IIpakTHyHe 3aHATTHA
Nes5
Tema «Po3paxyHOK HAZIMHOCTI cMCTEM 3 pe3epBYBAHHAM»

Meta: O3nailoOMIICHHS CTYCHTIB i3 BapiaHTaMH ITiBHICHHS HAIIHHOCTI TEXHIYHUX
CUCTEM 3 PE3ECPBYBAHHSIM.

3aBaanns:

1.Knacudikariist METOAIB pe3epBYBaHHS

2.Po3paxyHOK HaJIHHOCTI CUCTEM 3 MTOCTIMHUM PE3EPBYBaHHAM

3.Po3paxyHoK HaAlltHOCTI CUCTEM MPHU PE3EpPBYBaHHI 3aMIILIEHHAM

4.HenaBaHTaXeHUN pe3epB
S5.Ilonermenuit pezeps

6.KoB3arounii pe3eps

1 Knacudikania meToniB pe3epByBaHHA

PesepByBanHs — MeToA  MIABUINEHHS HAAIHHOCTI  00'€KTy  BBEICHHSIM
HaUIUIIIKOBOCTI.

Cucremy 3 HaIMIPHUMU €JI€EMEHTAMU HA3UBAIOTh PE3EPBOBAHOIO.

PesepByBaHHS 3a CmOCOOOM BKIIFOUEHHSI DPE3EPBHUX EJIEMEHTIB JUIATHCS Ha
MIOCTIiHE 1 pe3epByBaHHS 3aMIIIICHHSIM.

[Ipu mnoctiiHOMYy pe3epByBaHHI (puc. 6) pe3epBHI 3’€[lHaHI CHOMY4YEHI
napajiebHO 3 OCHOBHHUMH (MPALIOIOUYMMH) €JIEMEHTAaMU MPOTATOM BChOIO MEPIOAY
poOOTH CUCTEMU.
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Puc. 6 Cxema nocTiiiHOro pe3epByBaHHS.



Bci enemenTn 3’e€qHaHi TOCTiMHO, mepeOynoBa CXeMH TMpPU BiIMOBaxX He
BiOyBa€ThCA, €IIEMEHT, 10 BIIMOBHUB HE BiAKIIOUaeThes. [lepeBara meromy momsirae B
HOoro mpoCTOTI 1 BIICYTHOCTI mepepB B pPOOOTI, MOXIUBUX MpPH IHIIMX METOAax
pe3epByBaHHSI.

HenonikoM nocTiiHOTO pe3epBYBAHHS € IiJIBUILIEHA BUTPATa PECYPCY PE3EPBHUX
€JIEMEHTIB, OCKIJIbKH PE3EpPBHI €JIEMEHTH 3HaXOJAThCA B pOOOUOMY HaBaHTAKEHOMY
pexuMi (Xxoua HaBaHTAKCHHS Ha KOXKEH eJIeMeHT Moke OyTu meHie). [locTiiine
pe3epBYBaHHS JOIIILHIIIE ITPH PE3ePBYBaHHI OPIBHSIHO HEBEJIMKUX OJIOKIB, €JICMEHTIB.
[Ipu pezepByBaHHI 3aMillleHHAM (pHUC. 7) BIAKIIOUAETHCS pOOOUYNI €JIEMEHT, 1110
BIJIMOBUB, 1 BKJIIOUA€ThCA PE3EPBHUI enleMeHT. L onepairisi Moxke BUKOHYBATUCS
ABTOMATHYHO a00 ypy4HY.

Pe3epBHI eneMEHTH 10 MOMEHTY BKJIIOUEHHS 3HAXOJATHCS B IOJIETIIEHOMY a0o
HEHABAaHTAKEHOMY CTaHi, 1o 30epirae iX pecypc 1 MABUINYE 3arajlbHy HAAINHICTH
CHUCTEMH.

Kpim Toro, mnst 3amiHu OyJp-SIKOrO iX OJHOTHUIIHMX OCHOBHMX (TIPAIIOIOUMX)
€JIEMEHTIB MO)KHA BUKOPUCTOBYBAaTH OJIMH a00 JEKIJIbKa PE3EPBHUX €IEMEHTIB. B ibomy
BUTIAQJKY pE3EpBYBaHHS 3aMilllEHHSM Ha3WBAIOTh PE3EPBYBAHHAM 3 KOB3aIOUHM
pesepBoM. KoBzaroumii pe3epB J103BOJIE€ MIABUILYBAaTH HAIIAHICTE CHUCTEMHU TMPH
MEHILIOMY YHCJII pPE3epPBOBAHUX €JEMEHTIB B TMOPIBHSHHI 3 1HIIMMU BHJIaMHU
pe3epByBaHHS 3aMIIICHHSIM.

PezepByBanHs 3amimieHHSIM (0COOJIMBO 3 KOB3AaIOUMM pE3€PBOM) BHUMArae
JIOJJATKOBUX TPHUCTPOIB NI KOHTPOJIIO CTaHy €JIEMEHTIB, BUKJIIOYEHHS €JIEMEHTIB, IO
BIIMOBUJIM, 1 BKJIIOYEHHS pe3epBHUX. L[l10 rpymy MNpPUCTPOIB CTUCIO HA3WBAIOThH
epeMHUKauYaMHU.

[Tepemukadi BOJOAIIOTH MESIKOIO HEHAJIWHICTIO 1 TOMY MPH OIIHII 3arajibHOi
HAJIHHOCT1 CUCTEMU HEOOX1THO BPaXOBYBATH 11eH (haKT.

Pe3epByBaHHS 3aMillIEHHSIM Ja€ HaOLIbIINI e(eKT PU pe3epBYBAHHI MOPIBHAHO
KpYNHUX (PyHKI1OHAJIBHUX OJOKIB CUCTEMH.
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Puc. 7 Cxema pe3epByBaHHS 3aMIIIEHHSM.



3alie’)KHO  BiJi BUKOPUCTOBYBAaHHS PE3EPBHUX €IIEMEHTIB 1O MOMEHTY IX
BKJIFOUEHHS B pOOOTY PO3PI3HAIOTH 3 TUIIU PEKUMIB PE3EPBYBAaHHS.

