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YTOYHEHHME I''1YBUH 3AJIEI' AHUS HEJEBBIX TOPU30HTOB HUXKE 3AB0OSI CKBAKUH
MO JAHHBIM BEPTUKAJBHOI'O CEUCMHUYECKOI'O ITPO®PUINPOBAHUS

Axmenos T.P.

-p eeonozo-munepanozuueckux Hayk, npogeccop,

Asepbatioocanckuii I'ocyoapemeennwiti Ynusepcumem Hegpmu u [pomvriiunennocmu
Mamenos U.H.

Mazucmpanm,

Asepbatioscanckuii I'ocyoapcmeennviti Yuusepcumem Hegpmu u Ipomvrunennocmu,

Abstract

The article is devoted to the depths prediction of the most interesting horizons that lie below the bottom of
the well number H 1856 in Hovsani field, located in the south of the Absheron Peninsula. The article provides
basic information about the field and the vertical seismic profiling (VSP), held here in summer 2010 in the well
number 1856. Then the calibration of acoustic logging data was considered which showed a good agreement be-
tween the integrated time and time of VSP.

The transformation (transformation) of VSP into the pseudo acoustic log data and its comparison with the
acoustic logging data was applied, which showed their good conformity. Finally, it should be noted that the data
on velocity characteristics of the layer let extend the depth-velocity relationship and determine the depths of the
most interesting horizons below the bottom of a well.

AHHOTAUUA

B cratee JAarTCsA reorpaQ)I/meCI(oe TIOJIOKCHHUC IIIIOAaAN UCCICA0OBaHUA, €€ FGOHOFO-FCO@)HSPI‘ICCK&H Xapak-
TCPUCTHUKA. OCHOBHa}I YacCTb CTAaTbH IMOCBAIICHA IMTPOTHO3UPOBAHUIO l"J'IyGI/IH LCIICBBIX, HaI/I6OJ'Iee Ba)XXHbIX T'OpU-
30HTOB ILIOIIaaN FOBCEIHLI, PacCIIOJIOKEHHBIX HUKE 32005 CKBa>XHH, Haxoz[;m_{eﬁcsl Ha I1re AHH.IGpOHCKOFO noJjay-
ocTpoBa, BocTouHee ropoaa baky. [locie mpuBeneHns KpaTKUX CBEACHUI 00 MPOTYKTHBHBIX TOPU3OHTAX U 00
BEPTUKAIBHOM CEHCMHYECKOM NMPO(QMIHPOBaHUH, TPOBEACHHOM B ckBakuHe Nel856, paccMoTpeHa KamnOpoBKa
JAAHHBIX aKYCTUYCECKOI'0 KapoTaXa U MOJYUCHO COOTBETCTBUC C MHTCIPUPOBAHHBIMU BPEMEHAMU U BPpEMCHAMU
BEPTUKAJIIBHOI'O CeHCMHIYECKOTO HpO(I)I/IJ'II/IpOBaHI/ISI.

OcymecTBieHa TpaHchopMmanus (IpeBpalieHne) AaHHBIX BepTUKanbHOro ceiicmuueckoro BCII B TTAK
(TIceBIOaKyCTHYECKHH KapoTax) M UX CpaBHEHHE ¢ MaHHBIMEH AK, 4TO Moka3amo X XOpollee COOTBETCTBHE.
Hakosen, cienyer OTMETHUTb, YTO JJaHHBIE O CKOPOCTHOM XapaKTEpUCTUKE pa3pesa MO3BOJIMIIN MPOJJICHUIO TTy-
OMHHO-BPEeMEHHOH 3aBUCUMOCTH M ONPEAEICHUIO INTyOMH Hanbonee HHTEPECHBIX TOPU30HTOB HIDKE 320051 CKBa-
JKHUHBI.

Keywords: Acoustic logging (AC), vertical seismic profiling (VSP), pseudoacoustic logging (PAK), pay
strata, Kalinskaya formation, well logging (GIS), Rikker impulse, synthetic seismogram, seismic inversion.

KaioueBnie cioBa: Akycruueckuii kaporax (AK), BeprukansHoe celicMuueckoe npogumuposanue (BCID),
nceBnoakyctuniaeckuii kaporax (ITAK), nponykTuBHas Toima, KaTMHCKas CBUTA, Teo(U3NIecKe nccie10BaHus
ckBaxuH (I'MC), nmnynsc Pukkepa, cuHTETHYECKas ceiicMorpaMMa, celicMiyecKast HHBEpCHS.

Mecroposxaenune ['oBcansl pacnonoxena B Cypa-  HOITyoCTpoBa, B HEMOCPEACTBEHHOW OJM30CTH OT BO-
XaHCKOM paioHe I0ro-3anaJHON YacTh ATIIIIEPOHCKOTO  CTOYHOU OKpauHbI T. baky PecyOonuku AszepOaiimkan

(puc. 1).
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Puc. 1, I'eocpaguueckoe mecmononodicenue niouaou uccie008aHul

Penbed) MecTHOCTH TIpeAcTaBiIeH NPHUMOPCKOM
PaBHHHOH, MOKPBITOH B OCHOBHOM JPEBHEKACIUII-
ckumu oTioxkeHusiMH. C ceBepo-3amazia 1 3amaja mio-
a6 00paMIIIeTCs IIATO00PA3HOM, MPOCTHPAIOIIEHCS
MOYTH B MEpHUJWAHAJIbBHOM HaIPaBJICHUU BO3BBIIICH-
HOCTbIO, 00Pa30BaHHOM U3 aIIEPOHCKUX U3BECTHIKOB
[1]. FOskHast yacTh IO AM PACIIOIOKEHA B IPUOPEXK-
Ho#i 30He Kacnmiickoro Mops (4acTh MECTOPOXKICHUS
T'oBcansl mpocTHpaeTcs B MIEIb(OBYIO 30HY).

W3ydyeHne paccMaTpuBaeMoOro ydacTka Hadajaoch
B 30-e roAsl MPOLUIOro CTOJIETUSI U Ha HCCIIENyEeMOM
IUIOIa M TaKKe OBUIM TPOBEAEHBI T'€0JIOrHYecKast
macmraba 1:50 000, yuactkamu B OoJiee KpYITHBIX Mac-
mrabax, aekrpopassenounas (1930-1934 r.r.), rpasu-
metpudeckas (1934-1941 r.r., 1950 r.), razoBas (1941-
1945 r.r., Mmectropoxxnenue ['oBcanbl) cremku. [1o pe-
3yJIbTaTaM 3JIEKTPOPa3BeOYHBIX PaboT MOJIyueHO
TepBoOe Npe/CTaBlIeHe 0 TeKToOHNKe bruna-I"'oBcaHUH-
CKOM CHMHKJIMHAJIY, & 10 Pe3yJbTaTaM ra30BOi CbEMKHU

Ha MECTOpPO’KIE€HHH ['OBcaHbI OBIIM BBIJENICHBI aHO-
MasibHBIE 30HBL. B 1937-1941, 1945-1949, 1949-1951 u
1955 ronmax BBINOJHEHBI CeiicMOpa3BeJOYHbIE PAOOTHI
MeTo/I0M OoTpaxeHHbIX BoaH (MOB), B 1977-1978 r.r.
— MeTozoM obreit riayounHo# touku (MOI'T). Ot-
nenbHbIe nmpodumn oTpadoransl B 1993 u 1999 romax.
B 1996 u 2003-2004 rogax mpOBOAMINCH AETaIbHBIC
ceiicMopa3BeziouHble padoTsl 2D TpectoM «AsepHed-
tereopusuka». B 1993 romy BBINOIHEHBI celicMopas-
BEZOYHbIE PadOTHl METOZOM «CyIa-MOpe», KOTOphIE
YaCTHYHO OXBAaTHIBAJIM IOT0O-BOCTOYHYIO YacTh IUIO-
maau [2].

B 1948 r. cks. 1308 B KaJIMHCKOI CBUTE MPOIYK-
TUBHOW TOJNIIH OBIIO OTKPBITO M BBEACHO B ITPOMBIIII-
JICHHYIO pa3paboTKy HeTsHOe MecTopoxaeHue ['oB-
caHbl. Beero Ha Mmectoposxaenun npodypeno 83 mownc-
KOBO-Pa3BEeOYHBIE M SKCIUTYTAIIMOHHBIE CKBAXKHHBI:
MTONCKOBBIX — 3, pa3BefodHbIX — 20, IKCIUTyaTallnoOH-
HeIX — 45. ITo cocTosauro Ha 2019 rog B 100BIBAIOIEM
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donne yncnminock 11 ckBakuH, 2 CKBaXKUHBI YHCIIHU-
JHUCh KaK HE3aBEPIICHHBIC CTPOUTENLCTBOM. MecTo-
POXKIECHUE IKCILUTyaTHPYETCs TOJIBKO Ha CyIIe, TaK Kak
€r0 MOPCKHE I'PaHHUIIBI B CHITY HEIOCTATOYHOM U3yUCH-
HOCTH OCTAalOTCA HEONpEIEIeHHBIMU. B Hacrosmee
BPEMSI 3TO MECTOPOXKICHNS HAXOATCS B UHTEHCUBHOMN
pa3paboTke.

C nenpro U3y4EeHUs CKOPOCTHON MOJENM CpPEeaAbl
BBINOJIHEHHI celicMokapoTakHble uccnenopanus CK B
ckB. 1310, 1508 mmomanu I'oBcaHbl, a Takke BepTHU-
KanpHOe celicMuueckoe npopunuposanue BCII B cks.
1856 B 2010 roay [3].

OcCHOBHBIM HE(TEra3oHOCHBIM OOBEKTOM 371eCh
ABJSIETCS KQJIMHCKAsl CBUTA, KOTOPAsi OTHOCUTCS HUXK-
HEMY OTZeJTy HWKHETO IunoneHa. Kanunckaa ceuma
(KaC) sBnsieTcst MOIOMIBEHHO CBUTON PO TYKTHBHOM
TOJIIY W 3aHUMAET JINIIb FOKHYIO W I0r0-BOCTOYHYIO
4acTh AIIIEPOHCKOrO IMOJIyocTpoBa. TojIiHHA €€ B
I0KHOM HAalpaBJIeHUH BHHU3 MO TAaJCHUI0 IJIACTOB
HapacTaeT oT 0 1o 385 M u B nmpenenax buna-I'oBcan-
CKOM BIIaJINHBI TOCTUTaeT MAKCUMYyMa. 37eCh Ie0JIoro-
MOMCKOBBIMH M Pa3BEOYHBIMH DPabOTaMH YCTaHOB-
JICHO YMEHBIICHHE MOIIHOCTH U, MECTaMHM, BBIKJIMHH-
BaHHE BBEPX II0 BOCCTAHHIO IUIACTOB KAJHMHCKOM
CBHTHI, 3aJIETAIOMINX Ha Pa3MbITOH MOBEPXHOCTH IOH-
THYECKHUX OTIIOXKEHHUH C PE3KO BBIPAKCHHBIM YTIIOBBIM
HecOorylaceM. YBEJIMYCHHE TONIIMHBI KaJWHCKOH
CBUTHI IIPOUCXOIUT 32 CUET CTPATUIPaUIECKOro yBe-
JWYCHUS €€ pa3pe3a B pe3yNbTaTe IMOSBICHHS HOBBIX
IUIACTOB B TIO/IOIIBE CBUTHI.

B ceBepo-BOCTOYHOM U BOCTOYHOW YaCTSAX MECTO-
poxxaenust ckBakuHaMu 1810 u 1820 BCKpEhIT Bech pasz-
pe3 KaJMHCKOM CBUTHI, MOITHOCTh KOTOPOTO, COOTBET-
cTBEeHHO, cocTaBiseT 250 u 280 m. ['myOuHa 3aneranus
KpPOBJIM KaJIMHCKOH CBUTBI HAa MECTOpPOXJeHUU ['0B-
canbl u3MeHsercss oT 3327 m (ckB. 1410) no 4245 m
(cxB. 1829). B xanuHCKOW CBUTE AKCILTyaTUPYIOTCS 4
TOPHU30HTA U MOJCTUIIAIOIINE €€ MHOLIEHOBBIE OTJIOXKE-
HHUS CYMTAIOTCSA TIEPCIEKTUBHBIMH B OTHOIICHUH
HedrerazoHocHOCTH. OTIIOXKEHHST CBHUTBI  AEISATCS
CBEpXy BHH3 Ha TpPHU II€CUAHO-AJICBPUTOBBIE MAUYKH:
KaC-1, KaC-2 u KaC-3, KaC-4. Takoe pazaeneHue
0Ka3aJI0Ch BO3MOXKHBIM OJ1aroiapsi OTJIMYHUIO BBIIEIEH-
HBIX [Ta4eK, KaK 110 JIUTOJIOTHH, TaK U M0 UX HedTeHOC-
HOCTH.

HabnrogeHuss BepTHUKANbHOTO CEWCMHUYECKOTO
npodunupoBanus (BCII) ObLIH YCHEIIHO BBHITOIHECHBI
16 urons 2010 roga [4,5]. PaboTs! mpoBoauiuce B 00-
Ca)KeHHOH CKBayKMHE (OAMHAPHAS U IBOWHAsI KOJIOHHBI)
C UCIIOJIb30BAaHUEM HMITYJIbCHBIX HCTOYHHUKOB — ITHEB-
MaTHYeCKOH Kamepbl M Haubojiee COBEPUIEHHOTO B
JAaHHOE BpeMs yeThipexTtoueunoro 30u1a BCIT VSI-4.
B mporecce moneBsix HaOmoaeHUH He OBUIO BCTpe-
YeHO HHMKAKHX Cephe3HbIX Mpobiem. Habmronénuble
JTaHHBIE MUMEIOT XOpoIllee M KOHAWUIOHHOE KauyecTBO,
OTBEHaroIIee IeTIsIM U 3a1a4aM, ITOCTaBICHHBIM Mepe
HACTOSIIIUMH HCCIIEOBaHUSAMH. BbUTH NpUMEHEHB! 2
moudukanun BCII [7]: npononsroe BCII u Hempo-
nonsHoe HBCII. I'myOnHa ncrouHnka cocraBisiia 2M
HIDKE ypOBHS 3eMun Jutst oboux Habmronennit BCIT u

HBCII. Konrpomupyrouuii ruapodoH ObUT HOABEIIEH
Ha 1M BBIIIE ICTOYHHUKA B O0EUX paccTaHOBKax. Yja-
neHue wucrouHuka/konpoiiepa BCII  cocTaBisiio
87.1m, HBCII — 1304.7m; asumyT yaanenus BCII 6pur
189rpan., HBCII — 287.2rpan. Haunbomnee BaXHBIE alb-
TUTYIBL: CTOJN poTopa = -17.44M; ypOBEHb 3eMJIH = -
26.44m; ypoBeHB IPUBEIEHNS — YPOBEHB bantuiickoro
Mops. HabGmronennsie mnatepBansl BCII cocraBmiu:
275 yposHeit mpoponsHOoro npoduirs BCIT (mexnmy
4500m n 324.2m u3MepeHHo# riryouHsl) 1 270 ypoBHEH
HenpoposbsHoro npoduinst HBCIT (mexny 4499.93m u
400.46M w3mepeHHOW TiyOuHbI). BrIOpaHHBIH mIar
KBaHTOBAHUS IT0 TITyOHHE ObLT ~15.12M amst o6enx pac-
cranoBok. Habmonerns BCII BeImonHsITICE Ha Kapo-
taxHoi cranmmu MAXIS (Schlumberger Multitask
Acquisition and Imaging System) ¢ ucmojbp3oBaHKE
nporpamaoro obecnedenus VSI Workbench mis 30x-
HoB BCII tuma VSI.

OCHOBHBIMHU 3aJladyaMU HAaCTOSIIMX HCCIIEeI0Ba-
HUH OBLIH: TOCTPOCHHE TOYHOMN rTyOUHHO-BPEMEHHON
3aBucumocty BCII n nonyuenue HanexHoi nadopma-
LIMA O CKOPOCTSX, YTOUHEHHE CKOPOCTHOH Mojenu
Cpenbl, OCOOEHHO TPOTHO3 CKOPOCTEH HIDKEe 3a00s
CKBa)XXMH; KanuOpoBka AkycTuueckoro Kapotaxka,
pacdyeT CHHTETHYECKHX CeHCMOrpaMM M TaOJUI Uit
rTyOMHHO-BPEMEHHEIX IpeoOpa3oBaHuii B MacmTabe
kambpoBanHoTro AK.

[IpenocraBnennsie s ckBaxxunbl H1856 kpuBbie
I'IC ObutH 3arpy>keHbI U ipoBepeHs! [6,8]. aTepBans
C TPONYIIECHHBIMU 3HaueHUSIMH (~4242M — ~4250M,
~3817M - ~4135M n3MepeHHOM ITyOHHBI) OBLTH 331101~
HEHBI aJeKBaTHBIMM BEJIMYMHAMH Ui JalbHEHIIero
HCIONB30BaHus. PenakTupoBaHHbIE KpHUBBIE ObLTH
MPUBEJCHB K BEPTUKAIM M CKOPPEKTUPOBAHBI K
YpOBHIO IIpuBeAeHUs. [1orydyeHHbI HHTEPBAJl KPUBBIX
I'MC (1446m-4335M WCTHHHOW BEPTHKAJIbHOH TIIy-
6unbl, TVD-SRD) ObuT HCTIONIB30BaH I AATbHEHIIIHX
pacyeroB. M3HauanbHbIi 1pudT (pasHULA MEXIy Bpe-
meHamu BCII u maTerpupoBanHoro AK) cocramisn
~22.8MCceK B OOMHAPHOM BPEMEHH Mpodera, 4To He-
mpueMiIeMo, Tak Kak Jaér omuoOKy B ~45.6Mcek B
JIBOWHOM BpeMeHH mnpobera [9]. OcHOBHas upes Ka-
mubpoBku AK 3akimrodaeTcst B KOPPEeKTUPOBAHUH KPH-
Boi AK, Tak, 4TOOBI HHTETPUPOBAaHHBIE BPEMEHA COOT-
BercTBOBaIM BpemeHam BCII, Ho B macmtabe AK u
6e3 MPUHIUIHATIBHOTO HUCKaKEHUsI ero (Gopmsl (puc.
2). Iocne xanmubposku AK, npudt cocrasmun ~1.4mcek
B OJIMHAPHOM BpeMeHH Ipodera mim ~2.8MceK B IBOW-
HOM, YTO OTBeYaeT TpeOOBaHUAM HE BBIXOANTH IIpEe-
JIOB CTAaHIAPTHOW OIIMOKH SMCEK B IBOITHOM BpEMECHH
npobera. OpurnnanbHas ¢popma AK Taxxe Obuta co-
XpaHEHa, YTO CBUIETENBCTBYET O TOM, UTO TaKUE pe-
3yNbTaTBl MOTYT OBITH HCHOJB30BAaHBI ISl pacdera
CHHTETHYECKUX Tpacc. g pacdyera CHHTETHYECKHX
ceiicMorpaMM P-BOJTHBI BO BPEMEHHOM M TIIyOMHHOM
JOMEHaxX OBUI MCIOJIb30BaH HyNb-(ha30BBIH HMITYIIEC
Puxepa ¢ nenrpanbaoit yacrotort ST, 10 I'm, 15 I,
ey 90 T, 95 Ty w1 100 T'rr. [TpumeHsIOCh cTaHIapTHOE
COIJIAIIEHUE O HEraTUBHOW IMOJIIPHOCTH CeHCMHue-
ckoro curHania [10].



German International Journal of Modern Science Ne6, 2021

o T

Ran DTCO Raw DTCO
) "t © 140 nt
Calbamd DTCO Calbrated DTCO
g ) wt © : B =
] rtegramc Ram Sonc Tracel Teves Raw Ot Itagatma Faw Soni Travel Tmes
06 16]008 0 008 06 '
g Integrated Adpsted Sonc Travel Tmes Resdual Dt Intograted Adpsted Sonx: Travel Tm es
08 000 3 000 os ’
T ¥ — :
#M .ln mom'f 1 50001 1
£ — { £
i i
,?E -+ ¥
L i
i - :
i ¢ 4
iR y L
¥ & :
£5 ‘a0n0 i 20000/
§ 3 ! §
¢ %
i 2 o— |
i g
; ! 3
¢ - RS
4 g i
§ ool T T e
] — b 18
"y — 1 M
# ‘ i
1% — i
" (2 R
z ig; '8
1g 5 HE IR
|y 000 il
;" [ I’.(" ’5
g b = 1%
{ k 57
i ' R
198 : it .
= | e e
138 1 t e !
[ 000 =t ] g
s — —{ix R
15 -3 1 1
130 " ] y ' 1m0
3@ ® 1 13
1370 = b ace | —1i1x 137 -
1 o s ™ 130
- ju— - p— -
— s | | b —i®
e | ] =
— 5= T 1ax
>“ ™ | — a0
g . :
=y LS 1E
a

Puc. 2. Kanmbposka AK:

C mesnplo IMPOTHO3a CKOPOCTEH HIKe 3a00s CKBa-
JKHMHBI ¥ TIPOJUICHHUS TITyOHHHO-BPEMEHHOH 3aBUCHMO-
CTH IUTS TIPOTHO3a TITyOMH Hamboliee WHTEPECHBIX OT-
paXaloIUX TOPU30HTOB OBLIO PEIICHO BBIIOJHHUTH
IceBnoAxycruueckuii Kapotax (ITAK), m3BecTHBIN
TaK)Ke KaK MHBEPCHUS aKyCTHYECKOTro MMITeanca (puc.
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Puc. 3. Cunmemuueckue ceticmoepammoi: P-6onna, nHonv- ghazoswiii umnynvc Pukepa, uacmo
T uz II. Ompuyamenvnas nonaprocms. yeenuuenue AU coomseemcmeyem He 3aKpaueHHOMY MUHUMYMY

OTpaXEHHBIX BOJIH mpojoibHoro mnpoduias BCII
[11,12]. ITockonbky m0bast HHBEPCHS €CTh KpaifHe He-
TPUBHAIILHBIN ITPOIIECC, TO MPEXKIE 9eM BBIOpATh Mpea-
craBieHHy0 Bepcuio ITAK, MHOXECTBO pe3yibTaToB
urepaunii [TIAK ¢ pasnuyHbIMu napameTpaMu UHBEP-
cuM OBITH NIPOAHATN3UPOBAHBEI.
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[IpexncraBneHHbIe pe3yabTAaThl CTAOMIBHBI U aJIeK-
BaTHHI (puc.4). [nsa masepcun I1TAK O6v11 BEIOpan mo-
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Puc. 4. Unsepcus [1AK: 60mcex kopudoprnas cymma BCII ¢ wacmomuwvim nabopom 5-700y; pezyromamol cma-
OUNbLHBL U AOEKBAMHDL

gro Teopust [TAK paspaborana s oqHOMEpHON

Cpeanbl:

IJIOCKOCJIOUCTOE  CTPOEHUE,
CKBa)KMHA M KoHpurypawms Habmoaenuit BCII — npo-
JOTBHBIN TPOQIIB. DTH JOMYNICHUS HEKOPPEKTHEI
Ju1st ckBaxkuHbl H1856, uTo He mo3BoJIsi€T rapaHTHPO-
Bath 100% HOCTOBEpHOCTDH MOJYYECHHBIX JaHHBIX [13].
Tem He MeHee, pe3yIbTaThl BRITIAIAT aJJleKBaTHBIMH, a
HE JI0)KHO-CHHTETHYECKUMH (HeXapaKTEepHOE TOBeje-
HHE, COMHUTEIIbHbIC BEIUYMHbI, HECTAOMIBHOCTh MH-
Bepcu u T.11.). Kpome Toro, 3anucannsie qanasie BCIT
1 AK NOATBEPKIAIOT CYIIECTBEHHOE MajJieHNue CKOPO-
CTel B HIDKHEH 4acTH pa3pesa, 4TO Takke J00aBIseT
yBepenHocTH B [TAK. B imro060oM cityuae, nmpuncnosns3o-

BCPTUKAJIbHAA

HEBO3MOXXHO KOJIMYECTBEHHO OLEHHUTH 0O€3 Ipo-
BEpKH OypeHHeM C MOCJIeAyIomM KapoTaxeéM. Ilpo-
THO3HAsi CKOpPOCTh P-BOJTHBI HIOKE 320051 ObIIa HCIIONb-
30BaHa JUIA pacyeTa MpPOTHO3HOH TIIyOMHHO-BpPEMEH-
HOW 3aBHCHUMOCTH, KOTOpasi B CBOIO Ouepeab Oblia
HCTIOJB30BaHa I MIPeICKa3aHusl OKUIAEMBIX INTyOnH
Haubojiee HWHTEPECHBIX OTPAXKAIOUIMX TOPU3OHTOB
ckBaxxuHbl H1856. UnBepcus ITAK nokaseiBaet yObI-
BaHME CKOpOCTe Hmke 3a00s CKBWKHHBI 10
~2100Mm/cex (puc.5); mMporHo3Has TIyOMHHO-BPEMEH-
Has 3aBHCHMOCTh PacCUMTaHa JJIS JalbHEHIIero uc-
TIOJIb30BaHMS U BCE 3TO 100aBIIsIET YBEPEHHOCTH K pe-
synerataM [TAK. CrnegyeT oTMeTHTB, 4TO

BAaHWHU NOJYUCHHBIX NaHHBIX HY?KHO OTA4BaTh cebe oT-
4€T B TOM, 4TO HO,I[06HI>IC HWHBEPCUHN U IIPOTHO3BI HECYT
B cebe Maccey HeOHpeZ[eJ'IeHHOCTeﬁ 1 PUCKOB, KOTOPbIC
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Puc. 5. Hnsepcus IIAK nokazvieaem ybuvieanue ckopocmetl nudice 3a005 ckeadicunsl 00 ~2100m/cex; npocnosuas
2NYOUHHO-BPEMEHHAS 3A8UCUMOCIb PACCUUMAHA 01 OAbHEUe20 UCHONb308AHUS

IIPU UCIIOJIB30BAHUU TOJTyYEHHBIX PE3yJIbTaTOB B
MHBEPCUSIX U NPOTHO3aX TaKOro poja Bcerga cyluie-
CTBYIOT HEKOTOPbIE HEOIPEICTICHHOCTH U PUCKH, KOTO-
pble HEOOXOIUMO WMETh BBHIY W HUX MOXHO KOJIH-
YECBEHHO OILICHHUTH T0ciie OypeHus U reo(hU3nuecKux
HCCIIeIOBaHUN CKBaXKUH (kapoTaxa). IIpornosnas cko-

pocts P-Bomub! [14,15] Hibke 320051 ObLIa MCIIOJIB30-
BaHa JUIsl pacyeTa NPOTHO3HOM MIyOMHHO-BPEMEHHOMN
3aBUCHMOCTH, KOTOPasi B CBOIO O4epe.b ObLIa HCIOJb-
30BaHa IS MPEACKa3aHUs 0XKHUIACMbIX TIIyOHH Han0O0-
JIee HHTEPECHBIX OTPAXKAIOIINX FOPHU30HTOB CKBAKUHBI
H1856 (puc. 6).

