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Xykoea NanuHa HukonaeeHa,
KaHOudam hu3uko-MmamemMamu4eckux HayK, OoueHm Kagheopbl rpuknadHou Mamemamu-
Ku u modenuposaHusi cucmem O®IBOY B0 «Mockosckuli 2ocydapcmeeHHbIl yHUBePCU-
mem nedamu umeHu NeaHa ®edoposar, 2. Mockea

gnzh@mail.ru

OuckpeTHble 1 HenpepbiBHbIE pacnpeaeneHus: aHTUNoAbl UNU POACTBEHHUKU?

AHHOmMauyus. NpednoxeHa memooOuKka rpernodagaHusi cmydeHmam 3KOHOMUYECKUX crie-
uuaneHocmeu pasdesia meopuu eeposimHocmel, Kacaroueaocs pacrpeodeneHud cry4dad-
HbIX 8e/lU4UH. Ha ocHoge nomoka menegoHHbIX 3860HKO8 MOCMPOEHbI YacmHbIe Modesu,
rpueoodsiLie coomeemcmeeHHO K OUCKpemHoMy u abcoriromHO HernpepbI8HOMY pacripe-
deneHusaM, a makxe obwasi Modesb criydaliHo20 npoyecca. Ha npumepe rnyaccoHO8CKO20
U 3KCMOHEeHUUabHo20 pacripedesieHuli rnoka3aHo, Kak MOXHO UCMOo/Ib308ambe COnocmas-
JleHue pacripedesieHuUl pa3Hbix muroe 0511 mo2o, 4mobbl 00bumbCs fyquie2o noHUMaHusi
u 3arnomuHaHusi ocobeHHocmel Kaxxd0o20 u3 Hux. lpednazaemass MemooOuka opueHmMupo-
gaHa Ha 0by4yeHue npakmu4yecKoMy rnPUMeHeHUK meopuu 8eposimHocmel 8 3KOHOMUKE.
Knroyeeble cnosa: meopusi seposimHocmeli, OUCKpemMHbIe pacrpederneHus, HenpepbIs-
Hble pacrnipedeneHus, pacrnpedeneHue [lyaccoHa, 3KCrOHeHyuarbHoe pacrpedeneHue,
rnpocmeuwut rMnomMok.

Pa3den: (01) nedacozuka; ucmopusi nedazoc2uku u obpa3osaHusi; meopusi U MemoouKa
o0byyeHusi u eocriumaHus (o npedmemHbiM obriacmsm).

BeepneHue. NMytaHnua c 4

Mpu nM3yyeHn Teopun BEPOATHOCTEN CTYAEHTbl (Hanpumep, 3KOHOMMUCTbI) Tpa-
AVLNOHHO 3HAKOMATCHA BHavane ¢ AUCKPETHbIMU ClyYanHbIMU BeNUYMHaAMK, NOTOM C
abCcontTHO HenpepbIBHbIMU. OTK ABa TMMNa CryYanHbIX BEMNYNH NPeacTaBnsaoTCca Ka-
KUMKW-TO aHTUnogamu, obutarwmmm B Henepecekarowmxca mmpax. lNpu Takom nog-
Xo[e CXoOCTBO napameTpoB pacnpegeneHuna lNyaccoHa (OUCKPETHOro) M 3KCMOHEeH-
umanbHoro pacnpegenenusi (abconoTHO HENPEPLIBHOMO) BbI3bIBAET MNyTaHULYy.

B camom gene, cpaBHUM

k
P(X:k):e'ﬁ%, k=012..EX =41,DX =4.
—AX
iAe ™, x=0, 1 1
f(x) = EX ==, DX ==
0, X < 0. A A

M3y4eHne aTuX poACTBEHHbIX pacrnpeneneHnin pasgenseTca Bo BpeMeHU, No KpamHen
Mepe, paBHOMEpPHbLIM M HOpMarbHbIM pacnpegeneHnem. JobpaBumch 4O 3KCNOHEHUManb-
HOro pacnpefeneHusi, CTy4eHTbl y)Xe OCHOBaTerbHO 3abbiBalOT O NyaCCOHOBCKOM, M napa-
MeTpbl A B NpyBeOeHHbIX OPMYax KaXyTCs HE MMEIOLLIMMM OTHOLLEHUSA APYr K OPYrY.

Ha camom e gene oba pacnpegeneHuss nonyvawTcs, HanpuMmep, nNpu uccrnegosa-
HUW OQHOW N TOW X€ MOAENN CUCTEMbI MacCoBOro obcnyxmnBaHus, oHM nogobHbl n3obpa-
XEeHUsIM ogHoro npeagmeTta nog pasHbiMu yrinamu. MNMoatoMy ansa nyylero ycBOEHUs Teo-
peTuyeckoro maTtepuana, ero addeKTUBHOrO NPUMEHEHUA NPU pPeLleHUU MPaKTUYECKUX
3afad, a Takke Ona BBeJeHUA B Doree CroXHYH TeOopuIo CrlydYarHbIX NpoLeccoB npen-
cTaBnseTca uenecoobpasHbiM pacckasbiBaTb O MYyaCCOHOBCKOM W 3KCMOHEHUManbHOM
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pacnpegeneHuax (M udydatb Mx) napannenbHo, NOCTOsIHHO obpallasi BHUMaHuWe crylia-
Tenemn Ha Ux B3aMMOCBSA3b.

