3aaHue Ha KYPCOBOM MPOEKT
Hns IP-cetu, mpejacraBieHHOM Ha puUC. 1, OLIGHUTh BO3MOXKHOCTh HCIMOJIb30BaHus |P-
TeneOHUU: OIEHUTh CPEIHIOI 3aJEPKKy TOJIOCOBBIX TMakeToB. CpaBHUTh JaHHYIO
XapaKTEPUCTUKY JUISl JABYX MEXaHU3MOB IMOJAJECPKAHUSA KadecTBa OOCIIyKUBaHUS: KOJEK WU

cxatue 3aronoBka (CRTP), anmroputm oOcnyxkuBanus oudepenu FIFO wnm konmexka m cxaTus
3arosioBka (CRTP)PQ.

Puc. 1. Ucxonuas IP-cethb

3a UCXOHBIC JaHHBIC TPUMEM CJICAYIOIINE YUCIIA:

1) nmuae maui S=1500, kM;

2) CKOpPOCTh paclpocTpaHeHus curHaia B cpee nepenaun V=150000, km/c;

3) IIWHBI TAKETOB paCIpeAeNICHbl AKCIIOHCHIIUAIBHO, CPEIHSS JJIMHA
uHdopmarmonHoro makera L=2048, our;

4) norycTUMBIN pasmep ouepeau Ha nepegaay N=12, nak.;

5) nporyckHble cOCOOHOCTH TUHMI B=56, Kout/c;

6) MHTEHCUBHOCTH UMEIOIIUXCS CEaHCOB A, TaK./MHH.

-1 Tiepenayn qaHubix: Aq 7 =600, Ag2 =100

- 1St Iepeaum peun: A, ; = 400;

7) BEpOATHOCTH OIIMOKH B paspsge — Pp=10°;

8) tum konaexka — G.728;

9) urcao KaapoB KOJACKA B TOJIOCOBOM Makere K=4;



10) Jlnuna xaapa kozaeka, L= 80, Our;

KadecTBO 00Cay:KUBAHMS

[Ton xayectBOoM oOciykuBanus (Quality of Service, QoS) B o6miem ciyyae
OPUHATO MOHUMATh MNPEIOCTABICHHUE IOJIb30BATENSAM M MPUIOKEHUSM B CETH
IPENCKa3yeMOro CepBHCa MO JOCTaBKe JaHHBIX. KOHKpETHOE ke onpeesneHne 1
napameTpbl KauecTBa OOCIY>KMBAaHHS TJIABHBIM OOpa30M OIPEACNSIOTCS TUIIOM
npunioxkenus. Tak, Hampumep, Il epeiaddl roJI0COBOTO TpaduKa, BaKHEUITUMU
napameTpamu QOS SBIIIOTCSA 3aJepKKa M BapHalMs 3a7Ep’KKU HA OIPENEIECHHOM
UHTEpBaJ€ BPEMEHHM, B TO BpEMsl Kak IIOTEps HEKOTOPOW YacTH I1aKETOB
nomyctuma. [lapameTpsl kauecTBa 00CITy>KMBaHUS MOKHO Pa30UTh HA TPU TPYIIIIbL:

® QapaMeTpbl MPONMYCKHOM CHOCOOHOCTH (MUHUMAJbHAsA, CpPEIHAS U
MaKCHMaJbHasi CKOPOCTb Iepeiadum)

e MapaMeTpbl 3aJEpKEK Iepelayd IaKkeToB (CpeAHHE U MaKCHUMaJIbHbIE
BEJIMYMHBI 3a/IEPKEK U BapUaALIUN 3a/1€PKEK)

® TIapaMeTpbl HAJEKHOCTHU Niepenaydu (YpOBEHb NOTEPh U UCKAKEHUI MTaKETOB)

W3mepeHne yKa3aHHBIX MapaMeTpOB MPOU3BOAMTCS Ha OMNPEIEICHHOM
MHTEpBaje BpeMeHU. UeM MeHble 3TOT BpEMEHHOM MHTEPBa, TeM 00Jiee JKECTKHUE
TpeOOBaHUS MPENBABISAIOTCS K CETH, a CJIEJOBATEIbHO KO BCEM €€ 3JIEMEHTaM,
NOCKOJIbKY obOecrieueHne QoS “u3 KoHIa B KOHEl” TpeOyeT B3auMOJEHCTBUS BCEX
y3J0B Ha MyTU TpapuKa U ONpPEeNsieTcs HaJleKHOCThIO, (PYHKIIMOHAIBHOCTBIO U
MIPOU3BOIMTEIILHOCTRIO caMoro ‘“‘ciaboro 3BeHa”. Hampumep, O4Ye€BHAHO, YTO
HEBO3MOKHO TapaHTUpPOBaTh oOecnedyeHue npuoputetHod oOpadotku VLAN B
pacnpeneneHHo KoMmMmyTupyemoi cetu Ethernet, ecnium mno wmapupyty
pacrnpocTpaHeHHUs] JAaHHBIX YCTAHOBJIEH XOTsA Obl oauH KoHIeHTpartop (hub
Ethernet).