2600

Puc. 6. [Ipocnos enybunvl 3an1eeanus 86AXNCHBIX 20PU3OHMOE

B tabmune 1 naHel mporHO3HEIE TTyOWHBI HAUOO-
Jiee BaXKHBIX IEJICBBIX TOPHU30HTOB, 3AJICTAFOIIUX HIDKE
3a00s1 ckBakuHsl [16]. L{udpoBeie 3HaUeHUs TIyOMH
L[EJIEBBIX TOPU30HTOB COOTBETCTBYIOT TOUKaM Iepece-
YCHHMS JKCIITHIX TOPU3OHTAIBHBIX JINHUH C 3¢JICHOM BEp-

TUKaJIbHOH nnHKUEH. [Iporuo3 riyOuH npuBesieH B €o-
OTBETCTBUH NOJyYCHHOU TITyOMHHO-BPEMEHHOW 3aBH-
cumoctu ITAK. s nmporHosa riayOuWH ApPYruX ropu-
30HTOB MOKHO UCTIOJIB30BaTh ITU(PPOBLIE JaHHbIE (Ma-
tepuaisl MOI'T, pesynsrater [TAK).
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Tabuumna 1
L{eneBbIe TOPU30HTHI BPEMS HX PETUCTPAIMH U TIIyOHWHA 3aJIeTaHus
I1/m Ne Homep ropusonra Bpewms (cek) 'nyouna (m)
1 2 3 4
1 ropu3ont Nel 3.005 4244
2 rOpU30HT Ne2 3.069 4335
3 ropu3oHT Ne3 3.112 4407
4 ropu3oHT Ned 3.139 4448
5 TOpU30HT N5 3.197 4529
6 rOpu30HT Ne6 3.301 4665
7 TOpU30HT Ne7 3.399 4775
IpoBemeHHbBIE UCCITEMOBAHMS TTO3BOILIH TpuidTit  Petroleum Society of Canada.

K CIEIYIOIINM BBIBOJAM: a) HHTEPBAIbHBIC CKOPOCTH,
nonysenHasie mo BCII xopomio cormacyroTcst ¢ maH-
HBIMH aKycTmdeckoro kapotaxa (AK); 6) momydeHst
OoJiee TOYHBIE BPEMEHHO-TITyOUHHBIE 3aBUCUMOCTH I10
nanHbiM BCII; B) He BCTpeyeHbl HHUKAaKHE TPYJHOCTH
npu kanubposke naHHbIX AK 1 pacdyerax cHHTeTHue-
CKUX CeHcMOorpamM; I') YCIEIIHO BBIYHCIICH IICEBIO-
akyctudeckuit kapotax (ITAK) m 310 mo3Bosmn mpo-
THO3UPOBATh CKOPOCTEH HMXe 32005 CKBaYKHHBI U ITPO-
JUIITh ~ BPEMEHHO-TIYOWHHYIO  3aBHCHMOCTH U
UCTIONB3YS TH JAHHBIE PACCUUTATh INIyOMHBI BaXKHBIX
(TIeTIeBBIX) TOPU30HTOB HIKE 32004.
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MN3MEHEHUE TEMIIEPATYPBI IIPU PASBPABOTKE YI'VIEMETAHOBOI'O IIJIACTA - KAK
MEPA EI'O BBIBPOCOOITACHOCTHA

Kupsiea T.

Kanouoam mexnuuecxkux nayx

Cmapwuii nayynvii compyonux U CO PAH
Kpacnwiii npocnexm, 54, Hosocubupck, 630091, Poccus

Abstract

The article shows that when a person intervenes when opening a coal seam, its internal energy changes. This
manifests itself in temperature changes of different sign, which in turn can be an indicator of the processes occur-
ring in the gas-saturated coal seam. The values of temperature changes in coal mines during sudden outbursts of
coal and gas, as well as the results of physical modeling of thermodynamic processes under uniaxial loading of
coal samples in the laboratory are given. It was found that at the stage of pre-fracture inside rock samples, low-
frequency micro-deformation processes occur between structural units (oscillations with a frequency of 0.5 - 4
Hz), the amplitude of which correlates with an increase in temperature in a coal sample when it is loaded.

AHHOTaLUA

B cTatee IMOKAa3aHO, 4YTO NP BMCIIATCIIbCTBE YCJIOBCKA IIPHW BCKPBITHH YT'OJIBHOTO IIJIACTa MCHACTCA €I'0 BHYT-
PCHHAS DHCPIUA. 9T0 MPOABJIACTCA B PA3JIMYHBIX 110 3HAKY UBMCHCHHUAX TEMIICPATYPBI, YTO B CBOKO OYCPEAb MOKCT
6I>ITI:- ToKasarejieM IMMpouecCoB, MPOUCXOAANINX B ra30HACBIIICHHOM YT'OJIbHOM IIJIaCTeE. HpI/IBCI[eHI:.I 3HA4YCHMUA U3-
MCHCHHA TEMIICPATYPHI B YI'OJIbHBIX IIaXTaX IMPU BHE3AIIHBIX BLI6p00aX YIiid ¥ rasa, a TakKe pe3yJbTaTbl (I)I/ISI/I—
YECKOTr0 MOJICITHPOBAHHUS TEPMOTUHAMUYCCKUX MPOIECCOB MPU OJHOOCHOM HArpyKeHHH 00pa3IloB yIiisi B 1a00-
paropuu. YCTaHOBIJIEHO, YTO Ha CTaJUHU MPeapa3pyLIeHUs] BHYTPU 00pa3LoB FOPHBIX MOPO/ BOSHUKAIOT HU3KOYa-
CTOTHBIE TPOLECCHl MHUKPOAESHOPMHUPOBAHUS MEXKIY CTPYKTYPHBIMH OTIEIBHOCTSIMH (KOJEOaHWs C 4acTOTOM
0,5-4 I'm), aMmHTyIa KOTOPBIX KOPPENUPYET C YBEIMYCHHEM TEMIIepaTypbl B YrOIBHOM 00pasle MpH ero

Harpy>KeHuH.

Keywords: coal bed temperature, uniaxial loading, deformation-wave processes, methane, sudden outbursts

of coal and gas, coal sample.

KuaroueBble ci1oBa: TeMieparypa yrojbHOTO IIIACcTa, OJHOOCHOE HarpyXeHue, 1e(popMalHOHHO-BOJTHOBEIE
MIPOIIECCHI, METaH, BHE3aITHBIE BRIOPOCHI YIS U Ta3a, oOpasely yris.

C OTKpBITHEM BOJIH MagiTHUKOBOTO THMA [1], u3y-
YeHHeM J1e(OpMalOHHO-BOJIHOBBIX MPOIIECCOB B
OKPECTHOCTAX T'OPHBIX BBIPAOOTOK HACTYMHHJ HOBBIN
3Tall B NOHUMAaHUU PEATBHOW CIIOKHOCTH PEIICHHS
npoGiieMbl obecrieueHns1 Oe30TacHbIX YCIIOBHH Beje-
HUSI TOPHBIX Pa0OT MPH OCBOEHHH TTOJIC3HBIX UCKOTIae-
MBIX Ha TJYOOKHMX TOPHU30HTax, BO3HHUKIO HOBOE
HaIlpaBJIEHUE HCCIEOBAHUN — FreOMeXaHHuecKas Tep-
MoJauHaMuKka. HeTpoHyTble yroibHble IUIACTHI B pe-
3y/lbTaTe JUINTENBHBIX T'€ONOTHYECKUX U (DU3UKO-XH-
MHYECKHX IPOLIECCOB HAXOAATCSA B COCTOSHIH TEPMO-
JUHAMHUYECKOTO paBHOBECHA. BHYyTpeHHsS »Heprus
TaKOH paBHOBECHOW CUCTEMbI U3MEHSIETCS IIPU BMEIIA-
TEJIBCTBE YENIOBEKA MIPH BCKPBITHH IIACTa. DTO MPOSIB-
JSIeTCS B Pa3IMYHBIX 10 3HAKY M3MEHEHHUSAX TeMIIepa-
Typbl, HaOMIOJAIOMKXCS TPH pa3pabOTKe YrojbHBIX
IIaCTOB.

CHmKeHue TeMImeparypsl Yrisi B IPOLECCE €ro
pa3paboTkn — (hakT, oTMedeHHbIH eme B padote H. I1.
UYepnuupiHa [2]. [erasupyromuiicss yroib 3aMeTHO

oxJnaxkaaercs. M3ydeHue 3Toro siBjeHuUs 0Ka3alio, YTo
CTENECHb OXJIAXKJCHUSI YISl OIpeAesseTcs Kojnye-
CTBOM BBIJICJIMBLIETOCSI METaHa, a TaKXe CKOPOCTHIO
METaHOBBIAETCHNS U3 yriis [3, 4]. [loteps Temna npu
9TOM HJET HE TOJIBKO 3a CYET HEIOCPEICTBEHHO Je-
copOIMu, HO M 3a CYET SHEPTUH, 3aTpadrBacMoil Ha
pacuMpeHre cKaToro MeTaHa, HaXOJIIErocsi B CBO-
00/THOM COCTOSIHUH.

Bosnbioe komM4yecTBO NCCIEJOBAaHUN TOCBSIIIEHO
TOMY, KaK, U3MEpsisi CKOPOCTh OXJIAXCHHUS YIS, Olle-
HHUBATh CKOPOCTH BBIIEJIEHHs MeTaHa u3 Hero [4, 5].
DKCHepUMEHTANBHBIE UCCICJOBAHHS M0 HArPYKEHHUIO
00pasIoB Jera3upoBaHHOTO YT [5, 6], a Takxke uc-
CIIEIOBaHUsI, NPOBEJCHHBIC B IIaXTaX HA E€CTECTBEH-
HBIX OJIoKax yriis [7] mokasanu, 94To TeMIeparypa yris
TIOBBIIIACTCS MTPH YBEIMUYECHUH HANpPsDKEHUH, co3/aBa-
€MbIX B HEM HMCKYCCTBEHHBIM HArpy)xeHuem. JTO MOo-
JIO)KEHHE TP Pa3padOTKe yroJIbHOTO IIacTa IPOSBIIA-
€TCsl B U3BMEHEHHH €TI0 TEMIIEPaTyphl B 3aBUCHMOCTH OT
W3MEHEHHs TOpHOro nasieHus [8, 9].
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PaboThl 10 McCiIen0BaHMIO IPUPOIBI BHE3AITHBIX
BBIOPOCOB YIJISl U ra3a MOKa3aJld, YTO BHE3AITHBIC BBI-
OpOCHI TECHO CBSI3aHBI C MOBBIIIEHHBIMH CKOPOCTSAMH
METaHOBBIAEICHUS U3 YIIIS U C OBBIIICHHBIMI HAIIPS-
JKCHUSIMH, BO3HUKAIOIIMMHU B IUIACTE B MPOIIECCE €TI0
paspabotku. [losToMy HW3MEHEHHE TeMIepaTypHOTO
MOJIA TUIACTa MPEAJIaraloT UCIOIb30BaTh MpU HaOIIo-
JICHUSIX 32 N3MEHSIOIICHCS CTEIIEHbI0 BHIOPOCOOIIACHO-
CTH pa3padaTbIBaeMOro yroypHoro miacta [5, 9]. B [3,
4] npennaraeTcs KpUTEPHEM CTEIIEHU BEIOPOCOOMACHO-
CTH CYMTaTh CHW)KCHHME TEMIIEpaTypbl NpH3a0O0HHOM
yacTy miacra. B pabdorax [5, 7-9] 3a kputepuii BEIOpO-
COOIACHOCTH TIPHHSTO IOBBIIICHUE TEMIIEPATyphl B
pr3a0OHHON 30HE IUIacTa 3a CYET YBEIMYCHHS TOp-
HOTO JIaBJICHUSI.

B sTOoM acmiekTe 0OIBIION HHTEPEC MPEICTABISIOT
JAaHHBIC HCCIEIOBaHUM, omyomukoBanHse B [10, 11].
Tak, B [10] oTMe4deHO, 9TO B 30HAX MMOBBIIICHHOTO TOP-
HOTO JJaBJICHUsI IPOUCXOIUT U3MEHEHHE TeMIIepaTyphl
B CTOPOHY BO3pacTaHUs.

B [12] ogauM 13 1OBOJOB B MOJIb3Y OIIEHKH BBI-
O6pOCOOIIaCHOCTH O CHMXKEHHUIO TeMIIepaTyphl sSBIIS-
€TCsl CpaBHEHHE BEJIMYMH IOBBIIICHHUS TEMIIEepaTyphl
IacTa 3a cuer J00aBOYHBIX HANPSHKSHUH Y CHHKESHUSI
TEeMIlepaTyphl IUIacTa 3a CYeT AecopOIMM METaHa.
[IpeamnoureHue aBTOPHI OTIAIOT OLIEHKE BEIOpOCOOIac-
HOCTH IO CHIDKCHHUIO TEMIIEPaTyphl Ha TOM OCHOBAHMHH,
YTO CHH)KEHHE TEMIIEPaTyphl YIS B IUIACTE 32 CUET Je-
copOIMY 3HAYNTEIHHO IPEBHIMIACT MOBBIIICHUE TEM-
neparypsl IJ1acTa 3a c4eT J0OaBOYHBIX HArpy30K, MPpH
9TOM He YTOYHSAIOTCS 30Ha IIacTa, TJie 0OTMEYaeTcs o-
BBIIIICHUE TEMIIEPaTypHl, U 30HA IUIACTa, I'/Ie IPOHCXO-
JIUT MaKCUMaJIbHOE CHIKEHUE TeMIIepaTyphl.

B [13] mpuBeeHbI pe3ynbTaThl H3MEPECHHS TEM-
nepaTypsl YIiIsi B MOMEHT BBIEMKH IUIacTa B JIaBax IiIy-
00oKMX mIaxT. ABTOpaMM YCTAQHOBIJIEHO, YTO TEMIIepa-
Typa yIJIsl B JlaBax IIaxXT, pa3pabaThIBAIOLINX HETa30-
BBl IUIACTBI, MAJO OTIMYAETCS OT «MAaTEPUHCKOM»
TeMIIepaTyphl Ha JaHHOH TiIyOHHE, HO TIPH BBIEMKE T'a-
30HOCHBIX WJIN YBJIQ)XHEHHBIX IUIACTOB ITPOHCXOIUT
Ipe/IBapUTEIbHOE OXJIAXK/ICHHUE YIJIsl HA PACCTOSIHUH 6-
12 M Briepeau 3a00s 3a cueT AecopOIMU METaHa U UC-
napeHust Biaru. CHHXEHHE TeMIIepaTyphl TOXOIUT J10
5-7 °C, 9T0 aBTOPHI PEKOMEHIYIOT YIUTHIBATH IIPH TEII-
JIOBBIX pacdeTax Ui JiaB, pa3pabaThIBAIOIIMX TaKHe
riacTel. Haubosiee MHTEpECHOH ¢ 3TOM TOYKHU 3pEHHS
npeacTaBisercss padorta [9], B KOTOpO#l MpHBEICHBI
9KCIIEpPUMEHTANIbHbIE JJaHHBIE 110 OLEHKE M3MEHEHUS
TEMIIEpaTyphl U 1aBJICHHUS B 30HE BIMSHHS TOPHBIX BbI-
paborok. Ha npuBeneHHbIX B paboTe pUCYHKaX YETKO
BU/IHA CUMOATHOCTh HM3MEHEHHsI TeMIlepaTypbl Mac-
CHBa ¥ JJABJICHUS TOPHBIX OPOJI.

B pabotax UT'J] CO PAH u UIIKOH PAH [14,
15] roBopuTtcs 00 yCTaHOBIEHUH JOCTATOYHO BHICOKHX
TEMIIepaTyp B 30HaX, OMACHBIX IO BBIOpOCAM YTIIS U
ra3a. OTMedanocs, 4To B 30HAX MOBBIIIIEHHOTO TOPHOTO
JIaBJICHUS] TIPOUCXOANT HM3MEHEHHE TeMIIepaTypsl B
CTOPOHY BO3pPacTaHUSI.

[oBeImenue TeMmneparypsl MOpOJ U YIisl ObUIO
OTMEUYEHO M BO BPEMs BHE3AIHBIX BBIOPOCOB YIJISI U
raza. Tak, XKapnbe [16] numer o HarpeBe BBIOpOIIEH-
Horo yris 1o 60 °C B ctone maxTsl «HoBo-LlenTpans-

Has» (CranmHo). Ha maxte 5/6 um. Kanunauna (Cra-
JINHO) TIPOMCXOAMJIM BBIOPOCHI W3 Tutacta «JIMBeH-
CKHii», IPUYEM JIOJH OILIYINAIH, YTO JIETEBIIUHA yromib
OBLT TEIUIBIH, BBIACISABIINNACS K€ ra3 - XOJoaHbIM. Ha
maxte «Kommyruct-Hosast» (BOmm3H 1. 3yrpac) 6pu10
TaKkKe 3aMEUYCHO, YTO BHIOPOIIEHHBIH YTONb Harper.
Kpowme Toro, ormeuasnocs (B mapte 1957 r. B I roxHO#I
JIaBe TOCJIeIHeH [IaxThl) HarpeBaHUE YIJIsl B MacCHBE
(mpumepHo ¢ 18 1o 22 °C) B 30He, II€ IPOXOAUT MECT-
HOE TeO0JIOTMYECKOe HapyIleHHe, B CMEHBI, NpejIie-
CTBOBABIIIHME BBIOPOCY, BBI3BAHHOMY COTPSICATEILHBIM
B3pBIBAaHUEM.

Takum oOpa3zom, 06a MeToa MPOTHO3a CTEICHU
BBIOPOCOOTIACHOCTH MO N3MEHEHHIO TEMIIEPATYPHI IJIa-
cTa (IO TOBHIICHUIO W CHIDKEHHIO TEMIEpaTyphl) B
MIPUHIOMIIE MOTYT OBITh MCHONB30BaHbL. Hapsmy ¢ uH-
¢dopmanmeii 00 M3MEHEHUAX CTPYKTYPHI IIIacTa, Top-
HOT'O JIaBJIEHHs, FA30HOCHOCTH | T. 1., TEMIIEPaTypa siB-
JISIETCSl CaMOCTOSITENBHBIM M B2KHBIM HCTOYHHUKOM
CBEJICHUH JUIs OLIEHKH BEIOpOCcooIacHocTH miacta. On-
HaKO MPH KCHOJIb30BAHUH 3THX JAHHBIX CIIEIYeT ITOM-
HUTb, YTO U3MEHEHHUE TeMIIepaTyphl IJIacTa OTpaxkaeT
caMble pa3HOOOpa3HbIE MPOLECCHl, U MO3TOMY OJHOMN
13 BRXHBIX 3371a4 CTAHOBHUTCS pacmn(poBKa 3TOH MH-
¢dopmarmuu [17].

B 1Y CO PAH (Poccus) B mabopaTopun ra30u-
HAaMUKH U T€OMEXaHHKH YTOJIBHBIX MECTOPOXKICHUI
aBTOpOM B [17] OBLITO BEICKAa3aHO MPEIION0KEHHUE, UTO
TIOBBIIIEHUE TEMIIEPATYphl YTOJIBHOTO IJIACTA MOXKET
OBITh CBSI3aHHO C PaclajJoM YIJIEMETaHOBOTO Bellle-
cTBa. Pacmaj mpoTekaer ¢ BbIJIeIEHUEM «BHYTPCHHEH»
SHEpruu. Bpulo 0TMEueHo, YTO 3TO BENET K TeIioo0-
MEHY MEXAY PACLIUPSIOIIAMCS Ta30M M TBEPIBIMH Ya-
cruiaMu yris. [lockosbKy 4acTHIbl Yris 00JiaaloT
0O0BIION TEIUIOEMKOCTHIO, HO MaJION TEIUIOMPOBOIHO-
CTBIO, TO TIPH paclia/ie TBEPAbIA pacTBOP CIIOCOOEH BHI-
JeTSITh YIPYTYIO HEPTHIO.

VYpoBeHb Pa3BUTHS COBPEMEHHBIX JKCIICPUMEH-
TaIbHO-N3MEPUTEIBHBIX KOMIUIEKCOB MO3BOJISIET 3a-
KIIFOYHUTB, YTO OJIOK HH(OpMaNH, OTHOCSIITUNACS K IH-
CTAaHIIMOHHOMY KOHTpOJIIO 32 M3MEHEHHEM TeMIepa-
TYpbI UCIIBITYEMbIX 00pa3lOB FOPHBIX MOPOJ, MOXKET
(dopmupoBatscst o gaHHbIM VK-u3nydenust ckaHupy-
eMbIX ToBepxHocTel. K HacTosieMy BpeMeHH HJeH-
TUGUIMPOBaAH psiJ AMHAMUYECKUX mpoueccoB [108] o
JIAHHBIM U3MEHEHHUH MOII[HOCTH MH(PPAKPACHOTO H3ITy-
YEHUsI C TIOBEPXHOCTH pa3IMuHbIX reomarepuaion. Co-
OTBETCTBYIOIIME HCCIICAOBAHUS JUIA YDV aBTOPOM
JIaHHOH CTaThU IIPOBEJICHBI BIIepBhIe. B n1anHoi paboTte
UCTIONB30BaIach 0ojiee COBPEMEHHas SKCIIEpHMEH-
TanbHas 0a3za W aJrOpUTMBI 00pabOTKH IMOTy4aeMoi
nHdopmanny. OpUrHHAIBHBIM SIBISIETCS] HCIIOJIB30BA-
HHE COBPEMEHHBIX TEIUIOBH30POB (BMECTO JAaTYNKOB
WK-u3aydeHus), KOTOpbE MO3BOJSIOT (PUKCHPOBATH
HU3MEHCHHS TeMIIepaTypbl ¢ TouHOCThIO 10 47=0,001
K, T.k. peanuzaius 3ToH uxeu panee Obl1a 3aTpyaHEHA
TEM, YTO, HAIIpUMep, AJIS YISl TEOPETHIECKIE OPHEH-
TUpoBOYHbIe 3HaueHus 47=0,004 K.

be3 anexkBaTHOro (PU3NUECKOTO MOAEIHPOBAHUS
TEPMOANHAMUYECKUX U (PU3NKO-XUMHUYECKHX IPOIEC-
COB B YIVIEMETAHOBBIX IIJIACTAX II0 MEPE pOCTa TEMIIe-
paTypsl ¥ TOPHOTO JaBJIEHUsSI C YBEIMUECHNUEM TITyOUHBI
OCBOEHHS YTOJIbHBIX MECTOPO>K/IEHUI B COBPEMEHHBIX
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YCIOBUSIX NPAKTUYECKH HEBO3MOXKHO PaCCUUTHIBATH
Ha CO3[JaHNE HA/IC)KHBIX MOHUTOPHHTOBBIX CHCTEM JH-
arHOCTHKM W TIPOTHO3MPOBAHMS KaTaCTPO(UUECKUX
COOBITHIT TIpH OTPabOTKE YTOJBHBIX IUIACTOB HA OOJB-
MIUX TIIyOWHAaX, HE TOBOPS yKe O (OPMYITHPOBAHUH
3((HeKTUBHBIX Mep O UX NPOQPIIIAKTHKE.

Takum 00pa3oM, aKTyalTsHOCTE POOIEMBI pa3pa-
00TKH 3()(hEeKTUBHBIX METOJIOB OTIEPATUBHOMU M JICTAITb-
HOM JIMarHOCTHKH TE€OMEXaHHYEeCKOI'0 COCTOSHUS M
KOHTPOJISL 32 U3MEHEHHEM TEeMIEpaTypbl B yroJbHBIX
IIacTax 1o Mepe UX oTpaboTKU CO BPEMEHEM TOJBKO
BO3pacTaeT, IOCKOJIbKY TeMIIepaTypHbIN (akTop sBIs-
eTCsl OHUM U3 CYIIECTBEHHO BIUSIONINX Ha Ta30{MHA-
MUYECKYI0 aKTUBHOCTb YTOJIbHBIX MECTOPOXKACHUN. B
TO € BpeMs BaKHAa W MH(GOPMALMI O XapakTepe Je-
(hopMupoBaHUS yTIIIS B 3aBUCHMOCTH OT ACHCTBYIOLIHX
B MacCUBE HANPSKEHUI.

®298-299
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B UI'T CO PAH npoBozstcs akTUBHBIE HCCIEN0-
BaHHMA B ATOM Hampasienuu [18-22]. B gactHOCTH,
BIIEPBBIC MPOBEIEHA CepHsl HIKCIICPUMEHTOB C MCIIONb-
30BaHHEM JIa3€PHOTO H3MEPUTEIHFHOTO ONTHKO-TEJe-
Bm3nOHHOTO KoMmIulekca ALMEC-tv mo BBICOKOTOU-
HOMY W JCTAITbHOMY KOHTPOJIO CHEKJI-METOIOM Je-
(OpMaIIMOHHO-BOTHOBOH ~KApTHHBI HAa KAaMEHHBIX
YIIAX TpPU  Pa3iIM4HBIX PEKUMax OJHOOCHOTO HX
Harpy>XeHHUs 0 pa3pylleHHs Ha IPeCCOBOM YCTaHOBKE
«Instron-8802». Ilpu Bo3pacTaHuM ypOBHS HaIpsiKe-
HUH, Korna aeopManyy reoMaTepuaioB BBIXOAAT 3a
TIpEe/eNbl YIPYroCcTH, BHYTPH Harpy>kaeMoro TBEpJIoro
Tela HAYMHAIOT PAa3BUBATHCSA HEITMHEHHBIC MEXaHHMYe-
CKHE TPOIIECCH, IPY KOTOPBIX BapHaIHX TEMIIEPATypPhl
U COOTBETCTBEHHO MHTEeHCUBHOCTH WK-u3nyuenus
CTaHOBSATCS 3HAYUTENHFHBIMU (pHC. 1).

a
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0.004 - 0.006

" 0,002 - 0,004
#0,0-0.002
5-0.002-00

# (- 0.004) - (- 0.002)
u (- 0,006) - (- 0,004
u (- 0.008) - (- 0.006)

c B
&, 7

0.006
0,004
0,002+
0.0-
0.002+
0.004 |
0,006 ‘

0.008 0 Vs 107 xu

Puc. 1. Tpexmepnvie ouazpammol pacnpedenenus: a — memMnepamypol Y2is ¢
SPAHUMHBIMU NPOCTOUKAMU Nepeo pa3pyulenuem UCHbImyemo2o y201bH020 00pasya;
60— MmuxpoOeghopmayuii no NOBEPXHOCMU Y20IbHO20 00pasya nepeod paspyuleHuem

3TO HaeT OCHOBY IS pa3pabOTKH (PHU3HIECKO-Me-
XaHWYECKUX MOJIEINIeH, KOTOPBIC MO3BOJIUIN OB, B TOM
yucne U mo m3MeHeHusM WK-wm3imydeHus, oleHnBaTh
mapaMeTpsl BO3HUKAIOIINX HEJIHHEHHBIX IedopMaiu-
OHHO-BOJIHOBBIX IMPOLIECCOB. YCTaHOBJIEHO [22], 4TO
y)ke TIpu JocTivkeHnH MeHee 50 %-ro ypoBHS Hamps-
JKeHHUH 110 OTHOWICHMIO K MPeeNy MPOYHOCTH UCTIBITY-
€MbIX 00pa3loB NOPOJ BHYTPH HUX BO3HUKAIOT HU3KO-
YaCTOTHBIE MIPOLIECCHI MUKPOIEPOPMUPOBAHHS MEKIY
CTPYKTYPHBIMH OTAensHOCTSIMH. Ilocnennue renepu-
PYIOTCS MENJICHHBIMH (KBa3HCTATHICCKHMHU) CHIIO-
BBEIMH BO3JICHCTBHSIMHU OT TIpecca B PEXKUME KECTKOTO
HArpyXXeHUs. AMIUTUTYAa Takux aedopManmoHHO-
BOJTHOBEIX IIPOIIECCOB CYIIECTBEHHO 3aBHCUT OT
YPOBHSI 331aBa€MOT0 MaKpoHarpyxeHus. [locTpoeHsl
BOJTHOBEIE TAKETHI U1 OCPEIHCHHBIX KOMIIOHCHTOB
MUKpoedopmanuy Ha oOpasiax yriis MpHu UxX 0JHOOC-
HOM CXXaTuH. Y CTaHOBJICHO, UTO Ha CTaIUH peapaspy-
[IEHHMST BO3HHMKAIOT Koyiebanus ¢ yacrtoroi 0,5 —4 I'1g
[22].

