£
x
xx

< KHT

Tom 28
2(135)
2022

| KOCMIYHA HAYKA
I TEXHOJIOI'TA

SIPACIE SCIIENICIE
TECEINOLOGY

HALIIOHAJTBHA
AKAJIEMISI
HAVK YKPATHU

HAYKOBO-TIPAKTUYHWI )KYPHATT + 3ACHOBAHO BJIIOTOMY 1995p. + BUXOOWTH 6 PA3IBHAPIK + KUIB

3MICT

Kocwmiuni MmaTepianu Ta TexHoJiorii

Taiidauyk O. B., Kondpamwvee A. B., Haboxina T. II.
Onrtumizaliist TUCKY i 4acy (hopMyBaHHSI KOMITO3UTHUX
BUPOOIB MpU TeMrepaTypi MiHIMaJIbHOI B’SI3KOCTi CITO-
B8 05 10) o XS

Hupkosa JI. 1., Jlabyp T. M., llesyos €. 1., Hazapen-
k0 O. I1., lopogpece A. B., Ocaduyk C. O., Hdsopcvka M. P.,
Tlokasukuii A. I., @edopuyx B. €. KoMIuiekc BIacTh-
BOCTeIf 3BapHOTO 3’€IHaHHs cIiaBy 2219 y crani T62 B
YMOBaX MOJEJIIOBAHHS €KCIUTyaTallil. . .« oo v v v e

Jocnimkenns 3emi 3 KocMocy

Emenvanose M. O., llenrecmos A. 1O., Hiinumosa I. O.,
Hlymino JI. JI. BruiuB 3MiHM KJIiMaTy Ha IUIOILI OCHO-
BHUX CiIbCHBKOTOCTIOAAPCHKUX KYJBTYP. . « v v v v vvn .

Kocwmiuni anapatu i KOpicHe HABAHTAXKEHHS

Ben Bahri O. Impact of Didactic Satellite in Space Ma-
turity Improvement: A Review Paper................

MoOHITOPUHT KOCMIYHOTO MPOCTOPY i KOCMiYHE CMITTS

Bushuev F. I., Kaliuzhnyi M. P., Kriuchkovskyi V. F., Ku-
lichenko M. O., Shulga O. V., Zhang Z., Bezrukovs V., Ma-
lynovskyi Ye. V., Reznichenko O. M., Bryukhovetsky O. B.,
Tuccari G. Observations of GEO and LEO Satellites: Ra-
dio Engineering Means of the Mykolaiv Astronomical
ObSEIVatory . ..ot

14

30

39

CONTENTS

Space Materials and Technologies

Haidachuk O. V., Kondratiev A. V., Nabokina T. P.
Optimization of pressure and time of composite prod-
ucts molding at the temperature of minimum binder
VISCOSILY .« o v vttt

Nyrkova L. 1., Labur T. M., Shevtsov E. I., Nazaren-
ko O. P., Dorofeev A. V., Osadchuk S. O., Yavorska M. R.,
Poklyatsky A. G., Fedorchuk V. E. Complex of properties
of 2219 alloy weld joint in T62 state under modeling op-
eratingconditions . ............ ... ...,

Study of the Earth from Space

Yemelyanov M. O., Shelestov A. Yu., Yailymova H. O.,
Shumilo L. L. Impact of climate change on the area of
IMAJOT CTOPS -+ v v v et et ettt e e et e et

Spacecrafts and Payloads

Ben Bahri O. Impact of Didactic Satellite in Space Ma-
turity Improvement: A Review Paper................

Space Environment Monitoring and Space Debris

Bushuev F. I., Kaliuzhnyi M. P., Kriuchkovskyi V. F., Ku-
lichenko M. O., Shulga O. V., Zhang Z., Bezrukovs V.,
Malynovskyi Ye. V., Reznichenko O. M., Bryukhove-
tsky O. B., Tuccari G. Observations of GEO and LEO
Satellites: Radio Engineering Means of the Mykolaiv
Astronomical Observatory ........................

14

30

39

© HALIOHAJIBHA AKAJEMISI HAYK VKPATHU, 2022



Bosuuk €. b., binincokuii A. 1., Mapmuniok-Jlomouyb-
xuti K. I1., Bipyn H. B., Iliocmpueau 1. 4., Hoeau P. T.
ONTUYHI CITOCTepeKeHHS IITYIYHUX KOCMIYHUX 00’ EKTIB
y JIbBiBCBKiif acTpOHOMIYHii1 oOcepBaTopii ..........

IcTopis KocMiYHUX TOCITITKEHD

Huaunuyk O. 4., Cmpeako O. I., Kopobuenko A. A., Ilu-
aunyyk O. O. Anbdpen Paccen Yoiec rpo rapMoHito y
BcecsiTi (Jo 120-piuus fioro mpati «Micue moauau y
BcecaiTi»)

54

Vovchyk Ye. B., Bilinsky A. 1., Martynyuk-Lototskyy K. P.,
Virun N. V., Pidsryhach I. Ya., Nohach R. T. Optical ob-
servations of the artificial objects at the Lviv Astronomical
ObSEIVALOTY . . o vttt et e

History of Space Research

Pylypchuk O. Ya., Strelko O. H., Korobchenko A. A., Py-
lypchuk O. O. Alfred Russel Wallace about harmony in the
Universe (To the 120th anniversary of his work «Man'’s
Place inthe Universe»)............cooiiiiinannn..

Ha nepwiit cmopinyi o6kaadunku — Teneckon A3T-14 i3 cydacHOIO IPUIAMATBHOIO CHCTEMOIO
(muB. cratTio BoBuuk €. b. ta iH. OnTH4HI criocTepekeHHS ITYYHNX KOCMIYHUX 00’ €KTIB

y JIbBiBCBHKiit AcTpoHOMiYHii o6cepBaropii, C. 54—60)

Kypnan «KocmiuHa Hayka i TEXHOJIOTisI» BKJIIOYEHO J10 MepetiKy HayKoBuX (haxoBUX BUAAHb YKpaiHu,
B AKX MyOJIIKYIOTbCS Pe3Y/IbTaTH JUCEPTALIHMX POOIT Ha 3100YTTS HAYKOBUX CTYIEHIB
JIOKTOpa i KaHauaaTa (i3MK0-MaTeMATHYHNX, TEXHIYHUX, 0i0IOTIYHIX, T€0IOTIYHUX TA IOPUANYHIX HAYK

Bianosizamsauii cekperap penakuii O.B. KIMMEHKO

Anpeca penakuii: 01030, Kuis-30, Bys1. Bomonumupceka, 54

Teit./bakc (044) 526-47-63, exn. moita: reda@mao.kiev.ua

Beo6-caiit: space-scitechnjournal.org.ua

Csinourso npo peectpauito KB Ne 1232 iz 2 motoro 1995 p.

IlepepeectpoBano MiHicTepcTBOM locTuliii Ykpainu 21.11.2018 p.,

Csigourso cepist KB Ne 23700-13540 ITP

54

Iinnucano o npyky 23.05.2022. ®opmat 84 x 108/16. lapH. HeioTOH.
VM. apyk. apk. 7,14. O6a.-Bun. apk. 7,50. Tupax 50 mpum. 3am. Ne 6613.

Bunagsels i Burorosmonau B/ «Akanemnepionuka» HAH Ykpainu

ByJI. TepeleHkKiBchKa, 4, M. Kuis, 01024

CaimonrBo 1po BHeCeHH: 10 JlepkaBHOTO peecTpy cy6’ekTiB BumaBHU4oi ciipaBu cepii 1K Ne 544 Bin 27.07.2001 p.



Kocmivni MaTepiaau Ta TeXHOJIOTII
Space Materials and Technologies

https://doi.org/10.15407/knit2022.02.003
VIIK 678.5.067

0. B. TAIIAYYK!, ripod., mpodecop-KOHCYIIBTAaHT, I-p TEXH. HayK
E-mail: a.gaydachuk@khai.edu

A. B. KOHJIPATBEB?2, ripod., pod., 1-p TeXH. HayK

ORCID: https://orcid.org/0000-0002-8101-1961

E-mail: kondratyev_a_v@ukr.net; andrii.kondratiev@kname.edu.ua
T. I1. HABOKIHA3, 1011eHT, IOLIEHT, KaH/I. TeXH. HayK

ORCID: https://orcid.org/0000-0003-0019-5066

E-mail: t.nabokina@khai.edu

I Texnonoriunuii yHiBepcurer Hin6o

201 Byn. ®@enxya, LIzsno6eii Lyoit, Hin6o i, Yxerzsu Llen, KHP

2 XapkiBchK1il HalliOHAILHUI YHiBEpCUTET MichbKoro rocrogapctsa iMeHi O. M. Beketopa
ByJ. Mapmiana baxanosa 17, XapkiB, Ykpaina, 61002

3 HauioHanpHMIT aepoKocMiuHMiA yHiBepeuTeT iMeHi M. €. XKykoBcbkoro «XAl»
ByJ. Ukasosa 17, XapkiB, Ykpaina, 61070

OUTUMIBALIA TUCKY  YACY POPMYBAHHA
KOMITIO3NTHUX BUPOBIB ITPU TEMIIEPATYPI
MIHIMAJIbHOI B’A3KOCTI CITOJIYYHOT'O

Texnonoeiunuii npoyec (hopmysantHs KOMHOZUMHUX 6UpoOie noaseae 6 HA0aHHi iM Ha OPMOMEOPHOMY OCHAUEHHI He0OOPOMHOI
hopmu wiasxXoM noAiMepu3ayii CNOAYYHO20 NPU NeGHUX memMnepamypi ma mucky, wo 3miHiormoscs 6 yaci. Cmammro npucésueHo
00CAI0MNCEHHID MEXHON0IMHUX NAPAMemPI8 HAUNOWUPEHIUO020 Ha NPaKmMuUYyi cnocoby Gopmyeants eupodie i3 NoAIMepHUX KOMNO3U-
yitinux mamepianie, nonepednvo cghopmosanux i3 npenpeeie. Ompumana nooanrbuio2o po3eUmMKY Mamemamu4Ha Mooeab 3an08HeHH s
CROAYHHUM MIJICBONOKOHHO2O NPOCMOPY APMYBAALHO20 Mamepiany 0s NOAIMePHO20 KOMNO3UYIlIHO20 Mamepiany i3 pi3HOI0 ujinb-
HiCMI0 8NAKY8AHHS 8010KOH 8i0 K8AOpamu4Hoi 00 eeKca2oHANbHOT, 3yMO6AeHOI 8UOOM apmyeanvbrHozo mamepiany. Po3pobaero Hogy
MemoouKy onmumizayii mucKy ma 4acy opmyeanHs KOMROZUMHUX 8UP00I8 Npu memMnepamypi MiHIMAanbHoi 6’ 13K0Cmi CHOAYYHOZ0.
Memoouky peanizosano anarimuuHumu 3aAeHCHOCMAMU, WO GCMAHOBAIONMb ONMUMANbHI 4aCco8i iHmepaanu i mUck GopmyeanHs
Ha JinsHYi memMnepamypHo-4acogoi diaepamu, AKa noe’a3ana 3i 30amHicmMio 3aCMoco8y8an020 YCMamKky8anHs (neui, agmoxkiasa)
3abe3neyumu MaKkCcuManbHo MOJNCAUBY WBUOKICMb NiOlloMy memnepamypu 3 Memor «po3m’aKuleHHs» CHOAYYHO20 Y npenpesi 00
MiHiManwbHOI tioeo 6’s3kocmi. Tlokazarno, wo eumpamu eHepeii Ha nepehopmy8anHs MempazoHaIbHOi CMPYKMYpU NOAIMEPHO20 KOM-
no3uyilinoeo0 Mmamepiany y 2eKCa20HAAbHY 8 0eCAMKU pa3 NEPesuusyoms eumpamu 04 QopMy8anHs mempazoHanbHoi CmpyKmypu.
Tak, nepeghopmyeants mempaconanrvhoi cmpykmypu npu 00’ emHomy emicmi cnoayuno2o 0.4y wjinbHy 2eKcazoHaibHy cmpyKmypy
sumaeac 30invuwenns mucky 6 66.7 pasza. Ompumati pe3ysvbmamu 003604510Mb 6CIMAHOBUMU KOHOMIYHO 00UIAbHULL Di6eHb MUCKY
ma uacy QopmysanHs KOMROUMHUX UP0Oie npu 3a6e3neveHHi iXHboI peerameHmo8anoi aKocmi.

Karouoei caosa: npenpee, nonimepusayis cnoay4Hoeo, MiJic60N0KOHHUL NPOCMIP, K8AOPAMUYHA MA 2eKCA2OHAAbHA CIMPYKMYPA.

HuryBanusg: laiimauyk O. B., KonnpateeB A. B., Habokina T. I1. Onrumizaliist THUCKY i 4acy (hopMyBaHHSI KOMITO3UTHUX
BUPOOIB MpHY TeMIIepaTypi MiHiMaIbHOI B’SI3KOCTi ciofydHoro. Kocmiuna Hayka i mexronoeis. 2022. 28, Ne 2 (135). C. 3—13.
https://doi.org/10.15407/knit2022.02.003
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0. B. laiidauyk, A. B. Konopamues, T. I1. Habokina

1. BCTYII

YinockoHaoBaHHsI Ta PO3pOOJeHHSI HOBUX KOH-
CTPYKIIili aBialliiiHOI Ta PaKeTHO-KOCMiYHOI TeXHi-
KM TMOB’s13aHe i3 OiJbII INMPOKUM BUKOPUCTAHHSIM
nojiMepHUX Komro3uliiiHux Marepianis (ITKM)
[3, 12]. Taki maTepiaau MarOTh BIACTUBOCTI Ta OCO-
OJMBOCTI, IO BiIpi3HSIOTBHCSI Bill XapaKTEPUCTUK
TPaAULIIMHUX KOHCTPYKIIiiHUX MaTepiaiiB [10, 14].
VHikanbHa cyKynHicTh xapaktepuctuk [TKM Bin-
KPUMBA€E MMUPOKiI MOKIUBOCTI SIK JJIST BMIOCKOHAJTIO-
BaHHS BIZOMMX, TaK i IS pO3pOOJIEHHST HOBUX KOH-
CTPYKILii 1 TEXHOJIOTIYHMX TIpolieciB [22, 28].

Sx Bimomo [4, 11], TexHOMOTiUHMI TTpoliec (hop-
MyBaHHs BUpoOy i3 I[IKM nosnsirae B HanaHHi lioMmy
Ha (GOPMOTBOPHOMY OCHAIIIEHHI HEOOOPOTHOI (pop-
MU ILISIXOM TIoJliMepu3allil CIOJyYHOTO TMPU TeB-
HUX TeMIIepaTypi f i TUCKY p, 1110 3MiHIOIOTbCS B Yaci
1. [lapametpu ¢, p i T a6o #(t) i p(t) € OCHOBHUMU
30BHILIHIMM TEXHOJIOTIYUHUMU ITapaMeTpaMU IMpo-
necy ¢popmyBaHHs BupoOy i3 [IKM. BayrpimHiMu
napaMeTpaMu IIpoleCy € AMHAaMiYHa B’ SI3KiCTh CIO-
JIy9HOTO L(7,7), @ TAKOXK 00’eMHMIA BMICT 0, 1 iioro
CTPYKTYPHi XapaKTEepUCTUKMU.

Yepes Te 1110 BHYTPIllIHI ITapaMeTpy BU3HAYAIOTh-
csl 0OpaHMMU CMOJIYYHUM i apMyBaJIbHUM MaTepia-
JIOM, BUXOJISIYM 3 eKCILTyaTalliiHUX XapaKTepUCTUK
BUPOOY, TO 3aBAaHHSIM Tpoliecy (OpPMYBaHHSI €
BCTaHOBJIEHHSI TAaKOrO ONTUMAJIbHOTO CIiBBiJHO-
LIEHHS MiXK HUMM Ta 3MiHHUMU 30BHIIIIHIMHU T1apa-
MeTpaMu, TMPU SKOMY 3a0e3IeUyeThCcsl perjaMeH-
TOBaHA TEXHIYHMM 3aBIaHHSIM SIKiCTb BUPOOY IIpu
MiHIMaJIbHUX €HepreTUYHUX BUTpaTax. Y 3B’SI3KYy i3
LM BUHUKAE HEOOXiOHICTh ONMTHUMI3alil mapamMe-
TpiB Mpoliecy (hopMyBaHHSI.

2. AHAJII3 JIITEPATYPHUX JAHUX
I TIOCTAHOBKA ITPOBJIEMHU

B aBia- Ta cynyTHUKOOYIyBaHHI IepeBaKaroTh KOH-
crpykuii i3 TTKM, 1110 BUTOTOBJISIIOTHCS METOIAMU
BukiaaeHHs [3, 23]. Cepen HUX HaAKOLIBII BHCOKA
SIKICTh BUPOOIB IIpY MPUKAHATHUX €HEPro- Ta mpate-
3aTparax 3a0e3IMevyeThCsl 3aCTOCYBAHHSIM TTPEIpeETiB
[9]. Onnax i popMoyTBOpeHHS BUpo6iB i3 [TKM Mme-
TOIaMU HaMOTYBaHHsI, XapaKTepHe i KOHCTPYK-
i1 pakeTHOI TexHiKu [3], MpaKTUUYHO He BUKIIIOYAE
(bopMyBaHHSI, 110 OMUCYEThCS CIiBBiTHOIICHHSIM
THX K€ 30BHIIIIHIX mapaMeTpiB #(t) i p(t) [21].

4

TemnepaTypHO-4acoBUil pexuM (GOpPMYyBaHHS
3aJIeKUTh Big OaraTbox (pakTopiB, OCHOBHUMU 3
akux € [11, 23]:

— THUII i CKJIaJ] CIIOJIy4YHOIO;

— CIIOCiO IPOCOYEHHSI apMyBaJbHOIO MaTepia-
JIy: TOMNepeIHE TOTYBaHHS MpenperiB 3 HACTYITHUM
¢dopMyBaHHSIM BUPOOY («Cyxuit» crocid (hopMyBaH-
H$T), «MOKpPUIi» CMOCi0, 1110 MoJisira€ B MPOCOYEHHI
apMyBaJIbHOTO Matepiaiay y mpoiieci (popMyBaHHS
Ta HAaCTYITHOTO (POPMOYTBOPEHHS BUPOOY;

— TUI apMyBaJbHOI'O MaTepiaay Ta CIlocid ioro
MOIePeIHbOI IiATOTOBKH;

— CIIoci0 (hopMyBaHHSI.

JocnimkeHHsIM InX (paKTopiB 3aiiMajiacs JOCUTh
BeJIMKA KiJIbKiCTb aBTOPiB [5]. ¥ OinblIOCTi BUTIAIKIB
OTpPUMaHi pe3yJibTaTh € a00 y3araJbHeHUMU CXeMa-
MM pO3B’si3aHHsI, a00 MOAEISIMU, SIKi BPaxOBYIOTb
JIM1Ie okpeMi pakTopHu Tpoiuecy ¢popmyBaHHs. Tak,
HaIMpuKJaa, y Ipoleci podoTU i3 mpenperaMmu BU-
PilLIYIOTBCS MUTAHHS ONTUMAIbHUX TEXHOJOTIYHUX
peXuMiB, 1110 3a0€3MeUYIOTh IXHIO PErIaMEHTOBAHY
skictb [13]. TTpu 1bOMy peXUMM TEXHOJOTIYHUX
MPOLIeCiB HEOAHO3HAYHO TapMOHI30BaHO OIMH 3
OJTHUM.

VY poborti [15] mociigkeHo 3aKOHOMIpHOCTI He-
PiBHOMiIpHOI'O TIPOCOYEHHS TIOJIIMEPHOTO MaTtepi-
any. [TokazaHo, 110 11i sIBMIIA 3yMOBJIEHI HEPiIBHO-
MipHicTIO TpanieHTa TemnepaTypu. Ha ocHOBI LIbOTO
pO3pO0IEHO TEXHOJIOTIUHI 3aX0au, SIKi JO3BOJIMIN
3HU3UTU HEPIBHOMIPHICTh MacOMEPEHOCY CIOJIYyY-
HOTO, 3a0e3IeUnBIIN HEOOXiMIHUI CTYITiHb IIPOCO-
YEeHHS PO3IJISIHYTOro mojiMepHoro martepiaidy. Ha
>KaJlb, OTPUMaHI pe3yIbTaTy CAYIIHI TIIbKM 15 0~
JIIMEPHOTO Tarnepy, Ta He MOXYTb OyTH y3arajibHeHi
Ha iHIIIi moJIiMepHi MaTepiau.

¥V poborax [27, 32] onucyroTbcs XiMiuHi Ta ¢i-
3W4HI mpouecH, 1o npotikawTs y [IKM y mpoueci
3aTBepaiHHSA. Po3rsamaioThest mpo0ieMu, sIKi BUHH -
KalwTb y mpoueci GopMyBaHHSI, MOJETIOIOThCS Xi-
MiYHi IEpETBOPEHHS Y CITOJyYHOMY. Y poborax [26,
31, 33] npouec hbopMyBaHHS MOJETIOETHCS TiJTbKHU
OJIHUM KOMIOHEHTOM — crojiydHuM. [1Tpu 1pomy
poO3Mipu KOHCTPYKIlii, YMOBU IIpOrpiBy Ta HasiB-
HICTh apMYBaJIbHOTO MaTepially He BPaXOBYIOTHCSI.
B excnepumenTanbHux gocaimkeHHsx [17, 30] mo-
KazaHo, 1110 Ha eTarni posirpiBaHHst [TKM, HapiBHi
3 ycalIkOl0 Yy BUHMKHEHHi HampyXeHOoro craHy Oe-
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Onmumizauyis mucky i uacy QopmyeanHs KOMROZUMHUX UPo0ie npu memnepamypi MiHiMaabHoOI 8’13K0cmi Cnoay4H020

PYThb ydacTb i TeMrepaTypHi sgBUIIa. TeMIiepaTypHi
HaIpy>XeHHS CTaloThb CyMipHUMU 3 YCaIKOBUMM I10
JIOCSITHEHHIO B’SI3KOCTiI MaTepially, sika BilroBimae
60...70 % xoHBepcii B cnojayuHoMy. OnHaK y LIMX
po0oTax po3IJsIAaEThCS TUIBKY €Tall PO3irpiBy Ta He
BpaXxOBYETbCS 3MiHa BJIACTUBOCTEN MaTepialliB Bij
TeMIepaTypu.

Po6otu [6, 24] 1OCUTH TOYHO MOAEIIOIOTH HEi30-
TepMmiuyHuid Tiporiec popmyBaHHsg [TKM Ha eramax
HarpiBaHHsI Ta OXOJIOJKEHHS. JlOCUTh NOKJIaaHO
OIMCYETHCS €Tal OXOJOIKEHHS, OOIPYHTOBYIOThCS
MOXJIMBI Je(eKTH, SIKi MOXYTh BUHUKHYTH Ha Ja-
HOMY €eTalli 3a paXyHOK HEPiBHOMIPHOTO PO3IIOILTY
TeMIlepaTypHOTo TOoJsl 10 TOBILIMHI BUpoOy. OnHaK
Taki MPOLECH, SIK BUIAJIEHHS JIETKUX MPOIAYKTIB 3
(opMoBaHOTO BUPOOY, MiBEIEHHS Teria, a TaKOX
BUHUKHEHHSI HampyXeHo-1e(hOpPMiBHOIO CTaHy 3a
pPaxyHOK apMyBaJIbHOTO MaTepiajly He po3misija-
IOThCSI.

ITpakTuHO BCi p0OOTH, 32 BUHSITKOM [32], HE mpu-
JISIOTHh HaJeXHOI yBarM BU3HAYEHHIO TUCKY (op-
MyBaHHSI, TOJIi SIK 1Iell TapaMeTp € OJHUM 3 OCHOB-
Hux [4, 11]. Tuck hopMyBaHHs perjlaMeHTY€E 00’ eM-
HUI BMICT apMyBaJIbHOI'O MaTepiaiy Ta 3a0e3Ieuye
OIHOPIAHICTB, Jera3allilo, a TAKOX i MOXJIMBE 3HU-
JKEHHS 3aJIMIIKOBOTO HaIlpyXeHOoro cTaHy [23, 32].

V po6ori [7] po3pobjieHO MaTeMaTUYHY MOJIE/b
YKJIaJaHHs IIpeTipery 3MiHHOI INMPUHU 1JISI 3adaHUX
pexxumiB iioro gopmyBaHHs. Y poborti [29] ekcre-
PUMEHTAJIBHO JTOCJIIKEHO TEXHOJOTIYHI pexXuMu
¢dopmyBanHs [TKM. IlpoBeneHi mOCTiIKEeHHS T0-
3BOJIMIIN 301kt MimHicTs [TKM Ha 25...35 %.
OpaHak oTpUMaHi pe3yJbTaTu MOXYTh OyTH 3aCTOCO-
BaHi JiMIle IJIs1 By3bKOTro KJiacy MarepiaiiB (Topo-
IUIacTa i KBaplioBOi TKAHWHU.

V po6ori [19] HaBeneHO aHasi3 MPoOJEMHUX MK~
TaHb (POPMYBaHHS JUISI TUIIOBOTO TEXHOJOTIYHOIO
LIMKJTY BUPOOHUILITBA KOMITO3UIIi#l €MOKCUIHUX MO-
JliMepiB. OOIpyHTOBAHO MAOLIBHICTh 3aCTOCYBaH-
HSI YJIBTPa3BYKOBOi Moaudikallii s JOCATHEHHS
eHeprosz0epeskeHHsI Ta MiABUILEHHS SIKOCTi OJACPXKY-
BaHUX KOMIIO3UTHUX BUPOOIB. ¥ po6oTi [20] po3po-
0JIeHO MiAXiA 10 3aCTOCYBaHHSI MPUHIIMIIIB aBTOMA-
TU30BAHOTO TIPOEKTYBAHHS ISl BUOOPY ONTUMATb-
HUX KOHCTPYKTOPCHKO-TEXHOJOTIUHUX MapaMeTpiB
npu ¢opmyBaHHi [TKM i3 3acTocyBaHHSIM yJbTpa-
3BYKOBOi 0OPOOKHU.

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2022. T. 28. No 2

OcoOyimBMii  iHTEpeC TIPEACTaBISIOTh MOJIEJI
dopmyBaHHSs, 3alpoIroOHOBaHi B poborax [8, 16].
ABTOpM 1IUX POOIT MPOIIOHYIOTh HE TiIbKU BUPI-
1IyBaTW 3aBIaHHS BUOOPY palliOHATbHUX TEXHO-
JIOTIYHMX TTapaMeTpiB pexumy (PopMyBaHHS, ajie i
MPOBOJUTU KOHTPOJIb 3alaHNX MapaMeTpiB, a IKIIO0
Oyzne mmorpeda — poOMTU KOPEKTYBaHHS y IIpOLIECi
(dopmyBaHHs. 3anporioHoBaHa B po0oTi [1] Moaesb
ojepxKajia MOAAJIBIINI PO3BUTOK y po0OTi [2] mist
3aja4i Mpo JBi MOBEpXHi, 110 30JMXalOThCs, BU-
JaBJIIOI0YM PiAnHY 3 B’s13KicTio. OnHak y 1iit podoTi
SIK 30BHIIITHE 3yCUJIJISI BAKOPUCTAHO HE PO3IIOIije-
He 10 JOBXWHI TUTAaCTMHU, a 30CepeKeHe B TOYIIi
noyatky KoopauHat. Take OOMyIIEHHSI MPU3BEIO
1o ioro 3aHmkeHHs B 1.33 pasa. B pob6orax [1] us
MaTeMaTUYHa MOJeIb 3allOBHEHHSI CIIOJYYHUM
oTpuMaJjia ToAaJIbIIUI PO3BUTOK. Byjlo oTprumaHo
aHAJIITUYHY 3aJIEXKHICTh TUCKY aBTOKJIABHOIO (hop-
MYBaHHS Bil B’SI3KOCTi, TeOMETPUYHUX IapaMeTpPiB
BUpOOyY, 110 (DOPMYETHCS, IIPEIpery, MOHOIIApy
I1KM iuacy popmyBannsi. [TokazaHo, 110 HarpsiM-
JICHUWI B3IOBX TOPM3OHTAJbHUX KaHaJliB TUCK B
apMyBaJIbHOMY MaTepiaji 3aBXIU BUILE aBTOKJIaB-
Horo. Lle cnpusie GiblI MTOBHOMY BUAAJICHHIO TO-
BITpsIHUX OyJbOAIIOK i 3alIOBHEHHIO MYCTOT CIO-
JIYYHUM, 1110 3a0e3MeYy€e BUILY SIKiCTb (POpMyBaHHS
KOMIIO3UTHOTO BUPOOY. Ajle OTpUMaHi pe3yJbTaTu
HE JO03BOJIMJIMA ONTHMIi3yBaTU OCHOBHI CTajii TeM-
nepaTypHO-49acOBOI AiarpaMu LUKy (pOpMyBaHHS
KOMIIO3UTHOTO BUPOOY.

I3 HaBegeHOro orisiny BUOHO, IO Y OUIBIIOCTI
pOOIT sBUIllE BUHUKHEHHSI Ta BIUIMBY TeMIlepa-
TYPHUX Halpy>XeHb Ha eTaIli po3irpiBy martepiany
i HaIBHOCTI apMyBaJIbLHOTO MaTepiany y BUpoOi He
BPaxOBYEThCSI, a TEXHOJIOTIYHI ITapaMeTpu BU3Ha-
YaJiCs BUHSTKOBO (Di3MKO-MEXaHIYHUMU XapaK-
TePUCTUKAMU CIIOJAYy4YHOTo. Takuii Iminmxim g0 Bu-
3HAUEHHS TeXHOJIOTIYHMUX MapaMeTpiB Haiuacriiie
MPU3BOAUTD A0 TOPYILIEHHSI CTPYKTYPHU, MOSIBU He-
MPUITYCTUMOTO HaIMpyXeHO-Ae(POPMiBHOTO CTaHy
y MaTepiani-Bupo0Oi Ta 10 J0AATKOBUX BUTpAT MpU
BUPOOHUITBI KOHCTPYKILiH i3 [TKM.

MeTo10 po0OTHU € pO3pO0IECHHS METOIUKU OMNTH-
Mi3allii TuCKy i yacy ¢opMmyBaHHs BUpo0OiB i3 [IKM
Opy TeMrmepaTypi MiHIMaJIbHOI B’SI3KOCTi CIOIYyY-
HOTO, sIKa 3a0e3I1eYnTh MiHiMi3allil0 eHepreTUIYHNX
BUTpAT Ha IXHE BUTOTOBJICHHSI.
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3. OCHOBHA YACTHUHA
SIk BKazyBajocs BUIIE, TeMITepaTypHO-JaCOBHUI pe-
KM (pOopMyBaHHS 3aJI€KUThH Bi 6aratbox (pakTopiB
[11, 21]. KoxHuit i3 11ux pakTOpiB, Bil SIKOTO 3aje-
JKUTb TeMIIepaTypHO-4acOBUI pexXuM (hOpMyBaHHS
[TKM, € komrutekcHuM. BiH BKiTI0Uae B cede psi ix-
HiX CKJIagoBUX, KOMOiHaLisl IKUX i popMye coOO0I0
KOMILJIEKCHUI (hakTop, 1110 MPU3BOIUTH IO BUPO-
JIKeHHSI Ti€l a00 iHIIOI AIITHKY TeMIlepaTypHO-4a-
coBoi miarpamu. Hiarpama TeMIieparypHO-4acOBOTO
pexumy ¢popmyBaHHs BupoOy 3 [IKM B 3arajibHOMY
BUIIAJIKy Ma€ BULJISI, OKa3aHUM Ha puc. 1.

Tax, HanpuKJIaa, 3aCTOCYBaHHSI CMOJyYHOTO XO-
JIOTHOTO 3aTBEPAiHHSI MPU PYYHOMY ITOLIAPOBOMY
MPOCOYEHHI apMyBajJIbHOro MaTtepiajly y Ipoleci

T, T T,T3 T 0T

Puc. 1. TurioBa miarpama TeMmIepaTypHO-4acOBOTO PEXKUMY
(dopMyBaHHS BUPOOIB i3 TOJIMEpPHUX KOMITO3ULIIHUX MaTe-
pianiB

Prax

p vak

T, T T, T3 T4 0T

Puc. 2. Tunosa miarpamMa ronayvi TUCKY B Tipoiieci popmyBaH-
Hs1 BUPOOIB i3 MOJIiIMEpHUX KOMIO3ULIIMHUX MaTepiaiiB

6

(GOpMOYTBOpPEHHSI Ta HACTYMHOTO BiJibHOro hop-
MyBaHHSI 0€3 HaJJIMIIKOBOTO TUCKY TMEPETBOPIOE
niarpamy puc. 1y npsimy JiHito £, = const npu t =
= 15. [Ipu npenperosiii TeXHOIOTii Ta JOCUTh MaIiii
KIJIbKOCTiI Ta30BU/IJIEHb KOMIIOHEHTIB CITOJYYHOTO
B Mpolieci IoJjiiMepu3allii BUPOMIXKYEThCS AiIsSTHKA
T, -t iT a[11].

