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BCTVII

[Iportec omTuMmizariii JEXUTh B OCHOBI [iSUTBHOCTI BHITYCKHHUKIB
cnemiansHOCTi  7.05010302 «lH)KEHepis mporpaMHOro 3ale3NeyeHHs»,
OCKIJIbKM KJIaCH4Hi (YHKLII iHKeHepa MOJAraloTh B TOMY, 1100, 3 OAHI€l
CTOPOHH, TIPOSKTYBATH HOBI, OLTBIIT e(PEKTUBHI Ta MEHII JOPOTi CHCTEMH, a
3 1HmOI, po3po0yATH MeToau 30UIBIIEHHS SKOCTI (DYyHKI[IOHYBaHHS
ICHYIOUHX CHUCTEM.

EdextuBHicTh MeTOMIB oNTHMI3alii, OO0 JO3BOJISIOTH 3MIHCHUTH
BHOip HaWKparmoro BapiaHTa 0Oe3 IepeBipKH BCiX MOXIIMBHX BapiaHTIB,
TICHO IOB’s3aHa 3 BUKOPUCTAHHSAM TPiajH ,,MOJIEIb-aJITOPUTM-TIpOrpama”.

BuxopucranHs Mozeneil 3yMOBIIEHO THM, IO EKCIIEPUMEHTH 3
pETbHUMHU CUCTEMaMH, SK MpPaBWJIO, BUMAararmTh OY)K€ BEIUKHX BUTpPAT
3aco0iB 1 yacy, a TaKoX, B IEIKUX BHUIAJKaX, MMOB’s3aHi 3 pu3UKOM. Mojemi
IIMPOKO BHKOPHUCTOBYIOTHCS B 1HXKEHEPil, OCKIIBKHM 11€ Haa€ MOKIMBOCTI
JUIA pearizallii HaiOiIbIll €KOHOMIYHOTO CIOCO0Y TOCTI/DKEHHS BILTUBY
3MiH B 3HAQYCHHSX OCHOBHUX HE3QIC)KHUX 3MIHHUX Ha TOKA3HUKHU SIKOCTI
(YHKLIOHYBaHHS CHCTEMH.

OCKiJTbKM BUMOTH JI0 33/1a4 ONTHUMI3allii € 3aralbHUMHU Ta HOCSTH
aOCTpaKTHHI XapakTep, 00J1aCTh BHKOPHUCTAHHSI METOIIB ONTUMI3AIlil MOXe
OyTH OBOJIi MHPOKOIO. Y 3B’ 53Ky 3 IIUM B MPOBITHUX YHIBEPCUTETAX CBITY
BBeZieHI yuOoBi mucummuting “Engineering Optimization” Ta “Operation
Research”, sxi BuKIagaroThCs Ha piBHI OakailaBpaTa, a B JEIKHX BHIAIKAX
— Ha piBHI MarictpaTypu. Taka TEHIEHIISI CIIOCTEPITa€ThCS 1 B BHIMUX
HaBYAJIbHUX 3aKJIaax YKpaiHu.

B  maHmx  MeTOOMYHWX ~ BKa3iBKax  BUPIMIYIOThCS  3aaadi
OaraToBHMIipHOi omTUMi3amii. AHaI3 3a/1a4 TaKOTO THITY 3aliMaE BasKJIMBE
Miclle B ONTHMI3aI[ifHUX JOCHIPKCHHSAX, $K TEOPETHUYHOrO, TaK 1
MIPAKTUYHOTO HATIPSIMKY.



1 JABOPATOPHA POBOTA Ne 1 'PANIEHTHI
METOAN BATATOBUMIPHOI OIITUMI3AIII. METOJ
KOOI

Mera podOTHM - BHBYUTH TIPaJi€eHTHI METOAM OE3yMOBHOI
0araToBHMIipHOI ONITUMI3aIlii.

1.1 KopoTtki TeopeTu4Hi BizomocTi

BaxxnuBicTh MpAMUX METOIB BENHKA, 00 B Psi/ii MPAKTHYHUX 33]a4
indopmariss Tpo 3HAYECHHsS IUTHOBOI (YHKINI € €IWHOI HaIIHHOIO
iH(OpMaIli€r0, IKOIO BOJIOAIE AOCITITHUK.

3 iHmoro OOKy, MpH BHUKOPUCTAHHI HAaBiTh CaMHX €QEKTHBHUX
OPSAMUX METOZIB IJsl OTPUMAaHHS PIllIeHHs iHOAI HeoOXinHa Haa3BUYalHO
BeJIMKa KUTBbKICTh oOumcieHb 3HadeHb QyHKmii. Ll obcraBuHa pazom 3
MparHeHHsIM peaji3yBaTH MOXJIMBOCTI 3HAXOJKECHHS CTAL[lOHAPHUX TOYOK

(TOYOK, MO 3a/J0BOJBHSIOTH YMOBi  f (x*) =0) mnpusBOOUTL 10

HEOOXITHOCTI PO3TIISAY METOJIIB, SIKi OCHOBaHI Ha BUKOPHUCTAHHI TPaJi€cHTa
inboBOi QyHKIil. BkasaHi MeTonu HOCATH iTEpaTUBHHUN XapakTep, TOMY
o0 KOMITIOHCHTH Tpaji€HTa BHSBISIOTHCA HEMIHIMHUMHA — (YHKITISIMH

kepyrounx smimmmx. Jlam BBaxaetsca, mo f(x ), Vf(x), V’f(x)

icHyIoTh Ta Oe3mepepBHI. MeToau 3 BHUKOPHUCTaHHSIM SK 1-X, Tak i1 2-X
MOX1THUX TPOTIIAJAI0TECS B 1X 3B SI3KY 3 OUTBII KOPUCHUMH METOAAMHU.

