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Bcmyn

[ligBuIIeHHs] TTPOJYKTUBHOCTI OO0UMC-
JIeHb 3a PaxyHOK pO3MOAUICHOT 00poOKH
CTBOPIOE Mpo0OIIeMy, 1110 THOJsArae y HeoOXi-
HOCTI peanizaimii 3Ha4HOi KUTbKOCTi1 1H(OP-
MamiiHuX 3B’s3KiB. lle mpusBoauMTh 10
MPUHIIMIIOBUX OOMEXEHb y MOalbIliN MiHi-
aTropu3allii 004HCIIOBaIbHUX 3aC001B.

OHUM 3 BIIOMHX HIIXOIIB 3MEHIIEH-
HS KUIBKOCT1 1H(GOpPMAaLIHHUX 3B’SI3KIB MDK
MIPUCTPOSIMU € MOPO3PsAHA TIOTOKOBA 00pO-
Oka mociimoBHUX KomiB yucen [1-4]. Taka
00poOKa J03BOJISIE KOKHOMY TPHCTPOIO 3a
OJIMH TaKT NpuiimMaTt, oOpoOIitoBaTH Ta Iie-
penaBatu oguH po3psa. IlopospsaHe Buko-
HaHHS BCIX apU(PMETHYHUX ONepaliil B €1u-
HOMY IOTOIIl MOJIMBE JIMIIE 31 CTApIIMX
po3psiaiB. s 1IbOTO BUKOPUCTOBYIOTHCS
HAJJTMIIKOBl CUCTEMHU YHCIICHHS, OCKUIbKU B
HUX MOXJIMBE OOMEXEHHS JOBXHHH Iepe-
HECEHHS Yy CTapllli pO3psAay MpH J10JaBaHHI 1
BiHIMaHHI. JIOBXXKMHA TIEPEHECCHHS BU3HA-
yae armapaTHI BUTpaTH NpHU 1oOyaoBi apud-
METUYHHX IPUCTPOIB MOPO3PAAHOT OOPOOKH.

ABTOpaMH 3alporNOHOBAHO KJIAC CHC-
TeM YHCJICHHS, IO Yy3arajibHIOE€ BiTOMI Ta
JI03BOJISIE CTBOPIOBATU HOB1 CHUCTEMM 4YHC-
JeHHS 3 OOMEXEHOI [IOBXKHHOIO IepeHe-
CEHHSl y CTaplli PO3psiu MPH HOPO3PSITHOMY
BUKOHaHHI apu@MeTuyHux ormnepaiiid. Bonu
Ha3BaHl AM-cucteMamu dmcieHHs [S].
Bynp-sika AM-cuctema ducieHHS MOXke 0y-
TH ONKCaHa CYKYIHICTIO TaKUX MapaMeTpiB:
MHO>KHHOIO IU(pP, OCHOBOIO CUCTEMH YHC-
JIEHHS Ta aJUTUBHUM CIHIBBITHOIICHHSIM II€-

BHOTO BUIY NOPSAKY (¢, T, p):

Ck = {0,1,...,Ck_1};
I<w<cep_ +1;

tAT,p :W1p+t :Rr,p

ne k>2 — 3HavnicTh cuctemMu unciaeHus; C, —
MHOXHWHA 1U(p; W - OCHOBA CHCTEMHU YHC-

— aJATHUBHE CITIIBBIIHOIIECHHS
nopsiiky (¢, 7, p); ¢, 7, p — LIl 4Kcoa, 110 3a-
JTOBOJBHSAIOTE ymoBam: >0, =nt, p=>0;

nenns;, 'ATP

P .
ROP = er -w" — TIpaHWYHE 3HAYEHHS
i=0

(reCy). llpu upomy Ha mnapamerpu AM-
CUCTEMHM UYHMCJICHHSI HAKJIaJJAa€TbCd OOMEKEH-
Hi: r2ri-1>0.

Moxe icuyBatu Oarato AM-cuctem
YUCJIEHHS, B KOXKHIM 3 SKUX JOBXHUHA Iepe-
HECEHHS MPU BUKOHAHHI MOPO3PSIHOTO JI0-
naBaHHS € oOMmexxeHoto. [IpoTe, BiaCyTHI Bi-
JIOM1 T€OPETUYHI pO3poOKH, 3a JAOMNOMOIOIO
SKUX MOKHa 0yino 6 MOpiBHIOBATH JIOBXHHU
nepeHeceHHs Ui Oyab-skux AM-cucrem
YHCJICHHS.

Mertoro naHoOi cTaTTi € po3podKa Teo-
PETUYHUX IOJIOXKEHb, 1[0 MOIIU O OOIpyH-
TYBaTH MOJKJIMBICTb IOTOKOBOTO MOPO3PsI-
HOTO JI0/IaBaHHSI 31 CTapUIMX PpO3PAIIB Y
Oynp-sikiii AM-cucTteMi YUCJICHHS, a TaKOX
BU3HAUUTU MEXI, B SKMX 3HAXOAMUTHCS JOB-
KUHA IEPEHECEHHS.

HasBHICTE, agUTHBHUX CIIIBBIIHOIIEHD
MDK po3psnamu B AM-cuctemax 4HCIIEHHS
JI03BOJISIE BBECTH OIllepalil aAuTUBHOIO Iie-
PETBOPEHHS KOJIIB uucen (A-nepeTBOpeHHs),
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110 TOJISITAI0Th Y 3MIHI KOy YHclia mpu 30e-
peXEeHHI HOTO YHCIIOBOTO €KBIBaJICHTY [6].
3a HampsIMKOM IepeHeceHHs aJuTuBHI (A)
MEPETBOPEHHST TOAUIAIOTHCS Ha TEPETBO-
pEeHHA 3 TepeHeceHHsIM BIiBO (AL) 1 meper-
BOpEHHS 3 TIepeHEeCeHHsAM BIpaBo (AR) B 3a-
JIEKHOCT1 Bl TOTO, O SIKOI YaCTUHH KOy
JO/TA€ThCS 3HAYCHHS TIEPEHECEHHs. 3a TH-
oM yMOB BUKOHaHHi AL 1 AR-
MEPETBOPEHHS MOUIAIOTHCS Ha €JIeMEHTapH1
(E), yniBepcanbhi (U) Tta mosHi (F). [lpu
eIeMEHTapHUX A-TIEpETBOPEHHSIX TIEPEBI-
PAIOTHCS YMOBH B KOKHOMY OKPEMOMY PO3-
pAl TIEpETBOPIOBAHOT YaCTUHH KOJy. SIKIIO
BC1 pO3psAIU NIEPETBOPIOBAHOT YaCTUHH KOIY