B caywgae mposBieHuss momoOHBIX aedopmariu-
OHHO-BOJTHOBBIX TIPOIIECCOB JJIsI YTOJIBHBIX 00pPa3lioB
9TO O3HA4aeT, 4TO 3(P(eKT BOZHUKHOBEHUS OCLMIIH-
PYIOIIMX ABMXKEHUH YTOJBHBIX YACTHI[ 32 CUET POCTa
TOPHOrO JAaBJIEHUS B MPOAYKTUBHBIX IJIACTax IMO3BO-
JISIET ¢ IPUHIUITHAIBHO UHBIX T€OMEXaHUYECKUX MO3U-
UMH paccMaTpUBaTh B3aUMOCBS3b MEXIY MOXKapo- U
BBIOPOCOOIIACHOCTBIO ITPU OTPabOTKE YTONBHBIX Me-
CTOPOXKIEHUH.

Takum 06pazom, pazpaboTka MOJIENIN TEOMEXaHH-
YECKOT'O COCTOSTHHSI YTJICIIOPOJHOTO MAaCCHBa, B KOTO-
pol poib MeTaHa SBISETCS OJHONW W3 OCHOBHBIX, a

TakXKe pa3padOTKa METOIOB YHEPTETHIESCKOTO aHAIN3A
ra30JMHAMUIECKON aKTUBHOCTH YTJIEMETAHOBBIX ILIA-
CTOB Ha OCHOBE y4eTa U3MEHEHHS TEMIICPaTyPHI H 3BO-
JIOIUH TIoJIel MUKpoaedopMammii yroibHEIX 00pas-
[IOB TIPH X OJHOOCHOM C)KAaTHH C TIPHUBIICUYCHHEM TEO-
pUU HEIUHEMHBIX YNPYTUX BOJH MasTHUKOBOI'O TUIIA,
KaK rokasarejeun MMPOUCXOAAIINX TCOMECXaHUICCKUX U
(U3MKO-XMMUYECKUX IPOLIECCOB CYHIECTBEHHO pac-
IOUPUT BO3MOKHOCTU YIPABJICHUA CICACTBUAMU TCX-
HOJIOTMYECKHUX PEUICHUI 1Mo yriieno0blue U odecrede-
HUSl TIPEIBAapHUTEIBLHOW Jera3allii MECTOPOXKICHUH.
Pemenne 3tux 3amau TpedyeT pa3paboTKu U CO3TaHUSL
COOTBETCTBYIOIIETO METOAMYECKOTO, TEOMH(POPMALH-
OHHOTO, ATOPAUTMUYECKOTO H MIPOTPAMMHOTO 00OecIie-
YEeHUS, PEATH3YIONIEr0 KOMIUIEKCHYIO MOJETh H OCY-
IIECTBJICHHUS CIIOKHBIX IKCIIEPHUMEHTAIBHBIX HCCIIE0-
BaHMII.

*BaaronapHoctb: «PaboTa BbINoNHEHA 1IpH Gu-
HaHCOBOU mojepkke Poccuiickoro ¢ponna pyngamen-
TaJIbHBIX HccnenoBanuit (mpoext Ne 20-05-00051)».

References

1. Adushkin V. V., Oparin V. N. From the Alter-
nating-Sign Explosion Response of Rocks to the Pen-
dulum Waves in Stressed Media // J. Min. Sci., P. I:
2012, Vol. 48, No. 2, pp. 203-222; P. 11: 2013, Vol. 49,
No. 2, pp. 175-209; P. III: 2014, Vol. 50, No. 4, pp.
623—645; P. IV: 2016, Vol. 52, No. 1, pp. 1-35.

2. Chernitsyn, N. N. Mine gas / N. N. Chernitsyn.
- Pg., 1917. - 218 p.

3. Dorofeev, DI Lowering the temperature of coal
seams as a sign of outburst hazard / D.l. Dorofeev, S.A.



14 German International Journal of Modern Science Ne6, 2021

Radchenko // Safety technology, labor protection and
mining rescue. business. - 1981. - No. 4. - pp. 16-17.

4. Ettinger, IL Increased methane release in out-
burst zones of formations - the reason for its tempera-
ture decrease during development / I.L. Ettinger, S.A.
Radchenko, I.A. Gorbunov et al. // Coal of Ukraine. -
1981. - No. 10. - pp. 35-42.

5. Denisenko, S. M. Investigation of the thermal
regime of coal under various conditions of its loading /
S. M. Denisenko // Mine aerology and sudden outbursts
of coal, rock and gas. - M .: Publishing house of IGD
im. A. A. Skochinsky, 1976. - Issue. 142.

6. Reypolskiy, PA Study of temperature change in
massif on outburst-hazardous layers / P.A. Reypolskiy,
M.A. Rosenbaum // Coal of Ukraine. - 1978. - No. 10.
- pp. 9-11.

7. Yelchaninov, EA Influence of changes in
stresses and deformations on the dynamics of tempera-
ture of coal seams / E.A. Yelchaninov, M.A. Rosen-
baum, A.I. Shor // Coal. - 1977. - No. 2. - pp. 15-16.

8. Zlatkin, V.I. On the relationship between the
stress state and the temperature of the coal mass in the
support pressure zone / V.1. Zlatkin, LN Gapanovich,
MA Rosenbaum // Physics of rocks and processes. - M.,
1974 —p. 63.

9. Faith, G. I. Some results of field studies of the
temperature of coal seams in the zone of influence of
mine workings / G. I. Faith, E. I. Gaiko, S. M. Den-
isenko et al. // Issues of ventilation and gas control and
sudden blowouts in coal mines. - M .: Publishing house
of IGD im. A. A. Skochinsky, 1977. - pp. 141-144.

10. Kiryaeva, T.A. To the question of the mecha-
nism of the occurrence of high temperatures in the de-
velopment of coal seams / TA Kiryaeva, Rl Rodin //
Coal. - 2010. - No. 2. - pp. 27-29.

11. Kiryaeva, T.A. Features of stable states of ar-
tificial and natural coal-methane systems / TA Kiry-
aeva // Natural Sciences. and technical science. - 2011.
- No. 4. - pp. 309-318.

12. Maevsky, V.F. Basic provisions of methods
for assessing outburst hazard by temperature character-
istics of coal seams / V.F. Maevsky, O.G. Kremnev //
Development and concentration of solid minerals. - M
.. Publishing house IPKON AN SSSR, 1981. - pp. 160—
163.

13. Krivoruchko, A. M. Coal temperature at the
moment of seam excavation in longwalls of deep mines
[/ A. M. Krivoruchko, A. M. Gushchin, A. B.
Konovalova, J. H. Brushtein // 1ssues of ventilation and
safety in coal mines. - Donetsk, 1970. - Part 2. - pp. 93—
103.

14. Malinnikova, O.N. Relationship between out-
burst hazard and reservoir temperature / O.N. Malinni-
kova // Deformation and destruction of materials with
defects and dynamic phenomena in rocks and work-
ings: materials of the XVI International Scientific
School named after Academician S. A. Khristianovich.
- Simferopol, 2006. - pp. 98-114.

15. Skritsky, V. A. Endogenous fires in coal
mines, the nature of their occurrence, methods of pre-
vention and extinguishing / V. A. Skritsky, A. P. Fedo-
rovich, V. I. Khramtsov. -  Kemerovo:
Kuzbassvuzizdat, 2006 .— 171 p.

16. Pechuk, .M. On the causes of emissions / .M.
Pechuk // Questions of the theory of sudden emissions
of coal and gas: reports. to the All-Union. seminar on
the theory of sudden outbursts of coal and gas. - M.,
1958.

17. Polevshchikov, G. Ya. Gas-dynamic stability
of coal methane / G. Ya. Polevshchikov, T.A. Kiryaeva
/I GIAB. - 2009. - Issue. 7: Kuzbass-1. - pp. 146-149.

18. Oparin, V.N. On some peculiarities of interac-
tion between geo-mechanical and physicochemical
processes in coal seams of Kuzbass / V.N. Oparin, T.A.
Kiryaeva, V. Yu. Gavrilov, et al. // FTPRPI. - 2014. -
No. 2. - pp. 3-25.

19. Kiryaeva, T. A. Influence of the energy of de-
composition of coal methane on the destruction of coal
particles and the development of sudden emissions of
coal and gas / T. A. Kiryaeva, M. S. Plaksin et al. //
GIAB. - 20009. - Issue. 7: Kuzbass-2 - pp. 148-152.

20. Kiryaeva, T.A. Mining experimental studies of
parametric features of the development of nonlinear ge-
omechanical processes and their dangerous gas-dy-
namic consequences during underground mining of
coal deposits / VN Oparin, TA Kiryaeva et al. / / Geo-
mechanical fields and processes: experimental and an-
alytical studies of the formation and development of fo-
cal zones of catastrophic events in mining and technical
and natural systems: In 2 volumes - Novosibirsk: Pub-
lishing house of the SB RAS. - T. 1. - 2018. - P. 317
540; T. 2. - 2019. - pp. 431-441, 526 - 536.

21. Kiryaeva, T.A. Development of the method of
gas-dynamic activity of coal seams based on geological
exploration data on the example of Kuzbass / T.A. Ki-
ryaeva. - LAP LAMBERT Academic Publishing
GmbH & Co., Germany, 2011 .— 104 p.

22. Kiryaeva, T.A Development of methods for
energy analysis and forecasting of gas-dynamic activity
of coal-methane layers of Kuzbass / T.A. Kiryaeva. -
Riga, Latvia: LAP LAMBERT Academic Publishing,
2019 .— 332 p.



German International Journal of Modern Science Ne6, 2021 15

PHYSICAL SCIENCES

HUMAN CIVILIZATION WILL SOON BECOME A SUPER CIVILIZATION!?

Antonov A A.

PhD, HonDSc, HonDL, H.ProfSci, ResProf.
Independent researcher, Kiev, Ukraine
DOI: 10.24412/2701-8369-2021-6-1-15-28

Abstract

The article proves that the existing version of the special theory of relativity (STR), based on the postulated
principle of non-exceeding the speed of light, is incorrect. Therefore, an alternative version of STR, based on the
experimentally proven principle of the physical reality of imaginary numbers, is proposed. And from the alterna-
tive version of STR follows the existence of invisible universes with their own super-civilizations. Therefore,
attempts to establish contacts with extraterrestrial super-civilizations of our visible universe as a result of flights
to the Moon and Mars or as a result of the detection of their activity in other star systems thousands of light years
from Earth are unnecessary, since the inhabitants of super-civilizations are also on Earth. They even send us mes-
sages, for example in the form of so-called ‘crop circles’. But since we were not intellectually advanced enough
to read these messages, our human civilization did not interest them. And any of our contacts with them, apart
from their desire, are impossible. Therefore, the way out of this situation is to transform the existing human civi-

lization into super-civilization through the creation and use of human-computer super-intelligence.

Keywords: imaginary numbers, special theory of relativity, dark matter, dark energy, dark space, invisible
universes, Multiverse, Hyperverse, super-civilization, super-intelligence, technological singularity

1. Introduction

Established at the beginning of the last century by
Joseph Larmor [1], the Nobel Prize winner Hendrik
Antoon Lorentz [2], Jules Henri Poincaré [3], the win-
ner of the Nobel Prize Albert Einstein [4] and other em-
inent scientists, special theory of relativity (STR) [5] -
[7] is nevertheless flawed despite all of its universally
recognized merits. Its second postulate [8] undergoes
especially a lot of criticism, having in addition to of-
fered original formulation [4] in the form of principle
of the constant velocity of light, the other supposedly
identical to or following from it (that was not proved
anywhere) formulations in the form of the principle of
non-exceeding the speed of light and approval of the
physical unreality of the imaginary numbers.

Since modern physics is largely founded not on
experimentally obtained data, but on those or other pos-
tulates, the corresponding theories can be refuted only
by means of experiments. And so in the early twenty-
first century attempts of refutation of the principle of
non-exceeding the speed of light in STR were made by
collaboration of MINOS [9] on the US Tevatron col-
lider and collaboration of OPERA [10] on the European
Large Hadron Collider. However, MINOS experiment
has been ignored by the physics community as not suf-
ficiently reliable, and OPERA experiment has been re-
futed in six months by ICARUS experiment [11]. What
is more, during those six months several dozen scien-
tific publications have been devoted to the search for
OPERA experiment refutation options. Some of them
even claimed that, since the principle of non-exceeding
the speed of light is fundamental in STR, then, if
OPERA experiment had proved successful, its authors
would have deserved the Nobel Prize.

However, as the author of the concept of ‘open so-
ciety' Sir Karl Raimund Popper noted [12]: “... the
struggle of opinions in scientific theories is inevitable
and is a necessary prerequisite for the development of
science”. And, as it turned out, the problem of proving
the physical reality of imaginary numbers at the same
time had already been successfully solved, but using
other experiments [13] - [17]. And from the experimen-
tally proven principle of physical reality of imaginary
numbers followed the fallacy of the principle of non-
exceeding the speed of light. However, oddly enough,
in this event, in contrast to the OPERA experiment, the
physical community over the past years did not show
interest and did not remember the Nobel Prize.

This circumstance involuntarily suggests itself the
simple explanation that the physical community did not
need scientific truth, but the maintenance of an errone-
ous public opinion about the alleged infallibility of
STR. And in this capacity, the long-term very expen-
sive and unique experiment OPERA, which failed to
refute the principle of not exceeding the speed of light,
turned out to be very useful, and the irrefutable alterna-
tive simple experiments described below, which man-
aged to prove the fallacy of STR, on the contrary, were
very inappropriate.

2. Why in STR the Principle of Non-Exceed-
ance the Speed of Light is Fundamental

Why is the principle of non-exceeding the speed
of light was so necessary in STR? Why the generally
accepted at the present time version of STR would not
be a success without it?

And the thing is that the corresponding to relativ-
istic formulas of STR — for example, the formula of Lo-
rentz-Einstein

L This publication is a revised version of the article “Antonov A. A. 2017. Hidden Multiverse: Extraterrestrial Super Civiliza-
tions. Natural Science, 9(3), 43-62. DOI: 10.4236/ns.2017.93005".
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where My is the mass of the moving body rest

(for example, an elementary particle);
m is relativistic mass of the moving body;
V is the speed of movement of the physical body;
C is the speed of light;

— the physical values on the hyper light speeds
when V > C are taking imaginary values. And the au-
thors of STR did not know how to explain this result.
Just as 400 years before them, none of the most author-
itative physicists and mathematicians could prove the
physical reality of imaginary numbers. So they were
forced either to confess that they do not fully under-
stand their theory, or in some way to avoid the need for
such confession. Otherwise, STR would look unfin-
ished and unconvincing.

In order to avoid such a situation, the authors of
STR needed a principle of not exceeding the speed of
light that was not proven (in other words, postulated),
since in accordance with this principle at subluminal
velocities at v < ¢ the corresponding relativistic for-
mulas, the quantities took on completely explainable
and interestingly interpreted real values. And at hyper-
light speeds v > ¢, it would seem that it was no longer
necessary to explain anything, since such a situation
was supposedly impossible.

And this postulate was substantiated at first glance
even quite clearly as follows. Since the magnitude of
the relativistic mass m in formula (1) depends on the
velocity V, then at near-light velocities when v < ¢,
the mass mMtakes values approximating infinitely

large real values, i.e. lim,_,._o M(V)=+c0. But then

to overcome the point of astrophysical singularity
Vv = infinitely large energy becomes necessary.
Consequently, it was impossible to overcome the speed
light barrier. And so it was concluded that nothing ex-
ists behind this barrier, i.e. we live in a Monoverse.

But the given justification is refuted even at the
everyday level. Indeed, the impossibility of getting into
the next room of our dwelling through the barrier in the
form of a wall separating them does not mean at all that
the next room does not exist and that we cannot get into
it through the door. But nature is much more complex
than our home and therefore no one can claim that it is
fully cognized and that there are no opportunities to
overcome the astrophysical singularity in it.

3. The Proof of Principle of the Physical Re-
ality of Imaginary Numbers

In order not to overload this article repeating
the proofs of physical reality of imaginary numbers
set forth in the publications mentioned above, we
only note that they state the following:

e Analysis of oscillatory transient processes
made it clear that if the principle of light speed non-
exceedance implying the STR statement about phys-
ical unreality of imaginary numbers were true, then
there would be no tsunami, church bells and musical

instruments would not sound and even children’s
swing wouldn’t sway after being pushed by parents;

e Analysis of oscillatory resonant processes
made it clear that if the principle of light speed non-
exceedance implying the STR statement about phys-
ical unreality of imaginary numbers were true, then
we would not know such exact sciences as radio en-
gineering and electrical engineering, television and
radiolocation, telecommunication, radio navigation
and many others;

e Analysis of forced oscillatory processes
made it clear that if the principle of light speed non-
exceedance implying the STR statement about phys-
ical unreality of imaginary numbers were true, then
even Ohm’s law would not exist for electric circuits.

But in the 21st century this is still not under-
stood in the existing physics of real numbers, since
it still assumes that the principle of light speed non-
exceedance is true.

It t is interesting to note that the current version of
STR could be refuted even before its creation. Indeed,
the main works of the authors of STR [1] - [4], were
published in 1897-1905, and in 1897 an engineer and
inventor Charles Proteus Steinmetz has offered his in-
terpretation of Ohm’s law applied to the linear electric
circuits of alternating current [18], which allowed to
prove the physical reality of imaginary numbers the
simplest and most convincing way. Thus, with its help,
the uselessness in STR of the erroneous principle of not
exceeding the speed of light could have been proven
already at that time, if someone would need it.

At that time the Internet had not yet existed, and it
was excusable to the creators of STR not know about
Steinmetz’s theory. But after a hundred plus years it is
already unforgivable for the physicists not to know of
established by Steinmetz theory, which is now is used
by all electrical and radio engineers.

And not to be unfounded, let’s give a simple proof
of the physical reality of imaginary numbers [19] - [23],
which made the costly MINOS, OPERA and ICARUS
experiments unnecessary. In contrast to discovered in
1826 Ohm’s law, which was formulated for electric DC
circuits, Steinmetz suggested the wording of this law
for electric AC circuits. In accordance with the theory
he proposed, not only resistors have the electrical re-
sistance (or conductivity) whose resistance is measured
by real numbers, but also capacitors and inductance
coils, the resistance of which are measured by imagi-
nary numbers with different polarities. Moreover, the
value of imaginary resistance of capacitors and induct-
ance coils depends on the frequency. Therefore, re-
sistance of any LCR-, RL-, RC- and LC-circuit is meas-
ured by complex numbers, the value of which also de-
pends on the frequency applied to electrical voltage
circuit.

This said, the resistance of capacitors and induct-
ance coils measured by imaginary numbers is often also
called imaginary. And under the dominant influence of
STR they are still understood as imaginary, that is, re-
ally physically not existing. But this is not true. If the
resistance of the capacitors and inductance coils were
actually imaginary, then from the change in their values
when the change of frequency of the applied voltage the
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value flowing through LCR-, RL-, RC-, LC-circuit of
the electric current would have been independent. But
the engineers have known for a long time that it de-
pends on the frequency. This is confirmed by the exist-
ence of mass-produced for several decades instruments
for measuring the frequency characteristics of electrical
circuits, which confirm the presence of the mentioned
dependence.

Moreover, if the imaginary impedance of capaci-
tors and inductance coils were not physically real, in
electrical circuits could not be a resonance phenome-
non discovered in 1602 by Galileo di Vincento Bonaiuti
de’Galilei [24]. And then there would be no such sci-
ence as radio engineering, telecommunications, radar,
television, and many others.

Consequently, since mathematics is the universal
language of all exact sciences, the physical reality of
imaginary resistance of capacitors and inductors clearly
shows the physical reality of imaginary numbers which
measure the parameters of corresponding physical ob-
jects. Therefore, the principle of the physical reality of
imaginary numbers is general scientific and also appli-
cable in special theory of relativity, quantum mechan-
ics, optics and the rest of the exact sciences.

There is other, equally compelling, evidence of the
physical reality of imaginary numbers [13] - [17], [25],
[26].

4. Refutation of the Principle of Non-Exceed-
ing the Speed of Light

But from the principle of the physical reality of
imaginary numbers, it follows that according to Lo-
rentz-Einstein formula (1) relativistic mass mat the
hyper light speeds when v > ¢ as well as imaginary
physical values corresponding to the rest of the relativ-
istic formulas when v > ¢ are physically real. And the
principle of non-exceeding the speed of light turns out
to be unnecessary. And then it becomes necessary to do
what the creators of STR were unable to do - to explain
the meaning of these imaginary physical values [27].

But this cannot be done, since the physical process
corresponding to them is unstable (see Fig. 1a) and
therefore cannot exist in nature. Consequently, formula
(1), as well as other relativistic formulas of the existing
version of STR, are incorrect. Therefore, the Lorentz-
Einstein formula should be corrected as follows (see
Fig. 1b):

Figure: 1. Graphs of functions corresponding to formulas (1) and (2)

m (i)* m (i)*

v i)y

where = I_%J is discrete function “floor” (see

@

Fig. 2a) from the argument % ;

W=V-—(C is its own for each local universe
speed (see Fig. 2b), which can only take values in the
range 0 SW<C;

V is the speed, measured from our universe, which

can therefore be called an total speed;
C is the speed of light;

| =+/=1 isan imaginary unit.
The rest of the relativistic formula can be cor-
rected in a similar manner.

w

a

b

Figure 2. Graphs of functions (V) and W(V)

It should be noted that Albert Einstein did not exclude STR correction in the future. He wrote: “No single idea,
which I would be sure that it will stand the test of time”.
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5. Hidden Multiverse

5.1. The Structure of the Hidden Multiverse

Then it is necessary to explain the physical mean-
ing of formula (2). And in this formula the parameter
(. as you can see (see Fig. 1b), corresponds to the

fourth spatial dimension. But such a four-dimensional

space has nothing to do with the four-dimensional Min-
kowski space. In this four-dimensional space, different
parallel universes will correspond to the integer values

of the parameter (]. The value of the parameter (] = 0
will correspond to our visible universe, since in formula

tardyon
universe
tardyon
universe
other tardyon
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antiverse universe universe
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Figure 3.

The structure of the hidden Multiverse, corresponding to the principle of physical reality of complex numbers

(2) i0= 1, and the value of the parameter
=1 will correspond to another universe, as for it

i1 =i.Forthissecond universe C £V < 2C . There-

fore, it contains tachyons [28], [29] and it is invisible to
us, because it is beyond the event horizon. For the sake

of certainty, we will call it tachyon. Then, for similar
reasons, we will call our universe tardyon.
Consequently, formula (2), in contrast to formula
(1), corresponds to the Multiverse formed by mutually
invisible universes, which we will call the hidden Mul-
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tiverse [30]. But from formula (2) it does not at all fol-
low that there are only two universes in the hidden Mul-
tiverse. So let's continue. The parameter q =2 will

correspond to the tardyon antiverse (since i’ = -1),
the parameter g = 3 will correspond to the tachyon

antiverse (since 1% = —1i), the parameter q =4 will

correspond to another tardyon universe (since i*=1
), the parameter =5 will correspond to another

tachyon universe (since 1° = 1), etc.

Thus, the mutually invisible parallel universes
(since, despite their infinity, they do not intersect any-
where) of the hidden Multiverse in four-dimensional
space form a screw structure shown in Fig. 3. And these
parallel universes in multidimensional space, drifting
continuously, sometimes touch each other (as the peo-
ple in the crowd), and sometimes even partially im-
merse in each other, while forming a certain transition
zones, through which parallel universes can exchange
their material content. These numerous transition zones
between adjacent universes are often referred to in the
fiction as portals or stellar gates [31], in which the value
of the parameter (] changes smoothly (while in the par-

allel universes the value of the parameter (] is con-

stant), are shown in Figure 3 by means of single bidi-
rectional arrows.

5.2. Explanation of the Dark Matter and Dark
Energy

However, any structure of the Multiverse cannot
be considered satisfactory in any way, if it is does not
explain the phenomenon of dark matter and dark energy
[32], [33]. Not only astrophysical, but general scientific
worldview importance of this problem is caused by the
facts that:

e mass-energy of the dark matter and dark en-
ergy exceeds the mass-energy of our entire visible uni-
verse more than twenty times;

e none of the known chemical elements, and
even any subatomic particles, are found in the compo-
sition of dark matter and dark energy, which raises
doubts about the correctness of understanding of notion
“matter” and presumably pushes science in its develop-
ment on thousands of years back .

This phenomenon has not been explained up until
very recently. Moreover, its explanation failed to even
come close in the past decades. The reason for that is
just the wrong statement of the search task of explain-
ing the phenomenon certainly in Monoverse corre-
sponding to the existing incorrect version of STR. But
as Albert Einstein claimed: “Insanity: doing the same
thing over and over again and expecting different re-
sults”.

But if we abandon this restrictive condition and
will seek a solution to the problem in the hidden Multi-
verse, we won’t even have to look for it. It is obvious
[34]-[40]:

e dark matter and dark energy are gravitational
images of the rest, except for our visible universe, in-
visible parallel universes of the hidden Multiverse;

o dark matter is a gravitational image of the in-
visible parallel universes of the hidden multiverse adja-
cent to our visible universe;

e darkenergy is a gravitational image of the rest,
except for our visible universe and its neighboring in-
visible universes, invisible parallel universes of the hid-
den Multiverse;

e it is impossible to determine the chemical
composition of the contents of dark matter and dark en-
ergy, since it is simply absent in any image, either in
the optical or in any other electromagnetic, or in the
gravitational one.

5.3. Antimatter, anti-time and anti-space

No less important and incomprehensible problem
in cosmology than the phenomenon of the dark matter
and dark energy is the explanation of antimatter loca-
tion [41], [42].

Indeed, the Big Bang which occurred 13.8 billion
years ago had to create matter and antimatter in equal
amounts. But our universe consists of the matter only.
The scientists were able to synthesize antimatter, as
well as to discover it in some natural phenomena only
in minute amounts, which, however, confirms the pos-
sibility of its existence.

So the logical question is - where the antimatter is
located in large quantities? Clearly, there’s no place for
it in the Monoverse. Otherwise, as a result of the anni-
hilation of matter and antimatter the visible universe
would have been destroyed.

And in the hidden Multiverse, as a result of the al-
ternation in the multidimensional space of universes
and antiverses, both tardyon and tachyon, it can stably
exist in the antiverses - both tardyon and tachyon.
Moreover, as shown in Fig. 3, there may even be sev-
eral pairs of universes and antiverses in it [43].