CBSA3YIOLWUM 3BEHOM MOXET CNYXXUTb MpUKNnagHas 3agada, pelwas KoTopy nony4mm
oba pacnpegeneHust, a 3aTem, OTTOSTKHYBLUUCb OT HUX, MOCTPOUM CrlyvainHbI npouecc.

Y MeHs 3a3BOHUN TernedoH...

[MocTpoum Mofernb CUCTEMbI MAacCOBOro 00CNyXMBaHUS, NpeacTaBngaoLen cobom npo-
CTENWMI NOTOK TerledOHHbIX 3BOHKOB. [lpouecc mogenupoBaHus npeacTtaBnAeTcsl OYeHb
BaXXHbIM 5151 UICMOSIb30BaHNS TEOPUM B PELLEHUN 3a[ad, MO3TOMY ONMLLEM €ro NogpobHo.

lNocmaHoeka 3adayu. ®upma peMoHmupyem 6bimo8yrd MEXHUKY, 3aka3sbl MpPpUHU-
Maromcs rno meseghoHy, Nnomok 3asieok ripocmedwud, m. e. cmayuoHapHbIl, opOUHapHbIU
u 6e3 rocnedelicmeus.

[Mpy NOCTPOEHUN MOLENN HYXKHO OCO3HaBaTb, YTO MOAEMb, COCTaBEHHas B y4ebHU-
Ke, He eCTb UCTMHAa B NocrnegHen UHCTaHUUK, a BCero Nvb pasyMHoe npubnmxeHue pe-
anbHOro NosnoXeHus. B Hawem cnyyae, Korga Mbl CHMTAeM NOTOK 3asiBOK CTALMOHAPHbIM,
npegnonaraeTcs, YTo B Te4yeHue noboro npomexyTka anmHon 1 yac ¢ ogMHaKkoBbIMU Be-
posaTHOCTAMK nocTynuT K 3akasoB. [NMogymante, gencreutenoHo nn ¢ 8:00 go 9:00 n ¢
14:00 go 15:00 oguHakoBo YacTto noctynaet 0, 1, 2, ... , 100 3asgBok? YTobbI Npeanono-
XEHMe O CTauMOHApPHOCTM He Kasanocb COBCEM OGecCMbICreHHbIM, Byaem yumnTbiBaTh
TONbKO paboyee BpeMs (MOXEM Aaxe JMLUb KaKyl-TO HernpepbiBHYK YacTb 3TOr0 BpemMe-
HK). Mpn aHanM3e NoNyYeHHbIX Pe3ynbTaToB HAaA0 06a3aTeNbHO MMETL B BUAY, HACKOSTbKO
COOTBETCTBOBASIO pearnbHOCTN JOMYLEHNE O CTaLUOHAPHOCTMN NOTOKA.

OpduHapHOCMb MOMOKa 03Ha4YaeT, YTO BEPOSITHOCTb TOrO, YTO 33 OYEHb KOPOTKUI
WHTepBarn BpeMeHu npousongeT 6onee ogHoro cobblTus, NpeHebpexMmo mana no cpas-
HEHUIO C BEPOSITHOCTbIO HACTYMMEHNA POBHO OAHOro cobbiTms. Ecnn noyTn ogHOBpEMEH-
HO ABa u 6onee 3akasa NOCTynalT peako (Tak N 3TO — CYOBbEKTUBHO), MOXHO MPUHSATb
Takoe npeanosioxeHue. lNMyctb Ha 1000 3BOHKOB NpuxoguTcsa B cpegHem 3 cnyyas, korga
OAHOBPEMEHHO NO3BOHWUNM ABa unu bonee 3akasyvka. Ecnu mbl cuntaem 3 npeHebpexm-
MO ManbiM no cpaeHeHuto ¢ 1000, To 6yaem npegnonaratb OpAMHAPHOCTbL MOTOKA.

Omcymcmeue nocnedelicmeausi COCTOUT B TOM, YTO YNCIIO HACTYNNEeHM cobbiTuN
(nocTynneHus 3BoOHKa) B Te4YeHNe nHTepsana BpemeHnu [t,,t,] He 3aBUCUT OT TOro, CKOMbKO

coObITUA HacTynumo B uHTepsane [t,,t,], ecnu 3T nHTepBanbl He nepecekawTcs. JTO

npeanonoXeHne MOXHO MPUHATb, HaNpuUMep, ecnu dupma peknammpyetca B 605bLIOM
ropofe 1 KormyecTBoO 3BOHKOB B TeYEHME AHS NpeHebpeXXnmo Masno no CpaBHEHUIO C YMC-
NOM NOTEeHUManbHbIX 3aKa34ymMKoB, a NocneaHne 3BOHAT, HE CroBapmMBasiCb ApYr C APYroMm.

