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1. CocraBjeHne cucrem
anddepeHmuaabHbBIX YPaBHEHMNIT,
onuceiBaoniux pabory CMO,

C TIOMOMIBIO AMAarpaMm
MHTEHCUBHOCTEN IIepexoI0B

HamoMHnM, 9TO OpH PENICHAN 3329 TEOPHU MACCOBOTO
obcuayxuBanus (gasee — TMO) HeoOXOLUMO ymMerh cocras-
JIATH COOTBETCTBYIOITHE CUCTEMBbI T depeHnaabubIX WIH
ajaredpandecknx ypaBHEHUH, HEM3BECTHBIMU BEJMINHAMHU B
KOTOPBIX SBJSIOTCSA BEPOSTHOCTH COCTOSHHUN CHCTEM MacCo-
Boro obcaryxusanus (nasee — CMO). Ilpu onucannu paboTs
CMO BO MHOTHX CIyYasiX MOYKHO ONUPATHCS HA TAK HA3bI-
BaeMblil ITporece ruden u pa3MHokenusd. B obiiem ciyuae
OH OIUCHIBAETCH CJIeIyIonIeil cucreMoit audpepennuaibHbx
ypasrenuii |1, ¢. 11-13]:

(

po’(t) = —Xopo(t) + papa (1),

P (1) = Ne—1pr—1(t) — (M + ) pe(t) +

+ tr1pr(t), mpu k > 1, (1.1)
Zpk(t> - 17
\ k=0

rie pi(t) — BepOSITHOCTH TOTO, YTO B MOMEHT ¢ 00'beM MOILy-
JISIIAN paBeH k.

YipocruTs mporece coctapaenns cucreMsl (1.1) n eif mo-
,ZLO6HBIX IIoMOraeT TakK Ha3blBacMad JUarpaMMa UWHTEHCUBHO-
CTEH TePexoI0B:
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B kpyxkouke 3anucano coorseTcTByomnee cocrosgane CMO
ot 0 u J10 GecKOHEYHOCTHU B JAHHOM cJiy4ae. PaccmorpuM, Kax
3amuChiBaeTCsl ypaBHeHHe st pi(f) ¢ y4eToM AuarpaMMbl.
Crpesiku, HampaB/JeHHble K KPYZKOUKY (K), COOTBETCTBYIOT
3naky ’ +” , or Hero —3uaky ’ — ”. Takum obpa3om, ypaBue-
HHe TOJIy4YaeTcs Kak cyMMa "moTOKOB" g _1pp_1 W fgs1Prr1
B cocrostaue (k) MUHYC cymma "morokoB"us cocrosius (k) B

COCTOSTHUSA () U (), T. €. NP + [Pk
IIpumep

CocraButh cucremy ypasuennit CMO, nmeroreit nuarpam-
My MHTEHCHBHOCTEH IepexoIoB:

2 1 2 3 1 0
o W e W W

2 3 3 3 4 0 .
Pemenue:

Buumare/ibHO IOCMOTPEB Ha JUarpaMMy, MOXKHO CJIe/1aTh
CJICJTYIONTUI BBIBOJI: CUCTEMa ypPaBHEHUI Oy/1eT KOHEUHA,
7. K. CMO MOKeT HaXOAUThCA B OJHOM W3 IIECTH COCTOSI-
HUU U, KaK CJIeJICTBUE, Oy1eT UMeTh CeMb yPaBHEHMIA: MIECTh
nuddepeHITaIbHBIX U OHO aAredpamIecKoe.



CocraJjisieM cucremy:

[ po'(t) = —2po(t) + 2p1(t),
p1'(t) = 2po(t) — 3p1(t) + 3pa(t),
p2'(t) = 1pi(t) — 5pa(t) + 3ps(t),
p3'(t) = 2pa(t) — 6ps(t) + 3pa(t), 12)
pa’(t) = 3ps(t) — 4pa(t) + 4ps(t), '
ps'(t) = 1pa(t) — 4ps(2),

( Pot+Pp1+p3s+pstps=1

YupakaeHusd
CocraBbTe cucTeMbl AuddepeHnnaaIbHbIX yPaBHEeHHH 114

CMO, umeronmux cjaeayionue JIaarpaMMbl HHTEHCUBHOCTEH
EePEX0JI0B:
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2. Ommcanne pazandabpix CMO,
paboTamInx He B CTAIIMOHAPHOM
pexxnme

B [1, ¢. 16-20] B 06mux ciaydasx paccMoTpeHa pabora
CuCTeM — C IOTepAMH, C OZKUAaHUEM, 3aMKHYTBIX CHCTEM.

Cucrema c nmorepsamu, 6e3 ouepeau

B nannoit CMO n nputdopos, A\ = Anpu0 < k<n-—1,
. = kpopu 1 < k < n,oduepenn vet. Ee pabora onmucsiBaeT-
cd ceayloneii cucremoil uddepeHinajibubX ypaBHEHUI:

P’ (t) = Apr—a (t) = (A + kp)pe(t) + (k + 1) ppea (2),
npu 1 <k <n-—1,




Cucrema ¢ oxxkuganumeM, 6€3 orpaHUYEeHUd HA JJIU-
HY odepeau

Harrags CMO umeer n mpubdbopos, A\, = A mpu k > 0,
pr = kpopn 1 < k <nwupu, =npuapu k > n , Heorpa-
HUYEHHYIO o4depeib. Ee MaTeMaTudeckoit MOJEIbIO CJIYKUT
cucTeMa:

P/ (1) = A () — 3+ k)p() + (6 + Djapea (2),
mpu 1 <k <n-—1,

P (1) = Apr—1(t) — (A + np)pr(t) + npprea(t),
npu k > n,

3aMKHyTasi CUCTEMA

B CMO makcumaabHOE YHCIO0 3asBOK — N , I MPUOOPOB,
npuaeM 7 < n , Ay = (n— k)X upu 0 < k < n, py, = ku upn
1 <k<rup,=rpupur <k <n.Ee pabora onucsiBaercs
CUCTEeMOI:

pi/(1) = (0 k+ DApca(t) — M — B) + kilpa(t) +
+ (k4 Dpppa(t),mpn 1 <k <r—1,

pi/(1) = (n— k + 1)pca(t) — [An — k) + rulpi(r) +
+ rupg(t),upu r < k <n-—1,




IIpumep

B cucreme c nmorepavu n = 2, u = 2, A = 2,
po(0) = 1,p1(0) = 0,p2(0) = 0. CocraBurh JuarpaMmy
HHTEeHCHBHOCTE IIepexomoB, cucreMy auddepeHInaIbHbIX
YPaBHEHUH, HANTU BEPOATHOCTU COCTOSHUN CUCTEMBI MaCCO-
BOI'O OOCJTy KHUBaHMUS.

Pemenne:

JlnarpaMma MHTEHCUBHOCTH I1€PEX0/10B Oy/1eT UMETh BH/I;
0

2
o~
2 4 0
[Toany4aaeMm caenyiomyio cucremy audepeHnnalIbHbIX YpaB-
HEHUI:
po’(t) = —2po(t) + 2p1 (1),
pi'(t) = 2po(t) — 4p:i(t) + 4pa(t),
p2'(t) = 2p1(t) — 4pa(2),
po(t) +pi(t) + pa(t) = 1.
Cucrema JMHEIHO 3aBUCUMA, MOYKHO He pacCMaTpPUBaTh TPe-
The ypaBHeHue. 113 ajqrefGpandeckoro ypaBHeHHs UMeeM po(t) =
1 — po(t) — pi(t) m mogcTaBIsieM ero BO BTOpOE ypaBHEHHE.
Torna
po’(t) = —2po(t) + 2pi(t),
pi'(t) = =2po(t) — 8pi(t) + 4,
pa(t) =1 —po(t) — pat).

