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BeyHasi paboTa B MPOTUBHOM Cily4ae

dkBuBaneHTHoe onpegeneHune. Muoxectso 9, cocTosiliee us
N-0K HATypPaJbHbIX YNCEN HA3bIBAETCA NEPeYnCanMbliM, €CNn
MOXHO HanucaTb nporpammy P koTtopasi (pabotas beckoHe4HO
[onro) byaeT neyataTb TONLKO NEMEHTbI MHOXKECTBA I 1
Hane4yaTaeT Ka>XKa0€ U3 HUX, 6bITb MOXET, MHOIo pas.
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OCTaHOBKa, ecnm a € M

BeyHasi paboTa B NPOTMBHOM Cily4ae




PeFI/ICTpOBbIe MaLUNHBbI



PeFI/ICTpOBbIe MaLUNHBbI

Pernctpoeas malunHa nMeeT KOHe4HOe KOJIMYECTBO PErucTpoB
R1,...,Rn Kaxgblii N3 KOTOPbIX MOXET COAEPXKATb MPOU3BOJILHO
Donbloe HaTypanbHOE HMCAO.



PeFI/ICTpOBbIe MaLUNHBbI

Pernctposas mMalimHa UMEET KOHEYHOE KONUYECTBO PErucTpoB
R1,...,Rn Kaxgblii N3 KOTOPbIX MOXET COAEPXKATb MPOU3BOJILHO
Bonblioe HaTypanbHoe Yncno. MawuHa BEINONHAET nporpammy
COCTOSALLYIO U3 KOHEYHOrO YNCAA UHCTPYKUMI CHabXXEHHbIX
metkamu S1, ... Sm. Korga MalimHa BbINOMHAET UHCTPYKLUIO C
MeTKOA Sk, Mbl rOBOPUM, 4TO MalUWHa HaXOAUTCA B cocTosiHuu Sk.
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PeFI/ICTpOBbIe MaLUNHBbI

Pernctposas mMalimHa UMEET KOHEYHOE KONUYECTBO PErucTpoB
R1,...,Rn Kaxgblii N3 KOTOPbIX MOXET COAEPXKATb MPOU3BOJILHO
Bonblioe HaTypanbHoe Yncno. MawuHa BEINONHAET nporpammy
COCTOSALLYIO U3 KOHEYHOrO YNCAA UHCTPYKUMI CHabXXEHHbIX
metkamu S1, ... Sm. Korga MalimHa BbINOMHAET UHCTPYKLUIO C
MeTKOA Sk, Mbl rOBOPUM, 4TO MalUWHa HaXOAUTCA B cocTosiHuu Sk.

NucTpykuynm beisatoT Tpéx Tunos:
I. Sk: RC+ +;Si
II. Sk: R¢— —; Si;Sj

l1l. Sk: STOP
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I_Iepeq NncanmMmble MHOXECTBA

Onpepenenune. MuoxecTeo 91 HaTypafibHbIX YUCEN Ha3blBaeTCs
nepeyncanMsiM, €CIN MOXKHO HanucaTb nporpammy R ans
PErNCTPOBOI MaLUMHbLI, TAKYI YTO

OCTaHOBKa, ecnm a € M

BeyHasi paboTa B NMPOTUBHOM Cily4ae

Mpu 3anycke MawmHbl Yucno a nomelleHo B peructp R1, Bce
OCTasIbHbIE PEFUCTPbI COAEPXKAT HYJN.



[Mpumep

S1: Rl1-——;S2:5S8
S2: R1-——;S3; 59
S3: R2++; 54
S4. R1-——; S5; S6
S5: R1——:S3; S8
S6: R2——;S7;S1
S7: R1++; S6
S8: R1++; S8
S9: STOP
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KOTOPro pasfefieHbl Ha ABe rpynnbl:
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VpaBHeHUs ¢ NnapamMeTpamy

CemedicTao onodaHTOBLIX YpaBHEHN UMeET BUS,
I\/I(al,...,a,,,xl,.. . 7Xm) = 0,

roe M — mHorouneH ¢ uenbiMn ko3 MeHTaM1, NEPEMEHHbIE
KOTOPro pasfefieHbl Ha ABe rpynnbl:

> rapameTpbl ai, ...,an;
> HEU3BECTHBLIE X1, ...,Xm-
Paccmotpum muoxkectso 901 Takoe, 4T0
<21,.. .,an> €M <—x; . ..xm{l\/l(al,...,a,,,xl,...,xm) = 0}

MHoxecTBa, nMeoLme Takne NPeSCTaBAeHNs Ha3bIBaOTCS
AN0paHTOBLIMY.
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[unodaHToBbI MaWWHbI

Leonard Adleman n Kenneth Manders [1976] BBenun nousitne
HeaeTepMuHnpoBaHHol anoghaHTosoii MawunHsl, NDDM .

