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IIpoananizoBano Tta BaockoHasieHo HBIC-opienToBani MeToau Ta aaroputMu mnapa-
JIeJIbHO-BEPTHUKAJIBLHOI0 004MCcIeHHs] cyM mapHux 100yTKiB. [loka3zaHo, 110 BOHU IPYHTYIOTh-
¢ Ha eJeMEHTApPHUX Aapu(MeTHYHHX oNepaliAX i € OJHOPIAHUMH Ta peryJIsspHUMH,
3a0e3nmevyl0Th MiHIMi3alil0 KiTbKOCTI BUBOIIB iHTepdelicy Ta anapaTHi BUTpaTH.

Kiouosi ciioBa: mapaneabHo-BepTukanbHuii Meroa, HBIC-TexHoJioris, cymMma mapHux
A00YTKiB, po3napaJieJieHHA.

VL Sl-oriented methods and algorithms of parallel-vertical calculations of even products
sums have been analyzed and improved. It was shown that they are based on basic mathematic
operations and they are uniform and regular and provide minimization of interface outputs
number and hardwar e over heads.

Keywords: parallel-vertical method, VL SI-technology, even products sum, paralleling.

IHocTanoBka nmpodJemMn
3HayHa YacTHHA MAaTPUYHUX OOYMCIIEHB, aNrOpUTMIB LU(POBOi OOpPOOKH CUTHANIB 1 HEHpo-
AITOPUTMIB TPYHTYIOTBCSI Ha Makpoorepaiii o0uucieHHs cyMm mapHux no0ytkiB [1-5]. TpaauuiiiHo
o0uYKCIIeHHs Takoi Makpoonepaii 31iHCHIOITh 3a Takoro (popMyIoro:

Z=> AB,=AB +AB,++AB, ()
j=1

Ilpu obumcrieHi cyMm mapHux A0OyTKiB 3a (opmynoro (1) moTpiOHO BHKOHATH M MHOXEHb i M1
nonasasb [3]. [lepeBakHO OOUMCICHHS CyM MAapHHUX MOOYTKIB HEOOXIJHO BHKOHYBAaTH HAJl IHTCHCHBHUMH
MOTOKaMH JaHUX y pealbHOMY dYaci Ha amapaTHUX 3ac00aX 3 BHUCOKOK €(EKTHBHICTIO BHUKOPUCTaHHS
oOnagHaHHs, CTpYKTypa Akux opieHroBaHa Ha HBIC-peamizamito. 3agoBOMBHMTH Taki BUMOTM MOXKHA 32
PaxyHOK KOHBEEpH3aLli Ta po3napaieseHHs IPoLecy OOYHUCICHHS], Y3TOMKEHHS IHTEHCUBHOCTI HAIXOKEHHS
notokiB fgarux Pi=kngF4 3 obuncmroBanbHOO iHTeHCHBHICTIO Tprctporo D, =F,mh, ne K — kinbKicTs KaHaIiB
HaJXOKCHHS JAHUX; Ng — PO3PSAIHICTD KaHAIIB HAIXOHKEHHS JaHuX; Fyq —yacToTa HagxomKeHHs AaHuX; F,—
TAKTOBA YaCTOTa POOOTH KOHBEEPA; M— KiIbKIiCTh TaKTiB 0OpOOKH; N — pO3psiIHICTh TaKTiB 0OPOOKH.

3anaua crBoperHss HBIC-npucTpoiB o0uncieHHs: cyM napHUX J00yTKiB 3 BUCOKOIO €(DeKTUBHICTIO
BHKOPHUCTAaHHS OOJamHAaHHS 3BOAWUTHCSA [0 MiHIMI3amii amapaTHUX 3aTpaT Ta KUIBKOCTI BUBOJIB
iHTepdeiicy, 30UTbIICHAS OJHOPITHOCTI CTPYKTYpU Ta PETYJSPHOCTI 3B’ S3KIiB MpH 3a0e3MeUeHi peKuMy
peanpHOro yacy. 3a0e3NeunTH Taki BUMOTH MOXKHA PO3POOJICHHSIM METOJIB 1 alrOPUTMIB, OPi€HTOBAaHHX
Ha HBIC-peaunizaii.

