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OnbIT NTPUMEHEHUA UMUTALMOHHOW MOLENMA
rMAPOMEXAHUYECKWX ArPEFATOB NPW PASPABOTKE
LUPPOBOW CHCTEMbI ABTOMATUHYECKOIO YNPABNEHWS (CAY)
FrA3OTYPBMHHOIO ABUIrATENSA

fpedcmaaneno doceid 3 pospofu ma Iacmoecysanns mimayilinol wamesmamusnol soden! 2idpovexanivnur azpe-
zamia npu cmaopenni yhpoaol cuckeMu AEMOMaINHOZO KEPYEARKA Jsoxkonmypriy mypBopeasmuenic danzyuon 3
ghoprarcron kauwepoin 3ropaund (TRLTd) AH-222K-250 yyboso-Holiosoco eungyeaua JT-15 y Ianopizscomy sManno-
fvdignomy Koncmpysmopcskony Gopo v axadewiva fevenwo. Togna nocresenmua iMIMayiling Mamesmamuing Modens
dauayua ma idpovexaniviix azpezamis CAY peayizocana y ceaadi pozpotitenozo cmendogezo peyianopa asiaififinoso
aauzyma muny KAH-25.

Experience of development and application of simulation mathematical model of hydromechanical ageregates at
creation of the digital awiomaiic control system of wAl-222K-25F» turbo-jet bypass engine with afterburner «l-15 fighier
on the wivchenko-Progressy Zaporozhye Design Bureau is presented. Real-time dynamic model of the engine and
hydromechanic aggregates of the auromatic control system ix realized in composition with developed aviation engine

siand regulaior («KAI-25F ).

Buenenne

B nepuon 1999-2009 rogoe B 3anopoicrom KONCTRY K-
TopckosM Gopo (3MEE) wm, akanemnka AT, Heuenko Guin
co3laH neperlil yepanucknii popcupopanimii ra3oTypony-
Helf geurarens AM-222K-250, npu pazpaloTke 0 HCNBITaHH-
AX KOTOPOND Dbl NPUMEHEH CHELHANHINPOBAHHBIR HCLITA-
TenbHb crenn [1].

OCHD BHBIC TPE'EDEE]IH:FI K CTCHOAM, NPCIHAIHAYEHHBIM
114 HCMBTAHKH aBHALNOINILIX OBHraTeneil, W3N0meH, B 0T-
pacnesoM cTaaapre OCT 1 01021-93 [2] v srmonatot Heobxo-
JHMOCTE HCNONLIDEAHHA B COCTABE CHCTEM HCNMBITATCAEHOMD
CTEHA CNeUHANBHOH AETOMaTHI HpoBRAHHOD H cHcTenbl ynpage-
JIeHHA TEXHOTOrHYeCKHM npoueccom uenstanuii (ACY TIT),

Jlankan cHeTema No cyeCTRYIOWIM TPpeGoBanianm 1o-
#HA ODECHEYHTE B TEMNE IKCIICPUMENTA TONEKD YIIPABASHHE
PERHHMOM HETIBITAH 1.

Mopmyanposanie npoiaenisl
JIna coxpanenys CpOKOR W 3aTpaT Ha paipaboTky anura-

Tend AH-222K-25 1 ero cucTeMbl aBTOMATHYECKOTD Y Npan-

neHna noTpefoBATack PeanIaLMA JON0HNTEABHLIX iy HE-

LM HEMBITATENBHOTO CTCHIA:

*  peanu3auns gy HEUMI peryTHpOBLHUA M HACTPOIIKH na-
pPaMETPOR PEVARTOPOR M JAKOHOE YNPARNENNA B Npo-
LECcce HCMBTAHKA,