TemriepaTypHO-4acOBUIA PEXUM CYPOBOIKYETHCS
MEeBHUM PEXMMOM HAJJIUIIIKOBOTO TUCKY p (puc. 2).

[Tpu 11boMy pexxuM rojavi HaAJTUIITKOBOTO TUCKY
TeX 3aJIeXKUTh Bill 3a3HAUEHUX BUIIE KOMILIEKCHUX
daxropiB. Hampukiazn, mpu 3acToCyBaHHI CHOTYyY-
HOTO XOJIOJHOTO 3aTBEPIiHHS TPU PYYHOMY IO-
11apOBOMY MPOCOYEHHI apMyBaJIbHOIO MaTepially y
npoieci GopMOYTBOPEHHS Ta HACTYITHOTO BiJIbHOTO
¢opMyBaHHS miarpamMa pucC. 2 BUPOIXYETHCS B JIi-
Hitop=0,1=15a00p=p, ., T =15 [Ipn npecysan-
Hinaketap=p_ . ,T=1,iT 1 [11]

BonHouac cTaHOBUTH iHTepec 3arajbHUiI BUIIaA-
JIOK, KOJIU CYTTEBUMU € BCi 3a3HAUYEHI BUILE KOMII-
JieKcHi (axkTopu. JocainuMo 3arajJibHUi BUIIAN0K,
SIKMIA XapaKTepu3y€EThCsl HasIBHICTIO aiarpaM puc. 1
1 2 mpyu HAWMOIIMPEHIIIOMY Ha MpaKTUIli CIIOCO0i
¢opmyBaHHi BupoOy i3 ITKM, nmonepentHnro cdop-
MoOBaHoro i3 mpernpery [5, 9]. ¥V uboMy BUMNaaxky B
«CyXOMYy» TIperipesi Mpu sIKiCHOMY HOro BUTOTOB-
JIeHHI BMicT po3uymHHUKaA ctaHoBuTh 0..3 % [11,
25], IKkuit MOXHa He BpaxoByBaTu. HasiBHicTh mi-
JITHKU T, — ¢, TIOB’sI3aHa 31 31aTHICTIO 3aCTOCOBYBa-
HOTIO yCcTaTKyBaHHs (I1e4i, aBTOKJIaBa) 3a0e3IeYuTU
MaKCUMaJIbHO MOXJIUBY IIBUAKICTH ITiIMOMY TE€M-
repaTypu 3 METOI <«pO3M’SIKIIEHHS» CIIOJIy4HO-
ro y nipernpe3si nakera [TKM 1m0 MiHiMaJIbHOT 1OTO
B’A3KOCTI [, HEOOXITHOT JUIst 10TO PiBHOMIPHOTO
po3TiKaHHS B 00’ eMi makeTy, 1110 (popmyeThbest [18].

Paniuie B po6oTi [1] Oy710 oTpuMaHoO 3a/IeXKHICTh
TUCKY (hopMmyBaHHS BUpoOiB i3 IIKM p Big MiHi-
MaJIbHOI B’SI3KOCTi CIIOJIy4HOro p . (7,T) NpU T0-
CTiiiHiii TeMIIepaTypi 7,, 110 BiANOBIAA€ «CXOAUHLII»
Ha TeMIlepaTypHO-4acoBiil miarpami UKy (popMy-
BaHH4 (puc. 1):

2
pmax = SML 2 ’ (1)

JIe )L — B’43KiCTh CIIOJIyYHOTO, L — HalOIIbIINHA TT0-
3II0BXHIi po3Mip BUPOOY, 1110 HOPMYETHCH, /iy, —
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TOBIIIMHA (POPMOBAHOTO BUPOOY, T — Yac, MPOTITOM
SIKOTO CITOJTyYHe 3alIOBHUTD YCi MMOPOXKHEYi y MaKeTi
KOMIIO3UTY, 0, — 00’ €MHUIi BMICT CITOJTy4HOTO.

3anexHictb (1) 103BOJSIE BU3HAYUTU TUCK (op-
MyBaHHS [IPY 3aIaHOMY Yaci T = 1T, — T, abo el Yac
MpU 3aIaHOMY TUCKY p.

OpHak mpu oTpMMaHHI 3ajexxHocTi (1) mependa-
yajiocs, 1o o0’eMHMiA BMicT cioiaydHoro B [TIKM
HE IIepeBUIIYE BiAIIOBITHOTO KBaApaTUYHIl yIa-
KOBIIi apMyBaJIbHOrO MaTtepiay y CTPYKTYpi MOHO-
mwapy [TKM (puc. 3).

Taka cTpykTypa NpM MaKCHUMaJbHil IIUJILHOCTI
apMyBaJILHOTO MaTepiaiy, sika BigroBigae / = df, 3a-
Oesreuye 00’€MHUIM BMICT CIIOJYYHOTIO, 1110 JOPiB-
HIOE 5

i
e 4 _1-Z-0215.
f

BonHouac TeopeTMYHO MaKCHUMAalIbHUKM 00’€M-
HUII BMICT CHOJIyYHOTO TPU IIiJILHOMY TeKcaro-
HaJbHOMY yIaKyBaHHi BOJIOKOH (puc. 4) TOpiBHIOE
6,‘;;“ = (.09 [4]. IIpu apMyBaJbHOMY Marepiayi Ha
OCHOBi TKQaHUHU MaKCUMaJbHUI 00’€MHUI BMIiCT
crosyyHoro fopisHioe 0, =0.32 [4, 11].

MoxHa npUITyCTUTH, 1110 B IIpolieci (hopMyBaH-
H$L IIPOTATOM 4Yacy T, — T, cTpykTypa [IKM orpumye
KBaJpaTUYHE BMaKyBaHHS BOJOKOH.

Jns mepexody Bil Ii€i CTPYKTypu IO TeKcaro-
HaJIbHOI HEOOXiTHWI TOTaTKOBUI THUCK, IO 3a0€3-
reyvye NnepeTiKaHHs CHOJYYHOTO 10 KPUBOJIIHIHHI
TpaekTopii I° Mpu 30JMXKEHHi CYCiIHIX BOJOKOH
(puc. 5, a).

V nepexinHiit ctazii 3aMicThb BiicTaHi /, 9Ky npo-
TiKaJI0O cnoly4yHe y Iepiom (opMyBaHHSI KBaapa-
TUYHOI CTPYKTYpPH, BOHO Ma€ IOAOJATU BiACTaHb
I", mo nopisHIoE noBxuHi nyru UEABC (puc. 5, 6).
[Mpuiimaroun pinsHku EA i BC nipsMoniHitHUMU,
NOBXUHY 1y UEABC =[" MOXHa BU3HAYNUTH K

I"=2AE+UAB = |1’ —d; +2nd, sinﬁ. (2)
f

3 ypaxyBaHHSIM TOro, 110 6, = VRETER OIEPXKUMO
nd
l=— . (3)
4(1-0,,)
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Puc. 3. KBagpaTtudHa yrmakoBKa BOJIOKOH y CTPYKTYpi TTOJTi-
MEpHUX KOMITO3ULIITHUX MaTepiaiB

4
\

_

2d,s5in60°

Y
N

Puc. 4. TexcaroHajabHa yIIaKOBKa BOJIOKOH Y CTPYKTYpi I10-
JIIMEPHUX KOMITO3ULIIHHUX MaTepialliB

6

Q

Puc. 5. JliHii Tedii cogydyHOro y MiXkKBOJOKOHHUX KaHaslax
MpY MepexXoli Bil KBAAPATUYHOI 1O FeKCaroHaJIbHO1 ymakoB-
KU BOJIOKOH apMyBaJIbHOTO MaTepiany: @ — MPOMiXHa CTa-
Iist, 6 — KiHLIeBa CTamist
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%

AW

4dh 4h &b

0

0

Puc. 6. Crpykrypa raxkera y rpoueci ¢popMyBaHHS MoJiiMep-
HUX KOMMO3ULIMHUX MaTepiajliB: ¢ — MpU 3aBepIIESHHI cTa-
Iii KBaJpaTUIHOTO BITAKYBaHHSI BOJIOKOH, 6 — TIpU 3aBep-
IIIEHHI cTajii reKcaroHaJIbHOTO BITaKyBaHHS BOJIOKOH

3 ypaxyBaHHSM (2) BiTHOILLIEHHS MaTUME BUTJISI

4(1—%)><

T

L
z

" :W:

“
TEZ

5 —1+2marcsin

16(1-0,,

Ha ueit xxe xoedillieHT y TTOBUHHA OyTU 30iJb-
1eHa goBxuHa BUpoOy i3 ITKM, 1o dopmyeThes,

y opmyii (1):

16(1-6,,)

I=Ly. 5)

Jlo MOMeHTY, Kol OyJe MOBHICTIO c(popMOBaHe
KBaJpaTUYHe BIIAKyBaHHs BOJIOKOH, TOBIIWHA TIa-
KeTa i3 TpbOX MOHOIIapiB (puc. 6, a) Oyae mopis-
HioBatn H .= 3df ToBmIMHA TPHOX MOHOIIAPIB IIPU
chopMOBaHOMY reKcaroHaJbHOMY BITaKyBaHHi BO-
JoKoH H, Oyne nopiBHIoBaTy (puc. 6, 0):

thdf+HgM,

(6)
ne

(7

TakuM YMHOM, TOBILMHA LIAPY CIIOJAy4yHOro k",
0 BUAABJIOETHCSI HAa APYTiil crazil hopMyBaHHS,
sJKa BINMNOBiZae KiHIIEBOMY 00’€MHOMY BMICTy B
[MTIKM OZ , Oyze mopiBHIOBATH

[pu upomy 6, BU3HAYAETHCS HOPMYIIOHO

V_f:1_ 1= O
Vs n

64(1—61,[1)2

SKi1o cTagito «CXoOAMHKW» Ha pUC. 1 mpeaCcTaBUTU
JBOMa yacoBMMH iHTepBanamit (T, — 1, ) Ta (1, — 1))
, Ie T, Biamnosinae yacy opMyBaHHS LLUIBHOI KBa-
JpaTUYHOI CTPYKTYpH, TO 3aMicTb 3ajiexkHocTi (1)
OJIEP>KMMO THUCK JUISI KOKHOTO i3 IBOX eTarliB:

nd>
F oo

0, =1-
b 201

©)
1—

8pL2
Pley o) = S (10)
, f T
(‘tz—‘tl)d}{ 71—96 —IJ
8ulty?
p(rz—r'z) = 2" (11)
(12 -1,

Cymapna pobora Wy, ska BUTpaya€eThes Ha (pop-
MyBaHHS B aBTOKJIaBi KiHIIEBOI TI€KCaroHaJbHOI
crpyktypu ITKM, nopiBHio€

W :P(r'z—rl)U+(P(rz—r'z) ‘P(r'z—n))U = P(ry-r)U> (12)

e U— 00’eM aBTOKIIaBa 3 ypaxXyBaHHSIM 3aBaHTAXKEH-
H$1 1oro BUpOOOM B OCHalIIIEHHi, 1110 (hOPMYETHCSI.

3 Bupasy (11) BumauBae, 1110 MiHiMajbHe 3Ha-
YEHHST TUCKY p(Tzﬂ_,z) , SIKe 3a0e3mneyuye Tmepexia Bifg

TEeTparoHaJbHOI JO TeKCaroHaJbHOI CTPYKTYpH
[TKM, mae micuie mpr MakKCMMaJIbHOMY 3Ha4€HHI
4acoBoro iHtepsany (1, 15 ), TO6TO

(13)

Peanizawist (13) y cBolo uepry BuMarae BUKOHaH-
HS YMOBHU

. !
P(zy—zy) = WD TIPH (12 —1:2)—>max.

(t,—75) > max npu (t,-1,)>0. (14

VYmoBa (14) BUKOHY€eTbCS, SKIIO Ty —> T, .

TaknM yHOM, MiHIMaJbHUI TUCK B aBTOKJIABI,
110 3a0e3IIevuye Mepexi Bil TeTparoHajIbHOI 10 TeK-
caroHajibHO1 cTpykTypu [TKM, peanizyeTbcs ioro
MOCTIAHICTIO y BCbOMY 4aCOBOMY IHTEPBAJI T,—7T).

Y 1npoMmy BUITAAKYy 3 YMOBHU PIiBHOCTI THCKIiB
Ply—y) 3 (10) i Ply-ry) 3 (11) 3HAXOIMMO YMOBHE
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3HAYEHHs T, , IO BiIOBINA€ NOYATKY MEPEXOY Te-
TparoHajabHOI CTPYKTYPHU B reKcaroHajbHy. TepMmiH
«yMOBHE» MIKPECIIIOE, 1110 T, He MOB’sA3aHe 3i 3Mi-
HOIO THCKY B LIeil MOMEHT 4Yacy, a BillIOBiAa€ TiJib-
KM moydaTky repexony ctpyktypu IIKM Big ogHiel
¢dopMHU 10 iHIIO].

[Ticnsg BiIMOBIAHMX NEPETBOPEHb 3HAYEHHS T)
BU3HAUYMTHCS 3aIEXKHICTIO

(15)

[MincTaBuBnn 3HayeHHd T, B (10) abo (11), mo

PiBHO3HAYHO, TOMY 1O T, OTPUMAHE 3 YMOBHU iXHBOI

PiBHOCTI, sIKe 3a0e3Ieuye MiHiMyM eHeproBUTpaT Ha
(opMyBaHHsI, OTPUMAEMO ITiCJISI IEPETBOPEHb

2

(16)

B okpeMomy BUITIaIKy, KOJIU IILIbHICTh BOJIOKOH

B apMyBaJIbHOMY MaTepiaji J03Bojsi€ cchopMyBaTU

LIIJIbHY TeTparoHaibHy cTpykTypy ITKM, a notim

Oro rekcaroHaJibHy CTPYKTYpY, 3ajexXHocTi (15) i

(16) MOXyTh OYTU CYTTEBO CIPOIIEH], TOMY 1110 MIPH
upoMy 0, =0, =0.215,ay = 1.57.
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Butpatu eneprii Ha niepedopMyBaHHSI TETparo-
HaiabHOI cTpykTypu IIKM y rekcaroHanbHy B Ie-
CSTKU pa3 MepeBUILYIOTb BUTpATU i1 (hOpMyBaH-
Hs TeTparoHaibHOI cTpykTypu. Tak npu 1, = 30 xB
i 1, = 50 XB TUCK Uit (POPMYBaHHsI TETPArOHATbLHOI
CTPYKTYpU nipu q, = 0.4 nopiBHIOE

2
p = 0.24% :
dq
Hartowmicte mepedopmMyBaHHS 1Ii€l CTPYKTYPU Y
LIIJIbHY FeKCaroHajabHYy CTPYKTYPY BUMAra€ TUCKY

2
uL
Popt = 16d_2 ;
f
TOOTO B 66.7 pasa Ginblie, HiX 114 p,.

BUCHOBKHN

Ha ocHoBI 3anporioHoBaHUX paHillle MiaXoay Ta Ma-
TeMaTUYHOI MOMEIi 3aIlIOBHEHHS CITOJYYHUM MiX-
BOJJIOKOHHOTO TMPOCTOPY apMyBaJbHOTO Martepiaily
st ITKM i3 pi3HOMO LIUIBHICTIO BITAKYBaHHS BOJIO-
KOH Bill KBaJIpaTUYHOI J0 TeKCaroHaJbHO1, 3yMOB-
JIEHOI BUJIOM apMYyBaJIbHOT'O MaTepiajy, po3po0aecHO
HOBY METOIMKY OINTUMi3allii TUCKY Ta yacy (popmy-
BaHHs BUpo0iB i3 IIKM nipu TemnepaTypi MiHiMallb-
HOI B’I3KOCTi CIIOIYYHOTO. MeToauKy peajli3oBaHO
AHAJIITUIHUMM 3aJIEXKHOCTSIMU, 11O BCTAHOBJIIOIOTh
OINTUMAaJIbHI YacoBi iHTepBaIU i TUCK (POPMYBaHHS
Ha OUTSHIN TEeMIIepaTypHO-4acoBOI Jiarpamu, SKi
BiJIMOBINaIOTh TOCTIilHIM TemIepaTypi («CXOZWH-
i»). MeToauka A03BOJISIE BCTAHOBUTU €KOHOMid-
HO JOLIJbHUN piBeHb TUCKY MPHU 3a0e3MeUYeHHi pe-
[JIAMEHTOBAHOI SIKOCTi KOMITIO3UTHOI'O BUPOOY, 1110
¢dopMy€eThCSI.
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OPTIMIZATION OF PRESSURE AND TIME OF COMPOSITE PRODUCTS MOLDING
AT THE TEMPERATURE OF MINIMUM BINDER VISCOSITY

The technological process of composite products” molding consists in giving them non-a reversible shape using shape-generat-
ing molding tools through polymerization of the binder at a certain temperature and pressure varying in time. The paper deals
with the research of technological parameters of the most common practical method of molding products made of polymeric
composite materials, pre-formed of prepregs. The mathematical model of filling with a binder of inter-fiber space of the rein-
forcing material for the polymeric composite material with the varying fiber packing densities, from quadratic to hexagonal one,
depending on the type of reinforcing material, has been further developed.

A new method for optimization of the pressure and time of composite products’ molding at the temperature of the minimum
binder viscosity has been developed. The method is implemented by analytical dependencies, which establish the optimal time
intervals and pressure of molding on the section of the temperature and time diagram, associated with the ability of the operating
equipment (oven, autoclave) to provide the maximum possible rate of temperature rise in order to “soften” the binder in prepreg
to its minimum viscosity. It is shown that energy consumption for the re-formation of the tetragonal structure of the polymeric
composite material into hexagonal one is ten times higher than the costs for the tetragonal structure formation. For example,
re-formation of the tetragonal structure at volume content of the binder of 0.4 into dense hexagonal structure requires 66.7
times increase in pressure. Obtained results allow establishing the economically feasible level of pressure and time of composite
products’ molding while ensuring their specified quality.

Keywords: prepreg, polymerization of the binder, inter-fiber space, quadratic and hexagonal structure.
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2 NlepxasHe nignpuemctBo «KoHcTpykTopebke 61opo «ITiBreHHe» iMm. M. K. STHress»
ByJs1. KpuBopisbka 3, [IHinpo, Ykpaina, 49008

KOMILJIEKC BJIACTUBOCTEN 3BAPHOIO 3’€THAHHA CILIABY 2219
Y CTAHI T62 B YMOBAX, 1110 MOAEIIOIOTb YMOBM EKCILJTYATALIIT

Jocaidnceno komnaexc enacmugocmeii 36apHoeo 3’conants cnaagy 2219, euxonanoeo 00HONPOXiOHUM 36APIOGAHHAM HENAAGKUM
eneKmpooom 83008c ma nonepex nPoKamy, mepmoodpobaeroeo do cmary T62 é pidkomy amini ma iioeo napax npu memnepamypi
50°C npomsieom 45 di6. Ilokaznuku naacmuyHocmi ma miyHocmi 3paskie 36aprux 3’eonans cnaagy 2219y no3008x4cHbomy Hanpsm-
Ky CIMAH08AMb: Medica NAUHHOCmI 36apHoeo 3’ednanns — 301...317 M1la, ocnosroeo memany — 295...297 MIla, mexca miyrnocmi
38apHoeo 3’conanns — 409...415 Mlla, ocnosrnoeo memany — 422...425 MIla, sionocue eudosxucenns cmarnosums 4.0...5.8 % ma
17.6...19.1 % 6i0nogiono; y honepeunomy HanpsamKy: Mexca nAuHHocmi 36apnoeo 3’conanns — 309...331 MIla, ocnosnoeo mema-
ay — 304...307 MIla, mexca miynocmi 36aproeo 3’eonanuss — 392...414 MIla, ocroénoeo memany — 428...433 Mlla, sionocne
nodosocennss — 2.1...3.3 % ma 12.6...15.0 % eionosiono. Koegpiyiecnm miynocmi 36apHux 3’€0HaHb y NO3008ICHLOMY HANPAMKY
dopisnioe 0.96, y nonepeunomy — 0.94. 3eapni 3°’cOnanns 6 uybomy cepedosuuji € cmilikumu npomu Kopo3iliHoeo po3mpicKky8anHs

LlutryBanns: HupkosaJl., Jladyp T., LlleBuos €., Hazapenko O., [lopodeeB A., Ocaguyk C., SIBopcbka M., [Tokisiukuii A.,
®enopuyk B. Komruieke BracTuBoCTel 3BapHOTo 3’€qHaHHs cruiaBy 2219 y crani T62 B ymMmoBax, 110 MOJEJIIOIOTH YMOBU €KC-
rtyatattii. Kocmiuna nayka i mexuonoeis. 2022. 28, Ne 2 (135). C. 14—29. https://doi.org/10.15407 /knit2022.02.014
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Komnaexc enacmusocmeii 36apnoeo 3’eonanns cnaagy 2219y cmani T62 6 ymosax, wo mooearoioms ymogu eKcniyamayii

ma MINCKpUCManimuoi Kopo3ii, mpuekicms npomu po3uaposysanvioi koposii oyinerna 6arom 2. Cnaae 2219 y cmani T62 6 amini
OYIHEHO K «CMILIKUL», 8 NApax aminy — K «niosuujero cmiikui». Ilicas eumpumysanHs 6 amini ma napax aminy NOKA3HUKU
MiyHOCMI 3pa3Kié 0CHOBHORO Memany ma 36apHux 3’€0HaHb 8 000X HANPAMKAX Malidce He 3MIHIIOMbCA, NOKA3HUKU NAACMUYHOCMI
3MIHIOMbCS HEMOHOMOHHO: Medca NAUHHOCMI 0CHOBHO20 Memany 30inbuyemocs Ha 5...6 %, 36apHux 3’€OHaHb — 3MEHULYEMbCA HA
6...7 %, 6iOHOCHEe 8UO0BICEHHS OCHOBHO20 Memany smeHuyemocs Ha S... 16 %, 36aprux 3’ednans — npubauzno na 20 %. Hesanexnc-
HO 610 HANPAMKY BUKOHAHHSA 36APHBAHHA GIOHOCHO NPOKAMY MEMAny 31aMu NepeeasicHo Maiomy 6 I3Kuil XxapaKmep pyiHy8aHHs.
Iicas sumpumyearnus 6 amini Koepiyicum MiUHOCMI 36apHUX 3’ €OHAHb Y NO3008ICHLOMY MA NONEPEUHOMY HANPAMKAX 0OHAKO8I ma
dopisnroroms 0.91, nicas eumpumyseanns 6 napax amiay — 0.95 y nozdosacnvomy nanpamky i 0.96 nonepeuromy.

Karouoei caosa: anominiesuii cnaae 2219, 36aphi 3°’¢0nants, mepmooopodaeHHs, KOPO3iiHa MPUKicmb, MEXAHIYHI 61ACMUBOCMI,

MIKpOCMPYKMYpa, MEXaniune pyuHy8anHs npu po3ms2y8aHHi.

1. BCTYII

AmomiHieBuit cruiaB 2219 € HaiibiIbll BUKOPUCTO-
BYBaHUM MaTepiaJioM JJisl BATOTOBJIEHHSI MaJIMBHUX
0akiB, Ma€ YHiKaJlbHy KOMOiHallil0 BJIACTMBOCTEI:
3BapIOBAHICTh, BMCOKY MII[HICTh MPU JOCTaTHHO
HU3bKMI Ba3i Ta KpioreHHy cTiiikicTb. CruiaB AA
2219 ycmiliHO 3aCTOCOBYETHCS B Pi3HUX CHUCTEMax
paker-HociiB («CatypH-5», <«Anomnon», «Cmeiic
IIaTTn» Tomo) [18].

ITin yac aproHomyroBoro 3BaplOBaHHSI CIUIaBY
2219 HeT1aBKUM €JIEKTPOJIOM YacTO CHOCTePira€Th-
Cs1 YTBOPEHHSI MOp y MeTaJli 1mBa. s 3anobiraHHs
LIbOTO B poOOTi [14] 3amponoHOBAaHO TEXHOJOTIIO
3BaplOBaHHS 3 BUKOPUCTAHHSIM CIIELiaJIbHUX aK-
tuBauiiinux areHtiB (AlF;, LiF, KF-AlF;, K,SiF)
MPU YMOBI BUKOPUCTAHHSI HAa HEraTUBHOMY €JIeK-
TPOMi MOCTIHHOIO CTPyMY, LIO CHPUSIE YCYHEHHIO
3BaplOBaJIbHOI TOPUCTOCTI 3aBASIKU CYTTEBOMY
3MEHIIEHHIO BIUIMBY TEPMiUYHOIO LIMKJIY 3BaplOBaH-
H$1 Ha OCHOBHUI1 MeTaJl Ta 30HY TEPMiYHOTO BILIMBY.

BBaxaeTbcst [22], 110 MILIHICTb i IUIACTUYHICTh
3BapHUX 3’€JHaHb 3 allloMiHieBoro cruiaBy 2219,
OTPUMAaHUX AaproHOAYrOBMM 3BaplOBaHHSM He-
TJIABKUM €JIEKTPOIOM, € CYTIEPEWIMBUMU Yepe3 Psijl
TeOMETPUYHMX I MeTalypriiHUX YMHHMKIB. 3MiHa
LIIUPUHU JIMLILOBOTO 3BapHOTO 11IBa, TJIMOMHU TTPO-
TJIaBJIEHHS 3BApHOTO 11BA Ta iHIIMX TeOMETPUUHUX
rnmapaMmeTpiB MOXe MO-pi3HOMY BIUIMBATU Ha Mexa-
HiYHi BJaCTUBOCTI 3’€JHAaHb.

B po6ori [23] moka3aHo, 1110 oNTHMaJlbHi BIacTH-
BocTi 3’eiHaHH4 cruiaBy 2219-C10S nin yac po3tary
MOXHa OTPUMATU 3aCTOCYBAaHHSIMM JBOIPOXiAHOIO
3BaproBaHHs. JIJisi moKpallleHHs TJIaCTUYHUX Bjlac-
TUBOCTEI 3BapHUX 3’€IHaHb cruiaBy 2219-T8 mpu
BUPOOHUIITBI BEJMKMUX TaJMBHUX 0akiB y poOOTi
[21] 3acTocoByBaBCSI HOBMI TEXHOJIOTIYHUI MpPU-
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1iOM 3BaplOBaHHSI — 0araTonpoxiJHe 3BaprOBaHHS 3
MOBOPOTOM, 1110 a0 3MOTY OTPUMATH 3’ €THAHHSI 3
KoediieHToM MirHocTi Ha po3puB 70 % Ta BUIO-
BXXEHHsIM moHan 4 %. MexaHi3M BIOCKOHAaJICHHSI
reoMeTpii 3BapHOro IBa OOYMOBJICHWI ITOHIXE-
HOIO IIBUAKICTIO 3MiHM AedopMallii Ta KOHIIEHTpa-
LIi€10 HAMPYXKEHb 10 OCi 111Ba. 3a3BUYali TOCYIUHU 3
amoMiHio 2219, 1K npaBuJio, NiIgal0Th TEPMiYHOMY
00po0JIeHHIO MTicas 3BapioBaHHs [25]. st Tepmo-
00pOOJIEHHS 3aCTOCOBYIOTh Pi3Hi peXXUMU, 30KpeMa
T81 (crapiHHs 3aroToBOK, TEPMOOOPOOJIEHUX IO
crany T4, npu 177 °C npotsarom 18 rox) i T87 (cra-
PiHHSI 3arOTOBOK, T€PMOOOPOOIEHUX 3 HACTYIIHOIO
nedopmariero 8 % mo crany T37, npm 163 °C mpo-
TIroMm 24 ron).

TepMooOpOOAEHHS TIic/sI 3BaplOBaHHS 3BapHUX
3’eaHaHb criaBy 2219 y crani T62 (cTtapiHHS Mmpo-
taroMm 36 rox npu 190 °C) migBHILy€E K MIillHIiCTb,
TakK i MaacTUYHIcTh [18].

HaiicnaOiiow 30HOI0 CTUKOBHUX 3BapHUX 3’€]l-
HaHb € 30Ha TEPMIYHOIO BIUIMBY. Y CTHKOBOMY
3BapHOMY 3’€IHaHHI craBy 2219-T87, orpuma-
HOMY aproHOJIYTrOBMM 3BapOBaHHSIM HEIJIaBKUM
eJIEKTPOIOM Y aBa Tipoxomu [16], 3HaYeHHS Mi-
KPOTBEPIOCTI B IIUX 30HaX CTaHOBUTH 76 Ta 78 HB
BiAIOBiZHO Ta 30UJILIIYETHCS MO Mipi BigmajaeHHS
BiJ JIiHil CIUIaBlIeHHSsI, 32 BUHSITKOM 30HU Ha Bif-
ctadi 4.5 MM Bin niHii crutaBineHHs. CepeaHiii po3-
Mip 3epeH B 000X 30HaX CTAHOBUTH NpUOIU3HO 74.4
Ta 79.2 MKM, B 30Hi TepMiuHOTO BILUIMBY — 41.5,
44.9 mxMm, B ocHOBHOMY MeTanmi — 43.4 mxMm. OTxe,
30i/IbIIIEHHST PO3Mipy 3€peH, 3MEHIIIEHHSI BMIiCTY Jie-
TYIOUMX €JIEMEHTIB, iXHsI Cerperailisi Ta BUIUICHHS
JIpyroi da3u po3rsiaaloThCsl SIK OCHOBHI MPUYMHU
PO3MILIHEHHST 3BapHOTO 3’€IHAHHS, TOAi SIK BMUIIa-
JIiHHSI BTOpPMHHMX (a3 € OCHOBHUM YMHHUKOM PO3-
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MilIHEHHSI 30HM TePMIiYHOTO BILUIMBY. TepMiuHe 00-
pOOJIEHHS ITiC/ISI 3BapIOBaHHSI 3MEHIIYE KiJIbKIiCTb i
pPO3Mip eBTEKTUUHOI CTPpYKTypu abo 0-da3 [24, 25]
Ta MNPU3BOAUTL 0 TOrO, LIO CTPYKTypa 3BApHOTO
1IIBA CTa€ CXOXKOIO 31 CTPYKTYPOIO iHIINX 30H, a 3’ €/~
HaHHSI Ma€ ONMTUMAaJIbHI PO3TATYBaJIbHI BIaCTUBOCTI
(3pa3ku pyiHYIOThCSI B 30Hi 3BapHOTO 111Ba).

HuxiiyHe TepMiuHe 0OpOOJIEHHS 3BapHUX 3’ €I~
HaHb criaBy 2219, BUKOHaHUX AYrOBMM 3Baplo-
BaHHSIM HEIUIaBKUM €JIEKTPOJAOM B iHEPTHOMY
rasi cTpyMoMm 3MiHHOI TtojisspHocTi [13], cmpuse
YTBOPEHHIO B 30Hi T€PMiYHOTO BIUIMBY, 1110 TpU-
JISITa€ J0 JIiHil CIUIaBJIEHHS, 30H 3 MaKCUMaJIbHOIO
Ta MiHIMaJIbHOIO TBEpPHiCTIO. MakcumanabHa TBEp-
JiCTh 30UTBIIYETHCS 3 TEMIIEPATYPHUMM LUKIJIAMU
LUKJIIYHOIO TepMiYHOro OOpOOJIEHHSI 3a paXyHOK
yrBopeHHs 30H I'inbe — IIpectoHa, Toi SIK MiKpo-
TBEPAICTh B iHIIMX 30HAX 3aJIUIIAETHCSI HE3MIHHOIO.
ExcnepuMeHTaibHi pe3ysibTaTh TOKa3yloTh, 1110
LUKJIIYHE TepMidyHe OOpOOJIEHHS IPU3BOAUTHL IO
301JIbIIIEHHST MEXi TEKYUOCTi, ajie 3SMEHILIEHHS T1ac-
TUYHOCTi 3BapHOTO 3’€THAHHSI.

