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PakeTHO-KOCMIYHI KOMIUIEKCH
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VIK 519.87:629.7.015.3

E. A. Jlerrapesa, A. B. HoBukos

TocynapcrBennoe npeanpustiue «KoHcTpykTopckoe 610po «HOxHoe»
um. M. K. durens», JInunpo, YkpauHa

MATEMATUYECKAS MOJEJIb IBUKEHVS PAKETHI
OTHOCHUTEJBHO ITOJIBMKHOW ITYCKOBOM YCTAHOBKU

B nocaednee epems 6 cuny 2eonosumuHeckux U 3K0HOMUHECKUX NPUMUH O3HUKAA HEOOX00UMOCHb PACULUPEHUsl 8UO08 CIMAPMOE pPa-
Kem-nocumeneii. Haubonee 6vico0Ho ocyuecmensimo nycku paxem 6 patione 3eMH020 IK8AMopa, 8 YHaCMHOCMU U3 NYCKOBbIX KOMNACK -
€08, PA3MEU|CHHbIX HA HAX00AWUXCS Ha naagy mMopckux cmapmoguix naamegopmax (CII). Oonaxo oepanuuennvie eabapumot CII e
n03604510M pasmeuams 000py008aHue cmapmogo2o KOMIACKCA Ha 00CMAMOYHOM yOaaeHuu opye om opyed, d U3-3a KauKu NycKoeas
YCMAHOBKA COBEPUIACI HENPEPLIBHbIE OBUICCHUSL NO 6CeM CMeneHaM c80000bl. [1oamomy 00HOIl U3 Karoueswix 3aday ecmov obecneve-
Hue Oe3y0apHoeo cmapma u MUHUMU3AUUL NAOWA0U 8030elicmeust (hakena 08ueamenvHoll YCMaHoBKU HA 1eMeHmMbl NOOBUNICHO20
NYCK06020 KOMNACKCA NPU NOAeme PaKenbl Ha HA1aAbHOM yuacmke mpaekmopuu. B pabome npedaoscena mamemamuyeckas mooens
YAPABAAEMO20 BO3MYULEHHORO OBUNICEHUS PAKeMbl OMHOCUMENLHO NOOBUMICHOU NYCK0B0L YCMAHOBKU U M0oOdeau onpedeneHus Koopou-
Ham Haxooaulelics Ha paKeme XapaKmepHoi MoYKU OMHOCUMENbHO 1eMeHMO08 NYCKOBOU YCMAHOBKYU U KoopouHam caedoe cmpyii
Kamep ceopaHusi YemvlpexKamepHoil 08UAmMenvHoll YCMaHO8KU HA NOBEPXHOCMU NYCK08020 CMOAA NPU NOJAeme paKembl HA Ha4dNb-
HoM ywacmie mpaexmopuu. [IpednodcenHvie MamemamuvecKue Mooeau Y4Umléaom cO80KYNHOCHb 6cex HAubosee CYyuecmeeHHbIX
BOZMYUAIOWUX (PAKMOPOE U NO3BOAAIOM OCYUECMBASIND MOOCAUPOBAHUE BOZMYUCHHBIX OBUNCCHUL PAKembl, HAX00AWeNUCs HA NAA8Y
NYCKO0BOI YCMAHOBKU U ONPedeasimb 83AUMHOE NOA0NCEHUS HAXOOAUWUXCS HA HUX XapaKkmepHuix moyek. IIpednoxcennvie mamemamu-
uecKue Mooeau ObiAU UCNOAb308AHbL NPU PA3PatOMmMKe U ompabomie H08020 3aKOHA YNPAGACHUsl PAKemOll, Capmylouell 6 YCA08Usx
MOPCKOU KAUKU, U 8 NOCACNONCMHOM AHAAU3e nYCcKo8 pakem «3enum-3SL», cmapmyrouwux ¢ MOPCKOU cmapmogoti RAamgpopmol.

Karouesvte caosa: mamemamuueckas Moae/lb, noziem paxKemaosl HA HAYAAbHOM y4dcmKe mpaeKkmopuu.

B mocieqHee BpeMst B CHUTY TEOTTOTMTHUYECKUX 1 KO-
HOMMYECKMX TIPUYMH BO3HUKIA HEOOXOIMMOCTh
pacIIMpeHnsT BUIOB CTApTOB CYIIECTBYIOIINX pa-
KeT-Hocuteseit. Hanbosee BBITOMHO OCYILECTBISTH
MyCKHU pakeT B palioHe 3KBaTopa 3eMHOTrO 11apa, TeM
caMbIM MaKCHMAaJTbHO MCITOJIb3Ys] CKOPOCTh Bpallle-
HUST 3eMJId [JIS1 TIOBBILLIEHMST SHEPreTuku. CambiM
3(dEeKTUBHBIM BapMaHTOM IlepeHOca KOCMOIpoMa
B DKBaTOPUATBHYIO 30HY SIBJISIETCS CO3MaHUE TTYCKO-
BbIX KOMIUIEKCOB, Pa3MEILIEHHBIX HAa HaXOLALLIMXCS
Ha miaBy Mopckux ruiargopmax (CIT), Hampumep,
CO3IaHHBIX TIPH peaTM3alliy IIporpaMMbl «MopcKoi

© E.A. IETTAPEBA, A. B. HOBUKOB, 2019

crapt». OueBuaHoO, yTo radaputhsl CII He mO3BOIISIOT
pasmeniaTb 00OpyJIOBaHWE CTAPTOBOTO KOMILIEKCa
Ha JOCTaTOYHOM PaCcCTOSIHUM OT IyCKOBOM YCTaHOB-
ku (ITY), na u cama ITY umeeTr xapakTepHble BbI-
crynatoiue Touku. K tomy xe CIT n3-3a kauku co-
BepllaeT MOCTOSIHHOE IBUXKEHUE 10 BCEM CTEIEHSIM
CBOOOJIbI M UMEET CYILIECTBEHHbIE CTATUYECKUE Me-
pekochl. OTCroa BOZHUKAET OJJHA U3 KJIIOUEBbIX 3a-
Jay — obecrieyeHue 6e3yJapHoro ctapra 1 MUHUMU-
3aLMU IJIOIIAAM BO3AEHCTBIS (pakena JBUraTeIbHOM
ycraHoBKHM (1Y) Ha 371eMeHThI ITOABMXKHOIO ITyCKO-
BOT'O KOMILJIEKCA TPy MOJIETe pakeThl Ha HauaIbHOM
Y4YacTKe TPAaeKTOPUU.
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JL1st petieHus 3TOM 3a1auym Mpekae BCero Heooxo-
JMO OIPEACTUTHCS C 00bEMOM U3BECTHBIX U HEU3-
BECTHBIX JaHHBIX, C(DOPMYIMPOBATH BCe (DU3NUIECKIIE
M MaTeMaTUYeCKUe MPEAITONIOKEHUS, KaCcalolrecs
NpUpOabl 0O0BEKTa YIMpaBleHUsI, U MOCTPOUTH €ro
MaTeMarudeckyio Moaenb [17]. ITocTtpoeHue mate-
MaTUUYECKUX MOJeIeli U3ydyaeMoro o0beKTa COIMpo-
BOXK/IAaeTCsl TCOPETUIECKUM 0OOOCHOBAHUEM aIeKBaT-
HOTO OTpaxkKeHUSI STUMU MOJIEISIMU CBOMCTB paccMma-
TPUBAEMBIX TIPOLIECCOB U siBJeHUil. OTBevarolas
pealbHOCTM MaTeMaTU4YecKasi MOJeidb IT03BOJISIET
MPOBECTU JAETATbHOE WCCIeIOBaHUE W3y4aeMOro
00beKTa 1 AaTh HAIEKHbINM ITPOTHO3 €T0 ITOBEACHUS B
pa3IMYHbBIX YCJIOBUSIX [9].

4

Puc. 1. CucreMbl KOOpAUHAT

B HacTosIeli ctathe MpeniokeHbl MaTeMaTHde-
cKasi MOJIe/Ib YIIPaBJISIEMOT0 BO3MYILIEHHOTO JBMXKE -
HUSI PAKEeTbl OTHOCUTEJILHO TMOJABUXXKHOM ITYCKOBOM
YCTAHOBKU M MOJE/IN OIpeAeIeHUsI KOOPAMHAT Ha-
XOJSIIECS HA paKeTe XapaKTEPHOM TOYKU OTHOCH -
TesibHO 21eMeHTOoB I1Y 1 KoopauHar cienos gakea
yeTbIpexKaMepHoii JIY Ha IMoBEepXHOCTH ITyCKOBOTO
CTOJIa TIpU TIOJIETEe PaKeThl Ha HAayaJbHOM Y4YacTKe
TPaeKTOPUH.

CHUCTEMBI KOOPANHAT

B paspaboTaHHBIX MaTeMaTUYECKUX MOJENSIX MC-
MOJIb3YIOTCSl CAENYIoLIUe MpaBble MPSIMOYTOJbHbIC
CHUCTeMBbI KoopauHart (puc. 1).

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2019. T. 25. No 3



Mamemamuueckas modeawv 0suiceHus paKkemosl ONHOCUMENbHO NnOOBUICHOT nycxoeoﬁ ycmaHoeKu

1. Cucrema H&nc — HEeMNOJBUXHAas CUCTEMA KO-
opmuHat (HCK); Hayano H — HOMHMHaJbHOE Ha-
YJaJbHOE TTOJIOKEHME IIEHTPA MacC pakeTsl (TP OT-
CYTCTBUM Ka4KH, CTAaTUYECKUX IEPEKOCOB M T. I1.),
0Ch Hn HarpaBjieHa IT0 MECTHOI BepTHKAIIN, OCh Hé —
BI0JTb HOMUHAJTEHOTO ITOJIOKEHMS TPOIOIBLHOM OCH
CII B cropony mnockoctu I (k kopme CIT).

2. Cucrema LX;Y;Z, — mooBuXHas CUCTEMa
KOOpAMHAT, CBSI3aHHas ¢ ITycKOBbIM cTosiom CII
(CKIIC), navyano L — uentp I1Y, ocb LX; — Ha-
mmpaBjieHa BOOJb mponoiabHoii ocu CII B cropony
riockoctu /, k kopme CII, oce LY; — meprieHau-
KyJisipHa K BepxHeii nanyoe CII.

3. Cucrema LyX;,Y;,Z;, — HENOIBUXHAs CH-
cTeMa KOOPIWHAT, CBS3aHHAsI C TTYCKOBBIM CTOJIOM
(CKIIC), CKIIC,, — ero HayaibHOE HOMUHAILHOE
NOJIOXKEHME, Hadallo L, — TOYKa MepecevyeHus po-
TOJIBHOM OCHM paKeThl C TUIOCKOCTBIO cpe3a COTles
VY I cryneHu npu UX HEOTKJIOHEHHOM IOJI0XEHUN
(B HOMUHAJILHOM TIOJIOXKEHUM COBMANaeT C IIeHT-
pom I1Y). Ocu LyX;,, L)Y, LyZ;, MapajieabHbl
cootBeTcTBYIOIMM ocsiMm HCK H.., Hn’ HQ.

4. Cucrema OX, Y, Z, — cBsA3aHHasI C paKETON CUCTE-
Ma koopauHaT (CCK), Hayajgo — Tekyllee IMoJjo-
JKEHHUE LIEHTPa Macc pakeThl, ochb OX| HanpasjieHa
TapajuieIbHO TIPOIOJIbHOM OCH pakeThl K HOCKY,
ocu OY, u OZ, HanpaBJIeHbl B CTOPOHY ILJIOCKOCTEI
crabunm3anuu 111 u IV cooTBercTBeHHO [3].

5. Cucrema OgX;YsZs — 6a3oBas cucrema Koop-
nuHar (bCK), Hayano Oy HaXoouTCsl B TOUKE Mepe-
CeUYeHUsI TPOJOJbHON OCU pakeThl C TJIOCKOCTBIO
cpesa Kamep cropaHusi, ocb OgX; HaIrpas/eHa 110
NPOJIOJIbHOM OCH PakeThl K HOCKY, ocu Oy Yy 1 OgZ;
rnapaJsuieibHbl COOTBeTCTBYIONINM ocsiMm CCK.

IIpeo6pazoBanue koopauHat mexny CCK u
HCK ocymiecTBaseTcss ¢ HOMOIIbIO (hOPMYT

r,= ATl - T,
.= Al Ty
IJIE I}y U T, — BEKTOPBI MOJIOKEHMs LIEHTPa Macc pa-
keTbl B HCK 1 CCK cooTBeTCTBEHHO, a MaTpuLia
all a12 al3
A1 T |Gy Gy 4y (1
a
MMeeT KOMITOHEHTHI
a,, = cos U cos |,

31 a32 a33

a,,= cos U sin § sin ¢ — sin¥ cose,
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a,;=cos U sin Y cos ¢ + sind sing,
a,, = sinv cosy,
a,,= sin U sin Y sin ¢ + cosd cose,
a,,;=sin ¥ sin Y cos ¢ — cos¥ sing,
a; = —siny,
a,, = cosyr sing,
a3, = COSY COS®.

Marpuua npeo6pazopanuss CCK — HCK A,
(TocenoBaTeIbHOCTb TTOBOPOTOB U — §f — @), U,
Y, @ — yIJIBI TAaHTaXa, PhICKaHbsl U KpeHa (3a 1mo-
JIOXXKUTETbHOE HaTlpaBJIeHWe TPUHUMAETCS TTIOBOPOT
TIPOTUB YaCOBOM CTPEIKH, €CIM CMOTPETh C KOHIIA
OCH, BOKPYT KOTOPOIT OCYIIIECTBIISIETCS TIOBOPOT).

IIpeo6pazoBanne koopauHat Mexnmy HCK u
CKIIC ocymiecTBIseTcsl ¢ TOMOIIbLIO (hOPMYIT

r,=C-r,
r, = c. I
e MaTpHUIia IpeoOpa3oBaHUs
i G G
C=ley ¢ ¢y (2)
G € Gy
MMeeT KOMITOHEHTHI
¢, = cos U, siny,,
¢, = cos U, siny, sing, — sin¥, cose,,
¢, = cos U, sinys, cosg, + sin¥; sing,,
¢, =sin U, cosy,,
¢y, = sin U, siny, sing, + cosv, cose,,
¢y, = sin U, siny, cosp, — cosD, sing,,
€3 = — siny,
¢35, = cosy, sing,,
C33= COSY; COSQ;,.
3nech yribl U, Y, ¢, noopora CI1 oTHOCHTEIbHO
HCK sBnsiioTcst U3BeCTHBIMU (DYHKIIUSIMU BpEMEHU.

MATEMATHNYECKAA MOJIEJIb
JBU2KEHUA PAKETBI

JIBu>keHUe TBEpAOro Teja B aTMocdepe K HacTo-
SIIEeMY BPEMEHU JOCTATOYHO XOpOIIO M3Y4YeHO B
OOJIBIIIOM KOJIMYECTBE Pa0dOT, MOCBSIIEHHBIX AUHA-
Mmuke paker [1, 2, 5, 7, 8, 10, 12, 15—19, 21]. Btu
PabOTHI IIIMPOKO UCITOJB3YIOTCS Ha TIPAKTUKE B Ka-
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yecTBe YYEOHBIX MTOCOOMIA, CIIpaBOYHBIX MaTepHa-
JIOB U pEKOMEHIal1ii pa3paboTynKam paker.

B Hacrosiiieit crarbe paccMOTpeHa MaTeMaTuie-
cKasi MOJieJIb YMNpaBJsieMOTO BO3MYIIIEHHOTO JBU-
JKEHUSI paKeThl, C yUeTOM KOHCTPYKTUBHBIX OCOOCH-
HOCTe#, cocTaBa BO3MYyILAOIIUX (haKTOPOB, OCO-
OEHHOCTEN MX y4yeTa, a TakKXKe 0COOEHHOCTEN opra-
HOB YyIpaBiieHUs. BMmecTe ¢ TeM OTJIMYMTENIbHOM
0COOEHHOCTbIO MPEeACTaBICHHOM MaTeMaTUYeCKOM
MOJIEIN JIBUXKEHUSI PaKEThl SIBJISIETCS BBEACHUE B
Hee MaTeMaTUYeCcKOoi Moneau JBUXYIIErocs crap-
TOBOTO KOMILJIEKCa M OIlpeesieHde IapaMeTpoB
JIBUKEHUST PaKEThl OTHOCUTEILHO HEro.

OaHUM 13 OCHOBHBIX MOMEHTOB MPU pa3padboTKe
MaTeMaTU4YeCKON MOJEIN ABUXKEHUSI PAKEThl OTHO-
cutesibHO 1Y gBuiioCch MPUHSTHE CIEAYIONIUX J0-
MyLIEHUIA, YIPOLIAIOIINX, CXeMAaTU3UPYIOLIUX pe-
JIbHBIM IPOLIECC:

® KOHCTPYKILIMSI PAKEThbl CUUTAETCS XKECTKOM;

e Macca pakeTbl U3MEHSIETCS B ITPOLIeCcCe MOJIEIU -
pOBaHUs, HO OTCYTCTBYET XXMJIKO€ HAallOJIHEHUE;

e Macca B IIOCKoCTAX X, Z, u Y| Z, pacnipeneneHa
PaBHOMEPHO, T. €. LIEHTPOOEXKHbIE MOMEHTBI UHEP-
LUK sz u Jyz CUMUTAIOTCS MPEHEOPEXKUMO MATbIMU.

B pesynbrare Obu1a pa3paboTaHa HeJIMHEHAs IIPO-
CTpaHCTBEHHasi MaremaTuyeckas MOjesb YIpaB-
JISIEMOTO BO3MYIIEHHOTO JBVXXEHUS paKeThl, cTap-
TyIOLIE B YCJIOBUSIX IBUXKYIIETOCsSI CTapTOBOIO
koMmrIuiekca. [lonydyeHHast MaTeMaTruueckast MOIEsb
COCTOUT M3 YpaBHEHUI MPOCTPAHCTBEHHOIO JBU-
xxkenus1 B CKITC pakeThl Kak TBEpIOro Teja Mo
BO3/ICHCTBUEM TPABUTALIMOHHBIX U a3POAMHAMMU-
YeCKMX CUJI U cujibl Tsru 1Y, a Takke ypaBHEHUI,
OIMMCHIBAIOIINX PadOTy CUCTEMBbI CTaOMIM3aLNU
MPOCTPAHCTBEHHOTO MOJIOXEHUST PAKETHI C yUETOM
OrpaHWYEHUIi 1O YIJlaM OTKJIOHEHUSI U IO CKOPO-
CTHU pyJieBbIX NTpUBOAOB. [Ipu 3TOM Monenb JBUXe-
HUsI paKeTbl YYUThIBaeT TEXHOJOTMYECKUE TTOrpelil-
HOCTU M3TOTOBJICHUSI MU MOHTaXka, OTKJIOHEHUS OT
CpeIHUX 3HAaYCHUI MapaMeTpoB aTMOCc(depbl, a TaK-
K€ HayaJIbHbIE YCI0BUS MO KUHEMAaTUYECKUM Tapa-
MeTpaM, KOTOpbI€ OMPENEIIOTCI BETPOM, KAaUKOM 1
KBa3ucTaTU4eCKUMU Iepekocamu I1Y oTHocuTenb-
HO JIMHUM rOpU30HTa. B pesyiibraTe rnojayyuiaach 10-
CTaTOYHO CJIOXKHAS 111 aHAJTUTUYECKOTO MpeCcTaB-
JIeHUSI HeJIMHelHasi MPOCTPaHCTBEHHasl MOjeib
NIBVDXKEHMST pakeTbl oTHocuTenbHO [1Y u omnpenene-

6

HUSI KOHTPOJIMPYEeMBbIX TTapaMeTpoB. MccaenoBaHus
MoKas3ajau, 4YTO BCJCACTBUE €€ HeCTallMOHAPHOCTU
¥ HEJIMHEWHOCTHU, a TAKXKe Pa3HOPOIHOCTU IIPUPO-
IIbl NEVCTBYIOIIMX BO3MYILIEHNUIM TTPUMEHEHNUE Tpa-
IULMOHHBIX METONOB aHaim3a 3Toil momenau [17]
He JaeT npuemieMbix pesyssratoB. Hanbonee ag-
(beKTUBHBIM U JAIOIIMM KOHCTPYKTUBHOE pellieHNe
MOJX0A0M, O0ECMeUYnBalIIMM HEOOXOAUMYIO TOY-
HOCTb M HaJEXHOCTb PEIICHUST 3a1auyu, SIBJISICTCS
MaTeMaTudeckoe MmozaenupoBanue Ha [TDBM [20].

s nonydyeHust popMyJIbHOI CXeMbI pacCMaTpu-
Basiach pakerta-Hocurteslb (PH) xiacca «3eHuT» ¢
YY4ETOM €€ KOHCTPYKTUBHBIX 0COOeHHOCTel. MaTe-
MaTtudeckast Mmoaeib npukenust CIT cuuraercs us-
BeCTHOI, onpenaensiercs padpadorunkom CII u co-
CTOUT U3 ypaBHeHUI ABMXKeHUs neHTpa macc CIT u
BOKpYT €¢ LIeHTpa Macc, CoAepXKallux KojebaTeab-
HbIe cocTaBJsolMe. MaTtemaTtudeckasi Moesb
Bo3MylieHHOro aBuxkeHuss CIT yyuThIiBaeT Takxke
TaKMe XapaKTePUCTUKU, KaK BHICOTA MOPCKOI BOJI-
HbI, HampaBieHue e¢ noaxona k CII, nepuon, ya-
CTOTY U aMILUIMTYAY KojiebaHuii, pa3y moaxoma BOI-
HBI, cABUTH (a3 KoJaeOaHUI1 IT0 OTAEIbHBIM JIUHEH -
HBIM U YTJIOBBIM KOOpPJMHATAM.

JBurarenbHasi ycTaHOBKa paccMaTpMBaeMoOTro
KJlacca pakeT BKJIIOUaeT YeThipe KaMephbl CTOPaHUS
(KC), ycraHOB/IeHHbIe MEXAY IUIOCKOCTSIMU CTa-
ounuzauuu (puc. 2). Kamepsl cropaHusi KOHCTPYK-
THBHO TIOBEPHYTHI Ha yroa o, <5° B pajinalbHOM
HamnpaBJieHUHU OT NpoaojbHoil ocu PH.

[Ipoekunn pannyca-BeKTOpa Iy, M TOYKH T,
npunoxeHus tar KC Ha ocu CCK ornpenensiorcs
no hopmyaam

Fomx1 = Xg — X1, roz(yl = V1 Fonzt = 215

x;=C,- 1,
ropxli =X~ X1, i=1,.,4,
Fopyt1 = — Uty + Aypb
Fopzil = — U+ gt Azpls
ropy12 =U+ Y1 + Ayp2,
Fopz12 = — U+ t Asz;
ropy13 = U+yT + Ayp3a

Fopz13 = UT zp + Az 5,

ropyl4 == U+yT + Ayp4’
ropzl4 =U+ it + AZp4’
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e C;, — aoponMHaMuyeckuii KodhOUIUEHT
LIeHTpa AaBieHust, | — JUyIMHA KOpIyca paKeTHI,
Ay, Az, ,i=1, ..., 4 — OTKIIOHEHUsI OT HOMUHAITb~

HBIX 3HAYEHUI KOOPAMHAT TOYKU MIPUIOKEHUSI TS,
r, — cmentenue ocu KC, X = — TouKa, Moy4eH-
Hasl mepeceyeHreM TUIOCKOCTU MPUIOXKEHUS TST C
ocbio OgXy, X, Vs 2, — KOODIMHATBI LIEHTPA MAcC
pakeTtsl B BCK, U — xoopauHaThl TOYKM Kperie-
Hus i-i KC (D,, i ., 4) B IJIOCKOCTU TIPUIIOKE-
Huatar U, =U,, =U (puc. 2).

H3MeHeHMe TOJIOXKEHMST LIEHTpa MacC pakKeThbl
OTHOCHUTEJIbHO €ro HauyaJIbHOTO MOJIOXKEHUS B TIPO-
exuusix Ha ocu CCK (3) u u3aMeHeHue yII0BOro no-
JIOKEHMST paKeThbl OTHOCUTEIBHO IIeHTpa Macc (4)
OIUCHIBAIOTCS CICAYIOIIMMU IIIUPOKO U3BECTHBIMU
ypaBHeHUSMMU [4, 5]:

I/.xl z1 _I/zl(‘oy] )

V=24V, 0, -V, 0, (3)
V,= =t +V, O, Vylm

?,:a” tanV, +agV

n=a,V, +a22V +a,V,

zl?

C:aanl +a32Vyl +a33I/zl ;
(bxl — Mxl _(Izl _Iyl)u)ylm ,
le
o :Myl_([xl_[zl)o‘)zl('ol ’ (4)
»1 I
yl
O-)“ — le _([yll_[xl)mylmxl ,

zl

f}:((;)z1 cose—m,, sing) /cosy,
V=wm,co80-0,sine,
p=0, +9siny,

rne V..V,.V, MPOEKLUMK BEKTOpPA CKOPOCTH
1eHTpa Macc pakeTsl Ha ocu CCK, &, 1, ¢ — mpo-
€KUY paauyca-BeKkTopa R, HeHTpa Macc pakeThbl Ha
ocu HCK, F,, F,, F,, — IPOEKLIMH BEKTOPA PABHO-
JEUCTBYIONIEN CUJT F JIEUCTBYIONIIMX HAa PaKeTy, Ha
ocu CCK, o,,,0,,m,, — IPOEKLUXKX BEKTOPA YIJIO-

x12 7yl
BOIi CKOPOCTU PAKEThI Ha ocu CCK, M M .M
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[TnockocTb PAaCIIOJIOKECHMA TOUYCK IIPUTTOKEHUA TATU

Fay,
X1\ F (0%
>
X;
}X]
Z;

Puc. 2. Touku NpUIOXEHUs TITH U a9POAMHAMUYECKUX CUIT

MPOEKIIMU BEKTOpa MOMeHTa M OT paBHOIEHCTBY-
IOIIEel cuJl, NeficTByoIuX Ha pakeTy, Ha ocu CCK,
1,,1,,],, — poeKuy TeH30pa NHEPLMU OTHOCH -
TEJIbHO oceﬁ CCK, 0, U, @ (pam) — yIJIBI TaHTaXa,
pPbICKaHUsI U KpeHa COOTBETCTBEHHO.

Bekropnl paBHOAelicTByo1el cuibl F 1 MomeH-
Ta M OT Hee ompene/soTCs BeIMUMHONW U HaMpaB-
nenuem 1ar KC 1V I cTtyneHu, rpaBUTaliIMOHHON 1
A3POJAMHAMUYECKOU CUIaMU U TIOJIOXKEHUEM UX TO-
yek npunoxeHus: B bBCK:

F= Fp +F,+G,,
M=M,+M,,
rne G — BEKTOp CWIIbI TSIKECTH, Fp, M, — cunau
MOMEHT OT Tsru asurarens, F,, M, — asponuHa-

MHWYECKHe CHJIa 1 MOMEHT.

Vhpasnsioniye cuibl U MOMEHTBI CO3/1at0TCs OT-
kinoHeHreMm KC JIY I ctyneHu B npouecce padoThl
CHUCTEMbI CTAOMJIM3AIIU PAKETHI.

[Tpu MoaenupoBaHUM BXOAHOW HHMOpMaLUeit
U1 paboThHI aArOpUTMOB CTAOMJIM3ALUM MCIOJb-
3yIOTCSl OTKJIOHEHMST A8, Ay, A@, SBISIONIMECS
Pa3HOCTSIMU MeXIy (DaKTUUECKMMU yriaaMu &, v, @
1 ¥X TMPOTPAMMHBIMU 3HadeHusMu: 9 = ~ 907,
v, = 0% @, = 0°, yIiaoBbie CKOPOCTH @, , o,,
©, ¥ JMHEeiHbIe ckopoctH V), V|, sBistommecs
pe3yabTaTOM MHTEIPUPOBAHUSI YPaBHEHUM BO3MY-
LIeHHOTro ABMXeHUs (4), (3).
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111

A

8,>0

Py(3, 1t v,)

II

P (3, +v)

Puc. 3. Cxema pa3meniennss KC oTHOCUTENIbHO TMJIOCKOCTEN CTa-
ounmmzauuu PH, nonoxurenbHoe HanpasieHue oTkaoHeHuss KC u
nevictust cu tsirm o1 KC

C y4eToM IMHAMWKW IIPUBOIOB YIVIBI IIOBOPOTA
KC oTHOCUTEILHO CBOMX OCEil BpalllEHUs OIpeae-
JISTIOTCS] ypaBHEHUSIMU

T,.5,+8 =06,+6,-9,,
T,,6,+06,==04+38,+3,,
T,,8,+06,=-8,-6,-9,,
T,,6,+8,=08,-0,+3,,

rae 7., — MOCTOsIHHAsI BpeMEHH MPUBOJA, O, — YIJIbI
noBopota KC. ITosoxuTenbHble 3HAYEHUS YIJIOB 0~
BopoTta KC npuHSTHI B COOTBETCTBUU C PUC. 3.

Vel u ckopoctu moBopoTa KC orpaHmdyeHbI
BO3MOXHOCTSIMU ITpuBoga. OrpanudeHus 6, u 9,
OIpeeISIIOTCS] BbIpaXKeHUSIMU
— Inpu |8i| >0, —

8, =0,,sign(d,), 8,=9,  +95,At,;

max

— pu |6i| >0 . —

8,=0,9,=9,,sign(s,),
rae At, — 11ar MHTErpPUPOBAHUSI YpPaBHEHUIl BO3-
MYLLEHHOTO JBWXEHHUsI, O, , — 3HAYeHUE yIJa Io-

Bopota KC Ha npeabiaymiem iiare.
IIpoexuuu Bexropa taru P, Ha ocu CCK ormpe-
JEJISIIOTCS BBIPAXKEHUSMU

8

F

pxl

=R+P+P+P,,

NG

prl ZT[Qg(E_I)Z_I)S+Rt)+E(61+UI)_
—P, (8, +0,) = P (8; +v;)+ P, (8, +v,)],  (5)
V2
Fp 27[%(3 +P—P,—P)-F( +v)-
_PZ(SZ+Uz)+P3(63+U3)+P4(84+U4)]’
e P (i =1, ..., 4) — mara i-it KC, v, — mepekoc

Bektopa Tsaru i-ii KC. TlpuHumass BO BHUMaHUe,

uTo o, <5°, cuutaem cosa, ~1, sina, ~0.
MowmenTsl cu Bokpyr oceit CCK, Bo3HMKaloLIMe

npu nosopote KC, onpeaenstorcs o popmyiam

M, =2-U-[B(5,+v,)~P,-(8,+v,)+
+P, (8, +v;)— P, - (8, +v;)]+

2

+7-{P1 (o, =8, —v)) =z (o, +8, +v )]+
+P, [y (o, =8, —0,)+ 27 (0, +8, + V) |+
+P, [y (—o, +6; +03) + 2 (o, +8; +0;)]+

+P,[yr (-, +8, +v,) =2 (o, +3, +V,)]}, (6)

—(x, —xp) - szl —U- (P, +Py—P;— Py +

M, P

pyl:
+2p - P+(P Az, + P, -Az,, + P,-Az,,+ P, -A7,,)

Mpzl = (xp —X7) - prl -U-(P—Py—Py+P)—

-y - P-(P Ay, +P2-Ayp2+P3-Ayp3+P4-Ayp4).

IIpu onpeneneHnn a3poOIMHAMUYECKUX CUTT YU~
TBIBAETCS TIPU3EMHBIN BETEP, MOIYJIb U HarpaBJie-
Hue KoTtoporo 1o otHomeHuto K CI1 onpenensiercs
dopmyioii [6, 14]:

h

0.1
10] ’

W(h)= I/VIO (

rae W, — ckopocts BeTpa Ha Bbicote 10 M, A = hy +
+ h(f), M — BBIcOTa LIeHTpa Macc PH Haxg moBepxHO-
CTbIO BOIBI, A-; — BbicoTa CII.

[Tpoekuuu ckopoctu Betpa Ha ocu CCK onpene-
JIAIOTCA BbIPAXEHUAMU

W.=W(hlaysing, —a, cose,],
W, =W(h)lay,sine, —a,coso,],

W =W(h)la,sing, —a;coso, ],
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rie ¢, = 0...180° — yron Mexiy HarpabJieHHEM
CKOpOCTH BeTpa u npoaoabHoii ockio CII (puc. 4),
a; (5,j=1, 2, 3) — d/IeMEHTbI MATPULIBI A, .

[Ipoexunu BekTOpa MOTOYHON ckopocTH V, Ha
ocu CCK u yribl aTaku o, W CKOJbXeHUs P,
orpeaesstoTcs o hopmysiam

VBX, =W,V
Viy =W, =V,
Ve, =W, =V,
Vay
o, =-—arctg s
BX,
B, =arctg

BX,

[Tpoexuuu aspoaAMHAMUYECKUX CUJT I MOMEHTOB
Ha ocu CCK Bberuncisitores 1o gopmynaam [1, 2, 5,
7,8,10, 12, 14—19, 21]:
=-CgqS,

axl

F,=C (|oc | h)qS'signa.,

v =—C.(B,|.MqSsignB,,,
q =5[p<h>+Ap><V;X, +Vay +Vi )1,

Maxl =_FaylzT+FazyT’

M, =Fzx+F, (x; —xp),

Mazl ayl (xd xT) axlyT )
rae C,, Cy, Cz — aspoarMHaMudeckue Koahhuim-
€HTbl MPOAOJbHON, MOABEMHOM M HOPMaJbHON’
CUJI, ¢ — CKOPOCTHOI Hamop, VBX ,VBY ,V,, — 1po-
eKIIMM BEKTOpa MOTOYHOM CKOpPOCTHU VB Ha ocu
CCK, p(h) — BeanuuHa TUJIOTHOCTU aTMochepbl

KakK (YHKIIAS BBICOTHI TTOJIeTa pakeThl, Ap — OT-
KJIOHEHME TJIOTHOCTU aTMochepbl OT HOMUHAJIb-
HOTO 3HayeHusl, 4 — BbICOTA TOJIeTa paKeThl Hajl
nosepxHocteio Cll, § — ruromane muzpens, x, —
KoopauHaTa LeHTpa aaBjaeHusi B BCK.

B HCK cuna tsaxectu G mMmeer npoekuuu 0,
-G(1), 0, tne G(f) — TeKylLIMii BeC paKeThI.

IIpoexuuu cunbl TsKecTt Ha ocu CCK paBHBI:

G, =-G()a,,,

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2019. T. 25. No 3

<
~
\/

\ 4

T

p—
A —
—

=<

Puc. 4. Cxema onpesieieH1s: HanpaBJeHUs! IeCTBUS BeTpa

G, =-G(t)a,,

G, =—-G(t)a,,

IIe a;; — SIEMCHTBI MATPULIBI A,
Takum oOpa3oM, IojydeHa MaTeMaTudecKast Mo-
nenb nBrkeHus PH, yuuTteiBarormmas ee KOHCTPYK-

TUBHBIE OCOOEHHOCTY U CHIENU(PUKY AENCTBYIOIINX
Ha PH Bo3mymatommx ¢pakTopos.

MATEMATHUYECKAS MOJIEJD JIBMZKEHUS
CTAPTOBOM IVIAT®OPMbI

VYroseie (9, , v, , ¢;) UJIUHEHHbIE (X, V,, Z;) IIE-
pemeienus CIT orHocutensHo HCK saBisiorcst us-
BECTHBIMM (DYHKIIMSIMU BpEeMEHH U 3aalOTCS pas-
padorunkamu CII. JlaHHbIE ypaBHEHMSI COOEpKAT
KOJIEOATENbHYIO COCTABJISIIOLLYI0 OTHOCUTEJIbHO
KBa3UCTATUYECKUX OTKIOHEHUIA:

9, =B, cos(ot + @, +Apy)+ 9, ,
L :Bw cos(wf + @, +A(pw), (7
=B, cos(of +9, +A@, )+ 0, ;
x, =B _cos(of+9,),
Y, =B, cos(ot+¢,+Ao,), (8)
L =B cos(of+¢, +Ap._),
rae o=2n/T, — yacrora konebanuit CII, ¢ — Te-
kywee Bpemsi, U, — nosopor CII oTHocUTeIbHO
ocu LyZ;, (KueBas Kauka — tet; ), y, — MOBOPOT
CII orHocuTenbHO ocu LY, (KypcoBas Kayka —
ps;), ¢, — nosopor CII otHocuTensHo ocu LyX

(6oproBas kauka — fi), U, , ¢, — cratmyeckue
nepekochkl CII, Bsan ,B, — aMruTyabl Koeba-

9
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nuii CII, B, By, Bz— AMIUIATYAbI MEpeMeIeHUN
CII, Ag,, A(pw, A(p(p— cosury (as Konedbanuii CIT
OTHOCUTENIbHO (ha3bl KOJieOaHWIT B HampaBIeHUU
ocu LyX;, @, = 0...180° — ¢aza konebanuii CII
B1OJIb ocu Ly X .

AMITTATYABI YIIOBBIX M JIMHEWHBIX TIepeMele-
HUi B, Bw , B, B., B, B., dasosbie cnpuru
Agg, A(qu, Acp(p, A(py, A, u craTHyecKue mnepeko-
Chl 10 KpeHy U, 1 IubOEpeHTy @, ABIAIOTCI
W3BECTHBIMM (DYHKIIMSIMU TIepUoaa 1 yIjla IoIxoaa
BOJTHEL.

MATEMATHNYECKAA MOJIEJIb OITPEJTEJTEHUA
KOOPIWHAT «OITACHO¥» TOYKH

ITpu ananmze 6e3ymapHOCTH PaKeThl C AJIeMeHTaMU
ITY B KayecTBe KOHTPOJILHOTO MapaMeTpa paccMa-
TPUBAIOTCS TTEPEMEIICHHS «OMACHBIX» TOYEK OTHO-
CUTEJIbHO MYCKOBOT'O YCTPOMCTBA.

B kayecTBe Takoii 060011a01Iel «OMacHO!» TOY-
KU paccMaTpUBaeTCsl TOUKaA MepecedeHus Mpoaosib-
HOM O0CH paKeTHl C TJIOCKOCThIO cpe3a coren KC 1Y
I ctrynenun — touka K Ha puc. 1. Ee nepemernieHus
oTHOcuUTeNbHO 1Y paBHBI IIpoeKIIUSIM BEKTOpa LK
Ha ocu CKIIC — LK, w LK,

Bexktop LK mojy4aeTcs rmyTeM BeKTOPHOTO CJI0-
SKEHUSI:

LK=R,-R, =R, +0K-HL, - L,L.

IMpoexuuu BekTopa Ry (&, N, ¢) onpenensioTcs npu
MHTETPUPOBAHUM YpaBHEHUIT ABMKeHUS (3).

BekTop OK oIpeeIsieT TONOXEHNE «OIacHO»
touku B CCK. Ero nmpoexunu Ha ocu CCK u HCK
paBHEI

OK,, = —x;, OK,, =OK

a,xr, OK, =—

=O’

0):¢ ay X, OK = —

E = —
rae a — C-)JIeMCHTbI MaTpuUILbI A

BeKTop HL onpenesier HOJ‘IO)KCHI/IG TOYKM L,
B HCK:

a3 Xt

*

HL, =0, HL,=—x;, HL, =0,

€ X, — HavYaJbHOE MOJOXEHUE LEHTPA TIKECTH
(8 Momenr £, = 0) B HCK.

Bexktop L,L ompenender nepeMelieHUe LeHTpa
ITY ornocurenpio CKIIC,. Ero mepememenue B
HCK onpenensiercsa ¢popmynamu (7):

10

L,L. = B, cos(ot +9,) ,
LOLn = Bn cos(wf + ¢, + A(pn) , 9)
L,L. = B, cos(of +¢,+A¢,) ,

rie B;=B;, i=En,C, j=x,),2
W3 (9) crenyroT BbIpakeHUs TS TPOCKIIMI BEK-
Topa cmemennst LK Ha ocu HCK:

LK, =8-a,x; - L,L.,
LK, =n—ayx; +xT -LL,,
LK. =C-ayx; - L,L,

un Ha CKIIC:
LK, =LK, ¢, +LK ¢, +LK, ¢,

LK, =LK, ¢, + LK, -c,,+LK_-c,, (10)

LK, =LK, ¢+ LK, -cyy+ LK, -c;,
IJie ¢;; — BIEMEHTBI MATPHLIBI C.

Takrm 06pa3om, B HACTOSIIIIEM pasesie MpeacTaB-
JIeHa TToCJIe10BaTeIbHOCTD IpeoOpa3oBaHUii, He00-
XOIUMBIX IJISI OTIpeNieIeHUS TTOJOXKEHUST «OIMacHO»
TOYKM OTHOcuteslbHO I1Y u moaydeHbl (hopMyIib
OIpeeieHs] KOOPANHAT «OTacHOW» TOYKU B CBSI-
3aHHOI ¢ moaBuxxHo# CIT cucteme koopauHar (10).
Iepememenus xy, = LKy, u 25 = LK, ncnosb3y-
I0TCSI MPU OLICHKE 6e3yNapHOCTU CTapTa PaKeThl.

MATEMATUYECKAA MOJEJIb OITPEJEJTEHNA
KOOPIWHAT CJIETOB CTPY JIBUTATEJIS
HA IOBEPXHOCTH CTAPTOBOM ILIAT®OPMBI

ITox cnegom ctpyu i-it KC 1Y I crynenn rmonnma-
eTcd Touka repecedyeHust ocu i-it KC ¢ mI0CKOCTBIO
LX,Z, CKIIC (wnu nmapajuieIbHOM el 1 OTCTOsIIER
OT Hee Ha HeKoTopoe paccTtosiHue). KoopauHaTel
CJICIIOB CTPYI OIPENEeISTIOTCS aHAJTOTUYHO KOOPIH-
HaTaM «OIacHO» TOYKM B CleAylollei rmocenona-
TEJbHOCTH.

1. OnpenensitoTcsl KOOPAMHATHI TOUEK Tepeceye-
Hus reometpudeckux oceit KC u oceit BpalieHus
KCBCCK, T €. 7,10 Fypiin Fopeti-

2. Onpenesrores npoekunu Py, (K= x, ¥, 7;)
eIMHUYHBIX BeKTOpoB oceit KC (Pio) B CCK:

P =—

yli

) A ——

xli

> i

PZO
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e P; — npoekunu BeKTopoB Tsiru i-i KC nurare-
Jist Ha ocu CCK.
3. Onpenensiorest KoopauHatel Touek D; B CKITC

(puc. 1)
LD,=R,+0D,~HL,~ L L,

rae OD, =t :
LD@' =&+ Tty VG T 105043 — L, Lg )
LDm' =N TG0 10003 — LoLn +Xp,
LDz;i = A1y 1,0y T, Gy — LoLq )

LD, =LD,¢, +LD,c, +LD.c,
LD, =LD.c,+LD,c,+LD,c,,

LD, =LD,¢, +LD,cp, +LD,c,, .

4. Omnpenensiorcss MPOEKIIMU BEKTOPOB P,.0 B
CKIIC:

0 _ po 0 0
P;=P,a,+P,a,+P,a;,

xli yli zli

Pn(; = Pxolia21 + PyoliaZZ + [)z?iaZB >
Pc? = Pay, +Py01iazz +[)z?ia33 )
PxOLi = Pé?cll + Pn(:'CZI + Pg?cm >
PyOLi = Pg?Cn + Pn(z'czz + Pz;?cn >
onu = Pg(;cls +Pn(:'cz3 +P§?C33 .

5. Onpenensiorcst Touku nepeceueHust oceit KC
¢ noBepxHocTtbio CII:

Deh, = (LD~ hY/P,
Q. =LD,,; - PxouK ’
QyLi = LDyLi P

yLi

0, =LD, - I)ziiK'

Takum oOpa3oM, IpuBeAeHHAsI MOCIEAOBATEIIb-
HOCTb IIpeo0pa30BaHUil IJISI OIIpeeSICHNS KOOPIU-
HaT cienoB cTpyii or KC Y1 Ha nBuxymeiica CIIT
MO3BOJISIET MOJIYYUTh (POPMYJIbI ONPEACICHUST ITUX

koopauHat B CKIIC.

p=h, an

JINHEAPU3AIIVA YPABHEHU
BO3SMYIIEHHOTI'O IBUXKEHWA PAKETDBI

l'[onyquHaH MareéMaTnudeckKasd MOIACJIb ITPOCTpaH-
CTBCHHOTO ABM2KCHUMA PAKEThI HAa HAYaJIbHOM y4acCT-
K€ MoJieTa ABJIsSACTCA JOBOJBHO CJ'[O)KHOﬁ, YTO IIpaK-
TUYCCKHM UCKIIOYACT BOSMOXKHOCTDL €€ NCITI0JIb30Ba-
HUA IpU aHAIUTHYCCKOM MCCJIEJOBAHMM U CUHTE3C

3aKOHOB YIIPaBJICHUSI OBVMKEHUEM pakeThl. s
AHAJIMTUYECKOTO aHa/lIu3a JUHAMMKU CTapTa pakKe-
THI C MOJABVXXHOIO OCHOBAHMSI HeoOxomuma Ooliee
MpocTas JIMHeapu30BaHHAs MOJEIb BO3MYIIIEHHOTO
JIBUXeHMsT pakeTbl. OCHOBaHUEM ISl YIIPOLIEHUS
SIBJISIETCSl HeOOJIblas MPOTSKEHHOCTh HAaYaIbHOTO
y4dacTKa ABMKEHUsI — A0 BBICOTHI MOABbEMA MOPSIAKA
200 M U, BCJIEACTBME 3TOT0, BO3MOXKHOCTD ITPUHSI-
TUSI CIIEIYIOIINX JOTYIIEHWIA:

— B IIOJIETE Ha paccMaTpPUBaeMOM y4acTKe Tpa-
€KTOPUU HET U3MEHEHMIA MacChl paKeThl, €€ MOMEH-
TOB MHEPLIMM 1 KOOPAMHAT LIEHTpa Macc;

— o01as 3agada MPOCTPAHCTBEHHOTO YIIpaBJie-
HUS TIPeJCTaBsIeTCs] B BUAEC HE3aBUCUMBIX 3aaay
JBUXEHMSI B TUJIOCKOCTSIX TaHTraXa, pbICKaHUS U
KpeHa [5];

— YIoJl aTakvl U OTKJIOHEHHUSI OT MPOrpaMMHBIX
3HAYEHMI YIJIOB TAHTaXa, PHICKAHMSI M KpeHa TIpe/I-
OJIaraloTCs MaJbIMU, T. €. UMEIOT MECTO alllpOKCH-
Mauuu [3]:

C(o,M)=C'(M)-o,
Co,M)~C}(M)-a,
sinx~x, cosx=1, x=A9, Ay, Ag;
A3=3-3,, Ay =y, Ap=¢.

[Mocne ympoineHui MOJyYUM CUCTEMbI JIMHEIH-

HbIX ypaBHeHUit aerxkeHust PH B HCK [11]:
Vy=a,y+a,8+ad,+a, W +F,, (12)
i=a, z+a,y+ayd, —a W +F.,

S A o v
v=a,i+ta,y+a,0, —a W +M,

(13)

a0 ' _
S=ay y+ay,9+ayd, +ag W, + M,

$p=a,d,+M,,
. _ . _ CaS
a,=a,, =- mv >
P+CjqS
a,, =—dy :_T’
P
a;=—a; __Zy’
P(x —x
0, ——a, :_Q, P, = Pcos(45"),
z
CrqS(x, —x,)
Gy =doo =77

1

Z
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X

orL> M

0.12
0.08

— JluHeitHast MozeNb
=— HenuHeitHas Monelb

0.04
0
—0.04

1
0 2 4 6 8 h,m
Puc. 5. Vsmenenne 1o Beicote mosieta PH koopauHarer X,

ZOTL’ M
0k — JluHeiiHas MOJEb
— Henuneiinas Moaesb
0.3
—-0.6 |+
—-09
0 2 4 6 8 h,m

Puc. 6. Vsmenenue o Bricote noneta PH koopaunater 7,

—Z,,M
—18 +
— JluneitHas Monenb
— HenuHeiiHas Moaesb
12
-6 +
O 1 1 1 1 1 1 1 1
-4 -3 -2 -1 0 1 2 3 4X,Mm

Puc. 7. Tpaektopuu cnenos crpyii ot KC1 /1Y Ha nosepxtoctu CIT

Dz =7 2
_ Pr
ago& —I—X 5
- E _ M
F, =2 M,=—=2,
m /

12

rme x,y,z — KoopauHathl lieHTpa macc PH B mpo-
rpaMMHO-cBsI3aHHOM cucteme koopauHat (ITCCK),
KOTOpasi B HOMUHAJIBHOM IBIDKEHWHU COBIANACT C
CCK u oTamyaeTcst OT Hee Ha BEJIMYMHY OIIMOOK
CTabMIM3aLMKU TIPY BO3MYILEHHOM JBUXEHUH; Og,
6\41’ 1) ¢ — KOMaHJIHbIE CUTHAIIBI HA PUBOJIBI YIIPaB-
JISIIOIIMX OPTaHOB T10 TaHTaXxYy, PhICKAHUIO 1 KPEHY;
W, Wy, M/C — TIPOEKIIMK CKOPOCTU BETpa Ha OCH
NCCK; F,,M,,F,,My,M, (1/c?) — npuBeneHHbIe
3HAYCHUS BO3MYILIAIOIINX CWJI 1 MOMEHTOB OT TI0-
IrpEeIIHOCTe M3roroBieHus u MoHTaxa PH, neii-
CTBYIOIIINX B KaHaJle PhICKaHWs, TaHTaXka M KpeHa
cootBetcTBeHHO; m — macca PH; CF,C (1/rpan) —
MPOU3BOAHBIE KO3 (UIIMEHTA HOPMAJIBHOU U TTOIb-
E&MHOI1 cuJ 1o yrity ataku; V' — ckopocts PH B HCK.

