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BBEAEHMHWE

[poriecchl, MPOUCXOIAIINE B OPraHU3ME YeI0BEKa, 4acTo OJIM3KH K Gu3ndeckum. Hampumep,
TaKOW CIJIOXHBIN (PU3UOJOTHMUYECKHI MPOIECcC, KaK KPOBOOOpAIlleHHE, B OCHOBE CBOCH SIBIISICTCS
(GU3NYEeCKUM M CBSI3aH C HECKOJIILKMMHU €€ pasJellaMH: THIPOJAMHAMHUKOW, T.K. MPEICTABISET
COOOW TEYeHUE J>KUIKOCTH, KOJCOAHWUSIMH M BOJHAMH, T.K. MPHU MPOXOXKICHHUH KpPOBH II0
KPOBEHOCHOW CHCTEME MPOUCXOIUT PACIIPOCTPAHCHHUE YIPYTUX (MEXaHMYECKHX) KOJIeOaHU! 110
cocylaM, MeXaHuKou (pabora cepjia), SJIEKTPUYECTBOM (TeHepamus OWOMOTCHIIHAIOB).
JlpIxaHue CBSI3aHO C JIBIDKCHHEM Ta3a (a’pojuHaMuKa), ucrapeHuemM ((pa3zoBbie MpeBpallieHHs ),
TEIJIOOTa4YeH (TepMOAMHAMUKA) U T.JI.

B opranmu3me (kak U B HEXXHBOW MPHUPOJIE) KMEIOT MECTO MOJICKYJISIPHBIC TIporiecchl. IMEeHHO
OHU B UTOTE OMPENCISIOT MOBEICHUE OMOJIOTHUecCKUuX cucteM. [loaToMy, moHuMaHue QU3NKU
TaKUX MHKPOIPOLECCOB OYEHb BaXHO I IPABUIBHOW OIICGHKA COCTOSIHHS OpraHH3Ma,
OpUpobl psifia 3a00JieBaHMIA, JIEHCTBUS JICKAPCTBEHHBIX IpernaparoB U T.A. Bo Bcex 3THx
acriekTax (u3MKa TECHO CBs3aHa C OWojorued u (HOPMUPYET CAMOCTOSTEIBHYIO HAayKy —
onousuKy.

B TeopernueckoM IIaHE MPEIMETOM H3YYCHHUS COBPEMEHHOW OHOPHU3UKU SBISIOTCS
¢dusnveckue u GU3MKO-XUMHUYECKUE MPOLIECCHI, JICKAIINE B OCHOBE OMOJIOTHYECKUX MPOIECCOB
Ha BCEX YPOBHSAX OpPraHU3ALMU JXUBOW MATEPUU: MOJICKYJIIPHOM, CYOKJIETOYHOM, KJICTOUHOM,
OpPraHHO-TKAaHEBOM M Ha YPOBHE OpraHH3Ma B IIEJIOM.

3amMeTHM, YTO MHOTHE METOJbl JUArHOCTHUKM W MCCIIEIOBAHHMS OCHOBAaHBI HA HCIOJIB30BAHHUU
GU3UYeCKNX TPHHIMIIOB W HICH. BONBIIMHCTBO COBPEMEHHBIX MEIUIIMHCKUX M0 Ha3HAYCHHUIO
anmaparoB KOHCTPYKTHUBHO SIBJISIOTCSI (PM3UYECKUMU Mpubopamu. B 3Toil cBs3U clieayeT OTMETUTH
3HaueHre HU3HUKU IS MEUIIMHBI KaK TEOPETUUECKON OCHOBBI MEMIIMHCKOW TEXHHUKU. J[OCTIKEHUS
GM3UKK U TEXHUKH BOOPYXKAIOT MEIUIIMHY HOBBIMU MPUOOpaMU W ammaparaMu, U TEM CaMbIM, HE
TOJBKO O0ECIEYHMBAIOT BO3MOXKHOCTh COBEPIICHCTBOBAHHS CYIIECTBYIOIIMX WM BBEIEHUS HOBBIX
METOJIOB TUATHOCTHKHU U JISUEHHUS], HO U BIUSIIOT HA Pa3BUTHE Pa3IMUHBIX 00IacTel caMOil MeTUIIMHEIL.
Tak, TpyaHO TMEpPEOoIeHUTh 3HA4YeHHWe Ui JIF000M 00IacT MEIUIIMHBI OTKPBITUS PEHTTEHOBCKUX
aydeil. MenuruHckre MpUOOpPHI, OCHOBAaHHBIE HA BOJIOKOHHOW ONTHKE, TO3BOJSIOT OCMATPHBATH
BHYTpEHHHE TosiocTH opranusMa. [lIupokoe pacrpocTpaHeHHe MONydui JHarHOCTUYECKU METO[,
OCHOBaHHBI Ha 3amKCU OWOIOTEHIMATIOB, BO3HUKAIOIIMX B HMBOM opraHmsMe. CreKTpaibHbINA
aHAIN3 UCTIONB3YyeTCs B CyAeOHON MeIUIMHE, (apMaKOJIOTUH U OUOJIOTUH, TUTHEHE.

Joctuxenus: siaepHOil (GU3MKU MO3BOJUIN CHAOMUTh MEAUIMHY MPHHIMIHMAIEHO HOBBIMHU
METOJIJaMU JTUArHOCTHKU 3a00JieBaHUN M WX Jie4eHHs. Hampumep, METOJ MEYeHBIX aTOMOB
MO3BOJIIET  M3Y4YUTh  TpolecCc oOMeHa  BemlecTB 03  HapylleHHs  HOPMaJIbHOMN
JKU3HENEATEIbHOCTH  OpraHu3Ma. B MenulMHEe WIMPOKO  HCIHONB3YIOTCS — pa3lnyHbIe
paZvoaKkTUBHBIE U30TOMBI. Tak, W30TONm ioAa BBOAST B OpraHU3M, 3aTEM C IOMOIIBIO
CHEIHUANIbHBIX JaTYUKOB O€Ta- U raMMa-u3IydeHHs] perUCTPUPYIOT MECTa €ro CKOTUICHHUS, YTOOBI
3auKcUpoBaTh (JIOKaTM30BaTh) Ty WM WHYI MATOJOTHIO (HampuMep, B IIUTOBUIHOU
xkenese).PaqnoakTHBHBIE HM30TOMBI  MCHONB3YIOT TaKXkKe JUIS pa3pylIeHUs OMyXoJed u
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3JI0KAQUYeCTBEHHBIX 0Opa3oBaHuil. B kiuHMuYeckoW mpakTHke Bce OoJiblliee 3HAYCHHE
nproOpeTaoT MallOTpaBMATUYHbIE CIIOCOOBI JMAarHOCTMKM BHYTPEHHHMX OPraHoB. OTH
UCCIIEIOBaHU ~ HauOoJjiee pPe3yNbTAaTHBHBI IPH  HUCIOJB30BAaHUHM  PA3IUYHBIX  METOJHUK
PaaMOU30TOIHON TUArHOCTHKH.

Jlis  coBpeMeHHOW (M3MOJIOTMM W MEIUIMHBI XapaKTepHO BCe Ooliee MIUPOKOE
MCIIOJIb30BaHUE MATEMaTHUYECKOIo amnmnapara. B cBs3u ¢ HCIOJIB30BaHUMEM TOUYHBIX METOJIOB
MCCJIEIOBAHMSI U PACCMOTPEHHEM IIPOLIECCOB >KU3HENEATEIBHOCTH BIUIOTH A0 MOJIEKYJISIPHOTO
YPOBHSI MEIWIMHA HE MOXKET 00oifThch Oe3 ammapara BBICIIEH MaTeMaTUKH, KOTOPBIA JaeT
BO3MOXKHOCTh OIIMICAHUS SIBJICHUH B TUHaMUKe. Tak, MHOTHE IPOIECChl B OPraHU3Me MOT'YT OBITh
ONMHUCaHBl TOYHO TOJBKO € moMmoulbio auddepeHunanpubix ypaBHenuit. W.I1. Ilasnos,
paccMaTpuBasi KHU3Hb Kak Psiji IOCTENIEHHO YCIOKHSAIOINXCS «ypPaBHOBEILIMBAaHUI» OpraHu3Ma ¢
BHEIIHEW Cpelod M XapakTepus3ys 3HAUEHHE MAaTEeMaTHYECKOro OIMCAaHUS 3TUX IPOLECCOB,
nucai:  «llpumer Bpems, ..., Korga MaTeMaTHMYeCKUW  aHaiu3, ONUpaschb Ha
€CTeCTBEHHOHAYYHbI, = OXBaTHUT  BEJIMYECTBEHHBIMH  (OpPMYJIaMH  ypaBHEHUH  3TH
ypaBHoBemmuBanus. ..» ([1aBnos U.I1. Cob6p. cou. 1.3, kH.1, c.124).

B npakrtuueckoil AesATENbHOCTH Bpad IOCTOSHHO MMEET JIeJ0 C KOJUYECTBEHHBIMHU
nokasarelsiMi  (Temreparypa Tena OOJIBHOTO, apTepualbHOE JaBJIEHUE KpPOBH, JI03UPOBKA
JIEKapCTBEHHOI'0 Ipernapara M T.N.). BaXHO 3HaTh, Kak IOJIYYEHbI 3TH BEJIWYMHBI, KAKOBAa HX
TOYHOCTb. MaremaThueckol ©0a30i STUX BOIPOCOB SBJISIOTCS TEOPUS BEPOATHOCTEW U
MaTeMaTh4yecKas CTaTUCTHKA.

HopmaneHoe  (yHKIMOHMpOBaHHWE JKMBOTO  OpraHM3Ma  BO3MOXHO  TOJBKO  MpH
B3aMMOJICHCTBUM C OKpyXawled cperol. OH ocTpo pearupyeT Ha H3MEHEHHME TaKHX
(bU3HYECKUX XapaKTePUCTUK CPEeIbl KaK TeMIlepaTypa, BIaXHOCTb, TaBJIEHUE Bo3ayxa. /lelicTBue
BHEIIHEW Cpeapl Ha OpraHU3M MOXET HCIOJb30BaThCsA s JIeUEeHUs (KJIMMaToTepamus,
Oapotepanusi). OTcroia Ciemyer, 9To Bpad JIOJDKEH YMETh OIEHUBATh (PM3MUYECKUE CBOMCTBA H
XapaKTEPUCTUKU OKPYKAOIEN CPEeIbl.

B o61mieM koMIUIeKCce pa3InyHbIX METOAOB JICUEHUS B MEUIIMHE UMEIOT MECTO U (PU3NUYECKUE
(dakTopbl. DJIEKTPUYECKOE M AJIEKTPOMArHUTHOE BO3JCHCTBUS IIMPOKO MCHOJIb3YIOTCS B
¢uznotepanuu (uHaykrorepmus, YBU-tepanus, MB-tepanus u gp.). C neueOHON LenbiO
IPUMEHSIOT YJIbTpaduoIEeTOBOE M HMH(PPAKpACHOE HW3JIyUYEHHUS, PEHTIC€HOBCKOE M ramMma-
U3ITy4EHHUSI.

Kommuiekc paznenoB npukiagHod (QU3MKH UM OMO(PU3UKH, B KOTOPBIX pPaccMaTpUBAIOTCS
¢u3nyeckue 3aKOHBI, SBJICHUS, MMPOLECCHl U UX XapaKTEPUCTHKHU ISl PEHICHUS] METUIMHCKUX
3a/1a4 COCTABIISIET MEOUYUHCKYIO PUIUKY .

Mpbl npuBeNU TONBKO HEKOTOPbIE NMPUMEPHI, HO B JEUCTBUTEIBHOCTH HET TaKOM 00J1acTH
MEAMIMHBI, B KOTOPON HE MPUMEHSIIUCH Obl (PU3NUYECKHE METO/bl AMATHOCTUKU U JICUEHUS U HE
HCIIOJIb30BAIKCH Obl (pr3MUecKHe MpUOOPHI U anmaparsl.



MMPOU3BOJAHAA U JUPDPEPEHIINAJI ®YHKIIUN

1. Hay4yHo-mMeTOoAM4YecKkoe 000CHOBaHHE TeMbI:

[Tonsatuss npou3BonHOW M AuddepeHnrana SBIAIOTCA OJHUMU W3 OCHOBHBIX HMOHSATHHA
MaTeMaTHYECKOr0 aHaJn3a. BpIUMCIECHHE MPOM3BOAHBIX HEOOXOJMMO TPH PEHICHUH MHOTUX
3aJa4 B (PU3MKE M MareMaTHKe (HaXOXJIEHUE CKOPOCTH, YCKOPEHHMS, IaBICHUS U T. I.).
BaXHOCTh OHATHUS TPOM3BOIHON, B YACTHOCTH, ONPEACISECTCS TEM, YTO MPOU3BOIHAS (PYHKIIUU
XapaKkTepU3yeT CKOPOCTh U3MEHEHHUS ATOM (PYHKIMH [TPU U3MEHEHHUHU €€ apryMeHTa.

[Tpumenenne muddepeHirana MO3BOISIET OCYIIECTBUTh NMPHUOIMKEHHbIE BBIYMCICHUSA, a
TaK>Ke IIPOBOJAUTH OLIEHKY ITOIPEIIHOCTEM.

2. Teopus:

1.3a0auu, npueooauyue K ROHAMUIO NPOU3EOOHOU

1.3a0aua o naxoocoenuu cxopocmu v mamepuanvrou mouku. IlycTs MarepuanbHas TOYKa
JIBMKETCSI 110 MPSIMOJIMHEHHOW TPASKTOPHH, KOTOPYIO mpuMeM 3a ock 0X (puc. 1).

My M,

1 1 1 -
0

\—-\,——/\-—\,——/ &
zo Ax

Puc. 1. J/[BiwkeHne TOUKH B0 MPAMOIMHENHON TPaeKTOPHUH.

[TonoxeHne TOUYKM Ha TPAaeKTOPUHM OyAET TOrJa OIpeleNaThcsi ee aOCIHCcCOM X, KoTopas
sBisietcst QyHKuue# Bpemenn t: x = f(t).

IlycTb B MOMEHT BpeMEHH tp MABMXKYIIAACA TOYKA 3aHUMAaja Ha TPACKTOPUHU IOJIOKEHUE
M, u umena a0cuucey X, a yepe3 NpoMeKyTOK BpeMeHH At nepemecTuiachk B ojoxeHue Mq u
uMeet abcuuccy X, + Ax. Takum oOpazom, eciu 3a BpeMs At ToYka HE MEHsUIa HaIpaBJICHUE
JBHXEHUS, TO |AX| — myTh, IPOICHHBIN TOYKOM 3a Bpemsi At.

OueBunaHo, uto Ax = f(t, + At) — f(t,). Ha3zoBem cpesHeii CKOPOCTBIO IBHKSHHUS TOUKH 32
Bpemst At otHomenue Ax/At.

MrHOBEHHON CKOPOCTBIO JBMKEHMS TOYKM B MOMEHT BPEMEHM t, HA30BEM Ipenen v, K

KOTOPOMY CTPEMUTCS CPEIHSS CKOPOCTh TOUKH 3a IPOMEKYTOK BpeMeHu At, xorga At — O:

_Ax f(to + At) — f(to)
v = lim — = lim
At—0 At At—0 At

: ey

Taxum 06pa3oM, A1 HAXOXKAECHUSI MTHOBEHHOM CKOPOCTH MaTepHabHOW TOYKH HEOOXOIUMO
BBIYUCIIUTH TPEAe OTHOMICHHS TpupanieHns GyHKur Ax K pUpaIieHuio apryMenTa At mpu
ycioBuu, uto At — 0.

2. 3aoaua o Haxoxcoenuu yena HAKIOHA KACAMeENbHOU K epaguxy @yukyuu. PaccMoTpuMm
rpaduk HekoTopolt pynkuun y = f(x) (puc.2). B Touke My k rpapuky (QyHKIUH IpOBEIEM



KacaTelbHYI0, 00pa3yrolylo ¢ MOJOKUATEIbLHBIM HampaBieHueM ocu  O0X  yron ¢ . Haiinem
Po-

f(zo + Az)

f(zo)

Puc. 2.

Jlist aToro Ha rpaduke BeIOEpeM MPOU3BONIBHYIO TOUKy M u mpoBenem cexymyro M M,. OHa
HakJoHeHa K ocu OX monx yrinom ¢. Pacemorpum AMoMP: :

MP Ay  f(xo +Ax) — f(xg

tgp === , 2
8P = M,P ~ Ax Ax @

Ecnu Touky M, d¢ukcupoBarp, a Touky M mpubmmxkars k M, To cexymas MM, Oynet
NIEPEXOUTh B KacaTelbHYyO K rpaduky (QyHKIUHU B Touke M, ¥ MOXKHO 3aIlUCaTh:

. Ay
tg oo = lim — 3)

Ax—0Ax’
TakuM 00pa3oM, HEOOXOIHMMO BBIYUCIUTH Ipelesa OTHOLIEHWs MpHUpamieHus (YHKIUU K
NPUPALICHUIO apTyMEHTa, €CITU MPUPAICHNE apTYMEHTa CTPEMHUTCS K HYITIO.
Ilpeoen omunowenus npupawenus Ay ¢ynxyuu y = f(x) x npupawenuro apeymenma Ax @
3a0anHOl MouKe X, npu cmpemieHuu AX K HYmO U npu YCI08UU, YMO IMOM npeoei

cywjecmsyem, HA3bl8AEMCs NPOUIBOOHOU (DYHKYUU 8 MOUKe X .

. d
O06o3HaueHust TPOU3BOIAHOM: ', 1 (X), d—y . Ilo onpenenenuto
X

b AY
y _AIlToE’ )

Haxoxxnenne mnpous3BOAHOW JaHHOW (YHKIMH Ha3bIBaeTCs €€ oOugdepenyuposaruem.
JuddepeHnmpoBaHe OCHOBHBIX JJIEMEHTApHBIX (YHKIUH MPOU3BOJUTCS 10 TOTOBBIM
dbopmyrnam (cm. Tabm.1), a TakKe C TOMOIIBIO NPABUL.



1. Ilpoussoomnas ancebpauueckol cymmvl QYHKYUU pasHa cymme HPOU3BOOHBIX IMUX
dyHryui:
(u+o)'=u" +o'

2. Ilpouszsoonas npoussedeHus O08yX @OYHKYUNl pasHa cymme NpousseoeHull 6mopou
@YHKYUU Ha NPOU3BOOHYIO NEPEOLL U NEPBOLL (PYHKYUU HA NPOU3BOOHYIO GMOPOIL:

(uv)=uv+uov'

3. Ilpoussoonas uacmmuozco 08yx ¢HyHKyuil paeHa Opoodu, quciumeib KOMOPOU eChb
PA3HOCHb  MeNHCOY NPOU3BEOCHUSMU 3HAMEHAMeNs HA NPOU3BOOHVIO YUCTUMENs U

qucaume Ha np0u360()Hyr0 SHameHnameld, a SHameHamess - Keadpam SHaAMeHameiA.

duznyeckuii cMbIca npousBoaHoil. 13 cpaBuenus (4) u (1) cnegyer, 4To MeHOBeHHAs
CKOPOCMb NPAMOTUHENUHO020 O8UNCEHUS MAMEPUATLHOU MOYKU PABHA NPOU3BOOHOU 3A8UCUMOCTU
ee KoOpOuHambvl Om 6PeMeHU.

OOmuii cMbICT NPOU3BOJHON (QYHKIMM 3aKIIO4aeTcss B TOM, YTO OHA XapaKTepHu3yeT
ckopocmub (bvicmpomy) uzmeHeHusi yHKyuu TPUA JAHHOM W3MEHEHUHW aprymeHTa. beictpora
MPOTEKaHUs (PU3MUECKUX, XUMUYECCKUX U JIPYTHX MPOILIECCOB, HAIPHUMEP CKOPOCTH OXJIAXKICHHUS
TeTa, CKOPOCTh XHMHYECKOW pEaKIMh, CKOPOCTh Pa3MHOKCHHUs OakTepuid W T.IL., TaKKE
BBIPAXKACTCSI PU TIOMOIIIH ITPOU3BOTHOM.

I'eomeTpuuyecknii cMbICJ NPOU3BOAHON. BennunHy TaHreHca yriia HakJIOHa KacaTeJIbHOM,
MPOBEJCHHOW K Tpaduky (YHKIMH, B MaTEeMAaTHKE HA3BIBAIOT J2l08blM KOIhguyuenmom
KacamenbHoU.

Yenoeoii koappuyuenm xkacamenvhol, npogedenHol K epaguxy ouppepenyupyemou
@dyHKYUU 8 HEKOMOPOU MouKe, YUCIEHHO PA8eH NPOU3BOOHOU PYHKYUU 8 OAHHOU MOYKE.

OTO YyTBEp)KICHUE HA3BbIBAIOT 2€OMEMPUUECKUM CMBLCIOM NPOU3BOOHOU.

2. Ilpou3eoonasn cnoxcnoii pynkyuu

N3 snemenTapHbIX GyHKIMM 00pa3yroTcs ciodicHvle PyHKIMU. Jlomyctum, 3agaHa GyHKIIHS
y=f(u), Tme U B CBOIO OYepenb 3aBUCHUT OT X, T.e. u=¢(x). Torma, mpu uM3MeHEHUH X OyIyT
MEHATbCS U u ). B ostoM ciywyae 3amannas ¢yakums y=f(U) HasbBaeTcs  croowcHou u
obo3nauaercs y=f[p(x)]. BenmuunHa U Ha3BIBACTCS npOMEHCYMOUHOU TICPEMEHHOIA.

Torma mpousBogHas y, (MO X) paBHAa MPOM3BEICHHWIO MPOM3BOAHOW Y, (mo U) Ha
HPOU3BOJHYIO U (110 X) :
Ve = Vi U ®)

Ilpumep 1. HaiiTu pou3BOIHYIO (QYHKIIHH y=ekx.
8



Pewenue. Ob6osnauum u=kx, torma y=e'. Haxomum mnpomssomuyio y'y= e".

3HaueHue u=kx, Toraa y'y= & Haxomnum u',=k.

Omeem. y'=y'y U=k &

Tabnuya 1. Ilpou3z600nsie OCHOBHBIX 21eMeHMAPHBIX PYHKYULL

1. (C)Y =0, rne C = const.
2. (xY =1L
3. (£"Y = nx""".
4. (@Y =a*lna, npu a>0 wu a=zl
4a. (") =e".
5. (log, x) = J-—— npu a>0 wnw a=l
xlna
1
5a. (Inx)" =—
X
6. (sin x) =cos x.
7. (cos x) =—sin x.
1 .
8. (tgx)y = — -
cos” x
, 1
9. (ctgx)y =- ;
sin” x
o 1
10. (arcsin x) = —=——.
V1-x?
|
11. (arccosx) = — .
1-x?
1
12. (arctgx) = ——.
1+ x*
, 1
13. (arcctg x)’ = — .
1+ x?

3. Ilpou3eoonwie evicuiux nopaoKos

IloncraBum

Ecnmu nmpousBognas y' =¢(x) ot dynkuuu y =f (x) nuddepenuupyema, T0 OT Hee, B CBOIO

oucpeab, MOXKXHO BBIYUCIUTHL MPOU3BOJHYIO, KOTOpAsA HA3BIBACTCA np0u3806H0ﬁ 6mMopoco

nopsA0Ka Ui 6mMopoll npou3eo0Hol OT 3aJaHHON QyHKIMH 1o aprymenty x. Ee o6o3Hadenue y",



d?y d?f(x)

o Bo3moxxHO 00pa3oBaHue MPOU3BOHBIX M 0OJIee BBICOKUX MOPSAKOB: )", (wnm
X X

3
W) uT.O.

[IpousBoaHas BTOPOro MOpsaKa OT 3agaHHOW (YHKUMH Y =f (X) BBIYHUCIACTCS IyTEM

MOCIIEA0BATENBHOIO JBYKpaTHOro Au(depeHInpoBaHus 3aJaHHOW (QYHKIHH 1O OOUIM
paBUJIaM:

y=f(x); y' =1 (=ex); y'= 1" (x)=¢'(x).

Ilpumep 2. y=x4, y':4x3, y'=12 x°.

@u3nyecKuid CMbICJ NMPOM3BOAHOM BTOPOr0 MOPSIAKA — 3TO MCHOBEHHOE (8 3a0aHHbIU

MOMEHm 8peMeHU) 3HaueHue YCKOPeHUs Npu NPAMOJIUHEHOM HEPABHOMEPHOM OBUICEHUU med.

I[eﬁCTBHTCHbHO, CKOPOCTh U = E , 4 YCKOpPCHHEC €CTh UBMCHCHHUEC CKOPOCTH, T.C.

dvo d?®S

dt dt®

Ilpumep 3. 3anaHo ypaBHEHHE JBUKEHHS Tela S=2t* (m). Haiitu ckopocTh U ycKOpeHue
yepes 5 ¢ rmocse Havyaia JBUKCHUS.

a=0'=S" wm a=

d’s d
Pewenue. Cxkopocts U= Z—? =4t =20m/c. Yckopenune a= v

= Aulc?.
dt dt
4. lugppepenyuan pynxkyuu
N3 ypaBHeHus (4) MOXKHO 3anucaTh paBEHCTBO
A :
T=yp, (6)
AX

A
rae [ - HekoTopas OeckoHewHas Manas BenuunHa. [Ipu AX—0 y '

— >V, te. [ TOXKE
AX

ctpemuTtcs K Hymo. [IpeobpazoBas (6) umeem:

Ay = y'AX+ BAX, (")
13 (7) BuaHO, uTO TpHpalieHre (YHKIMH COCTOMT M3 ABYX ciaraembix. Craraemoe Y'AX

Ha3BIBAIOT 21a6HOU Yacmwio npupawenus Gyuxkyuu Y = T (X) wiu ougpepenyuanom pynryuu.

Huddepennman ¢GyHKIMH paBeH NPOU3BEACHUIO NMPOU3BOJHOM (PYHKIMM Ha HpUpalieHHe
apryMeHTa U CHMBOJIMYeCKH 00o3Hauaetcs dy :

dy = y'AX, (8)
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TakuMm obOpaszoM, Juggepenyuan ynkyuu, 6 obwem ciyuae OMIUYAACL OM NPUPAUJCHUS
@yukyuu, npedcmagisem coboll 21A6HYI0 YACMb IMO20 NPUPAUJEHUS, TUHEUHYI0 OMHOCUMENbHO
npupawjenus apeymenma. B 3TOM 3aKITI0UACTCA aHAIUMUYECKULl CMbICT Ougpepenyuana.