, b
tAiT g (Xir—rb) =

[loBHi A-neperBopennst (FAL- Ta
FAR-neperBopeHHst) (HaKTUYHO € CYKYIHIC-
TIO YHIBEPCAJbHUX MEPETBOPEHBb TOTO X Ha-

3aJI0BOJIBHSAIOTH YMOBaM, BUKOHYEThCS €lle-
MeHTapHe A-nepeTBopeHHs. Take meperBo-
PEHHS 3MIHIOE TUIBKHM pO3psAau Bif (i-7p)-ro
1o (i+t)-ro 1 He 3a4inae HII PO3PSAIU KOIY.
EnemenrapHe A-nepeTBOpeHHs MoOxe OyTu
BUKOHAHE TUIbKH TOJl1, KOJIH KOXHUH po3psij
MIEPETBOPIOBAHOTO KOJIy 33J0BOJIbHSIE YMOBI
neperBopeHHs. Ha BiIMiHy Bij eneMeHTap-
HUX B yHIBEpCaJIbHUX A-IIEpPETBOPEHHSIX IIe-
pEBIpSIETbCS BUKOHAHHS YMOB JJISl CYMapHUX
3HaYeHb YacTUH KoJiB. Huxue HaBeneHo
y3arasibHeHuil Bupas st EAL-, EAR-, UAL-
1 UAR-neperBopens (V — yMmoBa Al BUKO-
HaHHSI BUIMIOBITHOTO MIEPETBOPEHH):

Xid—)rb 1pu \Y
XP W ERSE upu V.

P
MPSIMKY, SIKI BUKOHYIOTbCS HE TUIBKH JJIA 1-
ro po3psny, aje W A yCiX MOJIOJIIMUX Bl
HBOTO PO3PSAIB:

FATP (X2 )= UAT S (CUAZ L 1) (-

b—
UL (UATE (X )E ) ) ).

Pesynprar moBHUX A-IIEpEeTBOPEHb Ta-
KU caMUi, SIK 1 yHIBEpCaJIbHUX Ta €JIEMEH-
tapHuXx. KpiM Toro, miciasi BUKOHAHHS 1-IO
MIOBHOTO A-TIEpETBOPEHHS Ui KOJHOIO 3
[IEPETBOPIOBAHUX PO3PSIIB, MOJIOAMIUX Bl
1-TO, HE 3aJ0BOJIHIETHCS yMOBa  A-
[IEPETBOPEHHSI TOTO K HAIIPSIMKY.

A-1iepeTBOpEHHsI € 0COOIUBUM BHUAOM
YMOBHHUX apu(pMeTUYHUX oleparliid, mo y3a-
TaJIbHIOIOTh ~ B1IOMI  omepaiii  3ropTKH-
PO3rOPTKM Ta NEPEHECEHHS-3all03UYCHHS
[6]. Hani omeparrii JiexaTh B OCHOB1 TIOPO3-
pAMHOTO JOJaBaHHS 1 BigHIMaHHA B AM-
cucreMmax uucieHHs. Bcei apudmernyni omne-
pamii B AM-cucreMax YHCJICHHS OCHOBaHI
Ha J10/1aBaHHI. TOMYy JOBJKHHA MEPEHECEHHS
[Py BUKOHAHHI JOJaBaHHS BU3HAUYa€ KUIb-
KICTh OJTHOYaCHO 0OpOOIIOBaHUX PO3PSAIB Y
MOPO3PSAHUX apU(PMETUYHUX MPUCTPOSIX.
Hexait moTpiOHO 3HaiiTH KOJ CymMH Z, IO
nopiBHIOE cyMi koniB X 1 ¥ X+Y=Z. Tlopos-

psaHEe ToAaBaHHS KOAIB B AM cucTemax 4u-
CIICHHSI BHUKOHYETBHCS 32 BIIOMUM METOJ0M
HEaBTOHOMHO1 00po0OKHu [ 1, 2] 1 siBiIsie c06010
MOCIIIZIOBHICTh KPOKIB JI0JIaBaHHS OKPEMUX
PO3psIIB, TOYMHAIOYM 31 CTAPIIOTO, HA KOX-
HOMY 3 SIKUX BHU3HAYAETHCS KOJ CyMH Z; Ta-
KM YUHOM, II0 Ha OCTaHHBOMY KpOIll BIH
JOpIBHIOE KOAYy cymu Z. BusHaueHHs pe-
3yNbTaTy Z; Ha KOKHOMY KpOlli Bi1OyBa€Th-
Csl IUIIXOM J0JaBaHHS KOJy YeproBUX pO3-
pAAIB 10 pe3yapTaTy, OTPUMAHOro Ha more-
peaHBOMY KPOIIL:
Zi=Zi 1+ x+y;.

OcoOnuBicTio  noAaBaHHs B AM-
CHUCTEMax YHCIICHHS € MOXJIHMBICTh OOMe-
KEHHSI PO3MOBCIOJUKEHHSI TIEPEHECEHHS Y
CTapull po3psiiu 3a PaxXyHOK BHUKOHAHHS
FAL-neperBopeHHsI HajJ TPYIOK PO3PsAiB
Ha MOTEpPeHbOMY TaKTi1 J0JaBaHHS:

1-i
Z;=FAL(Z; y + (X1 + Ypoy) W' ).

Pesynbrar Z; MokHa MOIUIMTH HA JABI
YaCTUHHU: CTall CTapull po3psAu Ta 3MiHHI
Momoami po3psanu. Crajna yacTHHA SIBIISE

coboro pospsam koxy pesymeraty ZC, a
3MIHHA YaCTHHA € IPOMDBKHOIO CyMOIO 7.
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ne ZC; =(Z)ivas T =(Z)alprs d
JIOB)KMHA TIEPEHECEHHs y cTapilli po3psiau; b
— JIOBJKMHA MEPEHECEHHs Y MOJIOUIl po3psi-
mu. [lpu mocraTHIN KUTBKOCTI po3psAniB d Ha
KOXXHOMY KpOIll IOPO3PSIIHOTO JI0/IaBAHHS
FAL neperBopeHHss NOTPIOHO BUKOHYBAaTH
TUTBKH HaJl MPOMDKHOIO CYMOIO, OTPUMAaHOI0
Ha NONepeHbOMY KpOIll, 10 SIKO1 J0Jat0ThCs
4yeprosi po3psau jAofaHkiB. IlepeHeceHHs
yepe3 CTaplIMi po3psii NMPOMDKHOI CyMH,
OTPUMAaHOI Ha MONEPEIHHOMY KpOIli, PO3MO-
BCIOJKYBATUCh HE Oyje.