But the most interesting thing is that, according to
the same logic, the time and space existing in the anti-
verses, according to the relativistic formulas of the al-
ternative version of STR, are anti-time and anti-space.

5.4.Quaternion Structure of the Hidden Multi-
verse

Extremely valuable data obtained by the space-
craft WMAP [44], launched in 2001, and Planck [45],
launched in 2009, allow to significantly clarify the
structure of the hidden Multiverse.
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Figure 4. Supposed structure of the Multiverse, corresponding to
the physical reality of quaternions

According to the measurements of Planck the
whole universe (in fact, the whole hidden Multiverse)
is made up of baryonic matter by 4, 9% (and according
to the previous measurements of WMAP - by 4.6%), by
26.8% (according to WMAP measurements - by
22.4%) of the dark matter, and by 68.3% (according to
WMAP measurements - by 73.0%) of dark energy.

On the basis of these data it is safe to assume that
as a result of mutual exchange through the portals of

micro- and mini-content of the parallel universes, their
mass-energy has the largely averaged out (even if, for
some reason, immediately after the Bing Bang their
mass-energy in different universes would have been
different), and it is with great accuracy equal to the
mass-energy of our universe.

Therefore:
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Figure 5. The six-dimensional space of the hidden Multiverse.

e According to Planck data the hidden Multi-
verse contains 100%/4.9% = 20.4 (and according to
WMAP - 100%/4.6% = 21.8) parallel universes. l.e. the
most probably 20 ... 22 parallel universes.

e According to Planck data the hidden Multi-
verse contains 26.8%/4 .9 = 5.5 (and according to
WMAP 22.4%/4 .6% = 4.9) parallel universes. l.e. the
most probably 5 ... 6 parallel universes.

e According to Planck data the hidden Multi-
verse contains 68.3%/4.9 = 13.9 (and according to
WMAP 73.0%/4 .6% = 15.9) parallel universes. l.e. the
most probably 14 ... 16 parallel universes.

However, it is not difficult to note that these re-
sults do not correspond to the structure of the hidden
Multiverse, as shown in Figure 3. In fact, in the struc-
ture of the hidden Multiverse shown above our tardyon
universe had only two neighboring universes, rather

than 5 ... 6 universes. Consequently, some important
facts when configuring this structure had not been taken
into account.

And what kind of circumstances are those, which
may have conditioned the emergence of 5 ... 6 tachyon
neighboring universes and antiverses in our tardyon
universe?

To answer this question, let us recall that the tach-
yon universes and antiverse in the above structure of
the hidden Multiverse were a consequence of account-
ing in the formulas (2) of the physical reality of only
one imaginary unit, which is typical for complex num-
bers, and statement of the existence of only one addi-
tional spatial measurement. Therefore, in this situation
it is logical to assume that for the existence of 5 ... 6
neighboring tachyon universes and antiverses requires
three additional spatial dimensions and accounting for
physical reality of
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Figure 6. Hypothetic structure of the hidden Multiverse, corresponding to
the physical reality of quaternions

hyper complex numbers [46], containing three im-
aginary units i, 1,, i, . And these three imaginary units

I;,1,,15 in quaternions are interconnected by the co-
relations

2 32 32
=1, =1;=1 3)
iLial, = iyiy = g0, = 1 (5)

Consequently, Lorentz-Einstein formula should
be corrected once more as follows

my (i)"(i2) (15)° My (iy)?(i,)"(is)° (6)

Jl [V -@+r+9F  [1-(W)
where ( is the total number of parallel universes,

penetration to which with the distance from our tardyon
universe is realized via portals corresponding to the im-
aginary unit i, ;

I is the total number of parallel universes, pene-
tration to which with the distance from our tardyon uni-
verse is realized via portals corresponding to the imag-
inary unit i, ;

S is the total number of parallel universes, pene-
tration to which with the distance from our tardyon uni-
verse is realized via portals corresponding to the imag-
inary unit i,;

W=V —(Q+r+S)C isits local to the respec-
tive universe speed, which can take values only in the
range of 0 W< C;

V is the speed, measured from our tardyon uni-
verse, that is why let’s call it the total speed;

C is the speed of light.

Other relativistic formulas in the alternative ver-
sion of STR [47] can be corrected in a similar way.

The quaternion structure of the hidden Multiverse
[48] corresponding to the formula (2) is shown in Fig-
ure 4. There the single bilateral arrows indicate numer-
ous bidirectional portals corresponding to the ratio (3),
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and the single unilateral arrows indicate numerous one-
way portals, corresponding to the ratios (4) and (5).
The structure of the six-dimensional space, in
which such a hidden Multiverse exists, is illustrated in
Figure 5. However, given in Figure 4 structure of the
hidden Multiverse is still not fully in line with the re-
sults of calculations given above, as it contains not 20
.. 22 parallel universes but 24 universes. Therefore,
some 2 ... 4 parallel universes should be excluded out
of it, as shown for example in Figure 6. However, the
structure of the hidden multiverse thus obtained has
edges, which give rise to the question - what is behind
these edges? And the most natural response to this
question would be a statement that there are other Mul-
tiverses behind them that do not fall under our observa-
tions not only by electromagnetic but also by gravita-
tional manifestations. In other words, it can be affirmed
that there is not only our hidden Multiverse, but also
other Multiverses, which together form the Hyperverse.

5.5. Verifiability of the Hidden Multiverse

Currently a large number of various implementa-
tions of the Multiverses are offered. The most interest-
ing of them are set forth in [49]-[56]. However, all of
them are unverifiable, i.e. even in the distant future they
can neither be experimentally confirmed nor refuted.
And that is why so many scientists are skeptical to the
idea of the Multiverse - why study what actually does
not actually exist. According to them (and the author
agrees with them) the efforts aimed at solving the real
secrets of nature are much more important.

But the idea of the hidden Multiverse outlined
above is verifiable [57], because:

e ithas experimental confirmation in the form of
dark matter and dark energy, since they are gravita-
tional images of all other universes, except for ours,
forming the our Multiverse;

e it has also a confirmation in the form of those
experiments on particle accelerators, as a result of
which there was a mass defect which was explained by
the tachyons formation and their passage through the
microportals to the neighboring universes;

e it can be experimentally confirmed by astro-
nomical observations of the starry sky in portals, which
are the so-called anomalous zones on Earth [58].

Of the listed options for experimental confirma-
tion of the existence of non-visible universes, the latter
is the most reliably evidential, since the existence of
previously unknown constellations of the starry sky in
them can be checked, and the most interest, since it al-
lows you to get a lot of additional information about
invisible universes. In particular, it will allow us to de-
termine exactly how many adjacent invisible universes
our visible universe has. And this, in turn, will allow us
to clarify the structure of the hidden Multiverse and,
possibly, experimentally prove the existence of the phe-
nomenon of dark space.

Therefore, this option deserves at least a small ad-
ditional explanation. So how can astronomical observa-
tions in portals be interesting? And by the fact that they
will make it possible to see [59], [60] invisible uni-
verses and thereby unambiguously prove (or disprove)
their existence. Indeed, since the constellations of our
visible universe are visible at the entrance to the portal,
and at its exit — constellations of one of the neigh-
boring invisible universes that are extremely differ-
ent from
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Figure: 7. Scheme of an experiment to detect invisible universes

them, then some intermediate images of them will
be visible in the portal itself. Therefore, when moving
along the portal, it will seem that the stars in the sky are
moving, and also sometimes disappear or, conversely,
appear. Those the differences between the constella-
tions observed inside the portal and the constellations
observed outside the portal will be noticeably greater
than the differences recorded in the 1919 observations
by Sir Arthur Stanley Eddington [61].

But astronomical observations in portals are diffi-
cult to make, since portals are invisible labyrinths in

which you can get lost. And this situation is saved by
the fact that to detect changes in constellations in por-
tals do not need to go far. Even at the very entrance to
the portals (i.e.in anomalous zones), small changes in
constellations by modern measuring means can be
safely detected. And therefore it may be that some as-
tronomical observatories are already in anomalous
zones. As, for example, the main astronomical observa-
tory of the National Academy of Sciences of Ukraine
in the Goloseevsky Forest is only 12 km away from the
center of Kiev. This observatory was created in 1949
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and no one has disappeared in the portal adjacent to it.
This proves that attempts to detect invisible universes
using observatories located in anomalous zones can be
quite safe. But since this observatory is located at the
very entrance to the portal, the differences between the
images of the starry sky observed in it and the images
of the same section of the starry sky observed by other
observatories are so small that no one noticed them. But
they may not have been noticed also because it simply
did not occur to anyone that such differences could be.
And now you need to pay attention to this circum-
stance.

A corresponding experiment aimed at detecting
universes invisible outside the portals is very simple
(Fig. 7). It is only necessary to compare the images of
the same area of the starry sky observed by several ob-
servatories located close to each other in the computing
center, at least the one of which is in the anomalous
zone. This experiment, as you can see, is very low-cost,
as well as quickly and easily implemented.

6. The Problem of Contacts with the Inhabit-
ants of the Hidden Multiverse

6.1.Types of civilizations

Since it follows from the foregoing that the neigh-
boring with our universe other parallel universes are ac-
tually physically exist and that the portals connecting
our universe with them actually physically exist, in-
cluding those located at the Earth, it is useful to con-
sider the problem with contacts inevitably existing
around us other civilizations as well.

And for this, first of all, let us clarify the corre-
sponding basic concepts on this problem.

By civilization we mean the hierarchical structure
of living beings united for the common good and able
to mutually coordinate their activities, exchanging the
information necessary for this, i.e. possessing the lan-
guage. And by super-civilization we mean a more de-
veloped civilization than our human civilization.

Currently, it is generally accepted that there is only
one civilization on Earth - human. And that only people
know how to talk to each other. However, it is not.

Firstly, humanity itself is not a single civilization,
but is divided according to territorial, economic, cul-
tural, religious, linguistic, racial and historical charac-
teristics on subcivilization. And these subcivilizations
correspond to different levels of their development.

Secondly, according to the proposed definition,
many biological communities are also civilizations -
monkey and wolf packs, herds of elephants, and even
anthills and bee swarms. But they differ significantly
from human subcivilizations. And their main difference
from the most developed human subcivilizations is the
absence of industrial production. Therefore, they, un-
like human industrial subcivilizations, can be called
non-industrial subcivilizations. But one should not
think that any industrial civilization is always more de-
veloped than any non-industrial civilization. For exam-
ple, there is reason to believe that the feline civilization
on Earth does not think so, because in the family that
has sheltered it, sometimes cats establish the rules of

relationships that people accept. People also do not un-
derstand dog barking, and some breeds of dogs under-
stand more than a hundred human words [62].

Finally, on Earth, of course, there is also super-
civilization unknown to us, whose habitat extends be-
yond the boundaries of our planet, the entire solar sys-
tem and even our visible universe.

Indeed, according to modern estimates, the num-
ber of galaxies in our visible universe alone is about
2E11. And in each galaxy there are about 1E8 stars. Of
these, at least 8E9 contain planets similar to Earth, on
which life is possible. Moreover, the age of the stars is
very different. For example, the star HE 1523-0901 is
13.2E9 years old, the Sun is 4.6E9 years old, Sirius is
2.3E8, and the recently discovered Swift J1818.0-1607
star is only about 240 years old. For comparison, we
recall that the age of our visible universe is about
13.8E9.

Therefore, the super-civilization present on the
Earth is certainly both terrestrial and extraterrestrial.
And it is unknown to us because it is reliably protected
from human attention in the same way as people are
protected from the penetration of animals, shakes, in-
sects and other unwanted living inhabitants of the Earth
into their homes.

And this super-civilization perceives us nearly the
same way as we perceive cat, dog and other non-indus-
trial sub civilizations living next to us as intelligence
tests, for example, we have not passed in the form of
crop circles. In the order to further explain how you can
improve the human intellect, it is necessary to clarify
this concept as well, by which we will mean the indi-
vidual and collective ability to detect the patterns in the
initial data array (in particular, to read encrypted mes-
sages) and to use received information.

6.2. The Problem of Contact with the Super-
Civilization

The scientists have been unsuccessfully trying to
solve the problem of contacts with extraterrestrial civi-
lizations that exist in outer space since 1959 within the
framework of SETI project (Search for Extraterrestrial
Intelligence), which from 1971 is carried out under the
auspices of NASA. And in 2015, Professor Stephen
William Hawking, and billionaire Yuri Borisovich
Milner announced that for Breakthrough Listen initia-
tive for the same purpose they have allocated another
$100 million [63].

However, the formulation of the problem of
searching for other civilizations in deep space until
now, obviously, made sense only insofar as, within the
framework of the hypothesis of a Monoverse corre-
sponding to the existing version of SRT, there was no
alternative to it. But, as shown above, the existing ver-
sion of STR turned out to be erroneous. Therefore, the
discovery of the really existing hidden Multiverse and
Hyperverse, the search for extraterrestrial civilizations
in deep space made unnecessary. Such searches do not
make sense because one can simply go to neighboring
universes on foot through the numerous portals that are
in the territory of almost all countries, the entrances to
which are anomalous zones. But since the portals are
still completely unexplored anomalous objects, their



German International Journal of Modern Science Ne6, 2021 25

visits and research will need to be carried out extremely
carefully with the obligatory use of special portal navi-
gation equipment (similar to a navigator's compass,
which allows you to determine the correct direction of
further movement), so as not to get lost in the portals.
Therefore, the problem for us is not in the search
of super-civilizations, and not even not in search of
contact with them, because to be or not to be of our
contacts with super-civilizations - it is not us who de-
cide, but they are. Therefore, such contacts could take
place only if our human civilization will be of interest
to the Earth’s super-civilization. To do this, obviously,
human civilization must be harmless for them, useful,
and have a sufficiently high intelligence. Therefore, we
still have to pass the test in the form of crop circles.
And in order to better understand the problem of
contacts, it would be useful for us to learn how to es-
tablish meaningful contacts with terrestrial non-indus-
trialized sub civilizations - communities of monkeys,
dogs, cats, elephants, dolphins, etc. - and understand
them, since they may have knowledge unknown to us.

6.3. Creation of Human Super-Intelligence

That is why now the main task of mankind in
space is not the search for extra-terrestrial super-civili-
zations and not attempts to establish contact with them,
but much more difficult problem of self-perfecting of
our human civilization to a level of extraterrestrial su-
per-civilizations. A scientific component of this prob-
lem, which we would consider further, is, first of all, to
find ways of creating human super-intelligence. It
should be solved by scientists and engineers specializ-
ing in the field of information technology.

To understand how this problem can be solved,
first we need to clarify what is human intelligence, what
is artificial intelligence and what is super-intelligence.
And also to remember what is technological singular-
ity.

And let’s start with technological singularity by
which the point of time is understood —according to var-
ious estimates within 2018 or at the latest 2030 or at the
latest 2045 year —after which as a result of Moore’s law
computers and the Internet allegedly will become so so-
phisticated that there will be computer civilization at
the Earth (or computer super-intelligence) that can en-
slave people. But this is just an interesting fiction of tal-
ented writers of science fiction, which made a great im-
pression on readers, including some scientists and en-
gineers [64] [65].

But this is what one of the most authoritative ex-
perts in the field of information security, Evgeny Val-
entinovich Kaspersky states: “The intelligence of a
mosquito is more complex than that of any man-made
development ... What is called artificial intelligence to-
day? Self-learning programs, algorithms designed to
perform a specific job. Let's say face recognition. It's
smart, complex, but program. The human intellect has
motivation and randomness of choice, but here it is not
yet." And further: “Sooner or later people will create
artificial intelligence, but I think this will not happen
soon. Al is not a problem for us, not even for our chil-
dren and grandchildren. If a human brain is assembled

on a modern hardware base, the product will be larger
than the planet Earth".

So at present, artificial intelligence is actually not
even intelligence, since it does not choose tasks for it-
self, but solves the tasks assigned to it by a person.

The concept of technological singularity is gener-
ally unrealistic, since it does not take into account the
fact that humanity is already widely using a large num-
ber of dangerous technologies, over which it has
learned to maintain reliable control. Moreover, as a re-
sult of scientific and technological progress, such dan-
gerous technologies will inevitably be used more and
more. And, therefore, the possibilities for inventing
horror stories will also become more and more. And not
only computer ones. But people will be able to maintain
reliable control over computers.

The weak link of technological singularity concept
is the assertion that it is possible to create super-intelli-
gence on the basis of artificial intelligence and the In-
ternet. In [66] - [68] it explains that this assertion is er-
roneous, since it does not take into account:

e nor degree of perfection of the human intelli-
gence, which uses a different set of very useful (but
poorly studied) forms of human thought, including the
powerful subconscious multi-factor mind used, in par-
ticular, at the decision of creative tasks;

o nor the degree of imperfection of artificial in-
telligence, which only imitates the most primitive type
of human thinking - low-factor rational thinking (and
without the support of multi-factor thinking);

e nor degree of imperfection of the Internet,
which has many flaws, making it virtually unusable
(except for e-mail and the World Wide Web WWW) n
business, in scientific research and in other types of cre-
ative activities of people.

But on the basis of multi-factor thinking the hu-
man super-intelligence, capable of solving creative
problems that are now unsolvable in science (including
medicine), in business, in the administration manage-
ment and other kinds of human activity can be realized.
For the implementation of the human super-intelligence
the existing computers need other software, it is quite
feasible, and special network support, for which, how-
ever, the Internet is fundamentally not capable. Using
of computer net-works [69] - [71] for the same purpose,
which instead of the packet communication will use
anti-noise coding will allow to solve such problems
successfully [72] - [74]. At the same time, this will
make computer super-intelligence guaranteed unrealiz-
able.

Finally, the danger of technological singularity is
most incontrovertibly refuted by the fact of the exist-
ence of super-civilizations themselves.

Human civilization, which has mastered new in-
formational super-intellectual technologies as a result
of the creation of human-computer super-intelligence,
will have at its disposal a new extremely powerful tool
of cognition, as a result of which it can, ultimately, turn
into a super-civilization.

7. Conclusions
The article explains that the worldview foundation
of our human civilization, in accordance with which the
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cognition and exploration of outer space is currently be-
ing carried out, is very imperfect. Really:

e For more than a hundred years, studies have
been carried out that correspond to the existing version
of the workshop. But what is dark matter and dark en-
ergy, where there is anti-matter, which does not annihi-
late with matter, where there are tachyons that do not
violate the principle of causality, how to prove physical
reality and explain the physical essence of imaginary
numbers, and much more is still not known. And the
alternative version of the STR, which has already
solved all these problems, is simply ignored with per-
severance worthy of better application. Even though the
fairness of the existing version of the STO is confirmed
only by postulates, and the fairness of the alternative
version of the STO is confirmed by experiments.

e Itis proved that the relativistic formulas of the
existing version of SRT are incorrect, incorrectly ex-
plained using the principle of non-exceeding the speed
of light, which does not exist in nature, and from them
an incorrect conclusion was made about the existence
of our only visible universe in nature. At the same time,
the predicted by the alternative version of SRT the pos-
sibility by direct astronomical observations in portals
(or at least in anomalous zones) to see invisible outside
the portals universes is ignored. Therefore this ignores
the opportunity to make sure that the existing version
of the SRT, which is the basis of modern physics, is
incorrect.

e It was explained that the generally accepted
opinion in cosmology about the low probability of the
existence of civilizations other than human is incorrect.
In fact, there are many of these civilizations in space,
but they are effectively protected from the curiosity of
the inhabitants of less developed civilizations in the
same way as human civilization is protected from
snakes, insects and other living inhabitants of the Earth
harmful to people. Therefore, on the moon and on Mars
and on Venus - in short, everywhere - they will be able
to protect themselves from the importunity of people.
After all, on Earth, people could not find them. And the
fact that astronomers are bewildered by the fact that in
space they do not observe the spacecraft of inhabitants
of extraterrestrial civilizations is explained by the fact
that they do not move in open space, but along much
less extended routes through portals (like people in the
subway, without leaving it).
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OIIEHUBAHMUE JOJHU OBUTAEMbIX CUCTEM 11O JAHHBIM, IIOJITYYEHBIM B XO/IE
OCHOBHOM MUCCHUH TEJECKOIA «KEIIJTEP»

Abstract

Co3aparenes A. C.
Mmazucmp, gvinyckuux HUY MAH, . Mockea

This article is a new attempt to evaluate rate of systems with habitable planets.
For this propose there are the most advisable to use the biggest homogeneous and the most representative

dataset among all ones at now.

Such set is a list of confirmed planets and planet candidates found by Kepler space telescope during the
primary mission, when the sector of celestial sphere had been observed about 4 years, that allowed to detect planets

in the habitable zone of F and G main sequence stars.

Data for analysis had been got at NASA Exoplanet Archive site (https://exoplanetarchive.ipac.caltech.edu).

AHHOTAIHSA

Hannast pabota npeacraBisieT co00i MOMBITKY OLEHUTD JO0JII0 CUCTEM ¢ OOMTaeMbIMH IUTAHETAMH.
Jist aToro Hanboee meaecoo0pa3Ho UCTIONB30BaTh HANOOJBIINI OTHOPOTHBIN U HanOO0JIee PEeICTABUTEb-

HBIN Ha6op JAaHHBIX U3 UMCIOIIUXCA Ha l]aHHBIﬁ MOMCHT.

TaxoBbIM Ha60pOM SIBIISICTCA CIIMCOK HO}ITBep)K)IéHHI)IX IUIAHCT U IJIAHCTHBIX KaHAHUJIAaTOB, O6Hapy)KCHHBIX
KOCMHYECKHM TeieckornoM «Keriep» B meproa OCHOBHON MUCCHH, B XOJ€ KOTOPOM OJMH M TOT XE y4acTOK Heba
HaOJIr01asIcst B TeUEHUE 4 JIET, 4TO TO3BOJISIIO OOHAPYKUTH TUTAHETHI B OOMTAaeMOM 30HE y 3B€3]I TJIABHOH TOCTIe-

JIOBATEIILHOCTH CIIEKTPAIbHBIX KiaaccoB F u G.
I[aHHLIC 11 aHaJIu3a 6I>IJ'II/I
(https://exoplanetarchive.ipac.caltech.edu).
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Hoas cucrem ¢ miaaHeramMu B 00MTaeMOi 30He
(H2)

Ha 1 wrons 2020 roga Ha OCHOBE JaHHBIX OCHOB-
HOU Muccum Teneckomna «Kerurep» 0110 00HAPYKEHO
4778 miaHeT u IIAaHETHBIX KaHAuaaTos [1].

Teneps cremgyeT onpeneuTh KOINISCTBO CHCTEM,
Yy KOTOPBIX 00HAPYKEHBI IUTAHETHI, KOIHIECTBO O0UTA-
EMBIX [UTAHET U CHCTEM ¢ OOUTaEMBIMU TLIAHETAMHU.

Ecmu paccMaTpuBaTh B KaueCTBE OOUTAEMBIX — B
IIMPOKOM CMBICIIC — BCE IUIAHETHI C WHCOJISIIMCH OT
0,25 10 2,2 3eMHOIA, TO TAKHX B BHIOOPKE OKA3bIBACTCS
361 [1]. Eciin npuHATH 32 00UTaeMyro 30HY HHTEpBaI
ot 0,32 1o 1,78 [3] HBIHEITHEH 36MHON WHCOJAINH, TO
KOJIMYECTBO MOIXO/IAIINX IIaHeT paBHO 288 [1].

Tenepsr mompoOyeM OIpPECIIUTh BEPXHIOW TPY-
Oyto oreHKy. J{oyist 0OuTaeMbIX IJIAHET B TIEPBOM CITYy-
yae cpean KaagumatoB «Keruepa» —cocraBmser
361/4778 = 0,075555, To ectb 7,5555 %, BO BTOpOM —
288/4778 = 0,060276, T0 ectb 6,0276 %. YuutsiBas,
9TO OONBITMHCTBO OOHAPY)KEHHBIX CHCTEM BBITILIIAT
OHOIUTAHETHBIMH, a TakKe OOHapy)KeHHe KOMIIaKT-
HBIX CHCTEM U3 3 u 0oJice IIaHEeT, OTIPEICIIIEM CpEIHEe
KOJIMYECTBO OOHAPYKCHHBIX IUTAHET B IJIAHETHBIX CH-
cTeMax MexAy | ¥ 2 ¥ moyiygacM MakCHMalbHOE 3Ha-
yeHue B 15 % (COOTBETCTBYIOIIEE COOTHOIICHUIO
oxoJio 1,98 niaHeT Ha cuctemy).

[IpencraBmnsro yacTe TaONUIEI U3 HCTOYHHKA [1] ¢
pacmpeneneHueM IIaHeT 110 Pagnycy ¢ HHCOANUEH oT
0,32 nmo 1,78 HBIHELIHEN 3€MHOI:

Tabmuma 1
R<1.25R Earth 23
1.25 <R <2 R Earth 81
2 <R<6R Earth 156
6 <R<15R Earth 18
15 R _Earth<R 10

Beeném emé 6omee cTporue orpaHMUYCHHS, OTCESB
CJIMIIKOM MAJICHbKUE U CIIMIIKOM KPYITHBIC 06’[)6KTBI.

Tak, u3 10 kaHAMIATOB C pamuycoM Oosbine 15
paauycoB 3emsin 2 UMEIOT pajuyc OOJbIIe YeM Y
Connna; o0wbekToB KpymHee 3emuid B 30 (okoso
2,67857 pannyca Onurepa) u 6omnee pa3 okazanoch 4.

Tenepb BBen&M orpaHudeHue cHU3Y. [IpH HCKITIO-
YeHUHU KaHAWIATOB C paanycoM MeHsble 0,62 panuyca
3emun nosyyaeM 21 rumanety B 20 cuctemax u3 23 us-
HadaJbHBIX (B 22 cUCcTeMax).

Tab6muma 2
0.62 <R <1.25R Earth 21 (20)
1.25 <R <2 R Earth 81 (81)
2<R<6R Earth 156 (156)
6 <R <15R Earth 18 (18)
15 R Earth <R <30R Earth 6 (6)

HaxommMm g1omro oOWTaeMbIX IDIAHET pPaBHOM
282/4778 = 0,05902051, To ecth 0K010 5,902 %.

Tenepsr OLlEHMM KOJMYECTBO CHUCTEM C OOHWTae-
MBIMHU TUTaHETaMH. He mMess BO3MOXKHOCTH TIOTYYUTh
CITHCOK CHCTEM C ITUTAHETAMH U TUTAHETHBIMM KaHIua-
TaMH, HCIOJIb3yeM CIHUCOK CHUCTEM C TOJTBEPKIAEH-
HBIMU IJIaHETAMU.

Ha 15 urons 2020 roga Ha OCHOBE JaHHBIX OCHOB-
Hot muccun «Kemnepa» [1] uzBectHo 2342 moarsep-
JKIEHHBIX IJIaHeT B 1655 cuctem; 1210 ¢ ogHoii miiaHe-
TOH, U3 octaBiiuxcs 445 ¢ AByMs miaHeTamu — 285, ¢
tpems — 102,¢c4-39,¢5-16,c6-2,¢7-0,c8-1.

[Momyuaem B cpennem 2342/1655 = 1,41510574 =
1,41511 nnaHeT Ha OAHY CUCTEMY.

