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Vxina I'.B. Moaeni Ta METOAM MiJBUILECHHS €()EKTUBHOCTI YaCTOTHO-3aJICKHUX
KOMITOHEHT KOMIT IOTepHUX CUCTeM. - KBami(ikariifHa HaykoBa mpars Ha mpaBax
PYKOTIHCY.

Hucepranist Ha 3100yTTS HAyKOBOrO CTyIeHs Joktopa ¢irocodii 3a
cunemianpHicTiIO 123 — Komm’rotepHa imxkeHepis. — Opecbkuil HalllOHAJIbHUN
noyiTexHiyHui yHisepcuret, Oneca, 2020.

Y BCTyI pO3TASOAIOTECS CUCTEMHU, B SKUX BUHUKAE 3aJlada BHUKOPHUCTAHHS
KOMITOHEHT KOMITIOTEPHHX CHCTEM, SIKI MOXYTh KOMILIEKCHO a00 pO3IUTEHO
nepeOy0ByBaTH CBOi XapaKTEPUCTHUKU MPOTrpaMHO-alapaTHUMU 3aco0amMu B
3QJICKHOCTI BiJl YMOB (DYHKIIIOHYBaHHS JIJIsl MIJIBUIIIEHHS €()EKTUBHOCTI CUCTEMHU.
Hampukinazn, B 6e3ninorHux ditTanbHux anapatax (BIIJIA) € cuctemu BU3HAUCHHS
0e31eyHoi BUCOTH MPHU MOCA/IIl, a Y HA3eMHUX IIaTGOPM - MPUCTPOi BUZHAYCHHS
BIJICTaHI JI0 MepemKkoau. TakoX y ABUTYHIB BHYTPIIIHBOTO 3TOPSIHHS Cy4aCHHUX
aBTOMOOWITIB TaKi KOMIIOHEHTH BUKOPUCTOBYIOTHCS JJIsi BU3HAYEHHS JETOHAIlll Y
JIBUTYHI.

OpHak, B pO3TJISHYTUX KOMM'IOTEPHUX CHCTeMaX, sKI (YHKI[IOHYIOTh B
peasbHOMY Yaci, ICHYIOU1 MiJIX0d MAalOTh OOMEXKEHHS 10 Yacy rnepedy/10BH 1 HE €
OMEpPAaTUBHUMHM, 110 Ma€ BIUIMB Ha €(EKTUBHICTb CUCTEMHU. TOMy, Mae Micle
OpPOTUPIYYST MDK €(QEKTUBHICTIO KOMIIOHEHTIB CHUCTeMHM Tpu TiepeOyaoBi Ta
OINEpPATUBHICTIO HOTO peaizalii.

OCHOBHOIO MPUYMHOKO BUHUKHEHHS 3a3HAYEHOTO MPOTHUPIYYS € BUKOPHUCTAHHSI
CKJIQJHUX METOMIB MepeOynoBH 3 BEIUKUMHU OOYHCIIOBAILHUMHU BUTpaTamu. B
JTUCEepTALiiiHIA poOOTI MPOMOHYETHCA HOBMM MIAXiA A0 PO3B’SI3aHHS LHOTO
MPOTUPIYYS 32 PaxXyHOK MOOYJOBH HOBUX MOJIENIEH Ta METOAay mnepelynoBu 3i
3MEHIIICHUMH 004K CIIIOBATbHUMU BUTPATaMHU.

Tomy 3aBmaHHs MOOYJOBH KOMIIOHEHT KOMITHOTEPHHUX CHCTEM, SIKI MOXYTb
KOMITJIEKCHO a00 PO3iIbHO Mepedy/I0ByBaTH CBOI XapaKTEPUCTUKU MPOTPaMHO-

anapaTHUMH 3ac00aMu B 3JIEKHOCTI BiJi YMOB (DYHKIIIOHYBAaHHS € aKTyaJIbHOIO.



Takox mms maBUIICHHS €(EKTHBHOCTI YacTOTHO-3ajekHUX KommoHeHT (UY3K)
HEOOXITHO PpO3pOOUTH METOAM TepeOyMOBH, OIIHKH CTIMKOCTI Ta TPUBAJIOCTI
MEePEeXiIHOTO MPOLIECy 31 3SMEHIIEHUMH O0UYHUCIIIOBaIbHUMU BUTpaTaMHU.

EdexkTuBHICTE KOMIIOHEHT KOMITIOTEPHUX CHCTEM BU3HAYAETHCS SK 3MEHIIICHHS
oOuucioBanbHux BUTpar (OB) mpu nepeOynoBi y 3B'A3Ky 3 TUM, IO MOI0HI
CUCTEMHU MPAIIOIOTh B pealIbHOMY Yaci IPU OOMEKEHUX 00UNCITIOBAIbHUX pecypcax
1 0OMEXEHOMY €HEPrO>KUBIICHHI.

