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METOANYECKUE YKA3AHUA K MPAKTUYECKUM 3AHATUAM

1.BBEJAEHUE

[Ipepyiaraemoe  yyeOHOE  METOJUYECKOE  MOCOOME  MMEET  LENbI0
CUCTEMAaTHU3AIMIO IPAKTUKYMa U MPUBEACHUE €r0 B COOTBETCTBUE C TPEOOBAHUSIMU
I'ocynapctBenHoro obpaszoBatenbHoro crangapta (I'OC BIIO ot 17.03.2000r, per.
Homep 151 Ttex/ac) mo cnemumanbHocTH 210700.68 yuyeOGHOro HampaBiaeHUs
«MHbOKOMMYHUKAIIMOHHBIE TEXHOJIOTHUHU U CUCTEMbI CBI3UY.

B cooTBeTcTBUU € ATUMU TpeOOBaHUSIMHU Ha PATUOTEXHUYECKOM (haKyIbTETe
TYCYP pazpaboraHa M MpaKkTUKyeTCs JTUCHUIUIMHA «AHAJW3 MPOIYCKHOM
CIIOCOOHOCTH TeJIeKOMMYHHMKAIMOHHBIX ceTell U cucrtem (AIICTCC)».

HucuummmHaa «AIICTCCy» sBasgeTcss OJHONM M3 OCHOBHBIX JUCIHUIUIMH B
o0pa3oBaTeIbHOM TporpaMMe ChelruaibHOCTH "PamuocBsizb, paauoBElIaHUE U
teneBuaeHue". [lpu pazpaborke yueOHO- METOJIMUYECKUX MaTEpPHaOB MO JAaHHOMY
KypCy IPEArnoJiarajJoch, 4To 00yJaronuics yxe BiIajaeeT He00X0IUMbIMU 3HAaHUSIMU
B o0mactTu W3y4yeHUd CHCTeM Tnepefaud (B OCOOEHHOCTH, UU(PPOBBIX),
MOYEPHHYTHIMK UM M3  OCBO€HMSI  kypca  «OCHOBBI  MOCTpPOCHUS
TEJIEKOMMYHHUKAIIMOHHBIX CUCTEM M CeTel». 3ajauel Kypca «AHaln3 MPOMyCKHOU
CIIOCOOHOCTH TEJIEKOMMYHHUKAIIMOHHBIX CETEH U CUCTEM» SIBIISIETCS YIIIyOJIEHHOE
U3YYCHHE COBPEMEHHBIX CETE€H CBSI3U M COMPSDKEHHBIX C HUMH CETEBBIX IPOOIeM,
TakMX, Kak Tenerpaduk, MapmipyTuzanus  COOOIIEHWH, CUTHAJIU3AIUS,
CUHXPOHM3ALMSA U T.J.

CornacHo yuyeOHOMY IIaHy B mporiecce n3ydeHus: JUCIUIIuHbl «AIICTCCy
JUIsL OYHOTO OTJeJeHus: HampaBieHusi «TeleKOMMyHHKauu» MpeaycCMOTPEHO
MPOBEICHHUE KOJIJIOKBUYMOB.

[{uk MpakTHYECKUX 3aHATHH UIMTEIBHOCTHIO 18 9acoB MpemycMOTpEeH B
BOCBMOM CEMECTpE H3Y4YeHHUs Kypca «AHalu3 MPOMYCKHOW CIOCOOHOCTH
TEJIEKOMMYHUKAIITMOHHBIX CETeH U CUCTEM». B COOTBETCTBUU C MPUBEIEHHON HUKE
MIPOrpamMMoi Kypca U3y4aroTcs BOCEMb TEM:

e Tema |.: OcHOBHBIEC ONIpeIENIEHUSI TEOPUHU TeIeTpaPuKa.
Tema ll.: Coctostaue 3ansaToctu myuka DCJL.
Tema Ne |1]. BUHOMUHATBHBIN 3aKOH paclpeeIeHUs] BXOJIHOTO TOTOKA.
Tema Ne IV. Monenb DpiaHra CUCTEMBI C TTIOTEPSIMHU.
Tema Ne V. Cuctema ¢ MOBTOPHBIMU BbI30BAMH.
Tema Ne VI. Pacnipenenenne Harpy3ku B IOJIHOJOCTYITHOM ITy4ke u3 N
JUHUH B cucTeMe ¢ norepsiMu. Pacnipeaenenne DHreera.

o Tema Ne VII. Cucrema ¢ 0KHUIaHUEM.

Pemenne kaxaoil 3agaud mpeABapsieTCsl TMOSCHEHUSMU TEOPETUYECKOTO
0a3uca, MmoctynaToB M (OpMyJ, TOJIOKEHHBIX B OCHOBY JIaHHOTO BapuaHTa
peuieHus.

[TpakTkym 3aBepiiaercs KOHTPOJIbBHOM  paboTOH ¢  MOCIEAYIOLINM
00CyXIeHUEM €€ pe3yJIbTaTOB.




2. CoaeprkaHue AUCUUNANHDI
2.1. Pasgenbl AUCUUNIVH U BUAbI 3aHATUN

g -
53
Nem/m | HammeHoBaHuMe pa3aeinia AUCIIMILTAHBI = o . = 2
= = = o= g 2
X~ ¥ E <] = 0
g g = S 28 N2 &
= == ®) S s a|Mm =
= & S O o o
1. Beenenue 1 - - - 1
2 1 18 - 21 40
OcHOBBI TEOpUH TeneTpapuKa
3 OO6cnyxuBaHue ouepenei. | g ) ) 10 105
ITocnenoBarenbHOCTh OUEpeEACH.
4 BeposTHOCTb GIOKHPOBKH Ha ceTsx cBsi3d. | 0,0 - S5 5,5
5 OrneHka TPOMYCKHOH CIOCOOHOCTH ceTei 1.0 ) 10 11
CBA3HU
6 Onenka NPOITYCKHOH CIIOCOOHOCTH 1.0 ) 5 6
KOMITBIOTEPHBIX CETEU
7 VYnpasieHue U KOHTPOJb Tpaduka B CETSX 05 ) 5 55
IPu ATM
KypcoBoit pabora «Pacuér rtenedonHoi
8 ceTwm  ropoma € WCTIOJIb30BaHUEM 6 22 28
texHonorun SDH»
9 3akmoueHue 0,5 - - 05
Utoro: 6 18 6 78 108
2.2. Coep:xaHue pa3/iesioB JHCHMILIMHBI
Tpyno-
HaumenoBanue pasznena Py
ConepsxaHue pa3aena €MKOCTb
JUCHUNIIIMHBI (aac.)
2 ceMecTp JUCIIUIUIAHEI
(yueOHbIit cemecTp A)
Paznen 1 TpeboBanuss 1o KayecTBY OOCITyKHBaHUS, 1
Tema 1BBenenmue. NPEIBABISIEMBIE K COBPEMEHHBIM CETSIM CBSI3H.
Paznen 2 Tema 1 Teopust maccoBoro ob6cmyxuBanus (TMO).,
OcHoOBBI OcHOBHBIE cucTeMbl MaccoBoro obcmyxwuBanusi (CMO),
TeopuHu OTIpeIeIICHHS BXOAHOM  MOTOK  TpeOoBaHWH, MexaHusM | 1
TeJjie- TEOPUU 00CITy)KMBaHUS,  OOCIYXUBAIOIIUANA  TIPHOOP
Tpaduka Tenerpaduka (OIT), orka3 (GIIOKUPOBKA), OUYepeIb OKUIAHMUS,
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JUCIUIUINHA ~ OOCIYXKUBAaHHS, OJHOJUHCHHAS
(CMO), omrodaznas (CMO).
Tema 2 CranmoHapHOCTh, OJWHAPHOCTH, OTCYTCTBHE
OCHOBHEIC MOCIICACUCTBUS, 4Yac HAWOOJNBIICH Harpy3Ku
CBOICTBA (YHH), cuctema ¢ SBHBIMH ITOTEPSIMH, CHCTEMA
CITy4YaifHbIX C TIOBTOPHBIMH  BBI30BAMH, CHUCTEMa C

IIOTOKOB BBI3OBOB

OXKHIaHHUEM, CUCTCMEI C O6XO)13MI/I.

Tema 3

apaMeTnes [loctynarommii  Tenerpaguk, WHTEHCUBHOCTD
p P! OJIHOTO HCTOYHHKA, CpEIHEE BpEeMsl 3aHATUA

COOOIIEeHMIT u

OCJI omuuM  aOOHEHTOM, HHTEHCHBHOCTh
MoKa3aTesu .

ITOTOKA TpeOOBaHMH, CcpemHss
KadyecTBa

MIPOJIOJDKUTEIBHOCTD May3bI
00CITyKIBaHHS
Tema 4 Cocrostaue 3ansroctu myuka OCJI, omacHoe
Maremarnueckass | BpeMs, IIyaCCOHOBCKMH 1OTOK. HcxonHble
MOJICNIb IIOCBUIKA MOAEHU.  IIyacCOHOBCKHM BXOIHOMU
Tenerpaduka IIOTOK TPeOOBaHMUN Ha 0OCITYKUBAHHE
Tewa 5 OIHOPOIHBIN MapKOBCKHH IpoIecc c
Mopens Opranra P P p

JHUCKPETHBIM (ha3zoBbIM IIPOCTPAHCTBOM,
CHCTEMBI c

YpaBHCHUA COCTOSAHUSA 3aHATOCTH.
MOTEePSMU
Tema 6
Pacnpenenenue bunomuHaNbHBII 3aKO0H pacrpeneneHus
Harpy3Ku OT | BXOJIHOTO TIOTOKa, TIIOTepH IO BpPEMEHH,
KOHEUHOTO YHCIIa | pacmpenescHue JHIcera.
NCTOYHHUKOB
Tema 7
Cucrema c
0XKHUJIaHHUEM. Knaccuduxarus Kenpanna, HUCXOJTHBIE
OO6mme JOMYIIEHUs CUCTeMBI ¢ oxkwmmanuem, C-
MOJIOKEHUS. tdhopmyna Dpnanra, Teopema Jlurtia

Mopens Opranra
M/M/N

Opranmsaius  ouepenu (Tail Drop, Random

Paznen 3 Early Detection), o6pa6ortka ouepeneii (FIFO,
Tema Priority Queuing, Class-Based Queuing), 05
OG6cmy)kuBaHue ouepeeH. B3BEILICHHBIE ouepen, NrOPUTMBI |
[TocenoBaTebHOCTh OUepeeil | criaaxkuBaHus Iyibcanuu Tpaduka (Leaky
Bucket, Token Bucket)
Paznen 4
Tema BeposiTHOCTD  OJOKMPOBKH ~ COETMHUTEIBHOTO
MyTH MPU HAIMYUK Oosiee ofHoro mytu Mexay | 0,5
BeposiTHOCTh  ONOKHpPOBKM Ha
OKOHEYHBIMH ITyHKTaMU. VI30bITOUHAs Harpy3Ka.
CETSX CBS3H.
Teopema Illennona. Cpenssisi, MTHOBEHHAs,
o0mas ¥  MakCHUMajJbHasi  MPOIYyCKHAas
CIOCOOHOCTD, NPOITYCKHAsA CHOCOOHOCTD CETe! ¢
Pasnen 5 KII mnpomyckHass CIOCOOHOCTh COEIMHEHUS
TeMlzll npotokona TCP, mpomyckHas cHOCOOHOCTB
., | kaHama OecHpOBOAHOM CBs3M, MeToAbl pacuera | 1
Onenka MPOIYCKHON

CIIOCOOHOCTH CETEN CBA3U

MPOMYCKHOM CIOCOOHOCTH OJIHO3BEHHBIX
TTOJTHOJTOCTYITHBIX M HEIOJHOJOCTYITHBIX CHCTEM
C TOTEPSIMH W C OXHIAHUEM, MPUOIIKCHHBIC
METOAbl pacyeTra TPOIMYCKHOW CIIOCOOHOCTH
MHOTO3BEHHBIX  KOMMYTAI[IOHHBIX  CHCTEM;
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METOABI pacuera MPOIMYCKHOW CIIOCOOHOCTH
MyJIBTHCEPBUCHON NH(POBON JIMHUM; TOYHBIE H
MPUOJIMOKEHHBIE METOJBI pacueTa IMpPOITyCKHOM
CHOCOOHOCTH MH(POKOMMYHUKAITHOHHBIX CETEH.
Pa3zpnen 6
Tema Tpaduk KOMITBIOTEPHBIX HaHHBIX, JIOTHYECKAS
Onenka MPOITYCKHON | CTPYKTYpH3aIHsI ceTH, npomnyckHas | 1
CIOCOOHOCTH ~ KOMIIBIOTEpHBIX | criocooHocTh ETHERNET
cerel
Paznen 7 Tpaduk-koHTpaKT, KaTeropuu cepBuca,
Tema KOHTPOJIb 33 WCTIONb30BAHHEM  MOIOCHI | o ¢
Yupasnenue u KOHTPOJIb | MIPOIYCKAHMsI,  OpraHu3alus  ouepened B |
Tpaduka B ceTsix ATM KOMMYTAaTOpax, 3alliTa OT IEPErpy30K
[MepcriekTuBbI BEJIMYCHUS MIPOIYCKHOMN
3aki04eHue Mo Kypey P Y pory 0,5
CIIOCOOHOCTH CETEH CBS3U
Pacuér  rtenmedonHoit cetm  ropoma
Kypcogras pabora ¢ p 28
WCIIONIb30BaHNeM TexHonornn SDH
3. IpakTuyeckue 3anatus (18 yac.)
No
Tpyno-
paznena .
Ne i/ Tematrka MpakTHUECKUX 3aHATUHN (CEMUHAPOB) E€MKOCTh
JTVCTIHTLI
(uac.)
VHBI
1 121 IIpaktuueckoe 3anstue Ne 1 2
' * 7 |OCHOBHBIC ONpeICCHHs TCOPUH TeleTpaduKa.
[IpakTuueckoe 3anstue Ne 2
2. 2.2; P 2

Coctosiaue 3ansaToct mydka 9CJIL

IIpakTnueckoe 3ansaTue Ne 3
3. 2.3;4; |buHOMHMHANBHBIN 3aKOH PACIPEIEICHUS BXOJHOTO |2
roToka.Mojienb DpiiaHra CUCTEMEI C TTOTEePSIMH.

[IpakTnueckoe 3ansatue Ne 4

CucreMa ¢ MOBTOPHBIMH BbI30BAMHU.
CucreMa ¢ coOXpaHeHHEM 3a0JIOKUPOBAHHBIX
BBI30BOB.

4, 2.4; 4;

IIpakTnueckoe 3ansatue Ne 5

Pacmipenenenre Harpy3ku B MOJHOIOCTYITHOM ITYYKe
u3 N 1uHul B cucteme ¢ nmorepsimu. Pacnpenenenue
OHrcera.

5. 2.5; 4;

2.6; 5; 6; |[Ipaktnyeckoe 3ausTie Ne 6
7 Cucrema ¢ 0O)KUIaHUEM.

Tect
KonTponbHas pabora

Htoro: 18




COJAEPXKXAHUE IPAKTUKYMA

INPAKTHYECKOE 3AHSATHE Ne 1.
Tema l.: Ocnoenvie onpedenenun meopuu meiempagpuxa
«Tenerpadux»= «rene» o3Ha4YaeT «aajieko» a «tpaduk» («tra-vehoy, nar.) —
«IEPEBECTHY, KIIEPECIaTh»
[lepBas MaremaTHuecku KOppeKkTHas pabota - padorta Dpnanra «Teopus
BEPOATHOCTEH U TenedoHHbie pazroBops» (1909 r.).
MareMaTtrnyeckuii anmapar - Teopusi MaccoBoro oociyxusanus (TMO), npenmerom
M3Y4YEHUSI KOTOPOH SBISIOTCS CHCTEMBI MaccoBoro oocmyxxkuanus (CMO).
OcHoBHbIMU KOMITIOHEHTaMU CMO SIBIIAIOTCSA BXOJHOM MOTOK TpeOoBaHUH (3asIBOK
WU COOOIIEHMI ), MEXaHU3M OOCTY>KUBAHUS, TUCIUIUIMHA O0CITY>KUBaHHUS.
Tepmunonorus CMO:

eoOcyxuBaromuii npudop (OIl), ognonuueinas u mHoronuneinas CMO;
0JI0KMpOBKa; Pa3bl 00CTyKUBAHNUS; OU€pPElb 0XKUIAHUS;

exommMmyTanonHass cucreMa (KC); wucxondiue coeauHUTENbHBIE JIMHUU
(ACJI);  Bxomsamue  coenuuutenbHble  JguHuu  (BCJI;)  skBHBajeHTHBbIE
coenunutenbHble TUHUU (DCJIL;) «MCTOYHUKNY aKTUBHBIE U TACCUBHBIC; «3aHATUEY
OCJI BBI3BIBAIONIMM a00OHCHTOM,;

eBpeMsl  OOCIY)XMBaHHUS;,  paclpelesieHue  BPEMEHU  OOCIYKHUBAHHS
(UKCHUpPOBAHHOE U CIIy4aifHOE;

ecrcTeMa C ABHBIMHM NOTEPSMH; CUCTEMA C IOBTOPHBIMU BBI30BAMM; CUCTEMA C
OKUJaHUEM; CUCTEMBI C 00X0aMH;

®YIIOPSAJOYCHHBIN, CIIy4YalHbId W LHUKIMYECKHMM IOUCK KOMMYTAalHOHHOU
cucteMoil  cBobonubix  OCJI;  momHOmOCTynmHas W HEMOJIHOJOCTYITHAs
KOMMYTallMOHHAs! CUCTEMA;

eCBOIiCTBa MpOCTEHIIEro TeAe(POHHOTO MOTOKA BBI30OBOB: CTAllMOHAPHOCTD,
OJIMHAPHOCTh, OTCYTCTBUE MOCIIEAECHCTBUS.

eIOHATHE Yaca Hanbobiien narpysku ( YHH ).

3AJTAYA Ne 1

[TapameTpsl moCTyNarome 0T a00OHEHTOB HATPY3KH.

ITycth B ykazanHoit Beiiie CMO 3a Bpems HaOmoaeHust T=10muH
COBOKYITHOCTh U3 M=8 a00OHEHTOB HampaBuja B KOMMYTAI[MOHHYIO
CUCTEMY psiJi TpeOOBaHUM Ha COSIMHEHHE U TOJyqrIa O0CTyKMBAaHUE
corjacHo Tabnuile puc.l. AHanmu3upys TabIuIly, KOHCTAaTUPYEM, YTO
oO11iee Bpemsi 3aHSITOCTH KOMMYTAIlMOHHOTO 00OPY/I0BaHMSI,
HeoOXxoauMoe JTst 00CTyKuBaHust M,=13 BBI30BOB, OKA3aJIOCh

pPaBHBIM B JaHHOM ciydae V=42muH.
OnpenenuM 1 paccyuTaeM MapaMeTpbl BXOJHOTO OTOKA TPEeOOBaHUM.




1). O6béMm Harpy3ku V, obciyxeHnHoit 3a T=10 MUHYT paBeH CyMMe BCeX
mmrenbHocTel 3auatus; uamepsiercss B YACO3AHATUAX (V=42 munyTO3aHATHS
win 0,7 yaco3aHaTus).