Mexay KIueHTOM, TOTPEOUTENEM yCIIyT TPAHCTIOPTHOM CETH, U TIPOBAMIEPOM
JAHHBIX YCIYT MOXET OBITh 3aKJIIOYEHO ‘“‘corjianieHue 00 ypoBHE 00CITyKHUBaHUS

(Service Level Agreement, SLA), B KOTOpPOM ONIpeAEISIOTCS:



e miata 3a OOCTY)KMBaHHE B 3aBHCHUMOCTH OT BBIOPDAHHOTO YpPOBHS
o0CITyKUBaHUS

e mapameTpbl QOS I8 JAHHOrO YpOBHSA (MakCMMalibHas 3aJiepKKa U
BapUaINH, IPOIYCKHAsl CIIOCOOHOCTh, MAKCUMAJIbHOE BPEMSI BOCCTAHOBJICHUS CETH
1ocJie aBapui u T. 11.)

® METOJIbl U3BMEPEHUH BhIIIEYKa3aHHBIX MapaMETPOB

e mTpadHbIe CAaHKIMK 32 He oOecniedeHue Tpedyemoro QoS

e J1100BIC JPYTHUE JOMOJHUTENBHBIE CTAThH 10 000I0THOMY COTJIACHIO

Jl71st mpetocTaBiICHUS Pa3IMYHBIM MMOJIH30BATEIISM UHIUBUIYAIbHOTO Ka4eCTBa
oOciTyKuBaHUSI TPeOYyeTCs peaJn30BbIBATH B CETU pPa3JIMYHbIE MEXaHU3MBbI
yopasienust QoS. s IP-ceteit »1o, nHampumep, RSVP wu DiffServ,
MO/JIEP>)KUBAIOIIME, COOTBETCTBEHHO, Kaue€CTBO OOCIY)XMBaHUS JUISI MHKpPO-

ITIOTOKOB MPUJIOKEHUHN U arpETUPOBAHHBIX ITOTOKOB.

Moaedab cay:k0b1 QoS

Ha pucynke 1.1 mnpencraBiena 0a3zoBas apxuTekTypa ciyx0br QoS c

9JICMCHTAMHM TPEX OCHOBHBIX THIIOB!

e cpenctB QoS y3na;
® [IPOTOKOJIOB cUrHaM3auun QosS;

® [ICHTPAIU30BAHHBIX (PYHKUMN NOJUTHKY, YIIpaBieHus U yueta QoS.



QOS «H2 KOHUA B KOHEeL»

Oyepean

QoS yzna

Konanunonm-
poBanHne

Puc. 1.1 Apxurextypa ciyx6s1 QoS

CpenctBa QoS y371a - OCHOBHOM HCITOJIHUTEIBHBI MEXaHU3M CIIY>KOBI
Qo0S, Tak Kak HMMEHHO OHHM HEMNOCPEICTBEHHO BIIHMSIOT HA IMPOLECC
MIPOJIBIDKCHUSI TTAKETOB MEXKIY BXOIHBIMH W BBIXOJHBIMH HHTEpdelicamu
KOMMYTATOPOB U MapLIPyTHU3aTOPOB M, CJIEIOBATEIHHO, ONPEACIISIOT BKIIA]
JAHHOTO YCTPOMCTBA B XapaKTEPHUCTUKH Ka4eCTBA OOCTY)KUBAHHS CCTH.

CpenctBa QoS y3/1a B CBOIO O4Ye€peab MOTYT BKJIIOYATh KOMIIOHEHTHI
JBYX THIIOB:

. MEXaHU3Mbl O0CITYKUBaHUS OUEpEIeH;

ol MCXAaHHU3Mbl KOHINITNOHUPOBAHHA Tpa(bI/IKa.

MexaHu3Mbl OOCITY>KUBAHUS Ouepe/ield SBISIOTCS HEOOXOIUMBIM 3JIEMEHTOM
J1000T0 YCTPOMCTBA, pabOTAIOIIET0 MO MPUHIUITY KOMMYyTaiuu maketoB. Korma
CKOPOCTh  MOCTYIUIEHHs Tpaduka CTAHOBUTCS  OOJbIIE CKOPOCTH  €ro
MPOJBUXKEHUS, BO3HUKAIOT ouepenu. Kak pa3 B Takue mepuoAbl U HYKHBI
MEXaHU3MbI 00CITY>KUBaHUS ouepesiel: BapbUpysl BELIOOPKOW MaKEeTOB, OHU BIIUSIIOT
Ha BpeMsl UX HaXOXJEHUsS B OUEPE/IH, a 3HAUUT, U HA BEJIMYUHY 3aJCPKKHU - OJIUH
U3 BOXKHEUIIINX MMapaMeTpoB KadyecTBa 0OCIyxuBaHus. [10 yMOTUaHUIO B CETEBBIX
YCTPOMCTBAX oOuepean O0OCIyKUBalOTCs Mo npocredmemy anroput™my FIFO
("mepBbIM mpUIEd - TMEePBBIM OOCTYXEH'"), YTO JOCTaTOYHO TOJIBKO JUIsI

peanu3aiuu cepBuca "Mmo Mepe BO3MOXKHOCTH', JJIs MOIAJAEPKKH K€ "HCTUHHBIX"
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cepBucoB QoS HyHBI 00Jiee CIOKHBIE MEXAaHU3MbI, 00padaThIBatOIINE HECKOIBKO
KJIACCOB IIOTOKOB, HAIpHUMEp aJITOPUTMbl MPUOPUTETHOTO WM B3BEIIEHHOTO
00CTy>KUBaHMUS.