JluHeiiHble ypaBHEHUSI KOOPAMHAT «OMAacHOW»
touku B CKIIC nmeroT Bun

Xor, =&+ 8, M=y, L+ X, (A8 =8,)+8,X, —x, —9,¥, +V,2,,

Yorr =N=9,8+9,6-X, +X, =y, +8,X, -0, -2,,

ZotL :gi(an+WL<:+XT(A\V+(pL)7(pLx:‘ LT VX
(14)

rie A3=9-9,, Ay=vy, Sy, Yop po-
rpaMMHBIE 3HAUYEHUS YIJIOB TaHTaXka M PHICKaAHUS;
X, — KOOpIWHaTa LeHTpa Macc PH B HavyanbHBbIi

T

MoMeHT BpeMeHU. KoopauHatel x,, y,,z, W yIJbl
U,, §,, @, onpenessitores hopmynamu (7), (8).

JluHeliHble ypaBHEHUsI KOOPJAMHAT CJIEIOB CTPYi
Y na nosepxrHoctu CII B CKITC umeror Bug

Ecnpia =E+MAS+(5,, +v,,+a,) M, cos 45 —
v, 0+ (U, (Ao-y,)-U" ), -X,),
Eenras =E+MAS—(8,, + v, +a, )N, cos45 —

—y, 0+ (U 5(M0—y ) -U",,—x,),  (15)
Cenrra =C+NAY—(5,, +v,, +a,)n, cos45 +
+y, &+ (U, L (Me—-y ) +U" -2, ,
Cenrss =C+MAY+(8,, +v,, +a,)n, cos45 +
+y, &+ (U, (00-y ) +U 5, -2,)

rae

Ap=¢, n, =(T]—J’L), ﬂz=m+U; > U;i
U,=U,+y,+y,,U,=U_+z,+z,.

U.-x

T

xi ’
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3HayeHus KOOPAMHAT X ; U Z,;, PACCYUTAHHBIE
MO TIOJHBIM HEJWHEWHBIM W JIMHEAPU30BAHHBIM
ypaBHEHUSIM, IIpUBEICHBI Ha puUc. 5—7.

Kaxk BUIIHO, KOOpIMHATBI «OMACHON» TOUKH X 1
Zyp OJTyYEHHBIC TSI HETMHEMHOM MTPOCTPAHCTBEH-
HOI 1 YIIPOIIIEHHOW JIMHEHOW MOJIeJIei TBUKEHWUST
PH, nocratouno 61u3ku. TpaeKTopuu cjieaoB CTpyit
ot KC J1Y Ha noBepxHoctu noasrxkHoit CIT npu
WCIIOJIb30BaHUM JIMHEWHOU Monenu aBuxeHus PH
WMEIOT OIMHAKOBBIN XapaKTep M3MEHEHUS B CPaB-
HEHUU C TPACKTOPUSIMU, TOJYYEHHBIMU IO HEJN-
HEWHOM IIPOCTPaHCTBEeHHON Monenu. Hanbobimas
pa3HUIla MEXIYy OJHOMMEHHBIMUA KOOpPAWHATAMU
CJIEIOB CTPYA HEJIMHEWHOU U YIIPOLLEHHOMN JIMHE -
HOI1 MoJieJieli COCTaBIISIET 4 M.

CnenoBarejibHO, YMPOILICHHYIO JUHEHHYIO MO-
JIeJIb IBUKEHMS PAKEThl HA HAYaJIbHOM Y4YaCTKe T10-
JIETa MOXKHO UCITOJIb30BaTh U151 KAYECTBEHHOM OLIEH-
KA JUHAMUKU MosieTa pakeThl. KoanuyecTBeHHYIO
K€ OLEHKY HEeOoOXOIMMO MPOBOAUTH MO HEJTWHEN-
HOW TIPOCTPAHCTBEHHOUW MOJETN IBUXXEHUS PAKETHI
nyTem mojeaupoBaHusi Ha [I9BM.

BbIBO/JbI

[IpencraBiieHbI 1BE MaTeMaTUUYECKIE MOACIIN ABVIKE-
HUSI pakeTbl OTHOCUTeNbHO ITY: mpocTpaHCTBeHHAs
HeJIMHEMHAs ¢ y4€TOM ITOJTHOM COBOKYITHOCTH BO3MY-
11aImMx (haKTOPOB U YIIPOILEHHAasI TMHEeHasI.

IIpencraBieHHbIe MaTeMaTUYECKUE MOIEIM I10-
3BOJISIIOT:

1) MomenupoBaTh IIPOCTPAHCTBEHHOE BO3MY-
IIEHHOE YTpPaBJISIEMOE IBUXEHUE PAKEThl OTHOCH-
TeJbHO ToaBukHOU TTY. Onpenensite mapameTpbl
JBUKEHUST paKeThl OTHOCUTEIbHO MOABUXKHOM 1Y
U TTapaMeTphl IBUKEHUS MoaBVKHOMI TTV.

2) onpeaessiTh KOOpAWHAThI HAXOMSIIMXCS Ha pa-
KeTe XapaKTEPHBIX TOUEK OTHOCUTEIHLHO MOABMXK-
Hoii ITVY.

3) ompenessaTh KOOPAMHATHI TOYEK ITepeCcedeHMs
oceit KC ¢ mI0CKOCTBIO ITOABUKHOTO ITYyCKOBOIO
cToja.

[IpencraBieHHbIE MaTEeMaTUUECKIE MOJIETU MOX-
HO MUCIIOJb30BaTh ISl MCCIEIOBAaHUI IUHAMUKU
YIIPaB/IsIeMOro BO3MYILIEHHOTO IBUXKEHUST paKeThl U
€€ COCTaBHbBIX YaCTel IIPpU CTapTe C IOJABMKHOM ITy-
CKOBOW YCTAHOBKMU.
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JepxaBHe mignpueMcTBo « KoHCTpyKTOpPCHKE 010pO
«[liBnenne» im. M. K. Aurens», [Ininpo, Ykpaina

MATEMATHUYHA MOJEJIb PYXY PAKETU
BITHOCHO PYXOMOT IMYCKOBOT YCTAHOBKHU

B ocranHili yac yepe3 €KOHOMiYHi Ta T€OMOJITUYHI MPU-
YMHM BUHUKIIA HEOOXiIHICTb PO3LIMPEHHSI BUIIB CTapTiB
pakeT-HociiB. HaliGinbll BUTIIHO 3miliCHIOBaTM MyCKU pa-
KeT Yy pailoHi 3eMHOro ekBaropa, 30Kpema i3 ITyCKOBHUX
KOMILJIEKCiB, pO3TalllOBAHUX Ha MOPCHKMX CTApTOBUX TLIAT-
dopmax. [IpoTe oOMexeHi rabapuTu CTapTOBUX TIAT(HGOPM
He JO03BOJISTIOTH PO3TAlIOBYBATU OOJIAHAHHSI CTApTOBOTO
KOMIUIEKCY Ha TOCTaTHbOMY BiliajeHHi OJHE Bill OMHOTO, a
yepe3 XUTaBULIIO MYCKOBUM MPUCTPill 3ailicHIOE Oe3repepB-
Hi pyxu 3a BciMa cryneHsiMu cBoboau. Yepes 1ie omaHUM 3
KJIIOYOBMX 3aBIaHb € 3a0e3MeuyeHHs 0e3y1apHOro cTapty Ta
MiHiMi3allis TIOMMHU BIUIMBY (haKesly pylIiiiHOT YyCTaHOB-
KU Ha €JIEMEHTH PYXOMOTO ITyCKOBOTO KOMITIEKCY ITiJ] Jac
MOJILOTY PAaKeTW Ha IMOYATKOBOMY BIiIpi3Ky TpaekTopii. Y
po0OTi 3ampPONMOHOBAHO MaTeMaTUYHY MOJEIb KEPOBAaHO-
ro 30ypeHoro pyxy pakeTu BiIHOCHO PyXOMOTO ITYyCKOBOTO
MPUCTPOIO Ta MOJENi BUSHAYEHHS] KOOPAMHAT XapaKTepHOI
TOYKH Ha PaKeTi BiTHOCHO €JIEMEHTIB ITyCKOBOTO TIPUCTPOIO
i KOOpAMHAT CJiJiB CTPYMEHIB Bill KaMep 3TOPsSIHHSI YOTU-
PbOXKaMEPHOI pYIIiiHOI YCTAHOBKM Ha IMMOBEPXHi ITyCKOBOTO
CTOJIy MPU MOJIbOTI paKeTH Ha MOYaTKOBOMY BiJpi3Ky Tpa-
€KTOpii. 3ampornoHOBaHi MaTeMaTUYHi MOJieJi BPaxOBYIOTh
CYKYITHICTh YCiX HalOibII CYTTEBUX 30YPEHb Ta 1030JI5I0Th
3MIICHIOBATU MOJEIIOBAHHS 30ypEeHUX PYXiB pakeTu i Imyc-
KOBOTO MPUCTPOIO, 1110 NepedyBae Ha ruiaByyiii miaatdopmi,
a TaKOX BM3HAYATH B3a€MHE TMOJIOXKEHHSI XapaKTepHUX TO-
YOK, 1110 HAa HUX PO3TallloBaHi. 3arpornoHOBaHi MaTeMaTUYHi
MozeJi Oy BUKOPUCTaHi MpU po3poOlli Ta orpalloBaHHi
HOBOTO 3aKOHY KEpYBaHHSI PaKeTolo, 10 CTAPTYE B yMOBAX
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MOPCBKOI XWTaBUlli, Ta y MiCASINOIbOTHOMY aHali3i MyCKiB
paket «3eHiT-3SL», 110 cTapTyBaJiM 3 MOPCHKOI CTapTOBOL
m1aThopMH.

Karouosi caosa: mateMaTuyHa MOJeJib, MOJIIT PAKETU Ha MO-
YaTKOBOMY Bi/Ipi3Ky TPa€KTOPII.

0. A. Degtiariova, O. V. Novykov
Yangel Pivdenne State Design Office, Dnipro, Ukraine

MATHEMATICAL MODEL OF THE ROCKET
MOTION RELATIVE TO MOBILE LAUNCHER

Recently, due to geopolitical and economic reasons, it has be-
come necessary to enhance the types of launches of existing
launch vehicles. The rocket launches are most advantageous
to carry out in the vicinity of Earth equator. The most effective
launches options are provided on launching complexes locat-
ed on floating sea platforms (LP). But restrained LP dimen-
sions do not allow the deployment of the launching complex
equipment at the sufficient distance from each other. Besides,
the launcher continuously moves in all degrees of freedom be-

cause of sea rolling. Hence, one of the key tasks is to ensure
the collision-free launch and minimize the area of the impact
of the propulsion system jet on the elements of the mobile
launching complex during rocket flight on the initial segment
of a trajectory. Here, we propose the mathematical model of
the controlled disturbed motion of a rocket relative to mo-
bile launcher. In addition, we present models for determining
the coordinates of characteristic point located on the rocket
relative to launcher elements and coordinates of combustion
chambers’ jet traces on the surface of the launch pad during
rocket flight on the initial trajectory leg. The proposed mathe-
matical models take into account the ensemble of all most sig-
nificant disturbing factors and allow modeling the disturbed
motions of the rocket, floating launcher and determining rel-
ative positions of characteristic points located on them. These
models were used when developing and verifying the new con-
trol law for the rocket launched in the conditions of sea rolling
and in the post-flight analysis of Zenit-3SL rockets launched
from the sea launch platform.

Keywords: mathematical model, rocket flight in the initial tra-
jectory leg.
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I'. K. Cokou, B. 10. Komios

JIHemnporneTpoBCcKuii HallMOHANIBbHBIN yHUBepcuTeT uM. Onecst [onuapa, Inumnpo, Ykpanna

METO/I, MOJIEJIb 1 METOJAUKA PACYETA AKYCTUYECKUX U3JTYYEHUI
JIBUTATEJILHOI YCTAHOBKM B ITEPBBIE 1.5...4.1 CEKYH/IbI ITOJIETA
PAKETBI KOCMHNYECKOI'O HASHAYEHUA

IIpu cmapme paxemui kocmuueckoeo naznavenus (PKH) 6 ammocghepe 6o3nukarom paznoobpasnvle no xapakmepy unyeHus aKyc-
muueckue noas. Iloamomy Heobxo0umo 8vis16UmMb 0COOeHHOCIU U ONpedeaumb HaANPABAeHUs UCCAe008AHUL AKYCMUYECK020 U3NY-
uenus npu cmapme PKH na ocnoee uzgecmmbix npedcmagnenuii o eeHepupo8anuy U pacnpocmpaneHuu 36yKo8ulx 0H. Bajcnvim
A617€mcs pacuem aMAAUMYOHO-4ACMOMHOU XAPAKMepUCMUKY aKyCcmuuecko20 usnyverus. SHanue yacmomol U3AyHeHus aKycmu-
YeCcKUX 60AH N0380AseM NPUMEHUMb U3GECIHbIE 8 KAACCUMECKOU aKycmuKe Mooeau ONUHHOBOAHOBHIX U KOPOMKOBOAHOBLIX U3NYUe-
Huil. Dmo cyuwjecmeentblil pakmop, Komopulii daem npedcmagaenus 0 HanPasAeHHOCMU AKyCMU4ecko20 noas U no3gonsem ynpo-
cmums pacuem @eaututsl 36yK08020 0A6ACHUS 8 3A8UCUMOCMU OM UBMEHEHUs pACCMOAHUI OM UCIOYHUKA KoaeOaHuil 00 MouKu,
2de Haxooumcs ycaoeHblil Habadamens. Lleavto Hacmosweil pabomel 16UA0CL CO30aHUE HOB020 MemMO0a MOOeAUPOBAHUS CIMPYU
KaK UCMo4HUKAa aKycmu4ecKux KoaeOanuil u paspabomxa memoouKuy pactema wyma 08ueamenbHoll YCmMaHo8Ky pakemol KOCMUu-
uecK020 HasHavenus 6 nepsvle 1.5...4.1 c nosema, a maxsice cocmagaenue aneopumma U nPopammvl 045 pacuema aKycmu4ecKux
Xxapaxmepucmuk. B ocnoge memooduxu pacuema nexcum modeauposanue aKycmu4eckKo2o noas om dgueamenvroil yemarosku PKH
KaK 00semMH020 UCmOYHUKa u3nyvenusi. Buauanre onpedensemes ouanason wacmom uzayueHus: kKoaebanuii, 04s KOmopoeo npume-
HUMO makoe modeaupoganue. B 3agucumocmu om duamempa cpe3a conaa u XapaKkmepHoeo pazmepa no8epxXHOCmuU onpedensemcs
mun akycmu4eckoeo uzaydyamens. B modeau obsemHozo cpepuueckoeo uznyuamens gpoHm cgepuueckoii 804wl npedcmasnsiem
coboll chepuneckyo N0BEPXHOCMb, a 386VK08ble AV4UL, CO2AACHO ONpedeseHulo PpoHma 60aHbl, cognadarm c paouycamu cgepol. B
pe3yabmame pacxoicoeHus 604H UHMEHCUBHOCMb 36YKa Yobleaem ¢ yoanreHuem om ucmouruxa. llpednoxcenst mooens uznyuamens
akycmuueckux Koaebanuil u memoouxa pacyema wyma osueamenvroil ycmarnosku PKH 6 nepevie 1.5...4.1 ¢ nonrema, nozeons-
rouue onpedeaums 36yK060e dasneHue 6 okpycaroujeil cpede. [lpedracaemcs npedcmasumos cmpyro dgueamens KaKk 00seMHblil
akycmuueckuii ucmounuk. Paspabomansi areopumm u npoepamma 04 paciema aKycmu4eckux XapaKmepucmuk Ha s3vike npo-
epammuposanus Java. Ilo pezyromamam pactemos Ha ocHo8e pa3pabomanHol npoepammbsl OblaU NOAYHEHbl 3A8UCUMOCU 38YKO0-
6020 0agAeHUsl OM YACMOMbl HA 3A0AHHbIX MeMNepamypHuix ypoeusax eneuinei cpedot (—32, 20 u 42 °C). Ha ocnose nosyuenHwix
DPe3VAbMamos MOJICHO cOenamsb 8bl800, umo 045 écex uacmom, menvuux 225 Iy, yposenv 38yK068020 0aéreHus 6 mouxke r = 18 m
cocmasum geauuury, menvuiyro, uem 153 0b. Hanpumep, na wacmome 8000 [y yposensv 38yk06020 dasnerus cocmasum 136 0b.
Takoe akycmuueckoe usnyuenue 603MOICHO Ha yuacmie nosema pakemoi 1.5...4.1 c. Hamenenus memnepamypel okasviéarom He-
3HA4UMeNbHOe 8AUAHUE HA 3HAYeHUe YPOBHS 36YK08020 0asaeHus. Paspabomannas memoouxa pacvema aKycmu4eckux uzayueHui
npu cmapme PKH daem 603moxcHocmb onpedeaums 8eAutuHbl aMnaumyo aKycmu4eckoeo 0aéaeHus, aKycmuyeckue 8030elicmeaus
Ha Kopnyc pakembl U xapakmep aKycmuyeckux noaeii. I[lpedcmasnen memood uccaedo8anuii akycmu4eckoeo UsiyHeHus npu cmapme
pakem KOCMU4eck020 Ha3HaveHusi Ha 0CHoge onpedenenus 601H08020 napamempa kR.

Karoueevte caosa: modenv, obsemublil aKycmuueckuii UCMOYHUK, CMPYs PAKeMH020 08ueamens, MemoouKa pacuema, UH@passeyx,
aKycmuteckue unyueHus, 08UamenbHas YemaHosKa, 36yK08oe dasaeHue, paKema KOCMU4eckK0eo Ha3Ha4eHus.
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Memod, modeav u memoduka pacuema aKycmuueckux uziy4eHuil 0gueamenvHoil ycmanosku 6 nepgoie 1.5...4. 1 cekynowl nosema

BBEAEHUE

[MTpu crapre pakeTbl KOCMMYECKOTO Ha3HauyeHUs
(PKH) B armocdepe BO3HMKAIOT pa3HOOOpa3HbIe
10 XapakTepy akyctudyeckue moist. [Toatomy HeoO-
XOIUMO BBISIBUTH OCOOEHHOCTH M OTNPEIeTUTh Ha-
TIpaBJICHMS MCCIeIOBAaHMI aKyCTUIECKOTO M3ITyde-
Hus npu ctapre PKH Ha ocHOBe M3BeCTHBIX pen-
CTaBJICHWI O TeHepUPOBAaHUU U PACIPOCTPaHEHUU
3BYKOBBIX BOJIH.

CreayeT MpoBECTU aHAIU3 B3aMMOCBSI3U XapaKTe-
PUCTUK UCTOYHUKOB aKyCTMUECKOTO U3JTyUyeHUsI, T10-
SIBJISIIONIMXCSI B pa3Hble MOMEHTBI BPEMEHU CTapTa
pakeThl, C XapaKTepUCTUKaAMU aKyCTUUECKUX MOJeit
[11—13, 18]. B npoBeneHuun Mccieq0BaHMI BasKHBI
SKCIIePUMEHTATbHBIE TPOBEPKHU, pa3paboTKa Ipo-
rpaMM ¥ METOIMK M3MEPEHMI XapaKTePUCTUK aKy-
CTUYECKUX KOJeOaHUIA.

BaxxHbIM SIBJISIETCSl pacyeT aMIUIMTYIHO-YacTOT-
HOM XapaKTepUCTUKU aKyCTUYECKOTO W3JIyYeHMUSI.
3HaHMe YaCTOThI U3TYYEHUS aKyCTUUECKMX BOJIH I10-
3BOJISIET TMPUMEHUTh WM3BECTHbIE B KIACCUUYECKOM
aKyCTUKe MOJEIU IJTMHHOBOJHOBBIX I KOPOTKOBOJI-
HOBBIX U3JTy4eHUIi. DTO CYILIeCTBEHHBI! (DaKTOp, KO-
TOPBII JaeT MpeacTaBIeHNUS O HAITPaBIEHHOCTH aKy-
CTUYECKOTO TIONISI W TIO3BOJISIET YIIPOCTUTH pacueT
BEJMYMHbBI 3BYKOBOI'O JABJEHUSI B 3aBUCHMOCTH OT
M3MEHEHUSI PAcCTOSIHUI OT MCTOYHMKA KojeOaHui
JI0 TOUKH, IJIe HAXOAUTCSI YCIOBHBII HAO 0aaTe b,

B paborax [20—22] mpencTaBieHbl uccaen0Ba-
HUSI U pe3yJIbTaThl pacyeTOB aKyCTUUYECKHUX TOJIeH
Ha uHdpa3ByKOBbIX yacToTax. B pabote [23] pac-
CMOTpPEHBI OTHEJIbHBbIC YAaCTHBIE 3alayu OIpenese-
HUST XapaKTEPUCTUK IIIyMOB W PACCMOTPEHBI acTeK-
THI MaKCUMAaJIbHBIX aKyCTUIECKUX 3arpy30K Ha pa-
KeTy TIpHU cTapTe.

[lenpto HacTosiIeil pabOThI SBASIETCS] CO3MaHUE
MeToJa MOJEIMPOBAHUS CTPYU KaK UCTOYHHMKA aKy-
CTUYECKUX KOJIeOaHUI U METOAMKU pacyeTa LIyma
JIBUTATEJIbHON YCTAHOBKU paKeThl KOCMMYECKOTO
HazHaueHUs B mepBble 1.5—4.1 ¢ mojera, a Takxke
COCTaBJICHUE aJITOPMTMA U IIPOTPaMMBI [IJIST pacyeTa
aKyCTMYECKHX XapaKTePUCTHUK.

MOJEJDb N3JTYYATEJA

B Hamux pa6orax [10, 24] ObL10 NpeaIoKeHO pac-
CMaTpUBaTh ABUTATEJIbHYIO YCTaHOBKY (1Y) pakeTsl
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B KayecTBe OObEMHOTO MCTOUHUKA U3JTyYeHUs s
nepBbIX ceKyHa nojieta PKH u Obuiu nipeaioXeHbl
METOJIMKM pacueta myma Y, KoTopbie ¢ MOMOIIbIO
pacyeToB MO3BOJISIIOT OMPEIEIUTh 3BYKOBOE JaBJie-
HUE B OKPYXAIOLIEH cpelie.

B ocHOBe MeTOIMKM pacyeTa JIEXKUT MOAETUPO-
BaHUe aKycTudeckoro mnous ot ctpyu Y PKH kak
00BbEMHOTO0 MCTOYHMKA u3nydeHusl. Dusnueckas
MOJIEb AKYCTUUECKOTO T0JIs1, FEHEPUPYEMOTO CTPY-
eil IV kak razoreHepatropom, IIpUMEHSIETCs B TIep-
Boie 1.5...4.1 ¢ monera PKH, xorma cTpys mojHo-
CTbIO BbIIILIA M3 Ta30X0/1a.

B monenu o6bemMHOro chepruueckoro usydyaress
(GpoHT cepruecKoil BOJHBI IPEICTABISICT COOO
cepruuecKyo TTOBEPXHOCTb, a 3BYKOBBIE JIYUU CO-
[JIaCHO oMnpeeeHU0 (POHTa BOJIHBI, COBIIAIAIOT C
paguycamu cdepsl [7, 8, 16]. B pesyiabsrare pacxox-
JIEHUs BOJIH MHTEHCUBHOCTb 3ByKa YOBIBAeT C yna-
JIEHMEM OT UCTOYHHUKA.

CodepuuHocth (poHTAa HMU3KOYACTOTHOTO aKy-
CTUYECKOIrO TOJisI TMpearnoyiaraeT 3HAYMTEeIbHOE
YMEHbIIEHUE BEJIUMYMHBI 3BYKOBOI'O NaBJIEHUSI C
paccTosiHUEM MO TUMEPOOJUYECKOMY 3aKOHY, 4TO
MpeJCTaBsIeT COO0I 3HAYNTEIbHYIO BEJTUUMHY.

BonHoBoe ypaBHeHUe 7151 9TOTo ciay4yas [4] 3anu-
CbIBAaeTCs B BUJIE

e )2 0? p| 20p

2 G| 2 | T

ot ot ror
Ijie p — 3BYKOBOE [aBJICHHUE, ¢, — CKOPOCTb 3ByKa B
cpene, ¢ — BpeMsl, ¥ — pacCTOsIHUE OT LieHTpa cde-
pUUYECKOM BOJIHBI 10 TOUKU HabaoneHus. YacTHoe
pellieHrWe B3TOro ypaBHEHHUS ISl pacXoAasileics
BOJIHBI (PacIpOCTpaHSIOICCS B TTOJIOXUTEIbHOM
HaIpaBJIeHUU ) UMEET BUT

D . r . r
p=—exp|io|t——||=p, exp| io| t—— ||,

r c ¢
rle p; — aMILIMTYyja 3ByKOBOIO JaBJI€HMs Ha pac-
CTOSTHUM €IMHUIIbI JUTMHBI OT LIEHTpa cepbl, ®» —
Kpyrosasi 4acrora, p; = p,. /r, p,, — aMIUIUTYy/1a 3BY-
KOBOT'O JIaBJIECHWS Ha PACCTOSIHUM €UHULIbI JUTUHbI
BOJIHBI OT LIEHTPa CephI.

3aKoH yObIBaHMsI MHTEHCUBHOCTH 3ByKa I B che-

PUYECKOW BOJIHE KBAAPATUYHBINA:

[:P,ZV,/(2PCO)211 /rz’
e 1, =p} /(pc,).
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I. U. Cokon, B. FO. Komnos

IIpu yBenumueHnuun mapamerpa kKR u3nydaTess
(k — BomHOBOE 4mncClIO0, R — paguyc M3Tydaroleit
MOBEPXHOCTU) chepuuecKasi BoJHA MPUOIMXKAETCS
K T1ockoit. Hampumep, mist yactotsl 100 Tix (ainHa
BOJIHBI A = 3.4 M) MNpU pPaccCTOSIHUM » OT LIEHTpa
ncroyHuka 3Byka 0.25 M cuBur a3z mojydaeTrcs
paBHBIM ¢ = 65°, a st yacToThl 5000 Iir (A = 6.8 cm)
MpU paccTossHuM * = 1 M caBUT (a3 MeXTy aKTHUB-
HOM M pPEaKTUBHOM COCTABJISIIOIIMMU W3IYyUYCHUS
paseH ¢ = 0.5°.

B pab6otax [14, 15] onpenenieH nuamna3oH 4acTOT
U3JydeHUus1 KojebaHui U BOJHOBOM mapameTp kR
MPUMEHHUTEbHO K KOHKPETHOM KOHCTPYKIIMU pa-
KeTbI-HOCUTEJISI.

3a xapakTepHbIil pa3Mep uU3aydaTesisi TpUHST pa-
JIAYC cpe3a coruia IBuraresis. B 3aBucumMocTy ot au-
aMeTpa cpesa coIljia, XapaKTEpHOro pa3mepa Mo-
BEPXHOCTU aKyCTMUECKOTO M3Jydaresisd, Ha OCHOBE
pacyeTa BeJIMYMH BOJIHOBOTO ITapamMerpa kR ompe-
JeJIsIcs TUIl uaimydaresst. st nnamerpa coruia 1.5 M
u auana3oHa 4yactor ot 31 go 8000 Iir ompeneneH
BOJIHOBOI pa3Mep aKyCTUYECKOIro UCTOUHUKA U3y~
yeHus kR.

[TapameTp kR = 1 pasrpaHu4uMBaeT IBe MOIECIN
u3nydyeHust. M3 U3BECTHBIX COOTHOIIEHUM KJlacCu-
YeCKOM aKyCTMKU U3BecTHO [4, 7, 8, 16], uto nipu
kR < 1 ¢ppOHT aKyCTUUYECKOTO MU3Ty4yeHUs chepuye-
ckuii, mpu kR > 1 ¢ppoHT umeer popMy IUIOCKOI
BOJIHBI. [IprMHSIB BO BHUMaHUE 3TU COOTHOIIEHMS
JUUISI IPUBEIEHHBIX BbIIIE KOHCTPYKTMBHBIX Tapa-
METPOB cpe3a CoIlIa, CIelyeT ONMUPaThCsl Ha 3Have-
HUE TPAHUYHOM YaCTOTHI fr]p = 225 Ii1, KoTopasi pa3-
JIeJISIeT 1Ba BUIAa aKyCTUYECKOIO IT0JIS: frp <225 T —
(bpoHT akycTHUECKOI BOJIHBI C(DEPUUYECKOTO THIIA,
T. €. MICTOUHMK aKyCTUYECKOTO U3JTyYeHUS — MOHO-
noJib. Jast frp > 225 Tt — (pOHT aKyCTUYECKOM
BOJIHBI TJIOCKOTO THTIA.

Tak Kak Ha oKpyxXKalllylo cpeay npu padore 1Y
PKH neiicTBylOT BbITEKAIOIIME M3 COIJIA Ta3bl B
BUJI€ TIPOJIYKTOB CrOPaHUs, TO MOXHO MPUMEHUTD
MOJIEJIb aKYCTUYECKOTO MU3TYYEHUSI OT OOBbEMHOTO
WCTOYHMKA.

Taxkoil MICTOYHUK aKyCTUUECKOTO U3TYyYeHMS arl-
MPOKCUMUPYETCS cepruyeckuM usaydareseM C
00beMHOI ckopocTblo. [IJ1s1 pacueTa aKyCTUUYECKOM
MOIITHOCTU W MCTONb3YIOTCS M3BECTHBIE B aKyCTU-
Ke cooTHoueHust [17]:

18

npui>d, kR<1—

3 2 4
W=%U2’ (1)
npuA<d,kR>1—
|
W:np'ToQ. )

METOIMKA PACYETA AKYCTUYECKHUX
XAPAKTEPUCTHUK I10JIA. AITOPUTM U ITPOT'PAMMA

B ocHOBY pacueTra akycTUUE€CKOI MOIIIHOCTU CTPYH
KaK 00beMHOT0 U3IyJyaTess MoJ0XeHa TeOpUs U3-
JIy4eHMSs 3ByKa cupeHoii. PacueT 3ByKoBOro nasJe-
HUSI B c(hepUUIECKOM TI0Jie TPOBOAMUJICS B TOUKE,
OTCTOSIIIIEH OT cpe3a COoIja Ha pacCTOSHUU 18 M.
JIJ1s1 BceX 4acTOT aKyCTUYECKOIO U3Ty4YeHUsI 00beM-
HBIM u3Jy4yaTeiaeM, MeHbiux 225 Ii1, 3HauyeHue
YPOBHSI 3BYKOBOI'O JaBJIE€HUS B TOUKe » = 18 M He
npesbimaeT 153 n1b. Hanpumep, Ha wacrore 31.5 Iix
YPOBEHb 3BYKOBOTO JaBJeHUS cocTaBUT 136 nb.
JI71s1 BceX 4acToT aKyCTUYECKOTO U3JydyeHUsT 00b-
eMHbBIM u3jaydaTeieM, Oonbiiux 225 [i1, ypoBeHb
3BYKOBOTO AaBiieHUs1 cocTaBUT 153 nb. DTo aky-
CTUYECKOE W3JIyYeHUE pacHpOCTpaHsIETCS BIOJb
CTpyU. 3BYKOBOE JaBJI€HUE YBEJIMUMBAETCS Ha ya-
crotax 31...250 Ii1 COOTBETCTBEHHO YBEIMYEHMUIO
4acToThl. MakcuMaabHOE 3HAYeHUE YPOBHS 3BY-
KOBOTO JIaBJICHWS Ha JacToTe, 0am3Koit K 250 Iii,
cocrapisieT 136 nb.

[TomoOHBIE 3aBUCHMOCTU YPOBHSI 3BYKOBOTO
NaBJEHUS OT YaCTOThl MOXKHO HaOJII0AATh IJIS1 BCeX
3aJlaHHBbIX Temieparyp. M3aMeHeHus TeMIiepaTypbl
OKa3bIBAIOT HE3HAYMUTEJbHOE BJIMSIHUE Ha 3Haye-
HUE YPOBHSI 3BYKOBOI'O IaBJICHMSI.

VYuer BausHUS Ha ABMXKEHME JIETAJILHOTO amlia-
pata aTMOC(EepHOTo BeTpa CBsSI3aH B paKeTOCTPOE-
HUM C UCCIAEHOBAHUSIMU B 00J1aCTU IMHAMMKHU pa-
keT. B 1963 . paspaboraHa u BBeleHa B JIEICTBUE
Metonuka No 1 (No 2) 3agaHusi BEeTpOBBIX BO3/eH -
CTBHI1 TIpM MPOEKTUPOBaHWH pakeT [6]. MeToanka
MO3BOJIAJIa pa3padoTaTh METOIOJIOTUIO BbIOOpa He-
00XOIMMBIX yIpaBJIsioIIUX yeuauit. OqHaKo B JaH-
HOIi paboTe HE paccMaTpUBAIOTCS aKyCTUUECKUE
MOJISI, OKpYXKaloIllre pakeTy Ipu cTapTe.

WcTounnky akycTUYeCKUX KOJIeOaHM HeIsTCs
Ha JIBa BUJA: IIepBUYHBIE (M3Iy4eHUsI OT paboTaro-
LIMX arperaToB pakeThl) U BTOPUUYHbIC (OTpaKeHUe
BOJIH OT IIEPBUYHBIX UICTOYHUKOB) [5].
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Memod, modeav u memoduka pacuema aKycmuueckux uziy4eHuil 0gueamenvHoil ycmanosku 6 nepgoie 1.5...4. 1 cekynowl nosema

I1pu 06TeKaHUM TIOTOKOM TBEPAOTO Tejia [IUJIMH-
IpUIecKoil (DOPMBI TeHEpPUpPYeTCs 3BYK, TTOJNYIMB-
WA B aKyCTUKE Ha3BaHHME <«30JIOBBI TOHA», WU
BuxpeBoit 3ByK [1, 9]. Xapakrep oOTekaHUsI Teja
HEeCXXMMaeMOil XUAKOCTbIO OMpenessieTcs BeTUuun-
Hoii yucna Peiinonbaca (Re) [2, 3]. [Tpu paznuuHbIx
3HauyeHusIX yuciaa Re kapTuHa oOTekaHus cylle-
CTBEHHO pa3inyHasl.

[IpoBenemM BbIUMCIIEHHE YAaCTOTHON XapaKTepu-
CTUKHU aKyCTUYECKOTO T0oJsl Takoro tuma. CrekTp
BMXPEBOTO 3ByKa COCTOUT M3 CPAaBHUTEILHO CIIab0-
ro Hepa3pbIBHOTO (hoHA (BUXPEBOI IIIyM) X OJHOIO
PE3KOT0 BBICOKOTO M OCTPOTrO IMUKa, 3HAYUTETbHO
MepeKphIBAIOIIETO MO CBOEH MHTEHCUBHOCTHU yKa-
3aHHBINA (oH. YacToTa, oTBevaroliasi 3TOMY MHUKY,
Obl1a 00OBEKTOM MHOTOYMCICHHBIX MCCAEIOBaHU
[3], ocHOBHOIT pe3yJbTaT KOTOPBIX ITOATBEPKIAET
¢dopmyy, BeiBeneHHYI0 CTpyxajiem:

XV
A =R

rae X — koabduuueHt, R — Ija1MHa 00TEKaeMOro
LHWIMHIpA, U — CKOPOCTb MOTOKA, 00TEKAIOIIEro
UMIMHAP. 151 pakeThl ¢ panuycoM Kopryca R =3 M
U MPU CKOPOCTSIX BO3AYIIHOTO MOTOKA, MPUMEPHO
paBHbIx 10 1 20 M/c, o ¢opmyse Ctpyxais pac-
CYMTaHa YacToTa OCHOBHOTO ToHa. OrpeneseHo,
YTO YaCcTOTa 3BYKa «30JIOBBIX TOHOB» SBIISICTCS MH-
(pa3ByKOBOIi 1 ocTaBisieT IpuMepHo 1.6...2.4 [T1 u
3.2...4.8 Ti1 coorBeTcTBeHHO. ToO ecThb, Mpu 0OayBa-
HUU BETPOM KOpIlyca pakeThl, CTOSIIIEH Ha cTapTe,
reHepupyetcst ”H(GpPa3ByKOBOE aKyCTUYECKOE ToJIe.

dusnyeckass MoeJb aKyCTUYECKOTO MOJis, Te-
Hepupyemoro ctpyeit JIY kak rasoreHepaTopom
npumeHsercs: B nepsbie 1.5...4.1 ¢ monera PKH,
KOTJa CTpys MOJHOCTBIO BHIIIIA U3 Ta30X0a.

s pacyeTa aKyCTMYECKUX XapaKTEPUCTUK pa3-
paboTaHbl alTOPUTM W Tiporpamma. i pacyeTa
YPOBHEI 3BYKOBOTO JaBJIEHUSI COCTAaBJIEHbI ajro-
put™ U miporpamMma. CocTaBlieH aroOpyuT™M 1 Haru-
caHa TporpaMma Ui pacueTa XapakKTepUCTMK WH-
(pa3Byka B 3aBUCUMOCTH OT CPEIHETOMOBBIX TEM-
neparyp okpyxatoiteit cpeapl (—32 °C, +20 °C, +43°C)
Ha vyacTtoTax oT 31.5 mo 8000 Iii. Bce mporpamMmbl
cocTaBIIeHHI Ha sA3bIKe Java [19].

B mporpamMmme ipon3BOASATCSA pacyeThl MOIITHOCTH
3ByKa w, UHTeHCUBHOCTU [ (B ImporpamMme 00O3Ha-
yeHa TMepeMeHHON infense) 1 3HaYeHUsT 3BYKOBOIO
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NaBJIEHMS p,, B TOYKE, HAXOISIIEHCS HA PACCTOSHUM
7 OT UICTOYHUKA U3JIyYeHUS.

B miporpammy 3ay10KeHbI CIIEAYIONIE UCXOIHbIE
JaHHBIE IS pacyeTa:

® 1 — KOJIMYECTBO comel (B mporpamme n = 1),

e d — nuamertp coria Ha cpese (d = 1.51 mm),

® U — MaKCHMaJlbHasi CKOPOCTb r'a3a B OTBEPCTU-
sax (v =2624.6 m/c),

® ¥ — pAcCTOSIHUE OT UCTOUYHUKA U3TyYeHUs (¥ =
=18.248 m)

*fre , — Jacrora uHdpassyka (f,, o 0 Tir).

B otnenbHOM MaccuBe femperature Map 3aniicaHbl
3HAUEHHUSI CKOPOCTU 3ByKa B raze ¢ M IJIOTHOCTHU
rasa p JJiss 0003HaYEHHBIX BbIIIE TeMITEpaTyp.

ITporpaMma cOCTOUT M3 JABYX BJIOKEHHBIX 1IH-
KJIOB. BHEIIHMI IIMKJT co31aeT TaOIUILy, B KOTOPYIO
BITOCJICICTBUU OYIYT 3alIMChIBATLCS IMOJIYYEHHBIE B
pe3yibrate pacueta JaHHBIC IJISI CPEIHEroIO0BBIX
TeMIIEpaTyp ¢ KaXKIbIM U3MEHEHMEM YacTOThI Ha 3a-
JIAHHBIN 11ar.

HM3meHeHMe 4acTOThl MPOW3BOAUT BHYTPEHHUIA
LIMKJI, TOCTENIEHHO YBEJWUYMBasl 1Iar ¢ yBeJIUYeHU-
eM ee 3HaueHus1. Harmpumep, B Anana3oHe 4acToT OT
65 mo 125 Iy mar cocrapnser 5 i1, a mpu nuamna3oHe
yactoT oosbiie 500 Iir mar cocrasusget 500 Iir. Ot
3HAUEHUS MPU HEOOXOAMMOCTH MOXKHO U3MEHSITD,
TeM CaMbIM HacTpanBas HEOOXOIMMYIO TOYHOCTB
JaHHBIX. LIMKJI cpa3y yBelIMuUMBaeT 3HAUCHUE Ya-
crotel Ha 0.5 IiI.

Jajee BEIYUCIISICTCS JUTMTHA BOJIHBI A TT0 (hopMyIIe

rA=c/f.

[ToyryduB MIPOMEXKXYTOUHBIN pe3ysbTat, Mporpam-
Ma CpaBHUBAET 3HAYeHUE AJIMHBI BOJIHBI A C JUAME-
TPOM coruia d:

e eciu A < d, mabHENIIIMe pacuyeThl MOIITHOCTU W/
npou3BoasTcs o opmyie (2),

e ecv A > d, pacuet mpoBoguTcs o opmyie (1).

[TonyyeHHbIE B pe3ysabraTe pacuera 3HauyeHUs
MOILIHOCTHY 3ByKa W MoMoraroT BbIYUCIUTbH 3HAYE-
HUE MHTEHCUBHOCTHU 3BYKa intense:

/4
4nr?

Hanee mporpaMma NpOU3BOIUT pacyeT 3BYKOBO-
ro AaBJEHUS B TOUKE U3YYEHUSI U HA PACCTOSTHUU F
OT UCTOYHMKA U3TydeHUs1. B mporpamme 3Tu 3Haue-
HUS 3alaHbl epeMeHHbIMU pPa n pPaR coOTBeT-
CTBEHHO.
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p, b
160

150

140

33 39 45 51 57

6365
f, T

95 125 225300 500 2500 4500 6500

Ipacdviku 3aBUCUMOCTH 3BYKOBOTO JIaBJICHHSI OT YACTOThI NP 3aIaHHbIX TeMIeparypax f =
=32 °C (xpuBas [), +20 °C (kpuBas 2), +43 °C (xpuBas J3). (i1 5KOHOMUHU MecTa LieHa

IIKaJIbl 4aCTOT USMECHACTCS CKa‘-IKOOGpaSHO)

DopMyJIbl 115 pacyeTa UMEIOT CASAYIONINIA BUIL:

® B TOUKE U3JIYYEHUS P, =~/ -pC ,

e Ha PACCTOSHUM » OT MCTOYHMKA W3TYICHUS
Pupa =~N1-pc/r.

[TonyuyeHHbIE B MacKajisix BEIUUYUHbBI HY>KHO Te-
peBecTu B Aenubensl. Mcronb3dyeM ypaBHEHUE Je-
LUOeN ISl aMIUTATY, YTOOBI MOJYYUTh HEOOXOAU-
MYI0 pa3MEpHOCTb 3BYKOBOTo AaBjieHus. s pac-
yeTa TakKe YCTAaHOBJIEHA MOCTOSIHHAS NaBJECHUS, B
nporpamMMe o0OO3HaueHHasi KakK KoHCTaHTa BN 1.
HToroBast hopMyina BEIUUCICHUS BBITJISIAUT CIIEIY-
IOIIMM 00pa3oM:

Popy =201e(p,,p, / BN _1) .

Hanee Bce MoJydeHHBIE B TEKYIIeH WTeparuu
LIMKJIa 3HAYEHMSI 3alMChIBAIOTCS B TaOJIUILY, ITOATO-
TOBJIEHHYIO 3apaHee BHEIIHUM LIMKJIOM.

[Tocyie aTOr0 BHYTpeHHUI LUK BO3BpallaeTcsl Ha
CBOE HAa4yaJlo, CPAaBHUBAET I10 YCIOBUIO TEKYIIEE 3HA-
YeHHe YacTOThl C 3aJaHHBIMU B MPOrpaMme U OyaeT
CUMTATh IO TeX MOp, TOKa 3HAUE€HHUEe YaCTOThI HE CTa-
HeT paBHbIM 8000 Ii1. ITocie 3TOro UMKII 3aBEPIIAT
CBOIO pabOTy M 3aKOHYUT PabdOTy MpOrpaMMbI, 3a-
KPBIB COCIMHEHWE C TAOIMIICH 1T 3aITMCH JTaHHBIX.

JAHHBIE PE3YJIBTATOB PACYETA

[To pe3ynbraTamM pacyeToB Ha OCHOBE pa3paboTaH-
HOIl mporpaMMbl ObLIM TOJYYE€HBbl 3aBUCHUMOCTU
3BYKOBOTO JIaBJIEHUS p OT YacTOThI f HA 3aJaHHBIX
temriepaTypHbix ypoBHsx (—32 °C, 20 °C u 42 °C),
MpeACTaBIeHHbIE B TAOIMIIE Y HA PUCYHKE.

OBCYXKIEHMUE ITOJTYYEHHBIX PE3YJIBTATOB

CorjlacHO KOHCTPYKTMBHBIM AaHHBIM AuameTp d
cpesa coruia paBeH 1.51 M. Torma it Bcex usmydyae-
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MBbIX aKyCTUYECKUX BOJIH, JUIMHA BOJHBI A KOTOPBIX
MeHble 1.51 M, paccuuThIBaeM aKyCTUYECKYIO
MOIIIHOCTb 110 hopMmyiie (2), a ecliv yacToTa fu3iy-
YaeMbIX aKyCTUUECKMX KOJieOaHWii He TpeBbIIIacT
225.17 TIix, To o popmyite (1).

JaHHbIe pacyeToB IIOKa3aju, YTO 3HAYCHHE
YPOBHSI 3BYKOBOTO JIaBJICHUSI HA YACTOTE MPUMEPHO
250 TIix cocraBnsier 150...155 nb. 3BykoBoe maBie-
HUE BO3PACTAEeT OT HU3KUX YACTOT K BLICOKUM B TN -
amasoHe 4acTtoT, Hmke 250 Ii. MomiHocTh 3ByKa
Ha 4yacTtore uanydyeHus: 31.5 i1 mpubIM3UTETBHO
oyner paBHa 0.3 'Bt nmpu ypoBHe 3ByKOBOTO J1aBJie-
Hus 137 nb. A npu dactorax oxkojo 250 Iir Mori-
HOCTB 3ByKa cocTaBUT IpumepHo 28 I'BT, a ypoBeHb
3BYKOBOTO JaBjieHus Oynet paBeH 153 nb.

ITogoOHbBIE 3aBUCUMOCTH YPOBHSI 3ByKOBOI'O 1aB-
JIEHUSI OT YaCTOThl MOXKHO HaOJIIOIATh JIST BCEX 3a-
IaHHBIX TemIlepatyp. M3MeHeHUsT TeMIlepaTyphl
OKa3bIBalOT HE3HAUUTEIbHOE BIUSHUE HA 3HAUeHHE
YPOBHSI 3BYKOBOTO JIaBJICHUSI.

3aBHCHMOCTD 3BYKOBOTO IABJIEHHS OT YACTOTHI
NPH 33/IAHHBIX TEMIEePaTypax

p, nb
f, T
t=+43°C t=+20°C t=-32°C

315 136.96 133.7 134.55

63 147.07 144.14 144.9
125 155.15 152.59 153.25
250 153.62 152.52 152.76
500 153.62 152.52 152.76
1000 153.62 152.52 152.76
2000 153.62 152.52 152.76
4000 153.62 152.52 152.76
8000 153.62 152.52 152.76
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AHaMM3Upysl TOJTYyYeHHBIE PEe3ylIBTaThl MOXHO
cleIaTh BBIBOM, UTO JIJIST BCEX YAaCTOT aKyCTUIECKOTO
M3Ty4eHrs] 00ObeMHBIM M3TydaTeieM MeHbImx 225 Ti1,
BEeJIMYMHA YPOBHSI 3BYKOBOTO IAaBJICHUS B TOYKE
7= 18 M cOCTaBUT BeJIMUMHY, MEHbIIIYIO yeM 153 nb.
Hamnpumep, Ha yactore 8000 Ii1 ypoBeHb 3ByKOBOTO
nmaBieHus coctaBuT 136 nb. Takoe akycTuyeckoe
M3JyyeHUEe BO3MOXHO Ha y4yacTKe IoJieTa PaKeThl
1.5..4.1c.