OmnpenenuB cpeHee KOTMYSCTBO 00HAPYKESHHBIX
IJIAaHET B CHCTEMaX, HAXOJIUM JIOJIO CHUCTEM C IJIaHe-
TaMu B oOuTaemoii 30He paBHoi 281/(4778/1,41511) =
281/3377 = 0,0832099497 =~ 0,08321, To ecTh OKOJIO
8,321%, wim npumepHo B 1/12.

Ternepb K TOYEYHOM OLIEHKE ONPEJESIUM JOBEPHU-
TEJIbHBIA HHTEPBAJI, UCIIOJIb3YSI METOUKY BBIUYHCICHHUS
ACUMITOTUYECKOTO JIOBEPUTEIBHOTO HHTEpBaia MJs
reHepasbHON noau. [t HanOobIIei JOCTOBEPHOCTH
MCIOJIb3YEM HHTEpBall 6 curma. Toraa A0isi CUCTEM C
IUIAHETAMA B OOWTaeMoOil 30HE C BEPOSTHOCTHIO
99,9999998 % Oynet B uHTepBae ot ~ 0,05469266232

(okomo 5,469266 %) mo = 0,11172723708 (okomno
11,17272371 %).

O0uTaeMOCTH B Y3KOM CMBbICJI€ C10BA

ITmaneTs! paguycom ot 1,25 1o 6 paguycos 3emnn
— Cynep3eMJIi, MUHHHENTYHBI, OKEaHHUIbl U HENTYHbI —
OyIyT pacCMOTpEHBI OTAENbHO HUXe. J{J1st Havana ore-
HHM JIOJIIO TUIAHET 36MHOTO THIIA U BO3MOXKHBIX CITYT-
HUKOB IUIAHET-TUTAHTOB W KOPHUYHEBBIX KapJIMKOB
(Hmke OyIyT NpHUBENEHBI COOOPaXKEHHs KacaTelbHO
MEXaHU3MOB UX 00pa30BaHU).

B paccmarpuBaeMoii BEIOOpKE B 00HTaEMYIO 30HY
rornaziaet 23 o0beKTa ¢ paauycoM Mensine 1,25 pagu-
ycoB 3emun, uX jgois cocraBiusger 23/4778 =
0,00481373, To ectp 0,481373 % wmu 4,81373 mpo-
mumie, 4,81373/1000 (4,81 u3 1000).

YunThIBast yKka3aHHOE BBIIIE OFPaHUYEHHE M0 pa-
muycy «cam3y» (0,62 pagmyca 3emin), octaérest 21
mianera B 20 cucremax: 21/4778 = 0,00439514, to
ectb  0,439514 % wm  4,39514 mpomue,
4,39514/1000 (4,395 u3 1000). Takum oOpa3om, y HaC
€CTh HI)KHSS OIICHKA.

Teneps mepeiiéM K IUIaHETAM U KaHIUAATaM C
panuycom Goiiee 6 paanycoB 3eMiIH, X B cIHCKe 28.
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BwMmecre ¢ muiaHeTaMM 3eMHOTO THIA MX JIOJS COCTaB-
nser (23+28)/4778 = 51/4778 = 0,0106739, 10 ecth
1,06739 %.

Beném emé Oomee TOYHBIE OTpaHUYCHUS K BBI-
IIeyKa3aHHBIM, MIPEITIOI0KHB B COOTBETCTBHH C pado-
TamH [2, 5] cymecTBOBaHUE MOAXOIAIINX JIYH y TUIAHET
¢ pa3Mepom, mpeBslmatonmx pasmep CarypHa. B pe-
3ynbTate octaéres 6+9=15 00BEKTOB — KaHIUIATOB B
TUIAHETHI-TUTaHThl 1 KOPUYHEBbIE KapJIUKH C TIOAXO0/1s-
muMH JyHamu — B 15 cucremax. Torma cymmapHas
Jois Manslx (Menelie 1,25 paguyca 3emin) oburae-
MBIX TUIAHET ¥ JyH paBHa (23+15)/4778 = 38/4778 =
0,00795311845, To ects 0,7953 %. Tenepp meperném
K OIIGHKE JOJH CHUCTeM C MaHHBIMH THIIAMH Tew:
22+15=37 cucrem; 37/3377 = 0,01095647, TOo ecThb
1,09565 % wmu 1/91,27027 (mpumepno 100 u3 9127).

YETkol IpaHULBl M0 Paguycy MEXIy KaMeHH-
CTBHIMH ¥ Ta30BBIMH IUIAHETaMU HE CYIIECTBYET; Iepe-
XOJHOW 30HOH MEXIy JIByMsI TUIIaMH IUIAHET 110 pa3-
MepaMm sBisercs uatepsan 1,6—1,9 paguyca 3emmu. B
BBIOOpKE B Auamna3oH ot 1,25 o 1,6 paauycos 3emiu
nomagaeT 28 miaHeT B 28 cucreMax; B MEPEXOJHYIO
30Hy nomnazgaet emé 40 mianet B 40 cuctemax.

Takum 00pa3oM, IOJIy4aeM HWXKHIOIO TPaHHILY
O OOWTaeMbIX cucTeM paBHoOU (37+28)/3377 =
65/3377 = 0,019247853, 10 ectb 1,924785 %; Bepx-
HIOIO Tpammny — (37+68)/3377 = 105/3377 =
0,0310926858, To ectpb 3,1092686 %.

CremyeT Takke pacCMOTPETh KaK MOTEHIHAIHHO
oOuTaeMbIe CHCTEMHI C IUIAHETAaMH PaJNyCOM MEHBIIIE
1,5 paguycoB 3emnn u uncossAnuet ot 1,78 (wm 1,9)
g0 7 (To ecTh CO 3HAYCHUSMU INPOMEKYTOYHBIMHU
Mexay MepkypueM u Benepoit), KoTopsle Taxke Mo-
TYT CO/AEpXKaTh KaMEHUCTbIC IUIAHETHI B OOMTaeMOM
3oHe. Takux oOHapyxkeHo 66 (65) mnanert B 59 (58) cu-
CTeMax, U3 HUX 7 CHCTEM C 2 MOJOOHBIMY ITAHETAMH.

OmnpenennM repecevdeHue 3TON KaTerOpUy CUCTEM
C CHCTeMaMH ¢ OOUTaeMBIMH TTaHETaMHU. JTO CHCTEMa
Kennep-296A ¢ nAteio miaaHeTamMu, U3 KOTOPBIX JIBE
MOTAIaeT B OOUTAaeMYIO 30HY.

Tenepsr moydaeM HIDKHIOIO TPAHHUILY JOJH II0-
TEHIIMANBHO OOWTaeMbIX cuctem: (65+58)/3377 =
123/3377 = 0,03642286, To ectb 3,642286 %; u Bepx-
Hioro: (105+58)/3377 = 163/3377 = 0,048267693, to0
ecth 4,826769 %.

®opMuUpOBaHMe JIYH Fa30BbIX THTAHTOB

K coxxaneHuio, B 3TOM BOIIPOCE MbI BBIHYXK/ICHBI
OPHEHTHPOBAThCSl TOJBKO Ha INpHUMep Hamed cod-
CTBEHHOI CHCTEMBI.

Tak, y xpynneitme#d rraHetsl — HOnmrepa — 4
JyHbI ¢ tuameTpoM 6ostee 3000 kM, ocTallbHBIE UMEIOT
pa3mep He 6omee 300 km. ¥ CaTypHa — OJTUH CITyTHUK
— Turan — ¢ guamerpom 6osee 3000 (maxe 5000) km,
emé 4 mmerot auametp ot 1000 mo 1600 km. Y Ypana
JIB€ KPYITHEHIINE JTyHBI UMEIOT AuaMeTp okojo 1600
kM, emé ae 1100-1200 kM, y ocTanbHBIX MeHbIe 500;
y HentyHa ects TpuTOH, HO OH, Cyzd 11O BCEMY, SBIIS-
eTcsl 3aXBavYeHHBIM 00bekTOM mosica Kotinepa. Crieny-
IOLMH 10 pasMmepy cnyTHHK — [Iporeil — umeer cpen-
HU paguyc Bcero aumb 420 kM.

CornacHo 1rate U3 paboThl [2] MOKHO C/IeiaTh
3aKIII0YEHUE, YTO MOAXOAIIEr0 pa3Mepa JIyHbl MOTYT

o0Opa3oBaThcs Yy IUIAHET C Maccod Oounbmie 3 Macc
IOmnurepa.

Brpouem, moryT ObITh HCKITtOueHUs. Canras co-
oTHomeHune Macchl JIyHsl k Macce 3emiie, paBHOE MpH-
MmepHo 1/81,3 i npumepHo 1,23%, peienbHbIM TN
OJM3KUM K IIPEAETbHOMY, MOIydaeM, 4To JyHbl FOmm-
tepa (317,8 macc 3emui) MOTITH OBI IMETH CYMMAapHYIO
Maccy npumepHo 10 3,909 mace 3emnu. B peanbHOCTH
COCTaBJIAET Bcero Jmib 6,65% (1/15) maccsl 3emun, T0
€CThb MIPEBOCXOJIUT 110 Macce MepKypHii, HO HE peBoC-
xoaut maccy Jlynsr naxe B 10 pa3 (wim maccy Mapca),
cootsercTBys (2,092511 % 10* macc IOnurepa) Teope-
THYECKAM MOJIEISIM U3 [5].

Jpyroe neio, eciy IOIyCTUTh 3aXBATOM I'a30BBIM
THTaHTOM JOTOJIHUTENIBHO KEJIE3HO-KAMEHHOTO MaTe-
pHana BHyTPb CBOETO AWCKA MPH MHUTPALUK B OOHUTae-
MYIO 30HY, HO COTJIaCHO HCCIIeJoBaHuIo [8] auck Oymer
HEOOJIBIIINM M CYXHM, B PE3yJIbTaTe MOTYT 00pa30OBBI-
BaThCsl MaCCHBHBIE KAMEHHUCTHIE, HO C HEOOJIBIINM KO-
JIMYECTBOM BOJIBI, JyHbI Hamnopobue Mo u EBpormsl
Emé€ onun nonycTuMblil, HO MaJIOBEPOATHBIM BapUaHT
— 3aXBaT ra3oBbIM TUTAHTOM YK€ chopMHUpOBaBILEHCS
ITaHeThl. J[Js1 TOYHOTO OTBeTa TPeOyeTcss MpOBECTU
COOTBETCTBYIOIIEE MATEMAaTHIECKOE MO/ICIIMPOBAHHE.

[lnanersl, nogxoasimue VI CJIOKHBIX (popm
JKH3HU

B sTOM pasmene omeHWM JOMIO CHCTEM C IUTaHE-
TaMH C TOIOXOISAIIMMHU JAJS CIOXHBIX (OpM KHU3HHU
YCIOBUSIMH. J[J1s1 3TOTO OIpeneNTuM JOITyCTUMBIE Tpa-
HUIIB! A7 MHCONALMY U THUII pacCMaTpUBAeMbIX IIa-
Het. OpueHTHpysich Ha pabotsl [3], [4] u [6], Bo3bMEM
B KauecTBE IPEJBAapUTEIbHON BEPXHEH I'DaHUIIbI 3HA-
yenue 1,1 coBpeMeHHOH 3eMHOH, a HiIKHEH — 0,5 3eM-
HO.

Hcnonp3yeM B Ka4ecTBe TPaHMUII TI0 pa3Mepy UH-
tepBaiibl 0,62-1,6 u 0,62-1,9 paguyca 3emnu. B nep-
BOM CJlydae MbI IOJIydyaeM 25 miaHeT B 25 cucTemax,
BO BTOpoM — 43 mnaHersl B 43 cucremax, 4ro Aaér
MpeaBapuTeNbHBIN auana3oH ot 25/3377 = 0,007403,
to ectb 0,7403 %, 7,403 mpomme (7,403 Ha 1000) no
43/3377 = 0,012733195, to ectb 1,2733195 %.

W3 nmepBoro MHOXeCTBa corjlacHO pabote [6] BbI-
6usatorcs cucteMsl Kerutep-1652 u 296A. U eciu o
Kemnep-296A ects npyrue HanéxHble JaHHBIE [7], TO
Kemep-1652 sBiseTcs KpacHBIM KapiUKOM, JOCTa-
TOYHO XOJIOTHBIM 4TOOBI TTaHeTa b ¢ OTHOCHUTENBHBIM
HU3KAM YPOBHEM OCBEIIEHHOCTH OBUIA CIHIIKOM
HarpeTou.

Torma oreHka cmemaercs B guamna3od ot 24/3377
~ 0,00710689961, To ectp 0,7107 %, 7,107 npomusie
(7,107 na 1000) mo 42/3377 = 0,012437074, To ecTb
1,24371 %.

Teneps pacuIpuM HHTEPBAIBHYIO OIIEHKY, OTIpe-
JIETTUB HIDKHIOIO U BEPXHIOIO JJOBEPHUTENFHYIO IPAHUILY.
Torma monst cucTeM ¢ MOIXOMSIIMMH JUISI Pa3BHTHUS
JKU3HU TUIaHeTaMu OynieT B mHTepBaie (6 curma) ot 0
(TouHee, CKOIb YTOJHO MaJo OTIAMYAETCS OT HYJIS) 110
~ 0,02387973622; T0 ecTb, UME€EM BEPXHUH Mpeaeln
paBHbIit 2,387974 % (uto 4yTh Oonee 1/42).

Ilnanernl, moaXoasiliue IJisi OOMTAHHS BBIC-
IIMX ;KHBOTHBIX H YeJ0BEKa
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B aTOM paznene oueHHM JI0JIO CUCTEM C IUIaHe-
TaMH C MOAXOISIIIMMH Ul CIOXHBIX (DOPM KH3HHU
ycaoBusiMA. [IJIs1 3TOTO OMpEenrM AOIyCTUMBIE Tpa-
HHIBI U1 MHCOJSIUKM M THIT PACCMATPUBAEMBIX IlIa-
Het. OpueHTHpPYSCH Ha padotsl [3], [4] u [6], BO3BMEM
B KaueCTBE NpEABApUTEIbHON BEPXHEH I'paHULbl 3HA-
yenue 1,1 coBpeMeHHOH 3eMHOM, a HxHEH — 0,75 3eMm-
HOH.

Hcnonp3yeM B KadecTBE TpaHUIL 110 pa3Mepy HH-
tepsan 0,62-1,25 paauyca 3emiu, u Torjaa noiydaem 4
IUIaHeTHl B 4 cucTeMax, YTo JNaéT MpeaBapHUTEIbHYIO
oreHky 4/3377 = 0,00118448, to ectb 0,1184 %, 1,184
npommuie (1,184 ma 1000).

U3 4 cuctem 3 mpencTaBisIOT 3BE3BI COTHETHOTO
Tna u 1 — opamkeBsIii kKapiuk, Kemtep-296A, a ma-
HeTe TpucBoeHa Oyksa e. K cokaneHuto, ecTb JaHHBIC
[7], cormacHO KOTOPEIM 3Ta IUTaHETa UMeeT OoJee BhI-
COKMI YpOBEHb OCBEIIEHHOCTH. [Io €€ uckiodeHuro
OCTAIOTCS TOJBKO KaHAMAATHI, KOTOPBIE JTAIOT OLEHKY
3/3377 = 0,00088836, To ectb 0,08884 %, 0,8884 npo-
munie (0,8884 na 1000 nnu 8,884 wa 10 000).

Tenepb omnpenenum NOBEPUTEIbHBIA HHTEPBAL,
XOTA KOJIUYCCTBO O6’I)CKTOB C COOTBETCTBYIOIIUMU I1a-
paMeTpaMu CiMIIKOM Maio. Takum oOpasom uMeeT
BepxHHUA mpenen paBHbei ~ 0,00396431838 (okomo
0,396432 %, 1/252).

3akiaovyeHue

KoneuyHo, cromno m3y4duTh pacmpeneiicHue Iuia-
HET 10 THIIaM, TI0 MaccaM M CIIEKTPaJbHBIM KJIaccam
3BE371, OJHAKO Ha MOJYYEHHBIM pe3ysbTaT MOITH OBl
MOBJIUATE OCOOCHHOCTH HAOIIOACHUS M MEXaHHU3MOB
oOpa3oBaHUs IJIAHETHBIX CUCTEM. B KOHeYHOM cuére,
OblIa ITOCTaBJIEHA 3a/Jadya BBISBUTL Hauboiiee oOIIHe
3aKOHOMEPHOCTH U OTPEAETUTH MOPSIOK J0JIEH ompe-
JIEJIEHHBIX THIIOB CHCTEM.

B Hamieii ranmakTUke HaCUUTBHIBACTCS, IO Pa3HBIM
oreHkam, ot 100 go 400 mip. 38E3. Takum oOpazom,
MOJKHO OIICHHUTH (0e3 yu€Ta MOBEpUTEIHHBIX HHTEPBA-
JIOB Kak Ir00 HEe MEHSIOUINX MOPSIOK BEIHMYUH, THOO
Hed(p(PEeKTUBHBIX M3-32 MaJOW BBEIOOPKH) KOJIHYECCTBO
oburaemeix cucteMm B 1 924 785 300 — 12 437 074 320,
KOJIMYECTBO TPUTOTHBIX JUISI Pa3yMHBIX CYIIECTB B
710,69-5 093,278 MUUTHOHA, KOJHMYESCTBO MPHUTOTHBIX
JIUISL 3acelIEHHs 4eJoBEKOM cocraisier 88,84-355,34
MUJLIMOHA.

Koneuno, teneckomy «Kerepy ObUTH JOCTYITHBI
JUISL HAOJIOICHUS JIMIIb TUIAHETHI, BPAIAIOIIAEcs BO-
KPYT 3BE3]l TAJIAKTUIECKOTO AWCKA, HAXOMSAIIMXCS Ha
PaCCTOSIHUSAX 10 HECKONBKHUX THICSY CBETOBBIX JIET OT
3emun. Bripodyem, naxe B TUCKE €CTh 0OJIACTH ¢ pa3HOM
TUIOTHOCTBIO CPEMIbI U Pa3HbIM XUMHUUYECKUM COCTaBOM,
COOTBETCTBEHHO Y XMMHYECKHUM COCTaB 3BE3]] M UX M3-
HAaYaJIbHBIX MPOTOTUIAHETHBIX JUCKOB OYIyT OTJIH-
4aThCs B 3aBHCHMOCTH OT 0OnacTé (HOpMHUpPOBAHMSA,
YTO B CBOIO OYepE/Ib BIUSIET HA XMMHUECKHE COCTAB U
cTpoeHue TiaHeT. [loka 4To B 3TOM BOIPOCE MBI MOYKET
MOJIaraThCs JINIIh HAa MaTeMaTHYeCKOe MOJEIHUpOBa-
Hue. Emé onuH BaxHBIH (akTop, BIUAIONINA Ha 00U-
TaeMOCTb — W3MEHEHUE IOJIOKEHUS 3BE3/bl, NPEeXKIe
BCET0 HAKIIOHEHUE M SKCLIEHTPUCHTET OPOUTHI, pacmto-
JIO’)KEHUE OTHOCHUTEIHLHO KOPOTALIMOHHBIX 30H. Bormpoc

0 CyLIeCTBOBaHMU 4ETKO ompeaenéHHou [amakrtuue-
CKOH 30HBI OOUTAHHS OCTAETCSI OTKPHITHIM.

Tperuii ¢pakTop — BO3pacT cUCTEMBI. MBI 3HaeM,
9T0 3emiie OKOJIO 4,5 MUIITHApI0B JIET, & OT TOSBJICHUS
MpOCTENIIEN KU3HU O MOSIBICHUS YEJIOBEKA MPOLLIO
OKOJIO 4 MIJUTHAP/IOB JIET.

[ocnemumii, BBI3BIBAIOIIUI CHOPBI (akTOp —
Macca U CBETUMOCTb 3BE3[, X034€K MIaHer. Bompoc o
MPUTOJTHOCTH JJIs JKU3HU IUIAHET B OOMTacMOll 30HE
KpacHBIX KapJIMKOB (3BE3]1 TJIABHOM MOCIIeI0BATENbHO-
CTH CHeKTpanbHOro kiaacca M) Bcé emé ocraérest or-
KpbIThIM. Jlonst 3BE3 TIaBHOW IMOCIIENOBATEILHOCTU
crHeKTpanbHBIX K1accoB G u K cocTaBiseT UMb OKOJIO
15%.

Jlasxke pyKOBOJACTBYSCH JAOTOJTHHUTEIEHBIMU (aK-
TOpaMH, OTrPAaHHYNBAIOIINX YUCIO OOUTAEMBIX MHPOB,
1 COKpamas ux gucio emé Ha 3-4 mopsaka, MBI ITOJTy-
YaeM CYIIECTBOBAHUE B TAJIAKTUKE THICSY M ICCATKOB
TBICSY CHUCTEM C TPUTOJHBIMH JJIsl Pa3yMHOW >KU3HU
IJlaHE€TaMH1, U3 YCro CJIICAYET TpI/IBI/IaJ'H)HI:Jﬁ BBIBOJ —
KpalHsisl CTENeHb HEMOJHOTHI MMEIOLINXCs HalIroaa-
TCJIIbHbBIX JaHHBIX I/I/I/IJ'II/I HETOYHOCTH CYHICCTBYIOUINUX
MaTeMaTH4YEeCKUX MOJIeNeH.

Jlns mosryueHust 60Jiee TOYHBIX OICHOK MOTPeOy-
eTCs TIOMHIMO H3yYeHHs aTMoc]ep yKe OTKPBITHIX K-
3orutaHeT (opourtanpHeie KoMIuiekebl JWST, WFIRST
u ARIEL) emé omHOH TpaH3WTHOH MHCCHH. DTO
JOJDKHO OBITh JUTMTENTFHOE TOCTOSHHOE HAOIIOJCHHE
y4acTka HeOa B TeUEHHE HECKOJBKHX JIET — IMOJ00HO
OCHOBHOI Muccuu Teneckona «Kermiepy», HO ¢ 00ib-
miel TIon@anp 0030pa u GOKYCUPOBKOW Ha OTHOCH-
TCJIBHBIX SAPKUX 3Bé3)1ax, JOCTYIHBIX JId HU3Yy4YCHUS
crekrporpadaMu ¥ OIPEACICHUS MacC IJIAHET METO-
oM JydeBbIX ckopocred. Ilox maHHbBIE KpuTepuu
BIIOJIHE TMOAXOAUT 3allylaHUpOBAaHHAsA Ha CEPEAUHY
2020-x muccust PLATO.
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Abstract

At present, the fourth industrial revolution is taking place in the world, which has received the name "Industry
4.0". The goal of this revolution is to create digital factories that would provide a dramatic increase in productivity
and quality of production. The article is devoted to the presentation of system analysis and description of the
Russian system of technological preparation of production. The functional model of the system of engineering
preparation of production is presented.

A diagram of enterprise management precedents has been built and described, indicating the role and place
of the Russian CAPP system SPRUT-TP and the Russian CAM system SprutCAM. The diagram of precedents of
the system of technological preparation of custom-made production has been constructed and described. A diagram
of options for integrating design and technological design is presented.

AHHOTaLUA

B HACTOAIICEC BPEM B MUPC MMPOUCXOAUT YCTBCPTAA MPOMBIIIJICHHAA PECBOJIIOLUA, IMTOJIYIUBIIAA HAMMCHOBA-
aHue «Muamyctpus 4.0». Lleapio 3Toi pEeBOIIIONNHA SBIIICTCS CO3JaHKe U(DPOBBIX IPOU3BOCTB, KOTOPHIE obecte-
YHMBaId OBl KapAHHaJIbHOC MOBBIIICHUEC ITPOU3BOAUTCIBHOCTU U Ka4€CTBA IIPOU3BOJACTBA. Cratbs IIOCBAIIICHA U3-
JIOKCHHIO CUCTEMHOTI'O aHaJIn3a U OITMCAaHUIO pOCCHﬁCKOﬁ CHUCTEMBI TEXHOJIOTMYESCKOMN TMOJATOTOBKHY IPOU3BOACTBA.
[MpuBenena GyHKIOHANBHAS MOJENb CUCTEMBI HHKEHEPHOM MOJITOTOBKH Ipon3BocTBa. [locTpoeHa u onucana
JyarpaMma MpeneCHTOB yIpaBICHHs MPEANPUITHEM ¢ YKa3aHUeM poju U MecTta poccuiickoit CAPP cucteMsr
CITPYT-TII u poccuiickoit CAM cuctemsr SprutCAM. IToctpoena u onncana auarpaMmma InpeneieHTOB CHCTEMBI
TEXHOJIOTHYECKOMN IMOJATOTOBKH IMO3aKa3HOT'O MMPOU3BOACTBA. HpI/IBe)IeHa JuarpaMma BapyuaHTOB MHTETPALlMU KOH-
CTPYKTOPCKOI'O U TEXHOJIOTHYCCKOTO MMPOCKTUPOBAHUA.

Keywords: Industry 4.0, digital manufacturing, intelligent systems, CAPP, CAM, MES.
Karwuessbie ciioBa: Industry 4.0, mudpoBoe mpou3BoACTBO, MHTELICKTyanbHbie cuctembl, CAPP, CAM,
MES.

[IpoexTHpoBaHne MW MporpaMMHUpoBaHHe TexHO-  (puc.l)[1,2]. DTu 3Tamb! COCTABISIOT OCHOBY TEXHOJIO-
noruueckux mporeccoB (TII) mpeacraBnstoT coboli  rudeckod moAroToBku mnpousBojctBa (TIIII), mma-
9Talbl, CIEAYIOIHE 32 KOHCTPYHPOBAHMEM H3JENUIl  TIpaMMa MpEIEeleHTOB KOTOpPOH Mpe[CTaBlieHa Ha

puc.2.
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Puc.1. Dynkyonanvnas mooensb cucmemsl UHICEHEPHOU NOO20MOBKU NPOUZBOOCHEA

[IepBoHauanbHBINA UMITYJIbC AJIS HaYasa MIIAHUPO-
BaHUS NPOU3BOACTBA AAET 3aKa3YHK, KOTOPBIM MOKET
OBITH KaK YaCTHOE, TaK U IOPUIUYECKOE JIUIIO, BKITIOYAs
rocylapCTBeHHbIE oOprabl. Mcmomnb3ys HoacucTemy
«PyKoBOIHUTENBY 3aKa3YMK MOXET CHOPMHPOBATH 3a-
sBKy. Ha ocHOBe 3TOl 3aBKM SKOHOMHCT C TIOMOILBIO
MOJICUCTEMBI «DKOHOMUCT» PACCUUTHIBACT KaJIbKYJIsi-
IIUIO, IO KOTOPO# opmupyertes 3akas (puc .2).

[Hoacucrema «3OKOHOMHCT» MpeIHA3HAYEHA MAJIS
ABTOMATH3AIN y4YeTa W ONpelelicHus (PaKTHIeCKUX
3aTpaT Ha OPOM3BOACTBO. B 3TOM Moayne mpousBo-
JIATCS] pacyeThl:

* CBSI3aHHBIE C OINEPATHBHBIM ONPEACICHUEM
TPYIOBBIX U MaTepHaJbHBIX 3aTpaT Ha M3FOTOBJICHHE
MPOAYKIHUH B MOAPA3JIEIEHUIX OCHOBHOTO MPOU3BOJI-
CTBa Ha JIaTy pacyeTa B TEYEHHE MecsIa U 3a MecHIl,

* omnpeneneHneM (aKTHYECKOH ceOecTOMMOCTH
TOBapHOM NPOAYKLMU 1I€XA 32 OTUETHBIN NIEPUOJ,

*  OLIGHKOH He3aBepIIIEHHOTO MPOU3BO/ICTBA,

*  pacyeToM IMOTeph OT Opaxa,

*  pacnpenelieHUEM KOCBEHHBIX PACXOIOB.