AHaJi3 oCTaHHIX J0CTiTKeHb Ta myOJikanii
AHayti3 oCTaHHIX JOCTiKeHb [2-5] mokasye, 110 iCHYIOTH [Ba IIJAXOOM JO amnapaTHOI pearisarri
AITOPUTMIB OOYHCIICHHS CyM MapHUX A0OYTKiB. Ilepmiuii 3 HUX IPYHTY€EThCSI Ha ONepawisix MHOKEHHS 1 J0-
JaBaHH:, APYTU — Ha Omepawlisx AoxaBaHHs, iHBepcii Ta 3cyBy. [ns HBIC-peanizamiii makpooneparii ooumc-
JICHHSI CyM NAapHHUX JOOYTKiB MEPEeBaKHO BUKOPUCTOBYETHCS APYTWil MiAXif, SKUH Ja€ 3MOTy ONTHMI3yBaTH
MPUCTPIH 3a IBUIKOAIEIO, aTapaTHUMU BUTPATAMH Ta 30UIBILUTH OJHOPIAHICTE 1 PErYISPHICTD CTPYKTYPH.
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OOurncneHHs: cyM MapHUX JOOYTKIB y 0a3uci eleMeHTapHUX Omepaliii 3BOTUThCS 10 POpMYyBaHHS 1
MiJICyMOBYBaHHST YacTKOBHUX JOOYTKiB. OcCOOJHMBICTIO iCHYIOUMX METOIIB OOYHCIIEHHS CYM MapHUX
NOOYTKIB y 0a3uci eleMeHTapHUX Olepalliil € Te, o0 BOHU IPYHTYIOTHCS Ha (POPMYBaHHI 1 MiJICYMOBYBaHHI
YaCTKOBHX JOOYTKIB U KOXKHOI Mapu orepaiB. [Ipu oqHOUacCHOMY HAJXOJKEHHI BCiX OIEPAH/IIB, IO
MpeCTaBjIeHI MapajelbHUM KOJOM, MapaieibHe OOYMCICHHS CyM NapHUX TOOYTKIiB Ha OCHOBI ICHYIOUHX
METOZIB 1 AJITOPUTMIB BUMAarae BEJIMKHUX 3aTpaT 0OJIaAHAHHS 1 3HAYHOI KITBbKICTh BUBOAIB iHTEpdEHCY, sAKi
3aJie)KaTh SAK BiJl KIJIBKOCTI OMEPaHiB, TaK 1 BiA X po3psAAHOCTI. BapTicTh 1 MIBUAKOIIS Cleliadi30BaHUX
HBIC nnst napaneabHOTO OOYUCIICHHS CYM TTapHUX JOOYTKIB 3HAYHOIO MipOIO 3aJIEKUTh SIK BiJl KUTBKOCTI,
TaK 1 BiJ sKoCTi BUBOIB inTepdeiicy [7]. s cnenianizoBanix HBIC urcio 30BHIIIHIX BUBOJIIB 3aJI€KUTh
BiJl PiBHS TEXHOJOTii Ta PoO3Mipy KpHCTana, a SIKICTb BHUBOJIB iHTep(eiCcy BH3HAYAETHCA 3aTPUMKOIO
MIEPEKITFOUEHHS 30BHIIIHIX 3B’ A3KiB, SKi HABAHTa)KEHI Ha I1i BUBOJIH.

DopMyJIIOBaHHS METH CTATTI

Ha cydacHomy etami posutky HBIC-texnomoriii ocoOmuBoi akTyanbHOCTI HabOyBae mpoOiiema
po3poOiieHHsT HOBUX e(eKTUBHHX MeTojiB, anroputMiB i HBIC-cTpykTyp [uiss OOYMCIICHHS CyM MapHUX
JOOYTKIiB HA OCHOBI 0aroTOONEPaHIHOTO MapajeIbHO-BEPTUKAIBLHOTO ([apaieabHO-TIOPO3PSIIHOIO) MiIXo0-
oy o obpoOku nmaHux. OcoONMMBICTIO METOMIB i aJrOpuUTMIB OOYMCIEHHS CyM MapHUX IOOYTKiB, IO
IPYHTYIOTBCS HA TAKOMY MiAXOZi, € GOPMyBaHHS 1 MiJCYMOBYBAaHHSI MaKpOYaCTKOBUX JOOYTKIB, KiJIbKICTb
SKHUX HE 3aJIOKUTh BiJ KITBKOCTI ONEpPaHIIB, a 3aJeKUTh BIJ iX PO3PSAAHOCTI. MeToau Ta alropuTMH
napajienbHOr0 OOYMCIICHHS CYM IMapHUX JOOYTKiB Ha OCHOBI 0aroTOONEpaHAHOTO MapalielbHO-BEPTH-
KaJbHOTO TMIiJXOMy TIIOBHHHI 3a0e3ledyyBaTH JETCPMIHOBaHE TMEpEeMIllleHHS JaHuxX, OyTH mobpe
CTPYKTYypOBaHUMH Ta opieHToBaHUMH Ha HBIC-peanizauiro.