BBIBOJbI

1. ITpenyioxeHa HOBasi MOAEIb aKyCTUUYECKOTO TOJIsI
oT apurareibHoil ycraHoBkM PKH kak oobemHOro
WCTOYHUKA M3JTydeHUs B mepBble 1.5...4.1 ceKyHmpbl
nojeta. I1py 3TOM ISl UMEIOLINUXCS KOHCTPYKTHUB-
HbIX naHHbIX 1Y PKH 1 paccuuTaHHOro BOJIHOBOIO
rmapameTpa cjieyeT ONMpaThCsl Ha 3HAaYeHWEe TPaHNd-
HOI1 4acCTOTBI frp = 225 Ii1, KxoTopasi pa3meisieT IBa
BMZIA aKyCTUYECKOTO MOJIS: frp <225 Ii1 — (ppoHT aKyCTH -
YeCKOI BOJIHBI c(peprIeCcKOro THUIIa, frp > 225 I —
(pOHT aKycTMYECKOM BOJIHBI IUIOCKOro Tuma. Jlms
BCEX YAaCTOT aKyCTUYECKOro U3IYyYEHUS] OOBEMHBIM
u3ydyaTteneM MeHbIux 225 Iii, 3HaYeHUe YpPOBHS
3BYKOBOTO JAaBJICHMS B TOUKE » = 18 M HE MpPEeBBICUT
153 nb. Hanpuwmep, Ha yactote 31.5 Ii1 ypoBeHb 3BY-
KOBOTO JaBJieHus1 coctaBUT 136 n1b (pacuersl 110 ya-
CTOTHOMY JMAITa30HY IPUBEAEHBI B TEKCTE).

2. Pa3zpaboTtaHa meronuka pacueTa XapakKTepu-
CTUK aKyCTWUYeCKUX m3nydyeHuit mpu crapre PKH,
KOTOpAasi 1aeT BO3MOXHOCTb OINPEACIUTh BETUIUHbI
aMIUTUTYJ aKyCTUUECKOTO JaBJIeHUsI, aKyCTUUYECKIE
BO3JEUCTBUS Ha KOPITYC PaKEThI U XapaKTep aKyCTH-
YECKHUX ITOJICH.

3. IlpencraBieH METO MCCIIEIOBAaHUI aKyCTUYE-
CKOTO U3JIy4eHUs TIPU CTapTe pakeT KOCMUUYECKOTO
Ha3HA4YeHMsI, OCHOBAHHBII Ha OIpeAeICHUN BEIN-
YMHBI BOJHOBOIO ItapamMerpa kR aKyCTMYECKOTrO
HUCTOYHMKA.

4. JIng pacyeta akKyCTMUECKMX XapaKTePUCTUK pa3pa-
0OTaHBI AITOPUTM M IIpOTpaMMa Ha sI3bIKe Java.

5. laHHBIE pacueToB IMOKa3aJii, YTO 3HAYCHME
YPOBHSI 3BYKOBOTO JaBJICHUS HA 4acTOTE MPUMEP-
Ho 250 Iix cocrasister 150...155 nb. U3yuyenne 3a-
BUCUMOCTHU 3BYKOBOT'O JaBJEHUs OT YacTOThI MpHU
3aJJaHHBIX TeMIEPaTypPHbIX YPOBHSIX BHEIIIHEH cpe-
apl ¢ = -32, 20 u 42 °C nmokasajo, YTo U3BMEHEHUSs
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TeMIepaTypbl OKa3bIBalOT HE3HAUYMUTEJbHOE BN -
HUE Ha 3HAaYEHME YPOBHSI 3BYKOBOTO NABJICHUS.

6. AKycTHYeCcKOe M3JIydeHHe Ha ydacTKe IoJieTa
pakeTsl 0...1.5 ¢ TpeOyeT yroYHeHMsT U3-3a TOTO, YTO
CTpYsl MOJIHOCTBIO WJIM YacTUYHO 3ariydjieHa BO
BHYTPEHHIOIO MOJIOCTh [a30X0/a.
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JIHIMpOBCbKUM HalliOHATBHUN YHIBEPCUTET
iMm. Onecst Tonuapa, JIHinpo, Ykpaina

METOA, MOAEJIb TA METOJJUKA
PO3PAXYHKYAKYCTUYHUX BUITPOMIHIOBAHb
JIBUTYHHOT YCTAHOBKU Y TEPIII 1.5...4.1
CEKYHIU ITOJIbOTY PAKETH KOCMIYHOI'O
NMPU3HAYEHHA

IMpu crapri paketTn KocmiuHoro mpusHaueHHs (PKII) B
arMocdepi BUHMKAIOTh Pi3HOMAHITHI 3a XapakKTepoM BHU-
MPOMiHIOBaHHS aKyCTUYHi 1oJisi. ToMy HEOOXiTHO BUSBUTHU
0COOJIMBOCTI i BU3HAYUTU HAMPSIMKU AOCTiIKEHb aKyCTHY -
HOro BuUIlpoMiHtoBaHHA npu ctapti PKII Ha ocHOBIi ysB-
JIEHb TPO TE€HEepPYBAaHHsS Ta TOIIMPEHHS 3BYKOBUX XBUJIb.
BaxxiuBuM € po3paxyHOK aMILIiTyIHO-4aCTOTHOI XapaKTe-
PUCTUKHU aKyCTUYHOTO BUMIPOMiHIOBaHHS. 3HAHHS YaCTOTU
BUIIPOMiHIOBaHHSI aKYCTUYHUX XBUJIb JO3BOJISIE 3ACTOCYBA-
TU BilOMi B KJIACUYHill aKyCTUILli MOJIEJi JOBrOXBUIbOBUX
i KOPOTKOXBWIbOBUX BUIIPOMiHIOBaHb. Lle cyrreBuii dak-
TOD, SIKWIA A€ YSIBICHHS MPO CTIIPSIMOBAHICTh aKyCTUYHOTO
TOJIs1 i TO3BOJISIE CIIPOCTUTHU PO3PAXYHOK BETMIUHU 3BYKO-
BOTO TUCKY B 3aJIEXKHOCTI Bil 3MiHU BincTaHel Big akepesa
KOJIMBaHb 10 TOYKHU, JIe TIepedyBae yMOBHUIA criocTepiray.
Meroto 11i€i pOOOTHU CTaJIO0 CTBOPEHHS METOY MOJICJIIOBAH-
HSI CTPYMEHSI SIK JKepeJia aKyCTUIHHUX KOJIMBaHb Ta PO3PO-
OJIEHHST METOJUKHU PO3PaXyHKy HIYMY PYXOBOI YCTaHOBKU
pakeTh KOCMIYHOro mpu3HayeHHs y nepuri 1.5...4.1 ¢ no-
JIBOTY, @ TAKOX CKJIaAaHHSI aJITOPUTMY i TPOrpamMu UIsl po3-
paxyHKy aKyCTUYHMX XapaKTepUCTUK. B ocHOBI MeTomuku
PO3PAXYHKY JIEXKUTh MOJIETIOBAHHS aKyCTUUYHOTO TOJIS Bif
nBUTYHHOI yctaHoBKM PKII sk 06’eMHOTO mXKepena BU-
npomiHioBaHHs. CrIoYaTKy BU3HAYAETHCS Aialla30H YacTOT
BUIIPOMiHIOBaHHSI KOJIMBaHb, JUISI SIKOTO MOXe OyTH 3aCTO-
COBAaHO Take MOJAEJIOBaHHS. 3aJleXXHO Bill IiameTpa 3pi3y
COIlIa i XapaKTepHOro po3Mipy MOBEpXHi BU3ZHAYABCS TUI
aKyCTUYHOTO BUIPOMiHIOBauya. ¥ Mozeni o0’eMHoro cge-
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PUYHOTO BUIIPOMiHIOBaYa (POHT chEpUYHOI XBUJIi Mae
cepruHy MOBEPXHIO, a 3BYKOBi MPOMEHI, 3TiIHO 3 BU3HA-
4YeHHSIM (DPOHTY XBUII, 30iraloTbes 3 pamiycamu cepu. B
pe3yJibTati po30iXKHOCTI XBUJIb IHTEHCUBHICTb 3BYKY 3MEH-
IIYETHCSA 3 BilaICHHSM Bijl JKepesa. 3alpornoHOBaHO MO-
Jie/b BUIPOMiHIOBaYa aKyCTUYHUX KOJIMBaHb Ta METOAUKY
pO3paxyHKy wymy ABUTryHHoi yctaHoBku PKII B mepmri
1.5...4.1 c noabOTY, IO JO3BOJISIIOTh BUSHAYUTU 3BYKOBUI
THCK B HABKOJIMIITHBOMY cepenoBuiii. [IpomoHyeThCs BBa-
KaTh CTPYMiHb ABUTYHA O0’€MHHMM aKyCTUUYHUM [Xepe-
oM. Po3po06ieHo aJropuT™ Ta rporpamy s po3paxyHKy
aKYCTMYHMX XapaKTEePUCTUK HAa MOBi TporpamMmyBaHHsI Java.
3a pesyabTaTaMu po3paxyHKiB Ha OCHOBI pO3p00JIEHOT IPo-
rpamMu OyJuM OTpUMMaHi 3aJIeXKHOCTI 3BYKOBOTO THMCKY Bij
YaCTOTU Ha 3aJaHUX TeMIIEPaTypHUX PiBHIX 30BHIIIHHOTO
cepenosuia (-32, 20 i 42 °C). Ha ocHOBi oTpuMaHUX pe-
3yJIBTaTiB MOXHA 3pOOUTU BUCHOBOK, IO JUISI BCiX YacCTOT,
MeHIIMX 3a 225 11, piBeHb 3ByKOBOT'O TUCKY B TOULIi 7= 18 M
CTAaHOBUTHUME BEJIMYMHY, MeHIy, HixX 153 1b. Hanpuknan,
Ha yactoti 8000 I11 piBeHb 3ByKOBOI0O TUCKY JOPiBHIOBATU -
me 136 nb. Take akyCTUYHE BUITPOMiHIOBaHHS MOXJIMBE Ha
NiHLI noJboTy paketu 1.5...4.1 c. 3MiHU TeMmepaTypu
MaroTh He3HAYHUIl BIUIMB Ha 3HAUYEeHHsS PiBHS 3BYKOBO-
ro Tucky. Po3pobieHa MeTonuka po3paxyHKy aKyCTUIHUX
BUNpoMiHIOBaHb Ipu crapTi PKIT nae MoxiauBicTh BU3Ha-
YUTHU BEJIMUYMHU aMILIITY]l aKyCTUYHOTO TUCKY, aKYCTUUHU I
BIJIMB Ha KOPIYC PaKeTH i XapakTep aKyCTMYHHUX MOJIiB.
[IpencraBieHo METON AOCHIAXEHb AKyCTUYHOTO BUIIPOMi-
HIOBAHHS TPU CTapTi paKeT KOCMIYHOTO TMPU3HAYEHHS Ha
OCHOBI BU3HAYEHHS XBUJIHLOBOTO MapameTpa kR.

Karouoei caosa: moaenb, 00’eMHe aKyCTUUYHE JKEPEJIO, CTPY-
MiHb PaKETHOTrO JBUTYyHA, METOAMKA PO3PaxXyHKY, iH(dpa-
3BYK, aKyCTU4YHi BUIIPOMIHIOBAHHS, JBUTYHHA YCTaHOBKA,
3BYKOBMI1 TUCK, PaKeTa KOCMIYHOTO IIPU3HAYEHHSI.

G. 1. Sokol, V. Yu. Kotlov
Oles Honchar Dnipro National University, Dnipro, Ukraine

METHOD, MODEL AND CALCULATING
TECHNIQUE FOR THE PROPULSION SYSTEM’S
ACOUSTIC RADIATIONS IN THE FIRST 1.5...4.1
SECONDS OF THE SPACE ROCKET FLIGHT

Many different acoustic fields appear in the atmosphere dur-
ing the start of a space rocket. Therefore, it is necessary to
identify the features and determine the research directions of
acoustic emitting at the start of a space rocket based on ex-
isting ideas about the generation and propagation of sound
waves. It is important to calculate the amplitude-frequency
characteristic of acoustic emitting. Knowledge of the emitting
frequency of acoustic waves makes it possible to apply mod-
els of long-wave and short-wave emitting, known in classical
acoustics. This is an important factor that gives an idea of
the acoustic field direction and makes it possible to simpli-
fy the calculation of sound pressure magnitude as a function
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of distance variation from the source of oscillations to the
point where the conditioned observer is located. The aim of
this study was to create a method for modeling a jet flow as
a source of acoustic oscillations and to develop a technique
for calculating the noise of a propulsion system for a space
rocket during the first 1.5...4.1 seconds of flight and also
compiling an algorithm and a program for calculating acous-
tic characteristics. The calculation technique is based on the
modeling of the acoustic field from the propulsion system of
the space rocket as a volumetric radiation source. First, it is
necessary to determine the frequency range of the oscillation
radiation, for which such modeling is applicable. The type of
radiator was determined depending on the diameter of the
nozzle cut and the acoustic radiator surface’s characteristic
size. The low-frequency acoustic field front sphericity as-
sumes a significant decrease in the magnitude of the sound
pressure with distance according to the hyperbolic law which
is a significant magnitude. An acoustic oscillator model and a
technique for calculating the noise of a propulsion system of
a space rocket in the first 1.5...4.1 seconds of flight are pro-
posed. They make it possible to determine the sound pressure
in the environment. It is proposed to present the flow of the
engine as a three-dimensional acoustic source. An algorithm
and a program for calculating acoustic characteristics in the
Java programming language were developed. According to the
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results of calculations based on the developed program, the
dependence of sound pressure on the frequency at the given
temperature levels was obtained. Based on the calculations,
a graph was drowned which shows the change in the sound
pressure level at adjusted point A with increasing frequency.
The sound pressure dependences on frequency are obtained
at given temperature levels of the external environment (-32,
20, and 42 °C). The obtained results show that for all acoustic
emission frequencies less than 225 Hz the value of the sound
pressure level at the point » = 18 m is less than 153 dB. For
example, at a frequency of 8000 Hz, the sound pressure level
will be 136 dB. Such acoustic radiation is possible on the rock-
et flight leg from 1.5 to 4.1 seconds. The temperature changes
have little effect on the value of the sound pressure level. The
developed technique for calculating acoustic radiation at the
start of the RCS makes it possible to determine the values of
the acoustic pressure amplitudes, the acoustic effects on the
rocket body and the nature of the acoustic fields. A method
for studying acoustic radiation during the launch of a space
rocket based on the determination of the wave parameter kR
is presented.

Keywords: model, volume acoustic source, jet engine flow,
calculation technique, infrasound, acoustic radiation, pro-
pulsion system, sound pressure, space rocket.
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KOMILTEKCHOE MOAN®UIINPOBAHUE MHOT'OKOMITIOHEHTHBIX CILUIABOB

Llenv pabomer — paspabomxa mexnonoeuu KOMHAEKCHO20 MOOUDUUUPOBAHUS MHO2OKOMNOHEHMHbIX cnaaeos cucmembvl Ni-Cr-Al-Ti-Mo-
W-Co ducnepcrvimu komnosuuusmu. OcHosoili moouguxamopa cayxcun HaHooucnepcHolil Moouguxamop — kapoorumpud mumara Ti(C,N).
Hanonopowiku modugukamopa noayueHst Ha yemaHosKe nAazMoXUMU4eckoeo cunmesa. Hayuroii HosusHoi pabomoi s1semes ycmaHos-
AeHUe MeXAHUMa Oelicmeust MoOUPUKamopa é pacniage. JKkCnepumMeHmanbHolM nymem YCmaHo8AeHO ONMUMALbHOe KOAUHeCMB80 600U~
M020 moduguxamopa. Onpobo8arHsL MeMnepamypHo-6peMeHHbIe NApamenpbl MOOUGUUUPOSAHUSL. Y CMaHO8ACHbL 3AKOHOMEPHOCU BAUSHUS
MOOUDUUUPOBAHUS OUCNEPCHOLL MY20NAABKOT KOMNO3ULUUeH KapOOHUMpUOa mMUmana Ha NOGbIUEHUE KOMIACKCA CEOLICIE MHOOKOMNO~-
HEHMHO20 HUKene602o cnaasa. TlonyuenHvle pesyavmamol UCNOAb308AHbL HA MAUUHOCHPOUMEAbHOM NPEORPUMUY OAs. NOBbIUEHUS MeXA-
HUMECKUX U KCHAYAMAUUOHHBIX C0LICME HCAPONPOHHBIX CNAABO8 O/ NONAMOK 2a30MypOUHH020 d8ucamens. B pesyavmame nposedeHHbix
UCCAe008aHUIL NO MOOUGUUUPOBAHUIO MHOZOKOMNOHEHMHbIX HUKenesbix cniasos 2KCIAK, 2KC6Y oas nonamok 2azomypourHbix deueame-
Jell YCMAaHoBAeHO, YO0 66e0eHUe KOMNAEKCH020 MOOUGUKAMOpa Ha 0CHO8e HAHONOPOWIKA KapOOHUMPUOa MUmMana  pacniae npugooum K
CYUIeCMBEHHOMY UBMEHEHUI0 CIMPYKmypbl cnaagos. Hanouacmuuypt kapboHumpuoa mumana caysicam 0onoAHUMeNbHbIMU UEHMPAMU Kpu-
cmannuzayuu. Popmuposarue npu MoOUGUUUPOSAHUU MENK03EPEHHOU CPYKIIYPbL U YIPOUHEHHO20 MEep0020 pacmeopa npueoodum K nosbl-
UWIEHUI0 MEeXAHUMECKUX U IKCNAYAMAUUOHHBIX CBOLICME CNAABA, YMO UMeen 8aJCHOe NPaKmu4eckoe 3HaueHue. JJocmueHymo 3Hauumenstoe
nOGblLEHIE NPOYHOCIMHBIX U NAACMUECKUX c6olicm6: 6, noebiuero Ha 10 %, op— na 13 %, 6 — na 10...30 %, KCU — na 44 %. floaeo-
BEUHOCHIb CHAABA, 6 3A8UCUMOCHIU OM HANPACeHUs uchbimaruil, nosviwera 0o 30 %. Tlocae ucnsimanuii Ha Jcapocmoiikocme enyouHa
KOpposuu 6 MOOUGUUUPOBAHHBIX CHAABAX YMEHbUICHA & cpedHeM Ha 25 %, umo noomeepicoaem 3ggexm Mooupuuuposarus.

Karoueevie caoea: nukenesoie cniasvl, HAHOKOMNOUYUU, CIMPYKMYPA, MEXAHUYECKUe U IKCNAYAMAUUOHHblE C80LICMEa, MOOUpU-
yupoeatue.

BBEJIEHUME

B aBuauuu u TypOOCTpOCHUU MPUMEHSIOT XXKapo-
MPOYHBIE MHOTOKOMITOHEHTHBIE HUKEJIEBBIE CITIaBHI,
KOTOpPBIE JTODKHBI MMETh CTPYKTYPHYIO TepMOCTa-
OUJIBHOCTb, BBICOKYIO >XapOINPOYHOCTb, JJIUTENIb-
HYIO IIPOYHOCTb.

B mnpobGieme moBbILIEHUs] 3KCIUTyaTallMOHHOMN
HaeXXHOCTU U JOJTOBEYHOCTU M3IEIUIl MaTepua-
JIOBEZICHUE SIBJISICTCSl OMPENESIIOIINM, MTOCKOJbKY
ONTHMAaJbHO BHIOpaHHbIE KaYeCTBEHHbIE MaTepua-
JIbI CIIOCOOHBI 00ECIIeUnTh BHICOKUI pecypc U 3¢-

© M. B.TPEKOBA, A. B. KAJIMHUH, E. A. JIZKYP, T. B. HOCOBA, 2019

(hekTUBHOCTDH PabOTHI MpHu TemriepaTypax ao 1100 °C
B TEUEHUE COTEH YACOB MPU BHICOKMX CTATUYECKUX
U AMHAMUYECKUX Harpy3kax.

B coBpeMeHHBIX aBMALIMOHHBIX ra30TYpOMHHBIX
JIBUTATEJISIX Ha J0JI0 KapOINPOYHbIX CILJIABOB MpU-
xomutcs mo 40 % maccel nBuratens. [1pu aTom pa-
00TOCTIOCOOHOCTH BCEro aBUAIlMOHHOTO JABUTATEs
orpezensieTcsl paboTOCHOCOOHOCTHIO JIONATOK Typ-
OuHsbI [1].

VYcnoBust padotsl tonaTtok B I'T/I HOBOro noxoJie-
HUS CTAHOBSATCS BCE 00Jiee HANIPSDKEHHBIMU B CBSI3U
C MOBBILIEHUEM TEMITEPATYpPhI Ia3a Ha BXOJE B Typ-
OuHY, pecypca U HUMKINYHOCTU pabOThI ABUTATEIIS.
OTU BKCTpEMaJIbHbIE YCJIOBUSI TPEOYIOT MPUMEHE-
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HUSI TIEPCIEKTUBHBIX MaTEpPUAIOB C YIYYIICHHOM
CTPYKTYpPOIi U CBOMCTBAMU.

D¢ GEeKTUBHBIM CIIOCOOOM M3MEIbYEHUS CTPYK-
TYPHBIX COCTAaBJISIIOIINX CIUIABOB SIBJISICTCS MOIM-
(puupoBaHre MHOTOKOMIIOHEHTHBIX CILJIABOB Ha-
HOAMCIEPCHBIMU KOMIO3uLusaMu [2, 3].

3agaya MarepuajloBeJleHUs] 3aKJIIoUYaeTcsl B CO3-
JaHUKU COBPEMEHHBIX BBHICOKOXAPOMPOUYHBIX CILia-
BOB CO CTaOMJIBHOM CTPYKTYpPOIi, CITOCOOHBIX pabo-
TaTh MPU BBICOKUX TeMITepaTypax U HaIpsKEHUSIX.
Ilenpio maHHOU pabOTHI IBIsIETCS pa3padoOTKa TexX-
HOJIOTMX MOAU(ULIMPOBAHUS HUKEJIEBOro CIUiaBa
cucteMbl Ni-Cr-Al-Ti-Mo-W-Co HaHopucnepc-
HBIMM KOMIIO3ULIMSIMM, IIOJIYy4eHHBIMU METOIOM
rjazMoxumMuueckoro cuHresa. Heobxoaumo uzy-
YUTh CTPYKTYpPHbIE M3MEHEHUs B CIUlaBax, B3au-
MOCBSI3b CTPYKTYPbI CO CBOMCTBaMU U BIUSIHUE Jie-
TUPYIOIIUX 3JIEMEHTOB Ha CTPYKTypOoOOpa3oBaHue B
MHOTOKOMIIOHEHTHBIX CIIaBax.

MATEPHYAJIBI 1 METOIbI ICCJIEJJOBAHU

MarepuaaoMm MCCIeAOBaHUS CIYXWIM Kapornpod-
Hble HUKeseBble criaBbl XKC3AK, )KC6Y, npume-
HSEMBIe IIJIST U3TOTOBIICHUST paOOYMX JIOITATOK Ta30-
TypOMHHOTO ABUTATENS (TAOJINLIA).

MerannorpagruueckumM MeTOAOM HCCiel0BaHa
MaKpoO- ¥ MUKPOCTPYKTYpa 00pa3lioB, BEIPE3aHHbBIX
U3 JIONATOK, 0 U MOocjie MOAU(ULUPOBAHMUSI.

151 onipenesieHUs KapornpoyHOCTH CILJIaBOB 00-
pasiibl ObUIM MOABEPXKEHBI UCIIBITAHUSIM Ha BBICO-
KOTeMIIEpaTypHYIO KOPPO3UIO, a TAKKE CTEHIOBBIM
WCTIBITAHUSM Ha JOJTOBEYHOCTb.

PE3VJIBTATBI ICCJIEJOBAHUI

[TpoBeneHbl  OMBITHO-MPOMBIIICHHBIE  IJIABKU
crutaBoB 2KC3/1K, 2KC6Y B UCXOTHOM COCTOSTHUU U
¢ MOJU(UKATOPOM.

Xumunyeckuii coctas HCCJIeAYyEMBIX CILJIABOB

PazpaboTraHa TexHosorust BBoga MoaugukaTopa B
paciuiaB, BKJIIOYalollasi: ONTMMM3AlIMIO COCTaBa
KOMILJIEKCHOTO HaHOMOAW(pUKaTOpa; OIpeneacHue
criocoba BBoa MonuduKaTopa B pacriiaB; YyCTaHOB-
JIEHWE TeMIlepaTypHO-BPEMEHHOIO peXXKrMa TIaBKHU.

JJ1s1 BBO/IA ITOPOIIKOB MOoAM(MUKaTOpa B pacijiaB
pa3paboTaHa TEXHOJIOTHS, COCTOSIIA U3 TPeX ITa-
moB. Ha mrepBOM aTame MeTomoM IMOpOITKOBOM Me-
TaJUTyprUU B aTTPUTOPE CMEITUBAIA TTOPOIIKN HY-
KeJIEBOIo CIljlaBa ¢ MOPOLIKOM Moaudukaropa. Ha
BTOPOM 3Tarie MPOBOAUIN MPecCOBaHUE MOPOILIKOB
B CTaJIbHOI Mpecc-dopMme. TpeTbUM 3TaroM sIBJIsI-
JIOCh BBEICHME TIOPOIIKa B KUAKUI pacruias [2, 4].

TeopeTnyeckoit OCHOBOM aTTPUTOPHOI 00padOT-
KU SIBJIIETCS MPEACTAaBICHUE O CUCTEME IIaphI-TIO-
POIIOK KaK MHOTOKOMITOHEHTHOU BSI3KOW YXUJIKO-
CTH, MHTEHCUBHOCTD TIepeMEIeHNST KOMITOHEHTOB
KOTOPOI1 onipeaessieTcs TypOyieHTHOU nuddysueit.

C 1e/1b10 ONTUMU3ALUU MAKPOCTPYKTYPbI, MOJTY-
YeHUsI paBHOMEPHOM MOJU3APUUIECKOI, MEJIKOKPU -
CTaJUTMYECKOM CTPYKTYPhI Ha JionaTKax ObLIO OIpo-
6oBaHo MomuduumupoBanue cruiaBoB KC3IAK,
XKC6Y HaHOaMCIIEPCHBIMU KOMITO3ULIMSIMU B Ta-
OJIeTUPOBAaHHOM BUJIE.

OcHoBoI1 MoaM(dUKaTOpa CIIYKII HAHOAUCIIEPC-
HbIi MogudukaTop — KapoonuTpu tutaHa Ti(C,N).
CocTaB CIIpecCOBaHHBIX TabJIETOK: HAHOIOPOIIOK
Ti(C,N) u Ti pazmepom 50...100 Hm; moporiok Ni pa3-
mepom 20...40 mxm; Al-niynpa [4]. HaHomopotiiku ro-
JIydeHbl Ha YCTAHOBKE TJIa3MOXMMUYECKOTO CUHTE3a.

DKCcnepuMeHTaIbHbBIM TYyTEM YCTaHOBJICHO OIl-
TUMaJIbHOE KOJMYECTBO BBOAMMOIO MoauduKaTo-
pa: 0.15...0.20 % ot maccsl paciiaBa. Opo6OBaHbI
TEMIIepaTypHO-BPEeMEHHBIEC ITapaMeTphl MOIuQu-
LMPOBaHUs: TeMItepaTypa pacruiasa 1600 £ 10 °C;
BpeMs1 JeiicTBUs Moaudukaropa 3...5 MUH TIpU Me-
XaHWYECKOM TTepeMeITMBaHUM.

CTpyKTypa MHOTOKOMITOHEHTHBIX HUKEJIEBBIX
cmiaBoB 2KC3AK, 2KC6Y — rerepodazHas, mpem-

Mapka ConeprxaHue 311eMeHTOB, % mac.

CIuiaBa Al Ti Cr Mo W Co C Mn, Si Ni
KCeY 5.2...5.8 2.2...2.8 8.6...9.3 1.2...1.6 9.8...105 9.4...10.4 0.13...0.19 <0.2 OcH.
JKC3AK | 4.0...48 | 25...3.2 11.0...125 | 3.8...45 3.8...4.0 8.0...10.0 0.10...0.15 <0.4 OcH.
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Puc. 1. MuxpoctpykTypa ucxogHoro criaBa 2KC3JI1K: a — ouaru pa3pyieHus Ha CThIKE 3epeH, 6 — BKJIIOUEHMS pa3TuuHOi MOp(osorun

Puc. 2. MuxpoctpykTypa HemomupuimpobanHoro craba XKC3J1K: ¢ — nBoiHMKOBBIE 00pa30BaHUS B CTPYKTYpe, 6 — MUI000pa3Hast
TPaHUIIA 3ePeH y-TBEPAOTO pacTBopa (yBeauueHue Ha puc. 1 u 2 — mopsimka 1000)

CTaBJIsIIOIIAsl CO0OIl BBICOKOAVCIIEPCHBIE YaCTUIIBI
v-da3bl, paBHOMEPHO paccesHHbIE B MaTpUIlE U3
TBEPIOTO PacTBOpa JIETUPYIOIIMNX DJIEMEHTOB B HU-
keje. Bee ryronnaskue serupytoiue 3aemeHTsbl (Ti,
V, Cr, Zr, Nb, Mo, Hf, Ta, W, Re) yBenuuuBaioT 00-
JIACTh cylllecTBOBaHUs y-da3sbl [5].

HayuHoii HOBU3HO# pabOTHI SBJSIETCSl YCTAHOB-
JIeHUe MexaHM3Ma JefcTBUS MonuduKaTopa B pac-
maaBe. OCHOBHBIM MEXaHU3MOM SIBJISIETCSI TBEPIO-
pacTBOpHOE ympouyHeHHWe. BciaenacTBue obemHeHUs
v-(aspl TyroraBKumu osjaeMeHTaMUu 3PGheKTUB-
HOCTb TBEPIOPACTBOPHOTO YIIPOYHEHUST YMEHbBIIIa-
eTCSI W CHUXAeTCs COMPOTHBIICHUE CKOJIBXEHUIO
JIUCJIOKAIIMIA, YTO TIPUBOAMUT K MOHMXKXEHUIO Xapo-
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MPOYHOCTU. AJTIOMUHUI 1 TUTAH SIBJISIIOTCS Y-00pa-
3YIOLIMMHU, BXOIST B Y-TBEPIbII paCTBOP U SBISIOT-
Cs OCHOBHBIMU YIPOYHMTEIIMU. TakKuM oOpa3om,
YIIPOUYHEHNE CIIOXKHOJernpoBaHHOro crutaBa KC3/1K
MPOUCXOAUT 3a CUET: YIIPOUHEHUS Y-TBEPAOrO pac-
TBOpa, HAJIMYMS TUCIIEPCHBIX (ha3, yBEIUUYEHMUS KO-
JyecTBa y-has3bl, YMEHbIICHUSI CKOPOCTU YKPYII-
HeHus y-dasbl py pabouux TeMneparypax.
MexaHu3M AeiicTBusl HaHOMoAUbUKAaTOpa B pac-
TJ1aBe 3aKJII0YaeTCsl B TOM, UYTO Ha TIOBEPXHOCTSIX Ya-
ctuil Ti(C,N) nmpoucxoaut 3apoxaeHue ITepBUYHbBIX
KPUCTAJLJIOB aycTeHUTHOM Y-(a3bl. HaHoMonuduka-
TOp AUCTICPTUPYET ACHIPUTHI IIEPBUIHOTO ayCTCHM -
ta B cruiaBe ZKC3J1K. MccaenoBaHue MakpoCcTpyK-
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Puc. 4. Crpykrypa MmomudunupoBanHoro craba KC3JIK: ¢ — mMakpocTpykrypa 10 MoauduIMpoBaHus, 6 — MUKPOCTPYKTYpa Mocie
MonudupoBanus (yBeaudeHre — nopsaka 50 u 500 cooTBETCTBEHHO)

TYpBI CITJIaBa B UICXOTHOM COCTOSTHUM TTOKA3aJI0, YTO
CTPYKTypa CIUIaBa KpaliHe HEONHOpOJHa IO ceye-
Huto. OGHapyKeHbI KPYIMHbIe BKIIOUEHUST Ha CThIKE
rpaHuil 3epeH. Takue BKIIIOUEHUS] MOTYT CIIy>KUTh
KOHIIEHTPATOpaMM HAMPSDKEHWIT M oYaraMu pas3Bu-
THSI TPEIIMH IpH KCIUTyatanuu (puc. 1, a).

Nzyuenne Mmopdoaornm BKIIIOUESHHH TIPU YBEIH -
yeHuu nopsaka 1000 (puc. 1, 6) nokazajio HaTu4Kue
BKJTIOUCHMI pa3IMIHBIX (POPM OT MHOTOTPAaHHIKOB
1o riactuH. [lnacTuHYaTbie BKIIOYEHUS ObLTU A1 -
HOI1 6...14 MKM; BKJIIOYEHUSI KBaJApaTHOM (OPMBI —
CO CTOPOHOIA 4...6 MKM.

Ha moBepxHocTM 00pa3iia BbISBIEHBI KpYITHbBIE
JEHIPUTHI ¢ TPYOBIMU JIMHUSIMU CKOJIbKEHMS (pHC. 2,
a); 00pa3yloTCs KpYITHbIE, BEITSIHYTHIE 3€pHA, COPUEH-
TUPOBAaHHBIE TIEPIIEHANKYISIPHO K TTOBEPXHOCTHOMY
cioro. Takast MaKpoCTpPYKTypa MOXKET MPOBOLIMPOBATh
o0pa3zoBaHME KaK TEXHOJOTMYECKUX TOpsiYuX Tpe-
LIMH, TaK W SKCIUTyaTalMoHHbIX. C nuaMeTpaibHO
MPOTUBOMOJIOXKHONW CTOPOHBI — JAEHAPUTHASI CTPYK-
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Typa 3HAUUTENIBHO JMCIIEpCHEe, ACHAPUTHl MMEIOT
0OJIBIIIYIO Pa3BETBICHHOCTD U YIIOPSII0YEHHOCTD pac-
nojoxeHus (puc. 3, 0).

[TpeumyniecTBo Gojiee MEIKOro 3epHa B JUTHIX
HUKEJIEBBIX CILJIaBaX CBS3aHO, IMO-BUIMMOMY, CO
CITOCOOHOCTBIO METKO3EPHUCTOrO Marepuaja pac-
MpeAesiATh HaIMpsDKeHUs cpenud OOJBIIero Jucia
IPaHUII, YTO TPUBOIUT K ITOHIKEHHOMY YPOBHIO
necdopMallui Ha Kaxnou rpaHuile. B moguduiu-
pOBaHHBIX OOpasllax 3epHa MMEIW TOoJUdIpuYe-
CKy10 (hopMy, BeIMUMHA UX TTPAKTUUECKU OJUHAKO-
Ba 1o cevyeHuto nuinda. Ha puc. 4, a npeacrapaeHa
MaKpOoCTpyKTypa HukeneBoro ciiaBa 2KC3J1K-BU,
00paboTaHHOTO MOAMMDUUMPYIOIIUM KOMITJIEKCOM
Ha OCHOBE HAaHOIMCIIEPCHOTO KapOOHUTPUIA TUTAHA.

OcHoBHBIMHU (DazaMu B o0pa3uax cruiaBa 2KC3 /1K
ObuIU: y-(ha3a — TBEP/bI PACTBOP HA OCHOBE HUKE-
JId;  UHTepMeTaUuaHas vy-(a3a Ha  OCHOBE
Ni,;(ALTi); sprektuyeckas ¢asa (y-y'); KapOuabl
MeC u Me,;C; kapoonutpuasl Me(C,N). TIpu us-
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Puc. 5. JonroeuHocThb crutaBa 2KC6Y 10 1 mocie MoaubUILMpoBaHus

YUEHUN MUKPOCTPYKTYPhl MOAUMPULIMPOBAHHOIO
CIUTaBa OBLUIO YCTAHOBJIEHO, UTO BCE BKIIIOUECHMS
(xapOuabl, MTHTepMETA/UINIBI, KaApOOHUTPHUIEL), MM~
IollIMecs B CIIaBe, PABHOMEPHO pacIipeaesieHbl 1Mo
BceMy o0beMy oOpaslia, He o0pasysl CKOIUIEHUM 1
rpynil. Bee BKIToueHUs ObLIY MTPAKTUYECKU OAHOTO
pa3mepa 1...5 MKMm (puc. 4, 6).

®opmMupoBaHue IMPU MOAN(PULIMPOBAHUU YIIPOU-
HEHHOTO HUKEJIEBOTO TBEPIAOI0 pacTBopa U Goiee
Pa3BUTOM 3€pHOTPAHUYHOM CTPYKTYphl IMPUBEIO K
MOBBIIIEHUI0 KOMIUIEKCA MEXaHMYEeCKUX CBOICTB
MoauduupoBaHHoro criaBa KC3JIK (mpenena
MPOYHOCTH, Tpeaena TeKy4ecTU, OTHOCUTEIbHOIO
VIJUHEHMS] U yIAPHOM BSI3KOCTH) MO CPABHEHUIO C
HEMOAU(PULIMPOBAHHBIM COCTOSTHUEM. [{OCTUTHYTO
3HAYUTEJbHOE TOBBIIIEHUE MPOYHOCTHBIX U ILIa-
CTMYECKHUX CBOMCTB: 6, ToBbIeHO Ha 10 %, 6, — Ha
13%,8 — Ha 10...30 %, KCU — Ha 44 %.

OCHOBHOI 3KCIUTyaTallMOHHOW XapaKTepUCTU-
KOl HUKEJIEBbIX CTUIABOB SIBJISIETCS KapOMPOYHOCTb.
BeITn TIpoBeleHBI CTEHAOBBIE MCIIBITAHUST Ha JOJI-
roBeyHocTh Npu Temieparype 900 °C. Moaudpuum-
poBaHHbBIe 00pa3lbl BbIASPXKUBAIU 10 Pa3PyLICHUS
OoJibIIee KOJUYECTBO YaCOB, YeM HEMOIM(UILIUPO-
BaHHBbIe OOpasubl. Ilpu cratMyeckoil Harpy3ke B
400 MIla momuduumrpoBaHHbIe 00pa3Lbl BBIIEP-
XuBanu B cpexHeM 120 4, B To BpeMsI KaK KCXOIHbBIE
— BcpeaHeMm 90 4, T. e. 1OJTOBEYHOCTb BO3pOC/ia Ha
30 %. B 3aBCMMOCTH OT HaIIPSKEHMS IIPH UCITBITA-
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HUAX, JOJITOBEYHOCTh IMOBBICIIACH OT 6 mo 30 %
(puc. 5).

O XKapOoCTOMKOCTH CIIaBa CYIWJIN TI0 Pe3yibra-
TaM UCITBITAaHWI Ha BEICOKOTEMITEPaTypHYIO KOPpO-
3uto (FOCT 6130-71). IToce Kaxkaoit TepMOIKCIIO-
3ULIMU UBMEPSLIIN ITyOUMHY KOPPO3UU. YCTAaHOBJIEHO,
YTO BO BCeX 00pasliaXx MMeJI0 MECTO BHYTpeHHee
okucieHue. bojaee MHTEHCUBHOE BbICOKOTEMIIEpa-
TypHOE OKHCJIEHME HaOJIonaIu B HeMOAU(UILIMPO-
BaHHBIX oOpaslax IiyouHoir okono 40 MKM IO
CpaBHEHMIO C MOAU(ULIMPOBAHHBIMU OOpa3LaMH,
rae riayomHa Koppo3uu coctaBmia g0 30 mxm. Ta-
KM 00pa3oM, JOCTUTHYTO CHIKEHME KOPPO3HOH-
HOro noBpexaeHus Ha 10 MkMm, T. e. Ha 25 %.

BbIBO/1bI

1. YcTaHOBIIEHO, UTO KOMILIEKCHOE MOIU(PUIIUPO-
BaHUeE >XKaponpOYHbIX HUKeIeBbIX cIiaBoB 2KC3/1K,
XKC6Y Bnuser Ha GOpMUPOBAHKE MEJTKOINCIIEPC-
HOU CTPYKTYpPbl C paBHOMEPHBIM pacnpeneieHueM
JIETUPYIOIIMX 2JIeMEHTOB. B pe3ysibrare BBeeHUS B
pacruiaB HaHOYACTUIl KapOOHUTpMUIA TUTaHA JO-
CTUTHYTO 3HAYUTEJIbHOE W3MeEJbYeHUE MaKpo-
CTPYKTYPHI JIOTIAaTOK aBMauMoHHbIX ['T/I.

2. ®opMupoBaHue TIpyu MOIUGULIMPOBAHUM OoJiee
PAa3BUTOM 3¢pHOTPAHUYHONM CTPYKTYPBI ITPUBEJIO K I10-
BBILLIEHUIO KOMILIEKCA MEXaHUYECKUX CBOMCTB MOJIM-
¢ummpoBanHoro craba 2KC3/K. Jocturayro 3Ha-
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YUTEJILHOE MOBBILLIEHNE TPOYHOCTHBIX U ITACTUYECKMX
CBOICTB: G, moBbleHo Ha 10 %, 6. —Ha 13 %, 6 — Ha
10...30 %, KCU — Ha 44 %.

3. JIOCTUTHYTO MOBBILIEHNE SKCITIYaTallMOHHBIX
CBOMCTB. JIOJArOBEYHOCTL CIUIABa, B 3aBUCUMOCTH
OT HaIpPsXKEHUS UCTIBITAHNIA, ToBbIcUIach Ha 30 %.
[Tocyie MCIBITAHUI Ha XapOCTOMKOCTL MIyOMHA
KOppO3uU B MOAMGULIMPOBAHHBIX CIUIABAX YMEHb-
LIUJIAch B cpefgHeM Ha 25 %.
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KOMITJIEKCHE MOJIMN®IKYBAHHSA
BATATOKOMITOHEHTHUMX CITJIABIB

MeTtoto poOOTH € PO3poOKa TEXHOJIOTii KOMIIEKCHOIO MO-
nupikyBaHHSI 0araTOKOMIIOHEHTHUX CIUIaBiB cucteMu Ni-
Cr-Al-Ti-Mo-W-Co pucnepcHumMu KoMmmo3uiisiMu. Oc-
HOBOIO MoaudikaTopa CIy>KWB HAHOAMUCIIEPCHUM Momudi-
katop — kapOonitpun titaHa Ti (C, N). HaHomopoiku
moaudikatopa OTpUMaHO Ha YCTAHOBLI IJIa3MOXiMi4YHOTO
cuHTe3y. HaykoBoio HOBW3HOIO POOOTH € BCTAHOBJICHHS
MexaHi3My aii Moamdikaropa B po3ruiaBi. EkcriepuMeHTab-
HUM IIJISIXOM BCTAHOBJIEHO ONTHMAJIbHY KiJIbKiCTh MOIM(i-
Katopa, 110 BBOAUTHCS. BuUmpoOyBaHO TeMmepaTypHO-4a-
coBi mapameTpu MoaudikyBaHHs. BcTaHOBIEHO 3aKOHOMIp-
HOCTi BIUIMBY MOAU(DIKYBaHHSI AMCIIEPCHOIO TYTOIUIABKOIO
KOMIIO3ULIi€I0 KapOily TUTAHY Ha MiIBUUIEHHS KOMIUIEKCY
BJIACTUBOCTEI 0AaraTOKOMIOHEHTHOTO HiKeJIEBOTO CILIaBY.
OTpuMaHi pe3yabTaTd BUKOPMCTaHO Ha MAlIMHOOYIiBHOMY
MiANPUEMCTBI JUIsl MiABUILEHHSI MEXaHIYHMX i eKcIulyaTa-
LIMHUX BIACTUBOCTEH KapOMIl[HUX CILJIaBiB IJIsI JIOMATOK
ra3otypOiHHOTro ABUTYHA. B pe3ysbrati mpoBeaeHUX 10CTia-
XeHb 3 MOAMGiKyBaHHS 0araTOKOMITOHEHTHUX HiKeIeBUX
criasiB 2KC3J1K, 2KC6Y mist monarok ra3oTypOiHHUX IBU-
TYHiB BCTAHOBJICHO, 1110 BBEAEHHSI KOMIUJIEKCHOTO MOIMi-
KaTopa Ha OCHOBi HAHOMOPOILKIB KapOOHITPUAY TUTAHY Y
pPO3IUIaB MPU3BOAUTH 10 iCTOTHOI 3MiHU CTPYKTYPH CIUIABiB.
HanowacTku KapOOHITPUIy TUTAHY CITyKaTh JOAATKOBUMU
LIEHTpaM# KpucTaiizalii. @opMyBaHHS ITpU MOAMDiIKyBaHHI
JIPIOHO3EPHUCTOI CTPYKTYPH i 3MILIHEHOT'O TBEPIOTO PO3UM-
HY MPU3BOAUTH A0 MiABUIIEHHS MEXaHiYHMX i eKCIulyara-
LifHUX BJIACTUBOCTEH CIUIaBy, IO MAa€ BaXJIMBE MPAKTUY-
He 3HauyeHHsI. JloCSITHYTO 3HaYHe MiIBUILEeHHSI MIl[HICHUX i
TUIaCTMYHMX BJIACTUBOCTEN: G, minBuiieHo Ha 10 %, 6, — Ha
13 %, 8 — na 10...30 %, KCU — Ha 44 %. J10BroBiuHicTh
CIUIaBy, B 3aJIe3KHOCTI Bijl HAIPyTu BUMIPOOYBaHb, MiIBULLIM-
nacst 10 30 %. Iicnsa BunpoOyBaHb Ha XXKapOCTiAKiCTh TMOK-
Ha KOpo3ii B Moan}iKoBaHUX CIIaBaX 3MEHILWIACH Y Cepe-
HbOMY Ha 25 %, 1110 miaTBepIKye eeKT MonudiKyBaHHs.
Karouosi caosa: HikeneBuil cruiaB, HAHOKOMIO3ULIii, CTPYK-
Typa, MeXaHiYHi Ta eKCITyaTalliliHi BIaCTUBOCTI, MOTUDiKy-
BaHHSI.
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AN INTEGRATED MODIFICATION
OF MULTICOMPONENT ALLOYS

The aim of the task has been the development of technology
of the complex modification of Ni-Cr-Al-Ti-Mo-W-Co mul-
ticomponent alloys by dispersible compositions. A nanodis-
persed modifier titanium carbonitrides Ti(C, N) served as a
basis of a modifier. Nanopowders of a modifier were obtained
on the facility of plasma-chemical synthesis. The scientific
novelty of the work is to establish the mechanism of modifier
action in the fusion. The optimum amount of modifier input
was determined experimentally. The temperature-temporal
options of modification were tested. Regularities of modifica-
tion effect of titanium carbide dispersible refractory compo-
sition on improving complex properties of multicomponent

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2019. T. 25. No 3

nickel alloy were defined. The results obtained were used at
the machine-building enterprise to increase the mechanical
and operational properties of heatproof alloys for gas turbine
engine blades. As a result of research on the modification of
multicomponent nickel alloys ZS3DK, ZS6U for gas turbine
engine blades it was defined that the introduction of complex
modifier on the basis of nanopowder of titanium carbonitride
into the fusion leads to the substantial modification of alloy
structure. Nanoparticles of titanium carbonitride are the ad-
ditional centers of crystallization. Formation at the modifica-
tion of the fine-grained structure and strengthened solid solu-
tion leads to the improvement of mechanical and exploitation
properties of the alloy, that has an important practical value.
The considerable increase in strength and plastic properties
was attained. Corresponding parameters’ augmentations are
by 10 % inc,, 13 % in oy, 10...30 % in 8, and 44 % in KCU.
The longevity of alloy increased by 30 % depending on the
tension of tests. After tests on heat-tolerance, the depth of
corrosion in the modified alloys is diminished by 25 % on av-
erage that confirms the effect of the modification.