Otcrloga cnemyer, 4ro NpPU JOCTATOYHO MAJIBIX MPUPALICHUSX apryMeHTa BeIHMYHHA
npupameHus QyHKIMKA TpuOInKeHHo paBHa AuddepeHnnany 3Toi GyHKIHN:

Ay = dy, 9)

JIJis BBISICHEHHSI TE€OMETPHUYECKOro cMbicia auddeperimana paccMoTpuM rpaduk GpyHKIHNH
y = f(X), u300paxennsiii Ha puc.3. B Touke A nposemem KacatenbHyr. Paccmorpum ADAC.
Karer AC paBeH mnpupameHuio aprymenta AX; tg@ =7Yy; DC = tg @AC = y' Ax. Wrak,
DC = dy.
by

Puc. 3. 'eomerpuueckuii cMmpicn auddeperimana.

Taxum oOpazoM, Jupgepenyuan ynkyuu aensemcs npupaweHuem opouHamsl KacameabHOll
(DC), xomopoe coomeemcmeyem npupawenuto AX  (AC) abcyuccei. B 31OM 3aKimovaetcs
2eomempudecKkull cMulca oughghepenyuana.

Huddepennmaiom aprymeHTa Ha3bpIBalOT MpUpaIeHUE apryMeHTa, T.€.

dx = AX, (10)

C yuetom (10) MO>XHO 3amucaTh:

dy = y'dx, (11)

5. Ilpumenenue ougppepenyuana pynkyuu ¢ npudIUINHCEHHBIX BLIYUCTICHUAX

[Ipumenenne auddepeHnnana (GyHKIMA B MPUOTMKECHHBIX BBIYMCICHHSAX OCHOBAaHO Ha
ucnosb3oBanun (opmynbl (9), KoTopas CpaBeAMBa MPH JAOCTATOYHO MAIBIX MPUPAIICHHUSIX
aprymenra ¢ynkiun Y= f(X). Ecam B atoit popmyne npupamenne Ay MpeacTaBUTh B BHIC
Ay = f (x+Ax) - f(X), a mudpdepennnan B Buge dy = f'(X)-AX, To Oyem UMETH:

11



f(x+Ax)—f(x)~ f'(X)-AX,

OTKYyZa
f(x+AX) = f(X)+ F/(X)AX, (12)

®opmyity (12) MOKHO HCTIOTIB30BATh IPU HAXOXKACHUH MPUOIMKEHHBIX 3HAUeHUH (YHKITHIA.
Ipumep 4. HaiiTn npuOnmKkeHHO 3HaUYCHUE (PYHKITHH

f(x) =/

JUIsl 3HAUEHUS €€ apryMeHTa, paBHoro 16,02.
Pewenue. Haiinem npou3BoIHYIO JaHHOW (DYHKIHH:

F00=() =

U TIOJICTaBUM B Gopmyny (12):

F(X+AX) ~ F (X)+ - AX.

2/x

IMonoxum X=16,a Ax=0,02. Torma

f (16,02) = f (16+0,02) ~ f (16) 410,02~ /16 +0,0025 ~ 4,0025.

216

3. llesb 1esITEILHOCTH CTY/ICHTOB HA 3aHATHM:

CTyaeHT 10JIKeH 3HATh:

Onpenenenue Npou3BOIHON (HYHKIUH.

PuU3NYECKUN U TEOMETPUUECKUN CMBICIIBI IIPOU3BOIHOMN.
Tabnuily mpoOu3BOAHBIX OCHOBHBIX 3JIEMEHTAPHBIX (YHKLUH.
[TpaBuna quddepeHunpoBaHus.

Onpenenenue nuddepennnana GpyHKINU.

[Tonsitue nuddepeHimana apryMeHTa.

[TpaBuna asist BeIuMcaeHus qudQepeHnnanoB GyHKINN.

Nk~ wDdE

@opmynly Ui BBIYMCIEHUS TNPUOIMKEHHBIX 3HAaYeHMH (QYHKIMH C  [TOMOIIBIO
muddepeHnmana.

CTyaeHT 10JIKeH yMeTh:

1. Boruucnare npou3BogHbIE U JU(GepeHIHaIbl (QYHKIHMA.
2. Tlpumensats nudpepeniuan GyHKIUU B TPUOIMKECHHBIX BEIYUCICHUSX.

12



4. Conep:kanue o0yueHus:
Teopernyeckas 4acThb:
1. 3amaun, NpuUBOAALINE K TTOHATUIO TPOU3BOIHON QYHKIIUU:

a) 3agada O HAXOXKJACHUM MIHOBEHHOM CKOPOCTH TPSIMOJIMHEWHOIO HEPaBHOMEPHOTO
JBYDKEHUS] MaTEPUATbHON TOUKH;
b) 3amaua o kacaTenbHOMN K KPHUBOM.
2. IlpousBonHas GpyHkimu. ['eomeTpuyeckuii 1 GU3NIECKUNA CMBICIBI TTPOU3BOTHOM.
3.Haxoxnaenue npousBoaHON ¢yHKwH. Tabiuiia MpOU3BOJHBIX OCHOBHBIX —AJIEMEHTAPHBIX
GbyHKIHH.
4. OcHoBHBIE TIpaBUiIa AU PEepEeHIIUPOBAHUSI.
5. IlpousBoaHast CIOKHON PYHKITUH.
6. IIpon3BOJHBIE BBHICIINX MTOPSIKOB.
7.CBs13p Mexay nmuddepeHuanom GyHKIUN U IPUpaIieHueM (yHKIHH.
8.I'eoMeTpHUYECKHiA U aHATUTUYCCKHUIA CMBICIBI T depeHIana.
9 ITpumenenne nuddepennnana GyHKINU B TPHUOIMIKEHHBIX BEIYUCICHHSX.

IIpakTHYyeckas 4YacTh:
1. Haiimute npousBoaHble u AuddepeHnnans GyHKIUI:

2 x 1
1) y="Fp+—1 Ty=x2 + = +2;
) ¥ % )y "
X3
2) y= ol 8) y=arccosx ;
3) y=e¥*; 9) y=+/sin2x ;
4) In sinx+x; 10) y=e***sinx ;
2%
5) y=(1+2x+3x* +4x°)° ; 11) y= c .
y
COS 2X
6) y=e 2 +C0S2X ; 12) y=sinxcosx ;

2.0mpenenuTe YCKOpPEHHE TOYKHM B yKa3aHHbIE MOMEHTHI BPEMEHHU, €CIU CKOpPOCTb TOYKH,
JBIKYIIEUCS MPSIMOJIMHEWHO, 3aJa€TCsl YPABHEHUSIMU:

a) V=t + 2t t=3c; 6) V:4sin%, t==

3. Beruncnure npupamieare GyHKIIUN, COOTBETCTBYIOIIEE H3MCHEHUIO apI'yMEHTa OT X1 JIO Xp:
1)y=2x3-4x; x1 =1; x> = 1,02;
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2) y=3x% -2x; X1 =2; x; = 2,001;

S.IlepeyeHnb BONPOCOB /15 MPOBEPKH MCXOAHOT0 YPOBHS 3HAHUIA:

Jaiite onpesenenne Mpou3BOAHON (YHKITUH.

Cdhopmynupyiite oOcHOBHBIE ITpaBuia TU(GEepeHTUPOBAHMUS.

3anumute GopMyay MPOU3BOIHON CIIOKHOW DYHKIIUU.

B gem cocTosAT pu3nveckuil 1 reOMETPUIECKUN CMBICIBI TPOU3BOAHON (DyHKIIUN?
Uro HazweiBaetcs quddepernuanom GpyHknn?

B 4em 3akiogaercsi reoMeTpudecKuii cMbICH AuddepeHnmana GyHKuun?

Uro Ha3biBaeTcs quddepeHIaiom aprymesTa?

Nk W =

Kak Beipakaercst npousBoHas GyHKIHH yepe3 nuddepenuan?

6. IlepeyeHb BONPOCOB /111 IPOBEPKH KOHEYHOI0 YPOBHS 3HAHMIA:

1. B 94em cocTouT hU3HUECKUA CMBICI POU3BOIHOIN BTOPOTO MOPSIKA?

2. Kak cBsi3aHbl MTHOBEHHOE YCKOPEHUE MATEPUAIbHON TOYKM U 3aBUCHUMOCTb €€ KOOPAMHATHI

OT BpeMeHU?

3. B yem 3akirodaercs aHAIUTUYCCKUI CMBICT nuddepeHmnmana?

4. Ha yem ocHoBaHO npuMeHeHne auddepernnana GyHKIUA A5t TPUOIHKEHHBIX BEIYMCICHUH?
5. Kak ucnione3yercs auddepeHnnan st BRIYUCICHUS TOTPEITHOCTEH?

6. Kak Haxonsrcst muddepeHipaibsl BTOporo; BEICHIETO MOPSAKOB?

7. XpoHokapTa yueOHOI0 3aHATHSA:

1. Oprann3aniMOHHBIII MOMEHT — 5 MUH.
2. Pa36op tembl —15 mMuH.

3. Pemienue npumepoB u 3aj1a4 — 45 MuH.
4. Texymuii KOHTPOJIb 3HAHUN — 20 MHH.

5. IloaBeneHue UTOTOB 3aHATHS — 5 MUH.

8. [lepeyenn y4eOHOM JIUTEPATYPhI K 3aHATHIO:

1. MopozoB FO.B. OcHoBBI BbICIIEH MaTeMaTUKu U cTaTUCTUKU. M., «Meaumunay, 2010, §§
2.1-2.7, 2.10-2.16.

2. INaBnymkoB M.B. u np. OCHOBBI BhICIIEH MaTEMaTUKH U MAaTEeMaTHYECKON CTAaTUCTUKHU. M.,
«I'D0TAP-Menmnay, 2008, §§2.1, 2.2.
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HEOIIPEJIEJIEHHBIIA UHTET' PAJL
OCHOBHBIE METO/IbI THTETPUPOBAHUA

1. Hay4yHo-MeToaM4ecKoe 000CHOBAHME TEMbI:

CriocoObl HaxOXJIEHHUs] MPOU3BOAHBIX M AuddepeHnnanoB (GyHKIUNA M UX HPUMEHEHHE
COCTaBIIIIOT OCHOBHYIO 3aj1ady uddepeHuansHoro ucuucieHus. Heo6XxoauMocTs MOHATHA
IPOM3BOIHOW BO3HMKAET B CBSI3U C MOCTAHOBKOH 3a/1a4i O BBIYMCICHUU CKOPOCTH ABHIKEHHS U
HAXOXXJCHUU YIJla KacaTeJbHOM K KpHBOW. Bo3MokHa M oOpaTHas 3agadya: 1O CKOPOCTH
ONPEACIUTh NPOUACHHBIA NyTh, a [0 TAaHINEHCY VyIJIA HAKJIOHA KAcaTeJIbHOM HAWTH
COOTBETCTBYIOLIYIO0 (pyHKIHMIO. Takast oOpaTHas 3a/1a4a MPUBOJUT K MOHATHIO HEONPEICICHHOTO
UHTErpaa.

2. Teopus:
1. Ilonamue neonpedenennozo unmezpana

Oyukuus F(x) HasbiBaeTcs nepsoobpasnou ynkyuu f(x) Ha unrepsaie (a,b) , ecnu ona
nuddepeHIpyeMa Ha 5TOM HHTEPBAJIE U B KAXKIOH €ro TouKe

F'(x) = f(x), 1)
Hanpumep, nepsoodpasusivi ynkmn  4x3 sesioress dyskimn X' n X'+6 | Tak kak
<M= u (X*+6)'=4x.

3ametum, 4to BoobOmie, ecau F(X) mepBoodOpasnas f(x) , o FX)+C, r1rme C -
MPOM3BOJIbHASI TOCTOSHHAS, TAKXKe SBJIAETCS epBoobpasuoit  f(X) , Tak kak

(F(x)+C) =F (x)=f(x), )

CoBOKYMHOCTh BceX mepBooOpasHbix (yHkuuu f(X) HaseiBaeTcst HeonpedeneHHbiM
unmezpanom om @yuxyuu f(X) . OH 0003HAYACTCS CUMBOIIOM

ju@w

Oyukiusa f(X) nasvieaemes noovinmezpansnou @yukyuen, f(X)dX — noodvinmeepanvrvim
BBIPKCHHEM.
Eciun F(X) - kakas-HuOyap nepoodOpasznas Gynkimu f(X), To

IH@WzFUHC, ©)
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rac C - IIPOU3BOJIbHASA MMOCTOSAHHAA. Haxomz[eHHe HCOMPCACIICHHOI'O UHTCIpaJia Ha3bIBACTCA
unmeepuposanuem @yukyuu  f(X). UroObl HaliTM WHTErpayi, HAJO0 BBINOJIHHUTH JCHCTBHS,
obparabie tuddepeHITupoBaHUIO.

Ocnognble ceoiicmea Heonpeoeenno2o unmezpaia
1, [_[ f(x)dx] = f(x)

2.dJ' f(x)dx = f (x)dx

3. j F'(x)dx = F(X) +C;

4. [dF(x) = F(x)+C;

5. J1f () £ 90k = [ f (9dx+ [ g()alx;

6. j kf (x)dx = k j f (X)dx ;

rac K - MOCTOSHHBIN MHOXUTCIIb, OTJIMYHBINA OT HYJIA.

Taonuua 0cHOBHBIX UHMEZPATIOB

1.jdx:x+C;
Xa+l

Z.Ix“dx: +C, a=#-1
a+1

dx
3. I7 =In|x+C;

X

4._[axdx: a

+C; (>0, a#l)
Ina

5.Iexdx:eX+C;

6. jsin xdx = —cosx +C
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7._[cosxdx =sinx+C;

8..|‘i=tgx+c;

2

COS“ X
QI _d>2< =—Ctgx+C;
sin“ x
10[ =arcsin Xx+C = —arccos X+ C;
1-x

dx
11. Il+ v =arctgx + C = —arcctgx + C ;

2. Memoowt unmezpuposanus
Ha mnpaktuke mpu BBIUKUCIEHWU HEONPEAENEHHBIX HMHTETPAJIOB HX CTApPAIOTCS CBECTH K
Ta0IMYHOMY BUJY Pa3IMYHBIMU METOJIaMU. PaccMOTpUM HEKOTOpPHIE U3 HUX.
Memoo paznoscenus (HenocpeocmeeHH020 UHMeZPUPOBAHUSL)
DOTOT METOJ 3aKJII0YaeTCs B PA3NIOKEHUU MOABIHTETPANbHON (YHKIIMH C HCTOJIb30BAHUEM

CBOICTB HCOMPCACIICHHOI'0 HHTErpajia B HHHeﬁHYIO KOM6I/IH8.I_[I/IIO OCHOBHBIX TaOJIWYHBIX
HHTCIpaJIoOB.

4
Ipumep 1 . I(eX +4x%)dx = jexdx+_[4x3dx =e* +4XZ+C =e*+x*+C.

Memoo 3amenvt nepemennoul

IIpumep 2. Ilyctb TpeOyeTcs HalTH UHTErpa ICOS(aX +b)dx ,rnea=0

dt
BBenem nepemennyto t=ax+b ; Torma dt=adx, orkyma dx=— , Takum oOpazom
a

Icos(ax+b)dx :J'costE :isint+C
a a

BOSBp&H_Ia}ICL K nepeMeHHoﬁ X, OKOHYAaTCJIbHO UMEEM
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Icos(ax +b)dx = 1sin(ax +b)+C .
a

2 dt
Ilpumep 3. Haiitu J.XeX dx. TIlomoxum t=x?; Torma dt=2xdx, orkyna XdX:?; TaKUM
obpazom

t
.[xexzdx=£.[etdt:e—+C:lexz +C.
2 2 2

Memoo unmezpuposanus no uacmam

[Tycte U(X) u o(X)- HenpepbIBHO muddepeHiupyemMbie QYHKIIUN HA HEKOTOPOM MPOMEKYTKE.
Toraa muddepennuan ux Npou3BeICHUS PaBeH

d(uv)=udv+vdu, 4)

[Tpounterpupyem (4) mno X . Mmeem
uo = I ud v+odu

OTKyJa

_[ udu:uu—fudu, )

PaBenctBo (5) HaseBaercs ¢opmynou unmeepuposanus no wacmsam. OHa TIO3BOJSICT
HaXOKJICHUE OJTHOTO MHTErpaJia CBECTH K HAXOXKACHHUIO O0Jiee IPOCTOro HHTETpaa.

dx X
Ilpumep 4. Haiitu J- xarctgxdx . Ilomoxxum u=arctgx. Torma du:1 > 02?
+ X

U 110 (hopMyJie UHTETPUPOBAHUS IO YACTSIM MOJIYYUM

j xarctgxdx = X7arctgx —= j —dx = 7 arctgx — —jdx += J.1+ N
2 2

:X—arctgx—5+1arctgx+c _ X+
2 2 2

arctgx — g +C

Ilpumep 5. Haiitu len xdx ; Tlomoskum  u=lInx, dv=xdx.

dx 2
Torma du=—, o= > U 110 (hopMyJie HHTETPUPOBAHUS IO YacTSIM OyJ1eM UMETh
X

2 2
lenxdx_—lnx I——dx_—lnx—X—+C
2 2 4
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3. Llesb 1esiTeILHOCTH CTY/ICHTOB HA 3aHATHM:

CTyaeHT 10JI:KeH 3HATH:

1.Onpenenenne nepBooOpazHOM GyHKIHH.

2.0npeneneHue HEONPEEICHHOTO HHTETpaa.

3.I1oHATHS TOABIHTETPATBHON (PYHKIINH, TIOABIHTEIPAITBHOTO BBIPAXKCHHUS,
NOCTOSTHHOW MHTETPUPOBAHUS, IEPEMEHHON HHTETPUPOBAHUS.

4.Tabnuily OCHOBHBIX UHTEIPAJIOB.

5.0cHOBHBIE CBOMCTBA HEONPEEIEHHOIO UHTErpaJa.

6.0OcHOBHBIE METO/IbI UHTETPUPOBAHUS.

CTyneHT 10/ZKeH YMeTh:

BoruncnsaTe HeolnpeneaeHHbIe HHTETPallbl ¢ IOMOUIBIO:

1) meTona paznokeHus (MeTo[a HEMOCPEACTBEHHOI'O HHTETPUPOBaHU);
2) MeTo/a 3aMEHbI IEPEeMEHHON UHTErpUPOBaHUsl (METO/1a MOACTAHOBKH);
3) MeTozja UHTETPUPOBAHHUS 110 YACTSIM.

4. Conep:kanue o0yueHus:

TeopeTuyeckas 4acThb:

1.ITepBooOpa3zHas pyHKIUY.

2.HeomnpeneneHHbIi HHTETpAJ.

3.OCHOBHBIC CBOICTBA HEONIPEICIICHHOTO MHTETpaIa.

4.OCHOBHBIE TAOJIMYHBIC HHTETPAJIBI.

5.0cHOBHBIE METO/Ibl HHTEIPUPOBAHHUS:
a) METOJ1 Pa3IokKeHHs (METO/l HEOCPEACTBEHHOTO UHTETPUPOBAHHUS);
b)meTron  3amMeHBl  MEPEMEHHOW  HMHTETPUPOBAHUS (meTon
C) METOJ MHTETPUPOBAHUS TI0 YACTSIM.

IIpakTH4yeckas 4acThb:
1. Halimure muHTErpasnsl, NCIOIb3YsI METOJ PA3IOKECHUS:

1-3x, @-x?* .
=% StV
D [ 4[5
2) j(%+cosx)dx; 5) I(3x2+3dx;
X
3) J(%+ex)dx; 6) j(Scosx—xhx.

2. Halinute wWHTErpagbl METOJOM 3aMEHBI IEPEMEHHOM:

1) [ dx; 4) [ sinx cos* xdx ;

sin*x

19
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)-[ cos xdx S)J- exzdx;

(1+sinx)?’ e +
2e”
3) J.mdx, 6) ICthdX .

3. Haiinure unTerpasibl METO10M UHTETPUPOBAHUS 110 YACTSAM:

1) jxcosxdx; 4) Ixz In xdx ;
2) J.I?(—Sxdx; 5) _[xe“dx;
3) Iexsin xdx ; 6) Iexcosxdx.

5. [lepeyeHb BONMPOCOB /ISl MPOBEPKH HCXOAHOTO YPOBHSI 3HAHMIA:
1. [aiite onpenenenue nepBoodpazHoil GpyHKIUU.

2. IlpuBenute OCHOBHBIC CBOWMCTBA HEONPEACICHHOTO HHTETPAIA.

3. Buyewm cocrour MeroJ 3aMeHbBI IIEPEMEHHOM WHTETPUPOBAHUS?

4. 3anumwure GOpMyIly HHTETPUPOBAHUS 11O YACTSM.

6. IlepevyeHb BONPOCOB /1Jisl MPOBEPKU KOHEYHOI'0 YPOBHS 3HAHMIA:

1. SBnsierca nM METOJ HMHTETPUPOBAHUS IO YACTSIM YHUBEpcalbHbIM? B Kakux ciydasx
CJIeTyeT ero UCTIOIb30BaTh?

2. Kakue paBe OCHOBHBIE 3aJauyd, CBS3aHHBIE C (UIHUYECKUM U TEOMETPUUYECKUM
MCTOJIKOBAaHUEM MTPOU3BOAHOM, PEIIAIOTCS ¢ TOMOILBIO UHTETPUPOBAHUS?

3. Kak mpoBepuTh MpaBUIBLHOCTh HAX0XKICHUS HEOTIPEAETIEHHOTO HHTerpana?

7. XpoHokapTa y4eOHOIr0 3aHSITHSA:

1. OpranuzanroOHHBIA MOMEHT — 5 MHH.
2. Pa306op tembl —15 MuH.

3. Pemenue npumepoB U 3a1a4d — 45 MUH.
4. Texymuii KOHTPOJIb 3HAHUN — 20 MHH.
5. IloaBeneHne UTOTOB 3aHATHS — 5 MHUH.

8. Ilepeyens yueOHOM JIUTEPATYPbI K 3AHATHIO!

1. Mopo3oB FO.B. OcHOBBI BbICIIE MaTeMaTUKU U CTaTUCTUKU. M., «Meauuuna», 2010, §§ 5.1
-54.

2. [TaBnymkoB M.B. u ap. OCHOBBI BbICIIEH MaT€MaTUKH U MAaTEMAaTHYECKOW CTATUCTUKHU. M.,
«I"O0TAP-Mennar, 2008, §§ 4.1, 4.
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OIPEJIEJIEHHBIN NTHTETPAJI. ®OPMYJIA HBIOTOHA—JIEUBHUIIA.
HEKOTOPBIE ITPUJIOXKEHHUA OIIPEJAEJIEHHOI'O HHTEI'PAJIA

1. Hay4yHo-meToau4eckoe 000CHOBAHUE TEMbI:
[TonsiTHE OMpeeNIEeHHOTO HHTETPalIa UCTIOIB3YIOT B PsijIe MPAKTHYECKUX 3a/1a4, B YACTHOCTH B

3aJayax I10 BBIYMCICHHUIO IUIOMAACH IUIOCKUX (Uryp, pacdery pabOThl, MPOU3BOAUMOMN

MEPEMEHHOI CUIIOM, HAX0XKICHUIO CPEIHEr0 3HAYCHUS (PYHKIIUHU.

2. Teopus:
PaccMmoTpum 3a1aum, MPUBOJSIINE K TIOHSATHIO ONPEICICHHOTO HHTETpaa.

1. 3aodaua o naxorcoenuu niowyadou KpueoJIuHeuHoOU mpaneyuu

[Tycts nana Heotpunarenshas Gyukuus Y=f(x), rpaduk koTopoii u300pakeH Ha puc.l.

RS g e .
o ' D P . ‘ . 4
\ R N .
9 Xp=a' E'X, E X2 - Xf-f ‘ EX‘ );,‘{Xn'-’b X
: ki K, K; A
Puc.1

Bribepem Ha ocu OX TOukM @ U b ¥ BOCCTaBUM M3 HUX MEPHEHAUKYISAPHI 10 HEPECEUCHUS C
kpuBoid. durypa, orpaHudyeHHas KpHUBOHM, MepHeHAuKyiIsipamMu u ocbto OX, Ha3bIBaeTcs
KPUBOJMHENHHON Tpanenuell. Beraucaum miomaas 3Toi tpanenuu. s 3Toro pa3o0seM 0Tpe3ok

[a, b] Ha N 4aCTHUYHBIX OTPE3KOB TOYKAMHU
Xo =A< X <X, <o <Xy <X <...<X, =Db.

BHYTpH Ka’/I0TO OTpe3ka  [X,;,X; | JUTMHBI AX, = X, —X,_; BBHIOEpEM MPOU3BOILHYIO TOUKY K,

(i=123,...n). Cocrasum npoussenenns (K, JAx, f(k,)AX,,...

Kaxnoe Takoe npoun3BeieHUe PaBHO IUIOMAAN IPIMOYTOJIbHUKA C OCHOBAaHHEM  AX, AX,,....

U BBICOTOM, paBHOW 3HAUYEHUIO (QYHKIUHU f(X) B IIPOM3BOJIBHOM TOYKE COOTBETCTBYIOIIETO

otpe3ka. CyMma TakuxX MpOU3BEICHUI
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n

> ko ax, @)

i=1

Ha3bIBACTCS unmezpaivhou cymmou s ynkiun f(X) Ha oTpeske [a,b] Y paBHa IUIOUIAIN
BCEX MPSAMOYIOJIbHUKOB.
Ecnm xakapiii U3 oTpe3koB JoctaTouHo mai, 1.e. AX — 0, AX, >0  wu T.1., TO TUTOImIAND

3alITPUXOBAHHOM 061acTu (puc.1) cTpeMUTCs K IUIOIMIA N KPUBOJIUHEHHON Tpaney, paBHOU

S = lim Z f (k, )Ax, 2)

AX—0 4=

Takum oOpa3oM, 3agada O BBIYMCICHHMM IUIOINAAM KPUBOJIMHEHHOW Tpamenuud CBOAMUTCS K
ONpEJICTICHUIO Mpeiesia UHTerpalibHON cymmbl (1) .

2. 3aoaua o éviuucnenuu padomsl nepemeHHou Cunbl

[Tycth MaTepuaibHash TOYKA SIMHUIHOW MAcChl IEPEMEIIaeTCs U3 TOYKH a B TOYKy D ocu
OX mox Bo3zelCTBHEM MTEPEMEHHON CHJIbI, HampaBJICHHOW BA0Jb ocu OX (T.e., cHiia SBIsSETCS
dbynxrmeit X: y=Ff(x)). TpebyeTcs HaiiTu paboTy A 3TOM CHIIBIL.

