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Beryn
BHH POIBMTOK PafioeneKTPOHIKK i JasepHOT
30Kpema, 3yMOBHB Gesniu TeXHiYHMX pilens
ami3allil METOJIiB CIIEKTPAIBHOTO NePETBOPEHHS
uraany. B po6ori [1] noeena 1oninbHicTs onro-
TPOHHOTO METOJLY CHEKTPAILHOTO EPETBOPEHHS pa-
ATy YIBTPAHH3BKHUX HACTOT, 30KPeMa, MHOKEHHS
40T 4aCTOTH pajiOCHIHAIY 3 JIOBLIBHOIO JeBiali€ro.
[2] npoananizoBani KOHCTPYKLs | MPHHIHN il
litoonTiunoro nepersoproaya (MOIT) crexTpa pa-

YK 681.5.015:621.376.32 (045)
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JAWHAMIYMHA MO/IE/Ib MATHITOONITUYHOI'O INEPETBOPIOBAYA
CIIEKTPA PAIIOCUTHAJTY

JIOCHTHAITY HA OCHOBI iTpieBoro (epuT-rpanara (Y,Fe,0,.)
i nposesiena ineHTH IKALIS OTPHMAHKX EKCIIEPHMEH-
TAJBHUX XapaKTePHCTHK NIEPeTBOPIOBAYA 32 JOTIOMOT0I0
anpoKchMal T MeToIoM HafiMeHIIMX KBanparis [3], BHa-
CITiJIOK 4OT0 OTPHMAHI AHAITHIHI BHPA3H, 110 ONHCYIOTh
3AIEKHOCTI KyTa NOBOPOTY INONIMHHA NONAPH3Ai CBIT-
J1a BiJl BeTMUMHH NTiAMArHivyBansHOTO cTpyMy MOIL
Cnin npoBecTH PO3PAXyHOK HEOOXIIHOTO 3HAYEHHS
iAMArHiYyBaNTEHONO CTPYMy JUIS 3aJaHOTO 3HAYCHHS
KyTa MOBOPOTY MIOMMHM NOAAPH3aUil ciTia, To6TO
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OTPHMATH AHANITHYHI 3aNeXHOCTI [ =/(®) HAa OCHOBI
eKCIIePHMEHTATbHAX IaHAX, IPEICTABNEHNX B [2], 3a 10~
IOMOTOI0 AMPOKCHMALLT METOIOM HaHMEHIINX KBaIpaTis
[3, 4]. HeofxiaHo BiA3Ha9uTH, WO LA 3aBJaHb Kepy-
sarHs MOIT Gigbir BaXKIHBO MaTH 3anexsHocTi /=/©),
OCKUIbKH KepyBAHHSA CIIEKTPAJIGHUM IEPETBOPEHHAM
3AIHCHIOETECA LUIAXOM 3MiHH KyTa MOBOPOTY IUIOMIHHA
nonApu3alii CRITIA © , BENHYHHY AKONO MOXHA BUOHpa-
TH, 3a/al04M HeOOXiJHi 3HAYCHHS MiIMArHiTyBaNTEHOTO
crpymy. OTpuMaHi aHamiTHYHI 3aJ1eKHOCTI GyIIyTh BHKO-
pucTasi npu cuHTesi AMHaMiuHol Mogeni MOIT.

IMocmanoska sadaui docaidxcens. 3aady AOCHiKEH-
Hi CHOpMYITIOEMO i peatizyemMo 3a HanpsMamu:

- CHHTE3 aHAIITHYHMX 3aleXHOCTEH CTaTHYHMX
xapaxrepuctrk MOTI niamaruisysansHoro cTpymy Bin
KyTa MOBOPOTY MIOUIMHM MOAPH3ANi;

- cuHTE3 nMHamivHOi Moaeni MOIT;

- JOCHiDKeHHs AMHaMivHEX Bractieocteil MOIL

Konempyryin i xapakmepucmuku 00CniodiCysanozo
MOII cnexmpa padiocuenany

Ha prc. 1 306paena koncrpykiis MOII cnekrpa pa-
niocurrany [2]. CeiTio Bix Jukepena | NpOXomuTs yepes
binsTp 2, GokycysansHy ninsy 3, nomspusarop 4 i notim
HAJXOMMTH 10 MATHITOONITHYHOTO AKTHBHOTO 3paska 5.