Hapanraxxenuii (rapsuuii) pesepB. Pe3epBHI €leMEHTH 3HAXOIATHCS B TOMY K
pPEeXHMi, 110 1 OCHOBHUHN €JIEMEHT, He3aJeKHO BiJl MOMEHTY iX BKJItOYeHHs. HamiiHICTh
PE3EPBHOTO €JIEMEHTA CIIIBITaIa€ 3 HaAIHHICTIO OCHOBHOTO.

[Tonermenuit (Ternuit) pe3eps. Pe3epBHI eneMeHTH 3HAXOAATHCA B MOJIETIIEHOMY
peXHMl 0 MOMEHTY iX BKJIOYEHHS B poOOTy 3aMiCThb OCHOBHOro. HaniitHicTh
PE3EPBHOTO €JIEMEHTA B I[bOMY CTaH1 BUIIA 32 HAJIHHICTH OCHOBHOTO.

HenaBantaxxenuii (xonmomHuil) pesepB. Pe3epBHI eneMEHTH 3HAXOASTHCS Y
BUMKHEHOMY CTaHi 10 MOMEHTY iX BKJIFOUEHHS B pOOOTY 3aMiCTh OCHOBHOTO €JIEMEHTA.

3ayBakMMO, MIO TpPH METOMlI MOCTIMHOTO pe3epBYBaHHSA PE3EPBHI E€IEMEHTH
3HAXOJAThCA TUIBKH B PEKMMI HaBaHTaXeHOro pesepBy. [Ipu peszepByBaHHI METOIIOM
3aMIIIEHHS] BOHU MOXYTbh OyTH B Oy/b-KOMY 3 3-X PEKHUMIB.

JIns migBUINEHHST HAIIMHOCTI CUCTEMHU PE3ePBYIOTH a00 OKpeMi ii edeMeHTH, abo
OJI0KH, IO BXOIATH B CUCTEMY, 200 CUCTEMY B II1JIOMY.

PiBens pe3epByBaHHs HA3WBAIOTh MACIITA0OM pE3epBYBaHHS.

Pe3epByBaHHs cucTeMH B IJIOMY Ha3WBaIOTh 3arajbHUM pe3epByBaHHAM (Puc. 8), a
pe3epBYyBaHHS CUCTEMH IO OKPEMHUX JUISTHKAX — PO3AUTbHUM pe3epByBaHHsM.(Puc. 9).
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Puc. 8 Cxema 3aranbHOT0 pe3epByBaHHS.
I . 2 | kK[ n_
e B o B B N S S R =
= o o - i
N T R e BT b e D S e IR b

Puc. 9 Cxema po3aiIbHOTO pe3epByBaHHS.



VY nepmioMy BUIAIKYy JUIsI BIIMOBU CHCTEMH HEOOXITHO 1 JOCTaTHHO, 100 B
KO)KHOMY JIaHITI031 (ITOCJIIIOBHE 3'€/THAHHS €JIEMEHTIB) BIIMOBUB X04a O OJUH CJIEMEHT.
VY npyroMmy BUNaJAKy BIJIMOBAa CUCTEMH HACTYTA€ MPHU BIIMOBI SKOTO-HEOYh OCHOBHOTO 1
BCIX PE3EPBYIOUHX HOTO CIEMEHTIB.

HaniiinicTh pe3epBOBaHMX CHCTEM 3aJICKUTH BiJl UMCIA PE3EPBHUX CJIIEMEHTIB M,
0 TMPUIAJA0Th HA OJUH OCHOBHHUU (Tpamtorouuii) enemeHT. lle uucno Ha3UBaIOThH
KPaTHICTIO pe3epByBaHHSI.

2 Po3paxyHOK HAJAIMHOCTi CHCTEM 3 MOCTINHUM pe3ePBYBAHHAM.

Xaii cucTeMa Ma€ OIMH OCHOBHHUH 1 M PE3epBHUX €JIIEMEHTIB (pHc. 6).

Pu(t) ) ) :
ITo3naunm 1 () (1<0.12...m) B%)IHO.BIJ_I.HO
0 BIPOT1HICTh

0€3B1IMOBHO1 POOOTH 1 BIpOT1AHICTh BIAMOBHU K-OT0 €JIEMEHTA.

ITo ymOBI pe3epByBaHHS BiIMOBa pe3epPBOBAHOI CHCTEMH HACTYIIA€ TOMI 1 TUIBKU
TONI, KOJW BIJIMOBUTh KOXXKHHMM 3 m+1 emementiB. [[ns mapanensHOro 3'€THaHHS
HE3aJEeKHUX €JIEMEHTIB Ma€MO

" ), (27)
9 Tq
(t
) k=0

4o
(t
)q

q (?)

e ¢ — BIPOTIJHICTD BIIMOBU PE3EPBHOT CUCTEMH.

®dopmyna 1715 BIpOriTHOCTI O€3B1IMOBHOI pOOOTH PE3€pPBOBAHOI CUCTEMU MAE



BUITIAA:

P.(O)=1-q.()=1-[1-P,@I[1 - P (O]..[1-P,(0O]=1-[][1 - P

k=0

(28)

HazuBarumMeMo e1eMEHTH CUCTEMHU piBHOHaHiﬁHHMH, AKIIO 11 HUX
Pi(f) = P(t) , k=0,1,2,....m.

Jist piBHOHAIIMHUX eeMeHTiB ¢hopmyiu (27) 1 (28) crpolyoTbes:

q (t)=q" \0);



+1

P.()=1-[1-P®]" . (29)

3a popmymoro (29) 3pydHO 3HAXOAUTH YUCIIO PE3EPBHUX €IEMEHTIB, SIKIIO 3aJ1aHi
BIpOTiAHICT, BiIMOBH ((t) eleMeHTa 1 JONYyCTHME 3HAUCHHS BIPOTIIHOCTI BIAMOBHU
PEe3epBOBAHOI CUCTEMH:

TOI1

In —
q

[Ipu excrioHeHITIaTbHOMY 3aKOH1 HAAIMHICT OKPEMHUX €TIEMEHTIB:

Nt
P.(t)=e k
A
Komm & eneMeHTIB JOCTAaTHHO Malll,
-\t
G()=1-e Ly W3

Toxi 3 popmymu (27) 1 (28) oxepxyemo:



30
QC= )\OAI)\m tm+1; ( )

qgc = A" " 31)

HaGmmxeni ¢opMynu BUKOPUCTOBYIOTHCS, KOJU 3aJaHl 1HTEHCHBHOCTI BI1JMOB
eJIeMEHTIB. BOHU MOKa3yIoTh, M0 ISl PE3€PBOBAHOT CHCTEMH €KCIIOHEHITIaTbHUN 3aKOH
HAJIHHOCTI HE 30epiraeThCsl.