*  IMeHCHNE PYHELMI perynHposaiua: NoLIepKanie 3a-
JAAHHOTO MOMOMEHHA :-"I'[PE._E..I'IIIJCIJJ.I,HX OpraHoB JRHrATENA,

rJC.:.".'I.'l._J.IU_."I

Ne1(31)'2011

PyUHNOS 3a0aHHE YOPALRIAIOUINE CHIHANOE Ha arperdthl
runpomexanwdeckoil wact (TMUY) CAY,;
= HmuTauns paborel CAY ¢ MOAEANPOBAHHEM AHHEMHKH
aeuratens w arperator IMY CAY B peanshom pemeni;
*  IMArHOCTHEA NAPAMETPOB H COCTORHHA HIMEPHTENbHEIX
Kananos CAY.
Takum oBpazoM, BOIHHKNA HeODXOAHMOCTb paspaboTii
CHNEUHATHIHPOBAHHOMD CTEHADEQTD PEF}"."Iﬂ.TﬂFIE comna fl]ﬂr.l-
cama [UIA BHAIOHEHHA €r0 B COCTAR HCMBITATENLHOMD CTEHIA.

Pewicine npodacsk

Il peleri Y kazaHHoi npodieMbl M COKPALLSHNA Bpe-
MEHH HA BHECEHKWE W an pﬁﬁﬂumﬂ COOTBETCTBYROWLHY HIME-
HeHui B napamerpul CAY HenocpencTBEHHO B npouccce
MOTOPHLIX NCMLITAHWA WIH Ja%e HENDCPENCTRERND B Npo-
LECCE ra3oBrH 023 BhiKIYEHHA DaHraTens Ouna PEJFJHEUTE'
Hal MONHAA HOWIEMEHTHAA HMHTALHOHHAA MaTEMaTH4eCcKan
monene aeurarens (ITTIMM) u MY CAY peansuoro spese-
wie. Coznanuas [TTNIMM Geina semiovena HenocpeacTReHHD B
COCTAR CTEHAOROID PETYIATOPA ABNMATEA ¢ COOTRETCTRYIO-
weii ee NpUBAIKOH K kannGpoRoy HEIM, TIPOTHBOMHEIM W APY-
FHM XAPAKTEPHCTHERM CTEHA0BO ODBA3KH ABUIATENA.

Omioit 13 KnouesblX 3a0a4 B 0DECMEMEHHH KaMeCTBa
MOIETHPOBAHHA ITHHAM KN 00bekTa ynpaanerna mna CAY
razoTypdnHnLiy aexratenes (I7TH) apnseTca aoctaroyHo
TOHHOS ONHCAHKE AHHAMHAKH MLAPOMEXAHHYSCKHX YCTPO ficTn
HArperaTos ABHMATEA.
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Hexoane My nanisiyvg 118 paipaborky nonyoi noane-
MeHTHOIT MaTemaTHueckoil moaenn arperatos MY CAY ap-
TAOTCA MPEAOCTABICHHENE paspaboTunkom arperaTon (Xapk-
KOBCKOE ArPEraTHOe KOHCTPY KTopcoke Gropo) reoMerpitec-
KHE W FHIPABJIHYECKHE NapaMeTPsl arperata.

Jna ofecneden e BOIMORKHOCTH PLATHIALHH MOASIN B
PealLHOM BPEMEHH YHHTLIBASTCH TONLKD pAd Andideperun-
ANbLHBIX YPABHEHH I HEPAIPLIBHOCTH TeucHHA pabovedl mua-
EOCTH B NONOCTHX CEpBONOpWHei u ruapouninnapos, [Tpn
ITOM HHEPUHOHHOCTEID NOABHAHEIX IMCMEHTOR a[‘p&rmﬂﬂ
I'MY ymanock npenebpedb.,

Kpome 31000, Npi peaan3aiini pacieTHOH cxemul peais-
Horo BFEMQHH BEOOMINCEL Q00 DJ‘[“HT’;.“ BHEIC JHIRMIMECKIE
CMEDCTH arperara, obecneynparouiHe DOSMOMIIOCT L HICKNIoS-
HUA HTEPALIHOKHEIX METOLOE PelUeHHA Anrebpaliec kX cHe-
TeM YpapHeHH A THAPABNHEN W NPHBEALHHA WX K nidide pen-
UHANEHBIM }'PLHE HEHHAM TANOAHEHHA eMROCTE iarperara.