Y nmepmiomy po3auti  posrisigaroTbes icHytoui mozenmi UY3K, meromum ix
nepeOy0BH, METOAM OIIHKH CTIMKOCTI Ta TPHUBAJOCTI IMEPEXiTHOTO IMPOIECy.
[TizpaxoByrOThCsS 0OUKCIIIOBAIBHI BUTPATH Ha iX peaizanito. BussieHo, mo:

1. Metoau, ajropuT™MH 1 MPOLEAYpPH MPSMUX METOMIB MepedynoBU, MpH
YaCTOTHOMY TEPETBOPEHHI BUSBILIIOTHCS 3HAYHO CKIATHUMHU I OOYMCIICHHS B
peasbHOMY Yaci.

2. Ilpu 3acTocyBaHHI MEPETBOPEHHS YACTOTH CUTHAIY € HEOOX1AHICTh YCYHEHHS
HEMOTP10HOT KOMii CIIEKTPa, a TAKOXK (PUIbTpaLlli TaK 3BaHOTO A3€PKAJIBHOTO KaHATY,
a 11€ J0JIaTKOBI arapaTHi abo ImporpaMHi BUTpaTu. sl yCyHEHHs TIepepaxoBaHUX
4acTOT MO>XKHa BUKOpucTOBYBaTu KepoBaHuii ®HY a6o ®BY 3 okTaBHOIO 3MIHOIO
4acTOTH 3pi3y, 110, OJIHAK, BUMArae JI0AaTKOBUX 0OYMCIIIOBATBHIX BUTpPAT.

3. Ha peamizaiiito po3riissHyTHX METO/I1B HEOOX1/IHA BEJIMKa KIJTbKICTh OTepallii,
a OTKE BOHM MalOTh BEJIMKI OOYHMCIIOBAJIbHI BUTpaTH, IO YCKIAIHIOE iX
BUKOPHUCTAHHS y CHCTEMaX PeajbHOTrO 4acy.

Buxonsun 3 1bOro BHHUKAE HEOOXIAHICTH PO3POOKHM METOAY Nepedy10BU
YaCTOTHO-3aJICKHUX KOMITOHEHT KOMI'IOTEPHUX CHCTEM 31 3MCHIICHUMH
0OYHCITIOBAILHUMH BUTpPAaTaMM, IO JAa€ MOKJIUBICTh MIIBHIIUTH €(EKTUBHICTH
q3K.

VY nmpyromy pos3iii MPOBEACHO aHAi3 MEpelaBaibHUX (PYHKIIHA 1 9acTOTHUX
xapakrepuctuk Y3K mepmioro i mpyroro mopsinkiB barrepBopra, YeOuiena,

YebOuiiera IHBEPCHOTO 1 TINITUYHOTO, IKUH MTOKa3aB, I110:



1. AMmityiHO-4acTOTHI 1 pazouactorHi xapakrepuctuku @HY 1 ®BY nepiroro
MOPSAIKY PI3HUX THITIB MAIOTh MPUOJIM3HO OJTHAKOBI XapaKTEPUCTUKU. [CTOTHI 3MiHU
B XapaKTEPUCTUKAX MPOSBISIOTHCS B IPYTOMY HOPSAKY.

2. AMmutiTyaHO-4acTOTHI 1 ¢azodacToTHi Xapakrepuctuku CO 1 PO mepmioro
HOPSZIKY, K1 OMHUCYIOThCS NepeAaBalbHUMK (DYHKIIISIMA APYTOro HMOPSAKY Pi3HUX
TUIIB, MalwTh NPUOJU3HO OJHAKOBI XapaKTEPUCTUKH. ICTOTHI 3MIHH B
XapaKTePUCTHKAX MPOSBISIOTHCA B JIPYroMy MOPSAKY HPU OMHUCI TepeaaBaibHOI
(byYHKIIIT 4€TBEPTOTO MOPSIKY.

3. Jnsa mepemaBanbuux (ynkuiid nepmoro nopsaky ®HY 1 ®BY xapakrepHa

PIBHICTh KOE(]IIlI€EHTIB YHUCEIbHUKA |a0| :|a1 , ane g ®HY a, =a,, a g OBY

8, =-a,.
4. lns nepenaBanbaux (yHKUii apyroro nopsaky @HY ta ®BY koediuienTn

YHCEJIbHUKA JTOPIBHIOIOTh OJMH OJHOMY 8, = a,, a KOe(ILIEHT &, MOXKe NpUIAMaTh

pI13H1 3HAYCHHS.