Cepenniii yac 0e3BiIMOBHOT pOOOTH pPE3EPBOBAHOI CHCTEMH BH3HAYAETHCS 32

dbopmynoro (9):

Ia@m.

JIJ1sl eKCTIOHEHITIAIBHOTO 3aKOHY HAMIMHOCTI Y pa3i pIBHOHAIIMHUX €JIEMEHTIB



m,= (1__6 D _Af)m+1]ah.

-\
BBomsum 3sminny x = 1 — e !, inTerpain aerko 00UUCIUTH:

1(11 1]

m= 1+ + + .+
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' )\m 2 3 ml

OpneprxaHi (opMyiIH MO>KHA BUKOPUCTOBYBATH 1y pa3i 3arajibHOTO pe3€pBYBaHHS
cuctemu. Y GpopMyIiax yCIOAu MiJ] €JIEMEHTOM JI0 CIiJ] PO3YMITH K-€ MOCI1JOBHE

3'eIHAHHS €JIEMEHTIB, 1 (QyHKIIII, (0 i M (k=0,1,2,....m) ciix po3yMiTH SIK

(GyHKIIT K-TO JaHIIoTa.
Tak ¢yHKITIA K-TO JTAHITIOTA, 1110 CKIAJAETHCS 3 N €JIEMEHTIB, Oyrie

Pi(®) = Py (1)

ne Pu(t) — dyHKIis [-rO eemMeHTa K-To JIaHIIoTa.

dopmyna (28) 1715 BiporigHOCTI O€3BIIMOBHOI pOOOTH PE3epBOBAHOT CUCTEMH Y
pa3i 3araJbHOTO PE3CPBYBAHHS Ja€
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[Ipu po3ainsHOMY pe3epByBaHHI CUCTEMHU (puUc. 9) BIpOTiIHICTh O€3B1IMOBHOI
po0OOTH Ha MiICTaBl TEOPEMU MHOKEHHS BIPOT1AHOCTI BUPAKAETHCA (POPMYIIOI0

n ]
P o M a[i-p ).

=M - e

ol k=0 J

ne Py, (t)— pyHkIis k-ro eneMenta l-i pesepBoBaHOi TpyIiH.

Jlns  piBHOHamiiHUX enemeHTiB cucremu P=P,=P onpepxani dopmynu
CHPOIIYIOTHCS:

Po®=1-[1-P @]



(32)
Ppag(” = [1 - (1 —P(t))’”+1]”

3a/1a10unch KOHKPETHUMH 3HAYEHHSMH, N 1 M MOXXKHA 3HAWTU YUCIIOB1 3HAYEHHS
BIPOT1JTHOCTI O€3BIIMOBHOI POOOTH CHUCTEMHU 1 BHUSIBUTH €(EKT TOro 1 1HIIOIO BHIY
pe3epByBaHHS.

Ha puc. 10 nasezneni rpadiku 3minu Biporignocti P(f) cucremu i3 3arajisHuM i

PO3IIILHUM PE3EPBYBAHHSM 3aJI€KHO BiJl YMCJIa N IMOCIIIIOBHUX €JIEMEHTIB JIAHIIIOTA 1
Mm-KpaTHOCTI pe3epByBanHs pu P=0,9
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Puc.10 TI'padiku BiporigHOCTi 6€3BIAMOBHOI pOOOTH CUCTEMU MPU PO3ALIHLHOMY 1
3arajJpHOMY pE3epBYBaHHI.

3 rpadikiB BUIIHO, IO PO3JLIBLHE pe3epBYBaHHA € €(DEKTUBHIIINM, HIXK 3arajibHe i
e(eKTUBHICTh 3pOCTA€E 13 30UIBIICHHSIM YHUCJa N PE3ePBOBAHUX €JIEMEHTIB 1 KPaTHOCTI
pe3epByBaHHS M.

[Ipu po3misial HaaIMHOCTI PEe3EepPBOBAHOI CHUCTEMH, IO CKIAJAETHCS 3 OIHOTO
OCHOBHOTO 1 M PE3epBHHUX EIIEMEHTIB, mepeadadaiocs, MO sl CUCTeMa Ipare3aaTHa,
SKIIIO HE BIAMOBHUB X04a 0 oauH 3 m+1 eleMeHTIB.

VY heskux pe3epBOBaHUX CHCTEMax Xapakrep poOOTH Takuii, 1mo Oe3BiAMOBHA
poboTa MOXJIMBA TIIBKM y pasi, KOJHU YHCIIO €JIEMEHTIB, III0 HE BIAMOBHWIIH, Oyne He
MEHIIIe HIK 1 3 m+1.

Biporianicts 6e3BinMoBHOT pobotn  Pr Takoi pesepsoBanoi cucremu 3 m+1

HE3JIC)KHUX €JIEMEHTIB 3HAXOAUTHCS SIK BIPOT1IHICTh TOTO, IO JesKa mofis A B m+1
HE3aJeKHUX J0CTAax BiAOyIeThCs HE MEHIIE HIX 1 pa3. [y piBHOHAIIHHUX €JIEMEHTIB



m+1

P m+1 Pk qm+1—k

k=r

3 Po3paxyHoOK HAAIiIHOCTi CMCTEeM NP pe3epBYBaHHI 3aMilllecHHAM

[Tpu pe3epByBaHHI 3aMilIEHHSIM poOOTa PE3EPBHUX EIEMEHTIB MOXKJIMBA B Oy/ib-
AKOMY 3 3-X peXHUMiB: HaBaHTA)KEHOMY, ITOJICTIICHOMY 1 HEHABAaHTA)KEHOMY.

Y pa3i HaBaHTaKEHOTO pE3EepPBY XapaKTEPUCTHKU HATIMHOCTI pPe3epBOBAHOI
CHUCTEMH BHU3HAYaIOTHCS MO (PopMysax i HAIIMHOCTI MIPU MOCTIMHOMY pe3epBYyBaHHI,
ajie 3 ypaxyBaHHSIM HaJIHHOCTI MEPEeMUKAYIB.

