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Buxonano nmopiBHAIbHUI aHAJI3 ABOX MiAXOAiB /10 MOOYI0BH ONTHUMAJLHUX CTpaTerii
NMOIIYKY 3amuciB 3 BHUKOPHCTAHHAM METOAY mM-NAapajeJbHOro OJOYHOr0 TMOLIYKY Y
NOCJIIOBHUX YNOPSAKOBAHUX (paisiax 0a3 JAaHUX, sIKi 30epiralorbest y 30BHILLHIA mam’sATi
0aratonmpouecopuoi EOM, misi pi3HEHX 3aKOHIB po3noginy HMoOBipHOCTell 3BepTaHHS /0
3anmciB. 3a KpuUTepill ONTHMAJBLHOCTI B3iITO MaTeMAaTH4He CNOAIBAHHA 3arajbHOro 4acy,
HeOoOXiTHOT 0 ISl MOLILYKY 3anucy y paii.

KuouoBi cjioBa: 0araTonpouecopHi CUCTeMU, m-NApajieJibHUN MOLIYK, OJ0YHMIl MOLIYK,
0a3u 1aHMX.

The comparing effectiveness of the two variant of building the optimal search strategies
is analyzed with using of the method of m-parallel block search in ordered files of database
which stored in external memory of multiprocessor system for different probability
distribution of record request frequency. The mathematical expectation of total time needed
for search of a record in file is taken as a criterion of optimality.

Keywords: multiprocessor systems, m-parallel search, block search, database

IMocTanoBka mpodJaeMu

3aBIsSKM BHCOKIM HaailfHOCTI Ta MPOAYKTHUBHOCTI OarartomporecopHi EOM mmpoko BHKOPHCTO-
BYIOTBCS JUTSl MIATPUMKH ¥ opraHizanii Benukux 0a3 ganux (BJ]). Ilix yac po3p’si3yBaHHS pi3HOMAHITHUX
3aja4 i3 BUKOpUCTaHHAM bJl OCHOBHMI aKLEHT NEPEHOCHUTHCS 3 MPOLEAYp OIpaIloBaHHs iHpopmalii Ha
MPOLIEAYPH OpTaHizailii 30epekeHHs Ta MOIIyKy iHdopMarllii B HuX. ToMy MpOAYKTUBHICTH OOYUCITIOBAIIb-
HUX CHCTEM, OPIEHTOBaHUX Ha POOOTY 3 BENMKMMH bJl, BEIMKOIO MipOI BU3HAUYAETHCS €(EKTHBHICTIO
METO/IiB TapajelbHOro momyky iHdopMmartii B /1.

JHocmimkeHHsT epeKTUBHOCTI METOMAIB TOmIyKy iHQopMamii B 0a3zaXx JaHWX € JIOBOJI CKJIQIHUM
3aBJaHHIM. 3a3BUUail 3a KpUTepii eeKTUBHOCTI OepeThest cepelHsl KUTbKICTh IOPIBHSHb, HEOOXITHUX ISt
TOIIYKY 3anucy. Ha mpakTuill 11e TEOpEeTUIHE CEPEHE JOCUTh YaCTO BIIPI3HAETHCS BiJl peajlbHOI CEpeIHbOT
KUTBKOCTI TIOpiBHSHB. Hacamrepes 1ie moB’si3aHo 3 THM, 1[0 WMOBIPHOCTI 3BEpTaHHS JI0 3aIiCiB y (aiinax 6a3
JTAHUX TAMOPSIKOBaHI HEPIBHOMIPHHIM 3aKOHAM PO3IIO/ILTY: OJIHI 3aIlMCH IIyKAIOTh JOCHUTH YacTo, iHII JTyKe
piako. Y il poboTi MPUITYCKAaEMO, IO MM MOKEMO BH3HAUMTH 3aKOH PO3IIOJIUITY, 32 SIKHM PO3IIOIJICHI 3aITHCH.
Lle M1 MOXeEMO 3pOOMTH, HATIPUKIIA]], MAIOUH CTATUCTHYHY 1H(OPMAIIil0 KOHKPETHOI 0a3u JIaHUX.