OcobnuBe  3HA4YEHHS NPHUAUIETBCS  3aCTOCYBAHHIO  METOJIB
CHPAJICEHUX 2padicHmig, B OCHOB1 SIKUX JIe)KaThb BBEACHI BHIIE IHOHSTTA
CHPSKEHOCTI HANpSAMKIB 1 TaK 3BaHMX KBa3iHBIOTOHIBCHKHX METOJIB, SIKi
aHanoriydi meroay HbrOTOHA, ale BUKOPUCTOBYIOTH iH(OpPMAIIIO TITEKH
nepmux noxigHux. IIpumyckaersesi, MO KOMIIOHEHTH Ipaji€eHTa MOXXYTb
OyTu 3ammcaHi B aHAJTITHYHOMY BHIJISAAI ab0 3 [IOCTaTHRO BHCOKOIO
TOYHICTIO PO3paxyHKIB 3a JOMOMOIOI0 YUCENbHHX MeToAiB. Kpim Toro,
pO3TIINAOTECA  CHOCOOM 4YHCENbHOI ampokcumarlii  rpanieHTiB.  Bci
METOIM, M0 OIKCaHi, OCHOBAaHI Ha ITepamiiHIi mnporeaypi, sIKa
peai3yeThbes y BiIIOBIAHOCTI 3 (OPMYIIOI0




XD _ y (o0 kg (1.1),

e X - noroune 6mmxHe 10 pimenns X *,

o) - mapamerp, sKuii XapakTepu3ye JOBKHHY KPOKY.

S® =8(X") - manpsmok momyky B N — MipHOMY mpocTopi
kepyrounx 3minanx X, (i = I,_N)

Crioci6 Busnauenns S* ta o ma xoxwiii iTepamii 1MoB‘s3aHUI 3
OCOOJIMBOCTSIMH METOAY, IO 3aCTOCOBYETHCA. 3BUYANHO, BUOIp a®
3IACHIOETBCS NUISIXOM pillleHHs 3a1aui MiHimizamii /(X ) B HampsMmky
S(X®). Tomy npu peanmisauii MeTOiB, IO BUBYAIOTHCS, HEOOXiTHO
BHUKOPUCTOBYBaTH €()€KTHBHI AITOPUTMH OJHOBHUMIipHOI MiHiMi3allii.

Metoa Koui

[IpummyctrMo, 1m0 B AeSKiA TOYIl X TPOCTOPY KEPYIOUUX 3MIHHHX
HEOOXIJTHO BH3HAYWTH HANPSIMOK HAWNIBHJIIOTO JIOKATBHOTO CITYCKY,
TOOTO HAWOUIBIIOTO JIOKATBHOTO 3MEHIIEHHS [ibOBOI  (pyHKII.

Po3noxxumo 1inboBy (QyHKIiFO B OKPY>KHOCTI TOYKH X B psin Teiopa,

F(xX)=f(xX)+Vf(x)" Ax+... (1.2)

Ta BIJIAKMHEMO 4WICHH IPYroro MOpsAKy Ta Buile. Mo)kHA MOOaduTH,
[0 JIOKaJbHE 3MEHIICHHS IIJIbOBOT (PYHKIIT BU3HAYAETHCS 2-M JIOJAAHKOM,

ockinibku 3HaveHHs  f(Xx) ¢ikcoano. HaiiGinbuie 3MeHineHHs — f

ACOINIOETHCS 3 BHOOPOM TaKOro Hanp;lMKyS(x_) Bupasy (1.1), sxkomy

BI/IMIOBi/Ia€ HAWOIIBIIA Bifl’€MHA BETMYMHA CKAJIIPHOTO MHOXKCHHSI, SIKHI €
IpyruM jpoaaHkoM poskmaneHHs (1.2). Bkazanuit BuOip 3abe3medyeTbes
npu

S(x)=-Vf(x) , (1.3)

a Jnpyruii jgomaHok posknmaneHHs (1.2) mpuiiMae B

Ax = aS(x)=—aVf(x); Vf(x) Ax = —aVf(x)" Vf(x). Posrusamnyruit



BHIIAJI0K BIiATIOBiZja€ HaWIIBUALIOMY JIOKQTHbHOMY CITyCKy. TOMy B OCHOBI
HaHIPOCTINIOro rPaJiEHTHOTO METOLY JISKUTH (hopMyJia

XD = x® _guf(x®) (1.4),

e o - 3aJaHuil JoJaTHii mapaMerp.

Merton Mae 1Ba HEOTIKH:

- BUHUKAa€ HEOOXiAHICTh BUOOPY 3HAYCHHS X

- METOAy BJAacTHUBa TMOBUIbHA 30DKHICTE 10 TOYKH MIHIMyMYy
BHACJTIIOK MaocTi V/ HaBKOJIO i€l TOUKH.

TakuMm YHHOM, PaBUIBHO OyJle BU3HAYNTH 3HAYCHHS (! Ha KOXHIN
iTeparii.

xF = x® _ g OvF(x®) (1.5).

(k)

3HaueHHS OOYHCITIOETRCSI [UIIXOM PO3B’SI3aHHS  3a4adi

minimizamii £ (x") B manpamxy V£ (x*)a meromom ommoBuMipHOro
MOLIYKY.

Jaumii TpamieHTHHUII METOA TONIYKYy HOCHUTh Ha3By METOIy
HaWIMIBUIIIOTO CIycKy abo wmetoay Kowi, ockimbku Komri mnepmum
BUKOPUCTAB AaHAJOTIYHUKA aNropuTM MJs pilleHHS CHCTEM JiHIHHUX
piBHsAHB. llomyk B3moBk mpsMoi y BimmosimHocti 3 Qopmynoro (1.5)
3a0e3redye OUTBII BHUCOKY HaAiiHiCTh MeTony Komri B mopiBHAHHI 3
HaWIMPOCTIIINM TPATIEHTHAM METOJOM (KO ¢ HE 3MIHIOETHCS Ha KOXKHIH
iTeparii), OJHaK IIBUAKICTH Horo 30DKHOCTI TPH PO3B’SI3KY PpALY
NPaKTUYHUX 3a7a4 3aIMIIa€ThCd HEAOMYCTUMO HU3bKOIO. Lle mosicHIoeTbCs
THM, IO 3MiHEHHS 3MIHHHX O€3MOCEepPEIHbO 3aJCKHUTHh BiIl BEIMIUHHU
rpazgienra, Skui mpsmye a0 0 B OKOJI TOYKM MIiHIMYyMy Ta BiACYTHIH
MeXaHi3M MPUCKOPEHHS PYXy A0 TOYKMA MIHIMyMy Ha OCTaHHIX iTepamisix.
Opnna 3 ronoBHUX mepeBar merony Ko moB’si3aHa 3 HOro CTIHKICTIO.
Meton Mae BaXIJIMBY BIIACTUBICTb, SIKa MOJISITAE B TOMY, IIIO MPH JJOCTATHBO
MaJliii TOBKMHI KPOKY iTepalii 3a0e3rmeuyoTh BUKOHaHHS HEPiBHOCTI:

FEDy < f(xP) (1.6).