5. Taka x kaptuHa BusABIseThcs Mg CO 1 PO mepmoro nopsnuky, Koiu
KOe(ILIEHTH YUCEIbHUKA PIBHI 8, =4a,, Koe(iuieHT a 111 CP 10pIBHIOE HYIIIO
a, =0, a g P® mae pi3Hi 3HauenHs a, = 0.

B pesynbrari anamizy nepenaBaibHUX QPYHKITIN 1 4aCTOTHUX XapakTepucTuk Y3K
MIEPIIIOTO 1 IPYTOro MOPSIAKIB CKIIaJICH] KOHKPETHI MaTeMaTUYHI MOJIeIII KOMIIOHEHT,
Kl BpaxoBYIOTb OCOOJMBOCTI 11X YACTOTHUX XapaKTEPHUCTHUK, IO J03BOJISIE
CTPYKTYpYBaTH ixX nepeaaBaibHi GyHKIii. Take ysBIeHHS MaTeMaTUYHUX MOJIEICH
JIO3BOJISIE TIEPEUTH 10 PO3pPaxyHKY KOe(DilleHTIB mepenaBalibHOI (YHKLII MpU
3aIaHiil 4yacToTi 3pidy abo cMy3l 4acTOT 31 3MEHIICHUMU OOYMCIIOBAIBLHUMHU
BUTpaTaMH.

Taxum YUHOM, BUKOHAHO pyTe 3aBJIaHHs JTUCepTaIliitHOTO
JOCITIKeHHS,po3po0JIeHHsT HOBHX MareMatuuHux wMozenedi UY3K mepmroro 1
JPYroro NOpsiJKiB, sIK1 B1IOOPaKatOTh YaCTOTHI XapaKTEPUCTUKN KOMIIOHEHT.

MockHa cpopMyIIOBaTH NEPIINA MYHKT HAYKOBOT HOBU3HH:



Brnepiie moOyaoBaHi MaTeMaTH9IHI MOJIEIl YACTOTHO-3JICKHUX KOMITOHEHT, 5K,
Ha BIAMIHY BiJ] ICHYIOUHX, BPaXOBYIOTh OCOOJMBOCTI iX YaCTOTHUX XapaKTEPUCTHK,
0  J03BOJISIE  3alpONOHYBAaTH  METOAM  MepeOdynoBUM 31  3MEHIICHUMU
OOYMCITIOBAILHUMU ~ BUTpAaTaMH Ha IIJICTaBl  3HAXO/KEHHS  Koe(imieHTiB
nepeaBaibHUX (PYHKIIIHN MO 3aJaHUX 9acTOTax 3pi3y.

Y TperboMy po3Aili  OTpUMaHi pPO3paxyHKOBI (opMynu KoediIieHTIB
nepenaBaibHUX (PyHKIIINH, HA OCHOBI HOBUX MaTeMaTuuHuX mozeneil. Lle mo3Bosnse
BKa3aTH, 110 MO0y 0Ba KaHaIiB oOpoOKH 1 (iapTpallli CUTHAIIB B KOMITIOTEPHIN
cucTeMi AOUIIbHO OyayBath Ha ocHOBI moegHaHHS U3K HU3BKOTO MOpSAAKY IS
Kpauoi nepeOyA0BH 1 KEPOBAHOCTI LIMX KOMIIOHEHT. B IbOMy BUIaIKy MOKHA P13KO
3MEHIIUTHA O0YMCITIOBANIbHI BUTPATH IS MIEPEPaXyHKY KOS(III€HTIB KOMIIOHEHT Ta
nepedynoByBaTH BC1 KOMIIOHEHTH OJHOYACHO a00 MO YacTUHAX.

SAxio nopiBHATH po3paxyHkoBi popmynu ansgs @HY 1 ®BY, To pekoMeHIyeThCS
C® 1 PO nobGynyBatu 3a paxyHOK mociiioBHOTO 3'enHanns mux ®HY 1 ®BY. ¥V
[bOMY BUMAJKY JAeski kKoedimienTu nmiaxoaars 1 1o ®HY, 1 no ®BY, mo no3BoJise
B YMOBaX pEaJIbHOTO 4acy 3MEHIIMTH OOYMCIIOBAIbHI BUTPATH ISl 3HAXOKEHHS

HOBUX KOE(ILIEHTIB.