Keywords: nickel alloy, nanocomposites, structure, mechanical
and operational properties, modification.
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NCCJIETOBAHUE KPYITHOTABAPUTHBIX
KOHCTPYKIIMH U3 KOMITIO3ULIMOHHBIX MATEPUAJIOB
HA TEPMOPASMEPOCTABJIBHOCTD

IIpu co30anuu Kocmuueckux annapamos npedssigaitomcs 8blcokue mpeboganus Kk cmabuabHOCMU Y2n08020 NOA0NCEHUS Onmu4e-
CK020 CeHcopa (CKanepa) OMHOCUMEAbHO 36e30H020 0AMUUKA e20 CUCIMEMbL OPUSHMAYUU NPU MENA080M 8030€lUCMEUU 8 YCA0BUSX
noaema. B nazemHbIx ycao8usix sKcnepumMeHmanHo noomeepucoaemes: CmaduibHOCHb Yen08020 NOA0NCEHUS CKAHePa OMHOCUMeNn-
HO 36€30H020 0AMH4UKA NpU MEeNnA060M 8030elCMEUl HA HECYWYH) KOHCMPYKUUIO KOCMUYECK020 annapama npu memnepamype,
04U3KOl K meMnepamype HACMPOUKU CKaHepa Ha 3emae, COOMEemMcmayrueii memnepamype e2o (hyHKYUOHUPOBAHUs Ha opoume.
B c6a3u ¢ oamum axmyanvHoli npo6aemoil 1613emcs pazpadomKa Memoodono2uu IKCnepuUMeHmanbHoil npoeepKu pasmepocmadulbHoO-
cmu Hecyujeil KOHCMPYKYUU KOCMU4eCK020 annapama npu meniogom eosoeticmeuu. Lleavro dannoii pabomul aeaaemces pazpabomxa
MEXHOA02UU IKCNEPUMEHMAALHOU NPOBEPKU MEPMOPAZMEPOCIAOUABHOCIU KPYNHO2AOAPUMHOU Hecyuel KOHCMPYKYUU U3 KOMNO-
BULUOHHBIX MAMEPUAN08 ONMUUECK020 MOHOON0KA KOCMUYECKo20 annapama. JIns SKCcnepumMeHmansHoil npoeepKi yeno802o noao-
JHCEHUSL NOCAOOHHBIX MECM CKAHEPO8 U 36e30HbIX 0AMHUUK08 00bIYHO NPUMEHSAIOM Aa3epHoe 000pydosanue. B pabome paccmompena
PA3pabOManHas MexHoA02Us IKCNePUMEHMANbHOI NPO8EPKU PAZMEPOCMAOUABHOCIU Y2AeNAaCMUKO080L KPYRHOLAOAPUMHOIL Hecy-
wieil KOHCMPYKUUYU ONMU4eck0e0 MOHOOA0KA KOCMUHECK020 annapama npu meniogom eosdeiicmeuu. Ilonyuennvie pe3yabmamoi
UCNbIMAHUL Hecywell KOHCMPYKUUU MOHOOA0KA nOOMEepoulU 8blnOAHeHUe MPeO08aHUIl N0 CMAOULLHOCIU Y2A08020 NONONCCHUS
CKAHepo8 U 36e30HbIX 0amH1UK08, HCeCMKO 3aKPENnAeHHbIX GHYMPU ONMU1ECK020 MOHOON0KA, NpU Menioeom eo3deticmeuu. Paspa-
OOMAaHHAs MEXHON02US NO380ASeM NPOBOOUMD UCCACO08AHUS PA3ZMEPOCMAOUNLHBIX KPYNHO2A0APUMHBIX KOHCMPYKYUI NPU Menao-
60M 6030eiicmeul ¢ NPUMeHeHUeM CReyUalbHo paspadomaHHbIX U NPOMeCcmupo8aHHbIX AA3ePHO-ONMUYECKUX YCmpPoiicme, a mak-
Jce UMUMAMopos8 CKAHepos U 36e30HbIX OAMUUKO8.

Karouesvte caosa: kocmuueckuii annapam, necywjasi KOHCMpYKyusl, mepmopazmepocmaduabHoCmy, Aa3epHO-0nmu1ecKoe YCmpoti-
CM60, UMUMAMOP CKaHepa, UMUMamop 36e30H020 0amM4UKda.

BBEAEHUE

[Tpu co3maHuy COBpeMEHHBIX KOCMUYECKUX allra-
patoB (KA) BaxHy10 poJib UTpaeT oOecIieueHue ux
TepMopa3MepocTadbuibHOCTU. JlaHHas paboTa Mo-

© B. H. MACJIEH, B. B. KABYH, A. 1. IIIV/IPO, 10. B. COXAU,
A. T. KVIPEBATBIX, B. ®. POXXKOBCKWI, C. U. MOCKAJIEB,
M. I. JOBPYIINHA, A. C. KYJIUK, 2019

CBSIIIIEHA WCCIEAOBAHUIO TEPMOPa3ZMEPOCTAONITb-
HOCTHM KPYITHOTA0APUTHOI Hecyllell KOHCTPYKLIUU
onTtuyeckoro MmoHobsioka KA, B koTopoii pa3mela-
JOTCSI CKaHEephl BBICOKOI'O pa3pellieHts], 3Be3IHbIC
MATYUKU U X OJIOKU 37EKTPOHUKH.

ITo TpeboBaHUSIM TEXHUYECKOTO 3adaHUsI Ha pa3-
paboTKy HeCyllei KOHCTPYKIIUU ONTUYECKOTO MO-
HOOJIOKA YIJIOBBIE ITOBOPOTHI MOCAJOYHBIX MECT
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Hccaedosanue kpynHoeabapumHsix KOHCMPYKYULL U3 KOMAOUUUOHHBIX MAMEPUAN08 HA MEPMOPA3MEPOCMAOUNbHOCY

Iunon KperuieHus
CBPII

[TunoH neBbrit

[laHenb ycTaHOBOYHAS

KpoHiureitn mis
kperienus 311

TTnomanku ost
kperienus CBPII

[Nanenb CTanMOHapHasa \Z

[Tanens TopiieBast BepxHsist 1

IMunon kperienust CBP3

[TvnoH npaBbIii

Kpontureitn mist kperutenust 3/12

[Mnowanku aus
kperieHust CBP3

[Manenb y3kast

[Tanens Topuesast
BepXHsis 3

[Nanens TopiieBast BEpXHSIS 2

Puc. 1. O61uii BUA Hecyllei KOHCTPYKIIMU ONTUYECKOTO MOHOOIOKA (CheMHasl TaHe b, 00pasyroiiast

BEPXHIOI0 TPaHb MOHO0JIOKA, HE MOKa3aHa)

CKaHepOB M 3BE3MHBIX JaTIYMKOB TP M3MEHEHUHU
temniepaTypbl Ha =2 °C He 10JKHbBI ITpeBbilath 10,

715t mcciemoBaHusT TEpMOpPa3MepOCTaOMITBHOCTH
KpynHOradbapuTHbIX KOHCTpYKIUi KA nmpuMeHsoT
JIa3epHbIe TPeKephl, MTHTepGhEPOMETPHI U LIU(DPOBLIC
aBTOKoJUIMMaTopkl (cMm. [1, 2, 5, 7, 8], a TakKe caliThl
http://www.trioptics.com, http://www.diagnostika-
spb.ru, http://www.faro.in.ua, http://www.lasertex.
eu). CoBpeMeHHbIE Jla3epHbIe TpeKepbl 00ECIeun-
BaloT, KaK MMPaBWIO, pa3pelieHne 10 1 MKM TP 10~
rpelrHoCcTH 9 MKM B peXmme MHTepdepoMeTpa.
JlazepHbie nHTepdepomeTphl, HarpuMep Laser Mea-
surement System HPI-3D, oGecrnieunBalor paspe-
wenue 10 1 1M [http://www.lasertex.eu]. Pe3ynsraTsl
M3MEPEHUI CYIIIECTBEHHO 3aBHUCST OT MapaMeTpOB
OKpY>KaloIlle Ccpenpl: aTMOC(EpPHOTO MaBICHUS,
TeMIIepaTypbl W BIAXHOCTH Bosmyxa. LlmppoBbie
ABTOKOJUTMIMATOPHI ¢ (DOKYCHBIM PacCTOSTHUEM 00b-
ekTuBa He MeHee 500 MM ITO3BOJISTIOT TTPOBOIUTH W3-
MepeHHEe YINIOBBIX BeJIMYMH BILIOTH A0 0.05" mpwm
PACCTOSTHUU 10 OTpakaTeJIbHOrO 3JIeMeHTa He 00-
sgee 1000 mMm. CrenyeT 3aMeTUTb, YTO IOCTUPOBKA
JIa3epHbIX MHTEPPEPOMETPOB M LIM(PPOBBIX aBTO-
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KOJUIMMATOPOB TPeOyeT CBOOOTHOrO AOCTYyIA K OT-
paxaTeJbHBIM 2JIEeMEHTaM, a TIpUMEeHEeHHUe Mproo-
pPOB BO3MOXHO TIpW TeMIlepaType OKpYyKarolei
cpenbl ot +20 mo +22 °C.

UccnenoBaHusi TepMOpa3mMepocTabUIbHOCTA KOH-
ctpykuuii KA, kak mpaBuiio, MpoBOJSIT B TepMOBa-
KYYMHBIX Kamepax, Mpu 3TOM M3MEPEeHUsI OCYylIeCT-
BJISIIOTCSI CKBO3b CMOTPOBBIE OKHA, UYTO BHOCUT CYIIIE-
CTBEHHBIE TTOTPEITHOCTH B M3MEPEHUS B pe3yJsbraTe
u3MeHeHus1 Koagduimenta npeaomieHus. Kpome
TOTO, U3MEPEHUST CKBO3b CMOTPOBBIE OKHA OTPaHNYH -
BalOT JIOCTYM K UCCJIEAYEMbIM JIOKAJTbHBIM TTOBEPXHO-
CTSIM, Ha KOTOpbIE YCTAHABIMBAIOT OTpaxkaTeJlbHbIe
3JIEMEHTHI.

TocynapctBeHHOe mpennpusitue «KoHcTpykTOp-
ckoe 010po «tOxHoe» um. M. K. fIHresis» coBMECTHO
¢ JIHUIIPOBCKUM HALMOHAJIbHBIM YHUBEPCUTETOM
uM. Onecs ToHYapa UMEIOT OIBIT PadOT I10 MPOEK-
THPOBAHUIO, U3TOTOBJIEHUIO W UCTILITAHUIO TEPMO-
pa3MepoCTabMIIBHBIX KOMITO3UTHBIX KOHCTPYKIIHI
KA, B TOM uuciie o noATBEepXIeHUIO UX nedop-
MaTHBHOCTH B OIpeJeSIeHHbIX Y3KUX AMaIa3oHax
pabouux TemIepaTyp ¢ UCIIOJIb30BaHUEM YYBCTBU -
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Puc. 2. CxeMa U3MEPUTEIBHOM YCTAHOBKK

TeJIbHBIX Jla3epHO-ONTUYeCcKuX ycrpoiictB (JIOY),
KOTOPBIE TTO3BOJISIIOT OTIPEACTUTh TUHEHHBIE TIepe-
MEIIeHUST OOBEKTOB KOHTPOJS C TOTPEITHOCTHIO
(0.5 MKM M MX YIJIOBbIE TOBOPOTHI C MOTPEITHOCTHIO
0.5 3, 4].

OBBEKT NCCJIETOBAHUI
1 IIOCTAHOBKA 3AJAYU

Oo0mbexT uccinegopanuii (OM) nmpeacrapisier coboit
KPYITHOTa0apUTHYIO HECYIITYI0 KOHCTPYKIIMIO OTITH -
yeckoro MoHobsoka KA (puc. 1), cocrosiyio u3
naHeJieil ¥ MAJOHOB JIJIs1 KPEeIJIEHUsI CKaHepa BbICO-
koro paspeieHusi nepeaHero (CBPIT) u ckaHepa
BbICOKOTO pa3peleHus 3anHero (CBP3). Ha cranu-
OHApHOM TMaHEeIM MEXIy MWIOHAMU MMEIOTCS Ba
KPOHIITEHA NI KPeTUIeHUsT 3BE3IHBIX NTaTYMKOB
301 u312.

Bce mnanenu, muionsl kperieHusi CBPIT u
CBP3, a takxe kpoHITeHHBI KperieHus 31 u
312 npencraBasitoT coboil TpybuaTble pamMbl M3
yIJIerjacThukKa, COeAMHEHHbIE B yIJIaX TUTAHOBBIMU
(putrHramu. BHyTpu paMm BKJIeeH COTOBBIN 3amoJi-
HUTEIb U3 altoMUHUeBOl ¢onbru. Ha pambl u Ha
COTOBBII 3aMOJHUTENb C JABYX CTOPOH HaKJIEEHbI
YIJIETIACTUKOBbIC OOIIMBKY. B aHe u 1 B TAJIOHBI
BKJICEHBI TUTAHOBBIC BTYJIKU JUTSI KPETUICHUST TTaHe-
JIel ¥ MUJIOHOB MeKAY CO0O0M U ISl yCTAaHOBKU ILJIO-
manok kpertenuss CBPII, CBP3, 3/11, 312 u ux
0JIOKOB 3JIEKTPOHUKM.

34

YpoBeHb 1mosa

~500

[IIvHBI aBUALIMOHHBIE

OO0Mit BUI HeCylel KOHCTPYKIIUU ONMTUYECKO-
ro MOHOOJIOKa TIpUBeAeH Ha puc. 1.

B npouecce wuccinenoBanuiit OM HeoOxoaumo
OTPENEeUTh YIJIbI TTOBOPOTA TUIOIIANOK KPETUICHUS
ckanepoB CBPII u CBP3 Bokpyr oceit OX u OY u
3Be3aHbIX gaTuynkoB 3/11 u 3/12 Bokpyr oceit OX, OY
u OZ nipyu U3BMEHEHUM TeMIlepaTypbl Ha BEJTUUYUHY
12 °C oT cpenHeli TeMIepaTrypbl B TOMEILEHUMU.

N3MEPUTEJIbHAA YCTAHOBKA

CxeMa U3MEepUTEIBbHOM YCTAHOBKY TSI TTPOBEICHUST
WCIIbITAHUI TTpUBeIeHa Ha puc. 2. B kauecTBe 6a30-
BOM TIJIOCKOCTH ObLIa TMPWHSTA JIMIEBasi MTOBEPX-
HOCTB TTOBEPOYHOU CTAIBHOM TUIMTHI. [JIsT MCKITIO-
YeHUsl BAMSHUS BUOpALIMi, TEepenaloinxcsl yepes
MMoJI, TUIMTAa YCTaHaBIMBAajdach Ha aBMAILlMOHHBIC
muHbL. Takoii crioco0 nemiiupoBaHus XOPOIIIO 3a-
peKOMeHIOBaII ceOsI TS ToIorpacdhMIeCcKrX YCTaHO-
BOK, pabOTAIOIIMX B LIEXOBBIX YCIOBUSIX [7].

OO0BEKT UCCIEAOBAHUI YCTaHABIMBAJICS HA 0a30-
BYIO TTOBEPXHOCTD IJIUTHI HA TPY C(heprIeCcKIe OIT0-
pbl. [1pu aTOM OofHa U3 omop (hUKCHUpOBaIach, BTO-
pasi oropa uMmesia BO3MOXHOCTb TepeMEelIeHUST B
3alaHHOM HaIpaBJIeHUM, a TPEThs Oropa — B JIO-
OOM HampaBJeHUM OTHOCHUTEJIbHO TOBEPOYHOI
mIaThl. Takoe KperuleHue BBI3BAHO XapaKTepPOM
BO3MOXHBIX TTepeMeniennit OU B mpoliecce ero me-
opmarnmii Ipy TETIOBOM BO3ICHCTBUM.
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Jnst obecrieyeHUsT 3aJaHHBIX TeMIIEpaTypPHbBIX
peskuMoB TIpu uctbitanu O mmomertiancs B TeTuio-
WUOJISILIMOHHBIN  MEHOTIJIaCTOBbIM  KOoXyX. Harpes
MPOM3BOIUIICS C ITOMOILBIO 3JEKTPUIECKUX IJIEHOY-
HbIX HarpeBatejeil M TeruioBeHTWISITopoB. KoH-
TpoJib TemriepaTypbl O 1 moBepOYHOI MJINUTHI MPO-
WU3BOJMJICS MPU MTOMOILU BEICOKOTOUHBIX ITUMDPOBBIX
JMaTYMKOB TEMITepaTyphl, KOTOPbIE YCTAHABIMBAIUCH
paBHOMepHO Ha KoHcTpykLuyu OM u Ha Tu11eBoii 110-
BEPXHOCTH TTOBEPOYHON TUIMTHL. BHe Teruromzons-
LIMOHHOTO KOKyXa Ha TTOBEPOYHO TUTMTE MOHTHPO-
BaJIOCh U3MEPUTETbLHOE 000pYIOBaHHUE.

BHeurHuii Bua usmepurebHoi yctaHoBku ¢ O
MpUBEJEH Ha puc. 3.

Haczpeeanue o6sexma ucnvimanuii. Ha ocHoBe aHa-
Jiu3a pacyeta TeMIIEpaTypHBIX Aedopmaiuii Hecy-
1€l KOHCTPYKLIMM MOHOOJIOKA OBLIO OIIpEeAesIeHO,
YTO OCHOBHOM BKJIaJ B YIJIOBBIE medopMaliiy Iio-
IIATOK KPeTICHUsI CKaHEPOB M 3BE3MHBIX JaTYMKOB
BHOCSAT AehOpMaIIvy TTaHe N YCTAaHOBOYHOM M TIaHe-
JIA CTAIlMOHAPHOM, TI03TOMY HarpeBaHUe KOHCTPYK-
muu O mpoBoaMIIOCH CIEIYIOIINM 00pa3oM.

[1py momMolIM MJIEHOYHBIX Harpesaresieil, KOTo-
pble YCTaHOBJIMBAJIUCH TOJ TaHEIbIO CTallMOHAap-
HOIi, TPOU3BOJMUJICS] €€ HArpeB 10 BEJIMYUHbI, IPU-
MepHO Ha 4 °C BbIlIe TOM TeMIepaTypbl, KOTOPYIO
TJIAaHMPOBAJIOCh JOCTUYL 10 BCEMY OOBEMYy KOH-
crpykuuu OUW, 3aTeM I1eHOYHbIE HarpeBaTeInu OT-
KJTIOYaJIICh, ¥ C TeYCHUEM BPeMEeHHU TeMIIepaTypa 3a
CUET KOHBEKIMU BO3AyXa Mepepacrpeaesisiiach 1o
Bcelt Macce KoHCTpyKiu OW. I1pu BeipaBHUBaHUU

T,°C
36 |
34
32
30
28
26

24
2

Puc. 3. BHemHMii BUI U3MEpUTETBbHOI yeTaHOBKM ¢ OU

CcpelHel TeMIiepaTypbl Ha MaHEIU YCTAHOBOYHOU U
HaHeJ ChbeMHOM IMPOU3BOAUINCH U3MEPEHUS YT-
JIOB IOBOPOTOB MMMTATOPOB, YCTAaHOBJEHHBIX Ha
IUIOIIaAKaX KPEIUICHWSI CKAHEPOB U 3BE3IHBIX JaT-
yuKoB. Takoii croco0 HarpeBa IMO3BOJUI AOCTUYb
MOBTOPSIEMOCTU TIporpeBa Bcelt KoHCTpyKuuu OU
MpY MPOBEACHUN SKCIEPUMEHTOB.

Ha puc. 4 npeacrapieHo pacnpenejieHue Temrepa-
TYp Ha IMaHe/IM CTallMOHAPHOM 1 ITaHe) I cbeMHoit OU
C TeUYEHUEM BPEMEHM MPU MEPBOM IKCIIEPUMEHTE.
IIpu aTOM UeThipe BepxHUX Ipaduka XxapakTepru3oBa-
JIN HarpeB IIaHeJIX CTAllMOHAPHOM, YeThIpe HIKHMX
rpacuKa XapaKTepr30Baid HarpeB MaHe I CheMHOIM.
M3MepeHus yriioBbIX TTOJIOXKEHM TJI0IIAN0K Kperuie-
HUS CKAHEPOB W 3BE3[HBIX NATYMKOB TTPOBOIWIIVICH

30 40 50

Puc. 4. Pacnipenienienne TeMIiepatyp Ha MaHeNd CTAlMOHAPHON U maHemu cheMHoit OU ¢ TeueHuem
BPEMEHHM B MEPBOM IKCIIEPUMEHTE

f, MUH
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ITnnTa nosepoyHas CTOIKM ¢ MAarHUTHBIMU

nepxxaressiMu (2 1IT.)

Puc. 5. Cxema pacrmoNOXeHUSI M3MEPUTEIbHBIX YCTPOWCTB LIS
MIPOBEICHUST UCTIBITAHUI

Puc. 6. BHentHuit BT 1a3epHO-ONTUYECKOTO YCTPOICTBA

rocJie Toro, Kak Bce BOCEMb I'pa(hMKOB MaKCUMaJb-
HO cOmmkanmch. JlaHHas TeMIiepaTtypa U MpUHUMA-
JIach 3a CPEAHION0 TeMIiepaTypy KOHCTpykuuu OU.
Yemanosxa uzmepumeavnoix ycmpoiicme. Cxema
pACIIONOKEHUST U3MEPUTENbHBIX YCTPOWCTB IS
MPOBEACHUS UCTIBITAHUI TIPMBEICHA Ha PUC. 5.
M3mepeHne yrioB TOBOPOTOB MOCATOYHBIX TIIOIIA-
JIOK 3BE3MHBIX TATYMKOB M CKAHEPOB TIPOBOIMIIOCH TTO
MOBOPOTaM UMUTATOPOB CKAHEPOB M 3BE3AHBIX IaTUM-
KOB. B KayecTBe MMUTAaTOPOB UCMOJIB30BATUCH ILJIO-

36

CKomapaJule/IbHble CTEKISTHHbIE TIACTUHBI TPEYTOJb-
HoM (hopmbl TommuHOM 10 MM. JIJ1s1 ycTpaHeHusT Ipo-
TMOOB TIPY M3MEHEHWM TeMIIepaTypbl MMHUTATOPBI C
MPUKIIEEHHBIMU CTAJIbHBIMU TJIACTUHAMU CO TLTUDO-
BaHHBIMU COMNPUKACAEMbIMU TTOBEPXHOCTSIMU  yCTa-
HaBJIMBAJIMCh Ha TpU cdepuueckue MLIMGOBAHHbIC
OIOpbI, KOTOPbIE aBTOMATMUYECKW KOMIICHCUPOBAIU
JIMHEHBIE TeMIlepaTypHble YUIMHEHUSI UMMUTaTOPOB.
B reomeTprueckoM LIEHTPE TPEYTroabHUKA, 0Opa30BaH-
HOTO OITOpaMM, Ha IMUTATOPaX KJICWINCh OTpaXkaTe I
(3epkana) jJazepHoro Jiydya. Takoe TeXHMUeCKoe pelie-
HMe TIpelBapUTeIbHO alipoOMPOBAIOCH B JTabOpaTOp-
Hbix ycaoBusix JIHY um. Onecst [oHyapa meTonom ro-
Jiorpapuueckoit MHTep(epoMeTprUr 1 10Ka3aao CBOKO
paboToCroCcOOHOCTb. YIJIbl TTOBOPOTOB MMUTATOPOB
BOKpyT oceii OX, OY u OZ nipy uUBMeHeHUU TeMIiepary-
pel OU M3Mepsuch crnocodoM, aHAJIOTMYHBIM aBTO-
KOJITMMALMOHHOMY [2, 5], TIpy MOMOIIY CHeLMaIbHO
pa3paboTaHHBIX JIA3€PHO-ONTUYECKUX YCTPOMCTB (CM.
puc. 6). JlazepHO-ONTHUYECKME YCTPOICTBA YCTAHABIIN-
BaJIMCh Ha TTOBEPOYHOI TTUTE P TIOMOIIN TETUTON30-
JIMPOBAHHBIX MAarHUTHBIX CTOEK, KOTOpBIE pa3Mela-
JIUCh BHE TETUIOU30JISILIMOHHOTO KOXKYXa.
JlazepHo-onTHUYECKOE YCTPOMCTBO COCTOUT U3 3a-
KpeTUIeHHbIX Ha CTOIKE C MATHUTHBIMU AepKaTeIsIMU
TOJTYTIPOBOTHUKOBOIO Jiazepa, Kamepbl ¢ I13C-Mma-
TPUIICH, OCTUPOBOYHOIO OJIOKA M OTpakaTeis Jlazep-
HOTO JIy4a, KOTOPBI YCTaHaBJIMBAJICS Ha OOBEKTE
KOHTPOJIsI (MMUATATOPE C OTPaKaTeIbHBIM 3€PKaJIOM).
[IpuHiun ero paboThl COCTOUT B ciemyromieM. [eHe-
pYpyeMblii Ta3epoM JIyd OTpaxkaeTcsl OT 3epKajia, ycTa-
HOBJICHHOTO Ha MMuTarope, 1 nomnazgaet Ha [13C-ma-
Tpuily kamepbl JIOY, nmpu momolyd KOTOpOW peru-
CTpPUpYETCsl TIOJIOXKEHUE LIEHTpa JIa3epHOIo TIsITHA.
[1pu U3BECTHBIX FEOMETPUUYECKIX MTapaMeTpax B3auM-
HOT'O PACIIOJIOKEHUS Jla3epa, MMUTATOpa C OTpaka-
TeJbHBIM 3epKajioM u Kamepbl JIOY mo BeauunHe
CMellleHUs LIeHTpa Ja3epHoro mstHa Ha [13C-maTtpu-
11e KaMephbl BEIYUCIISIETCSI YTOJT TTOBOPOTa MMUTATOPA.
Takum oOpazom, CBeIEHO K MUHUMYMY KOJilye-
CTBO TepeoTpaxarolnx MOBEPXHOCTEM, a cienoBa-
TeJbHO, U MOTPELIHOCTE !, CBSI3aHHBIX C U3BMEHEHU -
eM KoahduilMeHTa MpeJoMIeHUs] 13-3a U3MEHe-
HUI mapaMeTpoB OKpy:Katollei cpeabl. Takoe Tex-
HUYECKOe pellieHre MMO3BOJIMIIO OTKa3aThCs OT raba-
PUTHBIX LUGPOBBIX aBTOKOJJIMMATOPOB W CylIe-
CTBEHHO CHU3UTH CE0ECTONMOCTD UCCIICTOBAHUIA.
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[ns mpenoTBpallleHusT BO3AEHCTBUS TBMKEHUS
BO3JIyLIHbIX MOTOKOB Npy HarpeBaHun OU Ha pac-
IIpoCcTpaHeHue Ja3epHbIX JIydeit mexnay JIOY u 3ep-
KajlaMu Ha mMuTaropax BHyTpu OU ycraHaBmmuBa-
JINCh TETUTOU3OJISILIMOHHbIE TLJIACTUKOBBIE TPYObI
(cM. puc. 7), BHYTPY KOTOPBIX U paCIIpOCTPAHSIIUCH
Jla3epHbIC JTy4HU.

OlieHKa MOTPelIHOCTU OMNpeneaeHUs] CMEIIeHUs
reOMeTPUYECKOro IIEHTpa JIa3epHOTo IIITHA Ha
I13C-matpuue JIOY npoBoauiach ImyreM MaTema-
TUYECKOTO MOJETUPOBAHUS [6].

MarHuTHbBIe CTOMKM, Ha KOTOPBIX YCTaHABIMBA-
jmch JIOY, Terion3oanpoBaanch Ipy IMTOMOIIY T1e-
HorutacTa u uzorieHa. MHdopmanwms ¢ JIOY BbiBo-
JIUJIach Ha MepPCOHAIbHBIM KOMIBIOTEP IS €€ Xpa-
HEHUS U TIoCeAyolIeii 00pabOTKM.

METOJIUKA U PE3YJIETATBI U3MEPEHUIA

M3mepeHust mpoBOAMIIMCH MIPU TEMIIepaType ToMe-
meHus u 3ateM pu HarpeBe O nmosranHo Ha 2 °C
u Ha 4 °C BBbIIIE TEMITEPATyPhbl HOMEIICHUSI.

ITpu uccnaenoBaHuM ObLIO TPOBEJAEHO TPU KCIIE-
puMeHTa 110 TerioBoMy HarpyxkeHuto OW. Kaxnprii
U3 BKCTIIEPMMEHTOB COCTOST U3 JBYX 3TAIlOB Harpy-
>xeHust Ha 2 °C.

B u3mepuresibHOM ycTaHOBKE JIyd jazepa ¢ JIOY
Torajgaa Ha OTpakaTeJIbHOE 3epKaio, YCTaHOBJICH-
HOE Ha UMUTATOPE, MPAKTUIECKU BIOJIb HOPMATH K
ero noeepxHocTh. [Ipn mMoOBOpOTE 3epKajna Ha Ma-
JIBIIA YTOJI 0 OTPaKeHHbBIU Jy4 cCMelliaJics 1Mo MOBepX-
Hoctu [13C-marpuusl JIOY Ha paccTosiHue

X=Ltg20~L 2, (1)

rne L — paccrosiHue ot JIOY 1o 3epkaia UMUATATO-
pa, IIpu 3TOM
X=k-x, )

rae x = 2.57 MKM — MEXITUKCEJbHOE PaCcCTOsSIHUE,
KOTOpOE ObIJIO OINpeneseHo ITyTeM IpeaBapuTesIb-
Hoit KanuopoBku I13C-matpuiisl JIOY, k£ — niepeme-
1eHue ueHTpa mgatHa 1o [13C-maTpulie B TUKCEsIX.

M3 dbopmynnl (1) onpenesnsicst yroa o B paada-

HAaX:
X
oa=—, 3
7 (3)
WJIU B CEKYHIAX AyTU:
a=103132-% . @)

Puc. 7. TpyObl, BHYTpU KOTOPBIX PACIpPOCTPAHSUIUCH JIa3ePHBIE JTYUU

CormtacHo ¢opmyie (4) MOBOPOTY 00bEKTa KOH-
Tpossi (MMUTATOPOB CKAHEPOB M 3BE3IHBIX AaT4YU-
KOB) Ha | cekyHay ayru (ci) OyneT COOTBETCTBOBATH
nepeMelnieHue gasepHoro mngaTtHa Ha [13C-maTpulie
kamepsl JIOY Ha BennunHy

_ len -L ( 5)
103132°

C y4eToM 3HaueHUS MEXKITMKCEIbHOIO PaCCTOsI-
Hus npumeHsiemoit [13C-maTtpunibl (x = 2.57 MKM)
MOJIYYMM, YTO ITOBOPOTY 00beKTa KOHTpOJIst Ha 1 it
Oy/leT COOTBETCTBOBATH MepeMelleHUe J1a3epHOro
nsatHa Ha [13C-maTtpune kamepsol JIOY B mukcersix
Ha BEJIMYUHY:

N, =3.77-10°- L (rikn). (6)

M3 dopmyibl (6) BUIHO, YTO pa3peliaronast Crio-
cooHocTh JIOY, B oTyimune OT aBTOKOJUTMMATOPOB, 3a-
BHCHUT IMPSIMO MPOMOPILIUOHATILHO OT PACCTOSTHUS L.

IlenTtp nasepHoro mnsatHa Ha I13C-marpuliie Ka-
Mepsl JIOY onpenesisiics pyu MOMOIIY TPOTpaMMbl
Image] [OduLmanbHbIil caiiT mporpamMmbl Imagel://
imagej.nih.gov/ij/], a mepeMenieHne LIEHTPa MATHA
npu HarpeBe OM cOOTBETCTBOBAJIO YINIy MTOBOPOTA
COOTBETCTBYIOLIMX TOCATOUYHBIX MECT CKaHEpPOB U
3BE3IHbIX TaTYNKOB.

AHalu3 TIOJYyYEHHBIX pe3yJbTaTOB UCHIBITAHUI
Hecyllleil KOHCTPYKIIMU OMNTUYECKOro MOHOOJI0KA
MoKasaJi, 4YTo TpeOOBaHHUSI MO YIJIOBBIM ITOBOPOTAM
MOCag0YHbIX MECT CKaHEPOB BOKpPYT oceit OX u OY u
3BE3IHBIX O1aTYUKOB BOKpYTr oceil OX, OY u OZ He
6osee 10" BBITOJIHAIOTCS.
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BBIBO/IbI

Pa3paboTtaHa TexHOJIOIMs, MO3BOISIONIAS TIPOU3-
BOJIMTH UCCIEAOBAHKUE PA3MEPOCTAOUIBHBIX KPYII-
HOTa0apUTHBIX KOHCTPYKLMIA U3 YIJIEILUIACTUKA IPU
TETIJIOBOM BO3JIEHCTBUM C IPUMEHEHUEM HEI0PO-
rOro U3MEPUTEILHOIO 000PYIOBaHMS, BKIIIOUAIOIIETO
crieliMaabHO pa3paboTaHHbIE W OTKaJIMOpPOBaHHbIE
JIa3epHO-ONTUYECKUE YCTPOMCTBA, a TaKKe UMUTA-
TOPbl CKAHEPOB U 3BE3IHBIX JAaTYMKOB. [Ipu aToMm
paspelaroiasi CrocoOHOCTh J1a3ePHO-ONMTUUECKUX
YCTPOMCTB, B OVIMYKE OT LKU(DPOBBIX aBTOKOJJIMMA-
TOPOB, IMPSMO MPOIMOPILMOHAIEHO 3aBUCUT OT pac-
CTOSIHUSI MEXAY JIa3ePHO-ONTUYECKUMHU YCTPOMCTBA-
MU 1 UMHUTATOPaMU CKAHEPOB 1 3BE3IHBIX JaTUNKOB.
K ToMy xe mpuMeHeHHEe LHU(PPOBLIX aBTOKOJUIMMA-
TOPOB U JIa3€pPHbIX UHTEP(HEPOMETPOB OrPaHUUEHO
KpaiiHe y3KMM Juara3oHOM TeMIlepaTyp OKpyXkaro-
1LIei cpelbl MPU MPOBEACHUM U3MEPEHMUIA.

[TpoBeneHHbIE MCClIeAOBAHMS HA TEPMOpPa3ZMEPO-
CTaOMJILHOCTh KPYITHOrabapuUTHOM HeECyIleil KOH-
CTPYKLIMU ONTUYECKOTO MOHOOJI0KA KOCMUYECKOTO
armapaTa, B KOTOPOM YCTaHOBJIEHBI CKAHEPHI BBICO-
KOTO paspelleHus], 3Be3IHbIC JaTYUKN U UX OJIOKU
BJIEKTPOHUKU, TIOATBEPAUJIM BBIMOJHEHUE TPeOO-
BaHMI CTaOUJIBHOCTH YIJIOBOTO TOJOXEHUS CKaHe-
POB U 3BE3[HBIX JATYMKOB IMPU TETUIOBOM BO3Jeii-
CTBUU B 33JJAHHOM JMana3oHe TeMIieparyp.

IMTonyyeHHBIE pe3yabTaThl ObUIM HCITOJIB30BaHBI
Ha I'TT «Kb «}OxHoe» um. M. K. SIarenst» npu ot-
paboTKe KpyIHOrabapuTHON  YIJIEIUIaCTUKOBOM
KOHCTPYKIIUM KOCMMYECKOTO aIlfapaTa Ha TEPMO-
Pa3MepoCTaOUIBLHOCTD.

JIUTEPATYPA

1. AdanacweB B. A., Kunkun A. M., Ycos B. C. Aémokon-
aumauuonusle npudopel. Mocksa: Henpa, 1982. 144 c.

2. baszvikun C. H. Uupopmayuonno-uzmepumenvhvie cucmemot
Ha ocHose unmepghepomempos: moHorp. (Ilom pen. B. A. Ba-
cubeBa). [lensa: M3n-so I1IY, 2014. 132 c.

3. Joopymmna M. I, KaByn B. B., Ianadypna /1. A., Mac-
neit B. H., Mockanes C. U., boxnarosa 1. H., Kyninu-
penko C. M. AcniekTbl pa3pabOTKu pa3MepocTaduibHON
KOHCTPYKIIUM CKaHepa BEICOKOTO pa3peleHusI. TexHoa0-
euyeckue cucmemnl. 2017. Ne 3 (80). C. 87—92.

4. KagyH B. B., Kynpesatbix A. T., Kynuk A. C., Mocka-
neB C. U., Coxau 1O. B., lllynpo A. I1. Obecneuenue mep-
MOpazmepocmadunbHOCMU KOHCMPYKYULL U3 KOMHNO3UUUOH -
HbIX MAmMepuanog ¢ UCnoAb308aHUEM NA3EPHO-ONMUYECKUX

38

yempoiicme. 6-s1 MexayHap. KoHd. «KocMuyeckue Tex-
HOJIOTMU: HacTosiiiee u oyayiee» (JIHurpo, 23—26 mast
2017). Auumnpo, 2017. C. 75.

5. Konsaxun M. A., Mouceesa A. A., Xoanr Ban ®onr. Ori-
TUKO-3JIEKTPOHHBIN aBTOKOJJTUMATOP JIJIST IBYXKOOPIM-
HATHBIX YTJIOBBIX U3MepeHuld. M36. 8y3o8. [Ipubopocmpo-
enue. 2016. 59, Ne 7. C. 563—570.

6. Kynpesateix A. T., Kyunn H. A., eprans E.C. Mogne-
JIUpOBaHUE Tpoliecca U3MEpeHUsl CIBUTa M300paxke-
HUsS ¢ CyONMUKCEeITbHOU TOYHOCTBIO. Cmpoumenvcmeo,
mamepuanogedenue, mawunocmpoerue. 2018. Borm. 106.
C. 83—89.

7. Jlapionosa O. O., PoxkoBcbkuii B. ®., Coxau 0. B.
Tonoepagpiuni mexnonoeii 6 agiayitino-KocMiuHil mexHiyi:
Hapy. noci6. B. I1. Manaituyk (pen.). Aninpo: PBB JIHY,
2003. 280 c.

8. Hepaspywarwuii koumpoas: CripaBouHuk: B 7 1. Kirro-
eB B. B. (pexn.). T. 6: Ku. 2: OnTudeckuiit KOHTpoJb. Mo-
ckBa: MamuHocTpoeHue, 2004. 832 c.

Cmamms nadiiiwna oo pedakuii 11.12.2018

REFERENCES

1. Afanasev V. A., Zhilkin A. M., Usov V. S. (1982).
Avtokollimacionnye pribory. Moskva: Nedra. 144 p.

2. Bazykin S. N. (2014). Informacionno-izmeritelnye sistemy
na osnove interferometrov. Vasileva V. A. (Ed.). Penza: Izd-
vo PGU. 132 p.

3. Dobrushina M. G., Kavun V. V., Galaburda D. A., Maslej
V. N., Moskalev S. 1., Boklagova I. N., Kushnirenko S.
1. (2017). Aspekty razrabotki razmerostabilnoj konstrukcii
skanera vysokogo razresheniya. 7ehnologicheskie sistemy,
3(80), 87—92.

4. Kavun V. V,, Kudrevatyh A. T., Kulik A. S., Moskalev
S. 1., Sohach Yu. V., Shudro A. P. (2017). Obespechenie
termorazmerostabilnosti  konstrukcij iz kompozicionnyh
materialov s ispolzovaniem lazerno-opticheskih ustrojstv.
6-ya mezhdunar. konf. «Kosmicheskie tehnologii:
nastoyashee i budushee». Dnipro.

5. Konyahin I. A., Moiseeva A. A., Hoang Van Fong (2016).
Optiko-elektronnyjavtokollimatordlyadvuhkoordinatnyh
uglovyh izmerenij. Izv. vuzov. Priborostroenie, 59(7),
563—570.

6. Kudrevatyh A. T., Kuinn N. A., Dergal E. S. (2018).
Modelirovanie processa izmereniya sdviga izobrazheniya
s subpikselnoj tochnostyu. Stroitelstvo, materialovedenie,
mashinostroenie,Vyp. 106, 83—89.

7. Larionova O. O., Rozhkovskij V. F,, Sohach Yu. V. (2003).
Golografichni tehnologiyi v aviacijno-kosmichnij tehnici:
navch. posibnik dlya studentiv vishih navch. zakladiv.
Malajchuka V. P. (Ed). Dnipro: RVV DNU, 280 p.

8. Nerazrushayushij kontrol: Spravochnik: V 7 t. (2004). V.
V. Klyueva (Ed). T. 6: Kn. 2: Opticheskij kontrol. Moskva:
Mashinostroenie, 832 p.

Received 11.12.2018

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2019. T. 25. No 3



Hccaedosanue kpynHoeabapumHsix KOHCMPYKYULL U3 KOMAOUUUOHHBIX MAMEPUAN08 HA MEPMOPA3MEPOCMAOUNbHOCY

B. M. Macaeii !, B. B. Kasyn 1, A. IT. Illydpo !,

, 0. T. Kydpesamux 2, B. @. Poorckoscuiuii 2,

C. 1. Mockanvos !, M. I'. Jlo6pywuna !, A. C. Kyaux!

I lepxasHe ninnpremcTBo «KoHCTpyKTOpPChKE G10pO
«ITiBneHHe» iMm. M. K. Aurensi», Aninpo, Ykpaina
2 HinpoBChKUIL HALIIOHAIBHUI YHiBEpCUTET
im. Onecst Tonuapa, JIninpo, Ykpaina

JNOCIIIXXEHHS KPYITHOTABAPUTHUX
KOHCTPYKLUIN 13 KOMIIO3ULIIMHUX
MATEPIAJIIB HA TEPMOPO3MIPOCTABUIBHICTbH

ITig yac cTBOpeHHsI KOCMIYHMX anapaTiB CTaBISITbCSI BUCOKI
BUMOTM IOJO CTaOLIBHOCTI KYTOBOTO ITOJIOXKEHHST ONTHY-
HOTrO ceHcopa (CKaHepa) BiIHOCHO 30pSIHOTO JlaBaya ioro
CUCTEMU Opi€HTAllii MPU TETUIOBOMY BILUIMBI B yMOBax IO-
60Ty, B HazeMHUX yMOBax eKCIEpMMEHTAIbHO TiITBep-
JIKYETBCSI CTaOLIbHICTh KYTOBOIO IMOJIOKEHHSI CKaHepa Bill-
HOCHO 30pPSIHOTO JiaBaya Mpy TEMJOBOMY BIUIMBI Ha HECyuy
KOHCTPYKIIif0 KOCMIYHOTO artapata Mpy TeMIleparypi, IO
0J1M3bKa 10 TEMIIepaTypy HaJaro[KE€HHsI CKaHepa Ha 3eMili,
sKa BIiIITOBiZa€e TeMITepaTypi ioro ¢pyHKIIIOHYBaHHS Ha Op-
0iTi. Y 3B’S13Ky 3 LIMM aKTyaJIbHOIO MPOOJIEMOI0 € pO3poOKa
METOJO0JIOTIT eKCIepUMEHTAIbHOI TepeBipKu po3MipocTa-
OiJILHOCTI HeCy4oi KOHCTPYKILIii KOCMIYHOTO arapara Ipu Te-
IJIOBOMY BIUIMBI. MeTo10 11i€1 p0OOTH € PO3pOOKa TEXHOJIOTi1
€KCIEPUMEHTAJIBHOIL MePEBIPKU TEPMOPO3MipOCTa0LIbHOCTI
KpYyMHOradapuTHOI HECY40l KOHCTPYKILi 3 KOMITO3ULIIHHUX
MarepiajiB ONTUYHOTO MOHOOJ0KAa KOCMIUHOTO arapaTa.
JInsl eKcrnepuMeHTaIbHOI TepeBipKU KyTOBOTO IMOJIOXKEHHS
MTOCAIKOBMX MICIlb CKaHEPiB Ta 30PSIHUX aBaviB 3BUYAITHO
3aCTOCOBYIOTH JiazepHe oOJalHaHHS. Y poOOTi PO3MIITHYTO
pO3po0JIeHy TEXHOJOTII0 EeKCIEPUMEHTATbHOI MePeBipKU
PO3MipOoCTabiILHOCTI BYIJIEIIACTUKOBOI KpyITHOradapuTHOL
HeCyuoi KOHCTPYKIii ONTUYHOTO MOHOOJ0Ka KOCMiYHOTO
arnapaTta IMpy TEIJIOBOMY BIUIMBI. OTpuMaHi pe3yibTaTé BU-
MpoOyBaHb HECYyyOi KOHCTPYKIIii MOHOOJIOKA MiATBEPANIN
BUKOHAHHSI BUMOT 1LIOAO CTa0iIbHOCTI KyTOBOTO MOJIOXKEH-
HsI CKaHepiB Ta 30psIHUX JaBayiB, sIKi )KOPCTKO 3aKpiruieHi
BCEpeIUHI ONTUYHOTO MOHOOJIOKA, TIPU TETJIOBOMY BILUIUBI.
Po3pobiieHa TexHOJI0TisI TO3BOJISIE BAKOHYBATH JTOCIIIXKEH-
HSI PO3MIpOCTAOUIBHUX KPYMHOrabapuTHUX KOHCTPYKILii
MPY TETUTOBOMY BILIMBI i3 3aCTOCYBaHHSIM CIIEIliaIbHO PO3-
pOOJIEHUX Ta MPOTECTOBAHMX JIA3ePHO-ONTUIHUX TTPUCTPO-
iB, @ TAKOX iMiTaTOPiB CKAHEPiB Ta 30PSIHUX JAaBayviB.
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INVESTIGATION OF THERMAL DIMENSIONAL
STABILITY OF LARGE-SIZE STRUCTURE MADE OF
COMPOSITE MATERIALS

The development of spacecrafts imposes high demands on the
stability of the angular position of the optical sensor (scan-
ner) relative to star tracker of navigation system under the
thermal effect during a flight. On the ground, the stability of
the scanner angular position in case of thermal action on the
spacecraft load-bearing structure is confirmed experimental-
ly at the temperature that is close to the temperature of the
scanner adjustment and is similar to operating temperature.
Thereby, an actual problem is the development of a method
of experimental verification of dimensional stability of space-
craft load-bearing structure during the thermal action. The
purpose of the study is to develop such a method for the space-
craft monoblock based on a large-scale load-bearing structure
made of composite materials. The experimental control of the
position of scanners’ and star trackers’ seats is usually made
using laser equipment. We present the method of experimen-
tal verification of dimensional stability of load-bearing struc-
ture under the thermal effect. The composite material of the
structure is a carbon-filled plastic. The results of tests of the
monoblock load-bearing structure confirm that the require-
ments for the stability of angular positions of scanners and star
trackers fixed inside the optical monoblock were met under
the thermal action. The proposed method allows for the study
of dimensionally stable large-scale load-bearing structures
under the thermal action using specially devised and tested
laser/optical devices, as well as scanner and star trackers sim-
ulators.

Keywords: spacecraft, load-bearing structure, thermal dimen-
sional stability, laser/optical device, scanner simulator, star
tracker simulator.
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[HCTUTYT KOCMIYHUX AochimkeHb HallioHanbHOT akafaemil HayK YKpaiHu
Ta Jlep>kaBHOTO KOCMIYHOTO areHTcTBa YKpainu, Kuis, Ykpaina

IMPOBJIEMUN BUKOPUCTAHHA CYIITYTHUKOBUX JAHUX
JJ11 MOHITOPUHTY LIIEI CTAJIOTO PO3BUTKY YKPATHU

Pozenanymo nusky migcoucyunainaphux npobaem cninbHo20 6UKOPUCIAHHA CYNYMHUKOBUX MA HA3eMHUX OAHUX ) 3a0a4ax MOHImMo-
puHey uyineit cmanoeo pozeumky Yxpainu. Li npobaemu poseasdaromocs 6 konmexcmi npueonanns Yxpainu 0o Beeceimnuvoi cmpa-
meeii cmanoeo po3gumky ma po3poonexus 6i0nosionoi memodonoeii. AHaAI3 YUHHUX HOPMAMUBHO-NPABOBUX OOKYMEHMIE NOKA34e,
W0 80HU Aule Yacmkogo gionogidaroms ideonoeii «llopsdok dennuii-2030», npuvomy € mendeHyis YHUKHeHHs iHOuKamopie a6o
iHWuUX NOKA3HuKie, AKi nepeddauaroms KinbKicHe OYIHIOBAHHS, 30KpemMa 3a 00NOM020r ducmanyiiinux danux. Busnaueno nepenix
HAYIOHANbHUX Yinell, 3a60aHb Ma iHOUKAmopis, SKi MOJCyms niOmMpUMyeamucs OAHUMU KOCMIYHUX CHOCMEPENCeHb, PO3LAIHYMO
HU3KY MemOoOUUHUX NUMAHb U000 2apMOHILIH020 6X00CeHHS PO3POOAI0BAHOI YKPAIHCHKOI hidcucmeMu y MidcHapoOoHi cucmemu Mo-

HIMopuHey yineil cmanoeo po3eumxy.

Karouosi caosa: yini cmanoeo pozeumky, indukamopu, icmomHi 3MiHHI, CyRYMHUKO08I OaHi.