Jina npuBAIKH MOJENH K PEANBHOMY ArPEraTy B COCTAR
MOJIENH BEITHOYMCHE Eﬂ:lliﬁpﬂﬂo‘-l]-lhie XAPAKTEPHCTHEH HIMES-
PHTEBLHBIX KAHANOE, 00eCne B IONINK CTHIKOBKY napaMeT-
poB MoAeNeHl rHAPOMENAHHHECKHUN arPEraTos ¢ PakTHHeCKH-
MH I'IH.FIBMI.:TPEI.MH.. ﬂﬁ.l'l}""'II.THHI.r]MH B p’EZf_‘_r'.'lhTﬂ.Tc CHHTHH MCT-
PONOMMYSCKIX XAPAKTEPUCTHE YAT0R B arperaTor (prec. 1), Ha-
cTpoiika napaMeTpoB MOLENI OCYLUSCTBAAETCH YTOIEHIEM
KOpPPeRTHPYIOWNN 3aBichimocTel, ofecnesaouns socnpo-
HIiBeaeHHE MOLENLIO ]JL"EI..'II:![I.JK I!IFIU.IJI‘[BG"IHLJF. XApaKTEPHC-
THE THUITHEHEIX K'D.'LH'EKTG]‘.IDB, nonyuYeHHLIX B ARpOLECCE NO-
J}’HHT}']‘JHHK HITH HATY PHEIX HCMBITAHM B PEEAME CTADHIHK-
JALLHH TIOJIOMEHHA Y IPABIA IOWNX OPraHos,

[T TTrrn————— g el k "

Puc. 1. Hanubposounbie XapauTepHcTHim
HIMEEHTEALHAIX HAHAMOE.

B okonuaTensnosM Bijle anropaTMel NPARAIEK Monened
[BHTATENA H arperaros ruapoMexannyeckoli 4actn CAY npea-
CTABNAKITCH B BHAE TabniuHbiX 3asMcuMocTeil, Menosikiye-
MBIX JUTA KOPPEKLUNH CHEHANOE H3MEPUTENEHEIN KAHANOR MO-
ACNH H YNPABRRIOWNK curuancs arperatos [MY (pue. 2) 1
HOCTYIHBIX A HIMEHEHTA ONEPATOPY CTEHAA,

Bepudmsaim nonuix noanemMesTHLX Monemer TMY CAY
Ha YCTAHOBHBLIHXCA Perhyax padoTsl ArperaTa oCyIMeCTRIAET-
€ 0 COOTBETCTRHID HIMEPEHHLIM MAPAMETPAM HA NONVHATYP-
HOM CTEHIIE MK B NPOLCSCCE HATYPHBIX HCOLITAHHE DBHIATENA.
Pacxomaenue NapaMeTpos MOLETH © WIMEPEHHBIM HE ITPEBkRI-
oo 0,2% ot padouero AnanaloHa wiMepeHui.
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Pirc, 2. Mpreaska mimepHTeneHEIX KaHANOE
noaoMeHH Ao3aropol.

Bepuipmrania THHAMHYECKHNX XAPARTEPHCTHE MOJERE
NPOHIBONNAECE NO IKCOEPHMENTANLHEBIM i PACHETHLIM DaH-
HEIM 10 JHHAMHEE HIMEHEHNA AaseHHil B OJ0CTAX Cepeo-
NOPLIHETT YNpasiAloLIHX Oprados arperaTa (pue. 3).
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Puc. 3. PesyneTarel BephdmKalih HmHTaLMORHON
mogenn MY CAY.

Moayuennwe matemaruueckne monean ['MY yeasbipa-
ANCE € MOASTAMH IHHAMHKH JBHTATENA, M0 CYTH HMHTHPYA
Bech OOBEKT YIPasIeHHA.

Januetil KoMness Mogeneii B pesnme HMHTALHOHHOTD
MOAETHPOBAHNA CTRIKDBANCA C UMPORKM PErVISTOPOM HA
YPOBHE M0 BXOOHBIX CHIHAT0B HIMEPHTEILHLIX KaHANOS o
BEIXOAHBIN YNIPABIAROILMY BO3NeicTEMl perynaTopa, HMuTe-
pya paloTy peryisTopa ¢ peaisHLM ABMrarenem [3].

“pU[‘pﬂMMHaﬂ. Pfﬂ_l'l HIALMA EMHTAUHOHHEIXY Moaened
Buinonuena B rpaduveckoil cpene nporpaMMupoBaHIA
LabView ana Windows XP (Mational [nstruments, CLLA).