[Ipu HaBaHTa)X€eHOMY pe3epBl 3arajbHa HAJIAHICTh CHUCTEMHU 3 PE3EPBYBAHHIM
3aMINICHHSIM 4Yepe3 BIIMOBU TMEpEeMUKadiB Oyle HWKYUM, HDK TMPU TOCTIHHO
BKJIFOUEHOMY pe3epBi. ToMy cnoci0 pe3epByBaHHS 3aMIIIEHHSM JIOIIJIBHUN TUTBKHU MPU
MOJICTTIICHOMY 1 HCHaBaHTa)KEHOMY pe3epBax.

4 HeHaBaHTa)KeHUH pe3epB

PosrnssHeMo  HamilHICTH ~ CHUCTEMH,  PE3€pBOBAHOI  3aMIIEHHSAM,  TPH
HEHaBaHTa)KEHOMY pe3epBi. llpu 1bpOMy NpUIyCTHUMO, WIO pE3EpPBHUN E€JIEMEHT
CIIpaBHUN /O MOMEHTY BKJIIOYCHHS 1 HMOTO BIPOTIAHICTH O€3BIIMOBHOI pPOOOTH B
poboYOMy cTaHi He 3aJIeKUTh BiJ yacy rnepeOyBaHHS B HEPOOOUOMY CTaHi.

Kpim toro, npuiimemo, 1o nepeMukad adCoOJOTHO HAIIWHUN 1 3aMiHA €JIEMEHTA,
110 B1JIMOBUB, PE€3EPBHUM B1JJ0yBAETHCS MUTTEBO.

Xall pe3epBoBaHa CHUCTEMa Ma€ OJWH OCHOBHUN €JIEMEHT 1 m pe3epBHUX.
OCHOBHMI €J1€MEHT, IPOIPALIOBABIIM BUMIAIKOBHUI Yac 7, , BIAMOBJISE 1 3aMIHIOEThCS

NEPIIMM PE3EPBHUM €JIEMEHTOM, 10 Mpaloe BUMaaAKoBui yac 7, 1 T.4. OcTaHHIH

PE3EpBHHUI €IEMEHT, TPOIPAIFOBABIIN BUTIAIKOBHH Yac, BIIMOBIISIE, & 3 HUM BiJMOBIISE
1 BCS pe3epBHA CHUCTEMA.
OTtxe, TpUBaJICTh 0€3B1IAMOBHOI pOOOTH pe3ePBOBAHOI CHCTEMH:

mo (33)
T=5YT,

k=0



Bunankosi Benmuunau  « (k=0,1,...,m) He3aJIexkHi, 1 BIPOT1IHICTh BIJIMOBH ¢ (1)

¢

CHUCTCMH € 3aKOHOM pOBHOI[iJIy CyMu m+1 He3alIeKHNX BUITAAKOBHUX BCJIIMYHMH.

Cepenniii yac 0€3BIIMOBHOT pPOOOTH pPE3EPBOBAHOI CHUCTEMH 3HAWAEMO 3a
(bopMyITOIO0 1T MATEMAaTUYHOTO OYiKYBaHHS CyMH BUIIQKOBUX BEITNINH



m, = -2 M[Tk]= > my,

(=R |

ne m,— cepeaHii yac 6e3B1IIMOBHOI pOOOTH K-TO €JIEMEHTA.

Y pa3i eKCIOHEHIIaJbHOTO 3aKOHY HAJIMHOCTI €JIEMEHTIB ISl BH3HAYCHHS
XapaKTepUCTUK OE3BIJIMOBHOCTI PE3€PBOBAHOI CHCTEMH 3PYYHO BHKOPHUCTOBYBATH
TEOPETUKO-BIPOTITHOCTHY CXEMY, BIJIOMY TiJ Ha3BOIO «Ipoiiecy 3aruodeni». [Ipu npbomy
nependadaeThes, MO MOTIK BiIMOB MIKOPSETHCS TBOM YMOBAM.

1. Sxmo g0 MoMeHTy t BinOynocs k BIIMOB, TO HE3JIEKHO BiJi MOMEHTIB iX

BHHUKHCHHS BIPOTIAHICTH TOro, IO HAa HECKIHYCHHO MaM IUISHIN (4 + A7)

B1IOyAE€ThCA OJHA BIAMOBA, piBHA A, Af, a BIPOTIAHICTH TOro, IIO BIJIMOBA

He B1IOyAeThCs, piBHA 1 — A, Ar + 0(Af)

2. B momenrt, xomu BimOyBaethcs ( m+ 1) — i BiAMOBa, HACTyIae BiMOBA
CUCTEMHU 1 HISIKMX 3MiH B H1i Hajal He B1nOyBaeTbes. OTkE CKIAAEMO JUJISl OMKCY TAKOro
npouecy cuctemy audepeHuiadbHuX piBHSIHb. BBaxarnmemo, M0 IPOLEC Y MOMEHT t
3HaXOJUThCS B CTaHl K, SKIIO JO IILOTO MOMEHTY BiAOyjgocs Kk BiAMOB €JIE€MEHTIB
cucrtemu. [Toznauumo P( t ) — BipOrigHICTh TOTO, IO B MOMEHT t MPOIIEC 3HAXOAUTHCS B
craHi k.

OueBunno, P,..,=q.(t) o3Hauae BIPOTIAHICTH TOTO, IO CHUCTEMa BIJIMOBHUTH 0
MOMEHTY t. 3a popMyJI0r0 MMOBHOT BIPOT1THOCTI MOYKHA 3aITMCATHU

P, (t+ D) = Py ()N Af + P () X (1 = N A) + 0(A7) .
[TouaTkoBi yMOBH TaKi:
Py(0)=1,P,(0)=0npHa k=1,

T00TO 10 MOMEHTY t = 0 cuctema Oyrna mparesaTHa.

[lepexogsun 10 Mexi npu Ar - 0 OJEPXKHUMO CHCTEMY

nu(epeHiaTbHUX PIBHSIHB! 3
Py (1)
Py () - _)
dt 0 \
P
dP, (1) _ \ e k-1 ) — M\

dt



P (1)

= )\m Pm (t)

Bupimrytouu 110 cuctemMy piBHSHb MOXHA OZEp>KaTH TOUHI 1 HAOIMKeH1 popmynu
JUIs.  BIPOT1IHOCTI BIAMOBH JIaHOi pe3epBOBaHOI cuUcTeMu. Ha mpakTuill 3pydHO



KOPUCTYBaTUCs HaOMKeHUMH opmynamu. Tak y pa3i BUCOKOHAIIMHUX €JIEMEHTIB

pe3epPBOBAHOI CUCTEMHU ( BEJIMYMHHU A, ¢ MaJll ) 3aCTOCOBHA HaOIMKkeHa hopmyia.