- Jua ®HY
2-sino
bz—\/_ o,
* J2+sin®,
b1=—(1+b2)cos(ac),
(1+b,) . , @,
=——2/sin° —=¢,
% 2 ! 2
a, =24a,,
a, =a,.
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X V2 -sin®,
* J2+sin,

b =—(1+ bz)cos(gc),

_ (1+ bz)cos
2
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0
—24,,
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[IpoBeneno mocmimkeHHss OUX KOMIOHEHT, SIKe IMOKa3ajo, M0 € 3aJeKHICTh

YaCTOTH 3pi3y BiJl PIBHSA KOJMMBAIBHOCTI ¢ KOMIOHEHTH. CKIAmHICTh ITUX

3QJICKHOCTEM TIPU3BEIO JO HEOoOXiAHOCTI (PYHKIIOHAIBHOI ampokcumarii 3

TEXHIYHOIO MOXUOKOI0, 110 3a/I0BOJIBHSIE MPU peai3altii
X| (1+0.1666x") +0.008x* (1+0.0241x") |
(1+0.5%*)+0.0417x" (1+0.0335x" )

@=-nthx=-rx
B pesynbrati mpoBeneHux po3paxyHkiB U3K HU3BKOro moOpsAaKy OTpHUMaHi
dbopMylIH po3paxyHKy KOeQIIIEHTIB IepeaaBaIbHUX (DYHKIINA 31 3MEHIICHUMU
OOYHMCITIOBAILHUMH BHUTpPAaTaMH 3a PAaXyHOK TIEPETBOPEHHS «KOHCTAHT» abo
JUISL  3HAXOJDKEHHS  Koe(illieHTy  3aiiMEeHHUKa

JTOJATKOBO1 BEJIMYHHHU.
PIBHSHHS

Hanpuxian,
nepenaBanbHOi PyHkIIT @PHY nepiioro nopsiaky Mae BUTIISA
2¢%sin?| L cos| L
2 2 ) 1-¢?
— 1_ _ _ __ >
2 2| W H 28 C
C”—COos™| — sin| —

a micis BBeleHHs xojarTkoBoi BenmmunmHn ¢ = 2arccos(c), 0<c<l moxua

3aIImMcaTtTu




PiBHsiHHSA 17151 3HAXO0KEHHS KoedirieHTiB nepenaBaibaoi Gpynkiii ®HY apyroro

nopsKy Tuiry UeOuineBa MaroTh BUTIIS

2 1+ ¢° +(1+ cos(a))—gbsin(
N +(1+ 005(5)) (

blz{(1+b2)cos(50)+ (1‘b2)sin(_c)},

a, =%{(l+ bz)(l—cos(gc)

b

. 1 ) . ) .
JlominsHO ¢,g,2 1+ ¢2 Ta CP BIJHECTH JO KOHCTAHT, iX 3a37ajieriib (Ha erami

MPOEKTYBAHHS 1 peaiizailii) po3paxyBaTH 1 3amucaTd B NaM'sTh. SIKIIO A [UX
BEJIMYMH BBECTHU HOBI1 II03HAYECHHS

1 cp
A=¢,B==D=21+¢° E=",
¢ 5 ¢ 2

TO Il PIBHSHHS IPUAMYTh BUTJIAJT
D+ (1+ cos(a)) — Asin

. (
D +(1+ COS(EC))-F Asin(

@)
b = —[(1+ b,)cos(, )+ B(1-b, sin(a)]
8, = E| (1+b,)(1-cos(@,)) - B(L-b,)sin(w, ) |~ E[(1+b,) +, ],

a, =24,
a, =4a,.
Takum YUHOM, BUKOHAHO TpETE 3aBJIaHHS JTUCEPTaIIfHOTO
JIOCITIIKEHHS,PO3POOIICHHS METOY nepedy0Bu 31 3MEHIIEHUMU

O0YMCITIOBAJIbHUMHU BUTPAaTaMHU.
MockHa cpopMyIoBaTH APYTrHil MyHKT HAYKOBOI HOBU3HHU:
Po3pobneno meton mepedy10BH 31 3MEHIIIEHUMHU 00UYMCITIOBAIbBHUMH BUTPATaAMHU

32 paXyHOK MEPETBOPEHHS «KOHCTAHT» a0d0 J0JaTKOBOI BEJIMYMHU, IO JO3BOJIMIIO



OTpUMATH aHAJITUYHI BHUpa3u Ui KOE(IIIEHTIB mepedaBalbHUX (YHKIIH
KOMIIOHEHT.

Y 4yeTBepTOMYy pO3AUT MPOBEACHO aHai3 CTIMKOCTI, PO3PSIHOCTI IOJAHHS
koedimieHTiB 1 mepeximHoro mpomnecy mpu mnepedymoBi U3K. JocmimkeHHS
noKasajio, 1o npu npoekTyBaHHI nmomioHux Y3K HeoOXinHO BpaxoByBaTH IIi
MOKa3HUKHU B 3aJIEKHOCTI BiJ Aiana3oHy nepedynosu 1 tuny U3K.

