1,66 | 2,21 | 1,21 | 1,46 | 1,06 | 1,81 | 0,86 | 1,74 | 2,08 | 1,38
2,27 | 0.81 | 239 | 219 | 2,25 | 1,67 | 1,84 | 1,37 | 2,12 | 2,37
1,05 | 217 | 145 | 1,75 | 1,14 | 1,94 | 1,53 [ 0,83 [ 1,68 | 1,35
239 [ 1,63 | 1,86 | 1,24 | 1,73 | 1,07 | 2,10 | 1,13 | 1,91 | 1,31
1,78 | 2,09 | 1,54 | 1,79 | 1,08 | 1,42 [ 0,80 | 1,9 [ 1,19 | 0,85
1,88 | 1,27 | 0,84 | 260 | 1,44 | 1,77 [ 2,45 | 1,00 | 2,06 | 1,59
1,56 | 2,30 | 248 | 0,99 | 1,18 | 2,11 | 1,64 | 2,28 | 1,29 | 1,93
2,05 | 1,72 | 1,83 | 1,47 | 1,87 | 1,17 | 2,29 | 1,90 | 1,71 | 2,55
230 | 1,39 | 1,85 | 238 | 1,65 | 2,51 | 1,48 | 1,28 | 2,18 | 1,49
214 | 1,76 | 1,51 | 1,82 | 0,91 | 2,51 | 2,34 | 2,59 | 1,69 | 2,13
1.18.
20 | 23 | 1.5 | 31 | 2,7 | 1,9 | 24 | 09 | 25 | 1.1
13 | 29 | 23 | 39 | 24 | 36 | 16 | 3.2 | 29 | 20
21 | 33 | 08 | 35 | 1.7 | 26 | 41 | 28 | 12 | 2,5
L1 | 24 | 15 | 3.2 | 27 | 1,5 | 3,7 | 19 | 3.1 | 40
a1 | 29 | 20 | 20 | 1.1 | 07 | 33 | 25 | 16 | 24
21 | 32 | 09 | 28 | 42 | 28 | 19 | 1,2 | 1,7 | 35
27 | 39 | 24 | 1,7 | 36 | 25 | 08 | 3.1 | 21 | 1,3
32 | 1.6 | 07 | 26 | 1,3 | 20 | 3.7 | 29 | 40 | 3.1
28 | 41 | 19 | 36 | 33 | 29 | 06 | 1,5 | 12 | 24
10 | 35 | 16 | 28 | 39 | 27 | 25 | 1,9 | 26 | 3.2
1.19.
19.3 [ 44,5 [ 499 [ 269 [ 50,2 [ 51,0 [ 18,6 | 72,7 | 354 [ 254
427 [ 175 | 51,7 | 493 [ 262 | 471 | 4 [ 271 | 757 | 432
255 | 27,2 | 804 | 504 | 702 | 149 | 52,4 [ 623 [ 41,7 | 49,5
406 | 145 | 62,8 | 345 | 534 | 26,1 | 693 | 525 | 273 | 80,3
253 | 43,0 | 274 | 801 | 68,4 [ 63,3 [ 13,4 [ 554 [ 39,5 | 33,1
38,4 | 197 | 638 | 404 | 808 | 56,4 | 66,0 | 27,5 | 79,1 | 24,6
286 | 479 | 784 [ 574 [ 66,5 [ 373 [ 234 [ 676 | 11,1 | 64,3
22,7 | 648 | 36.2 | 58,7 | 10,8 | 47,7 | 58,4 | 29,2 | 46,7 | 77,2
51,9 | 31,3 | 44,7 | 66,3 | 2001 | 653 | 455 | 76,3 | 67.8 | 35,1
66,9 | 189 | 429 | 50,7 | 34,9 | 43,5 | 32,5 | 48,4 | 53,1 | 65,8
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1.20.
56,5 | 47,3 | 23,1 | 38,6 | 92,5 | 50,9 | 74.9 | 65,7 | 47,5 | 83,9
1,8 | 700 | 57,0 | 399 | 547 | 70,9 | 47,4 | 28,1 | 39,1 | 76,2
323 | 92,1 | 20,7 | 48,6 | 87,1 [ 66,3 | 458 | 41,4 | 569 | 22,6
458 | 58,4 | 53,4 | 51,4 | 11,6 | 309 | 31,4 | 374 | 658 | 19,3
453 [ 74,4 [ 21,2 | 25,7 [ 56,7 | 203 | 483 | 60,1 | 46,2 | 64,1
150 | 47,7 [ 12,7 [ 92,6 | 29,5 | 52,0 [ 60,2 | 32,1 | 745 | 54,2
36,0 | 47,2 | 26,1 | 653 | 42,0 | 50,1 | 72,1 | 56,4 | 25.1 | 75,1
838 | 387 | 81,2 | 651 | 87,4 | 353 | 92,4 | 856 | 83,5 | 20,5
76,3 | 69,4 | 416 | 359 [ 29.7 | 80,9 | 49,9 [ 59,5 | 83.4 | 76,5
244 | 559 [ 742 [ 273 | 76,7 | 299 | 69.1 | 30,1 | 65,4 | 18,4

1.21.
152 | 23,1 | 27,1 | 18,6 | 25,1 | 27,5 | 16,0 | 28,8 | 22,7 | 18,8
249 | 26,3 | 21,2 | 28,0 | 25,5 | 27.7 | 209 | 31,9 | 16,8 | 29,1
268 | 17,4 | 31,5 | 21,4 | 248 | 17,2 | 30,8 | 23,7 | 29,7 | 21,1
20,4 | 24,5 | 26,0 | 28,7 | 20,0 | 33,0 | 27,9 | 24,5 | 20,6 | 32,1
26,9 | 19,7 | 21,5 | 19,8 | 168 | 21,7 | 26,4 | 23,2 | 22,9 | 26,6
253 | 25,8 | 16,6 | 23,6 | 150 | 22,3 | 24.0 | 22,4 | 32,5 | 19.1
24,7 | 29,8 | 18,2 | 296 | 23,4 | 18,1 | 16,9 | 24,2 | 24,1 | 32,2
244 | 18,4 | 22,1 | 30,1 | 22,0 | 17.8 | 280 | 25,7 | 30.9 | 22.5
30,7 | 22,5 | 30,0 | 27,3 | 25,4 | 26,2 | 20,7 | 28,1 | 19,3 | 28.9
20,3 | 30,4 | 24,3 | 31,6 | 30,0 | 22,6 | 29.2 | 32,7 | 26,7 | 15,8

1.22.
1901 [ 23,5 [ 196 | 27,5 | 33,3 [ 312 | 27.7 | 21,4 | 27,3 | 20,5
21,9 [ 20,7 [ 152 | 273 [ 230 | 31,7 [ 189 | 23,7 | 331 | 27,9
239 [ 185 [ 240 | 280 | 220 [ 16,4 [ 308 | 271 | 199 | 304
20,5 [ 309 [ 31,9 | 26,9 | 198 | 283 | 227 | 156 [ 22,4 | 183
285 [ 16,2 | 225 | 181 | 284 | 339 [ 308 | 196 | 26,7 | 32,5
20 [ 243 [ 265 | 154 | 24,5 | 264 | 28,7 [ 17,9 | 306 | 23,1
320 [ 232 [ 17,7 [ 289 | 229 | 2001 | 304 | 263 | 160 | 25,4
26,0 | 158 | 30,2 | 19,4 | 251 | 253 | 17.5 | 24,7 | 21,7 | 29.1
202 [ 218 [ 17,3 [ 335 ] 2903 | 249 | 300 | 150 | 252 [ 258
337 [ 245 [ 256 | 233 [ 298 | 172 | 25,1 | 22,4 | 29,6 | 19,3
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1.23.

81 | 106 | 135 | 170 | 206 | 60 | 181 | 178 | 154 | 103
78 | 176 | 31 | 204 | 145 | 85 | 229 | 47 | 108 | 234
110 | 207 | 241 | 168 | 133 | 68 | 174 | 143 | 89 | 182
203 | 153 | 172 | 93 | 48 | 228 | 255 | i34 | 112 | 58
144 | 235 | 114 | 77 | 208 | 183 | 59 | 170 | 95 | 154
104 | 202 | 39 | 164 | 247 | 226 | 110 | 67 | 121 | 193
123 | 91 | 164 | 57 | 209 | 30 | 185 | 162 | 250 | 225
201 | 160 | 239 | 211 | 131 | 142 | 101 | 153 | 76 | 125
137 | 54 | 127 | 87 | 66 | 190 | 158 | 241 | 33 | 221
100 | 195 | 156 | 146 | 231 | 220 | 129 | 83 | 151 | 56
1.24.
76 | 28 | 151 | 91 | 60 | 204 | 177 | 102 | 128 | 217
120 | 66 | 207 | 126 | 124 | 152 | 27 [ 221 | 131 | 51
241 | 77 | 250 | 134 | 123 | 147 | 184 | 195 | 47 | 160
159 | 74 [ 169 | 178 | 79 | 129 [ 250 | 223 | 182 | 96
135 | 199 | 56 | 25 | 8 | 116 | 44 | 229 | 145 | 203
88 | 209 | 146 | 224 | 239 | 103 | 201 | 245 | 130 | 163
71 | 165 | 176 | 194 | 78 [ 158 | 99 | 78 | 127 | 69
1710 [ 173 [ 310 [ st [ n7 | 84 | 73 |16t | 240 | 149
247 | 107 | 140 | 53 | 205 | 155 | 29 | 132 | 185 | 179
180 | 128 | 42 | 14 | 93 [ 191 [ 174 | 210 | 133 | 226
1.25.
1572 [ 137,1 [ 136.0 [ 131,1 [ 142,1 | 152,0 [ 150,2 [ 125,7 | 146,6 | 141,6
138,5 | 143,4 | 1473 | 144,2 | 158,3 | 146,0 | 140,8 | 135,8 | 150,9 | 156,4
145,1 | 122,4 | 139,1 | 155.5 | 150,2 | 146,2 | 159,6 | 146,2 | 164,1 | 140,5
156,4 | 141,6 | 134,4 | 149,2 | 145,3 | 128,4 | 150,6 | 133,7 | 142,1 | 136,9
127,2 [ 1382 | 160,8 | 1552 [ 121,8 | 150,5 | 144,5 | 150,5 | 141,4 | 128,0
136,2 | 1459 | 162,5 | 136.9 | 142,9 | 146,4 | 153,2 | 161.4 | 150,8 [ 141,6
149,8 [ 154.1 | 148,4 | 144.8 | 150,8 | 129,3 | 145,3 | 141.2 | 146,4 | 135,5
1348 [ 147,1 | 137,5 | 159,7 | 142,7 | 145,7 | 150,3 | 123,5 | 139,6 | 153,6
138,4 | 1668 | 148,8 | 152,5 | 1516 | 133,4 | 145,6 | 144,5 | 144,4 | 1408
1521 | 137,4 [ 132,01 | 149,7 [ 166,2 | 151,1 | 145,1 | 139,5 | 130,1 | 145,6

278




1.26.

2,85 | 5,92 | 3,06 | 2,47 | 6,28 | 3,86 | 2,19 | 5,81 | 3,88 | 3,01
3,91 | 3,11 | 1,46 | 4,67 | 3,95 | 5,76 | 3,08 | 3.99 | 6,38 | 1,51
234 | 419 | 5,72 | 4,14 | 3,03 | 4,08 | 6,47 | 4,05 | 596 | 4,01
423 | 2,16 | 6,55 | 3,14 | 4,26 | 431 | 1,48 | 445 | 2,71 | 5,69
6,60 | 469 | 2,93 | 7,68 | 0,65 | 6,68 | 3,18 | 5,64 | 4,56 | 3,36
2,64 | 323 | 6,75 | 457 | 5,61 | 3,29 | 7,08 | 291 | 459 | 2.59
461 | 1,98 | 6,21 | 339 | 462 | 2,28 | 4,64 | 345 | 5,56 | 4,07
3,58 | 4,73 | 3,61 | 2,24 | 4,31 | 3,81 | 5,52 | 4.26 | 4.17 | 7,49
1,29 | 4,45 | 4,78 | 5,01 | 7,85 | 5,49 | 2,01 | 4.89 | 0.98 | 4,84
2,26 | 5,47 | 4,63 | 498 | 5,42 | 4,60 | 5,10 | 496 | 4,63 | 5,05
1.27.

76,23 | 45,29 [ 92,41 | 35,48 | 56,81 | 45,67 | 54,01 | 45,88 [ 25,56 [ 65,91
48,11 | 6,32 [ 26,31 | 74,27 | 27,82 | 88,04 | 36,12 [ 56,97 | 4,97 | 46,31
55,78 | 46,85 | 57,31 [ 37,28 | 66,41 | 28,53 | 72,48 | 29,34 | 38,34 | 62,35
46,82 | 39,47 | 81,04 | 54,06 | 48,64 | 61,22 | 40,56 | 30,11 | 78,45 | 48,53
86,24 | 47,51 | 66,92 | 42,74 | 4,83 | 47,83 | 64,02 | 57,84 | 41,63 | 53,75
65,21 | 43,82 | 58,31 [ 33,71 | 44,95 | 68,91 | 32,84 | 45,21 | 84,47 [ 31,27
49,29 | 83,09 [ 55,11 | 94,75 [ 49,85 | 58,86 | 55,30 | 69,44 | 50,41 | 35,07
67,24 | 41,78 | 50,56 | 34,05 | 37,91 | 71,25 | 17,84 | 14.51 | 18,23 [ 51,93
50,89 | 9,41 [ 16,31 [ 51,33 [ 70,58 | 15,91 | 51,84 [ 59,31 | 25,01 [ 60,31
85,52 | 59,77 | 75,26 | 52,22 | 95,73 | 19,04 | 60,85 | 22,91 | 53,84 | 15,02
1.28.

158 [ 1,95 [ 0,89 [ 1,76 [ 1,54 [ 208 [ 1,13 [ 259 [ 1,91 | 1,60
19 | 1,70 | 2,58 | 1,31 | 2,54 | 1,90 | 2,20 | 1,49 [ 2,69 | 1,51
1,77 ] 1,93 | 1,48 | 2,21 | 164 | 292 | 1,25 [ 1,97 [ 0,90 [ 1,78
102 [ 2,48 [ 1,38 [ 1,79 | 1,75 | 0,67 | 2,22 | 162 | 1,82 | 1,09
160 [ 1,71 [ 095 [ 223 [ 1,46 [ 1,99 | 224 [ 172 [ 2,03 | 1.25
1,28 [ 204 [ 1,83 | 1,69 | 1,81 | 1,22 | 2,05 | 1,07 | 1,74 | 1,88
1.80 | 0,69 | 207 [ 1,29 | 227 | 2,75 | 141 | 2,08 | 230 | 2,15
1,34 | 1,88 | 1,73 [ 2,31 | 1.86 | 1,40 | 2,46 | 0,73 | 2,33 | 1,85
102 | 213 | 1,66 | 2,84 | 1,16 | 2,34 | 1,44 | 2.89 | 2,09 | 2,9
1,87 [ 1,43 ] 2,11 [ 084 [ 1,91 | 244 | 2,10 | 1,75 | 2,60 | 1,68
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1.29.
30,2 | 51,9 | 43,1 | 58,9 | 34,1 | 55,2 | 47,9 | 43,7 | 53,2 | 349

478 | 657 | 378 | 686 | 48,4 | 67,5 | 27,3 | 66,1 | 52,0 | 55,6
54,1 | 26,9 | 53,6 | 42,5 | 59,3 | 44,8 | 52,8 | 42,3 | 559 | 48,1
44,5 | 69,8 | 47,3 | 356 | 70,1 | 39,5 | 70,3 | 33,7 | 51,8 | 56,1
28,4 | 48,7 | 41,9 | 581 | 20,4 | 563 | 46,5 | 41,8 | 59,5 | 38,1
41,4 [ 70,4 | 31,4 | 525 | 452 | 523 | 402 | 60,4 | 27,6 | 574
293 | 53,8 | 46,3 | 40,1 | 50,3 | 48,9 | 358 | 61,7 | 49,2 | 458
453 [ 71,5 | 35,1 | 57,8 | 28,1 | 57,6 | 49,6 | 45,5 | 36,2 | 63,2

61,9 | 25,1 | 65,1 | 49,7 | 62,1 | 46,1 | 39,9 | 62,4 | 50,1 | 33,1
33,3 | 49,8 | 39,8 | 459 | 37,3 | 78,0 | 64,9 | 28,8 [ 62,5 | 58,7

1.30.
88 72 100 60 116 74 36 143 114 70
56 75 30 76 89 53 17 90 135 103

35 128 71 86 43 76 61 113 34 83
62 84 50 69 120 91 102 47 119 99
33 76 91 37 85 17 85 63 121 74
46 85 63 104 77 92 54 78 42 105
85 79 49 80 93 32 106 81 64 79

73 19 80 65 107 123 51 94 80 108
52 83 124 81 96 82 109 20 95 68
66 41 82 98 1 67 125 97 112 58

Pewenue munosozo eapuanma

B pe3ynbTaTte sKCMepUMEHTa MONYUYEHbI laHHbIE, 3aMHCaHHbIE
B BMJI€ CTATUCTHYECKOTO pAja:

448 | 46,2 | 45,6 | 44,0 | 46,4 | 452 | 46,7 | 454 | 453 | 46,1
44,3 | 453 | 456 | 46,7 | 44,5 | 46,0 | 457 | 45,0 | 46,4 | 459
44,4 | 454 | 46,1 | 434 | 46,5 | 459 | 439 | 45,7 | 47,1 | 44,9
43,8 | 45,6 | 452 | 46,4 | 44.2 | 46,5 | 457 | 44,7 | 46,0 | 458
44,3 | 455 | 46,7 | 449 | 46,2 | 46,7 | 44,6 | 46,0 | 454 | 450
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454 | 453 | 44,1 | 46,6 | 448 | 456 | 43,7 | 46,8 | 452 | 46,1
445 | 454 | 451 | 462 | 442 | 46,4 | 457 | 43,9 | 472 | 450
439 | 456 | 44,9 | 44,5 | 46,2 | 46,7 | 443 | 46,1 | 47,7 | 45,8
456 | 452 | 442 | 460 | 447 | 46,5 | 43,5 | 454 | 47,1 | 44,0
46,2 | 442 | 455 | 46,0 | 457 | 46,4 | 44,6 | 47,0 | 452 | 46,9

TpebyeTcs:

a) 3anucaTh 3HAYeHUS pe3yNLTATOB 3KCIEpHMEHTa B BH/le Ba-
PHUaLIMOHHOTO psifa;

6) HaiiTH pa3Max BapbHpPOBaHMS M pa3bUThb ero Ha 9 MHTepBa-
JOB; .