Merox Ko, sk TmpaBuiao, MO3BOISE TOCTATHHO 3MEHITUTH
3HA4YeHHS WUIOBOI (QYHKIIl MPSAMYyBaHHSIM 3 TOYOK, IO PO3MillleHI Ha
3HAYHUX BIACTaHSIX BiJl TOUKA MIHIMyMY, i TOMY 4acTO BUKOPHUCTOBYETHCS
MIpH peajtizallii TpafieHTHIX METOMIB B AKOCTI MMOYAaTKOBOI mpoueaypu. Ha
npukiani mMerony Komri MokHa MpOJEMOHCTPYBAaTH OKpEMi 3aX0ju, SKi
BUKOPHCTOBYIOTHCS TIPH pealtizallii pi3sHUX IPaliEHTHUX aJIFOPUTMIB.

Mpuxaax Bukopuctanis merony Kouri.

Posrmssemo dyskuito f(x) = 8x, + 4x,x, + 5X; , BUKOPHCTOBYIOUH

meton Komri st po3B’si3Ky 3aadi i1 MiHIMi3aIii.
Pimennst: O0YMCIMMO KOMIIOHEHTH TPATIEHTY:

izl@cl +4x,; g =10x, +4x,.

Ox, X,

I[J'UI TOro, H_I06 3aCTOCYBATu MCETON Haf/iI]_IBI/LI[H_IOFO CITyCKY, 3aaaMO
nouarkoBe Habmmkenns X =[10;10]" ta 3a gomomoroto popmyiu (1.5)
o0y ayemMo HOBE HaOIIKEHHS.

O = xO g *vF(x"). O6epemo ” Takum unmnOM, 106
F(x) > min. o' =0.056.

VF(x?) =[16x, + 4x,;10x, + 4x,] = [200;140]

a"VF(x'”)=0.056*[200;140] =[11.2;7.84]

¥ =[10;10]1-[11.2;7.84] =[-1.20;2.16]

2)

X

Jlani 3uaxomumo touky X2 = x" — o * V£ (x"), oGuncmoemo

. . 1 .
Tpadl€HT B TOYIIL x( ) Ta IMPOBOJUMO IMOITYK B3JOBXK IIPAMO1

VF(x") =[16x, +4x,:10x, +4x,]1=[-19.2+8.64;21.6— 4.8] =
[-10.56:16.8].

B tabnumi 1.1 HamaHi maHi, OTpUMaHI IpH MPOBEACHI iTepallii Ha
OCHOBI OJTHOMIPHOTO MOLTYKY METOAOM KyOi4HOI anpoKcuMalii.



Tabmuug 1.1 — PesynsraT o0uncnens mo merony Komri.

K xXH X3P S
1 -1,2403 2,1181 24,2300
2 0,1441 0,1447 0,3540
3 -0,0181 0,0309 0,0052
4 0,0021 0,0021 0,0000

He 3Baxkaroun Ha Te, mo merox Komri Mae BiTHOCHO HEBEIHKE
MPaKTHYHE 3aCTOCYBaHHS, BiH pealli3ye HaWBaKIHBIIII KPOKH OUTBIIOCTI

TpalicHTHUX METO/IIB.

Cxema anroputmy Komri npeacrasiena Ha pucyHky 1.1.

Pobora anmropuTMmy 3aBepIIyeThCS, KOJIHM MOAYIHh TPamieHTy abo

MOOYJb BEKTOpa A X cTaroTh JOCTaTHHO MAaJIMM.
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3anatu K=0
|
O6unciuty rpagienT Vf (X

(k))

tak/  Jpyx
pe3yJIbTaTiB

i
TaK

k .
O6uncuu £ na ocuosi HOUTYKY
B3/I0BX MPsIMOI, BAKOPUCTOBYIOUHU &,

Hoxmactu x*™ = x* —a®Vf(x*)

|Hi

Hi Hi

K=K+1 1

Pucynok 1.1 — Cxema merony Komi
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1.2 IlopsiioKk BUKOHAHHS PO6OTH

2.2.1 Hanwmcatu nporpamy, mo peanizye meron Komri.
222 3a gomomoro po3pobsieHoi mporpaMu 3HAWTH MiHIMyM
¢byskmii (Tadmn. 1.2).

Tabmuus 1.2 — Bapiantu gocnimKyBaHuX GYHKIIH

Ne Bap. OyHKIIA ITouar. Touxa
1 y=(1-x)+@2-x) x@ =10, 0"
2 y=(5-2x)"+ (6 - 3x,)" x¥=3,2]"
3 y=(31-8x)"+ (2 - 3x,)’ xO =1, -17"
4 y =9 - 2(5x; +2X2) X2 x5 x?=10,2,0,1]"

5 y=(1-%)+(2-x%)"-001Ixx, x9=[-1,0]"

6 y=(10 - 2x;)*+ (12 - 5x,)"* x?'=10,3,0,5]"
7 y=(8-x1)"-(7 - x2)" + 3%, xO=1[-3,5]"
8 y =19 - 15x, - 8x, +3x,” +x,° x?¥ =10, 0"
9 y=%x"-(1-x)+2-x) x@ =110, 20]"
10 y=2x"+4x,X5° - 10X, + X x?¥ =10, 0"
11 y= 6+ 8x:x,° - 13%X, + 4%, x© = [3, 7]T
12 y=9-25%; + x>~ 22X, +Xo> x¥=10, 17"

13 | y=22x [ +24x°x%.° - xx, + x,° | x0=[-12,17]"

14 y=(1-%)"+(2-x) -3x% x"=1-6,7]"




[Tponosxenns Tadu. 1.2.
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Ne Bap. OyHKIis [Touar. Touka
15 Y= - XX - 9X1%p + X5 x® =20, -10]"
16 y =18 - 20, - 8x, +2x,>+2x,” x® =10, 01"
17 [ y=(0-x)+2-x)-xix xV=[-1,6]'
18 y=3-3,3%- 1,1x; + 3x,° +4x,° x? =10, 0]"
19 y=(1-x)+Q2-%x)-x"% x9=[-1,0]"
20 y =4x,"+ 3%,” - 4x,X, +x, x?=15,3]"
21 y=2X"Xs" - 40X, +X,° xV=18,-71"
22 y = 5%+ 8x," - 4x,°X, +5x, xO=[2,171"
23 y = 8x,°+ 33x,° - 24x,°x,"+x,” x=13,-6]"
24 y =6, + 2x," - 6x1%, +8x," x?=1[-1,2]"