[lepeitgemM K pelreHUIo CUCTEMbI CJeayoimux jauddeperiu-
AJIbHBIX yPaBHEHMIA:

po’ (t) = —2po(t) + 2p1 (1),
p1'(t) = —2po(t) — 8pi(t) + 4.
XapakTepucTuIeckoe ypaBHeHne UMeeT BUI:
B B
—2 —8 =\
9

= 0.



Orcrona
)\172 - —5 i \/g

Torma B kKauecTBe COOCTBEHHBIX MOXKHO B34Th CJIEIYIOIINE
BEKTOPBL:

ﬁ1:{3+\/5;—2},
E:{S—\/S;—2}.

Obiriee perrenue 0JITHOPOJIHON cucTeMBbI Tud hepeHuaIbHbIX
ypaBHeHH# OyIeT MMeTh BHI:

po(t) = C(3+ VBB VO 4 03— VB)e(—5 — V)

pr(t) = Co(~2)el =5+ VO 4 0y(2)e(=5 = VO

YacTHOe pelreHne HEOIHOPOIHON cHCTEeMBbl OyjIeM HCKATh B
CJIeYIONEM BHJIE:

bo = a,

b= b e a,b € R.
1—Y

[ToacraBum py = a,p; = b B cucremy

{ po’(t) = —2po(t) + 2p1 (1),
p1'(t) = —2po(t) — 8pi(t) + 4.

[Tosryanm

Tora obitee perenne HEOTHOPOIHOH CUCTEMBI OY/I€T UMETh
BH/I;

polt) = C13+VE) I VI 4 (3 V)5 = VO 2,
10



n(t) = Cl(_Q)e(_5 + Vo) + C'z(—Q)e(_E’ — Vo)t + %

Wcnonb3ys Hadaababie yeaopus, Hajigem C7 u Co:

1
G =15
1
Cy = 1.
Nraxk,
_ — _5_ 2
pot) = 25 (=54 Vo) | 3= VB (5B 2
10 10 5
1 (_ 1 (_5_ 2
plg):_ge( 5+Vh)t 56( 5Vt | 2

[Moacrasass Beipaxkenns aasa po(t) m pi(t) B pa(t) = 1 —
po(t) — p2(t) , momydnm

palt) = %ﬁ(—m Vo)t %544 — Vo)t +%

YopaxkHeHud

e 1. B CMO wumerorcs Tpu mpubOpa OIMHAKOBOW Cpe/I-
Hell mpousBoauTeJpbHOCTH. CHCcTeMa — ¢ MOTepsaMHU, OT-
cyTcTBHeM odepenn. CpeqHss MHTEHCUBHOCTH BXOJTHOTO
HOTOKA PaBHA ISTU 33asBKAM B 9aC, a CPEJIHss IPOU3BO-
JIATETHLHOCTD KazK/IOr0 mpubopa — YeThIpeM 3asdBKaM B
gac. 1300pa3uTh auarpaMMy WHTEHCUBHOCTEH Mepexo-
JIOB, COCTaBHTDb COOTBETCTBYIONIYIO cucTeMy jauddepen-
MUAJTBHBIX yDaBHEHUIH.

e 2. B CMO nBa npubopa oIuHAKOBO# cpegHeil Tpou3Bo-
guTenbHocTH. CHcTeMa — ¢ OXKHJIaHueM, HeOT'PaHUIeH-
HOIl OYepespio, CO cpeaHeil HHTeHCHBHOCTBIO BXOIHOI'O

11



LIOTOKA, PaBHO# JIBYM 3adBKaM B 4ac, U cpejHeil 1po-
U3BO/IMTEILHOCTHIO Y KayK/I0r0 npudbopa, paBHOM OJHOI
3asBKe B yac. M300pa3uTh quarpaMMy MHTEHCHBHOCTE
HePeXo/I0B, BBIITACATH COOTBETCTBYIOINLYIO CUCTEMY Tud-
depeHMATBHBIX YPABHEHHUIA.

3. Pabounit obcryxuBaer 6 crankoB. B cpegnem cra-
HOK OCTaHaBJHBaeTcd 1 pa3 B 2 vaca. OOcayKuBaHUe
OJTHOTO CTaHKa 3aHWMaeT y padbodero 15 muayT. K Kako-
My THIYy OTHOCHTCs Januas cucrema’ M300pa3uts mist
nauuoit CMO nmarpammy WHTEHCHBHOCTEIl 1MepexoioB
U COCTaBUTHL cucTeMy jaudepeHnuanbabiX ypaBHEeHU
B JIBYX CJIyYasx:

— cocTosiHAE [}, 03HAYaeT, YTO CJOMAHBI kK CTAHKOB,

— cocrognue Fj o3Havaer, YTO OTPEMOHTUPOBAHLI Kk
CTAHKOB.

4. B CMO nmerorcs asa npubopa OJMHAKOBOI CpeIHei
POU3BOIUTETHHOCTH, PABHOI JIBYM 3asIBKAM B MUHYTY.
Cpeaisis HTHTEHCUBHOCTD BXOJ/IHOI'O MTOTOKA PaBHA TPeM
3asiBKaM B MHHYTY. B odepean MoxKeT comepzKaThCs He
bosee omHo# 3asgBKH. V300pasuTh auarpamMmy HHTEH-
CHUBHOCTEIH TEepexo/i0B, COCTaBUTHL cucrtemy auddepen-
[UAJTBHBIX yPABHEHMUIA.

5. /lanbl JiuarpamMMbl HHTE€HCUBHOCTEH 11€PEX0JI0B LIATH

CMO:
oo.e.e.oe
o.o.e.e.o

/\»mm K_\ /\‘m &
6\/4\ /“\/ 4\_/ \_/ O‘\_/ ..

12



3.

C.CC@@C

(m+1) (m+2)

o T e 3 e e e A R

Jlist KayKa0i cucTeMbl ONPeaenTh: KOJIUIecTBO prbo-
POB, CPEJIHIOI MHTEHCUBHOCTH BXOJIHOT'O IIOTOKA, CPE/JI-
HIOIO IIPOU3BOIUTEIHLHOCTD KaxKJI0ro npubopa, KoJamde-
CTBO 3agBOK B OUepe/iH.

e 6. /lanbl cjejyioniue CUCTEMbI C IIOTEPSAMHU, OTCYTCTBU-

eM ouepe/in:

n=1X=11u=27py0)=1p(0) =0,
My: n=1A=1,u=3,p(0)=1,p1(0) =0,
n=1X=2u=3,p(0) =1,p(0) =0.
Jlna kaxxaoit CMO cocraButh nuarpaMMy WHTEHCHBHO-

cTeil mepexoJioB, cucTeMy JuddepeHImaIbHbIX YpaBHe-
HUI, HAWTU BEPOATHOCTH BO3MOXKHBIX cocTosnnit CMO.

e 7. lImeerca cucreMa ¢ morepsamu, 0e3 odepeau. B meit

JIBa IpUOOpa, MOCTOAHHAS HHTEHCUBHOCTDH BXOIHOTO IO-
TOKa, PaBHAsl OJHOMY, U CPeJHsisl IPOU3BOIMTEIbHOCTD
Kayk10ro mpubopa, paBHas TpeM. B HauabHBI MOMEHT
BPEMEHH CHCTEMa MacCOBOrO obcy:kuBanust mycra. Co-
CTaBUTD cuctemy JauddepennualibHbIX YpaBHEHUH, Hall-
TH BEPOATHOCTH BO3MOXKHBIX cocTosinuii CMO.