PizHa mornepeaHst nedopmMallis BILIMBAE Ha Mi-
KPOCTPYKTYpPY Ta KOpPO3iiiHy TPMBKIiCTh aJlOMiHi€-
Boro criaBy 2219 [15]. ¥ nipoueci crapiHHS po3Mmip
3epeH IIOCTYIIOBO 3MEHIIYETHCS, a PO3IoAia da3
e(eKTUBHO MOKPAIILYETHCS, 1110 MPU3BOAMUTD JI0 Mij-
BUILIEHHS MIilTHOCTi Ha PO3PUB Ta KOPO3iMHOI CTiii-
KocTi. HagBHicTh BenMKOI KiJIBKOCTI OMCIIOKAIIiif,
iHIyKOBaHMX MpollecaMu TorepeaHboi aedopMa-
1ii, 3a0e3meuye YMOBU IJIsl TIepeBaXKHOIO Ocaaxe-
Hux 0'-¢a3z. [IpioHoaucriepcHa i gucrepcHa 0-das3u
JUUIS 1IbOTO CILIABY, IMifJaHOro IonepeaHiit pedop-
Matii Ha 20 %, yCKJIagHIOIOTh PyX AMCIOKALil, 110
MiIBUIIYE MIITHICTh Ha po3puB. Yepe3 HepiBHOMIp-
HUt posnofin 0'-da3m Mexa MIITHOCTI IIpU pO3TsI-
TryBaHHI HE3HAYHO 3MEHIIYEThCS, SIKILO MOMNepeIHs
nedopmairist nocsirae 30 %. PiBeHb KOpo3iitHOI CTili-
KOCTi pi3HMX IonepenHix AecdopMaliil micist mpo-
1IeCy CTapiHHS BiJ HAWBUIIIOTO 10 HAWHMXKYOTO CTa-
HoBUTh: 20 % > 30 % > 10 % > 5 %, 110 NoB’A3aHO
3i 3MiHOIO posnoainy 6'-da3 Ta LUPUHU 30HU Oe3
Takux (a3. MexaHiuyHi BJIACTMBOCTI Ta JIOKaJbHA
KOpO3iiiHa TPUBKICTb KPYITHO3EPHUCTUX Ta YJIbTpa-
JUCIIEpCHUX cruiaBiB 2219, TepMocTabinizoBaHUX
micast crapiHHs, BinpisHsitotbest [12]. TBepmicThb i
MIlIHICTh YJBTPaANCIEPCHOIO CILIaBY 3HAYHO BUIIIi,

16

a CIIPUAHSTIUBICTD 1O MIXKKPUCTAJITHOI KOPO3ii —
HUXYa TOPIBHSHO 3 KPYMHO3EPHUCTUM CIUIABOM.
OpHak CTIMKICTh MPOTH PO3IIAPOBYBAJIbHOI KOPO-
3ii Ta eJIeKTPOXiMIiYHOI KOpO3il yIbTpamucCIepCHO-
ro CIJIaBy HMXYe, HiX KpymHo3epHuctoro. Kpim
TOTr0, YJBTPAAMCIIEPCHUI CIIaB MEHII YyTJIWBUM
IO JIOKAJIbHOI KOpO3ii 3aJIeKHO Bill YMOB CTapiHHS
MOPIBHSIHO 3 KPYMHO3EPHUCTUM CIJIaBOM. BigmiH-
HOCTi MEXaHiYHUX BJACTUBOCTEN Ta CXUJBHOCTI A0
JIOKaJIbHOI KOpO3ii IMX CIUIaBiB 3ajieKHO Bid Tep-
MIiYHOTO OOpOOJEHHS IIiC/IsI CTapiHHS B OCHOBHO-
MY 3yMOBJIEHI CKJIaTHOIO B3aEMOIIEIO 3€PEH Pi3HUX
po3MipiB, IMCIOKallil Ta BUMaAiHHS (a3 cTapiHHS.

3’enHaHHs aoMiHieBoro crutaBy 2219, oTpu-
MaHe aproHOAYrOBMM 3BaplOBaHHSIM HEIJaBKUM
€JIEKTPOJAOM B iHEpPTHOMY Tra3i Ha CTpyMi 3MiHHOI
MOJSIPHOCTI, MiggaBaad TEepMOOOPOOJIEHHIO TpU
535 °C npotsirom 30 xB, 3arapTyBaHHIO y BO[i Ta
mrygHoMy ctapidxio nipu 175 °C mpotsrom 12 rox
[26]. BusBuioch, 110 3aBOSIKU TEPMOOOPOOICHHIO
BIAJIOCST JOCSITTH (POPMYBaHHSI OUIBII OJHOPIZHOL
MIiKpPOCTPYKTYpPH, 30UTbIIEHHST MiITHOCTI Ha PO3pUB
Ha 44 %, ipu LIbOMY KOeMIiLli€EHT Mil[HOCTI 3’ €IHAH-
HsT cTaHOBUB 76 %. Kopo3siiiHa CTiiiKicTb 3’€IHaHHS
icjs1 TepMOOOpOOIeHHS OyJla BUIIOIO, HiXX Y CTaHi
IIicJIs1 3BapioBaHHs. 30Ha TEPMIYHOTO BILUIMBY 3aJ1M-
MIMIacs HalOUIbII HeCTIMKOO 10 KOPOo3ili, ii cripuii-
HATJIMBICTH A0 KOpPO3il IOSICHIOBAJIACh PO3YMHEH-
HAM Ta cerperatiero dasu Al,Cu B3IOBX IpaHHIb
3epeH.

[IpoaHamizoBaHO BIUIMB Pi3HUX TapaMeTpiB
3BapIOBaHHS Ha MEXaHiuyHi BJIACTMBOCTI Ta IOBE-
NiHKY TIpU PO3TITYBaHHI aproHOOYTOBUX 3BapHUX
3’eaHaHb [20]. byso oOpaHO YOTHPHU Pi3Hi KYTH pO3-
miaky kpaiok: 60°, 70°, 80° ta 90°, mo6 3’sscyBaTu
TeHIEHIII0 (OpPMYBaHHS MIKPOCTPYKTYpU Ta 1l
BIUIMB Ha SIKiCTh 3BapHOTO 111Ba. MeXxaHiuHi BIacTU-
BOCTI OIIIHIOBAJIM 32 MOKAa3HUKOM TBEPAOCTi 3a Bi-
kkepcom HV,. MikpoaHaii3 1ocmimKyBaHux 3pas-
KiB, OTPUMaHUX 3 BUKOPUCTAHHSIM Pi3HUX CTpPY-
MmiB 165, 180, 200 A 3 omHAKOBUM KYTOM PO3IiIIKU
Kpaiiok 90°, MpoBOAMIN Yy 30Hi CIUIaBJEHHS, 30Hi
nepexony ta 3TB; Bci 300paKeHHs IIPOAEMOHCTPY-
BaJIY XOPOIIle TIPOIUIABJICHHS Ta YiTKUI Mepexim Bim
MOMepeNHbOI 10 HACTYMHOI 30HU. BumpoboByBaH-
HSI PO3TSITOM 3BapHUX 3’€AHaHb MOMEPEK MPOKaTy
MPOBOJMJIN JJISI OLIIHKU BIUIMBY ITapaMeTPiB 3Bapio-
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BaHHS Ta reOMeTpil PO3IUIKM KpailoK Ha MillHICTh
3’€IHAHHS Ta MOT0 MOBEIIHKY ITiJ] Yac eKCIuIyaTailii.
MilHicTh 3BapHUX IIBIiB Ha pO3pUB MOB’sI3aHa 3 Ta-
pameTpamu 3BaproBaHHs. OO0paHuii 3BaprOBaIbHUIA
ctpym 180 A 3abe3neyrB HaWBUINY MILIHICTh Ha
PO3PUB JOCTIIXKYBAaHUX 3pa3KiB; Tak caMmo, sIK Tpa-
BWILHMI BUOIp KyTa po3aijiku KpoMok (90°) 3a6e3-
MeYy€e 3aJ0BiUIbHE TPOILJIaBICHHS i BUCOKY SIKiCTh
OCHOBHMX 3BapHHUX IIBiB. PesynbraTé Tokasaiwu,
110 (hopMyBaHHS 3BapHOTO 1IBa 3aJ€XKUTh Bijl 3Ba-
PIOBAJILHOTO CTPYMY.

BuxopucraHHsi aauMTUBHOI TEXHOJIOTII 3Baplo-
BaHHSI HEIUIaBKUM BOJIb()PAMOBUM €JEKTPOJIOM B
iHEpTHOMY ra3i TOHKOJMCTOBOro cruiaBy 2219 [11]
10KAa3ajio, 110 CEepeIHsI TBepHiCTb CTAaHOBUTH 77.5
HV, ,, a MaTepiani He4yTJIMBI 10 HArpiBaHHSI ITi] Yac
3BaproBaHHs. ZKOIHOI CYyTTEBOI Pi3HMIII TBEPAOCTI HE
BCTAHOBJICHO MiX HarulaBJICHUMM Ta BHYTPIlLIHIMU
mapamMu. BumpoOyBaHHSI Ha pO3TST IPOBOAMINA Ha
3pa3Kax B3[0BX 3BAPHOTO 111Ba Ta HAMPSIMKY MpOKa-
Ty. Cepents Mexxa MiltHOCTi nopiBHIoe 237 MIla, o
CTAaHOBUTH 57 % BiJ 3HAUEHHS MeXi MiIITHOCTI CITJIaBy
y cTaHi noctayanHsg 2219-T6. AHani3 nmokasye, 1110
HU3bKe 3HAUEHHsI MIlIHOCTI Ha pO3pUB MOXKHA TO-
SICHUTHU BiICYTHICTIO epeKTy 3MilIHEHHSI (ha3 Mmia yac
3BaploBaHHs. Martepian Ma€e i30TPOITHI BJIaCTUBOCTI
npu po3TsaryBaHHi. ®OpakTorpadiyHi JOCHTiIKEH-
HS TIoKaszanu, 1o 0-dasu € iHiuiaTopaMu TPILIMH.
Edexr 3MeHIIeHHS TUIOIIMH HaBaHTAKEHHS 4Yepe3
CMYTOTIOMIIOHY PO3IMOJiJIEHy TMOPUCTICTL € He3Ha-
YHUM Yy HanpsIMKY 3BaproBaHHsl. OHaK y HANPSIMKY
MpOoKaTy 1ie BIUIMBAE Ha LUISIX MOLIMPEHHSI TPIiLLIMHU.
3BapHi 3’€IHaHHSI, OTPUMaHi €JIeKTPOHHO-IPOMeE-
HEBMM 3BapOBaHHSAM aJlloMiHieBoro cruiaBy 2219,
3a0e3Mne4yloTh HabaraTto OiIblily MIillHICTh Ta BUILY
KOpPO3iiiHy TPUBKiCTh, HIXK 3’€IHAHHS, OTPHUMAaHi
HerulaBkuM esiektpoaoM [19]. Ile 3ymoBiieHO, KpiM
TOHKOI PiBHOMIpHOI 36peHHOI CTPYKTYpH, HasIBHIC-

TIO YaCTKOBO PO3KJIafAeHUX (a3 y MeTali 11Ba, OiJIbII
JIpiOHOI0 MIKPOITOPUCTICTIO Ta PIBHOMIPHUM PO3IIO-
JiJIOM Mimi y MaTpuii. 3BapHi IIBM, BUKOHAHI 3Ba-
PIOBaHHSIM TEpTSIM, MalOTh Kpallli MOKa3HUKU, HiX
aproHOJYTOBI 11IBM, BUKOHAHiI aproHOAYroBMM 3Ba-
PIOBaHHSIM HEIJIABKUM €JIEKTPOJIOM CTPYMOM 3MiH-
HOI MOJISIPHOCTI, X04a 3BaploBaJIbHI MPOLIECU CITPU-
SITM 3HVDKEHHIO MEXaAHIYHMX BJIACTUBOCTEN 3BApHUX
3’€/IHaHb MOPIBHSIHO 3 OCHOBHMM METAJIOM CILIaBy
2219 [17]. 3rinHo 3 dpakrorpadiuHUM Ta MiKpo-
CTPYKTYPHMM aHAaJIi30M, B 30Hi TEPMIYHOIO BILIMBY,
o mictuiia pacdiHOBaHYy Ta PiBHOBICHY CTPYKTYpY,
BimOyBaJlach IMHAMIYHA IIepeKpUCTaIi3allis, Ta 3pa3-
KU i 9ac po3TsTy Po3ipBajiCh 1O 30Hi MEPETPiBY.
3acTocyBaHHSI 3MiHHOI MOJISIPHOCTI MPU 3BaplOBaHHi
MOXe MPU3BECTU A0 YTBOPEHHS Ie(PEKTIiB, TAKUX SIK
BMCOKa KOHIIEHTpallis ra3oBUX IIOp, i 30Ha CILIaB-
JIEHHSI CTa€ cJ1ab1Iolo.

Meta pobOTM — HOCTIAUTH KOMIUIEKC BJIACTH-
BOCTEil 3BapHUX 3’€lHAHb, BUKOHAHUX PYYHUM
aproHOJIyrOBUM 3BaplOBaHHSIM B3I0BX Ta TOIepekK
HanpsIMKy MpoKaTy, Ta TepMOOOPOOJIEHUX 10 CTaHYy
T62, Bin sIKMX 3aJIEXXHUTh MpaLe3IaTHICTh 3BAPHOTO
BHpOOY B yMOBax eKCILTyaTallii.

2. METOJUKA EKCIIEPUMEHTIB

B poGoTi nociigkeHo ajltoMiHi€BUIA CIJIaB CUCTEMU
seryBaHHs Al-Cu 2219-T31 ToBuinHO0 3 MM. AHa-
JIi3 XiMIYHOTO CKJIagy MPOBOAWIM CIIEKTPaJIbHUM
MeToJoM Ha crekrpoMeTpi «CrnekrpoBak-1000»
dipmu «Baird». OTpuMaHi pe3yabTaTu MOpiBHIOBA-
JIX 3 XiMiYHUM CKJIaJIOM CILIaBy, HaBeAeHUM B AMS-
QQ-A-250/30A [1], B Tabm. 1.

Ilepen 3BaproBaHHSIM 3pa3ku 06poosun y 10 %
poszunni NaOH Ta ocBitmsin y 30 % posuuHi
HNO;. 3BaproBaHHsI 3arOTOBOK ITPOBOIMJIM B TO-
PU30HTAIIBHOMY TIOJIOXKEHHI HEeTUTaBKUM BOJIb(pa-
MOBHUM €JIEKTPOJIOM 3 JIAHTAaHOBUM TITOKPUTTSAM 3

Tabauys 1. Ximiuamii cKiaj 3pas3ka cmiasy 2219-T31 ToBumHo0 3 MM

MacoBa yacTka eJeMeHTiB, %
CriaB -
Cu Mn Zr \% Ti Fe Si Zn Mg Iz
KOXEH/B LiIoMY
3pa3zok 6.7 0.34 0.18 — 0.05 0.16 0.09 0.03 0.02 0.01 (Ni)
AMS-QQ- | 5.8...6.8 | 0.20...0.40 | 0.10...0.25 1 0.05...0.15 | 0.02...0.10 | <0.30 | <0.20 | <0.10 | <0.02 | <0.05/<0.15
A-250/30A

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2022. T. 28. No 2

17



JI. Hupkosa, T. Jlabyp, €. Illlesyos, O. Hazapenko, A. llopogees, C. Ocaduyk, M. deopcvka, A. Hokaaykuii, B. @edopuyk

BUKOPMCTAaHHSIM IpUcagHoro apoTy mapku CB 2319
niametpoM 1.6 Mm (I, = 280 A, V35 = 20 m/ron,
LIBUAKICTDb Mojadi npucaaHoro apoty 117 m/ron).
Ixepeno xupieHHs: MW-450 ¢dipmu «Fronius».
BukopucToByBaBcsl 3MiHHMI CTPyM 3 MPSIMOKYT-
Holo ¢opmoro xButi yactororo 200 Ii1. 30Hy criiaB-
JIEHHS 3axullajii aproHoM. [ToBHe mporuiaBaeHHS
3BapIOBaHMX KPOMOK 3a OIUH IPOXif i (popMyBaHHS
npoIuiaBy (KOpPEeHsI) JOCSATaIoCs 3a HAsSBHOCTI 3MiH-
HOI M IKJIaAKK 3 HEPKABIiIOUO1 CTali 3 IPSIMOKYTHOIO
(opMOI10 KaHAaBKM IIMPUHOIO 4 MM Ta TJIMOMHOIO |
MM, 1110 T03BOJIMJIO OTpUMATH sIKicHe (popMyBaHHS
CTUKOBUX IIBiB 3 TEXHOJIOTTIYHUM MTOCUJIEHHSIM.

SkicTh (hopMyBaHHsI 1IBiB CTUKOBUX 3’€dHAaHb
criaBy 2219-T31 ouiHoBanIu BidyaJlbHO Ta METOIOM
pentreHorpadii (TOCT 7512 [2]) Ha peHTTeHiBChKiit
ycraHoBli PATII-150/300. LinpHicTh MeTally IIBa
KOHTpoJtoBann Ha ripuiani «Jdencutomerp A I1-30».

[ns BUMiplOBaHHSI T€OMETPUUYHUX IapaMeTpiB
IIBiB BUKOPUCTOBYBAJIW €JEKTPOHHMUIA ILITaHTE€H-
mupKyab Mapku APT-34460-150 3 LiHO0O MOTIIKU
0.01 mm.

3i 3BapHUX 3arOTOBOK BUTOTOBJISUIA 3pa3Ku ISt
MeXaHIiYHMUX Ta KOpO3ilHMUX BUIIPOOYBaHb 3TiJHO
3 BIANOBIITHUMM HOPMATMBHUMU JIOKYMEHTaMMU.
3pa3ku TepMooOpobIoBaiu 10 ctaHy T62 (1moBHMit
LYKJI TepMIYHOro OOpOOJIEHHS) — TapTyBaHHS 3a
pexxumom T =535+ 5 °C, 1 = 50 xB (0OXOJIOMXKEHHS
y BOJi) 3 MOJAJbIIMM IITYYHUM CTapiHHSM 3a pe-
xumoM T'=190 %+ 5°C, 1 = 36 rog.

Kopo3ziiiHi BuNpoOyBaHHSI MPOBOIWIN B aMiJli Ta
napax amity nipu Temneparypi 50 °C 6e3nepepBHO
npotsiroM 45 n1i6 Ha 6a3i BUIIpOOYBaJIbHOI Jlabopa-
topii Kb «IliBneHHe», micjisi 4oro oliHIOBalu KO-
pO3iiiHy TPUBKICTh (IUBUIKICTh CYLIJIbHOI KOPO3ii,
CTIMKICTh IIPOTH MiXKpucTamiTHOI Kopo3ii (MKK),
pO3111apOBYBaJIbHOT KOPO3ii Ta KOPO3iliHOro po3-
TPiCKYBaHHSI) Ta ME€XaHiYHi BJIaCTUBOCTI.

OLiHIOBaHHS CTIMKOCTI 3pa3KiB OCHOBHOTO MeTa-
JIy MIPOTH CYLILTBHOT KOPO3il MPOBOIMIIM METOOM Ma-
COMETpil 3a cTaHAapTHOI MeTonukoro. IIIBuUaKicTh
BTpaTU Macu 3pa3KiB BU3HAYaJIM 3a 3MiHOIO Macu
3pas3Ka Ta TPUBAJIOCTI AOCTiIKEHDb 32 (DOPMYJIOI0

_Am 1)

ST
ne Am=m, —m, — Kopo3iiiHi BTpaTu 3paska, T;
M, — maca 3paska 10 BUINPOOYBaHb, T; m, — maca
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3pa3Ka IIicJIsi KOPO3iiiHMX BUIPOOYBaHb; S — IUIO-
Ia MoBepxHi 3paska, M2; 7 — TPUBAJICTh JOCIi-
JIKEHb, TOJI.

[IIBuaKicTh KOpOo3ii 00umcIIoBamu 3a GopMyJIO0

-K
M= 8760

PR )

ne K — mBuUAKicTh Kopo3ii, T-M2ron~!; d — miinb-
HicTb MeTany, T/cM?; 8760 — KibKiCTh TOIMH Y POLI.

ITpu oOuUMCIEHHSIX BpaxOBYBaJIOCh 3HAUYEHHS
IJILHOCTI aoMiHieBUX cr1aBiB 2.7 r/cM3.

OLiHIOBaHHSI CTIMKOCTI MPOTU pO3LIAPOBYBa/b-
Hoi Kopo3ii mpooauau 3rigHo 3 FTOCT 9.904 [3] Ha
3pa3kax OCHOBHOIO METajly Ta 3BapHUX 3’€JHaHb.
ITin yac ouiHIOBaHHSI BiAMivyaju 3MiHY KOJbOPY,
HAsIBHICTb BMPA30K Ta BiAlIApYBaHb Ha POOOYUX
MOBEPXHSIX 3pa3KiB, TpilmuH Ha Topusx. [IpuitHs-
Ti Taki YMOBHi mo3HauyeHHs. Jlitepoio «A» IT03Ha-
YeHO TMOBEPXHIO, Ha sIKili HaHECeHO MapKyBaHHSI,
a JIJ1s1 3BapHUX 3’€IHAaHb — MOBEPXHIO 3 JIMIIbOBUM
mBoM, «b» — 3BOpOTHA MOBEpXHS, AJIsl 3BApHUX
3’e¢lHAaHb — ITOBEPXHS 3 MpoIiaBieHHsIM; 1, 2 —
TOPLi CTOPiH HOBXMUHOI 60 MM (80 MM TSI 3BApHUX
3’elHaHb), 3, 4 — TOpLi CTOPiH TOBXMUHOIO 40 MM
(25 MM — 151 3BapHUX 3’ €HAHD).

OuiHIOBaHHS CTiMKOCTI MPOTU MiXKKPUCTAJIITHOI
KOpO3ii MPOBOAWIU MeTalorpadiuHUM METOIOM
npu 30imbmenHi 100* srimno 3 TOCT 9.021 [4].
BunpobyBaHHS TpOBOAWIM Ha 3pa3Kax 3BapHUX
3’eHaHb, OLIHIOBAJIM BCi 30HU 3BapHOTO 3’€IHAH-
HSl — OCHOBHUI MeTaJl, 30Hy TEPMiUHOTO BILJIMBY Ta
3BapHUI LIIOB.

BumnpoOyBaHHSI CTIMKOCTI HpPOTU KOPO3iiHO-
rO PO3TPICKYBaHHS MPOBOIMJIM Ha TPSIMOKYTHUX
3paskax po3mipoM 150.0 x 25.0 x 3.0 MM. 3pa3ku Ha-
BaHTaXXyBaJIM 32 YOTUPUTOUYKOBOIO CXEMOIO BUTUHY
3rigHo 3 TOCT 9.901.2 (meton 4), piBeHb MOCTiitHOI
nedopmaitii 0yB ysromkeHuit i3 «/II1 Kb «IliBneH-
He» Ta cTaHOBMB 957 krc/cm2. TTicns BUunpo6yBaHb
3pa3Ku OJISIAAIU 32 JOTTOMOTOIO JIYIIH.

BuzHaueHHs Ta OLliHIOBaHHSI MEeXaHiYHUX BJjlac-
TUBOCTEM BMKOHYBaJIM Ha IJIOCKMX 3pa3Kax 3 TeX-
HOJIOTIYHMM MOCHUJIEHHSIM Ha JIMILIEBiil Ta 3BOPOT-
Hili TIOBEpXHsX IMBa. MeXaHiuHi BHUITPOOYBaHHS
npoBoauau 3rigHo 3 TOCT 1497 [5] Ha maimuHi
Instron-1126 3i IBUIKICTIO ITepeMillIEHHS TPaBEPCH
6 MM/XB 110 pyiiHyBaHHSI. J1JIsS1 KOHTPOJIIO TTOKA3HM -
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Puc. 1. 30BHilIHI BUMIS MOBEPXHI OCHOBHOTO MeTaly ajlloMiHieBoro crutaBy 2219, Tepmoo0po-
GyieHuX 10 cTany T62, 10 (a) Ta micast BUNpoOyBaHb B aMiJti (0) Ta apax aminy (8)

Ka BilIHOCHOTO MOAOBXEHHSI 3pa3KiB 3aCTOCOBYBaJIN
ekcreHzoMmerp Ne G-51-12-M-A. Ilig yac BUIpO-
OyBaHb 3a JOTIOMOTOIO MEePCOHATBLHOTO KOMIT I0Te-
pa Oe3repepBHO PEECTPYBAIM IMOKA3HUKU HaBaH-
TaxkeHHs Ta aedopmalii, 3a pe3yabTaTaMM SIKHUX
PO3paxoByBaIM MEXY IUIMHHOCTI, TUMYaCOBUIA OITip
PpO3puUBY (MEXXY MIlITHOCTI) Ta BiTHOCHE MOJAOBXEHHS.

MeTtanorpadiyHnii aHaji3 OCHOBHOTO MeTajly Ta
3BapHUX 3’€IHAHb J0 Ta Micjsl KOPO3iiHUX BUITPO-
OyBaHb BMKOHYBaJIM 3a JIOIMOMOTIOI0 MiKpOCKOTIa
MMT-1600B. JlocmiaKeHHsT TPOBAAUINCh Ha IILTi-
(hax BUpizaHUX i3 3pa3KiB 3BapHUX 3’€IHaHb, 3Ba-
penHux B3aoBX (/1) i momepex (IT) mpokarty JauCTiB.
MiKpoCTpyKTYpy BUSIBJISUIM TPABJACHHSIM Y PO3UYMHI
IMOBEPXHi 3pa3Ka, MOTiM eJIEKTPOJITUIHUM I10JIipy-
BaHHSM B po3unHi: 1000 cM? xs10punHOi Kuciotu +
75 em3 KpMXKaHOI OLITOBOI KMCIOTH.

3. PE3YJIBTATU TA IXHE OBTOBOPEHHS

3.1. ITeomempuuni napamempu weie. IeomeTpuaHi
rnmapaMeTpu IIIBiB BUMipIOBaau ITiCJIST 3BAplOBAaHHS
3aroTOBOK: B — IIMpuWHA IIBa 3 JIMIIEBOI MOBEPXHi
3’elHaHb, H — IIMpHHA 1IBa 31 3BOPOTHOI OBEPXHI
3’eIHaHb (KOpEeHs 111Ba), & — IJIMOMHA MPOILJIaBIeH-
HSI OCHOBHOTI'O METaJly, b — BUCOTa OMYKJIOCTEM TeX-
HOJIOTIYHOTO MOCUJIEHHSI, I — BMCOTa KOPEHS 111Ba.
Po3mipu 11BiB CTAaHOBJISITh: LIIMPUHA LIBiB Y 3BApHUX
3’€IHAHHSIX, 3BApEHUX B30BX MPOKATY, CTAHOBUTD
Bix 9.56 1o 9.72 MM, nonepek npokaTty — Big 9.47
10 9.65 mMm. KoediieHT opMm 1mIBa BigmmoBigZHO
1o ¢opmynu K = B/(b+08) nnst 3’eaHaHb, 3BapeHUX
B3JI0OBXK Ta ITOMepeK MpokKary, nopiBHioe 2.13 ta 2.03
BiJIMOBIIHO.
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3.2. Jlocaioxncenns cmitikocmi npomu 3a2aibHoi ma
A0KaabHoi Koposii. [liciasa BunpoOyBaHb B aMijli CITO-
CcTepirajJoch HEpPiBHOMiIpHE MOTEMHIHHSI MOBEPXHI
3pa3KiB (IuB. puc. |1 Ta Tab. 2), Ta yTBOPEHHS KOPO-
3iMHUX TUISIM pi3HUX PO3MipiB, sIKi BKPUBAJIU IUIOLLY
Bin 10 mo 20 %. Iicyist KOHTaKTY 3 MapaMu aMity 1o-
TeMHIiHHSI MOBEpPXHi TaKOX OyJI0 HEepiBHOMipHUM,
CTYIiHb YpaxKeHHSI MOBEPXHi KOPO3i€I0 CTAaHOBUB
Bix 10 mo 30 %. I[1namu xapaKTepu3yIoThCs 3MiHOIO
KOJIbOPY TTIOBEPXHEBOTO 11apy (MOTEMHIHHSIM) i Ma-
JIOIO TJIMOMHOIO ypaskeHHSI.

[Ticnst BupaneHHsS TPOAYKTIB KOpO3il MOBEpPXHi
3TAIIMIACS OJMCKYYUMU, 0€3 BUAMMUX JIOKaTb-
HUX ypaXeHb. 3a pe3yJbTaTaMU Bi3yaJIbHOT'O OIISITY
micjist BUIpoOyBaHb B aMijli (piZkoMy Ta Iapax) Ko-
po3ito amomiHieBoro criaBy 2219 ineHTHdiKOBAHO
3rigHo 3 TOCT 9.908 sk cyuiibHY HEpPiBHOMIpHY,
BUJ ypaxkeHb — KOPO3iliHi TUISIMMU.

IBuaKicHI MOKa3HUKM CYLIIBHOI KOPO3il 3pa3-
KiB OCHOBHOTO MeTajy ajloMiHieBoro cruiaBy 2219
y crani T62, Busnaueni 3rigHo 3 FOCT 9.908, cra-
HOBJISATh: IBUAKIiCTb BTpaTy Macu B amini — 0.00130
r/(M?-roxn), B mapax aminy — 0.00289 r/(m?-ron);
JIiHilHA MBUAKICTb KOpo3ii B amini — 0.00429 mm/
pik, B nmapax aminy — 0.0095 mm/pik.

3a gecATUOANbHOIO IIKAJOK KOPO3ilHOI CTili-
kocrTi 3rimHo 3 TOCT 9.502 [6] cTiiiKicTh afoMiHi-
€Boro crJiaBy 2219, TepMooOpoOIeHOro J0 CTaHy
T62 B amisi, oliHeHa 6ajoM 2, B mapax aMiay — 6a-
JIOM 3, 1110 BiIMIOBiIa€ TPyMi CTIMKOCTI «CTiMKUii» Ta
«IMABUILIEHO CTIMKUIA» BiITOBiIHO.

CrTiliKicTh OCHOBHOT'O MeTay cruiaBy 2219 npotu
pO3111apOBYBaJIbHOT KOPO3ii miciasi BUMPoOyBaHb B
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Tabauys 2. Pe3ynsraTd OMiHIOBAHHS CTIHKOCTI MPOTH PO3MIAPOBYBAJIBHOI KOPO3ii
3pa3kKiB OCHOBHOIO MeTajy ciiaBy 2219 ta 3papuux 3’eaHanb B310BXK (/1) Ta monepek (IT) mpokary,
TepMo0oOpodIeHnx 10 ctany T62, miciis BUNpoOyBaHb B aMiji Ta iloro mapax

Ha3zBa nokasHuka
Ha- YMmoBu X . Haiibinbinmii | [nowia Biamapo- CymapHa J0BXMHA CriiikicTh
apakTEp 3M1HHU 30B- . . . .
MapkyBaHHSI | IPSIMOK | BHUIIPO- . . | miamerp Bimla- | ByBaHHS Ha KOX- | TOpILiB 3 TpiliuHamu, | npotu PCK
HIITHbOTO BUAY 3pa3KiB - . .
npokaty | OyBaHb pYyBaHHSI, MM | Hiii ToBepxHi, % MM 3TiIHO 3
I'OCT 9.904,
A b A b A b 1 2 3 4 oan
OcHOBHUIT pill amin Jlerke moTeMHIiHHS 0 0 0 0 0 0 0 0 2
MeTal napu 3MiHa KOJILOpY 0 0 0 0 0 01]0 0 2
aminy | misMamu, Jlerke
MOTEMHIHHS, TUIIMKA
3 KOJIbOpaMU MiHJIA-
BOCTI
KoHTp. |be3 3min 0 0 0 0 0 0 0 0 1
3BapHe pil| amin Jlerke MOTEMHIHHS, 0 0 0 0 0 0 0 2
3’€THaHHS TUISIMU 3 KOJIbOpaMU
MiHJIUBOCTI 0
napu Jlerke moTeMHiHHS 0 0 0 0 0 0 0 0 2
aMiy
KOHTp. |be3 3MiH 0 0 0 0 0 0 0 0 1
OCHOBHUIT I1 amin Jlerke MOTeMHiHHS, 0 0 0 0 0 0 0 0 2
MeTa TUISIMU 3 KOJTbOpaMH
MiHJIUBOCTI
napu Jlerke moTeMHiHHSA, 0 0 0 0 0 0 0 0 2
aMminly | IUISIMM 3 KOJIbOpaMu
MIiHJIUBOCTI
KOHTp. | be3 3min 0 0 0 0 0 0 0 0 1
PCK.11.81 I aMia Jlerke moTeMHiHHS 0 0 0 0 0 0 0 0 2
PCK.13.81 napu Jlerke moTeMHiHHS 0 0 0 0 0 0 0 0 2
aMiny
PCK.15.81 KOHTp. |be3 3min 0 0 0 0 0 0 0 0 1

aMisi Ta iioro napax Ta 3BapHUX 3’ €IHaHb B3IOBX Ta
MOTepeK MPoKary, TepMoo0pobIeHnx 10 ctany T62,
BimmoBimae 6any 2 3rimHo 3 TOCT 9.904.

TakuM 4yMHOM, Ha CTilKiCTb 3BapHUX 3’€IHAHb
OCHOBHOI'O MeTajly MPOTU PO3LIapOBYBAIbHOI KO-
po3ii B aMiJli Ta oro mapax He BIUTMBAE HANIPSIMOK
MPOKAaTy Ta TEPMIYHUIA 1LIMKJI 3BapIOBaHHS.