1.3 3micr 3BiTY

1.3.1 CdopmynboBaHa MeTa poOOTH.

1.3.2 ANTOpHTM Ta mporpama, 1o peaizye MeTOI.

133 Pe3ymbraTi poOOTH ITPOTpaMH.

1.3.4 AHaui3 OTpUMaHuX pe3yJIbTaTiB i BACHOBKH.

1.4 KoHTpOJILHI MUTAHHSA

14.1 SIxi wenomiku Mae Metoxn Kormi?

1.4.2 Sxi nepeBaru metoay Komi?

143 AnroputMm metoxy Komri.
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2 JABOPATOPHA POBOTA Ne 2 T'PAJI€HTHI
METOAN BATATOBUMIPHOI OIITUMI3AIII. METOJ
HBIOTOHA

Mera poGoTm - BHBYMTH TPATI€EHTHI MeTOIM OE3yMOBHOI
0araToBHMIipHOI ONITUMI3aIlii.

2.1 KopoTki TeopeTnuHi BizoMocTi
Metoa HploToHa

Y wmeroni Komri 3acTocoByeThCsi HaliKpalla JOKaldbHA CTpaTeris
MOIIYKY 3 BHKOPUCTaHHSM TpanieHty. OJHak, pyX Y HamlpsMmKy,
MPOTUJICKHOMY TPaJi€HTY, IPUBOJUTH O TOYKH MIHIMyMY JIMIIE B TOMY
BUIIAJKY, KOJIH JIiHii piBHS QYHKIII f ABISIOTH COO00 Koyia. TakuM 4HMHOM,
HaNpsIMOK, IPOTHJICKHUNA TPafi€HTy, 3arajoM Kaxydd, HE Moxe OyTu
NpUAATHUM — TIIOOANBHUM — HANmpsSMKOM — TOIIYKY TOYOK  ONTUMYMY
HeniHiHMX QyHKii. Metos Koiri 3acHOBY€ThCS Ha MOCITIIOBHIH JTiHIAHIT
arpoKcUMaIlii MiTboBOI QYHKINIT Ta TOTpeOye 00UHCIICHb 3HaYeHb (QYHKIIIT
Ta ii mepmux MOXiAHWX Ha KOXHIN itepamii. i Toro, mo6 moOymyBaTu
OUTBbII 3arajibHy CTpaTEerilo MOUIYKY CIiA MiAKIIOYUTH iH(GOpPMALio Mpo
JpyTi MOXifgHi mimboBOi ¢yHKIil. Po3kimageMo wiTboBy (GYHKIIO B psf
Teiinopa.

f(x)=f(x®)+ Vf(x(")TAx +%AxTV2 F(x*)Ax +0(x*) (2.1)

Binkumatoun BCi wieHH pPO3KIany TpPeTbOrO MOPSAKY W BHILE,
OTPHMAEMO KBAJIPATHUHY alPOKCHMAILIIO f(X).

Fax®) = £(x®) + V(9 Ax +%AXTV2f(x<“)Ax, 2.2)

me f(x;x") - anpoxcumyioua GyHKiis 3MiHHOI x, MOGyOBaHA B

TOYIIl x®
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Ha ocuoBi  kBagparm4yHoi ampokcumanii  ¢yHkmii  f(X)
c(OpMyIIFOEMO TIOCHTIIOBHICTh iTepallii TakuM YHWHOM, MO0 Yy 3HOB

(k+1)

3000yTil Toumi X rpajieHT anpokcumyrouoi ¢yHkiii, To6to Vf

obeprascs Ha 0.
Vi x®)=vIa®P)+ Vi F(x*)Ax =0. (2.3)
Onepxxyemo:
Ax ==V f(x")" VD). (2.4)
ITocnimoBHE BHUKOPHCTAaHHS CXEMHU KBaJpAaTUYHOI arpOKCHUMAIIil
MPUBOJIUTH JIO peajisamii omTuMizamiiiHOro Metoay HelooroHa 3a
hopmyitoro:

KD = B _vzf(x(k))—l -Vf(x(k)) ) (2.5)

BaacruBocTi 30iskHOCTI.

HaBenemo anani3 BnmactuBocTeit 30i»kHOCTI MeToay HproToHa.

Hoseneno, mo meron HpioToHa BHSBISE KBagpaTHYHY LIBHIKICTH
301KHOCTI, TOOTO BUKOHY€ETHCS yMOBA

2
Hg“‘*“ \s cug“‘)H , (2.6)

. . 2
Jle KOHCTaHTa ¢ 3B’s13aHa 3 00yMoBIeHicTio Marpui ['ecce V'~ f .

. o : 0
Merox Herotona 3Giraerbcst Besikmii pas, komu Bubip x”

3MIHCHIOETHCS 3T1AHO YMOBI
0 1
x| <= (2.7)
c

B niroMy BHITagKy BUKOHYETHCS HEPIBHICTH (2.0).
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KBanpatuuna MIBUIKICTH 301KHOCTI MOSICHIOETBCS Ti€rO
00CTaBUHOIO, 1[0 METO/I 3ACHOBAaHHN Ha KBaJpaTHYHIH alpoKcUMaIlii.

[lpu wminimizauii AOBINBHUX (QYHKUIA IOLITBHO BBaXKaTd, L0 Y
BUMNIAJIKy BHOOpPY TMOYATKOBOI TOYKH, sIKa 3aJIOBOJIGHSIE HEPIBHOCTI

1
Ha’xo H > —, BUKOPHUCTAHHs METOAY HEC IPHUBOAUTH O pO3B’$I3Ky.
C

Mopndikosannii merox HeroTona

HocBix mokasye, mo Mpu JOCTIHKEHHI HEKBaJpaTUYHUX (QYHKIIH
MeTo]1 HproTOHA He BiJlpi3HAETHCS BUCOKOKO HAIHHICTIO.