BripoBagkeHHs imeosorii crasoro po3BuTKy (CP)
Ha0yJ10 HOBOI SIKOCTi 3 TpuiiHATTSIM Ha Camiti OOH
y 2015 poui nokymeHTa «ITopsigok neHHUI B rary3i
CP na nepion no 2030 poky» (Agenda 2030) [35].
Bin Bu3HauuB 17 riio0aabHUX LiJIEH CTaJI0rO PO3BU-
1Ky (LICP), crpsiMmoBaHMX Ha IIPOCYBaHHS TPHOX
B3aeMOTIOB ’s13aHuX cKjIagoBux CP — ekoHOMIYHO-
TO 3pOCTaHHS, COLIAJIbHOI BiAMOBITATBHOCTI, 3a-
xucty noBkiuist. LICP okpecioioTh 17100a1bHi mpi-
OPUTETH, JUISl IXHBOTO AOCSITHEHHS C(DOPMYILOBAHO
3aBJaHHS Ta BU3HAYEHO MI00ATbHI iIHAUKATOPU IS
MOHITOPMHTY T1apaMeTpiB po3BUTKY. KoHTpoIb mo-
TOYHOI CUTYallil Ta MOKPOKOBUIA aHaji3 e(eKTUB-
HOCTI peajli3oBaHMX 3aXO/iB Ha OCHOBI KOMILIEKCY
MOKa3HUKIB-iHAUKATOPIB peajidye MeXxaHi3M Kepo-
BaHOCTi Ha OCHOBi 3BOPOTHOTO 3B’SI3KY JIJIsI KOPUTY-
BaHHS 1 aKTyaji3allil 3aBIaHb i OOpaHUX CTpaTerii

© O. 1. ®EJIOPOB, JI. I. CAMOMJIEHKO,
JI. M. KOJIOC, JI. B. HIATOPOAELIbKA , 2019

npocyBaHH4 1o LICP. ¥ uinomy BnpoBaakeHH: ife-
ozorii CP y cycninbHy NpakTUKY BigoOpaxkae Impo-
1ec Iepexony Bil TpaguLiMHMX CXeM IUIaHyBaHHS
JIO YIIPaBJIiHHS adallTUBHOIO CUCTEMOIO, SIKa 31aTHA
BIOCKOHAJIIOBATHUCS.

IMapagnrma CP HOCUTB iHKJIIO3MBHUI XapaKTep
(«HIKOro He 3aJIMIIMTA OCTOPOHL») i Iependadae
COJIiIapHi KOJIEKTUBHI Aii Ha rJiobaJlbHOMY i Hallio-
HaJlbHOMY piBHsX. [J1006ajibHa CTPYKTYpa MOKa3HU-
KiB — 1I€ 3acCi0, 32 JOIIOMOT'OIO SIKOT'O YPSIIU MOXYTh
MpakKTUYHO KOHTPOJIIOBATH i 3BITYBaTHU IIPO Xifd A0-
csrHeHHs wijeid. Tomy 1Ll miaxin € miarpyHTsIM iH-
Terpauil IIPUHIMIIB CTAJIOr0 PO3BUTKY IO HAaIio-
HaJIbHOI MOJITUKU. OUiKy€eThCsl, 10 YpsSIU KpaiH
cBiTy chopmytoTh Ha ocHoBi LICP HauioHanbHi
IUIaHU Ta iHiliaTUBU BilINTOBIAHO A0 HAasIBHUX MOX-
JIMBOCTEI, a IIiji, 3aBIaHHS Ta iHAWKATOPHU TIJIO-
OaJIbHOTO PiBHS OymyTh aIanToOBaHi BiIMOBIAHO IO
MPiOPUTETIB PO3BUTKY Ta Oe3MeKM KpaiH ILISIXOM
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I'nodanbHi
pe3yabTaTu
Ta
7 169 L
amOiLiiiHMX 3aBOaHb 3BITHICTh
230
6 r100aJIbHUX iHAMKATOPIB;
1LIOpiYHE BiICIiIKOBYBaHHS
Ta aHami3
OdiuiiiHa arperatiist Ta iHTerpaiis
5 110 iIHAMKATOPHOI 6a3u HaL[106HaJ1bHI/IX InTerpauis
TaTUCTUYHUX ; .
. ‘c a. ¢ CITyKO; . HaIIOHAJIBHUX
iHTerpallist 3i0paHMX JaHUX Ta MepeBipKa
JAHUX
Mertpuka LICP nist BUMiproBaHHSI Ta MOHITOPUHTY TIPOTPECY;
4 JlaHi 3i0paHo Ta PO3MO/IiJIEHO 3a IOXOJ0M, CTAaTTIO, BIKOM, pacolo,
€THIYHOIO 03HAKOI0, MirpaliiiHUM CTaTyCOM, iHBaJIiIHICTIO,
reorpaiyHIM pO3TaIIyBaHHSIM TOIIO
; ; . Hauionanbhi
CrioctepeXeHHSs HauionanbHa HamOH.aﬂbm Inwi pecypen indopmaniiini
3 Semi iHbpacTpyKTypa CTAaTHCTUYHI CUCTEMH JAHNX,
; AIMiHiCTpaTUBHI peecTpu ; CHCTEMH
Ta MOHITOPUHT | IPOCTOPOBMX JaHUX PR PREVIPYL 1y 1.u. Big Data
JemorpadivHi naHi
Bxinni
3HiMKHU Teonesnune Hacenenus Mo06inpHMIt TeTehoH AaHl
OK€aHIB, BOIN MO3UILIIOHYBaHHS HemorpadiuHi naHi CouianbpHi Menia
CriocTepexeHHs 3a Bucotu BinHicTb Jatyuku
3EMJICKOPUCTYBAaHHAM Tonorpa(i)i;{ Toprisas i 6i3Hec ABTOMaTHU30BaHI
1 3eMHMM ITOKPUBOM | 3eMiIeKOpUCTYBaHHA | HaBKonmuiHe cepenosuile HpUCTPOL
MOHITOPUHT Ha MicUAX | | 3eMHUiT TOKPUB 3anaTicTh Ta ekoHoMika | CyINyTHUKOBIi 3HIMKU
3abpynHeHHs NOBITPs Tpancmopr / CinbChKe TOCIIOIAapPCTBO Volunteered DyHnamMeHTATbHI
2 Exocucremu iHdpacTpyKTypa IuBaninHicTh Ta cTaTh Geographic 0a308i nani
Jlic/cinbebke Kanactp / dinsHku Peectparist akTiB Information (VGI) Ta HOBI
rocrnoiapcTBo OkeaHu, Boaa LIMBIJILHOTO CTaHy Kpayncopcunr JpKepesia
Kuimar Micra i moceneHHs i nemorpadiuna JAHHX
ANMiHiCTpaTUBHI CTaTUCTUKA
OopraHu
1 JlokanbHi 10 HalliOHAJIbHUX COLliaJIbHUX, EKOHOMIUYHUX Ta €KOJIOTIYHUX YMOB i 00CTaBUH

3araibHa CTPYKTYpa «IIOTOKY JAHWX» TIPO CTAJMI PO3BUTOK HAIIOHATHLHUX iH(OPMAIIiTHIX CHCTeM, siKa 3a0e3redye mobymoBy OJIOKiIB Ta
MPOLIECIB TSI KOXHOI KOHKPETHOI KpaiHM Uil BUMipioBaHHs Ta MoHiTopuHry LICP 3 micueBux peajbHUX YMOB LIJISIXOM Y3TOMKEHHS
[1002JIbHOI TapMOHI30BAHOI 3BiTHOCTI
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pO3pO0JICHHS HaLliOHAJbHMX 1IiJIeli, 3aBOaHb Ta iH-
nukartopiB. I[lepeadayeHo mpoBeneHHsS MOHITOPHUH-
ry nocsarieHHst LICP Ha rimoGainbHOMY, perioHalib-
HOMY, HaliOHaJbHOMY Ta TeMaTUYHOMY piBHSIX,
IpY LIbOMY B LIEHTPi yBaru repedyBa€e HallioHaJIb-
HUII MOHITOPMHL. 3a pe3yjbTaTaMu MOHITOPUHIY
BimnmoBimHuMu crtpykrypamu OOH rotyerbcs 1mio-
pidyHa OOIIOBiAb, sIka 0OroBopro€eThes Ha IlomiTra-
HOMY (hOpyMi BUCOKOTO PiBHSI.

17 mimeit ctajoro po3BuTKY, 169 3aBmaHp Ta 230
r100aJbHUX iIHIMKATOPIB BU3HAYAIOTh HOBUM TTiXi
JIO CTaJI0r0 PO3BUTKY, SIKMI KEPYETHCSI KOHKPETHOIO
iH(opMallielo Ta JOKa30BOI0 0a3010: «SKIII0 HE BU-
MipioBaTH, TO He MOXHa i KepyBaTu». Peanizalis
ineouiorii «ITopsinok nenHuii-2030» BUuMaraTume iH-
Terpalii Ta eKcIIyaraluii 0araTbox HOBUX HAOOpiB
JaHUX IJISI MOHITOPUHTY 1IiJIeil Ta IOB’sI3aHUX I10-
Ka3HUKIB, a TaKOX iCTOTHOI MOJEpHi3allil Hallio-
HaJIbHUX CTaTUCTUYHUX Ta TEONPOCTOPOBUX CHUC-
TeM. Ha pucyHKy rmoka3aHo cxeMy B3aEMOJiI pi3HUX
migcucTeM, sIKa peaiidye 3aneKjIapoBaHMN ITimXinm
[30]. ITpyHUMIIOBO BaxKJIMBE Miclie 3aiiMalOTh IaHi
KOCMIYHMX CIIOCTEePEXKEHb, 3aBIASIKU IXHIM YHIKaJIb-
HUM MOXJIMBOCTSIM 111010 MacCIITaOHOCTI Ta orepa-
TUBHOCTI OINISIAY, OTPMMAaHHS TJI00aJbHOI Ta JIO-
KaJibHO1 iH(hopMallil Tpo MPUPOJIHI Ta TOCIOAAPChKi
00’€KTH, PEerysapHOCTI CIOCTEpPEKeHHS 3eMJi SIK
cuctemu. Pesomontist BececBiTHbOI KoHbepeHIii i3
cranoro possutky (Moxanecoypr, 2002) [22] Bin-
3HaUYMJIa HEMOXJIMBICTh 3a0€3MeYeHHS CTajoro
PO3BUTKY 0e3 3aJlydeHHSI JUCTAHLIMHUX CYITYyTHU-
KOBUX JaHUX.

Big3zHaunmo, 1110 BUKOPUCTAHHS CYITyTHUKOBMX
JaHMX HEe BUCTYMAE CYTO 5K 3aci0 IMOKpalleHHs Ha-
SIBHMX METOZiIB. MoBa line Ipo iHHOBaLIHUI i -
XilI, OCHOBaHMI1 HA iHTeTpallii Ha3eMHUX Ta KOCMid-
HUX JaHUX Y MOJEJSIX MPUPOJHUX i TEXHOTEHHUX
MpOLIECiB, IKUIi 3a0€3MeYNUTh SIKICHO HOBUI piBeHb
BUPIILICHHS 3a1a4 MOJACIIOBAaHHS Ta MPOrHO3yBaH-
HS, 1 B LIUIOMY — iH¢OpMalliiiHOI MiATPUMKHM yIIpaB-
JIIHCHKUX pillleHb. L mpuHIIMIoBa 3aga4ya € OAHUM
i3 IIPiIOPUTETIB CTBOPIOBAHOI BCECBITHHOI CUCTEMU
cucteM crnocTtepexxeHHs1 3emiti 3 kocmocy GEOSS
ta eBporneiicbkoi cuctemu COPERNICUS. Tporsi-
IrOM OCTaHHiX POKiB iHillilOBaHO JeKiJibKa MPOeK-
TiB, B IKMX PO3POOJIIOIOTHCS METOAOJIOTIYHI MiaX0-
JIX 10 CTBOPEHHSI MPAKTUYHO Mpaliouux iHdop-
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MaLiifHUX CepBiCiB, SIKi peasli3yloThb JaHLIOT Bin
CIoCTepeKHol iH¢popMallil J0 iCTOTHUX 3MiHHHUX
BiamoBinHuX mopeneit i go iHapukatopiB CP. Haii-
OLIBLIMIA MPOTPEeC MOCSATHYTO y cdepax KiliMaTh4d-
HUX 3MiH Ta MOroJu, JOCTiIKeHb OKeaHy, a TaKoX
MOHiTOpUHTY OiopisHoMaHiTTs [18] (orssig Bimmo-
BiTHMX HaILlIOHAJIbHUX IPOEKTIB PO3IJITHYTO ¥ MO-
Horpadii €EKA [30]).

Jnst YkpaiHu 3ajlydeHHsI JO MiKHapOJHUX 3Yy-
cwib BignoBigHo 1o «Ilopsiuky meHHoro — 2030»
Ma€ MPUHIMINOBE 3HAYEHHS SIK 3 OIJISIIy Ha Hallio-
HaJIbHI iIHTepeCcH, TaK i B KOHTEKCTi EBpOiHTerpalliii-
HUX IIpolieciB. Bxke 3apa3 okpeMi opraHu BUKOHAB-
4yoi Bjagy MaloTh HamaBaTU MOTOYHY iHMOpMaIliio
mono ingukaropiB CP 3 BUKOpUCTaHHSIM CyITyTHU-
KOBUX JAaHMX. JI1s1 po3poOjieHHsST MEeTOAMYHUX
OCHOB HallioHanbHOI cTparterii CP BaxiuBe 3Ha-
YEHHsI Ma€ MPOEKT CTBOPEHHST €BPOMNENCHKOTO 10-
CJIITHALIBKOTO TTPOCTOPY B rajiy3i 3aJly4eHHS CYITyT-
HUKOBUX CIIOCTEPEXKEHb Y BU3HAUCHHSI iHIMKATOPIB
crajioro po3BuTKy ERA-Planet (mmpoekT y pamkax
nporpamu HORYZON 2020, 1m0 migTpUMYy€EThCS
HAH VYxpainn). BigmoBigHa po6oTa Ha HalliOHAJIb-
HOMY piBHi TiJIbKM-HO po3lioyajiach i BUMaraTume
3J1arOIXKeHO1 pOOOTH Pi3HUX iIHCTUTYIII Ta HAYKOB-
LB, K i KOOpAMHALil Ha MiXKHApOIHOMY piBHi. 3
OIUISIAY Ha 1€ Y JaHii cTaTTi aHaJli3yloThCs TPOIIEC
MpUEIHAHHS YKpaiHU 10 BCECBITHBOI CTpaTeTii cTa-
JIOTO PO3BUTKY Ta MPOOJeMaTUKU BUKOPUCTAHHS Y
IIbOMY KOHTEKCTi TeXHOJIOTili KOCMiYHOIO CITIOCTE-
pPeXKeHHs 3eMJIi.

MPUCTHAHHS YKPATHU
J10 BCECBITHbOI CTPATETII CTAJTOTO PO3BUTKY

AKTyasibHOIO IS YKpaiHU 3afayero € BU3HAYCHHS
BJlacHoro 1uisixy nocsirHeHHs LICP, tpancdopma-
1is1 3arasibHoro Ilopsinky nenHoro CP y HallioHab-
Hi IUIaHM, CTpaTeriio Ta 6aueHHs. YKpaiHa ogilliiiHO
MmiaTprMalia MiXKHapOAHi pillleHHs IIOA0 HOBOI MO-
JIelli po3BUTKY, Taki K «[lopsimox meHHmin Ha XXI
cronitrsd» (Pio-me-Kaneitpo, 1992), [exmapaiis
Tucstaomitrst OOH 2000—2015 (2000), MoxanHec-
Oyp3bka nexkiaapauiss Ta IlnaH peanizalii pilieHb
BcecsitHporo camity OOH 3i crajioro po3BHUTKY
(MoxanHec6ypr, 2002), «MaiiGyTHe, SIKOTO MU
nparHemo» (Pio-ge-Kaneiipo, 2012), «IlepetBo-
peHHs1 Hamoro cBiTy: Ilopsigok aeHHuii B objacTi
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crajoro po3BuTKy Ha nepioa 10 2030 poxky» (Hbto-
Hopk, 2015) [14, 22, 31, 35, 36] Ta npureHAIACH 10
Konpenuiit OOH mnpo oxopoHy Giopi3HOMaHITTS,
po OOpPOTHOY 3 OMYCTENOBAHHSIM, PO 3MiHY KJIi-
Mmaty. ¥ 2003 p. B OOH 0yno npencraBjieHO aHaTi-
TUYHY nonoBiab «Limi Po3Butky Tucsyomitra Ykpa-
ina: 2000—2015», ska mpe3eHTyBaja CBITOBIi rpo-
MaJICbKOCTi HalliOHAJIbHi BUMipY PO3BUTKY Y BUTJISI-
i HaObopy 3 ceMM HalliOHAJIbHUX IIiyIell, OgHIE0 3
SIKMX OyJ1a LiJIb «CTaJIMiA pO3BUTOK HOBKULIsI». [1im-
cyMKoM peanizanii 3aBganb «LIPT Ykpaina: 2000—
2015» cTanu neBHi MO3UTHUBHI 3PYIIEHHS, OTHAK Y
LiJIOMY 3aIIaHOBAHUX LiiJieli 0yJI0 JOCSITHYTO JIMILIE
YacTKOBO [3] BHACTIIOK BY3bKOT'aJIy3eBOIO ITiIXOIy
JI0 BUKOHAHHS 3aBlIaHb, BiICYTHOCTI HalliOHAJIbHOI
koHuenuii CP i BinmoBimHOI cTpaTerii.

Ciin 3a3Ha4YnTH, IO 3aMEepoNiceHol Ha 3aKOH00a8-
yomy pieni HauioHanbHOI KoHnemnmii ado Crpaterii
CTaJIOro PO3BUTKY, FTAPMOHiI30BaHUX 3 TPODITbHUMU
mokymentammn OOH, B Ykpaini goci Hemae. byio
3MIICHEHO KiJIbKa CITpOO CTBOPEHHSI Ta 3aTBEPIKEH-
Hs1 HanioHanbHOI Konuenuii CP — y 2001 p. (nBa
npoekTu 3akoHy Ykpainu rpo Konuenuiro), y 2004 p.
ta'y 2012 p. (npoexktu KoHueniiii Ta HaitioHaibHOT
crpaterii CP Oynu po3pobjieHi HU3KOI iHCTUTYTIB
HAHY), onHak BoHM He yBiHUaIuCh ycrixoM. st
3a0e3MeYeHHsT TTO3UTHUBHOI OUHAMIKM BHKOHAHHS
3aBaaHb «IIPT Ykpaina 2000—2015» y 2003 p. Ilo-
craHoBolo KMY Oyna 3arBepakeHa «KomrekcHa
MporpamMa peaiizallii Ha HalliOHaJIbHOMY pPiBHi pi-
ILIeHb, MPUIAHATUX Ha BcecBITHROMY caMiTi 3i cTajio-
IO PO3BUTKY», 11 peatizallisl po3risigaiach sIK Ipiopu-
TETHUI HANPSIM AisUIbHOCTI LEHTPATbHUX 1 MiCLIEBUX
opraniB BUKoHaBuoi Biaau Ha 2003—2015 pp., mpore
y 2011 p. 1110 mporpamy OyJ10 3aKpUTO.

V2015 p. Yxazowm I1pe3unenra Ykpainu OyB mpu-
WHATUNA JOKYMeHT «CTpaterisi cTajloro po3BUTKY
«Ykpaina-2020» [11], akuii nepeadavae peaisallito
1aHy pedopM Ta mporpam 3a 4oTMpMa BEeKTOpamMu
pyxy (pO3BUTKY, O€3MeKM, BiAMOBiZaIbHOCTI, rop-
nocTi). BiH KOHLIeNTyalbHO BioOpaxkae HU3KY TIpi-
opuretiB LICP, onHak 3 MOJIEJIIIO CTAJIOTO PO3BUTKY
OOH He rapmoHi3oBaHUI1 Ta He BiAToBigae popma-
Ty TinobanbHux nokyMeHTiB OOH mono CP, 30kpe-
Ma eKOJIOTiYHa CKJIaJjoBa y MOTo CKJajli He KOHKpPe-
TU30BaHa, Mepesliky KOHKPEeTHUX 3aBAaHb Ta BiAIo-
BiIHUX iHAMKATOPiB HEMaE.

VY nmaHwmii yac B YKpaiHi IpOBOAUTHLCS aHAJliTUYHA
po0oTa 3 BUBHAUEHHSI HAIIPsIMiB PO3BUTKY KpaiH1 Ha
JIOBrOCTPOKOBY IepcrneKTuBy — 10 2030 p. B KOHTEK-
CTi iMruiemeHTanii y HauioHanbHil nomituui LICP,
s1Ki Oynm 3aTBepmkeni Ha Camiti OOH y 2015 p. I1pn
KoopauHarii MiHeKoHOMpPo3BUTKY y 2016 p. Oyio
po3pobiaeHo HamionaneHy momnosinb «Llini Cramoro
PosButky: VYkpaiHa» (mani — «IICP — Vkpaina
2030») [4], sika aganTye Ha HalliOHAJIbHUI PiBeHb, 3
ypaxyBaHHSIM YMOB i MpiopuTeTiB YKpainu, 17 rio-
oanpHux LICP OOH. Ha wiit ocHoBi y 2017 p. yKpa-
IHCBKMMHU eKcIlepTamMu 3a minrpumku IIporpamu
po3Butky OOH B Ykpaini ta [l106aibpHOro exosoriv-
Horo (oHIy B paMKax MpoeKTy «IHTerpaiiist mojo-
keHb KonBeHiii Pio B HalioHaqbHYy TMOJITUKY
VYkpainu» miarotopjieHo mnpoekt Crparerii crajaoro
po3ButKy Ykpainu 1o 2030 p. i npoekr HaiioHans-
Horo 1utanHy aiit Ha 2017—2020 pp. 3 BIpoBaIKeHHS
Crparerii (HIT[) [12]. ¥ cyKynmHOCTi TOKyMeHTH |4,
12] BU3HAYaOTh MOAEIb CTAJIOTO PO3BUTKY YKpaiHU
Ta 1 nuiax go gocsarHeHHs LHCP B ekoHOMiYHOMY,
€KOJIOTIYHOMY Ta COLiaJIbHOMY aCTEKTaXx.

MexaHi3MOM BIpPOBaKeHHS Y MPAKTUKY 3acai
crajoro po3BuTKy € iHterpatiist [LICP y rianu nmpo-
(hinbHUX MiHICTEpPCTB i rajly3eBYy IOJITHUKY, TOMY €
aKTyaJbHUM TUTAHHSI — $SIKOIO MipOl0 Y YMHHUX
CTpaTeriyHuX JOKYMEHTaX BilOUBalOThCSl chOpMy-
JIbOBaHI y JoKyMeHTax [4, 12] HauioHayJbHI il Ta
3aBnaHHss CP (mociimkeHHS 3a UMM HaIpsiIMOM
MpOBeIeHO, 30KpeMa, Y poborTi [1]).

Hamionaneny momosins «LICP — VYkpaina 2030»
[4] po3pobiieHo 3a (hopMaTOM IJI00ATBHUX JOKYMEH-
tiB OOH: BoHa aganTye misg Ykpainu 17 rimo0anbHUX
iJIelt i MiCTUTH BifImoOBimHO 17 HalliOHAJBHUX 1IiJIEi,
SIKi CITMPAIOThCST Ha 86 3aBmaHb Ta 172 iHOUKaTOpH
1181 ixHboro MoHiTopuHry. [TpoexkTt Crparerii crano-
ro po3BuTKy Ykpainu mo 2030 p. [12] BcTaHOBIIIOE
cucteMy cemu ctparerivnux miteit (CILI), KoxHa 3
HUX BKJIIOYAE psia onepauiHux uigei (OLL) Ta 3a-
BIIaHb, IIPY LILOMY MEPETiK KJIIOUOBUX LIHOBUX T10-
Ka3HUKIB CTPYKTYpOBaHO 3a BEKTOpaMU «PO3BUTOK,
Oe3meka, BIiAIIOBIOAJIBHICTL», 3aNeKIapOBAaHUMU Y
JokyMmeHTi [11]. Criig BigMiTUTH CJ1a0OKy CKOOPIMHO-
BaHICTh Ta Y3rOIKEHICTh KJIIOUOBUX JOKYMEHTIB [4,
11, 12], po3pobieHUX Yy JIOTilli CTaJoro PO3BUTKY
YKpainu, BiAMiHHOCTI y iXHili CTpYKTYypi, ¢opmaTax,
(opMmysIOBaHHSIX 11iJIelt Ta 3aBAaHb, 1110 3HUXKYE Pi-
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BEHb IXHBOI CUCTEMHOCTI, B3a€EMO3B’sI3KiB MK HUMM,
YCKJIQIHIOE MOHITOPUHT OfepKaHUX pe3yJbTaTiB.
HIT/I [12] okpecioe rporpamy Aili Ha KOPOTKOCTPO-
KOBUIA TIepiof i € BiAMpalbOBAHUM PO3TOPHYTUM J0-
KyMeHTOM, B sikoMy, okpiMm CLI, OLI, 3aBmanb Ta iH-
JIMKATOpiB, KOHKPETU30BAHO 3axXOAu, IO MiIgKpi-
TUTIOIOTh BUKOHAHHS 3aBlaHb, & TAaKOX HABOAUTHCS
iH(opMalIis 0a0 MOTEHIIMHNX BUKOHABLIIB, CTPO-
KiB BUKOHAHHSI, JXKEpeI Ta 00CsTiB (piHaHCYBaHHS 3
PO3MOIiIOM T10 pOKaXx.

[Ilo0 BM3HAUMTH, SKOI MipOl0 HalliOHAJIbHI
LICP 3a HanpsiMOM TNpUPOAOKOPUCTYBAHHS Ta 3a-
XMCTY JTOBKIJUISI BiTOoOpa>keHO y YMHHI HOpMaTUB-
HO-TIpaBoOBilt 0a3i, Ta 100 BUSIBUTU MOXKJIMBI MPO-
rajJvHu, MU BUKOHAJIU TTOPiBHSUIBHUIA aHaJIi3 TOKY-
meHTa «ICP — Vkpaina 2030» [4] Ta rpynu mpo-
(iTbHUX HOPMAaTUBHO-IIPABOBUX aKTiB HalLliOHAIb-
HOTO piBHA [5—11]. AHai3 MpoBOAUBCS 3a TAKUMU
KpUTEpisIMU: TapMOHi3allisl 3 i1e0JO0Ti€I0 CTaJIOro
PO3BUTKY; HASIBHICTh HANPSMIB, Lijieil, 3aBJaHb €KO-
JIOTiYyHOi cnpsaMoBaHocTi, peneBaHTHUX LICP; HasB-
HICTh Ta KUIBKICTh iHAWKATOPIB JOCSITHEHHS ILiIei
Ta BUKOHaHHS 3aBAaHb. 3a METOMOJOTiUHY OCHOBY
OyJ10 B3ITO peKOMEH/allii, HaBeAeHi B aHAJIITUYIHO-
My OociimkeHHi [28], sgKi mepemdavaloTh: CKaHy-
BaHHSI METHU, CTPYKTYpU Ta 3MICTy JOKYMEHTIB,
CTpaTeTivyHUX LIiJIeil, 3aBAaHb i IUTaHIB, a Jali — iXHE
nopiBHAHHS 3 HauioHaabHUMU LICP Ta uminboBuMn
MOKa3HUKaMMU.

SIK mokaszaB aHai3, pO3TJISIHYTI YWHHI TOKYMEH-
TU MalOTh Pi3Hi piBHi rapMoHi3aliii 3 ineosoriero CP.
3akoH Ykpainu «IIpo HallioHalbHY Oe3neKy Ykpai-
Hu» Ta YKa3 Ilpesunenta Ykpainu «IIpo HOBY pe-
nakuiro Crparerii HallioHaJbHOI Oe3reKu YKpaiHu»
CIIPUSIOTH BUPIIIEHHIO 3a1a4 €KOJIOTIYHOI Oe3IeKH,
ofiHaK 3 MojeJiIto ctasoro po3Butky OOH He rap-
MOHI30BaHi, LiJIbOBMX MOKAa3HUKIB Ta TEPMiHiB BU-
KOHAaHHSI He MicTATh. Y CTparterii cTajaoro po3BUTKY
«Ykpaina-2020» [11] ekoJoriuHUT BUMip PO3BUTKY
He KOHKPETU30BaHUM. AleKBaTHO BimoOpazkae Ha-
mioHanbHMi KoHTeKeT LICP 3i cTBOpeHHS €KO0J10-
rivHO 30ajJaHCOBAHOI CHUCTEMU IPUPOAOKOPUCTY-
BaHHS 3aKoH YKpainu «IIpo OcHoBHi 3acaau (cTpa-
TETil0) Jep>KaBHOI €KOJIOTIYHOI MOJITUKKM YKpaiHu
Ha nepiog 10 2020 poky», CIIipsIMOBaHUI1 Ha IIOETaII-
He TOJIMNIIEHHS CTaHy eKOCUCTEM, BIOCKOHAJIEHHS
iHTETPOBAHOTO €KOJIOTIUHOTO YIpaBIiHHS, MPUITU-
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HEeHHsI BTpaT 0i0JIOTiYHOro Ta JaHAa@THOIo pi3-
HoMmaHiTTs. OgHaK 1eil JOKyMEHT, po3po0JIeHUl B
KOHTEKCTi peaiizailii 3aBgaHb «IIPT VYkpaina:
2000—2015», noTpebye aktyanizauii. [IeBHOIO Mi-
poro Bimnosimae ILICP HamioHanpHuii IuiaH miid
1Ioa0 OOPOTLOM 3 Jerpajalli€lo 3eMelib Ta OITyCTe-
JIIOBaHHSIM, SIKWI Mepeadavae MUPOKUid CIIeKTp 3a-
XOJiB 111 cTabinizalLlii CTaHy eKOCUCTEeM, 30KpeMa i3
3actocyBaHHsIM ['IC-TexHoJIOTiii Ta TEXHOJIOTIN
JUCTAHLIIAHOTO 30HAYBaHHS 3eMJli, OMHaK iHIMKa-
TOpiB a00 MOKa3HMKiB JOKYMEHT He MicTuTh. I1pio-
PUTETU iHIIMX PO3IJISTHYTUX NOKYMEHTIB TaKOX Yy
Ppi3Hili Mipi KopeoioTh 3 ineosoriero CP.

st BUSIBJIGHHSI TIPOTa/IMH IOAO BidIIOBIZHOCTI
YUMHHUX JOKYMEHTIB HalLliOHAJIbHUM LUIIM Ta 3a-
BIaHHSIM, c(hOPMYJIbOBAaHUM Y JOTOBIii [4], BUKO-
pucTtoByBasiack Mmetonosoris GAP-aHani3zy (aHam3y
pPO3pUBIB, BUSIBJICHHS MTPOOiIiB, YITpaBIiHHS 3MiHA-
MU), SIKUA € OTHUM 3 €(heKTUBHUX METO/IiB CTpaTe-
TiYHOTO aHaJji3y, 110 3HAKWIIOB 3aCTOCYBAHHS Yy CY-
YacHIM TpakTUlli [OiaTHOCTUKM OpraHizaliiiHux
npobsem. I[IpoBeaeHnit aHali3 1O03BOJMB BU3HAUM -
TM HU3KY MPOTAJIMH, Cepel SIKUX MOXHa, 30Kpema,
BKa3aTu TaKi:

e 11isb 11 [4], 3aBoanHs 11.4 «3a0e3ne4nuTul CBOE-
yacHe OMOBIllleHHSI HaceJeHHsI Mpo Haa3BUYaliHi
cUTyallii 3 BUKOPUCTAHHSIM iHHOBALIMHUX TEXHO-
JIOTiii»: BigOOpakeHO y PO3IJISHYTUX HOKYMEHTaX
oIrnocepeaKOBaHO, TEXHOJIOTil peKOHCTPYKIIil cUcTe-
MU OITOBIILIEHHSI HE KOHKPETHU30BaHO;

e b 14, 3aBmaHHsa 14.1 «CkopoTutu 3a0pym-
HEHHSI MOPCBHKOTO CEpPeIOBMIIA»: Y YNHHUX IOKY-
MEHTax BiloOpaXxeHo, oJHaK KiJIbKiCHi XxapaKTepuc-
TUKU Ta MOKAa3HUKHW 3a0pyTHEHHSI BiJICYTHi;

e 1iyib 15, 3aBmanHg 15.1 «3abe3neuntu 30epe-
>K€HHSI, BiTHOBJICHHSI Ta CTajle BUKOPUCTAHHSI Ha-
3eMHMX 1 BHYTPillIHiX MPiCHOBOJHUX €KOCUCTEM»:
Y YMHHUX MPOo@iTbHUX JOKYMEHTAaX 1ie 3aBIaHHS 1e-
peadayeHo JMIIe IJIsi TePUTOPil MPUPOTHO-3aII0-
BigHOTO (pOHIY;

e 1inb 15, 3aBmanHsg 15.2 «Chopustua crajomy
YIIPaBJiHHIO JlicaMu»: Y PO3TJSIHYTUX AOKYMEHTaxX
BUKOPUCTOBYEThCSI JIMIIE KiJIbKICHUI MOKa3HUK
«JTICUCTICTh TEPUTOPIii», iHIII CKIag0Bi Ta MOKA3HU-
KW CTaHy JIiCiB Ta YIIpaBIiHHSI HUMU BiJICYTHi;

e 11isib 15, 3aBganHs 15.3: «BimHoBUTH aerpamo-
BaHi 3eMJIi Ta IPYHTU 3 BUKOPUCTAaHHSIM iIHHOBALIili-
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HUX TEXHOJIOTii1»: y HOpPMAaTUBHUX JOKYMEHTAaX KiJlb-
KiCHi XapaKTepUCTUKU PiBHS Jerpajaailii 3eMesb Bii-
CYTHi, Y TOMY YHCJIi, TOKa3HUK «HEUTPAIIbHUIA pi-
BEHb Jerpagallii 3eMeb»;

e 11isib 15, 3aBmaHHg 15.4: «3abe3neuuTn 30epe-
JKEHHSI TipChKMX €KOCUCTEeM»: y MpoaHali30BaHUX
JIep>KaBHUX JOKYMEHTaX TipChKi €KOCHUCTEMU PO3-
[JISIIAI0ThCS JIMIIE Y MeXaxX TepUTOpiii mMpUpOIHO-
3aIIOBITHOTO (DOHY.

3a pesyjabTaTaMy aHallidy MOXHa 3pOOUTU BU-
CHOBOK, 1110 PO3IJISTHYTi HOPMaTUBHO-MPaBOBi aKTH
JIep>KaBHOI €KOJIOTiYHOI MOJITUKHU Ti€X0 YM iHIIOK
Mipoto Bkitouatoth LICP, agantoBaHni piist Ykpainu, i
B LIUTOMY CIIPSIMOBaHI Ha BIPOBAIXKEHHS 3arajlbHUX
npuHumIitiB CP. BoHu Bimpi3HSOThCS 3a TUIIAMU i
MaciiTabamu (3aKOH, CTpaTeris, IiaH, IIporpama),
po3po0IIeHi B pizHMX (hopMaTax, MalOTh Pi3Hi piBHI
OXOIUIEHHS c(ep OisIbHOCTI, IO BiAIOBIiIAIOTH
ILICP, pi3Hi TepMiHM BUKOHAHHSI i 4aCOBi TOPU30H-
. JlesiKi 3aBIaHHS JIMIIe YaCTKOBO KOPEJIOKTh i3
3aaaHHssMu LICP, HU3Ka NOKYMEHTIB 3a 3MiCTOM
BiAIOBigAOTh HALlIOHAJILHUM LIJISIM, ajieé He BKJIIO-
YyalTh LJIbOBUX TMOKa3HUKIiB, a00 3aieKjiapoBaHi
IHIMKATOPU HOCSTh 3arajibHUil XapakTep Ta HeJl0-
CTaTHbO KOHKpeTu30BaHi. [lesKi akTh MaroThb Tep-
MiH mii mo 2020 p. i He MiCTITb TOBIOCTPOKOBOIO
MEePCIIEKTUBHOTO OadyeHHsS ItpocyBaHHs mo LICP
(ropuszoHTt Tiob6anbHux LHCP OOH — 2030 pik).
OTxe, B LIJIOMY HasiBHa cucTeMa JOKYMEHTIB Jiulle
YacTKOBO Bigmosigae igeosorii «ITopsiaky aeHHO-
ro — 2030», npy bOMY BiI3HAYAETHCS TEHIACHIIIS
YHUKHEHHS iHIMKATOpiB a00 iHIIMX TTOKa3HUKIB,
sIKi Tiepen0avaloTh KiJIbKiCHE OLIiHIOBaHHSI.

OCHOBHI ITIIAXOAU 1O BUKOPUCTAHHSA
CYIIYTHUKOBUX JAHUX JIUI1 MOHITOPUHI'Y
IIEN CTAJIOTO PO3BUTKY

BitTun3HsiHA TpakTUKa Ta PO3MISIHYTA BUILE YMHHA
HOpMaTHBHA 0a3a MPaKTUIHO HE BPaXOBYIOTh CyJac-
HUX TEHJCHIiii BUKOPUCTAHHS KOCMIYHUX IaHUX
I BU3HAYEHHS iCTOTHUX 3MiHHMX Ta iHIMKATOPiB
CTaHy TeOCHCTEM, HEOOXimHUX IJI IPUIHATTS pi-
meHb y cdepi kepyBanHst CP. Binbliie Toro, cucrema
iH(OpMYBaHHSI MiXKHApOJHOI CMiJIBHOTH, Tiepeada-
YyeHa BiMOBITHMMMU YrojaMu, BKpail HemoCKoHaa i
IPYHTYETHCSI Ha 30BHIlLIHiIX BUMOTrax, TOAI SIK iMIiepa-
TUBMU BJIACHOTO PO3BUTKY MPAaKTUYHO BiICYTHi. YKpa-
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iHa He IpeACTaBiIeHA Ha ypsiIOBOMY PiBHI y MixXKHa-
POIHUX CTPYKTYpax, sIKi KOOPAMHYIOTb AisUTbHICTb B
rajy3i CyIMyTHMKOBMX CITIOCTepeXeHb B iHTepecax
CTaJIor0 PO3BUTKY, 30KpPEMa, y MIKYPSIOBIi TpyIri
GEO. Otxke, opraHizaliliHi Ta KOOpaWHalliliHi Tpo-
0JIeMU € CEepI03HOI0 MEPENIKOJ0I0 Ha LUISIXY BIIPO-
BapKEHHSI iHHOBALiTHUX TEXHOJIOTilA MOHITOPUHIY
cTajoro po3BuTKy. be3 KkoopauHaliii aii pi3HUX opra-
HiB YIpaBIiHHS Ta IHCTUTYLIM MiIKIUCLMILTIHApHA
JIsUTbHICTD 31 CTBOPEHHS Ta e(heKTUBHOTO (hyHKIIiO-
HyBaHHSI HalliOHaJIbHOI CUCTEMU MOHITOPUHIY CTa-
JIOTO PO3BUTKY HEMOXJIMBa. B maHoMy posmini 3oce-
penrMMocsl Ha METOAWYHMX acreKkrax IpobiaemMu
BITPOBAIKEHHSI CYITyTHUKOBUX IAHUX, sIKa MOTpeOye
BUPpIlIEHHs y HallioHaJJbHOMY MaciuTadi. 30Kpema,
posrisiHeMo Tiepenik LICP, mng gkux aucTaHuUiiHi
JIlaHi € peJeBAaHTHUMU, a TaKOX MiIXOAu 10 BU3HA-
YEHHS1 ICTOTHUX 3MiHHMX Ta KOMILJIEKCHOTO BUKO-
PUCTaHHS BEJIMKUX OOCSTIiB JaHUX.

40-piuyHa icTOpisI BUKOPUCTAHHSI CYITyTHUKOBUX
TEXHOJIOTil IEMOHCTPYE, 110 Hapa3i MU € CBiIKaMu
TMepexoay 10 HOBOTO €Tally, y SKOMY AWCTaHIIHI
JaHi CIpUYUHSIOTh TpaHc(OpMaLIiiHUI BILUIUB Ha
BUPILIEHHSI HU3KU MI00AbHUX 3aBJaHb, TAKUX SIK
MOHITOPUHT Ta 3aXMCT BPA3JIMBUX €KOCUCTEM, 3a-
Oe3IeueHHs CTIMKOCTI iH(pacTPyKTypH, yIIpaBIiH-
Hs KIIIMaTUYHUMM PU3UKaMM, OXOPOHa 3I0pPOB’S,
MMIBUIIEHHS PiBHS MPOMOBOILYOI O€3MeKM, CTBO-
PEHHSI OiIbII CTIMKUX MICT, 3MEHILIEHHST OiTHOCTI Ta
TMOJITIIEHHS YIIpaBliHHS. YHiKajlbHe 3HaUYEHHSI Cy-
MYTHUKOBUX JIaHUX CTaJ0 MPEeAMETOM PO3IISIAY Ha
[Tepmiomy BcecBitTHhoMy ¢dopymi OOH 3 maHwmx
LIOAO0 CTanoro po3BUTKY (2017 p.), AKuUii CXBalIuB
KeiintayHchkuil rimobanbHuil miaaH giii. OgHuM i3
CTpaTeTiyHUX HAaIpsIMiB yIOCKOHAJEHHSI CUCTEMU
100aIbHUX IHAUKATOPIiB BU3HAYEHO 3aCTOCYBAHHS
HOBUX TEXHOJIOTIM i IKepesl JaHUX Y CTAaTUCTUYHIN
JisUIBHOCTI Ta iHTerpalisi TeonpocTopoBoi iHpOp-
Mallii y MiAITOTOBKY CTaTUCTUYHUX aaHuX. Lleit 3a-
raJiIbHUil BUCHOBOK OOYMOBJIIOE HACTYIMHi (hyHaa-
MEeHTabHi (PYHKIIii, sIKi CYITyTHUKOBI JJaHi BUKOHY-
BaTUMYTb y MpOOJeMi MOHITOPUHIY HTOCSTHEHHS
LCP [17]: 1) 3a0e31euyIOoTh KUTTE3NATHICTb CTBO-
pIOBaHOI CUCTEMU iHAMKATOPIB; 2) (GOPMYIOTh Mifd-
IPYHTS IJ1s1 HagaHHS OUIbII CBOEYACHUX CTaTUCTUY-
HUX pe3yJbTaTiB Ta 3MEHIIEHHS 4acTOTU o0cTe-
JKeHb; 3) MiBUILYIOTh TOUHICTb 3BiTYBaHHSI 3a paxy-
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HOK TIPOCTOPOBOrO OXOIUIEHHS; 4) MiABUILYIOThH
00CSITY CTaTUCTUYHUX JaHUX, CIIPUSIIOTH MepeBipili
3arajlbHUX CTaTUCTUYHMX NaHUX Ta 3a0e3MevyroTh
JeTaizalio iHIuKaTopiB.

Mixsigomya rpyra excrieptiB 3 iHaukaropis LICP
BU3HAuUMJIA I’SITh MPIOPUTETHUX HAMPSIMiB HayKoO-
BOTO 3a0e3meyeHHsT e(heKTUBHOCTI IIPOLECY A0CST-
HeHHs LICP: po3pobieHHs1 HA0Opy IMPaKTUYHUX I10-
KAa3HMKIB; CTBOPEHHSI IIPOrpaMu MOHITOPUHTY J0-
CATHEHHSI LIMX MOKA3HUKIB; OL[IHIOBAHHS MPOLECY
PYXy /10 MOCTaBJEHUX IliJieil; BIOCKOHAJEHHS iH-
(bpacTpyKTypu CIoCcTepeKeHb; CTaHAapTU3ALIIsT TXKe-
pell Ta sKicTh maHux. ExcrieprHoro rpymoio ([29],
CratuctuuHa kKowmicis OOH, 6epesens 2017 p.)
MpeACTaBJIeHO MPOMO3Ullil OO0 JOOTpalloBaHHSI
100aJIbHOI IHAMKATOPHOI 0a3M B KOHTEKCTI IOSIBU
HOBMX JKepes iHdopMallii Ta po3po0JeHHS METO-
JIOJIOTi1 IXHBOTO BUBHAYEHHSI. 3 METOIO MMOJIETIIEHHSI
BIIPOBAIKEHHSI II00AIbHUX ITOKA3HUKIB BOHU OY/IU
Ki1acupikoBaHi 3a CTyIIeHEM METOIOJIOTIYHOIO OITpa-
LIIOBAaHHSI Ta 3arajibHOi JOCTYIHOCTI JaHUX Ha TpU
piBHi: 1 — € BcTaHOBJIEHA METOJ0JIOTiSI BU3HAYEH-
Hs MOKa3HMKa, JaHi HaJal0ThCs KpaiHaMU Ha pery-
JIIPHIN OCHOBIi; 2 — € BCTaHOBJIEHA METOJ0JIOTis,

JlaHi Halal0ThCsl HEPEeryJisipHO; 3 — BiICYTHSI BCTa-
HOBJIEHA METOJI0JI0Tisl BU3HAUEHHS MOKa3HUKa. 3a
craHoM Ha rpyaeHb 2017 p. 3 232 noKa3HMKIB TJI0-
0aJbHOI iIHAMKATOPHOI 0a3u 10 PiBHS 3 BiZHOCSTH
68 moxkasHukiB (61mu3pko 30 %), TOOGTO BiACYTHI
(a0o mepeOyBaloTh y cTafii po3p0o0JIeHHs ) KiJIbKiC-
Hi MOJIeJIi po3paxyHKy Malixke TPETMHU I100ajb-
HUX IHAMKATOPiB.

®axiBugamu GEO (Group of Earth Observation) Ta
CEOS (Committee on Earth Observation Satelittes)
OyJ10 OLIIHEHO POJIb CYIMYTHUKOBUX CIIOCTEPEXEHDb B
peajizalii 17100aJIbHOI IHIMKATOPHOI 0a3u B JaHUIA
yac Ta y MaiiOyTHbOMY. Pe3ysibTatu aHasi3y i1tocTpye
Taba. 1 [19], sska MicTUTb TIepeJIiK 1ijieli, 3aBIaHb Ta
IHIMKATOPiB IIO0ATBHOTO PiBHS, SIKi TIPSIMO YM OO~
CepeaKOBAHO MOXYTb OYTH MiATpYMaHi JaHUMU CIO-
crepexkeHHs 3eMJli. JIK BUIHO, CYITyTHUKOBI JaHi Ha
BMCOKOMY PiBHi BifITOBi1al0Th BUMOTaM IJ100aJTbHUX
CIIOCTEPEXXEHb 1 MOXYTb BUKOPUCTOBYBATUCS [IJIsI
BU3Ha4YeHHs psay iHnukaTopiB CP, mpu pomy, 3a ma-
HUMU eKCTIEPTiB, 45 % 3 HUX HalexXarTh 10 PiBHA 1,
24 % — no piBHs 21 31 % — 10 piBHSA 3.