AAAN A .
q(t): 0 1 2 mtml. (34)

¢ (m + 1)!
Jlns piBHO-HAIMHUX €JIEMEHTIB Ma€ BUIIISI

A
= (35)

9.0 Gy

[Topisaiorouu popmynu (30), (31) 1 (34), (35) MoxkHA IEPEKOHATUCS B TOMY, SIKUI
BUTpAIIl Ia€ pe3ePBYBaHHS 3aMIIIEHHSIM 3 BUKOPUCTAHHSM HEHABAHTAXKEHOTO PE3EPRY.
Sk1o pe3epBoBaHa CUCTEMA CKIIAJJAETHCS 3 BEJIMKOTO YMCIIa MAJIOHAIHHUX

enieMeHTIB ( TOOTO A, ¢ KIHIIEB1, @ M BEJIMKE ), MO’KHA BUKOPUCTOBYBATH HAOIIKEHY

(bopmyry 1
)\0)\11---)\mtm+1€ | 2 Dy

q ()=
¢ (m+1)!

XapakTepuCTUKN HATIHHOCTI PE3epBOBAHOI CHUCTEMH MOXKHA OOUMCIHMTH 1 IS
BUIAJIKy HOPMAJILHOTO 3aKOHY PO3IMOALTY Yacy 06€3B1IMOBHOT POOOTH €JIEMEHTIB.

Ockinbku yac T 6e3BiAMOBHOT poOOTH cucTeMH piBHUM cyMi ( 33 ) He3almexHUX
HOpMaJbHUX BeMWYWH T, TO 3aKoH posnoaury yacy T Oyae TakoK HOPMaJIbHUM 3
cepeaHiM 3HAUYCHHSIM

Mm

1 IUCTIEPCIE€I0

mt=z m,



2 " 2
Toni BiporigHiCTh BiAMOBH pGBCpBO@aHB'I' cHcTeMu

x—mr);wz

ne @ (X) — iHTerpa BiporiHOCTI.

S Hogaerumenuii peseps



HenaBantaxkeHuii pe3epB Aae 3HaYHUN BUTpall B HajiiHOCTI. [IpoTe HE 3aBxau
BIH MOXe OyTHM BUKOPUCTAHUW, OCKUIBKH BI1JI MOMEHTY BKIIIOUEHHS €JIEMEHTa [0
MOMEHTY HOTO Npare3aTHOr0 CTaHy MpOTIKaEe MepexiaHuil mporec. Ko ymoBH
eKCIUTyaTallli Taki, 1[0 BIUIUB I[LOTO MPOIECY HAa POOOTY CUCTEMHU ICTOTHHM, TO 4acTO
BUKOPHUCTOBYIOTh TIOJIETTIIEHUN PE3EPB.

B mpoMy BUTagKy BIUIMB TEPEXiTHOTO TMPOIECY 3HUKYETHCS 1 CHCTEMa MOXKE
Oe3lepepBHO TMpalloBaTH B PEXUMIi, ONU3BKOMY JO0 HOPMaJbHOIO poOoYoro, a
HAJIMHICTh pPE3EpPBHOTO €JeMEHTa B HepoOOuOMYy CTaHl BUIIA HOro HaAIMHOCTI B
pobodomy cTaHi.

[Ipy 1bOMy i1 BHU3HAUCHHS XapaKTEPUCTHKWA HAJIWHOCTI HE MOXKHA

CKOPHUCTATUCSI CXEMOIO MPOIeCy 3arudeni, OCKUIbKM CyMapHa 1HTEHCUBHICTH BIJMOB,
3QJICKUTh HE TUIBKM BiJ 4YWcia BIIMOB, IO BITOYJIHCS 10 JAHOTO MOMEHTY, aje 1 Bij
TOrO, K1 €JIEMEHTH B1IMOBHIIH.
[Ipore nocratHbO eQeKTHBHI HaOmWxkeHl (opMynH s BIPOTAHOCTI  BIAMOBH
pPEe3epBOBAaHOI CUCTEMHU 3 OJHUM OCHOBHUM 1 M PE3E€PBOBAHUMH €JIEMEHTAMU B PEKUMI
MOJIETIIEHOTO PE3epPBYy MOXHA OJIepKaTH, SKIIO JUIsl €JIEMEHTIB 1 B POOITHHUKY 1 B
HEepOoOOYOMY CTaHI1 CIIpaBeJIMBUM €KCTIOHEHITIaJIbHUM 3aKOH HaJIIMHOCTI, a BIpOT1AHICTh
0€3B1IMOBHOT POOOTH €JeMeHTa B pOOOYOMY CTaHI HE 3aJICKHTh BiJ 4Yacy MOro
nepeOyBaHHS B HEPOOOUOMY CTaHi.

Taxk, HaOmkeHa Ghopmysia I BIpOTiTHOCTI BIIMOBH TaKOi CHCTEMH, aHAJIOT14HA
dbopmyni (34), mae BU

() AAN+AO)YN +200)..(A +mA®)

1
qe 0 1 1 2 2

~
~

m m tm+1

; (36)
(m+1)!

ne A, (k =0,1,..., m) — IHTEHCUBHICTb BIJMOB K-TO €JIEMEHTA B pOOOYOMY PEKUMI;

AN (1=1,2, , m) - IHTEHCUBHICTb BIIMOB |-TO €JIleMEHTa B TOJICTIIIEHOMY PEKUMI.

s popmyna 103BOJSIE€ TAKOK BU3HAUYUTU ONTUMATbHUN MOPSAIOK PO3TALTyBaHHS
PE3EpBHUX E€JEMEHTIB, MPHU SKOMY BIPOTIAHICTH BIJIMOBH PpPE3€PBOBAHOI CUCTEMHU €
AKHAUMEHIIIOO.