MexaHn3Mbl KOHIUIMOHUPOBAHMS Tpaduka pemarT 3aJady CO3JaHus
YCIIOBHM I KAYECTBEHHOTO OOCITyKMBaHUS Tpaduka JPyrUM CITIOCOOOM - HE 3a
CueT BBIOOpa ONTUMAJIBHOTO AJITOPUTMa OOCTYKMUBAaHUS OUEpPEaM, a 3a CUET ee
cokpauienus. [Ipu 3ToM cokpailieHre odepean JOCTUTAeTCs MyTEM BO3JAEHCTBUS
Ha BXOJHOW TpaduK: HampuMep, CHIDKEHHS CKOPOCTH MOCTYIUICHHUS IMOTOKA B
JAHHBIN y3€JI, YMEHBILIECHHS €I0 HEPAaBHOMEPHOCTH U T. II.

MexaHn3M KOHAMIIMOHUPOBaHUS Tpaduka OOBIYHO BKIJIIOYAET BBIIOJIHEHUE
CIeAYIOIUX (PyHKIIHIA:

1. Knaccupukanuss Tpaduka BblIensieT M3 O0MIEH MOCIEAOBATEIbHOCTH
NAKETOB, IOCTYMAIOMIMX B YCTPOMCTBO, MAKEThl OJHOIO IMOTOKAa C OOLIMMH
TpeOOBAHUAMU K KayecTBY oOciykuBaHus. Kiiaccupukanusi MOXET BBIIOIHATHCS
Ha OCHOBE Pa3jMuYHbIX (OPMaJbHBIX NMPU3HAKOB MAKETa - aJpecoB HUCTOYHMKA U
Ha3HaueHus, 3HaueHuil noptoB TCP/UDP, 3Hauenuss mpuoputeTa, 3HAYCHUS
METKH MTOTOKa (B Bepcuu [Pvo).

2. [lpopunupoBanue Tpapuka Ha ocHOBe mpaBuil (policing) moapazymeBaer
MIPOBEPKY COOTBETCTBUS Ka)XJAOT0 BXOJHOIO MOTOKA MmapaMmerpam ero npoduis. B
cllydae HapylLIeHMsI MapameTpoB Npodpuis (B YaCTHOCTH, MPH MPEBbIILICHUU
JUTUTEJIbHOCTU MOCBUIKM WA CPEIHEN CKOPOCTH) MPOUCXOIUT OTOpachIBAaHUE WITU
MapKUpPOBKa MaKeTOB 3TOro notoka. OTOpachiBaHWE HEYACTHIX MMAKETOB CHHUYKAET
WHTEHCUBHOCTh II0TOKA W TMPUBOAUT €ro IapaMeTpsl B COOTBETCTBHE C
yKa3aHHbIMH B mpoduie. MapkupoBKa NakeToB 0e3 OTOpachiBaHUs HYKHA IS
TOT0, YTOOBI OHU BCE K€ OB 0OCITYKEHbI JaHHBIM Y3JIOM (MM MOCIEAYIOIUMHU
10 TOTOKY), MyCTh U ¢ 0OoJee HU3KUM KadecTBOM (HAmpHUMep, C YBEJIWYEHHBIM
3HauUE€HUEM 3aiepxku). 11 TpOBEpKHM COOTBETCTBHUS BXOJHOTO Tpaduka
3aJJaHHOMY TpPO(QUII0 MEXaHU3M KOHAWLMOHUPOBAHUS BBHINOIHIET H3MEpPEHHUE

napaMeTpoB moToka. [ 3Toro OOBIYHO HCIOJIB3YETCS OAWH U3 H3BECTHBIX
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aNrOpuTMOB, Hampumep anroput™m "neipsiBoro Beapa" (leaky bucket) unu Gonee
rubkuit anroputm GCRA.

3. ®opmupoBanne Tpaduka (shaping) mnpenHasHAYCHO M TPUIAAHUSI
nporienieMy npoQuinpoBanue TpapuKy HYKHOTO paclpeleCHHs TI0 BPEMEHH.
C moMomipio JaHHOW (YHKIIMH CTPEMSTCS CTIIQIUTh MyJIbcaliu Tpaduka, 9TOObI
MOTOK ITAKETOB Ha BBIXOAEC M3 YCTpPOMCTBa ObLI Oojiee paBHOMEPHBIM, YeM Ha
Bxojie. CriiaxuBaHue MyJIbCAllMii YMEHBIIIAET OYEePEAN B CETEBBIX YCTPOMCTBAX,
KOTOpbIe OyayT 0OpabaTeiBaTh Tpaduk nanee mo motoky. opmupoBanue Tpadrka
1[eJeCO00pa3HO U I BOCCTAHOBJICHUSI BPEMEHHBIX COOTHOIIEHUN Tpaduka
MPWIOKEHUH, pabOTAIONIMX C PABHOMEPHBIMH TMOTOKAMH, HAIPUMEP TOJIOCOBBIX

MIPUIIOKECHUM.

MexaHu3Mbl KOHIUIIMOHUPOBAHUS Tpaduka MOTYT ObITh pEaln30BaHbl B
KOKJIOM y3J€ CeTh JIMOO TOJbKO B MOIPaHUYHBIX YycTpoiicTBax. llocimennuit
BApUAHT YacTO HCIOJIB3YIOT TMPOBAWJEPhl MPU KOHIUIIMOHUPOBAHUM Tpaduka
CBOMX KJIMEHTOB.