Tomy meroro nocmimkenHs € po3podnenns HBIC-opienToBaHHX MeTOAIB MapaiebHO-BEPTHKAIEHOTO
OOYHMCIICHHS CYyM MapHUX JOOYTKIB 3 OpraHi3alli€ro mporecy 00UMCIICHHS sIK BUKOHAHHS €IMHOI OIepaltii.

Bukiiax ocHOBHOr0 Martepiany
Jns mapanenbHOro OOYHCIEHHS CyM HapHHX JOOYTKIB BHKOPHCTAEMO OaroTOONEpaHIHHNA mapa-
JeNTbHO-BEPTHKATIBHAN MMiAXiA, SKul mepenadavae mMapayeNbHO-TOPO3PsIHE HAIXO/KEHHS OTEepaH/IiB,
(bopMyBaHHS i MiICYMOBYBaHHsI MAKPOYaCTKOBUX 100YTKiB [ 7—9].
Jns peanizanii 1aHOro MeToAy OOYHMCICHHS ONEpaTopa CyMH MapHUX AOOYTKIB HEOOXigHO, 1100
MHOXHHKH A 1 Bj OyJii IpeACTaBIIeHI B HOPO3PSAHOMY BUIIISAI 3riqHO 3 hopmyinoro [5]:

A=Y (D?27A,, B=Y(-1?2'B,, @
i=0 i=0

ne A, Bj — mudpu i-x po3psiiiB MHOXKHHUKIB 4; 1 B;.

3a (opMyBaHHSIM MaKpOYaCTKOBUX IOOYTKIB METOOM OOYMCIECHHS CyM MapHUX HOOYTKIB MOXKHa
PO3IINTH HA IBi TPYIIH — 3 MAPaJICIbHNUM 1 3 TOCTiTOBHUM (OPMYBAHHSIM MaKpOYACTKOBHX TOOYTKIB.

Memoou 3 napanenvhum hopmysannam maxkpouacmioeux 0ooymkie. Ilapanenbue GopmyBaHHS
MaKpO4acTKOBUX JTOOYTKiB MOXKHA 3[IHCHIOBATH, TIOYMHAIOYH 3 aHATI3Y MOJIOJIINX UM CTAPIINX PO3PSIiB
MHO>KHHKIB Bj.

DopmyBaHHs MAKPOUACMKOBUX O0OYMKIE, NOYUHAIOYU 3 AHANIZY MOIOOUUX PO3PAOI8 MHONCHUKIE Bj,
3I1MCHIOETBCS B JIBA €TallU: HA IEPLIOMY €Tall BUKOHYEThCSI HAKOIMYEHHS MHOXKEHHUX A, a Ha Apyromy
erami B KOXHOMY i-My TakTi (I=1,...,N) BUKOHyeTbcs (OpMyBaHHS Ta HAKOIMHYCHHS MaKpOYaCTKOBUX
JNOOYTKIB 3TiIHO 3 GOpMyJIaMu:

RZZ'A‘ijw (©)

Z=2"7_,+P, 4
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ne P; —i-it MmakpodacTkoBuit 100yTOK; Bjj —i-i po3psn j-ro MHOXKHUKA Bj; Zo=0.
MakpouacTkoBuii 100yTOK P; (opMyeTbcs IIIAXOM MapalieIbHOTO 0JaBaHHS M YacTKOBUX

nobytkie P = A;jBj; Ha MBXomoBomy cymaropi. YacTKoBI HOOYTKM isi KOKHOI mapu HOOyTKiB

(hopMyroThCS 3riTHO 3 HOPMYIIOIO:

A, saxwyo By =1

P =

0, saxwo B;; =0 ®)

BukopucranHs npu napajienbHO-BEPTUKATLHOMY OOYMCIICEHHI CyM MapHUX JOOYTKIB ajiropuTMiB
(dopMyBaHHsS 4YAaCTKOBUX JOOYTKIB 3 aHAIi30M [BOX 1 OUIbIllE pO3psIIB MHOXKHUKIB Bj He 3a0e3meuye
ITiIBUIIIEHHST [BHUIKOii, a TUTbKHM 30inbInye BUTpaTH oOnanHaHHA. [limBumenHs mBuakomii mpu oOpoOIi
HETICpEpPBHUX TMOTOKIB JaHWX MOKHA JOCSATTH MPH CyMIlIEHHI mHpoueciB (opMyBaHHA Ta HAKOIMYCHHS
MaKpOYaCTKOBUX OOYTKIB 1711 K-To MacuBy 3 BBeieHHAM MHOxeHHX A s (K+1)-ro macuBy naxnx [10-12].