MpuMeHNTENbHO K TeNedOHHbIM 3BOHKaM OTCYTCTBME NOCMEeAEencTBUS O3HA4YaeT, B
4YaCTHOCTU, YTO BEPOATHOCTb NOMy4nTb 5 3aKka3oB B TedeHne Yyaca (Hanpumep, ¢ 13:00 go
14:00) ogHa u Ta Xe B AeHb, korga ¢ 9:00 go 10:00 noctynuno 3 3akasa, U B AeHb, Korga
BoOOLLE He Obifo 3aKa3oB B 3TO XE BPEMS.

lpocmetwum (cmayuoHapHbIM MyacCOHOBCKUM) MOMOKOM Ha3blBaeTCHA opau-
HapHbIA CTaLMOHapHbIN NOTOK 6e3 nocneagencTems. bygem cuMtatb NOTOK 3aKa3oB MO Te-
nedoHy NpoCcTENLLNM, UMES B BUAY, YTO 3TO N1LLIb A0BOMLHO rpyboe npubnmkeHme.

Hawwn TenedoHHble 3BOHKM XapakTepusylTCs UHMEHCUBHOCMbIO MOMokKa A — 3TO
cpeaHee YMcno 3BOHKOB B €AMHWLY BPEMEHW, BBMAY CTALMOHAPHOCTM A He 3aBUCUT OT t .
MIMeHHO Takon cMbICn y napameTpa A M B NyaCCOHOBCKOM, W B 3KCMOHEHLManbHOM pac-
npegeneHnsx.


http://e-koncept.ru/2014/

T Kykosa I'. H. [lIucKpeTHble 1 HenpepbiBHbIe pacnpee-

O H 4 NIeHUA: aHTUNOAB! MAU POACTBEHHWKWU?// KoHuent. —

| < | | I 2014. — Ne 10 (okta6pb). — ART 14268. — 0,4 n. n. — URL:
A J http://e-koncept.ru/2014/14268.htm. - Toc. per.

3n Ne ®C 77-49965. — ISSN 2304-120X.

HAYUHO-MeIMOOUUECKULL SACKIMPOHHBLIL XKYPHAL
ART 14268 YAK 378.147:519.86

OBa nuua fAAHyca

PaccmaTtpmBasa noctynneHve 3akas3oB Mo TenedOoHy Kak npoBefeHue CcryyanHbIX
3KCNEePUMEHTOB, MOXXHO NMOCTPOUTbL MO MEHbLUEN Mepe ABEe MOAENN — OUCKPETHYIO U He-
npepbIBHYIO (4Ba Nuua MMAUYECKOro ABYNMKOro HAHyca).

[MogcunTaem BepOATHOCTb NOMy4nTb Kk 3aka3oB B eAnHuUUy BpemeHu. byaem npen-
nonaraTtb, YTO MHTEHCMBHOCTb NOTOKa NOCTOSIHHA B Te4eHne Bcero paboyero gHs, Toraa
A

E )

Uncno 3akasoB B eAWHULYY BpeEMeEHU pacnpeneneHo no 3akoHy [lyaccoHa, dpopmy-
na (1) onpegenseT pag pacnpefeneHna QUCKPETHOW CryYanHOW BeSIMYUHbI, 3HaYEeHUAMU
KOTOpOW SBNAIOTCA Lerble HeoTpuuaTtenbHble Yucna.

Tenepb uccrnegyem ANWHY WHTEPBanoB r Mexay nocnefoBaTeflbHbIMU TenedoH-
HbIMU 3BOHKaMM; 3TO TOXe CriydaHasa Benn4ymHa, HO YXXe HenpepbiBHAd, OHa MOXET npu-
HUMaTb Ntobble 3Ha4YeHnsa n3 nHtepsana [0;+w). Kak n Bcsikass abCcontoTHO HenpepbiBHas
crnyvariHas BenuuuMHa, AfMHa uHTepBana Mexay 3BOHKaMu npuHuMaeT nboe cBoe BO3-
MOXXHO€E 3HadeHue ¢ BeposTHOCTbIO 0.

[MNOTHOCTb BEPOATHOCTU CryHaHOW BESIMYUHBLI 7 UMeeT BN,

e ™, x>0,

f(x)= ,
09 0, X <0.