B) NNOCTPOMTH MOJHMIOH YacTOT, TMCTOrpaMMy OTHOCHTEN bHBIX
4acTOT K rpa¢huK IMNHUpHIecKoi PYHKLUMH pacripeeneHms;

r) HaliTH YHCNIOBBIE XapaKTEPUCTHKH BHIOOPKHU X , Dy;

[l) MPMHAB B KauyecTBe Hylepoil runotesy Hy: reHepanbHas co-
BOKYIMHOCTB, U3 KOTOpO# U3BNeYyeHa BHBOpKa, MMeeT HOpMalilbHOE
pacrnpeneneHue, NMPOBEPUTh ee, MONB3ysICh KpuTeprem I[TupcoHa
MpH YpoBHE 3HaYMMocTH ¢ = 0,01;

€) HaliTH JoBepHUTeNbHbIE WHTEPBAIEl I MaTeMaTHYeCcKOTro
OXHW/aHHS U cpeqHero KBaApaTU4HOro OTKIOHEHMS TPH HAJEX-
HocTH Y = 0,95.

» a) PacrionaraeM 3Ha4eHHsl pe3y/bTaTOB SKCIIEpUMEHTA B [10-
psilKe BO3pacTaHUS, T.€. 3alIMCBIBaEM BapUaLIMOHHBII pAaf:

434 [ 435 [ 43,7 [ 438 [ 439 [ 439 [ 439 [ 440 [ 440 [ 441
442 | 442 | 442 | 443 | 443 | 443 | 44,4 | 485 | 445 | 445
44.6 | 44,6 | 44,7 | 44,7 | 44,8 | 448 | 448 | 449 | 449 | 449
450 | 450 [ 451 | 452 | 452 | 452 [ 452 [ 452 | 453 | 453
453 | 454 | 454 | 454 | 454 | 454 | 45,4 | 455 | 455 | 456
45.6 | 45,6 | 45,6 | 45,6 | 45.7 | 45,7 | 45,7 | 45,7 | 45,7 | 45.7
458 | 458 | 459 | 459 | 46,0 | 46,0 | 46,0 | 46,0 | 46,0 | 46,0
46,1 | 46,1 | 46,1 | 46,1 | 46,2 | 46,2 | 46,2 | 46,2 | 46,2 | 46.4
46,4 | 46,4 | 46,4 | 46,4 | 46,5 | 46,5 | 46,5 | 46,6 | 46,7 | 46,7
46,7 [ 46,7 | 46,7 | 46,8 | 46,9 | 47,0 [ 471 [ 471 [ 472 | 477

6) Haxonum pa3max BapbMpOBaHHA © ~ X .. —X_..

47,7-43,4 = 4,3. llo dopmyne h = w/l, rae | — uncno
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MHTEPBAJOB, BHIYMCISEM JUIMHY 4YacTHYHOrO HWHTepBaia
h=4,3/9 = 0,4(7) = 0,48. B KauecTBe rpaH{LIbl TIEPBOTO MH-
TepBajia MOXHO BbIOpaTh 3HaYeHHMe X . . Torna rpaHULbl Cienylo-

ILMX YaCTHYHBIX MHTEPBANOB BhIYMCHsieM Mo ¢opmyne x, . +dh ,

d = 1, I. HaxonuM cepenyHbl MHTEpBaNoB x'; = (X;+X;, )72
P i i i+1

nOI[C‘IHTb[BaEM YHCJIO 3HAYeHHU PE3y1bTaTOB 3KCIEpHMEHTa, IO~
NaBIIMX B K&X/AbI MHTEPBA, T.€. HAXOAMM YacTOTH MHTEPBATIOB

n;. Hanee BblMMCNEM OTHOCHTENbHBIE YacToTHl W, = n;/n
(n=100) u ux wiotHoctd W;/h. Bce nonyyeHHele pe3ynbTarhbl
noMelaem B Tabnuuy (tabn. 19.24).

Tabauya 19.24

Cepenunxa _
Homep Tpanuust HHTEpBaa Yacrota OTHOCHTEN b= Tlotwocts of
YactTHy- HOCHTENbHOM
WHTepBana X, = (x;+ MHTep- Has YacToTa WACTOTH
HOIo MH- i i W.=nrt
Tepeana & Xi—X; Bana n; i = ﬂ‘- n W./h
i +x'.+ I)/Z i
1 43,40-43,88 43,64 4 0,04 0,083
2 43,88—44,36 44,12 12 0,12 0,25
3 44,36-44,84 44,60 11 0,11 0,23
4 44,84-45,32 45,08 14 0,14 0,29
5 45,32-45,80 45,56 21 0,21 0,44
6 45,80—46,28 46,04 17 0,17 0,35
7 46,28—-46,76 46,52 14 0,14 0,29
8 46,76-47,24 47,00 6 0,06 0,13
9 47,24-47,72 47,48 1 0,01 0,02
Z - - 100 - -
i

B) CTpOMM MOJWIOH 4YacTOT M FMCTOrPaMMYy OTHOCHTEJIbHBIX
yacToT (pHuc. 19.3, 19.4 cooTBeTCTBEHHO; MacILTabbl Ha OCcAX BepeM
pa3Hbie).

Haxonum 3HaueHust aMrupuueckoit (yHKUMM pacrpefeneHusl
F*(x) = n,/n: F*(43,40) = 0, F*(43,88) = 0,04, F*(44,36) =
= 0,16, F*(44,84) = 0,27, F*(45,32) = 0,41, F*(45,80) =
= 0,62, F*(46,28) = 0,79, F*(46,76) = 0,93, F*(47,24)
= 0,99, F*(47,72) = 1.
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Puc.19.3

Puc. 194
Fx)
1,001- |
099} | T
1

1
1
1
1
1
1 1
1 ]
] 1
——————— 1 L}

1 H

0 ' 43,40 43,88 44,36 44,84 45,32 45,80 46,28 46,76 47,24 47.72x
Puc.19.5
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CtpouM rpadMK 3MNupuYeckoil ¢yHKLMM paclipelle/leHHs
(puc. 19.5).

Tabauya 19.25

I'paHuiI MHTEpBa- Cepeanna | yacrora 2 2
m; nax;; X HITEPEALA | umrep- ”ix'r (I’j) ni(x")
il X’ Bana i

1 43,40-43,88 43,64 4 174,56  1904,45 7617,80
2 43,88-44,36 44,12 12 529,44 1946,57 23 358,84
3 44,36-44,84 44,60 1 490,60 1989,16 21 880,76
4 44,84—45,32 45,08 14 631,12 2032,21 28 450,94
5 45,32-45,80 45,56 21 956,76  2075,71 43 589,91
6 45,80-46,28 46,04 17 782,68 2119,68 36034,56
7 46,28-46,76 46,52 14 651,28 2164,11  30297,54
8 46,76-47,24 47,00 6 282,00 2209,00 13 254,00
9 47,24-47 48 47,48 1 47,48  2254,35 225435
; - - 100 4545,92 - 206 738,7

r) HaxonuM BuIGOpoYHOE cpenHee

k
’
>
i= i=1
n

U BEIOOPOYHYIO NHCTIEPCHIO

k k
> (x',--:‘c)zni > (x'i)zn,.

i= i= -2
DB=J 1 —i=1 -5,
n n

Hns 3Toro cocraBnsieM pacueTHylo Tabnuuy (tabn. 19.25). U3
Hee Mony4yaem:

% = 4545,92/100 = 45,46,
D, = 206 738,7/100 - 45,46" = 0,85, o, = [D, = 0,92.

BoiGopouHas AuMcnepcusl ABIAETCA CMeleHHol OueHKoi Te 1e-
PAIbHOM AUCNEPCHHM, @ MCTIpaBAEHHAs IIMCIIEPCHS — HeCMelyer
OUEHKOIL:
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Dy = —=D, = 55 085 = 0,867, 55 = /D, = 0,93.

1) CornacHo kputepMio [1vpcoHa, HeobX0OMMO CpaBHUTL IM-
MHUPHYECKHE W TeopeTHYECKHE YacTOTH. DMITMpUYECKHe YacTOTH
nanel. HaitneM TeopeTuyeckme 4acTtoThl. JIns 3TOro npoHyMepyem

X, T.e. nepeiinem K CB z = (x-X)/G, M BBIYUCIUM KOHLIbI MH-
TEPBAIOB: Z; = (X;—X)/0y, Z;4 = (X;4 | —X)/0y, MpHYEM Hau-
MeHblliee 3HaYeHUe Z, T.e. Zj, NMOJOXKHM CTPEMSILIMMCH K —© , a

Haubonkllee, T.€. Z — K too . Peaynbratel 3aHeceM B TaGnuLy

m+ 1
(Tabn. 19.26). Tak kak n; = 4 <5, To NepBHIil MHTepBa OOBEAU-
HsIeM CO BTOPBLIM M TIoy4daeM uHTepBan (43,40; 44,36) ¢ yacToToil
n, = 16. [lanee o6beIMHUM BOCbMO¥ U IEBATEIA MHTEPBaJIbI, 110-

nyyuMm uHTepBan (46,76; 47,72) ¢ yacToToi ng=17.

Tabauya 19.26

l'pa;muu HMHTepBana

X Xy, I'pauuub vHTepBana (Z; ; Ty l)

i X, —X% [x., =X
i i+1 z; = (xl— Ziny = (Xia s -
X; Xl "y i+1 i+
-X) Cp -%) /Us

1 43,40 44,36 - -1,10 - -1,19
2 44,36 4484 1,10 -0,62 -1,19 -0,67
3 44,84 4532 -0,62 -0,14 -0,67 -0,15
4 45,32 45,80 -0,14 0,34 -0,15 0,37
5 45,80 46,28 0,34 0,82 0,37 0,89
6 46,28 46,76 0,82 1,30 0,89 1,40
7 46,76 47,72 1,30 - 1,40 -

HaxonuM TeopeTHYeCKHME BEPOATHOCTH P; M TeopeTHuecKHe
wacToThl n; = nP; = 100P;. CocraBiseM pacyeTHylo TabGnuuy
(tadn. 19.27).
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Tabauya 19.27

I'paHHub HHTEpBANa
.z P, =0z, )
i i 4y ) D(z) [Pz, y) ' 2 n; = 100F;
_q)(z")
k4 Ziv

1 - -1,19 -0,5000 -0,3830 0,1170 11,70
2 -1,19 -0,67 -0,3830 -0,2486 0,1344 13,34
3 -0,67 -0,15 -0,2486 -0,0596 0,1890 18,90
4 -0,15 0,37 -0,0596 0,1443 0,2039 20,39
5 0,37 0,89 0,1443 0,3133 0,1690 16,90
6 0,89 1,40 0,3133 0,4192 0,1059 10,59
7 1,40 - 0,4192 0,5000 0,0808 8,08
Z - - - - 1 100
i

Briuucnum HabnlogaeMoe 3HaueHHe KpuTepua [Mupcona. Ins
3TOrO COCTABUM pacyerHylo Tabnuuy (tabn. 19.28). lNocneonue
JIBa CTONIOLA CNY>KAT JUISl KOHTPONS BEIYMCNEeHHMIt 1o dopmyrne

k
T
i
2 =
Xpa6n = ;7N
Tabruya 19.28
.2 2
i ng | n% | A-n (ni-n})z M nf "_'
n; n';
1 16 11,70 4,30 18,49 1,5803 256 21,8803
2 11 13,44 -2,44 59536 0,4430 121 9,0030
3 14 18,90 -4,90 24,01 1,2704 196 10,3704
4 21 20,39 0,61 0,3721 0,0182 441 21,6282
5 17 16,90 0,10 0,010 0,0006 289 17,1006
6 14 10,59 3,41 11,6281 1,0980 196 18,5080
7 7 8,08 —-1,08 11,1664 0,1444 49 6,0644
Z xflaﬁ.u =
I 100 100 - 104,5549
= 4,5549

286



Yo

n'

]
E("i— n%)

KoHTpons: -n= = = 104,5549-100 =
= 4,5549 . 1o Tabnuue KpUTHYECKUX TOYEK pacripefeneHus )(_2
{cM. npun. 10), yposHio 3HauuMocTH & = 0,01 W yuchy cTenieHeit
csobonet k = /-3 = 7—3 = 4 (/— 4McNo MHTEPBANIOB) HAXOAUM
o = 13.3.

T 2 2 H,

aK KaK X265 < Xgp » TO FHIOTE3a Hy 0 HOPMaNbHOM pacTipe-

OEeNleHUH reHepaJIbHOM COBOKYITHOCTH MpUHUMaeTcH.

e) Ecnu CB X reHepanibHoit COBOKYTTHOCTH paclnpe/iesieHa Hop-

MasnbHO, TO C HAJIE)XHOCTBIO Y MOXHO YTBEPXKIAaTh, YTO MaTeMaTH- ~
qyecKoe oxuaanue a CB X nokpriBaeTcs foBepUTENbHBIM MHTEPBa-

-~ ~ ~

JIOM [i—&t; X+ &tJ, roe & = 28y — mounocms oyenKu.
N Jn? JnY
B HaweM crnyyae X = 45,46, 83 = 0,93, n = 100. U3 npun. 4
sy = 0,95 HaxoouM 1, = 1,984 v & = 0,1843 . JloBeputens-
HBI MHTepBan 1is a Oynet (45,2757; 45,6443). ToBepUTeibHBIIH
HMHTEpBall, NOKPLIBAIOLIWH CpeiHee KBAAPATHYHOE OTKIOHEHHE ©
€ 3alaHHOW HAaNEeXHOCTBIO Y (8.,(1 -q); 53(1 +q) ), rie g Haxo-
JUTCA 110 JaHHBIM Y W n M3 nipwt. 9. [lpu y = 0,95 u n = 100

uMeem g = 0,143 . HoBepUTenbHEIM MHTEpBAIOM Ansi ¢ Oymer
(0,7970; 1,0630). 4

HI3-19.2

HaHa tabnuua pacnpenenenuss 100 3aponoB MO MPOH3BON-
CTBEHHBIM cpeficTBaM X (THIC. IEH. €1.) ¥ 110 CYTOYHO# BbIpaboTKe
Y (1). U3BecTHo, yTo MexXay X M Y cywiecTByeT AuHeitHas Koppe-
JIALMOHHAsA 3aBUCUMOcTb. TpebyeTcs:

a) HaiiTU ypaBHeHH e MpPSIMOIl perpeccHH y Ha x;

©) NOCTPOUTE YpaBHEHHE 3MNHMPHYECKOH NTUHHKM perpeccuu u
cllydalHble TOYKH BHBOPKH (X, Y).
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L1.

MWa2 36 50 64 78 92 106 12 | m,
00 | 5 3 4 - - - - - |12
% | - 7 8 - - - - - |15
20 | - - 9 10 14 - - - |3
8 | - - - 8 1 6 - - |m=n
0 | - - - .- 2 3 2 - 7
000 | - - - - - - & 6| n
y 510 2 18 23 9 8 6 |10
1.2.

23 38 53 68 73 88 103 118 | m,
0 | - 4 3 5 - - - - |1
w | - 6 1 8 - - - - |n
a0 | - - 10 1 o - - - |3
00 | - - - - 5 4 3 - |n
70 | - - - - - & 8 - |
g0 | - - - - - - 3 5| 8
y 10 20 25 16 10 14 5 |100
1.3.

Nno 24 28 232 236 240 244 248 | m,
w0 | 3 2 1 - - - - = 3
120 | - - 4 5 - - - - 9
14 | - - 10 7 6 - - - | 23
6 | - - - 12 9 5 - - | 2
180 | - - - - 7 4 3 - |4
w0 | - - - - - 5 9 8 | n
y 32 15 #2214 12§ |10
1.4.

Mao 23 26 219 22 25 28 230 | m,
090 | 1 ¥y 21 - - - - = 6
tos | - a4 2 3 - - - 9
120 [ - - 5 1 6 - - - |
13 | - - - 6 14 9 - - |2
50 [ - - - - 1 6 1 -~ 1|
165 | - - - - 6 71 5|18
my T 7 9 16 21 2 14 5 |10




1.5.

"6 "72 s 88 9 104 112 120 | m

1,0 6 2 R - - - - 12
1,3 | - 3 8 6 - - - - 17
6 | - - - 8 14 s - - | 27
19 | - - - 7 8 9 - - | 24
22 | - - - - 4 5 6 - 15
25 | - - - - - 1 1 3 5
m 5 12 21 26 20 7 3 | 100

1.6.