3MEHIIUTH KUIBKICTh YaCTKOBHX JIOOYTKIB MOXKHA IUIAXOM BHUKOPHCTaHHS Memoody (opmyeaHHs
MAKpooo6ymKie Ha ocHogi nonepeowix obuucnens [13-16]. Ilix yac peamizaiii bOro METOAY TOMEpPEIHi
OOUYHCIIEHHS BUKOHYIOTHCSI Ha 0a31 OHOPO3PAIHUX CyMATOpiB B Ipoleci BBeAeHHs MHOKeHUX A. I1ig vac
(hopMyBaHHS YaCTKOBOI'O AOOYTKY AJsl ABOX 1 OiNbIie CyM map AOOYTKiB BUKOPHUCTOBYIOTHCS MOIEPEAHI
OOYHCIICHHS, KUTBKICTh SIKUX 3aJIeKHTh BiJl CyM TapHUX JOOYTKIB, JJIS SKAX (POPMYETHCS YaCTKOBHI

n100yTOK. KijIbKICTh T0IaTKOBUX OJHOPO3PSIHUX CYMaTOPiB BU3HAYAETHCS TAKUM BHUPA30M:
m
h=—2"—-(v+1), (6)
V

Je V — KUTbKICTh CyM MapHUX AOOYTKIB, ISl SIKUX (POPMYETHCS YACTKOBHH JOOYTOK.
dopMyBaHHS 4aCTKOBOT'O AOOYTKY AJIsl JBOX CyM Map A0OYTKiB BUKOHYETHCS 32 TAKUM BHPA30M:

0, axwo B(Zl—l)i =By =0

A, ., akwo By =18, =0

R=1 , ™
I Ay s AKWo By gy =0,By =1

Ay 4+ Ay, axwo By gy =By =1

nel=1, ..., n/2.

Bukopucranus anroputmy (opMyBaHHS YacTKOBHX J00yTKiB 3a ¢opmyinow (7) mgae 3mory
3MEHIIUTH BJBIYl KUIbKICTh YaCTKOBUX JOOYTKIB 1, BIAMOBIAHO, KUIBKICTH BXOJIB 0araToBXOJ0BOTO
cymaTopa. 30UIbIIEHHS KITBKOCTI CyM MapHUX O0OYTKiB, A SKUX (OPMYEThCS YaCTKOBHH JOOYTOK, Beze
JI0 30iNbIIEHHS KiJTHKOCTI TOMEPENHiX OOYUCIICHB 1 0 3MEHINEHHs KIIBKOCTI BXOJiB 0araToBXOJOBOTO
cymaropa. Bubip KiJIbKOCTI CyM HapHUX AOOYTKIB, IS SKUX HEOOXITHO (pOPMYyBaTH YACTKOBHM JOOYTOK,
3aJIeKUTh HAacaMIlepes1 Bijl KITBKOCTI CyM MapHUX AOOYTKIB M.

Tabnuuno-aneopummivnuil Memoo napaneibHO-6epmMuKaiIbHO20 0OUUCIEHHA CYM NAPHUX 000YMKIG
BUKOPHUCTOBYETbCSl Ul BUIAIKY, KOIM MHOXEHI Ay € KOHCTaHTamH. Peamisalis Takoro MeTomy
obumcrieHHs: mependavae (GopMmyBaHHS YaCTKOBUX MOOYTKiB 3a (opmynow (5) mis KOoKHOI mapu

MHOKHUKIB. LIInsXoM m0AaBaHHS YaCTKOBHX AOOYTKiB Pji = Aj B ji 3 OIHAKOBHMH BaraMd OTPUMAEMO

MaKpo4yacTKoBUil 100yTok P;. 3Haroum 3HaueHHS BCIX omepaHiaiB Ay MOXHa OOYMCIUTU TaOJIULIO
MaKpO4acTKOBHX NOOYTKiB P; Uit BCiX MOXIMBHX KOMOiHAWii i-X po3psaHUX 3pi3iB MHOXKHHKIB A [9].
KisbKicTh MOXKJIMBHX BapiaHTiB MaKpO4acTKOBHX H00yTKiB P (00csr Tabmuili) 3aIe)KuTh Bill KUTBKOCTI
nap onepanaiB M. O6car Tabauili MaKpoYacTKOBUX JT00YTKiB P BU3HAYa€ThCS TaK:

Q=2". (8)
Hdns oOumcieHHs cyM mnapHHX A00yTKIB 3a TaONMYHO-AJITOPUTMIYHUM METOIOM HEOOXigHO
MOTIEPEeJHHO OOUMCIUTH BCl MOXKIKBI KOoMOiHalii MakpoyacTkoBuX n00yTKiB Py 1 3ammucaty iX y mam'ste
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TaK, 100 KOMOiHallis 3Ha4eHb PO3PSAAHMUX 3pi3iB MHOKHUKIB Bj Oyna afpecoro KOMIPKM MaM'sTi, B sAKii
30epiraeThCsl BIIIOBIIHE 3HAYCHHSI MaKpo4yacTkoBoro n1o0ytky P;. Bubip makpodactkoBoro nooyrtky P 3
nam’ sITi 3/1iHCHIOETHCS 32 a[IPECOI0, sIKa € PO3PSITHUM 3Pi30M MHOXKHHUKIB Bj, 3rifHo 3 Takum Bupasom [8]:
0, axwo By =B, =By =..=B,; =0

A, axuo By =1, By =By =..=B, =0

Ay, axwo By =0, By =1, By =..=B,; =0

R=1A+A, axwo By =1 By =1 By =..=B, =0 : 9

A+A+..+A, akyo B, =0, B, =B; =..=B, =1
A+A+..+A, akyo B, =B, =By =..=B, =

OCHOBHUMMH €TalaMu peaizallii Ta0JuYHO-aITOPUTMIYHOIO MapaieibHO-BEPTUKAIBLHOIO METOAY
OOYHCIICHHS orepaTopa CyMH mapHux 100yTkiB € [12,13]:

e o0umCIIeHHS Ta0JIHUIlI BCIX MOKIMBUX MAaKPOYaCTKOBHX OOYTKIB Pj;

® 3aruC B aM'ATh OOYHCIICHNX 3HAYEHb MaKpOYaCTKOBHX JTOOYTKiB Pj;

® 3YUTYBaHHSA MaKpOYaCTKOBMX M0O0YTKIB P; 3 komipok mam'sTi 3a aapecoro, sKa BiJIIOBIIA€E
3HAYEHHIO PO3PSAAHUX 3pi3iB MHOXKHUKIB B;;

® TIiICyMOBYBaHHS MaKpO4YaCTKOBHX JOOYTKiB P; i3 3cyBOM HaKoOIMYEHOI CyMHU MPaBOpYyY Ha OJMH
pO3psI.

[Ipouec oOuuCIEHHsT CyM NapHUX AOOYTKiB Z JIOLIIBHO 3AIMCHIOBATH 3 MOJIOAIIMX PO3PSIIB, IO
3a0€3MeYNTh 3MEHIICHHS PO3PSAAHOCTI HAKOITUYIYBAIBHOTO CyMaTopa.

THapanenvro-eepmuKkanvhutl Memoo OOHUCHEHHS CYMU NAPHUX O0OYMKIE 3 HAOXOOICEHHAM One-
panodie cmapuiumu pospsadamu éneped 3a0e3ledye CyMIIIEHHS IMPOLECiB MpUMaHHS 1 OOYMCIICHHS.

OOGuucIIeHHs 3a JaHUM METOJIOM ONHUCYEThCs Takoro (hopmyiioro [10]:
m mn-1
Z=> AB; =D > 2'[(AoAL-A)B; +(B;oBj1-Biiy) Al (10)
j=1 j=1i=0
3pobusim y popmyti (10) 3MiHy 4eproBocTi 101aBaHHsl, OTPUMAEMO:

m n L
z =Z;Aj B, = 2012 Z;[(AjoAjl...Aji)Bji +(BjoBj1---Bji_) Al - (11)
i= i= j=

m
Sxmo y ¢dopmyni (11) Bupas Z:[(AJ-OAJ-l...AJ-i)B]-i +(BjoBj1---Bji_y) Ajl, sxmii € cymoro wact-
i=1
KOBHX JOOYTKiB, 3aMIHUTH Ha MaKpOYaCTKOBHUH NOOYTOK Pj, To oOuucleHHs cymMH TapHHX JOOYTKiB
MaTHuMe TaKWi BUTJISI.
Z =27 _,+P, (12)
ne Z; — cyMa HaKOIMYEHUX YaCTKOBHX pe3yibTaTiB; Zo= 0.
3a UM MeTomoM oOuucieHHs (opMyBaHHS YacTKOBHX HOOYTKIB Uil KOXKHOI MapH OINEpaHAiB
BiZOYBa€THCS 3a TAKUM BHUPA30M:
0, konu B, =A; =0
| AjoA-Ay komu B =1 A; =0
e BioBj1-+-Bjiyy xomu A; =1 B, =0
AoAjr-A + BBy By ko By =A; =1

(13)

OOuncnioTh pe3yabTaT Z 3a aurOpuTMOM, SKHH mepeadadae 3CyB JIBOPYY CYMH UYacTKOBUX
pe3yabTaTiB Zi.; IpU HEPYXOMOMY MAaKpOYacTKOBOMY JOOYTKY P;.