Mo>kHa TToKa3aTH, 1110 ONTUMAJIbHUM MOPSA0K 3aJJ0BOJIBHSE YMOBI



VY pasi piBHO-HaAIHUX eneMeHTIB ¢hopmyna (36) npuitmMae BUTIIA
AAFADYA+20 > G7)
q.(0) =

)...(A+

mA°) (m

+1)!




e A 1A — IHTEHCHBHICTbH BiIMOB €JI€MEHTa B POOOYOMY 1 IOJICTIIICHOMY

pexnmax.
6 KoB3arounii peseps

[Ipu xoB3aro4oMy pe3epBi pe3epBOBaHA CHUCTEMa MICTUTh TPYIU PE3EPBHUX

CJIEMEHTIB: OCHOBHY TPYITy 3 OJTHAKOBHUX €JIEMEHTIB 1 TPYITy pe3epBHUX eneMeHTiB (Puc.
11)

L 4

L4
v
I

[Tepemukaui

[y - [

1 2 - n

Puc. 11 Cxema xoB3aro 40ro pe3epsy.

[Tpu BiAMOBI Oy[b-SIKOTO €JIEMEHTY 3 OCHOBHOI I'pPyIH BiH 3aMIHIOE€THCS YEPTOBHUM 3
Ipyny pe3epBHUX €lIeMEHTIB. BiqMoBa pe3epBOBaHOI CHCTEMH B IIJIOMY HACTyHa€ TOI,
KOJJM Y MOMEHT BIIMOBHM OCHOBHOT'O €JIEMEHTY DPE3E€pPBHHUX Ipale3JaTHUX €JIEMEHTIB
HeMae (a00 BUKOPUCTaHI paHiliie, a0 BIIMOBUIIU B pE3EPBI).

JJisi BU3HAUEHHS XapaKTepUCTUK HAIMHOCTI HaIIHHOCTI CUCTEMHU MTPU KOB3AI0YOMY
pe3epByBaHH1 PO3MIIHEMO BHUIIAJOK HABAHTAXEHOTO PE3€pBY 3 aOCOIIOTHO HAAIMHUMU
EPEMHUKAYaMHU.

Xaii n-4nciI0 OCHOBHUX €JIEMEHTIB, @ M-YUCJIO PE3CPBHUX.

PesepBoBana cuctema Oyne mpare3aarHa B mepe0iry intepBary (0, t) Tomi i TITBKH
TOJI1, KOJIA 3a 1Ieil yac B1AOyAeThCsl HEe OUIbII m B1IMOB €J€MEHTIB. BiporigHocTi Takoro
CTaHy pEe3epBOBAHOI CUCTEMH 3 PIBHO-HAJIMHUX €JIEMEHTIB BH3HAYA€THCS Ha MiACTaBi
O1HOMIaJILHOTO PO3IIUPEHHS (POPMYIIOIO:

Po=g e o 0P 0
c k =0 mTtn
ne P(t) 1 q(t) - BiporimHicTh 0€3BIIMOBHOT pOOOTH 1 BIpOTiTHICTH BiJIMOBH €JIEMEHTY.

Cepenniii vac 6€3BiIMOBHOI pOOOTH pPEe3E€pPBOBAHOI CHCTEMH 3 KOB3AIOUNM
pe3epBOM:



m+1

Jie m; - CEpeaHIN yac poOOTH pe3epBOBaHOI cucTeMu Bij k-1 110 K-ro BiAMOBH.
[HTEHCUBHICTD K-TO BIIMOBH CUCTEMHU, IO CKIATAETHCA 3 PIBHO-HAIHHUX €JIEMEHTIB 3

IHTEHCUBHICTIO BIIMOB A , OyJie

Newr = AGn +m = )

Toni y pa3i eKCIOHEHI1AJIbHOTO 3aKOHY HaA1MHOCTI cepe/iHIi yac 0e3B1IMOBHOL
poOOTH pe3epBOBAHOT CUCTEMH.

A A + m) ANn +m —1) A

Y He HaBaHTAXEHOMY pe3epBl XapaKTEPUCTUKU OE3BIAMOBHOCTI PE3EpPBOBAHOT
CHUCTEMH MAalOTh B 3araJJbHOMY BHUIIQJIKy CKJIaJH1 BUpPa3H.

TyT oOMe)uMOCs PO3ITISLIOM ITUX XapAKTEPUCTUK MIPH €KCIIOHEHITIaTbHOMY 3aKOH1
HAJIMHOCTI PIBHO-HAJIWHUX €JIEMEHTIB CHUCTEMH. Y TaKOMy pasi pO3IMOJiTd MOMECHTIB
yacy BIJIMOB MIJKOpsieTbesl 3akoHy Ilyaccona 3 mapamerpamu. Pobota pe3epBoBaHOi
CHUCTEMH 3aKIHYY€EThCSI Y MOMEHT (m+1) -0i BiAMOBH.

JInst xapakTepucThK 0€3B1IMOBHOCTI CUCTEMU MAEMO HACTYITHI (POPMYIIU:
Biporianicts 0€3B1IMOBHOT poOOTH

(”l)\t )k e—n)\t

k!

BiporigHicts BiIMOBH

g.(H)=1 ‘Z



(l’ll)\)k e—nt)\
k!

Cepenniii yac 6e3BIAMOBHOI pOOOTH

3
I

m +

nA

7 O0J1ik HANIHHOCTI MepeMHUKAYiB

[IpuBeneni Buiie GopMyiau AJisd XapaKTEepUCTUK O€3BIIMOBHOCTI pEe3EpPBOBAHUX
CHUCTEM OfIeprKaH1 B IPUITYIIICHHI a0COFOTHOT HAIMHOCTI epeMuKadiB. [|j1s oliHKH



3arajbHOI HaJIMHOCTI PE3EPBOBAHUX CHUCTEM 3 MEpEMHUKayaMu HEOOX1JHO BpaxOBYyBaTH
iX peasibHy HaJ1HHICTb.

Po3rnsisHeMo mpocTi  BUMAAKU BU3HAYEHHS XapaKTEPUCTUK  OE3BIJIMOBHOCTI
pPE3epBOBAHUX CHUCTEM 3 ypaxyBaHHSAM BIJIMOB TMEPEMHKA4iB TMpPH HACTYIHHX
JOMYIIECHHSAX: TIEPEMHUKad BIMOBIISE€ TUTHKH Y MOMEHT BKJIFOUCHHS, 1 BIPOTITHICTH ITi€i
BIIMOBH HE 3aJICKUTh Hi BiJl HOMEpa PE3EPBHOTO EJIEMEHTY, L0 BKIIIOYAE€THCA, HI BiJ
yacy poOOTH MOMNEpPEIHIX EJIEMEHTIB; JJI1 KOXKHOIO PE3EpBHOIO E€JIEMEHTY € CBIA
nepeMuKad, 1 BiH CIOpalbOBY€ B HE 3aJIEKHOCTI BiJl CTaHl PE3€PBHOIO E€JIEMEHTY; SKIIO
HE CTIPAIbOBYE TAHUH MEpEeMUKad, TO B A0 BCTYIA€ HACTYITHHMA.