2) IMocrynatouuit Tenerpaduk A (MOTOK HArPy3KH, HHTEHCUBHOCTh TOCTYyHAroe
Harpy3KH) paBeH :

obvem naepysku V
A= =4,27 Opn.
eépems Habarooenus T

No I'paduku 3ansiTOCTH Bpewmst Yucno
abouenra | aboHeHTa 3aHIATOCTHA BBI30BOB
a0oHeHTa
1 4MuH. 2BEI3.
2 TMUH. 2BbI3.
3 OMuH. OBBI3.
4 2MHH. 1 BBI3.
5 7MUH. 4BEI3.
6 OMUH. 2BBI3.
7 1234567 89 3MHUH. 1B5I3.
8 10MuH. 1B5I3.
Hror: 42 muna 13 BEI3
Puc.1 TaOnuia aktuBHOCTA a0OOHEHTOB.

8

7

6

5

4

3

2

1

L1 232456780910

Puc.2. /lmarpamma cymMMapHOW aKTUBHOCTH a0OOHEHTOB.
3) IHTEHCHUBHOCTH OJIHOTO UCTOYHHKA P (BEPOSITHOCTh 3aHATOCTH OJTHOTO
HMCTOYHHKA):

_ nocmynaiowjuii _menempagux _ ﬁ — 0,525 Ipu.

yucno aboHeHmos
4) Cpennee Bpems 3ansatus DCJI oqHuM aO0OHEHTOM t,:

Obvem Hacpysku
° Py V.. =%=3,23 MUH.

o © = ! cp
yucno 3amnamuii (6v130606) M,

5) YactoTa mocTynaronux BbI30BOB A, HHTEHCUBHOCTH TTOTOKA TPEOOBAHMIA:



YUCTIO 6bI30606 13 m, 6bl3

]

epems HabaOeHuUs 10 T MUH
6) CpenHss IPOROIDKUTENLHOCTD Nay3bl fe, (B Mpenonokennn, 4To Bce
MT -V —42
TpeboBanus obcayxkensl): f = _80 =2,923 85
@ m. 13 MUH

[TpoBepka pe3ysabTara BEIYUCICHUH : HETPYTHO BUIETh, YTO TIPU OTCYTCTBUHU
«TOTEPSHHBIX» TPeOOBAaHWN WHTEHCUBHOCThH OJTHOT'O NCTOYHHKA MOKHO BBIYHCIIUTH
CIEAYIOIIMM 00pa3oMm:

_A_ A, t, 323
CTM A, F) @, F) 6153

[IpoBepka NOATBEPKIAET MOMYUEHHBIN paHEE PE3yJIbTAT.
BreiBoanI 1 00001ICHUS:

1) CMO conepXUT JBE OCHOBHBIE YacTHU: CHUCTEMY aOOHEHTOB,
XapaKTEpU3yeMyl0 TOTOKOM TpeOOBaHMN Ha COEAMHEHHWE W KOMMYTAalMOHHOE
ycTpoiictBo, coaepxamiee mnydok OCJI nHekotopoit émkoctu N. CormnacHo
A.K.DOpmanry cucrema CTpEMHUTCS K COCTOSHHUIO CTAaTUCTUYECKOIO pPaBHOBECHS,
KOrJa Haumbosiee BEPOSITHBIM €€ COCTOSTHHUEM SBISIETCS TaKoe, KOTJa B CHUCTEME
3aHATO0 A=At,, OCJL, TO ecTb, B HEKOTOPOM, JOCTATOYHO OOJIBIIOM IIyYKe JIMHHH
CYILLIECTBYET B CPEIHEM OJHOBPEMEHHO A COCTOSIHMM 3aHATOCTH, YTO 3a MHTEPBaJ
Bpemenn T paer Harpy3ky V=AT; ecnum cucremMa OKaXeTCS BBIBEJICHHOW U3
COCTOSIHUSI paBHOBECHSI, OHA Oy/I€T CTPEMUTHCS BEPHYTHCS B HETO;

2) B TCUCHWE HHTEpBana BpeMeHH T B cpemHeM mocTymaer [y, = AT

=0,525 Opax.

TpeOOBaHM, CO3NAIOMINX HATPY3KY  V =m t, =A4Tt

!

3) B paccmartpuBaeMoM npumepe A=4,2 span . s KauecTBEHHOIO
oOCITy’KMBaHUSI TAaKOTO MOTOKa TpeOyeTcs KOMMYTallMOHHAs CUCTeMa C EMKOCTHIO,
paBHO# unu Oousbiel A, To ecth N>5 DCJI. Kak noka3siBaet nuarpamma Puc.2, Ha
4eTBEPTONU MUHYTE 6 UCTOYHUKOB TPEOYIOT 00CITYy>KHUBaHUs, U1 4€ro HE0OX0aAuMO 6
OCIJI. CnenosarensHo, mpu N=5 1o ucteueHun Tpé€X MUHYT OT HayajIa HaAOJIIOICHUS
OyZeT OTKa3aHO B HEMEIJEHHOM OOCHIy>KMBaHUU JHOO0 aboHeHTy Ne 5, nmGo
abonenty Ne 7. Takum oOpa3om, njsi TOro, YTOOBI CHCTEMa TapaHTHPOBAHHO HE
uMerna noreps, Tpedyercst EMkocTh myuka DCJI, paBHas yucily UCTOUHUKOB M, 4TO
B OOJBIIMHCTBE CIIy4aeB SKOHOMHYECKHM HEIEIecOoOOpasHO U 3a4acTylo
HEBO3MOJKHO.

Harpyska, o0ciayeHHasi KOMMYTAIllHOHHBIMH TPUOOpaMH. Y CIIOBUMCS
paccMaTpuBaTh B Ka4eCTBE KOMMYTAIIHOHHOTO YCTPONCTBA MMyYOK SKBUBAJICHTHBIX
coeauHuTenbHbIX JIMHUHN (DCJI) émrocThio N, o0ecnieunBaromuii BETUIUHY
MHTEHCUBHOCTHU OOCITY>KEHHON Harpy3ku, paBHyto Y spi. i cuctem ¢ notepsimu
Y<A |, nd cucteM ¢ oxxunanueM Y=A.
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[Torepu Harpysku. [loTok moTepstHHBIX (OJTOKMPOBAHHBIX) TPEOOBAHUH
(MHTEHCUBHOCTH OTKAa30B) ONPEEISIeTCS BETMYMHON PA3HOCTH MEXK]y BEIMUUHAMHU
MOCTYTAIOIIeH U 00CTy)KeHHOM Harpy3ok: R=A-Y.

[TapamMeTpsl CUCTEMBI C TOTEPSIMHU:

1) BepostHOCTh oTepsr B=R/A =(A-Y)/A,

2) onacHoe Bpemsi G npejcraisier co00M BEpOSITHOCTh TOTO, YTO
KOMMYTAI[MOHHOE YCTPONUCTBO WJIM €T0 OIpeelIeHHasl MOATrpyMa NOJTHOCTHIO
3aHATHI; I ciydaiiHoi Harpy3ku G=B ;

3) mponyckHas ciocooHocTh CMO - MakcuManbHO BO3MOKHAs HArpy3Ka mpu
rapaHTUPOBAHHOM BETUYHMHE MTOTEPH.

CBojika GpopMyII IUTsl pacueTOB.

1) A=)\t (1)
2) Y=A(1-B)<A. (2)
3) A=Y+R , rme Y<N. (3)
4) R=AB 4)

rae B- Bennuuna 6e3pazMepHasi, HO MOXET ObITh BEIPa)KEHA B MPOIICHTAX (B TaKOM
ciydae B popmyIty ciieayer moacTaBiath Bennunny B=B/100%),

5) t, =tw P(>0). (5)

11



MNPAKTUYECKOE 3AHSITHUE Ne 2.

Tema ll.: Cocmoanue 3anamocmu nyuxa ICJL.

JInHUS MOKET OBITH B OJTHOM M3 JABYX COCTOSIHHI: OHAa MOXKET OBbITh JIN0O cBOOOAHA,
u0o0 3aHsTa.

JluckpetHas ciydaiinas BenuunHa X(t) “Cocrostaue 3aHsTocTH Imyuka N JnHuUi B
MOMEHT BpeMeHHU U onpeensieTcst YucioM OJHOBPEMEHHBIX 3aHATHM
X(t)=(0,1,2,...N) nunui.

BepositHoCcTh 3aHsaTHS = Q(X,t) — BEpOATHOCTH TOTO, YTO B MOMEHT BpeMeHH ““t”
3aHATO “X” JmHUH. J{ns cranmonapHoro mporecca Q(X,t)=Q(Xx).

Q) =1 6)

OO0cnyxeHHast Harpy3Ka MOKET ObITh Hali/leHa KaKk MaTEMaTHYECKOE OKUJaHUE
Ciy4aitHOM BenuuHbI “ X :

Y =3 %M. ™

J1J1s OJTHOTOCTYITHOTO My4Ka JIMHUM, eciii X=N, UMeeT MECTO COOTHOIIIEHUE
noJHo# 3arpy3ku u Benmuraa G=Q(N) ecTb omacHoe Bpemsl.
[IyaccoHOBCKHI BXOJIHOM ITOTOK.

a) Kak untepBan BpeMeHu Mex 1y MOCTYIJICHUEM TpeOOBaHUM, TaK U
MPOJOJIKUTEILHOCTD OTACIBHBIX 3aHATUN MOTUYUHSAIOTCS SKCIIOHEHIIUAIBHOMY
3aKOHY pacipeieeHus:

W(t)=ae™ , t>0, 1/o- MaTeMaTHUYECKOE OKHAAHUE CITy4aiHOM BETHIUHBI “t;

F(t)=1-e™, t>0, o-IIOTHOCTb IOTOKA TPEOGOBAHHMIL.

Ecnu gonyctuth moToK TpeOOBaHUM, CoiepKaUi OECKOHEYHOE TUCKPETHOE
MHO>KE€CTBO BO3MOYHBIX 3HAUEHUM YKclia ATUX TpeOOBaHUM, HHTEPBAJIbI BpEMEHU
Mex Ay MomeHTamu nocryrmieHus kotopsix HE3ABUCHUMBI apyr ot apyra u
UMEIOT OJJMHAKOBOE IKCITOHEHITHATIBLHOE paCIpeieICHHe ¢ MHTEHCUBHOCTBIO A TO:

e ciydyaiiHOE YHCIIO X TOCTYIHUBIINX B €AMHUILY BPEMEHH TPEOOBAHUI NMEET
B oToM ciydae [IYACCOHOBCKOE pacnpenenenne ¢ BEpOATHOCTBIO

x
P, (1) = Xf) e, (8)

[TyaccoHoBckoe pacripesiesieHne B TeneOHUU TPUBOAIT 00BIYHO [1] B

cnenyromei hopMyITUPOBKE:
® BEPOSITHOCTH TOTO, YTO 32 MHTEPBAJ BPEMEHH t TIOCTYITUT | BHI30OBOB PaBHA:

P(1-1) = %—E)j-e-ﬂ" , (9)

(TIpY 3TOM KOJIMYECTBO 3aMHTEPECOBAHHBIX B UCIIOJIL30BAHUHU PECYPCOB CETH
aOOHEHTOB MpeIoJaracTcst 0eCKOHeYHO 00bIM M—> o );

® pacmpeaeneHue COCTOSTHHI 3aHATOCTH npu yacCOHOBCKOM
pactpenenennn umeer Bux: Q(X)=(A* /x1)e™; (mpm stom émkocts myuka DCJI
mpeoiaraeTcss OECKOHEYHO 0OoJbIIoN N — o0 ).

CnencrBus:
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1) mpu =0 (umu X=0) moxydaem pacnpe/eiicHie BEpOSTHOCTSH HEITPEBBIIICHHSI
BEJUYMHBI “t” MHTEpBaIaMu BPEMEHU MEXKIY COCETHUMH TPEOOBaAHUSMHU:
Po(At)=((At)°/0)e™=e™: (10)
2) IpY HAJIO)KCHHUH JBYX HE3aBUCHUMBIX ITYaCCOHOBCKHX TIOTOKOB TPeOOBaHMIA
BO3HHUKAET HOBBIA ITYyaCCOHOBCKHM NOTOK C HWHTEHCUBHOCTBIO, PAaBHOM CyMMeE
MHTEHCUBHOCTEN OTAENBHBIX TOTOKOB A=A{+A;.
3AJAYA Ne2
[Ipenmnonaras, uro kaxmaas u3 10000 aOOHEHTCKUX JTUHUM MMOCHLIACT
OJIMH BBI30B B 4Yac, OMPEIELINM, KaK YaCTO MOCTYIAIOT JIBa BHI30BA C
WHTEPBAJIOM MEXAYy HUMU MeHbINM, yeM 0,01 c.
Pemenne. CpeHsiss ”HTCHCUBHOCTB TIOCTYIUICHUS BbI30BOB A=10000x1/3600=2,78
BBI30BA B CEKYH]IY.
Ha ocHoBanum ypaBHeHus (9.2) onpeensieM BEpOATHOCTb TOTO, YTO B TEUCHHE
uHTepBana unHON 0,01 ¢ He MOCTYMUT HU OJIWH BBI30B: P, €,0287 =¢ % =0,973

Takum obpazom, B TeueHue 0,01 ¢ oT MOMeHTa MOCTYIUICHUS MPEAbIAYIIET0 BI30BA
noctynaert 2,7% Bb130BOB. [10CKOIBKY HHTEHCUBHOCTD IOCTYIUJIEHUS BBI30OBOB
paBHa 2,78 BbI30Ba B CEKYH/Y, TO HHTEHCUBHOCTb MOSBJICHHS IPOMEKYTKOB MEXKIY
MOCJIeI0OBAaTEIbHBIMU BbI30BaMU, JIMHA KOTOPbIX MeHbIle 0,01 cexyHabl, paBHa
2,78x0,027=0,075 pa3 B CEeKyH1y.
SAJAYA Ne3
JIyist y31ma KOMMyTaIuu cOOOIIEHUH, Ha KOTOPBIN MOCTYMaeT 00bIYHO 4
BBI30BA B MUHYTY, OIIPEAEIUM BEPOSITHOCTh TOTO, YTO B JTIOOOM
MIPOU3BOJIbHO BHIOPAHHOM MHTEPBaJe BPEMEHH JIITUTENbHOCTHIO 30C
MOCTYTST 8 WK 00Jiee BHI30BOB.
Pemenne. CpenHee 4yncio BeI30BOB, KOTOPbIE MOCTynarOT B uHTepBaie 30c,
PaBHO
At=4 (30/60) = 2. BeposTHOCTB TOTO, UTO MOCTYNHUT 8 UK O0Jiee BHI30BOB (MTPHU
CpeIIHEeM UX YHCIIe, pPaBHOM 2)

) 7
]328(2):23(2)21—23(2)zl—e_2(1+2—+2—+—+ ..... +7J=o,0011
i=8 i=0 . . .

3AJTAYA Ne4

[Ty4ok cOeIMHUTENbHBIX JIMHUI COACPKUT TOCTATOYHO KAHAJIOB,
9TOOBI OOCITYKUTh HATPY3KY, MOCTYIAIOINIYIO0 Ha HETO B COOTBETCTBUH C
ITyaCCOHOBCKUM IIPOLIECCOM CO CPEAHEN MHTEHCUBHOCTBIO
MOCTYIUUIEHUS BBI30BOB, paBHOW OJJHOMY BBI30BY B MUHYTY.
[Ipenmnonoxum, 4To CpeaHssl JIUTEIbHOCTh 3aHATUS paBHa 2 MUH. B
MPEANOJIOKEHUH, YTO HArpy3Ka paclpeaeisieTcs, HaunHasi BCerja ¢
KaHaJIOB C HAUMEHBIINMU 110 TOPSIKY HOMEPAaMU, ONPEIeIUTh, KAKOU
MPOIICHT OOIIel Harpy3Ku 00CTyKMBAETCS IEPBLIMU ISITHIO KaHAJIAMU,
U Kakasi Harpy3Kka 0OCIIy’KHUBaeTCsl BCEMU OCTaJbHBIMU KaHaJaMHu.
Pemenue. THTeHCUBHOCTD MOCTYMAIOIIEH HATPY3KU CUCTEMBI paBHa A= 1x2=203p.
MHTEHCUBHOCTD HArpy3KH, OOCTY)KCHHOH | aKTUBHBIMH KaHAJIaMH, paBHA TOYHO |

13



Opn. CnenoBarenbHO, Harpy3Ka, 00CTyKEHHAs IEPBBIMU TATHIO KaHAJaMHU, MOYKET
OBITH OTIpEJIeTICHa CJIEIYIONUM 00pa3oM:

A= 1P1(2) + 2P2(2) + 3P3(2) + 4P4(2) + 5P5(2)=

=e2[2 +2:2%2! + 323! + 42%/41 + 5:2%/51 ]=1,89 Dpx

Bce ocranbsabie kaHanbl o0cay)kuBatoT 2-1,89=0,11 Dpm.
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HNPAKTHYECKOE 3AHATHUE Ne 3.
Tema |ll. Bunomunanvuslii 3aKon pacnpeoeieHus 6X00H020 NOMOKA

B cucreme, conepxkamein M HCTOYHUKOB KaXbld U3 HCTOYHUKOB MOKET
OBITH JINOO 3aHAT (C BEPOSATHOCTHIO, PABHOM p), TMOO CBOOOICH (C BEPOATHOCTBIO,
paBHoOI (1—p)). COOTBETCTBEHHO BEIIMYUHBI CPETHUX BPEMEH TEPECUHCICHHBIX
COCTOSIHMI PaBHBI t, U ;. O4eBUIHO, 4TO B cHCcTEME 0€3 MOTEPD BBITOIHACTCS
yCIIOBUE:

7L(tcp.'l'fcp.)zlvl-

[TamsTys, 9T0 A, =A, HETPYIHO YCTaHOBUTH, UTO P=A/M=t,, /(t;, +f, ), n

fcp,: tcp(l_p)/p

Bsenem napametp q=t.,/f.,, IMerommuii cMbIcI MOTOKA «Iay3» 3a BpeMs tg, OT

OAHOI'O HCTOYHHKA, KOTOpBIﬁ AJIA CUCTEMBI oe3 IMOTCPb IPUHUMACT BHUA:
f, t,(1-¢ 1l-c
I/ICCHCI[yeM BCPOATHOCTD TOI'O, YTO X M3 M UCTOYHHUKOB CUCTEMBI 3aHATHI B
HCKOTOPBIﬁ MOMCHT BPCMCHHM. qu/ITBIBaﬂ, YTO COOBITUA «3aHATY U «CBO6OI[€H»
HC3aBHUCUMBI U HCCOBMCCTHBEI, ITPUXOIUM K 6I/IHOMI/IHaHBHOMy 3dKOHY

pacinpcaciCHuAa COCTOSIHMH 3aHSTOCTH:

A X A M —x
QM) =Py, () =Ci - p* Q- )" *=CH| —| -|1-—
M M
(12)
3aBucuMocTH (11) u (12) mo3BOMSAIOT HAWTH KOMITAKTHYIO PEKYPPEHTHYIO
3aBHCHUMOCTH B (hopme:

Q) _Cu p* @-p"™* _cCp
Q(X—l) C|\);|_1 px—l (1_p)M—x+l C|i(/|_l

[Tpu aHanu3e cucTeM ¢ KOHEUHBIM YUCJIOM UCTOYHUKOB HEOOXOIMMO
CUMUTATBHCS C TEM 0OCTOSTENILCTBOM, YTO MHTEHCUBHOCTD MOCTYIIEHHUSI BEI30BOB
MU3MEHSETCS TI0 MEpE TOro, KaK U3MEHSETCS YUCIIO 3aHIATHIX UCTOYHUKOB. Takum
00pa3oMm, CTPOro rOoBOps, CYUTATh MHTEHCUBHOCTh MOCTYMAIOIIEH HArpy3KU
BEJTMYMHONU HEU3MEHHOM MOYHO JIMIIb C OONBIIMMH OTOBOPKAMH.