[Tporokomnsl curnanu3anuu QOS HYXKHBI JJi1 TOro, 4ToObl MexaHu3Mbl QoS B
OTHEJbHBIX Yy37aX MOIJIM OOMEHMBAThCS CIyKeOHOM wuHboOpManuen s
KOOPJIMHALIMKA YCWJIMK 1O 00€CIEUEHUIO MapaMeTpoB KayecTBa 00CTyKMBaHUS Ha
BCEM MYTH CJICIOBaHUs MOTOKA, T. €. '3 KOHIIa B KoHell". HanpuMep, ¢ moMolIiibio
CPEIICTB CHUTHAIM3aLUU NPUIIOKEHHE MOXKET 3ape3epBUpPOBaTh ceO€ BIIOJIb BCETO
MaplIpyTa Ciel0oBaHUs TpeOyeMylO0 CPEIHIOI MPOIYCKHYIO CHOCOOHOCTH (ISt
ceteit [P oty dyHK1nto mogaepkuBaet npotokoia RSVP).

OgHO W3 NPUMHUTUBHBIX CPEACTB CUTHAJIM3AIMU - MapKUpPOBKA IaKeTa
npu3HakoM ¢ uHpopmarmein o TpeOdyeMoM il HEro KauecTBEe OOCITyKHUBaHUS.
Haubonee vacto nanst 3TOro ucnosib3dyercsl nose npuopurera (B nakere [IPv4 -
nepBeie Tpu O6uta nosss Type Of Service, TOS). Ilepememiascy oT ycTpoiicTBa K
YCTPOMCTBY, MakeT MEPEHOCUT BAOJIb NYTHU CJIEIAOBAaHUS CBOM TpPeOOBaHUS K

KauyeCcTBY OOCTYy>KMBaHHUsI, MPaBjaa, B TIOCTATOYHO 000OIIEHHOW (popMe - Tak Kak
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I10JI€ IPUOPUTETA UMEET BCETO HECKOJIBKO BO3MOXHBIX 3HAYECHUN, TO U KAYECTBO
oOciyXuBaHUs OylneT NpeAocTaBIAThCS AUP(HEPEHIMPOBAHHO IO HECKOJBKUM
arperupoOBaHHBIM IIOTOKAM CETH.

NHunmmnpoBaTh paboTy NpOTOKOJIA CUTHAIN3ALMHA MOKET HE TOJIbKO KOHEUHBIN
y3€lI, HO M NPOMEKYTOYHOE YCTpoMCTBO. Hampumep, noOrpaHu4YHbBIN
MapUIpyTU3aTOp B CETH TMpoBaiifiepa CrocoOeH BBHIMOIHUTH KIIACCU(UKAIIMIO
TpauKa U 3ape3epBUPOBATH JAHHOMY IOTOKY KJIMEHTa HEKOTOPYIO MPOITYCKHYIO
cnocoObHOCTh. B sTOM ciydae KOOpAMHAIUSI CETEBBIX YCTPOMCTB Oyner
IPOUCXOAUTHh HE HA BCEM IYTHU CJel0BaHUS TpaduKa, a TOJIBKO B Ipelesaax CeTH
JTAHHOT'O MIPOBalIepa, 4YTO, KOHEYHO, CHI)KAaET KauyecTBO 00CTyKUBaHuUs Tpaduka.

[{enTpanu3oBaHHble (YHKIMM TOJUTUKH, YIpaBieHus U ydera QoS He
0053aTE€IbHO TPUCYTCTBYIOT B apXHUTEKType CaykO0bl QOS, HO OHHU O4YEHb
JKEJIATEIIbHbl B KPYNHBIX ceTsaX. KaKIblil MONb30BaTENh U KAXKI0€ NPUIIOKEHUE
CTPEMSITCS MOIYYUTh 00CITY>)KMBAaHUE C MAKCUMAJIbHO BBICOKUM YPOBHEM KauecTBa
(Hampumep, IponyckHOU crocobHocTH). CreaoBareiabHO, HEOOXOAUMBI CPECTBA,
C TIOMOIIBIO KOTOPBIX aJMUHUCTPATOP MOT Obl 33J]aBaTh PAallMOHAIbHBIA YPOBEHb
KayecTBa 0OCITYKUBAHUA JJIS1 OTAEJIbHBIX MOJIb30BaTeNIel U MPUIIOKEHUN WU JIs
ux rpyni. OyHKIUY NOJUTHKU MO3BOJISIIOT aIMUHUCTPATOPY CO34aBaTh MpPaBUJIA,
0 KOTOPBIM CETEBbIE YCTpPOWCTBA MOTYT (hOpMalbHO, HA OCHOBAaHMHM Habopa
IPU3HAKOB, pacro3HaBaTh OTACJIbHbIE TUIBI TpaduKa U MPUMEHITh K HUM

OnpeeNIeHHbIE BO3MOXKHOCTH QOS.



OnpenesieHue JJIUHBI T0J0COBBIX 1 HH(POPMALIMOHHBIX NAKETOB

JlnuHa naketa OyAeT paBHa:

L =k-L +L, 6.1)

riae K = 4 — gucino kaapoB Kojepa B IMaKeTe,
Lk =80 OuTt — nymHa Kajapa Kojieka,
L, — mmHa 3arooBKa MakeTa.