ITicas KoposiitHux BUIIpoOyBaHb B aMisli Ta mapax
aMiTy MIKKPHCTAJIITHOTO PO3TPiCKYBaHHS 10 IpaHU-
LISIX 3epeH 3BapHUX 3’€QHaHb cIuiaBy 2219 He BUSB-
JIEHO, TOOTO 11i 3’egHAaHHS € cTiikumu npotnu MKK
3rigHo 3 TOCT 9.021. Tomy MoOXHa 3pOOUTH BUCHO-
BOK, 110 Ha cTilikictb mpoti MKK He BruivMBae Ha-
MPSIMOK MPOKATy Ta TEPMIUHUI LIMKJT 3BapIOBaHHSI.
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3pa3ku 3BapHUX 3’€IHAHb CILIaBy 2219 B3I0OBX Ta
rorepek mpokaty y crani T62 € cTiikumu i mpoTn
KOPO3iifHOro pO3TPiCKyBaHHSI B aMiJli Ta oro na-
pax, OCKiJIbKY KOPO3iMHUX TPIllIMH HE BUSIBJICHO.

3.3. Jocaioncennsa mikpocmpykmypu. Mikpo-
CTPYKTypa OCHOBHOTO MeTally criaBy 2219-T31 [2,
7—9] ckiiagaeTbcsl 3 OaraToi alrOMiHiEM o-das3u
(tBepamit po3umH) i crabimbHOI O(CuAl,)-basu.
Mo unciaa npoMixHuUX (a3 BimHocaTbes 0'(CuAl,) i
S'(Al,CuMg). OCHOBHUMH JIETYIOYUMU €JIEMEHTa-
MM CILJIaBYy € Mifb i MapraHeub. HasiBHiCTb B CTpyK-
Typi cruaBy ¢as 0(Al,Cu), T(Al,Mn,Cu), Al,Zr
Al |V 3a0esniedye HaleXHUI piBEHb Qi3MKO-MeXa-
HIYHMX BIACTUBOCTEM SIK CAMOTO CITJIaBy, TaK i 0ro
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OCHOBHUI MeTan

Mertasn miBa

Mertan 30Hu
TEPMIYHOTO BIUIUBY
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Puc. 2. MiKpoCTpyKTypa 30H 3BapHOTO 3’€IHAHHS alloMiHieBoro cruiaBy 2219, TepMoo6pobaeHux 10 crany T62, y3noBx (1)
MpOKaTy 10 KOPO3iitHUX BUTTPOOYBaHb (&), Micisl BUIIPOOYBaHb B aMiJli (0); Micjis BUIIPOOYBaHb B Mapax aMiy ()

3BapHUX 3’€AHaHb. lle 3yMOBJIeHO XxapakKTepHUM
0COOJIMBUM MEXaHi3MOM poO3Maay TBepAOTo po3uM-
Hy Ta MOP(OJIOTi€I0 po3TalllyBaHHS (ha30BUX BUi-
JIEHb IIPU HarpiBaHHi, a TaKOX CIIiBBITHOIIEHHSIM
iIXHBOI 00’€MHOI n0Ji y cTpyKTypi. Kiabkicts da-
30BUX CKJIQJOBUX BU3HAYAETHCI CYMOIO JICTYIOUMX
€JIEMEHTIB JIJIs1 KOHKPETHOTO CIUIaBY.
MeTtanorpadiuHi JOCTIIKEHHS CTPYKTYPH OCHO-
BHOTO MeTaly ciuiaBy 2219 y crani T62 mo kopo-
3iliHUX BUIIPOOYBaHb (pUC. 2, a) MoKa3aju, 1110 Me-
TaJl TAKOX MAa€ XapaKTepHi O3HAKM PO3TalllyBaHHSI
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CTPYKTYPHMX CKJIaI0BUX (3epeH, (a3oBUX BKIIO-
YeHb TOILlO), MPUTAMaHHUX MeTany y craHi T81:
3epHa TBEPJIOTO PO3UMHY MalOTh BUTSTHYTY B3J0BX
HanpsIMKy TIpoKaty hopmy, a HeMeTaleBi BKITIOUECH -
Hsl po3TallloBaHi piBHOMIpHO 110 IIepepi3y JUCTIB.
BumiproBaHHsS reoMeTpUYHUX PO3MIpiB 3€peH Yy
CTPYKTYpi HE BUSIBWIO aHi30TPOIMil0 OCHOBHOIO Me-
Tajly, OCKJIbKM SIK y TOB3I0BXHbBOMY, TaK i B TOIIe-
peYHOMY HaIpsIMKY iXHi po3Mipu Ta XapakTep po3Ta-
LIYBaHHS 30iraloThbesl. ¥ MO3A0BXHbOMY HAMPSIMKY
(puc. 2, a) po3Mip 3epeH B cepeIHLOMY CTAHOBHUTD 60
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OCHOBHUI MeTan

8

Mertai miBa

Mertan 30Hu
TEPMiYHOTO BILJIUBY

Puc. 3. MikpocTpyKTypa 30H 3BapHOTO 3’€IHaHHS allOMiHi€BOro cruiaBy 2219, TepMooGpobieHux 10 ctaHy T62 morepek
MPOKATy 0 KOPO3iifHUX BUIIPOOYBaHb (@), TIiCJIsI BUIPOOYBaHb B aMiJli (6); Micist BUTTpoOyBaHb B ITapax aMity (8)

MKM B3/IOBX MPOKaTy Ta 25 MKM MEPHeHAUKYISIPHO
JI0 TOBLIWHM JIUCTIB, y norepedHomy (puc. 3, a) — 60
i 30 MxM BinmoBigHO. MeTanorpadiuHi JoCTiIKeHHS
CTPYKTYpU METOJOM OIITUYHOI MiKPOCKOIMIil B TeM-
HOMY MOJTi TO3BOJIMJI0 BCTAHOBUTH, 1110 TEMHI BKJIIO-
YEHHsI HeMpaBWIbHOI (popMU, pO3TallloBaHi PiBHO-
MipHo, € iHTepMeTanizamMu. YacTrHa BKJIIOUeHb Ma€
chepnuHy GopMmy 3 MaKCMMaJIbHUM pO3MIpOM He
outbiie 12 MkM. Buxoasum 3 iXHbOro po3mipy MoXKHa
MPUITYCTUTH, 110 BOHU BUILTAIUCS 3 TBEPIOTO PO3-
YUHY TIpU TepMiYHOMY OOpoOJIeHHi 3pa3kiB. IHIi

22

BKJIIOUEHHST OBAJIbHOT (hOPMU 3 MAKCUMaJIbBHUM PO3-
MipoM 35 x 12 MKM € HacinkoM (popMyBaHHSI JTUTOL
CTPYKTYpU, TOOTO YTBOPUJIUCS Ha €Tarli JUTTS 37UT-
KiB Ta HaOyJM BUTSITHYTOI (DOPMHU B TMPOLIECi IXHBO-
ro IJIaCTUYHOTrO Ae(opMyBaHHS MPU MPOKATi JTUCTA
(puc. 2). BumumMux MeTOIOM ONTUYHOI MiKPOCKOITii
3MiH MIKPOCTPYKTYpU Ta PO3MIpy 3epeH Micisl KO-
po3iitHuX BUNPOoOyBaHb B aMini (puc. 2, 6) Ta mapax
aminy (puc. 2, ) He BUSIBJIEHO.

ITicnsa KoposiitHuX BUITpoOyBaHb B aMiJi (puc. 2,
3, 6) Ta mapax aminy (puc. 2, 3, 8) OyIb-sIKMX 3MiH
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Puc. 4. Po3noia TBepIOCTi IO pi3HUX 30HAX 3BapHOro 3’emHaHHs ciiaBy 2219 y ctani T62 B310BX (a) Ta momnepek (6) mpo-
KaTy 10 KOpO3ilHUX BUIPOOyBaHb ( /), Micisi KOpo3iiiHMX BUIIPOOYBaHb B aMiJli (2), Micjsi KOPO3iHUX BUITPOOYBaHb B rapax

aminy (3)

MiKpPOCTPYKTYPH Ta pPO3Mipy 3epeH B OCHOBHOMY
Metaji, metaii mBa Ta 3TB He crmocTtepiraerbcsi.
3MiHa MiKpOTBEPIOCTI TAKOX HEe3HAUHa puc. 4.

3.4. Jlocaioncenna mexaniunux eaacmueocmei.
Pe3ynbsratv BUIpoOyBaHb 3pa3KiB OCHOBHOIO MeTa-
ny craBy 2219 y crani T62 (puc. 5, a) nokasanu,
110 MeXKa TUIMHHOCTI KOHTPOJIbHUX 3pa3KiB, BUPi-
3aHUX B3IOBX HAMpPSIMKY IPOKATy, CTAHOBUTH Bil
295 no 297 Mlla, mexa MinHocTi (o) — Bix 422 10
425 MTIla (puc. 5, 6). ¥V 3pa3kax, BUpi3aHUX y MO-
MepeyHoMY HaMpsIMKy, OoOuaBa MOKA3HUKMU BUILII:
Gy, = 304..307 MIla, o, = 428...433 MIla (puc. 5,
8, 2). BitTHOCHe MOIOBXEeHHS TAKOX Bipi3HSAETHCS i
nopiBHIOE 18.4 % nuis 3pa3KiB y MO300BXHBOMY Ha-
npsMKy Ta 13.8 % — y nomnepeuHoMmy.

ITicis BumpoOyBaHb B aMijli 3HAYEHHS MexXi
IJIMHHOCTI OCHOBHOro Metaiy criaBy 2219-T62
MTO3MOBXKHIX 3pa3KiB 30iLTbIIyeTbCT Ha 2...3 % Ta
cranoButh Bim 303 mo 330 MIla, mexa MillHOCTI
Maiike He 3MiHIOEThCA 1 nopiBHIOE 421...424 MTIla
(puc. 5, a, 6). [loka3HUKHU MIACTUYHOCTI i MilTHOCTI
MOIIepeyHUX 3pa3KiB JopiBHIOWOTH 313...317 MIla ta
425...429 MIla BinnoBinHo (puc. 5, 6, ¢). BinmiueHo
3HUXKEHHSI BiZHOCHOTO BUAOBXEHHS IO3IO0BXHIX
3paskiB Ha 15 % (mo 15.6 %), monepeunux — Ha 9 %
(mo 12.5 %).
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ButprmyBaHHSI OB3I0BXHIX 3pa3KiB OCHOBHO-
ro mMeraiy ciiaBy 2219-T62 y napax aminy Maiixe
He 3MIHIO€ ITOKa3HUKA G| 5, 3HAYEHHSI SIKOTO [0PiB-
HI0I0Th 286...300 MIla. 3HayeHHS MeXi MIIIHOCTI
MIpY LILOMY CTaHOBUTH 422...426 MI1a (puc. 5, a, 6).
ToOTo, 1ix miero mapiB aMiny CIOCTePiraeThes aesiKe
3HMKEHHS TIJIACTUYHOCTI OCHOBHOT'O MeTaly CIlla-
By 2219 y crani T62, Ha 110 TaKOX BKa3ye€ 3MEH-
LIEHHS BITHOCHOTO 3BYXXeHHS 10 15.5 % (Mmaiixe Ha
15 %). 1ng 3pa3KiB OCHOBHOTO MeTally, BUpi3aHUX
MoIepeK MpOoKaTy, CIIOCTEpiraan 301IbIIeHHS MeXi
rmHHOCTI 3 % no 307...337 MIla, mexxa MillHOCTI
Mmicjist BUNpPOOyBaHb 3a TaKMX YMOB HE 3MiHMJIACS
i mopiBHIOBasa 428 MIla. Ha BTpary miaacTUUHUX
BJIACTUBOCTEI BKAa3y€ BiIHOCHE BUIOBXKECHHS, SIKE
36iIbLIMIOCh HA 5 % (10 14.5 %).

AHaJi3 pe3yabTaTiB BUIIPOOYBaHb MO3I0BXHIiX
3pa3KiB 3BapHUX 3’€QHAHb 10 KOPO3iMHUX BUIIPO-
OyBaHb ITOKa3aB, IO IXHS MeXa IUIMHHOCTI cTa-
HoBuia 301...317 MIla, mo gemio Bullle, HiX IS
OCHOBHoOTro MeTtaiy — 295...297 MIla, (puc. 5, a), a
Mexka MinHocti craHoBuia 409...415 MIla, To6To0,
HaBMaKM, MEHIe, HiX JJIsI OCHOBHOTO MeTany —
422...425 MIla (puc. 5, 6). KoediuieHT MilTHOCTI
KOHTPOJIbHUX 3pa3KiB 3BapHUX 3’€HAHb TOPiBHIOE
0.96.
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Puc. 5. MexaHiuHi BIIaCTMBOCTI OCHOBHOTO METaJIy Ta 3BApHOro 3’ €IHaHHs cruiaBy 2219 y crani T62 B300BX (a, 6) Ta IOIEepeK
(0, ) mpoKaty 10 KOPO3iHUX BUMPOOYBaHb, MMiCJIs KOPO3iliHMX BUITPOOYBaHb B aMiJli Ta 1Oro mapax

AHaJjloriuHa 3aKOHOMIpHICTh CIlOCTepiraiach
IJI9 3pa3KiB 3BapHUX 3’€IHaHb, gKi OyaM 3Bape-
Hi ITomepeK HaIpsSMKY IpoKaTy: MeXa IUIMHHOCTI
KOHTPOJbHUX 3pa3kKiB craHoBuia 309...331 MIla,
10 Maitke Ha 5 % BUIlE, HIXX JJIS1 OCHOBHOTO Me-
tany — 304...337 MIla (puc. 5, ), Mexa MillHOC-
i — 392...414 MIla, 1m0 Ha 6 % MeHiI1Ie Bix MilITHOCTI
OCHOBHOTI0 MeTaity (puc. 5, ¢). BimHocHe BUIOBXeH-
HSI TTO3I0BXHIX 3pa3KiB craHoBUIIO 4.9 %, monepe-
qHUX — 3.6 %. KoedilieHT MIlTHOCTI KOHTPOIbHUX

24

3pa3KiB 3BapHUX 3’€IHaHb, 3BAPCHUX IOMEepeK Ha-
MNpSIMKY MpoKarty, nopiBHIoBaB .94,

ITicnst Kopo3ifiHuX BUIIPOOYBaHb 3pa3KiB 3’€ll-
HaHb, 3BaApPEHUX B3J0BX MPOKATY, B aMijli CIIOCTe-
piranu 3HMXeHHs Ha 8 % MeXi MITMHHOCTI CTUIaBy
2219-T81 — mo 284...297 MIla. Miunicts 3’€n-
HaHb TIPM IILOMY TaKOX 3MeHImMiIach Ha 10 %,
no 347..411 MIla (puc. 5, a, 6). Y 3pa3kax, 3Ba-
pEeHUX TOTepeK HAIpsAMKY IMPOKaTy, ITOKa3HUK
MeXi IUIMHHOCTI craHoBuB 275...321 MIla, mo
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Puc. 6. 30BHIlIHII BUTJISLT 3pa3KiB OCHOBHOTO MeTaly Ta 3BapHOTO 3’€HaHHS criiaBy 2219 y crani T62 B310Bx (/) Ta nore-
pex (2) mpokaTy 10 KOpO3iitHUX BUIIPOOYBaHb (@), Mic/Isi KOpOo3iiiHUX BUTIPOOYBaHb B amili (6) Ta iforo mapax (8)

HUKYe, HiXX JIJIs OCHOBHOTO MeTaJly MPUOIM3HO Ha
5 %. AHajoriuHa 3aKOHOMIPHICTb BiIMida€eThes i
JIJIST TOKa3HMKA MIIIHOCTI, SIKMI 3MEHIIYETHCSI Ha
9 % — mo 380...403 MIIa (puc. 5 6, ). Crocre-
piraeTbcss 3MEHIIEHHS BiIHOCHOTO BHIOBXKEHHS
3pa3KiB Mmicis mii aminy 1o 3.8 % mist MO3T0BXHIX,
2.8 % — nming nonepeuHux. KoediieHT MiltHoC-
Ti 3pa3KiB 3BapHUX 3’€IHaHb MiCJs il aMiny cTa-
HoBuB 0.95 mng nmo3noBxkHiXx 3paskiB Ta 0.91 mis
MOTIePEeYHUX.

ITicis BumpoOyBaHb 3pa3KiB 3BapHUX 3’€IHAHb,
3BapEHMX B3IOBX HAIIPSIMKY ITPOKATY, B TTapax aMi-
JIy BiIMiUY€HO 3HMKEHHS 3Ha4eHb MeXi IUIMHHOCTI

Ha 1.7 % — no 286...311 MIla Ta Mexi MilIHOCTi Ha
5% — no 392...414 MIla (puc. 5, a, 6). JA1s mone-
PEeYHMX 3pa3KiB 1Ii TOKA3HUKHU TaKOX 3MEHIIWINCH
npubnu3Ho Ha 5 % 1a Ha 4 % i craHoBuin 289...
315 MIla Tta 408...410 MIla BimnosigHO (puc. 5,
8, 2). Lle Moxe CBiTUMTU TIPO 3MilTHEHHSI OKPEMUX
(a3 Ta OKpHMXUEHHS, Ha IO BKA3y€ 3HMKCHHS T10-
Ka3HUKa BiTHOCHOTO BUAOBXEHHS MicCJsl BILIMBY
KOPO3ilfHOTO cepenoBuIla, SKUI 3MEHITYEThCS (Bif
4.9 % 1o 3.8 % s mo3m0BXKHIX 3paskis). s 3pas-
KiB, 3BapeHMX y MOIIEPEUHOMY HAIIPSIMKY, BITHOCHE
BUIOBXEHHSI HE3HAYHO 30LIbILYETHCSI Bim 3.6 mo
3.8 %. KoediuieHT MiITHOCTI 3pa3KiB 3BapHUX 3’€11-

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2022. T. 28. No 2 25



JI. Hupkosa, T. Jlabyp, €. Illlesyos, O. Hazapenko, A. llopogees, C. Ocaduyk, M. deopcvka, A. Hokaaykuii, B. @edopuyk

HaHb ITicyis 1ii aminy ctaHoBUB 0.95 1Sl MO3I0BXHIX
3paskiB Ta (.96 I moTepeyHmX.

PyiiHyBaHHS ycix HOCIiXKeHUX 3pa3KiB Bia0yBa-
JIOCh B iXHill pobouiif yactuHi (puc. 6). Hesamex-
HO BiI HampsMKy TIpOKaTy Ha 3JlamMax IiepeBakaB
B’SI3KWII XapakTtep pyiHyBaHHs. Lli pesynbrati
CBiZlYaTh MpoO Te, 1110 KOPO3iliHO-arpecuBHE Cepel-
OBHIIIE BUKIMKAE MOBLIbHE OKPUXUCHHS METay.

BUCHOBKH

1. AnoMiHi€BUIA CIUIaB 32 BMICTOM OCHOBHUX JIETY-
IOYMX eJIEMEHTIB Ta JOMIIIOK (32 BUKJTIOYEHHSIM Ba-
Hailo, BMICT SIKOTO He BU3HAYa/Ii) BiAIIOBiga€ BU-
moramM AMS-QQ-A-250/30A.

2. CTpyKTypa MeTally 3BapHUX IIBIB — IEHAPUT-
Ha. binsg rpaHuui cruiaBjieHHsSI ASHAPUTU MalOTh
cToBOYACTy OylIOBY Ta OpPiEHTOBAHI Bif JIiHil CIIaB-
JICHHSI 10 LIEHTpa 1IBa, B LIEHTPi 111Ba — B3JI0BX Ha-
MOpsSIMKY 3BaploBaHHS. Y 30HiI TE€PMIYHOTO BILIUBY
3BapHMX 3’€IHAaHb CIIOCTEPIra€ThbCcsl HE3HAYHA pe-
KpucTajizawiss 3epeH. Ilicist KOpo3iliHUX BUIIPO-
OyBaHb B aMiJli Ta IOTO mapax MiKpOCTPYKTypa I10-
BEpPXHEBUX IlIApiB OCHOBHOTO METaJjly, IIBiB Ta 30Hi
TepPMiUHOTO BIUTMBY HE 3MiHIOETHCS, CTPYKTYPHI Ma-
paMeTpy 3BapHMX 3’€IHAHb TAKOX JIMIIAOTHCS He-
3MIHHUMM Ta JOPiBHIOOTH 60 MKM B3I0BX ITPOKATY
Ta 25 MKM TEpHEHIUKYJISIPHO OO0 TOBIIMHU JIMCTIB
JUIST 3pa3KiB B MOB3IOBXHLOMY HampsiMKy, 60 i 30
MKM — JIJIsI 3pa3KiB y OIIEPEYHOMY HAIIPSIMKY.

3. [Toka3HUKHM MJIACTUYHOCTI Ta MilTHOCTi 3pa3KiB
3BapHMX 3’€JHaHb aJIIlOMiHi€EBOrO ciiaBy 2219, Bu-
KOHaHi OJHOMPOXiTHMUM 3BaplOBAaHHSM HEIJIABKUM
eJIEKTPOJIOM, TepMOOOpobIIeHi 1o craHy T62, cTa-
HOBJISITD:

* y IIO3I0BXXKHBOMY HampsIMKY: MeXKa IUIMHHOCTI
3BapHoro 3’eqHaHHsa — 301...317 MIla, ocHOBHOTIO
meTaity — 295...297 MIla, mexa MilTHOCTi 3BapHOTO
3’eqHanHs — 409...415 MIla, ocHOBHOTO MeTary —

26

422...425 MIla, BiZHOCHE TTOJOBXEHHSI CTAHOBUTH
4.0...5.8 % 1a 17.6...19.1 % BignosinHo;

°* y TIOTIEPEYHOMY HAIIPSIMKY: MeXa TUTMHHOCTI
3BapHoro 3’eaHaHHs — 309...331 MIla, ocHOBHO-
ro merany — 304...317 MIla, rpanunsg MilHOCTI
3BapHoro 3’egHaHHs — 392...414 MIla, ocHOBHOTO
Metany — 428...433 MIla, BitHOCHE TOAOBXEHHS
craHoBuTh 2.0...3.3 % Ta 12.6...15.0 % BignosimHO.
KoedilieHT MiIHOCTI 3BapHUX 3’€IHaHb Y MO310-
BXKHbOMY HanpsMKy gopiBHIoe 0.96, y nmomnepeyHo-
My — 0.94.

4. Ilicna BUTpUMYBaHHS B aMiJli Ta Imapax ami-
JIy TTOKa3HUKM MIlIHOCTi 3pa3KiB OCHOBHOTO MeTa-
Jly Ta 3BapHUX 3’€JHaHb B 000X HaIpsIMKax Maiixke
He 3MiHIOIThCd. [loKa3HMKU TTACTUYHOCTI 3Mi-
HIOIOThCSI HEOJHO3HAUYHO: MeXa TUIMHHOCTI OCHO-
BHOTO MeTally 30iIbIIYEThCS Ha 5...6 %, 3BapHHX
3’eqHaHb — 3HIKYEThCSA Ha 6...7 %, BigHOCHE BU-
TIOBXXEHHS OCHOBHOTO MeTally 3HUXKYEThCS Ha 3...
16 %, 3BapHuX 3’eqHaHb — OM3bKo Ha 20 %. [licis
BUTPUMYBAHHS B aMisli Koe(illiEHT MIITHOCTi 3Bap-
HUX 3’€dHAHb Yy TTO3MOBXHBOMY Ta TIOTICPEUYHOMY
HaImpsIMKax OJHAaKOBi Ta mopiBHIOIOTH (.91, mmic-
JIsl BATpUMYBaHHS B mapax aminy — 0.95 y mosno-
BXXHBOMY HampsAMKY i 0.96 mmorepeaHoMy.

5. Tlicns mii aminy Ta ioro mapiB IOCIiIKEHi
3BapHi 3’eqHaHHs criaBy 2219 y crani T62 € criit-
KMMM IPOTU KOPO3iAHOIO PO3TPICKYBaHHS Ta MiX-
KPUCTaJIiTHOI KOpo3ii. TpUBKIiCTh IIPOTU PO3IIAPO-
BYBaJIbHOI KOpPO3il B aMisli Ta ioro mapax olLliHeHa
6anom 2. KopogziitHy CTilikicTb OCHOBHOTO MeTally
crutaBy 2219 y crani T62 B amizi oliHeHO 6ajioM 2,
IO BiAIMOBiJAa€ TPYIi CTIMKOCTI «MiABUILEHO CTiii-
KUil»; y mapax amiay — OajioM 3, 110 BiAIoBigae
rpyni CTIHKOCTI «CTiAKMIA».

Pobomy surxonano 3a niompumxu JI1 «KB Ilicoen-
He» (Homep depucpeecmpauii 0118U006291c) ¢ 2018 p.
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COMPLEX OF PROPERTIES OF 2219 ALLOY WELDED JOINT IN T62 STATE
UNDER CONDITIONS MODELING OPERATING CONDITIONS

A complex of properties of aluminium alloy 2219 welded joint, made by single-pass welding with a non-fusible electrode along
and across the rolled product, and heat-treated to the state T62, in liquid amyl and its vapors at a temperature of 50 °C for 45
days was investigated. Characteristics of plasticity and strength of 2219 alloy welded joints are as follows: in the longitudinal (D)
direction — yield strength of the welded joint is (301—317) MPa, of the base metal (295—297) MPa, strength limit of the weld-
ed joint (409—415) MPa, of the base metal (422—425) MPa, elongation is (4.0—5.8)% and (17.6—19.1)%, respectively; in the
transverse (P) direction — the yield strength of the welded joint is (309—331) MPa, of the base metal (304—307) MPa, the yield
strength of the welded joint (392—414) MPa, of the base metal (428—433) MPa, elongation is (2.1-3.3)% and (12.6—15.0)%,
respectively. The strength coefficient of welded joints in the longitudinal direction is 0.96, in the transverse — 0.94.

Welded joints in the above environment are resistant to corrosion cracking and intergranular corrosion, resistance against
exfoliating corrosion is evaluated by grade 2. Resistance of 2219 alloy in T62 state in amyl corresponds to the resistance group
«stable», in amyl vapors — the group “highly resistant”. After aging in amyl and amyl vapors, the strength grades of the base
metal samples and welded joints in both directions are almost unchanged, the plasticity parameters change ambiguously: the
yield strength of the base metal increases by ~ (5—6)%, of welded joints decreases by ~ (6—7)%, the relative elongation of the
base metal is reduced by ~ (5—16)%, of welded joints by about ~ 20 %. Independently of the direction of welding relative to
metal’s rolling, samples’ fractures are mostly viscous. After the exposing in amyl, the coefficient of the strength of welded joints
in the longitudinal and transverse directions is the same and equal to 0.91, after the influence of amyl vapors, it is 0.95 in the
longitudinal direction and 0.96 in the transverse direction.

Keywords: aluminum alloy 2219, welded joints, heat treatment, corrosion resistance, mechanical properties, microstructure, me-
chanical tensile fracture.
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HcetuTyT KOCMiuHuMX focimkens HallioHanbHoi akaaeMii Hayk Ykpainu
Ta JIep>kaBHOro KOCMiYHOTO areHTCTBa YKpaiHU

ITpocnexr Akanemika [tymkosa 40, Kuis, Ykpaina, 03187

2K uiBCbKMIT TTOJITeXHIYHM iHCTUTYT iMeHi Iropst CiKopchbKoro
ITpocnexr INepemoru 37, Kuis, Ykpaina, 03056

BIIJINB 3MIHU KJIIMATY HA ILUIOIII
OCHOBHUX CUIbCbKOTI'OCIIOJAPCbKHUX KYJIBTYP

Y oaniii pobomi nposedeno cmamucmuuHuil ananiz 4acoeoeo psady naow maxcopumapHux kyaemyp 3a 20 pokie (3 1998 no 2020
pp.), @ MaKoxsc npoaHanizoeano 6NAUG APOKAIMAMUYHUX 30H HA NAOW BUPOUYBAHHS OCHOGHUX KYAbMYp. 3MiHU KAIMamy, wo
Hatieocmpiue 8i0uyearOmvcs y nigdeHHUX pecioHax YKpainu, niosuwyoms supoOHUHULL pU3UK 6 aepapHill cehepi uepe3 3mMiHU mem-
nepamypu, pexcumy onaoie ma iHUWUX eKCmpemMaibHux noeo0Hux seuuy. Iemopuuni Kaimamuuni dawni ceiduame npo niosuujeHHs
memnepamypu nHa mepumopii Yxpainu, a npoeno3u Kaimamy donyckaromos nooatviue nomenainHs, 0cooauso Ha niedui Ykpainu.
Ha ocrnosi cynymuukxosux ma cmamucmuuux 0anux 00CAiONCeHO 3MIHU 3eMHOI NOBEPXHI 045 GU3HAUEHHUX obaacmell, 045 AKUX
XapakmepHi HaUubinbWi 3MIHU NAOW NOCIBIE OCHOBHUX MUNIB CiNbCbK020cnodapcokux Kyavmyp. i ananizy OuHamiKu nocieHux
naow, y KAIMamu4HUuX 30Hax 6UKOPUCIOBYIOMbCS Hayionanvhi cmamucmuuni dani 3a 1998—2019 pp., kapmu kaacugikauii 3em-
Hoeo nokpusy 3a 2016—2020 pp., dani npo kaimamuuni 30Hu no mepumopii Yxpainu 3a 2000 ma 2020 pp., a maxoxc KoHmypu
aominicmpamuenux odunuys piens NUTS2. Ockinvku oas 6aecamvox paiionie Hemae cmamucmuynux danux 3a 2019—2020 pp. y
36°3KY i3 pepOpMYBaAHHAM MePUMOPIANbHUX MedC, 3aMICMb CIMAMUCMUYHUX OGHUX UKOPUCMAHO NOCIGHI NAOW, OMPUMAHI HA
0CHO8I cynymHuukoeoi ingopmauii. Hx dodamkoea ma anbmepHamuena iHpopmayis 015 aHANI3Y NOCIGHUX NAOW, OVAU BUKOPUCAHI
Kapmu kaacugbikayii nocieie 3a 2016— 2020 pp., ompumati 3a 6AacHUMU MEXHON0RIAMU 2AUOUHHO20 HaguaHHs haxieysmu [Hemu-
mymy kocmiunux docaioncens HAHY ma JIKAY. Kapmu kaacughixauii ompumano 3 8UKOPUCIMAHHAM GIOKPUMUX CYNYMHUKOBUX
danux npoepamu Copernicus: SAR «Sentinel- I» ma «Sentinel-2» 3 npocmopoeum pospiznenusam 10 m. [lopisHanusa cmamucmuvHux
0aHux 3i 3HAYEHHAMU NAOU, NOCIBI8, OMPUMAHUMU 34 CYRYMHUKOBUMU OAHUMU, 30IlICHIOEMbCA 3 BUKOPUCIMAHHAM MeMPUKU cma-
mucmuuHo20 ananizy Koegiyienma xopeasuii (r). Jna oyinku mouHocmi makodc 8UKOpUcnosyemucs Koegiyicnm demepminayii R?
MIdIC CMAMUCMUYHOI0 NAOWEH0 OCHOBHUX KYAbMYP | NAOWEI0 3a CYNYMHUKOBUMU OAHUMU.

Karouoei caosa: 3minu kaimamy, cynymuuxosi dani, eaubunue Haguanus, kapmu kaacugikayii, «Sentinel- 1» , «Sentinel-2» .

BCTYII piK Oro BHECOK Y BaJIOBUI BHYTPIllIHIi MPOIYKT
KpaiHu CTaHOBUB y cepeaHboMy 10 % [16].
Cinbcbke rocrnofapcTBO € HalBaXKJIMBIILIMM CEKTO- CinbebKorocnoaapcbke BUPOOHULTBO 0Oarato B

POM eKOHOMIKM YKpaiHy, i B riepion 3 2005 o 2012 | yomy 3a1eXuTh Bil MOTOAHUX YMOB i, SIK HACJIIOK,
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Puc. 1. ExonoriuHi 30H1 YKkpainu

Bill TOBrOCTPOKOBUX TEHIEHLIN i 3MiH KJIiMaTU4-
Hux ymoB [9]. Bucoka MiHJIMBICTb MOTOAU CITPUSIE
CYTTEBUM KOJIMBAHHSIM BPOXAMHOCTI, 110 CHOCTe-
piraetbcs B YKpaiHi, a 3MiHU KJTiMaTy MiJBUILYIOTh
BUPOOHWYMI PU3MK Ta 3arpo3y MaiiOyTHbOMY pOC-
JIMHHULITBY Yepe3 3MiHM TeMIlepaTypu, pexXumy Ta
00’eMy OITaMiB i BCe YACTIIIMM BUHUKHEHHSIM €KC-
TpeMaJIbHUX MOTOAHUX SIBUII. [cTOpruHi KiiMaTnd-
Hi JaHi CBiIYaTh PO MiABUILIEHHS TeMIlepaTypu Ha
TepuTopii YKpaiHM, a MporHo3u KiaimaTty AomycKa-
[OTb MOJaJIblle MOTEIUIIHHS, OCOOJMBO Ha ITiBIHI
VYkpainu. 3MiHM KJiMaty TMo-pi3HOMY BILIUBAalOTh
Ha BpOXalHICTh 4Yepe3 KiJbKIiCTh OMaiiB i eKCTpe-
MasibHi Temriepatypu [11]. Hanpukian, aHoMalibHi
SIBUIIIA, TaKi SIK Bil’eMHa TeMIlepaTypa BOCEHU abo
CWJIbHA CMeKa HaBeCHi, MOXYTb ITPM3BECTH /10 3HA-
YHUX BTpat Bpoxato mineHui [14]. Takox BimoMo,
1110 B YChOMY CBIiTi eKCTpeMaJsibHa clieKa Mpru3BOAUTD
JT0 3HAYHOTO 3HV>KEHHST BpOXKAaHOCTI 3epHOBUX [ 7],
i € MEPEeKOHJIMBI I0Ka31 TOTO, 1110 YaCTOTa EKCTpe-
MaJIbHUX SIBUIL HAUOMVXKUMM yacoM OyJie 301IbIIy-
BaTHUCs y OaraTbox perioHax city [10].