Pa3zo6rem oTpe3ok [a, b] MIPOU3BOJIBHO HA N YacTel Toukamu  (puc.2)

Xo =A< X <X, <o <Xy <X <...<X, =Db.

\ kiv s
. . R N bf(kq) X
‘ 5—/ X,-fta X Xz"' 'Xf-: X[‘ . -'Xn-, Xn=b

Puc.2

TIpy 7OCTATOYHO MEJNKOM Da3OMEHHMH MOKHO CUMTATh, HTO HA KAkJIOM OTpesKe [X, X |
BenrurHa cuiibl f(X) MOYTH MoCTOsSHHA M MPUOJMIKEHHO PaBHA €€ 3HAUCHUIO B HEKOTOPOU TOYKE
k,; f(X) =~ f(k;) mns mr06bIx Towek X€ [X,,,X;].

PaGora AA, cunbl Ha KaxIOM OTpe3Ke [Xi_l, xi] Torna Oyaer mpuOIMKEHHO paBHA
f(k,JAX,, Tne  AX, =X, —X,;, a paboTa CHJIBI TIO TIEPEMENIEHHIO MAcChl BJIOJb BCETO OTpe3Ka

[a, b] Oyzaer npuOIMKEHHO paBHA

Ax Z (K )AX., @3)
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3nayeHue pabotrel A Oyaer TeM TouHee, YeM Menbue Oyaer paszouenue. [lostomy s
MOJIyYEeHHUsI TOYHOTO 3HaYCHHs pabOThI MEPEMEHHON CHUJIBI Ha BCEM OTpe3Ke [a,b] HE00X0AUMO

nepeiTy k npegeny npu Ax, — 0,(i=12,3,....,n).

A=1im Z f (k; )AX, (4)

Ax—0 =1

Takum oOpa3zoMm, U Uid BbIYMCICHHUS PabOTHl MEPEMEHHOM CHUJIbI HEOOXOIUMO YMETh
OTIpEeeNATh MPeJie UHTErpanbHON CyMMBI (1).

Oyukius f(X) Ha oTpeske [a, b] Ha3bIBACTCS UHMe2pUpyemoti, €ciii CYIIECTBYET TaKOe YHUCIIO

I, kK KoTopomy crpemutcs mHTerpanbHas cymma (1) mpu  Ax, — 0. Torma uncio | HaseiBaercs

onpeoenennvim unmezparom Gyakuuu f(X) Ha orpeske [a, b] 1 0003HAYaeTCs
b
| = j f(x)dx
a

[a,b] - obJacTh UHTECTPUPOBAHMUS, d HAa3bIBACTCI HIDKHHUM MOPEACIOM HHTCIPUPOBAHUA, b -

BEPXHUM IIPEJIETIOM UHTErpUpoBaHus. M3 cka3aHHOro cieayeT, 4To

[ f09dx=lim Z f (k,)AX, , (5)

a Ax;—0 i=1
Takum O6p8.30M, BBIYMCJICHUC IIJI0IIaIu KpHBOJ’IHHGﬁHOﬁ Tparneuun nu pa6OTBI nepeMeHHoﬁ
CHJIbI CBA3AaHO C HAXOXKACHUCM OIIPCACIICHHOI'O MHTETpajia.
3. Ocnoenble ceolicmea onpeoeﬂeunozo unmeczpaia

1. Onpeodenennviii unmezpan ¢ paguvimu npedenamu pagex Hyio:
a
j f(x)dx =0.
a

2. Ilpu nepemene mecmamu npeodelo8 UHMESPUPOBAHUS GETUYUHA ONPEOeleHHO20
UHMe2pana U3MeHaemcs Ha NPOMUBONOJIONCHYIO:

b

jf(x)dx :—j f (x)dx.

a
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3. Eciu ompe30K unmezpupoeamusi [a,b] pazoenen Ha KOHeuHoe 4ucio N YACMUYHBIX
ompe3Ko8 [a, Xl], [Xl,xz],...,[xnfl,b], mo onpeodenennvii unmezpan om Gyukyuu f(X) Ha
ompeske [a,b] PAaGeH cymme OnpeoesieHHbIX UHMeZpaiog Om Mot (OYHKYuu Ha Kanicoom u3

YACMUYHBIX OMPE3KO8 (CEOUCMBO A0OUMUBHOCU)!

j. f(x)dx = T f(x)dx+i|Z f(X)dx +... j). f(x)dx.

4. j-kf (x)dx = ki f(x)dx ,

20e K - nocmosannwiii mnoscumens.
5. Onpedenennvlii unmezspal om aneeopauyeckou CymMmbl KOHEYHO20 YUCIA @dynxyuil,

UHmMeZpUpyembix Ha Ompe3Ke [a, b] , pasen anzebpaudeckoll cymme OnpeoeeHHbIX UHMeSpaios

9Mux YyHKYuil Ha OAHHOM ompesKe:
b b b b
j[fl(x) + () 4ot (X)X = j f, (x)dx +j f, (x)dx + j f (x)dx.

Benuuuna omnpeneneHHoro uHrerpana ot gyHkuuu f(X), HenpepbIBHOM Ha OTpe3Ke [a,b],

paBHa MpHUpAIIEHHIO 000 13 IIEPBOOOPa3HBIX IS ATOH (PYHKIIMHN HA TaHHOM OTpPE3KE:

b

j f (x)dx = F(x)

a

. =F(b)-F(@), (6)

®opmyna (6) HazbIBaeTcs popmynoi Horomona-Jlenionuya.

W3 sT0# opMyIbl ciaexyeT, 4TO A BBIYUCICHUS OINPENEIEHHOr0 UHTErpana J0CTaTOuYHO
HalTH Kakyroo-mubo M3 MEepBOOOPA3HBIX Ul MOJABIHTEIPAJIbHOM (YHKIMH U U3 €€ 3HA4YeHUs,
COOTBETCTBYIOLLIETO  BEPXHEMY  IMpelelly  UHTErpUpOBaHMUS, BbIUECTh  3HAUEHHE,
COOTBETCTBYIOIIEE HUKHEMY IpEJIeIy.

1
Ilpumep 1. BpraucauTh onpeieleHHbI HHTErpa IX“dX .
0

5
X
Pewenue. TlepsoobpasHoii s pyHkuun X* (MMeromieii Hanbonee MpoCToii BUJ), ABISETCS o

IToaToMy B COOTBETCTBUU c bopmyoit Herorona-Jleitbauna HMEEM
1 5 5 5

X 1" 0 1
J'x“dx=—‘§, =———==.

5 5 5 5
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4. OcHogHble MemOObl 8bIUUCTICHUA ONPEOESICHHBIX UHMeZPaAl08

4.1. Memoo paznoscenusn (HenocpeocmeeHH020 UHMEZPUPOBCAHUSL)

DTOT METOJI OCHOBAaH Ha MWCIIOJb30BAaHMHM CBOMCTB OIPEICICHHOTO HHTErpajia, 3HAHHUU
dopMynT TpPOCTEHIINX HEOMpPENeNCHHBIX HHTErpaioB W TNpHUMeHeHHH ¢opmynsl HeioToHa-
JleiiOnuua.

Ipumep 2. Beraucnuth onpeaenaeHHbid uaterpan | = | (X +2cos x)dx..

ot—w|y

Pewenue. Bocrionb3yemcs cBorictBamu (3) u (4) onpeneeHHbIX UHTETPAJIOB:

T

O w0 | N

3
Xdx + 2jcos Xdx .
0

[TepBooOpazHble 1715 OABIHTErPATBHBIX (QYHKIUI HAalIEM C TOMOIBIO (OPMYJT IPOCTEHIINX
omnpezeneHHbIX UHTErpaoB. [lanee, ucnonb3ysa Gpopmyny Hetorona-Jleitbuuua, noayuyum

(”)2

2|z z 2 2 ’ )

I—X_03+25inxg =3——0—+2(Sin£—sin0 70 E—O _F /3.
2 2 3 18 2 18

4.2, Memoo 3amenvt nepemeHHol (Memoo nOOCMAaHO6KU)

9TOT METOJ OCHOBAH Ha 3aMCHC nepeMeHHoﬁ HHTCIPpUPOBAHUA B OIIPCACIICHHOM UHTCIPAJIC C
HCJIbKO CBECCTU €0 BBIMUCIICHUC K BBIYUCIICHUIO TAKOT'O OMPCEACIICHHOI'O MHTETpajia, KOTOpBIfI

MOKET OBITh BEIYUCIICH MCTOIOM PAa3JIOKCHHA.

3
IIpumep 3. Boruucnuts uarerpan | = _[ e®*dx.
1

Pewenue. Beenem HOBYIO iepeMennyio t = 2X; Torpa dt = 2dx, orkyma dx = %

IIpu 3aMeHe mepeMEHHOW HWHTETPUPOBAHMS B ONPEAEICHHOM HHTErpaje HeoOXO0IMMO
OJTHOBPEMECHHO 3aMEHUTD MPe/Ieibl HHTETPUPOBAHUS HA COOTBETCTBYMoMIME . MMeem: mpu X =1
t=2, mpu X=3 t=6. Orcroga cieayer, YTO HOBBIM HI)KHHM MPEICIOM HHTETPHPOBAHUS

Oyzer 3HaueHUe 2, a HOBBIM BEpXHUM — 3HadeHue 6. Takum o6pazom

25



3 6 6
d 1 1 1 1
| =|e”dx=[e' —==|e'dt==¢e'|5 ==(e’ —e*)==e?(e* -1).
J; ! 2 2! 2 | 2 2

3ameuanue. Eciin 1pu 3aMEHE NEPEMEHHON B HEOIPEACICHHOM HUHTErpajie Mbl OT HOBOM
nepeMeHHoii | Bo3Bpamanuch k nepBoHavYanbHON MEPEMEHHON X, TO IIPHU 3aMeHE TIepEMEHHOI
B OIIPEJICJIECHHOM MHTErpajie B 3TOM HET HEOOXOJUMOCTH.

4.3. Memoo unmezpupoganus no 4acmsam

OTOT METOJ OCHOBaH HA WCIIOJIb30BAHUU CJENYIOLICH Gopmynvl unmezpuposaHus no

yacmim.
b b

fudv =uv|? —fvdu, (7

a a

rae U=Uu(x) 1 v = v(x) — "HenpepbiBHO nupdepeHpyembie GyHKIIUU HA OTPE3KE [a,b].
A
IIpumep 4. Beraucnuts onpenesieHHbid uarerpan | = j X COS Xdx .
0

Pewenue. Jlanupiii MHTErpajl HE MOXET OBITH BBIYMCICH HEMOCPEICTBEHHO HU METOIOM
pasoKeHUs,, HH METOJOM 3aMeHbl nepeMeHHOH. [lonoxxkum u = x, dv = cosxdx. Haiinem
orcrona du = dx,v = sinx. Torma

T T
| = [ xcos xdx = xsin |7 — [ sin xdx = zsin 7 —0sin0+cos X5 = cos 7 —cos0 = ~1—-1=-2
0 0

5. Hexomopuie npunoycenus onpeoeneHnoz0 unmezpania
5.1. Boiuucnenue nnowadeii niockux guzyp
[IpumeHeHne OMpe[eNeHHOr0 HHTerpaja JJjs BBIYUCICHUS IJIOMAAEH IJIOCKUX (UTyp

OCHOBAHO Ha T€OMETPUUYECKOM CMBICIIE OIPEIEIIEHHOTO UHTErpaia: niowaos S KpusoIuHeuHoll

mpaneyuu, oepanuientol epagurxom Gyuxyuu Y=F (X), ocvro abcyucc u npsmvivu tuHuAMU X=2

u X=b, uucnenno pasna onpeoenennomy unmeepany om 3moii hyHKyuu Ha ompesKe [a, b] :

S:if(x)dx.

Ecnu nrockas gueypa oepanuuena npsmvimu X=a , X=b (a<b) u xpusvivu y=fi(x) , y=f2(x) ,
npuuem f1(X)<fr(x) (a<x<b) , mo ee nrowaow sviuucisemes no popmyne:
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S = [[f,00 - f,(0Px, (8)

O ey T

B wactHOM ciywae, korna miockas Qurypa orpanudeHa cHu3y ocbio OX, dopmyma (8)
YIIPOILACTCS:

S = j f,(x)dx, ©)

Ilpumep 5. Bprauciuth 1omaas (GUrypbl, OrpaHUYEHHON KpHUBBIMH (puC.3) y:\/; u

y =X,

]Y

Puc.3

9] 4
Pewenue. Haitmem Toukn IICPECCUCHUS KPUBBIX | v/ X = X2 , CJI€IOBATEJIbHO X = X . OTCIO)Ia

X =0, X, =1 u o popmyie (8) umeem

1
3

X
3o

1 1
szj(\/}—xz)dxix% -
0 3 0

5.2. Paboma nepemeHnnoil cuvl

CpaBuuBas dopmyny (4) ¢ dopmynoit (5) s ONpenerseHHOro WHTEerpana, MPUXOAUM K
BBIBOJY, YTO paboma nepemennou cunvl f(X), oeiicmsyoweii na mamepuanvhyro mouxy npu
nepemewjeHuy ee U3 MoyKu X=a 6 mouxy X=b, uucienno pasHa onpeoeieHHoOMy UHMe2PAary Om

9MOU CUTbL HA OMpe3sKe [a, b]:

A:jl f(x)dx, (10)
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Ilpumep 6. HaiitTn BenuuyuHy pabOTHI, KOTOPYIO HEOOXOIUMO COBEPIUUTH JJISl PACTSKEHUS
NPY)XUHBI OT TOJIOKEHHs paBHOBecHs Ha BenwuuHy |1=0,1 m, eciau Ko3(pOUIMEHT ynpyroctu
npyxunbl k=200 H/m.

Pewenue. B cooTBeTcTBUU ¢ 3aKOHOM ['yka Ui pacTsDKEHUS MPYXKUHBI HA BEIUYHHY X
HE00XO0MMO MPHIIOKHUTH crity f(x) = kx.

[Toacrapmsist 310 BeIpakeHue B (10) , mMOydrM 3aBHCUMOCTh pabOThl A MPHIIOKEHHON CHIIBI
OT pacTshkeHus | mpyXuHbI:

x2|" kI

0

A=_I[kxdx=k
0

[ToncraBuB B 3Ty (HhOpMYITY YHCICHHBIC 3HAYCHHSI, OKOHYATEIBHO TTOTYYUM:

~200-01°
2

A =1(Dorc) .

5.3. Haxocoenue cpeOnux 3Havenuil hynkyui

Cpeonum 3nauenuem Qynxyuu f(X) na xoneunom ompesxe [a,b] Hazvleaemcs geruuuna f

onpe()eﬂﬂemaﬂ COOMHouernuem.

_ 1 &
f=rms j f (x)dx, (11)

Ilpumep 7. Haiinem cpennee 3HaueHue pyHkmun Y =Sin X Ha otpeske [0, ).

Pewenue. B coorBercTBuu ¢ popmynoii (11) umeem:

To—L [sinxdx = 1(—cos x)
T — 0 T

:—E(COSE—COSO):E.
0 v T

3. leab 1esiTeIbHOCTH CTYACHTOB HA 3AHATHM:

CTyaeHT 10JI2KeH 3HATh:

1.3anaun, npuBOAAIIME K IOHATUIO ONPEEIEHHOTO UHTErpaja:
2. IlonsiTHe MHTErPANILHON CYMMBI.

3. ®opmyny Herorona—JleiiGuuna.

4. OCHOBHBIE CBOWCTBA OINPEAEIICHHOIO HHTErpaIa.

5. OCHOBHEIE MCTOABI BEIYUCIICHHUA OIMMPEACIICHHBIX HHTCTPAJIOB.

28



CTyeHT 10/:KeH YMeTh:

1.BbIUUCHATH ONpeIeICHHBIE HHTETPAIbI PA3IMYHBIMA METOIAMU:
METOJIOM  PA3JIOKCHHs; METOJOM 3aMEHbl TICPEMEHHOW WHTETPUPOBAHHS; METOJIOM
WHTETPUPOBAHUS IO YACTSIM.

2.Berancnate cpeqHue 3HavYeHUs (DYHKIWH, IUIOMAAN IUIOCKHX (uUryp, paboTy mepeMeHHOU

CHIJIBI.

4. Conep:kanue o0yueHus:
Teopernueckas 4acThb:
1. 3amaun, mpuBOAAIINE K MOHATHIO ONPEACICHHOTO HHTErpaja:

a) O BBIYKCJICHUH IUIOIIAN KPUBOJIMHEHHON Tparenum;

b) o BrUMCIIEHMH PAOOTHI MIEPEMEHHOM CHIIBI.

2. ®opmyna HeroToHa - JleiiOauma.
3. OcHOBHBIE CBOMCTBA ONPEICTICHHOTO HHTErpaa.
4. OCHOBHEIE MCTOAbI BBIYUCIICHUA OIMPCACIICHHBIX HHTCTPAJIOB,

5. HCKOTOpLIe IMPUIIOKCHUA OIIPCACICHHOIO HHTCIpaJia:

a) BBIYKCIICHHUE IUIOMIACH TIOCKUX (PUTyp;
b) BbIUKCIICHHE CPETHUX 3HAYCHUH (DYHKIIHIA,
C) BBIYKCIICHUE PAOOTHI IEPEMEHHON CHJIBI.

IIpakTH4yeckast 4acTh:
1. Beruucnure onpeaeseHHble HHTErPaibl METOJOM Pa3JIOKEHUS:

1) j(%+ex)dx; 3) j(:%xz +§)dx;

% 5 2
2) I(Zsinx+3cosx)dx; 4) .[(X?’;z)dx
X
0 1

2. Beraucnute OIPCACIICHHBIC HHTCI'PpAJIbl METOAOM 3aMCHBI nepeMeHHoﬁ:

tgxdx ;

Ot [N

1) j.\/5—2xdx; 3)

2 cos X e

2) | ———dx; 4) | ———dx.
l !e +4
4

29



3. Beruncnure OMMPCACICHHBIC MHTCIPAJIBI MCTOAOM MHTCTPHUPOBAHUS 11O YACTAM:

2 :
1) Ixsinxdx; 3) _[In—zxdx,
0 1 X
1 e
2) j arctgxdx ; 4) jxln Xdx .
0 1

4. Boruncnute miomanan GUryp, orpaHuueHHbIX JIMHUSMU:

1.y=x2 u y= X,
2. y:\/; U y=x.

5. Haiigute cpennee 3naueHue QyHKIU:

1. y=coSx Ha oTpe3ke _rr
. 2|

2. y=+/x naorpesxe [0,4].
6. Berauciure paboTy IepeMeHHON CHITHI :

1. f(X)=4x>+3x*+2X npu NepeMelIeHUH MaTepHalbHONH TOYKH BIOJL OCH abCIUCC W3
HoJIOKeHNUs ¢ abcuuccoit X, =1 B momoxenwue ¢ abcuuccoit X, = 4.
2. f(x)=e” npu npAMONMHEHHOM TEPEMENIEHHH MATEPUAILHON TOYKU M3 TOJOKEHHUS C

abcmuccoit X, =0 B monmoxxenue ¢ abcuuccoit X, = 2.

5. IlepedyeHb BONIPOCOB /ISl IPOBEPKH UCXOHOI0 YPOBHS 3HAHUM:
1. /TafiTe reOMETPUYECKYIO HHTEPIIPETALIMIO ONPEIEIEHHOTO HHTETpasa.
2. Yro Ha3bIBAETCS UHTETPAILHON CyMMOI?

3. 3anummte popmyny Herotona-JleriOnua.

4. IlpuBeuTe OCHOBHBIE CBOMCTBA ONPECICHHOTO HHTETpaa.

5. 3anumuTe GopMyiTy AJi BHIYUCICHUS CPEAHUX 3HaYCHUN yHKINH.

6.IlepeyeHb BONPOCOB /1Jis1 IPOBEPKU KOHEYHOI'0 YPOBHS 3HAHMIA:

1.MoxHO 1M  pe3yiabTaT  BBIUMCIEHUS  ONpPENENIEHHOrO  HHTerpajga  INPOBEPHUTH
muddepeHpoBanuem?

2.Ha uyeM OCHOBaHO TNpPHMEHEHHE ONPEAEICHHOTO MHTEerpaja JJisl BBIYMCICHUS IUIOIAAEH
TIOCKUX (uryp?

3.0numuTe METobl MHTETPUPOBAHUS 3aMEHOM MEPEMEHHON U 110 YaCTSM.
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7. XpoHokapTa y4eOHOIr0 3aHSITHSA:

1. OpranuzaunoHHbii MOMEHT —10 MuH.
2. Pa36op templ—-30 MuH.

3. Pemienue npumepoB u 3a1a4 —90 MUH.
4. Texymuii KOHTpOJIb 3HaHUM —40 MuUH.
5

. I[lonBenenune uroros 3auarusa —10 MuH.

8. Ilepeuenn y4eOHOM JIMTEpaTyphbl K 3aHATHIO!

1. Mopo3zos KO.B. OcHoOBBI BeICIIEH MaTeMaTUKU U cTaTUCTUKU. M., «Menuuuna», 2010, §§ 6.1
- 6.7

2. IlaBnymikoB M.B. u ap. OcHOBBI BbICIIEH MaTeMAaTHKU U MaTEMAaTUYECKOM CTaTUCTUKU. M.,
«I'D0TAP-Mennay, 2008, §§5.1-5.6.
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JANODOEPEHIIUMAJIBHBIE YPABHEHMUSA

1. Hay4yHo-mMeTOoAM4YecKkoe 000CHOBaHHE TeMbI:

[Ipy MaTeMaTH4eCKOM OIMCAaHWU PA3NIUYHBIX (DU3MYECKHX, XUMHUYECKUX, OMOJOTHMYECKUX
IIPOLIECCOB M SIBJICHUM YacTO MCIOJB3YIOT YPaBHEHMs, COJEpKAalllMe HE TOJIBKO H3ydaeMble
BEJIMYMHBI, HO M HUX IPOMU3BOIHBIC PA3IMYHBIX IOPANKOB OT ITUX BenuuuH. Hampumep, B
COOTBETCTBUU C IIPOCTEHIIEN BEpCcUE 3aKOHA pa3MHOXKEHMs OAKTEpUi, CKOPOCTh Pa3MHOKEHUS
IPONOPIMOHATIbHA KOJIMYECTBY OaKTepHii B JaHHBIH MOMEHT BpeMeHH. Ecim 3TO KOJIM4YecTBO
0003HaunTh uepe3 N(t), TO B COOTBETCTBUH C (PU3MYECKUM CMBICIOM HPOHU3BOAHONW CKOPOCThH
pasMHOKEHHUs1 OakTepuil mpexacrtaBiseT coOoi mnpousBonHyo N(t), ¥ Ha OCHOBaHUH
YIOMSIHYTOTO 3aKOHA MOXHO 3amucars cootHomenne N'(t) = k- N, rae k>0 - koddduiuent
IPONOPUUOHATBHOCTH. IlodydeHHOEe ypaBHEHHE HE SBISETCS alreOpanyecKuM, TakK Kak
COZIEPKUT HE TOJBKO HEN3BeCTHYIO (yHKuuMIo N (t), HO ¥ ee MPOU3BOIHYIO IIEPBOTO MOPSIIKA.

1. Teopus:
1. Ionamue ougpgpepenyuanvnozo ypasnenusn

VpaBHeHHe, cojieprkallee He3aBUCHMYIO ITEPEMEHHYIO X, UCKoMyIo ¢yHKiuio y=F(X), a Taxxke
ee MPOU3BOJHBIE ), V", U T.A. HA3bIBACTCA 0ObIKHOBEHHBIM OUPDepeHYUAIbHBIM YPABHEHUEM.
OO6muit Bug nuddepeHanibHOr0 ypaBHEHUS:

F, Y, Y. Y =0, (1)

Topsokom oughghepenyuanvrozo ypasrenus Ha3bIBaeTCs MOPAIOK HAUBBICIIEH MPOU3BOAHOM,
BXOJISIEH B 3TO ypaBHEHUE.

Hanpuwmep, y'+xy—5=0 — ypaBHeHnue nepsoro nopsaka, y"+6y'+x=0 — ypaBHeHHE BTOPOTO
Hopsi/IKA.

OOuwmii B ypaBHEHMsI HEpPBOTO MOPsIKA:

F(xyy)=0, 2

Obwum  pewenuem  TUudepeHINATPHOIO  ypaBHEHHMs  Has3blBaeTcsl  (yHKIMA,
YJIOBJIETBOPSIOIIAS IBYM YCIOBUSAM: BO-TIEPBBIX, 3Ta (DYHKIUS JOJKHA YIOBJIETBOPATH TaHHOMY
TuddepeHMaIbHOMY YpaBHEHHIO, T.€. TIPU MOJICTAHOBKE B YpaBHEHHE JIOJKHA 0OpallaTh €ro B
TOKIECTBO; BO-BTOPBIX, KOJUYECTBO MPOU3BOJbHLIX NOCMOSAHHBIX B 3TOM (YHKLIHU JOJHKHO
OBITH PaBHBIM 1OPAOK)Y TAHHOTO YPaBHEHHUS.

Obmee pemienne nuddepeHInaIbHOrO ypaBHEHH N-T0 TOPsIIKa UMEET BU:

y = f (X, Cl, C2,----,Cn) s (3)

a obuiee peurenue auddepeHnnanbHOro ypaBHeHus | mopsaka
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y=f(x0C), (4)

N3 ofmero pemeHus IyTeM BBIYMCICHUS IIOCTOSHHBIX HHTEIPUPOBAHUSA, HCXOAS U3
3aJJaHHBIX JOIOJHUTEIbHBIX YCIOBUIL, MOXKHO HAlTU yacmHubie pewienis JAHHOTO YpaBHEHUS.

JuddepeHnnanbHbIME ypaBHEHUSIMHI OINKCHIBAIOT PA3IMUHBIEC MPOLECCH B (PU3UKE, XUMUH,
6uonoruu, papmanuu.

W13 ypaBHEHuU 1epBOro Mopsiika pacCMOTPUM YPAaBHEHUS C pa30enatoWUMUCs nepemeHHbIMU.

2.Ypasenenusa c pazoenarouwumuca nepemeHHviMu

Vpasuenue ¢ pasoensiiowumucs nepemennsiMy UMeeT BUI  y'=@ (x,y), IpUYEeM €ro mnpapas
9acTh MOXET OBITh TMpEACTaBlieHA B BHJE MPOU3BEACHUS JBYX OTACIBHBIX (YHKIIHI:
@(X,y) = ¢, (X)- @, (y) . Torna

, d
y :d—iwl(xnoz(y).

Hpeo6pa3yeM 9TO YpaBHCHHUEC, pa3/1CJINB ICPCMCHHBIC CIIpaBa U CJICBA:

dy
®,(Y)

=@, (x)dx.