Memoou 3 nocniooenum ¢hopmysanuam maxpouyacmkoeux oooymrie. IlocninoBae (opmyBaHHS
MaKpOYaCTKOBUX JIOOYTKIB Iependayae OHOYACHE MOCIiIOBHO-TIOPO3PsIHE HAIXOPKEHHS BCIX OIEpaH[iB i
(¢opMyBaHHS B KOXXHOMY TAaKTi BIANOBIIHMX YacTUH MAaKpOYacTKOBHX NOOYTKiB. DOpMyBaHHA YacTHH
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MaKpOYaCTKOBUX JIOOYTKIB 3BOMUTHCS JO IHTEIPAJbHOI OJHOPO3PSIHOI  Makpoorepalii IpynoBOro
mizcymoByBaHH Muncen. KinbKicTh MakpoYacTKOBHUX TOOYTKIB 3aJI€KUTh Bifl KUIBKOCTI PO3PSIiB MHOXKHHUKIB,
SIKi aHAJI3YIOThCA VIS iX OTpMaHHs. BuzHavyaeThes KUTIbKICTh MAKpPOYAaCTKOBUX JOOYTKIB 32 (hOPMYJIOI0:

= }”—”{ , (14)
g

Je I' — KUIBKICTB TPy, Ha sIKi po30MBalOTHCSI MHOXKHUKH Bj; N — pO3psAAHICTE MHOXKHUKIB Bj; § — KUIBKICTb
PO3pAAIB y TPy, SIKi aHATI3YIOTHCS AJISl OTPUMAHHS MaKpOYacTKOBHUX JT0OYTKiB.

[Iponec popMyBaHHS MAKPOUACTKOBHUX NOOYTKIB AOLIIBHO 3AiMICHIOBATH 3 MOJIOJIINX PO3PSIAIB, 110
3a0€e3MeYnTh 3MEHIIEHHS PO3PSAHOCTI HAKONMYYBalIbHOTO cyMmaTopa. Bupas, 3a SKUM BHKOHYETHCA

dopmyBanus P; makpodacTkoBoro 100yTKy, e |=1, ..., r, mae Takuit Bursiz [16]:
S m
R=>209%p, (15
h=1 =1

Jie S—po3psnHicTh Pjj vacTkoBOro 100yTKy s J-i mapu onepanzis.
Cam PJ-| YaCTKOBHH JOOYTOK OOYUCIIIOETHCS TaK:

P =AKj, (16)
ne Kj —|-it koediieHT mpu MHOXEHOMY A; U1st HOpMyBaHHS 4aCTKOBOrO TOOYTKY JUIs j- ITapy ONepaHiB.
KinbkicTs koedinieHTiB Kj i HeoOXilHa KiTBKICTh JOJATKOBHX OIZHOPO3PSIHMX cymaTopiB d, siki
noTpiOHi s GopmyBaHHS P 4acTkoBOro 100yTKY, BU3HAYAETHCS 32 TAKUMH (opMytamu [2):
K=29+1,d=292-1 (17)
3a (GopMyBaHHSIM YACTKOBUX NOOYTKIB aJIrOPUTMH OOUYMCIICHHA CyM MapHUX OOOYTKIB MOXKHa
PO3IIIMTH Ha ABI TpyHH: 3 NpsAMUM (OpPMYBaHHSAM 1 3 GopMyBaHHSIM Ha 0a3i momepenHix OOYHMCICHB 3
BHUKOPUCTAHHSIM JTOJATKOBUX CyMaTopiB. sl anropuTMiB 3 mpsiMUM (OPMYBaHHSAM HaCTKOBHUX TOOYTKiB
g <2, a s aNropuT™iB Ha 6a3i nomnepeaHix obuncieHp g =3 [2-4].