Ecnu He ucnonp3yeTcs Mmexanu3M cxatus 3arosioBkoB (CRTP), To
L, =Lgrp +Lyop +Lp + Ly (6_2)

rae Lrrp= anuHa 3arojioBka mpotokosia RTP (12 Gaiir),
Lupp= myuHa 3arosoBka npotokoia UDP (8 Gaiit),
Lip= nnuna 3aronioBka IP (20 GaiiT),
L,= nmnmHA 3arojioBka MPOTOKOJa BTOPOro ypoBHs. [l mpoTokosa
BTOpOro ypoBHs PPP miuHa 3aronoBka paBHa 7 OaidT.
Ecnu ucnons3yercs Mmexanusm cxkatus 3arojoBkoB (CRTP), To L,=11 6aitr=88

ouT.

L3 :{LRTP + I‘UDF’ + LIP + LZ ’ (6.3)

4+,

JlnrHa 3arojoBKa makeTa 0e3 MCIIOJb30BaHUS MEXaHHU3Ma C)KATHS 3ar0JIOBKOB
(CRTP) L,= 47 Gaiit = 376 Owur.

JlnmrHa 3arojioBKa makeTa ¢ MCIIOJIb30BaHHMEM MEXaHHM3Ma CXKaTHs 3aroJIOBKOB
CRTP L,;=11 OGaiit = 88 Owur.

Jlnmnaa ronocoBoro nakera 6e3 ucrojb3oBanus CRTP:

L. =4*80+ 376 =856 Owur.

JlnmrHa roaocoBoro makera ¢ ucroijib3oBanueM CRTP:

L. = 4*80+88=568 Owur.



Ecnu ¢gparMeHTanys He NMpPUMEHSETCS, TO JJIWHA WH(OOPMAIMOHHOTO ITaKeTa
coctaiseT: L, = 20000, out

Ecmun nmpumensiercst ¢parmentanus WHGOPMAIMOHHBIX IMAKETOB, TO JJIMHA
UH(OPMAITMOHHOTO ITaKeTa OMPEACIISICTCS U3 YCIIOBHUS:

L./B <10 mc, (6.4)

T.€. BpeMs Tepeaadn WH()OPMAIMOHHOTO MaKeTa He JOJHKHO MpeBbImaTh 10

Mc, KpoMme Toro, JutnHa |P-mmakeTa 1o/bkHa OBITh KpaTHA 56.
L. <10 mc*B = 10*10°*56*10° =560 6um.
O11eHrM TIPOTOKOJIbHYIO M30BITOYHOCTD JIJIs1 HHPOPMAITMOHHBIX CEaHCOB:

11, =L,/L, *100% (6.5)

1.  ®parMeHTanus HE UCIOJIb3YETCS
I1,=L,/L, *100% = (376 / 2000) *100% =18,8%
2.  dparmeHTanus UCIOIB3YETCS

11, =L /L, *100% = (376/560)*100% = 67,1%
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Mexanu3m nojajaep:kku kauecrna oociay:xuBanus: Kogex, CRTP,

¢bparmentanus, FIFO
Mexanusm ammpokcumupyercs cuctemoit M/D/1/00 ¢ quctumumnoit FIFO.
Ouenka cpeaHeii 3a1ep:KKH NaKeTa

OoOcnyxuBanue npomsBogutcs mo npuanuny FIFO (first in — first out),
UCTIIONB3yeTCsl  MexaHu3M cokarusg 3aronoBka CRTP  wu  ¢dparmenranus
MH(POPMAILIMOHHBIX NakeToB. JIMHUS 00CTyXMBAaeT KOMOMHUPOBAHHYIO Harpys3Ky:
MH(OpPMAIMOHHBIE MTAKETHI 10 CpeHen JIMHOU L, = 560 OUT 1 ro0cOBbBIE MAaKETHI
co cpenHen nimuHoM L. = 568 owur.

HNHTEeHCUBHOCTD 00CITYy )KHMBaHUs TAKETOB B y3JIaX:

U, :LE (nax/c) (6.6)

y
MHTEeHCUBHOCTH O6CJ'Iy>I(I/IBaHI/I$I T'OJIOCOBBIX ITAKCTOB B y3JIaX:

B 56000
= — =""--09086 (nax/c
=1 To68 (nax/c)

NHTEeHCUBHOCTD 00CITYyKMBaHUS MH(POPMALIMOHHBIX MTAKETOB B y3JIaX:

B 56000
=— =""""" 100 (nax/c
M2 =177 T5g0 (nax/c)

u

Bpewms nopaun makera paBHO:
X, == (c) (6.7)
Hi

BpeMH moaa4u roJIoCoBOro mmakeTa paBHO:

X, = 1.1 o010t (c)
u, 986

Bpems nogaun nuapopManinoHHOTO TTaKeTa PaBHO:

X, 11 o000 (c)
i, 100
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BTOpOﬁ MOMCHT BpCMCHHU nepcaadu roJ10COBOI'O IIakecTa Impun

ACTCPMUHHUPOBAHHOM PACIIPCACICHUN AJINHBI IIAKCTA PaBCH:

X2 =1 -102.10* (&)

-2
1
Bropoii MOMEHT BpeMeHHM Iiepeiayd HHPOPMAIMOHHOTO TMaKeTa MpHU

ACTCPMUHHUPOBAHHOM PACIIPCACICHNUN OJIMHBI IIAKCTA PABCH:

oz 1

2 _
Xy =—
2

=1,00-107*(c?)