M's6 6 80 92 104 16 128 140 | m,

0,9 2 3 5 - - - = - 10
13 | - 6 3 5 - - - - | 14
7 | - - 5 8 15 - - - | 28
2,1 - - - 6 10 - - | 25
25 | - - - - 1 6 8 - 15
29 | - - - - - 3 4 1 8
m, 2 9 13 19 25 19 12 1| 100
1.7.
20 40 6 8 100 120 140 160 | m,
1000 2 7 3 = - - - - 12
2000 | - 6 4 5 - - - - 15
3000 | - - 8 9 7 - - - | 24
4000 | - - - 714 5 - - | 2
5000 | - - - - 7 4 - 16
6000 | - - - - - - 4 7
m, 2 13 15 21 2% 12 8 3100
1.8.
¥

15 30 45 60 75 90 105 120 my

750 3 4 2 - - - - - 8
1250 | - - 6 7 3 - - - 16
175 | - - - 6 13 9 - - | 28
2250 | - - - 6 8 9 - - |2z
2750 - - - - 7 8 | - 16
3250 - - - - - I 5 3 9
m, 2 4 8§ 19 31 27 6 100




1.9.

o2 04 06 08 1,0 12 14 16| m
50 | 3 4 5 - - - - Tn
50 | - 6 2 8 - - - _— 116
60 | - - - 5 14 9 - - | 1
g0 | - - - 6 8 6 - - |2
0so | - - - - s 1 4 - | 16
o | - - - - - 53 8
my 3107 19 1 229 3 |00
1.10.

Y"o3 04 o5 06 07 08 09 10| m,
30 | 2 3 6 - - - - -1
00 [ - - 3 6 5 - - -1
so0 | - - - 4 15 8 - - |2
600 | - - - 8 5 w0 - - |2
| - - - - 1 6 3 - |6
80 | - - -~ - - - & 3|9
m, 7 3 9 18 32 24 9 3 |100
1.11.

Y160 200 240 280 320 360 400 440 | m,
e | 14 5 - <- - - - w
66 | - 6 1 2 - - - - |us
06 | - - 5 8 6 - - - 119
%6 | - - - 9o 13 6 - - | 2
e | - - - - 1 8 4 - |19
6 | - - - - - - 6 9
m I 10 17 19 26 14 10 100
1.12.

Mio 130 150 170 190 210 230 25 | m,

10 T 3 4 <~ - - - = 8
13| - 5 6 5 - - - -1
6 | - - 4 8 6 - - - | 18
9 | - - 6 15 9 - - _— | 3
2 | - - - - 5 6 1 - |18
s | - - - - I 7 2| 10
my i 8§ 20 28 20 7 14z [0
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1.13.

6 18 20 2 24 8 30 | m
23 | 3 2 4 - - - - = g
27 | - 5 6 T P
3 B 6 9 4 - - - |19
35 | - - - 8 16 7 - - |
9 | - - - - 8 6 5 - |19
A S 4 5 1] 10
m,, 3 716 18 2 17 10 100
1.14.
M 17 20 23 26 29 32 35| m
8 T 6 - - - - ——Tn
24 | - 2 7 6 - - - - |as
30 | - - 6 8 5 - - - 119
36 | - - - 8 14 4 - - | 2
42 | - - - 3 6 8 - |17
48 | - - - - - - s 6 | 1t
m 7 6 19 22 22 10 13 6 |10
1.15.
Y1200 2700 4200 6700 8200 9700 11200 12700| m,
0] 4 2 5 - - - - - I
50 | - - 7 5 2 - - - | 14
w0 | - - - 9 14 6 - - |2
150 | - - - 7 8 6 - - |=
200 | - - - - 4 5 1 - |16
252 [ - - - - - 3 2 4 9
m 3 1221 2 20 9 4 [0
1.16.
Y| so0 2200 3600 5000 6400 7800 9200 10800 m,
W0 | 3 52 - - - - T T
200 | - 5 4 s - - - -1
0 | - - 7 s 15 - - - |2
s20 | - - - 8 9 4 - - |m=x
60 | - - - - 7 s a4 - | s
840 | - - - - 5 4 3|12
) 310 13 18 31 14 8§ 3100
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1.17.

Y[12000 12570 13140 13710 14280 14850 15420 15990 | m,
500 | 1 6 4 - - - - - T
%o | - - 4 71 5 - - - |16
170 | - - - 6 15 6 - - |2
1800 { - - - 8 & 4 - - |
190 | - ~ - - 5 5 6 - |16
00 | - - - - - 5 2 3 |w
my 6 8 21 33 20 8 3 [100
1.18.
Y|25200 25350 25500 25650 25800 25950 26100 26250 | m,
30 | 3 4 2 - - - - <= 9
300 | - 05 7 s - - - - |17
20 | - - - 8 14 6 - - |
wo | - - - - 8 9 - - |2
BO | - - - - - 5 & 3| 14
M0 | - - - - - - 5 41 9
y 39 9 19 22 20 17 |10
1.19.
80 88 96 104 112 120 128 136 | m,
2 | 5 6 - < - - - "1
B | - 3 4 6 - - - - |un
0 | - - 4 s 6 - - - |us
50 | - - - 6 13 1 - - |2
6 | - - - - - & 9 5|2
i | - - - - - - 7 8|15
my 5 9 8§ 17 19 13 16 13 [0
1.20.

75 80 85 90 95 100 105 110 | m,
s | 2 3 4 - - - - = g
o | - - 7 8 - - - - |1
s | - - 4 71 8 - - -l
o | - - - 3 a5 1 - < [
Bs | - - - - 8 9 2 _ |19
o | - - - - - & 4 1|
y 7 3 15 18 31 24 6 1 |10




1.21.

YI'300 s00 700 900 1100 1300 1500 1700 | m,
51 1 2 5 - - - - -3
10 - 2 7 4 - - - - 13
5| - - 9 6 4 - - - |
0 | - - - w6 1 - - |z
s | - - - 1 8 9 - |18
| - - - - - 4 5 6|15
oy [ 4 21 2@ 118 14 6 |10
1.22.
Y| 260 360 460 S60 660 760 860 960 | m,
3 2 7 - - - — — — 9
7|~ 8 1 - - - - - |1
nl- - 9 5 15 - - - |2
s |- - - 7 6 6 - - |
[ - - - - 2 9 5 - |16
B |- - - - - 6 4 12
) 7 15 16 123 19 100
1.23.
1470 150 1610 1680 1750 1820 1890 1960 | m,
20 | 3 2 3 - - - - - - [ %
20 | - o4 s - - - -l
2B | - - 71 1B 8 - - _ |
2 | - - - - 9 6 6 - |m=
2% | - - - - - 7 8 3|18
% | - - - - a4 6 s |s
y 3 3 1 18 17 172 8§ |10
1.24.
7

2400 2440 2480 . 2520 2560 2600 2640 2680 | m,

300 5 4 2 - 11

I
!
|
|

305 | - 1 3 3 - - - - 7
310 | - - 7 w0 14 - - - | =%
35 | - - - 9 6 4 - - 19
20 | - - - - - 8 5 7 | 2
325 | - - - - - - 6 6 | 12
m, 5 5 12 2 20 1z 11 13 | 100
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1.25.

Y120 200 280 360 440 520 600 680 | m,
05 | 4 5 2 - - - - - [
“s | - 6 1 5 - - - - |1
185 | - - 6 & 14 - - - | 2
ns5 | - - - - 12 9 2 - |mn
%5 | - - - - & 4 - - |0
05 | - - - - - 5 3 2|10
my a1 15 13 32 18 5 2 [100

1.26.

Y350 400 450 500 550 600 650 700 | s,
® | - 7 8§ 4 - - - - |®©
0w | - - 6 9 5 - - - |2
2| - - - - 1 & 6 - |
4 | - - - - 7 5 3 |s
%6 | - - - - - - a4 9|
8 | - - - - - - - 7|1
my -7 W 13 17 15 15 19 |10

1.27.

YWs s6 76 96 16 136 156 176 | m,
54 | 6 4 4 - - - - -
0 | - & 1 2 - - - _|n
86 | - - 3 8 9 - - _ |2
02 [ - - - 16 5 8 - - |2
ms | - - - - - 6 5 - |1
B4 | - - - - - 4 3 219
m & 12 14 2% 14 18 8 2z |00
1.28.

Y185 197 209 220 233 245 257 269 | m,
5 | 4 3 6 - - - - |13
0w | - 7 a4 71 - - - - | s
75 | - - - 15 9 71— - |3
/0 | - - - - § 5 6 - |19
@ | - - - - 4 3 8
0 | - - - - - 6 5 | n
y 4 w0 10 22 17 16 15 6 |100
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1.29.

X s 12 19 26 33 a0 4 54| om
0,54 5 3 2 7 - - - - |12
068 | - 4 8 9 4 - - - |2
082 | - - - - 17 9 6 - | 3
09% | - - - - 1 6 5 - |
Lo | - - - - = 6 3 2 | n
124 | - - - - - _ 4 4 8
my 5 710 11 22 21 I8 6 | 100
1.30.

X Y\ o58 108 1,58 208 258 308 358 408 | m,

50 3 3 e S T
74 | - 5 8 9 - - - - |2
8 | - - - 13 8 9 - - | 3
| - - - - 9 2 a4 - | s
w6 | - - - - 1 3 5 9
mw | - - - - - = 5 3 8
y 3 § 12 28 U 12 12 g | 100

Pewenue munoeozo eéapuanma

Jana Tabnuua pacnpeneneHus 100 aBToMallIuH Mo 3aTpaTaM Ha
nepeBo3KM X (OeH. efl.) ¥ 10 NPOTXEeHHOCTH MapLIPYTOB NEPEeBO-
30K Y (kM) (Tabn. 19.29). UasecTHo, YyTo Mexay X u YcyluecTsyer
JIHHeHHas KOppensiLlMOHHas 3aBUCHMOCTb. Tpebyercs:

a) HalTH ypaBHEHHE MPSIMOil pPerpeccHu y Ha x;

6) nocTpouTh YpaBHEHHE IMNUPHUYECKON JIMHMHU PErpeccHU M
ciydyaitHble TOYKH BEIOOPKH (X, V).

Tabauya 19.29

X Mas 60 75 90 105 120 135 150 m,
60 2 4 310 § - - - | 23

% | - - 6 14 5 - - - |2

120 | - - - - 7 5 4 - | 2

150 | - - - - - 8 3 2 | B

180 | - - - - - 4 3 1 8

20 | - - - - - 2 1 2 5

m, 2 4 9 24 26 19 11 5 | 100
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» [lns noacyeTa YMCIOBBIX XapaKTEPUCTHK: BLIGOPOYHBIX Cpefl-
HHUX X My, BHIOOPOYHBIX CPEAHMX KBAJPAaTHYHBIX OTKIOHEHHIA 5
M S, W BLIOOPOYHOIO KOppensLMOHHOTO MOMEHTa Syy COCTaBIACM

Y
pacuyeTHyl Tabnuuy (tabn. 19.30). INpu 3anonHeHUM TaGIMIBI

OCYILUECTB/IsIEM KOHTPOJIb M0 CTPOKAM M CTONOLIAM:

6 8
mei= Zmyj= n =100,
i=1 j=1
6 8 6
Z Zm’.jx,.= meix,= 11190,
i=1j= i=1
6 8 8
Z Zmuyj= Zmyly}= 1042,
i=1j=1 j=1
6 8 8 6
Z[xiZmﬂ.] = Z[yjz myx,.] = 124 245.
i=1N j=1 J=1N =1

Brluucnsem BolbopoyHble cpeaHue X uy,i=1,6;j=1,8:

5 Zznmax: _ 2N 1190 _ 119;

n 100
m.,y;
- Z Y/ 1041
-_— % = ee—
y . 100 10,41.

BLIGOpOUHBIE IMUCNEPCHH HAXOAWM N0 hopMyNaM:
2 _ 1 2 1 -
Sy = n— 1(me,-x" —;(mefxi)z) B

- _L( L 2) -
5ol 1 431 900~ 7= (11190)°) = 13 118,58,

2 _ 1 2 ] -
§ = i (Z - amm) -

= L 3 —I—- 2 =
- 99(“ 367 - 100(|04|)) 5,35
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KoppensunoHHbI MOMEHT BbIYHCIIAEM 110 hopmMyie

1 LS s
Sy = i () e ) =

- .'_( b . =
55124 245 - =1 190 1041)) 78,35 .

OLEeHKOI TeOpPeTUYECKOH JIMHHK perpeccHMu SIBJIsIETCHS 3MITH-
pUYecKasi IMHUSA perpeccuu, ypaBHeHHE KOTOPOil UMEET BUI

s
y= y+ rxy ;.z(x_)-“’)’
X

rae s, = J13118,58= 114,53 ; s, = J5,35=2,31;

_ Sxy 78,35 _ 78,35

T T s, T 118,53-2,31 264,56~ P
Cocranasiem YpaBHECHHE BMHMpH‘IeCKoﬁ JIHHUM PETPECCUHY Ha XD
2,31
= + —_— -
y = 10.41+0,296 - 2=(x- 111,9),

y = 0,006x+9,74 .

CTpouM JIMHMIO perpeccMM M crydaiiHble TOYKH (x;; yj)
(puc. 19.6). ¢

I'7Y
150} . . .
135} . . . .
120} . . . .
10,5

9.0

T
[ ]
.
(]

6,0
45} .
30
1,5¢

T

0 30 60 90 120 150 180 210 X
Puc. 19.6
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19.7. JOINOJIHUTEJBHBIE 3AJAYH K I'J1. 19

1. [lns onpeneneHus cpeaHero NMpoUeHTa ceiporo 6enka B 3ep-
Hax MIUeHH LI 0ToBpaHo 626 3epeH, aHAIM3 KOTOPBIX MOKAa3all, 4YTo
BbIOpo4yHOe cpeaHee paBHo 16,8, a BeiOopouyHas aUcriepCHs

=4, YeMy paBHa BEpOATHOCTH TOTO, YTO CPEAHMIH MPOLEHT
criporo 6enka reHepaJbHOIl COBOKYMHOCTH, pacnpeneseHHoi
HOPMaJIbHO, oTAKYaeTcs oT 16,8 no abcomoTHOI BeTMYMHe He 60~
nee yem Ha 0,2 %? (Omeem: 0,9876.)

2. [To pe3ynbraTtaM JecITH HM3MEpPEeHHil onpeneneHO cpeiHee
KBaJpaTUYHOe OTKIOHEHHE § = 3 M. OLEHMTH HalEXXHOCTD TOTO,
YTO UCTHHHOE 3HaYeHHE G, TeHePalbHOH COBOKYITHOCTH Haxo-
JAWTCA B MHTepBRane (2; 4). (Omeem:0,8.)

3. C uenbio MccNeNOBaHMA 3aKOHA pacripefesieHUsl OLIHOKH
HM3MepEeHMS JANBbHOCTHU C MOMOLUBIO paauoaibHOMepa MPoH3Be-
neHo 400 uamepeHMit aanbHocTH. Pe3ynbTaTel M3MEpPEHMIA Mpen-
CTaB/NieHbl B BUAE CTATHCTHYECKOM COBOKYITHOCTH:

’i M m; Ii M m; ."' M m;
950-960 5 990- 1000 80 1020-1030 20
960-970 35 1000-1010 60 1030-1040 10
970-980 60 1010-1020 55 1040-1050 3
980990 7

Onpenenutb BLIGOpOYHOE CpeaHee U BLIGOPOYHOE CpeHee KBajl-
paTH4yHoe oTKJIoHeHHe. [ToCTpOHThL rMCTOrpaMMy CTATUCTHYECKORH

COBOKYNHOCTH. (Omeem: ¥ = 994,2 M, s — 18,68 M.)
4. 3aBMCMMOCTBL NPU3HAKa Y OT npu3Haka X xapakTepu3yeTcsi
CNenyo nMMH 3KCIEPUMEHTAbHBIMU AaHHBIMH:

x | -4 -3 -2 - 0 1 2 3 4

Yi =51 =35 -2 =015 030 1,2 24 38 6

MeTtonoM HaMMeHbIIKMX KBaApaTOB HAaWTH KO3t bHULIMEHTHI 3aBU-
2 3
CUMOCTH y = Oy +o x+a,x +ax . (Omeem: y = 0,312+

+0,927x+0,002x” +0,029x° )

5. MasecTHo, uto CB T (BpeMsi paboThl 3J1eMEHTA) MMEET NOKa-

Al

3aTeNibHOe pacrnpeaeneHue f(r) = e © , 1=20. IMnupuyeckoe
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pacripefieJleHHe CpeHero BpeMeHu pabotel n = 200 371eMEeHTOB
vMeeT BU:

t 2,5 7,5 12,5 17,5 22,5 27,5

m; 133 45 15 4 2 1

roe {; — BpeMsl paboTH i-ro 3neMeHTa (B Yacax); m; — 4YMcio 3e-
MEHTOB, NMpopaboTaBLIMX f; 4. MeTOAOM MOMEHTOB HaiiTH ToYeY-
HYIO OLIEHKY HEM3BECTHOTO NapaMeTpa MoKasaTeJLHOTO pacnpefe-
nenusi. (Omeem:0,2.)

6. 3anucats BBHIOOpPOYHOE ypaBHeHHe NMpPAMOM JIMHUM perpec-
CHMH y Ha X 10 JaHHBIM, NPUBEIEHHBIM B Tabn. 19.31.

Tabauya 19.31

X
Y 20 25 30 35 40 my,
16 4 6 -~ - - 10
26 - 8 10 - - 18
36 - - 32 3 9 44
46 - - 4 12 6 2
56 - - - 1 5 6
my; 4 14 46 16 20 n=100

(Omeem:y = 1,45x—10,36.)

7. W3aMepeHbl OTKJIOHEHHSA BHYTPEHHMX IHAMETPOB LIECTEPEH,
obpaboTaHHEIX Ha CTaHKeE, OT 3aIaHHOTO pa3Mepa:

IpaHuuB MHTEpBana, MK 0-5 5-10 10-15 15-20 20-25

Yactora m; 15 75 100 50 10

[TpoeepHTE NpY ypoBHE 3HaYKMMoOCcTH o = 0,05 THMOTE3y O co-
rlaCHH HabNIONEHUH C HOpMaJbHBIM 3aKOHOM pachpeldesieHUs
reHepajbHOM COBOKYNMHOCTH. (Omeem: runoTte3a He ONpOBeEp-
raercs.)