OOmmit BUJ ypaBHEHUS C pa3/IeICHHBIMHU TIEPEMEHHBIMU
f(y)dy=¢ (x)dx .

VYpaBHEHHE peIIaeTcsl HEMOCPEACTBEHHBIM HMHTETPUPOBAHUEM: CJIEBA 0 NEPEMEHHOW ) H

CIipaBa 1o MePEeMEHHOM X ¢ TPUOABIEHHEM MMOCTOSTHHON HHTerpupoBanus C.
j f(y)dy = j P(X)dx wm F (y)=@(x)+C.
Permmast 570 ypaBHEeHHE, HAXOINM:

y=yp(x)+C.

Takum oOpa3oM, anroput™M peeHus 1uddepeHIHalIbHOr0 YPaBHEHUS ¢ Pa3esOIMMUCS
NIEPEMEHHBIMU CIIEAYIOLIUI:
a) €CJIM YpaBHEHHE CONEPIKUT ITPOU3BOIHYIO, TO PEACTABUTD €€ B BULEC d—i ;
6) npeoOpa3oBaTh ypaBHEHHE, MEPEHOCS BCE WICHBI €ro, COAEp)Kallue )y , B JIEBYIO 4acTb,
CoJIeprKallie X — B IPABYIO;
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B) NPOMHTErPUPOBATH MO OOLIMM IMpaBWJIaM JIEBYIO 4YacThb 10 apryMEHTy ) U IpPaByl — IO
apryMeHTY X ¢ IpuOaBIeHHUEM MOCTOSIHHOW MHTErpupoBanus C.
I') peuiast MoJy4eHHOE YpaBHEHHUE, HATH UCKOMYIO (DYHKITHIO.
Ilpumep: HaiiTu oOuiee pemieHne ypaBHEHUs Y'=2XY M 4aCTHOE PELICHHEe, COOTBETCTBYIOIIEE
YCIIOBUIO
y=2 upu X=0, (5)

Pewenue. IlpencraBum npou3BoHyI0 Y' B BHIE OTHOLIeHU AU depeHnnanos:

dy
— =2Xy.
dx X
Paznenum nepemeHHble:
dy = 2xdx ;
dx
IIpouHTErpUpYEM MTOITYYEHHOE YPaBHEHHUE:
j ay = ZJ. xdx
y
Iny=x?+C.

Tak kak B ypaBHeHHe BX0oAuT INy, To mocTosiHHYIO y00HEe BBIPa3UTh B BUjIE Jorapudma:
Iny=x2 +InC

Iny - InC=x"?

HOTCHI_II/IpySI 9TO PaBCHCTBO, IOJIYUYHUM!

Otcroga % —eX , U JUISL OOIIIEro perieHusl NMeeM
y=Ce* , (6)

JIist HaXOXKACHUS YACTHOTO PEILISHUS TOJICTaBUM HadanbHOe ycioBue (5) B (6):

2=Ce’ =C, 1.e. C=2 ¥ HCKOMOE 4aCTHOE pelieHue OyaeT UMeTh BUJ
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y=2e", ()

3. 3aoauu na cocmasnenue oughghepeHyuaILHBIX YPAGHEHUIL

1.3a0aua o cxopocmu pazmuodicenusi oOaxkmeputi. CKOPOCTh pa3MHOXEHHUS OakTepwHii
NPONOPLIMOHATIbHA MX KOJIWYecTBY. B HauanbHblii MOMeHT uMenock 100 Oakrepuil, B TeueHUe
TPEX 4acOB UX YUCIIO YABOMIOCh. HaliTH 3aBUCUMOCTD KOJIMYECTBA OAKTEPUI OT BPEMEHH.

Pewenue. ITycts N — KOTM4eCTBO OAKTEPH B MOMEHT BpeMeHH t. Toraa coriacHo yCIIOBUIO

N

kN )

rae k - koaddunmeHT nponopuoHaIbHOCTU. Y paBHeHHe (8) mpeacTaBiseT coOol ypaBHEHUE
pa3IeISIFOIIMMHUCS TEPEMEHHBIMU M €T0 PEIICHUE UMEET BH/I;

N =Ce“m, )

W13 navanpHOro ycnosus uzsecto, uto N(0) =100. CrenoBarenbHo,

C=100 u N =100e".

U3 pononuurensaoro yenosust N(3) =200. Toraa

200=100e", 2=¢%, g _oh

Takum 006pazom, 11t UICKOMOH (HYHKIIUU MTOTYYaeM:

N =100-2% . (10)

2. 3a0aua 06 yeenuuenuu Konuvecmea ¢pepmenma. B KynbType NMUBHBIX JPOXKeH ObIcTpoTa
IpUpOCTa JEHCTBYIOMIETO (pepMEeHTa NPONOPIHOHATBFHA €r0 HavYaJbHOMY KOJIHYECTBY X.
[lepBoHauyabHOE KOJMMYECTBO ()epMEHTa a B TEYCHHE Yaca yIBOWJIOCh. HaWTH 3aBHCHMOCTH
x(t).

Pewenue. T1o ycnosuto 3anaun nuddepeHimanibHoe ypaBHEHHE TPpoliecca UMeeT BUJT

dx

— =kx, 11
o (11)
rae Kk — koaddunuent nponopunonansHoctr. Obmiee penienue ypaBHenus (11) (ypaBHeHHe ¢

pas3aCIIrOIIUMHUCA HepeMeHHLIMI/I) HUMECT BU:
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x =Ce", (12)

IMocrossuayro C Haiinem u3 HavansHOro ycaosus x(0) =a:

Torna
x(t) = ae", (13)

k
U3BectHO Takke, uto X(1) = 2a. 3Haunt 2a =ae*, orcioma € =2 u okoHUYATENEHO HUMeEeM

x(t) =a2". (14)

3. Lesb 1esITeILHOCTH CTY/ICHTOB HA 3aHATHM:

CTyaeHT 10JI2KeH 3HATh:

1. Ompenenenne 0OBIKHOBEHHOTO MU PEPEHIINATHHOTO YPaBHEHHUS.

2. TlonsTue 001Iero U 4acTHOTO penieHnid AU PepeHInaTHLHOTO YPaBHECHUS.

3. Omnpenenenne auQQepeHINATBPHOIO YPaBHEHUS C Pa3JCNSIONIMMUCS NEPEMEHHBIMH U
QITOPUTM €T0 PEIICHHUS.

CTyneHT 10/ZKeH YMeTh:
Haxoauts pemenus nuddepeHnnanbHbIX ypaBHEHUH IEPBOTO MOPSIKA C Pa3IeISTIONIMHCS
IIEPEMEHHBIMM.

4. Conep:kanue o0yueHus:

Teoperuyeckas 4acThb:

1. Tlonsatue nuddepeHnnanbHOro ypaBHEHHMs.

2. Tlopsnok nugdepeHnanIbHOro ypaBHEHHUS.

3. OGuee 1 yacTHOE penieHus AU PepeHINaTbHOTO YpaBHEHUS.

4. IuddepenunanbHble ypaBHEHHS IEPBOT0 MOPAIKA C pa3AesIOIIUMUCS TIEPEMEHHBIMU.
5. 3ajaun Ha cocTaBieHue TudGepeHNaTbHBIX YPaBHEHUH.

IIpakTH4yeckas 4acThb:
1.Pemute muddepeHnManbHble  YpaBHEHHUS IEPBOrO  MOpSAKAa € Pa3AesIOIUMUCS

MNEPEMCHHBIMU

1) y'= 2x*+1; 7)y (x+1)=1;
2) y=5; 8) ¢ y=1;
3) 3xdx= 2ydy; 9) 'y=1;
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2 L ' 2
4) x dy-E y dx=0; 10) y'= 2x°+1,;

5 1+y)dy=(1-x) dx; 11) xyy" =0,5;
6) (y+1)dx= 2xdy; 12) 4x-3y2y'=0.

2.Pemnte nuddepeHnnanbubie ypaBHEHUS U HalIUTE UX YaCTHBIC PELICHHS, COOTBETCTBYIOIINE

3aIaHHBIM JOIMMOJIHUTCIIbHBIM YCJIOBUAM!

1) y' =+/x npuycnosun: y(0)=5;

2) y'—sinx=0 mpu ycnoBuu: y(%j =2,

5. IlepeyeHb BONPOCOB /1Jisl IPOBEPKHU UCXOHOI0 YPOBHSI 3HAHMIA:

1. Maiite onpenerieHne 0OBIKHOBEHHOTO (P GEPEHIINATHFHOTO YPaBHECHUS.

2. Yo Ha3bIBaeTCS MOPIIKOM TU(PEPEeHITNATBFHOTO YPaBHEHUS ?

3. UeM oTiHMyaroTcst YacTHOE U 001ee permeHus TuddepeHIuanIbHOT0 ypaBHEHUs?

6. IlepeueHb BONPOCOB /1JIs1 NPOBEPKU KOHEYHOI'0 YPOBHS 3HAHUIA:

1.ComepxaT 1 4YacTHblEe pemieHus U QEepeHINaTbHOr0 YPaBHEHUS  TPOU3BOJIBHEIC
MOCTOSIHHBIE?

2.IlpuBemuTe TMOCIIEAOBATENBFHOCTh pemieHus TUuGGEepeHINaTFHOIO YpPaBHEHHS TIEPBOTO
HOPSI/IKA C Pa3eIIONIIMHUCS TIEPEMEHHBIMU.

7. XpoHokapTa yueOHOIr0 3aHSATHSA:

1. Opranu3anMOHHbBIII MOMEHT — 5 MHH.
2. Pa306op tembl —15 MuH.

3. Pemenue npumepoB U 3a1a4d — 45 MUH.
4. Texymuii KOHTPOJIb 3HAHUN — 20 MHH.
5. IloxBeneHue UTOrOB 3aHATUS — 5 MUH.

8. Ilepeuyenn y4eOHOM JIUTEPATYyPhI K 3aHATHIO:

1. Mopo3oB FO.B. OcHOBBI BbICHIEHl MaTeMaTUKU U cTaTUCTUKU. M., «Memuuuna», 2010, §§
7.1,7.2.

2. ITaBnymikoB M.B. u ap. OcHOBBI BbICIIEW MaTeMAaTHKU U MaTEMAaTHYECKON CTaTHUCTUKHU. M.,
«I'90TAP-Menua», 2008, §§ 6.1, 6.2.
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OCHOBHBIE IOHATHUS U TEOPEMbBI TEOPUU BEPOATHOCTE. ®OPMY.IbI
BEPHYJIUJIN U ITYACCOHA

1. Hay4yHo-mMeTOoAM4YecKkoe 000CHOBaHHE TeMbI:

Teopust BeposTHOCTEN M3ydaeT 3aKOHOMEPHOCTH, IPOSBISIOLUIMECS MPU HU3YYEHHHM TaKHUX
AKCIIEPUMEHTOB, KOHKPETHBIM pe3yJbTaT KOTOPbIX JO HX IPOBEAECHHUS HEBO3MOXKHO C
OTIPENIeNIEHHOCTRIO TpeNcKa3aTh. Tak, MpU OJHOKPATHOM MOAOpPACHIBAHMM MOHETHI HENb3S
3apaHee OIpeJeNuTh, BhIMaaeT repd wim mudpa. B To ke BpeMs pe3ynbTaTbl MHOTOUHCIEHHBIX
HKCIEPUMEHTOB TMOKa3bIBAIOT, 4TO Tep0d M mnudpa BHIAAAIOT MPHUMEPHO B OIMHAKOBOM
KOJIMYECTBE.

Takum o0pa3om, HECMOTPSl Ha CIYYalHBIM XapakTep pe3yibTara KaXJI0ro SKCIEPUMEHTa,
CYLIECTBYIOT HEKOTOpPbIE 3aKOHOMEPHOCTH JUISl pEe3yJIbTaTOB MHOXECTBA aHAJIOTMYHBIX

OKCIEPUMEHTOB.
2. Teopus:
1.Bepoamuocmp cayuaiinozo coovimus
Teopusi e6eposmuocmell - 3mMo pazoeil MAMeMAmuKy, U3VHarWull 3aKOHOMEPHOCU,

npucywue Cry4aiuHbiM cOObIMUIM MACCO8020 Xapakmepa.

Cnyuatineim Ha3bIBaeTCs COOBITHE, HACTYIUICHHE KOTOPOTO HENb3s TOCTOBEPHO MPEIBUACTS.
B onHuX W TEX e IOCTYNMHBIX HAOIIONECHUIO YCIOBUSIX OHO MOXMCEMm NPOUOUMU, MOXNCEem U He
npoU30UMU.

COBOKYITHOCTh YCJIOBUHM, NMPH KOTOPBIX HACTYIMAeT WM HE HACTYIaeT JAaHHOE CIydailHOe
COOBITHE, HA3BIBACTCS UCHBIMAHUEM.

Cayuatinvie cobvimus nNpuHAmMo 00603Hayamsv  OONLWUMU OYKEAMU NAMUHCKO20 algasuma:
A, B,C,Dur.n.

OmuocumenvbHOU Yacmomoti CIIy4alHOTO COOBITUSI B JAHHOW CEpUU HCTBITAHUHN WU MPOCTO

YaCTOTOMW CIIy4alHOTO COOBITUSI A Ha3bIBAIOT OTHOIICHUE
i m
P*(A) = P (D

r7e N- YUCI0 HE3aBUCHMBIX UCTIBITAHUH, B KOTOPBIX CiTydaifHble COObITHE A IPOUCXOIUT M pas.
Beposmuocmyuio ciyuaiinoeo codvimus Ha30BEM Npefes, K KOTOPOMY CTPEMHUTCS 4acToTa

COOBITHS IIpHU HEOTPAHNUYICHHOM YBCIMYCHUU YUCIIA HUCITBITAaHUN

P(4) = lim iy (2)

n-oo N

310 cmamucmuyeckoe onpedenerue 6eposmHOCHIU.

Ecim mpu MCHBITAaHUSAX HET KaKWX-IMOO TPHYWH, BCIICJACTBHE KOTOPBIX OIHO CIIy9aiiHOE
COOBITHE TIOSIBISUIOCH OBl Hallle APYTUX (PABHOBO3MOMNCHBIE COObIMUSL), TO MOKHO ONPEIETUTH
BEPOSTHOCTH HCXOJIS U3 TCOPETHUECKUX COOOPAKCHUN:
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Beposamnocmyuto cnyuaiinoco cobbimusi MOXKHO Ha3BaTh OTHOLIEHHE OJIArONPHUSTCTBYIOIIUX
CJIydaeB K 00IEeMy YHCITY paBHOBO3MOXKHBIX HECOBMECTHBIX COOBITHIA:

m
P(A) =—, 3

9TO0 Kraccuueckoe onpe()eﬂeﬂue 6EPOAMHOCMU.

2. Buowt cnyuaitnvix coovimuii

1) CoObiTHe, KOTOpOE IpU JaHHOM WCIBITAHUHM IPOM30MIET 00sA3aTeNbHO, HAa3bIBACTCS
00CMOBEepHbIM, €T0 BEPOSITHOCTh paBHa 1.

Hanpumep, 10CTOBEpHBIM fBISETCA COOBITHE, COCTOSINEE B W3BJICUEHHM HAyraj YIaKOBKH
aclMpHHA U3 SAIIMKA, B KOTOPOM HaXOAATCS TOJIBKO YIAKOBKM aclUpHHA.

2) CoObiTHE, KOTOpOE TMpHU JaHHOM HCOBITAHMM HE MOXKET IPOU30MTH, Ha3bIBACTCS
HeB803MOICHbIM, €TO BEPOSTHOCTh paBHA HYJIIO.

Hanpumep, HEBO3MOXHBIM SIBIISIETCS COOBITHE, COCTOSINEE B U3BICUECHUM HAayraJ YIaKOBKH
acnMpHHA U3 SAIIKMKA, B KOTOPOM HaXOJAATCS TOJIBKO YIAKOBKU aHaJIbIMHA.

3) CoObITHSI Ha3BIBAIOTCS HECOBMECHMHbIMU, €CIH TOSBICHUE JIIO0OT0 M3 HHX B pE3yJbTare
UCTIBITAHUS UCKIIIOYAET MOSBICHHE APYTHUX.

Hanpumep, ecnu coObiTre A, COCTOUT B BBINMAACHUU IUQPHI | MpH OAHOKpaTHOM OpOCaHUU
UTPATBHOIO KyOHKa, cCOObITHE A, - B BBINAJCHUHU HUQPHI 2 U T.JA., TO cOObITHS A, A,,....., Ag
SBJISIIOTCSI HECOBMECTHBIMH, IIOCKOJIBKY OCYIIECTBICHHME JH00ro M3 HHUX HCKIIOYaeT
HACTYIUICHHE OCTAJIbHBIX COOBITHI B TOM HCIIBITAHUH.

4) CoObITHS HA3bIBAIOTCS COGMECMHbIMU, €CIH TIOSBICHHE JIO0OT0 M3 HHX B pe3yibTare
UCTIBITAHUS HE UCKIIFOYAET MOSBICHUS OCTAbHBIX.

Hampumep, ecnu cobbiTue A; COCTOUT B BbINAJACHUU LUGPHI 1 Npu 0JHOKpaTHOM OpocaHUU
UTPAILHOTO KYOHKa, a COOBITHE A, - B BBINAJCHUN HEYETHOTO YHCIIA OYKOB, TO ATH J[BA COOBITHS
SIBIISTIOTCSI COBMECTHBIMH, TIOCKOJIBKY | SIBIISIETCS HEUETHBIM YHCIIOM.

5) CoObiTie B Ha3bIBaeTcsi Onaconpusmcemeyrouum sl coObITHS A, eclu NpU HACTYIUICHUU
coObITUsI B 00513aTenbHO HacTynaeT coobiTue A.

6) CoObiTist A 1 B Ha3bIBAIOTCS HE3a8UCUMbBIMU, €CITH BEPOSTHOCTh HACTYILJICHUS KaXIOrOo U3
HUX HE 3aBHCHUT OT TOTO, HACTYIIHJIO JIH IIPH ATOM JIpyTroe coObITHE.

Hanpumep, mpu OJHOBpEeMEHHOM MOJAOpAchIBAHUM JIBYX MOHET ciyd4aiiHoe coObiTHe A,
COCTOSIIIEE B BBITIAJICHUH IrepOa y OJHON MOHETHI, B cOObITHE B, cocTosiee B BhIIaICHUH repda
y JpYTroil MOHETHI, SIBJIAIOTCS HE3aBUCUMBIMH COOBITUSIMH.

7) CobObITHe B Ha3bIBaeTCS 3a6UCUMbIM OT COOBITHS A, €CIIA BEPOSITHOCTh HACTYIUICHHUS COOBITHS
B 3aBHUCHUT OT TOT0, IPOU30LLIO JH cOObITHE A.

BeposiTHOCTh HAaCTYyIUICHHST COOBITHST B, BEIUMCIIEHHAS TIPU YCIOBUHM HACTYIIICHUS COOBITHS A,

Ha3bIBACTCS VCI0BHOU 6ePOSIMHOCHbIO cobbimus B n 0603Havaercst P(B/A).

8)ECJII/I JBa COOBITHS C€AUHCTBEHHO BO3MOXHBI MW HECOBMECTHBI, TO HX Ha3bIBAKOT

NPOMUBONONONHCHLIMU M 0003HaUaOT A 1 A:
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P(A) +P(A) = 1.

9) Cucrema coObituii Ay A,,....., A, Ha3bIBA€TCA NOJHOU, €CIA B PE3yIbTATE€ HCIBITAHHS
0053aTEIbHO HACTYMAeT TOJBKO OJHO M3 ATUX COObITHHA. CymMma BEepOSITHOCTEH COOBITHA,
00pa3yroIux NOJHYI CUCTEMY, PaBHA EUHULIE:

P(4;) + P(4y) + -+ P(4,) = 1.

3. Ocnosnvle meopemol eepoammuocmeii

Teopema cJi0:keHHsI BEPOSATHOCTEH. Beposamuocms Hacmynienus caydainoz2o cobvimus A
UU HeCOBMeCMHO20 ¢ HUM cobbimusi B pasna cymme eeposmuocmeti smux cobvimuil:

P(A wmu B) = P(A) + P(B), (4)

Ilpumepl. B xopoOke HaxonATcs 2 yNMaKOBKHU aCIUPHHA, 3 — aHAJIbIUHA U 5 — HUTPOMOHA.
Hayran u3Bnekaercs onHa ymakoBka, KakoBa BepOSTHOCTH TOTO, YTO €0 OKaXETCs YMaKOBKa
acnUpUHA WIN aHAIbIuHA?

Pewenue. BeposTHOCTh HM3BICUYEHHUS YIMAKOBKH acHUpHHA (BEPOSITHOCTh COOBITUS A) B
COOTBETCTBUH C (POPMYIION KIIACCHUECKON BEPOSTHOCTU pPaBHA:

2
P(A)=—=02.
(W) ==5=0,

AHaIOTMYHO, BEPOSTHOCTh H3BIICUCHHS YITAKOBKH aHAIbTHHA (BEPOSITHOCTH COOBITHS B)
paBHa:

3
P(B) =75=03.

Tak Kak JgaHHbIE COOBITHS SBJISIOTCS HECOBMECTHBIMH (€CITM M3BJIEUEHA YITAKOBKA aclHMpHHa,
TO NPW 3TOM YIaKOBKAa aHAIbTMHA HE M3BJe€4YeHa, U Hao0OpOT), TO I HAXOKIAEHHS MCKOMOMN
BEPOSATHOCTH B COOTBETCTBMH C TEOPEMOW CIIOXKEHHsS CIIEAYET CIOXKHTh HaICHHBIE
BEPOATHOCTH:

P(A wiuB) = P(A) + P(B) =0,2+ 0,3 =0,5.

Teopema yMHOXeHHsI BEpPOSTHOCTEH /sl HE3aBUCHMBIX COOBITHIl. Beposmnocmo
HACMYNNeHUs O08YX He3a6UCUMbIX cayYatnblx coowimuti A u B pasna npouseeoenuio

8ePOSIMHOCMEL SMUX COOLIMULL

P(A uB) = P(A) - P(B), (5)
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[Tonp3ysch 3TON TEOPEMOii, JETKO ONMpPEeuTh, HaPUMEp, BEPOSTHOCTH BBINIAICHUS TepOOB
Ha JIByX moaOpaceiBaeMbIXx MOHeTax. [lockonbky coObiTHEe A, cocToslIee B BBINAJAECHUU repda y
HepBOil MOHETHI, U coObITHE B, cocTosiiiee B BblNajeHUH repda y BTOPOl MOHETHI, SIBISIOTCS
HE3aBUCUMBIMH U BEPOSITHOCTH Ka)J10ro U3 HUX paBHbl 0,5, To 1o ¢popmyse (5) monydum:

P(A uB) = P(A)-P(B) = 0,5-0,5 = 0,25.

Teopema yMHO:KeHUSI BePOATHOCTEH Ui 3aBHCHUMBIX COOBITHI. Beposmnocmo
HacmynJienus ciyuatino2o coovimusa A u 3asucsawe2o om He2o codvimus B pasna npouzeedenuro
seposimHocmu coovimusi A Ha YCI08HYI0 8epOAmMHOCIb coObimus B

P(AuB)=P(A)-P(B/A), (6)

Ilpumep 2. B xopoOke HaxoAsTcs 2 yHakOBKU aclMpUHa W 3 ynakoBKM aHaineruHa. Hayran
U3BJICKAIOT OJHY YIAKOBKY MW, HE BO3Bpallas €¢ B KOpPOOKYy, M3BJIECKAIOT HAyraj euie OIHY
ynakoBKy. HaliTu BeposSTHOCTH TOT0, YTO 00€ N3BJIEUEHHbIE YIAKOBKH OKaXKyTCs C aCIIUPUHOM.

Pewenue. Ilyctb ciyyaifHoe coObITHE A COCTOMT B TOM, YTO I€pBasi U3BJICUYEHHAs yIaKOBKa
OKaXEeTCAd C AaclUpPUHOM. BeposTHOCTH 3TOro COOBITHSI B COOTBETCTBUH C KJIACCHUYECKUM

OmnpeaAcICHUEM BCPOATHOCTH paBHA:

2
P(4) = =04

CiyqaiiHoe coObiTHE B, cocTosimiee B TOM, YTO BTOpas M3BJICUCHHAs YIIAaKOBKA OKAaXXETCS C
ACIIUPHHOM, SIBISICTCS 3aBUCHMBIM OT COOBITHsSI A, T.K. B CIydae HACTyIUICHHs cOObITHS A B
KOpPOOKE OCTaHETCs TOJILKO OJTHA YIAKOBKA C aCHUPUHOM U3 YETHIPEX U BEPOSTHOCTh COObITUSI B
Oyzer paBHa:

P(B/A) =0,25.

Torna BEPOATHOCTL TOI'0, 4YTO 00e Wu3BIIEYECHHBIE YIIAKOBKH OKaXXyTCd C aCIIHPUHOM,
Haxoautes 1o gpopmyse (6):

P(AuB) = P(A)-P(B/A) = 0,4-0,25 = 0,1.

4. HOGmOprle Heé3aeucumble ucnblmaHun
H08m0prlMU Hezasucumvimu ucnvlmanuimu  Ha3bIBAOT MCIIBITAHUA, YAOBJICTBOPSAIOIINUC
CJICAYIOUM YCIIOBUSAM:
1) KOJIHMYECTBO N UCIBITaHUI KOHCYHO,

2) BEpOATHOCTb OCYLIECTBICHUS CIy4aitHOro coObITHS A B Ka)KJIOM U3 MCIIBITAHUM TOCTOSIHHA!

P(A) = p = const.
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Takast cxeMa UCIIbITAHUN Ha3bIBAETCS cxemou bepuynnu.

Ilpumepovl: MHOTOUUCIICHHBIE TTOBTOPHBIC MOI0OPACHIBAHHSI MOHETHI, TOBTOPHBIC M3BJICUCHUS
HayraJ OJIHOTO IIapa U3 KOP3WHBI, COACPIKALICH MO HECKOJBKY LIAPOB Pa3JIMYHBIX LIBETOB, MIPU
00s3aTeIbHOM BO3BPALLEHUH Ka)KJI0T0 11apa B KOP3UHY I10CJIE ONPEAEIECHUS €ro IBETa U.T. 1.

BeposiTHOCTE TOro, 4TO B CEpUU U3 N HE3ABUCHUMBIX HCIBITAHUK, B KAXKIOM M3 KOTOPBIX
BEPOSATHOCTh HACTYIUICHUS CIy4ailHOro COOBITHS A paBHA p, 3TO COOBITHE MPOM3OUIET M pa3
naercst popmynou bepnynnu:

|
Pn(m)=m " g™, )

rae =1-p — BeposATHOCTh HEHACTYIJICHUS COOBITUS B KaXKJIOM U3 UCIIBITAHUH.