(0)

JlilicHO, SKIIO TOYKa X HAXOOWTHCI Ha 3HA4YHIA BIICTaHI Bif

TOYKM X , KPOK 3a MeToJoM HBIOTOHA YacTO BHSABIAETHCH JOCUThH
BETIMKUM, IO MOXE NMPHUBECTH IO BiJCYTHOCTI 301KHOCTI. MeTtoa MokHA
JIOCUTH JIETKO MOIUGIKYBaTH IJII TOTO, MO0 3a0e3MMeUnTH 3MEHIICHHS
HiTbOBOT (YHKINT Bif iTepaiii 1o iTeparfii Ta 3MiHCHUTH IMOIIYK y3I0BK
npsamoi sik B meroai Kommi. [locminoBHicTh iTeparii OyAay€eThest 3TiTHO 3
(hopmyoro:

XD = x® g ® g2 (O g B (2.3)

k+1 :
Bubip a 3OIACHIOETBCA TaKUM YHHOM, 1100 f (x( )) - min.
k+1 k

Lle rapaHTye BUKOHaHHS HEPIBHOCTI S ( )) =/ (x( )). Takuii meTon
HOCHTh Ha3By MojaudikoBaHmii meron Heiorona. Y BUMamkax, KOJIH
PO3paxyHOK TOYHUX 3HAYCHB MEPIIUX Ta APYTUX MOXIJIHUX HE 3B’SI3aHMI 3
CYTTEBUMH TPYJHOIIAMU, BiH € HafiiiHuM Ta edexTuBHUM. OHAK, TIPH
BHKOpHCTaHHI MomudikoBaHoro merony HrloToHa BHHHKae HEOOXiTHICTH
OyJyBaHHS Ta pIIICHHS JHIAHOIO PIBHSHHSA, IO MICTHTh EJIEMEHTH
matpui ['ecce.

2.2 TlopsinoK BUKOHAHHS po0OTH

2.2.1 Hanwmcatu nporpamy, mo peainizye meroq HeioroHa.
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2.2.2 3a AOmOMOTro0 pO3pOo0NeHOI MporpaMy 3HAUTH MIHIMyM
¢yHkuii (tadmn. 1.2).

2.3 3micT 3BiTY

2.3.1 CdopmynpoBana MeTa poOOTH.

2.3.2 AJropuTM Ta mporpama, Uio peanizy€e MeToI.
2.3.3 PesynbraTé poOOTH IIPOTpamMH.

2.3.4 AmHayi3 OTpUMaHUX Pe3yJIbTATIB i BACHOBKH.

2.4 KoHTpOJbHI MUTAHHSA

2.4.1 Bigminaocti Mmetoxy HerotoHa Big meTomy Korri.
2.4.2 HaBeniTh aHai3 BIACTUBOCTEH 301kHOCTI MeToy HhloTOHA.
2.4.3 B yomy momnsirae moaudikamnis metoxy Hetorona?
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3 JABOPATOPHA POBOTA Ne 3 TPAJI€HTHI
METOAN BATATOBUMIPHOI OIITUMI3AIII. METOJ
HBIOTOHA

Mera po0dOTHM - BHBYUTH TPaAAi€eHTHI METOAM OE3yMOBHOI
0araToBHMIipHOI ONITUMI3aIlii.

3.1 Koportki TeopeTnuHi Bitomocri
Metoa MapkBapara

Janwmii Mmeton € komOiHariero mMetoiB Komi ta HeioToHa, B ikOMy
no0pe CIIONydaloThCs TMO3UTHBHI BIACTUBOCTI 000X MeroxiB. [lpu
BHUKOpHCTaHHI MeToxy MapkBapaTa HeoOXinHa iHpopMarlist mpo 3HaAYCHHS
JpYyTUX MOXiAHUX HiNboBOI (QyHKHii. ['pamieHT BKasye HAPAMOK HaWOIbII
JIOKAILHOTO  30iNbIIeHHs IbOBOI  (PyHKIII, a pyX Yy HampsAMKy,

MPOTUJICKHOMY TPAIi€HTy 3 TOYKH x, pOo3TaoBaHoi Ha 3HAYHIN

BiJCTaHi BiJl TOYKM MiHIMyMy X , 3a3BMYaii NPHUBOIUTH JIO CyTTEBOTO
3MEHIIEHHs LiTboBOI (QyHKUii. 3 iHIIOro OOKYy, HANpsSMKU €(PEeKTHBHOTO
MIOITYKYy B OKOJIi TOYKH MiHIMyMY, BU3Ha4alOThCsl MeToZioM HproToHa. Inest
o0’enmnanHs meroniB Komri ta HproToHa Oyna TOKIIaJieHa B OCHOBY
ITOPUTMY, po3pobieHoro MapkBapAaToM. 3TiJHO IHOTO METOAY HAIIPSIMOK
IIOLIYKY BU3HAYA€THCA PIBHAHHIM:

gt _ [H("’+a(") [T V(). (3.1)

[Tpu upomy B popmymi (1.1) mokmactu a® =1, tax sx napametp A
JIO3BOJISIE HE TIABKU 3MIHIOBATH HANPSMOK IOIIYKY, ajle i pPeryIroBaTH
JIOBXKUHY KPOKY.

xED = 0 4 a(k) ~S(x(k)),

e x™ _ noroune nabamkenHs IO pilIeHHS x";

a™ — mapamerp, 10 XapakTepH3ye TOBKUHY KPOKY;
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S(x") - ue wHanpsMoxk ToOmyYKy B nN-MipHOMY MPOCTOPI

YOPaBISIOYAX 3MIHHHX;
I — ue onAMHWYHA MAaTpHIlg, TOOTO MaTpUIlS, BCi €JIEMEHTH SKOI
JOpiBHIOOTH (), 32 BUHATKOM J[iarOHAJILHUX €JIEMEHTIB, 110 IOPiBHIOIOTH 1.

Ha mnouarkosiit cramii momyky A mnpucBoroerhcs Benmmke
0 4
suauenns, Hanpukaag A =10*. B upomy Bumagky
1

[+ 20 0] =20 1] = STNE (32)

. 1
Ipu Bermukomy 3uauerni A" (W MaJie) HarpsiM HOUIyKYy:

SO = v x?). (3.3)

3 Bupasy (2.8) MOXHA 3aKJIIOUMTH, WO TpU 3MeHIeHHi A g0 0
S(Xx) 3MIHIOETBCS BiJl HAIPSIMKY, IPOTHIICKHOMY TPAIIE€HTY 10 HAMIPSIMKY,

BH3HAUY€HOMY 3a MeronoM HprorToHa. SIKmo micis mepumoro Kpoky
OTpMMaHa TOYKa 3  MEHIIMM 3HAYeHHSIM  IIbOBOi  (yHKMIii

(f(xP < £(x?), cniz obparu AV < A Ta peanisysaru e omuH KpOK.