CucreMbl MaccoBOTO
00CIy2>KBaHNS, PadOTAOIIHE
B CTAIIIOHAPHOM peXXKuMe

Korga CMO paboTaeT B CTAIHOHAPHOM PEXKUME, OIHUCHI-

BaoIas ee pabory cucrema AudpepennuaibHbX ypaBHeHni

13



npespaiaercst B ajarebpandeckyio |1, ¢. 31-33]:

p

0= —Xopo + pip1 ,upu k = 0,

0= Ne—1Pk—1 — (i + L) Dk + Het1Dk+1

upu k > 1. (3.1)
2 p=1
\ k=0

Pemenne gamnoi cucTeMbl IMeET BHI:

k—1 \
pr=]]—po| E=1,.. (3.2)

o Mi+1

I
Po = oo k—1
A 3.3
1+> 1] (33)
1 o M+l

IIpumep

Paccmorpum CMO ¢ moTepsiMu, OTCyTCTBHEM OY€pEIH,
it KoTopo#t n = 2,u = 1,\ = 3, u koropas paboraer B
CTAIUOHAPHOM pexkuMe. /lmarpamMma MHTEHCUBHOCTEH mepe-

X0J0B OyIeT UMeTh BH/I:
3 0

3
e W

1 2 0
[Monyunm
3
b1 = I Do,
3-3
P2 = 1. 2]9

po+p1+p2=1,

14



OTCIOIA

P11 = 31907
9
P2 = §p07 0
Po + 3po + oo = 1,
2 6 9
TOTAa Po = 1—7,]91 = 1—7>P2 = 1—7

Hamee naiiem N — cpejiHee 9UCJIO 3aBOK B CHCTEME KaK
MaTeMaTHYeCKOe OXKUJIaHue JIMCKPETHON ciIy4aiinoil sejimau-
HBI — unciaa 3agBoK B CMO:

N:O-po—l—l-p1+2-p2.

Torna

2 6 9 24 7
N—0-1—7+1-1—7+2-1—7—1—7—1ﬁ.

B 1. 2 mamu 6b1a pacemorperna CMO 6e3 ouepean, a/is
KOTOpPOit n = 2, A = 2, . = 2 u Haii/IeHbl BEPOATHOCTU COCTOSI-
Huit po(t), p1(t), po(t) He B cramuonapuoM ciaydae. 1306pa3us
rpaduku byurnuit po(t), p1(t), p2(t), N(t) , MoxHO ompee-
JINTH MIPUMEPHO, B Kakoit MoMeHT paboTel CMO ycranapin-
BaeTCsl PAKTUIECKHU CTAllMOHAPHBINA pexkuM. B anHOM Cy-
4ae MOZKHO CYUTATh, 4TO 3TO npousoiiger npu t = 1.8. Kpome
9TOrO, ecJiu HaifiTw mpegenbl GbyHkuuit po(t), p1(t), po(t) npn

{ — 00, TO MOXKHO IIOJIyYUTh UX CTAllMOHAPHBbIC 3HAYCHUA:
2 2 1

Po = 3,]01 = gapz = 5

15



YopaxkHeHuda

e 1. Imeem CMO c¢ moTepsiMu, OTCYTCTBHEM OY€PEIH, I
KoTopoih n = 2, \ = 2,4 = 1, u Koropas paboTaeT B
cramuonapuom pexkume. Haiitu pg, p1, pa, N.

e 2. Nnmetorca tpu CMO ¢ morepsimu, OTCYTCTBHEM OUe-
pemu:
My: n=1,Ax=1,u1=2,py(0)=1,p,(0) =0,
M2: n:17>\:17N:37p0(0>:17]91(0):07
n=1A=2u=3,py(0)=1,p(0) =0.

1 ka0 cucTeMbl MOCTPOUTH rpadukn OYHKITHIA:
po(t), p1(t), p2(t); onpenenuTh, B KAKOH MOMEHT BpeMme-
HU yCTAHOBUTCS CTAIMOHAPHBIN pexkuM. BorancauThb cra-
IIUOHAPHbIE 3HAYECHUA BEPOATHOCTEH COCTOAHUI J1BYyMHd
cocobaMu. 3aMOTHATH TabJInILy

Po| Pi| BIN ([P

})

n

1L
3
i
3

N = —

il
il
il

16



rie p — kodpdunuent ucnosbzosanus CMO.

Craenarh BBIBOJL.

e 3. Imeercas CMO (yup. 7, ¢. 13). Ilocrpouts rpadu-
ku yuknuit: po(t), p1(t), po(t). Beisicautnb, B Kakoii mpu-
MEpPHO MOMEHT BPEMEHU yCTAHOBUTCSL CTAlMOHAPHbII Pe-
KUM. BBIUHCAUTL CTanMOHAPHbIE 3HAYEHUS BEPOATHO-
CTell COCTOSTHUI CUCTEMBI JIBYMS CIIOCODAMU.

4. CucreMma MaccoBOIO
obcaryxuBauus M /M /n

B o6oznavennn CMO gacTo ucnosb3yercd abopeBuaTypa
CJIEIYIOTIEro BUIA!

Byxea / Byxea / Yucao / Hucao.

ITepBasi 6ykBa 0603Ha"aeT (PYHKIMIO PACIIPE/IeIeHIsT 3asBOK
BXOJIHOTO TOTOKA. JIIsT mMOKa3aTe/IbHOTO pacIpeseleHusT c-
nosib3yercs Oyksa M. Bropas 6yKBa — 3aKOH pacIpe/ie/IeHusI
BpeMeHHu 0OC/IyKUBaHUs OJHON 3agaBKu. [lepBoe dmcyio 060-
3HAYAET YUC/I0 IPUOOPOB B CUCTEME, BTOPOE — 00BEM HAKO-
IuTeId. I/IHOF,ZLa HUCIIOJB3YIOTCA JOIMOJIHUTE/IbHbIE CUMBOJIBI,
0003HAYAOIINE YUCJ0 BXOIHBIX ITOTOKOB | T. Il. PaccMoTpum
CMO M/M/n.

Cucrema uMeeT BXOIHOH IOTOK CpegHeil MHTEHCUBHOCTH
A, HEOTPpAHUUIEHHYIO JJINHY Odepear W HPUOOPHI, UMEIOIIHe
OJIMHAKOBYIO CPEIHIO TTPOU3BOIUTEIbHOCTD, PABHYIO [i. T0-
ra JrarpaMMa HHTeHCHBHOCTEH 1epexo 10B Oy/1eT MMeTh BH/I;:

0/1\.1/&\. /1\.”_1%\. /%w/*\.

e W = W s SRR

n 2n (n=1)pn np np np

17



Dopmyibl 1151 BBIMHC/ICHUS BeposiTHOCTel cocrosauit CMO
em. [1, c. 43]:

k

n

Dr = poy[)k ans k< on,
n" .

Pk = Do P ant k>mn, o (4.1)
n!