Best mepeuncnennas mHpopMaIys nepeaaeTcs B
OIIOK  ympaBJieHUS TPOU3BOACTBEHHOH CHCTEMOM
(puc.2).

[Ipouenypy yTBepKIeHuUs 3aKa3a MPOU3BOISAT Te-
HEPAJBHBIM JUPEKTOP COBMECTHO C JUPEKTOpPaMH IO
HSKOHOMHKE M MPOU3BOJCTBY, MCIIOJB3YS MOJCUCTEMY
«PyxoBogutensy (puc.2).

Ha ocHOBe yTBep KI€HHOTO 3aKa3a CHEeIHAaIHCTHI
M0 TEXHOJIOTUU IPOU3BOJICTBA OCYLIECTBIISIIOT IpPHU-
BSI3KY TEXHOJIOTHYECKUX MPOIIECCOB, pa3pabOTaHHBIX B

CIIPYT-TII [1,2], x pabo4nM mEeHTpaM IPOU3BOICTBA.
Jnst sToro wmcmomnb3yercs moxacucreMa «TexHomaor»
(puc.2).

C noMoIIpi0 3TOH MOJCUCTEMBI OMHUCHIBAIOTCA U
3aMOJHAOTCS CHPaBOYHUKH, (HOPMHUPYIOIIUE BUPTY-
aNpHyI0 Mojens npennpustus. Ilogcuctema npenHa-
3HaYeHa JUIsl aBTOMATH3aluK paboT MO BEICHHIO B aK-
TyaJIbHOM COCTOSIHUH JAHHBIX IPOU3BOICTBEHHOTO CO-
CTaBa M3TOTAaBIMBAEMBIX Ha NMPEINPHATHH WU3ACTHN U
nX cOOPOYHBIX €ANHUI. A TaKXe Ul BBOJA TEXHOJIO-
TMYECKUX MapUIpyTOB M3TOTOBJICHUS IPEIMETOB IPO-
m3BozacTBa u3 cuctemsl CITPYT-TIL

IMoncucrema «TexHOMOr» MpUMEHNMa Ha TIpeEl-
OPUATHSX C Pa3INYHBIM THUIIOM OpPraHM3alUd KOH-
CTPYKTOPCKOI MOATOTOBKM NPOW3BOJACTBA: Ha Mpen-
NPUATHHA WIN C MOJTYyYEHHEM KOHCTPYKTOPCKOM TOKY-
MeHTaru u3BHE. Ilpn 3TOM B pamMKax CHCTEMBI
yOpaBIeHUs TpPeINpUATHEM O00ecIeynBaeTcss KOM-
IUIEKCHAs! aBTOMATH3alisl OCHOBHBIX (DYHKIIMH MHKe-
HEpHOTO YPOBHSI, BEITTOJHSIONIAS ABE TIaBHBIC CTpaTe-
TMYECKUE 3aaUH:

* aBTOMATW3alMs TJIABHBIX JJIEMEHTOB KOH-
CTPYKTOPCKO-TEXHOJIOTHYECKOH IOJATOTOBKH IIPOU3-
BOJICTBA;

* TOJUIEPXKa B AKTYaJIbHOM COCTOSHHH TIep-
BUYHBIX KOHCTPYKTOPCKO-TEXHOJIOTHUECKUX HOPMAaTH-
BOB mis oOecrieueHust (yHkmmonupoBanus CIIPYT-
OKIL.
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Puc.2. Jluazpamma npeyedenmos ynpasnenus npeonpusmuem

ITonp30Barenyu 3TONU MOACUCTEMBI IOJIYYArOT IIH-
pokuit Habop MHQOpPMaLUK CHPABOYHOIO XapakTepa,
KOTOpast HanboJee MOJIHO MPEACTAaBICHA B PA3IMYHBIX
BUAaxX JOKYMCHTOB.

B HacTosmiee Bpemsi mpOU3BOJCTBO B OOJBIIHH-
CTBE CIIy4aeB HOCHUT I03aKa3HbIH XapakTep, 0COOCHHO-
CTH KOTOPOTO O0TOOpakeHsI Ha puc.2. B mpousBozacTse
mr000T0 THNA J0 Hayajla TEXHOJOTMYECKOW IOAro-
TOBKH TIPOM3BOZCTBA JOJDKHO OBITH CIPOEKTHPOBAHO
n3znenve. B ciaydae mozakazHOTO NMPOM3BOACTBA HEOO-
XOAMUMO TaKxke chOpMHUPOBATh 3aKa3, COJEpIKaIINii Te-
pEUYEeHb KOMIUIEKTOB, COOPOYHBIX €IMHUI] U JeTajei,
MOJJISKAIMX HW3TOTOBJICHUIO B 3aJaHHBIX KOJIHMYe-
CTBax.

YUtoObl OnpeeauTh HOMEHKIATYPY U 00Iee Ko-
JIMYCCTBO BCEX )IeTaneﬁ, HU3roTOBJISIEMBIX IJI BBIIIOJI-
HEHUs 3aKa3a, He0OXOIMMO IPON3BECTH TaK Ha3bIBae-
MOE€ pa3y3JIoBaHHE. JTa ONepalysl BHITOJIHICTCS C UC-
MOJIb30BaHNEM CIIeIM(UKAIMN BCEX KOMIUIEKTOB H
COOpPOYHBIX €IMHUII M BBHIIIOJHEHHEM IojacdeTa 00-

IIET0 KOJIMYECTBa JeTallel 0JJHOro 0003HAUCHUs], BXO-
JSIIIUX B pasHble CHeUU(ULUPOBAHHBIC M3ICIHS 3a-
Kasa.

ITocne onpenencHus MOJHONH HOMEHKIJIATYPHI Je-
Taslef 3aKa3a HEOOXOJUMO HAlTH Te NeTalH, KOTOphIe
OBUTH B M3TOTOBJICHHUH VIS IPYTUX 3aKa30B U VIS KO-
TOpBIX yke pa3zpaboransl TII. B pesynbraTte ycranas-
JIUBAETCS MHOXECTBO TEXHOJOTMYECKHX MPOLIECCOB,
MIOJVIC)KAIUX Pa3padOTKe, M COCTABISIOTCS IUIAHBI
mnpoekTrpoBaHus TII, BEIMONHEHHE KOTOPBIX TOJKHO
KOHTpOJIUpoBaThCs pykoBoaureseM TIIIL

Jlanee B COOTBETCTBMU C IUIAHOM HAYMHAETCS Pa3-
pabotka TII Ha u3nenue. [y MOCTPOEHUS MHTEIIEK-
TyaJbHBIX cHcTeM mpoexkTtupoBaHus TII HEoOX0TMMBI
00BEKTHBIC MOJIENIN u3/ienuil. B Tex cinyuasx, koraa B
cocraBe MapuipyTHbiXx TII wusroroBineHus neranei
BKITIOYAIOTCS oTtepanuy 00paboTku Ha ctankax ¢ YITY
[3,4], BbIMONHSIETCS NPOrPAMMUPOBAHUE ITUX OlEpa-
LUH ¢ UCIOIBb30BaHUEM F€OMETPUUECKUX MOJIENEH Jie-
Taneu.
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Puc.3. ﬂuaepaMMa npeuedeymos cucmemvl MexHOJLO2UYECKOL NOO20MOBKU NO3AKAZHO20 np0u360()cm8a

Ecmu mpu pazpabortke TII TexHONOT B Oase maH-
HBIX PECYpCOB HE MOXKET HAaWTH HEOOXOIUMYIO eMy
OCHACTKy (MHCTPYMEHTHI, IPUCIOCOOIEHNUS), OH JI0JI-
JKeH paspaboTaTh TexHudeckoe 3aganue (T3) Ha mpo-
€KTUPOBAHUE 3TOM OCHACTKHU. B COOTBETCTBUM C 3TUM
T3 npousBoautcs ee KOHCTpyHpoBaHHe. IIockonmbKy
Takas OCHACTKa MOJICKHUT, KaK MPaBHUIIO0, U3TOTOBIE-

HUIO Ha IPEATIPUSTHHN, BO3ZHHKAET HE00X0IMMOCTB pa3-
pa6orku TII u ynpasnstroux nporpamm (YII) st 06-
PabOTKH COOTBETCTBYIOIINX AETANICH.

[Mocne pazpaboTtku 1 HopmupoBanus Becex TI1 Ha
3aKa3 TMOSIBISIETCS. BO3MOXKHOCTh OIEpPaTUBHO-KaJIeH-
JIAPHOTO TUIAHUPOBAHUSI MPOU3BOJCTBA. XOJ MPOU3-
BOJICTBAa KOHTPOJMPYETCS Ha OCHOBE TUX IUIAHOB CO-
OTBETCTBYIOIIUMH PYKOBOJIHUTEIISIMH.
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Puc.4. ﬂuaepaMMa 8apuarmos urmezpayul KOHCmMpyKnopcKoco U mexnoiocudeckoco npoeKmupoeanusi

CoBMecTHast paboTa MHTENIEKTYaJIbHBIX CHCTEM
KOHCTPYUPOBAHHUS M HPOEKTHPOBAHUS TEXHOJIOTHYeE-
CKHX IPOLECCOB MOXKET OBITh OpPraHW30BaHa pa3yind-
HBIM 00pa3oM (puc.4). Beicimm ypoBHEM HHTETpaLlUN
SIBJIIETCSL UHTErpalysl Ha ypoBHE 3HaHUil. B aToMm Ba-
pHaHTE B COCTAaB METO/IOB OOBEKTOB, BXOAAIINX B Ha-
rpaMMy KJIaCCOB ITPOCKTHPYEMBbIX U3ENHUil, BKIIOYAIOT
METOZBI KaK KOHCTPYHPOBAHUS, TaK U MPOEKTHPOBa-
HUS TEXHOJIOTHYECKUX MTPOIECCOB 00pabOTKH J1eTanei
u cOopku m3senuii. B mporecce mpoekTHpoBaHus KOH-
CTPYKTOP-TEXHOJIOT MPH aKTUBHOW MOJAEPIKKE HHTEN-
JIEKTYyaJIbHOW CHCTEMBI, HAIOJHEHHON COOTBETCTBYIO-
HMIMMU 3HaHUAMH, TOJIy4aeT HE TOIBKO KOHCTPYKTOp-
CKylI0, HO M TEXHOJOIHUYECKYI0 JOKYMEHTALUI U
MOJIEJNN.

JIBe mpyrux cxeMbl Ha pHUC.3. MPEICTABISAIOT Ba-
PHAHTHl C TPAIWIMOHHBIM pa3JeleHHeM TpyJda KOH-
CTPYKTOPOB U TEXHOJIOTOB. B BapnaHTe MHTETpanny Ha
YPOBHE JaHHBIX B pe3yJbTaTe paboTHl KOHCTPYKTOpa €
CUCTEMOW MPOEKTUPOBAHUS H3JEINM T'€HEPUPYHOTCS
00BEKTHAS ¥ TEOMETPHUIECKAst MOJIENN, KOTOPBIE 3aTEM
HEePEAAIOTCS COOTBETCTBEHHO B CUCTEMY POEKTHPOBA-
wus TIT u YII. B HacTosiee Bpems Hanboliee pacipo-

CTpaHEHa cXxeMa ¢ 0OMEHOM T'€OMETPHUYECKUMH MOjIe-
JISIMH, KOTOpas peaau3yeTcsl B HEMHTEIEKTyalbHbIX
cucremax turia CAD/CAM.

BapuaHnT ¢ aBTOHOMHO# cHCcTEMOI TPOEKTUPOBa-
Hust TII HEoOX0oaMM B TeX cIydasx, KOTAa HET BO3ZMOXK-
HOCTH TOJYYHTh KOMITBIOTEPHBIE MOJENH H3ACIHHA H
TEXHOJIOT BBIHY)KJICH OITUCHIBATh MU3AETHS 0 YePTEK-
HOM JOKYMEHTallUu.

Bo3MOXHBI CMeNIaHHBIE BapHaHTHI, KOT/Aa HC-
TIOJIb3YIOTCSl KOMITBIOTEPHBIE MOJEIH CrielupUKannii
M3JENNH, Ha OCHOBE KOTOPBIX MPOU3BOIUTCS Pa3y3io-
BaHME, a HEOOXOIMMBIE ONMCAHUS AeTanei u coopod-
HBIX €IMHUI] IPOU3BOAATCS B IIPOLIECCE MPOEKTUPOBA-
HUS TEXHOJIOTHU.

Ha puc.5 npencrasnena nuarpaMma KJaccoB HH-
TETPUPOBAHHONW CHUCTEMBI NPOEKTUPOBAHUS TEXHOJIO-
rUYeckux npoimeccoB B cucteme Crpyt-TIT u mporpam-
MHpOBaHHA 00paboTKu Ha obopynoBarmu ¢ ITY B cu-
creme SprutCAM [5,6].

Jlst Havata paboThl ¢ TOMOIIBIO HHTEpdEtica CH-
crembl Crpyt-TII B Hee BBOIATCS NaHHBIE NETAIH,
o yIexaneil U3roToByeHu0. Jlanee ¢ moMoIbIO 3TOI
CHCTEMBI MIPOU3BOAUTCS MPOEKTUPOBAHNE TEXHOJIOTHU-
YECKOT0 MpOIIecca, B COCTABE TEXHOJOTHUECKUX OIle-
pauuii.



38 German International Journal of Modern Science Ne6, 2021

Aetanb
TeXHONOrMYecKuii npolecc e 2 «interface» _ _|+O603HaueHme petanu
[ Cnpyr-TRN ¢~ __ +HanmeHoBaHuWe getann
+0603HaueHne I | ! pyT A
I - —a X
+HanmeHoBaHMe MaTepuana = I I | +BBog B CnpyT-Tr()
+CopTameHT maTepuana \ | | /"\
+Pa3mep matepuana } } } }
+Mapka maTtepuana I | e R S N, ‘
+0603HaueHMe CTaHaapTa | | } | .
+Kog, maTepuana } | | | «interface»
I I I
+EQMHMLA BENNYMHDI 7777,}\7777”\ 77777777 I I SprutCAM <77777‘
+Macca getanu \ | | ! |
I
+EAMHMLA HOPpMUMPOBaHUA } } } } |
+Hopma pacxopa I I I I }
+KoadduumneHT ncnonbaosaHua matepuana } } } } I
—————— I
+Kopg, 3arotoBKuM } } } } |
I
+MNpodunb pasmepbl 3aroToBKU } «datatype» ‘
+KonunyecTBo AeTanei U3 3arotoBKku | OnepaumoHHas Kapra Mepexon
+Macca 3arotoBku } - — v
+<HanmeHoBaHue nepexoaa
+MNpoekTnposaHue B CnpyT-TN() ! } } PEXOA;
} | [+®opmuposanue B Cipyt-TN() [ ______ > +<HaumeHoBaHMe 06beKTa
| I T ; ; +<0603HaYeHne UHCTPYMEHTA
1 } } ;. T I +<Hopma OCHOBHOrO BpemeHM
I I
} } | | +MpoekTposaHue B SprutCam()
* I | ! ! T
I I I I |
[ [ [ ! FTTTTTTTo
L I I I }
I I I
Onepauus | e——_ | 1
| L *
+Homep onepauyy } Pexxumbl pesaHua
+Homep uexa |
+Homep yuacTka I +<[ny6buHa pesaHus, Mm
I
+Homep paboyero mecta | +<Yucno npoxosos
+<Mogaya, mm/06

+Kopg, onepaunu

+HavmeHoBaHue onepauuu

+0603HaueHne AOKYMEHTOB

+<Koga obopynoBaHua

+<HavmeHoBaHue o6opyaoBaHua

+CTeneHb MexaHu3aLumm

+Kog npodeccun

+Paspag paboTbl

+Kog, ycnosuii Tpyaa

+Konuyectso ucnonHutenei

+KonnyecTBo 04HOBPEMEHHO M3roTOBNAEMbIX AeTane
+06bem NpPon3BOACTBEHHOW NapTUmn

+KoaddurumeHT LWTy4HOro BpemeHu

+HopMma NoAroToBUTENbHO-3aKNOYUTENBHOTO BPEMEHMN
+HopMma LWTY4YHOro BpeMEHM Ha onepaLmio
+CopepkaHue onepauum

+TexHONorM4YecKkan OcHacTKa onepauum

+MpoekTnposaHue 8 CnpyT-TMM()

0.*

YcraHos

+Homep nepexopa
+CopepKaHune nepexoga
+Hopma BpemeHn

+MpoekTuposaHue B CnpyT-TM()

\

+<4Yucno 060poTOB WNMHAENA B MUH
+<CKOpPOCTb pe3aHus, MM/MUH

+Pacuert 8 CnpyTt_TN()

BcnomorartenbHoe Bpemsa Ha nepexop,

+Hopma BcnomoraTesIbHOro BpemeHum

+Pacuet B CnpyT-TI()

1

Puc.5. ,ZZMCZZPCZMMLZ Kjaccoe uHmezpupoeaHHoﬁ CUCMEMbBL NPOEKMUPOBAHUA U NPOSPAMMUPOBAHUS MEXHOI0cUYe-
CKUX npoyeccoe

Kaxxmast oneparmust COCTOMT U3 HECKOJIBKUX yCTa-
HOBOB, OTIPEJIEIISIONIIX PACIIONIOKEHHE IETAIN Ha 000~
PYIOBaHUH B TIpoIlecce ee BBIMOIHEHUs. [ BbImo-
HeHus onepanun B Crnpyt-TII npousBogurcsa pacuer
PEKMMOB PE3aHMs, a TAK)KE HOPMBI BCIIOMOTaTEIEHOTO
BpPEMEHHU.

Ha xaxmom ycranoBe ¢ momomsio SprutCAM
MPOU3BOJUTCS NPOEKTUPOBAHHE IEPEXOJ0B, Npes-
CTaBJIAIONIMX HAUMEHBIIYIO 3aKOHYEHHYIO 4acTb IIPO-
1ecca 00pabOTKH, BEITIOIHAEMYIO Ha YCTaHOBE.

B wurore ¢ momompio Crpyt-TII dopmupyercs
ONEepaIMOHHAs KapTa — TEXHOJIOTHYECKUM JOKYMEHT, B
KOTOPOM OITMCaH BeCh Mporecc 00paboTKu JAeTanm.
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ECTEPHU CTEAPUHOBOI KMUCJOTH ENOKCHUJIOBAHOI COHAITHUKOBOI OJIII AK
MACTHUJIbHUAMN MATEPIAJI JIJIsI ABUT'YHIB BHY TPIIIHHOT' O 3T OPAHHS

Abstract

Kacssanenko JI.M.

Acnipanm rxaghedpu

MexXHON02Ii dcupie ma npooyKkmia 6pOOiHHs,
HTY «XI1l», m. Xapkie, Ykpaina

Jemugon I.M.

Jlokmop mexHiunux Hayx,

npoghecop rkagedpu mexnonoeii scupie ma
npodykmis 6podinns, HTY «XI1I»,

M. Xapxis, Yxpaina

The article investigates the technology of obtaining the oil base for two-stroke internal combustion engines

from sunflower oil by its epoxidation with subsequent conversion of the product. Methods of obtaining base oils
from renewable raw materials, in particular oils, are substantiated. The results of this work indicate the prospects
and feasibility of research in the field of obtaining oxygen-containing derivatives of oils in order to determine the
rational conditions for this chemical modification.

AHoTanis

VY crarTi JOCIiIKEHO TEXHOJIOTIIO O/IepKaHHs OCHOBH OJIUBH IS IBOTAKTHHUX JIBUTYHIB BHYTPILIHOTO 3T0-
PaHHS 3 COHSIIHUKOBOI OJii MUITXOM 11 eMOKCHAYBAHHS 3 MOJAIBIINM IIEPETBOPEHHSIM MPOAYKTy. OOTpyHTOBAaHO
METOHM OJIcpKaHHs 0a30BUX MACTIJI 3 BiTHOBIIOBAaHOI CHPOBHHH, 30KpeMa olliii. Pe3ympTaTtu mpoBeeHol poooTi
BKa3YIOTh Ha MEPCIEKTUBHICTD 1 JOUUIBHICTh AOCIIIKEHb Y Tally31 OJIepyKaHHS KUCHEBMICHHX MOXITHHUX OIIH 3
METOI0 BU3HAYCHHS palliOHAIbHUX YMOB ITPOBEICHHS 3a3Ha4eHOi XiMiuHOT Moandikaii.

Keywords: epoxidation, sunflower oil, esters, experimental plan, biogrease.
Ku1104oBi ci10Ba: emokcuyBaHHsI, COHSIITHAKOBA OJIisl, ECTePH, IJIaH eKCIIEPUMEHTY, OioMacTuIa.

€ OJTHI€I0 13 TPUUNH 3a0pyAHEHHS HABKOJIHIITHBOTO Ce-
penoBUIa, OCKITBKH BOHH XapaKTEPH3YIOTHCS HH3b-

Beryn
OcTaHHIM YacOM €KOJIOTi4HI, a TAKOX €KCIUTyaTa-

[iiHI XapaKTepUCTHKH € BaroMuM (GakTOpoM UIs BHU-
00py MacTHJILHUX MaTepialliB, TOMY y CBITOBIH €KOHO-
MIIIi IepeBaXkae TEHACHIIIS 10 3HIKCHHS POl HAQTH i
Hadrompoxykris [1-3]. Bukopucranus HaToBHX i cu-
HTETHYHHUX MACTHJIBHUX MaTepiajiB Ta IX KOMIOHEHTIB

KO0 0i0pO3KIIAJHICTIO Ta JOCUTh BUCOKOIO TOKCHYHI-
CTIO. B MpOTHCTaBICHHS POCITMHHUM OJisIM, JUTS STKUAX
XapaKkTepHa BHCOKa 010pPO3KIIAHICTh, TOCTYIHICTh Ta
MTOHOBIIFOBaHICTh. OOCATH BUPOOHHIITBA MACTHIHHHIX
OJIMB 3 OJIi Y CBITI MMOCTIHHO 3pOCTAIOTh.


https://doi.org/10.24412/2701-8369-2021-6-1-39-42

40

German International Journal of Modern Science Ne6, 2021

Merta Ta aKTyaJILHICTD

bioMacTmibHI Matepiann HaOyJau BaroMocTi SIK
aJbTepHATHBA KIACHYHUM MacTHJIaM Ha Ha(TOBii oc-
HOBi. Hacammepen /Ui ABOTaKTHHUX JBUTYHIB BHYTpIi-
IIHBOTO 3rOPaHHsA, OCKITbKH YaCTHHA MAacTHIIA, 10 HE
3ropiiia Ta BHXJIONHI Ta3:u Oe3IocepeHbO 3a0pyaHIO-
I0Th HaBKOJIMIIHE CEPENOBHIIE, TaK SIK B HAa(QTOBHX
MPOJIYKTaX MICTHTBHCSI BEJIWKA KUIBKICTH MOJIIMKIIIY-
HHX apeHiB, CMOJICTHX Ta ac(ajbTO-CMOJIIMCTUX PeUo-
BUH. [IpoTe BUKOPHCTaHHS CaMUX POCIMHHUX OJiH, K
MacTHJI He JIOLUIbHE: Yepe3 He3aJ0BUIbHI BA3KICHO-Te-
MIIEpaTypHI XapaKTePUCTHKH Ta HHU3bKY OKHCHIOBa-
JBHY CTiliKicTh. TOMy MeTOO pOOOTH € IiJBHIICHHS
OKHMCHOI CTIHKOCTI, @ caMe : 3SMEHIIUTH KUIbKICTh HEHA-
cuaeHux xupHuX kuciot (JKK) Ta BecTn B MOJeKyiIy
ectepiB XK Taki ¢pyHKIiOHANBHI TpymH, 1m0 € Oaxa-
HUMHU [l MacTwi. lIomyK anbTepHATHBHUX JXKEpel
E€HEepPreTUYHNX Ta MAIUBHUX PECypCiB 10 CHOTOIHI 3a-
JIMIIAETHCS AKTYaTbHUM [2, 4-6].

EnokcuayBannsi. EnokcuayBaHHIO — TpHIIS-
€THCS BEJIMKA yBara, OCKUIbKH IIHPOKUH CIIEKTpP peak-
1iii MOKe OYTH 3[1HCHEHUH B B TOCUTh M’ SIKHX YMOBax
HIIIXOM NepeTBopeHHs 3B's13KiB C=C Ha Tpynu 3 OKCH-

paHoBuM KiblieM [1-5]. HactynHa peakiiis cynpoBo-
IDKYETBCSI PO3KPUTTAM EMOKCHIHOTO LUKy, a TaKOX
nporiecom erepudikarii. B maniii cTaTTi HOCHTIIKEHO
eTIOKCHAYBAaHHS COHALTHUKOBOI OJIii HaTOITOBOIO KHUC-
JIOTOIO, 3 MOAATBLIO B3a€MOAIEI0 EMOKCUIHKX IPYII 3
KUPHUMHE KucaoTamu [7-9].

OcHOBHUMH (aKTOpaMH, SIKi BIUIMBAIOTh Ha KOH-
TPOJIb TEepeOiry eMOKCHIYBaHHS COHSIIHHKOBOI OJIil
HaJIOLTOBOIO KUCJIOTOIO — IIe: CITiBBiJHOILECHHS OJis :
OKHCHA CyMIllI, TPUBAJIICTh B3a€MOJII Ta TeMneparypa
npouecy. Jns Bu3HaYeHHS palioHaJbHUX YMOB OYJI0
CIJIAHOBAaHO ITOBHUH (DaKTOPHUH eKcliepuMeHT. [ nu-
OWHY CTIOKCUIYBaHHS OIIIHIOBAIHN 110 HOTHOMY YHCITY,
SIKE XapaKTEePHU3YeE CTYIIHb HEHACHICHOCTI JKUPHUX KH-
CIIOT, IO BXOAATH JI0 CKIaAy Tpuamwiriinepory. Ha
OCHOBI €KCIIEpUMEHTAIBHUX JAHUX OJICPXKAHO a/ICKBa-
THE pealbHUM IePETBOPEHHAM PiBHSHHS perpecii, ske
OB’ sI3y€ TTTMONHY €TIOKCHyBaHHS 3 HaBEICHUMH I1a-
pametpamu. J{J1st HaXODKEHHS pallioHaIbHIX TEXHOJIO-
TYHUX YMOB €NOKCHAyBaHHs aruiriinepoiiB (Al),
BUKOPHCTOBYIOYH OJiepKaHe PIBHSHHA perpecii, mo0y-
JIOBaHO MOBEPXHIO BIATyKy Ta ii mpoekuito (puc.1). Pi-
BHI Ta IHTEpBaJM BapiloBaHHA (DAaKTOPIB HaBeIEHi y
tabmuni 1.