3azlep>1<1<a PaClIpOCTpaHCHUA CUT'HAJIA B JIMHHUH PaBHA:

p=5 2000 56010
V 250000

3azlep>1<1<a TOJIOCOBOI'O IIaK€Ta CCaHCa B OYCPCAM Ha IICpCaady II0 JTHHHHU

paBHa:
3 - XE
C2-(1-p)

3anepxka roJocoBoro nakera ceanca (1,7) B ouepenu Ha nepegady mo JIUHUH

(c) (6.8)

(1,2) paBHa:

'

/11,7 ’ X12 +(2'1,7 'X22 +/19.2 ’ Xzz

A A A
2.(1—( 1,7 +[ 17 Moz J))
Hy Hy Hy

W, = ) ~6,67-10 (¢)

3azeprkka ToJI0COBOTO NakeTa ceaHca (3,7) B ouepeau Ha mepenady mno JUHUU

(2,7) paBHa:

W,,=—21""1 _667-10"*(c)
2.(1_ﬂ)

Hy

CpenHss 3aepKKa Mmakera B IOTOKE ceaHca, UIyIIeM o MyTH p, paBHa:

T, = Z (\N+ﬂi+r) (c) (6.9)

ceaHca 1

Cpenuss 3a7epKka roJocoBOro nakera B motoke ceanca (1,7) paBna:
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Te = Z W +i+r) W, +Wo, + W, +3'(i+7):010563 (c)

ceaHca 1 1

3azepkka B IIII03aX paBHa:
TLU:TH+Tk +T17 (610)
rae 7,=0,010 ¢ — 3amepxKa HAKOIUICHUS, CEK; BbI3BaHa HEOOXOJUMOCTHIO

IMOATOTOBKH KaJpa U3 ITOCICA0BATCIIBHBIX PCUCBBIX OTCUCTOB.

7,=0,005 c — 3agepxka KOAMPOBAaHHWA, CEK; BbI3BaHA HEOOXOIUMOCTHIO

npCaABApUTCIbHOTO aHaJIn3a OTCYCTOB.

T, - 3aCpXKKa (IJOpMI/IpOBaHI/IH ITaKCTOB, CCK; BbI3BaHA IIPOUCCCOM IIOATIOTOBKHU

rOJIOCOBBIX MAaKETOB Kak WH(MOPMAIIMOHHBIX eIuHMIl. B OgHOM makere MOKeT
OBITH COOPAaHO HECKOJIBKO KaJPOB KOJIEKA.
T, =k*T,, +T,, rne k=6 — yuciio KapoB B MaKeTe,
T, - ITUTETBbHOCTD 3aroJI0BKa MaKeTa, CEK.
T,=L,/B,, (6.11)
I'me L,=88 OuT — pa3mep 3aroyioBka maxera,
B, =8000 6uT/Cc — CKOPOCTh TIEpPEAAYH.
Torna nnuHa 3arojioBKa maxkera:
T, =L,/B, =88/8000=0,011 (c)
3anepxka hopmMupoBaHUs MakeToB 1, OyAeT paBHA:
T,=k-T,+7T,=6-001+0,011=0,071 (¢)
Takum oOpazom,
T, =T, +T, +T, =0,01+0,005+0,071=0,086 (c)

3az[ep>KKa T'OJIOCOBOI'O ITAKCTAa paBHA

T=T,+T., (6.12)
I'ne 1,,=0,086 ¢ — 3amepxka B IUIIO3AX,

T.=0,0563 c — 3anepxKa B CETH,
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T=T,+T.=0,086+0,0563=01423 (c)

Ouenka Bapuanuu 3a1epP:KKH MaKeTa

bynem mnonaratb, 4TOo BpeMEHa OXHUAAHMS IIAKETOB B y3JaX SBISIOTCH
HE3aBHUCUMBIMHU CIIyYalHBIMM BEJIMYMHAMHU, HWMEIOIIME MOMEHTHl IIEPBOIO U
BTOPOTO ITOPSAKOB.

BTopoif MOMEHT BpEMEHH TEPEIaUH TOIOCOBOTO MaKeTa, 2 X_f =1,02-10""

Bropoii MoMeHT BpeMeHHM ~mepedaud  MH(OPMALMOHHOIO  IAKeTa,
% X2 =1,00-10"*

TpeTuii MOMEHT BpEMEHH TIEPEJAYU TOJIOCOBOIO MAKETa, C°: X_f =1,03-10"°

Tpetnii MOMEHT BpEMEHHM Iepefaud HMH(GOPMAMOHHOIO IIAKeTa, C°

X2 =100-10"°
I[I/ICHepCI/ISI BpeMeHI/I OXHNIOAAaHUA ITaKETa B O‘—I@pGI[I/I Ha Hepej:[aqy 110 JIUHHUHN

paBHa:

> A X2 A X2

2 . m m

T 2 a ey

Jlucniepcusi BpeMeHU 0KHIaHMs TOJI0COBOTO makeTa ceanca (1,7) B ouepenu Ha

(6.13)

nepenavy no jguauu (1,2) paBHa:

ﬂ;,s 'X_13+/11,8 X_z3 _ (/118 'X_12+/11,8 X_zz)z
A A '

3.(1_(ﬁ+ﬁ)) 2.(1_(@+@))