Ilpumep 3. TlpuHUMas BEpOSTHOCThH TMOSBJICHHUS Ha CBET JICBOYKH IPH POXKICHUH PeOCHKa
paBHoii 0,5, HATU BEPOSITHOCTH TOT'O, YTO B CEMbE C 5 IETbMU 3 I€BOYKH.

Pewenue. Ilycts ciydaiiHOe COOBITHE COCTOUT B POXKICHHH JEBOYKHU IPU TMOSIBICHUU Ha
CBET KaXJoro u3 5 Jereid B AaHHOM ceMbe. Tak Kak BEpOATHOCTh MOSIBJICHUS JIEBOYKH IPU
POKIIEHUH Kakaoro pedeHka moctostHHa (P=0,5), TO I HaXOXKJICHHUS HMCKOMOW BEPOSTHOCTH
MO>KHO BOCII0JIb30BaThest popmyrnoit bepuysum:

| .2.3.4.
Pe(3) =— > 05°(1-05)"° = 223454 155.0.95 2 0,3125.
3(5-3)! 1.2.3:1-2

Ecin o0vem N CCpHUN HC3aBHCHUMBIX IMTOBTOPHBIX HUCIIBITAaHHI BCJIHK, TO HMCIIOJIB30BAaHUC
q)OpMy.]'ILI BepHmeH COIIPS’KEHO C BBIYUCIUTCIIBHBIMU TPYAHOCTSAMU. O,I[HaKO, eciau N He
MCHBIIC HCCKOJIBKUX ACCATKOB, 4 BEPOATHOCTb HACTYIIJIICHUA CHy‘l&ﬁHOFO COOBITHS B KaXXI0M

U3 WCIObITaHuE Manma (p<K1l), mpuuem L =NP  He mnpesbimaer 10, To Ig MOTyYECHUS

MPUOJIMKEHHOTO 3HAYEHUSI COOTBETCTBYIOIIEH BEPOSTHOCTH MOJB3YIOTCS (hopmynou Ilyaccona:

m

Po(m) ~ % - (8)

(8) Takke HA3BIBAIOT «3AKOHOM PEOKUX UCHbIIMAHULLY.
Ota QopMyna sBASETCS MPUOIMKEHHOW, OJHAKO TMOJydaeMble C €€ MOMOIIBI0 PEe3yJIbTaThl
TeM OJIMKE K TOYHBIM, YeM OO0JIbIIe KOJIMYECTBO UCTIBITAHUN N.

3. esap aesiTeJbHOCTH CTY/ICHTOB HA 3AHATHM:
CTyaeHT 10JIKeH 3HATh:

1. TlonsaTue cirydaifHOTO COOBITHS.

2. Bunpl ciy4aiiHBIX COOBITHIA.

3. OmnpeneneHne BEPOSITHOCTH CIIyYATHOTO COOBITHSI.
4. OcHOBHBIE CBOMCTBA BEPOSITHOCTH.
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5. Teopembl CIIOKEHHS 1 YMHOKEHHS BEPOATHOCTEH CITy4allHBIX COOBITHIA.
6. Cxemy bepnymm.

7. ®opmyny bepnymnu.

8. ®opmyny Ilyaccona.

CTyneHT 10/ZKeH YMeTh:
HaxomuTh BEepOSTHOCTh COOBITHS, HCIIONIB3YsT OCHOBHBIC TEOPEMBI BEPOSITHOCTEH, (HOPMYITBI
bepnyiu u Ilyaccona.

4. Conep:kanue o0yueHus:

Teopernueckasi 4acThb:

1.Cnyuaitnoe coObITHE.

2. Buapl cimy4aifHbIX COOBITHIA.
. OcHOBHas XapaKTEpUCTUKA CIIy4aliHOTO COOBITHS.
. Kitaccuueckoe onpenenenne BEpOsSITHOCTH CIIy4aitHOTO COOBITHS.
. OCHOBHBIE CBOWCTBA BEPOSATHOCTH CIy4YailHOrO COOBITHSL.

3
4
5
6. CraTucTHYECKOE OIPEIETICHUE BEPOSITHOCTH.
7. Teopembl CII0)KEHUSI U YMHOKEHHSI BEPOSITHOCTEH CITydyalHBIX COOBITH.
8. HezaBucumble NOBTOpHBIE UCTIBITaHUS (cxema bepHym).

9. ®opmyna bepnym.

1

0.®opmyna Ilyaccona.

IIpakTHYeckas YacThb:

1. B HexoTOpyIO OONBHUITY TOCTYIAIOT MAIMEHTHI ¢ YETHIPhMS BUAaMHU Oosie3Held. MHoroneTHe
HAOJTIOICHUS TIOKA3bIBAIOT, YTO ATHM BHJIaM 3a00JIeBaHUI COOTBETCTBYIOT BeposTHOCTH: 0,1; 0,4;
0,3; 0,2. lns neyenus 3adoneBanuii ¢ BepoaTHocThio 0,1 1 0,2 HE0OX0IMMO TIepeIMBaHUE KPOBH.
Kakoe xomndecTBO OOJBHBIX HEOOXOIMMO O0O€CHeYuTh KPOBbIO, €CIIM B TEUYEHUU Mecdlla
noctyrmuiio 1000 60mbHBIX?

2.BeposiTHOCTh 3a00s1€BaHMs TeMaTUTOM Ul JKUTEIEH HEKOTOpo 00JacTH B OMNPEENICHHBIH
nepuon roga coctariser 0,0005. OneHUTh BEPOATHOCTh TOTO, YTO M3 oOcienoBanHbx 10000
xuTenen 4 okaxyTcs 3a00JIEBIIMMH.

3. Haiinute BepOATHOCTb TOTO, YTO U3 YETHIPEX OOIMraluii BBIUTPAET:

- TOJIBKO OJIHA,

- 110 KpaliHEeW Mepe OJTHA.

BeposiTHOCTB BRIMTpBIIIA OTAETBHONU 00auranuu pasHo 0,1.

4. B smuke 10 geraneil, cpenu KOTOpeIX 6 okpamieHHbIX. COOpIIMK Haynady u3Biekaer 4
netanu. HaiiTu BepoSITHOCTB TOTO, UTO BCE JIETANIM OKAXKYTCSI OKPAIIEHHBIMHU.

5. Crynenr 3Haet 20 u3 25 BonpocoB nporpaMmsl. HaiiT BEpOSITHOCTB TOTO, UTO CTYACHT 3HAET
NpeJIoKEHHbIE EMY IK3aMEHATOPOM TP BOIMpPOCaA.

6. /IBa paBHOCHJIbHBIX CONIEPHUKA UTPAIOT B IIaxMaThl. UTO BeposITHEE: BBIUTPATH OJHY MAPTHIO
U3 IBYX WIH JBE€ U3 YEThIpex?
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7. B onHoM akBapuyMe Haxomaarcsi 5 Oenblx, 4 KpacHbIX W 3 roiyObIX peIOKU. J[ByX citydaitHO
BBIOPAHHBIX PBIOOK MEPEHOCAT B pYyroil akBapuyM. KakoBa BepOsSITHOCTH TOTO, YTO 00€ PHIOKH
roixyOsie?
8. Ha xmymbe pactyt 20 kpacubix, 30 cunux u 40 Oenbix actp. KakoBa BeposSTHOCTH COpBaTh B
TEMHOTE LIBETHYIO aCTPY, €CJIU CPHIBAIOT OJIHY acTpy?
9. JlBa crpenka CTpessitoT MO MUIIEHH. BeposSTHOCTh monajgaHuss B MHILEHb IPU OAHOM
BbICTpesie i 1-ro cTpenka paHa 0,7, a st 2-ro ctpenka-0,8. Hailtu BeposiITHOCTH TOTO, YTO
IIPY OJIHOM 3aJII€ B MULIEHb ITONAAET TOJBKO OJIMH U3 CTPEJIKOB.
10. B nexe pabortaer 7 myx4uH U 3 >keHIIMHBL [To TabenbHBIM HOMEpaM Hayraja OToOpaHsbl 3
yenoBeka. HaliTu BEpOSITHOCTD TOTO, UTO BCE OTOOPAHHBIE JINIA OKAXKYTCSI MYy>KYMHAMHU.
11. Hexro Hanucan 3 nuceMa, 3amedaraig UX B KOHBEPTHI, a 3aTEM Hayraj Ha KaXJIOM U3 HHX
Hanucall pa3auuHble aapeca. OnpeneiauTb BEpOATHOCTh TOTO, YTO HA BCEX KOHBEPTaX HANKCAHBI
IIPaBUJIbHBIE aJIpeca.
12. Iectp uenoBek OOJNBHBI 3a00JE€BaHUEM, Ui KOTOPOTO KOI(P(GUIMEHT BBI3TOPOBICHHS
coctasisieT 98%. KakoBa BeposiTHOCTh TOTO, UTO:

a) BBI3JIOPOBEIOT BCE LIECTEPO;

0) BBI3IOPOBEIOT TOJBKO MATEPO?
13. Monerty O6pocatoT mecTb pa3. HaliTi BeposSTHOCTB TOTO, UTO repO BBIIAET:

a) MEHee JIByX pas;

0) HE MEHee JIBYX pa3.
14. TlpousBoautcs cepus u3 4 BBICTPEIOB [0 MULIEHSIM C BEPOSATHOCTHIO MONAAAHUS B KaXJA0M
BeicTpene p=1/4. [Ipennonarasi, 4TO pe3ynbTaThl BBICTPEIOB — COOBITHSI HE3aBUCHMBIC, HAWTH
BEPOATHOCTb TOT'O, YTO OYyJEeT XOTsI Obl 1Ba MOMAJaHUSI.
15. B rpynne w3 15 cTyneHTOB 5 chaiv KOJUIOKBHYM N0 (PH3WMKE Ha «OTJIMYHO» U 6- Ha
«xopo1o». KakoBa BEposSTHOCTb TOTO, UTO HAayraJ BbIOpaHHBIA W3 3TOM IPYIIbI CTYAEHT chal
KOJUJIOKBUYM Ha «XOPOIIO» WU «OTIUYHOY.
16. BepoATHOCTb OCYIIECTBICHHS HEKOTOPOW XUMHYECKOW peakluu MpH MPOBEACHUU
XUMHUYECKOT0 SKCIIEpUMEHTa ompeneieHHoro Bujaa pasHa 0,9. Hailtu BeposITHOCTH TOTO, 4YTO
JaHHas peaklys MPOU30MIET B IBYX MOCIIEI0BATENbHO IPOBEICHHBIX SKCIIEPUMEHTAX.
17. IlpuHuMasi BEpOSTHOCTh NOSIBJIIEHUS MajbuMKa IpU POKICHUM pebdeHka paBHoOU 0,5, HalTH
BEPOSATHOCTH TOTO, UTO B CEMbE C O IETbMHU:
a) MaJIbYUKOB HET;
0) 4 ManpuMKa;
B) BCE JIETU — MAJIbUUKH.
18. Monety nonopaceiBatoT 8 pa3 noapsia. KakoBa BepoaTHOCTb TOTO, UTO rep0O BeImajeT 5 pa3?
19. Cpenu cemsin pxu 0,4 % cemsiH copHsikoB. KakoBa BEpOSTHOCThH MPHU CIY4aliHOM OTOOpE
5000 cemstH OOHAPYKUTh 5 CEMSTH COPHSIKOB?
20. 3aBox otmpasuia Ha 6a3y S000 1o0OpokauecTBEHHBIX U3eTui. BeposSTHOCTh TOTO, YTO B yTH
uznenue nospenutcs, pasHa 0,0002. Haiitu BeposiTHOCTH TOro, 4To Ha 0a3y mpubyayT TpH

HETOJAHBbIX U3JCIIUA U3 OTHpaBHeHHOﬁ MMapTHuu.

5. IlepedyeHb BONPOCOB AJIsl IPOBEPKH UCXOIHOI0 YPOBHS 3HAHUM:
1. Yro Ha3bIBaeTCS CIIy4alHbIM COOBITHEM?
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2. [lpuBeauTe onpeneneHus U MPUMEPbl Pa3INYHbIX BUAOB CIyYailHBIX COOBITUH (JIOCTOBEpPHBIE,
HEBO3MO’KHBIE, COBMECTHBIE, HECOBMECTHBIE U T.1I.).

3. UTo sBs€TCS OCHOBHOM XapaKTEPUCTHKON CIy4aifHOTO COObITHA?

4. [laiiTe KIIAaCCMYECKOE OINpPE/IeTICHIE BEPOSITHOCTH CIIy4alfHOTO COOBITHSI.

5. JlaiiTe cTaTUCTHYECKOE ONpEIeIeHNE BEPOITHOCTH CIIyYaifHOTO COOBITHSL.

6. Uto Ha3wIBaeTcsi cxeMoil bepuymmu? 3anummre hopmyny beprymiu.

7. 3amumute Gopmyny Ilyaccona.

6. IlepeyeHb BONPOCOB /1JIsl IPOBEPKU KOHEYHOI'0 YPOBHS 3HAHUIA:

1.ITpu kakoM MOJXOAE K OMpPEACIIEHUIO BEPOATHOCTH CIYYaifHOTO COOBITHS (KJIACCHUYECKOM HIIH
CTaTUCTUYECKOM) TpeOyeTCs IPOBEICHUE pealbHbIX HUcTbITaHUN? [Touemy?

2.ChopMymupyiTe TEOPEMBI CIIOKECHUS U YMHOXKCHHSI BEPOSITHOCTEH CITyJailHBIX COOBITHI.

3. B 4em coCTOUT 3aKOH «PENKUX UCIIBITAHUN»?

7. XpoHokapTa yueOHOIr0 3aHSATHSA:

1. Oprann3anMOHHBIII MOMEHT — 5 MUH.
2. Pa36op tembl —15 mMuH.

3. Pemienue npumepoB u 3aj1a4 — 45 MuH.
4. Texymuii KOHTPOJIb 3HAHUN — 20 MHH.

5. IlonBeneHue UTOrOB 3aHATHUSI — 5 MUH.

8. Ilepeyenn y4eOHOI JINTEPaTypPhl K 3aHATHIO:
1. Mopo3zos KO.B. OcHOBBI BhICIIEH MaTeMaTUKK U CTaTUCTUKU. M., «Menurunay, 2010, § 8.1.

2. INaBnymkoB M.B. u ap. OcHOBBI BBICIIEH MaTeMaTHKH ¥ MaTeMaTHYECKOW CTaTUCTUKUA. M.,
«I'90TAP-Menuay, 2008, §7.1.
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JIACKPETHBIE CJIYYAWHBIE BEJTMYWHBI

1. HayuyHo-MeTOoqH4YecKOe 000CHOBAHME TEMbI:

MHorue ciy4daiiHble COOBITUS MOTYT OBITh KOJMYECTBEHHO OLIEHEHBI CIIy4allHBIMHU
BEJIMYMHAMU, KOTOpPbIE IPUHUMAIOT 3HAYEHHUS B 3aBUCUMOCTHM OT CTEYEHHUs CIIyYalHbIX
00CTOSTCILCTB.

B mpakTudeckol AeSITETbHOCTA MEAUIIMHCKAA PAOOTHUK TOCTOSHHO UMEET JeNI0 ¢ TAaKUMU
BeJIMYMHAMU (YUCIIO OOJIBHBIX HA MPUEME Yy Bpada, TeMIeparypa Teia 00JIbHOT0, apTepUaIbHOE
JIaBJICHWE KpPOBHU, JO3MPOBKA JIEKAPCTBEHHOIO Ipemnapara u T.m.) [loatomMy Hago 3HaTh, Kak
MOJIy4eHBl 3TH BEIUYHMHBI, KaKOBa HMX TOYHOCTb. MaTeMaTH4ecKod 0a30il 3THX BOIPOCOB
SABJISIFOTCS TEOPUSL BEPOATHOCTEN U MaTEMaTUYECKAs! CTATUCTHKA.

2. Teopus:

Cnyyaiinoti éeauyunoll HA3bIBAIOT TaKYyl0 BEIMYHMHY, KOTOpas B PE3yJIbTaTe 3KCIEPUMEHTA
NPUHUMAET Kakoe-Tu00 OJHO 3HAYCHHWE M3 MHOYKECTBAa €€ BO3MOKHBIX 3HAYCHHH, NMPHUEM [0
HKCIIEPUMEHTa HEBO3MOXKHO MpEJCKa3aTh, KAKOE HMEHHO.

TakuMu BeNIWYMHAMHU SBISIOTCS KOJIMYECTBO OYKOB INPH OpOCAaHWM HWIPAILHOTO KyOHKa,
KOJIMYECTBO SI0JIOK Ha JepeBe, TeMIeparypa 00JIbHOrO B HayraJl BRBIOpaHHOE BpeMs CYTOK, Macca
HayraJ BBIOpaHHOHW TaOJIETKM HEKOTOPOTO IpenapaTa u T.1.

Pasznuuator ouckpemuvie u HenpepviéHvle CTy9aliHbIC BEIIUYHHBI.

1. Juckpemmnsie cnyuaiinvie senuuunsl

CnyvaiiHasi BeJIMUMHA HA3BIBACTCS OUCKPEMHOU, €CIU COBOKYIMHOCTh BCEX €€ BO3MOXKHBIX
3HAYCHUH TpeACTaBiIsieT co0O0M KOHEUHOe WM OECKOHEYHOE, HO 0053aTebHO CYETHOE
MHO’KECTBO 3HAUYEHUH, T.€. TAKOE MHOXKECTBO, BCE JIEMEHTHI KOTOPOI'O MOT'YT OBITh (10 KpaiiHei
Mepe, TEOPETUUECKH ) MPOHYMEPOBAHBI M BHIMMHCAHBI B COOTBETCTBYIOIIEH MOCIIEI0BATEIILHOCTH.

Takue W3 TIEPEUYMCIICHHBIX BBIIIE CIYYaWHBIX BEIMYHH, KaK KOJIMYECTBO OYKOB,
BBITIAJIAIONINUX TP OpOCAaHWU UTPATHHOTO KyOMKA, YUCIIO MOCETUTENEeH alTeKu B TEUEHUE JHS,
KOJIMYECTBO SI0JIOK Ha JIEPEBE SBISIOTCS JUCKPETHBIMH CIIYYalHBIMHA BEJIMUMHAMH.

Haubonee monHyro wuHbOpMAIMIO O JAUCKPETHOM CIIy4ailHOM BETWYMHE [AeT 3AKOH
pacnpeoenenusi STON BEITUYUHBI — 3TO COOTBETCTBHE MEXKIY BCEMH BO3MOXHBIMH 3HAYCHUSIMHU
ATOM CIy4allHOM BEJIMYMHBI U COOTBETCTBYIOIIMMHU UM BEPOATHOCTSIMH.

3aKkoH pachpeneseHuss TUCKPETHOW CIyyallHOW BENWYMHBI YacTO 3aJal0T B BHJIC
JIBYXCTPOYHOUM TaOJUIIBI, B TIEPBOM CTPOKE KOTOPOM MEPEUYUCIEHBI BCE BO3MOKHBIE 3HAYCHUS
9TOW BETWYUHBI (B MOPSJAKE BO3PACTAHMS), @ BO BTOPOM - COOTBETCTBYIOIINE ITHM 3HAUYCHUSIM
BEPOSITHOCTH:
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Tak kak Bce BO3MOJKHBIC 3HAUCHHsI IUCKPETHOM  CIy4allHON BEJIWYMHBI INPEICTABISIOT

MOJIHYIO CHCTEMY, TO CyMMa BEpPOSITHOCTEH paBHA €AUHULIE (VC108Ue HOPMUPOBKIL):
n
2P =1, 1)
i=1

3aKoH pacnpeesieHus TUCKPETHON CllydailHOM BETUYMHBI MOXKHO 33/1aTh TAK)KE C MOMOIIBIO
(GbopMyITbI, TTO3BOJISIFOIICH AT KaXXIOTO BO3MOXKHOTO 3HAYCHHS JTOW BEIMYMHBI OMPEICIIUTH
COOTBETCTBYIOLLYIO BEPOSITHOCTb.

Hanpumep, duromuanvusiii 3akon pacnpedeneHus ONpeNensieT cilydailHylo BenTuuuHy X Kak
KOJIMYECTBO TMOSBJICHHUIA HEKOTOPOro CIy4ailHOro coObiTuss A B CEpUU W3 KOHEYHOTO
KOJIMYECTBA 1N HE3aBUCHMBIX ITOBTOPHBIX HCIBITAHUM, T.€. UCHBITAHUM, YIOBIETBOPSIOLINX
cxeme bepnymmm. Ilpy 3TOM BEpOATHOCTH KaKIOTO BO3MOXXHOTO 3HAYEHMsI BEJIWYUHBI X
(1 =0; x, =1; x3 = 2;...Xy41 = N) paccuuThIBaIOT N0 hopmyie beprymmm:

P(X) =+ p*q" %, (2)

!(n.—X)!

IJie p — BEPOATHOCTD HACTYIUIEHHs, @ ¢ = 1 — p — BEPOATHOCTH HEHACTYIUIEHHUS COOBITHS A B
Ka)JIOM U3 UCIIBITAaHUH.

Jlpyrum mpuMepoM SIBIIIeTCS  pacnpedenenue Ilyaccona, WCMONb3yeMOE Ui 3aaHus
Clly4aiiHOM BenuuMHbl X , ONpEIeNseMOl KaK KOJIMYECTBO IMOSBICHUM HEKOTOPOIO PEAKOro
ciyqaitnoro coobitusi A (P(A) = p < 1) B cepun u3 OOJNBIIOr0 KOHEYHOTO KOJIHYECTBA M
HEC3aBUCHMBIX IIOBTOPHBIX HCIBITAHUN, OpHyeM mpousBeaenue (= np < 10. Ilpu stom
BEPOSTHOCTh KaXKJIOI0 M3 BO3MOXKHBIX 3HaueHwii BemuuuHel X (xq =0; x, =1; x5 =

2; ... Xp4q = M) OPUONMKEHHO pacCUUTHIBAIOT 1o popmyne Ilyaccona:

e

PO ~ 5

e k. 3)

Jlis onucaHus onpeaeneHHbIX 0COOEHHOCTEHN NUCKPETHOM CTyd4aiiHOM BEIMYMHBI UCIIONb3YIOT
€€ OCHOBHbIE YUCNI0BblE XAPAKMEPUCMUKYU: MATEMAaTHUECKOE OXKHUIaHUE, JUCIIEPCUIO0 U CPEIHEee
KBaJIpaTUYECKOE OTKJIOHCHHE (CTaHIaPT).

Mamemamuueckum oxcuoarnuem M (X) (ucnonb3yeTcs Takxke 0003HAYCHHE «/4») AUCKPETHON
CIIy4alHOM BEJIMYMHBI X HA3bIBAETCA CyMMa IPOU3BEIEHUIN KaXJO0ro M3 BCEX €€ BO3MOXKHBIX
3HAYEHUI Ha COOTBETCTBYIOIINE BEPOATHOCTH:

n
M(X)=u=zxmi=x1p1+xzpz+-~+xnpn, (4)
i=1

OCHOBHOM CMBICTT MATEMATUYECKOTO OKUAAHUSI TUCKPETHON CIydaifHON BEIMYMHBI COCTOUT B

TOM, YTO OHO MpEJACTaBIseT co00il cpednee 3HaueHue NaHHON BeNUUMHBI. lpyrumu cioBamuy,
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€CIIM MPOU3BENCHO HEKOTOPOE KOJMYECTBO HCHBITAHUH, MO pPE3ysbTaTaM KOTOPBIX HaWJIECHO
cpenHee apuMeTHYECKOEe BCEX HAOIOMABIINXCS 3HAYCHUN TUCKPETHOW CIy4aliHON BETHYWHBI
X, To 3T0 cpemHee apudmeTHUecKOe MNPUOIMIKCHHO pPaBHO (T€M TOYHEE, YeM OOJbIIe
KOJIMYECTBO HCIBITAHUN) MaTeMAaTUYECKOMY OKUJAHWIO JIaHHOM ciy4yailHOW BEJIMYMHBI.
IIpuBeaeM HEKOTOpBIE CBOMCTBA MATEMATUYECKOTO OKHUIAHUS.

1. Mamemamuueckoe oodcuoanue NOCMOAHHOU GEIUYUHbL PABHO IMOU  NOCHOSHHOU

eeiuvurne.

M(C)=C

2. Mamemamuueckoe odicudanue npoussedenuusi NOCMOIHHO20 MHOICUMESL HA OUCKPEMHYI0
CAYYQUHYIO  BEIUYUHY PABHO NPOU3BEOCHUIO 5020 NOCMOSHHO20 MHONCUMENs HA
Mamemamuyeckoe 0ACUOaHUe OAHHOU CLYYAUHOU BETUYUHDL:

M(KX)=kM(X)

3. Mamemamuueckoe oodicuoanue cymmvl O08VX CIAVHAUHBIX BEIUYUH PABHO CYMMe
MAMeMamuyecKux OHCUOAHULL IMUX GETUUUH.

M(X+Y)=M(X)+M(Y)

4. Mamemamuueckoe 0dcuoanue Npou3BeOeHuUss He3a8UCUMbIX CYYAUHLIX BEIUYUH PABHO
NPOU3BEOEHUIO UX MAMEMAMUYECKUX OHCUOAHULL:

M(X-Y)=M(X)-M(Y)

OtpenbHble 3HAYEHMUsS] JUCKPETHOM  CIydallHOM  BENMUYMHBI TPYNIUPYIOTCA  OKOJO
MaTeMaTUYeCKOT0 OXKHUAAHUS Kak LeHTpa. [|Jig XapakTepUCTHKHU CTENEeHU pa30poca BO3MOXKHBIX
3HAQYEHU JUCKPETHOM CIydallHOM BEJMYMHBI OTHOCUTENIBHO €€ MaTeMaTHYECKOrO OKHJIAHMS
BBOJIAT MTOHATUE JUCIIEPCUM TUCKPETHON CIy4alHON BEJINYMHBI:

Jucnepcueri D(X) (ucmomnb3yercs Takke OOO3HAYCHHE «0°») JUCKPETHON  ClydaiHOI
BeIMUMHBI X Ha3bIBAETCS MaTeMaTUYECKOE OKUIaHHE KBaJpaTa OTKJIOHEHHS 3TOW BEIMYUHBI OT

€€ MAaTEMATHUUYCCKOI'O OXKUIaHUA:
D(X)=0" =M((X - )°), (5)
Ha mpakrtuke nucnepcuro y1o0Hee BBIYUCIUTD 10 popMyIie
D(X)=0" =M(X?) - /%, (6)

[TepeunciiM OCHOBHBIE CBOMCTBA JUCIIEPCUH.
1. Jlucnepcus nocmosiHHOU 6eIUYUHBI PABHA HYIIO!