IIpore yKkpaiHChKe CiIbChKE TOCIIOAAPCTBO MOXKE
OTPUMATH i MO3UTUBHUM BIUIMB 3MiH KJIiMaTy B Jie-
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SIKUX perioHax yepe3 MiABUILIeHHS 3MMOBUX TeMIIe-
paTyp i 30iIbLICHHST 3MMOBUX OITaliB, OiIbII TPHUBA-
JIOro 6€3MOPO3HOr0 CE30HY i BUILOI KOHLIEHTpALIil
CO, [8]. BinnosizHo OpHi 3eMJIi MOXYTb PO3LIK-
proBaTMCs, 0COOJIMBO Ha IMiBHOYI YKpaiHu, aje TaKi
IMPOTHO3M Ha JaHWI MOMEHT € HEOCTaTHbO BU3HA-
YEeHUMU.

3 orjsamy Ha BHIIEHABeAeHEe, OCHOBHOIO METOIO
JIAHOTO JOCJIIKEHHSI € OLliHKa BIUIMBY 3MiHM T1O-
TrOJIHUX TlapaMeTpiB Ha BPOXaWHICTb Ta 3MiHM 3a-
rajbHOI TJIOIII KOXHOI 13 MaXKOPUTAPHUX CITbChKO-
TOCITOJIAPChKUX KYJIBTYp Ha TEPUTOPIi YKpaiHU.

EKOJIOI'TYHI 30HU

B VkpaiHi KOHTMHEHTaJIbHUI KJiMaT CYIIPOBO-
JKYETHCS XKApKUM JIITOM 1 XOJIOMHOKIO 3UMOIO.
KinpkicTb omamiB MOCTYIIOBO 3MEHIIIYETHCSI, a TEM-
nepaTtypa miBUIIYEThCS 3 TiBHOYI Ha MiBaeHb. Ha
6m3Ko 48 % TepuTOpii KpaiHM MiCTATHCST BUCOKO-
pPOIIOYi YOPHO3EMHU, i TTepeBakHO Y MiBASHHUX pe-
rioHax [2].

KniMaTuuHi i TpyHTOBI YMOBU J0O3BOJISIIOTH PO3-
JUTUTU YKpaiHy Ha TpU OCHOBHI KJIiMaTU4Hi 30HHU,
SJKi  XapaKTepu3ylOTbCS Pi3HUMU €KOJOTTUHUMU
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YMOBaMU, BaXJIMBUMU JIJISI CiIbCBKOTOCMOAAPChKO-
ro BUpoOHULTBA [3]: 3MillIaHMIi JIic, JIICOCTEIT i CTeIT
(puc. 1). [IBi iHmi 3044 B YKpaiHi, a came Kapma-
TH Ha 3axofdi i KpuMchKi ropu Ha IiBAHI B JaHOMY
JOCJIIKeHHI He PO3IVISIIaNKCS 3 OIJIAAy Ha JIyXe
HU3BKY KiJIbKICTh ITOCIBHMX IILJIOLII.

KJIIMATYHI YMOBHI

Y TOpiBHSIHHI 3 [il0YOI0 KJIIMAaTUYHOI HOPMOIO
LIOPOKY CEpPeIHbOPiYHA TeMIepaTypa TPUMAEThCS
Ha piBHi 1-2° Buiie Hopmu. 3a nanumu HAH Ykpa-
iHM 3a OCTaHHI JECATUIITTSI BigOyJjiocs dakKTUYHE
3MillIEHHS MEX MPUPOTHO-KIIMaTUUHUX 30H Kpa-
g1 Ha 100...150 xM Ha miBHIY. YMOBU Bererallii B
TpaIMLiiiHil MiA30Hi MiBHIYHOTO cTeny ([IHinpomne-
TpoBchbKa, KipoBorpaachka 06J1acTi Ta iH.) 32 OCTaH-
Hi poKu BXe jae-¢hakTo MOBMHHI OyTU BilIHECeHi 10
MiI30HU MiBAEHHOTO cTemy [1].

3a KIiMaTUYHUM peXHMMOM CTeroBa YacTUHA
YKkpaiHu MOCTyIIOBO HAOJMXKAETHCS JO CYXHX CYO-
TPOIIiKiB, 10O SIKOI, HANpUKJIaJ, HaJeXUTh TEPUTO-
pis Ipewii. ko TenepiliHi TeHAEHIIIT 3MiHI KJTi-
MaTy 30epexKyThcsl B HaitOmk4i 20 pokiB, 11e cTaHe
peajibHO1O Hebe3reko (hakTUYHOI BTpaTu AJISl iH-
TEHCUBHOTO 3eMJIEpOOCTBA HE TIIbKU 30HU CTEIy,
ajie 1 MoHaJ MOJOBUHU TUIOLL OPHUX 3eMeJib YKpa-
iHu. 3a gaHnuMu gocaimkeHb Kurailicbkol akagemil
arpapHux Hayk (Chinese Academy of Agricultural
Sciences — CAAS) [15] cniocTepiraeTbcsi HeraTuB-
HUI TpeHI MK BPOXAWHICTIO OCHOBHMX KYJIBTYP
Ta cepeaHiMU MaKCUMaJIbHUMHU Ta MiHiMaJbHUMM
TeMIlepaTypaMu 3a BereTauiiinuii nepion. Lle moxe
MPU3BOIUTH 10 HEOOXiTHOCTI 3pOILIEHHS HaBiTh Ta-
KMX KYJBTYp, SKi paHillle I[bOT0 HE MOTpeOyBain,
HaInpuKJIaa TIIeHULl, 10 MPU3Beae M0 3HAYHOTO
pocty (iHaHcoBux BuTpaT. Came ToOMy arpapii 3Mi-
HIOIOThH CIIEKTP KYJBTYp Ha Taki, 1110 MalOTh OLIbIILY
€KOHOMIYHY JOLIbHICTb.

B Toii e yac 3MiHM KJTiMaTy Ta 3MillleHHS KJIiMa-
TUYHUX 30H MOXYTh MaTH JISI arpapHOTO CEKTOPY
TaKoX i MO3UTUBHI Haciaku. CamMe TOMY B OCTaHHi
POKM B YKpaiHi CTBOPIOIOTHCSI YMOBH JJIST BUPOIILY-
BaHHS JBOX BPOXaiB 3a OJMH CE30H i HE TiJIbKMU y
MiBIEHHUX, a i y MiBHIYHUX obyiacTsx. Taki pe3yiib-
TaTU Ha OCHOBI aHaJjli3y CYIyTHMKOBOI iH(opMallii
oTpuMaiu daxiBui IHCTUTYTY KOCMIUHMX HOCIi-
mxenb HAHY-IIKAY [35].

32

CyInyTHUKOBI IaHi Aal0Thb MOXJIMUBICTb Bimcia-
KOBYBaTH 3MiHU 3€MHOI MOBEPXHi Ta pOOUTU TEB-
Hi aHaJiTMYHI BMCHOBKM Ha OCHOBI pe3yJIbTaTiB
aHajizy. Ha ocHOBiI CynmyTHUKOBMUX JaHUX MOXHa
OTpUMAaTH KapTu Kiacuikauii cirbchbKorocmnomap-
CTKMX KYJIBTYp i aHaIi3yBaTH, IK BOHM 3MiHIOIOThCSI
B Pi3HUX KJIIMaTUYHUX 30HaX YKpaiHu. Taki 3MiHU
HacCIIpaB/li BiIOYBalOThCS, i Y XOAi JOCTiIKEeHb OYJ10
BU3HAYEHO OOJAaCTi, JUIS SKWX XapaKTepHI Haii-
OinblIi 3MiHM TUIOLL TMOCIBiB /UISI OCHOBHUX THUIIIB
KyneTyp. et BaxXauBUiI eKOHOMIYHUM TTOKa3HUK
MOXHa BpaxoBYBaTH B JA€P>KaBHOMY YIIpaBJliHHI Ta
CTaTUCTUIII.

BXIJTHI JIAHI

Jus aHamizy OWHAMIKM IIOCIBHMX ILIOII BimZHOC-
HO KJIIMAaTUYHUX 30H BUKOPUCTOBYBAJIMCS Hallio-
HaJIbHi CTaTUCTWUYHI aaHi 3a 1998—2019 pp., kaptu
Kiacudikalii 3eMmHoro nokpusy 3a 2016—2020 pp.,
JIaHi Mpo KJiMaTU4Hi 30HU 1O TepuTOpil YKpaiHu 3a
2000 Ta 2020 pp., a TAKOX KOHTYPH aJMiHiCTpaTUB-
Hux oguHuLb piBHI NUTS?2 (piBeHb 0obJ1acTeit).

Ha puc. 2 300paxeHO 3MillleHHSI KJIIMAaTUIHUX
30H Ha TepPUTOPIii YKpaiHi.

OdilifiHi cTaTUCTUYHI JaHi BUKOPUCTOBYBaJIU-
Cs Ha PiBHi paliOHiB IJIsI OCHOBHUX Ma>XXOPUTAPHUX
KYJBTYp YKpaiHu (TILIEeHULISI, COHSIIHUK Ta KyKYy-
pyaza). st 2019—2020 pp. CTaTUCTUYHUX JaHUX
JIJIs1 0araThbOX pailoHiB HeMmae y 3B’SI3Ky i3 pecdop-
MYBaHHSIM TepUTOpiaJbHUX MexX. ToMmy 3aMmicTh
CTaTUCTUYHUX JaHWX BUKOPUCTAHO MOCIBHI IO,
OTpUMaHI 3a CYIIyTHUKOBOIO iH()OpMALI€0.

SK pomaTKoBY Ta aJbBTEpHATHUBHY iHMOpMaIlito
JIJIS. aHajli3y MOCIBHUX IUIOLI BUKOPUCTAHO KapTU
Kkimacudikarii mocisiB 3a 2016—2020 pp., oTpuMaHi
32 BJACHUMU TEXHOJIOTiSIMU TJTMOMHHOTO HaBYaH-
Hs (axiBusgMu THCTUTYTY KOCMIYHUX MOCHTIIXEHb
HAHY T1a JKAY [4]. BukopucraHi KapTu KjIacu-
¢ikaiii oTpMMaHO 3 BUKOPMCTAHHSIM BiIKPUTHUX
cynyTHUKOBMX JaHux mporpamu Copernicus: SAR
«Sentinel-1» Ta «Sentinel-2» 3 TPOCTOPOBUM PO3-
pisHeHHsiM 10 M. KapTu oTpumaHoO y Mexax Tpo-
exTiB CiToBoro banky ta “Support to Agriculture
and Food Policy Implementation” (SAFPI) [4, 6],
1o iHaHcyBaBcsl €BpoIeiicbKUM coto3oM. Jlis
MepeBipKU MOCTOBIPHOCTI KapT Kiiacudikalii s
OLIIHKM ILJIOLI IPOBEACHO IXHE MOPIBHSIHHS 3i CTa-
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Puc. 2. 3MiHM MeX KJIiIMAaTUYHUX 30H YKpaiHu
Tabauysa 1. Perionu, Ha sIKi BIVIMBAIOTh KJIIMATHYHi 3MiHI
Ob6nactb Paiionu
Tepumopisa A
BonuHcbka Typiiicbkuit
Kutomupcebka bapaniBcekuii, bpycuniBcbkuii, XopoluniBcbKuii, €MinpunHcbkuit, KopocteHcbkuii, Kopo-
cruiiBebkuit, Jlyrunebkuit, Manuncekuit, Panomunibscekuii, [TynuHebkuii, YepHsxiBebKuit
Kwuisceka bopoasiHcekuit, bpoBapchkuii, Buiiiroponcbkuii, Kuepo-CasirommHcebkuit, MakapiBcbKuii
JIbBiBChKA Bponiscbkuit, PagexiBebkuii, CoKkalbChbKUi
PiBHe JemuniBcbkuii, JlydeHcbkuit, 3m010yHiBCbKUit, OCcTpo3bKuii, PanuBuitiBcbkuit
CyMmcbka Cepenuno-byncbkuii, LllocTkuHcbKMi, SAIMMiIbCHKUMN
XMeJIbHUIIbKA CrnaByTCbKU
YepHiris bo6posunibkuit, bopsusHcbkuii, Koseneupkuit, Koporicbkuii, KoprokiBcbkuii, HixkuHCbKUiA,
HociBcbkuit, COCHUITBKMIA
Tepumopia B
KipoBorpancbka TaiiBopoHchkuii, [onoBaHiBecbkuii, HoBoapxaHrenbcbkuii, CBITI0BOACHKUIA, YIbIHOBCHKUI
OnecbKka AHaHiBcbkuii, bantcekuii, [Toninecbkuii, OkHsIHCHKUI, CaBpaHChKUIA
ITonraBchbka Benukobarauancbkuii, [loouHcbkuit, Jlukancbkuit, 3iHbKiBchbkuil, KapiiBcbkuii, Ko3enbimHCh-
ki, Korenescbkuii, Kpemenuymskuii, [TontaBebkuii, PemetnniBebkuii, CeMeHiBCcbKMA, YyTiBCh-
kuii, lnmmaubpkuit
XapkiBcbKa Boronyxischkuii, BanbkiBebkuii, BenukoOypiyubkuii, BoBuancekuit, JlepradiBcbkuit, 3MiiBCh-
kuii, 3omouiBchkuit, Komomarbkuii, KpacHokyrcekuii, HoBoBomonasbkuii, [1eyeHizpkuit, Xap-
KiBcbKMit, YyryiBebkuii, [LlleBueHKiBChKIMIA
Yepkacbka ToponuiieHcbkuii, 3BeHUTOPOACHKMI, 300TOHIChKUI, KaM’siHChbKUit, KaTepHOMiIbChKUIA,

Kopcynb-IlleBueHKiBchbkUit, JIncssHCbKM, MaHbKiBCbKUI, CMiJITHCbKUI, TalbHIBCbKUI, YMaH-
cbkuii, Yepkacbkuii, YurupuHcokuii, YopHobaiBcbkuii, LInonsiHCbKUi
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Puc. 3. Teputopii Ha MepeTUHI KJIIMaTUYHUX 30H, SIKi 3MIHUJIMCS, Ta AUISIHKU, SIKi TaM po3Ta-

1IOBaHi

TUCTUYHUMHU JTaHUMU Ha PiBHI paliOHIB YKpaiHU 3a
2016—2020 pp.

J1st aHaizy 3MiH MOCIBHMX TLIONI MaxkopuTap-
HUX KYJIBTYp BUIUJIEHO TePUTOPIi, 110 mepedyBaiu
Ha MepeTHHI KIiMaTUIHUX 30H, SIKi 3MiHMIMcs. Ha
puc. 3 4epBOHMMU JIiHISIMUA 300paxkeHO imeHTui-
KOBaHi 30HU TMepexoy KJIIMaTUYHUX 30H. Y Mexax
LIUX TePUTOPili Oys10 06paHo paitonu, 80 % Bin mro-
IIIi STKUX TTOTPaNWIA y MeXi Mepexoy KIiMaTUIHOL
30HU. BepxHst yactuHa (A) — 1€ 3MiHa MmoJticcsl Ha
Jicocten, HUXKHS yactuHa (B) — 3miHa jicocremny
Ha cTer. Y Ta0J1. | peacTaBieHo IO OKPEMO IS
TepuTopii A Ta Tepuropii B.

SIx BXKe 3a3HayaJiocsl BMIIE, CTAaTUCTUYHI IaHi
MicTSITb 3HaUHi iporaivHu y 2019 ta 2020 pp., Tomy
JIJIS1 TTOBHOLIIHHOTO aHaJli3y 4acOBOIO PSiAY JaHUX 3
2000 mo 2020 pp. BUKOPUCTAHO IIOCIBHI IUIOIIi 11O
MaXXOPUTAPHUX KYJIbTypax, OTPUMaHi 3a CyMmyTHU-
KOBUMMU JTaHWUMHU Ha OCHOBI METOJiB MIMOWHHOIO
HaB4yaHHs. [lo11i, oTpuMaHi 3a KapTaMu Kiacudi-
Kauii TumiB Kynstyp 3a 2016—2018 pp., nmopiBHIO-
I0ThCS 31 CTATUCTUYHUMU JAaHUMU.

ITicast MOpiBHSIHHS TUTOIL MaXKOPUTAPHUX KYJb-
Typ 3a KapTorw Kiacudikallii 3i cTaTUCTUYHUMU
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MTAaHWUMM Ta TEPEeBipKU iXHBOI TOCTOBIPHOCTI OYJI0
MPOBEICHO aHali3 CTATUCTUYHMUX AAHUX i3 AOMO-
BHEHOIO iH(popMalli€lo 3a CYITyTHUKOBUMHU TaHUMU
3a 2016—2020 pp.

OTPUMAHI PE3YJIBTATA

ITopiBHSIHHSI CTAaTUCTUYHMX AAHUX i3 OTPHUMaHU-
MM TIJIOIIAMM TTOCIBiB 3a CYITYTHUKOBUMM TaHUMM
3MiMICHIOBAJIOCh 3 BUKOPMCTAHHSIM METPUKM CTa-
TUCTUYHOTO aHali3y KoedilieHTa Kopesiii (r)

e z;(si_s)(l’i_l’)
WS = S ()

e §; — TUIOIIA CLTbChKOTOCIIONAPChKUX KYJIBTYp 3a
CYNYTHUKOBUMMU JTaHUMHU, a p; — IUIOLIA 38 CTaTHC-
TUYHUMU JAHUMM, S i p — BiAMOBiAHI cepenHi apud-
METMYHI 3HaUYEHHSI, # — KiJIbKICTb PETrioHiB.

JIJ1s1 OLIiIHKY TOYHOCTI TaKOX OyJ10 BUKOPUCTAHO
KoedillieHT neTepMiHauii R? MiX CTaTHCTUYHOIO
IUIOLLEI0 OCHOBHUX KYJIBTYD i IUIOLLIEIO 33 CYITYTHU -

KOBUMU JaHUMMU:
n A\2
R = >(pi=5)

Z:’:l(.pi - P)Z '

>
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Puc. 4. TTopiBHSHHS TUTOI 32 CTATUCTUIHUMU Ta CYITyTHUKOBUMU TaHUMU
Tabauys 2. Ilnomi, 3aiiHATI KyKYpyI3010 Ta COHSINHUKOM 1O pokax y 30Hi [lomiccs
Kynsrypa 1998 p. 1999 p. 2000 p. 2001 p. 2016 p. 2017 p. 2018 p. 2019 p.
Kykypynza 9194 8566 14104 21820 258902.1 | 271518.2 | 316996.1 108037.5
COHSIIHUK 3773 5913 7980 3523 185612.6 | 188358.1 | 220390.5 130736

Ha puc. 4 300paxeHO pe3yabTaTyd MOPIiBHSIHHS
IUIOII OCHOBHUX CiIbCHKOTOCHOAAPCHKUX KYJIBTYP
32 CTaTUCTUYHUMM Ta CYMYTHUKOBHMMU IaHUMHU.
Bunno, mo 3HaueHHs KoedillieHTa KOpessiii Ta
perpeciiiHoro moka3HuKa nepedyBaloTh y MeXax r =
0.8...0.9 Ta R2 = 0.7...0.8. AHaJIi3y10uM Li MOKA3HU-
KM, MOXHa 3p00MTHU BUCHOBOK, 1110 KapTH Kjaacudi-
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Kallii Ha piBHi KpaiHM € JOCTOBIPHOIO iH(bOopMalIi€l0
Ta MOXYTb OyTH BUKOPUCTAaHI JUISI Iep>KaBHUX Opra-
HIB BJIaM SIK 10AaTKOBa iH(popMallis 10 CTaTUCTUY-
HUX JAHUX 1100 IMOCIBHUX IIJIOLII.

AHaJi3youu IUIONII, 3aliHSITi OCHOBHUMM KYJIb-
TypaMu Ha TepuTopisx A Ta B, mMoxHa 3podbutu
KibKa BUCHOBKIB. Ilepiinii 3 HUX IIpOiTIOCTPOBAHO
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Puc. 5. 3pocTraHHsI MOCIBHUX TJIONLY KYKYPY/A3M Ta COHSILIHMKY Ha TepuTtopii A 3 1998 o 2020 p.

Ha puc. 4. JIx BugHo 3 Ta61. 2, noyrHawouu 3 1998 p.
Y 30Hi I0JIiCCSI 3HAYHO 3POCJIM MOCIBHI IUIOII KYKY-
PYA3U Ta COHSIIITHUKY.

Panime arpokiiMaTW4YHi yMOBM HE HO3BOJSI-
JIU BUKOPUCTOBYBATU 1Ii KYJBTYPHU y 30Hi moJiccsl,
OCKiJIbKM BOHM He BCTUTaju JO3PiTH 3a HeAoCTaT-
HBO1 Temriepatypu. I1poTe y 3B’3Ky 3 KJliMaTUIHU -
MU 3MiHAMM 1€ CTaJI0 MOXJIMBUM, a B IeSIKUX paiio-
Hax JIbBIBCbKOI 00J1aCTi Ha TaHWI MOMEHT MOXHa
OTpMMAaTHU ABa ypoxKai 3a CE30H 3 OIHOIO IoJis. Take
JOCJTIIKeHHST TAKOX MPOBAIUIIOCH Y MeXaX TPOEK-
Ty CBiToBOro banky. Y mpoueci mociigkeHb Oyi1o
BUSIBJIEHO OJM3BKO 4 THUC. Ta TIOCIBHOI TIIOIII, Ha
SIKUX ypoxkaii 0ysio 3i0paHo JBivi 3a CE30H.

[IpoTe B yMOBax 3MiH KJiMaTy TPOXU Kpallie cede
MOYyBaTUMYTb 03UMi KyabTypu. [To3uTuBHUM (hak-
TOPOM ISl O3MMMX 3€PHOBUX KyJbTYp Ha TJai 3a-
TaJIbHOTO TJABUIIIEHHS TEMIIEPATYpU MOBITPS, SKe
BiI3HAYaIOTh B OCTaHHI POKHU, € IMOPIBHSIHO TEILIi
3UMH, SIKi JO3BOJISIIOTH POCIMHAM YCIIIITHO TTepe3u-
MYBAaTH i HaBiTb TIPONTH ITEBHUI €Tall Y CBOEMY PO3-
BUTKY. Ha puc. 5 300paxkeHo Tuioli Ha JOCITiIKY-
BaHUX TePUTOPIsX M mueHuii 3a 1998—2020 pp.,
3 YOro MOXHa 3pOOUTU BUCHOBOK, 1110 JJIsI MIIIEHU-
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1Ii HeMa€ 4YiTKO1 TeHJEHI1Iil 3MiHM TUIOIL, BHACJIiTOK
3MiH KJliMary.

BUCHOBKHN

3a pe3yabTaTaMu IIPOBENCHMX MOCIIIKEeHb MOXHAa
3pOOMTH BUCHOBOK, 110 Y 30HI MOJIICCS MTOCIBHI IJI0-
i KYKypya3u 30UTbIIMInCch Ha 98843 ra, a cOHSIIII-
HUKY — Ha 126963 Ta, Tomi SIK IJIsT CTEITHOI 30HU IIi
3HAYEHHS JOpPiBHIOTh 361551 i 473044 ra nis Ky-
KYpYI3U Ta COHSIIIHUKY BilIOBITHO.

3a NMpoBeNECHUMHU NOCITIIKEHHAMU Ta 34 Pe3yJib-
TaTaMU TTOPiBHSIHb CTATUCTUYHUX JaHUX 3 TaHUMM
PO IIOCiBHI ILIONII, SIKi OTpMMaHi Ha OCHOBi KapT
knacudikamii 3a CYOyTHHKOBOIO iH(OpMaLI€o,
MO>Ha AilTH BUCHOBKY, 1110 CYITyTHUKOBI AaHi MO-
KYTh €(PEKTUBHO BUKOPMCTOBYBAaTUCS CITLJIBHO 3
IHIIMMU JKepeaaMy JaHuX, 30KpeMa CTaTUCTUY-
HUMU.

Jlocaioscenss GUKOHYBAAUCH 6 MelNCax NPoEK-
my Hauionaavnoco Doudy Jocaioncenv Ykpainu
2020.01/0273 «Iumenexmyanvui modeni i memoou 6u-
3HaueHHs [HOukamopie Oeepadauii 3emenb HA OCHOGI
CYNYMHUKOBUX OQHUX».
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IMPACT OF CLIMATE CHANGE ON THE AREA OF MAJOR CROPS

In this work, a statistical analysis of the time series of areas of majoritarian crops for 20 years (from 1998 to 2020) is carried out,
and the influence of agro-climatic zones on the area of cultivation of major crops is analyzed. Climate change is acutely felt
in the southern regions of Ukraine, increasing the production risk in the agricultural sector through changes in temperature,
precipitation, and other extreme weather events. Historical climatic data indicate an increase in temperature on the territory of
Ukraine, and climate forecasts suggest further warming, especially in the south of Ukraine.

Using satellite and statistical data, changes in the earth’s surface are investigated for certain areas, which are characterized by
the greatest changes in crop areas for the main types of crops. To analyze the dynamics of cultivated areas in relation to climatic
zones, we used national statistical data for 1998—2019, maps of the classification of land cover from 2016—2020, data on
climatic zones on the territory of Ukraine for 2000 and 2020, as well as the contours of administrative units of the NUTS2 level.
Since statistical data for many districts are not available for the period 2019—2020 due to the reform of territorial boundaries,
we used instead cultivated areas obtained from open satellite records. As additional and alternative information for the analysis
of acreage, crop classification maps for 2016—2020 were used, obtained by specialists of the Space Research Institute of the
National Academy of Sciences of Ukraine and the State Space Agency of Ukraine from their own in-depth training technologies.

We used classification maps obtained using open satellite data of the Copernicus program: SAR Sentinel-1 and Sentinel-2
with a spatial resolution of 10 m. A comparison of statistical data and crop areas obtained from satellite data was carried out by
applying the metric of statistical analysis of the correlation coefficient (7). To assess the accuracy, the coefficient of determination
R? between the statistical area of the main crops and the area according to satellite data was also applied.

Keywords: climate change, satellite data, deep learning, classification maps, Sentinel-1, Sentinel-2.

38 ISSN 1561-8889. Kocmiuna nayka i mexunonoeis. 2022. T. 28. Ne 2



KocmivHi anapaTu | KOpUCHE HABAHTAXKEHHS
Spacecrafts and Payloads

https://doi.org/10.15407 /knit2022.02.039

O. BEN BAHRI

Department of Science and Technology, College of Ranyah, Taif University
P.O. Box 11099, Taif 21944, Saudi Arabia

IMPACT OF DIDACTIC SATELLITE IN SPACE MATURITY IMPROVEMENT:
A REVIEW PAPER

Space technology is becoming increasingly important in modern society. It participates in the construction of the future and the welfare
of humanity through many applications in daily life. These factors lead to the need for training, research, and development in this area
of space exploration. This paper reviews the use of small satellites to acquire basic knowledge of the space sector. Further development
of this knowledge leads to the creation of space missions, which, in turn, ensure the progress of the space technology readiness level
(TRL), defined by the international measurement scale. It is able to estimate technological maturity. The review concludes that the
use of low-cost or didactic satellites could contribute to space mission development and demonstration. We reckon that embedded
components with functions similar to smartphones can be used to achieve this goal. Two types of embedded components are discussed

to demonstrate their efficacy in space engineering.

Keywords: Cubesat, data analysis, didactic, satellite, space engineering, TRL.

1. INTRODUCTION

Space technology is beneficial in many areas, such
as climate and meteorological monitoring, access
to health care and education, water management,
transport efficiency and agriculture, peacekeeping,
security and humanitarian aid. The list of space ap-
plications impacting life on Earth is virtually endless,
and many more contributions are currently under
development or studied.

Unfortunately, the space sector continues to be af-
fordable only to large national projects or extremely
wealthy organizations. In this context, small organi-
zations and emerging countries are adopting small
satellites as their means of space exploration [1—5].
These satellites are often dedicated to scientific or
amateur operations. This leads to a higher technol-
ogy readiness level (TRL) to develop missions in the
space domain. It is obvious that this work made it
possible to advance technological maturity on satel-

lite missions based on different platforms. This is an
excellent educational idea to validate possible mis-
sions but also breaks new issues related to reliability,
the life of a mission, and its reconfigurability. Despite
the limitations present in the didactic project, it of-
fers a reliable platform to access the space domain
promoting TRL.

Technology Readiness Levels (TRLs) are a sys-
tematic metric that provides an objective measure to
communicate the maturity of a particular technology
among program executives, system developers and
technology researchers, and individuals from dif-
ferent organizations. Generally, it aimed to monitor
the maturation of technology. In addition, the use
of TRLs can provide a needed foundation for devel-
oping and communicating insight into the risks in-
volved in advancing a new system and its constituent
new technology components [6].

Indeed, TRL is originally developed by NASA,
and therefore, it is widely used as a reference in aero-

HuryBanHs: Ben Bahri O. Impact of didactic satellite in space maturity improvement: a review paper. Space Science and
Technology. 2022. 28, Ne 2 (135). C. 39—47. https://doi.org/10.15407 /knit2022.02.039
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nautical and aerospace projects. NASA, therefore,
reached the top level of TRL, which opens the door
for defining a higher TRL category. S. Jeremy con-
siders the need of defining the TRL 10 as a new cat-
egory [7].

In fact, developers need big budgets to reach a pro-
gressive TRL, mostly in the space domain. This cre-
ates a gap for emerging countries and small organiza-
tions that lead to the birth of a new class of satellites
around didactic projects. This innovation provides a
reliable platform to improve the maturity of the space
sector. Thus, this paper reviews the impact of didac-
tic satellites to develop TRL and therefore encourag-
es universities and emerging countries to explore the
space domain and benefit from its wide applications.

2. TECHNOLOGY READINESS LEVEL

Science, technology, and space data can directly or
indirectly contribute to the achievement of all the
sustainable development goals. Space science en-
compasses those scientific disciplines focused on the
exploration of space and the study of natural phe-
nomena and physical bodies in space, including as-
tronomy, acrospace engineering, space medicine and
astrobiology. Earth observation by satellites, satel-
lite communications, and satellite geolocation in-
volves space science and technology. This is also the
case with weather forecasting and technologies that
involve the use of remote sensing, global position-
ing systems, satellite television and communication
systems, as well as scientific fields such as astronomy
and science of the earth.

Table 1. Technology Readiness Levels

These factors lead to acquiring basic knowledge
about space technology. It encompasses three main
segments, which are space, user, and ground station.
Thus, NASA provides an architecture to define space
engineering in constructing a mission [8]. Indeed,
acquiring an adequate definition of space mission
leads to improving basic knowledge and therefore
progresses the TRL. It is composed of nine levels de-
fined by NASA and European Space Agency (ESA)
for space applications. Table 1 summarizes the TRL’s
levels [6, 9].