Hy

H M Hy

o (W) = =6,716-10

Jucnepcusi BpEMEHH OKHMJIaHUS TOJIOCOBOTO nakera ceanca (1,3) B ouepenu Ha

nepeaady no JuHuu (2,7) paBHa:

2 _/1I1,8'X_13+ﬂ'1,8'x_§ (ﬂ-'l,s'x_lz"';tl,s'x_zz)z
A S T Ty g
3A-(—+—"7) 2:(-(—+-—"))

Hy Hs Hy Hs

=6,716-10"*
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Jucnepcust BpeMeHU 05KHMIaHUsI TOJI0COBOTO nakeTa ceaHca (1,3) B ouepean Ha

nepenady no gunuu (1,8) paBHa:
o?(W, )= ;tll’s . X13 + A X23 _ (ﬂ"l,s ) xlz + Ag Xzz)z

Ao g Ao Ao
3-(1-(—+—) 2:A-(—+—9)

Hy Hs Hy Hs

=6,716-10"*

BapI/IaI_II/Iﬂ 3aICPKKHU ITaKEeTa B IIOTOKE CCaHCa, MAYIICM II0 IIyTH D, paBHA:

Vv, :\/ ZO'Z(\NU)

(.)ep (6.14)

B notoxke ceanca (1,8):

(c) Visg :\/02(\N1,3)+02(\N3,7)+02(\N7,8) =0,045
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Mexanu3m nojajaep:kku kauecrna oociay:xuBanus: Kogex, CRTP,

¢pparmenTanus, PQ
Mexanusm ammpokcumupyercs cuctemoit M/D/1/0o ¢ quctumumnoi PQ.
6.3.1 Ouenka cpeaHeii 3a1ep:KKH MaKeTa

OO6cnyxrnBaHrWe TPOU3BOAUTCS MO MpuHOMIY PQ, MCHonbp3yercs MexaHU3M
cxarus 3aronoBka CRTP u dparmenTanust MHPOPMAIIMOHHBIX MaKeTOB. JIMHUS
o0CITyKMBaeT KOMOMHUPOBAHHYIO Harpy3Ky: rojOCOBbI€ IaKeThl ipuopurera 1 co
cpenHer nuuHOW L, = 568 OuT M MHPOpMalMOHHBIE MAKEThl MPUOPHUTETA 2 CO
cpenuei jHou L, = 560 Our.

NHTEHCUBHOCTH 00CITYKMBaHUS FOJIOCOBBIX TAKETOB B y3J1aX:

B 56000
=— ="""--0908,6 (nax/c
=" o6 (nar/c)

2
NHTEeHCUBHOCTD 00CITyKMBaHUSI MH(OOPMAIMOHHBIX TAKETOB B y3JaX:

B 56000
=—="""-100 (nax/c
Mo =" 560 (nax/c)

u

BpeMH moJaa4u roJIoCoBOro 1makeTa paBHO:

X, = 1.1 o0m (c)
986

Bpems nogaun nuHpopManinoHHOTO aKeTa paBHO:
X, = 1 -1 00100 (c)
u, 100

Bropoii  MOMEHT BpEeMEHM  MepeJayd  TOJIOCOBOrO  IMakeTa  IpHU
JIETEPMUHUPOBAHHOM PACTIIPEACICHUN JJIMHBI TAKETa PABEH:

w2 1

2 _
Xy =—;
1

=1,02-10" (¢?)
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Bropoii MOMEHT BpeMeHH mnepefadyd WHOOPMAIMOHHOIO MaKeTa MpH

ACTCPMUHHUPOBAHHOM PACIIPCACICHUN AJINHBI IIAKCTA PaBCH:

X2 =1 _100.104()

2
2

3azeprkka pacpoCTpaHEeHUsI CUTHAJA B JIMHAX PaBHA:

S 2000

V 250000

=8,00-10° (¢)

3ajepkka ToJIocoBOro makera mnpuoputera | ceanca (1,3) B ouepeau Ha
nepenaudy B cucteme PQ mo nunuu (1,8) paBHa:

o XE =

W _; _/11,8'X12+ﬂ“1,8'X22

13 7 - '

2 (1 - pl)

=6,29-10 (¢)

A
2-(1- %)
H

3azeprkKa TOJI0COBOTO TakeTa ceaHca (3,7) B ouepeau Ha mepenady mo JUHUU
(1,8) paBHa:

v 2 — S

Zm:lm Xm _ /1I1,8 ’ X12 +2'1,8 ) X22

W,., = =6,29-10"* (¢
o 2-(1-p,) ()

2.0~ ")

Hy
3amepxKka ToJIocoBOro naketa ceanca (7,8) B ouepenu Ha nepefady Mo JUHUU
(1,8) paBHa:
— - B
W, = Zm:;tm Xm . ill,s ’ X12 +ﬂ’1,8 ’ Xz2
78 = = '
2- (1 - pl)

=6,29-10 (c)

A
2-(1-2%)
Hy

CpenHsst 3a7iepKka roJocoBoOro nakera B motoke ceanca (1,8) paBna:

T, = Z W +i+7) Wy s + W3, +Wo g +3'(i+7)20’02 (c)

ceanca 1 1

3azep:kka B IIJII03aX OCTACTCS TaKOM e, Kak ¥ B 1. 6.2.1

T,=T,+T,+T,=0,01+0,005+0,071=0,086 (c)
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3aseprkKa roJIoCOBOTO MAaKETa paBHa