P(X =k)=¢e k=012,.. EX =4, DX = 4. (1)

roe A no-npexHemy o3HavaeT MHTEHCUBHOCTb NMOTOKA 3BOHKOB. ECTecTBEHHO NpeanonoxuTb,
YTO CpedHsis ANMHa MHTepBana Mexay 3BoHKkaMu OyaeT paBHa 1/ 4, BeAb B cpedHeM B eau-
HMLY BPEMEHW MOCTyrnaeT A 3BOHKOB W MOTOK UX OPAMHAPEH, T. €. 3BOHKW MAOyT Mo OAHOMY, a
He rpynnamu. M1 oencTemTensHO, MaTeMaTUYECKoe OXXnaaHWe ¢ PaBHO B TOYHOCTM 1/ A .

JNlwuo anckpetHoe

Tenepb NogpobHO paccMOTPUM ANCKPETHOE pacnpeneneHne Ymcrna TeneOoHHbIX 3BOH-
KOB B eVHULYy BpeMeHWN. KOpoTKO onuvLleM, Kak OHO mnostydaeTcs u3 bGuHoMmuansHoro pacnpe-
AerneHus, NPOACHUM MpY 3TOM BOMPOC HEJOCTaTOMHOCTU KOHEYHOW cXeMbl BepHynnu.

Bynem paccmatpusatb cxembl BepHynnu (cepum n3 n nocriefoBaTernbHbIX OAHO-
POAHbIX HE3AaBUCUMbIX UCMbITAHUI C ABYMS UCXog4amm).

Pasobbem eanHWYHbIM MHTEpBan BpeMeHu [a,b] Toykamum a=t, <t, <..<t ., =D
Ha n 4acten n bygem cyuTaTb, YTO B K -M UCMbITAHUW yCNeX, ecnn 3a NPOMeXyTOK Bpe-
MeHu [t,,t,.,] BbIN 3BOHOK, Heycrnex — 3BOHKOB He bbino. Takke npegnonaraem, YTo 3BOH-

KW NOCTYNaroT HE3aBUCMMO OpYr OT Apyra U 4YTo MHTepBanbl BpemMenu [t ,t,.,] AoCTaTo4HO

Marnbl, YToGbl MOXHO OblNO nNpeHebperaTb BO3MOXHOCTbLI MOCTYNNeHust AByx u Gonee
3BOHKOB 32 3TOT NPOMEXYTOK.
MycTb B NEPBOM CEPUM N UCTLITAHUIA U BEPOSITHOCTb TOFO, YTO B TEYEHME NPOMEXYTKA

[t .t..,] ObIN 3BOHOK, paBHa p, Ans nwboro k =12,...,n. Toraa BepoOATHOCTb NPUHATL k
3BOHKOB B €MHULlY BpeMeHu pasHa P(X =k)=CkpXq"'™, q, =1-p,, k=012....,n.

Ana 6uHoMWanbHOro pacnpefeneHns MartemMaTUyeckoe OXuaaHue KonuyecTsa
ycnexoB (NPUHATbIX 3BOHKOB) paBHO np,, Takum OyadeT cpegHee 4ucno TenedOHHbIX

3BOHKOB, MPUHATLIX B €AUHNLLYY BPEMEHMU, T. €. UHTEHCUBHOCTb NOTOKa A .
Bynem yBenuumBaTb KONMMYECTBO UCMbITaHUA B cxeMe BepHynnu, yBenvymeasi Yncno
TouYek pasbueHuns eanHUYHOrO MHTEpBana BpeMeHu, Hanpuvep, B ABa pasa. Torga B ce-
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pun BygeT 2n UCNbITaHUIW, HO BEPOATHOCTb ycnexa p,, B KaXxaoM uchbiTaHuu Gynet
MeHbLUe, a MHTEHCMBHOCTb NOTOKa 1 ocTaHeTcda npexHen. lNocnegHaa paBHa matoxuaa-
HWIO YMcCna ycrnexos, BO BTOpou cepun A = 2np,, , MO3TOMY
o AP

® 2n 2
Yctpemnsasa Tenepb n K 6€CKOHEYHOCTU N YyMeHbLUasa p, Tak, 4Tobbl np, = A4, nony-

YuM N3 BUHOMMANBHOTO pacnpegeneHna nyaCcCoOHOBCKOE
k

imP(X =k)= lim Cfpkq'™ = % k=012,... (2)

n—o n—oo,np, =4
O6patnm BHMMaHWE Ha TO, YTO «MpeaeriomMm» nocrnefoBaTeribHOCTU AUCKPETHBIX Chy-
YanHbIX BEMWUYMH C KOHEYHbIM HABOPOM 3HaYeHWI okasanacb CryYyanHas BenmymMHa Co cYeT-
HbIM YMCIIOM 3HaYeHMI (CTPOroe C TOYKM 3peHNA MaTemaTukm obeyxaeHue cm. [1-3]).
Kctatn, npexge 4yem cyecTb npeaen B (2) 3akOHOM pacnpeaeneHns HEKOTOpon anc-
KpPeTHOW cny4yanHon BennyYunHbl, HeO6X0AMMO YAOCTOBEPUTBLCA B TOM, YTO
£ k
de™ A1, (3)
ok
CnpaBegnueocTb (3) cpasy cnegyeT M3 pasnoxeHuss B psag Teunopa pyHKUum
f(x)=e":

noaTomy

0 B lk ) © ﬂ,k B
dert e’y T =etet =’ =1,
ko k! o K!
Y[A0CTOBEPUMCS B TOM, 4TO MaTeMaTUHeCKoe OXUAaHUE Y «npeaeribHoN» CrnyyanHoi
BENNYMHbI PaBHO A