Indeed, maturity is a concept used in several ar-
eas. The term maturity implies a final state following
development. The development principle considers
a series of phases, passing from an initial stage and
some intermediate stages before reaching maturity.
This concept proposes to qualify or quantify the de-
velopment of a given subject. It offers the potential to
measure the acquisition of specific capacities at levels
of development. This assessment makes it possible to
identify the skills to be acquired in order to reach the
desired level. Thus, development towards maturity
can be described in the form of maturity models al-
lowing the level to be measured in the form of bench-
marking. These virtual models are characterized by
the use of a scale of progressive stages, or maturity
levels (Table 1). This led to describe each level for
determining the adequate TRL of such technology’s
development which is explained as follows:

e TRL 1: This is the lowest level of maturity of a
technology. We begin to evaluate applications of sci-
entific research, for example, in the form of publi-

TRLs Stage Definition
1 Basic knowledge about the technology | Report and observation of basic principles
2 Concept of the technology
3 Feasibility research Analysis for concept’s proof
4 Validation in laboratory environment
5 Development and demonstration of Validation in relevant environment
6 the technology Development of the prototype demonstration in space or on the ground
7 Test of the prototype in space environment
8 Systems development, test, and opera- | Development of the flight model
9 tion Launch and operation
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cations analyzing the fundamental characteristics of
the technology.

e TRL 2: It defines the beginning of the invention
phase. From the observation of the basic principles, it
becomes possible to envisage practical applications.
There is no evidence or detailed analysis to confirm
them. We are still only at the paper studies stage.

e TRL 3: It presents the launching of analytical
studies and laboratory work concerning the valida-
tion of certain elementary building blocks of the
technology in order to concretely validate the fore-
cast studies.

e TRL 4: During this phase, the basic constituents
of the technology were integrated, but in a relatively
“unrepresentative” form of a possible system, for ex-
ample, in the form of a “mock-up” or prototype in
the laboratory.

e TRL 5: This step serves to represent sharply in-
creasing subsystems. The building blocks are inte-
grated into a complete package allowing the testing
of the technology in a realistic simulated environ-
ment, for example, in the form of a “very representa-
tive” laboratory integration.

e TRL 6: Here, we try to test in a representative
environment a representative model or a prototype of
a system, much more complete than what was tested
in step 5, and this represents a key step in demon-
strating the maturity of a technology, such as, for
example, the testing of a prototype in a laboratory
which reproduces the environmental conditions very
precisely, or the conditions of operational use.

e TRL 7: This level serves to provide a demon-
stration of a prototype system conforming to the op-
erational system or very close. Represents a strong
progression from step 6, with the demonstration of
a real prototype in an operational environment, such
as, for example, a vehicle or an aerial platform, for
example, an aircraft test bench. Information will be
gathered at this stage to obtain the suitability to sup-
port this technology.

¢ TRL 8: Here, the technology has been proven to
work in its final form and under the expected condi-
tions of use. This step is, in most cases, the end of
the demonstration, with, for example, the testing and
evaluation of the system within the planned system
in order to know whether it meets the specifications
requested.

e TRL 9: It is the stage of application of the tech-
nology in its final form, and under representative
mission conditions, such as those which may be en-
countered during operational tests and evaluations,
and reliability tests, which includes, for example,
employment under operational mission conditions.

3. WORK RELATED
TO HIGH TRLS ACHIEVEMENT

Relying on TRLs estimation methods, many orga-
nizations integrated their capacities to reach high
TRL enhancing techniques and methods. Indeed,
this review focuses on analyzing the challenges and
opportunities of TRLs related to space mission ap-
plications.

Technological evolution in the space domain is a
complex process: technologies are interconnected
into systems, and these, in turn, are intertwined and
interdependent, both with each other and with the
physical, social, and institutional environment. Each
technological revolution is a set of technological sys-
tems, which gradually create the conditions neces-
sary for the emergence of new systems, all following
comparable principles and benefiting from the same
external factors. The process of multiplication of
technological innovations and systems explains the
enormous growth potential of each of these constel-
lations of new technologies. This process opens up a
new and vast territory for innovation, expansion, and
growth. The initial innovations mark the discovery of
this territory, while its complete occupation corre-
sponds to the phase of maturity and exhaustion.

Indeed, NASA was among organizations that
opened the door for space missions’ innovation and
development. It focuses on progressing the level of
technology maturity by developing systems related
to space applications. Among, we quote those that
reached the TRL 5 as an example of achieving the
medium level in the scale [10]. It defined the way to
achieve this level by developing a conductively cooled
2-micron laser transmitter for a coherent doppler
wind lidar system. Here, it provides an adequate plat-
form to progress the TRL towards level 6.

Therefore, its research was conducted to reach
the TRL 6 by developing systems for space applica-
tions such as solar sail [11, 12] and platform for test-
ing hardware in flight environments [13]. Otherwise,
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R. Pierce et al. developed a laser system for space ap-
plication reaching the TRL 6 [14].

Despite the difficulties surrounding space mis-
sions, many projects succeeded in reaching the TRL
9, defining the ways to achieve this goal. A survey
provided a summary of systems able to reach level
9, including Guidance, Navigation, and Control
(GNCQC) subsystems for small satellites is presented
in [15]. This survey as well concerns sensors and ac-
tuators such as Star Trackers, Magnetometers, Sun
Sensors, Earth Sensors, Gyroscopes, GPS Receiv-
ers, Reaction Wheels, Magnetorquers. In addition, it
defined the performance needed to reach this high
level. Otherwise, the development of the On-Board
Computer (OBC) for small satellites can lead to the
progress of the TRL towards level 9 [16]. Besides,
didactic project-based rocket development can deal
with this objective [17].

Table 2 summarizes the space projects related to
TRL enhancement.

Indeed, thisdomain represents a real gap in achiev-
ing a high level of technological maturity regard-
ing complex systems. Ironically, the benefits shift to

Table 2. TRL reached for space missions

countries with few financial resources at the precise
moment when the production process is character-
ized by more intensive use of capital. We could there-
fore think that only companies in advanced countries
have the necessary knowledge in this phase. Yet while
new products are part of the early stages of a techno-
logical revolution, the knowledge required tends to
be in the public domain (available in universities, for
example). The only proof of this is the recent case of
didactic projects around satellite missions’ demon-
stration and development.

Therefore, it seems possible to devise a strategy for
accumulating technological capabilities using ma-
ture technologies and then using them to access new
and dynamic technologies, but this ability is highly
dependent on the specific opportunities created by
successive technological revolutions. A thorough
understanding of technological developments in ad-
vanced countries can be useful for developing coun-
tries wishing to design viable strategies. This opens
the door for the birth of new amateur and didactic
projects based on satellite systems to enhance the
TRL of space technology domain.

.. TRL
Mission name Developed system achieved

Conductively Cooled 2 Micron Laser Transmitter for | Conductively-cooled single-frequency 2-micron laser 5

Coherent Doppler Wind Lidar System [10]

Solar Sail design [11] Solar sail configuration to address NASA’s future space 6
propulsion needs

Solar Sail [12] Solar sail propulsion 6

Satellite Servicing Capabilities Office Testing [13] Platform for hardware testing 6

Stabilized Lasers [14] Stabilized Lasers for a satellite application 6

GNC components for small satellites [15] Star trackers 9
Magnetometers 9
Earth sensor 9
Sun sensor 9
GPS receiver 9
Gyroscope 9
Reaction wheels 9

On-board computer (OBC) [16] Power-efficient, low-Cost, and flash FPGA based OBC 9
for small-satellites

Rocket [17] Hybrid sounding rocket HEROS 9
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4. TECHNOLOGY READINESS LEVEL

BASED ON DIDACTIC PROJECTS

Regarding the complex systems related to space ap-
plications, the improvement of TRLs in this domain
may present challenges for achieving a high level. A
survey performed in [18] extracted the difficulties ob-
served in TRL implementation, which can be sum-
marized into three categories: system complexity,
planning and review, and validity of the assessment.
Thus, didactic projects present a promoting solution
to fill the gap in space missions’ demonstration and
development.

The CubeSat was developed for research and edu-
cation as the first step for amateur satellites toward
the accumulation and test of space applications [19,
20]. This satellite reduces the mission’s cost provid-
ing an adequate system for space exploration. This is
proven by the hundreds of CubeSats launched into
orbits [21]. These missions were developed around
nano and pico classes of satellites providing an ad-
equate platform for demonstration projects aimed at
increasing the maturity of satellite technology.

In fact, the accumulation of space technology
knowledge relying on didactic projects leads to de-
veloping skills for the construction of pico and nano-
satellites [22—24]. In addition, these systems can
provide a reliable platform for the development of

Table 3. TRL achieved by CanSats

satellite subsystems such as attitude determination
and control systems [25—27].

On the other hand, “what can we do when our stu-
dents are bored during the activities, or they are not
interested in the topic? The Arduino board based on
ATMEGA chipset or similar devices with few sen-
sors or robotics can be the solution”, said Maria Peto
[28]. Thus, this kind of system presents an adequate
amateur platform to demonstrate satellite develop-
ment steps. It provides the necessary knowledge to
develop a real satellite using low-cost commercial-
ized components. This idea led to the announcement
of the birth of a new tiny satellite, such as CanSat,
which was proposed by Prof. Robert Twiggs [29].
CanSat systems were developed to avoid barriers to
constructing a real satellite, including a similar envi-
ronment for construction, test, and launch.

Indeed, CanSat offered a fruitful platform as
an educational system to practice space engineer-
ing knowledge [30—32]. In addition, it allowed the
practicing of space operations such as ground station
development [33], construction and testing of sub-
systems [34, 35], and launching techniques [36, 37].
Besides, it opened the door to the development and
testing of space missions, such as data communica-
tion techniques and analysis [38, 39], and satellite
operations and applications [40, 41].

Mission Stage reached acEz\]:e d
Development of a didactic satellite for training and research [22] Validation in laboratory environment 4
Educational satellite [25], [26], [27]
Disaster victims monitoring [28] Validation in relevant environment
OPEN prototype design and test [20] Development of the prototype 6
Ground station for the CanSat mission [33] demonstration on the ground
Prototype of CanSat with auto-gyro payload [30] Development of the prototype 6
Rover-back CanSat [31] demonstration in space
Educative practice of space engineering [32]
Data analysis mission for the CanSat [34], [35], [38], [39]
Control system for CanSat landing [36], [37]
CanSat for monitoring application [40], [41]
AeroCube 2 lanching [19] Launch and operation 9
CanSat launched to suborbit [42]
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CanSat projects proved their efficiency to enhance
the maturity of the space technology that reaches a
high TRL encompassing all the steps to develop a real
satellite [42]. We can consider that this tiny satellite
has the potential to reach a high TRL despite its edu-
cational purpose. It succeeded to develop and prac-
tice knowledge of space engineering. Thus, it seemed
reasonable to estimate the TRL of didactic projects
to prove their impact on increasing the maturity of
space engineering. Therefore, relying on TRL esti-
mation tools, table 3 summarises the TRL reached by
the presented examples.

44

5. DISCUSSION

TRLs have become a necessary tool to develop in the
engineering domain, including the space engineering
field, that presents a vital element of satellite applica-
tion developments. Due to the gaps in related invest-
ments in this domain, many organizations and uni-
versities have developed systems around demonstra-
tion tools, such as satellite-based smartphones [43,
44] and CanSat systems that offer reliable platforms
to acquire and practice knowledge about space en-
gineering using affordable tools. These projects can
be classified into two categories: device-based inte-
grated/collected components.

5.1. Device-based integrated components. This sys-
tem can be summarized in one tool of smartphone
type that includes new software features, a camera,
GPS receiver, and many miniaturized sensors, as
presented in figure 1.

The Android platform is provet to withstand on-
board flights in the atmosphere to low Earth orbit [43,
44]. Besides cost and power optimization, there are
other benefits of adapting mobile device processors:
better software development tools with better version
control and a single power supply (typically 3, 3V)
that presents the significant challenges of space ap-
plications. It has many integrated peripherals, such
as magnetometers, accelerometers, and gyroscopes,
to introduce and develop space applications for at-
titude determination and mission control. It contains
several additional interfaces: the USB and the wire-
less connections (Wifi and Bluetooth), which create
a convenient platform for data transmission while
the satellite mission operates. Here, the novelty lies
in the use of one tool to fully demonstrate satellite
missions with achieving a high TRL.

5.2. Device-based collected components. This system
presents a platform that connects many components
with a central processing tool, such as the CanSat de-
vice. It is a small satellite fit within a soda can, which
weighs less than 1 kg. This electronic device includes
all development cycles in order to fabricate a satellite
involving the design, fabrication, and launch [45]. It
has been created to provide an opportunity to acquire
the basic knowledge of space engineering.

Following the mission of the CanSat assembled
and tested during the 6th CanSat Leader Training
Program [35], we can learn all the necessary steps to
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build CanSats in order to fabricate, test, and launch
a picosatellite. In addition, it presents a fruitful tool
to enhance TRL in space engineering of a low-cost
mission.

The CanSat contains 6 circular boards arranged
as shown in figure 2, which illustrates the interfaces,
boards, and the interconnection between them.

The CanSat has the same subsystems as a real
satellite; the microcontroller board as an OBC (On-
Board Computer), the GPS and sensors boards as an
attitude determination subsystem, the Xbee module
as a communication subsystem, the power board as
a power subsystem, and the payload of this CanSat
is a camera.

Based on this, CanSat can be considered a small
satellite. This prototype demonstrates data manage-
ment using a PIC microcontroller and attitude deter-
mination using a GPS receiver and an accelerometer,
gyroscope, and temperature sensors. This fact makes
it very efficient as a first step towards the develop-
ment of a real satellite, including analysis, design,
and implementation of subsystems’ integration. This
leads to achieving TRL 4.
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JlemaprameHT Hayku i TexHiku, Konemx Panbst, YHiBepcutet Taica
P.O. ckpunbka 11099, Taid 21944, CayniBcbka ApaBist

BIUVIMB JUJAKTUYHUX CYITYTHUKIB HA BIOCKOHAJIEHHSA 3HAHb
3 KOCMIYHUX JOCIII)KEHb (KOCMIYHOI IHXKEHEPIT): OIJI4/

KocMiyHi TexHosoril Ha0yBalOTh BCe OTBIIIOIO 3HAYEHHS B CyJaCHOMY CYCHiJIbCTBi. Matouu 6araTo 3aCTocyBaHb y MOBCSIK-
JICHHOMY >XMTTi, BOHU 3yMOBJIIOIOTH MTOAAJIBIINI ITporpec Ta 100po0yT J0ACTBA. 3BiICK BUTIKA€ HEOOXiAHICTh 3a0e3MeueHHs
BiIMOBIAHOIO PiBHSI HABYAHHS, TOC/IIXKEHDb i PO3pO0OK Y 11iil rajy3i OCBOEHHSI KOCMOCY. Y CTaTTi pO3IJIsIa€ThCsl BUKOPUC-
TaHHS MaJIuX CYITyTHUKIB UISI OTPUMAaHHS 0a30BUX 3HAHD Y rajy3i KOCMiYHMX TexHoJoriii. [Toganbiimii po3BUTOK X 3HAHb
BeJle 10 CTBOPEHHSI KOCMiIUYHUX MicCili, sIKi B CBOIO uepry 3a0e3IeuyioTh Iporpec piBHs TexHosoriyHoi roroBHocTi (TRL), Bu-
3HAUEHOr0 MiXXHApOJHOIO 1IKaJ0I0 BUMiploBaHb. Lleit piBeHb XapakTepu3ye 3arajibHy TEXHOJIOTIUHY 3PiJIicTh CYCHiJIbCTBA.
YV omisini poOUThCSI BUCHOBOK, 1110 BUKOPUCTAHHSI HETOPOTMX 200 HaBYAJbHUX CYITYTHUKIB MOXe CIPUSITU BIOCKOHAJIEHHIO
3HaHb MOJIOJUX iHXEHEPIB i KOHCTPYKTOPIB Ta JEMOHCTpALlil BAXJIMBOCTI KOCMIYHUX AOCTiIKeHb. MU BBaXXaeMoO, 110 JJIs
IOCATHEHHS 1Ii€] METH MOXHa BUKOPUCTATH BOYIOBaHi KOMITOHEHTH 3 (DYHKIIiSIMM, aHAJIOTiYHUMU cMapTdoHaMm. B craTri

Karwuoei caoea: CubeSat, aHani3 gjaHux, IMAaKTUKA, KOCMiYHa iHXXEHepisl, piBeHb TEXHOJIOTIYHOT TOTOBHOCTI, CYITyTHHUK.
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OBSERVATIONS OF GEO AND LEO SATELLITES:
RADIO ENGINEERING MEANS OF THE MYKOLAIV
ASTRONOMICAL OBSERVATORY

The radio engineering means of the RI “Mykolaiv Astronomical Observatory” are fully passive. To track satellites, they use radio
signals emitted by the satellites themselves. Thus, the following means were developed and put into operation: 1) Simple IN Terferometer
NETwork (SintNet) for monitoring the orbital position of geostationary (GEO) satellites; 2) Doppler station for clarifying the orbital
elements of low Earth orbit (LEO) satellites.

Two SintNets operate now: European and Chinese. The European SintNet consists of 10 stations and tracks three co-located
satellites simultaneously. The Chinese SintNet consists of four stations and tracks one satellite. The positional error (standard
deviation) of satellites is about 200 m.

HUwuryBanHs: Bushuev F. I., Kaliuzhnyi M. P., Kriuchkovskyi V. F., Kulichenko M. O., Shulga O. V., Zhang Z., Bezrukovs V., Ma-
lynovskyi Ye. V., Reznichenko O. M., Bryukhovetsky O. B., Tuccari G. Observations of GEO and LEO Satellites: Radio Engineer-
ing Means of the Mykolaiv Astronomical Observatory. Space Science and Technology. 2022. 28, Ne 2 (135). C. 48—53. https://
doi.org/10.15407 /knit2022.02.048
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The Doppler station operates in the frequency range 430...440 M Hz. Signal spectrum analysis is used to determine the frequency
F(1) of the radio signal emitted by an LEO satellite and received by the station at time t. The SGP4/SDP4 analytical model of the
satellite motion is applied to analyze F(t) and to clarify the elements of the satellite orbit. Errors in measuring the Doppler frequency

shift and time are 4 sm/s and 30 ms, respectively.

Keywords: interferometer, geostationary satellites, low- Earth orbit satellites, Doppler effect.

INTRODUCTION

The Simple Interferometer Network (SintNet) was
initially developed at the RI «Mykolaiv Astronomi-
cal Observatory» as an independent radio engineer-
ing means for tracking future Ukrainian geostation-
ary satellite Lybid. The first SintNet consisted of two
stations and existed for 2 days in August 2011 [3]. At
the same time, in 2010—2013, SES (Société Euro-
péenne des Satellites), together with Fraunhofer Re-
search Institute, conducted the project named PaCo-
Ra (Passive Correlation Ranging, European Space
Agency). The PaCoRa system is considered by ESA
as a high-precision alternative to active ranging ra-
dars [6]. As it turned out, the SintNet is a prototype
of the PaCoRa system. Both systems are completely
passive. They consist of geographically separated sta-
tions or terminals that synchronously receive payload
signals of satellite TV emitted by tracked satellites.
The coordinates of the satellites are determined from
the known station coordinates and the measured val-
ues of Time Difference Of Arrival (TDOA). To calcu-
late TDOA, correlation analysis of signals emitted by
satellites and received by stations is used.

According to [10], the PaCoRa system of four sta-
tions should have a maximum error in calculating the
coordinates of a geostationary satellite of approxi-
mately 119 m. This error was obtained as a result of
the simulation. For the SintNet, our measurements
show that the standard deviation of the TDOA is
about 8.7 ns [4]. The orbital position (or orbital ele-
ments) of the satellite is determined using a numerical
model of satellite motion and measured values of the
TDOA obtained during 24h. The numerical model
takes into account the gravitation of the Sun, Moon,
and non-spherical Earth [7]. Herewith the standard
deviation of the satellite’s coordinates is about 200 m
[2]. It has also been shown that the networks of three
and more stations provide close coordinate precision
of about 200 m [2, 11].

The urgency of the problem of clarifying the or-
bit elements of low Earth orbit (LEO) spacecraft has
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been increased sharply due to the appearance of a
huge amount of satellites belonging to the Internet
systems, which are being created now. About 16000
such satellites will be put into service by 2030 like
OneWeb, StarLink, or TelSat. The Doppler station is
designed to track low Earth orbit artificial satellites,
emitting radio signals in the frequency range 430...
440 MHz, and to clarify orbit elements of the tracked
satellites by measuring the Doppler shift of frequency
of their radio signals. In the frequency range 430...
440 MHz, radio beacon signals of 18 LEO satellites
were detected [8]. Thus, there is possible to solve the
main methodological and technical issues of clarify-
ing the orbital position of satellites by the Doppler
frequency shift of their radio beacons. Obtained de-
cisions may be used in other frequency bands, in-
cluding frequency bands of the Internet systems.

1. SIMPLE INTERFEROMETER NETWORK

There are currently two SintNet in operation: the Eu-
ropean and Chinese. The European SintNet consists
of 10 stations and Chinese — 4 stations. Stations of the
European SintNet are located in Ukraine (Mykolaiv,
Rivne, Kharkiv, and Mukacheve), Latvia (Ventspils),
and Italy (Pietramarina). Three stations are located
in Mykolaiv and two stations each is in Ventspils and
Rivne. Stations of the Chinese SintNet are located
in Shanghai, Duyun, Urumgqi, and Changchun [9].
Both SintNets have processing centers. The process-
ing center of European SintNet is located in Myko-
laiv and Chinese SintNet in Shanghai.

The Chinese network tracks one satellite, Apstar-
6C, which is the only one in the cell at 134° of East
longitude [11]. Until May this year, the European
network tracked the orbital position of two satellites,
Eutelsat-13B and C, located in the same cell at 13° E
together with Eutelsat-13E. And this is despite the fact
that the number of network stations allows tracking
3 satellites. The network cannot track Eutelsat-13E
because it emitted only DVB-S2 signals, which can-
not be processed correctly by DVB-S receivers of the
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stations [8]. Multistandard DVB-S(S2) receiver OMI-
COM was implemented on three stations in Mykolaiv,
Ventspils, and Rivne in May, 2021. That allows now
tracking all three satellites co-located in the same geo-
stationary cell at 13 degrees of East longitude.

Both SintNets have identical hardware and soft-
ware. The composition and main characteristics of
the equipment and software of SintNet stations are
given in [5]. The stations have the standard antenna-
feeder system for the reception of DVB-S(S2) signals.
Most stations of both SintNets have antennas with a
diameter of around 1 m. An important feature of the
stations is the use of standard digital satellite televi-
sion DVB-S(S2) receivers, modified in terms of the
signal output from their quadrature detectors, as well
as digital oscilloscopes as external ADCs. Synchroni-
zation of measurements is carried out using GPS re-
ceivers ThunderBolt-E. The error of the PPS (Pulse-
Per-Second) signal is 15 ns. It should be noted that 4
stations of the European SintNet have computers that
work under Windows-XP, and computers of the other
6 stations under Windows-7. The processing center
in Mykolaiv has a more powerful computer (64-bit
processor, 32 cores, 32 GB memory, and a 3 TB hard
disk for saving primary observation data). Descrip-
tion of the processing center software of TDOA and
orbit determination of tracked satellites is given in [4,
10]. The existing SintNet software allows the com-
pletely automatic acquiring of observational data
and their transfer from the stations to the processing
center. For further data processing and calculation of
TDOA and orbital elements, it is necessary to run the
appropriate programs manually.

Positions of the satellites were calculated to con-
firm a fact of tracking all three co-located satellites
by the European SintNet. Orbital elements obtained
by the network on May 29-30, 2021 were used to cal-
culate the positions. Herewith, the distances between
the satellites varied in the range from 7 to 81 km,
which significantly exceeds the error of SintNet co-
ordinate determination, equal to 200 m. So, the Eu-
ropean SintNet really tracks now all three co-located
satellites, and the implementation of multistandard
receiver OMICOM allows now tracking satellites re-
gardless of the standard of signals they emit.

As a result of continuous observations, catalogs of
daily values of orbital elements (numerical model)
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for Eutelsat-13B (since Feb 2015), Eutelsat-13C
(since Sep 2018), and Eutelsat-13E (since May 2021)
were obtained.

2. DOPPLER STATION

A detailed description of the Doppler station hard-
ware and software is given in [1, 9]. The station con-
sists of a 10-sections antenna omnidirectional in the
upper hemisphere, a unit of antenna switches, and
software defined radio (SDR) that includes a per-
sonal computer and receiver. Microchip Realtek
RTL2832U is used in the receiver as a demodulator
of radiofrequency signals of terrestrial digital televi-
sion and radio “DVB-T+DAB+FM” (Digital Video
Broadcasting-Terrestrial + Digital Audio Broadcast-
ing + Frequency Modulation). The antenna switch
allows switching antenna sections automatically from
the computer according to the azimuth and elevation
of a tracked satellite. The satellite coordinates are
calculated using TLE-orbital elements from https://
www.space-track.org.

A synthesizer has recently been developed and
implemented. Using the synthesizer solves two prob-
lems: 1) increasing the frequency stability of the re-
ceiver and 2) measuring the frequency and time of the
received radio beacon signals. The synthesizer forms
two signals: an external 28.8 MHz reference signal
for the receiver and a pilot signal. The external refer-
ence signal replaces the internal one of the receiver.
The pilot signal is used to estimate the frequency and
time of signals received by the station. Both signals
are phase-locked to the signal of 10 MHz generated
by the GPS receiver. The pilot signal consists of 1 Hz
packages of 100 kHz pulses. The PPS signal of the
GPS receiver is used for forming the 1Hz packages.
The pilot signal is applied to the input of the receiver
along with signals of satellite radio beacons.

There are two modes of the Doppler station oper-
ating: real-time and post-processing [1, 9]. In real-
time, three tasks are now performed: 1) automatic
tracking one of a given number of low-Earth-orbit
artificial satellites, 2) recording payload and pilot sig-
nals into wav-files, 3) synchronization of computer
time using GPS. The criterion for selecting a satellite
for tracking is the closest passage of the satellite to
the station. Program TSIP_SYN is used for the time
synchronization of the Doppler station computer by
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GPS. The program was specially developed earlier to
synchronize the computer time of SintNet stations
[3]. This program provides the difference between
the time of the computer and GPS at a level not ex-
ceeding 0.5 seconds. As an illustration, a screen of
the station computer during registration (recording)
satellite radio beacon and the pilot signal is given in
Figure. The radio beacon signal emitted by the OS-
CAR-19 satellite is marked by digit 1 and a 100 kHz
harmonic of the pilot signal by 2.

During post-processing, the next tasks are per-
formed by analyzing the wav-files: 1) determina-
tion of frequency and time corrections; 2) searching
satellite radio beacon signal and determining radio
beacon frequency as a function of time F(7) using the
corrections of frequency and time; 3) clarifying orbit-
al elements using measured function F(f) and orbital
elements from space-track.org as the initial approxi-
mation. Internal errors in measurements of Doppler
frequency shift and time synchronization have been
obtained during the determination of frequency and
time corrections. The relative frequency error does
not exceed 10719, and the timing error is less than 30
ms, while the frequency error is about 0.06 Hz or 4
cm/s in the 430-440 M Hz frequency range.

3. DISCUSSION

Further upgrading the hardware and software of the
European SintNet may be proposed to increase its
consumer value, namely:

e upgrading the SintNet software for completely
automated processing of the observation data up to
orbital elements determination;

e implementing DVB-S(S2) receiver OMICOM
on all network stations;

* developing WEB-service for ongoing represen-
tation of orbital positions of tracked satellites;

* improving network accuracy using a more accu-
rate reference oscillator for observation synchroniz-
ing and analog-digital converting.

Clarified orbital elements of tracked satellites are
not obtained yet after the synthesizer has been imple-
mented in the Doppler station composition. Earlier,
as a result of clarifying satellite orbital elements, the
reduction of the difference between measured and
model values of the radial velocity was obtained on
average by 1.6 m/s [9].

HDSDR program screenshot with payload signal of an
OSCAR-19 radio beacon (1) and a 100 kHz harmonic of the
pilot signal (2)

CONCLUSIONS

1. Now, European SintNet consists of 10 stations and
simultaneously tracks three satellites Eutelsat (13B,
13C, and 13E), co-located in a 13 °E cell, includ-
ing a satellite (Eutelsat-13E) that emits only DVB-S2
signal. Tracking of Eutelsat-13E has become possi-
ble due to the implementation of the multi-standard
DVB-S(S2) receiver OMICOM at three network sta-
tions in Ventspils, Rivne, and Mykolaiv.

Catalogs of daily orbital elements (numerical mod-
el) for Eutelsat-13B, Eutelsat-13C, and Eutelsat-13E
were obtained as a result of continuous observations
since Feb 2015, Sep 2018, and May 2021, respectively.

The existing software of the SintNet allows the
completely automatic acquiring of observation data
and their transfer from the stations to the processing
center.

2. Doppler station of RI “MAO” allows automati-
cally tracking only one low-Earth-orbit artificial sat-
ellite out of a given number at a time. The criterion
for selecting a satellite for tracking is the closest pas-
sage of the satellite to the station. The synthesizer is
developed and implemented to provide forming;:

¢ the 28.8 MHz reference signal of the RTL2832U
receiver of Doppler station,

e the pilot signals, which are the 1 Hz packages of
100 kHz pulses.

The signals are phase-locked to the signal of 10
MHz generated by the station GPS receiver.
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The software has been developed and implement-
ed for the measurements of frequency and time using
pilot signals. Internal errors in frequency and time
measurements have been obtained. The relative fre-
quency error does not exceed 10719, The error of time
measurement is less than 30 ms. The development

will make it possible to clarify the orbital elements
of satellites taking into account the measurements of
frequency and time. An external comparison of or-
bital positions of tracked satellites is planned to be
carried out using data from optical observations and
the ILRS (International Laser Ranging Service).
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CITOCTEPEXEHHA GEO- I LEO-CYITYTHUKIB PAAIOTEXHIYHMMMU
3ACOBAMM HAI «MUKOJIAIBCbKA ACTPOHOMIYHA OBCEPBATOPIf»

Paniotexniuni3acoou HIAI MAO noBHicTio macuBHi. 1711 BiicTexXXeHHS CYyITyTHUKIB BOHU BUKOPUCTOBYIOTh PaJliOCUTHAIIHU, SIKi
BUIIPOMIiHIOIOTh CaMi CyITyTHUKU. TaKMM YMHOM, pO3pO0JIEHO Ta BBEICHO B eKCILTyaTallito: 1) mpocta Mepexa intepdepomeTpiB
(SintNet) 111 MOHITOPMHTY OpOITAIBHOTO MOJIOKEHHS TeocTalioHapHux cyrmyTHUKIB (GEO); 2) nonmuiepiBchKa CTaHIIisI AT
YTOUHEHHSI €JIEeMEHTIB OpOiTH HU3bKOOPOiTaIbHUX CyNyTHUKIB 3emi (LEO).

CroroaHi nmpauwoloTh ABi Mepexi SintNet: eBporeiicbka i KuTaiichbka. €Bporneiicbka Mepexa SintNet ckiagaerbest 3 10
CTaHIIill i BiACTeXXYyE TPU CYMyTHUKU ofHoYacHO. Kuralicbka Mepexka SintNet cki1agaeTbecsl 3 YOTUPbOX CTaHLIM i BiCTEXy€E
onuH cynyTHUK. [Toxnbka BU3HaYEHHSI KOOPAUHAT CYMyTHUKIB CTAHOBUTD 011M3bKO 200 M.

JomnrutepiBchbKa CTaHIIis Tpalifoe B miamazoHi yactot 430...440 MIi1. Bona BUKOpUCTOBYE aHaJi3 CIIEKTPY CUTHATY ISt
BU3HAYEHHS 4acToTH F(f) pamiocuTrHaIIy, 110 BUTPOMiHIOEThCs cynmyTHUKOM LEQO i mpuitMa€eTbest cTaHITiED B MOMEHT Yacy 7.
Jns ananisy F(f) Ta 1U1sl yTOYHEHHS €JIEMEHTIB OpOiTH CYMyTHHMKA 3aCTOCOBAHO aHAIITUYHY MOJEIb pyXy cynyTHuka SGP4/
SDP4. TToxu6xu BUMiproBaHHs AOMIUIEPiBCHKOIO 3CYyBY YaCTOTHU Ta Yacy CTaHOBJATH 4 cMm/c i 30 Mc BiAMmoBiaHO.

Karouoei caosa: intepdepomeTp, reoctallioHapHi CynmyTHUKW, HU3bKOOPOiTalIbHI CYITyTHUKM 3eMJi, epekT [ornriepa.
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AcTtpoHoMiuHa o6cepBaTopist JIbBIBCHKOro HalliOHAJIBHOTO YHiBepcuTeTy iMeHi IBaHa ®dpanka
ByJs1. Kupuna i Medonis 8, JIsBiB, Ykpaina, 79005

OIITUYHI CHOCTEPEXKEHHA TYYHNX KOCMIYHUX
OB’EKTIB Y JIbBIBCHKIV ACTPOHOMIYHIN OBCEPBATOPIT

Kocmiune cmimms cmae 6ce 6invuioro 3a2po3or 045 KOCMIYHUX MICIlL, 30Kpema 045 CYRYMHUKO08020 36 3Ky, 015 6Use0eHH s Ha opoi-
My HOBUX CYNYMHUKI8, 015 NPOSPAM HABIeaUll ma eUMIPIOBaHHS Hacy, Hagimb 045 cnocmepedicers 3emai. Hasrxonrozemunuii npocmip
cmae 6ce OinbUL NepPesanmadiceHum, momy nompeoa y eiocmediceHHi KOCMIMHUX 00 €ekmie ma HadaHHi iHgopmayii npo disabHicmo
Y Kocmoci cmae Kpumu4Horo, i Haubinbi aKmyanibHum € NnonepeodlceHHs 3imKHeHb abo NOUKO0O0N CeHb, CNPUMUHEHUX KOCMIYHUM
cmimmsam. Ceped memoodie cmedceHHs 3a WMYYHUMU 00’ €EKmamu € OnMu'Hi, SKi Ha0arms iHHOPMAayito nPo NOAOIHCEHHS BUOPAHO20
00’ckma (no3uuyitini cnocmepedicents), gidcmatnb 00 00°ckma (na3epHi cnocmepedicerts), noeedinKy 00’ekma Ha opoimi ma io2o
hopmy (pomomempuuri cnocmepedicennss). Y cmammi onucyromscs cneyianvHull anapamypHuil KOMRAeKe ma npoepamme 3aoesne-
ueHHs, AKumMU 00aadnana Acmporomiuna obcepsamopis Jlvgiecvkoeo HayionanvHoeo yHisepcumemy imeri leana @panka oas npo-
6edeHHs1 ONMUUHUX CHOCHEPedICceHb.