Xaii pe3epBOBaHa CUCTEMA CKIIAAETHCS 3 M+1 piBHO-HAIMHUX IEPEMHUKAUIB.

[To3HauMMO MO0, IO TOJIATAE y TOMY, IO 3a Yac POOOTH pe3epPBOBAHOI CUCTEMU
crpaitoBajo piBHo 10 nepemukadi 1 m(k=0,1,2,...,m).
Biporignicts mosii o6uncitoeThes o Gopmyini 61HOMIHATBEHOTO PO3IMOALTY

P(H)=ckq"*p*(38)
k

mn n

1€ p,» q,- BIPOT1AHICTH 0€3BIIMOBHOI pOOOTH 1 BIPOTIIHICTh BIIMOBH
epEeMUKaHHS.

Sxio crpalroBaio 10 MepeMruKadiB, TO BIJIMOBA PE3ePBOBAHOT CUCTEMHU (TTOais A)
B110YBAETHCS KOJIM BIIMOBJIsI€ K+1 enemMeHTIB (OAUH OCHOBHHM 1 IO PE3EPBHUX).

(4]

YMOBHa BIPOT1IHICTh TaKO1 Pl | piBHA BIPOT1THOCTI BIIMOBH

moii H

L)

pE3EpPBOBAHOI1

CHUCTEMH, CTaH 3 OJIHOTO OCHOBHOTO 1 10 P€3€PBHUX €JIEMEHTIB 3 a0COJIFOTHO HAAIHHUMHU
nepeMUKadYaMu:

[ 4)
P =940

—y

Tomi BIpOTiIHICTh BIIMOBH ¢, (¢ ) JTA@HOI CUCTEMHU 3 ypaxXyBaHHSM BiJIMOB
nepeMuKadiB 3Hal1eMo 1Mo (HOpPMyITi MOBHOI BIPOT1THOCTI



Gen (1) = Z P(H)P(A/ H,)= Z P(H;)q.(2)

BiporignicTs gk (£) Bu3HadaeMo o popmymi (31), (34) 1 (35), npuitHIBIIHN B
HUX m=K.

Tak, y pa3i HABaHTa)KEHOTO pe3epBy 1151 (hopMyIia It BipOTiAHOCTI BiIMOBH JTaHOI
pe3epBOBAHOI CUCTEMHU 3 ypaxyBaHHIM BupasiB (31) 1 popmynu (38) npuiimMe BUTIS



m

k om Tk ok kT —

q =Zcq pq =q(pgtq)”

cn mn n n n

neq =N\t

OckisbKu (P,,q + q, ) < 1, TO BIPOTITHICTH BIMOBHU PE3EPBOBAHOI CHCTEMHU

IparHe 10 Hyss 13 3pocTaHHAIM HoMepa m. OTxe, 301UIbIIYIOYH KPATHICTD PE3€pBYBaHHS,
MOKHA JTOOUTHCS CKIJILKH 3aBIOJHO BUCOKOI HAIIMHOCTI CUCTEMHU.

1 Po3paxyHoOK HaailiHOCTi CHCTEMH 3 Bi/ITHOBJIIOBAHUM pe3epBOM

Pe3epByBaHHs 3aMILEHHSAM /A€ MOXJIMBICTh BIJHOBIIOBATA €JIEMEHTH, IO
BIJIMOBWJIM, TPU LHbOMY HAIIWHICTh CHUCTEMH 3 BIJHOBIIOBAaHUM pPE3E€PBOM 3HAUYHO
I1JIBUIILY€THCSI.

XapakTepuUCTUKUA HAJIMHOCTI PE3epBOBAHOI CHUCTEMM 3 BIJHOBJICHHSIM Yy pasl
CKCIIOHCHINIaTbHUX 3aKOHIB HAQJIMHOCTI 1 PEMOHTONPHIATHOCTI 3pYYHO BHU3HAYATH,
BUKOPHUCTOBYIOUM CXEMY TaK 3BaHOTO Mpoliecy 3arudeii 1 po3sMHOxkeHHs. Po3pi3HstOTh 2
pIllIeHHs] 3ajadi BHW3HAYCHHS XapaKTEPUCTHUK HAMIMHOCTI B CTajoMy Iporeci i
MNOYMHAIOYU 3 MOMEHTY BKJIFOUEHHS CUCTEMU.

S0 mponec y MOMEHT 4acy t 3HaXOJUThCs B 3M031 J{0, TO 3a HECKIHUEHHO
BiH 3 BIPOTIAHICTIO

MaJluk  4ac At A At + 0(AY) TIEpenae B
CTaH
(k+1), 3
1 = (A + M)At + 0(A¢) BIpOT1IHICTH 3QIMIIIAETHCS B 3MO31 JI0.
3 HasiBHOTO cTaHy () BiH MOKe€ NIEpeTH B cTaH 1 3 BIpOTIAHICTIO A, At 1

3anuIMUTUCS B cTaHi 0 3 BIpOriAHICTION — AjAr + 0(Af) . SIKIIIO YKMCIIO CTaHIB KIHIEBE 1

pIBHE 1, TO i3 CTAHY N IPOLEC MOKE Takuii npouec Ha3UBaKOTh MPOLIECOM
nepeiTu B ctaH (n-1) 3 BIpOriAHICTIO 3aru0ei i pO3MHOKCHHSL.
3QJIMIIUTHUCS B KOJIMIITHLOMY CTaHI 3

BIPOTIAHICTIO . 1 — M, At + 0(Af)



M, Ar i

[Mosuaunmo Px (f) BiporigHicTs TOro, 110 Y MOMEHT Yacy t IPOLIEC 3HAXOAUTHCS B
3MO31 J10.