8. py cBepieHrM OTBEpPCTHII CBEpJIOM OMpeNeNeHHOro aMa-
MeTpa W MocjefoBaTelbHOM U3MEPEHHH WX IMAMETPOB MOJIy4YeHa
cienyoouas Tabnuua:

300



I;, MM m; i, MM m; I, MM m;

40,24-40,26 1 40,32-40,34 15 40,38-40,40 7
40,26-40,28 4 40,34~ 40,36 16 40,40-40,42 5
40,28-40,30 6 40,36-40,38 12 40,42-40,44 3
40,30-40,32 11

C nomoiusio kputepuss KonMoroposa npoBepuTh CleayioLyo
runoTe3y: BHIGOpKa U3BNEeYEHAa U3 HOPMAJIbHO pacrnpeaeieHHOoM
reHepajbHOI COBOKYNHOCTH C MAaTEMATHYECKUM OXHIaHUEM H
CpedHUM KBaJpaTMYHLIM OTKJOHEHHWEM, DaBHBEIM COOTBET-
CTBEHHO BLIOOPOYHOMY cpellHeMy W BHIOOPOYHOI OLieHKe cpell-
HEro KBaJipaTHYHOro OTKIOHeHUs. (Omeem: runoTesa cornacy-

eTcA.)

9. MeTonOM MOMEHTOB HaMTH TOYEYHYIO OLIEHKY NapaMeTpa p
BEPOSITHOCTH  FEOMETPHYECKOTO pacnpenenennss P(X=x;) =

x;—1
=(l-p)' p,roe X; — YMCNO MCNBITAHWH, MPOBEAEHHBIX 10
MOSBJEHUS COOLITUS; p — BEPOSITHOCTD MOSBJIEHUS COOLITHSA B OfI-
HOM HUCIBITAaHUH. (Omeem: 1/X )

10. MeTomom MOMEHTOB HAHTH No BHIGOPKE X, X3, ..., X, TO-
YyeyHble OLIEHKH MapaMeTpoB a W b paBHOMepHOro pacnpenene-
HUS, TUIOTHOCTb KoOToporo f(x) = 1/(b—a) npun w<x<b wu
fix) = 0 npu x ¢ [a; b].(Omeem:a = Xx— 3D, b = x+./3D))

11. [To paHHHM 16 HE3aBMCHMBIX PABHOTOYHBIX M3MEpEHHH
HEKOTOPOi pU3HYeCcKOoi BeETHUMHBI X HalileHH cpellHee 3HaYeHHe
X = 42,8 v ucmpaB/ieHHOE cpelHee KBaJpaTUYHOE OTKIOHEHHE

5o = 8. C HagexHocTbio 0,999 OLEHHUTL HCTUHHOE 3HAYEHUE U3-

MEpPAEMOi BEJIHUMHEI C [OMOILLIO JTOBEPHTEIBHONO MHTEpBaia.
(Omeem: 34,66 <m, < 50,94 .)



IMPUJIO2KEHHUA

1. Tabauna ocHOBHBLIX CBOICTB U300paxeHHil no Jlannacy

r{}E:'l Opurunan H3sobpaxkeHue ¢‘;§:;EH
n n
1 > efiln > eifip (16.4)
il i-1 .
2 ) F(p-a) (16.5)
3 ien) ir(f) (16.6)
4 fr—1y) P Flp) (16.9)
fy
5 S+ 1) Py [F(p)- j}me ”’d:]
0
T
"6 fit+ 1) = fin) frne arq-e” T (16.14)
0
7 L) * f(0) Fyi(p}- F(p) (16.11)
13
8 froyae F(p)/p (16.12)
0
9 —ﬁ,ﬂ J'F(z)dz (16.13)
P
10 fi{n pF(p)-f(0) (16.8)
n n o n 2.,
11 l(")(f) P F(p) -9 . J;()O)_P n—j; ’(0)- see = ('6.8)
-/ 2y -F"" Y0y
LH(NHL0) +
]
12 pF (p)- F5(p) 16.17
* Jrior - o B aean
0
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2. Tabamua OCHOBHBIX OPHTHHAJIOB f{f) M MX M300paskeHui

+0o0
—pt
no Jlamnacy F(p) = j Sf(e “dt
0
Ne
n/n Opurunan f(f) Haobpaxenue F(p)
1 1 1
P
at 1
2 & o
3 sin Bt TLZ
PP
R -
4 cos Br 2
P+
r  -pr B
5 sh Br = eu—_e 2
br=""3 -8
pr, -Bt p
6 chpr=£ te 2
B P -
1
7 t ]
14
n!
8 I n+
4
9 l'" ol ) -_’l!—"‘i.
€ (-
10 &' sin Br - 2, .2
(p-a) +p
) e cos Bt —20t 2
(p-a) +p
1 at 2(p-a)f
i 2
re " sin Bt p 0,)2+ [32)
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[Tpodoaxcerue

n/n Opurunan f(1) H3obpaxenue F(p)
(- -p?
13 feu'cos ﬂ.f 2 2 2
(p-a) +B7)
/ 2 2
14 -J—'_— sin of Np to —p
Tt pz + mz
f 2 2
15 L2 cos of _L"’O_;E
Jrr ;,‘ LN
16 si lrI.r arctg X
1 1
17 - -
Jrt Jp
18 e 1n &=2
3 P-Y
| . 1 -Ap
19 —= sin 2./Ar —e
Y plp
1 1 -Ap
20 — cos 2./At —e
Jrt Jp
21 In¢
-]L‘Z—+I , Y — NOCTOAHHasA Ditnepa;
Yy = 0,5772157 ... 0,58
22 emlnl oo
p-a
23 1Jo(n - dynkuma beccens 1
NEPBOro POAA ¢ HYIEBLIM 3
WHIEKCOM p + 1

24

&(#) - dyHkumua [lnpaka, uM-

nyAecHasa GYHKLMs TlepBoro
nopsaka
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Oxonvanue

1#;1 Opwurunan f{(r) Haobpaxetve F(p)
25 8(¢- fo) e—Pfu
26 8| (1) — umnynbcHas GyHKUMSA 14
BTOPOTO MOpANKa
27 &,(r—1g) pe Ply
.. 1 -2
3. Tabauua 3Ha4yeHuit pynkuum @(x) = fe
T
0 1 2 3 4 5 6 7 8 9
0,0 [0,3989 | 3989 | 3989 | 3988 | 3986 |3984 | 3982 | 3980 |3977 |3973
0,1 | 3970 [3965 {3961 |3956 |3951 | 3945 |3939 |3932 [3925 | 3918
0,2 3910 [ 3902 | 3894 |3885 |3876 |3867 | 3857 |3847 | 3836 |3825
0,3 | 3814 | 3802 | 3750 | 3778 {3765 [3752 [3739 |3726 |3712 | 3697
0,4 | 3683 [3668 | 3652 |3637 |3621 (3605 |3589 [3572 | 3555 [3538
0,5 3521 | 3503 | 3485 | 3467 {3448 |3429 | 3410 | 3391 |3372 {3352
0,6 3332 | 3312 3292 [3271 | 3251 [3230 | 3209 |3187 | 3166 | 3144
0,7 | 3123 {3101 | 3079 | 3056 |3034 | 3011 (2989 |2966 |2943 |2920
0,8 | 2897 |2874 | 2850 | 2827 | 2803 |2780 |2756 |2732 |2709 | 2685
0,9 | 2661 (2637 | 2613 | 2589 | 2565 |2541 (2516 |2492 [ 2468 | 2444
1,0 (0,2420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
1,1 [ 2179 | 2155 2131 [2107 | 2083 |2059 |2036 [2012 | 1989 | 1965
1,2 | 1942 | 1919 [ 1895 | 1872 | 1849 | 1826 | 1804 [ 1781 [ 1758 [ 1736
1,3 1714 11691 | 1609 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
1.4 1497 | 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 [ 1334 | 1315
1,5 | 1295 | 1276 | 1257 | 1238 {1219 | 1200 | 1182 | 1163 | 1145 | 1127
1,6 1109 | 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 0989 [0973 | 0957
1,7 0940 [0925 | 0909 [0893 | 0878 | 0863 {0848 |0833 [08I8 | 0804
1.8 0790 | 0775 | 0761 [0748 | 0734 | 0721 {0707 [ 0694 | 0681 | 0669
1,9 0656 | 0644 0632 0620 | 0608 | 0596 |0584 | 0573 [0562 {0551
2,0 [0,0540 | 0529 | 0519 (0508 |0498 | 0488 [0478 |0468 | 0459 | 0449
2,1 0440 | 0431 (0422 (0413 | 0404 | 0396 | 0387 (0379 [ 0371 |0363
2,2 0355 | 0347 [ 0339 | 0332 | 0325 {0317 0310 | 0303 (0297 [0290
23 0283 | 0277 10270 | 0264 | 0258 ]0252 | 0246 | 0241 [0235 |0229
24 0224 (0219 {0213 {0208 |0203 {0198 10194 {0189 |0184 | 0180
2,5 | 0175 {0171 {0167 | 0163 {0158 0154 {0151 | 0147 (0143 | 0139
2,6 | 0136 {0132 0129 (0126 | 0122 [0O119 JO116 {0113 | 0110 0107
2,7 0104 {0101 [0099 | 0096 | 0093 | 0091 {0088 | 0086 | 0084 (0081
2,8 0079 [ 0077 {0075 | 0073 | 0071 | 0069 | 0067 | 0065 |0063 (0061
2,9 | 0060 0058 | 0056 0055 [0053 | 0051 {0050 | 0048 | 0047 | 0046
11 3ax 1261 305




Oxonuatue

0 1 2 3 4 5 6 7 8 9

3,0 {0,0044 (0043 | 0042 | 0040 {0039 | 0038 |0037 (0036 [0035 | 0034
3,1 | 0033 0032 | 0031 | 0030 | 0029 |0028 |0027 (0026 |0025 |0025
3,2 | 0024 |0023 | 0022 | 0022 | 0021 {0020 | 0020 | 0019 [0018 [0018
3,3 | 0017 [0017 | 0016 | 0016 | 0015 |00LS (0014 {0014 |0013 | 0013
3,4 | 0012 (0012 | 0012 | 0011 | 0011 | 0010 |00I0 |0010 [0009 | 0009
3,5 | 0009 |o0008 {0008 |0008 |0008 | 0007 |0007 0007 |0007 |0006
3,6 | 0006 |[0006 | 0006 |0005 |0005 |0005 |0005 [0005 [0005 |0001
3,7 | 0004 0004 |0004 }0004 |0004 |0004 |0003 (0003 {0003 [0003
3,8 | 0003 |0003 {0003 {0003 | 0003 [0002 {0002 |0002 [0002 |0002
3,9 | 0002 (0002 {0002 |0002 {0002 |0002 |0002 0002 |0001 |00OI

. I X Zn
4, Tabavua 3uavenmii Gynknun O(x) = .[_2: e dz
T
0

x D(x) x D(x) x D(x) x ®(x)

0,00 | 0,0000 0,26 | 0,1026 0,52 | 0,1985 0,78 | 10,2823
0,01 0,0040 0,27 | 0,1064 0,53 | 0,2019 0,79 | 10,2852
0,02 | 10,0080 0,28 | 0,1103 0,54 | 0,2054 0,80 | 10,2881
0,03 | 10,0120 0,29 | 0,114l 0,55 | 0,2088 0,81 | 02910
0,04 | 0,0160 0,30 | 0,1179 0,56 | 0,2123 0,82 | 10,2939
0,05 | 10,0199 0,31 | 0,1217 0,57 | 0,2157 0,83 | 0,2967
0,06 | 10,0239 0,32 | 0,1255 0,58 | 0,219 0,84 | 0,2995
0,07 | 10,0279 0,33 | 0,1293 0,59 | 0,2224 0,85 | 10,3023
0,08 | 0,0319 0,34 | 0,1331 0,60 | 0,2257 0,86 | 0,3051
0,09 | 10,0359 0,35 | 0,1368 0,61 | 0,2291 0,87 | 10,3078
0,10 | 10,0398 0,36 | 0,1406 0,62 | 0,2324 0,88 | 0,3106
0,11 0,0438 0,37 | 0,1443 0,63 | 0,2357 0,89 | 0.3133
0,12 | 0,0478 0,38 | 0,1480 0,64 | 0,2389 0,90 | 0,3159
0,13 | 10,0517 0,39 | 0,1517 0,65 | 0,2422 091 | 03186
0,14 | 10,0557 0,40 | 0,1554 0,66 | 0,2454 092 | 03212
0.15 | 0,059 0,41 | 0,1591 0,67 | 0,2486 0,93 | 03238
0,16 | 0,0636 042 | 0,1628 0,68 | 0,2517 094 | 0,3264
0.17 | 0,0675 0,43 | 0,1664 0,69 | 0,2549 0,95 | 10,3289
0,18 | 10,0714 0,44 | 0,1700 0,70 | 0,2580 0,9 | 0,3315
0,19 | 10,0753 0,45 | 0,1736 0,71 | 0,2611 0,97 | 10,3340
0,20 | 10,0793 0,46 | 0,1772 0,72 | 0,2642 098 | 10,3365
0,21 0,0832 0,47 | 0,1808 0,73 | 0,2673 0,99 | 0,3389
0,22 | 10,0871 0,48 | 0,1844 0,74 | 0,2703 1.00 | 0,3413
0,23 | 10,0910 0,49 | 0,1879 0,75 | 0,2734 1,00 | 0,3438
0,24 | 0,0948 0,50 | 0,1915 0,76 | 0.2764 1,02 | 0,3461
0,25 | 10,0987 0,51 | 0,1950 0,77 | 0,2794 1,03 | 10,3485

306




Oxonuanue

x D(x) x D(x) x ®(x) x ®(x)
1,04 0,3508 1,31 | 0.4049 1,58 | 0,4429 1,85 0,4678
1,05 0,3531 1,32 | 0,4066 1,59 | 0,4441 1,86 0,4686
1,06 0,3554 1,33 | 0,4082 1,60 | 0,4452 1,87 0,4693
1,07 0,3577 1;34 | 0,4099 1,61 0,4463 1,88 0,4699
1,08 0,3599 1,35 | 0,4115 1,62 | 0,4474 1,89 0,4706
1,09 0,3621 1,36 | 0,4131 1,63 | 0,4484 1,90 0,4713
1,10 0,3643 1,37 | 0,4147 1,64 | 0,4495 1,91 0,4719
1,11 0,3665 1,38 | 0.4162 1,65 | 0,4505 1,92 0,4726
1,12 0,3686 1,39 | 0,4177 1,66 | 0,4515 1,93 0,4732
1,13 0,3708 1,40 | 0,4192 1,67 | 0,4525 1,94 0,4738
1,14 0,3729 1,41 | 0,4207 1,68 | 0,4535 1,95 0,4744
L15 0,3749 1,42 | 0,4222 1,69 | 0,4545 1,96 0,4750
1,16 0,3770 1,43 | 0,4236 1,70 | 0,4554 1,97 0,4756
1,17 0,3790 1,44 | 0,4251 1,71 0,4564 1,98 0,4761
1,18 0,3810 1,45 | 0,4265 1,72 | 0,4573 1,99 0,4767
1,19 0,3830 1,46 | 0,4279 1,73 | 0,4582 2,00 0,4772
1,20 0,3849 1,47 | 0,4292 1,74 | 0,4591 2,02 0,4783
1,21 0,3869 1,48 | 0,4306 1,75 | 0,4599 2,04 0,4793
1,22 0,3883 1,49 | 0,4319 1,76 | 0,4608 2,06 0,4803
1,23 0,3907 1,50 | 0,4332 1,77 | 04616 2,08 0,4812
1,24 0,3925 1,51 0,4345 1,78 | 0,4625 2,10 0,4821
1,25 0,3944 1,52 | 0,4357 1,79 | 0,4633 2,12 0,4830
1,26 0,3962 1,53 | 0.4370 1,80 | 0,4641 2,14 0,4838
1,27 0,3980 1,54 | 0,4382 1,81 0,4649 2,16 0,4846
1,28 0,3997 1,55 | 0,4394 1,82 | 0,4656 2,18 0,4854
1,29 0,4015 1,56 | 0,4406 1,83 | 0,4664 2,20 0,4861
1,30 0,4032 1,57 | 0,4418 1,84 | 0.4671 2,22 0,4868
2,24 0,4875 2,48 | 0,4934 2,72 | 0,4967 294 0,4984
2,26 0,4881 2,50 | 0,4938 2,74 | 0,4969 2,96 0,4985
2,28 0,4887 2,52 | 0,4941 2,76 | 0,4971 2,98 0,4986
2,30 0,4893 2,54 | 0,4945 2,78 | 0,4973 3,00 0,49865
2,32 0,4898 2,56 | 0,4948 2,80 | 0,4974 3,20 0,49931
2,34 0,4904 2,58 | 0,4951 2,82 | 0,4976 3,40 0,49966
2,36 0,4909 2,60 | 0,4953 2,84 | 0,4977 3,60 10,499841
2,38 0,4913 2,62 | 0,4956 2,86 | 0,4979 3,80 | 0,499928
2,40 0,4918 2,64 | 0,4959 2,88 | 0.4980 4,00 | 0,499968
2,42 0,4922 2,66 | 0,4961 2,90 | 0,4981 4,50 | 0,499997
2,44 0,4927 2,68 | 0,4963 2,92 | 0,4982 5,00 | 0,499997
2,46 0,4931 2,70 | 0,4965
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k