BXOZ,

NDDM
2 yragaTtb
P(a,x1,...,%m) =0 X %
OA HET
NPUHATL 3 OTBEPrHYTb

DPRM-T1eopema: NDDM umeeroT Takyto e BbIHUCAUTENBHYIO
CUSTY KaK, Hanpumep, MaluHbl T blopuHra, To ecTb atoboe
MHOXECTBO, NPUHMMaeMOe HEKOTOPOK MalumMHOW TblopurHra,
npuHumaetcs Hekotopoii NDDM, u, ouesnaHo, HaoboporT.



NnodaHTOBa CNOXKHOCTH

BXOZ,

? yranaTb
DI Al bl
X1y yXm

NDDM
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NnodaHTOBa CNOXKHOCTH

BXOZ,

NDDM
? yragaTs
P(a,x1,...,%m) =0 X %
OA HET
NPUHATL 3 OTBEPrHYTb

SIZE(a)=MuHumanbHo BO3MOXHOE 3HadeHme |xi| + - -+ + |xm|, rae
|x| obosnavaer annHy gBOMYHON 3anucu x.



NnodaHTOBa CNOXKHOCTH

Leonard Adleman n Kenneth Manders [1975] eBenu 8
paccmoTtperue knacc D cocrosiwuii n3 mHoxects I nmerowwmnx
npeacTaBieHns Bnaa

aeM —
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NnodaHTOBa CNOXKHOCTH

Leonard Adleman n Kenneth Manders [1975] eBenu 8
paccmoTtperue knacc D cocrosiwuii n3 mHoxects I nmerowwmnx
npeacTaBieHns Bnaa

aeM —
= Ixt .. xm[P(a,x1, oy xm) = 0& |xt| + -+ + |xm| < [a]*].

O7tkpbiTas npobnema. D Z NP
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Mnotesa M. Davis’a (DPRM-Teopema). Kaxzgoe
nepeqyncianmMoe MHOXXECTBO sIBJ/ISAETCA ,[U/lOCbaHTOBbIM.

Onpepenenune. Muoxecteo 91 HaTypaibHbIX YMCES HA3bIBAETCS
nepeyucanMbiM, ECIN MOXHO Hanucatb nporpammy R gns
PErMCTPOBOW MAaLLMHBI, TaKyr HTO

OCTaHOBKa, ecam a € M

BeyHasi paboTa B NPOTMBHOM Cily4ae

Mpu 3anycke MawwmMHbl Yucno a nomelleHo B peructp R1, Bce
OCTasIbHbIE PEFUCTPbI COAEPXKAT HYIN.

Bes orpannyenuns obLIHOCTM Mbl Npeanonaraem, 4To UMeeTcs
eanHcTeeHHas komaHaa STOP — komanpa ¢ metkoii Sm, a B
MOMEHT OCTAaHOBKUW BCE PErUCTPbl MYCThI.



[MpoTokon

Skt

[ g [...Jt+1] ¢t [...] 0]
SL || s1.q | --- | St,e+1 | Si,t 51,0
Sk || Skq | - | Skl | Skt Sk,0
Sm || Smgq | .-+ | Smt+1 | Smt Sm,0

|

1, ecam Ha ware t MawuHa bbina B cocTosHumM k

0 B npoTnBHOM Ciy4ae



[MpoTokon

| [T e . Jt+1] t]...] 0]
Sk || Skq | -+ | Skes1 | Sk | oo | Sko
Rl | ng| .- | nesr | e |- | ro
RE | rog | --- fz,t.+1 fee | --- | Te0
Rn || rog | .- | fogs1 | foe | -0 | fnp

re,+ — 3TO cofepxumoe (-ro peructpa Ha Lware t



[MpoTokon

[ g [..[er1] e ... [0]
S:k Sk,q Sk,t+1 | Skt k.0
Eéé reg fee+1 | ot re,0
Zi || z1q Z1t41 | 21t Z1,0
Z:g 2y q Zet+1 | 2ot 24,0
Z:,, Zn,q Zn,t+1 | Zn;t Zn,0

Zot = {

1, ecnmrgy >0

0 B npoTuBHOM Ciy4ae



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

ne+1 =



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

M+l = Nt



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Nnit+l1 = e+ St



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Nnit+1 =N+ St + Sst



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — Z1,t51,¢



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Nit+1 =N+ St +Sg,¢ — 21,651, — Z1,t52,t



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 = N+ St +S8,¢ — Z1,tS1,t — Z1,t52,t — Z1,t54,¢



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

N1 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

N1 =Nt



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

ni+1 = e+ 53t



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

S1,t4+1 =



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

51,641 = (1 - 22,t)56,t



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

ste+1 = (1 — z0.¢)S6.¢ 1 =



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

53,141 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

53,t4+1 = Z1,t52,t



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

S3,t+1 = Z1,¢52,t + Z1,t55.¢



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

S3¢4+1 = Z1,¢52,¢ + 21,655t S4 41 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

