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BIOJIOI'TYHI TA MEJUYHI ITPUJIAJIA I CUCTEMH

YK 681.5.017:616-71

O. M. Poik, A. B. Ilonnascbkuii, A. O. A3apoBa

CTPYKTYPHO-AT'OPUTMIYHI METO/H HIIBULIIEHHA
TOYHOCTI BUMIPIOBAHb B CUCTEMAX NIAT'HOCTUKHA
BIOJIOT'TYHUX TA TEXHIYHUX OB’EKTIB

BinHMIIEKWIT HAITIOHATBHUN TEXHIYHUIA yHIBEpCUTET, BiHHUIISA

AHOTaHi}I: P03p06J'ICHO y3araJibHEHy MaTéMaTU4Hy MOJCJIb HITYYHOT'O PO3YJICHYBaHHS 3aMKHEHHUX Kin Y 3agaqax MeI[I/I‘{HO.f Z[iaFHOCTI/IKI/I,
cucTeMa iHAeKcallii y sKii BH3HAYAE alrOPUTMH MOOYIOBU KOMILIEKCY 0A30BHX CTPYKTYpP NEPBUHHHX HEPETBOPIOBAYIB ENEKTPOIYHKTYPHOL
nmiarHOCTUKH. PO3po6ieHo y3araibHeHy MaTeMaTHYHY MOJENb MYJIbTHUIUTIKATUBHUX MOXHOOK KOMIUIEKCY 0a30BHX CTPYKTYpP IEPBHHHHX
[IEPETBOPIOBAYIB EJIEKTPOIYHKTYPHOI AiarHOCTHKH.

Kuarouosi ciioBa: y3aipHeHa MaTeMaTHYHA MOJeJb, eJIeKTPONYHKTYpHA AiarHoctuka (E/I), mTy4ne po3uieHyBaHHs, EPBUHHI Me-
peTBOpIOBayi.

AHHOTaHI/IﬂI. P03p060TaHa O606H.[eHHa$I MaTeéMaThu4ecKass MOJAC/Ib NCKYCCTBEHHOI'O pa3sA€iICHUS 3aMKHYTBIX L[el'[ef/'l B 3aga49ax MCL[LIHHHCKOI;’I
JIMarHOCTHKH, CUCTEMA MH/IEKCALMK B KOTOPOI ONpeesseT ajJropuTMbl IOCTPOCHUSI KOMIUIEKCA 0a30BUX CTPYKTYp MEPBUUHBIX PEoOpa3o-
BaTelell ANEKTPONYHKTYPHOH auMarHoctuku. Po3poOorana o00O0IIEHHAss MaTeMaTH4ecKas MOJAENIb MYJbTUIUIMKATHBHBIX HOTPELIHOCTEH
KOMILJIEKCa 0a30BHX CTPYKTYpP NNEPBUYIHBIX npe06pa3OBaTenef/'l QHGKTpOHyHKTypHOﬁ JHUArHOCTHUKH.

KawueBble c10Ba: 00001IeHHAs MaTeMaTH4YecKasi MO/Je/b, YIEKTPOMYHKTYpHs auarHoctuka (J/I), HCKycCTBeHHOe pacu/ieHeHue,
nepBUYHBIC NPeoOpa3oBaTe/In.

Abstract: Generalized mathematical model of artificial separation closed circuits in medical diagnostics objectives was developed, indexation
system algorithms of creating complex primary converters basic structures electropunctural diagnostic was determined. Generalized
mathematical model of multiplicative error of complex primary converters basic structures electropunctural diagnostic was determined.

Key words: generalized mathematical model, electropunctural diagnostic, artificial separation, primary converters.

Beryn

Ha cporonHimHi# 1eHb BioMo, O (i3ionorigHa ocoOMuBICTh OionorivHO akTHBHUX TOYOK (BAT) momns-
rae B TOMy, IO BOHH OJIHO3HAYHO 3B’sI3aHi 3 YaCTUHOIO a00 (YHKIII€I0 BU3HAYSHOTO OpTaHa.

Bci MeToau aKymyHKTYPHOI JIarHOCTHKU 3aCHOBaHi Ha ToMYy, 1110 BAT MaroTh 3Ha4YeHHs psiay Qi3udHuX
XapaKTepUCTHK, IO CHIBHO BipPI3HAIOTHCS BiJ HABKOJHWIIHIX TKaHWH. 3 yCiX IMapaMeTpiB HaHOUTBII JOCTYITHI
JUTSL CTIOCTEPEKEeHHS € 3MiHu npoBigHOcTi iMmenanciB BAT. EJ] B3suta Ha 030pO€HHS €HepreTHdHI JIiHil, Mo Ha-
3UBAIOTHCS MepHUaiaHaMu, a Takok BAT, 1o po3raioBaHi Ha IIMX MEpHIiaHAX, 30KpeMa, TaK 3BaHi, perpe3eHTa-
tuBHI BAT, siki onocepeaKoBaHO BiJOOpaXKar0Th CTaH BiAMOBITHUX MEPHUIiaHiB.