BrIpoxxaenne OMHOMHHAJIBHOTO 3aK0Ha B 3akoH Ilyaccona.

Ecnu nojoxuTh HEOrpaHUYEHHOE YMCII0 UCTOYHUKOB C MaJOi BEPOSITHOCTHIO
COCTOSTHUM UX 3aHATOCTH (M—>00, p—0), To BenmnunuHy A mOCTyHaromero
Tesnerpapuka MOXKHO CUMTATh HEM3MEHHOM, HE3aBUCUMON OT KOJIMYECTBa
ucroynukoB M. Torpa:

-q (13)
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M! A M

Q(X) = lim P, ,(X)=lim

M —o0 M — o0 X!M—XEMX 1 A X
i M
M X
. A - .
VuureBas, uro |im |1—— | =€ "wu |lim|1—— | =1, npuxogum
M —>w M M > M

OKOHYATENBHO K 3akoHY IlyaccoHna:
X
Q=2 e
X!
3AJJAYA Ne§
Onpenenutp, KaKOBa BEPOSITHOCTh TOTO, UTO B OJIOKE TAHHBIX JUTMHOU
1000 6uTOB BOZHUKHYT TOYHO YETHIPE OLIMOKHU MPHU €0 Neperaye mo
JIMHHH C BEPOSITHOCTBIO OLIHOOK 110 6uTaM, paBHoit 107 ?
Pemenue. Ilpenmonaras, 94To ommOKN HE3aBUCUMBI (COMHHUTEIILHOE
MPEANOJIO0KEHNUE ISl MHOTUX JIMHUW MEPEAAaydn), MOKHO MOJIYYUTh BEPOSATHOCTh
BO3HMKHOBEHHUS TOYHO YETHIPEX OIIMOOK HEMOCPEACTBEHHO U3 PACTIPEIACICHUS
IIyaccona. Cpexree qrcio ommbok (Bbr3oBoB) At=10°x10 ~°=0,01.Taxum oGpazom,
BEpOSITHOCTD deThIpex ormmbok Py(0,01)=[(0,04)"/411e*"=4,125x10™" Ipyroe
pelIeHrue MOXET ObITh MOJIYYeHO U3 OMHOMUAIBHOTO 3aKOHA paclpeiesieHHs
BEpOSITHOCTEH: BeposTHOCTS ueThipex oumbok paBHa Ciop p(1-p**%)=4,101x107°,
rae p=107°
Tema Ne IV, Mooenv Ipnanea cucmemsl ¢ nomepamu
Pacnpenenenne Jpnanra

[Tpouecc o6cykuBaHMsI BKIFOYA€T MHOKECTBO BO3MOXHBIX COCTOSIHUNA
3aHATOCTH X, KQXKJ10€ U3 KOTOPBIX UMEET 3KCIIOHEHIIMAIIBHO PACIPEAEICHHYIO
MPOTSHKEHHOCTH C 3aBUCSIIIEH TOJIBKO OT 3TOTO COCTOSIHUS MHTEHCHUBHOCTBIO A.
OT0 OAHOPOIHBIA MAPKOBCKUH MPOIIECC C AUCKPETHBIM (Pa30BBIM MPOCTPAHCTBOM
[6]. [TocnenoBaTenbHOCTH COCTOSTHUM 00pa3yeT MPOCTYIO OJTHOPOTHYIO MAPKOBCKYIO
Lenb (IPOCTYI0 MOTOMY, YTO BEPOSITHOCTD IEPEX0/1A U3 OAHOIO COCTOSIHUS B APYroe
HE 3aBUCHUT OT TOT'0, KAKMM ITyTEM ITPOLIECC MTONal B MPEAbIAYLIEE COCTOSHUE B CUITY
CBOMCTB OJIMHAPHOCTH M OTCYTCTBUS NOCJIEAECHCTBHS B MPOLECCE, U OJHOPOAHYIO
BCJIEJICTBUE TOTO, YTO BEPOSTHOCTh TAKOT'O MEPEX0/IA HE 3aBUCUT OT MOMEHTA
BpPEMEHU Nepexoa (B CHITy CTALIMOHAPHOCTH MPOLECCA).

CrauuoHapHbsie BeposTHOCTH Q(X) COCTOSTHUN MOXKHO HAWTH pellIeHHEM
CHUCTEMBI JIMHEUHBIX YPABHEHUM COCTOSHUM 3aHATOCTU. [IpuHImn nercreus
KOMMYTAIlMOHHOTO YCTPOUCTBA OMPEAEIIAETCS MEPEXOIHBIMU BEPOATHOCTAMHU P(Z,X)
MapKOBCKOM LIETIH.

PaccMoTpuM cocTosiHMEe X JIMHUM 3aHSTHI, TI0JIarasi 4To MPOJ0JKUTEILHOCTD
COCTOSIHUSI UMEET SKCIIOHEHIIMAJIbHOE PACTIPEIEICHHE C UHTEHCUBHOCTBIO, PABHOM:
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M=AEX U,

rae A=m,/T — uarencuBHOCTH 3aHsTUsA DCJI (MHTEHCUBHOCTD TOCTYIUICHUS
TpeOOBaHU Ha 0OCITY)KUBAHUEC);

n=1/t;,=m,/V — uarencuBHOCTH 0cBOOOMKAeHUST DCJI KOMMYTallMOHHOTO
YCTPOMCTBA.

ITpuBeneHHOE PABEHCTBO IIPU YMHOKEHHH OOCHX €ro 4acTeH Ha to, 1aeT
cooTHoIeHHE Ayl,=A+X, KOTOPOE ISl BETMUHHBI to, PABHON €AMHUIIE, NPUHUMAET
BUI A =A+X.

BeposiTHOCTH TOTO, YTO O4epEeaHBIM COOBITHEM OYIET 3aHITHE JINOO
0CBOOOXK/ICHHE JIMHUU, OTHOCATCA APYT K APYTY Kak A/ux=A/X.

[Ipouecc o6ciyXKMBaHUA, COTJIACHO TEOPUH MapKOBCKUX MPOLIECCOB,
ITOJTHOCTBIO OIKCHIBAETCS OMHOPOAHOW CUCTEMOM JTMHENHBIX YPABHEHUN COCTOSTHAN
3aHATOCTH, JOIIOJIHEHHOW YCIIOBUEM HOPMUPOBaHUs [6]:

A4Q(X) = D2, P(z,x)Q(2);

el

> QM) =1
LXeX

I€ X, Z — COCTOSIHMSI 3aHSITOCTH,

Q(X), Q(z) — cranmoHapHbIC BEPOSTHOCTH MOSBICHUS COCTOSIHHUM X H Z,

Ax— HMHTEHCHUBHOCTH PaCHpeIeICHUS TPOJODKHTEILHOCTEH COCTOSHHUS X,

p(z,X) — mepexoiHas BEPOATHOCTD (BEPOATHOCTH TOTO, YTO IO 3aBEPIICHUM
COCTOSIHUS Z HACTYIIUT COCTOSIHUE X).

[IponeMoHcTpupyem perieHne ypapHeHu# (14) s moJHOAOCTYITHOTO MyYKa
OCJI ¢ N nuHusAMH, paccMaTPUBAEMOT0 B KQU€CTBE CUCTEMBI C IMMOTEPSMHU, HA
KOTOPYIO IOCTYNAET CiiyyaliHasi Harpy3ka A.

Hckomotii BenuunHoi B (14) sBisgercs Q(x). Ciy4aitHbie BeUuuHbl X U Z
MoryT npuauMaTth 3HadeHus (0,1,2,....,N) — 4uciio 0THOBPEMEHHO 3aHSTBIX JTUHUH.
HNHTEeHCUBHOCTH COCTOSIHHM X: A,—A+X. [IpuHMMas Bo BHUMaHHKE, 4TO B JaHHOU
CUCTEME MEPEXO/Ibl BO3MOXKHBI JIUIIb B COCEHUE COCTOSIHUA (HAlpUMED, U3 Z
TOJBKO B (z+1) mnm (z—1), 4TO COCTABISAET MOJHYIO TPYIITY COOBITHI:
P(z,(z+1))+P(z,(z—1))=1), 3anuiiemM Bce BO3MOYHBIC BEJTUUHUHBI TEPEXOTHBIX
BEPOSTHOCTEH:

MIPU 3aHATUU JUHUHN, Koraa Xx=z+1: P(z, z+1)=A/(A+z) nns 0<z<N;

pH 0CBOOOXKIeHUH JIMHUH, korna x=z —1: P(z, z—1)=z /(A+z) mna 0<z<N;

ecnu 3aHATHI Bce N muHuid x=z=N: P(N, N)=A/(A+N) nns z=N;

BCE OCTaJIbHbBIE MEPEXOAHBIE BEPOSITHOCTH: P(z, X)=0.

C yueToMm BBeeHHBIX 0003HaUeHM ypaBHeHue (14) mpuobperaeT s
0<x<N cnenyouuii BUA;

(A+x) Q(x)=hz1p(21,X) Q(20) 72" P(22,X) Q(22),

(14)
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rae 2;=X—1; Ap=A+z;; p(X-1,x)=A/(A+x-1);
Z,=x+1; Ap=A+Z,; p(X+1,X)=(x+1)/(A+x+1).
[Tocne mpeoOpazoBaHUil MOTYYEHHOE PABEHCTBO IIPUBOIUTCS K hopme:
(A+x) Q(x)=A-Q(X-1)+(x+1)-Q(x+1),
KOTOpPasd IO3BOJIACT 3aIIMCATh ITPOCTOC PCKYPPCHTHOC COOTHOIICHUC IJIA
BCpOHTHOCTCﬁ COCTOSIHUM 3aHSTOCTH:

QU)=2-Q(x-1).

OTcroa JIerko MoJy4uTh TPAHUYHBIE YCIOBHS 17151 COCTOAHMMA X=0 1 X=N:

Q=AQ(O) 1 Q)= QN-1).

BBeaeHne HIKHETO rPaHUYHOTO YCJIOBHS IPUBOIUT PEKYPPEHTHOE
COOTHOIIICHHUE K yI00HOMY BUY:

om=A.0(0). (15)

X!

N
Bemmuuna Q(0) onpenensercs U3 ycnoBus HOPMUPOBKH: » Q(x) =1:
x=0
-1

AX

N
Q)=| =
x=0 XI

B okoHUaTebHOM BHUIE BEPOSATHOCTb COCTOSIHUSI 3aHSITOCTH
noiHoaoctynHoro myuka ICJI emkocthio N onpeaensiercs o hopmyiie:

Qm)=—A (16)

Cootnomenue (16) Hocut Ha3BaHue pacnpeaenenus Ipianra aiss CMO c
norepsiMu. HeTpyiHO BHIETH,4TO MPU HATMYUH KOMMYTAIIHOHHOTO YCTPOMCTBA
HEOTpaHWYEHHOU eMKOCTH (N—00) U CIIy4yallHOTO BXOJIHOTO TOTOKA TPpeOOBaHUI
(M—0) pacnipenenenue Dpiianra Tpanchopmupyetcs B pacnpenenenue [lyaccona:

-1
X N z X
Q)= lim AI > A _ A_e_A.
» X 7=0 Z! X!

brokuposka mpebosanuii 6 nonnooocmynuom nyuxe npu M-—>co
BeposiTHOCTh OJTIOKMPOBKU B JAHHOM CJIy4ae paBHA BEPOSTHOCTH TOTO, YTO

Bce muauM myuka JCJI 3aHTHI; TaHHAs BETMYMHA BBIUUCIAETCS IO (hopMmyie,
U3BECTHOW B TEOPUH MAacCOBOro oOciykuBaHus kak B —popmyna Dpnanra:
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B=G=FE (A =—N_. (17)

PesynbpTaTel pacueToB mo hopmyre (17) nms HEKOTOPHIX BEIMYWH TapaMeETPOB
A u N cBenensl B Ta6m. 3.1 (Ilpunoxenue 1) ,3aumcTBoBanHytO B [27]. [Ipm sTOM
BEPOSATHOCTH OJOKHPOBOK IMy4KOB JIMHUH ¢ pecypcamu N u (N—1) cBsizaHbl 1pyT ¢
IPYrOM MOCPEICTBOM PEKYPPEHTHOTIO COOTHOIIEHUS BUA!

BNFM. (18)
A-By)

3ATAYA Ne6

Kakyto Harpy3ky MoxeT oOcaykuTh mydok Junuid (N=24), ecnu

BEPOSATHOCTH OJIOKUPOBKHU cocTaBiisieT 1%? KakoBa HHTEHCUBHOCTb

Harpy3Kku, 0OCIyKEHHON OJTHOM JIMHUEW?
Pemenne. CornacHo tabnuiie pacnpeaeneHus Jpianra (taomn. 3.1, [2, ctp.108]; [1,
ctp. 82]), BenmuunHam N=24 u B=1% cooTBeTCTByeT NOCTYNAIOIINIA TeTeTpaPuK
A=15,3 DOpa.
OO0cnyXeHHasi Ty4YKOM JIMHUN Harpy3Ka paBHa:
Y=A(1-B)=15,3(1-0,01)=15,14 Dpu.
Harpy3ka, o0ciyxeHHas oHOM JTuHUeH, coctaiseT §g=Y/N=0,631 Dpu.
SATAYA Ne7
UYeTsipe rpymnnbl TEPMUHAIOB IAHHBIX HYKHO CBsi3aTh ¢ DBM ¢
NOMOILBIO APEHJOBAaHHBIX KAHAJIOB, KaK IOKa3aHo Ha puc. 3. Ha puc.
3,a Harpy3Ka OT rpynn TEPMUHAJIOB JAHHBIX paclpeensieTcs o
OTIICTLHBIM IMyYKaM pa3/ielieHHbIX KaHaioB. Ha puc. 3,0 Harpy3ka ot
BCEX TPy TEPMHUHAIIOB JAHHBIX KOHUEHTPUPYETCS U OOCTYKUBAETCS
OJIHUM OOIIMM MYYKOM KaHaJIoB. OnpeennuTh 00I1Iee YUCI0 KaHaJIOB,
TpeOyeMbIX B 000UX CIIydasiX, €CJIM MaKCUMAaJIbHO KeJlaemast
BEPOSITHOCTh OJIOKUPOBKHU paBHa 5%. IIpuHATH, 4TO B KaXA0M rpymnmne
1o 24 TepMUHAIA U KXl TEpPMUHAI akTUBEH B TeueHue 10 %
BpeMeHU. Mcnosib30BaTh METO1 pacu€ra Jisi CUCTEMBI C IBHBIMU
MOTEPSMH.
Pewenue. THTEHCUBHOCTD HAarpy3KH, MOCTYNAKOUIEN OT KaXX10M IpyNIbl
TEpMUHAIIOB, paBHa 22:0,1 = 2,2 Dpn. Tak kak cpeHee YUCI0 aKTUBHBIX KaHAJIOB
MHOT'O MEHbIIIE YHCIIa UCTOYHHUKOB, TO MOKHO HCIIOJIB30BaTh (POPMYITY AJis
OECKOHEYHO OOJBIIOTO urcia UCTOUYHUKOB. Mcnons3ys Tabm. 3.1 , onpenensem, 4To
YHCIIO KaHAJIOB, TpeOyeMbIX IS obecnieueHust B = 5 % npu HHTEHCUBHOCTH
Harpy3ku 2,2 Opin, paBHo 5. Takum 00pa3om, kKoHpuUTypamus cetu puc. 3,a TpedyeT
Bcero 20 kaHaJoB.
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CyMMapHasi MHTEHCUBHOCTb HAarpy3KH, MOCTYIAIOIIEH Ha KOHIIEHTPATOp MpHU
KOH(UTypalluK CeTH TaKOM, Kak Ha puc. 3.8,a, paBHa 4-2,2== 8,8 Dpu. 13 Tabmn. 3.1
(MpunoxkeHue 1) HaxoauM, 9TO TSI OOCTYKUBAaHUS TaHHON HArpy3ku Tpedyercs 13
KaHaJIOB.

Pemenue 3aaun Ne7 noka3bIBaeT, YTO 0ObEIMHEHNE MAJIbIX HAIPYy304HBIX IPYIII B
OJIHY OOJIBIIYIO HArPY30YHYIO IPYIITY MOKET IPUBECTHU K CYILIECTBEHHOW 3KOHOMUU
yrcna TpedyeMbIX KaHanoB. bosbime rpymnmbl oka3eiBatoTcs Oosee 3¢ HeKTUBHBIMH,
YeM MHOKECTBO MaJIbIX I'PYII, MOCKOJbKY MaJOBEPOSATHO, UTO B MAJIBIX IPYIIIIAX
OJIHOBPEMEHHO BO3HUKAIOT NEPETPY3KH (B MPEANOI0KEHHH O HE3aBUCUMOCTH
MOCTYILJIEHUS BBI30BOB). B I€CTBUTENLHOCTH U30BITOUHASI HATPY3Ka OJHOW IPYIIIIBI
MOXET OBITh 00CITyK€Ha CBOOOHBIMU KaHAJIAaMU B JIpyro# rpyiie. TakuM 00pa3om,
TE€ KaHaJbl, KOTOPbIE BBEACHBI JIsl PUCIIOCOOJIEHUS K MMKOBBIM HAarpy3kam, HO
OOBIYHO OCTAIOTCSI CBOOOIHBIMHU, UCIIOJIb3YIOTCS Oosiee 3(pPEeKTUBHO, €CIIU HAarpy3Ka
coOupaercs B OJIHY IpyIlly. 9Ta 0COOEHHOCTD SIBJSETCS] OJHUM U3 MOTUBOB

13 kananos

20 KaHanos

a) - - 6)

Puc. 3. Cetb TepMHUHANOB JaHHBIX, paccMaTpuBaeMas B 3anaue No7:
a) — YEThIPE OTAENbHBIE IPYIIIBI; 0) — BCS HArpy3Ka KOHLUEHTPUPYETCS B
OJIHOM Tpyme

WHTETpaIlNK, Harpy3Ku peueBor nH(OpMAITUU U TaHHBIX B 0011el cetr. OO0ras
AKOHOMMUS 3aTpaT Ha Mepeiady OKa3bIBaeTCs HanboJee 3HaAYUTEIbHON, KOT1a
WHTEHCHUBHOCTH HArpy3KH OTJEIbHBIX UCTOYHUKOB Mautbl. CJie10BaTeIbHO, HMEHHO
nepudepuitHas 00JacTh CETH U3BJICYET HAMOOIBIITYIO BHITOTY TIPH KOHIICHTPAIIUN
Harpy3ku. bonee Bricokast, 3 (PEeKTUBHOCTD UCTIOJIH30BAHUS KAHAJIOB, TTOJTydaeMast
myTeM O0bEAMHEHUS HATPY3KH B OOJIBIIINE TPYIIBI, YaCTO HA3bIBACTCA
MPEUMYIIECTBOM IpyN OOJBIION eMKOCTH. ITa 3 (PEKTUBHOCTD SIBJISIETCS
OCHOBHOM MPUYMHON BBIOOpA UEPAPXUUECKUX KOMMYTAIIMOHHBIX CTPYKTYp. BmecTo
TOTO YTOOBI COEAUHSTH APYT C APYrOM OOJIBIIIOE YUCIIO Y3JIOB, CBA3BIBAS KAXKIYIO
napy my4ykaMu COeIMHUTENbHBIX TUHUN MaJoli eMKOCTH, SKOHOMUYECKHU OoJiee
BBITOJTHO COOMPATH BCIO HATPY3KY OT OTJEIbHBIX y3JI0B HA OAMH MYYOK JTUHUMI
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00JIBIIION €MKOCTH U HApaBIATh 3Ty HArPy3Ky depe3 TPaH3UTHBIN
KOMMYTalMOHHBIN y3ei. Puc. 4 conocTasisieT MOJHOCBI3HYIO CETh U
3B€37000pa3HYI0 CETh C IEHTPAJIbHBIM KOMMYTALIMOHHBIM y3JIOM B CEPEIUHE.