JUis BU3HAYEHHSI MaKCHUMAaJIbHOI JI0B-
KUHU d TIEPEHECEHHsI y CTapIIi po3psau To-
TPIOHO KOXEH TaKT JAOJaBaHHS PO3JUIUTU Ha
nBa eranu. llepmmii eranm — A0JaBaHHS
OKpPEeMHX pO3pAIIB 1 OTpUMaHHS KONy iX Cy-
mu S;. Jpyruil etan — noxaBanHs S; 10 pe-
3ynbrary 7j.j, OTPUMAHOIO Ha IMONEPEIHbO-
My TakTi. OTXe, TOpO3psaHE T0JaBaHHS
MOXHa 300pa3uTH, K noAaBaHHA S; 10 T
Ha KOXXHOMY i-MYy TakTi. JlogaBaHHsS OKpe-
MHUX DPO3pAIIB BUKOHYETHCS Y 3BUYAMHMI
UL TIO3WIIMHUX CHUCTEM YHCIIEHHS CIIOCIO.

(FAL(--- FAL(FAL(x, + y,)"

ne dS — NOBXKHMHA IEPEHECEHHsI B CTapIlli po-
3psaM  Ha  OCTaHHbOMY  Kpoul FAL-
nepeTBopeHHs; Al=p<A2<...<A(S-1)<AS —
JIOB)KMHA TEPEHECEHHS! B MOJIOALI1 PO3psiin
Ha BianoBigHOMY Kpoui FAL-neperBopeHHs.
Skmo Hamepen BigomMa MaKCUMajbHa JIOB-

Hexaii Ha i-My TakT1 JOJAIOTHCSA PO3PSIU X;
Ta ;. [Ipy 1boMy MOKe BUHUKHYTHU IEpeIo-
BHEHHA (X;+y;>ck.1). s mikBiganii nepemno-
BHEHHS BUKOPUCTOBYETHCS FAL-
MEPETBOPEHHS] HAJ YaCTUHHOIO KOAY pe-
3yNbTaTy, Y SKOI CTapIIUM € MEePErOBHEHUM
po3psia. Take mepeTBOPEHHS] MOKE BUKOHY-
BaTHCh JIEKUIbKa pa3iB J0 TUX MIp, JOKH BH-
KOHyeTbCsl Horo ymoBa. Koxue FAL-
MIEPETBOPEHHS] B 3arajlbHOMY BHIIaJKy BU-
KJINKAa€ NIEPEHECEHHS SIK Y JEAKUN CTaplIui
po3ps, Tak 1 B A MOJIOAIMIUX IO BIAHOIIICH-
HIO 10 Tpynu po3paniB. Kinbkapa3ose BUKO-
HaHHs F'AL-1iepeTBOPEHHSI MOXE NPU3BECTU
710 TIEPENIOBHEHHS B TOMY CTaplIoOMy po3psi-
i, 10 SIKOTO MOcCTymae nepeHecenHs. Lle Bu-
Marae BUKOHAHHS HOBOTI'O FAL-
MIEPETBOPEHHS] HaJA TPYIOI PO3PAIIB, IO
00’eIHy€E SIK MOIEpeNHI TaK 1 T1 po3psiau, Yy
K1 MOCTYIUJIO NEPEHECeHHs, 1 Tak Aani. Pe-
3y/lbTaTOM JOJaBaHHS OKPEMHUX PO3pSIIB B
AM-cucreMax 4MCICHHS y 3arajJlbHOMY BH-
MajgKy € 0araTopo3psIHUN KOJ OTpUMaHUMN
FAL-nepeTBOpeHHsM:

A2+1 )A(S D+dS-1 AS+dS

Al) i—A(S-1) —AS

KUHA MEepeHEeCeHHs y crapili dSmax 1 B Mo-
nmoami ASmax po3psiau BiJ JOJaBaHHS JBOX
OKpPEMHX PO3PAIIB, TO KOJ iXHbOi CyMH MO-
KHA OTPUMAaTH BHUKOHYIOUM JIMIIE OCTaHHE
FAL-nepeTBopeHHs:

(FAL(x; +y,)A(S 1) max+dS max— I)A(S 1)max+dSmaX )

i—A(S-1)max

MakcumanpHe TiepeHeceHHs1 Oyne
MpU J10JIaBaHHI PO3PSAIB 3 MaKCUMAaJIbHU-
MU P PaAMH ¢k 1 sIBIsIE COO0I0 KO Smax,
noavieHui Ha dSmax+1 crapmux 1 ASmax
MOJIOIIIHAX p03p51)1iB'

dS max+AS max+1
Smax =2- Cr-1" W _Sl AS max (2)
Cnin BIA3HAYMTH, IO MPH Ck1>7p

MOXe OyTH JEKUIbKa KOJIB MaKCUMalIbHO-

b+dS min —110
(FAL(2 Ci-1" W) e max )i+dSmaX

i—AS max

ro 3HayeHHs Smax 3 PI3HOI JIOBKUHOIO
dSmax 1, BIINOBIAHO, PI3HUMHU CTapUIMMU
uupaMu Siigsmax B 3IEKHOCTI B TOTO,
HaJ SIKHMH DPO3psAJaMUd  BHUKOHYBaJOCh
FAL-nepersopenns (1). Ilpu MiHiManbHO-
MYy 3Ha4eHHI dSmaXpyi, CTapIIUi PO3pPsia
Kony Smax MaTuMme 3HAuYCHHsS He Oubine
HDK Ck-1-

< Ck_l . W[+dSmaXmin . (3)

min

[Ipn MaxkcumalibHOMY 3HAa4€HH1 dSMaXmax CTApUIMK po3psia Koy Smax MaTUMeE 3Ha-

YEHHs He OUIbLIE HIXK 7).