AKTYyaJIbHiCTB

EJ] nonsirae y mociikeHHi Gl0eNeKTPUYHHUX MapaMeTpiB TOYOK aKyMyHKTYPHU 1 3aCHOBaHa Ha TOMY, LIO
opraHiuHi a00 ()yHKIIOHAJIbHI 3MIHM B PI3HUX CUCTEMax OpraHi3My CYNPOBOJKYIOTHCS 3MiHOIO (pi3HYHOTO CTa-
HY TOYOK akynyHKTypH. O0'exTuBHIcTh EJ] BU3HauaeThCs HE TUIBKH IHTEPIPETALIEI0 OTPUMAHHUX PE3yIbTaTiB 3
MO3UIIH BiJMOBIZHOCTI TOUOK OpraHaMm i B3a€MO3B'I3KiB MK MepuiiaHaMu. barato B oMy ii 00'eKTHBHICTH 3a-
JIOKHUTH BiJl TOYHOCTI BUMIpIOBaHb Ta BIPOTIMHOCTI iHTepHpeTalii pe3yabTaTiB BUMipy 0i0€IEKTPUYHUX Iapa-
METpIB TOUOK aKymyHKTypH. Ha meii uac, He3Bakaroun Ha po3MaiTicTh MeTo/iB Ta 3aco0iB EJl, He MoxHa BBa-
JKaTH BUPILIEHUM NHUTaHHS IIPO TOYHICTH BUMIpIB.

OCHOBHHUM HEJOJIIKOM HaiOLIBII pocroBctopkeHux meroniB EJl @ons i Hakarani [1-5] € Te, mo mig yac
BUMIpIOBaHb IMIIEIaHCIB TOYOK AaKyIYHKTYpH (IABOIIOJIIOCHHMKIB) HE BPaxOBYIOTHCS 0O0’€KTHUBHO iCHYIOYI
B3a€MO3B’A3KH MK MepHAiaHaMH, III0 MOKE TIPUBECTH 0 MOXHOOK MEPBUHHUX IEPETBOPEHB, OCKIIBKH ITiJ] 4ac
BHUMIpPIOBAaHb JOCII/KYBaHY TOUKY aKyIMyHKTYpH (HOCHIIKYBaHWN JTBOTIOIOCHUK) IIYHTYIOTH 1HIII JBOIOJIOC-
HHKH, 1[0 3HAYHO YCKJIAJHIOE TPOBE/ICHHs 00'€KTUBHOT JiarHOCTHKU. TOMY aKkTyaJbHHM € 3aCTOCYBaHHS Me-
TONIB iHBapiaHTHHX (HE3aJNe)KHMX) IIEPETBOPEHb IapaMeTpiB KOMIIOHEHTIB CKIATHMX OO0 €KTIB Ui 3amay
MEINYHOI JIarHOCTUKU. Y TEXHIUHIN IarHOCTHII IIMPOKHHA PO3BUTOK OTPUMAIHN CHUCTEMH IIOSJIIEMEHTHOTO
JIiarHOCTYBaHHs, B SKMX BHUMIPIOBAHHS IMIIEZIAHCIB €JIEMEHTIB CKJIaJHUX O0’€KTiB 3aCHOBAHO HA LITyYHOMY
PO3WICHYBAaHHI 3aMKHEHUX CJICKTPHYHHUX cXeM [6-9]. AHaMOTIYHUH MiAXiJ MOXKHA 3aCTOCYBATH 1 I JaHOI 3a-
Jlad MEINYHOI JiarHOoCTHKH. B poborax [10-14] po3risHyTi AesKi CTPYKTYpH 3 IITYYHHM PO3WICHYBaHHIM 3a-
MKHEHUX KU CKJIaIHUX 00’ekTiB. OfHAK, HAaBeJIeHI CTPYKTYPH HEJOCTaTHHO (POpMalti3oBaHi i CHCTEMaTH30BaHi.

Mera
Meroro pobotr € popmarizalis 3 TOYKH 30py CHCTEMHOT'O MiIX0O/1y 3a/1a4i 1HBapiaHTHUX MEPETBOPEHb
B 3aJa4ax MEINYHOI Ta TEXHIYHOI JIaTHOCTHKH.