3AJAYA Ne8
YT0 Mpon30iAeT ¢ BEpOATHOCTSIMHU OJIOKMPOBKH B CXEMax pUC. 3,a U
3,0, paccMOTpeHHBIMH B 3ajaue Ne7, eciii HHTEHCUBHOCTb Harpy3KU
Bo3pacTaeT Ha 50%?

2) ' | 6)

Puc. 4. - TlpuMeHeHHe TPAaH3UTHBIX Y3JI0B JUTSI KOHIICHTPAI[MH HAIPY3KH:
a) — IMOJIHOCBSI3HAs CETh; 0) — 3BE374000pa3Hast CeTh

Pemenne. Eciii HHTEHCUBHOCTB HAarpy3KU KakKJA0W rpynibl Bo3pacTaer ¢ 2,2 1o 3,3
Opi, TO BEPOSITHOCTH OJIOKMPOBKH Ha CETH, TOKAa3aHHOM Ha pHC. 3,a, BO3pacTaeT ¢ 5
noutu 10 14%. YBennueHne MUHTEHCUBHOCTH Harpy3ku Ha 50% Ha certu,
MOKa3aHHOW Ha pucC. 3.8,0, .BBI3BIBACT BO3pPACTAHUE BEPOATHOCTH OJIOKUPOBKU HA
400% (¢ 5% no 20%).
3amaua Ne MILTIOCTpUPYET JIBa BAXKHBIX COOOPaKEHHU S, KOTOPHIE CIEIYET
YUYUTHIBATH MPU MPOEKTUPOBaHUU ceTu. Kak ObLI0 MoKka3aHo, BEPOSITHOCTD
OJIOKUPOBKH BEChbMa YYBCTBUTEIbHA K YBEJIMUCHUIO MHTCHCUBHOCTH HArPy3KH,
0COOEHHO KOTJIa KaHaJIbl CUJIBHO 3arpyeHbl. Takum o0pa3oM, MOCKOJIbKY B ITy4Kax
0O0JIBIIION EMKOCTH KaHAJIbl UCTIONB3YIOTCS OoJiee 2(pheKTUBHO, OHU OoJiee
YyBCTBUTEJILHBI K BO3PACTAHUIO HATPY3KH, YEM TPYIITa MyYKOB MEHBIIIEH EMKOCTH,
PACCUMTAHHBIX TaK, YTOOBI 0OECIIEUUTD TO K€ CaMOe KaueCTBO OOCTyKHMBaHMUS.
Kpome Toro, moTepsi 0fHOTO ¥ TOTO K€ MPOIIEHTa MTPOITYCKHON CITIOCOOHOCTH TP
nepeaade OKa3bIBaeT OOJIbIlIee BIUSHUAC HA TTOKA3aTeNId PaObOThI MyYKOB C OOJIBIION
€MKOCTBIO, YeM Ha TTOKA3aTeNI HECKOJIbKHUX MyYKOB C MaJIOM eMKOCThI0. B 00omx
CITyJasiX ysS3BUMOCTh ITyYKOB C OOJIBIIION €MKOCTBIO 00YCTIOBJIEHA TEM, YTO OHU
MMEIOT 3HAYUTEIIFHO MEHBIITUH 3arac MPOIyCKHOW CITOCOOHOCTH, YeM
COBOKYITHOCTb ITYYKOB C MaJIOl €eMKOCTBIO.
Brtopoii acniexT aHanmza 6JJOKUPOBKHU, TPOJIEMOHCTPUPOBAHHBIN B IPUMEPE,COCTOUT
B TOM, YTO PE3YyJIbTaThl BHIYUCICHUN CYIIIECTBEHHO 3aBUCST OT TOYHOCTH JaHHBIX 00
WHTEHCUBHOCTH, Harpy3ku. Kpome Toro, naxke eciiv nojay4yeHbl TOUYHBIC TaHHBIC
U3MEpPEHUN HAarpy3Ku, OHU He 00€CTeurnBalOT TOUYHBIX CBEJCHHUIN 00 YpOBHE
BO3MOXHOTO €€ nmpupocTa. Takum o0pa3oM, B IIOJHOM CMBICIIE CJIOBA JIUIIb C
OTpaHUYEHHOU CTEMEHbIO YBEPEHHOCTH MOKHO JIOBEPATH PE3yJIbTaTaM BhIUMCICHUN
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BEpOSTHOCTEH OJOKUPOBKU. OCHOBHOE 3HAYCHHE ITUX METOJIOB aHAJIN3a COCTOUT B
TOM, YTO OHH, TIO CYIIECTBY, MPEOCTABISIOT peAJIbHbIE CPEJICTBA JUIsl CPABHEHUS
Pa3IMYHBIX IO KOHPUTYpAIUK U eMKOCTH cetell. [Ipu 3aanHOM KauecTBe
oOcy>KUBaHUS CJeyeT BEIOUpATh UMEHHO TaKOM MPOEKT, KOTOPbIN OyIeT
HauOoJee 3¢ (HEKTUBHBIM 110 3aTpaTaM, JakKe €ClId CTATUCTUKA Harpy3KH SIBIISETCS
runoreTuyeckoi. Eciii ceTh moaBep:keHa 3HAaUUTENbHBIM KOJI€OaHUSIM WITH
OBICTPOMY POCTY Harpy3ku, TO Bce 3TH (aKTOPhI CIEAYET yUUTHIBATH MIPU
CpaBHEHUHU BapuaHTOB MpoekTa. CeTh C HECKOJIBKO OOJIbIIIeH HaYaIbHOU
CTOMMOCTBIO MOXKET OKa3aThCs MPEANOUYTUTEIbHEES, €CJTU OHA MOXKET OBITh JIETKO
COKpaIlleHa WU PaCIIUpeHa IS IPUCTIOCOOICHHSI K HEMPEIBUICHHBIM 00beMaM
Harpy3KH.
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HNPAKTHYECKOE 3AHATHUE Ne 4.,
Tema Ne IV, Cucmema ¢ noemopuvimu 6vl308amu

MeTtonpl, pa3paboTaHHBIE ISl CUCTEM C SIBHBIMH MOTEPSIMU, MOKHO
UCIIOJIb30BAaTh U B TEX CIy4asx, KOr/a 3a0JJ0OKMPOBaHHBIEC BHI30BHI HE MOTYyYalOT
oOcnyxuBaHusl. Bo MHOTHX CllydasiX B TAKMX CHUCTEMax 3a0JI0KMPOBAHHbBIE BHI30BbI
CTPEMSATCS BO3BPATUTHCS B CHCTEMY B BHJIE IOBTOPHBIX BBI30BOB. HekoTOphIMU
IpUMEPAMH TaKUX CUCTEM SBIISIFOTCS: CUCTEMbI aDOHEHTCKUX KOHIIEHTPATOPOB;
KOpIIOPaTUBHbBIEC COCTMHUTEINIbHBIC TMHUHA MEXAY Y TC U MydKu COeAUHUTEIbHBIX
muaui Y'TC; BRI30BBI, HAIIPABJICHHBIC K 3aHATHIM TeJIe(HOHHBIM HOMEPaM.

[TocTynupyroTCsi TpU OCHOBHBIX MTPEATIOI0KEHHUS, KACAIOIIUXCS PUPOIBI
MMOBTOPHBIX BHI30BOB:

1. Bce 3a0mokupoBaHHBIE BBI30BBI BO3BPAILAIOTCA B CUCTEMY U B KOHIE
KOHLIOB IOJIY4aroT 00CIIy>KMBaHUE, JaXke €CIIU JIJIsl ’TOr0 TPEOYIOTCS MHOTOKPATHBIE
MOBTOPHBIE MOTBITKH.

2. NurtepBansl BPEMEHU MEXKITY MOMEHTaMHU MOCTYTUICHUS
3a0JIOKUPOBAHHBIX BBI30BOB U TOBTOPHBIX TOMBITOK SIBISIOTCS CIIy4allHBIMH |
CTaTUCTUYECKU HE3aBUCHUMBIMU APYT OT JIPYTa.

3. Cucrema He ycTaHaBIIMBAaeT TpeOOBaHUS B ouepenpb (ouepeau HeT)—
ATO JIENIAl0T caMu a0OHEHTHI IyTeM HEMpEepBhIBHOIO Habopa Homepa. Jlomyckaercs,
YTO CHUCTEMA JIOCTUTaeT CTATUCTUYECKOTO PABHOBECHUS MPEKIE, YEM IOCTYyHaEeT
ITIOBTOPHBIN BBI30B.

OTH NPEAnoa0KEHUs BO BCEN CBOEH MOJHOTE XAPAKTEPU3YET HATPY3KY,
CO3/1aBa€MYy10 MMOBTOPHBIMHU BhI30BAMH, KAK CTATUCTUYECKU HEOTIUUYUMYIO OT
HArpy3Ku, CO3JaBa€MOM MEPBUYHBIMU BbI30BaMHU'. Clie10BaTEIbHO, MHTEHCUBHOCTD
3a0JJ0KMPOBAHHBIX BBI30BOB MOXKET OBITh MPOCTO CI0KEHA C MHTEHCUBHOCTBIO
MEPBUYHBIX BHI30BOB.

PaccMmoTpum cuctemy ¢ mocTymnaromuM Ha Hero Tenerpadukom A. Eciu
6nokupyetcsi B% BbI30BOB, TO Ha BTOPOM 3Tare Npou3oiaeT BA MOBTOPHBIX
nonbITOK. OJTHAKO M3 ATUX MOBTOPHBIX BBI30BOB B% OyneT BHOBH 3a0JI0KUPOBAHO.
[Iponmomxkast 5T paccy AeHUs, MOKHO ONPEICTUThH OOITYI0 HHTEHCUBHOCTh
MOCTYIUIEHUS BbI30BOB A' [TOCIIE TOTO, KaK CUCTEMA JIOCTUTIIA CTATUCTUYECKOTO
paBHOBECHUS, B BUJIe OECKOHEYHOTO pAJIa:

A’'= A+A-B+A-B*+ A-B*+ A-B* + AB*+ ---=A/(1-B),

rae B — BepoaTHOCTh OJIOKMPOBKH, MOTYYEHHAs [0 METOy pacyeTa
CHUCTEMBI C SBHBIMU MOTEPSAMU NP HHTCHCUBHOCTH MOCTyNAIOIICH HAarpy3ku A.

[TonyyeHHO€ ypaBHEHUE CBA3BIBACT MOCTynaromui Tenerpadux A’
BKJTFOYAIOIINI ¥ TIOBTOPHBIE BBI3OBHI, C TeJleTpapukoM A MEpPBUYHBIX BHI30OBOB U
BEPOSITHOCTHIO OJIOKUPOBKHU BBHI30BOB. TakKM 00pa3oM, 3TO COOTHOIIEHHUE HE JIaeT
cpencTBa Jis mpsiMoro onpezaenenns A’ win B, MOCKOIbKY KaXkaas U3 3TUX
BEJIMYMH BBIpAXaeTcs 0JlHa uepe3 Apyryro. OIHAKO KeTaeMblil pe3yJIbTaT MOKHO
MOJIYYUTh MyTEM UTEpAUi YpaBHEHHUS 1JI1 CUCTEMBI C SIBHBIMU noTepsiMu. CHaudana
omnpenelsieM olieHKY B, ucnonb3ys A, a 3arem BeruucisieM A'. [lanee ucnonszyem A’
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JUTSl IOJTyYEHUs HOBOTO 3HaueHus B u yrounenHoro 3Hauenust A'. IIpogomxaem
TaKUM 00pa3oM JI0 TeX MOp, MOKa He MOJIyYHUM UCKOMBIX 3HaueHuil A' u B.

3AJTAYA N9

KakoBa BeposITHOCTb OJIOKUPOBKH MyYKa COSUHUTEIBHBIX JIMHUM, CBSI3bIBAIOIINX
VYTC c ueHTpanbHO# CTaHIKEN, IPYU EMKOCTH ITydka 10 KaHaI0B U MHTEHCUBHOCTHU
nocrynaroiiei Harpy3ku 7 Opn? KakoBa BeposITHOCTb OJIOKMPOBKH, €CIIA YUCIIO
KaHaJI0B yBenuuuBaercs 10 13?7 [IpuaumMaeM, 4To XapakTep MOBTOPHBIX MOIBITOK
IUTSl BCEX OJIOKMPOBAHHBIX BBI30OBOB CIIYYAHBIM.

Pemenne. MoXHO NpeON0XKUTh, YTO HHTEHCUBHOCTh HArpy3KH, paBHYIO 7 Dpil,
co3iaet 60JbInoe unciao aboHeHTCKuX yecTaHoBOK Y TC. Takum o6pasom,
MOATBEPKIAETCS TPABOMEPHOCTD UCIIOJIB30BAHUS METO/AA JIJIsl OECKOHEUHO
00JBIIOrO YKca UICTOYHUKOB. BeposiTHOCTh O5oKupoBKU paBHa §%. Takum
o0pa3oM, CyMMapHasi HHTEHCUBHOCTb ITOCTYTAIOIIECH HArpy3KH, BKIIOYast
MOBTOPHBIE MOMBITKU, TpUMEpHO paBHa 7,60p:. [Ipu N=10 u A=73p1 BeposSsTHOCTh
OJIOKMPOBKH CUCTEMBI C SIBHBIMU TIoTepsiMu paBHa 10% cornacHo Tabu 3.1
[Tpunoxenus. Eme ase urepanuu 3ppexkTHBHO 00€CceuynBaroT CXOAUMOCTh IIpU
A=8 Dpn u B=12%. Ecnu uucio nuHuil B myuke yBenuuuBaercs 10 13, To
BEPOSITHOCTh OJIOKMPOBKHU CUCTEMBI C SBHBIMH MOTEpsiMU paBHa 1,5%. Takum
o0Opa3oM, niepBasi anmpoOKCUMAaIUsl UHTEHCUBHOCTH HArpy3KH ¢ Y4€TOM IMOBTOPHBIX
BbI30BOB paBHa 7/0,985=7,1 Dpn. CnegoBaTeabHO, BEPOSTHOCTH OJIOKUPOBKH,
BKJIFOYAsl BCIO HArpy3Ky C Y4€TOM MMOBTOPHBIX BHI30BOB, YBEITUUMBAETCS JIUIIIb
HE3HAYUTEILHO OTHOCUTEIBHO 1,5%.

Tema Ne V. Cucmema c coxpanenuem 3a010KUpOGAHHBIX 66130806

JucuunianHy 00Ciy>KMBaHUsI C COXpaHEHUEM 3a0JJIOKUPOBAHHBIX BbI30BOB
(C3B) cnenyeT oTau4aTh Kak OT AUCIHHUILUIUHGI C iBHBIMU niotepsimu (A11), Tak u oT
JTUCLMILTUHBI 00CTYKUBAHUS C OKHUIAHUEM.

B otnnuue ot Il B cucreme C3B ucTouHUK MpoaomKaeT TpeboBaTh
00CITy’KMBaHUSI HE3aBUCUMO OT TOT0, UIMEET JIM CUCTEeMa CBOOOIHBIM
oOcTyKMBaIOUINH, MpruOop uiau HeT. Eciiu B TeueHue Toro npoMexyTka BpeMEHH,
KOTI'J1a UCTOYHHK TpeOyeT 00CIyKUBaHUs, OCBOOOXKAaeTCsl Kakon-1100 npudop, To
OH Cpa3y K€ 3aHUMAaeTCs JaHHBIM HCTOYHUKOM BBI30BA U TEM CaMBIM JIEJIAET €r0
HEJOCTYIHBIM JIJIsl APYTUX UCTOUHUKOB BBI30BOB /10 TOTO MOMEHTA, 10 KOTOPOTO
IPOJI0KANIOCh OBl 00CITY>KUBaHUE €r0 CUCTEMOM, €CJIM ObI BHI30B OBLI €10
00CTy’>KE€H HEMEJIJIEHHO MPH €ro nocTyreHuu. Ciaeayer OTMETUTh, YUTO B CUCTEME C
C3B Bce 1000cyKeHHbIE BBI30BBI CUMTAIOTCS OTEPSAHHBIMU. OHAKO B OTIMYHE OT
cucteMsl ¢ Il B cucteme ¢ C3B Bpemst 00CTyKUBaHUsI TIOTEPSHHBIX BEI30BOB HE
PaBHO HYJIIO.

C apyroii croponsl, aucuuiinHy C3B cienyer oTindarh OT 0OBIYHON
JUCUUIUIMHBI ¢ O)kuaHueM. OTIMYHE COCTOUT B TOM, UTO B MTOCJIETHEM CIIy4ae
MCTOYHUK BBI30BOB HAUYMHAET 0OCITYKUBATHCS CITYCTS KAKOE-TO BPEMs 0XKUIaHUS,
P 3TOM TOJIy4aeT B CBOE paCHOPsKEHHE CBOOOHBIN MPUOOp U HAUMHAET
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nepenady uHbopmanuu. IMEHHO ¢ ’TOTO MOMEHTA HAYMHAET OTCUUTHIBATHCS BPEMS
oOcny>kuBaHUs BbI30Ba. B oTiimuune ot 3Toro B cucreMe COB BpeMst 00CTyKuBaHUS
HAYMHAET OTCYUTHIBATHCS C MOMEHTA MTOCTYIUICHUS BbI30BA B CUCTEMY HE3ABUCHUMO
OT TOTO, UMEET JIU OHA B JaHHBI MOMEHT CBOOOIHBIN U IOCTYITHBIN JTAHHOMY
MCTOYHHUKY OOCITY>KMBAIOIUNA TPUOOP HIIK HE UMEET.

3ATAYA Nel0

KakoBa BEpOSITHOCTh KIIMIIUPOBAHUA (YACTUYHOM NIOTEPU CUTHAJIOB
peun) pedeBoro curnana B cucteme TASI mpu 10 ucTouyHUKAX U TATH
ka"ayiax? KakoBa BEpOATHOCTh KJMIIIpOBaHus B ciyyae 100
uctouyHuKoB U 50 kananoB? IIpumeM k03P IUITUEHT aKTUBHOCTHU
Ka)XZ10T0 roBopsero pasHeim 0,4.

Pemenue. B nepBom citydae BEpOATHOCTb KIUIIITUPOBAHUS MOKHO ONPEIEIUTh, KaK
BEPOSATHOCTH TOTO, YTO MATh WIH 00JIe€ HCTOUHUKOB 3aHSTHI IPU IIyaCCOHOBCKOM
IPOLIECCE CO CPETHUM YHUCIIOM 3aHSTHIX oO0cTykuBaronux rnpudopos A=0,4x10=4.
BeposTHOCTh KIMNNIUPOBaHMS paBHA

© © 42 43 45

D P@)=1-Y P@#) =1-¢"|l+4+—+—+...+— =037

pr o 21 3 5!
[Tpu Hamruuu 100 HCTOYHUKOB CpeiHee Ynuciio 3aHAThIX kaHaaoB A=0,4x100=40.
PedeBoil cerMeHT KIMMMUPYETCsl, KOT/Ia B OJTHO U TO K€ BPEMSI OKaXKyTCs
akTuBHBIMH 50 nim 6osee kaHanoB. TakuM 00pa3oM, BEPOSITHOCTh KIIUMIUPOBAHUS
MOYXHO OMPENICTUTD CIETYIOUM 00pa3oM:

50
BeposATHOCTh KIMIIMPOBAHUS = 1— P, €0 =0,04
i=0
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HNPAKTHYECKOE 3AHATHE Ne 5
Tema \V. Pacnpeoenenue nazpy3xu 6 nojiHo00cnynHom nyuke uz N qunuii 6
cucmeme c nomepamu. Pacnpeodenenue Inecema.