B 1o e spems, TpeGoBaHHA HeCTROIO PEAlbHOID Bpe-
MelH DesycnoBHo HeoOXOIHMLIE [L18 PEATHIALNN LIrOpHT-
MO YIPABAeHHA ABHTATENEM, NOTPE0OBLTH CY LIECTEEHHBIN
younnii npu obecneyeHnK BOSMOMHOCTH PEANHIAINN ANro-
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PUTMOB YNPABACHHA 1A a%e MHOroIaAauHOR OnepaLHoy-
noit cuctemel Windows XP, uenonezvemoii B vromy cHime-
HHA oOwei cToHMOCTH paspaboTrH.

HecMoTpA Ha peanzalnio ANropHTMos B rpaduueckoil
cpene nporpaMsmuposanid LabView (pue.4) Gonee nonnyio
HHPOPMALKID ONEPATOPY CTEHAE O XoOe GopMHpOBaHHA
YNPaBARIOLINK BOAEHCTRNI| C BOIMOKHOCTRIO AOCTYNA K Ha-
CTpaHBACMBIM AapaMETRaM MOAEIH B PEAIBHOM EDEMCHN B
MPOUECCe HENBITAHIE A0CT HHTEPAKTHENAR NAHENL ONCPATO-
pa anropuTsa (pue.3). [Ina cpanHe MR PEACTABIEH NaHeb
aneparopa [TH-perynaTopa, peaniiosaHian B COCTABE HCMbl-
TATE/ILHOTD CTEHIA.
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Puc. 4. Cxema anropurma MNH-perynsrops & rpagpu-
YecKOM MpejcTasfeHun Ha Azsike LabView.

r[PI‘I MEHEHHE B COCTaBE FIPGI'FIE!MMH{!I ro obDecnéy EHHA
CTCHAOBOMD PECYAATOPA NOMEMCHTHLIX MATCMATHUCCKHX
momeneii MY CAY noaponiio cyniecTeeHHO MOBRCHTE TOM-
HOCTh BOCMpONIBEAEHHA ANHAMHEN 00BEKTA YIPABICHIA, B
HACTHOCTH 3A0SPHCK HA 3AN0NHCHHE ROANEKTOPOB (ropCi-
nofi kasepsl cropadia (PRC). Ouenka spésentulX napamer-
POB JAMN0JHEHHA EOUUICKTOPOE OCYIUICCTEIANACE METOTAMHM
AHANWIA HISHTHHUHPOBANNLIX HMITYIBCHBIX NEPEXOIHbIN
XAPAKTEPHCTHE MOISTHPYEMOre H HIMEPEHHOMD CHIHANOR
TMPH OOHOM W TOM #HE YNPABNAOLEM CHIHATE HA BXOAE MOae-
nu H peansioro arperata. [pu aTom sennurna Tpancnopt-
HOTO 33Na3NLBaHHA MENIY HIMEHEHHEMH YVIIPABRNAIOWETO
O3NS HICTRHA — IANANHOTD MONGKEHNL AO3ATOPOE, 1 BLX0a-
HOM CHIHANA — AABACHI TOMNNHBDL B KOMISKTOPE OLEHIEA-
JIECE MO KOMHYECTRY IHaqaltiinx h‘l:lfiil.ltl] HILEHTON Bxvinyn BCIIOT
KapakTepHeTHEM (puc. 6),

[pumenenite TeXHONOTHH COTIPOBOHEIAIOMIEND MOLEAH-
poania [ MH no3s0aHI0 VCOBEPLLEHCTBOBATL METON b (HLTb-
TPpaLHH HEHE‘PCHHHK curunanos CAY za cucr I-!,-'ICIITI-“[}IIKHLI:IIH
H YTOMHEHHA B PEANBHOM BPEMEHH MOASNEH WIMEPENNBIX
CHIHANOB, OOECNE M HE HCKIFOHE HHE BPEM EHHLIX 3IePHER H
NOBLILEHNE KAYeCTED kTR,