Do =

n—1 k n
3 (np)® | _(np)
k! n!(1 —
P (1—p)
Dopmyabl 79 BBIUUCICHUS OCHOBHBIX TOKasaTeseil pa-
GoTsl cucremst cM. |1, c. 43-45]:
T — BEpOATHOCTH TOro, uto mocrynusmiags B CMO 3asBka

OKazKeTCd B O4YepeIn:

(np)" 1

o n!' 1—p
St (4.2)
k! n!(1—p)

k=0
M, — cpennsist JUTMHA OYepeIu:

_r
(1=p)*

My — cpemHee 9MCIIO 3as1BOK, HAXOISIINXCS B CHCTEME:

n—1
(np)* | pan Pnp
—1)! _ _ )2’
2t
Mj; — cpeanee 9ucio cBOOOJHBIX OT OOCYKUBAHUA MPHOO-

pOB:
My = po 3 (n— 0 0L (45)

k!
k=0
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M, — cpejiHee BpeMsi OXKUJIaAHUS B O4€PE/U, BbIYUCJIEHHOE C
yaerom dbopmyabt Jlurraa qst ouepenn 1, c. 10]:

M s
My =20 = 1, (4.6)

My — cpemgHee BpeMsl MpeOBIBAHUS 3asIBKH B CHCTEME, MOJY-
YeHHOe ¢ OMOIIbI0 (popmyJibl JInTTia:

Ms = =2 (4.7)

IIpumep

Nwmeerca CMO ¢ aymsa mpubopamu, padOTAONast B CTa-
UOHAPHOM pekuMe: A = 3, 4 = 2, ouepe/ib HEOrPAHMYEHHA.
Haittn cpemgree uncio 3asiBOK B CHCTEMe W CPEIHIOI JUITHHY
odepe .

Pemrenue:

JImarpamMma WHTEHCUBHOCTEH MTepexo10B UMeeT BUIL:

3 3 3 3 3 3 3 3
Yy

BepositHocTu cocrostamit n xapakrepuctuku padborsr CMO
MOYKHO BBIYHC/IUTH JBYMSI CIHOCOOAMIE: IO TOTOBBIM (hopMmy-
aam (4.1 — 4.6) win, pyKOBOJICTBYSICH ONpeIeIeHUSIMH XapaK-
TepucTuK u (pakTamMu, K HUIM OTHOCSIIUMCSI.

Haiinem nBymsi crmocobamMu BepPOSITHOCTH COCTOSIHHI CH-
CTEMBI:

1-it crocob (o dopmyste 4.1)

BaMeTuM, 4UTO I OllepejieJieHsT IoKa3aTeaeil paboThl
CMO s1rum €rocoboM J0CTaATOYHO HANTH TOJIBKO BEPOSTHO-
CTU COCTOSIHHUH Py U Po. Y UUTHIBAS, U9TO P = %, nMeeM

3 3
(2';1)0 (2'1)1 (2'1)2
Po=|—or*t—ar 3| T




9—1

3 1 3 917" 2 1
1+2+1 {1+2+2] 14 7
2
1 22 (3)2 1 9 9
p2:_._. - :_.2._:__
7 20 \4 7 16 56
2-if cnocob

YuautbiBag (HopMyay 3.2 U ONupasiCh HA AHATPAMMY HH-
TEHCUBHOCTE 11epexo/ioB, MOJIYyIuM

_3
p1_2 Do,

3 3
pzzé'z'po,

3 /3\?
p3:§' Z_l * Do,
3\
pk:§(1) * Do,

Torna, yauTsiBas, 9TO E pr = 1, nMeem
k=0

+3 +33 +3 3Y’ +...=1
p02p024p024 pbot+..=1,

PRI IE B N 2 W
Po 272 12 \1 o B

3ame 03—1-3 3+3 32+ eCTh C a
METHM, 4T 5 1t 3 1 ... €CTh CYMM

OecKkoHeYHO yOBIBaIOIEl IeOMEeTPUYECKOil MPOrpeccuu, Bbl-
qucageMas 10 ¢popMmy.ie:

by
S=1 (4.8)

20




b_3 3
re 1—§7q—1.
Torna
3
p- |1+ —25 | =1,
1-2
4
po-(1+6)=1,
1
po—;-
CaenoBaTesbHO,
31 3
p1_§'§_ﬂ’
331 9
P51 TG

Hautee naiimem My — cpeaHee 4ucjIo 3asBOK B CHUCTEME.

1-it crocob (1o dopmyste 4.4):

3 1
C (23 2. 2
MF?- 4 56 6 4 _

1 3+51

416
:1.%4_3.%4_3.%.16:i+§+2_7:4_8:3§_
7T 2 28 1 56 4 14 14 14 14 7

2-it cocob (Kak MaTeMaTHIeCKoe OXKH/IAHIEe COOTBETCTBY-
OIIell JUCKPEeTHON cirydallHOK BeJII/I‘II/IHbI)Z
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I
—_
4>|°"’
.
R
=)
ol
_l’_
—
~

3 q
e
k=0 q:% q q:%
—_— 1 —_—
14 (1-q)*[_s
1 3 3
== == .16=32

Bouraucum My — cpeiHIO0 JITUHY OYepeIn.

1-it crocob (110 dopmyste 4.3):

3
9 1 9 3 27 13
M, = —. %2 - = .2 16=20 122,
"T56 1 56 4 =11
16

2-if cocob (Kak MaTeMaTHIecKoe OXKNIaHne JUCKPETHOI
CJyYalHOU BEJIMYUHDBL — JIJIUHBL Oqepe;m):

My=0-(po+p1i+p2)+1-p3+2-ps+3-ps+..=
1 3 /3)\? 1 3 /3)\° 1 3 /3\*
=12 2) 42.2-0. °) +3.2.2. °) =
72(4)+72<4>+72<4>+
3\? & 3\*1 3 /3\? 13
A(2) Nk (2 =2 (2) 16=1=2,
() e (5) =1 (3) o=

JIByMs criocobaMy MOYKHO BBIYHC/IUTH U JPYTUE CPEIHHE
xapakTtepuctuku cucremsl M /M /n, u e Toabko. Béabmast
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HPOCTOTA 11€PBOIo c11ocoba 3aK/odaercs B (popMaJibHOI 110/1-
CTAaHOBKE YMCJIEHHbIX 3HAYEHUI BEJIUINH B y7Ke TOTOBBIE POP-
MYJIBI, KOTODbIe I Pa3HBIX CHCTeM MOXKHO Haiitnm B [1].
Hemnoctarok — He0OXOAUMOCTD IIOMHUTD TPOMO3IKHIE HhOpPMY-
Jel. Bropoit coco6, na Hat B3IVIsI, TpeIoYTUTeIbHee TIpU
pereHny 33724, TaK KakK MpernogaraeT OCMbICTeHHBIH 0
X0, K BbIYHCJICHUIO Ka}K,ZLOfI XapaKTEepUCTUKH CUCTEMBbI, 1103~
BOJIHIOH[I/IIU/I HaXOOAUTh UX CaMOCTOATEC/JIBHO B KaKJI0M HOBOM
cjlydae, He OMUPAasCh HAa FOTOBBIE PE3YJIbTATHI.