Critnosuii nmpoMinb, GaraTopazoBo BiiGHBAIOYHCH
MiZK J3epKanamu 6, BAXOAMTS 3 MOIYNATOPA Yepes Apyry
Jtiaparmy, NoTiM MPOXOANTH Yepe3 GOKyCyBambHy NiH3Y
7, ananizatop 8 i nepersopioeTsea doTonpuitvaienm 9 Ha
€IEKTPHYHMH CUrHall, N-a rapMOHiKa AKOTO BHALIAETHCH
BY3bKOCMYTOBMM Nizichmosadem 10. Koprye Mogynatopa
11, aKuil BHKOHYE Pa3oM 3 AKTHBHHM KPHCTAIOM (yHK-
WiT 3aMKHYTONO MarHiTONpPOBOMY, BUIOTOBNCHHIT 3 1O~
kpucraniunoro deputy HM-1500. Yeepennui nporo pos-
millleHa miAMarkigyBansia 06MoTka 12, o BHKOHAHA Y
sursni GeskapkacHoi korymiku (100 sutkis, apir I[TEB,
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Puc. I. Cupomena kouctpykuis MOIL: 1 — aam-
na poskaprosanns KUM-100; 2 — dinerp (kpemuiena
naacrtuaka); 3, 7 — gokycysansni ginn; 4, 8 — nossi-
poimu MITH-2; 5 — akTupHuii 3pasox MOII; 6 — 13ep-
Kana; 9 — doronpuitvay ®TT-4; 10 — By3sKocMyro-
Buil mizcumosay 3 RC-QinbTpoM, BHKOHAHMI HA
inTerpanbuiit cxemi K-1-YT.401B; 11 — koprye MOIT;
12 — nigmaruivyBaabua 06MOTKA 3 AKTHBHUM OIOPOM
10 Om; 13 - posnimManus
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Puc. 2. 3anexnicTb BeqHYHHH I
JILHOTO cTPyMy / BiR KyTa moBopoty
sasipusanii ceitaa © npu oguo- (1), Tpu-
(5) i cemu- (7) pasoBomy npoxomenni caii
3pasoK

250 3 350 400

niamertp 0,2 Mm). MarmitoonTasHumi
BHpi3aHuit 3 Mpo3oporo B GrmkHii iHp)
JIACTi CrIeKTpa MOHOKPHCTAIY iTpieBoro dep:
(Y,Fe,0,,)y opmi umnisapa aiamerpon 10 mu!
KH 8,5 M.

Ha pic.2 HaBeena 3a1eHiCTh MiIMarHit
CTPYMy B KOTymIKax 12 Bif KyTa NoBopoty.
JIApH3ALIT, BIIMOBIAHICTE MiX MapaMeTpam
zieno B Tabn. 1 [2].

Cunmes ananimusHux 3anejchocmei cm
paxkmepucmux MOIT

B [2] 22 nonomoroio mMetony Haiimel
[3] orpumani xapakrepuctakn MOII y Bi
CHMYIOYHX MOJHOMIB 4-T0 CTYNeHs, fKi Bl
NIeKHOCT] KyTa IOBOPOTY MIIOUIHHH NOMAPH3A
© Bill BEIMYMHH MIMATHITyBABHOIO CTP)

Tabanus sianosianocTi xapexTepH

Ty swrni
crpym 1. %A
Canopaone
o (oo (0] 40 | 60 |68 |75 | [ 85 fan
2 |uponens
Towpmaone
npoommeuns 0100 [ 150 | 175|187 | 193 f202 f2t0
npoueus A
Therpesne
marozecin
npovens
Comupaone
mpoxaxeu [0 |200 (310 | 385|385 | 410 421 i
nposens

0|10 {20 | 40| 60 | 0 | 100120

0140 | 230 | 278 | 300 | 114 | 323 | 330
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ABIALIIIHUM TPAHCITOPT

aHi Taki pe3ynETaTH PO3PaXyHKIB koeilienTiB  KoedimienTn anpokcuMyrounx moninomis. Jls pospa-
104HX TIOTIHOMIB 4-TO CTyTeHs: XYHKY BHKOPHCTOBYEMO NMPUKIAHMI MAKET CHMBOMBHOL