D(C)=0.
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2. Hucnepcus n110601i cIy4auinoll 8e1UdUHbL eCMb YUCLO HeOMPUYAMENbHOe:
D(X)>0.

3. Hucnepcus npouszeedenusi nocmosiHHo2o0 Muoxcumensi K Ha oOuckpemmuyio cuyuaiinyio
BeUYUHY PABHA NPOU3BEOEHUI0 K8AOPAMA dMO20 HNOCMOSHHO20 MHOJNCUMeNs Ha
oucnepcuio OAHHOU CIYHAUHOU BeTUYUHDL!

D(kX)=k?-D(X).

B BeuuCIHTEIFHOM OTHOIIEHUH Oojiee yAoOHA HE AWCIEPCHs, a JApyras Mepa pacCceuBaHUs
CIIy4aifHON BeNMMYuHBI X, KOTOpas dYalle BCETO M HCIIOJIB3YeTCS — CpeliHee KBaJIpaTHYecKOe
OTKJIOHEHHE (CTaHJaPTHOE OTKJIOHEHUE WIIM MPOCTO CTAHIAPT).

Cpeonum keadpamuueckum OMKIOHeHUeM TUCKPETHOW CIy4yailHON BETMYMHBI Ha3bIBACTCA

o(X) =D(X), (7)

Y,Z[O6CTBO CTAaHAAPTHOI'O OTKJIOHCHHA COCTOHUT B TOM, YTO OHO HMMCECT Pa3sMCPHOCTb camMou

KBaJIpaTHbIN KOPEHb U3 €€ IUCIIEPCUH:

CIIy4aiflHON BeMMYUHBI X, B TO BpeMs KaK AUCIEPCHS MUMEET Pa3MEPHOCTb, MPEICTABISIONIYIO
KBaJpaT pa3MepHocTu X.

3. leab 1esiTeIbHOCTH CTYACHTOB HA 3AHATHH:

CTyaeHT 10JI2KeH 3HATh:

1.Omnpenenenue ciay4ailHON BEJIMYNHBI.

2. IloHsiTHE TUCKPETHOM CITy4aliHOM BETNYHMHBI.

3. OnpeneneHne 3aK0Ha PacIpeneIeHNs JUCKPETHON CIIy4aiiHON BEJIMYUHBI.
4. OCHOBHBIE YHCIIOBBIE XapaKTEPUCTUKHU JUCKPETHON CIIy4aiHON BEIMYUHBI.

CTyneHT 10/ZKeH yMeTh:
1. CoctaBisTh 3aKOH pacnpeieieHnss JTUCKPETHOM CydyalfHON BETUYUHBI.
2. HaxoauTe OCHOBHBIE YHMCIIOBbIE XapaKTEPUCTUKH JAMCKPETHOH CIy4aiiHOM BETMYUHBI.

4. Conep:kanue o0yueHus:

Teopernyeckast 4acThb:

1. Onpenenenue ciny4aifHONH BEIWMYUHBL.

2. Ilpumepsl ciayyallHbIX BEJIUYHH.

3. IloHATHE AMCKPETHOM CIy4ailHON BEIMYUHBI.

4. OCHOBHBIE YHCIIOBBIE XapaKTEPUCTUKH IUCKPETHON CIIy4aliHOM BEJIMYMHBI U UX CBOMCTBA.
5. buHOMMANIBHBIN 3aKOH PaCIPENCIICHHUS.

6. Pacnipenenenue Ilyaccona.
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IIpakTHYeckas 4acTh:

1.Yucno cTyaeHToB B Kaxaoi u3 20 rpymm JiedueOHoro (pakynbTeTa COCTaBIsSET COOTBETCTBEHHO
12, 14, 11, 11, 12, 13, 14, 15, 16, 10, 13, 14, 15, 16, 10, 15, 13, 14, 12, 15 u 14 ugenosexk.
CocTaBUTh 3aKOH pACIpENCICHUsT CIy4yalHOM Benu4YuHBI X, ONpenensieMoll Kak YHUCIO
CTYJEHTOB B IIPOM3BOJILHO BbIOpaHHOH rpymnmne. Halitu MaremaTnueckoe 0)kUaHUE, TUCIIEPCHIO
U CpeIHEE KBAaPATUUECKOE OTKIIOHEHUE YTOW BEJIMYUHBI.

2.HaiiTu MaTemMaTHyecKOE OXHJaHUE, AUCIEPCUI0 U CPEAHEE KBaJApPaTUUYECKOE OTKIOHEHHE
CIIy4allHOM BEJIMYMHBI, 3aJaHHOM CJIEAYIOIUM 3aKOHOM PacCIpeacIICHHUS

3.Yucno  dapmameBToB B Kakmod w3 20  anTek  ropoma  COCTaBisSIeT 3,
6,5,6,4,5,5,4,6,3,5,4,6,5,7,6,4,5,5, u 6 yenoBek. CoCTaBUTh 3aKOH PACIPEICICHHS CIIy4ailHOM
BEJIMYMHBI X, onpenenseMol Kak 4ncio (apMaleBTOB B IPOU3BOJILHO BbIOpaHHON anTeke (U3
20 antek). Haiitu Maremaruueckoe OXHUIAHUE, AUCIEPCUI0 M CPEAHEE KBaIpaTHUYECKOE
OTKJIOHEHHE 3TOW BEIUYUHBI.

4. CocTaBuTh 3aKOH pacHpelefeHUs CIy4yalHON BENMYMUHBI X, OMNPENEIsIeMONl Kak YHUCIO
MaJbYMKOB B CEMBE C MATHIO JIETbMU, €CITU BEPOSTHOCTH MOSBICHUS MaJbUUKa MPU POXKICHUU
Kaxaoro pedbenka npuHuMaeTcst paBHou 0,51.

5. Haiitm nucnepcuio AMCKPETHOM Ciy4alHOM BEIMYMHBI X, OIpeneisieMod Kak YHCiIo
MOSIBJICHUN COOBITUS A B TSATH HE3aBUCUMBIX HCIBITAHUSX, €CIU BEPOATHOCTH IOSBICHUS
coObITHsI A B KaKJIOM HCIIbITaHUU paBHa 0,2.

6. IlocTpouTh 3aKOH pacmpeAeNeHus] Yucia MOoMagaHuil MI4YoM B KOP3HWHY IMPHU Tpex Opockax,
€CJIM BEpPOATHOCTH nonaganus pasHa 0.4.

5. Ilepedyenb BONIPOCOB A POBEPKH UCXOIHOI'0 YPOBHSA 3HAHUH:

1. MaiiTe onpeneneHue cirydaiiHON BETNYMHBI.

2. laiiTe onpeielIeHne NTUCKPETHOM ciay4yaiiHON BennuuHbl. lIpuBenurte npumepsl.

3. Yrto Ha3bIBaETCs 3aKOHOM paCHpeeNICHNs JUCKPETHOMN CIIyd4aliHOW BEJTMYHMHBI?

4. 3anummre GOpPMYIIbl OCHOBHBIX YHMCIOBBIX XapaKTEPUCTUK JUCKPETHBIX CIIyYaiHbIX BEJTHMUUH.

6. IlepeueHb BONPOCOB /1JIsl IPOBEPKU KOHEYHOI'0 YPOBHS 3HAHUIA:

1. 3anumuTe GpopMyny OGMHOMHAIBHOTO 3aKOHA PACIIPEeICHHS.

2. 3anumute Gopmyny pacrpenenenus [lyaccona.

3.Uto Ha3bIBaeTCs MaTeMaTHYeCKHM OXHJAHHEM, IHCIIEpCHed U CPEeJHUM KBaJpaTHUYECKHM
OTKJIOHEHHEM JIUCKPETHON CIIy4allHOM BEJIUYMHBI?

4 IlpuBenuTe CBOICTBA OCHOBHBIX YMCJIOBBIX XapaKTepUCTHK JUCKPETHOM CiydaiHOM
BEJINYUHBI.
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5. B 4em cocTouT yao0CTBO CPEAHETO KBAAPATHIECKOTO OTKIOHCHHS?

7. XpoHokapTa y4eOHOIr0 3aHSATHSA:

1. Opranu3anMOHHbBIII MOMEHT — 5 MUH.
2. Pa36op tembl —15 MuH.

3. Pemienue npumepoB U 3aj1a4 — 45 MuH.
4. Tekymuii KOHTPOJb 3HaHUN — 20 MUH.

5. IlonBenenue UTOrOB 3aHATHUSI — 5 MUH.

8. Ilepeyenn y4eOHOI JIUTEPaTyPhl K 3aHATHIO:

1. Mopo3zos HO.B. OcHOBBI BbICHIEH MaTeMaTUKU U cTaTUCTUKU. M., «Menununay, 2010, §8.2.
2. INaBnymkoB U.B. u np. OCHOBBI BhICIIEH MaTEMaTUKH U MaTeMaTU4YECKOM CTaTUCTUKHU. M.,
«I'90TAP-Menuay, 2008, § 7.2.
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HENPEPBIBHBIE CJ1YYAWHBIE BEJIMYUHBI.
HOPMAJIbHBIN 3AKOH PACIIPEIEJIEHUS

1. HayuyHo-MeTOoqH4YecKOe 000CHOBAHME TEMbI:

Muorue ciydaiiHble COOBITHSL MOTYT OBITh KOJMYECTBEHHO OIEHEHBI CIy4alHbIMU
BEJIMYMHAMU, KOTOpPbIE NPUHUMAIOT 3HAYEHHUS B 3aBUCUMOCTM OT CTEYEHHUs CIIyYalHbIX
00CTOSTCILCTB.

B npakTuyeckoi nesTebHOCTH MEAUIMHCKUN paOOTHUK TOCTOSHHO UMEET JEJIO ¢ TaKUMU
BEJIMYMHAMU (YUCIIO OOJNIBHBIX Ha MpUEME Yy Bpaya, TeMIeparypa Telia 00JIbHOr0, apTepHabHOE
JIaBJIeHWE KpPOBHU, JO3MPOBKA JIEKAPCTBEHHOIO Ipemnapara u T.m.) [loatoMy Hago 3HaTh, Kak
MOJIy4eHBl 3TH BEIUYHMHBI, KaKOBa HMX TOYHOCTb. MaTeMaTHYecKod 0a30il 3THX BOIPOCOB
SABJISIFOTCS TEOPUSL BEPOATHOCTEN U MaTeMaTUYECKasi CTATUCTUKA.

2. Teopus:
1. Henpepulgnvie cyuaitnple enuuuHbl

CrnyuaiiHast BETMUMHA HA3bIBACTCSI HENPEPbIGHOL, €CIIA MHOXKECTBO €€ BO3MOXKHbBIX 3HAaYEHHH
NpeCTaBIsieT COOOH HEKOTOPBIA KOHEUHBIN HITM OECKOHEYHBIH MPOMEKYTOK YHCIOBOH OCH.

Hamnpumep, HenpepbIBHBIMU Cly4allHBIMM BEIMYUHAMU SIBIISIFOTCS: TeMIlepaTypa O0JbHOIO B
(uKCUpOBaHHOE BpeMsI CYTOK, Macca HayraJ BEIOpaHHOM Ta0JIeTKH HEKOTOPOTO IMpernapara, pocT
HayraJ BBIOpaHHOTO CTY/ICHTA U Jp.

HenpeppiBHyto cnyudaliHyl0 BEIMYMHY HENIb3sl 3a7aTb B BUAE TaONMIBI €€ 3aKoHa
pacupencieHus, IOCKOJIbKY HEBO3MOXHO IIEPEYMCIUTh M BBIIMCATh B  ONPEACICHHOU
MIOCJIEIOBATEIEHOCTH BCE €€ 3HAYCHHS, a TAK)KE MMOTOMY, YTO BEPOSTHOCTH JIFOOOTO KOHKPETHOTO
3HA4YECHUS HENPEPBIBHOM CIIy4ailHOM BEJIMYMHBI PABHA HYJIIO.

OaHUM U3 BO3MOXKHBIX CIIOCOOOB 3aJjaHMsI HETPEPHIBHOM CIydyallHOW BENWYMHBI SBIISETCS
UCIIOJIb30BAaHUE C ATOH LIENbI0 COOTBETCTBYIOIIEH DYHKYUU pACnpeOeneHus..

Oyukuus F(X), paBHas BEpOATHOCTH TOTO, YTO Clyd4aiiHas BenuumHa X B pe3ylbTare
UCIBITAaHUSl TPUMET 3HA4YCHHE, MEHbIIEE X, Ha3blBae€TCA @yHKyueu pacnpedenenusi IaHHOU
CIIy4ailHON BEJIMYUHBIL:

F() =P(X<X), 1)

Ceoiicmea pynkyuu pacnpeoenenus
1. ®@yukyus pacnpedenenus y0osnemeopsiem HepaseHCmay.
0<F(x)<1, (2)

2.Qynxyuss  pacnpedenenusi  sAensiemcs  Heyovlearowelr — @Qyukyuer, — m.e. U3
x2>x1 cneoyem F(X2) > F(Xp).
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3. @ynxyus pacnpeoenenus cmpemumes k 0 npu neoepanuuennom yovieanuu ee apeymenma
u cmpemumces K 1 npu e2o neoepanuienHom 603pacmanui.

['padux GpyHKIIMN pactpeneneHus B o0meM ciydae umeer Bua (puc. 1):

F(x)

1

0! V X
Puc.1

U3 onpenenenus GyHKUINU paclipeieleHIs BBITEKAIOT BA BAXKHBIX CIICICTBHUS.

Cneocmeue 1. Bepoamnocms mozo, 4mo HenpepuleHas CAyYauHds 6eIUYUHA 8 pe3ylbmame
UCnLImanusl npumem 3HauveHue, npunaorexcawjee unmepsanry (a,b), paena npupawenuio
@yHKYUU pacnpedenenus Ha SMOM UHmMepsaJie:

P(a< X <b) = F(b) — F(a), (3)

Cnedocmeue 2. Beposmnocms mozo, ymo HenpepwiéHas CAyYalHas 6eIUYUHA 8 pe3ybmame
UCNBIMAHUS npUMem onpeoesieHHoe 3HaueHue 8, pasHa Hyo:

P(X =a)=0, 4)

s 3aaHus HENPEPBIBHOW CIIy4alHOW BEJIMYMHBI MOKHO TaK)K€ UCIIOIb30BATh NIOMHOCHb
pacnpeoenenus 6eposimHOCMmell.

IInomnocmuio  pacnpedenenusi  eeposamuocmetl  (niomuocmoto  eeposmuocmu) — f(X)

HEMPEPHIBHON CIy4allHOW BeNWYMHBI X HAa3bIBAETCS MPOU3BOAHAS (DYHKIIUU pacClpeaeiICHUs
F(X) 9TOM BETMYHMHBI:

f()=F'(x), ()
Ceoiicmea nniomnocmu pacnpeoenenHus 6epoAmHoOCmei:
1. IInomnocmo 6eposmuocmu a6nsiemcs HeOMpuyamenbHol yHKyuetl:
f(x) 20, (6)
2.Beposimnocms mozo, umo 6 pesynomame UCHbIMAHUA HENPEPLIGHAS CYYAUHAS GeNUYUHA

npumem Kakue-1ubo 3HaveHus uz unmepsaia (a, b), pasua:
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P (a<X<b)='T f(x)dx, @)

3.0npedenennviti unmespan 8 npedenax om -0 00 +0 0m NIOMHOCIU BePOIMHOCU
Henpepvl8HOU CIYUAHOU eIUYUHBL PAGeH eOuHUYe (YCo8Ue HOPMUPOBKU):

Tf(x)dx =1, 8)

4.0Onpedenennvlii. unmezpanl 8 npedenax om -0 00 X Om NJIOMHOCMU BEPOSMHOCU
HenpepvleHOU CLYYANHOU 8eTUYUNbL PABEH (DYHKYUU PACTpedesleHUsl DO eTUYUHDBL:

X

j f (x)dx = F(x), 9)

—00

Ilong OCHOBHBIMM YMCIIOBBIMM XapaKTEPUCTUKAMM HEIPEPBIBHON CIy4allHOW BEJIMYMHBI
IIOHUMAIOT, KaK M B Cllydae IHUCKPETHOW CIy4allHOW BEJIMYMHBI, MaTEMAaTHYECKOE OXKHUIAHUE,
JUCIIEPCUIO U CPEHEE KBAAPATUIECKOE OTKIOHEHHUE.

Mamemamuueckoe odcudanue HEIPEPHIBHOMN CITy4aliHON BETUYMHBI:

M (X)=p= [xf (X)X, (10)

Jlucnepcus HENPEPHIBHOMN CIIy4allHOW BEJIUYUHBI:
D (V) =0?= [(x—u)*f (X)X, (11)

Cpeodnee keaopamuueckoe OmMKIOHeHUe, KaK W JUIA JUCKPETHOH CIydaifHOW BEIWYHHEI,
onpenensiercss GopMyIoit:

a(X) =yD(X), (12)

2. Hopmanwnubwlil 3aKon pacnpeoenenus

M3 M3BECTHBIX BUJOB paCIpEICICHUS HENPEPhIBHBIX CIyYaiHBIX BEIMYMH HAuOOJIee 4acTo
UCTIONIB3YIOT HOPMAbHOE pacnpedenieHue, KOTopoe 3anaercs 3akonom I aycca. K HopMambHOMY
3aKOHY pachpeziesieHHs] IPU BEChMa YaCTO BCTPEYUAIOIIMXCS YCIOBHSIX MPHUOIMKAIOTCS IPyrue
3aKoHBI. Tak, €Ciu MBI UMEEM CyMMY OOJIBIIIOTO YMCIIa HE3aBUCHUMBIX BEIHUWH, MOTYNHEHHBIX
KakUM YTOJHO 3aKOHAM pacIpelesieHUs, TO NMPU HEKOTOPhIX OOIIUX YCIOBUSIX OHA OyJer
NPUOJIMKEHHO MO TYMHSATHCS HOPMAJIbHOMY 3aKOHY.
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HenpepoiBHast ciydaiiHasi BeNTUYHMHA HA3BIBACTCSA PACHPEOENEHHOU NO HOPMATLHOMY 3AKOHY
(3axomny I'aycca), ecnm ee MIOTHOCTh BEPOATHOCTH UMEET BU/T

1 e
f(X)=———e 2o (13)

o217

rae {4 - MaTeMaTU4YeCKOE OXHUIAHUE; @ - JUCIIEPCHS; ¢ - CpEIHEE KBaAPaTUUYECKOE
OTKJIOHEHHE 3TOI BEJIUYHMHEL.

['paduik TIOTHOCTH BEPOSATHOCTH HOPMAJILHOTO 3aKOHA pactpeneneHus (kpusas [aycca)
IIPUBEJIEH Ha puc 2

J(x)4
yma\'

Puc.2

I'padux cMMMETPUYEH OTHOCUTENILHO BEPTUKAIBHON MPSMOU Xmax = U, IPUYEM TOUYKE

1
Xmax = M (DYHKIMSI UMEET MAaKCUMYM, PaBHBIN Y, = —F—.
o217

[ToncraBuB BbIpaxkeHue (13) ayis MIIOTHOCTH BEPOSATHOCTH HOPMAJIBHO paclpeiesieHHOM
cly4aiiHOM Benu4MHbl B (7), MOJIy4UM BEpPOSITHOCTh TOTO, YTO B PE3yJIbTAaT€ HCIBITAHUS

HOPMAJIBHO pacrpeielicHHas CllyJyaiiHas BeIMYMHA IPUMET 3Ha4YeHHe U3 uHTepBaia (a,b):

b (x=w)?

fe 27 dx, (14)

Pla< X <h)=

1
o~N2r
Brenem B paccmoTpenue QpyHKITHIO

u  x?

d(u) = i j e 2dx. (15)

0

rie u=>-_#
O
Torna dopmyny (14) MokHO mnpeoGpasoBaTh K BHIY, YIOOHOMY I HPAKTUYECKOTO

MMPUMCHCHUA
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Pla<X <b)=@ P=#)|_gf 2=#
O O

, (16)

Oyukiusa @(U) sBiasercss HedeTHou, T.e. @D(-U) = -@(U); ee 3HayeHUs Oepyrcs u3
COOTBETCTBYIOIIUX TAOJIHII.

[Tonb3ysice (16), Haiinem BEpOSTHOCTH TOTO, YTO 3HAYEHHE HOPMAJIbHO pacIpeiesieHHON
CIIy4aifHOM BEJIMYUHBI HE BBIXOJUT 3a Ipesensl uurepBana (u —3o, y+30) :

U+30—u

P(u—30 < X < 11+30) =@ g B39 op(3) ~ 0,9973
(o2

o

Oro 3HaueHue Onm3ko K eauHune. HopmanbHO pacmpeneneHHas ciydaifHas BeIHMYUHA
TEOPETUYECKH MOKET IPUHUMATh JIt0Oble 3HAaUE€HUsI U3 UHTepBana (+oo,—0) . Ho Ha mpakTuke ee

3HaYeHHUsA OOBIYHO HE BBIXO/AT 3a MPCACIIbl HHTCpBAJia (/,l — 30, u+ 30‘) H UMCCT MCCTO npaeujio

mpex cuem. OMKIOHEHUsl 3HAYEHUU HOPMAIbHO PACNPEOeNeHHOU CIYYAUHOU BeUYUHbL OM ee
MAMeMamuyecko20 O0NCUOAHUA NO AOCONIOMHOU GeIudUHe NPAKMUYECKU He NPegulularom ee
VMPOEHHO020 CpeoHe20 K8aopamuyecko2o OMKIOHEHUsL.

3.1lesb 1eATEILHOCTH CTYI€HTOB HA 3aHATHM:

CTyaeHT 10JI2KeH 3HATh:

1. Onpenenenue ciy4aiiHON HENPEPHIBHOM BETUYUHBI.

2. CrtocoObI 3a1aHus HEMPEPHIBHOW CITydaifHOW BEIMYHMHEI.

3. Omnpenenenue GyHKIUA pacrpeiesieHUs CIIYIaiiHOW HETIPEPHIBHOW BEITUYHHEI.

4. OnpeseneHue MIOTHOCTH paclpe/iesie s BEpPOATHOCTEN HEMPEPhIBHOM crydaiiHON

BCJIMYHHBI.

(62}

. OCHOBHBIE YHCIIOBBIE XaPAKTEPUCTUKH HETIPEPHIBHOM CIyYailHON BEIMYMHBI.

6. HopmanbHBIi 3aKOH pacnpeiesieHH .

CTyneHT 10/IZKeH YMeTh:

1. Haxomuth BepOATHOCTb IMOMaJaHus B 3aJaHHBIA MHTEpPBAJ 3HAYEHHUS HENPEPHIBHOU
CIly4aiiHOM BEJIMYMHBI, 3aJaHHON (DYHKIMEH pacipeeneHus.

2. BBIYHCIATH OCHOBHBIC YHCIIOBBIC XaPaKTEPUCTUKH HEMPEPHIBHON CITy4aifHOI BETMYNHBIL.

3. HaxomuTh BEpOSTHOCTH TMONANaHUS 3HAYCHUS HOPMAIBHO pACIpPEICICHHON BEIWYHHBI B

3aJIaHHBIA UHTEPBAL.

4.Coaep:kanue 00y4yeHUs:
TeopeTuyeckas 4acTh:
1. Tlonatue HenpepbIBHOM ciiydaiiHOM BennyrHbl. CriocoObl 3aJaHus] HEPEPHIBHOM ciyyaitHOH

BCJINYHHBI.
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2. OyHKIMS pacripesieNieHus CIy4aiiHON HenpepbIBHOW BEIMYHMHBI, €€ CBOIMCTBA, rpaduk.

3. IlmoTHOCT  pacnpefenieHus BEPOSITHOCTEH HENPEpBHIBHOW CIydyailHOH BEIMYUHBI, €€
OCHOBHBIE CBOMCTBA.

4. OCHOBHBIE  4YMCIIOBBIE  XApAaKTEPUCTUKU  HENPEPHIBHOM  CIydyallHOM  BEJIMYMHBIL:
MaTeMaTU4YeCKOe 0’KMIaHNE, TUCIIEPCHUs, CPEIHEE KBAAPATHUECKOE OTKIOHECHHUE.

5. Hopmanbnsiii 3akon pacnpenenenus. Kpusas ["aycca.

6. BeposiTHOCTD mMomagaHus 3HAYCHHS HOPMAIBHO PACIPEACICHHOM BEIUYMHBI B 3aJaHHBIN
uHTepBai. [IpaBuiio Tpex curm.

[IpakTHYecKkas 4acTh:

1. Haiinure maTeMaTHyeckoe 0KMJAHUE, TUCIEPCUI0 U CPEAHEE KBaJpaTHUECKOE OTKIOHEHHE
CIydaiiHOW HEMPEPhIBHON BEIIMYHMHBI, 33JAHHOM IJIOTHOCTBIO pacipeseneHus BepostHocteit f(X),
paBHoi 1/4 na otpeske [1,10] u 0 Bo Bcex oCTalIbHBIX TOYKAX OCH abCILUCC.

2. Haiimute BeposiTHOCTh momnaaanus B uHTepBad (1,3) 3HaueHHUs] HENPEPHIBHOW CIydailHOM
BEJIMUMHBI, 3alaHHON (pyHKIIMEN pacripeneaeHus:

0,ecnux <1,

2
X

13
1, echux > 3

F(x) = secmul < X <3,

3.Ilpeanonaras, yto PH KpoBU YeIOBEKA MOAYUHIETCS HOPMAIBHOMY 3aKOHY pacrlpeseeHus ¢
MaTeMaTHYECKUM OXHJIaHUEeM u=7,2 U CpeIHUM KBaJpaTHUECKUM OTKIoHeHHeM 0=0,2, HaiiauTe
BEPOSITHOCTb TOT'0O, YTO Y IMPOU3BOJILHO BBIOPAHHOI'O YeJIOBEKAa YpoBeHb PH HaxomuTcs mexay
7,1 n 7,2.

4.CnyyvaiiHas BenuuuHa X pacrpeneiacHa HOpMajdbHO. MaTeMaTHUuecKoe OXHJAaHUE U CpeIHee
KBaJpaTUYECKOE OTKJIOHEHUE OTOW BEIMYMHBI COOTBETCTBEHHO paBHbl 6 u 2. Haiigute
BEPOATHOCTb TOTO, YTO B PE3YJbTAaTE HCHBITAHUM X IPUMET 3HAUEHUE, 3AKIIOUYEHHOE B
uHTepBaie (4, 8).