Ha ocHoBanki MaTemaTiyeckux mogeneit MY otpabo-
TAHBL H I:IpilHI:Hl.!:I i 8 cocTane CAY E.I'[I'DFI HTM Bl IHATHOCTH KN
cdoen HIMEPHTENEHEIX KaUAIOR, CVINECTREHNO PACIIHPHRE-
WHE ROIMOKHOCTH AONYCKORLIX H NEPEKPECTHRIY METOLOR

KOHTPOTIA.
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Pue. 3, MurepakTHBHas naHens oneparopa
PEASKTHDOBAHHA MAPAMETDOE AATOPHTME
MH-perynaTops 8 peansHOM BREMEHH,

[pusunn GopMupoBaHks AHATHOCTUHMECKODD CHIHAN
HCTIPABHOCTH H3IMEpHTEAbHOMD kadana CAY npu 3tom ocuo-
BHIBANCA HA HASHTHHKALMH B PEATRHOM BPEMENH CTATHCTI-
YeCcKHX Mmogene WYMOBBX XaPAKTEPHCTHE CHrHANA B OLIEH=
K€ HX COOTBCTCTHHA ITANOHHLIM MONCTAM,

B kauecTre cTaTHCTHYECKHX MONEneil CHIHAN0R HIMEpH-
TENLHEIX KAHANOB NPHMEHTIOTCA ARTOPETPECCHOHMBIE MO12-
A8 CO cROMABIAMEM cpeitmm. Tlpu nossaenum aedekra wame-
PHTENLNOND Kapala MOOens CTAaUHOHAPHOTe BPeMEeHHOro
CHTHANa Q8T CYUIECTBEHHBIE OWHOKM NPOrHO3A B CpasHe-
HHH € YTANOHHOH MOAENEI, 1TO M CEHACTENLCTEYET 00 OTKa-
32, JIehe kT peruCTpUpyeTCs B BHAE YECIHYME HHA 1Y Ma O111-
GOK MPOrHOSHPOBAHHA.

DipperTHEHOCTE NPHMEHEHNA VEZIANHLIX AAr0pHTMOR
noATECPHAC r'm, BHACTHOCTH, NPARIUILHBEIM AHAMCHOCTHROBA=
HHEM HADYLISHHA KOHTAKTA B PATLEME HIMEPHTENLHOMD Ka-
HANA JaBNEHNA BOLY XA 18 BenTunaTopom CAY TRIIM, no-
BASKLIETD, KAK BHAHO W3 PHE, 7, NOABNEHNE CKaY ROOOPAIHBIX
HIMEHEHHA HIMEPEHHOIO CHIHANTA 1A BXO0Oe UHGpORONo pe-
rynaTopa, AMAINTYIA TOMEX MPH ITOM He npeebichna 1,5%
OT AHana’loHa wiMepedds. Takoll nH3kuil yposeHbs nomex
COHIMCEPHM C NMOMPeIIHOCTRH HAMEPHTCNEHOMD K2HAMD W HE
MOWHET OLITE OTCEAH AMTYCKOBEHMH M NCPEKPECTHRIMA METO-
AME ROHTPOA. B To we BPEMA, YEATAHHOE IMEHEHWE Xa-
PAKTEPHCTHK CHITIANA MPHBOANT K BILLIN KM OTKIOHEHHAM
NOAOKEHHA YNPARTAIOWETD Oprana JaMEHYTOMO KoHTYpa
CTﬂﬁJIJ]IIEElUJIJI CTCNCHA NOBLILWICIHNA 1ABNEHHA BO3OYXA 34
BEHTHIATOPOM (pHE. 8).

DI‘[FI{'.JIEJ'EBIEHI:IE C NOMOL LR H.."l.l:.‘lt'l']rll.'lll-:l HHPOBAHHLIX 3Td-
NoINLIX ABTOPETPECCHONHLIX Modeneld owndkn NporHoia
WIMEPAEMOTO NAPAMETPA, KaK BHAHD W3 puc. FA), He npeew-
cunn 0,2% oT Ananazona uaMepenua,