AHaJi3 OCTaHHIX J0CTiAXKeHb Ta myOJiKkamii

VY pobortax [2—6] mpoaHadi30BaHO METOAM M-TIAPAJEIBHOIO IOCIIAOBHOIO MEPErysaay Ta IBOX
BapiaHTIB METOJy m-TapajielIbHOro OJIOYHOIO TOIIYKY 3alKCiB JUIS Pi3HUX 3aKOHIB PO3IOJTY WMOBIip-
HOCTEH 3BepTaHHS JIO 3aIUCIB, JIe 32 KpUTEPi e(DEeKTUBHOCTI B3ATO MaTeMaTH4HE CIOJIBaHHS KUIbKOCTI
napajieinbHUX MOPiBHIHD, HEOOXIAHUX IS TMOLIYKY 3amucy y ¢aiini. 3ayBaxknmo, 110 1moOy1oBa ONTH-
MaJbHHUX CTpATerii momyky indopmarii y mociigoBHux (aiiax y pa3i BAKOPUCTAHHS METOJIB TOCHII0B-
HOTO IeperisiLy i OJOYHOro MOILIYKY 3amuciB s ogHonporiecopunx EOM Ta pi3HHX 3aKOHIB PO3MOILTY
WMOBIpHOCTEH 3BEpTaHHS JI0 3aMUCiB po3risiHYTI B [9]. A B [5] moOynoBaHO ONTUMANBHI CTpATETii MOLTYKY
3allUCIB y MOCHINOBHUX (aiiiax, siki 30epiraioTbcs y 30BHILIHIA mam’sri OaratompouecopHoi EOM,
BUKOPUCTOBYIOYH METOJ M-TIapaeIbHOTO MOCTIIOBHOTO MEPErIsiLy.
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®opMmyBaHHS LiJIel cTaTTi
VY wiii po0OTi, 3aCTOCOBYIOUN METO/| /-ITapajieIbHOTO OJIOYHOTO IMOIIYKY 3alKCiB, PO3TIISTHEMO JIBa
MiAXO0H 10 MOOYJOBY ONTUMAIBLHUX CTPATETil MONIYKY 3aluCiB y (aiinax, siki 30epiratoThes y 30BHIITHIH
nam’siTi GararonporecopHoi EOM.
[ToOynoBy ONTUMAaNbHHUX CTpaTEriii MOLIyKY 3MIHCHAMO sl PIBHOMIPHOTO 3aKOHY PO3MOJLTY
HMOBIPHOCTEH 3BepTaHHS JI0 3aIMCIB 1 TAKUX 3aKOHIB HEPIBHOMIPHOTO PO3MOiTy HMOBIpHOCTEH, sk [ 1-8]:
e  “OiHapHMI” po3moAin
1 1
pi =—i, l=1,N—1, pN Zﬁ,
2 2

Jie p; — UMOBIPHICTb 3BEpTaHHS JI0 i-T0 3amucy, N — KUIbKICTh 3armuciB y daiii;

e 3akoH 3inga

1 JR—
.= , i=1LN,
Py
Y1
ne Hy = ZE,
k=1
e  y3arajbHEHHI 3aKOH PO3IOJILTY
1 PR
= i=1
pl chg\?) s 1 H >
Mo
ne ¢ (0 < ¢ <1) — Oynp-sikuii mapamerp i H](\f) =2
1k
k=1

Bukaan ocHoBHOro MaTepiary

Hexali mocmijoBHmii yropsiakoBaHuid (aiiy, sIKUd MiCTHTh N 3amHCiB, MICTUTbCS y 30BHIIIHIN
nam’sti OaratonpouecopHoi EOM, no cknany Kol BXOASTH m MPOLECOPIB, SKI NPALIOIOTh MapaieiIbHo i
MaloTh CHiJIbHE ToJie nam’sTi. [IpunycTumo, mo ¢aiin yMOBHO po3/iJieHHH Ha 7 OJIOKIB 1O $7 3alKCIB Yy
KoXHOMY ( N = nsm ).

1. Ilepumii migxig 10 mo0ynoBM MaTeMAaTHYHUX MOJeJIeil | BUBeIeHHS
CHiBBiHOIIEHD /ISl 3HAXOIKEHHS] ONTUMAJIbHUX NapaMeTpiB

VY 1poMy BHUNAJKY JUIS TIOIIYKY 3aIHCy CIOYATKY JIOKATi3yeMO OJIOK, SIKMH MiCTHTh LITyKaHUH 3aITic,
3a JIOIIOMOTOIO ITOCTIIOBHOTO YMTaHHs OJIOKIB 3aIMCiB B OCHOBHY IaM’Th 1 MEpETJsiy IX OCTaHHIX m
3anmciB. Ilicis mbOro MOIIYK MPOJOBKYETHCS BXKE y JIOKATI30BAaHOMY OJIOI 3a JIONIOMOTOI0 METOIY /-
MapajeIbHOTO MOCIIJOBHOTO Teperisiay [2, 4].

Hexaii ay = by + dyms — yac untanHs 0Ji0Ka 3aIIUCIB B OCHOBHY I1aM’sITh, 1€ by, dy — NesiKi cTai; fy —
Yac BUKOHAHHS oIepalii m-rnapaieilbHOT0 MOCTiIOBHOTO TEperisiAy 3aluciB B OCHOBHINW TaM’sITi; p; —
HMOBIpHICTh 3BepTaHHS 10 i-ro 3amucy (aina; £, — MareMaTHyHe CHOMIBaHHS 3arajlbHOrO dacy,
HEOOX1AHOTO 71l MOIIYKY 3anucy y ¢aitni. [logamo E, y BUTIsAI CyMH MaTeMaTHYHOTO CIIOAIBaHHS 4acy,
HEOOXIZHOTO JUIs JIOKami3alii OJoKa, 1 MareMaTH4YHOrO CIOJIBaHHS 4Yacy, HEOOXIJHOTO JJisi TIOUIYKY
3arucy B JokajizoBaHoMy Ostoti. Toi £, BUpa3uThes GopMyJIor0