Inaxure cig mokmactn A” = BAY, ne >0, ta 3moBy peamisysatu
MoTepeHi KPOK.

Aaroputm MapkBapara

*
Kpox 1. 3amatm x9 nouarkose HaGMMIKEHHS o x, M —

MaKCHMaJbHO MPUITyCTUMA KUIBKICTh iTepamniid, £ — mapamerp 301KHOCTI.

Kpok 2. TToxnactu K =0, 2@ =10%
Kpok 3. OGuncinma V. f(x)
Kpok 4. TlepeBipuTi Ui BUKOHY€ETHCS HEPIBHICTh HVf (x™ )H <E.

Skmo Tak — mepedTH 1o Kpoky 11, HI — mepelTH 10 HaCTYIHOTO
KpOKY.
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Kpok 5. IlepeBipuTr it BUKOHY€ETbCS HepiBHICTE K 2> M.

Tak - mepeliTi 10 Kpoky 11, Hi - mepeiTy 10 HACTYIHOTO KPOKY.
Kpok 6. O6unciuru S(x™) 3a popmymnoro (1.16).

Kpox 7. TToxmactu x*™V = x® + §(x).

Kpox 8. Un Bukonyerscs mepisuicts f(x") < f(x™) .

Tak - mepelTé 10 KpoKy 9, Hi - mepelTH 10 Kpoky 10.

Kpoxk 9. okmactu A *"=1/2 1 ®, K=K+1. Iepeiiti 10 KpoKy 3.
Kpok 10. okmactu A “™M=214 ® Tlepeiitu 10 kpoky 6.

Kpox 11. /Ipyk pe3ynbTaTiB i 3ynuHKA.

Meton MapkBapara XapaKTepU3yeThCS BIAHOCHOIO MPOCTOTOIO,
BIIACTUBICTIO CMafaHHS IMITLOBOI (YHKIII IIpW TEpexonmi Bij iTeparlii 1o
iTepaliii, BUCOKOK WIBHIKICTIO 30iKHOCTI B OKOII TOYKH MiHIMyMy X , a
TaKOX BIACYTHICTIO HPOLEAYPHU IOWIYKYy Y3X0BX mpaMoi. [omoBHmi
HEJIONIIK METONYy IoJIATae B HEOOXimHOCTI oOumcneHHs Matpuili ['ecce i
HACTYITHOTO pIIICHHS CHUCTEMH JIIHIMHUX PIBHSHb, IO BIANOBIAAIOTH
piBastHHIO (1.16). Lleii MeTox IMPOKO BUKOPUCTAETHCA MIPHU PillIeHH] 3a1a4,
y sikux f(X) 3anucyeThes y BUTISAL CyME ITOBHUX KBaJIpaTiB. 3a/1ada TaKOTo
TUIy BUHUKA€E, HAPUKIIAM, Y PErpeciiiHOMy aHai3i:

fx)=1f; x)+f; ) +...+...+f (x) (3.4)

Merox MapkBapara BiIpi3HSAETHCS BHCOKOIO €(GEKTHBHICTIO IPH
pillleHH] 33724 TAKOTO THUILY.

3.2 IlopsAaoK BUKOHAHHS POOOTH
3.2.1 Hammcartu mporpamy, o peanizye Mmeron Mapksapara.

3.2.2 3a pomomoroi po3pobieHoi MporpaMu 3HAWTH MiHIMYM
¢yskuii (tadmn. 1.2).
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3.3 3micr 3BiTY

3.3.1 CdodopmynboBana MeTa poOOTH.

3.3.2 Anroputm Ta mporpama, o peaizye MeToJ.
3.3.3 Pe3ymbraTé poOOTH MIPOTPAMH.

3.3.4 Amaniz oTpIMaHHX PE3yJIbTATIB 1 BACHOBKH.

3.4 KoHTpPOJIbHI MUTAHHA

3.4.1 BimminHocti Meromy MapkBapara Big meroxaiB Komri Ta
HeroToHa.

3.4.2 Yum xapakTepusyeTbca MeTosl MapkBapaTa?

3.4.3 AnroputMm MeTony MapkBapaTa.
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4 JABOPATOPHA POBOTA Ne 4 METOH
CIIPAXKEHUX I'PAJIEHTIB. METO/J ®JETYEPA -
PIBCA

Meta po0OTH - BUBYATA  METOIU CHPSDKEHUX TPAJIEHTIB
0e3yMOBHOI 0araTOBHUMIipHOT ONITHMIi3aIlii.

4.1 Koportki TeopeTnuHi Bitomocri

Metoa ®@jeruyepa — PiBca

Meton m03BOJIsiE 3HAUTH MIHIMyM HENiHIHHOT HiTbOBOI (yHKIIT
0araTboX 3MIHHUX BUTJISLILY

M=Fx.x..x,)

Opu BiACYTHOCTI OOMexeHb. MeTon 3acCHOBaHMH Ha 3acTOCYBaHHI
YaCTKOBUX TMOXITHWX IIhOBOI (DYHKIII IO HE3aJIC)KHUM 3MIHHUM i
MepeBU3HAYCHUN I JOCIHI/DKCHHS YHIMOAANIbHUX QYHKIINA. 3a ioro
JOTIOMOTOI0 MO’KHA JIOCIIIDKYBaTH 1 MyJIbTUMOAANbHI (QYHKIII, oAHAK B
LOMY BHUMAIKYy CIifi OpaTH NEeKidbKa BXITHUX TOYOK i MEpEeBipATH, YU B
yCiX BHITaJIKax ofHaKoBe pimeHHs. Cxema anroputmy metona drieruepa —
PiBca npencrasnena Ha puc. 4.1
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MowaTor

Bufip nowaTroEol ToWEm

EHzHAYE HHA HA TP AMEY TPAMEHTY ¥
oI

Clmsomp i MOLIYE B HATHAMEY
TPAMIENTY 3 METOR BITHANE HIT
“mafrpatnoi’” TOURR

Ys BiOMOBITAE 3 HANTEHA
. e
PLLEHHIO FaTa41

Tax

Ui BHEOHANO TIOLVE B
i M+ mamp v x?