S3¢4+1 = Z1,¢52,¢ + 21,655t Sat+1 = S3,t



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

S3¢4+1 = Z1,¢52,¢ + 21,655t Sat+1 = S3,t S5t+1 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,

S3¢4+1 = Z1,¢52,¢ + 21,655t S4.t4+1 = S3t S5.t4+1 = Z1,t54,¢



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3¢4+1 = Z1,¢52,¢ + 21,655t S4.t4+1 = S3t S5.t4+1 = Z1,t54,¢

S6,t+1 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3¢4+1 = Z1,¢52,¢ + 21,655t S4.t4+1 = S3t S5.t4+1 = Z1,t54,¢

S6,t+1 = (1 - Z4,t)54,t



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3,t+1 = Z1,¢52,t + Z1,t55.¢ S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3¢4+1 = Z1,¢52,¢ + 21,655t S4.t4+1 = S3t S5.t4+1 = Z1,t54,¢

S6,t+1 = (1 — za¢)Sar + S7.¢ S7,t41 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3¢4+1 = Z1,¢52,¢ + 21,655t S4.t4+1 = S3t S5.t4+1 = Z1,t54,¢

S6,t+1 = (1 — za¢)Sar + S7.¢ S7,641 = 22,156,¢



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3,t+1 = Z1,¢52,t + Z1,t55.¢ S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢ S7,641 = 22,156,¢

S8.t4+1 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3,t+1 = Z1,¢52,t + Z1,t55.¢ S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢ S7,641 = 22,156,¢

sge+1 = (1 — z1,¢)S1.¢



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3,t+1 = Z1,¢52,t + Z1,t55.¢ S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢ S7,641 = 22,156,¢

Sge+1 = (1 — z1,¢)S1,6 + S8t



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)%,c  S2,041 = 21,51,
S3,t+1 = Z1,¢52,t + Z1,t55.¢ S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢ S7,641 = 22,156,¢

Sge+1 = (1 — z1,¢)S1,6 + S8t S9.4+1 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sierl = (1 —20,6)S6,6  S2,041 = 21,651t
$3,t41 = Z1,t52,t + Z1,tS5¢ S4t4+1 = S3,t S5,t4+1 = Z1,t54,¢
Se,t+1 = (1 — Zat)sar + 57t ST.t41 = 22,¢56.t
sgt+1 = (1 — z1,¢)s1,¢ + S8t so.e+1 = (1 — z1,¢)52.¢

S10 =



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sierl = (1 —20,6)S6,6  S2,041 = 21,651t
$3,t41 = Z1,t52,t + Z1,tS5¢ S4t4+1 = S3,t S5,t4+1 = Z1,t54,¢
Se,t+1 = (1 — Zat)sar + 57t ST.t41 = 22,¢56.t
sgt+1 = (1 — z1,¢)s1,¢ + S8t so.e+1 = (1 — z1,¢)52.¢

5170 =1



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

51,641 = (1 - 22,t)56,t

S2t+1 = Z1,t51,t
S3,t+1 = Z1,¢52,t + Z1,t55.¢

S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢

S7.t+1 = 22,t56,t
Sge+1 = (1 — z1,¢)S1,6 + S8t

so.e+1 = (1 — z1,¢)52.¢

si0=1 $0="-"=5m0=0



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

51,641 = (1 - 22,t)56,t

S2t+1 = Z1,t51,t
S3,t+1 = Z1,¢52,t + Z1,t55.¢

S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢

S7.t+1 = 22,t56,t
Sge+1 = (1 — z1,¢)S1,6 + S8t

so.e+1 = (1 — z1,¢)52.¢

si0=1 $0="-"=5m0=0
rno=



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

51,641 = (1 - 22,t)56,t

S2t+1 = Z1,t51,t
S3,t+1 = Z1,¢52,t + Z1,t55.¢

S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢

S7.t+1 = 22,t56,t
Sge+1 = (1 — z1,¢)S1,6 + S8t

so.e+1 = (1 — z1,¢)52.¢

si0=1 $0="-"=5m0=0
r170:a



[Mpumep

S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP

Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

51,641 = (1 - 22,t)56,t

S2t+1 = Z1,t51,t
S3,t+1 = Z1,¢52,t + Z1,t55.¢

S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢

S7.t+1 = 22,t56,t
Sge+1 = (1 — z1,¢)S1,6 + S8t

so.e+1 = (1 — z1,¢)52.¢

si0=1 $0="-"=5m0=0

ro=a no=-=ry0=0

Smgq =1



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

sier1 = (1 — 22,6)S6,c 2,041 = 21,81,
S3,t+1 = Z1,t52,t 1+ Z1,:55,¢ S4t4+1 = S3,t S5,t4+1 = Z1,t54,¢
Se,t+1 = (1 — Zat)sar + 57t ST.t41 = 22,¢56.t
sgt+1 = (1 — z1,¢)s1,¢ + S8t so.e+1 = (1 — z1,¢)52.¢
si0=1  So=--=sn0=0
no=a no=--=ro=0