b+dS max ,, —1
(FAL(2- Ch-1" W) " )i+ame::1xrm,X <r

Wi+dS MaX may (4)
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Jlnst BU3Ha4YeHHS dSMaxXpm,x MOTPIOHO
BHKOHATH TMOCIIIOBHICTh Omepariii, momio-
Hux EAR-neperBopenHio. Ha BiaMiHy Bif
EAR-neperBopeHHs 111 onepallii HOBUHHI BU-
KOHYBAaTHUCh HaBITh IPU NEPETIOBHEHHI Y MO-
JOAIIMX PO3psAax. IX CyTHiCTH mojsrae y
TOMY, 1110 BUKOHYIOTHCSI IOCIIZOBHI IEpeT-
BOPEHHSI IOYMHAIOYH 3 OJAMHMIIL JESIKOTO po-
3psAy 3 IEPEHECEHHSM Y MOJIOII PO3PSIU.
Ha xoxHOMY Kpolli epeTBOPEHHs Bl Hali-
CTapUIOro 3HAYyHUIOTO PO3pSAY KOHIy, OTpHU-
MaHOTO Ha TMOMEPEAHHOMY KpOIll, BigHIMAa-

T,
X = UALml—)qp—(iH

ne i=1,2,3,... L kxpoku nepeTBOPEHHsI MOTPi-
OHO TIOBTOpPIOBATH [JI0 THUX TIp, JOKH
Xm-i<2+Ck-1. SIKIIO TICHS 3aKIHYCHHS TIOBTOPY
KPOKIB X, /=2:Ck-1, TO MAaKCUMaJIbHA JIOB)KHWHA
MePEHECeHHs B CTapill po3psiad Bix Jo0ja-
BAaHHA M-TUX PO3PSAIB dSMaXmax JAOPIBHIOE
KUIBKOCTI KPOKIB MEpeTBOPEHHs. SIKIIO X
Xm-i>2-C-1, TO dSMaXyax HA OJUHHULIO MEHIIIE
BiJl KUIBKOCT1 KPOKIB IIEpETBOPEHHS. AHaJO-
TYHO BH3HAYAETHCA dSMaXpin. PI3HHUI
TUIBKH y TOMY, IO TIOYATKOBE 3HAYEHHS 71-
T0 PO3psiay BCTAHOBIIOETHCS PIBHUM MaKCH-
MaibHIA 1udpi ck.;. Ha apyromy erami Bu-
HUKAa€ TIEPEHECEHHS BiJ TMEPEBUIICHHS TI'pa-
HAYHOTO 3HA4Y€HHS TpPH J0JaBaHHI KOIY
OKpPEeMHX pO3psAiB IO MPOMDKHOI cymH. Bo-
HO peani3yeTbcsi 3a jgonomoror FAL-
[IEPETBOPEHHS pe3yibTaTy JOJaBaHHS S; 1
IIPOMDKHOI cyMu 7.1, OTPUMAHOI Ha Iormnepe-
THROMY TakTi. MakcumanbHa MOBXKuHA dT
IBOTO TMIEPEHECEHHS BU3HAYAETHCS KUTHKICTIO
pO3psAIiB, HEOOXITHUX NJIsl TIOTJIMHAHHS Ja-
HOTO 1 MOCIIAYIOYHX MEepEeHeCeHb Bia J0/a-
BAaHHS OKpPEMMX pO3psiiB. 3arajibHa MAaKCH-
MaJjibHa JOB)KMHA [EPEHECEHHs Y CTaplli po-

dZ +dS max .

ne H[p] — nuckperHa oauHWYHA (QYHKITisS
Xesicarma [1-3].

JloBeneHHs LbOTO TBEPUKEHHS OyJie
BUKOHYBAaTHCh OKPEMO JUIsl JIIBOi 1 MpaBoi
yacTUH BHUpasy 6. CrioyaTky 0BEIEMO Ipa-
By yacTuHy (6). [nst noBeneHHsS AOCTAaTHBO
HABECTU MPHUKIAIU, B SIKUX NPU MOPO3PsA-
HOMY JI0JlaBaHHI y Oynp-sikii AM-cuctemi
YUCJIEHHS 3 JOBXXMHOIO NIEPEHECEHHS y CTa-
puri po3psimu d <dZ +dSmax ;. + H[p]

min

-1
y (X _’}l)

€TbCsl Horo 3HaueHHsA. EkBiBajieHTHE 3Ha-
YEeHHsI JOJAEThCS Y BUIJISAL KOAY B PO3PSAAHM,
MOJIOJINI BiJ HaiicTapiioro 3Hauymoro. Ta-
KUM YMHOM, KOJI, 0 JOPIBHIOE OJMHUIIIL JIe-
SKOTO PO3psily, Ha KOXHOMY KpOIll 3MilLy-
€TbCSI BIOPABO 1 IPU LIOMY 30UIBLIYETHCS.
Hexait na mepmomMy Kpoili 1eid Koja JOpiB-
HIOE OJWHUINl JESIKOTO mM-TO PO3PSAY:

Xo=w". Toxi Ha i-My KpoIli 3HaYEHHS KO-
1y Oyne

Koty W =R ),

m—1p—i

3psu d=dS+dT. HactynHe TBep»KEHHS J0-
3BOJISIE BU3HAYUTU MEXI, B IKUX MOXKE 3Ha-
XOIUTUCHL 3HAYeHHS d B JOBUILHIH AM-
CHCTEMI YHCJICHHS 3a 3aJaHHMHU KIUIBKICTIO
uudp, aAUTHBHUM CHIBBIIHOMIEHHSM 1 JIOB-
KUHOIO TIEPEHECEHHS BiJ JOJaBaHHS OKpe-
MUX PO3PSIIB.