HOCKOHBKy BXOIIHOﬁ IIOTOK COXPAaHACT OMHOMUAJILHOE pacipcaciCHuc,

Q(x) _Cy p* A-p"™ _Ci
PEKYPPEHTHOE COOTHOIIICHHE Q(x-1) C ,\);l—l LA )M C &—1 q

MONPEKHEMY TPUMEHUMO, HEOOXO0IUMO JIMIIb MPH MOJCYETE apamerpa q
YUYUTBHIBATh NTOTEpHU B Iyuke ICJI KOHEUHON €MKOCTH.

HoBoe 3Hauenue mapamerpa q=t.,/f, 1erko packpbITh, UCTIOIB3Ys OYEBUIHOE
cootHomeHune: M—Y=Af,, umeromee mecto B CMO ¢ sIBHBIMH IIOTEPSMH, KOT1A
BBI3OBBI, MOJYUYUBIITUE OTKA3, BEIOBIBAIOT U3 CUCTEMbI. CTPYKTYpa MPOXOKICHUS
BXOZHOTO ITOTOKA yepe3 KommyTanmonHoe nose CMO noka3ana Ha puc. 5.

A=A t.
L N
IToTOK OT aKTHBHBIX HCTOYHHUKOB |—
N > Y =A(l-B)
RN
IToTOK OT CBOGOIHBIX HCTOYHUKOB
- 7
M-Y=A- fCp

Puc. 5. — IIpoxoxxaeHue noTokoB Harpy3ku yepe3 KC

I/IMCIOT MCCTO CHCI[YIOIHI/IG OYCBUIAHBIC COOTHOIIICHUA:
q= t0p A Mp 1Y

f  M-Y M-Mp(l-B) 1-p(1-B)

p
rae B — BeposTHOCTh OJIOKHPOBKH BHI30BA.
Hcnonwiys cootHomienue (19), 3anuieM pekyppeHTHBIHN psii:
Cu
Q@) ZC—O‘Q'Q(O),
M

(19)

Cu .2 Cy .3
Q(Z):C—o'q -Q(0), Q(3)=C—0'q -Q(0)
M M
Y Tak Jajnee, 4To 00beauHsIeTCs 001l hopMynon
C X
QM) = o 4" Q0). (20)
M
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N
[Toacrasisis (20) B ycioBre HOPMUPOBKHU Z Q(z) =1, nomyuum uckomoe

z=0
pacrpeeieHue
CX . X
Q) =M, (21)
> Cu-d’
Z=0

Ha3bIBAEMOE PACTIPEIECICHUEM JHICETA.

JI1st cucTeM ¢ KOHEYHBIM YHCJIOM UCTOYHUKOB JTONIOJHUTEIBHO K IIOHSTHIO
IIOTEPH 110 BBI30BAaM BBOJUTCS ITOHATHE NIOTEPh 10 BpeMeHu. [lorepu no BpeMeHn
PaBHBI J10JI€ BPEMEHU OTHOCUTEIBHO BEJIMYMHBI BCETO KOHTPOIUPYEMOTO
IIPOMEXYTKA BPEMEHU, B TeueHHne KOTopor Bce N nmHui mydka JCJI 3aHsTHI:

P.(N)=Q(N).

Ecau M—00, morepu 1o BpEMEHH paBHBI OTEPSM IO BBI30BaAM
(6nokupoBke). Jls cucteMbl ¢ KOHEYHBIM M MPOLIEHT OJIOKUPYEMBIX BBI30BOB
MEHBIIE, YTO BBI3BAHO YMEHBIIIEHNEM HHTEHCUBHOCTH ITOCTYIUICHHS BBI30BOB I10
Mepe TOro, KaK YHUCJIO 3aHATHIX HCTOYHUKOB YBEJIMUNBACTCS:

B<Q(N).

[ToTepu o BpeMeHU ONPENENSIOT BEPOSITHOCT TOTO, YTO BCE JIMHUM 3aHATHI;
JOJIKEH TIOCTYIIUTh BBI30B, YTOOBI Mpou3oluia oiokupoBka. [Toatomy B
(BeposITHOCTDH OJIOKUPOBKH BBI3030BOB) €CTh OMACHOE BPEMSI B CUCTEME C YUCIIOM
MCTOYHHUKOB, YMCHBIIICHHBIM Ha enuHuily (M—1):

Cui-q"

N z YA
2.Cu1d
Z2=0

PesynbTaThl pacueToB no ¢opmyie (22) amas HEKOTOPHIX BEJIMYMH TapaMETPOB
A u N cBegensl B Ta6i. 3.2 (ITIPUJIOXEHUE 2).

Cornacho (21), BenuurHa BepOsITHOCTH OJIOKMPOBKH B 3aBucUT OT mapamerpa g,
KOTOPBIH, B CBOIO OU€peb €CTh (PYHKIIUS OT BEJIMYMHBI B, 4T0 mocTynnpoBaHo
BBIIIIE.

3ATAYA Nell

['pynma aboHEHTOB MOCHIIAET TPEOOBAHUS HA YCTAHOBIICHUE
COEIMHEHHSI C THTEHCUBHOCTBIO ISITh BEI30BOB B YaC C OJHOTO
TesneoHHOro anmnapara (BKJIto4yasi BXOSIINE U UCXOASIINE BbI30BHI).
[Tpunumast cperHee BpeMsi 00CITy>KMBaHHsI BbI30Ba PaBHBIM 4 MUH,
ONpENEINM, KAKOBA CPEIHSS HHTEHCUBHOCTD MOCTYIUIEHUS BBI30BOB OT
OJTHOT'O CBOOOIHOTO NCTOYHMKA. Kakoe 4iciio aDOHEHTOB MOKHO
HNOJKIIIOUUTH uepe3 12-KkaHaJIbHbII KOHLIEHTPATOP (MYJIBTUILIEKCODP),
€CJIM MAaKCUMaJIbHO JOIyCTUMasl BEPOSITHOCTh OJIOKUPOBKU paBHa 1%?

B = GM—]. = (22)
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Pemenne. Tak xak kakaplii aDOHEHT aKTUBEH B TeueHue 20 MUH KaKI0r0 4aca, TO
HHTCHCUBHOCTD MOCTYIIJICHUS BBI30BOB OT CBOOOIHBIX HCTOYHHMKOB A = 5/40 = 0,125
BbI30BOB B MUHYTY. [locTynaromas Harpy3ka oT M UCTOYHUKOB B MPEIOIOKEHUH,
YTO BCsl Harpy3ka oociyxuBaercs, pasHa 0,33 M. Takum oOpa3om, clieryeT HauTH
u3 1abi. 3.2 camoe 6osbiioe M, Takoe, uTo0s! 0,33M ObLI0 MEHBIIIE WU PAaBHO
MaKCHUMaJIbHOMY 3HAaY€HUIO MocTynarouiei Harpy3ku npu B=1% u N=12.
Nurepnionupys, momydaem st M=21, uro 12 npubopoB MoryT o0cimyx uth 7,11
Opn npu B=1%. [lockonbky nocrymnaroniasi Harpy3ka pasHa 21x0,33 = 6,93, to 21
UCTOYHUK — TpuemiieMoe peuienue. Ecnu nogkmouaercs 22 UCTOYHUKA, TO
NoCTYyMarolas Harpyska 7,26 Opi Goubliie, uem 3HaueHue 7,04 Dpi, moayyaeMoe
yTeM UHTEPIOJISIIUY MO Tabu. 3.2 B KauecTBe MaKCUMAaJIbHOTO 3HAYEHUS
nocrynaroiien Harpy3ku npu B=1%.
3AJJAYA Nel2
OnpenenuM BepOSITHOCTh KIUMIUPOBAHUS (YJACTUYHOU MTOTEPU
cur"asioB peun) cucteMbl TASI. B atoMm ciyuae, ogHako, He00X0IUMO
HCITOJTB30BaTh (HOPMYJTy pacdeTa JIJTi CUCTEMBI C COXpaHEHHUEM
3a0JIOKHPOBAHHBIX BBI30BOB MIPU KOHEYHOM YHCJIC HCTOYHHKOB.
Pemenune. B aTom mpuMepe paccMaTprBaeM TOJIBKO BEPOSITHOCTH TOTO, 9TO B
TEYEHHE HEKOTOPOTO MIEPHO/Ia BpEMEHH aKTUBHAS PEeUb KIHUIIITAPYETCS 10 TEX 0P,
MMOKa He CTAHOBUTCS JOCTYIHBIM KaHal. TakuMm o0Opa3oM, ypaBHCHHE

M-1 _1-
Bn=>C, ., pn (]__ p)M " rae By- BEPOSITHOCTH OJIOKMPOBKH MPU COXPAHEHUHU
n=N

3a0JI0KMPOBAHHBIX BbI30BOB, paBHAs! BEPOSITHOCTU TOTO, UTO BBI30B 3aCTAET B
cucteme Apyrue N unum 6oJiee BEI30BOB, AAET KEJIAEMbI OTBET IPU HCIOJIb30BAHUU
B KaU€CTBE 3HAYCHMS MMOCTYMAIONICH OT OJJHOTO UCTOYHMKA Harpy3ku p=0,4. B
IIEPBOM cllydae Npu Hanudnuu 10 HCTOYHUKOB U ISATH KaHAJIOB

9
B, =>CiQA7€,6 " =027.

n=5
Bo Bropom ciyuae nipu 100 ucroununkax u 50 o0cayKuBaroux npuoopax

99
B, =Y Cpr0470,67" =0,023.

n=50
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INPAKTUYECKOE 3AHSTUE Ne 6
Tema Ne V1. Cucmema c oxcuoanuem
Knaccugpuxayusn /I.I. Kenoanna

Jliist yriporeHus onucanust KOHKpeTHbIX cucteM J[.I'. Kennanmom 6611
HPEeJIOKEH U MIMPOKO UCTIONb3YETCs KIACCH(PHUKATOP, COCTABICHHBIN U3
OYKBEHHBIX COKPAILICHUN, XapaKTEPU3YIOLNX PA3IMYHbIE CBOMCTBA MapaMeTPOB
CMO. Ha puc. 6. mokazan paclIMpeHHbIN BapuaHT opmarta Kiraccupukaropa.

[Tpu onmcanuu cucTem, coepKaluX JU00 HEOTPAaHUICHHYIO JJIMHY OYepeu
(mocnenHsa nmo3uIMs KiaccudukaTopa), 1100 HEOTpaHNUEHHBIE KaK JITUHY
ouYepeiu, TaK M YUCIIO HICTOYHUKOB (JBE MOCJIEIHNE TO3UINH Kllaccu(uKaTropa),
yKa3aHHbIE OJHY WJI JBE MO3UIUHU KiIacCu(UKaTopa OOBIYHO UCKITIOYAIOT.
[Ipumepom cokpanieHHOro popMaTa MOXKET MOCTYKUTh ONMCAaHUE TpapHuKa B IUHE
Ethernet Buna M/M/1, 4To 03HaYaeT cUCTEMY C TyaCCOHOBCKUM BXOJHBIM
OTOKOM, OTPULIATEIbHBIM 3KCIIOHEHIIUAIbHBIM PaCIpeieICHUEM BPEMEHU
OKUJAHUSI U OTHUM OOCITYKUBAIOLUIUM IPUOOPOM.

XapaKkTepruCTUKHN BXOJISAIIETO G: Pacnpenenenue obmiero Buaa (Ipou3BOIHHOE)
MOTOKA M: IlyaccoHOBCKOE pacmpenencHue
Pacnpenenenue BpeMeHU G: Pacnpenenenue oOriero Buia (Ipou3BOILHOE)
00CITy)KUBaHUS »IM: OTpunarenbHOe SJKCIOHEHIIMATBHOE PACIPE.
D: INocrostnHOE BpeMst 00CTyKUBaHUS

Yucio o0CmyKUBAKOIINUX
prudOpoB ='|N: OrpaHu4eHHOE YHCIIO

Yucno ucrounnkoB —pfM: OrpaHu4eHHOE YHCII0
4: HeorpaHnueHHOE YHCIIO

Jlimna ouepern — )L : OrpannueHHas 1inHa
4: HeorpanuueHHas JJIMHA

P
<«
&
<«
P

<

—
<«

1/2/3/4/'5
Puc. 6. — O6o3navenus, npunsateie B CMO ¢ oxuanuem

VIIl. Mooenv Ipnanca M/M/N

[Tpumem cornacHo 3.4.6.1 cienyroniue UCXOIHbIE TOMYIICHUS:

1) KOMMYTaIIMOHHOE YCTPOUCTBO MMeeT N JIMHUH U TIOTHOJOCTYITHO,
2) TIOTOK TpeOOBaHMIA TyaCCOHOBCKUHN C MHTCHCUBHOCTBIO A,

3) MIMTENLHOCTU 3aHATHH paclpeleieHbl SKCIOHEHIIMAILHO CO CPEIHUM
BPEMEHEM t,
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4) oxuparomuye TpeOOBaHUS OOCITYKHBAIOTCS B MOPSAKE MOCTYIICHHS
(mucrummuaa F.1LF.O.),

5) A<N, 9T00BI OUEpeIb HE pociia 10 OECKOHEYHOCTH.

[Ipy NpUHATHIX TOMYIIEHUSIX UCXOIHBIE TaHHbIE (10 aHAJIOTUU C MOJIEIBIO
OpnaHra Juisi CACTEMBI ¢ TOTEPSAMH ) IPUOOPETAIOT BU/L:

1) x=0,1,2,...,.N,N+1,...,00;

2) ecin X<N, TO 3aHSTO X JIMHUI, HO OUEPEIN OKUIAHHS HET;

3) ecmn x>N, 1o 3aHAT0 N JmHUA W (X—N) 3agBOK HaAXOAATCS B OYepEAH
0XKHUJIaHUS;

4) WHTCHCUBHOCTH:

A= A+X, 0 <X <N-1,

A= A+N, X >N; (23)

5) BEpOSITHOCTH MEPEXOIOB CUCTEMBI U3 COCTOSIHUSL Z B IPYTUE COCTOSIHUS:

P(z,z+t1) =A/Az, 0<z<N,

P(z,z-1) =z/Az;, 0<z<N, (24)

P(z, x) =0, z>N;

6) cucTeMbl TMHEWHBIX YPAaBHEHUH COCTOSHUM 3aHATOCTH:

}‘fx'Q(X) = szi'P(ZhX)'Q(Zi)’ zeZ;
2Q(x) =1, xeZ

Haiinem pelieHust cucteMbl ypaBHEHUH IJIs1 pa3IuvHbIX 001acTen
CyILLIECTBOBAHUS NTIEPEMEHHOM X:

a) mst 0 <X <N:

2:=X-1, Az=A+x-1, P(z1,X)=P(x-1,X)=Al/Az1,

2,=X+1, An=A+x+1, P(z2,,X)=P(x+1,X)=2/Az ;
IIOCJIE TTOJICTAHOBKHU HAWJIEHHBIX 3aBUCUMOCTEN B CUCTEMY YPABHEHUN COCTOSIHUS
3aHATOCTH MOJYYUM PEKYPPCUTHYIO 3aBUCUMOCTb:

(A+x)-Q(X)=A-Q(x-1)+(x+1)-Q(x+1),
JAOILYIO IS Pa3JIMYHbIX X:
st x=0  A-Q(0)=Q(2),
x=1  (A+1)-Q(1) = A-Q(0)+2Q(2) mm A-Q(1) = 2Q(2),
X=2 (A+2)-Q(2) = A-Q(1)+3Q(3) mmm A-Q(2) = 3Q(3), (25)

x=N-1 (A+N-1)-Q(N-1)=A-Q(N-2)+N-Q(N) mmm A-Q(N-1)=N-Q(N).

Pe3ynpTaToMm Takoro npeacTaBiaeHUs], BO-TIEPBBIX, CIIYKUT 3HAYUTEILHOE
YIIPOLIEHHE UCXOAHOTO PEKYPPEHTHOIO COOTHOIIEHUS
A-Q(X)=x-Q(x+1).
Bo-BTOpBIX, MOSABISETCS BO3MOKHOCTh 3aIMMCaTh 001y (GOpMyITy IS
moboro 0 < x <N
Q()=(A"/x1)-Q(0). (26)
B-Tperbux, HaliIeHHass PEKYPPEHTHOCTh NO3BOJISIET PACIIPOCTPAHUTD
pe3yabTar Ha ciydait Xx=N, uTo cienyet u3 (25):
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Q(N)=(A/N)-Q(N-1)=(A"/N1)-Q(0) ; (27)
0) st obmactr X > N cipaBeNIMBO paBEHCTBO A,—A+N, 4TO MO3BOJIIET
OTIPEICTTUTH MEPEXOAHBIC BEPOSATHOCTH:
I 21=X—1, 7L21=A+N, P(Zl,x)=P(X—1,X)=Nk21,
I ZZ=X+1, 7\,22=A+N, P(Zg,X)zp(X+1,X)=N/7LZQ.
[loncTaHOBKA HAWICHHBIX BEJIMYUH B CUCTEMY YPABHEHUN COCTOSTHUS
3aHATOCTU JAET PEKYPPEHTHOE COOTHOIICHUE:
(A+N)-Q(x)=A-Q(x+1)+N-Q(x+1),
ynpomiaeMoe 10 hOpMBbI:
A-Q(x)=N-Q(x+1),
1 TIO3BOJISIONIEE 3alK1CcaTh 00IIYI0 POPMYITy BEPOSITHOCTH COCTOSIHUS 3aHSTOCTH B
BUJIE:
Q(X)=(A/N)™-Q(N), (28)
e Q(N)= (A/NI)-Q(0).
Takum 00pa3om, eTMHCTBEHHON HEM3BECTHOM BEIMUMHOMN B hopmyrax (26) u
(28) ocraercsa Benmnuuna Q(0). HaliTu ee mo3BosiseT ycioBre HOPMUPOBKHU:

0 N AX N AN
ZQ(X)=1=Z—,'Q(O) Z ( -Q(0) =

x=0 x=0 X: x=N+1 (29)

~ N Ax AN 0 Ax AN+1
=00 (X T 2y =Q0)- o N =)

HOCHGI[H@G paB€HCTBO IMO3BOJIACT 3allCAaTh PE3YJIbTAT B BUJIC!:

N AX AN +1 -1
Q)= > —+
“xt NKN-A)
Takum obpazom, popmyisl (26), (28), (29) NOJHOCTHIO OMUCHIBAIOT
BEPOSITHOCTb COCTOSIHUSI 3aHATOCTH B CUCTEME C OKUJAHUEM.
OpHako MOJyYEeHHBIN pe3ysIbTaT Majlo MPUroJeH Ha MpakThke. st cucteMbl
C o4epeas MU ONPEAEISAIONIYIO POJIb UTPAET HE CTOJIBKO 3HAHUE BEPOATHOCTH
COCTOSIHUSI, CKOJIBKO 3HaHHE BPEMEHHU OXKUJAHUS.
CpenHee BpeMsi 0KMIaHUSI MOXKET OBITh OMPEICIEHO KaK MaTeMaTHYECKOe
0’KUJAHHUE CIIyYaHON BEJIMYUHBI «BPEMS OKUIAHUS D

t = Tt W () dt, (30)

rae W(t) — IIIoTHOCTh BEPOSTHOCTU CIy4ailHON BETUYUHEI t.