VopaxkHeHud

e 1. Paboraer CMO c aBymsa npubopamu U HEOTpaHUYICH-
HOIl oYepelblo B CTAaIlMOHApPHOM pexkume. BxomHoit mo-
TOK — IIYACCOHOBCKUI CO cpeiHell UHTEHCUBHOCTBIO, PaB-
HOU 4eThipeM 3asiBKam B MuHyTy. CpeiHsisi HHTEHCUB-
HOCTB O6CJIy}KI/IBaHI/IH pPaBHa TaKXKe Ye€ThbIpEM 3adBKaM
B MUHYTY. BBIYUCIUTE ABYMS CIIOCODAMMU:

— BEpPOSATHOCTDb TOT'O, YTO MOCTYNUBINAA B CUCTEMY 3a-
dBKa OKaxKeTcs B O9epe/in,

— cpeJjiHee YUCTI0 3adBOK B OUepPe]i,

— CcpejiHee YUCJI0 3adBOK B CUCTEMe,

— cpejiHee YHUCJ0 CBOOOJIHBIX OT OOCJYKHUBAHHUA ITPU-
OopoB,

— CcpeJiHee YUC/I0 3aHITHIX NPUOOPOB,
— cpemHee BpeMs peObIBAHUS 3aBKU B OU€PeIH,
— cpegHee BpeMs TpeOLIBAHUS 3asBKU B CUCTEME.
e 2. CMO c aBymga npubopamu, EMEIONUME OJIHHAKOBYIO
CPeIHIOI HHTEHCHBHOCTD 00C/IY:KUBAHUS, PABHYIO TPeM

3asIBKaM B Jac, paboTaeT B cTallmOHAPHOM pexkume. Oue-
pellb HeorpaHudeHHas, 1IyaCCOHOBCKUN BXOJAHON IIOTOK
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CO cpe/iHell MHTEHCUBHOCTBIO — TPU 3adBKU B 4yac. Haii-
TH:
— BEpPOSITHOCTDb TOTO, UTO BCe MPUOOPHI CBODOIHBI,

— BEpPOSITHOCTD, UTO B TOYHOCTH OJWH HPHOOP CBOOO-
JIeH,

— BEPOSITHOCTDH 3aHATOCTH XOTst Obl 0JIHOIO Hpubopa,

— BEPOSITHOCTH TOTO, UTO B oUepean He Oojee OaHOI
3a49BKH,

— BEPOATHOCTb TOTO, YTO B CUCTEME HET O4depesu,
— BEpPOSATHOCTb, YTO BHOBb NLpHUIIEIIEil 3asBKe MPU-

AEeTCd CTOATH B O4Yepeaun.

e 3. CMO ¢ Tpems npubopaMu 1 HEOTPAHUYEHHON oUepe-
JIbI0 paboTaeT B CTAIMOHAPHOM pexkume. Bxomuoil mo-
TOK — IIYACCOHOBCKUH CO CcpejHell MHTeHCUBHOCTBIO, PaB-
HON JIBYM 3asiBKaM B ejunHuily Bpemenu. Cpeausds nH-
TeHCHBHOCTH OOCTyKUBAHNUS PAaBHA OTHON 3asBKe B €11~
HuIy Bpemenu. Haiitu J1r06bIM c11ocoOoM:

— CPeIHIOI JIINHY OYepein,
— cpejHee YUCJO 3asdBOK B CHCTEMe,

— CcpejHee 9HCJIO CBOOOIHBIX OT OOC/IYZKWBAHUS TPU-
OopoB,

— CcpeJjiHee BpeMs OXKWIaHUS 3asBKHU B OUepein,
— cpejiHee BpeMs IpeObIBaHUs 3a9BKH B CUCTEME,
— BEPOSITHOCTD, UTO 3asBKe He MPHUIETCS CTOITh B OtUe-

pesu.

e 4. PaccmoTpuM B KayecTBe CHCTEMbI MacCOBOTO OOCJIY-
KUBaHUAA YHEBEPCAM, B KOTOPBIH IPUXOJIAT HOKY AT/
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co cpejneit uarencuBHocTbio 100 4desioBek B uac. [lan-
HBI BXO/IHO#T TOTOK Oy/1eM CYUTATH IIyaCCOHOBCKUM. KazK-
JIBIM KacCUpOM B cpejieM obcykuBatoTes 40 deioBex

B 9ac, P ITOM Oy/ieM CUUTATh, YTO JIJIUTETHHOCTH 00-
CJIY2KMBaHUS OTIMHSETCA TTOKa3aTe TbHOMY 3aKony. Haii-
TH:

— MIIpU KaKOM MUHHUMAJBHOM KOJIMYECTBE KaCC o4epedb
He OyjieT pacTu 6e3rpaHuIHO?!

— BEPOSITHOCTD, YTO B o4Yepesn He Oyaer OoJiee JBYX
9eJI0BeK,

— BEPOATHOCTB, 9TO MOKYIATEIO PUJIETCI CTOATH B
ovepein,
— cpeJjiHee 4nucj0 CBOOOHBIX Kace,

— CPEJIHION0 JJIHTEIbHOCTD OXKHMIAHUS 00CIY KUBAHUS
B OUepein,

— cpelHee BpeMd HaXOXKIECHHA ITOKYyIlaTeJid B CHCTE-
Me.

e 5. lmeercs cucremMa MacCcOBOTO OOCTY JKIUBAHKS, PACCMAT-
pUBaeMasd B IIPEJIBLIYIIEM YIPAXKHEHUH. Y BEJTHIATD KO-
JITYIECTBO KACC HA OJHY [0 CDABHEHUIO ¢ MUHUMATHHBIM,
IpH KOTOPOM OdYepeh He pacrerT 10 OECKOHEUHOCTH.
Haiitu xapakTepucTuku, mepeducjeHHble B 3a/[a4e Bbl-
1Te, TPOBECTH aHAIN3 U CesaTh BeIBO 0 pabore CMO.

5. Pemenne pa3anmaabix 3agad TMO
IIpumep 1

Cucrema ¢ aAByMs NpubOpPaMu OJUHAKOBON CpeiHel Mpo-
HU3BOAUTEJIbHOCTH, paBHOfI ABYM 3adBKaM B 4aC, C BXOJHbIM
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IyaCCOHOBCKUM IIOTOKOM CO CP€JIHe MHTEHCUBHOCTHIO, PaB-
HO# 0/1HO#T 3asgBKe B 4ac. KojnmdecTBO 3asBOK B OYepeiu He
MOzKeT ObITh Gosibiiie JByX. HaliTu ciaemytorniue xapakTepu-
CTHKH:

e 1) cpejiHee BpeMsi OKUTAHUS;

® 2) BEPOSTHOCTH TOTO, YTO BHOBb IIPHIIE/IIEH 3asiBKe He
IPUIETCS KaTh Hadaaa 00Cay KuBaHus (T. €. OHA Cpa-
3y MOCTYTIUT Ha mpubop).

Pexum cranmmonapHLIM.

Pemenmue:
1 1 1 1 0
o R W W
2 4 4 4 0
Orcrona
1
1= 5 * Po,
11 1
p2—2 1 Po—g Do,
111 1
p3—2 1 4]30 39 Do,
11y’ 1
Ps = B 1 bo = 198 Do,

Po+p1+ps+ps+pi=1,
1 1

1 1
z. . — . =1
p0+2 p0+8 p0+32 p0+128 Po 3

[RULSE S I S
Po 28 "33 128) "
213

Sk
128

Po
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128

poZm-

64 16 4 1

T = — = — g = — = —
orja pi 213ap2 2137173 2137294 213

o 1. /Ing HAXOXKJIEHUS CPEIHEIO0 BPEMEHU OXKHUJIAHUS HC-
nosb3yeM bopmyay JlurTtiaa jaias odepean

No‘{. =\ Tom;
rae Noy — CpeiHee KOJINIEeCTBO 3asiBOK B OUePeIn,
Tou. — CpejiHee BpeMsi OXKHUIAHU.
Now =0-(po + p1 + p2)+1 - p3s + 2 - py=
4 1 6
[ — _|_ 2 . - = —,
213 213 213

TOT A
6 6

Ty = — : 1= —— ~0,028.