5. Tabauua 3Havenuii GpyHKunH Fe’

k [r=0a]a=02[a=03]n=04[r=05]a=06[a=07]a=08[1=09

0 [0,9048{0,8187]0,7408(0,6703[0,6065]0,5488 [0,4966 [0,4493 |0,4066

1 (0,0905|0,1637)0,2222|0,2681|0,30330,3293|0,3476|0,3595 (0,3659

2 10,00450,0164]0,0333/0,0536|0,0758 |0,09880,1217 [0,1438 [0,1647

3 {0,0002(0,0011]0,0033|0,0072|0,0126{0,0198]0,0284{0,0383|0,0494

4 0,0001{0,0003|0,0007 |0,0016 {0,0030 |0,0050|0,0077|0,0111

5 0,00010,0002{0,0004 |0,0007{0,00120,0020

6 0,00010,0002 |0,0003

k| A=1[2=2|a=3|2=4|2a=5|%=6|A=7|A=82=9 |a=10
0 [0,36790,1353]0,0498 [0,0183[0,00670,0025 | 0,0009 [0,0003 [0,0001 |0,0000
1 |0,3679|0,2707 [0,1494{0,0733|0,0337{0,0149 |0,0064 |0,0027 | 0,0011 | 0,0005
2 {0,1839{0,2707|0,2240|0,1465 [0,0842 [0,0446 0,023 0,0107 {0,0050 0,0023
3 10,0613|0,1804|0,2240(0,1954|0,1404|0,08920,0521|0,0286|0,0150{0,0076
4 10,0153]0,0902|0,16800,1954|0,1755|0,1339)0,0912|0,0572(0,03370,0189
5 {0,0031]0,0361|0,1008 {0,1563 |0,1755|0,1606|0,1277|0,0916 |0,0607 |0,0378
6 |0,0005{0,0120|0,0504]0,10420,1462 [0,1606 | 0,1490]0,1221|0,0911 0,063
7 10,0001{0,0034)0,0216]0,0595|0,1044(0,1377]0,1490]0,1396|0,11710,0901
8 0,0009{0,0081 [0,0298]0,0653|0,1033|0,1304{0,1396 |0,1318[0,1126
9 0,0002)0,0027(0,0132(0,03630,0688 |0,1014/0,1241 [0,1318|0,1251
10 0,00080,00530,0181|0,0413]0,0710{0,09930,1186{0,1251
1 0,0002}0,0019]0,0082|0,0213 |0,0452{0,0722|0,0970|0,1137
12 0,00010,00060,0034 0,0126 {0,02630,0481 |0,0728 | 0,0948
13 0,0002/0,0013 [0,0052{0,0142{0,0296 0,05040,0729
14 0,0001 {0,0005 |0,0022|0,0071}0,0169[0,0324|0,0521
15 0,0002)0,0009{0,0033{0,0090{0,0194 |0,0347
16 0,0003{0,00140,0045(0,0109 [0,0217
17 0,0001 |0,0006 |0,0021 |0,0058 [0,0128
18 0,0002}0,0009 {0,00290,0071
19 0,000110,0004|0,0014|0,0037
20 0,0002]0,0006 |0,0019
21 0,0001 {0,0003 |0,0009
2 0,0001 {0,0004
2 0,0002
24 0,0001

308




6. Ta6mua 3uavenuii ynkupii € , e

X & e” x e e
0 1,0000 1,0000 0,52 1,6820 0,5945
0,01 1,0050 0,9900 0,53 1,6989 0,5836
0,02 1,0202 0,9802 0,54 1,7160 0,5827
0,03 1,0305 0,9704 0,55 1,7333 0,5769
0,04 1,0408 0,9608 0,56 1,7507 0,5712
0,05 1,0513 0,9512 0,57 1,7683 0,5655
0,06 1,0618 0,9418 0,58 1,7860 0,5599
0,07 1,0725 0,9324 0,59 1,8040 0,5543
0,08 1,0833 0,9231 0,60 1,8221 0,5488
0,09 1,0942 0,9139 0,61 1,8404 0,5434
0,10 1,1052 0,9048 0,62 1,8589 0,5379
0,11 1,1163 0,8958 0,63 1,8776 0,5326
0,12 1,1275 0,8869 0,64 1,8965 0,5273
0,13 1,1388 0,8781 0,65 1,9155 0,5220
0,14 1,1503 0,8694 0,66 1,9348 0,5169
0,15 1,1618 0,8601 0,67 1,9542 0,5117
0,16 1,1735 0,8521 0,68 1,9739 0,5066
0,17 1,1853 0,8437 0,69 1,9937 0,5016
0,18 1,1972 0,8353 0,70 2,0138 0,4966
0,19 1,2092 0,8270 0,71 2,040 0,4916
0,20 1,2214 0,8167 0,72 2,0544 0,4868
0,21 1,2337 0,8106 0,73 2,0751 0,4819
0,22 1,2461 0,8025 0,74 2,0959 0,4771
0,23 1,2586 0,7943 0,75 2,1170 0,4724
0,24 1,2712 0,7866 0,76 2,1383 0,4677
0,25 1,2840 0,7788 0,77 2,1598 0,4630
0,26 1,2969 07711 0,78 2,1815 0,4584
0,27 1,3100 0,7634 0,79 2,2034 0,4538
0,28 1,3231 0,7558 0,80 2,2255 0,4493
0,29 1,3364 0,7483 0,81 2,2479 0,4449
0,30 1,3499 0,7408 0,82 2,2705 0,4404
0,31 1,3634 0,7334 0,83 2,2933 0,4360
0,32 1,3771 0,7261 0,84 2,3164 0,4317
0,33 1,3910 0,7189 0,85 2,3396 0,4274
0,34 1,4049 0,718 0,86 2,3632 0,4232
0,35 1,4191 0,7047 0,87 2,3869 0,4190
0,36 1,4333 0,6977 0,88 2,4109 0,4148
0,37 1,4477 0.6907 0.89 2,4351 0,4107
0,38 1,4623 0,6839 0,90 2,4596 0,4066
0,39 1,4770 0.6771 0.91 2,4843 0,4025
0,40 1,4918 0.6703 0,92 2,5093 0,3985
0,41 1,5068 0.6637 0,93 2,5345 0,3946
0,42 1,5220 0,6570 0,94 2,5600 0,3906
0,43 1,5379 0,6305 0,95 2,5857 0,3867
0,44 1,5527 0,6440 0,96 2,6117 0,3829
0,45 1,5683 0,6376 0,97 2,6379 0,3791
0,46 1,5841 0.6313 0,98 2,6645 0,3753
0,47 1,6000 0,6250 0,99 2,6912 0,3716
0,48 1,6161 0,6188 1,00 2,7183 0,3679
0,49 1,6323 0.6126 1,01 2,7456 0,3642
0,50 1,6487 0,6065 1,02 2,7732 0,3606
0,51 1,6653 0,6005 1,03 2,8011 0,3570
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5,2070 0,1920
5,4739 0,1827
5,7546 0,1738

6.0496 0,1653
6,3598 0,1572
6,6859 0,1496
7.0287 0,1423
7.3891 0,1353
7,7679 0,1287
8.1662 0,1226
8,5849 0,1165
9,0250 0.1108
9.4877 0.1054

9,9742 0,10026
10,4860 | 0,09537
11,0230 | 0,09072
11,588 0.08629
12,182 0,08208
12,807 0,07808
13,464 0,07427
14,154 0,07065
14,880 0,06721
15,643 0,06393
16,445 0.06081
17,288 0.05784
18,174 0,05502
19,106 0.05234 -
20,086 0,04979
21,115 0.04736
22,198 0.04505
23,336 0,04285
24,533 0,04076
25,790 0.03877
27,113 0.03688
28,503 0.03508
29,964 0,03337
31,500 0,03175
33,115 0.03020
34.813 0.02872
36,598 0.02732
38.475 0,02599
40,447 0,02472
42,521 0,02352
44,701 0,02237
46,993 0.00128
49,402 0,02024
51,935 0,01925
54,598 0,01832
90,017 0,01111
148,410 | 0.00674




Oxonuanue

x & ex x & e
1,57 4,8066 0,2080 5,50 244,690 0,00409
1,58 4,8550 0,2060 6,00 403,430 0,002479
6,50 665,140 0,001503 8,50 4914,800 0,000203
7,00 1096,600 0,000912 9,00 8103,100 0,000123
7,50 1808,000 0,000558 9,50 13360,000 | 0,000075
8,00 2981,000 0,000335 10,00 22026,000 | 0,000045

+

7. Tabnnua 3HaveHHil raMma-yHKIHMH

I(x) = jrx_]e_'dl

0
x Ix) x T'(x) x r(x)

1,00 1,000 1,38 0,8885 1,77 0,9238
1,01 0,9943 1,39 . 0,8879 1,78 0,9262
1,02 0,9888 1,40 0,8873 1,79 0,9288
1,03 0,9835 1,41 0,8868 1,80 0,9314
1,04 0,9784 1,42 0,8864 1,81 0,9341
1,05 0,9735 1,43 0,8860 1,82 0,9368
1,06 0,9687 1,44 0,8858 1,83 0,9397
1,07 0,9642 1,45 0,8857 1,84 0,9426
1,08 0,9597 1,46 0,8856 1,85 0,9456
1,09 0,9555 1,47 0,8856 1,86 0,9487
1,10 0,9514 1,48 0,8857 1,87 0,9518
1,11 0,9474 1,49 0,8859 1,88 0,9551
1,12 0,9436 1,50 0,8862 1,89 0,9584
1,13 0,9399 1,51 0,8866 1,90 0,9618
1,14 0,9364 1,52 0,8870 1,91 0,9652
1,15 0,9330 1,53 0,8876 1,92 0,9688
1,16 0,9298 1,54 0,8882 1,93 0,9724
1,17 0,9267 1,55 0,8889 1,94 0,9761
1,18 0,9237 1,56 0,8896 1,95 0,9799
1,19 0,9209 1,57 0,8905 1,96 0,9837
1,20 0,9182 1,58 0,8914 1,97 0,9877
1,21 0,9156 1,59 0,8924 1,98 0,9917
1,22 0,9131 1,60 0,8935 1,99 0,9958
1,23 0,9108 1,61 0,8947 2,0 1,0000
1,24 0,9085 1,62 0.8959 25 1,3294
1,25 0,9064 1.63 0,8972 3,0 2,0000
1,26 0,9044 1,64 0,8986 3,5 3,3233
1,27 0,9025 1,65 0,9001 4,0 6,0000
1,28 0,9007 1,66 0,9016 4,5 11,632
1,29 0,8990 1,67 0,9033 5,0 24,000
1,30 0,8975 1,68 0,9050 55 52,342
1,31 0,8960 1,69 0,9068 6,0 120,000
1,32 0,8946 1,70 0,9086 6,6 287,88
1,33 0,8934 1,71 0,9106 7.0 270,00
1,34 0,8922 1,72 0,9126 7.5 1871,20
1,35 0,8912 1,73 0,9147 8,0 5040,00
1,36 0,8902 1,74 0,9168
1.37 0,8893 1,75 0,9191

1,76 0,9214
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8. Kpurueckue Touku pacnpenenenus CrbroneHTa

Yucno cre- YpoBeHb 3HAYMMOCTH @ (IBYCTOPOHHAA KpHTHYecKas obnacTb) -
neHel cpo-

Gonbi & 0,10 0,05 0,02 0,01 0,002 0,001
| 6,31 12,7 31,82 63,7 318,3 637,0
2 2,92 4,30 6,97 9,92 22,33 31,6
3 2,35 3,18 4,54 5,84 10,22 12,9
4 2,13 2,78 3,75 4,60 7,17 8,61
5 2,01 2,57 3,37 4,03 5,89 6,86
6 1,94 2,45 3,14 3,71 5.21 5,96
7 1,89 2,36 3,00 3,50 4,79 5,40
8 1,86 2,31 2,90 3,36 4,50 5,04
9 1,83 2,26 2,82 3,25 4,30 4,78

10 1,81 2,23 2,76 3,17 4,14 4,59
11 1,80 2,20 2,72 3,n 4,03 4,44
12 1,78 2,18 2,68 3,05 3,93 4,32
13 1,77 2,16 2,65 3,01 3,85 4,22
14 1,76 2,14 2,62 2,98 3,79 4,14
15 1,75 2,13 2,60 2,95 3,73 4,07
16 1,75 2,12 2,58 2,92 3,69 4,01
17 1,74 2,11 2,57 2,90 3,65 3,96
18 1,73 2,10 2,55 2,88 3,61 3,92
19 1,73 2,09 2,54 2,86 3,58 3,88
20 1,73 2,09 2,53 2,85 3,55 3,85
21 1,72 2,08 2,52 2,83 3,53 3,82
22 1,72 2,07 2,51 2.82 3,51 3,79
23 1,71 2,07 2,50 2,81 3,49 3,77
24 1,71 2,06 2,49 2,80 3,47 3,74
25 1,71 2,06 2,49 2,79 3,45 3,72
26 1,71 2.06 2,48 2,78 3,44 3.1
27 1,71 2,05 2,47 2,77 3.42 3,69
28 1,70 205 2,46 2,76 3,40 3,66
29 1,70 2,05 2,46 2,76 3.40 3,66
30 1,70 2,04 2,46 2,75 3,39 3,65
40 1,68 2,02 2,42 2,70 3.3 3.55
60 1,67 2,00 2,39 2,66 3,23 3,46
120 1,66 1,98 2,36 2,62 3.17 3,37
0 1,64 1.96 2,33 2,58 3.09 3,29
- 0,05 0,025 0.01 0,005 0.001 0,0005
- ¥YpoBeHb 3HAYMMOCTH «« (OLHOCTOPOHHAA KPHTHYECKasA 061acTb)
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9. Tabauna sHavennit g = q(y, n)

Y| 095 | 099 | 0999 (1N Y| 095 | 099 | 0999
5 1,37 2,67 5,64 20 0,37 0,58 0,88
6 1,09 2,01 3,88 25 0,32 0,49 0,73
7 0,92 1,62 2,98 30 0,28 0,43 0,63
8 0,80 1,38 2,42 35 0,26 0,38 0,56
9 0,71 1,20 2,06 40 0,24 0,35 0,50

10 0,65 1,08 1,80 45 0,22 0,32 0,46
11 0,59 0,98 1,60 50 0,21 0,30 0,43
12 0,55 0,90 1,45 60 0,188 0,269 0,38
13 0,52 0,83 1,33 70 0,174 | 0,245 0,34
14 0,48 0,78 1,23 80 0,161 | 0,226 0,31
15 0,46 0,73 1,15 90 0,151 | 0,211 0,29
16 0,44 0,70 1,07 100 0,143 | 0,198 0,27
17 0,42 0,66 1,01 150 0,115 | 0,160 | 0,211
18 0,40 0,63 0,96 200 0,099 | 0,136 | 0,185
19 0,39 0,60 0,92 250 0,089 | 0,120 | 0,162
2
10. Kprnyeckue ToukH pacnpeneienus ITupcona y
Yucno cre- YpoBeHb 3HAYHMOCTH O
neHewn cso-
6on: k 0,01 0,025 0,05 0.95 0.975 0,89
1 6,6 5,0 3,8 | 0,0039 | 0,00098 0,00016
2 9,2 7,4 6,0 | 0,103 0,051 0.020
3 11,3 9,4 7.8 ]0,352 0,216 0,115
4 13,3 11,1 9,5 0,711 0,484 0.297
5 15,1 12,8 1,1 | 1L1s 0,831 0,554
6 16,8 14,4 12,6 | 1,64 1,24 0,872
7 18,5 16,0 14,1 | 2,17 1,69 1,24
8 20,1 17,5 155 | 2,73 2,18 1,65
9 21,7 19,0 16,9 | 3,33 2,70 2.09
10 23,2 20,5 18,3 | 3,94 3,25 2.56
11 24,7 21,9 19,7 | 4,57 3,82 3,05
12 26,2 23,3 21,0 | 523 4,40 3,57
13 27,7 24,7 224 | 589 5,01 4,11
14 29,1 26,1 23,7 | 6,57 5,63 4,66
15 30,6 27,5 250 | 7,26 6.26 523
16 32,0 28,8 26,3 7,96 6,91 5.81
17 33,4 30,2 27,6 | 8,67 7,56 6.41
18 34,8 31,5 289 |9,39 8,23 7,01
19 36,2 32,9 30,1 |10,1 8,91 7.63
20 37,6 34,2 314|109 9,59 8.26
21 38,9 35,5 32,7 |16 10,3 8.90
22 40,3 36,8 33,9 [12.3 11,0 9.54
23 41,6 38,1 35,2 |13,1 11,7 10.2
24 43,0 39,4 364 [13.8 12,4 0.9
25 44,3 40,6 37,7 146 13,1 11,5
26 45,6 41,9 38,9 1154 13,8 12.2
27 47,0 432 40,1 [16,2 14,6 12,9
28 48,3 44,5 41,3 |16,9 15,3 13.6
29 49,6 45,7 426 (17,7 16,0 143
30 50,9 47,0 438 [18,5 16,8 15,0
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11. TaGauua 3naqenmii pyHkuun Konmoropoea

+o0
o) = Y (e

k= -0

¥posenb3Haun- | 0,25 1 0,20 { 0,10 | 0,05 | 0,02 | 0,01 (0,005 [0,001
MOCTH ¢

P(h,) = 1-q | 075 | 0.80 [ 050 [ 0.95 | 0,98 [ 0,99 [0,995 [0.999

;\Kp 102 [ LO7 | 1,22 | 1,36 | 1,52 | 1,63 (1,73 |L,95

12. Kontposabhas paGora «Teopus seposTHocTeit» (2 4yaca)

Pewiuth cneayloiive 3ana4yu.

1

1.1. M3 20 6unetos noTepeur BLIMIpLIWHBIMK siBasioTes 5. Haiitu Be-
POSTHOCTb TOrO, 4TO B3ATHIE Haynauy 4 6MiaeTa — BLIMIPHILLHBIE.

1.2. U3 25 6uneroB, NpoHYMepOBaHHLIX YUCHaMK oT | o 25, Hayran
BoIHMMAIKOT onMH. HaitTH BepOsSITHOCTL TOrO, YTO HOMEP M3BJIEYEHHOTO
Gunera ecTb YMCIO, He feaalleecHd HU Ha 2, HU Ha 3, HA Ha 5.