Karouoei caosa: wmyuni kocmiumi 06’ ekmu, onmu4Hi CHOCIeped CceHHt.

BCTVYII
3 MOMEHTY 3aIlycKy MeplIoro cymytTHuka y 1957 p.

JIFOICTBO, 30KpeMa MOXKE BIUIMHYTU HA TeJIEKOMYHi-
Kallifo, YITPYOHUTHU OUCTaHLIHE 30HAYBaHHS 3eM-

HABKOJIO3EMHUM MPOCTIp 3alIOBHUBCS CMITTSIM: 3a-
pa3 Ha opbitax nepedyBaroTh noHan 23000 00’ekTiB
po3mipom 10 cMm i OisbIlie, MiJIBIIOHM MEHIINX (hpar-
MEHTIB, i TUTbKU 6 % 00’€KTiB eKCIUTyaTyIOThCs [9].
[TommMpeHHSI KOCMIYHOTO CMITTSI MOX€E BIUTMHYTHA
Ha CYMYTHUKOBI TOCIYI'M, SIKUMU KOPUCTYEThCS

Jli, HaBirauito, XpoOHOMETpax Tollo. ToMy OZHUM
3 HalBaXJIMBIlIMX 3aBJaHb € CIIOCTEPEXKEHHsS 3a
SIKOMOTa OWUTBIIIOI0 KiIbKICTIO IITYyYHUX HEOECHUX
00’€KTIB.

Cepen METONiB CIIOCTEPEXEHHS 3a INTYYHUMM
kocmiyuHuMu ob0’ektamu (KO) € panmionoxairiii-

HutyBanHg: Bouuk €. b., binincekuii A. 1., Maptuniok-Jloroubkuii K. I1., Bipyn H. B., Ilinctpurau I. [., Horau P. T.
OnNTUYHI criocTepekeHHS LTYYHUX KOCMiYHUX 00’ €KTiB Y JIbBiBChKilt acTpOHOMIUHil oOcepBaTopii. Kocmiuna Hayka i mexno-
aoeis. 2022. 28, Ne 2 (135). C. 54—60. https://doi.org/10.15407 /knit2022.02.054
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Onmuuni cnocmepesicents WMY4HUX KocMiuHux 00’ekmis y Jlvgiecokiili acmporomiunii o6cepeamopii

Hi Ta ONTWUYHIi. 3a JOMOMOTOI0 ONTUYHUX METO/iB
MOXHa olepxKaTu iH(popMallilo IJIs IIPOTHO3Y IIPO
MOJIOXXEHHSI BUOpaHOro o0’ekTa (MO3UlliliHi cro-
CTEepEexXEHHs ), PO BiACTaHb OO0 00’ekTa (JlazepHa
BiggaseMeTpisi), Mpo MoBeAiHKY 00’eKkTa Ha OopoOiTi
Ta ioro ¢opMy ((pOTOMETPUUHi CITOCTEPEKEHHST).
MakcuMalibHy iH(OpMalil0 IalTh KOMILJIEKCHI
CITIOCTEPEKEHHS, TIPOBEIEHI 3 OTHOTO IYHKTY Ta
CUHXPOHHI CIIOCTEPEXEHHS, IMPOBEACHI 3 Pi3HUX
MMyHKTIB [3].

AITAPATYPHE TA ITPOTPAMHE 3ABE3ITEYEHHA
JbBIBCBKOTI'O ITYHKTY CITOCTEPEXXEHDb
3A HITYYHUMHU KOCMIYHUM OB’€KTAMUM

B Actponowmiuniii obcepBaropii (AO) cmocrepe-
JKeHHSI IITYYHUX KOCMiYHUX OO’€KTIB BeAYyThCs 3
1957 poky [1]. Tertep y AO chopMOBaHO KOMILIEKC
arapaTypu, 3a I0IIOMOTI'0I0 SIKOTO MOXHa peastizyBa-
TH TIO3ULIiIiHi, POTOMETPUYHI Ta Ja3epHO-JOKALlili-
Hi CIIOCTePEXEHHSI.

IMo3umiiiHi crocTepeskeHHsI BEAYThCS 3a OOIO-
MOTOI0 HEBEJIMKUX TeJIeCKOIiB (miameTpu Bim 85
1o 350 MM), BCTAaHOBJIEHMX Ha aBTOMAaTU30BaHOMY
MOHTYBaHHi Tejieckona Meade DS2130 abo Ha rin
teneckona TIIJI-1M (puc. 1).

BuxopucTaHHS pi3HUX ONTUYHUX CUCTEM Ta pi3-
HUX MOHTYBaHb JJIs TilyBaHHSI 00’€KTa BU3Haya-
€ThCS MOCTaBJICHOIO 3adayueto. CBiTaonpuiiMadyamMu
€ T133-kamepu WAT-902H2 i LCL 902K y Tenesi-
3iHHOMY PEeXUMI.

3 oToMEeTpUUHUX CIIOCTEPEXKEHb MOXKHA OTpU-
Matu iHdopMallilo Ipo BUMJISA CYIyTHUKA i JaHi
npo ¢opmy Ta ctaH 06’ekra. Ha manuii yac oto-
METPUYHiI  CIIOCTEPEKECHHSI HU3bKOOPOiTaTbHUX
LITYYHUX KOCMIYHUX 00’ €EKTIB BEIyThCS 3a JOIMOMO-
roro o0’ektuBa giameTpoMm 10 cM, BCTaHOBJIEHOIO
Ha TrigyBaJIbHOMY MOHTYBaHHiI Teneckomna TILJI-1M
(puc. 2). Taka cucrema J03BOJISIE OTPUMATU KpHU-
Bi OJIMCKY LITYYHUX KOCMIYHMX O0’EKTIB Y PEXMUMi
crexxeHHs1. Kpusi 6inucky y cmyrax cuctemu BVR
BU3HaA4aloThcs 3 Toxuobkor 0.05”, a moJoKeHHST —
MEHII HixX 5".

i BU3HA4YeHHS Bigjalli 10 00’€KTa BUKOPHUC-
TOBYEThCS JiazepHa Jokalis cymnyTHukiB (JIJIC)
3 METOI0 YTOUHEHHS MOo3MuuUiiiHux gaHux. Y AO
Taki crocrepexxeHHsT BuKoHye JIJIC-craHiis, ska
ckamaetbes 3 1-M Teneckona TIIJI-1M 3 immynb-
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Puc. 1. Teneckomn i MO3ULIHHUX CIIOCTePEXEHb: (POTO-
00’extuB «fOmitep-9» miamerpom 85 MM Ha TimyBaTbHOMY
MoHTyBaHHi Meade DS2130

Puc. 2. Teneckor 1yist OTOMETPUYHMX CITOCTEPEKEHb HU3b-
koopGitanbHUX KO: 06’ekTHB «YpaH-9» BCTAaHOBICHUI Ha
rimyBasibHoMy MoHTyBaHHi TTIJI-1M

CHUM JiazepHUM TiepenaBayeM SL212 (MOTYXHicTb
100 m/Ixx, yacoBe posmizeHHs 150 11c) Ta mpeumn3iii-
HuM Taiimepom noaiit ComTiS (moxubka He Oinbliie
Hix 40 1c). CraHuisi Ja3epHO-JOKALiHHUX CIO-
CTEepEXEeHb BUMIpPIOE Biljaab 10 CYIIyTHUKIB, 00-
JIaTHAHUX KYTMKOBMMM BinOMBauyaMMu, i3 TOYHICTIO
onuHM4yHOro mocrpiny 10 cm. [6]. Taitmep momiii
ComTiS Oysi0 BUKOPUCTAHO JIJ1s1 BABYEHHSI YaCOBUX
3aTPUMOK peecTpallii BijeocurHaiay y goromeTpii
HU3bKOOPOITAUTBHUX CYNYTHUKIB [7].

OKpeMoI0 TpYIo CTOSITh TEJAECKOIU IJIs1 CIo-
CTepexKeHHs 3a 00’€KTaMU Ha TeocTallioOHapHIl op-
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Puc. 3. Onosnenutii teneckon A3T-14 i3 cydyacHow Tpuii-
MaJIbHOIO CUCTEMOIO

Puc. 4. Panio-
TeJIeHTaTop
nianazony Ku
(10.7...12.75 T'Ti)

oiTi. Lle Teneckon A3T-14 (D =480 mMm), 3 acTpoKa-
mepolo Xpress SX-35 i ¢pinsrpamu Astrodon UBVRI
(puc. 3), atakox teneckorn GLD-250 (D =250 mm) 3
actpokameporo Starlight Xpress SXV-M9 i ¢inbrpa-
mu Astrodon BVR. 3a gonomoroo 1ux TejeckomniB
MPOBOASATHLCS MO3ULIMHI i (POTOMETPUYHI CIIOCTE-
peXeHHs reocTalioHapHUX 00’ ekTiB. KpuBi 011cKy
PEECTPYIOThCH 3 TTOXMOKOI0 He Oinbire 0.05”.

B AO po3po06ieHO Ta BUTOTOBJICHO OpPUTiHAJb-
HUI MPUCTPiil MJIsI BU3HAYEHHSI KyTOBOIO IOJIO-
JKEHHSI TeOCTallioHApHOTO CYITYTHUKA Yy Teoae3ud-
Hili cuctemi KoopauHat WGS84 Ta 3HAXOMKEHHS
asuMyTa 00’€KTa, Ha SIKOMY BCTaHOBJICHUI pamio-
nenenrarop (puc. 4). CraHgapTHUI CyITyTHUKOBUIA
koHBepTep (LNB) mianazony Ku (10.7...12.75 I'Ti)
BCTAaHOBJIEHUH y (pOKyci napadoJIiyHOI aHTeHU, sIKa
IMOBEPTAETHLCS 3a a3MMyTOM Ha 360° Ta 110 BUCOTI Bif
0 1o 60° 3a TOMOMOTO0 MO3ULIIAHOIO MEXaHi3My 3
TouHicTio HaBeaeHHs 0.01°. AMIUIiTyga IIMPOKOC-
MYTOBOTO CUTHaJIy miarma3zoHy Ku, 1o iforo Bumpo-
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MiHIOIOTb T€OCTalliOHApHiI CYNYyTHUKHU, OLMPpPO-
BYETBCS Ta 3ammcyeTbes. Jlaai mporpama aHajizye
3arucaHy iHopmallilo Ta TOPiBHIOE 11 3 MOJEIUITIO,
pO3paxoBaHOIO 3 BimoMux edemMepun OgHOTO abo
KiJIbBKOX TeOoCTalliOHAapHUX CYIYTHUKIB. B pe3yinb-
TaTi aHaJli3y MOXJIMBE 3HAXOMXKEHHSI KYTOBOIO TO-
JIOXKEHHS TeoCcTallioHapHOIo CYIyTHHKA MpU Bimo-
MOMY a3MMYTi BCTaHOBJIEHHS MejieHraTopa (mpsma
3agavya) ab0 3HAXOMKEHHSI a3MMyTa BCTaHOBJICHHS
TeJieHraTopa MpH BiToMuX epeMepumIax OMHOTO YN
KIUJIBKOX CYITyTHHKIB (0OepHeHa 3amada). TOuHICTh
BU3HAUEHHSI KYTOBOTO IMOJIOXKEHHSI TeocTallioHap-
Horo cynytHuKa 0.05°.

ITepeBaroto pamiocriocTepekeHb € IXHS He3aIexX-
HICTb BiJI MOTrOIX Ta iJT01000BICTb.

151 KOXXKHOTO 3 METO[IIiB CIIOCTEPEXKEHHS 1 JJIsI
KOXKHOTO TeJIeCKOIa UM KOMIIIEKCY arapaTypu B
LIJIOMY € CBO€ cleum@diyHe MmporpamMHe 3abe3Iie-
yeHHs. e, mo-mnepiie, mporpaMu sl MiArOTOBKKU
IO CIIOCTEpeXeHb — BU3HA4YCHHS 00’€KTa, HOro
opOiTaAIbHUX AaHUX, MPUOJIM3HA OlLliHKaA OJMUCKY Ta
iHute. Ipyry rpymny mnporpaMm cKaaaaiTh MpPOLeLy-
U TIPOBEIEHHSI CITOCTEPEKEHb MPOXOIKEHHS — Ti-
JIyBaHHSI, peecTpallis, 3alllMc JaHUX B KOMII IOTEP.
Tpets rpyna — 1ie mporpaMu IomnepeaHboi 00pooKu
Ta mepenavi Ha 30epiranHs. BinblIicTh 3 HUX IIPO-
rpaM 0yy10 po3po0JieHO Ta BIIPOBAIKEHO B Iif0 CITiB-
pobitHukamu AQO.

PE3VYJIBTATH,
OTPUMAHI Y 2020—2021 POKAX

PesyabratoM mnepiuux MpPOOHUX CIOCTEPEXEHb Y
kammnaHii IADC (Inter Agency Debris Committee)
y criBnpaui i3 HIIYBK3 (HauioHanbHuii LIeHTp
VIIpaBJIiHHS Ta BUIIPOOYyBaHb KOCMIYHHUX 3aCO0IB)
CcTajla KpuBa OJMCKY KHUTalCBhKOI paKeTH-HOCIs
40879 (CZ-4C R/B) (puc. 3, a). Y pamkax nporpa-
mMu YMOC (YkpaiHcbka Mepexka ONTUYHUX CTaH-
1[ill) oTpMMaHO KpHUBi OJMCKY cymyTHUKa Torekc
(puc. 5, 0) [4].

KinbKicTh oTpMMaHMX pe3yabTaTiB 3a piK 3alie-
>KUTh Bif 0araTbox (pakTopiB, y MepIy Yepry — Bia
MOTOJHUX YMOB, TOOTO BiJl KiIbKOCTI SICHUX HOYEIA.
V JIbBOBI cepemHE YMCIIO SICHUX HOYEll CTaHOBUTh
100...150. Ha puc. 6 moka3aHo KiJIbKiCTb CTIOCTepe-
KeHb 3a 2021 p. JInst pi3sHUX IITYYHUX KOCMIYHUX
00’€KTiB (HOMEPHU ITiJl CTOBILISIMU).
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BAHK JAHUX

Benuka KibKiCTh pe3yJbTaTiB CIIOCTEPEXEHb, SIKi
3iopaHo y AO, 3yMoBMJIa HEOOXiOHICTh CTBOPEH-
Hs1 OaHKy JaHuUX Y (popMaTi «CXoBuIla JaHUX». B
AQ, Ha OCHOBI MOIIEpeIHHOrO JOCBIMY i3 CyIIPpOBO-
ny 6a3u ganux JIJIC-cnocrepexens [2], peanizoBa-
HO BITOPsIIKYBaHHSI, 30epeKeHHsI Ta BimoOpaXkeHHsI
Pi3HOTUITHUX JAHUX i3 aKLIEHTOM BJIaCHE Ha pe3yJib-
TaTu CIIOCTEPEXKEHb.

OcHOBOIO OyJ1b-SIKOTO CXOBHUIIIA TAHUX € TEKCTO-
Ba Ta/abo rpadiuna (OiHapHa) iHdopmalisa, ska
30epiraeTbcsl y 3BUUaiiHux (aiisax abo y ckiajiHi-
IIMX CTPYKTypax, HampuKJIag y TaOauisgx 0a3 ma-
Hux. HacTtymHuUM KpoKOM ISl opraHi3allii TTOBHO-
L[IHHOTO CXOBMIIA JAHUX € BMOIp MPOrpamMHOIo
3a0e3MneyeHHs 1JIsI THYYKOIo BiZoOpaKeHHs pi3HO-
TUITHUX JaHUX (¢ailam TeKCTOoBi i OiHapHi, TabauIIi
6a3 maHux Toio). B AO mist nporo Oyno BuOpaHO
“Tiki Wiki CMS Groupware” — 1ie BiibHa Oararto-

20:07:00  20:07:10 20:07:20

20:07:30

20:07:40 20:07:50 ur

a

22:12:00

22:11:10

22:10:00

22:13:00

22:14:00 22:15:00 ur

0

Puc. 5. Kpusi 6;11cky: a — 06’ekra 40879 (CZ-4C R/B), 6 — cynyrHuka Torekc 22076
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Howmep cynyTHuKa

Puc. 6. KinbKicTb OIIIHOK KOOPIWHAT Pi3HUX MITYIHUX KOCMIYHUX 00 €KTIB y eKBaTopianbHiil cuctemi (2021 pik, 3 ciuHs mo

JKOBTEHb)

miarcopMHa cucTeMa KepyBaHHSI KOHTEHTOM, Ha
ocHoBi PHP, sixa miaTpumye poGoTy i3 6azamu ma-
Hux MySQL. Takum ynHOM, TigiOpaBIIU HEOOXiaHI
MporpaMHi pillleHHsI, OyJI0O OpraHi3oBaHO IPOOHY
peastizallito TOBHOLIIHHOTO CXOBMILIA JaHUX CITOCTE-
pexXeHb IITYYHUX cynyTHUKIB 3emuti. Ha maHwuii yac
TpYBAa€E HAINOBHEHHS OaHKY TaHUX.

BUKOPUCTAHHS PE3VJIBTATIB

Cunin BimzHauutu, mo AO Oyia ogHi€lo 3 3aCHOBHU-
KiB i 1oci € akTuBHUM wjieHoM Y MOC, BUKOHYE 10~
3UILIiIHI i POTOMETPUYUHI CrTOCTEepeXXeHHS 3TiAHO i3
cinrckoM YMOC, a orpuMaHi pe3yJIbTaTh Hamae y
BUILHMIA JOCTYM JUIS BCiX WieHiB Mepexi [4, 5].

Kpim Toro, pe3ysibratv cnocTepexKeHb HallaloTh-
cs HaiioHanbHOMY LIEHTPY yHOpaBJIiHHSI Ta BUIIPO-
OyBanb KocMmiuHuxX 3aco6iB (HIIYBK3) 3rimno i3
3aIUTOM.
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BUCHOBOK

IMpotsrom Ginbmr HiX 60 pokiB pobIT 3i crocte-
peXeHb IITYIHMX KOCMiuHMX 00’ekTiB B AO 0Oyi10
CTBOPEHO KOMILIEKC amapaTypu [Jisi TaKOro pomy
po0IT, HAKOTIMYEHO 3HAYHY KiJbKIiCTb pe3yJIbTaTiB
crnoctepexeHb. EpekTuBHUX pe3yabTaTiB METOI0M
OINTUYHOTO CHOCTEPEXKEHHSI MOXHA JOCSTTH JIMILIE
y CIIiBIpali 3 iHIIMMU IIYHKTaMM CIHOCTEpPEeKEHb.
JIbBiBcbKa AO MpoIOBXKY€E PO3BMBATU aCTPOHOMIU-
He oOJiagHaHHS IS CIOCTEepeXXeHb, CTBOPIOBATHU
MporpamMHe 3a0e3INeyeHHs], a TaKOX JOCHTiIKyBa-
TU TlapaMeTpU KOCMiYHOI MOTOAU, 30KpeMa BIUIUB
COHSIYHOI aKTMBHOCTI Ha PyX IITYYHUX KOCMIYHUX
00’exTiB [8].

CnocmepedicenHs 6 pamkax OisabHOCmI mepeuci
YMOC nposedeno 3a uacmiosoi inarcosoi nio-
mpumku lonoenoi acmponomiunoi obcepeamopii Ha-
yioHanvHoi akademii Hayk Ykpainu.
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OPTICAL OBSERVATIONS OF THE ARTIFICIAL OBJECTS IN LVIV ASTRONOMICAL OBSERVATORY

Space debris is becoming an increasing threat to near space services, including satellite communications, the launching of new
satellites, as well as navigation and timekeeping programs. It affects even observations of the Earth. As space around us becomes
more congested, the need to track space objects and provide information about space activities is becoming increasingly critical
and urgent in helping to prevent collisions or damage caused by space debris.

Among the methods of tracking artificial objects are optical methods, which can provide information about the position
of the selected object (positional observations), distance to the object (laser observations), as well as about the behavior of the
object in orbit and its shape (photometric observations). The Astronomical Observatory of Lviv National University is equipped
with a special hardware complex and software for the implementation of observations of artificial objects and can provide rele-
vant information.

Keywords: space debris, artificial space objects, optical observations, photometric observations, laser observations.
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I lepxaBHuit yHiBepcUTET iHOPACTPYKTYPHU TA TEXHOJOTIi

Bya. Kupuniseoka 9, Kuis, Ykpaina, 04071

3MeniTonoNBCHKIIA Aep>KaBHU TIearoriuHil yHiBepcuTeT iMeHi bornana XMeabHULBKOTO
Bya. [erbMaHcbKa 20, MeniTonosnb, 3anopi3bka objactb, 72300

AJIB®PE]L PACCEJI YOJIUIEC ITPO TAPMOHIIO Y BCECBITI
(o 120-pivyus iforo npani «Micue moaunu y Beecsiti»)

10est eonocmi aroduru i Beeceimy pozpobasnacs é bacamvox ginocogcovkux i penicitinux euennsx. [lpome nepuwum ii Hayxoeo o0rpyH-
myeamu cnpo6ysae Anrvghped Paccen Yoanec (1823—1913) — opumancekuii Hamypanicm, MaHopigHuk, eeoepagh, 6ionoe i anmpo-
noaoe XIX cmoaimms. Bin 3aysaxcysas, wo dymka npo <MHoJiCUHHiCmb ceimie» Konepuuka, de 3emas € 00Hi€H0 3 YUCAeHHUX NAA-
Hem, sIKa HACeAeHAa PO3YMHUMU iCIOmamu, He niokpinaeHa cnocmepedceHHAMU. Yoanec 00600u8, ujo Moxicaugicme GUHUKHEHHs Y
Bcecsimi scumms ii po3ymy 3anedxicums 8id 6aeamvox 834EMON08’13aHUX YyM08. Bin 0iliuios 6UcHO8KY, wjo «0yob-sKa iHuia nianema
6 Consuniil cucmemi, Kpim Hawoi 3emai, HeHaceseHa» [ «matidce HACMINbKU e UMOBIpHO, wo Hiske inute CoHuye He MAE 3aceneHux
naanem». Yoanec dompumyseascsa OymKu, w0 A100U — €OUHI PO3YMHI ICMOMU | MO2AU BUHUKHYMU BUKAIOUHO HA 3eMAl AK 6epUUHA
esoaroyii Beecsimy. Jlocaionuk 0onyckas ModCAUBICIY ICHY8AHHS THUUX C8IMIE 3 IHWUMU (DI3UMHUMU 3AKOHAMU, 0OHAK 664JCa8,
Wo aue 8 HauloMy Moana 3’a8umucs A0UHA i came 045 UYb020 8UHUK Haul Bcecgim.

Karonoei caosa: Beecsim, esonwuis, A. P. Yoanec, naanemu, 3opanuii ceim.

BCTYII MUii TUM, 110 HesanexHo Bix Y. JlapsiHa po3po0Jisas
Teopito eBosoltii. Y 1858 p. A. P. Yonnec HagicnaB
IM’s1 BuaaTHOro aHmIiiicbkoro apociinHuka npu- | Y. JJapsiny pykoruc cBoei crarti «I1po yerpemitin-
ponu Anbdpena Paccena Yoiuieca BigoMe CbOTOIHI | He pi3HOBMIIB HECKIHUEHHO BiIassTHCA Bil Iep-
KOXHOMY Harypajiicty. OCHOBONOJIOXKHUK HOBHUX | BiCHOro TUIy». Y Hiii BiH BUKJIAB ifel, gKi 30irajinch
HAayKOBMX JUCUMILIIH i HanpsamiB — 3ooreorpadii, | 3 teopieio npupogHoro modopy Y. HapsiHa, Han
€BOJIIOLLITHOTO BUEHHS, Gioreorpadii, aHTPONOJIO- | gKO TOH mparoBaB Bxe nmoHan 20 pokis. e 3my-
rii, actpobiosorii, Kocmoorii. OcobanBoO BiH Bifo- | cwuito JapBiHa IBHUIKO OIMYOIiKYBaTH CBOIO MPALIO

HuryBanus: [Munumuyk O. 4., Crpenko O. I, Kopooduenko A. A., IMununuyk O. O. Anbbpen Paccen Yosiec npo rapmo-
Hito y Beecsiti (1o 120-piuus iioro mpaui «Micue monuau y BeecBiti»). Kocmiuna nayka i mexuonoeis. 2022. 28, Ne 2 (135).
C. 61—68. https://doi.org/10.15407 /knit2022.02.061
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«IToxomkeHHs BUIiB IIUISIXOM IPHUPOIHOTO 1000pY»
(1859).

A. P. Yonnec 31iliCHUB TPYHTOBHiI MOJIbOBi J10-
CJTiIDKeHHSI TIPUPOJM: CroyaTtky y OaceilHi piuku
AMa3oHKHM, a 3rogoM i Ha MajalicbkoMy apxinesa-
3i, po3ramoBaHoMy Mix [liBneHHO-CxinHoo A3i€to
(miBocTtpoBoM IHHOKMTAl) Ta ABCTpastieto. Apximne-
JIar CKJIaga€eThesl 3 npubau3Ho 20 TUCSIY OCTPOBIB
3arajbHOIO TUIOIIEI0 OJIM3BKO 2 MJIH KM? Ta pO3Ji-
ngae Iunpiviceknii i Tuxuit okeann. lle HaitOLTBIIMIT
y CBiTi apxinesnar, Ha SIKOMY po3TallloBaHi Taki Kpa-
THu, gk Iaponesis, @ininminu, Cinramyp, bpyHei,
manaiicbki mratn CapaBak, Cabax i denepaibHa
teputopis JlabyaH, CxinHuit TuMop Ta Gijbla yac-
tuHa [lanya Hosoi IBiHel. BueHuii-MmaHApiBHUK 3a-
MpPOIIOHYBaB (PayHICTUUHUI MOMiJ, IKUI ChOTOAHI
Ha3UBA€EThCS «liHi€ Yosuiecar. BiH nmoainsie iHao-
He3IMChKUI apximnejar Ha OBi OKpeMi YaCTUHM: 3a-
XiTHYy — B $IKiii TBAPMHU B OCHOBHOMY a3iiiCbKOTO
MOXOJIKEHHS, i CXiIHY YaCTUHY, B sIKill BinoOpaxkeHa
(payHa ABcTpauii.

CrorogHi A. P. Yoanec BBaxXa€eTbCs MPOBia-
HUM eKCIepToM 3 reorpagiyHoOro po3ronainy BUIiB
TBapuH. ToMy IOro NIeKoJiM BeJIMYaloTh «0aTbKOM
Oioreorpadii». I[Tomopoxxyroun octpoBamMu Manaii-
CBHKOTO apxirieary, BiH AilII10B BUCHOBKY IIPO 3aKO0-
HOMIPHOCTI PO3MO/Iijly OpraHi3MiB B pe3yJibTaTi Mi-
STBHOCTI TIpuponHoro gooopy [8]. KonkpeTnsysas
KOHIIEIIiI0 <«IIEHTPIiB TTOXOMXKEHHS», BBaXKarouu,
1O NOYAMOK ICHYBAHHA KOMJNCHO20 8uUdy 30ieacmucs
AK 3 NPOCMOPOM, MAK i 34 YACOM 3 JCUMMAM paHiule
icnyrouoeo 6au3bk020 éudy. I1oKJIaBIIM B OCHOBY 30-
oreorpaciyHOro paiioOHyBaHHSI OpHiTOreorpadiuyHi
obmacti @. Ckierepa, CTBOPMB CXeMy 300TeoTpa-
(biuHOTO paitoHyBaHHSI 3eMHOI CyIlli, siKa 30epirae
CBO€ 3HAYEHHS A0 TelepillHboro yacy. Jdus 6 30-
oreorpaiuHux obsacTeit BCTaHOBUB 24 TMigo0Jac-
Ti [3]. BBaxaB, 1110 OCHOBHI (hOpPMOYTBOPIOBAIbHI
npoliecu BigOyBalOTbCS Ha MiBHIYHMX KOHTMHEH-
Tax, 3BiAKA MOJIOMIII i MPOCYHYTi (hDOPMU TBApUH i
POCJIMH BiITiCHSIOTb JAaBHIIIMX i apXalYHMX BCe dati
Ha IiBAeHb. 3r0A0M 1Ii YSIBJICHHS BUeHUI 0(pOPMUB
B KOHILICTIIIiO «BiATICHEHUX PEJIiKTiB» [14].

Pa3zom 3 ium BiH OyB OTHUM 3 TIPOBITHUX €BO-
JolifHnX mucauteniB XIX cT. i 3poOuB BaroMuii
BHECOK y PO3BUTOK €BOJIOLIHOI Teopii. BiH BBa-
JKAETHCS OMHUM i3 TIePIIOBIAKPUBAYiB MPUPOITHOTO
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nobopy. B naHOMy KOHTEKCTi 3aCIyrOBYE Ha OCO-
OJIMBY yBary MOro KOHIIEILIisl TONnepeakKyBabHOTO
3a0apBJIeHHSI TBapUH (BimoMa siK «edekT Yosieca»
[9], itoro rimoTe3a mpo Te, SIK MPUPOAHUI HOOIp
MOXe CIIPUSITU BUAOYTBOPEHHIO 3a JOMTOMOTOI0 3a-
OXOYEHHSI CTBOPEHHS 0ap’€piB MPOTH riopuan3alii
[10].

A. P. Yonnec Takox € OmHUM 3 MEPLINX BUYCHUX,
SIKMIA CEpHMO3HO AOCIIMXKYyBaB MUTAHHS IIPO iCHY-
BaHHS XUTTs Ha Mapci. Moro orc Mapca y KHu3i
«Micue mogunu y BeecBiti» OyB KOPOTKIM, TOMY B
1907 p. Yonnec moBepHYBCS 10 1i€l TeMU 1 OITy0JTi-
KyBaB KHUTY «Yu npunatHuit Mapc?» [11], kputu-
Kytouu TBepkeHH: [lepciBams Jloyea mpo te, 1110
Ha Mapci iCHyI0Tb MapciaHChKi KaHaIu, Io0yaoBa-
Hi pO3yMHMMHM iCTOTaMU. YOJIIEC MPOBiB IPYHTOBHI
JIOCIIIIZKeHHSI, IPOKOHCYJIBTYBABCS 3 PI3HUMU €KC-
mepTaMm i IAroTyBaB BJIaCHWI HAyKOBMII aHasi3
MapciaHChbKOro KjiiMaTy i atmocdepHux ymoB. Ce-
pen iHuoro, YoJuiec BKa3as, 11O CIIEKTPOCKOITIYHU A
aHaJli3 He BUSIBUB O3HAK BOJSHOI ITapu B MapciaH-
ChbKili atMocdepi, 1o aHai3 Kiimaty Mapca Jloyen-
JIoM OYB cepii03HO MOMMJIKOBUM — aJI>Ke BiH CUJIBHO
MEePEOLIiHIOBAB TeMIIepaTypy NOBEPXHi, i LIeil HU3b-
KMii aTMOC(epHUil TUCK 3pOoOUB OU PiAKYy BOMIY, HE
KaxKy4yu BxKe PO 3pOolllyBajbHY CUCTEMY, 1110 HIOUTO
OIOSICY€E TUIaHEeTy, HeMoxXJuBow. Piuapn MinHep
KOMEHTYBaB: «leHialbHUI I €KCIEHTPUYHUIN €BO-
mouioHict Anbdpen Paccen Yomrec ... epeKTUBHO
pO3BiHYAB IJIFO30PHY MepexKy MapciaHChbKMX KaHa-
niB Jloyenna». CriouaTky YoJuiec 3a1liKaBUBCS L€
TEMOIO, TOMY 1110 I0r0 aHTPOMNOLIEHTPUYHA (piToco-
ist cxuIsia KOTo A0 AYMKM, 110 JTIOAMHA € YHIKaIb-
HOI0 y BceecBiTi.