[TprHIIMTIOBE 3HAYEHHS UTsT aKTUBI3allil BIIPOBA-
JIKEHHSI CYTTyTHUKOBOI iH(popMallii B METPUKH TJIO-

Tabauys 1. Lini, 3apaannsa Ta ingukaropu OOH, mo MoXyTh MiATPUMYBATHCS JAHUMH KOCMIYHHX CTIOCTEpPEKEHb

3aBaaHHsA Limi Innuxkaropu
1.4 1.5 1 1.4.22
23 | 24 | 2c 2 | 2413
33| 34 | 39 | 3d 3| 39.1!
4
5.a 5 | 5.a.12
6.1 | 6.3 | 6.4 | 6.5 6.6 6.a 6.b 6 | 6.3.12 6.3.23 6.4.21 | 6511 | 6.6.13
7.2 7.3 7.a 7.b 7 7.1.1!
8.4 8
9.1 | 9.2 | 93 9.4 9.5 9.a 9 | 9.1.13 9.4.1!
10.6 10.7 10.a 10
1.1 ) 11.3 | 114 | 11.5 | 11.6 | 117 11.b 11.c ]It )o11.2.12 | 11312 | 11,621 | 11.7.13
122 | 12.4 | 12.8 12.a 12.b 12 | 12.a.13
13.1 | 13.2 13.3 13.b 13 | 13.1.12
14.1 | 142 | 143 | 144 14.6 14.7 14.a 14 14.3.13 14.4.1! 14.5.1!
15.1 | 152 | 153 | 154 | 15.5 | 15.7 15.8 15.9 15 | 15110 | 15.2.10 | 15.3.12 | 15.4.11 | 15.4.2!
16.8 16
172 | 17.3 | 17.6 | 17.7 | 17.8 | 17.9 | 17.16 | 17.17 | 17.18 | 17 | 17.6.13 | 17.18.13

Ilpumimka. BepxHili CMUMBOJI NpU iHAMKATOPax BKa3y€e Ha BiTHECEHHSI OO 10 MEBHOTO piBHS Kiacudikallii (IUB. BUILE).
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Tabauys 2. Moaens [2] ouiHoBaHHS eKosioriynoi ckianoBoi CP s perioniB Ykpainm,
iHIMKATOPH i MapaMeTpH, /I BUSHAYEHHS IKUX MOXKYTh OyTH BUKOPUCTAHI KOCMIYHi AaHi

Kareropist KocwmiuHi naHi
. IHauKaTop IMapameTpu
TMOJITUKA (CynyTHUK)
ArmocdepHe | BMicT okucy KapOoHY B aTMOC(hepHOMY MOBITPi MicT
TIOBITPSt MicT [TepeBuIIEHHSA BMiCTY OKHMCY KapOOHY
BMmicT ity B atMochepHOMY TTOBITPi MicT
[MepeBuIieHHsT BMICTY MUY B aTMOC(HEPHOMY ITOBITPi MicT )
Bwmict popmanbaeriny B atMochepHOMY MOBITPi MiCT «Sentinel-5P»,
[TepeBuieHHA BMiCTy (hopMaIbaeriLy S «Aura»
BMicT 1BOOKHMCY HITpOreHy B aTMOC(EPHOMY MOBITPi MiCT
[lepeBunieHHsT BMICTY ABOOKHCY HIiTPOTE€HY
TBapuHHMI O6’exTH nMpupoj10-3anosigHoro Gouay (M3D) )
i pocMHHMIt 3mina o 06’exTin 3P «Sentinel-2»
. Bunu daopu mig 3arpo301o
EkosorivHi CBIT Bunu ¢ayHu min 3arposon )
CHCTEMU B!ZlTBOpeHHH POCITMHHOTO CBITY «Sentinel-2, -3»
BinTBOpeHHSs TBAPUHHOTO CBIiTY
Hanpa 3a0pyAHEHHS MiA3EMHUX BOI )
i 3eMeIbHi Herpamosani 3emii «Sentinel-1»
[MommpeHns 3cyBiB «Sentinel-1»
pecypcu IMopy1ueHi Ta BiAnpalboBaHi 3emi
Bonni BiojioriuyHe crioxxuBaHHSI KHUCHIO
. Docdaru
ecypcu: :
pecyp Hitpatu
3aBuCIli peUOBUHU «Sentinel-2»
BukopucranHus Bonu
Buxkugun Bukunu 3a0pyaHIOBaIbHUX PEUYOBUH Ha AyIIly HACEJIEHHS
B atMocdepy CrnioxXXvBaHHSI KaM’STHOTO BYTIJUISI
CroxXnuBaHHS Ma3yTiB TOIKOBUX BasKKUX
CroXuBaHHS APOB [T OTIAJIEHHS
LILinpHiCTH BUKUAIB CTIONYK CYJIbQYPY «Sentinel-5P», «Aura»
HIinbHICTD BUKUIIB OKCUJIIB HITPOTEHY «Sentinel-5P», «Aura»
inbHICTh BUKUAIB JIETKMX OPTraHiuHUX CITOJYK «Sentinel-5P», «Aura»
LinbHiCTh BUKUIB Bil aBTOMOOITEHOTO TPAHCTIOPTY
Exonoriunnii | Bunos pubu
Exonoriune TUCK 3aroTipJist 1epeBUHM . .
. 3MiHa JTiCOBKPUTOI TUTONII «Sentinel-2, -3»
HaBaHTAXCHHA LKepYBaHHA | JTicucTicTh «Sentinel-2, -3»
npuposHuMu | Pisuta «Sentinel-2»
pecypcamu 3abupaHHSs TOBEPXHEBOI BOIU
3abupaHHs MiI3eMHOIT BOIN
IMoBomxkenHss | Bukopucranns Bimxonis
3 BiaxOMAMM HaxonuuenHs Binxonis
[omti min TBepaAMMM MOOYTOBUMH BiIXOdaMK «Sentinel-2»
HIinbHiCTb YTBOPEHHS BiIXOIiB
VYTBOpeHHSsI BiIXO/iB Ha AYIly HACETEHHS
bionoriuni bionoriuni opranizauii
MpoeKTH ExonoriuyHna mepexa ) )
CriocTepeskeHHS 32 CTAHOM JOBKIJIJIS «Sentinel-1,
«Sentinel-2»,
«Sentinel-3»
DinaHCyBaHHS IIPUPOJOOXOPOHHUX 3aXO0AIB
PerioHabHE diHaHCyBaHHs IPUPOIOOXOPOHHUX 3ax0iB 10 BPI1
eKOJIOTiYHe Bukuau IHTEeHCUBHICTH KAPOOHOBOTO CJIiLy «Envisat», «<Aqua»,
KepyBaHHS apHUKOBHX EI/IKI/II[I/I MIAPHUKOBUX rasiB Ha %}i)u[[]y HaceJeHHSI «Sentinel-5P»,
. WKWV TAPHUKOBUX ra3iB 70
rasiB A P GOSAT,
0OCO-2, «Aura»
[ToHOBIEHHS JIiCy ) «Sentinel-2, -3»
3MiHHU Y JIiCOTTOHOBIEHHI «Sentinel-2, -3»
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OanbHoro yrpasiiHHs Mae noJituka GEO Ta iHmmx
MiXXKHApOIHUX CTPYKTYpP ILIOAO BiIIKPUTOCTI HaHUX.
B:xe npoTsirom TpuBajioro yacy AOCHiAHUKU Ta KO-
PUCTYBaui MOXYTb OAEPXYBaTH Y BiIKPUTOMY J10-
CTYMi Ta Ha PEryJISIpHiii OCHOBI oMepaTuBHi Ta ap-
XiBHI jgaHi cymyTHUKiB «CeHTiHenb», «JlaHmcar»,
«Aypa», «AKBa» Ta iH.

PosrnsiHyTi HanpaifoBaHHSI MiXKHapOJIHOT CIHijIb-
HOTHU MaloTb OYTM BpaxoBaHi y IOOymoOBi YKpaiH-
CbKOI CUCTEMM BUMKOPUCTAaHHS aepOKOCMIYHUX J1a-
Hux a1 MoHitopunry IICP. 3i ckazaHoro Bulle
CTa€ 3pO3yMIJIMM CYTTEBE BiIcTaBaHHS YKpaiHU Yy
oMy mpoiieci. ToMy rnepuiuM HEBiIKIaIHUM 3a-
BIAHHSIM € JIOOMNpAllOBAaHHS CHUCTEMH iHIMKATOPIB
Ta BU3HAYEHHS THX, JIISl AKMX MOXKYTb OYTH 3aCTOCO-
BaHi JMCTaHIiHI JaHi.

Huxye HaBeneHoO AaHi aHasli3y 3aCTOCOBHOCTI Cy-
MYTHUKOBUX JaHUX JUJIS IBOX HaIlpallbOBaHUX Ie-
peJiiKiB iHIMKATOPiB. Y po0oTi [2] cniBpobiTHUKaMMU
HauionansHoro texHiuHoro yHiBepcuteTy «KIII»
3aIIpOIIOHOBAHO TPU(AKTOPHY (€KOHOMiKa, €KOJI0-
Tisi, colliyM) Ta TpUpiBHEBY (KaTeropist MoJiTUKU, iH-
JIUKATOPU, MapaMeTpu) MOJeJb sl KOMILIEKCHOTO
ouiHoBaHHsg npoueciB CP mist perioniB YkpaiHu.
11 po3paxyHKy iHIEKCiB EKOHOMIYHOTO, €KOJIOTiY-
HOro Ta COUiaJIbHO-iHCTUTYLiOHAJIBLHOIO BUMIipiB
BUKOPHMCTOBYBaJIUCh naHi JepxxkomcTaTy, MiHIpu-
ponu, MiHeKOHOMIKHM, iHIIMX YCTAaHOB Ta HOCIIMI-
HULILKUX LIEHTPIB, a TaKOX €KCIEePTHI BUCHOBKMU.
Jms KiIbKiCHOTO BM3HA4YEHHS PSIOy ITapaMeTpiB Ta
iHIMKATOPiB €KOJIOTTYHOIO BUMipy MOXYTb OyTH BU-
KOPHUCTaHi TAKOX JJaHi KOCMIYHUX CIIOCTEPEKEHb.

VY Taba. 2 HaBeneHO MOOYAOBaHY aBTOpaMM MO-
JIeJIb OLIIHIOBAaHHS eKoJIoTriuHoi ckiagoBoi CP (rpa-
du 1, 2, 3). V¥ rpadi 4 BinmiueHo, sIKi mapameTpu
MOXYTb BU3HAYATHCS Ha OCHOBI PETYJISIPHUX JTAHUX
CYNMYTHUKOBUX CHOCTEPEXEHDb BIIKPUTOTO JOCTYITY.

HactynmHum cyTTeBUM KPOKOM JIj151 BIIPOBaI>KEH -
HSl CYNYTHUKOBMX JaHUX € BHU3HAYEHHS iCTOTHHX
3minanx — Essential Variables (EV), nig skumu po-
3yMIIOTh «MiHiMaJbHUIA HA0ip 3MIHHUX, SKi BU3HA-
YalTh CTaH CUCTEMHM Ta il pO3BUTOK, i MalOTh BUPi-
1IajbHe 3HAYeHHS JUIs TTPOTHO3YBaHHS PO3BUTKY
CUCTEMHU Ta J03BOJISIOTh BU3HAYATU METPUKM, 1110
KOHTPOJIIOIOTh TPAEKTOPit0 cucTemMu». Lle moHATTS
CIIYXWUTh XapaKTEPUCTUKOIO MOJEeil €eKOCUCTEM i
HE BKJIIOYAE TEXHOJIOTIYHI XapaKTEePUCTUKM, TaKi,
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HaIpUKJIaJ, SIK MPOCTOpPOBa Ta yacoBa PO3/ilbHa
3MaTHICTh. OCKIJIBKM 4YUCIIO TOKa3HUKIB MOMAENI
MoXe OYyTH BEJIMKUM, IUISI MOJEJIIOBAaHHS BimOupa-
IOTh TOJIOBHI, 0€3 SIKMX MOJIeJIb BTpayae ceHc. IHui
3MiHHI MpU LILOMY He OepyThcsl IO yBaru, mpore
BOHM «HECYTTEBi» He B3araji, a JIMIIE JJIs JaHOIO
3aBJaHHS. 3 IIBOTO BUILIMBAE, IO iCTOTHI 3MiHHI
MOBUHHI OyTH MOIYJISIMU, a He (Pi3UIHUMM 91 0io-
XiMIYHUMU XapakTepucTuKaMu. ToMy KOXHa icTOT-
Ha 3MiHHA IIpU ITOOYIOBI MOJEJIi CUCTEMU TTOBUH-
Ha BiJLIyKyBaTHCS SIK 3a TIEBHUMU aJITOPUTMaMu,
TaK i IIJISTXOM BUOOPY piBHSI OpraHisallii, Ha SKOMY
BUHUKAE TOTPIOHUI MOnOyJb, SIKMI OAHO3HAYHO
3a0e31euye MPOrHo030BaHy MOBEAIHKY CUCTEMMU.

BusHaueHHs CyTTEBUX 3MiHHUX 3 TOUKU 30py M€-
TOA0JI0Til To0ynoBU cuctemu MoHiTopuHry LICP €
JIAHLIIOTOM, SIKMIA TTOEAHYE 1aHi BUMipIOBaHb, MOJIe-
JIi eKOCUCTEM Ta iHIMKATOPU CTAJIOTO PO3BUTKY. Y
TOM XK€ Yac lie BiZHOCHO CaMOCTiliHa ITpoOJjiema,
ockiibk EVs BHCTyMmaloTh MOTYXXKHUM iHCTPYMEH-
TOM CIiJIKYBaHHS Ta OLIIHOK, SIKWM J103BOJISIE BUE-
HUM Ta MpaKTHUKaM MiABUIILYBaTU PiBEeHb PO3YMiHHS
3MiH B eKocHucTeMax Ta (opMyBaTH TIOJITUKY. Y
OiIbIIOCTI TeMaTUYHUX Chep po3podKa HabopiB EVs
nependavae Mmpolec y3roIXeHHs TOro, 110 € BaX-
JIMBUM IS 1IiJIeH BiAITOBiMHOI CIiJIBHOTU (DaxXiBIIiB.
HesBaxatouu Ha Te 1110 Y pi3HUX CITIJIbHOTax € Oara-
TO BiIMIHHOCTEN Yy KPUTEPISIX Ta METOI0JIOTISIX PO3-
pobku HabopiB EVs, HasiBHE TaKoxX 3HA4YHE Tepe-
XPEUIEHHST B Pi3HUX TeMax (HahOiIbLI OYeBUAHUIMI
npukiaag — temu «KitimaT» Ta «Bomay).

Ha croronHi tTeMaTMYHUMM OOJIACTSIMHU 3 TIpaK-
TM4HO cdopmoBaHuM crnuckoM EVs e «Kiimat»
(ECV), «Okean» (EOV) Tta «biopizHOMaHITTSI»
(EBV). HabGmxaeTbcsi OO Y3TOMKEHHSI KOMILIEKC
EVs mns1 Tematnku BOOTHOTO CepedoBUINA Ta Cillb-
cbKoro rocniogapcrna (B pamkax GEOSS). /logaTko-
Ba po0OTa OYIKYEThCS IJIs Y3ro[keHHsI HabopiB EV
JUIS KaTacTpod, OXOPOHU 3A0pPOB’Sl Ta €KOCUCTEM.
YKpaiHchKi paxiBli Ha TOTOYHOMY eTalli poOOTH KO-
PUCTYIOTBCSL BXE€ HaIlpallbOBaHUM MiXXHapOIHOIO
crinbHOTOI0 HAOopoM EVs, a BnacHy poboTy (SIK i BU-
poonennst LICP) me He po3movyaTo. O4eBUIHO, 110
CKOPHMCTATHCS TUTbKIM HaIIpallOBaHHIMM MiXKHApOI-
HUX IpyIl (haxiBLIiB HE BAACTHCS, OCKUIBKM IS KOX-
HOTO pPerioHy HeoOXiHO oOpaTh HaMOiIbII pese-
BaHTHI MOJIeJIi Ta BIAIIOBIAHI ICTOTHI 3MIHHI.
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BakamBoio MeTOAMYHOIO MPODJIEMOIO, TKA MAE BU-
pilIyBaTHCS HA HALIOHAJILHOMY PiBHi, € 3aCTOCYBaHHS
Nexus-ninxoxy (Bin Jar. nectare — 3B’SI3yBaTH),
SIKAM CTaB KJIFOUOBUM JLJISI ONTUCY CKJIAJTHUX B3aEMO-
3B’s13KiB Mixk cpepamu [IpomoBonbcrBa, EHeprii Ta
Boau — Food, Energy, Water — FEW [15, 21]. Tpa-
JULIHHO OiNbLIICTh TJTOOAJTBHUX BUKIIMKIB, XOU i
B32EMOIIOB’SI3aHUX, BUPILIYETHCSI OKPEMO, TP LIbO-
MY pillleHH$, peayli3oBaHi B OIHOMY CEKTOpi, MO-
KyThb MaTU HerepeadadyeHi Ta HeOe3MmeuHi HaCliaKK1
B iHIIMX cextopax. lle 00ymMOBIIeHO B3aEMO-IIOB’SI-
3aHUMU XapakTepuctukamu cucteM FEW (oueBun-
HO, 1110 BUPOOHUIITBO MPOIYKTIB XapuyBaHHS a0o
eHeprii 00OMeXXY€EThCS, CKaXKiMO, HasIBHICTIO BOIN),
3aXO/IM B SIKMX 3a3BMYail aHaAJi3ylOTbCsl Ta TJIaHY-
I0ThCSI HE3aJIeXKHO.

Nexus-migxin repegdayae BUBYCHHSI B3a€EMOJil
MiX pi3HMMM CEKTOpaMM i IepeBeAecHHS yIIpaBIiH-
HSI pecypcaMi Bifl i30JIbOBAaHMX A0 iHTETPOBaHUX Ta
€KOHOMIYHO e(heKTUBHUX 3aXOMiB 11010 BU3HAYCH-
HSI CITIJIBHUX TIepeBar y paMkax IMeBHMX JIAHIIOTiB
BUPOOHUIITBA TIpoayKiii [16]. YncneHHi KimbKicHi
JNOCJIIXKEHHS MoKa3aJiv, 110 IiAX0Iu J0 B3aEMO/Iil
MOXYTb BUSIBUTH CHHEPTiI0 Ta KOMIIPOMICH MixX
ceKkTopaMM, 3MEHIIWTU HeraTMBHI HaCiAKu Ta
CIIPpUSITH iHTErPOBAaHOMY IJIaHYBAHHIO Ta YIIpaBIiH-
HIO. AJle aHaJli3 IPOBEAEHUX JOCIII)KEHb CBITYUTD,
110 ChOTOAHIIIHIN piBeHb € MAJIEKUM Bil MOXKJIH-
BOCTEI OLIIHIOBAHHSI IPOIPecy y OJOCITHEHHI Liiei
CTaJIoro po3BUTKY. Y TO e yac BU3HAHO, 1110 Nexus
FEW npsiMmo uun orocepeakoBaHO CTOCYETHCS BCiX
6e3 BuxkinroueHHs LICP.

TpynHo1i 3aCTOCyBaHHS IILOTO ITiIXOMYy MOXHa
PO3IiIUTH Ha DYyHIAMEHTaIbHI Ta TeXHOJOri4uHi. JIo
MEepIIMX CJIiJ BiIHECTU CKIaAHICTh (hOPMYJIFOBAaHHS
€KOHOMIUYHMX iHAMKATOPiB, Ha SIKi BILIMBAIOTh KOM-
noHeHtu cucreM FEW. Cepen TexHOJIOTIYHUX TPYI-
HowIiB y po6oti [20] BumisieHo Tpu obGmacti. Ilo-
nepiiie, oOMexXeHa CIOCTEPEXIJIMBICTh YCKIJIaIHIOE
30upaHHs gaHux y cucremax FEW sk ycepenuHi,
TaK i Mi>k HUMU (HanpuKiIaa, Qyxe BaXKo BUBYATU
po3Modia Mmig3eMHUX BOI Ta eHeprili BiTpy). Ilo-
JIpyre, KepyBaHHS JaHUMU TJIOO0IBHUX CIIOCTEpE-
xeHb FEW He € agekBaTHUM: HeBeJMKi Habopu
JlaHUX, 3i0paHi 3 pi3HUX JKepes Ta pi3HUX reorpa-
(¢iuHMX perioHiB, HE MOXYTb OYTH ITOBHICTIO BUKO-
pucrtani pa3oM. Ilo-Tpere, cy4yacHi HOCITiIKEHHS
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YCKJIQJHIOIOTHCS BiICYTHICTIO €(heKTUBHUX MPOTO-
KOJTiB OOMiHY JaHUMU MiX CEKTOpaMU Ta KpaiHaMu.

ITepeniyeHi mpoOiaeMu T03BOJISTIOTh 3PO3YMITH,
YOMY Ha CbOT'OJH1 po3p00JIeHO 3Ae0ibIIOro yacT-
koBi migxonu (Boga — IlpomoBosibeTBO U EHep-
ris — Boga), a 3actocyBanHsa Nexus FEW no omi-
HoBaHHs LICP nmoTpe0dye BelIuKux 3ycuib. ¥ Ha-
npsiMax, 1o po3po0I0I0ThC HAYKOBOIO CITiJIbHO-
TOIO, € IIE€BHIi yCIiXM y BUpillleHHI (Pi3nyHUX adbo
colliaJibHUX TIpo0JieM, TOli SIK BUPilIEHHS TMPO-
0J1eM Ha piBHi reoiHdopMaliiHuX 3a1a4 (30Kpe-
Ma 30MpaHH, iHTerpaiii, KepyBaHHsI, aHaJIi3y Ta
Bi3yasizallii mpocTOpOBUX HaHUX, IOB’SI3aHUX 3
FEW-3B’s3K0M) 111€ TIOTIEpEY.

PimrenHs1 MacitabHOro 3aBAaHHS 3aCTOCYBaHHS
Nexus-nigxoay no ouintoBanHs LICP npoBokye pe-
BOJIIOLII0 B TEXHOJOTil BUKOPUCTAHHS maHuX [27,
33]. Le, y mrepIiry 4epry, IToB’si3aHo 3 npodaemMolo Big
Data, 3yMOB/ICHOIO HE TUIBKM BEJIMKUM OOCSTOM
JIaHUX, aJle TAKOX IXHbOK Pi3HOPIAHICTIO, HEOOXiI-
HICTIO IIBUAKOI 00po0OKM, inbrpallii, JOKYMEHTY-
BaHHS 11 IKOCTi i HEBU3HAYEHOCTEN, a TAKOX BUMO-
raMu 1o Bizyajizallii (T. 3. mpooieMa «5V»). I mpo-
Os1eMa, B3arajli Kaxy4yu, BAHUKA€E B Pi3HUX 00J1aCTIX
Cy4acHOI HayK{ Ta Ma€ 0e3MocepeaHill CTOCYHOK 10
GEOSS — inrerpoBaHoi cucTeMH BEJIMKOTO MacCIII-
Tady, 1110 CKJIAMAEThCS 3 MHOXUHU JIIOUMX OKPEMO
ImgcucTeM, IIOB’sI3aHUX, OJHAK, B iHTepecax BUpi-
LLIEHHS CITiIIbHUX 3aBAaHb. BapiaHT pilueHHs, 3a-
MpOIoHOBaHU1 B pamKax cTBopeHHsI EuroGEOSS,
nepeadavyae opraHizalilo IocepeaHUIIbKOI (Opo-
Kepcbkoi) mincuctremu — DAB (Discovery and
Access Broker), sika 3a0e3neuye iHTepgeiic Mix Ko-
pucTtyBayaMu i nmposaiinepamu [27]. Ls meTomomo-
risg nependavae KII0Y0Bi HOBOBBEIEHHS: TIOBHICTIO
nocepeIHULIbKUK (OpOKepChbKUii) miaxim, mobdyno-
BaHMII Ha TEXHOJIOTii xMapHUX obuuciaeHb. GEO-
DAB-apxiTekTypa XMapHUX KOMIIOHEHTIB Ma€ 3a-
Oe3reunTH BCi «5V» 3aBIaHb.

ITpu oOynoBi yKpaiHCHKOI MiACUCTEMU MOHITO-
punry IICP 3 BUKOpUCTaHHSIM CYITYTHMKOBHUX Ja-
HUX BUHWKHE MUTAHHS 1IO0A0 BJIACHUX MiAXOMIB J0
BUpIlIECHHS IIpo0jieMr 3a0e3IledYeHHs] €BpPOIeii-
CBHKOTO DPiBHS HagaHHS iHQOpPMALIHUX CEPBICIB i
TrapMOHITHOTO BXO/KEHHSI B pO3p00JII0BaHi CUCTEMU
EuroGEOSS. Hapa3i BuKoHaHO Iepiili ITiJIOTHI Ipo-
€KTH YKPaiHChKMX HAyKOBIIIB y paMKax CTBOPIOBAHOL
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Tabauya 3. HanionanbHi uini, 3aBJaHHs Ta iHAMKaTOpH [4], 10 MOXKYTh HiITPUMYBATUCS CYNYTHUKOBUMH JAHUMH

Llini Ta 3aBIaHHS

Innuxaropu

Micist / cynyTHUK,
KOCMiYHE areHTCTBO

2.3. 3a0e3IeunT CTBOPEHHS CTIMKUX CUC-
TeM BUPOOHMIITBA MPOAYKTIB XapuyBaHHS,
IO CIPUSIOTh 30epekKeHHI0 eKOCUCTEeM i
IIOCTYIIOBO MOKPAILYIOTh SIKICTh 3€MeJb Ta
[PYHTIB, B IEPILY YEPry 3a paXyHOK BUKO-
PpUCTaHHS iIHHOBALIIMHUX TEXHOJIOTii

b 6. 4

6.5. 3a6e3meunTy BIPOBAIKEHHST iHTErpo-
BaHOTO YIPaBJIiHHS BOIHUMU pecypcamu

i 1
11.2. 3abe3neynTy PO3BUTOK ITOCENEHb i
TEPUTOPili BUKJIIOUHO Ha 3acamax KOMII-

JIEKCHOTO TUIAHYBAaHHS Ta YIIPaBJIiHHS 3a
Y4acTIO IPOMaJICbKOCTi

11.3. 3abe3neunTy 30epekeHHST KYJIbTyp-
HOI i TPUPOIHOI CIMAAIIMHMU i3 3aTy4eHHSIM
MPUBATHOTO CEKTOPY

11.4. 3abe3neunTy CBOEYACHE OIOBIlllEH-
HSI HaceJIeHHsS! MPO HaA3BUYaiiHI cuTyauii
3 BUKOPUCTAHHSIM iHHOBalliHHUX TEXHO-
JIOTiH

11.5. 3MeHIIUTU HETaTUBHUII BIUIUB 3a-
OpYIHIOIOYMX PEYOBUH, Y T.4. Ha JTOBKIiJIS
MICT, LIJISXOM BUKOPUCTAHHSI iHHOBaLili-
HUX TEXHOJIOTii

ins 13.

13.1. OGMeXUTH BUKUIM MAPHUKOBUX Ta-
3iB B €KOHOMilli
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innb 2. ITogonaHHs rojiony, pO3BUTOK CiIbCHKOI'O TOCMOJapCTBa

2.3.1. IHgekc BUpOOHUIITBA XapuyOBUX MPOIYKTIB, %

2.3.3. YacTka CiJIbcbKOTOCIOAAPCHKMX YTilb i Op-
raHiYHMM BUPOOHULITBOM Yy 3arajibHiil TUIOLIi Cijb-
CBKOTOCITOIAPCHKUX YTinb YKkpainu, %

HCTa BOJIa Ta HAJIEXKHi CaHiTapHi yMOBU

6.5.1. KinpkicTh piyKOBUX OaceifHiB, I SIKUX 3a-
TBEPKEHi IJIaHU yIPaBIiHHS

1. Cranuii po3BUTOK MICT i rpoMaj

11.2.1. Yacrtka perioHiB, 110 3aTBepAUJIU i BIpoBa-
JKYIOTb PErioHalbHi CTpaTterii po3BUTKY Ta TUIaHU
3aXO/iB 3 IXHbOI peajizallii, po3po0sieHi 3a y4acTio
rpomazachKocTi, %

11.3.3. Tlnoma npupoaHo-3arnoBigHoro ¢GoHmy 3a-
raJibHOJIEP>KaBHOTO 3HAYEHHSI, % TepUTOPii KpaiHu

11.4.1. PiBeHb PEKOHCTPYKIIii 3arajbHOAEP>KaBHOL
CHUCTEMU LIEHTPaJi30BAHOTO OIMOBILIEHHSI HACEJIeH-
Hs, %

11.5.1. O6¢csar BUKMIIB y aTMOc(epHe TOBITPS 3a-
OpYIHIOYUX PEUOBUH, % 10 piBHs 2015 p.

11.5.2. CymapHuii o6¢csT BUKUIIB B aTMOC(hEpHE T10-
BiTps1 3a0pyIHIOIOYMX PEUYOBMH BiJl CTalliOHApHMX
JKepes, MPpUBEIESHUI 10 OKCUAY BYIJIELIO 3 ypaxy-
BaHHSIM BiZIHOCHOI arpeCMBHOCTI OCHOBHUX 3a0py/1-
HioBauiB, % no piBHst 2015 p.

11.5.3. CymapHuii obcsr BUKUIIB B aTMocdepHe
MOBITPsl 3a0pYAHIOIOUMX PEYOBUH Bill MEPECYBHUX
IKepest, TIPUBEIeHUI 0 OKCUIY BYTJIEIIO 3 ypaxy-
BaHHSIM BiIHOCHOI arpeCUBHOCTI OCHOBHUX 3a0py/-
HIoBauiB, % 10 piBHs 2015 p.

TToM’sIKILIEHHST HACJTIAKIB 3MiHU KJIiMaTy

13.1.1. OGcsT BUKMIIB TApHUKOBUX Ta3iB, % 10 piB-
Hs1 1990 p.

«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-2» (ESA),
«Landsat-8» (NASA)

«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-2» (ESA)
«Landsat-8» (NASA)

«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-5P» (ESA),
«Aura» (NASA),
GOSAT(JAXA),
0OCO-2 (NASA),
«Suomi NPP»
(NOAA), OMI
(NASA) GOME-

2 (ESA) ODIN (ESA)

«Envisat»
(SCIAMACHY,
NASA), «Aqua»
(NASA), GOSAT
(«Tanso-FTS», 2009,
JAXA), OCO-2
(2014, NASA),
«Sentinel-5P» (ESA),
«Aura» (NASA)
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3akinuenus maon. 3.

Llini Ta 3aBmaHHsa

Innukaropu

Micist / cymyTHUK,
KOCMiUHe areHTCTBO

14.1. CKopoTuTH 3a0pyaIHEHHSI MOPCHKOTO
cepenoBHINa

14.2. 3abe3neyuTu cTajle BUKOPUCTAHHS
i 3aXMCT MOPCBKUX Ta MPUOCPEKHUX EKO-
cucTeM, IIBUIIEHHS IXHBOI CTIKOCTI Ta
BiIHOBJIEHHS] HA OCHOBI iIHHOBALIITHUX TeX~
HOJIOTi i

ins 15.

15.1. 3a06e3neunTyl 30€pekeHHS, BiTHOB-
JIEHHSI Ta CTaJle BAKOPUCTAHHS Ha3eMHUX i
BHYTPIILIHIX MPiCHOBOJHUX €KOCUCTEM

15.2. CipusiTil cTajioMy yIpaBliHHIO
Jicamu

15.3. BinHoBUTM AerpaaoBaHi 3eMli Ta
IPYHTH 3 BUKOPUCTAHHSM IHHOBALIITHUX
TEXHOJIOTIl

15.4. 3a6e3neunTy 30€pekKeHHS TipChKUX
€KOCUCTEM

inn 14. 36epekeHHs MOPCHKUX PECYPCiB

14.1.1. YacTka ckuaiB 3a0pyaHEHUX CTIYHMX BOJ Y 3a-
rajibHOMY 00Cs13i CKU/IiB 10 MOPCHKOTO CepeoBuiLia, %

14.2.2. Tlnoumia TepuTopiii Ta 0O’€KTIB MPUPOIHO-
3aI0BiIHOTr0 (GOHIY IIPUMOPCHKUX objacreit, % Bin
TepUTOPIi MPUMOPCHKUX OOacTei

14.2.3. [lmoma TepuTopiii Ta 00’€KTIB TPUPOIHO-
3amoBigHoro oHmy B akBatopii YopHoro ta A30B-
CbKOT'O MOpIB, TUC. Ta

3axucT Ta BiITHOBJIEHHS €KOCUCTEM CYIIIi

15.1.1. [omra TepuTopiii Ta 06’ €KTIB MPUPOTHO-3a-
noBinHOro OHIY, TUC. T'a

15.1.2.Yactka mjonti TepuTopiii Ta 06’ €KTiB MpU-
POIHO-3aMoBiTHOTO (hOH/IY Y 3aTalIbHiii TepUTOPil
Kpainu, %

15.1.3. YacTka rutolii TepuTopiii HalliOHAIbHOI €KO-
JIOTIYHOI MepexXi y 3arajibHiii TepuTopii Kpainu, %

15.2.1. Jlicucrictb Tepuropii kpainu, %

15.3.1. KinbKicTh BU3HaUE€HUX Ta peai3oBaHUX
3aBIaHb IIO/I0 JOCSTHEHHST HEUTPAIILHOTO PiBHSI
nerpanailii 3eMeJib, OMUHULb

15.3.2. [1noma opHMX 3emMenb (pisii), TUC. Ta

15.3.4. I1no1a 3eMesib OpraHiyHOro BUPOOHUIITBA,
THC. Ta

15.3.5. Tnowa cijibcbKOrocoaapCchbKux yriib eKc-
TEHCUBHOTO BUKOPUCTAHHsI (CIHOXATeii, TaCOBUIII),
THUC. Ta

15.3.6. YacTtka 1u1o11i CiIbChKOrOCIOAapChKUX YTiab
€KCTEHCUBHOTO BUKOPUCTAHHS (CiHOXaTel, maco-
BWII) Y 3arajibHiit Teputopii KpaiHu, %

15.4.1. Inomia TepuTopiit MPUPOTHO-3aTTOBITHOTO
(GOoHY B ripCbKUX perioHax, TUC. Ta

15.4.2. YacTka muioliii TepuTOpiii MpUpOaHO-3aI10-
BiHOTO (DOHIY B TiPChKUX PETiOHAX Y 3arajibHiil
TepuTopii Kpainu, %

«Sentinel-3» (ESA),

«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-1»,
«Sentinel-2»,
«Sentinel-3» (ESA),
«Landsat-8» (NASA)

«Sentinel-2»,
«Sentinel-3» (ESA)
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€BPONENCHKOI TOCTIMHUIIBKOI MepexKi 3aCTOCYBaHHS
CYIYTHUKOBUX JaHux it MmoHitopuHry LICP y pam-
kax npoekTy ERA-Planet. Cepen po3pobiieHux cep-
BiciB Big3HaumMmo Taki [13, 23, 24, 32]. Po3po0baeHo
TEXHOJIOTi1 OLIiIHKM iHAMKaTopiB nocsirHeHHs LICP 3a
HanpsiMkamu «Zero Hunger» (inmukarop 2.4.1) Ta
«Life on land» (ingukaTtopu 15.1.1 Ta 15.3.1) Binno-
BimHo 1o Nexus-migxony [34]. Y HaLlioHabHOMY 3Bi-
Ti 3a mporpamoro UNEP [25] npencraBieHo OLLiHKK
nokaszHukiB nerpamamii 3emii (Land Degradation
Neutrality), s1ki HagaioTbes y KoHBeHLiI0 OOH 3 60-
POTEOM 3 OITYCTETIOBAHHSM [26].

OTpuMaHi pe3yabTaTu OyayTb BUKOPMCTaHi Ta-
KOX SIK CKJIa/IoBa 3arajbHOAEeP>XKaBHOI aBTOMAaTU30-
BaHOI cuctemMu «Binkpute MOBKiUIsI», IO CTBOPIO-
€TbCS i erigoro MiHicTepcTBa €KOJIOTil Ta Mpu-
pomHuX pecypciB YkpaiHu 3a miaTpumku FAO Tta
CBiTOBOIO 0aHKY $IK BiIKpUTa CUCTeMa JOCSTHEHHS
1IiJIeli cTajJoro po3BUTKY Ha HalliOHAJIbHOMY PiBHi.

BHUCHOBKHM

1. JlocBim 3milicCHEHHST MIiXHApOAHUX IIporpam
GEOSS ta COPERNICUS cBimuuth, 1110 BIpoBa-
JDKEHHST Y CUCTEeMY JIep>KaBHOI'O YIpaBJIiHHS i1eo-
JIOTii CTaJIoT0 PO3BUTKY, BM3HAUYEHOI JOKYMEHTOM
OOH «ITopsinok nennuii — 2030», Mmae 6azyBaTucs
Ha HOBMX iH(pOpMaLiifHMX TEXHOJIOTISIX 3 BUKOPHUC-
TaHHSM JaHUX aePOKOCMIUHUX CIIOCTEPEKEHb.

2. Po3po0OitoBaHUiT MiXKHapOAHOIO CHiJIbHOTOIO
iHHOBalIMHUMI TiAXiA nepeadavae iHTerpailiro Ha-
3eMHUX Ta KOCMiYHUX TaHUX Y MOJEJISX MPUPOIHUX
1 TEXHOT€HHUX MPOLIECiB, IKUIA 3a0€3MEUUTh SIKiCHO
HOBMIA piBeHb BUPIllIEHHS 3aja4 MOJCIIOBAaHHS Ta
IIPOTHO3YBaHHSI, i B LIJIOMY — iH(opMalliiiHOI mia-
TPUMKM YIIPABIiHCHKUX PillleHb.

3. AHauti3z YMHHOI B YKpaiHi cucTeMu JOKYMEHTIB
CBITUNTH, IO BOHU JINIIIE YACTKOBO BiIITOBIiZaiOTh
ineosorii «ITopsinmok neHHuii-2030», mpuyomMy Ha-
sIBHA TEHJEHIlisl YHUKHEHHSI iHIMKaTOpiB abo iH-
LIMX MMOKA3HMUKIB, SIKi MependadyaroTh KiJIbKiCHE OlLi-
HIOBaHHSI.

4. AHaJti3 BUBHAYEHUX I YKpaiHU LiJIeil cTano-
IO PO3BUTKY BUSIBUB CYTTEBY POJIb 3aJlyY€HHS CYy-
MYTHUKOBUX JJAHUX, 5IKi MalOTh BUKOPHUCTOBYBATUCS
y 40 % ouiHIOBaHMX iHAMKATOPIB, a came, 6 Hallio-
HaJbHUX 1Iieit, 13 3aBganb Ta 24 iHOUKaTOPHU Mpsi-
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MO YU OIOCEepPeIKOBAHO MalOTh BUKOPUCTOBYBATHU
JaHi crmocTepexkeHHs 3emi (Taou. 3).

5. IIpu noOynoBi yKpaiHCHKOI IiICUCTEMU MO-
HITOPUHTIY LIIJIe} CTAaJ0ro po3BUTKY 3 BUKOPUCTAH-
HSIM CYIIYTHUKOBUX JTaHUX BUHUKAE HU3KA AKTY-
aJIbHUX METOAWYHMX NMUTaHb (30KpeMa BU3HAUYECH-
HSI iCTOTHUX 3MiHHMX, BUKOPUCTaHHS Nexus-Irii-
xofy, ipoosiemu Big data), BupillleHHS SIKUX € He-
OOXiZHUM IJisT pO3pOoOJICHHSI BJIACHMUX MiAXOMdiB i
rapMOHIAHOTO BXOJXKEHHSI B pO3p00JIt0BaHi cCUCTe-
mu EuroGEOSS.
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HMHcrutyT KOcMuuyeckux ucciaenoBanuii HaimonanbHoi
aKaJieMuu HayK YKpauHbl U [ocynapcTBEHHOTo
KOCMMYECKOTO areHTcTBa YKpauHbl, Kues, Ykpauna

IMMPOBJIEMbI UCITOJIb3OBAHUS
CIYTHUKOBBIX JAHHBIX J1J11 MOHUTOPUHTA
LIEJIEM YCTOMYUBOT'O PASBUTHUS YKPAUHBI

PaccMoTpeH psin MEXIMCLIMITIMHAPHBIX MPO0JIEM COBMECTHOIO
WCMOJb30BaHMsI CITyTHUKOBBIX 1 HA3eMHBIX JAHHBIX B 331a4aX MO-
HUTOPYHTA LigJIel YCTOMYMBOIO Pa3BUTHSI YKpauHbI. DT Mpodiie-
MBI PAaCCMaTpPUBAIOTCS B KOHTEKCTE TIPUCOCIMHEHUST YKpauHbI K
BceMupHoii cTpateru yCTOMUMBOIO pa3BUTKS M pa3pabOTKK COOT-
BETCTBYIOLLICH METOMOJIOIMU. AHAIM3 JIEUCTBYIOILIMX HOPMATHB-
HO-TIPABOBbIX IOKYMEHTOB TOKa3aJ1, YTO OHU JIUIIb YACTUYHO CO-
otsercTBytOT Hneonoruu «IToeectka mHs1-2030», ipyuyem Habo1a-
eTCSI TeHICHIVS M30eTaHus MTHIMKATOPOB WJIH IPYTHX TTOKA3ATETei,
TIPeIyCMaTPUBAIOIINX KOJIMYECTBEHHOE OLICHUBAHME, B YACTHOCTH
C TIOMOIIIBIO AMCTAHLIMOHHBIX JaHHBIX. OIpe/esieH repeveHb Ha-
LIMOHATbHBIN 11eJIeld, 3a1a4 U MHAWKATOPOB, KOTOPbIE MOIYT IO/~
JIep>KUBaThCsl TAHHBIMU KOCMUYECKUX HAOMIONEHWH, PaCCMOTPEH
PST METOIMYECKMX BOITPOCOB TAPMOHUYHOTO BXOXKIIEHUS pa3pada-
TBIBAEMOM YKPAMHCKOI TTOICUCTEMBI B MEXITYHAPOIHBIC CHCTEMbI
MOHUTOPUHTA LIEJIEH YCTOMYMBOTO Pa3BUTHS.

Karoueesvie caosa: ey yCTOMUMBOTO pa3BUTHSI, MHAMKATO-
PBI, CYIIECTBEHHBIE TIepeMEHHbBIE, CITyTHUKOBBIC TaHHEBIE.
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PROBLEMS OF USING SATELLITE DATA
TO THE ASSESSMENT OF SUSTAINABLE
DEVELOPMENT GOALS OF UKRAINE

A number of interdisciplinary problems of satellite and ter-
restrial data utilization in the assessing the goals of sustain-
able development of Ukraine are considered. These issues
are considered in the context of Ukraine’s accession to the
World Strategy for Sustainable Development and the gen-
eration of an appropriate methodology. The analysis of the
current legal documents showed that they only partly corre-
spond to the ideology of the “Agenda-2030”, and there is a
tendency to avoid indicators that require quantitative assess-
ment, in particular, with the help of satellite data. The list
of national goals, tasks and indicators that can be supported
by the data of space observations is determined, a number of
methodological issues concerning the harmonious entry of
the developed Ukrainian subsystem into international sys-
tems for monitoring the goals of sustainable development are
considered.

Keywords: sustainable development goals, indicators, essential
variables, satellite data.
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O. B. Jlerrsipes

HepxasHe nianpueMctBo «KoHcTpykTopebke 01opo «IliBnenHe» iM. M. K. fnrens», [Hinpo, YkpaiHa

KPYIJIUIA CTL PEKTOPIB BUIIIUX HABYAJTbHUX 3AKJIA/IIB
I IPOBJEMU AEPOKOCMIYHOI OCBITH

V 1paBni 2019 p. B AI1 «Kb «ITiBoenne» im. M. K. SIH-
rejsi» (M. JIHinpo) BinOynacsa cboma MixHapoaHa
KoHepeHiss «KocMmiuHi TexHosorii: cyyacHe Ta
MaiOyTHE», sIKa MPOBOAUTLCS i eTigmoo MixHa-
poaHoi akageMii acTpoHaBTUKM. OIHIEIO 31 3HAYHUX
MOoJiit yeTBepTOro AHs KoHdepeHuii — 24 TpaB-
Hsl — CTajlo 3acilaHHs KPYIVIOTO CTOJIy PEKTOpiB
MPOBIiAHUX 3aKjaAiB BUIoi ocBitu Ykpainu (3BO)
«YHiBepcHuTeTChKa HayKa — KocMocy». Moro ydac-
HUKaMMu cTajayd TJaBa Jlep:kaBHOro KOCMiYHOIO
areHTCTBa YKpainu, akagemiku HAH VYkpainu, ke-
piBHuku Kb «IliBaeHHe» i yHiBepcuTeTiB-(arma-
HiB MiAroTOBKY (aXiBLiB 151 MalllMHOOYIYyBaHHSI:
3anopi3bKoro HalioHaJbHOTO TEXHIYHOTO YHiBep-
CUTETY, YKPaiHCHKOIO JIEeP>KaBHOI'O XiMiKO-T€XHO-
JIOTIYHOTO YHiBepcuteTy, JIHIiIIpOBCHKOro Hallio-
HaJbHOro YyHiBepcurery iMmeHi Onecs Tonuapa,
HamioHanbHOro aepoKOCMIYHOTO YHIBEPCHUTETY
im. H. E. XKykoBcbkoro «XapKiBCbKUI aBialliltHUIA
IHCTUTYT», HalioHanpHOI MeTalypriiiHO1 akameMil
Ykpainu, HarioHaTbHOTO TEXHIYHOTO YHiBepCUTE-
Ty <«JIHinpoBchbKa mMoiTexHika», HalioHaabHOrO
TEXHIYHOTO YHiBEpPCUTETY «XapKiBCbKUI TMOJIITEeX-
HIYHUH iHCTUTYT», OJIeCHKOTO HAIliIOHABHOTO YHi-
Bepcurety iMeHi I. I. MeuHukoBa, XapKiBCbKOIO
HallioHaJIbHOTO YHiBepcutety iMeHi B. H. Kapasina.

Ha 3acimanHi Big3Havamocs, 1o CIijibHa poboTa
Kb «IliBoneHHe» 1 BUINMX HaBYAJIbLHUX 3aKJIadiB
YKpaiHu 30iiCHI0ETBCS 3rigHO 3 [eHepalbHOIO Yro-
JIOIO TPO CIUTBHI JOCTIIKEHHS B TaJly3i CTBOPEHHS

© O. B. IETTAPEB, 2019

PaKeTHO-KOCMiUHO1 TeXHiKU, YKJIAJEHOO B JIIOTOMY
2013 poky. 3a 1IicTb POKiB Yy paMKax IIi€i yronu Bu-
KOHAHO poOIT Ha 3arajibHy cymy noHan 40 Minbiio-
HiB TPUMBEHb, PO3PO0OJICHO MTOHAJ CTO HAayKOBO-TEX-
HIYHMX 3BiTiB, BUPIILIEHO KOMITJIEKC MUTaHb 3i CTBO-
PEHHS Cy4YacHUX KOHKYPEHTOCITPOMOXXHUX 3pa3KiB
PaKeTHO-KOCMIYHOI TeXHIKMU.

AJie TOJIOBHUM MUTAHHSIM KPYIJIOTO CTONY «YHi-
BEPCUTETCHhKA HayKa — KOCMOCY» CTaJIo OOrOBOPEH-
HsI IPO0OJIEeMU CYyYacHOI CUCTeMU TeXHIYHOI OCBITH.
3okpeMa, YYaCHMKU KPYIJIOrO CTOJY Bil3HAYWIIH,
II0 OCTaHHIM YacoM Yy KpaiHi BinOyBalOThCS TyXKe
HeraTuBHi MpPOLIECU B 3araJibHOOCBITHIN ranaysi, 110
MOX€ MPU3BECTHU 10 TTOBHOTO 3aHEMNay PiBHS TeX-
HIYHOI OCBIiTM Ta Pi3KOT0 MaaiHHs iHTeJIeKTyaIbHO-
ro piBHs BuIlycKHUKIB 3BO Ykpainu B 1inomy. 3a
KOPOTKMI TEPMiH Y KpaiHi MOXe OyTH CTBOPEHE IIe-
peaoBe 3aKOHOIAaBYE MOoJIe, OTPUMAaHi HEOOXiTHI KO-
1ITH, ane (axiBliB-iHHOBATOPiB, (haxiBLiB 3 BUCO-
KO0 (hi3MKO-MaTEMaTUYHOIO ITiATOTOBKOIO, TEXHO-
JIOTiB, MexaHiKiB, daxiBiiB IT-TexHosoril To1I0 3a
KOpPOTKMIA TEPMiH HE MiArOTYEIL.

Tomy NpUpPOIHOIO € BUCOKA 3aHEITOKOEHICTh Ke-
PIBHUMKIB BITYM3HSIHOI PaKEeTHO-KOCMIUHOI Taty3i
CTaHOM ITiITOTOBKM iHXEHEPHUX KaAPiB MPAaKTUIHO
3a yciMa CIeliajJbHOCTSIMMU, i 0cO0IMBO (haxiBLSIMU
3 BUCOKOIO (hi3MKO-MaTeMaTUYHOIO MiATOTOBKOIO.

3arajibHi pyucy Ipo0IeMH ITATOTOBKY (PaxiBLIiB 3 BU-
III0IO OCBITOIO 32 TEXHIYHUMM CHEIIIATBHOCTSIMU TaKi:

e y 3aKJIafiaX BUILIOI OCBITH Bil3HAYAEThCS 3HAYHE
3HUXKEHHS PiBHSI LIKIJIBHOI MiATOTOBKM a0iTypieH-
TiB caMe 3 TOUHMX HayK, TeXHiUHi CIeLiaJbHOCTI He

ISSN 1561-8889. Kocmiuna nayka i mexwnonoeis. 2019. T. 25. Ne 3 57



0. B. Jleemspes

MOMYJSIPHiI cepell MOJIO, 1110 3yMOBJIIOE HU3bKUI
piBeHb IiATOTOBKM MOJIOANX (DaXiBIIiB;

® y CYCHiJILCTBI BCTaHOBWJIACSI MPIOPUTETHICTD
TyMaHITapHOI OCBITH, 1 SIK HACJIiIOK, CTaBCs BilTiK
abITypi€eHTIB Ha TEXHIYHIi CMEIiaIbHOCTi, OCOOJINBO
Ha cIrieliaJbHOCTi 3 MTMO0KOI0 (pi3uKOo-MaTeMaTUy-
HOIO TTiITOTOBKOIO;

e HasiBHi ocBiTHi iporpamu 3BO po3pobisiioThest
0e3 ypaxyBaHHS peaJibHUX HOTPeO BUCOKOTEXHOJIO-
TIYHMX IiAIIPUEMCTB;

® ABTOHOMI$l YHIBEPCUTETIB € JeKJIapaTUBHOIO,
a He peaJibHOIO;

e 3apOo0JICHI YHiBepCUTETaMM KOILUTU perjiaMeH-
TYIOTbCSI SIK OIOMXKETHI 3 OOCIyroBYBaHHSIM 4yepe3
HepxaBHe Ka3HAYEHCTBO;

® KiJIbKICTh OI0JI>KETHUX MiCLIb (Iep>KaBHE 3aMOB-
neHHs) y 3BO 1 TexHIYHUX cIieliaJbHOCTe! 3Be-
JIeHa 1o MiHiMaJIbHOI, 1110 HETaTUBHO ITO3HAYAETHCS
Ha KiJIbKOCTI Ta SIKOCTi 3HAHb abiTypi€EHTIB TeXHi4-
HUX (DaKyIbTeTiB;

® € JKOPCTKMIA 3B’SI30K MiX KiJIbKICTIO CTYACHTIB
3aKJIafiB BUIIOI OCBITH Ta KiJIbKICTIO BUKJagayiB,
SIKU TIPU3BOAUTH A0 3HMKEHHSI BUMOI IO PiBHSI
3HaHb CTYACHTIB i IKOCTi HAaBYaHHS B LIIJIOMY;

e cyyacHe BMPOOHMITBO MOTpeOye MOCTiiHOTrO
MPUILUIMBY MOJIOAUX BUCOKOKBaIi(piKoBaHUX KaJpiB
y 3B’513KY 3 TUM, 110 JIJIs BUITYCKY KOHKYPEHTO3/1aT-
HOI IIPOAYKIIil Ha IMAIPUEMCTBAX BXE 3aCTOCOBY-
IOThCSI HOBITHI CyYacHi TEXHOJIOTIi Ta HOBE CKJIaIHe
001aTHAHHS;

® 32 POKM HE3aJeXHOCTi KpaiHM HE MPUUHSITO
nporpamy 3abesneueHHs: 3BO nabopatopHuM 00-
JIATHAHHSIM;
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e BIIPOBAKEHHS AyalbHOI (hOPMU OCBITH, sSIKa
Moryia OM 3HAYHO MiABUIIUTHU SIKICTh iHXKEHEpPHOI
OCBITU B YKpaiHi, 3riHO 3 yXBaJICHOIO PillICHHSIM
xouterii MOH VYkpainnu Bix 26.01.2018 «Konuermniti-
€10 IAroToBKM (haxiBLiB 3a OyallbHOIO (hOPMOIO
3000yTTSI OCBiTWM» mependayeHo Tintbku B 2020 —
2023 pokax 3a yMOB MOIEPeaHbOTO CTBOPEHHSI Bijl-
MOBiTHOT HOPMATUBHO-ITPABOBO1 Oa3M.