Teepmxennsa. Hexait st AM-cuctemu
YUCJICHHS 3amaHi MHOxuHA 1udp {0, 1, ...,

Ck-1} 1 aIUTHBHE CHiBBi)IHOHIGHHfIlAT’p . He-
Xal TakoXX JJIs 11i€1 CUCTEeMM YMCIICHHS BH-
3HAYCHI: dSMaXmin, dSMaXmax — MIHIMAJIBHA 1
MaKCHMaJIbHa JIOBXUHU MEPEHECEHHs Yy CTa-
pIIi PO3pSAIU NP T0JaBaHHI MaKCUMaIbHUX
uudp B OAHOMY pO3pslli Ta dZ — HalOLIbILA
KUIBKICTh PO3psi/IiB, 3arajbHe MaKCHUMalbHE
3HAYEHHS SKUX MEHIIE I'PaHMYHOr0 3HAYEH-
HsI aJUTUBHOIO CIIBBIIHOIIEHHS, TOOTO

dZ-1 - dzZ )
Cr_1" zwlp—l< Rg’p < Cr_1" szp—l . (5)
i=0 i=0

Toni Ha Oyab-IKOMY KPOIll MTOPO3PS-
HOTO JI0/IaBaHHsI MaKCHUMajbHa JOBXHHA d
MEPEHECEHHS Y CTapIIi pO3pPsAu 3HAXOIUTh-
Csl y MEXKax

+7+2>d2>dZ +dSmax ;,+ H[p], (6)

BUHUKae nepernoBHeHHS. [loBeneHHs Oyne
BUKOHYBAaTHCh OKPEMO JIsi KOXKHOTO 3 JIBOX
MOXJIMBUX BUTIAAKIB: p=0 Ta p>0.

Y  nepumomy Bunmaaky H[p]=0,
dSmaxpmin>0 1 dZ=0 3a BusHaueHHsM (5).
Tomy nns noBeeHHS MPaBOi YaCTUHU TBEp-
JDKEHHS I0CTaTHHO HABECTU MPUKIIAJ] IOPO3-
PSAAHOTO JOJABaHHS, 110 BUKJIMKAE IMEperno-
BHEHHA Yy Oy/Ib-sIKill CHCTEMI1 YUCIIEHHS MpU
d<dSmaxp,. Po3rmsiHemo mnpuxmanx mgoxa-
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BaHHS N-PO3PSAHUX KOJIIB 3 MAKCUMAJIbHUMU
nudpamu

n—1-dS max . n—1-dS max ;, .

Ch_1 z w/ +cp_y- z w’
Jj=0 Jj=0

3 IOBXKUHOIO TIepEHECEHHS d=dSmaXmin.

[Ipu mopo3psaHOMY 10AaBaHHI IHX
KO/IiB, IOYMHAIOYH 31 CTApPIIUX PO3PSIIB, HA
nepmux dSmaXmin Kpokax ymona misa FAL-
MEePETBOPEHHSI HE BUKOHYETHCS. Ha Ko>kHO-
MY i-MYy KpOIll TOPO3PSIIHOTO JIOJaBaHHS,
MOYMHAIOYU 3 dSMaXmin-TO, BIIOYBAETHCS
MEPEHECEHHs y CTapIli po3psiau, M0 HE Me-
i+dS max

min

HIIE Cj_j W 3a YMOBOIO BH3Ha-
YeHHsI dSmaXyi,. BOHO BUKIIMKae mepernos-
HEHHsI Y po3psnax 3 i-ro no (i+dSmaxpin-1)-
i, sIKe He MOKe OyTH JIIKBIZOBAHO 3a paxy-
HOK IEPEHECEHHs Y MOJIOJIII PO3PSAIH, OCKi-
JBKU 1y HUX Ha HACTYNHUX TaKTax BinOyBa-
€TbCSI TepernoBHEHHA. OTxe, AN BUMNAAKY
p=0 mpaBa yacTMHa TBEPIKEHHS IOBEJICHA.
VY npyromy Bunanky Hpl=1. Tomy mns no-
BEJICHHS MpPaBOi YaCTMHU TBEPJDKEHHS JIOC-
TaTHBO HABECTU IMPHKIA] HOPO3PSIAHOTO JI0-
JIaBaHHS, B SIKOMY BHHHUKA€ TIEPETIOBHEHHS
npu d<dZ+dSmaxmin+1. PosrisHnemo npuk-

nan J10/IaBaHHs KOy
n-1 n-1-dZ-dSmax;,
e DWW o > w  Ta
j=n—1-dz =0
n-1-dZ-dSmax;,
KOIY Cp_q- z W' [pH JIOBXKHHI

j=0
nepeHeceHuss d=dZ+dSmaxmin. Y mpoueci
MOPO3PSAHOTO JI0JIaBaHHS LIUX KOJIB, MOYH-
HAIOYM 31 CTapUIMX PO3psi/iiB, Ha KPOKax BiJ
l-ro po (dZ+dSmaxmin)-ro ymoBa FAL-
NIEpeTBOPEHHs]  HEe  BUKOHYyeThcs.  Ha
(dZ+dSmaxpmint1)-My Kpolli MOPO3PSTHOTO
JI0J1aBaHHs B110YBa€ThCS NIEPEHECEHHs Y (n—
dZ-2)-i1 po3psij, 10 HE MEHILE C. 38 YMO-
BOIO BHU3HAdeHHA dSMmaXmin. OCKUIBKA HOB-
KUHA TIEPEHECeHHs Yy cTapili po3psau
d=dZ~+dSmaXmin, TO Ha (dZ+dSMaXmint1)-My
Kpolli FAL,.-nepeTBOPEHHSI BXKE HE MOXKeE
Oytu  BUKOHaHO, a ymoBa FAL,,-
MIEPETBOPEHHS 1€ HE BHUKOHYETbCA. ToMmy