1.3. 3a BHINONHEHHE KOHTPONbHOI paboThl 24 CTyNeHTa MOAYYMIH
clleayloLIHe OLUEHKH: 8 CTYNEHTOB — «OTAMYHO», 6 — «xopowio», 6 —
«YIOBNETBOPUTENBHO», 4 — «HeyaoBneTBOpUTeNnbHO». HaiiTH BeposT-
HOCTb TOro, YTo paboTa Hayran B3fiTOro CTYAEHTa OLEHEHA MONOXHU-
TENbHO.

L.4. Ton6pocunu 3 MoHeTsl. HaliTi BeposTHOCTL TOTO, YTO XOTS bl
ONWH pa3 BeIna repb.

L.5. lecturoMHoe cobpaHue couMHeHMIT pacnonoxeHo Ha MoJKe B
chyyaiiHoM nopsiake. HaiiTH BeposSiTHOCTL TOTO, 4TO 1Ba ONpPENENEHHbIX
TOMa OKaXYTCA MOCTABAEHHLIMH PALOM.

1.6. B ypHe 5 wiapoB: KpacHbiit, XeNThbil, CHHHI, 3eNeHbii M Bebii.
CrnyuaitHbiM 06pa3oM ux BBIHMMAaKOT U3 ypHbl. Haiiti BeposTHOCTL TOTO,
4YTO OHH OynyT U3BJleUeHbl B ClienyoueM nopsaiake: Oenwiit, CHHUIA, Xe-
Thil, KpaCHHI#t, 3eNEeHBIN.

1.7. Kaptouku paspe3Hoii azbyku, cocrosiueit n3 33 6yke pyccKoro
angapHTa, TIATE/BHO NEPEMELIKMBAIOT U CNyuaiHBIM 06pa3oM U3BneKa-
toT 7 kaprouek. HaiiTh BepoATHOCTL TOro, 4TO BYKBH Ha KapTouKax, pa3s-
JIOXEHHBIX B NOPSUIKE H3BNEYEHHS, 06pa 3yI0T C10BO «TEXHHKA».
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1.8. B aBTobyce 4 naccaxupa. HaitTu BeposTHOCTB TOrO, YTO Ha Yye-
ThIPEX OCTABLIMXCS /10 KOHEUHOI OCTaHOBKax OyeT BLIXOIMTh M0 OAHO-
MYy YeNOBEKY, €CNH KaXIblil M3 MaccaXHpoB C paBHON BEPOATHOCTHIO
MOXET BBHIIMTH Ha N060it ocTaHOBKe.

1.9. 3enuTHan GaTapes, cocTosilas U3 TPEX OpyAUii, BEAET OrOHbL Mo
nByM camoneraMm. Kaxmooe opynve BuiGMpaeT Lens cnydaifHO M HezaBU-
cMo OT apyrux. HaiiTh BeposiTHOCTb TOTO, 4TO Bce opyaust GynyT cTpe-
NATHL MO OIHOK M TOM Xe€ Lenu.

1.10. M3 10 neraneii, HaxoasWMXcH B AlLMKe, 8 ctaHgapTHEIX. HaliTh
BEPOSTHOCTb TOTO, YTO M3 6 Hayraf B3ATbIX JeTaneil 4 OKaXyTcs CTaH-
JAPTHLIMH.

1.11. B waxmMaTHOM TypHHpe y4acTBYIOT 18 uenoBek, KOTOPHIX NO
Xpebuio pacnpenensioT B ABe Fpynnbt no 9 yenoek. Haiitn Bepost-
HOCTb TOTO, 4TO ABa Haubonee CUNbHBIX LWaxMaTHcTa BynyT UTpaTh B
pa3HbIX rpynmnax.

1.12. [ins npoBepkKH lIECTH MarasMHOB cnyyailHeiM o6Gpa3om pac-
npenensioT Tpex peBu3opoB. HaiiTH BepoATHOCTbL TOTO, UTO Kaxblii pe-
BH30p GyAeT NpoeepsTh ABa Mara3uMHa.

1.13. B cryneHuecko# rpynne u3 20 yenoBeK K NMpakTUYECKOMY 3a-
HsATHIO roToBl 18 yenosek. [Npenonasarenb BuI3BaN YETHIPEX CTYAEHTOB.
HaiiTi BepOSTHOCTE TOTO, YTO OHU MOATOTOBAEHLI K 3aHATHIO.

1.14. Ha cemMu OnIMHAKOBBLIX KApTOYKaX 3arMcaHbi CleqyoLHe YHC-
na: 2, 4,7, 8, 12, 13, 15. Hayran 6epyT nee Kaprouku. Haiit BeposT-
HOCTb TOTO, Y4TO 06pa3oBaHHa% M3 NBYX MONMYYeHHLIX Yucen Apobb co-
KpaTHMa.

1.15. B 6purane paGotaeT 10 My>XuunH u 6 xeHuuH. ITo TabenbHbiM
HOMepaM Hayraja oTobpaHil 8 uenopek. HailT BeposiTHOCTb TOrO, YTO
CpenH HHX OKaXYTCH 2 KEeHIUMHBIL.

1.16. B norepee 1000 6uneros. Ha onun 6uneT namaeT BLIMIPHILI
100 p., Ha 4 6uneta — 50 p., Ha 135 GuneToB — no 30 p., Ha 100 6uneros —
no 10 p. u Ha 160 — no 5 p. OcTansHble GuneTs — Gea puinrpuiwa. Haiitu
BEPOATHOCTH BLIMIPhILLIA 110 OAHOMY GueTy He Menee 10 p.

1.17. MonSpocuau nBe urpanbHbie Koct. HaiiTh BeposiTHOCTB Toro,
4TO CYMMa BHIMABLUWX OYKOB KpaTHa 2.

1.18. Janw uensie yrcna ot 11 go 19. HaiTi BepoaTHOCTb TOrO, 4TO
KBafpaT Hayraj B3fiTOrO YHC/Ia OKAHYHMBAETCH UMPPOi «b».

1.19. YyacTHHKM XepebObeBKM TAHYT M3 ALLMKA XETOHL! C HOMepamMy
ot | no 200. HaitTi BepOATHOCTL TOTO, YTO HOMEp MEPBOTO M3BJIEYEHHO-
ro XeToHa He coaepXuT Uudpy «7».

1.20. Jiudr ornpasasieTcs ¢ TpeMs NaccaxupaMH M OCTaHaBIHBaET-
csl Ha BocbMH 3Taxax. HaiiTu BeposiTHoCTb TOrO, Y4TO HHKaKHKe OBa nac-
CaxHpa He BbilioyT Ha OIHOM M TOM € 3Taxe.
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1.21. B rpynne 15 cTyneHTOB, cpeau KOTOPLIX 4 MOAYYAKOT MOBbI-
weHHyw ctunenauio. Io cnucky Hayran otobpano 6 yenosek. Haiitu
BEPOATHOCTb TOFO, YTO TPOE CPENH HMUX MOMYHAIT MOBLILLIEHHYIO CTH-
NeHaunIo.

1.22. Y c6opuuka 12 ogHoTMNHEIX metaneit. M3 HMX 6 — nepBoro
copta, 4 — BTOpOro, 2 — Tpethero copta. Hayran oro6pano 8 neraneii.
Haiitu BepostHocTs Toro, uTo cpeiu otobpaHHbIX AeTaneii 4 — nepBoro
copTa, 3 — BTOPOFO M OIHA — TPETLETO.

1.23. M3 30 kaprouek ¢ BykBamu andaBuTa Hayraf BuGHpaloT 3 M
pack/afbIBalOT MX B nopsanke u3sneyeHus. Haiitu BeposTHOCTL TOTO,
4TO 3TH TPH KApTOUKM 06Pa3yIoT COBO « MHpP».

1.24. B ypHe 24 wapa, u3 Hux 18 kpacHuix u 6 yepnuix. Hayrag uz-
BIEeKIM ABa wapa. HaiiTh BeposaTHOCTb TOro, 4TO 06a Lapa — YepHbIe.

1.25. Ha cknane umeeTcsi 18 3anacHbIX netaieii, H3roTOBIEHHBIX Ha
3apome Ne 1, u 20 netaneit, M3roToBneHHBIX Ha 3apofe Ne 2, HaiiTu Bepo-
SITHOCTb TOTO, YTO Cpeau 6 B3ATHIX Hayran neTaneil Bce OKaXKyTCsl M3ro-
TOBJEHHBIMM Ha 3aBoze No 2,

1.26. U3 8 kuur, HaxonsILMXCcs Ha noJike, 6 yueGHuKoB. Haiiti Be-
POSTHOCTB TOTO, YTO B3fiThie Hayraa 3 KHUru ByayT yueGHMKaMHU.

1.27. Ha wecTtH 0OMHAKOBBIX KapTOYKaXx 3anucaHsbl yucna: 2,4, 7, 8,
11, 12. Hayran 6epyT npe kaptouku. HaiiTu BepositHocTb Toro, 4to 06-
pa3oBaHHas M3 IABYX MONYy4YeHHBIX YKcen pobb — cOKpaTHMas,

1.28. B ypHe 10 kpacHbIX 1 5 cuHux wapos. HalTu BepoATHOCTL TO-
T0, YTO W3 6 B3STBIX HAYraj IIAPDOB NONOBHMHA KPaCHBIX.

1.29. 12 BoneitBonbHbIX KOMaHa pa3buTH 110 XpeGuIo Ha ABe paBHbLie
noarpynnsl. HaliTH BeposSTHOCTDb TOTO, YTO [BE CamMbie cabbie KOMaHAb!
OKaXyTcsi B OfiHo#t rpynne. i

1.30. Konona m3 36 kapT npousBoNbHLIM 06pa3oM [eauTcsl Mormno-
naM. HalTH BeposTHOCTL TOFO, YTO B KaX10ii nonosuxe Gyner no 2 Ty3a.

2

2.1. 1Boe paGouux M3roTaBIMBaloT AeTaiu. BepositHocTs Toro, urto
OeTalib, H3roTOBEHHas NMepBLIM pabounM, — BEICILErO KayecTBa, paBHa
0,9, BropbiM pabounm — 0,8. ¥ kaxaoro pabouero B3sinu no ABe geTalu.
HaitTH BepOSTHOCTb TOrO, YTO: a) Xo0Ts Obl OfIHA NeTalb — BLICLUETO Ka-
yecTBa; 6) He MeHee Tpex NeTaNeit BLHICILIEro KauecTea.

2.2. Ha ctpensbuue 10 MMwIeHei nepeoro THnNa 1 15 MueHeit Bro-
poro TMna. BeposTHoCTb nopaxeHWs MHWEHHU MepBOro THMa paBHa
0.75, a MuweHu Broporo Tuna — 0,9. HaiiTh BepOsSTHOCTL TOTO, YTO:
a) OyzneT nopaxeHa Hayrad BelOpaHHas MULLeHb; §) eclTM MHILIEHb NOpa-
KeHa, TO BLICTPEN NMPOU3IBOAKICA NO MULLEHH BTOPOrO THIA.
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2.3. Pabouuit o6cnyxuBaet 3 ctaHka. BepositHocThk TOTO, UTO NMep-
Bblif CTAHOK B TeYeHHE CMEHBI He NoTpeByeT ero BHMMaHus, paBHa 0,9, Bro-
poit — 0,7, tpetuit — 0,25. HaiiTH BEpOsITHOCTE TOTO, UTO B TEUEHHE CME-
Hbl BHUMaHHWs pabouero notpedbyloT: a) XxoTa 66l OAMH cTaHOK; 6) He Go-
Jie€ OByX CTaHKOB.

2.4. Ipa 3aBona BeINycKaloT TesieBU3opH. [lepBulii U3 HMX menaeT
70 % Bce nponykuuu, Bropoit — 30 %, npuuem 90 % npoaykuuu neppo-
ro 3aBofia u 85 % Broporo — BhicLiero Kauecrea. a) Haiitu BeposiTHocTh
TOrO, 4YTO Hayral B3STbI TeNeBM3OpD — BLICIUETO KayecTsa.
6) BribpaHHbIii Hayras TeneBU30p OKa3salcs Bhicllero kauecTea. Kakosa
BEPOATHOCTbL TOTO, YTO OH M3rOTOB/IEH Ha NEPBOM 3aBofe?

2.5. Tlo oaHO# U TOMH XKe MULIEHH MPOH3BOOAT MO OOHOMY BHCTpe-
ny ¢ aucraduMii B 1000, 800 1 500 M. BepoaTHOCTH nonagaHms ¢ Kax-
[I0#i QMCTAaHUMMK paBHBI coorBetcTBeHHo 0,8; 0,7; 0,6. Haiitit BeposT-
HOCTb TOTO, YTO NPOM30MHIET: a) XOTst OBl OAHO NMomnafaHue; 0) He MeHee
JBYX MOMNalaHHiA.

2.6. B nepBoii Gpurane 5 paboumx UMeIOT cTaX paboThl OT OIHOTO ro-
Ja 1o Tpex net, 7 pabounx — oT Tpex 10 nATH JeT U 4 paboynx — cBhille
5 net. Bo propoii Gpurage 6 paGounx MMeT cTaX OT OAHOTO roga A0
Tpex jet, 3 pabouux — oT Tpex Ao NATH NeT U 5 paGoyux — cBhille NATH
net. U3 nepBoii 6puraabl Bo BTOpylo nepeBeaeH oAHH pabouuii. Haittu
BEPOSATHOCTb TOrO, YTO HAYTal B3SITHI M3 HOBOTO COCTaBa BTOpOii Gpu-
raabl paboyMii UMeeT CTax MeHee TATH JieT.

2.7. HagexHocTb aBTOMOGHNS, cOBPAaHHOTO M3 BHICOKOKA4YeCTBEH-
HbIX OeTanei, papHa 0,95, Ecnu aBromobunb cobupaloT U3 metaneii ce-
PHITHOIO MPOM3BOACTBA, €r0 HaneXHOCTL paBHa 0,6. BricokokayecTBeH-
Hble netanu coctasasioT 30 % obwero uncna netaneii. a) Hakitu sepoat-
HOCTB TOFO, 4TO Hayraj B3AThlil aBToMo6HIL 6e30TKa3HO npopaboTaeT B
TeyeHHe YCTAHOBIEHHOTO BpeMeHU. 6) ABToMOOMIIL Be30TKa3Ho rpopa-
GoTan B TeueHHe yKazaHHoro BpemeHM. HaiiTu BeposTHOCTB TOrO, 4TO
OH cobpaH U3 BLICOKOKAYeCTBEHHBIX AeTalei.

2.8. BeposstHocTH nsaTuneTHe# cnyx6bl Kaxaol M3 Tpex AeTanei
MexaHHM3Ma paBHbl cooTBetcTBeHHO (,4; 0,6; 0,8. HaitTu BeposTHOCTD
TOrO, YTO MATL JIET MPOCNYXAT: a) He MeHee IBYX aeTaneil; 6) xoTa Gbl
OflHa JleTaNb.

2.9. B siumkax Ne | u Ne 2 nexxat oHOpOOHLIE AETANH IBYX COPTOB:
B nepBoM umeetcs 10 netaneii nepsoro v 18 metaneit Broporo copta, a Bo
BTropoM — 11 neraneit nepporo u 13 neraneit Broporo copra. M3 swmka
Ne | nepenoxeHo B AwMK Ne 2 npe nevand. Haitt BeposTHOCTL TOrO,
4TO IBe NeTalu, B3ATHIE MOCHE ITOro Hayraa u3 swrka Ne |, 6ynyt nep-
BOTO COpTa.
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2.10. B rpynne 13 20 cTyneHTOB LieCTEPO MOATOTOB/IEHH K 9K3aMEHY
OTIMYHO, MATEPO — XOPOILLO, OCTANIbHbIE — YIOBIETBOpHTENbHO. OTIMY-
HO MOAroTOBAEHHBIH CTYIEHT MOXET OTBETHTL Ha Bce 30 Borpocos, Xo-
poLIO MOAroTOBJEHHbIN — Ha 24 Bonpoca, YIOBAETBOPHTENLHO MNOATO-
ToBNeHHKI — Ha 12. a) HaiiTH BeposTHOCTB TOro, YTO NEpBHIit BLI3BAH-
HBIl CTyIEeHT OTBETHMT Ha JMiobuie 2 Bonpoca. 6) CTyaeHT OTBETHN Ha
2 Bonpoca. HaliTH BepoATHOCTL TOro, iTO OH MOATOTOBJEH YIOBNETBO~
PHTENBHO.

2.11. BeposTHOCTH NMONOMOK Ha NepBOi, BTOPOi U TpeTbeil coequ-
HUTENbHBIX TMHHUAX paBHBLL cooTBeTcTBeHHO 0 09, 0,07; 0,1. HaiiTk Be-
POSITHOCTHL TOTO, YTO: a) XoTsi 6Bl OfHa JIMH 18 HUcnpaBHa; 6) He Gonee
IBYX THHUH UCMPaBHbI.

2.12. B nepgoii 6purane 8 pabounx umeto repusblii paspaa u 6 pabo-
4YuX — BTOpOi pa3psan. Bo Bropo# 6purane 5 paGounx MMeT NepBHi
pa3psn v 5 pabounx — Bropoit. M3 nepeoit 6puraabl BO BTOPYIO Nepese-
neHbl aBoe pabounx. Halty BepositHOCTb TOrO, YTO ABOE paboumx, Ha-
yraj B3STHIX W3 HOBOTO COCTaBa BTOPOi GpuUrambl, UMEIOT NMepBLIil pa3-
paL.

2.13. 1ng cUrHaaM3alMMu O TOM, YTo PeXHM paboThl aBTOMaTHYyec-
KO IMHUM OTKJIOHNIETCH OT HOPManbHOro, UCMOAL3YETCA UHAMKATOP.
OH npuHaanexur ¢ seposTHocTaMH 0,5, 0,2 1 0,3 K 0O1HOMY M3 Tpex TH-
no.. [11st KaX10ro TUNa MHAMKATOpPa BEPOATHOCTH NOJaYH CUTHAaa NpH
HapylweHHU HOpManbHOH paboTbl TMHHK paBHbl cooTBeTcTBeHHO (1,9;
0,8; 0,6. a) HaiiTu BEpPOATHOCTbH MOAYYEHHs CHUrHaTa OT MHIMKATOPA.
6) OT MHauKaTOpa nonyyeH curHail. HaiTH BepOSTHOCTD TOrO, YTO HH-
IUKaTOp — MEpPBOro THMa.