)it OIHOPA30BOMY NPOXODKEHH] IPOMEHI: maremarnkn MathCAD 11a. Ha puc.3 HaBeneHi excire-
86352774 2.98181./ 004371 /7 +2,73315.10°* -1 ~5,93029.107 . /*;(1)  PHMEHTaIBHI i ANPOKCHMYIOUI 3aJIEKHOCTI 30BHILIHIX
TPHPA30OBOMY TPOXO/DKEHHI MPOMEHS: xapakreprctik MOIL

64709748007 1 ~ 004369 1° +1.41163:10°* 1" ~9.39803.10* -13(2)
I'ATHPA30BOMY NPOXO/KEHHI NPOMEHS: I, mh
(4681741266241 1 ~019136-1° +119977.10" -1 ~2,59385.10* -/ (3) 200
i CEMHPA30BOMY MPOXOJDKEHHI POMEHS:

230353 416330221 ~0,24894. /7 +15799-10” - 1" ~3.44661.10° - 1* (4) 160
npaktuit 3acrocysans MOIT vacriure BunuKae
3aB/JAHHA: BU3HAYCHHSA BETUYMHA HEOOXinHOrO
iuyBaJIHOTO CTPYMY JUIS OTPHMAHHA HeOOXiHO-
12 IOBOPOTY MUIOILMHH NoNspu3alii © . Moxiuse
fttcenbie pitenns wiel 3aayi 3a 10MOMOroro Bi-
}H4). Tomy CKOPHCTAEMOCA METONMKOK) Alpok-
METOZIOM HaiMEHWIHX KBAJpPaTiB, BUKIAJACHOI
] | BHKOPHCTAHOK) /IS OTPHMAHHA AHAJITHYHHX
tiiocteii MOTT /=/(©), Anpokcumyiouy 3aiexHicTs
0 Y BUITLA CTENEHEBOTO NOMiHOMA:

=k +kO+k,0% +..+k,0" ) 4w
M= CTYTHD MIOTTHOMA; &4k, — koedinienTn

8; | — BeNMuMHA MiAMATHIYYBATBHOTO CTPYMY, 20
~ KYT MOBOPOTY MUIOWMHH MOAspH3auii

o
=1
=

100

80
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i BIIOMOMY ANPOKCHMYIOHOMY MosTiHOMI (5) MOX-

BaTH 3HAYEHHSA BUXiAHOl Bemmuman  1,(0,). 0 (RS | Ly
fX e 3HAYCHb BXIHOT Be/IMUHHH, jKi BBEeH] s %0 loo 150 200 250 30 350 400 450 300
T,n. TakuM THHOM, JUTA KOWKHOTO O, ———— EKCMEPUMEHT — — — — anpoKcuMayis
JiBa 3HAYECHHS HHXinHQT BEJIHYHHH: eKUnepHMCH-
®,)i pospaxyskoBe (anpoKCHMOBaHE) 1 (@‘) Puc. 3. ExcriepumentaibHi i anpokcumyioui 3a-

siekuocTi 30BHimKHIX xapakrepucruk MOIT musi Bu-
MAAKY ANPOKCHMYIOUOT0 MOJIHOMA 4-10 MOPSUIKY

Faboo +Kibuy +ksbig + oot kb,
Kabia +kby #hoby +otk b =y,

Otpumani Taki pesynsTaTH PO3paxyHKiB KoedinienTis
ANPOKCHMYK0YHX TOMIHOMIB 4-T0 CTyneHs:
= TIH OAHOPAIOBOMY MPOXOUKEHHI NPOMEHA:
1,,(0)=0,08556-5,67093-0+030551-0° - 515644-10”- 0" +2.96194-10* -0*;
(7) ~ TIpH TPHPR30BOMY NDOXOKEHH TIDOMENS:
(8)  1,(0)=002831-203422.0+0,0488-0° ~369375-10™. @' +9.41314:107 -0
= NpH 1'STHPAIOBOMY MPOXO/UKEHH] NPOMEHS:
Gicrewmi (6) Bigomi b, (7)1 v, (8), T06TO BoHa TIO-  [s(B)=005224-1.50972-0+002362-0" - 113381-10~.@' +1,78923:107-0":
BU3HAUEHA. = NIPH CEMUPAIOBOMY NPOXODKHH] TIPOMEHA:
1,,(©)=005563-083156-0+9,50755-10”-@° ~337514-10" @' +4,0586.10" . 0"
3navenna KpuTepiis A1eKBATHOCTI:
K, =4616%: K, =4245%; K, =4.692%: K, =4385%