(n—dZ-2)-i1 po3psin cymMH MaTUMe MaKCHMa-
JIbHE 3HAYEHHS Ck.j. Ha KOXKHOMY HAcCTYITHO-
MY KpOIll MOPO3PSAHOTO JOJIaBaHHS IMOII0-
HUM YUMHOM Oy/e yTBOPIOBATHUCh MaKCHMa-
JIbHE 3HAYEHHSI Cj.| YEPrOBOTO PO3PALY CY-
Mu. ToMy, BpaXxoBYyIOUHU TUIbKU NEPEHECEHHS
y cTapuii po3psiav, BCl OTpUMaHi po3psau
CYMU MaTUMYTh MaKCUMaJIbH1 3HAUEHHS Cf-i.
IIpn p>0 nepeHeceHHs, N0 BUHHMKAE B pe-
3yNbTaTl JI0AAaBaHHS OKPEMHX pO3psaiB, Ha-
IXOJUTH SIK y CTaplli, TaK 1 y MOJOJII pO3-
psau. ToOTo, nmepeHeceHHs y MOJIOAIII PO3-
psamu 1mo BUHUKAE Ha (dZ+dSmaxpintl)-my
KpoIli TOTpiOHO M0JaBaTH Ha OUTBII MI3HIX
Kpokax. Ockiibku 0€3 BpaxyBaHHS IEpeHe-
CEHHS Y MOJIOILI PO3PSAIN YTBOPIOETHCS KO/
CyMHU 3 MakCUMaJIbHUMHU LHU(pamu, TO Horo
BpaxyBaHHSl Yy JESKOMY pO3psii BHUKIHYE
MIEPETOBHEHHS 1IbOr0 po3psany. Lle mepenos-
HEHHsSI HE MOJKHA JIKBITYyBaTH 3a PaXyHOK
MEPEHECEHHs y CTapIIi po3psAad TOMY, IO
BOHHU TaKOX MalOTh MaKCUMajlbHE 3HAaYECHHSI.
Takox, 11e mepenoBHEHHSI HE MOXKHA JIIKBI-
JyBaTH 3a PaxyHOK MEPEHECEHHS Y MOJIOII1
po3psiiu 4yepe3 Te, 10 y KOKHOMY 3 HUX Ha
HACTYIHUX TaKTaX BUHUKATHME aHAJIOIIYHE
nepenoBHeHHA. To0To, y 1IbOMY HIpUKIIALIL
MOPO3PSAHOIO  JIOAABaHHS KOJIB BHUHHKAE
MIEPETIOBHEHHS, SIKE HE MOXK€ OyTH JIIKBIJO-
BaHE NpU JOBXKUHI MEPEHECEHHs y CcTaplii
po3psiau d<dZ+dSmaxmintH[p]. OTxe, mis
BUNaaky p>0 mpaBa yYacTUHA TBEPKECHHS
TaKOoX J0oBeJeHa. TakuM YMHOM, IIpaBa yac-
THHa Bupasy (6) noBeneHa.

Jlyist moBeNleHHS CTIPaBeTMBOCTI JIBOT
yacTUHU Bupaszy (6) moBeaemo, IO TBEP-
JOKEHHS CIpaBeINBE npu
d=dZ+dSmaxmt7+2. ToOTO, HA KOXHOMY
i-My TakKTl MOPO3PSIHOTO JOJaBaHHS Mak-
CUMaJIbHE 3HAYEHHS MPOMDKHOTO pPEe3ylbTa-
Ty Tmax; He OUIbIlIe BiJ MaKCHMAaJbHO JO-
IIYCTUMOI'O 3HaYEHHS KOJly y po3psijax Mpo-
MDKHOTO pe3yJibTaTy Ha 1[boMYy TakTi TMAX;:

T'max; <TMAX; (7)

ne TMAX; BU3BHa4Ya€eThCs 3 BUpPaA3y

Wn—i+d _ Wn—i—b—l < (TMAXI)Zild_b_l < Wn—i+d ) (8)
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TMAX € HafiOLIbIIMM KOIOM, IO HE
Ja€ TepeHeceHHs IMpu BuKoHaHHI FAL-
neperBopeHHs. To0To, oquHUIS Oy/Ib-SKOTO
Y (TMAX;)]
0<j<d

Buxonanus ymoBu (7) Oyne noBoau-
TUCHh METOJIOM MOBHOT MaTeMaTUYHOI 1HIYK-
1ii 32 HOMepoM TakTy i. JloBeemMo crovarky
CIpaBeUIMBICTb 11bOr0 Bupazy i i=0. [lpu
i=0 3HaueHHs Tmax,=Smax;, Tomy Bupas (7)
Matume BUTIsA Smax<TMAX; Lla ymoBa
BUKOHYETbCS, OCKUIBKU pO3psAnHicTs TMAX;
OuTbIlIa HDK PO3PSAHICTE Smax;, 10 BUILIU-
Ba€ 3 BU3HaueHHs 3HaueHHS TMAX; (8) Ta
Smax; (2.7). Omxe, s 0-ro TakTy JiBa 4ac-

THHa Bupasy (6) noBeneHa.
Jlaii, BBaJkarouu, IO JIiBa YaCTHHA BHU-
pa3y (6) BipHa ans TakTy 3 HOMepoMm (i—1),
JOBEJIEMO 10 BOHA BipHA JUIsl i-TO TakTy.
Sxmio niBa yactuHa Bupaszy BipHa it (i—1)-

n—i—-b—1+j

po3psily Ma€ 3HAu€HHs Oulbllle BiA KOy Y
MOJIOJIINX po3psiax:

—1
> (TMAX)] L, ).

ro TakTy, TO IPOMDKHHMM pe3ynbTar 7max; |
He OUTbIIMN BiJi MAKCHMAJIbHO JOMYCTUMOIO
3HAYEHHS KOAY Y po3psaax MPOMDKHOIO pe-
3ynbrary Ha (i-1)-my takti TMAX:.,. llpuny-
ctuMo, 1o Tmax~=TMAX;,;. Toagl makcuma-
JbHE 3HAYEHHS MPOMDKHOIO pe3yJbTaTy
Tmax; Ha i-My TakTi Oyjae mpu T0JaBaHHI
MaKCUMAaJIbHOI pO3psAAHOi cymu Smax; a0
TMAX;.,. Ha i-My TakTi MakcUMaJlbHE 3Ha-
YEHHs PO3PAAHOI CYyMU

Smaxi < Wn—l+dSmaxrmlx ’ (9)

o BuruiuBae 3 (2, 8). Tomy nmoTpidHO H0Be-
CTH, III0

Tmax,; = TMAX, | + S max,— (TMAX, )0, 1,4 < TMAX,

Hnsa  ngoBeneHHs
TMAX;., na (i-1)-my TaxTi.

PO3IJISSHEMO  KOJ

dZ-1
(TMAX; )n—i+dSmaxrm‘X +r+l T

0
(TMAX; )it dSmax,, +7+1 < Te(p—dz) " W

<Cp_1W

(TMAXi_l)bersmaXmax < Wn—i+a?SmaXmaX +1 < Wn—i+a?Sm::1XmaX +7 .

n—i—b

b+dS max
(TMAX;_;), =

Ockinbku p>0, TO MOXJIMBI JIBa BUIIA-
OKU: Tepmuil, npu sikomy p>0 1 Opyruu,

-1 n—+dSmax, ..