Zke“ 2 —e‘ﬂzk/lk e’ A
1 (k=1
k

A
30ecb OTOPOLLEHO NepBoe craraemoe kF npu k =0, paBHOE Hymo, MO3TOMY CyMMUPO-

k
BaHWe BefeTCH yxe HaymHasi ¢ k =1 1 apobb o CoKpalleHa Ha Kk .

Nanee npeacraensem A = /Mk’l 3aTeM 1 BbIHOCWUM 3a 3HaK CyMMbl, NONy4yaem

—A - -1 - ﬁ’m —ﬂ. A
zz(k 1)| e ,;,m' e =1,
NnonyTHO NPOBEAEHa 3aMeHa MHOeKca CyMMuMpoBaHMs m =Kk —1, y4TeHo, 4Tto npu k =1
oyopet m=0.
NTak, «aucKkpeTHoe nNuuo» Hawen TenedoHHON CUCTEMbI €CTb ClyYyanHas BENNYnHa,

» /1“

pacnpegeneHHas no 3akoHy lNyaccoHa: P(X =k)=e , k=012,.. EX=41,DX =4.
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Jluyo HenpepbiBHOE
MycTb Tenepb ANUTENBHOCTb MHTEPECYIOLErO HAac UHTepBarna BpeMeHu paBHa t , To-
raa 3a 9To BpeMs B cpegHeM OyaeT noctynaTb At 3BOHKOB, @ BEPOSITHOCTb MOCTYMNEHUS
k 3BOHKOB DyaeT TakoW Xe, Kak 1 3a eanHULY BpeMEHU, HO NPU MHTEHCUMBHOCTK At , T. €.

(A"
P(X,=k)=¢e o k=012.. EX, = it, DX = it.

[na panbHenwero nccnegoBaHns NoHagobuTCs BEPOATHOCTb OTCYTCTBUS 3BOHKOB
3a Bpem4 t
P(X, :O):e“(%)oze’“ 4)
N BEPOSATHOCTb MOCTYNSieHNsA XoTA 6bl OAHOro 3BOHKA, T. €. COBbITUS, NPOTUBOMOMOXHOIO
OTCYTCTBMIO 3BOHKOB,
P(X,>0)=1-P(X,=0)=1-e™, t>0. (5)
Wccnenyem pacnpegeneHve HenpepbiBHOW CllydYanHOW BESIMYMUHBLI 7 — OSIUTENbHO-
CTW NPOMEXYTKa BpEMEHU Mexay nocneoBaTenbHbIMU 3BOHKaAMMU.
Bocnonb3yemcsa dpopmyrnon (5) ons coctaBneHnsa pyHKLUMM pacnpegenenus « .
F(t)=P(r <t)=P(X, >0)=1-e™, t>0. (6)
HdenctButensHo, cobbiTe 7 <t 03Ha4aeT, YTO 4O creayrLero 3BoHKa npoLuno me-
Hee t efuHWL BPEMEHMU, YTO APYrMMU CITOBaMU MOXHO OMNUcaTth Tak: 3a MPOMEXYTOK Bpe-
MEHU ONWHbI t MPOM3OoLLNO XOTA Bbl 0gHO cobbiTne, T.e. X, >0, rae X, — cnyyanHas

BeNnYMHa, paBHasa YnCry 3BOHKOB 3a Bpems t .
PyHKUMS pacnpeneneHnst BblpaXkaeTcsa yepe3 3KCMOHEHTYy g(x)=e*, rae x =-it,

oTcioga 1 HasBaHue pacnpegeneHus — aKCrnoHeHuuansHoe. BeposaTHOCTb Toro, 4To Mexay
nocnegoBaTenbHbIMU 3BOHKaMWU NpovaeT t eguHWUL, BpeMeHM, odeHb BbicTpo ybbiBaeT ¢
POCTOM ANUTENBbHOCTU MPOMEXYTKa BpeMeHu, 1 Tem bbicTpee, YeM Gorblue WHTEHCUB-
HOCTb NOTOKa A, YTO BMOJSIHE cornacyeTcs ¢ 0bblAeHHbIMY NpeacTaBneHns MU,
3ameyvaTenbHO TO, YTO PYHKUMA pacnpegeneHvs — guddepeHumpyemasa Ha Bceu
obnactu onpeageneHus pyHkumsa (npn t <0 cumtaem F(t) =0), Tak 4TO MOXHO BbIMMCIUTb