n S m n N m
Ep = (ag+10)k YD Plk—tyms+(i=tym+j + D DLL0E D Plk—tyms+(i—Tym+ ] »
k=1 i=1j=1 k=li=1  j=1
abo
n S m
E; ZZZ(Gok +(k+D10) P (k—1yms+(i-l)ym+ -

k=1i=1 j=1
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3HaiizeMo siBHUH Bupa3 Ui £, y BUNAaIKy Pi3HUX 3aKOHIB pO3MOALTY HMOBIPHOCTEH 3BepTaHHS 10 3aUCIB
1 0CHiANMO, 32 SIKMX 3HAUYCHb NapaMeTpiB 7 1 § MaTeMaTU4YHE CIIOAIBaHHS JocATae MiHiMyMy. J{J1st iboro
BBEAECMO MTO3HAYCHHS

n S m n S m
E = Z Z Z P (k—Vyms+(i-lym+j » E2 = Z Z Z KD (k—1yms+(i-1ym+j - (1)
f=1i=1 j=1 f=1i=1 j=1

Toni
Et = (GO +l0)E2 +l0E1 .
1.1. PiBHomipuuii po3noain. Hexail posmoxin #iMoBipHOCTEH 3BepTaHHS 10 3alUCiB € PiBHO-
mipaum. Toxi

1 1
E1=§(s+1), E2=5(n+1)

£ = [+ g +10)+ (5 + 1o ).

abo
E, :l{(i+1j(b0 +d0ms)+(i+s+2)to]
2|\ ms ms
OCKUIbKHU
dE, 1 N
it SPSSSL by +1ty)+dom+ty |,
s 2{ ms2(0 0)+do 0}

TO Ui 3HAXOPKEHHS MNapamerpa s, 3a sikoro ¢QyHKUis £, nocsrae MiHIMyMy (m BBaXaeMO CTaJHM),

o[ ol

1.2. “binapuuii” po3noaii. Ko HMOBIPHOCTI 3BepTaHHS /10 3alMCIB 3aJOBOJIBHSIOTD “OiHapHUN

OJICPIKYEMO

Toni n=N/ms.

>

PO3IOIN, TO aHAIOTIYHO SIK B [9]

m ms
| e e e
2 2m_1 2™ 1 2M
HexTytoun HECKIHUEHHO MAJIOI0 BETHYMHOIO 2, 3 10CTaTHLO BUCOKOO TOUHICTIO MOKEMO PUUHATH
ms m
E; = 2 (ag +19)+ SR 10,
2M 2m 1 2™M 1
abo
ms m ms
E, = 2 (bo + dgms)+ 2 2 s f -
| 2Mm_1 2™ 1
OCKUIBKHU
dE, _ 2™ min2 (b + dyms) + 2ms dom+ 2™ (s —1)m1n2—1]+1t0
dS (zmS _1)2 2ms _1 (zmS _1)2

TO IJIs1 BHAXOPKCHHA MTapaMeTpa §, 3a AKOro E, Ha6YBa€ HANMEHIIIOTO 3HA4YCHHA, OACPKYEMO piBHHHHH

Q" ~ym+ [(5—1)m1n2—1+2""5]’—° = m(b—0+mlen2.
dy dy
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Ha muOXMHI m > 2,5 > 2, m, s € N Bupa3

2" [(s—1)mIn2—1]+1>0
1 06 BHpa3

2" doym(2™ —1) = 2" mIn 2(by + dyms)

OyB J0JIaTHUH, TOBMHHA BUKOHYBATHCh YMOBa

2 —1—(b—0+mlen2 >0.

do

Tomy y pa3i BUKOHAHHS Li€l yMOBH Ha MHOXHHI m > 2, s >2, m, s € N ¢yHkuisa £, HaOyBae HaliMEHILIOro
3HAYEHHS 1pH § = 2. Y TakoMmy pasi

m m m
Et 4 (bo +2d0m)+( 2 +4 2Jf0.

4y M1 4m

1.3. 3akon 3inda. [Ipumyctumo, 1o po3noais HMOBIpHOCTEH 3BepTaHHS 10 3aIllUCIB 3a10BOJIBHSE
3akoH 3inda. Toxi, aHanoriuHo sk B [9], ogepKyeMo

By =y 58,00 = S,y 6m), By = —((n+ DH = S,50 ().