T=T,+T.,
I'ne T1,,=0,086 ¢ — 3amepxka B IUIIO3AX,
T.=0,02 c — 3azepKKa B CETH,

T=T, +T.=0086+002=0106 (c)

O]_leHKa BapHallMi 3aJICPKKHU MMaKEeTa

Jlucniepcuisi BpeMeHH OXHIaHHs TOJIOCOBOTO IMakeTa ceaHca P B ouepeau Ha
nepezaayy no junuu (i,j) paBHa:

o (W,;) = W35 = (W,,)% rae

W, - mepBBIii MOMEHT BpeMeHH OXHUIaHUs (CPEIHss 3a/lepKKa OXKUJIAHNUSA) B

oucCpCau IIaKCTa K- IIPUOPHUTCTA,

W7 - BTOpOIi MOMEHT BpeMEHHU OKUIaHUs B O4€PE/IU TakeTa K- mpuopurera.

Wﬂ ornpeaensieTcs u3 GopMyJIb: (6.16)

Gn Mnp-Mg Mnp-Mg_y
+ +

(- R (- R 21— R (- Re)? 2(1- Rea) (1 - R)

_ Yk . Y2
e My, = 2521 4+ X7
_ vk _ A
Ry, = 21-:119;', 2; = P
i
_ vk . V3
Gy = L=y 4 X7,
N=2 — 49UCI0 PUOPUTETOB.
Tak kak rojocoBble makeThl o0jamaroT I-mpuoputeroM (K=1), ¢dopmya
MPUMET BUJ:

— Gy M, -M,

1 a-ry)  2:(1-Ry?
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Tne G, = X, 4 ')E:}Ll X3 42,0 X3,

i —_ — _ _
R1=P1=#_i’ M, = ?:111'){;2 =X X7+ 2, X7, My =2, X7
Cunraem, ytonpu k=1, R,,_, =0uM,_, =0
Takum 00pa3oM, BTOpOil MOMEHT OXKUIaHUsI B ouepean |-mproputeTa (rooc)

ompezensieTcs o Gopmyre:
_2_2'1'%1?)"'2*2')?23 +(/11')Z12+12')?22)'21'>?12
2 =
31-p1) 20-p,)?

BTOpoii MOMEHT BpEMEHHU I€pEIauu IrOJI0COBOr0 NMAKeTa, c?: X/ =102-10"
Bropoii  mMoMmeHT BpemeHu nepeaud  MHGOPMAIMOHHOTO  IaKeTa,
c?:X?=100-10"

TpeTuii MOMEHT BpeMEHH II€Peadu roJ0COBOro Makera, ¢ X =1,03-107°

TpeTI/Iﬁ MOMCHT BPCMCHH IICpCOa4YH I/IH(bOpMaI_[I/IOHHOFO IIakeCTa, C3:

X2 =100-10"°
Onpenenum BTOPOM MOMEHT BPEMEHM OXKUIAHWSA B OYEPENU HA Mepeaady Io

aunuu (1,3) ronocoBoro makera (1-nmpuopurer) ceanca (1,8):

7 _ A X+ A Xy (X 42, X)) A XY

+
Y 3-p) 2(1- py)?
' va Va2 ' va Y ' va 2
_ /11,8 ) X13 +ﬂ“1,8 ) Xz3 " (/11,8 ) Xlz +ﬂ‘l,8 ) )(22).],1’8 ) xlz —4564.10°° (C )
2 2 o
3(1_ﬂ) 2(1_ﬂ)2
H Hy

W,, =6,29-10" (c) (paccunTaHa BhlIIIe)
Torna
a° (Wl,a) = ﬁ — (W,3)?=4,168- 1078, (&)
OrmpeearM BTOPO MOMEHT BPEMEHH OKUIAHHS B OYEpPEIH Ha Iepeaady I1o

nunauu (3,7) ronocoBoro mnakera (1-npuopuret) ceanca (1,8):

' 73 73 ' 72 72 ' 72
VE: 2“1,8 : X1 +/11,8 ’ Xz n (ﬂq,s ’ X1 +/11,8 ’ Xz)'/ll,s ’ X1 =4,564-10_6 (CZ)

Ig Aaye
31— %) 20— %)

H H
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W,, =6,29-10 (c) (paccuuTaHa BbIIIIE)

Torna
o?(W;,) = W2, — (W;,)%=4,168- 1075, (?)

OHpC,ZIeJII/IM BTOpOﬁ MOMCHT BPCMCHH OXHNIAAHUA B OUCPCAMU Ha IICpCaady II0

muauu (7,8) ronocoBoro makera (1-mpuopurer) ceanca (1,8):
Vr%: 2"1,8 ’ >?13 +ﬂl”l,8 ’ )?23 n (2"1,8 ’ )?12 +ﬂ”l,8 )?22)/118 ’ )?12 :4’564‘10—6 (CZ)
3(1- he 2(1- @)2

Hy Hy

W, =6,29-10"* (c) (paccuuTana BhIlIE)
Tornpa
o2 (Wy5) = W2, — (W, 5)?=4,168- 1075, (?)

Bapwuanus 3aep>kKku roJIocoBOro makeTa B motoke ceanca (1,8) pasna:

Vo =J Y ot W)

(i.))ep

Vig = \/02 (W) + o (W, ;)+ o’ Wie) = 356310 (¢)
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