NNOTHOCTL pacnpeaeneHns:
le ™ t>0,
f(t)=F'(t)= o (<o, (7)
a TalKe MaTeMaTnyeckoe OXuaaHme u AUCnepeuio

o0 o0 l
EX = [tf(t)dt =|te *dt ==,
Ju =] -
“ % 2
EX? = [t*(t)dt =|t’e “dt =—,
Jerma] =

2
2 (1 1
DX =EX?-(EX)’ == —| = | ==
2 2 A
OTmeTm O4HO 3aMe4aTeribHOoe CBOMCTBO QKCNOHEeHUManbHOro pacnpeneneHns, Bbl-
paxawuiee oTCcyTCcTBUNE I'IOCJ'Ie/J,eI7ICTBI/1$I. OKa3bIBaeTCFI, He3aBMUCMMO OT TOro, Kak gorro

He ObINTI0 3BOHKOB, pacnpegeneHne OnnTeribHOCTU UHTEepBalria BpeMeHn OO0 o4vepenHoro
~ 5 ~
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3BOHKa OOHO M TO >e. [MonpocTy roBopsi, BEPOATHOCTb TOrO, YTO MO3BOHAT B TeYeHue
onvxkanwmnx 15 MUHYT, NpK YCNOBUX, YTO HE 3BOHUMN B TEYEHME MOCNEOHUX 5 MUHYT, Ta-
Kasi e, KaK 1 B crny4yae, Kkoraa rnocneHun pas no3BoHUIM CEKYHAY Ha3ag.

Y6eoumcs B 3TOM, BblMUCIIUB YCNOBHYK BeposiTHocTb P,(B), roe AobosHavaet

YCNOBMWE «He 3BOHWMM A0 t, », B — cOObITUE «NO3BOHAT 4O MOMEHTA t, +1t, »:

P, (B)= AA8), ®)
P(A)

Cobbitne AB, T. e. 0QHOBpEMEHHOE HacTynneHne A 1 B, 3akniovaeTcs B TOM, YTO B
TeveHue [0,t;] He 3BOHWNW, a B MHTepBane [t,,t, +t,] nossoHunu. Cpasdy AOroBopuMcs He
pa3nuyaTtb OTKPbITbIE U 3aMKHYTble UHTepPBarbl, MOCKOMbKY BEPOSITHOCTb NMPUHATL Ntoboe oT-
AenbHoe 3HayeHne Anst abCconTHO HEMPEPLIBHOWM CIyYaHOW BENNYMHBI PpaBHA HYMO.

CobbiTne AB mMoxHO npenctasutb B Buge AB = A\B, rge B — oTpuuaHue B, o3Ha-
yaroLliee «Mo3BOHUIM A0 t, », Torga BEPOATHOCTb MOXHO BbIYMCIUTL C MOMOLLBIO OYHKLNK

pacnpegeneHns Tak:
P(AB)=P(t, <z <t +t,)=P(r <t, +t,)-P(r <t)) =

=F(t, +t,)-F(t;)) =1-e ") —(1-e™) =
— _e—ﬂ(t1+t2) + e—ltl — e—ltl (1_ e—/ltz )
BepoaTHoCTb cobbITUA A paBHa

P(A) = P(T > tl) =1- P(T < tl) = 1—(1—6_)“'[1) - e—ﬂl )
MoactaBnsas HAMOEHHbIE BEPOATHOCTU B (8), Nonyynm:

e—ﬂtl (l— e—ﬂ,'[z )
e—/ltl

P,(B) = =1-e ™ =F(t,)=P(r <t,) =P(B).

BepoaTtHocTb cobbiTnus B okaszanacb paBHOW OObIYHOWM €ro BEPOSTHOCTU, YTO U OO-
Ka3blBaeT He3aBucmmoctb A n B.

A BOT U1 fAHyc!

Kak yxe ObIno nokasaHo, pacnpegeneHune lNyaccoHa M 9KCNOHeHUuaneHoe nonyya-
I0TCA NPU UCCreaoBaHUN OAHOM CUCTEMbI MAacCOBOro 06CnyXnBaHus C pasHblX TOYEK 3pe-
Husa. OgHa u Ta Xe peanbHasa cutyaumst NpUBNMXKeHHO onucbiBaeTCca ABYMSI pasHbiMU (HO
POOCTBEHHbIMW) MaTeMaTUYeCKUMM MoLensiMU. OTO HABOAWUT HA MbICNb O MOCTPOEHUM
obLen matemaTnyeckon Moaenu, Ans KOTOpPOW Hawu pacnpegeneHus dyayt csoeobpas-
HbIMW npoekunamMu. Mbl NO3HAKOMUNNCL C ABYMSA NpenCcTaBneHUs MU CUCTEMbI MacCOBOTO
obcnyxumBaHus, NoAobHbIMU ABYM nvuaM MuUdUYecKkoro ABYNUKOro AHyca; 4YTo xe byaet
MOAEnNbIo «camoro AHyca»?