N N
Jac
n ns
Sins (1) = ZHkms s Sp(ns) = ZHkm :
k=1 k=1
Tomi

k= ﬁ[((”"'l)HN = S (m))ag +10)+(H y +5- S5 () = S, (sm))g ]

BukopucroByroun anpokcumauii S,,,(n) 1 S, (#ns) BianosigHo Bupasamu [§]

Sms(n)=n(H y —1)+%lnn+ Ci, Sm(ns)=ns(Hy —1)+%ln(ns)+C1, )

ne C; =0.5In2m, i3 10cTaTHHO BUCOKOIO TOUHICTIO MOKEMO MPUUHATH

1 1
E,=—<|Hy+n——Inn-C; (lag +1y )+
=A== a0

‘{HN +(s —l)(%lnn+C1j—%lns}to},

abo
1 1 Nd,
Et:_ (HN+n——lnn—C1j b0+t0+ 0 +
HN 2 n
+| Hy + i—1 l1nn+C1 —llni o ¢-
mn 2 2 nm
OCKUIBKH

'E
&:L (1—ij b0+l0+Nd0 —% HN+}’l—lh'l}’l—C1 +
dn  Hy 2n n n? 2

M (lnn+2Cl)+(i—ljl+l ot
20 mn n o n
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TO JI 3HAXOPKCHHSA 3HAYCHHS [IapaMeTpa 71, 3a IKOro E, Jocsarae HalMEHIIIOrO 3HAYCHHS, OACPIKYEMO plBHSIHHH

n(2n—1)m b"; fo _ N{ZHNm +[;—0—mj(lnn +2C —1)} .

0 0
1.4. Y3araabHeHuii 3akon. Hexall po3nojin iMOBipHOCTEH 3BepTaHHs JIO 3alHCIB 3aJJOBOJILHSE
y3arajibHEHHH 3aK0H po3noainy. Toai, ananoridso sk B [9], oTpuMyeMo

1 1
E, =—H(C) (H](\?) +s~S,(ncs)(n)—S,(nc)(sn)), E, = ) ((n+1)H](\f) —S,(,fs)(n)),
N N
ne
> 7 (©) > 7 (©)
C
Sid (= X Hisse s 837 n) = 3 HG)
k=1 k=1
Tomi
_ © _s© (] 5O 1559 -5D ko
= (n+D)H L = Syd(m)[ag +10)+|Hy +5-Sheg (1) =Sy (ns) fo |-
N
BuxopucroByroun ais Sr(ncs) (n) i Sr(nc ) (ns) BigmoBiaHI anpokcuMarii [8]
l1-c (c)
<© N c—1 o (n
Sa (n) = nH ) + 5 — (= n+ nl_(c)), 3)
_ l—c . _ (©)
Sg;)(ns)znsH](\f)+N (c 1ns+a (rrs)
l-c 2-c¢ (ns)l‘c
e AR (nmy=H r(,c_l) —an_c , A (ns)=H ,,E_l) —%(ns)z_c — TOBIUIBHO 3pOCTarodl (QyHKUil, 3
— —c

JOCTAaTHBO BHCOKOIO TOYHICTIO MOKEMO HprIH;ITPI

o @ N -1 a©m) ]
El‘ _H(C) {[HN - —c (2—cn+ nl—c )(Clo +l0)+
N

i 1—c (c) (c) i
+ H%)+N (SOL (n) o (ns)J fo}:

l_c nl—C (ns)l—c

abo

l-c 2-c nl=¢

i 1—c _ (¢)
Et: 1 {H](\f)—N (C 1n+a (n))}(b0+l0+d0%)+

+[H](\f) . Nl-¢ [ﬁ o (n) B OC(C)(N/m)ﬂfo}-

l—c|m ,2e (N/m)l_c
do'9) (n)
BizbmeMo noxinHy Bif £, 110 72, IpuiAMarouu — ~ o9 (n+1)— al® (n) . OnepxuMO
n

l-c

dE, 1 | N7fc=1 n@n+t)-a9m)-1-aem]|
dn H](\f) 2—c n2=¢

1-c . (¢)
X(b0+t0+doﬁj+do%[H§&)—N (C‘ 1}’l+a (ﬂ)}_}_
n n

l-c|2-c nl=¢

+

Ni=¢ N n(oc(c)(n+1)—0c(c)(n))—(2—c)oc(c)(n)t }}
[ype— 0 .

l-c m n3=¢
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Toni s HAOJMKEHOTO OOYMCIICHHS 3HAYCHHsI Mapamerpa #, 3a SKoro £, HaOyBae HaWMEHIIIOIO
3HAYCHHSI, JICTAEMO PIBHSAHHS

I-c _ (¢)
c—1 - o (n)

—¢ by +t - -
p3 ¢ 200 4 2 CN+(2—C)Ncn1 ¢ H,gc)—N

dy l-c|2-c nl—e
=22 s - 0O () (- e (] VL0 Pty
l1-¢ mdo do

OCKUIbKHM Ha MPAKTHIIl 3eOUIBIION0 BU3HAYNTH 3HAUCHHS CTAJIUX by, dy Ta £y € JOBOJI CKIIAJHO, Ta i
3HAYEHHS [UX CTAIUX JIOCUTh CHIJIBHO 3MIHIOETHCS JUIS PI3HUX OOUUCITIOBATBHUX MAIMH, TO B TOJAIBIIHX
OOYHCIICHHSIX TPHUITyCKaTHMEMO, IO HaM BiZIOMi 3HAYeHHS BIAHOLICHb by/dy Ta fy/dy, AKi € IOCTaTHHO
ONMM3BKUMU VIS PI3HUX OOUYMCIIOBATBHUX MalKH. ToMy A7t IpaKTHYHUX OOUYMCIICHb TOCTiKEeH s PyHKIIT £,
MH 3aMiHUMO Ha AOCTiKeHHsI QyHKLUIT £/d), ska y BUNaAKy MEpIIOro MiIX0Ay MaTUME TaKUil BUTIISL:

e  pIBHOMIpHHUH pO3MOMLT

ﬂzl (£+1) b—0+ms +(£+s+2)t—o ;
dy 2|\ ms dy ms dy

e  “OiHapHMIA” PO3IOALT

E, 2" (bo j X L PN
—=——|—+ms |+ + —;
dy 2™ 1\ dy 2m 1 2™ 1 )d

e 3akoH 3inga

dO HN 0 n

+ Hy + i—l l1nn+C1 —llni fo ;
mn 2 2 nm|d,

®  y3araJbHCHUH 3aKOH PO3MOILTY

1—
E_ 1 g0 N C(c—1n+0c(c)(n) (b0+t0+NJ+

do - H](\?) N l-c 2-c¢ nl_c do ;

Er ! [HN +n—%lnn—C1j(M+ﬂj+

N[N oD@ aON/m))
l—c|m p2=¢  (N/m)'=¢ )|do

Ha puc. 1 300paxkena 3anexHicts GpyHkuii £,/d, Bif 3aK0Hy po3M0AiTy HMOBIPHOCTEH 3BEpPTAHHS 110
3aIHCIB Y BUITAKY ONTHMAIbHUX 3HAaUeHb mapametpa n, N = 10°, by/d, = 100, ty/dy = 0,003 Ta st m = 5.

Sk Gauumo 3 puc. 1, ¢pynkuis E/dy, a omxe, 1 GyHKIis E, TOCUTh ICTOTHO 3aJISKUTH BiJ 3aKOHY
PO3M0IiTy HIMOBIPHOCTEH 3BEpTaHHS JI0 3aIKCIB.

(
+HA§)+

E,/d, 3HaveHHs dyHKUii E, / d,
6-10°
5-10°
4-10°
3-10°
2-10°
1-10°
0 = N < © [ee] @©
s o =) = o g
o 1l 1l 1l 1l =
S o (&) o o [¢0]
o
I
@

3akoH po3noginy

Pi

Puc. 1. 3anexcuicmo @pyuxyii Et/d0 6io 3axony posnodiny umosiprocmet
36epmanisi 00 3aNUCi8 st 3HAUOCHUX ONMUMATbHUX 3HAYEHb NApamMempa n,

N = 1006, b0/d0 = 100, t0/d0 = 0,003 ma m =5
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2. Ipyruii miaxia 10 no0y10Bu MaTeMaTUYHUX Mojiesiell i BUBeleHHs CiBBiTHOIIEHb
JUJTS1 3HAXO/IKEHHS ONTUMAJBLHUX MapaMeTpiB

Y 1upoMy HiAXO0Ji IS MOIIYKY HMOTPIOHOIO 3amlKcy CIIOYATKy JIOKAII3yeThCs OJIOK, KM MICTHTh
LIYKaHWH 3alMC, YUTAaHHSIM B OCHOBHY I1aM’sITh 7 OCTaHHIiX 3amuciB OJ0kiB. [licist boro Jokaxi3oBaHUM
OJIOK 3YUTYETHCS B OCHOBHY IaM’STh 1 MOIIYK MOTPIOHOTO 3aricy B HOMY BiJIOYBA€THCS 33 JOIOMOTOIO
METOAY M-TIapaesIbHOr0 OCIiA0OBHOTO eperiiny (2, 4].

Hexaii ay = by + dym — yac untaHHs m 3alKUCIB B OCHOBHY IaM’siTh, 1€ by, dy — IesIKi cTai; o, p;, E,
MaloTh IIi cami 3Ha4eHHs, 10 1 B momepenHboMy migxomi. [lomamo E, y BHIIISII CYyMH MaTeMaTHYHOTO
CIIOJIIBaHHS Yacy, HEOOXITHOro JuIs JioKaji3amii OJoka, yacy 34MTyBaHHs OJOKa B OCHOBHY IaM’sITh 1
MaTeMaTHYHOT'O CITIOJ[iBaHHS 4Yacy, HEOOXiJHOTOo JUIs TIONIYKY 3amucy B JoKajiizoBaHoMy Onoui. Toxi E,
BUPA3UTHCS (POPMYIIOI0

n S m n S m
E; = (ao+ 1)k Y D Ple—tyms+(i=tym+j +A0S+ D D 10i D Plk—tyms+(—Tym+j -
k=1 i=1 =1 k=li=1  j=1

abo

n s m
E; =ags+ Y. > ((ag +10)k + 101) P(—tyms+(i-1ym+ ) -
k=li=1 j=I
3HaiizeMo SBHUH BHpa3 i K, y pa3l pi3sHMX 3aKOHIB PO3MOJUTYy HMOBIPHOCTEH 3BEpTaHHS [0
3aITUCIB 1 JOCIHIIMMO, 32 SIKUX 3HAUCHb MapaMeTpPiB 7 1 § MaTeMaTHYHE CTIOAIBAHHS JIOCATAE MiHIMyMY.
Sxmo BukopucTatu nozHaueHss (1), To
E;=aps+(ag+ty)Ey +1oE] .
2.1. PiBHomipHuii po3moain. Hexali posmoain HMOBipHOCTEH 3BepTaHHS [0 3aluCiB € PiBHO-
MmipauM. Toi, aHanmorivHo sk B 1. 1.1