3amaui

BiamosigHO 10 METH AOCHTIKEHD GOPMYITIOIOTHCS TaKi 3a/1adi:
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1. TloOynoBa y3arajapbHEHOT MaTeMaTHYHOI MOJAENI PO3B’sI3aHHS 3a/a4i IHBapiaHTHOTO IIEPETBOPEHHS Ia-
paMeTpiB €JIEMEHTIB Y CKIIaJHUX O10JIOTIYHMX 00’ €KTax.
2. TloOymoBa xoMImIeKCy 0a30BHX CTPYKTYPHHX CXeM IEPBHHHHX IEPETBOPIOBAUIB Y 3afadaxX MEIMIHOI
J1arHOCTHKH.
3. TloOymoBa y3arampHEHOI MaTeMaTHYHOI MOJENi MYJBTHILIIKATHBHUX IOXHOOK KOMIUIEKCY 0a30BHX
CTPYKTYPHHX CXEM IEPBHHHUX IIEPETBOPIOBAYIB Y 3a7a4aX MEANYHOI Ta TEXHIYHOI TIarHOCTHKH.
4. Po3poOka CTPYKTYpHO-arOpUTMIYHIUX METOMIB ITiIBUIIEHHS TOYHOCTI BUMIPIOBaHb B CHCTEMaxX MdiarHO-
CTHKH OIOJIOTTYHMX Ta TEXHIYHUX 00’ €KTIB.
Po3B’s13aHH 32824
V 3araqbHOMY BHIIQJIKy OpPTaHi3M JIIOJIUHH, K 00’ ekT niarHocTyBanHs (O/]), MOXHa po3rIsaaTH y BUTIISI
MHOXXMHH B32€MO3B’sI3aHUX MK COOOIO IMITE/IaHCIB penpe3eHTaTUBHUX 0ioyoriyHo akTBHUX To4oK (BAT), Tak
3BaHUX, MEPU/iaHIB, SKi PO3IIIAAIOTHCS SIK JBOIMOIIOCHUKY 100 camol BAT (akTuBHUIT enexTpon) i AesKo0
CKBIMMOTCHITIAIbHOI 001acTIO (MMACUBHUIA €IEKTPO). SIKk BKa3yBaloCh BHIIE IS 3a0€3ICUCHHS 1HBAPiaHTHOCTI
NEePEeTBOPEHb MapaMETPiB eNEMEHTIB Y CKJIATHHX 00’€KTaxX CIiJ 3acTOCOBYBATH METOMHM INTYYHOIO pO3dJIe-
HYBaHHS. 3aMKHEHHX KiJ, [0 JaCTh MOXKIIMBICTH PO3TISIIATH MOCIIKYBaHI IMIETaHCH SK 130JIbOBaHi JBOIIO-
JFOCHHUKHU. Y JAaHOMY MiJPO3JiIi NPONOHYEThCS y3arajJbHEHA MaTeMaTHYHA MOJENb ITOCTABJICHOT 3a1adi 3 Me-
TOrO (popMarizamii CHHTE3Y 1 aHANI3Y BIAIOBIIHUX MEPETBOPIOBAYIB.
VY BuMIipIOBaNbHINA TEXHIIll, IIEPETBOPEHHS ITapaMeTpiB i130JbOBAaHUX IBOIIONIOCHUKIB 3IIHCHIOIOTH 33 I10-

MIOMOT OO TUTBHUKIB HATIPYTH, 1[0 YTBOPIOIOTHCS MOCTIIOBHO 3’ €THAHUMU 3Pa3KOBHM YO 1 JOCHiKyBaHUM YX

JBomnotocHuKamMu. [Ipu 1poMy, 3a TOIOMOTOI0 JESIKOTO KOMyTaTopa Ta KOHTakTy 3 BAT depe3 ronkoBkoiio-
BaHHSA (ENEKTPOAKYITyHKTYpa) 3IIHCHIOEThCA peKoHpiryparis ctpykrypu O/l y KOO TUITy TPUKYTHHK, B SIKOMY

OJIHa 3 HMOro rijoK € Z[OCJ'II,Z[)KyBaHI/IM JABOITIOJJFOCHUKOM YX , IO HIYHTYETBHCA ABOIIOJIIOCHUKAMU YS i Yh SIKI
YTBOPIOIOTHCA l'[ll[ qac L[CKOMHO?;I/IHII OI[ TaxkuM yuHOM ]IOCJ'IIJI)KyBaHH}O nl,unarae YOTHUPHUIIOJTHOCHUK KOJIO MMa-

cuBHux KomnoHeHT GIIK (puc.1), ne nomoc (P, BiANOBifa€ aKTUBHOMY €JIEKTPOAY, TNOIIOC (Dg — MACHBHOMY

€JIEKTPO/IY, a TIOJIIOC (Dg YTBOpIOETHCS 00’ egHaHHAM ycix BAT kpim nociimkyBaHoO.
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PucyHok 1 — HOTHPHITONIOCHUK KOJIa ITACUBHUX KOMITOHEHT G g

Sk BKa3yBayoch BHWINE, AJISI TOTO 100 pealli3yBaTH iHBapiaHTHI NEPETBOPEHHS MapaMeTpiB EIEMEHTIB Y
3aMKHEHHUX KoJIaX, B MEpIIy Yepry HeoOXiIHO po3B’s3aTH 3a/ady HITYYHOTO PO34IEHYBAaHHS 3aMKHEHOTO KOJa.
PosrisiHemMo 1o 3a/1ady i3 3arajibHOT TOUKH 30PY.