2.14. Ctpenok npou3ssen 3 BelCTpea MO yoansioweics oT HEro Mu-
IIEHHW, MPHUYEM BEPOATHOCTH MONAMAHMA B LiEAb B Hayalle CTpelbObl
paBHa 0,9, a nocne Kaxaoro sbicTpena ymeHbluaetcs Ha 0,2. Haiitu Be-
POSITHOCTb MoMnagaHus B MULIEHb: a) XOTst Obl OIMH pa3; 6) He MeHee
NBYX pa3.

2.15. B nepBoM uexe 2 cTaHKa OblAM K 3KCMJIyaTaUMu [STb JIET,
3 craHKa — yeThlpe rofia M 5 cTaHKOB — MeHee Tpex jieT. Bo BTopoM Liexe
3 ctaHKa npopaboTanu NsTh €T, 3 cTaHKa — YeTbipe roaa U 6 cTaHkos —
MeHee Tpex JeT. [Tocne peKoHCTPYKLUKMKW OOWH M3 CTAaHKOB Liexa Ne 2 oka-
3ancs B Luexe Ne 1. HaiiTu BeposiTHOCTB TOro, YTO KaXIblii U3 IBYX CTaH-
KOB, BbIOpaHHBIX Hayran B Lexe Ne | noc/ie peKOHCTPYKLIMH, Npopabo-
Taji He MeHee Tpex JIeT.

2.16. BeposTHocTH nooknwyveHust aboHeHTa K Kaxaoi U3 Tpex ATC
paBHbl cooTBeTcTBEHHO 0,2; 0,4; 0,4. BeposiTHOCTE coeintHeHUst aGOHEH -
TOB B cilyyae noaknioueHus A1 nepeoid ATC — 0,25, ans Bropoii — 0,4,
mas tpetbeit — 0,35. a) Hailti BeposiTHOCTb coedMHEHUst aBOHEHTOB.
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6) CoenuHeHue npousowuno. Haiitu BepoaTHOCTL TOrO, YTO NOAKIIOYH-
nack Tpetbst ATC. .

2.17. Ox3aMeHaUMOHHBII OUNeT conepXHT Tpu Bonpoca. Beposit-
HOCTb TOTO, YTO CTYIEHT OTBETUT Ha NepBHIi Bonpoc, paBHa 0,9, Ha BTO-
poit — 0,85, Ha tperuii — 0,8. HaliTH BeposiTHOCTB TOrO, YTO CTYAEHT OT-
BETHUT: a) X0Ts Gl Ha IBa Bornpoca; 6) He MeHee YeM Ha [1Ba BOMpoca.

2.18. B otnene A MHCTHTYTA paboOTalOT 5 MHXEHEPOB M 3 cTapLinX
HHXeHepa, a B oTaene B — 8 MHXeHepoB M 2 cTapLuMx MHXeHepa. M3 oT-
pena A B otnen B nepesenu ogHoro cotpyniuka. Haiitu BepostHocTb
Toro, 4ro 3 coTpynHuKa, Hayraj BbiGpaHHbLIE K3 HOBOIO COCTaBa OTIeNa
A, ABASIIOTCH CTAPLIMMH MHXEHEPaMH.

2.19. Ha koHBeiiep MOCTYNaloT OAMHAKOBHIE IETAIU CO CTAHKOBA H
B. BeposTHocTb Gpaka 0ns ctaHKa A paeHa 0,06, ons cranka B — 0,02.
Co cranka A noctynaet B 4 pa3sa Gonblue netaneii, 4eM co crtaHka B.
a) HaiiTi BepOSITHOCTb TOTO, YTO B3sTasi Hayraf Aetanb Gyner craHaapT-
Hoii. 6) BasTas Hayran netans okasanachk cTaHmapTHoi. Haiitu sepost-
HOCTb TOTO, TO OHa MOCTYMNHIIA CO CTaHKa A.

2.20. B nepeoii kopo6ke u3 10 neraneit 3 GpakoBaHHbLIE, a BO BTOPOi
u3 14 — 5 GpakoBaHHbIX. M3 BTOPO#t KOPOOKH B NMEPBYIO MEPENOXHIH IBE
nmetanu. HaliTi BepoSTHOCTL TOTO, YTO [iBE AETANTH, B3ATHIE NOCNE 3TOrO
Hayranm u3 nepBoit KopobkH, OynyT 6pakOBaHHBIMKH. -

2.21. BeposTHOCTb NOBPEXIEHHS W3AECAUA NPU MOTPY3Ke HA aBTO-
MaliKHy paeHa 0,04, npu TpaHcnopTHpoBKe Ha MawiuMHe — 0,02, a npu
pa3rpy3ke — 0,01. HaiiTi BepOATHOCTb IOCTABKU W3AETHA: a) C MOBPEX-
NeHHeM XoTs Obl No OKHOM U3 yKa3aHHbIX NpUYKH; 6) ¢ noBpexaeHueM
BC/IEACTBHE OBYX MPHUYMH,

2.22. BepoSTHOCTL MOBPEXAEHMA 3NEKTPOIMHUM Ha yuyacTke C)
npoTAXeHHOCThI0 8 KM paBHa 0,3, Ha yuactke Cy NPOTSIXEHHOCTHIO
11 kM — 0,2, Ha yyacTKe C3 npoTsixkeHHocThlo 6 kM — 0,15. a) Haiiti se-
POATHOCTb MOBPEXAeHUst INeKTPOTHHHKH. 6) [Ipousouuto nospexiaeHue
3/1eKTPOIHHHK. HaliTH BepOATHOCTB TOTO, YTO 3TO MOBpPEXIEHHE — Ha
yyactke Cj.

2.23. B neproit 6purame Tokapeil 2 paGouynx UMEIOT NepBbiil paspsan,
2 paGoumx — Bropoil U 5 pabounux — uderBeptuiii. Bo BTOpOIt Gpurane
OIMH TOKapb MMeeT NepBHIt pa3psid, 4 TOKapsd — TPeTHi M 2 TOKaps —
yeTBepThiil. M3 nepeoit 6puraasl Bo BTOpPYIO MepeBeleH ONWHH TOKaphb.
HaiiTn BeposiTHOCTB TOrO, uTO pabounii, Hayraa BeIGpaHHBIM U3 HOBOTO
_cocTaBa BTOpoii 6puransl, MMeeT pa3psj He MeHee BTOPOTO.

2.24. Tpu snexTpUYecKHe NAMMOYKH, IBE U3 KOTOPLIX COEAMHEHDI
napauie/ibHO, a TPETbS C NEPBLIMM ABYMS MOCIEN0BATENBHO, BKJIKUEHBI
B Lenb. BeposiTHOCTE TOrO, 4TO N0Gas NaMMoyKa MEPeropmT, eciu Ha-
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MpsiXeHHe B CETH NPEBLICUT HOMUHanbHOe, pasHa 0,5. Haiitu BeposiT-
HOCTb TOTO, YTO MPH MOBLILWEHWH HAMPSXEHUS: @) NEPErOPUT HE MeHee
NBYX NaMrnoyek; 6) neperoput Xots 66 OHa NaMIiouKa.

2.25. iMeeTcs TpU 0OMHAKOBbIE YPHbI, B MEPBOIt M3 KOTOPBLIX 5 3e-
NeHbIX U 3 CHHHX Lapa, Bo BTOpOil — 2 3eneHbIX U 4 CHHHUX LWiapa, B
TpeTbeil — | 3eneHnblit U 3 cMHUX. a) HailiTH BepoATHOCTb TOTO, YTO
wiap, B3ATHIA U3 Hayraa BLIOpaHHOM ypHBI, 6yaeT 3eneHbiM. 6) Hayran
B3fITHIiA Wap oKasancs seneHbiM. Halt Ty BEposSTHOCTB TOro, 4TO OH U3
nepBoil ypHHI.

2.26. M3 20 pagvonamn nepsoit naptuu 12 UMEIOT CPOK FONHOCTH OT
L[ecsATH MecsileB [0 roja, 5 — o7 roga Ao MojyTopa JeT, a OCTalbHBE —
oT nonytopa fio Asyx net. Bo Bropoit napruu u3 18 paguonamn [0 umeror
CPOK FOAHOCTH OT AECATH MECSILIEB 110 roJa, 5 — OT rofa Ao noayTopa JieT
Y OCTaJIbHLIE — OT MoJlyTopa Ao AByX jieT. U3 neproii naptuu Bo BTOpYIO
nepenoxeHa ogHa namna. HaitTH BepoATHOCTb TOTO, YTO ABE JAMITH, Ha-
yran B3fAThle MMOCJe 3TOr0 M3 NepBoif NapTUM, UMEIOT CPOK FOAHOCTH
CBHILLE rofa.

2.27. M3 Tpex opynuit npouseenu 3ann no ueau. BeposTHocTb nona-
IAHMS B LieNb U3 nepeoro opyaus paeua 0,7, us sroporo — 0,9 1 U3 Tpe-
Tbero — 0,8. HaiiTi BeposiTHOCTDb TOTO, 4TO: @) XOTA Obl OAMH CHAPA MO~
nazet B Leib; 6) He MeHee ABYX CHApsIOB NOManyT B LEb.

2.28. Ipanuath NsTh 3K3aMeHALMOHHLIX BHIETOB conepXat Mo asa
HernoBTopsilolmuxcs Bonpoca. CTyneHT MOXeT OTBETHUTL TONLKO Ha
40 ponpocos. a) HaiiTH BeposITHOCTL TOro, YTO 3K3aMeH OyneT ciaH, ec-
NY LA 3TOTO JOCTAaTOYHO OTBETHTH Ha fIBa BOIIpoca M3 ogHoro Ounera
MY Ha OWH BOMpPOC U3 oAHoro Guieta U Ha NOMOJHUTENLHEI BOMpoC
u3 gpyroro 6unera. 6) CryneHT caan a3k3ameH. Haiit BeposTHOCTL Toro,
4YTO OH OTBETHUN Ha 06a Bonpoca GuneTa.

2.29. B neproii naGopatopuu 2 nabopaHTta MMeIOT CTaX paboThl CBLI-
e necsaTy JieT, 4 n1aGopaHTa — OT MATH 10 AECATH JleT U 4 nabopaHTa —
MeHee nsiti aet. Bo Bropoit naGopatopuu onmH 1a60paHT UMeeT CTax
MeHee MATH NeT, 4 nabopaHTa — OT OATH 1O NECATH JIeT K 3 abopaHTa —
cebille gecsty net. M3 neppoil naGopatopuu BO BTOpyiO MepeBeleH
oauH nabopaHT. HaliTH BepoATHOCTL TOro, 4to nabopaHT, Hayraa Bbi-
OpaHHbIA M3 HOBOrO COCTaBa BTOpO# NabopaTOpUK, UMEET CTaX He Me-
Hee MATH JIeT.

2.30. B onHoM M3 uexoB 3aBona UMeetcs 3 Tenedona. BepositHocTi
3AHATOCTH KaX/0T0 M3 HMX paBHbl cooTBeTcTBeHHO (0,2; 0,1; 0,3. Haiitu
BEPOATHOCTE TOTO, 4TO: a) XO0TA Obl OIMH U3 Tene¢oHOB cBObOEH; §) He
MeHee ABYX TenehOHOB 3aHATLI.
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3.1. Cpeawu BbipaGarbiBaeMbIX paboyuM neTaneit B cpentem 3 % Gpa-
KoBaHHbIX. HaiiTH BEpOAITHOCTb TOTO, YTO CPEAM B3ATHIX HAYram LWIECTH
netaneil: a) Tpu 6GpakoBaHHbie; 6) He bosee Tpex 6pakoBaHHBIX.

3.2. BeposiTHOCTb IopaXKeHHs MULIEHHU TpH Kax1oM BeICTpENe paB-
Ha 0,9. Haiitu BepositHOCTb TOro, YTO fpM 5 BeICTpeNnax MULUEHEL GyneT
nopaxeHa.

3.3. Ha kaxasie 25 rnpu6opoB [pUXOOHTCA B CPEAHEM 5 HETOUHBIX.
Ornpenenuts HavBepOSITHEMIlEE YMCIO TOYHBIX NMPUGOPOB M3 Hayran
B3ATHIX LWecTH MpHOopOB.

3.4. MawmnHa-3K3amMeHaTOp coaepXHT 12 BOMPOCoB, Ha KaxXablil U3
KOTOpBIX Mpennaraetcs 4 BapyaHTa oTBeTOB. [lonoXuTeNbHasi oueHKa
BBLICTaB/ISETCA MAlIMHON B TOM cjlydae, KOraa 3K3aMeHYIOLLMIcs npa-
BUJILHO OTBETUT He MeHee yeM Ha 10 Borpocos. Haittu BeposiTHoCTE TO-
ro, YTo, BIGHMpasi OTBETLL Hayrafl: a) CTyAEHT oTBeTUT Ha 10 Bonpocos;
©) CTYAEHT NONAYYMUT MONOXHUTENBHYIO OLIEHKY.

3.5. B maHHo#t naptuu xnonka umeetcs 20 % KOpPOTKMX BOJIOKOH.
Haiitu BeposiTHOCTL TOrO, YTO B Hayraj B3SITOM MyYKe W3 ILECTH BOO-
KOH OKaxXeTcsl He 6osiee TpeX KOPOTKHX.

3.6. CxonbKO pa3 cnenyet CTPEsiTh U3 OpyaHs, YTOGH NPH BepOsT-
HOCTH MonagaHusi, paBHoit 0,9, HauBeposiTHelee YHCIO nonagtaHuii
0OKa3ajloch paBHbIM 177

3.7. BeposiTHOCTB €XeIHEeBHOTO HOPMaNbHOIO PACXONOBAHHS BOBI
B ropoae npuHuMaetcs papHo# 0,8. HaiiTi: a) Hanbonee BeposiTHoe
4YUcNio OHel B TeueHWe HemeNM, B KOTOphle pacxol Boabl Gynet Hop-
Ma/lbHLIM; 6) BEPOSITHOCTL TOTO, YTO ABA JHA B HENENIO0 PACXOM] BOAHI
GyneT HOpMaNbHLIM.

3.8. Ckonbko Heobxonumo npoSypuUTh CKBaXWH B HedTeHOCHOM
paiioHe, 4TOo6bl BEPOATHOCTb OTKPHITL XOTA 6bl OIHO MECTOpPOXIAeHHE
6bina He MeHblue 0,6, eClTH BEPOSTHOCTb BCKPHITHA ONHOI HedTeHOCHOM
cKBaxHHbl pasHa 0,03? KakoBa BeposITHOCTE TOro, 4To M3 5 npobypeH-
HBIX CKBaXWH ABe HedTeHOCHbIE?

3.9. BeposiTHOCTL NOJIOMKHM CTAHKa B TeYeHHE OOHON CMeHBI paBHa
0,3. OnpenenuTh BEPOATHOCTb MOJIOMKH CTAaHKa: a) B TeYeHHe KaXaoil
M3 Tpex cMeH; 6) B TeyeHle OIHON U3 TpPeX CMeH.

3.10. Haiit1 HauBepoATHelLIEe YUCJTO NOABIEHHH HEKOTOPOrO CO-
6bITHS NPH |6 MCNBITAHMAX, ECTH BEPOSITHOCTD MOSBNEH WS ero B OTAe/b-
HOM MCMBEITaHWH paBHa (0,7,

3.11. BeposiTHOCTL M3rOTOB/EHHS NIEPBOCOPTHOF AeTalH HA HEKOTO-
poM cTtaHKe paBHa 0,75. CKONbKO HeoBX0OMMO M3rOoTOBUTL AeTaneit,
4TOObl HaWMBEpOATHelillee 4YWCIO MEPBOCOPTHLIX IeTaneil Obulo
paBHoO 21? KakoBa BepOsSITHOCTb TOTO, 4TO M3 5 M3rOTOBNEHHbLIX feTaneii
3 nepBocopTHbIe?
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3.12. BepositHOCTB X0Ts GBI OAHOTO NONaJaHuA B LIENb NPH ABYX Bbl-
ctpenax pabHa 0,91. HaiiTy BeposiTHOCTB: a) Tpex MonajaHuit Npu wec-
TH BeicTpenax; 6) He MeHee ABYX nonagaHMit Npy YEThIPEX BLICTpeNax.

3.13. Ckonbko M3I0Ma JONXHbBI COAEpPXaTh B cpeaHeM cnobHbie 6y-
JIOYKH, YTOBH BEPOSTHOCTH MOMAaNaHMA XOTA Gbl OOHON M3IOMHUHKH B
6ynky Obuta He MeHee 0,997

3.14. MoHety nopmbpachiBatoT 20 pa3. Haiith HauBeposiTHeiillee
4UCNO BblNageHus repba.

3.15. barapes cnenana 14 BbICTpPENnoB Mo BoeHHOMY 06beKTy, Bepo-
SATHOCTb MonagaHus B Kotophbiit paBHa 0,2. HaiiTu: a) HauBeposATHelillee
yucho nonagauuil; 6) BeposiTHOCTL pa3pyllueHusi o6beKTa, eCi 151 3TO-
ro TpebyeTcsi He MeHee YeThIpeX nonagaHui.

3.16. BeposiTHOCTE TOro, 4TO XOTA OBl OOHA AETANTL M3 YeThipeX OyneT
craHpaptHoi, pasHa 0,9999. Haiitu BeposTHOCTE TOrO, 4TO M3 5 OeTa-
neii: a) nBe 6pakoBaHHKIe; 6) MeHee ABYX CTAHAAPTHBIX.