JlocmimkeHHs CTIRKOCTI JUIst OLIHKH Mex 3MiHU KoedimienTtiB Y3K Buiie qpyroro
MOPSAKY TTOKa3ajo, o HeoOX1THO Ha OCHOBI (POopMYyJIH

nl

Cm:m(n—mﬂ

n

BU3HAYUTH TPAaHWYHI 3HAYEHHS KOE(ILIEHTIB XapaKTEPUCTUYHOTO PIBHSAHHS 1
NOMHOKUTA X HAa KOPUTYyBajbHI KOE(IUIEHTH, $KI BH3HAYAIOTHCA B
aycepTanifHoMy gociimkeHHl. OTpuMaHi 3HAYeHHS - 1€ MEXI CTIHKOCTI
KOMITOHEHTH TpHU 3MiHI KOe(II€HTIB 3HaMEHHHKA. Lle 3HaYHO MoJerurye OLIHKY
CTIHKOCTI TIpH iepeOy/10B1 KOe(PIIiEHTIB NepeaaBaibHOl (PYHKIIIT KOMIIOHEHTH.

JlocnikeHHsT 3MIHU PO3PSIIHOCTI ToAaHHS KoedimieHTiB 3HaMeHHuKa Y3K
JPYroro TMOPSJKY IMOKa3ajlo, 0 MOXJIMBUKA BHUXIJ 3a MEXI CTIHKOCTI, L€
0o0yMOBIIIOE€ HEOOX1MHICTh mepeBipku criikocti Y3K mpu 3amaHiii po3psaHOCTI
MOJIaHHS KOe(ILIEHTIB 1 33JaHOMY Jiana3oHi nepeOyA0BH KOE(III€HTIB.

[Ipn pocnimkeHHi nepexigHux mpoueciB npu nepedynoBi UY3K orpumani
CIIBBITHOIIICHHS, SIK1 JO3BOJISIIOTH OIIHUTH BEPXHIO MEXKY IMEPEX1THOTO MPOIIECY B

3aJIEKHOCTI B1J] BIZHOCHOI YacTOTH 3pi3y 1 nopsiaky U3K.

N _E'ﬂﬁ-b

2 1-b,
ne a i b - miticui yncna (1<a<3;2<b<4), f— MOAyIb KOMIUIEKCHOTO KOPESHSI
ab60 Moxyib aificHoro kopens, 0< 4 <1.
VY pe3ynbTaTi NpoBeACHUX AOCTIIKEeHb Ha cTilKicTh U3K BuIe npyroro nopsaxky
OTpUMaHI1 CIIBBIIHOIIEHHSI, 110 JO3BOJISIOTh 3 MiHIMAJIbBHUMU OOYMCIIIOBAIbHUMU

BUTpaTaMu OMiHUTH cTiiikicTh U3K npu mepedynosi.



TakuM  4uHOM, BUKOHAHE  4YeTBepTE€  3aBJAaHHSI  JAHUCEPTAIiIHOTrO
JOCITIJIKEHHS,PO3POOJICHHST  METOZy  OIlIHKM  CTIMKOCTI 31  3MEHIIEHUMU
OOYHUCITIOBAILHUMU BUTPATAMU.

MoskHa copMyITIOBaTH TPETii MyHKT HAYKOBOT HOBU3HH:

Onepxaio MOAQNBIINN PO3BUTOK METOJI OIIIHKM CTIHKOCTI 31 3MEHIICHUMU
oOuucioBanbHUMU BUTpatamu s UY3K Bulie apyroro mopsiaKy Ha IiJICTaBi
meroay JIKypl 3a paxyHOK CKJIaJaHHs PIBHSHB 3 MApHHUX 1 HEMApHUX CTYIICHIB
XapaKTePUCTUYHOTO PIBHIHHS MepeaaBaibHOi (QYHKIIII, a TAKOXK KOe(DIIE€HTIB, K1
KOPUTYIOTh MEX1 TPUKYTHHUKA CTIMKOCTI, IO JO3BOJIMJIO CKOPOTUTH Yac OINHKHU
CTIAKOCTI.

B pe3ynbrari npoBeaeHUX AOCHIIKEHb MEPEXITHOrO Mpolecy Npu nepedyaoBi
Y3K orriHeHa BEpXHs Mexka MEPEXiAHOTO MPOIIECY.