Hexaii na nmomocax nociipkysanoro kona GIIK giroTe Harpyry, Mo BU3HA4alOThCs 1010 MOTEHIIAly Jie-

SIKOTO 0a30BOT0 MOJTIOCA (po BIAMOBIIHUMH OTEHIIIAIAMHA (Dh ) ¢g ,(Dd i (DS . [IpumryctumMo, 110 MOTEHITiamn
Dhn (09 1 @y (hOpMYIOTECS ISTKUMH JDKEpeTIaMH CHTHAJIB, [0 MAlOTh HU3bKI BHXIJIHI ONOpH. 3 OTJIsAy Ha

Lie 3aUIIEMO BUPa3 [Ulsl BABHAYCHHS MOTeHLiany (g :

Ps = (%Yx +§9gYs +94Yo )/(Yx +Ys +Yo)’ 1)



ISSN 1999-9941, “TH®OPMALIIMHI TEXHOJIOI'Ti TA KOMIT'FOTEPHA IH)XKEHEPIA”, 2016, Ne 3

Sx BuzaHO 3 (1), y Danuii BUpa3 He BXOAUTH IPOBITHICT Yh , III0 TOSICHIOETHCSI TUM, 1110 JaHUH JIBOIIOJIIOC-

HMK IIYHTY€TBCS 3 000X CTOPiH HU3bKUMH BUXIJTHUMH ONOPAaMH JXKepel NOTeHLIalB @y 1 ?g - 3Bixcu oueBmI-
HO, IO ISl TOTO, 1100 PO3B’sI3aTH 3ajady ITYYHOTO PO3YWICHOBYBAaHHS KOJIa TUIY TPUKYTHHUK, HEOOXiIHO i30-

JIFOBATH IBOIIOJIFOCHUK YX BIJI IBOITOJIFOCHUKA YS . JI7s IBOTO HOCTaTHRO CTBOPUTH PIiBHICTH MOTCHIIIATIB ¢g

Ta (g , IPH LbOMY, OCKIIBKH Yepe3 IBONOMOCHHK Yg B JaHOMY BHIAKy Oy/e IPOTIKaTH HyJIbOBHH CTpYM, Ha

HbOMY OPIaHi3yeThCSl PEXKHUM EIEKTPUYHOTro po3puBy. [HakIe 3aa4a pO34ICHOBYBAaHHS 3aMKHEHOI'O KOJia 3BO-
IUTBCS 10 3aJadi BPiBHOBa)KEHHS YOTHPHUIIONIOCHUKA, IO 3 MAaTEMaTHYHOI TOYKH 30py €KBiBAJICHTHO 3ajadi

) . _ .
PO3B’A3aHHSA PIBHAHHA Qg — @5 = 0. 3 ypaxysannam (1), miciis HeCK/IagHUX MEPETBOPEHb OTPUMAEMO BHPA3

Y, +Y, Yy B Yo 0 )
%’Y +Y, +Y, %Y'X+YO+Y' v '

Y, +Y, +Y,

SKAH Ha3BEMO HEBU3HAYCHUM PIBHSHHSM BPiBHOBa)KEHHS JIOCIIHKYBaHOTO KOJIa.
b . v . . . .
Po3B’s3anHs piBHAHHS (2) mOJsirae y Tomy, 100 3HAWTH Taki 3HAYEHHs TOTEHUialB (D, , ¢g 1@y, s
KX HOTO JIiBa YaCTUHA 00EPTAETHCS B HYJIb. Y 3arajlbHOMY BHIIQJIKy PIBHAHHS (2) € HEBU3HAYCHUM, OCKIJIBKH
B HBOMY iCHY€ TPH HEBIiIOMIX (¢h , (09 , @d ), IO Ja€ HeCKiHUCHHY MHOKHUHY po3B’s3KiB. OTHAK BiIOMO, IO

JUIS OpraHizamii mpouecy BpiBHOBa)keHHs fociipKyBaHe kosio GIIK miakirouaroTs B IESIKY CTPYKTYPY aKTHBHUX
KOMITOHEHT, SIKa BU3HAU€HA IIOA0 IIMHM HYJIBOBOTO PIiBHS, 1 KA MICTHTBH AESKE IKEPENO TECTOBOTO CHUTHAIY

VO 1 JDKCPEIIO CUrHally, 10 NPU3BOJAUTH AOCIIXKYBAHE KOJIO y CTaH p1BHOBAru. HpI/I IbOMY, BU3HAYAETHCA

OpI€HTAIliS TOIIOCIB TOCTIKYBaHOTO YOTHPHITONIOCHUKA MIOAO WX CUTHANIB 1 IIMHA HYJIBOBOTO pIiBHSA, a
OCKIJIbKM 3HA4EHHsI TECTOBOTO CHUTHATY i NMOTEHLIAI IIMHU HYJIBOBOTO PIBHS € BENMYMHAMH HE3AJIC)KHHUMH, B
piBHSAHHI (2) BU3HAYUTHCS TUTBKHU OJMH 3aJIC)KHUN MOTEHITIAM, 3HAYCHHS IKOTO (POPMYETHCS PKEPETIOM CUTHAITY
BPIBHOBa)KCHHSI.