3.17. BepoaTHOCTb TOTO, YTO PAcXOX 3/EKTPOIHEPTHH 3a CYTKH He
npesbiliaeT HOpMbI, paBHa 0,8. HaiiTu BeposiTHocTh TOro, 4TO B GNM-
Kaiue 7 CyTOK pacxoll 3NeKTPO3HEPrHH He MPEeBBICUT HOPMBI: a) 3a
4 cyToK; 6) He MeHee YeM 3a 5 CyTOK.

3.18. B 6purane 9 yenopek. BeposiTHOCTbL HeBBIXOMA Ha paboTY B Ciy-
yae Gonesnu paeHa 0,1. Haiitu HaubBonee BeposiTHOe uucno paboraio-
LIKMX ¥ BBIYMCAUTb COOTBETCTBYIOLIYIO 3TOMY HHCNY BEPOSTHOCTD.

3.19. BeposTHOCTb HOPMAJILHOTO pacxona roploYero B aBTOKONIOHHE
coctragnset 0,8. a) OnpeaenvTh BepOATHOCTL TOro, 4TOo B GnMXaine
7 nHeit pacxoa roproyero 6yner HopmansHbiM. 6) Haiiti Hanbonee Bepo-
AITHOE YHCNO OHEl B TeyeHHE HeleNH, B KOTOphLIe pacxXo ropioyero 6yaer
HOpPMAa/bLHBIM,

3.20. BepositHocTb nonaganus B uenb paBHa 0,5. C6pacsiBaloT no
onHo# 5 6omM6. OnpenenuTb BepOATHOCTDb TOTO, YTO OYHET: a) He MeHee
OfIHOTO NMONafaHus B Lenb; 6) ABa NonataHHs.

3.21. 3apoa BeiNyckaeT 75 % mponyKuuM nepsoro copta. Haiitu:
a) Haubonee BepOATHOE YMCIO M3AENHI MepBoro copta cpead 6 oTob-
paHHBbIX; 6) BEpOSITHOCTL TOTO, YTO HE MEHEE TPEX M3AEeNuii — NepBoro
copra.

3.22. CkoibKO HYXHO B3siTh ficTaneii, 4Tobul ¢ BeposTHocThio 0,721
MOXHO 6bIN0 yTBEpXAaTh, YTO CPEllM HUX He OKaxXeTcs OpakoBaHHLIX,
ecnu peposiTHocTh Opaka paeHa 0,01? Jaa HalineHHOro KonuyecTpa Oe-
Tanell BLIYUCITHTL BEPOSATHOCTL TOrO, YTO ABe netanu OyayT GpakoBaH-
HBIMH.

3.23. CkonbKo pa3 clieflyet BLICTPENUTDL U3 OpYIHs, YTOBLI MpH Be-
POSITHOCTH nonafaHus, paBHoii 0,9, HauBeposiTHeliWwee yucno nonana-
HUIT oKa3anock pasHbiM 10? OnpenenuTs BeposSTHOCTD MATH NoNagaHHMid
Nnpu HalaeHHOM YHCJIE BbICTPEOB.

3.24. OtaenoM TeXHMUECKOTO KOHTPONSl YCTaHOBNEHO. yTo U3 100
BEJIOCHMENOB, MIrOTOBJIEHHLIX 3aBoaoM, 10 ¢ nepekTom. Haittu BeposT-
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HOCThb TOTO, 4YTO U3 6 BLIOpaHHBIX BeNlocHTIeIOB OyIeT: a) 3 ¢ AedeKToM;
6) 5 ynoeneTBopsioLIMX TpeOOBaHUAM KadecTBa. )

3.25. BepoatHocTb XoTsi 66l OIHOTO MONAAaHUs B LIEJb [IPU TPeX Bbl-
ctpenax pasHa (0,992, HaiiTi BeposTHOCTL YeThIpeX NomnagaHuii npu ns-
TH BLICTpenax.

3.26. BeposiTHOCTb BHUTPHILLA MO ogHOMY GuieTy NoTepeH paBHa
1/7. HaiiTu BepoATHOCTBH TOro, 4To, UMesl 5 notepeiiHbIXx GuneTos,
MOXHO BHIMIPaTh: a) XoTs 6b1 no ogHoMy 6unety; 6) no yeTupeM GU-
neram.

3.27. BeposiTHOCTL TOTO, 4TO HAyraj B3siTLIi pabounii Gpuransl Boli-
NIONHHUT HOpMY BBIpaGoTKM, paBHa 0,9. Haiitu: a) BeposTHOCTB TOTO, 4TO
Mo KpaitHeil Mepe nBoe U3 NATH paboynx, BXOAALWMX B GpUrany, BHIMON-
HAT HOpMYy BbipaboTKH; ©) Hanbonee BeposiTHoe YMCNO pabouMx, Bbi-
MOJHALMX HOPMY BbIPabOTKH.

3.28. ins paspyuieHHs BOEHHOro 0ObeKTa HeoOXOOHMO He MeHee
Tpex nonamxaHuit B Hero. [1o 06bekTy npouseeneHo 15 eeictpenios. Haii-
TH BEPOSITHOCTL pa3pylueHusi 06beKTa, el BePOSTHOCTD MONAgaHMs B
HEro npu Kaxa1oM BeiCTpelie NOCTOsIHHA W paBHa 0,4,

3.29. Usrotoenena naptusi B 20 geraneit. BeposTHocTs H3roToBne-
HUs peranu, Tpebyloweil nononHuTenbHOM noBoaxku, pasHa 0,1. Haiitu
HaHBEPOATHeLLIEe YHCIO CTAHOAPTHLIX AeTaneil B 1aHHON NapTUX U Be-
POSITHOCTB 3TOIO HAaMBEPOSATHEHLIErO YHCHA.

3.30. Oxunaetca npubbITHE Tpex CYIOB € OBOLLAMHM M (PYKTAMM.
CraTHCTHKA MokasbiBaeT, 4yTo B | % cayuaeB rpys osouleit v GpyKTOB
YacTHYHO nopTHTcA B gopore. Haiitu BeposiTHOCTB TOro, YTO: a) TONBKO
OJHO CYAHO NPHAET C YaCTHYHO HCNOPYEHHBIM Ipy30M; 6) BCe TpH cyaHa
[PUIYT C HEUCTIOPYEHHBLIM [PY30M.

4. Onst pannoii CB X a) onucaTh NpoCcTpaHCTBO 1€MEHTAPHbIX HC-
xonos. € ; 6) BuiuHcIHTE P(X = ;) , ©; € 0 ; B) 3anucaTh psa ee pacnpe-

IlefleHUsT; T) BBIYUCAWTL MaTeMaTHueckoe oxuaanue M(X), nucnepcuio
D(X); o) HaiiTH HYHKUMIO pacnpeneneHus.

4.1. BeposTHocTh TOro, YTo B GHGNHOTEKE MMeeTcH HeobGXomMMas
CTYNeHTY KHura, pagHa 0,4. B ropone 5 6ubanotek; CB X — uucno 61b-
JIMOTEK, KOTOPbiE MOCETHUT CTYNEHT.

4.2, meetcs 4 katoya, H3 KOTOPLIX TONBKO OHH MOAXOOUT K 3aMKY;
CB X — 4HCcA0 NONbLITOK OTKPbITh 3aMOK KAXKAbIM KTIOYOM [TPH YCIOBHH,
470 ONpPOBCOBAHHBII KSTI0Y B MOC/IEAYIOLIMX MOMNBITKAX HE YYACTBYET.

4.3. Cpenu wecTH Uagenuit UMeeTcs 0OHO BpakoBaHHoe. YTobul ero
0OHapYXHTb, OTOMPAIOT Hayral OOHO M3ae/He 3a APYTHM M KaX[0€ Bhl-
GpaHHoe HU3nenue npopepsitoT; CB X — uKcno npoBepeHHLIX H3OENHIT.

4.4. B o3epe 3000 pwi6, npuyem 2000 13 HUX — MeueHble. BuinoBunu
7 pui6; CB X — uncio MedeHbix puib cpenm BolTOBIEHHbIX.

4.5. barapes coctouT U3 Tpex opynuii. BeposTHocTH nonagaHus B
Lefb MPH OHOM BbiCTpesie U3 MepBOTO, BTOPOTO U TPeThero opynuii ba-
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TapeH paBHbl cootsercTBenHo 0,6, 0,8 u 0,7. Kaxnoe opyaue ctpensiet
no HeKoTopoit uenu oauH pas; CB X — yncno nonanaHuii B ue/b.

4.6. OXOTHMK, UMEKOLLIHIT 6 NaTPOHOB, CTPENseT B LIENb 40 MEPBOro
nonagauus. BeposTHocTh NonagaHus Npu KaxaoM BeicTpene papHa 0,5;
CB X — uucno U3pacxoqoBaHHbIX NAaTPOHOB.

4.7. UcneityeMbiii npuGop cOCTOUT U3 YeTkipex 3neMeHTOB. BeposiT-
HOCTH OTKa3a /IeMEHTOB paBHH cooTBeTcTBeHHO 0,2; 0,3; 0,4; 0,5. OT1-
Ka3bl 3JTeMEHTOB He3aBUCHME; CB X' — uKcno oTKa3aBLIMX 31EMEHTOB.

4.8. BeposaATHOCTb MoMagaHus MAYOM B KOP3UHY MpH ofHOM Gpocke
paBHa 0,4; CB X — 4ncno nonagaHuii npu tpex 6pockax.

4.9. B wecrunaMnoBoM paguonpueMHHKe, IIc BCe JamIbl pasnuy-
HBI, reperopena oqHa naMna. C uenblo ycTpaHeHUs! HEUCNPABHOCTH Ha-
ynauy BHOGpaHHYIO NaMny 3aMeHSIIOT 3aBENOMO FOJHOI M3 3anacHoro
KOMIUIEKTa, NocNe Yero cpasy npoeepsiioT paboTy npueMHuka; CB X —
4YUCTO 3aMeH J1aMr.

4.10. PaGouuit o6cnyxuBaet 4 ctaHka. BeposTHocTi Toro, uro nep-
BbIi, BTOPO#, TPETHI1 U 4eTBEPThIH CTAHKH He NOTPeOYIOT BHUMaHHA pa-
Goyero B TeyeHWe yaca, paBHbl cooTBeTcTBeHHo 0,6; 0,9; 0,65; 0,8;
CB X — uMcno cTaHKOB, KOTOpbie He MoTpebyloT BHMMaHHUsA paboyero B
TedeHUe yaca.

4.11. B naptiu xnonka 15 % kopoTkux ponokoH; CB X — yucno xo-
POTKHMX BONIOKOH CpellH Cly4aitHO OTOBpaHHBIX YeThIPEX BONTOKOH.

4.12. OXOTHHUK CTpensieT No AUYW [0 MepBoOro rnonanaHus, HO ycre-
BaeT caenaTth He Gonee yeThipex BeICTpenoB. BeposaTHocTk nonagaHus
npv ongHoM BeicTpene paBHa 0,6; CB X — uucno BbicTpenoB, NpoH3BOIU-
MBIX OXOTHHKOM.

4.13. B rpynne 13 gecstH M3aenmii nBa 6pakoBaHHbIX. YToGH ux 06-
HapyXHWTb, OTGMPAIOT Hayraj OOHO M3[e/lMe 3a PYTMM M KaXA0€ Bhi-
6paHHoe K3nenue npoeepsioT; CB X — 4Hcno nposepeHHLIX U3IENHiA.

4.14. Umeerca 5 knoyeil, U3 KOTOPLIX TONBLKO OAMH NOOXOAMT K 3aM-
Ky; CB X — yucno nonbITOK OTKPLITH 3aMOK KaXAbIM K11I040M MpH yc-
JIOBHH, YTO ONpoBoBaHHBI K1Y B MOCIENYIOIHX MONBITKAX He y4acT-
BYET.

4.15. BeposiTHOCTb NMOpaXeHUsl LUeNy NMpu ONHOM BbLICTpese paBHa
0,6; CB X — uucio BHCTPENOR, NPOU3BOAHMBIX 10 MEPBOro MOpaXxeHus
uenu.

4.16. [Npou3BoasTcs nocnenoBaTenbHbie UCNBITAHUA 0eCATH NpUGO-
POB Ha HafexHocTb. Kaxaerii cneaytouinii npubop UCNBITLIBAETCA B TOM
cny4ae, €CIM NMpenblyLiMii oKasancs HaoexXHbiM. BeposiTHocTb Buinep-
XaTh UCNBITAHHKE IS Kaxaoro npubopa pasHa 0,7; CB X — yuciio ucnwl-
TaHHH, Ha KOTOPOM 3aKaHYMBAETCS MPOBEPKa.

4.17. W3 swmka, conepxauiero 2 6pakoBaHHble 1 6 CTaHAApTHRIX fie-
Taneii, Hayran uisnekatwot 3 netaau; CB X — uMcno 13BIedeHHBIX CTaH-
DApTHBIX NeTanei.

4.18. Ha nytv nBuxeHus aproMall MHst 4 ceetodopa, pa3pelialoumx
aubo 3anpellaloiMx nanbHelulee ee IBHXeHHE ¢ BepoATHocThio 0,5;
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CB X — yucno ceeto)opoB, MUMO KOTOPbIX aBTOMAlLMHA MPOLLIA [0
MnepBoit oCTaHOBKH.

4.19. BeposiTHOCTL HACTYIUIEHHS HEKOTOPOTO COOHITHA B KaXmoM
HcNBITaHUM MocTosiHHa W paBHa 0,2. McnelTaHust npoBoasaTcst 5 pas;
CB X — yucno noseneHUi COGLITHS B MATH UCMBITAHHSAX.

4.20. BeposiTHOCTb MOMafaHKs B LEb MPU O4HOM BLICTpee U3 Opy-
nus paHa 0,6. [NpousBonutes 5 BoicTpenos; CB X — uucno nonapanmii
B LENb.

4.21. NMaptus u3 40 usnenuii conepxut 8 6GpakosaHHbIX. M3 Hee cny-
yaiHbIM 0bpa3oM oTobpaHo 4 nznenus; CB X — yuncno GpakoBaHHBIX M3-
Jenuii, conepxalmxcs B cny4aiiHol BeiGopKe,

4.22. BepoATHOCTb BBIMYCKA HECTAHOAPTHOro M3genus pasHa 0,2.
W3 naptyu uanenunit Koutponep 6epeT 0AHO U NPOBEPAET €r0 KaYecTBo.
Ecnu uanenve okasplBaeTcsl HeCTAHAAPTHBIM, AanbHEMILME MCMBITa-
HHSA NpeKpallalTcs, a NapTusa 3afepXuBaetcs. Ecnu xe uanenue oka-
3LIBa€TCH CTaHAAPTHHIM, KOHTpoiep OepeT cneayoluee M T.0. Beero ox
npoBepseT He Gosnee yeThipex Manenuit; CB X — uucno npoeepsieMbix
H3neauii.

4.23. BeposiTHOCTb MONANaHus B ABMXYLIYIOCSH LENb [PH OLHOM Bbi-
cTpene nocrosaxHa u pasHa 0,1. [pouaseaeHo 4 BricTpena; CB X — umnc-
Ao NONafaHMit B ABUXYUIYIOCS LieNb.

4.24. B notepee Ha 2000 GHNETOR pa3birpbiBalOTCsl TPH BELIH, CTOM-
MocTb KoTopbix 420, 120 1 60 y.e.; CB X — cymma BHIMIpHILIA L15 THLA,
UMEIOLLIEro oAuH GuneT.

4.25. B HekoTopoM uexe Gpak coctapnseT 6 % Beex Mamenuit; CB X —
4Kcno 6GpaKoOBaHHBIX M3OEUIl U3 MATH HayTad B3ATHIX U3NENHIA.

4.26. Cnalinep cTpensieT Mo 3aMacKMpOBaHHOMY MPOTUBHUKY 0O
nepBoro nonagaHus. BeposiTHoCTb NpoMaxa npu oTAeNBEHOM BHICTpeNe
pasHa 0,3; CB X — yxcno npoMaxos, eciiu y cHafinepa B 3anace yeThipe
naTpoHa.

4.27. BepoATHOCTb NPOMBILINEHHOTO CONEPXAHHS METanla B Kax-
no# npobe onMHaKoBa M pabHa 0,8. [pou3sseneno 4 npobut; CB X — umc-
1o Npo6 ¢ NPOMBILIEHHBIM COAEPXKaHUEM METAIIA M3 YeThpeX NpPoBe-
PEHHBIX,

4.28. lNpH WTaMNOBKE METATHYECKHX KIEMM [Tl COENMHUTEIbHbIX
nnacTWH ObiBaeT B cpeaHeM 5 % Gpaka; CB X — yucno 6pakosaHHbIX
KJIEMM M3 YeTHIPEX MPOBEPSAEMBIX.

4.29. BeposiTHOCTL NONOXUTENBHOTO PE3YJILTATA MPH XMMHYECKOM
aHanuie pasHa 0,8; CB X — yHcio NoAOKHUTENbHBIX Pe3yN1LTaTOB XMMMU-
4eCKOro aHa/iu3a Cpead NSATH NPOBEAEHHLIX.

4.30. INpu aBTOMaTHYECKO# NpeccoBKe 3aroToBoK 2/3 ot obuiero ux
Yyucna He uMeloT 3a3y6puH; CB X — uucio 3arotoBok M3 Tpex, He uMelo-
UIMX 3a3yOpUH.
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5. Yuactok anektpudeckoii len MN cocTOUT U3 37IeMEHTOB, COedH-
HEHHBIX M0 yKa3aHHoO! cxeMe. Beixon u3a cTpos 3a Bpemsi T paznuyHbIxX
3M1€MEHTOB CUCTEMbI — HE3aBUCHMBble COOLITHS, MMEIOLIHE BEPOATHOC-
TH, NpHBeNeHHbBIE B Tabnnue. BoiuucnuTe BeposTHOCTL OTKa3a oT pabo-
Thl CUCTEMBI 33 YKa3aHHBII NPOMEXYTOK BpeMEHH.
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