Takum YUHOM, BUKOHaHa n'sara 3ajiaya JUCEePTaIliitHOTO
JTOCITIJIKEHHS,PO3POOJICHHS] METOY OIIHKH TPUBAIOCTI MEPEXiTHOTO MPOLIeCy Mpu
nepeOynoBi 31 SMEHIIEHUMH O0YUCITIOBATLHUMH BUTPATAMU.

MoskHa chopMyITIOBaTH YETBEPTHUM MYHKT HAYKOBOi HOBU3HHU:

Opepxano MOJNANBIIMI PO3BUTOK METOJ OI[IHKM TPUBAJIOCTI MEPEXIAHOrO
mpoiecy 31 3MEHIICHUMH OOYHCIoBaIbHUMHU BuUTpatamu Uit Y3K HU3bKOTO
MOPSIJIKY 32 PaXyHOK BHMKOPUCTAHHS KOe(IIIEHTIB TepenaBaibHOi (YHKII MpU
nepedynoBi, 0 A03BOJISIE CIIPOCTUTH MPOLEAYPY OLIHKUA TPUBAIOCTI IEPEX1THOTO
poLecy.

VY n'stomy posnuti nposeaeHa oiinka OB oTpumanux pesyibTatiB. [lopaxoBana
KUIBKICTB onepariii Juisi peamizanli nepe0ya0BH KOMIIOHEHTH, OI[IHKH CTIHKOCTI Ta
TPUBAJIOCTI MEPEXITHOTO MPOIIECY, OTPUMaHI PE3YJIbTATH MOPIBHSHI 3 ICHYIOUUMH
meroaamu. Jns oninku Oyno obpano IntelQuark X1000 400 MI'u, pesynabraTu
nokasasi B Ta0. 1.

OOuucioBaibHl BUTPATH OLIHKHA CTIMKOCTI YIOCKOHajieHoro metony Ha 43%
MEHIIIe HiX 3a MeToaoM JIKypi, a yAOCKOHAJEHOTO METOJy OIlIHKH TPUBAJIOCTI

nepexiIHOTO mporiecy - Ha 28%.



Tabmuus 1. O6uncmoBanbHi BuTpaT (OB)

Meron 93K ITopsnoxk Tun OB

3amina 3minHoi | @HY/OBY nepIui 75

JIPyTUi 140

CO/PO MEPILIHIA 140
Vaockonanenun | PHY/OBY nepIui 65
JIPYTUi bartepBopra 69
YeOuriena 93
YeOumena iH. 96
CIMNTUYHUAN 96

CDO/PD TICPIITHIA 114/125

OTtpumani pe3yJbTaTh MEpPEBIPEH] €KCIEPUMEHTAIbHO 3 BHUKOpUCTaHHAM Intel
NUC. Buxonguu 3 OTpUMaHUX pe3yJbTaTiB BUIUIMBAE, 1110 BAOCKOHAJIIEHUN METOA
Ha 27% edextuBHimmi aus @HY 1 ®BY nepmoro nopsanky, Ha 29% - niusg ®HY 1
®BY npyroro nopsanaky 1 Ha 13% - qist CO 1 PO.

TakuM yuHOM, MeTa TUCEPTALIHNHOTO JOCIIIXKEHHS TOCSITHYTa 1 BAKOHAHO III0CTE
3aBJaHHS, MTPOBEJCHHS €KCIIEPUMEHTAIBHOTO JTOCTIIKEHHSI PO3POOIEHUX METOIIB
JUTS OLIHKU OOYHMCITIOBAJIbHUX BUTPAT.

KirodoBi cmoBa: mepeOynoBa 4YacTOTHO-3QJICKHOTO KOMIIOHEHTA, CTIMKICTH
CUCTEMHU, KOe(PIIIEHTH NepeaaBaibHOi (PYHKIII1, YACTOTHI XapaKTEPUCTUKH, HACTOTA

3pi3y, piBEHb IyJbCallii, MepexXiTHUMA MpoIec, 0OUMCITIOBAIBHI BUTPATH.

ABSTRACT
Ukhina H.V. Models and methods to increase the frequency-dependent
components efficiency of computer systems. - Qualifying scientific work on the
manuscript.
Thesis for the PhD degree in specialty 123 — Computer Engineering. — Odesa
National Polytechnic University, Odesa, 2020.
The introduction considers systems in which there is a problem of using computer

systems components that can comprehensively or separately restructure their



characteristics by software and hardware depending on the operating conditions to
improve system efficiency. For example, unmanned aerial vehicles (UAVS) have
systems for determining safe landing heights, and ground platforms have devices for
determining the distance to an obstacle. Also in the internal combustion engines of
modern cars, such components are used to determine the detonation in the engine.

However, in the considered computer systems, which operate in real time, the
existing approaches have time constraints, which has an impact on system
efficiency.