S.IIpenmnonaras 3aKkoH paclpeneiNeHusl pocTa CTYACHTOB HOPMAJIBHBIM C MaTeMAaTHYECKUM
oxnnanneM =175 cM u mucmepcueii 6°=100 cM?, HaiiuTe BEPOSTHOCTH TOTO, YTO POCT
IIPOM3BOJILHO BEIOPAHHOTO CTYAEHTA OKaxeTcs B npeaenax ot 180 go 190 cm.

6.HaliTh maremaTmueckoe OXKMIAHHME, AMUCIIEPCUI0 M CPENHEE KBAAPATHUUYECKOE OTKIOHEHUE
CIIy4alHOM HENpepbhIBHOW BEIWYMHBI, 33JaHHOW IUIOTHOCTBIO PACIPEICIICHUs BEPOSTHOCTEN

.1
f (x), paBHOIA 3 Ha OTpEe3Ke [1,5]1/1 0 BO Bcex OCTaJIbHBIX TOYKAX OCH alCIUCC.

7.Macca B3pOCJIOro >KMBOTHOTO HEKOTOPOTO BHJAA SBIAETCS HOPMAJIbHO paclpeaeIeHHON
CIIy4ailHOM BEJIMYMHOM CO CpeIHUM 3HayeHHeM (MareMaTHdeckuM oxuaanueMm) 100 kr u
CPEIHUM KBAJIpaTUYECKUM  OTKJIOHEHHWEeM 5  kr. HalTu BeposSITHOCTH TOro, 4TO Macca
KUBOTHOTO HAXOJIUTCSI B UHTEPBAJIE:

A) ot 95 no 105 «r,

b) ot 97 no 112 kr.
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S.I1epedyeHb BONPOCOB /ISl IPOBEPKH UCXOAHOI0 YPOBHS 3HAHUH:

1. HaiiTe onpezneneHne HENPEPHIBHOM CIIydyaliHOM BETUYMHBI.

2. Yto Ha3bIBaeTCs (PyHKIMEH pacipeaesieHus CIy4aiiHOW BETMYMHBI?

3.Yto Ha3bIBaeTCs MJIOTHOCTHIO BEPOSTHOCTEH HENPEPHIBHOM cilydaiiHON BenuuuHbI? Kak oHa
cBsi3aHa ¢ (PyHKUUEH pacnpeneneHus?

4.3amumute GOpMyNBl IS OCHOBHBIX YHCIIOBBIX XapaKTEPUCTHK HENPEPHIBHOW CITydailHOU
BEJINYUHBI.

5.3anumure GopMysly HOPMAIBHOTO pacIpe/ieIeHusI.

6.IlepeyeHb BONPOCOB /1151 IPOBEPKH KOHEYHOI'0 YPOBHS 3HAHMUIA:

1.ITouemy HeTPEPHIBHYIO CIIy4aiiHYIO BEIMYMHY HEBO3MOXKHO 33/1aTh B BUE TAOJIHIIBI €€ 3aKOHA
pacripesielieHus ¥ ¢ TIOMOLIbI0 POpPMYJIIbI?

2 IlpuBenute CBOMCTBO (YHKUMU pPACHpPENENCHUs M IUIOTHOCTH BEPOSITHOCTH HEMPEPHIBHON
CIIy4ailHOM BEJINYMHBI.

3.Haueptute kpusyto ["aycca.

4.ChopmynupyiTe MpaBUIIO TPEX CUTM.

7. XpoHokapTa yueOHOIr0 3aHSATHSA:

1. Oprann3aniMOHHBIII MOMEHT — 5 MUH.
2. Pa36op tembl —15 mMuH.

3. Pemienue npumepoB u 3aj1ad — 45 MuH.
4. Texymuii KOHTPOJIb 3HAHUN — 20 MHH.

5. IlonBeneHuve UTOrOB 3aHATHUSI — 5 MUH.

8. Ilepeuenn y4ueOHOI JINTEPaTypPhl K 3aHATHIO:

1. Mopo3zos HO.B. OcHOBBI BhICIIEH MaTeMaTUKH U CTaTUCTUKU. M., «MenumuHay, 2010, §8.2.
2. INaBnymxkoB M.B. u np. OCHOBBI BBICIIEH MaTEMaTUKH U MAaTEeMaTHYECKON CTaTUCTUKHU. M.,
«I'D0TAP-Menaunay, 2008, § 7.2.
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CTATUCTHUYECKOE PACIIPEJAEJIEHUE BBIBOPKU.
IHOJIMTOH U TUCTOI'PAMMA

1. HayuyHo-MeTOoAHYecKOe 000CHOBAHME TEMBbI:

Br10OpouHBIi METOJ MpEACTaBIsieT COOOH OIMH M3 OCHOBHBIX METOJOB MaTeMAaTHYECKON
CTaTUCTUKM —  pa3lella  MaTeMAaTHUKH, [OCBAIIEHHOTO  MaTEMAaTHYECKHMM  METOJaM
cucTeMaru3anuu, O0OpabOTKM W UCHOJIB30BAaHUS CTATHUCTUYCCKUX JaHHBIX. [lpu 3TOM
CUCTEeMATUYECKUMHU JaHHBIMUA Ha3bIBAlOT CBEICHUS 00 OOBEKTaX JOCTATOYHO OOJBIION
COBOKYITHOCTH, 00JIa/IAfOIINX OMPE/ICIICHHBIMH MPU3HAKAMH.

Hanpumep, 1nns BbISICHEHMS BHJA 3aKOHA paACIpENEICHHS, a TaKK€ OLEHKM OCHOBHBIX
YUCJIOBBIX XapaKTEPUCTUK TAKOW CIIy4alHOM BEJIMYMHBI, KAK KOJIMYECTBO JUCTHEB HA PACTEHUAX
OTIpeNIeIEHHOT0 BU/Ia, HEOOXOAUMO MPOBECTH MCCIIEOBAHUE TOCTATOYHO OOJIBIIOTO KOJINYECTBA
TaKUX PAaCTEHUM, 3aTEM IO pe3yJIbTaTaM BbICKA3aTh ONpPECICHHbIE COOOpaXEHUsI O BUE 3aKOHA
pacrpeeneHusi, a TAKKe MPOBECTH OLIEHKY COOTBETCTBYIOIIUX YMCIOBBIX XAPAKTEPUCTHK.

C napyro#i CTOPOHBI OYEBHUIHO, YTO BBUJY OTPAHMUYCHHOCTH KOJIMYECTBA HCCIEIYEMBIX
O00OBEKTOB TMOJydaeMble BBIBOABI W YHCIICHHBIC PE3YJIbTaThl HOCST JIMIIb MPUOIMKEHHBIN
xapakrep. CrerneHb BO3MOXKHOW IPH 3TOM MOTPEIIHOCTH, a TAKXKE HAJIECKHOCTH IMOJTYyYECHHBIX

PE3YIbTATOB MOXXHO OIIPCACIINTD, UCIIOJIb3Yyd METO/IbL MaTEeMaTHUUECCKON CTaTHUCTHKH.

2. Teopus:

1. Fenepaﬂbna}l u 6bl60p0‘lﬂa}l cmamucmuuecKue CO60OKynHocmu

MHO0€ecTBO 00BEKTOB, XapaKTEPU3YEMbIX HEKOTOPHIM KaYECTBEHHBIM WJIM KOJINYECTBEHHBIM
IIPU3HAKOM, Ha3bIBACTCS CMAMUCMUYECKOU COBOKYRHOCMBIO.

Hampumep, craTucTHUECKON COBOKYITHOCTBIO SIBJISIETCS MHOXKECTBO PAacCTBOPOB XMMHUECKUX
COEIMHEHUH, pa3IMyaeMbIX Kak 0 LBETY (KaueCTBEHHBIM MpPHU3HAK), TaK U M0 KOHLEHTpaluu
(KOJTMYEeCTBEHHBIH NMPU3HAK).

CrarucTryeckasi COBOKYITHOCTb, COCTOSIIASA U3 BCEX OOBEKTOB, KOTOphIE (10 KpaitHeH mepe,
TEOPETUYECKH) TOJUIe’)KaT OOCIEIOBAHNIO, HA3bIBACTCS 2eHEPANbHOU  CMAMUCMUYecKou
cogokynnocmpto. Ynucino 0OBEKTOB TEHEPATbHOW COBOKYITHOCTH Ha3bIBAIOT €€ 00BeEMOM U
o0o3HavaroT N.

[Ipu pacrnpocTpaHeHUH TPEJICTaBICHUS O KOHEYHOM IpyIIe JIUI Ha IpYyrue rpynbl Uid Ha
BCIO T€HEpPaJbHYI0 COBOKYIHOCThH MOJIb3YIOTCA HMH(popmanuenr o BeiOOopke. Korma Bpau xouer
MOJIyYUTh MPEACTABICHHUE O COCTAaBE M COCTOSIHUM KPOBU IAllME€HTa, OH MPOBOJUT aHAIM3
HeOO0JIbII0N BEIOOPKU KpoBU. JIt000€ 3HaueHHe UCKOMOIO IMapaMeTpa, BHIYMCIEHHOE Ha OCHOBE
OTpaHMYEHHOr0 YHKCja OIBITOB, Bceraa OyneT coaepkarb 3JeMEHT ciydalHocTH. PaboTHHMKM
3/[paBOOXpAHEHUs MIOCTOSHHO UMEIOT Aesio ¢ nHpopMaluel, 6a3upyromeiics Ha OorpaHUYEHHBIX
BbIOOpKaX, W OHMU JOJDKHBI XOPOUIO MpPEICTaBIsATh ce0e TpaHHUIlbl HAJAECKHOCTH aHalIu3a
MH(pOpMalMU HAa OCHOBE BHIOOPOUYHBIX JAHHBIX.

Craructuyeckasi COBOKYIHOCTb, COCTOSIIIIas W3 HEKOTOPOro KOJIMYecTBa OOBEKTOB,
CIIy4ailHBIM 00pa3oM OTOOpaHHBIX U3 COOTBETCTBYIOLIEH TeHEepadbHOW COBOKYIHOCTH,
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HA3BIBACTCS 8bIOOPOUHOU CMAMUCMUYECKOU COB80KYNHOCMbIO (8blOoproti). Yucno 00BEeKTOB
BBIOOPKHU Ha3bIBAIOT €€ 00beMOM U 0003HAYAIOT N.

CrnyvaiiHocTh 0TOOpa HEOOXOMMa JUIsl TOTO, YTOOBI CBOMCTBAa BHIOOPOYHON COBOKYITHOCTH
HAWTy4IIuM 00pa3oM OTpakall COOTBETCTBYIOIIME CBOICTBA reHEpaIbHOW COBOKYITHOCTH , T.€.
9T00BI BEIOOpKA ObLIIA npedcmasumenvholl (Penpe3eHmamugHoll).

Bribopka cunTaercs COCTaBICHHOW CIy4ailHBIM 00pa3oM, €ClM BEpOSTHOCTH IOMAJaHHs B
BBIOOPKY JUIS BCEX WICHOB T'€HEPAIbHONH COBOKYITHOCTH PABHBIL.

Yem 6ostbliie 0OBEKTOB COACPIKUT BHIOOPOUHAST COBOKYITHOCTD (T.€. ueM OOJIbIIE ee 0Obem),
TEM TOYHEE €€ CBOMCTBA OTPAKalOT COOTBETCTBYIOIINE CBOMCTBA TeHEPATBHON COBOKYITHOCTH.

2. Cmamucmuueckuii OUCKpemHuulil pao pacnpeoeienus

[Tycts TpeOyeTcs M3y4HMTh pacrpeneieHue 3HaueHUil mpu3Haka X y 0OBbEKTOB HEKOTOPOM
reHEPAIIbHON COBOKYITHOCTH.

JU71s1 3TOTO U3 reHepanbHON COBOKYITHOCTH U3BJIEKAIOT HEKOTOPYIO BEIOOPKY 00BEMOM.

[Tyctp B mony4eHHON BbIOOPOYHOM COBOKYIIHOCTM HauWMEHbIIEE 3HAUYE€HUE IpPU3HAKa Xp

BCTpEYaeTcs: My pas, CICAYIOIIEe M0 BEIMYMHE 3HAYCHUE Xp- My  pas,....... , Xk- Mg pas.
HabGmromaemble 3HaueHus MpU3HAKa HA3bIBAIOTCS 8apuUaHmamu, a 9ucia Mp,My,Ms, .....,My - UX
YacTOTaMH.

OueBUIHO, YTO CYMMa BCEX YACTOT paBHA 00HEMY BHIOOPKHU:

k

m1+m2+---+mk=2mi=n, (D
i=1

Pe3yJ'IBTaTLI Ha6J'IIO,Z[eHI/II\/’I npeaACTaBuM B BUIC Ta6J'II/ILU:>I, B HepBOﬁ CTPOKE KOTOpOI>'I B IIOPSAAKE
BO3pacCTaHus IICPCINUCIICHBI BCC BApPUAHTHI  X; , BO BTOpOI\/'I — COOTBETCTBYIOIIIUEC UM YaCTOTHI:

Tabauya 1
X X1 X2 | . Xk
m m; m, | ... Mg

Taxast TabuIa HA3BIBAECTCS CMAMUCMUYECKUM OUCKPEMHBIM PAOOM PACNPeOeneHUs.

Jns rpadudeckoro n300pakeHUsl TAKOro psijia Ha KOOPAWHATHOM IUIOCKOCTH OTKJIaJ(bIBAIOT
TOYKH (Xi; M;) ¥ COSTUHSIOT UX OTPE3KaMH MPsAMBIX (puc.l).

[TonydyeHHass noMaHasi JMHUS, SABISIOMIAascA rpaduyeckuM H300paKEHHEM JUCKPETHOTO
CTaTUCTHUYECKOTO PsiJia paclpeieieHUs, Ha3bIBACTCS NOAUSOHOM YACTIOM.

m
Hap;my C YactoTaMd M; 4aCTO HPHUMCHAIOTCA OTHOCHUTECIIBHBIC YaCTOThI pi=—, cymma
n

KOTOPBIX paBHA CANHULIC:
k
z pi = 1 ’ (2)
i=1
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M2

My ;

Y

0" x X3 X3 Xp.2 Xp.s Xk

Puc.1. ITonurox yacTor.

Torga mpu MOCTPOCHUM KaK CaMOro JUCKPETHOTO CTATUCTUYECKOTO ps/la paclpeacsieHus |,
TaK U ero rpagu4eckoro M300pakKeHUs, HA3bIBAEMOTO NOJIUCOHOM OMHOCUMENbHbIX YACMOm,
UCIOJIB3YIOT HE YaCTOTHI Mj, & OTHOCUTENBHBIE YACTOTHI P;.

Ilpumep. Tlpu mojcueTe KOJMYECTBA JIMCThEB Ha KakaoM u3 20 KOMHATHBIX PACTCHHM
ONpEeIETICHHOT0 BHU/Ia MOJYUYEHBI cienyromue pesyasratel: 11, 10,9, 10, 7, 11, 11, 13, 10, 8, 12,
10, 9, 12, 9, 10, 8, 12, 11, 10. CocTtaBuTh IO 3THM JIaHHBIM JUCKPETHBIH CTATUCTHYCCKUN P
pacupeneneHdss 1 MOCTPOUTH MOJIMTOH YacToT.

Pewenue. I3 mony4eHHBIX pe3ylIbTaTOB BUIHO, YTO KOJUYECTBO JINCTHEB HA PACTCHUAIX
Bapbpupyetcs ot 7 a0 13. 3nauenue 7 Bcrpeuaetcs 1 pa3, 3HaueHue § — 2 pasa, 3HadeHue 9 — 3
pas3a u 1.1. Takum 06pazoM, MOKHO COCTABUTH CIIEAYIOIINUN JUCKPETHBIHN sl pacpeeICHUS:

Tabnuya 2
X 7 8 9 10 11 12 13
m 1 2 3 6 4 3 1

['padmyeckum n300pakeHUEM MOIYYEHHOTO PsAla PacIpeieTICHUS IBISETCS NOAUSOH YACTOM
(puc.2):

6 7 8 9 10 11 12 13 14 X

Puc.2.
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3. Cmamucmuueckuii UHmMEPEaIbHbLL PAO pacnpedesieHus

Hcnonp30BaHue AUCKPETHOTO psiia paclpelelieHuss Ha MPaKTUKE yI0O0HO JIMINbL B CiIydae
orpanndeHHoro (He Oomee 10-20) KoiMuyecTBa pa3IMYAIOMIMXCS MEXAYy COOOH BapHaHT B
BbIOOpKe. Eciam jke KOIMYecTBO TaKMX BapHaHT CYIIECTBEHHO OOJbIIE, TO pPe3yJbTaThl
IPE/CTABISIOT B BUJIE CIAMUCMUYECKO20 UHMEPBATIbHO20 PAOA PACHPeOeNeHUs.

Jis TOCTpOeHHsT Takoro psijaa o0JacTh HAOMIOJAaeMbIX 3HAUYEHUH HM3ydaeMoro IpU3HaKa
pa3buBaeTcsi Ha HEOOJBIIOE KOJMYECTBO PaBHBIX IO BEIWYMHE HHTEPBAJIOB M (DUKCUPYETCS
KOJIMUECTBO 3HAUEHUH IPU3HAKA B KQXKJJOM UHTEpBaJe (Yacmoma unmepeana,).

[Tycts Bce HaOMrOIABIIMECS 3HAUCHHS TIpU3HaKa X MPUHAIJIekKAT UHTepBaLy (a,b).

. b—a
Pa32[eJII/IM 3TOT I/IHTCpBaJI Ha k YaCTUYHBIX I/IHTepBaJIOB JTJINHOU AX: TOYKaAMHU
JCNeHUsT @ = Xo<X1<Xa,..., <Xk.1<Xk=b  (puc.3):
I l L I | I >
Xo=a X; X . X2 X, x=b X

Puc.3

CocraBuM TaOIMILy, B IEPBOM CTPOKE KOTOPOH MEPEUNCIICHBI BCE YaCTUYHBIE HHTEPBAIIBI, BO
BTOPO — COOTBETCTBYIOIINE UM YaCTOTHI (Tab1.3):

Tabauya 3
X (Xo0,X1) (X1,%2) (X2,X3) . (Xk-2.Xk-1) | (Kie1,Xk)
m msq mo mas ... Mg-1 Mg

Taxast TabaM1Ia Ha3BIBACTCS CMAMUCTIUYECKUM UHMEPBATIbHBIM PAOOM PACNpedeneHus, a ero
rpadu4eckuM U300paKeHUEM SABISIETCS eucmozpamma yacmom (puc.4):

m/Ax '

A

mngx

M1 /AX

mg/Ax

m/Ax

m;/Ax

-

Xo=a X, X3 X3 Xp3 Xps  x=bX

Puc.4. 'ncrorpamMmMa 4acTor.
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T'ucmoepamma wacmom — 310 ¢GuUrypa, COCTOSIMIAs M3 MPSMOYTOJILHHUKOB, OCHOBAHUSMHU

N m;
KOTOPBIX CIYy)KaT YaCTHYHBIC HWHTEPBAIbl JJIMHOW AX, a BBICOTAMH - OTHOIICHHUS A—'
X

(nromnocmu wacmom).

Ha IMPAaKTUKEC YaCTO BO BTOpOI>'I CTPOKEC CTATUCTUYCCKOIO HHTCPBAJIBLHOIO psaaa

m.
pacnpeielieH|si BMECTO 4acTOT M; YKa3bIBAKOT OmHOCUmenbHbie yacmomol Pi=—- (Tadn.4):
n

Tabnuya 4
« (Xo0,X1) (X1,X2) (X2,X3) (Xk-2,Xk-1) | (Xie1,Xk)

p
P1 P2 P3 Pk-1 Pk

Tornma rpaduveckuM H300paKEHUEM TAaKOTO psijia PACIPENEICHUS SBISIETCS 2UCOSPAMMA
OMHOCUMENbHBIX YACMON, TIPH TIOCTPOCHUN KOTOPOH 10 OCH OPJJMHAT OTKJIA/IBIBAIOT TNIOTHOCTh
OTHOCHUTEJILHON 4acTOTHI (pHC.5):

p/Ax
4

pi/Ax —

pk_l/Ax y ’ .

pg/Ax

Pr /Ax

p_,/Ax

Xo=a X X2 X3 Xk-2 Xie-f xkzb‘ X

Puc.5. I'ucrorpamma OTHOCUTENBHBIX YacTOT.

Bun ructorpaMMbl OTHOCHTENBHBIX YacTOT COBIAJAaeT € BHMJIOM TMCTOIPAaMMBbl YacTOT.
[TpeumymiecTBOM T'MCTOTPaMMBbl  OTHOCUTEIBHBIX YAaCTOT SBJSETCA TO, YTO OruMbOaromas 3Toi
THCTOTPaMMBbI (TyHKTUPHAS JIMHUA HA PHUC.5) UMEET CMBICH rpaduka SMOUPUIECKON IUIOTHOCTH
BEPOSTHOCTH pacHpeeNeHus mpu3Haka X.

Kpome TOro, npencraBieHHe 3KCHEPUMEHTAIbHBIX JaHHBIX MMEHHO B BHJIE TMCTOI'DAMMBbI
IUIOTHOCTH OTHOCUTENBHBIX YaCTOT HEOOXOMMO, €CIIU CTaBUTCA 3ajaya, HalpuMep, CpaBHEHUS
BUJIA pacIpeesieHNil TBYX MM HECKOJIBKMX COBOKYMHOCTeH. Torma HeoOXoIuMo COBMEIICHUE
pa3IMyYHBIX THCTOTpaMM, a 3TO BO3MOXXHO TOJBKO, €CIM paccMaTpUBaIOTCA IJIOTHOCTHU
OTHOCHUTEJIBHBIX YacTOT, YTO MO3BOJSET HCKIIOYUTH 3aBHCUMOCTH OT 00OBbeMa BBIOOPKH U
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mupuHbl UHTEpBaia  AX. Tak, B KIMHUYECKOW MPAKTHUKE YaCcTO MPUXOAUTCS CPaBHUBATH
pa3Hble IpyMIbl NAIMEHTOB, HApUMeEp: 340POBbIE U 0OJIbHBIE, MPUHUMAIOIINE JIEKAPCTBO U HE
NPUHUMAIOIIME U T.I.; KOJIMYECTBO MAIlMEHTOB B CPAaBHUBAEMBIX TIpyMMax, Kak IpaBHIIo,
HEOAMHAKOBO (46 3m0poBbIX W 22 OOJbHBIX). B sTOM cinywae uisi cpaBHEHHS MOXKHO
MOJIb30BATHCSA TOJIBKO THUCTOIPAMMOM IUIOTHOCTHM OTHOCHUTENIBHBIX 4acToT. Eciu ke B3SThH
TUCTOTPAaMMBbI TJIOTHOCTH YacTOT, TO BBICOTA CTOJIOLOB /I 370pOBBIX (46) m O0JbHBIX (22)
OyZIeT 3aBeIOMO HEOAMHAKOBA.

[Tpu mocTpoeHUH rUCTOrpaMMBbl OYE€Hb Ba)KHO MPABUJIBLHO BHIOpATh MIMPUHY MHTEepBaia AX.
Ecnu yucno untepBanioB K Oyaer mano (mMpuHa HHTEpBajia AX - BEIIUKA), CICAYET 0KUIATh,
YTO YACTUYHO MH(OPMAIIHS O CIy4yailHOW BETUYMHE MOXKET ObITh noTepsHa. C Ipyroi CTOPOHBI,
ecmu Kk Oymer cammkoMm Beauko — ( AX -mano), o06paboTKa pe3y/IbTaTOB M3MEPEHHH Oymer
U3IUIIHE TPYIOEMKOM, HE JaBas MPU 3TOM CYIIECTBEHHOTO BBIUTPHINIA B WH(OPMAIUU.
[TpakTHKa MoKa3bIBaeT, YTO PALMOHAICH BHIOOD YKCIIa HHTEPBAIOB K B 3aBUCMOCTH OT 00bheMa
BBIOOPKH C ITOMOIIBIO Ta0JI. S:

Tabauya 5
O0beM BBIOOPKH, N 25-40 40-60 60-100 100-200 200
Yucno uHTEpBAIOB, k 5-6 6-8 7-10 8-12 10-15

3. Lesb 1esiTeILHOCTH CTY/ICHTOB HA 3aHATHM:

CTyaeHT 10/I2KeH 3HATh:

Omnpeznenenne CTaTUCTHYECKON COBOKYITHOCTH.

Omnpenenenne reHepatbHON CTATHCTUYECKOH COBOKYITHOCTH.
Omnpenenenne BHIOOPOYHON CTATUCTUYECKON COBOKYITHOCTH (BBIOOPKH).
[ToHsATHE O CTATUCTUYECKOM TUCKPETHOM DSIJIE pacTIpe/IeTICHUS.
[ToHsITHE MTOMIMTOHA YAaCTOT U OTHOCUTEIBHBIX YacTOT.

[ToHsiTHE O CTATUCTHYECKOM UHTEPBAIILHOM PSIZIE pacIpeeIICHHUS.

No g ko

ITousTue o TUCTOTpaMME 4aCTOT U OTHOCUTCIIbHBIX YaCTOT.

CTyaeHT 10JI2KeH YMeTh:
1. CrtpouTh MOJUTOHBI YACTOT U OTHOCUTENIBHBIX YaCTOT.

2. CTpOI/ITI) TUCTOTpaMMbl 4aCTOT M OTHOCHUTCIIbHBIX YaCTOT.

4.Coaep:kanue 00y4yeHUs:

TeopeTuyeckas 4acTh:

1. Omnpenenenue reHepaibHON U BBIOOPHOM CTAaTHCTHYECKOM COBOKYITHOCTEH. OObeM BBIOOPKH.
2. CTaTHCTUYECKUI TUCKPETHBIN PsJ] pacTIpe/ieICHusI.

3. IlonuroH 4acTorT.

4. TToJUroH OTHOCUTENHHEIX YaCTOT.
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5. CraTucTu4ecKuii NHTEPBAIBHBIN P paclpeesICHNUS.

6. 'mcrorpamma 4acror.

7.

FI/ICTOI‘p aMMa OTHOCHUTCJIbHBIX YaCTOT.

HpaKTH‘leCKaH 4acCThb:

1.