Ey =ags-+ 1+ 1)ag +10)+ 57+ o,

abo
E, =[i+%(n+l) (bo +d0m)+%(n+i+2jto.

nm nm

OCKUIBKHU

dE ]
LA l— N (bo+61101’}’l)'|'l 1- N lo,
dn 2 nzm_ 2 nzm

TO JUIsl 3HAXOJDKEHHSI IapameTpa 7, 3a sIkoro GyHKIis £, gocsirae MiHIMyMy, 0/IEpKyEMO

1/2

b0
N|_do
mibo L,y fo
dy dy

n= +1

Tonmi s=N/mn.
2.2. “binapumii” po3noain. Ko HMOBIpHOCTI 3BEpTaHHSA A0 3alKCIiB 3310BOJIbHAIOTH “OlHApHUNA”
PO3IO/IN, TO AaHAIOTIYHO, K B 1. 1.2., 3 TOCTAaTHHO BUCOKOIO TOYHICTIO MOKEMO TIPHUIHSATH

st ( ) 2m S
E, =aps +———\ag +1y)+ - 10>
2™ 1 2M—1 2™ —1
abo
ms m ms
E; = s+2—(b0+d0m)+ 2 +2 > {0 -

2" 1 2M—1 2™ -1
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OCKUIBKH

ms
| +d0m)+2 [(S—l)m1n2_1]+1t
(2" _1)>2 S

Tanpum=>2,5>2,m,s € N Qynkuis £, HaOyBae HalIMEHILIOT0 3HAUYEHHS ITpH § = 2. Y TakoMy pasi

m m m _
E,=(2+ 4 (b0+d0m)+[ 27 |4 2}0.

0>

ﬂ_ 3 2™ min?2
ds

47 1 2" -1 4"

2.3. 3akon 3inda. [Ipunyctumo, 1110 po3mno/in KMOBIPHOCTEH 3BEpTaHHS JI0 3aIMCIB 33/I0BOJIbHSIE
3akoH 3inda. Toxi, ananoriyno sk B 1. 1.3.

1

E=ags + (14 DHy = Sys(m)ag +10)+ (Hy +5-Sps (1) =S (sm)o
N

1, BAKOPUCTOBYIOUH ampokcumauii cym S, (n) 1 S, (ns) BianoBiaHO BUpa3aMu (2), 3 JOCTaTHbO BUCOKOIO

TOYHICTIO MOYKEMO MPUUHSATH

EZ‘ =a()S"1'L (HN +n—llnn—C1)(a0 +t0)+
Hy 2

+|:HN +(S—1)(%lnn+Clj—%lns}t0},

abo

N 1 1

Et=(b0+d0m)—+— HN+}’Z——11'11’1—C1 (b0+t0+d0m)+
mn  Hy 2
+|Hy + i—l llnn+C1)—llni to -
mn 2 2 nmm
OCKUIBKHU
ﬂ=(b0+d0m — N '|'L I—L (b0+t0+d0m)+
n 2) H 2n
mn N

M. (lnn+2C1)+(i—1)l+l fo ¢
20 2 mn n o n

TO AJId 3HAXOIKCHHS 3HAYCHHS IapaMeTpa #, 3a SIKOro E, J0ciarae HalMEHIIIOTO 3HAYCHHA, OACPIKYEMO

PiBHSIHHS
t b
n(@n—1) m+ 200 N 20, —1) 70 oy [ e B0 ||
dO m do do

2.4. Y3arajnbHenuii 3akoH. Hexail po3monin iMoBipHOCTEH 3BepTaHHS A0 3alHCIB 3a0BOJIBHSIE
y3araibHEHHH 3aK0oH po3noainy. Toai, ananoriduo sk B 1. 1.4.