Therefore, the task of computer systems components building that can
comprehensively or separately restructure their characteristics by software and
hardware, depending on the operating conditions is relevant. Also, to increase the
frequency-dependent components (FDC) efficiency, it is necessary to develop
methods for tuning, assessing the stability and duration of the transition process with
reduced computational costs.

The computer system components efficiency is defined as the reduction of
computing costs in the restructuring due to the fact that such systems operate in real
time with limited computing resources and limited power

The first section considers the existing FDC models, their restructuring methods,
assessing the stability and duration of the transition process methods. The
computational costs for their implementation are calculated. It was found that:

1. Methods, algorithms and direct methods procedures of tuning, frequency
conversion are much more difficult to calculate in real time.

2. When applying signal frequency conversion, there is a need to eliminate
unnecessary copy of the spectrum, as well as filtering the so-called mirror channel,
and this is an additional hardware or software cost. To eliminate these frequencies,
you can use a controlled LP or HP with an octave change in the cutoff frequency,
which, however, requires additional computational costs.

3. The implementation of these methods requires a large number of operations,
and therefore they have high computational costs, which complicates their use in

real-time systems.



Based on this, there is a need to develop the restructuring the frequency-dependent
components method with reduced computing costs, which makes it possible to
increase the FDC efficiency.

In the second section the transfer functions and FDC frequency characteristics of
the Butterworth, Chebyshev, Chebyshev inverse and elliptical first and second
orders analysis is carried out. The analysis is showed that:

1. The amplitude-frequency and phase responses of different types first-order LP
and HP have approximately the same characteristics. Significant changes in
characteristics are manifested in the second order.

2. The amplitude-frequency and phase responses of different types first order BP
and SP, which are described by the second order transfer functions, have
approximately the same characteristics. Significant changes in the characteristics are
manifested in the second order when describing the fourth order transfer function.

3. For the LP and HP first-order transfer functions, the numerator coefficients are
equal [a,|=]|a,|, but for LP is a, =&, and for HP is a, = -a,.

4. For the LP and HP second-order transfer functions, the numerator coefficients

are equal a, =a,, and the coefficient a, can take different values.

5. The same picture is found for the BP and SP first order, when the numerator

coefficients are equal a, =a,, the coefficient a, for BP is zero a, =0, and for SP
has different values a, = 0.

As a result, the components specific mathematical models were obtained, which
take into account the peculiarities of their frequency characteristics, which allows to
structure their transfer functions.

Thus, the thesis research second task, the developing of new first- and second-
order FDC mathematical models, which reflect the components frequency
characteristics, is completed.

We can formulate the first point of scientific novelty:

For the first time the frequency-dependent components mathematical models are

constructed, which, in contrast to the existing ones, take into account the



peculiarities of their frequency characteristics, which allows to offer tuning methods
with reduced computational costs based on finding the transfer function coefficients
at given cutoff frequencies.

In the third section, the transfer functions coefficients calculation formulas are
obtained, based on new mathematical models. This allows us to indicate that the
channels construction for processing and filtering signals in a computer system
should be built on the combination of low-order FDC for better components
adjustment and controllability. In this case, you can dramatically reduce the
computational cost to recalculate the components coefficients and rebuild all the
components simultaneously or in parts.

If we compare the calculation formulas for LP and HP, it is recommended to build
BP and SP by sequential connection of these LP and HP. In this case, some
coefficients are suitable for both LP and HP, which allows in real time to reduce the
computational costs to find new coefficients.

- LP
_ V2 —sin o,

V2 +sin@,

b, =—(1+b,)cos(a, ),

_(1+by) . ZE
8 ==——sin* =2,

b,

a, =24a,,
a, = a,.

- HP

B V2 —sinG,

2 +sing, |

b, =—(1+b,)cos(, ),
(1+b,) @,

, =~——22¢0s* —<,
2 2

-2a
2 a‘0'

b,

QD
Il

D
Il

0!

QD
I



The components phase response study showed that there is the cutoff frequency
dependence on the level of component oscillation. The dependencies complexity has
led to the need for functional approximation with a technical error that satisfies the

implementation

0= —nthx = _72_[ X|:(1+ 0.1666x? ) +0.008x* (1+ 00241 ):|:|

(1+ O.5x2)+ 0.0417x* (1+ 0.0335x2)

As a result, the formulas for calculating the transfer functions coefficients with
reduced computational costs due to the "constants™ conversion or an additional value
are obtained.