B 10 me BpeMa IN8 OTKA3ABINErD KAaHANA JaBNeHH 3o
BEHTHIATOPOM OWHGKN NPOrHo3a cocTasnaioT nopaaka 1%
OT AMaNA3I0HA 3MEPEHNA, TO €CTh B 3 pa3 NPERBLILIAIOT aHa-
NOFHHKEY IO BENITTHHY B MOIEIH HCNPABHOND KAHANA, YTO YKe
BOOANE AOCTATOUHO [UIA PEANIFALHN JOMY CROBLIX NpoLeyp
koHTpoas (pue. 96).
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Pue.. 6. AHTGMQ?H-?HFGUG'HHH# aUeHKS BREeMEHHBIX XaPaKTEPWCTHK FHAQOMEXSHHYECKHY arperaros.
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Puec. 8. Mamenenve nonomenwa conna TPOOD
npH HanuMke gedoxta 8 pazsese AL,

Puc. 7. BpemenHol curHan Kavana fasneHuia
go3gyxa 3a senrHaAsTopom TPOOM npu Hamwyem
Aedhexra 8 pazveme AL
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Puc. 7. AsToperpeccronHan modens o owwixa
FI'PO.".' I'EJHPDBJHHR:
A) — HEAPEBHOro MIMEEHTENBHOra KaHana;
B) — HeMCNPAaBHOro MImepuTeAbHOro KaHana

ﬁp-e HMYLIECTERAMH I1CI'lI.'.I.'I']:.'.]}"EMﬂI‘-'I TEXHOMOHH IHAMHO=
CTHEH KAHATOB ABIASTCA €€ N0CTATOMHAN BRIMHCIHTENLHAR
IPPEKTHBHOCTE, TAK KAK MICHTHHKALNA ABTOPErPLCCHON-
HBIX MoZenedi ne TpefveT HTepaTHBHLX ONTHMIIALIONHEIX
ApPOLELY P, 4 pe3vibTHRYIOWAS MOACAL BCETA YeTolunEA.

Brisoan
OCHOBHLIM NPEHMYILECTBOM NPHMEHEHHA TIPH HETL-

TAHHAX HMHTALHOHHBIX Moaenci MY CAY apnsetca cyule-

CTBEHHOE COKpAlUeHHEe CPOKDB AOBOIKH H MATEPHANBHBIX

PECKGD.GB HA HCNBITAHHA 34 C4YeT NpHMEHEHHA [‘I{El{ﬂn[‘ﬂ 1]!}0—

FPaMMHO-ATMOP U TMHYECKOTD 00ECTIEHeHHA, PLalH3YIOLIEND

PAL HELITATHELX PEXRHMOB Y NPARIEHHA MTHAPOMEXAHHYECKH-

su arperaramMu CAY, Haunnas oT pyuHoro 3anauus ynpaena-

TOWIHY CHIHANO0D 1 FI}“'IEIUI'IJ HOZAUNONHPOBAHHA MONOKCHHA

}'I'IPEB:JFI!‘DIJ.[HX UPI_.I HOE OBHIMATENH H JaKdaHYHBEAR p}-‘tlHl?l_'ﬂ

3afaHHeM HACTPOCK SAMKHY TLIX KOHTYPOR YOPaBISHUs .
Mpeumyuiectaa apToMaTH3IMPOBAHHOH cHCTeMbl obpa-

OoTrN CHIrHaNoR:

*  BOIMOMHOCTL HAZEWHOro AHAMHOCTHPOBAHNA OTKAIOR
HIMEPHTEABHBIX KAHANOR 10 NOABICH HIO HECTALHOHAR-
HLIX IYMOB HIMEpeHuil Ha YPORHE eNHHKL NPOLEHTOR
OT AHANAI0HA HIMEPeHHIT; )

*  BOIMOWHOCTE NMPHMEHSHNA TEXHUAOrHH ONTHMANRHOH
unifiposoil GUALTPALKI ¢ YBETIMEHIEM COOTHOWEHNA
Cl-lfllﬂ-."l-'rLIJ}"M Mo KaHanam olUCHKH NPOHIBOAHBIX OT H3-
MEPEHHLIX napaMeTpos 1o 15 pas;

% NOBL UEHWA KAYeCTEd BOCCTAHORIEHHA I-IEME'FIE:IIHHK CHI=
HANOB 338 CYET AHATHIA ¥ HCKAIOYEHHA BPEMENHLIX H (ha-
JORBIX JANEPHEK B HIMEPEHHOM CHIHANE,
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