MaTtemaTn4eckon MoAenbo NOTOKa COBLITUM ABMNSETCA CryvarHbI NpoLecc, 3TO 0COo-
6oe ceMelncTBO CryYyanHbIX BENUYUH {Xt}, roe t npuHMMaeT HeoTpuuaTernbHble Belle-
CTBEHHble 3Ha4YeHuS. {Xt} MOXHO paccmaTtpuBaTth Kak pyHkumio X(t,@) ABYX NepeMeHHbIX
t U @, 3HAYEHMSIMN BTOPOWN NEPEMEHHON SBASIOTCA MHOXECTBa, COOTBETCTBYHOLINE Chy-
YanHbIM CcobbITUAM. pU KaxXaom (PUKCUMPOBaHHOM t Criyd4anHbIA NPOLECC SBMSIETCS Chy-
YaHOW BENMYUHON, a ecriv 3adouKCupoBaTh @ , NOSTYYUTCS CTyneH4YaTas PyHKUUS.

Ha Hawem npumepe ¢ TenedOoHHbIMM 3BOHKaMM CrlydanHbI NPOLLECC — KOSNIMYECTBO
NOCTYNMBLUMX 3BOHKOB K MOMeEHTY t. Ecnu 3adukcupyem MOMEHT BpeMeHu, Hanpumep
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10:00, TO KONMMYECTBO MOCTYNUBLLMX K 3TOMY MOMEHTY 3BOHKOB OyaeT oTnuyatbCcsa B pas-
Hble OHW, OHO ByaeT cnyyanmHon BenuumMHon. Ecnn e 3adukcupyem o, T.e. Bblibepem
KOHKPETHbIN YyXXe npolwefwnn AeHb, TO NONyYnuM HecnyyYyanHy OyHKUMIo, Hanpumep Ta-
Ky, KaK Ha pPUCYHKe, OHa Ha3blBaeTCs TPAEKTOPMEN CryHanHOro npoLecca.
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Tpaekmopusi criy4aliHo20 fpouecca

Taknm obpas3om, NyacCOHOBCKOE W 3KCMOHEHUMansHoe pacnpefeneHns npeacras-
NATCHA OBYMS «iMLaMmn» Cry4anHoro npolecca, Ha3blBaeMoro nyacCOHOBCKUM MOTOKOM.
[MyaccoHoBckoe pacnpegeneHne nonyvyaeTca Kak «CevyeHue» MyacCOHOBCKOro npoiecca
npu UKCMpoBaHHOM KoopAaumHaTe (t), a 9KCNOHeHUuanbHoe pacnpegeneHve npencras-
nset cobon Honee 3ambICNOBaTbIN «CpPe3», B KOTOPOM Hac WHTEPECYT ANUTENbHOCTU
NPOMEXYTKOB BPpeEMEHU Mexay nocnegoBaTenbHbIMU 3BOHKaMMU.

MpoaonxeHne u NpuNoXxeHune

O6blyHO Hambornee ynoTpebuTenbHble pacnpegeneHnss (B YaCTHOCTM, MyacCOHOB-
CKO€ N 3KCNOHeHUManbHoOe) paccMaTpmBaloTCa B Havane unn cepeguHe Kypca Teopum Be-
poATHOCTEeN. [INa NOBTOPEHUS N 3akpensieHnsa xenaTtenbHO obpaliaTbCa K Hawum pac-
npegeneHnaM Ha NpoTSHKEHUU BCEro Kypca, a Takke B MaTteMaTU4YeCcKOW CTaTUCTUKE Mnpwu
N3y4deHUn NHTepBasibHbIX OLLEHOK, KpUTEPUEB Cornacusa n T. n.

B pamkax paccmMoTpeHHOM MoZenu nyacCOHOBCKOrO noToka Tene(OHHbIX 3BOHKOB
npegnaraeTca nNo Mepe U3y4yeHUs MeTogoB MOCTPOEHUS TOYEYHbIX U MHTEPBasibHbIX OLe-
HOK pelnTb criegyroume 3agadn.

3adayva 1. Mo gaHHbIM O MOCTynneHun 3akas3oB 3a 10 paboymx OHEen MNOCTPOUTb
OLIEHKY CpeaHero Yymcna 3akasoB ¢ HagexHocTbo 0,95.

3adaya 2. Mo pgaHHbIM 3aga4n 1 NOCTPOUTbL OLEHKY CpeaHen NMPOAOIMKUTENbHOCTH
WHTepBarna Mexay 3akasamu ¢ HagexXHocTtbto 0,9.