TakuM 4YMHOM, PO3IJISJal0YH 3HAYCHHS CUIHAY BPIBHOB)XXEHHS K IIYKaHY 3MiHHY, 32 YMOBH BH3HA4YeH-
Hsl Opi€HTALIl MOJIOCIB YOTHPHIIONIOCHUKA, IO JIMIIHUIIKNCS, PIBHSHHS BpiBHOBaKeHHs (2) Oyne MaTtu eauHHUNA
PO3B'SA30K, 110 1 3a0€3MeUnTh PO34WICHOBYBAaHHS KOJIa TUIYy TPUKYTHHK. [IpH 1[bOMY, HEOJHO3HAUHICTH BHOOPY
TMOJIIOCIB JUTS i IKITFOYESHHS TECTOBOTO CUTHAJY, IMHKU HYJIbOBOTO PIBHS 1 CUTHAITY BPIBHOBa)KEHHS 3yMOBIIIOIOTh
HIMPOKE PI3HOMAHITTSI METO/IB PO3B’A3KY 3a[aul ITYYHOTI'O PO34JICHYBaHHS 3aMKHEHHUX KiJI.

3 Bupasy (2) oueBMIHi TPM MOXNJIMBMX BapianTh BHOOpY mykanoi sminmoi: Up =@y Uy =@y ;
u
TECTOBOT'O CUTHAJY 1 IIMHHU HYJbOBOrO piBHA. KpiM TOro, [Kepeso TeCTOBOro CHIHATY MOXKE IMiAKIFOYATHCS K
CTOCOBHO IIMHU HYJILOBOT'O PIBHS, TaK i MOJIIOCY IIyKaHOi 3MiHHOI. OTXe, iCHYE NBaHAALSATH MOMJIMBHX CIIO-

co0iB pO3B's3aHHS 3a/a4i PO3WICHYBaHHS 3aMKHEHHX KUI. I KOXHOTO 3 IHX CIIOCOOIB 3 HEBH3HAYCHOTO
PIBHSHHS BPIBHOBa)KCHHS (2) MOYKHA OTPHUMATH BiAIOBIIHI PIBHSHHS BPIBHOBa)KCHHSI, 110 OYIyTh BXKE BU3HAYE-

g= (Dg . IIpu mpoMy JUT KOXKHOTO 3 HAX MOJKHA peaji3yBaTH IO JBi iHBEpCHI KOH(DIrypamii miaKITo9eH s

HHUMMU, 1 K1 6y}1yTB OImMCyBaTHu p13H1 METOaHN 130II$[H11 JBOIIOJIFOCHUKA Y Bl}l JIBOI'[OJ'HOCHI/IKIB Y Yh
HpO&HaﬂlBYCMO plBHSIHHiI (2) 3 MCTOI0 OTPUMAHHSA BHU3HAYCHUX plBHSIHB BplBHOBa)KCHHH. HexaI/I, Harpu-

KJIaJl, MyKaHoto 3MinHoio € notenuian Uy = @, . Bunecemo 3a Jly)Kku CIBMHOXHHK P 11ilf 3MiHHH i 103Ha-

YHMO HOTO SK Bh = YX / (YX + YS + YO ) , BHACIILIOK 4OTr0 (2) IEpENUIIEThCS y BUTIIAIL:
{uh_((Dg(1+Y0/Yx)_¢dYo/Yx)}Bh:O- 3)

B orpumaHoMy piBHSHHI Motoc h BU3HAYAETHCS K TOJIOC LIYKAHOI 3MIiHHOI, OMHAK HPH LBOMY ILIE HE
BU3HAYCHHUI MOJIOC, IO MiJAKIFOYA€THCS OO IIMHE HYJIBOBOTO PIiBHS, @ TAKOXX HE BH3HAYCHHI CIOCIO MiAKIiO-
YeHHS [DKepesia TeCTOBOrO CUTHaiy. J[OpiBHIOIOYM 1O 4ep3i A0 Hyss MOTCHIald He3aJeKHHUX IMOMICIB 10-
crmimkyBanoro kona GIIK, 1o nuinmics micis BUSHAYCHHS TOJOCA IMiJKITFOUSHHS! ITYKaHOI 3MIHHOI, piBHAHHS
(3) po3ib'eTbest HA 1BA PIBHAHHS:
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(uﬁg +@q Yo/Yx)ﬂh =0; (4)

(68, - g0+ Yo /¥, i =0, (5)

JIe BEpXHIill iHIEKC BU3HAYAE TIONIOC HAJAXOJUTh TECTOBHHA CHTHAN, a APYTHH HIDKHIN 1HIEKC BH3HAUYA€E IOIOC,
II0 IiIKIFOYAETHCS A0 IIUHA HYJIHOBOTO PiBHS.