Brmmane 101 CNp AEEHOTO TPATIENTY B
HOPIH Kpauii o

Pucynok 4.1 - Cxema anroputMmy merona ®neryepa - PiBca
4.2 IlopsiaoK BUKOHAHHS PO0OTH

4.2.1 Hanwmcatu nporpamy, mo peaiizye meron dneruepa — Pisca.
4.2.2 3a pgomoMorow po3pobieHol mporpaM 3HAHTH MIHIMYM
¢byskmii (Tadmn. 1.2).
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4.3 3micr 3BiTY

4.3.1 CdopmynboBaHna MeTa poOOTH.

4.3.2 AJropuTM Ta mporpama, o peanizye MEeTOxI.
4.3.3 PesynbraTé poOOTH IIPOTpaMH.

4.3.4 AmnHani3 oTpUMaHHX pe3yIbTaTiB i BUCHOBKH.

4.4 KoHTpPOJIbHI MUTAHHA

4.4.1 Ha yomy 3acHoBanuii Mmetoz ®neruepa — Pisca?

442 Sxi ¢dyHKmii MokHa AOCHimKyBaTH Mertomom @merdepa -
PiBca?

4.4.3 Anroputm metony dneruepa — Pisca.
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5 TABOPATOPHA POBOTA Ne5
KBA3IHBIOTOHIBCBKI METOJU. METOJ AEBITOHA-
OJIETYHEPA-ITAYEJIJIA

Merta po6OTH: 03HAWOMUTHUCH 3 KBa3iHBIOTOHIBCHKMMH METOJaMH.
BuBunTH npuHIHI POOOTH JAHUX METOMIB JETAIFHO PO3TIISIHYBIIH METO
Hesimona-®netuepa-Ilayemna.

5.1 Koportki TeopeTnyHi Bitomocti

KBa3iHBIOTOHIBCEKI METOOW TOMIOHI JO0 METOMIB CHPSHKCHUX
TPalli€HTIB, OCKUTBKM TaKOXX 3aCHOBaHI Ha BJIACTHBOCTAX KBAAPATHIHOL
¢yHkuii. BignoBigHO 10 METOHAIB CHPSDKEHUX TPali€HTIB MOIIYK PillleHb
3MIACHIOETBCSI TIO  CHUCTEMi  CIIPSKCHHUX HampsMKiB, TOMI  SIK
KBa3iHBIOTOHIBChKI METONM MAarOTh MO3UTHBHI pucH MeTony HproToHa,
OJHAaK BUKOPUCTOBYIOThH TUTBKH MEPILi MOXiIHi.

[ToOynmoBa BEKTOpiB HANpsMKIB TONIYKY 3IIHCHIOETBECA — 3a
JIOTIOMOTOF0 (hopMYyITH:

_ (k) (k)
Xpo =X, + A s(x) (*)

Je X, — TIOTOYHE HaONMXKEeHHA [0 x, A%~ napamerp mo
XapakTepusye 10BxkuHY Kpoky, s(x*)) — HanmpsMok momyky B n-MipHOMY

MIPOCTOPI. S(X(k)) 3alUCYETHCS Y BUITIAIL
s(x")y=-A"Vf(x"), (5.1)

ne AV - MaTpPHULS METPUKH, TIOPSAKY 1 X 1 .

Metoau momyKy y3[0BXK HalpsIMKiB, BA3HAYCHUX i€ (HOPMYIIOL0,
MarOTh Ha3By 3MIHHOI METPUKH, OCKIIbKA MaTpuisl 4 3MIHIOETHCS Ha
KOXHIHN iTeparrii.

MeTto/ 3MiHHOI METPUKH SIBJISIE COO0I0 KBa3iHBIOTOHIBCHKUN METOI,
SIKIIIO BIATIOBIJHO /IO HBOTO IEpeMillleHHs MpPOOHOI TOYKH 3aJJ0BOJIBHSE
HaCTyIHIN YMOBI:
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Ax=C"'Ag, (5.2)

e Ax - mepeMilneHHs X.

¥ meroai Hetorona Ax =—V2 f(x*)'Vf(x*) - ne amanor C™'
Y KBa3iHBIOTOHIBCHKOMY METO/II.

Ag = g(x,) — X)), Ag - 3MiHa rpasienta npu mepexomi Bl X,
70 X -

Ipanient kBagparuunoi Gpynkuii: VI (x) = Cx+b = g(x)

glxp)=Cx"+b, g(x)=Cx"" +b, Ax=C"'Ag

2 pa—
V7 f(X) - marpuus Tecce, cuMeTpuuHa MATPUIS TOPSAKY 1 X1
apyrux noximaux f(X), mo oGuucIroeThes y Touli X . EneMeHT marpuit
I'ecce, po3ramoBanuii Ha MEPeTHHI i-T0 PsAKA j-TO CTOBILS, JOPiBHIOE

62x/8x[6xj

Hns  ampokcumanii  martpuui, 3BopoTHOi g0 Marpuni [ecce,
CKOPUCTAEMOCS HACTYITHOIO PEKYPEHTHOIO (POPMYJIOI0:

A =A4® + 4 ¢, (5.3)

A" ¢ — xopuryBabHa MATPHILSL.

Marpursa A(k)6yzxe BuKopucTroByBaTucss B (5.1) 1 (*). 3amaua
MOJIsAITaE B TOMY, 100 MOOYIyBaTH MATpPHITIO A® B rakwmii crnoci6 11 (013)
IMOCIIIIOBHICTE A9, 4V A% JlaBaya HaOIMKEHHS II0
H™' =V?f(x*)"", npu npoMy st ofepKaHHs pilieHHss X * mOTpi6HEHiI
OJIMH JIOJATKOBMH MOINYK Y3I0BXK MpsAMOi, skmo f(X) - KBaapaTHdHa
(hyHKIS.