3adayva 3. Mo gaHHbIM 3agayn 1 NpPoBepUTb MMNOTE3y O TOM, YTO pacnpeneneHue
Yucna NoCTyNUBLLUMX 3BOHKOB MyaCCOHOBCKOE, a ASIMTENbHOCTU MHTEpBana mMexay 3BOH-
KaMu — 3KCMoHeHuunarnbsHoe.

O6paTuM BHUMaHWE Ha TO, YTO B XM3HW Ha4YMHATb UCCnegoBaHMe CrydYanHoro noTo-
Ka cobbITnin (3BOHKOB, 3aKa30oB, OTKA30B NPUBOPOB U T. M.) HYXXHO C (POPMYIMPOBKM N NpPO-
BEPKM r’MNOTE3bl O TUNE pacnpeneneHunst, U Nub NOTOM CTPOUTb UHTEPBAarbHbIE OLIEHKM.

B 3aknto4yeHue...

B ycnoBuax oTCyTCTBUSA y CTYAEHTOB MHTepeca K abcTpakTHbIM naesam, cnabon ma-
TeMaTU4YECKOM MNOArOTOBKW, HEXBATKM ayAUTOPHbLIX 3aHATUM U NpoYnx Npobrem Takoro
poga pasyMHbIM BbIXOO4OM NpeacTaBnsieTcs Takasi nepepaboTka 6a3oBbIX KypCOB Marte-
MaTuKM (B YaCTHOCTWU, TEOPMM BEPOSITHOCTK), KOraa yrnop AenaeTcs Ha KOHKpPeTu3aumio n
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BM3yanuaauuio MateMaTtuyeckux o6BHEKTOB. OTO MO3BONSAET A0OUTHCA MOHUMaHUS nOen
X0Ts Obl «Ha Nanbuax», aeT BO3MOXHOCTb Hay4uTb pellatb XOTS Obl TUMOBbIE 3a4auu,
Nnogo6HblIe TEM, YTO BCTPETATCS B XKU3HMW.

XoyeTcsa 3aTPOHYTb elle OAHY TUMUYHYK npobnemy — ObiCTpoe 3abbiBaHME Mony-
YEeHHbIX 3HaHWA. 3anOMMHAETCs TOMbKO TO, YTO NMOCTOAHHO MCNOMb3YEeTCS, NOITOMY OYEHb
XOpOLLUO Tak CTPOUTb U3NOXeHue, YTObbl BCe HaKoMMEeHHbIe 3HAHUSA MOCTOAHHO MPUMEHS-
nuck. Tak, NpyM NOCTPOEHUN WHTEPBAnNbHbIX OLEHOK YMECTHO MOCTPOUTb MUX ONs BCeX
NpPonaeHHbIX pacnpeaeneHni.

Ana yoepxaHus tHdopmMaumm B NamMATU NONE3HO yCTaHaBNMBATb Kak MOXHO Gorib-
We cBA3en Mexay U3YYEeHHbIMU MOHATUAMU, UMEHHO AN 3TOro npeanaraeTcd, B YacTHO-
CTMW, NyaCCOHOBCKOE M 3KCMOHEHLManNbHOe pacnpeaeneHnsa ndyvyatb 0QHOBPEMEHHO.

MOXHO M UCKYCCTBEHHO CBA3aTb Jarekue Apyr OT Apyra TeMbl NyTeM nNpuMeHeHUs
X B UCCNeAoOBaHMM OOHOW 3KOHOMMYECKOW Mogenu. Tak, nocTynneHue 3akasoB Ha pe-
MOHT MO3BOSIMMO CBA3aTbh OUCKPETHbIE U HEMPEpPbIBHbIE pacnpeneneHns, To4eYHble U H-
TepBasbHble OLEHKW, KpUTEPUM COrfacust U cnyyanHble npoueccbl. MatemaTnyeckas CcTo-
pOHa B3aMMOCBS3N 3TUX pa3ferioB TEOPUN BEPOATHOCTEN, Kak NpaBumno, He OYEHb-TO WH-
TepecyeT CTyAeHTOB-HEMaTeMaTMKOB, Tak YTO YCTaHOBKa CBSI3€M C MOMOLLbIO MpakTuye-
CKMX 3afay KaxeTcsa bornee npusnekaTensHon.
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Dscrete and continuous distributions: antipodes or related objects?

Abstract. The author proposes the method of teaching students dealing with the 204120742
economy with the part of the probability theory concerning the discrete and continuous distributions. Particu-
lar model of the stream of telephone calls lead to the discrete and continuous distributions. With the example
of Poisson and exponential distribution we can see how one can use the comparison of different types of
distribution to achieve the best understanding and remember their features.

The method proposed is adapted to a practical use of the probability theory in economics.

Key words: probability theory, discrete distribution, continuous distribution, Piosson distribution, exponential
distribution, Poisson process.
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