BpaxoByrouu 11i HeraTMBHi IIPOLIECHU, ChOTOMHI
MOXHa CTBEpIXKYBaTH, 110 Ha3pija HarajibHa MO-
Tpeba CTBOPEHHs MOCTiliHOI poOOYOi TPyNu i3 cuc-
TeMaTM3allil Ta aHajli3y HaBeACHUX BUILE MPOOIeM,
a TAaKOX IIOIIYKY LUISXiB IO IXHBOTO BMPIILIEHHS.
Jo ckmamy 1ie€l po60o4oi Ipyny MOBUHHI Y IIEPIILY
yepry 3ajaydyatucst podoToaaslii, MpeacTaBHUKY 0i3-
Hecy, NpeJacTaBHUKU YHiBepcuteTiB, HAH Ykpainu
Ta IHIIWX HalliOHAJbHUX aKaaeMii 3 BiAIMTOBiIHOIO
KBoTO0, nMpauiBHUKU MOH Ykpaiuu. Lle 3a6e3ne-
YUTH MpaKTUYHE BpaxyBaHHS IMO3ULiHA poOOTOmAB-
11iB i HAQyKOBOTO CYCHiJIbCTBA B LILUIOMY IIPX pO3pO0I1Iii
Ta BIIpoBaIKeHHi ycix HoBauii MOH Ykpainu.

bepyun no yBaru TpuBaiicTh 3MiH HaBYaJIbHOTO
mpolecy SIK y mKoax, Tak i y 3BO, k1o ceorogHi
HE BXUTH HEBITKIATHNUX 3aX0IiB IUIsI pepopM iHXKe-
HEPHOI OCBITH B YKpaiHi, BXXe 4yepe3 BiCiM — IeCsITh
POKiB MaTUMe Miclie KaJpoBa Kpu3a BUCOKOTEXHO-
JIOTIYHUX THAMNPUEMCTB. 3a JIyMKOI YYacCHUKIB
KPYIJIOTO CTOJIY, 10 TAKMX TEPIIOYEPTOBUX 3aXO/IiB
HaJIexXaTh:

e TIepexin (piHaHCYBaHHS BITYM3HSIHOI HAyKU BiJl
cydacHoi cepenHboi yactku 0.5 % Bin BBI1 1o 1.7 %,
1110 perjJaMeHTyeTbcsl 3akoHoM YkpaiHu «[Ipo Hay-
KOBY Ta HayKOBO-TEXHiUHY HisIbHiCTb»;
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® YIIPOBAIXKEHHsSI KOHIEMILIil IIpUBaTHO-AEPXkKaB-
HOTO MapTHEPCTBa OCBITH, HAyKu, Oi3HECY i BIaau
3 METOI0 CTBOPEHHSI CIIPUSITIMBOI JJIs1 PO3BUTKY Bi-
TYM3HSIHO1 iHHOBALiiHOT CUCTEMU;

® CTBOPEHHSI MOCTiliHOI poOOYOI IPyNu i3 Mpel-
CTaBHUKIB BITYM3HSHUX MPOMUCIOBUX TiJANPU-
emcTB, 0Oi3Hecy, HAH VYkpainu Ta iHIIMX Halio-
HaJbHUX aKaaeMiii HayK, YHIBEPCUTETCHKOI CIIiJIb-
HOTH, acolliallii poOOTONAaBIIiB Ta iHIIMX T'poMaj-
CbKUX 00’€IHAHb IS aHAIII3y MIPOOIEMHUX MUTAHb
BiTUM3HSIHOI BUIIOI OCBITH i HAayKM Ta BU3HAYEHHS
LIJISIXiB IXHBOTO BUPILLIEHHS;

e 30UTBIIIEHHS 4Yacy Ta ITIBUILECHHS SIKOCTI BU-
KJaJeHHSI TOUHUX AUCLUILIIH Y IIKOJIi 32 paXyHOK
3HAYHOTO TMiJBUIIEHHS METOMOJIOTIl Ta 3apIuiaTv
BUMTEIIB;

e [IOITYJISIpU3allilo JOCSITHEHb a€POKOCMIYHOI ra-
JIy3i YKpaiHu Ta ii BceOiuHy MiATPUMKY, 00 TiIbKM
CUCTeMHE €KOHOMiUuHe 3pOCTaHHSI B Tally3i 103BO-
JINTh LIMPOKO 3ajyyaTd MOJIOAb JO HaBYaHHS 3a
TeXHIYHUMH CTIEL[iaIbHOCTSIMMU;
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e 3MiHY Ipoueaypu Bctyny a0 3BO, sxka mo3Bo-
JIUTh 3MiMCHIOBATU SIKICHUI BinOip abiTypi€HTIB;

e 30UIBIIEHHS KiIbKOCTI OIOMKETHUX MiCHb Y
3BO Ha TexHi4Hi ceLiaJTbHOCTI;

e MiABUILEHHS MPECTUXKHOCTI TEXHIYHUX CITelli-
aJIbHOCTE! 1IJISIXOM 30iJIbIIeHHSI CTUTICH Il Ha Bif-
MOBiTHUX (paKyJIbTeTax;

® [IPUCKOPEHHST CTBOPEHHSI HOPMATHUBHO-IIPaBO-
BOI 0a3u 3 MUTaHb OpraHi3allii OCBITHHOIO IIPOLIECY
3a IyalbHOI (hOpMOIO Ta/abo HeraiiHe CTBOPEHHS
JIOCJIIIHO-eKCIIEPUMMEHTAIbHIX KJIACTEPiB IJIs Bifl-
npalloBaHHs IyajbHOI OCBITM Ha 0asi 3allikaBie-
HMX 3aKJadiB OCBITH Ta BUCOKOTEXHOJIOTIYHUX Mif-
npueMctB. AI1 «Kb «ITiBaeHHe» Morio 6 cTtatu of-
HUM 3 e(peKTUBHUX MaliIaHYMKIiB MIPaKTUYHOTO 3a-
MPOBAIKEHHS CUCTEMU JyajabHOI OCBITH.

3a pesyiabTaTaMy AUCKYCil YYaCHUKHU KpPYIJIOTO
CTOJIa BUPILIWIMA HApaBUTU ypsSIAy 3BEpPHEHHS Ta
MIPOTO3MIii 00 MOJIIIIEHHS CUCTEMU IiATOTOB-
K BHUCOKOKBaJIi(hiKoBaHUX (haxiBIIiB JjIsSI BUCOKO-
TEXHOJIOTIYHMX TaJIy3eil IIPOMUCIIOBOCTI.
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A WORKING HYPOTHESIS ON THE
MUON-DECAY TIME SHORTENING AND TIME

The Earth’s atmosphere is showered with cosmic rays that originate from interstellar space. When cosmic rays collide with the Earth’s
atmosphere, they decay into Muons. These Muons further decay, with several different decay modes, over accurately measured time (out
fo six to eight significant figures). Muons can be represented as clocks, which can run fast or slow.

Here I have speculated that the duration of Muon decay measured in experiments in 1946— 2017 years, which should be a constant,
appears to shorten gradually, perhaps irregularly (including pauses), from very roughly 2.330 s (1946) to very roughly 2.202 s (1962—
1963). There are questions concerning the most recent measurements, and more accurate experimental data is required to confirm or view
with doubt a trend for the gradual shortening of Muon decay time. Namely, from 2007.0 to 2009.5 the more precise Muon decay time
measurements exhibit a decrease in apparent Muon decay time of very approximately 13 ps per year. Although this numerical trend is not
statistically significant, certainly the apparent decrease in Muon decay time cannot be absolutely ruled out according to a review of the
presented data.

Speculation about the cause of the apparent shortening of Muon-decay time suggests that it is tied to the possible variation of the speed
of time (clocks running fast or slow) in our Universe. The working hypothesis, to inspire the research of others, is that the intrinsic Muon
decay time is not decreasing slightly as measured on its intrinsic clock, but its apparent decay time is decreasing slightly as measured on
clocks associated with our Earth and/or our Universe; clocks that are running very slightly fast and slowing down. Several published stud-
ies of time variability in our Universe are analyzed. A Proposition that some complex processes or sub systems such as Muon decay are
“marching” to their own intrinsic, fixed, “time” or timeframe, which is independent of the flow of “time” in our Universe, is proposed and
several published research papers are cited to support the Proposition. Ramifications of the possible change in the speed of time to various
scientific fields are mentioned.

Keywords: Muon, Muon decay time, speed of time, high-frequency gravitational waves, relic gravitational waves, dark matter, dark
energy, early universe, big bang, big rollout.

INTRODUCTION measured time (out to six to eight significant figures),
AND REVIEW OF APPARENT and almost always produce at least three particles,
MUON DECAY TIME

an electron and two neutrinos. Muons can be repre-
The Earth’s atmosphere is showered with cosmic | sented as clocks, which can run fast or slow. Here I
rays that originate from interstellar space. When | speculate that the duration of Muon decay, which
cosmic rays collide with the Earth’s atmosphere, | should be a constant, appears to shorten gradually,
they decay into Muons. These Muons further decay, | perhaps irregularly (including pauses — when the
with several different decay modes, over accurately | speed of time remains constant for a while), from
1946 to 2017 from very roughly 2.330 microseconds

© R. M L. BAKER, Jr., 2019
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A working hypothesis on the muon-decay time shortening and time

(1946) to very roughly 2.202 microseconds (1962—
1963) to very roughly 2.078 microseconds (2016—
2017)!. There are questions concerning these most
recent measurements and more accurate experimental
data is required to confirm or view with doubt a trend
to the gradual shortening of Muon decay time. From
2007.0 to 2009.5 the more precise Muon decay time
measurements exhibit a decrease in apparent Muon
decay time of very approximately /3 ps per year.
Although found not to be a statistically significant
well-defined numerical trend, certainly the apparent
decrease in Muon decay time cannot be absolutely
ruled out as a working hypothesis? according to a
review of the presented data in theTable3 and Fig. 1.
Suffice it to say that the existence of such a trend
would be an extremely interesting result and is a
worthy speculation.

As Clive Woods suggests (email November 18,
2018) “Regarding the assertion that the data do not
preclude a trend to shorter decay times, the recent
results if verified would indicate a reduction in the
decay time around 2015. However, let’s assume that
we should drop the 1946 measurement (very
imprecise and not included in Fig. 1a), the two most
recent measurements (clear possibility of systematic
error and are also not included in Fig. 1a), and also
the two 2015 measurements (very imprecise for such
recent work). Although there is apparently a drop
from 1962 to 1973, the error bars on the 1960s
measurements are large enough that the results from
1973 to 2013 aren’t too far away (around 1.5 standard
errors) and it is clearly plausible (that the data do not
preclude a trend to shorter decay times)...” Woods

1

also suggests that the elimination of such outliers
would mask the presence of a trend. In fine, Woods
states: “I can neither rule out a working hypothesis
that the decay time has declined, nor rule out a
working hypothesis that the decay time has remained
constant.” (Bold type and italics added for emphasis.)

Speculation about the cause of the apparent
shortening of Muon-decay time, under the former
working hypothesis, suggests that it is tied to the
possible variation of the speed of time (clocks running
fast or slow) on or near our Earth. The working
hypothesis, to inspire the research of others, is that
the intrinsic Muon decay time is not decreasing
slightly as measured on its intrinsic clock, but its
apparent decay time is decreasing slightly as measu-
red on clocks associated with our Earth and/or our
Universe; clocks that are running very slightly fast
and slowing down. The novel concept is that the time
dimension, like space dimensions, can have a rate of
progress or “speed” that can change. That time can
accelerate, deceleration or even pause and just
proceed at uniform, constant speed for a while.
Several published studies of time variability in our
Universe are analyzed. A Proposition that some
complex processes or sub systems such as Muon
decay are “marching” to their own intrinsic, fixed
“time” or timeframe, which is independent of the
flow of “time” in our Universe is proposed and
several published research papers are cited to support
the Proposition. Ramifications of the possible change
in the speed of time to various scientific fields are
mentioned. Of special interest is the effect of the
speed of time on the rate of expansion of our

(Ed. — The Reviewer 2 noted that these measurements (2016—2017) should be excluded from consideration because they contain a
systematic error. The reviewer also added: “Contrary to the author claim there are data in the literature about variance of radioactive
decay of different isotopes with 1o accuracy up to 5 digits for the span of many years, see e.g. Table of https://doi.org/10.1016/j.
apradiso.2017.09.002. No signs of change were detected. Author is absolutely right that muon lifetime measurements represent the best
tool to probe possible weak interaction changes (in the wider context of the fundamental constants change with time), but the bottom
line of the collected evidence so far is that no such changes have been found yet.”)

A working hypothesis is defined (Wikipedia) as a hypothesis that is provisionally accepted as a basis for further research in the hope that
a tenable theory will be produced, even if the hypothesis ultimately fails or is significantly modified (Isaac Newton’s Principia
Mathematica, as significantly modified by Einstein, is an example). It is essentially an encouragement for further research and analyses.
3 (Ed. — The Reviewer 3 noted as follows: “I included 10 measurements presented in the Table (from 1963 to 2009 and in 2017) to
determine a trend and obtained that 6 (—0.659) and x2[8] = 383.795185679; so, there is no statistically significant linear trend in them,
even on 1o level. When I excluded the measurement of 2017 (“outlier data point”), the scale is better, but ¢(-0.872) and
x2[8] = 270.805982697) testify that this trend isn’t statistically significant too. Of course, there is a common question to the different
determination of measurement’s accuracy; by the way as the interesting fact, if these accuracies not to take into account, the trend
exists but it’s not statistically significant too.”)

2
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Universe, dark matter and dark energy, possible
generation of the Oh-My-God particles as well as
theories about the beginning of our Universe. For
example, a rollout of spacetime from vanishingly small
space dimensions (for example a Planck length) and at
time “zero” (for example Planck time) approaching
infinitely fast speed of time, to today’s values and is
speculated even if the Proposition is unproven.

In Fig. 1a, a review of the measurements (blue
dots) appear to exhibit a trend to longer apparent
Muon decay time as the years go by. Figure 1b shows
the experimental data collection from 1963 to 2017
and the data point’s error. The Muon decay time
cited in [7] by Tischchenko for 2013 is actually a copy
of the Webber/MulLan [6] 2009.5 experiment.
Likewise the data points (red dots) at the top of
Fig. 1b are most likely copies of a prior Muon-decay
time experiment. The negligible change in apparent

Review of Length of Apparent Muon Decay Time Versus Time

Muon-decay time change (these data points suggest)
is either NOT from independent data obtained from
separate experiments or the result of a pause in the
speed of time change during which apparent Muon-
decay time remains constant for a while. These
questionable data points (red dots) should not be
included in any comprehensive curve fit.

As remarked by a reviewer 2, the data from [9],
2016 are for the Muons in a plastic scintillator: “To
measure the Muon’s lifetime, we are interested in
only those Muons that enter, slow, stop and then
decay inside the plastic scintillator”, and authors of
[9] claim: “The value that is obtained is probably
slightly underestimated since the frame window
taken into examination had up to 7 ps delay. This
value is, however, in agreement with the result that
you should get which stays between the theoretical
value of 2.2 us for positive muons, which is equal to

Date of Apparent Muon . Muons at Rest or in high-speed

Measurement Decay Time, ps Estimated Error, ps Cosmic-ray generated Motion? Reference
1946.0 2,330,000 +150,000 At Rest Conversi, Pancini, Piccioni [1]
1962.0 2,203,000 +4,000 At Rest Lindy [2]
1963.0 2,202,000 +3,000 At Rest Eckhause, et al. [3]
1973.0 2,197,300 1300 At Rest Duclos/ Chin. Phys. [4]
1974.0 2,197,110 180 At Rest Balandin/ Chin. Phys. [4]
1984.0 2,196,950 +60 At Rest Giovanetti/Chin. Phys. [4]
1984.0 2,197,078 +73 At Rest Bardin/Chin. Phys. [4]
2007.0 2,197,013 +21 At Rest Chitwood/Chin. Phys. [4]
2008.0 2,197,083 132 At Rest Barczyk/Chin. Phys. [4]
2008.5 2,197,030 140 At Rest Coan & Ye [5]
2009.5 2,196,980.3 +2.2 At Rest Webber/MuLan [6]
2013.0 2,196,980.3 12 At Rest; Tischchenko [7]

a copy of 2009.5 measurement

2015.0 2,110,000 +70,000 Fast, Cosmic Ray Barazandeh [8]
2015.0 2,165,000 +403,000 Fast, Cosmic Ray Barazandeh [8]
2016.0 2,078,000 +11,000 At Rest Physics OpenLab [9]
2017.0 2,080,000 * 11,000 At Rest Adams [10]

Note 1. Since the Muons are not at rest these two measurements will be neglected. However, their decay times are longer than the recent
2016 and 2017 time measurements due to time dilation and tend to validate these two recent measurements. Moving clocks run slow due
to time dilation and the Muon decays more slowly as measured by an earth-bound clock. Therefore Muon decay time observed in a
ground frame of reference is longer just as the 2016 and 2017 data show. Specifically, the fast Muon decay times: 2,110,000 ps and
2,165,000 ps should be and are longer than the At Rest decay times 2,078,000 ps and 2,080,000 ps (this latter value selected from the
three measurements presented in [10]). A picosecond, ps, is a trillionth of a second, or 0.000,000,000,001 seconds. Another recent
measure in 2016 by Noah Scandrette, although not in a journal, was 2,150,000 £ 40,000 ps (https://ueap.sfsu.edu/sites/default/files/
assets/writing_awards/Measurement%200f%20Muon%20Lifetime.pdf Page 1) and was between the Webber/MuLan [6] 2009.5 and

Physics OpenLab [9] (on Page 7), 2016 measurements.

Note 2. Most recently, L. R. P. Sanchez and F. Izraelevitch measured a very short apparent Muon decay time of 1,800,000 ps without
published error, which should be carefully scrutinized: IOP Conf. Series: Journal of Physics: Conf. Series, 866 (2017) 012011.
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Fig. 1. a — Review of apparent Muon decay time measurements and error from 1973 to 2009 from Table on decay time review, picoseconds,
from 1960 to 2017. In part adapted from a referee’s diagram?; b — apparent Muon decay time review, picoseconds, from 1960 to 2017. In

part adapted from a referee’s diagram?

the value measured in empty space, and the value of
2.04 ps for negative muons, which are affected by the
interactions with the nuclei of the scintillator
material” (emphasis by the authors of [9]). For this
reason data from [9] will be excluded from further
detailed analysis on a provisional basis. As Clive
Woods notes (email November 18, 2018) “I can
understand that your graph (Fig. 1a) omits some
measurements only recently discovered. Also it’s not
necessary fo include any kind of curve fitting to the
data.” (Italics and bold type added for emphasis.)

It is emphasized again that only a possible data trend
has been observed, but it certainly does not absolutely
rule out a decrease in apparent Muon decay time over
the years. From the more comprehensive Table, which
includes estimated errors, it appears that there is a
decrease in very approximate apparent Muon decay
time from 1946 [1] (2,330,000 £ 150,000 ps) to 2017
[10] (2,080,000 £ 11,000 ps) or —250,000 ps. The
ervors are quite large so that over the 2017 — 1946 = 71
years the apparent Muon decay time change, if but
one extreme error outlier (e.g., a standard deviation)
on the longer time side to the other on the shorter
time side taken to minimize the difference would be
(2,080,000 + 11,000 = 2,091,000) — (2,330,000 —
150,000 = 2,180,000) = —89,000 ps difference or, over
the 71 years, about —1,250 ps per year. This value is
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still very approximate, especially considering the
equipment errors such as found in the data presented
in [9]. For this reason, let us consider in detailed
numerical calculation only the more accurate MuLan
collaboration values from the Table. The combined
results (circa 2009—2010 or 2009.5) due to MuLan
give apparent Muon decay lifetime = 2,196,980.3
(£2.2) ps, which is more than a dozen times as precise
as previous experimental measurements [6]. The
previous 2007 determination given in Olive/Chin.
Phys. [4] by Chitwood (2007) of 2,197,013 (£21) ps
and depicted in Fig. 2 of [6], and in Fig. 1a as well as
Table 1, show a decay time shortening, with respect to
the MuLan value (green highlighted in Fig. 1a), of
—33 £ 23 ps over about 2.5 years or 13 ps per year,
which is a more precise calculation. (The variation or
decrease in decay time is quite small: (33 ps/2.5 yrs)/
3.15 x 1019 ps per yr = 4.2 x 10719 ps per ps).
However, this estimate is only over the very limited
2007—2009.5 time period and as indicated by Leslie
Sage (e-mail March 28, 2018 concerning an early
draft of this paper) it “...is less than 2sigma (95 %
probability)...”, and therefore this numerical estimate
is not statistically significant. As recognized by Clive
Woods, there is little justification, however, to accom-
plish a more rigorous statistical analysis over the 1946
to 2017 time frame until more accurate data are
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obtained such as by a greatly improved atomic clock
discussed herein in the Section on THE NEXT STEPS.
On the other hand, these arithmetic examples and
examination of the Muon decay lifetimes in the Table
and Fig. 1a provide observational evidence that there
is a trend of shorter apparent Muon decay times as the
years pass by. To be on the conservative side therefore,
it is fair to suggest the discovery is that these data certainly
do not rule out that there is a continuing decrease in the
apparent Muon decay time at least during the 2007
to 2009.5 time frame and probably during the 1946 to
2017 time frame. Therefore it is also fair to speculate on
what the consequences or application of such a trend
would be if the trend actually exists®.

SPECULATION ON CONSEQUENCES
OF THE POSSIBLE CHANGE IN APPARENT
MUON-DECAY TIME

Prior to selecting Muon-decay time for analyses, a
search was conducted for both chemical and nuclear
complex, transient processes, such as electro-weak
nuclear reactions, that had measurable, assumed
constant durations. The motivation for this search
was to find a way to confirm my earlier speculation or
concept concerning the decrease in the speed of time
since our early Universe; that is to find a “yard stick”
to gauge the speed of time. The search was to find
very precise data concerning such a yard stick or
transient process, to six to eight significant figures,
taken over many decades. Muon decay was found to
be a transient process or quantum mechanical
subsystem, whose decay time has been accurately
measured over several decades to a precision of six to
eight or more significant figures and was selected for
review and analyses. As footnoted in the Table, Muon
decay time is longer, when Muons move rapidly in
the upper atmosphere after their birth due to cosmic
ray collision with the atmosphere than when at rest,
due to time dilation (time dilation effects [Chap-

ter 11, Eq. (11-8) of 8]). In explaining this effect, a
Muon is considered to be a clock, whose time can
move at a different speed than an earthbound clock.
A similar concept is applied herein, but the speed of
time in an earthbound clock is considered to move at
different speeds as the years pass by. The working
hypothesis is not that the intrinsic Muon decay time
(or any other complex electro-weak decay time) is
decreasing with time; specifically, not the 4.2 x 10~19ps
per ps, rather the working hypothesis is that the
intrinsic Muon decay time is constant or fixed, but the
clocks on Earth are slowing down! As opposed to
Muon decay time, the speed of time effect is quite
subtle: since the “big bang” the time may have
“changed” only (33 ps/2.5 yrs) x 1.38 x 1010 yrs/1.0 x
x 1012 ps per sec = 0.18 seconds! Of course it is
suggested by the author that this speed change is just
the tail of a series of significant time-speed changes
over the billions of years since the early Universe.
The published analyses of Vaas, Beckwith, Fontana,
Karimov, Mars, Bars, Senovilla, and Vera will be
cited in the following paragraphs to support various
aspects of the author’s hypothesis. What is new is the
present author’s discovery that the intrinsically
constant Muon decay lifetime, which is apparently
decreasing, may be a quantitative “yard stick” that
can be utilized to establish the local speed of time
on the Earth and/or Universe and to inspire the
research of others. A brief talk and single Poster were
presented on this discovery and its applications at the
Annual Meeting of the American Association for the
Advance-ment of Science in Austin, Texas on February
18, 2018. Please see the Appendix.

THE TIME CONCEPT OF DIFFERENT
PHYSICAL SYSTEMS

Since the dawn of civilization on “Earth time” has
been an essential concern of humanity in general and
Physical Science in particular, especially, Physics,

4 (Ed. — Reviewer 2 noted: “Using the linear trend model against constant lifetime model for the data of [1—6] we conclude that both by
finite sample corrected Akaike Information Criterion and by Bayesian Information Criterion constant lifetime model is preferable over
linear trend model: 140.79 vs. 144.219 ATICc and 139.68 vs. 141.13 BIC. So that statistically speaking there is no trend in the data presented
in the paper (as we have discussed, data from [10] should be excluded by the same cause as data from [9])... We think that the paper can
be published only in the case if the author formulate clearly and unequivocally that the data do not show any trend but suggests its possible
existence. At the same time, the experimental data do not completely exclude the existence of a trend, which may or may not be
confirmed when analyzing future experiments. It is possible to say, additionally, that existence of such a trend would be an extremely

interesting result and is worth to speculate about.”)
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<

B

A

B

Fig. 2. Subsystem A of Muon decay (having its own clock) and Macrosystem B (having “macro
time”) for example a galaxy and its rotational rate (like the hands on a clock, the arms of a galaxy,
viewed at a several billion year earlier time, would be appear to be rotating faster if time is moving

faster at these past times)

Chemistry, Engineering and Astronomy. Poincare and
Einstein both proposed a revolutionary concept that
time need not move uniformly and regularly as the rate
of movement of a pendulum, but that its “rate” could
appear to change based upon relative speed and
acceleration of clocks. However the concept proposed
here is quite unlike Einstein’s special and general
relativity theories, which involve speeding and acce-
lerating frames of reference, respectfully — speeding
and/or accelerating reference frames are not involved
or necessary in my concept. As will be discussed,
Muon decay time may be a measurement means to
determine the speed of time (clocks running fast or
slow) in our Universe. However, my speculation
concerning the variation of the speed of time as our
Universe progresses is mot contingent upon any
particular proposed measure-ment means.

Special consideration is given to Rudiger Vaas’
statement: “The particle physics arrow of time: the
decay of certain particles, the neutral K mesons (kaons)
and B Mesons and their anti-particle (and Muons), lead
implicitly to the conclusion that there is an asymmetry
of time because decay breaks other symmetries” [12].
Furthermore, according to Andrew W. Beckwith [13]:
“However, the issue Dr. Baker has raised is suggestive
and should be thoroughly analyzed. The author
(Beckwith) finds that aside from inevitable scaling
arguments, that the Muons are still a sub system, within
a larger general system, i.e. the adage of Schrédinger

who postulated that quantum sub systems, of a
macrosystem definitely exhibit quantum mechanical
time dependent behavior. Equation (51) is not quantum
mechanical, but it is a sub system, and so the same rule
by Schrédinger, as to sub systems exhibiting definite
time dependence, may be applicable here. I.e. think in
terms of time variance.” (Section XVII of [13], italics
and bold type added for emphasis in these quotes.) As
suggested in an email by Giorgio Fontana (October 31,
2017): “Muon decay time can be considered to be
an absolute time ruler and separate from the
timeframe as measured in our Universe” [14]. And
Alexander Karimov suggests “... time flow of an
individual object is a real physical value ... time for the
single object (subsystem) and time for the whole
system (macrosystem) can be different” [15] — italics
and bold type added for emphasis. There may of course,
be many possible causes for the Muon decay time
shortening if indeed that shortening exists, which the
author believes it obviously does. The speculative cause
that is suggested by the foregoing quotes is the:
Proposition that some complex processes or sub systems
are “marching” to their own intrinsic ”time” or timeframe
that is independent of the flow of “time” in our Universe.

By “complex” is meant those transient processes or
subsystems, such as electro-weak decay, that involve
one or more quantum mechanical sub-reactions,
some well understood and some not well understood,
that in total comprise a complete, possibly multiple-
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step process or quantum mechanical subsystem
having a well-defined beginning and end. But even if
the Proposition is conceded to be correct, then should
not the very clocks that are utilized to measure Muon
decay lifetimes also change speed and operate on the
same intrinsic timeframe as Muon decay? No; unlike
the intrinsic or complex decay time of a Muon, one
second is defined as the time that elapses during
transition between two energy levels of the cesium 133
atom. Also Muon decay time is unlike the period of a
pendulum, which depends on its length and the
strength of gravity (essentially, the change between
potential and kinetic energy levels). Such cesium-
atom energy level changes and pendulum swings,
essentially timed energy-level changes (somewhat like
a rock falling a given distance as a time interval
definition), are the “stopwatches” of our Universe
and, since they are not “complex” and there is no an
asymmetry of time can be utilized to measure the
apparent duration of Muon decay and thereby pos-
sibly determine the “speed of time” in our Universe.
The truth of the Proposition, as symbolized in
Fig. 2, depends upon the measured disparity (e.g.,
the Table) between complex processes, which should
always have the same duration in their timeframe,
for example Muon decay A, and the time duration
as measured in our Universe’s timeframe B (termed
macro-time), for example by cesium atomic clocks
and pendulums (stopwatch shown in B). It is
speculated therefore, that the slowdown of time in
our Universe, or specifically local to the Earth, can
be measured by Muon-decay time acting as an
“absolute time ruler or yard stick.” The Proposition
could manifest itselfin all the electro-weak processes
including radioactive decay and stability of atomic
nuclei if and only if they are complex processes.

Other than Muon decay, other such evidence
concerning electro-weak, complex processes should
be sought. Atomic clocks may be able to very ac-
curately measure different transient, complex pro-
cesses (subsystems), both on Earth and in space,
that could improve this estimate of the reduction (in
general, the variation) of the speed of time on Earth
and possibly add data in support of the Proposition
or falsify it!

In order for a Proposition to be robust, there needs
to be a means to falsify it. In the case of the Proposition
put forth in this discussion, there are at least three
such means: First, other Muon decay time measure-
ments could be newly taken, or found from past
experiments, that do not exhibit the tendency to decrease
or gradually change with the years or, for that matter,
other similar independent transient, complex subsystems
that do not show an annual decrease. Of course, there is
no a priori reason to expect that a pause in the speed of
time variation would not occur—that is, the speed of time
and Muon decay time could remain constant for a while.
Second, a systematic error involved in the Muon-decay
time’s measurement equipment is discovered that cause
times to appear to decrease over the years without actual
decay time change. Third, a theoretical repudiation of
the Proposition or subsystem concept that some processes
or subsystems are “marching” to their own intrinsic
“time” or timeframe, which is independent of the flow of
“time” in our Universe, as well as an alternative,
replacement Proposition, Theory or finding to explain
the Muon decay time annual decrease. As one example
of an alternative theory, consider the suggestion of
Christian Corda, Giorgio Fontana and Gloria Garcia
Cuadrado [16 p. 1055, 17]) who reports: “... reality is
described with four space-like coordinates and an infinite
number of ’local’ time variables.”>

5 (Ed. — The Reviewer 2 noted: “Abstracting from the time as philosophical category, in the framework of relativity time as a measurable
quantity is the clock readings at rest in a specialized reference frame. Relativistic effect of time dilation appears when we compare in two
different reference frames (RFs) time intervals between two space-time events. It is not that time “marching” differently in these two
RFs. From physical point of view the time is not an ontological object possessing any properties, such as “marching” faster or slower. It
is not that time dictates to clock as they should “tick”, but clocks readings define properties of time. Further complications arise if we
need to compare two non-identical clocks. In this case the time defined by the first clock can “march” differently from the time of the
second one. But this is due to the difference of physical subsystems, chosen as the clocks, but not due to the properties of time itself as
ontological object. From the above we can say that from physical point of view the change of muon decay time in laboratory RF, whether
it is real, should be related to some hypothetical dependence of electroweak interactions on laboratory time. The statement that it can
be explained as different time “marching” in different physical subsystems is a simple tautology. At the same time, the review part of the
paper concerning time concept of different physical systems is of some interest in a methodological or philosophical sense.”)
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SPEED OF TIME IN OUR UNIVERSE
MAY BE CHANGING
Of course time, like the space dimensions: east-west,
north-south and up-down, is a direction and
directions do not have “speed” so we are discussing
speed of time as a rate of progression of time along
the dimension of time in the space-time continuum
of our Universe. Therefore, time can have a speed,
with clocks running fast or slow, just like movement
in the other three space-time dimensions exhibit a
speed. It is speculated that the speed of the “flow of
time” in our Universe might change (accelerate or
decelerate or occasionally not change or pause) over
the years, perhaps decelerating from a very high
speed in the early universe, as discussed in Appendix
B of [13] and Chapter 8 of [11], especially Exercise
8.2. There is ongoing debate over the meaning of
time and the foregoing analyses and notions are open
to considerable debate as in references [12], [19],
[20] and, especially, in Carlo Rovelli’s Book [21].
According to Julian Barbour [22, 23]: “Clocks are
useless if they do not march in step for otherwise we
cannot keep appointments. Therefore, it is not a clock
that we must define, but clocks and the correlations
between them as expressed in the marching-in-step
criterion.” But when they do not march in step that is
where time as a “duration” becomes interesting. Again
according Barbour “Occam’s razor tells us to avoid
redundant elements. All we need are differences.
Indeed, the passage of time is always marked by
difference ...” Suppose, as discussed in [footnote 5,
p. 54 of 18], you are a trainer of a mile runner who you
just measured as doing a four-minute mile. Another
trainer says that cannot be correct “Your runner
could not have improved that much, your stopwatch
must be running slow since we all measured that he
only ran a five-minute mile last year.” Well, you argue
“No, he has not improved at all, he ran at the same
intrinsic speed as last year. You all had stopwatches that
were running fast and miss-measured my runner’s
speed last year!” In this case, last year’s stopwatches
were moving (4 minutes — 5 minutes) per year = —1 mi-
nutes/year or, equivalently, 60 seconds per minu-
te/3.154 x 107 seconds per year = —1.9 x 10~ second

per second times slower than today’s stopwatches. The
number is negative, since the speed of time is decrea-
sing. Ifthe runner’s intrinsic speed remains unchanged
or fixed, but the stopwatches each past year run faster
and faster, e.g., faster in 2017 (measured 5-minute
mile), than in 2018 (measured 4-minute mile), even
faster in 2016 (measured 6-minute mile) than 2017,
even much faster in 2015 (measured 7-minute mile)
than 2016, etc. (and the stopwatches are therefore,
slowing down as time goes by). Imaginably, there will
be a continuing lengthening of the measurement of
the runner’s time during the previous years and
conversely the runner’s time to run a mile reduces as
the years role by®. Such is the analogy of the intrinsic,
essentially fixed, mile-runner time to the intrinsic
Muon unchanging or fixed decay time. For example,
in 2017 (measured 2.080 microseconds decay time), in
1963 (measured 2.202 microseconds decay time), in
1946 (measured 2.330 microseconds decay time) and
so on. Analogous to and the trainers’ stopwatches’
measured time on the track or the atomic-clocks’
measured time on the Earth in both cases measured
time, or in the latter case time itself, is slowing down.
(If the speed of time in our Universe approaches zero
at the “end of time”, then the apparent Muon decay
time there will approach zero; analogously, the mile
runner completes his run in “no time at all.” The
trainer’s Stopwatch second hand hardly moves, but as
will be mentioned the mile might lengthen towards
infinity near the end of time! Also the mile might
shrink in the past near the beginning of time.) Time in
our Universe commences at near “zero”, or possibly
Planck time, and then proceeds to the end of time
many billions of years later. During this period black
holes may develop and the flow of “time” for them is
not known. For example, as predicted by Einstein’s
general theory of relativity, time would slow
tremendously near the edge of a black hole, in fact
time may approach a standstill similar to the “end of
time” of our Universe. As will be discussed in the
section on “WHAT ARE THE NEXT STEPS?”
perhaps the detection of high-frequency gravitational
waves (HFGWs) from black holes and black-hole
mergers would provide the answer to this quandary.

6 Of course, the analogy to a mile runner breaks down when compared to Muon decay. Both are complex processes or sub systems, but
one would need many identical replicant mile runners, a new one of them to run each year, for an exact analogy.
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The present author had previously conjectured that
time moved very fast in our early Universe and that it
might still be slowing down from that maximum speed
[Chapter 8, especially Exercise 8.2 of 11 and Appendix
B of 13]. Alan H. Guth at Cornell University proposed
the theory that our Universe was “inflating” the idea is
“... that the nascent universe passed through a phase of
exponential expansion soon after the Big Bang, driven
by a positive vacuum energy density.” And that in a
remarkably short time of 10734 seconds the Universe
became the size of a marble [24]. Working the arith-
metic 7 indicated that the material of the Universe, if
containing information, had to be moving on
average over 1023 times the speed of light or maximum
speed of information, counter to the contention by
Einstein, as to the constancy of the speed of light in all
frames of reference (special relativity). That is, all physical
laws are contended to be the same in these frames of
reference at any given time. Of course, nothing prevents
the universe itself or various “effects” from expanding
or moving faster than light. For example, a lighthouse
beacon’s projected light spot can at a great distance
“move” in excess of light speed. But, assuming the
“material” of our early Universe contains information,
even expanding like the dots on a bellowing balloon,
which has information on its “edge”, cannot “take” or
“move” information from one “dot” to another “dot”
position faster than light speed. As already noted, it is
speculated that time itself may be running at different
speeds in our early Universe and that the speed limit of
light or information might not actually be violated in
our early Universe. That is, if time were running really
fast in our early Universe, then the speed of light
measured there would not be over the “speed limit” of
information.

It may be that the speed of time is slowing from that
speculated early very high rate. Similar to Guth’s
theory there is no observational evidence for such a

high speed of time, simply an interesting conjecture.
In particular, the field responsible for Guth’s cosmic
inflation has not been discovered. By Occam’s razor
the concept of changing the speed of time is SIMPLER
to visualize (we all are familiar with our watches running
fast or slow) than Guth’s “positive vacuum energy
density” and therefore I believe it to be preferable. In
addition, it is speculated that the variations in the
speed of recession and/or rotational rate of galaxies as
well as the Hubble parameter may result in whole or in
part on variation of the speed of time. In this very
same regard, Jose M. M. Senovilla, of the University
of the Basque Country, Spain, in 2008 theorized that
the expansion of our Universe is an “illusion” and
actually is the result of the higher speed of time during
the period when the light left the stellar structures in
the past: “... we are fooled into thinking that the
expansion of the Universe is accelerating because time
itself is slowing down” [25, 26]. So that according to
Senovilla, the speed of time may be related to the
“illusions” of dark matter and dark energy estimates.
The reason that we have not been able to detect dark
matter may just be that it does not exist! String theory as
well, may offer an alternative, replacement Proposition
to explain the Muon decay time annual decrease. The
same concept in string theory (of two independent
times and timeframes discussed by Mars, Senovilla
and. Vera [25]) has also been suggested in 2014 by
Itzhak Bars of the University of Southern California
[27]. Unfortunately, the cause of the variation of the
speed of time becomes an additional quandary.

New mysteries: How does the speed of time vary
with time itself and is there a detailed structure to that
change? Does the speed of time change depend upon
location and “surroundings” in our Universe (e.g., is it
unique to the Earth, change with the density of local
matter, etc.) and if so what is the relationship? What is
the actual theory for the change of the speed of time,

7 The approximate average speed from the center of the early universe sphere, utilizing Alan Guth’s inflationary early Universe theory [24],
to the surface is roughly 0.01 meter (one centimeter radius) divided by 10~34 seconds = 1032 meters per second. So that in order that
information transmission associated with the expanding “material” will not exceed the speed of light of 3 x108 meters per second, time
must be speeded up on average by a factor of about 1032/ 3 x 108 = 3.33 x 1023 seconds per second. At that speed up it would take light
10~ seconds x 3.33 x 1023 seconds per second = 3.33 x 101! seconds to go from the center of our early Universe to the surface. At the
speed of light, 3 x 108 meters per second, light would have traveled (3.33 x 10~!! seconds) x (3 x 108 meters per second) = 10~2 meters
or 1 centimeter as it should. From this large average speed of time it must be reduced (negative) on average by —3.33 x 1023 seconds per
second divided by 4.321 x 1017 seconds (seconds since the “big bang”) ~ —7.6 x 103 seconds per second to reach today’s time assuming

a linear decrease in the speed of time.
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that is, what is its cause? Is there a starting point for
time? Why is the direction of the time arrow in a single
direction? Are there two opposite directions of time
flow? Is such a starting point in time an osculation
point with other universes? “... apparent, quantum-
mechanical ‘frenzy’ at small scales is nothing more or
less than the interface between osculating universes ...”
(US Patent 6160336).

WHY SHOULD WE CARE? SPECULATIONS
ON THE EFFECT OF THE CHANGE
IN THE SPEED OF TIME IN OUR UNIVERSE

Time is ubiquitous among all human endeavors and all
scientific enterprise. As a rule of thumb, any process
that requires a precision between a microsecond and a
quectosecond could be affected by a change in the
speed of time. Nano mechanisms in Engineering,
quantum mechanics operations in Physics, dark mat-
ter in Astronomy, Global Positioning System (GPS)
satellite clocks as affected (if the space dimensions of
our Universe “scale” change after the big bang does
not compensate in location determi-nation) over the
years in Space Technology, are examples. Let us start
out from the very beginning ... the beginning of our
Universe and consider effect of the speed of time then.
Let us continue the mile-runner analogy, this time
again he runs in the Macrosystem: Ifthe “stopwatches”
in our early Universe are running fast, then the appa-
rent time for a mile run lengthened, so that a lower appa-
rent speed for the runner is measured there. However,
if there is an apparent shortening of the standard mile
in the early Universe, as the space dimensions
rollout, then the runner traverses an apparently
shorter-distance mile. If the two effects are balanced,
then one can completely offset the other. More
specifically, the smaller apparent measured speed of
the runner can be completely offset by the shorter
mile and the intrinsic mile-runner’s speed and appa-
rent mile-runner’s speeds could be equal! Such is the
analog to the “fast” speed of time together with the
“miniature” standard meter making the intrinsic light
speed and apparent light speed equal. Therefore, the
contention by Einstein, as to the constancy of the
speed of light in all frames of reference, would not
be violated. In other words, the intrinsic and
apparent light-photon speed, orspeed of information,
could be the same in the early Universe as today.
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That is, all physical laws are the same in these space-
dimensions and time-dimension changing frames of
reference in the early Universe as they rollout and
gravity and acceleration remain equivalent. In any
event, the early Universe might be speculated to be like
a miniaturized World, where ... the craftsman moves
very fast indeed” from Chapter 8 of [11] (page 85 of the
first printing), where activities are just moving more
quickly, like an increased frame rate of a movie. Such a
miniaturized World could initially have a very, very
small, perhaps a vanishingly small “standard mile” or
standard meter (perhaps to the Planck length) and a
very, very fast, perhaps infinitely fast speed of time and a
possible “breeding ground” for the Oh-My-God
particle. Of course, aside from Muon-like “yard sticks”
of time, there would be no obvious effects of the speed
of time variation measurable in the laboratory if time
and space rollout in concert; that is if they rollout such
that the increase in space dimensions and slowdown in
time preserve the constancy of the speed of light. Since
this statement is the crux of the proposed early universe
theory let’s consider it again, but in more detail. In
order to illustrate the situation we now define the mile
runner as a “photon” and set the runner’s speed exactly
to a speed limit. Therefore, in accord with proposed
theory the length of the “mile-long” track of the race-
event must be made equal to the speed limit multiplied
by the runner’s elapsed macro time required to complete
the mile run. But hold on, we are interested in the
change of the track length as different trainers having
different stopwatches, one slower than the other, make
measurements at different times. The slower stop-
watch, measuring at a later time, will require making a
longer track length than the earlier faster stopwatch mile
run. That is a “4-minute mile runner” running at the
speed limit as measured at the earlier time, will apparently
cover a longer length at the later slow-stopwatch track
meet. In fine, the space-dimension itself must change in
inverse proportion to the time-dimension’s rate of change
(speed-of-time change) as time progresses during the
lifetime of our Universe. By the way, as a photon the mile-
runner’s wristwatch has stopped and the runner’s speed
limit is the speed of light.

Similar to Guth’s early-universe inflationary
theory, no hard observational evidence currently
exists for this conjecture, just an interesting possi-
bility. It is speculated that our Universe gradually
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slows down (in the time dimension the rate of time
slows approaching zero at the end of time) and
gradually lengthens (in the space dimensions
approaching infinite length at the end of time), both
in concert in the seconds and years after the “big
bang” or more correctly the “BIG ROLLOUT”
during which the speed of light remains constant and
all physical laws are preserved at any given time! The
speculated very early “World” although abiding by
all physical laws, would include certain complex
electro weak processes (e. g., Muon decay and
possibly even electro-weak nuclear reactions of
proton-proton chain — affecting stellar luminosity).
According to the speculated Proposition such
electro-weak complex processes would act ac-
cording to their own intrinsic clocks and as the rate
of macro time of the Universe “approaches” infinity
at the beginning of time (“approaches” the start of
our Universe, perhaps approaches Planck time;
think of a movie running in reverse) their duration
would also approach infinity. The mile runner, now
again as Muon decay, would hardly move in macro
time. The trainer’s stopwatch would spin at almost
an infinitely high rate, the mile would become “ex-
tremely short”: e. g., a Planck length distance
between the start and finish lines and Planck time
interval is analogous to the extremely brief starting
pistol’s sound time interval — the mile runner is nearly
stuck at the start/finish lines at the beginning of time!
We must be careful here. The proton-proton chain-
reaction process, in a sense like the Cesium-clock
process, is speculated not to be complex, but rather a
“simple” energy level change (this time nuclear), and
not marching to its own intrinsic clock and not
becoming an incomplete process as the beginning of
time is “approached” in the early Universe! This
speculation is a Working Hypothesis put forth to
stimulate research. Since, according to this
speculation, the early Universe may have been in
relatively rapid motion as viewed today, relic
gravitational waves of high frequency may have been
generated. Thus the detection of high-frequency gravi-
tational waves (HFGWs) could reveal the truth,
especially as to the speculated initial high speed of time!