' 213 213 0,028

128 + 64 192

2. = = — =~ .
* 2 htn 213 o3~ 9
IIpumep 2

[IycTh uMeeTcss OJUH CHEMUATUCT B KOMIBIOTEPHOH 00-
JlacTh, 00C/IyKUBAIONIUH KOMITbIOTEPHOE 000pyjoBanue hup-
MBI — 4 KOMIBIOTEPa, KOTOPbIE BpeMs OT BPEMEHU BBIXOIAT
u3 ctpost. CpeIHssT MPON3BOANTEIHLHOCTD PADOTHIUKA — 2 KOM-
IBIOTEPA B €IMHUILY BpeMeHH. VIHTeHCHBHOCTD HOJOMKH KazK-
JIOTO KOMITBIOTEPA — OJIMH KOMIIBIOTED B JIBE €TUHUIIBI BpeMe-
nu. Haiiru:

e 1) cpejiHee YUCIO CJIOMAHHBIX KOMIBIOTEPOB,

e 2) cpejiHee 9UCI0 pabOTAIONMX KOMIIBIOTEPOB,
27



e 3) BEpPOSITHOCTH TOIO, YTO BCE KOMIBIOTEPHI B pabodem
COCTOSIHUH,
e 4) BEPOSITHOCTD, YTO BCE KOMITBIOTEPDI CJIOMAHBI.
Pexxum cranumonapHbrii.
Pemenune:

Jlarnag CMO orHOCHTCS K 3aMKHYTBHIM cucTeMaM. B 3a-
BUCHUMOCTH OT BBIOOpA TOTO, 9TO O3HAYAET COCTOsHUE K,
32189y MOXKHO PENIUTh JABYMsl CIIOCODAMHU.

1-#1 cnocob

Cocroguue F. o3Ha4daeT, 4TO k KOMIBIOTEPOB CJIOMAHO
k 9 9
Torja napamerpbsl cucrtembr: =4\ = 0,5, u = 2.

JlnarpaMma WHTEHCUBHOCTEN Mepexo10B OyaeT uMeTh BUI:
4.0,5 3:0,5 2:0,5 0,5

o 3T B B _m
2 2 2 2
Otcrona
4-0,5
P = 5 * Po = Po,
p2:1-3'0’5 p0—§p0
2 47
3 2-0,5 3
p3:;l' 9 p0—§p0>
3 0,5 3
p4—§-7~p0:§p0,

Po+p1+p2+ps+ps=1,

3 3 3
po-(2+—+—+—):1,

4 8 32
64+24+12+3) _
Do 32 — 4
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32

poZm-

N 39 24 12 3
orua p1 = ——, P2 = ——
AAPL= 90302 7 030 P8 T 103771 T 1037

¢ ) Ny =0-po+1-p1+2-p2+3-ps+4-ps=
_32+48+36+12_128N124
T 103 103 103 103 103~ 7T
©2) Npas. =0-ps+1-p3+2-po+3-pr+4-py =
_12+48+96+128 284 ~ 276,
T 103 ' 103 ' 103 ' 103~ 103

128 284 412
3aMeTnM, 9T0 —— =

103 7103 103 ¢
T. €. Ney + Npas. = 1.
32

*3)m=15

~0,31.

3
4 = —=0,03.
)p4 103 703

2 cnocod.

ITyctb cocrosinme Ej o3Havaer, 9To0 k KOMIbIOTEPOB pa-
borator, Torna n = 4, A = 2,4 = 0,5. B arom ciayqae jua-
rpamMmma I/IHTeHCI/IBHOCTef/'I HepeXOJLOB 6y/:LeT I/IMeTb BHI;:

/—\ /\42/_\4 /\4 /\.

OTCIO;La
p1=4" po,
p2=4-2-py=8- po,

_g 4 _32
p3 = 3 bo = 3 Po,
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32

p4=§'p0;
32 32
1+4+8+ — 1
Do ( +448+ 5 + 3) ,
64
P0'<13+§>=17
B 3
Po= 03"
T 12 24 32 32
orja p; = — = —
Ada P 1037172 1037]93 1037p4 103

© 1) New =0-pa+1-p3+2-p2+3-p1+4-py =

R R I B B
T 103 103 103 ' 103 103 7T

©2) Nows. =0-po+1-p1+2-pp+3-p3+4-ps=

_12+48+96+128 284 ~ 2,76,
T 103 103 1 103 ' 103 103

32

o3
) DPs = 103

~0,31.

3
4 = — = .
) po = 155 ~ 0,03

IIpumep 3

NmMeroTcd aBe cucTeMbl. ¥ KaxKIoil W3 HHUX IO JIBa IpU-
Oopa ¢ OIMHAKOBOI CcpeIHeil MpOon3BOAUTEILHOCTBIO, PABHOI
ABYM 3asdBKaM B 4acC. BXO,ZLHbIe IIOTOKHK — IIYaCCOHOBCKUE, CO
Cpe,ZLHGIjI UHTEHCUBHOCTBIO — TPpHU 3adBKH B 4YacC. Pe}KI/IM CTa-
nnonapubiit. [lepBasi cucrema — ¢ orkazammu, 6e3 odepein,
BTOpad — ¢ HEOrPAHUYEeHHOI ovyepenpio. HaiiTm:

e 1) BEPOATHOCTH 3aHATOCTH XOTs1 GBI OJHOTO mpubopa B
KayKJOH cucremMe, 3HaYEHNs CPABHUTD,
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® 2) BEPOSITHOCTD, YTO B TOYHOCTH OJMH PpHGOP ¢BOGOCH
B KayKJ0H cucreMme, 3HaYEeHUA CPABHUTD,

e 3) BEPOATHOCTD, ITO 3agBKE HE NPHUIETCS JKIATh (J1/14
BTOPO¥i CHCTEMBI ),

e 4) BEepOATHOCTD, YTO 3asiBKA OyJIET CrOATb B OYEpe/u
(nutst BTOpOIii cucremsi).
Pemenmue:

JLnst nepBoit cucTeMbl JiarpaMMa HHTEHCUBHOCTEH mepe-
XOOB OyJeT MMeTh BHJ:

Otcrona
3

P11 = 2 Do,
33

b2 2 4 Po,

2 "9 4
8
Po =59
12 9
T = — = —,
orjia pi 297192 29
12 9 21
1 - S 2 T~ 724
o 1) p1+po 50 59 = 59 =0
12
2) Py = — ~ 0. 4.
® )pl 29 )
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st BTOpo#t cucreMbl jiarpaMMa MHTEHCUBHOCTEH Iepexo-
J10B Oy/leT BBITVISAETH CAeIYIOMNUM 00pa3oM:

3 3 3 3 3
o~ I B W
2 1 7 ] !
CrietoBaTesbHO,

po+pi+ps+...=1,

3 3 3 3 3 /3\"
Do 1+—+§-—-—+...+—~ -] +...] =1,
3 = /3
1+ 2 Z
w142 2(4

3 1
Do - 1+§‘—3) =1,

1-2
4
3
1
poz?-
- 1 S3/3\" 3 1 3 4
1 2. N2 (2 22 2 R
DI 7ZQ<4) 47 311
k=1 k=0 1-°2
6 4
= — =~ 0,857
7 9
6 21
SameTnm, 9TO - > 29 0 MPUYWHE HAJTUYUHAS OvYepen
BO BTOPOU cucTeMme.
3 3
2 =—p=—r0,2.
®2)p 5 Po=1] 0,
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3 12
14 < 29
BalOTCA B OYepeu, W, BO3MOXKHO, KaK TOJBKO OJUH U3
JIBYX 3aHATBHIX NPHOOPOB OCBOOOIUTCA, HA HErO Cpasy
JKe TOCTYyHUT 3asBKa M3 HaKouurTessi. A B 1nepBoit cu-
cremMe B MOJ00HON CUTyaIuu OCBOOOIMBINUICSA TPUOOD
MOKET MPOCTANBATH KAKOE-TO BPEMsl, 3a CUeT 9Yero u
OyaeT OoJIbIle 3HAYCHHE P1.
1 3 5)