A OUIHKH TOYHOCT] ANPOKCHMALLIT, 1O IPOBOIHTE-
pHCTAEMOCSA KpHTepiem ameksaTHOCTI [4], aKmit
JBHO L€l 3a7a4i npuiiMe BUITAN:

e, -1, fe.-e,)

Hunamivna modens MOIT

100%. ©9) Amani3 crarnannx Xapakrepuctuk MOIT nokasye, mo

JIOCITIUKYBaHHiT IEPETBOPIOBAY € HEJiHIHAM i NiHeapn-
A0y Ha Te, O PO3PaxyHOK Koe(ilieHTIB mo-  3awis HOTo XapaKTepPHCTHKH MOXIMBA TibKH B HEBEIH-
B [2] nokasaB HeaJleKBATHICTb ANPOKCHMYI040i  KOMY Okolli po6040i Toukm. [lis JOCHiHKEHHS IHHAMIKH
y Bl momisoMa 3-ro crynens, nposeneMo  MOIT HaBeneMo HOro CTPYKTYPY, IO CKIATAETECA 3 IBOX
0k koedinientis momiHoma 4-ro crynens. Bu-  naHok: anepiomuunoi, sixa BinoGpakae inepuiknicTs Ha-
rosyioun Bupas (7) i (8), BH3HaYaeMo mapaMeTp  POCTAHHA MiIMATHIYYBAIBHOTO CTPYMY B KOTYILII], i Helli-
CHCTEMH PIBHSHB (6), 3 AKOT TAKOK BH3HAYAEMO  HilHOrO KoeiuienTa miacunenns k(I) , axuii BizoGpakac

9,)
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Puc. 5. Bikno nactpoioBanns bioka
Look-Up Table (2-d)

Puc. 6. Tlepexinuii nponec npu TPHPAIOBOMY
NPOXOAeRi npoMenst
XapaKTep HEMHIHOTO 3B'A3KY MIX MiAMATHIMYBATEHHM
cTpymoMm / Ta KyTOM NOBOPOTY MIOWIMHK Honspr3anii @ .
Simulink-moaens aanoi cTpykrypn 306pakena Ha puc. 4
Ha uiit Mozeni anepionuana nanka Transfer Fen 3i cra-
1010 gacy mopsaky | we aBase cobowo miaMarsivyBats-
Hy obmotky, 6mox Look-up Table (2-d) — mesiniiinmii ko-
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ediuienT nincuaenns MOIL, sikno HacTporoBaHHA b
6710Ka HABEAECHO HA PHC. 5, A€ y Bikii MATPHIL BIKIA
BENWMHH 3anat0Thest Tabmani sianosiaxocti MO (g
tabn.). Brrok Step npuasaueHmii w14 3aBAAHHA
HH KIIEPYBa/IBHOTO CTpyMmy, 6ok Constant — ai
9HMCIA KPATHOCTI NMPOXOMUKCHHS MPOMEHs HYepes
Huit 3pasok. Ha puc. 4 Hasenena moxens am
TPHPA30BOTO MPOXOIKEHHS TPOMEHS, OCKLTHKH Bl
apyra xapaxrepuctika MOTI

Crpubronoaibua 3mina cTpymy B 0OMOTI NP}
110 nosiBy nepexinHoro npouecy (puc. 6).

Bucuoku

IIpoBesieHi PO3PaxyHKH 33 BHIHATCHHAM
HUX CTIBBIAHOIICHD 32J€KHOCTEH KyTa rOBOPOTY
IMMHA NONAPHIANI] BiA BeNHIHHE MiIMArHIMYS
CTPYMY MPH PI3HHX KPATHOCTAX BiIA3CPKANCHA
a1 B axrusHiit pedosuni MOIT no3sonsiors B
3a7avy BU3HAUYCHHS HEOOXIMHOTO mimMarHiv)
CTpyMy He rpadiuHuM, a AHANITHYHEM MCTOIOM,
MaTH3yBaTH 3714y NOMYKy HeobXimHOT B
sanns. Jusamivna mozens MOIT 10380ns€ Tpoat
iMiTauiiHe MOJCTIOBAHHS, MO 3HATHO CTIPOMIYE 38
NOCTIDKEHHA IMHAMIKH NICPETBOPIOBAYA CTIEKTPA]
CHrHAJIB.
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