IMpunycrumo, mo wmarpuns C ! AIPOKCUMYETBCS 10  (OpMyJIi
ﬂA(k), ne [ - ckamspHa BenuuuHAa. KpaiiiM € HaOIWKEHHs, 10
3a10BOJBHSIE (5.2), TOOTO

Ax® = BAD Ag® (5.5)
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Omnak moOyayBaTH TaKy alpoOKCHUMAIliF0 HEMOXKIIUBO, OCKUTBKU IS
. k . k
TOTO 100 3HAUTH Ag< ), HeoBXiHO 3HATH MaTpPHIIO AP
Bynemo BUKOpHCTOBYBAaTH HACTYIIHI TO3HAUCHHS:

Ag(k) — g(k+1) _g(k) (5.6)
Ax® =y —x® (5.7)

MoxnuBa BUMOra, 1100 HOBE HAOMM>KEHHs 3aJ0BOJIBHSIO (HopMydi
(5.2)

Ax(k) — ﬂA(kH)g(k) (5.8)
[Ticns migcranoBku (5.3) B (5.8) ogepxumo

Ax® :ﬂA(kH) *g(k) :ﬁ(/l(k) +A(k)c)Ag(k) :ﬂA(k)Ag(k) +,BA(k)cAg(k)

A(k)cAg(k) :%Ax(k) _ A(k)Ag(k) (5.9)

MoskHa MEPEKOHATHUCA, IO MaTpHUIA

L 1 Ax®yT _(A(k)Ag(k>ZT)
‘ _ﬂ yTAg“‘) ZTAg“‘) ’

TYT BCi 3HAYEHHS KPiM [ — BEKTOPH, € PIllICHHSIMH PiBHSHHS, V,Z —

JOBUTHHI BEKTOPH, TOOTO HACTyIHA (GOpMyJia BU3HAYAE JIESKAN PiJl pillleHb.
SIK110 MOKIaCcTH

y=Ax®iz=4DAg®, (5.10)

TO oTpuMaeMo (opMyiry, 1o pearnizye meroxn JleBimona-dierdepa-
ITayemna :
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(5.11)

© B
B 1 (Ax(k—wa(k—l)TJ AFDAGEDAGUEDT 4k
el ™ B Ax(k—l)TAg(k—l) Ag(k—l)TA(kfl)Ag(H)
AFD = 4O 4 4®

AP = A(kfl)_i_AL(.k*l)

L _i AxED A" _A(k)Ag(k)Ag(k)TA(k)
N Ax(k)TAg(k) Ag(k)TA(k)Ag(k)

(5.12)

AP — gD [ A A J _ AR AGEDAGUED" 45D

Ax(k—l)T A g(k—l) Agac—l)T A*D Ag(k_')

s pexypenTHa ¢opMmyna Mae BIACTUBICTb CHMETpii W MO3UTHBHOI
BH3HAYEHOCTI MATPHIIL.
ITepmma Bapiaris (mpupicT, 3MiHA):

Af (x) =Vf(x")" Ax (5.13)
Buxopucroyroun dhopmymu (*) i (5.1) ogepxyemo
X =xF + APs(x) a s(x) =—4PVF(xY).
Ax = x* —x® = 2W (x| sBincn Bummmsace mo
Af(x) = VF(x") ADs(x*) = =V (x) AP 4DVF(xD), (5.14)
3BIIKU
Af (x) = =AOVF (XY APV (x™) (5.15)

3 (5.15) summsae, mo f(x* )< £(xP), 10610 Af(X)<0

BUKOHYETBHCS IIPU OYIb-IKUX 3HAUYECHHSX AP >0, sxmo A™ - nosurusHO
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BH3HAa4YeHa MaTpuid. Y Takui croci® amroputm 3abe3mnedye MOABOEHHS
LIKOBOT (YHKIIIT BiJ iTepaltii g0 iTepariii.

Meton [leBinona-®neruepa-Ilayenna € MIMPOKO 3aCTOCOBYBaHUM
TpalieHTHAUM METOOM. BiH BiZpi3HA€TbCA CTAaOUIBHICTIO U YCITIIIHO
3aCTOCOBYETHCS TPU BHPIIICHI Pi3HHUX 3a/1ad, 10 BUHUKAIOTh Ha MPAKTHIII.
OCHOBHUM HEJIOJIIKOM METOJIIB TAaKOTO THUIY € HeoOXiIHICTh 30epiratu B
nam'sTi MaTpPHLIO HOPSIIKY 71X 7 .

Ha pucysky 5.1 HaBeneHa crpolieHa 0JI0K-cxemMa aaroOpuTMy
HeBinona-®dneruepa-llayemnna.

Havams 43 movkd X,
Hi(i=10)
]

foremume dy=-Hyg;

¥

Hadmy swavewee Ag,
MUNUMUILOICE S8 PUNFEee
Fxi+Ady)

(]

fanawums
Xiep =X+ Mdi=xi+v
[]

forowums §=i+1 Hadmu Gier

Y
Hemomsaobams My, v &
Ui=gis1-gi 7
A gopmupofanus  His

Y

|vil<& wnu
|gi+1]< &

Pucynok 5.1 - Crporiiena 6;10k-cxema anroputmy Jasunona-dneruepa-Ilayaiia.
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5.2 Tlopsiioxk BUKOHAHHA JIA0OPATOPHOL po0OTH

5.2.1 Hamucatu mnporpamy, Imo peanizye weron JleBimona-
O®neruepa-Ilayenna.

5.2.2 3a pomoMoror po3poOiieHoi mporpaMu 3HAUTH MIHIMyM
¢yskuii (tadmn. 1.2).

523 [lopiBusiT  Oe3rpamieHTHI Ta  TpalieHTHI  METOIU
0araToBUMIipHOI ONTHUMI3alii 3a TOYHICTIO 3HAXOHKCHHS ONTHMHUMY,
KIJIBKICTIO iTepalliil Ta 4acoM poOoTH.

5.3 3micr 3BiTY

5.3.1 CdodopmynboBaHa Meta poOOTH.

5.3.2 AJTOpHUTM Ta Imporpama, Imo peaizye MEeTO.
5.3.3 Pesynbratu pob6OTH IpOrpamMu.

5.3.4 AmnHani3 oTpUMaHUX PE3yNbTaTiB i BACHOBKU

5.4 KoHTpOJIbHI NUTAHHSA

5.4.1 SlkuM YMHOM 3AIHCHIOETHCS MOOYI0Ba BEKTOPY HAMPAMiB?

5.4.2 JlaiiTe BU3HAUEHHS s(x(k)) .

5.4.3 IlogcHith, sKI METOAM HA3UBAIOTh METOJAMH 3MIHHOL
METPUKH?

5.4.4 Skuii ananor mae C~' B meTomi HploToHa?

5.4.5 o sBnse cob6or0 cuMeTpruyHa MaTpULA?

5.4.6 Slka maTpuIls Ha3UBAETHCS MTO3ZUTUBHO-BU3HAYEHOIO?

5.4.7 SIxum urHOM anpokcumyethbest Marpuiss C 9

5.4.8 JlaiiTe Bu3HaueHHs MaTpuui [ 'ecce.
5.4.9 fxa MaTpuIlsd BBaXKa€ThCS 00YMOBIICHOO?
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