*3)potp=s =~ 0,357

, TaK KaK BO BTOpOﬁ CHUCTEME 3a4dBKH HAaKallJIU-

> 5 9
4 =1—-p—pP =1——=— =0,64.
o );Pk Do — D1 14 11 )

VopaxkHeHud

e 1. Cucrema c mpOCTEHITUM BXOIHBIM IIOTOKOM PabOTa-
eT B cTaiuoHapHOM pexkume. Vmerorcs aBa npubdopa ¢
OJIMHAKOBOH CpeJHEH ITPOU3BOAATEIbHOCTBIO — YEeThIPE
3agdBKH B 4Yac. [locTymaioT B 9ac B cpefHEM TOXKe YeThI-
pe 3agBKu. KakoBa BepodTHOCTH TOTO, UTO B TOYHOCTHU
oauu npubop c¢Bobogen? Heobxomumo paccMoTpers 1Ba
CJIy4dasd:

— JaHHAs CHCTeMa C OTKa3aMu, 00bEM OUepe i paBeH
HYJIIO,

— cucreMa 0€3 OTKA30B, C JIOOBIM YHCIOM 3asBOK B
odepen.

PGSYIII)TaTbI CpaBHUTDL U OOBACHUTD.

e 2. Merorca aBe cucTeMbl. Y KaKIoil M3 HHUX IO JBa
npubopa ¢ OTUHAKOBOH cpegHeil MPON3BOIUTEILHOCTHIO
— TpH 3adBKH B 4acC. BXO,ZLHbIe IIOTOKHU I1yaCCOHOBCKHUC,
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CcO CpeﬂHeﬁ UHTEHCUBHOCTBIO — 4Y€TbIPpE 3asdBKMU B 4Yac.
Pexxum crammonapusiit. OgHa w3 cucTeM — ¢ OTKa3aMu
6e3 ouepean, BTopas — ¢ HEOTPAHUYEHHONH OUYepebIo.
Tpebdyercs HaiiT BepOATHOCTD 3aHATOCTH XOTd OBl O/I-
HOTO MpUbOpa B KaxKI0i cucreme. Byuer nu st 0benx
cucTeM ONUHAKOBEIA 0TBeT?! OObICHUTD.

3. CucremMa ¢ MPOCTEHIIIMM BXOIHBIM MOTOKOM paboTa-
eT B CTallHOHAPHOM pexkume. VIMerorcs asa npubdopa ¢
OJIMHAKOBON CpegHed MPOU3BOAUTETBHOCTHIO — OJIHA 3a-
sBka B munyty. [locTynaior B MUHYTY B CPeJiHEM JBE
3agBku. HeobOxoamMo paccMOTpeTh JiBa Ciydad:

— JlaHHAas CHCTeMa C OTKa3aMu, 00bEM odepe i paBeH
HYJIIO,

— CHCTEMAa C O4Yepe/ibl0, He IIPEBBINIAOIIEN JIBE 3asB-
KH.

B kaxKmaoMm m3 3THX caydaeB HaAWTH BEPOSITHOCTH TOTO,
9TO 3asBKa He MOJIYYUT OTKa3a. Pe3yapTaThl CPaBHUTH
U OObACHUTD.

4. Cucrema ¢ JByMs npubOpamMu ¢ OJIMHAKOBOI CpeHel
POU3BOIUTE/THLHOCTBIO ¥ KazK/I0T0 IpubOpa, paBHO [e-
THIPEM 3asiBKaM B MHUHYTY, paboTaeT B CTAIMOHAPHOM
pexkume. B cpejiHeM B MHHYTY IOCTYIAeT B CHCTEMY
TpH 3agBku. OQUuepeib HEe MOXKET COJIepzKaTh 0JIee IBYX
3a51BOK.

— KakoBo cpejtee qmc/io 3agBOK B odepean’
— KakoBo BepogTHOCTH TOrO, UTO 3asiBKE IIPHUIETCSH
CTOSITH B OUepeIu !
5. Cucrema ¢ aByMs IpuOOpaMu OJUHAKOBOM cpemgHeit
POU3BOIUTETHHOCTH M BXOHBIM IIyaCCOHOBCKHUM IOTO-
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KOM paboTaer B cralmoHapHOM pezkume. IHTeHCHBHOCTD
BXO/IHOI'O TIOTOKa, PaBHA JABYM 3asBKAM B MHUHYTY, CPE/I-
Hsisl TTPOM3BOANTEIBHOCTH TPUOOpa paBHA TPEM 3asiB-
KaM B MUHYTY. KOJIMIecTBO 3asBOK B OU€peId HE MOKET
ObITH OOmbIe Tpex. HaitTu:

— CcpejiHee BpeMsl OXKWIaHUS B OUepeu,

— BEPOSITHOCTDH 3aHATOCTH 000MX MPUOOPOB.

6. Paborator aBe cucTeMbl B CTAIMOHAPHOM pEXKHME C
yacCOHOBCKUM BXOJIHBIM MOTOKOM. B KaKJ10it cucreme
UMeIoTCd JIBa Ipubopa OAUHAKOBOI cpe/iHel IPOu3BO/IU-
TenbHOCTH. llepBag cuctema — ¢ oTKa3zamMu, OTCYTCTBH-
eM oYepeJiy; CpeiHds UHTEHCUBHOCTDL BXOJIHOIO MOTOKA
paBHa OJHON 3adBKe B 4aC, & CpeJHAd MPOU3BOIUTEIb-
HOCTb KayKJI0T0O Tpubopa — TpeM 3asgBKaM B dac. Bropas
CHACTEMa — C HEOTPAHWYEHHON odepesiblo, CO cpeaneil na-
TEHCUBHOCTBHIO BXOJHOT'O IIOTOKA, PAaBHOI TpeM 3adBKaM
B Yac, U CpeJHell TPOU3BOJIUTEILHOCTBIO KaxK/I0TI0 IPU-
bopa, paBHOil JiByM 3asiBKaMm B dac. Haittu cpejnee dunc-
JIO 3aHATHIX TPUOOPOB B KaXKJ0# M3 9TUX CUCTEM U BbI-
SICHUTD, B KAKOIl CHCTeMe HaiileHHOe 3HaYeHne OOoJIbIe?

7. Cucrema ¢ AByMs mpubOpamu, odepeabio He Oosiee
YeM U3 JIByX 3asgBOK; pabOTaeT B CTAIMOHAPHOM PeXKH-
Me. CpejiHgd UHTEHCUBHOCTH BXOJIHOIO IIOTOKA paBHA
JIBYM 3asIBKaM B 9ac, CPeIHsIsl IPOM3BOIUTEIbHOCTD 00-
CIYKHMBAaHHUS KaxKI0ro Ipubopa paBHA ABYM 3asBKaM B
qac.

— KakoBa BeposTHOCTBH TOro, 4ro oba npubopa CBO-
OOIHBI !