OO0YHCIIOITh CYyMHU MapHUX JOOYTKIB 3a IMM METOJ0M 3a (hopMyIoro:
m r S m
Z=2 AB; =329 > 2Py Py, (18)
j=1 I=1 h=1 j=1
ne P, —h-ii pospsan P, wactkoBoro moGyTky.
OCHOBHMMH €TalnaMu NapajieibHO-BEPTUKAIBHOIO METOLY OOYHMCICHHS CyM MapHHX AOOYTKIB 3
MOCTIIOBHUM (POPMYBAHHSIM MaKpOYaCTKOBHX TOOYTKIB €:
e (GopMyBaHHS PO3PAIIB YACTKOBUX JOOYTKIB JUIs IApH OTIEPAH/IiB;
® OTpPUMaHHS 4YacTHH MAaKpOYaCTKOBUX JIOOYTKIB IUISXOM HapalieIbHOTO OJHOPO3PSIHOTO
JIOJTABAHHS PO3PSIIIiB YACTKOBUX JOOYTKIB IMap ONEpaH/IiB,
e (GopMyBaHHS MaKpOYAaCTKOBUX IOOYTKIB LUIAXOM IiJICYMOBYBaHHS YacTUH MAaKpOYacTKOBHX
JOOYTKIB i3 3CyBOM Ha OJMH PO3Ps PaBOPYY;
® YTBOPEHHS PE3yNbTaTy OOYMCIEHHS CyM HapHUX AOOYTKIB IIJISXOM MiJCYMOBYBAaHHS Makpo-
YacTKOBUX JOOYTKIB i3 3CYBOM BIpPaBO Ha KIUIBKICTh PO3PSAiB, SKi aHANMI3YIOTBCS Ui OTPUMAHHS
YacTKOBHX JIOOYTKIB Map OnepaHiB.
[TixBumuTH epEeKTUBHICTP BUKOPHCTAHHS OOJIaTHAHHS MapaselbHO-BEPTUKAIBHUMH IMPUCTPOSMH
00YHCIIEeHHS CyM NapHUX 100yTKiB MOKHA TAKUMH CIIOCOOaMHU:
® 3MCHILICHHSM Yacy (GOpMyBaHHS MaKpOYaCTKOBUX JT0OYTKiB;
® 3MCHIICHHSM KUIBKOCTI BCIX MaKpOYaCTKOBUX JOOYTKIB;
e 3MCHIICHHSM Yacy ITiICYMOBYBaHHS MAKpPOYACTKOBHUX JIOOYTKIB.

BucHoeku
1. IlpencraBneHHS anropuTMiB OOYHMCICHHS CyM NapHUX AOOyTKiB y Oas3uci elleMeHTapHUX
orepaliil 103BoJIsIE TOBHOO Miporo BUKOpUcTaTu MoxkiauBocTi HBIC-texnomortii.
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2. Meromu mapalenbHO-BEPTUKAILHOTO OOYHCICHHS CyM IapHUX JO0OYTKIB TIPYHTYIOThCS Ha
(dhopMyBaHHI 1 TiICyMOBYBaHHI MaKpO4YaCTKOBUX JOOYTKIB, KUIBKICTh SKHX 3aJISKUTh BiJl X pO3PSIAHOCTI
Ta anropuT™My (HOpMYBaHHS YaCTKOBHX JTOOYTKIB JJIs ITap OTEPaH/IiB.

3. 3a (opMyBaHHIM MaKpPOYACTKOBUX JOOYTKIB METOAM MapayeibHO-BEPTUKAILHOIO OOUMCIICHHS
CyM NapHHX JOOYTKIB TOJIJISIOTHCS HAa JIBA KJACH: 3 MapajelbHUM (OPMYBAHHSM 1 3 IOCIIJIOBHHM
(hopMyBaHHSM.

4. Tliggumenns edektuBHocTi HBIC-cTpykTyp mnapanenbHO-BEPTHKAILHOTO OOYHCICHHS CyM
MapHUX JOOYTKIB MOXHA JOCSITHYTH PO3AUILHMM a00 KOMIUIEKCHUM BHUKOPHCTAaHHSIM METOMIIB, SKi
JIO3BOJISIIOTH 3MEHIITUTH KUIBbKICTh, Yac (POPMYBaHHS Ta MiICyMOBYBaHHS MaKpO4YaCTKOBUX JOOYTKIB.

5. Yac oOuuciieHHsI cyM MapHHX JAOOYTKIB 3a MapajieilbHO-BEPTUKAIBHUM METOJIOM BH3HAYAETHCS
PO3PSLIHICTIO YHCE, @ HE IXHBOIO KUIBKICTIO.