1
7O forena ) - sQenlag +10)+ [ +5- s - s oo )
N

Et =aqps+

1, BAKOPUCTOBYIOUH I S ,(ncs) (n)18S ,(nc ) (ns) BiamoBimHiI anpokcumariii (3),

3 1O0CTaTHHO BHCOKOIO TOYHICTIO MOKEMO HpHﬁHHTH

1 @ N7 c-1 a9
E, = Hy -
t aOS+H](\f){[ N l—c (2—Cn+ nl_c )(aO+t0)+
1—c (¢) (c)
o o2 (09m a0 |
l-c¢ n (ns)
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abo

1—c _ (¢)
E, = (b +d0m)i+;{[]—]](\?) N (c 1n+oc (n))}(bo Y10 +dgm)+

mn H](\f) l-¢ 2-c¢ nl=¢
NCH N (N oa“9m o' (N/m)
N - _ lo (-
l—c{m p=< (N /m)'=¢
do'9 (n)
Bizememo noxifHy Bif £, 0 1, puiMaodu — ~ o (n+1)— A (n) . OTpumaemo
n
E
&z— N (bo +d0m)+
dn mn?
l—c( . _ (©) —_agl© (1= ©
N Il | N c—1 N n(o (n+1)—a‘”(n)—-(1-c)o " (n) (bO 1y +d0m)+
Hg\?) l-c|2-c nz_c

+Nlc N n(a(c)(n_H) og(c)(n)) 2- C)OC(C)(’Z) ]
1

—c m 3c

Toni s HAOJMXKEHOTO OOYMCIICHHS 3HAYCHHs Mapamerpa #, 3a SKOoro £, HaOyBae HaWMEHIIIOrO
3HAYCHHSI, JICTAEMO PIBHSAHHS

{n3_c —z;czn[n(oc(c) (n+1)—a'® (n))— (1-c)o'® (n)]}(bo +dom+1g )+
(I-¢)

(12_;21,; (0 (1) = 0 (1))~ 2= Y (mp g =
—C
=T:CC]\;; H 0" by +dom).

3a Apyroro miaxomy 0 MOOYIOBH ONTUMAIBHUX cTpaTerid QyHKIis E,/d) MaTiMe BUTIISL:
e  piBHOMIpHHUI pO3MOIIN

ﬂ=[i+l(rz+l)} bo Ly +1(n+i+2j ‘o .
dy |nm 2 dy 2 nm dy’

e “OlHapHMI” po3moain
E, 2ms (bo j 2 2™ _g
—L=ls+— | —+m|+ + —;
dy 2" 1 \do 2" 1 2™ —1)dy
e 3akoH 3inga
E b by +t
B by, | M L (HN+n—llnn—Clj 00 4 m |+
dO dO mn HN 2 dO

t
+| Hy + i—1 —Inn+C; ——lni ot
mn 2 2 nm|d,

®  y3arajbHEHHH 3aKOH PO3IOILITY

L _[bo NV 1 H(c)_Nl_C(C—anrOC(C)(n)) botto |,
dy \dy mn H](\f) Nl 2-¢ nl=¢ do

1—c (¢) (c)
+H](\f)+N ﬁ.oc (n)_oc (N /m) 1o .
l—c{m p?>¢ (N/m)'=¢ )|do
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Ha puc. 2 300paxkena 3anexHicts GpyHkuii £,/d, Bif 3aK0Hy po3M0AiTy HMOBIpPHOCTEH 3BEpPTAHHS 10
3aIKCiB y BUIAJKy ONTHMAaIbHUX 3HAYCHb MapaMerpa n, N = 10°, by/dy = 100, ty/dy = 0,003 Ta nas m = 10.

Sk 6aunmo 3 puc. 2, pyHKUis £/dy TOCUTB iICTOTHO 3aJ€KHUTh BiJ 3aKOHY PO3MOALTY HMOBIpHOCTEH
3BEpPTaHHS 10 3aIHCIB.

E,/d, SHauenHs dyHkuii £, /d,
7-10%
6-10*
5.10%
4-10*
3.10%
2.10%
1-10%
0
= AN <t © o0 []
3 o IS =) o g
S 1l 1l 1l I =
S o &} o &) 1)
o
& .
h__ 3akoH poanoginy

Puc. 2. 3anexcnicmo ghynxyii E/dy 6i0 3axony poznodiny timogipnocmeii
36epmants 00 3aNuUcie sl 3HAUOEHUX ONMUMATLHUX 3HAYEeHb napamempa n,
N =10 byd, = 100, ty/dy = 0,003 mam =5

3. llopiBHsAHHS ABOX MiIAXO0AIB 10 MO0YAOBH MaTeMaTHYHUX MojesIei

OnTuManbHi 3HAYEHHSI MapaMeTpa #, 3a skux QyHkuis £, a 3Hauuth i E/d), nocsrae MiHiMymy, i
onTUMajbHe 3HauYeHHs GyHKIIT E/dy niast N = 106, bo/dy = 100, to/dy = 0,003 y Bumagky m =5 tam = 50 1
PI3HUX 3aKOHIB PO3MO/ITy HMOBIPHOCTEH 3BEPTaHHS JIO 3aITMCIB HaBEICHI BiAMOBIIHO B Ta0. 1 1 Tabm. 2.