Takxum oOpa3om, 3a1a4a CBOAUTCS K MOMCKAaM 3aKOHA paclpeaesieHus
BPEMEHH OXKHJIaHUS B CUCTEME.

B teopun ouepenen 3TOT 3aKOH ONPEAEISIETCS B HECTAaHAAPTHOM,
JOTIOHSOMIEH, (hopme:
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P(>t) =1 - F(t), (31)

rne P(>t) — BeposITHOCTB TOTO, YTO MOCTyNHBIIEE TPeOOBaHUE OYIET OXKUIATH
t

00CITy)KUBaHWs B TEYEHUE BPEMEHH, OOJIBIIETO BEMMUUHEI t, F(t) = IW (tH)dt -
—a0
MHTETPATbHBIN 3aKOH pacTpeiesieHus (BEPOATHOCTh TOTO, YTO BPEMs OXKHUTAHUS HE
NPEBBIIIACT BETUYHHY t.
Pacnpenenenue (31) MoxeT ObITh MOTYyUYEHO 110 (HOpMYJIe MTOTHOMN
BEPOSATHOCTH JUISI TFOOOTO BO3HUKAIOIIETO TPEOOBAHMUS:

PG = Y. QX)-Pu(>), (32)

x=N

X—N
rme  Py(>t)= D P\
k=0

Benuunna Py(>t) uMeeT cMbIC YCIIOBHOM BEPOSITHOCTH TOTO, UTO BPEMS
OKUJaHUsI 0OCTYKUBaHUS AJI1 HEKOTOPOTO TpeOOBaHUS C MOPSIKOBBIM HOMEPOM
(x+1) okaxxetcs OosblIe BEIUYUHBI «t» IPU YCIOBUH, YTO TpeOOBaHHUE 3aCTAET PH
CBOEM MOsiBJIeHUH X = N OoJiee paHHUX, a CJIEJ0BATENIbHO, 00JIee IPUOPUTETHBIX
BBI30BOB, (X—N) U3 KOTOPBIX OPraHU30BaHbl B ouepensb ¢ qucuuruinHoi F.ILF.O.

3nech BenuunHa Py(A't) 03HauaeT BepOATHOCTH TOTO, YTO 3a BpeMs t
3aBepiarcsa k BEI30BOB (CEaHCOB CBSI3H):

P (A't) = (T(—t) , (33)

rae A' = N /tcp — gacTora o0CTyKUBaHUS TPEOOBAHMIA ITyaCCOHOBCKOTO BXOJHOTO
MMOTOKA B CUCTEME C OXKUJAHUEM TIPH TTOJTHOCTHIO 3aJCHCTBOBAHHON €MKOCTH TTy4YKa
DCJI (x 2 N).

[TpousBoas rneMeHnTapHbie nercTBUs Hall (32) Mo mepecTaHOBKE ONEpaIivii
CYMMHPOBAHHUS U yTqueHI/Ho ux HpeI[eJIOB HpI/IXOI[I/IM K cnez[yfomeMy pe3yibTarTy:

P>1) = ZQ(X) Z P (A1) = Z P (A1) ZQ(X)
x=N x=N+k
[Tocne moacTaHOBKM COOTHOIIEHUH (28) 1 (33) B [NOJIyYECHHBIA pE3yJIbTaT

dbopmyna st BeIarcIeHus mapamerpa P(>t) mpuobperaert Bu:

Xx—N
P(>t)=Q(N)-e Z(ﬂ“ 2 Z ( j |
k=0
CBepThIBas GECKOHEYHO YOBIBAIOILYIO reOMeTqueCKon IPOTPECCHUIO U
YUHTHIBas paHee BBEIEHHOE 0603HadeHHe A =N/t,, OKOHYATETHEHO MPUXOIUM K
COOTHOULICHHIO:
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P>t)=P(>0)-e * (34)
N

rie P(>0)=——-Q(N) — BepositHOCTb O3kHM1aHKs (BEPOATHOCTD HATHYHSL
N-A
odepeid Ha 00CTyKUBaHKUEC);

P(>t) — BeposATHOCTB TOTO, YTO BPeMsI O’KUJAHUS B OYCPEIH TIPEBBICUT
BCIUYHUHY t.

BepostHocts P(>0) npencrasisier co00ii BecbMa BaXHbII MapaMeTp,
XapakTepu3yromui cuctemy ¢ oxxunanueMm. C yuetom cooTHoieHu (28), (29)
dbopmyna nis Berarcienus P(>0) npuHuMaeT BUa, U3BECTHBIN B TEOPUU
tenerpaduka kak Bropas Gpopmyna Ipnanra (C-bopmyna DpianHra):

P(>0)=E,\(A)=C= N-Eyy (A , (35)
’ N-A-1-E n(A)
rie Eq n(A) — mepBast popmyna Dpnanra aist cuctemsl ¢ morepsimu (14), Tak
Ha3bIiBaeMasi B-dopmyna.

®opmyna (35) WLTIOCTPUPYET KIACCUUECKOE OINPEAETICHIE BEPOSITHOCTU
cOOBITUA «HaIM4YKe ouepean». OnpeeseHne COOTBETCTBYET MOJIEIH CUCTEMBI €
HOTEPSIMU, aICKBATHOM cUCTEME C 0XKHUIaHUEM IO OCHOBHBIM IapaMeTpaM, HO 0e3
ouepenei. B Takol cucteme npy BEIUYMHE NOCTYNAIOMIEH HATPY3KU A U EMKOCTH
nyuka 9CJI KoOMMyTaMOHHOM CUCTEMBI paBHOW N, MMEETCS BEPOATHOCTD
osokupoBkH BenmnunHOM B = E; N(A). OOcaykeHHbIN Tpa@uK MOJACUUTHIBAETCS MO
bopmyne Y ==A-(1-B).

MakcumanbHbIN TOTOK, KOTOPBIA MOKET OOCITYKUTh KOMMYTaIlMOHHAS
cuctema u3z N DCJI, paBen N Dpi. Pazauia (N-Y) cocTaBisieT Kak Obl
MaKCHUMAaJIbHBIN Pe3epB KOMMYTAITMOHHOW CHCTEMBI, MIO3BOJISIONICH €if 00eCieunTh
OOBSIBJICHHBIE CPEHECTATUCTUYECKUE TAPAMETPHI.

Hanuuue B cucteme ouepenn 03HayaeT anpuopH, YTO eMKOCTh
KOMMYTallMOHHOM CHUCTEMBI YK€ UCII0Ib30BaHa MaKCUMalbHO. B TakoMm citydae
ouepenb GopMUPYETCs 3a CUET U30BITOYHOTO MOTOKA, paBHOro (N-B). Ota Benuuuna
JaeT KOJMYECTBO, 01aronpusiTHOE COOBITHIO «HATHYNE Ouepean» (YMCIUTENb
dbopmyst (35)). KonmnyaecTBo ke, COOTBETCTBYIOIIEE BCEM BO3MOKHBIM
KOMOWHAIIUSM COCTaBIISIONINX TTOTOKA (3HaMeHaTesb popMyiibl (35)), onpenensiercs
BEJIMYMHOMN pe3epBa KOMMyTalMOHHOU cucTeMbl (N—Y).YpaBHenue (34)
OTIpe/IeIIsieT BEPOSATHOCTD TOTO, YTO BHI30B, MIOCTYIAONINHN B CIIy4allHO BBIOPAHHBIHI
MOMEHT BpEMeHH, 0xkuaaeT He Oonee t/t,, nmurensHOCTEl 00CTyXuBanus. Ha puc.
3.6 mpeacTaBiieHO cooTHoIIeHue (34) B BUJIe MPOMYCKHOU CIIOCOOHOCTH
Pa3IMYHOTO YKciia OOCITYKUBAOIIMX YCTPOUCTB KakK (DYHKIIMH I0ITyCTUMOTO
BpeMeHHU oxxunanus. J{yis 3aqaHHoM HOpMBI BpeMeHH oxuaanus Ui, Ha puc.7, a
MHTEHCUBHOCTh Harpy3Kl MakCUMaJIbHa, €CJIM HOPMa OKUJIaHus OyJIeT MpeBbIIIeHA
TOJbKO 111 10% mocTymnaromux BbI30BOB.
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Puc. 7. [IponyckHas CIOCOOHOCTH CHUCTEMBI C
OXKHUJAHUEM C  HECKOIbKMMH  OOCITYXHBAIOIIUMHU
npudopamu B ciaydJae SKCIIOHECHIIHAJIbHOIO
pacnpeneneHus JUINTEIbHOCTU 00CITY K1 BaHUSL:

a — BEpPOSATHOCTb OXKHIaHUs CBbIIe BpeMenu (, p(>t) = 10%;
0 — BEPOSTHOCTH OXKUIAHUS CBBIIIe BpeMenu (, P(>t) =1%

AHanoOruyHoO Ha puc. 7,0 THTEHCUBHOCTh Harpy3Ky MakCUMallbHa, €CIIH
HOpPMa 0’KHMJIaHMS OKa3bIBAETCS MPEBBIIICHHON TOJIbKO 1S 1% mocTynaroumx
BBI3OBOB. 3ameTuM, 4yTo npu p(>0) ==0,01 cuctembl 00CTyKMBaHUS HE JOCTUTAIOT
CBOEH MaKCHUMaJIbHOM MPOITYCKHOM CITIOCOOHOCTH, €CIIU TOJBKO JOIYCTUMOE BpeMs
OKMJIaHMsI HE OKa3bIBACTCS B HECKOJBKO Pa3 Oonbmie, ueM fg, .

Cornacuo ¢opmynam (31), (34), pactipenenieHre BpEeMEHH 0KHTaHUS
npuoOpeTaeT BU/I:

N-A
FO=1-PL0e ® 150

) )
) PHO)-(N-A)
W(t): (> )( )_e t

tp

! 36
* >0 (36)
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Takxum oOpa3om, pacrpeneneHue BpeMeH! OKuAaHus uMeeT GopMy, OJIU3KYIO
K KJIJACCUYECKOU IKCIOHEHIIMAIbHON W(t)=oc-e*°"t C MHTEHCUBHOCTBIO, paBHOM (N—
A)lte,.
Cpennee Bpems oxxuganus onpenenum mo Gopmyie (30):
© PO (N-A) o PO
f,=t e @ dt= @
0

A R @)

W
cp
Bemuuny t,= te/(N-A), Bxoasmyto B popmyist (36), (37), MOXKHO
TPAaKTOBATh KaK CpeJHEe BpeMs PEeObIBaHMsI 3asBOK B OUEPEIU TIPU YCPEAHCHUN
TOJIBKO CPEIU 3aIBOK, HAXOISIINXCS B OYEPEIIH.
B cBoto ouepens BenumunHa f, peamonaraer ycpenenue cpe/iy moirHOro

aHcaMOJIs1 3asBOK:

t,=P(>0)-t,,

tC
roe t, = (N _pA) . (38)
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MNPAKTUYECKOE 3AHSITHUE Ne 7
Tema Ne N|. Cucmema c oxncudoanuem
Jjist ydiiero MOHMMAaHMSI CMBICIIa BBEJICHHBIX TTApaMETPOB IIPOaHATH3HPYEM
dbopmyny (38). Jlyist aTOrO0 HaiiieM BeIUUHUHY, OOPaTHYIO t:
1 N A

t t t

w cp cp
Hepr,HHO 3aMCTHUTDh, YTO JAHHOC PABCHCTBO MHTCPIIPCTUPYCTCA KAK
KOM6I/IHaHI/IH TpECX UHTEHCUBHOCTEM:

A
¢ A =— —4acToTa NOCTYIICHHUS BbI30BOB,
cp

1
e 1, =- —4aCTOTa PacCACHIBAHUS OUYEPE/IH,
w
. N
e A'= o A + A, —4acrora o6cyKUBaHHUS.
cp

YMHOXast 00e 4acTu MOTYyYeHHOTo paBeHCTBa A'=A+A,, Ha t,, MOIy4YuM:
- _ _
A, =41, +4,1,
Benuuuny (A-{, ) HA3pIBAIOT €MKOCTBIO HAKOIIUTEIS BHI30BOB MII CPETHEN
JUTMHOW OYEepe/In:

|:ﬂ,.t‘wzﬂ,.t‘w-P(>0):At'tW.P(>0). (39)
cp
Cnaraemoe (A f,) paBHO BeposTHOCTH oxkunanus P(>0):
- t.-PCO0
2, = 2P0 _pg) (0
tW
Takum 00pa3om, BBITIOJIHICTCS COOTHOIIICHHE:

24, =P(>0)+. (41)

Cpennee Bpems IpeObIBaHUS TPEOOBAHUS B CUCTEME JICTKO BBIYHCIIUTD,
CYMMHUPYS BpeMsl 0KUIAaHUA t, U CpelHEE BpeMsl 00CITY>KUBaHUS tep:

P(>0)
N _ A)' (42)

thp =t 1t =t - L+

A:x'tcp N:Q\/'tcp
Aspn ——» FLFO.—» Nopxn

M—>o0 (N-A) = Aw-tep N ac

Puc. 8. — Monaens — wimtocTpaiiust cooTHoteHus (38)
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Cpennee uncio TpeOOBaHUM, HAXOSIINXCS B CUCTEME, BEIYHUCIICTCS 110
Teopeme JIUTTIa 1 paBHO CyMMe TTOCTYTAIOMIETo TeneTpaduka U CpeTHei IITUHBI
ouepeu:

msz/l-tnp=|+A (43)

B ciydae Hagu4ms B CUCTEME SAMHCTBEHHOTO O0CTYKHUBAOIIETO Iprbopa
(N=1; ognonmuneitnas CMQO) UMEIOT MECTO CIEAYIOIIUE COOTHOIICHMUS:

A
P(>0) = A, (44, a)
2
A
I = -, )
1A (44,06)
_ A
tW:th.l—A’ (44, 6)
tc
tnp zﬁ’ (44!2)
A
= 44
m, =2 (44,0)
3ATAUA Nel3

[Tygox u3 10 coeAMHUTENLHBIX JIMHUI 00CTyXuBaeT Harpy3ky 10 Dpi.
[Tonaras, uto cpeaHee Bpemsi 00CIy>KUBaHUSI OTHOTO COOOIIECHUS
paBHO 90 cexyH, a 1onmycTUMas NPOI0HKUTEIBHOCTD OXKUIAHUS
00CITy’>KUBaHUS COCTABISAET 12 C., BRIUUCIUTH BCE OCHOBHBIE
rapaMeTphbl CUCTEMbI: BEPOSATHOCTh HATMYMS OUEPEIU; CPeHEE BpeMs
00CITy’KUBaHUS MTPU YCPEIHEHUH KaK MO BCEMY aHCaMOJII0
MOCTYMUBIIKUX TPEOOBAHUM, TaK U TIPU YCPETHEHUU TOJIBKO CPEIU
3a51BOK, HAXOJAIMXCS B OUEPEAU; BEPOSATHOCTh OKUIAHUS B OUEPEIU B
TEYCHUU BPEMEHH, OOJIbIIIE JOMYCTUMOTO, a TaKXKe JJIMHY OYePEIH U
KOJIMYECTBO TpeOOBaHMIA Ha 0OCITYy)KHBAaHUE, OJTHOBPEMEHHO
HaXOJSIIUXCSl B CHCTEME.

Pewenue. T1o Tabnune Dpnanra (tadm. 3.1, [Ipunoxenne 1) Haxogum
E10(5)=0,0184.

Ortcroaa, cornacHo (40) P(>0)=0,031. [Ipumensis (38), nerko Haiitu t,=18 c, uto

no3BossieT Berauciuth {,=0,65 ¢ npu ucnons3oBanuu (37). @opmyna (34) naér

BO3MOXHOCTh BRIUUCIUTE P(>12)=0,0185. [InuHa ouepenu Haxonutcs mo hopmyiie
(39): 1=0,036 mecT oxxuaanHus, a KOIMYECTBO TPEOOBAHMIA HA 0OCTYKHBAHHE,
OJTHOBPEMEHHO HaXOJIAINXCSA B CUCTEME corslacHO TeopeMe JIuTTia cormacHo (43)
paBHO Ms=5,036 TpeOOBaHUIA.
3AJTAYA Nel4
CeTb KOMMYTalLIMU COOOIIEHUH TOKHA OBITh CIIPOCKTHPOBAHA TAKUM
o0OpazoM, 9ToObI 00ecieunTh 95%-HOE UCTIOTB30BAHNE CBOUX JIMHUM
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nepenaun. [Ipeamonaras, 4To IIUHBI COOOIEHUI TTOTYUHSIIOTCS

AKCIIOHEHIIUAILHOMY PacIpe/iesIeHUI0, @ UHTEHCUBHOCTD UX

nocTyrieHus: coctanisieT 10 cooOiiennii B MUHYTY, ONIpEAeIIUM

CpelHee BpeMs OKUIaHUS U BEPOSATHOCTh OKUJIAHUS CBBIIIE 5 MUH.
Pemenue. [Tpennonoxkum, 4To B CE€TH KOMMYTAIIUK COOOIICHUN MEXITY KaXKI0M
napoy y3j710B UMEETCS OTJICIbHBIN KaHal CBs3U. TakuM 00pa3oM, UMEETCsl OJJUH
oOcny>kuBarouil mpuOOp U OTAENbHASI OYepelb K KaXA0M JTUHUM nepenadyn. Tak
KaK TI0 YCJIOBHIO BEPOSITHOCTh P A0HKHA ObITh paBHa 0,96, a 4 coctaBmsieT 10
BBI30BOB B MUHYTY, TO CPEIHIOIO JUIUTEIBHOCTh OOCTYKUBAHUS MOKHO OIPEIEIIHUTh
Kak t., = 0,95/10= 0,095 mun. Cpennee BpeMsi okugaHus (HE BKIIIOUYasi BpEeMsi
o0OCTy>KUBaHUS) JIETKO OMPEIEIUTh 0 (hopmyIie

ty = p(>0)t,,/<N — A) = 0,95 0,095/(1—0,95) = 1,805 muH.

Ucnonbiys ypaBHeHue (9.25), MOXKHO ONpEeACTUTh BEPOSTHOCTb OKUIAHUS CBBIIIE 5
MUH

p(>5) — 0,95 e-(1-0,95) 5/0,095: 0,068.

Takum o6pazom, 6,8% coobiieHul 3a1epKUBAIOTCS B ouepean 0osiee, 4em Ha 5
MUH.

3AJIAUU 111 CAMOCTOSTEJBHOM PABOTHBI

1. [ly4oK COeTMHUTENBHBIX JIMHUN OT leHTpaJibHOU cTaHiuu K Y TC conepxur
yeTblpe JuHUU. Eciau cpeaHsss IUTENBHOCTh pa3roBopa paBHA 3 MHH, a
MHTEHCUBHOCTH noctynatonierd B YHH narpy3ku paBHa 2 Dpii, onpenenure:

1) uHTEHCHBHOCTbH MOCTYIIEHUS BbI30BOB B UHH;

2) BEpOATHOCTb TOrO, YTO JBa BbI30BA MOCTYISAT B CUCTEMY MEHee, 4YeM 3a
1 ¢

3) BeposATHOCTh HOTEPh B CHUCTEME, Ipenrojiaras, 4ro oHa paboTaeT B pexHUME C
SBHBIMU NIOTEPSIMU:

4) TOTEpsSHHYIO Harpy3Ky;

5) om0 BpeMeHH, B TEUEHUE KOTOPOTO MCIOIb3yeTCa YeTBepTas JIMHUS (IPUMUTE,
YTO HCIOJIB3YETCS YIOPSAAOYEHHOE HCKAHHUE).