Po3psan nporo koay MaTUMyTh Taki
3HAYEHHS:

dzZ-1 o dS L
zck—l _Wn—1+ max . +7+1+ :
j=0

n—i+dSmax .. +7+1 <

n—i+dSmax .. +7+1 : (10)

b

(11)
npu sikomy p=0. ¥V nepumomMy Bunaaxky Ha (i—
1)-My TakTi

<w

VY npyromy BuUnajaky 3HaueHHs Oyab-aKkoro po3psny TMAX NOPIBHIOE 7g-1:

0 —i—dS
(T]MA)(I'—I)n—i+a7Sm::1xmX +r = Ip W' M max 0 5 (12)
0 —ivdsS
(TMAX; ) ivasmax, < Te(pty W' ma, (13)
) o
v (TMAX,; )iy j = (7 =) - w777 (14)

b—1<j<dS max g, +7

VY KOXXHOMY 3 IIMX BHUMAJKIB Ha 1-My TakTl 10 TMAX;| nomaerbcs i-il po3psAHUI pe-

3yabTaT Smax;. 3 (9) 1 (11) BurummBae, 1o

(TMAXi_l)bersmaXmax -1 n Smaxl- <. Wn—z+aVSm::1X,m,X .

n—i—b
[Ipu uboMy MOXe BUHUKHYTU NE€pEHE-
CeHHs y crapiri po3psanu. OCKITbKU 3HaYEH-
HS pO3psily MPOMBKHOTO pe3ynbraty TMAX;.

FAL((TMAX ;)25 W *7 4 g g )05 M0

n—i—b

(15)
1 3 HOMEPOM (n-i+dSmaXmax+7) MeHIIe, HK
Ck-1, TO y TIEH po3psig MOKe OyTH BHKOHAHE
FAL-neperBopeHHs

(16)
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Ile mneperBopenHs momae gm0 (n-
i+dSmaXmax +7+1)-r0 po3psny 1 BigHIMAE Bif
po3psniB 3 (n—i—b)-ro no (n-i+dSmaxmaxt1)-
W 3HaueHHs, L0 JIOPIBHIOE OIUHULI (n-
i+dSmaxm,xt+7t+l)-ro pospsmy. JomaBaHHs
OJIMHMIII 10 I[LOTO PO3PSAy HE BHUKIUKAE HO-
ro nepenoBHeHHs BHachiiok (10). Tomy He
BUHUKA€E NOTPeda MOJANbIIOTO NEPEHECEHHS
y cTapiii BiJf Hboro po3psau. Ilpu Bukonan-
Hi  FAL-neperBopenns (7) Bim (n-
i+dSmaXmaxt17)-T0  pO3psALy BIIHIMAETHCS
3Ha4eHHA 7'yp. Tomy 3 (12) BummBae, 1o
3HAUEHHS IIbOTO PO3PSLy CTAE HYJIbOBHUM.
JoBenemo, Mo MNEPEHECEHHS 3 MOJOAIINX
pPO3psAIIB HE 30UTBIIUTHh WOTO 3HAUEHHS. JlJis
L[OTO 3HOBY PO3IJISTHEMO OKPEMO JBa BUIa-

nxku p>0 ta p=0. ns p>0 npu BUKOHAHHI
FAL-neperBopeHHs (16) BIJ (n-
i+dSmaxm,x)-TO po3psAIy BIIHIMAETHCS 3Ha-
YeHHs 7'p-1. 3 (13) BummBae, mo 0e3 Bpaxy-
BaHHS TEPEHECEHHS 3 MOJIOJIINX PO3PSIIB,
3HAYCHHS (1-i+dSMaxm,x)-TO pO3psAIy CTae
Hynp0oBUM. 3 (15) BUIIIMBaE, 110 MEpEeHECEH-
HA y e po3psan He Oinpmie oaunwmii. [Ipu
dbopMyBaHHI OJMHMIII TEpPEHECEHHs Yy (n-
i+dSmaxm,x)-i po3psia BiI CyMH

(TMAX, i_l)zifbn_’?xma" + Smax; BiIHIMA€ETh-
cs 3HauenHs W' TS M ma 3 (11) Bumnm-
Bae, 110 I1€ MPU3BOUTH JO 3MCHIIECHHS KOy

b+dS max
(TMAX; 1), o

{(FAL(TMAX,_, + S max,))2 S m%ma < (Tp14x, )0+ 95 M

n—i—b-1

OCKUIBKH 75121, TO

n—i—b-1

(FAL(TMAXi_l +S maxi))berS max ., +1 < (TMAXI-_I )b+dS max, ., +1

n—i—b-1

abo

n—i—b-1 >

(FAL(TMAX,_, + S max, ) 45 mm +1 o gy imi+dSmaxi +7

TobTo, TepeHeCeHHS y (n-
i+dSmaxm,xt+7)-# po3psAa 3 MOJIOAIINX PO3-
psaiB He BUHMKAE. ToMy Ha i-My TakTi Mak-
CUMaJIbHUM MPOMDKHUI pe3ynbrar 7max; y
po3psizax 3 (n-i-b)-ro 1o (n-
i+dSmaxm,xt+1+dZ)-it MeHIuil BiJl 3HAYCHHS

MAaKCUMAaJbHO MOJKJIMBOTO KOJy y LHX pO3-
panax: T max; <TMAX;.

g Bunaaky p>0 niBa yacTUHA TBEp-
JUKEHHS JJOBEJICHA.

VY Bunaaky p=0 BUKOHYeTbCA 7p>1 1
7=0. 3 (14) BurummBae, 1o

0 —i+dS max
(T]MA/Yi—l)n—i+dSmaxmX :(rzp _1)'Wn l T <

<y Wn—i+dS MAX gy

[Ipu BuxkonanHi FAL-nepeTBopeHHs y
(n-i+dSmaxmaxt1)-i po3pan  Bix  (n-
i+dSmaxm,x)-TO po3psAIy BIIHIMAETHCS 3Ha-
YEHHS Vg

OcCKiIbKH (TM 4 X_ l)zfj)maxmx < Wn—z+dSma>gmaX

n—i+dS max

1 Smax; <w max | TO

(TMAXi—l)b+4Sbmaxmax + Smaxi <?. Wn—l+dSmaxrmlx .