Cranumii npouiec npu ¢ — °COMUCYETHCS CUCTEMOIO PIBHAHB alre0pu

0==Apo+ U, p

g=A —()\k+pk)p+p
k

k-1 k-1 k+l k+1

- 3
0=A P = WP, (39)

e Py=1lim, _P,(9)



n

Cuctema (39) nerko po3B'si3yeThCs.
BBeneMo no3HaueHHs

k k k k=1 k-1

Cucremy piBHSHB (39) 3 001KOM 3aMMUIIEMO y BUIIISII
K=1,2,...n-1; my=0;1T, -1 ,,=0;7T,=0

3BijcH, U, %0 TO

\ (41)

PexyppentHa popmyna (41) nae

il

(40)

'w—‘l b



=gp (42)

MiM2 ..M .
IS

(43)
e = )\0 A] _AT

MiMo ..M

Bennuuna Po Bu3HavaeTbes 3 piBHOCTI (40) 3 ypaxyBaHHAM hopmyin (42)

1
Po= A, A '
k-1
k=0 MMy ... Mg
a60 o0ikoM piBHOCTI (43)
]
PO = n

DM

Tomi (44)

S I m=



ITij cTaHOM JIO CUCTEMH PO3yMITUMEMO TaKHH ii CTaH, KOJIM YMCIIO CIIEMCHTIB
CHUCTEMH, 1110 BIJIMOBHJIH, PIBHE JI0.

Tomi, AKITO 711 KOXKHOTO CTaHy /10 CUCTEMHM 3arajbHa IHTCHCUBHICTh B1JIMOB Ae

1 3arajibHa IHTCHCUBHICTH BIIHOBJICHHS [k 3aJI€KUTH HE B 037114l €JI€MEHTIB, 110

BIJIMOBWJIM, a TUIBKM BIJl 1X 4YHCJIa, CHUCTEMa OIUCYETHCS MPOIECOM 3aruoeni 1
PO3MHOMKEHHS 1 OJICpIKaHi BHINE PE3yIbTaTH MOKHA BUKOPUCTOBYBATH JIJIsI PO3PAXYHKY ii
XapaKTEePUCTUK HATIHHOCTI.

PosrnssHeMo, Hampukiaa, pe3epBOBaHY CHCTEMY 3 KOB3AIOYMM PE3EPBOM, IO
CKJIQZIA€ThCS 3 | OCHOBHUX €JIEMEHTIB 1 M PE3epPBHUX paBHOHANIMHMUX. YKCIIO CTaHIB

cucremu k=0,1,2,...,m, m+1; npu k = m +1 poGoTH cHCTEMM NPUIMHAETHCS, HACTYIIAE
il BigMOBa.
Xail 3aranpHa idaTeHCMBHiCTH BimMoB Ai= /N (A - iHTeHCHMBHICTH BimZMOB

OKpEMUX €JIEMEHTIB) a 3arajbHa IHTEHCUBHICTh BIJTHOBJICHHS M= M, TOOTO HE

3QJICKHUTH BiJl YUCJIA €IEMEHTIB, 10 BiAMOBWIH. Toxi o dhopmyi (44) 3HaiaemMo
BIPOTiAHICTH TOTO, III0 CHCTEMa MaTUME PIBHO JI0 €JIEMEHTIB, IO BIIMOBHIIH

[INY
|

m*1 A Y
i [IN)
||

P=
L4



v
=l )

Jlana crucreMa 3HaXOAMTHUMETHCS B IPALIE3JaTHOMY CTaHI SIKIIO YUCIIO €JIEMEHTIB,
110 BIAMOBWJIM, HE NEPEBEPLIUTH UYUCIO PE3EPBHUX, B CTAIOMY PEXKUMI BIPOTIIHICTH
Mpane3IaTHoro CTaHy CHUCTEMHU Yy Oyab-SKMH MOMEHT 4Yacy, TOOTO cTajioi Koe]illieHT
TOTOBHOCTI CUCTEMH, BUZHAYAETHCS (POPMYIIOIO

m{lA ]k

o

P=2 "

sol )



BiporigHicte 6€3BITIMOBHOI pOOOTH CHCTEMH B TepeOiry 3aJlaHOro 1HTEpBATY
yacy Moxke OyTW 3HaiijieHa 3 DpIIlIeHHs 3aJadl B HECTaloMy pexumi. Psm oxkpeMux
BUIIAJIKIB TAKOTO pIIIEHHS MpuBeneHuid B miteparypi ( [Henenko 6. VY. 1 iH. MaremarnyHi
MeTou B Teopii HaaiHocTi. Hayka 1965 ctopinka 524)

VY pesyabraTti MOMITHMO, 1110 PE3€pPBYBAHHS JO3BOJISE 3 MAIIOHAAIMHNUX €IEMEHTIB
OPOEKTYBaTH HAJIMHI CUCTEMH, NPOTE MNpPU NIABULIEHHI HAAIMHOCTI CHCTEMH
pe3epBYBaHHSM MOTIPIIYIOTHCS JESIKI 1HII 11 BJIACTUBOCTI, HAMPUKIAJ 301IbIIYETHCS
Maca, BapTiCTh 1 YCKIIQJHIOIOTHCS YMOBHU €KCILTyaTallii.

Pe3epByBaHHS HE € €TUHUM CTIOCOOOM 30UJIBIIICHHS HAIHHOCT1 CUCTEM.

HaniitHicTs MOXXHA IMIJABUIIUTH, HAMPUKIAA IUISIXOM 3HUKEHHS 1HTEHCUBHOCTI
BIJIMOB CHCTEMH 3a paxyHOK 3aCTOCYBaHHS HaWHAIIMHIIIUX €JIEMEHTIB, BUOOpY
ONTHUMAJIBHUX PEKUMIB 1 MPOCTUX KOHCTPYKTUBHUX piteHsb. Ll 3axonu naroth 0coOIMBO
BUCOKHM €(EeKT AJI CUCTEM TPUBAJIOTO KOPUCTYBAHHSI.

PanioHanpHuil piBeHb HAIIMHOCTI CUCTEMH MOYKHA BHOpaTH TUIBKM Ha OCHOBI
OIIIHKH 11 3arajibHOi €()eKTUBHOCTI.

KoHTpo/ibHI NUTAHHS:

1.I1o Take pe3epByBaHHS?

2.Knacudikaiiiss METO/11B pe3epByBaHHS?

3. 3a sikor0 POopMYIIOI0 3HAXOAATh YHUCIIO PE3EPBHUX €IEMEHTIB?
4.111o Take MojiermeHuii pe3epp?

5.1Io Take xoB3arouuii pe3eps?
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