2. Jluaua mnepemaun T1 wucnonedyercss anst oOCHTyKUBaHUS HarpysKw,
NOCTYNAIOWIEH OT YAAIEHHOTO KOHIIEHTPATOpa Ha LIEHTPAJIbHYIO CTaHIHI0. CKOIBKO
a0OHEHTOB, co3garolmux Harpy3ky Kaxapid no 10CCS, Moxer o00CITyKuTh
koHueHTparop npu 0,5%-Hoit OnokupoBke. CpaBHUTE pe3yabTaTbl IS Clayyas
KOHEYHOT'0 M OECKOHEYHOT0 OOJIBIIIOT0 YKCIa HCTOYHUKOB.

Ipumeuanue: CCS-anomepnamuenan eounuya usmepenus meiempagpuka:
1 9pa1 =36 CCS (reKToCeKyHI03aHATHII B Yac).

3. Cpennsisa Harpyska B UHH, coznaBaemass MeKCTaHIIMOHHBIM OOMEHOM JIBYX
KOMMYTallMOHHBIX cTaHLUW, paBHa 20 Opi. [IycTs HEMOCpeICTBEHHAS CBA3b MEXKY
STUMHU CTAHLUSIMH OCYLIECTBISIETCS MO 24 KaHajnaM OJHOW JimHuUK nepenaun T1.
KakoBa n30biTounas narpy3ka B UHH?
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4. VYuypexpaeHueckas TeneQOHHAas CTaHIMSA, B KOTOpyK BkmoueHbl 200
aOOHEHTCKMX YCTPOWCTB, CBSi3aHa C CEThIO OOIIEr0 TOJb30BaHUSA  IISATHIO
COEIMHUTEIbHBIMU JINHUSMH.

KakoBa BeposiITHOCTh OJIOKMPOBKH, €CIIM KaxKJass a0OHEHTCKasl yCTAHOBKA B TEUCHHUE
BOCBMHYACOBOTO pabOYEro JHS BKIFOYACTCS /IS MPUEMa TPEX BHEIIHUX BBHI30BOB CO
CpellHEeN IMTETbHOCTHIO 3aHATUS 2 MUH Kaxabii? [IpumuTte, 4to 3a0J0KMpOBAaHHbBIE
CUCTEMOI BBI30BBI BO3BpAIAIOTCS B BHUJIE CIy4YalHbIX MOBTOPHBIX BBI30BOB. KakoBa
nocrynatomias Harpy3ka? KakoBa HeMme/jieHHast Harpy3ka?

5. CkonbKo MOPTOB BBOJAA (BBIBOJA), BHI3BIBAEMBIX MYTEM Habopa HOMEpa,
JIOJI’KEH UMETh BBIYMCIUTENBHBIN IIEHTP, 4T0O0bI 00ciTykuBath 40 moyip3oBaresneil npu
OTPAaHUYEHUU BEPOATHOCTU OJNOKUPOBKU 10 5%? Ilpumure, dYTO KaKabIi
MOJIb30BATEIIb CO3JAET B CPEIHEM YETHIPE BBI30BA B JIEHb CO CPEIHEN JIIUTEIBHOCTHIO
ceanca 30 MuH. Eciii Tpu moJib30BaTENsl OCTAIOTCS COEAMHEHHBIMU C LIEHTPOM LIEJIBIN
JIEHb, TO KAKOBO Ka4ECTBO OOCITYKUBaHUSI OCTAIbHBIX 37 MOJIb30BATECH?

6. 24-xaHaNBHBIA TYYOK pa3/eisieTCsl Ha JBa Iydyka 10 12 OJHOCTOPOHHUX
COCJIMHUTEIBHBIX JIMHUN B KaJ0M HampapiieHud. (OJHOCTOPOHHSISI COSTMHUTEIbHAS
JUHUS — 3TO TaKas JMHUS, KOTOpas MOXKET OBITh 3aHATa TOJBKO C OJHOTO KOHIIA.)
KakoBa MHTEHCHBHOCTh HArpy3KH B 3pJlaHrax, KOTOPYIO MOXKET OOCIYKHTh 3Ta
cuctema npu 0,5%-Hoit 6110kupoBKe? Kakyro HHTEHCUBHOCTh HAarpy3Kd B 3pJiaHTax
MOXXET OOCIY)XHTh CHCTEMa, €CiIu Bce 24 COCIMHUTCIBbHBIC JIMHUM —
neyctoporHue? (To ecTh kaxaas COCAMHHWTENbHAS JIMHHUS MOXKET OBITh 3aHsiTa C
J1000T0 KOHIIA. )

7. Crnenyromume cratuctudeckue ganaeie B Tedenne YHH ot 10 go 11 9 yrpa
HOJIY4EHbI B pe3yJbTaTe HAOMOACHUS Hajl 32-KaHAJbHBIM ITyYKOM MEKCTaHLIMOHHBIX
COEIMHUTEIbHBIX JINHUAM:

[lonenensHnk BropHuk Cpena Yersepr [IaTHNIA
20 Opn 19 Opn 22 Opn 19 Opn 30 Opn
KakoBa oOmiast BeposiTHOCTh OJOKMpOBKH? KakoBa BepOSTHOCTH OJIOKMPOBKU B
teyenue Toro xe YHH, ecnu ycpennuts exxeTHeBHbIE KOeOaHus?

8. M3MepeHusi Harpy3kd Ha Iydke coequHuTeNbHbIX JuHUA or YTC k
LEHTPAJIbHOM CTAaHUWHU MMOKA3bIBAIOT, UTO B TEYEHUE Yaca, KOT/1a OTMEUYaeTcs camasi
Oojblllass B TEUeHUE [JHS Harpyska, JuHUM wucnoib3ytotess Ha 80%. Kakosa
BEPOSITHOCTh OJIOKUPOBKH, €CIM IyYOK COACPKUT & COCAMHUTENIbHBIX JIMHUNA U
npearnonaraeTcsi, 4ro 3a0JOKUpPOBaHHBIE BBI30BHI HE Bo3BpariaroTcs? CKOIbKO
COCIMHUTEbHBIX JIMHUA HYXHO J100aBUTh, YTOOBI JIOCTUYb BEPOSTHOCTHU
OJIOKMPOBKH, HE TIpeBbImIaroniei 5%?

9. TloBropute 3amauy 3.23, mpeamonaras, 4YTO OJIOKHPOBAHHBIC BBHI3OBBI
BO3BpAIIAIOTCS B (popMe CTydailHBIX TOBTOPHBIX BHI30BOB.

39



10. HeOonpmoit paiioH, oxBateiBaromuidi 400 aOOHEHTOB, JOJHKEH
0o0CITy’>KUBAaThCsl BHYTPUPAHOHHOM  aBTOMATHYECKOW Tele(OHHON  CTaHIUEH.
[IpumuTe, yTO CpenHsst Harpy3ka oT ogHoro aboneHta pasHa 0,1 Dpa. Kpome Toro,
npumuTe, 4To 20% BBHI30BOB SBJISIIOTCS MECTHBIMH (BHYTPHUPAlOHHBIMH) BBI30BAMH,
a 80% BBI3OBOB — TpPaH3UTHBIMHU (K OOCTYXHUBAIOIEH IEHTPAIbHON CTAHIIUH).
KakoBa WHTEHCMBHOCTP Harpy3KM B D3pJaHrax, TM[OCTYyHAKwIIE Ha MY4OK
COCAMHUTEIBHBIX JIMHAUM OT AaBTOMATUYECKOW BHYTPUPAWOHHOW CTaHIHUH K
HeHTpallbHOM cTaHUUKU? CKOJBbKO COCIUHUTENIbHBIX JIMHUN HYKHO HUMETh IS
oOcyKuBaHUs TpaH3UTHOU Harpy3ku mpu 0,5%-Ho# O6s10KupoBKE?

11. J{ns paiioHa, omyMcaHHOrO B 3ajade 3.25, onpenesuTe YUCIo KaHaJIoB
KOHIIEHTpAaTOpa, TpeOyeMbIX B cillydae, KOrja KOMMYTAaIMsl MECTHBIX BBI30BOB
OCYIIECTBIISIETCSI HE JIOKAJIbHO, 4 MPOU3BOAUTCS IMPOCTO UX KOHICHTPALUs C
MOMOIIFI0 Aa00HEHTCKUX MHOTOKAHAIBLHBIX CUCTEM MEepeaaud U KOMMYyTallus Ha
LIEHTPAJIbHOU CTAHIIUH.

12. TloBTOopuTe 3amaun 3.25 u 3.26 mis ciyyasi, koraa 80% BO3HUKAIOIINX
BBI30BOB — BHYTpUpailoHHbIE, a 20% — TpaH3UTHEIE.

13. I'pynma u3 BoCchbMH yAald€HHBIX (PEPMEPCKUX JTIOMOB OOCIYKUBAETCS
YETHIPbMS JIMHUSMU CBsI3U. [lycTh Kaxkiasi U3 BOCBbMH CeMEM HCHOJIB3yEeT CBOU
tenedonHple anmapatel B TedeHue 10% YHH; cpaBHuTe BeposATHOCTH
OJIOKMPOBKH CIIEYIONIUX KOHPUTYPAITUA:

1) deThlpe NIWHHUM KOJUJICKTUBHOTO IIOJIb30BAaHUS C JBYMsI aO0OHEHTCKUMU
YCTaHOBKaMH Ha KaXIYIO;
2) cuctema ¢ KoHIleHTpaiuei 8 : 4.

14. VYupexaeHueckas tenedoHHas CTaHIS obecrneynBaeT
dbopMupoBaHUE OYEpeIr W OOpaTHBIA aBTOMATHYECKHUW BBI3OB IS JOCTyMa K
HUCXOIAIIMM JTUHUAM MexayropogHout cBa3zu AMTC. Eciu B wac noctynaet 20
TpeOboBaHWI Ha ycTaHoOBJeHHE cBs3u 1o JuHusIM WATS u ecnu cpemnss
MPOJIOIKUTEIIBHOCTh Pa3roBopa paBHAa 3 MHUH, CKOJBKO HYKHO UMETh JUHUU
AMTC, atobns1 obecnieunTs BpeMsi oxuganus st 90% TpeOoBaHUl MEHBIIE
lu?

15. IIpomeccop pacmnomnaraer 50% cBoero BpeMeHU s 0OCTYKHBaHUS
TpeboBanuii. Ecnu kaxmaoe TpeboBanue 3anumaeT S0Mc BpemeHn oOpaOOTKH, TO
KaKylH0 MHTEHCHUBHOCTbH MOCTYIUICHUS BBI30BOB MOKHO JIOMYCTHTh, KOTJIa TOJIBKO
1 % TtpeboBanuii Ha OOCHYyXMBaHHE 3aJcpKUBaeTCs Oojpine, yem Ha 1 c?
[TpumuTe, uTo Bpems mpoiieccopa pazouTo Ha S00-MUTITUCEKYHIHbIE BPEMEHHBIE
uHTepBaikI (T. €. 500 Mc oTBOIUTCS Ha 00Pa0OTKY BBI30BOB, a cieaytommue 500 mc
Ha BCIIOMOTaTeJIbHBIE OTIEPaIliU U T. 11.).

16. I'pynma u3 100 KCTOYHUKOB MOCHIJIAET COOOIICHUS C IKCITOHESHITNATBLHO
pacrpefeNieHHbBIMU JJIMHAMUA 10 JIMHUU C TMPOIYyCKHOW crocoOHocThio 1200
out/c. Cpennsis nnuHa cooOmieHus paBHa 200 OuTam, BKIIOYash 3arojOBOK, H
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KOXIbI HCTOYHUK TOCHUIAET OMHO cooOmenue kaxaeie 20 c. YmpasieHue
JOCTYIIOM K JIMHUM OCYIICCTBISCTCS MyTeM KOHIIGHTpalluM Ha OCHOBE
KOMMYTAIlMd  COOOIIEHWM ¢ HEOTpaHWUEHHOW odepenpio. Ompenenure
CIIETYIONIME TTOKa3aTeNu:

1) BepOATHOCTH BXOXKJICHHUS B OUepe/ib;

2) cpemHee BpeMs OKHAAHUS B OUE€PEaU JJIs BCEX MOCTYMAIOIINX BHI30BOB;

3) BepOSATHOCTH MPEOBIBAHUS B oUepeau 0ojiee OJHONU CEKYH/IbI;

4) ucnoJib30BaHUE JIUHUU Mepeaayu.
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[MTPMJIOXXEHME 1

Ta6rauua 3.1 MakcHMa/IbHAA HHTEHCHBHOCTb MOCTYNAIOUICH HATPY3KM B 3aBHCHMOCTH
: orBupnN*

0.01 0,05 0.1 0.5 1,0 2 5 10 15 20 30 &0

Nt

i .o0o01 .0005 ,001 ,005 .010 ,020 .053 .111 .176 .250 429 ,667
2 .ol% .032 .06 L,105 .153 .223 ,3B1 .595 ,796 1.00 1,45 2,00
3 L087 152 .19% 340 .455 ,602 .899 1.27 1.60 1.93 2,63 3.48
b .235 ,362 439 ,701 .869 1,09 1,62 2.05 2.50 2.95 3.89 5.02
5 Mhs52 640 762 1.13 1.36 1,66 2,22 2.88 345 4.01 5,10 6.60
"6 .728 .996 1.15 1.62 1.91 2.28 2.96 3.76 444 5,11 6,51 8,19
7 1:05 1.39 10% 2.16 2.50 2-% 3.7“' 4-67 5-% 6.23 7.86 9|80
B 1.42 1,83 2.05 2,73 3.13 3.63 4,54 5,60 6.50 7.37 9.21 114
9 1.83 2-30 2.56 3-33 3.78 u.% 5-3? 6055 7-55 8052 1006 13-0
11 2.72 3.33 3.65 4L.61 5.16 5.8 7.08 8,49 9,69 10.9 13.3 16.3
12 3.21 3.88 4.23 5.28 5.88 6,61 7.95 9,47 10.8 12.0 14,7 18,0
13 3.71 L4.45 4,83 5,96 6.61 740 B8.83 10.5 11.9 13.2 16.1 19.6
i 4.2k 5,03 5.45 6.66 7.35 8.20 9,73 1i.5 13.0 .4 17.5 21.2
15 4,78 5,63 6.08 7.38 8.11 9.01 10.6 12.5 14,1 15.6 18.9 22.9
16 5.34+ 6,25 6.72 8.10 8.88 9.83 11,5 13.5 15.2 16.8 20.3 2k.5
17 5.91 6.8 7.38 8.83 9.65 10.7 12.5 14.5 16.3 18.0 21.7 26.2
18 6.50 7.52 B.05 9.58 10.4 11.5 13.4 15.5 17.4 19.2 23.1 27.8
19 7.09 8.17 8,72 10.3 11,2 12.3 14,3 16.6 18.5 20.4 24.5 29,5
20 7.70 8.83 9.1 11.1 12,0 13.2 15,2 17.6 19.6 21.6 25.9 31.2
21 8,32 9.5 10.1 11,9 12.8 14,0 16.2 18.7 20.8 22.8 27.3 32.8
22 8.95 10,2 10.8 12,6 13.7 14,9 17,1 19,7 21,9 24.1 28.7 34.5
23 9,58 10.9 1i1.5 13.4 4.5 15.8 18,1 20.7 23.0 25.3 130.1 36.1
2k 10.2 11.6 12,2 4.2 15.3 16.6 19.0 21.8 24,2 26.5 31.6 37.8
25 10.9 12.3 13.0 16.0 16.1 17.5 20,0 22.8 25.3 27.7 33.0 39.4
26 11,5 13,0 13.7 15.8 17.0 18.4 20.9 23.9 26.4 28,9 W.bh 41,1
27 12.2 13,7 144 16,6 17,8 19,3 21,9 24.9 27,6 30.2 35.8 42.8
28 12,9 1.4 15.2 17.4 18B.6 20,2 22,9 26.0 28.7 31.4 37.2 444
29 13.6 15.1 15.9 18,2 19.5 21.0 23.8 27.1 29.9 32.6 3B.6 46,1
30 14.2 15,9 16.7 19,0 20.3 21.9 24.8 28.1 31.0 33.8 40.0 &47.7
31 14,9 16.6 17.4 19,9 21,2 22,8 25.8 29.2 32.1 35.1 41,5 49.4
32 1s5.6 17.3 18,2 20.7 22.0 23.7 26,7 30.2 33.3 36,3 42.9 51.4
33 16.3 18.1 19,0 2i.5 22.9 24.6 27.7 31.3 3.4 37.5 44,3 52.7
3 17.0 18,8 19,7 22.3 23.8 25.5 28.7 32.4 35.6 38.8 45.7 .4
35 17.8 19.6 20.5 23.2 24.6 264 29.7 33.4 36.7 W40.0 47.1 56.0
3% 18,5 20.3 21.3 24,0 25,5 27.3 .30.7 H.5 37.9 41.2 uB8.6 57.7
37 19.2 21,1 22,1 24,8 26.4 28.3 31.6 35.6 39.0 42.4 50.0 59.%
38 19,9 21.9 22.9 25,7 27.3 29.2 32.86 3.6 40.2 43.7 s51.4 61,0
39 20,6 22.6 23.7 26.5 28.1 30.1 33.6 37.7 41.3 L4.9 52,8 62.7
Lo 21,4 23,4 244 27.4 29.0 31.0 3.6 38,8 42,5 46,1 4.2 O4.4
b4 22,1 24,2 25.2 28.2 29.9 31.9 35.6 39.9 43.6 47.4 55,7 6€6.0
42 22,8 25,0 26.0 29,1 30.8 32.8 36.6 40.9 44.8 48.6 57.1 67.7
43 23,6 25,7 26,8 29,9 31.7 33.8 37.6 42,0 45.9 49.9 58.5 69.3
M 24.3 26.5 2?-6 30;8 32.5 34‘? 38-6 bsci 4?-1 51.1 59'9 ?110
ks 25,1 27,3 28.4 31.7 33.4 35.6 39.6 44,2 48,2 52,3 61.3 72.7
ué 25-8 28.1 29.3 3205 %03 36-5 uorj “'5‘2 49'4 53‘6 62'8 ?“l3
47 26,6 28,9 30,1 33.4 35,2 37.5 41.5 46.3 50.6 4.8 64.2 76.0
L’a 2?03 29-7 30'9 %.2 36!1 38.4 l*215 47.4 51.? 5600 65'6 ?7!?
49 28,1 30.5 31,7 35.1 37.0 39.3 43.5 48.5 52.9 57.3 67.0 79.3
50 28.9 31.3 32.5 36,0 37.9 40.3 44,5 49,6 s54.0 58,3 68.5 81,0