Tabnuys 1
IlopiBHAHHS ABOX MiIXOAIB MJIsl Pi3HUX 3aKOHIB PO3MOAiTY IIMOBIpHOCTEH
3BepTaHHS /10 3aNUCIiB Y BUNAJAKY ONITUMAJIbHHUX 3HAYEHb NapaMeTpa n Ta m =5

.o . . . Y3araabHeHni . P Ly
Minxin 3HaveHHs PiBHomipHmii =02 0.4 0.6 —0.8 3inda Binapunii
| OnTHManbHi sHateHHA 100 107 117 | 138 188 333 200 000
Ieprumii napamerpa n
ot 3Ha‘*eﬁg;‘ d‘by‘“‘u“ 510053 | 453951 3831 86 | 204 476 [ 183 127 | 74 073 105.01
(]
I R 632 671 730 835 1064 | 1697 200 000
Hpyruii rapaMerpa n
e 3Haqeﬁgj‘ d‘by“u“ 66 461 62664 | 57569 | 50333 | 39521 | 24 826 315,11
140

Tabnuys 2
IlopiBHAHHS ABOX MiIXOAIB MJIsl Pi3HUX 3aKOHIB PO3MOAiIY iIMOBipHOCTEH 3BepTaHHSA
10 3anMciB Y BUNIAJIKY ONTUMAJILHUX 3HaYeHb NapaMeTpa n T1a m = 50

Minxin 3HaYeHHS PiBHOMipHUIi Ysaraabueiiit 3inga |“binapunii”
¢=0.2 c¢=0.4 ¢=0.6 | c=0.8

OnTrMalbHi 3HAYECHHS

[epunii 100 107 117 138 188 333 20000
nmapameTpa n

inxi
AN S aenns pynkuii E/dy | 510 050 | 453 949 | 383 858 | 294 475 | 183 125 | 74072 | 150.01
Jpyruii | OTTHMAIBHI SHANCHIA 200 212 231 264 337 537 20000
i mapameTpa n
3HaueHHs GyHKUIl E,/d, 30075 28360 | 26059 | 22792 | 17915 | 11291 450,01
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Sk Gaummo, mpyruid miaxix a0 moOymIOBH ONTHMAaJbHHUX CTpaTeriii 3Ha4HO eEeKTHBHIIINN, Hik
nepmmid. Y pasi 301IbIIEHHST KUTBKOCTI MPOLECOpiB 3a APYroro miaxony €(QeKTUBHICTb ICTOTHO 3pocCTae
JUIA BCIX 3aKOHIB pO3MOALTY KWMOBIpHOCTEH 3BEpTaHHS A0 3amuciB, KpiM “OiHapHoro”. Jlns mepuioro
miaxoay 301IbLICHHS KUTBKOCTI MPOLIECOPiB HE BeAE 0 MOKpaIIaHHs ePeKTUBHOCTI, a y pa3i “OinapHoro”
3aKOHY PO3IOJLTY MPU3BOAUTH A0 moripmenHs. s Apyroro miaxoay 301IbIICHHS KUIBKOCTI MPOLIECOPIB
BEZC /10 3MCHIICHHS ONTHMAJIBHOI KiNBKOCTI OJIOKIB (3MeHIIEHHA mapameTpa #). EdexTuBHiCTh po3ris-
HYTHUX IIXOJiB JIOCUTh iCTOTHO 3aJIS)KHUTh BiJl 3aKOHY PO3IOILTy HMOBIpHOCTEH 3BEpPTaHHS JI0 3aITUCIB.

BucnoBku

BurkoHaHO TIOpIBHAIBHAN aHAII3 ABOX MIIXOIB JI0 TOOYAOBH ONTUMAIBHUX CTPATETIH MOIITYKY 3aITUCIB
3 BHKOPHCTaHHSIM METOy /M-TIApalIeIbHOTO OJIOUHOTO TIOINYKY B TIOCHIIOBHHUX YIOPSIKOBAaHUX (aiinax 0a3
JaHUX, SKi 30epiraloTbCsi y 30BHIIHIA mam’sti OararompouecopHoi EOM, s Takux 3aKOHIB pO3MOALTY
HMOBIPHOCTEH 3BepTaHHs /10 3aluCiB, SIK PIBHOMIpHHH, “OiHapHuii”, 3inda Ta y3araJbHEHWH, YaCTKOBUM
BUTAJIKOM SIKOTO € PO3MOJIL, 0 HAOIMKEHO 330BOJbHsE mpaBmwio “80 —20”. 3a kpuTepiil ONTUMAITBHOCTI
B3TO MaTeMaTU4HE CIIOAIBAHHS 3arajIbHOTO Yacy, HEOOXiJHOTO ISl OIIYKY 3anucy y (aiii.

Ha mijcraBi onepykaHuX JaHUX JTIOXOAUMO BHCHOBKY, IO APYTUH MiAX1A 10 MOOYI0BH ONTHMAIbLHUX
cTpareriii 3HauHO e(EeKTHBHIIINKN, HDK nepmui. JlocmipkeHi onTUMaibHI CTpaTerii MOLIYKY 3aluCiB 3
BUKOPUCTAHHSIM PO3IIISTHYTOIO BapiaHTa METONy m-NapajelbHOTO OJIOYHOTO MOIIYKY JIOCHTh 1CTOTHO

3aJIeKaTh BiJl 3aKOHY PO3IO/IiTy HMOBIpHOCTEH 3BEpTaHHS JI0 3aIIKCIB.
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