Tenep, K110 y KOXKHOMY 3 PiBHSHB (4) 1 (5) BU3HAYHTH CTIOCIO MiAKIIIOYCHHS JKepeia TECTOBOTO CHTHAIY,
JUTA KOYKHOTO 3 HUX OTPUMAEMO TI0 [1BA PIBHAHHS, SIKi BiAIIOBINAIOTH BUITAJKaM 3a3€MIICHOTO 1 HE3a3eMIICHOTO
JUKepelia TeCTOBOTO curHaiy. [Ipu 1poMy, B MepIIoMy BUMAIKY 3HAUCHHs HAMPYTH HA MOJOCI, Kyau Oyne HaJ-

XOIUTH TECTOBHUM CUTHAJ BH3HAYAETHCS 3HAUCHHIM VO , @ B IPyroMy — BU3HAYATUCA K JOAATOK VO + Uh .

( +V YO/Y) =0; A
(uhg+V YO/Y +Y ) ©

( Upg — (1+Y0/Y ))ﬂh =
(uﬁd +V0(1+YX/Y0)),B -0

B oTpumaHux piBHSHHSX JBa BEPXHi iHAEKCH NPH IIyKaHiN 3MIHHIM BiJIIOBINAIOTH MONIOCAM YOTHPHIIO-
JFOCHHKA BPIBHOBAXKCHHS, PI3HUIS IIOTEHIIATiB MK SIKHMH BU3HAYA€THCS 3HAYCHHAM CHTHAIY JDKEpesa TeCTO-
BOTO BIUTHBY.

()

JIOTPUMYIOUHCh TAKMX came MPaBWIl iHAeKcail, Juisl mykanux 3vinanx Uy = @q i l]g = (pg MOKHA 3a-

MUCATH BiCIM BiINOBITHIX BHPA3iB IS TIOBHICTIO BU3HAYCHUX PIBHSIHD PIBHOBAKCHHS:

(Ugg +Vo Y.x/Yo):Bd =0

(8)
(udg Vo Yy /(Yo +Y ))

( ush Vo 1+YX/Y )

©)
Vo Yo ¥y s =0;

oge
(0~ Yo /(7Y )),B —0;

(u -V, YO/Y ),Bg = (10)
(Ugg —Vo Y-x/(Y'x"'Yo ))ﬂg =0; "
(“gg Vo Y.x/Yo):B.g =0. ’ (1)

ne [y :Yo/(Yx +Ys +Yo); By = (Yo "‘Yx)/(Yx +Ys "'Yo)-

Takum gnHOM, piBHSAHHS (6)-(11) OMHCYIOTH TBaHAAIATH MOBHICTIO BH3HAYCHHUX PIBHSIHD BPiBHOBA)KEHHS,
KOXHE 3 SIKAX BiATOBIa€ KOHKPETHUM METOJIaM BPiBHOBa)KEHHs AociimkyBaHoro koja Gpx. CyKymHICTh mHX
PIBHSIHb MO’KHA PO3IJISIATH SIK y3arajbHEHYy MaTeMaTH4Hy MOJENb 3aJadl MTYYHOIO PO3WICHOBYBAHHS 3aMK-
HEeHUX Kil. J{J1st CIpoleH sl BUKJIaeHb TaKy MOJENIb 3pYYHO ONMMCYBAaTH MAaTPUUYHHUM PiBHSHHSIM, IO JJO3BOJISIE
3IMCHIOBATH MOJAJIBIII JOCIIKEHHS 13 3arajibHOI TOYKH 30py. st Toro, 1mo0 3AiHCHUTH Takui mepexin Bia
KOHKPETHHX PIBHSAHB JI0 3aTJIbHOT0, BBEIEMO JUIsl CKJIJIOBUX WICHIB [IUX PIBHAHb TaKi MO3HAYECHHS.

(U-vw)p=o0, (12)
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ne U — nmiaronansHa MaTpuus MmyKaHHX 3MiHHHX CYKYITHOCTI MOBHICTIO BH3HAYEHUX PiBHAHb BPiBHOBAKEHHS;
W - niaronanbHa MaTpuils CHiBBiIHOIIEHb NAPAMETPIB NACUBHUX 3MIiHHUX, f§ — BEKTOP-CTOBIELL HOPMAi-
3YIOYHX MHOKHUKIB (KOe(II[i€HTiB 3BOPOTHOTO 3B’S3KY).