|

* N — uncno o6CyKHBAIOLIMX TPUOOPOB; LM(pPbl BBEPXY KOJIOHOK [OKA3HIBAKOT Be-
POAITHOCTH TIOTEpL B, %,



Okouuanue Tadn 3.1

.01 0,05 0.1 0.5 1.0 2 5 10 15 20 30 40
%1 29.6 32.1 33.3 36.9 38.8 41.2 45.5 50.6 55.2 59.7 69.9 82.7
52 30.4 32,9 3.2 37.7 39.7 42.1 46,5 51.7 56.3 61.0 71.3 84.3
53 31,2 33.7 35.0 38.6 40,6 43.1 47.5 52.8 57.5 62.2 72.7 86,0
s 31.9 .5 35.8 39.5 4i.5 44,0 48.5 53.9 5B.7 €3.5 74,2 87.6
55 32,7 35,3 36.6 40.4 42,4 44,9 49,5 55,0 59.8 64.7 75.6 89.3
56 33,5 36.1 37,5 41,2 43.3 45.9 50.5 56.1 61,0 65.9 77.0 91,0
57 3,3 36,9 38.3 42,1 44.2 u46.8 61.5 67.1 62,1 67.7 78.4 92.6
58 35,1 37.8 39.1 43.0 45.1 47,8 62,6 68,2 63.3 68.4 79.8 94.3
59 35,8 38,6 40,0 43,9 46,0 4B.7 53.6 59.3 64.5 69.7 81,3 96.0
60 36.6 39.4 40.8 44,8 u46,9 49,6 54,6 60.4 65,6 70,9 82,7 97.6
61 37.4 40.2 41,6 45,6 47,9 50.6 55.6 61,5 66.8 72,1 84.1 99.3
62 38,2 41.0 42,5 46,5 48.8 51.5 56.6 -62.,6 68,0 73,4 85,5 101,
63 39.0 41.9 43,3 47.4 49,7 52,5 57.6 63.7 69.1 74.6 87.0 103,
64 39.8 42,7 L4.2 48,3 50.6 53.4 58.6 64.8 70.3 75.9 88.4 104,
65 40,6 43.5 45,0 49.2 51,5 sh.4 59,6 65.8 71.4 77.1 89.8 106.
66 L1.4 44,4 45,8 50.1 52.4 55.3 60.6 66.9 72,6 78,3 91,2 108,
67 L2,z 45,2 46,7 51.0 53.4 56.3 61,6 68.0 73.8 79.6 92,7 109,
68 43.0 46.0 47.5 51.9 54.3 57.2 62.6 69.1 74.9 B0.8 9.1 111,
69 43,8 46,8 48,4 52,8 55,2 58.2 63,7 70,2 76,1 82,1 95,5 113,
70 44,6 47,7 49,2 53.7 56,1 59.1 64.7 71.3 77.3 83.3 96.9 114,
71 45,4 48,5 50.1 S4.6 57.0 60.1 65,7 72.4 78.4 84.6 98.4 116,
72 46,2 49,4 50,9 55.5 58.0 61,0 66,7 73.5 79.6 85.8 99,8 118,
73 47.0 50.2 51.8 56.4 58,9 62,0 67,7 74.6 80,8 87.0 101, 119,
7% 47.8 51,0 52,7 57.3 59.8 62,9 68,7 75.6 81,9 88,3 103, 121,
75 48.6 51.9 53.6 58.2 60,7 63.9 69.7 76.7 83.1 89,5 104, 123,
76 49.4 52,7 S4.4 59,1 61.7 6&4.9 70.8 77,8 84,2 90.8 105. 124,
?7 50,2 53,6 55.2 60,0 62,6 65,8 71.8 78.9 85.4 92,0 107. 126,
78 51.1 544 56,1 60,9 63.5 66.8 72.8 B80.0 86,6 93.3 108, 128,
79 51.9 55.3 56.9 61.8 64.4 67,7 73.8 81,1 87,7 o4.5 110, 129.
80 52,7 56.1 57.8 62,7 65.4 68.7 74.8 82.2 88,9 95,7 111, 131,
81 53.5 56.9 58.7 63.6 66,3 69.6 75,8 83.3 90.1 97.0 113, 133.
82 54.3 57.8 59.5 64,5 67.2 70,6 76,9 844 91,2 98,2 114, 1%,
83 55.1 58,6 60,4 65,4 68,2 71,6 77.9 85.5 92,4 99,5 115, 136.
84 56.0 59.5 61.3 66.3 69,1 72.5 78,9 86.6 93.6 101, 117. 138,
85 56.8 60.4 62,1 67,2 70.0 73.5 79.9 87.7 9.7 102, 118. 139,
86 s57.6 61.2 63,0 68.1 70,9 74.5 80.9 88,8 95.9 103. 120, 141,
87 58.4 62,1 63,9 69.0 71,9 75.4 82,0 89.9 97,1 104, 121, 1413,
88 59.3 62.9 64.7 69.9 72.8 76.4 83.0 91,0 98.2 106. 123, 14,
89 60,1 63.8 65.6 70.8 73,7 77.3 84.0 92,1 99.4 107. 124, 146,
90 60.9 64,6 66,5 71,8 74,7 78.3 85,0 93,1 101. 108, 126, 148,
91 61.8 65.5 67.4 72,7 75.6 79.3 86.0 9%.2 102, 109, 127. 149,
92 62.6 66.3 68,2 73.6 76.6 80,2 87.1 95,3 103, 111. 128, 151,
93 63.4 67.2 69.1 745 77.5 81.2 B88.1 96.4 104, 112, 130, 153,
9% 6h.2 68,1 70.0 75.% 7B.4 82,2 89,1 97,5 105. 113, 131. 154,
95 65.1 68.9 70.9 76.3 79.4 83.1 90.1 98.6 106, 11k, 133, 156.
9% 65,9 69.8 71.7 77.2 80.3 84,1 91,1 99,7 108. 116, . .
97 66.8 70.7 72.6 78.2 81,2 85.1 92,2 101, 109. 117, i%@. 123.
98 67.6 71.5 73.5 79.1 82.2 86,0 93.2 102, 110, 118, 137, 161,
99 68.4 72,4 74,4 80,0 83.1 87.0 94,2 103, 111, 119, 138, 163.
100 69.3 73.2 75.2 80.9 84.1 88.0 95.2 104, 112, 121. 140, 164,




[MPUJIOXXEHUE 2

Ta6rauua 3.1 MakcHMa/IbHAA HHTEHCHBHOCTb MOCTYNAIOUICH HATPY3KM B 3aBHCHMOCTH
: orBupnN*

0.01 0,05 0.1 0.5 1,0 2 5 10 15 20 30 &0

Nt

i .o0o01 .0005 ,001 ,005 .010 ,020 .053 .111 .176 .250 429 ,667
2 .ol% .032 .06 L,105 .153 .223 ,3B1 .595 ,796 1.00 1,45 2,00
3 L087 152 .19% 340 .455 ,602 .899 1.27 1.60 1.93 2,63 3.48
b .235 ,362 439 ,701 .869 1,09 1,62 2.05 2.50 2.95 3.89 5.02
5 Mhs52 640 762 1.13 1.36 1,66 2,22 2.88 345 4.01 5,10 6.60
"6 .728 .996 1.15 1.62 1.91 2.28 2.96 3.76 444 5,11 6,51 8,19
7 1:05 1.39 10% 2.16 2.50 2-% 3.7“' 4-67 5-% 6.23 7.86 9|80
B 1.42 1,83 2.05 2,73 3.13 3.63 4,54 5,60 6.50 7.37 9.21 114
9 1.83 2-30 2.56 3-33 3.78 u.% 5-3? 6055 7-55 8052 1006 13-0
11 2.72 3.33 3.65 4L.61 5.16 5.8 7.08 8,49 9,69 10.9 13.3 16.3
12 3.21 3.88 4.23 5.28 5.88 6,61 7.95 9,47 10.8 12.0 14,7 18,0
13 3.71 L4.45 4,83 5,96 6.61 740 B8.83 10.5 11.9 13.2 16.1 19.6
i 4.2k 5,03 5.45 6.66 7.35 8.20 9,73 1i.5 13.0 .4 17.5 21.2
15 4,78 5,63 6.08 7.38 8.11 9.01 10.6 12.5 14,1 15.6 18.9 22.9
16 5.34+ 6,25 6.72 8.10 8.88 9.83 11,5 13.5 15.2 16.8 20.3 2k.5
17 5.91 6.8 7.38 8.83 9.65 10.7 12.5 14.5 16.3 18.0 21.7 26.2
18 6.50 7.52 B.05 9.58 10.4 11.5 13.4 15.5 17.4 19.2 23.1 27.8
19 7.09 8.17 8,72 10.3 11,2 12.3 14,3 16.6 18.5 20.4 24.5 29,5
20 7.70 8.83 9.1 11.1 12,0 13.2 15,2 17.6 19.6 21.6 25.9 31.2
21 8,32 9.5 10.1 11,9 12.8 14,0 16.2 18.7 20.8 22.8 27.3 32.8
22 8.95 10,2 10.8 12,6 13.7 14,9 17,1 19,7 21,9 24.1 28.7 34.5
23 9,58 10.9 1i1.5 13.4 4.5 15.8 18,1 20.7 23.0 25.3 130.1 36.1
2k 10.2 11.6 12,2 4.2 15.3 16.6 19.0 21.8 24,2 26.5 31.6 37.8
25 10.9 12.3 13.0 16.0 16.1 17.5 20,0 22.8 25.3 27.7 33.0 39.4
26 11,5 13,0 13.7 15.8 17.0 18.4 20.9 23.9 26.4 28,9 W.bh 41,1
27 12.2 13,7 144 16,6 17,8 19,3 21,9 24.9 27,6 30.2 35.8 42.8
28 12,9 1.4 15.2 17.4 18B.6 20,2 22,9 26.0 28.7 31.4 37.2 444
29 13.6 15.1 15.9 18,2 19.5 21.0 23.8 27.1 29.9 32.6 3B.6 46,1
30 14.2 15,9 16.7 19,0 20.3 21.9 24.8 28.1 31.0 33.8 40.0 &47.7
31 14,9 16.6 17.4 19,9 21,2 22,8 25.8 29.2 32.1 35.1 41,5 49.4
32 1s5.6 17.3 18,2 20.7 22.0 23.7 26,7 30.2 33.3 36,3 42.9 51.4
33 16.3 18.1 19,0 2i.5 22.9 24.6 27.7 31.3 3.4 37.5 44,3 52.7
3 17.0 18,8 19,7 22.3 23.8 25.5 28.7 32.4 35.6 38.8 45.7 .4
35 17.8 19.6 20.5 23.2 24.6 264 29.7 33.4 36.7 W40.0 47.1 56.0
3% 18,5 20.3 21.3 24,0 25,5 27.3 .30.7 H.5 37.9 41.2 uB8.6 57.7
37 19.2 21,1 22,1 24,8 26.4 28.3 31.6 35.6 39.0 42.4 50.0 59.%
38 19,9 21.9 22.9 25,7 27.3 29.2 32.86 3.6 40.2 43.7 s51.4 61,0
39 20,6 22.6 23.7 26.5 28.1 30.1 33.6 37.7 41.3 L4.9 52,8 62.7
Lo 21,4 23,4 244 27.4 29.0 31.0 3.6 38,8 42,5 46,1 4.2 O4.4
b4 22,1 24,2 25.2 28.2 29.9 31.9 35.6 39.9 43.6 47.4 55,7 6€6.0
42 22,8 25,0 26.0 29,1 30.8 32.8 36.6 40.9 44.8 48.6 57.1 67.7
43 23,6 25,7 26,8 29,9 31.7 33.8 37.6 42,0 45.9 49.9 58.5 69.3
M 24.3 26.5 2?-6 30;8 32.5 34‘? 38-6 bsci 4?-1 51.1 59'9 ?110
ks 25,1 27,3 28.4 31.7 33.4 35.6 39.6 44,2 48,2 52,3 61.3 72.7
ué 25-8 28.1 29.3 3205 %03 36-5 uorj “'5‘2 49'4 53‘6 62'8 ?“l3
47 26,6 28,9 30,1 33.4 35,2 37.5 41.5 46.3 50.6 4.8 64.2 76.0
L’a 2?03 29-7 30'9 %.2 36!1 38.4 l*215 47.4 51.? 5600 65'6 ?7!?
49 28,1 30.5 31,7 35.1 37.0 39.3 43.5 48.5 52.9 57.3 67.0 79.3
50 28.9 31.3 32.5 36,0 37.9 40.3 44,5 49,6 s54.0 58,3 68.5 81,0

|

* N — uncno o6CyKHBAIOLIMX TPUOOPOB; LM(pPbl BBEPXY KOJIOHOK [OKA3HIBAKOT Be-
POAITHOCTH TIOTEpL B, %,



Tabanua 3.2. MakcCMMaibHad MHTEHCMBHOCTb MOCTYNAIOIWIEH Harpy3ku# B 3aBHCHMOCTH
or B, N 1 yHCIa HCTOYHHKOB M *

N M .01 .05 0.1 0.5 1.0 2 5 10 15 20 30 4
2 .0002 .0010 .0020 .0100 .0200 .0400 .100 .202 .307 .417 .659 .9
1 3 .0002 .0008 .0015 .0075 .0151 .0303 .077 .159 .246 341 .559 .8
4  .0001 .0007 ,0013 ,0067 013 .0270 .069 143 .224 ,312 .519 .7
5 .0001 ,0006 .0013 ,0063 .0126 .025% .065 36 .213 .298 498 ,7
3 .030 .067 .095 .212 ,300 .425 .678 .980 1,23 1.47 1.97 2
L .023 .052 .074 167 .238 .32 .s560 .832 1,07 1.30 1,78 2,
2 5 .021 .06 .065 .149 .213 .308 .510 .767 .997 1.22 1.70 2.
6 019 ,043 ,061 .139 ,200 .289 482 ,731 .955 1.18 1,65 2,
7 .018 041 ,058 .133 .191 .277 .46k 707 .928 1,15 1.62 2.
4 .186 .317 .400 ,685 .864 1.09 1.50 1.95 2.31 2.65 3.35 U,
5 A8 254 L322 .561 .715 .918 1,30 1,72 2,08 2.42 3.13 3.
6 131 .227 .288 .505 .648 .837 1.20 1,62 1.97 2.31 3.02 3.
3 7 22,211 268 473 609 .790 1.14 1.55 1.90 2.24 2.95 3.
8 116 .201 .255 .4s52 .s83 .759 1.10 1,51 1,85 2,19 2,90 3.
9 JA11 19k 246 437 565 .737 1,07 1.47 1.82 2.16 2.86 3.
10 .108 ,188 ,240 426 .551 .720 1.05 41.45 1.79 2,13 2,84 3.
15 100 .17k 222 .396 .514 .675 .99% 1.38 1.72 2.06 2.76 3.
5 -500 l?148 -889 1.33 1.59 1.89 2.2“ 2098 3.‘*3 3086 4076 51
6 408 (617 737 1,12 1,36 1,64 2,15 2,71 3,16 3.60 4.51 5,
7 365 .55 .665 1,02 1.24 1.52 2,01 2.5 3.02 3.46 4,38 &5,
4 8 L0 L5117 621 963 1.17 144 1,92 2,47 2.93 3.37 &4.30 5.
9 323 492 592 922 1.13 1,37 1.86 2,41 2,87 3.31 L.24 5,
10 310 474 571 892 1,09 1,35 1.82 2,36 2,82 3.27 4,20 -,
15 .280 .429 .518 .816 1.00 1.25 1.71 2.24 2.70 3.14 4.08 5.
6 .951 1.31 $,51 2.08 2,40 2.77 3.39 4.04 4.58 5,09 6,17 7.
7 .79 1,11 1,28 1,80 2.10 2,45 3.07 3.73 4,28 4.80 5.91 7.
8 716 1,00 1,16 1.66 1,94 2,29 2,90 3.56 4.12 4,65 5.77 7.
5 9 668 940 1.09 1.5 1.84 2,18 2.78 3.45 4.01 4.55 5.68 7,
10 635 .896 1.04 1.50 1.77 2.11 2.71 3.37 3.94% 4,48 5,61 6,
12 .592 .839 .979 1.42 1,68 2.01 2.60 3.27 3.84 4,38 5,52 6.
15 .556 791 924 1.35 1,60 1.92 2.51 3,18 3,74 4.29 5,44 6.
20 .525 748 .876 1,28 1.53 1.84 2.42 3,09 3,66 4.21 5.37 6.
7 1.51 1,97 =2.21 2.90 3.26 3.69 4,38 5.12 5,73 6.32 7.59 9.
8 1.28 1,70 1,91 2,55 2,90 3.32 4,02 4.78 541 6.02 7.32 8.
9 1.17 1,55 1.76 2.37 2.71 3.12 3,82 4.59 5,24 5,85 7.17 8.
6 10 1,09 1.46 1.65 2.25 2.58 2.98 3,69 L4y 5,12 5,74 7.07 8,
15 .926 1,25 1.43 1.97 2.29 2.68 3,38 4.17 4,84 548 6.8+ 8.
20 865 1,17 1,34 1.87 2.17 2.5 3.26 4,05 4,72 5.37 6.7+ 8.
30 .813 1.10 1.27 1.77 2.07 245 3.15 3.9% 4,62 5.28 6.66 8.
8 2.15 2.70 2,98 3.76 4.17 4.63 5.39 6.20 6.89 7.5 9.01 10
9 1.85 2,36 2.62 3.36 3.75 4.22 5.00 5.85 6.56 7.25 8.74 10
) 10 1,70 2.17 2,42 3.13 3.52 3.99 4.78 5.64 6,37 7.07 ‘8.58 10.
15 1,39 1.80 2.02 2.68 3.05 3.51 4,31 5,21 5,97 6,70 8.25 10.
20 1.28 1.67 1.88 2.52 2.88 3.33 4.14 5,05 5.81 6.5 8.13 1.
30 1.19 1.5 1.76 2.38 2.74 3.18 3.99 4,90 5,68 6,44 8,03 9.

5°
;

* Yucna BBEpXY KOJIOHOK MOKa3BIBAKOT BEPOSTHOCTH MOTEPh, B



40

7.76 9.5 11,

20
7.94 9.69 11,
7.61 o9.41 11,
.22 10.0 11,9 14,
.87 9,72 11.6 13.
A1 9,29 11,2 13,
? 6,24 7.33 8.25 9.15 1i.1 13.

.66 9.52 11.4 13,
.51 9.39 11,3 13,

15

09 5,59 6,41 7.30 8.05 8.80 10.4 i2.
10,1 11,2 13,6 16.

0[0“1._.2 ra8n 3,2

.09 1o.0 11,0 13.0 1s5.
9,81 10,8 12.8 15,

9.66 10.6 12.7 is,

9.55 10.5 12,6 15,

9.46 10.4 12.6 15.

!63 10-? 11-? 14-0 16.
.53 10.6 11.7 4.0 16,
L 10.5 11,6 13,9 16,
9-31 10.4 11-5 13.8 16.
g.10 10,2 11.3 13.7 16,

.86

49 1o.4 11.3 13.3 15,
.69

56
46

1o
?.13 8.07 8.99 11-0 13-

5.77 6.90 7.87 8.81 10.8 13.
8.98

.52 10,5 11
.98 10,1 11

O\ ONOD O OO O

8,76 9.9% 11.0 12.0 1k.2 17,

3 6,11 7.21 8.15 9,06 11.0 13.
7 8.5 9.77 10.8 1i.9 14.1 17,

2 6,02

.76
3 9.50 10,6 11.6 12,5 14,7 17,

1 9,046 10,2 11,2 12,2 14,4 17,

5.10 5.72 6.81 B.04 9.08 10.1 12,3 14,
9

B4 5.1 6,00 6.92 7.71 8,48 10,2 12,
.38 4,89 5,76 6.71 7.51 8.29 9.99 12,
.20 4.17 5,50 6.5 7.37 8.17 9.88 12,
M7 4,98 5,59 6.69 7.93 8.99 10.0 12,2 1,

1.0

0.5

0.1

-05

.01

3 12,4 13.4 15.8 18.
0 12,1 13.2 15.7 18,
8 12,0 13.1 15.5 18.
7 11.8 13.0 15.5 18.
6 11.8 12,9 15,4 18.

7 12,7 13.8 16.1 19,
?Ds? 9.08 10.4 11.6 12-8 15!3 18'

2 9.5 10
9.40 10

é
4

65 9.77 11
24

09 9,27 10
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7.5 8.78 10,2 11.4 12.6 15.1 18,
7.35 8.61 10.0 11,3 12.5 15.0 18,

18
83
63

7
6
6

4
b

60