Knura A. P. Yomneca «Micue monunan y BeecBiTi»
(1903) O6yna HanmucaHa BHAC/iIOK TOrO BEJUYE3HO-
ro iHTepecy, SKUii BUHUK B pe3yJbTaTi MOsSBU OO
cratTi ripo Tapmonio y KocMoci Bigpa3sy y KiIbKoX
XypHaiax. PelileH3eHTH 1MX cTaTeil BUCIOBUIIM T10-
OaxkaHH:I, 1110 Oyyio O OaxkaHO Ha 1[I0 TeMy HaIluca-
TH OKpeMy KHWIY, y SIKiii MOXHa 0OyJ0 O BUKJIACTU
MOBHIlIlIe HEOOXigHi MTOKa3W IPO Miclie JIOOUHU Y
BcecsiTi. Pazom 3 11uM 10 AeTaibHOTO BUBYEHHS
JlaHoro NMUTaHHS A. YoiliecoM cipurMHUIacs Moro
KHura «/AuBoBrxHe cromittsi» (1898), B siKiii BiH
HamnucaB poO3IiJn, MPUCBIYEHI aCTPOHOMIYHUM H0-
CSITHEHHSIM [4].
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Hapewri kuura A. P. Yomieca «Micue moanHu
y BceciTi» Oyna mepinoio cepiio3HOIO CIIpoOOI0
0iosora OLIIHUTH BipOTiIHICTh iCHYBaHHS KUTTS Ha
IHIIMX IUTaHeTaX. BiH JiliiIIOB BUCHOBKY, IIO 3eM-
JIs Oyna enuHolo IuiaHeroro y COHSYHIN cuUcTeMi,
sIKa MOTJIA MTiATPUMYBATH KUTTSI, TOJIOBHUM YMHOM
TOMY, 1110 1Ie OyJia IJlaHeTa, Ha SIKiii Boja MorJa ic-
HyBaTHU y piakii ¢azi. [cHyBaHHS iHIIMX eK30ILIa-
HETHUX CUCTEM, SK i IHIIMX raJlakKTUK, Y TOI Yac He
OyJ10 TOBEICHUM.

Memoro nawmoi cmammi € BUBYEHHSI CBITOIISIAY
A. P. Yonneca yepe3 aHajiz iloro HaykoBoi Ipaili
«Micue moauHn y BeecBiTiv.

BUKIIALI OCHOBHOI'O MATEPIATTY

3HalOMCTBO 3 TOrOYaCHOIO0 ACTPOHOMIUHOIO JliTepa-
Typolo nepekoHasno Ajibdpena Yosieca B TOMY, 1110
Maiike yci mpUpOId03HaBLIi, SKi 3aiiManucs acTpo-
HOMIYHMMHU IpodJjieMaMu, modyuHaouu 3 J>KoHa
Iepiens i 3aBepiryouun npodecopoM CiMIICOHOM,
BU3HABAJIM He3alnepeyHuM Tou akT, 110 Halle
CoH1ie po3MillleHe y TIJIOIIMHI BEJTMKOTO Kbl Yy-
Matibkoro HIsixy, i 1o KpiM IIboro BOHO nepedyBae
IyKe OJM3BbKO JI0 LIEHTPY LbOro KiJibligd. Anbdpen
Yosnec TakoX NEpeKOHaBcs, 110 Maiike HeMae
KOIHUX AOKa3iB TOro, 1106 3a MexaMu Yymaibko-
ro IInsaxy icHyBanu Oyab-$IKi 3ipKu a00 TyMaHHOC-
Ti. Omxe Uymanupbkuit [sx B LIbOMY HalIpsIMKY, Ha
JIyMKY BU€HOTO, OYB MexKeto 30psiHoro BeecBiTy.
3BepTarounch A0 3eMJli Ta iHmmx raHeT CoHsTu-
HOi cuctemu, Anbdpea Yoiaec AiiIIOB BUCHOBKY
PO OKPEMIlTHICTh 3eMJIi i 1110, OKpiM 3eMJli, 3KoaHa
iHIIIa TIJTaHeTa He € HOCIEM OPraHiYHOIO XXUTTS.

V nepenmoBsi 10 cBo€ei KHUTU «Miclie JI0AuHU Y
Bcecsiti» A. P. Yonnec 3a3Havae, 1110 npotsiroMm 0a-
raThbOX POKiB BiH, SIK TPUPOAO3HABEllb, MPUALISB
0Cco0IMBY yBary Mpo0JieMi TPUBAJIOCTi T€OJIOTIYHIX
eI10X, a TaKOX JOCTiIPKEHHIO MPUYMH M’ SIKOCTi KJTi-
MarTy i B3araji OMHOMaHITHOCTi YMOB, SIKi TaHyBaJIn
MPOTSTOM HU3KM T'€OJIOTIYHMX eMoX. A TaKOX MOBi-
JIOMJISIE, 110 BiH 1IaBHO CTEXUB 3a MpalsgMU CTOCOB-
HO MUTaHHS PO nepeadadyBaHiCTh «MHOKMHHOCTIL
CBITiIB» i 0O3HAMTOMMUBCS 3 OITBIIICTIO 3 HUX, BiH BXKe
MaB YSIBJIEHHS SIK MOBEPXHEBO CTaBWJIKUCS A0 Ili€i
TeMU HaBiThb HAWOUNBII TaJaHOBUTI BUCHI i MUCH-
MeHHUKU. | 119 obcTaBuHa 1Ie Oilblle CIIOHyKajla
ioro 10 30MpaHHs i 3icTaBJICHHS IKOMOTa MOBHILLIOT

Y \

Puc. 1. Anvdpen Paccen Yonnec (1823—1913)

cepii acTpoHOMIYHUX, (Pi3UMYHMX 1 GiOJOTIUHUX A0~
KasiB, sIKi 3 yIEBHEHICTIO TOBOSTH (DAaKT iCHYBaHHS
XKUTTS y BeecBiTi.

PesynabraToM Takux po3ayMiB i cTajia mosiBa KHU-
ru A. P. Yonneca «Micue monuau y BeecsiTi». g
npalisl moOyIoBaHa Ha BpaXkalounx (pakTax i BUCHO-
BKax «HOBOI aCTPOHOMil», a TaKOX Ha (pakTax i BU-
CHoBKax (hi3uKiB, XiMikiB i 6iosoriB XIX — rnmouatky
XX croith. HoBU3HA i OpUTiHAJIBHICTH JAHOI Mpa-
i A. YoJieca moJjisira€ B TOMY, 1110 BOHA MMOEIHYE B
OflHE 1IiJie BUCHOBKM Di3HUX Taly3eil HaykKu, 1100
MOKa3aTU IXHE CTaBJEHHS 10 MPOOJIEeMU MiCLIsl JIIO-
nuHM y Beecsiri [6].

A 1IpoGJieMa 115 MoJIsITa€ y MUTaHHI: iCHYIOTh Y1
He iCHYIOTb JIOTiYHi HAyKOBI IMiICTaB1 BBaXaTH, 1110
Hama 3eMJisl € €IMHOI0 OOXUTOIO TIJIAHETOI i He
Tiibku B COHSIYHIlM cucTeMi, a i B ycbomy BeecBiTi?
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3BuUaiiHo, 3ayBaxye A. Yoiiec, 11e Take MUTaHHS,
sIKe BUPIIIUTU 3 a0COJIIOTHOIO JTOCTOBIPHICTIO He-
MoxutnBo. OmHAK 4epe3 BiICYTHICTH IMPSIMUX HO-
Ka3iB 3p03yMiJIo, 1110 MU TTOCTYMAEMO palliOHAIbHO,
3BEPTAIOYNUCH JIO UMOBIPHOCTI. A 1Ii WMOBIpHOCTI
MOBMHHI OyTM BM3HAYEHi HE Ha IMiACTaBi HaIIUX
CUMIIATiii, a Ha OCHOBi aOCOJIIOTHO HEyIepeIKe-
HOro i HemnepeadayeHoro AOCIIXKEHHS TEeHACHIIil
KOXHOTO J0Ka3y.

I nani A. P. Yonnec 3ayBaxye, 1110 OCKUJIBKM HOTO
KHUTa MpU3HavYeHa JJisl cepelHbO OCBiUeHOI IMy0Ti-
KU, i yepe3 Te, 110 Oarato 3 MOro 4YuTadyiB MOXYTb
OyTH 30BCiM He 3HalioMi 3 JaHWUM MPEAMETOM i
crpaB/i TUBOBMKHMMU YCITiXaMM Cy4yacHOI HayKMH,
0COOJIMBO Ti€l rajysi, IKy Ha MexXi TUCSYOJIiTh Ha-
3uBajiu HoBoro ACTpoHOMI€IO, TO aBTOP KHUTU BU-
pillIMB CHOYATKy JaTW MOIYJISIPHUI HapuC TUX 11
YaCTHH, SIKi MalOThb MNPSIMUI CTOCYHOK 10 OOroBO-
peHHs nipeameta. Lleit Hapuc 3aliHSIB MepIlli 1IiCTh
PO3IiJIiB KHUTH.

3 uporo MpuBOAY BiH 3ayBaxye: «Ti 3 uuTauib,
SIKi JOCTaTHBO 3HalOMi 3 Cy4acHOIO JIiTepaTypolo 3
aCTPOHOMil, MOXYTh MOYaTH YUTAHHS Li€] KHUTHU 3
7-ro po3miny, 3 SIKOro MOYMHAETHCS BUKJIAN HU3KU
CBilUE€HB 1 aPTyMEHTIB, SIKi aBTOpP Mil' BUCTaBUTU Ha
poscyn unrtava» [6, C. 8].

A TUX i3 YMTAa4iB, IKi MOTJIV TTiIOATUCS BIUTUBOBI
KPUTUKU 3 OOKY MPOTUBHUKIB norsiaiB A. P. Yoi-
Jieca, aBTOp MEPEKOHIMBO MPOCUTH MaM’ITaTH, 1110
MPOTSITOM BCi€l Mpalli BiH CMpaBcs Ha aBTOPUTET
Kpallux acTpOHOMiB, MaTeMaTHKiB Ta iHIIMX Ha-
yKoBLiB. I gani nuie: «Bce, 1110 MeHi 3aIMIIMIOCS
3pOOUTH B LIili poOOTi — 1ie 3BECTU pa30oM pi3Hi (ak-
TH i BUIIA — a00 BKa3yBaTW Ha Ti BUCHOBKM, SIKi
YiTKO BUIUIMBAJIM 3i CBiqYeHb, TOOYTUX HUMM; CTa-
THU TPETEWCHKNUM CYJICIO MPU 3iTKHEHHI IBOX PI3HUX
JIyMOK a00 Teopili; i, HapeIlTi, — CKOMOiIHYBaT! BU-
CHOBKM Pi3HMX, HaBiTh BilJaJeHUX OIHA BiJ OZHOI
JJISTHOK 3HAHHSI».

3iOpaBiM pa3zom Oarato (pakTiB i apryMeHTiB,
B3SITUX 3 Pi3HMX rajy3eil HayKu, BiH I10 CYyTi HigOuB
IXHi TiACYyMKHU, 3pOOMB MOBHE PE3IOME i KOHCTaTy-
BaB CBOI BJIACHi OCTATOYHiI BUCHOBKM Yy BUIJISIAL 6
KOPOTKUX TOJIOXEHb.

XoueMo minkpecautu, mo A. P. Yomnec po3risi-
HYB IIpo0seMy Miclis JIIoaAuHU y BeecBiTi 3 1BOX TO-
YOK 30py — MaTepialiCTUYHOI i CHipiTyaJliCTUUHOI.

64

PazoM 3 1M BiH 3aBeplilye CBOIO MpaLio AEKiTbKO-
Ma 3araJIbHUMM PO3AyMaMU 3 IIPUBOAY Maiike Bax-
KO VSBJIIOBAaHUX IIpO0JIeM, 110 BUILIMBAIOThH 3 imei
PO «OEe3MEXHICTb».

Ak 6aunmo, A. P. Yoinecy 1903 p., Ha mopo3i HO-
BOI'O TUCSIYOJIITTSI, BipUB Y BUILi CUJIM JIFOACHKOTO
iHTeJIeKTy — ToOTO y bora. AJie 1ie He MPUMEHIITYE
BaXXJIMBOCTI fioro mpatii, sika Ha Toit yac Oyna i 1ii-
KaBol0, i ToBYaIbHOWO. | ChOTOAHI, 3 MOIJISIAY CTO-
piuHOrO MpOMiXKKYy 4acy, mpaus A. P. Yomreca He
BTpaTWJIa CBOTO 3HAYE€HHS i 3aCJIyTOBYE Ha BUJAHHS
il B Cy4acHill yKpaiHChKill HAyKOBO-TOMYJISIPHIA Ji-
TepaTypi.

Hasenenuii B mepiuiii yactuHi kHuru A. P. Yoi-
jeca KOPOTKMI HapWC BiIKPUTTIB, 3OiMCHEHUX
aCTPOHOMI€IO M1Oro 4yacy, Ja€ IeBHE YSBICHHS IIPO
Te, IO BXe Oya0 3po0iieHO. ABTOp HAaBOAUTDH Bi-
JIOMOCTI TIpO IIiKaBi mpo0OieMH, SKi Ha TOM 4ac Ime
Oy He BUpIIeHi, a TaKOX MiAKPECIIoE, 110 Hali-
OLIBII BiTOMi aCTPOHOMM 3 YChOTO CBIiTYy MOCUJICHO
MpaloBain Haj PO3B’SI3aHHSIM 1LIUX TpooOJieM, —
aJi>ke BUPIIIEHHS KOXKHOI 3 HUX € KPOKOM BIIepe1 Ha
LIUTSIXY 10 OiJIBII MTOBHOTO 3HaliomcTBa 3i BeecBiToMm
B LIi7ToMy. [XHSI MeTa — CTBOPUTH TaKy CUCTEMY 3i-
POk, siky ctBopuB Y. JIapBiH 1151 OpraHivHOTIO CBITY:
BiIKpUTH YOIOCKOHAJICHUM B HeOi Ipolec 3MiH i mi-
3HATUCS PO B3AEMO3B’SI3KA MixK TAEMHUYUMHU TY-
MaHHOCTSIMHU, Pi3HUMHU TUIAMU 3ipoOK i CUCTeMaMU
3ipok. Y moinyky [apmoHnii y BcecBiTi actpoHoMU
MaJIv Haailo BUPIIMTY ITpo0osieMy eBoJiolii CoHLIS.
BoHu nparHyji CTBOPUTU YSBJICHHS PO T€, SIKUM
YUHOM YyBECh 30psiHUII BcecBiT cTaB TakuM, SIKUM
BiH € CbOTOJIHI.

ABTOp KHWUTH 3a3Hayvae€, 10 3 JaHOI TeEMM HaIu-
CaHi LiJli TOMU — SIKUX TiIbKU JOTETTHUX MPOTO3U-
IIil i TINOTE3 HE BUCYBAJIOCS JUIST BUPIIIEHHST Pi3HUX
MUTaHb CTOCOBHO TapMmoHii y BcecBiti? Aie Tpyn-
HOIII, CIpaBdi, OyJu AyXe 3HauHi: (pakTh, B SIKUX
JIOBOJMTHLCST po30MpaTrcs, HaA3BUYaiiHO YMCJICHHI,
i IpY BCbOMY TOMY BOHU € JIMII€ HE3HAYHUM YPUB-
KOM BiJl HEBiIOMOTO LIiJIOTO. «] BCe XK B IESIKUX Bif-
HOIIEHHSIX aCTPOHOMHU CBHOTOMHI MIHIIIM IIEBHUX
BUCHOBKIB. 3TigHO 3 OaraTbMa He3aJIeXKHUMM CIIO-
crepirayuaMy i MUCIUTEISIMU CTOCOBHO OCHOBHUX
NPUHLMITIB 30PSTHOI €BOJIIOLIl aBTOpP IEPEKOHYE
Hac, 110 MU Xoya i MOBIJIbHO, ajie Ha YiTKO HayKo-
Bili OCHOBI TIPOCYBAEMOCS BIIEpE] 10 BHUpPIillIEHHS
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L€l 3aX0OIII0I0Y0I HAayKOBOI ITPO0JIEMHU, SIKY TUIbKU
MparHe OXOMUTH Halll PO3yM», — ITMCaB BYCHUIA [6,
C. 95].

I mani A. P. Yoitec 3a3Havae, 110 IPOTSITOM JIpY-
roi mojgoBMHU XIX CT. aCTpPOHOMM MWLM BUCHO-
BKY, 110 YBeCb BCecBiT, sSIKMii CK1amaeThes i3 3ipoK
i TYMAaHHOCTEI, CTAHOBUTb OJIHY CKJIQJIHY i B3aEM-
HO MOB’sI3aHy CHUCTEMY, sika i cTBopwiia TapMmoHiio
y Bcecsiri. 3BuuaitHo, A. Yojnec oOpa3HO, KpoK
3a KPOKOM BUCBIT/IIOE MUTAHHS €THOCTI i €BOJIIOLII1
30psiHOI cucTeMu. OKpeMuii MiaApo3/ia CBOET KHUTH
BiH MPUCBSIYYE MUTAHHIO: «A UM 30pi OE3KiHEUHi?».
BiH Ha mpuKiIagax AeMOHCTPYE 3HaHHsSI mpo Yy-
Maubkuit [nsx. o6 3po3ymitu (pakTh, HaBeAeHi
B HACTYMHUX MiApO3/iJax KHUTHU, A. YoJiaec B1a€Th-
cs1 1o dinocodchbkux TpakTyBaHb lapMoHii y Beec-
BiTi. Bin kaxe: «Ilepioio JIIoAMHOIO, sSIKa IToKa3a-
JIa iCcTUHHE 3Ha4YeHHs (PaKTiB IIOAO PO3MOAIILY Ty-
MaHHOCTe#, OyB 30BCiM He aCTPOHOM, a BUJATHUI
dinocod-npupononociaigHuk Iepoepr Criencep. Y
CBOEMY UydOBOMY TpakTaTi — «I'imoTe3a TyMaHHOC-
teit» (1835) BiH minTpumye TOM MOMISIA, 110 TyMaH-
HOCTI B AilicHOCTi € yactTuHoo Yymarpkoro IInsxy
i Hatoro 3opstHoro Beecsity» [6, C. 97].

Pozaymu po 3HaueHHS i posib TYMaHHOCTEM MpU-
Benu A. Yoiieca 00 MATaHHS PO OJHOMAHITHICTh
MaTepii Ta 1l 3aKOHIB, a BiITaK i 40 XapaKTepUCTU-
KM CYTTEBUX O3HaK opranismiB [13]. Ak Giomory,
oMy OYJI0 JIETKO BUCBITIMTU TTUTAHHS TTPO (piznyHi
yMOBHU, HeoOxinHi y BececBiti ast xuttsi. Och yoMy
aBTOp I[i€] KHUTU TPYHTOBHO PO3MISTHYB MUTAHHS
«3eMJid Ta 11 CTOCYHOK J10 XXKUTTS», «ATMocdepa Ta ii
CTOCYHOK 10 XKUTTS». Bce 11e HacTiibKu 1iKaBo BU-
KJ1aJIeHO aBTOPOM, 1110 BUHUKAE MMUTAHHSI — XTO BiH
et A. Yosiec, B YoMy oro Oijibliie — HayKOBellb,
MUCbMEHHUK, MOMyJspu3atop Hayku? MalyTh Bce
pa3omM. I xoua ¥ioro aHami3 mpo cTpykTypy Bcecsity
ChOT'OJIHI Ma€ JJIsl HAC CyTO iCTOPUYHMIA iHTEpec, BCe
K BiH 1 LIliKaBUI, i HOBYaJIbHUIA.

3aBepliye cBOI0 KHUTY A. Yoiliec po3IjisaoM Mu-
TaHb: «A UM iHIIII IIJITAaHETU HaceaeHi?», «Hu 30pi Ma-
IOTb CBOI I1aHeTu?», «Yu KkopucHi BoHu Ham?» [13].

OcraHHi# po3ain 16 KHUTY MiABOAUTL PUCKY i
yciM BUKJIaIeHMM paHiiie i Mae Ha3By «CTilKiCTh
30PSTHOI CUCTEMM», 11O € BiAMOBIIII0 Ha BUPIIlIEH-
Hs TIpobyieMu rapMmoHii y BececBiTi. A. Yosec min-
CYMOBYE, 110 YyCi 3i0paHi HUM CBiIUEHHS 3arajom
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Puc. 2. Ooknagunka kHuru A. P. Yonneca «Micue mroau-
HU y BcecBiri», sika Buiiluia pociiicbkolo MoBolo y CaHKT-
[TerepOyp3iy 1904 porii

JIO3BOJISIIOTh 3pOOUTH BUCHOBOK, 11O Hallla 3eMJist
€ €JMHOI0 HACeJICHOO TIJIaHeTow B yciit CoOHsAUHIN
cucteMi. Illo Hemae HiYOro TMBHOTO, YM HEBIpOTiI-
HOTO B TOMY CBITOIJISII, B YCiX J€TassIX MPUCTOCO-
BAaHOTO JUUISI PO3BUTKY OPraHiYHOIO >XUTTS, a Y BU-
LIMUX CTaAisIX 3aBEPIIYETHCS TMOSBOIO JIIOAUHU. AB-
TOpP CTBEPIXYE, 1110 JIOAUHY cTBopwia Builia cuna,
i 1O 1151 JIIOJIMHA BITUCYETHCS Yy CKIAAHUIN CydaCcHUI
Bceecsit [12].

BUCHOBKU

Kuury A. P. Yonneca «Micue mtonunu y BeecBiTi» He
OMUHYJIM CBOEIO YBarolo cyyacHi HaykKoBli. BoHu
rmokKasaju ii Miclle B cyyacHiil kKapTuHi Bcecsity.
Tak, B. B. KaziotuHcekuii, cnemiamicT y rany3i di-
JIOCO(PCHKMX OCHOB aCTPOHOMIi, KOCMOJIOTII i KOC-
MOHaBTUKM, y CBOili MoHorpadii «JIltonuHa B KOH-
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TEeKCTi YHiBepCaJbHOTO €BOJIIOLIIOHI3MY» 3’SICYBaB,
mo BucnosieHi A. P. Yoitecom 4iTki HayKoBi ¢pop-
mystoBaHHS Tipo [apmonito y BeecBiTi 6ynu ccop-
MyJIbOBaHi HUM 11e y aanekomy 1897 poui [1]. Li
JYMKW CITiB3BYYHI 3 CYYaCHUMM: YHiBepCANbHUM
NPUHYUNOM eB0AI0UIOHIZMY, AHMPONHUM NPUHUUNOM
i npunyunom douinbHocmi. Yci i MPUHLUMU YiTKO
MOB’SI3yIOTh ICTOPiI0 MPUPOJU i JIOACHKY iCTOpPilO.
Haii6inpin BaroMuM ChOTOAHI BBaXkKalOThb aHTPOII-
HUI IIPUHIIAIL, SKUi OyB c(DOpMYJIbOBAHUI JINIIIE Y
npyriit mosoBuHi XX cronitrs. el npuHumnn ¢ik-
CY€ HasIBHICTb TiCHOI 3aJiexKHOCTi MixX (byHIaMeH-
TaJIbHUMM BJTACTUBOCTSIMU BcecBiTy i yMoBamu 11st
icCHyBaHHS B HboMYy JtoauHu. B. B. KazioTuHChKkMi
cTBepIKye, 1o A. P. Yonnec Ha meBHOMY eTarii po3-
BUTKY KOCMOIOHIi, a caMe Ha MeXi TUCSIYOIiTh, Y
1903 p., BXe OOrpyHTYBaB OCHOBHiI HayKOBi iHTEp-
mpeTallil, SKi 10Ci He 3acTapijiu.

IlixaBo, ogHaK, 1110 11i imei A. Yoireca 1o HaIImMXx
JIHIB 3aJIMIIAIOTHCSI MPAKTUYHO HEBIZOMUMMU, TPO
HUX HE 3ralyeEThCSl HaBiThb B HAWOLIbII (DyHIAMEH-
TanbHi MmoHorpadii bapro i Timepa (1986), pu-
CBSIYEHIM aHTPOITHOMY MPUHLMITY. A MOMiX LM
aprymeHTailis A. P. Yoyteca ctaHOBUTD BEJIMKUI iH-
Tepec i ChOTOIHI, OCKIbKM BOHA OyJia IpeacTaBiie-
Ha HUM B eNoxXy KjaacuyHoi HaykKu. O0’€KTOM yBaru
B JaJIeKMI BiJl HAC 4ac cTaB 30pssHuil BeecBiT, ToOTO
lanaxkTuka, sika po3risigaiacs 3 TOUKU 30py YHiBep-
CaJIbHOTO €BOJIIOLIIOHI3MY. 3aBIaHHSI HayKu B Il
cdepi, 3i ciiB A. YoJieca: «1aTu 1151 30pSTHOI CUCTE -
mu e, 1110 Y. JlapBiH gaB 1151 opraHiyHOTO CBiTY» [6,
c. 93]. A. Younec nparHyB po3KpUTU LITICHI pUcH
€BOJIIOLIIAHOIO MPOIIECY — BJIaCHE LIbOMY i IIPUCBSI-
yeHa 1ioro KkHura «Miciue moanHu y BeecBiti».

Ha npeBenukuii xxajb, 6araTo BUCHOBKIB, 3a1po-
noHoBaHux A. P. Yomiecom, naBHo 3a0yti. Hanpu-
KJ1aJ1, BiIpOIXKYIOUM aHTUKOMEPHIKAHCHKUI TIPUH-
LIUII, BUCHUIT-6i00T BBaXkKaB, 1110 3eMJIsl (a pa3oM 3
Helo i JItoguHa) nocinae neHTpaabHe Micue y Beec-
BiTi. Pazom 3 uum iHwi inei Yoaneca HabaraTo BU-
nepeauan cBiit yac. Tak, Ha OCHOBI aHaJi3y CyKyI-
HOCTI BiZOMMX B MOT0O 4ac HayKOBHMX 3HaHb y cdepi
aCTPOHOMil, KOCMOTOHii i T. iH., A. Yojuiec dikcye
«3B’SI30K YCiX BaXJIMBUX OCOOJMBOCTEN 30PSIHOTO
BcecBiTy 3 YCIIIIIHMM PO3BUTKOM SKMTTSI, BiHIIEM
SKOro € moauHa» [6, C. 278]. B iboMy BUCIOBIIO-
BaHHI JIETKO BOAYa€TbCsl JOPEISITUBICTCHKUIA MPO-
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00pa3 aHTpomHOro mpuHuumy . A. Yosaec roso-
PUTb TIPO «BEJUKMUIA i BU3HAYAJbHUI BUCHOBOK»,
IO «JIIOAMHA — 1I¢ BiHELlb CBiIOMOTO OPraHiYHOIO
SKUTTSI MOKE PO3BUHYTHCS TYT, Ha 3eMJli, TUIbKU 3a
HasIBHOCTI LIbOTO JMBOBMXKHO MaTepiaibHOro Beec-
BiTY, Ikt oTouye Hac» [6, C. 286].

SIKor0 € mpuuymnHa 1€l y3roJKeHOCTi JIOAWHU i
Bcecity? A. Yoiiec nparHe NpuMUpPUTH 1apBiHi3M
i Teosorito. Bin nuine: «fxio goaMHa € eqUHUM i
HalBUILIKXM MPOIYKTOM 1IOTO IIMPOKOTO Bceecniry,
TO BapTO 3pOOUTU TUIbKU 111€ OJUH KPOK, 11100 Tie-
peKoHaTucs, 110 BeCh BCecBiT B MiiicCHOCTI SIBUBCS 3
miero metoo» [6, C. 287]. TyT nopeyHO 3ayBaKUTH,
110 LiJTbOBY NpUUMHY A. YoJlsiec po3yMi€ 1OCTaTHbO
1Mpoko. BiH BKJIIOYa€e y Hel He TUTBKM METY pPO3-
TrOpTaHHS €BOJIIOLIIAHOIO MpPOLeCy, a i MOro KyJib-
MiHaALiiTHUI MYHKT — BAHUKHEHHS TIoauHU. OKpiM
uporo A.P. Yomiec mocriitHO migKpecitoe Kpacy i
Tapmoniro Bceecsity [5], 1110 € m1s HbOTO TIEPEKOH-
JIMBUM CBiIYEHHSIM iCHYBaHHS «be3KiHeuHOi icTo-
t™» (bora). Lle He 1110 iHIlIe, IK 3HAMEHUTUI «apTy-
MEHT Bifg 3agymy». [IpaBna, A. P. Yoiiec nonyckae,
1110 TaKe MOSICHEHHS HE € €NMHO MOXJIMBUM. baraTto
BUEHMX, 3TiIHO 3 MOro CJIiB, OyIyThb MOSICHIOBATHU Ti
K caMi (pakTu, siKi 103BoJsUIN A. Yoiulecy BipuTHu B
TpaHCUEHACHTHY (IOTOMOIYHY) METY.

3aBeplIMTH Hally CTaTTo JIOTIYHO CJIOBaMU
B. B. Ilazenka: «IloBepTatouuch a0 3’sCyBaHHSI
€BOJTIONIT KOCMOJIOTIYHOTO 3HaHHS i Woro ictopii,
3a3HauYuMo, 110 y KiHi XIX — mod. XX-ro cToJjiTh
CripoOy BiIPOIUTH «apPUCTOTETiBChKO-TITOJIEMEEB-
CbKY» II0 IyXy KOHIIEIILIil0 aHTPOIIOKOCMi3My 3pO-
OMB AaHMIMCHKUI [OOCIIOIHUK IPUPOAU, O0Ii0JIor,
OIMH i3 3aCHOBHMKIB 300reorpadii Anbdpen Paccen
Younnec. Po3po6uisitoun criiibHO 3 Yapib3om Jlapsi-
HOM TeOpilo MpUPOAHOro 1000py, A. Yosiec B KHU3I
«Micue moauuu y Beecsiti» (CI16., 1904 p.) Hanmo-
JISITA€ Ha TPABOMIPHOCTI TBEPIKEHHS IPO «IIPU-
POIHICTh» KOCMIYHUX KOPEHiB €BOJIIOLIITHOTO IS -
Xy JIOJACTBa» [2].

Iness HammpupooHoi meTepMiHallil KOCMOTOHiU-
HOTO TIpoliecy B3araji i KOCMOAHTPOIOJIOTiUHOTO,
30KpeMa, B Hallli IHi JocuThb nonyssipHa. Ii mixrpu-

* PeIITUBI3M — METOAMYHUN MPUHIIMI, SIKWIA TOJISATaE Y
MeTtadi3znuHiil abcomroTu3allii BiTHOCHOCTI i YMOBHOCTI
3MiCTy Mi3HAHHS
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MYIOTb, SIK 1€ He 3Ja€ThCS MapagoKcaabHIM, Oarato
BUIATHUX BUYEHMX-TIpUpomo3HaBUiB. IIpote cepen
BUEHMX HEMAaJIO i TaKUX, XTO IPOIIOHYE <«THYYKE»
PO3YMiHHSI CHiBBiIHOLIEHHSI HAANPUPOAHOIO TO-
YaTKy CBITOCTBOPEHHS i 3aKOHIB Tpupoau. Tak,
CriBeH XOKIHI, BimomMuii aHIJiiicbKuMii mpodecop
KeM0Opimxcbkoro yHiBepcutety, wieH HaitioHanb-

Hoi akagemii HayK CIIIA, KHUTHY SIKOTO PO3XOISIThCS
MiTbOHHMMH HaKjagaMH, y CBOIl KHU3I «Buimii
3ayM» BUCJIOBUB IIEPEKOHAHHS B TOMY, 1110 3aBISIKHU
3aKOHY rpapitauii BcecBiT MoXe i «CTBOpIOBaTUME
cebe 3 HiYoro», HOro iCHYBaHHSI MOSICHIOETHCST «MU-
MOBIJIBHUM PYXOM», CYThb SIKOTO pO3KpuBae «Teopis
Bcborox», uu (M-teopis) [7].
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ALFRED RUSSEL WALLACE ABOUT HARMONY IN THE UNIVERSE
(To the 120th anniversary of his work «Man’s Place in the Universe»)

The idea of the unity of man and the Universe was developed in many philosophical and religious teachings. However, the first
who scientifically substantiates it was Alfred Russel Wallace (1823—1913) — a British naturalist, traveler, geographer, biologist,
and anthropologist of the XIX century. He noted that the idea of the «plurality of worlds» of Copernicus, where the Earth is one
of the many planets inhabited by intelligent beings, is not supported by observations. Wallace substantiated that the possibility
of the emergence of life and mind in the universe depends on many interrelated conditions. He concluded that «any planet in
the solar system other than our Earth is uninhabited» and «almost as likely that no other Sun has inhabited planets». Wallace
held the view that humans were the only intelligent beings and could have originated exclusively on Earth as the pinnacle of the
evolution of the Universe. The researcher admitted the possibility of the existence of other worlds with other physical laws but
believed that only in ours it was possible for a man to appear, and that is why our Universe arose.

Keywords: Universe, evolution, A. R. Wallace, planets, starry world.