Tab6mmms 1
PiBHI Ta iHTepBaM BapifoBaHHA (HaKTOPiB
CriBBIIHOIIEHHS
o . . Temneparypa
daxropu OJTis | OKHUCHA CYMII, TpuBaiicTh, XB 0
1-X npouecy, “C
Kon X1 X2 X3
OcHOBHU piBeHB, Xio 1,2 120 77,5
Iurepsan BapitoBaHH:, AX| 0,6 60 7,5
BepxHiii piBeHb, Xmax 1,8 180 85
HwxHill piBeHB, Xmin 0,6 60 70

[TnaH excriepuMEeHTY 3 eNOKCHIyBaHHsI COHSIIHUKOBOT OJii, IKUI MiCTHTB 3aIIMC BCIX MOMIIMBUX KOMOIHAIIIi
(axTopiB y HaTypaJbHii Ta KOJOBaHIl opMax, MpecTaBIeHUH Y BUIIISII MAaTPUL IUTaHyBaHHSA. MaTpuLs 1iia-
HYBaHHS Ta pe3yJIbTaTH eKCIIEPUMEHTY HaBeleHi y Tabuuii 2.

Tabmuus 2

Matpuls NJ1aHyBaHHS Ta pe3ylbTaTU EKCIIEPUMEHTY

DaKTOPH B HATYPATHHOMY BHLIAL ®dakTopu B 'KOJIOBa- I'mubuHa emokcumy-
HOMY BHTJISIAI BaHHsL, T [5/100 1
J]fi_zljiloc Cris-si omix Eilz:?za Temneparypa Xo
OKHCHA CyMIIII, msaemo- | mporecy, °C X1 X2 X3 v
1:X ’
JUii, XB

1 2 3 4 5 6 7 8 9
1 0,6 60 70 +1 | -1 -1 -1 75,5
2 1,8 60 70 +1| +1 -1 -1 19,5
3 0,6 180 70 +1| -1 +1 -1 56,5
4 1,8 180 70 +1| +1 +1 -1 12,5
5 0,6 60 85 +1| -1 -1 +1 66
6 1,8 60 85 +1| +1 -1 +1 251
7 0,6 180 85 +1| -1 +1 +1 47
8 1,8 180 85 +1 +1 +1 +1 5,55

3a OTMOMOroI0 TMakeTy NPHKIAJHUX Hporpam
MathCad 3a pe3ynpTataMu eKCIIEPUMEHTIB OTPHMAHO
aZiekBaTHe PiBHSIHHSA perpecii (1), mo moB’s3ye foaHe
gucio (y) oiii Mmicis eMOKCHUAYBAaHHS 3 BHIICHABEIC-
HUMH MapaMeTpamMy B 3aK0JI0BAHOMY BHTJISII:

y=-13,05"x1-17,83 - X2-7,55- X3-3,575" X1* X

213,45 X1+ X3+43,45 (1)

[Ticns miaCTaHOBKM peajbHUX HEPEMIHHHUX PiB-
HSHHS perpecii (2) mpuiiMae BUTIIAL;

HY=-1,08-X1-X- 0,756-X1-X3 + 48,7 X1+ 1,49-Xo+

0,653-x3+40,3 2)
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ClIBELAHOLIIEHHA

Puc. 1. Ilogepxus i02yKy ma npoexyis 3a1eHcHOCmi HOOH020 YUCAA 8I0 CNIBBIOHOUIEHHSA OISl : NepeKUC 800HI0
ma mpueanocmi npoyecy

[poanamnizyBaBmu TpadidHi 3aleKHOCTI, HaBe-
JIeHi Ha pHC. 1, MOXHA 3p0OUTH BUCHOBOK, IO TITHOMHA
eMOKCHIYBAaHHs COHSIIHUKOBOI Oii pocTe 31 3HWKEH-
HsM HoHoro yrcia. Kpaii paiioHaabHi TEXHOIOTIYHI
YMOBH enoKkcuayBaHHs Al 11e — CIiBBIIHOIICHHS OJTist
: okHcHa cymim, 1 : 1,2, remneparypa 85 °C Ta TpuBa-
micth 180 xBunuH. [Ipu HaBeAeHUX MapamMeTpax HoaHe
YUCIIO EMOKCHUIOBAHOI COHAIIHUKOBOI OJi CKIIaaae
6im3bKo 5,5 rl2/100 1, 110 3HaYHO MEHIIE LBOT0 XK I0-
KasHWKa y Buximmii omii — 130 r12/100 r.

3am1s YHUKHEHHIO HEKOHTPOJBOBAHUX PEaKIIii
Ta BBE/IEHHS TIIPOKCHWIIBHOI TpymH OyJI0 NMPOBEIEHO

i / ]—\t fUA
CHy =0 —C ——{CH)-0H, —CH —H—CH—LHiCH,), CH; R
H =) — ——{CH::CH —EH(CH, )y CH; J
! |

CHy =0 — —(CH:nCH, —CH —('H—('i —/cm CHsyCH;
¥

B3aemoziro enoxkcugosanoi ol 3 XKK. Sk Bimomo, ria-
POKCHIIbHA IPyIa B MOJIEKYJaX, IO MICTATh OJIMBH I1O-
3UTUBHO BIUIMBAE€ HA MACTHIIbHI XapaKTEPHUCTHKH HPO-
aykry. Tomy Hamu Oynia IpoBeJeHa peakiiisi B3aeMOii
ernokcuoBaHoi oii 3 sxupHoto kucnortoro C18:0. Ipu
[BOMY KPiM BBEJICHHSI T1IPOKCHIILHOT IPYIIH B MOJICKYJTi
e TOJIOBXKY€ETHCS BYTJICHEBHI JIAHIIOI 32 PaxyHOK
NIPUEAHAHHS €CTEPY BIANOBIIHOT KUCIOTH. XiMi4HA MO-
nudikanis, mo Oyna gociikeHa y poOoTi HaBeJieHa Ha
puc.2.

13
a OH  O=—==0
cH A S L ————
3= —[{H\]:(H:-—LH—(H—(H—lH[f HylsCHy
{H — ==
R
CH—U—{——{{H;);UH—EHIUH; ) CHy
OH L e =1
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a OH (= ==0
]
CHy == [Ty | U Hy —CH —{ Z]i—(:]!—II TICH 40 H
OH ——

Puc.2. Bzaemodis enokcuoosarnozo ayun2iiyepony 3 H#CupHor KUCiomoio

3 (i3nuHNX MOKA3HUKIB OyJJOBH Ta SKOCTI 0JIiH Ta
JKMPIB YacTille 3a Bce BM3HAYAIOTh I'YCTUHY, pedpak-
{10, TEMIeparypy IUIaBIEHHS ab0 3aCTUI'aHHS, B’s3-
KicTb. SIK BiZIoMO came 3a TemIlepaTypaMy KpucTaiza-
i1 Ta IUIaBJICHHS TaKOX MOXKJIMBO BIICTEXHUTH 3MiHH Y

CTPYKTYPi )KUPOBOTO NPOoAyKTY. ToMy 3 MeTor0 BizcTe-
XKHUTH TEMIIEpaTypy KpHCTaji3amii Ta IuiaBiIeHHs 0yi10
3pob6neno ananiz Ha JICK mpoxykty B3aeEMOo/Iii eloOKCH-
JoBaHO1 oii 3 kucnororo psaay Cig (puc.3).
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Puc.3. ICK-epamu cuposunu (A) ma npodyxkmy ximiunoi moougixayii (b)

OCKINBKH TeMIlepaTypH KpHCTalli3amii Ta IUIaB-
JICHHSI PEYOBHH II0 MPOBEICHHS peakiii Ta micis Hel
MAalOTh CYTTEBI BIIMIHHOCTI, TO MOXKHa CTBEpPKYBAaTH,
II0 B3a€EMOJisl €MOKCUIOBAHOI OJIiT 3 HACHYEHOK KHC-
notoro Cig BigOynacs yCIIIHO B JOCUTb M SIKUX YMO-
BaX Ta Ma€ TIMOOKHUU CTYIIHb MIPOXOKCHHS PeaKIIii.

BucHoBkH. 3a pe3ynbTataMH JOCIIDKEHb 0YIO
MPOBEICHO alpOKCUMalliiiHe MOJICIIIOBAaHHS Ta BCTaHO-
BJICHO palliOHabHI TEXHOJIOTIYHI MapaMeTpy ernoKCHU-
JlyBaHHS COHSIIIHUKOBOI oJjiii: Temmeparypa — 85 °C,
gac — 180 x6, Maca oii 10 Macu MEPOKCHUIY BOIHIO —
1:1,2, maca kaTamizaTopy 1o okucHoi cymim — 0,08 %.
Takox 0yI10 JOCITIKEHO TEMITEpaTypH KPUCTATi3aIlii i
TUTABJICHHST COHSIIHUKOBOI OJIT Ta MPOMYKTY 11 Ximid-
HOi MoamGikarii, IO MiATBEPHKYIOTh TTHONHY B3ae-
MOJIii eNOKCHAOBAHOI COHANTHUKOBOI Oil 3 CTEapuHO-
BOIO KHCJIOTOXO.
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INOPIBHAHHSA PE3YJIBTATIB OINIHIOBAHHS PO3MIPY PHP-3ACTOCYHKIB 3
BIAKPUTHUM KOAOM 3A HEJJIHIMHUMHU PEI'PECIMHUMHA MOJEJISIMHA

Bopona M.

Hayionanvuuii ynieepcumem xopabaebyoysanus imeni aomipanra Maxaposa
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Abstract

We have compared the evaluation results of the size of open source PHP-based apps by four three-factor
nonlinear regression models created based on the various normalizing transformations. The best results have been
obtained for the nonlinear regression model which built by the Johnson four-variate transformation for Sg family.

AHoTanis

Mu nopiBHSIIM pe3yNbTaTH OLiHIOBaHHA po3Mipy PHP-3acTocyHKIB 3 BiJKPUTHM KOJOM 32 JOIIOMOTOIO YO-
TUPBOX TpU(PAKTOPHUX MOAENIEH HEeTiHIHHOT perpecii, CTBOPEHUX Ha OCHOBI Pi3HUX HOPMaJTi3yI0uuX EPETBOPEHb.
Haiikparii pe3ynpTati Oynu OTpUMaHi A1 MOJICITi HEeNiHIHHOI perpecii, moOymoBaHol 3a JOIMOMOTOK YOTHPUBH-

MIpHOTO ITepeTBOpeHHs J[>KOHCOHA 11 ciMeiicTBa Sp.

Keywords: nonlinear regression model, software size estimation, PHP application, normalizing transfor-

mation, non-Gaussian data.

KurouoBi ciioBa: HemiHiltHA perpeciifHa Mo1eb, OI[IHIOBaHHS po3Mipy nporpamu, PHP-3acTocyHoK, HOpMa-

Ji3yroue MepeTBOPEHHS, HeTayCiBChKI aHi.

Beryn. [MonmynspHa B Halll yac MOBa CIICHApIiB
PHP — € MOBOI0 3arajbHOTO NMPU3HAYECHHS 3 BIAKPUTUM
BUXITHUM KojgoM. 3apa3 PHP BukopucroByeThcst
oinein HiK y 80% BCix BeO-callTiB, HAPUKIIAJ, TAKHX
sk Tesla, Wikipedia, WordPress.com [1]. Xowa s
MOBa 0co0NHMBO NOOpe Mmiaxone Uit po3poOKH BeO-3a-
CTOCYHKIB Ha CTOPOHI cepBepa i 1i OCHOBHE IpH3HA-
YEHHsI TIOJISITa€ y TOMY, 1100 J03BOJMTH LIBHIKO MH-
caTH BeO-CTOPIHKH, IO TEHEPYIOTHCA JUHAMIYHO, ajie
3a orromororo PHP po3po0:stroTh 1 iHIIL 3aCTOCYHKH,
HaINpuKiaJ, Pi3HOMaHITHI (peiiMBOPKH Ta KOHBEp-
TOPH.

OuinroBanHs po3mipy PHP-3acTocyHKiB 3 Bigkpu-
THUM KOJIOM $SIK 1 1HIIIOTO MPOTrpaMHOro 3a0e3reueHHs
(I13) Ha paHHili cTajil po3pOOKH € BaXKIIMBOIO 33/1a4€I0,
OCKIJIBKH 111 iH(OPMAILisl 3CTOCOBYETHCS IJIsI [TPOTHO-
3yBaHHS TPYIOMICTKOCTI po3po0Oku [13 3a momomororo
takoi Bigomoi mozeni sk COCOMO 11 [2]. Lle motpe-
Oye BIONOBITHUX MOJENEH U OIiHIOBaHHS PO3MIipy
[13, Bkrouaroun PHP-3acTocyHKH 3 BITKPUTHM KOJIOM.

JA1st oLiHIOBaHHS KiJIBKOCTI CTPOK KOAY iH(pOpMa-
uiitanx PHP-cucteMm 3 BiIKpHUTHM KOIOM 3alpOIIOHO-
BaHi JiHil{He perpeciiiHe piBHAHHA [3, 4] Ta HemiHilHA
perpeciiina Mozenb [5] B 3a1€KHOCTI BiJl TPhOX METPHUK
KOHIIETITYaTbHOI MOJIeNi aHUX y BUIJISAAL JAiarpamu
knaciB. JIns PHP-3acToCyHKIB 3 BIIKPUTHM KOJIOM, III0
He € iHpopMaIlifHUMU CUCTEMaMH, 30KpeMa, TaKuX K
pi3HOMaHITHI PPEHMBOPKH Ta KOHBEPTOPH, perpeciiiHi
MOJIeJTi MOXKYTh 3aJICKATH B TOMY YHCII BiJ| IHIIHX Me-
TPUK aiarpaMu kiacis. B [6] Oyno moOynoBaHo Hei-
HilfHy perpeciiiHy MoJenb AJIsl OLIHIOBaHHS PO3MIipy
PHP-3acTocyHKIB 3 BIIKPHUTHM KOJOM B 3aJICXKHOCTI

BiJl KIIBKOCTI KJIACiB; CYMH CepeIHBOI KUTBKOCTI Kia-
ciB, Ha ski BruMBae manuit kmac (Average Afferent
Coupling) i cepenHbOI KITBKOCTI KJIACIB, 3 AKUX JaHHIA
kiac orpumye edexru (Average Efferent Coupling), Ta
CepeIHBOI KITBKOCTI METO/IiB HA OCHOBI YOTHPUBUMIp-
HOTO HOPMaJIi3ylo4yoro nepeTBopeHHs J)koHcoHa, 1m0
JIO3BOJIHJIO TTiIBUIIATH JOCTOBIPHICTH OI[iHIOBAHHS 3a-
JIeKHOI 3MIHHOI HENiHIWHOI perpecii y HMOpiBHSHHI 3
BUKOPHCTaHHSIM OJHOBUMIPHUX HOPMaJli3yIOUHX Iepe-
TBOpeHb. Asie B [6] 111 Mozenb Oyina moOyroBaHa 3a aa-
HHMHU, HasiBHICTh BUKHU/IIB B SIKMX BU3HAYAJACs i3 BUKO-
PHUCTaHHSIM JIECSITKOBOTO Jiorapudmy. BuHukae nm-
TaHHS, SIK BIUIMBA€ Ha SIKICTb HEJNIHIMHOI perpeciitHol
MoJiesi Juist oliHioBaHHs po3mipy PHP-3acTocyHkiB 3
BIZIKDUTUM KOJIOM, IO OyIYETHCS HA OCHOBI IIEBHOTO
HOPMaJIi3yI04y0ro MepeTBOPeHHs T€, SKUM YHHOM 3/1il-
CHIOETBCSI OUYMCTKA JAaHHUX BiJ BUKHAIB. ToMy MeTOIO
po0OTH € MPOBEAEHHS AOCIIKEHHS caMe JUIS BU3HA-
YEeHHsI TAKOTO BIUIMBY Ta MOPiBHAHHA PE3yIbTaTIB OLi-
HioBaHHS po3Mipy PHP-3acTocyHKiB 3 BiIKpUTHM KO-
JIOM 32 JJOLIOMOT'0I0 YOTHPHOX TPU(PAKTOPHUX MOAEIEH
HeNTiHIHHOI perpecii, CTROPEHUX Ha OCHOBI Pi3HUX HO-
PpMalTi3yIounX MepeTBOPEHb 3 YpaxXyBaHHIM BUKHIIB.
BukJiiag ocHoBHOro martepiasy. [y tocsirHeHHS
3a3Ha4YeHOI METH MU BUKOPUCTOBYBAJIM €MITipPHYHI TaHi
3 MeTpuk 44 PHP-3acTOCyHKIB 3 BiAKpUTHM KOJOM, IO
HaBezeHi B [6]. Ansg moOymoBu HENMiHIMHUX perpeciii-
HUX MoJeJeld Juid oOuiHIOBaHHA po3mipy PHP-
3aCTOCYHKIB 3 BIJKPUTHM KOJOM OyJIO 3aCTOCOBaHO
METO/] OKpAICHHsI HeNIIHIHUX perpeciiHux Mo Ienei
Ha OCHOBI HOPMaJi3yIOUMX IEPETBOPEHB i3 3acToCy-
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BaHHSM KBaJIpaty Bincrani MaxananoOica Ta iHTepBa-
niB mependadenns [7]. Cyts mporo meroxay [7] € Ta-
koto. Ha mepmiomy erami mo4aTtkoBi AaHi IepeBipsi-
FOTHCS Ha HAsSBHICTh BHKHIIB 1, SKIO OCTaHHI 3HaM-
JIeHO, TO BOHM BigkumaroTecs. [ 1poro
BUKOPHUCTOBYETHCS KPUTEPi HAa OCHOBI KBaJpaTy Bijc-
TaHi MaxamaHoOica A HOpPMAalli30BaHUX JaHUX i3
0,005 pinem 3Hauymocti. Ha npyromy erami Oymy-
€TBCSl HEJiHIIHA perpeciiiHa MoJenb 13 BUKOPHCTaH-
HSIM BiJITIOBITHOTO METOJY HA OCHOBI HOPMAITI3YIOUHX
neperBopeHb [5]. Ha Tperromy erami BH3Ha4YaroThCS
rpaHuLi IHTepBally Iiepe0aueHHs HeJiHIHHOI perpecii
JUIL piBHS 3HAYYMIOCTI, o mopisatoe 0,05, 3a Biamo-
BimHMM MetomoM [5]. Ha ocramHhOMYy ueTBepTOMY
eTar NepeBipAroTh, UM € cepell NaHuX, 3a IKUMH OyIy-
Baylacsl HeJliHifHA perpeciiiHa MOJenb TakKi, 10 BHXO-
IITh 3a TPaHMII iHTepBaiy nepexbadeHHs. Ta, sSKIIo
BIAIIOBINHI NaHi 3HANAEHO, TO BOHHM BIAKHIAIOTHCS, 1
MH HOBTOPIOEMO 3HOBY BCi €Tary, OYNHAIOUH 3 Iep-
IOr0, JUIi HOBHX JaHUX. SIKIIO TakuX BHUKHIIB He
OyJi0, TO MOBTOPEHHS ETaliB 3aBEPLIYEThCS, BiINO-
BiIHa HeJNiHIi{HA perpeciiiHa MoJienb Mo0yA0BaHa.

3a [7] Oyno moOymoBaHO YOTHPU TPH(AKTOPHI
MOJIeJTi HEJIHIHHOT perpecii Ha OCHOBI TPHOX OJHOBH-
MIpPHHX Ta OJHOTO YOTHPHBUMIPHOTO HOPMAITI3YIOUHX
HEepPeTBOPEeHb. Y SKOCTI OJHOBHMIPHHX II€PETBOPECHB
BHUKOPHCTOBYBAJIMCS TaKi: IECATKOBUI Jorapudm, me-
perBopenHs bokca-Koxkca ta neperBopeHHs [)oHCOHA
IUTs ciMericTBa Sg. Y sIKOCTI 6araTOBUMiIpHOTO HOpMa-
Ji3YI0YOTO TEPETBOPEHHS 3aCTOCOBYBAIOCS YOTHUPH-
BUMIipHE niepeTBopeHHst JKoHCOHa /11 ciMelcTBa Sg.

[epiry TpudakTopHy HeNiHiIHY perpeciiiny mMo-
JieTIb JUIs oLliHIoBaHHS po3Mipy PHP-3acrocyHkiB 3 Bi-
JKPUTHM KOJIOM OYJI0 MOOYIOBaHO i3 BUKOPUCTAHHSAM
OJTHOBHUMIPHOTO HOPMaJIi3ylH04Y0ro MepeTBOPEHHS Y BH-
T IECSITKOBOTO JIOTapudMy

Y =107 XBXEX 5, (1)

ne Y — po3mip PHP-3acTocyHKiB 3 BiIKpUTHM KO-
JIOM y THUCSTYaX PSAAKIB KOIy; X1 — KUIBKICTh Ki1aciB; Xo
— cyMa cepeIHbOl KUTBKOCTI KJIaciB, Ha SIKi BILTMBAE Ja-
Huit kmac (Average Afferent Coupling) i cepenHpoi Ki-
JBKOCTI KJIAciB, 3 SKUAX JAHUH KJIAC OTPUMYE eeKTH
(Average Efferent Coupling); X3 — cepentst KilbKiCTbh
METOiB; € — BUIIaJIKOBa BeJIMYMHA 3 po3noziioM ['a-

yey, €~ N(O, Gg), 3 OIIHKOIO CepeIHbOKBaIPATHY-
Horo Bimxunenns G,_=0,091431; ominku mapamerpis
b, = —1,7564669, b, =1,000896,
b, =—0,2120602, b, =1,2170157 emsmawancs

32 METOJIOM HaMEHIITNX KBaApaTiB.

ITpu noGynoBi MoJieNi 32 EMITIPUYHUMH JAaHUMHU 3
meTpuk 44 PHP-3acTocyHKiB, 1110 HaBeACHI B [6], BUKO-
pUCTaHHSA MeTOMy [7] MPU3BOAUTH A0 BiAKWUIAHHS YO-
THPHOX PAAKIB MaHuX (3 Tabmumi 2 [6]) — ne paoku 2,
7,43 144, sxi € 6araTOBIMipHAMH BUKHIaMU.

[opiBusaEs Mozedni (1), mo Oyma moOymoBaHa 3a
40 psaaxamu qaHuX (3 Tabmumi 2 [6]) micns BigKugaHHS
YOTHPHOX psIKiB 2, 7, 43 1 44, 3pilicHioBanocs 3
TPbOMa IHIIMMH HENiHIHHUMH perpeciiHuMu Moje-
JISIMA CTBOPEHMMH Ha OCHOBI OJJHOBHMIPHHUX MEPETBO-
penb bokca-Kokca 1 JIkoHcoHa juist cimeiicTBa Sg Ta
YOTHPHUBUMIPHOTO TepeTBOpeHHs J[)kKOHCOHa ams ci-
MeicTBa Sg.

TpudakropHa HemiHIiHA perpeciiiHa MOIENb s
omiHoBaHHA po3mipy PHP-3acTocyHKkiB 3 BigkpuTUM
KOZIOM Ha OCHOBi OJHOBHMIpHOTO TiepeTBOpeHHs bo-
kca-Koxkca, mo Oyia modynoBana 3a 40 psaxamMu TaHIX
(3 Tabmwmi 2 [6]) mics BiAKUAaHHS YOTUPHOX PAIKIB 2,
7,43 144, e Takoro [8]:

Y = [XY (60 +bZ,+b,2,+b,Z, + s)+1]1/XV 2)

Jie € — BUIaJKOBa BeJIMYKMHA 3 po3noiiom [aycy,

e~N (O, G, ) , 3 OLIIHKOIO 65 =0,246528; ouinku mapa-
METpiB 60 =-3,6386816, 61 =0,71215362,
62 =-0,07283967, 63 =1,101478 Bmsnavammcs

3a METOJIOM HaMEHIINX KBaapaTiB; Z1, Z> 1 Z3 — 1ie Bif-
MOBIIHO HOPMAJi30BaHI 32 OJHOBUMIPHHUM MEPETBO-
pennasm bokca-Kokca Bemmuunu Xi, X2 1 X3, sike Mae
Buriaz [8, 9]

L (x5 -1)n,, mmo A, =0;
. In(xj)’

B (3) j=1,2,3.3minna Zy BU3HAYAETHCS aHATIO-

(3)
SKIIO A i = 0.

rivHO (3) TUTBKH 3 Ti€I0 Pi3HHUIIEIO, IO Z i X j Ta A j

MOTPiOHO 3aMIHHUTH BiJIIOBiTHO Ha ZY , Y, Ta kY . Omi-

A

napameTpiB 7\,Y =0,0422406,
A, =0,0983839,  4,=0,2649154

A3 =0,0631603 Busnauamucst 3a MeTogOM MaKcH-

HKHN

MaJIbHOI IIpaBaonoAioHoCTi [8, 9].

TpudakropHa HemiHIiHA perpeciiiHa MOAETb s
omiHoBaHHS po3Mipy PHP-3acTocyHkiB 3 BigKpHTHM
KOJIOM Ha OCHOBI OJTHOBUMIPHOTO NepeTBOpeHHs [Iko-
HCOHa JJIs ciMelicTBa Sg, 1m0 Oyna nmodyznoBana 3a 40
pAakamu qaHux (3 Tabmwii 2 [6]) micis BIAKUIAHHS 90-
TUPBOX PAAKIB 2, 7, 43 i 44, Mae Burisg [8]:

Y =¢Y +§“Y/{]-+9Xp[_(60+6121+6222+6323+8_?Y)/ﬁYJ}’ (4)
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Ji¢ € — BUIIAJKOBAa BEJIMYUHA 3 po3mnoaiioM [aycy,

e~N (0, Gg), 3 OL[IHKOIO 63 =0,246528; owiHku napa-
b, =0, b, =1,0520157,
b, =-0,05267307, b, =0,5060942 susnaua-

JIMCS 32 METOJIOM HaWMEHINUX KBanpartiB; Z1, Z» 1 Z3 —
1Ie BiJITIOBITHO HOPMAJTi30BaHi 32 OJTHOBUMIPHHUM Iepe-
TBOpeHHsIM J[>KOHCOHA [T ciMeHCTBa Sg, BeMHMYHHH X1,
X2 1 X3, sixke Mae BUTIAL [8]

METpiB

Z;=y;+m; '”[(Xj _(pj)/((Pj +A; _xj)] , (5)

ne Z j — BUIIAJKOBA BEJMYMHA 3 po3noainom 'a-
ycy, Zj~ N(O,l); Yi»Mj, @; Ta 7‘] — IIapaMeTpu
neperBopens JLKoHCOHa [uist cimelicTsa Sg, T; > 0,
Q; <X;<@;+A;, A; >0, j=12,3. 3uinna Zy
BHU3HAYAETHCS aHAJOTIYHO (5) TUTBKH 3 Ti€I0 Pi3HU-
LIETO, IO ZJ-, Xj, yj, T]j , (Pj , 7\,1- moTpibHO 3ami-
nutH Bimmosimo va Zy, Y, Yy, My, @y, Ay . Ori-
e napavierpis §y =1,774797, 7, = 2,274354,
7,=0,75683, 7, =14,2434, f, =0,557969,
7, =0,608866, 1, =0,967899, n, =1,92648,
¢, =0,280692, ¢, =0,547627, ¢, =1,31032
. §, =-0,732189, &, =215,6003,

A, =3272,1597, },=12,2236 i

Ay =11660,785 Busnauanucs 3a MeTofoM MakcH-
MAaJIbHOT MPaBIOMONiOHOCTI [8].