Smyq =1 Sl,q="""=5Sm-1q=0



[Mpumep
S1:R1——; S2; S8 | S4:R1——; S5; S6 | S7:R1++; S6
S2:R1——; S3; S9 | S5:R1——; S3; S8 | S8:R1++; S8
S3:R2++; S4 S6:R2——; S7; S1 | S9:STOP
Mit+1 =N, + St + S8t — 21,651t — Z1,t52,t — Z1,tS4,+ — Z1,t55,t

i+l = e+ S3,t — 22,t5.,t

siev1 = (1= 226)%,c  S2,041 = 21,651t
S3,t+1 = Z1,¢52,t + Z1,t55.¢ S4.t+1 = S3,¢t S5.t+1 = Z1,t54,t
S6,t+1 = (1 — za¢)Sar + S7.¢ S7,641 = 22,156,¢
Sge+1 = (1 — z1,¢)S1,6 + S8t so.e+1 = (1 — z1,¢)52.¢
si0=1 $0="-"=5m0=0
ro=a no=-=ry0=0
Smg =1 Sl,q="""=Sm-14 =0

Nng=--=rng=0



HoBble 3HauveHUst pernctpos

+ —
Foe+1 = e + 2 g Skt — D op 20,tSkt

rpe Zj—cyMMMposaHme BELETCA NO BCEM WHCTPYKLMAM BMAA
Sk : RO+ +;Si,
a ), -CyMMUpOBaHNE — NO BCEM VHCTPYKLMAM BUAA

Sk: R ——;Si;Sj.



HoBble cocTosiHuS

_ 0
Sdiil = D oa Skt Oogzeeske + doa(l — Zer)sk.e

roe Zj—cyMMMpOBaHme BEAETCA NO BCEM UHCTPYKUMSM BUAaA
Sk: Re+ +;5d,
> 4 -CyMMUMpOBaHME BEAETCS NO BCEM WHCTPYKLMSIM B1AA
Sk: R¢— —;Sd;Sj,
a Zg—CyMMVIpOBaHVIe — N0 BCEM WHCTPYKLMAM BUAA

Sk: R¢{— —:;Si;Sd.



[MpoTokon

| g ... Jt+1 ]t [...[ 0]

Sk Sk.q NN Sk,t+1 Skt e 5k,0

RO\ rog | oo | ree1 | roe | - | rep

Zy || zog | oo | Zog+1r | Zee | oo | Zeo
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Zy || zoq Zpg4l | Zog Z0

_ q t
Sk = Zt:o 5k,tb
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_ _ q t
= Sk = Zt:o 5k,tb



[MpoTokon

| g ... Jt+1 ]t [...[ 0]

Sk || skq Skyt+1 | Skt Sk,0
RE || rg roe1 | fet reo
Zy || zoq Zpg4l | Zot Z0

_ _ q t
=Sk =1 0Skth

_ _ q t
=r=>] or:b



[MpoTokon

| g ... Jt+1 ]t [...[ 0]

— — q t
Sk Skq | - Skt+1 | Sk | --- 5k,0 = S| — Zt:O Sk7tb

. N4 t
RO\ rog | oo | foesr | foe | -oo | reo | =re=)_7]_oreth

., N4 t
Zy | zog | - | Zogr1 | Zog | - | 200 | =ze=){_gZuth
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q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

+ —
ret+1 = ot + > Skt — >0 ZetSk
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q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

+ —
ret+1 = ot + > Skt — >0 ZetSk
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q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

+ —
ret+1 = ot + > Skt — >0 ZetSk
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q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

+ —
ret+1 = ot + > Skt — >0 ZetSk



HoBble 3HauveHUst pernctpos

q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

t+1 t+1 + t+1 — t+1
roe+1b = roeb R Y0 SkebtT =Dz sk b



HoBble 3HauveHUst pernctpos

q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

g—1 g—1

t+1 t+1 + t+1 — t+1
Z re e b = Z (reeb™ 4+ > sk e b = >0z ek e bTY)

t=0 t=0



HoBble 3HauveHUst pernctpos

q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0

g—1 g—1

t+1 t+1 + t+1 — t+1
Z re e b = Z (reeb™ 4+ > sk e b = >0z ek e bTY)

t=0 t=0



HoBeble 3HauyeHUs perucTpos

q q q
Sk = Zsk,tbt rp = Z I’&tbt Zy = Zzﬁ,tbt
t=0 t=0 t=0
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