3 ananizy (12) 6e3mocepeHb0 BUAHO, IO OCKUIBKY 3HAYCHHS KOOPAWHAT BEKTOpa B HE JIOPIBHIOIOTH HY-

JF0, TO JUISL TOTO LIO0 JIOCHIPKyBaHE KOJIO 3HAXOAWJIOCS y CTaHi PIBHOBArW, HyINIO MOBHHEH IOpIBHIOBATH,
CHIBMHOXHUK TPH LIbOMY BeKTOpi. TOOTO CTaH piBHOBAarM OMUCYETHCS BHPa30M

U=VW. (13)

Bupa3s (13) Oyze BimnoBigatu AifiCHOCTI TUTBKH Y BUIAKY 1A€aTbHUX XapaKTEePUCTHK MPUCTPOIO BPiBHO-
Ba)XEHHs, TOOTO KOJM KPYTH3HAa IEPETBOPEHb MPUCTPOIO BPIBHOBKEHHS O Ta HOro BXiJHa MPOBIIHICTH

35 0yAyTh NparHyTH 10 HECKIHYEHHOCTI, a BUXiJHA MPOBIAHICTb Y3a40yae MparayTu 1o Hyns. B peanbHux

JKE€ yMOBaX, 3aCTOCOBYIOUHM METOIH Teopii rpadis, 30kpeMa, JBOHaNpaBieHuX [9] mepenatHa QyHKIisS TEpBUH-
HOTO NepeTBOpIOBayda Oy/ie ONMMCYBAaTUCH BUPA3OM:

1+Y0ut/yéé6a (14)
a_l|:(ﬂ_1+Y)-/a6)+ (Yin +Ys + Yas :|

out  Yaes

W =W,

Jac WO - 3HAYCHHI NEpeaaTHO1 ¢)yHKH11 nepeTBOproBayva 3 11ICAJIbHUMHU XapaKTCPUCTUKaMU TMIPUCTPOIO BPIBHO-

Baxenns, a Yj, (Yo a6o Yy ) ta Y ¢ (Yy a60 Y, ) — iMresaHcy ABOMIOIIOCHUKIB BIANOBIZHO IIPSMOTO Ta 3B0-

POTHBOTO 3B’3KiB aKTHBHOTO €JIeMEHTa (OIepaIlifiHoTO MMiICHToBaYa).

Tabnuus 1 — 3HaueHHs eJIeMEHTIB MAaTPUIli piBHSHH BpiBHOBaXKeHHsI (12)

0 VoWt O e
Ph P4 Pq W, B

Ll u Vo 0 WS =Y, Vo B =Y, [V +Ys+Y,)
2 oy | ugeve | ° wﬂg‘ Yo /lto+¥s) | AE=Eea Vo)l verve)
S| uf ° Vo 5 =V +Yo )Y, B =Y [V +Y5 +Y,)
! U5y 0 Ufg +Vo Wy —( +Y0)/Yo B =Y, [y 4V +Y,)
Vo lge ° Wag ==Y, /Yo Big =Yo [V +Ys +Y,)
O g +Vo | udg ° Wi =Y, 0, +Y,) | AR =B o) Y,
! 0 ady Vo Wi g —(Y +Y )/Y B =Y,/ 4V +Y,)
8 0 ud 0 Vo | Wl =(V, +Y, )Yy B =Y, [V +Y,+Y,)
o o Vo udh W =Y, /(¥ +Y,) Bt = Yo )+ Yo +Y)
o] 0 |y, [ ol wgh— Yo /Yy B =Y /(Yo o)
ul v, 0 ahd WhY =Y, /0y +Y,) | B = O o) v+ o)
12 afe +v, 0 ik Whe =Y, /Y, Bod =Yo/(F +Y+Y,)
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. - oo . -1 -1.
Ananizyroun Bupas (14) MoxkHa JIHTH BUCHOBKY, 10 YIEHH, AKi MiCTATh cHiBMHOKHUKH O ~ Y., .0 7 i

Ygx & =~ MaloTh MeHIUI MOPSKU MATIOCTI i HUMH MOKHA 3HeBaXHUTH. Takum unHoM (14) MOXKHA nepenucatu y

BUIJISII:

W =W, (1+7), (15)

j=-frap]",

Jie  BU3HAYa€ MyJIbTUIUTIKATHBHY CKIIAJI0BY IIOXHOKH IEPETBOPEHD,  BUXIJHMUIT CUTHAII IepeTBOpIoBaYasB 0y-

J€ BU3HA4YaATHUCA BHpaSOM:
U =V,W,(1+7).