For example, the equation for finding the coefficient of the LP first-order transfer

function pronoun has the form

Zczsinz(aé"] cos[a;c] -
b = — 1— pr— 1_ —_— 1_2C ]
2 2 a)c . a)c C
c”—cos’| = sin| —=
and after the additional value introduction & =2arccos(c), 0<c <1 we can write

sin(wcz_gj
b - <.

sin(a)c - QZJ

2

The equations for finding the Chebyshev type LP second-order transfer function

coefficients have the form
21+ & +(1+ cos(a))
N +(1+ cos(Z))+¢sin _C)

blz{(1+b2)cos(50)+ (1‘b2)sin(_c)},

a =%{(1+ bz)(l—cos(gc)

b




: : 1
It is advisable the values ¢,5,2 1+ ¢*> and cp refer to constants, calculate them

in advance (at the design and implementation stage) and write them down in
memory. If you enter new notations for these values

1 cp
A=¢,B==,D=2{1+¢° E="",
¢ y ¢ A

then these equations will take the form

D +(1+ cos(_))— Asin( C)
D +(1+ cos( ))+ Asm(g)’

C

o[ 8- i)
a, = E[(1+ bz)(l—cos(gc))— B(l—bz)sin(gc)} =E[(1+b,)+b],

a, =2a,,
a, = a,.

Thus, the thesis research third task, the development of the restructuring with

b2

reduced computational costs method is completed.

We can formulate the second point of scientific novelty:

The adjustment method with reduced computational costs due to the “constants"
conversion or an additional value was developed, which allowed to obtain analytical
expressions for the transfer functions coefficients.

The fourth section analyzes the stability, coefficients bit representation and the
transition process during the FDC restructuring. The study showed that when
designing such FDCs, it is necessary to take into account these indicators depending
on the adjustment range and the FDC type.

The stability study to estimate the change limits in the FDC coefficients above
the second order showed that it is necessary on the basis of

n!

G = m!i(n—m)!

n

to determine the characteristic equation coefficients limit values and multiply

them by the correction factors that are determined in the thesis research. The



obtained values are the limits of the components stability when the denominator
coefficients change. This greatly facilitates the stability assessment when adjusting
the transfer function coefficients.

The study of the second order denominator coefficients change in the bit
representation showed that it is possible to go beyond stability, this necessitates
checking the FDC stability at a given coefficients bit representation and a given
coefficients range.

In the FDC transients during the restructuring study relations are obtained that
allow us to estimate the transient process upper limit depending on the relative cutoff

frequency and the FDC order.

1+,
N=22T b, +b,
2 1-/b,
where a and b are real numbers (1<a<3;2<b<4), # is complex root module

or real root module, 0< g <1.

As a result, the conducted researches on above the second order FDC stability the
relations allowing to estimate FDC stability at adjustment with the minimum
computing expenses are received.

Thus, the thesis research performed fourth task, development of a method for
assessing stability with reduced computational costs is completed.

We can formulate the third point of scientific novelty:

The stability estimation with reduced computational costs method for FDC above
the second order was further developed on the Jury method basis by compiling
equations from even and odd degrees of the transfer function characteristic equation,
as well as coefficients that adjust the stability triangle, which reduced stability
estimation time.

As a result, the transient process during the FDC restructuring research, the
transient process upper limit was estimated.

Thus, the thesis research fifth task, the development of the transient process
estimation method at reorganization with the reduced computing expenses is

executed.



We can formulate the fourth point of scientific novelty:

The estimating the transition process duration with reduced computational costs
method for low-order FDC due to the use of the transfer function coefficients during
the restructuring has been further developed, which simplifies the procedure for
estimating the transition process duration.

In the fifth section, the obtained results evaluation is evaluated. The operations
number for the component restructuring implementation, the stability assessment
and the transition process duration, the results are compared with existing methods.
IntelQuark X1000 400 MHz was selected for evaluation; the results are shown in
table 1.

The estimating stability improved method computational cost is 43% less than the
Jury method, and the advanced method of estimating the transition process duration
IS 28% less.

The obtained results were tested experimentally using Intel NUC. Based on the
obtained results, it follows that the improved method is 27% more effective for first-
order LP and HP, 29% - for second —order LP and HP and 13% - for BP and SP.

Thus, the thesis research purpose is achieved and the sixth task is performed,
conducting an experimental study of the developed methods for estimating
computational costs.

Keywords: the frequency-dependent component restructuring, system stability,
transmission function coefficients, frequency characteristics, cutoff frequency,
ripple level, transient process, computational costs.

Table 1. Computational costs (CC)

Method FDC Order Type CcC
Variable LP/HP first 75
replacement second 140

BP/SP first 140
Improved method | LP/HP first 65
second Butterworth 69
Chebishev 93




Chebyshev 96

inv.

elliptic 96

BP/SP first 114/125
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