1. Kyn C. Mampuunvie npoyeccopvr na CHBUC. — M.: Mup, 1991. — 672 c¢. 2. I[umoyv I.I.
Inpopmayitini mexnonoeii ma cneyianizosani 3acoou 0OpoOKU CUSHANIE T 300PANCEHb ) PealbHOMY YACT. —
Jlvsie. YAJl. — 2005. — 227 c. 3. Cmpsameyv C.U1., I[moys I.I. Ilapanenvni ancopummu ma HBIC-
cmpykmypu obuucienns cymu napuux oobymxie Il Bicnux Hay. yn-my “Jlveiecoka nonimexmixa” .
“ Komn’ tomepna inoicenepis ma inghopmayitini mexnonoeii” , 2003. — Ne 496. — C. 255-263. 4. [[moyw 1.I'.
Hapanenvni aneopummu ma mampuuni HBIC-cmpykmypu npucmpoié MHOXCEHHs OJisl KOMN 10TEPHUX
cucmem peanvrozo uacy Il Hayk.-mexu. scyprnan * Ingpopmayiini mexnonoeii i cucmemu” . — Jlveis, 2004, —
T.7, Ne 1. — C. 5-16. 5. Bepesvruii O., Lmoys 1. Memoou ma HBIC-cmpykxmypu 015 MHOJNCEHHA Mampuyi
Ha mampuyto y peanvromy yaci Il Bicnux Hay. yn-my * Jlvsiscoka nonimexuika” . " Komn' iomepni cucmemu
npoexmysanns. Teopis i npakmuka”, 2007. — Ne 591. — C. 63-76. 6. Cononuna A.H., Ynaxosuu J].A.,
Aroesnes A.A. Ancopummul u npoyeccopol yugposoti o6pabomku cuenanos. — CI16: bXB-CI16, 2001. — 464 c.
1. Ilapannenvuas obpabomxa uugopmayuu. T.4. Bwicoxonpouzeooumenvuvie CUCEMbl NAPALIETbHOU
obpabomku ungopmayuu | [1oo peo. B.B. I'puyvika. — K.: Hayk. /[ymka, 1988. — 272 c. 8. Camogpanos K.I'. u
op. Ilpuxnaonas meopus yugposwvix asmomamos. — K. Buwa wix., 1987. — 375 c. 9. I'pywuyruti P.A.,
Mypcaes A.X., Yepromoe E.Il. [Ipoexmuposanue cucmem HA MUKPOCXEMAX RPOSPAMMUPYEMOU NOSUKU. —
Cll6.: BXB-Ilemepoyp, 2002. — 608 c. 10. Kanesckuii }O.C. Cucmonuueckue npoyeccopul. — K. Texnika,
1991. — 173 c. 11. Hlanvimo A.A. Memodwvl annapammuoil u nPOSPAMMHOU Peanu3ayuu aieopummos. —
Cll6.: Hayka, 2005. — 780 c. 12. Imoyv I.I. Ocobrusocmi npoekmyeamus cneyianizo8aHux
KOMN 10mepHuX cucmem 0 06podKu iHmencusHux nomokie ingopmayii Il 36ipn. nayx. np. IIIME HAH
Vrpainu: "Mooenosanns ma ingpopmayitini mexnonoeii'. — K., 1999. — Bun. 8. — C. 143-149. 13.1[moys
LI, Aneopummu i cmpykmypu BIC nepemnodcyéaua xomnaexchux uucen Il Bicnux [epoic. yn-my
“ Jlvsiscorka nonimexuixa” , 1998. — Ne 237. — C. 231-240. 14.1] moyv I.I. Aneopummiuni onepayitini
npucmpoi’ 011 0ouucieHHs 6a308ux onepayit areopummis weuoko2o nepemsopetus Qyp’ € KOMNIEKCHOT
nocuioosnocmi Il 36ipn. Hayk. np. Incmumymy npobnem mooentoéanns 6 enepeemuyi HAH Ykpainu. —
1999. — Bun. 2. — C. 159-173. 15. Kapyee M.A., bpux B.A. Bvluuciumenvhvie cucmemvl U CUHXPOHHAS
apugpmemuxa. — M., 1981. — 359 c¢. 16. Imoyv I.I. Ipunyunu po3pobku i OyiHKA OCHOBHUX
Xapaxmepucmux 8UCOKONPOOYKMUBHUX NPOYECopi6 Ha Haoseaukux inmeepanvhux cxemax Il Bicnux Jeporc.
yr-my “ Jlveiecoka nonimexnixa” , 1998. — Ne 349. — C. 5-11.

176