Another interesting feature or possible feature of
the speed-of-time variation: it may have several slopes.
For example, as we may conclude from the Table and

Fig. 3 there may be a variability to the speed of time
change (acceleration or deceleration or it may remain
constant) i.e., different slopes, during different time
periods. In this regard, the speed of time itself as well
asthe derivatives of the speed of time may be speculated
to be increasing to infinity as time “approaches” zero.
The analogy is that a movie’s frame rate may be
increasing without limit: higher and higher and
higher... as you “approach” the beginning of the movie,
that is as you run the film backwards! Therefore, some
speculations that speed of time may have a “uniform”
or “smooth” variation or structure, like a “linear” or
“exponential” slow, gradual change, may be incorrect!
Figure 3 is a notional graph of what the change of the
speed of time might resemble over the years since the
big bang or big rollout; that is since time zero or
perhaps Planck time. According to the speculated
speed-of-time variation, the “size” or “value” of the
second, minute, hour and year will vary during this
progression of our Universe. Note in Fig. 3 the
approximate times for the generation of relic HFGWs
and relic neutrinos. Later comes the Cosmic Micro-
wave Background (CMB). The actual speed-of-time
variation could possibly be estimated by Cepheid-
variable or galactic-rotational-rate observations.
Further-more, there is no a priori reason to suppose
that the speed of time may not differ in different parts
of our Universe or cannot increase or decrease or it
might even have a detailed structure of discontinuities or
abrupt jumps and pauses not a smooth aesthetically
pleasing variation. Because our Universe is not chaotic
(as discussed in Chapter 11 of [11]), time cannot
reverse or else cause could come after effect! With
regard to a detailed structure, it would be quite
challenging to measure small changes (detailed
structure) of the speed of time, but as Morishima [28]
mentioned in an article concerning Muon applica-
tions: “Muon particles originate from the interactions
of cosmic rays with the atoms of the upper atmo-
sphere, and they continuously reach the Earth with ...
a flux or shower of around 10,000 Muons per square
meter per minute.” So that with so much data the
possibility of detailed-structure measurement may
exist. There may be some measurement device or
technique to dif-ferentially measure or find “differences”
in a sequence of Muon decay times during such showers,
and determine a detailed structure in the speed of time!
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Galactic rotational rate is involved in dark matter
estimates. Think in terms of observing the more
rapid rotational of stopwatch’s second hand analogy
to observing the more rapid rotation of spiral arms
of galaxies at higher speeds of time in the past as in
Fig. 2B. An empirical relationship for estimating
galactic rotational rate was formulated by R. Brent
Tully and J. Richard Fisher in 1977 on how fast a
spiral galaxy “rotated” and its luminosity — roughly
speaking the bigger and brighter a galaxy, the faster it
“rotated”. But a galaxy is not a solid flat disk-like
collection of stars that rotate in unison, it is a huge
collection of stars each on its own orbit. Therefore, at
the galactic edge the rotation is slower, like Pluto’s
motion about our Sun, and nearer to a central bulge-
like galactic sub-halo of stars, it rotates more rapidly,
like Mercury’s motion about our Sun.

Let’s greatly simplify the N-body Lambda cold
dark-matter cosmological model for galactic “rota-
tion” by recognizing that the galactic stars, parti-
cularly at the outer regions of a galaxy, do not have
much gravitational influence on each other and move
somewhat like individual spacecraft (“toy” craft) on
nearly circular orbits about our Sun. In Astrodyna-
mics or Celestial Mechanics this is called the “two-
body” problem or motion and, unlike the motion of
three or more bodies (except for special cases), has
an exact solution! The central halo mass, m, ,
comprises all of the stars, interstellar material and
black holes from a star, having mass, m ;, enclosed in
the star’s orbit. More specifically, it is defined as a
halo or “bulge” of stars (interstellar matter and black
holes) assumed radially symmetrically distributed
according to the Lambda cold dark matter cosmo-
logical model. It would be similar to a “toy model”
circular equatorial satellite orbiting a radially symmet-
ric mass distribu-tion, disc-like Earth. The Vis-Viva
Energy Integral from Astrodynamics/Celestial
Mechanics is given by Eq. (1)—(3) of [29]

(ds/dt)* = k*(m, + m,)2/r — 1/a)

where ds/dt — speed of a star or dwarf galaxy = o x r,
where o — the angular rate of orbital motion of a star,
black hole or dwarf galaxy about the central halo-
bulge (radians per second), r is the distance of a star
or dwarf galaxy from the center of the galaxy (for
example, in meters, astronomical units, light years,
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Note. Such a notional graph of the speed of time versus today’s
seconds as displayed in Fig. 3, has some philosophical/cosmo-
logical consequences. In essence as we view the past through
our telescopes (and HFGW detectors), we are not simply
viewing 13.8 billion years of “existence” (or even out to the
conventional cosmological horizon), but possibly more than
1030 “years” of existence — in fact, an unimaginably, almost
infinitely long period of time! The size or value of seconds,
minutes, hours, days and years change during this progression
of our Universe. Our current Universe may be of a very old
age. The phrase “long, long ago and far, far away” of George
Lucas’ “Star Wars” would take on new meaning. There is
much of concern here including the intrinsic “clocks” of some
complex processes or sub systems acting on their own “time”.
Of course, all physical processes as we find them today should
remain intact, entropy grows. These processes could essentially
continue “forever” that is until the end of time. They will
commence at the beginning of time e.g., Planck time, when
time “approaches” infinitely fast motion (if viewed from our
Century), and will cause the material systems of our Universe
(stars, black holes, galaxies, etc.) to evolve, perhaps the
ancient “breeding ground” for the Oh-My-God particles.
However cradles of intelligent life (possibly advanced by
Artificial General Intelligence, Artificial Education (implanted
memories) and/or germ-line accelerated evolution and/or
combinations thereof) would possibly come and go into
“existence” (please see Equation (12-3) of [11] and [18]) over
this enormous span of “time”! The hot and dense “soup” of
matter in the early universe may or may not have existed. Lots
to consider here!
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etc.), a is the semi-major axis of the star’s orbit, k? is
a constant, m; = m, the mass of all the stars,
interstellar material and black holes within the star’s
orbit (in solar masses), m, = m, is the mass of the
star — but m, << m, so will be neglected, a is the
semi-major axis of the star’s orbit and, since we
assume the star’s orbit is circular, a = r, we have the
angular rate of rotation of a star at a distance r from
galactic center is proportional to

N, /2.

This relationship is essentially Kepler’s Third Law.

The problem is when observations are made it
turns out that the value of m, , as calculated from
summing up the masses of all the galaxy’s stars,
interstellar material and black holes inside a star’s
orbit, is found to be far too small to account for the
rotational rate of all of these galaxy stars! For
example, rotational rates do not decrease with
distance from the galactic center. Note, however, m,,
gets larger at the galaxy’s periphery since more stars,
interstellar material and black holes are within a
star’s orbit. If, for example, the galactic distribution
of stars and black holes was a homogeneous sphere?,
with an average density in solar masses per cubic light
year independent of r, then since m, would be
proportional to 7 and the angular rate ® of stars and
black holesin a galaxy would be a constant independent
of r — this turns out not to be the case. In any event,
the observed m ; is far, far too small to account for the
observed motion of the galactic stars. What to do?

1. Increase the m, dramatically and the change
distribution of the galaxy’s mass by assuming there
in an almost invisible halo of dark matter in the
galaxy or, more exactly, utilize the Lambda cold
dark-matter cosmological model.

2. Assume there was a higher speed of time back
when the light from the galaxy left to reach our
telescopes now and the galaxy’s stars appear to have
rotated faster (like the hand of the stopwatch in
Fig. 2B) and the angular rate relationship holds
without need for dark matter!

3. Or a combination of 1 and 2.

There is also “a cosmological conundrum” [31] in
which there are apparently co-rotating satellite systems
(e.g., dwarf galaxies) that do not fit the Lambda cold
dark-matter cosmological model. If a “toy” model star
or dwarf galaxy were on a polar orbit, then they might be
on a “whirling plane of satellite galaxies” without the
Lambda cold dark-matter cosmological model. Perhaps
assuming a faster speed of time in the neighborhood of
a galaxy might reduce or eliminate the “cosmological
conundrum.” There is also the Experiment to Detect
the Global Epoch of Reionization Signature (EDGES)
report detecting the tiny absorption signal of hydrogen
clouds that existed between 180 million and 250 mil-
lion years after the big bang [32]. Certainly the effect of
an increase in the speed of time then, compared to the
current speed of time at the EDGES microwave
detector now, would have a significant role in their
experimental analyses. As to Dark Matter in general:
“Eighty years after the discovery of Dark Matter,
physicists remain fotally stumped (especially concerning
Dark Matter in our Galaxy) about the nature of this
non-reflective stuff that, judging by its gravitational
effects, pervades the cosmos in far greater abundance
than all the matter we can see” [33]. By the way,
according to Bertone and Tait [34] there remains “... a
sense of crises in the dark-matter particle community”
(please see the Appendix).

IS THERE A PERFECT CLOCK
OR SOME KIND OF “ABSOLUTE TIME”?

The answer is “no.” As Gyorgy Buzsaki and Rodolfo
Llinas [35] in their article on “Space and time in the
brain” state “... neither clocks nor brains make time
per se.” One might consider the transient complex
process subsystem discussed herein, itself as some kind
of a clock — e. g., an alarm clock. The problem is you
cannot “read” it. If you ask a chef “When will the
bread being baked be ready?” She might reply “I don’t
know exactly.” I would ask then “How do you know
when it is finished and take it out of the oven?” the
chef might reply “I stick a toothpick in it and if some
dough no longer sticks to it, then its cooking process is

8 For example, if p is average density of the stars, interstellar material and black holes in a galaxy and totally independent of r, that is not a function
of r, then m;, = p (4/ 3)m3 . In this case the #’s cancel and no change in o for the stars in the galaxy results. The independence of density from
rin total is not realistic, of course, but this analysis does indicate the importance of the distribution of a galaxy’s mass on the variability of .
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over, but I do not know exactly when that will happen.
I cannot read it like a clock you know!” Even if the
Proposition proposed herein is false, in the context of
the light cones described in Chapter 2 of [11], there is
the impossibility of distributing “polling-place clocks”.
which have exactly “polling-place” or absolute time,
due to the special and general relativity effects as
they are transported to various locations. Even if we
attempt to set them by radio signal, since we have
imperfect knowledge of the speed of light (and no
exact location because of Heisenberg’s position un-
certainty), it is impossible to accomplish the setting
exactly. Time is really relative!

A related question is: “what is the definition of the
intrinsic, fixed or constant Muon decay time?” or,
for that matter the “yard stick” of any complex,
transient processes or sub system. For the answer let
us return to the chef cooking a particular loaf of
bread. We ask the chefif there is a particular, specific
time that it takes to cook the bread. She may say that
there can be, but it depends upon the oven tem-
perature. She may add that when the oven temperature
is 300 °F it takes 35 minutes, at 350 °F it takes 30 mi-
nutes and at 400 °F it takes 25 minutes. So, again you
ask, what is the intrinsic time to bake a loaf of bread?
She could say: “The definition of bread cook time
depends on the oven temperature, that is, it is by
definition’. Usually that specific definition is the
typical cooking time spelled out in a cookbook for a
specific temperature, say 350 °F. So let’s use standard-
ingredient dough and carefully measure the time
from dough placed in oven at 350 °F to clean
toothpick extraction and utilize that time as the
definition of Standard-bread cook time or yard
stick.” In our case let us choose the currently most
accurate Muon decay time, MulLan [6], of
2,196,980.3 [in 2009.5 picoseconds — remember the
size or value of seconds, minutes, hours, days and
picoseconds change during this progression of our
Universe] as the “yard stick” or intrinsic, fixed or
constant Muon decay time “BY DEFINITION.”
Actually, similar to Barbour’s suggestions [22, 23],
we do not much care about intrinsic time duration
since we are only interested in the approximate
occurrence of a chain of events like cooked bread
ready to eat and completed Muon decay — it’s all
relative!
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But how do we actually utilize the fixed intrinsic
unit of Muon decay time as a “yard stick”? Let us
consider a thought experiment: We build a clock whose
rate of progression (speed of time or, specifically
angular rate of the second hand) is uniform and
measure Muon decay time on the date of 2009.5.
As was defined this is the “intrinsic unit of Muon decay
time” or “yard stick”. We now build a clock whose time
rate of progression (speed of time) is uniform BUT
exactly having a, for example, a 4.2 x 10~19 ps per ps
slower rate! Using this slower clock, we again measure
Muon decay time on the same date of 2009.5 and jot
down the second measured Muon-decay-time value.
When in future the measured Muon decay time reaches
the second value, we know that the clocks on the Earth at
the laboratory site would have a 4.2 x 10719 ps per ps
slower rate — the Muon-decay-time yard stick tells us
so! Equivalently one can simply difference each new
measurement of Muon decay time from the 2009.5
value and divide by the intervening time interval. The
same procedure can be accomplished for other Muon-
decay-time dates (since 2009.5 is well in the past) and
hence the speed of time will be based upon other newly
defined Muon-decay-time yard sticks, hopefully
measured to a higher accuracy and precision by
advance atomic clocks.

WHAT ARE THE NEXT STEPS?

The next objective should be to determine the
variation of the speed of time; to replace the notional
Fig. 3 by one constructed from actual speed-of-time
data. That objective can be met, at least in part, by
the following steps: As previously mentioned,
Cepheid variables could assist in the measurement
of the speed of time out to about 20 million light
years from the Earth. Measuring the rotational rate
of galaxies would be a very useful tool if that rate is
attributed to the speed of time not to Dark Matter.
Indications that certain complex electro-weak
processes, which exhibit longer/shorter durations as
the seconds and years of our Universe progress,
should be studied. High-frequency gravitational
waves (HFGWs), having originated from our early
Universe (defined as “relic” gravitational waves)
and/or black holes should be analyzed in order to see
the effect of a possible high speed of time. Eight
different designed or built detectors of HFGWs are
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discussed in Chapter 10 of [11] and the development
of the most sensitive of them, the Li-Baker [36],
should be actively pursued. Also as previously
mentioned, there should be a measurement device or
technique developed to differentially measure or
“difference” sequence of Muon decay times in a
short time interval, and determine if there exists a
detailed structure in the speed of time. Possibly, the
Global Positioning System (GPS) satellite clocks
would be very slightly affected or not affected over the
years. Specifically, if the GPS retains the same
location measurements over the years and there is
confirmation of a speed of time change, then it
would evidence the continuing rollout of the space
dimensions today. Likewise, if the speed of light de-
termination remains constant as time slows, then there
would be additional evidence of the space dimensions
continuing rollout today in concert with the speed of
time reduction. There also exists “... the unexplained
part of the Muon’s magnetic moment ...” [37] that
might, conceivably, have some bearing on or provide
additional data on the variation of the apparent
Muon decay time with time if such a variation exists,
which I believe it does. The data from the Gaia
satellite might also shed light on the change in time
in our Milky Way Galaxy over more recent times
[38], for example, is a variation in rotational rate of
orbiting stars, binaries, is in keeping with a time
speed change? Finally, but perhaps most importantly,
the development of better atomic clocks should be
encouraged. Metrologists at the National Institute of
Standards and Technology (NIST) found using
ytterbium atoms in an optical lattice “... two clocks
ticked at the same rate to within 1.4 parts in 1018 —
just over 100 times better than the top cesium devices”
[39]. Approximately, the NIST results translate into
an accuracy of up to an attosecond or one millionth
of a picosecond! These improvements will become
available by “perhaps 2030 [40] and have application
to geophysics [41]. If utilized to measure Muon-
decay times, then support or falsification of the
annual decrease in the length of Muon decay time by
means of an appropriate, sophisticated statistical
curve-fitting program should quickly ensue. If the
Proposition herein speculated is also correct, then a
good determination of the speed of time (e.g., Muon
decay time) with very accurate clocks over possibly
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less than a year should provide for an accurate
determination of the slowing of the speed of time at
least at the laboratory site.

SUMMARY

Here 1 have speculated based upon review of
experimental data from 1946 to 2017 on the duration
of Muon decay (please see the Table). A speculations
that does not exclude a working hypothesis on
the apparent Muon decay time’s gradual shortening.
I have discussed the Proposition that some complex
processes operate on their own clocks different from
the clocks associated with our macro Universe. Here
I have speculated that the change in the speed of time
in our Universe is directly related to the presence or
absence of dark matter and dark energy and the Hubble
parameter. Completely independent of the correctness
of the Proposition, I have proposed an early universe
theory of the big rollout of spacetime, from vanishingly
small space dimensions, €. g., Planck length, to today’s
dimensions, and time slowing from approaching
infinitely fast speed (nearer to time “zero” or Planck
time) to today’s speed, to be tested by the detection of
high-frequency relic gravitational waves.

APPENDIX

Sunday, February 18, 2018 Professor Chris Tully of
Princeton University, Dr. Aron Chou Sr. of the Fermi
National Laboratory and Dr. Kathryn Zurek of the
Laurence Berkeley National Laboratory presented
papers on the detection of Dark Matter at the Annual
Meeting of the American Association for the
Advancement of Science (AAAS) held in Austin,
Texas. On that same day I was invited to give a “Poster
Presentation” also concerning Dark Matter (https://
aaas.confex.com/aaas/2018/meetingapp.cgi/
Paper/22030). In lectures in 1990—1992, as part of
West Coast University’s Engineering Master’s Degree
curriculum, I discussed the rollout of our Universe in
both time and space. The first published account of
this speculation, at least as to the high speed of time in
the early Universe, was on page 85, Chapter 8 of the
first printing of reference [11] published on July 16,
2016. Other presentations concerning my discovery or
speculation as to the speed of time variation can also
be found in footnote 5, page 54 of [18]: http://space-
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scitechjournal.org.au/en/archive/2017/3/05 and Ap-
pendix B of [13] a draft of which was emailed to me by
Andrew Beckwith in September, 2017.
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Kopriopatrist TpaHCIIOPTHUX HayK,
IManm-esept, Kanidopnis, CLLIA

POBOYA I'ITTIOTE3A ITPO CKOPOYEHHA
MNEPIOAY MIOOHHOI'O PO3ITALY 1 HAC

3eMHa aTMocdepa TPOHM3YETbCS KOCMIYHUMU ITPOMEHSI-
MM, 110 BMXOASTh i3 MiX3opsiHOoro mnpocropy. Komau koc-
MiuHi MpOMEHi CTMKAlOThCsl 3 arMocheporo 3emili, BOHU
po3ManalTbess Ha MOOHU. Lli MIOOHM TakoX po3IagaroTh-
¢ 3 JEeKiUTbKOMa Pi3HUMM PEeXMMaMHU pO3Many TpOTITOM
TOYHO BUMIpSIHOTO 4acy (Bif IIeCTM J0 BOCbMHU 3Hauy-
mux 1mdp). MIOOHM MOXyTb OyTH TIpeNCcTaBIeHi SIK TO-
JUHHMK, KM MOKe IpalloBaTU IIBUAKO a00 MOBLIbHO.

V cratTi aHasi3yeThesl poboya rirnoTesa mpo Te, 110 TPUBATICTh
po3Many MIOOHa, OTpUMaHa B eKcrieprMeHTax y 1946—2017 po-
Kax, sika MOBMHHA OyTH MOCTiHOI0, MOXe TTOCTYTIOBO CKOPOYyBa-
THCS, MOXJTMBO HEPETYJISIPHO (BKITIOUAIOUY T1ay3U), TIPUOIU3HO 3
2.330 mkc (1946 1) 10 2.202 Mkc (1962—1963 pp.). BuHUKAIOTH MU~
TaHHS 100 TOYHOCTI HATOCTAHHIILIMX ITPOBEAEHUX BUMIPIOBAHb;
MOTPIOHO TAKOXK IMTPOBECTH TOUHIILI €KCIIEPUMEHTH, 11100 TTiATBEep-
JIUTA 200 BIIKMHYTU TEHICHLIIIO TTOCTYITOBOIO CKOPOYEHHS yacy
po3namy MrooHa. 3okpema, y riepiozn 3 2007.0 mo 2009.5 poku Oitbiin
TOYHi BUMipIOBaHHST Yacy po3Iaay MIOOHA ITOKa3yIOTh 3MEHILICHHST
BUIMMOTO Yacy po3Maay MIOOHa MPUOIM3HO Ha 13 1ic B pik. Busis-
JICHO, 1110 YMCEJIbHUIA TPEH/T HE € CTAaTUCTUYHO 3Hauylum. [1po-
Te SIBHE 3MEHLIEHHS Yacy po3rany MIOOHa He Moxe OyTu abco-
JIFOTHO BUKJTIOUEHE BIITOBIITHO /10 OTVISITY TIPEICTABTICHIX JTAaHKX.

[MpunyiieHHsT PO NPUYUHM MOKJIMBOTO CKOpPOUYECH-
HS Yacy po3Maiay MIOOHA ITIOB’si3aHE 3 MOXJIMBOIO 3MiHOIO
XOly TOAMHHMKA (IIBUIKUI a00 TOBIIbHUI TOAMHHMK) Y
Bcecnirti. Poboua rinoresa nosisirae B TOMy, 1110 BJIaCHMI yac
po3maay MIOOHa He 3MEHIIYEThCS HE3HAYHO ITOPIBHSIHO 3
Oro BJIACHMM TOIWMHHWKOM, aj€ MOro SIBHUI 4ac po3Ia-
JIy TPOXY 3MEHIIYETHCS Y TIOPIBHSIHHI 3 XOIOM TOAWHHUKIB,
MOB’sI3aHUX 3 Hamow 3emiieto i / abo Hamoro Bcecsity. ¥V
CTaTTi aHali3ylOThCs JEKiJIbKa OIyOJiKOBaHUX JOCITiIKEHb
Mpo HepiBHOMIpHicTh yacy B HamoMmy Bceciti. ITporoHy-
€ThCS, 10 JIesKi CKJIaIHi mpolecu ado MiACUCTEMHU, TaKi K
pO3Mag MIOOHA, «PyXaloThCs» IO CBOTO BJIACHOTO, (hiKcoBa-
HOTO «4acy» ad0 4acOBOTO iHTEpBaly, SIKMI HE 3aJIeKUTDh Bill
MOTOKY «4acy» B HamoMmy Bceciti. Ha mintpumky 1boro
MPUITYLIEHHS LUTYIOThCSI JEKiJIbKa OIMyOJIiKOBAaHUX JOCTi-
JKeHb. OOroBOPIOIOTLCSl MPUKJIAAM 3aCTOCYBaHHS TilOTe3U
MOXKJIMBOI 3MiHM IIBUJIKOCTI Yacy B Pi3HMX HAyKOBUX 3a7ayax.

Karuosi caoea: Mi0OH, TpUBAJiCTb MIOOHHOIO pO3IMajiy,
LIBUIKICTh Yacy, BUCOKOYACTOTHi IrpaBiTalliiiHi XBUJIi, peJTiK-
TOBi TpaBiTalliliHi XBWJi, TeMHa MaTepis, TeMHa eHepris,
paHHiit BeecBiT, Bekuii BUOYX, BeJTMKE pO3TOPTAHHSI.
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Kopropalmst TpaHCITOPTHBIX HayK,
[Manm-/e3ept, Kanudopuus, CLLA,

PABOYA T'MITOTE3A O COKPAIIEHUNM
NEPUOJA MIOOHHOI'O PACITAJIA 1 BPEMA

3emHast arMocdepa MPOHU3BIBACTCS KOCMUYECKUMM JIydaMI,
HCXOISIIMMU U3 MEX3BE3IHOro rmpocrpaHctsa. Korma KocMu-
YyecKue JIYYM CTAJIKMBAIOTCs ¢ aTMocdepoil 3eMiu, OHU pacria-
JAIOTCST HA MIOOHBI. DTU MIOOHBI TaKKe pacraaaloTcsl ¢ He-
CKOJIbKUMU Pa3TMIHBIMK PEXXUMaMU pacriaza B TedeHUe TOTHO
M3MEPEHHOTO BpEMEHM (OT LLIECTH 0 BOCEMU 3HAYUMBIX LIDP).
MIOOHBI MOTYT OBITh ITPEACTABICHBI KAaK YaChl, KOTOPBIE MOTYT
paboTath OLICTPO WM MeIIEHHO. B cTaThe aHaM3upyeTcst pabo-
Yasi TUTIOTe3a O TOM, YTO JUTUTEIbHOCTh paciiaaa MIOOHa, TOJTy-
YeHHas B 9KcIiepuMeHTax B 1946—2017 rogax, Kotopast J0/KHA
OBITH TIOCTOSTHHOM, MOXET TTOCTETIEHHO COKPAIIIATHCST, BO3MOX-
HO, HEPETyJISIpHO (BKITIOYAST Tay3bl), IPUOIM3UTENTLHO OT 2.330
MKc (1946 ) 1o 2.202 mxc (1962—1963 t). BozHMKaOT BOIPOCH!,
Kacarolluecsi TOYHOCTU CaMbIX TIOCTIEHUX MPOBEAEHHBIX N3Me-
peHuii. TpeGyroTcst Takke Gojiee TOYHbIE IKCIIePUMEHTATbHbBIC
JTAHHBIE, YTOOBI ITOATBEPIUTH WK OTBEPTHYTh TSHICHIINIO ITOCTE-
TIEHHOTO COKPAITIEHNST BpeMEeHH pacTiajia MiooHa. Tak, B Tiepro ¢
2007.0 10 2009.5 rompI 6oree TOIHbIE U3MEPEHYSI BpeMEeHH pacia-
J1a MIOOHA [TOKA3bIBAIOT YMEHbILIEHHE BUAMMOIO BpeMEHH paciia-
Jla MIOOHA MpuMepHO Ha 13 1ic B rox. OOHapy:KeHO, YTO YMCIIeH-
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HBIi TPEHIT He SIBJISIETCsI CTaTUCTUYECKM 3HAYMMBbIM. TeM He Me-
Hee, SIBHOE YMEHBIIIEHUE BpEMEHM pacriaza MIOOHA He MOXKET
OBbITh AOCOJTIOTHO UCKITIOUEHO B COOTBETCTBUU C IPE/ICTABICHHbI-
MU JAHHBIMU M3MepeHuii. [IpearmookeHue o mpuamnHe BO3MOX-
HOTO COKpAILEHNs BpEMEHU pacIiaia MIOOHA TIOAPa3yMEBAET, YTO
OHO CBSI3aHO C BO3MOXHBIM M3MEHEHHMEM XO/ia YyacoB (ObICTpbIe
WY MeJUIeHHBIe Yyachl) Bo BeeseHHoit. Pabouast runoresa cocto-
WT B TOM, YTO COOCTBEHHOE BpeMsI paciiaga MIOOHA He YMEHbIIIa~
€TCsl He3HAUYNTEITLHO TI0 CPAaBHEHUIO C €T0 COOCTBEHHBIMHM Yaca-
MH, HO €r0 KaxKyIIeecst BpeMsI pacriaza HEMHOTO YMEHBILIAETCS 110
CPaBHEHUIO C XOIIOM YacOB, CBSA3aHHBIMU C Hallleil 3eMiiei u/mim
Haieir BceneHHoit. B cratbe aHaMM3MpyrOTCsI HECKOJIBKO OITy-
OJIMKOBAHHBIX UCCIIEOBAHMI HA TeMy HEPAaBHOMEPHOCTU BpeMe-
HM B Haieil BeeneHHoit. [pemmaraetcst, 4To HEKOTOpBIE CITOXK-
HBIE TIPOLIECCHI WM TTOACHCTEMBI, TaKMe KaK pacriaa MIOOHa,
«IBIDKYTCST» K CBOEMY COOCTBEHHOMY, (DMKCUPOBAHHOMY «BpEMe-
HI» WIM BpeMEHHOMY MHTEPBaTy, KOTOPbIiA He 3aBUCUT OT ITOTOKA
«BpeMeHW» B Hallleil BeceneHHoi. B moaaep XKy 3Toro npeamnono-
SKEHUsI IUTUPYIOTCSI HECKOJIBKO OITyOJIMKOBAaHHBIX MCCIIENOBA-
TEJIbCKUX padoT.

Karouesvie caoea: MIOOH, TIUTEILHOCTH MIOOHHOTO paclia-
[a, CKOPOCTh BPEMEHM, BBHICOKOYACTOTHBLIE TPABUTALIMOH-
Hbl€ BOJIHBI, PEJIMKTOBbIC TPABUTALIMOHHBIC BOJHBI, TEMHAsI
maTepusi, TeMHasi Heprus, paHHssi BceneHHast, 00JbLION
B3PbIB, OOJIBIIIOE pa3BePTHIBAHUE.
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Hami aBropn

BEHKEP PoGepr M JI. — noktop dinocodii, wien AMepu-
KAHCBKOI acolliallil CIpUsiHHS PO3BUTKY HayKU, MPOBIAHUMI
eKCIepT 3 JOCIIIKEHb BUCOKOYACTOTHUX TIpaBiTALlitHUX
xBuwib (HFGW), ronoBa TpboX MixkHapOAHUX KOH(bEpPEHIIii
3 JIOCTiIKEHb BUCOKOUYACTOTHUX IpaBiTalliiHUX XBWUJIb, 3a-
CHOBHUK BeO-caiiTa 3 AOCHiMIXEHb TpaBiTAlliiHUX XBWJIb
www.GravWave.com, cmiBrpaifioe 3 Kopropatieio Consul-
tancy Transport Sciences, mpalioe CTapiImM KOHCYIbTaHTOM
kopropaiiii TpaHCOPTHUX HayK i HAYKOBOTO TOBapHCTBa
«IpaBitawiitHi xBuni». Jlaypeat npemii YHiBepcurtety Kaji-
dopHii 3 dizuku i npemii dipka bpayepa 3a BumatHuit BHe-
COK y aCTpOAMHAMIKy Ta OpOiTaibHY MEXaHiKYy.

HanpsiM Hayku — BUCOKOYACTOTHI I'paBiTalliiiHi XBUJIi,
acTpoauHaMika, opOiTajibHa MexaHika.

T'PEKOBA M. B. — acmipaHT, iHXXeHep-KOHCTPYKTOp 2 Ka-
teropii JlepxkaBHoro miampueMctBa «KoHCTpyKTOpChbKe
61opo «IliBgenHe» iM. M. K. SHremns».

Hanpsim Hayku — MaTepiallo3HaBCTBO.

JEITAPEB Omnekcannp BikTopoBuu — [eHepaibHMiIT KOH-
crpykrop [epxaBHoro minnpuemctBa «KoHcTpykTopchke
o1opo «IliBgenHe» im. M. K. SIurens», akagemik HauioHanb-
HOI akazeMmii HayK YKpaiHu, KaHAUIAT €KOHOMIUHUX HaykK,
JIOKTOP TEXHIYHMX HayK, akaaemik MixHapomHoi akaaeMii
aCTPOHABTUKHU, 3acCiy>KeHUI MalllMHOOYIiBHUK YKpaiHu,
MOYECHUI POOITHUK KOCMIYHOI rany3i YkpaiHu, JiaypeaT
Jlep>xaBHOI ripeMil YKpaiHu B rajy3i HayKu i TEXHIKHU.

HanpsiMm HaykK1 — pakeTHO-KOCMiuHa TeXHiKa, MexaHika
KOCMiYHOTO TTOJIbOTY.

JETTAPBOBA Ounena AnaToJiiBHA — HayalbHUK TPYMNu
JHepxaHoro ninnpuemctBa «KoHcTpykTopchke 610po «ITiB-
nenHe» iMm. M. K. AAuresns».

Hanpsim HayKu — pakeTHO-KOCMiuHa TeXHika.

JI2KYP €gren OumnekciiioBna — mpodecop [JHimpoBchKOro
HallioHaJIbHOTO YHiBepcuTeTy iMmeHi Onecst [oHuapa, mpode-
COp, JOKTOP TeXHIYHUX HayK.

HanpsiMm HayKu — MaTepiajlo3HaBCTBO.

JOBPYIINHA Mapuna TappiiBHa — HauyalbHUK Tpymnu
BiZITY TPOEKTHO-KOHCTPYKTOPCHKOTO OIOPO KOCMIYHUX
arnapariB, CUCTeM i KOMIUIEKCiB [lepKaBHOrO MiAIIpueEMCTBA
«KoHcTtpykTopcebke 010po «IliBnenHe» iMm. M. K. fAHrens».
Hanpsim Hayky — IOCTIIXKEHHS i po3po0Ka TEpMOPO3Mi-
pOCTabiTIbHUX KOHCTPYKIIili KOCMiUHOTO MPU3HAYEHHSI.

78

KABYH Bacuib BikTopoBnd — HayaJIbHUK CEKTOpa Bimmiry
MPOEKTHO-KOHCTPYKTOPCHKOTO 0I0OpO KOCMIUHHUX arapariB,
cucteM i KomruiekciB JlepxkaBHoro minnpuemctBa «KoH-
cTpyKTtopchKe 01opo «IliBneHHe» im. M. K. SAuresnsi».
Hanpsm Hayku — gociiixeHHs i po3po0Ka TepMOpO3Mi-
pOCTabiIbHUX KOHCTPYKIIift KOCMIYHOTO MPU3HAYEHHSI.

KAJITHIH Oaekcanap BacuiboBuu — moxrtopaHT [lpumHi-
MPOBCHKOI AepKaBHOI akafaeMii OyIiBHULITBA i apXiTeKTypH,
KaHAUJAT TEXHIYHUX HayK.

Hanpsim HayKu — MaTepiaJlo3HaBCTBO.

KOJIOC Jlionvuna MukonaiBHa — cTapmimii HayKOBHUI
CIiBpOOITHUK [HCTUTYTY KOCMiyHMX mociimkeHb Hario-
HaJIbHOI aKazeMmil HayK Ykpainu Ta JlepxkaBHOTO KOCMi4HOTO
areHTCTBa YKpaiHU, KaHAUAAT TEXHIYHUX HayK.

HarmnpsiM Hayku — cucTeMHMIT aHai3, Teopisi onTUMallb-
HMX pillIeHb.

KOTJIOB Baamucaas FOpiitoBny — acripaHT Kadeapu Mexa-
HOTPOHiIKM JIHIMPOBCHKOrO HalliOHAJIBLHOTO YHiIBEPCUTETY
iMeHi Onecsa [oHuapa.

Hanpsim Hayku — reHepyBaHHSI Ta MOILIMPEHHS] HU3bKO-
YaCTOTHUX Ta iH(pPa3ByKOBUX aKyCTMUYHHUX ITOJIIB y BiTpoe-
HepreTulli, IBUTYHOOY/IyBaHHI Ta METaJyprii, METOJMKA PO3-
paxyHKiB, BIUTUB HU3bKOUACTOTHUX aKyCTUIHUX KOJWUBaHb
Ha XWMBI OpraHi3Mu, iCTOpisl HAyKH y rajiy3i pakeTHO-KOCMiu-
HOI TeXHiKMU.

KYJIPEBATUX Oumnekcanap TuxoHoBHY — 3aBigyBay HaB-
yajbHOI JiabopaTtopii JIHIMPOBCHKOro HalliOHAJIBHOIO YHi-
BepcuteTy iMeHi Onecst [oHuapa.

Hanpsim Hayku — rosiorpadiuHi TeXHOJIOriT B paKeTHO-
KOCMIYHIi TeXHilli.

KVJIUK Anrtonina CepriiBHa — iHXEeHEP-KOHCTPYKTOD Bill-
NIy TPOEKTHO-KOHCTPYKTOPCHKOTO 0I0pO KOCMIYHUX ara-
patiB, cucrteM i KoMmIuiekciB Jlep>KaBHOro MilMpueMCTBa
«Koncrpykropcoke 610po «IliBneHHe» iMm. M. K. AHremns».
Hanpsim Hayku — JOCTiIXKEHHS 1 po3po0Ka TEpMOPO3Mi-
pOCTadiIbHUX KOHCTPYKIIili KOCMIYHOTO MPU3HAYEHHSI.

MACJIEN Bosnomuvup MukuroBid — [OTOBHMI KOHCTPYK-
TOP-HAYaJIbHUK ITPOEKTHO-KOHCTPYKTOPCHKOIO 0I0pO KOCMiU-
HUX arapartiB, CUCTeM i KOMIUIEKCiB Jlep)KaBHOTo MiAnpueM-
ctBa «KoHcTpykTopebke 6topo «IliBaeHHe» im. M. K. fHresns»,
KaHAUIAT TEXHITHUX HayK.

Hanpsm Hayku — IOCTiIXKEeHHS i po3poOKa TEpMOPO3Mi-
POCTa0ITbHUX KOHCTPYKIIili KOCMiYHOTO TTPU3HAYCHHS.
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MOCKAJIBOB Cepriii IropoBud — 3actynHuk [osoBHOTO
KOHCTPYKTOpa IMPOEKTHO-KOHCTPYKTOPCHKOTO 0I0pO KOCMiY-
HUX arapariB, CUCTEM i KOMILIEKCIB JIep>KaBHOTO ITiAITPUEM-
ctBa «KoHcTpykTopcbke 6topo «[liBneHHe» iM. M. K. SIHressi».
Hanpsim Hayku — nociimkeHHs: i po3podKa TepMOpO3Mi-
PpOCTabiTbHUX KOHCTPYKIIi KOCMIYHOTO MPU3HAYEHHSI.

HOBUKOB Ousnekcanap BacwiboBma — 3actynmHuk [eHe-
paibHOro aupektopa epxkaBHoro minnpueMmcta «KoH-
crpykropchke 01opo «[liBmeHHe» iM. M. K. Snrens», nupex-
TOop PakeTHO-KOCMIYHOro HaBYaJbHO-IOCIIIHOIO LIEHTPY,
KaHIUAAT TEXHIYHUX HayK, podecop, akaaeMik MixkHapo-
HOI aKajieMii aCTpOHaBTUKH, 3aCAY>KEHUI isi4 HAyKH i Tex-
HiK1 YKpaiHU, HaropoxKeHU opieHaMU.

Hanpsm Hayku — nuHamika moJiboTy Ta YIpaBlaiHHS pa-
KeTaMU.

HOCOBA Tersna BanepiiBHa — crapiimii HayKOBMii CTTiBpO-
OITHUK, TOIIeHT JIHIMTPOBCHKOIO HAIliIOHAIBHOTO YHiBEpCUTE-
Ty iMmeHi Onecst [oHUapa, KaHAWAAT TEXHIYHUX HayK.

Hanpsim Hayku — MaTepiaio3HaBCTBO.

IIATOPOJEIIBKA JIroamuiaa BonoaumupiBaa — ctapiiuuii
HayKOBUI CMiBPOOITHUK [HCTUTYTY KOCMIYHUX AOCHiIKEHb
HationanbHO1 akageMii Hayk YKpainu Ta JlepkaBHOToO Koc-
MIYHOTO areHTCTBa YKpaiHUu, KaHAUIAT TEXHIYHUX HayK.

Hanpsim Hayku — cucTteMHMIT aHali3, TUCTaHIIiliHi aepo-
KOCMiYHi TOCTiIXKEeHHSI.

POXKOBCBHKUM Bosoaumup Paycrosuu — noueHT JHi-
MPOBCHKOTO HallioOHAJbHOIO YHiBepcutery iMmeHi OJjecs
ToHuapa, kKaHIMIAT TEXHIYHUX HayK.

Hanpsam Hayku — MillHiCTh KOHCTPYKIIiil pakeTHO-KOC-
MIUHOI TEXHIKH.

CAMOWUJIEHKO Jlioavuna IaniBHa — NPOBIIHUIA HAYKO-
BUI CHiBpOOITHUK [HCTUTYTY KOCMiuHUX AociimkeHb Ha-
LIiOHAJIbHOT aKaaeMil HayK YKpainu ta Jlep:kaBHOro Kocmiv-
HOTO areHTCTBa YKpaiHu, TOKTOP TEXHIYHUX HayK.

Hanpsim HayKu — CUCTeMHMIA aHaJli3, Teopist ONTUMalb-
HUX pillleHb.

COKOJI T'anuna IBaniBHa — mpodecop kadenpu mexaHO-
TPOHiKM JIHIMPOBCHKOTO HALlIOHATTbHOTO YHIBEPCUTETY iMEHi
Onecst Tonuapa, mokrop TexHiuHMx Hayk. Haropomxkena [1o-
yecHUMM 3Hakamu ,,Bunaxignuk CPCP” Ta , BigMiHHUK
OCBiTH YKpaiHu”, yjeH AMepUKaHChKOI acoliialii 3 HayKu i
TexHiku (American Association for Science and Tech-
nology).

Hampsm Hayky — reHepyBaHHS Ta MOMIMPEHHST HU3bKO-
YaCTOTHUX Ta iH(ppPa3ByKOBUX aKyCTUUHUX IOJIIB Yy BiTpoe-
HepreTulli, IBUTYHOOYIyBaHHI Ta MeTalyprii, MeToauKa
PO3pPaxyHKiB, BIJIUB HU3bKOYACTOTHUX aKyCTUUHMUX KOJM-
BaHb Ha XUBi OpraHi3Mu, iCTOpPisi HAyKu y rajy3i pakeTHO-
KOCMIYHO1 TEXHiKH.

COXAY IOpiii BacuisoBua — no1ieHT JAHITPOBCHKOTO Halli-
OHaJIbHOTO YHiBepcuteTy iMmeHi Onecst [oHuapa.

Hanpsim Hayku — rojiorpacdiyHi TeXHOJIOTil B paKeTHO-
KOCMIYHIN TeXHilli.

DEIOPOB Ouer ITaBnoBuy — qupekTop, 3aBilLyBad Biairy
HayK Mpo MikporpasiTauito [HCTUTYTy KOCMIYHUX JOCIIi-
mxeHb HanioHanbHOI akageMii HayK Ykpainu Ta Jlep:kaBHO-
ro KOCMiYHOTO areHTCcTBa YKpaiHu, 10KTop (izuKo-Marema-
TUYHUX HayK, WieH-KopecnoHaeHT HalioHanbHOI akageMii
HayK YKpaiHu.
Hanpsm Hayku —
MiYHi TOCTiIXKEeHHSI.

KOCMiuHe MarepiaJo3HaBCTBO, KOC-

IIYIPO Anaroniii IlerpoBma — mpOBiOHMWIA iHXKEHEP-KOH-
CTPYKTOP BiIlZILTY TTPOEKTHO-KOHCTPYKTOPCHKOIO OI0PO KOCMiU-
HUX arnapaTiB, CUCTEM i KOMILIEKCiB JlepkKaBHOT'O IMiANPUEMCTBA
«Koncrpykropcebke 61opo «IliBneHHe» im. M. K. AnHresns».
Hanpsim Hayky — IOCTIIXKEHHS i po3po0Ka TEpMOPO3Mi-
pOCTabiIbHUX KOHCTPYKIIi KOCMIYHOTIO MPU3HAYEHHSI.



ITam’aTka ayig aBTopiB

KYPHAJT «<KOCMIYHA HAYKA I TEXHOJIOTIA» €
BU3HAHUM HayKOBO-MPAKTUYHUM 3arajbHOAKaaeMiYHUM BU-
JIaHHSIM B YKpaiHi, 1110 BUCBITJII0€ HANIIMPILi acreKTH KOc-
MiUHOI IisLTBHOCTI Y IepXaBi Ta 3a KOPAOHOM. 2KypHas po3-
paxoBaHUit Ha (axiBLiB Y Taly3i KOC—MiYHOI HAyKH i TeXHi-
KM, Ha THX, XTO 3aiiMa€TbCs BUKOPUCTAHHSIM KOCMiUYHMX
TEXHOJIOTIf B Pi3HUX Taly3sX HapOIHOIo rocroiapcTsa, a
TaKOX Ha 3aKOPIOHHUX YUTAYiB, sIKi 0axkaroTh O3HAHOMUTU-
csl 3 OCSATHEHHSIMUM KOCMIUHOI Tany3i YKpaiHu. Y XypHaii
MyOJTiKYIOThCS OTVISITOBI Ta OPUTiHAbHI CTATTi 3 Pi3HUX PO3-
JJTiB KOCMIYHOI HayKH, TeXHIKWM Ta TEXHOJOTil: iCTOpUYHI,
CcolliaJIbHi Ta OpraHi3alliiiHi acekTH MpodaeMu JOCTiIXKEHHS
KOCMOCY; KOCMi4Hi HOCIii Ta amapaTu; CUCTEeMM KepyBaHHS
KOCMIYHUMU HOCISIMM Ta amapaTaMu; KOCMiYHUI 3B’S30K Ta
iH(popMaLiiiHi cucTeMu; AOCHIIKXEHHS 3eMali 3 KOCMOCY;
KocMiyHa hi3vKa (HaBKOJO3EMHUIT KOCMIYHMI MPOCTip);
KOCMiyHa acTpOHOMisl Ta acTpodisuka; XimiuHi, (izuyHi Ta
Oios1orivyHi MpoLecH B KOCMOCi; KOCMiYHi KOHCTPYKIIi, Cro-
pyAM Ta Matepiaii, a TaKOX pi3Hi MOBiJOMJEHHS, 3BiTH Ta
pEeKJIaMHi Matepiaiu.

ABTOpaMU Ta YUTAYaMU XKypHaJIy € BUIHI Tistui Ta crieli-
aJlicTU  KOCMiYHOi TPOMUCIOBOCTI, BUEHi-TEOPETUKM Ta
MPaKTUKM, 110 MPALIOI0Th Y rany3sX KOCMiuyHOI (i3uku, Xi-
Mii, acTpoHOMii, MaTepiaJo3HaBCTBA, MALIMHOOYIYBaHHS,
HaBiraii, 6iosorii Tomto. 2KypHan KOpuCHUI 111 HayKOB-
11iB, iHXXeHepiB, aCMipaHTiB Ta CTYAEHTIB BUILIB, 1Or0 BKJIIO-
YeHO 10 Mepesiiky HayKoBMX (haxoBUX BUIAHb, Y SIKUX MO-
XyTb MyOJiKYBaTUCSI OCHOBHi pe3y/lbTaTW IMCEepTaLliiHUX
PoOIT 3 (i3zuKo-MaTeMaTUYHMX Ta TeXHiYHMX HayK. Penko-
JIeriss CIpSIMOBYE 3YCHILISI Ha MiIBUILEHHST PiBHSI BUCBIT-
JIEHHST Pe3yJbTaTiB POOIT YKPaiHCHKKUX BUEHUX i KOHCTPYK-
TOPiB PaKeTHO-KOCMIYHOI TEXHIKM Yy CBITOBUX HayKoMe-
TPUYHUX Oa3ax.

KypHan BUXoauTh 6 pasiB Ha pik. 3 TTOTOYHUM HOMEPOM
YK apXiBOM 3a MUHYJi POKH, a TaKOX MpaBuIaMu opopM-
JIEHHSI PYKOIMCIB MOXHA O3HaOMUTUCh Ha CaiTi space-
scitechjournal.org.ua

KoxeH pykonuc peleH3yeThesl BiTOMUMM (PaxiBLSIMU
BiAMoBiAHOI rany3i. Ha oCHOBi BUCHOBKIB PEeLIEH3EHTIB peji-
KOJIerisi poOMTh BUCHOBOK MPO MOXJIUBICTb MyOTiKalLii.
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[Tpu nonavi pykomucy aBTop HaACWIa€e Yy pemakiiiio 1Bi
TBEpIi KOIii OpuriHaiy, eIeKTpOHHI KOIii, HarpaBAeHHS Ha
01aHKy yctaHoBM Ta JliteHsiliHy yroay (61aHK yroau € Ha
caiiti) Ha aagpecy:

ByJ. AkaneMika 3abosnotHoro 27, Kuis, YkpaiHa, 03143

TonoBHa actpoHoMiuHa obOcepBaTopist HauioHanbHOT
akanemii HayK YkpaiHu

Penakuis KHIT

Pykomnucu mogaroThesl YKpPaiHChKOI, POCIHCHKOI 200
AHITIMCHKOI0 MOBOIO, KOXEH PYKOIIMC CYIIPOBOMIXKYETHCS
TpboMa pe3toMe (YKpaiHChKOM, pPOCICHKOK Ta aHIJIiA-
ChKOI0 MoBamu, He MeHmI 5K 1800 3HakiB Koxne). [Tocmi-
JIOBHICTb TI0a4i MaTepiay Taka:

* Homep VIIK

* [Hiuianu Ta npi3BUIIA aBTOPIB

* YcTaHOBH, 1€ TIPAIIOIOTh aBTOPU

» EnexTpoHHi azpecu BCiX aBTOpIB, SKIIO €

» Hassa pykonucy

* Pe3rome MOBOIO PyKOIUCY

» Kito4oBi cioBa MOBOIO pyKOIUCY

» Texct pykonucy

* CIIMCOK JliTepaTypH, YIIOPSIIKOBaHWIA Y anaBiTHOMY
TOPSIAKY

+ References (muB. caiir)

» JlBa pestome a0IaTKOBUMU MoBaMu. KoxHe pesrome
MMOBUHHE MICTUTHU: CIMCOK aBTOPiB, CIUCOK YCTAHOB, M€
BOHU TIPAIIIOI0Th, HA3BY PYKOIIMCY, TEKCT pe3ioMe, KITI0YOBi
CIIOBa.

Bumoru mo HaGopy Tecty, ¢opmMyi, Tabauib, PUCYHKIB
Ta iHILIOTO LTIOCTPATUBHOIO MaTepialy € 3araJbHONPHIAHSI-
TMMMU Ta TUTIOBUMMU JIJIs1 HAYKOBUX XXYpHaiB. BibI getaib-
HO 3 NpPUHIUIAMU OOPMIICHHSI PYKOITCY MOXKHA MO3Ha-
MOMUTHCH Ha caiiTi XypHany space-scitechjournal.org.ua.

Penaxuis
e-mails: reda@mao.kiev.ua
kfnt-knit@ukr.net
Tenedon: 380 44 526 47 63
®akc: 380 44 526 21 47
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