=)

N -

W3 mpomyKiuu, NPOU3BEICHHON (apmaneBTH4eckoil ¢aOpukoi, ciydailHBIM 00pa3zom
otoOpanbl 20 KOpOOOUYEK HEKOTOPOro Mpenapara, KOJIHYECTBO TabJIETOK B KOTOPBIX
0Ka3aJI0Ch paBHBIM COOTBETCTBEHHO 48, 52, 50, 49, 51, 50, 47, 50, 49, 50, 51, 52, 48, 51, 50,
47, 49, 46, 53, 50. [IpeacraBuTh 3TU JaHHBIC B BHUJE AUCKPETHOTO CTATUCTUYECKOTO psjia
pacipeeneHus U MOCTPOUTD MOJIMTOH YaCTOT, a TAKXKE MOJUTOH OTHOCUTENIbHBIX YaCTOT.
N3mepenne Beca P 30 cTyneHToB maiio cienyronide pe3ynbrarsl (B kr): 61, 67, 73,74, 80,
68, 69, 57, 88, 82, 70, 60, 75, 76, 90, 76, 75, 58, 62, 79, 61, 69, 85, 82, 80, 66, 71, 82, 83, 80.
[TocTpouTh CTAaTUCTUYECKUW HHTEPBAIBHBIA PAJl pacmpeaesieHus BeauduHbl P, a Takke
TUCTOTPAMMBbI YaCTOT ¥ OTHOCHUTEIBHBIX YaCTOT.

[Ipy w3MepeHUM apTepuanbHOrO MAABJICHUA Yy CIy4alHbIM o0pa3oM oToOpaHHBIX 30
MAIMEHTOB KJIIMHUKH MOJYYEHBI CIIeyIoNIne pe3yabTaThl ( B MM. pT. cT.): 15!, 166, 133, 155,
179, 148, 143, 128, 138, 172, 163, 157, 158, 136, 169, 153, 142, 147, 134, 164, 167, 131,
152, 156, 161, 154, 149, 122, 176, 145. IlpeacTaBuTh 3TH JaHHbIE B BHUJI€ MHTEPBAIHHOTO
CTaTHCTUYECKOTO psAJia pacCIpeesieHus U MOCTPOUTh TUCTOTPAMMY OTHOCHTEIBHBIX YaCTOT.
Wzyuancs pocT (cM) My>X4MH Bo3pacTa 25 jeT ans cenbckoil mecTtHocTd. [lo cimywaitHoi
BbIOOpKE 00BbeMa 35 mosydeHsl cienyromue pesynbrarel: 175, 167, 168, 169, 168, 170. 172,
171, 177, 174, 167, 170, 171, 171, 172, 173, 167, 174, 172, 177, 173, 174, 173, 169, 171,
173, 173, 168, 173, 172, 166, 164, 168, 172, 174. IlpencraButh 3TH JaHHBIE B BHUJE
WHTEPBAJIBLHOTO CTATUCTUYCCKOTO PsiZia pacipeiesieHUs U TOCTPOUTh TUCTOTPAMMBbI YacTOT U
OTHOCHUTEIBHBIX 4acTOT.

. IlepedyeHb BONPOCOB /1Jis1 NPOBEPKHU UCXOAHOI0 YPOBHS 3HAHWH:

[aiiTe onpeneneHne CTaTUCTUYECKON COBOKYITHOCTH.

Uto Ha3bIBaeTCS T€HEPANTBHON CTATUCTUYECKOM COBOKYITHOCTHIO M BBIOOPKOH?
Uto Ha3bpIBa€TCSA BapHAHTAMU U UX YaCTOTaMU?

[aiiTe onpeneneHne CTaTUCTUYECKOTO JUCKPETHOTO PsAZla PacpeIeICHUsI.
Yto coboii mpecTaBiIsieT MOJIUTOH YacTOT?

. [IepeueHb BONPOCOB /151 NPOBEPKH KOHEYHOI0 YPOBHS 3HAHMIA:

Kak ctpoutcs moJmroH OTHOCUTENbHBIX 4acTOT?

Onumure NOCTPOCHNE CTATUCTUYECKOTO0 NUHTEPBAIIBHOT'O Psijia paclpeieeHus.

UYro coboif  mpeACTaBiIAOT THCTOIpaMMbl  4acTOT W OTHOCHTEIBHBIX  YacTOT?
(TPOMILTIOCTPUPYHTE).

B d4eMm CcOCTOMT NpeMMyHIECTBO TMCTOTPAMMBI OTHOCHUTENIBHBIX YacTOT MO CPAaBHEHUIO C
TUCTOTPaMMOM 4aCTOT JJIs1 HEPEPBIBHOTO MpHU3HAKA?
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7. XpoHokapTa y4eOHOIr0 3aHSITHSA:

1. OpranuzanroHHBIA MOMEHT — 5 MMH.
2. Pa36op tembl —15 muH.

3. Pemienue npumepoB U 3aj1a4 — 45 MuH.
4. Texymuii KOHTPOJb 3HaHUN — 20 MUH.

5. IlonBenenue UTOrOB 3aHATHUSI — 5 MUH.

8. Ilepeyenn y4eOHOI JIUTEPaTyPhl K 3aHATHIO:

1. MopozoB HO.B. OcHOBBI BbICHICH MaTeMaTUKU U CTaTUCTUKU. M., «Meaurunay, 2010, §§
9.1,9.2.

2. IaBnymkoB U.B u np. OCHOBBI BbICIIEH MaTeéMaTHKH U MAaTEMaTH4YECKOW CTaTUCTUKU. M.,
«I'90TAP-Menuay, 2008, § 8.1.
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TOYEYHBIE U UHTEPBAJIBHBIE OHEHKHW OCHOBHBIX YNCJIOBBIX
XAPAKTEPUCTHUK 'EHEPAJIBHON COBOKYITHOCTH

1. HayuyHo-mMeTogu4eckoe 000CHOBaHHE TEMbI:

[Ton BBIOOPOYHBIMU XapaKTEPUCTHKAMH pacmpeeneHuss OyaeM IOHHUMAaTh OCHOBHBIC
YHCIOBbIE XapaKTEPUCTUKU  BBIOOPOYHOM CTATUCTUYECKOM COBOKYIIHOCTH: CPEIHIOIO
BBIOOPOUHYIO, BEIOOPOYHYIO JHUCIEPCUIO U BBIOOPOYHOE CPEIHEe KBaJpaTHUECKOE OTKIOHEHHUE.
LleHHOCTD ATHUX BBIOOPOYHBIX XAPAKTEPUCTHUK OINPENENACTCS TEM, YTO C UX MOMOIIBI0O MOXKHO
OLICHUTh COOTBETCTBYIOIME YHCIOBBIE XapAKTEPUCTUKU I'€HEPAIBbHON COBOKYNHOCTH. [Ipmyem
pa3’naMyaroT TAaK HA3bIBAEMBIC MOYeyHble OLCHKU JTHX XapaKTEPUCTHK U UX UHMeEp6abHble
OLICHKH.

2. Teopus:

1. Toueunvie OUECHKU OCHOBHBIX HUCIIOB8bLX XAPDAKMEPUCMUK

ZEHepafleOIZ COB0OKynHocmu

OneHka XapaKTEpUCTUKU paClpeeeHUs] Ha3bIBACTCS MOYeYHOU, €CIM OHA OIpeAeiseTcs
OJIHUM YMCJIOM, KOTOPOMY IPUOIMKEHHO paBHA OLIEHUBaeMasi XapaKTepUCTHKaA.

TI'enepanvhoii cpedneli X ITUCKPETHOM TE€HEPAIbHON COBOKYMHOCTH HA3bIBACTCS CpEIHEe
apudmMeTHyecKoe BcexX 3HaYCHHUI U3ydaemMoro npu3Haka X B reHepaibHOW COBOKYIHOCTHU:

Y:%ilelxi, (1)

rie N — oObem renepanbHOil coBokynmHOCTH. Dopmyna (1) MMeeT JHIIb TEOpPETHYECKOe
3HaYeHHE, TaK KaKk Ha MPAaKTHKE UMEIOT /IO He CO BCEH TeHepaIbHOM COBOKYITHOCTBIO, @ TOJIBKO
C HEKOTOPOH BBIOOPKOH U3 Hee.

Haunyumelt oneHkodl TeHepalbHOW cpeaHel X SBIACTCS CPeoHsAs  6blOOPOUHAs,
ompezenseMasl Kak cpeoHee apugmemuueckoe 6cex 3HaueHull U3yuaemo2o npusHaKa  8vlbopke:

)?z%Zk:mixi, (2)

rAC m; - 4aCTOTa BCTPCYACMOCTH 3HAYCHUA X; B BLI60pKe, k - xonnyecTBO BapuaHT, N- 00BeM

BBIOOPKH.
MatemaTHueCKUM BhIpaXKEHHEM TOTO (DaKkTa, 4TO CpeIHssl BEHIOOpOYHAs MPEACTaBISAET coOO0i
HAWIYYIITYIO OIEHKY T'eHepalibHOM CpeIHEeH, IBISETCS MPUOIMKEHHOE PABEHCTBO

X =X, (3)
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Tenepanvroii ducnepcueli o Ha3bIBaeTCs cpenHee apu(MeTHUECKOe KBaJpaToB OTKIOHEHHI
BCEX 3HAYCHUI H3y4aeMOro Ipu3Haka X B TIEHEPAJbHOM COBOKYNHOCTH OT T€HEpaibHOMU
CpeaHen:

ot =23 (%) @

HaI/IJ'IyLII_Heﬁ OHeHKOﬁ reHepanLHoﬁ JAUCIICPCUHA 62 SABJICTCA TaK Ha3bIBa€MasA UCNpAeGIeHHAA

6b160pounas oucnepcus S°, onpezensemas 1o Gopmyie

s = ni—l : m, (xi —;()2, (5)

MartemaTu4ecKuM BBIPAXXCHHUEM TOI'O (1)aKTa, 4TO HCIIpaBJICHHAA BBI60pO‘lHa$I JUCIICPCHUA
npeaCTaBJIACT coboii HaWJIydlIyr0O OLCHKY reHepanLHoﬁ JUCIICPCUH, ABJISACTCA HpI/I6J'II/I)KeHHOC
PaBCHCTBO

o zSz, (6)

T'enepanvrvim cpedHum K8aOpamuyecKum OmkIOHeHueM O Ha3bIBACTCs KBAJPAaTHBIM KOPEHb

nu3 reHepanLHoﬁ JAUCIICPCHH:

o=+o?, @)

Hawunydieit onieHKoi reHepalbHOTO CPEIHEro KBaJApPaTHUECKOrO OTKIOHEHHsS O SBISETCS
ucnpasieHnoe 6vlO0pouHoe CcpeoHee Keaopamuueckoe OmKIOHeHue S, OIpeAeNsieMoe I0

dbopmyre
s=+/s?, ®)

MaremMaTuueckuM BBIpaKEHHEM TOTO (haKTa, YTO HCIPABIEHHOE BBIOOPOYHOE CpeaHee
KBaJIpaTMUECKOE OTKJIOHEHUE MTPE/ICTaBIsIeT COO0N HAWIYUlIy0 OLEHKY F'€HEPAIbHOTO CPEIHETO

KBaI[paTI/I‘-IeCKOFO OTKJIOHCHUA . SIBIISICTCSA HpI/I6J'H/DKeHHOG paBeHCTBO
o~S, 9)

Ilpumep 1. Tlpu moacuere KOIWYECTBA JTUCTHEB HA KaxaoM U3 20 KOMHATHBIX pPACTCHHIA
ONpeNIeTIEHHOTO BH/Ia MOJYUYEHBI cienyromue pesyastatel: 11, 10,9, 10, 7, 11, 11, 13, 10, 8, 12,
10, 9, 12, 9, 10, 8, 12, 11, 10. [JaTe TOUEUYHBIE OIIEHKH OCHOBHBIX YHMCIOBBIX XapaKTEPUCTUK
reHepaJIbHOW COBOKYITHOCTH.

Pewenue. VI3 monydeHHBIX pe3ylbTaTOB BUIHO, YTO KOJUYECTBO JIUCTHEB HA PACTEHUSX
Bapbupyetcs ot 7 1o 13. 3Hauenue 7 BcTpedaercs 1 pas, 3HaueHue 8 -2pasa, 3HaueHue 9 — 3
pas3a u 1.1. Takum 06pazoM, MOKHO COCTABUTH CIEIYIOIINUN JUCKPETHBIN PSJl paclpeneeHus:
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I[To dhopmyre (2) HalieM CpeaHIOI BBIOOPOYHYIO:
>_<=2—10(1-7+2-8+3-9+6~1O+4~11+3~12+1~13)z10.

Takum 06pa3om, TOUEUHAsI OLIEHKA TeHEepaIbHOU cpeHell X HMeeT BU:
X =~10.

Hcnonb3ys 3HaueHue cpeiaHeil BBIOOpPOYHON X, mo ¢opmyie (5) HaifneM HCIpaBICHHYIO
BbIOOPOYHYIO JTUCIIEPCHUIO:

s? = %[1-(7—10)2 +2-(8-10)° +3:(9-10)* +6-(10-10)° + 4-(11-10)* +3-(12-10)* +

+1-(13-10)* |= 2,4

H B COOTBCTCTBHH C (6) IMOJIYYHUM TOYCUHYIO OLCHKY reHepanLHoﬁ JUCIICPCUHA 02 .

Hanee, mo dopmyne (8) HaiimeM HUCHpaBICHHOE BBHIOOPOYHOE CpelHEE KBaJIPaTHUECKOE
OTKJIOHCHHE S :

SZ\/S_Zz\/ﬂzl,&

U B COOTBETCTBUHU C (9) mosryunm:

Z.HHmepeanbete OUCHKU OCHOBHbIX HUC/I06bIX XAPAKMEPUCMUK
zeuepaﬂbuoﬁ COB0KynHocmu

OneHka XapakTepUCTUKH pacHpelielieHUs Ha3bIBAC€TCS  UHMEPBANbHOU, €CIU  OHa
omnpezensercs JABYMs YHUCJIaMHU - TpaHUIAMH MHTEpBala, COJEP)KALIEro OLEHUBAEMYIO
XapaKTEPUCTHKY.

B maremarnyeckoil CTaTUCTHKE UCIOJIB3YIOT TaK HAa3bIBa€Mble 0ogepumesnvbhblie UHMeEPBabl,
COOTBETCTBYIOILIME 3aJJaHHOU 008epumenvHol 6eposmHOCmU.

JosepumenvHou 6epoamuocmuvio (HA0EHCHOCMbI0) OUEHKU YHUCIOBOM XapaKTEpUCTUKU C
MOMOIUIBIO IOBEPUTEIHHOIO MHTEPBAJIa Ha3bIBAETCS BEPOSTHOCTh TOTO, YTO 3Ta XapaKTEPUCTHKA
HaXOJUTCS B JaHHOM WHTEpBaJe.

YeMm mmpe AOBEPUTENbHBIN MHTEpBaJ, TEM BBIIIE COOTBETCTBYIOUIAs JIOBEpUTEIbHAS
BEPOATHOCTb, 1 HA00OPOT: YeM OOJIBIIYIO JOBEPUTEIbHYIO BEPOSITHOCTH MBI XOTUM 00€CIIEUHTD,

TeM OOJIBIINM OKaXKETCS COOTBETCTBYIOIIUI JOBEPUTENIbHbIN HHTEPBAJL.
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B dapmanuu, meaunuHe u OMOJIOTHM JTOBEPUTENBHYIO BEPOSTHOCTH NMPUHUMAIOT PaBHOMN
0,95 nim 0,99.

PaccmoTpuM MeTO HaXO0KAE€HUS TOBEPUTEIBHOIO MHTEPBAJIA IS 3aJaHHON JIOBEPUTEIILHON
BEPOSITHOCTH IPU OLIEHKE IeHEPaTbHOW CpPEeJHEH MO pe3yiabTaTraM BBIOOPOYHBIX HAOIIOJICHHA.
IIpenanonaraercsi, 4TO0 M3ydaeMblid INPU3HAK B TI'EHEPAIBHONM COBOKYIIHOCTH pacIpeleseH I
HOpMaJIbHOMY 3aKOHY. MeToJl OCHOBaH Ha MCHOJb30BAaHUU pacnpeodenenus Cmviodenma s
CIIy4ailHOM BEJIMYHHBI

T=X X (10)
5

rac

S- =— (12)

- ucnpaegnennoe cpedHee Keaopamuyeckoe OmKioHeHue cpeonell 8blOOPOYHOL.
[TosymmprHa JOBEPUTENBHOIO MHTEPBaia Ul NHTEPBAIBHON OLICHKU I€HEPAIbHOW CpelHen
IpY 33JJaHHOM JJOBEPHUTEIBHOIN BEPOATHOCTH J HAaXOAMUTCS 1O GOopMyIie

Ax=t,(f)-s., (12)

e t (f) - koodpduument CTpronenTa /st TOBEPUTENLHONH BEPOSTHOCTH /' M YMCIIA CTETEHEN
cBobonel f =n-1. Torma wuHTepBajbHAs OIEHKA TEHEPAIBHON CpEIHEH MpeCcTaBIseTCs
JIOBEPHUTEIHHBIM HHTEPBATIOM

()_<—Ax;>_<+Ax), (13)

B KOTOPOM C JOBEPUTEILHON BEPOSTHOCTBIO ) HAXOIUTCA IeHepallbHas cpeaHsas X .
Ilpumep 2. llpu noepurenbHOW BeposTHOCTH y =0,95  1aTh HMHTEPBAIBHYIO OLEHKY

reHepalbHON CpeHEN KOIMYecTBa JUCTHEB HA KOMHATHBIX PACTEHUSAX ONPEEIIEHHOTO BHJIa MO
JaHHBIM IIpuMepa 1.

Pewenue. Tlonp3ysach BBIYMCIEHHBIM B puMepe 1 3HaYueHHEM MCIIPABICHHOTO BHIOOPOYHOIO
CPEIHEro KBaJpaTUYeCKoro OTKIOHeHHs S~15, mo ¢opmyne (11) Haiinem ucnpasieHHOe

CpelHee KBaJpaTUYeCKoe OTKIOHEHUE CPeHEN BHIOOPOUHOM

S- z£z0,34.

J20

[To Tabmuuam, s goBepuTenbHOM BeposTtHOocTH y =0,95 u uucna cremneHell cBOOOBI
pactipenenenusi CTbrOJIEHTa f=n-1=19 Haxogum COOTBETCTBYIOIIIEE 3HAYEHUE
kodpdumuenta CrblomeHTa:  7,45(19) #2,093. Ilo dopmyne (12) nang moITyIIMPUHBI

JIOBEPUTENIBHOT0 UHTEepBaja noiydaem: AX = 2,093-0,34 =1,0.
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VYuuteiBas, uTo X ~ 10, OKOHUATEIHHO MOJIy9aeM, YTO C JOBEPHUTEIBbHON BEPOATHOCTHIO 0,95

TCHEpaJlbHasd CPEOAHIA X KOJIMYECTBA JIMCTHEB HA KOMHATHBIX pacCTCHUAX pacCMaTpuBacMoOro

BHUJIa HAXOJIUTCS B UHTEPBAJIEC (9;11).

3. leab 1esiTeIbHOCTH CTYACHTOB HA 3AHATHH:

CTyneHT 10JI:KeH 3HATD.

[ToHATHE TOYEUHOW OLIEHKH XapaKTEPUCTUKHU PACIIPEACICHUSA.

Omnpenenenue reHepanbHON CpeHEN TUCKPETHON TeHEpaIbHON COBOKYITHOCTH.
Onpenenenue reHepanbHON AUCIIEPCHUM.

Omnpenenenue uCpaBIeHHONW BEIOOPOYHOM TUCTIEPCHH.

OmnpeneneHyne HHTEPBAILHOM OLEHKN YUCIOBON XapaKTEPUCTUKH.
Omnpenenenne JOBEpUTEIbHON BEPOSATHOCTU U JOBEPUTEIBLHOIO MHTEPBAIA.

No gk ohe

Pacnipenenenue CtbrofeHra.

CTyneHT 10JI2KeH yMeTh.

1.HaXOIlI/ITB TOYCYHBIC OLICHKH OCHOBHBIX YU CJIOBBIX XapaKTCPUCTHUK FeHepaJIBHOﬁ
COBOKYITHOCTH.
2 .HaXOIlI/ITB HHTCPBAJIBHBIC OLCHKHW OCHOBHBIX YHCIIOBBIX XapaKTCPUCTHK FeHepaﬂbHOfI

COBOKYITHOCTH.

4. Conep:xanue 00yueHus:
TeopeTuyeckas 4acTh:
1. Toueunsie OLCHKHN OCHOBHBIX YHMCJIOBBIX XapaKTCPUCTHK FCHCpEU'II:HOﬁ COBOKYITHOCTH.

2. JloBepUTENbHBII UHTEPBAJI U 1OBEPUTENbHASI BEPOSATHOCTD.

IIpakTHyeckas 4acTh:
1. U3 reHepanbHOI COBOKYITHOCTH M3BIIeUeHA BHIOOPKa 00beMoM N =50

2 5 7 10
m 16 12 8 14

JlaTh TOUEUYHYIO OLIEHKY T€HEPAIIbHON CPEAHEN.

2. JlaTh TOYEUYHYIO OIIEHKY TeHEepAIbHOW JUCIIEPCHH TI0 TaHHOMY PacIipeIeIeHUI0 BEIOOPKH
oowsema n =100

1250

1275

1280

1300

20

25

50
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3. Haiitu ucnpaBieHHy0 BBIOOPOYHYIO JWUCHEPCUIO 10 JAHHOMY paclpeeieHUI0 BBIOOPKU
obbema n =10

23,5 26,1 28,2 30,4
m 2 3 4 1

4. Tlpu nmojacuere KOJUYECTBA JTUCTHEB HA KAXKIOM M3 25 KOMHATHBIX PACTEHUN OMPEIEICHHOTO
BHJIa MOJIY4YEHBI clienyromue pesynsbratel:/, 12, 10, 11, 8, 9, 10, 7, 13, 12, 8, 9, 10, 12, 11,
11, 7, 8, 9, 12, 12, 13, 13, 8, 10. Ilpu noBepurenbHOil BeposTHOocTH Y = 0,95 nathb
MHTEPBAIBHYIO OLICHKY T€HEPAIIbHON CpeaHEN KOJIUUYECTBA JIMCTHEB HA PACTEHUSX.

5. Ilpum 5—kpaTtHoM M3MepeHuu nuameTrpa [ W BBICOTHI [ LMIMHAPA TOIYYEHBI CIEAYIOLIUE
pe3yabTaThl (B CM):

/g 4,00 4,05 3,95 3,90 4,00
H 51 5,0 5,0 4,9 51

JlaTb TOUYEUHYI0 M MHTEPBAJIbHYIO (C JOBEPUTENILHON BEPOSTHOCTHIO, paBHOU 0,95) ouneHku
UCTUHHOTO 00beMa IMIIMHIPA.
6. IIpu u3mMepeHnn reMoriIo0MHa B KPOBH Y IBYX MAIIMEHTOB MOJTYYEHBI CISIYIOIIUE TaHHbIE:

1 nayueum
Conepxanue X, X, X, X, X X X, Xq
reMornodnHa B 128" 127 | 126 | 122 | 128 | 126 | 129 | 125
KPOBH, T/7
2 nayuenm
Conepxanue X, X, X X, X X X, Xg
remorsiodnna B g5 gg | 90 | 85 | 86 | 91 | 88 | 87
KpPOBH, T/1T

OI_ICHI/ITL I[OBepI/ITeHBHHﬁ HWHTCPBAJI AJId cpeﬂHeﬁ KOHOCHTpAllUH reMOTJIOONHA B KpOBU I

JAHHBIX MAIIMEHTOB U CPaBHUTH ¢ HOpMoH: C =130+ 10(r/m).

Hopm

5. IlepedyeHb BONIPOCOB /Il MPOBEPKH HUCXOAHOI0 YPOBHS 3HAHUM:
1. Kakas oleHKa XapakTepUCTUKH paclpeesICeHNs Ha3bIBa€TCsl TOUYEUHOM?
2. 3anummre (GOpMyNBl AN TeHEepaJbHOW CpeaHed, BHIOOPOYHOW CcpeiHeH, TeHepaJbHON
JMCTIEPCUH, UCTIPABICHHON BHIOOPOUYHON TUCTIEPCHH, T€HEPATIBHOT'O CPETHETO KBAAPATHUECKOTO
OTKJIOHEHUSI, UCIIPABJICHHOTO BEIOOPOYHOTO CPETHETO KBAPATHYECKOTO OTKIOHEHHUSI.
3. Yto Ha3bIBaETCsl MHTEPBAJIbHON OLICHKOW YMCIIOBOW XapaKTEPUCTUKU?
4.JlaiiTe onpeneneHne JOBEPUTENBHOIO UHTEPBAja U JOBEPUTEIBHON BEPOSTHOCTH.
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6. IlepevyeHb BOMPOCOB /ISl IPOBEPKH KOHEYHOT0 YPOBHSI 3HAHUIA:

1.
2.
3.

Yem ompenensercs HEHHOCTh BEHIOOPOYHBIX XapaKTEPUCTHK pacIIpeIeTieHuUs?

3anumute Gpopmyny pacupeneneHuss CTbIoIeHTa IS CITy4alHOW BETUIHHEI.

Yro Ha3bIBACTCS MCOPABICHHBIM CPEJHUM KBaJIpaTUYECKUM OTKIOHEHHEM CpPEIHEUN
BbIOOPOYHOI?

Zanumute GopMyiy UIsl TONYIIUPUHBI JTIOBEPUTEIHLHOTO HWHTEpBaja i MHTEPBAIHHOU
OLICHKHU IT'€HEPaJIbHOM CPEAHEN MPU 3aJaHHON JTOBEPUTEIBHON BEPOSITHOCTH.

7. XpoHokapTa y4eOHOIr0 3aHSATHA:

1. OpranuzannoHHbIii MOMEHT —10 MuH.

2. Pa36op templ-30 MuH.

3. Pemienue npumepoB u 3aj1a4 —90 MUH.

4. Texymuii KOHTpOJIb 3HaHUM —40 MuUH.

5. IlonBenenue utoros 3ausatus —10 MuH.

8. Ilepeuenn y4eOHOM JIMTEpaTyphbl K 3aHATHIO!

1. Mopo3zos HO.B. OcHOBBI BhICIIEH MaTeMaTUKH U CTaTUCTUKU. M., «Menumunay, 2010, § 9.3.

2. MMaBnymkoB U.B. u ap. OCHOBBI BbICIIECH MaTEMaTUKH U MAaT€MAaTHUYE€CKOW CTAaTUCTHKU. M.,
«I'90TAP-Menuay, 2008, § 8.2.

3.PemuzoB A.H., Makcuna A.I'., [Toranenko A.fl. MenuuuHckas u 6uonorundeckas gusuka. M.,
«dpoday, 2008, § 3.2.
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