Buxonsuu 3 BUIlE BUKIAJCHOTO, MOXHA JIHTH BUCHOBKY, IO KOJH NPUTPHUMYBATHCS 3a3HAYCHUM BHIIIC
MpaBWJIaM iHAEKCAMii i 9ac KOHKPETHOTO PO3B’s3aHHSA 3a/1avi BPIBHOBAXKCHHS TOCITIKYBaHUX Kill, TO TIPaBH-
Jla BU3HAYCHHsI TaKOl CHCTeMH iHJeKcallii (opMalbHO MOXKHA PO3IIISAATH SK y3aralbHEHUH alrOpUTM CHHTE3Y
CTPYKTYPHHX CXEM MEPETBOPIOBAYIB MTApaMETPIiB €IEMEHTIB 3aMKHEHHX €JICKTPUYHUX KiJL.

TakuM 9rHOM (HOPMYJIH, IO OMUCYIOTh KOHKPETHI PO3B’sI3aHHS 3a/1a4i BPiIBHOBAXKECHHSI Oy yTh BU3HAYATH
(yHKIIT IepeTBOPEHHSI BIAMOBIAHUX CTPYKTYp HepeTBopioBayiB. KOHKpETHI CTPYKTYpHI CXeMH IepeTBOpPIOBa-
4iB, 110 TOOYIOBaHI i3 3aCTOCYBAHHSM BHUIICONUACAHOTO aJITOPUTMY, HaBEJICHI y Ta0. 2.

JIyist yeix CTPYKTYPHHUX CXEM EIeKTPHYHA 130JIS1IisI TOCIIKYBAaHUX JBOIMOIIOCHHUKIB YX BiJl IBOIIOJTFOCHHU-
Ka Ys 3a0e3neuyeThCsl 32 YMOBH JIOCSTHEHHS PIBHOBArdW IOTCHIIANIB HA IOJIFOCAX JIBOIIOIIOCHUKA YS' Cran
piBHOBar# JUIsl TPYI CTPYKTYPHHUX CXEM Ch i Cd JOCATAETHCA IIiJT Yac BPIBHOBAXXCHHS CTPYMIB, a JJIs TPYIH

CTPYKTYPHHUX CXEM Cg — Mif] 9ac BPiBHOBa)KCHHS HAIIPYT.

Jnst ycix CTpYKTYPHHX CXeM €JIEeKTPHUYHA i30JI1is JOCTIUKYBaHUX ABOTIOJIIOCHHKIB YX BiJl IBOTIOJIFOCHU-
Ka YS 3a0e3MeuyeThCsl 32 YMOBHU JOCSTHEHHsI PIBHOBArd MOTEHINAIIB HA IMOJIOCAX JBOIMOJIIOCHHKA YS' Cran
PIBHOBAru Iyisi IpyIl CTPYKTYPHUX CXEM Ch i Cd JIOCSITaeThCA MiJl Yac BPIBHOBKEHHS CTPYMIB, a JUIsl TPYIU

CTPYKTYPHHUX CXEM Cg — Mifl 9ac BPiBHOBa)KCHHS HAIIPYT.

HaBeneHni BuIe CTpYKTYpHI CXeMH pO3IIISAIAIOTHCS Hajall sk 0a30Bl CTPYKTypH HEpeTBOpIOBadiB mapa-
METpIB €JIEMEHTIB Y 3aMKHEHHUX KOJaX.
3 aHamizy BUpa3iB y Tabs. 1 MOXKHA 3pOOUTH 3pOOUTH BUCHOBKH IO 3aCTOCOBYIOYH JIBA TIEPETBOPEHHS Y

CTPYKTypax IO MaloTh OJHAKOBi 3HAUEHHs HOPMAaJi3yIOUMX MHOXHHMKIB [ i posdimutu ix pe3ynpraTh meper-

BOpPEHb MOKHA BHUKJIIOUUTH MYJIbTUIUIIKATUBHY CKJIQJIOBY IOXHOKH, IPU IIFOMY OTPUMATH JiHIIHY 3aJI€KHICT
L dh hd . ~dh hd .
MepeTBOpPeHb. Jo Takux map CTPYKTYp CIiJ BITHECTH MapH Chg / Cdg i Cgh / Cdg . [Ipu upomy mepenatHi

¢yHKmii 11 uX map Oy yTh BU3HAYATHCH SIK:

W(CP?S/CCTS )=Y0/Yx '
W(CGh /Cls ) =Y, /Yy

A00, SKIIO MMOMIHATH MICISIMH YUCEIbHUKH 31 3HAMEHHUKAMH, OTPUMAEMO (HHKITIIO

w=Y,/Y,.
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Tabnuus 2 — ba3zoBi CTPYKTYpH IIEpETBOPIOBAYIB

Cﬁg uhg_ V(1+?’ ) o/Yx

el =l o M +Ye) e alh vl ), Yo )
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IponorxeHHs Tadi. 2

Ugg =Vo(1+?ggyx/(Yx+Yo) CSR USE=V0(1+?SE)Y0/(YX+Y0)

Y
S ° d
!IIB
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