TpucakropHa HenmiHilHA perpeciiiHa MOJIeINb s
omiHIOBaHHS po3Mipy PHP-3acTocyHKiB 3 Bimkputum

KOJIOM Ha OCHOBI YOTHPUBUMIPHOTO NIEPETBOPCHHS
JIxoHCOHA st ciMeiicTBa Sg, 110 OyIa mo0yaoBaHa 3a
40 psakamu nanux (3 Tabmuri 2 [6]) micis Bigku-
JaHHSA YOTHPHOX PAAKIB 2, 7, 43 1 44, mae Buriin (4) 3

Ti€I0 Pi3HHUIICIO, IO OLiHKA 65 =0,1351, a omiHku ma-
paMeTpiB € TAKUMH: 60 =0, 61 =1,057585,

b, =—0,0420, b, =0,505529, 9, = 4,84396,
7, =3,77629, 7, =0,7440, 7, =15,3975,

f, =0,68696, f, =0,662314,

f, =0,882698, A, = 2,08781, ¢, =0,041111
4, =-0,002048, ¢, =1,52426,

-1,27715, i, =10053,641,

A

08
A, =22683,338, 4, =11,8020 i
g

=12428,790.

[o6ynosani mozemni (1), (2) i (4) Oynu nepeBipeHi
3a CyMOIO KBaJIpaTiB MOMMJIOK SSE, MHOXKUHHUM KO€-
¢inienrom nerepminanii R?, cepesHbOI BETUIHHOKO
BigHOCHOI momMuikd MMRE 1 BiicoTKOM mporHO30Ba-
HUX PE3yJIbTATIB, IS SKUX BEJIMIMHU BiTHOCHOT [TOMH-
ki MRE menmi 3a 0,25, PRED(0,25). 1li noka3Huku
3a3BUYail BUKOPUCTOBYIOTBCS JUIsl OLIIHIOBAHHS SIKOCTI
MPOTHO3YBaHHSI 32 JIOIIOMOTOK0 PErpeciiHuxX Mojeneit
i B imbkeHepii mporpamHoro 3abe3medenns [ 10, 11]. Jlo-
myctumi 3HaueHHT MMRE i PRED(0,25) cknmamaioTth
He Outbmie 0,25 1 He menme 0,75 BignosigHo. ITokas-
HUKH SKOCTi MOZETICH MpH BU3HAUYCHHI BUKHU/IB 32 Je-
CSITKOBHM JIOrapu(MoM HaBeJleHi B Tabnuii 1 Ta cBin-
4aTh Mpo Te, o Halkpamoro 3a MMRE e mozens (4),
no0OyioBaHa 3a JONOMOT'OI0 YOTHPUBUMIPHOTO TIEpeT-
BopeHHs [IKOHCOHA [T ciMeiicTBa Sg, HAWKPAIIOO 3a
PRED(0,25) € mogeni (1) i (4), naiikpamoro 3a SSg i R?
€ mozenb (4). [Ipu poMy giama3oHu 3MiHu (aKkTOpiB
X1, X21 X3 € Takumu: Big 2 1o 2075; Big 1,760 mo 11,474
ta Bix 1,08 mo 32,60 BigmoBigHO.

Taommms 1
IToka3HUKH SKOCTI MOJIeJiel PY BU3HAYEHHI BUKH/IIB 32 JECATKOBUM JIOrapupMoM
No [epeTBOpeHHs SSe R? MMRE PRED(0,25)
1 | omHOBHMIpHE AECATKOBOTO JIOTApHDMY 1206,09 0,9722 0,1719 0,7750
2 | ogaoBuMipHe Bokca-Kokca 4412,72 0,8981 0,1849 0,6750
3 | ogHOBUMIipHE JI>kOHCOHA SB 938,97 0,9849 0,1819 0,7250
4 | gotupuBuMipHe JI>KOHCOHA S 1005,14 0,9838 0,1576 0,7750

IToka3HWKM SKOCTI HENHIHHUX perpecifHuX Mo-
JleNiel Mpy BU3HAYEHH] BUKHIIB 33 OJJHOBUMIPHHM TIe-
perBopenHsaM boxca-Kokca HaBeneni B Tabmumi 2. 3a-
3HAYMMO, IIPH 00YHOBI Mozei (2) Ha OCHOBI OJTHOBH-
MipHOTO [IEPETBOPEHHSM Bokca-Kokca 3a
eMIIpUYHUMH TaHUMH 3 MeTpuk 44 PHP-3acTocyHKiB,
IO HaBEJICHI B [6], BUKOPHUCTaHHS MeTOAY [7] mpu3Bo-
JUTH IO BIIKHJAHHS YOTUPHOX PSMKIB JaHUX (3 Tab-
ymi 2 [6]) — ue psaaku 2, 40, 43 1 44. Takox HeniHIAHI

perpeciitni mogneni (1) i (4) s OLIHIOBAaHHS PO3MIpY
PHP-3acTrocyHKkiB 3 BiIKpUTHM KOAOM Oynu moOymo-
BaHi 3a 40 psinkaMu gaHuX (3 Tabmumi 2 [6]) micis Bia-
KUJaHHA 9OTHPBOX PnkiB 2, 40, 43 i 44. Ilpu upomy
niana3zoHu 3MiHU (akTopiB X1, X2 1 X3 € Takumu: Bifg 2
1o 2075; Big 1,760 mo 11,474 ta Bix 1,08 mo 32,60 Bin-
TIOBITHO.
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Tabmuws 2
TToka3HHMKH SIKOCTI MOJIEJIEH pY BU3HAYSHHI BUKHIIB 32 0OTHOBUMIpHHUM TiepeTBopeHHsIM bokca-Koxkca
No IlepeTBopeHHs SSe R? MMRE PRED(0,25)
1 | omHOBHMIpHE AECATKOBOTO JIOTapHOMY 1064,96 0,9826 0,1864 0,7000
2 | ogaoBumipHe Bokca-Kokca 5268,32 0,8791 0,1787 0,6750
3 | onnoBuMipHe [IkoHCOHA S 1075,37 0,9824 0,1846 0,7000
4 | gotupuBuMipHe Jl>KoHCOHA S 1026,71 0,9832 0,1824 0,7250

[Toka3HUKH AKOCTI 3a3HAYEHUX MOJEIEH 3 Tao-
JuIi 2 cBimgaTh mpo Te, mo Haikpamoro 3a MMRE e
Mozenb (2) Ha OCHOBI OJTHOBHMIPHOTO II€PETBOPEHHS
Boxkca-Kokca, Hafikpamoro 3a iHIIAMA TOKa3HUKAMH €
MoJenb (4) Ha OCHOBI UYOTHUPUBHMIPHOTO IEPETBO-
penHst JKoHCOHA 171t ciMelcTBa Sg.

[Toxa3sHHUKM SIKOCTI HENMHIMHAX perpeciiHux Mo-
Jeneil mpu BU3HAUCHHI BHKHIIB 32 OJHOBUMIPHHM IIe-
peTtBOpeHHAM J[)KOHCOHA [ ciMeiicTBa Sg HaBEeHI B
Tabmumi 3.

Tabmurs 3
TToKa3HUKH AKOCTI MOJIEIICH PU BU3HAYEHHI BUKHIIB 38 OJJHOBUMIPHUM NepeTBOpeHHsAM J[)KOHCOHA
No [leperBopenHs SSe R? MMRE PRED(0,25)
1 | osHOBHMIpHE JAECATKOBOIO JIOTapuhMy 2046,55 0,9550 0,2135 0,4138
2 | ogaoBumipHe bokca-Kokca 82214,33 - 0,2290 0,5517
3 | ogaoBumipHe JI)xoHCOHA S 1367,31 0,9782 0,1586 0,8621
4 | yotupuuMipHe Jl>xoHCOHA S 617,88 0,9901 0,1164 0,9310

3a3HaunMo, nmpu no0ynoBi Mozei (4) Ha OCHOBI
OJTHOBHMIPHOTO TEpPETBOPeHHAM J[)KOHCOHa s ci-
MeilicTBa Sg 3a EMIIPHYHMMHU JAHUMH 3 MeTpuk 44
PHP-3acrocynkiB, mo HaBeneHi B [6], BHKOPHCTaHHS
MeToxy [7] MpU3BOAMTE IO BiAKUIAHHA 15 psmkiB ma-
HUX (3 Tabmmmi 2 [6]) — ue psaaku 2, 6, 7, 12, 15, 18, 22,
26-28, 34, 35, 39, 42 i 44. Takox moxeni (1) 1 (2) mis
ouiHroBaHHS po3Mmipy PHP-3acToCcyHKIB 3 BiIKpUTHM
KoJIoM Oyiu oOynoBaHi 3a 29 psiikamu AaHux (3 Tab-
g 2 [6]) michs BiAKUIAHHS 3a3HAYCHUX 15 psAaKiB
nanux. [Ipu npomy nianazonu 3miHu ¢paxtopiB Xi, Xz i

X3 € Takumu: Big 5 10 2075; Bix 2,242 no 11,474 ta Big
0,487 mo 32,60 BiamoBigHO.

Jani B TaOnu1i 3 BKa3yrOTh Ha Te, 1[0 HAWKPAIIOO
3a BCiMa IMOKa3HUKAMH € MoJelb (4) Ha OCHOBI YOTH-
PHUBUMIPHOTO TIepeTBOpeHHs [I>KOHCOHA /s ciMeiicTBa
Se.

[Noxa3sHHUKM SIKOCTI HENMHIMHAX perpeciiHux Mo-
JieNield Ipy BU3HAUEHHI BMKUIIB 32 YOTHPUBUMIPHUM
nepetTBopeHHIM J>kKOHCOHA /171 ciMelicTBa Sg HaBeACH]
B TaOmIi 4.

Tab6muus 4
TToka3HUKH SKOCTI MOJIeJiell MPY BU3HAYEHHI BUKH/IIB 32 YOTUPUBUMIPHUM nepeTBOpeHHsIM JHKOHCOHA
No [epeTBOpeHHs SSe R? MMRE PRED(0,25)
1 | omHOBHMIpHE AECATKOBOTO JIOTApHDMY 1800,70 0,9584 0,2232 0,6098
2 | ogaoBuMipHe Bokca-Kokca 9722,61 0,7753 0,1913 0,6585
3 | ogHOBUMIipHE JI>kOHCOHA SB 1048,44 0,9833 0,1871 0,6829
4 | gotupuBuMipHe JI>KOHCOHA S 1390,95 0,9778 0,1801 0,6829

igxpecnumo, npu moOymoBi Moxenmi (4) Ha oc-
HOBI YOTHPHBHMIPHOTO II€PETBOPEHHSIM J[»KOHCOHA
JUISL ciMeiicTBa Sg 33 EMITIpHYHIMHE JaHUMH 3 METPHUK
44 PHP-3acTocyHkiB, o HaBeneHi B [6], BUKOpHC-
TaHHS MeToAy [7] MPU3BOAUTH A0 BiAKUAAHHS TPHOX
psnkiB ganux (3 Tabnuni 2 [6]) — ue psuku 2, 35 1 44.
Taxox monemi (1) i (2) mns oninroBarHs po3mipy PHP-
3aCTOCYHKIB 3 BIIKPHTHUM KOJOM Oynu moOymoBaHi 3a
41 psaaxoMm maHuX (3 Tabnwmi 2 [6]) micas BigKumgaHHS
3a3HauCHUX TPHOX PsAKIB 1aHMX. [Toka3HUKM SIKOCTI 3
Tabnuui 4 cBi4aTh npo Te, Mo Haikpamoo 32 MMRE
€ Mojenb (4) Ha OCHOBI YOTHPHUBHMIPHOTO IIEPETBO-
penHst J’KoHCOHaA st cimelicTBa Sp, HalKpaiioro 3a
PRED(0,25) takox € Mmozenb (4), Halikpamoro 3a SSg i
R? ¢ Mozmens (4) Ha OCHOBI OJHOBHMIPHOTO IEPETBO-
penns J[xoncoHna. 3azHauumo, A Moneni (4) Ha oc-
HOBI YOTHPHBHMIPHOTO II€PETBOPEHHSIM J[)OHCOHa
JUTS ciMeicTBa Sg, SIK 1 I IHIIKX, [0 MTOOYIOBaHi 3a
eMIipuIHuMH JaHuMu 3 MeTpuk 41 PHP-3acTocynky,
nianma3zoHu 3MiHU QakTopiB X1, X2 1 X3 € Takumu: Bij 2

o 2075; Big 1,760 no 11,474 ta Bix 0,487 mo 32,60
BianoBigHO. [Ipy IbOMY i Aiara30HA € TAKIMH XKe SIK
i 1 moyatkoBuX nanux 3 44 PHP-3acTocyHKiB Ha Bi-
JIMiHY BiJ TIOTIEpEIHIX TPHOX BHUITAIKIB 3aCTOCYBaHHS
OJTHOBHUMIpHHUX MEPETBOPEHb IS MOOYIOBH HENiHiH-
HHUX perpeciiiHux mozesel 3a merojoMm [7] i3 Bpaxy-
BaHHSAM HasIBHOCT1 BUKH/IIB.

Kpami moxa3Huku omiHioBaHHS po3mipy PHP-
3aCTOCYHKIB 3 BiIKpUTHM KOJIOM 3a HEJiHiITHOIO perpe-
CiIfHOIO MOJIEJUTIO Ha OCHOBI YOTUPUBHMIPHOT'O HOpMa-
Ji3y1040ro neperBopeHHs J>koHcoHa ciM’i Sg , K 1 B
[6], MOXxHa B HepIIly Yepry HOSCHUTH KPalol0 HOpMa-
Jli3aui€ro, sika nepeBipsuiacs 3a BiJIOMUM KpUTEPieM Ha
OCHOBI KBaJipara Bijcrani MaxamanoOica [12].

BucnoBku. [Toka3HHUKH SKOCTI HENIHIIHOT perpe-
ciftHoi wmozmenmi mansg omiHoBaHHA po3Mipy PHP-
3aCTOCYHKIB 3 BiIKDUTHM KOJOM 3aJIeKaTh BiJ BUOOPY
HOPMAaJIi3yI0uOr0 MEPETBOPEHHS, [0 BUKOPHCTOBY-
€ThCs s ii moOynoBu. Halikpari pe3ynbpTaTty OIiHro-
BaHHS po3mipy PHP-3acToCyHKIB 3 BiZKpUTHM KOJOM
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3a OUIBIIOIO KUIBKICTIO MOKA3HUKIB OYJIM OTPUMaHIi 1151
HENHINHOI perpeciiiHoi Mojeni, moOymaoBaHOT Ha OC-
HOBI YOTHPUBUMIPHOTO TepeTBOpeHHs JI>KOHCOHA st
cimeiictBa Sg. B mogampimromy s moOy0BH HENiHIN-
HOI perpeciiiHoi MOZemi Uil OIIHIOBAHHS PO3MIpy
PHP-3acTocyHKIB 3 BiZIKpUTHM KOJIOM IUTaHY€ETHCS BH-
KOPHCTATHU OATKOBI HA0OPH JAHUX.
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The analysis of the design and operation of the ON-90 beverage cooler is carried out. The refrigeration system
is designed and the design flaws are revealed. Changes have been made and the problem of condensate formation
has been solved. The change in the location of the thermostat is substantiated. An experimental experiment was
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conducted, and the choice of heat exchanger was substantiated. A control check of the work was carried out and a
technical map was created. The operation of the system on R404a and R290 is investigated.

Keywords: Refrigeration equipment; Temperature; Energy consumption; Beverage cooler; Heat exchanger;

R404; R290.

Commercial refrigeration equipment is an integral
part of the modern society. After all, most foods require
compliance with storage rules to maintain the appear-
ance and quality. But as consumer needs increase, cold
is also used to improve food consumption and ease of
sale. One of these units is a beverage cooler designed
for instant cooling and bottling of the beverages, and
their consumption directly at the point of sale. Many
companies that manufacture commercial refrigeration
equipment, do not miss this type of product [2, 3]. A
3D model of a water cooler was created and the concept
of construction based on ON-90 was considered (Fig.
1).

The basic principle of operation of the ON-90 bev-
erage cooler is to accumulate cold by freezing the ice
field around the evaporator. When choosing the equip-
ment, the length of the evaporator tube was selected ac-

cording to the heat capacity of the water volume (cool-
ant) in the tank equal to 30 dm?. In addition, it is taken
into account that the weight of the ice field should be
60-70% of the volume of the coolant, ie about 17 kg,
selected dimensions of the evaporator tube. The evapo-
rator is made in the form of a spiral. The refrigeration
system is completed with the Embraco Aspera
EMT6165GK compressor. Installed service-free con-
denser LU-VE STFT 14221 with technical characteris-
tics: 1000Wt at AT = 15K. The selection of the throttle
device (capillary tube) was performed in DanCapTM
software from Danfoss. After installing and connecting
the refrigeration system, the beverage cooler is
switched on and checked for the first time. According
to the requirements of beer manufacturing company,
the time spent on freezing the ice field should be about
5 hours [7, 8].

Fig. 1. Beverage cooler model ON-90
1) compressor; 2) compressor support; 3) thermostat; 4) power indicator; 5) condenser; 6) housing; 7) coolant
tank; 8) evaporator; 9) ice carrier; 10) pump (mixer); 11) inspection ice; 12) the grille of the compressor com-
partment; 13) heat exchanger for beverage cooler.

The first enter to the cooling mode took 3 hours.
29 minutes, but the formed ice field was uneven and
decreased in height. After analyzing the results of the
first start of the beverage cooler, an insufficient amount
of refrigerant in the system and instability of its
operation were revealed. Refueling of the refrigeration

system with refrigerant by 20 g, and changing the
location of the sensitive element of the thermostat (Fig.
2, c¢) allowed to stabilize its operation and form a
uniform ice field.
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Placement of the sensitiVes,,
element (option 1)

Fig. 2. Placement of the sensitive element on the evaporator of beverage cooler ON-90.

As a result of the second start of the refrigeration  includes additional equipment — beverage bottling
system, the output was 4 hours and 35 minutes. The system 8, 11 and 12, which is designed to cool the
operation of a full-fledged system, cooling of beverages  beverage before bottling.
on the research stand was checked (Fig. 3) which

1\/
\_/

Fig.3. Schematic diagram of an experimental station for testing a water cooler.
1-Hot water tank Nel; 2- circulating pump; 3- Shut-off valves of the bypass; 4-Flowmeter; 5- thermometer; 6-
warm water expansion tank; 7- mixer pump; 8- internal goose heat exchanger; 9- coil heat exchanger; 10-
reservoir of working substance; 11- liquid supply regulator through the beverage bottling system; 12- angle
valve of the bottling system; 13 - supercooled water expansion tank; 14-reservoir of supercooled water N22.
1t - Warm liquid; 1u - Equalizing bypass line; 1x - Cooled liquid; 1po - Supercooled liquid; 1x '- Cold coolant;
1t ’- Warm coolant.

To regulate the supply of cooled liquid to the Warm water from the tank 1 is pumped out,
circuit, a bypass line with a ball valve 4 was installed.  passing through the pump 2, at the outlet through the
During the experiment, water from tank 1 (water inthe  bypass system 3 part of the water is returned to the
tank at the temperature of the third climate class) was  suction line, and the other enters the flow meter 4
used as the cooled liquid [6, 9]. (meter installed to monitor the passage of water through
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the cooling system). After measurement, the water
enters with a flow rate of 1.5 dm*/ min. enters the coil
heat exchanger 9, where it is cooled. After passing the
coil heat exchanger, the cooled water enters the
beverage bottling system where it is cooled in the heat
exchanger 8. The main liquid control system 11; 12 is
installed in the liquid bottling system. The supercooled
water enters the expansion tank 13, where the
temperature is checked. After data collection, the
supercooled water is collected in the tank 14.

In the cooling circuit, heat from two heat
exchangers is supplied to the ice field. The coils of the
heat exchanger 9 are washed with a working substance
that has a dynamic movement by means of a "stirrer
pump" 7 and removes heat from them and washes the
ice field. The ice field in turn acts as an accumulator of
cold. Another heat exchanger is in the beverage bottling

top view

system. Cold water from the tank 10 is supplied to it by
means of a "stirrer pump" 7 at a rate of 2-2.5 dm®/ min
where it removes heat from the heat exchanger 8, and
returns to the reservoir of the working substance 10.
Two heat exchanger designs were proposed for the
water supercooling experiment (Fig. 4).

In the first case (Fig. 4, a) a heat exchanger with
three circuits of the same length is proposed. The
winding of the first circuit of the heat exchanger is in
the lower part of the tank with the working substance,
and the second above it. The windings 1 and 2 of the
heat exchanger circuits have 6 turns and the same
width. The third circuit is in the middle of the circuit of
the first and second, and has 12 turns smaller in width.
The length of each of the circuits of this heat exchanger
is 5.6 m and is made of stainless steel tube 8x0.5 mm.

Afe ‘
v :
\ 227 \\ |||l
N\ }‘. \
AN ; \ |
AR X \ Y|
N Z) \i
I\ 71\ { L |
N 7 N 5]
A '
- X o
top view

Fig. 4 Beverage cooler heat exchanger.
a - heat exchanger with equal length of circuits; in - the heat exchanger with various length of contours, 1, 2, 3
contours of the heat exchanger.

The second heat exchanger (Fig. 4c) is made of 3
circuits, each of which has 14 turns but different in
width. This heat exchanger is made so that the second
circuit is in the first, and the third in the second. In this
heat exchanger, the length of the first circuit is 6.95 m,
the length of the second is 5.6 m, and the third has a
length of 4.88 m. All turns are made of a stainless steel
tube of AISI 304, 8x0,5mm.

25

Thus, the experiment consisted of two stages. In
the first part of the experiment, a heat exchanger with
an equal heat exchange area was installed in the
beverage cooler. The experiment was performed on
each turn of the heat exchangers in turn. Each part of
the test took place over a period of one hour with a
coolant flow rate of 1.5 dm3/min.
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Fig.5. Graph of temperature dependence on the flow rate of the cooled product (water) in the heat exchanger
with an equal heat exchange area of the structure (a).

After the experiment, the residual ice field was
thawed, and the working substance in the tank of the

water cooler and in the tank Nel was heated to ambient
temperature (+ 25°C). After these manipulations, the
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refrigeration unit was turned on for a period of 5 hours
to enter the mode. The experiments were performed
according to the requirements of PN-EN 1SO 23953-1;
2005 Refrigeration equipment [1] and in compliance
with the rules of DSTU 3888: 2015 Beer [4, 5]. General
technical ideas. The results of the experiments are
shown in Fig.5.
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The second part of the experiment was carried out
with similar initial parameters of heat carriers, cooled
liquid and environment, about which a heat exchanger
with different heat exchange area was installed in the
beverage cooler. According to the first part of the
experiment, a graph of temperature dependence on
fluid flow is constructed [10].

| At subcooling, °C (2) ]
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50 60 70 80 50
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Fig.6. Graph of temperature dependence on the flow rate of the cooled product (water) in the heat exchanger
with different heat exchange area of the structure (b).

Table 1.

The average derived values of the test of heat exchangers

Average values of operation of the water cooler on the heat exchanger with equal heat exchange area (a)

V; T Average inlet Average outlet At subcooling,°C
I/ 5min. min temperature, °C temperature, °C ’
0 0 26,6 5,0 21,6
15 10 26,5 71 19,4
30 20 27,0 7,5 19,5
45 30 27,2 8,0 19,1
60 40 26,6 8,6 18
75 50 26,8 10,1 16,7
90 60 12,8 26,8 14

The average values of the water cooler on the heat exchanger with different heat exchange area (c)

AV T Average inlet Average outlet At subcooling,°C
I/ 5min. min temperature, °C temperature, °C ’
0 0 26,1 5 21,1
15 10 26,5 6,3 20,2
30 20 26,7 6,9 19,8
45 30 27,0 7,2 19,8
60 40 26,8 7,2 19,6
75 50 26,4 7,9 18,5
90 60 26,6 9,5 17,0

Analysis of the results showed an advantage in
temperature stability at different heat exchanger
circuits with the same heat transfer surface (heat
exchanger design (a)). However, visual inspection of
the coolant and ice field revealed an uneven heat load
on the ice field and as a result incomplete load on the
evaporator and inadequate operation of the
refrigeration system. To obtain a complete analysis of
the heat exchangers, the average valuesof the
temperatures obtained in the experiments are derived

and on their basis the dependences of the liquid flow
rate on the arithmetic mean temperatures of table 1 are
obtained. Analysis of the obtained values and
comparison of the temperature difference shows the
compliance of both heat exchangers with the required
standards. The difference in temperature at the inlet and
outlet of the cooled liquid at the end of the experiment
does not exceed 10K, so when selecting a heat
exchanger for a water cooler, the key factors were:
compliance; temperature stability of the cooled liquid
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at the outlet; cost. At the end of the selection of
refrigeration system components and taking into
account the restrictions on the use and gradual cessation

of production of HFC refrigerants, a retrofit and a
comparative analysis of the beverage cooler on
refrigerants R404a and R290.

0 30 60 90

120 150 180 210
T, min

240 270 300 330 360 390 420 4s0

Fig.7. Water cooler schedule on R404a. depending on temperature over time.
1 - temperature of the discharge pipe; 2 - temperature of the compressor casing; 3 - temperature of the end of
condensation; 4 - temperature of the suction pipe; 5 - temperature in the ice field

The first part of the study was based on a ready-
made prototype that was created on R404a. The third
climate class was set in the research area, and five

sensors for the METRONIC DL7 temperature
monitoring system were connected to the refrigeration
system.

T, min

Fig.8. Water cooler schedule for R290. Depend the temperature on time.
1 - Temperature of the discharge line; 2 - Compressor housing temperature; 3 - Temperature of the end of
condensation; 4 - Temperature of the suction pipeline; 5 - Temperature in the ice field

The experiments were performed according to
PN-EN 1SO 23953-1; 2005 [1] without additional
thermal loads from the consumer. The schedule
includes changes in temperatures in the refrigeration
system during the entry into operation (increase in the
ice field) and several cycles of operation (Fig. 7). To
obtain the results of the beverage cooler on the R290,
the compressor was replaced with an Embraco Aspera

EMT6165U, the dehumidifier filter was replaced and
the refrigerant was refilled with propane (Fig.8). The
conditions for removing the operating parameters
corresponded to the first parts of this experiment.
Electricity was also measured during the experiments
(16 hours). Logical results were obtained from the
analysis of work schedules. The obtained and
calculated results are entered in table 2.

Table 2.

Measurements of energy consumption NO-90

Refrigerant (charge amount) R404a (0,31kg) R290 (0,11kq)
Measurement time 16 hours 2,26 kW 1,85 kW
Calculated measurement of kW / 3,39 kW/day 2,775 kW/day

day.
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The study allowed to select the most suitable for
the refrigeration system heat exchanger of the beverage
cooler. Based on the results of the experiment, there is
an obvious advantage in the performance of the heat
exchanger with different heat transfer area (same for
R404a and R290). This conclusion is justified not by
the uniformity of heat supply to the ice field, and as a
consequence of its uneven melting. A comparison of
the operation of the beverage cooler on different
refrigerants showed a decrease in the condensation
temperature and lower energy consumption on the
R290. Energy consumption on R290 was 20% lower
than R404a. The refueling dose of the refrigeration
system was significantly reduced by using R290.
Studies of the beverage cooler have made it possible to
develop a new concept of NO-90 and to introduce an
efficient and standardized mode of operation of the
system as a whole.
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