— KaxkoBo cpennee Bpemst mpeObIBaHNus 3asBKUA B CH-
creme?
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— KakoBa cpennsis jmymmaa odepeau?

e 8. Cucrema ¢ JByMs IpuOOpaMu OJMHAKOBOM cpejHeit
IPOU3BOJIUTEIHLHOCTH, PABHON JIBYM 3asBKaM B dYac, C
BXO/IHBIM IyaCCOHOBCKMM IIOTOKOM CO Cp€/IHell MHTeH-
CHBHOCTBIO, PABHON O/HON 3asdBKe B 4ac. KojamyecTBo
3adBOK B OY€pe/IM He MOXKET OBITH OOJIBIIE JIBYX; PE2KUM
cramuonapubiit. HaliTu ciemgyroniye XapakTepUCTHKY:

— CpelHee BpeMs OKUJIaHUS,

— BEpPpOATHOCTHL TOr'o, 4TO 3adBKe He IMPUACTCAd KIAThH
Hadvaj1a 00C/ 1y KUBAHUS.

e 9. merorcs jiBe cucTtembl. Y KayKJ0i U3 HUX 110 JIBa PH-
bopa ¢ OAMHAKOBOI cpejHell TPOU3BOANTETHLHOCTHIO —
TPH 3agBKH B 4ac. BXoHbIe MOTOKHU IIyacCOHOBCKHE, CO
cpeJHeil HHTEHCUBHOCTBIO — TPH 3asBKH B 4Yac. Pexkum
cramuonapubiit. OTHA U3 CHCTEM MOYKET HMeTh OUepeib,
COCTOMIIYIO He HoJiee 4yeM U3 JIBYX 3asiBOK, & BTOpasi — C
HeorpaHu4YeHHON ovepepio. Tpebyercd nHaiiTn Marema-
THYECKOEe OXKHUJIAHKME YUCIA 3aHATHIX NPHOOPOB KazK 10
U3 JAHHBIX cUcTeM. Pe3y/IbTaThl CpaBHATH H OObICHUTD.

e 10. Cucrema ¢ aAByMst TPUOOPAMHE, TMEIOTIIIME OHHAKO-
BYIO CPEJIHIOI0 MPOU3BOIUTEIHbHOCTh, PABHYIO JBYM 3a-
dBKaM B MHHYTY, U CPeIHIOI0 WHTEHCUBHOCTH BXOJHOTO
IIyaCCOHOBCKOI'O TIOTOKA, PABHYIO TpPeM 3asiBKaM B MU-
HYTYy, paboTaeT B CTallMOHAPHOM pexkume. PaccMorpum
JIBA CJIyvast:

— B ovUepe i MOXKeT HaxOoJUThCd He OoJiee OJHON 3a-
SBKH,
— B oduepesn MOXKET HaXOJUThCs He 0oJiee JIBYX 3a-

ABOK.
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KakoBa BepOSITHOCTD TOT0, YTO 3asIBKA MOy IUT OTKA3?
CpaBHHUTH OTBETHI B KAZKJIOM U3 BAPUAHTOB, OObSICHUTH
pe3yAbTaTHI.

11. Nmetorcs jiBe cucTeMbl, paboTaloline B CTaluoHap-
HOM pexkume. Kazxigas mMeeT myacCOHOBCKHIT BXOIHOMN
IIOTOK CO CpeJHeld NHTeHCUBHOCTBIO, PABHOI JBYM 3a4B-
KaM B MUHYTY. B KaxK710i1 cucTeMe nMeroTcs 110 JIBa MPU-
Dopa ¢ OIMHAKOBOI cpeaHeill IPOU3BOINTEILHOCTHIO, PaB-
HOM JIByM 3asiBKaM B MUHYTY. B 1epBoii cucreme ode-
peab He MOXKET IPEBBINIATh ABYX 3asBOK, & BO BTOPOI
— obbeM HaKonuTeN I paBeH Hy/o. s KaxKaoii cucre-
MBI Ha#fiTH BEPOATHOCTH TOTO, YTO B CUCTeMe OyIeT He
MeHee TBYX 3adBOK. CPaBHUTH W OOBSICHUTH DE3YIbTa-
TBHI.

12. NmMerorca aBe cucTeMBl. Y KaxKI0# M3 HUX IO JIBa
npubopa ¢ OTUHAKOBOH cpemgHeil MPON3BOIUTEILHOCTHIO
— TPpHU 3asBKH B Yac. BXojHble TOTOKHU IIyacCOHOBCKHE,
CO cpejHell MHTEeHCHBHOCTBIO — YeThIPe 3asBKH B 4ac.
Peskum crammonapubiit. OaHa 13 CUCTEM — ¢ OTKA3aMH,
0e3 odepeau, BTopasg — MOXKeT UMeTh B odepean He 0o-
Jiee IBYX 3asBOK. T'pebyeTcst HAliTH cpeiHee BpeMs IIpe-
ObIBaHUY 3asIBKU B KazK/0# cucreme. Pesysbrarbl cpas-
HATDH U O0DICHHUTD.

13. lmetoTca geThipe yCTAHOBKH, KOTOPBIE MPH TTOJIOMKE
MOT'YT PEMOHTUPOBATHCH JII0OOiT n3 JByX Opuraji, nmero-
IMUX OJIMHAKOBYIO CPEHIOI0 MPOU3BOJIUTE/IHHOCTD, PaB-
HYIO JIBYM YCTaHOBKAaM 3a Hejlet0. B cpeqrem 3a mecthb
HeJeJTb BBIXOJIUT U3 CTPOs OJHA YCTaHOBKA. Peykum cra-
MUoHAapHBIH. KakoBa BEpOATHOCTH TOTO, UTO:

— BCe YeThIpe YCTAaHOBKHU PabOTAIOT,
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— BBIIJIA U3 CTPOA POBHO TPU YCTAHOBKU.

e 14. Cucrema ¢ aByMs IpUOOpaMU OJUHAKOBOU cpejHeit
MPOU3BOIUTETHHOCTH, PABHOM JIBYM 3asiBKaM B MUHYTY,
C BXO/IHBIM IIyaCCOHOBCKHMM IIOTOKOM CO Cpe/iHel MHTEeH-
CHUBHOCTBIO, PABHOU OJHON 3asBKe B MuHYTYy. Konude-
CTBO 3asIBOK B OYepen He MOYKeT ObITh DOJIbITE JIBYX.
Pexxum cranmonapusrit. HaiiTu ciepyromniue XxapakTepn-
CTHKH:

— BEPOATHOCTH TOT'O, 9YTO 3adBKE MPpUJAETCA KIAThH Ha-
qaJjia 00C/Iy KHUBAHHS,

— MaTeMaTHIeCKOe OXKMIAHNE JHC/Ia 3asBOK B CHCTe-
Me,

— CPEeJHIONI JIJIMHY O4YepeJin.

e 15. Ecrb wernipe craHka, KOTOPBIE MPH IIOJIOMKE MO-
I'YT PEMOHTHPOBATHCS JIIOOBIM U3 ABYX PAabOUINX, UMefo-
MUX OJINHAKOBYIO CPEJIHIOID MPOU3BOJIUTENBHOCTD, PaB-
HYIO OJHOMY CTaHKYy 3a Hejeno. B cpennem 3a marh
HEJIEJIb BBIXOJUT U3 CTPOS OJIMH CTaHOK. Pexxum cranu-
onapublii. KakoBa BepodTHOCTH TOTO, YTO:

— oauH pabounii ¢cBODOIEH,

— 0b0a pabounx 3aHATHI.

e 16. Cucrema ¢ aByms nmpubopamu, odepeapio He OoJiee
9eM U3 Tpex 3asBOK; padoTaeT B CTAIMOHAPHOM PerKH-
Me. CpelHsIss MHTEHCHBHOCTH BXOJIHOIO IOTOKA paBHA
OJIHOM 3asiBKe B 4ac, CpejHsdsd HPOU3BOIUTE/ILHOCTD 00-
CJYKUBAHUS KarKJI0ro nmpubopa paBHA TOXKE OJHOM 3a-
sIBKe B 4ac. Haiitn cpegHion JINHY OYepean U CpeaHee
YHCJIO CBOOOIHBIX IPUOOPOB.
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