n—i—

I[le o3Hawae, mo 1npu FAL-
MEPEeTBOPEHH] KOAY CyMH I'max;;+Smax;
MIEPEHECEHHsI 3 MOJIOJAUINX PO3psiiB y (n-
i+dSmaxm,x)-i po3psA MPOMBKHOTO Pe3yilb-
TaTy Oyzae He OUIbIIKMM OJUHMII LIOTO PO3-
psaay. JlonaBaHHS OJMHUII TMEPEHECEHHS Yy
(n-itdSmaxmaxt1)-# po3psia 3a TOTOMOTOIO
FAL-neperBopeHHs npusseie 10 0OHYJIEHHS
(n-i+dSmaxy,x)-TO po3psay uepe3 BimHIMaH-
HS BIl HBOTO 3HAUYEHHs rg.TomMy y nHbomMy
BUIAJKy MAaKCHUMaJlbHE 3HAYEHHS IPOMIK-
Horo pesynbraty Tmax,<TMAX; Tobro, nis

Bunaaky p=0 niBa dactuHa BHUpa3zy (6) Tex
noBeseHa. TakuM YMHOM, TBEPIKEHHS, 110
BHU3HAUYa€ MaKCUMAaJbHY JOBXUHY IEpeHe-
CeHHs IpH JoAaBaHHI B AM-cucremax uuc-
JICHHS y 3aJIe)KHOCTI B1Jl MapaMeTpiB aauTH-
BHHX CHIBBIJHOIICHB, TOBEJICHO.
BukopucrtoByroun J0BeIeHE  TBEp-
JDKEHHSI, MOXHa IOPIBHIOBATH MDX CO0OIO0
pi3H1 AM-cuctemMu 4MCIEHHS 3a JIOBXHHOIO
MIEPEHECEHHS] TNPU HOPO3PSIHOMY IOTOKO-
BOMY JI0JlaBaHHi. Y CBOIO 4epry, JOBKHHA
MIEPEHECEHHsI BU3HAYa€ KUIbKICTH PO3PSAIB,
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SK1 TIOTPIOHO TMpHU IBOMY OOpPOOIATH Tapa-
JIENIbHO, TOOTO PO3PSIAHICTH MOPO3PSIHOTO
cymaropa. Bin po3psigHOCTI cymaropa mpsi-
MO TPOTIOPIIHHO 3a1exaTh BUTpATH 00Ja-
HaHHs Ha Woro peamizaiito. [Topo3psane mo-
TOKOBE BIIHIMAHHS BUKOHY€ETHCS aHaJOTI4-
HUM YHHOM 1 TOMY JOBXKHMHA 3ariO3WYeHHS
IIpM HbOMY BHU3Ha4yaeTbcs aHajoriyHo. Bcei
IHII1 [OPO3psAHI MOTOKOBI apudmMeTuyHi
orieparlii OCHOBaH1 Ha JI0JIJaBaHHI 1 BiIHIMaH-
Hi. TOMy OLIIHIOBaHHSI TOBKUHU IEPEHECEH-
HS TIpU TIOPO3PSTHOMY MOTOKOBOMY J0JIa-
BaHHI J03BOJI€ IMOPIBHIOBAaTH MDK CO0O0I0O
CHCTEMHU YHCICHHS 3a BUTpaTramu oOiaj-
HaHHS [IpU OpraHizaiii apupMeTHYHUX OIle-
parii 1 BU3HAYaTH Ti 3 HUX, 10 3a0e3meuy-
I0Th HAMMEHIII1 BUTPATHU Ha peajizailito KOH-
BEEPHOT MOPO3PATHOT 0OPOOKH TTOCTIIOBHUX
KOJIIB.

BucHoeku

1.  OmnucaHo KJIac CUCTEM YMCIICHHS
3 aIUTUBHUMH 1 MYJIbTUIUTIKATUBHUMU CITIB-
BIIHOIIEHHSMH TI€BHOTO THUIy MDK Baramu
po3psaniB (AM-cucTeM YHCIIEHHS), B SKHX
MOXKJIUBE MOPO3PsHE TOTOKOBE BUKOHAHHS
BCIX apU(PMETUYHUX OIlepalliid, MOYNHAIYH
31 cTapIIuX pO3psiB.

2. 3anporoHOBAaHO HOBHIl THUI yMO-
BHUX YMCJIOBUX OIlepaliil — aIuTUBHI EpeT-
BOPEHHS, K1 TOJISITAI0Th Y J0JIaBaHH1 1 BiJl-
HIMaHHI OJHAKOBHUX YHCJIOBUX 3HAUYEHb Bin
PI3HUX YacTUH Koay (A-IepeTBOpEeHHs) Ta
MIPOBEJIEHO KJIacu(IKaIlllo [INX IEePETBOPEHbD.

3. OmnucaHo nopo3psiiHe MOTOKOBE
noaaBaHHsl B AM-cucrtemax 4YMCIEHHS OCHO-
BaHE Ha oOIepaliix aJUTHUBHOTO IEPEeTBO-
PEHHS, 110 BIAIrPalOTh POJIb IEPEHECEHHS.

4.  TeopeTWyHO J[AOBEIEHO, IO Ha
KOXXHOMY TaKT1 MOPO3PSAIHOTO MOTOKOBOI'O
JO/aBaHHsI TMOCHITOBHUX KOAIB B AM-
CUCTeMaxX YHCJICHHs, MMOYMHAIOUM 31 CTap-
IIMX PpO3pSAIB, JOBXKMHA IEPEHECEHHS Y
CTapuli 1 MOJIO/III po3psiiu OOMEXEeHa BUpa-
3aMM, 3HAYEHHSI SKUX 3aJIEKUTh Bl IapaMe-
TPIB aIMTUBHOTO CIIBB1IHOIICHHSI.

OtpumMaHi BUpPa3U UIsl MaKCUMAaJIbHOT
JOBXKUHU TEPEHECEHHs NpHU J0JaBaHHI MO-

KyTh B IMOJAJBIIOMY BHKOPHUCTOBYBAaTUCH
JUI TIOPIBHSIHHS anapaTHUX BUTPAT IpPU po-
3po0IIl TOPO3PSIAHUX TMOTOKOBUX MPUCTPOIB
B pi3HUX AM-cUcTeMax YUCIIEHHS, a TaKOX
JUIsi BU3HAY€HHS AM-CHUCTEMH 4YHUCIICHHS,
10 JI03BOJII€ OTPUMATHU HAaWMEHIIl anapaTHi
BUTpPATH.
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